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(54) Title: METHODS FOR THE IDENTIFICATION. ASSESSMENT, AND TREATMENT OF PATIENTS WITH PROTEA
SOME INHIBITION THERAPY

(57) Abstract: The present invention is directed to the identification of markers that can be used to determine whether patients with 
cancer are clinically responsive or non-responsive to a therapeutic regimen prior to treatment. In particular, the present invention 
is directed to the use of certain combinations of markers, wherein the expression of the markers correlates with responsiveness 
or non-responsiveness to a therapeutic regimen comprising proteasome inhibition. Thus, by examining the expression levels of 
individual markers and those comprising a marker set, it is possible to determine whether a therapeutic agent, or combination of 
agents, will be most likely to reduce the growth rate of tumors in a clinical setting.
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METHODS FOR THE IDENTIFICATION, ASSESSMENT, AND TREATMENT 

OF PATIENTS WITH PROTEASOME INHIBITION THERAPY

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application Number

60/431,514, filed December 6, 2002, the contents of which are incorporated herein by this 

reference.

BACKGROUND OF THE INVENTION

[0002] Proteasome inhibition represents an important recently developed strategy in

cancer treatment. The proteasome is a multi-enzyme complex present in all cells which 

plays a role in degradation of proteins involved in regulation of the cell cycle. For example, 

Kling et al., demonstrated that the ubiquitin-proteasome pathway plays an essential role in 

regulating cell cycle, neoplastic growth and metastasis. A number of key regulatory 

proteins, including p53, cyclins, and the cyclin-dependent kinases p21 and p27KJP1, are 

temporally degraded during the cell cycle by the ubiquitin-proteasome pathway. The 

ordered degradation of these proteins is required for the cell to progress through the cell 

cycle and to undergo mitosis. See, e.g., Science 274:1652-1659 (1996). Furthermore, the 

ubiquitin-proteasome pathway is required for transcriptional regulation. Palombella et al., 

teach that the activation of the transcription factor NF-kB is regulated by proteasome- 

mediated degradation of the inhibitor protein IkB. See International Patent Application 

Publication No. WO 95/25533. In turn, NF-kB plays a central role in the regulation of 

genes involved in the immune and inflammatory responses. For example, Read et al. 

demonstrated that the ubiquitin-proteasome pathway is required for expression of cell 

adhesion molecules, such as E-selectin, ICAM-1, and VCAM-1. See Immunity 2:493-506 

(1995). Additional findings further support the role for proteasome inhibition in cancer 

therapy, as Zetter found that cell adhesion molecules are involved in tumor metastasis and 

angiogenesis in vivo, by directing the adhesion and extravastation of tumor cells to and from 

the vasculature to distant tissue sites within the body. See, e.g., Seminars in Cancer Biology 

4:219-229 (1993). Moreover, Beg and Baltimore, found that NF-kB is an anti-apoptotic 

factor, and inhibition of NF-kB activation makes cells more sensitive to environmental stress 

and cytotoxic agents. See Science 274:782 (1996).
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[0003] Adams et al. have described peptide boronic ester and acid compounds useful

as proteasome inhibitors. See, e.g., U.S. Patent No. 5,780,454 (1998), U.S. Patent No. 

6,066,730 (2000), and U.S. Patent No. 6,083,903 (2000). They describe the use of the 

disclosed boronic ester and boronic acid compounds to reduce the rate of muscle protein 

degradation, to reduce the activity of NF-kB in a cell, to reduce the rate of degradation of 

p53 protein in a cell, to inhibit cyclin degradation in a cell, to inhibit the growth of a cancer 

cell, and to inhibit NF-kB dependent cell adhesion. Adams et al. have described one of the 

compounds, N-pyrazinecarbonyl-L-phenylalanine-L-leucineboronic acid (PS-341, now 

know as bortezomib) as having demonstrated antitumor activity in human tumor xenograft 

models. This particular compound has recently received approval for treatment of patients 

having relapsed refractory multiple myeloma, and is presently undergoing clinical trials in 

additional indications, including additional hematological cancers as well as solid tumors. 

[0004] Because the proteasome plays a pervasive role in normal physiology as well

as pathology, it is important to optimize (e.g., avoid excessive) proteasome inhibition when 

using proteasome inhibitors as therapeutic agents. Moreover, one of the continued problems 

with therapy in cancer patients is individual differences in response to therapies. With the 

narrow therapeutic index and the toxic potential of many available cancer therapies, this 

potentially contributes to many patients undergoing unnecessary ineffective and even 

harmful therapy regimens. If a designed therapy could be optimized to treat individual 

patients, such situations could be reduced or even eliminated. Accordingly, there is a need 

to identify particular cancer patients against which proteasome inhibitors are particularly 

effective, either alone or in combination with other chemotherapies. Also, there is a need to 

identify particular patients who respond well to treatment with a proteasome inhibitor 

(responders) versus those patient who do not respond to proteasome treatment (non

responders). It would therefore be beneficial to provide for the diagnosis, staging, 

prognosis, and monitoring of cancer patients, including, e.g., hematological cancer patients 

(e.g., multiple myeloma, leukemias, lymphoma, etc) as well as solid tumor cancer patients, 

who would benefit from proteasome inhibition therapies; or to indicate a predisposition of 

such patients to such preventative measures. The present invention is directed towards these 

needs.
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DESCRIPTION OF THE INVENTION

[0005] The present invention is directed to the methods of identifying or selecting a

cancer patient who is responsive to a therapeutic regimen comprising proteasome inhibition 

therapy. Additionally provided are methods of identifying a patient who is non-responsive 

to such a therapeutic regimen. These methods typically include the determining the level of 

expression of one or more predictive markers in a patient’s tumor (e.g., a patient’s cancer 

cells), and identifying whether expression in the sample includes a pattern or profile of 

expression of a selected predictive marker or marker set which correlates with response or 

non-response to proteasome inhibition therapy.

