
Certificate of Priority Mall Express Under 37 C.F.R. § 1.10 
I hereby certify that U1is correspondence is being deposited with the United States Postal 
Service as Priortty Mail Express, Airbill No. EM 665144084 US in an envelope addressed 
to: 

MS HATCH-WAXMAN PTE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dated: January 12 2016 
Signature for Jane E. Remillard, Esq.: ?"'~it&~!o.dli:~~,u.,.,-...~ 

Docket No.: GMI-083US 
(Patent) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Michel de Weers et al. 

Patent No.: 7,829,673 B2 

Issued: November 9, 2010 

For: ANTffiODIES AGAINST CD38 FOR 
TREATMENTOFMTILTWLE~LOMA 

Mail Stop HATCH-WAXMAN PTE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1'150 

BLANo.: 761,036 

Assignee: Genmab AJS 

RECEIVED 

JAN I I 2016 
PATENT EXTENSION 

OPLA 

APPLICATION FOR EXTENSION OF PATENT TERM (37 C.F.R. § 1. 740) 

Pursuant to 35 U.S.C. § 156 and 37 C.F.R. § 1.740, Genmab A/S ("Applicant") as Assignee and 

patent owner of the above-referenced patent, hereby petitions for extension of U.S. Patent No. 

7,829,673 B2 (llu~ '673 Patent). 

In support of such Petition, Applicant provides the following information: 

I. SIGNATURE REQUIREMENTS (37 C.F.R. § 1.730) 

A. IDENTD'ICATION OF PERSON SUBl\flTTING THE APPLICATION 

I, Jane E. Remillard, represent that I am a registered practitioner appointetl by the patent owner 

of record. A Power of Attorney, authorizing me to act on behalf of the Patent Owner is attached 

hereto as Exhibit 1. 
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US Patent No.: 7,829,673 B2 Docket No.: GMI-083US 

B. RECORDAL OF ASSIGNMENT WITH USPTO 

The application for the '673 Patent, US Serial No. 11/886932, was filed on September 21. 2007 

(35 U.S.C. §371 date), and claims priority to PCT application, PCT/DK2006/000166 (filed on 

March 23, 2006) and US Provisional Application Nos. 60/667579 (filed on April!, 2005), 

60/696163 (filed on July 1, 2005), and 60/728561 (filed on October 20~ 2005). An assignment 

ofUS Serial No. 111886932 was recorded on August 23,2010, at Reel/Frame 024873/0306 from 

the named inventors to Genmab A/S. 

TI. A PPT .TC.ATTON RF.QTTTRRMENTS (37 C.F.R. §1.740) 

A. IDENTIFICATION OF APPROVED PRODUCT (L740(a)(l)) 

The United States Food and Drug Administration ("FDA") has approved Biologics License 

Application ("BLA") No. 761,036 for DARZALEXfM (daratumumab). The active ingredient of 

DARZALEX is daratumumab. Daratumumab is an IgG 1K human monoclonal antibody that 

binds to CD3 8 and inhibits the growth of CD38 expressing tumor cells. A copy of the FDA 

Approval Letter and the approved labeling is attached hereto as Exhibit 2. 

B. IDENTIFICATION OF THE FEDERAL STATUTE UNDER WinCH 

REGULATORY REVIEW OCCURRED (37 C.F.R. § 1.740(a)(2)) 

Regulatory review for this product occurred under Section 351(a) of the Public Health Service 

Act (42 U.S.C. § 262(a)) (21 C.F.R. §§ 314 and 601) and Section 505(i) ofthe Federal Food 

Drug & Cosmetic Act ("FDC Act") 21 U.S.C. § 355(i) (21 C.F.R. § 312) (new drugs). 

C. DATE OF APPROVAL (37 C.F.R. § 1.740(a)(3)) 

The FDA approved D~EX (BLA No. 761,036; Approval No. 761,036) for c~mmercial 

marketing or use under Section 351(a) of the Public Health Service Act (42 U.S.C. § 262(a)) on 

November 16, 2015. 
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US Patent No.: 7,829,673 B2 Docket No.: GMI-083US 

D. IDENTIFICATION OF ACTIVE INGREDIENTS AND PREVIOUS 

APPROVAL INFORMATION (37 C.F.R. § 1. 740(a)( 4)) 

DARZALEX ( daratumumab) is a human drug product, the sole active ingredient of which is 

daratumumab. Daratumumab has not been previously approved, alone_ or in combination, for 

commercial marketing or use under the Federal Food, Drug & Cosmetic Act, the Public Health 

Service Act, or the Virus-Serum-Toxin Act. 

E. TIMELY SUBMISSION OF APPLICATION (60 DAYS) (1.740(a)(5)) 

This application is being submitted within the sixty-day time period permitted for submission 

pursuant to 37 C.P.R. § L720(f). The last date this application may be submitted is January 14, 

2016. 

F. IDENTIFICATION OF PATENT (37 C.F.R. § l. 740(a)(6), (7), (8)) 

Name of the Inventors: 

Potent No. 

Michel De Weers; Yvo Graus; Judith Oprins; Paul Parren; Jan 

Van De Winkel; Mattine Van V ugl 

7,829,673 D2. 

Date ofissue: November 9, 2010 

bate of Original Expiration: August 26, 2026 (including Patent Term Adjustment under 35 

U.S.C. § 154(b)) 

A copy of the patt:nt, including the entire specification (including claims), drawings, and 

Certificate of Correction is attached as Exhibit 3. 

A copy of the U.S. Patent & Trademark Office Maintenance Fee Statements is attached as Exhibit 

4. 

No terminal disclaimer or reexamination certificate has been filed or issued in the '673 patent. 
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US Patent No.: 7,829,673 B2 Docket No.: GMJ-083US 

G. IDENTWICATION OF CLAil\1S READJNG ON THE APPROVED PRODUcr OR 

APPROVEDUSEOFTHEPRODUCT(37 C.F.R. § 1.740(a)(9)) 

The '673 patent claims the active ingredient and a composition of the approved product, which 

is daratumumab. The claims directed to the approved product are claims 2, 5, 7-10, 12, 14-17, 

25, and 27. A complete claim chart that lists each applicable claim of the '673 patent and 

demonstrates the manner in which each applicable claim reads on the approved product is 

attached as Exhibit 5. 
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US Patent No.: ·; ,Kl9,673 B2 Docket No.: GMI-083US 

H. RELEVANT DATES AND INFORMATION (37 C.F.R. "§ 1.740(a)(10)) 

The '673 Patent claims a human drug. The effective date of the investigational new drug (IND) 

application was July 28,2010, and the IND number is IND 100,638. 

The biologics lice~e application (BLA) was initially submitted (part one of a three part rolling 

submission) on June 5, 2015 and was completed and received (third and final part of three part 

rolling submission) on July 9, 2015. The BLA Number is 761,036. 

The BLA Wll3 npprovcd on November 16, 2015. 
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US Patent No.: 7,829,673 B2 Docket No.: GMI-083US 

I~ DESCRIPTION OF SIGNIFICANT ACTIVITIES OF APPliCANT DURING 

REGULATORY REVIEW (1.740(a)(ll)) 

Attached as Exhibits 6A and B is a "DESCRIPTION OF SIGNIFICANT ACTIVITIES OF 

APPLICANT DURING REGULATORY REVIEW" that provides a description of the 

significant activities undertaken by the marketing applicant during the applicable regulatory 

review period with respect to the approved Product and the significant dates applicable to such 

activities. Exhibit 6A corresponds to the significant activities relating to Applicant's IND 

submission. Exhibit 6B corresponds to the significant activities relating to Applicant's BLA 

submission. 
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US Patent No.: 7,829,673 B2 Docket No_: GMI-083US 

J. STATEMENT THAT PATENT IS ELIGIBLE FOR EXTENSION 

(1.740(a)(12)) · . · 

Attached as Exhibit 7 is a "STATEMENT THAT PATENT IS ELIGIBLE FOR EXTENSION 

AND LJ;:NGTH OF EXTENSION CLAIMED" stating that, in the opinion of the applicant, the 

'673 Patent is eligible for the extension and the length of extension claimed, including how the 

length of extension was determined. 
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US Patent No.: 7,829,673 B2 Docket No.: GMI-083US 

K. ACKNOWLEDGE:MENT OF.DUTY.OF DISCLOSURE (37 C.F.R. § 

1.740(a)(l3)) 

The undersigned acknowledges the duty to disclose to the Director of the U.S. Patent and 

Trademark Office and to the Secretary of Health and Human Services any information that is 

material to the determination of entitlement to the extension being sought herein. 

L. FEE (37 C.F.R. § 1. 740(a)(l4)) 

Authorization is heu;by maUt; lu d.rurgt; lhe Application fee (as set forth in 3 7 C.F .R. § 

1. 740( a)(14) and § 1.20G)) to Deposit Account No. 12-0080. Please also charge any additional 

fees required by this paper or credit any overpayment to Deposit Account No. 12-0080. 

M. CORRESPONDENCE (37 C.F.R. § 1. 740(a){l5)) 

Please direct all inquiries and correspondence re1atine to th1s .app11c-Jltion to: 

Jane E. Remillard, Esq. 
Nelson Mullins LLP 
One Post office Square 
Boston, MA 02109 
Phone: 61'/-:217-4628 
Facsimile: 617-742-4214 

N. COPIES (37 C.F.R. § 1.740(a)(15)(b)) and MPEP 2753 

Two additional copies of this application are attached, making a total of three copies being 

submitted. 

8 



U8 .Patent No.: '/,'6'1.1),673 B2 Docket No.: GMI-083US 

Based on the information provided herein, Applicant respectfully asserts that U.S. Patent No. 

7,829,673 is entitled to the requested 1000 day extension of its term to May 22, 2029 (including 

PTA). Prompt action on this application is respectfully requested. 

Dated: January 12,2016 

One Post Office Square 
Boston, Massachusetts 02109-2127 
(617) 217-4628 
(617) 742-4214 (Fax) 
Attorney/ Agent For Applicants 
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PTO/SB/17 (03-13) 
Approved for use through 01/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number 

Complete if known 

FEE TRANSMITTAL 
Application Number Patent#: 7829673 82 

Filing Date Issued: November 9, 2010 

G Applicant asserts small entity status. See 37 CFR 1.27. First Named Inventor Michel DE WEERS 

D Applicant certifies micro entity status. See 37 CFR 1.29. Examiner Name A. Gussow 
Form PTO/SB/15A or B or equivalent must either be enclosed 
or have been submitted previously. Art Unit 1643 

TOTAL AMOUNT OF PAYMENT I ($) 1,120.00 Practitioner Docket No. GMI-083US 

METHOD OF PAYMENT (check all that apply) 

Ocher.k Ocredit Card D Money OrdP.r ONonc D Otln::r (pleasP. identify): 

0 Deposit Account Deposit Account Number. 12-0080 Deposit Account Name: Nelson Mullins Rile~ & Scarborough 

For the above-identified deposit account, the Director is hereby authorized to (check all that apply): 

0 Charge fee(s) indicated below 0 Charge fee(s) indicated below, except for the filing fee 

D Charga any additional f~e(:o.) u1 underpayment of 
fee(s) under 37 CFR 1.16 and 1.17 

~Credit any overpayment of fee(s) 

WARNING: lnfnrmation on this form may becon1e public. Credit card information should not be included on this form. Provide credit card 
information and authorization on PT0-2038. 
FEE CALCULATION 

1. BASIC FILING, SEARCH, AND EXAMINATION FEES (U::: undiscounted fee; S =small entity fee; M =micro entity fee) 

FILING FEES SEARCH FEES EXAMINATION FEES 

A!;!!;!lication TJlf:!e .!LID lilll .M..ru .!LID lilll .M..ru .!LID lilll .M..ru Fees Paid (~l 

Utility 280 140* 70 600 300 150 720 360 180 

Design 180 90 4!:i 120 60 30 460 230 115 

Plant 180 90 45 380 190 95 580 290 145 

Reissue 2HO 140 70 600 300 150 ?,160 1,080 540 -
Provisional 260 130 R5 0 0 0 u 0 0 

• 1 he $11\0 Gmall entity siEIIus filing fee tor a utility application is further reduced to $70 for a small entity status applicant who files the application via EFS-Web. 

2. EXCESS CLAIM FEES 

Fee Descrif:!tion Un!!ilicounted Fee (~l Small Ent!tl£ Fee (~l Micro Enti~ Fee Ill 
Each claim over 20 (including Keissues) 80 40 20 
Each independent claim over 3 (including Reissues) 420 :>10 10!.! 

Multiple dept:mdent claims 780 390 195 
Total Claims Extra Claims ~ Fee Paid (~l Multif:!le De(!endent Claims 

-20 or HP = __ x - fuJ.tl. Fee Paid (~l 

HI-' = h1ghest number of total claims paid for, if greater than 20. 

lndjtg Claims Extra Claims Fee l!l Fee P,aJJ;!J!l 

-3 or HP = X 

HP highest number of independent cl.aims paid for, if greater than 3. 

3. APPLICATION SIZE FEE 
If the specification and drawings exceed 100 sheets of paper (excluding P.l~nically filed sequence Of <;Omputer listings under 37 CFR 1.52(e)). the application si:~:e 
fee duo is $400 ($200 for small entity) ($100 for micro entity) for each additional 50 sheets or !Taction thereof. See 35 U.S. C. 41(a)(1)(G) and 37 CFR 1.16(s) . 

Total Sheets Extra Sheets Number of each additional SO or fraction thereof .E!.!ill.l Fee Paid (~l 

-100 = /50= (round up to a whole number) x = --
4. OTHER FEE(S) Fees Paid Ill 
Non-English specification, $130 fee (no small or micro entity disr.nunt) -
Non-electronic filing fee under 37 CFR 1.16(t) for a utility application, $400 fee ($200 small or micrn entity) 

Other (e.g., late filil1y surcharge): 2457 E.xtension of term of patent 1,120.00 

SUBMITTED BY I I I ) -
SignatuFe '--? '>1' .J.,., .J--':h\.W JJ Registration No. 38,872 Telephone (617) 217-4628 (Atlomey/Agent) 

Name !Print/Tlff!P) ,I.Jan~ E. rtemillard, E::.4. Date January 12, 2016 

v 

Priority Mail Express Label No. EM 665144084 US Dated: January 12, 2016 
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Express Mail Label No.: I:M 665144084 US EXHIBIT 1 
DZ-07w08 03:56pm Fram·LAHIVE+COCKFIELD 617 74Z4Z14 T-445 P.OT/10 fw800 

'· 

~-~~CEN 221 
CI:NTRAL FA)( CEI\i i i:l-'1 

JNTHE UNITED STATES PATENT AND TRADEMARK OFFICI r~S O? 2.00tJ 
JlEC~ARATION,. P£11TION AND l'OW£R OF AtTORNEY 

As a bt:low named in'-'e:nlnr. I hereb:y declare llmt: 

My reside~.:e, post office: addT~.>ss and cilizenship are as stated below next lO m}' muue. 

1 bt;tiC'Ic llUP an original, fusT. and joint inventor of lhe SJJbject man:er which is claimed anc:! 
for which a paf.cllt is :sought on 1he invention entitled: 

AN11BODJES AGATNST CD38 FOR 11tEA TMENT OF MUL 11Pll! MYELOMA 

lhe specification of which was fikd on Match 23. 2006 as Application No. 
PCTIPK2006/000166 and as U.S. Pateut ApplicaQon Serial No. ll/886932 filed on 
S;;o:ptemhe:r 21. 2007 

In the e"c:nr thal me t"ili~ date and/or Application No. arenoJ entered above l*t The time 1 
~xecme this document. all4 if suc:h infonnation is deemed necessary. I heJeby aanhoriz.e and 
n:quc:st my anornc:::ys/agc:n;<s) <U Lahive &: Cockfield, LLP. One Post Office Sq1-UU"e. Boston. 
Massachuseotts 0:21 OQ-2127. to illSCl1 aoove tire :ti~s date and/or Application No. of~~ 
appJiCQtiun. 

1 h~by sm~ ahatl have reviewed and WldCTStand the contents ofthe I:IOO"C identified 
specification. incll.lding tle claims. ps amendeli by an amendment, if any. specitically ri;fcm:d 
to herein. 

1 acknowlc!db~ the cSuty to disclose all infot1'1UlUon known 10 rnc tlun is materia.lw 
pate1\tability in accordanc~ with Tide 37. Code ofFedeml Regulations.§ 1.56. 

1 hereby dc.::bue that all suuem«!ntS made bcrc:in of m)' own knowledsc ~rc rrue and lha:t all 
statements made on intormarian and belief~ believed to Lt:-true: and t"unhtt tlun these 
sunements werr r:ruscfc: wilh me knowledge ~t willful tal~ sunem~ms an<ltlle lilu:' so made 
are punishable by t1nr ur imprisonment, o.r both, undc:r Section 1001 ofTirlc 18 oft.be Unil"eR 
Stat~ CLlde 11nt.J that such willml talse stalL:IUCnls may jeop&.ldizc the validity oflbA: 
application or :my patent issued thereon. 

(.hereby appoiru:: 

All practitioners at Customer Number00959 

all of La hive & Coc:kfield. U.P. One Post Ot11c:c Squan:. Boston, Massachuscns 02109-
2127. joinlly. :\nd c:ac.h or" them severally. m)' attorneys al lawlpalcut asenl(s). vvith fQJI power 
uf Sl.fb:stirution. del~iu!.l ~d rtvocation, to prosecu1e this appli~tion. to make alterations 
and arnendn·u~nu thc;n;ip. 10 rc::e:c.1"c the patem. and tu mmsact IUJ b~nc:ss Ul me U. S. Pau:m 
:ind Trudctnark Ottice l!Onnect.ed therewith. 

Page I ofl 
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02-07-08 03:56pm From•LAHIVE+COCKFIELD 617 T424Z14 T-445 P.OB/10 F-800 

Please: mail all correspondence to OiQJio A. DeCollti. Jr .• Esq. at Customer Number 00959. 
whose address is: 

Lahive & C:OC!Lfidd, LLP 
One POSJ Office Sqll4JI: 

Bosfcm. MasSliChusetiS ll2109-l127 

deCENcJ 
CENTRAL FAX CEN"ft-'-" 

Please direcl telephone cslls to: Ciulio A- OeConli. Jr .. Esq. at (617) 99W771. 

PJ~e 4iteel f~lil~ to:l: (617) 742-4214 

FEB 0 72.008 

r 1111-.: ar ""*"' ms. •-
Micbr:l DE WEERS 
!lalc.,rliool~~ 

'>" ...,c;;;:;.. :::::;::;:--- I ~- jc--. "loi.S 

Rt..~Ckl#\:'-~ 

Houten. Netherlands 
\.'II~ Netherlands 
M;oilansM!Im. 

P¢nninpla; lO : 

399t Wit Hc:mr.en 
'NJ!,T}{Eft.t.ANDS 

f.ull ~ ·•l.>oo:r·~Pol ill..:llii'T- ,.~ 

YvoORAUS I--
:..:10olt111lll·t··~ 

'~ r~ II - (P- - 2.Do1J 

~ CJ. ./ 
Odijli, Netherlands 
Ca&iG:n..b!J' , Netherlamb 
IIQolaTe~ 

Wert:!orperwmlrd 3 
3984 PR 04iJ'"k 
NETHERLANQS 

Fwll......,.; of illd'd .. ,..c..-. il :Jh~ 
Jl.l4ntl OPR.!NS ..... 
The· -.... . I rite .. ......._ "'\ J' . 

q<uJ-.'ZO:JJ /~-
_;,...-- ~ 

J<.c:o.nkll= 

Uuecht. NcthcniandS . 
c~,. Ncnhe~ 
'-llkl•llll ~llll::i· 

~ ~ 
K.o r.': s ~ s h. oeLc. 2.?. 
~ t SS Sunn;k 

'NETHERLANDS 

r .... ~ ... (o,.nll "'""''"'~'· If :IJI,)' 

P~e 2 ufJ" 

PAGE 8110 * RCVD AT 21712008 3:55:16 PM [Eastern standard rune] 1 SVR:USPTomRF~2 * DNIS:2738300 1 csm: *DURATION (lli!Ms):01·54 



.... " 

02-0T-08 03: SSpm Fram·LAHIVE+COCKFIELD 617 7424214 · 

Paul PARREN 
r~amlm-.rr~ [u 

i . (!v.P- ~ 
IW>:IIIcnQ: -~ ·~ 

Odijk, Nc:merlitP4S 
C.'il~ Nl"lht:rland$ 
r.t..i.~Ml,i I\OIIn:)al 

w ttdurpt:nYIIIU'd 17 
.39&4 PSl Odijk 
'N ETHEJtLA'HDS 

fNI J ~ ,,( •1'\.ltl orl\vtfPior, al' :.II) 

M:srtine VAN VUGT 

Flwwerllncu6 
394}4ltRH~ 

NETti£4ANDS 

r 

r~i.CJEN .::.t.J 

CEI\frfl~l. FAX CE~IER 

r t.B 0 7 tut\8 

T-445 P.09/1D F-800 

Attumey DoeketND.; OM1.()8.iUS 

-
I CJJ~ 

. \\ \C..'- 'l..cce 

Page 3 of3 

· ·PAGE 9/10 1 RCVD AT 2/712008 3:55:16 PM [Eastern Standard fline] 1 SVR:USPTO.UXRF-5/42 • DNIS:2738300 • CSID: • DURATION (rmn-ss):01·54 



