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STATEMENT OF PRECISE RELIEF REQUESTED

Petitioner requests that claims 1-6, 8-11 and 15-23 of U.S. Patent No.
8,168,181 (“the *181 patent”) (Ex. 1001) be held unpatentable and, therefore,

cancelled.

THRESHOLD REQUIREMENT FOR INTER PARTES REVIEW

A petition for inter partes review must demonstrate “a reasonable likelihood
that the petitioner would prevail with respect to at least 1 of the claims challenged
in the petition.” 35 U.S.C. § 314(a). The Petition meets this threshold. Each of
the elements of claims 1-6, 8-11 and 15-23 of the 181 patent is taught in a single
prior art reference, WO 2009/048072 (“’072 Publication”) (Ex. 1002), as explained
below in the proposed grounds of unpatentability.

STATEMENT OF REASONS FOR RELIEF REQUESTED

A. Technical Introduction

The claims of the 181 patent are directed to methods of impairing osteoclast
differentiation or inhibiting bone resorption using an antibody or antigen binding
fragment that specifically binds to human or murine Siglec-15. (Ex. 1003, § 6; Ex.
1004, 9 13). Osteoclast differentiation and bone resorption are natural processes
involving osteoclasts that occur in vivo to maintain normal healthy bone tissue
during the process of bone remodeling. (Ex. 1005). In the disease context, a

number of bone remodeling disorders would benefit from inhibition of osteoclast

4833-0530-2816.2
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activities, such that osteoclast differentiation and bone resorption are blocked or
impaired. (Ex. 1006, p. 204, 213).

Siglec-15 1s a member of the sialic-acid-binding immunoglobulin-like lectins
and appears to be involved in a pathway signaling osteoclast differentiation and
bone resorption. (Ex. 1003, q 5; Ex. 1007 at 14494). Because of this potential
involvement in osteoclast differentiation and bone resorption, an antibody or
antigen binding fragment that is able to bind Siglec-15 may affect Sig]eé—lS
function in a way that is inhibitory for osteoclastogenesis and bone resorption in
vivo. (Ex. 1007 at 17500-1).

B. Construction of the Claims
1. Legal Overview

A claim in inter partes review is given its “broadest reasonable construction in
light of the specification.” 37 C.F.R. § 42.100(b). As stated by the Federal Circuit:

“[T)he PTO must give claims their broadest reasonable construction
consistent with the specification. Therefore, we look to the
specification to see if it provides a definition for claim terms, but

otherwise apply a broad interpretation.”

In re ICON Health and Fitness, Inc., 496 F.3d 1374, 1379 (Fed. Cir. 2007).

2. Claim 1 - “osteoclast differentiation” or “osteoclast
differentiation activity”

Claim 1 (as well as claims 2, 3, and 18) recites the term “osteoclast

differentiation” or “osteoclast differentiation activity.” Petitioner proposes that the

-3-
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broadest reasonable interpretation of “osteoclast differentiation” and “osteoclast

differentiation activity” is “any activity involved in the process of differentiation

of an osteoclast precursor cell into a differentiated osteoclast.”

The application that issued as the 181 patent, U.S. Pat. Appl. No. 12/580,943
(943 Application”) (Ex. 1008), does not provide an explicit definition of the term
“osteoclast differentiation” or “osteoclast differentiation activity”. However, the
‘943 Application states:

Antibodies or antigen binding fragments that are encompassed by the
present invention include, for example, those that may interfere with
(e.g., inhibit) the differentiation of a human osteoclast precursor cell

or more specifically, those that may interfere with (e.g., inhibit) the

differentiation of a primary human osteoclast precursor cell.

Therefore, in accordance with the present invention, the antibody or
antigen binding fragment may be capable of inhibiting differentiation

of osteoclast precursor cells into differentiated osteoclasts.

Ex. 1008, p. 6, 11. 15-21 (emphasis added). The 943 Application also explains:

[T]he invention provides a method of modulating (i.e., inhibiting,
lowering, impairing) osteoclast differentiation in a mammal in need,
the method may comprise administering an antibody or antigen

binding fragment that may be capable of modulating the

differentiation of an osteoclast precursor cell (e.g.., human osteoclast

precursor cell, human primary osteoclast precursor cell) into a

differentiated osteoclast.

4833-0530-2816.2
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Ex. 1008, p. 9, 1. 4-8 (emphasis added). The 943 Application further provides
that the level of differentiation of an osteoclast cell can be determined, for
example, by measuring the number of differentiated cells, their rate of
differentiation, or a specific marker of differentiation. (Ex. 1008, p. 48, 1l. 18-20).

A similar description of osteoclast differentiation is provided in U.S. Pat. Appl.
No. 12/279,054 (“Parent *054 Application”) (Ex. 1009), which is the national stage
application of PCT/CA2007/000210."  (Ex. 1003, 98). Also, “osteoclast
differentiation” and “osteoclast differentiation activity” are synonymous to a
person skilled in the art. (Ex. 1003, §8).

Further, as described in the art, generation of osteoclasts occurs through
osteoclast differentiation, which involves in part cytokine-induced fusion of
osteoclast precursor cells, which are myeloid in origin, and is associated with M-
CSF and RANKL receptor activation. (Ex. 1011, at 159-60). Thus, consistent
with the above proposed construction, osteoclast differentiation refers to the

process of differentiating precursor osteoclast cells into a differentiated osteoclast.

' The Parent *054 Application was filed using the WO publication of

PCT/CA2007/000210 as its national stage application.

-5-
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3. Claims 1 and 15 — Construction of “specifically binds”

Claims 1 and 15 recite the phrase “specifically binds” in the context of an
antibody or antigen binding fragment which specifically binds to human or murine
Siglec-15. Petitioner proposes that, in the context of binding to human Siglec-15,

the phrase “specifically binds” should be interpreted as “the ability of an antibody

or antigen binding fragment to bind human or mouse Siglec-15 with greater

preference over an antigen that is not human or mouse Siglec-15.” (Ex. 1004,

13).

The 943 Application does not provide an explicit definition for the term
phrase “specifically binds.” The '943 Application does not attribute any particular
level of specification of the antibody or antigen binding fragment. (Ex. 1004,
13). Rather, the 943 Application provides only that the antibodies or antigen
binding fragments “may be capable of specific binding to SEQ ID NO.:2 or to a
variant having at least 80% sequence identity with SEQ ID NO.:2 and of inhibiting
a resorptive activity of an osteoclast” (Ex. 1008, p. 10, 1. 23-25), and that “[t]he
antibody or antigen binding fragment may particularly bind to the extracellular
region of SEQ ID NO.:2” (Ex. 1008, p. 6, 1. 10-11) (emphasis added). Also,
during prosecution of the ’943 Application, the Applicants overcame an
indefiniteness rejection under 35 U.S.C. § 112, 2" paragraph by amending then

claim 23, which corresponds to issued claim 1, to replace the phrase “capable of

-6-
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binding” with the phrase “which specifically binds to”. (Ex. 1012, p. 3). This
amendment was suggested by the Examiner in the Non-final Office action dated
December 16, 2011. (Ex. 1013, p. 6).

The 943 Application further provides that “[s]uitable antibodies may bind to
unique antigenic regions or epitopes in the polypeptides, or a portion thereof.
Epitopes and antigenic regions useful for generating antibodies may be found
within the proteins, polypeptides or peptides by procedures available to one of skill
in the art.” (Ex. 1008, p. 41, 11. 7-10).

The Parent 054 Application is silent with respect to particular antibodies or
antigen binding fragments to any particular antigen, but states generally that “the
present invention relates to an antibody (e.g., isolated antibody), or antigen-binding
fragment thereof, that may specifically bind to a protein or polypeptide described
herein.” (Ex. 1009, col. 33, In. 35 — p. 34, In 5). The Parent '054 Application
further describes the use of such antibodies in detection methods (Ex. 1009, p. 40,
In. 34 —p. 41, In. 6), but is otherwise silent on the term “specifically binds.” (Ex.
1004, 4 13).

Moreover, consistent with the construction proposed above, the term “antibody
specificity” is generally understood by a skilled artisan to meant the ability of an
antibody or fragment thereof to recognize a particular antigen over any other

different antigen. (Ex. 1004, { 8). Accordingly, in the context of the 181 patent,

-7
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one of skill in the art would interpret the phrase “specifically binds” to mean the
ability of an antibody or antigen binding fragment to bind human or mouse Siglec-
15 with greater preference over an antigen that is not human or mouse Siglec-15.

4. Claim 15 — Construction of “bone resorption”

Claim 15 recites the term “bone resorption.” Petitioner proposes that the
broadest reasonable interpretation of the phrase “bone resorption” is “the

breakdown of bone by osteoclasts.”

The ’943 Application does not provide an explicit definition of the term.
However, the *943 Application provides that:

Bone is a dynamic connective tissue comprised of functionally
distinct cell populations required to support the structural, mechanical
and biochemical integrity of bone and the human body's mineral
homeostasis. The principal cell types involved include, osteoblasts
responsible for bone formation and maintaining bone mass, and

osteoclasts responsible for bone resorption. Osteoblasts and

osteoclasts function in a dynamic process termed bone remodeling.
(Ex. 1008, p. 1, In. 32 = p. 2, In. 3).

The above passage of the 943 Application is identical to the corresponding
paragraph in the Parent 054 Application. (Ex. 1009, p. 1, In. 28 —p. 2, In. 1).

Moreover, the dictionary definition of “osteoclast” is “a large multinucleated
cell found growing in bone that resorbs bony tissue” (Ex. 1014) and bone

resorption is defined in a medical dictionary as “bone loss due to osteoclastic

-8-
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activity.” (Ex. 1015; Ex. 1004, § 8). Furthermore, bone resorption is a process that
is part of the bone remodeling process whereby bone mass is diminished. (Ex.
1004, 4 8). Thus, “bone resorption” is the breakdown of bone by osteoclasts.

C. Grounds for Unpatentability

Claims 1-6, 8-11 and 15-23 of the 181 patent are unpatentable because they
are not entitled to any priority date earlier than April 16, 2009, which is the
publication date of WO 2009/048072 (Ex. 1002), and therefore, are anticipated by
an intervening prior art reference as discussed in greater detail herein. As shown in
the explanation below, claims 1-6, 8-11 and 15-23 of the ’181 patent are not
adequately described or enabled, as required by 35 U.S.C. § 112, by the parent
national stage application (US Application 12/279,054 (Ex. 1009), §371 date of
January 13, 2009), the priority PCT application (PCT/CA2007/000210, filed
February 13, 2007) or the two provisional applications (US Application Nos.
60/722,585 (Ex. 1017) and US 60/816,858 (Ex. 1018), filed February 13, 2006
and June 28, 20006, respectively) and therefore, do not receive the benefit of a
priority date earlier than the actual filing date of the 181 patent (Ex. 1001) or the
third provisional application (US 61/248,960 (Ex. 1019)), both filed in October
2009.

Ground 1. Claims 1-6, 8-11 and 15-23 of the 181 Patent are unpatentable
under 35 U.S.C. § 102(a) over WO 2009/048072

4833-0530-2816.2
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The *181 patent issued from the *943 Application, which is a continuation-in-

part application filed on October 16, 2009, and purports to claim priority to each

of:

e U.S. Pat. Appl. No. 12/279,054 (“Parent *054 Application”)* (Ex. 1009),

national stage entry on January 13, 2009, now U.S. 7,989,160 (“’160
Patent”) (Ex. 1016), which is a national stage application of
PCT/CA2007/000210 filed on February 13, 2007 and published as WO
2007/093042 (“Alethia PCT”) (Ex. 1010);

U.S. Provisional Pat. Appl. No. 60/772,585 (Ex. 1017) filed on February
13, 2006;

U.S. Provisional Pat. Appl. No. 60/816,858 (Ex. 1018) filed on June 28,

2006; and

? As indicated herein, WO 2007/093042 (Ex. 1010) was used as the national stage

application (Ex. 1024) and was assigned U.S. Pat. Appl. No. 12/279,054 (Ex.

1009).

Based on our review of Ex. 1009 and corresponding file history, the

specification of Ex. 1009 and Ex. 1010 are identical. Claim amendments were

introduced in Ex. 1010 during the PCT stage and transmitted with Ex. 1009, as

well as a preliminary amendment to the claims, all of which was considered in our

priority analysis below.

4833-0530-2816.2
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e U.S. Provisional Pat. Appl. No. 61/248,960 (Ex. 1019) filed on October
6, 2009.

As will be explained in detail below, none of claims 1-6, 8-11, and 15-23 of the
181 patent is entitled to any priority date earlier than April 16, 2009. Although
under 35 U.S.C. §§ 120 and 365(c), a claim in a U.S. application or patent is
entitled to the benefit of the filing date of an earlier U.S. application or
international application, this is only if, among other things, the claimed invention
is disclosed in the earlier application in the manner provided by 35 U.S.C. § 112,
1* paragraph. Claims 1-6, 8-11, and 15-23 of the *181 patent, however, are neither
adequately described in, nor enabled by, any application filed before the
publication date of the prior art reference cited herein.

WO 2009/048072 (“’072 Publication” (Ex. 1002)) (English Transl. Ex. 1023)
is prior art against claims 1-6, 8-11 and 15-23 of the 181 Patent. The ’072
Publication has a publication date of April 16, 2009, which is earlier than both the
October 16, 2009 filing date of the 943 Application and the October 6, 2009 filing
date of the third provisional application. The ’072 Publication thus qualifies as
prior art under 35 U.S.C. § 102(a). Moreover, the 072 Publication teaches every
single element of claims 1-6, 8-11, and 15-23 of the 181 Patent, and thus

anticipates these claims.
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To assist the Board in understanding the applications to which the 181 patent
claims priority, demonstrative Ex. 1020 diagrams the relationships.

1. Claims 1-6, 8-11 and 15-23 lack adequate written
description in the Parent >054 Application

The Federal Circuit has established that, under 35 U.S.C. § 112(a), the test for
sufficiency of written description is whether the disclosure in the patent application
relied on reasonably conveys to those skilled in art that the inventor had
“possession” of the claimed subject matter as of the application’s filing date.
Ariad Pharms. Inc. v. Eli Lilly & Co., 598 F.3d 1336 (Fed. Cir. 2010) (en banc). In
other words, the specification must demonstrate that the applicant actually invented
(i.e., was in possession of) the claimed subject matter. Generic claim language —
even appearing in ipsis verbis in the original specification — does not satisfy the
written description requirement if it fails to support the scope of the genus claimed.
Ariad, 598 F.3d at 1350. Such situations may be akin to providing no more than an
invitation for further research, which is insufficient to meet the written description
standard in the U.S.. Id

In addition, the as-filed application must objectively provide descriptive
support for each claim limitation within the four corners of the specification.
See Gentry Gallery, Inc. v. Berkline Corp., 134 F.3d 1473 (Fed. Cir. 1998); Purdue

Pharma L.P. v. Faulding Inc., 230 F.3d 1320, 1326 (Fed. Cir. 2000).
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In the present case, claims 1-6, 8-11, and 15-23 of the 181 patent lack written
description in the Parent 054 Application because (1) the Parent 054 Application
fails to demonstrate that the applicant was in possession of the claimed subject
matter and (2) they lack actual descriptive support of each claim limitation within
the four corners of the Parent *054 Application.

(a) The Parent ’054 Application fails to establish
possession of the claimed subject matter

The Federal Circuit has held that “a patentee of a biotechnological invention
cannot necessarily claim a genus after only describing a limited number of species
because there may be unpredictability in the results obtained from species other
than those specifically enumerated.” In re Alonso, 545 F.3d 1015, 1020 (Fed. Cir.
2008); Noelle v. Lederman, 355 F.3d 1343, 1350 (Fed. Cir. 2004). In fact, the
Federal Circuit has held a claimed genus of antibodies invalid for lack of written
description when the specification describes 300 antibodies that fall only within a
portion of the scope of the claimed genus. AbbVie Deutschland Gmbh v. Janssen
Biotech, Inc.,2013-1338 (Fed. Cir. 2014).

Further, in Centocor v. Abbott Labs, Centocor attempted to claim priority to an
earlier application directed to a mouse antibody in order to antedate an Abbott
patent on a humanized antibody specific for the same target. Centocor v. Abbott
Labs, 636 F.3d 1341 (Fed. Cir. 2011). The Federal Circuit found that Centocor’s
earlier patent lacked sufficient written description to properly claim priority,
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stating “while the patent broadly claims a class of antibodies that contain human
variable regions, the specification does not describe a single antibody that satisfies
the claim limitations.” [d. (“The specification at best describes a plan for making
fully-human antibodies and then identifying those that satisfy the claim
limitations.... At the time the 1994 CIP applications were filed, it was entirely
possible that no fully-human antibody existed that satisfied the claims. Because
Centocor had not invented a fully-human antibody in 1994, a reasonable jury could
not conclude that it possessed one.”). Also, in cases where functional limitations
are present, the specification must disclose “just which [compounds] have the
desired characteristics. . . . Without such disclosure the claimed methods cannot be
said to have been described.” Univ. of Rochester v. G.D. Searle & Co., 358 F 3d
916, 927 (Fed. Cir. 2004). This rationale has been extended to antibody
technology, and written description was held to be insufficient when the
“specification teaches nothing about the structure, epitope characterization, binding
affinity, specificity, or pharmacological properties common to the large family of
antibodies implicated by the method.” Alonso, 545 F.3d at 1021-1022.

Here, the Parent 054 Application fails to establish possession of the claimed
subject matter. There is no example of a single therapeutic Siglec-15 antibody
given in the disclosure, yet the scope of the claims extends to any Siglec-15

antibody. (Ex. 1003, 99 9, 16; Ex. 1004, 9 23). Even though the Parent *054
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Application discloses an assay for determining whether “small molecule drugs,
peptides or antibodies” inhibit the activity of any of the broad classes of
polypeptides described therein (Ex. 1009, p. 85, In. 32 — p. 86, In. 3; p. 86, 1l. 10-
11), it is merely a screening assay for any number of inhibitors of the disclosed
sequences and not a disclosure of how to arrive at any therapeutic Siglec-15
antibody. (Ex. 1004, § 27). In fact, it was not even known by February 2006,
February 2007, or January 2009 whether a Siglec-15 antibody capable of impairing
osteoclast differentiation or inhibiting bone resorption could even exist. See Ex.
1003, 99 13, 16. Therefore, without additional disclosure in the Parent ’054
Application, the patentee cannot claim to have possessed a Siglec-15 antibody
having such an effect.

Further, the Parent 054 Application only discloses the protein sequence for
Siglec-15 but does not provide any structural information regarding an antibody
that binds this sequence and has the requisite activity set forth in the *181 patent
claims. (Ex. 1004, 9 16, 17, 22, 23, 25). In Centocor, the Federal Circuit made
clear that merely reciting characteristics of a known protein is insufficient to
support a claim to a class of antibodies that has particularly desirable therapeutic
properties if “antibodies with those properties have not been adequately
described.” 636 F.3d at 1352 (emphasis added) (“Claiming antibodies with

specific properties ... can result in a claim that does not meet written description
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even if the [protein to which the antibodies bind] is disclosed because antibodies
with those properties have not been adequately described.”). Thus, disclosure of
the Siglec-15 polypeptide sequence, the vague statements in the Parent 054
Application regarding polypeptide sequences “involved in the process of bone
remodeling” (Ex. 1009, p. 5, Il. 13-22; p. 6, 1l. 1-9), and general description of
inhibitory compounds that have the desired function of “ameliorating bone
remodeling disease or disorder symptoms” or “delaying bone disease or disorder”
(Ex. 1009, p. 10, 1. 17-23; p. 10, In. 31 — p. 6 In. 2) are insufficient to show
possession of the claimed invention as of the priority date of February 13, 2006,
February 13, 2007 or January 13, 2009.

Lastly, there is no indication in the Parent ’054 Application or confirmation in
the literature in 2006, 2007, or 2009, that Siglec-15 is located on the cell surface
and accessible to an antibody. (Ex. 1003, § 14). This is an important consideration
for anyone of skill in the art seeking to design a therapeutic antibody because such
an antibody would be largely ineffective for altering the function of a protein that
is inaccessible or intercellular. (Ex. 1004, 9 22). As Dr. Crocker explains, the
earliest publication characterizing Siglec-15 localization is Angata et a/., which is
included as Ex. 1022. (Ex. 1003, 9§ 14). Angata describes co-localization with CD-
68, a known intracellular protein but Angata is silent on extracellular localization

of Siglec-15. (Ex. 1022, p. 840; Ex. 1003, 9 14). And while Siglec-15 has a
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transmembrane domain, the presence of a transmembrane domain in Siglec-15
alone does not necessarily connote cell surface accessibility of that protein. (Ex.
1003, § 14; Ex. 1004, 9 22).

And even if the Parent 054 Application demonstrated that Siglec-15 is a cell
surface accessible protein, it is completely unpredictable whether an antibody
targeting it would impair osteoclast differentiation or inhibit bone resorption when
administered. (Ex. 1003, ¢ 15; Ex. 1004, § 25). Indeed, without having an
understanding of how the target behaves in vivo, a sense of kinetics and recycling
of the target, or having actually made any antibody to the target, the feasibility of
the target for antibody therapy is uncertain. (Ex. 1004, § 25). Further, “[t]he
lowest POS [“Probability of Success”] is found in Phase II, where nearly half of all
therapeutic MAb candidates drop out, mostly due to lack of efficacy.” (Ex. 1035,
p. 21; see also 1004, 9 7). Thus, the disclosure in the Parent 054 Application of an
assay for determining whether “small molecule drugs, peptides or antibodies”
inhibit the activity of any of the polypeptides described therein, and
polynucleotides and polypeptides “involved in the process of bone remodeling”,
cannot be equated with a description of the genus of antibodies with specific
functional properties, as claimed.

For all of these reasons, the Parent 054 Application fail to demonstrate

possession of a Siglec-15 antibody with the requisite activity and, therefore, fail to
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provide adequate written description support for the claims of the 181 patent.
Accordingly, the 181 patent cannot properly rely on the benefit of the Parent *054
Application or any claimed priority date earlier than the date of the ’072
Publication. Consequently, the 072 Publication (Ex. 1002 ) is prior art to the "181
Patent.

(b) The Parent ’054 Application does not provide
adequate descriptive support for impairing osteoclast
differentiation or inhibiting bone resorption with (i) “an
antibody” out of other therapeutic inhibitors disclosed (ii) that

“specifically binds to human Siglec-15 or murine Siglec-15” out of
various possible disclosed antigens

Simply identifying a large class of compounds does not satisfy the written
description requirement as to particular subset of species. See, e.g., Fujikawa v.
Wattanasin, 93 F.3d 1559, 1571 (Fed. Cir. 1996); In re Ruschig, 379 F.2d 990, 994
(C.C.P.A. 1967); see also, Purdue Pharma L.P. v. Faulding Inc., 230 F.3d 1320,
1326 (Fed. Cir. 2000) (“one cannot disclose a forest in the original application, and
then later pick a tree out of the forest and say here is my invention.”). Rather,
where an applicant seeks to claim a particular species, the disclosure must guide a
skilled artisan towards choosing that species from among the other possibilities
disclosed. Fujikawa, 93 F.3d at 1571 (stating that a “laundry list” disclosure of
every possible moiety does not constitute a written description of every species in a
genus because it would not “reasonably lead” those skilled in the art to any
particular species). Even if the choice of the particular species seems simple and
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foreseeable in hindsight, the species is not necessarily described as required by 35
US.C.§ 112, 9 1. Fujikawa, 93 F.3d at 1571.
(i) The Parent ’054 Application does not

specifically identify “an antibody” out of other therapeutic
inhibitors disclosed

The Parent 054 Application generally uses the term “inhibitors” but fails to
describe an antibody inhibitor that binds to any one of the polypeptides disclosed
therein for administration to a mammal or subject in need, as recited in the claims.
(Ex. 1003, 99 7, 17; Ex. 1004, 9 21). Independent claims 1 and 15 of the 181
Patent, and claims dependent therefrom, are directed to a method of impairing
osteoclast differentiation and a method of inhibiting bone resorption, respectively,
comprising administering an antibody or antigen binding fragment that specifically
binds to human Siglec-15 (SEQ ID NO.: 2) or murine Siglec-15 (SEQ ID NO.:
108). For the claimed method to work, the antibody or antigen binding fragment
recited in all of the claims must have an impairment effect on osteoclast
differentiation (claim 1 and claims dependent therefrom) or inhibitory effect on
bone resorption (claim 15 and claims dependent therefrom), as it is the only active
agent recited in the independent claims. (Ex. 1004, 9 13).

The Parent 054 Application, however, only describes certain polynucleotide
and polypeptide sequences “involved in the process of bone remodeling” (Ex.
1009, p. 5, 1. 13-22; p. 6, 1. 1-10), and inhibitory compounds in general that have
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the desired function of “ameliorating bone remodeling disease or disorder
symptoms” or “delaying bone disease or disorder” (Ex. 1009, p. 10, 1l. 17-23). But
other than the sequences themselves, the Parent "054 Application is devoid of any
structural information regarding inhibitory compounds, including antibodies. (Ex.
1003, 9 7). Specifically, the Parent 054 Application fails to disclose a single
antibody by structure, even partially, that binds to Siglec-15. (Ex. 1004, § 23).
Further, the Parent 054 Application fails to describe a single example, either
prophetic or actual, of an antibody that binds to Siglec-15 and that has the specific
function recited in the claims. (Ex. 1004, 9 23). In other words, not even a limited
number of species of Siglec-15 antibodies for treatment is described. No species

are described. Indeed, the only negative regulator of Siglec-15 that is even

disclosed in the Parent 054 Application is shown to be effective at the genetic
level, through the use of siRNA, and is therefore not an antibody. (Ex. 1003, ¢ 17,
Ex. 1004, § 21). This example functions by altering the expression of a target
gene, and does not exert its effect at the protein level, as an antibody would. (Ex.
1003, § 17; Ex. 1004, § 21).

While the Parent *054 Application mentions the notion of antibodies binding to
the polypeptides described therein (but not Siglec-15 specifically), that disclosure
is without any structural guidance and more importantly, is only for the use of such

antibodies in detecting proteins and diseases, and not for treatment. (Ex. 1003,
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18). For example, the Parent *054 Application states that “antibodies obtained by
the means described herein may be useful for detecting proteins, variant and
derivative polypeptides in specific tissues or in body fluids” and that “the present
antibodies may be useful for detecting diseases associated with protein expression
from NSEQs [polynucleotide sequences] disclosed herein.” (Ex. 1009, p. 40, In.
32-p. 41, In. 1; p. 41, 11. 5-6) (emphasis added).

Moreover, the Parent 054 Application does not teach that making such an
antibody with the functional qualities of inhibiting osteoclast differentiation and/or
bone resorption is even within the realm of possibility. (Ex. 1004, 9 12; see also
id 997, 8, 16). Indeed, other than the disclosed polynucleotides and polypeptides
themselves for use in treatment, the Parent 054 Application merely discloses
inhibitory compounds in general, that have the desired function of “ameliorating
bone remodeling disease or disorder symptoms” or “delaying bone disease or
disorder” by specifically inhibiting activity or expression of a polynucleotide or a
polypeptide described therein. (Ex. 1009, p. 10, 1l. 17-23). But the concept of
administering an antibody that binds to one of the disclosed polypeptides, much
less Siglec-15, to accomplish these effects is not stated in the in the Parent 054
Application with any particularity. (Ex. 1004, § 26; Ex. 1003, 99 7-8). The Parent
054 Application only makes one broad statement relating to therapy but with no

certain antibody in mind: “[nJeutralizing antibodies, such as those that inhibit
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dimer formation, are especially preferred for therapeutic use.” (Ex. 1009, p. 37, 11
27-30). But this statement is not tied to an antibody that binds one of the disclosed
polypeptides, does not specify that the antibodies can specifically inhibit bone
resorption or impair osteoclast differentiation, and is just a generalization. (Ex.
1004, 9 27; Ex. 1003, 9 9).

Further, inhibition of Siglec signaling would likely not even work with
“neutralizing” antibodies “that inhibit dimer formation” as provided in the
statement, and actually represents a poor understanding of how Siglecs work in
general. (Ex. 1003, §f 10-11). For example, Stuible ef al. characterized a Siglec-
15 antibody (that appears to have been actually made) as ultimately inducing dimer
formation, leading to receptor degradation and inhibition of Siglec-15 receptor
function in an indirect manner. (Ex. 1021, at Abstract, p. 1; Ex. 1003, § 11).
Therefore, had a skilled person attempted to make a Siglec-15 antibody that
impairs osteoclast differentiation or inhibits bone resorption based on the Parent
054 Application, this person would have looked for an antibody that inhibits
ligand induced dimerization and not for one that induces dimerization, as indicated
in the current literature for a Siglec-15 antibody. (Ex. 1003, q 11). This
underscores the generality of the remark in the specification, the “boiler plate”
antibody language, and the lack of teaching a specific Siglec-15 antibody that can

be administered for therapy. (Ex. 1004, 99 16, 26).

2.
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(i) The Parent 054 Application does not identify
an antibody that “specifically binds to human Siglec-15 or
murine Siglec-15” out of various possible disclosed antigens

The Parent 054 Application does not guide a skilled artisan to Siglec-15 as a
target for antibody treatment. The Parent 054 Application discloses about 35
polynucleotides and corresponding polypeptides involved in the process of bone
remodeling, including human and mouse ABO0326, which encodes human and
mouse Siglec-15, respectively (Ex. 1003, § 5). But Siglec-15 is not particularly
described in the Parent 054 Application or its priority documents over any other
polynucleotide or polypeptide disclosed therein. (Ex. 1003, 4 6). In fact, the
Parent '054 Application and its priority documents do not describe in any detail the
function of Siglec-15 per se, the mechanism by which Siglec-15 mediates that
function (Ex. 1003, 9 8), the extracellular accessibility of Siglec-15 by an antibody
(Ex. 1003, q 14), the function of a Siglec-15 antibody (Ex. 1003, qq 10-14), such
that a skilled artisan would have been directed to Siglec-15 as a useful target for
antibody therapy.

Additionally, while the Parent 054 Application discloses a screening assay
utilizing a cell line in which human Siglec-15 “rescued” the function of cells
containing inhibited mouse Siglec-15, the disclosure further states that “[t]his assay
is applicable to any gene required for proper osteoclast differentiation” and that
“[s]imilar experimentation to those described above are carried out for other
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sequences (SEQ ID NO. 3 to SEQ ID NO.: 33 or SEQ ID NO.: 85 or SEQ ID NO.:
86).” (Ex. 1009, p. 86, 1l. 4-9). Accordingly, the demonstration that Siglec-15 is
required for osteoclastogenesis using RNA interference is diluted by remarks
extrapolating the assay to other sequences and genes. (Ex. 1003, 9 9).

Therefore, at least because the Parent '054 Application (a) fails to disclose
even a single antibody that impairs osteoclast differentiation or inhibits bone
resorption, and (b) does not particularly describe Siglec-15 as a target for treatment
over any other target disclosed, it follows that the Parent "054 Application does not
provide written description support for the claims in the *181 patent.

2. Claims 1-6, 8-11 and 15-23 are not enabled by the Parent
054 Application

In order to fulfill the enablement requirement of 35 U.S.C.§ 112, 1* paragraph,
the specification must describe the invention in such terms that one skilled in the
art can “make and use” the claimed invention. This requirement can be broken
down into at least two components: (1) that the claimed invention be enabled so
that a person skilled in the art can make and use the invention without “undue
experimentation,” /n re Wands, 858 F.2d 731, 737 (Fed. Cir. 1988); and (2) that
“the specification disclose as a matter of fact a practical utility for the invention.”
In re Cortright, 165 F.3d 1353, 1356 (Fed. Cir. 1999). In the present case, the
Parent 054 Application fails to enable the claims of the ’181 Patent in both
respects.

224-
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(a) The Parent 054 Application does not teach making
an antibody that impairs osteoclast differentiation or inhibits
bone resorption

Independent claims 1 and 15 of the *181 patent, and claims dependent
therefrom, are directed to methods of impairing osteoclast differentiation and
methods of inhibiting bone resorption, respectively, comprising administering an
antibody or antigen binding fragment which specifically binds to human Siglec-15
(SEQ ID NO.:2) or murine Siglec-15 (SEQ ID NO.:108). The Parent 054
Application, however, does not contain any teachings regarding how to make
without undue experimentation an antibody that specifically binds Siglec-15 and
impairs osteoclast differentiation or inhibits bone resorption, as required by the
claimed methods. (Ex. 1004, 99 17, 28).

Specifically, the Parent 054 Application does not (i) make even a single
antibody that impairs osteoclast differentiation or inhibits bone resorption, either in
vitro or in vivo, (ii) show how to make such an antibody, or (iii) show that making
such an antibody would even be within the realm of possibilities. (Ex. 1004, 9 16,
23, 26). While the Parent ’054 Application describes methods for making
antibodies against any target in general, the disclosure is not specific for a Siglec-
15 antibody with the purpose of impairing osteoclast differentiation or inhibiting

bone resorption. (Ex. 1009, p. 33, In. 5 — p. 41, In. 6; Ex. 1004, 9 16). These
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general teachings are not sufficient to inform the skilled artisan how to make a

therapeutic Siglec-15 antibody without undue experimentation. (Ex. 1004, q 17).

Further, the generalized teaching regarding “[n]eutralizing antibodies .

therapeutic use” (Ex. 1008, p. 37, 1. 27-28) is a research plan or an invitation for
further experimentation at best (See Ex. 1004, § 26) and the Federal Circuit has
firmly held that such a disclosure is not enabling. For instance, in Wyeth v. Abbott

Laboratories, the Federal Circuit described the specificity required for enablement

in the context of therapeutic compounds as follows:

4833-0530-2816.2

[[In ALZA Corp. v. Andrax Pharmaceuticals, LLC, we affirmed a
judgment of nonenablement where the specification provided “only a
starting point, a direction for further research.” 603 F.3d 935, 941
(Fed. Cir. 2010) (internal quotation omitted). We concluded that one
of ordinary skill “would have been required to engage in an iterative,
trial-and-error process to practice the claimed invention even with the
help of the ... specification.” Id. at 943. In Cephalon, although we
ultimately reversed a finding of nonenablement, we noted that the
defendant had not established that required experimentation “would
be excessive, e.g., that it would involve testing for an unreasonable
length of time.” 707 F.3d at 1339 (citing White Consol. Indus., Inc. v.
Vega Servo-Control, Inc., 713 F.2d 788, 791 (Fed. Cir. 1983)).
Finally, in In re Vaeck, we affirmed the PTO's nonenablement
rejection of claims reciting heterologous gene expression in as many
as 150 genera of cyanobacteria. 947 F.2d 488, 495-96 (Fed. Cir.

1991). The specification disclosed only nine genera, despite
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cyanobacteria being a “diverse and relatively poorly understood group
of microorganisms,” with unpredictable heterologous gene expression.

Id. at 496.

Wyeth v. Abbott Laboratories, 720 F.3d 1380, 1386 (Fed. Cir. 2013).

Accordingly, to satisfy the enablement requirement, the specification must
contain more than a suggestion that antibodies for treatment would be a good idea.
Here, however, the amount of experimentation required to identify such an
antibody would be excessive, at least because it is uncertain whether such an
antibody could even be made. (Ex. 1003, 9 16; Ex. 1004, 49 17, 28).

More specifically, to make an antibody for use in therapy, a number of steps
need to be performed. (Ex. 1004, § 7). An antibody against a target antigen with
certain activity may never be created by a one skilled in the art when little, if
anything, other than the target protein sequence is understood, and nothing about
the structure of such a therapeutic antibody is known. (Ex. 1004, 9 7, 11, 13).
Because Siglec-15 cell surface accessibility, signaling pathway, specific function,
recycling kinetics and other relevant information was not known at the time of
filing the Parent 054 Application (Ex. 1003, 99 14, 16.), and no guidance is
provided in the Parent ’054 Application regarding any structure-function
relationship of a Siglec-15 antibody for treatment, a person skilled in the art of
therapeutic antibody development would not know how to make, without undue
experimentation, a Siglec-15 antibody that impairs osteoclast differentiation or
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inhibits bone resorption, as claimed in the 181 patent. (Ex. 1004, § 28). In other
words, the Parent *054 Application does not provide any concrete guidance on how
to make an antibody that specifically binds Siglec-15 and has the activity as
required by the *181 patent claims — there is not even a single example provided of
such an antibody. (Ex. 1004, q 16, 27).

Additionally, the Parent 054 Application has only one example of a negative
regulator of Siglec-15, but it is interfering RNA and not an antibody. (Ex. 1003,
17; Ex. 1004, 9 21). Such a teaching cannot be used to predict the effectiveness of
a compound that directly interacts with a target protein. (Ex. 1003, 9 17; Ex. 1004,
9 21). As such, one skilled in the art cannot assume that simply because siRNA
could have an effect on cell function, that an inhibitory antibody could be designed
to do the same. (Ex. 1003, q 17; Ex. 1004, 9 21). Moreover, if a skilled artisan
were to attempt to seek the same effect as siRNA using an antibody, it would
certainly require undue experimentation, at least because the disclosure of the
Parent ’054 Application provides no working examples and no direction regarding
the requisite structure of the desired antibody (Ex. 1004, § 23), and the level of
unpredictability regarding therapeutic antibody development (Ex. 1004, 9 17). The
teaching of one example of siRNA surely fails to satisfy the Wands factors and
would require undue experimentation for one of skill to implement the claims of

the *181 Patent. (Ex. 1004, §21).
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And while the Parent 054 Application mentions an assay for identifying
inhibitory compounds which may be able to impair the in vitro function or
expression of the polypeptides described therein (Ex. 1009, p. 85, In. 4 — p. 86, In.
11), this is, at best, a screening tool for any number of inhibitors, not necessarily
antibodies, of osteoclast differentiation. (Ex. 1004, § 27). And by no means is this
assay an indication that a therapeutic Siglec-15 antibody even could be made,
much less a recipe for actually making such a therapeutic antibody. See Ex. 1004,
q127.

Furthermore, this in vitro functional complementation assay for inhibiting
activity of osteoclast differentiation may not reflect how the antibody would
behave in vivo. (Ex. 1004, § 27). In particular, an epitope to which an antibody
binds in vitro may not be available when the protein is folded into its in vivo
conformation. (Ex. 1004, 94 20, 27). As such, the skilled artisan would not know
whether an antibody that specifically bound the encoded protein would be able to
interact with the Siglec-15 protein or affect its function in vivo. (Ex. 1004, 9 20).
Thus, without ever having made a Siglec-15 antibody, the skilled artisan would not
know how to make an antibody that actually contained the claimed activity. (Ex.
1003, 9 13).

Also, the cell surface accessibility of Siglec-15 by an antibody was not

disclosed in the Parent '054 Application and therefore, the feasibility of Siglec-15
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as a target for treatment with an antiboy is not evident from the teachings in the
Parent 054 Application or from the relevant literature. (Ex. 1003, 99 14, 16). As
discussed above, Angata is silent on explicit extracellular localization of Siglec-15;
it merely describes co-localization with an intracellular protein. (Ex. 1003, § 14).
Further, the sequence of Siglec-15 and the lack of sufficient characterization of the
protein in the Parent 054 Application and the art also call into question the
suitability of Siglec-15 as a target for antibody therapy. (Ex. 1003, 9 16).
Therefore, without an indication that Siglec-15 should be pursued for treatment
with an antibody, and a description of to how to make, without undue
experimentation, a Siglec-15 antibody that impairs osteoclast differentiation or
inhibits bone resorption, the Wands factors cannot be satisfied and the Parent *054
Application does not enable claims 1-6, 8-11 and 15-22 of the *181 Patent. (Ex.
1004, 9 17; Ex. 1003, 99 8, 13). In other words, the general guidance provided in
the specification of the Parent 054 Application for making an antibody for use in
treatment is not sufficient to demonstrate to a person in the field of antibody
therapeutics how to make an anti-human or anti-mouse Siglec-15 antibody that
would be suitable for a therapeutic purpose without conducting undue
experimentation.  (Ex. 1004, 9 17). This is especially true, given the
unpredictability in the field of antibody therapy, the lack of disclosure regarding

Siglec-15 localization and feasibility of Siglec-15 as a suitable target, the absence
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of working examples in the specifications, and the uncertainty as to whether a
Siglec-15 antibody with the claimed activity can even be made in view of the lack
of disclosure. (Ex. 1004, 9§ 17).

(b) The Parent 054 Application lacks any guidance for a
method of treatment with an anti-Siglec-15 antibody

While the claims of the *181 Patent are directed to a method of impairing
osteoclast differentiation or inhibiting bone resorption, the Parent ’054 Application
fails to provide any description regarding the use of antibodies or antigen binding
fragments for either of the claimed methods in the 181 Patent, or even the smallest
indication that antibodies or antigen binding fragments that bind to Siglec-15
would perform the requisite activity in vivo. (Ex. 1004, § 12, 27).

A patent application fails to establish enablement “where there is no indication
that one skilled in the art would accept without question statements as to the effects
of the claimed drug products and no evidence has been presented to demonstrate
that the claimed products do have those effects.” Rasmussen v. SmithKline
Beecham Corp., 413 F.3d 1318, 1323 (Fed. Cir. 2005) (internal quotations and
brackets omitted).

The Federal Circuit has held that a failure to disclose how to use an invention
constitutes a failure of enablement “when there is a complete absence of data
supporting the statements which set forth the desired results of the claimed
invention.” Id. As the court explained:

231-
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If mere plausibility were the test for enablement under section 112,
applicants could obtain patent rights to ‘inventions’ consisting of little
more than respectable guesses as to the likelihood of their success.
When one of the guesses later proved true, the ‘inventor’ would be
rewarded the spoils instead of the party who demonstrated that the
method actually worked. That scenario is not consistent with the
statutory requirement that the inventor enable an invention rather than

merely proposing an unproved hypothesis.

Id at 1325.

In the Parent 054 Application, the patentee recited vague contentions
regarding antibodies that could bind to one of numerous disclosed peptides and
their potential utility as diagnostics. (Ex. 1003, § 18). The patentee never
contended that such antibodies could be used as a therapeutic whatsoever, much
less a therapeutic that impairs osteoclast differentiation or inhibits bone resorption.
(Ex. 1003, 99 7, 8, 18).

Furthermore, the Parent 054 Application does not describe how to carry out
the claimed process. The Parent 054 Application lacks any guidance such as
dosage requirements or other direction regarding how to use an antibody that
specifically binds Siglec-15 to impair osteoclast differentiation or inhibit bone
resorption in a mammal. (Ex. 1004, § 28). This is not surprising because a Siglec-
15 antibody that is administered to a mammal or subject, or any antibody that binds

the described polypeptides that is administered to a mammal or subject, is not
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disclosed in the Parent 054 Application, much less how to use such an antibody in
the claimed method. (Ex. 1004, 99 26, 28; Ex. 1003, § 8). Accordingly, it is not
surprising that the Parent 054 Application and its priority documents do not teach
how to carry out, without undue experimentation, a method of impairing osteoclast
differentiation or inhibiting bone resorption with an antibody that specifically
binds to Siglec-15. (Ex. 1003, 9 8).
Therefore, the Parent 054 Application lacks the enabling disclosure necessary
for the claims of the *181 patent to benefit from the priority date of the Parent *054
Application.
3. The 2006 Provisional Applications and the PCT Application

Likewise Fail To Describe or Enable the Claims under § 112, 1%
Paragraph

The two provisional applications filed in 2006 (i.e., U.S. Provisional Pat. Appl.
No. 60/772,585 and U.S. Provisional Pat. Appl. No. 60/816,858, or Ex. 1017 and
1018, respectively) contain the same or even less disclosure than the later-filed
Parent 054 Application. Those provisional applications therefore also necessarily
lack descriptive and enabling support for at least the same reasons as the Parent
054 Application set forth above. Likewise, PCT/CA2007/000210 contains the
same specification as the Parent 054 Application, as the WO publication
corresponding to PCT/CA2007/000210 was submitted for national phase entry and

formed the application cited herein as the “Parent 054 Application.” Thus,
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PCT/CA2007/000210 necessarily fails to describe or enable the claims of the *181
patent for the same reasons set forth above.

4. Claims 1-6, 8-11 and 15-23 are Anticipated by the ’072
Publication

(a) Independent Claims 1 and 15

International Application Number PCT/JP2008/068287 to Daiichi Sankyo Co.,
Ltd., titled “Antibody Targeting Osteoclast-Related Protein Siglec-15" was filed on
October 8, 2008, and published in Japanese on April 16, 2009 as WO 2009/048072
(“the 072 publication”) (Ex. 1002). The 072 Publication predates the 181 patent
effective filing date of October 16, 2009 by six months, and thus qualifies as prior
art under 35 U.S.C. § 102(a). Even if the Patent Owner’s third provisional
application, U.S. Provisional Pat. Appl. 61/248,960, were an effective priority
document, the 072 Publication still predates the October 6, 2009 provisional filing
by more than 5 months and therefore still qualifies as prior art under section
102(a).

As evidenced by the English translation of Daiichi Sankyo’s 072 Publication

(Ex. 1023), published as U.S. Pat. Pub. 2010-0209428 (Ex. 1025), the '072

3 Ex. 1023 and Ex. 1025 and confirm that Ex. 1025 is the USPTO publication Ex.
1023 and therefore contain the same specification, with the exception of a

sequence listing in the *428 publication.
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Publication describes an antibody or a functional fragment thereof that specifically
recognizes human or mouse Siglec-15 (i.e., SEQ ID NOs: 2 and 4 of the English
translation of the *072 Publication) and inhibits osteoclast formation and/or impairs
bone resorption. (Ex. 1023, p. 5, 1l. 1-20; p. 20, 1. 2-14. Ex. 1003, 9 19), as recited
in claims 1 and 15 of the "181 patent.

More specifically, with regard to claim 1, the 072 Publication describes
several Siglec-15 polyclonal and monoclonal antibodies and methods for making
them. See, for example, Examples 10 and 11 (anti-mouse Siglec-15 polyclonal
antibody), Examples 24 and 25 (anti-mouse Siglec-15 monoclonal antibody), and
Examples 33 and 34 (anti-human Siglec-15 polyclonal antibody). (Ex. 1023, p. 93,
In. 16-p. 97, In. 23; p. 114, In. 23-p. 117, In. 16; p. 133, In. 3-p. 138, In. 2; Ex.
1003, 9 19). The results of testing the Siglec-15 polyclonal and monoclonal
antibodies in the ’428 publication on osteoclast differentiation is also described.
For example, Examples 17, 19 — 26, and 35 of the *428 Publication demonstrate an
inhibitory effect of Siglec-15 antibodies on osteoclast differentiation. (Ex. 1023, p.
103, In. 19-p. 105, In. 13; 106, In. 17-p. 119, In. 4; p. 138, In. 3-p. 139, In. 15; Ex.
1003, 9 20). The 072 Publication further teaches that “[t]he term ‘osteoclast
formation’ as used therein has the same meaning as ‘osteoclast differentiation’ or
‘osteoclast maturation’.” (Ex. 1023, p. 17, 11. 20-21). One skilled in the art would

understand that “osteoclast formation”, as described in the 072 Publication is
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synonymous with “osteoclast differentiation” or “osteoclast differentiating
activity”, as recited in the '181 patent claims (Ex. 1003, § 20), which connotes
differentiation of osteoclast precursor cells into multinucleated osteoclasts. (Ex.
1003, 9 20).