[0006] Additionally provided methods include therapeutic methods which further

include the step of beginning, continuing, or commencing, or stopping, discontinuing or 

halting a proteasome inhibition therapy accordingly where a patient’s predictive marker 

profile indicates that the patient would respond or not respond to the therapeutic regimen. In 

another embodiment, methods are provided for analysis of a patient not yet being treated 

with a proteasome inhibition therapy and identification and prediction that the patient would 

not be a responder to the therapeutic agent and such patient should not be treated with the 

proteasome inhibition therapy when the patient’s marker profile indicates that the patient is a 

non-responder. Thus, the provided methods of the invention can eliminate ineffective or 

inappropriate use of proteasome inhibition therapy regimens.

[0007] The present invention is also directed to methods of treating a cancer patient,

with a proteasome inhibition regimen, (e.g., a proteasome inhibitor agent, alone, or in 

combination with an additional agent such as a chemotherapeutic agent) which includes the 

step of selecting a patient whose predictive marker profile indicates that the patient will 

respond to the therapeutic agent, and treating the patient with the proteasome inhibition 

therapy regimen.

[0008] The present methods and compositions are designed for use in diagnostics

and therapeutics for a patient suffering from cancer. The cancer can be of the liquid or solid 

tumor type. Liquid tumors include tumors of hematological origin, including, e.g., 

myelomas (e.g., multiple myeloma), leukemias (e.g., Waldenstrom’s syndrome, chronic 

lymphocytic leukemia, other leukemias), and lymphomas (e.g., B-cell lymphomas, non- 

Hodgkins lymphoma). Solid tumors can originate in organs, and include cancers such as 

lung, breast, prostate, ovary, colon, kidney, and liver.
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[0009] Therapeutic agents for use in the methods of the invention include a new

class of therapeutic agents known as proteosome inhibitors. One example of a proteosome 

inhibitor that was recently approved for treatment of relapsed refractory multiple myeloma 

patients and is presently being tested in clinical trials for additional indications is 

bortezomib. Other examples of proteosome inhibitors are known in the art and are described 

in further detail herein. Proteasome inhibition therapy regimens can also include additional 

therapeutic agents such as chemotherapeutic agents. Some examples of traditional 

chemotherapeutic agents are set forth in Table A. Alternatively or in combination with these 

chemotherapeutic agents, newer classes of chemotherapeutic agents can also be used in 

proteasome inhibition therapy.

[0010] One embodiment of the invention provides methods for determining a

proteasome inhibition-based regimen for treating a tumor in a patient. Such methods 

comprise measuring the level of expression of at least one predictive marker in the patient’s 

tumor and determining a proteasome inhibition based regimen for treating the tumor based 

on the expression level of the predictive marker or markers, as relevant. A significant 

expression level of predictive marker or markers in the patient sample can be an indication 

that the patient is a responsive patient and would benefit from proteasome inhibition therapy 

when the predictive marker or marker set provided herein indicate such responsiveness. 

Additionally, a significant expression level of a predictive marker or markers in a patient can 

be an indication that the patient is a non-responsive patient and would not benefit from 

proteasome inhibition therapy when the marker or markers provided herein indicate such 

non-responsiveness.

[0011] The invention further provides methods for determining whether a patient

will be responsive to a proteasome inhibition-based regimen for treating a tumor. Such 

methods comprise measuring the level of expression of at least one predictive marker in the 

patient’s tumor and determining a proteasome inhibition based regimen for treating the 

tumor based on the expression level of the predictive marker or marker set. A significant 

expression level of a predictive marker in the patient sample is an indication that the patient 

is a responsive patient and would benefit from proteasome inhibition therapy. A significant 

expression level of a predictive marker set in the patient is an indication that the patient is a 

responsive patient and would benefit from proteasome inhibition therapy when the marker 

or markers provided herein indicate such responsiveness. Selected predictive markers for
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1 use in the methods comprise responsive predictive markers as indicated in Table 1, Table 2,

and Table 3.

[0012] Still further, the invention further provides methods for determining whether 

a patient will be non-responsive to a proteasome inhibition-based regimen for treating a 

tumor. Such methods comprise measuring the level of expression of at least one predictive 

marker in the patient’s tumor and determining a proteasome inhibition based regimen for 

treating the tumor based on the expression level of the predictive marker or marker set. A 

significant expression level of a predictive marker in the patient sample is an indication that 

the patient is a non-responsive patient and would not benefit from proteasome inhibition 

therapy. A significant expression level of a predictive marker set in the patient is an 

indication that the patient is a non-responsive patient and would not benefit from proteasome 

inhibition therapy when the selected marker or marker set provided herein indicate such 

non-responsiveness. Selected predictive markers for use in the methods comprise non- 

responsive predictive markers as indicated in Table 1 Table 2 and Table 3.