Fxrress Mail Label No.: EM 665144084 US 

,_~,~· EXHIBIT 2 

(· .. ~DEPAJJ.TMENT OF RRALm AND HUMAN SERVICES 

~~~\...._ 

BLA 761036 

Janssen Biotech, Inc. 
c/o Janssen Research and Development, LLC 
Attention: Brian Maloney, RPh, MS 
Director, Regulatory Affairs 
920 Route 202, PO Box 300 
Raritan, N.T ORRf\9 

Dear Mr. Maloney: 

Food and Drug Administration 
Silver Spring MD 20993 

BLA ACCELERATED APPROVAL 

Please refer to your Biologics License Application (BLA) dated July 9, 2015, received July 9, 

2015, and your amendments, submitted under section 351 of the Public Health Service Act for 
Darzalex™ (daratumumab) injection, 100 mg/5 mL and 400 mg/20 mL. 

LICENSING 

We have approved your BLA for Darzalex ™ ( daratumumab) effective this date. You are hereby 

authorized to introduce or deliver for introduction into interstate commerce, Darzalex™ under 

your existing Department of Health and Human Services U.S. License No. 1864. Darzalex™ is 
indicated for treatment of patients with multiple myeloma who have received at least 3 prior 

lines of therapy including a proteasome inhibitor and an immunomodulatory agent or are double 

refractory to a proteasome inhibitor and an immunomodulatory agent. 

MANUFACTURING LOCATIONS 

Under this license, you are approved to manufacture daratumumab concentrated viral 
inactivation and neutralization intermediate at Biogen Inc., Research Triangle Park, NC. You 

are approved to manufacture daratumumab drug substance at Janssen Biologics, Cork, Ireland. 

The final formulated 100 mg/5 mL drug product will be manufactured, filled, labeled, and 
packaged at Cilag A.G., SchaufThausen, Switzerland and the 100 mg/5 mL and 400 mg/20 mL 
drug product will be manufactured, filled, and labeled at Vetter Pharma-Fertigung GmbH & Co. 

KG, Ravensburg, Germany. TI1e 100 mg/5 mL and 400 mg/20 mL drug product may also be 

packaged at AndersonBrecon, Inc., Rockford, Illinois. You may label your product with the 

proprietary name Darzalex™ and will market it in 100 mg/5 mL and 400 mg/20 mL injection in 
single-dose vials. 

Reference 10: 3847386 



BLA 761036 
Page2 

DATING PERIOD 

The dating period for Darzalex 1M shall be 18 months from the date of manufacture when stored 

at 2°C- 8°C. The date of manufacture shall be defined as the date offmal sterile filtration of the 

formulated drug product. The dating period for your drug substance shall be 18 months from the 

date of manufacture when stored at -70°C. The dating period for your concentrated viral 

inactivated and neutralized intermediate shall be 18 months from the date of manufacture when 

stored at -40°C. We have approved the stability protocols in your license application for the 

purpose of extending the expiration dating period of your drug substance and drug product under 

21 CFR 601.12. 

FDA LOT RELEASE 

You are not currently required to submit samples of future lots ofDarzalex1M to the Center for 

Drug Evaluation and Research (CDER) for release by the Director, CDER, under 21 CFR 610.2. 

We will continue to monitor compliance with 21 CFR 610.1, requiring completion of tests for 

conformity with standards applicable to each product prior to release of each lot. 

Any changes in the manufacturing, testing, packaging, or labeling ofDarzalex1M, or in the 

manufacturing facilities, will require the submission of information to your biologics license 

application for our review and written approval, consistent with 21 CFR 601.12. 

AI'PROV AL & LAH~LlNG 

We have completed our review of this application, as amended. It is approved, effective on the 

date of this letter, for use as recommended in the enclosed agreed-upon labeling text. 

CONTENT OF LABELING 

As soon as possible, but no later than 14 days from the date of this letter, submit, via the FDA 

automated drug registration and listing system ( eLIST), the content of labeling [21 CFR 

60 1.14(b)] in structured product labeling (SPL) format, as described at 
http://www.fda.gov/Forlndustry/DataStandards/StructuredProductLabeling/default.htrn. 

Content of labeling must be identical to the enclosed labeling (text for the package insert, text for 

the patient package insert). Information on submitting SPL files using eLIST may be found in 

the guidance for industry titled "SPL Standard for Content of Labeling Technical Qs and As" at 

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation!Guidances!U 

CM072392.pdf. 

The SPL will be accessible via publicly available labeling repositories. 

In addition, within 14 days of the date of this letter, amend any pending supplement that includes 

labeling changes for this BLA with content of labeling in SPL format to include the changes 

approved in this supplement. 

Reference ID: 3847386 



BLA 761036 
Page 3 

CARTON AND IMMEDIATE CONTAINER LABELS 

Submit fmal printed carton and container labels that are identical to the enclosed carton and 
immediate container labels, as soon as they are available, but no more than 30 days after they are 
printed. 

Container Labels 
Use the container labels submitted October 2, 2015 for initial marketing. 

Use the container labels submitted October 20, 2015 starting 6 weeks post launch. 

Carton Labeling 
Use the carton labeling submitted October 20, 2015. 

Please submit these labels electronically according to the guidance for industry titled "Providing 
Regulatory Submissions in Electronic Format- Human Pharmaceutical Product Applications 
and Related Submissions Using the eCTD Specifications (June 2008)." Alternatively, you may 
submit 12 paper copies, with 6 of the copies individually mounted on heavy-weight paper or 
similar material. For administrative purposes, designate this submission "Final Printed Carton 
and Container Labels for appr·oved BLA 761036." Approval of this submission by FDA is 
not required bdore the labeling is used. 

Marketing the product with final printed labeling (FPL) that is not identical to the approved 
labeling text may render the product misbranded and an unapproved new drug. 

ADVISORY COMMITTEE 

Your application for daratumumab was not referred to an FDA advisory committee because the 
application did not raise significant safety or efficacy issues. 

ACCELERATED APPROVAL REQUIREMENTS 

Products approved under the accelerated approval regulations, 21 CFR 601.41, require further 
adequate and well-controlled clinical trials to verify and describe clinical benefit. You are 
required to conduct such clinical trials with due diligence. If postmarketing clinical trials fail to 
verify clinical benefit or are not conducted with due diligence, we may, following a hearing in 
accordance with 21 CFR 601.43(b), withdraw this approval. We :remind you of your 
postmarketing requrremcnt specified in your submission dated November 16,2015. This 
requirement, along with required completion dates, is listed below. 

PMR. 3000-1 

Reference ID: 3847386 

Conduct the analysis and submit the complete final report and data 
showing clinical efficacy and safety from Trial MMY3003, a ''Phase 3, 2-
arm, Randomized, Parallel-group Trial ofLenalidomidc and 
Dexamethasone with or without Daratumumab in Patients with 
Previously-treated Multiple Myeloma." 
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PMR3000-2 

Trial Completion (primary endpoint): 
Final Report Submission: . 

04/2017 
07/2017 

Conduct the analysis and submit the complete final report and data 
showing clinical efficacy and safety from Trial MMY3004, a "Phase 3, 2-
arm, Randomized, Parallel-group Trial of Bortezomib and 
Dexamethasone with or without Daratumumab in Patients with 
Previously-treated Multiple Myeloma." 

Trial Completion (primary endpoint): 
Final Report Submission: 

02/2017 
05/2017 

Submit clinical protocols to your IND 100638 for this product. In addition, under 21 CFR 
601.70 you should include a status summary of each n::quirement in your annual report to this 
BLA. The status summary should include expected trial completion and final report submission 
dates, any changes in plans since the last annual report, and number of patients entered into each 
trial. 

Submit final reports to this BLA as a supplemental application. For administrative purposes, all 
submissions relating to this postmarkcting requirement must be clearly designated "Subpart E 
Postmarketing Rcquiremenf.(s)." 

REQUIRED PEDlATRlC ASSESSMENTS 

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for new 
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of 
administration are required to contain an assessment of the safety and effectiveness of the 
product for the claimed indication(s) in pediatric patients unless this requirement is waived, 
deferred, or inapplicable. 

Because this hiologic product for this indication has an orphan drug designation, you are exempt 
from this requirement. 

POSTMARKETING REQUIREMENTS UNDER 505(o) 

Section 505(o)(3) ofthe Federal Food, Drug, and Cosmetic Act (FDCA) authorizes FDA to 
require holders of approved drug and biological product applications to conduct postmarketing 
studies and clinical trials for certain purposes, if FDA makes certain fmdings required by the 
statute. 

We have determined that an analysis of spontaneous postmarketing adverse events reported 
under subsection 505(k)(l) ofthe FDCA will not be sufficient to identify unexpected serious 
risks of developing antibodies causing immunogenicity related adverse events, including 
hypersensitivity reactions and loss of product efficacy that can lead to increased mortality rate in 
treated patients; or to assess a signal of a serious risk of treatment emergent adverse events in 
patients with hepatic impairment treated with the product. 

Reference ID: 3847386 
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Furthermore, the new pharmacovigilance system that FDA is required to establish under section 
505(k)(3) of the FDCA will not be sufficient to assess these serious risks. 

Therefore, based on appropriate scientific data, FDA has det~rmined that you are required to 
conduct the following: 

PMR3000-3 Submit the fmal report of a study conducted to assess the anti-drug 
antibody (ADA) response to daratumumab with the validated assay 
developed under PMR. 3000-4. 

The timetable you submitted on November 16, 2015, states that you will conduct this study 
Hcc.ording to the following s~;ht!dule: 

PMR3000-4 

Final Report Submission: 11/2018 

Conduct a study to validate an assay for binding antibodies to 
daratumumab to assess the product's potential for immunogenic reactions 
in treated patients. Submit a validation report for the validated, sensitive, 
and accurate assay for the detedion of binding antibodies to 
daratumumab, including procedures for the accurate detection of binding 
antibodies to daratumumab in the presence of daratumumab levels 
expected in th~ serum or plasma at the time of patient sampling. 

The timetable you submitted on November 16, 2015, states that you will conduct this study 
according to the following schedule: 

PMR3000-5 

Final Report Submission: 11/2018 

Conduct a study to validate an· assay for neutralizing antibodies to 
daratumumab to assess the potential for increased adverse outcome from 
loss of product effect in treated patients. Submit a validation report for 
the validated, sensitive, and accurate assay for the detection of 
neutralizing antibodies to daratumumab, including procedures for the 
accurate detection of neutralizing antibodies to daratumumab in the 
presence of daratumumab levels that are expected in the serum or plasma 
at the time of patient sampling. 

The timetable you submitted on November 16, 2015, states that you will conduct this study 
according to the following schedule: 

Final Report Submission· 12/2015 

Reference ID: 3847386 
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PMR3000-6 Collect, analyze, and submit additional safety data from ongoing clinical 
trials to characterize the safety of daratumumab in patients with 
baseline hepatic impairment. 

The timetable you submitted on November 16, 2015, states that you will conduct this study 
according to the following schedule: 

Study Completion: 
Final Report Submission: 

04/2017 
07/2017 

Submit the protocol(s) to your IND 100638, with a cross-reference letter to this BLA. Submit all. 
fmal report(s) to your BLA. Prominently identify the submission with the following wording in 
bold capit.all~tters at the top of the fitsl page of the submission, as appropriate: "Required 
Postmarketing Protocol Under SOS(o)," "Required Postmarketing Final Report Under 
SOS(o)," "Required Postmarketing Correspondence Under SOS(o)." 

Section 505( o )(3)(E)(ii) of the FDCA requires you to report periodically on the status of any 
study or clinical trial required under this section. This section also requires you to periodically 
report to FDA on the status of any study or clinical trial otherwise undertaken to investigate a 
safety issue. Sec~ion 506B of the FDCA, as well as 21 CFR 601.70 requires you to report 
annually on the status of any postmarketing commitments or required studies or clinical trials. 

FDA '"ill consider the submission ot your annual report under section 506B and 21 CFR 601.70 
to satisfy the periodic reporting requirement under section 505(o)(3)(E)(ii) provided that you 
include the elements listed in 505(o) and 21 CFR 601.70. We remind you that to comply with 
505( o ), your annual report must also include a report on the status of any study or clinical trial 
otherwise undertaken to investigate a safety issue. Failure to submit an annual report for studies 
or clinical trials required under 505( o) on the date required will be considered a violation of 
FDCA section 505(o)(3)(E)(ii) and could result in enforcement action. 

POSTMARf(ETING COMMITMENTS NOT SUBJECT TO THE REPORTING 
REQUIREMENTS UNDER SECTION 506B 

We remind you of your postmarketing cornmitments: 

PMC 3000-7 Perform a shipping study to confirm validation of the commercial 
daratumumab drug product shipping conditions. The study will include 
monitoring of temperature during the shipment, testing of pre- and post
shipping samples for product quality (purity by SEC, cSDS reduced and 
non-reduced, clEF, sub-visible particles, and potency of daratumumab), 
and confirmation that the commercial shipping configuration minimizes 
physical damage to drui procill('.t containero. 

The timetable you submitted on November 16, 2015, states that you will conduct this study 
according to the following schedule: 

Reference ID: 3847386 
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PMC 3000-8 

Final Report Submission: 08/2016 

Provide quantitative extractables study data and a toxicological risk 
assessment for all compounds extracted from the viral inactivated and 
neutralized intermediate and drug substance long term storage containers. 

The timetable you submitted on November 16, 2015, states that you will conduct this study 
according to the following schedule: 

PMC 3000-9 

Final Report Submission: 03/2016 

Re-evaluate daratumumab viral inactivated and neutralized intennP.rliate 
lot relensc and stabilily data after at least 30 lots have been manufactured 
using the commercial manufacturing process. Submit the corresponding 
data, the analytical and statistical plan used to evaluate the specifications, 
and any proposed changes to the specifications. 

The timetable you submitted on November 16, 2015, states that you will conduct this study 
according to the following schedule: 

PMC 3000-10 

Study Completion: 
Final Report Submission: 

07/2016 
09/2016 

Re-evaluate daratumumab drug substance lot release and stability data 
after at least 30 lots have been manufactured using the commercial 
manufacturing process. Submit the corresponding data, the 
analytical and statistical plan used to evaluate the specifications, and any 
proposed changes to the specifications. 

The timetable you submitted on November 16, 2015, states that you will conduct this study 
according to the following schedule: 

PMC 3000-11 

Study Completion: 
Final Report Submission: 

07/2016 
09/2016 

Re-evaluate daratumumab drug product lot release and stability data after 
at least 30 lots have been manufactured using the commercial 
manufacturing prol:t::ss. Submit the corresponding data, the 
analytical and statistical plan used Lo evaluate the specifications, and any 
proposed changes to the specifications. 

The timetable you submitted on November 16, 2015, states that you will conduct this study 
according to the following schedule: 

Study Completion: 
Final Report Submission: 

Reference ID: 3847386 

07/2016 
09/2016 
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PMC 3000-12 To determine the maximum hold times for all in-process pools (stages 6-
11) using a surrogate solution that supports microbial growth. Submit 
results in accordance with 21 CFR 601.12, in the Final Report. 

The timetable you submitted on November 16, 2015, states that you will conduct this study 
according to the following schedule: 

Final Report Submission: 06/2016 

Submit clinical protocols to your IND 100638 for this product. Submit nonclinical and 
chemistry, manufacturing, and controls protocols and all postrnarketing fmal reports to this BLA. 
In addition, under 21 CFR 601 . 70 you should incluJ~ a status summary of each commitment in 
your annual progress report of postrnarketing studies to this BLA. The status summary should 
include expected study completion and final report submission dates, any changes in plans since 
the last annual report, and, for clinical studies/trials, number of patients entered into each 
study/trial. All submissions, including supplements, relating to these postrnarketing 
commitments should be prominently labeled "Postmarketing Commitment Protocol," 
"Postmarketing Commitment Final Report," or "Postmarketing Commitment 
Correspondence." 

PROMOTIONAL MATERIALS 

Under 21 CFR 601.45, you are required to submit, during the application pre-approval review 
period, all promotional materials, including promotional labeling and advertisements, that you 
intend to use in the first 120 days following marketing approval (i.e., your launch campaign). If 
you have not already met this requirement, you must immediately contact the Office of 
Prescription Drug Promotion (OPDP) at (301) 796-1200. Please ask to speak to a regulatory 
project manager or the appropriate reviewer to discuss this issue. 

As further required by 21 CFR 60 1.4 5, submit all promotional materials that you intend to use 
after the 120 days following marketing approval (i.e., your post-launch materials) at least 30 
days before the intended time of initial dissemination of labeling or initial publication of the 
advertisement. We ask that each submission include a detailed cover letter together with three 
copies each of the promotional materials, annotated references, and approved package insert 
(PI)/Medication Guide/patient PI (as applicable). 

Send each submission directly to: 

Reference ID: 3847386 

OPDP Regulatory Project Manager 
Food and Drug Administration 
Center for Drug Evaluation and Research 
Office of Prescription Drug Promotions (OPDP) 
5901-B Am.mendale Road 
Beltsville, MD 20705-1266 
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Alternatively, you may submit promotional materials for accelerated approval products 
electronically in eCTD format. For more information about submitting promotional materials in 
eCTD format, see the draft Guidance for Industry (available at: 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/U 
CM443702.pdf). 

REPORTING REQUIREMENTS 

You must submit adverse experience reports under the adverse experienee reporting 
requirements for licensed biological products (21 CPR 600.80). You should submit 
postmarketing adverse experience reports to: 

Food and Drug Administration 
Center for Drug Evaluation and Research 
Central Document Room 
5901-B Ammendale Road 
Beltsville, MD 20705-1266 

Prominently identify all adverse experience reports as described in 21 CFR 600.80. 

You must submit distribution reports under the distribution reporting requirements for licensed 
biological products (21 CPR 600.81). 

'You must submit reports of biological product deviations under 21 CFR 600.14. You should 
promptly identify and investigate all manufacturing deviations, including those associated with 
processing, testing, packing, labeling, storage, holding and distribution. lfthe deviation involves 
a distributed product, may affect the safety, purity, or potency of the product, and meets the other 
criteria in the regulation, you must submit a report on Form FDA-3486 to: 

Food and Drug Administration 
Center for Drug Evaluation and Research 
Division of Compliance Risk Management and Surveillance 
5901-B Ammendale Road 
Beltsville, MD 20705-1266 

Biological product deviations, sent by courier or overnight mail, should be addressed to: 

Reference ID: 3847386 

Food and Drug Administration 
Center for Drug Evaluation l'lnd Research 
Division of Compliance Risk Management and Surveillance 
10903 New Hampshire Avenue, Bldg. 51, Room 4206 
Silver Spring, MD 20903 
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MEDW ATCH-TO-MANUFACTURER PROGRAM 

The MedWatch-to-Manufacturer Program provides manufacturers with copies of serious adverse 
event reports that are received directly by the FDA. New molecular entities and important new 
biologics qualify for inclusion for three years after approval. Your firm is eligible to receive 
copies of reports for this product. To participate in the program, please see the enrollment 
instructions and program description details at 
http://www.fda.gov/Safety/MedWatch/HowToReport/ucml6691 O.htm. 

POST APPROVAL FEEDBACK MEETING 

New molecular entities and new biologics qualify for a post approval feedback meeting. Such 
meetings are used to disr.uss the quality of th.~ application and to evaluate the communication 
process during drug development and marketing application review. Th~ purpose is to learn 
from successful aspects of the review process and to identify areas that could benefit from 
improvement. If you would like to have such a meeting with us, call the Regulatory Project 
Manager for this application. 

PDUFA V APPLICANT INTERVIEW 

FDA has contracted with Eastern Research Group, Inc. (ERG) to conduct an independent interim 
and final assessment of the Program for Enhanced Review Transparency and Communication for 
NME NDAs and Original BLAs under PDUFA V ('the Program'). The PDUF A V Commitment 
Letter states that these assessments will include interviews with applicants following FDA action 
on applications reviewed in the Program. For this purpose, first-cycle actions include approvals, 
complete responses, and withdrawals after filing. The purpose of the interview is to better 
understand applicant experiences with the Program and its ability to improve transparency and 
communication during FDA review. 

ERG willcunla.ct you to schedule a PDUFA V applicant interview and provide specifics about 
the interview process. Your responses during the interview will be confidential with respect to 
the FDA review team. ERG has signed a non-disclosure agreement and will not disclose any 
identifying information to anyone outside their project team. They will report only anonymized 
results and findings in the interim and final assessments. Members of the FDA review team will 
be interviewed by ERG separately. While your participation in the interview is voluntary, your 
feedback will be helpful to these assessments. 

Reference ID: 3847386 
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If you have any questions, call Jessica Boehmer, Regulatory Project Manager, at (301) 796-5357. 

ENCLOSURF.S· 
Content of Labeling 
Carton and Container Labeling 

Reference ID: 3847386 

Sincerely, 

{See appended electronic signature page} 

Richard Pazdur, MD 
Director 
Office ofllematulogy and Oncology Products 
Center tor Drug Evaluation and Research 
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ANTIBODIES AGAINST CD38 FOR 
TREATMENTOFMULTWLE~LOMA 

FIELD OF THE INVENTION 

The present invention relates to antibodies binding CD38, 
which antibodies have specific characteristics and which are 
useful for treating inter alia multiple myeloma. 

BACKGROUND 

Multiple myeloma is a B cell malignancy characterized by 
the latent accumuhtlion in bone marrow of secretory plasma 
cells with a low proliferative index and an extended life span. 
The oisease ultimately attack~ bones and bone marrow, 
resulting in multiple tumors and lesions throughout the skel
etal system. 

A ppmximatilly 1% of 11ll '-<lll~.:t:rs, and shghtly more than 
10% of all hematologic malignancies, can be attributed to 
multiple myeloma (MM). Incidence of MM increases in the 
aging population, with the median age at time of diagnosis 
being about 61 years. 

Currently available therapies for multiple myeloma 
include chemotherapy, stem cell transplantation, Thalomid® 
(thalidomide), Velcade® (bortezomib), Aredia® (pamidr
onate), and Zometa® (zoledronic acid). Current treatrne~t 
protocols, which include a combination of chemotherapeutic 
agents such as vincristine, BCNU, melphalan, cyclophospha
mide, adriamycin, and prednisone or dcxame:thasune, yie~d a 
complete remission rate of only about 5%, and median sur
vival is approximately 36-48 months from the time of diag
nosis. Recent advances using high dose chemotherapy fol
lowed by autologous bone marrow or peripheral blood 
mononuclear cell transplantation have increased the com
plete remission rate and remission duration. Yet overall sur
vival has only been slightly prolonged, and no evidence for a 
cure has been obtained. Ultimately, all MM patients relapse, 
even under maintenance therapy with interferon-alpha (lFN-
a) alone or in combination with steroids. 

Efficacy of the available chemotherapeutic treatment regi
mens for MM is limited by the low cell proliferation rate and 
development of multi-drug resistance. For more than 90% of 
MM patients, the disease becomes chemoresistant. As a 
result, alternative treatment regimens aimed at adoptive 
immunotherapy targeting surface antigens on plasma cells are 
being sought. 

2 
CD38. Other diseases include carcinoma in the prostate 
gland, seminomas in testis and ovarian cancers. 

Normally, CD38 is expressed by hemopoietic cells, and in 
solid tissues. With regard to hemopoietic cells, the majority of 
medullary thymocytes are CD38+, resting and circulating T
and B-cells are CD38-, and activated cells are CD38•. CD38 
is also expressed on approximately 80% of resting NK cells 
and monocytes, and on lymph node germinal center lympho
blasts, plasma B cells and some intrafollicular cells. CD38 

10 can also be expressed by dendritic cells. A significant propor
tion of normal bone marrow cells, particular precursor cells, 
express CD38. In addition, 50-80% of umbilical cord blood 
cells is CD38+ and remains so in human blood for the first two 
to three years of life. In addition to lymphoid precursor cells, 

15 CD38 is also expressed on erythrocytes and on platelets. 
With regard to solid tissues, CD38 is expressed in the i"Ut 

by intro cpitheli<~l ~:dis and Jamma propria iymphocytes, by 
Purkinje cells and neurofibrillary tangles in the brain, hy 
epithelial cells in the prostate, ~-cells in the pancreas, osteo-

20 clasts in the bone, retinal cells in the eye, and sarcolenuna of 
smooth and striated muscle. 

Functions ascribed to CD38 include both receptor media
tion in adhesion and signaling events and (ecto-) enzymatic 
activity. As an ectoenzyme, CD38 uses NAD.._ as substrate for 

25 the formation of cyclic ADP-ribose ( cADPR) and ADPR, but 
also of nicotinamide and nicotinic acid-adenine dinucleotide 
phosphate (NAADP). cADPR has been shown to act as sec
onn messenger for Ca2

• mobili~Lion from the endoplasmatic 
reticulum. In addition to signaling via Ca2

•, CD3R signaling 
30 o~.:~.:urs via cross-talk with antigen-receptor complexes on T 

and B cells or other types of receptor complexes, e.g. MHC 
molecules, and is in this way involved in several cellular 
responses, but also in switching and secretion of lgG 1. 

Anti-CD38 antibodies are described in the literature, for 
35 instance in Lande R, et al., Cell hurounol. 220(1), 30-8 

(2002), Ausiello C M, et a!., Tissue Antigens. 56( 6), 539-47 
(2000), and Cotner T, et al., lnt J. lmmunopharmacol. 3(3), 
255-68 (1981 ). CD38 has a number offunctions, which may 
or may not be activated by a molecule binding to CD38. For 

40 instance the mouse anti-CD38 antibody 184 has agonistic 
properties in relation to CD38. IB4 is shown to induce T cell 
activation as indicated by Ca2

• mobilization in Jurkat cells 
(Zubiaur M, et al., J. lmmunol. 159(1), 193-205 (1997), to 
induce significant proliferation of peripheral blood mono-

45 nuclear cells (PBMCs), to induce release of significant IL-6 
levels and to inducerele>tsc:::ofdetectable 1FN-y levels (Lande, 
Zubiaur Morra, Ansiello supra). CD38isanexampleofanantigencxpressedunsuchmalig

nant plasma cells, and is expressed in a variety of malignant 
hematological diseases, including but not restricted to mul
tiple myeloma, B-ee! I chronic lymphocytic leukemia, 8-cell so 
acute lymphocytic leukemia, Waldenstri:im macroglobuline
mia, primary systemic amyloidosis, mantle-cell lymphoma, 
pro-lymphocytic/myelocytic leukc:::mia, acute myeloid leuke
mia, chronic myeloid leukemia, follicular lymphom<~, NK
cellleukemia and plasma-cell leukemia. Expression ofCD38 55 
has been described on epitheliaVendotbelial cells of different 
origin, including glandular epithelium in prostate, islet cells 

SUMMARY OF THE INVENTION 

The present invention provides an antibody binding to 
humau CD38 encoded by 

(i) human lisht ~.:hain and human heavy chain nucleic acids 
comprising nucleotide sequences in their variable regions as 
set forth in SEQ lD No: I and SEQ lD No:6, respectively; 

(ii) human light chain and human heavy chain nucleic acids 
comprising nucleotide sequences in their variable regions as 
set forth in SEQ lD No: 11 and SEQ ID No: 16, respectively; 

in pancreas, ductal epithelium in glands, including parotid 
gland, bronchial epithelial cells, cells in testis and ovary and 
tumor epithelium in colorectal adenocarcinom~t. Diseases, 60 

where CD38 expression could be involved, include but is not 
restricted to broncho-epithelial carcinomas of the lung, breast 
cancer (evolving from malignant proliferation of epithelial 
lining in ducts and lobules of the breast), pancreatic tumors, 
evolving from the b-cells (insulinomas), tumors evolving 65 

from epithelium in the gut (e.g. adenocarcinoma and squa
mous cell carcinoma) In CNS, neuroblastomas express 

(iii) human light chain and human heavy chain nucleic 
acids comprising nucleotide sequences in their variable 
regions as set forth in SEQ ID No:21 and SEQ lD No:26, 
respectively; or 

(iv) human light chain and human heavy chain nucleic 
acids comprising nucleotide sequences in their variable 
regions, which are conservative sequence modifications of 
the sequences as set forth in (i), (ii) or (iii). 
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The present invention provides an antibody binding to 
human CD38 comprising a V H CDR3 having the sequence as 
set forth in SEQ ID No:10. 

4 

The present invention provides an antibody binding to 
human CD38, comprising a VL CDR3 having the sequence as s 
set forth in SEQ ID No:S and a V H CDR3 having the sequence 

The present invention provides an antibody binding to 
human CD38, comprising a VL region having at least about 
900/o, such as at least about 95% amino acid sequence identity 
to the sequence according to SEQ ID No:12. 

The present invention provides an antibody binding to 
human CD38, comprising a V H region having the amino acid 
sequence as set forth in SEQ ID No:l7. as set forth in SEQ ID No:lO. 

The present invention provides an antibody binding to 
human CD38, comprising human light chain and human 
heavy variable regions, wherein the light chain variable 10 

region comprises a V L CDR1 having the sequence as set forth 

The present invention provides an antibody binding to 
human CD38, comprising a V H region comprising the amino 
acid sequence spann.ing the V H CDR1-V H CDR3 region of 
SEQ ID No: 17. 

in SEQ JD No:3, a V L CDR2 having the sequence ::ts set forth Tite present invention provides an antibody binding to 
iu SEQ ID No:4 and a VL CDR3 having the sequence as set 
forth in SEQ ID No:5, and the heavy chain variable region 
comprises a V H CDR1 having the sequence as set forth in 15 

SEQ lD No:S, a V" CDR2 having the sequence as set forth in 
SEQ ID No:9 and a V HCDR3 having the sequence as set forth 

human CD38, comprising a V H region having at least about 
90%, such as at least about 95% amino acid sequence identity 
to the sequence as set forth in SEQ ID No: 17 or to the V H 

CDRl-V H CDR3 spann.ing region of SEQ ID No:17. 
The pr~~cul invention prov1des an antibody binding to 

in SEQ ID Nu.l 0. 
The present invention provides an antibody binning to 

humau CD38, comprising a VL region having the amino acid 20 

sequence as set forth in SEQ lD No:2. 

human CD38, comprising a V Hregion having 1-5, such 11s 1-3 
amino acid substitutions, deletions or additions compared to 
the sequence as set forth in SEQ ID No: 17 or to the VH 
CDR1-VHCDR3 spanning region of SEQ ID No:17. 

The present invention provides an antibody binding to 
human CD38, comprising a V L region having at least about 
90%, such as at least about 95% amino acid sequence identity 
to the sequence as set forth in SEQ ID No:2. 

1be present invention provides an antibody binding to 
human CD38, comprising a V H region having the amino acid 
sequence as set forth in SEQ ID No:7. 

25 

The present invention provides an antibody binding to 
human CD38, comprising a V L region as defined above and a 
V H region as defined above. 

The present invention provides an antibody binding to 
human CD38, comprising a V HCDR3 having the sequence as 
set forth in SEQ ID No:30. 

The present invention provides an antibody binding to 
human CD38, comprising a V H region c:omprising the omino 30 

acid sequence spanning the V H CDR1· V H CDR3 region of 
SEQIDNo:7. 

The present inveution provides an antibody binding to 
human CD38, comprising a V L CDR3 having the sequence os 
set forth in SEQ lD No:25 and a V H CDR3 having the 
sequence as set forth in SEQ ID No:30. 

The present invention provides an antibody binding to 
human CD38, comprising human light chain and human 
heavy variable regions, wherein the light chain variable 

The present invention provides an antibody binding to 
human CD38, comprising a V H region having at least about 
90%, such as at least about 95% amino acid sequence identity 
to the sequence as set forth in SEQ lD No:7 or to the V H 

CDR1-VHCDR3 spanning region of SEQ ID No:7. 
1be present invention provides an antibody binding to 

human CD38, comprising a V Hregion having 1-5, such as 1-3 
amino acid substitutions, deletions or additions compared to 
the sequence as set forth in SEQ lD No:7 or to the V H CDR1-
VHCDR3 spanning region of SEQ ID No:7. 

Ibe present invention provides an antibody binding to 
human CD38, comprising a V L region as defined above and a 
V H region as defined above. 

1be present invention provides an antibody binding to 
human CD38, comprising a V HCDR3 having the sequence as 
set forth in SEQ ID No:20. 

The present invention provides an antibody binding to 
human CD38, comprising a V L CDR3 having the sequence as 
set forth in SEQ ID No: 15 and a V R CDR3 having thP. 
Gequcnce as ~t!L forth in SE(..!JD No:20. 

1h: present invention provirlP-s an antibody binding to 
human CD38, comprising human light chain and human 
heavy variable regions, wherein the light chain variable 
region comprises a V L CDR! having the sequence as set forth 
in SEQ ID No:l3, a VL CDR2having the sequence as set forth 
in SEQ ID No: 14 and a V L CDR3 having the sequence as set 
forth in SEQ ID No: 15, and the heavy chain variahle region 
comprises a V H CDRI having the sequence as set forth in 
SEQ ID No: 18, a V H CDR2 having the sequence as set forth 
in SEQ ID Nu: 19 and a V H CDR3 having the sequence as set 
forth in SEQ ID No:20. 

The present invention provides an antibody binding to 
human CD38, comprising a V L region having the amino acid 
sequence as set forth in SEQ ID No: 12. 

35 region comprises a V L CDR1 having the sequence as set forth 
in SEQ lD No:23, a V L CDR2 having the sequence as set forth 
in SEQ lD No:24 and a V L CDR3 having the sequence as set 
forth in SEQ lD No:25, and the heavy chain variable region 
comprises a V H CDR! having the sequence as set forth in 

40 SEQ ID No:28, a V 11 CDR2 having the sequence as set forth 
in SEQ ID No:29 and a V H CDR3 having the sequence as set 
forth in SEQ lD No:30. 

The present invention provides an antibody binding to 
human CD38, comprising a V L region having the amino acid 

45 
sequence as set forth in SEQ ID No:22. 

The present invention provides an antibody binding to 
human CD38, comprising a VL region having at least about 
90%, such as at least about 95% amino acid sequence identity 

50 
to the sequence according to SEQ ID No:22. 

The present invention provides an antibody binding to 
hnman CD38, comprising a V 11 region having the amino acid 
Sf'.(}Uence as set forth in SEQ ID No:27. 

The present invention provides an antibody binding to 

55 human CD38, comprising a V /:{region comprising the amino 
acid sequence spanning the V H CDR1-VH CDR3 region of 
SEQ lD No:27. 

The present invention provides an antibody binding to 
human CD38, comprising a V H region having at least about 

GO 900/o, such as at least about Y5% amino acid sequence identity 
to the sequence according to SEQ lD No:27 or to the V H 

CDR1-V HCDR3 ~panning region of SEQ lD No:27. 
The present invention provides an antibody binding to 

human CD38, comprising a V Hregion having 1-5, such as 1-3 
65 amino acid substitutions, deletions or additions compared to 

the sequence as set forth in SEQ ID No:27 or to the V H 

CDR1-V H CDR3 spanning region of SEQ ID No:27. 
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The present invention provides an antibody binding to 
human CD38, comprising a V L region as defined above and a 
V 8 region as defined above. 

The present invention provides a peptide which binds to 
human CD38 (SEQ ID No:31), and which does not bind to a 
mutant human CD38, wherein the serine residue in position 
274 has been substituted with a phenylalanine residue (SEQ 
ID No:34), to the same degree that it binds to human CD38 
(SEQ ID No:31). 

The present invention provides a peptide as defined above, 
wherein the EC50 of the binding of the peptide to a mutant 
human CD::\R, wherein the serine residue in position 274 has 
been substituted with a phenylalanine residue (SEQ lD 
No:34), is less than 50%, such as less than 10%, less than 5% 
or less than 1% of the EC60 of the binding ofthe peptide to 
human CD38 (SEQ ID No:31 ). 

The prrsent invention provides a peptide which binds to 
human CD38 (SEQ ID No:31), and which does not bind to a 
mut;mt human CD38, whe1eiu the glutamine residue in posi
tion 272 has been substituted with an arginine residue (SEQ 
ID No:33), to the same degree that it binds to human CD38 
(SEQ ID No:31). 

The present invention provides a peptide as defined above, 
wherein the EC50 of the binding of the peptide to a mutant 
human CD38, wherein the glutamine residue in position 272 
has been substituted with an arginine residue (SEQ ID 
No:33), is less than 50%, such as less than 10%, less than 5% 
or less than 1% of the EC50 of the biHtling of the peptide to 
human CD3!$ (SEQ ID No:31 ). 

The present invention provides a peptide as uefmed above, 
wherein said peptide binds to a mutant human CD38, wherein 
the threonine residue in position 23 7 has been substituted 
with an alanine residue (SEQ ID No:32), to the same degree 
that it binds to hum:m CD38 (SEQ ID Nu:3l ). 

6 
in position 237 has been substituted with an alanine residue 
(SEQ ID No:32), to the same degree that it binds to human 
CD38 (SEQ ID No:31). 

The present invention provides a peptide as defined above, 
5 wherein the EC50 is detennined by use of an ELISA as 

described in Example 17 of the specific;1tion. 
The present invention provides a peptide which competes 

with an antibody according to embodiment (i) above for 
binding to CD38. In one embodiment the competition is 

10 determined by use of an ELISA as described in Example 8 or 
9 of the specification, wherein competition is defined by a 
sie,nal of at least 90% as assessed by absorption, or by usc of 
cross-blocking measurements as described in Example 7 of 
the specification, wherein competition is defined by a signal 

15 of at least 90% as assessed by fluorescence. 
The present invention provides a peptide that specifically 

binds to a \.038 epitopc, which epilupe is also specifically 
bound by an antibody as defmed above. 

The prP.scnt invention provides a peptide that specifically 
20 binds to the region SKRNIQFSCKNIYR (SEQ ID NO: 35) 

and the region EKVQTLEA WVJHGG (SEQ 1D NO: 36) of 
human CD38 (SEQ ID No:31). 

The present invention provides a peptide having substan
tially the same specific binding characteristics for binding 

25 human CD38 as an antibody as defined above. 

30 

The present invention provides a peptide binding to human 
CD38, which antibody possesses one or more of the follow
ing characteristics: 

(i) acts as an <UJI.agonist of CU38; 
(ii) cloes not induce sign.ifi.:;.ml proliferation of peripheral 

blood ruunonuclear cells as determined by the method 
described in Example 18 of the specification; 

(iii) does not induce release of significant IL-6 by human 
monocytes or peripheral blood mononuclear cells as deter-

35 m.int:d by the method described in Example 19 of the speci
fication; 

The present invention provides a peptide ;1s defined above, 
wherein the HC 50 of the binding of lhe peptide to a mutant 
human CD38, wherein the threonine residue in position 237 
has been substituted with an alanine residue (SEQ ID No:32) 40 
corresponds to 75%-125% of the EC50 of the binding of the 
peptide to human CD38 (SEQ ID No:31). 

(iv) does not induce release of detectable IFN-y by human 
T cells or peripheral blood mononuclear cells as determined 
by the method described in Exan1ple 20 of the specification; 

(v) is internalized by CD38 expressing cells; such as inter
nalized by CHO-CD38 cells within 5 to 15 minutes at 3 7° C. 
by the method as described in Example 12 of the specifica
tion; 

(vi) inducesAJXC; such as with an EC50 value ofbelow 15 
The present invention provides a peptide which binds to 

human CD38 (SEQ 1D No:31 ), wherein the peptide possesses 
the following binding characteristics: (i) binds to a mutant 
human CD38, wherein the serine residue in position 274 has 
been substituted with a phenylalanine rP.sidue (SEQ ID 
No:34), to the same degree that it binds to human CD38 (SEQ 
ID No:31), (ii) binds to a mutant human CD38, wherein the 
glutamine residue in position 272 has been substituted with 

45 nglml, such as below 10 nglml in Daudi-luc cells and with an 
EC50 value of below 75 nglml, such as below 50 nglml, 30 
ng/ml or 10 ng/ml in MM cells as detennined by the method 
described in example 5 of the specification; 

an arginine residue (SEQ ID No:33), to the same degree that 

(vii) induces CDC in the presence of complement; such as 
50 with an EC50 value of below 5 J.Lg/ml, such as below 1 J.tglml 

in daudi-luc or CD38-CHO cells by the method described in 
Example 6 oftLt: spt!clflr.ation; it binds to human CD38 (SEQ ID No:31 ), and (iii) binds to a 

mnt;1nt hum:m CD38, wLcu::iJJ lhe threorune residue in pusi
tion 23 7 has been substiMt:d with an alanine resiclnP. (SEQ ID 
No.32), lo the same degree that it binds to human CD38 (SEQ 55 
ID No:31). 

The present invention provides a peptide which binds to 
human CD38 (SEQ ID No:31 ), wherein the peptide possesses 
the following binding characteristics: (i) does not bind to a 
mutant human CD38, wherein the serine residue in position 60 

274 has been substituted with a phenylalanine residue (SEQ 
ID No:34), to the same degree that it binds to human CD3R 
(SEQ ID No:31 ), (ii) does not bind to a mutant human CD38, 
wherein the glutamine residue in position 272 has been sub
stituted with an arginine residue (SEQ ID No:33 ), to the same 65 

degree that it binds to human CD38 (SEQ ID No:31), (iii) 
binds to a mutant human CD3 8, wherein the threonine residue 

(viii) inhibits the synthesis of cGDPR; 
(ix) inhibits the synthesis of cADPR; 
(x) binds to human CD38 with an affinity (K0 ) of below 

10.8 M, such as in therangeoffrom 10-8 Mto -10-11 M, for 
example in the range of from 7xl0-9 M to -10-10 M, as 
determined by surface plasmon resonance as described in 
Example 20 of the specification. 

The present iuvention provides a peptide as defined above, 
which inhibits the synthesis of cGDPR by at least 25%, such 
as at least 30% afteJ90 minutes at a concentration of3 J.Lg/ml 
as determined by spectophotometric method described in 
Example 24 of the specification. 

The present invention provides a peptide as defined above, 
which inhibits the synthesis of cADPR by at least 25%, such 
as at least 30% after 90 minutes at a concentration of3 Jlg/ml 
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as determined by the HPLC method ueo:scribed in Munshi et 
a!., J. Bioi. Chern. 275,21566-21571 (2000). 

In one embodiment the peptide as defined above is a human 
monoclonal antibody. 

The present invention provides an antibody as defined 
above, characterized in that it is a full length JgG 1, IgG2, 
IgG3, IgG4, I gO, IgA, lgE, or IgM antibody, such as an IgG 1 
antibody, preferably an IgG 1 ,K antibody or an lgM antibody, 
preferably an lgM,K antibody. 

The present invention provides an isolated human mono
clonal antibody comprising 

(i) a heavy chain variable region amino acid sequence 
derived frum a human Hvl263/3M28 (V HI) germline 
sequence and a light chain variable region amino acid 
sequence derived fro1li a human LIS (VKl) germline 
sequence, wherein the human antibody binds to human 
C038; or 

(ii) a hco•·y chiliH vadable tegion amino acid sequence 
derived from a human V H3-0P-47N3-23 (V Hlll) germline 
sequence and a light chain variable region amino acid 
sequence derived from a human L6 (VKI) germ! inc sequence, 
wherein the human antibody binds to human C038. 

The present invention provides a peptide as defined above, 
wherein the peptide is glycosylated in a eukaryotic cell. 

In one embodiment the antibody according to the invention 
is an antibody fragment or a single chain antibody. 

The present invention provides a peptide as defined above, 
further comprising a chelator linker for attaching a r<tdioiso
tope. 

The present invention provides a peptide as defined above, 
which is in a substantially isolated form. 

TI1c present invention provides an isolated nucleic acid 
encoding a peptide as defined above. 

8 
(ii) human light chain and human heavy chain nucleic acids 

comprising nucleotide sequences in their variable regions as 
set forth in SEQ ID No: 11 and SEQ ID No: 16, respectively; 

(iii) human light chain and human heavy chain nucleic 
acids comprising nucleotide sequences in their variable 
regions as set forth in SEQ lD No:21 and SEQ ID No:26, 
respectively; or 

(iv) human light chain and human heavy chain nucleic 
acids comprising nucleotide sequences in their variable 

10 regions, which are conservative sequence modifications of 
the sequences set forth in (i), (ii) or (iii). 

111e present invention provides a hybridoma which pro
duces a human monoclonal anti-C038 antibody having 
human heavy chain and light chain variable regions which 

IS comprise 
(i) the human light chain variable amino acid sequence as 

11et forth in SEQ ID Nu:2, and the human heavy chain variable 
amino sequence as set forth in SEQ 10 No:7; 

(ii) the Luman light chain variable amino acid sequence as 
20 set forth in SEQ 1D No: 12, and the human heavy chain vari

able amino sequence as set forth in SEQ 10 No:l7; 
(iii) the human light chain variable amino acid sequence as 

set forth in SEQ 1D No:22, and the human heavy chain vari
able amino sequence as set forth in SEQ 10 No:27; or 

25 (iv) conservative sequences modifications of the human 
light chain and human heavy chain variable amino acid 
sequences as set forth in (i), (ii) or (iii). 

The present inventiou provides a tran:.tectoma which pro
duces a human monoclonal anti-C038 antihorly encoded by 

30 human light chain and human heavy chain nucleic acids com-
prisiug 

The present invention provides an expression vector com
prising a nucleic acid sequence encoding a peptide as defined 35 

above. 

(i) human light chain and human heavy chain nucleic acids 
comprising nucleotide sequences in their variable regions as 
set forth in SEQ ID No:! and SEQ ID No:6, respectively; 

(ii) human light chain and human heavy chain nucleic acids 
comprising nucleotide sequences in their variable regions as 
set forth in SEQ lD No: 11 and SEQ lD No: 16, respectively; 

(iii) human light chain and human heavy chain nucleic 
The present invention provides an expression vector com-

prising 
(i) a v~.. nucleotide sequence of SEQ ID No:1, 
(ii) a V H nucleotide sequence of SEQ ID No:6, 
(iii) a v~.. nucleotide sequence of SEQ ID No:! and a V,f 

nucleotide sequeo~.:c of SEQ ID No:6; 
(iv) a v~.. nucleotide sequence of SEQ ID No:11; 

40 
acids comprising nucleotide sequences in their variable 
regions as set forth in SEQ ID No:21 and SEQ ID No:26, 
respt1ctively; or 

(v) a V Hnucleotide sequence of SEQ lD No:16; 
45 

(vi) a V J.. nucleotide sequence of SEQ lD No: 11 and a V H 

(iv) human light chain and human heavy chain nucleic 
acids comprising nucleotide sequences in their variable 
regions, which are conservative sequence modifications of 
the sequences set forth in (i), (ii) or (iii). 

nucleotide sequence of SEQ ID No: 1 6; 
(vii) a VL nucleotide sequence of SEQ ID No:21; 
(viii) a V11 nucleotide sequence of SEQ ID No:26; or 
(ix) a v~.. nucleotide sequence of SEQ ID No:21 and a V H so 

nucleotide seqnence of SEQ ID No:2G. 

1llt: present invention provides a transfectoma which pro
duces a human monoclonal anti-C038 antibody having 
human heavy chain and light chain variable regions which 
comprise 

(t) the human light chain variable amino acid sequence as 
set forth in SEQ ID No:2, and theo: human he:wy chain variable 
amino sequence as set forth in SEQ 1D No:7; 

The present invention provides an expression vector 11s 
defined above, further comprising a nucleotide sequence 
encoding the constant rep;! on of a light chain, a heavy chain or 
both light and heavy chains of a human antibody. 

The present invention provides an expression vector as 
defined above, wherein the nucleotide sequence encoding the 
constant region of a light chain, a heavy chain or both light 
11nd heavy chains of a human antibody encodes an IgG 1 
antibody. 

(ii) tl1t: human light chain variable amino acid sequence as 

55 set forth in SEQ lD No:12, and the human heavy chain vari
able amino sequence as set forth in SEQ 10 No: 17; 

The present invention provides a hybridoma which pro
duces a human monoclonal anti..C038 antibody encoded by 
human light chain and human heavy chain nucleic acids com
prising 

60 

(i) human light chain and human heavy chain nucleic acids 65 

comprising nucleotide sequences in their variable regions as 
set forth in SEQ ID No: 1 and SEQ IO No:6, respectively; 

(iii) the human light chain variable amino acid sequence as 
set forth in SEQ lJ) No:22, and the human heavy chain vari
able amino sequence as set forth in SEQ 1D No:27; or 

(iv) conservative seyu~::nces modifications of the human 
light chain and human heavy chain variable amino acid 
sequences as set forth in (i), (ii) or (iii). 

The present invention provides a eukaryotic or prokaryotic 
host cell which produces a peptide according as defined 
above. 

The present invention provides a eukaryotic or prokaryotic 
host cell containing an expression vector as defined above. 



US 7,~?.9,673 B2 
9 

The preseut invention provides a transgenic nonhuman 
animal or plant comprising nucleic acids encoding a human 
heavy chain and a human light chain, wherein the animal or 
plant produces a detectable amount of a peptide as defined 
above. 

The present invention provides an immunoconjugate com
prising a peptide as defined above linked to a cytotoxic agent, 
a radioisotope, or a drug. 

The present invention provides an immw1oconjugate com
prising a peptide as defined above, wherein the peptide is a 
monomeric IgM antibody linked to a cytotoxic agent, a radio
isotope, or a drug. 

The present invention provides a bispecific or multispecific 
molecule comprising a peptide as defined above and a binding 
specificity for a human effector cell. 

The present invention provides a bispecific or multispecific 
molecuJecomprisinga peptide as defined above and a binning 
SJ>!!Ciflcity for CJJ3, CD4, CD 138, IL-15R, membrane bound 
or receptor bound TNF -a, a human F c receptor, or membrane 
bound or receptor bound IL-15. 

The present invention provides a pharmaceutical compo
sition comprising a peptide as defined above or an immune
conjugate as defined above and a pharmaceutically accept
able carrier. 

10 
a) contacting the sample with a peptide as defined above 

under conditions that allow for formation of a complex 
between the peptide and CD38; and 

b) detecting the formation of a complex. 
The present invention provides a kit for detecting the pres

ence ofCD38 antigen, or a cell expressingCD38, ina S3Dlple 
comprising a peptide as defined above. 

The present invention provides an in vivo method for 
detecting CD38 antigen, or a cell expressing CD38, in a 

10 subject comprising: 
a) administering peptide as defined above under conditions 

that allow fur formation of a complex between the peptide and 
CD38; and 

b) detecting the fom1ed <.:umplex. 
!5 The present invention provides an anti-idiotypic antibody 

binding to an antibody as defined above. 
In one ombodim.:.ut ili~.: anli-idlorypic antibody is used for 

detecting the level of a antibody as defined above in a sample. 
In one embodimt:nt the anti anti-idiotypic is used for 

20 detecting the level of human monoclonal antibody against 
CD38 in a S3Dlple. 

BRIEF DESCRJPTION OF THE FIGURES 

The present invention provides a pharmaceutical campo- 25 

sition as defined above comprising one or more further thera
peutic agents. 

FIG. lA shows the binding of -003, -005 and the isotype 
control antibody HuMab-KLH to CD38-transfected CHO 
(CHO-CD38) cells as measured by flow cytometry. The 
experimental setup is described in ExaDlple 4. The present invention provides a method of inhibiting 

growth and/or prolift:rdlion of a cell expressing CD38, com
prising administration of a peptide as defined above, an 
immunoconjugate as rlefined above, a pharmaceutit:al com
position as defined above, or an expression vector as defined 
above, such that the growth and/or proliferation of the cell is 
inhibited. 

The present invention provides a method of treating a dis
ease or disorder involving cells expressing CD38 iu a subject, 
which method comprises administration of a peptide as 
defined above, an immunoconjugate as defined above, a phar
maceutical composition as defined above, or an expression 
vector as defined above to a subject in need thereof. 

The present invention provides a method of preventing a 
disease or rlisorder involving cells expressing CD38 in a 
subject, which method comprises administration of a peptide 
as defined above, an immunoconjugate as defined above, a 
pharmaceutical composition as defined above, or an expres
sion vector as defined above to a subject in need thereof. 

In one embodiment the disease or disorder is rheumatoid 
arthritis. 

In one embodiment the disease or disorder is multiple 
myeloma. 

In one embodiment the method comprises administration 
of one or more further therapP.util' ~gent£ to tho oubjcct. 

In one embodiment thP. one or more further therapeutit: 
agents are selected from a chemotherapeutic agent, an anti
inflammatory agent, or an immunosuppressive and/or immu
nomodulatory agent. 

In one embodiment the one or more further therapeutic 
agents are selected from a group consisting of cisplarin, gefi. 
tinib, cetuximab, rituximab, bevacizumab, erlotinib, bort
ezomib, thalidomide, pamirlronate, zoledronie acid, clodr
onate, risendronate, ibandronate, etidronate, alendronate, 
tiludronate, arsenic trioxide, lenalirlomide, filgrastim, peg
filgrastim, sargramostim, suberoylanilide hydrox3Dlic acid, 
and SCI0-469. 

FIG. 18 shows the binding of -024 and HuMab-KLH to 
30 CD38-transfected CHO (CHO-CD38) cells as measured by 

flow cytometry. 'The experimental setup is described in 
ExaDlple 4. 

FIG. 2A shows the binding of -003, -005 and HuMab
KLH to Daudi cells as measured by flow cytometry. The 

35 experimental setup is described in Exan1ple 4. 
FIG. ZH shows the binding of -024 and HuMab-KLH to 

Daudi cells as measured by flow cytometry. The experimental 
setup is described in Example 4. 

FIG. 3 shows the binding of -003, -005, -024 and HuMab-
40 KLH to multiple myeloma cells. The experimental setup is 

described in ExaDlple 4. 
Flv. 4A shows the ability of -003 and -005 to induce lysis 

of Daudi cells by ADCC as compared to rituximab and 
HuMab-KLH. The experimental setup is described in 

45 Ex3Dlple 5. 
FIG. 48 shows the ability of -024 to induce lysis of Daudi 

cells by ADCC as compared to HuMab-KLH. The experi
mental setup is described in Ex3Dlple 5. 

FIG. SA shows the ability of -003, -005 and -024 to 
so induce lysis offresh multiple myeloma tumor cells by ADCC 

as compared to HuMab-KLH. lbe experimental setup is 
dc:M .. Jib~ll in fi."KI'lmple :,, 

FIG. 58 shows the ability of -003, -005 and 024 to 
induce lysis of fresh plasma cell leukemia tumor cells by 

55 ADCC as compared to HuMab-KLH. The experimental setup 
is described in Example 5. 

FIG. 6 shows the ability of -003 and -005 to induce lysis 
of JK6L (a multiple myeloma cell line) by ADCC as com
pared to HuMab-KLH. The experimental setup is described 

60 in Example 5. 
FIG. 7 shows the ability of -003 and -005 to induce lysis 

of AM0-1 (a multiple myeloma cell line) by ADCC as com
pared to HuMab-KLH. The experimental setup is described 
in Example 5. 

The present invention provides an in vitro method for 65 

detecting the presence of CD38 antigen, or a cell expressing 
CD38, in a sample comprising: 

FIG. 8 shows the CDC-mediated lysis of Daudi-luc cells 
induced by -003 and -005 compared to HuMab-KLH. The 
experimental setup is described in Ex3Dlple 6. 
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FIG. 9A shows the CDC-mediated lysis of CHO-CD38 
cells induced by -003 and -005 compared to HuMab-KLH. 
The experimental setup is described in Example 6. 

FIG. 9B shows the CDC-mediated lysis of CHO-CD38 
cells induced by -024 compared with HuMab-KLH. The 
experimental setup is described in Example 6. 

FIG.10A shows the CDC-mediated lysis of3% refractory 
tumor cells in the presence of -003, -005 and HuMab-KLH. 
The experimental setup is described in Example 6. 

FIG.10B shows the CDC-mediated lysis of9% refractory 10 

tumor cells in the presence of -003, -005 and HuMab-KLH. 
The experimental setup is described in F.xample 6. 

12 
FIG. 15B shows the cross-reactivity of -003 and -005 

compared to HuMab-KLH on cynomolgus monocytes as 
measured by flow cytometry. The experimental setup is 
described in Example 11. 

FIG. 15C shows the cross-reactivity of -003 and -005 
compared to HuMab-KLH on rhesus monkey PBMCs as 
measured by flow cytometry. The experimental setup is 
described in Example 11. 

FIG.16A shows the internalization of -003 as measured by 
EtBr-quenching. The experimental setup is described in 
Exan1ple 12. 

FIG.16B shows the internalization of -005 as measured by 
EtBr-quenching. The experimental setup is described in 
Exan1ple 12. 

FIG. 10C shows the CDC-mediated lysis of3040% tumor 
cells in the presence of -003, -005 and HuMab-KLH. nu~ 
experimental setup is described in Example 6. 

FIG. 10D shows the CDC-mediated lysis of 70% tumor 
cells in the presence of -003, -005 and HuMab-KT .H Thf' 
experimental setup is described in Example 6. 

15 FIG. 17A shows the inhibition caused by -003 and -005 

FIG. 10E shows the CDC-mediated lysis of multiple 
myeloma cells in the presence of -024 and HuMab-KLH. The 20 

experimental setup is described in Example 6, 
FIG. 11 shows that -003 and -005 do not cross-block 

binding to CD38. The experimental setup is described in 
Example 7. 

FIG.12A shows the immunohistological staicing of mac- 25 

rophages, lymphocytes and plasma B cells with -003. The 
experimental setup is described in Example 10. 

compared to an anti-CD20 monoclon<Jl antihocly (ritnxim:;~b) 
and HuMab-KLB of the growth of tumor cells in a preventive 
setting as measured by in vivo SCID Jucifer;~se inmging. 1nc 
experimental setup is described in Example 13. 

FIG. 17B shows the inhibition caused by -003 and -005 
compared to an anti-CD20 monoclonal antibody (rituximab) 
and HuMab-KLH of the growth of tumor cells in therapeutic 
setting I as measured by in vivo SCID luciferase imaging. The 
experimental setup is described in Example 13. 

FIG. 17C shows the inhibition caused by -003 and -005 
compared to an anti-CD20 monoclonal antibody (rituximab) 
and HuMab-KLH of the growth of tumor cells in therapeutic 
setting 11 as measured by in vivo SCID luciferase imaging. 

FIG. 12B shows the immunohistological staining of bron
chial cpitheliulll with -003. The experimental setup is 
described in Example 10. 30 

The experimental setup is described in Exam pit: 13. 

fiG. 12C shows the intmunohistological stainiug uf myo
cytes with -003. The experimental setup is described in 
Example 10. 

FIG. 12D shows the immunohistological staining of cyno
molgus lymphoid tissue with -003. The exp~:rimental setup is 35 

described in Exan1ple 10. 
FIG. 13A shows the immunohistological staining of mac

rophages, lymphocytes and plasma B cells with -005. The 
experimental se111p is described in Example 10. 

FIG. 13B shows the immunohistological staining ofbron- 40 

chial epithelium with -005. The experimental setup is 
described in Example 10. 

FIG. 17D shows the inhibition of tumor cell growth by 
-003 and -024 compared to HuMab-KLH in therapeutic 
setting lii as measured by in vivo SCID luciferase imaging. 
The experimental set up is described in Example 13. 

FIU.18 shows the induction of apoptosis by -003 and -005 
compared to an anti-CD20 monoclonal antibody (rituximab) 
and HuMab-KLH without or with cross-linking. Ibe experi
mental setup is described in Example 14. 

FIG. 19 shows the histological score for CD38-positivc 
cells in implanted RA-SCID mouse xenografts on day 14, 
after treatment with anti-KLH (HuMab-KLH) or -005. 
Methods are described in Example 15. 

FIG. 13C shows the immunohistological staining ofmyo
cytes with -005. The experimental setup is described in 
Example 10. 

FIG. 13D shows the immunohistological staining of cyno
molgus lymphoid tissue with -005. The experimental setup is 
described in Example 10. 

FIG. 20 shows the histological score for CD138-positive 
cells in implanted RA-SCID mouse xenografts on day 14, 

45 after treatment with anti-KLH or -005. Methods arc 
described in Example 15. 

FIG. 14A shows immunohistological staining of liver 
endothelium with CD31. The experimental setup is described 50 

in Example 10. 
FIG. 14B shows immunohistological staicinfl, of liver 

endutht:lium with vWF. '!he experimental setup is described 
in Example 10. 

FIG. 14C shows immunohistological staicing of liver 55 

endothelium with anti-KLH. The experimental setup is 
described in Example 10. 

FIG. 14D shows immunohistological staicing of liver 
endothelium with -003. The experimental setup is described 
in Example 10. 

FIG. 14E shows intmunohistological staining of liver 
endothelium with -005. The experimental setup is described 
in Example 10. 

!>U 

FIG. 15A shows the cross-reactivity of -003 and -005 
compared to HuMab-KLH on cynomolgus lymphocytes as 65 

measured by flow cytometry. The experimental setup is 
described in Example 11. 

FIG. 21 shows CD38 staining of B cells in xenografts 
before implantation (A), or after treatment with anti-KLH 
(B), or -005 (C). Methods are described in Example 15. 

FIG. 22 shows CD138 staining of B cells in xenografts 
before implantation (A), or after treatment with anti-KLH 
(B), or -005 (C). Methods are described in Example 15. 

FIG. 23 shows the binding of -003 and -005 to wild type 
and mutant human CD38 as measured by ELISA. 23A: Bind
ing of -003 and -005 to T237A mutant human CD38. 238: 
Binding of -003 and -005 to Q272R mutant human CD38. 
23C: Binding of -003 and -005 to S274F mutant human 
CD38. Methods are described in Example 17. 

FIG. 24 shows the effect of -003 and -005 compared to 
HuMab-KLH on proliferation (A), IL-6 production (B) and 
IFN-y production (C) of human PBMCs. Methods are 
described in Examples 18, 19 and 20, respectively. 

FIG. 25 shows the enzymatic production of cGDPribose in 
the presence of various concentrations of -003 (B), -005 (C), 
-024 (D) or anti-KLH (A). Methods are described in 
Example 23. 



TTS 7,829,673 B2 
13 

FIG. 26 shows the comparison between -003, -005 and 
Morphosys antibody TH-3079 in CDC of CHO-CD38 cells 
(26A), CDC ofDaudi cells (268), andADCC ofDaudi cells 
(26C). 

14 
SEQ ID No:24 is the amino acid sequence of the V L CDR2 

of the antibody -024 comprising aa 50-56 of SEQ ID 
No:22. 

1be sequences of the invention are shown in the attached 5 

sequence listing. 

SEQ ID No:25 is the amino acid sequence of the V L CDR3 
of the antibody -024 comprising aa 89-97 of SEQ lD 
No:22. 

SEQIDNo:l is lhenucleotidesequenceoftheVLregionof 
the antibody -003. 

SEQ ID No:2 is the amino acid sequence of the VL region 

SEQ ID No:26 is the nucleotide sequence of the V Hregion 
of the antibody -024. 

of the antibody -003. 10 

SEQ ID No:27 is the amino acid sequence of the V a region 
of the antibody -024. 

SEQ ID No:28 is the amino acid sequence of the V HCDR1 
of the antibody -024 comprising aa 31-35 of SEQ ID 
No:27. 

SEQ ID No:3 is the amino acid sequence of the V L CDRI 
of the antibody -003 comprising aa 24-34 of SEQ ID 
No:2. 

SEQ ID No:4 is the amino acid sequence of the VL CDR2 
of the antibody -003 comprising aa 50-56 of SEQ ID 15 

No:2. 

SEQ ID No:29 is the amino acid sequence of the V aCDR2 
of the antibody -024 comprising aa 50-66 of SEQ ID 
No:27. 

SEQ ID No:5 is thP.l1mino acid sequence of the VL CDR3 
of the antibody -003 comprising aa 89-97 of SEQ ID 
No:2. 

SEQ ID No:30 b the l.tlllino acid sequence of the V HCDR3 
of the antibody -024 comprising aa 99-111 of SEQ ID 
No:27. 

SEQ ID No:6 is the nucleotide sequence of the V Hregionof 20 

the antibody -003. 

SEQ lD No:31 is the sequence of human CD38. 
SEQ ID No:32 is the sequence of a mutant human CD38, 

wherein the threonine residue in position 237 has been 
substituted with an alanine residue. SEQ ID No:7 is the antino acid sequence of the V Hregion 

of the antibody -003. 
SEQ ID No:8 is the amino acid sequence of the V H CDR1 

of the antibody -003 comprising aa 31-35 of SEQ ID 25 

No:7. 

SEQ ID No:33 is the sequence of a mutant human CD38, 
wherein the glutamine residue in position 272 has been 
substituted with an arginine residue. 

SEQ ID No:34 is the sequence of a mutant human CD38, 
wherein the serine residue in position 274 has been 
substituted with a phenylalanine residue. 

SEQ ID No:9 is the amino acid sequence of the V H CDR2 
of the antibody -003 comprising aa 50-66 of SEQ ID 
No:7. 

SEQ lD No: 10 is the amino acid seqnP.nce of the V H CDR3 
of the antibody -003 comprising aa 99-109 of SEQ ID 
No:7. 

SEQ ID No: 11 is the nucleotide sequence of the V L region 
of the antibody -005. 

SEQ JD No: 12 is the amino acid sequence of the V L region 
of the antibody -005. 

SEQ ID No: 13 is the amino acid sequence of the VL CDRI 
of the antibody -005 comprising aa 24-34 of SEQ ID 
No:12. 

SEQ ID No: 14 is the amino acid sequence ofthe V L CDR2 
of the antibody -005 comprising aa 50-56 of SEQ JD 
No:12. 

SEQ ID No: 15 is the amino acid sequence of the VL CDR3 

30 
DETi\.ILED DESCRIPTION OF THE INVENTION 

The present invention provides CD38 binding peptides 
("CD388Ps"), which may be useful in the treatment, diagno-

35 sis and prevention of a variety of disorders involving cells 
expressing CD38, such as multiple myeloma. 

In one embodiment, a CD38BP of the invention is the 
antibody -003. -003 is a human monoclonal IgG 1 antibody 
having a V L region consisting of the sequence of SEQ ID No:2 

40 and a V a region consisting of the sequence of SEQ ID No:7. 

of the antibody -005 comprising 1.1a 89-97 of SEQ ID 45 

No:12. 

In one embodiment, a CD38BP of the invention is the 
antibody -005. -005 is a human monoclonal IgG 1 antibody 
having a V L region consisting of the sequence of SEQ ID 
No: 12 and a V a region consisting of the sequence of SEQ ID 
No:l7. 

In one embodiment, a CD38BP of the invention is the 
antibody -024. -024 is a human monoclonal IgG1 antibody 
having a V L region consisting of the sequence of SEQ ID 
No:22 and a V a region consisting of the sequence of SEQ ID 

SEQ ID No: 16 is the nucleotide sequence of the V H region 
of the antibody -005. 

SEQ lD No: 17 is the amino acid sequence of the V Hregion 
of the antibody -005. 

SEQ ID No: 18 is the amino acid sequence of the V H CDR1 
uf ilie antibody -W.) comprising aa 31-35 of SEQ ID 
No:17. 

so No:27. 

SEQIDNo:19 is theaminoacidsequenceoftheV aCDR2 
55 

of the antibody -005 comprising aa 50-66 of SEQ ID 
No:17. 

Antibodies interact with target antigens primarily throuib 
at.ui.uo acid residues that are located in the six heavy and light 
chain complementarity determining regions (CDRs ). For this 
reason, the amino acid sequences within CDRs are more 
diverse between individual antibodies than sequences outside 
ofCDRs. Because CDR sequences are responsible for most 
antibody-antigen interactions, it is possible to express recom
binant antibodies that wimic the properties of specific natu
rally occurring antibodies by constructing expression vectors 

SEQ ID No:20 is the amino acid sequence of the V aCDR3 
of the antibody -005 comprising aa 99-111 of SEQ ID 
No:17. 

SEQ ID No:21 is the nucleotide sequence of the V L region 
of the antibody -024. 

SEQ ID No:22 is the amino acid sequence of the V L region 
of the antibody -024. 

SEQ ID No:23 is the amino acid sequence of the V L CDRI 
of the antibody -024 comprising aa 24-34 of SEQ ID 
No:22. 

60 that include CDR sequences from the specific naturally 
occurring antibody grafted onto framework sequences from a 
different antibody with different properties (see for instance 
Riechmann., L. et al., Nature 332, 323-327 (1998), Jones, P. et 
a!., Nature 321, 522-525 (I 986) and Queen, C. et al., PNAS 

65 USA 86, 10029-10033 (1989)). 
Since it is well known in the art that antibody heavy chain 

CDR3 domains play a particularly important role in the bind-
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ing specificity/affinity of au antibody for an antigen (Ditzel H 
1, et al., J. Immunol. 157(2), 739-49 (1996), Barbas S Metal., 
J.Am. Chcm. Soc. 116,2161-2162 (1994), and Barbas S Met 
al., Proc Natl Acad Sci USA 92(7), 2529-33 (1995), the 
CD388Ps of the invention may comprise the heavy chain 5 

CDR3s of -003 or -005 or -024. The CD388Ps of the inven
tion may also comprise the heavy and light chain CDR3s of 
-003 or -005 or -024. The CD388Ps of the invention may 
further comprise the CDR2s of -003 and -005 and -024, 
respectively. TheCD388Ps ofthe invention may further com- 10 

prise the CDRls of -003 and -005 and -024, respectively. 
The present invention provides CD38BPs, which compete 

with -003 tor binding to CD38. 
The present invention provides CD388Ps, which compete 

with -005 for binding to CD38. 
111e present invention provides CD388Ps, which compete 

with -024 for binding to CD38. 
In one embodiment, the competition is determined by use 

of an ELISA as described in the Examples section. 

15 

In one embodiment, the competition is determined by use 20 

of a FACS as described in the Examples section. 
The present invention provides a CD388P that specifically 

binds to a CD38 epitope, which epitope is also specifically 
bound by -003 or -005 or -024. 

25 
'!be present invention provides a CD388Phaving substan-

tially the same specific binding characteristics for binding 
human CD38 as -003 or -005 or -024. 

. The present invention provides a \,0388P comprising u V L 

CDRI consisting essentially of SEQ ID No:3. 
Tbe present invention provides a CD388P comprising a V L 

CDR2 consisting essentially of SEQ ID No:4. 

30 

16 
The present invention provides a CD388P comprising a V L 

CDR3 consisting essentially of SEQ ID No:lS and a VL 
CDR! consisting essentially of SEQ ID No:13. 

The present invention provides a CD388P comprising a V L 

CDR3 consisting essentially of SEQ ID No:15 and a VL 
CDR2 consisting essentially of SEQ 10 No:l4. 

The present invention provides a CD388P comprising a V L 

CDR3 consisting essentially of SEQ ID No:15 and a VL 
CDR2 consisting essentially of SEQ ID No:l4 and a VL 
CDR! consisting essentially of SEQ ID No: 13. 

The present invention provides a CD388P comprising a 
V 8 CDR I consisting essentially of SEQ ID No: 18. 

The present invention provides a CD388P comprising a 
V 8 CDR2 consisting essentially of SEQ ID No:19. 

The present invention provides a CD388P comprising a 
V H CDR3 consisting essentially of SEQ ID No:20. 

The pn.-scnl Invention provides a CD388P comprising a 
V H CDR3 consisting essentially of SEQ ID No:20 and a V H 

CDR! consisting essentially of SEQ 10 No:l8. 
The present invention provides a CD388P comprising a 

V H CDR3 consisting essentially of SEQ ID No:20 and a V H 

CDR2 consisting essentially of SEQ 10 No: 19. 
The present invention provides a CD38BP comprising a 

VHCDR3 consisting essentially of SEQ ID No:20 and a V H 

CDR2 consisting essentially of SEQ ID No: 19 and a V H 

CDR! consisting essentially of SEQ 10 No: 18. 
The present invention provides a CD388P comprising a V L 

CDR! consisting essentially of SEQ ID No:23. 
The present invention provides a CD38BP comprising a V L 

CDR2 consisting essentially of SEQ ID No: 24. 
The present invention provides a CD388P comprising a V L 

CDR3 consisting essentially of SEQ 10 No:25. '!be present invention provides a CD388P comprising a V L 

CDR3 consisting essentially of SEQ ID No:S. 
TI1e present invention provides a CD388P comprising a V L 

CDR3 consisting essentially of SEQ 10 No:S and a V L CDRl 
consisting essentially of SEQ ID No:3. 

The present invention provides a CD388P comprising a V L 

35 CDR3 consisting essentially of SEQ ID No:25 and a V L 

CDR! consisting essentia.lly of SEQ ID No:23. 

The present invention provides a CD388P comprising a V L 

CDR3 consisting essentially of SEQ 10 No:5 and a V L CDR2 
consisting essentially of SEQ ID No:4. 

Ibe present invention provides a CD38BPcomprising a VL 
CDR3 consisting essentially of SEQ 10 No:S and a V L CDR2 
consisting essentially of SEQ 10 No:4 and a VL CDR! con
sisting essentially of SEQ ID No:3. 

The present invention provides a CD388P comprising a 
V 8 CDR! consisting essentially of SEQ ID No:8. 

'llic prtlSent invention provides a CD38BP comprising a 
VH CDR2 consisting essentially of SEQ 10 No:9. 

The present invention provides a CD38BP comprising a 
V HCDR3 consisting essentially of SEQ 10 No:lO. 

The present invention provides a CD388P comprising a 
V H CDR3 consisting essentially of SEQ ID No: 10 and a V H 

CDR! consisting essentially of SEQ ID No:8. 
The present invention provides a CD388P comprising a 

V H CDR3 consisting essentially of SEQ ID No: 10 and a V 8 

CDR2 consisting essentially of SEQ ID No:9. 
The present invention provides a CD388P comprising a 

V HCDR3 consisting essentially of SEQ ID No:IO and a V 8 

CDR2 consisting essentially of SEQ ID No:9 and a V H CDRI 
consisting essentially of SEQ ID No:8. 

The present invention provides a CD388P comprising a V L 

CDR! consisting essentially of SEQ ID No:13. 
The present invention provides a CD388P comprising a V L 

CDR2 consisting essentially of SEQ ID No:l4. 
The present invention provides a CD388P comprising a V L 

CDR3 consisting essentially of SEQ ID No:l5. 

40 

The present invention provides a CD38BP comprising a V L 

CDR3 consisting essentially of SEQ ID No:25 and a V L 

CDR2 consisting essentially of SEQ ID No:24. 
The present invention provides a CD38BP comprising a V L 

CDR3 consisting essentially of SEQ ID No:25 and a VL 
CDR2 consisting essentially of SEQ lD No:24 and a V L 

CDR! consisting essentially of SEQ ID No:23. 
The present invention provides a CD388P comprising a 

45 V 8 CDR1 consisting essentially of SEQ 10 No:28. 

50 

The present invention proviut:s a CD388P comprising a 
V HCDR2 consisting essentially of SEQ ID No:29. 

The present invention provides a CD388P comprising a 
V HCDR3 consisting essentially of SEQ ID No:30. 

The present invention provides a CD388P comprising a 
V 8 CDR3 consisting essentially of SEQ ID No:30 and a V 8 

CDR! consisting essentially of SEQ ID No:28. 
The present invention provides a CD388P comprising a 

55 
V H CDR3 consisting essentially of SEQ ID No:30 and a V H 

CDR2 consisting essentially of SEQ ID No:29. 
The present invention provides a CD388P comprising a 

V H CDR3 consisting essentially of SEQ ID No:30 and a V 8 

CDR2 consisting essentially of SEQ ID No:29 and a V H 

60 CDR! consisting essentially of SEQ 10 No:28. 

65 

The present invention provides a CD388P comprising 
(a) a first VL region comprising three VL CDRs, which 

independently of each other consist essentially of SEQ 
lD No:3, SEQ ID No:4, and SEQ ID No:5; and 

(b) a first V H region comprising three V 8 CDRs, which 
independently of each other consist essentially of SEQ 
ID No:8, SEQ ID No:9, and SEQ ID No:lO. 
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The present invention provides a CD38BP comprising 
(a) a first VL region comprising three VL CDRs, which 

independently of each other consist essentially of SEQ 
JD No:13, SEQ 1D No:14, and SEQ ID No:15; and 

(b) a first V 11 region comprising three V11 CDRs, which s 
independently of each other consist essentially of SEQ 
lD No: 18, SEQ ID No: 19, and SEQ ID No:20. 

The present invention provides a CD38BP comprising 
(a) a first VL region comprising three V£ CDRs, which 

independently of each other consist essentially of SEQ 10 

1D No:23, SEQ ID No:24, and SEQ lD No:25; and 
(b) a first V 11 region comprising three V" CDRs, which 

independently of each other consist essentially of SEQ 
lD No:28, SEQ lD No:29, and SEQ lD No:30. 

In one embodiment, tht: V£ region and the Vu region are 15 
present on the same chain in the peptide. 

In a further embodiment, the V L region and the V 11 rcy;ion 
"!"' separated by a fleAilJle linker. 

JR 
about 95% amino acid sequence identity to a sequence 
according to SEQ ID No:3, SEQ ID No:4, SEQ 1D No:5, SEQ 
ID No:8, SEQ ID No:9, or SEQ ID No:lO, or according to 
SEQ lD No:l3, SEQ ID No:l4, SEQ ID No:l5, SEQ 1D 
No:l8, SEQ ID No:l9, or SEQ lD No:20, or according to 
SEQ ID No:23, SEQ ID No:24, SEQ ID No:25, SEQ ID 
No:28, SEQ ID No:29, or SEQ ID No:30, respectively. In one 
embodiment, the CD38BP has at least about 50%, at least 
about 60%, at least about 70"/o, at least about 80%, at least 
about 90"/o, or at least about 95% of the epitope binding 
characteristics of -003 or -005 or -024, respectively. 

In one cmbodiutent, the CD3~BP has at least about 50%, at 
least about 60"/o, at least about 70%, at least about 80%, at 
least ahout 90%, or at least about 95% of the aftinity, avidity 
or specificity of -003 or -005 or -024. 

In one embodiment, the CD38BP competes with either 
-Oil3 or -005 or -024 fu1 binding to CIJ3!:!. In a further 
embodiment, the competition is determined by use of au 
ELISA as described in. the Examples section. In another fur-In one embodiment, the V L region and the V H region are 

present on the separate chains in the peptide. 
In a further embodiment, the V z. region and the V u region 

are present on the separate chains in the peptide in the context 

20 ther embodiment, the competition is determined by use of a 
FACS as described in the Examples section. 

of an immunoglobulin fold protein. 
In one embodiment, the first V L region and the first V 11 

region are oriented such that the three CDRs in the V L region 25 
and the three CDRs in the V 11 region cooperatively associate 
to contribute in selectively and/or specifically bind au anti· 
genic determinant on human CD38. 

In a further embodiment, the peptide cumprises 11 second 
VL region identical to the first V£ region and a second Vll 30 
region identk<:~l to the first V 11 region, where the second V L 

region and the second V 11 region cooperatively associate to 
contribute in selectively and/or specifically bind an antigenic 
determinant on human CD38. 

The present invention provides a C:D38RP compti:;inga V L 35 

region that is a functional variant of the V L region of -003 or 
-005 or -024. 

In one embodiment, the V L region of the CD38BP consists 
essentially of a sequence having at least about 50%, at least 
60%, at least about 70%, at least about 75%, at least about 40 

80%, at least abuut 85%, at least about 90%, or at least about 
95% amino acid sequence identity to a sequence according to 
SEQ 1D No:2 or SEQ 1D No:l2 or SEQ ID No:22, respec
tively. In one embodiment, the CD38BP has at least about 
50%, at least about 60%, at least about 70%, at least about 45 

80%, at least about 90%, or at least about 95% of the epitope 
binding characteristics of -003 or -005 or -024, respectively. 

The present invention provides a CD38BP comprising a 

In one embodiment, the CD38BP specifically binds to a 
CD38 epitope, which epitope is also specifically bound by 
-003 or -005 or -024. 

In one embodiment, the CD38BP binds to human CD38 
with greater affinity than -003 or -005 or -024. 

In one embodiment, the CD38BP has substantially the 
same spP.cific CD38 bindin~ cham~,:lcrisrics as -003 or 005 
or-024. 

lu one embodiment, the CD38BP is substantially free of 
other CD38 binding peptides. 

In one embodiment, a CD38BP of the present invention is 
an antibody. In a further embodiment, the CD38BP is a 
human antibody. Tn onother further embuiliment, the 
CD38BP is a humanized antibody. In another furtherembodi · 
ment, the CD38BP is a chimeric antibody. 

In one embodiment, the antibody of the present invention is 
a monoclonal antibody. 

In one embodiment, the antibody of the present invention is 
an JgG 1, IgG2, IgG3, lgG4, IgD, IgA, IgE, or IgM antibody. 
In a further embodiment, the antibody is an IgG 1 antibody.ln 
a further embodiment, the antibody is a IgGl,K antibody. In 
another further embodiment, the antibody is an IgM antibody. 
In a further embodiment, the antibody is an IgM,K antibody. 

Jn one embodiment, the antibody of the present invention is 
an antibody fragw.enl or a single chain antibody. 

In one embodiment, the CD38BP is glycosylated in a 
eukaryotic cell. V 11 region that is a functional variant of the V JJ region of -003 

or -005 or -024. 50 
In one embodiment, the CD38BP further comprises a 

chelator linker for attaching a radioisotope. In one embodiment, the V 11 region of the peptide consists 
essentially of a sequence having at least about :'\0%, at least 
60%, at least about 70%, at least about 75%, at least about 
80%, at least about 85%, at least about 90%, or at l.::ast about 
95% amino acid sequence identity to a sequence according to 
SEQ 1D No:7 or SEQ ID No:l7 or SEQ ID No:27, respec· 
tively. In one embodiment, the CD38BP has at least about 
50%, at least about 60%, at least about 70%, at least about 
80%, at least about 90%, or at least about 95% of the epitope 
binding characteristics of -003 or -005 or -024, respectively. 

The present invention provides a CD38BP comprising at 
least one CDR that is a functional variant of a CDR of -003 or 
-005 or -024. 

In one embodiment, at least one of the CDRs of the peptide 
consists essentially of a sequence having at least about 50%, 
at least 60%, at least about 70%, at least about 75%, at least 
about 80%, at least about 85%, at least about 90%, or at least 

In onP. Pmbodiment, the CDJ8BP j~ in a snbstaut!ally iso
lated form. 

The present invention provides an isolated nucleic acid 

55 encoding a CD38BP of the present invention. 
The present invention provides an expression vector com

prising a nucleic acid sequence encoding a CD38BP of the 
present invention. 

In one embodiment, the expression vector comprises a V L 

60 nucleotide sequence of SEQ ID No: 1, a V 11 nucleotide 
sequence of SEQ ID No:6, or a VL nucleotide sequence of 
SEQ lD No: 1 and a V Hnucleotide sequence of SEQ ID No:6. 

In one embodiment, the expression vector comprises a V L 

nucleotide sequence of SEQ ID No: 11, a V 11 nucleotide 
65 sequence of SEQ ID No: 16, or a V L nucleotide sequence of 

SEQ lD No: 11 and a V 11 nucleotide sequence of SEQ ID 
No:l6. 
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In one embodiment, the expression vector comprises a VL 
nucleotide sequence of SEQ JD No:21, a V H nucleotide 
sequence of SEQ ID No:26, or a V L nucleotide sequence of 
SEQ ID No:21 and a V H nucleotide sequence of SEQ ID 
No:26. 

In a further embodiment, the expression vector further 
comprises a nucleotide sequence encoding the constant 
region of a light chain, a heavy chain or both light and heavy 
chains of a human antibody. 

In a further embodiment, the nucleotide sequence encod
ing the constant region of a light chain, a heavy chain or both 
light and heavy chains of a human antibody encodes a lJl,G 1 
antibody. 

The present iov<::ulion provides a hybridoma which pro
duces a hum:m monoclonal anti-CD38 antibody encoded by 
human light chain and human heavy chain nucleic acids com
prising nucleotide sequences in the variable light chain region 
as set forth in SEQ ID No: 1, or ~..uus~::rvative st:quence modi
fications thereof, and nucleotide sequences in the variable 
heavy chain region as set forth in SEQ lD No:6, or conserva
tive sequence modifications thereof. In one embodiment, the 
human light chain nucleic acids comprises a nucleotide 
sequence as set forth in SEQ JD No: 1, and the human heavy 
chain nucleic acids comprises a nucleotide sequence as set 
forth in SEQ II) No:6. 

The present invention provides a hybridoma which pro
duces a human monoclonal anti-CD38 antibody having 
human heavy chain and light chain variable regions which 
comprise the human light chllin variable amino acid scy_uence 
as set forth in SEQ ID No:2, or conservative sequence modi
ficlltions thereof, and the human light chain variable 11mino 
sequeu~.:e as set forth in SEQ ID No:7, or conservative 
sequence modifications thereof. Jn one embodiment, the 
human light chain variable region comprises an amino acid 
sequence as set forth in SEQ ID No:2, and the human heavy 
dmin variable region comprises an an1ino acid sequence as 
set forth in SEQ JJ) No:7. 

The pt<::sent invention provides a transfectoma which pro
duces a human monoclonal anti-CD38 antibody encoded by 
human light chain variable nucleic acids as set forth in SEQ 
ID No: 1, or conservative sequence modifications thereof, and 
human heavy chain nucleic acids as set forth SRQ ID No:6, or 
~.:unservative sequence modifications therc..-of. In one embodi
ment, the human monoclonal anti-CD38 antibody is encoded 
by human light chain variable nucleic acids as set forth in 
SEQ lD No:l, and human heavy chain nucleic acids as set 
forth SEQ ID No:6. 

The present invention provides a transfectoma which pro
duces a human monoclonal anti-CD38 antibody having 
human light chain and heavy chain variable regions which 
comprise the hwnan light chain variable amino acid sequence 
as set forth in SEQ ID No:2, or conservative sequence modi
ficatioll3 tll.:.tcvf, i:IIUI rhe human heavy chain variable amino 
sequence as sel forth in SEQ lD No:7, or conservative 
sequence modifications thereof. In one embodiment, the 
human light chain comprises the human light chain variable 
amino acid sequence as set forth in SEQ JD No:2, and the 
human heavy chain comprises the human heavy chain vari
able amino sequence as set fotth in SEQ ID No:7. 

The present invention provides a hybridoma which pro
duces a human monoclonal anti-CD38 antibody encoded by 
human light chain and human heavy chain nucleic acids com
prising nucleotide scy_uences in the variable light chain region 
as set forth in SEQ ID No: 1 1, or conservative sequence modi
fications thereof, and nucleotide sequences in the variable 
heavy chain region as set forth in SEQ ID No: I 6, or conser
vative sequence modifications thereof. In one embodiment, 

20 
the human light chain nucleic acids comprises a nucleotide 
sequence as set forth in SEQ ID No: 11, and the human heavy 
chain nucleic acids comprises a nucleotide sequence as set 
forth in SEQ JD No:16. 

The present invention provides a hybridoma which pro
duces a human monoclonal anti-CD38 antibody having 
human heavy chain and light chain variable regions which 
comprise the human light chain variable amino acid sequence 
as set forth in SEQ JD No: 12, or conservative sequence modi-

10 fications thereof, and the human light chain variable amino 
sequence as set forth in SEQ ID No:l7, or conservative 
sequence modifications tl1er~:of. In one embodiment, the 
human light chain vruiable region comprises an amino acid 
sequence as set forth in SEQ JD No: 12, aHli Lhe human heavy 

15 chain variable region comprises an amino acid sequence as 
set forth in SEQ ID No: 17. 

The present invention provides a t.ausfcctoma w.iuch pro
duces a human monoclonal anti-CD38 antibody encoded by 
human light chain variable nucleic <J~.:ids as set forth in SEQ 

20 ID No:11, or conservative sequence modifications thereof, 
and human heavy chain nucleic acids as set forth SEQ ID 
No: 16, or conservative sequence modifications thereof. In 
one embodiment, the human monoclonal anti-CD38 antibody 
is encoded by human light chain variable nucleic acids as set 

2.s forth in SEQ ID No: 11, and human heavy chain nucleic acids 
as set forth SEQ JD No:l6. 

The present invention provides a transfectoma which pro
duces a human monoclonal anti-CD38 antibody haviug 
human light chain and heavy chain variable regions which 

30 comprise the human light chain V<Jriable amino acid sequence 
as set forth iu SEQ ID No: I 2, or conservative sequence modi
fications thereof, and the human heavy chain variable anuno 
sequence as set forth in SEQ lD No: 17, or conservative 
sequence modifications thereof. Jn one embodiment, the 

JS human light chain comprises the human light chain vari:1ble 
amino <J~.:ir..l sequence as set forth in SEQ lD No: I 2, and the 
hwnnn heavy ~.:hain comprises the human heavy chain vari
able amino sequence as set forth in SEQ ID No:17. 

The present invention provides a hybridoma which pro-
40 duces a human monoclonal anti-CD38 antibody encoded by 

human light chain and human heavy chain nucleic acids com
prisiug nucleotide sequences in the variable light chain region 
as set forth in SEQ ID No:21, or conservative sequence modi
fications thereof, and nucleotide sequences in the variable 

45 heavy chain region as set forth in SEQ ID No:26, or conser
vative sequence modifications thereof. In one embodiment, 
the human light chain nucleic acids comprises a nucleotide 
sequence as set forth in SEQ ID No:21, and the human heavy 
chain nucleic acids comprises a nucleotide sequence as set 

50 forth in SEQ lD No:26. 
The present invention provides a hybridoma which pro

rlm:eE o human u1vuodrmal anh-CJJ38 antibody having 
human heavy cktin and light chain variable regions which 
~:om prise the human light chain variable amino acid sequence 

55 as setforthinSEQ IDNo:22, or conservative sequence modi
fications thereof, and the human light chain variable amino 
sequence as set forth in SEQ JD No:27, or conservative 
sequence modifications thereof. lu one embodiment, the 
human light chain variable region comprises an amino acid 

60 sequence as set forth in SEQ ID No: 22, and the human heavy 
chain variable region comprises an amino acid sequence as 
set forth in SEQ lD No:27. 

The present invention provides a transfectoma which pro
duces a human monoclonal anti-CD38 antibody encoded by 

65 human light chain variable nucleic acids as set forth in SEQ 
ID No:21, or conservative sequence modifications thereof, 
and human heavy chain nucleic acids as set forth SEQ ID 
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No:26, or conservative sequence modifications thereof. ln 
one embodiment, the human monoclonal anti-CD38 antibody 
is encoded by human light chain variable nucleic acids as set 
forth in SEQ ID No:21, and human heavy chain nucleic acids 
as set forth SEQ ID No:26. 

The present invention provides a transfcctoma which pro
duces a human monoclonal anti..\.038 antibody having 
human light chain and heavy chain variable regions which 
comprise the human light chain variable amino acid sequence 
as set forth in SEQ ID No:22, or conservative sequence modi- 10 

fications thereof, and the human heavy chain variable amino 
sequence as set forth in SEQ lD No:27, or conservative 
sequence modifi~,:~;~lions thereof. In one embodiment, the 
human light chain comprises the human light chain variable 
amino 11cid sequence os set f01th in SEQ 10 No:22, and the 15 

human heavy chain comprises the human heavy chain vari
able amino sequence as set forth in SEQ lD No:27. 

l11P prPsP.nt invention prov iJe~ a eukaryotic or prokaryotic 
host cell which produces a CD38BP of the present invention. 

The present inventiou provides a eukaryotic or prokaryotic 20 

host cell containing an expression vector of the present inven
tion. 

The present invention provides a transgenic nonhuman 
animal or plant comprising nucleic acids encoding a human 
heavy chain and a human light chain, wherein the animal or 25 
plant produces a detectable amount of a CD38BP of the 
present invention. 

22 
SEQ ID No: 11 and SEQ ID No: 16, respectively, or conser
vative sequence modifications thereof. 

Embodiment 4 

Ali antibody binding to human CD38 encoded hy human 
ligltt ~.:hairt and human heavy chain nucleic acids comprising 
nucleotide sequences in their variable regions as set forth in 
SEQ ID No: II and SEQ ID No:16, respectively. 

Embodiment 5 

An antibody binding to human CD38 encoded by human 
light chain and human heavy ch<~in nucleic acids comptising 
nucleotide sequences in their variable regions as set forth in 
SEQ ID No:21 and SEQ ID No:26, respectively, or conser
vative sequence modifications thPrl"of. 

Embodiment 6 

An antibody binding to human CD38 encoded by human 
light chain and human heavy chain nucleic acids comprising 
nucleotide sequences in their variable regions as set forth in 
SEQ ID No:21 and SEQ ID No:26, respectively. 

Embodiment 7 

A peptide which competes with an antibody according to 
embodiment 2 fvr binding to CD38. 

F.mhnrlim<.~nt g 

The present invention provides an illllllunoconjugate com
prising a CD38BP of the present invention linkeJ to a cyto
toxic ageut, a radioisotope, or a drug. In one embodiment, the 30 

peptide is o monomeri~.: lgM antibody linked to il r.ytntrwk 
dgt:ul, a rJdloisotopc, or a chug. A peptide according to embodiment 7, wherein the com

petition is determined by use of an ELISA as described in 

3~ Ex11mple 8 or 9 of the spccifi~.:ution. 

The present invention provides a bispecific or multispccific 
molecule comprising a CD38BP of the present invention and 
a binding specificity fora human effe-ctor cell. In one embodi
ment, the binding specificity for il human effector cell is a 

binding specificity for CD3, CD4, CD138, IL-l)R, mern· 
Lwuc bound 01 rt:eeptor bound TN F-a, a human Fe receptor, 

Embocii mcnt 9 

or membrane bound or receptor bound lL-15. 
The present invention provides an anti-idiotypic antibody 

binding to o CD38BP uf the present invention. 

A peptide according to embodiment 7, wherein the com
petition is determined by use of cross-blocking m~asure-

40 ments as described in Example 7 of the specification. 

Embodiment lO The present invention provides the \tse of flU anti-idiotypic 
antibody of the present invention for detecting the level of 
human monoclonal antibody ag11inst CD38 in o oompk. 

The foliowing is a list of selected embodiments of the 
present invention. 

A peptide that specifically binds to a CD38 epitope, which 
45 epitope is also specifically bound by an antibody according to 

embodiment 2. 

Embodiment 1 

An antibody binding to human CD38 encoded by human 50 

light chain and human heavy chain nucleic acids comprising 
nucleotide sequences in their variable rCJ2,ions as set forth in 
SEQ lD No: 1Md Sl:!t..! JU No:6, rcspectivdy, or c.;onserv<~tive 
sequeu~.:e modifications thereof. 

55 
RmhonimP'lt :2 

An antibody binding to human CD38 encoded by human 
liaht r.h:~in :uvl hwnon heavy .. L.siu uud!:!lc aetds comprising 
nuc.leotide sequences in their variable rCJ2,ions as set forth in 60 

SEQ ID No:1 and SEQ liJ No:6, respectively. 

Embodiment 3 

An antibody binding to human CD38 encoded by human 65 
light chain and human heavy chain nucleic acids comprising 
nucleotide sequences in their variable regions as set forth in 

Embodiment 11 

A peptide having substantially the same specific binding 
characteristics for binding human CD38 as an <~ntibody 

., ...... unling ro embodiment 2. 

Embodiment 12 

A peptide comprising a V L CDR! consisting essentially of 
SEQIDNo:3. 

Embodiment 13 

A peptide comprising a V L CDR2 consisting essentially of 
SEQIDNo:4. 

Embodiment 14 

A peptide comprising a V L CDR3 consisting essentially of 
SEQlDNo:5. 
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Embodiment 15 

A peptide according to embodiment 14, which peptide also 
comprises a V L CDR! consistinp; essentially ofSF.Q ID No:3. 

Embodiment 16 

24 
Embodiment 27 

A peptide according to embodiment 24, wherein the VL 
region and the V Hteg;ion are present on the separate chains in 
the peptide. 

Embodiment 28 

A peptide according to embodiment 14, which peptide also 
comprisesaVLCDR2consistingessentiallyofSEQIDNo:4. A peptide according to embodiment 27, wherein the VL 

10 region and the V Hregionarepresent on the separate chains in 
Embodiment 17 the peptide in the context of an immunoglobulin fold protein. 

A peptide ac.:cording to embodiment 16, which peptide also 
comprises a VL CDR! consisting essentially of SEQ ID No:3. 

Embodiment 18 

15 

Embodiment 29 

A peptide according to any of embodiments 24 to 28, 
wherein the first V L region and the first V H region are oriented 
sn~h that the three CDRs in tltt: V L region and the three CDRs 
in the V H region cooperatively associate to contribute in 
selectively and/or specifically bind an antigenic detenninant 

A peptide comprising a V H CDR! consisting essentially of 
SEQIDNo:8. 

20 on human CD38. 

Embodiment 19 
Embodiment 30 

A peptide according to embodiment 29, wherein the pep-
A peptide comprising a V H CDR2 consisting essentially of 

SEQIDNo:9. 

Embodiment 20 

A peptide comprising a V H CDR3 consisting essentially of 
Sl:iQIDNo:IO. 

25 tide comprises a second V L region identical to the first V L 

region and a second V H region identical to the first V H region, 
where the second V L region and the second V H region coop
eratively associate to contribute in selectively and/ot specifi
cally bind an antigenic determinant on human CD38. 

30 

Embodiment :.!1 
Embodiment 31 

A peptide comprising a V L region that is a functional vari-
A peptide according to embodiment 20, which peptide also ant of the V L region of an antibody of embodiment 2. 

comprises a V HCDRl consisting essentially ofSEQ lD No:8. 3~ 

Embodiment 22 

A peptide according to embodiment 20, which peptide also 
comprises a V HCDR2 consisting essentially of SEQ ID No:9. 40 

Embodiment 23 

A peptide according to embodiment 22, which peptide also 
comprises a V HCDRl consisting essentially of SEQ ID No:8. 45 

Embodiment 24 

A peptide comprising 
(a) a first VL region comprising three VL CDRs, which 50 

independently of each other consist essentially of SEQ 
TO Nn:3, SEQ ID No:4, aud 3EQ ID No:5; and 

(b) a first V H region comprisinp; three V H COR s, which 
independently of each other consist essentially of SEQ 

55 
lD No:8, SEQ ID No:9, and SEQ lD No:IO. 

Embodiment 25 

A peptide according to embodiment 24, wherein the VL 60 
reg.iou and the V11 region are present on the same chain in the 
peptide. 

Embodiment 26 

A peptide according to embodiment 25, wherein the VL 
region and the V H region are separated by a flexible linker. 

65 

Embodiment 32 

A peptide according to embodiment 31, wherein the VL 
region of the peptide consists essentially of a sequence having 
at least about 50%, at least 60"/o, at least about 70%, at least 
about 75%, at least about 80"/o, at least about 85%, at least 
about 90"/o, or at least about 95% amino acid sequence iden
tity to a sequence according to SEQ lD No:2. 

Embodiment 33 

A peptide comprising a V H region that is a functional vari
ant of the V Hregion of an antibody of embodiment 2. 

Embodiment 34 

A p.:plide according to embodiment 33, wherein the V H 

region of the peptide consists essentially of a sequence having 
at least about 50%, at least 60"/o, at least about 70%, at least 
about 75%, at least about 80"/o, at least about 85%, at least 
about 90"/o, or at least about 95% amino acid sequence iden
tity to a sequence according to SEQ lD No:7. 

Embodiment 35 

A peptide comprising at least one CDR that is a functional 
variant of a CDR of an antibody of embodiment 2. 

Embodiment 36 

A peptide according to embodiment 35, wherein at least 
one of the CDRs of the peptide consists essentially of a 
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sequence having at least about 50%, at least 600/o, at least 