Regarding claim 15 of the 181 Patent, the 072 Publication teaches methods of
inhibiting bone resorption (Ex. 1023, p. 56, In. 24-p. 58, In. 4; claim 33)
comprising administering to a subject in need thereof, an antibody or antigen
binding fragment which specifically binds to human Siglec-15 or murine Siglec-15
(Ex. 1023, Example 37 (p. 141, In. 10 — p. 144, In. 22), p. 11, 11. 3-5; p. 5, In. 1 - p.
7, In. 1; p. 17, 11. 5-8, Fig. 36; p. 56, In. 24-p. 59, In. 7; claim 33; Ex. 1003, § 23;
Ex. 1004, 931, 33-34).

Further, the '072 Publication teaches administering to a mammal, specifically,
a human. (Ex. 1023, p. 36, Il. 11-18 (“an antibody applicable to a human disease
can be selected”), p. 65, In. 16 — p. 66, In. 2 (“human anti-Siglec-15 antibody is
administered to humans™)). (Ex. 1004, 9 32).

As further shown below, the 072 Publication teaches every limitation of

independent claims 1 and 15.

Claim 1 of ’181 Patent ’072 English Translation

A method of impairing p. 4, 11. 22-23: “[inventors] found that the
osteoclast differentiation | differentiation of osteoclasts is inhibited by an
antibody which specifically binds to Siglec-15, and,
thus, the invention has been completed.”
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p. 17,11. 20-21: “The term ‘osteoclast formation’ as
used herein is used in the same meaning as
‘osteoclast differentiation’ or ‘osteoclast maturation.’”

p. 2, 11. 13-20: “[o]steoclast precursor cells have been
found to be differentiated into osteoclasts by
stimulation with RANKL (receptor activator of NF-
kappa.B ligand)...RANKL induces differentiation of
osteoclast precursor cells into multinucleated
osteoclasts, and the like.”

p. 105, 11. 11-13: “From the above results, it was shown
that the anti-mouse Siglec-15 polyclonal antibody
has a potent inhibitory effect on osteoclast
formation (osteoclast differentiation and
maturation).”

p. 147, 11. 5-8: “The anti-Siglec-15 antibody of the
invention has the ability to inhibit osteoclast
differentiation or bone resorption activity, and a
pharmaceutical composition containing the anti-Siglec-
15 antibody can be a therapeutic or preventive agent for
a disease of abnormal bone metabolism.”

Claim 33: “A method of treating and/or preventing
abnormal bone metabolism characterized by
administering at least one of the antibodies or
functional fragments of the antibodies...”

in a mammal in need
thereof,

p. 36, 11. 16-18: “In this case, by examining the cross-
reactivity between an antibody binding to the obtained
heterologous Siglec-15 and human Siglec-15, an
antibody applicable to a human disease can be
selected.”

p. 65, 11. 22-24: “[T]he pharmaceutical composition
of the invention for humans can also be determined
based on this result.

p. 147, 11. 5-8: “The anti-Siglec-15 antibody of the
invention has the ability to inhibit osteoclast

4833-0530-2816.2
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differentiation or bone resorption activity, and a
pharmaceutical composition containing the anti-
Siglec-15 antibody can be a therapeutic or
preventive agent for a disease of abnormal bone
metabolism.”

the method comprising
administering an
antibody or antigen
binding fragment

Claim 33 or p. 11, Il. 3-5: “A method of treating and/or
preventing abnormal bone metabolism characterized by
administering at least one of the antibodies or
functional fragments of the antibodies...”

which specifically binds
to human Siglec-15
(SEQ ID NO.:2)

Claim 1 or p. 5, 1l. 1-5: “An antibody which
specifically recognizes one or more polypeptides
comprising an amino acid sequence described in any
one of the following (a) to (1) and inhibits osteoclast
formation and/or osteoclastic bone resorption, or a
functional fragment of the antibody: (a) an amino acid
sequence represented by SEQ ID NO: 2 in the
Sequence Listing;”

p. 20, 1I. 2-5: “The nucleotide sequence of human
Siglec-15 cDNA has been registered in GenBank with
an accession number of NM 213602 and is represented
by SEQ ID NO: 1 in the Sequence Listing, and its
amino acid sequence is represented by SEQ ID NO:
2 in the Sequence Listing.”

or murine Siglec-15
(SEQ ID NO.:108)

p. 36, 1. 14-18: “The biological species of Siglec-15 to
be used as an antigen is not limited to human, and an
animal can be immunized with Siglec-15 derived
from an animal other than human such as mouse...’

3

Claim 1 or p. 5, 1l. 1-4; p. 5, In. 13: “An antibody
which specifically recognizes one or more
polypeptides comprising an amino acid sequence
described in any one of the following (a) to (i) and
inhibits osteoclast formation and/or osteoclastic bone
resorption, or a functional fragment of the antibody:
...(¢) an amino acid sequence represented by SEQ
ID NO: 4 in the Sequence Listing;”

p. 20, 1l. 5-8: “The nucleotide sequence of mouse
Siglec-15 cDNA has been registered in GenBank with

4833-0530-2816.2
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an accession number of XM 884636 and is represented
by SEQ ID NO: 3 in the Sequence Listing, and its
amino acid sequence is represented by SEQ ID NO:
4 in the Sequence Listing.”

to said mammal.

p. 36, 11. 11-18: “In this case, by examining the cross-
reactivity between an antibody binding to the obtained
heterologous Siglec-15 and human Siglec-15, an
antibody applicable to a human disease can be
selected.”

p. 65, In. 22-p. 66, In. 2: “[T]he pharmaceutical
composition of the invention for humans can also be
determined based on this result. As for the dose, in the
case where a human anti-Siglec-15 antibody is
administered to humans, the antibody may be
administered at a dose of from about 0.1 to 100 mg/kg
once per one to 180 days.”

Claim 15 of ’181 Patent

’072 English Translation

bone resorption

A method for inhibiting

p. 57, 1l. 6-9: “The abnormal bone metabolism may
be any disorder characterized by net bone loss
(osteopenia or osteolysis). In general, the
treatment and/or prevention by the anti-Siglec-15
antibody are/is applied to a case where inhibition
of bone resorption is required.”

p. 144, 11. 20-22: “From this result, it was revealed
that the bone resorption activity of human
osteoclasts is inhibited by the monoclonal
antibody specifically binding to the Siglec-15
protein”.

comprising administering to | p. 57, ll. 6-9: “The abnormal bone metabolism may
a subject in need thereof,

be any disorder characterized by net bone loss
(osteopenia or osteolysis). In general, the
treatment and/or prevention by the anti-Siglec-15
antibody are/is applied to a case where inhibition
of bone resorption is required.”

an antibody or antigen
binding fragment which
specifically binds to human

Claim 33: “A method of treating and/or preventing
abnormal bone metabolism characterized by
administering at least one of the antibodies or

4833-0530-2816.2
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Siglec-15 (SEQ ID NO.:2)
or murine Siglec-15 (SEQ
ID NO.:108).

functional fragments of the antibodies according
to claims 1 to 26.”

p. 11, 1. 3-5: “A method of treating and/or
preventing abnormal bone metabolism characterized
by administering at least one of the antibodies or
functional fragments of the antibodies according
to 1 to 26.”

p. 5, 1. 1-5 and 12: “An antibody which
specifically recognizes one or more polypeptides
comprising an amino acid sequence described in
any one of the following (a) to (i) and inhibits
osteoclast formation and/or osteoclastic bone
resorption, or a functional fragment of the antibody:
(a) an amino acid sequence represented by SEQ
ID NO: 2 in the Sequence Listing...(¢) an amino
acid sequence represented by SEQ ID NO: 4 in
the Sequence Listing...”

p. 20, 1l. 2-5: “The nucleotide sequence of human
Siglec-15 cDNA has been registered in GenBank
with an accession number of NM 213602 and is
represented by SEQ ID NO: 1 in the Sequence
Listing, and its amino acid sequence is
represented by SEQ ID NO: 2 in the Sequence
Listing.”

p. 20, 11. 5-8: “The nucleotide sequence of mouse
Siglec-15 cDNA has been registered in GenBank
with an accession number of XM 884636 and is
represented by SEQ ID NO: 3 in the Sequence
Listing, and its amino acid sequence is
represented by SEQ ID NO: 4 in the Sequence
Listing.”

(b) Dependent Claims 2-6 and 8-11

Claims 2-6 and 8-11 of the 181 Patent all depend from claim 1, and further

limit the claimed method of impairing osteoclast differentiation. Each of these

4833-0530-2816.2
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additional limitations are also anticipated by the *072 Publication and are described
in the claim charts and accompanying remarks below.

Dependent claim 2 recites that “the antibody or antigen binding fragment
impairs an osteoclast differentiation activity of human or mouse Siglec-15.” This
limitation is taught in at least p. 5, 1. 1-13 of the English translation of the 072
Publication, which states “[a]n antibody which specifically recognizes one or more
polypeptides comprising an amino acid sequence described in any one of the
following (a) to (i) and inhibits osteoclast formation and/or osteoclastic bone
resorption, or a functional fragment of the antibody: (a) an amino acid sequence
represented by SEQ ID NO: 2 in the Sequence Listing ... (¢) an amino acid
sequence represented by SEQ ID NO: 4 in the Sequence Listing.”

Moreover, the ’072 Publication describes how to make, in working
examples, how to make a Siglec-15 antibody, including antigen preparation and
monoclonal antibody production. (Ex. 1004, § 30). Several anti-mouse Siglec-15
monoclonal antibodies were made in the 072 Publication from a mammalian cell,
including those from hybridomas #1A1l, #8A1, #3A1, #24A1, #32A1, #34A1,
#39A1, #40A1, #41B1 and #61A1, some of which have been deposited. (Ex.
1004, 9 30). Also, the inhibition of both human (See Ex. 1023, p. 138, In. 3-p.
139, In. 15) and mouse (See Ex. 1023, Ex. 1023, p. 103, In. 19-p. 105, In. 13; 106,

In. 17-p. 109, In. 10; p. 116, In. 10-p. 117, In. 16) Siglec-15 osteoclast

4]-
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differentiation activity with an anti-mouse and anti-human Siglec-15 polyclonal
antibody, and also an anti-mouse Siglec-15 monoclonal antibody is also disclosed.
(Ex. 1003, 99 20, 22). Indeed, the 072 Publication contains multiple working
examples of antibodies that specifically bind Siglec-15 and impair osteoclast
differentiation. (Ex. 1003, 9 20).

Dependent claim 3 recites “the osteoclast differentiation activity is
characterized by differentiation of osteoclast precursor cells into differentiated
osteoclasts.” This limitation is taught in at least Examples 35 and 37 of the
English translation of 072 Publication (Ex. 1023, p. 138, In. 5-p. 139, In. 15; p.
141, In. 10-p. 144, In. 22), which report that “multinucleation and cell fusion of
TRAP-positive osteoclasts from normal human osteoclast precursor cells are
inhibited by the antibody specifically binding to Siglec-15.” (Ex. 1003, § 24).
Figures 31 and 34 also show photomicrographs depicting, by TRAP staining, the
inhibition of giant osteoclast formation from normal human osteoclast precursor
cells by the addition of an anti-human Siglec-15 polyclonal antibody and rat anti-
mouse Siglec-15 monoclonal antibody, respectively.  (Ex. 1003, q 24).
Additionally, p. 52, In. 18-p. 53, In. 7 of the English translation of the 072
Publication discloses antibodies and/or fragments thereof that inhibit the formation
of osteoclasts and cell fusion, both of which are known indications of osteoclast

differentiation. See Ex. 1026 at 101-2; see also Ex. 1003, 99 19, 24.
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Dependent claims 4 and 5 require that “the antibody is a polyclonal antibody”
and “the antibody or antigen binding fragment is a monoclonal antibody or antigen
binding fragment thereof,” respectively. Both of these limitations are plainly
taught throughout the '072 publication. (Ex. 1023, p. 55, ll. 12-17 (“The antibody
of the invention may be a polyclonal antibody”), p. 8, 1l. 14-15 (“The antibody or a
functional fragment of the antibody according to any one of (1) to (13),
characterized in that the antibody is a monoclonal antibody.”)). (Ex. 1003,  19).
Furthermore, Examples 8 and 33 describe, in detail, procedures for producing
polyclonal anti-Siglec-15 antibodies, and Examples 24 and 38 detail procedures for
producing monoclonal anti-Siglec-15 antibodies. (Ex. 1004, § 30) Also, Siglec-15
polyclonal and monoclonal antibodies were actually made. See Ex. 1023,
Examples 22-23 (p. 110, In. 23-p. 114, In. 22); see also Ex. 1004, §31; Ex. 1003, §
19.

Dependent claim 6 further states that “the monoclonal antibody or antigen
binding fragment is produced from an isolated mammalian cell.” As noted above,
Examples 24 and 38 detail procedures for producing monoclonal anti-Siglec-15
antibodies, and both utilize mammalian hybridomas. (Ex. 1004, 99 30, 31). For
instance, the *072 Publication teaches, “Cell fusion was performed according to a

common method of fusing mouse (rat) spleen cells with myeloma cells...The

collected spleen cells and P3X63Ag8.653 cells (ATCC CRL 1580) which are
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mouse myeloma cells were subjected to cell fusion using polyethylene glycol
(PEG).” (Ex. 1023, p 113, In. 18-p. 114, In. 7).

Dependent claims 8 and 9 require that “the antibody or antigen binding
fragment comprises a constant region of a human antibody or a fragment thereof,”
and “comprises a framework region of a human antibody,” respectively. The *072
Publication not only discloses human and humanized antibodies (Ex. 1023, p. 9, 11.
14-15; p. 50, 1. 4-18; p. 50, In. 19-p. 51, In. 7; p. 51, In. 20-p. 52, In. 14), both of
which meet the limitations of claims 8 and 9, it also discloses chimeric antibodies,
an exemplary embodiment of which is described as “a chimeric antibody in which
a mouse-derived antibody variable region is connected to a human-derived
constant region.” (Ex. 1023, p. 49, In. 24-p. 51, In. 7; Ex. 1004, §33).

Dependent claim 10 requires that “the antibody or antigen binding fragment is
aFV, aFab, aFab’ ora (Fab’),.” This limitation is explicitly recited in p. 53, 1. 8-
13 of the English translation of the 072 Publication, which states, “Examples of
the fragment of the antibody include Fab, F(ab")2, Fv, single-chain Fv (scFv) in
which Fv molecules of the heavy chain and the light chain are ligated via an
appropriate linker, a diabody (diabodies), a linear antibody, and a polyspecific
antibody composed of the antibody fragment.” This same limitation is also taught
the English translation of the 072 Publication. (Ex. 1023, p. 10, 1. 14-19; p. 113,

In. 18-p. 114, In. 7; Ex. 1004, 4 33).
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Claim 11 depends from claim 3 and further requires that the osteoclast
precursor cells are human osteoclast precursor cells. This limitation is anticipated
by the same sections of the 072 Publication that anticipated claim 3. (Ex. 1023, p.
52, In. 18-p. 53, In. 7; p. 138, In. 5-p. 139, In. 15; p. 141, In. 10-p. 144, In. 22).

As further shown below, the *072 publication teaches every limitation of

dependent claims 2-6 and 8-11.

Claim 2 ’072 English Translation

The method of claim 1,

wherein the antibody or | p. 53, ll. 4-6: “The function of the functional

antigen binding fragment of the antibody according to the invention
fragment impairs an is preferably an activity of inhibiting the formation
osteoclast of osteoclasts”

differentiation activity
p. 17, 11. 20-21: “The term “osteoclast formation” as
used herein is used in the same meaning as
“osteoclast differentiation” or “osteoclast

” N

maturation”.

of human Siglec-15 Claim 1 or p. 5, 1l. 1-5: “An antibody which
specifically recognizes one or more polypeptides
comprising an amino acid sequence described in any
one of the following (a) to (1) and inhibits osteoclast
formation and/or osteoclastic bone resorption, or a
functional fragment of the antibody: (a) an amino acid
sequence represented by SEQ ID NO: 2 in the
Sequence Listing;”

p. 20, 11. 2-5: “The nucleotide sequence of human
Siglec-15 cDNA has been registered in GenBank with
an accession number of NM 213602 and is represented
by SEQ ID NO: 1 in the Sequence Listing, and its
amino acid sequence is represented by SEQ ID NO: 2
in the Sequence Listing.”

or murine Siglec 15. Claim 1 or p. 5, 11. 1-4 and 12: “An antibody which
specifically recognizes one or more polypeptides

-45.-

4833-0530-2816.2


http:7;p.138,ln.5-p.139,ln.15;p.141,ln.10-p.144,ln.22

Patent No. 8,168,181 Petition For Inter Partes Review

comprising an amino acid sequence described in any
one of the following (a) to (i) and inhibits osteoclast
formation and/or osteoclastic bone resorption, or a
functional fragment of the antibody: ...(e) an amino
acid sequence represented by SEQ ID NO: 4 in the
Sequence Listing;”

p. 20, 1. 5-8: “The nucleotide sequence of mouse
Siglec-15 ¢cDNA has been registered in GenBank with
an accession number of XM 884636 and is represented
by SEQ ID NO: 3 in the Sequence Listing, and its
amino acid sequence is represented by SEQ ID NO: 4
in the Sequence Listing.”

Claim 3 ’072 English Translation

The method of claim 2,

wherein the osteoclast | p. 53, 1l. 4-6: “The function of the functional
differentiation activity is | fragment of the antibody according to the invention
characterized by is preferably an activity of inhibiting the formation
differentiation of of osteoclasts”

osteoclast precursor
cells into differentiated | p. 17, 1. 20-21: “The term ‘osteoclast formation’ as
osteoclasts. used herein is used in the same meaning as ‘osteoclast

s M

differentiation’ or ‘osteoclast maturation’.

p. 138, In. 5-p. 139, In. 15: (Example 35, Titled: “Effect
of Addition of Rabbit Anti-Human Siglec-15 Polyclonal
Antibody on Cell Fusion of Normal Human Osteoclast
Precursor Cells (TRAP Staining)”), specifically p. 139,
Il. 13-15: “that multinucleation and cell fusion of
TRAP-positive osteoclasts from normal human
osteoclast precursor cells are inhibited by the
monoclonal antibody specifically binding to the

Siglec-15 protein.”

Claim 4 ’072 English Translation
The method of claim 2,
wherein the antibody is | p. 55, 1l. 12-17: “The antibody of the invention may
a polyclonal antibody. be a polyclonal antibody which is a mixture of plural

types of anti-Siglec-15 antibodies having different
amino acid sequences. As one example of the
polyclonal antibody, a mixture of plural types of

-46-

4833-0530-2816.2



Patent No. 8,168,181 Petition For Inter Partes Review

antibodies having different CDR can be exemplified. As
such a polyclonal antibody, a mixture of cells which
produce different antibodies is cultured, and an antibody
purified from the resulting culture can be used (see WO
2004/061104).”

p. 105, 1. 11-13: “From the above results, it was shown
that the anti-mouse Siglec-15 polyclonal antibody has
a potent inhibitory effect on osteoclast formation
(osteoclast differentiation and maturation).”
I\ 072 English Translation

The method of clalm 2

wherein the antibody or | Claim 14: “The antibody or a functional fragment of
antigen binding the antibody according to any one of claims 1 to 13,
fragment is a characterized in that the antibody is a monoclonal

monoclonal antibody or | antibody.”
an antigen binding
fragment thereof. p. &, 1l. 14-15: “The antibody or a functional
fragment of the antibody according to any one of (1)
to (13), characterized in that the antibody is a
monoclonal antibody.”

p. 36, 11. 19-20: “[A] monoclonal antibody can be

obtained by fusing antibody-producing cells which

produce an antibody against Siglec-15 with myeloma
cells to establish a hybrldoma

The methOd Ofdalm 5;’“ . U]
wherein the monoclonal | p. 36, 11. 19-20: “[ A] monoclonal antibody can be

antibody or antigen obtained by fusing antibody-producing cells which
binding fragment is produce an antibody against Siglec-15 with myeloma
produced from an cells to establish a hybridoma”

isolated mammalian

cell. p. 40, In. 23-p. 41, In. 4: “As the experimental animal,

any animal used in a known hybridoma production
method can be used without any trouble. Specifically,
for example, mouse, rat, goat, sheep, cattle, horse or
the like can be used. However, from the viewpoint of
ease of availability of myeloma cells to be fused with
the extracted antibody-producing cells, mouse or rat is

-47-
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Claim 8

preferably used as the animal to be immunized.”
| ’072 English Translation

The method of claim 6,

wherein the antibody or
antigen binding
fragment comprises a
constant region of a
human antibody or a
fragment thereof.

p. 49, In. 24-p. 50, In. 3: “As the chimeric antibody, an
antibody in which antibody variable and constant
regions are derived from different species, for example,
a chimeric antibody in which a mouse-derived
antibody variable region is connected to a human-
derived constant region can be exemplified.”

Claim 9

’072 English Translation

The method of claim &,

wherein the antibody or
antigen binding
fragment comprises a
framework region of a
human antibody.

p. 50, 1. 9-13: “Further, the antibody of the invention
includes a human antibody. An anti-Siglec-15 human
antibody refers to a human antibody having only a
gene sequence of an antibody derived from a human
chromosome. The anti-Siglec-15 human antibody can
be obtained by a method using a human antibody-
producing mouse having a human chromosome
fragment containing H-chain and L-chain genes of a
human antibody.”

Claim 10

’072 English Translation

The method of claim 2,

wherein the antibody or
antigen binding
fragment is a FV, a Fab,
a Fab' or a (Fab'),.

p. 53, 1I. 8-13: “Examples of the fragment of the
antibody include Fab, F(ab')2, Fv, single-chain Fv
(scFv) in which Fv molecules of the heavy chain and the
light chain are ligated via an appropriate linker, a
diabody (diabodies), a linear antibody, and a
polyspecific antibody composed of the antibody
fragment. Further, Fab' which is a monovalent
fragment in a variable region of an antibody
obtained by treating F(ab')2 under reducing
conditions is also included in the fragment of the
antibody.”

Claim 11

’072 English Translation

The method of claim 3,

wherein the osteoclast
precursor cells are
human osteoclast
precursor cells.

p. 138, In. 5-p. 139, In. 15: (Example 35, Titled: “Effect
of Addition of Rabbit Anti-Human Siglec-15 Polyclonal
Antibody on Cell Fusion of Normal Human Osteoclast
Precursor Cells (TRAP Staining)”), specifically p. 139,

4833-0530-2816.2
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1. 13-15: “that multinucleation and cell fusion of
TRAP-positive osteoclasts from normal human
osteoclast precursor cells are inhibited by the
monoclonal antibody specifically binding to the
Siglec-15 protein.”

(¢) Dependent Claims 16-23

Claims 16-23 of the "181 Patent all depend from claim 15, and further limit the
claimed method of inhibiting bone resorption. Each of these claims is anticipated
in view of the 072 Publication as outlined above, and any additional limitations
recited in these claims are likewise found in the 072 Publication.

Dependent claim 16 recites that “the antibody or antigen binding fragment
impairs an activity of human Siglec-15 or murine Siglec-15 in osteoclast precursor
cells or in osteoclasts.” Claim 17 depends from claim 16 and requires that the
“activity [of Siglec-15 that is to be impaired] is osteoclastogenesis.” The ’072
publication repeatedly teaches that anti-Siglec-15 antibodies or fragments thereof
impair the activity of human and murine Siglec-15 is osteoclast precursor cells and
osteoclasts. (Ex. 1023, Example 37, p. 141, In. 10-p. 144, In. 22; p. 6, 11. 20-21; p.
5, In. 1-p. 7, In. 1; p. 17, 11. 5-8, Fig 36; p. 56, In. 24-p. 59, In. 17; Ex. 1003, 9 19,
22-25; Ex. 1004, § 30). The ’072 Publication is also replete with teachings of

impairing osteoclastogenesis even though this particular term was not used. (Ex.

-49.
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1023, p. 5, 11. 1-13; p. 52, In. 18-p. 53, In. 7; Examples 17-20, 25, 35, and 37, Figs.
31 and 34; Ex. 1003, 99 19, 22-25; Ex. 1004, 9 30).

Dependent claim 18 recites that “the antibody or antigen binding fragment
inhibits osteoclast differentiation.” Similar to claim 17, the limitation recited in
this claim is disclosed by the 072 publication. (Ex. 1023, p. 5, 1. 1-13; p. 52, In.
18-p. 53, In. 7; Examples 17-20, 25, 35, and 37, Figs. 31 and 34; Ex. 1003, 9 20,
21-25; Ex. 1004, 99 30, 31).

Dependent claim 19 recites that the claimed “antibody or antigen binding
fragment is administered in combination with a drug or an hormone,” and claim 20
further specifies that “the drug is an antiresorptive drug or a drug increasing bone
mineral density.” The English translation of the *072 Publication disclose methods
of treating abnormal bone metabolism by administering Siglec-15 antibodies in
combination with hormone preparations, nonsteroidal anti-inflammatory agents,
bisphosphonates (i.e, drugs that inhibit bone resorption and increase bone mineral
density), or other compounds, thus disclosing the limitations of claims 19 and 20.
(Ex. 1023, p. 11, 11. 6-17; p. 60, In. 11-p. 61, In. 11; p. 63, 1l. 6-19; Ex. 1004, § 32).

Claims 21 and 22 require that the claimed method is for use in “a subject
suffering from a bone remodeling disorder,” and specifically “a bone remodeling

disorder [] associated with a decrease in bone mass,” respectively. Claim 23

-50-
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specifies certain bone remodeling disorders. With regard to these limitations, the
’072 Publication teaches:

Such an antibody which neutralizes the biological activity of Siglec-
15 ...can be used as a therapeutic and/or preventive agent for
abnormal bone metabolism caused by abnormal differentiation and/or
maturation of osteoclasts as a medicine. The abnormal bone
metabolism may be any disorder characterized by net bone loss

(osteopenia or osteolysis).

(Ex. 1023, p. 56, In. 24-p. 58, In. 4). Thus, the limitations of claims 21-23 are
clearly anticipated by the *072 Publication. (Ex. 1004, 9 32).
As further shown below, the 072 Publication teaches every limitation of

dependent claims 16-23.

Claim 16 . ____’072 English Translation

The method of claim 15,

wherein the antibody or p. 56, In. 24-p. 57, In. 6: “From the anti-Siglec-15
antigen binding fragment | antibodies obtained by the method described in the

impairs an activity of above item ‘4. Production of anti-Siglec-15 antibody’,
human Siglec-15 or an antibody which neutralizes the biological activity
murine Siglec-15 in of Siglec-15 can be obtained. Such an antibody
osteoclast precursor cells | which neutralizes the biological activity of Siglec-
or in osteoclasts. 15 inhibits the biological activity of Siglec-15 in

vivo, i.e., the differentiation and/or maturation of
osteoclasts, and therefore can be used as a
therapeutic and/or preventive agent for abnormal
bone metabolism caused by abnormal
differentiation and/or maturation of osteoclasts as
a medicine.”

p. 141, In. 10-p. 144, In. 22: (Example 37, Titled:
“Effect of Addition of Rat Anti-Mouse Siglec-15

-51-
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Monoclonal Antibody on Cell Fusion and Bone
Resorption Activity of Normal Human Osteoclast
Precursor Cells) (Evaluation of In Vitro Biological
Activity) ), specifically p. 144, 11. 20-22: “From this
result, it was revealed that the bone resorption
activity of human osteoclasts is inhibited by the
monoclonal antibody specifically binding to the

Siglec-15 protein.”

Claim 17 072 English Translation
The method of claim 16,
wherein the activity is p. 147, 11. 5-6: “The anti-Siglec-15 antibody of the
osteoclastogenesis. invention has the ability to inhibit osteoclast

differentiation or bone resorption activity”

p. 60, 11. 4-10: “As shown in Example 19 of this
description, OCIF/OPG which is a decoy receptor for
RANKL can inhibit osteoclast formation induced by
RANKL but does not inhibit osteoclast formation
induced by TNF-a. On the other hand, the anti-
Siglec-15 antibody according to the invention
effectively inhibited osteoclast formation induced
by both RANKL and TNF- a. Therefore, it is
expected that the anti-Siglec-15 antibody of the
invention can inhibit bone loss and bone
destruction induced by TNF- a in RA or the like
more strongly than an RANKL blocker
(OCIF/OPQG, an anti-RANKL antibody or the like).”

p. 63, 1. 19: “OCIF (osteoclastogenesis inhibitory
factor).”

p. 105, 11. 11-13: “From the above results, it was
shown that the anti-mouse Siglec-15 polyclonal
antibody has a potent inhibitory effect on
osteoclast formation (osteoclast differentiation and
maturation).”
072 English Translation

Claim18
The method of claim 15,
wherein the antibody or p. 143, 11. 13-14: “As a result, the formation of
antigen binding fragment | TRAP-positive multinucleated osteoclasts was

-52.
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inhibits osteoclast
differentiation.

inhibited in a #32A1 antibody concentration
dependent manner . . ..”

p. 144, 11. 18-22: “As a result, the amount of
fluorescent collagen fragments increased by the
addition of RANKL was reduced by the #32A1
antibody in a concentration-dependent manner . . . .
From this result, it was revealed that the bone
resorption activity of human osteoclasts is
inhibited by the monoclonal antibody specifically
binding to the Siglec-15 protein.”

Claim 19

_’072 English Translation

The method of claim 15,

wherein the antibody or
antigen binding fragment
1s administered in
combination with a drug

or an hormone.

p. 60, In. 15-p. 61, In. 1: “Examples of the therapeutic
agent which can be administered along with the anti-
Siglec-15 antibody include, but are not limited to,
bisphosphonates, active vitamin D3, calcitonin and
derivatives thereof, hormone preparations such as
estradiol, SERMs (selective estrogen receptor
modulators), ipriflavone, vitamin K2
(menatetrenone), calcium preparations, PTH
(parathyroid hormone) preparations, nonsteroidal
anti-inflammatory agents, soluble TNF receptor
preparations, anti-TNF-a

antibodies or functional fragments of the
antibodies, anti-PTHrP (parathyroid hormone-
related protein) antibodies or functional fragments
of the antibodies, IL-1 receptor antagonists, anti-
IL-6 receptor antibodies or functional fragments
of the antibodies,

anti-RANKL antibodies or functional fragments of
the antibodies and OCIF (osteoclastogenesis
inhibitory factor).”

Claim 29: “A pharmaceutical composition for treating
and/or preventing abnormal bone metabolism
characterized by comprising at least one of the
antibodies or functional fragments of the antibodies
according to claims | to 26 and at least one member

4833-0530-2816.2
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selected from the group consisting of
bisphosphonates, active vitamin Dj3, calcitonin and
derivatives thereof, hormone preparations such as
estradiol, SERMs (selective estrogen receptor
modulators), ipriflavone, vitamin K,
(menatetrenone), calcium preparations, PTH
(parathyroid hormone) preparations, nonsteroidal
anti-inflammatory agents, soluble TNF receptor
preparations, anti-TNF-a antibodies or functional
fragments of the antibodies, anti-PTHrP
(parathyroid hormone-related protein) antibodies
or functional fragments of the antibodies, IL-1
receptor antagonists, anti-IL-6 receptor antibodies
or functional fragments of the antibodies, anti-
RANKL antibodies or functional fragments of the
antibodies and OCIF (osteoclastogenesis inhibitory

factor).”
Claim 20 | ’072 English Translation
The method of claim 19,
wherein the drug is an Claim 29: “A pharmaceutical composition for treating
antiresorptive drug and/or preventing abnormal bone metabolism

characterized by comprising at least one of the
antibodies or functional fragments of the antibodies
according to claims 1 to 26 and at least one member
selected from the group consisting of
bisphosphonates, active vitamin D3, calcitonin and
derivatives thereof, hormone preparations such as
estradiol, SERMs (selective estrogen receptor
modulators), ipriflavone, vitamin K,
(menatetrenone), calcium preparations, PTH
(parathyroid hormone) preparations, nonsteroidal
anti-inflammatory agents, soluble TNF receptor
preparations, anti-TNF-a antibodies or functional
fragments of the antibodies, anti-PTHrP (parathyroid
hormone-related protein) antibodies or functional
fragments of the antibodies, IL-1 receptor antagonists,
anti-1L-6 receptor antibodies or functional fragments
of the antibodies, anti-RANKL antibodies or
functional fragments of the antibodies and OCIF
(osteoclastogenesis inhibitory factor).”

-54-
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or a drug increasing bone
mineral density.

Claim 29: “A pharmaceutical composition for treating
and/or preventing abnormal bone metabolism
characterized by comprising at least one of the
antibodies or functional fragments of the antibodies
according to claims 1 to 26 and at least one member
selected from the group consisting of
bisphosphonates, active vitamin Ds, calcitonin and
derivatives thereof, hormone preparations such as
estradiol, SERMs (selective estrogen receptor
modulators), ipriflavone, vitamin K, (menatetrenone),
calcium preparations, PTH (parathyroid
hormone) preparations, nonsteroidal anti-
inflammatory agents, soluble TNF receptor
preparations, anti-TNF-a antibodies or functional
fragments of the antibodies, anti-PTHrP (parathyroid
hormone-related protein) antibodies or functional
fragments of the antibodies, IL.-1 receptor antagonists,
anti-IL-6 receptor antibodies or functional fragments
of the antibodies, anti-RANKL antibodies or
functional fragments of the antibodies and OCIF
(osteoclastogenesis inhibitory factor).”

Claim 21

’072 English Translation

The method of claim 15,

wherein the subject in
need thereof, suffers from
a bone remodelling
disorder.

p. 57, 11. 2-6 : “Such an antibody which neutralizes
the biological activity of Siglec-15 inhibits the
biological activity of Siglec-15 in vivo, i.e., the
differentiation and/or maturation of osteoclasts,
and therefore can be used as a therapeutic and/or
preventive agent for abnormal bone metabolism
caused by abnormal differentiation and/or
maturation of osteoclasts as a medicine.”

Claim 22

____’072 English Translation

The method of claim 21,

wherein the bone
remodeling disorder is
associated with a decrease
in bone mass.

p. 57, 11. 2-7: “Such an antibody which neutralizes the
biological activity of Siglec-15 inhibits the biological
activity of Siglec-15 in vivo, i.e., the differentiation
and/or maturation of osteoclasts, and therefore can be
used as a therapeutic and/or preventive agent for
abnormal bone metabolism caused by abnormal
differentiation and/or maturation of osteoclasts as a

4833-05630-2816.2
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medicine. The abnormal bone metabolism may be
any disorder characterized by net bone loss

Claim 23

(osteopenia or osteolysis).” | |
. ’072 English Translation

The method of claim 21,

wherein the bone
remodeling disorder is
selected from the group
consisting of osteoporosis,
osteopenia, osteomalacia,
hyperparathyroidism,
hyperthyroidism,
hypogonadism,
thyrotoxicosis, systemic
mastocytosis, adult
hypophosphatasia,
hyperadrenocorticism,
osteogenesis imperfecta,
Paget's disease, Cushing's
disease/syndrome, Turner
syndrome, Gaucher
disease, Ehlers-Danlos
syndrome, Marfan's
syndrome, Menkes'
syndrome, Fanconi's
syndrome, multiple
myeloma, hypercalcemia,
hypocalcemia, arthritides,
periodontal disease,
rickets, fibrogenesis
imperfecta ossium,
osteosclerotic disorders,
pycnodysostosis, and
damage caused by
macrophage-mediated
inflammatory processes.

p. 57, 1. 9-18: “Examples of the abnormal bone
metabolism which can be treated and/or prevented by
the anti-Siglec-15 antibody include osteoporosis
(postmenopausal osteoporosis, senile osteoporosis,
secondary osteoporosis due to the use of a therapeutic
agent such as a steroid or an immunosuppressant, or
osteoporosis accompanying rheumatoid arthritis),
bone destruction accompanying rheumatoid arthritis,
cancerous hypercalcemia, bone destruction
accompanying multiple myeloma or cancer
metastasis to bone, giant cell tumor, tooth loss due to
periodontitis, osteolysis around a prosthetic joint,
bone destruction in chronic osteomyelitis, Paget's
disease of bone, renal osteodystrophy and
osteogenesis imperfecta, however, the abnormal
bone metabolism is not limited thereto as long as it
is a disease accompanied by net bone loss caused
by osteoclasts.”

Not only is there a written disclosure of every element of claims 1-6, 8-11, and

15-23 in the *181 Patent as shown above, but one of ordinary skill in the art would

4833-0530-28186.2
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have been enabled to practice each of those claims based upon the disclosure in the
072 Publication. (Ex. 1004, 99 30, 32; Ex. 1003, 99 22, 23). More specifically,
072 Publication describes several Siglec-15 polyclonal and monoclonal antibodies
and methods for making them. (Ex. 1023, Example 10-11, 14-15, 23-24, 33-34,
Figs. 26, 33; Ex. 1003, 99 19, 22, 23). The results of testing these Siglec-15
polyclonal and monoclonal antibodies on osteoclast differentiation are also
described. (Ex. 1023, Examples 17, 19-22, Figs. 15-19, 25-26, 32; Ex. 1003, 99
20, 22, 23). The ’072 Publication further describes the effect of an anti-mouse
Siglec-15 monoclonal antibody on bone resorption activity. (Ex. 1023, Fig. 36;
Ex. 1003, 99 21-23). Accordingly, the 072 Publication supports the position that
the Siglec-15 antibodies disclosed therein have the activity of inhibiting osteoclast
differentiation and/or bone resorption. (Ex. 1003, 9 20-23).

(d) The ’072 Publication Was Never Discussed Nor
Raised In Any Rejection by the Examiner

Although the ’072 Publication was cited in an IDS (Ex. 1027) during
prosecution of the 181 Patent, the 072 Publication was never substantively
discussed, nor raised in any rejection, by the Examiner. And even if the Examiner
had considered the 072 Publication during prosecution (which the Examiner did
not), the ’072 Publication so plainly anticipates the claims that this is not a case

where it would be appropriate for the Board to deny the petition under § 325(d).
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See Amneal Pharms. v. Supernus Pharms., IPR2013-00368 (PTAB Dec. 17, 2013);

Synopsys, Inc. v. Mentor Graphics Corp., IPR2012-00041 (PTAB Feb. 22, 2013).

1.

4833-0530-2816.2

STATEMENT OF MATERIAL FACTS

The Parent 054 Application (Ex. 1009), the Alethia PCT (Ex. 1010), and
the provisional applications to which these applications claim priority (Ex.
1017 and Ex. 1018) do not disclose a single example of an antibody that
specifically binds mouse or human Siglec-15 that was actually made.

The Parent *054 Application (Ex. 1009), the Alethia PCT (Ex. 1010), and
the provisional applications to which these applications claim priority (Ex.
1017 and Ex. 1018) do not disclose any antibody that specifically binds
mouse or human Siglec-15 and has the function of impairing osteoclast

differentiation and/or inhibiting bone resorption.

. The Parent 054 Application (Ex. 1009), the Alethia PCT (Ex. 1010), and

the provisional applications to which these applications claim priority (Ex.
1017 and Ex. 1018) do not disclose administering an antibody that
specifically binds mouse or human Siglec-15 specifically, for impairing
osteoclast differentiation.

The Parent 054 Application (Ex. 1009), the Alethia PCT (Ex. 1010), and
the provisional applications to which these applications claim priority (Ex.

1017 and Ex. 1018) do not disclose administering an antibody that
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specifically binds mouse or human Siglec-15 specifically, for inhibiting
bone resorption.

The only inhibitor demonstrated to impair osteoclast differentiation in the
Parent 054 Application (Ex. 1009), the Alethia PCT (Ex. 1010), and the
provisional applications to which these applications claim priority (Ex. 1017
and Ex. 1018) is not an antibody.

The only inhibitor demonstrated to impair osteoclast differentiation in the
Parent 054 Application (Ex. 1009), the Alethia PCT (Ex. 1010), and the
provisional applications to which these applications claim priority (Ex. 1017
and Ex. 1018) is not a Siglec-15 antibody.

Structural features specific to an antibody that binds human or mouse Siglec-
15 and inhibits osteoclast differentiation is not described in the Parent *054
Application (Ex. 1009), the Alethia PCT (Ex. 1010), or the provisional
applications to which these applications claim priority (Ex. 1017 and Ex.
1018).

Specific structural features of an antibody that binds human or mouse
Siglec-15 and impairs osteoclast differentiation is not described in the Parent
054 Application (Ex. 1009), the Alethia PCT (Ex. 1010), or the provisional
applications to which these applications claim priority (Ex. 1017 and Ex.

1018).
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9. At least Examples 10 and 11 in U.S. Publication No. 2010/0209428 (Ex.
1025) relate to an anti-mouse Siglec-15 polyclonal antibody, and at least
Examples 24 and 25 in U.S. Publication No. 2010/0209428 (Ex. 1025) relate
to an anti-mouse Siglec-15 monoclonal antibody.

10. At least one Example in U.S. Publication No. 2010/0209428 (Ex. 1025)
relates to impairing osteoclast differentiation with an antibody that binds
mouse Siglec-15, and at least one Example in U.S. Publication No.
2010/0209428 (Ex. 1025) relates to inhibition of bone formation with an
antibody that binds mouse Siglec-15.

CONCLUSION

For the foregoing reasons, the Petitioner respectfully requests that Trial be

instituted and the claims 1-6, 8-11 and 15-23 be canceled.

ctfully submitted,
Dated: November 25, 2014 By: | VA L Vil Seimein-

| Stephen B. Maebius Lot 55 60
/Registration No. 35,264

Resp$

Kristel Schorr
Registration No. 55,600

Foley & Lardner LLP
Counsel for Petitioner
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I. INTRODUCTION
Daiichi Sankyo Company, Limited (“Petitioner”) filed a Petition
(Paper 2; “Pet.”) to institute an inter partes review of claims 1-6, 8-11, and

15-23 of US 8,168,181 B2 (Ex. 1001; “the *181 patent”). Alethia
Biotherapeutics, Inc. (“Patent Owner”) filed a Patent Owner Preliminary
Response. Paper 10 (“Prelim. Resp.”).

We have jurisdiction under 35 U.S.C. § 314. The standard for
instituting an inter partes review is set forth in 35 U.S.C. § 314(a), which
states that an inter partes review may not be instituted unless “the
information presented in the [Petition, taking into account any Preliminary
Response,] shows that there is a reasonable likelihood that the petitioner
would prevail with respect to at least 1 of the claims challenged in the
petition.” Upon consideration of the above-mentioned Petition and
Preliminary Response we conclude that Petitioner has established that there
is a reasonable likelihood that it will prevail with respect to at least one of
the challenged claims. We authorize institution of an inter partes review as
to claims 1-6, 8-11, and 15-23.

A. The ’181 Patent (Ex. 1001)

The *181 patent discloses methods of modulating osteoclast
differentiation, which may be useful in the treatment of bone loss or bone
resorption in patients suffering or susceptible of suffering from a certain

conditions such as osteoporosis. Ex. 1001, 7:4-8, 7:41-62.
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Independent claims 1 and 15 of the *181 patent provide as
follows:

1. A method of impairing osteoclast differentiation in a
mammal in need thereof, the method comprising administering
an antibody or antigen binding fragment which specifically
binds to human Siglec-15 (SEQ ID NO.:2) or murine Siglec-15
(SEQ ID NO.:108) to said mammal.

15. A method for inhibiting bone resorption comprising
administering to a subject in need thereof, an antibody or
antigen binding fragment which specifically binds to human
Siglec-15 (SEQ ID NO.:2) or murine Siglec-15 (SEQ ID
NO.:108).

Challenged claims 2—6 and 8-11 depend from claim 1, either directly
or indirectly. Challenged claims 16—23 depend from claim 15, either

directly or indirectly.
B. Asserted Ground

Petitioner contends that the priority documents of the 181 patent fail
to provide adequate written description support and enablement for the
subject matter of the challenged claims, and as such, the *181 patent is not
entitled to a priority date earlier than April 16, 2009. Pet. 12—33. Petitioner
contends that Hiruma® (Ex. 1002), thus, qualifies as prior art under
35 U.S.C. § 102(a) and anticipates the subject matter of the claims. Id. at
34-58.

! Yoshiharu Hiruma et al., WO 2009/048072, published on April 16, 2009.
Ex. 1002. An English translation of Ex. 1002 is provided as Ex. 1023.
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1. ANALYSIS
A. Claim Interpretation

We interpret claims using the “broadest reasonable construction in
light of the specification of the patent in which [they] appear[].” 37 C.F.R.
8 42.100(b); see also Office Patent Trial Practice Guide, 77 Fed. Reg.
48,756, 48,766 (Aug. 14, 2012). Under the broadest reasonable construction
standard, claim terms are given their ordinary and customary meaning, as
would be understood by one of ordinary skill in the art at the time of the
invention. In re Translogic Tech., Inc., 504 F.3d 1249, 1257 (Fed. Cir.
2007). “Absent claim language carrying a narrow meaning, the PTO should
only limit the claim based on the specification . . . when [it] expressly
disclaim[s] the broader definition.” In re Bigio, 381 F.3d 1320, 1325 (Fed
Cir. 2004). “Although an inventor is indeed free to define the specific terms
used to describe his or her invention, this must be done with reasonable
clarity, deliberateness, and precision.” In re Paulsen, 30 F.3d 1475, 1480
(Fed. Cir. 1994).

The Petition does not require explicit construction of any claim term
at this time. The parties do not dispute on this record that the claim terms
should be given their plain and ordinary meaning and that no explicit

construction is required at this stage.
B. The 181 Patent Priority Claim

To be entitled to the benefit of a parent application, one requirement is
that the invention presently claimed must have been disclosed in the parent
application in the manner provided by 35 U.S.C. 8 112, first paragraph. See
35 U.S.C. § 120; In re Lukach, 442 F.2d 967, 968-69 (CCPA 1971). An
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ipsis verbis disclosure, however, is not necessary to satisfy the written
description requirement. Vas-Cath Inc. v. Mahurkar, 935 F.2d 1555, 1563
(Fed. Cir. 1991). The disclosure need only reasonably convey to persons
skilled in the art that the inventor had possession of the subject matter in
question, even if every nuance of the claims is not explicitly described in the
specification. Id.; see Ariad Pharm., Inc. v. Eli Lilly & Co., 598 F.3d 1336,
1351 (Fed. Cir. 2010).