[0013] Another embodiment of the invention provides methods for treating a tumor 

in a patient with proteasome inhibition therapy. Such therapeutic methods comprise 

measuring the level of expression of at least one predictive marker in a patient’s tumor; 

determining whether a proteasome inhibition based regimen for treating the tumor is 

appropriate based on the expression level of the predictive marker or markers, and treating a

patient with a proteasome inhibition therapy when the patient’s expression level indicates a 

responsive patient. A significant expression level of predictive marker in the patient sample 

is an indication that the patient is a responsive patient and would benefit from proteasome 

inhibition therapy when the predictive marker or marker set provided herein indicate the 

patient is a responsive patient

[0014] In certain aspects, the level of expression of predictive marker in the patient’s 

tumor Can be measured by isolating a sample of the tumor and performing analysis on the 

isolated sample, or a portion thereof. In another aspect, the level of expression of predictive 

marker in the patient’s tumor can be measured using in vivo imaging techniques.

[0015] In certain aspects, determining the level of expression comprises detection of 

mRNA. Such detection can be carried out by any relevant method, including e.g., PCR, 

northern, nucleotide array detection, in vivo imaging using nucleic acid probes. In other 

aspects, determining the level of expression of the predictive marker comprises detection of 

protein. Such detection can be carried out using any relevant method for protein detection,
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including w.g., ELISA, western blot, immunoassay, protein array detection, in vivo imaging

using peptide probes.

[0016] Determining the level of expression of a predictive marker can be compared

to a predetermined standard control level of expression in order to evaluate if expression of a 

marker or marker set is significant and make an assessment for determining whether the 

patient is responsive or non-responsive. Additionally, determining the level of expression of 

a predictive marker can be compared to an internal control marker level of expression which 

is measured at the same time as the predictive marker in order to make an assessment for 

determining whether the patient is responsive or non-responsive. The level of expression 

may be determined as significantly over-expressed in certain aspects. The level of 

expression may be under-expressed in other aspects. In still other aspects, the level of 

expression is determined against a pre-determined standard as determined by the methods 

provided herein.

[0017] Methods of the invention can use at least one of the predictive markers set

forth in any one of Table 1, Table 2, Table 3, Table 4, Table 5, Table 6, or Table 7. 

Additionally, the methods provided can use two, three, four, five, six, or more markers to 

form a predictive marker set. For example, marker sets selected from the markers in Table 

1, Table 2 and/or Table 3 can be generated using the methods provided herein and can 

comprise between two, and all of the markers set forth in Table 1, Table 2 or Table 3 and 

each and every combination in between (e.g., four selected markers, 16 selected markers, 74 

selected markers, etc.). In one embodiment, the markers comprise those set forth in Table 

4, Table 5 or Table 6.

[0018] Methods of the invention further provide the ability to construct marker sets

from the individual predictive markers set forth in Table 1 Table 2 and Table 3 using the 

methods described in further detail herein. In a further aspect, more than one marker set can 

be used in combination for the diagnostic, prognostic and treatment methods provided. 

[0019] The methods of the invention can be performed such that determination of

the level of expression of a predictive marker is measured prior to tumor therapy in order to 

identify whether the patient will be responsive to a proteasome inhibition therapy.

[0020] In addition, the methods of the invention can be performed concurrently with

ongoing tumor therapy to determine if the patient is either responding to present proteasome 

inhibition therapy or will respond to additional therapy comprising proteasome inhibition 

therapy.
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[0021] Still further, the methods of the invention can be performed after tumor

therapy has been carried out in order to assess whether the patient will be responsive to

future course of proteasome inhibition therapy.

[0022] Whether the methods are performed during ongoing tumor therapy or after a

course of tumor therapy, the tumor therapy can comprise proteasome inhibition therapy or 

alternative forms of cancer therapy. The methods provided are designed to determine if the 

patient will benefit from additional or future proteasome inhibition therapy, and can include 

such proteasome inhibition therapy alone or in combination with additional therapeutic 

agents.

[0023] The invention also relates to various reagents and kits for diagnosing, staging,

prognosing, monitoring and treating a cancer patient.

[0024] Provided are marker sets and methods for identification of marker sets

comprising at least two isolated predictive markers set forth in Table 1, Table 2 and Table 3. 

The marker sets comprise reagents for detection of the relevant predictive markers set forth 

in Table 1, Table 2 and Table 3. Such reagents include nucleic acid probes, primers, 

antibodies, antibody derivatives, antibody fragments, and peptide probes.

[0025] Further provided are kits for use in determining a proteasome inhibition

based regimen for treating a tumor in a patient. The kits of the invention include reagents 

for assessing predictive markers (e.g., at least one predictive marker) and predictive marker 

sets (e.g., at least two, three, four or more markers selected from Table 1, Table 2 and Table 

3), as well as instructions for use in accordance with the methods provided herein. In certain 

aspects, the kits provided contain nucleic acid probes for assessment of predictive markers. 

In still other aspects, the kits provided contain antibody, antibody derivative antibody 

fragment, or peptide reagents for assessment of predictive markers.