about 70%, at least about 75%, at least about 80%, at least 
about 85%, at least about 90%, or at least about 95% amino 
acid sequence identity to a sequence according to SEQ ID 
No:3, SEQ ID No:4, SEQ ID No:5, SEQ ID No:8, SEQ ID 
No:9, or SEQ lD No:10. 

Embodiment 3 7 

A peptide according to any of embodiments 31 to 36, 
wherein the peptide has at least about 50%, at least about 
60%, at least about 70%, at least about 80%, at least about 
90%, or at least about 95% of the epitope binding character
istics of an antibody of embodiment 2. 

Embodiment 38 

A peptide according to any of embodiments 31 to 36, 
wherein the peptide has at least about 50%, at least obout 
60%, at least about 70%, at least about 80%, at least about 
90%, or at least about 95% of the affinity, avidity or specificity 
of an antibody of embodiment 2. 

Embodiment 39 

A peptide according to any of embodiments 12 to 38, 
which peptide specifically binds human CD38. 

Embodiment 40 

A pept;Jc: at.:curtltng; to any of embodiments 12 to 39, 
which peptide competes with an antibody according to 
embodiment 2 for binding to CD38. 

Embodiment 41 

A peptide according to embodiment 40, wherein the com
petition is determined by use of an ELISA as described in 
Example 8 or 9 of the specification. 

Embodiment 42 

26 
Embodiment 46 

A peptide according to any of embodiments 39 to 45, 
wherein the CD38 binding peptide is substantially free of 
other CD38 binding peptides. 

Embodiment 47 

A peptide which binds to human CD38 (SEQ ID No:31), 

10 
and which does not bind to a mutant human CD38, wherein 
the serine residue in position 274 has been substituted with a 
phenylalanine residue (SEQ ID No:34) to the sDmc degree 
that it binds to human CD38 (SEQ 10 No:31). 

15 

Embodiment 48 

A peptide according to embodiment 47, wherein the EC50 
of the hinding of the peptide tu <1 mutant human CD38, 
wherein the serine residue in position 274 has been substi
tuter! with a phenylalanine resiuue (SEQ ID No:34), is less 

20 than 500/o of the EC50 of the binding of the peptide to human 
CD38 (SEQ 10 No:31 ). 

Embodiment 49 

25 of ~b~:~:~c~~d!~: ~~~:~~~::n~:~~h~~~~~h~~~s: 
wherein the serine residue in position 274 has been substi
tuted with a phenylalanine residue (SEQ ID No:34), is less 
than 100/o of the EC50 of the binding of the peptide to human 

30 
CD38 (SEQ lD No:31 ). 

Embodiment 50 

A peptide according to embodiment 49, wherein the EC50 
of the binding of the peptide to a mutant hnm<1n CD38, 

35 wherein the serine residue in position 274 has been substi
tuted with a phenylalanine residue (SEQ ID No:34), is less 
than 5% of the EC50 of the binding of the peptide to human 
CD38 (SEQ 10 No:31). 

Erubodimr.nt 'il 

A peptide according to embodiment 7, wherein the com
petition is determined by use of cross-blocking measure- 45 

ments as described in Example 7 of the specification. 

A peptide according to embodiment 50, wherein the EC50 

of the binding of the peptide to a mutant human CD38, 
wherein the serine residue in position 274 has been substi
tuted with a phenylalanine residue (SEQ ID No:34), is less 
than I% of the EC50 of the binding of the peptide to human 
CD38 (SEQ ID No:31). 

Embodiment 43 

A peptide according to embodiment 39, which peptide 50 

specifically binds to a CD38 epitope, which epitope is also 
specifically bound hy <~n antibody according tu embodiment 
2. 

Embodiment 44 
55 

Embodiment 52 

A peptide which binds to human CD38 (SEQ 10 No:31), 
and which does not bind to a mutant human CD38, wherein 
the glutamiue residue in position 272 has been substituter! 
with an arginine residue (SEQ ID No:::n) to the same degree 
that it binds to human CD38 (SEQ 10 No:31). 

Embodiment 53 

A peptide according to any of embodiments 39 to 43, 
wherein the peptide binds to human CDJS with greater affin
ity than an antibody according to embodiment 2. 

Embodiment 45 

A peptide according to embodiment 52, wherein the EC50 
of the bincling of the peptide to a mutant human CD38, 
wherein the serine residue in position 274 has been substi-

60 tuted with a phenylalanine residue (SEQ ID No:34), is less 
than 500/o of the EC50 of the binding of the peptide to human 
CD38 (SEQ ID No:31 ). 

A peptide according to any of embodiments 39 to 43, 
wherein the peptide has substantially the same specific CD38 65 

binding characteristics as an antibody according to embodi
ment 2. 

Embodiment 54 

A peptide according to embodiment 53, wherein the EC50 

of the binding of the peptide to a mutant human CD38, 
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wherein the serine residue in position 274 has been substi
tuted with a phenylalanine residue (SEQ ID No:34), is less 
than 10% of the EC50 of the binding of the peptide to human 
CD38 (SEQ ID No:31). 

Embodiment 55 

A peptide any of embodiments 47 to 51 which does not 
bind to a mutant human CD38, wherein the glutamine residue 
in position 272 has been substituted with an arginine residue 10 
(SEQ ID No:33) to the same degree that it binds to human 
CD38 (SEQ ID No:31). 

28 
wherein the threonine residue in position 237 has been sub
stituted with a alanine residue (SEQ ID No:32) is more tl!an 
95% of the EC50 of the binding of the peptide to human CD38 
(SEQ ID No:31 ). 

Embodiment 63 

A peptide which competes with an antibody according to 
embodiment 4 for binding to CD38. 

Embodiment 64 

Embodiment 56 

A peptide according to embodiment 55, wherein the EC50 
of the binding of the peptide to a mutant human CD38, 
wherein thP. sPrinf' rt:iidue in pnoition 274 ha6 Leeu ~ub~ti
tuted with a phenylalanine residue (SEQ ID No:34), is less 
th11n 50% of the EC50 of the binding of t11c pt:ptide to human 
CD38 (SEQ ID No:31). 

A peptide according to embodiment 63, wherein the com
petition is tlt:lt:nnined by use of an ELl SA as described in 

15 Example 8 or 9 of the specification. 

cmuutbment 65 

Embodiment 57 

A peptide according to embodiment 63, wherein the com-
20 petition is determined by use of cross-blocking measure

ments as described in Example 7 of the specification. 

A peptide according to embodiment 56, wherein the EC50 

of the binding of the peptide to a mutant human CD38, 25 

wherein the serine residue in position 274 has been substi
tuted with a phenylalanine residue (SEQ ID No:34), is less 
than 100/o of the EC50 of the binding of the peptide to human 
CD38 (SEQ m Ncr31 ). 

Embodiment SS 
30 

A peptide according to any of embodiments 47 to 57, 
wherein said peptide binds to a mutant human CD38, wherein 
the threonine resirlne in position 2'\7 hns been substituted 35 
witl! a alanine residue (SEQ ID No:32) to the same degree that 
it binds to human CD38 (SEQ ID No:31). 

Embodiment 59 

A P""rtid'i' according to C!ubodiw~.-u! ~B, wherein the t.L50 "t) 

of the binding of the peptide to a a mutant human CD38, 
wl1t:rdn the threonine residue in position 237 has been sub
stituted with a alanine residue (SEQ ID No:32) is more than 
75% of the EC50 of the binding of the peptide to human CD38 
(SEQ ID No:31). 4~ 

Embodiment 60 

A peptide according to embodiment 59 wherein the EC50 

Embodiment 66 

A peptide that specifically binds to a CD38 epitope, which 
epitope is also specifically bound by an antibody according to 
t:mbutliment 4. 

Embodiment 67 

A peptide having substantially tl!e same specific binding 
characteristics for binding human CD38 as an antibody 
according to embodiment 4. 

Embodiment 68 

A peptide comprising a V L CDRl consisting essentially of 
SEQ ID No:l3. 

Embodiment 69 

A peptide comprising a V L CDR2 consisting essentially of 
SEQ ID No:l4. 

Embodiment 70 

A peptide comprising a V L CDR3 consisting essentially of 
SEQ ID No: 15. 

Embodiment 71 
of the binding of the peptide to a a mutant human CD38, 50 

wherein the threonine residue in position 237 has been sub
stituted witl! a alanine residue (SF.Q Tn No:3:2) is moro than 
85% oftht: EC50 oftl!e binding nfthe peptide to human CD38 
(SEQ ID No:31). 

A pt:ptide according to embodiment 70, which p~ptide also 
comprises a V L CDR! consisting essentially of SEQ ID 

~s No:I3. 
F.mhnrlimt>nt Ill 

A peptide according to embodiment 60, wherein tl!e EC50 
nf thP hinrling of tho pop tide to 11 a wu!dlll l.t.wmm CIJ.:HS, 
wherein the threonine residue in position 237 has been sub
stitutt:t! with a alanine residue (SEQ ID No:32) is more than 
90% of the F.C:50 of tl!e binding of the peptide to human CD3 8 
(SEQ ID No:31). 

Embodiment 62 

A peptide according to embodiment 61, wherein tl!e EC50 

of the binding of the peptide to a a mutant human CD38, 

Embodiment 72 

A peptide according to embodiment 70, which peptide also 
60 comprises a V L CDR2 consisting essentially of SEQ ID 

No:l4. 

Embodiment 73 

65 A peptide according to embodiment 72, which peptide also 
comprises a V L CDRI consisting essentially of SEQ ID 
No:13. 
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Embodiment 74 

A peptide comprising a V 8 CDR I consisting essentially of 
SEQ ID No: 18. 

Embodiment 75 

A peptide comprising a V 8 CDR2 consisting essentially of 
SEQ ID No:l9. 

30 
such that the three CDRs in tl1e V L region and the three CDRs 
in the V H region cooperatively associate to contribute in 
selectively and/or specifically bind an antigenic determinant 
on humau CD38. 

Embodiment 86 

A peptide according to embodiment 85, wherein the pep
tide comprises a second VL region identical to the first VL 

Embodiment 76 

A peptide comprising a V u CDR 3 consisting essentially of 
SEQ ID No:20. 

10 region and a secondV Hregion identical to the firstV 8 region, 
where the second V L region and the second V H region coop
erntively associate to contribute in S<o:lcctively and/or specifi. 
cally bind an antigenic determinant on h=an CD38. 

Embodiment 77 

A peptide according to emhnclinlfmt 76, which peptide nlso 
comprises a V 8 CDR! consisting essentially of SEQ ID 
No:l8. 

Embodiment 78 

15 

20 

Embodiment 87 

A peptide comprising a V, region that is a fnnr.tinnal vari· 
ant o± the V L region of an antibody of embodiment 4. 

Embodiment 88 

A peptide according to embodiment 87, wherein tl1e V L 

region of the peptide consists essentially of a sequence having 
at least about 50%, at least 60"/o, at least about 70%, at least 
about 75%, at least about 80"/o, at least about 85%, at least 

A peptide according to embodiment 76, which peptide also 
comprises a V 8 CDR2 consisting essentially of SEQ ID 
No:l9. 

Embodiment 79 

25 about 90"/o, or at least about 95% amino acid sequence iden
tity to a sequence according to SEQ ID No:l2. 

A peptide according to embodiment 78, which peptide also 
comprises a Vu CDRI consisting essentially of SEQ ID 30 
No:l8. 

Embodiment 80 

Embodiment R9 

A peptide comprising a V H region that is a functional vari
ant of tl1t: V H region of an antibody of embodiment 4. 

Embodiment 90 

A peptide comprising 
(a) a first V L region comprising three VL CDRs, which 

independently of each other consist essentially of SEQ ID 
No:13, SEQ ID No:l4, and SEQ ID No:J5; and 

(b) a first V 8 region comprising three V H CDRs, which 
independently of each other consist essentially of SEQ ID 
No:18, SEQ IDNo:l9, and SEQ ID No:20. 

A peptide according to embodiweul 89, wherein the V H 
35 region of the peptide consists essentially of a sequence having 

at least about 50%, at least 60%, at least about 70%, at least 
about 75%, at least about 80"/o, at least about 85%, at least 
about 90"/o, or at least about 95% amino acid sequence iden
tity to a sequence according to SEQ TD No: 17. 

40 

Embodiment 81 

A peptide according to embodiment 80, wherein the VL 
region and the Vuregion are present on the sawt: chain in the 45 

peptide. 

Embodiment 82 

A peptide according to embodiment 81, wherein the VL 50 

region and the V 8 region are separated by a flexible linker. 

Embodiment 83 

A peptide according to embodiment 80, wherein the V L 
55 

rey;ion and the Vu reeinn flrf" pre10cnt on tho ocpru'llt.:. ..J • .,iu:. iu 
the peptide. 

Rmhnrlimf"nt R4 

A peptide according to embodiment 83, wherein the VL 60 

region and the V H region are present on the separate chains in 
the peptide in the context of an immunoglobulin fold protein. 

Embodiment 85 

A peptide according to any of embodiments 80 to 84, 
wherein the first V L region and the first V H region are oriented 

65 

Embodiment 91 

A peptide comprising at least one CDR that is a functional 
variant of a CDR of an antibody of embodiment 4. 

Embodiment 92 

A peptide according to embodiment 91, wherein at least 
one of the CDRs of the peptide consists essentially of a 
sequence having at least about 50%, at least 60%, at least 
about 70%, at least about 75%, at least about 80%, at least 
about 85%, at least <tlx>Ul 9()0;;,, or at least about 95% amino 
acid sequence identity to a sequence according to SF.Q ID 
No: 13, SE~ llJ No: 14, SEQ 1D No: 15, SEQ ID No: 18, SEQ 
ID No: 19, or SEQ ID No:20. 

Embodiment 93 

A peptide according to any of embodiments 87 to 92, 
wherein the peptide has at least about 50%, at least about 
60"/o, at least about 70%, at least about 80%, at least about 
90"/o, or at least about 95% of the epitope binding character
istics of an antibody of embodiment 4. 

Embodiment 94 

A peptide according to any of embodiments 87 to 92, 
wherein the peptide has at least about 50%, at least about 
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60%, at least about 70%, at least about 80%, at least about 
90%, or at least about 9S% of the affinity, avidity or specificity 
of an antibody of embodiment 4. 

Embodiment 9S 

32 
tuted with a phenylalanine residue (SEQ ID No:34), is less 
than SO"/o of the EC50 of the binding of the peptide to human 
CD38 (SEQ lD No:31). 

Embodiment 1 OS 

A pepticle according to any of emboJiments 68 to 94, 
which peptide specifically binds human CD38. 

Embodiment 96 

A peptide according to any of embodiments 68 to 9S, 
which peptide competes with an antihody according to 
embodiment 4 for binding to CD38. 

A peptide according to embodiment 104, wherein the EC50 
of the binding of the peptide to a mutant human C038, 
wherein the serine residue in position 274 has been substi-

10 tuted with a phenylalanine residue (SEQ 10 No:34), is less 
than 10"/o of the EC50 of the binding of the peptide to human 
cmR (SEQ ID No:31 ). 

Embodiment 106 

15 
Embodiment 97 

A pt::plide accordmg to embodiment 96, wherein the com
petition is determined by use of an ELISA as descrihecl in 
Example 8 or Y of the specification. 

A peptide according to embodiment 1 OS, wherein the EC50 
of the binding of the peptide to a mnt11nt hnman CD38, 
wherein the serine residue in position 274 has been substi
tuted with a phenylalanine residue (SEQ ID No:34), is less 
than S% of the EC50 of the binding of the peptide to human 

2° CD38 (SEQ lD No:31). 

Embodiment 98 

A peptide according to embodiment 96, wherein the com
petition is determined by use of cross-blocking measure- 25 

ments as described in Example 7 of the specification. 

Embodiment 99 

A peptide according to embodiment 9S, which pp,ptide 30 

specifically binds !Q a (;J)1R r:pitnpP, which epitopc i~ abu 
specifically bound by an antibody according to embodiment 

Embodiment 107 

A peptide accordil1g to embodiment 106, wherein the EC50 

of the binding of the peptide to a mutant human CD38, 
wherein the serine residue in position 274 has been substi
tuted with a phenylalanine residue (SEQ ID No:34), is less 
than I% of the EC60 of the binding of the peptide to human 
CD38 (SEQ ID No:31 ). 

Embodiment 108 

4. 

Rmhodiment 100 

A peptide according to any of embodiments 9S to 99, 
wherein the peptide binds to human C038 with greater affin
ity than an antibody according to embodiment 4. 

A peptide which binds to human CD38 (SEQ lD No:31), 
and which does not bind to a mutant human CD38, wherein 

35 the glutamine residue in position 272 has been substituted 
with an arginine residue (SEQ lD No:33) to the same degree 
that it binds to human CD38 (SEQ ID No:31). 

Embodiment 101 

Embodiment 109 

A peptide according to embodiment 108, wherein the EC50 
of tltt: binding of the peptide to a mutant human CD38, 
wherein the serine residue in position 274 bas been substi
tuted with a phenylalanine residue (SEQ ID No:34), is less 

A peptide according to any of embodiments 9S to 99, 
wherein the peptide has substantially the same specific C038 
binding characteristics as an antibody according to embodi
ment4. 

45 than SO"/o of the EC50 of the binding of the peptide to human 
CD38 (SEQ ID No:31). 

Embodiment 102 

A peptide according to any of embodiments 9S to 101, 50 

whereirl the CD38 binding peptide is substantially free of 
other CD38 binding peptides. 

Embodinlent 110 

A peptide according to embodiment 109, wherein the EC50 
(of the binding of the peptide to a mutant human CD38, 
wherein the serine residue in position 274 has been substi
tuted with a phenylalanine residue (SEQ ID No:34), is less 
than 100/o of the EC50 of the binding of the peptide to human Embodiment 103 

55 
CD38 (SEQ ID No:31). 

A p01ptido occord.U.,l!. lu auy uf embodiments 63 to 102, 
which binds to human C038 (SEQ ID No:31), and which 
does not bind to a mutant human CD38, wherein the serine 
i.:.oiJu~: iu pusltlon 1./4 has been substituted with a phenyla
lanine residue (SEQ ID No:34) to the same degree that it 60 

binds to human CD38 (SEQ 10 No:31). 

Embodiment 1 04 

A peptide according to embodiment 103, wherein the EC50 65 

of the binding of the peptide to a mutant human CD38, 
wherein the serine residue in position 274 has been substi-

Embodiment Ill 

A pcpliutl auy of eMbodiments 103 to 107 which does not 
bind to a mutant human CD38, wherein the glutamine residue 
in position 272 has been substituted with an arginine residue 
(SEQ ID No:33) to the same degree that it binds to human 
CD38 (SEQ ID No:31). 

Embodiment 112 

A peptide according to embodiment 111, wherein the EC50 

of the binding of the peptide to a mutant human CD38, 
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wherein the serine residue in position 274 has been substi
tuted with a phenylalanine residue (SEQ ID No:34), is less 
than 500/o of the EC50 of the binding of the peptide to human 
CD38 (SEQ ID No:31). 

Embodiment 113 

34 
Embodiment 121 

A peptide according to embodiment 119, wherein the cool
petition is uelermined by use of cross-blocking measure
ments as described in Example 7 of the specification. 

Embodiment 122 
A peptide according to embodiment 112, wherein the EC50 

of the binding of the peptide to a mutant human CD38, 
wherein the serine residue in position 274 has been substi
tuted with a phenylalanine residue (SEQ ID No:34), is less 
than 1 00/o of the EC50 of the binding of the peptide to human 
CD38 (SEQ m No:31). 

A peptide that specifically binds to a CD38 epitope, whlch 
10 epitope is also specifically bound by an antibody according to 

embodiment 6. 

Embodiment 114 l'i 

A peptide according to any of embodiments 103 to 113, 
wlw~rPil'l nid piptidc binds to d wulaui human LU3~, wherein 
the threonine residue in position 237 has been substituted 
with a alanine residue (SEQ ID No:32) to the same degree that 20 
it binds to human CD38 (SEQ ID No:31 ). 

Embodiment 115 

A peptide according to embodiment I 14, wherein the EC50 25 
of the binding of the peptide to a a mutant human CD38, 
wherein the threonine residue in position 237 has been sub
stituted with a alanine residue (SEQ ID No:32) is more than 
75%ofthe EC~0 of the binding of the peptide to human CD38 
(SEQ ID No:31). 30 

Embodiment 116 

A peptide according to embodiment 115 wherein the EC50 
of the binding of the peptide to a a mutant hum11n CD3R, J:> 

wherein the threonine residue in position 237 has been sub
stituted with a alanine resirltle (SEQ ID No:32) is Juure !han 
&5% oftl11:. EC50 uflhe bifi<.tmg ot the peptide to human CD38 
(SEQ ID No:31 ). 

Embodiment 11 7 
40 

Embodiment 123 

A peptide having substantially the same specific binding 
characteristics for binding human CD38 as at~ antihorly 
acco.Jiug lu embodiment 6. 

Embodiment 124 

A peptide comprising a V L CDR! consisting essentially of 
SEQ ID No:23. 

Embodiment 125 

A peptide comprising a VL CDR2 consisting essentially of 
SEQ ID No:24. 

Embodiment 126 

A peptide comprising a V L CDR3 consisting essentially of 
SEQ ID No:25. 

Embodiment 127 

A peptide according to embodiment 126, which peptide 
also comprises a VL CDR! consisting essentially of SEQ ID 
No:23. 

Embodiment 12R 

A peptide accotdiug lo embodiment 116, wherein the EC50 
of the binding of the peptide to a a mutant human CD38, 
wherein the threonine residue in position 237 has been sub
stituted with a alanine residue (SEQ lD No:32) is more than 
90% of the EC50 of the binding of the peptide to human (:038 
(SEQ ID No:31). 

A peptide according to embodiment 126, whlch peptide 
also comprises a V L CDR2 consisting essentially of SEQ ID 

45 No:24. 

Embodiment 129 

Embodiment 118 

A peptide according to embodiment 117, wherein the EC50 

A peptide according to embodiment 128, which peptide 
50 also comprises a V L CDR1 consisting essentially of SEQ ID 

No:23. 
of the binding of thP. f'Pptide to a a mutant ltuwe:tn \.038, 
wherein the threonine residue in position 237 has been sub
stituted with a alaniu~ r~sidue (SEl,ll!) No:~2) is more than 
95%oftheEC60 of the bindingofthepeptideto humanCD3R 55 

(SEQ ID No:31). 

Embodiment 119 

A peptide whlch competes with an antibody according to 60 

embodiment 6 for binding to CD38. 

Embodiment 120 

A peptide according to embodiment 119, wherein the com- 65 

petition is determined by use of an ELISA as described in 
Example 8 or 9 of the specification. 

Embodiment 130 

A peptide comprising a V H CDR1 consisting essentially of 
SEQ ID No:28. 

Embodiment 131 

A peptide comprising a V H CDR2 consisting essentially of 
SEQ ID No:29. 

Embodiment 132 

A peptide comprising a V H CDR3 consisting essentially of 
SEQ ID No:30. 
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Embodiment 133 

A peptide according to embodiment 132, which peptide 
also comprises a V H CDR! consisting essentially of SEQ ID 
No:28. 

Embodiment 134 

A peptide according to embodiment 132, which peptide 
also comprises a V n CDR2 consisting essentially of SEQ ID 10 

No:29. 

Embodiment 135 

A peptide according to embodiment 134, which peptide 15 

also comprises a V H CDR1 consisting essentially of SEQ lD 
No:28. 

Embodiment 136 
20 

A peptide comprising 
(a) a first VL region comprising three VL CDRs, which 

independently of each other consist essentially of SEQ ID 
No:23, SEQ ID No:24, and SEQ lD No:25; and 

(b) a first V H region comprising three V H CDRs, which 25 

independently of each other consist essentially of SEQ lD 
No:28, SEQ lD No:29, and SEQ lD No:30. 

36 
eratively associate to contribute in selectively and/or specifi
cally bind an antigenic determinant on human CD38. 

Embodiment 143 

A peptide comprising a V L region that is a functional vari
ant of the VL region of an antibody of embodiment 6. 

Embodiment 144 

A peptide according to embodiment 143, wherein the V,. 
region ofthe peptide consists t:ssentially of a sequence having 
at least about 50%, at least 60%, at least about 70%, at least 
about 75%, at least about 80"/o, at least about 85%, at least 
about 90"/o, or at least about 95% amino acid sequence iden
tity to a sequence according to SEQ ID No:22. 

Embodiment 145 

A peptide comprising a V H region that is a functional vari
ant of the V H region of an antibody of embodiment 6. 

Embodiment 146 

A peptide according to embodiment 145, wherein the VH 
region of the peptide consists essentially of a sequence having 
at least about 50%, at least 60%, at least about 70%, at least 
about 75%, at least about 80"/o, at le.ast about 85%, at least 
about 90"/o, or at least about 95% amino acid sequence iden-Embodiment 137 

30 tity to a sequence according to SEQ ID No:27. 

A peptide llr.r.orrling to 01mbodimet\t lJo, wltereln the V L 

region and the V n region are present on the same chain in the 
peptide. 

Embodiment 138 

A peptide according to cmbodi.tntml137, wherein the VL 
region and the V H region Me separated by a flexiLlt: linker. 

Embodiment 139 

A peptide according to embodiment 136, wherein the VL 
region and the V H region are present on the separate chains in 
the peptide. 

Embodiment 140 

Embodiment 147 

A peptide comprising at least one CDR that is a fnnc.tional 
JS variant uf a CDR of an antibody of embodiment 6. 

Embodimt:ul 148 

A peptide according to embodiment 147, wherein at least 
40 one of the CDRs of the peptide consists essentially of a 

sequence having at least about 50%, at least 60%, at least 
about 70%, at least about 75%, at least about 80%, at least 
about 85%, at least about 90"/o, or at least about 95% amino 
acid sequence identity to a sequence according to SEQ ID 

45 No:23, SEQ lD No:24, SEQ ID No:25, SEQ ID No:28, SEQ 
ID No:29, or SEQ ID No:30. 

Embodiment 149 
A peptide according to embodiment 139, wherein the VL 

region and the V H region are present on the separate chains in so 
the peptide in the context of au immunoglobulin fold protein. 

A peptide according to any of embodiments 143 to 148, 
wherein the peptide has at least about 50%, at least about 
6~1o, ot least abuul 70%, at least about 80%, at least about 
90%, or at least about 95% of the epitope hinding character
istics of an antibody of embodiment 6. 

Ewbutliment 141 

A peptide according to any of embodiments 136 to 140, 55 
wherein the first V L region and the first V Hregion are oriented 
such that the three CDRs in the V L region and the three CDRs 

Embodiment 150 

in the V H region cooperatively associate to contribute in 
selectively and/or specifically bind an antigenic determinant 
on human CD38. 

Embodiment 142 

A peptide according to any of ewbodiments 143 to 148, 
wherein the peptide has at least about 50%, at least about 

60 60"/o, at least about 70%, at least about 80%, at least about 
90"/o, or at least about 95% of the affinity, avidity or specificity 
of an antibody of embodiment 6. 

A peptide according to embodiment 141, wherein the pep
tide comprises a second V L region identical to the first V L 65 

region and a second VHregion identical to the firstV nregion, 
where the second V L region and the second V n region coop-

Embodiment 151 

A peptide according to any of embodiments 124 to 150, 
which peptide specifically binds human CD38. 
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Embodh:uenl 152 

A peptide according to any of embodiments 124 to 151, 
which peptide competes with an antibody according to 
embodiment 6 for binding to CD38. 

Embocliment 153 

38 
Embodiment 163 

A peptide according to any of embodiments 7 to 162, 
wherein the peptide is an antibody. 

Embodiment 164 

A peptide according to embodiment 152, wherein the com
petition is determined by use of an ELISA as describeci in 10 

Exwnple 8 or 9 of the specification. 

An antibody according to any of embodiments 1 to 6, or 
163, which antibody is a human antibody. 

Embodiment 165 

Embodiment 154 An antiboJy according to any of embodiments 1 to 6, or 

A pP.ptide according to cmbodiwent !52, wherein the com- 1s 
163, whic::h antibody is n humanizetl antibody. 

petition is detennined by use of cross-blocking measure- Embodiment 166 
ments as described in Example 7 of the specification. 

Embodiment 155 

A peptide according to embodiment 151, which peptide 
specifically binds to a CD38 epitope, which epitope is also 
specifically bound by an antibody according to embodiment 
6. 

Embodiment 156 

A peptide according to any of embodiments 151 to 155, 
wherein the peptide binds to human CD::\R with greater affin
ity than an antibody according to embodiment 6. 

CwLuJiwcm I ~ 7 

A peptide ilr.r.ording to any ofcmbodimenls 151 to 15~, 
wherein the peptide has substantially the same specific CD38 
binding characteristics as an antibody according to embodi
ment 6. 

20 

25 

An antibody according to any of embodiments 1 to 6, or 
1 63, which antibody is a chimeric antibody. 

Embodiment 167 

An antibody according to any of embodiments 1 to 6, or 
163 to 166, which antibody is a monoclonal antibody. 

Embodiment 168 

An antibody according to any of embodiments 1 to 6, or 
163 to 167, characterized in that it is an IgG1, IgG2, IgG3, 

lO lgG4, JgD, IgA, lgE, or JgM antibody. 

Embodiment 169 

An antibody according to embodiment 16R, r.haracterized 
35 in that it is an IgG 1 antibody. 

Embodiment 170 

Embodiment 158 
An antibody according to embodiment 169, wherein the 

A peptide according to any of embodiments 151 to 157, 40 antibody is a lgG 1 ,K antibody. 
wherein the CD38 binding peptide is substantially free of 
other CD38 binding pep titles. 

Embodiment 159 

A peptide according to any of embodiments 1 to 158, 
wherein the pt::plitle is not an agonist ofCD38. 

Embodiment 160 

A peptide according to any of embodiments 1 to 159, 
wherein the peptide does not inilni"P significant prolif.::-r<!iljvu 
of peripherd! blood mononuclear cells. 

Embodiment 161 

A peptide according to any of embodiments I to 160, 
wherein the peptide does not induce release of signific~tnt 
IL-6 by human monocytes or peripheral blood mononuclear 
cells. 

Embodiment 162 

Embodiment 171 

An antibody according to embodiment 168, characterized 
45 in that it is an IgM antibody. 

Embodiment 172 

An antibody according to embodiment 171, wherein the 
so antibody is a IgM,K antibody. 

Embodunent 173 

A peptide according to any of embodiments 2 to 172, 
55 wherein the peptide is glycosylated in a eukaryotic cell. 

Embodiment 174 

An antibody according to any of embodiments 1 to 6, or 
60 163 to 173, which is an antibody fragment or a single chain 

antibody. 

Embodiment 175 
A peptide according to any of embodiments 1 to 161, 

wherein the peptide does not induce release of detectable 65 

IFN-y by human T cells or peripheral blood mononuclear 
cells. 

A peptide or antibody according to any of embodiments 1 
to 174, further comprising a chelator linker for attaching a 
radioisotope. 
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Embodiment 176 

A peptide according to any of embodiments 1 to 175, 
which is in a substantially isolated form. 

Embodiment 177 

An isolated nucleic acid encoding a peptide according to 
any of embodiments 1 to 175. 

Embodiment 178 

An expression vec:tor comprising a m.u.:leic acid sequence 
encoding a peptide according to any of embodiments 1 to 17 5. 

Embodiment 179 

An expression vectorcomprisi•lg ll V L nuclcotiJe sequence 
ot Sl::iQ ID No: I, a V nnucleotide sequence of SEQ lD No:6, 
or a V L nucleotide sequencR. of SEQ ID No: 1 am.l a V H nucle
otide sequence of SEQ lD No:6. 

Embodiment 180 

An expression vector comprising a V L nucleotide sequence 
of SEQ ID No: 11, a V n nucleotide sequence of SEQ ID 
No:16, or a VL nucleotide sequence of SEQ ID No:ll and a 
V H nucleotide sequence of SEQ ID No: 16. 

Embodiment 181 

An expression vector ac.:cording to embodiment 179 or 
embodiment 180, further comprising a nucleotide sequence 
encoding the constant region of a light chain, a heavy chain or 
both light and heavy chains of a human antibody. 

Embodiment 182 

40 
able amino acid sequence as set forth in SEQ ID No:2 or 
conservative sequence modifications thereof, and the human 
light chain variable amino sequence as set forth in SEQ ID 
No:7, or conservative sequence modifications thereof. 

Embodiment 186 

A hybridoma according to embodiment 185, wherein the 
human light chain variable region comprises an amino acid 

10 
sequence as set forth in SEQ ID No:2, and the human heavy 
chain variable region comprises an amino acid sequence as 
set forth in SEQ ID No:7. 

Embodiment 187 

15 A transfectoma which produces a human monoclonal anti-
CD38 antibody encoded by human light chain variable 
nucleic acids as set forth in SEQ ID No:l, ur conservative 
sequence modifications thereof, and human heavy chain 
nucleic acids as set forth SEQ ID Nu:6, or conservative 

20 sequence modifications thereof. 

Embodiment 188 

A transfectoma according to embodiment 187, wherein the 

25 
human monoclonal anti-CD38 antibody is encoded by human 
light chain variable nucleic acids as set forth in SEQ ID No: 1, 
and human heavy chain nucleic acids as set forth SEQ ID 
No:6. 

30 

Embouiment 189 

A trans:tectoma whi~.:h produces a human monoclonal anti
CD38 antibody having human light chain and heavy chain 
variable regions which comprise the human light chain vari
able amino acid sequence as set forth in SEQ ID No:2, or 

15 conservative sequ~nce modifications thereof, and the human 
heavy chain variable amino sequence as set forth in SEQ ID 
No:7, or conservative sequence modifications thereof. 

An expression vector according to embodiment 181, 
wherein the nucleotide sequence encoding the constant 40 

region Of a jj,zht Chitin,~ hq;avy ohoin VI UUil.t lfghT and heavy 
chains of a human antibody encodes a IgG 1 antibody. 

Embodiment 190 

A l!<UtsfuctOma according to embodiment 189, wherein the 
human light chain comprises the human light chain variable 
amino acid sequence as set forth in SEQ TD No:2, and the 
human heavy chain comprises the human heavy chain vari-

Embodiment 183 
45 able anlino sequence as set forth in SRQ ID No:7. 

A hybridomA which produces a human monoclonal anti
CD38 antibody encoded by human light chain :1nd human 
heavy cL<tin nucleic acids comprising nucleotide sequences 
in the variable light chain region as set forth in SEQ ID No: 1, 
or conservative sequence modifications thereof, and nucle- 50 

otide sequences in the variable heavy chain region as set forth 
in SEQ lD No:6, or conservative sequence modifications 
thereof. 

Embodiment 191 

A hybridoma which produces a human monoclonal anti
CD38 antibody encoded by human light chain and human 
heavy chain nucleic acids comprising nucleotide sequences 
in the variable light chain region as set forth in SEQ ID No: 11. 
QC COllSP.rv~tiVi GOqucnce UJVUiflC!ltions thereof, and nucle
Otide sequences in the variable heavy chain reg inn as set forth 
in SEQ ID No:l6, or conservative sequence modifications 

Embodiment 184 55 thereof. 

A hybridom<t according to embodiment 183, wherein the 
human light chain nucleic acids comprises a nucleotide 
sequence as set forth in SEQ TD No: 1, and the huwan heavy 
chain nucleic acids comprises a nucleotide sequence as set 60 

forth in SEQ ID No:6. 

Embodiment 185 

A hybridoma which produces a human monoclonal anti- 65 

CD38 antibody having human heavy chain and light chain 
variable regions which comprise the human light chain vari-

Embodiment 192 

A hybridom<~ according to embodiment 191, wherein the 
human light chain nucleic acids comprises a nucleotide 
sequence as set forth in SEQ ID No: 11, and the human heavy 
chain nucleic acids comprises a nucleotirle sequence as set 
forth in SEQ Jl) No:16. 

Embodiment 193 

A hybridoma which produces a human monoclonal anti
CD38 antibody having human heavy chain and light chain 
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variable regious which comprise the human light chain vari
able amino acid sequence as set forth in SEQ ID No:12, or 
cooservative sequence moclifications thereof, and the human 
heavy chain variable amino sequence as set forth in SEQ ID 
No:17, or conservative sequence modifications thereof. 

Embodiment 194 

A hybridoma according to embodiment 193, wherein the 
human light chain variable region comprises an amino acid 
sequence as set forth in SEQ ID No: 12, and the human heavy 
chain variable rey,ion comprises an 1101ino acid sequence as 
set forth in SEQ IDNo:J7. 

Embodiment 195 

42 
Embodiment 202 

An immunoconjugate comprising a peptide according to 
any of embocliments 1 to 174 linked to a cytotoxic agent, a 
radioisotope, or a drug. 

Embodiment 203 

An immunoconjugate comprising a peptide according to 
10 anyofembocliments I to 168orembocliments 171 to 174, 

wherein the peptide is a monomeric IgM antibody linked to a 
cytotoxic: ageut, a ractioisotope, or a drug. 

Embodiment 204 
15 

A bispecific or multispecific molecule comprising a pep
tin.- !lccording to on:,.· of .:.wuuuimt:!lllS 1 to 1 1 => and a bmcling 
specificity for a human effector cell. 

Embodiment 205 

A transfectoma which produc;:es a hnm11n mnnnrlon:.li anti 
CJJ3~ antibody encoded by human light chain variable 
nucleic acids as set forth in SEQ m No: 11, or conservative 
sequence modifications thereof, and human heavy chain 20 

nucleic acids as set forth SEQ ID No: 16, or conservative 
sequence modifications thereof. A bispecific or multispecific molecule comprising a pep

tide according to any of embodiments 1 to 17 5 and a bincling 
specificity for CD3, CD4, IL-15R, membrane bound or recep-

25 tor bound TNF -a, a human Fe receptor, or membrane bound 
or receptor bound IL-15. 

Embodiment 196 

A transfectoma accorcting to embodiment 195, wherein the 
human monoclonal anti-CD38 antibody is enr.oded by human 
light chain variable nucleic acids as set forth in SF.Q ID 
No: 11, and human heavy chain nuclei~.: acids as set forth SEQ 
1D No:16. 30 

Embodiment 197 

A transfectoma whlch produces a human monoclonal anti
CD38 .. utibody having human light chain and heavy chain 35 

variable regions which comprise the human light chain vari
able amino acid st:y,u.:nce as set forth in SEQ lD No:12, or 
conservative sequence moclifications thereof, and the human 
heavy chain variable amino sequence as set forth in SEQ ID 
Nrr 17, nr r,oom11rvotivo GCquca.::.:: wullific::Hions thereat. o40 

Embodiment 198 

F.m hodiment 206 

A pharmaceuti~.:al composition comprising a peptide 
according to any of embodiments 1 to 176 or an immunocon
jugate according to any of embocliments 202 to 205 and a 
pharmaceutically acceptable carrier. 

Embodiment 207 

A pharmaceutical composition according to embodiment 
206 comprising one or more further therapeutic agents. 

Embodiment :LUM 

A method ofinhibiting growth and/or proliferation of a cell 
expressing CD38, comprising administration of a peptide 
according to any of embocliments 1 to 176, an immunocon-

A transfectoma accorcling to embodiment 197, wherein the 
human light chain comprises the human light chain variable 
amino acid sequence as set forth in SEQ ID No: 12, and the 
human heavy chain comprises the human heavy chain vari
able amino sequence as set forth in SEQ lD No: 17. 

45 jugate according to any of embodiments 202 to 205, a phar
maceutical composition according to embodiment 206 or 
207, or an expression vector accorcling to any of embocliments 
178 to 182, such that the growth and/or proliferation of the 
cell is inhibited. 

Embodiment 199 

A .:ukarymic ot prokaryotic host cell which produces a 
peptide accorcling to any of embodiments 1 to 175. 

Embocliment 200 

A eukaryotic or prokaryotic host cell containing an expres
sion vector <~ccording to embodiment 178. 

Embodiment 201 

50 
Embodiment209 

A method of treating a clisease or disorder involving cells 
expressing CD38 in a subject, which method comprises 

55 administration of a therapeutically effective amount of a pep
tide according to any of embodiments 1 to 176, an immune
conjugate according to any of embocliments 202 to 205, a 
pharmaceutical compu~ition according to embodiment 206 
or 207, or an expression vector according to any of embodi-

60 ments 178 to 1M2 to a subject in need thereof. 

Embodiment 210 
A transgenic nonhuman animal or plant compnsmg 

nucleic acids encoding a human heavy chain and a human 
light chain, wherein the animal or plant produces a detectable 65 

amount of a peptide according to any of embodiments 1 to 
175. 

A method of preventing a disease or disorder involving 
cells expressing CD38 in a subject, which method comprises 
administration of a therapeutically effective amount of a pep
tide according to any of embodiments 1 to 176, an immune-
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conjugMe. according to any of embodiments 202 to 205, a 
phannaceutical composition according to embodiment 206 
or 7.07, or an expression vector <t~,;cording to any of embodi
ments 178 to 182 to a subject in need thereof. 

Embodiment 211 

A method according to embodiment 209 or embodiment 
210, wherein the disease or disorder is rheumatoid arthritis. 

Embodiment 212 

A method according tv t:mhodiment 209 or embodimeut 
210, wherein the disease or disorder is multiple myeloma. 

Embodiment 213 

A method accorrling to any of embodintc:ul~ 209 to 212, 
wherein the method comprises administration of one or more 
further thernpeutic agents to the subjocl. 

Embodiment 214 

A method according to embodiment 213, wherein the one 
or more further therapeutic agents are selected from a che
motherapeutic agent, an anti-in.flammatory agent, or an 
immunosuppressive and/or immunomodulatory agent. 

Embodiment 215 

A method acco(ding to embodiment 213, when~in the one 
or more further therapeutic <lgt:nts are selocted from a group 
consisting of cisplatin, gefitinib, cetuximab, rituximab, beva
cizumab, erlotinib, bortezomib, thalidomide, pamidronate, 
zolcdronic acid, clodronate, risendronate, ibandronate, etidr
onate, alendronate, tiludronate, arsenic trioxide, Jenalido
mide, filgrastim, pegfilgrastim, sargramostim, suberoylanil
ide hydroxam.ic acid, and SCI0-469. 

Embodiment 216 

An in vitro method for detecting the presence of CD38 
antigen, or a cell expressing CD38, in a sample comprising: 

44 
Embodiment 220 

An in vitro method according to embodiment 219, wherein 
said peptide is an antibody. 

Embodi.rnt:nt 221 

An anti-idiotypic antibody binding to a peptide according 

10 to any of embodiments 2, 4, or 163 to 174. 

Embodimt:ul 227. 

Use of an anti-idiotypic antibody according to embodiment 
15 221 for detecting the level of a peptide according to any of 

embodiments 2, 4, or 163 to 174 in a sample. 

20 

Embodiment 223 

Use of an anti-idiotypic antibody according to embodiment 
221 for detecting the level of human monoclonal antibody 
against CD38 in a sample. 

The terms "CD38" and "CD38 antigen" are used inter-
25 changeably herein, and include any variants, isoforms and 

species homologs of human CD38, whlch are naturally 
expressed by cells or are expressed on cells transfected with 
the CD38 gene. Synonyms of CD38, as recognized in the art, 
includeADP ribosyl cyclase 1, cADPr hydrolase 1, Cd38-rs 1, 

30 Cyclic ADP-ribose hydrolase 1, 1-19, NIM-R5 antigen. 

The term peptid~: with respect to both CD38-binding pep
tides and non-CD38 pep tides described herein includes any 
suitable peptide and can be used synonymously with the 
temts polypeptide and protein, unless otherwise stated or 

3$ contradicted by context; prov1ded that the reader recognize 
that each type of respective amino acid polymer-containing 
molecule can be associated with significant differences and 
thereby form individual embodiments of the present inven-
6on (for example, a peptide such as an antibody, whlch is 

40 composed of multiple polypeptide chains, is significantly 
different from, for example, a single chain antibody, a peptide 
immu.noadhesin, or single chain immunogen.ic peptide). 
Therefore, the term peptide herein should generally be under
stood as referring to any suitable peptide of any suitable size a) contacting the sample with a peptide according to any of 

embodiments 1 to 176 under conditions that allow for 
formation of a complex between the antibody and 45 

CD38; and 

and composition (with respect to the number of am.ino acids 
and number of associated chains in a protein molecule). 
Moreover, peptides in the context of the inventive methods 
and compositions described herein may comprise non-natu
rally occurring and/or non-L amino acid residues, unless oth-

b) dete.:tiug the fomtation of a complex. 

Embodiment 217 

An in vitro method according to embodiment 216, wherein 
said peptide is an antihorly 

Embodiment 218 

A kit for detecting the presence ofCD38 antigen, or a cell 
expressing CD38, in a sample comprising a peptide according 
to any of embodiments 1 to 176. 

Embodiment 219 

An in vivo method for detecting CD38 antigen, or a cell 
expressing CD38, in a subject comprising: 

a) administering peptide according to any of embodiments 
1 to 176 under conditions that allow for formation of a 
complex between the antibody and CD38; and 

b) detecting the formed complex. 

50 erwise stated or contradicted by context. 

As will be discussed further herein, unless otherwise stated 
or contrlldi..t~::d by conteXt, the term peptide (and if discussed 
as individual embodiments of the term(~) polypeptide and/or 
protein) also encompasses derivatized peptide molecules. 

55 Briefly, in the context of the present invention, a derivative is 
a peptide in which one or more of the amino acid residues of 
the peptide have been chemically modified (for instance by 
alkylation, acylation, ester forru<ttiun, or amide formation) or 
associated with one or more non-amino acid organic and/or 

60 inorganic <tlmnic or molecular substituents (for instance a 
polyethylene glycol (PEG) group, a lipophilic substituent 
(which optionally may be linked to the amino acid sequence 
of the peptide by a spacer residue or group such as ~-alanine, 
y-aminobutyric acid (GABA), UD-glutamic acid, succinic 

65 acid, and the like), a fluorophore, biotin, a radionuclide, etc.) 
and may also or alternatively comprise non-essential, non
naturally occurring, and/or non-L amino acid residues, unless 
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otherwise stated or contradicted by context (however, it 
should again be recognized that such derivatives may, in and 
of themselves, be considered independent features of the 
present invention and inclusion of such molecules within the 
meaning of peptide is done for the sake of convenience in 
describing the present invention rather than to imply any sort 

46 
domain residue numbering as in Kabat or according to Kabat 
herein refer to this numbering system for heavy chain variable 
domains or light chain variable domains). Using this number
ing system, the actual linear amino acid sequence of a peptide 
may contain fewer or additional amino acids corresponding to 
a shortening of, or insertion into, a FR or CDR of the variable 
domain. For example, a heavy chain variable domain may 
include a single amino acid insert (residue 52a according to 
Kabat) after residue 52 ofV11 CDR2 and inserted residues (for 

10 instance residues 82a, 82b, and 82c, etc. according to Kabat) 
after heavy chain FR residue 82. The Kabat numbering of 
residues mny be detenu.ined for a given antibody by align
ment ot regions ufhomology of the sequence of the antibody 

of equivalence between naked peptides and such derivatives). 
Non-limiting cxan1ples of such amino acid residues include 
for instance 2-aminoadipic acid, 3-amino-adipic acid, P-ala
nine, P-aminopropionic acid, 2-aminobutyric acid, 4-ami
nobutyric acid, 6-aminocaproic acid, 2-aminoheptanoic acid, 
2-aminoisobutyric acid, 3-aminoisobutyric acid, 2-ami
nopi111dic acid, 2,4-diaminobutyric acid, desmosine, 2,2'-di
<~minopimelic acid, 2,3-diaminopropionic acid, N-ethylgly
cine, N cthylasparagilu,:, hydroxylysine, allohydroxylysine, 15 

3-hydroxyproline, 4-hydroxyproline, isodesmosinc, alloiso
leucine, N-methylglycine, N-methylisoleucine, 6-N-meth
yllyGinc, N-m<:tLyl v<~line, norvalme, nor-leucine, ornithine, 
and statine halogenated amino acids. 

with a "st~~ndard" Kabat numbered sequence. 
The term antibody (Ab) in the context of the present inven-

tion refers to an immunoglobulin molecule, a fragment of au 
inmmnoglobu!in molecule, or a Lh:riv<~live of either thereof, 
which has the ability to specifically bind to an antigen under 
typ.ical physiological conditionli for significant periods of 

Antigen Liuding peptides refers to any peptide that specifi
cally binds to a portion of a given antigen under cellular 
and/or physiological conditions for an amount of time suffi
cient to induce, promote, enhance, and/or otherwise modulate 
a physiological effect associated with the antigen; to allow 
detection by ELISA, Western blot, or other similarly suitable 
protein binding technique described herein and/or known in 
the art and/or to otherwise be delectably bound thereto after a 
relevant period of time (for instance at least about 15 minutes, 
at least about 30 minutes, at least about 45 minutes, at least 
about I hour, at least about 2 hours, at least about 4 hours, at 
least about 6 hours, at least about 12 hours, about 1-24 hours, 
about 1-36 hours, about 1-48 hours, about 1-72 hours, about 
one week, or longer). 

20 time such as at least about 30 minutes, at least about 45 
minutes, at least about one hour, at least about two hours, at 
least about four hours, at least about 8 hours, at least about 12 
hours, about 24 hours or more, about 48 hours or more, about 
3, 4, 5, 6, 7 or more days, etc., or any other relevant function-

25 ally-defined period (such as a time sufficient to induce, pro
mote, enhance, and/or modulate a physiological response 
associated with antibody binding to the antigen). 

The variable regions of the heavy and light chains of the 
immunoglobulin molecule contain a binding domain that 

JO interacts with an antige11. T11e constant regions of the anti
bodies (Abs) may mediate the binding of the immunoglobulin 
to host tissues or factors, including various cells of the 
immune system (such as effector cells) and the first compo-

A CD38 binding peptide, or CD38BP, is an antigen binding 
peptide that specifically binds to the antigen CD38. In one 35 

embodiment, the binding of the CD38BP to CD38 is mea
sured by use of the method described in Example 4. 

nent (Clq) of the classical complement system. 
An anti-ClJ38 antibody may be a bispecific antibody, dia-

body, or similar molecule (see for instance PNAS USA 
90(14), 6444-8 (1993) for a description of diabodies).Indeed, 
bispecific antibodies, diabodies, and the like, provided by the 
present invention may bind any suitable target in addition to a 

The term immunoglobulin refers to a class of structurally 
related glycoproteins consisting of two pairs of polypeptide 
chains, one pair oflight (L) low molecular weight chains and 
one pair uf heavy (H) chains, all four inter-counected by 
disulfide bonds. Tbe structure of immunoglobulins has bee a 
well characterized. See for instance Fundamental Immunol
ogy Ch. 7 (Paul, W., ed., 2nd ed. Raven Press, N.Y. (1989)). 
Briefly, each heavy chain typically is comprised of 11 heavy 
chain variable region (abbreviated herein as V H) and a heavy 
chain constant region. The heavy chain cousl:mt region typi
cally is comprised of three domains, C111, CH2, and CH3. 
Each light chain typically is comprised of a light chain vari
able region (abbreviated herein as VL) and a light chain con
stant region. The light chain constant region typically is com
prised of one domain, CL. The V Hand V,_ regions can be 
further subdivided into regions ofhypervariahility (or hyper
variable regions which c11n be hypervarioblc in sequem:e and/ 
or form of structurally defined loops), also termed comple
mentarity determining regions (CDRs), interspersed with 
regions that are more conserved, termed framework regions 
(FRs). 

Each V Hand V L is typically composed of three CDRs and 
four FRs, arranged from amino-terminus to Cllrboxy-termi
nus in the following order: FRl, CDRl, FR2, CDR2, FR3, 
CDR3, FR4 (see also Chothia and Lesk J. Mol. Bioi. 196, 
901-917 (1987)). Typically, the nnmbering of amino acid 
residues in this region is performed by the method described 
in Kabat eta!., Sequences of Proteins oflmmunologicallnter
est, 5th Ed. Public Health Service, National Institutes of 
Health, Bethesda, Md. (1991) (phrases such as variable 

40 portion of CD38. 
As indicated above, the term antibody herein, nnless oth

erwise stated or clearly contradicted by context, includes 
fragments of an antibody that retain the ability to specifically 
bind to an antigen. It has been shown that the antigen-binding 

~5 function of an antibody can be perlonned by fragments of a 
full-length antibody. Examples of binding fragments encom
passed within the tenn "antibody" include (i) a Fab fragment, 
a monovalent fragment consisting of the VL, V H> CL and CHI 
domains; (ii) F(abh and F(ab')2 fragments, bivalent frag-

so ments comprising two Fab fragments linked by a disulfide 
bridge at the hinge region; (iii) a Fd fragment consisting 
essentially uf the V H and CHI domains; (iv) a Fv fragment 
consisting essentially of the V L and Yu rlomains of a single 
arm of an antibody, (v) a dAb fragment (Ward et al., Nature 

55 341, 544-546 (1989)), which consists essentially of a VH 

domain; (vi) an isolated complementarity determining region 
(CDR), and (vii)a combination of two or more isolated CDRs 
which may optionally be joined by a synthetic linker. Further
more, although the two domains of the Fv fragment, VL and 

60 V H• are coded for by separate genes, they can be joined, using 
recombinant methods, by a synthetic linker that enables them 
to be made as a single protein chain in which the V L and V H 

regions pair to form monovalent molecules (known as single 
chain antibodies or single chain Fv (scFv), see for instance 

65 Bird et al., Science 242, 423-426 (1988) and Huston et al., 
PNAS USA 85, 5879-5883 (1988)). Such single chain anti
bodies are encompassed within the term antibody unless oth-
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erwise uuted or clearly indicated by context. Other fom1s of 
single chain antibodies, such as diabodies are included within 
the term antibody. Although such fragments are generally 
included within the meaning of antibody, they collectively 
and each independently are unique features of the present 
invention, exhibiting different biological properties and util
ity. These and other useful antibody fragments in the context 
of the present invention are discussed further herein. 

It also should be understood that the temt antibody also 
generally includes polyclonal antibodies, monoclonal anti- 10 

bodies (mAbs ), antibody-like polypeptides, such as chimeric 
antibodies and humanized antibodies, anti-idiotypic (anti-Jd) 
antibodies to antibodies, and antibody frag,ntents retoining 
the ability to specifically bind to the antigen (antigen-binding 
fragments) provided by any known technique, such as enzy- 15 

matic cleavage, peptide synthesis, and recombinant tech
Iliques. An antibody as generated can possess aoy isotypr. 

An anh-CU3!-! antibody is an antibody as described above, 
which binds specifically to the antigen CD38. 

48 
(such as B cells and T cells including cytolytic T cells 
(CTLs )), killer cells, natural killer cells, macrophages, mono
cytes, eosi.nophils, neutronphils, polymorphonuclear cells, 
granulocytes, mast cells, and basophils. Some effector cells 
express specific Fe receptors and carry out specific immune 
functions. In some embodiments, an effector cell is capable of 
inducing antibody-dependent cellular cytotoxicity (ADCC), 
such as a neutrophil capable ofinducingADCC. For example, 
monocytes, macrophages, which express FeR are involved in 
specific killing of target cells and presenting antigens to other 
components of the inliDune system, or binding to cells that 
present antigcns. In some embodiments, an effector cell may 
ph<~gucytose a target antigen, target cell, or microorganism. 
The expression of a particular FeR on an effector cell can be 
regulated by humoral factors such as cytokines. For example, 
expression of FcyRl has been found to be up-regulated by 
illterferon y (IFN-y) andlut 0-CSF. This enhanced expression 
increases the cytotoxic activity ofFcyRI-bearingcells against 
targets. An effector ~.:ell can phagocytose or lyse a target 
antigen or a target cell. 

11le tenn "hwnan antibody", as used herein, is intended to 
include antibodies having variable and constant regions 
derived from human gcrmline i=unoglobulin sequences. 
The hU111an antibodies of the present invention may include 
amino acid residues not encoded by human germline immu
noglobulin sequences (for instance mutations introduced by 
random or site-specific mutagenesis in vitro or by somatic 
mutation in viva). However, the term "human antibody", as 
used herein, is not intended to include antibodies in wllich 
CDR sequences Jerived from the gennline of another mam
malian species, such as a mouse, have been grafted onto 
human framework sequences. 

As used herein, a human antibody is "derived from" a 
particular germline sequence if the antibody is obtained from 

'1 be term "epitope" means a protein determinant capable of 20 

specific binding to an antibody. Epitopes usually consist of 
chemically active surface groupings of molecules such as 
amino acids or sugar side chains and usually have specific 
three dimensional structural characteristics, as well as spe
cific charge characteristics. Conformational and nonconfor- 25 

mational epitopes are distinguished in that the binding to the 
former but not the latter is lost in the presence of denaturing 
solvents. The epitope may comprise amino acid residues 
directly involved in the binding (also called immunodomi
nant component of the epitope) and other amino acid resi- 30 

dues, which are not directly involved in the binding, such as 
amino acid residues which are effectively blocked by the 
specifically antigen binding peptide (in other words, the 
amino acid residue is within the footprint of the specifically 
antigen binding peptide). 

The term "bispecific molecule" is intended to include any 
agent, such as a protein, peptide, or protein or peptide com
plex, which has two different binding specificities. For 
exan1ple, the molecule may bind to, or interact with, (a) a cell 
surface antigen and (b) an Fe receptor on the snrface of an 40 

eflector cell. The term "multispecific molecule" is intended to 
include any agent, for instance a protein, peptide, or protein or 
peptide complex, which has more than two different binding 
specificities. For example, the molecule may bind to, or inter-

35 a system using human illllllunoglobulin sequences, for 
instance by immunizing a transgenic mouse carrying hmmm 
immunoglobulin genes or by screerung a human immunoglo
bulin gene library, and wherein the selected human antibody 

act with, (a) a cell surface antigen, (b) an Fe receptor on the 45 
surface of an effector cell, and (c) at least one other compo
nent. Accordingly, the present invention includes, but is not 
limited to, bispecific, trispecific, tetra specific, and other mul
tispecific molecules which are directed to CD38, and to other 
cell surface antigens or targets, such as Fe receptors on effec- 50 

tor cells. 
The term "bispecific antihnrliP~" ill int11nded to include aD.)' 

anti-CD38 antibody, wllich is a bispecific molecule. TI1e tcrm 
"bispecific antibodies" also includes diabodies. Diabodies 
are bivalent, bispecific antibodies in which the V11 and VL 55 

domains are expressed on a single polypeptide chain, but 
using a linker that is too short to allow for pairing between the 
two domains on the same chain, thereby forcing the domains 
to pair with complementary domains of another chain and 
creating two antigen hinding sites (see for instance IIolligcr, ou 
P. eta!., PNAS USA 90, 6444-6448 (1993 ), Poljak, R. J. et al., 
Structure 2, 1121-1123 (1994)) 

As used herein, the term "effector cell" refers to an immune 
cell which is involved in the effector phase of an immune 
response, as opposed to the cognitive and activation phases of 65 

an immune response. Exemplary immune cells include a cell 
of a myeloid or lymphoid origin, for instance lymphocytes 

is at least 90%, such as at least 95%, for instance at least 96%, 
such as at least 97%, for instance at least 98%, or such as at 
least 99% identical in amino acid sequence to the an1ino acid 
sequence encoded by the gennJine VH or VL variable region 
gene segment. 1)'pically, a human antibody derived from a 
particular human gem1line VH or VL variable region gene 
segment sequence will display no more than 10 amino acid 
differences, such as no more than 5, for instance no more than 
4, 3, 2, or 1 amino acid difference from the amino acid 
sequence encoded by the germline immunoglobulin gene. 

A chimeric antibody is an antibody that contains one or 
more regions from one antibody and one or more regions 
from one or more other antibodies derived from another spe
cit!s. A monovalent chimeric antibody is a dimer (HT .)) 
formed by a chimeric H chain associated through disulfide 
bridges with a chimeric L chain. A divalent chimeric antibody 
is tetramer (H2L2) formed by two HL dimers associated 
through at least one disulfide bridge. A polyvalent chimeric 
antibody may also be produced, for example, by employing a 
CH region that oligumt!rizes (for instance from an IgM H 
chain, or~ chain). Typically, a chimeric antibody refers to an 
antibody in which a portion of the heavy and/or light chain is 
identical with or homologous to corresponding sequences in 
antibodies derived from a particular species or belonging to a 
particular antibody class or subclass, while the remainder of 
the chain(s) is identical with or homologous to corresponding 
sequences in antibodies derived from another species or 
belonging to another antibody class or subclass, as well as 
fragments of such antibodies, so long as they exhibit the 
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desired hiological activity (see for illstance U.S. Pat. No. 
4,816,567 and Morrison et al., PNAS USA 81, 6851-6855 
(1984)). Chimeric antibodies are produced by recombinant 
processes well known in the art (see for instance Cabilly et al., 
PNAS USA 81, 3273-3277 (1984), Morrison et al., PNAS 
USA 81, 6851-6855 (1984), Boulianne et al., Nature 312, 
643-646 (I 984), EP125023, Neuberger et al., Nature 314, 
268-270 (1985), EPI71496, EP173494, W086/01533, 
EPI84187, Sahagan et al., J. Immunol. 137, 1066-1074 
(1986), W087/02671, Liu et al., PNAS USA 84,3439-3443 10 

(1987), Sun et al., PNAS USA 84, 214-218 (1987), Better et 
al., Science 240, 1041-1043 (1988) and Harlow et al.,A.nti
bodies: A Laboratory Manual, Cold Sprinp; Harbor Lahorn
tory Press, Cold Spring Harbor, N.Y., (1988)). 

A humanized antibody is an antibody that is derived from 15 

a non-human species, in which certain amino acids in the 
framework and constant domains of the heavy and light 
chain~ hove been wulalt:u so as to avoid or abrogate an 
immtme response in humans. Humanized fonns of non-hu
man (for instaJlCt: murine) aJltibodies are chimeric aJltibodies 20 

which contain minimal sequence derived from non-human 
immunoglobulin. For the most part, humanized antibodies 
are human immunoglobulins (recipient antibody) in which 
residues from a hypervariable region of the recipient are 
replaced by residues from a hypervariable region of a non- 25 

human species (donor antibody) such as mouse, rat, rabbit or 
nonhuman primate having the desired antigen-binding char
acteristics such as specificity, and affinity. In some instances, 
Fv framework region (FR) residues of the human immuno
globulin are replaced by corresponding non-human residues. 30 

Furthermore, humanized a11tibodies may comprise residues 
which are not found in the recipient antibody or in the donor 
antibody. These modifications are made to further optimize 
antibody performance. In general, a humanized antibody will 
comprise substantially all of at least one, and typically two, 35 

variable domains, in which all or substantially all of the 
hypervariable loops correspond to those of a non-human 
immunoglobulin and all or substantially all of the FR regions 
are those of a human immunoglobulin sequence. A human
ized antibody optionally also will comprise at least a portion 40 

of an immunoglobulin constant region (Fe), typically that of 

50 
transformed to express the antibody, such as from a transfec
toma, (c) antibodies isolated from a recombinant, combina
torial human antibody library, and (d) antibodies prepared, 
expressed, created or isolated by any other means that involve 
splicing of human imn1llnoglobulin gene sequences to other 
DNA sequences. Such recombinant human antibodies have 
variable and constant regions derived from hun1an germline 
immunoglobulin sequences. In certain embodiments, how-
ever, such recombinant human antibodies may be subjected to 
in vitro mutagenesis (or, when an animal transgenic for 
human Ig sequences is used, in vivo somatic mutagenesis) 
and thus the amino acid st:l{uences of the V uand V L regions of 
the recombinant antibodies are sequences that, while derived 
from and related to human germ line V Hand v~. sequences, 
may not naturally exist within the human antibody gennline 
repertoire in vivo. 

As usffl herein, 3 "hctcrologou:. antibody" is delined in 
relation to the transgenic non-human organism producing 
such 11n antibody. This term refers lo an antibody having an 
amino acid sequence corre~-ponding to that found in an organ
ism not consisting of the non-human animal, and generally 
from a species other thnn that of the transgenic non-human 
animal. 

An "isolated antibody," as used herein, is intended to refer 
to an aJltibody which is substantially free of other antibodies 
having different antigenic specificities (for instance an iso
lated antibody that specifically binds to CD38 is substantially 
free of antibodies that specificfllly bind antigens other than 
CD38). An isolated antibody that specifically binds to all 

epitope, isoform or variant of human CD38 may, however, 
have cross-reactivity to other related antigens, for instru1ce 
from other species (such as CD38 species homo logs). More
over, an isolated antibody may be substantially free of other 
cellular material and/or chemicals. In one embodi 111t>.nt of the 
present invention, a combination of "isolated" monoclonal 
antibodies having different specificities are combined in a 
well defined composition. 

As used herein, "specific binding" refers to an antigen 
binding peptide, such as an antibody, binding to a predeter
mined antigen. Typically, the antigen binding peptide, such as 
an antibody, binds with an affinity corresponding to a KD of 
about 10-7 M or less, such as about 10-s M or Jess, such as 
about 1o-9 M or less, about 1 o-10 M or less, or about I o-11 M 
or even less when detennined by surface plasmon resonance 

a human immunoglobulin. For further details, see Jones et at., 
Nature 321, 522-525 (1986), R.iechmaun et al., Nature 332, 
323-329 (1988) and Presta, Curr. Op. Struct. Bioi. 2, 593-596 
(1992). 45 (SPR) technology in a B!Acore 3000 instrument using 

recombinant CD38 as the ligand and the antibody as the 
analyte. The antigen binding peptide may bind to the prede
termined Mtigen with an affinity corresponding to a KD that is 

The terms "monoclonal antibody" or "monoclonal anti
body composition" as used herein refer to a preparation of 
antibody molecules of single molecular composition. A 
monoclonal antibody composition displays a single binding 
specificity and affinity for a particular epitope. Accordingly, so 
the tenn "human monoclonal antibody" refers to antibodies 
displaying a single binding specificity which haVf~ variable 
and constant regions derived from human germline immuno
globulin sequences. The human monoclonal antibodies may 

at least ten-fold lower, such as at least 100 fold lower, for 
instance at least 1000 fold lower, such as at least 10,000 fold 
lower, for instance at least 100,000 fold lower than its affinity 
for binding tu a non-specific antigen (e.g., BSA, casein) other 
than the predetermined antigen or a closely-related antigen. 
The amount with which the affinity is lower is dependent on 
the KDofthe antigen binding peptide, so that when the KDof 
the antigen binding peptide is very low (that is, the antigen 
binding peptide is higllly specific), then the amount with 
which the affinity for the antigen is lower than the affinity for 
a non-specific antigen may be at least 10,000 fold. The 

be generated by a hybridoma which includes a B cell obtained 55 

from a transgenic or transchromosomal nonhuman animal, 
such as a transgenic mouse, having a genome comprising a 
human heavy chain transgene and a ligllt chain transgene, 
fused to no immortalil.t:d cell. A monoclonal antibody may be 
abbreviated as mAb. 60 phrases "an antigen binding peptide recognizing an antigen" 

and "an antigen binding peptide specific for an antigen" are 
used interchangeably herein with the term "an antigen bind
ing peptide which binds specifically to an antigen". Likewise, 
the phrases "an antibody recognizing an antigen" and "an 

The term "recombinant human antibody", as used herein, 
includes all human antibodies that are prepared, expressrxl, 
created or isolated by recombinant means, such as (a) anti
bodies isolated from an animal (such as a mouse) that is 
transgenic or transchromosomal for human immunoglobulin 
genes or a hybridoma prepared therefrom (described further 
elsewhere herein), (b) antibodies isolated from a host cell 

65 antibody specific for an antigen" are used interchangeably 
herein with the term "an antibody which binds specifically to 
an antigen". 
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The term "kd" (sec- 1
), as used herein, is intended to refer to 

the dissociation equilibrium rate constant of a particular anti
body-antigen interaction. Said value is also referred to as the 
k0..rvaluc. 

The term "ka" (M- 1x sec- 1
), as used herein, is intended to 

refer to the association equilibrium rate constant of a particu
lar antibody-antigen interaction. 

The term "KD" (M), as used herein, is intended to refer to 
the dissociation equilibrium constant of a particular antibody
antigen interaction. 

The term "K . ..:'' (M-1
), as used herein, is intended to refer to 

the association equilibrium constant of a particular antibody
antigen interaction and is obtained by dividing the ka by the 
kd. 

10 

As used herein, "isotype" refers to the antibody class (for 15 

instance IgG 1, IgG2, IgG3, IgG4, IgD, IgA, IgE, or lgM) that 
is encoded by heavy chain constant region genes. 

As usoo herein, "isotype switching" refers to the phenom
enon by which the class, or isotype, of an antibody changes 
frurn one immunoglobulin class to one of the other immuno- 20 

globulin classes. 
As used herein, "nonswitched isotype" refers to the iso

typic class of heavy chain that is produced when no isotype 
switching has taken place; the CH gene encoding the non
switched isotype is typically the first CH gene immediately 25 

downstream from the functionally rearranged VDJ gene. !so
type switching has been classified as classical or non-classi-
cal isotype switching. Classical isotype switching occurs by 
rP-Combination events which iuvulve at least one switch 
sequence region in the transgene. Non-classical isotype 30 

switching may occur by, for exilmple, homologous recombi
nation between human O).l and human ~Jl Co-associated dele
tion). Alternative non-classical switching mechanisms, such 
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D-J or J segment in a confonnation encoding essentially a 
complete V H or V L domain, respectively. A rearranged immu
noglobulin (antibody) gene locus can be identified by com
parison to germline DNA; a rearranged locus will have at least 
one recombined heptamer/nonamer homology element. 

The term "unrearranged" or "germJine configuration" as 
used herein in reference to a V segment refers to the configu
ration wherein the V segment is not recombined so as to be 
immediately adjacent to a D or J segment. 

The term "nucleic acid molecule", as used herein, is 
intended to include DNA molecules and RNA molecules. A 
nucleic acid molc~:ule may be single-stranded or double
stranded, but is preferably double-stranded DNA. The nucleic 
acids may be present in whole cells, in a cell lysate, or in a 
partially purified or substantially pure form. A nucleic acid is 
"isolated" or "rendered substantially pure" when purified 
Hway from other cellular CO!llpuucnls or other contaminants, 
such as other cellular nucleic acids or proteins, by standard 
techniques, including alkaline/SDS treatment, CsCI banding, 
column chromatography, agarose gel electrophoresis and 
others well known in the art. See, F. Ausubel eta!., ed. Current 
Protocols in Molecular Biology, Greene Publishing and 
Wiley lnterScience New York (1987). 

A nucleic acid is "operably linked" when it is placed into a 
functional relationship with another nucleic acid sequence. 
For instance, a promoter or enhancer is operably linked to a 
coding sequence if it affects the traru;cription of the sequence. 
With respect to transcription of regulatory sequences, oper
ably linked means that the DNA sequences being linked are 
contiguous ond, where ue;:cessary to join two protein coding 
regions, contiguous and in reading frame. For switch 
sequences, operably linked indicates that the sequences are 
capable of effecting switch recombination. 

As used herein, the term "inhibits growth" (for instance as intertransgene and/or interchromosomal recombination, 
among others, may occur and effectuate isotypc switching. 

As used herein, the term "switch sequence" refers to those 
DNA sequences responsible for switch recombination. A 
"switch donor" sequence, typically a ~~switch region, will be 

35 when referring to cells) is intended to include any measurable 
decrease in the cell growth when contacted with a CD3RRP, 
such as an anti-CJJ38 antibody, as compared to the growth of 
the same cells not in contact with a CD38BP, such as an 

5' (i.e., upstream) of the construct region to be deleted during anti-CD38 antibody, for instance an inhibition of growth of a 
cell culture by at least about 10%, 20"/o, 30%, 40%, 50%, 
60%, 70%, 80%, 90"/o, 99%, or 100%. 

As used herein, the terms "inhibits binding" and "blocks 
binding" (for instance when referring to inhibition/blocking 
of binding of a CD38 binding partner to CD38) are used 

the switch recombination. The "switch acceptor" region will 40 

be between the construct region to be deleted and the replace
ment constant region (for instance y, e, etc.). As then:: is no 
specific site where recombination always occurs, the final 
gene sequence will typically not be predictable from the 
construct. 

As used herein, "glycosylation pattern" is defined as the 
pattern of carbohydrate units that are covalently attached to a 
protein, more specifically to an immunoglobulin (antibody) 
protein. A glycosylation pattern of a heterologous antibody 
may be characterized as being substantially similar to glyco- so 
sylation pattems which occur naturally on antibodies pro
duced by the species of the non-humAn trnnsgenic animal, 
when one of ordinary skill in the ilrt would recognize the 
glycosylation pattern of the heterologous antibody as being 
more similar to said pattern of glycosylation in the species of 55 

the non-human transgenic animal than to the species from 
which the CH genes of the transgene were derived. 

45 interchallg,t:ably and encompass both partial and complete 
inhibition/blocking. The inhibition/blocking of binding of a 
CD38 binding partner to CD38 may reduce or alter the normal 
level or type of cell signaling that occurs when a CD38 

The term "naturally-occurring" as used herein as applied to 
an obje;:ct refers to the tact that an object can be found in 
nature. For example, a polypeptide or polynucleotide 60 

sequence that is present in an organism (including viruses) 
that can be isolated from a source in nature and which has not 
been intentionally modified by man in the laboratory is natu
rally -occurring. 

The term "rearranged" as used herein refers to a con.figu- 65 

ration of a heavy chain or light chain immunoglobulin locus 
wherein a V segment is positioned immediately adjacent to a 

binding partner binds to CD38 without inhibition or blocking. 
Inhibition and blocking are also intended to include any mea
surable decrease in the binding affinity of a CD38 bindine 
p& lll~::1 lu CD38 when m contact with a CD38BP, such as an 
auli-CD38 antibody, as compared to the ligand not in contact 
with a CD38BP, such as an anti-CD38 antibody, for instance 
a blocking of binding of a CD38 binding partner to CD38 by 
at least about 10%, 20"/o, 30%, 40"/o, 50%, 60%, 70%, 80%, 
90"/o, 99%, or 1 00%. 

"Target cell" shall meau any undesirable cell in a subject 
(for instance a human or animal) that can be targeted by a 
composition (comprising for instance a CD38BP, such as a 
human monoclonal anti-CD38 antibody, and/or a bispecific 
or a multi specific molecule directed against CD38) of the 
present invention. In some embodiments, the target cell is a 
cell expressing or overexpressing CD38. Cells expressing 
CD38 typically include hemopoietic cells, such as medullary 
thymocytes, activated T and B cells, 80% of resting NK cells 
and monocytes, lymph node germinal center lymphoblasts, 
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plasma 8 cells and some intrafullicular cells, dendritic cells, 
normal bone marrow cells, particular precursor cells, 50-80% 
of umbilical cord blood cells, erythrocytes and platelets. 
CD38 can also be expressed by non-hemopoietic cells, such 
as intra-epithelial cells and lamina propria lymphocytes in the 
gut, by Purkinje cells and neurofibrillary tangles in the brain, 
by epithelial cells in the prostate, ~-cells in the pancreas, 
osteoclasis in the bone, retinal cells in the eye, and sarco
lemma of smooth and striated muscle. On malignant cells, 
CD38 is expressed in a variety of malignant hematological 10 

diseases, including but not restricted to multiple myeloma, 
primary or secondary plasma cell leukemia, 8-cell chronic 
lymphocytic leukemia, 8-ccll acutt: lymphocytic leukemia, 
Waldenstri:im macroglobulinemia, primary systemic amyloi
dosis, mantle-cell lymphoma, pro-lymphocytic/myelocytic 15 

leukemia, acute myeloid leukemia, chronic myeloid leuke
mia, follicular lymphoma, and NK-cellleukcmia. 

The t.:.1w "vt!l:lur;· as used herem, is intended to refer to a 
nucleic acid molecule capable of transporting another nucleic 
acid tu which it has been linked. One type of vector is a 20 

"plasmid", which refers to a circular double stranded DNA 
loop into which additional DNA segments may be ligated. 
Another type of vector is a viral vector, wherein additional 
DNA segments may be ligated into the viral genome. Certain 
vectors are capable of autonomous replication in a host cell 25 

into which they are introduced (for instance bacterial vectors 
having a bacterial origin of replication and episomal mam
malian vectors). Other vectors (such as non-episomal mam
malian V€'("tors) can be integrated iulu lhe genome of a host 
cell upon introduction into the host cell, and thereby are 30 

replicated along with the host genome. Moreover, certain 
vectors are capable of directing the expression of genes to 
which they are operatively linked. Such vectors are referred to 
herein as "recombinant expression vectors" (or simply, 
"expression vectors").ln genel(ll, expression vectors of uti!- 35 

ity in recombinant DNA techniques are often in the form of 
plasmids.ln the present specification, "plasmid" and "vector" 
may be used interchangeably as the plasmid is the most com
monJy used form of vector. However, the present invention is 
intended to include such other forms of expression vectors, 40 

such as viral vectors (such as replication defective retrovi
ruses, adenoviruses and arlene-associated viruses), whid1 
serve equivalent functions. 

The term "recombinant host cell" (or simply "host cell"), 
as used herein, is intended to refer to a cell into which a 45 

recombinant expression vector has been introduced. It should 
be understood that such terms are intenuw lo refer not onJy to 
the particular subject cell but to the progeny of such a cell. 
Because certain modifications may occur in succeeding gen
erations due to either mutation or environmental influences, so 
such progeny may not, in fact, be identical to the parent cell, 
but arc still included within the scope of the t~rm. "hogt eell" 
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expression include viral elements that direct high levels of 
protein expression in mammalian cells, such as promoters 
and/or enhancers derived from cytomegalovirus (CMV), 
Simian VJCUs 40 (SV40), adenovirus, (e.g., the adenovirus 
major late promoter (AdMLP)) and polyoma. Alternatively, 
nonviral regulatory sequences may be used, such as the ubiq
uitin promoter or ~-globin promoter 

As used herein, the term "subject" includes any human or 
non-human animal. The term "non-human animal" includes 
all vertebrates, for instance mammals and non-mammals, 
such as non-human primates, sheep, dog, cow, chickens, 
amphihians, reptiles, etc. 

The various forms of the term "transfection" are intended 
to encompass a wide variety of techniques commonly used 
for the introduction of exogenous DNA into a prokaryotic or 
eub.ryotio ho3t cell, e.g., t:lt:ctroporation, calcium-phosphate 
precipitation, DEAE-dextran transfection, lipofectin trans
fcction and fut: like. 

The term "transfectoma", as used herein, includes recom
binant eukaryotic host cells expressing the antibody, such as 
CHO cells, NS/0 cells, HEK293 cells, plant cells, or fungi, 
including yeast cells. 

The term "non-human animal" includes all vertebrates, for 
instance, mammals and non-mammals, such as non-human 
primates, sheep, dog, cow, chickens, amphibians, reptiles, 
etc. The term "non-human animal" includes all vertebrates, 
for instance, mammals and non-mammals, such as non-hu-
man primates, sheep, dog, cow, chickens, amphibians, rep
tiles, etc. The term "non-human animal" includes all verte
brates, for instance, mammals and non-mammals, such as 
non-human primates, sheep, dog, cow, chickens, amphibians, 
reptiles, etc. 

The tcrllls "transgenic, non-human animal" refers to a non
human animal having a genome comprising one or more 
human hcovy and/oJ light chain tr-dnsgenes or transchromo
somes (either integrated or non-integrated into the animal's 
natural genomic DNA) and which is capable of expressing 
fully human antibodies. For example, a transgenic mouse can 
have a human light chain trans gene and either a human heavy 
chain n·ausgt:ne or human heavy chain transchromosome, 
such that the mouse produces human anti-CD38 antibodies 
when immunized with CD38 antigen and/or cells expressing 
CD38. The human heavy chain transgene can be integrated 
into the chromosomal DNA of the mouse, as is th~ case for 
transgenic mice, for instance HuMAb mice, such as HCo7 or 
HCol2 mice, or the human heavy chain transgene can be 
maintained extrachromosomally, as is the case for transchro
mosomal KM mice as described in W002/434 78. Such trans
genic and transchromosomal mice (collectively referred to 
hE?rein a& ''troll!lgcnic J.J.Li~..t:") art: c:tpable ot producing mul
tiple isotypes of hurua.u monoclonal antibodies to a given 
antigen (such as 1gG, IgA, IgM, IgD and/or JgE) by under-

as used herein. Rccombiuanl host cells inr.Jude, for exan1plc, 
transtectomas, such as CHO cells, NS/0 cells, auu lympho
cytic cells. 55 going V-D-J recombination and isotype switching. Trans

genic, nonhuman animal can also be used for production of 
antibodies against a specific antigen by introducing genes 
encoding such specific antibody, for example by operatively 

The term "regulatory sequence" is intended to include 
promoters, enhancers and other expression control elements 
(for instance polyadenylation signals) that control the tran
scription or translation of the antibody chain genes. Such 
regulatory sequences are described, for example, in Goedde!, GO 

Gene Expression Technology. Methods in Enzymology 185, 
Academic Press, San Diego, Calif. (1990). It will be appre
ciated by those skilled in the art that the design of the expres
sion vector; including the selection of regulatory sequences 
may depend on such factors as the choice of the host cell to be 65 

transformed, the level of expression of protein desired, etc. 
Examples of regulatory sequences for mammalian host cell 

linking the genes to a gene which is expressed in the milk of 
the animal. 

The term specificity herein refers to the ability of a CD38 
binding peptide, such as an anti-CD38 antibody, to recognize 
an epitope within CD38, while onJy having little or no detect
able reactivity with other portions of CD38 (including other 
epitopes that are bound by other CD388Ps, such as anti
CD38 antibodies). Specificity can be relatively detcnnined by 
competition assays as described herein. Specificity can more 
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particul11rly be determined by any of the epitope identitica
tion/characterization techniques described herein or their 
equivalents known in the art. 

An antibody specific for a particular antigenic determinant 
may nonetheless cross-react with other biomolecules that 
may be present in some biological context with CD38. More 
typically, a CD38BP, such 11s an anti-CD38 antibody, may 
cross-react with CD38 homologues from other species. In 
either or both contexts, typically such cross-reactive antibod-
ies are selective for human CD38 with respect to relevant 10 

structure and/or environmental factors. 
The term selectivity herein refers to the preferential bind

ing of<~ CD3RRP, such as an anti-CD38 antibody, for a p<~r
ticular region, target, or peptide; typically a region or epitope 
in CD38, as opposed to one or more other biological mol- 15 

ecules, structures, cells, tissues, etc. In one embodiment, a 
CD38BP, such as an anti-CD38 antibody, of the present 
invention is selective for a ponion of C))38 in the context of 
colon cancer cells (i.e., the anti-CD38 antibody will selec
tively bind to tl1~: portion of CD3~ over other components of 20 

a colon cancer cell). 
The C038BPs of the present invention are typically used in 

and provided in an at least substantially isolated form. A 
substantially isolated molecule is a molecule that is the pre
dominant species in the composition wherein it is found with 25 

respect to the class of molecules to which it belongs (i.e., it 
makes up at least about 50% of the type of molecule in the 
com position and typicolly will makt: up at least about 70%, at 
least about RO%, at least about 85%, at least about 90%, at 
least about 95%, or more of the species of molecule, e.g., 30 

peptide, in tLt: composition (e.p,., the composition wi 11 P.x.hibit 
at Jeast about 98%, 98%, or 99% homogeneity for the 
C038BP in the context of all present peptide species)). 

An isolated molecuJe refers to a molecule that is not asso
ciated with significant levels (such as more than about 1%, 35 

more than about 2%, more than about 3%, or more than about 
5%) of any extraneous and undesirable physiological factors, 
such as non-C038 binding biomolecules (or C038 binding 
molecules that may interfere with the binding and/or activity 
of a CD38BP of the present invention) contained within a cell 40 

or animal iu which the CD3~BP is produced. An isolated 
molecule also refers to any molecule that has passed through 
such a stage of purity due to hnman intervention (whether 
automatic, manual, or both). In many of the various compo
sitions provided by the present invention, such as in a com- 45 

position comprising one or more pharmaceutically accept
able carriers, a GB8BP may be present in relatively small 
amounts in terms of numbers of total molecular species in the 
composition (for instance in the case of a composition com
prising a large amount of a pham1aceutically acceptable car- 50 

rier, stabilizer, and/or preservative). In some cases additional 
pep tides, such as BSA, may be included in such a composi
tion with a previously purified C038BP. However, provided 
that such additional constituents of the composition are 
acceptable for the intended application of the CD38BP, such 55 
a composition can still be described as comprising an isolated 
CD38BP. 

The CD38BPs of the present invention are typically sub
stantially free of otL<:r C038BPs, such as CD38BPs having 
different antigenic specificities. However, the present inven- 60 

lion does also provide a composition comprising a number of 
C038BPs with different specificities and characteristics (for 
instance the present invention provides a "cocb.1.ail" of 
C038BPs having different specificity and/or selectivity char-
acteristics). 65 

''Treatment" means the administration of an effective 
amount of a therapeutically active compound of the present 
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invention with the purpose of easing, ameliorating, or eradi
cating (curing) symptoms or disease states. 

In one embodiment, the present invention provides a 
C038BP comprising a V L region consisting essentially of the 
sequence of SEQ 10 No:2. 

In one embodiment, the present invention provides a 
CD38BP comprising a V Hregionconsisting essentially of the 
sequence of SEQ 10 No:6. 

In one embodiment, the present invention provides a 
C038BP comprising a V L region consisting essentially of the 
sequence of SEQ ID No:2 and a V H region consisting essen
tially of the sequence of SEQ ID No:6. 

In one cmbodinJt:ut, the present invention provides a 
C038BP comprising a V L CORl consisting essentially of the 
sequence of SEQ 10 No:3. 

In one embodiment, the present invention provides a 
C038BP comprising a V L COR2 consisting e:;sentially of the 
sequence of SEQ 10 No:4. 

In one embodiment, the preseut invention provides a 
CD38BP comprising a V L CDR3 consisting essentially of the 
sequence of SEQ 10 No:5. 

In one embodiment, the present invention provides a 
CD38BP comprising a V HCORl consisting essentially of the 
sequence of SEQ 10 No:8. 

In one embodiment, the present invention provides a 
CD38BP comprising a V HCDR2 consisting essentially of the 
sequence of SEQ If) No:9. 

In one embodiment, the present invention provides a 
CD38BP comprising a V H CDR3 consisting essentially of the 
sequP.nce of SEQ 10 No:lO. 

h1 vue elllbolilment, the present invention provides a 
CD38BP comprising VL CORs (VL CORl, COR2, and 
COR3) consisting essentially of SEQ 10 No: 3, SEQ 10 No:4 
and SEQ IO No:5, respectively. 

In one embodiment, the present invention provides a 
C038BP that comprises V H CDRs (V H CDRI, COR2, and 
COR3) consisting essentially of SEQ ID No:8, SEQ ID No:9 
and SEQ 10 No: I 0, respectively. 

In one embodiment, the present invention provides a 
CD"l8BP that comprises 

(a) three VL CORs, which independently consist essen
tially of SEQ ID No:3, SEQ 10 No:4 and SEQ 10 No:5 
in close proximity to one another (e.g., near the spacing 
ofVL CORs in a wild-type anti-C038 antibody) in the 
CD38BP and 

(b) three V 8 CORs which indepenciently consist essentially 
of SEQ 10 No:8, SEQ ID No:9 and SEQ 10 No:IO in 
close proximity to one another (e.g., ncar the spacing of 
V 11 CDRs in a wild-type anti-C038 antibody) in the 
CD38BP. 

In a further embodiment, the present invention provides a 
C03813P that cumprises a flexible linker positioned between 
the V L region and V 8 region of the CJ)::\RRP. In another 
further embodiment, the present invention provides a 
CD38BP, wherein the VL and VH regions are presented on 
separate chains in the context of an immunoglobulin fold 
protein and oriented such that the V L CORl, CDR2, CDR3 
and V H CDR!, CDR2, and COR3 cooperatively associate to 
contribute in selectively and/or specifically bind an antigenic 
determinant on CD38. In another further embodiment, the 
present invention provides a C038BP that comprises two sets 
ofvariablc domains (s<:ts of associated V Land V Hdomains on 
associated separate chains), such that the CD38BP comprises 
two identical antigenic determinant binding sites. 

Any of such C038BPs described in this paragraph are 
expected to, at least in part, have similar epitope specificity, 
selectivity, and other characteristics as an antibody having V L 
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region comprising the sequence of SEQ ID No:2 and a V H 

region comprising the sequenceofSEQ ID No:7, and, accord
ingly, may be useful in the treatment of multiple myeloma. 

In one embodiment, the present invention provides a 
CD38BP comprising a V L region consisting essentially of the s 
sequence of SEQ ID No:l2. 

In one embodiment, the prP.Sent invention provides a 
CD38BP comprising a Vu region consisting essentially of the 
sequence of SEQ ID No: 17. 

In one embodiment, the present invention provides a 10 

CD38BP comprising a V L region consisting essentially of the 
sequence of SEQ ID No: 12 and a V H region consisting essen
tially of tLc sequence of SEQ lD No: 17. 

In one embodiment, the present invention provides a 
CD38BP comprising a VI, CDR! consisting essentially of the 15 

sequence of SEQ ID No:l3. 
In one embodiment, the present invention provides a 

CD38BP comprising a VL CDR2 consisting essentially of the 
sequence of SEQ ID No:l4. 

ln one embodiment, the present invention provides a 20 

CD38BP comprising a V L CDR3 consisting essentially of the 
sequence of SEQ TJ) No: 15. 

In one embodiment, the present invention provides a 
CD38BP comprising a V H CDR! consisting essentially of the 
sequence of SEQ lD No:l8. 

In one embodiment, the present invention provides a 
CD38BP comprising a VuCDR2 consisting essentially of the 
sequence of SEQ lD No: 19. 

25 

In one embocliment, the present inventjUI~ provicles a 
CD38BP comprising a V u CDR3 consisting essentially of the 30 
sequence of SEQ ID No:20. 
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selectivity, and other characteristics as an antibody having V L 

region comprising the sequence of SEQ ID No: 12 and a V H 

region comprising the sequence of SEQ ID No:l7, and, 
accordingly, may be useful in the treatment of multiple 
myeloma. 

In one embodiment, the present invention provides a 
CD38BP comprising a V L region consisting essentially of the 
sequence of SEQ ID No:22. 

In one embodiment, the present invention provides a 
CD38BP comprising a V uregion consisting essentially of the 
sequence of SEQ ID No:27. 

In one embodiment, the present invention provides a 
CD38BP comprising a V L region consisting essentially of the 
sequence of SEQ ID No:22 and a V Hregion consisting essen
tially of the sequence of SEQ ID No:27. 

In one embodiment, the present invention provides a 
CD38BP comprising a V L CDRI consisting essentially of the 
sequence of SEQ ID No:23. 

In one embodiment, the preseut invention provides a 
CD38BP comprising a V L CDR2 consisting essentially of the 
sequence of SEQ ID No:24. 

ln one embodiment, the present invention provides a 
CD3813P comprising a V L CDR3 consisting essentially of the 
sequence of SEQ ID No:25. 

In one embodiment, tbe present invention provides a 
CD38BP comprising a V HCDRl consisting essentially of the 
sequence of SEQ ID No:28. 

In one embodiment, the present invention provides a 
CD38BP comprjsiug a V.uCDR2 consisting essentially of the 
sequence. of SEQ ID No:29. 

h1 .::.u'- o::wbuulment, the present invention provides a 
CD38BP comprising a V HCDR3 consisting essentially of the 
sequence of SEQ lD No:30. 

In one embodiment, the present invention provides a 
CD38BP comprising VL CDRs (VL CDR!, CDR2, and 
CDR3) consisting essentially of SEQ ID No:l3, SEQ ID 
No:14 and SEQ lD No:15, respectively. 

1n one embodiment, the present invention provides a 
CD38BP that comprises V u CDRs (V u CDRI, CDR2, and 
CDR3) consisting essentially of SEQ ID No:18, SEQ ID 
No:19 and SEQ lD No:20, respectively. 

ln one embodiment, the present invention provicles o 
35 CD3lSBP comprising V L CDRs (V L CDRl, CDR2, and 

CDR3) consisting essentially of SEQ ID No:23, SEQ ID 
No:24 and SEQ ID No:25, respectively. 

In one embodiment, the present invention provides a 40 

CD38BP that comprises 
(a) three v~.. CDRs, which indepenclently consist essen

tially of SEQ ID No:13, SEQ ID No:I4 and SEQ ID 
No: IS in close proximity to one another (e.g., ncar the 
spacing ofV L CDRs in a wild-type anti-CD38 antibody) 45 

in the CD38BP and 
(b) three V uCDRs which independently consi~l ~::ssemially 

of SEQ ID No: 18, SEQ 1D No: 19 and SEQ ID No:20 in 
close proximity to one another (e.g., near the spacing of 
VH CDRs in a wild-type anti-CD38 antibody) in the so 
CD38BP. 

In a further embodiment, the present invention provides a 
CD38BP that comprises a flexible linker positionffi between 
the VL region and Vn region of the CD38BP. In anulltt:r 
further embodiment, the present invention provides a 55 

CD38BP, wherein the VL and V H regions are presented on 
separate chains in the context of an i=unoglobulin fold 
protein and oriented such that the VL CDRl, CDR2, CDR3 
and V H CDR!, CDR2, and CDR3 cooperatively associate to 
contribute in selectively and/or specifically bind an ;mtigenic 60 

determinant on CD38. In another further embodiment, the 
present invention provides a CD38BP that comprises two sets 

In one embodiment, the present invention provides a 
CD38BP that comprises V H CDRs (V H CDRl, CDR2, and 
CDR3) consisting essentially of SEQ ID No:28, SEQ lD 
No:29 and SEQ ID No:30, respectively. 

In one embodiment, the present invention provides a 
CD38BP that comprises 

(a) three VL CDRs, which independently consist essen
tially of SEQ 1D No:23, SEQ ID No:24 and SEQ ID 
No:25 in close proximity to one another (e.g., ncar the 
spacing ofV, CDRs in a wild-type anti-CD38 antibody) 
in the CD38BP and 

(b) three V 11 CDRs which independently consist essentially 
of SEQ lD No:28, SEQ lD No:29 and SEQ lD No:30 in 
close proximity to one another (e.g., near the spacing of 
V H CDRs in a wild-type anti-CD38 antibody) in the 
CDJBBP. 

In a turther embodiment, the present invention provides a 
CD38BP that comprises a flexible linker positioned between 
the V L region and V H region of the CD38BP. 1n another 
further embodiment, the present invention provides a 
CD3!1RP, wherein the V L and V H regions are presented on 
separate chains in the context of an immunoglobulin fold 
protein and oriented such that the VL CDRl, CDR2, CDR3 
and V H CDR I, CDR2, and CDR3 cooperatively associate to 
contribute in selectively and/or specifically bind an antigenic 
determinant on CD38. In another further embodiment, the 
present invention provides a CD38BP that comprises two sets 

of variable domains (sets of associated V L and V H domains on 
associated separate chains), such that the CD38BP comprises 
two identical antigenic determinant binding sites. 

Any of such CD38BPs described in this paragraph are 
expected to, at least in part, have similar epitope specificity, 

65 of variable domains (sets of associated V Land V .u domains on 
associated separate chains), such that the CD38BP comprises 
two identical antigenic determinant binding sites. 
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Any of such CD38BPs described in this paragraph are 
expected to, at least in part, have similar epitope specificity, 
selectivity, and other characteristics as an antibody having V L 

region comprising the sequence of SEQ ID No:22 and a V H 

region comprising the sequence of SEQ lD No:27, and, 
accordingly, may be useful in the treatment of multiple 
myeloma. 

In one embodiment, the present invention provides a 
CD38BP comprising a V L CDR! consisting essentially of a 
sequence according to SEQIDNo:3 orSEQID No: 13 or SEQ 10 

ID No:23, wherein the N-tenninal residue and/or one, two, or 
three of the C-terminal amino acid residues are missing. 

In out: emhodiment, tl1e present inveutiun provides a 
CD38BP comprising a VL CDR2 consisting essentially of a 
sequence according to SEQID No:4orSEQJDNo: 14 or SEQ 15 

ID No:24, wherein one or two of the N-terminal residues 
and/or one, two, or three of the C-terminal residues are miss-
lniT 
~"'.0' 

In one embodiment, the present invention provides a 
CD3813P coruprising a V L CDIB consisting essentially of a 20 

sequence according to SEQ ID No: 5 or SEQ ID No: 15 or SEQ 
JD No:25, wherein the N-temunal residue and/or one, two, 
three, or four of the C-tenninal residues are missing. 

In one embodiment, the present invention provides a 
CD38BP comprising a V H CDR I consisting essentially of a 25 

sequence according to SEQ ID No: 8 or SEQ II) No: 18 or SEQ 
ID No:28, wherein one, two, tl1ree, or four of the N-temunal 
residues and/or one, two, three, or four C-tcnninal residues 
are missing. 

In one embodiment, the present invention provides a 30 

CD3813P cowprising a V H CUJ:U consisting essentially of o 
sequence according to SEQ ID No: 9 or SEQ lD No: 19 or SEQ 

60 
variable domains (sets of associated V L and V H domains on 
associated separate chains), such that the CD38BP comprises 
two identical antigenic determinant binding sites. Any of such 
CD38BPs described in thls paragraph are expected to, at least 
in part, have similar epitope specificity, selectivity, and other 
characteristics with an antibody having a V L sequence of SEQ 
ID No:2 and a Vu sequence of SEQ ID No:7. 

In one embodiment, the present invention provides a 
CD38BP that comprises 

(a) three VL CDRs, which independently consist essen
tially of SEQ ID No:13, SEQ ID No:l4 and SEQ ID 
No: 15 in close proxiulily to one another in the CD38BP 
(e.g., near the spacing ofVL CDRs in a wild-type anti
CD38 antibody) and 

(b) three VHCDRs which independently consist essentially 
of SEQ lD No: 18, SEQ ID No: 19 and SEQ ID No:20 in 
close JVO:vimity to one another (e.g., near the spacmg of 
V H CDRs in a wild-type anti-CD38 antibody) in the 
I.D38BP. 

In a further embodiment, the present invention provides a 
CD38BP that comprises a flexible linker positioned between 
the V L region and VH region of the CD38BP. 

In a further embodiment, the present invention provides a 
CD38BP wherein the V L and V H regions are presented on 
separate chains in the context of an immunoglobulin fold 
protein and oriented such that the V L CDR1, CDR2, CDR3 
and V H CDR!, CDR2, and CDR3 cooperatively associate to 
contribute in selectively and/or srP.Cifically bind an nntigenic 
determinant ou CD38. In a further embodiment, the present 
invention provides n CD38BP that comprises two sets of 
variable domains (sets of associated V L and V H domains on 
associated separate chains), such that the CD38BP comprises 