The test for written description is an objective inquiry into the four
corners of the specification from the perspective of a person of ordinary skill
in the art. Using this test, the invention must be described in a manner
sufficient to demonstrate that the inventor actually invented the claimed
invention. Ariad Pharm. Inc. v. Eli Lilly & Co., 598 F.3d 1336 (Fed. Cir.
2010). “One shows that one is “in possession’ of the invention by describing
the invention, with all its claimed limitations, not that which makes it
obvious.” Lockwood v. Am. Airlines, Inc., 107 F.3d 1565, 1571 (Fed. Cir.
1997). Written description is a question of fact judged as of the relevant
filing date. Falko-Gunter Falkner v. Inglis, 448 F.3d 1357, 1363 (Fed. Cir.
2006).

The *181 patent issued from U.S. Application No. 12/580,943 (“the
’943 application”) filed on October 16, 2009, which was filed as a
continuation-in-part of U.S. Application No. 12/279,054, filed January 13,
2009, now U.S. Patent No. 7,989,160 (the “Parent Application™), which is a
national stage application of PCT/CA2007/000210 filed on February 13,
2007.

Petitioner argues that the challenged claims of the 181 patent are

entitled to a priority date “no earlier than April 16, 2009,” the publication
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date of Hiruma, because the challenged claims lack adequate written
description support in the Parent Application. Pet. 12—-24. Specifically,
Petitioner contends that the Parent Application fails to establish possession
of the claimed subject matter because:

1) there is no example of a single therapeutic Siglec-15 antibody
given in the specification of the Parent Application, yet the scope
of the claims extends to any Siglec-15 antibody, including
inhibitory antibodies. 1d. at 14 (citing Ex. 1003 §1 9, 16; Ex. 1004
1 23).

2) while the Parent Application discloses the protein sequence for
Siglec-15, there is no disclosure of “any structural information
regarding an antibody that binds this sequence and has the requisite
activity set forth in the *181 patent claims.” 1d. at 15 (citing
Ex. 1004 11 16, 17, 22, 23, 25).

3) as of the filing date of the 943 application, Siglec-15 was not
known as an extracellular protein and was not sufficiently
characterized such that an antibody targeting an extracellular
domain and having the necessary therapeutic activity could be
predictably made. Id. at 16—19 (citing Ex. 1003 { 14; Ex. 1004
122).

4) the Parent Application provides a general disclosure regarding
inhibitory compounds, but lacks any specific structural guidance
necessary to show possession of antibodies that can specifically

inhibit bone resorption or impair osteoclast differentiation. Id. at

2 Declaration of Dr. Paul R. Crocker.
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19-21 (citing Ex. 1003 {1 7, 17, 18; Ex. 1004 11 7, 8, 12, 13, 16,
21, 23).
5) the Parent Application fails to disclose an antibody that
specifically binds to human Siglec-15 or murine Siglec-15. Id. at
23-24.

Petitioner further contends that the Parent Application fails to enable
the claimed subject matter because it “does not contain any teachings
regarding how to make, without undue experimentation, an antibody that
specifically binds Siglec-15 and impairs osteoclast differentiation or inhibits
bone resorption, as required by the claimed methods.” 1d. at 25 (citing
Ex. 1004 11 17, 28). Petitioner also contends that the Parent Application
lacks any guidance for a method of treatment using anti-Siglec-15 antibody.
Id. at 31-33.

In response, Patent Owner requests that we use our discretion under
35 U.S.C. § 325(d) to deny institution of an inter partes review because the
Issues raised in the Petition have been previously presented to the Patent
Office. First, Patent Owner contends that the Office determined that U.S.
Application No. 13/152,205 (“the 205 application™), a divisional of the
Parent Application, fully satisfies the written description requirement.
Prelim. Resp. 18-26, 34—35. The *205 application was filed as a divisional
application of the Parent Application and issued with claims directed to
antibodies or antigen binding fragments that bind to Siglec-15 and inhibit
osteoclast differentiation or bone resorption activity of osteoclasts.

Ex. 2020. We note, however, that the scope of the claims in the *205
application differs significantly from the scope of the challenged claims. As

such, we decline to use our discretion under 35 U.S.C. § 325(d) to deny
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institution of an inter partes review based on issues considered in the *205
application.

Second, Patent Owner contends that the same § 112 written
description and enablement arguments have been previously presented to the
Office multiple times during the prosecution of patent applications
represented as owned by Petitioner that also disclose Siglec-15 antibodies.
Prelim. Resp. 13-16, 35-36. We are not persuaded that the Office’s
consideration of § 112 written description and enablement issues in an
unrelated application (i.e., having a different disclosure) is relevant to the
Issues in this case.

After careful review of both party’s arguments, Petitioner has
presented sufficient evidence, on the present record, to persuade us that the
challenged claims of the 181 patent are entitled to a priority date no earlier
than April 16, 2009, on the basis of lack of adequate written description
support and/or enablement of the claim subject matter in the Parent

Application.
C. Asserted Grounds of Unpatentability

1. Anticipation of Claims 1-6, 8-11, and 15-23 by Hiruma

The Court of Appeals for the Federal Circuit summarized the
analytical framework for determining whether prior art anticipates a claim as
follows:

If the claimed invention was “described in a printed
publication” either before the date of invention, 35 U.S.C.
8 102(a), or more than one year before the U.S. patent
application was filed, 35 U.S.C. § 102(b), then that prior art
anticipates the patent. Although § 102 refers to “the invention”
generally, the anticipation inquiry proceeds on a claim-by-claim
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basis. See Hakim v. Cannon Avent Group, PLC, 479 F.3d 1313,
1319 (Fed.Cir.2007). To anticipate a claim, a single prior art
reference must expressly or inherently disclose each claim
limitation. Celeritas Techs., Ltd. v. Rockwell Int’l Corp., 150
F.3d 1354, 1361 (Fed.Cir.1998). But disclosure of each
element is not quite enough—this court has long held that
“[a]nticipation requires the presence in a single prior art
disclosure of all elements of a claimed invention arranged as in
the claim.” Connell v. Sears, Roebuck & Co., 722 F.2d 1542,
1548 (Fed.Cir.1983) (citing Soundscriber Corp. v. United
States, 175 Ct.Cl. 644, 360 F.2d 954, 960 (1966) (emphasis
added)).

Finisar Corp. v. DirecTV Grp., Inc., 523 F.3d 1323, 1334-35 (Fed. Cir.
2008). We must analyze prior art references as a skilled artisan would. See
Scripps Clinic & Res. Found. v. Genentech, Inc., 927 F.2d 1565, 1576 (Fed.
Cir. 1991) (to anticipate, “[t]here must be no difference between the claimed
invention and the reference disclosure, as viewed by a person of ordinary
skill in the field of the invention™).

Petitioner contends that claims 1-6, 8—11 and 15-23 of the *181
patent are anticipated by Hiruma. Pet. 34-56. Hiruma discloses the amino
acid sequence of human Siglec-15 (SEQ ID NO: 2) and mouse Siglec-15
(SEQ ID NO: 4). Ex. 1023, 20:2—14. Hiruma discloses antibodies that
specifically recognize human or mouse Siglec-15 and inhibit osteoclast
formation and/or osteoclastic bone resorption. Id. at 5:1-20, 56:24-58:4,
claim 33; Ex. 1003 1 19. Examples 17, 19-26, and 35 of Hiruma disclose
the results of experiments showing the inhibitory effect of Siglec-15
antibodies on osteoclast differentiation. Ex. 1023, 103:19-105:13,
106:17-119:4, 138:3-139:15; Ex. 1003 1 19-20. Example 37 of Hiruma

discloses the results of an experiment showing the use of a Siglec-15
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antibody for inhibiting bone resorption. Ex.1023, 141:10-144:22. Hiruma
further discloses administering a Siglec-15 antibody for the purposes of
inhibiting or neutralizing the biological activity of Siglec-15 (i.e., the
differentiation and/or maturation of osteoclasts). Id. at 56:24-59:7, 11:3-5,
5:1-7:1, 17:5-8, Fig. 36, claim 33; Ex. 1003 { 23; Ex. 1004 { 31, 33-34.

In support of its assertion that Hiruma teaches each element of claims
1-6, 8-11, and 15-23, Petitioner sets forth the foregoing teachings of
Hiruma and provides a detailed claim chart explaining how each claim
limitation is disclosed. Pet. 36—40. Petitioner argues additionally that
Hiruma was never substantively discussed, nor raised in any rejection, by the
Examiner during the prosecution of the *181 patent. Id. at 57.

Patent Owner does not dispute at this time that Hiruma discloses the
limitations recited in the challenged claims.

Upon review of Petitioner’s analysis and supporting evidence, we
determine that there is a reasonable likelihood that Petitioner would prevail
in demonstrating the unpatentability of claims 1-6, 8-11, and 15-23 as

anticipated by Hiruma.

1. CONCLUSION
For the foregoing reasons, we determine that the information
presented in the Petition demonstrates a reasonable likelihood that Petitioner
would prevail in challenging claims 1-6, 8-11, and 15-23 are unpatentable
under 35 U.S.C. § 102(a) over Hiruma.

IV. ORDER
For the reasons given, it is

ORDERED that an inter partes review is hereby instituted with regard

10
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to the following asserted ground:

Claims 1-6, 8-11, and 15-23 of the *181 patent under 35 U.S.C.
§ 102(a) as anticipated by Hiruma;

FURTHER ORDERED that pursuant to 35 U.S.C. § 314(a), inter
partes review of the *181 patent is hereby instituted commencing on the
entry date of this Order, and pursuant to 35 U.S.C. § 314(c) and 37 C.F.R.
8 42.4, notice is hereby given of the institution of a trial.

FURTHER ORDERED that the trial is limited to the ground listed in

the Order. No other grounds are authorized.
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I. INTRODUCTION

Patent Owner Alethia Biotherapeutics Inc. (“Alethia™) respectfully submits
this Response to the Petition for Inter Partes Review (“IPR”) filed on behalf of
Petitioner Daiichi Sankyo Company, Limited (“Daiichi”). This filing is timely
under 35 U.S.C. §§ 311-19 and 37 C.F.R. § 42.120.

Daiichi’s Petition is premised on its assertion that claims 1-6, 8-11, and 15-
23 of Alethia’s U.S. Patent No. 8,168,181 (“the '181 patent”) (Ex. 1001) are not
adequately described or enabled under 35 U.S.C. § 112 by Alethia’s parent
application, PCT/CA2007/000210, filed on February 13, 2007 and published as
WO 2007/093042 (the “Alethia PCT”)'. Daiichi therefore alleges that the claims
are not entitled to the priority date and thus are anticipated by Daiichi’s own
intervening filing, WO 2009/048072 (“the '072 Publication™).

Daiichi’s Petition should be denied. As described in this Response,

Alethia’s inventors were the first to discover that Siglec-15 is required for

' The filing date of the Alethia PCT precedes the alleged intervening prior art
proffered by Daiichi. Because a determination of priority of the 'l181 patent’s
claims to the Alethia PCT is sufficient to defeat Daiichi’s challenge, Alethia’s
Response is specifically directed to showing entitlement for priority to the Alethia
PCT. However, Alethia reserves its right to establish priority to one or more

applications filed prior to the Alethia PCT. See, e.g., Exs. 1017-1019.

-1-



osteoclast differentiation and bone resorption using in vitro assays reliably
predictive of in vivo activity. At the time of the invention, it was well known that
Siglec-15 and Siglec proteins generally are cell surface glycoproteins, and that
antibodies against Siglec-15 had already been made and shown to bind surface-
expressed Siglec-15 in a cell-based assay. The Alethia PCT discloses Alethia’s
novel discovery of Siglec-15’s new osteoclast-specific function and its desirability
as a therapeutic antibody target for regulating bone remodeling processes involved
in bone disease. This discovery forms the basis of the invention described in the
Alethia PCT.

Daiichi’s arguments rest on a series of mischaracterizations about the state
of the art concerning bone biology, the Siglec-15 protein, antibody technology, and
the groundbreaking teachings of the Alethia PCT. For example, in arguing that it
would be “unpredictable” that antibodies to Siglec-15 could be made, Daiichi
purposefully ignores prior art evidence (particularly the Nakamura publication in
2004 -- Ex. 2065) showing that Siglec-15 had been shown to be a cell-surface
protein and that antibodies binding to it already had been made. Daiichi went so
far as to intentionally omit from its Petition this critical prior art reference and
withhold it from its own experts, notwithstanding that it contradicted its experts’
opinions and was necessary to accurately reflect the state of the art. Likewise,

Daiichi ignored the state of the art concerning the ease with which antibodies could



be made to a known antigen using standard, well-established technology that is
expressly identified in the Alethia PCT. Daiichi also omitted from its Petition the
fact that as of 2007, a number of well-characterized assays had been developed --
including those expressly described in the Alethia PCT -- to reliably test whether
antibodies inhibit osteoclast differentiation. = Only on the basis of these
misstatements and omissions about the state of the art, most of which were later
discredited by Daiichi’s own experts on cross-examination, could Daiichi purport
to argue that making antibodies to Siglec-15 to impair osteoclast differentiation
and inhibit bone resorption would be unpredictable in light of the teachings of the
Alethia PCT.

Additionally, Daiichi in its own asserted '072 Publication merely followed
the teaching of the Alethia PCT by using routine antibody production methods and
known tests for evaluating inhibition of osteoclast differentiation to carry out the
methods claimed in the '181 patent. In fact, Daiichi omits from its Petition that it
was the Alethia inventors who first taught Daiichi about the therapeutic potential
of making antibodies to Siglec-15 for bone diseases. In June 2007 one of the
Alethia inventors met with Daiichi and presented details of Alethia’s ongoing
Siglec-15 antibody development program for bone disease. Just four months later,
on October 11, 2007, Daiichi filed its Japanese provisional application on the same

subject matter, i.e., the use of anti-Siglec-15 antibodies to treat bone diseases by



inhibiting Siglec-15 activity.  Thereafter, Daiichi generated polyclonal and
monoclonal antibodies and in vitro data using standard methods known in the art
and as described in the Alethia PCT, and included that data in its own PCT
application filed October 8, 2008 and published as the '072 Publication (the only
alleged intervening prior art proffered by Daiichi in this IPR). One year later,
Alethia filed a continuation-in-part (CIP) in the United States to include its own
monoclonal antibodies and in vitro data, again generated using standard methods
known in the art and described in the Alethia PCT. The CIP issued as the '181
patent. Thus, Daiichi’s own '072 Publication, as well as Alethia’s '181 patent,
merely further showed that the invention described in and enabled by the Alethia
PCT works as the inventors conceived. Daiichi did not invent anything new.

“In an inter partes review..., the petitioner shall have the burden of proving
a proposition of unpatentability by a preponderance of the evidence.” 35 U.S.C. §
316(e). In sum, rather than take on this burden directly, Daiichi attempts to distract
the Board by pretending, contrary to the state of the art and well-established
scientific principles, that the properties of Siglec-15 as an antibody target were not
well understood. The actual evidence belies Daiichi’s assertions. Alethia’s
pioneering invention is properly described and enabled by its PCT, and Alethia’s
discovery carries the potential to benefit millions of patients who suffer from bone

diseases. It should be upheld.



II. TECHNOLOGY BACKGROUND AND ALETHIA’S INVENTION

The claims of the '181 patent are directed to methods of impairing osteoclast
differentiation or inhibiting bone resorption by using an antibody or antigen
binding fragment that specifically binds to human or murine Siglec-15. Therefore,
whether the claims are adequately supported and enabled under 35 U.S.C. § 112 as
of the filing date of the Alethia PCT (February 13, 2007) should be determined in
view of the state of art in the field of bone biology, antibody technology, and the
Siglec proteins -- in particular Siglec-15.

A. State of the Art

1. Bone Biology. As of 2007, the field of bone biology was well
developed. Ex. 2074, 9 8. For example, it was known that bone mass in mammals
is regulated by the activities of bone forming cells called osteoblasts and bone-
resorbing/degrading cells called osteoclasts. Id. See also Ex. 1010, pp. 1-2. These
cells normally work together in a process called bone remodeling whereby
osteoclasts remove worn out or damaged bone and osteoblasts lay down new bone
to restore the bone surface. Ex. 2074, 9 8; Ex. 1010, pp. 1-5. Disruption of this
process occurs during aging and from various bone diseases. Ex. 2074, q 8.

Osteoclast differentiation refers to the formation of mature osteoclasts from
osteoclast precursor cells. Ex. 2074, 9 9. Impairing osteoclast differentiation

reduces the formation of mature osteoclasts, resulting in inhibition of “bone



resorption” (breakdown of bone by those osteoclasts). Ex. 2074, 9 8-9, 37. It was
well known by 2007 that impairing osteoclast differentiation or inhibiting bone
resorption can have certain therapeutic benefits, particularly in preventing bone
destruction caused by such conditions as osteoporosis, Paget’s disease, metastatic
bone disease, and inflammatory bone diseases including rheumatoid arthritis and
periodontal disease. Ex. 2074, 9 8-9; Ex. 1010, pp. 1-5.

In 2007, those of ordinary skill in the bone field were particularly focused on
the development of therapeutic antibodies for treating bone disease, in light of the
success of denosumab, a monoclonal antibody that targets Receptor Activator of
Nuclear Factor Kappa-B Ligand (“RANKL”), an essential regulator of
osteoclastogenesis and bone resorption. Ex. 2074, 99 9-11, 28. As of 2007,
denosumab was already being tested in phase III clinical trials and had been shown
to be “a potent, long-acting, well-tolerated anti-resorptive agent with the potential
for broad application in the treatment of bone disorders.” Id. 9. Accordingly, in
2007, the use of antibodies to regulate the bone remodeling process was both
known and promising. See id. 9 9-11, 16-17.

2. Antibody Technology. By 2007, there was also a high level of
knowledge and skill in the field of antibodies both generally and in particular for
therapeutic use. Ex. 2076, 99 15-23. Antibodies evolved as a natural defense

mechanism to protect a mammalian body and are a class of proteins produced by



plasma cells of the immune system to neutralize pathogens such as bacteria and
viruses that invade the body. Id. § 15. An antibody functions by binding to a
target molecule, called an antigen, with a high degree of specificity. Id.; Ex. 2079,
pp- 3, 7. The complementarity of antibody-antigen relationships -- compared in the
art to the fitting of a key in a lock -- is unique. Ex. 2079, pp. 1, 7; Ex. 2076, 4 15.
By early in the 20th century, Paul Ehrlich had already envisioned the use of
antibodies as therapeutics. Ex. 2076, 4 15. But the iconic Y-shaped antibody
structure was not determined until the 1960°s by Edelman, Porter and Hilschman.
Id. As Dr. Stein, a well-known expert in the antibody field explained, “the origin
and developmental nature of antibodies tells us that antibodies, unlike certain

other therapeutic molecules, can be made and used for desired benefits
without the knowledge of structure and mechanism.” /d. (emphasis added).

It was well-known by the early 20th century, long before any antibody
structural information was known, that animals could be immunized against a
target antigen and resulting polyclonal antibodies collected from the animal serum.
Ex. 2076, 99 15-16. Monoclonal antibodies (mAbs) have been efficiently made
since the 1970’s using “hybridoma” technology, which typically involves fusion of
B cells from an immunized animal with a myeloma cell to create an immortal
monoclonal antibody-producing cell line. Id. 4 16. Since the 1980’s, the

development of recombinant techniques further advanced the antibody field,
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including the use of various library selection assays such as phage and yeast
display for developing monoclonal antibodies. Id. See also Ex. 2086, pp. 58, 62.

By 2007, the use of functional assays to obtain antibodies with a desired
function -- such as to inhibit a particular protein function in vivo -- also was
conventional. Ex. 2076, 44 17-19. Various methods for screening for antibody
function, in addition to antigen binding, were promulgated in the 1980°s. Id. § 17;
Ex. 2087. It was also conventional by 2007 to select and use in vitro functional
assays reliably predictive of in vivo activity. Ex. 2076, 49 17-18; Ex. 2088.

The most critical step for making a functional antibody against a target
protein was to identify and characterize the target protein itself. Once the target
protein and its function were characterized, the development of antibodies could be
accomplished routinely, often by outsourcing the work to any of a number of
standard contract laboratories. Ex. 2076, 4 18. As Dr. Stein stated, “by 2007 (and
well before) one could expect to be able to develop an antibody to inhibit a
particular function of a target antigen in vivo using conventional methods with
reasonable certainty.” Id. Dr. Clark, Daiichi’s own antibody expert, agrees. See,
e.g., Ex. 2075, at 43:10-13, 145:20-146:3.

By 2007, it also was well understood that the precise mechanism of action of
an antibody or antigen, the specific epitope target, and the amino acid sequence

would not need to be determined to develop an antibody with desired activity. Ex.



2076, 9 19. Indeed, by 2007, many therapeutic antibodies selected by in vitro
functional assays had been successfully approved by the FDA or were in the
process of pre-clinical or clinical development for various disease areas. Id. 9 21-
23. Also, antibody-drug conjugates (ADCs) have been in development for
therapeutic use since the 1980’s. Id. § 22. ADCs work particularly well for target
proteins that undergo endocytosis (like Siglec-15), and therefore are able to bring
the drug conjugate, such as cytotoxin, into the target cell and kill it based on
antibody-triggered endocytosis. Id. 9 22, 33; Ex. 2074, 9 30. Significantly,
“several antibody drugs have been approved without the knowledge of their
precise mechanism of action. Rituximab (anti-CD20) is one of them.” Ex. 2076,
9 23. See Ex. 2090; Ex. 2058, at 113:6-114:3.

3. Therapeutic antibodies for bone disease. QOsteoclastogenesis assays
have been used in the bone field since the late 1990°s to successfully identify
regulators (e.g., inhibitors or stimulators) of osteoclast differentiation and bone
resorption, and to correlate and reliably predict in vivo activity. Ex. 2074, 99 10,
11, 28. For example, the particular osteoclastogenesis assay disclosed by the
Alethia PCT was commonly accepted in the bone field in 2007 as being reliably
predictive of in vivo osteoclast differentiation and/or bone resorption inhibitory
function. Id. 99 28-29. See also Ex. 2057, Example 5. In fact, it was the same

assay previously used to develop denosumab, an antibody now marketed by



Amgen that inhibits osteoclast differentiation by binding to RANKL. Ex. 2074, q
10. Other well-known functional assays specific to bone biology, such as the
collagen release assay, also were available in 2007. See id. Y 11, 37.

Thus, as described above, a person of ordinary skill in the art in 2007 was
well equipped to use only conventional methods to make antibodies to bind to a
target antigen and perform a particular function. Ex. 2076, 9 20; Ex. 2074, 99 27-
29. And, those in the field of bone biology were particularly aware that an
antibody could be used against a target antigen to impair osteoclast differentiation
or inhibit bone resorption, and that such an antibody would be useful to treat bone
diseases. Ex. 2074, 4/ 9-11, 16-17. Against this backdrop of what was known and
standard in antibody technology and bone biology, as more fully explained below,
Alethia’s invention was the discovery of a novel use of an antibody to Siglec-15 to
impair osteoclast differentiation and inhibit bone resorption.

4. Siglec-15. Siglec-15 is in a protein family known as the sialic
acid-binding immunoglobulin-type lectins (“Siglecs™”). Ex. 2074, 9 18. By 2007
Siglecs were known as single pass type-I membrane proteins with an extracellular
region containing a homologous V-set Ig-like domain and a varying number of C2-
set Ig-like domains at the N-terminus, a transmembrane domain, and a cytoplasmic

tail. Id.; Ex. 2058, at 11:3-12:1. Persons of skill in the art knew that the primary
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function of Siglecs is to bind glycans containing sialic acid, which are commonly
found at cell surfaces and in the extracellular environment. Ex. 2074, 9 18.

As early as 2004, Siglec-15 itself had been sequenced and characterized in
great detail at the molecular and cellular level, despite its then unknown biological
function. See Ex. 2065; Ex. 2074, 99 19-21; Ex. 2076, 9 29, 34-42. By 2004 it
was known that: (1) Siglec-15 is a cellular adhesion molecule having a robust
extracellular region (corresponding to amino acids 1-254), which contains two
immunoglobulin domains and a sialic acid binding motif, and has sequence
similarity with CD33; (2) antibodies (both polyclonal and monoclonal) against
Siglec-15 could be and in fact already had been made, including antibodies that
bound the full length Siglec-15 protein; (3) Siglec-15 is expressed on the surface of
the cell; and (4) anti-Siglec-15 antibodies can bind to Siglec-15 recombinantly or
endogenously expressed on a cell surface. See Ex. 2065; Ex. 2074, 49 17-21; Ex.
2076, 99 29, 34-42. Therefore, by 2007, it already was clear to a skilled artisan
that Siglec-15 is normally a cell surface protein and readily accessible to
antibodies, despite its then unknown function. Ex. 2074, 99 17-21.

B. Alethia’s Invention

Alethia’s inventors were the first to discover that Siglec-15 is a key regulator

of osteoclast differentiation and bone resorption and to envision the use of
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antibodies that specifically bind to Siglec-15 for the treatment of diseases in which
normal bone remodeling is disturbed. See Ex. 1010, pp. 1-5; Ex. 2074, 9 15.

Alethia inventors used a systematic approach to identify Siglec-15 (referred
to as “AB0326” in the Alethia PCT) as a protein with specifically upregulated
expression in osteoclasts. Ex. 2074, 9 12-15. Subsequently, Alethia inventors
validated its function in osteoclast differentiation by demonstrating that blocking
expression of Siglec-15 using a short hairpin RNA (shRNA) knockdown assay (a
well-accepted in vitro genetic approach in 2007) significantly impaired formation
of osteoclasts from precursor cells. Id. 9 14-15, 26, 41; Ex. 1010, pp. 81-84.
These experiments proved AB0326 plays an essential role in osteoclast
differentiation. The Alethia inventors further confirmed the role of Siglec-15 in
osteoclast differentiation by rescuing the mouse Siglec-15 knockdown phenotype
using human Siglec-15. Ex. 1010, Example L. As Dr. Boyce explained, “the
Alethia inventors convincingly demonstrated the essential role of AB0326 (i.e.,
Siglec-15) in osteoclastogenesis” and “the Alethia inventors made an important
contribution to the field by discovering this new regulator of osteoclast
differentiation, AB0326 (i.e., Siglec-15).” Ex. 2074, 9 14, 15.

The Alethia PCT was filed on February 13, 2007. Ex. 1010. The Alethia
PCT disclosed Alethia’s groundbreaking discovery of this new function of Siglec-

15 in osteoclast differentiation and bone resorption and clearly envisioned using
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antibodies that specifically bind Siglec-15 to treat bone remodeling diseases or
disorders. See Ex. 1010, pp. 1-5, p. 10, 1I. 17-23, p. 10, 1. 31-p. 11, L. 2, p. 32, 1.
26-31; Ex. 2074, 99 12-18. For example, the Alethia PCT teaches using various
methods known in the art to make antibodies against a target protein. See, e.g., Ex.
1010, p. 33, 1. 33-p. 36, 1. 6. It also teaches the use of robust and well-recognized
functional assays, including osteoclastogenesis assays, to identify anti-Siglec-15
antibodies that inhibit the differentiation of osteoclast precursor cells. See, e.g., id.
atp. 61, 1. 28-p. 62, 1. 23, Example L; Ex. 2074, 9 27.

In sum, in view of the high levels of skill in the field relating to bone
biology, antibodies, and Siglec-15 in 2007, a person of ordinary skill in the art
would understand the Alethia PCT to describe the use of an antibody or antigen-
binding fragment that specifically binds to human or murine Siglec-15 to impair
osteoclast differentiation in a mammal and/or to inhibit bone resorption, and would
be able to generate such anti-Siglec-15 antibodies to practice the claimed invention
without undue experimentation. Ex. 2074, 49 8-31, 42-43; Ex. 2076, 9 15-42.

C. The Alethia-Daiichi Meeting on June 19, 2007

On June 19, 2007, Alethia inventor Mario Filion presented details of
Alethia’s scientific programs, including its lead program AB0326 (i.e., Siglec-15),
to Daiichi for the purpose of a potential strategic partnership. Ex. 2100, g9 2-3.

Dr. Filion presented to Dr. Akira Yoshimoto (an executive in Daiichi’s R&D
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Department) Alethia’s convincing data demonstrating the essential role of AB0326
in osteoclast formation/differentiation and bone resorption. Id. 4 2, 4. Dr. Filion
also informed Dr. Yoshimoto that AB0326 is an excellent therapeutic antibody
target and that Alethia then was working on developing antibodies targeting
ABO0326 as its lead clinical program. [Id. q 5; Ex. 2080. Dr. Filion further
disclosed that AB0326 1s a “cell surface glycoprotein with two immunoglobulin
domains.” Ex. 2100, 9 6. A copy of Dr. Filion’s presentation was sent to Dr.
Yoshimoto on June 27, 2007. Id. 9 7; Ex. 2180; Ex. 2181. Two months later, on
August 23, 2007, the Alethia PCT published, specifically linking (by sequence)
“AB0326” to “Siglec-15.” Ex. 2100, q 8; Ex. 1010.

On October 11, 2007, four months after Alethia’s presentation to Daiichi,
Daiichi filed its Japanese provisional application on the same subject matter, i.e.,
the use of anti-Siglec-15 antibodies to impair osteoclast differentiation and
inhibiting bone resorption. Ex. 1023. Daiichi then generated monoclonal and
polyclonal antibodies and in vitro data using the same standard methods known in
the art and described in the Alethia PCT, and ultimately included that data in its
PCT application, which published as the '072 Publication, the only alleged
intervening prior art proffered by Daiichi in this proceeding. Ex. 2074, 99 34-38.

At the same time, Alethia continuously worked on its AB0326 anti-Siglec-

15 monoclonal antibody program. On October 16, 2009, Alethia filed a
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continuation-in-part (CIP) application to include its own monoclonal antibodies
and in vitro data, generated using standard methods known in the art and described
in the Alethia PCT. Ex. 1008. The CIP issued as the '181 patent. Ex. 1001.

III. CLAIM CONSTRUCTION

Claims 1-6, 8-11 and 15-23 of the '181 patent are at issue in this proceeding.
Independent claims 1 and 15 of the '181 patent are:

1. A method of impairing osteoclast differentiation in a mammal in
need thereof, the method comprising administering an antibody or
antigen binding fragment which specifically binds to human Siglec-15
(SEQ ID NO.: 2% or murine Siglec-15 (SEQ ID NO.: 108) to said
mammal.

15. A method for inhibiting bone resorption comprising administering
to a subject in need thereof, an antibody or antigen binding fragment
which specifically binds to human Siglec-15 (SEQ ID NO. 2) or
murine Siglec-15 (SEQ ID NO.: 108).

In this inter partes review proceeding, the claims are given their “broadest
reasonable interpretation” consistent with the specification. In re Cuozzo Speed
Techs., 2015 U.S. App. LEXIS 11714 (Fed. Cir. July 8, 2015). See 37 C.F.R. §
42.100(b). “A construction that is unreasonably broad and which does not

reasonably reflect the plain language and disclosure will not pass muster.”

* These sequences correspond to the Alethia PCT’s designations of human Siglec-

15 protein (SEQ ID NO.: 48) and murine Siglec-15 protein (SEQ ID NO.: 82).
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Microsoft Corp. v. Proxyconn, 2015 U.S. App. LEXIS 10081, at *7 (Fed. Cir. June
16, 2015) (quotations omitted).

A.  “osteoclast differentiation”/“osteoclast differentiation activity”

Daiichi’s Proposed Construction | Alethia’s Proposed Construction

Both terms: any activity involved | “osteoclast differentiation”:

in the process of differentiation of | the formation of mature osteoclasts from
an osteoclast precursor cell into a | osteoclast precursor cells.

differentiated osteoclast “osteoclast differentiation activity”:

any activity required for the formation of
mature  osteoclasts from  osteoclast
precursor cells.

Alethia disputes Daiichi’s construction for a number of reasons. First,
Daiichi improperly and confusingly uses part of the term to be construed --
“differentiation” -- in its proposed construction. Second, Daiichi’s insertion of
“any activity involved in the process of differentiation” is overly broad and
nonsensical in context. Claim 1 recites a method of “impairing osteoclast
differentiation.” Inserting Daiichi’s construction would make the claim cover a
method of impairing “any activity involved in the process of differentiation of an
osteoclast precursor cell into a differentiated osteoclast,” regardless of whether
impairing such process actually impairs osteoclast differentiation. It is evident
from the Alethia PCT that the invention is directed to impairment of osteoclast
differentiation itself -- that is, reducing or impairing the formation of mature

osteoclasts from osteoclast precursor cells -- and not to impairment of any specific
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process “involved in” osteoclast differentiation. See Ex. 1001, 8:18-23 (“4
reduced osteoclast differentiation ... may thus positively identify an antibody or
antigen binding fragment which may be capable of inhibiting differentiation of an
osteoclast precursor cell into an osteoclast.”) (emphasis added). See also id.,
35:56-67; Ex. 1010, p. 43, 11. 21-27.

Alethia’s construction is consistent with the specification’s focus on the
formation of mature osteoclast cells, as opposed to the any number of activities
“involved in” osteoclast differentiation that may or may not impact the formation
of mature osteoclasts from osteoclast precursor cells. Further, it is consistent with
the understanding of those of skill in the art of bone biology and with the claims
and specification of the '181 patent. See Ex. 2074, 99 8-9.

As to “osteoclast differentiation activity,” the broadest reasonable

construction 1s “any activity required for the formation of mature osteoclasts from

osteoclast precursor cells.” This construction avoids re-using part of the term in its

own construction and is consistent with the proper construction of “osteoclast
differentiation” and with the claims and specification of the '181 patent.

B.  “specifically binds” and “bone resorption”

Alethia accepts Daiichi’s constructions of these terms for this proceeding.

IV. THE CLAIMS OF THE '181 PATENT ARE SUPPORTED BY THE
WRITTEN DESCRIPTION OF THE EARLIER ALETHIA PCT

Daiichi’s challenge to claims 1-6, 8-11 and 15-23 of the '181 patent should
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be rejected because the claims are properly supported by the written description of
the Alethia PCT. As set forth below, the Alethia PCT clearly describes and
establishes Alethia’s possession of anti-Siglec-15 antibodies and using those
antibodies to impair osteoclast differentiation and inhibit bone resorption.

A.  Legal Standard

35 U.S.C. § 112 requires that a patent’s specification “shall contain a written
description of the invention.” “The invention is, for purposes of the written
description inquiry, whatever is now claimed.” Vas-Cath Inc. v. Mahurkar, 935
F.2d 1555, 1564 (Fed. Cir. 1991). To determine whether claims receive the benefit
of an earlier filed application, the test is “whether a person of ordinary skill in the
art would recognize that the applicant possessed what is claimed in the later filed
application as of the filing date of the earlier application.” Noelle v. Lederman,
355 F.3d 1343, 1348 (Fed. Cir. 2004) (emphasis added). The earlier application
“does not, however, have to provide in haec verba support for the claimed subject
matter at issue.” Cordis Corp. v. Medtronic Ave, Inc., 339 F.3d 1352, 1364 (Fed.
Cir. 2003). Instead, “the hallmark of written description is disclosure.” Ariad
Pharms., Inc. v. Eli Lilly & Co., 598 F.3d 1336, 1351 (Fed. Cir. 2010).

It is well established that “the level of detail required to satisfy the written
description requirement varies depending on the nature and scope of the claims and

on the complexity and predictability of the relevant technology.” Id. at 1351. The
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“written description requirement must be applied in the context of the particular
invention and the state of the knowledge” in the relevant art. Capon v. Eshhar, 418
F.3d 1349, 1358 (Fed. Cir. 2005) (emphasis added).

Both the USPTO and Federal Circuit have recognized that, in the written
description context, inventions concerning antibodies are unique. Because of the
long-standing, conventional state of antibody technology, claims to a basic
targeting antibody are adequately supported by a written description that does not
disclose the antibody itself, as long as the farget antigen is adequately described.
This antibody rule has been incorporated into the USPTO’s examiner training
materials on written description since at least 2001. See Ex. 2077 (Example 13);
Ex. 2078 (Example 16). Example 13 of the 2008 Manual describes a claim that is
directed to “an isolated antibody capable of binding to antigen X.” Ex. 2077. The
exemplary specification (1) discloses the amino acid sequence of an antigen X that
is useful for detection of HIV infections, (2) provides a general discussion of
antibodies that might specifically bind to antigen X, and (3) asserts that such
antibodies can be used in immunoassays to detect HIV, but (4) does not identify or
provide a working example of an antibody that binds to antigen X. Id. at 45. The
Manual instructs examiners that “the level of skill and knowledge in the art of
antibodies at the time of filing was such that production of antibodies against a

well-characterized antigen was conventional.” I/d. The Manual further states:
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Considering the facts, including the routine art-recognized method of
making antigen-specific antibodies, the adequate description of
antigen X, the well-defined structural characteristics for the classes,
subclasses and isotypes of antibody, the functional characteristics of
antibody binding, and the fact that antibody technology was well
developed and mature, one of skill in the art would have recognized
that the disclosure of the adequately described antigen X put the

applicant in possession of antibodies which bind to antigen X.

Id. at 46. See also Ex. 2078, Example 16. Thus, the USPTO Manual concludes
that a claim to a targeting antibody is supported by a written description of the
target antigen, without requiring any disclosure of the specific physical or chemical
properties of the claimed antibody, its structure, or any methods of making it. /d.

Similarly, the Federal Circuit has established that “[a]s long as an applicant
has disclosed a fully characterized antigen, either by its structure, formula,
chemical name, or physical properties..., the applicant can then claim an antibody
by its binding affinity to that described antigen.” Noelle, 355 F.3d at 1349
(emphasis added). See also Enzo Biochem, 323 F.3d at 963 (endorsing the USPTO
antibody example and “adopt[ing] the PTO’s applicable standard for determining
compliance with the written description requirement”).

The rationale behind the USPTO antibody written description rule is
appropriately rooted in the state of the art. The relationship between an antibody
and its target antigen is so readily discernable and well understood that disclosure
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of a specific antigen necessarily allows a person of ordinary skill in the art to
recognize that the applicant also possesses the corresponding, targeting antibody.
See Ex. 2079, pp. 1, 3, 7, 17; Ex. 2076, 49 15-20. As Dr. Stein explained, “one
could obtain an antibody to specifically bind to any particular target antigen
through routine use of those well-developed methods long before 2007.” Ex. 2076,
9 16. Daiichi’s experts agree that, given a protein, there is a “99.9 percent
probability of developing some antibody that at least specifically bound to the
protein.” Ex. 2075, at 43:10-13. See also Ex. 2058, at 102:22-103:4.

B. The Alethia PCT Discloses Possession of Anti-Siglec-15
Antibodies

As set forth below, the Alethia PCT clearly establishes possession of the
claimed subject matter, i.e., the use of an antibody or antigen binding fragment
which specifically binds to human or murine Siglec-15 for impairing osteoclast
differentiation or inhibiting bone resorption.

The independent claims of the '181 patent simply require an antibody that
specifically binds to human or murine Siglec-15. Thus, the antibody written
description rule squarely applies. “As long as an applicant has disclosed a fully
characterized antigen, either by its structure, formula, chemical name, or physical
properties,” the applicant can claim a targeting antibody without disclosure of its
physical or chemical properties. Noelle, 355 F.3d at 1349 (emphasis added); Enzo
Biochem, 323 F.3d at 963 (citing USPTO Manual (Ex. 2077)).
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The Alethia PCT provides extensive characterization of Siglec-15
(AB0326). It discloses the Siglec-15 gene and protein sequences (SEQ ID NOS.: 1
and 48). It includes the available information about Siglec-15 in the public
GenBank database. Ex. 2058, at 51:7-19. It lists Siglec-15 in its Table 1 with the
NCBI gene symbol “CD33L3.” Ex. 2074, 9 17; Ex. 1010, Table 1. This well-
known “cluster of differentiation” (CD) designation, developed to identify and
study cell surface molecules and monoclonal antibodies, suggests to a person of
skill in the art either that (1) antibodies against AB0326 are already available
(despite its previously unknown function); or (2) AB0326 belongs to a family of
proteins initially identified by antibody recognition. Ex. 2074 4 17; Ex. 2076 4
27-28. See also Ex. 2075, at 156:25-157:3. Therefore, based on this description
alone, a person of skill would have recognized immediately that Siglec-15
(AB0326) was likely a cell surface protein and a promising antibody target.

The Alethia PCT also discloses details of the function of Siglec-15 to
establish, for the first time, that Siglec-15 plays an essential role in osteoclast
differentiation and bone resorption. For example, the Alethia PCT teaches that the
Siglec-15 gene (SEQ ID NO.:1) “is markedly upregulated in intermediate and
mature osteoclast compared to precursor cells,” and thus “this gene may be
required for osteoclastogenesis and/or bone remodeling.” Ex. 1010, p. 70, 11. 26-

29. The Alethia PCT then wvalidates Siglec-15’s function in osteoclast
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differentiation using a shRNA knockdown assay, showing that knockdown of
human Siglec-15 (Example J) and mouse Siglec-15 (Example K) significantly
impaired the formation of human and mouse osteoclasts from precursor cells. /d.,
pp. 82-84 (Examples J and K); Ex. 2074 q9 14-15, 26. The Alethia PCT then
further confirms Siglec-15’s role in osteoclast differentiation by rescuing the
mouse Siglec-15 knockdown phenotype using human Siglec-15. Ex. 1010, p. 85
(Example L). As Dr. Boyce explained, “[t]his so-called complementation or add
back experiment was generally considered a powerful and reliable method for
validating a biological function in 2007.” Ex. 2074, 4 14. Thus, to a person of
skill, the Alethia PCT thoroughly characterized Siglec-15 and its novel function
and convincingly demonstrated its essential role in osteoclastogenesis. Both Dr.
Boyce and Daiichi’s expert, Dr. Crocker, agree on this point. See id. 9 14-15, 26;
Ex. 2058, at 86:2-17; 87:16-88:10.

The Alethia PCT also clearly discloses using antibodies or antigen binding
fragments (such as Fv, Fab, Fab’ or (Fab’),) that specifically bind Siglec-15 to
impair osteoclast differentiation or inhibit bone resorption.” See, e.g., Ex. 1010, p.
34, 1. 14-16. The Alethia PCT first provides, as Daiichi’s own expert, Dr.

Crocker, acknowledges, “a very elaborate section giving standard procedures for

> In this Response, “antibody” or “antibodies” is intended to include “antigen-

binding fragments,” consistent with Dr. Stein’s explanation. See Ex. 2076, 9 20.
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antibodies” for generating anti-Siglec-15 antibodies. Ex. 2058, at 182:7-9. See
also id. at 95:6-11; Ex. 1010, pp. 33-42. Indeed, the Alethia PCT describes in
great detail procedures for generating antibodies, such as hybridoma technology,
phage display technology and mammal immunization techniques, all of which
were well-known. Ex. 2058, at 95:18-22; Ex. 2075, at 25:2-10, 28:22-29:4; Ex.
2076 q 31; Ex. 2074 9 27. The Alethia PCT also clearly describes using such
techniques with well-known osteoclastogenesis assays to generate and identify
antibodies that specifically inhibit Siglec-15. See Ex. 1010, p. 86, 1. 1-3
(specifically disclosing applying a library to a RAW 264.7 cell line expressing
Siglec-15 “to identify molecules (small molecule drugs, peptides, or antibodies)
capable of inhibiting AB0326.”) (emphasis added).

In sum, the Alethia PCT disclosed “a fully characterized antigen” by both
its structure (e.g., sequence) and function in osteoclastogenesis. Applying the
antibody written description rule embraced by the USPTO and the Federal Circuit,
the Alethia PCT clearly establishes possession of anti-Siglec-15 antibodies,
including particularly those that impair osteoclast differentiation and bone
resorption, given its extensive disclosures as set forth above.

C. Daiichi’s arguments are baseless and factually wrong

Daiichi’s purported written description challenge to Alethia’s PCT rests on a

series of mischaracterizations about the state of the art and the applicable law.
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1. Antibodies can be made without knowledge of structure and
mechanism of action

Daiichi asserts the Alethia PCT is insufficient because it does not describe
the structure of an antibody that binds to Siglec-15. Petition at 15. Daiichi simply
ignores the well-settled antibody written description rule. See supra pp. 18-21. As
described above, that rule is rooted in the well-established science concerning
antibodies. In particular, the function of antibodies was well understood since long
before antibody structure or detailed mechanism of action was appreciated. See
Ex. 2076, 99 15-23, 52. Therefore, the antibody rule recognizes that, unlike other
compounds such as small molecules, it has been well known that “the origin and
developmental nature of antibodies tells us that antibodies...can be made and used
for desired benefits without the knowledge of structure and mechanism.” Id. q 15.

In fact, and not surprisingly given the antibody rule, the amino acid
sequence and other structural features of an antibody are unnecessary to
characterize an antibody’s ability to bind to and inhibit the function of a target
antigen like Siglec-15. For example, none of the routine methods for making
antibodies (hybridoma technology, phage display, etc.) requires knowledge of
antibody structure. As Dr. Stein pointed out, “the primary amino acid sequence
will not tell you the antigen or epitope to which the antibody binds. Nor will the
hypervariable region sequences, which provide an antibody its specificity, tell you
the antigen or epitope to which the antibody binds or provide any information
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about whether the antibody has a desired activity.” Ex. 2076, 9 19. Dr. Boyce also
explained, “anti-RANKL antibodies that led to denosumab were obtained without
knowing the amino acid sequence of the antibody, the epitope on RANKL to
which they bound, or its precise mechanism of action. Indeed, the process of
developing an antibody with desired osteoclast inhibitory activity typically starts
with a functional test.” Ex. 2074, 9§ 11. See Ex. 2075, at 124:9-125:3, 127:7-13,
226:2-12; Ex. 2058, at 101:6-103:10, 113:6-114:12, 130:22-131:4.

2. Anti-Siglec-15 antibodies could be routinely made and
already existed at the time of Alethia’s filing

One of Daiichi’s primary assertions is that, allegedly, it was not known as of
the filing of the Alethia PCT whether an antibody that binds Siglec-15 was even
possible, or whether Siglec-15 was expressed on the cell surface and accessible.