[0026] According to the invention, the markers and marker sets are selected such

that the positive predictive value of the methods of the invention is at least about 10%, 

preferably about 25%, more preferably about 50% and most preferably about 75%, 80%, 

85%, or 90% or greater. Also preferred for use in the methods of the invention are markers 

that are differentially expressed in tumors, as compared to normal cells, by at least one-and- 

a-half-fold and preferably at least two-fold in at least about 20%, more preferably about 

50%, and most preferably about 75% or more of any of the following conditions: partial 

responders, complete responders, minimal responders, and non-responders to proteasome 

inhibition therapy.
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[0027] The present invention further provides previously unknown or unrecognized

targets for the development of anti-cancer agents, e.g., chemotherapeutic compounds. The 

predictive markers and marker sets provided by the present invention also provide new 

targets either alone or in combination, which can be used for the development of novel 

therapeutics for cancers. Thus, nucleic acids and proteins represented by each of the 

markers provided can be used as targets in developing treatments (either single agent or 

multiple agent) for cancers, including e.g, hematological malignancies or solid tumor 

malignancies.

[0028] Thus, additionally provided are methods for use of the identified predictive

markers, as well as the corresponding nucleic acid and polypeptides for screening methods 

for identification of novel compounds for use as anti-cancer therapeutics. Such newly 

identified compounds can be useful alone, or in combination with proteasome inhibition 

therapy as a complementary therapeutic.

[0029] The present invention is based, in part, on the identification of individual

markers and marker sets that can be used to determine whether a tumor may be effectively 

treated by treatment with a proteasome inhibition therapy. For example, the compositions 

and methods provided herein can be used to determine whether a patient will be responsive 

or non-responsive to a proteasome inhibition therapeutic agent. Based on these 

identifications, the present invention provides, without limitation: 1) methods and 

compositions for determining whether a proteasome inhibition therapy will or will not be 

effective in stopping or slowing tumor growth; 2) methods and compositions for monitoring 

the effectiveness of a proteasome inhibition therapy (a proteasome inhibitor agent or a 

combination of agents) used for the treatment of tumors; 3) methods and compositions for 

identifying combinations of therapeutic agents for use in treating tumors; 4) methods and 

compositions for identifying specific therapeutic agents and combinations of therapeutic 

agents that are effective for the treatment of tumors in specific patients; 5) methods and 

compositions for identifying new targets for therapeutic agents for the treatment of tumors; 

and 6) methods and compositions for identifying new therapeutic agents for the treatment of 

tumors.

Definitions

[0030] Unless otherwise defined, all technical and scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art to which this
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invention belongs. Although methods and materials similar or equivalent to those described 

herein can be used in the practice or testing of the present invention, the preferred methods 

and materials are described herein. The content of all GenBank or RefSeq database records 

cited throughout this application (including the Tables) are also hereby incorporated by 

reference. In the case of conflict, the present specification, including definitions, will 

control.

[0031] The articles "a" and "an" are used herein to refer to one or to more than one

(i.e. to at least one) of the grammatical object of the article. By way of example, "an 

element" means at least one element and can include more than one element.

[0032] A "marker" is a naturally-occurring polymer corresponding to at least one of

the nucleic acids or proteins associated with Affymetrix probe set identifiers listed in any 

one of Table 1, Table 2 or Table 3 For example, markers include, without limitation, sense 

and anti-sense strands of genomic DNA (i.e. including any introns occurring therein), RNA 

generated by transcription of genomic DNA (i.e. prior to splicing), RNA generated by 

splicing of RNA transcribed from genomic DNA, and proteins generated by translation of 

spliced RNA (i.e. including proteins both before and after cleavage of normally cleaved 

regions such as transmembrane signal sequences). As used herein, "marker" may also 

include a cDNA made by reverse transcription of an RNA generated by transcription of 

genomic DNA (including spliced RNA). “marker set” is a group of markers. Markers of 

the present invention include the predictive markers identified in Table 1, Table 2, and Table 

3.

[0033] A “Predictive Marker” or “predictive marker” as used herein, includes a

marker which has been identified as having differential expression in tumor cells of a patient 

and is representative of a characteristic of a patient which is responsive in either a positive 

or negative manner to treatment with a proteasome inhibitor regimen. For example, a 

predictive marker includes a marker which is upregulated in a non-responsive patient; 

alternatively a predictive marker includes a marker which is upregulated in a responsive 

patient. Similarly, a predictive marker is intended to include those markers which are down- 

regulated in a non-responsive patient as well as those markers which are down-regulated in a 

responsive patient. Thus, as used herein, predictive marker is intended to include each and 

every one of these possibilities, and further can include each one individually as a predictive 

marker; or alternatively can include one or more, or all of the characteristics collectively 

when reference is made to “predictive markers” or “predictive marker sets.”



WO 2004/053066 PCT/US2003/038539
10

[0034] As used herein, a "naturally-occurring" nucleic acid molecule refers to an

RNA or DNA molecule having a nucleotide sequence that occurs in nature (e.g. encodes a

natural protein).

[0035] The term "probe" refers to any molecule which is capable of selectively

binding to a specifically intended target molecule, for example a marker of the invention. 

Probes can be either synthesized by one skilled in the art, or derived from appropriate 

biological preparations. For purposes of detection of the target molecule, probes may be 

specifically designed to be labeled, as described herein. Examples of molecules that can be 

utilized as probes include, but are not limited to, RNA, DNA, proteins, antibodies, and 

organic monomers.