two identical antigenic detenninant binding sites. Any of such 
CD38BPs described in thls paragraph are expected to, a11east 

ID No:29, wherein one, two, three, four, or five of the N-ter
minal amino acids thereof and/or one, two, three, four, five, or 
six of the C-terminal anuno adds thereof are missing. 35 iu part, have sinUJar epitope specificity, selectivity, and other 

characteristics with an antibody having a V L sequence of SEQ 
ID No: 12 and a V H sequence of SEQ ID No: 17. 

In one embodiment, the present invention provides a 
CD38BP comprising a V H CDR3 consisting essentially of a 
sequence according to SEQ ID No:IO or SEQ ID No:20 or 
SEQ ID No:30, wherein the N-terminal one, two, or three 
amino acid residues and/or the C-tem1inal one, two, three, or 40 

four amino acid residues are missing. 
The present invention also provides CD38BPs wherein 

these "truncated" CDR sequences arc combined with each 
other and/or other CDR sequences described herein. 

In one embodiment, the present invention provides a 
CD38BP that comprises 

(a) three V, CDRs, which independently consist essentially 
of SEQ lD No:23, SEQ ID No:24 and SEQ If) No:25 in 
close proximity to one anotherin the CD38BP (e.g., near 
the spacing ofVL CDRs in a wild-type anti-CD38 anti
body)and 

In one embodiment, the present invention provides a 45 
CD38BP that comprises 

(b) three V HCDRs whlch independently consist essentially 
of SEQ lD No:28, SEQ If) No:29 and SEQ ID No:30 in 
close proximity to one another (e.g., near the spacing of 
V H CDRs in a wild-type anti-CD38 antibody) in the 
CD38BP. 

(a) three VL \.DRs, which independently consist essen
tially of SEQ ID No: 3, SEQ ID No:4 and SEQ ID No:5 
in close proximity to one another in the CD38BP (e.g., 
near the spacing ofV L CDRs in a wild-type anti-CD38 so 
antibody) and 

In a furtl1er embodiment, the present invention provides a 
CD38BP that comprises a flexible linker positioned between 
tho V r. region dUU Vu mglcn of the CD38BP. (b) three V H CDRs which independently consistessc-mtil'llly 

of SEt.! JlJ No:8, STIQ ID Nu:9 and SRQ ID No:IO in 
close proximity to one another (e.g., near the spacing of 
V H CDRs in a wild-type anti-CD38 antibody) in the 55 

CD38BP. 

In a fi.uther embodiment, the present invention provides a 
CD38BP wherein the V L and V H regions are presented on 
separate chains in the context of an immunoglobulin fold 
protein and oriented such that the VL CDRI, CDR2, CDR3 

In a further embodiment, the present invention provides a 
CD38BP that comprises a flexible linker positioned between 
the V L region and V H region of the CD38BP. 

In a further embodiment, the present invention provides a 
CD38BP wherein the VL and V H regions are presented on 
separate chains in the context of an immunoglobulin fold 
protein and oriented such that the VL CDRl, CDR2, CDR3 
and V H CDRI, CDR2, and CDR3 cooperatively associate to 
contribute in selectively and/or specifically bind an antigenic 
determinant on CD38. In a further embodiment, the present 
invention provides a CD38BP that comprises two sets of 

and V H CDRI, CDR2, and CDR3 cooperatively associate to 
contribute in selectively and/or specifically bind an antigenic 
determinant on CD38. In a further embodiment, the present 

60 invention provides a CD38HP that comprises two sets of 
variable domains (sets of associated V L and V H domains on 
associated separate chains), such that the CD38BP comprises 
two identical antigenic determinant binding sites. Any of such 
CD38BPs described in thls paragraph are expected to, at least 

65 in part, have similar epitope specificity, selectivity, and other 
characteristics with an antibody having a V L sequence of SEQ 
II) No:22 and a V H sequence of SEQ ID No:27. 
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The present invention also provides CD38BPs comprising 
functional variants of the V L region, V H region, or one or more 
CDRs of the antibodies of the examples. A functional variant 
of a V L> V H> or CDR used in the context of a CD38BP still 
allows the CD38BP to retain at least a substantial proportion 

62 
In one embodiment, the present invention provides a 

CD38BP comprising a variant VL CDR3 consisting essen
tially of a sequence having at least about 50%, such as at least 
60%, for Instance at least about 70%, such as at least about 
75%, for instance at least about 80%, such as at least about 
85%, for instance at least about 90%, such as at least about 
95% auUno acid sequence identity to a sequence according to 
any one of SEQ ID No:5 or SEQ ID No: 15 or SEQ ID No:25, 
wherein the CD38BP has at least a substantial proportion (at 

(at least about 50%, 60%, 70%, 80"/o, 90%, 95% or more) of 
the a1fmity/avidity and/or specificity/selectivity of the parent 
antibody and in some cases such a CD38BP may be associ
ated with greater affinity, selectivity, and/or specificity than 
the parent antibody. 10 least about 50%, 60%, 70%, 80%, 90%, 95% or more) of the 

epitope binding characteristics of an antibody having a vari
antVL CDR3 sequence of SEQ ID No:5 or SEQ ID No:15 or 
SEQ ID No:25, 'espcclively, such as an antibody having a V L 

In one embodiment, the present invention provides a 
CD38BP comprising a variant V L consisting essentially of tl 
st:yuence having at least about 50%, such as at least 600/o, for 
instance at least about 70%, such as at least about 75%, for 
instance at least about 80%, such as at least about 85%, for 15 
instance at least about 90"/o, such as at least about 95% amino 
acid sequence identity to a sequence according to SEQ ID 
No:2 or SEQ ID No:l2 or SEQ Jl) No:22, wherein the 
CD38BP has at least a substantial proportion (at least about 
50%, GO%, 70%, 80%, 90%, 95% or more) of the epitope 20 

binding characteristics of an antibody having a variant V 1; 

sequence of SEQ 1D No:2 or SEQ ID No:12 or SEQ ID 
No:22, respectively, such as an antibody having a VL 
sequence of SEQ ID No:2 and a V H sequence of SEQ ID 
No:7, and an antibody having a VL sequenceofSEQ ID No:12 25 

and a V H sequence of SEQ ID No: 17, and an antibody having 
a VL sequenceofSEQ IDNo:22 and a V HsequenceofSEQID 
No:27, respectively. 

In one P.mbodiment, the present i.uvention provides a 
CD38BP comprising a variant VL CDR! consisting essen- 30 

tially of a sequence having at least about 'iO%, such as at !cost 
60%, for instance at least about 70"/o, such as at least about 
75%, for instance at least about 80"/o, such as at least about 
85%, for instance at least about 90%, such as at least about 
95% amino acid sequence identity to a sequence according to 35 

any one of SEQ ID No:3 or SEQ ID No:13 or SEQ ID No:23, 
wherein the CD38BP has at least a substantial proportion (at 
least about 50%, 60%, 70%, 80"/o, 90%, 95% or more) of the 
epitope binding characteristics of an antibody having a vari
ant V L CDRl sequence of SEQ ID No:3 or SEQ lD No: 13 or 40 

SEQ ID No:23, respectively, such as an antibody having a VL 
sequence of SEQ 1D No:2 or SEQ ID No:12 or SEQ lD 
No:22, respectively, such as an antibody having a V 1_ 

sequence of SEQ ID No:2 and a V H sequence of SEQ ID 
No:7, or an antibody having a VL sequenceofSEQID No:l2 45 
and a V H sequence of SEQ ID No: 1 7, or an anti body having a 
VL sequence of SEQ IDNo:22 and a V HsequenceofSEQ ID 
No:27, respectively. 

In one embodiment, the present invention provides a 
CD38BP comprising a variant V L CDR2 consisting essen- 50 

tially of a sequence having at least about 50%, such as at least 
60%, for instance at least about 70"/o, such as tlt Je.ast about 
75%, for instance at least about 80%, such tlS at least about 
85%, for instance at least about 90%, such as at least about 
95% amino acid sequence identity to a sequence according to 55 

any one of SEQ lD Nos:4 or 14, wherein the CD38BP has at 
least a substantial proportion (at least about 50"/o, 60%, 70%, 
80%, 90%, 95% or more) of the epitope binding characteris
tics of an antibody having a variant V L CDR2 sequence of 
SEQ ID No:4 or SEQ ID No: 14 or SEQ ]f) No:24, respec- 60 

tively, such as an antibody having a V L sequence of SEQ ID 
No:2 or SEQ lD No:l2 or SEQ ID No:22, respectively, such 
as an antibody having a V L sequence of SEQ ID No:2 and a V H 

sequence of SEQ lD No:7, or an antibody having a VL 
sequence of SEQ ID No: 12 and a V H sequence of SEQ lD 65 

No: I 7, or an antibody having a V L sequence of SEQ ID No: 22 
and a V H sequence of SEQ ID No:27, respectively. 

sequence of SEQ lD No:2 or SEQ ID No:l2 or SEQ ID 
No:22, respectively, such as an antibody having a V L 

sequence of SEQ ID No:2 and a VH sequence of SEQ ID 
No:7, or an antibody having a VL sequence ofSEQID No:12 
and a V H sequence of SEQ lD No: 17, or an antibody having a 
V L SP.quence of SEQ lD No:22 awl a V H sequence of SEQ ID 
No:27, respectively. 

In one embodiment, the present invention provides a 
CD38BP comprising a variant V H consisting essentially of a 
sequence having at least about 50%, such as at least 60%, for 
instance at least about 70%, such as at least about 75%, for 
instance at least about 80%, such as at least about 85%, for 
instance at least about 90%, such as at least about 95% amino 
acid sequence identity to a sequence according to any one of 
SEQIDNo:7 orSEQlDNo: I 7 or SEQ ID No:27, wherein the 
CD38BP has at least a substantial proportion (at least about 
:'iO%, 60%, 70%, 80%, 90%, 95% or more) of the epitope 
bimling characteristics of an antibody having a variant V H 

sequence of SEQ ID No: 7 or SEQ ID No: 17 or SEQ ID 
No:27, respectively, such as an antibody having a V H 

sequence of SEQ lD No:7 and a V '·sequence of SEQ m No:2, 
or an antibody having a V 11 sequence of SEQ ID No:17 and a 
VL sequence of SEQ ID No:l2, or an antibody having a V H 

sequence of SEQ ID No:27 and a VL sequence of SEQ ID 
No:22, respectively. 

In one embodiment, the present invention provides a 
CD38BP comprising a variant V H CDRl consisting essen
tially of a sequence having at least a bout 50%, such as at least 
60%, for instance at least about 70%, such as at least about 
75%, for instance at least about 80%, such as at least about 
85%, for instance at least about 90%, such as at least about 
95% auUno acid sequence identity to a sequence according to 
any one of SEQ ID No:8 or SEQ ID No: 18 or SEQ lD No:28, 
wherein the CD38BP has at least a substantial proportion (at 
least about 50%, 60%, 70%, 80%, 90"/o, 95% or more) of the 
epitope binding characteristics of an antibody having a vari
ant Vu CDRl sequence of SEQ ID No:8 or SEQ ID No: 18 or 
SEQ ID No:28, respectively, such as an antibody having a V H 

sequence of SEQ ID No:·/ or SEQ ID No: 17 or SEQ ID 
No:27, respectively, such as an antibody having a V H 

sequence of SEQ ID No:7 and a V L sequence of SEQ lD No:2, 
or an antibody having a V H sequence of SEQ lD No: 17 and a 
VL sequence of SEQ ID No:12, or an antibody having a V H 

sequence of SEQ ID No:27 and a V L sequence of SEQ ID 
No:?.2, respectively. 

In one embodiment, the present invention provides a 
CD38BP ~.;omprising a vanant V H CDR2 consisting essen
tially of a sequence having at least about 50%, such as at least 
60"/o, for instance at least about 70%, such as at least about 
75%, for instance at least about 80%, such as at least about 
85%, for instance at least about 90%, such as at least about 
95% auUno acid sequence identity to a sequence according to 
any one of SEQ lD No:9 or SEQ ID No:l9 or SEQ ID No:29, 
wherein the CD38BP has at least a substantial proportion (at 
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least about 50%,60%, 70%, 80";o, 90"/o, 95% or more) of the 
epitope binding characteristics of an antibody having a vari
ant V nCDR2 sequence of SEQ ID No:9 or SEQ ID No:19 or 
SEQ ID No:29, respectively, such as an antibody having a V H 

sequence of SEQ ID No:7 or SEQ ID No:17 or SEQ ID 
No:27, respectively, such as an antibody having a V H 

sequenceofSEQ ID No:7 andaVL sequenceofSEQ ID No:2, 
or an antibody having a V Hsequence of SEQ ID No:l7 and a 

64 

V L sequence of SEQ ID No: 12, or an antibody having a V H 

sequence of SEQ ID No:27 and a V L sequence of SEQ ID 
No:22, respectively. 

In one embodiment, the present invention pmvirle:s a 
C.D38BP comprising a variant V H CDR3 consis1ing essen
tially of a sequence having at least about 50%, such as at least 
60%, for iw;tance at least about 70"/o, such as at least about 
75%, for instance at least about 80"/o, such as at least about 
85%, for instance at )cast about 90"/o, such as at least about 
95% dllliuu add sequence Identity to a sequence according to 
anyoneofSEQIDNo:10orSEQIDNo:20orSEQIDNo:30, 
wht!rein the CD38l:W has at least a substantial proportion (at 
least about 50%, 60%, 70%, 80"/o, 90"/o, 95% or more) of the 
epitope binding characteristics of an antibody having a vari
antVHCDR3 scquenceofSEQID No: lOorSEQ ID No:20or 
SEQ ID No:30, respectively, such as an antibody having a V H 

sequence of SEQ ID No:7 or SEQ ID No: 17 or SEQ ID 25 
No:27, respectively, such as an antibody having a V H 

sequence of SEQ ID No:7 and a V L sequence of SEQ ID No:2, 

homologous to the nucleic acid molecules of the present 
invention. BLAST protein searches may be performed with 
the XBLAST program, score=50, wordlength=3 to obtain 
amino acid sequences homologous to the protein molecules 
of the present invention. To obtain gapped alignments for 
comparison purposes, Gapped BLAST may be utilized as 
described in Altschul et al., Nucleic Acids Res. 25(17), 3389-
3402 (1997). When utilizing BLAST and Gapped BLAST 
programs, the default parameters of the respective programs 

10 (e.g., XBLAST and NBLAST) may be used. See the website 
of the National Center for Biotechnology Tnformation at 
ncb1.nlm nih gov. 

The sequence of CDR variants may rliffer from the 

15 
sequence of the CDR of the parent antibody sequences 
through mostly conservative substitutions; for instance at 
least about 35%, about 50"/o or more, ahout nOO/o or more, 
about 70% or more, about 75% or more, about 80% or more, 
about 85% or more, about 90% or more, about 95% or more 

20 
(e.g., about 65-99%) of the substitutions in the variant arc 
conservative amino acid residue replacements. In the context 
of the present invention, conservative substitutions may be 
defined by substitutions within the classes of amino acids 
reflected in one or more of the following three tables: 

or an antibody having a V nsequence of SEQ ID No:l7 and a 
V L sequence of SEQ ID No: 12, ur <tn antihndy having a V H 

sequence of SEQ ID No:27 and a V 1. sequence of SEQ Jl) 

No:22, respectively. 
The p;;:n:t!nl identity between two sequences is a function 

of the number of identical positions shared by the sequences 
(i.e., % homology=# of identical positions/total # of posi
tionsx100), taking into acc:nunt the number of gaps, and tlu: 
length of each gap, which need to be introduced for optimal 
alignment of the two sequences. The comparison of 
sequences and determination of percent identity between two 
sequences may be accomplished using a mathematical algo
rithm, as described in the non-limiting examples below. 

10 

3:> 

40 

The percent identity between two nucleotide sequences 
may be determined using the GAP progrnm in the GCG 
software package (available at the website of Genetics Com
puter Group at gcg.com), using a NWSgapdna.CMP matrix 
and a gap weight of 40, 50, 60, 70, or 80 and a Je:ngth weight 45 

of I, 2, 3, 4, 5, or 6. The percent identity between two nucle
oticle or amino acid sequences may also be determined using 
the algorithm of E. Meyers and W. Miller, Comput. Appl. 
Biosci, 11-17 (1988)) which has been incorporated into the 
ALIGN program (version 2.0), using a PAM120 weight resi- 50 

due table, a gap length penalty of 12 and a gap penalty of4. In 
addition, the percent identity between twn l'lmino acid 
sequences may be dekrmined using the Needleman and Wun
sch, J. Mol. Rio I., 444-453 (1970)) algorithw which has been 
incorporated into the GAP program in the GCG software 55 
package (available at the website of Genetics Computer 
Group at gcg.com), using either a Blossum 62 matrix or a 
PAM250 matrix, and a gap weight of 16, 14, 121 10, 8, 6, or 4 
and ll kul!,lh Wt!ight uf 1, 1., .:l, 4, !:J, or 6. 

Tht! nucleic acid and protein sequences of the present GO 
invention may further be used as a "query sequence" to per
form a search against public databases to, for example, iden
tify related sequences. Such searches may be performed using 
the NBLAST and XBLAST programs (version 2.0) of Alts
chul et al., J. Mol. Bio. 215, 403-10 (1990). BLAST nucle- 65 

otide searches may be performed with the NBLAST program, 
score=IOO, wordlength=12 to obtain nucleotide sequences 

Amino acid residue classes for conservative 
~ubstitutions 

Acidic Residues ASP an<i Glu 

~acic Re:sidUt::::j Lys, Arg, and His 

Hydrophilic Uncharged Ser; Thr, Asn, ana Gln 
Residues 

Aliphatic uncharged Gly, Ala, val, Leu, 
Residues 

Non-polar Uncharged Cys, Met, and Pro 
Residues 

Aromatic Residues Phe, Tyr, ana Trp 

Alternative conservative amino acid 
residue substitution clAsses 

ana 

1 Ala (A) Ser (S) Thr (T) 

2 Asp (D) Glu (E) 

3 Asp (N) Gln (Q) 

4 1\rg (R) Lys (K) 

5 Ile (I) Leu (L) Met (M) 

Phe IF) Tyr (Y) Trp (W) 

Alternative Physical and Functional Classifications 
of Amino Acid Residues 

Alcohol group· 
containing residues 
Aliphatic residues 
Cycloalkenyl· 
associated residues 

SandT 

I,L, V,and M 
F,H,W,andY 

Ile 
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-continued 

Alternative Physical and Functional Classifications 
of Amino Acid Residues 

Hydrophobic residues 
Negatively chSJ)I.ed residues 
Polar residues 
Positively charged residues 
Small residues 
Very small residues 
Residues involved 
in turn formation 
Flexible re.•irluPs 

A, C, F, G, H, I, L, M, R, T, V, W, andY 
D~tnrlE 

C, D, E, H, K, N, Q, R, S, and T 
H,K,andR 
A, C, D, G, N, P, S, T, and V 
A,G,andS 
A, C, D, E, G, H, K, N, Q, R, S, P, and T 

Q, T, K, S, G, P, D, E, 8.11d R 

More conservative substitutions groupings include: valine
leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine, 
alanine-valine, and asparagine-glutamine. Additional groups 
of om.ino acids ml.ly also be formulated using the principles 
described in, e.g., Creighton (I 984) Proteins: Structure and 
Molecular Pmpt!rlies (2d Ed. 1993), W.H. Freeman and Com
pany. 

In one embodiment of the present invention, conservation 
in terms of hydropathic/hydrophilic properties and residue 
weight/size also is substantially retained in a variant CDR as 
compared to a CDR of an antibody of the examples (e.g., the 
weight class, hydmpathic score, or both of the sequences are 
at least about 50%, at least about 60%, at least about 70"/o, at 
least about 75%, at least about 80%, at least about 85%, at 
least Hbout 90%, at least about 95%, or more (e.g., about 
65-99%) retained). For example, conservative residue substi
tutiullli may also or alternatively be based on the replacement 
of strong or weak based weight based conservation groups, 
which are known in the art. 

The retention of similar residues may also or alternatively 

66 
performed to identifY hypervariable region residues contrib
uting significantly to antigen binding. Alternatively or addi
tionally, it may be beneficial to analyze a crystal structure of 
the antigen-antibody complex to identifY contact points 
between the antibody and antigen. Such contact residues and 
neighboring residues are likely suitable cHnrlidates for sub
stitution. 

Where hypervariable region insertions are made to gener
ate a variant antibody, the typical range of lengths of the 

10 hypervariable region in question in known antibodies should 
be taken into consideration. For example, for the first hyper
variable region of a light chain variable domain, insertions 
may be introuu~o:ed into the VL CURl sequence of a parent 
antibody while retaining a substantially similar and thereby 

15 expected appropriate size, which according to Kabat et al., 
supra, e.g., typically bas an overall of about 9-20 (e.g., about 
1 0-17) residues. Sim.ilorly, V L CDR2 lypically has an overall 
length from about 5-10 residues; VL CDR3 typically has a 
length of about 7-20 residues; V nCDRl typically has a lengtl1 

20 of about 10-15 residues; VH CDR2 typically has a length of 
about 15-20 residues; and V HCDR3 typically has a length of 
about 6-30 residues (e.g., 3-25 residues). Insertions in the V H 

region typically are made in Vu CDR3 and typically near the 
C-term.inal of the domain, such as about residues 97-102 of 

25 the parent V H CDR3 (for instance adjacent to, or C-term.inal 
in sequence to, residue number 100 of the parent V H CDR3 
sequence) using the alignment and numbering as described in 
Kabat. Antibody variants wirh inserted amino ncid residue(s) 
in a hypervariable region thereof may be prepared randomly, 

30 especially where the struliug binding affinity of the parent 
antibody for the target antigen is such that randomly produced 
antibody variants may be readily screened. For example, 
phage display provides a convenient method of screening 
such random variants. 

In the design, construction, and/or evaluation of CDR vari-
ants attention may be paid to the fact that CDR regions may be 
altered to enable a better binding to the epitope. Antibody 
CDRs typically operate by providing a complementary sur
face, possibly including fingers which can protrude into the 

be measured by a similarity sc:ore, as determined by use of a 35 

BLAST program (e.g., BLAST 2.2.8 available through the 
NCBI). Suitable variants typically exhibit at least about 45%, 
such as at least about 55%, at least about 65%, at least about 
75%, at least about 85%, at least about 90%, at least about 
95%, or more (e.g., about 70-99%) similarity to the parent 
peptide. 

40 protein surface of the antigen, or other paratope structure, 
onto which the epitope fits. If the epitope is not fitting tightly, 
the antibody may not offer the best affinity. However, as with 
epitopes, there often are a few key residues in a paratope 
structure that account for !llOSt of this binding. Thus, CDR 

Substantial changes in function may be made by selecting 
substitutions that are less conservative than those shown in 
the defined groups, above. For example, non-conservative 
substitutions may be made which more significantly affect 
the structure of the peptide in the area of the alteration, for 
example, the alpha-helical, or beta-sheet structure; the charge 
or hydrophobicity of the molecule at the target site; or the bulk 
of the side chain. The substitutions which generally are 
expected to produce the greatest changes in the peptide's 
properties are those where 1) a hydmphilic residue, e.g., seryl 
or threonyl, is substituted for (or by) a hydrophobic residue, 
e.g., leucyl, isoleucyl, phenylalanyl, valyl, or alanyl; 2) o 
cysteine or proline is substituted for (or by) any other residue; 
3) a residue having an electropositive side chain, e.g., lysyl, 
arginyl, or histidyl, is substituted for (or by) an electronega
tive residue, e.g., glutamyl or aspartyl; or 4) a residue having 
a bulky side chain, e.g., phenylalanine, is substituted for (or 
by) a residue that does not have a side chain, e.g., glycine. 
Accordingly, these and other nonconservative substitutions 
may be introduced into peptide variants where significant 
changes in function/structure is desired ancl such changes 
avoided where conservation of structure/function is desired. 

45 sequences may vary in length and composition significantly 
between antibodies for the san1e peptide. The skilled artisan 
will recognize that certain residues, such as tyrosine residues 
(e.g., in the context ofV H CDR3 sequences), that are often 
significant contributors to such epitope binding, are typically 

50 retained in a CDR variant. 
Variants of the CDR region may also increase the am.ino 

acid cunlacts between the antigen and an antibody variant, as 
compared to the amino acid contacts between the antigen and 
the parent antibody, by introducing one or more amino acid 

55 residues (either by substitution or insertions) which increase 
the contacts or energetically favorable interactions between 
one or more am.ino acid residues present in an antigen and one 
or more amino oeid residues present in the antibody. The 
amino acid interactions of interest may be selected from 

60 hydrogen bonding interactions, van der Waals interactions, 
and ionic interactions. 

A convenient way for generating substitution variants is 
a.ffin.ity maturation using phage using methods known in the 65 

art. In order to identifY candidate hypervariable region sites 
for modification, alanine scanning mutagenesis may also be 

Those siUIIed in the art will be aware of additional prin
ciples useful in the design and selection ofCD38BP compris
ing CDR variants of the antibodies of the present invention. 

In the context of CDR variants, which are variants of the 
CDRs of the antibodies of the examples, particularly in the 
context of variant CDR in anti-CD38 antibodies or fragments 
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thereof, residues r~uired to support andlof"orientate the CDR 
structural loop structure(s) may typically be retained; resi
dues which fall within about 10 angstroms of a CDR struc
tural loop (but optionally only residues in this area that also 
possess a water solvent accessible surface of about 5 ang
stroms2 or greater) may typically be unmodified or modified 
only by conseiVlltive amino acid residue substitutions; and/or 
the amino acid sequence may typically be subject to only a 
limited number of insertions and/or deletions (if any), such 
that CDR structural loop-like structures are retained in the 10 

variant (a description of related techniques and relevant prin
ciples is provided in for instance Schiweck et al., J Mol. Bioi. 
268(5), 934-51 (1997), Morea, Hiophys Chern. 68(1-3), 9-16 
(1997), Shirai el al., FEBS Lett. 399(1-2), 1-8 (1996), Shirai 
et al., FEBS Lett. 455(1-2), 188-97 (1999), Reckzo et al., 15 

Protein Eng. 8(4), 389-95 (1995) and Eigenbrot et al., J Mol. 
Bioi. 229(4), 969-95 (1993). See also WO 03/048185, WO 
03/070747 and WO 03/027246. 

Additional techniques that may be used to generate variant 
antibodies include the JirL'Cted evolution and other variant 20 

generation techniques described in for instance US 
20040009498, Marks et al., Methods Mol. Bioi. 248,327-43 
(2004), Azrici-Roscnfcld et al., J Mol. Bioi. 335(1), 177-92 
(2004), Park eta!., Biochem Biophys Res Comrnun. 275(2), 
553-7 (2000), Kang ct al., Proc Nat! Acad Sci USA. 88(24), 25 

11120-3 (1991), Zahndet a!., J Bioi. Chern. 279(18), 18870-7 
(2004), Xu eta!., Chem. Bioi. 9(8), 933-42 (2002), Border et 
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(10) inhibition or induction ofCD38 enzymatic activity; 
(11) inhibition or induction ofCD38-induced signal trans

duction; 
(12) induction or inhibition of cytokine production; 
(13) induction or blocking ofT cell orB cell differentia

tion; 
(14) induction of or rescue from apoptosis; 
(15) attenuation or augmentation oflysis induction by NK 

cells; 
(16) induction or inhibition ofinsulin production by P cells 

in pancreas; 
(17) prolonged survival of a suhject having tumor cells 

which express CD38; and/or 
(18) induction of ADCC ofCD38 targets when mixed with 

appropriate effector cells. The present invention also 
provides CD3813Ps which arc characterized with respect 
to their ahility to compete (competitively inhibit) or 
cross-compete (i.e., relatively partially inhibit epitope 
binding) with an antibody haviug a VL sequence of SEQ 
lD No:2 and a V 11 sequence of SEQ ID No:7 (such as 
antibody -003 ), or an antibody having a V L sequence of 
SEQ lD No:12 and a VH sequence of SEQ ID No:l7 
(such as antibody -005) or an antibody having a V L 

sequence of SEQ ID No:22 and a V 11 sequence of SEQ 
ID No:27, (such as antibody -024 ), for binding to CD38. 

Such a CD38BP may be, for instance, a Fab fragment, 
derived from an antibody that binds to an epitope identical to 
or overlapping with an epitope hound by an antibody haviug 
a V L sequence of SEQ ID No:2 and a V 11 sequence of SEQ lD 

a!., Proc Nat! Acad Sci USA. 97(20), 10701-5 (2000), 
Crameri et al., Nat. MP.d. 2(1), 100-2 (1996) awl as more 
generally described in for instance WO 03/048185. 

Generated antiboJy variants may be subjected to any suit
<lble screening technique and antibodies with suitable and 
desirably superior properties in one or more relevant assays 
may be selected for further development. 

30 Nn·7, or an antibody having a VL sequenceot SEQ ID Nn:12 
and a VH sequence of SEQ ID No: 17 or an antibody having a 
V L sequence of SEQ ID No:22 and a VH sequence of SEQ ID 
No:27. Such a Fab fragment, due to its relatively small size 

CD38BPs comprising CDR sequences as rlP.Scribed above J5 

may comprise any suitable number and combination of such 
V L and VH CDRs while retaining at least a substAntial pro
portion (at least about 50%, 60"/o, 70"/o, 80%, 90%, 95% or 
more) of the affinity/avidity and/or specificity/selectivity of 
an antibody having a VL sequence of SEQ ID No:2 and a V 8 40 

sequence of SEQ ID No:7, and/or an antibody having a VL 
sequence of SEQ lD No: 12 and a V11 sequence of SEQ lD 
No: 17 and/or an antibody having a V L sequence of SEQ ID 
No:22 and a V 8 sequence of SEQ lD No:27, but optionally 
differing in other characteristics, such as immunogenicity in 45 
a human patient, affinity for the cpitope, increased half-life, 
etc. ln some cases such 11 CD38BP may be associatoo wirh 
greater affinity, selectivity, and/or specificity than the parent 
antibody. ln one embodiment, less than a full set ofV L CDRs 
and/orV HCDRs is present ina CD38BP of the present inven- 50 

tion.ln one embodiment all ofthe V L CDRs and V 8 CDRs are 
present. 

CAamples of Other J:unctional properties of antibodies, 
which may be altered or retained in variant CD388Ps of tin: 
present invention as compared to -003 and -005 and -024, 55 
are: 

(I) high affinity binding to CD38; 
(2) low dissociation rate from CD38 

compared to the mAb molecules, may not significantly com
pde with said antibodies for binding to CD38 although the 
antibody from which it derived docs. Nonetheless, such a 
CD38BP may be useful in similarly targeting nearby regions 
ofCD38 (e.g., in the context of targeting a cytotoxin, radio
nuclide, or the like in the context of an irnmunoconjugate 
CD38BP). 1bercfore, such CD38BPs may be useful in the 
context of the methods of the present invention and, accord-
ingly, are also provided by the present invention. 

Competition for binding to CD38 or a portion ofCD38 by 
two or more CD38BPs may be determined by any suitable 
technique. In one embodiment, competition is determined for 
example as described in Example 7, 8 and 9. 

Competition in the context of the present invention refers to 
any detectably significant reduction in the propensity for a 
particular molecule to bind a particular binding partner in the 
presence of another molecule that binds the binding partner. 
Typically, competition means an at least about 10% rcrlur.-
tion, .u~.h as an at least about 15%, or an at least about 20% 
reduction in bindin~ between a (:1)38BP and 

(a) a form ofCD38 (e.g. "processed", "mature", "unproc
essed", "not processed" or "immature" CD38); 

(b) a form of free CD38 (e.g., a CD38 fragment produced 
by in vivo processing); 

(<:) o hotorodiw~.li'- v~::ptklc composed of another peptide 
associated with CD38, such as a CD31, and CD38; ('\) inhihition or blooltinA ufCD~8-I.Jirullng to CU3H target; 

(4) elimination ofT cells orB cells expressing CD3S; 
(5) induction of a high level of CDC of eitiJer CD55/59 

negative or CD55/59 positive cells; 

60· · (d) a complexofCD38 and one or more substrates, such as 
cAMP, NAD+ and/or cADPR; 

(6) translo~.;ation into lipid rafts upon binding to CD38; 
(7) tolerization ofT cells; 
(8) inhibition of proliferatiou uf T or B cells expressing 65 

CD38; 
(9) internalization of CD38; 

(e) a dimerized, associated and/or processed dimer of 
CD38 with a soluble ligand, such as CD31; or 

(f) a portion of CD38, 

caused by the presence of another CD38BP as determined by, 
e.g., ELISA analysis or FACS analysis (as described in the 
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examples section) using suffici~:nl amounts of the two or more 
competing CD38BPs and CD38 molecule. It may also be the 
case that competition may exist between CD38BPs with 
respect to more than one ofCD38, and/or a portion ofCD38, 
e.g. in a context where the antibody-binding properties of a 
particular region of CD38 arc retained in fragments thereof, 
such as in the case of a well-presented linear cpitope located 
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mal cell antigen-!) and Mo5, also called CDI57; or anti
CD38 antibodies that do not cross-react with CD38 in the 
context of normal tissue, such as tissues not involved in mul
tiple myeloma. Typically, a lack of cross-reactivity means less 
lhan about 5% relative competitive inhibition between the 
molecules when assessed by ELISA and/or FACS analysis 
using sufficient amounts of the molecules under suitable 
assay conditions. 

ln one embodiment, the present invention provides a 
in various tested fragments or a conformational epitope that is 
presented in sufficiently large CD38 fragments as well as in 
CD38. 10 CD38BP that competes with an antibody having a VL 

sequence of SEQ lD No:2 and a V H sequence of SEQ lD 
No:7, such as the antibody -003, for binding to CD38 or a 
portion there.c1f. 

Assessing competition typically involves an evaluation of 
relative inhibitory binding using a first amount of a first 
molecule; a second amount of a second molecule; and a third 
amount of a lhird molecule (or a standard determined by 
binding studies that may be reasonably compared to new 15 

binding data with respect to the first and second molecules as 
a surrogate for actual contemporaneous data), wherein the 
first, sccvHJ, aJ.u.lthird amounts all are sufficient to make a 
comparison that imparts infonnation about lhe selectivity 
and! vi specificity oflhe molecules at issue with respect to the 20 

other present molecules. ]ne first, second, and third amounts 
may vary with the nature of the CD38BP and potential targets 
therefore at issue. For instance, for ELISA assessments, simi-
lar to those described in the Examples section, about 5-50 J.lg 
(e.g., about 10-50 J.tg, about 20-50 J.lg, about 5-20 11g, about 25 
10-20 J.lg, etc.) ofCD38BP and/or CD38 targets are required 
to assess whether competition exists. Conditions also should 
be suitable for binding. Typically, physiological or near
physiological conditions (e.g., tempt:ralures of about 20-40° 
C., pH of about 7-8, etc.) are suitable for CD38BP:CD3R lO 

biutling. 
Often competition is marked by a significantly greater 

relative inhibition than about 5% as detennined by ELISA 
and/or FACS analysis. It may be desirable to set a higher 
threshold of relative inhibition as a criteria/detenninant of 35 

what is a suitable level of competition in a particular context 
(e.g., where the competition, analysis is used to select or 
screen for new antibodies design~c'<i with the intended function 
of blocking the binding of another peptide or molecule bind
ing to CD38 (e.g., the natural binding partners ofCD38 such 40 

as CD31, also called CD31 antigen, EndoCAM, GPIIA', 
PECAM -1, platelet/endothelial cell adhesion molecule or 
naturally occurringanti-CD38 antibody)). Thus, for example, 
it is possible to set a criteria for competitiveness wherein at 
least about I 0% relative inhibition is detected; at least about 45 

15% relative inhibition is detected; or at least about 20% 
relative inhibition is detected before an antibody is consid
ered sufficiently competitive. In cases where epitopes belong
ing to competing antibodies are closely located in an antigen, 
competition may be marked by greater than about 40% rela- 50 

tivc inhibition of CD38 binding (e.g., at least about 45% 
inhibition, such as at least about 50% Inhibition, for instance 
at least about 55% inhibition, such as 11t least about 60% 
inhibition, for instance at least about 65% inhibition, such as 
at least about 70% inhibition, for instance at least about 75% 55 

i.nlllbition, such as at least about 80% inhibition, for instance 
at least about 85% inhibition, such as at least about 90% 
inhibition, for instance at least about 95% inhibition, or 
higher lev~:) of relative inhibition). 

Competition may be considered the inverlle of cross-reac- GO 

tivity between a molecule and two potential binding partners. 
In certain embodiments, a CD38BP of lhe present invention 
specifically binds to one or more residues or regions in CD38 
but also does not cross-react with other peptides, peptide 
regions, or molecules, e.g., the present invention provides an 65 

anti-CD38 antibody that does not cross-react with proteins 
with homology to CD38, such as BST-1 (bone marrow stro-

In one embodiment, the present invention provides a 
CD38BP that competes with an antibody having a V L 

sequence of SEQ lD No: 12 and a V H sequence of SEQ ID 
No:17~ st1ch as the antibody -005, fur binding to LJJ3!1 or a 
portion thereof. 

In one embodiment, the present invention provides a 
CD38BP that competes with an antibody having a V L 

sequence of SEQ lD No:22 and a V H sequence of SEQ lD 
No:27, such as the antibody -024, for binding to CD38 or a 
portion thereof. 

As discussed elsewhere herein, unless otherwise stated or 
clearly contradicted by context, references to binding of a 
CD38BP to CD38 are intended to refer to binding in any 
suitable context, such as in a conformational context where 
the structure ofCD38 is present; or in a linearepitopc context. 
Of course, binding ina limited subset of such context(s) may 
be an important characteristi~.; with respect to any CD38AP 
provided by the present invention. 

Additional methods for determining CD38BP specificity 
by competitive inhibition may be found in for instance Har
low et al., Antibodies: A Laboratory Manual, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1988), 
Colligan et al., eds., Current Protocols in ImmwlO)Ogy, 
Grt:cnc Publishing Assoc. and Wiley InterScience N.Y., 
(1992, 1993), and Muller, Meth. Enzymol. 92, 589-601 
(1983)). 

Human CD38 comprises a number of different epitopes, 
which may include (1) peptide antigenic detenninants that are 
comprised wilhin single peptide chains within human CD38; 
(2) conformational antigenic detenninants which consist one 
or more noncontiguous anuno acids on a particular chain 
and/or amino acids present on spatially contiguous but sepa
rate peptide chains (typically where the respective amino acid 
sequences of the chains are located disjointedly along the 
human CD38 polypeptide sequence); (3) post-translational 
antigenic detenninants which consist, either in whole or part, 
of molecular structures covalently attached to human CD38, 
such as carbohydrate groups; or (4) combinations of (1)-(3). 

An epitupe in the context of the present invention includes 
any peptide or peptide-derivative detennin:~nt capable of spe
Cific binding to an immunoglobulin. An epitope may com
prise any suitable number of amino acids, in any suitable 
position (with respect to the linear sequence of CD38) orien· 
tation (with respect to folded CD38, or a fragment thereof, 
Amino acid composition (and ~.;unsequently, at least in part, 
charge). Thus, for example, an epitope may be composed of 
about 3-10 amino acids, typically 3-8 amino acids, in one or 
more contiguous or noncontiguous locations with respect to 
lhc primary seyuence of CD38 (for instance an epitope may 
consist essentially of 2, 3, 4, 5, 6, 7, or 8 amino acid residues 
distributed in I, 2, 3, 4, or 5 noncontiguous locations in 
CD38). Alternatively, for example, an epitope may be con
sidered to be defined by a region of about 5-40 contiguous 
amino acid residues (e.g., about 7-30 amino acid residues, 
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about 5-20 amiuu acid residues, or about 3-15 amino acid 
residues) in CD38 (solely or in combination with a portion of 
an adjacent CD38 domain). In some epitopes it may be the 
case that just one amino acid residue or only a few :1mino acid 
residues are critical to CDR or CDR(s) recognition (and 
thereby most important to CD38BP:CD38 antigen affinity 
and avidity). As such, an epitope may be characterized on the 
basis of one or more of such critical residues, with the recog
nition that other residues may also make some lesser contri
bution to the epitope. In the case of an epitope defined by a 10 

region of amino acids, it may be that one or more amino acids 
in the region make only a minor contribution or even negli
gible contribution to antibody binding, such that the residue 
may be subject to substitution with an appropriate different 
n::sidue without resulting in "a loss" of the epitope to at least 15 

some CD388Ps specific for it. 
In one embodiment, the present invention provides a 

CD38BP, such as an anti-CD38 antibody, that specifically 
binds to a CD38 epitope that also is specifically bound by an 
antibody having a V L sequence of SEQ lD No:2 and a V H 20 

sequence of SEQ ID No:7 (such as antibody -003), or an 
antibody having a V L sequence of SEQ ID No: 12 and a V 11 

sequence of SEQ ID No: 17 (such as antibody -005) or an 
antibody having a V L sequence of SEQ ID No:2'2 and a V H 

sequence of SEQ JD No:27 (such as antibody -024). It is 25 

possible that CD388Ps having one or more CDRs that differ 
from the CDRs of an antibody having a VL sequence of SEQ 
ID No:2 and a V 11 sequence of SEQ ID No:7, or the CDRs of 
an antibody having a V L sequence of SEQ 10 No: 12 and a V H 

sequence of SEQ ID No:17, or the CDRs of an antibody 30 

having a V L sequence of SEQ ID No: 22 and a V 11 sequence of 
SEQ ID No:27, may still be specific for the same epitope as an 
antibody having a V L sequence of SEQ ID No:2 and a V 11 

sequence of SEQ ID No:7, and an antibody having a VL 
sequence of SEQ ID No:12 and a V 11 sequence of SEQ ID 35 
No: 17 and an antibody having a V L sequence of SEQ ID 
No:22 and a V 11 sequence of SEQ ID No:27, respectively. In 
some such cases, the CD38BP in question may recognize or 
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exchange and therefore will remain deuterated Relevant 
regions may be identified at this point by peptic proteolysis, 
fast microbore high-performance liquid chromatography 
sep<:U'ation, and/or electrospray ionization mass spectrometry. 
See, e.g., Ehring H,Analytical Biochemistry, 267(2) 252-259 
(1999) and/or Engen, J. R. and Smith, D. L. (2001) Anal. 
Chern. 73, 256A-265A. Another example of a suitable 
epitope identification technique is nuclear magnetic reso-
nance epitope mapping (NMR), where typically ti1e position 
of the signals in two-dimensional NMR spectres of the free 
antigen and the antigen complexro with the antigen binding 
peptide, such as an antibody, are compared. The antigen typi
cally is selectively isotopically labeled with 15N so that only 
signals corresponding to the antigen and no signals from the 
antigen binding peptide are seen in the NMR-spectrum. Anti
gen signals originating from amino acids involved in the 
interaction with the antigen binding peptide typically will 
shift position in the spectres of the complex compared to the 
spectres of the free antigen, and the amino acids involved in 
the binding may be identified that way. See for instance Ernst 
Schering Res Found Workshop. (44), 149-67 (2004), Huang 
et al., Journal of Molecular Biology 281 (1), 61-67 (1998) and 
Saito and Patterson, Metitods. 9(3), 516-24 (1996). 

Epitope mapping/characterization may also be performed 
using mass spectrometry methods. See for instance Down
ward, J Mass Spectrom. 35(4), 493-503 (2000) and Kiselar 
and Downard, Aual Chern. 71(9), 17Y2-801 (1999). 

Protease digestion techniques may also be useful in the 
context of epitope mapping and identification. Antigenic 
determinant-relevant regions/sequences may be determined 
by protease digestion, e.g. by using trypsin in a ratio of about 
1 :50 to CD38 overnight (0/N) digestion at 3 7° C. and pH 7-8, 
followed by mass spectrometry (MS) analysis for peptide 
identification. Tite peptides protected from trypsin cleavage 
by the CD38BP may subsequently be identified by compari
son of samples subjected to trypsin digestion and samples 
incubated with CD38BP and then subjected to digestion by 
e.g. trypsin (thereby revealing a foot print for the binder). 
Other enzymes like chymotrypsin, pepsin, etc. may also or 
alternatively be used in a similar epitope characterization 
method. A CD38BP which gives the significantly same result 
as an antibody having a V L sequenceofSEQ lD No:2 and a V 11 

be more specifidselective for particular structures or regions 
oftheepitopethan the antibody having a VL sequenceofSEQ 40 

ID No:2 and a V11sequence of SEQ ID No:7, and the antibody 
having a V L sequence of SEQ ID No: 12 and a V H sequence of 
SEQ ID No: 17, and the antibody having a V L sequence of 
SEQ ID No:22 and a V u sequence of SEQ ID No:27 respec
tively. 

A CD38 epitope bound by an antibody having a V L 

sequenceofSEQ ID No:2 and a V u sequenceofSEQ ID No:7 
(such as the antibody -003), or an antibody having a VL 
sequence of SEQ ID No: 12 and a V H sequence of SEQ ID 
No:17 (such as tile antibody -005) or an antibody having a VL 50 

sequence of SEQ ID No:22 and a V H sequence of SEQ ID 
No:27 (such as antibody -024), may be identified via stan
dard mappiug and characteri7.ation techniques, further refine
ment of which may be identified by any suitable technique, 
numerous examples of which are available to tite skilled 55 
artisan. These techniques may also be used to identifY and/or 
characterize epitopes for CD388Ps generally. As one 
example of such mapping/characterization methods, an 
epitope for an anti-CD38 antibody may be determined by 
epitope "foot-printing" using chemical modification of the 60 

exposed amines/carboxyls in the CD38 protein. One specific 
example of such a foot-printing technique is the use ofHXMS 
(hydrogen-deuterium exchange detected by mass spectrom
etry) wherein a hydrogen/deuterium exchange of receptor 
and ligand protein amide protons, binding, and back 65 

exchange occurs, wherein the backbone amide groups par
ticipating in protein binding are protected from back 
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sequence of SEQ ID No:7 (such as the antibody -003), or an 
antibody having a V L sequence of SEQ lD No: 12 and a V H 

sequence of SEQ JlJ No: 17 (such as the antibody -005) or an 
antibody having a V L sequence of SEQ ID No:22 and a V 11 

sequence of SEQ ID No:27 (such as antibody -024) in these 
measurements are deemed to be an antibody that bind the 
same cpitope as an antibody having a V L sequence of SEQ ID 
No:2 and a V 11 sequence of SEQ ID No:7 (such as the. anti
body -003 ), or an antibody having a V L sequence of SEQ ID 
No:12 and a V 11 sequence of SEQ ID No:17 (such as the 
antibody -005) or an antibody having a V L sequence of SEQ 
ID No:22 and a V 11 sequence of SEQ ID No:27 (such as 
antibody -024 ), respectively. See for instance Manca,Ann 1st 
Super Sanita. 27(1 ), 15-9 (1991) for a discussion of similar 
techniques. 

Epitope mapping by competitive binding to CD38 with two 
antibodies where one is biotinylated is another method for 
identifYing relevant antigeuic determinant regions. 

The binding of antibodies to linear and looped peptides of 
CD38 by a PEPSCAN-based enzyme-linked i.mmuno assay is 
another method for identifYing relevant antigenic determi
nant regions, see for instance Slootstra-J Wet al. Mol-Divers. 
1, 87-96 (1996). 
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Site directed mutagenesis is another wclhod forident1fying 
relevant antigenic determinant regions, see for instance 
Polyak and Deans, Blood 99, 3956-3962 (2002). 

Various phage display techniques may also be used to 
identify epitupes. See for instance Wang and Yu, Curr Drug 
Targets. 5(1), 1-15 (2004), Burton, Immunotechnology. 1(2), 
87-94 (1995 August), Cortese et al., Immunotechnology. 
1(2), 87-94 (1995) and Irving eta!., Curr Opin Chern Bioi. 
5(3), 314-24 (2001). Consensus epitopes may also be identi
fied through modified phage display-related techniques (see, 10 

the website at Montana State University at cs.montana.edu/ 
-mumey/papers/jcbo3.pdf) for discussion. 

Othef wclhods potentially helpful in mapping epitopes 
inch.u.lc crystallography techniques, X-ray diffraction tech
niques (such as the X-ray diffraction/sequence study tech- 15 

niques developed by Polijak and others in the 1970s-1980s), 
and the application of Multi pin Peptide Synthesis Technol
ogy. Computcr-basc:J wcihods such as sequence analysis and 
three dimensional structure analysis and docking may also be 
used to identify antigenic determinants. For example, an 20 

epitope may also be determined by molecular modeling using 
a structure of C038 with docking of the structure of the Fab 
fragment of the individual monoclonal antibody. These and 
other mapping methods are discussed in Epitope Mapping A 
Practical Approach (Westwood and Hay Eds.) 2001 Oxford 25 

University Press. 
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a mutant human CD38, wherein the serine residue in position 
274 has been substituted with a phenylalanine residue (SEQ 
ID No:34) to the same degree that it binds to human CD38 
(SEQ lD No:31 ). 

The term "to the same degree" should be interpreted so that 
the binding of the peptide to the mutant human CD38 is 
significantly lower than the binding of the peptide to the wild 
type human C038. The binding of a peptide to the CD38 
molecules (wild type and mutant) may be determined in a 
number of ways and it is within the common general knowl
edge of a person skilled in the art to detemline whether the 
binding to the mutant is "si!!,ltificantly lower" than the binding 
to the wildtype. A large number of di.lferent techniques for 
determining the binding of a peptide to another peptide are 
available to the person skilled in the art, for example ELISA, 
radioimmunoassay, BIAcore or flow cytometry. 

One method of determining th.:: Limliug is by dcterDllning 
the EC50 of the binding of the peptide to the mutant protein 
and tn the wild type protein and then comparing the values 
obtained. Another method of detenuining the binding is by 
examining the magnitude of binding at saturating concentra-
tion (for instance the plateau of binding signal), or by deter
miLling kinetic rate constants kon and koff for example by 
BIAcore. 

In one embodiment, the binding of the peptide in question 
to the CD38 proteins (mutant or wild type) is by use of an 
ELISA as described in Example 17. 

In one embodiment, the EC50 nf the binding of the pep tid..: 
to a mutant human C038, wherein the serine residue in posi
tion 274 has been substituted with a phenylalanine residue 
(SEQ ID No:34), is less than 50% of the EC50 of the binding 
of the peptide to human CD38 (SEQ ID No:31 ). In one 
embodiment, the EC50 of the binding of the peptide to a 
mutant human CD38, wherein the serine residue in position 

In one embodiment, the present invention provides a 
CD38BP having substantially the same specific CD38-bind
ing characteristics of one or more mAbs sdc~.:ted from an 
antibody having a VL sequence of SEQ lD No:2 and a V H 30 
sequence of SEQ ID No:7 (such as the antibody -003), an 
antibody having a V L sequence of SEQ ID No: 12 and a V H 

sequence of SEQ lD No: 17 (sud1 as antibody -005), and an 
antibody having a VL sequence of SEQ ID No:22 and a Yu 
sequence of SEQ ID No:27 (such as antibody -02'1). 

Mapping studies have indicated that several monoclonal 
antibodies raised against human CD38 bind to epitopcs in the 
C-tenninal region of CD38 (220-296) (Hoshioo et al. and 
Ferreroet al.). Within this region three amino acid differences 
have been found between the human and the cynomolgus 40 

CD38 sequence: T237, Q272 and S274 in humans correspond 

35 274 bas been substituted with a phenylalanine residue (SEQ 
ID No:34), is less than 10% of the EC50 of the binding of the 
peptide to human CD38 (SEQ ID No:31). In one embodi
ment, the EC50 of the binding of the peptide to a mutant 

to A238, R273 and F275 in cynomolgus. -005 does not bind 
to cynomolgus tissue (shown in examples 10 and 11 ). A 
limited number of amino acid differences exist between the 
human and the monkey CD38 sequence, for instance in the 45 

carboxytenninal part to the protein, for instance the following 
three amino acid eli l:ferences between the huwan and the 
cynomolgus CD38 sequence: T237, Q272 and S27 4 in human 
CD38s correspond to A238, R273 and F275 in cynomolgus 
monkey CD38 (compare SEQ ID No.21 and SEQ ID No.22). so 
-005 does not bind to a mutant huCD38 protein, wherein the 
glutamine residue at position 272 of SEQ ID No:31 has been 
substituted with an arginine residue (Q272R), or to a mutant 
huCD38 protein, wherein the st>rine residue of position274 of 
SEQ ID No:31 has been substituted with a phenylalanine 55 

residue (S274F) (shown in Example 17) to the same degree 
that it binds to wild type human CD38. Binding of -005 is 
particularly abrogated by the amino acid substation at posi
tion S274F. 

human CD38, wherein the serine residue in position 27 4 has 
been substituted with a phenylalanine residue (SEQ ID 
No:34), is less than 5% of the EC50 of the binding of the 
peptide to human CD38 (SEQ ID No:31). In one embodi
ment, tl1e EC50 of the binding of the peptide to a mutant 
human CD38, wherein the serine residue in position 274 has 
been substituted with a phenylalanine residue (SEQ ID 
No:34), is less than 1% of the F.C,0 of the binding of the 
peptide to human CD38 (SEQ ID No:31 ). 

In one embodiment, the EC50 of the binding of the peptide 
to a mutant human CD38, wherein the glutamine residue in 
position 272 has been substituted with an arginine residue 
(SEQ lD No:33), is less than 50"/o of the EC50 of the binding 
of the peptide to human C038 (SEQ ID No:31 ). In one 
embodiment, the EC50 of the binding nf the peptide to o 
mutant human CD38, wherein the glutamine residue in posi
tion 272 has been substituted with an arginine residue (SEQ 
lD No:33), is less than 10% of the EC50 of the binding of the 
peptide to human CD38 (SEQ ID No:31). 

In one embodiment, o peptide according to the invention 
binds to a mutant human CD38, wherein the threonine residue 

Consequently, the present invention provides peptides, 
which binds to human CD38 (SEQ ID No:31), and which 
does not bind to a mutant human CD38, wherein the 
glutawine residue in position 272 has been substituted with 
an arginine residue (SEQ ID No:33) to the same degree that it 
binds to human CD38 (SEQ ID No:31). 

60 in position 237 has been substituted with a alanine residue 
(SEQ ID No:32) to the same degree that it binds to human 
CD38 (SEQ ID No:31 ). In one embodiment, the EC60 of the 
binding of the peptide to a a mutant human C038, wherein the 
threonine residue in position 237 has been substituted with a 

The present invention also provides peptides, which binds 
to human CD38 (SEQ ID No:31), and which does not bind to 

65 alanine residue (SEQ ID No:32) is more than 75% of the EC50 

of the binding of the peptide to human CD38 (SEQ ID 
No:31 ). In one embodiment, the EC50 of the binding of the 
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peptide to a a mutant human CD38, wherein the threonine 
residue in position 237 has been substituted with a alanine 
residue (SEQ ID No:32) is more than 85% of the EC50 of the 
binding of the peptide to human CD38 (SEQ ID No:31). In 
one embodiment, the EC50 of the binding of the peptide to a a 
mutant human CD38, wherein the threonine residue in posi
tion 237 has been substituted with a alanine residue (SEQ ID 
No:32) is more than 90% of the EC60 of the binding of the 
peptide to human CD3R (SEQ ID No:31). In one embodi
ment, the EC50 of the binding of the peptide to a a mutant 10 

human CD38, wherein the threonine residue in position 237 
has been substituted with a alanine residue (SEQ JT) Nn:32) is 
more than 95% of the EC~n of the binding of the peptide to 
human CD38 (SEQ ID No:31 ). 

To identify more specific likely antigenic determinant 15 

regions in CD38, various predictive analytical methods may 
be applied. In a first analytical approach, CD38 may be ana
lyL.oo for (1) highly hydropathic regions (using the Kyte
Doolittle method); (2) antigenicity as measured by the Pro
trusion Index method; (3) antigenicity as determined by the 20 

Parker method; (4) antigenicity as determined by the Hopp/ 
Woods method; and (5) hydrophilicity as measured by the 
methods of Goldman, Engleman, and Steitz. Sequences rang
ing from 10-40 amino acids in length may be selected based 
on exhibiting one or more of these properties. The rationale 25 

for this approach is the general consensus that many ideal B 
cell epitopes are hydrophilic, surface-oriented, and flexible 
sequences of about 8-10 amino acids in length. 

The present invention pruvides CD38BPs specific for 
CD38-regions of CD38 identified in such a manner. More- 30 
over, the termini of these sequences may be compared to 
predicted antigenic determinant regions located through the 
other analyses described herein to provide additional specific 
likely antigenic-determinant containing regions. Other simi-
lar comparisons may readily be made to provide additional 35 
likely antigenic detem1inant regions, where CD38BPs bind
ing to these antigenic determimmt regions may be considered 
another feature of the present invention. 

In one embodiment, the CD38BP of the present invention 
is an antibody. Non-limiting examples of CD38 binding 40 

immunoglobulin molecules provided by the present invention 
include (a) a complete functional, immunoglobulin molecule 
comprising: (i) two identical chimeric heavy chains compris-
ing a variable region with a human B cell surface antigen 
specificity and human constant region and (ii) two identical 45 

all (i.e. non-chimeric) human light chains; (b) a complete, 
functional, inmltlnoglobulin molecule comprising: (i) two 
identical chimeric heavy chains comprisi11g a variable region 

76 
the present invention is an monoclonal antibody. In a further 
embodiment, the CD38BP of the present invention is a human 
monoclonal antibody. In another further embodiment, the 
CD38BP of the present invention is a humanized antibody. In 
another further embodiment, the CD38BP of the present 
invention is a chimeric antibody. In another further embodi
ment, the CD38BP of the present invention is a monoclonal 
antibody originating entirely from a mammalian species clif-
ferent from humans. In a further embodiment, the CD38BP of 
the present invention is a fully murine monoclonal antibody. 

A monoclonal antibody refers to a composition comprising 
a homogeneous antibudy population having a uniform struc
ture and spe..:ifit.:ity. Typically a monoclonal antibody is an 
antibody obtained from a population of substantially homo
geneous antibodies, i.e., the individual antibodies comprising 
the population are identical except for possible naturally 
nr.r.nrring mutation~ thnt may be prl!senl in minor amounts. 
Monoclonal antibodies are highly specific and each mono
clonal antibody is typically din~ ted against a single epitope, 
which is in contrast to polyclonal antibody preparations 
which typically include different antibodies directed against 
different epitopes. That an antibody is monoclonal is not to be 
constmed as requiring production of the antibody by any 
particular method. For example, the monoclonal antibodies 
of the present invention may be produced by the bybridoma 
method first described by Kohler et al., Nature 256, 495 
(1975), or may be produced by recombinant DNA methods. 
Monoclonal antibodies may also be isolated from phage anti
body libraries using the techniques described in, for example, 
Clacksonet nl., Nature 352,624-628 (1991) and Marks et al., 
J. Mol. Bioi. 222,581-597 (1991). 

Monoclonal antibodies may be obtained from any suitable 
source. Tims, for example, monoclonal antibodies may be 
obtained from hybridomas prepared from murine splenic B 
cells obtained from mice immunized with an antigen of inter
est, for instance in fonu of cells expressing the antigen on the 
surface, or a nucleic acid encoding an antigen of interest. 
Monoclonal antibodies may also be obtained from hybrido
mas derived from antibody-expressing cells of immunized 
humans or non-human manm1als such as rats, dogs, primates, 
etc. 

Alternatively, the cloned antibody genes can be expressed 
in other expression systems, including prokaryotic cells, such 
as microorganisms, such as E. coli, for the production of 
single chain Fv antibodies, algi, as well as insect cells. Fur
themlore, the antibodies can be produced in transgenic non-
human animals, such as in milk from sheep and rabbits or in 
eggs from hens, or in transgenic plants. See for instance 
Verma, R., et al., J. Immunol. Meth. 216, 165-181 (1998); 
Pollock, et al., J.lnlnmnol. Meth. 231, 147-157 (1999); and 
Fischer, R., et al., Bioi. Chem. 380, 825-839 (1999). 

Iu uue t!mbodiment, human monoclonal antibodies 
dirl!l:led against C03tl may be generatecl using transgenic or 
transchromosomal mice carrying parts of the human immune 
system rather than the mouse system. Such transgenic and 
transchromosomic mice include mice referred to herein as 
HuMAb mice and KM mice, respectively, and are collectively 
referred to herein as "transgeni~.: mice". A human monoclonal 
antibody generated in such mice may be abbreviated as 
HuMab. 

The HuMAb mouse contains a human immunoglobulin 
gene mini lod that encodes unrearranged human heavy (Jl and 
y) and K light chain inmmnoglobulin sequences, together with 
targeted mutations that inactivate the endogenous J.1 and K 

as indicated, and a human constant region, and (ii) two iden
tical all (i.e. non-chimeric) non-human light chains; (c) a 50 

monovalent antibody, i.e., a complete, functional immuno
globulin molecule comprisiua; (i) twn irlPutic:;ll chimoric 
heavy chains comprising a variable rt"Sion as indicated, nnd a 
human constant region, and (ii) two diffen:ut light chains, 
only one of which has the same specificity as the variable 55 
region of the heavy chains. The resulting antibody molecule 
binds only to one end thereof and is therefore incapable of 
divalent binding. As another illustration, immunoglobulin
rdated peptides provided by the present invention may be 
said to include the following: (a) a whole immunoglobulin 60 
molecule; (b) an scFv; (c) a monoclonal antibody; (d) a 
human antibody; (e) a chimeric antibody; (f) a humanized 
antibody; (g) a Fab fragment; (h) an Fab' fragment; (i) an 
F(ab')2 fragment; (j) an Fv molecule; and (k) a disulfide
linked Fv molecule. 65 chain loci (Lonberg, N. eta!., Nature 368, 856-859 (1994)). 

In one embodiment, the CD38BP of the present invention 
is a polyclonal antibody. In one embodiment, the CD38BP of 

Accordingly, the mice exhibit reduced expression of mouse 
lgM or K and in response to immunization, the introduced 
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human heavy and light chain transgenes, undergo class 
switching and somatic mutation to generate high affinity 
human IgG,K monoclonal antibodies (Lonberg, N. et al. 
(1994), supra; reviewed in Lonberg, N. Handbook of Experi
mental Pharmacology 113,49-101 (1994), Lonberg, N. and 
Huszar, D., Intern. Rev. Immunol. Vol. 13 65-93 (1995) and 
Harding, F. and T .on berg, N. A.nn. N.Y. Acad. Sci. 764 536-
546 (1995)). The preparation ofHuMAb mice is described in 
detail in Taylor, L. et al., Nucleic Acids Research 20, 6287-
6295 (I 992), Chen, J. et al., International Immunology 5, 
647-656 (1993), Tuaillon et al., J. lrnmunol. 152, 2912-2920 
(1994), Taylor, L. et al., International Immunology 6, 579-
591 (1994), Fishwild, D. et al., Nature Biotechnology 14, 
845-851 (1996). See also U.S. Pat. No. 5,545,806, U.S. Pat. 
No. 5,569,825, U.S. Pat. No. 5,625,126, U.S. Pat. No. 5,633, 
425, U.S. Pat. No. 5,789,650, U.S. Pat. No. 5,877,397, U.S. 
Pat. No. 5,661,016, U.S. Pat. No. 5,814,318, U.S. Pat. No. 
5,374,299, U.S. Pat. No. ),770,429, U.S. Pat. No. 5,545,807, 
WO 98/24884, WO 94/25585, WO 9311227, WO 92/22645, 
WO 92/03918 and WO 01/09187. 

The HCo 7 mice have a 1KD disruption in their endogenous 
light chain (kappa) genes (as described in Chen et al., EMBO 
J. 12, 821-830 (1993 )), a CMD disruption in their endogenous 
heavy chain genes (as described in Example 1 of WO 
01/14424), a KCo5 human kappa light chain transgene (as 
described in Fishwild et al., Nature Biotechnology 14, 845-
851 (1996)), and a HCo7 human heavy chain transgene (as 
described in U.S. Pat. No. 5,770,429). 

The HCo12 mice have a JKD Jisruption in their endog
enous light chain (kappa) genes (as described in Chen eta!., 
EMBO J. 12, 82I-ll30 (1993)), a CMD disruption in their 
endogenous heavy chain genes (as described in Example I of 
WO 01/14424), a KCo5 human kappa light chain transgene 
(as described in Fishwild et al., Nature Biotechnology 14, 
845-851 (1996)), and a HCo 12humanheavy chain transgene 
(as described in Example 2 of WO 01/14424). In the KM 
mouse strain, the endogenous mouse kappa light chain gene 
has been homozygously disrupted as described in Chen et al., 
EMBO J. 12, 811-820 (1993) and the endogenous mouse 
heavy chain gene has been homozygously disrupted as 
described in Example 1 ofWO 01/09187. This mouse strain 
carries a human kappa light chain transgene, KCo5, as 
described in Fishwild ct al., Nature Biotechnology 14, 845· 
851 (1996). This mouse strain also carries a human heavy 
chain transchromosome composed of chromosome 14 frag
ment hCF (SC20) as described in WO 02/43478. 

1l1e KM mouse contains a hun1an l.tt:avy chain transchro
mosomc and a human kappa light chain transgene. The 
endogenous mouse heavy and light chain genes also have 
been disrupted in the KM mice such that immunization of the 
mice leads to production of human immunoglobulins rather 
than mouse immunoglobulins. Construction nfKM mice and 
their use to raise human inlmunoglohulins is described in 
detail in WO 02/43478. 

Splenocytes from these transgenic mice may be used to 
generate hybridomas that secrete human monoclonal anti
bodies according to well known techniques. Such transgenic 
mammals, mammals comprising an operable nucleic acid 
sequem:t: coding for expression of a CD38BP, mammals sta
bly transfected with one or more CD38-encoding nucleic acid 
sequences, and the like, are additional features of the present 
invention. 

Human monoclonal orpolyclonal antibodies of the present 
invention, or antibodies of the present invention originating 
from other species may also be generated transgenically 
through the generation of another non-human m=al or 
plant that is transgenic for the inlmunoglobulin heavy and 

78 
light chain sequences of interest and production of the anti
body in a recoverable form therefrom. In connection with the 
transgenic production in mal11lllals, antibodies may be pro
duced in, and recovered from, the milk of goats, cows, or 
other m=als. See for instance U.S. Pat. No. 5,827,690, 
U.S. Pat. No. 5,756,687, U.S. Pat. No. 5,750,1 7?, and U.S. 
Pat. No. 5,741,957. 

Further, human antibodies of the present invention or anti
bodies of the present invention from other species may be 

10 generated through display-type technologies, including, 
without limitation, phage display, retroviral display, riboso
mal display, nnd other tech.uiques, using techniques well 
known in the art and the resulting molecules may be subjected 
to additional maturation, such as affinity maturation, as such 

15 techniques are well known in the art (see for instance Hoo
genboom eta!., J. Mol. Bioi. 227,381 ( 1991) (phage display), 
Vaughiln eta!., Nature Biotech 14, 309 (1996) (phage dis
play), Hanes and Plucthau, PNAS USA 94, 493 7-4942 (1997) 
(ribosomal display), Pam1lcy and Smith, Gene 73, 305-318 

20 (1988) (phage display), Scott TIBS 17, 241-245 (1992), 
Cwirla et al., PNAS USA 87,6378-6382 (1990), Russel eta!., 
Nuci.Acids Rcsearch21, 1081-1085 (1993), Hoogenboomet 
al., Immunol. Reviews 130, 43-68 (1992), Chiswell and 
McCafferty TIBTECH 10, 80-84 (1992), and U.S. Pat. No. 

25 5,733,743). If display technologies are utilized to produce 
antibodies that are not human, such antibodies may be 
humanized, for instance as described elsewhere herein. 

Humanized monoclonal antihoclies of the present inven
tion may be generated by fusing the constant domains from a 

.lO human antibody to the variable Jumains of a non-human 
species. Examples of how to make humanized antibodies may 
be found in for instance U.S. Pat. No. 6,054,297, U.S. Pat. No. 
5,886,152 and U.S. Pat. No. 5,877,293. A humanized anti
body is designed to have greater homology to a human imnm-

35 noglobulin than animal-derived monoclonal antibodies. Non
human amino acid residues from an "import" (animal) 
variable domain typically arc transfected into a human "back
bone". Humanization may essentially be performed follow
ing the method ofWinter and co-workers (Jones et al., Nature 

40 321,522-525 (1986), Riechmann et al., Nature 332,323-327 
(1988), Verhoeyen ct al., Science 239, 1534-1536 (1988)), by 
substituting rodent complementarity determining regions 
("CDRs") or CDR sequences for the corresponding 
sequences of a human antibody. Accordingly, in such 

45 "humanized" antibodies, the CDR portions of the human 
variable domain have been substit11ted by the corresponding 
sequence from a non-human species. Thus, humanized anti
bodies are typically human antibodies in which some CDR 
residues and possibly some framework residues are substi-

50 tuted by residues from analogous sites in rodent antibodies. 
The choice of human variable domains, both light and heavy, 
to be used in making the humanized antibodies is importantto 
reduce auligenicity. According to the so-callr:d "best-fit" 
method, the sequence of the variable domain of a rodent 

55 antibody is screened against the entire library of known 
human variable-domain sequences. The human sequence 
which is closest to that of the rodent is then accepted as the 
human framework (FR) for the humauized antibody (Sims et 
al., J.l.tnmunol. 151,2296 (1993), Chothia et al., J. Mol. Bioi. 

60 196, 901 (1987)). Another method uses a particular frame
work derived from the consensus sequence of all human 
antibodies of a particular subgroup of light or heavy chains. 
The same framework may be used for several different 
humanized antibodies (Carter et al., PNAS USA 89, 4285 

65 (1992), Presta et al., J. Irnmunol. 151, 2623 (1993)). 
It is typically also inlportant that humanized antibodies 

retain high affinity for the antigen and other favorable bio-
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light chain constant regions, kappa or lambda, may be used. 
The chlmeric, human.i7,ed antibody may then be expressed by 
conventional methods. 

CD38BPs of the present invention may be in any suitable 
form with respect to multimerization. Anti-CD38 antibodies 
and antibody fragments may be at least in heterotrimeric form 
if not in higher multimeric forms such as those associated 
with IgM antibodies. 1n other embodiments, a CD38BP may 
be presented as a dimer or monomer. Monomeric CD38BPs 
of the present invention may be, for example, modified by any 
suitable technique so as to form multimeric peptide compo-
sitions. 

If desired, the class of a anti-CD38 antibody of the present 
invention may be switched by known methods. For example, 
an antibody of the present invention that was originally IgM 
may be class switched to an lgG antibody of the present 
invention. Further, clflss switching techniques way he used to 
convert one IgG subclass to anod1er, for instance from IgG 1 to 
IgG2. Thus, the effector function of the antibodies of the 

logical properties. To achieve this goal, humanized antibodies 
may be prepared by a process of analysis of the parental 
sequences and various conceptual humanized products using 
three-dimensional models of the parental and humanized 
sequences. Three-dimensional immunoglobulin models are 5 

commonly available and arc fanliliar to those skilled in the 
art. Computer programs arc available whlch illustrate and 
display probable three-dimensional conformational struc
tures of selected candidate immunoglobulin sequences. 
Inspection of these displays pernlits analysis of the likely role 10 

of certain residues in the functioning of the candidate immu
noglobulin sequence, i.e., the analysis ofresidnP.s that inftu. 
ence the abihty of the candi&Le immunoglobulin to bind its 
antigen. In this way, FR residues may be selected and com
bined from the recipient and import sequences so that the 15 

desired antibody characteristic, such as increased affinity for 
the target antigen(s), is maxinlized, althou5l,h it is the r.nR 
residue> ilia! directly and most substantially influence antigen 
binding. 

20 present invention may be changed by isotype switching to, 
e.g., an JgGl, JgG2, JgG3, IgG4, JgD, IgA, IgE, or IgM 
antibody for various therapeutic uses. 

Murine antibodies or antibodies from other species may be 
humanized or primatized using any suitable techniques, a 
number of suitable techniques being already well known in 
the art (see for instance Winter and Harris Jmmunol Today 14, 
43-46 (1993) and Wright et al., Crit. Reviews in Immunol. 
125-168 (1992)). The antibody of interest may be engineered 
by recombinant DNA techniques to substitute the CHI, CH2, 
CH3, hinge domains, and/or the framework domain with the 
corresponding human sequence (see WO 92/02190 and U.S. 
Pat. No. 5,530,101, U.S. Pat. No. 5,585,089, U.S. Pat. No. 
5,693,761, U.S. Pat. No. 5,693,792, U.S. Pat. No. 5,714,350, 
and U.S. Pat. No. 5,777,085). 

Humani7.ation of antibodies may also be performed fol
lowing the method of Winter and co-workers (Jones et al., 
Nature 321, 522-525 (1986), Riechmann et al., Nature 332, 
323 327 (1988), Vcrhoeyen et aJ., Science 239, 1534-1536 
(1988)), by substituting rodent CDRs or CDR sequences for 
the corresponding sequences of a human antibody. Accord
ingly, such "humanized" antibodies are, in a sense, chimeric 
antibodies (U.S. Pat. No. 4,816,567), wherein substantially 
less than an intact human variable domain has been substi
tuted by the corresponding sequence from a non-human spe
cies. In practice, humanized antibodies are typically human 
antibodies in which some CDR residues and possibly some 
FR residues are substituted by residues from analogous sites 
in rodent antibodies. 

Also, the use of lp; eDNA for constructions of chimeric 
immw10globulin genes is known in the art (see for instance 
Liu et al., PNAS USA 84,3439 (1987) and J. Immunol. 139, 
3521 (1987)). mRNA is isolated from a hybridoma or other 
cell producing the antibody and used to produce eDNA: The 
eDNA of interest may be amplified by the polymerase chain 
reaction using ~pccil1c primers t U.S. Pat. No. 4,683,195 and 
U.S. Pat. No. 4,683,202). Alternatively, a Jihr11ry is made and 
screened to isolate the sequence of interest. The DNA 
sequence encoding the variable region of the antibody is then 
fused to human constant region sequences. Sequences of 
human constant regions (as well as variable regions) may be 
found in K11hat et al., (1991) Sequences of Proteins oflmmu
nologicallnterest, N.LH. publication no. 91-3242 and more 
recent and related data can be accessed at the website of the 
UCL Research Department of Structural and Molecular Biol
ogy at biochem.ucl. ac.uk/-martin/abs/Generalinfo.html. 
The choice of isotype typically will be guided by the desired 
effector functions, such as complement fixation, or activity in 
antibody-dependent cellular cytotoxicity. Exemplary iso
types are IgGl, lgG2, IgG3, and IgG4. Either of the human 

In one embodiment an antibody of the present invention is 
an IgG 1 antibody, for instance an IgG 1 ,K or IgG 1 ,/.. isotype. 

25 1n another embodiment an antibody of the present invention is 
an IgG3 antibody, for instance au IgG3,K or IgG3,A isotypc. 
In another embodiment an antibody of the present invention is 
an JgG4 antibody, for instance an IgG4,K or TgG4,/.. isotypc. 
In another embodiment an antibody of the present invention is 

30 an !gAl or lgA2 antibody. In another embodiment an anti
body ofthc present invention is an lgM antibody. 

Anti-CD38 antibodies may be recovered from recombi
nant combinatorial antibody libraries, such as a scFv phage 
display library, which may be made with human VL and Vu 

35 cDNAs preprut!d from mRNA derived from human lympho
cytes. Methods for preparing and screening such libraries are 
known in the art. Th~;;re are a number of commercially avail
able kits for generating phage display libraries. There are also 
other methods and reagents that may be used in generating 

40 and screening antibody display libraries (see for instance U.S. 
Pat. No. 5,223,409, WO 92/18619, WO 91117271, WO 
92/20791, wo 92/15679, wo 93/01288, wo 92/01047, wo 
92109690, Fuchs ct al., Bio!I'ech.nology 9, 13 70-13 72 (1991 ), 
Hay et al., Hum. Anti bod. Hybridomas 3, 81-85 (1992), Huse 

45 et al., Science 246, 1275-1281 (1989), McCafferty et al., 
Nature 348, 552-554 (1990), Griffiths ct al., EMBO J. 12, 
725-734 (1\193), Hawkins et al., J. Mol. Bioi. 226, 889-896 
(1992), Clacksonet al., Nature 352,624-628 (1991), Gram et 
al., PNAS USA 89, 3576-3580 (1992), Garrod et al., Bio/ 

so Technology 9, 1373-1377 (1991), Hoogenboom et al., Nuc 
Acid Res 19,4133-4137 (1991)andBarbasetal., PNAS USA 
RR, 7978-7982 (1991)). 3uit<tblc VL and V H nucleic acid 
sequences may be selected using any appropriate methorl. For 
exaruplc, VL and V Hnucleic acids may be selected by employ-

55 ing the epitope imprinting methods described in WO 
93/06213. Antibody libraries, such as scFv libraries may be 
prepared and screened using known and suitable methods 
(with human CD3R-contain.ing peptides as auligen(s)), such 
as those described in for instance W092/01047, McCafferty 

60 et al., Nature348, 552-554 (1990) and Griffiths et al., EMBO 
J. 12, 725-734 (1993). Such antibody libraries and other 
combinations ofCD38BPs (libraries, pools, etc.) are features 
of the present invention that may be used therapeutically to 
provide a more comprehensive immune response; as tools in 

65 screening methods for immunogenic peptides, small mol
ecules, other anti-CD38 antibodies (e.g., by way of competi
tion assays), and the like; and/or in diagnostic methods and 
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compositions (e.g., an immunoassay chip con1prising a panel 
of such antibocties optionally in association with other anti
bodies may be prepared by standard techniques). Once initial 
human V L and V H segments are selected, "mix and match" 
experiments, in which different pairs of the initially selected 
V L and V H segments are screened for CD38-containing pep
tide binding, may be performed to select desirable V LN H pair 
com bioations. For example, reactivity of the pep tides may be 
determined by ELISA or other suitable epitope analysis 
methods (see for instance Scott, J. K. and Smith, G. P. Science 10 

249, 386-390 (1990), Cwirla eta!., PNAS USA 87, 6378-
6382 (1990), Felici et al., J. Mol. Bioi. 222, 301-310 (1991) 
and Kuwahara et al., Natnre Biotechnology IS, 74-78 (1997) 
for discussion of such techniques and principles). Antibodies 
may he selected by their affinity fur antigen and/or by their 15 

kinetics of dissociation (off-rate) from antigen (see for 
instance Hawkins eta)., J. MoL Bioi. 226, 889-896 (1992)). 

Tn fnrther impro~·c the Y.ualily and/or d!vemty of anti
CD38 antibodies, the VL and V H segments ofVLN H pair(s) 
may be randomly mutated, for instance within the CDR3 20 

region ofV11 and/or V L> in a process analogous to the in vivo 
somatic mutation process responsible for affinity maturation 
of antibodies during a natural immune response. This in vitro 
affinity maturation may be accomplished by amplifYing V H 

and V L regions using PCR primers complimentary to the V 11 25 

CDR3 or V L CDR3, respectively, which primers typically are 
"spiked" with a random mixture of the four nucleotide bases 
at certain positions, such that the resultant PCR products 
encode V H and V L segmt"'.nts into which random uwtations 
have been introduced into the Vu and/or V L CDR3 regions. 30 

These randomly mutated V H and V L segments may be re
screened for binding to CD38-containing peptides. 

FoiJowing screening, nucleic acid encoding a selected anti
body may be recovered from the eli splay package (e.g., from 
the phage genome) and subcloned into an appropriate vector 35 

by standard recombinant DNA techniques. If desired, such an 
antibody-encoding nucleic acid may be further manipulated 
tu c.:reate other antibody forn1s or CD38BPs. To express a 
recombinant antibody isolated by screening of a combinato
rial library, typically a nucleic acid comprising a sequence 40 

encocting the antibody is cloned into a recombinant expres
sion vector and introduced into appropriate host cells (mam
malian cells, yeast cells, etc.) under conditions suitable for 
expression of the nucleic acid and production of the antibody. 
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able regions (or any one or more CDRs thereof in a single 
variant antibody. Alternatively, variations may be made in 
only one of the framework regions, the variable regions (or 
single CDR thereof), or the constant domain in an antibody. 
Alanine scanning mutagenesis techniques, such as described 
by Cunningham and Wells, Science 244, 1081-1085 (1989), 
may be used to identify suitable residues for substitution or 
deletion in generating CD38BPs comprising variant V L> V H• 

or particular CDR sequences, although other suitable 
mutagenesis techniques also may be applied. Multiple amino 
acid substitutions may also be made and testecl using known 
methods of mutagenesis and screening, such as those dis
closed by Reidhaar-Oison and Sauer, Science 241, 53-57 
(1988) or Bowie and Sauer, PNAS USA 86, 2152-2156 
(1989). 

Thus, for example, in an antihnrly "ari:mt one or mote 
amino acid residues may be introduced or inserted in or 
adjacent to one or more of the hypervariable regions of a 
parent antibody, such as in one or more CDRs. An anti-CD38 
antibody variant may comprise any number of inserted amino 
acid residues, provided again that at least a substantial 
amount of the epitope binding characteristics of the parent 
antibody are retained. An anti-CD38 antibody variant of the 
present invention may for example comprise from about 1-30 
inserted amino acid residues, for instance from about 1-10, 
such as for instance from about 2-10, for instance from 2-5 or 
such as from about 1-5 inserted amino acid residues. Like
wise::, an anti-CD31> antibody variant of the present invention 
may for example comprise from about 1-30 deleted amino 
acid residues, for instance from about 1-10, such as for 
instance from about 2-10, for instance from 2-5 or such as 
from about 1-5 deleted amino acid residues. Likewise, an 
anti-CD38 antibody variant of the present invention may for 
example comprise from about 1-30 substituted amino acid 
residues, for instance from about 1-10, such as for instance 
from ilbout 2-10, for instance from2-5 or such as from about 
1-5 substituted amino acid residues. Likewise, an anti-CD38 
antibody variant of the present invention may for example 
comprise from about 1-30 terminal sequence anlino acid resi
due additions, for instance from about 1-10, such as for 
instance from about 2-10, for instance from 2-5 or such as 
from about 1-5 terminal sequence amino acid residue adcti
tions. A antibody variant of the present invention may also 
comprises a combination of two or more of such insertions, 
deleting, substitutions and terminal sequence amino acid resi-
due auditions, provided that the variant possesses at least a 
substantial proportion of the parent antibodies affinity, speci
ficity, and/or selectivity with respect to one or more CD38 
cpitopes. 

Considerations in the selection of antibody variants (e.g., 
conservntion of amiuu acid residue functional chnracteristics, 
conservntion of amino acid residues based on hyrlropathic 
characteristics, and/or conservation of anlino acid residues on 

High-affinity antibody peptides, such as human single- 45 

chain Fv (scFv) and Fab antibody fragments, may also be 
isolated from such libraries using a panning tech.n.iqu~: in 
which the antigen of interest is immobilized on a solid sur
face, such as microliter plates or beads (see for instance 
Barbas and Burton, Trends. Biotechool. 14, 230-234 (1996) so 
and Aujame et al., Hum. Antibodies 8, 155-68 (1997). Phage 
display oflarge naive libraries also makes it possible to iso
late Luman antibodies directly without immunization (see for 
instanc.:~:de Haard etal.,J. Bioi. C:hem. 274(26), 18218-18230 
(1999)). 55 the basis of weight/size), are described elsewhere herein. 

Typically, amino acid sequence alterations, such as conser
vative substitution variations, desirably do not substantially 
change the stmctural characteristics of th~: parem sequence 
(e.g., a replacement amino acid should not tend to disrupt 
secondary structure that characterizes the function of the 
parent sequence). Examples of art-recognized polypeptide 
secondary and tertiary structures are described in, e.g., Pro
teins, Structures and Molecular Principles (Creighton, Ed., 
W.H. Freeman and Company, New York (1984)), Introduc-

In one embodiment, the present invention provides variant 
anti-CD38 antibodies. A "variant" anti-CD38 antibody is an 
antibody that ctiffers from a parent antibody (typically gener
ated by immunization) by ou~: or more suitable amino acid 
residue alterations, that is substitutions, deletions, insertions, 60 

or terminal sequence additions, in the CDRs or other V 11 

and/or V L sequences (provided that at least a substantial 
amount of the epitope binding characteristics of the parent 
antibody are retained, if not improved upon, by such 
changes). 65 tion to Protein Structure (C. Branden and J. Tooze, eds., 

Garland Publishing, New York, N. Y (1991 )) and Thornton et 
al., Nature 354, 105 (1991 ). Additional principles relevant to 

Variations in an antibody variant may be made in each of 
the framework regions, the constant domain, and/or the vari-
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the design ;md construction of peptide variants is discussed in 
for instance Collinet et al., J Bioi Chern 275(23), 17428-33 
(2000). 

84 
In one embodiment, the present invention provides variant 

anti-CD38 antibodies wherein potential T cell epitopes in the 
antibody have been reduced or eliminated through rationale 
design. Thus, for example, in one embodiment the present 
invention provides a "deimmunized" anti-CD38 antibody in 
which the potential T cell epitopes have been eliminated. Tite 
design and construction of deimmunized anti-CD38 antibod
ies may be accomplished by any suitable known technique 
(see for instance W09852976 with respect to methods for 

Amino acid sequence variants of an antibody may be 
obtained by introducing appropriate nucleotide changes into 
the antibody-encoding nucleic acid (e.g., by site directed 
mutagenesis) or by chemical peptide synthesis. Such variants 
include, for example, deletions from, and/or insertions into 
and/or substitutions of and/or terminal sequence additions of 
residues within the amino acid sequences of the antibodies of 
the examples herein. Any combination of deletions, inser
tions, and substitutions may he made to arrive ot a desired 
variant, provided that the variant possesses ot least a substan
tial proportion of epitope binding characteristics of the parent 
antibody. Amino acid sequence changes, with respect to a 15 

parent antibody, also may alter post-translational processes of 
the variant antibody with respect to a parent antihrviy, ~uch aG 

IO preparing deimmun.ized antibodies). Im.munogenicity in 
humans is expected to be eliminated or substantially reduced 
when such CD38BPs (e.g., anti-CD38 variant antibodies) are 
admhusltrred according to the present invention. 

by changmg the number or position of glycosylation sites. 

Variant antibodies of the present invention may cum prise 
20 

alterations in the bypervariable region, such as in the CDRs. 
Examples of CD38BPs comprising such CDR variants are 
described elsewhere herein, and, as described above, such 
CD38BPs may be antibodies. 

V;.~ria.nt antibodies of the present invention may comprise 25 
framework (FR) alterations, that is outside the hypervariable 
region, tbr Instance in the Fe region, which alterations may be 
associated with advantageous properties, such as changing 
the functional or pharmacokinetic properties of the antibod
ies. For example, a substitution or other modification (inser- 30 
tion, deletion, temtinal sequeuc~ additions or combination of 
any thereof) in a framework region or constant domain may 
be associated with an increase in the half-life of the variant 
antibody with respect to the parent antibody, or may be made 
to alter the immunogenicity of the variant antibody with 35 

1t:spcct to the parent antibody, to provide a site for covalent or 
non-covalent binding to another molecule, or to alter such 
properties as complement fixation, for instance resulting in a 
decrease or increase of Clq binding and CDC or of fcyR 
binding and antibody-dependent cellular cytotoxicity 40 
(ADCC). Substitutions may for exantple be made in one or 
more of the amino acid residues 234, 235, 236, 23 7, 297, 318, 
320, and 322 of the heavy chain constant region, thereby 
causing an alteration in an effector function while retaining 
binding to antigen as compared with the unmodified antibody, 45 
cf. U.S. Pat. No. 5,624,821 and U.S. Pat. No. 5,648,260. 
Further reference may be had to WO 00/42072 disclosing 
antibodies with altered Fe regions that increase ADCC, and 
WO 94/29351 disclosing antibodies having mutations in the 
N-terminal region of the Cu2 domain that alter the ability of 50 
the antibodies to bind to FcRI and thereby decreases the 
ability of the antibodies to bind to Clq which in tum decreases 
the ability oftlu:: <~•J.tibmlte~ to nx complement. Pu.rth~rmore, 
Shields et al., J. Bioi. Chern. 276, 6591-6604 (2001) teacheG 
combination variants, that improve FcyRIII binding, for 55 
insta.nce T256A/S298A, S298AIE333A, and S298A/E333A/ 
K334A. 

The in vivo half-life of the antibodies may also be 
imprrnr'ld by modif)·i1\~ tl1c ~"1 v<~ge receptor ep1tope of the Ig 
constant domain or an Ig-like constant domain such that the 60 

molecule does not comprise an intact Cu2 domain or an intact 
Ig Fe region, cf. U.S. Pat. No. 6,121,022 and U.S. Pat. No 
6,194,551. The in vivo halt~ life may furthermore be increased 

Other framework mutations may include sequence 
changes which may reduce susceptibility to proteolysis, 
reduce susceptibility to oxidation, and/or confer or modify 
oth.:.1 v!Jysi~.:uchelllical or functional properties on the asso
ciated variant antibody. 

Amino acid sequence variations in the framework may also 
result in an altered glycosylation pattern in the variant anti
body with respect to a parent antibody. By altering is meant 
deleting one or more carbohydrate moieties found in the 
parent antibody, and/or adding one or more glycosylation 
sites that are not present in the parent antibody. Glycosylation 
of antibodies is typically either N-linked or 0-linked. 
N-linked refers to the attachment of the carbohydrate moiety 
to the side chain of an asparagine residue. The tripeptide 
sequences aspardgine-X-serine and asparagine-X-threonine, 
where X is any amino acid except proline, are common rec
ognition sequences for enzymatic attachment of the carbohy-
drate moiety to the asparagine side chain. Thus, the presence 
of either of these tripeptide sequences in a polypeptide may 
create a potential glycosylation site. 0-linked glycosylation 
refers to the attachment of sugrus such as N-aceylgalac
tosaminc, galactose, or xylose to a hydroxyamino acid, most 
com.n1only serine or threonine, although 5-hydroxyproline or 
5-hydroxylysine may also be used. Addition of glycosylation 
sites to the antibody may be conveniently accomplished by 
altering the amino acid sequence such that it contains one or 
more of the above-described tripeptide sequences (for 
N-linked glycosylation sites). The alteration may also be 
made by the addition of, or substitution by, one or more serine 
or threonine residues to the sequence of the original antibody 
(for O-J inked glycosylation sites). 

The antibodies may also be expressed in a transfectnma 
which does not add the fucose unit normally attached to the 
carbohydrate attached to Asn at position 297 of Fe in order to 
enhance the affinity of Fe for Fey Rill which in tum will result 
in an increasedADCC of the antibodies in the presence ofNK 
cells, cf. Shield et al., J. Bioi. Chem. 277, 26733 (2002). Other 
methnrl~ of modifying the glyw~ylaiinn with tocus on the 
fucosylation is described in WO 00/61739 to Kyowa. Further
more, wudification of galactosylation may be made in order 
to modify CDC. Further reference may be had to WO 
99/54342 and Umana et al., Nat. Biotechnol. 17, 176 (1999) 
disclosing a CHO cell line engineered to express Gntiii 
resulting in the expr~ssion of mnniV'lon:Al antibodic3 witL 
altered glycoforms and improved ADCC activity. 

Other potenli;.~lly suitable techniques for preparing novel 
anti-CD38 antibodies include CDR walking mutagenesis, 
antibody chain sbllffiing, "parsinmnious mutagenesis" 
(Balint and Larrick, Gene 13 7, 109-118 (1993) ), and other 
affinity maturation techniques (see for instance Wu et al., by making mutations in the Fe region, e.g. by substituting 

threonine for leucine at position 252, threonine for serine at 
position 254, or threonine for phenylalanine at position 256, 
cf. U.S. Pat. No. 6,277,375. 

65 PNAS USA 95, 6037-42 (1998)). Repertoire cloning proce
dures may also be useful in the production of variant antibod
ies (see for instance WO 96/33279). 
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There are a number of techniques known for gcneratiug 
CDK variants, any suitable technique or combination of 
which may be used in the context of the present invention for 
generating CDR variants of the CDRs of the antibodies of the 
examples. Examples of such techniques include the removal 
of nonessential residues as described in Studnicka et al., 
Protein Engineering Z, 805-814 (1994) (see also Socle.rlind et 
al., In:ununotechnology. 4(3-4), 279-85 (1999), CDR walking 
mutagenesis and other artificial affinity maturation tech
niques (see for instance Yang et al., Journal of Molecular 10 

Biology 254(3), 392-403 (1995), CDR shufliing techniques 
wherein typically CDRs are amplified from a diverse set of 
gene templates optionally comprisiug synthetic oligonucle
otides, the constant regions of the V L• V H> and/or CDRs are 
amplified, and the various fragments mixed (in single- IS 

stranded or double-stranded format) and assembled by poly
merase chain reaction (PCR) to produce a set of antibody
fragment encoding genf' productG currying ~!willed CJJK 
introduced into the master framework, which is amplified 
usinp; external primers annealing to sitt:l; beyond inserted 20 

restriction sites to ensure production of full-length products, 
which are inserted into a vector of choice and used to 
expressed variant CDR-containing proteins. Appropriate 
structure may be determined by superimposition of the vari
antmimetic structures and those of the parent sequences, e.g., 25 

by comparison ofNMR solution stn1ctures. Useful methods 
for rational design of CDR sequence variants are described in 
for instance WO 91109967 and WO 93/16184. Adclitional 
examples of such methods are provided elsewhere herein. 

The present invention also provides fragments of anti bod- 30 

ies (including variant antibodies) of the present invention. 
whkh frogmcnt3 La~ !lit: t~bllity to bind to CD38 (CD38 
binding fragments). CD388Ps thus include antibody-like 
molecules that comprise Jess than the full tetrameric structure 
associated with naturally-occurring antiboclies. An antibody 35 

fragment may be any peptide that comprises a portion of a full 
length antibody, generally the antigen binding or variable 
region thereof (this iududes, for example, fragments of 
humanized antibodies comprising CDRs from an antibody of 
the present invention, variants thereof, or other CDRs that 40 

allow the antigen fragment to compete with an antibody of the 
present invention for CD38 binding). In one embocliment, an 
antibody fragment refers to a peptide that consists essentially 
or consists only of a portion of an antibody molecule. In one 
embodiment, the present invention provides an antibody frag- 45 

ment comprising at least a portion of a heavy chain variable 
domain containing one or more V H CDRs nf an antibody of 
lhe present mvention and optionally also a light chain-vari
able domain comprising one or more V L CDRs of an antibody 
of the present invention, wherein the heavy chain variable so 
domain. and optionally the light chain variable domain, 
optionally is (are) fused to an additional moiety, such as an 
imm11Mglobulin corutaul ilomain. Constnnt domain 
sequences may be added to the heavy chain and/or light chain 
sequew.:e(s) to form species with partial length heavy and/or 55 

light chain(s). Constant rep;ions, or portions thernof, of any 
antibody isotype may be used for this purpose, including IgG, 
IgM, IgA, IgD, and IgE constant regions. 

Examples of CD:IR-binding antibody ffagments include 
Fab, Fab', F(ab')2 , and Fv fragments. An antibody fragment in 60 

the context of the present invention may also include a a 
peptide comprising a CDR, and the like. In one embodiment, 
the present invention provides an antibody fragment compris
ing a first polypeptide chain that comprises any of the heavy 
chain CDRs described herein and a second polypeptide chain 65 

that comprises any of the light chain CDRs described herein, 
wherein the two polypeptide chains are covalently linked by 
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one or more interchain disulfide bonds. In one embodiment, 
the present invention provides a two-chain antibody fragment 
having such features wherein the antibody fragment is 
selected from Fab, Fab', Fab'-SH, Fv, and/or F(ab')2 frag
ments. 

Antibodies may be fragmented using conventional tech
niques, ami the fragments screened for utility in the san1e 
manner as described above for whole antibodies. For 
example, F(ab')2 fragments may be generated by treating 
antibody with pepsin. The resulting F(ab')2 fragment may be 
treated to reduce disulfide bridges to produce Fab' fragments. 
Fab fragment:; may be obtained by tJc::aling an IgG antibody 
with papain; Fab' fragments may be obtained with pepsin 
digestion of IgG antibody. A Fab' fragment may also be 
produced by binding Fab' described below via a thioether 
bond or a disulfide bond. A Fab' fragment is an antibody 
fragment obtained by c11tting a di&ulfidc bcu1J uf tlte hinge 
region of the F(ab'h· A Fab' fragment may be obtained by 
treating a F(ab'h frngment with o reducing agent, such as 
dithiothreitol. Antibody fragment peptides may also be gen
erated by expression of nucleic acids encoding such peptides 
in recombinant cells (see for instance Evans et al., J. Immu
nol. Melli. 184, 123-38 ( 1995)). For example, a chimeric gene 
encocling a portion of a F(ab'h fragment could include DNA 
sequences encocling the CHI domain and hinge region of the 
H chain, followed by a translational stop codon to yield such 
a truncated antibody fragment molecule. 

CD388Ps also include univalent antihodies and ~inglc 
chain antibodies. Single chain antibodies are peptides in 
which the heavy and light chain Fv regions are connected. In 
nnP Pmbocliment, tL.,. ptt!l>t:lll InventiOn provides a single
chain Fv (scFv) wherein the heavy and light chains in the Fv 
of an anti-CD38 antibody of the present invention are joined 
with a flexible peptide linker (typically of about 10, 12, 15 or 
more am.ino acid residues) in a single peptide chain. Methods 
of producing such antibodies are described in for instance 
U.S. Pat. No. 4,946,778, Pluck"thun in 'lbe Pharmacology of 
Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds. 
Springer-Verlag, New York, pp. 269-315 (1994), Bird eta!., 
Science 242, 423-426 (1988), Huston et al., PNAS USA 85, 
5879-5883 (1988) and McCafferty et al., Nature 348, 552-
554 (1990). The single chain antibody may be monovalent, if 
only a single V 11 and V L are used, bivalent, if two V Hand V L 

are used, or polyvalent, if more than two V Hand V L are used. 
In one embodiment of the present invention, a CD38BP 

may be derivatized or linked to another functional molecule, 
for instance another peptide or protein (such as a Fab' frag
ment) to generate a bispecific or multispecific molecule 
which binds to multiple binding sites or target epitopes. For 
example, an antibody of the present invention may be func
tionally linked (for instance by chemical coupling, genetic 
fusion, nnllr.ovalent o~3ociatiuu ur mherwise) to one or more 
other binding molecules, such as another an.tibody, peptide or 
bincling mimetic. In one embodiment, the CD38BP is an 
antibody of the present invention. 

Accordingly, the present invention includes bispecific and 
multi specific molecules comprising at least one first bincling 
specificity for CD:IR flnd a second binding specificity for a 
second target epitope. In one embodiment of the present 
invention. the second target epitope is an Fe receptor, e.g., 
human FcyRI (CD64) or a hUillan Fca receptor (CD89), or a 
T cell receptor, e.g., CD3. In one embodiment, the present 
invention provides bispecific and multispecific molecules 
capable of binding both to FcyR, FeaR or FceR expressing 
effector cells (e.g., monocytes, macrophages or polymorpho
nuclear cells (PMNs)), and to target cells expressing CD38. 
These bispecific and multispecific molecules target CD38 
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expressing cells to effector cell auc..l !rigger Fe receptor-me