Daiichi’s argument is demonstrably false. In fact, it was known at the time
of Alethia’s PCT that: (i) antibodies to Siglec-15 had been created and reported;
and (i1) Siglec-15 was expressed on the cell surface and accessible to an antibody.
See Ex. 2065. Moreover, Daiichi not only was aware when it filed its Petition of
the critical art that directly contradicts its assertions, but it intentionally chose not
to disclose that art either to the Board or even its own experts. See Ex. 2073
(Daiichi application rejections citing Nakamura). Compare Petition at 16 (“there is
no indication in the Parent '054 Application or confirmation in the literature in
2006, 2007, or 2009 that Siglec-15 1s located on the cell surface and accessible to
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an antibody”); Ex. 2058, at 161:15-16 (“Q: Have you ever seen this [Nakamura]
patent application? A: No.”), 161:21-162:1; Ex. 2075, at 162:14-19 (“Q: Okay.
Have you ever reviewed this [Nakamura patent] document? A: No, I haven’t. Q:
Have you discussed this document with counsel? A: No, I haven’t.”).

On the basis of Daiichi’s misrepresentations about this material fact alone,
Daiichi’s arguments should be ignored in their entirety.* Furthermore, Daiichi’s
intentional failure to inform its own experts about such critical prior art entirely

discredits Daiichi’s experts’ testimony.” Their testimony should be given no

* See 37 C.F.R. § 42.11 (“Parties and individuals involved in the proceeding have a
duty of candor and good faith to the Office....”); 37 C.F.R. § 42.12(a)(3) (“The
Board may impose a sanction against a party for misconduct, including:
Misrepresentation of a fact.”); 37 C.F.R. § 42.51(b)(1)(i1i1)) (“Unless previously
served, a party must serve relevant information that is inconsistent with a position
advanced by the party during the proceeding concurrent with the filing of the
documents or things that contains the inconsistency.”).

> Daiichi’s experts also confirmed that a person of ordinary skill in the art would
have run a search using the sequence of Siglec-15 (disclosed in the Alethia PCT)
as part of routine practice in 2007, and that such a search (which they also admitted
they did not perform) would have led to references like Nakamura. See Ex. 2058,

at 193:17-194:11; Ex. 2075, at 39:5-40:10, 147:25-148:6, 230:2-231:11.
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weight at all.

As set forth below, it is clear that as of 2004 -- three years before the
Alethia PCT -- Nakamura ef al. had disclosed that Siglec-15 was expressed on the
cell surface and that antibodies could be made -- and indeed, had been made -- to
Siglec-15. See Ex. 2065; Ex. 2074, 99 19-21; Ex. 2076, 9 28-29, 34-42.
Nakamura describes as its SEQ ID NO.:2 a polypeptide, HRC12337, with identical
sequence to Siglec-15. Ex. 2076, 9 28. HRCI12337 is described as a novel
“cellular adhesion molecule” having an extracellular region (corresponding to its
amino acids 1-254) containing immunoglobulin domains and a transmembrane
domain. Ex. 2065, 4 [0003]. It was understood in the art that proteins that mediate
“cell adhesion” are expressed on the cell surface. Ex. 2058, at 162:13-18.
Nakamura describes numerous conventional methods of generating antibodies to
bind to the HRC12337 protein, and indeed discloses the making of such antibodies
using routine methods. Ex. 2076, 99 29, 39. Moreover, Nakamura provides data
explicitly confirming expression of HRC12337 on the cell surface. Ex. 2065,
Example 9 (using fluorescence activated cell sorting (FACS) analysis to
demonstrate cell surface expression); Ex. 2076, 4 40; Ex. 2074, 9 20; Ex. 2075, at
151:23-152:25, 176:1-4, 192:21-193:4; Ex. 1004, 9 22 (“the presence of a protein
on the cell membrane is usually confirmed by FACS analysis™). Thus, as of 2004,

it was known that Siglec-15 was both accessible on the cell surface to a targeting
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antibody, and in fact that such antibodies had been made.

Notably, Daiichi’s expert, Dr. Crocker, formulated his opinion that Siglec-15
appears to be an intracellular protein solely based on an immunostaining result
shown in a post-filing publication, Angata, T., et al., Glycobiology (“Angata”).
Angata reports the apparent co-localization of Siglec-15 with CD68 (see, e.g., Ex.
1022, p. 840, Fig. 4), a known intracellular protein according to Dr. Crocker. Ex.
1003, 9 14. As pointed out by Dr. Boyce, however, the immunostaining reported
by Angata was done “using a polyclonal antibody on formalin-fixed, paraffin-
embedded samples of human lymph node and spleen.” Ex. 2074, 4 22. Polyclonal
antibodies tend to bind non-specifically to fragments of proteins in tissue sections
other than the target protein, and thus may lead to inaccurate false positive staining
results. See id.; Ex. 2058, at 139:12-22. Thus, “monoclonal antibodies are used in
order to achieve more specific and accurate immunostaining results. None of
Angata’s staining was done using monoclonal antibodies.” Ex. 2074, q 22; Ex.
1022, p. 840, 844.

Moreover, even if Angata were correct that “the localization of Siglec-15
overlapped with that of CD68,” CD68 was known to shuttle between the cell
surface and subcellular compartments. Thus, Siglec-15 would do the same. Ex.
2074, 9 23. Thus, Angata does not suggest that Siglec-15 is exclusively

intracellular and inaccessible by antibodies. On the contrary, Angata recognizes
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that Siglec-15 may “translocate[] to the cell surface on some cue.” Id.; Ex. 1022,
p. 842. See also Ex. 2058, at 34:3-37:22.

Moreover, as grounds for his opinion, Dr. Crocker stated he believed
“Angata is the earliest publication characterizing Siglec-15 localization.” Ex.
1003, 9 14. Similarly, Dr. Crocker emphasized at deposition his reliance on the
fact that Angata’s data “were the only data showing the localization” of Siglec-15.
Ex. 2058, at 159:1-4 (emphasis added). His assumptions are simply untrue. As
discussed above, Nakamura had demonstrated in 2004 that Siglec-15 was
expressed on the cell surface. Daiichi was fully aware of that fact, because
Nakamura had been cited against Daiichi’s related filings in the U.S. See Ex.
2073. Yet Daiichi intentionally chose not to disclose this critical prior art to Dr.
Crocker. See Ex. 2058, at 161:15-162:1. As Dr. Boyce stated, “[i]f Dr. Crocker
had been aware of Nakamura’s finding, I believe he would have come to a
different conclusion.” Ex. 2074, q 24; see Ex. 2058, at 193:2-7.

Daiichi also argues that, “without having an understanding of how the target
behaves in vivo, a sense of kinetics and recycling of the target, or having actually
made any antibody to the target, the feasibility of the target for antibody is
uncertain.” Petition at 17. Again, Daiichi disregards the actual facts. First, as
discussed above, anti-Siglec-15 antibodies had already been made at the time of

the Alethia PCT. See supra pp. 26-30. Second, the Alethia PCT discloses well-
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accepted osteoclastogenesis assays that are predictive of inhibitory activity in vivo.
See Ex. 2074, 99 10-11, 28-29, 33. Further, it was well known by 2007 that a
person of skill would not need to understand the mechanism of action of either the
target protein or antibody to make antibodies or even to get an antibody drug
approved by FDA. Ex. 2076, 99 19, 52; Ex. 2071, p. 21; Ex. 2096; Ex. 2097; Ex.
2058, at 113:6-114:12. See also supra pp. 8-9 (discussing the development of
antibody therapeutics, such as Rituximab, without knowing precise mechanism of
action). Thus, as explained by Dr. Stein, who served as FDA Director of the
Division of Monoclonal Antibodies and was responsible for writing the FDA
Guidance Document on therapeutic antibodies, the FDA position is that “[a]
complete biochemical characterization may not be possible or necessary in all
cases.” Ex. 2076, 9 23 (emphasis added).
3. The Alethia PCT clearly describes the use of anti-Siglec-15

antibodies for impairing osteoclast differentiation and
inhibiting bone resorption

Daiichi argues that the Alethia PCT does not provide adequate descriptive
support for impairing osteoclast differentiation or inhibiting bone resorption with
(1) “an antibody” (as opposed to other disclosed compounds), (ii) or one that
specifically binds to “Siglec-15" (as opposed to other disclosed antigens). Petition
at 18. Daiichi’s argument fails for several reasons. In fact, if a person of skill in

the art had read the Alethia PCT in 2007, she would have immediately recognized
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that Alethia’s inventors envisioned using anti-Siglec-15 antibodies for impairing
osteoclast differentiation or inhibiting bone resorption. See Ex. 2076, 9] 24.
L. Daiichi applies the wrong legal standard.

The law is clear that the “written description requirement must be applied in
the context of the particular invention.” Capon, 418 F.3d at 1357 (emphasis
added); Vas-Cath Inc., 935 F.2d at 1564 (“[t]he invention is, for purposes of the
‘written description’ inquiry, whatever is now claimed”) (emphasis added). The
'181 patent claims are directed specifically to Siglec-15. Ex. 1001; Ex. 2075, at
233:23-234:2. Thus, the question for a person of ordinary skill in the art is whether
the Alethia PCT shows the inventors were in possession of the claimed method of
using antibodies to Siglec-15 to impair osteoclast differentiation or inhibit bone
resorption. The written description inquiry does not require persons of ordinary
skill to evaluate the inventions of the Alethia PCT in a vacuum and guess what the
claim at issue is. See X2Y Attenuators, LLC v. ITC, 757 F.3d 1358, 1365 (Fed. Cir.
2014) (failure to construe the claim and evaluate the claim scope “render[s]
baseless any determination of written support in an earlier patent”).

Siglec-15 is not a species among a broader genus; rather it is one of multiple
independent inventions disclosed in the Alethia PCT. The Alethia PCT describes
35 nucleotide and protein sequences differentially expressed in mature osteoclasts.

Ex. 1010, Table 1. As Dr. Boyce pointed out, “[bJased on my review, these 35
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sequences do not appear to share any sequence or structural similarity and are
independent sequences, which I understand is normally the case for sequences
identified using differential expression techniques.” Ex. 2074, q 13. Each of the
35 nucleotides and proteins are independent inventions. In fact, the U.S., Europe,
and the International Bureau have all treated each sequence as an independent
invention. See Ex. 2171; Ex. 2184; Ex. 2185. Contrary to Daiichi’s suggestion,
this 1s not a case where an applicant discloses a broad genus and attempts to claim
a specific species without expressly identifying it or directing a person of skill to it.
Compare In re Ruschig, 379 F.2d 990, 993 (C.C.P.A. 1967) (where a claim is to a
single compound, and the specification encompasses “something like half a million
possible compounds,” a sufficient disclosure is one which sets out “blaze marks
which single out particular trees”) and Fujikawa v. Wattanasin, 93 F.3d 1559,
1571 (Fed. Cir. 1996) (disclosure of a “laundry list” of possible moieties for a
compound claim insufficiently described the particular compound subgenus
claimed); with In re Driscoll, 562 F.2d 1245, 1249 (C.C.P.A. 1977) (finding
sufficient written description where the claimed compound was expressly disclosed
as one of fourteen possible compounds). Daiichi’s reliance on Purdue is also
unfounded, as that case involved a claim to a specific concentration ratio and the
specification provided no indication that the ratio was “an important defining

quality of the formulation” or would “motivate one to calculate the ratio.” Purdue
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Pharma L.P. v. Faulding Inc., 230 F.3d 1320, 1327 (Fed. Cir. 2000). The Alethia
PCT simply describes multiple inventions in addition to Siglec-15; this does not
render its disclosure of Siglec-15 any less meaningful. Ex. 2074, 9] 15.

ii. Siglec-15 stands out in the Alethia PCT as a particularly
promising therapeutic antibody target.

Also, contrary to Daiichi’s claims, Siglec-15 stands out in the Alethia PCT
as a particularly promising therapeutic antibody target. Siglec-15 (AB0326) was
identified as SEQ ID NO.:1, listed on the top of Table 1, and, more importantly,
had the most robust and convincing functional validation data. It is one of two
targets validated by the shRNA knockdown experiments to demonstrate its
osteoclast inhibitory function, and the only target further confirmed in the
functional complementation assay. See Ex. 2074, 99 14-15; Ex. 2076, 99 25-27;
Ex. 2075, at 233:23-234:25; Ex. 1010, Examples J-L. Daiichi and its expert, Dr.
Crocker, allege that “[t]he demonstration that Siglec-15 1s required for
osteoclastogenesis using RNA interference is diluted by remarks extrapolating the
use of the assay to other sequences and genes.” Ex. 1003, § 9 (emphasis added).
Yet as Dr. Boyce explained, “any biologist would understand that a function of a
particular protein is a scientific fact that cannot be changed or ‘diluted’ simply
because the method used to discover this function can also be used to assay other
proteins. ... Applying Dr. Crocker’s logic, all new discoveries made by such

techniques would be diluted simply because they can be used to test other
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sequences or genes.” Ex. 2074, 9 15.

In addition, Siglec-15 (AB0326) is designated as “CD33L3” in Table 1 and
is the only sequence with a “CD” designation. This further distinguishes Siglec-15
because a CD designation suggests either that (1) antibodies against AB0326 have
already been made; or (2) AB0326 belongs to a family of proteins initially
identified by antibody recognition (i.e., Siglecs). See supra pp. 10-11 (describing
common features of Siglecs). Daiichi’s antibody expert agrees. See Ex. 2075, at
155:19-21, 156:25-157:7, 158:13-20. Therefore, one of ordinary skill in the art,
upon reviewing the Alethia PCT, would have recognized that Siglec-15 stands out
as a particularly promising therapeutic target for antibodies. See Ex. 2074 9 17-
18; Ex. 2076, 9 26-28.

Finally, Daiichi’s argument that Siglec-15 was not highlighted in the Alethia
PCT is ironic and disingenuous, because Daiichi itself expressly noted in its own
'072 Publication that the Alethia PCT disclosed that ‘“the differentiation of
osteoclast is inhibited by decreasing the expression of Siglec-15 by RNA
interference (WO 2007/093042).” Ex. 1023, p. 3, 1. 24-p. 4, 1. 4. Thus, contrary to
the position Daiichi now takes in its Petition, Siglec-15 clearly stood out in the
Alethia PCT as a particularly promising therapeutic antibody target in 2007 and
enabled Daiichi to generate anti-Siglec-15 antibodies to impair osteoclast

differentiation or bone resorption using the routine methods in the Alethia PCT.
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iii. The Alethia PCT specifically describes the use of functional
assays to identify anti-Siglec-15 antibodies that inhibit the
differentiation of osteoclast precursor cells.

Finally, Daiichi argues that the Alethia PCT uses the term “inhibitors™ but
fails to describe an antibody inhibitor. Petition at 19. This argument is unfounded.

A person of skill would have immediately recognized the Alethia PCT was
largely focused on antibody therapy, especially as to AB0326 (Siglec-15). The
Alethia PCT devoted at least seven (7) entire pages to describing techniques for
generating antibodies. See Ex. 2076, 99 30-31; Ex. 1010, pp. 33-40. Daiichi
claims these antibody disclosures are “boiler plate.” Petition at 22. But as Dr.
Stein stated, “to the extent the language appears to be ‘boiler plate,’ it is merely a
reflection of the fact that the technology was so standard and was universally
applicable to the development of most antibodies at the time.” Ex. 2076, 9 31.

The Alethia PCT further describes using a functional osteoclastogenesis
assay to identify anti-Siglec-15 antibodies that inhibit the differentiation of
osteoclasts. See, e.g., Ex. 1010, p. 61, 1. 28-p. 62, 1., 23, Example L. Specifically,
it teaches to “identify molecules (small molecule drugs, peptides, or antibodies)
capable of inhibiting 4B0326.” Id., p. 86, 1l. 1-3 (emphasis added). As discussed
above, osteoclastogenesis assays described in the Alethia PCT were well-

recognized functional assays routinely used to identify inhibitors, such as

antibodies, of osteoclast differentiation and to correlate and predict in vivo activity.
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See supra pp. 8-10.

Daiichi asserts that the Alethia PCT does not teach that making anti-Siglec-
15 antibodies with the functional qualities of inhibiting osteoclast differentiation
and/or bone resorption is even within the realm of possibility. Petition at 21. Here
again, Daiichi ignores the facts. As Dr. Boyce explained: “[t]he Alethia PCT
specifically describes the use of such functional assays including, in particular
osteoclastogenesis assays, to identify those anti-Siglec-15 antibodies that inhibit
the differentiation of osteoclast precursor cells.” Ex. 2074, 9 29. And, because
osteoclastogenesis assays were so well-developed in the bone field in 2007,
“[blased on my experience, once the antibodies were obtained, the test results of
the osteoclastogenesis assays could have been obtained routinely in a short period
of time.” Id. As discussed above, anti-Siglec-15 antibodies were indeed available
as early as 2004. See supra pp. 26-30. Thus, a skilled artisan could make and
select anti-Siglec-15 antibodies that inhibit the differentiation of osteoclast
precursor cells using routine techniques and osteoclastogenesis assays known in
the art and described in the Alethia PCT.

Daiichi also alleges that Alethia’s Example L “functions by altering the
expression of a target gene, and does not exert its effect at the protein level, as
antibody would.” Petition at 20. Daiichi relies on its expert, Dr. Crocker’s,

assertion that such shRNA knockdown data “are not reliably correlative with the
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effect of an antibody that inhibits the function of the protein per se.” Ex. 1003, q
17. His conclusion rests principally on his erroneous assumption (relying solely on
Angata) that Siglec-15 was intracellular and there was no guarantee that antibodies
against Siglec-15 could be made. See Ex. 1003, 9] 14; Ex. 2058, at 159:1-4. When
asked at his deposition if one could find an antibody that would bind to a protein
and inhibit its function assuming the protein was accessible on the cell surface, Dr.
Crocker stated “there is a reasonable chance that could happen, but there is also
possibility that it may be actually very difficult to make antibody in the first place.
... Indeed it 1s now known that you can make antibodies to Siglec-15. But at the
time this was written, there was no indication of that.” Ex. 2058, at 110:4-12,
111:5-7. Again, he fatally misunderstands the facts, as he was unaware that
Nakamura had already made anti-Siglec-15 antibodies as early as 2004 and had
shown Siglec-15 is a cell-surface protein accessible to antibodies on the cell
surface. See id., at 161:15-162:1. As Dr. Boyce again observed, “if Dr. Crocker
had been informed of Nakamura’s finding, I believe he would have come to a
different conclusion.” Ex. 2074, 9] 26; Ex. 2058, at 193:2-7.

In a further attempt to attack Alethia’s disclosure of therapeutic antibodies,
Daiichi appears to equate “neutralizing” antibodies disclosed in the Alethia PCT
with antibodies that “inhibit[] ligand induced dimerization.” Daiichi cites the

Stuible reference in an attempt to show that an anti-Siglec-15 antibody induces
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dimer formation. Here Daiichi mischaracterizes the teachings of the Alethia PCT,
which states only that “[n]Jeutralizing antibodies, such as those that inhibit dimer
formation, are especially preferred for therapeutic use.” Ex. 1010, p. 37, 11. 27-28
(emphasis added). A person of skill in the art, upon reading this sentence, would
readily understand inhibiting dimer formation is only a potential exemplary
mechanism for neutralizing antibodies. As Dr. Boyce explains, “[n]o skilled
artisan would read this sentence in the Alethia PCT as to mean that neutralizing
antibodies must inhibit dimerization.” Ex. 2076, 4 40. Even Dr. Crocker agreed
on cross-examination that “inhibiting dimer formation is an example of a

b

neutralizing antibody described here,” in sharp contrast to his statement in his
declaration. Compare Ex. 2058, at 123:10-18 and Ex. 1003, 99 9-12.

Indeed, in 2007, it was well accepted that “neutralizing antibodies™ refers to
those antibodies that neutralize the biological activity of a target. As Dr. Stein
explained, “the phrase ‘neutralizing antibodies’ is a term of art in immunology. It
originated as a term to describe antibodies in the body that were able to neutralize
and clear infectious agents, particularly viruses. In the context of a target protein,
however, the phrase ‘neutralizing antibodies’ is used to indicate that the antibody
inhibits the activity of the target protein. The method by which the antibody

inhibits the activity of the target protein can occur in any number of ways (e.g.,

blocking a binding site, preventing a conformational change, preventing binding to
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a ligand, or preventing multimerization).” Ex. 2076, q 53. See also Ex. 2074, 9 40.
Moreover, Dr. Crocker conceded that it is unnecessary to know the precise
mechanism of action to generate neutralizing antibodies. See Ex. 2058, at 130:22-
131:4 (“when you generate antibodies, you have no idea generally of what
mechanism they would require in order to mediate the effects that you’re interested
in.”). Instead, it was well understood that a robust functional assay (like the
osteoclastogenesis assays described in the Alethia PCT) and a known correlation
between that assay and a therapeutic benefit (like the known correlation between
inhibiting osteoclast differentiation and the therapeutic benefit of impeding bone
resorption) is all that is necessary to identify therapeutic antibodies. See Ex. 2074,
99 10-11, 28-29, 37; Ex. 2058, at 93:20-95:3, 181:4-15.

Finally, Daiichi alleges that the Alethia PCT discloses antibodies “in

detecting proteins and diseases, and not for treatment.” Petition at 20-21

(emphasis in original). This is simply false. The Alethia PCT specifically
identifies, as an object of the invention, the idea of specifically inhibiting a
particular protein described in the specification, such as Siglec-15, to ameliorate
the symptoms of the bone remodeling diseases and disorders. See, e.g., Ex. 1010,
p. 10, 1I. 17-23. Contradicting his declaration again, Daiichi’s expert Dr. Crocker
acknowledged, during his deposition, that the concept of “identify[ing] compounds

which inhibited the function of the proteins [including Siglec-15] that are disclosed
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in the [Alethia] application” was an “object of the invention.” Ex. 2058, at 72:13-
73:4. See Ex. 2074, 9 31 (“there is no doubt that the Alethia PCT contemplates the
therapeutic use of anti-Siglec-15 antibodies for inhibiting osteoclast
differentiation/formation and/or bone resorption”); Ex. 2075, at 268:6-11.

Indeed, the Alethia PCT even teaches an alternative approach to use Siglec-
15 as a therapeutic target for inhibiting osteoclast formation and bone resorption by
linking antibodies that specifically bind Siglec-15 with a toxin using the standard
antibody drug conjugation (ADC) technology. See, e.g., Ex. 1010, p. 40, 11. 26-31.
This ADC therapeutic approach (see supra p. 9) had been known in the art since
the 1980°s. Ex. 2076, 9 22. Daiichi asserts in the petition that “[f]or the claimed
method to work, the antibody or antigen binding fragment recited in the claims
must have an impairment effect on osteoclast differentiation...or inhibitory effect
on bone resorption....” Petition at 19. That is not necessarily the case. Using an
ADC, as contemplated by the Alethia PCT, antibodies can bind to surface-
expressed Siglec-15 in osteoclasts and deliver a toxin to the cell, killing it via
antibody-triggered endocytosis to achieve the claimed effect. Ex. 2074, 9 30.

D. Daiichi’s Reliance on Alonso, Rochester, Centocor and AbbVie is
Misplaced

Daiichi cites a number of cases, in particular Alonso, Rochester, Centocor,
and AbbVie, to attempt to support its assertion that the claims of the '181 patent are
not supported by the written description of the earlier Alethia PCT. See Petition at
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13-14. None of the cases cited by Daiichi are applicable.

In Alonso, the claims involved the use of an unknown monoclonal antibody
“idiotypic” to the neurofibrosarcoma of a human. In re Alonso, 545 F.3d 1015,
1017 (Fed. Cir. 2008). A primary issue in Alonso was that the specification did not
sufficiently characterize the antigen to which the required antibodies must bind.
Id. at 1021. Indeed, in Alonso, the antigen was described only by its molecular
weight. Id. Thus, because there was no specific description of the target antigen,
Alonso was required to provide some description of the antibodies themselves in
order to meet the written description requirement. See id. at 1021-22. Alonso does
not apply here because, as discussed above, the Alethia PCT provides extensive
structural and functional characterization of antigen Siglec-15.

Similarly, in Rochester, the claims involved the use of a “non-steroidal
compound” that “selectively inhibits” activity of the PGHS-2 gene. Univ. of
Rochester v. G.D. Searle & Co., 358 F.3d 916, 917 (Fed. Cir. 2004). Notably, the
Rochester invention was directed to small molecules, not antibodies, and thus there
was no applicable written description antibody rule based upon well-understood
antibody-target relationships or a predictable art. See id. at 925 (also
distinguishing claims in “the chemical arts” from DNA cases where a DNA
sequence supports claims to the complementary molecules that can hybridize to it).

Daiichi’s reliance on the Centocor and AbbVie cases is similarly misplaced.
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In Centocor, the patents claimed anti-TNF-a antibodies with specific structural or
structurally dependent features: a human constant region, a human variable region,
neutralizing activity, and the ability to bind to an antigen in the same place as a
known mouse antibody. Centocor Ortho Biotech, Inc. v. Abbott Labs., 636 F.3d
1341, 1346-47 (Fed. Cir. 2011). Thus, the claimed invention was the specific
improvement of anti-TNF-a antibodies based on specific structurally dependent
and mechanism of action dependent features. Therefore, the disclosure of a well-
known antigen (TNF-a) alone was not sufficient under the rationale of the antibody
rule because the claimed invention was based on undisclosed specific structural
and mechanistic features of the antibody. See id. at 1350-51 (citing the USPTO
Manual (Ex. 2077) and Noelle, 355 F.3d 1343).

Likewise, in AbbVie, the claims were directed to improved human antibodies
to a known antigen, IL-12, that were neutralizing and had a specific, required
binding affinity (kg) rate. AbbVie Deutschland GmbH & Co. v. Janssen Biotech,
Inc., 759 F.3d 1285, 1290 (Fed. Cir. 2014). The required affinity (k,g) rate of the
claimed antibodies was also “dependent on the structure of the antibody.” Id. at
1298. Yet there was no correlation established between certain structural features
and the claimed specific binding affinity, and no evidence that skilled artisans
could have made predictable changes to the structures of the disclosed antibodies

to arrive at the other antibodies included in the claimed genus. Id. at 1301. In this
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case, in contrast, the claims of the '181 patent do not require any structural or
structurally dependent antibody features, and, more importantly, as discussed
above, the function of the claimed methods is not tied to any such structural
features. In fact, as discussed above, a person of ordinary skill in the art knows
that the structure of the antibody used in the claimed method is irrelevant to
practicing the method. Ex. 2076, 9 15-23, 52; Ex. 2074, 99 11, 39-40; Ex. 2058,
at 26:18-29:12, 100:4-10, 102:7-21 (Q: “you don’t need structural information
concerning an antibody in order to make an antibody with a particular, with a
particular binding affinity for your target protein, right?”” A: No, you have no idea
what the structure will be.”); Ex. 2075, at 30:24-31:8, 124:9-125:3, 125:18-126:1,
226:2-12. Thus, unlike in AbbVie or Centocor, the function that is claimed in the
'181 patent is not based upon an understanding of structure such that representative
species with specific structures need be disclosed.

V. THE CLAIMS OF THE '181 PATENT ARE ENABLED BY THE
ALETHIA PCT

For many of the same reasons, Daiichi’s enablement arguments also fail.
The evidence shows the '181 patent claims were sufficiently enabled by the Alethia
PCT. Moreover, post-filing evidence, both from Alethia and Daiichi itself,
confirms the Alethia PCT was sufficiently enabling.

A.  Legal Standard

To be enabling, the specification must describe “the manner and process of
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making and using [the invention] in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains, or with which it is most
nearly connected, to make and use the same” without “undue experimentation.” 35
U.S.C. § 112; Invitrogen Corp. v. Clontech Labs., Inc., 429 F.3d 1052, 1070 (Fed.
Cir. 2005). “That is not to say that the specification itself must necessarily
describe how to make and use every possible variant of the claimed invention, for
the artisan’s knowledge of the prior art and routine experimentation can often fill
gaps.” AK Steel Corp. v. Sollac, 344 F.3d 1234, 1244 (Fed. Cir. 2003). “[A] patent
need not teach, and preferably omits, what is well known in the art.” Hybritech
Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1384 (Fed. Cir. 1986).

In considering whether experimentation is “undue,” the Federal Circuit has
held that “[e]nablement is not precluded by the necessity for some experimentation
such as routine screening.” In re Wands, 858 F.2d 731, 736 (Fed. Cir. 1988)
(emphasis added). The “key word is ‘undue,” not ‘experimentation.”” Id. The
enablement analysis “requires the application of a standard of reasonableness,
having due regard for the nature of the invention and the state of the art.” Id. This
“is not a single, simple factual determination, but rather is a conclusion reached by
weighing many factual considerations.” [Id. In Wands, the Federal Circuit
considered the following factors to decide whether a person of ordinary skill in the

art could make and use claimed antibodies without undue experimentation: (1) the
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quality of experimentation necessary, (2) the amount of direction or guidance
presented, (3) the presence or absence of working examples, (4) the nature of the
invention, (5) the state of the prior art, (5) the relative skill of those in the art, (7)
the predictability or unpredictability of the art, and (8) the breadth of the claims.
Id. at 737. Applying these factors in view of the well-developed nature of antibody
technology, and expert testimony that “there is a very high likelihood that [the
claimed] high affinity ... antibodies will be found,” the Wands court held that the
antibody claims at issue were properly enabled. /d. at 738 (emphasis added).

B. Analysis

1. The Alethia PCT enables a person of ordinary skill in the art
to make an antibody that impairs osteoclast differentiation
or inhibits bone resorption without undue experimentation

Daiichi alleges that the Alethia PCT does not teach how to make, without
undue experimentation, an antibody that specifically binds Siglec-15 and impairs
osteoclast differentiation or inhibits bone resorption. Daiichi’s allegation is

baseless.® First, well before the Alethia PCT was filed, anti-Siglec-15 antibodies

® Daiichi’s position is also disingenuous. Notably, Daiichi expressly represented
to the Canadian Patent Office, in connection with prosecution of its own '072
Publication, that a skilled person in 2007 would be able to make an anti-Siglec-15
antibody that impairs osteoclast differentiation or inhibits bone resorption using

standard methods without undue experimentation. See Ex. 2180, pp. 3-4.

- 46 -



already had been made using routine methods and had been shown to be able to
bind surface-expressed Siglec-15 in a cell-based assay. See Ex. 2065; Ex. 2074, 99
19-21; Ex. 2076, 99 28-29, 34-42. Therefore, there is no doubt that anti-Siglec-15
antibodies can be made without undue experimentation. The Alethia PCT also
includes “a very elaborate section giving standard procedures” for generating anti-
Siglec-15 antibodies, including hybridoma technology, phage display techniques,
and mammal immunization methods, all of which were also well-known in the art.
Ex. 2058, at 182:7-9, 95:6-22; Ex. 2075, at 25:2-10, 28:22-29:4, 43:10-13; Ex.
2076, 99 16-23,30-31; Ex. 2074, 9 27; Ex. 1010, pp. 33-42.

The Alethia PCT also teaches the new inhibitory function of Siglec-15 in
osteoclast differentiation, and the use of known and reliable osteoclastogenesis
assays to select anti-Siglec-15 antibodies that can inhibit osteoclast differentiation
or bone resorption. See Ex. 2074, 99 10-11, 14-15, 28-29; Ex. 2076, 9 26, 30-32;
Ex. 2058, at 93:20-95:3, 181:4-9; Ex. 2075, at 100:10-18, 101:17-102:1. In 2007,
using such functional assays to identify antibodies with a particular function was a
standard practice and did not require “undue” experimentation. Ex. 2058, at 181:4-
9; Ex. 2075, at 100:10-18, 101:17-102:1. See also Wands, 858 F.2d at 740. The
osteoclastogenesis assay disclosed by the Alethia PCT was a well-known and
robust assay in 2007 to demonstrate osteoclast differentiation function, to identify

regulators (e.g., inhibitors) of osteoclast differentiation and bone resorption, and to
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correlate and reliably predict in vivo osteoclast and bone resorptive activity. Ex.
2074, 99 10-11, 28-29; Ex. 2058, at 93:20-95:3, 181:4-9; Ex. 2075, at 100:10-18,
101:17-102:1.

Furthermore, as described previously, there was “a high level of skill in the
art at the time when the application was filed, and all of the methods needed to
practice the invention were well known.” Wands, 858 F.2d at 740. A person of
ordinary skill in the relevant field would have at least a Ph.D. in the field of bone
biology, immunology, molecular biology or related field and have at least 2 years
of experience making or using antibodies. Ex. 2074, § 7; Ex. 2076, 9 6. Cf. Ex.
1003, 9 7; Ex. 1004, q 13. As set forth above, following the teachings of the
Alethia PCT, such a person of skill would have been able to utilize the standard
methods described above to create antibodies to Siglec-15 and to demonstrate its
function without undue experimentation.

Moreover, in 2007, persons of skill in the art, upon reading the Alethia PCT,
readily would have used the disclosed sequence of Siglec-15 to search for and find
the relevant, pre-existing information demonstrating Siglec-15 was a cell-surface
protein and that antibodies specific to Siglec-15 already existed. See Ex. 2076,
28; Ex. 2074, q 18; Ex. 2058, at 193:17-194:11; Ex. 2075, at 39:5-40:10, 147:25-
148:6, 230:2-231:11; In re Howarth, 654 F.2d 103, 106 (C.C.P.A. 1981) (“part of

the skills of such persons includes not only basic knowledge of the particular art to
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which the invention pertains but also the knowledge of where to search out
information”). And, with the sequence of Siglec-15 and its known cell-surface
accessibility and antibody history, persons of skill would have considered
antibody-based therapies against Siglec-15 as both promising and achievable. See
Ex. 2074, 99 9-11, 16-17; Ex. 2076, 99 27-29. Persons of skill would then have
used the various methods described in the Alethia PCT and known in the antibody
art to generate and select anti-Siglec-15 antibodies that impair osteoclast
differentiation and inhibit bone resorption.

In fact, as discussed below, both Alethia and Daiichi did exactly what
persons of skill would have done in view of the Alethia PCT -- used its disclosed
invention and methods to generate anti-Siglec-15 antibodies and demonstrate the
efficacy of those antibodies, as set forth in their '181 patent and '072 Publication.
See Ex. 1001; Ex. 1023; Ex. 2074, 99 33, 34-38; Ex. 2058, at 178:6-181:15.

Thus, the evidence indicates that no “undue” experimentation was necessary
for a person of ordinary skill to practice the claimed methods of the '181 patent
using what was known in the art in conjunction with the disclosure of the Alethia
PCT. See Wands, 858 F.2d at 740 (“The nature of monoclonal antibody
technology 1s that it involves screening hybridomas to determine which ones
secrete antibody with desired characteristics.”)

In an attempt to challenge enablement, Daiichi relies on Dr. Clark’s
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declaration regarding asserted unpredictability in therapeutic antibody
development. See Petition at 28-29; Ex. 1004, 99 7-11, 17, 20, 25. However, as
Dr. Stein pointed out, “Dr. Clark appears to confuse the inventive process of
therapeutic antibody development with the commercialization or FDA regulatory
approval process.” Ex. 2076, 4 14. Indeed, the risk and unpredictability Dr. Clark
discussed is the risk and unpredictability of commercialization and the FDA
approval process. See Ex. 1004, 9 7-11. As Dr. Stein explained, “[b]ased on my
many years of experience in FDA, I can say that those risks and unpredictability
normally have nothing to do with the invention itself.” Ex. 2076, 9 14. See also In
re Brana, 51 F.3d 1560, 1568 (Fed. Cir. 1995). In fact, at his deposition, Dr. Clark
acknowledged that the unpredictability he refers to relates to clinical trial, FDA
approval, and commercialization. Ex. 2075, at 71:23-73:10. He particularly
clarified the statement he made in his declaration that “there are many steps
involved in the process of therapeutic antibody development. While many of these
processes are established, it is quite feasible that a therapeutic antibody against a
particular target, even one that is accessible from the cell surface, will never be
created.” Ex. 1004, q 7. Specifically, he admitted that his opinion referred to
aspects of antibody commercialization and approval that are not relevant to the
'181 patent claims (Ex. 2075, at 122:13-123:14) and acknowledged that “there is

99.9% chance to create an antibody against a target protein.” Id., at 42:21-43:13.
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The independent claims of the '181 patent simply require, with respect to the
antibody itself, an antibody that specifically binds to human or murine Siglec-15.
These claims cover anti-Siglec-15 antibodies generated for therapeutic purposes,
including those that have or are reasonably likely to have a measurable effect on
osteoclast differentiation in vivo as measured in a correlative in vitro bioassay.
Some of these antibodies may eventually be approved by FDA and
commercialized, but specific FDA approval or commercialization process is not
required by the claims of the '181 patent. Thus, all of Dr. Clark’s statements and
core opinions on risk and unpredictability in his declaration are inapplicable to the
'181 patent claims. See Ex. 2076, § 14; Ex. 2075, at 122:13-123:14.

Daiichi’s reliance on the Wyeth case is also improper. The Wyeth case dealt
with using delivery mechanisms for thousands of heterologous small molecules.
Wyeth v. Abbott Labs., 720 F.3d 1380, 1384 (Fed. Cir. 2013). The claims in Wyeth
encompassed “tens of thousands of candidates,” with potentially heterologous
structure, with no disclosure of how to modify those structures of the claim
limitations. Id. That is obviously not the case here. As discussed above, the
antibody-antigen relationship, unlike the variation in small molecules, is unique
and far more predictable. Ex. 2079, pp. 1, 3, 7, 17. Moreover, the generation of
antibodies to Siglec-15 was routine and straightforward, and the disclosed

osteoclastogenesis assays were standard and highly predictive of antibody function
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in osteoclastogenesis in vivo. Ex. 2076, 9 16-23, 30-31, 34-42; Ex. 2074, 99 9-11,
16-21, 27-29. Therefore, unlike in Wyeth, a skilled artisan would not have to
engage in a prolonged “iterative trial-and error process” and experimentation that
“would involve testing for an unreasonable length of time” to generate anti-Siglec-
15 antibodies that impair osteoclast differentiation or inhibit bone resorption. By
contrast, as Dr. Boyce indicated, and as Alethia’s and Daiichi’s own experiences
(discussed below) showed, anti-Siglec-15 antibodies could be readily selected
using the osteoclastogenesis assays disclosed in the Alethia PCT. See also Ex.
2074, 9 29.

Daiichi’s argument that Alethia was required to disclose a working example
of an antibody that binds to Siglec-15 that impairs osteoclast differentiation and
inhibits bone resorption also misses the mark. First, Daiichi again relies on its
repeated (and intentional) mischaracterization of fact -- that as of 2007, Siglec-15
was not known to be expressed on the cell surface or accessible to a targeting
antibody. See Petition at 27-28. As discussed previously, this assertion is simply
false. See supra pp. 26-30. Second, because Siglec-15 was in fact known to be a
cell surface protein and accessible to a targeting antibody, a person of ordinary
skill in the art would have expected, based upon the disclosed shRNA knockdown
data that use of an antibody to inhibit Siglec-15 would be “highly likely” to yield

the same results. See Ex. 2076, 99 16-42; Ex. 2074, 99 9-31; Wands, 858 F.2d at
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738. Moreover, the Alethia PCT expressly described the use of antibodies to
Siglec-15 to impair osteoclast differentiation and inhibit bone resorption. See Ex.
1001, Example L; Ex. 2058, at 181:13-14 (“It established the principal that this
assay could be used for antibodies....”). Thus, Alethia was “not required to
provide actual working examples” of an antibody to enable the claimed invention,
as the Federal Circuit has “rejected enablement challenges based on the theory that
there can be no guarantee that prophetic examples actually work.” Allergan, Inc. v.
Sandoz Inc., 2015 U.S. App. LEXIS 13616, at**34-35 (Fed. Cir. Aug. 4, 2015)
(“A patent does not need to guarantee that the invention works for a claim to be
enabled. And efficacy data are generally not required in a patent application. Only
a sufficient description enabling a person of ordinary skill in the art to carry out an
invention is needed.”) (internal quotations omitted).

Given the combination of the shRNA examples using Siglec-15, the express
teaching of the use of antibodies to inhibit Siglec-15, the extensive disclosures of
known methods to generate antibodies, the knowledge (and fact) that Siglec-15
was cell surface accessible and that anti-Siglec-15 antibodies had been made, and
the fact that in vivo osteoclast and bone resorptive inhibitory activity could be
reliably predicted using osteoclastogenesis assays described in the Alethia PCT,
the Alethia PCT enables a person of ordinary skill in the art to make and use an

antibody to impair osteoclast differentiation or inhibit bone resorption without
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undue experimentation. Daiichi has failed to prove otherwise by a preponderance
of the evidence.
2. The Alethia PCT provides sufficient guidance for the use of

anti-Siglec-15 to impair osteoclast differentiation in a
mammal and to inhibit bone resorption in a subject in need

Daiichi alleges that the Alethia PCT fails to provide any description
regarding the use of antibodies or antigen-binding fragments for either of the
claimed methods in the '181 patent, or “even the smallest indication” that anti-
Siglec-15 antibodies would perform the requisite activity in vivo. Petition at 31.
Daiichi’s arguments fail for at least the reasons below. First, Alethia’s shRNA
knockdown examples, in the context of osteoclastogenesis, are proofs of concept
and a strong indicator of the results in vivo of using antibodies to interfere with
Siglec-15 in osteoclast differentiation/formation. See Ex. 2074, 99 14-15, 26; Ex.
2076, 9 26. See also Ex Parte Rodriguez-LaFrasse, 2014 Pat. App. LEXIS 533, at
**3-4, 6-7 (specification was sufficiently enabling to cover any inhibitors of hsp27
in cancer cells, including antibodies, where it teaches generally using both
antisense oligonucleotides as well as antibodies, and there were several working
examples using the oligonucleotides in cancer cells). Siglec-15 was a known cell
surface protein and antibody target at the time of Alethia’s PCT, and the PCT
describes the use of such osteoclastogenesis assays to identify anti-Siglec-15

antibodies that inhibit osteoclast differentiation/formation/bone resorption. See

_54 -



supra pp. 8-10, 26-30.

There was also a well-known, reliable correlation between such in vitro
osteoclastogenesis assay and in vivo results for osteoclast formation/differentiation
and bone resorption by 2007, including the previous use of such in vitro assays to
predict in vivo activity for and develop therapeutic antibodies such as denosumab.
See supra pp. 8-10. See also Ex. 2074, 9 10-11, 14, 28-29; Ex. 2076, 9 26, 30-
32. See also Edwards Lifesciences AG v. CoreValve, Inc., 699 F.3d 1305, 1310
(Fed. Cir. 2012) (“An in vitro or in vivo animal model example in the specification,
in effect, constitutes a working example if that example correlates with a disclosed
or claimed method invention.”) (quoting M.P.E.P §2164.02). Daiichi’s own expert
concedes that in vitro results on osteoclast formation/differentiation are enabling
for a method of impairing osteoclast differentiation or inhibiting bone resorption in
vivo. Ex. 1003, 49 22, 23; Ex. 2058, at 188:14-17. See also Ex. 2075, at 263:20-
264:5 (unable to opine on the issue).

Therefore, this is not a case like Rasmusson’, cited by Daiichi, where “there

7 The claims of Rasmusson required proof that the invention could be effective in
treating cancer. Rasmusson v. SmithKline Beecham Corp., 413 F.3d 1318, 1324
(Fed. Cir. 2005). Alethia’s invention requires only inhibition of pharmacological
activity in vivo, e.g., impairing osteoclast differentiation and inhibiting bone

resorption. See Ex. 1001; Cross v. lizuka, 753 F.2d 1040, 1050 (Fed. Cir. 1985).
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is no indication that one skilled in the art would accept without question statements
as to the effects of the claimed drug products and no evidence has been presented
to demonstrate that the claimed products do have those effects” and “there is a
complete absence of data supporting the statements which set forth the desired
results of the claimed invention.” See Petition at 31. To the contrary, the Alethia
PCT provides ample indication and supporting data that correlate the osteoclast
and bone resorptive inhibitory effects of anti-Siglec-15 antibody in vivo, that one
skilled in the art would recognize and accept. See supra pp. 11-13, 21-24.

Finally, for completeness, the Alethia PCT also satisfies the practical utility
requirement in view of the above. The law is clear that all that is required for
satisfying the practical utility requirement is that the “tests be reasonably
indicative of the desired pharmacological response.” Fujikawa, 93 F.3d at 1564
(emphasis in original) (citing Nelson v. Bowler, 626 F.2d 853, 856 (C.C.P.A.
1980)). As set forth above, the Alethia PCT clearly provides sufficient data and a
correlation between that data and the asserted biologic activity so as to convince
those of skill in the art, “to a reasonable probability,” that anti-Siglec-15 antibodies
will exhibit the asserted function in vivo. Id.

In light of the foregoing, application of the Wands factors and other
applicable case law indicate that the Alethia PCT provides sufficient disclosure to

enable a person of ordinary skill in the art to practice the claims of the '181 patent
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without undue experimentation.

3. Post-filing data confirms that the Alethia PCT was in fact
enabling

While the question of enablement is determined as of the application filing
date, post-filing evidence “can be used to substantiate any doubts as to the asserted
utility since this pertains to the accuracy of a statement already in the
specification.” Brana, 51 F.3d at 1566 n.19. While post-filing evidence “does not
render an insufficient disclosure enabling,” it can “prove that the disclosure was in
fact enabling when filed.” Id. Cf. In re Horton, 439 F.2d 220, 222 and n.4
(C.C.P.A. 1971) (references used to substantiate enablement are “[n]ot necessarily
prior art...since the question would be regarding the accuracy of a statement in the
specification, not whether that statement had been made before”).

In this case, both Alethia’s '181 patent and Daiichi’s own '072 Publication
confirm the accuracy of the statements in the specification of the Alethia PCT.
Alethia’s '181 patent describes generating basic targeting antibodies to Siglec-15
using the same routine methods disclosed in the Alethia PCT, and selecting
functional anti-Siglec-15 antibodies using the same osteoclastogenesis assay
disclosed in the Alethia PCT. Ex. 2074, 99 32-33; Ex. 2076, 4 43. Inhibition of
osteoclast differentiation and bone resorption was observed with every exemplary
Siglec-15 antibody that was tested in the osteoclastogenesis assay. Ex. 1001,
59:25-29 (“This result is in complete agreement with the experiments disclosed by
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Sooknanan (Sooknanan et al., 2007) that showed that knockdown of Siglec-15
expression by RNA interference caused inhibition of human osteoclast
differentiation.”).