[0036] The "normal" level of expression of a marker is the level of expression of the

marker in cells in a similar environment or response situation, in a patient not afflicted with 

cancer. A normal level of expression of a marker may also refer to the level of expression of 

a “control sample”, ( e.g., sample from a healthy subjects not having the marker associated 

disease). A control sample may be comprised of a control database. Alternatively, a 

“normaf’level of expression of a marker is the level of expression of the marker in non

tumor cells in a similar environment or response situation from the same patient that the 

tumor is derived from.

[0037] "Over-expression" and "under-expression" of a marker refer to expression of

the marker of a patient at a greater or lesser level, respectively, than normal level of 

expression of the marker (e.g. more than one and a half-fold, at least two-fold, at least three

fold, greater or lesser level etc.).

[0038] "Complementary" refers to the broad concept of sequence complementarity

between regions of two nucleic acid strands or between two regions of the same nucleic acid 

strand. It is known that an adenine residue of a first nucleic acid region is capable of 

forming specific hydrogen bonds ("base pairing") with a residue of a second nucleic acid 

region which is antiparallel to the first region if the residue is thymine or uracil. Similarly, it 

is known that a cytosine residue of a first nucleic acid strand is capable of base pairing with 

a residue of a second nucleic acid strand which is antiparallel to the first strand if the residue 

is guanine. A first region of a nucleic acid is complementary to a second region of the same 

or a different nucleic acid if, when the two regions are arranged in an antiparallel fashion, at 

least one nucleotide residue of the first region is capable of base pairing with a residue of the 

second region. Preferably, the first region comprises a first portion and the second region
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comprises a second portion, whereby, when the first and second portions are arranged in an 

antiparallel fashion, at least about 50%, and preferably at least about 75%, at least about 

90%, or at least about 95% of the nucleotide residues of the first portion are capable of base 

pairing with nucleotide residues in the second portion. More preferably, all nucleotide 

residues of the first portion are capable of base pairing with nucleotide residues in the 

second portion.

[0039] "Homologous" as used herein, refers to nucleotide sequence similarity

between two regions of the same nucleic acid strand or between regions of two different 

nucleic acid strands. When a nucleotide residue position in both regions is occupied by the 

same nucleotide residue, then the regions are homologous at that position. A first region is 

homologous to a second region if at least one nucleotide residue position of each region is 

occupied by the same residue. Homology between two regions is expressed in terms of the 

proportion of nucleotide residue positions of the two regions that are occupied by the same 

nucleotide residue. By way of example, a region having the nucleotide sequence 5- 

ATTGCC-3’ and a region having the nucleotide sequence 5 -TATGGC-3’ share 50% 

homology. Preferably, the first region comprises a first portion and the second region 

comprises a second portion, whereby, at least about 50%, and preferably at least about 75%, 

at least about 90%, or at least about 95% of the nucleotide residue positions of each of the 

portions are occupied by the same nucleotide residue. More preferably, all nucleotide 

residue positions of each of the portions are occupied by the same nucleotide residue.

[0040] A marker is "fixed" to a substrate if it is covalently or non-covalently

associated with the substrate such the substrate can be rinsed with a fluid ( e.g. standard 

saline citrate, pH 7.4) without a substantial fraction of the marker dissociating from the 

substrate.

[0041] As used herein, “significant” expression, or a marker “significantly”

expressed is intended to refer to differential expression of a predictive marker which is 

indicative of responsiveness or non-responsiveness. A marker or marker set in a patient is 

"significantly" expressed at a higher (or lower) level than the normal level of expression of a 

marker or marker set if the level of expression of the marker or marker set is greater or less, 

respectively, than the normal level by an amount greater than the standard error of the assay 

employed to assess expression,. Preferably a significant expression level is at least twice, 

and more preferably three, four, five or ten times that amount. Alternately, expression of the 

marker or marker set in the patient can be considered "significantly" higher or lower than the
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normal level of expression if the level of expression is at least about two, and preferably at 

least about three, four, or five times, higher or lower, respectively, than the normal level of 

expression of the marker or marker set. Still further, a “significant” expression level may 

refer to level which either meets or is above or below a pre-determined score for a predictive 

marker set as determined by methods provided herein.

[0042] A cancer or tumor is treated or diagnosed according to the present methods.

“Cancer” or “tumor” is intended to include any neoplastic growth in a patient, including an 

inititial tumor and any metastases. The cancer can be of the liquid or solid tumor type. 

Liquid tumors include tumors of hematological origin, including, e.g., myelomas (e.g., 

multiple myeloma), leukemias (e.g., Waldenstrom’s syndrome, chronic lymphocytic 

leukemia, other leukemias), and lymphomas (e.g., B-cell lymphomas, non-Hodgkins 

lymphoma,). Solid tumors can originate in organs, and include cancers such as lung, breast, 

prostate, ovary, colon, kidney, and liver. As used herein, cancer cells, including tumor 

cells, refer to cells that divide at an abnormal (increased) rate. Cancer cells include, but are 

not limited to, carcinomas, such as squamous cell carcinoma, basal cell carcinoma, sweat 

gland carcinoma, sebaceous gland carcinoma, adenocarcinoma, papillary carcinoma, 

papillary adenocarcinoma, cystadenocarcinoma, medullary carcinoma, undifferentiated 

carcinoma, bronchogenic carcinoma, melanoma, renal cell carcinoma, hepatoma-liver cell 