diated effector cell activities, such as phagocytosis of CD38 
expressing cells, antibody dependent cellular cytotoxicity 
(ADCC), cytok.inerelease, or generation of superoxide anion. 

Bispecific and multispecific molecules of the present 
invention may further include a third binding specificity, in 
addition to an anti-Fc binding specificity and an anti-CD38 
binding specificity. In one embodiment, the third binding 
specificity is an anti-enhancement factor (EF) portion, e.g., a 
molecule which binds to a surface protein involved in cyto- 10 

toxic activity and thereby increases the immune response 
against the target cell. The "anti-enhancement factor portion" 
may bt:! an antibody, functional antibody fragment or a ligand 
that binds to a given molecule, e.g., an antigen or a receptor, 
and thereby results in an enhancement of the effect of the IS 

binding determinants for the Fe receptor ortarget cell antigen. 
The "anti-enhancement factor portion" may bind an Fe recep-
tor or n tnrget ,.;dl antigen. Aitematively, the anti-enhance
ment factor portion may bind to an entity that is different from 
the entity to which the first and second binding specificities 20 

bind. For exan1plc, the anti-enhancement factor portion may 
bind a cytotoxic T cell (e.g., via C02, CD3, CDS, CD28, 
CD4, CD40, ICAM-1 or other immune cell that results in an 
increased immune response against the target cell). 

In one embodiment, the bispecific and multi specific mol- 25 
ecules of the present invention comprise as a binding speci
ficity at least one further antibody, including, e.g., an Fab, 
Fab', F(ab')2, Fv, or a scFv. The further antibody may also be 
a light chain or heavy chain dimcr, or any minimal fragment 
thereof such as a Fv or a single chain construct as described in 30 
Lad11er et al., in U.S. Pat. No. 4,946.77R. ThP flntibody may 
also be a binding-domain immunoglobulin fusion protein as 
disclosed in US 2003/0118592 and US 2003/0133939. 

88 
macrophages, eosinophilic and neutrophilic granulocytes, 
but not on non-elfector cell populations. FcaRI has medium 
affinity for both lgA1 and lgA2, which is increased upon 
exposure to cytokines such as G-CSF or GM-CSF (Morton, 
H. C. et al., Critical Reviews in Immunology 16, 423-440 
(1996)). Four FcaRI-specific monoclonal antibodies, identi
fied asA3,A59,A62 andA77, which bind FcaRl outside the 
IgA ligand binding domain, have been described (Monteiro, 
R. C. et al., J. lmmWlOI. 148, 1764 (1992)). 

PeaRl, FcyRI, FcyRII and FcyRIII, especially FcyRll and 
FcyRIII, are examples of trigger receptors for use in the 
present invention because they (1) are expressed primarily on 
immune effector cells, e.g., monocytes, PMNs, macrophages 
and dendritic cells; (2) are expressed at higll levels (tor 
instance 5,000-100,000 per cell); (3) are mediators of cyto
toxic activities (for instance ADCC, phagocytosis); and (4) 
mediate P-nJ1anced antigen prcseutatiuu uf antigens, including 
self-antigens, targeted to them. 

T n one embodiment, a CD388P uf the present invention is 
a multispccific anti-CD38 antibody or antibody-like mol
ecule, a particular example of which is a bispecific antibody 
comprising at least one pair ofV11 sequence and V L sequence 
chains specific for an epitope comprised at least in part in 
CD38 and a second at least one pair ofV Hand V L sequence 
chains speci fie for a second epi tope. The V Hand V L sequences 
in a bispecific antibody may comprise complete Yu and V L 

sequences corresponding to anti-CD38 V H and V L regions, 
variant Vu and/or V L sequences, or suitable portions ofV H 

and/or V, regions, such as a suitable combination of CDR 
sequences and other sequences sufficient to provide l;>indinl[ 
to the c:pitupt:s uf Interest. 

Exemplary bispecific antibody molecules comprise (i) two 
antibodies one with a specificity to CD38 and another to a 
second target that are conjugated together, (ii) a single anti-In one embodiment, the binding specificity for an Fe recep

tor is provided by a human monoclonal antibody, the binding 
of which is not blocked by human immunoglobulin G (IgG). 
As used herein, the term "lgG receptor" refers to any of the 
eight y-chain genes located on chromosome 1. These genes 
encode a total of twelve transmembrane or soluble receptor 
isofom1s which are grouped into three Fe* receptor classes: 

35 body that has one chain specific to CD38 and a second chain 
specific to a second molecule, and (iii) a single chain antibody 
that has ~pecificity to CU38 and a second molecule. Typically, 
the second target/second molecule is a molecule other than 
CD38. In one embodiment, the second molecule is a cancer 

FcyRI (CD64), FcyRll (CD32), and FcyRlll (CD16). In one 
embodiment, the Fey receptor is a hw.nan high affinity FcyRI. 
The production and characterization of these monoclonal 
antibodies arc described by Fanger et al., in WO 88/00052 and 
in U.S. Pat. No. 4,954,617. These antibodies bind to an 
epitope ofFcyRl, FcyRII or Fey Rill at a site which is distinct 
from the Fey binding site of the receptor and, thus, their 
binding is not blocked substantially by physiological levels of 
lgG. Specific anti-FcyRI antibodies useful in the present 
invention are mAb 22, mAb 32, mAb 44, mAb 62 and mAb 
197. In other embodiments, the anti-Fey receptor antibody is 
a humanized form of mAb 22 (H22). The prorln~tion :and 
charactenzabon of the H22 antibody is described in Gra
ziano, R. F. et al.,J. ]mmunol. 155(10), 4996-5002 (1995)and 
WO 94/10332. The H22 antibody producing cell line was 
deposited at the American Type Culture Collection on Nov. 4, 
1992 under the designation HA022CL1 and has the acces
sionNo.CRL 11177. 

In one embodiment, the binding specificity for an Fe recep-

40 antigen/tumor-associated antigen such as carcinoembryonic 
antigen (CEA), prostate specific antigen (PSA), RAGE (renal 
antigen), a-fetoprotein, CAMEL (CTL-recognized antigen 
on melanoma), CT antigens (such as MAGE-B5, -86, -C2, 
-C3, and D; Mage-12; CTIO; NY-ES0-1, SSX-2, GAGE, 

45 BAGE, MAGE, and SAGE), mucin antigens (e.g., MUCl, 
mucin-CA125, etc.), ganglioside antigens, tyrosinase, gp75, 
C-myc, Marti, MelanA, MUM-I, MUM-2, MUM-3, HLA
B7, and Ep-CAM. In one embodiment, the second molecule 
is a cancer-associated integrin, such as a5j33 integrin. In one 

so embodiment, the second molecule is an angiogenic factor or 
other cancer-associated growth factor, such as a vascular 
cndothcli~l g;uwlh Htctor (V EGF), a fibroblast growth factor 
(FGF), epidem1al growth factor (EGF), e.pidermal growth 
factor receptor (EGFR), angiogenin, and receptors thereof, 

55 particularly receptors associated with cancer progression (for 
instance one of the HER1-HER4 receptors). Other cancer 
progression-associated proteins discussed herein may also be 
suitable second molecules. In Ollt:! t:mbodiment, the second 

tor is provided by an antibody that binds to 11 human IgA 60 
receptor, e.g., an Fca receptor (Fcal (CD89)), the binding of 
which in one embodiment is not blocked by human immuno
globulin A llgA). The term "IgA receptor" is intended to 
include the gene product of one a-gene (FcaRI) located on 
chromosome 19. This gene is known to encode several alter- 65 

natively spliced transmembrane isoforms of 55 to 110 k:Da. 
FcaRI (CD89) is constitutively expressed on monocytes/ 

molecule is a molecule expressed on the surface of multiple 
myeloma cdls such as CDI38. 

In one embodiment, a bispecific antibody of the present 
invention is a diabuc..ly. 

Bispecific antibodies also include cross-linked or "hetero
conjugate" antibodies. For example, one of the antibodies in 
a heteroconjugate may be coupled to avidin and the other to 
biotin. Such antibodies have, for example, been proposed to 
target immWle system cells to unwanted cells (see for 



TJS 7,8?9,673 82 
89 

instance U.S. Pat. No. 4,676,980). Heteroconjugate antibod
ies may be made using any convenient cross-linking methods. 
Suitable peptide cross-linking agents and techniques are well 
known in the art, and examples of such agents and techniques 
are disclosed in for instance U.S. Pat. No. 4,676,980. 

Thus, although the discussion herein may focus on anti
bodies, it should be understood that the embodiments and 
features of the antibodies may equally be applied to antibody 
fragments, such as Fab fragments, Fab' fragments, and scFv 
peptides, antibody-like peptides (peptides comprising a 
CDR), hi- and multi-specific antiboclies and other CD38BPs, 
as appropriate, provided that the CD38BP of the present 
iuvculiun retains at least a substantial proportion of the anti
gen-binding properties of the corresponding complete anti
body. In some instances, antibody fragments may be associ
ated with lower antigen-binding affinity, but may offer other 
advantageous features that may offset for anv such lnss in 
affinity. • 

CD38BPs of the present invention, and particularly anti
CD38 antibodies may be selected based on their ability to 
provide the ability of complement fixation, or not. There are 
a number of isotypes of antibodies that are capable of comple
ment fixation and CDC, including, without limitation, the 
following: murine IgM, murine IgG2a, murine lgG2b, 
murine IgG3, human IgM, human JgGI, and human IgG3. 
Those isotypes that do not include, without limitation, human 
IgG2 and human JgG4. Isotype determination and other 
methods for modifYing the complement fixation and CDC 
fwu.;liunal characteristics of antibodies are known in the art. 

CD38BPs of the present invention also include immunoad
hesins, which are molecules wherein one or ruun: CDRs of an 
anti-CD38 antibody are covalently or noncovalently associ
ated with the molecule. An immunoadhesinmay incorporate 
the CDR(s) as part of a larger polypeptide chain, may 
covalently link the CDR(s) to another polypeptide chain, or 
may incorporate the CDR(s) noncovalently. The CDRs per
mit the immunoadhesin to specifically bind to a CD38. 

The present invention also provides CD38BP fusion pro
teins. CD38BP fusion proteins may comprise any suitable 
amino acid sequence or combination of sequences that are 
specific and/or selective for at least one domain that is at least 
partially comprised within CD38 (e.g., an anti-CD38 anti
body V 11 domain, V L domain, or particular CDRs thereof) and 
at least one nonhomologous and typically substantially non
similar amino acid sequence (e.g., less than about 40%, less 
than about 35%, less than about 300/o, less than about 25%, or 
less than about 20% amino ac1d sequence identity to the 
CD38-specific/selective sequence) that imparts a detectable 
biological function and/or characteristic to the fusion protein 
that cannot solely be attributed to the CD38-specific/selcctive 
sequence (e.g., increased in vivo half-life, fluorescence, 
increased targeting to a particular type of ccll, etc.). Func
tional sequences of such a fusion protein may be separated by 
flexible linker(s). Sc~;uullary sequence(s) may also be derived 
from cytotoxic or apoptotic peptides. Secondary sequences 
may also confer diagnostic properties. Examples of such 
sequences include those derived from easily visualized 
enzymes such as horseradish peroxidase. 

CD38BP fusion proteins may also be characterized by 
comprising :~n epitope tag. An epitope tag sequence is an 
amino acid sequence having enough residues to provide an 
epitope against which an antibody may be made, in the con
text of the CD38BP, yet is short enough such that it does not 
substantially interfere with the activity (selectivity, specific
ity, affinity, and/or biological activity) of the C038BP (as 
compared to a parent CD38BP lacking the cpitope tag). An 
epitope tag desirably is sufficiently unique so that the anti-

90 
epitope tag antibody does not substantially cross-react with 
other epitopes. Suitable tag polypeptides generally have at 
least about 6 amino acid residues and usually between about 
8-50 amino acid residues (e.g., about 9-30 residues). 

5 Examples of epitope tags include the flu HA tag polypeptide 
and its antibody 12CA5 (Field et a!., Mol. Cell. Bioi. 8, 
2159-2165 (1988)); the c-myc tag and the 8F9, 3C7, 6EIO, 
G4, B7 and 9E10 antibodies thereto (Evan et al., Mol. Cell. 

10 
Bioi. 5(12), 3610-3616 (1985)) and the Herpes Simplex virus 
glycoprotein D (gO) tag and its antibody (Paborsky et al., 
Protein Engineering 3(6), 547-553 (1990)). In certain 
cmbodiments, the epitope tag is a "salvage receptor binding 
epitope". As used herein, the term "salvage receptor binding 

15 
epitope" refers to an epitope of the Fe region of an JgG 
molecule (for instance JgGI, IgG2, IgG3, or lgG4) that is 
responsible 1br increasing the in vivo s~mm h~Jf.!ife of tho 
lgG molecule. 

CD38BPs of the present invention also include CD38BP 

20 derivatives. A derivative is a peptide in which one or more of 
the amino acid residues of the peptide have been chemically 
moclified (e.g. by alk")'lation, acylation, ester formation, or 
amide formation) or covalently associated with one or more 
heterologous substitucnts (e.g., a lipophilic substituent, a 

25 PEG moiety, a peptide side chain linked by a suitable organic 
moiety linker, etc.). The peptide may also be conjugated to a 
therapeutic moiety, such as a cytotoxin, a chemotherapeutic 
drug, an immunosuppressant, or a radioisntop~ (a socalled 
immunoconjugate). In general, CD38BPs described herein 

30 may be moclified by inclusion of any suitable number of such 
modifit:U amino acids and/or associations with such conju
gated substituents. Suitability in this context general is deter
mined by the ability to at least substantially retain CD38 
selectivity and/or specificity associated with the non-deriva-

35 li:t..ed parent CD38BP. lhe inclusion of one or more modified 
amino acids may be advantageous in, for example, (a) 
increasing polypeptide serum half-life, (b) reducing polypep
tide antigenicity, or (c) increasing polypeptide storage stabil
ity. Amino acid (s) are modified, for example, co-translation-

40 ally or post-translationally during recombinant production 
(e.g., N-linked glycosylation at N-X-SH motifs during 
expression in mammalian cells) or moclified by synthetic 
means. Non-limiting examples of a moclified amino acid 
include a glycosylated amino acid, a sulfated amino acid, a 

45 prenlyated (e.g., farnesylated, geranylgeranylated) amino 
acid, an acetylated amino acid, an acy)atcd amino acid, a 
PEGylated amino acid, a biotinylated amino acid, a carboxy
lated amino acid, a phosphorylated amino acid, and the like. 
References adequate to guide one of skill in the modification 

so of amino acids are replete throughout the literature. Example 
protocols are found in Walker (1998) Protein Protocols On 
Cd-Rom, Humana Press, Towata, N.J. The modified amino 
acid may be selected from a glycosylated amino acid, a 
PEliylated amino acid, a famesylated amino acid, an acety-

55 lated amino acid, a biotinylated amino acid, an amino acid/ 
conjugated to a lipid moiety, and an amino acid conjugated to 
an organic derivatizing agent. 

Additionally, antibouit:S may be chemically moclified by 
covalent conjugation to a polymer to for instance increase 

oo their circulating half~ life. Exemplary polymers, and methods 
to attach them to peptides, are illustrated in for instance U.S. 
Pat. No. 4,766,106, U.S. Pat. No. 4,179,337, U.S. Pat. No. 
4,495,285 and U.S. Pat. No. 4,609,546.Additional illustrative 
polymers include polyoxyethylated polyols and polyethylene 

65 glycol (PEG) (e.g., a PEG with a molecular weight of 
between about 1,000 and about 40,000, such as between 
about 2000 and about 20,000, e.g., about 3,000-12,000). 
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In one embodiment, the present invention provides a 
CD38BP that is conjugated to a second molecule that is 
selected from a radionuclide, an enzyme, an enzyme sub
strate, a cofactor, a fluorescent marker, a chemiluminescent 
marker, a peptide tag, or a magnetic particle. In one embodi
ment, a CD38BP may be conjugated to one or more antibody 
fragments, nucleic acids (oligonucleotides), nucleases, hor
mones, immunomodulators, chelators, boron compounds, 
photoactive agents, dyes, and the like. These and other suit
able agents may be coupled either directly or indirectly to 10 

CD38BPs of the present invention. One example of indirect 
coupling of a second agent is coupling by a spacer moiety. 
These spacers, in tum, may be either insoluble or soluble (see 
for mstance Diener et al., Science 231, 148 (1986)) and may 
be selecletl lo enable drug release from the CD38BP at a 15 

target site and/or under particular conditions. Additional 
examples of therapeutic agents that may be coupled to 
CD38BPs include lectins and fluorescent peptides. 

In one embodiment, CD38BP derivatives comprising one 
ur more radiolabeled amino acids are provided. A radiola- 20 

beled CD38BP may be used for both diagnostic and thera
peutic purposes (conjugation to radiolabeled molecules is 
another possible feature). Nonlimiting examples of labels for 
polypeptides include, but are not limited to 3 H, 14C, 15N, 35S, 
9 <>x', 99Tc, 1251, 131 !, and 186Re. Methods for preparing radio- 25 

labeled amino acids and related peptide derivatives are known 
in the art (see for instance Junghans eta!., in Cancer Chemo
therapy and Biotherapy 655-686 (2d edition, Chafner and 
Longo, eds., Lippincott Raveu (1996)) anrl U.S. Pat. No. 
4,681,581, U.S. Pat. No. 4,735,210, U.S. Pat. No. 5,101,827, '10 

U.S. Pat. No. 5,102,990 (U.S. RE35,500), U.S. Pat. No. 
5,648,471 and U.S. Pat. No. 5,697,902. For example, a radio
isotope may be conjugated by a chloramine T method. 

Advantageous radionuclides in diagnostic contexts are 
indium isotopes and in the context of therapeutic applications 35 

yttrium isotopes, which are cytotoxic. Photon-emitting radio
isotopes, in general, are advantageous in diagnostic (rndio
immunoscintigraphy (RIS)) methods. Auger electrons have a 
very short path length (5-1 0 om) and need to be internalized 
to be cytotoxic (see for instance Adelstein et al., Nucl. Med. 40 

Bioi. 14, 165-169 (1987)). Accordingly, peptides conjugated 
to such isotopes may be useful in diagnostic methods, but 
only peptides that are internalized should be considered for 
radioisotopes that emit Auger electrons in therapeutic con
texts. Alpha particles need to be close to a cell (within 3-4 cell 45 

diameters) to be effective as therapeutic agents (Vriesendorp 
eta!., "Radioimmunoglobulin therapy," in High Dose Cancer 
Therapy Armitage et al., (eds). (Williams & Wilkins, Balti
more, Md. 1992)). Both Auger electrons and alpha emitters 
may be considered to have high selectivity because their 50 

short-range emission typically will not irradiate neighboring 
normal cells. 

The radiometals 111 In and 90Y are, respectively, a pure 
y-emitter and a pure ~-emitter. Iodine-125, the most com
monly used emitter of Auger electrons, has a half-life of about 55 

60 days and frequently is released by immunoconjugates in 
vivo (due to dehalogenation). The most commonly consid
ered alpha emitters for clinical use, astatine-211 and bismuth-
212, have relatively short half-lives (7.2 hand 1.0 h, respec
tively) and decay into radioactive isotopes that may not be 60 

retained by the irumunoconjugate after the first alpha emis
sion (Wilbur,Antibiot. Immunoconjug. Radiophann. 4, 5-97 
(19\11)). For diagnostic applications, CD38BPs labeled with 
indium-Ill or technetium-99m may be used. Both of these 
isotopes emit gamma rays within the appropriate energy 65 

range for imaging, (100-250 keV). Energies below this range 
typically are not penetrating enough to reach an external 

92 
imaging device. Higher energy levels are difficult to collimate 
and provide diagnostic images with poor resolution. The 
short-half life of 99Tc typically restricts its use to irumuno
conjugates with rapid tumor uptake. 

In one embodiment, first and second CD38BPs conjugated 
with first and second radioisotopes are provided. In another 
embodiment, a single CD38BP conjugated with two radio
isotopes is provided. An advantage of using two separate 
radioisotopes, e.g., one for imaging and one for therapy, is 
that it facilitates outpatient treatment. The low amount of 
radioactivity used diagnostically does not represent a radia
tion hazard, while the raJi<Ilion emitted by a therapeutic iso
tope, such as <1 pure ~-emitter, typically will largely be 
absorhecl in the vicinity of the targeted cell~. 

Radioisotopes may be attached directly or indirectly to a 
CD38BP. The radioisotopes 1251, 131 1, 99Tc, 188Re, and 188Re 
may be, for example, covalently bound to proteins (including 
antibodies) through amino acid functional groups. For radio
llr.tive iodine it is usuolly through the phenolic group found on 
tyrosine. There are numerous methods to accomplish this: 
chloramine-T (see for instance Greenwood et al., Biochem J. 
89, 114-123 (1963) and lodogen (Salacinski et al., Anal. 
Biochem. 117, 136-146 (1981)). Tc andRe isotopes may be 
covalently bound through the sulfhydryl group of cysteine 
(see for instance Grifliths et al., Cancer Res. 51, 4594-4602 
(1991 )). However, such compositions may be relatively better 
suited for diagnostic purposes as the body often can break 
these covalent bonds, releasing the radioisotopes to the cir
culatory system. 

A CD38BP moy also be labded with enzymes that are 
useful for detection, such as horseradish peroxidase, ~-galac
tosidase, luciferase, alkaline phosphatase, glucose oxidase, 
and the like. A CD38BP also be labeled with biotin, and 
accordingly detected througl1 indirect measurement of avidin 
or streptavidin binding. A CD38BP may also be labeled with 
a predetermined polypeptide epitopes recognized by a sec
outl<~ry reponer (e.g., leucine zipper pair sequences, binding 
sites for secondary antibodies, metal binding domains, 
epitope tags, etc.). Additional examples of enzyme conjugate 
candidates include malate dehydrogenase, staphylococcal 
nuclease, delta-V-steroid isomerase, yeast alcohol dehydro
genase, a-glycerophosphate dehydrogenase, triose phos
phate isomerase, asparaginase, glucose oxidase, ribonu
clease, urease, catalase, glucose-6-phosphate 
dehydrogenase, glucoamylase, and acetylcholinesterase. 

Additional exemplary labeling moieties generally include, 
but are not limited to spin-labeled molecules and other label
ing moieties of diagnostic value. 

In one embodiment, the present invention provides 
crosslinked CD38BP derivatives. For example, such a 
CD38BP derivative may be produced by crosslinkin~ two or 
more autibodies, at least one of which is specific/selective for 
CD38 (of the same type or of different types, e.g., to create 
bispeeific antibodies). Suitable crosslinkers include those 
that are heterobifunctional, having two distinctly reactive 
groups separated by an appropriate spacer (e.g., m-maleimi
dobenzoyl-N-hydroxysuccinimide ester) or homobifunc
tional (e.g., disuccinimidyl suberate). Such linkers are avail
able from Pierce Chemical Company, Rockford, Ill. 

CD38BPs may also be conjugated with any suitable type of 
chemical group, such as polyethylene glycol (PEG), a methyl 
or ethyl group, ur a carbohydrate group. These and other 
suitable conjugated groups may be used to improve the bio
logical characteristics of the CD38BP, e.g., to increase serum 
half-life, solubility, and/or tissue binding. 

CD38BP derivatives may be produced by chemically con
jugating a radioisotope, protein, or other agent/moiety/com-
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pound to (a) the N-terminal side or C-terminal side of the 
CD38BP or subunit thereof (e.g., an anti-CD38 antibody H 
chain, L chain, or anti-CD38 specific/selective fragment 
thereof) an appropriate substituent group or side chain or (b) 
a sugar chain in the CD38BP (see, e.g., Antibody Engineering s 
Handbook, edited by Osamu Kanemitsu, published by Chijin 
Shokan (1994)). Derivatives may also be generated by con
jugation at internal residues or sugars, where appropriate. 

CD38BPs may also he derivatized with a detection agents, 
for instance fluorescent compounds, including fluorescein, 10 

fluorescein isothiocyanate, rhodamine, 5-dimethylamine-1-
napthalenesulfonyl chloride, lanthanide phosphors, 11nd the 
like. Additional examples of suitable fluorescent labels 
include a 125Eu label, an isothiocyanate label, a phycoeryth-

94 
that fold into defined secondary and tertiary structures, such 
as stem-loops or G-quartets. Aptamers can bind small mol
ecules, such asATP (U.S. Pat. No. 5,631, 146) and theophiline 
(U.S. Pat. No. 5,580,737), as well as large molecules, such as 
reverse transcriptase (U.S. Pat. No. 5, 786,462) and thrombin 
(U.S. Pat. No. 5,543,293). Representative examples of how to 
make and use aptamers to bind a variety of different target 
molecules can be found in the following non-limiting list of 
US patents: U.S. Pat. No. 5,476,766, U.S. Pat. No. 5,503,978, 
U.S. Pat. No. 5,631,146, U.S. Pat. No. 5,731,424, U.S. Pat. 
No. 5,780,228, U.S. Pat. No. 5,792,613, U.S. Pat. No. 5,795, 
721, U.S. Pat. No. 5,846,713, U.S. Pat. No. 5,!:158,660, U.S. 
Pot. No. 5,861,254, U.S. Pat. No. 5,864,026, U.S. Pat. No. 
5,869,641, U.S. Pat. No. 5,958,691, U.S. Pat. No. 6,001,988, 
U.S. Pat. No. 6,011,020, U.S. Pat. No. 6,013,443, U.S. Pat. 
No. 6,020,130, U.S. Pat. No. 6,028,186, U.S. Pat. No. 6,030, 
77o ;mrl T T S Pllt. No. 6;051 ,698. 

In one embodiment, the present invention provides a 
CD38BP which is conjugated to a ribo:eyme. Ribozymes are 

rin label, a phycocyanin label, an allophycocyanin label, an 15 

o-phthaldehyde label, a fluorescanune label, etc. Examples of 
chemiluminescent labels include luminal labels, isoluminal 
labds, aromatic acndm!Um ester labels, imidazole labels, 
acridiniun1 salt labels, oxalate ester labels, a lucifcrin labels, 
luciferasc labels, aequorin labels, etc. 20 nucleic acid molecules that are capable of catalyzing a chemi

cal reaction, either intramolecu1arly or intermolecularly. 
Ribozymes are thus catalytic nucleic acids. There are a num
ber of different types of ribozymes that catalyze nuclease or 

In one embodiment, a CD38BP derivative comprises a 
conjugated nucleic acid or nucleic acid-associated molecule. 
In one such facet of the present invention, the conjugated 
nucleic acid is a cytotoxic ribonuclease. In one embodiment, 
the conjugated nucleic acid is an antisense nucleic acid (for 25 

instance a S 1 OOA1 0 targeted antisense molecule, which may 
also be an independent component in a combination compo
sition or combination administration method of the present 
invention-sec for instam:e Zhang et al., J BioJ. Chern. 279 
(3), 2053-62 (2004)). In one embodiment, the conjugated 30 

nucleic acid is illl inhibitory RNA m.o!P.<"uli (o.g., o 3iftNA 
molecule ).In one embodiment, the conjugated nucleic acid is 
an immunostimulatory nucleic acid (e.g., an inmmnostimu
latory CpG motif-containing DNA molecule). In one embodi
ment, the conjugrtted nucleic acid is on expression casselle 35 

coding for expression of a tumor suppressor gene, anti-cancer 
vaccine, anti-cancer cytokine, or apoptotic agent. Such 
derivatives also may comprise conjugation of a nucleic acid 
coding for expression of one or more cytotoxic proteins, such 

nucleic acid polymerase type reactions which are based on 
ribozymes found in natural systems, such as (a) hammerhead 
ribozymes, (described in for example U.S. Pat. No. 5,334, 
711, U.S. Pat. No. 5,436,330, U.S. Pat. No. 5,616,466, U.S. 
Pat. No. 5,633,133, U.S. Pat. No. 5,646,020, U.S. Pat. No. 
5,652,094, U.S. Pat. No. 5,712,384, U.S. Pat. No. 5,770,715, 
U.S. Pat. No. 5,856,463, U.S. Pat. No. 5,861,288, U.S. Pat. 
Nv. 5,891,63,;, U.S. Pat. No. 5,891,684, U.S. Pat. No. 5,985, 
621, U.S. Pat. No. 5,989,908, U.S. Pat. No. 5,998,193, U.S. 
Pat. No. 5,998,203, WO 9858058, WO 9858057 and WO 
9718312), (b) hairpin ribozymes (described in for instance 
U.S. Pat. No. 5,631,115, U.S. Pat. No. 5,646,031, U.S. Pat. 
No. 5,683,902, U.S. Pat. No. 5,712,384, U.S. Pat. No. 5,856, 
188, U.S. Pat. No. 5,!:166,701, U.S. Pat. No. 5,869,339 and 
U.S. Pat. No. 6,022,962), and (c) tetrahymena ribozymes 
(described in for instance U.S. Pat. No. 5,595,873 and U.S. 

as plant and bacterial toxins. 40 Pat. No. 5,652,107). There are also a number of ribozymes 
that are not found in natural systems, but which have been 
engineered to catalyze specific reactions de novo (examples 
of which are described in for instance U.S. Pat. No. 5,580, 

In one embodiment, a CD38BP is conjugated to a func
tional nucleic acid molecule. Functional nucleic acids include 
antisense molecules, interfering nucleic acid molecules (e.g., 
siRNA molecules), aptamers, ribozymes, triplex forming 
molecules, and external guide sequences. The functional 45 

nucleic acid molecules may act as affectors, inhibitors, modu
lators, and stimulators of a specific activity possessed by a 
target molecule, or the functional nucleic acid molecules may 
possess a de novo activity independent of any other mol
ecules. A representative sample of methods and techniques 50 

which aid in the design and use of antisense molecules can be 
found in the following; non-limiting list ofTJS pat&ntc: U.S. 
Pat. No. 5,135,917, U.S. Pat. No. 5,294,533, U.S. Pot. No. 
5,1127,158, U.S. Pat. No. 5,641 ,754, U.S. PaL No. 5,691,317, 
U.S. Pat. No. 5,780,607, U.S. Pat. No. 5,786,138, U.S. Pat. 55 
No. 5,849,903, U.S. Pat. No. 5,856, 103, U.S. Pat. No. 5,919, 
772, U.S. Pat. No. 5,955,590, U.S. Pat. No. 5,990,088, U.S. 
Pat. No. 5,994,320, U.S. Pat. No. 5,998,602, U.S. Pat. No. 
6,005,095, U.S. Pat. No. 6,007,995, U.S. Pat. No. 6,013,522, 
U.S. Pat. No. 6,017,898, U.S. P11t. No. 6,018,042, U.S. Pat. 60 

No. 6,025,198, U.S. Pat. No. 6,033,910, U.S. Pat. No. 6,040, 
296, U.S. Pat. No. 6,046,004, U.S. Pat. No. 6,046,319 and 
U.S. Pat. No. 6,057,437. 

In one embodiment, a CD38BP is conjugated to an 
aptamer. Aptanlers are molecules that interact with a target 65 
molecule, for instance in a specific way. Typically aptamers 
are small nucleic acids ranging from 15-50 bases in length 

967, U.S. Pat. No. 5,688,670, U.S. Pat. No. 5,807,718 and 
U.S. Pat. No. 5,91 0,408). Ribozymes typically cleave RNA or 
DNA substrates, and more commonly cleave RNA substrates. 
Ribozymes typically cleave nucleic acid substrates through 
recognition and binding of the target substrate with subse
quent cleavage. This recognition is often based mostly on 
canonical or non-canonical base pair interactions. This prop
erty makes ribozymes particularly good candidates for tarjj;et 
spo:,ifi~, d~::avage of nucleic actds because recognition of the 
targt:l substrate is based on the target suhstrntes sequence. 
Representative examples of how to make and use ribozymes 
to catalyze a variety of different reactions can be found in the 
following non-limiting list ofUS patents: U.S. Pat. No. 5,646, 
042, U.S. Pat. No. 5,693,535, U.S. Pat. No. 5,731,295, U.S. 
Pat. No. 5,811,300, U.S. Pat. No. 5,837,855, U.S. Pat. No. 
5,869,253, U.S. Pat. No. 5,877,021, U.S. Pat. No. 5,877,022, 
U.S. Pat. No. 5,972,699, U.S. Pat. No. 5,972,704, U.S. Pat. 
No. 5,989,906 and U.S. Pat. No. 6,017, 756. 

In one embodiment, the present invention provides a 
CD38BP that is conjugated to a triplex forming function 
nucleic acid. Such nucleic acid molecules can interact with 
either double-stranded or single-stranded nucleic acid. When 
triplex molecules interact with a target region, a structure 
called a triplex is formed, in which three strands of DNA form 
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a complex dependant on bulh Watson-Crick and Hoogsteen 
base-pairing. Triplex molecules can bind target regions with 
high affinity and specificity. Representative examples of how 

96 
group reactive with the cysteine of the modified CD38BP, 
may form an immunoconjugate with the CD38BP peptide. 
Alternatively, a sulfhydryl group may be introduced directly 
to a CD38BP using solid phase polypeptide techniques. For 
example, the introduction of sulfhydryl groups into peptides 
is described by Hiskey, Peptides 3, 137 (1981). The introduc-

to make and use triplex forming molecules to bind a variety of 
different target molecules can be found in the following non- 5 

limiting list of US patents: U.S. Pat. No. 5, 176,996, U.S. Pat. 
No. 5,645,985, U.S. Pat. No. 5,650,316, U.S. Pat. No. 5,683, 
874, U.S. Pat. No. 5,693,773, U.S. Pat. No. 5,834,185, U.S. 
Pat. No. 5,869,246, U.S. Pat. No. 5,874,566 and U.S. Pat. No. 
5,962,426. 

1n one embodiment, a CD38BP is conjugated to an external 
guide sequence. External guide sequences (EGSs) are mol
ecules that bind a target nucleic acid lllolecule forming a 
complex that is recognized by RNase P, which cleaves the 
target molecult:. EGSs may be designed to specificaJly target 15 

a RNA molecule of choice. RNAse P aids in processing 
transfer RNA (tRNA) within a cell. Bacterial RNAse P can be 
rcc!"uilru lu cl~ve virtually any RNA sequence by using an 
EGS that causes the target RNA:EGS complex to mimic the 
u<~lural tRNA substrate. (see for instance WO 92/03566 and 20 

Forster and Altman, Science 238, 407-409 ( 1990) for discus
sion). Representative examples of how to make and use EGS 
molecules to facilitate cleavage of a variety of different target 
molecules are provided in the following non-limiting list of 
US patents: U.S. Pat. No.5, 168,053, U.S. Pat. No. 5,624,824, 25 

U.S. Pat. No. 5,683,873, U.S. Pat. No. 5,728,521, U.S. Pat. 
No. 5,869,248 and U.S. Pat. No. 5,877,162. 

tion of sulfhydryl groups into proteins is described in Maasen 
eta!., Eur. J. Biochem. 134, 32 (1983). Once the correct 
sulfhydryl groups are present, the cytotoxin and CD38BP 

10 may be purified, both sulfur groups reduced; cytotoxin and 
ligand mixed (forinstance in a ratio of about 1;5to 1 :20); and 
disulfide bond formation allowed to proceed to completion 
(generally about 20 to 30 minutes) at room temperature. The 

In one embodiment, a CD38BP is conjugated to an inter
fering nucleic acid molecule, such i:IS i:l siRNA or other RNA.i 
molecule (e.g., an inhibitory double stranded (ds) RNA mol- 10 

ecule of about 20-25 nucleotides), which is targeted to inter
fere with the action of a target gene expression product, such 
as a gene expression product involved in a CD38 mediated 
disease or condition. Methods for the production and use of 
interfering nucleic acid molecules are provided in for 35 

instance Nishikura, Cell. 107(4), 415-8 (2001), Fjose eta!., 
Biotechool Annu Rev. 7, 31-57 (2001), Hanan, Nature 418, 
244-51 (2002), Brantl, Biocb.im Biophys Acta. 1575(1-3), 
15-25 (2002), Tuschl, Chembiochem. 2(4), 239-45 (2001), 
Caplen, Expert Opin Bioi Thee. 3( 4), 575-86 (2003), Lu eta!., 40 

Curr Opin Mol. Ther. 5(3), 225-34 (2003), Shuey et al., Drug 
Discov Today. 7(20), 1040-6 (2002), Sh.i, Trends Genet. 
19(1), 9-12 (2003), Kovar et al., Sernin Cancer Bioi. 13(4), 
275-81 (2003), Lavrey et al., Curr Opin Drug Discov Devel. 
6(4), 561-9 (2003), Clewey, Conmmn Dis Public Health. 45 

6(2), 162-3 (2003), Duxbury eta!., J Surg Res. 117(2), 339-44 
(2004), Cap len et al.,Ann NY Acad. Sd. 1002,56-62 (2003), 
WO 01175164, U.S. Pat. No. 6,506,559, US 20040086884, 
us 20040077574, us 20040063654, us 20040033602, us 
20030167490, us 20030157030, us 20030114409, us 50 

20030108923, US 20040014113 and US 20020132788. 

mixture may then be dialyzed against phosphate buffered 
saline or chromatographed in a resin such as Sephadex to 
remove unreacted ligand and toxin molecules. 

Numerous types of cytotoxic compounds may be joined to 
proteins through the use of a reactive group on the cytotoxic 
compound or through the use of a cross-linking agent. A 
common reactive group that will form a stable covalent bond 
in vivo with an amine is isothiocyanate (Means et al., Chemi
cal modifications of proteins (Holden-Day, San Francisco 
1971) pp. 105-110). This group preferentially reacts with the 
e-amine group of lysine. Maleimide is a commonly used 
reactive group to form a stable in vivo covalent bond with the 
sulfhydryl group on cysteine (Ji., Methods Enzymol 91, 580-
609 (1983)). Monoclonal antibodies typically are incapable 
offonuiug, wvaleut bonds with radio metal ions, but they may 
be attached to the antibody indirectly through the use of 
chelating agents that are covalently linked to the antibodies. 
Chelating agents may be attached through amines (Meares et 
a!., Anal. Biochem. 142,68-78 (1984)) and sulfuydral groups 
(Koyama, Chem. Abstr. 120, 217262t (1994)) of amino acid 
residues and also through carbohydrate groups (Rodwell et 
al., PNAS USA 83, 2632-2636 (1986), Quadri eta!., Nucl. 
Med. Bioi. 20, 559-570 (1993)). Since these chelating agents 
contain two types of functional groups, one to bind metal ions 
and the other to joining th.e chelate to the antibody, they are 
COOllllonly referred as bifunctional chelating agents (Sund
berg et al., Nature 250, 587-588 (1974)). 

Crosslinki.ng agents that have two reactive functional 
groups are classified as being homo or heterobifunctional. 
Examples of homobifunctional crosslinking agents inclu_de 
bisma1eimidohexane (BMH) which is reactive with sulfuy
dryl groups (Chen et al., J Bioi Chem 266, 18237-1 R24'\ 
(1991)) and ethylene glycolbis[succinimidylsucciate) (EGS) 
which is reactive with amino groups (Browning et a!., J. 
Immunol. 143, 1859-1867 (1989)). An example of a hetero
bifunctional crossli.nker is m-maleimidobenzoyl-N-hydrox
ysuccinimide ester (MBS) (Myers et al., J. Immunol. Meth. 
121, 129-142 (1989)). These methodologies are simple and 
are commonly employed. 

A therapeutic or diagnostic agent may also or alternatively 

In one embodiment, a CD38BP is conjugated to a tumor 
targeting domain peptide or molecule. In one embodiment, a 
CD38BP is conjugated to a tumor targeting factor VII 
sequence. 

Any method known in the art for conjugating the CD38BP 
55 be attached at the hinge region of a reduced antibody compo

nent via disulfide bond formation. As an alternative, such 
peptides may be attached to the antibody component using a 
heterobifunctional cross-linker, such <.Js N-succinyl 3-(2-py-

to the conjugated molecule(s ), such as those described above, 
may be employed, including those methods described by 
HU1ller et al., Nature 144, 945 (1962), David et al., Biochem
istry 13, 1014 (1974), Pain et al., J. Immunol. Meth. 40, 219 60 

(1981) and Nygren, J. Histochem. and Cytochem. 30, 407 
(1982). Linkage/conjugation may be accomplished in any 
suitable way. For exanlple, a covalent linkage may take the 
form of a disulfide bond (if necessary and suitable, a CD38BP 
could be engineered to contain an extra cysteine codon, which 65 

desirably does not interfere with the CD38 binding activity of 
the molecule. A toxin molecule, derivatized with a sulfhydryl 

ridyldithio)proprionate (SPDP). Yu et al., Int. J. Cancer 56, 
244 (1994). General techniques tor such conjugation are well 
known in the art. See, for example, Wong, Chemistry Of 
Protein Conjugatiun And Cross-Li.ok:ing (CRC Press 1991), 
Upeslacis et al., "Modification of Antibodies by Chemical 
Methods," In Monoclonal Antibodies: Principles And Appli
cations, Birch et al., (eds.) (Wiley-Liss, Inc. 1995), Price, 
"Production and Characterization of Synthetic Peptide-De-
rived Antibodies," in Monoclonal Antibodies: Production, 
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Engineering And Clinical Application, Riller et al., (eds.) 
(Cambridge University Press 1995). 

In some embodiments, labels or other conjugated substitu
cnts are attached to the C038BP amino acid sequence by 
spacer arms of various lengths to reduce potential steric hin
drance. 

98 
ricin A chain toxin), cholera toxin, a Shiga-like toxin (SLT-I, 
SLT-ll, SLI-IlV), LT toxin, C3 toxin, Shiga toxin, pertussis 
toxin, tetanus toxin, soybean Bowman-Birk protease inhibi
tor, Pseudomonas exotoxin, alorin, saporin, modeccin, gela
nin, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites 
fordii proteins, dianthln proteins, Phytolacca americana pro
teins (PAPI, PAPII, and PAP-S), momordica charantia inhlbi
tor, curcin, crotin, sapaonaria officina/is inhibitor, gelonin, 
mitogellin, restrictocin, phenomycin, and enomycin toxins. 

Unlabeled CD38BP(s) may be used in combination with 
other labeled antibodies (second antibodies) that are reactive 
with the C038BP(s), such as antibodies specific for human 
immunoglobulin constant regions that bind to anti-CD38 
mAbs. Alternatively, a CD38BP may be directly labeled. A 
wide variety of labels may be employed for direct or indirect 
labeling of CD38BPs, such as labeling with radionuclides, 
fluors, enzymes, enzyme substrates, enzyme cofactors, 
enzyme inhibitors, ligands (particularly haptens), etc. 

10 Therapeutic agents, whlch may be administered in combina
tion with a CD38BP of the present invention as described 
elsewhere herein, may also be candiwles for therapeutic moi. 
eties useful for conjugation to a C038BP ofthe present inven
tion. For example, the drug moiety may be a protein or 

Amino acid sequence insertions include amino- and/or 
carboxyl-terminal fusions ranging in length from one residue 
tn polyplilptide9 colttlliwug <t lmmlred or more residues, <ts 
well as intrasequence insertions of single or multiple amino 
acid residues. Exawples of terminal insertions include an 
antibody with an N-terminal methionyl residue or the anti
body fused to an epitopc tag. Other insertion variants of the 
antibody molecule include the fusion to theN- or C-terminus 

15 polypeptide possessing a desired biological activity. Such 
proteins may include, for example, an enzymatically active 
toxin, QC active frngmPnt thlilroof, ouch ll5 "1.11iu, riclu A, 
pseudomonas exotoxin, or diphtheria toxin; a protein such as 
tumor necrosis factor or interferon-y; or, biulugical response 

of the antibody of an enzyme or a polypeptide or PEG whlch 
increases the serum half-life of the antibody. Such anti-CD38 
antibody fusion proteins and similar fusion proteins compris
ing CD38BP sequences are another feature of the present 
invention. 

20 modifiers such as, for example, lymphokines, interleuk:in-1 
(JL-1 ), interleukin-2 (IL-2), interleukin-6 (IL-6), granulocyte 
macrophage colony stimulating factor (GM-CSF), granulo
cyte colony stimulating factor (G-CSF), or other growth fac
tors and apotopic inducing protein isolated from mitochon-

25 dria. 

In one embodimt>nt, the present invention pruvides mol
ecules comprising a CD38BP, such as a human anti-CD38 30 

antibody, of the present invention conjugated to 11 therapeutic 
moiety, such as a cytotoxin, a chemotherapeutic drug, an 
immunosuppressant, or a radioisotope. Such conjugates are 
referred to herein as "immunoconjugates". Immunoconju
gates whlch include one or more cytotoxins are referred to as 35 
"'inununotoxins". 

In one embodiment, the cytotoxic agent is calicheamicin, 
90Y, ns1 and I3tl. 

Other examples of therapeutic cytotoxins that may be con
jugated to a CD38BP of the present invention include cali
cheamicins and duocarmycins. As indicated above, the drug 
moiety need uul be construed as limited to classical chemical 
therapeutic agents. For example, the drug moiety may be a 
protein or polypeptide possessing a desired biological activ
ity. Such proteins may include, for example, an agent active at 
the cell surface, such as phospholipase enzymes, e.g. phos
pholipase C. 

The lysing purlion of a toxin typically may be readily 
joined to the Fab fragment of an antibody or antibody frag
ment of the present invention. Other suitable conjugated mol
ecules include ribonuclease (RNase), DNase I, Staphylococ
cal enterotoxin-A, pokeweed antiviral protein, diphtherin 
toxin, and Pseudomonas endotoxin. See, for exan1ple, Past an 
et al., Cell 47, 641 (1986) and Goldenberg, Calif. A Cancer 
Journal for Clinicians 44, 43 (1994). Additional toxins suit-

A cytotoxin or cytotoxic agc::ul includes any agent that is 
detrimental to (e.g., kills) cells. For a description of these 
classes of drugs which are well known in the art, and their 
mechanisms of action, sec Goodman et al., Goodman and 40 

Gilman's The Pham1acological Basis Of Therapeutics, 8th 
Ed., Macmillan Publishing Co., 1990. Additional techniques 
relevant to the preparation of antibody immunotoxins are 
provided in for instance Vitetta, Immunol. Today 14, 252 
(1993) and U.S. Pat. No. 5,194,594. 

Suitable therapeutic agents for fom1ing immunoconju
gates of the present invention include taxol, cytoch<tl<tsin B, 
gramicidin 0, ethldium bromide, emetine, mitomycin, eto
poside, tenoposide, vincristine, vinblastine, colchicin, doxo
rubicin, daunorubicin, dihydroxy anthracin dione, mitox- 50 
antrone, actinomycin 0, 1-dehydro-testosterone, 
glucocorticoids, procaine, tetracaine, lidocaine, propranolol, 
<~nd puromycin, antimetabolites (such as methotrexate, 
6-mercaptopurine, 6-thloguanine, cytarabine, ftudarabin, 
5-ftuorouracil, decarbazine, hydroxyurea, asparaginase, ss 
gemcitabine, cladribine), al!,:ylating agents (such as mechlo
rethamine, thioepa, chloran1bucil, melphalan, carmustine 
(BSNU), lomustine (CCNU), cyclophosphamide, busulfan, 
dibromomannitol, streptu:.wtocin, dacarbazine (OTIC), pro
carbazine, mitomycin C, cisplatin and other platinum neriva- 60 

tives, such as carboplatin), antibiotics (such as dactinomycin 
(formerly actinomycin), bleomycin, daunorubicin (formerly 
daunomycin), doxorubicin, idarubicin, mithramycin, cali
cheamicin, mitomycin, mitoxantrone, plicamycin, anthramy
cin (AM C)), diphtheria toxin and related molecules (such as 65 

diphtheria A chain and active fragments thereof and hybrid 
molecules), ricin toxin (such as ricin A or a deglycosylated 

45 able for use in the present invention are known to those of skill 
in the art (sec for instance U.S. Pat. No. ll,077,499). 

Conjugates of C038BPs, such as antibodies, and such 
cytotoxic moieties may be made using a variety of bifunc
tional protein coupling agents. Examples of such reagents 
include SPDP, IT, bifunctional derivatives of imidoesters 
such a dimethyl adipimidate HCI, active esters such as disuc-
cinimidyl suberate, <tklehydes such as glutaraldehyde, bis
azido compounds such as his (p-azidobenzoyl) hexanedi
amine, bis-diazoniwn derivatives such as bis-(p
diazoniumbenzoyl)-ethylenediamine, diisocyanates such as 
tolylene 2,6-diisocyanate, and his-active fluorine compounds 
such as I ,5-difluoro-2,4-dinitrobenzene and anti-mitotic 
agents (e.g., vincristine, vinblastine, docetaxd, pac1itaxel and 
vinorelbin). 

Techniques for wnjugating such therapeutic moieties to 
CD388Ps, such as antibodies, are well known, see for 
instance Amon et al., "Monoclonal Antibodies For lmmuno
targeting Of Drugs In Cancer Therapy", in Monoclonal Anti
bodiesAnd Cancer Therapy, Reisfeld et al., (eds. ), pp. 243-56 
(Alan R. Liss, Inc. 1985), Hellstrom et al., "Antibodies For 
Drug Delivery", in Controlled Drug Delivery (2nd Ed.), Rob-
inson et al., (eds.), pp. 623-53 (Marcel Dekker, Inc. 1987), 
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Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer associated with the antigen-binding site of an antibody. An ld 
Therapy: A Review", in Monoclonal Antibodies'84: Biologi- antibody may be prepared by immunizing an animal of the 
cal And Clinical Applications, Pinchcra et al., (eds.), pp. same species and genetic type as the source of an anti-CD38 
4 75-506 (1985), "Analysis, Results, And Future Prospective mAb with the mAb to which an anti-Id is being prepared. The 
OfThe Therapeutic Use OfRadiolabeledAntibody In Cancer immunized animal typically can recognize and respond to the 
Therapy", in Monoclonal Antibodies For Cancer Detection idiotypic determinants of the immunizing antihorly by pro-
And Therapy, Baldwin et a!., (eds.), pp. 303 16 (Academic clueing an antibody to these idiotypic determinants (the anti-
Press 1985) and Thorpe et al., "The Preparation And Cyto- Id antibody). Such antibodies are described in for instance 
toxic Properties Of Antibody-Toxin Conjugates", Immunol. U.S. Pat. No. 4,699,880. Such antibodies are further features 
Rev. 62, 119-58 (1982). 10 of the present invention. 

In one embodiment, the present invention provides a An anti-Id antibody may also be used as an "immunogen" 
CD38BP that is conjugated to a mixed toxin. A mixed toxin to induce an immune response iu ycl another animal, produc-
molecult: is a molecule derived from two diffen:nt (typically ing a so-called anti-anti-ld antibody. An anti-anti-Id may be 
polypeptide) toxins. Generally, peptide toxins comprise one epitopically identical to the original mAb, which induced the 
or more domains responsible for generalized eukaryotic cell 15 anti-Id. Thus, by using antibodies to the idiotypic determi-
binding, at least one enzymatically active domain, and at least nants of a mAb, it is possible to identifY other clones express-
one translocation domain. The binding and translocation ing antibodies of identical specificity. Anti-Id antibodies may 
domains are required for cell recognition and toxin entry be varied (thereby producing anti-Id antibody variants) and/ 
respectively. Naturally-occurring proteins which are known or derivatized by any suitnble tecbniyue, such as those 
to hove a transloc<ltion domain include diphtheria toxin, 20 described elsewhere herein with respect to anti-CD38 anti-
Pseudomonas exotoxin A, and possibly other peptide toxins. bodies and other CD38BPs of the present invention. For 
The translocation domains of diphtheria toxin and example, anti-Id mAbs may be coupled to a carrier such as 
Pseudomonas exotoxin A are well characterized (see for keyhole limpet hemocyanin (KLH) and used to immunize 
instance Hoch et al., PNAS USA 82, 1692 (1985), Colombatti BALB/c mice. Sera from these tnice typically will contain 
et al., J. Bioi. Chern. 261, 3030 (1986) and Deicers et al., 25 anti-anti-Id antibodies that have the binding properties simi-
FEES Lett. 160,82 (1983)), and the existence and location of Jar if not identical to an original/parent CD38 antibody. 
such a domain in other molecules may be determined by In one embodiment, the present invention provides a 
methods such as those employed by Hwang et al., Cell48, 129 nucleic acid encodinp; a CD38AP. A CD38BP-encoding 
(1987) and Gray P.t al., PNAS USA 81 2645 (1984). In view of nucleic acid may have any suitable characteristics and com-
these techniques, a useful mixed toxin hybrid molecule may 30 prise any suitable features or combination thereof. Thus, for 
be formed, for example, by fusing the cnzymiltir:ally active A example, a CD38BP-encoding nucleic acid may be in the 
subunit of E. coli Shiga-like toxin (Calderwood et al., PNAS fom1 of DNA, RNA, or a hybrid thereof, and may include 
USA 84, 4364 (1987)) to the translocation domain (amino normaturally-occurring bases, a modified backbone (e.g., a 
acid residues 202 through 460) of diphtheria toxin, and to a phosphothioate backbone that promotes stability of the 
molecule targeting a particular cell type, ::~s described in U.S. 35 nucleic acid), or both. ·1be nucleic acid advantageously com-
Pat. No. 5,906,820. The targeting portion of the three-part prises features that promote desired expression in target host 
hybrid can cause the molecule to attach specifically to the ccll(s), replication, and/or selection. Examples of such rea-
targeted cells, and the diphtheria toxin translocation portion tures include an origin of replication component, a selection 
can act to insert the enzymatically active A subunit of the gene component, a promoter component, an enhancer ele-
Shiga-liketoxin into a targeted cell. The enzymatically active 40 ment component, a polyadenylation sequence component, a 
portion ofShiga-like toxin, like diphtheria toxin, acts on the termination component, and the like. 
protein synthesis machinery of the cP.ll to prevent protein Iu one embodiment, the present invention provides a vector 
synthesis, thus killing the targeted cell. comprising a CD38BP-cncoding nucleic acid. A vector refers 

lmmunoconjugates according to the present invention may to a delivery vehicle that promotes the expression of a 
also comprise a radioisotope, e.g., iodine-131, yttrium-90 or 45 CD38BP-encoding nucleic acid, the production of a CD38BP 
indium-Ill, to generate cytotoxic radiopharmaceuticals for peptide, the transfection/transfonnation of target cells, the 
treating a CD3R-relflted disorder, such as multiple myeloma. replication of the CD38BP-encoding nucleic acid, promotes 

In one embodiment, the CD38BPs, such as the human stability of the nucleic acid, promotes detection of the nucleic 
antibodies of the present invention are attached to a linker- acid and/or transformed/transfected cells, or otherwise 
chelator, e.g., tiuxetan, which allows for the antibody to be so imparts advantageous biological function to the CD38BP-
conjugated to a radioisotope. encoding nucleic acid. A vector in the context of the present 

Additionally useful conjugate substituents include anti- invention may be any suitable vector, including chromo-
cancer retinoids. Taxane conjugates (sec for instance Jaime et somal, non-chrurnosomal, and synthetic n\lcleic llc:id vectors 
al., Anticancer Res. Zl(2A), 1119-28 (2001 ), cisplatin cou- (a nucleic acid sequence comprising a suitable set of expres-
jugates, thapsigargin conjugates, linoleic acid conjugates, 55 sion control elements). Examples of such vectors include 
calicheamicin conjugates (see for instance Damle et al., Curr derivatives of SV40, bacterial plasm.ids, phage DNA, bacu-
Opin Pharmacol. 3( 4), 386-90 (2003), doxorubicin conju- lovirus, yeastplasmids, vectors derived from combinations of 
gates, geldanamycin conjugates, and the like, also may be plasmid~ ilOd phage DNA, ond viral nucleic acid (RNA or 
useful in promoting the treatment of cancer (see, generally, DNA) vectors. In one embodiment, a CD38BP-encodinp; 
Trail et al., Cancer lmmunol Immunother. 52(5), 328-37 60 nucleic acid is comprised in a naked DNA or RNA vector, 
(2003)). including, for example, a linear expression element (as 

In one embodiment, the present invention provides second- described in for instance Sykes and Johnston, Nat Biotech 17, 
ary and anti-idiotypic antibodies raised against anti-CD38 355-59 (1997)), a compacted nucleic acid vector (as 
antibodies of the present invention. A secondary antibody described in for instance U.S. Pat. No. 6,077,835 and/or WO 
refers to an antibody specific for, and typically raised against, 65 00170087), a plasmid vector such as pBR322, pUC19118, or 
an anti-CD38 antibody. An anti-idiotypic (Id) antibody is an pUC118/119, a "midge" minimally-sized nucleic acid vector 
antibody which recognizes unique determinants generally (as described in for instance Schakowski et al., Mol Ther 3, 
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793-800 (200 1 )), or as a precipitated nuclt:ic acid vector 
construct, such as a CaP04-precipitated construct (as 
described in for instance WO 00/46147, Benvenisty and 
Reshef, PNAS USA 83, 9551-55 (1986), Wigler et al., Cell 
14,725 (1978), and Coraro and Pearson, Somatic Cell Genet- 5 

ics 7, 603 (1981)). Such nucleic acid vectors and the usage 
thereof are well known in the art (see for instance U.S. Pat. 
No. 5,589,466 and U.S. Pat. No. 5,973,972). 

In one embodiment, the vector is suitable for expression of 
the CD38BP in a bacterial cell. Examples of such vectors 10 

include, for example, vectors which direct high level expres
sion of fusion proteins that are readily purified (for instance 
multifunctiou<~l E. cnli doning and expression vecton; such as 
BlueScript (Strata gene), pJN vectors (Van Heeke & Schuster, 
J Bioi Chern 264, 5503-5509 (1989), pET vectors (Novagcn, 15 

Madison Wis.) and the like). 
An expression vector may also or alternatively be a vector 

suitable for expression in a ye:Jsl system. Any vector suitable 
for expression in a yeast system may be employed. Suitable 
vectors for use in for instance Saccharomyces cerevisiae 20 

include, for example, vectors comprising constitutive or 
inducible promoters such as alpha 1actor, alcohol oxidase and 
PGH (reviewed in: F. Ausubel ct al., cd. Current Protocols in 
Molecular Biology, Greene Publishing and Wiley Inter
Science New York ( 1987), and Grant eta!., Methods in Enzy- 25 

mol153, 516-544 (1987)). 
A nucleic acid and/or vector may also comprises a nucleic 

acid sequence encoding a secretion/localization sequence, 
which can target a polypeptide, such os o nascent polypeptide 
chain, to a desired cellular compartment, membrane, or 30 

organelle, or which directs polypeptide secretion to pcriplas
Juic space or into cell culture media. Such sequences are 
known in the art, and include secretion leader or signal pep
tides, organelle targeting sequences (e.g., nuclear localization 
sequences, ER retention signals, mitochondrial transit 35 

sequences, chloroplast transit sequences), membrane local
ization/anchor sequences (e.g., stop transfer sequences, GPI 
anchor sequences), and the like. 

CD38BP-encoding nucleic acids may comprise or be asso
ciated with any suitable promoter, enhancer, and other 40 

expression-facilitating elements. Examples of such elements 
include strong expression promoters (e.g., human CMV IE 
promoter/enhancer as well as RSV, SV40, SL3-3, MMTY, 
and HIV LTR promoters), effective poly (A) temlination 
sequences, an origin of replication for plasmid product in E. 45 

coli, an antibiotic resistance gene as selectable marker, and/or 
a convenient cloning site (e.g., a polylinker). Nuclei..: acids 
may also comprise an inducible promoter as opposed to a 
constitutive promoter such as CMV 1E (the skilled artisan will 
recognize that such tem1s are actually descriptors of a degree so 
of gene expression under certain conditions). 

In one embodiment, the nucleic acid may be positioneci in 
<tutllor deliv~red to the host cell or host animal via a v1ral 
vector. Any suitable viral vector may be used in this respect, 
and several are known in the art. A viral vector may comprise 55 

any number of viral polynucleotides, alone or in combination 
with one or more viral proteins, which facilitate delivery, 
replication, and/or expression of the nucleic acid of the 
present invention in a desired host cell. The viral vector may 
be a polynucleotide comprising all or part of a viral genome, 60 

a viral protein/nucleic acid conjugate, a virus-like particle 
(VLP), a vector similar to those described in U.S. Pat. No. 
5,849,586 and WO 97/04748, or an intact virus particle com
prising viral nucleic acids and the nucleic acid of the present 
invention. A viral particle viral vector may comprise a wild- 65 

type viral particle or a modified viral particle. The viral vector 
may be a vector which requires the presence of another vector 

102 
or wild-type virus for replication and/or expression (i.e., it 
may be a helper-dependent virus), such as an adenoviral 
vector amplicon. Typically, such viral vectors consist essen
tially of a wild-type viral particle, or a viral particle modified 
in its protein and/or nucleic acid content to increase trans gene 
capacity or aid in transfection and/or expression ofthe nucleic 
<tcid (examples of such vectors include the herpes virus/AAV 
amplicons). lypically, a viral vector is similar to and/or 
derived from a virus that nom1ally infects humans. Suitable 
viral vector particles in this respect, include, for example, 
adenoviral vector particles (including any virus of or derived 
from fl virus of the adenoviridae), aucno-associatcd viral vec
tor particles (AAV vector particles) or other parvoviruses and 
parvoviral vector particles, papillomaviral vector particles, 
flaviviral vectors, alphaviral vectors, herpes viral vectors, pox 
virus vectors, retroviral vectors, including lentiviral vectors. 
Examples of such vimses and viral vectors are in for instance 
Fields et al., eds., Virology Raven Press, Ltd., New York (3rd 
ed., 1996 and 4th ed., 2001), Encyclopedia ofVirology, R. G. 
Webster et al., eds., Academic Press (2nd cd., 1999), Funda
mental Virology, Fields eta!., eds., Lippincott-Raven (3rded., 
1995), Levine, "Viruses;' Scientific American Library No. 37 
(1992), Medical Virology, D. 0. White eta!., cds.,Acad. Press 
(2nd ed. 1994), and Introduction to Modem Virology, 
Dimock, N.J. et al., eds., Blackwell Scientific Publications, 
Ltd. (1994). 

Viral vectors that may be employed with polynucleotides 
of the present invention and the methocis described herein 
include adenovirus and adena-associated vectors, as in for 
instance Carter, Curr Opinion Biotech 3, 533-539 (I 992) and 
Muzcyzku, CurrTop Microbiol Jmmunol158, 97-129 (1992). 
Additional types and aspects of AA V vectors are described in 
for instance Carter, Contrib. Microbial. 4, 85-86 (2000), 
Smith-Arica, Curr. Cardiol. Rep. 3(1), 41-49 (2001), Taj, J. 
Biomed. Sci. 7(4), 279-91 (2000), Vigna et al., J. Gene Med. 
2(5), 308-16 (2000), Klimatcheva et al., Front. Biosci. 4, 
D481-96 (1999), Lever et al., Biochem. Soc. Trans. 27(6), 
841-47 (1999), Snyder, J Gene Med. 1(3), 166-75 (1999), 
Gerich et al., K11ee Surg. Sports Traumatol. Arthrosc. 5(2), 
118-23 (1998), and During, Adv. Drug Deliv. Review 27(1), 
83-94 (1997) and U.S. Pat. No. 4,797,368, U.S. Pat. No. 
5,139,941, U.S. Pat. No. 5,173,414, U.S. Pat. No. 5,614,404, 
U.S. Pat. No. 5,658,785, U.S. Pat. No. 5,858,775 and U.S. 
Pat. No. 5,994,136). Adena-associated viral vectors may be 
constructed and/or purified using the methods set forth, for 
example, in U.S. Pat. No. 4,797,368 and T .ftughlin ct at., Gene 
23,65-73 (1983). 

Another type of viral vector that may be employed with 
polynucleotides and methods of the present invention is a 
papillomaviral vector. Suitable papillomaviral vectors are 
known in the art and described in, e.g., Hewson, Mol Med 
Today 5(1), 8 (1999), Stephens, B1ochem J. 248(1), 1-11 
(1987) and U.S. Pat. No. 5,719,054. Examples ofpflpilloma
viral vectors are provided in for instance WO 99/21979. 
Alphavirus vectors may be gene delivery vectors in other 
contexts. Alphavirus vectors are known in the art and 
described in for instance Carter, Curr Opinion Biotech 3, 
533-539 (199?.), Muzcyzka, Curr Top Micrubiol ln!munoJ. 
158,97-129 (1992), Schlesinger, ExpertOpin Bioi Ther.1 (2), 
177-91 (2001), Polo eta!., Dev Bioi (Basel). 104, 181-5 
(2000), Wahlfors et al., Gene Ther. 7(6), 472-80 (2000), 
Colombage et al., Virology. 250(1 ), 151-63 (1998) and WO 
01/81609, WO 00/39318, WO 01/81553, WO 95/07994 and 
wo 92/10578. 

Another group of viral vectors are herpes viral vectors. 
Examples ofherpes viral vectors are described in for instance 
Lachmann et a!., Curr Opin Mol Ther 1 (5), 622-32 (1999), 
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Frnefel et al., Adv Virus R..:s. 55,425-51 (2000), Huard et al., immunogen and a fusion partner sequence that improves the 
Neuromuscu17(5), 299-313 (1997), G1oriosoetai.,Annu Rev half-life of the fusion protein (e.g., by inclusion of an inunu-
Microbiol. 49, 675-710 (1995), Latchman, Mol. Biotechnol. noglobulin domain sequence); facilitates detection and/or 
2(2), 179-95 (1994), and Frenkel et al., Gene Ther. 1 (Suppl purification of the fusion protein (by comprising, e.g., a fluo-
1), S40-6 (1994), as well as U.S. Pat. No. 6,261,552 and U.S. s rescent peptide sequence, a reporter enzyme sequence, an 
Pat. No. 5,599,691. epitope tag, a hexa-histidine sequence (SEO lD NO: 37), or 

Retroviral vectors, including 1entiviral vectors, alsu may be the like); promotes the targeting of the fusion protein (e.g., by 
advantageous gene delivery vehicles in particular contexts. comprising a ligand or portion of a ligand specific for a 
There are numerous retroviral vectors known in the art. receptor on a target cell); promotes induction of a distinct 
Examples of retroviral vectors are described in for instance 10 immune response (e.g., corresponds to a cancer antigen or an 
Miller, Curr Top Microbial Immunol 158, 1-24 (1992), immunogenic fragment thereof); is a cytotoxic agent; or 
Salmons and Gunzburg, Human Gene Therapy 4, 129-141 achleves :my combination tlt..:reof (e.g., a heat shock fusion 
(1993), Miller et al., Methods in Ew..mmolosv 217, 581-599 protein partner ca.tl im;rease an immune response generated 
(lYY4), Weber et al., Curr Opin Mol. Ther. 3(5), 439-53 against a non-similar, heterologous antigen portion of a 
(2001), Hu et al., Pharmacal Rev. 52(4), 493-511 (2000), Kim 15 fusion protein, whlle also increasing the in vivo half-life of a 
et ai.,Adv Virus Res. 55, 545-63 (2000), Palu ct al., Rev Med. fusion protein). Fusion proteins may also comprise one or 
Virol. 10(3), 185-202 (2000) and Takeuchl et al., Adv Exp more cJp,;w<'ge- sites, particularly between iluuwins. 
Mt:il. Bioi. 465, 23-35 (2000), as well as U.S. Pat. No. 6,326, Variants of such pep tides, and derivatives of such immu-
195, U.S. Pat. No. 5,888,502, U.S. Pat. No. 5,580,766, and nogenic peptides or inununogenic peptide variants are addi-
U.S. Pat. No. 5,672,510. 20 tiona! features of the present invention (e.g., such CD38 

Adenoviral vectors may also be suitable viral vectors for inununogenic peptide derivatives may be modified by chemi-
gene tra.t1sfer. Adenoviral vectors are well known in the art cal coupling, genetic fusion, non-covalent association, and 
and described in for instance Graham et al, Mol Biotcchnol the like, to other molecular entities such as antibodies, toxins, 
33(3 ), 207-220 (1995), Stephenson, Clio Diagn Vi roll 0(2-3), radioisotope, cytotoxic agents, or cytostatic agents). Peptide 
187-94 (1998), Jacobs, Clin Sci (Lond). 85(2), 117-22 25 mimitopes, comprising CD38 epitope sequences may also, 
(1993), U.S. Pat. No. 5,922,576, U.S. Pat. No. 5,965,358 and for example, be useful as vaccine candidates. Such peptides 
U.S. Pat. No. 6,168,941 and W098/22588, W098/56937, may also be useful in the purification of anti-CD38 antibod-
W099115686, W099/S4441, and W000/32754. Adenoviral ies. In addition to the B-cell epitopP. sequences de&cribcd 
vectors, herpes vim) vectors and Siudbis viral vectors, useful herein, such pep tides may be engineered or selected to also or 
in the practice of the present invention, are described in for 30 alternatively comprise one or more anti-CD38 T cell epitopes. 
instance Jolly Cancer Gene Thernpy 1, 51-64 (1994), Latch- Sut.:h t:pitopes may be identified by any suitable technique 
man Malec Biotechnol 2, 179-195 (1994) and Johanning et known in the art (e.g., by T cell epitope prediction software 
al., Nucl Acids Res 23, 1495-1501 (1995). applications). 

Other suitable viral vectors include pox viral vectors. In one embodiment, the present invention provides a 
Examples of such vectors are discussed in for instance Ber- 35 nucleic acid encoding such an immunogenic peptide. Such a 
encsi et al., J Infect Dis 183(8), 1171-9 (2001), Rosenwirth et nucleic acid may be delivered to a host in a suitable vector, 
al., Vaccine 19(13-14), 1661-70 (2001 ), Kittlesen et ol., J such a~ a rcplication-deftcient targeted vector (e.g., a targeted 
Inununol 164(8), 4204-11 (2000), Brown et al., Gene Ther nucleic acid vector or a replication-deficient, targeted aden-
7(19), 1680-9 (2000), Kanesa-thasa.tl et al., Vaccine 19( 4-5), ovirus vector). The present invention also provides composi-
483-91 (2000), Sten, Drua 60(2), 249-71 (2000). Vaccinia 40 tions of one or more of such immunogenic peptides and/or 
virus vectors may be pox virus vectors. Examples of such inununogenic peptide-encoding nucleic acids. 
vectors and uses thereof are provided in for instance Venugu- CD38BPs of the present invention include "neutralizing" 
pal et al., Res Vet Sci 57(2), 188-193 (1994), Moss Dcv Bioi CD38BPs, such as neutralizing antibodies. The terms "neu-
Stand 82, 55-63 (1994), Weisz et al., Mol Cell Biol43, 137- . tralizing" CD38BP" and "neutralizing antibody" refer to a 
159 (1994), Mahr and Payne, Immunobiolocv 184(2-3), 126- 45 CD38BP or an a.t1tibody that is capable of substantially inhib-
146 (1992), Hruby, Clio Microbial Rev 3(2), 153-170 (1990) iting or eliminating a biological activity of a CD38-associatcd 
;md W092/07944, W098/13500, ami W089/08716. peptide. Typically, a neutralizing CD38BP, such as a neutral-

Other features of the present invention include recombi- izing anti-CD38 antibody, may inhlbit, directly or indirectly, 
nant cells, such as yeast, bacterial, and mammalian cells (e.g., the function ofCD38, such as enzymatic activity, signal trans-
inunortalized manunalian cells) comprising such a nucleic 50 duction, induction of cytok.ine expression, induction of pro-
acid, vector, or combinations of either or both thereof. For liferation or differentiation, or induction oflysis, in a degree 
example, in one embodiment, the present invention provides that is about equal or grt:ater than the inb.tbition of such cells 
a cell comprising a nucleic acid stably integrated into the due to administration of an approximately equal llmount of 
cellular genome that comprises o sequence codiug for expres- -003 or -005 or ,.-024. 
sion of a CD38BP of the present invention. ln one embodi- 55 A CD38BP of the present invention may have any suitable 
ment, the present invention provides a cell comprising a non- affinity and/or avidity for one or more epitopes contained at 
integrated nucleic acid, such as a plasmid, cosmid, phagemid, least partially in CD38. Affinity refers to the strength of 
or linear expression element, whlch comprises a sequence hinding of the CD38BP to such an epitupc. Typically, affinity 
t.:uding for expression of a CD38BP. is measured by dissociation constant Kd, defined as [Ab]x 

The present invention also provides immunogenic pep tides 60 [Ag]/[Ab-Ag] where [Ab-Ag] is the molar concentration of 
comprising any of the above-described antigenic determinant the antibody-a.tltigen complex (or the CD38BP-antigen com-
portions of CD38 specific for the CD38BPs of the present plex), (Ab] is the molar concentration of the unbound anti-
invention, such as the antigenic determinant portions ofCD38 body (or CD38BP) and [A g) is the molar concentration of the 
specific for -003 and -005 and -024. Such inununogens may unbound antigen. The affinity constant K., is defined by liK,i. 
be used to elicit a direct inunune response in a method com- 65 Suitable methods for determining specificity and affinity by 
prising an active immunotherapy regimen. The present inven- competitive inhlbition Ca.tl be found in for instance Harlow et 
tionfurtherprovidesafusionproteincomprisingsuchaCD38 al., Antibodies: A Laboratory Manual, Cold Spring Harbor 
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T .ahorntory Press, Cold Spring Harbor, N.Y., 1988), Colligan 
et al., eds., Current Protocols in Immunology, Greene Pub
lishing Assoc. and Wiley InterScience N.Y., (1992, 1993) and 
Muller, Meth. Enzymol. 92, 589-601 (1983). 

A CD38BP, and particularly anti-CD38 antibodies of the 
present invention may have an affinity for at least one epitope 
at least partially comprised in CD38 in the range of about 101 

to about 1010 M-1
. 1lle tenu immunoreact herein typically 

refers to binding of a CD38BP to a CD38 epitope with a 
dissociation constant Kd lower than about 1 o-4 M. 

106 
such as CD38BPs, such as antibodies, such as human anti
bodies expressed using a recombinant expression vector 
transfected into a host cell. 

Recombinant antibodies, such as recombinant human anti
bodies also include antibodies isolated from a recombinant, 
combinatorial human antibody library, antiborlies isolated 
from an animal, such as a transgenic animal, or antibodies 
prepared, expressed, created or isolated by any other means 
that involves splicing of human immunoglobulin-encoding 

10 nucleic acid sequences to other nucleic acid sequences exog
enous to the human immunoglobulin-encoding nucleic acids 
Rnd human immunop;lobulin-c,:m;oding genes. Recombinant 
human antibodies typi~.:ally have variable and constant 

A CD38BP may have an affinity that is at least as great for 
CD38 as -003 and -005 and -024, and in some embodiments 
have an affinity that is at lt:asl about as grf'.at as -003 and 005 
and -024. Affinity may be determined by any of the methods 
described elsewhere herein or their known equivalents in the 15 

art. An example of one method that may be used to determine 
affinity is provided in Scatchard analysis of Munson & Pol
lar<.l, Anal. Biochem. 107, 220 (1980). Binding affinity also 
may be determined by equilibrium methods (for inst:mce 
enzyme-linked immunoabsorbent assay (ELISA) or radioim- 20 

munoassay (RIA)) or kinetics analysis (for instance BIA
CORE™ analysis). 

regions derived from human germline immunoglobulin 
sequences. In certain embodiments, however, such recombi
nant human antibodies are subjected to in vitro mutagenesis 
(or. when 1111 Mirna! tr:msgcnic for hw.uau lg sequences JS 

used, in vivo somatic mutagenesis) and, thus, the an1ino acid 
sequen~es of the V Hand VL regions of the recombinant anti
bodies may be sequences that, while derived from and related 
to human germline V Hand V L sequences, may not naturally 
exist within the human antibody gem1line repertoire in vivo. 
Both types of human antibodies are provided by the present 
invention. 

Typically, the disassociation constant for CD38BPs, such 
as anti-CD38 antibodies, of the present invention is less than 
about 100 nM, Jess than about 50 nM, less than about 10 nM, 25 

about 5 nM or less, about 1 nM or less, about 0.5 nM or less, 
about 0.1 nM or less, about 0.01 nM or less, or even about 
0.001 nM or Jess. 

Suitable methods for recombinant protein production are 
known in the art, see for instance (Sambrook and Russell 
(eds.), Molecular cloning, third edition, 2001, Cold Spring 
Harbor Laboratory Press, Cold Sprine; Harbor, N.Y., USA. 

Likewise, suitable methods for antibody production are 
CD38BPs, sn~h as anti-CD38 antibodies, of Lhe present 

invention may exhibit similar functional characteristics as 
-00:1 11nrl -OO'i ~nd 03~, ouch a& uldy Ut! tlt!temlined by 
antibody-dependent cellular cytotoxicity (ADCC) and 
complement-mediated cytotoxicity (CDC) assays (sec for 
instance U.S. Pat. No. 5,500,362). 

In one embodilllt!nt, a peptide according to the present 
invention does not act as an agonist of CD38, but as an 
antagonist ofCD38. An agonist ofCD38 is a molecule, which 
activates one or more of the functions ascribed to CD38. Such 
functions may include receptor mediation in adhesion and 
signaling events and ( ecto-) enzymatic activity. Furthermore, 
as an ectoenzyme, CD38 uses NAD .. as substrate for the 
formation of cyclic ADP-ribose (cADPR) and ADPR, but 
also of nicotinamide and nicotinic acid-adenine dinucleotide 
phosphate (NMDP). cADPR has been shown to act as second 
messenger for Ca2+ mobilization from the endoplasmatic 
reticulum. In addition to signaling via Ca2+, CD38 signaling 
occurs via cross-talk with antigen-receptor complexes on T 
and B cells or other types of receptor complexes, e.g. MHC 
molecules, and is in this way involved in several cellular 
responses, but also in switching and secretion of lgG 1. 

In one embodiment, a peptide according to the present 
invention docs no! illllu~.:t! significant proliferation ofPBMCs. 
In one cmbodime::ut, a peptide according to the present inven
tion does not induce release of significant IL-6 levels. In one 
embodiment, a peptide according to the present invention 
does not induce release of detectable lFN-y levels. Such 
assays may be measured as described inAusiello et al., Tissue 
antigens So, 538-547 (2000). 

Anti-CD38 antibodies of the present invention, as well as 
other CD38BPs of the present invention, may be prepared by 
recombinant expression in any suitable type of cells or ani
mals. 

Recombinant CD38BPs, such as recombinant antibodies, 
such as recombinant human antibodies, include CD38BPs, 
such as antibodies, such as human antibodies that are pre
pared, expressed, created or isolated by recombinant means, 

30 known in the art and include those uescribed in for instance 
I Iorlow ...t <~1., Ami bodies: A Laboratory Manual, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y., (1988), 
Harlow and Lane: Using Antibodies: A Laboratory Manual 
(Cold Spring Harbor Laboratory Press (1999)), U.S. Pat. No 

35 4,376,110 and Ausubel et al., eds., Current Protocols In 
Molecular Biology, Greene Publishing Assoc. and Wiley 
InterSciem.:t! N.Y., (1987, JY\12). Monoclonal antibodies may 
be made using the hybridoma method first described by 
Kohler eta!., Nature256, 495 (1975),orbyotherwell-known, 

40 subsequently-developed methods (sec, e.g., Goding, Mono
clonal Antibodies: Principles and Practice, pp. 59-103 (Aca
demic Press, 1986)). Hybridomas useful in the production of 
anti-CD38 antibodies of the present invention are also pro
vided by the present invention. Such hybridomas may be 

45 formed by chemical fusion, electrical fusion, or any other 
suitable technique, with any suitahlc type of myeloma, hct
eromyeloma, phoblastoid cell, plasmacytoma or other 
equivalent thereof and any suitable type of antibody-express
ing cell. Transfonned immortalized B cells may also be used 

so to efficiently produce antibodies of the present invention and 
are also provided by the present invention. Such cells may be 
produced by ~tw1uard techniques, such as transformation 
with an Epstt:in Barr Virus, or a transforming gene. (See, e.g., 
"Continuously Proliferating Human Cell Lines Synthesizing 

55 Antibody of Predetermined Specificity," Zurawaki, V. R. et 
al., in Monoclonal Antibodies, ed. by Kennett R. H. ct a!., 
Plenum Press, N.Y. 1980, pp 19-33.). Thus, stable and con
tinuous and/or immortalized anti-CD38 antibody expressing 
cells and cell lines are a feature of the present invention. 

60 Eukaryotic anu prokaryotic cells (e.g., yeast cells, continuous 
and/or immortalized mammalian cell lines (e.g., lymphoid 
antibody-producing ~.:t:ll derived cell lines), plant cells, insect 
cells, and bacterial cells such as E. coli cells, etc.) comprising 
CD38BP-encoding or CD38BP-fragment-encoding nucleic 

65 acids are provided by the present invention. Transgenic ani
mals, such as non-human primates, rodents (e.g., hamsters, 
guinea pigs, and rats-including modified strains thereof 
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such as severe wmbined immunodeficient (SCID) mice and suitable techniques known in the art including, e.g., immu-
other immunocompromised animal strains), dogs, etc., noaffinity column purification; sulfate precipitation; chro-
expressinghuman anti-CD38 antibodies of the present inven- matofocusing; preparative SDS-PAGE, and the like. 
tion also are provided by the present invention. Human monoclonal antibodies of the present invention 

Recombinant cells comprising exogenous nucleic acids may also be produced by a variety of other techniques, includ-
encoding CD38BPs may be prepared by any suitable tech- ingconventional monoclonal antibody methodoln8)', e.g., the 
niqm~ (e.g., transfection/transfonnation with a naked DNA standard somatic cell hybridization technique of Kohler and 
plasmid vector, viral vector, invasive bacterial cell vector or Milstein, Nature 256, 495 (1975). Other techniques for pro-
other whole cell vector, etc., comprising a CD38BP-encoding ducing monoclonal antibody may also be employed, e.g. 
sequence (or sequences) delivered into the cell by calcium 10 phage display techniques using libraries of human antibody 
phosphate-precipitation facilitated transfection, receptor-me- genes. In one embodiment, anti-CD38 antibodies of the 
diated targeting and transfection, biolistic delivery, elP.Ctropo- present invention produced by use of bybridomas generated 
ration, dextran-mediated transfection, liposome-mediated in a murine syslt:m. Hybridoma production in the mouse is a 
transfonnation, protoplast fusion, direct microinjection, etc.). very well established procedure. Immuni7.ation protocols and 
Methods oftransforrningltransfecting cells are well known in 15 techniques for isolation of immunized splenocytes for fusion 
the art (see, e.g., Sambrook et al., Molecular Cloning: A are known in the art. Fusion partners (e.g., murine myeloma 
Laboratory Manual, Cold Spring Harbor Laboratory Press cells) 11nrl fil'>ion procedurco ore olso knuwu. 
(2tl Edition, 1 YHYand 3rdEdition, 2001) and F. Ausubel ct al., To generate fully human monoclonal antibodies to CD38, 
ed. Current Protocols in Molecular Biology, Greene Publish- transgenic or trnnscbromosomal mice containing human 
ing and Wiley InterScience New York (19S7). Sucbrecombi- 20 immunoglobulin genes (e.g., HCo12, HCo7 or KM mice) 
nant cells are a feature of the present invention. may be immunized with an enriched preparation of CD38 

Cell lines available as hosts for recombinant protein antigen and/or cells expressing CD38, as described, for 
expression arc well known in the art and include many example, by Lonberg ct al., (1994), supra, Fishwild ct al., 
immortalized cell lines available from the American Type (1996), supra, and WO 98/24884. Alternatively, mice may be 
Culture Collection (ATCC). These include, inter alia, Chinese 25 immunized with DNA encoding human CD38. The mice may 
hamster ovary (CHO) cells, NSO, SP2 cells, HeLa cells, baby be 6-16 weeks of age upon the first infusion. For example, an 
hamster kidney (BHK) cells, monkey kidney cells (COS), enriched preparation (5-50 J.l.g) of the CD38 antigen may be 
human hepatocellular carcinoma cells (e.g., Hcp G2), A549 used to immunize the HuMAh mic:e intraperitoneally. In the 
cells, and a number uf uther cell lines. Other cell Jines that event that immunizations using a purified or enriched prepa-
may be used are insect cell lines, such as Sf9 cells. When 30 ration of the CD38 antigen do not result in antibodies, mice 
nucleic acids (or nucleic acid-containing vectors) encoding, may also be immunized with cells expressing CD38, e.g., a 
proteins, such as CD38BPs (including anti-CD38 antibod- cell line, to promote immune responses. 
ies ), are introduced into mammalian host cells, proteins, such Cumulative experience with various antigens bas shown 
as CD38BPs, may be produced by culturing the host cells for that the HuMAb transgenic mice respond best when initially 
a period of time sufficient to allow for cxprcssiou uf the 35 immunized intrapcritoneally (i.p.) or subcutaneously (s.c.) 
protein, such as a CD38BP, in the host cells or by secretion of with CD38 expressing cells in complete Freund's adjuvant, 
the protein, such as a C:D38BP, into the culture medium in followed by every otherweck i.p. immunizations (up to a total 
which the host cells are grown. CD388Ps may be recovered of 10) with CD38 expressing cells in PBS. The immune 
from the culture medium using standard protein purification response may be monitored over the course of the immuni-
methods. CD3813Ps may also be recovered from host cell 40 zation protocol with plasma samples being obtained by ret-
lysates when directly expressed without a secretory signal. roorbital bleeds. The plasma may be screened by FACS 

CD38BPs, such as anti-CD38 antibodies, may also be pro- analysis, and mice with sufficient titers of anti-CD38 human 
duccd in bacterial cells and cukaryotic unicellular microor- immw10globulin may be used for fusions. Mice may be 
ganisms, such as yeast. Bacterial cell produced CD38BPs, boosted intravenously with CD38 expressing cells for 
such as anti-CD38 antibodies, typically lacknonnal glycosy- 45 Examples 4 and 3 days before sacrifice and removal of the 
lation and bacterial cell produced anti-CD38 antibodies may spleen. 
thus be more or less deficit:ul in tcnns of ADCC functions and To generate hybridomas producing human monoclonal 
other aspects of the inunune response associated with anti- antibodies to human CD38, splenocytes and lymph node cells 
CD38 antibodies produced in mammalian cells and/or ani- from immunized mice may be isolated and fused to an appro-
mals (e.g., the n..-cruitment ofNK cells). Yeast cell produced 50 priate immortalized cell line, such as a mouse myeloma cell 
CD3SBPs, such as anti-CD38 antibodies normally exhibit line. The resulting hybridomas may then be screened for the 
different types of glycosylation p11t1P.ms than antibodies pro· pwuul:tiun of antigen-specific antibodies. For example, 
duced in mammalian cells. However, methods for producing siu!!)e cell suspensions of splenic lymphocytes from immu-
antibodies with effective glycosylation in yeast are currently nized mice may be fused to SP2/0 nonsecreting mouse 
being developed by companies such as Glycofi, Inc. (Leba- 55 myeloma cells (ATCC, CRL 1581) with 50% PEG (w/v). 
non, N.H., USA). See also Wildt Setal., Nat Rev Microbial. Cells may be plated at approximately 1x105 per well in flat 
3(2), 119-28 (2005). bottom micro titer plate,followed by a two week incubation in 

When recombinant expression vectors encoding CD38RP selectivemcdiumeontaining bcsiues usual reagents JO% tetal 
genes (including anti-CD38 antibody genes) are introduced Clone Serum, 5-10% origin hybridoma cloning factor 
into mammalian host cells, the CD38BPs are produced by 60 (lGEN) and lxHAT (Sigma). After approximately two 
culturing the host cells for a period of time sufficient to allow weeks, cells may be cultured in medium in which the HAT is 
for expression of the CD38BP in the host cells orfor secretion replaced with HT. Individual wells may then be screened by 
of the antibody into the culture medium in which the host cells ELISA for human kappa-light chain containing antibodies 
are grown. The purification of antibodies and other CD38BPs and by FACS analysis using CD38 expressing cells for CD38 
from cell cultures, cell lysates, and animals (e.g., from the 65 specificity. Once extensive hybridoma growth occurs, 
ascites fluid of a transgenic animal producing anti-CD38 medium may be observed usually after I 0-14 days. The anti-
antibodies) may be achieved by application of any number of body secreting hybridomas may be replated, screened again, 
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and if still positive for hum<~n IgG, anti-CD38 monoclonal 
antibodies may be subcloned at least twice by limiting dilu
tion. The stable subclones may then be cultured in vitro to 
generate antibody in tissue culture medium for characteriza
tion. 

110 
into a host cell by standard techniques. The host cells may be 
prokaryotic or eukaryotic, such as mammalian, host cells. For 
instance antigen binding fragments may be expressed in 
prokaryotic host cells and full-length antibodies may be 
expressed in eukaryotic host cells. 

Inane embodiment the antibodies are expressed in eukary
otic cells, such as mammalian host cells. Examples of mam
malian host cells for expressing the recombinant antibodies 
of the present invention include CHO cells (including dhfr-

Human antibodies of the present invention may also be 
produced in a host cell transfectoma using, for example, a 
combination of recombinant DNA techniques and gene trans
fection methods as is well known in the art, sec for instance 
Morrison, S., Science 229, 1202 (1985). 10 CHO cells, described in Urlaub and Chasin, PNAS USA 77, 

4216-4220 (1980), used with a DHFR selectable marker, for 
instance t~s described in R. J. Kaufi:nan and P. A. Sharp, Mol. 
Bioi. 159, 601-621 (1982)), NS/0 myeloma cells, COS cells, 

For example, to express the antibodies, or antibody frag
ments thereof, DNAs encoding partial or fi.Jll-lcngth light anrl 
heavy chains, may be obtained by standard molecular biology 
teclmiques (for instance PCR amplification, site directed 
mutagenesis) t~nd may be inserted into expression vectors 15 

such that the genes are operatively linked to transcriptional 
and translational control sequences. In this context, the term 
"opcrativdy liuked" Is intended to mean that an antibody 
gene is ligated into a vector such that transcriptional and 
tnutshtlional control sequences within the vector serve their 20 

intended function of regulating the transcription and transla
tion of the antibody gene. The expression vector and expres
sion control sequences arc chosen to be compatible with the 
expression host cell used. The antibody light chain gene and 
the antibody heavy chain gene may be inserted into separate 25 

vectors or, more typically, both genes are inserted into the 
same expression vector. The antibody genes may be inserted 
into the expression vector by standard methods (e.g., ligation 
of c-.omplementary restriction sites Ull the antibody gene frag
ment and vector, or blunt end ligation if no restriction sites are .lo 

present). The light and heavy chain variable regions of the 
antibodies described herein may be used to create full-length 
antibody genes of any antibody isotypc by inserting them into 
expression vectors already encoding heavy chain constant 
and light chain constant regions of the desired isotype such 35 

that the V H segment is operatively linked to the CH segment 
(s) within the vector and the VL segment is operatively linked 
to the CL segment within the vector. Additionally or alterna
tively, the recombinant expression vector may encode a signal 
peptide that facilitates secretion of the antibody chain from a 40 

host cell. The antibody chain gene may be cloned into the 
vector such that the signal peptide is linked in-frame to the 
amino tem1inus of the antibody chain gene. The signal pep
tide may be an immlll1oglobulin signal peptide or a heterolo
gous signal peptide (i.e., a signal peptide from a non-immu- 45 

noglobulin protein). 
ln itddition to the antibody chain gc::ues, the recombinant 

expression vectors of the present invention carry regulatory 
sequences that allows and control the expression of the anti
body chain genes in a host cell. 50 

In addition to the antibody chain genes and regulatory 
sequences, the recombinant expression vectors nfthP preient 
mvenhon may carry additional sequences, such as sequences 
that regulate replication of the vector in host cells (e.g., ori
gins of replication) and selectable marker genes. The select- 55 

able marker gene facilitates selection of host cells into which 
the vector has been introduced (see for instance U.S. Pat. No. 
4,399,216, U.S. Pat. No. 4,634,665 and U.S. Pat. No. 5,179, 

I-IEK293 cells and SP2.0 ~.:ells. In particular tor use with NS/0 
myeloma cells, another example of a expression system is the 
GS (glutamine synthetase) gene expression system disclosed 
in W087/01462, W009/01036 :md EP338 ~41. 

The CD38BP genes may be expressed in other expression 
systems, including prokaryotic cells, such as microorgan
isms, e.g.£. coli for the production of scFv antibodies, algi, as 
well as insect cells. Furthermore, the CD38BPs may be pro
duced in transgenic non-human animals, such as in milk from 
sheep and rabbits or eggs from hens, or in transgenic plants. 
See for instance Verma, R. et al., J. lmmunol. Meth. 216, 
165-181 (1998), Pollock et al., J. Immunol. Meth. 231, 147-
157 (1999) and Fischer, R. et al., Bioi. Chem. 380, 825-839 
(1999). 

Dispeci!k: and multispecific CD38BPs of the present 
invention may be made using chemic:itl techniques (see for 
instance D. M. Kranz et al., PNAS USA 78, 5807 (1981)), 
"polydoma" techniques (See U.S. Pat. No. 4,474,893) or 
recombinant DNA techniques. 

Bispecific antibodies of the present invention may be pro
duced by a variety of known methods including fusion of 
hybridomas or linking of Fab' fragments (see for instance 
Songsivil3i & Lachmalll1, Clin. Exp. ImmunoJ. 79, 315-321 
(1990) and Kostelny et al., J. Immunol. 148, 1547-1553 
(1992)). Traditionally, the recombinant production ofbispe-
cific antibodies is based on the co-expression of two immu
noglobulin heavy chain-light chain pairs, where the two 
heavy chains have different specificities (see for instance 
Milstein and Cuello, Nature 305,537 (1983)). Because of the 
random assortment of immunoglobulin heavy and light 
chains, these hybridomas (quadromas) produce a potential 
mixture of 10 different antibody molecules, of which only 
one has the correct bispecific structure. Similar procedures 
are disclosed in WO 93/08829 and Traunecker et a!., EMBO 
J. 10,3655 (1991). 

According to a different approach, antibody variable 
domains with the desired binding specificities (antibody-an
tigen combiu.illg siles) are til sed to mmmnoglobulin constant 
domain sequences by recombinant or synthetic methods. TI1e 
variable domain sequence is typically fused to an immuno
globulin heavy chain constant domain, comprising at least 
part of the hinge, CH2, and CH3 regions. Also typically, a first 
heavy-<:hain constant region (CHI), containing the site nec
essary for light chain binding, also is present in at least one of 
the fusion peptides. In a more specific example of this type of 
approach, a bispecific antibody is produced comprising a 
hybrid immunoglobulin heavy chain with a fi.rst binding 
specificity in one arm, and a hybrid immunoglobulin heavy 
chain-light chain pair (providing a second binding specific
ity) in the other arm. Such an asymmetric structure can facili-

0 17). Fur example, typically the selectable marker gene con
fers resistance to drugs, such as G418, hygromycin or meth- 60 
otrexate, on a host cell into which the vector has been 
introduced. Examples of selectable marker genes include the 
dihydrofolate reductase (DI-IFR) gene (for use in dhfr-host 
cells with methotrexate selection/amplification) and the neo 
gene (for G418 selection). 65 tate the separation of the desired bispecific compound from 

unwanted immunoglobulin chain combinations (such an 
approach is described in WO 94/04690). For further details of 

For expression of the light and heavy chains, the expression 
vector(s) encoding the heavy and light chains is transfected 
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gt:ut!rdling bispecific antibodies see, for example, Suresh et 
al., Methods in Enzymology 121,210 (1986). 

In another approach, the interface between a pair of anti
body molecules may be engineered to maximize the percent
age ofheterodimers that are recovered from recombinant cell 5 

culture so as to form a population of bispecific antibody 
molecules. Typically, such an interface comprises at least a 
part of the CH3 domain of an antibody constant region. Nor
mally in such a method, one or more amino acid residues with 
smaller side chains from the interface of the first antibody 10 

molecule are replaced with amino acid residues with larger 
side chains (such as tyrosine or tryptoph;m). Compensatory 
"cavities" of identical or similar size to the large side chain 
amino acid residue(s) are created on the interface of the 
second antibody molecule by replacing large amino acid side 15 

chain residues with smaller ones (such as alanine or threo
nine). This may provide a mechanism for increasing the yield 
of the heterodimer over other unwanted end-products such as 
homodimers. 

Bispecific and multispecific molecules of the present 20 

invention may be prepared by conjugating the constituent 
binding specificities, e.g., the anti-FeR and anti-CD38 bind
ing specificities, using methods known in the art. For 
example, each binding specificity of the bispecific and mul
tispecific molecule may be generated separately and then 25 

conjugated to one another. When the binding specificities are 
proteins or peptides, a variety of coupling or cross-linking 
agents may be used for covalent conjugation. Examples of 
cross-linking agents include protein A, carbodiimide, N-suc
cinimidyi-S-acetyl-thioacetate (SATA), 5,5'-dithiobis(2-ni- 30 

trobenr.oic. acid) (DTNB), o-phcnylenedi-rualdmide 
(oPDM), N-succinimidyl-3-(2-pyridyldithio)propionate 
(SPDP) and sulfosuccin-imidyl 4-(N-maleimidomethyl)cy
clohexane-1-carboxylate (sulfo-SMCC), see for instance 
K;Jrpovsk:y et al., J. Exp. Med. 160, 1686 (1984), Liu, M.A. et 35 

al., PNAS USA 82, 8648 (1985). In another example, Bren
nan et al., Sc:ieJlce 229, 81 (1985) describe a pwwuure 
wherein intact antibodies are proteolytically cleaved to gen
erate F(ab')2 fragments. These fragments are reduced in the 
presence of the dithiol complexing agent sodium arsenite to 40 

stabilize vicinal dithiols and prevent intermolecular disulfide 
formation. The Fab' fragments generated may then converted 
to thionitrobenzoate (INB) derivatives. One of the Fab'-TNB 
derivatives may then be reconverted to the Fab'-thiol by 
reduction with mercaptoethylamine and mixed with an 45 

equimolar amount of the other Fab'-TNB derivative to form a 
bispecific antibody. Shalaby et al., J. Exp. Med. 175,217-225 
(1992) describes the production of a fully hwnanized bispe
cific antibody F(ab')2 molecule, according to a related tech
nique. Other methods include those described by Paulus (Be- 50 

hring Ins. Mitt. No. 78, 118-132 (1985)) and Glennie et al., J. 
Immunol. 139, 2::\o7-?375 (1987). Examples of conjugating 
agents are SATA ;mrl sulfo-SMCC, bothavoilablc from Pien.;t: 
Chemical Co. (Rockfofd, Ill.). 

When the binding specificities are antibodies, they may be 55 

conjugated via sulfhydry I bonding of the C-terminus hinge 
regions of the two heavy chains. In one embodiment, the 
hinge region is modified to contain an odd nwn her of sulfhy
dryl residues, for instance one, prior to conjugation. 

Alternatively, hoth binding specificities moy be encoded iu 60 

the same vector and expressed and assembled in the same host 
cell. This method is particularly useful where the bispecific 
and multi specific molecule is a mAbxmAb, mAbxFab, Fabx 
F(ab')2 or ligandxFab fusion protein. A bispecific and multi
specific molecule of the present invention, e.g., a bispecific 65 

molecule may be a single chain molecule, such as a single 
chain bispecific antibody, a single chain bispecific molecule 

112 
comprising one single chain antibody and a binding determi
nant, or a single chain bispecific molecule comprising two 
binding determinants. Bispecific and multi specific molecules 
may also be single chain molecules or may comprise at least 
two single chain molecules. Methods for preparing bi- and 
multispecific molecules are described for example in U.S. 
Pat. No. 5,260,203, U.S. Pat. No. 5,455,030, U.S. Pat. No. 
4,881,175, U.S. Pat. No. 5,132,405, U.S. Pat. No. 5,091,513, 
U.S. Pat. No. 5,476,786, U.S. Pat. No. 5,013,653, U.S. Pat. 
No. 5,258,498 and U.S. Pat. No. 5,482,858. 

Various techniques for making and isolating bispecific 
antibody fragmeut.s directly from recombinant cell culture 
have also been described. For example, bispecific antibodies 
have been produced using leucine zippers (see for instance 
Kostelny et al., J. Immunol. 148(5), 1547-1553 (1992)). Leu
cine zipper peptides from the Fos and Juu proteins can be 
linked to the Fab' portions of two different antibodies by gene 
fusion and the resulting antibody homodimers reduced at the 
hinge region to form monomers that can be re-oxidized to 
form the antibody heterodimers. The "diabody" technology 
described by Hollinger et al., PNAS USA 90, 6444-6448 
(1993) also has provided an alternative mechanism for mak
ing bispecific antibody fragments. Another strategy for mak
ing bispecific antibody fragments by the use of single-chain 
Fv (sFv) dimers has also been reported. See for instance 
Gruber et al., J. Immunol. 152, 5368 (1994). 

In addition, bispecific antibodies may be formed as "dia
bodies" (Holliger et al., PNAS USA, 90, 6444-6448 (1993)) 
or "Janusins" (Traunecker et al., EMBO J. 10, 3655-3659 
(1991) ond Traunecker cl al., Int J Cancer SuppJ 7, 51-52 
(1992)). Bispecific antibodies, by definition, do not exist in 
the form of fragments having a single binding site (e.g., Fab, 
Fab', and Fv fragments, which also are provided by the 
present invention). 

J3inding of the bispecific and multi specific molecules to 
their specific targets may be confirmed by enzyme-linked 
immunosorbent assay (ELISA), a radioimmunoassay (RIA), 
FACS analysis, a bioassay (e.g., growth inhibition), or a West
em Blot Assay. Each of these assays generally detects the 
presence of protein-antibody complexes of particular interest 
by emp Joying a Ia be led reagent (e.g., an antibody) speci fie for 
the complex of interest. For example, the FeR-antibody com
plexes may be detected using e.g., an enzyme-linked antibody 
or antibody fragment which recognizes and specifically binds 
to the antibody-FeR complexes. Alternatively, the complexes 
may be detected using any of a variety of other immunoas· 
says. For example, the antibody may be radioactively labeled 
and used in a radioimmunoassay (RIA) (see, for example, 
Weintraub, B., Principles of Radioimmunoassays, Seventh 
Training Course on Radioligand Assay Techniques, The 
Endocrine Society, March, 1986). The radioactive isotope 
may be detected by such means as the use of a y counter or a 
scintillation counter or by autoradiogrnphy 

As stated earlier, antibodies interact with target antigens 
primarily through amino acid residues that are located in the 
six heavy and light chain complementarity determining 
regions (CDRs). The present invention provides antibodies 
having CDR regions identical to or otherwise derived from 
the CDR regions of -003 or -005 or -024. Such antibodies 
may be generated by constructing expression vectors that 
include CDR sequences from -003 or -005 or -024 grafted 
onto framework sequences from a different antibody with 
different properties. 

Such framework sequences can be obtained from public 
DNA databases that include germline antibody gene 
sequences. These germline sequences will differ from mature 
antibody gene sequences because they will not include com-
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pletely assembled variable genes, which are formed by V(D)J 
joining during B cell maturation. Germline gene sequences 
will also differ from the sequences of a high affmity second
ary repertoire antibody which contains mutations throughout 
the variable gene but typically clustered in the CDRs. For 
example, somatic mutations are relatively infrequent in the 
amino terminal portion of framework region 1 and iu the 
carboxy-terminal portion of framework region 4. For this 
reason, it is not necessary to obtain the entire DNA sequence 
of a particular antibody in order to recreate an intact recom- 10 

binant antibody having binding properties similar to those of 
the original antibody (see WO 99/45962). Partial heavy and 
light chaiu sequence sparming the CDR regions is typic:ally 
sufficient for this purpose. The partial sequence is used to 
determine which gerrnline variable and joining gene seg- 15 

ments contributed to the recombined antibody variable genes. 