Similarly, Daiichi’s own '072 Publication demonstrates that Daiichi used the
standard immunization and hybridoma technology described in the Alethia PCT to
generate polyclonal and monoclonal antibodies, and using the same
osteoclastogenesis assay described in the Alethia PCT to test the activity of those
antibodies. See Ex. 2074, 99 34-38; Ex. 2076, 99 44-48; Ex. 2075, at 216:4-22,
218:16-24, 220:3-11, 285:3-25. In fact, contrary to Daiichi’s position in the
Petition, the '072 Publication shows that Daiichi created antibodies to Siglec-15
that inhibited osteoclast differentiation without knowing the mechanism of action
of Siglec-15. Ex. 2075, at 126:13-20. Daiichi’s '072 Publication also does not
include any in vivo testing, signaling pathway, or recycling kinetics; instead,
Daiichi used the same RAW 264.7 and human osteoclast cells as disclosed in the
Alethia PCT in its experiments to test the effect of its antibodies on osteoclast
differentiation. Ex. 2074, 99 34-38; Ex. 2076, 9 44-48. Indeed, Daiichi’s experts
confirm that Daiichi successfully made antibodies to Siglec-15 using the same,
conventional methods disclosed in the Alethia PCT, and tested those antibodies

using the same in vitro osteoclastogenesis assay disclosed in the Alethia PCT. See

Ex. 2058, at 98:1-99:3, 104:4-9, 131:14-133:19, 178:6-181:15, 182:4-13; Ex. 2075,
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at 103:12-104:10, 216:4-220:11, 285:3-25. As Dr. Boyce pointed out, “a person of
skill in the bone field would not have felt that he/she learned anything new after
reading the '072 Publication.” Ex. 2074, 4| 35.

Thus, because Daiichi '072 Publication simply follows the teachings of the
Alethia PCT and does not disclose anything new®, Daiichi cannot claim that its
own '072 Publication is sufficiently enabled and yet also argue that the Alethia
PCT is non-enabling. Rather, its own proffered intervening “prior” art in fact
merely further confirms that Alethia’s invention is fully enabled. See Ex Parte Li,
2010 Pat. App. LEXIS 14138 (P.T.A.B. Mar. 18, 2010) (enablement demonstrated
by post-filing reference confirming SEQ ID NO.:2 is a G-protein chemokine
receptor for three ligands and that those ligands, interacting with CXCR3, resulted
in the chemotaxis); Ex Parte Latta, 2007 Pat. App. LEXIS 4901 (P.T.A.B. Feb. 28,

2007) (post-filing declarations showing additional mouse data and that mouse data

® Daiichi appears to suggest that the only new disclosure in the '072 Publication is
that they made and tested anti-Siglec-15 antibodies. See Ex. 1023, p. 3, 1. 8-p. 4, 1.
5. As Dr. Stein pointed out, “[c]onsidering the very high level of skill of the
antibody field in 2007 and the fact that anti-Siglec-15 antibodies had already been
made previously, it is hard to image that simply by making antibodies using the
same routine methods described in the Alethia PCT, and testing them again using

the same functional assays, would be inventive in 2007.” Ex. 2076 9] 48.
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was the favored disease model were sufficient to prove enablement when filed).

VI. THE '072 PUBLICATION IS NOT PRIOR ART
As described above, the Alethia PCT fully describes and enables the

invention as claimed in the '181 patent and any epitope mapping, CDR sequencing
or other clinical development lead optimization activities are not required by or to
enable the claims of the '181 patent. However, to the extent the Board believes
such activities are relevant to the reduction to practice of the claimed invention,
Alethia presents evidence below to demonstrate that Alethia’s inventors were
diligently working on obtaining such information, among other things, during the
legally relevant period to reduce the invention to practice. Accordingly, the
alternative grounds stated here demonstrate that the lone prior art reference cited
by Daiichi in its Petition, Daiichi’s own '072 Publication”, purporting to cover the
same subject matter as the '181 patent, does not actually constitute intervening
prior art under 35 U.S.C. § 102(a).

In the Petition, Daiichi asserts that the '181 patent is invalid under Section
102(a) in light of its '072 Publication, published on April 16, 2009. Petition at 34-
58. Yet a reference is prior art under Section 102(a) only if published before the
date the patent owner invented the subject of the patent. Mahurkar v. C.R. Bard,
Inc., 79 F.3d 1572, 1576 (Fed. Cir. 1996). A patent owner may antedate and

overcome an alleged Section 102(a) reference by showing he (i) conceived of the
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invention prior to publication of the reference and (ii) thereafter diligently reduced
it to practice during the legally relevant time period (a moment just prior to the
publication of the reference until the invention was constructively reduced to
practice). Id. at 1577-78; Teva Pharm. Indus. v. AstraZeneca Pharms., 661 F.3d
1378, 1383 (Fed. Cir. 2011); Paper 56, IPR2014-00233 at 14-17.

As demonstrated in the Diligence Chart and the supporting evidence
submitted herewith, the inventors of the '181 patent conceived of their entire
invention at least by February 13, 2007 -- over two years before the '072
Publication was published. In fact, in June 2007, one of the co-inventors of the
'181 patent presented the very invention in the 'l81 patent -- in the form of
Alethia’s monoclonal antibody programs to develop antibodies to AB0326 (i.e.,
Siglec-15), to impair osteoclast differentiation and bone resorption for its clinical
pipeline -- to Daiichi for the purpose of a potential strategic partnership.” Ex.
2080. The inventors also thereafter diligently reduced their invention to practice,
including between April 9, 2009 and October 16, 2009, on which date they
constructively reduced it to practice at the latest by filing U.S. Patent App.

12/580,943 (the “'943 application’), which issued as the '181 patent. Accordingly,

* Daiichi filed its Japanese provisional application for the '072 Publication in

October 2007, four months after meeting with Alethia’s inventors.
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the '072 Publication does not constitute prior art and cannot invalidate the '181
patent.

A. Alethia’s Inventors Conceived the Invention Claimed in the '181
Patent Before April 16, 2009

1. Legal standard

“[Conception] is the formation in the mind of the inventor, of a definite and
permanent idea of the complete and operative invention, as it is hereafter to be
applied in practice.” Burroughs Wellcome Co. v. Barr Labs., 40 F.3d 1223, 1228
(Fed. Cir. 1994) (citations and internal quotations omitted). An idea is sufficiently
definite “when the inventor has a specific, settled idea, a particular solution to the
problem at hand, not just a general goal or research plan he hopes to pursue.” Id.

Inventor testimony regarding conception and reduction to practice must be
corroborated, but “[t]here is no particular formula that an inventor must follow in
providing corroboration of his testimony.” Chen v. Bouchard, 347 F.3d 1299,
1309-10 (Fed. Cir. 2003); Brown v. Barbacid, 436 F.3d 1376, 1380 (Fed. Cir.
2006)." The rule of reason is used to evaluate all pertinent evidence to determine
the credibility of the inventor’s story. Chen, 347 F.3d at 1309-10. Circumstantial

evidence of an independent nature can satisfy the corroboration requirement.

'“ No corroboration of the technical content in documentary evidence is required.

Mahurkar, 79 F.3d at 1577; Paper 59, IPR 2012-00001, at 22.
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Thus, testimony from co-workers, lab notebooks, and test results of inventors are
all routinely used to corroborate inventor testimony regarding conception and

reduction to practice. Cooper v. Goldfarb, 154 F.3d 1321, 1330 (Fed. Cir. 1998).

2. Conception of the invention of the '181 patent

The claims of the '181 patent define the invention, which is the use of an
antibody or antigen-binding fragment that specifically binds to human or murine
Siglec-15 to impair osteoclast differentiation in a mammal and/or to inhibit bone
resorption. Alethia’s inventors conceived the invention of the '181 patent at least
as of February 13, 2007 when they filed the Alethia PCT, because the Alethia PCT
disclosed a definite, permanent, complete and operative idea of Alethia’s entire
invention, as shown in the claim chart below.

The Alethia PCT alone is sufficient evidence of conception. See In re
Costello, 717 F.2d 1346, 1350 (Fed. Cir. 1983); Burroughs, 40 F.3d at 1229-30
(draft British patent application sufficient to corroborate conception); Krantz v.
Olin, 356 F.2d 1016, 1019-20 (CCPA 1966). The chart below demonstrates that
the Alethia PCT teaches each and every element of the challenged claims of the

'181 patent:

Claim Language Exemplary Description in Alethia PCT

1. A method of impairing | “The present invention also relates to a method of
osteoclast differentiation | ameliorating bone remodeling disease or disorder
in a mammal in need symptoms, or for inhibiting or delaying bone disease
thereof, the method or disorder, the method may comprise: contacting a
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comprising
administering an
antibody or antigen
binding fragment which
specifically binds to
human Siglec-15 (SEQ
ID NO.:2) or murine
Siglec-15 (SEQ ID
NO.:108) to said
mammal.

compound capable of specifically inhibiting activity .

. a polypeptide described herein, in osteoclasts so
that symptoms of the bone remodeling disease or
disorder may be ameliorated, or the disease or
disorder may be prevented, delayed or lowered.”
(PCT, p. 10, lines 17-23).

The polypeptide of human Siglec-15 is disclosed as
SEQ ID NO:48 in the Alethia PCT.

The polypeptide of murine Siglec-15 is disclosed as
SEQ ID NO:82 in the Alethia PCT.

“The present invention also relates to a compound
and the use of a compound able to inhibit (e.g., in
an osteoclast precursor cell) the activity or
expression of a polypeptide which may be selected,
for example, from the group consisting of SEQ ID
NO.: 48 [human siglec-15] to 80 or a polypeptide
encoded by SEQ ID NO.:85 or SEQ ID NO.:86, in
the preparation of a medicament for the treatment of
a bone disease in an individual in need thereof.”
(PCT p. 32, line 26-31).

“This particular type of cell-based assay can now
serve as the basis for screening compounds capable
of binding to and inhibiting the function of human
AB0326. A compound library could be applied to this
‘rescued’ cell line in order to identify molecules
(small molecule drugs, peptides, or antibodies)
capable of inhibiting AB0326. Any reduction in
osteoclast differentiation measured by a reduction in
the expression of TRAP would be indicative of a
decrease in human ABO0326 activity.” (PCT p. 85,
line 32 to page 86, line 4).

“In a further aspect, the present invention relates to
an antibody (e.g., isolated antibody), or antigen-
binding fragment thereof, that may specifically bind
to a protein or polypeptide described herein.” Id. at p.
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33, 1. 33-p. 34-1. 5.

2. The method of claim
1, wherein the antibody
or antigen binding
fragment impairs an
osteoclast differentiation
activity of human Siglec-
15 or murine Siglec 15.

See Claim 1 above.

“This particular type of cell-based assay can now
serve as the basis for screening compounds capable of
binding to and inhibiting the function of human
AB0326. A compound library could be applied to
this 'rescued' cell line in order to identify molecules
(small molecule drugs, peptides, or antibodies)
capable of inhibiting AB0326. Any reduction in
osteoclast differentiation measured by a reduction in
the expression of TRAP would be indicative of a
decrease in human AB0326 activity.” Id. at p. 85, 1.
32-p. 86, 1. 4; see also id. at p. 83, 1. 9-13; p. 84, 1l.
30-33.

3. The method of claim
2, wherein the osteoclast
differentiation activity is
characterized by
differentiation of
osteoclast precursor cells
into differentiated
osteoclasts.

See Claim 2 above.

“After 24h, the infected cells were treated with same
medium containing 100 ng/ml RANK ligand for 5-8
days to allow for differentiation of osteoclast from
precursor cells.” Id. at p. 82, 11. 30-32.

4. The method of claim
2, wherein the antibody
is a polyclonal antibody.

See Claim 2 above.

“The antibody may be, for example, a monoclonal
antibody, a polyclonal antibody an antibody
generated using recombinant DNA technologies.” 1d.
at p. 34, 11. 2-4; see also id. at p. 34, 11. 21-30; p. 38,
1. 7-11.

5. The method of claim
2, wherein the antibody
or antigen binding
fragment is a monoclonal
antibody or an antigen
binding fragment
thereof.

See Claim 2 above.

“The antibody may be, for example, a monoclonal
antibody, a polyclonal antibody an antibody
generated using recombinant DNA technologies.” 1d.
atp. 34, 1l. 2-4; see also id. at p. 35, 1. 1-p. 36, 1. 3; p.
37,11. 28-32; p. 38, 11. 12-18.

“Suitable antibodies may also include, for example,
an antigen-binding fragment, an Fab fragment; an
F(ab"), fragment, and Fv fragment; or a single-chain
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antibody comprising an antigen-binding fragment
(e.g., a single chain Fv).” Id. at p. 34, 1. 14-16.

6. The method of claim
5, wherein the
monoclonal antibody or
antigen binding fragment
1s produced from an
isolated mammalian cell.

See Claim 5 above.

“Monoclonal antibodies (MAbs) may be made by
one of several procedures available to one of skill in
the art, for example, by fusing antibody producing
cells with immortalized cells and thereby making a
hybridoma. ... Another example is the generation of
MAbs from mRNA extracted from bone marrow and
spleen cells of immunized animals using
combinatorial antibody library technology.” Id. at p.
38, 1l. 12-18; see also id. at p. 35, 1l. 1-12; p. 35, 23-p.
36, 1. 3.

8. The method of claim
6, wherein the antibody
or antigen binding
fragment comprises a
constant region of a
human antibody or a
fragment thereof.

See Claim 6 above.

“The antibody may also be a chimeric antibody
which may comprise, for example, variable domains
of a non-human antibody and constant domains of
a human antibody.” Id. at p. 34, 11. 11-13; see also id.
at p. 39, 11. 20-21.

9. The method of claim
8, wherein the antibody
or antigen binding
fragment comprises a
framework region of a
human antibody.

See Claim 8 above.

“The antibody may also...comprise a surface residue
of a human antibody and/or framework regions of a
human antibody.” Id. at p. 34, 11. 8-11.

10. The method of claim
2, wherein the antibody
or antigen binding
fragment is a Fy, a Fab, a

Fab' or a (Fab')2.

See Claim 2 above.

“Suitable antibodies may also include, for example,
an antigen-binding fragment, an Fab fragment; an
F(ab'), fragment, and Fv fragment; or a single-chain
antibody comprising an antigen-binding fragment
(e.g., a single chain Fv).” Id. at p. 34, 11. 14-16; see
also id. at p. 36, 11. 10-22; p. 38, 23-27.

11. The method of claim
3, wherein the osteoclast
precursor cells are
human osteoclast
precursor cells.

See Claim 3 above.

“Human osteoclast precursors purchased from
Cambrex (East Rutherford. NJ) ... After 24h, the
infected cells were treated with same medium
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containing 100 ng/ml RANK ligand for 5-8 days to
allow for differentiation of osteoclast from
precursor cells.” Id. at p. 82, 11. 25-32.

15. A method for
inhibiting bone
resorption comprising
administering to a
subject in need thereof,
an antibody or antigen
binding fragment which
specifically binds to
human Siglec-15 (SEQ
ID NO.:2) or murine
Siglec-15 (SEQ ID
NO.:108).

See Claim 1 above.

16. The method of claim
15, wherein the antibody
or antigen binding
fragment impairs an
activity of human Siglec-
15 or murine Siglec-15
in osteoclast precursor
cells or in osteoclasts.

See Claim 2 above.

17. The method of claim
16, wherein the activity
1s osteoclastogenesis.

See Claim 3 above.

18. The method of claim
15, wherein the antibody
or antigen binding
fragment inhibits
osteoclast differentiation.

See Claim 2 above.

19. The method of claim
15, wherein the antibody
or antigen binding
fragment is administered
in combination with a
drug or an hormone.

See Claim 15 above.

“Antibodies of the invention may include complete
anti-polypeptide antibodies as well as antibody
fragments and derivatives that comprise a binding
site for a polypeptide encoded by the polynucleotides
of NSEQ, or a portion thereof. Derivatives are
macromolecules that comprise a binding site linked
to a functional domain. Functional domains may
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include, but are not limited to signalling domains,
toxins, enzymes and cytokines.” Id. at p. 40, 11. 26-
31; see also id. at p. 3, 11. 19-26.

20. The method of claim
19, wherein the drug is
an antiresorptive drug or
a drug increasing bone
mineral density.

See Claim 19 above.

“Another example is osteoporosis where the only
current medications approved by the FDA for use in
the United States are the anti-resorptive agents that
prevent bone breakdown. Estrogen replacement
therapy is one example of an anti-resorptive agent.
Others include alendronate [list of anti-resorptive
agents omitted]. .. ).” Id. at p. 3, 11. 19-26.

21. The method of claim
15, wherein the subject
in need thereof, suffers
from a bone remodelling
disorder.

See Claim 15 above.

“In accordance with the present invention, the
mammal may suffer, for example, from a condition
selected from the group consisting of osteoporosis,
osteopenia, [additional diseases omitted], etc.” Id. at
p. 32, 11. 8-22; see also id. at claims 25-26.

22. The method of claim
21, wherein the bone
remodelling disorder 1s
associated with a
decrease in bone mass.

See Claim 21 above.

“A primary cause of this reduction in bone mass is
an increase in osteoclast number and/or activity. The
most common of such disease, and perhaps the best
known, is osteoporosis occurring particularly in
women after the onset of menopause.” p. 2, 1. 11-14.

23. The method of claim
21, wherein the bone
remodelling disorder is
selected from the group
consisting of
osteoporosis, ... and
damage caused by
macrophage-mediated
inflammatory processes.

See Claims 20 and 21 above.

Additionally or alternatively, the conception of Alethia’s invention may be

further established by the presentation that Alethia inventor Mario Filion made to
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Daiichi on June 19, 2007, prior to the publication of the '072 Publication. Ex.
2080. Dr. Filion presented details of Alethia’s AB0326 (i.e., Siglec-15) program,
including convincing data demonstrating the essential role of AB0326 in osteoclast
formation/differentiation and bone resorption, Ex. 2080, pp. 21-22, and
identification of antibodies as therapeutic drug candidates to target AB0326. Ex.
2080, p. 37. Thus, the June 19, 2007 presentation shows a definite, permanent,
complete and operative idea of Alethia’s invention as claimed in the '181 patent.

B.  Alethia Used Reasonable Diligence to Reduce Its Invention to
Practice

Reasonable diligence in reducing an invention to practice is required
throughout the relevant time period. “The basic inquiry is whether, on all of the
evidence, there was reasonably continuing activity to reduce the invention to
practice.” Brown, 436 F.3d at 1380. In this case, the relevant time period begins
just prior to April 16, 2009, the '072 Publication date, and ends on October 16,
2009, the filing date of Alethia’s '943 application. See Bey v. Kollonitsch, 806 F.2d
1024, 1026 (Fed. Cir. 1986).

Whether an inventor has shown diligence in reduction to practice is a case-
specific inquiry. Monsanto Co. v. Mycogen Plant Sci., 261 F.3d 1356, 1369 (Fed.
Cir. 2001). An inventor’s diligence also includes his attorney’s efforts to file a

patent application to achieve a constructive reduction to practice. Kollonitsch, 806
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F.2d at 1026."" To make the required showing of reasonable diligence, “there need
not necessarily be evidence of activity on every single day if a satisfactory
explanation is evidenced.” Id. at 1369; see also Brown, 436 F.3d at 1380-81.
Indeed, “courts may consider the reasonable everyday problems and limitations
encountered by an inventor.” Griffith v. Kanamaru, 816 F.2d 624, 626 (Fed. Cir.
1987). For example, people may be sick or take vacations (thereby creating gaps
in activity) while still being diligent. See Reed v. Torngvist, 436 F.2d 501, 504-05
(CCPA 1971).

Accordingly, the Federal Circuit has found that inventors have exercised
reasonable diligence in reducing an invention to practice despite significant
evidentiary gaps in activity ranging from days to months. See Monsanto Co., 261
F.3d at 1369 (finding diligence despite various gaps in recorded activity, some
spanning up to three weeks, in view of documents suggesting ongoing activity);
Tyco Healthcare Grp. v. Ethicon Endo-Surgery, 774 F.3d 968, 975 (Fed. Cir.
2014) (five-month gap in weekly records during sixteen-month period excusable
based on periodic reports showing lab results, due dates, milestones, and similar

evidence of ongoing activity); Brown, 436 F.3d at 1381 (reasonable diligence

""" Reduction to practice may be either actual or constructive. Constructive

reduction to practice may be accomplished by filing a patent application. See, e.g.,

In re Costello, 717 F.2d at 1350; MPEP § 2138.05.
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found despite numerous short gaps of inactivity); Rey-Bellet v. Engelhardt, 493
F.2d 1380, 1388-89 (CCPA 1974) (three-month delay due to shortage of test
subjects was excusable); Jones v. Evans, 18 CCPA 866, 874-75 (1931) (one to
two-month gap excusable based on evidence of ongoing activity despite lack of
affirmative evidence that “steps were being taken™).

1. The inventors diligently reduced their invention to practice
from just prior to April 16, 2009 until October 16, 2009

The following chronological account and supporting daily diligence chart
(filed herewith as Exhibit 2105 (“Diligence Chart™)) demonstrate that the inventors
and their attorneys worked continuously throughout the relevant time period,
beginning just prior to publication of the '072 Publication on April 16, 2009, and
ending on October 16, 2009, to reduce the invention to practice by preparing
antibodies that specifically bind to Siglec-15 and by selecting and characterizing
lead candidates, as more fully described below, until constructively reducing the
invention to practice by filing the '943 application on October 16, 2009.

In sum, during the relevant time period, inventor Dr. Tremblay and his team
at Alethia, including Anna Moraitis (“Moraitis”’), Martine Pagé (“Pagé”), Aida
Kalbakji (“Kalbakji”), Annie Fortin (“Fortin’), Marc Sasseville (“Sasseville’) and
Sophie Roy (“Roy”), engaged in a consistent and intense effort to prepare and
perform experiments to carry out the invention as previously conceived. Ex. 2101,
94 4-8. Many of these experiments included unavoidable or inherent time lags and
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limitations, such as rates of reactions, times for culturing of cells, and the need to
await analyses performed by contracted third parties. Often the team at Alethia
worked to overcome these limitations by concurrently running multiple
experiments and preparations over the same time frame. The Alethia team also
met every two weeks to discuss results and establish priorities and next steps,
which were not recorded in their laboratory notebooks. In September 2009, the
inventors provided the results of this work to their patent attorney, Dr. Janique
Forget, so that she could prepare a patent application. From September 2009 to
October 16, 2009, Dr. Forget worked diligently to prepare and file the provisional
and the '943 application that issued as the '181 patent. Ex. 2102, 9] 5-9.

The chronology is as follows:

As of April 9, 2009, the Alethia inventors had identified multiple (46 in
total) antigen-binding fragments (“Fab”) that bound to Siglec-15 and were
screened using the teachings of the Alethia PCT for inhibition of osteoclast
differentiation. From April 9-16, 2009, the inventors amplified the DNA
fragments encoding the 46 candidate Fab fragments and sent the fragments to the
Genome Center, an independent laboratory that performs DNA sequencing, for
sequencing and awaited for the sequence results. The sequence results were

necessary for cloning the corresponding variable regions of the desired candidate
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Fab fragments into appropriate vector constructs for antibody production for
further functional testing. See Diligence Chart, Entries 001-006.

The sequence results arrived on April 16, 2009, and were immediately
analyzed. 10 candidates were selected for generating chimeric antibodies
containing human constant regions for further testing in human cells. Specifically,
the heavy chain (“HC”) and light chain (“LC”) variable regions of individual
candidates were amplified and sent out for sequencing. These Fab candidates
included Alethia’s lead antibody (Jjjij) and other antibodies shown to bind to
Siglec-15 (). 2!! of which were ultimately disclosed in the
'181 patent. See Diligence Chart, Entries 006-007.

The period of April 17, 2009 to May 14, 2009 was a period of intense
activity. See Diligence Chart, Entries 007-026. As soon as the Fab sequences
became available, Sasseville analyzed the sequences and chose 10 candidates
() (o usc in
generating chimeric antibodies and to further test the ability to bind to Siglec-15.
Ex. 2152, pp. 33-35; Ex. 2156. The chimeric antibodies were designed as chimeric
IgG2 antibodies that contain mouse variable regions and human constant regions,
such that they could be administered to humans. Sasseville and Fortin first
successfully cloned 7 of the candidate Fab regions into HC and LC expression

vectors. Ex. 2152, pp. 35-37, 46-47; Ex. 2158. Even before the DNA sequences
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of the candidate chimeric antibodies were confirmed, Pagé also began to express
and purify the chimeric anti-Siglec-15 antibodies from human 2936E cell cultures.
Leading up to May 14, 2009, Pagé successfully expressed and purified 7 separate
chimeric anti-Siglec-15 antibodies (i | GGG
from human 2936E cells and confirmed that they maintained binding activity by
ELISA. Ex. 2152, pp. 40, 49-50. Concurrently, Sasseville performed large-scale
DNA preps of the Siglec-15 HC and LC chimeric expression vectors to have
sufficient material for future experiments. Ex. 2152, p. 47. Pag¢ also performed
several rounds of binding studies of the anti-Siglec-15 monoclonal antibody using
synthetic Siglec-15 peptides as part of routine characterization of the antibody-
antigen binding, specificity and epitope mapping. Ex. 2152, pp. 41-45, 47.
Beginning May 12, 2009, and continuing through June 8, 2009 (see
Diligence Chart, Entries 024-042), Fortin successfully cloned several recombinant
mouse Siglec-15 constructs and confirmed their sequences. Ex. 2152, pp. 55-61;
Ex. 2154. During the same time, Kalbakji cultured RAW 264.7, mouse and human
bone marrow cells and performed the first rounds of osteoclastogenesis assays to
test the function of the chimeric anti-Siglec-15 antibodies in vitro. Ex. 2152, pp.
62-71. Pagé also successfully cloned Siglec-15 fused to the human Fc domain of

an IgG into a mammalian expression vector. Ex. 2152, pp. 51-53; Ex. 2155.
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From June 9, 2009 to July 24, 2009, the Alethia team continued to develop
materials and methods and perform binding and functional characterizations of
anti-Siglec-15 antibodies, in particular, those chimeric antibodies. See Diligence
Chart, Entries 043-074. The activities included: expressing mouse Siglec-15 from
2936E cells and testing the binding affinity of an anti-human Siglec-15 monoclonal
antibody (Ex. 2152, pp. 72-74); expressing the Siglec-15-Fc fusion protein to be
used in Siglec-15 binding assays (Ex. 2152, p. 53); designing an
immunohistochemistry (“IHC”) protocol based on standard methods to visualize
the specific binding between anti-Siglec-15 antibodies and Siglec-15 in various
human and mouse tissues with assistance from a third party contractor at McGill
University (Ex. 2159; Ex. 2152, pp. 83-85); and performing osteoclast
differentiation assays testing the anti-Siglec-15 antibodies on both human and
mouse bone marrow precursor cells and analyzing the results using TRAP staining
(Ex. 2152, pp. 75-79; Ex. 2177; Ex. 2176).

From July 20, 2009 to August 28, 2009, Sasseville performed bioinformatic
analysis of various anti-Siglec-15 antibodies to fine tune the selection of the
candidate antibodies and allow further characterization of the Siglec-15 binding
ability in order to select leads for further testing in animal studies. See Diligence
Chart, Entries 70-99. At this time, Pagé performed binding affinity comparisons of

the anti-Siglec-15 Fab regions compared to the whole chimeric antibodies to assess
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the extent to which the chimeric antibodies retained binding affinity for Siglec-15.
The Siglec-15-Fc¢ fusion protein described above was used in these experiments.
Ex. 2152, pp. 80-82, 86-89. Roy and Pagé also expressed and purified more
chimeric anti-Siglec-15 antibodies for continued experiments. Ex. 2152, p. 53; Ex.
2168.

Experiments characterizing anti-Siglec-15 antibodies continued from August
31, 2009 until October 16, 2009. See Diligence Chart, Entries 100-132. Kalbakji
performed another round of osteoclastogenesis assays testing chimeric anti-Siglec-
15 antibodies on mouse bone marrow cell cultures as well as an IHC staining of
Siglec-15 expressed in bone tissue slices using anti-Siglec-15 antibodies. Ex.
2169; Ex. 2152, p. 94. Sasseville performed binding studies with several chimeric
anti-Siglec-15 antibodies. Ex. 2152, pp. 91-93. Pagé expressed and purified
another batch of the anti-Siglec-15 ||| j BB chimeric antibodies. Ex. 2152,
pp. 95-97. Fortin performed Western analysis using the anti-Siglec-15 || N
I chimeric antibodies and anti-Siglec-15 omniclonal antibody, and also cloned
RANK ligand into different expression vectors for future functional analyses. Ex.
2170; Ex. 2153 pp. 52-57.

In early September 2009, Dr. Tremblay delivered the results of the
functional assays of the anti-Siglec-15 antibodies to Alethia’s outside intellectual

property attorney, Dr. Janique Forget, so that she could begin drafting the '943
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patent application in collaboration with the inventors. Diligence Chart, Entries
103-132. From September 3 through 29, 2009, Dr. Forget worked continuously on
drafting the provisional application (eventually filed as U.S. Provisional
Application Ser. No. 61/248,960 on October 6, 2009) and the '943 patent
application. Dr. Forget’s patent drafting and preparation efforts continued through
the filing of the provisional application on October 6, 2009 and then through the
filing of the '943 application on October 16, 2009. Ex. 2102, 9 5-9.

The records showing the activities of the inventors and their team were
maintained regularly and continuously in the course of business and have been
authenticated by Alethia’s records custodian. Ex. 2103. Dr. Forget’s work in
preparing the patent applications is corroborated by her billing records, e-mail
communications with Dr. Tremblay and members of his team, and drafts of patent
applications relating to the '181 patent. Dr. Forget’s records were maintained
regularly and continuously in the ordinary course of business by the Fasken
Martineau DuMoulin law firm (“Fasken”), and have been authenticated by
Fasken’s records custodian. Ex. 2104. The dates patent applications were filed
with the USPTO are corroborated by filing receipts that have been downloaded
from the USPTO website, Public Pair.

C. The '943 Application Constructively Reduced to Practice the
Invention Claimed in the '181 Patent
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The '181 patent issued directly from the '943 application. The '943
application constitutes a constructive reduction to practice because it sufficiently
describes and enables the invention of the '181 patent in accordance with Section
112. Frazer v. Shlegel, 498 F.3d 1283, 1287-88 (Fed. Cir. 2007). Daiichi has not
challenged whether the '943 application adequately describes and enables the
claims of the '181 patent, and is statutorily precluded from doing so in this
proceeding. 35 U.S.C. § 311(b). Nonetheless, as discussed more fully below
(including in the claim chart infra at 20-24), there can be no serious dispute that
the '943 application fully complies with Section 112. Indeed, the '943 application
discloses antibodies to Siglec-15 that inhibit osteoclast differentiation or bone
resorption to the same extent as Daiichi’s own '072 Publication, which at minimum
gives the '181 patent priority “with respect to so much of the claimed invention as
the reference happens to show.” In re Stempel, 241 F.2d 755, 759 (CCPA 1957).
In any event, the '181 specification is fully descriptive and enabling as set forth

below:

Claim Language Exemplary Support in '943 Application

1. A method of impairing | “In yet an additional aspect, the present invention
osteoclast differentiation | relates to a method of modulating (i.e., inhibiting,

in a mammal in need lowering, impairing) osteoclast differentiation in a
thereof, the method mammal in need, the method may comprise
comprising administering the antibody or antigen binding
administering an fragment of the present invention.” U.S. Patent
antibody or antigen App. No. 12/580,943 (* '943 application”), p. 9, 1l. 1-

binding fragment which | 3; see also id. at p. 9, 11. 4-24.
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specifically binds to
human Siglec-15 (SEQ
ID NO.:2) or murine
Siglec-15 (SEQ ID
NO.:108) to said
mammal.

“The present invention relates in another aspect
thereof to an isolated antibody or antigen binding
fragment capable of binding to a polypeptide ...One
such particular polypeptide may be, for example,
SEQ ID NO.:2 or a variant having at least 80%
sequence identity with SEQ ID NO.:2.” Id. at p. 6, 11.
6-10. “...SEQ ID NO.:2 or a SEQ ID NO.:2
variant (including SEQ ID NO.:4 and SEQ ID NO.:
108).” Id. at p. 12, 11. 29-32. See also id. at
Examples 8-15 and claims 23-24, as filed.

2. The method of claim
1, wherein the antibody
or antigen binding
fragment impairs an
osteoclast differentiation
activity of human Siglec-
15 or murine Siglec 15.

See Claim 1 above.

“The present invention relates in another aspect
thereof to an isolated antibody or antigen binding
fragment capable of binding to a polypeptide able to
promote osteoclast differentiation and of interfering
with (e.g., inhibiting) an osteoclast differentiation
activity of the polypeptide. One such particular
polypeptide may be, for example, SEQ ID NO.:2 or
a variant having at least 80% sequence identity with
SEQ ID NO.:2.” Id. at p. 6, 11. 6-10; see also id. at p.
12, 11. 29-32; Examples 14 and 15; and claims 23-24,
as filed.

3. The method of claim
2, wherein the osteoclast
differentiation activity is
characterized by
differentiation of
osteoclast precursor cells
into differentiated
osteoclasts.

See Claim 2 above.

“the method may comprise administering an
antibody or antigen binding fragment that may be
capable of modulating the differentiation of an
osteoclast precursor cell (e.g., human osteoclast
precursor cell, human primary osteoclast precursor
cell) into a differentiated osteoclast and that 1s
produced in mammalian cells (e.g., human cell).” /d.
atp. 9, 1. 9-14; see also id. at Example 14.

4. The method of claim
2, wherein the antibody
is a polyclonal antibody.

See Claim 2 above.

“In an embodiment of the invention, the antibody

may be, for example, a polyclonal antibody.” 1d. at
p. 6, 1. 22-23; see also id. at p. 8, 11. 13-15; p. 39, 1l.
5-6; p. 41, 11. 16-18; and claim 4, as originally filed.

5. The method of claim

See Claim 2 above.
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2, wherein the antibody
or antigen binding
fragment is a monoclonal
antibody or an antigen
binding fragment
thereof.

“In another embodiment of the invention, the
antibody or antigen binding fragment may be, for
example, a monoclonal antibody or a fragment
thereof” Id. atp. 6, 11. 23-24; see also id. at p. 7, 1l.
11-17; p. 8, 11. 13-15; Examples 12 and 13; and claim
5, as originally filed.

6. The method of claim
5, wherein the
monoclonal antibody or
antigen binding fragment
is produced from an
i1solated mammalian cell.

See Claim 5 above.

“The antibody or antigen binding fragment of the
present invention may be produced from an isolated
mammalian cell or by a hybridoma cell. ... The
isolated mammalian cell may be, for instance, a
human cell.” Id. at p. 6, 11. 28-32; see also id. at p. 8,
1. 16-18; Example 13; and claim 6, as originally
filed.

8. The method of claim
6, wherein the antibody
or antigen binding
fragment comprises a
constant region of a
human antibody or a
fragment thereof.

See Claim 6 above.

“An exemplary embodiment of an antibody or
antigen binding fragment of the present invention is
one that may comprise (amino acids of) a constant
region of a human antibody or a fragment thereof.”
Id. atp.7,1l. 1-3; see also id. atp. 7, 11. 7-10;
Example 13; and claim 8, as originally filed.

9. The method of claim
8, wherein the antibody
or antigen binding
fragment comprises a
framework region of a
human antibody.

See Claim 8 above.

“Another exemplary embodiment of an antibody or
antigen binding fragment of the present invention is
one that may comprise (amino acids of) a
framework region of a human antibody.” 1d. at p. 7,
11. 4-10; see also id. at claim 9, as originally filed.

10. The method of claim
2, wherein the antibody
or antigen binding

fragment is a Fy, a Fab, a
Fab' or a (Fab')2.

See Claim 2 above.

“Exemplary embodiments of antigen binding
fragments include, for example, a FV (e.g., scFv), a
Fab, a Fab“or a(Fab')2.” Id. atp. 7, 11. 26-27; see
also id. at p. 39, 11. 15-17; Examples 12 and 13; and
claim 12, as originally filed.

11. The method of claim
3, wherein the osteoclast
precursor cells are

See Claim 3 above.

“the method may comprise administering an
antibody or antigen binding fragment that may be
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human osteoclast
precursor cells.

capable of modulating the differentiation of an
osteoclast precursor cell (e.g., human osteoclast
precursor cell, human primary osteoclast precursor
cell) into a differentiated osteoclast and that is
produced in mammalian cells (e.g., human cell).” Id.
atp. 9, 1. 9-14; see also id. at Example 14; and claim
13, as originally filed.

15. A method for
inhibiting bone
resorption comprising
administering to a
subject in need thereof,
an antibody or antigen
binding fragment which
specifically binds to
human Siglec-15 (SEQ
ID NO.:2) or murine
Siglec-15 (SEQ ID
NO.:108).

“The present invention relates to the use of anti-
Siglec-15 antibodies or antigen binding fragments
as blockers of osteoclast differentiation and which
may be used for impairing bone loss or bone
resorption in bone-related diseases, such as cancer-
induced severe bone loss.” Id. at p. 5, 1. 27-29.

“The present invention also relates to an isolated
antibody or antigen binding fragment which may be
capable of specific binding to SEQ ID NO.:2 or to a
variant having at least 80% sequence identity with
SEQ ID NO.:2 and of inhibiting a resorptive activity
of an osteoclast.” Id. at p. 10, 11. 23-25. “...SEQ ID
NO.:2 or a SEQ ID NO.:2 variant (including SEQ
ID NO.:4 and SEQ ID NO.: 108).” Id. atp. 12, 11.
29-32. See also id. at Examples 8-15.

16. The method of claim
15, wherein the antibody
or antigen binding
fragment impairs an
activity of human Siglec-
15 or murine Siglec-15
in osteoclast precursor
cells or in osteoclasts.

See Claim 15 above.

“The present invention relates in another aspect
thereof to an isolated antibody or antigen binding
fragment capable of binding to a polypeptide able to
promote osteoclast differentiation and of interfering
with (e.g., inhibiting) an osteoclast differentiation
activity of the polypeptide. One such particular
polypeptide may be, for example, SEQ ID NO.:2 or
a variant having at least 80% sequence identity with
SEQ ID NO.:2.” Id. at p. 6, 11. 6-10; see also id. at p.
9,11. 9-14; p. 12, 11. 29-32; Examples 14 and 15; and
claim 24, as filed.

17. The method of claim
16, wherein the activity
1s osteoclastogenesis.

See Claim 16 above.

“the method may comprise administering an
antibody or antigen binding fragment that may be
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capable of modulating the differentiation of an
osteoclast precursor cell (e.g., human osteoclast
precursor cell, human primary osteoclast precursor
cell) into a differentiated osteoclast and that 1s
produced in mammalian cells (e.g., human cell).” /d.
atp. 9, 1. 9-14; see also id. at Examples 14 and 15;
and claim 24, as filed.

18. The method of claim
15, wherein the antibody
or antigen binding
fragment inhibits

osteoclast differentiation.

See Claim 15 above.

“The present invention relates in another aspect
thereof to an isolated antibody or antigen binding
fragment capable of binding to a polypeptide able to
promote osteoclast differentiation and of
interfering with (e.g., inhibiting) an osteoclast
differentiation activity of the polypeptide. One such
particular polypeptide may be, for example, SEQ ID
NO.:2 or a variant having at least 80% sequence
identity with SEQ ID NO.:2.” Id. at p. 6, 11. 6-10; see
also id. at Examples 14 and 15.

19. The method of claim
15, wherein the antibody
or antigen binding
fragment is administered
in combination with a
drug or an hormone.

See Claim 15 above.

“Another example is osteoporosis where the only
current medications approved by the FDA for use in
the United States are the anti-resorptive agents that
prevent bone breakdown. Estrogen replacement
therapy is one example of an anti-resorptive agent.
Others include alendronate (Fosamaxia
biphosphonate anti-resorptive),[additional drugs or
hormones omitted].” Id. at p. 3, 1l. 18-24; see also
id. atp. 3,1.25-p. 4, 1. 2.

20. The method of claim
19, wherein the drug is
an antiresorptive drug or
a drug increasing bone
mineral density.

See Claim 19 above.

21. The method of claim
15, wherein the subject
in need thereof, suffers
from a bone remodelling
disorder.

See Claim 15 above.

“The antibody or antigen binding fragment may thus
be particularly useful to treat bone loss or bone
resorption in patients suffering or susceptible of
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suffering from a condition selected from the group

consisting of osteoporosis, osteopenia, ... .” Id. at p.
9,1.27-p. 10, 1. 4; see also id. at p. 1, 11. 10-22; p. 36,
11. 6-19.

22. The method of claim | See Claim 21 above.
21, wherein the bone
remodelling disorder is
associated with a
decrease in bone mass.

23. The method of claim | See Claim 21 above.
21, wherein the bone
remodelling disorder 1s
selected from the group
consisting of
osteoporosis, osteopenia,
... and damage caused
by macrophage-mediated
inflammatory processes.

VII. CONCLUSION

Daiichi’s attempt to invalidate Alethia’s patents through this inter partes
review proceeding should be rejected. As demonstrated by Alethia’s disclosures
and the well-established methods and knowledge in the art, the '181 patent is both
sufficiently described and properly enabled by the Alethia PCT.

Alternatively, for all of the reasons above, the '072 Publication is not prior
art. As demonstrated by the evidence submitted herewith, Alethia conceived of
each claim limitation in the '181 patent by February 2007, months before Daiichi
filed the '072 Publication. During the entire relevant time period, the Alethia team

and its prosecution counsel worked continuously to reduce the invention to practice
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and file the '943 application on October 16, 2009. Finally, the '943 application
undisputedly complies with the requirements of Section 112.

The Patent Owner here is a biotechnology company that made a pioneer
invention and is working hard to develop a therapeutic antibody drug based on the
invention that will have a real impact in patients’ lives. Alethia has now also again
confirmed that anti-Siglec-15 antibodies can indeed effectively inhibit osteoclast
differentiation and bone resorption in animal models including primates, as
envisioned by Alethia’s inventors in the Alethia PCT. See Ex. 2100, 99 9-11.
Alethia’s lead antibody, based on its invention, is ready to be tested in humans in
clinical trials. This therapeutic antibody can improve the bone health of millions
of patients who are suffering from debilitating bone diseases. The challenged '181
patent plays a vital role in protecting Alethia’s invention and its efforts to develop
therapeutic antibody products from larger competitors like Daiichi.

For all of these reasons, Alethia respectfully requests that the Board confirm

the patentability of claims 1-6, 8-11, and 15-23 of Alethia’s '181 patent.
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Response to Statement 5: Deny.
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Response to Statement 8: Deny.
Response to Statement 9: Admit.

Response to Statement 10: Admit.
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l. Introduction

The Board, in instituting this inter partes review, found that Petitioner
established a reasonable likelihood that challenged claims 1-6, 8-11, and 15-23 of
U.S. Patent 8,168,181 (“the *181 Patent,” Ex. 1001) are invalid under 35 U.S.C.
102(a), as anticipated by Daiichi Sankyo’s WIPO Publication WO 2009/048072
(“the ’072 Publication,” Ex. 1002). Because the challenged claims are not
adequately described or enabled in any document filed in 2006 or 2007 to which
the *181 patent claims priority, these challenged claims of the *181 patent are not
entitled to any such priority dates, and the instituted claims should be found
unpatentable.

In response to the Board’s institution decision, Patent Owner did not make
any substantive arguments against the anticipatory effect of the 072 Publication
but instead, focused entirely on the alleged sufficiency of disclosure in its 2007
priority document (the Alethia PCT, Ex. 1010) and also a misguided attempt to
antedate the publication date. A preponderance of the evidence, however, proves
that the *181 Patent is not entitled to a priority date earlier than April 16, 2009, and
Patent Owner’s attempt to antedate the *072 Publication fails to prove conception

and continuous diligence during the critical period with corroboration, as required

by Price v. Symsek, 988 F.2d 1187, 1190 (Fed. Cir. 1993). After the Board’s
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institution decision, Patent Owner has not met its burden to overcome the
invalidity issues raised by the 072 Publication based on antedating.

Il. Claim Construction

Petitioner acknowledges Patent Owner’s acceptance of the interpretations of
“specifically binds” and “bone resorption” that were advanced in the Petition for
IPR (Paper 2 at 3-5). See Paper 39 at 17. Concerning the terms “osteoclast
differentiation” and *“osteoclast differentiation activity”, the outcome of this IPR
would not change if the Board construes these terms according to Patent Owner or
Petitioner because Patent Owner has not adequately described or enabled in its
2006 and 2007 priority documents a Siglec-15 antibody with any therapeutic
activity.

I11. The Alethia PCT and Its Priority Documents Fail to Provide Adequate
Written Description of the Challenged Claims

As longstanding case law explains, “the “essential goal’ of the description of

the invention requirement is to clearly convey the information that an applicant has

invented the subject matter which is claimed.” In re Barker, 559 F.2d 588, 592 n.4,
(CCPA 1977) (emphasis added).

But the Alethia PCT never once even mentions a Siglec-15 antibody

specifically for use in a therapeutic context, as recited in the claims. Ex. 1045 at

90:25 to 91:6 (In response to whether the PCT publication discloses any antibody

that specifically binds to mouse Siglec-15 and impairs osteoclast differentiation,

2
4816-7828-7659.2
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Dr. Filion said “No.”) and 96:19-97:9 (In response to whether the Alethia PCT
discloses administering Siglec-15 antibodies to inhibit bone resorption, Dr. Filion
stated “Yes, in broad terms” (emphasis added) and failed to identify any specific
example.).

Moreover, Patent Owner was not in actual possession of any antibody
capable of binding Siglec-15 until well after its 2006 and 2007 priority dates (Ex.
1045 at 49:7-10), and was even further from finding Siglec-15 antibodies that
possess the claimed therapeutic function at the time of those priority dates. Paper
39 at 72; Ex. 2105 at 7, Entry 027 (showing actual inhibition assays in osteoclasts
with a Siglec-15 antibody did not begin until at least May 15, 2009); Ex. 1045 at
81:21-24 (In response to when Alethia had a Siglec-15 antibody in hand that
inhibited osteoclast differentiation, Dr. Filion stated “That was around 2009, |
believe.”).

A.  Therapeutic Properties of an Antibody, if Any, Are Not
Predictable

Patent Owner contends in its Response that “by 2007, it already was clear to
a skilled artisan that Siglec-15 is normally a cell surface protein and readily
accessible to antibodies.” Paper 39 at 11, citing Ex. 2074 at § 17-21. But simply
knowing an antibody binds a target protein exposed on a cell surface is not

sufficient to reasonably predict that an antibody will have a therapeutic effect. Ex.
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1046 at 39:5-9, 85:5-87 (“[S]Jome will be inhibitory because they bind specifically
to critical parts of the polypeptide and others may not and will not be inhibitory.”);
see also Ex. 1047 at 68:23-24 (“[T]here could be antibodies that don’t inhibit.”)
and 94:12-17 (In response to whether it is correct that an antibody that binds a cell
surface protein is necessarily inhibitory, Dr. Stein responded “It would have to be
tested.”); Ex. 1044 at | 10-11(Cell surface expression alone is insufficient to
determine whether an antibody binding to Siglec-15 would impair osteoclast
differentiation and inhibit bone resorption, or promote both or do neither).