carcinoma, bile duct carcinoma, cholangiocarcinoma, papillary carcinoma, transitional cell 

carcinoma, choriocarcinoma, semonoma, embryonal carcinoma, mammary carcinomas, 

gastrointestinal carcinoma, colonic carcinomas, bladder carcinoma, prostate carcinoma, and 

squamous cell carcinoma of the neck and head region; sarcomas, such as fibrosarcoma, 

myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, chordosarcoma, 

angiosarcoma, endotheliosarcoma, lymphangiosarcoma, synoviosarcoma and

mesotheliosarcoma; hematologic cancers, such as myelomas, leukemias (e.g., acute 

myelogenous leukemia, chronic lymphocytic leukemia, granulocytic leukemia, monocytic 

leukemia, lymphocytic leukemia), and lymphomas (e.g., follicular lymphoma, mantle cell 

lymphoma, diffuse large Bcell lymphoma, malignant lymphoma, plasmocytoma, reticulum 

cell sarcoma, or Hodgkins disease); and tumors of the nervous system including glioma, 

meningoma, medulloblastoma, schwannoma or epidymoma.

[0043] A cancer is “responsive” to a therapeutic agent if its rate of growth is

inhibited as a result of contact with the therapeutic agent, compared to its growth in the 

absence of contact with the therapeutic agent. Growth of a cancer can be measured in a
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variety of ways, for instance, the size of a tumor or the expression of tumor markers 

appropriate for that tumor type may be measured. For example, the response definitions 

used to identify markers associated with myeloma and its response to proteasome inhibition 

therapy, the Southwestern Oncology Group (SWOG) criteria as described in Blade et al., Br 

J Haematol. 1998 Sep; 102(5): 1115-23 were used (also see e.g., Table C). The quality of 

being responsive to a proteasome inhibition therapy is a variable one, with different cancers 

exhibiting different levels of “responsiveness” to a given therapeutic agent, under different 

conditions. Still further, measures of responsiveness can be assessed using additional 

criteria beyond growth size of a tumor, including patient quality of life, degree of 

metastases, etc. In addition, clinical prognostic markers and variables can be assessed (e.g., 

M protein in myeloma, PSA levels in prostate cancer) in applicable situations.

[0044] A cancer is “non-responsive” to a therapeutic agent if its rate of growth is not

inhibited, or inhibited to a very low degree, as a result of contact with the therapeutic agent 

when compared to its growth in the absence of contact with the therapeutic agent. As stated 

above, growth of a cancer can be measured in a variety of ways, for instance, the size of a 

tumor or the expression of tumor markers appropriate for that tumor type may be measured. 

For example, the response definitions used to identify markers associated with non- response 

of multiple myeloma to therapeutic agents, the Southwestern Oncology Group (SWOG) 

criteria as described in Blade et. al. were used in the experiments described herein. The 

quality of being non-responsive to a therapeutic agent is a highly variable one, with different 

cancers exhibiting different levels of “non-responsiveness” to a given therapeutic agent, 

under different conditions. Still further, measures of non-responsiveness can be assessed 

using additional criteria beyond growth size of a tumor, including patient quality of life, 

degree of metastases, etc. In addition, clinical prognostic markers and variables can be 

assessed (e.g., M protein in myeloma, PSA levels in prostate cancer) in applicable situations. 

[0045] "Treatment" shall mean preventing or inhibiting further tumor growth, as

well as causing shrinkage of a tumor. Treatment is also intended to include prevention of 

metastasis of tumor. A tumor is "inhibited" or “treated” if at least one symptom (as 

determined by responsiveness/non-responsiveness indicators known in the art and described 

herein) of the cancer or tumor is alleviated, terminated, slowed, minimized, or prevented. 

Any amelioration of any symptom, physical or otherwise, of a tumor pursuant to treatment 

using any proteasome inhibitor, is within the scope of the invention.
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[0046] As used herein, the term “agent” is defined broadly as anything that cancer

cells, including tumor cells, may be exposed to in a therapeutic protocol. In the context of 

the present invention, such agents include, but are not limited to, proteasome inhibition 

agents, as well as chemotherapeutic agents as described in further detail herein.

[0047] "Proteasome inhibitor" shall mean any substance which directly or indirectly

inhibits the 20S or 26S proteasome or the activity thereof. Preferably, such inhibition is 

specific, i.e., the proteasome inhibitor inhibits proteasome activity at a concentration that is 

lower than the concentration of the inhibitor required to produce another, unrelated 

biological effect. Preferably, the concentration of the proteasome inhibitor required for 

proteasome inhibition is at least 2-fold lower, more preferably at least 5-fold lower, even 

more preferably at least 10-fold lower, and most preferably at least 20-fold lower than the 

concentration required to produce an unrelated biological effect. Proteasome inhibitors 

include peptide aldehydes, peptide boronic acids, lactacystin and lactacystin analogues, 

vinyl sulfones, and alpha.'.beta.'-epoxyketones. Proteasome inhibitors are described in 

further detail herein.