The gerrnline sequence is then used to fill in missing portions 
of the va1idLit! rej!,iuns. Heavy and light chain leader 
sequences are cleaved during protein maturation and do not 
contribute to the properties of the final antibody. To add 20 

missing sequences, cloned eDNA sequences may be com
bined with synthetic oligonucleotides by ligation or PCR 
amplification. Altematively, the entire variable region may be 
synthesized as a set of short, overlapping, oligonucleotides 
and combined by PCR amplification to create an entirely 25 

synthetic variable region clone. This process bas certain 
advantages such as elimination or inclusion or particular 
restriction sites, or optimization of particular codons. 

114 
A similar procedure may be followed to graft novel anti

gen-specificity into an existing mature antibody. Typically, an 
acceptor antibody is chosen which originates from the same 
variable germ-line gene as the CDR-donor antibody, but other 
acceptor antibodies may also be chosen. One or more CDRs 
from the donor antibody are then transferred usine; the tech
niques described above. 

In one embodiment of the present invention, the structural 
features of -003 and -005 and -024 are used to create struc
turally related anti-CD38 antibodies, for instance hwnan anti
CD38 antibodies, that retain at least one fun.ctional property 
of -003 and 005 and -024, u<.~mely binding to CD38. More 
specifically, one or murc CDR regions of -003 or -005 and 
-024 may be combined recombinantly with known human 
fran1ework regions and CDRs to create additional, recombi
nantly-engineered, human anti-CD38 antibodies of the 
present invention 

Exemplary plasmids for use in construction of expression 
vectors for human IgGK are described below. The plasmids 
were constructed so that PCR amplified V kappa heavy and V 
kappa light chain eDNA sequences could be used to recon-
struct complete heavy and light chain mi1tigenes.111ese plas
m ids may be used to express completely human IgGl,K or 
IgG4,K antibodies. Similar plasmids may be constructed for 
expression of other heavy chain isotypes, or for expression of 
antibodies comprising lambda light chains. 

CD38BPs of the present invention, such as human anti-
CD38 antibodies of the present invention, may be isolated and 
characterized in a number of different ways. For example, 
selected hybridomas may be grown in suitable flasks for 
ll.'li:Jiivduudl <.~Htibudy pUriticahon. Supernatants may then be 
filtered and concentrated before affinity chromatography 
with proteinA-sepharose (for IgG 1 isotype antibodies) (Phar
macia, Piscataway, N.J.) or anti-human IgG coated sepharosc 
or protein G-scpharose in case of IgG3 isotype antibodies. 
Eluted IgG may be checked by gel electrophoresis and high 
pcrfonl!lmcc liquid chromatography to ensure purity. The 
buffer solution may be exchanged into PBS, and the concen
tration may be determined by OD280 using 1.43 extinction 

Tilf~ nucleotide sequences of heavy <.~uti light chain tran
scripts from hybridomas are used to design an overlapping set 30 

of synthetic oligonucleotides tQ create synthc>til' V sequotncoo 
with identical amino acid coding capacities as the natural 
sequences. The synthetic heavy and kappa chain sequences 
can differ from the natural sequences in three ways: strings of 
repeated nucleotide bases are intem1pted to facilitate oligo- 35 

nucleotide synthesis and PCR amplification; optimal transla
tion initiation sites are incorporated according to Kozak's 
rules (Kozak, J. Bioi. Chern. 266, 19867-19870 (1991); and 
Hindlii sites are engineered upstream of the translation ini
tiation sites. 

For both the heavy and light chain variable regions, the 
optimized coding and corresponding non-coding, strand 
sequences are broken down into 30-50 nuclcotidcs approxi
mately at the midpoint of the corresponding non-coding oli
gonucleotide. 11ms, for each chain, the oligonucleotides may 45 

be assembled into overlapping double stranded sets that span 
segments of 150-400 nucleotides. The pools are then used as 
templates to produce PCR amplification products of 150-400 
nucleotides. Typically, a single variable region oligonucle
otide set will be broken down into two pools which are sepa- 50 

rately amplified to generate two overlapping PCR products. 
These overlapping products are then combined by PCR 
amplification to form the complete variable region. It may 
also be desirable to include an overlapping fragment of the 
heavy or light chain constant region (including the Bbsl site 55 

of the kappa light chain, or the Agel site of the gauJJJli.l heavy 
chain) in the PCR amplification to generate fragments that 
can easily be cloned into the expression vector constructs. 

40 coefficient. The monoclonal antibodies may be aliquoted and 
stored at -80° C. 

The fttonstructed heavy and light chain variable regions 
are then combined with cloned promoter, leader, translation 60 

initiation, constant region, 3' untranslated, polyadenylation, 
and transcription termination, sequences to form expression 
vector constructs. The heavy and light chain expression con
structs may be combined into a single vector, co-transfected, 
serially transfected, or separately transfected into host cells 65 

which are then fused to form a host cell expressing both 
chains. 

To determine 1f the selected CD38BPs, such as human 
anti-CD38 monoclonal antibodies, bind to unique epitopes, 
site-directed or multi-site directed mutagenesis may be used. 

To determine the isotype of purified antibodies, isotype 
ELlS As may be performed. Wells of micro titer plates may be 
coated with 10 J.tg/ml ofanti-humanlgovernightat4°C.After 
blocking with 5% BSA (bovine serum albumin), the plates 
are reacted with 10 p.g/ml of monoclonal antibodies or puri
fied isotype controls, at ambient temperature for two hours. 
The wells may then be reacted with either human IgG 1, IgG2, 
JgG3 or IgG4, Ig,E, IgA1, JgA2, or human IgM-specific alka
line phosphatase-conjugated probes. After wilshing, the 
plates are developed with pNPP substrate (1 mg/ml) and 
analyzed by OD at 405 nm. 

ln order to demonstrate the presence of anti-CD38 antibod
ies in sera of iDllllunized mice or the binding of CD38BPs 
(including anti-CD38 antibodies) to live cells expressing the 
CD38, flow cytometry may be used. Briefly, cell lines 
expressing CD38 (grown under standard growth conditions) 
are mixed with various concentrations of CD38BP in PBS 
containing 0.1% BSA and 0.02% sodium-azide, and incu
bated at 4° C. for 30 minutes. After washing, the cells are 
reacted with fluorescein-labeled anti-human lgG antibody 
under the same conditions as the primary antibody staining. 
The samples may be analyzed by flow cytometry with a flow 
cytometer (e.g., Becton Dickinson FACS instrument) using 
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light and side scatte-r properties to gate on singh;:, Jiving cells. ranged. For background on molecular immunology, see, Fun-
An alternative assay using fluorescence microscopy may be damentallmmunology, 2nd edition (1989), Paul William E., 

used (in addition to or instead of the flow cytometry assay. ed. Raven Press, N.Y. 
Cells may be stained exactly as described above and exam- In certain embodiments, the transgenic or transchromo-
ined by fluorescence microscopy. This method allows visu- somal nonhuman animals used to generate the human mono-
alization of individual cells, but may have dinlinished sensi- clonal antibodies of the present invention contain rearranged, 
tivity depending on the density of the antigen. unrearranged or a combination of rearranged and unrear

ranged heterologous immunoglobulin heavy and light chain 
CD388Ps, such as anti-CD38 human IgGs, may be further transgenes in the germline of the transgenic animal. Each of 

tested fior reactl.vJ'ty w1'th CD38 antigen by Western blotting. 
10 the heavy chain trans genes comprises at least one CHgene. In 

Briefly, cell extracts from cells expressing CD38 may be addition, the heavy chain transgene may contain functional 
prepared and subjected to sodium dodecyl sulfate (SDS) isotype switch sequences, which an: ~.:upable of supporting 
Polyacrylallli.de gel electropl1oresis. After electrophoresis, 

isotype switching of a heteroluguus trans gene encoding mul
the separated antigens will be trnnsferred to nitrocellulose 

tiple CH genes in the B cells of the transgenic animal. Such 
membranes, blocked with 20% non-fat milk, and probed with 
th CD38Bp t b t ted I r 1 G b' di g may be 15 switch sequences may be those which occur naturally in the 

e s o e es . -.uman g m n · 
germline illllnunoglobulin locus from the species that serves 

detected using anti-human lgG alkaline phosphatase and 
aS the SOUCCe of lhf:'O tmn~gt'!!':! C11 g:::ncs, 0! SU(;h ~wiich 

developed with BCIPINBT substrate tablets (Sigmil ('hf>m. sequences may be derived from those which occur in the 
Cu., St. LoUJs, Mo.), but detecting agents directed at other 

species that is to receive the transgenc construct (the trans
specific portions of the CD38BP may also be used. 

20 genic animal). For example, a human transgene construct that 
In addition to binding specifically to CD38, CD388Ps is used to produce a transgenic mouse may produce a higher 

(including human anti-CD38 antibodies) may be tested for frequency of isotype switching events if it incorpomtes 
their ability to inhibit various activities of cells expressing switch sequences similar to those that occur naturally in the 
CD38, such as but not restricted to insulin production, Ca

2
+ mouse heavy chain locus, as presumably the mouse switch 

release, cytokine production, lysis induction, differentiation, 25 sequences are optimized to function with the mouse switch 

and proliferation. recombinase enzyme system, whereas the human switch 
In one embodiment, the present invention provides trans- sequences are not. Switch sequences may be isolated and 

genic and transchromosomal nonhuman arlinlals, such as cloned by conventional cloning methods, or may be synthe-
transgenic or transchromosomalmice, which are capable of sized de novo from overlapping synthetic oligonucleotides 
expressing human antibodies that specifically bind to CD38. 30 designed on the basis of published sequence infonuation 
In a particular embodiment, the preseul invention provides a relating to immunoglobulin switch region sequences (Mills et 
transgenic or transcbromosomal mouse having a genome ai.,Nuci.AcidsRes.l5, 7305-73!6(199l)Siderasetai.,Intl. 
comprising a human heavy chain trans gene, such that the Immunol. I, 631-642 ( 1989)). For each of the foregoing 
mouse produces human anti-CD38 antibodies when immu- transgenic animals, functionally rearmnged heterologous 
nized with cells expressing CD38. The human heavy chain 35 heavy and light chain inununoglobulin transgenes are found 
transgeue may be integrated into the chromosomal DNA of in a significant fraction of the B cells of the transgenic animal 
the mouse, as is the case for transgenic, e.g., HuMAb mice, as (at least 10%). 
described in det<~il herein. Alternatively, the human heavy The transgenes used to generate the transgenic nonhuman 
chain transgene may be maintained extrachromosomally, as animals of the present invention include a heavy chain trans-
is the case for transcbromosomal (e.g., K.M) mice as 40 gene comprising DNA encoding at least one variable gene 
described in WO 02/43478. Such transgenic and transchro- segment, one diversity gene segment, one joining gene seg-
mosomal animals are capable of producing multiple isotypes ment and at least one constant region gene segn1ent. The 
of human monoclonal antibodies to CD38 (e.g., IgG, IgA inlmunoglobulin light chain transgene comprises DNA 
and/or IgE) by undergoing V-D-JIV-J recombination and iso- encoding at least one variable gene segment, one joining gene 
type switching. The design of a transgenic or transchromo- 45 segment and at least one constant region gene segment. The 
somal nonhuman animal that responds to foreign antigen gene segments encoding the light and heavy c.hain gene seg-
stimulation with a heterologous antibody repertoire, requires ments are heterologous to the transgenic animal in that they 
that the heterologous immunoglobulin transgenes contained are derived from, or correspond to, DNA encoding illllnuno-
within the transgenic animal function correctly throughout globulin heavy and light chain gene segments from a species 

the pathway of 8 cell development. This includes, for 50 not consisting of the transgenic nonhuman animal. In one 
example, isotype switching of the heterologous heavy chain embodiment of the present invention, the trans gene is con-
transgene. Accordingly, transgenes are constructed so that structiild Guoh thut the imlividual gene segments are unrear-
iiotype Gwitchins w<~y be induced and one or more of the ranged, i.e., not rearranged so as to encode a fuuctionalimmu-
following characteristics of antibody genes: (1) high level and uoglobulin light or heavy chain. Such unrearrangcd 

cell-type specific expression, (2) functional gene rearrange- 55 transgenes support recombination of the V, D, and J gene 
ment, (3) activation of and response to allelic exclusion, (4) segments (functional rearrangement) and may support incor-
expression of a sufficient primary repertoire, (5) signal trans- poration of all or a portion of a D region gene segment in the 
duction, (6) somatic hypennutation, and (7) domination of resultant rearranged immunoglobulin heavy dmin within the 
the trans gene antibody locus during the illllllune response. transgenic animal when exposed to CD38 antigen. 

Not all of the foregoing criteria need be met. For example, 60 In an alternate embodiment, the trans genes comprise an 
in thus!:! embodiments wherein the endogenous immunoglo- unrearranged "mini-locus". Such transgenes typically com-

bulin loci of the transgenic animal are functionally disrupted, prise a substantial portion ofthe C, D, and J segments as well 
the transgeue need not activate allelic exclusion. Further, in as a subset of the V gene segments. In such transgene con-

those embodiments wherein the transgene comprises a func- structs, the various regulatory sequences, e.g. promoters, 
tionally rearranged heavy and/or light chain immunoglobulin 65 enhancers, class switch regions, splice-donor and splice-ac-
gene, the second criteria of functional gene rearrangement is ceptor sequences for RNA processing, recombination signals 
unnecessary, at least for that trans gene which is already rear- and the like, comprise corresponding sequences derived from 
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sequences (or individual nucleotide positions) will cluster in 
or near CDRs, or in regions where somatic mutations are 
known to cluster. 

The present invention also provides B cells derived from 
transgenic or transcbromosomal nonhuman animals as 
described herein. The B cells may be used to generate hybri
domas expressing human monoclonal antibodies which bind 
with high affinity (for instance with a dissociation equilib-
rium constant (KD) of lower than 10-8 M) to human CD38. 
Thus, in one embodiment, the present invention provides a 
hybridoma which produces a human antibody having an 
affinity (KD) ofbelow I0-8 M, such as ofbelow I0-9 M, 10-10 

M or 1 o- 11 M or eveu lower when determined by scatchartl 
analysis of CD38 expressing cells using a radio-actively 
labeled monoclonal antibody or by determination of the half
maximal binding concentration using FACS analysis, or by 
analysis using surface plasmon resonance as measured on a 
BIAcore instrument. 

Th.e present invention provides an auli-CD38 antibody 

the heterologous DNA. Such regulatory sequences may be 
incorporated into the transgene from the same or a related 
species of the nonhuman animal used in the present invention. 
For example, human immunoglobulin gene segments may be 
combined in a transgene with a rodent immunoglobulin 
enhancer sequence for use in a transgenic mouse. Alterna
tively, synthetic rt:gulatory sequences may be incorporated 
into the transgene, wherein such synthetic regulatory 
sequences are not homologous to a functional DNA sequence 
that is known to occur naturally in the genomes of mammals. 10 

Synthetic regulatory sequences are designed according to 
consensus rules, such as, for example, those specifYing the 
permissible sequences uf a splice-acceptor site or a promoter/ 
enhancer motif. For example, aminilocus comprises a portion 15 
of the genomic immunoglobulin locus having at least one 
internal (i.e., not at a tenn.inus of the portion) deletion of a 
non-essential DNA · portion (e.g., intervening sequence; 
intron or portion thereof) as compared to the naturally-occur
ring gennline Ig locus. 20 comprising a human sequence light chain composed of (1) a 

light chain variable region having a polypeptide sequence 
which is substantially identical to a polypeptide sequence 
encoded by a human VL gene segment and a human JL seg-

Examples of transgenic and transchromosomal nonhuman 
animals, such as mice, will exhibit immunoglobulin produc
tion with a significant repertoire, ideally substantially similar 
to that of a human after adjusting for volume. 

1l1e repertoire will ideally approximate that shown in a 
25 

human when adjusted for volume, usually with a diversity at 
least about 10% as great, such as 25 to 50% or more. Gener
ally, at least about a thousanrl different immunoglobulins 
(ideally lgG), such as 104 to 106 or more, will be produced, 10 
depending Oil tl.u:: number of different V, J and f) regions 
mtroduced into the mouse genome and driven by the addi
tional diversity generated by V(-D-)J gene segment rear
rangements and random nucleotide additions at the joining 
regions. Typically, the Immunoglobulins will exhibit anaffin- 35 

ity (KD) for preselected antigens of below w-s M, such as of 
below 10-9 M, 10-10 M or 10-11 M or even lower. Transgenic 
and transchromosomal nonhuman animals, e.g., mice, as 
described above, may be immunized with, for exan1ple, cells 
expressing CD38. Alternatively, the transgenic anin1als may 40 

be immunized with DNA encoding human CD38. The ani
mals will then produce B cells which undergo class-switching 
via switch recombination (cis-switching) and express immu
noglobulins re.llctive with CD38. The immunoglobulins will 
be human antibodies (also referred to as "human sequence 45 

antibodies"), wherein the heavy and light chain polypeptides 
:ue encoded by human transgene st:quences, which may 
include sequences derived by somatic mutation and V region 
recombinatorial joints, as well as germline-encoded 
sequences; these human antibodies may be referred to as so 
being substantially identical to a polypeptide sequence 
encoded by a human V L and h or V.m Ou anrl 111 gP.'ni ~iS 
ments, even though other non-germline sequences may be 
present as a result of somatic mutation and differential V-J and 
V-D-J recombination joints. The variable regions of each 55 

antibody chain are typically at least 80 percent similar to 
human germine V, and J gene segments, and, in the case of 
heavy chains, human germline V, D, and J gene segments; 
frequently at least 85 percent sinlllar to human germ] ine 
sequences present on the trans gene; often 90 or 95 percent or 60 

more similar to human germline sequences present on the 
transgene. However, since non-germline sequences are intro
duced by somatic mutation and VJ and VDJ joining, the 
human sequence antibodies will frequently have some vari
able region sequences which are not encoded by human V, D, 65 

or J gene segments as found in the human transgene(s) in the 
germline of the mice. Typically, such non-germline 

ment, and (2) a light chain constant region encoded by a 
human CL gene segment; and a human sequence heavy chain 
composed of a (1) a heavy chain variable region having a 
polypeptide sequence which is substantially identical to a 
polypeptide sequence encoded by a human V H gene segment, 
aD region, and a human J H segment, and (2) a constant region 
encoded by a human Cngene segmeut. It should be noted that 
human D genes may be substantially altered by recombina-
tion and somatic mutation events such that the original human 
germ-line sequence may not be readily recognized. 

1l1e development of high affinity human monoclonal anti
bodies against CD38 can be facilitated by a method for 
expanding the repertoire of human variable region gene seg
ments in a transgenic nonhuman animal having a genome 
comprising an integrated human immunoglobulin transgene, 
said method comprising introducing into the genome a V 
gene trans gene comprising V region gene segments which are 
not present in said integrated human immunoglobulin trans-
gene. Often, the V region transgene is a yeast artificial chro
.mosome (YAC) comprising a portion of a human V 11 or V L 

(V K) gene segment array, as may naturally occur in a human 
genome or as may be spliced together separately by recom
binant methods, which may include out-of-order or omitted V 
gene segments. Often at least five or more ftmctional V gene 
segments are contained on the YAC. In this variation, it is 
possible to make a transgenic animal produced by the V 
repertoire expansion method, wherein the animal expresses 
an immunoglobulin chain comprising a variable region 
ocqucn.:.:. .:.uwueu by a V region gene segn1ent present on the 
V region transgene and a C region encoded on the human Jg 
trans gene. By means of the V repertoire expansion method, 
transgenic animals having at least 5 distinct V genes can be 
generated; as can animals containing at least about 24 V genes 
or more. Some V gene segments may be non-functional (e.g., 
psendogenes and the like); these segmeuts may be retained or 
may be selectively deleted by recombinant methods available 
to the skillet! artisan, if desired. 

Once the mouse germline has been engineered to contain a 
functional YAC having an expanded V segment repertoire, 
substantially not present in the human Ig trans gene contain-
ing the J and C gene segments, the trait can be propagated and 
bred into other genetic backgrounds, including backgrounds 
where the functional YAC having an expanded V segment 
repertoire is bred into a nonhuman animal germline having a 
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invention employed, or the ester, salt or amide thereof, the 
route of administration, the time of administration, the rnte of 
excretion of the particular compound being employed, the 
duration of the treatment, other drugs, compounds and/or 
materials used in combination with the particular composi
tions employed, the age, sex, weight, condition, general 
health and prior medical history of the patient being treated, 
and like factors well known in the medical arts. 

The pharmaceutical composition may be administered by 

diiTerent human lg transgt:m:. Multiple functional YACs hav
ing an expanded V segment repertoire may be bred into a 
germline to work with a human lg transgene (or multiple 
human lg transgenes). Although referred to herein as YAC 
trans genes, such transgenes when integrated into the genome 
may substantially Jack yeast sequences, such as sequences 
required for autonomous replication in yeast; such sequences 
may optionally be removed by genetic engineering (e.g., 
restriction digestion and pulsed-field gel electrophoresis or 
other suitable method) after replication in yeast is no longer 
necessary (i.e., prior to introduction into a mouse ES cell or 
mouse prozygote ). Methods of propagating the trait ofhum11n 
sequence immunoglobulin expression, include breeding a 
transgenic animal having the human Ig transgene(s), and 
optionally also having a functional YAC having an expanded 15 

V segment repertoire. Both V11 and V L gene segments may be 
present on the Y/I.C. The transgenic animal may be bred into 
uny t."c.kwuuuLllleslred by the practitioner, including back
grounds harboring other human trans genes, including human 

10 any suitable route and mode. Suitable routes of administering 
a compound of the present invention in vivo and in vitro are 
well known in the art and cau be selected by those of ordinary 
skill in the art. 

lg transgenes and/or transgenes encoding other human lym- 20 

phocyte proteins. The present invention also provides a high 
aflinity human sequence inununoglobulin produced by a 
transgenic mouse having an expanded V region repertoire 
YAC transgene. Although the foregoing describes a specific 
embodiment of the transgenic animal of the present invention, 25 

other embodiments are contemplated which have been clas
sified in three categories: 

I. Transgenic animals containing an unrearranged heavy 
and rearranged light chain iwmw1oglobulin trans gene; 

II. Transgenic animals containing an unrearranged heavy 30 

and unrearranged light chilin immunoglobulin Irons
gene; and 

III. Transgenic animal containing rearranged heavy and an 
unrearranged light chain immunoglobulin trans gene. 

In one embodiment, the prP-sent invention provides a phar- 35 

maceutical composition comprising a thernpeutically effec
tive amount of a CD38BP ofthe present invention. The phur
maceutical compositions may be formulated with 
pharmaceutically acceptable carriers or diluents as well as 
any other known adjuvants and excipients in accordance with 40 

conventional techniques such as those disclosed in Reming
ton: The Science and Practice of Pharmacy, 19th Edition, 
Gennaro, Ed., Mack Publishing Co., Easton, Pa., 1995. 

The pharmaceutically acceptable carriers or diluents as 
well as any other known adjuvants and excipients should be 45 

suitable for the chosen compound of the present invention and 
the c.b.osen mode of administration. SuiL<Jbility for carriers 
and other components of pharmaceutical compositions is 
determined based on the Jack of significant negative impact 
on the desired biological properties of the chosen compound so 
or pharmaceutical composition of the present invention (e.g., 
less than a substantial impact (10"/o or Jess rel;nivP inhibition, 
~%or less relative inhibition, etc.) on antigen binding. 

A pharmaceutical composition of the preseut inventions 
may also include diluents, fillers, salts, buffers, detergents 55 

(e.g., a nonionic detergent, such as Tween-80), stabilizers, 
stabilizers (e.g., sugars or protein-free amino acids), preser
vatives, tissue fixatives, solubilizers, and/or other materials 
suiU.ble for inclusion in a pharmaceutical composition. 

The actual dosage levels of the active ingredients in the 60 

pharmaceutical compositions of the present invention may be 
varied so as to obtain an amount of the active ingredient which 
is effective to achieve the desired therapeutic response for a 
particular patient, composition, and mode of administration, 
without being toxic to the patient. The selected dosage level 65 

will depend upon a variety of pharmacokinetic factors includ
ing the activity of the particular compositions of the present 

The compounds of the present invention may be adminis
tered via any suitable route, such as an oral, nasal, inhalable, 
topical (including buccal, transdermal and sublingual), rectal, 
Vllijina)llnn/nr p~rP.ntc~) routo 

In one embodiment, a pharmaceutical composition of the 
present invention is administered orally, for example, with an 
inert diluent or an assimilable edible carrier. The active ingre
dient may be enclosed in a hard or soft shell gelatin capsule, 
compressed into tablets, or incorpornted directly into the sub
ject's diet. Pharmaceutical compositions of the present inven
tion which are suitable for oral administration include ingest
ible tablets, buccal tablets, troches, capsules, elixirs, 
suspensions, syrups, wafers, and the like containing such 
carriers as are known in the art to be appropriate. To admin
ister a compound of the present invention oral administration, 
it may be necessary to coat the compound with, or co-admin
ister the compound with, a material to prevent its inactivation. 

lu une embodiment, a pharmaceutical composition of the 
present invention is administered nasally. Pharmaceutical 
compositions of the present invention which arc suitable for 
nasal administration are known in the art and typically 
include sprays, nose drops and inhalants. 

In one embodiment, a pharmaceutical composition of the 
preseut invention is administered topically. Pharmaceutical 
compositions of the present invention which are suitable for 
topical or transdermal administration include powders, 
sprays, ointments, pastes, creams, lotions, gels, solutions, 
patches and inhalants containing such carriers as are known in 
the art to be appropriate. 

In one embodiment, a phannaceutical composition of the 
present invention is administered rectally. Pharmaceutical 
compositions of the present invention which are suitable for 
rectal administration are known in the art and include gels, 
pastes, spray formulations, suppositories. 

In one embodiment, a pharmaceutical composition of the 
present invention is administered vaginally. Pharmaceutical 
compositions of the present invention which are suitable for 
vaginal administration include pessaries, tampons, creams, 
gcl3, p11sto!s, fuau1s ur spray formulahons containing such 
carriers as are known in the art to be approprillte. 

ln one embodiment, a pharmaceutical composition of the 
present invention is administered parenterally. 

The phrases "parenteral administration" and "adminis
tered parenterally" as used herein means modes of adminis
tmtion other than enterol and topical ailininistration, usually 
by injection, and include epidermal, intravenous, intramus
cular, intraarterial, intrathecal, J!ltracapsular, intraorbital, int
racardiac, intradermal, intraperitoneal, intratendioous, tran-
stracheal, subcutaneous, subcuticular, intraarticular, 
subcapsular, subarachnoid, intraspinal, intracranial, intratho
racic, epidural and intrastemal injection and infusion. 

In one embodiment that pharmaceutical composition is 
administered by intravenous or subcutaneous injection or 
infusion. 
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In one embodiment the compounds of the prescnt invention 
are administered in crystalline form by subcutaneous injec
tion, cf. Yang et al., PNAS USA 100(12), 6934-6939 (2003). 

The pharmaceutical compositions may be administered 
with medical devices known in the art. For example, in one 
embodiment, a pharmaceutical composition of the present 
invention may be admillistcred with a needleless hypodem1ic 
injection device, such as the devices disclosed in U.S. Pat. No. 
5,399,163, U.S. Pat. No. 5,383,851, U.S. Pat. No. 5,312,335, 
U.S. Pat. No. 5,064,413, U.S. Pat. No. 4,941,880, U.S. Pat. 
No. 4,790,824, or U.S. Pat. No. 4,596,556. Examples of well
known implants and mndules useful in the present invention 
include: U.S. Pat. No. 4,487,603, which discloses an implant
able micro-infusion pump for dispensing medication at a 
controlled rate; U.S. Pat. No. 4,486,194, which discloses a 
therapeutic device for administering medicants through the 
skin; U.S. Pat. No. 4,447,233. which di~lnses e medicotion 
in.tusion pump for delivering medication at a precise infusion 
rate; U.S. Pat. No. 4,447,224, which discloses a variable flow 
implantable infusion apparatus for continuous drug delivery; 
U.S. Pat. No. 4,439,196, which discloses an osmotic d.n1g 
delivery system having multi-chamber compartments; and 
U.S. Pat. No. 4,475,196, which discloses an osmotic drug 
delivery system. Many other such implants, delivery systems, 
and modules are known to those skilled in the art. 

Phammceutical compositions of the present invention may 
be formulated for particular routes of administration, such as 
oral, nasal, topical (including buccal, transdermal and sublin
gual), rectal, vaginal and/or parenteral administration. TI1e 
pharmaceutical compositions may conveniently be presented 

122 
Pharmaceutically acceptable carriers include any and all 

suitable solvents, dispersion media, coatings, antibacterial 
and antifungal agents, isotonicity agents, antioxidants and 
absorption delaying agents, and the like that are physiologi
cally compatible with a compound of the present invention. 

Examples of suitable aqueous and nonaqueous carriers 
which may be employed in the pharmaceutical compositions 
of the present invention include water, saline, phosphate buff
ered saline, ethanol, dextrose, polyols (such as glycerol, pro-

10 pylene glycol, polyethylene glycol, and the like), and suitable 
mixtures thereof, vegetable oils, such as olive oil, corn oil, 
peanut oil, cottonseed oil, and sesawe oil, carboxymethyl 
cellulose colloidal solutions, tragacanth gum and injectable 
organic esters, such as ethyl oleate, and/or various buffers. 

15 Other carriers are well known in the pharmaceutical arts. 
Pharmaceutically acceptable carriers include sterile aque

ous solutions or dispcr!'inns and sterile powders fur ihe 
extemporaneous preparation of sterile injectable solutions or 
dispersion. The use of such media and agents for pharmaceu-

20 tically active substances is known in the art. Except insofar as 
any conventional media or agent is incompatible with the 
active compound, use thereof in the pharmaceutical compo
sitions of the present invention is contemplated. 

Proper fluidity may be maintained, for example, by the use 
25 of coating materials, such as lecithin, by the maintenance of 

the required particle size in the case of dispersions, and by the 
use of surfactants. 

Pharmaceutical compositions of the present invention may 
also comprise pharmaceutically acceptable antioxidants for 

30 instance (1) water soluble antioxidants, such as ascorbic acid, 
cysteine hydrochloride, sodium bisulfate, sodium met
abisulfite, sodium sulfite and the like; (2) oil-soluble antioxi
dants, such as ascorbyl palmitate, butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), lecithin, propyl 

in unit dosage fom1 and may be prepared by any methods 
known in the art of pharmacy. The amount of active ingredient 
which may be combined with a carrier material to produce a 
single dosage fom1 will vary depending upon the subject 
being In:<~ ted, and the particular mode of administration. 111e 
amount of active ingredient which may be combined with a 
carrier mate1ial tu produce a single dosage form will gener
ally be that amount of the composition which produces a 
therapeutic effect. Generally, out of one hundred percent, tllis 40 
amount will range from about 0.01% to about 99% of active 
ingredient, such as from about 0.1% to about 700/o, for 
instance from about I% to about 300/o. 

35 gallate, alpll<~-tucopherol, and the like; and (3) metal chelat
ing agents, such as citric acid, ethylenediamine tetraacetic 
acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the 
like. 

Pharmaceutical compositions of the present invention may 
also comprise isotonicity agents, such as sugars, polyalcohols 
such as mannitol, sorbitol, glycerol or sodium chloride in the 
compositions 

Pharmaceutically acceptable diluents include saline and 
aqueous buffer solutions. 

The pham1aceutical compositions of the present invention 
may also contain one or more adjuvants appropriate for the 
chosen route of administration such as preservatives, wetting 
agents, emulsifying agents, dispersing agents, preservatives 
or buffers, which may enhance the shelflife or effectiveness 

so of the pharmaceutical composition. Compounds of the 
present invention may for instance be admixed with lactose, 
sucrose, powders (e.g., starch powder), cellulose esters of 
alkanoic acids, stearic acid, talc, magnesium stearate, mag
nesium oxide, sodium and calcium salts of phosphoric and 

Regardless of the route of administration selected, the 
compounds of the present invention, which may be used in the 45 

fonn of a pharmaceutically acceptable salt or in a suitable 
hydrated form, and/or the phanuaceutical compositi011s of 
the present invention, are fomlUlated into pham1aceutically 
acceptable dosage forms by conventional methods known to 
those of skill in the art. A "pharmaceutically acceptable salt" 
refers to a salt that retains the desired biological activity oftl1e 
parent compound and does not inlpart any undesired toxico
logical effeds (see for instance Berge, S.M. et al., J. Pharm. 
Sci. 66, 1-19 (1977) ). Examples of such salts include acid 
addition salts and base addition salts. Acid addition salts 
include those derived from nontoxic inorganic acids, such as 
hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, 
hydroiodic, phosphorous acids and the like, as well as from 
nontoxic organic acids such as aliphatic mono- and dicar
boxylic acids, phenyl-substituted alkanoic acids, hydroxy 
alkanoic acids, aromatic acids, aliphatic and aromatic sul
fonic acids and the like. Base addition salts include those 
derived from alkaline earth metals, such as sodium, potas
sium, magnesium, calcium and the like, as well as from 
nontoxic organic amines, such as N,N'-dibenzylethylenedi- 65 

amine, N-methylglucarnine, chloroprocaine, choline, dietha
nolamine, ethylenediamine, procaine and the like. 

55 sulphuric acids, acacia, gelatin, sodium alginate, polyvi
nylpyrrolidine, and/or polyvinyl alcohol. Other examples of 
adjuvants are QS21, GM-CSF, SRL-172, histamine dihydro
chloride, thymocartin, Tio-TEPA, monophosphoryl-lipid 
A/micobacteria compositions, alum, incomplete Freund's 

60 adjuvant, montanide ISA, ribi adjuvant system, TiterMax 
adjuvant, syntex adjuvant formulations, inlmune-stinlulating 
complexes (ISCOMs), gerbu adjuvant, CpG oligodeoxy
nucleotides, lipopolysaccharide, and polyinosinic:polycyti-
dylic acid. 

Prevention of presence of microorganisms may be ensured 
both by sterilization procedures and by the inclusion of vari
ous antibacterial and antifungal agents, for example, para ben, 
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chlorobutanol, phenol, sorbic acid, auu lhe like. In addition, 
prolonged absorption of the injectable pharmaceutical form 
may be brought about by the inclusion of agents which delay 
absorption such as aluminum monostearate and gelatin. 

124 
sions as well as conventional liposomes (Str~an et a!., J. 
Neuroimmunol. 7, 27 (1984)). 

Depending on the route of administration, the active com
pound may be coated in a material to protect the compound 
from the action of acids and other natural conditions that may 
inactivate the compound. For example, the compound may be 
administered to a subject in an appropriate carrier, for 
example, liposomes. Liposomes include water-in-oil-in-wa
ter CGF emulsions as well as conventionalliposomes (Strejan 

Pharmaceutical compositions of the present invention 
comprising a compound of the present invention may also 
include a suitable salt therefor. Any suitable salt, such as an 
alkaline earth metal salt in any suitable form (e.g., a buffer 
salt), may be used in the stabilization of the compound of the 
present invention. Suitable salts typically include sodium 
chloride, sodium succinate, sodium sulfate, potassium chlo
ride, magnesium chloride, magnesium sulfate, and calcium 
c.Woride . .In one cmbodimeul, an aluminum salt is used to 
stabilize a compound of the present invention in a phanna
ceutical composition of the present invention, which alumi
num salt also may serve as an adjuvant when such a compo
sition is administered to a patient. 

10 et al., J. Neuroimmunol. 7, 27 (1984)). 
In one embodiment, the compounds of the present inven

tion may be fommlated to eu~ure pmper distribution in vivo. 
For example, the blovu-brain barrier (BHB) excludes many 
highly hydrophilic compounds. To ensure that the therapeutic 

15 compounds of the present invention cross the BBB (if 
desired), they may be formulated, for example, in liposomes. 
For methorls of manufacturing liposomcs, sec for instance 
U.S. Pat. No. 4,522,811, U.S. Pat. No. 5,374,548 and U.S. Pbannaceutical compositions according to the present 

invention may be in a variety of suitable forms. Such forms 
mclude, for example, liquid, semi-solid and solid dosage 20 

fonns, such as liquid solutions (e.g., injectable and infusible 
solutions), dispersions or suspensions, emulsions, micro
emulsions, gels, crean1s, granules, powders, tablets, pills, 
powders, Jiposomes, dendrimers and other nanoparticles (see 
for instance Back et al., Methods Enzymol. 362, 240-9 25 

(2003), Nigavekar et al., Pharm Res. 21(3), 476-83 (2004), 
microparticles, and suppositories. 

l11e optima form depends on the chosen mode of admin
istration, the nature of the composition, and the therapeutic 30 
application. Formulations may include, for in~tance, pow
r!Pni', pa&tQo, ointm...:.,b, jclli~::s, waxes, mls, hp1ds, lipid (cat
ionic or anionic) containing vesicles, DNA conjugates, anhy
drous absorption pastes, oil-in-water and water-in-oil 
emulsions, emulsions carbowax (polyethylene glycols of 35 
various molecular weights), scnu-solid gels, and semi-solid 
mixtures contain.iug carbowax. Any o:f the foregoing may be 
appropriate in treatments and therapies in accordance with 
the present invention, provided that the active ingredient in 
the pham1accutical composition is not inactivated by the for-

40 
mulation and the formulation is physiologically compatible 
and tolerable with the route of administration. See also for 
instance Powell et al., "Compendium of excipients for 
parenteral formulations" PDA J Pharm Sci Techno!. 52, 238-
311 (1998) and the citations therein for additional infonna-

45 
tion related to excipients and carriers well known to pharma
ceutical chemists. 

Pat. No. 5,399,331. The liposomes 1Uay comprise one or more 
moieties which arc selectively transported into specific cells 
or organs, thus enhance targeted drug delivery (see for 
instance V.V. Ranade J. Clin. Phannacol. 29, 685 (1989)). 
Exemplary targeting moieties include folate or biotin (see for 
instance U.S. Pat. No. 5,416,016), mannosides (Umezawa et 
al., Biochem. Biophys. Res. Co=un. 153, 1038 ( 1988)), 
antibodies (P. G. Bloemanet al., FEBS Lett. 357, 140 (1995), 
M. Owais et al., Antimicrob. Agents Chemother. 39, 180 
(1995)), surfactant protein A receptor (Briscoe et al., Am. J. 
Physiol. 1233, 134 (1995)), different species of which may 
comprise the pharmaceutical compositions of the present 
inv.:ut;um, "'~ wdl as components of the invented molecules, 
p120 (Schreier eta!., J. Bioi. Chem. 269, 9090 (1994)), see 
also K. Keinanen, M. L. Laukkanen, FEBS Lett. 346, 123 
(1994) and J. J. Killion, I. J. Fidler, I=unomethods 4, ?.73 
(1994). 

Iu one embodiment of the present invention, the com
pounds of the present invention are formulated in liposomcs. 
In a further embodiment, the liposomes include a targeting 
moiety. In a further embodiment, the compounds in the lipo
somcs are delivered by bolus injection to a site proximal to the 
desired area, e.g., the site of inflanunation or infection, or the 
site of a tumor. The composition must be fluid to the extent 
that easy syringability exists. It must be stable under the 
conditions of manufacture and storage and must be preserved 
against the contaminating action of microorganisms such as 
bacteria and fungi. 

In one embodiment, the compounds of the present inven-
tion may be formulated to prevent or reduce their transport 
across the placenta. This may be done by methods known in 
the art, e.g., by PEGylation of the compounds or by use of 
F(ab')z fragments. Further references can be made to Cun-
ningham-Rundles C et al., Jlmmunol Methods. 152, 177-190 
(1992) and to Landor M., Ann Allergy Asthma Tmmunol 7<1, 
279-283 (1995). 

Pharmaceutically acceptable carriers for parenteral admin-
istration include sterile aqueous solutions or dispersions and 
sterile powders for the extemporaneous preparation of sterile 
injectahh~ solutions or dispersion. The usc of such media and 
agents for pharmaceutically active substances is known in the 

1'bc compounds of the present invention may be prepared 
with carriers that will protect the compound against rapid 
release, such as a controlled release fonnulation, including 50 
implants, transdennal patches, and microencapsulated deliv
ery systems. Such carriers may include gelatin, glyccryl 
monostearate, glycery I distearate, biodegradable, biocompat
ible polymers such as ethylene vinyl acetate, polyanhydrides, 
polyglycolic acid, collagen, polyorthoesters, and polylactic 55 
acid alone or with a wax, or other materials well known in the 
art. Methods for the preparation of such formulations are 
generally known to those skilled in the art. See e.g., Sustained 
and Controlled Release Drug Delivt:ry Systems, J. l<.. Robin
son, ed., Marcel Dekker, Inc., New York, 1978. 

To administer compositions of the present invention by 
certain routes of administration, it may be necessary to coat 
the compound with, or co-administer the compound with, a 
material to prevent its inactivation. For example, the com
pound of the present invention may be administered to a 65 
subject in an appropriate carrier, for example, liposomes, or a 
diluent. Liposomes include water-in-oil-in-water CGF emu!-

60 art. Except insofar as any conventional media or agent is 
incompatible with the active compound, use thereof in the 
pharmaceutical compositions of the present invention is con
templated. Supplementary active compounds may also be 
incorporated into the compositions. 

Pharmaceutical compositions for injection must typically 
be sterile and stable under the conditions of manufacture and 
storage. The composition may be formulated as a solution, 
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microemulsion, liposome, or other ordered structure suitable 
to high drug concentration. The carrier may be a aqueous or 
nonaqueous solvent or dispersion medium containing for 
instance water, ethanol, polyols (such as glycerol, propylene 
glycol, polyethylene glycol, and the like), and suitable mix
tures thereof, vegetable oils, such as olive oil, and injectable 
organic esters, such as ethyl oleate. The proper fluidity may be 
maintained, for example, by the use of a coating such as 
lecithin, by the maintenance of the required particle size in the 
case of dispersion and by the use of surfactants. In many 
cases, it will be preferable to include isotonic agents, for 
example, sugars, polyalcohols such as glycerol, mannitol, 
~orbitol, nr sodium chloride in the composition. Prolonged 
absorption of the injectable compositions may be brought 
about by including in the composition an agent that delays 
absorption, for example, monostearate salts and gelatin. Ster
ile injectable solutions may be prepared by incorporating the 
active compound in the required amount in an appropriate 
solvent with one or a combination of ingredients e.g. as enu
merated <ibuve, as required, followed by sterilization micro
filtration. Generally, dispersions are prepared by incorporat
ing the active compound into a sterile vehicle that contains a 
basic dispersion medium and the required other ingredients 
e.g. from those enumerated above. In the case of sterile pow
ders for the preparation of sterile injectable solutions, 
examples of methods of preparation are vacuum drying and 
freeze-drying (lyophilization) that yield a powder of the 
active ingredient plus any additional desired ingredient from 
a previously sterile-filtered solution then:uf. 

Sterile injectable solutions may be prepared by incorporat
ing the active compound in the required amount in an appro
priate solvent with one or a combination of ingredients enu
merated above, as required, followed by sterilization 
microfiltration. Generally, dispersions are prepared by incor
porating the active compound into rt sterile vehicle thot con
tains a basic dispersion medium and the required other ingre
dients from those enumerated above. In the case of sterile 
powders for the preparation of sterile injectable solutions, 
examples of methods of preparation are vacuum drying and 
freeze-drying (lyophilization) that yield a powder of the 
active ingredient plus any additional desired ingredient from 
a previously sterile-filtered solution thereof. 

1l1e pham1aceutical composition of the present invention 
may contain one compound of the present invention or a 
combination of compounds of the present invention. 1bus, in 
one embodiment, a phannaceutical composition of the 
present invention includes a combination of multiple (e.g., 
two or more) compounds of the present invention which act 
by different mechanisms, e.g., one compound which pre
dominately acts by inducing CDC in combination with 
another compound which predominately acts by inducing 
apoptosis. 

The CD38BPs (including anti-CD38 antibodies, i.mmuno
conjugates, bispecific/multispecific molecules, compositions 
and other derivatives described herein) of the present inven
tion have numerous in vitro and in vivo diagnostic ami thera
peutic utilities involving the diagnosis and treatment of dis
orders involving cells expressing CD38. For example, the 
antibodies way be administered to cells in culture, e.g., in 
vitro or ex vivo, or to human subjects, e.g., in vivo, to treat, 
prevent and to diagnose a variety of disorders. As used herein, 
the term "subject" is intended to include human and non
human animals which respond to the CD38BP. Subjects may 
for instance include human patients having disorders that 
may be corrected or ameliorated by inhibiting CD3 8 function, 
such as enzymatic activity, signal transduction, induction of 
cytoki.ne expression, induction of proliferation or differentia-

126 
tion, and/or induction oflysis and/or eliminating/reducing the 
number of CD38 expressing cells. 

For example, the CD38BPs may be used to elicit in vivo or 
in vitro one or more of the following biological activities: 
inhibition CD38 function (such as enzymatic activity, signal 
transduction, induction of cytokine expression, induction of 
proliferation or differentiation, and/or induction of lysis), 
killing a cell expressing CD38, mediating phagocytosis or 
ADCC of a cell expressing CD38 in the presence of human 

10 effector cells, and by mediating CDC of a cell expressing 
CD38 in the presence of complement or by killing CD38 
expressing cel15 by apoptosis. 

Any composition comprising CD38BPs of the present 
invention having complement binding sites, such as portions 

15 from lgG 1, -2, or-3 orlgM which bind complement, may also 
be used in the presence of complement. In one embodiment, 
ex vivo treatment of a population of cells comprising target 
cells with a CD38BP of the present invention and <.tppropriate 
effector cells may be supplemented by the addition of 

20 complement or serum containing complement. Phagocytosis 
or lysis of target cells coated with a CD38BP of the present 
invention may be improved by binding of complement pro
teins. In one embodiment target cells coated with the 
CD38BPs of the present invention may also be lysed by 

25 complement. In one embodiment, the CD38BPs of the 
present invention do not activate complement. 

The CD38BPs of the present invention may also be admin
istered together with complement. Accordingly, within the 
scope of the present invention are compositions comprising 

30 CD38BPs with serum or complement. In these compositions 
the complement is located in close proximity to the 
CD38BPs, for instance by conjugation or may be suited for 
simultaneous administration. Alternatively, the CD38BPs 
and the complement or serum may be administered sepa-

35 llitcly. 
The CD38BPs of the present invention may also be used to 

target cells expressing FcyR or CD38, for example for label
ing such cells. For such use, the CD38BP may be Ii.nked to a 
molecule that can be detected. Thus, the present invention 

40 provides methods for localizing ex vivo or in vitro cells 
expressing Fe receptors, such as FcyR, or CD38. The detect
able label may be, e.g., a radioisotope, a fluorescent com
pound, an enzyme, or an enzyme co-factor. 

Target-specific effector cells, e.g., effector cells linked to a 
45 CD38BP of the present invention may also be used as thera

peutic agents. Effector cells for targeting may be humru1 
leukocytes such as macrophages, neutrophils or monocytes. 
Other cells include eosinophils, natural killer cells and other 
IgG- or IgA-receptor bearing cells. If desired, effector cells 

so may be obtained from the subject to be treated. The target
specific effector cells, may be administered as a suspension of 
cells in a physiologically acceptable solution. The number of 
cells administered may be in the order of 108 to 1 09 but will 
vary depending on the therapeutic purpose. In general, the 

55 amount will be sufficient to obtain localization fit the target 
cell, e.g., a tumor cell expressing CD38, and to effectively kill 
the cell by, e.g., phagocytosis or lysis. 

Thernpy with target specific effector cells may be per
formed in conjunction with other techniques for removal of 

60 targeted cells. For example, anti-tumor therapy using the 
CD38BPs of the present invention and/or effector cells armed 
with these compositions may be used in conjunction with 
chemotherapy. Additionally, combination immunotherapy 
may be used to direct two distinct cytotoxic effector popula-

65 tions toward tumor cell rejection. For example, CD38BP 
linked to anti-FcyRJ or anti-CD3 may be used in conjunction 
with IgG- or IgA-receptor specific binding agents. Bispeeifie 
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and multispecific molecules ofthe present invention may also 
be used to modulate FeaR or FcyR levels on effector cells, 
such as by capping and elimination of receptors on the cell 
surface. Mixtures of anti-Fc receptors may also be used for 
this purpose. 

In one embodiment, the present invention provides meth
ods for detectin)?, the presence ofCD38 antigen in a sample, ur 
measuring the an10unt of CD38 antigen, comprising contact
ing the sample, and a control sample, with a CD38BP which 
specifically binds to CD38, under conditions that allow for 
formation of a complex between the CD38BP or portion 
thereof and CD38. The formation of a complex is then 
detected, wherein n difference complex fonu<ltion between 
the sample compared to the control sample is indicative the 
presence ofCD38 antigen iu the sample. Examples of meth
ods for detecting immunoassays include, without limitation, 
an ELISA, an RIA, l.''ACS assays, plasmon resonance assays, 
chromatographic assays, tissue inmmnohistochcmistry, 
Western blot, and/or immunoprecipitation. 
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used to inhibit CD38 induced activities associated with cer
tain disorders or to eliminate or reduce the number of cells 
expressing CD38. 

Such a method involves administering to a subject a 
CD38BP composition of the present invention in an amount 
effective to treat or prevent the disorder. 'D1c CD38HP com
position may be administered alone or along with another 
therapeutic agent, such as is described elsewhere herein 
which acts in conjunction with or synergistically with the 

10 CD38BP composition to treat or prevent the diseasl:s involv
ing CD38 expressing cells. Alternatively, immunoconjugates 
may he nsed to k.ill cells which havt; CD:'\R ~xprcssed on their 
surface by targeting cytotoxins or r<~diotoxins to CD38. 

ln one embodiment of the present invention, the disorder 
15 involving cells expressing CD38 may be a tumorigenic dis

order, such as a disorder characterized by tbc presence of 
tumor cells cxprcssine; CD38 including, for example, B cell 
lymphoma, plasma cell malignancies, T/NK cell lymphoma 
and myeloid m<tlignancics. 

Examples of such tumorigcn.ic diseases include B cell lym-
phoma/leukemias including precursor B cell lymphoblastic 
leukemia/lymphoma and B cell non-Hodgkin's lymphomas; 
acute pro myelocytic leukemia acute lymphoblastic leukemia 
and mature B cell neoplasms, such as B cell chronic lymho-

In one embodiment, CU388Ps of the present invention 20 

may be used to detect levels of circulating CD38 or levels of 
cells which contain CD38 on their membrane surface, which 
levels can then be linked to certain disease symptoms. Alter
natively, the CD388Ps may be used to deplete or interact with 
the function of CD38 expressing cells, thereby implicating 
these cells as important mediators of the disease. This may be 
achieved hy contacting a sample and a control sample with 
the anti-CD38 antibody under conditions that allow for the 
formation of a complex betv.·ccn the autibody and CD31:t Any 
complexes formed between the antibody and CD38 are 
detected and compared in the sample ;md the control. 

25 cytic leukemia(C'LL)/smalllymphocytic lymphoma (SLL), B 
cell acute lymphocytic leukemia, B cell prolymphocytic leu
kemia, lymphoplasmacytic lymphoma, mantle cell lym
phoma (MCL), follicular lymphoma (FT.), including low
gr<~de, intermediate-grade and high-grade FL, cutaneous 

30 follicle center lymphoma, marginal zone B cell lymphoma 
(MALT type, nodal and splenic type), hairy cell leukemia, 
diffuse large B cell lymphoma, Burkitt's lymphoma, plasma
cytoma, plasma cell myeloma, plasma cell leukemia, post
transplant lymphoproliferative disorder, Waldcnstrom 's mac-

CD388Ps of the present invention may be initially tested 
for binding activity associated with therapeutic or diagnostic 
use in vitro. For example, the CD38BPs may be tested using 
flow cytometric assays. Moreover, activity of the CD38BPs in 
triggering at least one effector-mediated effector cell activity 
may be assayed. For example, the ability of anti-CD38 anti
bodies of the present invention to trigger CDC and/or apop
tosis may be assayed. Protocols for assaying for CDC, homo
typic adhesion, molecular clustering or apoptosis are well 
known in the art. 

In one embodiment, the present invention provides a 
method for dctt.>cting the presence or quantif)ring the amount 
of CD38-cxprcssing cells in vivo or in vitro. 111e method 
comprises (i) adm.inistering to rt subject a CD38BP of the 
present invention conjugated to a detectable marker; (ii) 
exposing the subject tu <lmcans for detecting said detectable 
marker to identify areas containing CD38-expressing cells. 

In one embodiment, inm1unoconjugates of the present 
invention may be used to target compounds (e.g., therapeutic 
agents, labels, cytotoxins, immunosuppressants, etc.) to cells 
which have CIYIR bound to their surface by using such target 
wmpounds as the therapeutic moieties iu immunoconjugatcs 
of the present inveutiun. 

In one embodiment, the present invention also provides 
methods for localizing ex vivo or in vitro cells expressing 
CD38 (e.g., with a detectable label, such as a radioisotope, a 
fluorescent compound, an P.nzyme, or an enzyme cu-factor). 

In one embodiment, the present invention provides meth
ods for k.illing cells which have ClJ3M bound to their surface 
by administering immunotoxins of the present invention. 

The present invention provides methods for treating or 
preventing a disorder involving cells expressing CD38 in a 
subject, which method comprises administration of a thera
peutically effective amount of a CD38BP of the present 
invention to a subject in need thereof. Such CD388Ps are 

35 roglobuliuemia, plasma cell leukemias and anaplastic large
cell lymphoma (ALCL). 

In one cmbodiwenl, the disorder involving cells cxprL'SSing 
CD38 is multiple myeloma. 

Examples of B cell non-Hodgkin's lymphomas arc lym-
40 phomatoid granulomatosis, primary effusion lymphoma, 

intravascular large B cell lymphoma, mediastinal large B cell 
lymphoma, heavy chain diseases (including y, fl, and u dis
ease), lymphomas induced by therapy with inmmnosuppres
sivc agents, such as cyclosporine-induced lymphoma, and 

45 nwthotrcxate induced lymphoma. 
In one embodiment of the present inventicJn, the disorder 

involving cells expressing CD38 may be Hodgkin's lym
phoma. 

Examples of a disorder involving cells expressing CD38 
so may be a malignancy derived from T and NK cells including: 

mature T cell and NK cell ni."'plasms including T cell pro
lymphocytic Jcukemi<l, T celll:~rp,c granular lymphocytic leu
kemia, aggressive NK cell leukemia, adult T cclllt~ukemia/ 
lymphoma, extranodal NK/T cell lymphoma, nasal type, 

55 enteropathy-type T cell lymphoma, hepatosplenic T cell lym
phoma, subcutaneous panniculitis-like T cell lymphoma, 
blastic NK cell lymphoma, Mycosis Fungoides/Se,.ary Syn
drome, primary ~utancous CD30 positive T celllymphopro
lifcrative disorders (primary cutaneous anaplastic large cell 

60 lymphoma C-ALCL, lymphomatoid papulosis, borderline 
lesions), angioimmunoblastic T cell lymphoma, peripheral T 
cell lymphoma unspecified, and anaplastic large cell lym
phoma. 

Examples of malignancies derived from myeloid cells 
65 include acute myeloid leukemia, including acute promyelo

cytic leukemia, and chronic myeloproliferative diseases, 
including chronic myeloid leukemia. 
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In one embodiment of the present invention, the disorder 
involving cells expressing CD38 may be immune disorders in 
which CD38 expressing B cells, plasma cells, monocytes and 
T cells are involved Examples ofi=une disorders in which 
CD38 expressing B cells, plasma cells, monocytes and T cells 
are involved include autoi=une disorders, such as psoriasis, 
psoriatic arthritis, dermatitis, systemic scleroderma and scle
rosis, inflammatory bowel disease (IBD), Crohn's disease, 
ulcerative colitis, respiratory distress syndrome, meningitis, 
encephalitis, uveitis, glomerulonephritis, eczema, asthma, 
atherosclerosis, leukocyte adhesion deficiency, multiple scle
rosis, Raynaud's syndrome, Sjogren's syndrome, juvenile 
onset diabetes, Reiter's disease, Behl(et's disease, immune 
complex nephritis, IgA nephropathy, lgM polyneuropathies, 
immune-mediated thrombocytopenias, such as acute idio
pathic thrombocytopenic purpura and chronic idiopathic 
thrombocytopenic purpura, hemolytic anemia, myasthenia 
gravis, lupus nephritis, ~y~tP.mic lupu3 crytLelJia!usus, rheu
matoid arthritis (RA), atopic dermatitis, pemphigus, Graves' 
disease, Hashimoto's thyroiditis, Wegem:r's granulomatosis, 
Omenn's syndrome, chronic renal failure, acute infectious 
mononucleosis, multiple sclerosis, HN, and herpes viru~ 
associated diseases. Further examples are severe acute respi
ratory distress syndrome and choreoretinitis. Furthermore, 
other diseases and disorders are included such as those caused 
by or mediated by infection of B-cells with virus, such as 
Epstein-Barr virus (EBV). 

In one embodiment, the disorderinvolving cells expressing 
CD38 is rheumatoid arthritis. 
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coidosis, stiff man syndrome, and rheumatic fever; a further 
example is eosinophil fasciitis; 

arthritides, such as anl-ylosing spondylitis, juvenile 
chronic arthritis, adult Still's disease, and SAPHO syndrome; 
further examples are sacroileitis, reactive arthritis, Still's dis
ease, and gout; 

hcmatolog,ic disorders, such as aplastic anemia, primary 
hemolytic anemia (including cold agglutinin syndrome), 
hemolytic anemia secondary to CLL or systemic lupus 

10 erythematosus; POEMS syndrome, pernicious anemia, and 
Waldemstrom's purpura hyperglobulinaemica; further 
examples are agranulocytosis, autoimmune neutropenia, 
Frdnklin's disease, Seligmann's disease, gamma heavy chain 
disease, paraneoplastic syndrome secondary to thymoma and 

15 lymphomas, an, paraneoplastic syndrome secondary to thy
moma and lymphomas, and factor VIII inhibitor fomwtion; 

endocrinopathies, such f!S pnlyPndocrinopothy, liuJ AJill
son's disease; further examples are autoimmune hypoglyce
mia, autoimmune hypothyroidism, autoinunune insulin syn-

20 drome, de Quervain's thyroiditis, and insulin receptor 
antibody-mediated insulin resistance; 

hepato-gastrointestinal disorders, such as celiac disease, 
Whipple's disease, primary biliary cirrhosis, chronic active 
hepatitis, and primary sclerosing cholangiitis; a further 

25 example is autoimmune gastritis; 
nephropathies, such as rapid progressive glomerulonephri

tis, post-streptococcal nephritis, Goodpasture's syndrome, 
membranous glomerulonephritis, and cryoglobulinemie 
Ht..-phritis; a further exantple is minimal change disease; 

neurological disorders, such as autoinunune neuropathies, 
mononeuritis multiplex, Lambert-Eaton's myasthenic syn
drome, Sydenham's chorea, tabes dorsalis, and Guillain
Barre' s syndrome; further examples are myelopathy/tropical 
spastic paraparesis, myasthenia gravis, acute inflammatory 

Further examples of inflammatory, inunune and/or autoim- 30 

mune disorders in which autoantibodies and/or excessive B 
and T lymphocyte activity are prominent and which may be 
treated according to the present invention include the follow
ing: 

35 demyeli110ting polyue::uropathy, and chronic inflammatory 
demyelinating polyneuropathy; multiple sclerosis; 

cardiac and pulmonary disorders, such as COPD, fibrosing 
alveolitis, bronchiolitis obliterans, allergic aspergillosis, cys
tic fibrosis, Leffler's syndrome, myocarditis, and pericarditis; 

40 further examples are hypersensitivity pneumonitis, and para
neoplastic syndrome secondary to lung cancer; 

vasculitides and other vessel disorders, such as micro
scopic polyangiitis, Churg-Strauss syndrome, and other 
ANCA-associated vasculitides, polyarteritis nodosa, essen
hal cryoglobulinaemic vasculitis, cutaneous leukocytoclastic 
angiitis, Kawasaki disease, Takayasu arteritis, giant cell 
arthritis, Henoch-Schonlein purpura, primary or isolated 
cerebral angiitis, erythema nodosum, thrombangiitis obliter
ans, thrombotic thrombocytopenic purpura (including 
hemolytic uremic syndrome), and secondary vasculitides, 
including cutaneous leukocytoclastic vasculitis (e.g., second
ary to hepatitis B, hepatitis C, Waldenstrom's macroglobu- 45 

linemia, B-cell neoplasias, rheumatoid arthritis, Sjogren's 
syndrome, or systemic lupus t!rythematosus); further 
examples are erythema nodosum, allergic vasculitis, pannicu
litis, Weber-Christian disease, purpura hyperglobnlinaemica, 
and Buerger's disease; 

allergic disorders, such as bronchial asthma and hyper-IgE 
syndrome; a further example is amaurosis fugax; 

opthalmologic disorders, such as idiopathic chorioretinitis; 
infectious diseases, such as parvovirus B infection (includ

ing hands-and-socks syndrome); 
gynecological-obstretical disorders, such as recurrent 

abortion, recurrent fetal loss, and intrauterine growth retar
dation; a further example is paraneoplastic syndrome second-

50 ary to gynecological neoplasms; 

skin disorders, such as contact dem1atitis, linear IgA der
matosis, vitilill,o, pyodennA g:1ngrenoGum, cpidtamo!ysiK 
bullosa acquisi!a, pemphigus vulgaris (including cicatricial 
pemphigoid and bullous pemphigoid), alopecia greata (in-

55 
eluding alopecia universalis and alopecia totalis), dermatitis 
herpetiformis, erythema multiforme, and chronic autoim
mune urticaria (including angioneurotic edema and urticarial 
vasculitis); 

male reproductive disorders, such as paraneoplastic syn
drome sP.rllndary to tcoticulat uwplasm~; and 

transplantation-derived disorders, such as allograft :1n.d 
xenograft rt:jt:etion, and graft-versus-host disease. 

The antibody may also be administered prophylactically in 
order to reduce the risk of developing cancer, such as a tum
origenic disorder as described above, delay the onset of the 
occurrence of an event in such cancer progressiun, and/or 
reduce the risk of recurrence when such a cancer is in rernis-

immune-mediated cytopenias, such as autoimmune neu
tropenia, anrl pure red cell aplasia; 

connective tissue disorders, such as CNS lupus, discoid 
lupus e.rythematosus, CREST syndrome, mixed connective 
tissue disease, polymyositis/dermatomyositis, inclusion 
body myositis, secondary amyloidosis, cryoglobulinemia 
type I and type II, fibromyalgia, phospholipid antibody syn
drome, secondary hemophilia, relapsing polychondritis, sar-

60 sion. This may be especially useful in patients wherein it is 
difficult to locate a tumor that is known to be present due to 
other biological factors. 

Compositions of the present invention may include a 
"therapeutically effective amount" or a "prophylactically 

65 effective amount" of a CD38BP. A "therapeutically effective 
amount" refers to an amount effective, at dosages and for 
periods of time necessary, to achieve a desired therapeutic 
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result. A therapeutically effective aruuunt of a CD38BP may 
vary according to factors such as the disease state, age, sex, 
and weight of the individual, and the ability of the CD38BP to 
elicit a desired response in the individual. A therapeutically 
effective amount is also one in which any toxic or detrimental 
effects ofthe antibody or antibody portion are outweighed by 
the therapeutically beneficial effects. A "prophylactically 
effective amount" refers to an amount effective, at dosages 
and for periods of time necessary, to achieve the desired 
prophylactic result (e.g., a reduction in the likelihood of 10 

developing a disorder, a reduction in the intensity or spread of 
a disorder, an increase in the likelil10od of survival during an 
imwi..uent disorder, a delay in the onset of a disease condition, 
t:tc.). Typically, because a prophylactic dose is used in sub
jects prior to or at ru1 tJ<Jr!ier stage of disease, the prophylac- 15 

tically effective an1ount will be less than the therapeutically 
effective amount. 

A "therapeutically effective amount" for tumor therapy 
may also be measured by its ability to stabilize the progres
sion of disease. The ability of a compound to inhlbit cancer 20 
may be evaluated in an animal model system predictive of 
efficacy in human tumors. Alternatively, this property of a 
composition may be evaluated by examining the ability of the 
compound to inhibit cell growth or to induce apoptosis by in 
vitro assays known to the skilled practitioner. A therapeuti- 25 

cally efl:'ective amount of a therapeutic compound may 
decrease tumor size, or otherwise ameliorate symptoms in a 
subject. One of ordinary skill in the art would be able to 
determine such an10unts based on suchfacturs as the subject's 
size, the severity of the subject's symptoms, and the particular 30 
composition or route of admjnistration selected. 

A "therapeutically effective amount" for rheumatoid 
arthritis may result in an at least ACR20 Preliminary Defini
tion of Improvement in the patients, such as in at least an 
ACR50 Preliminary Definition oflmprovement, for instnnec 35 

at least an ARC70 Preliminary Definition of Improvement. 
ACR20 Preliminary Definition of Improvement is defined 

as: 
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dependent on (a) the unique characteristics of the active com
poundand the particular therapeutic effect to be achieved, and 
(b) the limitations inherent in the art of compounding such an 
active compound for the treatment of sensitivity in individu
als. 

The efficient dosages and the dosage regimens for the 
CD38BPs of the present invention depend on the disease or 
condition to be treated and may be determined by the persons 
skilled in the art. An exemplary, non-limiting range for a 
therapeutically effective amount of a compound of the 
present invention is about 0.1-100 mglkg, such as about 0.1-
:'iO mglkg, for exnmple about 0.1-20 mglkg, such as nbout 
0.1-10 mg/kg, for instance about 0.5, about such as 0.3, about 
1, or about 3 mg/kg. 

A physician or veterinarian having ordinary skill in the art 
may readily determine and prescribe the effective amount of 
the pharmaceutical composition required. For example, the 
physician or veterinarian could start doses of the CD38BPs of 
the present invention employed in the pharmaceutical com
position at levels lower thnn that required in order to achieve 
the desired therapeutic effect and gradually increase the dos-
age until the desired effect is achieved. In general, a suitable 
daily dose of a composition of the present invention will be 
that amount of the compound which is the lowest dose effec
tive to produce a therapeutic effect. Such an effective dose 
will generally depend upon the factors described above. 
Administration may be intravenous, intramuscular, intra peri
toneal, or subcutaneous, and for instance 11dntinistered proxi
mal to the site of the target. If desired, the effective daily dose 
of a ph11rmaceutical composition may be administered as two, 
three, four, five, six or more sub-doses administered sepa-
rately at appropriate intervals throughout the day, optionally, 
in unit dosage forms. Vlhile it is possible for a compound of 
the present invention to be admjnistered alone, it is preferable 
to administer the compound as a pharmaceutical composition 
as described above. 

In one e.ubodiment, the CD3~13Ps of the present invention 
may be administered by infusion in a weekly dosage of from 
10 to 500 mg/m2

, such as of from 200 to 400 mg/m2
• Such ?;20% in1provement in: Tender Joint Count (IJC) and 

Swollen Joint Count (SJC) and ?;20% improvement in 3 
of following 5 assessments: Patient Pain Assessment 
(VAS), Patient Global assessment (VAS), Physician 
Global Assessment (VAS), Patent Self-Assessed Dis
ability (HAQ), Acute Phase Reactant (CRP or ESR). 

40 admjnistration may be repeated, e.g., 1 to 8 times, such as 3 to 
5 times. The administration may be performed by continuous 
infusion over a period offrom 2 to 24 hours, such as of from 
2 to 12 hours. 

ACR50 and ACR70 are defined in the same way with ?; 50% 45 

and ?;70% improvements, respectively. For further details 
see Felson et al., in American College ofRhetuua!ology Pre
liminary Definition oflmprovement in RhewnatoidArthritis; 
Arthritis Rheumatism38, 727-735 (1995). 

Alternatively, a therapeutically effective amount for rheu- 50 

matoid arthritis can be measured by DAS (disease activity 
score), including DAS28 and/or DAS56. as definflrl hy 
EULAK. 

In one embodiment, the CD388Ps of the present invention 
may be administered by slow continuous infusion over a long 
period, such as more than 24 hours, in nrder to reduce toxic 
side effects. 

In one embodiment the CD38BPs of the present invention 
may be admjnistered in a weekly dosage of from 250 mg to 
2000 rug, such as for example 300 mg, 500 mg, 700 mg, 1000 
mg, 1500 mg or 2000 rug, for up to 8 times, such as from 4 to 
6 timoo. The admjui~LJ.atiun may be performed by continuous 
infusion over a period of from 2 to 24 hours, such 11s of from 
2 to 12 hours. Such regimen may be repented one or more Dosage regimens are adjusted to provide the optilllum 

desired response (e.g., a therapeutic response). For example, 55 times as necessary, for example, after 6 months or 12 months. 
The dosage may be determined or adjusted by measuring the 
amount of compound of the present invention in the blood 
upon administration by for instance takiug out a biological 
sample and using anti-idiotypic antibodies which target the 

a single bolus may be admjnistered, several divided doses 
may be administered over time or the dose may be propor
tionally reduced or increased as indicated by the exigencies of 
the therapeutic situation. Parenteral compositions may be 
formulated in dosage unit form for ease of administrntion and 
uniformity of dosage. Dosage unit form as used herein refers 

60 antigen binding region of the CD3~HPs of the present inven
tion. 

to physically discrete units suited as unitary dosages for the 
subjects to be treated; each unit contains a predetermined 
quantity of active compound calculated to produce the 
desired therapeutic effect in association with the required 65 

pharmaceutical carrier. The specification for the dosage unit 
forms of the present invention are dictated by and directly 

In one embodiment, the CD38BPs ofthe present invention 
may be administered by maintenance therapy, such as, e.g., 
once a week for a period of 6 months or more. 

In one embodiment, the CD38BPs of the present invention 
may be administered by a regimen including one infusion of 
a CD38BP of the present invention followed by an infusion of 
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a CD38BP uf the present invention conjugated to a radioiso
tope. The regimen may be repeated, e.g., 7 to 9 days later. 

As non-limiting examples, treatment according to the 
present invention may be provided as a daily dosage of a 
compound of the present invention in an amount of about 
0.1-lOOmglkg, such as 0.5, 0.9, 1.0, Ll, 1.5, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,21, 22,23, 24, 
25, 26, 27, 28, 29, 30, 40, 45, 50, 60, 70, 80, 90 or I 00 mglkg, 
per day, on at least one of day I, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20,21' 22, 23, 24, 25, 26, 27, 28, 29, 10 

30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or40, or alternatively, at 
least one of week 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 1 ?., 13, 14, 15, 
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cin), doxorubicin, idarubicin, mithramycin, mitomycin, 
mitoxantrone, plicamycin, antbramycin (AMC) and similar 
agents. 

In one embodiment, such a chemotherapeutic agent may be 
selected from an anti-mitotic agent, such as taxanes, for 
instance docetaxel, and paclitaxel, and vinc11 l'l!kaloids, for 
instance vindesine, vincristine, vinblastine, and vinorelbine. 

I none embodiment, such a chemotherapeutic agent may be 
selected from a topoisomerase inhibitor, such as topotecan. 

In one embodiment, such a chemotherapeutic agent may be 
selected from a growth factor inhibitor, such as an inhibitor of 
ErbBI (EGfoR) (such <ts gefitinib Qressa®), cetuximab (Er
bitux®), erlotinib (Tarceva®), HuMax-EGFr (2F8 disclosed 
in WO 2002/100348) and similar agents), an inhibitor of 

16, I 7, 18, 19 or 20 after initiation of treatment, or any 
combination thereof, using single or divided doses of every 
24, 12, 8, 6, 4, or 2 hours, or any combination thereof. 15 ErbB2 Q-fer2/neu) (such as trastuzumab (Herceptin®) and 

similar agents) and similar agents. In one embodiment, such 
a growth factor inhibitor may be a farnesyltronsferase Inllibi
tor, such as SCH-66336 and Rll5777. In one embodiment, 

The pharmaceutical compositions of the present invention 
may also be administered in combination therapy, i.e., com
bined with other therapeutic agents relevant for the disease or 
condition to be treated. Such administration may be simulta
neous, separate or sequential. For simultaneous administra- 20 

tion the agents may be administered as one compositions or as 
separate compositions, as appropriate. 

Accordingly, the present invention provides methods for 
treating a disorder involving cells expressing CD38 as 
described above, which methods comprise administration of 25 

a CD38BP of the present invention combined with one or 
more additional therapeutic agents as described below. 

The present invention also provides the use of a CD38BP of 
the present inventiuu fur the prepr~rntion of a pharmaceutical 
composition to be administered with at least one chemothera- 30 

peutic agent for a disorder involving cells expressing CD38 as 
described above. 

In one embodiment, the combination therapy may include 
administration of a composition of the present invention 
together with <11 least one chemotherapeutic agent, at lt:ctst one 35 

anti-inflammatory agent, or at least one immunosuppressive 
and/or immw1mnodulatory agent. 

In one embodiment, the present invention provides a 
method for treating a disorder involving cells expressing 
CD38 in a subject, which method comprises administration of 40 

a therapeutically effective amount of a CD38BP of the present 
invention and at least one chemotherapeutic agent to a subject 
in need thereof. 

In one embodiment, the present invention provides a 
method for treating multiple myeloma, which method com- 45 

prises administration of a therapeutically effective amount of 
a CD38BP of the preseul invention and at least one chemo
therapeutic agent to a subject in need thereof. 

In one embodiment, the present invention provides the use 
of a CD38BP of the present invention for the preparation of a so 
pharmaceutical composition to be administered with at least 
one chemotherapeutic agent for treating multiple myeloma. 

In one embodiment, such a chemotherapeutic agent may be 
selected from an antimetabolite, such as methotrexate, 6-mer
captopurine, 6-thioguanine, cytarabine, fludarabine, 5-fluo- 55 

rouracil, decarbazine, hydroxyurea, asparaginase, gemcitab
ine, cladribine and similar agents. 

In one embodiment, such a chemotherapeutic agent may he 
selected from an all-ylating agent, such as mechlorethamine, 
thioepa, chlorambucil, melphalan, carmustine (BSNU), 60 

lomustine (CCNU), cyclophosphamide, busulfan, dibromo
mannitol, streptozotocin, dacarbazine (OTIC), procarbazine, 
mitomycin C, cisplatin and other platinum derivatives, such 
as carboplatin, and similar agents. 

In one embodiment, such a chemotherapeutic agent may be 65 

selected from an antibiotic, such as dactinomycin (formerly 
actinomycin), bleomycin, daunorubicin (formerly daunomy-

such a growth factor inhibitor may be a vascular endothelial 
growth factor (VEGF) inhibitor, such as bevacizumab (Avas
tin®). 

In one embodiment, such a chemotherapeutic agent may be 
a tyrosine kinase inhibitor, such as imatinib (Giivec, Gleevec 
ST1571), lapatinib, PTK787/ZK222584 and similar agents. 

In one embodiment, such a chemotherapeutic agent may be 
a histone deacetylase inhibitor. Examples of such histone 
deacetylase inhibitors include hydroxamic acid-based hybrid 
polar compounds, such as SAHA (suberoylanilide hydrox
amic ~;~dtl). 

In one embodiment, such a ~:hemotherapeutic agent may be 
a P38a MAP kinase inhibitor, such as SCI0-469. 

In one embodiment, the present invention provides a 
method for treating a disorder involving cells expressing 
CD38 in a subject, which method comprises administration of 
a therapeutically effective amount of a CD38BP of the present 
invention and at least one inhibitor of angiogenesis, neovas-
cularization, and/or other vascularization to a subject in need 
thereof. 

In one embodiment, the present invention provides a 
method for treating multiple myeloma, which method com
prises administration of a therapeutically effective amount of 
a CD38BP of the present invention and at least one inhibitor 
of angiogenesis, ueovascularization, and/or other vascular
ization to a subject in need thereof. 

In one embodiment, the present invention provides the use 
of a CD38BP of the present invention for the preparation of a 
pharmaceutical composition to be administered with at least 
one inhibitor of angiogenesis, neovascularization, and/or 
other vascularization for treating multiple myeloma. 

Examples of such angiogenesis inhibitors are urokinase 
inhibitors, matrix metalloprotease inhibitors (such as marim
astat, neovastat, BAY 12-9566, AG 3340, BMS-275291 and 
similar agents), inhibitors of endothelial cell migration and 
proliferation (such as TNP-470, squalamine, 2-methox
yestradiol, combretastatins, endostatin, angiostatin, penicil
lamine, SCH66336 (Schering-Piough Corp, Madison, N.J.), 
Rll5777 (Janssen Pharmaceutica, Inc, Titusville, N.J.) and 
similar agents), antagonists of angiogenic growth factors 
(such as such as ZD6474, SU6668, antibodies against anp;io
g~::uic agents and/or their receptors (such as VEGF, bFGF, and 
angiopoietin-1 ), thalidomide (1balomid®), thalidomide ana-
logs (such as CC-5013 (lenalidomide, Revlimid™) and 
CC4047 (Actimid™), Sugen 5416, SU5402, antiangiogenic 
ribozyme (such as angiozyme), interferon a (such as inter
feron a2a), suramin and similar agents), VEGF-R kinase 
inhibitors and other anti-angiogenic tyrosine kinase inhibi-
tors (such as SU011248), inhibitors of endothelial-specific 
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integrin/surviv::.I signaling (such as vitaxio and similar 
agents), copper antagonists/chelators (such as tetrathiomo
lybdate, captopril and similar agents), carbox}'amido-triazole 
(CAl), ABT-627, CM101, interlcukin-12 (IL-12), IM862, 
PNU145156E as well as nucleotide molecules inhibiting 
angiogenesis (such as antisense-VEGF-cDNA, cDNAcoding 
for angiostatin, eDNA coding for p:'i3 and eDNA coding for 
deficient VEGF receptor-2) and similar agents. 

136 
96 (1994), Maloney et al., Hybridoma. 4(3), 191-209 (1985), 
Raychardburi eta!., 1. I.mmunol.137(5), 1743-9 (1986), Pobl 
et al., Int J. Cancer. 50(6), 958-67 (1992), Bohlen et al., 
Cytokines Mol. lber. 2(4), 231-8 (1996) and Maruyama, 1 
Immunol Methods. 264(1-2), 121-33 (2002)). Such anti-id
iotypic Abs may optionally be conjugated to a carrier, which 
may be a synthetic (typically inert) molecule carrier, a protein 
(for instance keyhole limpet hemocyanin (KLH) (see for 
instance Ochi et al., Eur J.lmmunol. 17(11), 1645-8 (1987)), 
or a cell (for instance a red blood cell-see for instance Wi et 
al., 1 Immunol Methods. 122(2), 227-34 (1989)). 

In one embodiment, a therapeutic agent for use in combi-
nation with the CD3813Ps ufthe present invention for treating 
the disorders as described above may be a bisphosphonate. 
Examples of potentially suitable biphosphonates are pamidr
onate (Aredia®), zoledronic acid (lometa®), clodronate 
(Bonefos®), risPnt:lron:atlil (Actot1cl®), ibandronate 
(Boniva®), etidronate (Didronel®), alendronate (Fosa
max®), tilndronate (Skelid®), incadruuale (Yamanouchi 

Other examples of such inhibitors of angiogenesis, neovas
cularization, and/or other vascularization are anti-angiogenic 10 

heparin derivatives and related molecules (e.g., heperinase 
III), temozolomide, NK4, macrophage migration inhibitory 
foetor (MIF), l:yclooxygenase-2 inhibitors, inhibitors of 
hypoxia-im.lucible factor 1, anti-angiogenic soy isoflavones, 
oltipraz, fumagillin and analogs thereof, somatostatin ana- 15 

logues, pentosan polysulfate, tecogalan sodium, dalteparin, 
tumstatin, thrombospondin, NM-3, combrestatin, canstatin, 
llv:~<tatin, antibodies lli?,<tiu~l u(llcr relevant targets (such as 
anti-alpha-v/beta-3 intcgrin and anti-kininostatin mAbs) and 
similar agents. 20 Pharmaceutical) and m.inodronatc (YM529, Yamanouchl). 

In one embodiment, the present invention provides the use 
of a CD38BP of the present invention for the preparation of a 
pharmaceutical composition to be administered with thalido
mide (lbalomid®), thalidomide analogs (such as CC-5013 
(lenalidomide, Revlimid™) and/or CC4047 (Actim.id™). In 25 

a further embodiment, the present invention provides the use 
of a CD38BP of the present invention for the preparation of a 
pharmaceutical composition to be administered with thalido
mide. 

In one embodiment, a therapeutic agent for use in combi
nation with the CD388Ps of the present invention for treating 
the disorders as described above may be a colony stimulating 
factor. Exan1ples of suitable colony stimulating factors are 
granulocyte-colony stimulating factors (G-CSF), such as 
filgrastim (Neupogcn®) and pegfilgrastim (Neulasta®), and 
granulocyte macrophage-colony stimulating factors (GM
CSF) such as sargramostim (Leukine®). 

ln one embodiment, a therapeutic agent for use in combi-
In one embodiment, the present invention provides the use 

of a CD38BP of the present invention for th'i1 prepilrntinn nf 11 

pllarmaceuhcal composition to be administered with an anti
CD20 antibody, such as rituximab (Rituxan®, Mabthera®), a 
human monoclona lanti-CD20 antibody as disclosed in WO 
2004/035607, such as 1188, 2F2 or 7DR. 

30 nation with the CD388Ps of the present invention for treatin~ 
tho di9ortk,~ d~ llt:scrlbed above may be a erythropoietic 
agent. Examples of suitable erythropoietic agents are eryth
ropoietin (EPO), such as epoetin alfa (for instance Procrit®, 
Epogen®, and Eprex®) and epoetin beta (for instance Neo-

In one embodiment, a therapeutic agent for use in combi
nation with the CD388Ps of the present invention fnr treating 

35 Reconnun®) and erythropoiesis-stimulating proteins (for 
instance Aranesp®). 

the disorders as described above may be a proteasome inhibi
tor, such as bortezomib (Velcade®). 

In one cmbouiment, a therapeutic agent for use in combi
nation with the CD388Ps of the present invention for treating 
the disorders as described a hove may be an anti -cancer cytok-

In one embodiment, a therapeutic agent for use in combi
nation with the CD388Ps oft be present invention for treating 
the disorders as described above may be a corticosteroid, such 
as prednisone, prednisolone, dexamethasone, etc. 

In one embodiment, a therapeutic agent for use in combi
nation with the CD388Ps ofthe present invention for treating 
the disorders as described above may be a corticosteroid, such 
as prednisone, prednisolnne, dexameth<Jsonc, etc. 

40 ine, chemok.ine, or combination thereof. Examples of suitable 
cytokines and growth factors include IFNy, IL-2, IL-4, IL-6, 
IL-7, IL-10, IL-12, IL-13, IL-15, IL-18, IL-23, IL-24, lL-27, 
IL-28a, IL-28b, IL-29, KGF, lFNa (e.g., INFa2b), IFN~, 
GM-CSF, CD40L, Flt3ligand, stem cell factor, ancestim, and 

45 TNFa. Suitable chemok.ines may include Glu-Leu-Arg 
(ELR)-negative chemokines such as lP-10, MCP-3, MIG, 
and SDF-la from the human CXC and C--C chemok.ine 
families. Suitable cytokines include cytokine derivatives, In one embodiment, a therapeutic agent for use in combi

nation with the CD388Ps of the present invention for treating 
the disorders as described above may be an anti-cancer immu- so 
nogen, such as a cancer antigen/tumor-associated antigen 
(e.g., epithelial cell adhesion molecule (EpCAM/TAC:STD 1 ), 
mucin I (MUCI), carcinoembryonic autigen (CEA), tumor
associated glycoprotein 72 (TAG-72), gplOO, Metan-A, 
MA.RT-1, KDR, RCASl, MDA7, cancer-associated viral 55 

vaccines (e.g., human papillomavirus vaccines), tumor-de
rived heat shock proteins, and similar agents. A number of 
other suitable cancer antigens/tumor-associated antigens 
described elsewhere hefeiu and similar molecules known in 
the art may also or alternatively be used in such embodiment. 60 

Anti-cancer immunogenic peptides also include anti-idio
typic "vaccines" such as BEC2 anti-idiotypic antibodies, 
Mitumomab, CeaVac and related anti-idiotypic antibodies, 
anti-idiotypic antibody to MG7 antibody, and other anti-can
cer anti-idiotypic antibodies (see for instance Birebent et al., 65 

Vaccine. 21(15), 160I-12 (2003), Li etal., ChinMedJ (Engl). 
114(9), 962-6 (2001), Schmitt et al., Hybridoma. 13(5), 389-

cytokine variants, cytokine fragments, and cytokine fusion 
proteins. 

lbese and other methods or uses involving naturally occur
ring peptide-encoding nucleic <~cids herein may alternatively 
or additionally be performed by "gene activMion" and 
homologous recombination gene upregulation techniques, 
such as are described in U.S. Pat. No. 5,968,502, U.S. Pat. No. 
6,063,630 and U.S. Pat. No. 6,187,305 and EP 0505500. 

In one embodiment, a therapeutic agent for use in combi-
nation with the CD388Ps of the present irrv~::nlion for treating 
the disorders as described above may be au agent that modu
lates, e.g., enhances or inhibits, the expression or activity of 
Fca or Fey receptors. Examples of agents suitable for this use 
include interleukin-1 (IL-l), interleuk:in-2 (IL-2), interleu
kin-6 (IL-6), granulocyte colony-stimulating factor (G-CSF), 
such as filgrastim (Neupogen®) and pegfilgrastim (Neu
Iasta®), and granulocyte macrophage-colony stimulating 
factors (GM-CSF) such as sargramostim (Leukine®), inter-
feron-y (IFN-y), and tumor necrosis factor (TNF). 
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In one ewbudiment, a therapeutic agent for use in combi
nation with the CD38BPs of the present invention for treating 
the disorders as described above may be a cell cycle control/ 
apoptosis regulator (or "regulating agent"). A cell cycle con
trol/apoptosis regulator may include molecules (i) that target 
and modulate cell cycle control/apoptosis regulators such as 
cdc-25 (such as NSC 663284), (ii) cyclin-dependent kinases 
t11at overstimulate the cell cycle (such as flavopiridol 
(L868275, HMR1275), 7-hydroxystaurosporine (UCN-01, 
KW-2401), and roscovitine (R-roscovitine, CYC202)), and 10 

(iii) telomerase modulators (such as BIBR1532, SOT-095, 
GRNI63 and compositions described in for inst;mce U.S. Pat. 
No. 6,440,735 and U.S. Pat. No. 6,713,055). Non-limiting 
examples of molecules that interfere with apoptotic pathways 
include TNF-related apoptosis-inducing ligand (TRAIL)/ 15 

apoptosis-2 ligand (Apo-2L), agents inducing NF-KB block
ade leading to inhibition of IL-6 production, antibodies that 
activate 1 KAIL receptors, IFNs, anti-sense Bcl-2, andAs20 3 
(arsenic trioxide, Trisenox®). 

In one embodiment, a therapeutic agent for use in combi- 20 

nation with the CD3813Ps of the present invention for treating 
the disorders as described above may be a hormonal regulat
ing agent, such as agents useful for anti-androgen and anti
estrogen therapy. Examples of such honnonal regulating 
agents are tamoxifen, idoxifene, fulvestrant, droloxifeue, 25 
toremifene, raloxifene, diethylstilbestrol, ethinyl estradiol/ 
estinyl, an antiandrogene (such as flutaminde/eulexin), a 
progestin (such as such as hydroxy-progesterone caproate, 
mcdroxyprogesteruudprovera, megestrol acepate/megace ), 
an adrenocorticosteroid (such as hydrocortisone, pred- 30 
nisone), luteinizing hormone-releasing hormone (a11d aui:l· 
logs thereof and other LHRH agon.ists such as buserelin and 
goserelin), an aromatase inhibitor (such as anastrazole/arimi
dex, an1inoglutethimide/cytraden, exemestane), a hormone 
inhibitor (snch as octreotide/s:mdostatin) and simili:!r agents. 35 

In one embodiment, a therapeutic agent for use in combi
nation with the CIY\RRPs of the present invention for treating 
the disorders as described above may be an anti-anergic 
agents (for instance small molecule compounds, proteins, 
glycoproteins, or antibodies that break tolerance to tumor and 40 

cancer antigens). Examples of such compounds are mol
ecules that block the activity ofCTLA-4, such as MDX-010 
(Phan eta!., PNAS USA 100, 8372 (2003)). 

In one embodiment, a therapeutic agent for use in combi
nation with the CD38BPs of the present invention for treating 45 

the disorders as described above may be a twnor suppressor 
gene-containing nucleic acid or vector such as a replication
deficient adenovirus encoding human recombinant wild-type 
p53/SCH58500, etc.; antisense nucleic acids targeted to 
oncogenes, mutated, or deregulated genes; or siRNA targeted 50 

to mutated or deregulated genes. Examples of tumor suppres
sor tarp;ets include, for exilmpll':, RRCAl, RBI, BRCA2, 
DPC4 (Smad4), MSH2, MLI-ll, and DCC. 

In one embodiment, a therapeutic agent for use in combi
nation with the CD38BPs of the present invention for treating 55 
the disorders as described abov~: may be an anti-cancer 
nucleic acid, such as genasense (augmerosen/G3139), 
LY900003 (ISIS 3521), ISIS 2503, OGX-011 (ISlS 1129R9), 
LE-AON/LEraf-AON (liposome encapsulated c-raf anti· 
sense oligonucleotide/lSTS-5132), MG98, and other anti- 60 

sense nucleic acids that target PKCa, clusterin, IGFBPs, 
protein kinase A, cyclin Dl, or Rcl-2h. 

In one embodiment, a therapeutic agent for use in combi
nation with the CD38BPs of the present invention for treating 
the disorders as described above may be an anti-cancerinhibi- 65 
tory RNA molecule (see for instance Lin et al., Curr Cancer 
Drug Targets. 1(3), 241-7 (2001), ~rratum in: Curr Cancer 
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Drug Targets. 3(3), 237 (2003), Lima et al., Cancer Gene 
Ther. 11(5), 309-16 (2004), Gnmil eta!., Int J. Oneal. 4(1), 
97-105 (2004), Collis et al., Int J Radiat Oneal Bioi Phys. 
57(2 Suppl), S144 (2003), Yang eta!., Oncogene. 22(36), 
5694-701 (2003) and Zhang et a1., Biochem Biophys Res 
Commun. 303(4), 1169-78 (2003)). 

Compositions and combination administration methods of 
the present invention also include the administration of 
nucleic acid vaccines, such as naked DNA vaccines encoding 
such cancer antigens/tumor-associated antigens (see for 
instance U.S. Pat. No. 5,589,466, U.S. Pat. No. 5,593,972, 
U.S. Pot. No. 5,703,057, U.S. Pat. No. 5,879,6~7, U.S. Pat. 
No. 6,235,523, and U.S. Pat. No. 6,387,888). In one embodi
ment, the combination administration method and/or combi
nation composition comprises an autologous vaccine compo
sition. In one embodiment, the combination composition and! 
nr combination :Jdministrntion methuJ cumprises a whoie 
cell vaccine or cytokine-expressing cell (for instance a 
recombinant IL-2 expressing fibroblast, recombinant cytok
ine-expressing dendritic cell, and the like) (see for instance 
Kowalczyk et al., Acta Biochim Pol. 50(3), 613-24 (2003), 
Reilly et al., Methods Mol. Med. 69, 233-57 (2002) and 
Tirapu et al., Curr Gene Ther. 2(1), 79-89 (2002). Another 
example of such an autologous cell approach that may be 
useful in combination methods of the present invention is the 
MyVax® Personalized Inmmnotherapy method (previously 
referred to as GTOP-99) (Genitope Corporation-Redwood 
City, Calif., USA). 

In one embodiment, the present invention provides combi
nation compositions and combination administration meth
ods wherein a Cl>3~13P is combined or co-administered wit11 
a virus, viral proteins, and the like. Replication-deficient 
viruses, that generally are capable of one or only a few rounds 
of replication in vivo, and that are targeted to tumor cells, may 
for instance be useful components of such compositions and 
methods. Such viral agents may comprise or be associated 
with nucleic acids encoding immunostimulants, such as GM
CSF and/or IL-2. Both naturally oncolytic and such recom
binant oncolytic viruses (for instance HSV-1 viruses, reovi
ruses, replication-deficient and replication-sensitive 
adenovirus, etc.) may be useful components of such methods 
and compositions. Accordingly, in one embodiment, the 
present invention provides combination compositions and 
combination administration methods wherein a CD38BP is 
combined or co-administered with an oncolytic virus. 
Examples of such viruses include oncolytic adenoviruses and 
herpes viruses, which may or may not be modified viruses 
(see for instance Shah et al., J. Neurooncol. 65(3), 203-26 
(2003), Stiles et al., Surgery. 134(2), 357-64 (2003), Sunar
mura eta!., Pancreas. 28(3), 326-9 (2004), Teshigahara et al., 
J Surg Oneal. 85(1), 42-7 (2004), Varghese et al., Cancer 
Ge11c Tht:J. 9(12), 967-78 (.LUU:l), W1Idner et al., Cancer Res. 
59(2), 410-3 (1999), Yamanaka, Jut J. Oncol. 24(4), 919-23 
(2004) and Zwiebel et al., Semin Oneal. 28(4), 336-43 
(2001). 

Combination compositions and combination admin.istra· 
tion methods of the present invention may also involve 
"whole cell and "adoptive" inlnwuutherapy methods. For 
instance, such methods may comprise infusion or re-infusion 
of immune system cells (for instance tumor-infiltrating lym
phocytes (TILs), such as CD4 ... and/or CDS"' T cells (for 
instance Tcdls expanded with tumor-specific antigens and/or 
genetic enhancements), antibody-expressing B cells or other 
antibody producing/presenting cells, dendritic cells (e.g., 
anti-cytokine expressing recombinant dendritic cells, den
dritic cells cultured with a De-expanding agent such as GM
CSF and/or Flt3-L, and/or tumor-associated antigen-loaded 
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dendritic cells), anti-tumot NK cells, so-called hybrid cells, 
or combinations thereof. Cell lysates may also be useful in 
such methods and compositions. Cellular "vaccines" in clini-
cal trials that may be useful in such aspects include Can
vaxin™, APC-8015 (Oendreon), HSPPC-96 (Antigenics), 
and Melacine® celllysates. Antigens shed from cancer cells, 
and mixtures thereof (see for instance Bystryn et al., Clinical 
Cancer Research Vol. 7, 1882-1887, July 2001), optionally 
admixed with adjuvants such as filum, may also be compo
nents in such methods and combination compositions. 10 

In one embodiment, a CD38BP of the present invention 
may be delivered to a patient in combination with th.e appli
cation of an internal v11ccination methuu. Internal vacci nfltion 
refers to induced tumor or cancer cell death, such as drug
induced or radiation-induced cell death of tw11or cells, in a 15 

patient, tl1at typically leads to elicitation of an immune 
response directed towards (i) the tumor cells as a whole or (ii) 
parts of the tumor cells including (a) secreted proteins, gly
coproteins or other products, (b) membrane-associated pro
teins or glycoproteins or other components associated with or 20 

inserted in membranes, and/or (c) intracellular proteins or 
other intracellular components. An internal vaccination-in
duced immune response may be humoral (i.e. antibody~ 
complement-mediated) or cell-mediated (e.g., the develop
ment and/or increase of endogenous cytotoxic T lymphocytes 25 

that recognize the internally killed tumor cells or parts 
thereo1). In addition to radiotherapy, non-limiting examples 
of drugs and agents that may be used to induce said tumor 
cell-death and internal vaccination <~n: conventional chemo
therapeutic agents, cell-cycle inhibitors, anti-angiogenesis 30 
drugs, monoclonal antibodies, apnptosis-inducing agents, 
and signal transduction inhibitors. 

Examples of other anti-cancer agents, which may be rel
evant as therapeutic agents for use in combination witl1 tile 
CD38BPs of the present invention for treating the disorders as 3S 

described above are di1Terentiation inducing agents, retinoic 
acid and retinoic acid analogues (such as all trans retinoic 
acid, 13-cis retinoic acid and similar agents), vitamin 0 ana
logues (such as seocalcitol and similar agents), inhibitors of 
ErbB3, ErbB4, IGF-IR, insulin receptor, PDGFRa, PDGFR- 40 

beta, Flk2, Flt4, FvFRl, FGFR2, FGFR3, FGFR4, TRKA, 
TRKC, c-met, Ron, Sea, Tie, Tie2, Eph, Ret, Ros, Alk, LTK, 
PTK7 and similar agents. 

140 
cyin). and inhibitors of "lymphocyte homing" mechanisms 
(such as FTY720), and agents with efiects on cell signaling 
such as adhesion molecule inhibitors (for instance anti-LFA, 
etc.). 

In one embodiment, the present invention provides a 
metl1od for treating a disorder involving cells expressing 
CD38 in a subject, which method comprises administration of 
a therapeutically effective amount of a CD38BP of the present 
invention and radiotherapy to a subject in need thereof. 

In one embodiment, the present invention provides a 