Of course, Patent Owner is well aware of the difficulties and predictability
associated with obtaining an antibody with a specific therapeutic function, even for
antibodies with targets expressed on the cell surface. Ex. 2167 at 1, 3; see also Ex.
1046 at 39:5-9, 85:5-7; Ex. 1048 at 1. Indeed, Patent Owner’s June 2007
presentation (Ex. 2080) characterizes AB-0440, which is a cell surface protein now
known as Tsp50, as “[o]ne of the most promising targets identified by Alethia.”
Ex. 2080 at 38. This optimistic characterization presumably was based on data in
the presentation reporting decreased osteoclast activity with AB-0440 shRNA and
inhibition of osteoclast differentiation with a polyclonal antibody that binds AB-
0440. (Ex. 2080 at 17, 18; Ex. 1045 at 31:9-32:4). In fact, it appears that AB-0440
was a higher priority target than Siglec-15, as Patent Owner lists AB-0440 as one

of three targets in its “Therapeutic product pipeline” (Ex. 2080 at 7), while AB-

4816-7828-7659.2
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0326 (Siglec-15) is only listed as a “key prospect” in its “Drug discovery pipeline.”
Id. at 38. By Patent Owner’s own account, Tsp50 had therapeutic potential for
treating bone loss with antibodies (id.), and as of 2007, Patent Owner had actually
tested antibodies targeting Tsp50. Id. at 17; Ex. 1045 at 31:25-32:5. Indeed, even
in April 2009, Tsp50 was considered “the Company’s prioritized target in its
severe bone loss program” when Patent Owner announced that “[I]ead candidate
[Tsp50] monoclonal antibodies are currently under evaluation for animal studies
that will commence soon.” Ex. 1049. But, these early hopes for the success of
Tsp50 were not borne out.

At least as of July 31, 2009, Patent Owner in its progress report for Biosite
(Ex. 2167) stated that “[w]ork on anti-Tsp50 antibodies also progressed but the
lack of cross-reactivity of the antibodies between the mouse and human Tsp50

coupled with a relatively low efficacy in cell-based osteoclast differentiation

assays led to some important strategic changes in the severe bone loss program.”
Ex. 2167 at 1 (emphasis added). The same progress report explained that “[i]n

subsequent experiments, it was difficult to reproduce the results described above

[with the chimeric monoclonal Tsp50 antibodies] . . . .” Id. at 3 (emphasis
added). So, while Tsp50 had been validated using the same shRNA methods
taught in the Alethia PCT (Ex. 2080 at 17), and had been additionally validated

with polyclonal antibody data (Ex. 2080 at 18), Patent Owner found after further
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U.S. Patent No. 8,168,181
IPR2015-00291

experimentation that Tsp50 antibodies did not perform as predicted (Ex. 2167 at 1,
3) and the target was deprioritized (Ex. 1045 at 32:6-10, 31:25-32:10)." Thus what
once was a “most promising target” lost its luster when monoclonal antibodies to
that target were evaluated. See Ex. 2167 at 1.

The unpredictability surrounding whether a given antibody will produce
clinically beneficial effects is well understood by those of ordinary skill in the art,
as not every protein target studied in vitro translates into an in vivo method of
treatment. Ex. 1046 at 34:2-6 (“[I]n vivo findings may be different from in vitro
findings.”), and 39:5-9 (“In my understanding when antibodies are being
generated, some will be inhibitory because they bind specifically to critical parts of
the polypeptide and others may not and will not be inhibitory.”); see also Ex. 1048
at 1; Ex. 1003 at § 13, 15. This underscores the unpredictability inherent in
developing antibodies for a specific therapeutic purpose, and is consistent with
Petitioner’s position regarding the inadequacy of Patent Owner’s priority

documents. See Paper 1 at 17; see also Ex. 1003 at { 15; Ex. 1004 at { 25.

! Not surprisingly, Patent Owner failed to pay the maintenance fees on its first
patent relating to methods of identifying compounds that bind Tsp50 and inhibit

osteoclast differentiation. Ex. 1050.

4816-7828-7659.2
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B. Patent Owner’s Reliance on the “Antibody Rule” is Misplaced

Patent Owner relies heavily on the MPEP and the “antibody rule” for
rebutting the lack of written description in the Alethia PCT. Paper 39 at 21-31.
Specifically, Patent Owner alleges that ““As long as an applicant has disclosed a
fully characterized antigen, either by its structure, formula, chemical name, or
physical properties,” the applicant can claim a targeting antibody without
disclosure of its physical or chemical properties.” Paper 39 at 21 (citing Noelle v.
Lederman, 355 F.3d 1343, 1349 (Fed. Cir. 2004)). But Patent Owner is not
claiming an antibody. The *181 Patent claims a method of impairing osteoclast
differentiation and inhibiting bone resorption. Thus, the “antibody rule” is per se
irrelevant to the claims at issue.

Nevertheless, Patent Owner argues that the “fully characterized antigen”
allegedly disclosed in the Alethia PCT is sufficient to describe a therapeutic
Siglec-15 antibody because “procedures for generating antibodies” and “using such
techniques with well-known osteoclastogenesis assays to generate and identify
antibodies that specifically inhibit Siglec-15" are included in the specification.
Paper 39 at 24. Patent Owner supports this position in part with expert testimony
from Dr. Boyce, stating that “the discovery of the essential role of Siglec-15 in

osteoclast differentiation made it an obvious target for the development and use of

therapeutic antibodies to impair osteoclast differentiation or inhibit bone resorption
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by inhibiting Siglec-15 activity.” Ex. 2074 at § 16. But a disclosure that makes
something obvious may not be adequate to establish possession, as the Federal
Circuit has explained:

[Wi]hile the description requirement does not demand any particular
form of disclosure, Carnegie Mellon Univ. v. Hoffmann-La Roche
Inc., 541 F.3d 1115, 1122 (Fed. Cir. 2008), or that the specification
recite the claimed invention in haec verba, a description that merely
renders the invention obvious does not satisfy the requirement,
Lockwood v. Am. Airlines, 107 F.3d 1565, 1571-72 (Fed. Cir. 1997).

Ariad Pharmaceuticals, Inc. v. Eli Lilly & Co., 598 F.3d 1336, 1352 (Fed. Cir.
2010) (en banc).

Moreover, even if the Alethia PCT made Siglec-15 an “obvious target” for
development of a therapeutic antibody, such an invitation to experiment fails to
provide written description support for the instituted claims. Ralston Purina Co. v.
Far-Mar-Co., 772 F.2d 1570, 1575 (Fed. Cir. 1985). Accordingly, merely
identifying a target for a yet to be developed antibody with a yet to be disclosed
structural feature, having a yet to be confirmed function, is not sufficient to satisfy
written description of a method of using such an antibody to elicit a specific

therapeutic effect. See Ariad, 598 F.3d at 1352.
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C. Patent Owner Improperly Dismisses Federal Circuit Written
Description Case Law

Patent Owner identifies insignificant differences in the present facts from
written description case law in an attempt to distinguish recent Federal Circuit
decisions that contradict its position. Paper 39 at 41-44. For example, Patent
Owner inaccurately asserts that Univ. of Rochester v. G.D. Searle & Co., 358 F.3d
916 (Fed. Cir. 2004) is not applicable here because the claims in Rochester were
directed to methods of eliciting a biological effect by administering a small
molecule drug instead of an antibody. Paper 39 at 42. Patent Owner’s argument is
contradicted in Rochester itself, where the court noted that the law of written
description applies to chemical and biological claims alike. Rochester 358 F.3d at
925.

In fact, this case is similar to Rochester because like the disclosure at issue
in that case, the Alethia PCT fails to disclose any actual examples of anti-Siglec-15
antibodies with the recited therapeutic function, and provides nothing more than a
means of performing trial-and-error research to find an antibody that could be used
in the method claims of the *181 Patent. The court in Rochester found such a
disclosure was insufficient to satisfy written description, explaining “[i]t is not a
question whether one skilled in the art might be able to construct the patentee’s

device from the teachings of the disclosure of the application. Rather, it is a
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guestion whether the application necessarily discloses that particular device.”
Rochester 358 F.3d at 923 (quoting Jepson v. Coleman, 314 F.2d 533, 536 (CCPA
1963)).

Further, Patent Owner alleges that in Centocor Ortho Biotech, Inc. v. Abbott
Labs., 636 F.3d 1341 (Fed. Cir. 2011), the disclosure of a well-known antigen only
was held to be insufficient because the claimed invention was the specific
improvement of anti-TNFa antibodies that was “based on undisclosed specific
structural and mechanistic features of the antibody.” Paper 39 at 43. But Centocor
Is more similar to the 181 patent claims than Patent Owner admits; the Alethia
PCT also fails to provide any structural information about any antibody, much less
a Siglec-15 antibody, that would function in the claimed methods. See Centocor,
636 F.3d at 1246-47. Because not all Siglec-15 antibodies will be inhibitory (see
Ex. 1045 at 91:7-10; Ex. 1046 at 39:5-9; Ex. 1047 at 68:23-24), and perhaps not
even any will be (see Ex. 1044 at § 10-11), the antibodies recited in the instituted
claims embody nothing more than “a wish list of properties” for which the
specification “at best describes a plan for making....and then identifying.”
Centocor, 636 F.3d at 1251. Such a disclosure does not satisfy the written
description requirement. Id.

While Patent Owner agrees that the antibodies in the claims at issue in

AbbVie Deutschland GmbH & Co. v. Janssen Biotech, Inc., 759 F.3d 1285, 1290
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(Fed. Cir. 2014), require a particular function (an affinity rate (K.f)), and therefore,
should have included further characterization of the antibodies in order to satisfy
the written description requirement, it disputes that it should be required to do the
same. Paper 39 at 43. In particular, where the claims at issue in AbbVie were
directed to a neutralizing antibody that bound to IL-12 with a specific dissociation
constant (Abbvie, 759 F.3d at 1292), Patent Owner argues that its claims are
different because the function of its claimed methods are not tied to any such
structural features. Paper 39 at 44.

Of course this rationale is flawed. Because the instituted claims encompass
a genus of antibodies, the specification must disclose a “representative number of
species” in order to satisfy the written description requirement. Abbvie, 759 F.3d at
1300. The antibodies recited in the instituted claims have the function of
“Impairing osteoclast differentiation” or “inhibiting bone resorption.” Like the
binding constant property in AbbVie, these functions are tied to the structure to the
antibody. Ex. 1051 at Abstract, 1; see also Ex. 2167 at 3. Accordingly, as in
AbbVie, “structural features common to the members of the claimed genus” needed
to have been disclosed, and the Alethia PCT needed to have done more than
identify a putative general binding target in order to satisfy the written description
requirement. See AbbVie, 759 F.3d at 1290, 1299; see also Centocor, 636 F.3d at

1350-51.
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IV. The Alethia PCT and Its Priority Documents Fail to Enable the
Challenged Claims

To be enabling under section 112, the specification of a patent must teach
those skilled in the art “how to make and how to use the invention as broadly as it
Is claimed” without undue experimentation. See In re Vaeck, 947 F.2d 488, 496
(Fed. Cir. 1991) Furthermore, the scope of the enablement must be commensurate
with the scope of the claims. See Amgen, Inc. v. Chugai Pharm. Co., 927 F.2d
1200, 1216-17 (Fed. Cir. 1991). In other words, where a range of options are
claimed, there must be enablement of the full scope of the range. See Liebel-
Flarsheim Co. v. Medrad, Inc., 481 F.3d 1371, 1380 (Fed. Cir. 2007).

A. A Siglec-15 Antibody With Therapeutic Properties is Not Enabled
by the Alethia PCT

It is undisputed that, by February 13, 2007, a number of antibody
therapeutics had been developed for certain indications (Ex. 2089 at Abstract), and
that general methods of producing both monoclonal and polyclonal antibodies
were known in the art. Ex. 2086. But the 181 Patent does not claim just any
antibody that binds a particular target or a method of making such an antibody; it
claims a method of impairing osteoclast differentiation or inhibiting bone
resorption by administering an antibody or antigen binding fragment that
specifically binds human or mouse Siglec-15. Ex. 1001 at 181:36-41, 182:44-48.

Accordingly, the claim requires that the antibody have a precise therapeutic

12
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function. Paper 39 at 51. Thus, the issue is not whether the Alethia PCT enables
methods for creating any antibody at the time of filing the PCT; the issue is
whether the Alethia PCT enables an antibody for use in the claimed method of
treatment without undue experimentation at the time of filing the Alethia PCT.
This is a burden that the Alethia PCT cannot satisfy. The Alethia PCT does not
teach how to make an antibody inhibitor of Siglec-15 that functions as required by
the claims.

In fact, because not every antibody will have a therapeutic function (Ex.
1045 at 91:7-10; Ex. 1046 at 39:5-9; Ex. 1047 at 68:23-24), the Alethia PCT only
provides a starting point for further research. The Federal Circuit has repeatedly
held such disclosures are non-enabling. See Wyeth v. Abbott Laboratories, 720
F.3d 1380, 1386 (Fed. Cir. 2013); ALZA Corp. v. Andrax Pharmaceuticals, LLC,
603 F.3d 935, 941 (Fed. Cir. 2010). Although Patent Owner would have the Board
believe that one of skill in the art would need nothing more than the
osteoclastogenesis assay disclosed in the Alethia PCT (see Paper 39 at 55), Patent
Owner actually used several different types of assays and experiments to later find
an antibody capable of performing the functions recited in the challenged claims,
including epitope mapping, functional characterization of lead sequences, and
bioinformatics analysis. Paper 39 at 73-76; Ex. 2105 at 3, 21-23, 28-29. Neither

these methodologies nor the information they revealed are disclosed in the Alethia
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PCT (Paper 39 at 74-76), yet this kind of additional characterization and
experimentation is essential to successful development of antibodies with a
therapeutic function. See Ex. 1053 at 3; Ex. 1048 at 1. Accordingly, the methods
claimed in the 181 Patent required considerable amount of time, labor, and undue
experimentation beyond what was disclosed in the Alethia PCT. See ALZA Corp.,
603 F.3d at 941.

Further, Patent Owner misrepresents the testimony of Petitioner’s experts
and misapplies statements made about antibodies in general (i.e. those without
therapeutic functions) to the therapeutic antibodies recited in the claims. Paper 39
at 50. For instance, Patent Owner cites to a section of Dr. Clark’s testimony
regarding the 99% certainty of being able to create an antibody that binds a target,
but ignores the remainder of his testimony that explains this was without regard to
function. Ex. 2075 at 273:15-274:24 (on redirect, Dr. Clark clarified that he meant
there was a 99% chance of developing an antibody with “no additional functions of
that antibody specified”). Accordingly, Patent Owner attempts to improperly
support its position by focusing only on enablement of an antibody binding its
target, and not on an antibody that would function therapeutically as required by

the claims.
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B.  Nakamura Does Not Sufficiently Supplement the Disclosure in
Alethia’s PCT to Satisfy Enablement

1. Nakamura does not teach that Siglec-15 is accessible on the cell
surface of osteoclasts

Patent Owner asserts that “[a]s early as 2004, Siglec-15 itself had been
sequenced and characterized in great detail at the molecular and cellular level.”
Paper 39 at 11. Patent Owner relies almost exclusively on Nakamura (Ex. 2065) to
show that “it already was clear to a skilled artisan that Siglec-15 is normally a cell
surface protein and readily accessible to antibodies, despite its then unknown
function.” Paper 39 at 11, citing Ex. 2074 at { 17-21; see also Ex. 2074 at 1 19-21;
Ex 2076 at 29, 32-34. This proposition is plainly untrue; a skilled artisan would
not know from Nakamura that Siglec-15 would be on the cell surface of
osteoclasts. Ex. 1044 at 1 4-9. In this regard, paragraph [0154] of Nakamura states:

[T]he expression of HRC12337 [Siglec-15] in peripheral blood

monocytes was hardly confirmed when any stimulation was not

applied, but it was increased when the stimulation by
PMA+lonomycin or PHA-L was applied... Thus, it is thought that

HRC12337 is expressed on activated T-cells.

Ex. 2065 at 31 (emphasis added).
Although Nakamura demonstrates that Siglec-15 can be expressed on the
cell surface of T cells (and not, as improperly understood by Dr. Boyce, monocytes

from which osteoclasts are derived (Ex. 1046 at 110:16-23)), Nakamura is
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completely silent with regard to osteoclasts. Ex. 1044 at § 4. Further, T cells are
not precursors of osteoclasts and a determination as to whether Siglec-15 is
expressed on the surface of osteoclasts cannot be made one way or another based
on Nakamura. Ex. 1044 at { 4-5, 8-9.

Additionally, cell surface Siglec-15 expression was at low levels or absent
on resting T cells and was only appreciably expressed on the cell surface when the
T cells were artificially stimulated with pharmacological agents (phorbol 12-
myristate 13-acetate ("PMA") and ionomycin, or leucoagglutinin ("PHA-L")). EX.
2065 at 12, Figure 9; Ex. 1044 at { 5-6; see also Ex. 2065 at 31. Nakamura
similarly teaches that COS cells do not express Siglec-15 until transformed with a
Siglec-15-expressing construct, which results in approximately a ten-fold increase
in expression. Ex. 2065 at 31, and 11, Figure 8; Ex. 1044 at 1 6. These data would
indicate that Siglec-15 was only substantially expressed in an artificial system,
which may not correlate with the in vivo situation, and stimulation is needed to
activate transcription of the Siglec-15 gene. Ex. 1044 at { 5-7, 10. Moreover, cell
surface expression of Siglec-15 in one cell type is not confirmatory of cell surface
expression of that protein in a different cell type. Ex. 1044 at | 8. Therefore,
contrary to Patent Owner’s position, Nakamura is not the “critical prior art”
reference that establishes cell surface accessibility of Siglec-15 and supports

enablement. See, e.g., Paper 39 at 2, 26, 27, 30.
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Patent Owner also relies on expert testimony from Dr. Boyce to state that
had Dr. Crocker been aware of Nakamura, he would have come to a different
conclusion regarding the understanding of Siglec-15 in 2006-2007. (Paper 39 at 30,
38 citing Boyce Declaration Ex 2074 at | 24, 26). But Dr. Crocker believes
otherwise. After careful consideration of Nakamura, the reference did not dissuade
him from his position that nothing in the art provided convincing evidence that
Siglec-15 would be expressed on the cell surface of osteoclasts. Ex. 1044 at { 9.
Moreover, Patent Owner’s other expert, Dr. Stein, is not an expert in Siglecs (Ex.
2076 at 40-51) and neither is Dr. Boyce (“[I first learned of Siglecs] when | was
asked to give expert witness [sic] in this case [in July 2015]” (Ex. 1046 at 18:11-
16)). Neither is Dr Boyce an antibody expert (“Well, | don’t make antibodies. If |
wanted to make an antibody, | would have a company or someone make it for me.”
(Ex. 1046 at 80:15-17)). Thus, the value of their “expert” testimony with regard to
the relevance of Nakamura’s teachings concerning Siglec-15 cell surface
expression is questionable.

2. One of skill in the art would not have found the Nakamura
reference at least as of the Alethia PCT filing date

Contrary to testimony from Patent Owner’s own expert, Patent Owner
incorrectly argues that one of ordinary skill in the art would have found Nakamura
as of the filing date of the Alethia PCT and its priority documents. See, e.g., Paper

39 at 27; Ex. 2058, at 193:17-194:11; Ex. 2075, at 39:5-40:10. But as Dr. Filion

17
4816-7828-7659.2



U.S. Patent No. 8,168,181
IPR2015-00291

stated in his deposition with regard to Nakamura and HRC12237, “if that sequence
was in the public domain, we would have found that” (Ex. 1045 at 70:22-23) and
“it was probably not in databases in the public domain” (id. at 71:5-6) and “. . .
probably at the time where this patent was published[,] that was not common
practice to publish sequences from patent applications in databases such as
GenBank.” Id. at 69:8-14. Dr. Filion also stated that he did not become aware of
Nakamura until “after we filed our patent application.” 1d. at 68:24-25.

The testimony from Drs. Stein and Boyce on this point should not be given
any weight, as neither had conducted sequence searches during the relevant
timeframe, neither is competent to speak to the availability of certain sequences in
2006 or 2007, and neither knew whether the sequences even were publicly
available during that time. Ex. 1047 at 44:9-45:10, 45:24-47:7; Ex. 1046 at 58:4-6,
59:19-23, 60:9-13.

Other than arguing that HRC12237 (Siglec-15) could have been found
during the relevant timeframe only because it can be found now (Ex. 1047 at 44.9-
23, 46:5-7), Patent Owner has not provided any evidence that searching for the
amino acid sequence of Siglec-15 at the time of the filing date of the Alethia PCT,

would have led one of skill in the art to Nakamura.
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V. Patent Owner Has Not Met Its Burden of Antedating the Prior Art 072
Publication

Patent Owner seeks to establish that the 072 Publication is not prior art and
therefore bears the burden of producing evidence supporting a date of invention
before the 072 Publication date. Mahurkar v. C.R. Bard, Inc., 79 F.3d 1572,
1576-77 (Fed. Cir. 1996). As the Board has recognized, “[a]n inventor may
antedate a reference if the inventor was the first to conceive of a patentable
invention, and then connects the conception of the invention with its constructive
reduction to practice by reasonable diligence on the inventor’s part, such that
conception and diligence are substantially one continuous act.” Olympus American,
Inc. v. Perfect Surgical Techniques, Inc., IPR2014-00233, Paper 56 at 15 (citing
Mahurkar, 79 F.3d at 1577).

Patent Owner has not met its burden of producing evidence supporting a
date of invention before the publication date of the *072 Publication. In particular,
Patent Owner has failed to establish conception prior to the 072 Publication and
failed to establish continued, reasonable diligence through its asserted reduction to
practice with corroboration.

A. The Alethia PCT and Ex. 2080 Are Insufficient To Meet Patent
Owner’s Burden Of Establishing A Conception Date

Patent Owner alleges that the inventors conceived the invention of the 181

patent at least as of February 13, 2007, when they filed the Alethia PCT or at least
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as of June 19, 2007, the date of Alethia’s presentation to Daiichi Sankyo. Paper 39
at 13. But the Alethia PCT and the 2007 presentation (Ex. 2080) do not meet the
Patent Owner’s evidentiary burden for establishing conception.

First, as discussed above with regard to the lack of written description and
enablement of the Alethia PCT, there is no disclosure of antibodies that could
function in the claimed methods. Second, the claimed subject matter is recognized
as unpredictable and therefore could not have been conceived until it was
determined that the antibodies recited in the claims actually worked for their
intended purpose as claimed in the methods. See Mycogen Plant Sci., Inc. v.
Monsanto Co., 243 F.3d 1316, 1330 (Fed. Cir. 2001). Further, the June 2007
presentation contains an additional deficiency, in that it is a pitch by Alethia in
pursuit of a joint collaboration (Ex. 2080 at 1) and does not constitute probative
evidence of conception, as described in more detail below. See Kridl v.
McCormick, 105 F.3d 1446, 1449 (Fed. Cir. 1997).

1. The claimed therapeutic methods are sufficiently unpredictable

that patent owner could not have conceived of the invention
without significant experimentation

It is well established that, in the unpredictable arts such as chemistry and
biology, conception often occurs simultaneously with reduction to practice.
Mycogen, 243 F.3d at 1330. In Mycogen, the Federal Circuit analyzed the

requirements for establishing conception of claims related to transgenic plants that
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were modified to express a pesticidal toxin. 1d. at 1322-24. The court noted that
“[i]t seems plausible to find that the type of invention embodied in these claims
might not have been conceived until it was determined that the process claimed
actually did [produce the claimed function].” Id. at 1331. Indeed, when results at
each step do not follow as anticipated, but are achieved empirically by what
amounts to “trial and error,” a patentee will have greater difficulty proving
conception prior to reduction to practice. Alpert v. Slatin, 305 F.2d 891,
894 (CCPA 1962).

Even after the Alethia PCT was filed, Patent Owner was still conducting
“trial and error” experimentation that the Alpert court characterized as evidencing a
lack of conception. See Alpert, 305 F.2d at 894. For example, according to Patent
Owner’s own account, it was still screening and sequencing fragments of antigen-
binding sequences as of April 17, 2009. See Ex. 2105, Diligence Chart, pp. 1-2
(screening of 46 candidate fragment antigen-binding (Fab) sequences); see also
Paper 39 at 72-73. Further, Patent Owner’s records indicate that it was not until at
least May 15, 2009 when any of their candidate antibodies were actually tested in
vitro to determine their effect on isolated osteoclasts. Ex. 2105 at 7; Paper 39 at
74. Because critical research activity was still necessary before identifying a
Siglec-15 antibody with therapeutic efficacy (see generally Ex. 2105), “the mental

embodiment of that [claimed conception] date [embodied in the Alethia PCT] was
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a mere hope or expectation, a statement of a problem, but not an inventive
conception.” See Alpert, 305 F.2d at 894.

2. The Alethia PCT is not a definite and permanent idea of the
complete and operative invention as claimed

Patent Owner shoehorns disparate portions of the Alethia PCT specification
into a claim chart in an attempt to show conception. Paper 39 at 63-68. But even
this exercise pieces together little more than a general goal or plan that Patent
Owner may have hoped to achieve, and fails to establish “a definite and permanent
idea of the complete and operative invention” as required to establish conception.
See Burroughs Wellcome Co. v. Barr Labs., 40 F.3d 1223, 1228 (Fed. Cir. 1994);
see also Hitzeman v. Rutter, 243 F.3d 1345, 1356-57 (Fed. Cir. 2001) (holding that
inventor’s “hope” that a genetically altered yeast would produce antigen particles
having the particle size and sedimentation rates recited in the claims did not
establish conception.); Coleman v. Dines, 754 F.2d 353 (Fed. Cir. 1985) (“It is
settled that, in establishing conception, a party must show possession of every
feature recited in the count.”).

Hitzeman provides relevant insight, in its explanation of the Burroughs
holding:

Burroughs concerned six patents directed toward administering a
drug, AZT, to AIDS patients. It was undisputed that the inventors had
already synthesized the AZT. The claims of the first five patents
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recited various permutations of administering the AZT to patients,
without reciting details of how the human body would react to the
drug. As to the claims of these five patents, we held... that the
developers of AZT had sufficiently established conception of the
limitations of the claims (i.e., the drug itself and the intention to
administer it to humans), and that it was immaterial that the inventors
lacked a “reasonable expectation” as to how non-claimed aspects of
the drug would work (i.e., the particular effect of the drug on the
body). However, as to the claims of the sixth patent, which recited
details of an anticipated immune response to the drug (i.e., “a method
of increasing the number of T-lymphocytes in a human infected with
the [HIV] virus ....”), we held that this claim was not conceived in
advance of further studies because of uncertainty as to
whether administering AZT actually would promote T-lymphoctye
production, i.e., the claimed intended use. Thus, the inventors
in Burroughs lacked a “definite and permanent idea” as to whether
this recited claim limitation of the sixth patent would be met by
administering the drug. In the present case, like the claims of the
sixth patent discussed in Burroughs, Hitzeman claimed the specific
result of a biological process. Because Hitzeman failed to show that
he had a reasonable expectation that the claimed result of the
biological process would occur, his conception argument cannot

prevail.
Hitzeman, 243 F.3d at 1358 (citing Burroughs, 40 F.3d at 1225-32) (internal

citations omitted).
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Like the sixth patent at issue in Burroughs and that patent at issue in
Hitzeman, the challenged claims of the 181 Patent require specific results of
biological processes. Thus, as for those patents, conception requires evidence of a
reasonable expectation that the claimed results would occur. Patent Owner has
produced no such evidence. Given the complete lack of experimentation or
mention of any exemplary therapeutic antibodies, Patent Owner relies on the mere
hope that it might one day be able to make antibodies with the requisite function
necessitated by the claims, but that is insufficient to show conception. See
Hitzeman, 243 F.3d at 1356-57. Thus, just as in Burroughs and Hitzeman, the
Alethia PCT at best suggests a desire to produce the claimed subject matter, rather
than “a “definite and permanent idea’ as to whether this recited claim limitation
...would be met by administering the drug.” See Hitzeman, 243 F.3d at 1356-58.

3. Alethia’s Presentation of June 19, 2007 does not evidence
conception

Patent Owner alleges that Alethia’s Presentation of June 19, 2007 (Ex. 2080)
(“Alethia’s Presentation”) includes “convincing data demonstrating the essential
role of AB0326 in osteoclast formation/differentiation and bone resorption... and
identification of antibodies as therapeutic drug candidates to target AB0326.”
Paper 39 at 69. However, to establish conception of claims that require a
biological response, the evidence must show that the inventors had a “definite and

permanent idea” that the claimed response would actually occur. Hitzeman, 243

24
4816-7828-7659.2



U.S. Patent No. 8,168,181
IPR2015-00291

F.3d at 1358 (citing Burroughs, 40 F.3d at 1225-32). Alethia’s Presentation does
not constitute such evidence.

Patent Owner has provided little more than conclusory statements about the
“convincing data” in Alethia’s Presentation (Paper 39 at 69; Ex. 2080 at 21), which
do not address the issue of conception. Alethia’s Presentation only describes
Siglec-15 as an “attractive target” for antibody development (see e.g., Ex. 2080 at
38). But a plan to target Siglec-15 for development is not sufficient to establish
conception. Burroughs, 40 F.3d at 1228; Amgen, 927 F.2d at 1206 (finding no
conception of a nucleic acid based solely on its proposed biological activity).
Accordingly, Alethia’s Presentation, alone or in combination with Alethia’s PCT,
is insufficient to establish conception.

B. Patent Owner Fails To Meet Its Evidentiary Burden For

Antedating Due To Lack of Corroboration and, Even Ignoring
Corroboration, Due To Failure to Show Reasonable Diligence

Patent Owner also must meet the evidentiary burden of demonstrating
reasonable diligence in reducing the invention to practice during the critical period.
Mahurkar, 79 F.3d 1572 at 1577. A party alleging diligence must provide
corroboration with evidence that is specific both as to facts and dates. Gould v.
Schawlow, 363 F.2d 908, 920 (CCPA 1966). The rule of reason does not dispense

with the need for corroboration of diligence that is specific as to dates and facts.
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Gould, 363 F.2d at 920; Kendall v. Searles, 173 F.2d 986, 993 (CCPA 1949); see
also Coleman, 754 F.2d at 360.

Evidence in the form of a notebook may be weighed for whatever it is worth.
See Hahn v. Wong, 892 F.2d 1028, 1033 (Fed. Cir. 1989). However, little weight
should be afforded to an unwitnessed notebook, or a notebook witnessed well after
the fact. Id. (stating that “affiants’ statements that by a certain date they had ‘read
and understood’ specified pages of [] laboratory notebooks did not corroborate a
reduction to practice ... because they established only that those pages existed on a
certain date ... [and] did not independently corroborate the statements made on
those pages”). Furthermore, the testimony of an interested party is not sufficient to
authenticate a document offered for purposes of corroboration in a diligence
inquiry. See Micorosoft Corp. v. Surfcast, Inc., IPR2013-00292, Paper 93 at 20
(citing Kridl, 105 F.3d at 1449 (Fed. Cir. 1997)). Patent Owner has failed to
demonstrate reasonable diligence under these governing legal principles.

1. Alethia Laboratory Notebook 110 is of little to no probative
value

Patent Owner relies on Exhibit 2152, Alethia Laboratory Notebook 110, as
evidence of diligence on numerous dates throughout the critical period. See
generally, Ex. 2105. But the Alethia Laboratory Notebook 110 suffers from several
fatal flaws, including that it was not maintained in accordance with good

laboratory practices, at least according to Ex. 2103.
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First, Alethia Laboratory Notebook 110 was countersigned well after the
days on which the experiments were allegedly performed. Specifically, the
witness—allegedly Dr. Matthew Stuible (see Ex. 1045 at 78:14-16)—signed
almost every page of the notebook on April 15 or 16, 2010, more than a full year
after the alleged dates of the earliest pages on which Patent Owner relies. Thus, Dr.
Stuible’s signature indicating that he “read and understood” specified pages of the
laboratory notebook cannot attest to anything more than the fact that the pages of
the laboratory notebook physically existed on April 15 or 16, 2010. See Hahn, 892
F.2d at 1033. Furthermore, Dr. Stuible was not even employed at Alethia during
the time frame when the experiments reported in the cited notebook pages were
allegedly performed (see Ex. 1052), further showing that he is not competent to
corroborate them. Moreover, Patent Owner has not provided any declaratory
evidence or other testimony from Dr. Stuible authenticating his signature.? Thus,
the contents of Alethia Laboratory Notebook 110 relied upon by Patent Owner are
not corroborated, and so cannot support Patent Owners’ assertions that certain
research activity identified in the Diligence Chart was performed at all, much less

that it was performed on the alleged dates during the critical period.

2 Petitioner’s request on November 4, 2015 to depose Dr. Stuible was denied by
counsel for Patent Owner because, according to Patent Owner’s Counsel, direct

testimony from Dr. Stuible had not been submitted.
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Second, the entries in Alethia Laboratory Notebook 110 appear to have been
made by multiple researchers, including Annie Fortin, Aida Kalbakji, Martine
Pagé, and Marc Sasseville, none of which attested to the authenticity of the
notebook or their signatures. The Federal Circuit has addressed the minimal value
of a laboratory notebook in a similar situation:

Where a laboratory notebook authored by a non-inventor is offered
into evidence pursuant to authentication by an inventor, where the
author of the notebook has not testified at trial or otherwise attested to
its authenticity, and where the notebook has not been signed or
witnessed and has not been maintained in reasonable accordance with
good laboratory practices sufficient to reasonably ensure its
genuineness under the circumstances, then the corroborative value of

the notebook is minimal.

Medichem S.A. v. Rolabo S.L., 437 F.3d 1157, 1173 (Fed. Cir. 2006).

Further, Yves Cornellier acknowledged that “[i]t is a ‘best practice’ at
Alethia for another laboratory researcher to countersign a laboratory notebook
soon after information has been entered” (Ex. 2103 at { 3). Yet, all of the pages in
Alethia Laboratory Notebook 110 were signed anywhere from one to three years
later. Ex. 2152 at 33-85. Thus, the notebook was not maintained in accordance
with Patent Owner’s own standard, let alone in reasonable accordance with good
laboratory practices. Accordingly, Exhibit 2152, is of little to no probative value

for the purposes of Patent Owner’s motion to antedate.
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2. The sequence submissions are not properly authenticated so as
to provide corroborative value

The sequence submissions provided by Patent Owner (Exs. 2154-2158) are
purportedly authenticated by Gilles Tremblay (Ex. 2101) and Yves Cornellier (Ex.
2103). Dr. Tremblay is a co-inventor of the 181 patent and Vice-President of
Research at Alethia, and Mr. Cornellier is President and Chief Executive Officer at
Alethia, and each party has an “interest” in the outcome of this proceeding.
However, testimony of an interested party is not sufficient to authenticate a
document offered for purposes of corroboration in a diligence inquiry. See
Microsoft Corp. v. Surfcast, Inc., IPR2013-00292, Paper 93 at 20 (citing Kridl v.
McCormick, 105 F.3d 1446, 1449 (Fed. Cir. 1997)). Because Patent Owner has not
provided evidence from an uninterested party to authenticate the alleged sequence
submissions provided by Patent Owner (Exs. 2154-2158), the documents are of
little probative weight.

3. Patent Owner has failed to establish reasonable diligence

Patent Owner provided a Diligence Chart purporting to show evidence that
Is specific both as to facts and dates during the critical period. Ex. 2105.
However, when the independent, corroborated evidence is considered, the
Diligence Chart contains multiple days on which there is no corroborated evidence
of activity to support reasonable diligence or the relevance of the alleged support is

entirely unclear. See, e.g., Ex. 2105 at 1-2.
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For example, Patent Owner’s Response attempts to establish a diligence
chronology starting at page 72. For the first set of dates in Patent Owner’s
Response, April 9-16, which are key to Patent Owner’s ability to establish
diligence began before the April 16th prior art publication date, the Response cites
solely to Patent Owner’s diligence chart. Paper 39 at 72-73, citing Ex. 2105. The
diligence chart, in turn, cites to four other exhibits: Ex. 2152, Ex. 2157, Ex. 2101,
and Ex. 2103. But the cited portions of Ex. 2152 are in French, and Patent Owner
failed to provide a translation of the supposedly relevant pages. Ex. 2157, a list of
undefined products that Patent Owner allegedly sent to the Genome Center for
sequencing, makes no reference to Siglec-15 or AB-0326. The paragraphs cited in
the diligence chart for Ex. 2101, which is Dr. Tremblay’s Declaration, fail to make
any reference to Siglec-15 or AB-0326 and do not relate the sequence submission
in Ex. 2157 to Siglec-15 or Alethia Laboratory Notebook 110 (Ex. 2152) in any
way. Ex. 2103 (Mr. Cornellier’s declaration), which was cited in its entirety, does
nothing more than attest that the submitted references are Patent Owner’s records,
and fails to indicate what they are records of, or why or how they might be
supportive of diligence. Thus, Patent Owner has not established or explained how
the cited evidence shows the activity alleged to have been performed before the

critical period. Ex. 2105 at 1.
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Patent Owner has left open gaps throughout its purported diligence period
after the ’072 prior art publication date as well. For example, Entry 007,
referencing April 17, 2009, cites laboratory notebook pages 33-35, which
compared to April 9, 2009 and April 20, 2009, respectively. But there are no pages
in the laboratory notebook dated April 17, 2005. Additionally, Entries 007 and 008
in the diligence chart cite to laboratory notebook pages that are in French (Ex.
2152 at 2), and another sequence submission (Ex. 2156) that does not state its
relationship to Siglec-15. Patent Owner provides no further explanation of the
relevance of the cited pages. Patent Owner’s naked assertions without substantive
explanation of what it is citing is insufficient to fulfill its burden of showing
diligence. Kendall, 173 F.2d at 993 (CCPA 1949) (diligence requires that
applicants must be specific as to dates and facts). See also Oracle Corp. v. Click-
To-Call Tech. LP, IPR2103-00312, Paper 52 at 19, 24-25 (a moving part must be
“specific as to facts and dates for the entire critical period during which diligence
is required”) and In re Mulder, 716 F.2d 1542, 1542-46 (Fed. Cir. 1983) (a
determination of lack of reasonable diligence, where the evidence of record was
lacking for even a two-day critical period).

It is not the responsibility of the Board (or Petitioner), to scour the record in
search of evidence relevant to a particular issue in order to make Patent Owner’s

case for it, and the Board should not have to strain to fit evidence together into a
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coherent explanation to supports Patent Owner’s argument. Corning Inc. v. DSM
IP Assets B.V., IPR2013-00049, slip op. at 14 (PTAB May 9, 2014). Because
Patent Owner has not explained the evidence it cites, it has not met its burden to
establish diligence.

V1. Patent Owner’s Derivation Assertions Are Not Only False, But Also Are
Irrelevant to the Patentability Questions in This IPR

Although completely irrelevant to the issues in this IPR, Patent Owner,
throughout its Corrected Patent Owner Response, repeatedly insinuates that
Petitioner stole or otherwise derived the subject matter of the 072 Publication
from Patent Owner. Nevertheless, because the issues raised by Patent Owner were
clearly intended to denigrate Petitioner’s reputation, Petitioner addresses them
here.

Patent Owner states that Petitioner filed its Japanese provisional application
to which the 072 Publication claims priority, just four months [114 days] after
meeting with Alethia in June 2007. Paper 39 at 61. But the first identification of
ABO0326 as Siglec-15 was not until Alethia’s PCT Publication on August 23, 2007
(Ex. 1045 at 35:10-12), and Petitioner’s provisional filing was only 49 days
thereafter. Thus, Petitioner can only conclude that these allegations were made in
bad faith as anyone reading the specification of the *072 Publication or any of its
priority documents would immediately see that the individual experiments alone

described therein took longer than 114 days.
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For instance, Example 10 of the ’072 Publication (and the Japanese
provisional application), disclose the production of rabbit anti-mouse Siglec-15
polyclonal antibodies, which takes at least 106 days (1 day for the first
immunization + 14 days x 7 for the subsequent immunizations + 7 days for blood
collection). Ex. 1023 at 95:8-9. And this does not even consider the amount of
time that would have been required to produce the antigen used in Example 10, as
discussed in Example 5 to 9 (Ex. 1023 at 82:6-94:14), or conduct the additional
experiments in Examples 11-15 with the antibodies produced in Example 10. Ex.
1023 at 95:15-102:25. Hence, Petitioner necessarily had to have been working on
this invention prior to the meeting on June 19, 2007, and certainly prior to the PCT
publication on August 23, 2007.

Accordingly, any assertion that Petitioner derived the subject matter of the
’072 Publication from Patent Owner is knowingly and demonstrably false.

VII. Conclusion

The 181 patent claims challenged in this IPR are not adequately described
or enabled by its 2006 and 2007 priority documents and therefore, are not entitled
to a priority date earlier than April 16, 2009. Accordingly, Petitioner’s 072
Publication is 102(a) prior art and Patent Owner has failed to meet its burden of
proof in showing prior conception and reasonably-diligent reduction to practice of

the claimed subject matter to successfully antedate the reference. Thus, the
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challenged claims of the *181 Patent are invalid for lack of novelty over the *072

Publication.

Respectfully submitted,

Dated: November 30, 2015 By: /Kristel Schorr/
Stephen B. Maebius
Registration No. 35,264

Kristel Schorr
Registration No. 55,600

Foley & Lardner LLP
Counsel for Petitioner
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FIGURE 3

The knockdown effects on osteoclastogenesis of the mouse orthologue
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FIGURE 4
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METHODS OF IMPAIRING OSTEOCLAST
DIFFERENTIATION USING ANTIBODIES
THAT BIND SIGLEC-15

This application is a continuation-in-part of U.S. Ser. No.
12/279,054, filed Jan. 13, 2009, now U.S. Pat. No. 7,989,160,
which is a national stage application of PCT/CA2007/000210
filed on Feb. 13, 2007, the entire content of which is incor-
porated herein by reference, which application claims the
benefit of U.S. Provisional Application Ser. No. 60/772,585
filed on Feb. 13, 2006 and U.S. Provisional Application Ser.
No. 60/816,858 filed on Jun. 28, 2006 the entire content of
which is incorporated herein by reference. This application
claims the benefit of U.S. Provisional Application Ser. No.
61/248,960 filed Oct. 6, 2009.

In accordance with 37 CFR 1.52(e)(5), a Sequence Listing
in the form of a text file (entitled “Sequence listing.txt,”
created on Dec. 28, 2009, and 160 kilobytes) is incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

This invention relates, in part, to unique and newly identi-
fied genetic polynucleotides involved in the process of bone
remodeling; variants and derivatives of the polynucleotides
and corresponding polypeptides; uses of the polynucleotides,
polypeptides, variants and derivatives; methods and compo-
sitions for the amelioration of symptoms caused by bone
remodeling disorders, including but not limited to osteoporo-
sis, osteopenia, osteomalacia, hyperparathyroidism,
hypothyroidism, hyperthyroidism, hypogonadism, thyro-
toxicosis, systemic mastocytosis, adult hypophosphatasia,
hyperadrenocorticism, osteogenesis imperfecta, Paget’s dis-
ease, Cushing’s disease/syndrome, Turner syndrome, Gau-
cher disease, Ehlers-Danlos syndrome, Marfan’s syndrome,
Menkes’ syndrome, Fanconi’s syndrome, multiple myeloma,
hypercalcemia, hypocalcemia, arthritides, periodontal dis-
ease, rickets (including vitamin D dependent, type I and II,
and x-linked hypophosphatemic rickets), fibrogenesis imper-
fecta ossium, osteosclerotic disorders such as pycnodysosto-
sis and damage caused by macrophage-mediated inflamma-
tory processes.

In particular, this invention relates to antibodies and anti-
gen binding fragments, polynucleotide expression profiles of
active osteoclasts, the isolation and identification of poly-
nucleotides, polypeptides, variants and derivatives involved
in osteoclast activity, validation of the identified polynucle-
otides for their potential as therapeutic targets and use of the
polynucleotides, polypeptides, variants and derivatives for
the amelioration of disease states and research purposes, as
well as in diagnosis of disease states or in the predisposition
to develop same.

BACKGROUND OF THE INVENTION

Bone is a dynamic connective tissue comprised of func-
tionally distinct cell populations required to support the struc-
tural, mechanical and biochemical integrity of bone and the
human body’s mineral homeostasis. The principal cell types
involved include, osteoblasts responsible for bone formation
and maintaining bone mass, and osteoclasts responsible for
bone resorption. Osteoblasts and osteoclasts function in a
dynamic process termed bone remodeling. The development
and proliferation of these cells from their progenitors is gov-
erned by networks of growth factors and cytokines produced
in the bone microenvironment as well as by systemic hor-
mones. Bone remodeling is ongoing throughout the lifetime
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of the individual and is necessary for the maintenance of
healthy bone tissue and mineral homeostasis. The process
remains largely in equilibrium and is governed by a complex
interplay of systemic hormones, peptides and downstream
signalling pathway proteins, local transcription factors,
cytokines, growth factors and matrix remodeling genes.

Any interference or imbalance arising in the bone remod-
eling process can produce skeletal disease, with the most
common skeletal disorders characterized by a net decrease in
bone mass. A primary cause of this reduction in bone mass is
an increase in osteoclast number and/or activity. The most
common of such disease, and perhaps the best known, is
osteoporosis occurring particularly in women after the onset
of menopause. In fact osteoporosis is the most significant
underlying cause of skeletal fractures in late middle-aged and
elderly women. While estrogen deficiency has been strongly
implicated as a factor in postmenopausal osteoporosis, there
is longstanding evidence that remodeling is a locally con-
trolled process being that it takes place in discrete packets
throughout the skeleton as first described by Frost over forty
years ago (Frost H. M. 1964).