[0048] A kit is any article of manufacture ( e.g. a package or container) comprising

at least one reagent, e.g. a probe, for specifically detecting a marker or marker set of the 

invention. The article of manufacture may be promoted, distributed, or sold as a unit for 

performing the methods of the present invention. The reagents included in such a kit 

comprise probes/primers and/or antibodies for use in detecting responsive and non- 

predictive marker expression. In addition, the kits of the present invention may preferably 

contain instructions which describe a suitable detection assay. Such kits can be 

conveniently used, e.g., in clinical settings, to diagnose and evaluate patients exhibiting 

symptoms of cancer, in particular patients exhibiting the possible presence of an a cancer 

capable of treatment with proteasome inhibition therapy, including, e.g., hematological 

cancers e.g., myelomas (e.g., multiple myeloma), lymphomas (e.g., non-hodgkins 

lymphoma), leukemias, and solid tumors (e.g., lung, breast, ovarian, etc.).

[0049] The markers of the present invention, whose expression correlates with the

response to an agent, are identified in Table 1, Table 2, Table 3, Table 4, Table 5, Table 6, 

and Table 7. By examining the expression of one or more of the identified markers or 

marker sets in a tumor, it is possible to determine which therapeutic agent or combination of 

agents will be most likely to reduce the growth rate of the cancer cells. By examining the 

expression of one or more of the identified markers or marker sets in a cancer, it is also
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1 possible to determine which therapeutic agent or combination of agents will be the least 

likely to reduce the growth rate of cancer cells. By examining the expression of one or more 

of the identified markers or marker sets, it is therefore possible to eliminate ineffective or 

inappropriate therapeutic agents It is also possible to identify new targets for anti-cancer 

agents by examining the expression of one or more markers or marker sets. Thus, in one 

embodiment, the tumor cells used in the methods of the present invention are from a bone 

marrow sample. Importantly, these determinations can be made on a patient by patient basis 

or on an agent by agent basis. Thus, one can determine whether or not a particular 

therapeutic treatment is likely to benefit a particular patient or group/class of patients, or 

whether a particular treatment should be continued.

[0050] Table 1 lists markers identified using statistical analysis applied to genes 

from 44 myeloma patient samples. The markers in Table 1 are significantly expressed in 

samples from patients that are either responsive or non-responsive to treatment with the 

proteasome inhibitor bortezomib. Thus, one would appreciate that the markers identified 

can function in a predictive model to prospectively identify patients’ response to proteasome 

inhibition therapy, including response to bortezomib or other proteasome inhibition 

therapies known in the art as well as those described in further detail herein. In particular, 

the markers in Table 1 are correlated with a positive response to therapy (referred to herein 

as “responsive markers, (R)”). A patient with a positive response (either complete, 

partial or minimal; see Table C) to therapy is hereinafter referred to as a “responder”. 

Additionally, the predictive markers in Table 1 are correlated with a negative or poor 

response to an agent (referred to herein as “non-predictive markers, (NR)”). A patient with 

a poor response (called a progressive or refractory disease; see Table C) to treatment is 

hereinafter referred to as a “non-responder”. A patient with no response to treatment is 

hereinafter referred to as “stable” (see Table C).

[0051] Table 2 lists markers identified using statistical analysis applied using a Cox

proportional hazard analysis to determine predictors of time until disease progression (TTP) 

in patients with relapsed and refractory multiple myeloma. These markers are useful as 

additional predictive markers which are significantly expressed in patients who are likely to 

progress in disease at a faster rate, and less likely to be responsive to therapy than other 

patients. These predictive markers will serve as an additional factor in identification of 

patients likely to be responsive to proteasome inhibition therapy.
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[0052] Table 3 lists markers identified using statistical analysis applied to genes

from 44 myeloma samples. The predictive markers in Table 2 are significantly expressed in 

samples from myeloma patients whose disease is refractory to treatment with the 

proteasome inhibitor bortezomib. These predictive markers will further serve to distinguish 

refractory patients from those who will be either stable or responsive to treatment.

[0053] The invention also relates to various reagents and kits for diagnosing, staging,

prognosing, monitoring and treating a cancer patient, (e.g., a patient with a liquid tumor or a 

solid tumor as described in further detail herein), with proteasome inhibition therapy.

[0054] According to the invention, the markers are selected such that the positive

predictive value of the methods of the invention is at least about 10%, preferably about 25%, 

more preferably about 50% and most preferably about 90%. Also preferred for use in the 

methods of the invention are markers that are differentially expressed, as compared to 

normal cells, by at least two-fold in at least about 20%, more preferably about 50%, and 

most preferably about 75% of any of the following conditions: responsive patients (e.g., 

complete response, partial response, minimal response); and non-responsive patients (e.g., 

no change, relapse from response).

Identification Of Responsive And Non-Predictive markers

[0055] The present invention provides markers that are expressed in a tumor that is

responsive to proteasome inhibition therapy and whose expression correlates with 

responsiveness to that therapeutic agent. The present invention also provides markers that 

are expressed in a tumor that is non-responsive to proteasome inhibition therapy and whose 

expression correlates with non-responsiveness to such therapy. Accordingly, one or more of 

the markers can be used to identify cancers that can be successfully treated by proteasome 

inhibition therapy. In one embodiment, one or more of the markers of the present invention 

can be used to identify patients that can be successfully treated using proteasome inhibition 

therapy. In addition, the markers of the present invention can be used to identify a patient 

that has become or is at risk of becoming refractory to treatment with proteasome inhibition 

therapy. The invention also features combinations of markers, referred to herein as “marker 

sets,” that can predict patients that are likely to respond or not to respond to a proteasome 

inhibition therapy regimen.