method for treating multiple myeloma, which method com
prises adnunistmtion of a thcrapt:utically effective amount of 
a CD38BP of the prest:ul invention and radiotller<~py to a 
subject in need thereof. 

In one embodiment, the present invention provides the use 
of a CD38BP of the present invention for the preparation of a 
phannaceutical composition to be administered with rddio
therapy for treating multiple myeloma. 

Radiotherapy may comprise radiation or associated admin
istration of radiophannaceuticals to a patient is provided. 111e 
source of radiation may be either external or internal to the 
patient being treated (radiation treatment may, for example, 
be in the fonn of extemal beam radiation therapy (EBRT), 
brachytherapy (BT) or skeletal targeted radiotherapy). Radio-
active elements that may be used in practicing such methods 
include, e.g., radium, cesium-137, iridium-192, americium-
241, gold-198, cobalt-57, copper-67, technetium-99, iodide-
123, iodide-131, and indium-Ill. 

In one embodiment, the present invention provides a 
method for treating a disorder inv(>lviug cells expressing 
CD38 iu a subject, which method comprises administration of 
a therapeutically effective amount of a CD38BP oftl1c present 
invention to a subject in need tllereof combined with autolo
gous peripheral stem cell or bone marrow transplantation. 

In one embodiment, the present invention provides a 
method for treating multiple myeloma, which method com
prises aJ.ministration of a therapeutically effective amount of 
a CD38BP of the present invention to a subject in need thereof 
combined with autologous peripheral stem cell or bone mar
row transplantation. 

In one embodiment, the present invention provides the use 
of a CD38BP of the present invention for the preparation of a 
pharmaceutical composition to be administered with autolo
gous peripheral stem cell or bone marrow transplantation for 
treating multiple myeloma. 

In one embodiment, the present inv~ntion provides a 
method for treating a disorder involving cells expressing 
CD38 in a subject, which method comprises administration of 
a therapeutically effective amount of a CD38BP of the present 

Examples of other anti-cancer agents, which may be rel
evant as therapeutic agents for use in combination witl1 the 45 

CD38BPs of the present invention for treating the disorders as 
rl~scribed above are cathepsin D, modulators of cathepsin lJ 
dehydrogenase activity, glutathione-S-transferase (such as 
glutamylcysteine synthetase and lactate dehydrogenase), and 
similar agents. 50 invention to a subject in need thereof combined with ortho

pedic intervention. Examples of other anti-cancer agents, which may be rel
evant as therapeutic agents for use in comhinfltint\ with thi 
CD38BPs of the present invention for treating the disorders as 
described a hove are estramustine and cpirubicin. 

Examples of other anti-cancer agents, which may be rei- 55 
evant as therapeutic agents for use in combination witll the 
CD38BPs of the present invention for treating the disorders as 
described above are a HSP90 inhibitor like 17-allyl amino 
gdu-anamycin, antibodies directed against a tumor antigen 
such as PSA, CA125, KSA, etc., integrins like integrin ~1, 60 

inhibitors ofVCAM and similar agents 
Examples of other anti-cancer agents, which may be rel

evant as therapeutic agents for use in combination with the 
CD38BPs of the present invention for treating the disorders as 
described above are calcineurin-inhibitors (such as valspodar, 65 

PSC 833 and other MDR-1 or p-glycoprotein inhibitors), 
TOR-inhibitors (such as sirolimus, everolimus and rapam-

In one cmuuJ.imeut, the present invention provides the use 
of a CD38BP of the present invention for the preparation of a 
pharmaceutical composition to be administered with autolo
gous peripheral stem cell or bone marrow transplantation for 
treating multiple myeloma. 

Orthopedic interventions may be used in the treatment of a 
disorrler involving cells expressing CD38, such as multiple 
myeloma, to help control pain or retain function or mobility. 
Such interventiuns may include physical therapy, splinting of 
bones to prevent or treat fractures, or surgical procedures 
(minor or major) to repair fractures. 

In one embodiment, a CD38BP of the present invention 
may be administered in connection with the delivery of one or 
more agents that promote access of the CD38BP or combi
nation composition to the interior of a tumor. Such methods 
may for example be perfom1ed in association with the deliv-
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ery of a rehndn, which is capable of relaxin~ a tumor (see for 
instance U.S. Pat. No. 6,719,977). In one embodiment, a 
CD38BP of the present invention may be bonded to a cell 
penetrating peptide (CPP). Cell penetrating peptides and 
related pep tides (such as engineered cell penetrating anti bod- 5 

ies) are described in for instance Zhao et al., J Immunol 
Methods. 254(1-2), 137-45 (2001 ), Hong et al., Cancer Res. 
60(23), 6551-6 (2000). Lindgren et al., Biochem J. 377(Pt 1), 
69-76 (2004), Buerger et al., J Cancer Res Clin Oncol. 129 
(l:.l), 669-75 (2003), Pooga et al., I:'ASEB 1. 12(1), 67-77 10 

(1998) and Tseng et al., Mol. Pharmacal. 62(4), 864-72 
(2002). 

In one taubodiment, the present invention provides a 
metlJUu for treating a disorder involving cells expressing 
CD38 ina subject, which method comprises adm.inistrationof 15 

a therapeutically effective amount of a CD38BP of the present 
invention and at least one anti-inflammatory agent to a subject 
ln. need LlJ.erecf. 

In one embodiment, the present invention provides a 
method for treating multiple myeloma, which method com- 20 

prises adm.inistration of a therapeutically effective amount of 
a CD38BP of the present invention and at least one anti
inflammatory agent to a subject in need thereof. 

In one embodiment, the present invention provides the use 
of a CD388P of the present invention for the preparation of a 25 

pharmaceutical composition to be administered with at least 
oue anti-inflammatory agent for treating multiple myeloma. 

In one embodiment such an anti-inflammatory agent may 
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gold salts, sulfasala:t:ine, antimalarials, brequinar, lefluno
mide, mi7.oribine, 15-deoxyspergualine, 6-mercaptopurine, 
cyclophosphamide, rapamycin, tacroli.rnus (FK-506), OKT3, 
anti-tl1ymocyte globulin, thymopentin, thymosin-a and simi
lar agents. 

In one embodiment, such an immunosuppressive ancl/or 
U.umunomodulatory agent may be selected from immunosup
pressive antibodies, such as antiboJies binding to p75 of the 
lL-2 receptor, ur antibodies binding to for instance MHC, 
CD2, CD3, CD4, CD7, CD28, 87, CD40, CD45, lFNy, TNF
a, UA, IL-5, liAR, IL-6; IGF, IGFRl, IL-7, JI.-8, IL-10, 
CD11a, or CD58, or antibodies binding tu their ligands. 

In one embodiment, such au iuununosuppressive and/or 
immw1omodulatory agent may be selected from soluble 
IL-15R, lL-10, B7 molecules (87-1, B7-2, variants tl1ereof, 
and fragments the11..'0f, ICOS, and OX40, an inhibitor of a 
negative T cell regulator (q1ch as ~n :::ntibody al!.aiu~i 

CTLA4) and similar agents. 
In one embodiment, the CD3813Ps of the present invention 

may be adm.in.istered in combination with two or more immu
nosuppressive and/or immunomodulatory agents, such as in 
combination with prednisone and cyclosporine; prednisone, 
cyclosporine and azathioprine; or prednisone, cyclosporine 
and mycophenolate mofetil. 

ln one embodiment, the present invention provides a 
method for treating a disorder involving cells expressing 
CD38 in a subject, which method comprises administration of 
a therapeutically effective amount of a CD38RP of the present 
invention and an anti-C3b(i) antibody to a su~ject in need be selected from a stProidal drug and u NSAJD (nou.sh:roidal 

anti-inflammatory druj!). JO thereof. · 
In one embuJiment such an anti-intlammatory it£;pnt may 

be selected from aspirin and other salicylates, Cox-2 inhibi
tors (such as rofecoxib and cclecoxib), NSAIDs (such as 
ibuprofen, fenoprofen, naproxen, sulindac, diclofenac, 
pi.roxicam, ketoprofen, diflunisal, nabumetone, etodolac, 35 

oxaprozin, and indomethacin), anti-lL6R antibodies, anti
IL8 antibodies, anti-1Ll5 antibodies, anti-lL15R antihodics, 
anti-CD4 antibodies, anti-CD11a antibodies (e.g., efali
zumab), anti-alpha4fbeta-l integrin (VLA4) antibodies (e.g 
natalizumab ), CTLA4-l g for the treatment of inflammatory 40 

diseases, prednisolone, prednisone, disease modifying anti
rheumatic drugs (DMARDs) such as methotrexate, hydroxy 
chloroquine, sulfasala:dne, pyrimidine synthesis inhibitors 
(such as leftunomide), JL-1 receptor blocking agents (such as 
anakinra), TNF-u blocking agents (such as etanercept, inflix- 45 

imab, and adalimumab) and similar agents. 
ln one embodiment, the present invention provides a 

method for treating a disorder involving cells expressing 
CD38 in a subject, which method comprises administration of 
a therapeutically effective an1ount of a CD38BP of the present 50 

invention and at least one immunosuppressive and/or immu
nomodulatory agent to a subject in need thereof. 

Tn nne embodiment, the present invention provides a 
method for treating multiple myP!oma, which method com
prises adm.inistration of a therapeutically effective amount of 55 

a CD38BP of the present invention and at least one immuno
suppressive and/or immunomodulatory agent to a subject in 
need thereof. 

In on~ embodiment, the present inv~::utiun provides the use 
of a CD388P of the present invention for the preparation of a 60 

pharmaceutical composition to be administered with at least 
one immunosuppressive and/orimmunomodulatory agent for 
treating multiple myeloma. 

In one embodiment, such an immunosuppressive and/or 
immunomodulatory agent may be selected from cyclospo- 65 

cine, azathioprine, mycophenolic acid, mycophenolate 
mofetil, corticosteroids such as prednisone, methotrexate, 

In one emLuui.ment, the present invention provides a 
method for treating multiple myeloma, which method com
prises administration of a therapeutically effective amount of 
a CD38BP of the present invention and an anti-C3b(i) anti
body to a subject in need thereof. 

In one embodiment, the present invention provides the use 
of a CD38BP oftlu: present invention tor the preparation of a 
pham1aceutical composition to be administered with an anti
C3b(i) antibody for treating multiple myeloma. 

In one embodiment, a therapeutic agent for use in combi
nation with the CD388Ps of the present invention for treating 
the discuuen; as described above may be selectt--d from histone 
deacetylase inhibitors (for instance phenylbutyrate) and/or 
DNA repair agents (for instance DNA repair enzymes and 
related compositions such as dimericine). 

Methods of the present invention for treatine; 11 disorder as 
described above comprising administration of a therapeuti
cally effective amount of a CD38BP of the present invention 
may also comprise anti-cancer directed photodynamic 
therapy (for instance anti-cancer laser therapy which 
optionally may be practiced with the use of photosensitizing 
agent, see, for instance Zhang et al., .T O:mtrol Release. 93(2), 
141-50 (2003)), anti-cancer sound-wave and shock-WitVP 
therapies (sec tor instance Kambe ct al., Hum Cell. 10(1), 
87-94 (1997)), and/or anti-cancer nutraceutical therapy (see 
for instance Roudebush et al ., Vet Clio NorthAm Small Anim 
Pract. 34(1), 249-69, viii (2004) and Rafi, Nutrition. 20(1), 
78-82 (2004). Likewise, a CD3RRP of the present invention 
may be used for the preparation of a pharmaceutical compo
sition for treating a disurder as described above to be adm.in
istered with anti-cancer directed photodynamic therapy (for 
instance anti-cancer laser thet0:1py- ··Which. optionally may be 
practiced with the use of photosensitizing agent, anti-cancer 
sound-wave and shock-wave therapies, and/or anti-cancer 
nutraceutical therapy. 

As described above, a pharmaceutical composition of the 
present invention may be adm.inistered in combination 
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therapy, i.e., combined with one or more agents relevant tor 
the disease or condition to be treated either as separate phar
maceutical comJX>sitions or with a compound of the present 
inventioncoformulated with one or more additional therapeu
tic agents as described above. Such combination therapies 
may require lower dosages of the comJX>und of the present 
invention and/or the co-administered agents, thus avoiding 
possible toxicities or complications associated with the vari
ous monotherapies. 

In one embodiment, the present invention provides a 10 

CD38BP that is conjugated to an immunomodulator, such as 
an immunomodulating cytokine, stem cell growth factor, 
lymphuluxin (such as a TNF such as 1NFa), or a hematopoi
etic factor.' Examples of such molecules that may be useful as 
conjugates include IL-l, IL-2, IL-3, JL-6, IL-10, lL-12, 15 

IL-18, and IL-21, colony stimulating factors (such as granu
locyte-colony stimulating factor (G-CSF) and granulocyte 
macrophogc-colouy bliulUhHing fuctor {UM-CSF)), interfer
ons (such as IFNa, IFN~, and IFNy) the stem cell growth 
factor designated "Sl factor," erythropoietin, and throm- 20 

bopoietin, active fragments thereof, derivatives thereof, vari
ants thereof, or a combination of any thereof. 

In one embodiment, the CD388Ps of the present invention 
may be used in vivo or in vitro for diagnosing diseases 
wherein activated cells expressing CD38 play an active role in 25 

the pathogenesis by detecting levels of CD38, or levels of 
cells· which contain CD38 on their membrane surface. This 
may be achieved, for example, by contacting a sample to be 
tested, optionillly along with a control satuplc, with the 
CD38BP under conditions that allow for formation of a com- 30 

plex between the antibody and CD38. Complex formation is 
then detected (e.g., using an ELISA). When using a control 
sample along with the test sample, complex is detected in 
both samples and any statistically significant difference in the 
formation of complexes between the samples is indicative of 35 

the presence ofCD38 in the test sample. 
More specifically, the present invention provides methods 

for the identification of, and diagnosis of invasive cells and 
tissues, and other cells targeted by CD388Ps of the present 
invention, and for the monitoring of the progress oftherapeu· 40 

tic treatments, status after treatment, risk of developing can
cer, cancer progression, and the like. 

In one example of such a diagnostic assay, the present 
invention provides a method of diagnosing the level of inva
sive cells in a tissue comprising forming an immunocomplex 45 

between a CD38BP and potential CD38 containing tissues, 
and detecting form<1tion of the inm1unocomplex, wherein the 
formation of the immunocomplex correlates with the pres
ence of invasive cells in the tissue. The contacting may be 
performed in vivo, using labeled isolated antibodies and stan- 50 

dard imaging techniques, or may be perfom1ed in vitro on 
tissue samples. 

I.D38HPs may be used to detect CD38-containing pep tides 
and peptide fragments in any suitable biological sample by 
any suitable technique. Examples of conventional immunoas- 55 
says provided by the present invention include, without liuri
tation, an ELISA, an RIA, FACS assays, plasmon resonance 
assays, chromatographic assays, tissue immunohistochemis
try, Western blot, and/or immunoprecipitation using a 
CD38BP. Anti-CD38 antibodies of the present invention may 60 

be used to detect CD38 and CD38-fragments from humans. 
Suitable labels for the CD38BP and/or secondary antibodies 
used in such techniques include, without limitation, various 
enzymes, prosthetic groups, fluorescent materials, lumines
cent materials, and radioactive materials. Examples of suit- 65 

able enzymes include horseradish peroxidase, alkaline phos
phatase, ~-galactosidase, or acetylcholinesterase; examples 
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of suitable prosthetic group complexes include streptavidin/ 
biotin and avidin/biotin; examples of suitable fluorescent 
materials include umbelliferone, fluorescein, fluorescein 
isothiocyanate, rhodamine, dichlorotriazinylamine fluores
cein, dansyl chloride or phycoerythrin; an example of a lumi
nescent material includes luminol; and examples of suitable 
radioactive material include 1251, 131 I, 35S, and 3 H. 

CD388Ps may also be assayed in a biological sample by a 
competition immunoassay utilizing CD38 peptide standards 
labeled with a detectable substance and an unlabeled 
CD38BP, such as an unlabelled anti-CD38 antibody, for 
exilmple. In such an ossay, the biological sample, the labeled 
CD38 peptide standard(s) and the CD38BP are combined and 
the amount oflabeled CD38 standard bound to the unlabeled 
CD38BP is determined. The amount of CD38 peptide in the 
biological sample is inversely proportional to the amount of 
labeled CD:IR stanrlitrd bound to the CDJtJOP. 

TheCD388Ps are particularly useful in the in vivo imaging 
of tumors. In vivo imaging of tumors associated with CD38 
may be performed by any suitable technique. For example, 
99Tc-labeling or labeling with another gamma-ray emitting 
isotope may be used to label anti-CD38 antibodies in tumors 
or secondary labeled (e.g., FITC labeled) CD38BP:CD38 
complexes from tumors and imaged with a gamma scintilla
tion camera (e.g., an Elscint Apex 409ECT device), typically 
using low-energy, high resolution collimator or a low-energy 
all-purpose collimator. Stained tissues may then be assessed 
for radioactivity counting as an indicator of the amount of 
CD38-associated peptides in the tumor. The images obtained 
by the use of such techniques may be used to assess biodis
tribution ofCD38 in a patient, manm1al, or tissue, for example 
in the context of using CD38 or CD38-fragnlents as a biom
arker for the presence of invasive cancer cells. Variations on 
this technique may include the use of magnetic resonance 
imaging (MRI) to improve imaging over gamma camera tech
niques. Similar immunoscintigraphy methods and principles 
are described in, e.g., Srivastava (ed.), Radiolabeled Mono
clonal Antibodies For Imaging And Therapy (Plenum Press 
1988), Chase, "Medical Applications of Radioisotopes," in 
Remington's Pharmaceutical Sciences, 18th Edition, 
Gennaro et a!., (eds.), pp. 624-652 (Mack Publishing Co., 
1990), and Brown, "Clinical Use of Monoclonal Antibodies," 
in Bioteclmology And Pharmacy 227·49, Pezzuto eta!., ( eds.) 
(Chapman & Hall1993). Such images may also be used for 
targeted delivery of other anti-cancer agents, examples of 
which are described herein (e.g., apoptotic agents, toxins, or 
CHOP chemotherapy compositions). Moreover, such images 
may also or altematively serve as the basis for surgical tech
niques to remove tumors. Furthermore, such in vivo imaging 
techniques may allow for the identification and localization of 
a tumor in a situation where a patient is identified as having a 
tumor (due to the prcs~:nce of other biomarkers, metastases, 
etc.), but the tumor cannot be identified by traditional ana. 
lytical techniques. All of these methods are features of the 
present invention. 

The in vivo imaging and other diagnostic methods pro
vided by the present invention are particularly useful in the 
detection of micrometastases in a humau patient (e.g., a 
patient not previously diagnosed with cancer or a patient in a 
period of recovery/remission from a cancer). Carcinoma can
cer cells, which may make up to 90% of all cancer cells, for 
example, have been demonstrated to stain very well with 
anti-CD38 antibody conjugate compositions. Detection with 
monoclonal anti.CD38 antibodies and other CD388Ps 
described herein may be indicative of the presence of carci
nomas that are aggressive/invasive and also or alternatively 
provide an indication of the feasibility of using related mono-
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clonal llnti-CD38 antibody, CD38BP, or related composition 
treatments against such micrometastases. Moreover, mono
clonal anti-CD38 antibodies that are associated with cancer 
cells are advantageously able to distinguish such cancer-as
sociated tissues and cells from normal cells that other forms 
of CD38 may be associated with. 

In one embodiment, the present invention provides an in 
vivo imaging method wherein an CD38BP, such as an anti
CD38 antibody, of the present invention is conjugated to a 
detection-promoting radio-opaque agent, the conjugated 10 

antibody is administered to a host, such as by injection into 
the bloodstream, and the presence and location of the labeled 
antibuuy in the host is assayed. TI1r0ugh this technique and 
auy other diagnostic method provided herein, the present 
invention provides a method for screening for the presence of !5 
disease-related cells ina human patient or a biological sample 
taken from a human patient. 

For diagnostic imaging, radioisotopes may be bound to a 
CD38BP either directly, or indirectly by using an intermedi
ary functional group. Useful intermeruary functional groups 20 

include chelators, such as ethyleneruan1inetetraacetic acid 
and diethylenetriaminepentaacetic acid (see for instance U.S. 
Pat. No. 5,057 ,313). ln such diagnostic assays involving 
radioisotope-conjugated CD388Ps, the dosage of conjugated 
peptide delivered to the patient typically is maintained at as 25 

low a level as possible through the choice of isotope for the 
best combination of mininmm half-life, minimum retention 
in the body, and minimum quantity of isotope, wh.ich will 
permit detection and accurate mcosurement. 

In addition to radioisotopes and radio-opaque agents, diag- 30 

nostic methucls may be performed using CD388Ps iliat are 
conjugated to dyes (such as with the biotin-streptavidin com
plex), contrast agents, fluorescent compow1ds or molecules 
and enhancing agents (e.g. paramagnetic ions) for magnetic 
resonance imaging (MRJ) (see, e.g., U.S. Pat. No. 6,331, 175, 35 

which describes MRJ techn.iques and the preparation of anti
bodies conjugated to a MRI enhancing agent). Snch diagnos
tic/detection agents may be selected from agents for use in 
magnetic resonance imaging, and fluorescent compounds. In 
order to load a CD3 8BP, such as an antibody, component wiili 40 

radioactive metals or paramagnetic ions, it may be necessary 
to react it with a reagent having a long tail to which are 
attached a multiplicity of chelating groups for binrung the 
ions. Such a tail may be a polymer such as a polylysine, 
polysaccharide, or otl1er dcrivatized or derivatizable chain 45 

having pendant groups to wh.ich can be bound chelating 
p,roups such as, e.g , porphyrins, polyamines, cwwn ethers, 
bisiliiose.ollcarbazones, polyoximes, and like groups known 
to be useful for this purpose. Chelates may be coupled to 
CD388Ps using standard chemistries. A chelate is normally so 
linked to a CD38BP, such as an anti-CD38 mAB, by a group, 
wh.ich enables formation of a bond to the molecnh~ witn 
mlnltnal loss oimmmnorcactivity and rn.inimal aggregation 
and/or internal cross-link.ing. Other, more unusual, methods 
and reagents for conjugating chelates to antibodies are dis- 55 

closed in for instance U.S. Pat. No. 4,824,659. Examples of 
potentially useful metal-chelate combinations include 2-ben
zyi-DTPA and its mono methyl and cyclohexyl analogs, used 
with diagnostic isotupes in the general energy range of 60 to 
4000keVsuchas 125I 1231 1241 62Cu 64Cu 18F 111 ln 67Ga 60 
67Ga, 99T~, 9"Tc, 11 C, hN, I so, ~nd 76BR, f~r radio-im'aging: 
These and similar chelates, when complexed wiili non-radio
active metals, such as manganese, iron, and gadolinium may 
be useful for MRI diagnostic methods in connection with 
CD388Ps. Macrocyclic chelates such as NOTA, OOTA, and 65 

TETA are of use with a variety of metals and raruometals, 
most particularly with radionuclides of gallium, yttrium, and 
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copper, respectively. Such metal-chelate complexes may be 
made very stable by tailoring the ring size to ilie metal of 
interest. Other ring-type chelates such as macrocyclic poly
eiliers, which are of interest for stably binding nuclides, such 
as 223Ra for RAJT may also be suitable in diagnostic meili
ods. 

Thus, the present invention provides diagnostic CD38BP 
conjugates, wherein the CD38BP is conjugated to a contrast 
agent (such as for magnetic resonance imaging, computed 
tomography, or ultrasound contrast-enhancing agent) or a 
raruonuclide iliat may be, for example, a gamma-, beta-, 
alpha-, Auger electron-, or positron-emitting isotope. Addi
tional useful conjugated CD38BPs are described elsewhere 
herein, which may also be useful in diagnostic methods and 
compositions (e.g., diagnostic kits) provided by the present 
invention. 

In one embodiment, the present invention provides a kit for 
diagnosis of cancer comprising a container comprising a 
CD38BP, such as an anti-CD38 antibody, and one or more 
reagents for detecting binding of the CD38BP to a CD38 
peptide. Reagents may include, for example, fluorescent tags, 
enzymatic tags, or other detectable tags. The reagents may 
also include secondary or tertiary antibodies or reagents for 
enzymatic reactions, wherein the enzymatic reactions pro
duce a product that can be visualized.In one emborument, tlle 
present invention provides a ruagnostic kit comprising one or 
more CD388Ps, such as anti-CD38 antibodies, of the present 
invention in labeled or unlabeled form in suitable container 
(s), reagents for ilie incubations for an inrurect assay, and 
substrates or derivatizing ogcnts for dt:tection in such an 
assay, depending on the nature of the label. Control reagent(s) 
and instructions for use also may be included. 

Diagnostic kits may also be supplied for use with a 
CD388P, such as a conjugatedllabeled anti-CD38 antibody, 
for the detection of a cellular activity or for detecting the 
presence ofCD38 pep tides in a tissue sample or host. In such 
diagnostic kit~, as well as in k.its for therapeutic uses 
described elsewhere herein, a CD38BP typically may be pro
vided in a lyophilized fomt in a container, either alone or in 
conjunction with additional antibodies specific for a target 
cell or peptide. Typically, a pharmaceutical acceptable carrier 
(e.g., an inert diluent) and/or components thereof, such as a 
Iris, phosphate, or carbonate buffer, stabilizers, preserva
tives, biocides, biocides, inert proteins, e.g., serun1 albumin, 
or the like, also are included (typically in a separate container 
for rn.ixing) and additional reagents (also typk.ally in separate 
container(s)). In certain kits, a secondary antibody capable of 
binrung to the anti-CD38 antibody or oilier CD38BP, wh.ich 
typically is present in a separate container, is also included. 
The second antibody is typically conjugated to a label and 
formulated in manner similar to the anti-CD38 antibody or 
oilier CD38DP of tht: J.ll'l:~t:nl Invention. 

Using the methods described above and elsewhere herein 
CD388Ps may be used to define subsets of cancer/tumor cells 
and characterize such cells and related tissues/growths. 

I none example, a CD388P or anti-CD38 antibody, may be 
added to nitrocellulose, or oilier solid support wh.ich is 
capable of immobilizing cells, cell particle~, ur soluble pro
teins. The support may then be washed with suitable buffers 
followed by treatment wiili ilie delectably labeled CD38 pep
tide or antibody. The solid phase support may then be washed 
with the buffer a second time to remove unbound peptide or 
antibody. The amount ofbound label on the solid support may 
ilien be detected by known method steps. 

Linked enzymes that react with an exposed substrate may 
be used to generate a chemical moiety wh.ich can be detected, 
for example, by spectrophotometric, ftuorometric or by visual 
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means, in the context of a CD38BP conjugate am.l/or fusion 
protein. Enzymes which may be used to detectably label 
CD38BPs and anti-CD38 antibodies include malate dehydro
genase, staphylococcal nuclease, delta-S-steroid isomerase, 
yeast alcohol dehydrogenase, alpha-glycerophosphate dehy
drogenase, triose phosphate isomerase, horseradish peroxi
dase, alkaline phosphatase, asparaginase, glucose oxidase, 
beta-galactosidase, ribonuclease, urease, catalase, glucose-6-
phosphate dehydrogenase, glucoamylase, and acetylcho
linesterase. It is also possible to label a CD38BP with a 10 

fluorescent compound. When the fluorescent labeled anti
body is exposed to light of the proper wave length, its pres
ence may be detected l.lue to fluorescence. Among the must 
commonly used fluurt.!scent labchng compounds are fluorcs
ceinisothiocyanate, rhodamine, phycut:rythrin, phycocyanin, 15 

allophycocyanin, o-phthaldchyde, and fluorescamine. 
The CD38BPS, such as anti-CD38 antibodies, may also be 

delectably labeled using fluorescence-t:mitting metals such as 
152Eu, or otl1crs of the lanthanide series. These metals may be 
attached to an anti-CD38 antibody, for exan1ple, using such 20 

metal chelating groups as diethylenetriam.inepentaacetic acid 
(DTPA) or ethylenediaminetetra-acetic acid (EDTA). 

CD38BPs and anti-CD38 antibodies may also be detect
ably labeled by coupling to a chem.ilum.inescent compound. 
"The presence of the chemiluminescently labeled CD38-BP is 25 
then determined by detecting the presence of luminescence 
that arises during the course of a chemical reaction. Examples 
of particularly useful chem.iluminescent labeling compounds 
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of such pep tides in the exam.ined tissue (e.g., in the context of 
assessing the spread of cancer cells). Using the present inven
tion, those of ordinary skill will readily perceive that any of a 
wide variety of histological methods (such as staining proce
dures) may be modified in order to achieve such in situ detec
tion. 

The present invention further provides method of pro mot-
ing the sale and/or use of a CD38BP of the present invention, 
comprising distributing information (such as by printed mate
rials that are handed out, mailed, etc., by advertising signage, 
by television progran1s and advertisements, by radio pro-
grams l!ncl advertisements, by intem~:l site postings, by em11il, 
hy telemarketing, by door-tu-duor or person-to-person mar
keting, by funding :mel/or hosting conferences, panels, 
forums, etc., by employing and/or contracting for the services 
of salespeople and/or medieaVscientific liaisons, by funding 
and/or hosting scientific research and publication~ related to 
such uses, etc.) related to the use of the compound in the. 
prevention or treatment of any condition or combination of 
conditions as described elsewhere herein to any persons or 
entities of potential interest (such as pharmaceutical chains, 
formulary managers, insurance compan.ies, HMOs, hospitals 
and hospital chains, otl1cr health care compan.ies, pharmacy 
benefit managers, potential patients, cancer patients, former 
cancer patients, patients in remission, primary care physi
cians, nurses, doctors of pharmacy, and/or key opinion lead-
ers). 

The present invention also provides kits ~omprising a phar
maceutical composition of a compound of the present inven-are lum.inol, isoluminol, theromatic acridin.ium ester, itu.ic..la

zole, acridinium salt, and oxalate ester. 30 tion and instructions for use. The kit may further contain one 
or more additioual agents, such as an immunosuppressive 
reagent, a chemotherapeutic reagent, an anti-inflammatory 
agent or a radiotoxic agent as described above, or one or more 

Likewise, a bioluminescent compound may be usee! to 
labd a CD38BP. Bioluminescence is a type of chemilumines
cence found in biological systems in which a catalytic protein 
increases the efficiency of the chemiluminescent reaction. 
The presence of a biolum.inescent protein is determined by 35 

detecting the presence of luminescence. Important biolumi
nescent compounds for purposes of labeling are luciferin, 
lucifet as~, and aequorin. 

Detection of a labeled peptide or antibody, antibody frag
ment or derivative may be accomplished by a scintillation 40 

counter, for example, if the detectable label is a radioactive 
ganuna emitter, or by a fluorometer, for example, if the label 
is a fluorescent material. In the case of an enzyme label, the 
detection may be accomplished by calorimetric methods 
which employ a substrate for the enzyme. Detection may also 45 

be accomplished by visual comparison of the extent of enzy
matic reaction of a substrate in comparison with similarly 
prepared standards. 

These and other diagnostic techn.iques may be used to 
screen any suitable material for CD38 peptides or CD38- 50 

fragments. Examples of materials that may be screened 
include, for exan1ple, blood, serum, lymph, urine, inflamma
tory exuJal~, cerehruspmal fluid, 11nmiotic fluid, a tissue 
extract or homogenate, and the like. However, the present 
invention is not limited to assays using only these samples, it 55 

being possible for one of ordinary skill in the art to determine 
suitable conditions which allow the use of other samples. 

In situ detection may be accomplished by removing a his
tolo~ical spf'f"imPn from u putient, auJ p!UVItllng the combi
nation oflabeled CD38BPs, such as anti-CD38 antibodies, of liO 

the present iuvention to such a specimen. The CD38BP, anti
CD38-antibody (or fragment) of the present invention may be 
provided by applying or by overlaying the labeled CD38BP, 
such as a labelled anti-CD38 antibody (or fragment), of the 
present invention to a biological san1ple. Through the use of 65 
such a procedure, it is possible to determine not only the 
presence of CD38 or CD38-fragment but also the distribution 

additional CD38BPs of the present invention (such as an 
CD3813P having a complementary activity). A kit of the 
present invention may also include diagnostic agents and/or 
other therapeutic <.~gents. ln one embodiment, a kit of the 
present invention includes a CD38BP of the present invention 
and a diagnostic agent that may be used in a diagnostic 
method for diagnosing the state or existence of a disorder 
involving cells expressing CD38 in a subject. ln one embodi-
ment, the kit includes a CD38BP of the present invention in a 
highly stable form (such as in a lyophilized form) in combi
nation with pharmaceutieally acceptable carrier(s) that may 
be mixed with the higllly stabile composition to form an 
injectable composition. 

All references, including publications, patent applications, 
and patents, cited herein are hereby incorporated by reference 
to the san1e extent as if each reference were individually and 
specifically indicated to be incorporated by reference and 
were set forth in its entirety herein. 

All headings and sub-headings are used herein for conv~::
n.ience only and should not be construed as limiting the 
prt:stmt invention in any way. 

Any combination of the above-described elements in all 
possible variations thereof is encompassed by the present 
invention unless otherwise indicated herein or otherwise 
clearly contrndicted hy rnntPxt. 

The use of the terms "a" and "an" and ''the" and similar 
referents in the context uf describing the present invention are 
to be construed to cover both the singular and the plural, 
unless otherwise indicated herein or clearly contradicted by 
context. 

Recitation of ranges of values herein are merely intended to 
serve as a shorthand method of referring individually to each 
separate value falling with.in the range, unless otherwise indi
cated herein, and each separate value is incorporated into the 
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specific:.Jtion as ifit were iw.lividually recited herein. Unless 
otherwise stated, all exact values provided herein are repre
sentative of corresponding approximate values (e.g., all exact 
exemplary values provided with respect to a particular factor 
or measurement can be considered to also provide a corre
sponding approximate measurement, modified by "about," 
where appropriate). 

All methods described herein can be performed in any 
suitable order unless otherwise indicated herein or otherwise 
clearly contradicted by context. 

TI1e use of any and all examples, or exemplary language 
(e.g., "such as") provided herein, is intended merely to better 
iJJuminate the present invention and does not pose a limitation 

10 

on the scope of the present invention unless otherwise indi
catt:d. No language in the specification should be construed as 15 

indicating any element is essential to the practice of the 
present invention unless as much is explicitly stated. 

1b.c citation and mcorporation of patent documents herein 
is done for convenience only and does not reflect any vic:w of 
the validity, patentability, and/or enforceability of such patent 20 

documents. 
The description herein of any embodiment of the present 

invention using terms such as "comprising", "having," 
"including," or "containing" with reference to an element or 
clements is intended to provide support for a similar embodi- 25 

ment of the present invention that "consists of', "consists 
essentially of', or "substantially comprises" that particular 
dement or elements, unless otherwise stated or clearly con
trodicted by context (e.g., a composition described herein as 
comprising a particular element should he unrlerstood as also ."lO 

describing a composition consisting of that clement, unlf!ss 
otherwise stated or clearly contradicted by context). 

lbe present invention includes all modifications and 
equivalents of the subject matter recited in the embodiments 
presented herein to the maximum extent pennitted by appli- 35 
cable Jaw. 

All patents, pending patent applications and other publica
tions cited herein are hereby incorporated by reference in 
their entirety. 

1be present invention is further illustrated by the following 40 

examples which should not be constnled as further limiting. 

EXAMPLES 

150 
icc for 10 minutes, cells were electroporated (250 V, 950 JLF; 
Gene Pulser ll, Biorad Laboratories GmbH, Miinchen, Ger
many). Cells were again rested on ice, and taken up in 40 m1 
RPMl (supplemented with 10% FCS). Then, cells were 
plated out in 96-well tissue culture plates (100 ~tl per well). 
After 48 hours, puromycin (final concentration: 1 Jlg/ml; 
Sigma-Aldrich Chemic BV, Zwijndrecht, TI1e Netherlands) 
was added. Puromycin-resistant clones were further grown in 
24-well tissue culture plates. 

Determination of Lucifernse Activity 
Luciferase activity of cells Wi!S determined using the 

LuciferaseAssay System (#E4030, Promega, Madison, Wis., 
USA). 1x1 05 cells were centrifuged (13.500 rpm, I min) in an 
eppendorf centrifuge, and the pellet was washed in 100 Jll 
PBS. After centrifugation (13.500 rpm, 1 min), pellet was 
lysed with 20 Jll Reporter Lysis Buffer (Prom ega), fmum r~nd 
thawed. After centrifugation (13,500 rpm, 1m in), 20 IJ.] super
natant was discarded, and 100 IJ.)Iuciferase ilssay reagent w3s 
added (in special Juminometer tubes, Promega). Lumines
cence was measured (10 sec) in a luminometer (LB9507, 
Berthold, Vilvoorde, Belgium). 

Example 2 

Immunization of Mice and Generation Og 
Hybridomas 

Immunization Protocol for -003 
HCo 12 mice were immuniz:ed eve.ry fortnight with 20 J.tg 

purified HA-CD38. The first immuni~tion WM performed 
i.p. in the presence of 100 IJ.] PBS, mixed with 100 IJ.] Com
plete Freund'sAdjuvant (CFA). After this first immunization, 
subsequent boosts (13x) with purified HA-CD38 were per
formed in the presence of 100 Jll PBS, mixed with I 00 Jll 
Incomplete Frew1d's Adjuvant OFA) alternating s.c. and i.p. 
After titer development, mice were boosted with 20 )lg HA
CD38 in PBS, i.v. 

Immun.i~tion Protocol for -005 and -024 
HCo12 mice were immunized every fortnight with 20 p.g 

purified HA-CD38 alternating with NIH-3T3-CD38 trans
fected cells. The first immuni~tion was perfonned with 
5x106 cells in 100 Jll PBS, mixed with 100 Jll CFA, i.p., the 
second and following immun.i~tions with HA-CD38 s.c., in 

Example 1 

Manufacturing Luciferase-Transfected (Daudi-Luc) 
Cells 

45 the presence of 100 Jll PBS, mixed with I 00 Jll lr"'A. The 
following immunizations with transfected cells were per
formed in the presence of 200 ~LI PBS. After titer develop
ment, mice were boosted with 20 flg HA-CD38 in PBS, i.v. 

Generation ofHybridomas Producing Human Monoclonal 
so Antibodies to CD38 

Culture of Daudi cells (originating from Burkitt's lym
phoma) was cultured in RPMI I640 culture medium supple
mented with 1 0% FCS (Optimum C24I, Wiseut Tnr. , St. 
Bruno, QC, Canada), 2 mM L-glutamine, 100 IU/ml pen.icil
lin, 100 mglwl streptomycin, I mM sodium pyruvate (all 
derived from Gibco BRL, Life Technologies, Paisley, Scot- 55 

land). Medium was refreshed twice a week. Before transfec
tion, cells were split and seeded out at I-1.5xi06 cells/ml to 
ensure viability and optimal growth. 

Luciferase Transfection 60 

8.2xi06 CD38 ... Daudi cells were taken up in 350 IJ.] RPMI 
(supplemented with 10% d.FCS, Gibco BRL) anrl trnnsferred 
to an electroporation cuvet (Biorad, Heme] Hempstead, 
Herts, UK). Then, 40 Jlg gWJZ Juciferase from GTS (Al
devron, Fargo, N. Oak., USA) and I 0 Jlg pPur vector (BD 65 

Biosciences, Alphen aid Rijn, The Netherlands), which con
fers puromycin resistance, were added. After resting cells on 

The mouse splenocytes were isolated from HCo12 mice 
·and fused with PEG to a mouse mydoma cell line based upon 
standard protocols. The resulting hybridomas were then 
screened for human antibody production by ELISA and for 
CD38 specificity using human CD38-transfected NS/0 cells 
by FACS analysis and recombinant HA-CD38 protein bind
ing by ELISA. Three hybridoma. cell lines were selected 
expressing the human monoclonal onti-CD38 antibodies, 
-003, -005 and -024, respectively. 

Example3 

Transfection of NIH Cells with CD38 

The vector (pclpuroCD38) for producing NIH-3T3-CD38 
cells was obtained from Prof. M. Glennie (Tenovns Research 
Laborntory, Southampton General Hospital, Southampton, 



TTS 7,829,673 B2 
151 

UK). NJH-3T3 cells (DSMZ,ACC 59; 150,000 cells/well; 0.5 
ml; 96-well flat-bottom plates, Greiner) were cultured in 
DMEM (supplemented with glucose [4.5 g/1), 10% FCS, 
L-p,lutamine, Na-pyruvate; RioWhittaker) for 24 h. Then, 
DNA (0.8 Jlg) and lipofectamine (Invitrogen, Breda, 111e 
Netherlands) were diluted in DMEM, and mixed (20 min, 
RT).1nereafter, the mixture (100 fll) was added to each well 
and incubated (ON, 37° C.). 

152 

Screening for CD38 Expression 
NJH-3T3-CD38 cells were washed (in 1 ml PBS) and 

trypsinized (200 fll, trypsin-EDTA, BioWhinaker). Then, I 
ml of DMEM was added and the m1xture pi petted into FACS 
tubes. After centrifugation (1200 rpm, 5 min), cells were 
washed in FACS Buffer(fB; PBS, 0.05% BSA, 0.02% NaN 3 ) 

15 
and resuspended in 1 ml FB. After centrifugation ( 1200 rpm, 

purification with immobilized metal affinity chromatogra
phy. In this process, a chelator fixed onto the chromatographic 
resin is charged with Co2 

... cations. Particularly, a sequence 
that includes 6 histidine amino acids strongly binds Co2 

.... 

Therefore the His-tagged CD38 proteins bind strongly to 
such a colunm, while other proteins present in the culture 
supernatant will flow through the column or will be washed 
away. The strongly bound His-tagged CD38 proteins are then 
eluted with a buffer containing imidazole, which competes 

10 with the binding of His to Co2 .... When sufficient His-CD38 is 
purified, the eluent is removerl from the protein by buffer 
exchange on i1 ciesalting column. 

5 min), supernatant was removed and mouse anti-human 
CD38 PE wo3 added (1,Su Jilutiuu, Sanquln, AOlsterdam, The 
Netherlands). After washing the cells twice in FB, cells were 
resuspended in FI3 fur acquisition by flow cytometry. 

Expansion and Selection 
20 

Aller trypsme treatment, cells were transferred to T25 
flasks (Greiner) in DMEM (supplemented with glucose 4.5 
g/1, 2 mM L-glutan1ine, and puromycin (2 Jlg/ml) BioWbit
taker). Puromycin-resistant cells were tested for stable CD38 25 
expression by flow cytometry after two weeks on puromycin
containing meclium. NJH-3T3-CD38 selected cells were sub
cloned by limiting dilution. After expanding these cells, alliS 
NJH-3T3-CD38 clones were screened for CD38 expression. 
CD38high NJH-3T3-CD38 cells were frozen in liquid nitro- 30 

gen ( -80° C.) until use. 

Culn1re ofNJH-3T3-CD38 Cells 

Example 4 

Rinrling of -003, ·005, ond 024 to 
CD38-Transfected CHO(CHO-CD38) Cells, to 

Daudi Luc Cells and to Fresh Multiple Myeloma 
(MM) Tumor Cells 

After harvesting and counting, Daudi-luc cells, CHO cells 
transfected with CD38 and control CHO cells were resus
pended in PBS (1xl06 cells/ml). TI1en, cells were put in 
96-well V-bottom plates (100 JlVwell) and washed twice in 
PBS-BSA (PBS supplemented with 0.1% BSA and 0.02% 
Na-aZJde). 'lbereafter, 50 Jll antibody solution in PBS-BSA 
was added to the cells (4° C., 30 min). After washing three 
times in PBS-BSA, 50 fll (1:400 dilution) of rabbit anti
human IgG-FlTC in PBS-BSA was added (4° C. in the dark, 
30 min). Cells were washed three times and specific bincling 
ofCD38-antiboclies to CHO-CD38 and Daudi-luc cells was 
detected by flow cytometry. HuMab-KLH (a human mono-Cells are cultured in DMEM (supplemented with glucose 

(4.5 g/1), 100/o FCS, 2 mM L-glutam.ine, Na-pymv:lte, peni
cillin, streptomycin). Cells are passaged twice a week by use 
of trypsin/EDTA and seeded in a concentration of 1x106 

cells/T75 flask. CD38high NJH-3T3-CD38 cells were frozen 
in liquid nitrogen ( -80° C.) until use. 

35 clonal antibody agamst KLH (keyhole limpet haemocyanin) 
generated by Genmab B. V., Utrecht, The Netherlands by use 
of the immunization protocols described elsewhere herein) 
was used as a control. FIGS. 1 and 2 show that -003, -005, 
and -024 bind to CHO-CD38 cells and to Daudi-luc cells, 

Purification of HA-CD38 Antigen 40 albeit with different EC50 (Table 1). No bincling to control 
CHO cells is observed (data not shown). Sepharose 48 (Amersham Bioscience, Uppsala, Sweden) 

was coupled with anti-CD38 antibody (Serotec, Oxford, 
UK). Column (column tube HR5/20 was packed to 12 em 
bedheight, column volume 2.4 ml; maximum flow rate 0.5 
ml/min) was equilibrated with at least 5 column volumes 45 

(CV) of PBS. Sample was filtrated a1~d loaded to the column. 
Column was washed with PBS until signal returned to base
line (approximately 3 CV). Elution was carried out with 0.1 
M glycine at pH 2. Eluted fractions were neutralized with 1% 
(v/v) 2M Tris-HCl, pH 9. 

Purification of Anti-CD38 Antibodies 

Fresh MM tun10r cells were obtained from Dr. Lokhorst 
(University Medical Center Utrecht, Utrecht, The Nether
lands. Tumor cells were isolated from bonemarrow of mul
tiple myeloma patients by Fico II (Bio Whittaker; lymphocyte 
separation meclium, cat 17-8298) gradient centrifugation. 
After harvesting and counting, MM cells (1 00,000 cells/well) 
were resuspended with 25 Jll FITC-labeled CD38-specific 
antibodies and 25 fll CD 138. After incubation ( 4 o C., 30 min), 

so cells were washed in PBS-BSA and PE-labeled goat-anti
mouse IgG (1:200; Jackson ImmunoResearch Europe Ltd. 
Soham, UK) was added. After incubation ( 4° C., 30 min) and 
washing of the cells in PBS-BSA, fluorescence was measured 
by flow cytometry. 

Human anti-CD38 antiboclies were purified from tissue 
culture supernatants. First, the supernatants were filtered over 
0.20 JlM dead-end filter. Then, the supernant was loaded on a 
5 ml Protein A column (rProtein A FF, Amersham Bio-

55 

science) and eluted with 0.1 M citric acid-NaOH, pH 3. The 
eluate was immecliately neutralized with 2M Tris-HCl, pH 9 

FIG. 3 shows that -003, -005 and -024 bind to MM cells. 

TABLE 1 

and dialyzed 0/N to 12.6 mM sodium phosphate, 140 mM EC
50 

values of binding of anti CD38-antibodies on CHO-CD38 

~!~l~sH:~:e ~~~r=~~~:i :e:r ~~~~e~~~~~e~~~~!~.sis 60 ___ __:<.e~· ~~~·~D~au~d!:.i-l!l!u~c ce~lls!..!sn!.!!d~fres~h ~MO!!M~tu~m~o~r~ce£!1~1s.'-----

Purification of His-CD38 Batches 
The protein is present in cell culture supernatant of His

CD38-expressing cells, with a DNA construct containing the 
sequence for the extracellular domain ofCD38. An additional 65 
poly-His-tag sequence is included in the constructs and 
present at the N-tenninus of the protein. This tag enables 

CD38-specific 
antibodies 

-003 
-005 
-024 

EC50 CHO-CD38 
(}.lg/ml) 

0.54 
0.23 
0.08 

ECso Daudi-luc EC50 MMcells 
()lg/ml) (!.t.glml) 

0.26 0.56 
0.09 0.04 
0.05 0.02 
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Example 5 

Antibody-Dependent Cell-Mediated Cytotoxicity 

Daudi-luc cells, fresh multiple myeloma tumor cells, fresh 
Plasma Cell Leukemia tumor cells and JK6L and AM0-1 
multiple myeloma cells were collected (5xl06 cells) in 
RPM!++ (RPM! 1640 culture medium supplemented with 
I 0% cosmic calf serum (HyCione, Logan, Utah, USA)), to 
which 100 f!Ci 51 Cr (Chromium-51; Amersham Biosciences 
Europe GmbH, Roosendaal, The Netherlands) was added, 
and the mixture was incubated in a 37° C. water bath for 1 hr. 
After washing of the cells (twice in PBS, 1500 rpm, 5 min), 
the cells were resuspended in RPM!- and counted by tryp;m 
blue exclusion. Cells were brought at concentration of lxl 05 

cells/mJ. 

Preparation ofEffc.:;to, Cc:lb 
Fresh peripheral blood mononuclear cells (healthy volun

teers, UMC Utrecht, Utrecht, The Netherlands) were isolated 
from 40 ml of heparin blood by Fico II (Bio Whittaker; lym
phocyte separation medium, cat 17-829E) according to the 
manufacturer's instructions. After resuspension of cells in 
RPM!++, cells were counted by trypan blue exclusion and 
brought at concentration of I x1 07 cells/mi. 

AOCCSetUp 

154 
Cambrex Bio Science Verviers, Verviers, Belgium, cat. 
I7-829E, lot no. 0148 32). Peripheral blood mononuclear 
cells (MNCS) were collected from the interphase, washed 
and resuspended in RPM! 1640 culture medium supple
mented with I 00/o FCS, 2 mM L-glutamine, 5 U/ml penicillin, 
50 f!g/ml streptomycin (all derived from Bio Whittaker) to 
which 25 nlM HEPES (BioWhinaker) was added. 

ADCC Set Up II 

10 Target B-cells (fresh plasma cell leukemia tumor cells, 
JK6L and AM0-1 B-celllines, obtained from Dr. T. Valerius, 
University of Erlangen, Erlangen, Germany) were labeled 
with 20 f!Ci 51 Cr (Amersham Biosciences, Uppsala, Sweden) 
for 2 hours. After extensive washing in RPMT-1 0, cells were 

15 
adjusted to I x 106 cells/mi. MNCs (50 p.l), sensitizing anti
bodies (50 fll), and RPMI-10 (50 f!l) were added to round
bottom microliter plates (Greiner Bio-One GmhH, Frir.:kP.n· 
hausen, Germany). Assays were started by adding fresh 
plasma cell leukemia tumor cells, JK6L or AM0-1 cells (50 

20 
f!l) giving a final volume of200 f!l. An effector to target (E:T) 
ratio of 40:1 was used. After incubation (3 hr, 3 7° C.), assays 
were stopped by centrifugation, and 51 Cr release from tripli
cates was measured in counts per minute (cpm) in a scintil
lation counter. Percentage of cellular cytotoxicity was calcu-

25 Ia ted using the following formula: 

50 f1l of 51 Cr-labeled targets cells were pipetted into 
96-well plates, and 50 fll of antibody was added, diluted in 
RPMJ++ (final concentrations 10, 1, 0.1, O.Ql f!g/ml). Cells 
were incubated (RT, 15 min), and 50 fll effector cells were 30 

added, resulting in an effector to target ratio of 100:1 (for 
determination of maximal lysis, 100 f!l 5% Triton-X100 was 
added instead of effector cells; for determination of sponta
neous lysis, 50 f1l target cells and 100 f1l RPM!- were used). 
Cells wen: spun down (500 rpm,~ min), and incubated (37° 35 
C., 5% C02 , 4 Lr). After spinning down cells (1500 rpm, 5 
min), 100 f1l of supernall:Jul was harvested into micronic 
tubes, and counted in gamma counter. The percentage specific 
lysis was calculated as follows: 

%specific lysis-( experimental cpm-basal cpmY 
(maximal cpm-basaJ cpm)x I 00 

with maximal 5 'Cr release determined by adding perchloric 
acid (3% final concentration) to target cells, and basal release 
was measured in the absence of sensitizing antibodies and 
effector cells. 

In both multiple myeloma cell lines (i.e. JK6L andAMO
I ), lysis is induced with both -003 and -005 (FIGS. 6 and 7), 
evt:n when CD38 expression1s low (AM0-1 cell line). 

-003, -005 and -024 induce ADCC of plasma cell leuke
mia primary tumor cells (FIG. SB). 

Example 6 

(cpm sample-cpm target cells onlyy{cpm maximal 
lysis-cpm target cells only) wherein cpm is 
counts per minute. 

In Daudi-luc cells (FIG. 4 and Table 2)-003, -005, and 
-024 induce lysis by ADCC, and -003, and -005 perform 
slightly better than rituximab (anti-CD20 mAb ). Interest
ingly, also when fresh multiple myeloma tumor cells (ob
tained from Dr. H. Lokhorst, UMCU, The Netherlands) are 
used as target cells, ADCC is induced by -003, -005 and 
-024 (FIG. SA and Table 2). 

TABT.F. 2 

ECS!l va.lues ofCD38-speeific antibodies obtl!jned in A DCC: 

. EC50 Daudi-luc 
CD38-specific antibodies (nglml) 

-003 9.0 
-005 4.'i 
-024 9.7 

EC50 MMcells 
(nglml) 

21 
5.7 

56 

Enrichment of Human Peripheral Rlooct Mononuclear Cells 
Erlangen 

Human blood from human volunteers (university Erlan
gen, Erlangen, Germany) was diluted twice in RPM! I 640 
and blood cells were layered on Fico II (Lymphocyte Separa
tion Medium 1077 glml, 7IO g, RT, 20 min; BioWhittaker, 

10 
Complement-Dependent Cytotoxicity 

After harvesting and counting of Daudi-luc cells, the 
viability of the cells should be 6;90%. After washing (PBS), 

45 cells are resuspended at 2.0xl 06 cellslml in RPMI-B (RPMI 
supplemented with I% BSA). Thereafter, cells are put in 
96-well round-bottom plates at lxi05 cells/well (50 Jll/well). 
Tben, 50 fll antibodies is added to the wells (final concentra
tion range between 0-100 f1g/m1 (three-fold dilutions in 

so RPMI-13)). After incubation (RT, 15 min), II f1l of pooled 
human serum (pool of 18 healthy donors) was added to each 
well (37n C., 45 mln). Wells were resuspended once and 120 
~Ll wa~ lrdnsferred to FACS tubes (Greiner). Then, 10 ~tl 
propidium iodide (PI; Sigma-Aldrich Chemic B.V.) was 

55 added ( 10 f!g/ml solution) to this suspension. Lysis was 
detected by flow cytometry (FACScaliburTM, Becton Dickin
son, San Diego, Calif., USA) by measurement of the percent
age of dead cells (corresponds to PI-positive ~.:t:lls). 

FIG. 8 and Table 2 show that lysis of Daudi-luc cells is 
60 induced by -005 (-60% maximum lysis) and that lysis by 

-003 is only seen at very high antibody concentrations. -024 
does uul induce CDC in Daudi cells (data not shown). In 
CHO-CD38 cells, lysis is induced by both -003, -005, and 
-024 (FIG. 9 and Table 3). Lysis by -003 is induced at higher 

65 concentrations. In tumor cells (all obtained from Dr. Lokhorst 
and Dr. Bloem, University Medical Center Utrecht, The Neth
erlands), obtained from different MM patients (A: 3% refrac-
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tory twnor cells, B: 9% refractory twnor cells, C: 30-40% 
tumor cells, and D: 70% tumor cells), CDC-mediated lysis is 
observed in the presence of -005, but not in the presence of 
-003 (FIG. 10). -024 also induced lysis ofMM twnor cells 
(FIG. 10E). 

TABLE3 

EC50 values ofCD38-specific antibodies obtained in CDC 

EC50 Daudi-luc EC50 CD38·CHO 

CU38-specific antibodies {l.lglml) (j.lg!ml) 

-003 >90 3.14 

-005 0.33 0.14 

-024 >90 0.24 

Example 7 

Cross-Block Studies Using FACS 

CHO-CD38 cells were incubated with an excess of unla
belled CD38-specific antibody (4° C., 15 min). Then, cells 
were incubated with FITC-labeled CD38-specific antibodies 
(concentration approximates EC90, 4° C., 45 min). After 
twice washing the cells with PBS-BSA, fluorescence was 
measured by flow cytometry. FIG. 11 shows that unlabelled 
-003 blocks binding ofFITC-Iabeled -003, whereas binding 
of FITC-Iabeled -005 is not blocked. Also unlabelled -005 

10 

15 
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PBSffween) and the HRP mediated substrate conversion is 
measured using an ELISA reader at OD 405 nm. 

Example 10 

Reactivity with a Panel of Human Tissues and 
Cross-Reactivity with Cynomolgus Tissue by 

Immunohistochemistry 

Sections from frozen human tissue (obtained from Dr. H. 
Niessen, Free University Medical Center, Amsterdam, The 
Netherlands) or muuk~.::y tissue (lnveresk Research, Glasgow, 
Scotland) were cut at 6 f.ll1l and air-dried overnight. TI1ese 
cryostat sections were fixated in acetone (RT, 10 min) and 
air-dried (approx. 5 min). Thereafter, sections were incubated 
with 1 x citric acid/phosphate buffer containing 0.1% H20 2 
(pH 5.8; Sigma), to block endogenous peroxidas~.::. After 20 
min at RT, sections were washed twice with PBS and 0.05% 
Tween-20 (PBST, RT, 5 min; Riedel de-Haen, Germany). 

20 ll1en, sections were incubated with avidin (RT, 15 min; 
DAKO, Glostrup, Denmark), washed twice with PBSl~ and 
incubated with biotin (RT, 15 min; DAKO) to block endog
enous biotin. After washing the sections twice with PBST, 
sections were pre-incubated with PBST*+ (PBST supple-

25 mented with I 0% normal human serum (NHS, CLB, Amster
dam, Netherlands) and 10% normal goat serum (NGS; 
DAKO) (RT, 20 min). After blotting-off of the pre-incubation 
serum, sections were incubated with FITC-labeled primary 
antibody diluted in 2% PBST++ at the indicated concentra-

30 tions (RT, 60 min). Thereafter, sections were incubated with 
rabbit-antJ-FlTC (1: 1000; DAKO) in 2% PBST++ (RT, 30 
min). After washing the sections with PBST, sections were 
incubated with goat-anti-rabbit-biotin (1 :400; DAKO) in 2% 

blocks binding of FITC-Iabeled -005, whereas binding of 
FITC-laheleci -003 is not blocked. -003 and -005 bind to 35 

PBsr+ (RT, 30 min). Then, sections were washed and incu
bated with SABC-HRP (1:100; DAKO) in2% PBST* ... (RT, 
30 min). After washing the sections twice in PBST, tl1cy were different epitopes, because they do not compete for binding. 

Example 8 

Cross-Blocking Studies Using ELISA 

Soluble human CD38 is coated on the surface of an ELISA 
plate. Coated CD38 is incubated with an excess of unlabelled 
CD38 specific antibodies for about 15 minutes and subse
quently biotinylated CD38-specific antibodies are added 
(concentration approximates EC90, RT, 1 hour). After wash
ing three times with PBS/Tween, horseradish peroxidase 
(HRP)-conjugated streptavidine is added and the mixture is 
incubated for 1 hour at RT. The complex can be detected by 
addition of an ABTS-solution and the HRP mediated sub
strate conversion is measured using an ELISA reader at OD 
405 nm. 

Example 9 

Cross-Blocking Studies 1Jsing Sandwich-ELISA 

incubated (RT, IU min) with amino-ethyl-carbazole (AEC)
development solution (50 mM acetate buller, pH4.9, 0.01% 
H20 2; Riede)-de-Haen). Finally, sections were washed in 

40 millipore H20 (5 min) and counterstained with hematoxylin 
(DAKO). By use of glycergel (37° C.), sections were fixed 
with cover slips, and studied by light microscopy (Axiovi
sion-2; Zeiss, TI1omwood, N.Y., USA). 

Bronchial epithelium is stained with -003 and -005 (FIGS. 
45 128 and 13B) as well as striated muscle (myocytes, FIGS. 

12C and 13C), macrophages, lymphocytes and plasma B cells 
(FIGS. 12A and 13A). -024 has a similar staining of striated 
muscle and bronchial epithelium, but staining was less 
intense. No staining of endothelial cells is observed, neit11er 

50 with-003 (FIG.14D), -005 (14E) nor-024 (data not shown), 
whereas clear staining was observed with the positive control 
antibodies against endothelial cell markers CD31 (FIG.14A) 
and vWF (14B). Anti-KLH was used as negative control 
antibody (FIG. 14C). -003 (FIG. 120) and -024 (data not 

55 shown) but not -005 (FIG.l3D) cross-react with cynomolgus 
monkey lymphoid tissue. 

Examplt: 11 

CD38 specific antibodies are coated on the surface of an 60 

ELISA plate. Plate-bound antibodies are incubated with 
biotinylated soluble CD38 in the presence of an excess of 
CD38 specific antibodies in fluid phase. After washing with 
PBS/Tween, bound biotinylated CD38 is detected with HRP- 65 
conjugated streptavidine for 1 hr at RT. This complex can be 
detected by addition ofanABTS-solution (after washing with 

Cross-Reactivity with Cynomolgus or Rhesus 
Monkey Peripheral Blood Mononuclear Cells 

(PBMCs) by Flow Cytometry 

5 ml of cynomolgus monkey peripheral blood (lnveresk 
Research) were lysed by adding 4.5 ml shock buffer (1. 7 mM 
NH4CL, 1 mM EDTA), 40 ml H20 and 450 Jl) 10% KHC03 . 

After hemolysis cells were centrifuged (1200 rpm, 10 min) 
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and washed thrice in PBS. After counting cells with trypan 
blue, cells were resuspended in PBS-BSA (lx106 ceiVml). 

17.5 ml of rhesus monkey peripheral blood (BPRC, 
Rijswijk, The Netherlands) was diluted 1:1 with RPM11640 
and layered on Ficoll (1.077 glml; BioWhittaker, cat. 
17-829E, lot no. 0148 32).A.ftercentrifugation (710 g, RT, 20 
min), the interphase was collected and washed twice in 
RPMI. After the last wash cells were resuspended in RPMI 
1640 at a concentration of lx105 cells/50 J.t.l. 

Cells were transferred to 96-well plate (100,000 PBMCs/ 
weiii), washed in FACS buffer (PBS, 0.05% BSA, 0.02% 
NaN3) and incubated with the primary antibodies (4° C., 30 
min). After washing in PBS-BSA, 50 J.LI FITC-labeled rb-anti
higG (DAKO, Glostrup, Denmark) was added (4° C., 30 
min). Finally, cells were collected in FACS tubes in a total 
volume of 150 J.LL Samples were measured and analyzed by 
use ofFACScalibur™ (Becton Dickiuson. San r>iegn, l.11lif, 
USA). 
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after administration of cells. In therapeutic setting III, anti
body (100 J.Lg/mouse) was administered 7 days after admin
istration of cells. For imaging, mice were anesthetized by i.p. 
injection of a mixture of ketamine/xylazine/atropine. Syn
thetic D-Luciferin (sodium salt, Molecular Probes) was given 
i.p. at a dose of 25 mglml. Mice were then placed in a light 
tight box and after 3 min, imaging was started using a Ver
sArray BOOB liquid nitrogen cooled CCD detector (Roper 
Scientific). Photons emitted from the luciferase were counted 

10 over an exposure period of 5 min. Under illumination black 
and white images were made for reference. Meta Vue soft
ware (Universal Imaging Corp) was used for data collection 
and image analysis. Statistical significance of differences 
between groups was established using one-way analysis of 

IS variance with a Newman-Keuls post test using GraphPad 
PRISM version 3.02 (Graphpad Software Inc). 

TABLE4 
With flow cytometry cross-reactivity of -003 on cynomol

gus lymphocytes (FIG. 1SA) and monocytes (FIG. lSB) was 20 

shown, but not of -005. AJso in rhesus monkeys, cross-reac
tivity of -003 was observed on mononuclear cells, but not of 
-005 (FIG. 15C). 

Treatment settinQ.s for in vivo luciferase e.xperiments 

E"'PerimentAI setting 

Preventive setting 
Therapeutic setting 

Antibody treatment 
(days after cell inoculation) 

0 
7 

14 
7 

Antibody dose 
().lg/mouse) 

100 
300 

10 
100 

Example 12 

Internalization Experiments 

25 Therapeutic setting II 
Therapeutic setting III 

CHO-CD38 cells were stained with a saturating concen
tration of FITC-Iabeled CD38-specific antibodies (on ice, 30 30 

min). After washing of cells (in RPMI1640 supplemented 
with 10% FCS), one cell pool was warmed up to 37° C. to 
allow internalization, and the other pool was left on ice. At 
several time intervals (0-120 min) cell aliquots were taken 
and transferred to ice-cold PBS-BSA to stop internali;r,ation. 35 

After washing samples twice with PBS-BSA, EtBr (diluted in 
PRS-RSA, final concentration 2 mg/ml) was added to the 
samples to quench membrane-bound FlTC. Fluorescence 
was measured by flow cytometry. 

FIGS. 17A and 17B show that -003 and -005 inhibit 
growth of tumor cells in the preventive setting and in thera
peutic setting I, similar to the inhibition observed for the 
anti-CD20 antibody. Both antibodies perform significantly 
better than the isotype control antibody. AJso in therapeutic 
setting II CD38-antibodies slow down the growth ofDaudi
luc tumor cells (FIG. 17C). In therapeutic setting III, -003 
and -024 show a clear inhibition of Daudi-luc tumor cell 
gmwth (FIG. 170). 

Example 14 

FIGS.16A and 16B show that -Om ancl-005 are internal- 40 

ized by CHO-CD38 cells within 5 minutes at 3 7° C. Apoptosis 

Example 13 

In Vivo SCID-Luciferase Experiments 

In this model rumor cells are transfected with firefly 
luciferase. Upon administration of luciferin (Molecular 
Probes, Leiden, The Netherlands)to the mice the labeled cells 
can be detected in vivo by bioluminescent imaging using a 
highly sensitive CCD camera, cf. Wetterwald et al., American 
Journal of Pathology 160(3 ), 1143-1153 (2002). 

Daudi cells were transfected with gWIZ luciferase from 
Gene Tht:rdpy Systems (San Diego, Calit) and cultured in 
RPMI with 10% FCS, Pen/Strep, Sodium Pyruvate and 1 
J.Lg/ml puromycin (Sigma). Cells were analysed for luciferase 
expression (expressed in RLU/1 xl05 cells) in a lwninometer 
and for CD38 expression by FACS. 2.5xl06 luciferase-trans
fected Daudi cells/mouse were injected i.v. into SCID mice. 
Mice were treated with -003, -005, isotype control antibody 
(HuMab-KLH) or rituximab ( anti-CD20 antibody). Antibod
ies were injected intraperitoneally. Four treatment settings 
were used (see Table 4). In the preventive setting, antibody 
(100 J.Lg/mouse) and cells were administered simultaneously. 
In therapeutic setting I, antibody (300 J.Lg/mouse) was admin
istered 7 days after administration of cells. In therapeutic 
setting II, antibody (10 J.Lg/mouse) was administered 14 days 

Apoptosis assay was carried out according to the manufac
turer's instructions (Annexin-V Apoptosis kit, BD Bio-

45 sciences, AJphen a.d. Rijn, Netherlands). In short, CD38 
mAbs were added to 2.5xl05 cells (luciferase-transfected 
Daudi cells, in 0.5 ml RPMI+ 4 in a 24-wells plate), in a 
concentration of 5 J.Lg/ml -003 or -005 or an anti-CD20 
antibodies alone or in the presence of cross-blocking rb-anti-

50 hlgG (50 J.Lg/mJ). 
After incubation (37° C., 5% C02, 20 hr), cells were har

vested carefully, and washed with Binding Buffer (1200 rpm, 
4° C., 5 min, BD Biosciences). Pellet was resuspended in 100 
J.LI Binding Buffer. Then, 5 J.LI Annexin-V-FITC (BD Bio-

55 sciences) and 10 J.LI PI (BD Biosciences) was added to the 
suspension and incubated for 15 minutes at RT. 400 J.LI Bind
ing Buffer was added and the samples were measured (PI 
readout in FL2). For analysis of apoptotic cells, all Annexin
V-positive cells were counted by flow cytometry using a 

60 FACScalibur flow cytometer with CeiiQuest pro software 
(BD Biosciences). At least 10,000 events were collected for 
analysis. This population includes both PI ·positive as well as 
PI-negative cells. 

FIG.18 shows that -003 and --005 do not induce apoptosis. 
65 However, after cross-linking, apoptosis of target cells is 

observed. -003 induced apoptosis after cross-linking that was 
similar to apoptosis induced by an anti-CD20 antibody (rit-
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uximah). -005 was less nblc to induce apuptosis after cross
linking. Similar results were obtained with RAMOS cells as 
target cells (data not shown). 

Example 15 

Effect of -005 on Tissue Graft B Cells in RA-SCID 
Mouse Model 

Implantation of Synovial Tissue 10 

160 
Scoring of Staining Intensity 

Scoring of stained synovial tissue xenografts was per
formed in a blinded fashion by two trained persons. First the 
strongest section was selected from a series of sections and 
this reference section was awarded the maximum score 8. The 
staining intensity in the other sections was then scored on a 
scale of 0 to 8, relative to the reference section. 

Statistical Analysis 

Scoring of staining intensity was analyzed by Kruskal
Wnllis one-way ANOYA followed by Ounn's multiple com-
parison test using Graph Pad Prism version 4.01 (Graph Pad 

SCID-mice, strain C.B.-17/IcrCrl-SCID-bg, male/female, 
4-12 weeks, purchased from Charles River Laboratories 
N~::lherland (Maastricht, the Netherlands) were kept in NC 
cages under standard conditions of temperature and light, and 
wt:rt: fed laboratory chow and water ad libitum. Prior to 
implantation, mice (three mice in each experimental group, 
day 0) were anesthetized by intraperitoneal injection of kct· 
amine (NIMATEK, EuroYet) and xylazine (Rompw1, Bayer) 
at ratio 1: I. A small incision of the skin W<IS made using 
surgical scissors.lnflamed synovial tissue from a patient with 
rheumatoid arthritis undergoing joint replacement surgery 

15 
software, Inc., San ))iego, Calif., USA). 

FIG. 19 and FIG. 21 show that the numbers of anti-CD38-
positive pla&ma cells are reduc.:u <~fler treatment with -005. 
Staining of plasma cells with anti-CD 138 confirms that -()()5 

20 
results in reduced numbers of plasma cells (FIGS. 20 and 22). 

was implanted subcutaneously as a cluster of six small frag-
ments (total2-3uun3) on each flank oft he mouse.111ewound 
was closed using Pcrmacol cyanoacrylate glue. On day 1 of 25 

the experiment, remaining synovial tissue was analyzed in 
order to check forB cells in the inflamed synovial transplant~. 
-005 (12 mg/kg) or control antibody (anti-KLH, 10 mg/kg) 
was injected (i.v.), in a volume of 200 Jll on day 8 of the 

30 
experiment. At the end of the experiment (day 14) mice were 
3ncriG .. cJ IJy C02 lnbatat10n and the synovial grafts were 
explanted. One of the grafts was snap-frozen in OCT com
pound (TissueTek, Sacura Finetek Europe) for further immu

Example 16 

Sequencing of the Coding Sequence of Human 
Antibodies Against CD38 

RNA Preparation 

Total RNA was prepared from Sx1 06 cells of the h,vbri-
doma cell Jines expressing the monoclonal antibody -003, 
-005 and -024, respectively, with the RNeasy kit (Qiagen, 
Wcstburg, Lcusden, Netherlands) according to the manufac-

nhistochemical analysis, anci ;mother one wos frozen by 35 turcr's protocoL 
immersion in liquid nitrogen for further RNA analysis. 

Immunohistochemistry 
5 11M cryosections on SuperFrost (Menzel GmbH, Braun

schweig) slides were prepared using LEICA CMI 900 cry-
40 

ostate and stored at -80° C. 1nawed sections were fixed in 
acetone for 10 min, dried at room temperature and washed 
3x5 min in PBS. All steps were performed at room tempera
ture. Endogenous peroxidase activity was blocked by incu
bation with PBS supplemented with 0.3% hydrogen peroxide 45 

and 0.1% sodium azide for 20 min. Slides were washed 3x5 
min in PBS :md incubated with 10% normal human serum 
(NHS)/1 0% normal rabbit se= (NRbS) in PBS/I% BSA for 

eDNA Preparation of -003, -005 and -024 

5'-RACE-Complementary DNA (eDNA) of RNA was pre
pared from 100 ng total RNA, using the SMART RACE 
eDNA Amplification kit (Cion tech), following the manufac-
turer's protocol. 

Oligonucleotide primers were synthesized and quantified 
by Isogen Bioscience (Maarsscn, The Netherlands). Primers 
were dissolved in H20 to 100 pmoi/Jll and stored at -20° C. A 
summary of all PCR and sequencing primers is tabulated 
(Table 5). For PCR, PfuTurbo® Hotstart DNA polymerase 
(Strata gene, Amsterdam, The Netherlands; product# 600322) 

30 min. Next, primary antibody (mouse mAb) diluted in PBS 
supplemented with 1% BSA/1 0% NHS/10% NRbS was incu
bated for 60 min. After 3x2 min washes in PBS, HRP-conju
gate (goat anti-mouse Ig-HRP; OAKO P0447) diluted 1:50 in 
PBS (supplemented with 1% BSA/10% NHS/10% NRbS) 
was added for 30 min. Peroxidase signal was enhanced using 55 

TSA ™ Biotin system (Perkin Elmer Life Sciences, 
NEL 700). Slides were washed 3x2 min in PBS and incubated 
with biotinyl tyramide diluted 1:1600 in amplification buffer 
for 30 min. Atter 3x2 min washes in PBS, streptavidin-HRP 
diluted 1:400 in PRS (supplemented with 1% BSA) was 60 

added for 30 min. Slides were washed 3x2 min in PBS and 
incubated with DAB solution (DAKO Cytomation K3465) 

was used according to the manufacturer's instructions. Each 
50 

reaction mix contained 200 llM mixed dNTPs (Roche Diag-

for 5 min. Color reaction was stopped with distilled water. 
Finally, slides were counterstained with hematoxylin 65 
(MERCK), washed with running water and covered with 
Kaiser's glycerin and cover slips. 

nostics, Almere, The Netherlands; product# 1 R 14362), 12 
pmol of the reverse primer (RACEGIA1 for Yn~003-005, 
RACEY HApai for V H3003-003 and RACEY LBsiWI for 
Y£3003-003 and 005), 7.2 pmol UPM-Mix (UPM-Mix: 211M 
ShortUPMI-13 and 0.4 JlM LongUPMH3), 0.6 ).1.1 of the 
5'RACE eDNA template, and l.S unit ofPfuTurbo® Hotstart 
DNA polymerase in PCR reaction buffer (supplied with poly
merase) iil alutal volume of30 111. PCR reactions were carried 
out with a TGradient Thermocycler 96 (Whatman Biometra, 
Goettingen, Germany; product# 050-801) using a 35-cycle 
program: denaturing at 95° C. for 2 min; 35 cycles of95° C. 
for 30 sec, a 55° c. for 30 sec, and 72° c. for 1.5 min; fmal 
extension at 72° C. for 1 0 min. If appropriate, the PCR mixes 
were stored at 4 ° C. until further analysis or processing. 
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Name 

ShortUPMH3 

RACEG1Al 

M13rcvcrl!le 

LongllPMH3 

HCseqS 

VH3003-003for 

VH3003-Sfor 

VL3003-Sexfor 

VL3003-003for 

VH300324exfor 

161 

TABLE 5 

Primers 

Sequence 

TGAAAGCTTCTAATACGACT~ArTATAGGGC 

GAAGATGAAGACAGATGGTGCAGCCACCGTACG 

GGAGGGTGCCAGGGGGAAGACCGATGGGCCCTT 

GGGAGTAGAGTCCTGAGGACTG 

GGATAACAATTTCACACAr.r, 

TCAAAOCTTCTAATACUACTCACTATAGGGCAAG 
CAGTGGTATCAACGCAGAGT 

GGTCAGGGCGCCTGAGTTCCACG 

GATAAGCTTGCCGCCACCATGGACTGGACCTGGA 
GGTTCCTC 

GATAAGCTTGCCGCCACCATGGAGTTTVGGGCTG 
AGCTGGCTT 

GATAAGCTTGCCGCCACCATGGAAGCCCCAGCTC 
AGCTTCTC 

GATAAGCTTGCCGCCACCATGAGGGTCCTCGCTC 
1\GCTCCTG 

GATAAGCTTGCCGCCACCATGGGGTCAACCGCCA 
TCCTCUCC 

VL3003 24- ~exfvL GATAAGCT'l'GCCGCCACCATGGAAGCCCr;AGCTC 
1\\JL:'J"I'I "l't' 

Cloning of -003-2F5 VHand VL. and -OO:'i V L. and -024 V H 

and V, in pGEMT-Vector System li 
1be reaction products were separated by electrophoresis 

on a 1% 'lAJ::i. agarose gel and stained with ethidium bromide. 
Bands of the correct size were cut from the gels and the DNA 
was isolated from the agarose using the Qiaexll gel extraction 
kit (Qiage11, cat no 20021 ). 

Gel isolated PCR fragments were A tailed by a I 0 min 72° 
C. incubation with 200 J.LM dATP and 2.5 units Amplitaq 
(Perkin Elmer) and purified using minielute columns 
(Qiagen). A-tailed PCR fragments were cloned into the 
pGEMTeasy vector (Promega) using the pGEMT easy vector 
system II kit and protocol (LJ270, page 3/4). 2 ~ uf the 
ligation mixture was transformed into OneShot DH5aT1R 
competent E. Coli (Invitrogen) and plated on LB/ Amp/lPTG/ 
Xgal plates. 

Sequencing 

162 

SEQ lO NO: 

38 

39 

40 

41 

42 

43 

45 

46 

47 

46 

49 

iO 

35 vector coutains the heavy chain constant region of human 
lgG 1. The V H PCR fragment was inserted, in frame, into the 
pConG1f0.4 vector usiug Hindiii and Apa1. The construct 
was checked by sequence analysis. 

The V H coding region of -005 was amplified by PCR from 
40 a pGemT plasmid clone containing the V H region of -005, 

using the primers V n3003-5 for and RACEVHApal, intro
ducing suitable restriction sites (Hindi II and A pal) for clon
ing into pConGIID.4 and an ideal Kozak sequence. The VH 
PCR fragment was inserted, in frame, into the pCooG1 f0.4 

45 vector using Hindlll and A pal. The construct was checked by 
sequence analysis. 

The V H coding region of -024 was amplified by PCR from 
a pGemT plasmid clone containing the Vu region of -024, 
using the primers V u300324exfor and RACEVHApal intro-

50 ducing suitable restriction sites (Hindi]] and Apal) for clon
ing into pConG1ID.4 and an ideal Kozak sequence. The V H 

PCR fragment was inserted, in frame, into the pConGlf0.4 
vector using Hindlll andApal. The construct was checked hy 

The V-regions -003 and -024 and the -005 V L. region were 
sequenced by AGOWA (Berlin, Genmmy) after picking 
respectively 20 (V .1'.1003 ), 16 (V c003 ), 15 (V cOOS) and G 
(VH and VL-024) white colonies, isolating plasmid and 55 

sequencing with the M13 reverse primer. The -005 V Hregion 
was sequenced directly on the PCR product by using primer 
HCseq5. Sequences were analyzed using the Vector NTl 
advanced suite (Invitrugen). 

sequence analysis. 
The V H coding region of Morpbosys antibody 3079 was 

synthesized by GeneArt (Regensburg, Germany), based on 
the data published in patent WO 2005/103083 A2. The coding 
region was cocion optimized for expression in HEK cells to 
enhance expression levels and suitable restriction sites (Hin-

Generation of Expression Vectors for Antibody -003, 
-005, -024 and Morphosys Antibody 3079 

The V Heading region of -003 was amplified by PCR from 

60 diii and Apal) for cloning into pConGlf0.4 and an ideal 
Kozak sequence were introduced. The plasmid containing the 
synthetic V H region was digested withApal and Hindlli and 
the V H fragment was inserted, in frame, into the pConG 1 f0.4 
vector. 

a pGemT plasmid clone containing the V H region of -003, 
using the primers V n3003-003 for and RACEVHApal, intro
ducing suitable restriction sites (Hindlll and Apai) for cion- 65 

ing into pConG 1 f0.4 (Lonza Biologics, Slough, UK) and an 
ideal Kozak sequence (GCCGCCACC). The pConGIID.4 

The V L. coding region of -005 was amplified by PCR from 
a pGemT plasmid clone containing the VL region of -005, 
using the primers V£-003-Sexfor and RACEVLBsiWI, intro-
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ducing suitable restriction sites (Hindiii and Pft23II) for clun
ing into pConKappa0.4 (Lonza Biologics) and an ideal Kozak 
sequence. The pConKappa0.4 vector contains the kappa light 
chain constant region. The V L PCR fragment was inserted, in 
frnme, into the pConKappa0.4 vector using Hindlii and 5 

Pft23II. The construct was checked by sequence analysis. 
The V L coding region of -003 was amplified by PCR from 

a pGemT plasmid clone containing the VL region of -003, 
using the primers VL3003-003for and RACEVLBsiWI, 
introducing suitable restriction sites (Hindiii and Pfi2311) for 10 

cloning into pConKappa0.4 and an ideal Kozak sequence. 
The VL PCR fragment was inserted, in frame, into the 
pConKappa0.4 vector using, HindlTT and Pft23ll. The con
stnlct was checked by sequence analysis. 

lbeVL coding region of -024 was amplified by PCRfrom 15 

a pGemT plasmid clone containing the VL region of -024, 
using the primers VL3003-24-5exfor and RACEVLBsiWJ, 
introducing snitilhlP re'lltriction ~itc3 (IIimllll auJ PI123Il) tor 
cloning into pConKappa0.4 and an ideal Kozak sequence. 
1l1e V 1_ PCR fragment was inserted, in frame, into the 20 

pConKappa0.4 vector using Hindlll and Pfl2311. lbe con
struct was checked by sequence analysis. 

Ihe V L coding region of Morphosys antibody 3079 was 
synthesized by GeneArt, based on the data published in WO 
2005/103083. The coding region was codon optimized for 25 

expression in HEK cells; to enhance expression levels and 
suitable restriction sites (Hindi II and Pfi2311) for cloning into 
pConKappa0.4 and an ideal Kozak sequence were intro· 
duced. The plasmid, containing the synthetic V L region, was 
digested with Pft23II and Hindiii and the V H fragment was 30 

inserted, in fran1e, into the pConKappa0.4 vector. 
Antibodies were transiently expressed in HEK-293F cells, 

as described in Example 17, by cotransfecting their heavy 
chain and light chain vectors. 
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gradient (or another specific annealing temperature) for 30 
sec, and no C. for 3 min; final extension at no C. for I 0 min. 
If appropriate, the PCR mixtures were stored at 4° C. until 
further analysis or processing. 

Agarose gel electrophoresis was performed according to 
San1brook (Sambrook, Russell et al. 2000) using gels of 50 
ml, in 1 xTris Acetate EDTA buffer. DNA was visualized by 
the inclusion of ethidium bromide in the gel and observation 
under W light. Gel images were recorded by a CCD can1era 
and an image analysis system (GeneGnome; Syngene, via 
Westburg B.V., Leusden, The Netherlands). 

Purification of desired PCR fragments was c::~rried out 
using a Min.l:ilute PCR Purification- Kit (Qiagen, via West
burg, Leusden, The Netherlands; product# 28006), according, 
to the manufacturer's instructions. Isolated DNA was quan
tified by W spectroscopy (see below) and the quality was 
assessed by ap,arose \l.el electrnph0rP.iis, 

Alternatively, PCR or digestion products were separated 
by agarose gel electrophoresis (for instance when multiple 
fragn1ents were present) using a I% Tris Acetate EDTA aga
rose gel. TI1e desired fragment was excised from the gel and 
recovered using the QIAEX II Gel Extraction Kit (Qiagen; 
product# 20051 ), according to the manufacturer's instruc
tions. 

Optical density of nucleic acids was determined using a 
NanoDrop ND-1000 Spectrophotometer (lsogen Life Sci
ence, Maarssen, 'The Netherlands) according to the manufac
turer's instructions. The DNA concentration was measured 
by analysis of the optical density (OD) at 260 ll11l (one 
OD260,m unit=50 1-lg/ml). For all samples, the buffer in which 
the nucleic acids were dissolved was used as a reference. 

Restriction enzymes and supplements were obtained from 
New England Biolabs (Beverly, Mass., USA) or Fennetas 
(Vilnius, Lithuania) and used according to the manufacturer's 

Generation of Stable Cell Lines in CHO-KISV Cells 
Fur generation of stable cell lines, the heavy and light chain 

vectors of -003 or -005 were combined in a single double 
gene vector by standard cloning techniques. 

35 instructions. DNA (100 ng) was digested with 5 units of 
enzyme(s) in the appropriate buffer in a final volume of I 0 j.tl 
(reaction volumes were scaled up as appropriate). Digestions 
were incubated at the recoJlllllended temperature for a mini-

·The double gene vectors of -003 or -005 were linearized 
and transfected into CHO-KISV (Lonza Biologics) cells, 40 

essentially as described by the manufacturer. Stable cell lines 
were selected by selection with 25 ~lM L-Methionine sul
phoximine (MSX) as described by Lonza Biologics. Top 
producing clones were selected and propagated in CD-CHO 
(Invitrogen) meditun and antibodies were purified from cell 45 

culture supernatant as described in Exan1ple 3. 

Example 17 

mum of 60 min. For fragments requiring double digestions 
with restriction enzymes which involve incompatible buffers 
or temperature requirements, digestions were performed 
sequentially. If necessary digestion products were purified by 
agarose gel electrophoresis and gel extraction. 

Ligations of DNA fragments were performed with the 
Quick Ligation Kit (New England Biolabs) according to the 
manufacturer's instructions. For each ligation, vector DNA 
was mixed with approximately three-fold molar excess of 
insert DNA. 

Plasmid DNA (1-5 1!1 of DNA solution, typically 2 1!1 of 
Epitope Mapping Using Site Directed Mutagenesis 

Oligonucleotide primers were synthesized and quantified 

so DNA ligation mix) was transformed into One Shot DH5a
TIR E. coli cells (Invitrogen, Breda, The Netherlands; prod
uct# 17?97-016) uoing the he.:tt-~llu(;k method, according to 
the manufacturer's instructions. Next, cells were plated on 
Luria-Bt:rlani (LB) agar plates containing 50 j.tg/ml ampicil-

by IGogcn Dio6 ... ieut.:t: (MMrssen, The Netherlands). Primers 
were dissolved in HP to 100 J.UllOIIJ.LI and storerlat -20° C. A 
summary of all PCR and sequencing primers is shown in 
Table 6. For PCR, PfuTurbo® Hotstart DNA polymerase 
(Stratagene, Amsterdam, The Netherlands) was used accord
ing to the manufacturer's instructions. Each reaction mix 
contained 200 ~lM mixed dNTPs (Rodu: Diagnostics, Aim
ere, The Netherlands), 10 J.UllOI of both the forward and 60 
reverse primer, 100 ng of genomic DNA or 1 ng of plasmid 
DNA and 1 unit of PfuTurbo® Hotstart DNA polymerase in 
PCR reaction buffer (supplied with polymerase) in a total 
volume of 20 1!1. PCR reactions were carried out with a 
TGradient Thermocycler 96 (Whatman Biometra, Goettin- 65 

gen, Germany) using a 32-cycle program: denaturing at 95° 
C. for 2 min; 30 cycles of 95° C. for 30 sec, a 60-70° C. 

55 lin. Plates were incubated for 16-18 hat 37° C. until bacterial 
colonies became evident. 

Bacterial colonies were screened for the presence of vec
tors containing the desired sequences vio colony PCR using 
the ThermoStart PCR Master Mix (Abgene, via Wetsburg, 
Leusden, The Netherlands; product#AB-938-DC15/b) and 
primers pConGlseql and pEE13.4seqrev2 (Table 6). 
Selected colonies were lightly touched with a 20 J.L1 pipette tip 
and touched briefly in 2 m1 LB for small scale culture, and 
then resuspended in the PCR mix. PCR was performed with a 
TGradient Thermocycler 96 using a 35-cycle program: dena
turation at 95° C. for 15 min; 35 cycles of94° C. for 30 sec, 
55° c. for 30 sec and 72° c. for 2 min; followed by a final 



us 7,829,673 82 
165 

extension step of 10 min at 72° C:. If appropriate, the PCR 
mixtures were stored at 4° C. until analysis by agarose gel 
electrophoresis. 

Plasmid DNA was isolated from E. coli cultures using the 
following kits from Qiagen (via Westburg, Leusden, lbe s 
Netherlands), according to the manufacturer's instructions. 
For bulk plasmid preparation (50-150 ml culture), either a 
HiSpt-'Cd Plasmid Maxi Kit (product# 12663) or a HiSpeed 
Plasmid Midi Kit (product# 12643) was used. For small scale 
plasmid preparation (:!:2 ml culture) a Qiaprep Spin Mini prep 10 

Kit (product# 27106) was used and DNA was eluted in 50 J.LI 
elution buffer (supplied with kit). 

Constmction of HA-CD38 Expression Vector 
pEEB.4HACD38 

The extracellular domain of human CD38 Wlls llmplified 15 

from plasmid pClpuroCD38 (obtained from Prof. M. Glen
nie, Tenovus Research Laboratory, Southan1pton General 
Hospital, Southampton, l rf<.) using primers cJ.38furha and 
cd38exrev. By this PCR reaction an HA-tag was introduced. 
Tltis PCR pmclnr.t was used as tcmplat~ fur a second PCR 20 

reaction with primers SPHMM38ex and cd38exrev. By tll.is 
PCR reaction, signal peptide SPHMM, restriction sites and an 
ideal Kozak sequence (GCCGCCACC) for optimal expres
sion were introduced. After purification, this PCR fragment 
was cloned into expression vector pEEI3.4 (Lonza Biolog- 25 

ics) and the complete coding sequence was confim1ed by 
sequencing with primers pConKseq1, pEE13.4seqrev, 
cd38seqlfor and cd38seq2rev (Table 6). 11lis construct was 
named pEE13.4HACD38 
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ethanol, incubated for 20 minutes at -20° C. and spun down 
for 20 minutes at 4° C. at 14000xg. 11le DNA pellet was 
washed with 70"/o ethanol, dried and dissolved in 4 J.LI water. 
The total 4 ~LI reaction volume was transformed in One Shot 
Top 1 ODH5a T1 R competent E. coli cells (Invitrogen, Breda, 
Tbe Netherlands) according to the manufacturer's instmc-
tions (lnvitrugen). Next, cells were plated on Luria-Bertani 
(LB) agar plates containing 50 J.Lg/ml ampicillin. Plates were 
incubated for 16-18 h at 3 7° C. until bacterial colonies 
became evident. Colonies were screened by colony PCR 
using primers pConGlseql and pEE13.4seqrev2 (Table 5) 
and digested with the relevant restriction C~U:ymcs to screen 
fur incorpor.:1tion of the mutagenic oligonuck·otide. 2 positive 
clones for each mutant were grown and plasmid DNA WllS 
isolated. The complete HACD38 coding sequence was deter
mined using primers cd38seq If or, pConG 1 seq 1 and 
pEE13.4seqrev2 to confirm the prP."Pnt:c of the mutation; aml 
the absence of additional undesirable mutations. 

DNA Sequencing 
Plasmid DNA samples were sent to AGOWA (Berlin, Ger

many) for sequence analysis. Sequences were analyzed using 
Vector NTI advanced software (Infom1ax, Oxford, UK). 

Transient Expression in HEK-293F Cells 
Frcestyle1'M 293-F (a TIEK-293 subclone adapted to sus-

Site-Directed Mutagenesis 
Three sineh~ mutant proteins ofhuCD38 was constructed, 

in which Twas mutated to A at position 237 (f23 7 A, SEQ lD 
No:32), Q was mutated toR at position 272 (Q272R, SEQ ID 
No:33), or S was mutated to Fat position274 (S274F, SEQ lD 
No:34). Site-directed mutagenesis was perfom1ed using the 35 

QuickChange II XL Site-Directed Mutagenesis Kit (Strat
agene, Amsterdam, T11e Netherlands) according to the manu
facturer's instructions. This method included the introduction 

pension growth and chemically defined Freestyle medium, 
(HEK-293F)) cells were obtained from Invitrogen and trans
fected with pEE13.4HACD38 and with the three constructs 
carrying the mutations T237A, Q272R and S274F, according 
to the manufacturer's protocol using 293fectin (Invitrogen). 

3° Culture supematimts oftransfected cells were used in ELISA 
for anti-CD38 binding studies. 

of a silent extra restriction site or loss of a restriction site to 
screen for successful mutagenesis (extra Xba1 site for T23 7 A 40 

mutant, extra Bcg1 site for Q272R mutant and loss of Ssp1 
site for S274F mutant). Briefly, 5 J.Ll10x reaction buffer, 1 J.Ll 
oligonucleotide HACD38T237 Afor2, HACD38Q272Rfor or 
HACD38S274Ffor (100 pmoi/J.l]), 1 J.LI oligonucleotide 
HACD38T237 A.rcv2, HACD38Q272Rrev or 45 

HACD38S274Frev (100 pmoi/J.l]), 1 ~11 dNTP mix, 3 J.LI 
Quicksolution, 1 ~11 plasmid pEE13.4HACD38 (50ng/~tl) and 
1 J.Ll PfuUltra HF DNA polymerase were mixed in a total 
volume of 50 J.!] and amplified with a TGradient Thermocy
cler 96 (Whatman Biometra, Goettingen, Germany; product# so 
050-801) using an 18-cycle program: denaturing at 95° C. for 
1 min; 18cyclesof95° C. for 50 sec, 60° C. for 50 sec, and 68° 
C. for 10 min. PCR nl.ixtures wem stored at 4 ° C. until further 
processing. Next, PCR mixtures were incubate<! with 1 ~11 
Dpnl for60nlinat37° C. to digestthepEE13.4HACD38 WT 55 

vector and stored at 4° C. until further processing. The reac
tion mixture was precipitated with 5 J.l]3 M NaAc and 125 J.LI 

Name 

Anti-CD38 Antibody Binding 
ELISA plates (Greiner,# 655092) were coated 0/N at4° C. 

with 1 J.Lg anti-HA antibody (Sigma, # H-9658) and subse
quently blocked with 2% chicken serum. Culture superna
tants oftransfected HEK293F cells were diluted, applied to 
the ELISA plates and incubated for I hr at RT. After washing, 
serial dilutions of HuMabs -003 and -005 were added and 
incubated for 1 hr at RT. Bound antibodies were detected with 
HRP-conjugated goat-anti-human lgG antibodies. Tbe assay 
was developed withABTS (Roche,# 1112597) and the absor
bance was measured at 405 nn1 using a spectrophotometer. 

As can been seen from FIGS. 23A-23C, both -003 and 
-005 bind to wt human CD38. T11e binding of -003 was not 
affected by the introduction of mutations T23 7 A (FIG. 23A), 
Q272R (FIG. 23B) or S274F (FIG. 23C). -005 was able to 
bind CD38 harboring mutation T237A (FIG. 23A). Binding 
of -005 to CD38 with mutation Q272R was severely affected 
(FIG. 23B), both with respect to EC50 and maximum binding 
capacity. -005 was not able to bind to mutant CD38 wherein 
serine at position 274 was replaced by pheny)alaninP. (FIG. 
23C). 

These data shows that -003 and -005 bind to different 
epitopes. Furthermore these studies revealed that binding of 
-005 to CD38 is sensitive to mutations at positions 272 and 
274. Particularly S274 is essential for -005 binding to CD~R. 

TABLE 6 

Primers 

SEQ ID NO: 

cd3Bforha CTGCTGTGGCCCATGGTGTGGGCCTACCCTTAC 
GACGTGCCTGACTACGCCAGGTGGCGCCAGACG 
TGGAGC 

Sl 
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TABLE 6-continued 

Primers 

Name Sequence 

~u3Sexrev AGGTCAGGTACCTCAGATCTCAGATGTGCAAG 

SPHMM3Bex TATAGCCCGGGGCCGCCACCATGTGGTGGCGCC 
TGTGGTGGCTGCTGCTGCTGCTGCTGCTGCTGT 
GGCCCATGGTGTGGGCC 

pConKseql GTAGTCTGAGCAGTACTCGTTGC 

pEEl3.4seqrev TGCATTCATTTTATGTTTCAGGT 

pEEl3.4seqrev2 TCGGACATCTCATGACTTTCTTT 

cd3Bseqlfor AGGACACGCTGCTAGGCTACCTT 

cd3Sseq2rev GTCCTTTCTCCAGTCTGGGCAAG 

HAC03BT237Arev2 TrCACCATGThTCACCCAGGCCTCTA~AGCCTG 

AACCTTCTCTGGTTG 

HAC03ST237Afor2 CAACCAGAGAAGGTTCAGGCTCTAGAGGCCTGG 
GTGATACATGGTGGA 

HACD3S0272Rrev GATATTCTTCCAGGAAAATCGAATA'l"l'CCTTTT 
GCTTAT 

HACD38Q272Rfor ATAAGCAAAAGGAATATTCGATTTTCCTGCAAG 
AATATC 

H~rn11li:':I71I'""-~ T.:T.:Ot»W<'l'A'l"l't.:TTGCAGAAAAATTGAATGTT 
CCTTTTGCTTATA 

HAC03BS274Ffor TATAAGCAAAAGGAACATTCAATTTTTCTGCAAG 
AATATCTACAGA 

Example 18 
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SEQ IO NO: 

52 

53 

54 

55 

56 

57 

59 

59 

60 

62 

63 

64 

65 

Induction of Proliferation ofPBMC 

-003, -005 and -024 were tested in an assay essentially as 
described in Ausiello et al., Tissue antigens 56, 538-54 7 
(2000). Briefly, PBMCs from healthy donors were cultured at 

(Sigma-Aldrich Chemie, Zwijndrecht, TI1e Netherlands) in 
500 J.Ll RPMJ-. After an 0/N incubation at 37° C., superna-

40 taut was harvested and stored at -20° C. The IL-6 concentra
tion was assessed by ELISA (IL-6 ELJSA kit, U-CyTech 
Biosciences, Utrecht, TI1e Netherlands) according to the 
manufacturer's instructions. Data are shown mean conceu-

1 xl 05 cells/well in fiat bottom 96-well plates in the presence 4s tration in pg/ml (±SEM) from 7 donors. The results show that 
-003 and -005 does not induce release of significant JL-6 
levels (FIG. 248). Also -024 did not induce release of sig
nificant lL-6 levels (data not shown). 

of antibodies (final concentration: 1.1-3.3-10-30 J.Lg/ml) in 
200J.ll RPMI-. Stimulation of cells with IL-15 (at333 ng/ml; 
Amgen Inc., Thousand Oaks, Calif., USA) was used as posi
tive control. After a 4 day incubation at 37° C., 30 J.L] 3 H-thy
midine (16.7 J.LCi/ml) was added, and culture was continued so 
0/N. 3 H-thymidine incorporation was assessed using a Pack
ard Cobra gamma counter (Packard Inst.mmr.nt~, Meridliln; 
Dl, USA), according to tht: wanufacturer's instructions. Data 
are shown as the me11n cpm (:tSEM) ofPBMCs obtained from 
lOdonors. The results show that -003 and -005 do not induce 55 

significant proliferation of PBMCs (FIG. 24A). Also -024 
did not induce significant proliferation of PBMCs (data not 
shown). 

Exan1ple 19 

Induction of lL-6 

-003, -005 and -024 were tested in an assay as described 
inAusiello et al., Tissue antigens 56, 538-547 (2000). Briefly, 
PBMCs were cultured at 1 xl 06 cells/well in 48-well plates in 
the presence of 20 J.Lg/ml of antibodies and 10 ng/ml LPS 

Example 20 

Induction ufRelease ofiFN-y 

-003, -005 and -024 were tested in an assay as described 
in Ausiello et al., Tissue antigens 56, 538-547 (2000). Briefly, 
PBMCs were cultured al 1 xl 06 cells/weJl in 48-well plates in 
the presence of 20 J.Lg/ml of antibodies and 1 Jlg/ml OKT-3 

60 (Sanquin, Amsterdam, The Netherlands) in 500 J.L] RPMJ ....... 
After an 0/N incubation at 3 7° C., supernatant was harvested 
and stored at -20° C. The JFN-y concentration was assessed 
by ELISA (IFN-y ELISA kit, U-CyTech Biosciences, Utre-

65 cht, The Netherlands) according to the manufacturer's 
instructions. Data are shown mean concentration in pg/ml 
(±SEM) from 9 donors. The results show that -003 and -005 
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does not induce release of detectable IFN-y levels (FIG. 24C). 
Also -024 did not induce release of significant IFN-y levels 
(data not shown). 

Example 21 

Affinity of Binding of -003 and -005 to 
Recombinant CD38 

Binding of -003 and -005 to CD38 was tested using sur
face plasmon resonance. Briefly, purified antibodies were 
immobilized on a CM-5 sensor chip (Biacore, Uppsala, Swe· 
den) via anime coupling. IIA-tagged CD38 (see Example 3) 
was flowed over, and the binding of antigen to mAb was 
detected by a change in refractive index at the surface of the 
chip using a Biacore 3000 (Biacore ). The associated and rate 
constants for -003 (Table 7) and -005 (Table 8) are snmm::.
rized below, mean of 3 experiments:t:SD, and show that both 
-003 and -005 have a high affinity for CD:IR. 

TABLE 7 

Association and rate constants at 25° C. -003 

k. (1/Ms) 
kd(l/s) 
K_.(l/M) 
Kv(M) 

2.17 X 105 " 2.65 X \04 

1.9 X ] 0-4 :o; 4.51 X 1 0~ 
1.14x 109 x 1.58x 108 

8.85 X 10-IO% 1.2 X JO-IO 

TABLES 

Association and rate constants at 25" C. -005 

k. (1/MS) 
~(lis) 
K_.(l/M) 
Kv(M) 

8.88 X 104
: 1.95 X \04 

5.22 X 10-4 " 1.16 X 10-5 

1.7x 108 x3.68x 107 

6.06 X 10·9 " J.2] X 10-9 

Example22 

Epitope Mapping 

Epitope Mapping Using PEPSCAN Method 
According to known procedures (Geysen et al. 1984. Use 

of peptide synlhesis to probe viral antigens for epitopes to a 
resolution of a single amino acid. Proc Nat! A cad Sci USA 
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microarray with an 0.5 mM solution of2,6-bis(bromomethyl) 
pyridine or 2,4,6-tris(bromomethyl)mesitylene in ammo
nium bicarbonate (20 mM, pH 7 .9), supplemented with aceto
nitrile (1:1 [volume/volume]). TI1e microarrays were gently 

s shaken in the solution for 30-60 min, while completely cov
ered in the solution. Finally, the microarrays were washed 
extensively with excess of Millipore H20 and sonicated in 
disrupt-buffer containing 1% sodium dodecylsulfate, 0.1% 
~-mercaptoethanol, in PBS (pH 7.2) at 70° C. for 30 min, 

10 followed by sonication in millipore H20 for another 45 min. 
PEPSCAN ELISA-Assay 
Th~ 455-well crediT card-format polyethylene cards, con

taining the covalently linked peptides, were incubated with 
serum (e.g. diluted 1:1000 in blocking solution which con-

15 tains 5% horse serum [volume/volume]) and 5% ovalbumin 
[weight/volume]) (4° C., overnight). After washing, the pep
tidec were incubated with tabbil-auii-human Ig peroxidase 
(dilution 1:1000, 25° C., 1 hour), and after washing the per
oxidase substrate (2,2'-azino-di-3-ethylbenzthial'.oline sul-

20 fonate and 2 flllml 3% H20 2) was added. After one hour, the 
color development was measured with a CCD-can1era and an 
image processing system. The set up consists of a ceo
camera with a 55 mm lens (Sony CCD Video Can1era 
XC-77RR, Nikon micro-nikkor 55 mm f/2.8lens), a camera 

25 adaptor (Sony Camera adaptor DC-77RR) and the Image 
Processing Software package Optimas, version 6.5 (Media 
Cybernetics, Silver Spring, Md. 20910, U.S.A.; Optimas runs 
on a pentium IT computer system). 

Method for Epitope Representation 
30 Individual amino acids were identified by dipeptide motifs 

which represent the smallest unique units in the human CD38 
amino acid sequence. All dipeptide motifs present in each of 
the 1164 peptides tested were awarded the ELISA value 
obtained for the respective whole peptide. To rank the dipep-

35 tide motifs from strong to poor binding, a relative signal was 
calculated by dividing the ELISA value obtained for each 
individual motif by the average ELISA value from all1164 
tested linear and looped peptides, and these were sorted for 
decreasing values. In this manner, amino acid contributions to 

40 conformational epitopes were considered. For each of the 
mAb tested, all dipeptide motifs scoring above 2.5 (i.e. 
ELISA values of peptides containing these motifs were at 
least 2.5 times the average ELISA value of those obtained 
with all 1164 peptides) were selected. TI1e data were de-

45 convoluted into single amino acid contributions represented 
on the linear CD38 sequence by a scoring system. By walking 
along the linear CD38 sequence and by using the unique 
dipeptide units as a reference point, one point was awarded 
each time a CD38 amino acid was present in this set of high 

81 :3998; Slootstra et al. 1996. Structural aspects of antibody
antigen interaction revealed through small random peptide 
Iibrdries. Mol Divers 1 :87; Puijk et al. 2001. Segment synthe
sis. In PCT, TI1e Netherlands, p. 1.), overlapping 20-mer 
linear and 15-mer looped peptides were synthesized covering 
13!1 am inn 11cids at the C-tenninus ofhuman CD38. Pui1he•
more, based on the sequence at the C-terminus single-looped 
pep tides of different size were made covering region KNIYR
PDKFLQCVKNPEDSSCTSEI (SEQ ID NO: 66), region 
CVHNLQPEKVQTLEA WVlHGG (SEQ ID NO: 67), and 
region CLESIISKRNIQFSAKNIYRC (SEQ ID NO: 68). In 
addition, extra sets were designed to reconstmct nouble
Iooped regions that were composed ofSKRNIQFSCKNIYR 
(SRQ TD NO: 35) and EKVQTLEAWVIHGG (SEQ ID NO: 60 

36). Native cysteines were replaced by alanines. Peptides 
were screened in l'ln ELISA-assay using credit-curd format 
mini-PEPSCAN cards. · 

50 scoring peptides. 
-003, 005 and -024 were all found to bind to the regions 

SKRNJQFSCKNJYR (SEQ ID NO: 35) and EKVQTLE
AWVIHGG (SEQ ID NO: 36) of human CD38. -003 espe
cially recognized the motifs RNIQF (SEQ ID NO: 69) and 

55 WVIH (SEQ 1D NO: 70), -005 especially recognized the 
motifs KRN and VQTL (SEQ ID NO: 71 ). 

Exawplt: 23 

Enzymatic Activity 

The enzymatic activity of human CD38 was measured in 
an assay essentially as described in Graeff et a!., 1. Bioi. 
Chem. 269, 30260-30267 (1994). Briefly, substrate NGD+ 

65 (80 j.I.M) was incubated with CD38 (0.6 j.lg/ml His-tagged 
extracellular domain ofhuman CD38, see Example 3 regard
ing purification ofHis-CD38) in a buffer containing 20 mM 

Synthesis of Peptides 
The peptides were synthesized using standard Fmoc

chemistry and deprotected using TFA with scavengers. Sub
sequently, the deprotected peptides were reacted on the 
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Tris HCI, pH 7.0. The production of cGDPR can be moni
tored spectrophotometrically at the emission wavelength of 
410 nm (excitation at 300 nm). In this example an excitation 
filter of 340::t60 nm and an emission filter of 430::t8 nm wils 
used. 

1b test the effect of -003, -005 and -024 on the enzymatic 
activity of CD38, recombinant His-CD38 protein was pre
incubated for 15 min at room temperature with various con
centrations (30, 3, 0.3 and 0.03 f.!g/ml) of the different anti
bodies before adding the substrate NGD .... The production of 10 

cyclic GOP-ribose (cGDPR) was recorded at different time 
points after addition of antibodies (3, 6, 9, 12, 30, 45, 60, 75 
and 90 min). 

FlU. 25B shows that -005 bas a pronounced inhibitory 
effect on the production of cGDPR. After 90 minutes, addi- 15 

tion of 30 and 3 f.!g/ml -005 resulted in a 32% and 34% 
reduced production of cGDPR (Table 9). Similar results were 
ob~c1 vt:d iu iwlependent expemnents using different batches 
of -005. 

No inhibitory effect on cGPDR production was observed 20 

after addition of -003 (FIG. 25B, Table 9), -024 (FIG. 25D, 
Table 9) or anti-KLH (FIG. 25A, Table 9). 