Since bone remodeling takes place in discrete packets,
locally produced hormones and enzymes may be more impor-
tant than systemic hormones for the initiation of bone resorp-
tion and the normal remodeling process. Such local control is
mediated by osteoblasts and osteoclasts in the microenviron-
ment in which they operate. For example, osteoclasts attach to
the bone matrix and form a separate compartment between
themselves and the bone surface delimited by a sealing zone
formed by a ring of actin surrounding the ruffled border.
Multiple small vesicles transport enzymes toward the bone
matrix and internalize partially digested bone matrix. The
microenvironment within the sealing zone is rich with the
presence of lysosomal enzymes and is highly acidic com-
pared to the normal physiological pH of the body. The ruffled
border membrane also expresses RANK, the receptor for
RANKI, and macrophage-colony stimulating factor
(M-CSF) receptor, both of which are responsible for osteo-
clast differentiation, as well as the calcitonin receptor capable
of rapidly inactivating the osteoclast (Baron, R. 2003).

In a complex pattern of inhibition and stimulation, growth
hormone, insulin-like growth factor-1, the sex steroids, thy-
roid hormone, calciotrophic hormones such as PTH and pros-
taglandin E2, various cytokines, such as interleukin-1 beta,
interleukin-6, and tumour necrosis factor-alpha, and 1,25-
dihydroxyvitamin D (calcitriol) act co-ordinately in the bone
remodeling process (Jilka etal. 1992; Poli et al. 1994; Srivas-
tava et al. 1998; de Vemejoul 1996).

Thus, it stands to reason that the unique local environments
created by these specialized cells is due to the expression of
either unique genetic sequences not expressed in other tissues
and/or splice variants of polynucleotides and polypeptides
expressed in other tissues. The isolation and identification of
polynucleotides, polypeptides and their variants and deriva-
tives specific to osteoclast activity will permit a clearer under-
standing of the remodeling process and offer tissue specific
therapeutic targets for the treatment of disease states related
to bone remodeling.

Many diseases linked to bone remodeling are poorly under-
stood, generally untreatable or treatable only to a limited
extent. For example, osteoarthritis is difficult to treat as there
is no cure and treatment focuses on relieving pain and pre-
venting the affected joint from becoming deformed. Non-
steroidal anti-inflammatory drugs (NSAIDs) are generally
used to relieve pain.

Another example is osteoporosis where the only current
medications approved by the FDA for use in the United States
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are the anti-resorptive agents that prevent bone breakdown.
Estrogen replacement therapy is one example of an anti-
resorptive agent. Others include alendronate (Fosamax—a
biphosphonate anti-resorptive), risedronate (Actonel—a bis-
phosphonate anti-resorptive), raloxifene (Evista—selective
estrogen receptor modulator (SERM)), calcitonin (Calci-
mar—a hormone), and parathyroid hormone/teriparatide
(Forteo—a synthetic version of the human hormone, parathy-
roid hormone, which helps to regulate calcium metabolism).

Bisphosphonates such as alendronate and risedronate bind
permanently to the surface of bone and interfere with osteo-
clast activity. This allows the osteoblasts to outpace the rate of
resorption. The most common side effects are nausea,
abdominal pain and loose bowel movements. However, alen-
dronate is reported to also cause irritation and inflammation
of'the esophagus, and in some cases, ulcers of the esophagus.
Risedronate is chemically different from alendronate and has
less likelihood of causing esophagus irritation. However, cer-
tain foods, calcium, iron supplements, vitamins and minerals,
orantacids containing calcium, magnesium, or aluminum can
reduce the absorption of risedronate, thereby resulting in loss
of effectiveness.

The most common side effect of Raloxifen and other
SERMS (such as Tamoxifen) are hot flashes. However, Ral-
oxifene and other hormone replacement therapies have been
shown to increase the risk of blood clots, including deep vein
thrombosis and pulmonary embolism, cardiovascular disease
and cancer.

Calcitonin is not as effective in increasing bone density and
strengthening bone as estrogen and the other anti-resorptive
agents. Common side effects of either injected or nasal spray
calcitonin are nausea and flushing. Patients can develop nasal
irritations, a runny nose, or nosebleeds. Injectable calcitonin
can cause local skin redness at the site of injection, skin rash,
and flushing.

A situation demonstrative of the link between several dis-
orders or disease states involving bone remodeling is that of
the use of etidronate (Didronel) first approved by the FDA to
treat Paget’s disease. Paget’s disease is a bone disease char-
acterized by a disorderly and accelerated remodeling of the
bone, leading to bone weakness and pain. Didronel has been
used ‘off-label” and in some studies shown to increase bone
density in postmenopausal women with established
osteoporosis. It has also been found effective in preventing
bone loss in patients requiring long-term steroid medications
(such as Prednisone or Cortisone). However, high dose or
continuous use of Didronel can cause another bone disease
called osteomalacia. Like osteoporosis, osteomalacia can
lead to weak bones with increased risk of fractures. Because
of osteomalacia concerns and lack of enough studies yet
regarding reduction in the rate of bone fractures, the United
States FDA has not approved Didronel for the treatment of
0steoporosis.

Osteoporosis therapy has been largely focused on antire-
sorptive drugs that reduce the rate of bone loss but emerging
therapies show promise in increasing bone mineral density
instead of merely maintaining it or slowing its deterioration.
The osteoporosis early stage pipeline consists largely of drug
candidates in new therapeutic classes, in particular cathepsin
K inhibitors, osteoprotegerin and calcilytics as well as novel
bisphosphonates. Some of these are examples where novel
drugs exploiting genomics programs are being developed
based on a deeper understanding of bone biology and have the
potential to change the face of treatment of bone disorders in
the long term.

There thus remains a need to better understand the bone
remodeling process and to provide new compositions that are
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useful for the diagnosis, prognosis, treatment, prevention and
evaluation of therapies for bone remodeling and associated
disorders. A method for analysing polynucleotide expression
patterns has been developed and applied to identify poly-
nucleotides, polypeptides, variants and derivatives specifi-
cally involved in bone remodeling. Methods of identifying
compounds for modulating osteoclast differentiation were
developed and therapeutic antibodies and antigen binding
fragments against SIGLEC-15 (SEQ ID NO.:2) and against
SIGLEC-15 variants were obtained.

Sialic-acid-binding immunoglobulin-like lectins (Siglecs)
are members of the immunoglobulin (Ig) superfamily that
have the ability to interact with sialic acids (McMillan and
Crocker, 2008; Crocker et al., 2007). There are several Siglec
family members that all share specific structural features, in
particular, displaying an amino-terminal V-set g domain that
binds to sialic acid and a variable number of C2-set Ig
domains. These membrane receptors are generally expressed
in highly specific manners and many of the family members
are expressed in hematopoietic cells (McMillan and Crocker,
2008). These proteins are thought to promote cell-cell inter-
actions, mediate signaling, and regulate immune functions
through the recognition of glycans (Crocker et al., 2007).
Sialic acids are nine-carbon sugars typically located at the
ends of complex glycoconjugates on the surface of cells. They
can be attached to a wide variety of proteins and lipids (Mc-
Millan and Crocker, 2008).

Siglec-15 is one of the most recently described Siglec
family members that has a high homology to Siglec-14 (An-
gata et al., 2007). These authors reported that it preferentially
binds to sialyl Tn structure and that it interacts with DAP12
and DAP10. The functional significance of these interactions
is not known but it was proposed that Siglec-15 probably
harbors an activating function (Angata et al., 2007). A recent
publication showed that the presence of sialic acid at the end
of surface glycoconjugates was required for proper osteoclast
differentiation and were probably important for the fusion of
osteoclast precursor cells (Takahata et al., 2007). This last
observation creates a direct functional link between sialic
acid binding and the expression of Siglec-15 in differentiating
osteoclasts and strongly suggested that Siglec-15 plays a role
in the early differentiation program of osteoclast precursors.

Thus, the expression profile of Siglec-15, its strong induc-
ibility during osteoclast differentiation, its localization at the
surface of the membrane, and its structural features all con-
tribute to the feasibility of targeting this protein at the cell
surface with monoclonal antibodies. The only other example
of monoclonal antibody-based therapy that target osteoclasts
is denosumab, a human monoclonal antibody that is specific
for RANKL (Ellis et al. 2008). The present invention relates
to the use of anti-Siglec-15 antibodies or antigen binding
fragments as blockers of osteoclast differentiation and which
may be used for impairing bone loss or bone resorption in
bone-related diseases, such as cancer-induced severe bone
loss.

The present description refers to a number of documents,
the content of which is herein incorporated by reference in
their entirety.

SUMMARY OF THE INVENTION

The present invention relates in one aspect to a therapeutic
antibody and antigen binding fragments thereof which targets
SIGLEC-15 or SIGLEC-15 analogues. These antibodies or
antigen binding fragments may be advantageously recombi-
nantly expressed in a mammalian cell system.
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The present invention relates in another aspect thereof'to an
isolated antibody or antigen binding fragment capable of
binding to a polypeptide able to promote osteoclast differen-
tiation and of interfering with (e.g., inhibiting) an osteoclast
differentiation activity of the polypeptide. One such particu-
lar polypeptide may be, for example, SEQ ID NO.:2 or a
variant having at least 80% sequence identity with SEQ ID
NO.:2. The antibody or antigen binding fragment may par-
ticularly bind to the extracellular region of SEQ ID NO.:2 or
of'the SEQID NO.:2 variant. The antibody or antigen binding
fragment may thus modulate the differentiation of osteoclast
precursor cells into differentiated osteoclasts that occurs
through the SEQ ID NO.:2 or its variant.

Antibodies or antigen binding fragments that are encom-
passed by the present invention include, for example, those
that may interfere with (e.g., inhibit) the differentiation of a
human osteoclast precursor cell or more specifically, those
that may interfere with (e.g., inhibit) the differentiation of a
primary human osteoclast precursor cell.

Therefore, in accordance with the present invention, the
antibody or antigen binding fragment may be capable of
inhibiting differentiation of osteoclast precursor cells into
differentiated osteoclasts.

In an embodiment of the invention, the antibody may be,
for example, a polyclonal antibody. In another embodiment of
the invention, the antibody or antigen binding fragment may
be, for example, a monoclonal antibody or a fragment thereof.
In yet another embodiment, the antibody or antigen binding
fragment may be, for example, a chimeric antibody or a
fragment thereof. In a further embodiment, the antibody or
antigen binding fragment may be, for example, an isolated
human antibody or a fragment thereof.

The antibody or antigen binding fragment of the present
invention may be produced from an isolated mammalian cell
or by ahybridoma cell. Although hybridoma cells are encom-
passed by the present invention, the antibody or antigen bind-
ing fragment may preferably be produced in a cell other than
an hybridoma cell. The isolated mammalian cell may be, for
instance, a human cell.

An exemplary embodiment of an antibody or antigen bind-
ing fragment of the present invention is one that may com-
prise (amino acids of) a constant region of a human antibody
or a fragment thereof.

Another exemplary embodiment of an antibody or antigen
binding fragment of the present invention is one that may
comprise (amino acids of) a framework region of a human
antibody.

Antibodies or antigen binding fragments that are especially
encompassed by the present invention include those that com-
prises (amino acids of) a constant region of a human antibody
or a fragment thereof and/or those that comprises (amino
acids of) a framework region of a human antibody and that are
produced in mammalian cells, or more particularly in human
cells.

Yet other antibodies or antigen binding fragments that are
especially encompassed by the present invention include
monoclonal antibodies or those that comprises (amino acids
of) a constant region of a human antibody or a fragment
thereof and/or those that comprises (amino acids of) a frame-
work region of a human antibody and that may interfere with
(e.g., inhibit) the differentiation of human osteoclast precur-
sor cells into differentiated human osteoclast, or more par-
ticularly those that may interfere with (e.g., inhibit) the dif-
ferentiation of primary human osteoclast precursor cells into
differentiated human osteoclast.

Yet further antibodies or antigen binding fragments that are
especially encompassed by the present invention include
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6

monoclonal antibodies or those that comprises (amino acids
of) a constant region of a human antibody or a fragment
thereof and/or those that comprises (amino acids of) a frame-
work region of a human antibody and that may interfere with
(e.g., inhibit) the differentiation of human osteoclast precur-
sor cells into differentiated human osteoclast, or more par-
ticularly those that may interfere with (e.g., inhibit) the dif-
ferentiation of primary human osteoclast precursor cells into
differentiated human osteoclast and that are produced in
mammalian cells, or more particularly in human cells.

Exemplary embodiments of antigen binding fragments
include, for example, a FV (e.g., scFv), a Fab, a Fab' or a
(Fab'),.

In accordance with the present invention, the antibody or
antigen binding fragment may comprise (amino acids of)
constant region from an IgG1, IgG2, IgG3, or IgG4. More
particularly, the (amino acids of) the constant region may be
from an IgG2.

The present invention also provides in a further aspect, a
pharmaceutical composition which may comprise an anti-
body or antigen binding fragment of the present invention and
a pharmaceutically acceptable carrier.

More specifically, the present invention provides a phar-
maceutical composition which may comprise:

a. an isolated antibody or antigen binding fragment that
may be capable of binding to a polypeptide able to
promote osteoclast differentiation and of interfering
with (e.g., inhibiting, impairing) an osteoclast differen-
tiation activity of the polypeptide such as a polypeptide
which may be selected from the group consisting of SEQ
ID NO.:2 and a variant having at least 80% sequence
identity with SEQ ID NO.:2, and;

b. a pharmaceutically acceptable carrier.

The pharmaceutical composition may thus comprise an
antibody or antigen binding fragment that may impair (inter-
fere with) the differentiation of osteoclast precursor cells into
differentiated osteoclasts promoted by SEQ ID NO.:2 or its
variant.

Exemplary embodiments of antibodies or antigen binding
fragments that are encompassed by the present invention,
include for example, a polyclonal antibody, a monoclonal
antibody, a chimeric antibody, a human antibody or a frag-
ment thereof.

Exemplary embodiments of pharmaceutical compositions
are those which comprises an antibody or antigen binding
fragment that is produced from an isolated mammalian cell
such as a human cell.

Exemplary embodiments of pharmaceutical compositions
are those which comprises an antibody or antigen binding
fragment that may interfere with the differentiation of human
osteoclast precursor cells into differentiated osteoclasts.

Other exemplary embodiments of pharmaceutical compo-
sitions are those which comprises an antibody or antigen
binding fragment that may interfere with the differentiation
of primary human osteoclast precursor cells into differenti-
ated osteoclasts.

Yet other exemplary embodiments of pharmaceutical com-
positions are those which comprises an antibody or antigen
binding fragment that interfere with the differentiation of
human osteoclast precursor cells (e.g., primary human osteo-
clast precursors cells) into differentiated osteoclasts and that
are produced in mammalian cells (e.g., human cells).

In an additional aspect, the present invention provides an
isolated cell which may comprise (e.g., that has been injected
or transformed or else), that is capable of expressing or that
may express an antibody or antigen binding fragment of the
present invention. In accordance with the present invention,
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the isolated cell may be, for instance a mammalian cell. In a
more specific embodiment, the isolated cell may be, for
example, a human cell.

In yet an additional aspect, the present invention relates to
amethod of modulating (i.e., inhibiting, lowering, impairing)
osteoclast differentiation in a mammal in need, the method
may comprise administering the antibody or antigen binding
fragment of the present invention.

In an exemplary embodiment, the invention provides a
method of modulating (i.e., inhibiting, lowering, impairing)
osteoclast differentiation in a mammal in need, the method
may comprise administering an antibody or antigen binding
fragment that may be capable of modulating the differentia-
tion of an osteoclast precursor cell (e.g., human osteoclast
precursor cell, human primary osteoclast precursor cell) into
a differentiated osteoclast.

In another exemplary embodiment, the invention provides
amethod of modulating (i.e., inhibiting, lowering, impairing)
osteoclast differentiation in a mammal in need, the method
may comprise administering an antibody or antigen binding
fragment that may be capable of modulating the differentia-
tion of an osteoclast precursor cell (e.g., human osteoclast
precursor cell, human primary osteoclast precursor cell) into
a differentiated osteoclast and that is produced in mammalian
cells (e.g., human cell).

In yet another exemplary embodiment, the invention pro-
vides a method of modulating (i.e., inhibiting, lowering,
impairing) osteoclast differentiation in a mammal in need, the
method may comprise administering an antibody or antigen
binding fragment that is capable of modulating (i.e., inhibit-
ing, lowering, impairing) the differentiation of an osteoclast
precursor cell (e.g., human osteoclast precursor cell, human
primary osteoclast precursor cell) into a differentiated osteo-
clast, where the antibody or antigen binding fragment may
comprise, for example, a monoclonal antibody or a fragment
thereof or that may comprise (amino acids) of a human con-
stant region or a fragment thereof, and/or amino acids of a
framework region of a human antibody. Such antibodies or
antigen binding fragments include those that are produced in
mammalian cells (e.g., human cell).

The antibody or antigen binding fragment of the present
invention may thus be administered to a mammal (e.g.,
human) which may suffer from undesirable (e.g., excessive)
bone loss or bone resorption. The antibody or antigen binding
fragment may thus be particularly useful to treat bone loss or
bone resorption in patients suffering or susceptible of suffer-
ing from a condition selected from the group consisting of
osteoporosis, osteopenia, osteomalacia, hyperparathyroid-
ism, hyperthyroidism, hypogonadism, thyrotoxicosis, sys-
temic mastocytosis, adult hypophosphatasia, hyperadreno-
corticism, osteogenesis imperfecta, Paget’s disease,
Cushing’s disease/syndrome, Tumer syndrome, Gaucher dis-
ease, Ehlers-Danlos syndrome, Marfan’s syndrome, Menkes’
syndrome, Fanconi’s syndrome, multiple myeloma, hyper-
calcemia, hypocalcemia, arthritides, periodontal disease,
rickets (including vitamin D dependent, type I and II, and
x-linked hypophosphatemic rickets) or other form of vitamin
D deficiency such as vitamin D deficiency associated with
chronic kidney disease or kidney failure, fibrogenesis imper-
fecta ossium, osteosclerotic disorders such as pycnodysosto-
sis and damage caused by macrophage-mediated inflamma-
tory processes.

The present invention also provides in a further aspect, a
method of identifying an therapeutic antibody or antigen
binding fragment able to impair an osteoclast differentiation
activity of a polypeptide such as, for example, SEQ ID NO.:2
or a variant having at least 80% sequence identity with SEQ
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ID NO.:2. The method may comprise contacting the polypep-
tide or a cell expressing the polypeptide with a candidate
antibody or antigen binding fragment and measuring the
activity of the polypeptide. A reduction in the osteoclast dif-
ferentiation activity (in the presence of antibody or antibody
fragment in comparison with the absence of antibody or anti-
body fragment) may thus positively identify an inhibitory
antibody or antigen binding fragment.

The present invention also relates in a further aspect to an
antibody or antigen binding fragment which may be capable
of inhibiting differentiation of an osteoclast precursor cell
into an osteoclast and which may be obtained by the method
of providing an antibody or antigen binding fragment able to
bind to the polypeptide described herein (SEQ ID NO.:2 or to
a variant having at least 80% sequence identity with SEQ ID
NO.:2) to an osteoclast precursor cell and inducing differen-
tiation. A reduced osteoclast differentiation (in the presence
of antibody or antibody fragment in comparison with the
absence of antibody or antibody fragment) may thus posi-
tively identify an antibody or antigen binding fragment which
may be capable of inhibiting differentiation of an osteoclast
precursor cell into an osteoclast.

The present invention also relates to an isolated antibody or
antigen binding fragment which may be capable of specific
binding to SEQ ID NO.:2 or to a variant having at least 80%
sequence identity with SEQ ID NO.:2 and of inhibiting a
resorptive activity of an osteoclast.

The invention also provides a method of generating an
antibody or antigen binding fragment which may be capable
of inhibiting differentiation of an osteoclast precursor cell
(into an osteoclast) or of inhibiting a resorptive activity of an
osteoclast. The method may comprise administering SEQ ID
NO.:2, a variant having at least 80% identity with SEQ ID
NO.:2 or a fragment of at least 10 amino acids thereof;, to a
mammal (e.g., especially an animal) under conditions allow-
ing for the production of antibodies (under conditions which
induces humoral immunity). The method may also comprise
isolating or purifying the antibody or antigen binding frag-
ment from the mammal.

The invention additionally provides an antibody or antigen
binding fragment that comprises at least one CDRLI,
CDRL2, CDRL3, CDRHI1, CDRH2 and/or CDRH3
described herein. Identification of CDRs in a light chain or
heavy chain may be made in accordance with the Kabat or
Chotia method or by other methods known in the art

In an exemplary embodiment, the antibody or antigen
binding fragment may comprise any individual CDR or a
combination of CDR1, CDR2 and/or CDR3 of'the light chain
variable region. The CDR3 may more particularly be
selected. Combination may include for example, CDRL1 and
CDRL3; CDRL1 and CDRL2; CDRL2 and CDRL3 and,
CDRL1, CDRL2 and CDRL3.

In another exemplary embodiment, the antibody or antigen
binding fragment may comprise any individual CDR or a
combination of CDR1, CDR2 and/or CDR3 of the heavy
chain variable region. The CDR3 may more particularly be
selected. Combination may include for example, CDRH1 and
CDRH3; CDRHI and CDRH2; CDRH2 and CDRH3 and,
CDRH1, CDRH2 and CDRH3.

In accordance with the present invention, the antibody or
antigen binding fragment may comprise at least two CDRs of
a CDRL1, a CDRL2 or a CDRL3.

Also in accordance with the present invention, the antibody
or antigen binding fragment may comprise one CDRL1, one
CDRL2 and one CDRL3.
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In accordance with the present invention, the antibody or
antigen binding fragment may comprise at least two CDRs of
a CDRH1, a CDRH2 or a CDRH3.

Also in accordance with the present invention, the antibody
or antigen binding fragment may comprise one CDRHI, one
CDRH2 and one CDRH3.

Further in accordance with the present invention, the anti-
body or antigen binding fragment may comprise:

a. Atleasttwo CDRs ofaCDRL1, CDRL2 or CDRL3 and;

b. At least two CDRs of a CDRH1, one CDRH2 or one

CDRH3.

The antibody or antigen binding fragment may more pref-
erably comprise one CDRL1, one CDRL2 and one CDRL3.

The antibody or antigen binding fragment may also more
preferably comprise one CDRHI1, one CDRH2 and one
CDRH3.

The invention further provides antibody or antigen binding
fragment that comprises amino acids of the light chain vari-
able region and/or of the heavy chain variable region
described herein.

The present invention relates to polynucleotides compris-
ing sequences involved in the process of bone remodeling, the
open reading frame of such sequences, substantially identical
sequences (e.g., variants (e.g., allelic variant), non human
orthologs), substantially complementary sequences and frag-
ments of any one of the above thereof.

The present invention relates to polypeptide comprising
sequences involved in the process of bone remodeling includ-
ing biologically active analogs and biologically active frag-
ments thereof. The present invention also relates to compo-
sitions that are useful for the diagnosis, prognosis, treatment,
prevention and/or evaluation of therapies for bone remodel-
ing and associated disorders.

In addition, the present invention relates to a method for
analyzing polynucleotide expression patterns, and applied in
the identification of polynucleotides, polypeptides, variants
and derivatives specifically involved in bone remodeling.

The present invention relates to polynucleotide expression
profiles of osteoclasts, the isolation and identification of poly-
nucleotides, their corresponding polypeptides, variants and
derivatives involved in osteoclast activity, validation of these
identified elements for their potential as therapeutic targets
and use of said polynucleotides, polypeptides, variants and
derivatives for the amelioration of disease states.

Itis an object of the present invention to provide polynucle-
otides and/or related polypeptides that have been isolated and
identified. More specifically, the invention provides (isolated
or substantially purified) polynucleotides comprising or con-
sisting of any one of SEQ ID NO.:1, its coding sequence
(open reading frame) substantially identical sequence (e.g.,
variants, orthologs (e.g., SEQ ID NO.:3; SEQ ID NO.:107)),
substantially complementary sequences and related polypep-
tides comprising any one of SEQ ID NO.:2, SEQ ID NO.:4 or
SEQ ID NO.:108 which have been shown to be upregulated in
a highly specific fashion in osteoclasts.

NSEQ refers generally to polynucleotide sequences of the
present invention and includes for example, SEQ. ID. NO.:1,
SEQ ID NO.:3 and SEQ ID NO.:107 whereas PSEQ refers
generally to polypeptide sequences of the present invention
and includes, for example, SEQ ID NO.:2 or aSEQ ID NO.:2
variant (including SEQ ID NO.:4 and SEQ ID NO.:108). Of
course it will be understood that NSEQ also encompasses
polynucleotide sequences which are designed or derived from
SEQ. ID. NO.:1, SEQ ID NO.:3 or and SEQ ID NO.:107
including for example, their coding sequence, complemen-
tary sequences etc.
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As used herein the term “NSEQ” refers generally to poly-
nucleotides sequences comprising or consisting of any one of
SEQ.ID.NO.:1,SEQID NO.:3,0r SEQID NO.:107 (e.g., an
isolated form) or comprising or consisting of a fragment of
any one of SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107. The term “NSEQ” more particularly refers to a
polynucleotide sequence comprising or consisting of a tran-
scribed portion of any one of SEQ. ID. NO.:1, SEQ ID NO.:3
or SEQ ID NO.:107, which may be, for example, free of
untranslated or untranslatable portion(s) (i.e., a coding por-
tion of any one of SEQ ID No.:1, SEQ ID NO.:3 or SEQ ID
NO.:107). The term “NSEQ” additionally refers to a
sequence substantially identical to any one of the above and
more particularly substantially identical to polynucleotide
sequence comprising or consisting of a transcribed portion of
any one of SEQ. ID. Nos.: 1 or 3, which may be, for example,
free of untranslated or untranslatable portion(s). The term
“NSEQ” additionally refers to a polynucleotide sequence
region of any one of SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ
ID NO.:107 which encodes or is able to encode a polypeptide.
The term “NSEQ” also refers to a polynucleotide sequence
able of encoding any one of the polypeptides described herein
ora polypeptide fragment of any one of the above. Finally, the
term “NSEQ” also comprise a sequence substantially
complementary to any one of the above.

The term “inhibitory NSEQ” generally refers to a sequence
substantially complementary to any one of SEQ. ID. NO.:1,
SEQ ID NO.: 3 or SEQ ID NO.:107, substantially comple-
mentary to a fragment of any one of SEQ. ID. NO.:1, SEQ ID
NO.:3 or SEQ ID NO.:107, substantially complementary to a
sequence substantially identical to SEQ. ID. NO.:1, SEQ ID
NO.:3 or SEQ ID NO.:107 and more particularly, substan-
tially complementary to a transcribed portion of any one of
SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID NO.:107 (e.g.,
which may be free of unstranslated or untranslatable portion)
and which may have attenuating or even inhibitory action
against the transcription of a mRNA or against expression of
a polypeptide encoded by a corresponding SEQ ID NO.:1,
SEQ ID NO.:3 or SEQ ID NO.:107. Suitable “inhibitory
NSEQ” may have for example and without limitation from
about 10 to about 30 nucleotides, from about 10 to about 25
nucleotides or from about 15 to about 20 nucleotides. As used
herein the term “nucleotide” means deoxyribonucleotide or
ribonucleotide. In an exemplary embodiment, the use of
nucleotide analogues is also encompassed in the present
invention.

The present invention relates in one aspect thereof to an
isolated polynucleotide sequence having at least from about
80% to about 100% (e.g., 80%, 90%, 95%, etc.) sequence
identity to a polynucleotide sequence selected from the group
consisting of polynucleotides comprising (a) any one of a
SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID NO.:107; (b) an
open reading frame of (a); (¢) a full complement of (a) or (b),
and; (d) a fragment of any one of (a) to (¢).

As used herein the term “unstranscribable region” may
include for example, a promoter region (or portion thereof),
silencer region, enhancer region etc. of a polynucleotide
sequence.

As used herein the term “unstranslatable region” may
include for example, an initiator portion of a polynucleotide
sequence (upstream of an initiator codon, e.g., AUG), intronic
regions, stop codon and/or region downstream of a stop codon
(including polyA tail, etc.).

Complements of the isolated polynucleotide sequence
encompassed by the present invention may be those, for
example, which hybridize under high stringency conditions
to any of the nucleotide sequences in (a), or (b). The high
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stringency conditions may comprise, for example, a hybrid-
ization reaction at 65° C. in 5xSSC, 5xDenhardt’s solution,
1% SDS, and 100 pg/ml denatured salmon sperm DNA.

In accordance with the present invention, the polynucle-
otide sequence may be used, for example, in the treatment of
diseases or disorders involving bone remodeling.

Fragments of polynucleotides may be used, for example, as
probes for determining the presence of the isolated poly-
nucleotide (or its complement or fragments thereof) in a
sample, cell, tissue, etc. for experimental purposes or for the
purpose of diagnostic of a diseases or disorders involving
bone remodeling.

The present invention also relates to a combination com-
prising a plurality of polynucleotides (substantially purified
and/or isolated). The polynucleotides may be co-expressed
with one or more genes known to be involved in bone remod-
eling. Furthermore, the plurality of polynucleotides may be
selected, for example, from the group consisting of a poly-
nucleotide comprising (a) any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107; (b) an open reading frame of
(a); (c)apolynucleotide sequence comprising or consisting of
a transcribed portion of any one of SEQ. ID. NO.:1, SEQ ID
NO.:3 or SEQ ID NO.:107, which may be, for example, free
of'untranslated or untranslatable portion(s) (d) a complemen-
tary sequence of any one of (a) to (¢); (e) a sequence that
hybridizes under high stringency conditions to any one of the
nucleotide sequences of (a) to (d) and; (f) fragments of any
one of (a) to (e).

The present invention further relates to a polynucleotide
encoding any one of the polypeptides described herein. In
accordance with the present invention, the polynucleotide
(RNA, DNA, etc.) may encode a polypeptide which may be
selected from the group consisting of any one of SEQ ID
NO.:2 or a SEQ ID NO.:2 analogue such as, for example,
SEQ ID NO.:4 or SEQ ID NO.:108, or fragments thereof
(e.g., biologically active fragments, immunologically active
fragments, etc.).

The present invention also relates to an isolated nucleic
acid molecule comprising the polynucleotides of the present
invention, operatively linked to a nucleotide sequence encod-
ing a heterologous polypeptide thereby encoding a fusion
polypeptide.

The invention further relates to a polypeptide encoded by a
polynucleotide of SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107 or more particularly from the open reading frame of
any one of SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107, or a portion thereof. The invention also comprises
the product of a gene that is co-expressed with one or more
genes known to be involved in bone remodeling.

Isolated naturally occurring allelic variant are also encom-
passed by the present invention as well as synthetic variants
(e.g., made by recombinant DNA technology or by chemical
synthesis, etc.) such as biologically active variant which may
comprise one or more amino acid substitutions (compared to
a naturally occurring polypeptide), such as conservative or
non conservative amino acid substitution.

The present invention, further provides a vector (mamma-
lian, bacterial, viral, etc.) comprising the polynucleotides
described herein or fragments thereof, such as an expression
vector. The vector may further comprise a nucleic acid
sequence which may help in the regulation of expression of
the polynucleotide and/or a nucleotide sequence encoding a
tag (e.g., affinity tag; HA, GST, His etc.).

In accordance with the present invention, an expression
vector may comprise, for example, the following operatively
linked elements:
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a) a transcription promoter;

b) apolynucleotide segment (which may comprise an open
reading frame of any one of SEQ ID NO.:1, SEQ ID
NO.:3 or SEQ ID NO.:107); and

¢) a transcription terminator.

The invention also relates to an expression vector compris-
ing a polynucleotide described herein, a host cell transformed
with the expression vector and a method for producing a
polypeptide of the present invention.

The invention further relates to a vector comprising a poly-
nucleotide or polynucleotide fragment. Vectors which may
comprise a sequence substantially complementary to the
polynucleotides of the present invention (e.g., siRNA,
shRNA) are thus encompassed by the present invention. The
vector may comprise sequences enabling transcription of the
polynucleotide or polynucleotide fragment.

More particularly, the present invention therefore provides
a cell which may be genetically engineered to contain and/or
to express the polynucleotide (including complements and
fragments) and/or polypeptides of the present invention. The
cell may be, for example, a mammalian cell, an insect cell, a
bacteria cell, etc.

The present invention therefore provides a host cell which
may comprise a vector as described herein. The cell may be,
for example, a mammalian cell, an insect cell, a bacteria, etc.
The cell may be able to express or expresses a polypeptide
encoded by the polynucleotide described herein.

Methods of producing the polypeptides of the present
invention encompassed herewith includes for example, cul-
turing the cell in conditions allowing the transcription of a
gene or expression of the polypeptide. The polypeptide may
be recovered, for example, from cell lysate or from the cell
supernatant.

The invention relates to the use of at least one polynucle-
otide comprising any one of SEQ. ID. NO.:1, SEQ ID NO.:3
or SEQ ID NO.:107 their coding sequence, substantially
identical sequences, substantially complementary sequences
or fragments thereof on an array. The array may be used in a
method for diagnosing a bone remodeling disease or disorder
by hybridizing the array with a patient sample under condi-
tions to allow complex formation, detecting complex forma-
tion, and comparing the amount of complex formation in the
patient sample to that of standards for normal and diseased
tissues wherein the complex formation in the patient sample
indicates the presence of a bone remodeling disease or disor-
der. Of course, the use of a polynucleotide of the present
invention in a diagnosis method is not dependent exclusively
by way of a specific assay. The sequence or sequences may be
used in conventionally used diagnosis methods known in the
art.

The present invention also relates to a method of amelio-
rating bone remodeling disease or disorder symptoms, or for
inhibiting or delaying bone disease or disorder, the method
may comprise: contacting a compound capable of specifically
inhibiting activity or expression of a polynucleotide sequence
described herein or a polypeptide described herein, in osteo-
clasts so that symptoms of the bone remodeling disease or
disorder may be ameliorated, or the disease or disorder may
be prevented, delayed or lowered.

The present invention further relates to a method for ame-
liorating bone remodeling disease or disorder symptoms, or
for inhibiting or delaying bone disease or disorder, the
method may comprise: contacting a compound capable of
specifically promoting activity or expression of a polynucle-
otide sequence described herein or a polypeptide described
herein, in osteoclasts so that symptoms of the bone remodel-
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ing disease or disorder may be ameliorated, or the disease or
disorder may be prevented, delayed or lowered.

The present invention also relates to a method of treating a
condition in a mammal characterized by a deficiency in, or
need for, bone growth or replacement and/or an undesirable
level of bone resorption, which method may comprise admin-
istering to a mammalian subject in need of such treatment an
effective amount of a suitable compound described herein.

The present invention further relates to a method of using a
polynucleotide sequence described herein, a polypeptide
described herein on an array and for the use of the array in a
method for diagnosing a bone remodeling disease or disorder
by hybridizing the array with a patient sample under condi-
tions to allow complex formation, detecting complex forma-
tion, and comparing the amount of complex formation in the
patient sample to that of standards for normal and diseased
tissues wherein the complex formation in the patient sample
may indicate the presence of a bone remodeling disease or
disorder.

In accordance with the present invention, the polynucle-
otide sequence described herein may be used for somatic cell
gene therapy or for stem cell gene therapy.

The invention also relates to a pharmaceutical composition
comprising a polynucleotide described herein or a polypep-
tide encoded by the selected polynucleotide or portion thereof
and a suitable pharmaceutical carrier.

Additionally, the invention relates to products, composi-
tions, processes and methods that comprise a polynucleotide
described herein, a polypeptide encoded by the polynucle-
otides, a portion thereof, their variants or derivatives, for
research, biological, clinical and therapeutic purposes.

The NSEQs and PSEQs may be used in diagnosis, prog-
nosis, treatment, prevention, and selection and evaluation of
therapies for diseases and disorders involving bone remodel-
ing including, but not limited to, osteoporosis, osteopenia,
osteomalacia, hyperparathyroidism, hyperthyroidism, hyper-
thyroidism, hypogonadism, thyrotoxicosis, systemic masto-
cytosis, adult hypophosphatasia, hyperadrenocorticism,
osteogenesis imperfecta, Paget’s disease, Cushing’s disease/
syndrome, Tumer syndrome, Gaucher disease, Ehlers-Danlos
syndrome, Marfan’s syndrome, Menkes’ syndrome, Fanco-
ni’s syndrome, multiple myeloma, hypercalcemia, hypocal-
cemia, arthritides, periodontal disease, rickets (including
vitamin D dependent, type I and II, and x-linked hypophos-
phatemic rickets), fibrogenesis imperfecta ossium, osteoscle-
rotic disorders such as pycnodysostosis and damage caused
by macrophage-mediated inflammatory processes.

Use of NSEQ as a Screening Tool

The polynucleotides obtained by the present invention may
be used to detect and isolate expression products, for
example, mRNA, complementary DNAs (cDNAs) and pro-
teins derived from or homologous to the NSEQs. In one
embodiment, the expression of mRNAs homologous to the
NSEQs of the present invention may be detected, for
example, by hybridization analysis, reverse transcription and
in vitro nucleic acid amplification methods. Such procedures
permit detection of mRNAs in a variety of tissue types or at
different stages of development. The subject nucleic acids
which are expressed in a tissue-specific or a developmental-
stage-specific manner are useful as tissue-specific markers or
for defining the developmental stage of a sample of cells or
tissues that may define a particular disease state. One of skill
in the art may readily adapt the NSEQs for these purposes.

Those skilled in the art will also recognize that the NSEQs
and its expression products such as cDNA nucleic acids and
genomic DNA may be used to prepare short oligonucleotides
sequences. For example, oligonucleotides having ten to
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twelve nucleotides or more may be prepared which hybridize
specifically to the present NSEQs and ¢cDNAs and allow
detection, identification and isolation of unique nucleic
sequences by hybridization. Sequences of for example, at
least 15-20 nucleotides may be used and selected from
regions that lack homology to other known sequences.
Sequences of 20 or more nucleotides that lack suchhomology
show an increased specificity toward the target sequence.
Useful hybridization conditions for probes and primers are
readily determinable by those of skill in the art. Stringent
hybridization conditions encompassed herewith are those
that may allow hybridization of nucleic acids that are greater
than 90% homologous but which may prevent hybridization
of nucleic acids that are less than 70% homologous. The
specificity of a probe may be determined by whether it is
made from a unique region, a regulatory region, or from a
conserved motif. Both probe specificity and the stringency of
diagnostic hybridization or amplification (maximal, high,
intermediate, or low) reactions may be determined whether
the probe identifies exactly complementary sequences, allelic
variants, or related sequences. Probes designed to detect
related sequences may have at least 50% sequence identity to
any of the selected polynucleotides.

It is to be understood herein that the NSEQs (including
substantially identical sequences and fragments thereof) may
hybridize to a substantially complementary sequence found
in a test sample. Additionally, a sequence substantially
complementary to NSEQ may bind a NSEQ found in a test
sample.

Furthermore, a probe may be labelled by any procedure
known in the art, for example by incorporation of nucleotides
linked to a “reporter molecule”. A “reporter molecule”, as
used herein, may be a molecule that provides an analytically
identifiable signal allowing detection of a hybridized probe.
Detection may be either qualitative or quantitative. Com-
monly used reporter molecules include fluorophores,
enzymes, biotin, chemiluminescent molecules, biolumines-
cent molecules, digoxigenin, avidin, streptavidin or radioiso-
topes. Commonly used enzymes include horseradish peroxi-
dase, alkaline phosphatase, glucose oxidase and
[-galactosidase, among others. Enzymes may be conjugated
to avidin or streptavidin for use with a biotinylated probe.
Similarly, probes may be conjugated to avidin or streptavidin
for use with a biotinylated enzyme. Incorporation of a
reporter molecule into a DNA probe may be by any method
known to the skilled artisan, for example by nick translation,
primer extension, random oligo priming, by 3' or 5' end label-
ing or by other means. In addition, hybridization probes
include the cloning of nucleic acid sequences into vectors for
the production of mRNA probes. Such vectors are known in
the art, are commercially available, and may be used to syn-
thesize RNA probes in vitro. The labelled polynucleotide
sequences may be used in Southern or northern analysis, dot
blot, or other membrane-based technologies; in PCR tech-
nologies; and in micro arrays utilizing samples from subjects
to detect altered expression. Oligonucleotides useful as
probes for screening of samples by hybridization assays or as
primers for amplification may be packaged into kits. Such kits
may contain the probes or primers in a pre-measured or pre-
determined amount, as well as other suitably packaged
reagents and materials needed for the particular hybridization
or amplification protocol. In another embodiment, the inven-
tion entails a substantially purified polypeptide encoded by
the polynucleotides of NSEQs, polypeptide analogs or
polypeptide fragments thereof. The polypeptides whetherin a
premature, mature or fused form, may be isolated from lysed
cells, or from the culture medium, and purified to the extent
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needed for the intended use. One of skill in the art may readily
purity these proteins, polypeptides and peptides by any avail-
able procedure. For example, purification may be accom-
plished by salt fractionation, size exclusion chromatography,
ion exchange chromatography, reverse phase chromatogra-
phy, affinity chromatography and the like.

Use of NSEQ for Development of an Expression System

In order to express a biologically active polypeptide,
NSEQ, or derivatives thereof, may be inserted into an expres-
sion vector, i.e., a vector that contains the elements for tran-
scriptional and translational control of the inserted coding
sequence in a particular host. These elements may include
regulatory sequences, such as enhancers, constitutive and
inducible promoters, and 5' and 3' un-translated regions.
Methods that are well known to those skilled in the art may be
used to construct such expression vectors. These methods
include in vitro recombinant DNA techniques, synthetic tech-
niques, and in vivo genetic recombination.

A variety of expression vector/host cell systems known to
those of skill in the art may be utilized to express NSEQ.
These include, but are not limited to, microorganisms such as
bacteria transformed with recombinant bacteriophage, plas-
mid, or cosmid DNA expression vectors; yeast transformed
with yeast expression vectors; insect cell systems infected
with baculovirus vectors; plant cell systems transformed with
viral or bacterial expression vectors; or animal cell systems.
For long-term production of recombinant proteins in mam-
malian systems, stable expression in cell lines may be
effected. For example, NSEQ may be transformed into cell
lines using expression vectors that may contain viral origins
of replication and/or endogenous expression elements and a
selectable or visible marker gene on the same or on a separate
vector. The invention is not to be limited by the vector or host
cell employed.

In general, host cells that contain NSEQ and that express a
polypeptide encoded by the NSEQ, or a portion thereof, may
beidentified by a variety of procedures known to those of' skill
in the art. These procedures include, but are not limited to,
DNA-DNA or DNA-RNA hybridizations, PCR amplifica-
tion, and protein bioassay or immunoassay techniques that
include membrane, solution, or chip based technologies for
the detection and/or quantification of nucleic acid or amino
acid sequences. Immunological methods for detecting and
measuring the expression of polypeptides using either spe-
cific polyclonal or monoclonal antibodies are known in the
art. Examples of such techniques include enzyme-linked
immunosorbent assays (ELISAs), radioimmunoassays
(RIAs), and fluorescence activated cell sorting (FACS).
Those of skill in the art may readily adapt these methodolo-
gies to the present invention.

The present invention additionally relates to a bioassay for
evaluating compounds as potential antagonists of the
polypeptide described herein, the bioassay may comprise:

a) culturing test cells in culture medium containing
increasing concentrations of at least one compound
whose ability to inhibit the action of a polypeptide
described herein is sought to be determined, wherein the
test cells may contain a polynucleotide sequence
described herein (for example, in a form having
improved trans-activation transcription activity, relative
to wild-type polynucleotide, and comprising a response
element operatively linked to a reporter gene); and there-
after

b) monitoring in the cells the level of expression of the
product of the reporter gene as a function of the concen-
tration of the potential antagonist compound in the cul-
ture medium, thereby indicating the ability of the poten-
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tial antagonist compound to inhibit activation of the
polypeptide encoded by, the polynucleotide sequence
described herein.

The present invention further relates to a bioassay for
evaluating compounds as potential agonists for a polypeptide
encoded by the polynucleotide sequence described herein,
the bioassay may comprise:

a) culturing test cells in culture medium containing
increasing concentrations of at least one compound
whose ability to promote the action of the polypeptide
encoded by the polynucleotide sequence described
herein is sought to be determined, wherein the test cells
may contain a polynucleotide sequence described herein
(for example, in a form having improved trans-activa-
tion transcription activity, relative to wild-type poly-
nucleotide, and comprising a response element opera-
tively linked to a reporter gene); and thereafter

b) monitoring in the cells the level of expression of the
product of the reporter gene as a function of the concen-
tration of the potential agonist compound in the culture
medium, thereby indicating the ability of the potential
agonist compound to promote activation of a polypep-
tide encoded by the polynucleotide sequence described
herein.

Host cells transformed with NSEQ may be cultured under
conditions for the expression and recovery of the polypeptide
from cell culture. The polypeptide produced by a transgenic
cell may be secreted or retained intracellularly depending on
the sequence and/or the vector used. As will be understood by
those of skill in the art, expression vectors containing NSEQ
may be designed to contain signal sequences that direct secre-
tion of the polypeptide through a prokaryotic or eukaryotic
cell membrane. Due to the inherent degeneracy of the genetic
code, other DNA sequences that encode substantially the
same or a functionally equivalent amino acid sequence may
be produced and used to express the polypeptide encoded by
NSEQ. The nucleotide sequences of the present invention
may be engineered using methods generally known in the art
in order to alter the nucleotide sequences for a variety of
purposes including, but not limited to, modification of the
cloning, processing, and/or expression of the gene product.
DNA shuffling by random fragmentation and PCR reassem-
bly of gene fragments and synthetic oligonucleotides may be
used to engineer the nucleotide sequences. For example, oli-
gonucleotide-mediated site-directed mutagenesis may be
used to introduce mutations that create new restriction sites,
alter glycosylation patterns, change codon preference, pro-
duce splice variants, and so forth.

In addition, a host cell strain may be chosen for its ability to
modulate expression of the inserted sequences or to process
the expressed polypeptide in the desired fashion. Such modi-
fications of the polypeptide include, but are not limited to,
acetylation, carboxylation, glycosylation, phosphorylation,
lipidation, and acylation. Post-translational processing,
which cleaves a “prepro” form of the polypeptide, may also
be used to specify protein targeting, folding, and/or activity.
Different host cells that have specific cellular machinery and
characteristic mechanisms for post-translational activities
(e.g., CHO, Hel.a, MDCK, HEK293, and W138) are avail-
able commercially and from the American Type Culture Col-
lection (ATCC) and may be chosen to ensure the correct
modification and processing of the expressed polypeptide.

Those of skill in the art will readily appreciate that natural,
modified, or recombinant nucleic acid sequences may be
ligated to a heterologous sequence resulting in translation of
a fusion polypeptide containing heterologous polypeptide
moieties in any of the aforementioned host systems. Such
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heterologous polypeptide moieties may facilitate purification
of fusion polypeptides using commercially available affinity
matrices. Such moieties include, but are not limited to, glu-
tathione S-transferase (GST), maltose binding protein,
thioredoxin, calmodulin binding peptide, 6-His (His), FLAG,
c-myc, hemaglutinin (HA), and monoclonal antibody
epitopes.

In yet a further aspect, the present invention relates to an
isolated polynucleotide which may comprise a nucleotide
sequence encoding a fusion protein, the fusion protein may
comprise a fusion partner fused to a peptide fragment of a
protein encoded by, or a naturally occurring allelic variant
polypeptide encoded by, the polynucleotide sequence
described herein.

Those of skill in the art will also readily recognize that the
nucleic acid and polypeptide sequences may be synthesized,
in whole or in part, using chemical or enzymatic methods well
known in the art. For example, peptide synthesis may be
performed using various solid-phase techniques and
machines such as the ABI 431A Peptide synthesizer (PE
Biosystems) may be used to automate synthesis. If desired,
the amino acid sequence may be altered during synthesis
and/or combined with sequences from other proteins to pro-
duce a variant protein.

Use of NSEQ as a Diagnostic Screening Tool

The skilled artisan will readily recognize that NSEQ may
be used for diagnostic purposes to determine the absence,
presence, or altered expression (i.e. increased or decreased
compared to normal) of the gene. The polynucleotides may be
at least 10 nucleotides long or at least 12 nucleotides long or
at least 15 nucleotides long up to any desired length and may
comprise complementary RNA and DNA molecules,
branched nucleic acids, and/or peptide nucleic acids (PNAs).
In one alternative, the polynucleotides may be used to detect
and quantify gene expression in samples in which expression
of NSEQ is correlated with disease. In another alternative,
NSEQ may be used to detect genetic polymorphisms associ-
ated with a disease. These polymorphisms may be detected in
the transcript cDNA.

The invention provides for the use of at least one poly-
nucleotide comprising NSEQ (e.g., an open reading frame of
NSEQ, a substantially complementary sequence, a substan-
tially identical sequence, and fragments thereof) on an array
and for the use of that array in a method for diagnosing a bone
remodeling disease or disorder by hybridizing the array with
a patient sample under conditions to allow complex forma-
tion, detecting complex formation, and comparing the
amount of complex formation in the patient sample to that of
standards for normal and diseased tissues wherein the com-
plex formation in the patient sample indicates the presence of
a bone remodeling disease or disorder.

In another embodiment, the present invention provides one
or more compartmentalized kits for detection of bone resorp-
tion disease states. A first kit may have a receptacle containing
atleast one isolated probe. Such a probe may be a nucleic acid
fragment which is present/absent in the genomic DNA of
normal cells but which is absent/present in the genomic DNA
of affected cells. Such a probe may be specific for a DNA site
that is normally active/inactive but which may be inactive/
active in certain cell types. Similarly, such a probe may be
specific for a DNA site that may be abnormally expressed in
certain cell types. Finally, such a probe may identify a specific
DNA mutation. By specific for a DNA site is meant that the
probe may be capable of hybridizing to the DNA sequence
which is mutated, or may be capable of hybridizing to DNA
sequences adjacent to the mutated DNA sequences. The
probes provided in the present kits may have a covalently
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attached reporter molecule. Probes and reporter molecules
may be readily prepared as described above by those of skill
in the art.

Use of NSEQ as a Therapeutic

One of skill in the art will readily appreciate that the
expression systems and assays discussed above may also be
used to evaluate the efficacy of a particular therapeutic treat-
ment regimen, in animal studies, in clinical trials, or to moni-
tor the treatment of an individual subject. Once the presence
of disease is established and a treatment protocol is initiated,
hybridization or amplification assays may be repeated on a
regular basis to determine if the level of expression in the
patient begins to approximate the level observed in a healthy
subject. The results obtained from successive assays may be
used to show the efficacy of treatment over a period ranging
from several days to many years.

In yet another aspect of the invention, an NSEQ, a portion
thereof, or its complement, may be used therapeutically for
the purpose of expressing mRNA and polypeptide, or con-
versely to block transcription or translation of the mRNA.
Expression vectors may be constructed using elements from
retroviruses, adenoviruses, herpes or vaccinia viruses, or bac-
terial plasmids, and the like. These vectors may be used for
delivery of nucleotide sequences to a particular target organ,
tissue, or cell population. Methods well known to those
skilled in the art may be used to construct vectors to express
nucleic acid sequences or their complements.

Alternatively, NSEQ, a portion thereof, or its complement,
may be used for somatic cell or stem cell gene therapy. Vec-
tors may be introduced in vivo, in vitro, and ex vivo. For ex
vivo therapy, vectors are introduced into stem cells taken from
the subject, and the resulting transgenic cells are clonally
propagated for autologous transplant back into that same
subject. Delivery of NSEQ by transfection, liposome injec-
tions, or polycationic amino polymers may be achieved using
methods that are well known in the art. Additionally, endog-
enous NSEQ expression may be inactivated using homolo-
gous recombination methods that insert an inactive gene
sequence into the coding region or other targeted region of
NSEQ.

Depending on the specific goal to be achieved, vectors
containing NSEQ may be introduced into a cell or tissue to
express a missing polypeptide or to replace a non-functional
polypeptide. Of course, when one wishes to express PSEQ in
a cell or tissue, one may use a NSEQ able to encode such
PSEQ for that purpose or may directly administer PSEQ to
that cell or tissue.

On the other hand, when one wishes to attenuate or inhibit
the expression of PSEQ, one may use a NSEQ (e.g., an
inhibitory NSEQ) which is substantially complementary to at
least a portion of a NSEQ able to encode such PSEQ.

The expression of an inhibitory NSEQ may be done by
cloning the inhibitory NSEQ into a vector and introducing the
vector into a cell to down-regulate the expression of a
polypeptide encoded by the target NSEQ.

Vectors containing NSEQ (e.g., including inhibitory
NSEQ) may be transformed into a cell or tissue to express a
missing polypeptide or to replace a non-functional polypep-
tide. Similarly a vector constructed to express the comple-
ment of NSEQ may be transformed into a cell to down-
regulate the over-expression of a polypeptide encoded by the
polynucleotides of NSEQ), or a portion thereof. Complemen-
tary or anti-sense sequences may consist of an oligonucle-
otide derived from the transcription initiation site; nucle-
otides between about positions =10 and +10 from the ATG are
preferred. Similarly, inhibition may be achieved using triple
helix base-pairing methodology. Triple helix pairing is useful
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because it causes inhibition of the ability of the double helix
to open sufficiently for the binding of polymerases, transcrip-
tion factors, or regulatory molecules. Recent therapeutic
advances using triplex DNA have been described in the lit-
erature. (See, e.g., Gee et al. 1994)

Ribozymes, enzymatic RNA molecules, may also be used
to catalyze the cleavage of mRNA and decrease the levels of
particular mRNAs, such as those comprising the polynucle-
otide sequences of the invention. Ribozymes may cleave
mRNA at specific cleavage sites. Alternatively, ribozymes
may cleave mRNAs at locations dictated by flanking regions
that form complementary base pairs with the target mRNA.
The construction and production of ribozymes is well known
in the art.

RNA molecules may be modified to increase intracellular
stability and half-life. Possible modifications include, but are
not limited to, the addition of flanking sequences at the 5'
and/or 3' ends of'the molecule, or the use of phosphorothioate
or 2' O-methyl rather than phosphodiester linkages within the
backbone of the molecule. Alternatively, nontraditional bases
such as inosine, queosine, and wybutosine, as well as acetyl-,
methyl-, thio-, and similarly modified forms of adenine, cyti-
dine, guanine, thymine, and uridine which are not as easily
recognized by endogenous endonucleases, may be included.

In addition to the active ingredients, a pharmaceutical com-
position may contain pharmaceutically acceptable carriers
comprising excipients and auxiliaries that facilitate process-
ing of the active compounds into preparations that may be
used pharmaceutically.

For any compound, the therapeutically effective dose may
be estimated initially either in cell culture assays or in animal
models such as mice, rats, rabbits, dogs, or pigs. An animal
model may also be used to determine the concentration range
and route of administration. Such information may then be
used to determine useful doses and routes for administration
in humans. These techniques are well known to one skilled in
the art and a therapeutically effective dose refers to that
amount of active ingredient that ameliorates the symptoms or
condition. Therapeutic efficacy and toxicity may be deter-
mined by standard pharmaceutical procedures in cell cultures
or with experimental animals, such as by calculating and
contrasting the ED,, (the dose therapeutically effective in
50% of the population) and LD, (the dose lethal to 50% of
the population) statistics. Any of the therapeutic composi-
tions described above may be applied to any subject in need of
such therapy, including, but not limited to, mammals such as
dogs, cats, cows, horses, rabbits, monkeys, and most prefer-
ably, humans.

The pharmaceutical compositions utilized in this invention
may be administered by any number of routes including, but
not limited to, oral, intravenous, intramuscular, intra-arterial,
intramedullary, intrathecal, intraventricular, transdermal,
subcutaneous, intraperitoneal, intranasal, enteral, topical,
sublingual, or rectal means.

The term “treatment” for purposes of this disclosure refers
to both therapeutic treatment and prophylactic or preventative
measures, wherein the object is to prevent or slow down
(lessen) the targeted pathologic condition or disorder. Those
in need of treatment include those already with the disorder as
well as those prone to have the disorder or those in whom the
disorder is to be prevented.

Use of NSEQ in General Research

The invention finally provides products, compositions,
processes and methods that utilize an NSEQ, their open read-
ing frame, or a polypeptide encoded by the polynucleotides of
NSEQ or their open reading frame, or a portion thereof, their
variants, analogs, derivatives and fragments for research, bio-
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logical, clinical and therapeutic purposes. For example, to
identify splice variants, mutations, and polymorphisms

NSEQ may be extended utilizing a partial nucleotide
sequence and employing various PCR-based methods known
in the art to detect upstream sequences such as promoters and
other regulatory elements. Additionally, one may use an XI.-
PCR kit (PE Biosystems, Foster City Calif.), nested primers,
and commercially available cDNA libraries (Life Technolo-
gies, Rockville Md.) or genomic libraries (Clontech, Palo
Alto Calif.) to extend the sequence.

The polynucleotides may also be used as targets in a micro-
array. The micro-array may be used to monitor the expression
patterns of large numbers of genes simultaneously and to
identify splice variants, mutations, and polymorphisms.
Information derived from analyses of the expression patterns
may be used to determine gene function, to understand the
genetic basis of a disease, to diagnose a disease, and to
develop and monitor the activities of therapeutic agents used
to treat a disease. Microarrays may also be used to detect
genetic diversity, single nucleotide polymorphisms which
may characterize a particular population, at the genomic
level.

In yet another embodiment, polynucleotides may be used
to generate hybridization probes useful in mapping the natu-
rally occurring genomic sequence. Fluorescent in situ hybrid-
ization (FISH) may be correlated with other physical chro-
mosome mapping techniques and genetic map data.

The present invention more particularly relates in one
aspect thereof to a method of representatively identifying an
endogeneously differentially expressed sequence involved in
osteoclast differentiation. The sequence may be, for example,
differentially expressed in a differentiated osteoclast cell
compared to an undifferentiated osteoclast precursor cell.

The method of the present invention may comprise;

a) separately providing total messenger RNA from (mature
or intermediately) differentiated human osteoclast cell
and undifferentiated human osteoclast precursor cell,
the total messenger RNA may comprise, for example, at
least one endogeneously differentially expressed
sequence,

b) generating single-stranded cDNA from each messenger
RNA of differentiated human osteoclast cell and (e.g.,
randomly) tagging the 3'-end of the single-stranded
cDNA with a RNA polymerase promoter sequence and
a first sequence tag;

¢) generating single-stranded cDNA from each messenger
RNA of undifferentiated human osteoclast precursor
cell and (e.g., randomly) tagging the 3'-end of the single-
stranded ¢cDNA with a RNA polymerase promoter
sequence and a second sequence tag;

d) separately generating partially or completely double-
stranded 5'-tagged-DNA from each of b) and c), the
double-stranded 5'-tagged-DNA may thus comprise in a
5' to 3' direction, a double-stranded RNA polymerase
promoter, a first or second sequence tag and an endog-
enously expressed sequence,

e) separately linearly amplifying a first and second tagged
sense RNA from each of d) with a RNA polymerase
enzyme (which may be selected based on the promoter
used for tagging),

) generating single-stranded complementary first or sec-
ond tagged DNA from one of'e),

g) hybridizing the single-stranded complementary first or
second tagged DNA of

) with the other linearly amplified sense RNA of e),

000025



US 8,168,181 B2

21

h) recovering unhybridized RNA with the help of the first
or second sequence tag (for example by PCR or hybrid-
ization), and;

1) identifying (determining) the nucleotide sequence of
unhybridized RNA.

Steps b) and/or ¢), may comprise generating a single copy

of a single-stranded cDNA.

The method may further comprise the step of compara-
tively determining the presence of the identified endoge-
neously and differentially expressed sequence in a differen-
tiated osteoclast cell relative to an undifferentiated osteoclast
precursor cell.

A sequence which is substantially absent (e.g., totally
absent or present in very low quantity) from one of differen-
tiated osteoclast cell or an undifferentiated osteoclast precur-
sor cell and present in the other of differentiated osteoclast
cell or an undifferentiated osteoclast precursor cell may there-
fore be selected.

The sequence thus selected may be a positive regulator of
osteoclast differentiation and therefore may represent an
attractive target which may advantageously be used to pro-
mote bone resorption or alternatively such target may be
inhibited to lower or prevent bone resorption.

Alternatively, the sequence selected using the above
method may be a negative regulator of osteoclast differentia-
tion and may therefore represent an attractive target which
may advantageously be induced (e.g., at the level of transcrip-
tion, translation, activity etc.) or provided to a cell to lower or
prevent bone resorption. Also such negative regulator may,
upon its inhibition, serve as a target to promote bone resorp-
tion.

Inaccordance with the present invention, the sequence may
be further selected based on a reduced or substantially absent
expression in other normal tissue, therefore representing a
candidate sequence specifically involved in osteoclast difter-
entiation and bone remodeling.

The method may also further comprise a step of determin-
ing the complete sequence of the nucleotide sequence and
may also comprise determining the coding sequence of the
nucleotide sequence.

The present invention also relates in a further aspect, to the
isolated endogeneously and differentially expressed
sequence (polynucleotide and polypeptide) identified by the
method of the present invention.

More particularly, the present invention encompasses a
polynucleotide which may comprise the identified polynucle-
otide sequence, a polynucleotide which may comprise the
open reading frame of the identified polynucleotide
sequence, a polynucleotide which may comprise a nucleotide
sequence substantially identical to the polynucleotide identi-
fied by the method of the present invention, a polynucleotide
which may comprise a nucleotide sequence substantially
complementary to the polynucleotide identified by the
method of the present invention, fragments and splice variant
thereof.

Inaccordance with the present invention, the isolated endo-
geneously and differentially expressed sequence of the
present invention may be a complete or partial RNA mol-
ecule.

Isolated DNA molecule able to be transcribed into the RNA
molecule of the present invention are also encompassed here-
with as well as vectors (including expression vectors) com-
prising the such DNA or RNA molecule.

The present invention also relates to libraries comprising at
least one isolated endogeneously and differentially expressed
sequence identified herein (e.g., partial or complete RNA or
DNA, substantially identical sequences or substantially
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complementary sequences (e.g., probes) and fragments
thereof (e.g., oligonucleotides)).

Inaccordance with the present invention, the isolated endo-
geneously and differentially expressed sequence may be
selected, for example, from the group consisting of a poly-
nucleotide which may consist in or comprise;

a) any one of SEQ ID NO.:1, SEQ ID NO.:3 or SEQ ID

NO.:107,

b) the open reading frame of any one of SEQ ID NO.:1,
SEQ ID NO.:3 or SEQ ID NO.:107,

¢) a polynucleotide which may comprise a nucleotide
sequence substantially identical to a) or b), and;

d) a polynucleotide which may comprise a nucleotide
sequence substantially complementary to any one of a)
to ¢),

e) fragments of any one of a) to d).

In a further aspect the present invention relates to a
polypeptide which may be encoded by the isolated endoge-
neously and differentially expressed sequence of the present
invention.

In yet a further aspect the present invention relates to a
polynucleotide able to encode a polypeptide of the present
invention. Dueto the degeneracy of the genetic code, itis to be
understood herein that a multiplicity of polynucleotide
sequence may encode the same polypeptide sequence and
thus are encompassed by the present invention.

Exemplary polypeptides may comprise a sequence
selected from the group consisting of any one of SEQ ID
NO.:2and a SEQ ID NO.:2 variant (e.g., SEQ ID NO.:4, SEQ
ID NO.:108).

The present invention also relates to an isolated non-human
ortholog polynucleotide sequence (involved in bone remod-
eling), the open reading frame of the non-human ortholog,
substantially identical sequences, substantially complemen-
tary sequences, fragments and splice variants thereof.

The present invention as well relates to an isolated
polypeptide encoded by the non-human ortholog polynucle-
otide as well as biologically active analogs and biologically
active fragments thereof.

Exemplary embodiments of non-human (e.g., mouse)
ortholog polynucleotides encompassed herewith include, for
example, SEQ ID NO.:3 or SEQ ID NO.:107.

Exemplary embodiments of isolated polypeptide encoded
by some non-human orthologs identified herein include for
example, a polypeptide such as SEQ ID NO.:4 or SEQ ID
NO.:108.

Exemplary embodiments of SEQ ID NO.:2 variant having
80% identity with SEQ ID NO.:2 include for example and
without limitation, SEQ ID NO.:4, SEQ ID NO.:108 as well
as other analogues that are published in databases under gene
bank accession numbers or NCBI reference sequence:

AAY40743.1, XP_512109.2, XP_001089000.1,
XP_601064.4, NP__001094508.1, XP_855238.1,
XP_574176.2 and EAX01462.1.

The present invention also more particularly relates, in an
additional aspect thereof, to an isolated polynucleotide which
may be differentially expressed in differentiated osteoclast
cell compared to undifferentiated human osteoclast precursor
cell.
The isolated polynucleotide may comprise a member
selected from the group consisting of;
a) a polynucleotide which may comprise any one of SEQ
ID NO.:1, SEQ ID NO.:3 or SEQ ID NO.:107,

b) a polynucleotide which may comprise the open reading
frame of any one of SEQ ID NO.:1, SEQ ID NO.:3 or
SEQ ID NO.:107,
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¢) a polynucleotide which may comprise a transcribed or
transcribable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107, which may be, for
example, free of untranslated or untranslatable
portion(s);

d) a polynucleotide which may comprise a translated or
translatable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107 (e.g., coding portion),

e) a polynucleotide which may comprise a sequence sub-
stantially identical (e.g., from about 50 to 100%, or
about 60 to 100% or about 70 to 100% or about 80 to
100% or about 85, 90, 95 to 100% identical over the
entire sequence or portion of sequences)to a), b) ¢) or d),

1) a polynucleotide which may comprise a sequence sub-
stantially complementary (e.g., from about 50 to 100%,
or about 60 to 100% or about 70 to 100% or about 80 to
100% or about 85, 90, 95 to 100% complementarity over
the entire sequence or portion of sequences) to a), b), ¢)
or d) and;

g) a fragment of any one of a) to f)

h) including polynucleotides which consist in the above.

Exemplary polynucleotides fragments of those listed
above comprise polynucleotides of at least 10 nucleic acids
which may be substantially complementary to the nucleic
acid sequence of any one of SEQ ID NO.:1, SEQ ID NO.:3 or
SEQ ID NO.:107.

The present invention also relates to an isolated polynucle-
otide involved in osteoclast differentiation, the isolated poly-
nucleotide may be selected, for example, from the group
consisting of}

a) a polynucleotide comprising any one of SEQ ID NO.:1,

SEQ ID NO.:3 or SEQ ID NO.:107,

b) a polynucleotide comprising the open reading frame of
any one of SEQ ID NO.:1, SEQ ID NO.: 3 or SEQ ID
NO.:107,

¢) a polynucleotide which may comprise a transcribed or
transcribable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107, which may be, for
example, free of untranslated or untranslatable
portion(s);

d) a polynucleotide which may comprise a translated or
translatable portion of any one of SEQ. ID. NO.: SEQ ID
NO.:3 or SEQ ID NO.:107 (e.g., coding portion),

e) apolynucleotide substantially identical to a), b), ¢) or d);
and;

) a sequence of at least 10 nucleic acids which may be
substantially complementary to the nucleic acid
sequence of any one of SEQIDNO.:1, SEQIDNO.:3 or
SEQ ID NO.:107 or more particularly of a), b), ¢) or d).

In accordance with the present invention the isolated poly-
nucleotide may be able to promote osteoclast differentiation
(e.g., in a mammal or mammalian cell thereof), i.e, a positive
regulator of osteoclast differenciation.

Further in accordance with the present invention, the iso-
lated polynucleotide may be able to inhibit, prevent or lower
osteoclast differentiation (e.g., in a mammal or mammalian
cell thereof), i.e, a negative regulator of osteoclast differen-
ciation.

In yet a further aspect, the present invention relates to an
isolated polynucleotide which may be able to inhibit osteo-
clast differentiation (e.g., in a mammal or mammalian cell
thereof). The polynucleotide may be selected, for example,
from the group consisting of polynucleotides which may
comprise a sequence of at least 10 nucleic acids which is
complementary to the nucleic acid sequence of any one of
NSEQ described herein.
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Suitable polynucleotides may be those which may be able
to inhibit osteoclast differentiation which has been induced
by an inducer of osteoclast differentiation such as those listed
herein.

In accordance with the present invention, the polynucle-
otide may be, for example, a RNA molecule, a DNA mol-
ecule, including those which are partial or complete, single-
stranded or double-stranded, hybrids, etc.

The present invention also relates to a vector (e.g., an
expression vector) comprising the polynucleotide of the
present invention.

The present invention additionally relates in an aspect
thereof to a library of polynucleotide sequences which may
be differentially expressed in a differentiated osteoclast cell
compared to an undifferentiated osteoclast precursor cell.
The library may comprise, for example, at least one member
selected from the group consisting of

a) a polynucleotide which may comprise any one of SEQ
ID NO.:1, SEQ ID NO.: 3 or SEQ ID NO.:107,

b) a polynucleotide which may comprise the open reading
frame of any one of SEQ ID NO.:1, SEQ ID NO.:3 or
SEQ ID NO.:107,

¢) a polynucleotide which may comprise a transcribed or
transcribable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107, which may be, for
example, free of untranslated or untranslatable
portion(s);

d) a polynucleotide which may comprise a translated or
translatable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107 (e.g., coding portion),

e) a polynucleotide which may comprise a sequence sub-
stantially identical (e.g., from about 50 to 100%, or
about 60 to 100% or about 70 to 100% or about 80 to
100% or about 85, 90, 95 to 100% identical over the
entire sequence or portion of sequences) to a), b), ¢) or
d);

f) a polynucleotide which may comprise a sequence sub-
stantially complementary (e.g., from about 50 to 100%,
or about 60 to 100% or about 70 to 100% or about 80 to
100% or about 85, 90, 95 to 100% complementarity over
the entire sequence or portion of sequences) to a), b), ¢)
or d) and;

g) a fragment of any one of a) to d).

The present invention also relates to an expression library
which may comprise a library of polynucleotides described
herein. In accordance with the present invention, each of the
polynucleotide may be contained within an expression vector.

Arrays and kits comprising a library of polynucleotide
sequences (comprising at least one polynucleotide such as
complementary sequences) of the present invention are also
encompassed herewith.

The present invention also provides in an additional aspect,
apharmaceutical composition for inhibiting osteoclast difter-
entiation (bone resorption and bone resorption related dis-
eases or disorders), the pharmaceutical composition may
comprise, for example;

a) an isolated polynucleotide as defined herein (e.g., able to

inhibit osteoclast differentiation) and;

b) a pharmaceutically acceptable carrier.

The present invention also provides in yet an additional
aspect, amethod for inhibiting osteoclast differentiation (e.g.,
for inhibiting bone resorption or for ameliorating bone
resorption) in a mammal (individual) in need thereof (or in a
mammalian cell), the method may comprise administering an
isolated polynucleotide (e.g., able to inhibit osteoclast difter-
entiation) or a suitable pharmaceutical composition compris-
ing such suitable polynucleotide.
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In accordance with the present invention, the mammal in
need may suffer, for example and without limitation, from a
condition selected from the group consisting of osteoporosis,
osteopenia, osteomalacia, hyperparathyroidism, hyperthy-
roidism, hypogonadism, thyrotoxicosis, systemic mastocyto-
sis, adult hypophosphatasia, hyperadrenocorticism, osteo-
genesis imperfecta, Paget’s disease, Cushing’s disease/
syndrome, Turner syndrome, Gaucher disease, Ehlers-
Danlos syndrome, Marfan’s syndrome, Menkes’ syndrome,
Fanconi’s syndrome, multiple myeloma, hypercalcemia,
hypocalcemia, arthritides, periodontal disease, rickets (in-
cluding vitamin D dependent, type I and II, and x-linked
hypophosphatemic rickets), fibrogenesis imperfecta ossium,
osteosclerotic disorders such as pycnodysostosis and damage
caused by macrophage-mediated inflammatory processes,
etc.

In a further aspect, the present invention relates to the use
of an isolated polynucleotide (e.g., able to inhibit osteoclast
differentiation) for the preparation of a medicament for the
treatment of a bone resorption disease.

The present invention in another aspect thereof, provides a
pharmaceutical composition for promoting osteoclast differ-
entiation in a mammal in need thereof. The pharmaceutical
composition may comprise, for example;

a. an isolated polynucleotide (e.g., able to promote osteo-

clast differentiation) and;

b. a pharmaceutically acceptable carrier.

The present invention also further provides a method for
promoting osteoclast differentiation in a mammal in need
thereof (or in a mammalian cell), the method may comprise,
for example, administering an isolated polynucleotide (e.g.,
able to promote osteoclast differentiation) or a suitable phar-
maceutical composition as described above.

The present invention additionally relates to the use of an
isolated polynucleotide (e.g., able to promote osteoclast dif-
ferentiation) for the preparation of a medicament for the
treatment of a disease associated with insufficient bone
resorption (e.g., hyperostosis) or excessive bone growth.

The present invention also relates to the use of at least one
polynucleotide which may be selected from the group con-
sisting of;

a) a polynucleotide comprising any one of SEQ ID NO.:1,

SEQ ID NO.:3 or SEQ ID NO.:107,

b) a polynucleotide comprising the open reading frame of
any one of SEQ ID NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107,

¢) a polynucleotide which may comprise a transcribed or
transcribable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107, which may be, for
example, free of untranslated or untranslatable
portion(s);

d) a polynucleotide which may comprise a translated or
translatable portion of any one of SEQ. ID. NO.:1, SEQ
ID NO.:3 or SEQ ID NO.:107 (e.g., coding portion),

e) a polynucleotide comprising a sequence substantially
identical (e.g., from about 50 to 100%, or about 60 to
100% or about 70 to 100% or about 80 to 100% or about
85, 90, 95 to 100% identical over the entire sequence or
portion of sequences) to a), b), ¢) or d);

f) a polynucleotide comprising a sequence substantially
complementary (e.g., from about 50 to 100%, or about
60 to 100% or about 70 to 100% or about 80 to 100% or
about 85, 90, 95 to 100% complementarity over the
entire sequence or portion of sequences) to a), b), ¢) or
d);

g) a fragment of any one of a) to f) and;

h) a library comprising any one of a) to g)
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in the diagnosis of a condition related to bone remodeling (a
bone disease).
Also encompassed by the present invention are kits for the
diagnosis of a condition related to bone remodeling. The kit
may comprise a polynucleotide as described herein.
The present invention also provides in an additional aspect,
an isolated polypeptide (polypeptide sequence) involved in
osteoclast differentiation (in a mammal or a mammalian cell
thereof). The polypeptide may comprise (or consist in) a
sequence selected from the group consisting of;
a) any one of SEQ ID NO.:2 or a SEQ ID NO.:2 variant
(e.g., SEQID NO.:4, SEQ ID NO.:108),

b) a polypeptide able to be encoded and/or encoded by any
one of SEQ ID NO.:1, SEQ ID NO.:3 or SEQ ID NO.:
107 (their coding portion)

¢) a biologically active fragment of any one of a) or b),

d) a biologically active analog of any one of a) or b).

In accordance with the present invention, the biologically
active analog may comprise, for example, at least one amino
acid substitution (conservative or non conservative) com-
pared to the original sequence. In accordance with the present
invention, the analog may comprise, for example, at least one
amino acid substitution, deletion or insertion in its amino acid
sequence.

The substitution may be conservative or non-conservative.
The polypeptide analog may be a biologically active analog
or an immunogenic analog which may comprise, for
example, at least one amino acid substitution (conservative or
non conservative), for example, 1t0 5, 1t0 10, 1 to 15, 110 20,
1 to 50 etc. (including any number there between) compared
to the original sequence. An immunogenic analog may com-
prise, for example, at least one amino acid substitution com-
pared to the original sequence and may still be bound by an
antibody specific for the original sequence.

In accordance with the present invention, a polypeptide
fragment may comprise, for example, at least 6 consecutive
amino acids, at least 8 consecutive amino acids or more of an
amino acid sequence described herein.

In yet a further aspect, the present invention provides a
pharmaceutical composition which may comprise, for
example a polypeptide as described herein and a pharmaceu-
tically acceptable carrier.

Methods for modulating osteoclast differentiation in a
mammal in need thereof (or in a mammalian cell) are also
provided by the present invention, which methods may com-
prise administering an isolated polypeptide (e.g., able to pro-
mote osteoclast differentiation) or suitable pharmaceutical
composition described herein.

In additional aspects, the present invention relates to the
use of an isolated polypeptide (e.g., able to promote osteo-
clast differentiation) for the preparation of a medicament for
the treatment of a disease associated with insufficient bone
resorption.

Methods for ameliorating bone resorption in an individual
in need thereof are also encompassed herewith, which
method may comprise, for example, administering an iso-
lated polypeptide (e.g., able to inhibit osteoclast differentia-
tion) or suitable pharmaceutical compositions which may
comprise such polypeptide.

In accordance with the present invention, the mammal may
suffer, for example, from a condition selected from the group
consisting of osteoporosis, osteopenia, osteomalacia, hyper-
parathyroidism, hyperthyroidism, hypogonadism, thyrotoxi-
cosis, systemic mastocytosis, adult hypophosphatasia,
hyperadrenocorticism, osteogenesis imperfecta, Paget’s dis-
ease, Cushing’s disease/syndrome, Turner syndrome, Gau-
cher disease, Ehlers-Danlos syndrome, Marfan’s syndrome,
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Menkes’ syndrome, Fanconi’s syndrome, multiple myeloma,
hypercalcemia, hypocalcemia, arthritides, periodontal dis-
ease, rickets (including vitamin D dependent, type I and II,
and x-linked hypophosphatemic rickets), fibrogenesis imper-
fecta ossium, osteosclerotic disorders such as pycnodysosto-
sis and damage caused by macrophage-mediated inflamma-
tory processes, etc.

In yet a further aspect, the present invention relates to the
use of a polypeptide able to inhibit osteoclast differentiation
in the preparation of a medicament for the treatment of a bone
resorption disease in an individual in need thereof.

The present invention also relates to a compound and the
use of a compound able to inhibit (e.g., in an osteoclast
precursor cell) the activity or expression of a polypeptide
which may be selected, for example, from the group consist-
ing of antibodies and antigen binding fragments thereof, in
the preparation of a medicament for the treatment of a bone
disease in an individual in need thereof.

In yet an additional aspect, the present invention relates to
a method of diagnosing a condition related to a bone resorp-
tion disorder or disease in an individual in need thereof. The
method may comprise, for example, quantifying a polynucle-
otide described herein, such as, for example, polynucleotide
selected from the group consisting of those comprising or
consisting of (a) SEQ ID NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107, (b) a polynucleotide which may comprise the open
reading frame of SEQ ID NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107, (c) a polynucleotide which may comprise a tran-
scribed or transcribable portion of any one of SEQ. ID. NO.:1,
SEQ ID NO.:3 or SEQ ID NO.:107; (d) a polynucleotide
which may comprise a translated or translatable portion of
any one of SEQ. ID. NO.:1, SEQ ID NO.:3 or SEQ ID
NO.:107; (e) substantially identical sequences of any one of
(a) to (d); (f) substantially complementary sequences of any
one of (a) to (e), or a polypeptide sequence which may be
selected, for example, from the group consisting of SEQ 1D
NO.:2 and a SEQ ID NO.:2 variant thereof in a sample from
the individual compared to a standard or normal value.

The present invention also relates to an assay and method
for identifying a gene and/or protein involved in bone remod-
eling. The assay and method may comprise silencing an
endogenous gene of an osteoclast cell and providing the cell
with a candidate gene (or protein). A candidate gene (or
protein) positively involved in bone remodeling may be iden-
tified by its ability to complement the silenced endogenous
gene. For example, a candidate gene involved in osteoclast
differentiation provided to a cell for which an endogenous
gene has been silenced, may enable the cell to differentiate in
the presence of an inducer such as, for example, RANKL.

The present invention further relates to a cell expressing an
exogenous form of any one of the polypeptide (including
variants, analogs etc.) or polynucleotide of the present inven-
tion (including substantially identical sequences, substan-
tially complementary sequences, fragments, variants,
orthologs, etc).

In accordance with the present invention, the cell may be
for example, a bone cell. Also in accordance with the present
invention, the cell may be an osteoclast (at any level of dif-
ferentiation).

As used herein the term “exogenous form” is to be under-
stood herein as a form which is not naturally expressed by the
cell in question.

Antibodies and Antigen Binding Fragments

The term “antibody” refers to intact antibody, monoclonal
or polyclonal antibodies. The term “antibody” also encom-
passes multispecific antibodies such as bispecific antibodies.
Human antibodies are usually made of two light chains and
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two heavy chains each comprising variable regions and con-
stant regions. The light chain variable region comprises 3
CDRs, identified herein as CDRL1, CDRL2 and CDRL3
flanked by framework regions. The heavy chain variable
region comprises 3 CDRs, identified herein as CDRHI,
CDRH2 and CDRH3 flanked by framework regions.

The term “antigen-binding fragment™, as used herein,
refers to one or more fragments of an antibody that retain the
ability to bind to an antigen (e.g., SEQ ID NO.:2 or variants
thereof). It has been shown that the antigen-binding function
of an antibody can be performed by fragments of an intact
antibody. Examples of binding fragments encompassed
within the term “antigen-binding fragment” of an antibody
include (i) a Fab fragment, a monovalent fragment consisting
of'the V;, V, C; and C,;, domains; (ii) a F(ab'), fragment, a
bivalent fragment comprising two Fab fragments linked by a
disulfide bridge at the hinge region; (iii) a Fd fragment con-
sisting of the V, and C,;, domains; (iv) a Fv fragment con-
sisting of the V, and V. domains of a single arm of an
antibody, (v) a dAb fragment (Ward et al., (1989) Nature
341:544-546), which consists of a V; domain; and (vi) an
isolated complementarity determining region (CDR), e.g.,
V,, CDR3. Furthermore, although the two domains of the Fv
fragment, V; and 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 polypeptide chain in
which the V; and V, regions pair to form monovalent mol-
ecules (known as single chain Fv (scFv); see e.g., Bird et al.
(1988) Science 242:423-426; and Huston et al. (1988) Proc.
Natl. Acad. Sci. USA 85:5879-5883). Such single chain anti-
bodies are also intended to be encompassed within the term
“antigen-binding fragment” of an antibody. Furthermore, the
antigen-binding fragments include binding-domain immuno-
globulin fusion proteins comprising (i) a binding domain
polypeptide (such as a heavy chain variable region, a light
chain variable region, or a heavy chain variable region fused
to a light chain variable region via a linker peptide) that is
fused to an immunoglobulin hinge region polypeptide, (ii) an
immunoglobulin heavy chain CH2 constant region fused to
the hinge region, and (iii) an immunoglobulin heavy chain
CH3 constant region fused to the CH2 constant region. The
hinge region may be modified by replacing one or more
cysteine residues with serine residues so as to prevent dimer-
ization. Such binding-domain immunoglobulin fusion pro-
teins are further disclosed in US 2003/0118592 and US 2003/
0133939. These antibody fragments are obtained using
conventional techniques known to those with skill in the art,
and the fragments are screened for utility in the same manner
as are intact antibodies.

A typical antigen binding site is comprised of the variable
regions formed by the pairing of a light chain immunoglobu-
lin and a heavy chain immunoglobulin. The structure of the
antibody variable regions is very consistent and exhibits very
similar structures. These variable regions are typically com-
prised of relatively homologous framework regions (FR)
interspaced with three hypervariable regions termed Comple-
mentarity Determining Regions (CDRs). The overall binding
activity of the antigen binding fragment is often dictated by
the sequence of the CDRs. The FRs often play a role in the
proper positioning and alignment in three dimensions of the
CDRs for optimal antigen binding. Antibodies and/or antigen
binding fragments of the present invention may originate, for
example, from a mouse, a rat or any other mammal or from
other sources such as through recombinant DNA technolo-
gies.

In a further aspect, the present invention relates to an anti-
body (e.g., isolated antibody), or antigen-binding fragment
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thereof, that may specifically bind to a protein or polypeptide
described herein. The antibody may be, for example, a mono-
clonal antibody; a polyclonal antibody an antibody generated
using recombinant DNA technologies. The antibody may
originate for example, from a mouse, rat, rabbit or any other
mammal.

The antibody may also be a human antibody which may be
obtained, for example, from a transgenic non-human mam-
mal capable of expressing human Ig genes. The antibody may
also be a humanised antibody which may comprise, for
example, one or more complementarity determining regions
of non-human origin. It may also comprise a surface residue
of' a human antibody and/or framework regions of a human
antibody. The antibody may also be a chimeric antibody
which may comprise, for example, variable domains of a
non-human antibody and constant domains of a human anti-
body.

Suitable antibodies may also include, for example, an anti-
gen-binding fragment, an Fab fragment; an F(ab'), fragment,
and Fv fragment; or a single-chain antibody comprising an
antigen-binding fragment (e.g., a single chain Fv).

The antibody of the present invention may be mutated and
selected based on an increased affinity and/or specificity for
one of a polypeptide described herein and/or based on a
reduced immunogenicity in a desired host.

The antibody may further comprise a detectable label
attached thereto.

The present invention further relates to a method of pro-
ducing antibodies able to bind to one of a polypeptide,
polypeptide fragments, or polypeptide analogs described
herein, the method may comprise:

a) immunizing a mammal (e.g., mouse, a transgenic mam-
mal capable of producing human Ig, etc.) with a suitable
amount of a PSEQ described herein including, for
example, a polypeptide fragment comprising at least 6
consecutive amino acids of a PSEQ;

b) collecting the serum from the mammal; and

¢) isolating the polypeptide-specific antibodies from the
serum of the mammal.

The method may further comprise the step of administer-

ing a second dose to the animal.

The present invention also relates to a method of producing
a hybridoma which secretes an antibody that binds to a
polypeptide described herein, the method may comprise:

a) immunizing a mammal (e.g., mouse, a transgenic mam-
mal capable of producing human Ig, etc.) with a suitable
amount of a PSEQ thereof;

b) obtaining lymphoid cells from the immunized animal
obtained from (a);

¢) fusing the lymphoid cells with an immortalizing cell to
produce hybrid cells; and

d) selecting hybrid cells which produce antibody that spe-
cifically binds to a PSEQ thereof.

The present invention further relates to a method of pro-
ducing an antibody that binds to one of the polypeptide
described herein, the method may comprise:

a) synthesizing a library of antibodies (antigen binding

fragment) on phage or ribosomes;

b) panning the library against a sample by bringing the
phage or ribosomes into contact with a composition
comprising a polypeptide or polypeptide fragment
described herein;

¢) isolating phage which binds to the polypeptide or
polypeptide fragment, and;

d) obtaining an antibody from the phage or ribosomes.
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The antibody of the present invention may thus be
obtained, for example, from a library (e.g., bacteriophage
library) which may be prepared, for example, by

a) extracting cells which are responsible for production of

antibodies from a host mammal;

b) isolating RNA from the cells of (a);

¢) reverse transcribing mRNA to produce cDNA;

d) amplifying the ¢cDNA using a (antibody-specific)

primer; and

e) inserting the cDNA of (d) into a phage display vector or

ribosome display cassette such that antibodies are
expressed on the phage or ribosomes.

The host animal may be immunized with polypeptide and/
or a polypeptide fragment and/or analog described herein to
induce an immune response prior to extracting the cells which
are responsible for production of antibodies.

The present invention also relates to a kit for specifically
assaying a polypeptide described herein, the kit may com-
prise, for example, an antibody or antibody fragment capable
of binding specifically to the polypeptide described herein.

The present invention further contemplates antibodies that
may bind to PSEQ. Suitable antibodies may bind to unique
antigenic regions or epitopes in the polypeptides, or a portion
thereof. Epitopes and antigenic regions useful for generating
antibodies may be found within the proteins, polypeptides or
peptides by procedures available to one of skill in the art. For
example, short, unique peptide sequences may be identified
in the proteins and polypeptides that have little or no homol-
ogy to known amino acid sequences. Preferably the region of
a protein selected to act as a peptide epitope or antigen is not
entirely hydrophobic; hydrophilic regions are preferred
because those regions likely constitute surface epitopes rather
than internal regions of the proteins and polypeptides. These
surface epitopes are more readily detected in samples tested
for the presence of the proteins and polypeptides. Such anti-
bodies may include, but are not limited to, polyclonal, mono-
clonal, chimeric, and single chain antibodies, Fab fragments,
and fragments produced by a Fab expression library. The
production of antibodies is well known to one of skill in the
art.

Peptides may be made by any procedure known to one of
skill in the art, for example, by using in vitro translation or
chemical synthesis procedures. Short peptides which provide
an antigenic epitope but which by themselves are too small to
induce an immune response may be conjugated to a suitable
carrier. Suitable carriers and methods of linkage are well
known in the art. Suitable carriers are typically large macro-
molecules such as proteins, polysaccharides and polymeric
amino acids. Examples include serum albumins, keyhole lim-
pet hemocyanin, ovalbumin, polylysine and the like. One of
skill in the art may use available procedures and coupling
reagents to link the desired peptide epitope to such a carrier.
For example, coupling reagents may be used to form disulfide
linkages or thioether linkages from the carrier to the peptide
of interest. If the peptide lacks a disulfide group, one may be
provided by the addition of a cysteine residue. Alternatively,
coupling may be accomplished by activation of carboxyl
groups.

The minimum size of peptides useful for obtaining antigen
specific antibodies may vary widely. The minimum size must
be sufficient to provide an antigenic epitope that is specific to
the protein or polypeptide. The maximum size is not critical
unless it is desired to obtain antibodies to one particular
epitope. For example, a large polypeptide may comprise mul-
tiple epitopes, one epitope being particularly useful and a
second epitope being immunodominant. Typically, antigenic
peptides selected from the present proteins and polypeptides

000030



US 8,168,181 B2

31

will range from 5 to about 100 amino acids in length. More
typically, however, such an antigenic peptide will be a maxi-
mum of about 50 amino acids in length, and preferably a
maximum of about 30 amino acids. It is usually desirable to
select a sequence of about 6, 8, 10, 12 or 15 amino acids, up
to about 20 or 25 amino acids.

Amino acid sequences comprising useful epitopes may be
identified in a number of ways. For example, preparing a
series of short peptides that taken together span the entire
protein sequence may be used to screen the entire protein
sequence. One of skill in the art may routinely test a few large
polypeptides for the presence of an epitope showing a desired
reactivity and also test progressively smaller and overlapping
fragments to identify a preferred epitope with the desired
specificity and reactivity.

Antigenic polypeptides and peptides are useful for the
production of monoclonal and polyclonal antibodies. Anti-
bodies to a polypeptide encoded by the polynucleotides of
NSEQ, polypeptide analogs or portions thereof, may be gen-
erated using methods that are well known in the art. Such
antibodies may include, but are not limited to, polyclonal,
monoclonal, chimeric, and single chain antibodies, Fab frag-
ments, and fragments produced by a Fab expression library.
Neutralizing antibodies, such as those that inhibit dimer for-
mation, are especially preferred for therapeutic use. Mono-
clonal antibodies may be prepared using any technique that
provides for the production of antibody molecules by con-
tinuous cell lines in culture. These include, but are not limited
to, the hybridoma, the human B-cell hybridoma, and the
EBV-hybridoma techniques. In addition, techniques devel-
oped for the production of chimeric antibodies may be used.
Alternatively, techniques described for the production of
single chain antibodies may be employed. Fabs that may
contain specific binding sites for a polypeptide encoded by
the polynucleotides of NSEQ, or a portion thereof, may also
be generated. Various immunoassays may be used to identify
antibodies having the desired specificity. Numerous proto-
cols for competitive binding or immunoradiometric assays
using either polyclonal or monoclonal antibodies with estab-
lished specificities are well known in the art.

Since hybridoma cells are hybrid mouse cells, they are
strictly used to produce murine antibodies. It is clear that the
glycosyl side chains of such murine antibodies might signifi-
cantly differ from the glycosylation pattern observed in
human cells. Differences in phosphorylation pattern between
human cells and hybridomas might also have animpact on the
activity of the antibody. Furthermore, administration of
murine antibodies to human usually induces an anti-antibody
immune response that could potentially neutralize any of the
biological activity that the murine antibody might have.

In order to minimize recognition of murine antibodies by
the human immune system or for improving the biological
activity of the antibodies in human, murine antibodies are
advantageously converted into partially (e.g., chimeric) or
fully humanized antibodies. Recombinant form of the light
chain and heavy chain of the (partially or fully) humanized
antibody may thus be introduced into a mammalian expres-
sion system other than hybridoma cells (such as 293 cells,
CHO or else). Mammalian expression system may procure
the advantage of having a resulting glycosylation pattern that
is closer to that of naturally occurring human form of the
antibodies.

For example, in the case of lytic IgG1 antibodies, the
proper glycosylation of the immunoglobulin chains is neces-
sary for effector functions. These biological functions of
1gG1 monoclonal antibodies include antibody-dependent cell
cytotoxicity (ADCC) and complement-dependent cytotoxic-
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ity (CDC), both of which will be greatly influenced by the
type of glycosyl side chains that are grafted to the amino acids
during expression in mammalian cells.

In addition, optimized mammalian cell expression systems
will often secrete significantly a greater amounts of antibod-
ies compared to hybridomas. Therefore, there is a practical
and probably economical reason for adopting human cells for
production.

To obtain polyclonal antibodies, a selected animal may be
immunized with a protein or polypeptide. Serum from the
animal may be collected and treated according to known
procedures. Polyclonal antibodies 