Based on these findings -005 is also expected to inhibit the 
synthesis of Cyclic ADP-ribose (cADPR) from NAD .... Inhi
bition of the synthesis of cADPR can be determined accord- 25 

ing to the HPLC method described in Munshi et al., J. Bioi. 
Chern. 275, 21566-21571 (2000). 

KLH 
-003 
-005 
-024 

TABLE9 

cODPribose production in presence of 
CD~O-S!le¢1hc antibodies or anti-KLH. 

Production(% ofNGD control) 

30J.l1Yml 3 J!g/ml 0.3 J.l!Yml 

llO 99 108 
99 100 107 
68 66 98 
99 100 104 

0o0JJ•efml 35 

Ill 
107 
102 
105 
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and expression of Morphosys antibody TH-3079 are 
described in Example 16. Methods for CDC are described in 
Example 6. Methods for ADCC are described in Example 5. 
FIG. 26A shows that -005 and -003 and TH-3079 induce 
CDC-mediated lysis of CD38-transfected CHO cells, with 
similar maximal lysis. When EC50 values are compared, -005 
antibody is better than TH3079 in inducing lysis of CHO
CD38 cells, with 2-times lower EC50 (see Table 10). 

FIG. 26B shows that -005 is superior to TH-3079 in induc
ing CDC-mediated lysis ofDaudi-luciferase cells, with maxi
mallysis by -005 being 2-3 times higher than by TH3079. 
When EC50 values are compared, -005 antibody is similar to 
TH-3079 in inducing lysis of Daudi-luciferase cells (see 
Table 10). -003 does not induce significant CDC-mediated 
lysis of Daudi-luciferase cells. 

FIG. 26C shows that in this experiment -005, -003 and 
TH-3079 mediate lysis of Daudi target cells via ADCC. No 
difference was found in (log) EC50 and maximal lysis (Table 
11, n=5). 

-005 

TABLE10 

Maximal lysis and EC50 values of 

CD38-specific antibodies in CDC. 

ECSO ~glml % Max. lysis EC50 ~ml % Ma~ ly<i< 

0.15 "'0.007 76.5 :d.54 0.39 "'o.oo 70.5 "'7.78 

TH-3079 0.31:0.021 81.5 ;,7.78 0.34:0.26 25.5"' 12.02 

-003 4.5 :t:0.933 62.0"' 16.79 nc 12 :t: R4Q 

TABLE 11 

Maximal lysis and EC50 values of 
40 ------------~C~D~38~m~oc~·n~·c~an~t~ib~o~ru~~willnaA~D~C~C~.-----------

Exan1ple 24 

Comparison of -003 and -005 with Morphosys 
Antibody 3079 

Antibodies -003 and -005 were functionally compareci to 
Morphosys antibody 3079 (TH-3079). Methods for cloning 

<160> NUMBF.R OR SEQ ID NOC. 71 

<210> SEQ ID NO 1 
<211> L~GTH: 321 
<212> TYPE: DNA 
<213> ORGANISM: Homo sapiens 

<400> SEQUF.NrE: 1 

SEQUENCE LISTING 

-005 
45 -003 

TH3079 

Log ECSO 

0.76 
1.17 
0.96 

gacatccaga tgacccagtc tccatcctca ctgtctgcat ctgtaggaga cagagtcacc 60 

atcacttgtc gggcgagtca gggtattagc agctggttag cctggtatca gcagaaacca 120 

gagaaagccc ctaagtccct gatctatgct gcttccagtt tgcaaagtgg ggtcccatca 180 

aggttcagcg gcagtggatc tgggacagat ttcactctca ccatcagcag cctgcagcct 240 

Ma;<imal STDmax. 
STD log ECSO lysis(%) lysis 

0.18 49.2 12.8 
0.23 64 14.2 
0.10 43.8 12.0 
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-cont:inued 

gaagattttg caacttatta ctgccaacag tataatagtt accctcggac gttcggccaa 300 

gggaccaagg tggaaatcaa a 321 

<210> SEQ ID NO 2 
<211> LENGTH: 107 
<212> TYPE: PRT 
<21)> OK~lSM: Homo sapiens 

<400~ SEQUENCE: 2 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala SP.r Val Gly 
1 5 10 15 

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp 
20 ?~ )0 

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile 
35 40 45 

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe SQr Gly 
so 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro 
65 70 75 so 

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Arg 
BS 90 95 

Thr Phe Gly Gln Gly Thr I;yil Val Gln Ile LyJO 
100 105 

<210> SEQ ID NO 3 
<211> LENGTH: 11 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 3 

Arg Ala Se:r Glu Gly I1e ser Ser Trp 
1 5 

.010' OCQ 11:. 1q.::. q 

<211> LENGTH: 7 
.-:::212 > TYPE: PRT 
r213~ ORGJ\NISM: Homo sapit:::Jn:~ 

<400> SEQUENCE: 

Ala Ala Ser Ser Leu Gln Ser 
1 5 

<210> SEQ ID NO 5 
<211> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM: Homo 

<400> !:EQUENCE: 5 

Gln Gln Tyr Asn Ser 
1 5 

<210> SEQ ID NO 6 
<.!.U> LJ.:.Nt!'l'H: 366 
"212> TYPE: DNA 

sapiens 

Tyr Pro Arg Thr 

<213> OK~ISM: Homo sapiens 

<400> SEQu&NCE: 

Leu Ala 
10 

tcctgcaagg cttctggagg caccttcagc agctatgctt tcagctgggt gcgacaggcc 120 

174 



TJS 7,R?.Q,f.73 82 
175 

-continued 

cctggacaag gacttgagtg gatgggaagg gtcatccctt tccttggtat agcaaactcc 

gcacagaaat: cccagggcag agtcacaacc accgcggaca aatccacgag cacagcctac 

atggnr.r.rga gcagcctgag atctgaggac acggccgtat attactgtgc gagagatgat 

atagcagcac ttggtccttt tgactactgg ggccagggaa ccctggtcac C!'jtctcctca 

gcctcc 

<210:..- SEQ ID NO 7 
~'-11.,. LENGTW, 122 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 7 

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser 
1 5 10 15 

Ser Val Lye Val Ser Cys Lys Ala Ser Gly Gly Thr Phe Ser Ser Tyr 
20 25 30 

Ala Phe Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met 
35 40 45 

Gly Arg Val Ile Pro Phe Leu Gly Ile Ala Asn Ser Ala Gln Lys Phe 
so 55 60 

Gln Gly 1\rg Val Thr Ile Tlu Ala Asp Lys Ser Thr Ser Thr Ala Tyr 
65 70 7~ su 

Met Asp Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cye 
~~ Qn 9~ 

Ala Arg Asp Asp Ile 111.:1 Ala Leu Gly P"v Phe Asp 'lyr 'l'rp Gly Gln 
100 lOS 110 

r,J,y Thr Leu Val Thr V"l Ser St~L lila !:cr 
115 120 

<210> SEQ ID NO 8 
<211> LENGTH: 5 
<:212> TYPE: PRT 
,01), ORl'lAI.U.!II•I: liUIIIU YaplenS 

~400> SEQUENCE. 9 

Ser Tyr Ala Phe Ser 
1 5 

<:210> !:EQ ID NO 9 
<211> LENGTH: 17 
<212> TYPE: PRT 
<:213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 9 

A14 val ue l'ro PhP Leu Gly Ile l\1.:>. 
1 5 

Gly 

<210> SEQ ID NO 10 
<211> LENGTH: ll 
~~ll> 'l'YI'I:!: PRT 
~213> ORGANISM: Homo sapiens 

<:400> SEQUENCE: 10 

Asp Asp lle Ala Ala Leu Gly Pro Phe 
l s 

<210> $EQ ID NO 11 

Asn 
10 

Asp 
10 

Ser Ala Gln Lys 

Tyr 

Phe ~;ln 
15 

176 

180 

240 

300 

360 

366 



<211> LENGTH: 321 
<212> TYPE: DNA 

177 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 11 

gaaattgtgt tgacacagtc tccagccacc 

ctctcctgca gggccagtca gagtgttagc 

ggccaggctc ccaggctcct cacctatgat 

aggttcagt.g 9'-'"\:JLgggtc cqggacagac 

gaag..,ttttg cagtttatta ctglc:agcag 

gggaccaagg tggaaatcaa a 

<210> SEQ 10 NO 12 
<211> LENGTH: 107 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<4nn, SEQUENCE: 12 
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ctgtctttgt ctccagggga aagagccacc 

agctacttag cctggtacca acagaaacct 

gcatccaaca gggccactgg catcccagcc 

t.t.e1~rtctca. ccatcagcag CL:Layagcct: 

cgtagcaact ggcctccgac gttcggccaa 

Glu Ile val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly 
1 5 10 15 

Glu Arg Ala Thr Leu Ser r.yR Arg Ala Scr Gln SeL Val Ser Ser Tyr 
20 25 30 

L"u Ala Trp '!'yr Gln Gln tJys Prn Gly Gln 1\1:> Pro A1:g L"u Leu !le 
15 40 45 

Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pl:O Ala Arg Phe Ser Gly 
so 55 60 

ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Prn 
65 70 75 80 

Glu Asp Phc Ala Val Tyr Tyr L'ys Gln Gln Arg !';er Asm Trp I'ro Pro 
as 90 95 

Thr Phe Gly Gln Gly Thr Ly:o Val mn n .. r.vn 
100 105 

<210> SEQ ID NO 13 
.::~11:... LENGTH: 11 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 13 

Arg Ala Ser Gln Ser Val Ser Ser Tyr Leu Ala 
1 5 10 

<210> SEQ ID NO 14 
<:211> LENGTH: 7 

<2l2 ~ TYPP.· Pl1'1' 

<213> ORGAlUSM: Homo sapiPnl'l 

<400> SEQUENCE: 14 

l<.sp Ala Ser Asn Arg Ala Thr 
1 5 

<210> SEQ ID NO 15 
<211> !JENG'l'H', 10 
<212> TYPE: PRT 
<213 > ORGANISM: Homo sapienc 

<400> SEQUENCE: 15 

Gln Cln Arg S<!L ARn Trp Pro Pro Thr Ph" 
1 5 10 

178 

60 

120 

180 

240 

300 

321 
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<210> SEQ ID NO 16 
<211> LENGTH: 372 
<212> TYPE: DNA 
<213> ORGANISM: Homo ""pi ens 

<400> SEQUENCE: 16 

gaggtgcagc tgttggagtc tgggqgaggc ttggtacagc ctgggggyLc cccgagactc 

tcacgtgcag tctctggatt caccttcaac agctttgcca tgR()Ctgggl: ccgcC"!-Jqct: 

cr:ngagaagg ggctgg.;,yLg ggr.ctcagct attagtyyla gtggtggtgg cacatactac 

gcagactccg tgaagggccg gttcaccatc tccag,.gaca attcca.agaa c:acgctgtat 

ctgcaaatga acagcctgag agccgaggac acggccgtat atttctgtgc gaaaqatalil'i,l 

attctctggt tcggggagcc cgtctttgac tactggggcc agggaaccct ggtcaccgtc 

tco,;Lc:agcct cc 

<-llU> S!.:Q ID NO 17 
<211::. LENGTH: 124 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 17 

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly 
1 5 10 15 

Ser Leu Arg Lt!U ser l:yA Ala Val .Cer Gly !?he ·rnr Phe Asn Ser I? he 
20 25 1n 

Ala Met Ser Trp Val Arg Gln Ala l?ro Gly Lys Gly Leu Glu Trp Val 
35 40 45 

Ser Ala Ile Ser Gly Scr Gly Gly Gly Thr Tyr Tyr Ala Asp Ser Val 
50 55 60 

Lyo Clly A.r.!:J Phe '!'hr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 
65 70 75 80 

Leu Gln Met Asn Ser Leu Ar9 Ala Glu l\a'O Thl" ~ 1 • ll:.l 'l'}•r riu:: Cy>1 
~~ 90 95 

Ala Lyo Aep Ly~ Ile Leu Trp Phe Gly Glu Pro Val Phe Asp Tyr Trp 
100 105 110 

Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser 
115 120 

<210, SEQ ID NO 18 
<211> LENGTH: 5 
<212> TYPE: PRT 
<213> ORGANISM: Homo 

<400> SEQUENCE: 18 

s"r Phc Ala Mt!l ser 
1 5 

<210> SEQ ID NO 19 
<211> LENGTH: 17 
<212> TYPE: PRT 

sapiens 

~~l~~ U~UAN!SM: Homo sapiens 

<400> ~EQUENCE: 19 

Ala lle Ser Gly Ser Gly Cly aly Thr Tyr Tyr Ala Asp Ser Val Lys 
1 5 10 15 

Gly 

180 

60 

1~0 

180 

240 

1on 

360 

372 
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<210> SEQ ID NO 20 
<211> LENGTH: 13 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 20 

Asp Lys Ile Leu Trp Phe Gly Glu Pro Val Phe Asp Tyr 
1 5 !0 

<210:.. SEQ IO NU 21 
<~11~ LENCTII. 321 
<;212> TYPE: DNA 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 21 

gaaattgtgt tgacacagtc tccagccacc ctgtctttgt ctccagggga aagagccacc 60 

cLctcccgca gggccagtca gagtgttagc age tact tag cctggtacca acagaaacct 120 

ggccaggct:c ccssgctcct C<\tCtiltOIIt art-too.aat~a ~~~'-'-cc:cyg c:.tcccagcc 180 

aggttcagtg gcagtgggtc tgggacagac ttcactctca ccatcagcag cctagagcct 240 

gaagattttg cagtttatta ctgtcagcag cgtagcaact ggcctctcac tttcggcgga 300 

gggaccaagg tggagatcaa a 321 

<210> SEQ ID NO 22 
<211> LENGTH: 107 
<212> TYPE: PRT 
<213> ORGANISM: Hnmn capian11r 

<400> SEQUENCE: 22 

Glu Ile Val Leu Thr Gln Ser Pro Ala Th< Leu ser r..eu SPr. P:r;o Gly 
5 10 15 

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln SP.r Val Scr Ser Tyr 
<u 2s 30 

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Gly Leu Leu Ile 
35 40 "i 

Tyr Asp Ala Ser Asn Arg Ala Ser Gly Ile Pro Ala Arg Phs Ser Gly 
so 55 60 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leu Glu Pro 
65 70 75 BO 

Glu Asp Phe Ala Val Tyr Tyr Cya Gln Gln Arg Ser Asn Trp l'ro Leu 
as 90 95 

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys 
100 lOS 

<210> SEQ ID NO 23 
o..lll> Lt::.NLi'l'H: u 
<212> TYPE: PRT 
...:.213_:. ORGANISM: Homo sapiens 

.:;400> Sli:QTIIi'l>lt:'li:o :lJ 

Arg Ala Ser Gln Ser Val Ser Ser Tyr Leu Ala 
1 s 1Q 

<210> SEQ ID NO 24 
<211> LENGTH: 7 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 24 



183 

Aap Ala Ser Asn Arg Ala Ser 
1 5 

<210> SEQ ID NO 25 
<2ll> I,F.NGTHo 9 
<212 > TYPE: PRT 
<213 > ORGANISM: Homo sapiens 

<400> SEQUENCE: 25 

Gln Gln Arg Ser Asn Trp Pro Leu Thr 
1 5 

<210> SEQ ID NO 26 
<2ll> r,F.NGTH: 366 
<212> TYPE: DNA 
<213> ORGANISM: Homn 

<400> SEQUENCE: 26 

gaggtgcagc tggtgcagtc 

tculytaagg gttctggata 

cccgggaaag gcctggagtg 

agcccgtcct tccaaggcca 

ctgo.:>gtgga 9""gcctgaa 

gggtg!'jqgat cgcqgtactg 

tee tea 

<210> SF.Q ID NO 27 
<211> LENGTH: 122 
<212> TYPE: PRT 

g•piono 

tggagcagag 

cagcttttcc 

gatggggatc 

ggtcaccttc 

ggcctcggac 

gtC~cttC9..tl 

<213> ORGANISM· 11.-:om.;. uapiens 

<400> SEOUF.Nr.E: 27 

gtgaaaaagc 

aactactgga 

atctatcctc 

tcagccgaca 

accgccat!'jt 

Ct:Ct'ij<;;!jgCc 
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ccggggagtc tctgaaqatc 

tcggctgggt gcgccagatg 

atgactctga tgccagatac 

agtccatcag caccgcctac 

attactgtgc gilgao.ltgta 

gtggcar.l"ct ggto<:>ctgtc 

Clu Val Gln Leu Val Cln Ser Gly Ala Glu Val Lys Lye Pro Gly Clu 
1 5 10 15 

Ser Leu Lys Ile Ser Cys Lys Gly Ser Gly Tyr Ser Phe Ser Asn Tyr 
20 25 30 

Trp Tle Gly Trp Val Arg Gln Met Pro Gly Lys Gly Leu Glu Trp Met 
35 40 15 

Gly Jle Ile Tyr Pl:u His .Asp Ser Asp Ala Arg Tyr Ser Pro Ser Phe 
50 55 60 

Cln Cly Gln Val Thr Phe ser Ala Asp Lys Ser lle Ser Thr Ala Tyr 
65 70 75 so 

Leu Gln Trp Ser ser Leu Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys 
85 90 95 

Ala AL4 HiS Val r.ly Trp Cly Sei Arg 1yr Trp Tyr Phe Asp Leu T1:p 
100 10~ 110 

Gly Arg Cly Thr Leu Val Thr Val Ser Ser 
11~ LLU 

<210~ SEQ ID NO :.!l:l 
~t...lJ.J.> !.ot::NU'l'H: ~ 

<212~ TYPE: PRT 
.-.213> ORGANISM: Homo sapiens 

<400> SEQUENCE: ?.R 

Asn Tyr Trp Ile Gly 
1 5 

184 

nn 

120 

180 

240 

300 

360 

1~fi 
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<210> SEQ ID NO 29 
<211> LENGTH: 17 
<::212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 29 

Ile Ile Tyr Pro His Asp Ser Asp Ala Arg Tyr Ser Pro Ser Phe Gln 
1 5 10 15 

Gly 

<210> SEQ ID NO 30 
<211> LENGTH: 13 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 30 

His Val Gly Trp Gly Ser Arg Tyr Trp Tyr Phe Asp Leu 
1 5 10 

<210> SEQ ID NO 31 
<211> LENGTH: 300 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<:400> SEQUENCE: 31 

Mii:L Ala Asn t;y~ Glu Phi" c;,.,. llrn V~l t;o>: 011 A"JJ IJy~< PXO Lys L'ys 
1 10 15 

l\11.. L.:'.ll :-~,.., ~ "J II··~ J\lCI 1.1.1.1\ L ... u ey 5 Lt!U l>1Y v Zll !::er I le Leu Val 
20 25 30 

Leu Ile Leu Val Val Val Leu Ala Val Val Val Pro Arg Trp Arg Gln 
35 40 45 

Gln Trp Ser Gly Pro Gly Thr Thr Lys Arg PhP. Pro Glu Thr Val Leu 
5U 55 60 

Ala Arg Cys Val Lys Tyr Thr Glu Ile His Pro Glu Met Arg His Val 
65 70 75 80 

Asp Cys Gln Ser Val Trp Asp Ala Phe Lys Gly Ala Phe Ile Ser Lys 
85 90 95 

His Pro Cys Asn Ile Thr Glu Glu Asp Tyr Gln Pro Leu Met Lys Leu 
100 105 110 

Gly Thr Gln Thr Val Pro Cys Asn Lys Ile Leu Leu Trp Ser Arg Ile 
115 \20 125 

Lye Asp Leu Ala His Gln Phe Thr Gln Val Gln Arg Asp Met Phe Thr 
130 135 140 

Leu G1u Asp Thr Leu Leu Gly Tyr Leu Ala Asp Asp Leu Thr Trp cys 
145 150 155 160 

Clly Glu Phe Asn Thr Ser LyA Ile Asn Tyr Gln Se~ Cys Pro Asp Trp 
16S 170 175 

Arg Lys Asp Cys Ser Asn Asn Pro Val SP.r Val li'he Trp r,ys Thr Viil 
lBU 185 190 

Ser Arg Arg Phe Ala Glu Ala Ala cys Asp Val Val His Val Met L~~ 
1QG lO~ ~05 

Asn Gly Ser Ara Ser Lye Ile Phe A~p Lys Asn Ser Thr Phe Gly ser 
210 215 220 

Val Glu Val His Asn Leu Gln Pro Glu Lys Val Gln Thr Leu Glu Ala 
225 230 235 240 

Trp Val Ile His Gly Gly Arg Glu Asp Ser Arg Asp Leu Cys Gln Asp 
245 250 255 

186 



us 7,829,673 82 
187 

-continued 

Pro Thr Ile Lys Glu Leu Glu Ser Ile Ile Ser Lys Arg Asn Ile Gln 
260 265 270 

Phe Ser Cys Lys Asn Ile Tyr Arg p,.,.. ."Asp Lye Phc Leu Glu Cys Val 
275 280 285 

Lye Asn Pro Glu Asp Ser ser Cys Thr ser Glu Ile 
290 295 300 

<210> SEQ ID NO 32 
<211:.- LENGTH: 300 
<212> TYPE: PRT 
<7.1.3:"> ORGANISM: Ilomo ::~a.LJlens 

<400> SEQUENCE: 32 

~let Ala A"u LYS Ulu Phe Ser Pro Val Ser Gly Asp Lys Pro Cys Cys 
1 5 10 15 

Arg Leu Ser Arg Arg Ala Gln Leu Cys Leu Gly Val Ser Ile Leu Val 
20 25 30 

Leu Ile Leu Val Val Val Leu Ala Val Val Val Pro Arg Trp Arg Gln 
35 40 45 

Gln Trp Ser Gly Pro Gly Thr Thr Lys Arg Phe Pro Glu Thr Val Leu 
so 55 60 

Ala Arg Cys Val Lys Tyr Th,. Glu Ile Hio Pro Cllu Mt:l Arg His Val 
65 70 75 90 

Asp rys Gln Ser Val Tt-p A"P Ala Phe Lys Gly Ala Phe Ile Ser J.ys 
85 90 QFi 

His Pro Cys Asn Ile Thr Glu Glu Asp Tyr Gln Pro Leu Met Lys Leu 
100 105 110 

Gly Thr Gln Thr Val Pro Cys AAn Lys Ue Leu J.eu Tt-p Stlr Arg .Lle 
115 120 125 

Lye Asp Leu Ala Hiq \iiln PhP Thr r.ln Val Gl!\ •'•t~ AGJ:' M"L t'ne '!'nl:' 
130 135 140 

Leu Glu Asp Thr Leu Leu Gly Tyr Leu Ala Asp Asp Leu Thr Trp Cys 
145 1 Fin 155 160 

Gly Glu Phe Asn Thr Ser '·Y" Ile Asn Tyr Gln Set Cys Prn Asp Trp 
165 170 175 

Arg Lys Asp Cys Ser Asn Asn Pro Val Ser Val Phe Trp Lys Thr Val 
180 185 190 

Ser Arg ArH Phe Ala Glu Ala Ala Cyo Asp Val Val His Val Met Leu 
195 200 205 

Asn Gly Ser Arg Ser Lys Ile Phe Asp Lys Asn Ser Thr Phe Gly Ser 
210 215 220 

Val Glu Val His Asn Leu Gln Pro Glu Lys Val Gln Ala Leu Glu Ala 

<lZS JJO ~J!> 240 

Trp Val Ile HJ A n)y Gly 1\rg Glu Asp s~:.· Arg Asp Leu Cys Gln Asp 
245 250 255 

t'rO 'l'hr Ile Lys Glu Leu Glu Ser Ile lle Ser Lys Arg Asn Ile Gln 
260 265 270 

Pht> ~ .. .,. r")•a l.y• .'1~•· Ile Ty" J.UY vro Asp Lys !lhe Leu Gln Cys Val 
275 200 285 

Lys Asn Pro Glu Asp Ser Ser Cys Thr Ser Glu Ile 
290 295 300 

<210> SEQ ID NO 33 
<211> LENGTH: 300 
<212> TYPE: PRT 

188 
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<213> ORUANISM: Homo sapiens 

<400> SEQUENCE: 33 

Met Ala Asn Cys Glu Phe Ser Pro Val Ser Gly Asp Lys Pro r.ya Cys 
l s 10 15 

Arg Leu Ser Arg Arg Ala Gln Leu cys Leu Gly Val Ser Ile Leu Val 
20 25 30 

L~u Ile Leu Val Val Val Leu Ala Val Val Val Pro Arg Trp Arg Gln 
35 40 45 

Gln Trp Ser Cly Pru Gly Thr Thr Lys Arg Phe Pro Glu Thr Val Leu 
50 55 GO 

Ala Arg Cys Val Lys Tyr Thr Glu Ile His Pro Glu Met Arg His Val 
65 70 75 so 

Asp Cys Gln Ser Val Trp Asp Ala Phe Lys C.ly Ala Phc Ile S~r Lys 
as 90 95 

His Pro Cys Asn Ile Thr Glu Glu Asp 1yr Gln Pro Leu Met Lys Leu 
100 lOS 110 

Gly Thr Gln Thr Val Pro Cys Asn Lys Ile Leu Leu Trp Ser Arg Ile 
115 120 125 

Lys Asp Leu Ala His Gln Phe Thr Gln Val Gln Arg Asp Met Phe Thr 
130 135 140 

l.eu Glu Aop Thr Leu Leu Gly Tyr Leu Ala Asp Asp Leu Thr Trp Cys 
145 ,l ~0 1!5 160 

Cly Clu Phe A,;n Thr SPr Lyg llc A~n Ty< Gln ser Cys Pro Asp Trp 
lfi'> 1 'Tu 17!:> 

Arg LyR 1\op Cyo !;c>: Asu Asn Pro Val Ser Val Phe Trp Ly$ Thr Val 
190 185 190 

Ser Arg Arg Phe Ala Glu Ala Ala Cys Asp Val Val His Val Met Leu 
195 200 205 

~on C.ly S~L nrg ~er Ly,; Ile ~he Asp Lys Asn Ser Thr Phe Gly Ser 
210 215 220 

VAl Glu V~l His 1\Hn Leu Cln Pro Glu LVS Val ~ln ~hr ~eu Olu Aid 
J~G 230 235 240 

Trp V~l Ile Hi," Gly "'.Y Arg Clu A5!J St!r 1\rg Asp Leu r.y" Gln 1\op 
245 250 255 

Pro Thr Ile Lys Glu Leu Glu Ser lle Ile Ser Lys Arg ARn Ile Arg 
2GO 265 270 

Phe Scr Cys Ly" Asn lle Tyr Arg Pro Asp Lys Phe Leu Gln Cys Val 
275 280 285 

Lys Asn Pro Glu Asp Ser Ser Cys Thr Ser Glu Ile 
290 295 300 

~210> S~~ 1U NO ~4 
.Dl!I.J I:J!m,lH: JUU 
<212~ TYPE: ~1<'1' 

<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 34 

Met Ala Asn Cys Glu Phe liier ?rn \lal C'n;r Q~)' ,•,..,1-' 1:Jyu l'lO I:YtJ L'ys 
• ~ 10 15 

Arg Leu Ser Arg Arg Ala Gln Leu cys Leu Gly Val Ser Ile Leu Val 
20 25 30 

Leu lle Leu Val Val Val Leu Ala Val Val Val Pro Ar~ Trp Arg can 
35 40 45 

Gln Trp Ser Gly Pro Gly Thr Thr Lys Arg Phe Pro Glu Thr Val Leu 

190 
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so 55 60 

Ala Arg Cys Val Lys Tyr Thr Glu Ile His Pro Glu Met Arg His Val 
65 70 75 80 

Asp Cys Gln Ser Val TTJ:> 1.\sp 1\la Phe Lys Vly Ala Phe Ile Ser Lys 
85 90 95 

His Pro Cys Asn Ile Thr Glu Glu Asp Tyr Gln Pro Leu Met Lys Leu 
100 lOS 110 

Gly Thr Gln Thr val Pro eys Asn Lys Ile Leu Leu Trp Ser '''"!J Ile 
HS 120 125 

Lys Asp Leu Ala His Gln Phe Thr Gln Val Gln Ar.(J Asp Met Pltto Thr 
130 135 140 

Leu Glu Asp Thr Leu Leu Gly Tyr Leu Ala Asp Asp Leu Thr Trp Cyo 
145 150 ;u;;c 160 

Gly Glu Phe Asn Thr Ser Lys Ile Asn Tyr Gln Ser Cy~ Pro 1\op Trp 
1C~ 170 175 

Arg Lys Asp Cys Ser Asn Asn Pro Val Sex- Val Ph<i Trp Lys Thr Val 
180 185 190 

Ser Arg Arg Phe Ala Glu Ala Ala Cys Asp val val His Val Met Leu 
195 200 205 

Asn Gly Ser Arg Ser Lys Ile Phe Asp Lys Asn Ser Thr Phc Gly Stor. 
210 215 220 

Val Glu Val His Asn Leu Gln Pro Glu f,yR "d Cln Tlu. L"'u Vl\.i Ala 
~J5 2)0 235 240 

Trp Val Ile His: Gly Gly AHj Glu ARI' .,,..,. lurg ,'\.:;;p !.Jeu I.YS tan Acp 
245 250 255 

Pro Thr Ile Lys Glu Leu r.\u Ser Ile Ilto Ser Lys Arg Asn Ile Gln 
260 265 270 

Phe Phe Cys Lys Asn Ile Tyx- Arg Pro Asp Lys Phe Leu Gln cys Val 
275 280 285 

Lys Asn Pro Glu Asp Ser Ser Cys Thr Ser Glu Ile 
290 295 300 

<:210> SEQ ID NO 35 
<211> LENGTH, 14 
~212> TYPE, PRT 
<:213> ORGANISM' Homo sapiens 

<:400> SEQUENCE, 35 

Ser Lys Arg ASn Tle Gln rhe S~L Cys Lys Asn lle Tyx- Arg 
1 5 10 

<:210> SEQ ID NO 36 
<2l.l> LENGTH, 14 
<212> TYPE, PRT 
<213~ ORr.lllllUMo I! om.;, '"'~lens 

..:400> SEOUENr.F., 36 

Glu Lys Val Gln Thr Leu r.lu Ala Trp V~l Ile His Gly Gly 
l 5 10 

.,;?.10' "'IIQ ~~;> no '' <211> LENGTH' 6 
<412> TYPJi:, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
.... 223> OTHER INFORMATION, Description of Artificial Sequence' Synthetic 

6xHis taq 

<400> SEQUENCE, 37 

•t92 



His His His His His His 
1 5 

<210> SEQ ID NO 38 
<211> LENGTH: 31 
<212> TYPE: DNA 

193 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
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<?.?.3~ OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

~400> SE~UENCE: 3A 

tgaaagcttc Ldatacgact cactataggg c 

~210> SEQ lU NO 39 
~l1i~ L~NUTH: 33 
<212> TYPE: DNA 
<213~ ORGANISM. ArLlficial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Description of Artifi~ial Sequence: Synthetic 

primer 

<400> SEQUENCE: 39 

gaagatgaag acagatggtg cagccaccgt acg 

<210> SEQ ID NO 40 
<211> LENGTH: 33 
~~12> TYP~: DNA 
~213> ORQANJSM: Artiticial s~quence 
..:220> FEAt·uRE: 
o..1ll.> VfHr:l{ INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400> SEQUENCE: 40 

ggagggtgcc agggggaaga ccgatgggcc ctt 

<210> SEQ ID NO 41 
<211> LENGTH: 22 
<212> TYPE: DNA 
<2~3~ ORG~NT~M· Awbifl~lal ~~ue~ce 

<220> FEATURE: 
<223> OTHER INFORMATION. De~~rjprion of Artifi~lal ~equence: Synthetic 

primer 

<400> SEQUENCE: 41 

31 

33 

33 

gggagtagag tcctgaggac tg 22 

<210> SEQ lD NO 42 
<211> LENGTH: 20 
<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> FilATURE: 
<?.?.<-, O'rHii:R IllrOR!ofATIOl'l; UeR"ript:l.on o£ lV.Lificial Sequenr.e: Synthetic 

primer 

<400> SEQUENCE: 42 

ggataacaat ttcacacagg 

r?1n• 'CQ ID HO q3 
<211> LENGTH: 51 
<?.\2:- TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<nO> FEATURE: 
<223> OTHER INFORMATION: Description of Artificial Sequence; SynthPti~ 

primer 

<400> SEQUENCE: 43 

20 

194 
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tgaaagcttc taatacgact cactataggg caagcagtgg tatcaacgca gagt 

<210> SEQ ID NO 44 
<211> LENGTH: 23 
.c:212~ TYPE: UNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

54 

<223> OTHER INFORMATION: Description of Artificial Sequen~e: Syntheti~ 
primer 

<400> SEQUENCE: 44 

ggtcagggcg cctgagttcc acg 

<210> SEQ ID NO 45 
<211> LENGTH: 42 
<:2l.7.> TY91i:o OliA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFOR!o!ATION: Description of Artificial Sequence: Synthetic 

primer 

<400> SEQUENCE: 45 

gataagcttg ccgccaccat ggactggacc tggaggttcc tc 

<210> SEQ ID NO 46 
<211> LENGTH: 42 
.o212> TYPJ::: DNA 
c?.l3~ ORr~ISM: ArCiLicial S~oence 
~220> FJ::ATURE: 
<223> OTHF.R INFO!l.MATION: uescription of A;rtifiri•l cew~o:w ... ·~"'el\eei ... 

;primj:l;r 

<400> SEQUENCE: 46 

gataagcttg ccgccaccat ggagtttggg rtgagcr.g~~ tL 

r.210> ~EQ ID NO 47 
<21~> LENGTH: 42 
<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<-UJ> o·rHJ;:fi. INFORMATION: Description of Artificial sequence: Synther.ic 

primer 

42 

42 

gataagcttg ccgccaccat ggaagccccA gctcagcttc Lc 42 

~210> S~Q ID NO 49 
<211> LENGTH: 42 
<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Description of Artificial Seguenr.P· ~}~theti._ 

primer 

~400> SJ::QUENCE: 49 

gataagcttg ccgccaccat gagggtcctc gctcagctcr. tg 

<210> SEQ ID NO 49 
<211> LENGTH: 42 
<21:!!> TYPE: DNA 
<213> ORGANISM: Artificial Sequ~nce 
<220> FEATURE: 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

42 

196 
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gataagcttg ccgccaccat ggggtcaacc gccatcctcg cc 

<210> SEQ ID NO SO 
<211> LENGTH, 42 
<212> TYPE' nNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

-continued 

<223> OTHER INFORMATION, Description of Artificial Sequence' Synthetic 
primer 

<400> SEQUENCE, SO 

gataagcttg ccgccaco~t ggaa~cccca gctcagcttc tc 

<210> SEQ ID NO 51 
<211> LENGTH' 72 
<212> TYPE, DNA 
<213> ORGANISM' Artificial Sequence 
<220> FEATURE' 
<223> OTHER INFORMA'fiON, Description of Artificial Sequence, Synthetic 

primer 

<400> SEQUENCE' 51 

42 

42 

ctgctgtggc ccatggtgtg ggcctaccct tacgacgtgc ctgactacgc caggtggcgc 60 

cagacgtgga gc 72 

<210> ~F.Q ID NO 52 
<211> LENGTH' 32 
<~12> TYPE, DNll 
<213> ORGANISM' Artificial Se~•ence 
<~20> FEATURE, 
<?.?3~ OTHER INFORMATION, Description of Artificial Sequence, Synthetic 

primer 

<400> SEQUENCE' 52 

aggtcaggta cctcagatct caqatgtgca ag 

<210> SEQ lD NO 53 
<211> LENGTH, 83 
<212> TYPE, DNA 
<213> ORGANISM, Artifl~ial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Description of Artificial Sequence' Synthetic 

primer 

<400> SEQUENCE, 53 

tatagcccgg ggccgccacc atgtggtggc gcctgtggtg gctgctgctg ctgctgctgc 60 

tgctgtggcc catggtgtgg gee 93 

<210> SEQ IO NO ~4 

<211> LENGTH' 23 
<212> TYPE, DNA 
... JJ.J > ORC!AIUSM: Artl.t i r.ial Sequence 
.;220> FEATURE, 
~?23> OTHER INFORMAT!UN, Description of Artificial Sequence, Synthetic 

primer 

<400> SEQUENCE' 54 

gaagactt~~ ggcagcggca 9aa 

<210~ SEQ IO ~u 55 
<211> LENGTH, 23 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATITR.E, 
<223> OTHER INFORMATION, Description of Artificial Sequence' Synthetic 

primer 

198 
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<400> SEQUENCE, 55 

gtagtctgag cagtactcgt tgc 

<210> SEQ ID NO 56 
<211> LENGTH' 7.~ 

<212> TYPE, DNA 
<213> ORGANISM: Arr.i.ficial Ccquen.:::~: 

.:220> I'IEATUii.l;:, 

us 7,829,673 82 

-continued 

<223> OTHER INFORMATION: Description of ArtificiAl Sequence. S~1Lhetic 
primer 

<400> SEQUENCE: 56 

tgcattcatt ttatgtttca ggt 

<210> SEQ ID NO 57 
<211> LENGTH: 23 
<~12> TYPE, DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
~12~> VIH~K lNFO~MATION: Description of Artificial Sequence: Synthetic 

primer 

<400> SEQUENCE: 57 

tcggacatct catgactttc ttt 

<210> SEQ ID NO ~R 
<2l1> LENGTH: 2J 

<212> TY!!J::: DNA 
<213> ORGANISM, Aotifirial ~~~g~e~ 
"220> FilATURE: 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400> SEQUENCE: SR 

23 

23 

23 

a~~acacgct gr.t~~~ctao ctt :n 

<210> SEQ ID NO 59 
<211> LENGTH: 23 
,...,l:.a TYrc. ttlG.H. 
<213> ORGANISM, Artificial Sequence 
<?.?.0~ FEATURE. 
<223> OTHER INFORMATION: Description of Artificial Sequence, Synthetic 

primer 

gt.r.ctttcto cngtct\jygc aag 

<210> SEQ ID NO 60 
<211> LENGTH: 48 
<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequen9e 
.(J~O...- FEATORr;; 
<?.?.3~ OTHER INFORMATION: Description of Artifi~ta1 ioqucnee: Synthetic 

primeJ. 

<400> SEOUP.NrF· ~o 

tccaoc~tgt at~dcccagg cctctagagc ctgaaccttc tctggttg 

'-210> CEQ ID NO ~~ 
..:211 > LENQ'I'H: 48 
<212> TYPE: DNA 
<213> ORGANIS~, Art.if.icial Scquenc~ 
<220> FEATURE, 
< ??1' ~"TIIIm Ilii?Oitt•U:.~ !VJ.II: IJ<!!l!cription of Artificial Sequence: Synthetic 

primer 

23 

48 

200 
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-continued 

<400> SEQUENCE. 61 

caaccagaga aggttcaggc tctagaggcc tgggtgatac atggtgga 

<210> SEQ ID NO 62 
<211> LENGTH: 39 
<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

g~tattcttg eagy~aaatc gaatattcct tttgettat 

<210> SEQ IO ~U 63 
~211> L~>~u'l'H: l9 
<212> TYPE: DNA 
<2lJ> ORC~ISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400> SEQUENCE: 63 

48 

39 

ataagcaaaa ggaatattcg attttcctgc aagaatatc 39 

<210> SEQ ID NO 64 
<211> LENGTH: 46 
~212> TYPE: UNA 
<?.13~ ORCANISM: Artificial Sequence 
<220> FEAT!l'Rb:: 
,££,, vlH,K INFORMhTION: D~scription of Artificial Sequence: Synthetic 

primer 

<400> SEQUENCE: 64 

tctgtagata ttcttgcaga aaaattgaRr ~ttccttttg cLLata 

<210> SEQ ID NO 6~ 
<211> LENGTH: 46 
<212> TYPE: DNA 
~213> OKGANlSM: Artifici~l Sequ~nce 

<220> FEATURE: 
<223> OTHER INFORMATION: Descrl~tinn of Artificidl Sequence: Synthetic 

primer 

<400> SEQUENCE: 65 

tataagcaaa aggaacattc aatttttctg caagaatatc tacaga 

<210> SEQ ID NO 66 
<211> LENGTH: 25 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

«400> i'FijTTR))JCii:. GG 

Lys Asn IlP Tyr ~rg Pro Asp Lys Phe Leu Gln Cys Val Lys Asn Pro 
1 . 5 10 15 

u!U Asp Ser Ser Cys Thr Ser Glu lle 
20 25 

<210> SEQ Tn NO 67 
.;2ll ~ LENGTH: 21 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 67 

cys Val His Asn Leu Gln Pro Glu Lys Val Gln Thr Leu Glu Ala Trp 

4G 
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-continued 

5 

Val lle His Gly Gly 
20 

~210> CEQ ID NO bH 
<211 > LENGTH, 21 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 68 

10 15 

Cys Leu VJ.u !'ier llc lle Ser Lys Arg Asn Ilc Oln !?he Ser Ala Lys 
l 5 10 15 

Asn Ile Tyr Arg Cys 
20 

<210> SEQ ID NO 69 
<211> LENGTH, 5 
<2i2> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<QOO> SEQUENCE, 69 

Arg Asn lle Gln Phe 
1 5 

<210> SEQ ID NO 70 
<211~ LENGTH, 4 
<212> TYPE' PRT 
,£13~ VKUANl~M, Homo sapiens 

<400> SEOnF.Nr" • 70 

Trp Val Ile His 
1 

<210> SF.Q ID NO 71 
«211-. LENCTII, 4 
.:212> TYPJ:!, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE' 71 

Val Gln Thr Leu 

1l1e iJrvt:ntion claimed is: 
1. An isolated filll-length antibody which binds to human 

CD38, wherein tl1e antibody comprises a heavy chain vari
able region comprising tlle amino acid sequence set forth in 
SEQ ID N0:7 or encoded by tlle nucleotide sequence set forth 
in SEQ ID N0:6. 

2. An isolated full-lengtll antibody whic.h hind£ to hunum 
CD30, wllt:retn tlle antibody curoprises a heavy chain vari
able region comprising the amino acid sequence set forth in 
SEQ ID NO: 17 or encoded by the nucleotide sequence set 
forth in SEQ ID NO:l6. 

3. An isolated full-lengtll antibody which binds to human 
CD38, wherein tlle antibody comprises a heavy chain vari· 
l1ble region comprising tlle amino acid sequence set forth in 
SEQ ID N0:27 or encoded by the nucleotide sequence set 
forth in SEQ ID N0:26. 

4. An isolated full-lengtll antibody which binds to human 
CD38, wherein tlle antibody comprises a light chain variable 
region comprising tlle amino acid sequence set forth in SEQ 
ID N0:2 or encoded by tlle nucleotide sequence set forth in 
SEQ IDNO: 1. 

5. An isolated full-length antibody which binds to human 
CD38, wherein the antibody comprises a light chain variable 
region comprising tlle amino acid sequence set fortl1 in SEQ 

so lD NO: 12 or encoded by tlle nucleotide sequence set forth in 
SEQ ID NO: 11. 

6. An isolated full-length. antihnny which binds tu llum11n 
1.1)38, wherein the antibody comprises a light chain variable 
region comprising tlle amino acid ~equence set forth in SEQ 

55 ID N0:22 or encoded by the nucleotide sequence set forth in 
SEQ ID N0:21. 

7. An isolated full-lengtll antibody which binds to human 
CD38, wherein tlle antibody comprises heavy and light chain 
variable region amino acid sequences as set forth in (a) SEQ 

60 ID NOs:7 and 2, respectively; (b) SEQ ID NOs: 17 and 12, 
respectively; or (c) SEQ ID NOs: 27 and 22, respectively. 

8. An isolated full-length antibody which binds to human 
CD38, wherein tlle antibody comprises heavy and light chain 
variable regions encoded by tlle nucleotide sequence as set 

65 forth in (a) SEQ ID NOs:6 and 1, respectively; (b) SEQ ID 
NOs: 16 and 11, respectively; or(c) SEQ ID NOs: 26 and21, 
respectively. 
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9. An isolated full-length antibody which hinds an epitopc 
ou human CD3!l recognized by the antibody of claim 7. 

10. The antibody of claim 9, wherein the antibody binds to 
the region SKRNJQFSCKNJYR (SEQ ID NO: 35) and the 
region EKVQTLEAWVJHGG (SEQ lD NO: 36) of human s 
CD38 (SEQ lD No: 31). 

11. An isolated full-length antibody which binds to human 
CD38, wherein the:: antibody comprises a heavy chain vari
able region comprising CDRl, CDR2, and CDR3 sequences 
comprising the amino acid sequences set forth in SEQ ID 10 

NOs: 8, 9, and 10, respectively, and a light chain variable 
region comprising CDR!, CDR2, and CDR3 sequences com
prising the amino acid sequences set forth in SEQ In NOs: 3, 
4, and 5, rc::spectively. 

12. An isolated full-length antibody which binds to human 15 
CD38, wherein the antibody comprises a heavy chain vari
able region comprising CDR!, CDR2, and CDR3 sequences 
comprising the an1ino acid sequencP~ ~et forth in SIJQ ID 
NOs: l!l, 19, and 20, respectively, and a light chain variable 
region comprisin)!; CDR!, CDR 2, and CDR3 scquen..:c::s com- 20 
prising the amino acid sequences set forth in SEQ ID NOs: 
13, 14, and 15, respectively. 

13. An isolated full-length antibody which binds to human 
CD38, wherein the antibody comprises a heavy chain vari
able region comprising CDR!, CDR2, and CDR3 sequences 25 
comprising the an1ino acid sequences set forth in SEQ ID 
NOs: 28, 29, and 30, respectively, and a light chain variable 
region comprising CDR!, CDR2, and CDR3 sequences com
prising the amino acid sequences set forth in SEQ lD NOs: 
23, 24, ami 25, respectively. 

14. The antibody of any nne of claims 9, 11, 12, or 13, 
wherein rhe antibody possesses une or more of the following 
characteristics: 

(i) acts as an antagonist of CD38; 

30 

(ii) does not induce significant proliferation of peripheral 35 

blood mononuclear cdls; 
(iii) does not induce release of signifir:ant IL-6 by human 

monocytes or peripheral blood mononuclear cells; 
(iv) does not induce release of detectable IFN-gamma by 

human T cells or peripheral blood mononuclear cells; 40 

(v) is internalized by CD::\8 expressing cells; 

206 
(xii) binds to a mutant human CD38 with an EC50 that is 

Jess than 50% compared to the EC50 of the binding ofthe 
antibody to human CD38 (SEQ ID No: 31 ), wherein the 
glutamine residue in position 272 of the mutant human 
CD38 has been substituted with an arginine residue 
(SEQ lD No: 33); or 

(xiii) binds to a mutant human CD38 with an EC50 that is 
75%-125% of the EC50 of the binding of the antibody to 
human CD38 (SEQ lD No: 31), wherein the threonine 
residue in position 237 of the mutant human CD38 has 
been substituted with an alanine residue (SEQ ID No: 
32). 

15. The antibody of any une of claims 9, 11, 12, or 13, 
which is a human monoclonal antibody. 

16. The antibody of any one of claims 9, 11, 12, or 13, 
wherein the antibody is a full-length IgG 1, IgG2, IgG3, IgG4, 
lgD, I~. IgF., nr TgM antibody. 

17. TI1e antibody of any one of claims 9, 11, 12, or 13, 
wh~rein the antibody is glycosylated in a eukaryotic cell. 

18. The antibody of any one of claims 9, 11, 12, or 13, 
which is an antibody fragment or a single chain antibody. 

19. 111e antibody of any one of claims 9, 11, 12, or 13, 
further comprising a chelator linker for attaching a radioiso
tope. 

20. A hybridoma which produces the antibody of claim 7. 
21. A hybridoma which produces the antibody of claim 8. 
22. An immunoconjugate comprising the antibody of any 

one of claims 9, 11, 12, or 13. 
23. A bispecific or multi specific molecule comprising the 

antibody of any one of claims 9, 11, 12, or 13. 
24. The bispecific or multispecific molecule of clainl 23, 

which comprises a binding specificity for CD3, CD4, CD 
138, IL-15R, membrane bound TNF Ct, receptor bound TNF et, 
a human Fe receptor, membrane bound JL-15, or receptor 
bound IL-15. 

25. A pharmaceutical composition comprising the anti
body of any one of claims 9, 11, 12, or 13 and a phamlaceu
tically acceptable carrier. 

26. The phannaceutical ~.:omposition according to claim 25 
comprising one or more further therapeutic agents. 

(vi) induces ADCC; 
(vii) induces CDC in the presence of complement; (viii) 

inhibits the synthesis of cGDPR; (ix) inhibits the syn
thesis of cADPR; 

(x) binds to human CD38 with an affinity (K0 ) of below 
w-s M; 

27. A method of inhibiting growth and/or proliferation of a 
cell expressing CD38, comprising administration of the anti-

45 body of anyone of claims 9, 11, 12, or13, such that the growth 
and/or proliferation of the cell is inhibited. 

(xi) binds to a mutant human CD38 with an EC50 that is less 
than 50% compared to the EC50 of the binding of the 
antibody to humanCD38 (SEQID No: 31), wherein the 50 

serine residue in position 274 of the mutant human 
CD38 has been substituted with a phenylalanine residue 
(SEQ In Nn· 34); 

28. A kit comprising the antibody of any one of claims 9, 
11, 12, or 13 for detecting the presence of CD38 antigen, or a 
cell expressing CD38 antigen, in a sample. 

29. An anti-idiotypic antibody which binds to the antibody 
of any one of clainls 9, 11, 12, or 13. 

* 
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Exhibit 5: CLAIMS 2, 5, 7-10, 12, 14-17,25, and 27 OF U.S. PATENT 7,829,673 
READ ON THE APPROVED PRODUCT 

Claims Darzalex 1
M Properties and Description 

The invention claimed is: Claim 2 reads on the approved product. 

2. An isolated full-length antibody which Daratumumab (the active ingredient of 
binds to human CD38, wherein the antibody DARZALEX) is an isolated antibody that 
comprises a heavy chain variable region binds to human CD38. 
comprising the amino acid sequence set 
forth in SEQ ID NO: 17 or encoded by the Daratumumab comprises a heavy chain 
nucleotide sequence set forth in SEQ ID variable region comprising the amino acid 
N0:16. sequence set forth in SEQ ID NO: 17 and 

encoded by the nucleotide sequence set forth 
in SEQ ID NO: 16, of the '673 patent. 

5. An isolated full-length antibody which Claim 5 reads on the approved product. 
binds to human CD38, wherein the antibody 
comprises a light chain variable region Daratumumab comprises a light chain 
comprising the amino acid sequence set variable region comprising the amino acid 
forth in SEQ ID NO: 12 or encoded by the sequence set forth in SEQ ID NO: 12 and 
nucleotide sequence set forth in SEQ ID encoded by the nucleotide sequence set forth 
NO: 11. in SEQ ID NO: 11, of the '673 patent. 

7. An isolated full-length antibody which Claim 7 reads on the approved product. 
binds to human CD38, wherein the antibody 
comprises heavy and light chain variable Daratumumab comprises heavy and light 
region amino acid sequences as set forth in chain variable region amino acid sequences 
(a) SEQ ID NOs:7 and 2, respectively; (b) as set forth in SEQ ID NOs: 17 and 12, 
SEQ ID NOs: 17 and 12, respectively; or (c) respectively, of the '673 patent. 
SEQ ID NOs: 27 and 22, respectively. 

8. An isolated full-length antibody which Claim 8 reads on the approved product. 
binds to human CD38, wherein the antibody 
comprises heavy and light chain variable Daratumumab comprises heavy and light 
regions encoded by the nucleotide sequence chain variable regions encoded by the 
as set forth in (a) SEQ ID NOs:6 and 1, nucleotide sequence as set forth in SEQ ID 
respectively; (b) SEQ ID NOs: 16 and 11, NOs:16 and 11, respectively, of the '673 
respectively; or (c) SEQ ID NOs: 26 and 21, patent. 
respectively. 

9. An isolated full-length antibody which Claim 9 reads on the approved product. 
binds an epitope on human CD38 
recognized by the antibody of claim 7. Daratumumab binds an epitope on· human 

CD38 recognized by an antibody that 
comprises heavy and light chain variable 
region amino acid sequences as set forth in 
SEQ ID NOs:17 and 12, respectively, of the 
'673 patent. 



10. The antibody of claim 9, wherein the Claim 10 reads on the approved product. 
antibody binds to the region 
SKRNIQFSCKNIYR (SEQ ID NO: 35) and 
the region EKVQTLEA WVIHGG (SEQ ID 
NO: 36) of human CD38 (SEQ ID No: 31). 

12. An isolated full-length antibody which Claim 12 reads on the approved product. 
binds to human CD38, wherein the antibody 
comprises a heavy chain variable region Daratumumab comprises a heavy chain 
comprising CDR1, CDR2, and CDR3 variable region comprising CDR1, CDR2, 
sequences comprising the amino acid and ClJR3 sequences comprising the amino 
sequences set forth in SEQ ID NOs: 18, 19, acid sequences set forth in SEQ ID NOs: 18, 
and 20, respectively, and a light chain 19, and 20, respectively, and a light chain 
variable region comprising CDR1, CDR2, variable region comprising CDR1, CDR2, 
aml CDR3 sequences comprising the amino and CDR3 sequences comprising the amino 
acid sequences set forth in SEQ ID NOs: acid sequences set forth in SEQ ID NOs: 13, 
13, 14, and 15, respectively. 14, and 15, respectively, of the '673 patent. 

14. The antibody of any one of claims 9, 11, Claim 14 reads on the approved product. 
12, or 13, wherein the antibody possesses 
one or more of the following characteristics: 

(i) acts as an antagonist of CD38; 
(ii) does not induce significant 
proliferation of peripheral blood 
mo:o.onuclear r;ell&; 
(iii) does not induce release of significant 
IL-6 by human monocytes or peripheral 
blood mononuclear cells; 
(iv) does not induce release of detectable 
IFN-gamma by human T cells or 
peripheral blood mononuclear ceils; 

· (v) is internalized by CD38 expressing 
cells; 
(vi) induces ADCC; 
(vii) induces CDC ih the presence of 
complement; (viii) inhibits the synthesis 
of cGDPR; (ix) inhibits the syntlu:::sis of 
cADPR; 
(x) binds to human CD38 with an affinity 
(K0 ) ofbelow 10-8M; 
(xi) binds to a mutant human CD38 with 
an EC50 that is less than 50% compared to 
the EC5o of the binding of ·the antibody to 
human CD38 (SEQ ID No: 31), wherein 
the serine residue in position 274 of the 
mutant ln.tuld.J.l CD38 has been substlnued 
with a phenylalanine residue (SEQ ID 
No: 34); 
(xii) binds to a mutant human CD38 with 
an E<;;5o tltat is less than 50% compared to 

2 



the EC.)u of the biuuiug of lhe antibody to 
human CD38 (SEQ ID No: 31), wherein 
the glutamine residue in position 272 of 
the mutant human CD38 has been 
substituted with an arginine residue (SEQ 
ID No: 33); or 
(xiii) binds to a mutant human CD38 with 
an ECso that is 75%-125% of the ECso of 
the binding of the antibody to human 
CD38 (SEQ ID No: 31), wherein the 
threonine residue in position 237 of the 
mutant human CD38 has been substituted 
with an alanine residue (SEQ ID No: 32). 

15. The antibody of o.ny one of claims 9, 11, Claim 15 reads on the approved product. 
12, or 13, which is a human monoclonal 
antibody. 

16. The antibody of any one of claims 9, 11, Claim 16 reads on the approved product. 
12, or 13, wherein the antibody is a full-
length IgG1, IgG2, IgG3, IgG4, IgD, IgA, 
IgE, or IgM antibody. 

17. The antibody of any one of claims 9, 11, Claim 17 reads on the approved product. 
12, or 13, wherein the ;mtihnrly j_s 

glycosyiated in a eukaryotic cell. 

25. A phannllceutical composition Claim 25 reads on the approved product. 
comprising the antibody of any one of 
clalrns 9, 11, 12, or 13 and a 
pharmaceutically acceptable carrier. 

27. A method of inhibiting growth and/or Claim 27 reads on the approved use of the 
proliferation of a cell expressing CD38, approved product. 
comprising administration of the antibody 
of any one of claims 9, 11, 12, or 13, such 
that the growth and/or proliferation of the 
cell is inhibited. 

3 
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EXHIBIT6A 
Daratumumab (HuMax-CD38) 

IND 100,638 
Summary of Significant FDA Interactions/Events/Correspondences During Regulatory Review 

Date Description of Events/FDA Correspondences 

13-Jan-2006 
Request for Informal Feedback on the preclinical strategy for HuMAX-CD38 which is 
being studied for oncology indications including treatment of multiple myeloma 

18-Jan-2006 
Attendee and call-in information for 23-Jan-2006 Informal Feedback meeting to 
discuss preclinical safety program for HuMAX-CD38 

18· May-2006 
Correspondence noting Genmab's request for and FDAs acceptance of a second 
informal preclinical strategy meeting proposed for 15-Jun-2006 

30-May-2006 
Meeting Information for 15-Jun-2006 telecon to discuss outcomes of the pilot study 
for preclinical safety program for HuMAX-CD38 

12-Jun-2006 
Acknowledgement of PowerPoi'nt presentation for 15-Jun-2006 informal preclinical 
strategy meeting 

12-Jun-2006 
Submission of PowerPoint presentation for 15-Jun-2006 informal preclinical 
strategy meeting 

Submission of Request for Type B Pre-IND Teleconference to discuss HuMax-CD38, a 
01-May-2007 human monoclonal antibody targeting the CD38 molecule expressed on human 

cells, for the treatment of patients with relapsed or refractory multiple myeloma 

02-May-2007 
Record of Contact confirming FDA receipt of meeting package and request for 
alternate dates for the pre-IND meeting 

Meeting Granted for 11-Jul-2007 Type B Pre-IND Meeting to discuss the 
10-May-2007 development plans for Human Monoclonal Antibody to CD38 Antigen HuMax-CD38 

for the Trl::!atment of Patients with Multiple Myeloma 

07-Jun-2007 
Submission of Briefing Package for 11-Jul-2007 Type B Pre-IND Meeting to discuss 
the CMC, nonclinical and clinical development plans for HuMaX-CD38 

Submission of Request to include additional Clinical question for 11-Jul-2007 Type B 
20-Jun-2007 Pre-IND Meeting to discuss the CMC, nonclinical and clinical development plans for 

HuMaX-CD38 

Preliminary Comments for 11-Jul-2007 Type B Pre-IND Meeting to discuss the 
06-Jul-2007 development plans for Human Monoclonal Antibody to CD38 Antigen HuMax-CD38 

for the Treatment of Patients with Multiple Myeloma 

23-Jul-2007 
Company Meeting Minutes for 11-Jul-2007 Type B Pre-IND Meeting to discuss the 
CMC, nonclinical and clinical development plans for HuMaX-CD38 

Meeting Minutes from 11-Jul-2007 Type B Pre-IND Meeting to discuss the 
09-Aug-2007 development plans for Human Monoclonal Antibody to CD38 Antigen HuMax-CD38 

for the Treatment of Patients with Multiple Myeloma 

18-0ct-2007 
Submission of Initial Investigational New Drug Application (IN D) for daratumumab 
HuMax-CD38 for the Treatment of Patients with Multiple Myeloma 

24-0ct-2007 
Acknowledgement for lnitiaiiND for daratumumab HuMax-CD38 for the Treatment 
of Patients with Multiple Myeloma 

26-0ct-2007 
Record of Contact regarding FDA CMC Information Request for the CDC activity on 
clinical lots versus toxicology lots 

1 



Submission of Response to 05-Nov-2007 information request regarding the protocol 
07-Nov-2007 and the location of a detailed plan containing-procedures to rapidly notify 

investigators of toxicities in the dose-escalation portion of the study 

21-Nov-2007 
Clinical Hold with deficiencies noted for lnitiaiiND for daratumumab HuMax-CD38 
for the Treatment of Patients with Multiple Myeloma 

Submission of Type A Teleconference Meeting Request and Information Package to 
02-Jan-2008 Gain Clarification of Some of the Deficiencies Detailed in FDA Letter dated 21-Nov-

2007 

23-Jan-2008 
Preliminary Comments for 25-Jan-2008 Type A Teleconference to Gain Clarification 
of some of the Deficiencies Detailed in FDA Letter dated 21-Nov-2007 

1-----
Submission of Type A Teleconference Meeting Withdrawal Request Scheduled for 

24-Jan-2008 25-Jan-2008 to Gain Clarification of the Deficiencies Detailed in FDA Letter dated 21-
Nov-2007 

24-Jan-2008 
Acknowledgement of 23-Jan-2008 Preliminary Comments for 25-Jan-2008 Type A 
Meeting and request to cancel 

03-Mar-2010 
Submission of Change in US Agent Contact to Band H Consulting Somerville, New 
Jersey 

07-Jun-2010 
Record of Contact to notify FDA of plans to submit a Complete Response to the 
Clinical Hold with a targeted submission date by end of June 2010 

28-Jun-2010 Submission of Clinical Hold Complete-Response Protocol GEN501 

30-Jun-2010 
Record of Contact to introduce new FDA Project Manager and to confirm receipt of 
Complete Response for Clinical Hold submission 

08-Jul-2010 
Submission of Information Request for CMC Information regarding to 28-Jun-2010 
Clinical Hold Complete Response 

13-Jul-2010 Response to FDA Request for 08.-Jul-2010 CMC Information 

Removal of Full Clinical Hold and request to incorporate changes into the protocol 
28-Jul-2010 and to incorporate the revised protocol into IND prior to enrollment of study 

subjects 

Acknowledgement of Removal of Full Clinical Hold Letter and request to incorporate 
29-Jul-2010 changes into the protocol and to incorporate the revised protocol into IND prior to 

enrollment of study subjects 

13-0ct-2010 
Response to FDA Comments dated 28-Jul-2010 Regarding Removal of the Clinical 
Hold, Protocol Amendment 5 for GEN.501 

16-Nov-2010 
FDA confirming no requests for additional information regarding 13-0ct-2010 
submission sequence 0006 

20-Dec-2010 
Submission of Protocol Amendment INT 6 for GEN501 and 24-Nov-2010 IDMC 
Meeting Minutes 

14-Jan-2011 
Submission of OMf <:;t<'~tP.rnent CAE Evaluation Regarding Evaluation of CACs 
1003095 and 1003096 

18-Feb-2011 
Submission of Protocol Amendment INT 7 for GEN501 and US Agent Change of 
Address in Somerville New Jersey 

28-Feb-2011 Acknowledgement of US Agent Address Change Notification 

Submission of Request to harmonize annual clinical trial safety reporting with 
03-Mar-2011 Development Safety Update Report (DSUR) and concurrence requested for DSUR 

submission date of 11-Dec-2011 

06-Apr-2011 Notification that a DSUR Will Be Submitted Covering 28-Jul-2010 to 11-0ct-2011 



18-May-2011 Submission of Protocol Amendment INT 8 for GEN501 and Safety Report 

01-Jun-2011 
Submission ofTypc C Guidance Meeting Request to Discuss the Clinical 
Development of daratumumab 

17-Jun-2011 
Meeting Request Denied for Type C Guidance Meeting to Discuss the Clinical 
Development of daratumumab and written responses will be provided 

Record of Contact regarding Protocol Amendment INT 8 for GENSOl and 
24-Jun-2011 acknowledgement of comments from IDMC Meeting and recommendation for dose 

escalation 

30-Jun-2011 
Submission of Investigators Brochure IB Edition 6 and Changes to the Investigators 
Brochure Edition 5 to Edition 6 

01-Jul-2011 
Confirmation to proceed with enrollment in US with reference to submission for 
Protocol Amendment INT 8 for GEN501 

08-Jul-2011 
Submission of Protocol Amendment INT 9 for GENS01 and 24-Mar-2011 lnl'v'IC 
Meetl111:: Minutes 

Submission of Information Request regarding CAE criteria and changes to IB and 
18-Jul-2011 protocol GEN501 and comments to extend the period of post infusion monitoring 

and to continue ECG monitoring during part 2 of the study 

02-Aug-2011 
FDA Confirmation that overdue annual report request letter will not be sent until 
after 28-Sep-2011 

Submission of Protocol Amendment INT 10 for GEN501 and Investigators Brochure 
12-Aug-2011 IB Edition 7 and Changes to Investigators Brochure Edition 6 to Edition 7 and 09-

Aug-20111DMC Meeting Minutes 

Acknowledgement with comments for Protocol Amendment INT 10 for GEN501 and 
18-Aug-2011 Investigators Brochure IB Edition 7 and Changes to Investigators Brochure Edition 6 

to Edition 7 

15-Sep-2011 Submission of Annual Report Covering 28-Jul-2010 to 27-Jul-2011 

16-Sep-2011 Granted- Request to submit DSUR in lieu of Annual Report 

19-Sep-2011 Submission of Final Nonclinical Study Report for GMB 3003008 

08-Dec-2011 Submission of DSUR Covering 12-0ct-2010 to ll-Oct-2011 

Submission of Investigators Brochure IB Edition 8 and Changes to the Investigators 
30-Jan-2012 Brochure Edition 7 to Edition 8 and Updated CMC Drug Substance and Drug Product 

Information -
27-Apr-2012 

Notification ofTemporary Halt in Recruitment and Actions Implemented to Re-
initiate Recruitment 

Submission of New Protocols GENS03 and GEN504. 
21-Jun-2012 New Investigator Information for GENS03 and GENS04. 

Final Study Reports for 3003069 and 3003070 

23-/\ug 2012 
Submission of GENSO?I Protocol Amendment INT 3. 
Update to Chemistry Microbiology Modules 1 and 2 

01-0ct-2012 
Submission of End of Phase 1 (EOP-1) Type B Meeting Request to Discuss the Clinical 
Development of Daratumurnab 

Meeting granted for 10-Jan-2013 Request for Type B Meetin!lr to ni~n~c;~ th!i Two 
12·0ct 2012 Pldlllrt:!tl Phase 1. and 3 Trials GENSOS and GEN506 and the Adequacy of the 

Nonclinical Package 

29-0ct-2012 
Submission of Protocol Amendment INT 11 for Protocol GENS01 and Clinical 
Information Amendment for GENSOl Summary of Results 



-
07-Uec-LU12 EOP-1 Type B Meeting Briefing Package for Meeting Scheduled for 10-Jan-2013 

10-Dec-2012 Submission of DSUR Covering 12-0ct-2011 to 11-0ct-2012 

17-Dec-2012 
Submission ofTransfer of IND Sponsorship to Janssen Research & Development, LLC 
and Notification of New Regulatory Contact 

19-Dec-2012 
Janssen Acceptance of transfer IND Sponsorship from Genmab effective 01-Jan-
2013 

07-Jan-2013 
Preliminary comments for 10-Jan-2013 Type B EOP-1 Meeting to Discuss Two 
Indications for Daratumumab 

10-Jan-2013 
Contact report meeting minutes of 10-Jan-2013 EOP-1 meeting to Discuss the 
Proposed Rt-!gistration Studies GENSOS and GEN506 

11-Jan-2013 
Meeting Minutes from 10-Jan-2013 Type B EOP-1 Meeting to Discuss Two 
Indications for Daratumumab 

30-Jan-2013 Protocol Amendment INT-~ for GENS04 

28-Feb-2013 
Submission of New and Updated Investigator Information for GENS()] and GEN503. 
Cancellation of Protocol study GEN504 

Submission of Request for Breakthrough Therapy Designation for the treatment of 

08-Mar-2013 
patients with multiple myeloma who have received at least three prior lines of 
therapy including a proteasome inhibitor PI and an immunomodulatory agent I MiD 
or are double refractory to a PI and an I MiD 

Submission of Request for Fast Track Designation for the treatment of patients with 

22-Mar-2013 
multiple myeloma who have received at least three prior lines of therapy including a 
proteasome inhibitor PI and an immunomodulatory agent I MiD or are double 
refractory to a PI and an I Min 

Submission of Protocol Amendment INT 12 for GEN501. 
26-Mar-2013 Protocol Amendment INT 4 for GENS03. 

Addendum 1 to Investigator Brochure Edition 9 

29-Mar-2013 
Submission of Request for Orphan Drug Designation for Daratumumab ODA 13-
3971. 

29-Mar-2013 Acknowledgement Request for Fast Track Designation 

Granted- Request for Fast Track Designation for the treatment of patients with 

01-Apr-2013 
multiple myeloma who have received at least three prior lines of therapy including a 
proteasome inhibitor PI and an immunomodulatory agent I MiD or are double 
refractory to a PI and an I MiD 

03-Apr-2013 Acknowledgement Request for Breakthrough Therapy Designation 

Submission of Response to 08-Mar-2013 Information request regarding additional 
04-Apr-2013 safety and efficacy data for the 15 subjects in Part 2 of GENS01 for Request for 

Breakthrough Therapy Designation 

26-Apr-2013 
ContCJct Report regarding the Breakthrough Therapy Designation Application and 
GENS01 Part 2 Status Update 

Granted - Request for Breakthrough Therapy Designation for the treatment of 

01-May-2013 
patients with multiple myeloma who have received at least three prior lines of 
therapy including a proteasome inhibitor PI and an immunomodulatory agent I MiD 
or are double refractory to a PI and an IMiD 

02-May-2013 
Submission of Preliminary efficacy activity for Part 2 and discussion to amend 
GENSOl protocol regarding Request for Breakthrough Therapy Designation 



03-May-2013 
Contact Report regarding the Amendment for GEN501 Part 2 for Breakthrough 

Therapy Designation 

30-May-2013 
Submission of Request for Type B Meeting to discuss the multidisciplinary 

comprehensive development program of daratumumab 

14-Jun-2013 
Meeting Granted for 31-Jul-2013 for Type B Meeting to discuss the multidisciplinary 

comprehensive development program of daratumumab 

20-Jun-2013 
Submission of Letter of Authorization to cross reference for Siegel, MD for clinical, 

nonclinical and chemistry manufacturing and control information 

Submission of CMC batch analysis results for drug product batches GDLD01 and 

~6-Jun-2013 GDLL02 and drug substance batch 309944 and stability commitment and data 

information 

02-Jul-2013 
Submission of Briefing Package for 31-Jul-2013 Type B Meeting to discuss the 

multidisciplinary comprehensive development program of daratumumab. 

09-Jul-2013 SubmiSSIOn ot Protocol Amendment INT 13 for GENSOl. 

23-Jul-2013 
Submission of Information Amendment CMC results of the first stage development 

batch comparability within Manufacturing Process Development. 

24-Jul-2013 
Acknowledgement of Janssen Acceptance of Transfer IND Sponsorship from 

Genmab effective 01-Jan-2013 

25-Jul-2013 
Submission of Authorization to Cross Reference for Paul Richardson, MD to Support 

a Single Patient IND for Compassionate Use 

29-Jul-2013 
Preliminary Comments for 31-Jul-2013 Type B Meeting to discuss the 

multidisciplinary comprehensive development program of daratumumab 

31-Jul-2013 
Record of Contact for the Multidisciplinary Comprehensive Development Program 

meeting held 31-Jul-2013 

01-Aug-2013 
Meeting Minutes for 31-Jul-2013 Type B Meeting to discuss the multidisciplinary 

comprehensive development program of daratumumab 

01-Aug-2013 
Submission of New Protocol and New Investigator lnform<~tion for 

54767414MMY2002 (GENSOS). 

Submission of Request for clarity regarding FDA requirement of PK/PD 

03-Sep-2013 comparability studies to be performed in addition to traditional biochemical 

biophysical CMC comparability for product and process development programs 

Response to 04-Sep-2013 Sponsor Request for Clarification of Agency Guidance 

06-Sep-2013 Provided During 31-Jul-2013 Breakthrough Therapy Meeting With Comments and 

Recommendations 

24-Sep-2013 Submission of New Investigator Information for 54767414MMY2002. 

26-Sep-2013 Submission of New Investigator Information for 54767414MMY2002. 

04-0ct-2013 Approval Silent Protocol Amendment INT 13 for GEN501 

~ubmission orTyJJe B Meeting Request l:!ackground Package to Discuss the results of 

the comprehensive panel of biochemical, biophysical and in-vitro biological tests in 

21-0ct-2013 the Chemistry Manufacturing and Controls CMC comparability study. Provide 

updated development plan on study design for Daratumumab. Meeting Granted for 

29-Jan-2014. 

24-0ct-2013 Submission of New Investigator Information for 54767414MMY2002. 



Meeting Grant~d for 29-Jan-2014 Type B Meeting Request Background Package to 

Discuss the results of the comprehensive panel of biochemical, biophysical and in-

28-0ct-2013 vitro biological tests in the Chemistry Manufacturing and Controls CMC 

comparability study. Provide updated development plan on study design for 

Daratumumr:~b. ·-
05-Nov-2013 

Submission of Change in Regulatory Practice Regarding Submission of Foreign Sites 

to us I NOs. 

11-Nov-2013 
Submission of Information Amendment -Clinical Study Report Pharmacology-

Toxicology. 

14-Nov-2013 Submission of New Investigator Information for 54767414MMY1001. 

25-Nov-2013 Submission of New and Updated Investigator Information for 54767414MMY2002 

27-Nov-2013 Submission of New Investigator Information for INT-1547fi7414MMY2002. 

09-Dec-2013 
Submission of DSUR covering 12-0ct-2012 to 11-0ct-2013 and 

updated stability data Module 2 

17-Dec-2013 
Submission of Master Informed consent form for 54767414MMY2002. 

Investigator Brochure IB Edition 10. 

18-Dec-2013 Submission of Protocol Amendment INT 14 for GENSOl. 

20-Dec-2013 Submission of New Investigator Information for 54767414MMY2002 

Submission of CMC Amendment providing CMC information to support use of Phase 

3 material in clinical studies; results of biochemical, biophysical, and in vitro 

20-Dec-2013 biological comparability assessment between pre change Phase 1 and 2 and post 

change Phase 3 process material included; requesting Agency concurrence that 

Phase 3 material and Phase 1 and 2 materials are comparable. 

Submission of Type B Meeting Briefing Package for 29-Jan-2014 Type B Meeting to 

Discuss the results ofthe comprehensive panel of biochemical, biophysical and in-

20-Dec-2013 vitro biological tests in the Chemistry Manufacturing and Controls CMC 

comparability study. Provide updated development plan on study design for 

Daratumumab. 

Submission of Request for Type B Meeting to obtain agreement on study designs for 

13-Jan-2014 
the use of Daratumumab for the treatment of newly diagnosed patients with 

multiple myeloma who are eligible for stem cell transplantation and who are not 

eligible for stem cell transplantation. 

Preliminary Comments for End of Phase 2 (EOP-2) Type B Meeting to be held 29-

21-Jan-2014 
Jan-2014 to obtain agreement on study designs for the use of Daratumumab for the 

treatment of newly diagnosed patients with multiple myeloma who are eligible for 

stem cell transplantation and who are not eligible for stem cell transplantation. 

27-Jan-2014 Submission ofType B Meeting Request Withdrawal. 

28-Jan-2014 
Submission of New and Updated Investigator Information for 54767414MMY1001. 

Protocol Amendment INT 1 for 54767U4MMY1001, 

Submission of Request for Type B EOP-2 meeting to obtain agreement on study 

28-Jan-2014 
designs for the use of Daratumumab for the treatment of newly diagnosed patients 

with multiple myeloma who are eligible for stem cell transplantation and who are 

not eligible for stem cell transplantation. Meeting granted for 01-Mav-2014. 

2~-Jan-2014 Acknowledgment of Type C Meeting Request Withdrawal. 

29-Jan-2014 Record of Contact- EOP-2 meeting - CMC comparability 

30-Jan-2014 
Meeting Minutes from 29-Jan-2014 EOP-2 Type B Meeting as follow-up to July 2013 

multidisciplinary development program meeting 



04-Feb-2014 
Submission of Slide presentation from 29 January 2014 FDA meeting Background 

materials and CMC Response ~or 29-Jan-2014 meeting. 

05-Feb-2014 
Submission of Notification of use of Ethylene Vinyl Acetate EVA IV bag in Phase 2 

study. 

11-Feb-2014 
Submission of request to use alternate IV administration sets as manufacturer is Out 

of Stock of available sets. 

Meeting Request Granted for Type B End of Phase 2 meeting to obtain agreement 

11-Feb-2014 
on study designs for the use of Daratumumab for the treatment of newly diagnosed 

patients with multiple myeloma who are eligible for stem cell transplantation and 

who are not eligible for stern cell transplantation. Meeting date: 01-May-2014 

Submission of Type B Meeting Request to obtain agreement on a study design for 

14-feb-2014 
the use of Daratumumab for the treatment of newly diagnosed patients with 
multiple myeloma who are eligible for stem cell transplantation; scheduled for 04-

Jun-2014. 
Meeting Cirnnted Type B Meeting Request to obtain agreement on a study design 

24-Feb-2014 
for the use of Daratumumab for the treatment of newly diagnosed patients with 

multiple myeloma who are eligible for stem cell transplantation, scheduled for 04-

Jun-2014 

Meeting Granted for EOP-2 Type B Meeting Request to obtain agreement on a study 

24-Feb-2014 
design for the use of daratumumab for the treatment of newly diagnosed patients 

with multiple myeloma who are eligible for stem cell transplantation, scheduled for 

04-Jun-2014. -
Submission of Request for FDA concurrence and advice regarding the accelerated 

26-Feb-2014 CMC development of daratumumt~b in prepariltion of a potential accelert~ted BLA 

Breakthrough designation 

Submission of Request for Type A Meeting for FDA concurrence and advice 

27-Feb-2014 regarding the accelerated CMC development of daratumumab in preparation of a 

potential accelerated BLA Bret~kthrough designation. 

Submission of New and Updated Investigator Information for 54767414MMY1001 

54767414MMY2002. 

28-Feb-2014 
Protocol Amendment INT 2 for 54767414MMY1001 and revised Informed Consent 

Form ICF. 
Transfer of obligation for 54767414MMY2003 54767414MMY2004 and 
54767414MMY2002. 

Meeting Granted as Type C Meeting- Request for FDA concurrence and advice 

03-Mar-2014 
regarding the accP.Ierated CMC developrnent of daratumumab in preparation of a 

potential accelerated BLA Breakthrough designation Written Responses Only by 

12-May-2014 

Submission of Briefing Package for Type C Meeting for FDA concurrence and ;;~dvice 

04-Milr 2014 
regarding thP. r~rrelerated CMC develuprnent of daratumumab in preparation of a 

potential accelerated BLA Breakthrough designation.- Written Responses Only by 

12-May-2014. 
Submission of Protocol Amendment 5 for 54767414MMY2004. 

11-Mar-2014 
Protocol Amendment 54767414MMY3003. 
New t~nrltlpdatlid lnvc3tigl!'ltur Information tor 54767414MMY3003. 
Transfer of obligation for 54767414MMY1001. 



Suhmission of Revised lirfurrned Consent Form ICF for 54767414MMY2004 version 

25-Mar-2014 8. Updated Investigator Information for 54767414MMY2002. Transter of obligation 

for 54767414MMY3003. 

Submission of Request for Type C Meeting for FDA concurrence regarding CMC 

26-Mar-2014 
process validation plans and stability data drug product compatibility studies to 

support expedited development of daratumumab in preparation of a potentiai13LA 

under Breakthrough Therapy. Meeting granted for 03-Jun-2014. 

Submission of Briefing Package for 01-May-2014 Type B EOP-2 meeting to obtain 

Ol-Apr-2014 
agreement on study dP.signs for the use of Daratumumab for the treatment of 

newly diagnosed patients with multiple myeloma who are eligible for stem cell 

transplantation and who are not eligible for stem cell transplantation. 
-

Written responses to Sponsor questions in 04-Mar-2014 Briefing Package Type C 

01-Apr-2014 
Meeting Request FDA concurrence and advice regarding the accelerated CMC 

development of darr~tumumt~b in prcparatior Iura potential accelerated BLA 
Breakthrough designation 

Meeting granted for 03-Jun-2014 Type C Meeting for FDA concurrence regarding 

10-Apr-2014 
CMC process validation plans and stability data drug product compatibility studies 

to support expedited development of daratumumab in preparation of a potential 

BLA under Breakthrough Therapy 

Submission of CMC Amendment updating phase 2 CMC information to include the 

18-Apr-2014 Phase 3 cSDS method in lieu of SDS for stability testing with corresponding 

specification update and for use of phase 3 reterence standard material. 

23-Apr-2014 Submission of Updated Investigator Information for 54767414MMY2002. 

Meeting Preliminary Comments in Response to Request for Type B EOP-2 meeting 

28-Apr-2014 
to obtain agreement on study designs for the use of Daratumumab for the 
treatment of newly diagnosed patients with multiple myeloma who are not eligible 

for stem cell transplantation. Meeting granted for 01-May-2014 

01-May-2014 
Record of Contact for EOP-2 Meeting Frontline Nontransplant Eligible; updated 

summary of clinical development plan for multiple myeloma. 

Submission of Briefing Package for 03-Jun-2014 Type C Meeting for FDA 

02-May-2014 
concurrence regarding CMC process validation plans and stability data drug product 

compatibility studies to support expedited development of daratumumr~b in 

preparation of a potential BLA under Breakthrough Therapy. 

Submission of Briefing Package tor 04-Jun-2014 Type B Meeting Request to obtain 

02-May-2014 
agreement on a study design for the use of Daratumumab for the treatment of 

newly diagnosed patients with multiple myeloma who are eligible for stem cell 

transplantation. 

06-May-2014 
<;r.!bmission of $I ide pr ~!>entation Materials from Type B EOP-2 Meeting dated 1 May 

2014 and reference documents. 

06-May-2014 
Meeting Minutes from 29-Jan-2014 EOP-2 Type B Meeting as follow-up to July 2013 

multidisciplinary development program meeting 

19-M~2014 Submission of Ri&pon:;c to 1.J•Aj.Jr-2014 LMC Phase 3 information updates. 

Submission of Updated data from part 2 of Study S4767414MMY2004 

29-May-2014 daratumumab in combination with lenalidomide and dexamethasone in patients 
with relapsed refractory multiple myeloma. 



02-JLiri-2014 
Submi!:!:ion of Oack~· uund informatron regarding the reflex assay for daratumumab 

IFE interference. Poster presented at AARC 2014 discussing I FE. 

03-Jun-2014 
Submission of Slide presentation of background Materials from EOP-2 meeting 

dated 29-Jan-2014. 

Submission of Updated Investigator Information for 54767414MMY2002. 

03-Jun-2014 Meeting Minutes for 54767414MMY2004 from 22-Feb-2013 20-Jun-2013 19-Sep-

2013 10-Feb-2014. 

Record of Contact for 04-Jun-2014 EOP-2 Type B Meeting to obtain agreement on a 

04-Jun-2014 study design for the use of Daratumumab for the treatment of newly diagnosed 

patients with multiple myeloma who are eligible for stem cell transplantation. 

Meeting Preliminary Comments from 03-Jun-2014 Type C Meeting for FDA 

06-Jun-2014 
concurrence regarding CMC process validation plans and stability data drug product 

compatibility studies to support expedited development of daratumumab in 

preparation of a potPnti?~! BLA under Breakthrough Therapy 

Submission of Slide presentation from 04-Jun-2014 EOP-2 Type B Meeting to obtain 

06-Jun-2014 
agreement on a study design for the use of Daratumumab for the treatment of 

newly diagnosed patients with multiple myeloma who are eligible for stem cell 

transplantation. 

09-Jun-2014 
Submission of New Protocoi54767414MMY3004. 
New Investigator Information Informed Consent Form ICF 

Meeting Minutes from 04-Jun-2014 EOP-2 Type B Meeting to obtain agreement on 

10-Jun-2014 a study design for the use of Daratumumab for the treatment of newly diagnosed 

patients with multiple myeloma who are eligible for stem c;:ell tr;:mc;rl;:u1tiition. 

Meeting Minutes from 03-Jun-2014 Type C Meeting for FDA concurrence regarding 

11-Jun-2014 
CMC process validation plans and stability data drug product compatibility studies 

to support expedited development of daratumumab in preparation of a potential 

BLA under Breakthrough Therapy 

Record of Contact regarding GENS03 data submitted to support 

54767414MMY3003, follow-up to 29-May-2014 submission of updated data from 

18-Jun-2014 part 2 of Study 54767414MMY2004, and daratumumab in combination with 

lenalidomide and dexamethasone in patients with relapsed refractory multiple 

myeloma. 

Submission of Protocol Amendment INT 1 for 54767414MMY3003. 

24-Jun-2014 
New and Updated Investigator Information for 54767414MMY3003 and 

54767414MMY2002. 
Meeting Minutes from 19-Apr-2013 1-0ct-2012 22-Feb-2013 25-Mar-2014. 

Submission of Request for Type C Meeting to obtain agreement on the use of the 

17-Jul-2014 reflex assays proposed for the serum SPE/IFE assessments in daratumumab clinical 

studie!;. Meeting gr:mtcd for 29·Sep-2014. 

Submission of Protocol Amendment 2 for 54767414MMY1001. 

23-Jul-2014 
Protocol Amendment 3 for 54767414MMY2002. 

New and Updated Investigator Information for 54767414MMY2002 and 

54767414MMY3003. 

iVIeetrng granted for 29-Sep-2014 for Type C Meeting to obtain agreement on the of 

25-Jul-2014 use of the reflex assays proposed for the serum SPE/IFE assessments in 

daratumumab clinical studies 

29-Jul-2014 Submission of Safety data for c;47674111MMY1001. 



. ·-

08-Aug-7014 
Submission of New ann ll("'dated lnvcstigdlur Information for 54767414MMY1001 

and 54767414MMY3004. 

Submission of Request for Type B Meeting to discuss an additional potential 

15-Aug-2014 accelerated development plan for the initial daratumumab BLA based on clinical 

results. Meeting granted for 24-0ct-2014. 

Submission of Type C Meeting Request to obtain agreement that the Sponsor can 

18-Aug-2014 initiate a Phase 2 study 54767414SMM2001 that will evaluate 3 daratumumab dose 

schedules as a single agent in patients with smoldering multiple myeloma. 

Meeting granted for 24-0ct-2014 for Type B Meeting Request to discuss an 

18-Aug-2014 additional potential accelerated development plan for the initial daratumumab Bl A 

based on clinical results. 

21-Aug-2014 Submission of New and Updated Investigator Information for 54767414MMY3003. 

Meeting Granted Written Responses Only for Type C Meeti11g to obtam agreement 

22-Aug-2014 
tl1dl the !:lponsor can initiate a Phase 2 study 54767414SMM2001 that will evaluilte 

3 daratumumab dose schedules as a single agent in patients with smoldering 

multiple myeloma. 

Submission of Type C pre-BLA meeting Request to obtain agreement regarding the 

28-Aug-2014 proposed content, format, and planned efficacy and safety analyses. Meeting 

granted for 12-Dec-2014 

Submission of Briefing Package for 19-Sep-2014 Type C Meeting to discuss the use 

29-Aug-2014 ofthe reflex assays proposed for the serum IFE assessments in the Sponsor's 

ciaratumumab clinical studies. -
Meetine Granted for Type C pre-~ LA meeting Request to obtain agreement 

03-Sep-2014 regarding the proposed content, format, and planned efficacy and safety analyses 

scheduled for 12-Dec-2014. 

Submission of Protocol Amendment for 54767414MMY3007. 

17-Sep-2014 Updated Investigator lnforrnation for 54767414MMY3004, 54767414MMY1002 and 

54767414MMY1001. 

Preliminary Comments in Response to Type C Meeting to obtain agreement on the 

19-Sep-2014 use of the reflex assays proposed for the serum SPE/IFE assessments in 

darat11mumab clinical studies. Meeting granted for 29-Sep-2014. 

Request to Withdrawal Type C Meeting to obtain agreement on the us.e of the reflex 

23-Sep-2014 assays proposed for the serum SPE/IFE assessments in daratumumab clinical 

studies. Meeting granted for 29-Sep-2014. 

Submission of Briefing Package for 24-0ct-2014 for Type B Meeting to discuss an 

01-0ct-2014 additional potential accelerated development plan for the initial daratumumab BLA 

based on clinical results. 

5ubllli!'>slon of Briefing Package for 01-Nov-2014 Type C Meeting to obtain 

02-0ct-2014 
agreement that the Sponsor can initiate a Phase 2 study 54767414SMM2001 that 

will evaluate 3 daratumumab dose schedules as a single agent in patients with 

smoldering multiple myeloma. 

06-0rt-70111 
Submi~sion of NP.W ;:md Upd;:~tcd lnve:!>Ligator lntormation for 54767414MMY2002 

and 54767414MMY3004. 



Record of Contact Draft regarding follow-up to 01-0ct-2014 briefing book for the 

08-0ct-2014 24-0ct-2014 Type B face-to-face meeting to discuss CMC expedited development of 

Daratumumab 

Request to Withdrawal Type B Meeting to discuss an additional potential 

09-0ct-2014 accelerated development plan for the initial daratumumab BLA based on clinical 

results Meeting granted for 24-0ct-2014. 

Submission of CMC Amendment updating phase 2 CMC information to include the 

Phase 3 cSDS method in lieu of SDS for stability testing with corresponding 

specification update and for use of phase 3 reference standard material. Updated 

10-0ct-2014 specifications for drug substance and drug product for bioassays CDC, ADCC and 

CB38 binding clEF, cSDS reduced and non-reduced and SE-HPLC. Additionally, phase 

3 CMC information updates are provided including stability data and shelf life, 

updated data for clEF re-integration. 

Acknowledgement meeting request cancelled regarding sponsors 09-0rt-20111 

17-0ct-2014 meeting request r<'!nc911Jtion of 24-0ct-2U14 Type B Meeting, no further discussion 

required at this time 

Acknowledgement meeting request cancelled regarding sponsors 23-Sep-2014 

17-0ct-2014 meeting request cancellation for 29-Sep-2014 meeting, no further discussion 

required at this time 

Written Responses to sponsor questions contained in 02-0ct-2014 briefing package 

24-0ct-2014 
for Type C Meeting to obtain agreement that the Sponsor can initiate a Phase 2 

study 54767414SMM2001 that will evaluate 3 daratumumab dose schedules as a 

single agent in patients with smoldering rnultiple myeloma 

Type B pre-RLA meeting Request to review the topline results from the 

31-0ct-2014 
54767414MMY2002 study and to obtain agreement regarding the additional 

content of the BLA to support the use of daratumumab for the treatment of 

patients with multiple myeloma. Meeting Granted for 31-Mar-2015. 

Submission of New and Updated Investigator Information for 547674lttMMY1001, 

05-Nov-2014 54767414MMY2002, 54767414MMY2003, 54767414MMY3003, and 

54767414MMY3004. 

Submission of New Protocol for 54767414MMY3008 incorporating Amendment INT 

12-Nov-2014 1. 

New and Updated Investigator Information for 54767414MMY2002. 

Submission of Briefing Package for 12-Dec-2014 Type C pre-BLA meeting Request to 

13-Nov-2014 obtain agreement regarding the proposed content, format, and planned efficac:y 

and safety analyses. 

18-Nov-2014 
Submission of New Investigator Information for 54767414MMY1001. Meeting 

Minutes for GEN501 from 14-Nov-2014. Investigators Brochure IB Edition 11. 

Meeting Granted for 31-Mar-2015 Type B pre-BLA MPeting to review lhe toplmc 

20·Nuv-2014 
results from the 54767414MMY2002 study and to obtain agreement regarding the 

additional content of the BLA to support the use of daratumumab for the treatment 

of patients with multiple myeloma. 

Submission ~tocol Amendment INT 3 for 54767414MMY1001. Updated 

24-Nov-2014 Informed Consent Form for 547674141\~MYlOOl. N~:::w InveStigator Information for 

S476/414MMY3007 

03-Dec-2014 
Submission of New and Updated Investigator Information for 54767414MMY1001 

and 54767414MMY2002. Protocol Amendment INT 2 for 54767414MMY3003. 



Preliminary Comments for 12-Dec-2014 Type C pre-BL.A Meeting to obtain 

05-Dec-2014 agreement regarding the proposed content, format, and planned efficacy and safety 

analyses. 

08-Dec-2014 Submission of DSUR covering 12-0ct-2013 to 11-0ct-2014. 

Submission of Protocol Amendment INT 1 for 54767414MMY3007. 

09-Dec-2014 Updated Informed Consent Form for 54767414MMY3007. 

New Investigator Information for 54767414MMY2007. .. 
Record of Contat:l for 12-Dec-2014 Teleconference Regarding Proposed Content, 

12-Dec-2014 Format, and Planned Efficacy and Safety Analyses for the Initial BL.A for 

Daratumumab 

16-Dec-2014 
Submission of Information Amendment CMC regarding comparability :.tudy results 

for drug substance batch GMP batch 3 855361C. 
f-

22-Dec-2014 
Submission of Updated Investigator Information for 54767414MMY1001 and 
54767414MMY2002. New Investigator Information for 54767414MMY3007 

Meeting Minutes from 12-Dec-20l4 Type C Meeting to d1scuss the proposed 

??.-Dec-2014 wntent, tormat, and planned efficacy and safety analyses for the initial BL.A for 

daratumumab. 

16-Jan-2015 
Submission of Updated Investigator Information for 54767414MMY1001. 

Transfer of obligations for 54767414MMY2002 and 54767414MMY2004 

23-Jan-2015 Submission of Request for Proprietary name review for daratumumab. 

Submission of Protocol Amendment 1 for 54767414MMY3004. 

28-Jan-2015 New and Updated Investigator Information for 54767414MMY3002 and 

54767414MMY3007. 

Submission of Protocol Amendment INT 4 tor 54767414MMY1001. Informed 

03-Feb-2015 Consent Form for 54767414MMY10Ul verc;inn 6.0. IDMC Meeting Minutes for 

GEN!:i03 

17-Feb-2015 Submission of New Protocol for 54767414MMY3006. 

17-Feb-2015 
Response to 03-Feb-2014 providing the tabulated and qualitative results from 

stability studies. 

Suhmission of Protucol Amendment INT 1 for 54767414SMM2001. 

18-Feb-2015 
Informed Consent Form for 54767414MMY1001 version 3.0. 

Transfer of Spon:.or Obligations for 54767414SMM2001. 

IDMC Meeting Minutes for GENSOl. 

Submission of Briefing Package for 31-Mar-2015 Type B pre-BL.A meeting to review 

25-Feb-2015 
the topline results from the 54767414MMY2002 study and to obtain agreement 

regarding the additional content of the BL.A to support the use of daratumumab fur 

the treatment of patients with multiple myeloma. 

Submission of New Protocol for 54767414LYM2001. 

26-Feb-2015 New Investigator Information for 54767414MMY3008. 
Transfer of obligations for 54767414MMY2002. 

0~-Mor-2015 
Submi<><>ion of New ami Updated Investigator Information for 54767414MMY3003 

and 54767414MMY3008. 

06-Mar-2015 
Submission of Updated Investigator Information for 54767414MMY1001. Transfer 

of obligations 54767414LYM2001. 

13-Mar-2015 Proprietary Name Request Conditionally Acceptable - DARZALEX 

17-Mar-2015 
Submission of New and Updated Investigator Information for 54767414MMY3004 

and 54767414MMY3008. 



-
Meeting Preliminary Comments foi 31-Mar-2015 Type B pre-BLA Meeting to review 

26-Mar-2015 
the topline results from the 54767414MMY2002 study and to obtain agreement 

regarding the additional content of the BLA to support the use of daratumumab for 

the treatment of patients with multiple myeloma. 

31-Mar-2015 
Record of Contact for 31-Mar-2015 Teleconference Regarding Pre-BLA Topline 

Results 

01-Apr-2015 
Submission of New and Updated Investigator Information for 54767414MMY3003 

and 54767414MMY3008. 

Meeting Minutes for 31-Mar-2015 Type B pre-BLA Meeting to review the topline 

01-Apr-2015 
results from the 54767414MMY2002 study <~nd to obtain agreement regarding the 

additional content of the RLA to support the use of daratumumab for the treatment 

of patients with multiple myeloma. 

Submission of New Protocol for 54767414MMY3010 Incorporating ArnendmPnt 1 

Expander! Access Program for P<rtients W1th Multiple Myeloma Who Have Received 

02-Apr-2015 At Least 3 Prior Lines of Therapy Including a Protease Inhibitor PI and an 

lmmunomodulatory Agent I MiD or Whose Disease is Double Refractory to Both a PI 

and an IMiD, and Are Ineligible For Another Study. 

Submission of Slide Presentation From 31-Mar-2015 Type B Pre-BLA Meeting to 

02-Apr-2015 
Review the Topline Results From the 54767414MMY2002 Study and To Obtain 

Agreement Regarding the Additional Content of the BLA to Support the Use of 

Daratumumab for the Treatment of Patients With Multiple Myeloma. 

06-Apr-2015 
Acknowledgment of New Protocol for 54767414MMY3010 Incorporating 

Amenrlment 1 Expanded Access Program for Patients With Multiple Myeloma. 

13-Apr-2015 
Request for Rolling Submission and Review of Portions of Biologic License 

Application 

15-Apr-2015 
Acknowledgment of Request for Rolling Submission and Review of Portions of 

Biologic License Application 

16-Apr-2015 
Submission of Clinical Pharmacology Method Validation Reports and Nonclinical 

Method Validation and Pharmacology Reports. 

Submission of Chemistry Manufacturing and Controls Amendment for Comparability 

17-Apr-2015 
Study Results for Drug Product Vial Presentations Manufactured at Cilag AG, 

Switzerland and at Vetter. Reference 01-Apr-2014 Written Response to 04-Mar-

2014 Briefing Package for Type C Meeting. 

22-Apr-2015 
Submission of Response to 1.2-Mar-2015 Information Request regarding Subject 

level data listings by site. 

24-Apr-2015 
Submission of Authorization to Cross Reference IND 100638 for Noopur Raje, MD to 

Support a Single Patient IND for Compassionate Use -
24-Apr-1015 

Study M<:~y rroceet.l Protocoi tor 54767414MMY3010 Incorporating Amendment 1 

Expanded Access Program for Patients With Multiple Myeloma. 

24-Apr-2015 
Granted Request for Rolling Submission and Review of Portions of Biologic License 

Application 

Submic;c;inn of New ond U!Judled 1nvest1gator Information for GENSOl, GEN503, 

27-Apr-2015 54767414MMY1001, 54767414MMY3003, 54767414MMY3007 and 
54767414MMY3008. 

28-Apr-2015 Submission of Investigators Brochure IB Edition 11 Addendum 1. 



01-May-2015 
Submission of Authorization to Cross Reference IND 100638 for Brea Lipe, MD to 

Support a Single Patient IND for Compassionate Use 

04-May-2015 
Submission of Authorization to Cross Reference IND 100638 for Amrita Krishnan, 

MD to Support a Single Patient IND for Compassionate Use 

07-May-2015 
Submission of New and Updated Investigator Information for 54767414MMY3008, 

54767414SMM2001 and 54767414LYM2001. 

1.5-May-2015 
Submission of Nonclinical Pharmacology Reports (GMB3003-115, GMB3003-017, 

BKV00013, BKV00005, BKV00004 and 26807{study#259477) 

21-May-2015 
Submission of Response to 14-May-2015 Information Request regarding Subject 

level data listings by site. 
-

21-May-2015 
Submission of Response to 19-May-7015 Information Request submitting the 

protocol st.. ICI Y ·o for Studies GEN501 and 54767414MMY2007. 

Submission of New and Updated Investigator Information for 54767414MMY1001, 

29-May-2015 54767414MMY2002, 54767414MMY3004, 54767414MMY3008 and 

54767414LYM2001. 

11-Jun-2015 Submission of Clinical Study Reports for GEN501, GEN503, and 54767414MMY2002 

11-Jun-2015 
Submission of Authorization to Cross Reference IND 100638 for Suzanne Lentzsch, 

MD, PhD to Support a Single Patient IND for Compassionate Use 

Submission of New and Updated Investigator Information for 54767414MMY3008, 

12-Jun-2015 
54767414LYM2001, 54767414SMM2001. 
Updated Transfer of Responsibilities TORO for GEN501, GEN503, 

54767414MMY1001, 54767414MMY2002, and 54767414MMY3010. 

18-Jun-2015 
Submission of Authorization to Cross Reference IND 100638 for Edward 

StCidtmauer, MD to Support a Single Patient IND for Compassionate Use 

18-Jun-2015 
Submission of Authorization to Cross Reference IND 100638 for Dako North 

America. 

19-Jun-2015 
Submission of Authorization to Cross Reference IND 100638 for Gregory Vercellotti, 
MD to Support a Single PatiP.nt IND for Compassionate Use 

Submission of New and updated investigator information for Protocols 

26-Jun-2015 547674l4LYM2001,54767414MMY3004,54767414MMY3008,and 

54767414MMY3010 

01-Jul-2015 
Submission of Authorization to Cross Reference IND 100638 for Thomas Roschak, 

MD to Support a Single Patient IND for Compassionate Us!:!. 

02-Jul-7015 Submission of Protocol Amendment 4 for 54767414MMY2002 

Submission of New Investigator Information for 54767414MMY3008, 

10-Jul-2015 54767414LYM2001, 54767414SMM2001. Updated Investigator Information for 

54767414MMY3004. 

10-Jul-2015 
Submission of Authorization to Cross Reference IND 100638 for Fazal Bari, MD to 

Support a Single Patient IND for Compassionate Use 

Submission of New and Updated Investigator Information fnr 5'1767414SMM2001, 

28-Jul-2015 54767414MMY2002, 54767414MMY3003, 5476/414MMY3004 and 

54767414MMY3008. 

Submission of Protocol Amendment 2 for 54767414SMM2001. 

03-Aug-2015 Prototol Amendment INT-5 for 54767414MMY1001. 
New Investigator Information for 547674l4MMY300'1 and ~471!17414MMV3010 

SubmiSSIOn of Type B Meeting Request to Discuss and obtain agreement on a 

05-Aug-2015 
registration program for the use of daratumumab for the treatment of patients with 

intermediate and high risk smoldering multiple myeloma. Meeting Granted for 10-

Nov-2015. 



06-Aug-2015 
Submission of Authorization to Cross Reference IND 100638 for Keith Lanier, MD to 

Support a Single Patient IND for Compassionate Use. 

Submission of Protocol Amendment for Protocol GEN501 Amendment INT-15 and 

06-Aug-2015 New And Updated Investigator Information for 54767414MMY3007 and 

54767414MMY3008 

10-Aug-2015 
Submission of Investigators Brochure IB Edition 11 Addendum 2. Protocol 

Amendment INT 2 for 54767414MMY3010. 

24-Aug-2015 
Submission of New and Updated Investigator Information for 54767414MMY3004, 

54767414MMY3008 and 54767414MMY3010. 

Meeting granted for 10-Nov-2015 Type B Meeting Request to Discuss and obtain 

25-Aug-2015 agreement on a registration program for the use of daratumumc:~b for the treatment 

of patients with intermediate and high risk smoldering multiple myeloma: 

Request to Withdraw Type B Meeting Request Scheduled for 10-Nov-2015 to 

Discuss and obtain agreement on a registration program for the usf! nf 

14-Sep-2015 daratumumab for thP treatment of ~dtlents with intermediate and high risk 

smoldering multiple myeloma. New request to be mode with alternate meeting 

dates. 

14-Sep-2015 
Submission of New and Updated Investigator Information for Protocols 

54767414LYM2001 and 54767414MMY3008 and 54767414SMM2001 

16-Sep-2015 
Response to 09-Sep-2015 Information Request regarding identified Potential Hold 

Deficiencies. 

Type B Meeting Request to discuss and obtain agreement on a registrl'ltion program 

16-Sep-2015 for the use of daratumumab for the treatment of patients with intermediate and 

high risk smoldering multiple myeloma. Meeting Granted for 1.2-Jan-2016. 

Submission of Protocol Amendment Authorization to cross reference to IND 100638 

22-Sep-2015 for Investigator Forrest Conrath, MD, Cancer Care Specialists, 6130 Plumas Street 

Reno, NV 89519 

Submission of Protucol Amendment Authorization to cross reference to IND 100638 

22-Sep-2015 for the investigator Amit Agarwal, MD, PhD, University of Arizona Cancer Center, 

1515 N. Campbell Avenue, Tucson, AZ 85724 

28-Sep-2015 Submission of Clinical Study Report Addendum for GEN501 and 54767414MMY2002 

29-Sep-2015 
Submission of New and Updated Investigator Information for 54767414LYM2001, 

54767414MMY3003, 54767414MMY3008 i'lnd 54767414MMY3010. 

30-Sep-2015 
Submission of Authorization to Cross Reference IND 100638 for navid 1\raten, MD to 

Support a Single Patient IND for Compassionate Use. 
:_._.. 

Meeting Granted for 12-Jan-2016 for Pre-Phase 3 Type B Meeting Request to 

07-0ct-2015 
discuss and obtain agreement on a registration program for the use of 

daratumumab for the treatment of patients with intermediate and high risk 

smoldering multiple myeloma. 

Meeting Request C:tlncelled for Typt:! R Meeting Scheduled for 10-Nov-2015 to 

Discuss and obt<Jin agreement on a registration program for the use of 

07-0ct-2015 daratumumab for the treatment of patients with intermediate and high risk 

smoldering multiple myeloma. New request to be made with alternate meeting 

dates. 

OR-Oct-2015 
Submission of lnvcsti~l:llur!> Brochure IB Edition 12. New Investigator Information 

for 54767414MMY300B. 

22-0ct-2015 
Submission of Authorization to Cross Reference IND 100638 for Robert Dean, MD 

for clinical, nonclinical and chemistry, manufacturing and control information. 



Submission of Protocol Amendment INT-2 for 547fi741t1MMV3008. 

lnformen Consent rorrn for !:l4767414MMY3008 version 6. 

23-0ct-2015 Protocol Amendment INT-7 for 54767414MMY2004. 

Informed Consent Form for 54767414MMY2004 version 11. 

Informed Consent Form for 54767414SMM2001 version 6. 

26-0ct-2015 
Submission of New and Updated Investigator Information for 54767414LYM2001, 

54767414MMY3008, 54767414SMM2001 

29-0ct-2015 
Submission of Authorization to Cross Reference IND 100638 for Brian McClune, MD 

to Support a Single Patient IND for Compassionate Use. 

09-Nov-2015 
Submission of Authorization to Cross Reference IND 100638 for Bhoomi Mehrotra, 

MD for clinical, nonclinical and chemistry, manufacturing and control information 

12-Nov-2015 Submission of Information Amendment: Nonclinical Pharmacology Report 

Submission of New and Updated Investigator Information for 54767414LYM2001, 

13-Nov-2015 54/67414MMY3008, 54767414MMY3007, 54767414MMY3010 and revised 

informed consent form for GEN501 



Express Mail Label No.: EM 665144084 US 

EXHIB .. T6B 
Daratumumab (HuMax-CD38) 

Darzalex BLA 761,036 

Summary of Significant FDA Interactions/Events/Correspondences During Regulatory Review 

Date Description of Events/FDA Correspondences 

Submission of first unit (part one of three) of rolling Original Biologics License 

Application (BLA reviewable unit 1 Modules 1 and 5) for daratumumab (HuMax-

05-Jun-2015 
CD38) intravenous IV daratumumab for the treatment of patients with multiple 

myeloma who have received at least three prior lines of therapy including a 

proteasome inhibitor PI and an imrnunomodulatory agent I MiD or are double 

refractory to a PI and an I MiD. Request Priority Review Designation. 

Submission of second unit (part two of three) of rolling Original Biologics License 

Application (BLA reviewable unit 7. Modules 1 a111.J 4) for daratumumab (HuMax-

15-Jun-2015 
CD~~) intravenous IV daratumumab for the treatment of patients with multiple 

myeloma who have received at least three prior lines of therapy including a 

proteasome inhibitor PI and an immunomodulatory agent I MiD or are double 

refractory to a PI and an I MiD. Request Priority Review Designation. 

23-Jun-2015 
Acknowledgement Original Biologics License Application BLA reviewable unit 1 

Modules 1 and 5. 

Completion of rolling BLA. Submission of third unit (part three of three) of rolling 

Original Biologics License Application (BLA reviewable unit 3 Modules 1, 2, 3 cmd 5) 

09-Jul-2015 
for daratumumab (HuMax-CD38) intravenous IV daratumumab for the tre<~tment 

of patients with multiple myeloma who have receivf'rt i'tt lilact three 1-l' ior lines of 

thPrilpy including d proteasome inhibitor PI and an immunomodulatory agent IMiD 

or are double refractory to a PI and an I MiD. Request Priority Review Designation. 

15-Jul-2015 
Submission of Request to review and approve the proposed Proprietary Name 

"DARZALEX" by the Agency 

Acknowledgement Original Biologics License Application BLA reviewable unit 3 

Modules 1, 2, 3 and 5 for daratumumab HuMax-CD38 intravenous IV 

daratumumab for the treatment of patients with multiple myeloma who have 

23-Jul-2015 received at least three prior lines of therapy including a proteasome inhibitor PI 

and an immunomodulatory agent I MiD or are double refractory to a PI and an 

I MiD. Rolling Submission in Three Parts, Part 3 of 3. Request Priority Review 

Designation. -
07-Aug-201.5 

Submission of Stability data update for the concentrated viral inactivated 

neutralized VIN intermediate, drug substance. 

11-Aug-2015 
Submission of slide presentation of background materials from 31-Jul-2015 

Spol"'!or Orientation Meeting. 

Submission of Pooled analysis for efficacy and safety of single agent daratumumab, 

14-Aug-2015 which include SAS datasets, SAS programs, and documentations. RP.ports of 

Analyses of Data from More Than One Study. 

17-Aug-2015 
Pre-Launch Activities Importation Request PLAiR and Letter Signed by Authorized 

Representative submission 

20-Aug-2015 
Submission of Response.to 17-Aug-2015 Clinical Pharmacology Information 

Request. 

26-Aug-2015 
OPDP draft PI-based now approved promotional materials binder 2.1 subpart E 

general correspondence submission -cover letter only 

1 



31-Aug-2015 
OPDP record of contact informing agency via ern ail nf qrbmi!i!iion ur Lhe Uarzalex 

prelaunrh binders 

No Filing ReviP.w Issues Identified for Original Biologics License Application BLA 

04-Sep-2015 reviewable unit 3 Modules 1, 2, 3 and 5 for daratumumab HuMax-CD38 

intravenous IV daratumumab 

04-Sep-2015 Proprietary Name Request for DARZALEX Conditionally Acceptable. 

10-Sep-2015 
OPDP draft PI-based now approvP.d promotional materials binder 3.1 subpart E 

general correspondence submission- cover letter only 

10-Sep-2015 
OPDP draft PI-based now approved promotional materials binder 4.1 subpart E 

general correspondence submission- cover letter only 

10-Sep-2015 
OPDP record of contact requesting agency confirmation of valid agency i:lddress for 

prelaunch binders to be sent to 

Pre-Launr:h Activities Importation Request PLAIR and Letter Signed by Authorized 

11-Sep-2015 
Representative, Reference 19-Aug-2015 email response received from CDER-OC-

PLAIR regarding the denifll of 17 Aug-2015 PLAIR submission and direction to 

resubmit in early Sep-2015. as the action goal d<tte is expected in November 2015 

15-Sep-2015 Submission of Response to 04-Sep-2015 CMC Information request. 

16-Sep-2015 
Submission of Response to 14-Sep-2015 Clinical Pharmacology Information 

request. 

22-Sep-2015 
Submission of Response to 15-Sep-2015 Clinical Pharmacology QT IRT Information 

Request for Table of Highlights of Clinical Pharmacology and Cardiac Safety 

23-Sep-2015 
Submission of Responses to 17-Sep-2015 Clinical and Clinical Pharmacology 

Information Requests Updated Oatasets ECG W<tveforms 

24-Sep-2015 
Record of Contact for 24-Sep-2015 Mid-Cycle Meeting to Keview Current Status of 

the BLA Review 

25-Sep-2015 Submission 4-month Safety Update Report. 

25-Sep-2015 
Mid-Cycle Communication and Meeting Minutes for 24-Sep-2015 Teleconference 

to Review Current Status of the BLA Review 

28-Sep-2015 
Submission of Clinical Study Report Addendum for GEN501 and 

54i'67414MMY2002. 

Submission of Responses to 17-Sep-2015 Clinical and Clinical Pharmacology 

28-Sep-2015 Information Requests Detailed Plan for Distribution of Education Materials 

Regarding the Potential for Assay Interference 

28-Sep-2015 Submission of Information Request Chemistry Manufacturing and Controls CMC. 

Submission of Response to 24-Sep-2015 Mid Cycle Meeting Information Request to 

30-Sep-2015 Provide Data That Explains the Disparate Effect of Daratumumab on NK Cells 

Versus Lymphocytes 

30-Sep-2015 
Commitment Updates to 04-Sep-2015 Filing Communication Letter, Response 

Document for Commitments Made in 15-Sep-2015 Letter 

02-0ct-2015 
Submission of Response to 25-Sep-201 c; lnform<ltion Request Regarding proposed 

contei11t!l labels and carton labeling. 

02-0ct-2015 Suhmission of Response to 28-Sep-2015 CMC Information request. 
1---

Submission of OPDP Draft PI-Based Now-Approved Professional Materials Binder 

02-0ct-2015 2.2, Draft Professional Materials Binder 10.1, Subpart E Pre-Clearance Suhrrrit~:ion, 

Cover Letter_ Only 

2 



Information Request CMC in Order to Continue Ev<~luation Wrillt:m F<esponse 

02-0ct-7.015 
Reque~terf hy 07 Oct-2015 Regarding Original Biologics License Application BLA 

reviewable unit 3 Modules l, 2, 3 and 5 for daratumumab HuMax-CD38 

intravenous IV daratumumab. 

05-0ct-201S 
Submission of Response to 29-Sep-2015 Information Request Regarding Chemistry 

Manufacturing and Controls CMC -
05-0ct-2015 

Submission of Chemistry Manufacturing and Controls CMC SE-HPLC Data 

Correction 

06-0ct-2015 
Submission of Response to 05-0ct-2015 Information Request Clinical 

Pharmacology Regarding Hepatic Impairment 

07-0ct-2015 
Submission of Response to 05-0ct-2015 Information Request Clinical 

Pharmacology Regarding blood samples withdrawal for analysis of ADA 

Submission of Response to 02-0ct-2015 Information Request Clinical Information 

07-0ct-2015 Regarding the incidence of treatmt!nt emergent adverse events presented in 

proposed prescribing information 

07-0ct-201~ 
Submi<;sion of fl.e:.iJonse to 30-Sep-2015 Information Request Clinical Information 
Regarding DIRA assay. 

08-0ct-2015 
Submission of Response to 07-0ct-2015 Information Request Clinical 

Pharmacology Regarding mild hepatic impairment. 

Submission of Response to 02-0ct-2015 Information Request CMC Quality 

08-0ct-2015 
Information Amendment for Raw Data Requested, Updated Description of 

Manufacturing Process and Controls Cilag and Vetter, Updated Post Approval 

Stability Commitment 100mg 

09-0ct-2015 
Submission of Response to 07-0ct-2015 Information Request Clinical 

Pharmacology Regarding QTcF 

09-0ct-2015 
Submission of RespnnsQ to OG-0~.-L-201.':> Information Request Addressing Revisions 

and Providing Requested Revised Cartons and Vial Labels 

09-0ct-2015 
Submission of OPDP DRAFT Darzalex Logo Subpart E Pre-Clearance Submission for 

Darzalex daratumumab Injection for Intravenous Infusion 

09-0ct-2015 
Record of Contact for 09-0ct-2015 Teleconference Regarding Product Logo to be 

sent for review and comment 

15-0ct-2015 
Submission of Response to 10-0ct-2015 Information Request CMC and 

Commitment Updates to 28-Sep-2015 Filing Communication Letter 

15-0ct-2015 
Submission of Response to 13-0ct-2015 Information Request Email Clinical 

Pharmacology Hepatic Impairment and Treatment Emergent :Adverse Events TEAE 

Agency Background Package and Agenda for 19-0ct-2015 Late Cycle Meeting LCM 

15-0ct-2015 to discuss any substantive review issues identified to date and objectives for the 
remainder of the review 

Updated Agency Background Package and Agenda for 19-0ct-2015 Late Cycle 

16-0ct-2015 
Meeting LCM to discuss any substantive review issues identified to date, Advi<;ory 

Committee AC meeting plans, and ohjectivc::; for the remOJinder of the review. 

I--
Replaces 15-0ct-2015 Document 

16-0ct-2015 
OPDP DRAFT Darzalex Core Professional Materials Binder 1.1 Subpart E Pre-

Clearance Submission cover letter only 

20-0ct-2015 
Submission of Response to 16-0ct-2015 lnfnrmation fl.e4uest Kegarding Facilities 

ann r.Mc ComtniLrneiit Updates 

20-0ct-2015 
Submission of Response to 20-0ct-2015 Information Request Regarding revisions 

and the requested revised cartons and vial labels 

3 



Meeting Minutes for 19-0ct-2015 Late Cycle Meetine LCM to dis~...uss any 
21-0ct-2015 subst(!ntivl:' review issues identit1ed to date, Advisory Committee AC meeting 

plans, and objectives for the remainder of the review 

22-0ct-2015 Submission of Response to 14-0ct-2015 CMC Information Request 

22-0ct-2015 Submission of Response to 20-0ct-2015 CMC Information Request 

23-0ct-2015 
Submission of Response to 14-0ct-2015 CMC Information Request (IR#5) and CMC 
Response Submitted 22 October 2015 

29-0ct-2015 
Submission of DART (Developmental and Reproductive Toxicity Assessment) 
assessment 

30-0ct-2015 
MA 5 OPDP Advisory Comments on DRAFT Darzalex Logo Subpart E Pre-Clearance 
Submission for Darzalex daratumumab "'J"'<..uu•' for Intravenous Infusion -

05-Nov-2015 Submission of PMRs/PMCs for Daratumumab BLA "/61036-Final version 

11-Nov-~015 Submission of final USPI and PPI to the BLA 

l6-Nnv~2015 Submission of revised final version PMRs/PMCs to the BLA 

16-Nov-2015 FDA Approval of BLA 761036 

4 



Express Mail Label No.: EM 665144084 US 

Exhibit 7: STATEMENT THAT PATENT IS ELIGffiLE FOR EXTRNSION AND 
LENGTH OF EXTENSION CLAIMED 

The period of extension of the patent term of the '673 patent requested by Applicant is 1000 
days, until May 22, 2029. The length of the extension was determined as follows. 

(a) The testing phase began on July 28, 2010 (the submission date of the IND) and ended 
on June 5, 2015 (the submission date of the BLA):::.;; 1774 days. 

(b) The approval phase began on June 5, 2015 (date of receipt of the BLA by the FDA) 
and ended on November 16, 2015 (date ofBLA approval); the total number of days in 
the approval phase= 165 days. 

(c) The regulatory review period is the sum of the testing phase and approval phase= 
1939 days. 

(d) The '673 p::ttent issuetl on November 9, 2010 during the regulatory period (105 days 
after the effective date of the IND). 

(e) Applicant acted with due diligence throughout the entire regulatory review period. 

(f) The term that the patent is extended is determined by subtracting the following days 
from the regulatory review period (1939 days): 

(i) Tht: number of days in the regulatory review period on or before the date on 
which the patent issued (105days); 

(ii) The number of days during which it is determined that Applicant did not act 
with due diligence (0 days); and 

(iii) V2 the number of days remaining in the testing phase after it is reduced by the 
number of days in the regulatory review period on or before the date on which 
the patent issued (1774 -105 1669; 1669/2 = 834); 

(iv) 1939 105- 0 834 1000 days; 

(v) The original expiration date of the '673 patent is August 26. 2026 (including 
156 days of PTA); 

(vi) Addition of the extension of 1000 days to the original expiration date of the 
patent would extend the expiration date of the patent to May 22, 2029. 