[0056] Table 1 identifies markers whose expression correlates with responsiveness

to a proteasome inhibitor. It is preferable to determine the expression of at least one, two or
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more of the identified predictive markers; or three or more of the identified predictive

markers comprising a set of the identified predictive markers.. Thus, it is preferable to

assess the expression of a set or panel of predictive markers, i.e., the expression profile of a

predictive marker set.

Determining Responsiveness or Non-Responsiveness To An Agent

[0057] The expression level (including protein level) of the identified responsive and

non-predictive markers may be used to: 1) determine if a patient can be treated by an agent 

or combination of agents; 2) determine if a patient is responding to treatment with an agent 

or combination of agents; 3) select an appropriate agent or combination of agents for 

treating a patient; 4) monitor the effectiveness of an ongoing treatment; 5) identify new 

proteasome inhibition therapy treatments (either single agent proteasome inhibitor agents or 

complementary agents which can be used alternatively or in combination with proteasome 

inhibition agents); 6) differentiate early versus late recurrence of a cancer; and 7) select an 

appropriate agent or combination of agents in treating early and late recurrence of a cancer. 

In particular, the identified responsive and non-predictive markers may be utilized to 

determine appropriate therapy, to monitor clinical therapy and human trials of a drug being 

tested for efficacy, and to develop new agents and therapeutic combinations.

[0058] In one embodiment of the invention, a cancer may be predisposed to respond

to an agent if one or more of the corresponding predictive markers identified in Table 1, 

Table 2 and Table 3 are significantly expressed. In another embodiment of the invention, 

the predisposition of a cancer to be responsive to an agent is determined by the methods of 

the present invention, wherein significant expression of the individual predictive markers of 

the marker sets identified in Table 4, Table 5, or Table 6 is evaluated. Likewise, the 

predisposition of a patient to be responsive to an agent is determined by the methods of the 

present invention, wherein a marker set generated using to the methods described herein 

wherein the markers comprising the marker set include predictive markers set forth in Table 

1, Table 2, and/or Table 3, and the expression of the marker set is evaluated.

[0059] In another embodiment of the invention, a cancer may be predisposed to non

responsiveness to an agent if one or more of the corresponding non-predictive markers are 

significantly expressed. In another embodiment of the invention, a cancer may be 

predisposed to non-responsiveness to an agent if one or more of the corresponding 

predictive markers identified in Table 1, Table 2 and Table 3 are significantly expressed. In
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another embodiment of the invention, the predisposition of a cancer to be non-responsive to

an agent is determined by the methods of the present invention, wherein significant

expression of the individual predictive markers of the marker sets identified in Table 4,

Table 5, or Table 6 is evaluated. Likewise, the predisposition of a patient to be non- 

responsive to an agent is determined by the methods of the present invention, wherein a 

marker set is generated using the methods described herein wherein the markers comprising 

the marker set include predictive markers set forth in Table 1, Table 2, and/or Table 3, and 

the expression of the marker set is evaluated.

[0060] The present invention provides methods for determining whether a

proteasome inhibition therapy e.g., a proteasome inhibitor agent, can be used to reduce the 

growth rate of a tumor comprising the steps of:

(a) evaluating expression of at least one individual predictive marker in a tumor sample; 

and

(b) identifying that proteasome inhibition therapy is or is not appropriate to reduce the 

growth rate of the tumor based on the evaluation.

[0061] In another embodiment, the invention provides a method for determining

whether an proteasome inhibition therapeutic regimen (e.g., a proteasome inhibitor agent 

(e.g., bortezomib) alone or in combination with another chemotherapeutic agent) can be 

used to reduce the growth rate of a tumor comprising the steps of:

(a) determining the expression profile of a predictive marker or predictive marker set; 

and

(b) identifying that a proteasome inhibition therapeutic agent is or is not appropriate to 

reduce the growth rate of the myeloma cells based on the expression profile.

[0062] In one aspect, the predictive marker or markers evaluated are selected from

those set forth in Table 1. In yet another aspect the predictive marker or markers evaluated 

are selected from those set forth in Table 2. In still another aspect the predictive marker or 

markers evaluated are selected from those set forth in Table 3. Still a further aspect 

contemplates markers set forth in either Table 1 alone or in combination with markers set for 

the in Table 2 and/or Table 3, or alternatively, those markers set forth in Table 2 alone or in 

combination with Table 1 and/or Table 3.

[0063] In another embodiment, the invention provides a method for determining

whether a proteasome inhibitor therapy can be used to reduce the growth of a tumor, 

comprising the steps of:
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(a) obtaining a sample of tumor cells;

(b) evaluating the expression of one or more individual markers of a marker set, both in 

tumor cells exposed to the agent and in tumor cells that have not been exposed to the 

proteasome inhibition therapy; and

(c) identifying that an agent is or is not appropriate to treat the tumor based on the 

evaluation.

[0064] In such methods, a proteasome inhibition therapy regimen is determined

appropriate to treat the tumor when the expression profile of the marker set demonstrates 

increased responsiveness or decreased non-responsiveness according to the expression 

profile of the predictive markers in the presence of the agent

[0065] In a preferred embodiment, the predictive markers are selected from those set

forth in Table 1, Table 2 or Table 3.

[0066] In another embodiment, the invention provides a method for determining

whether treatment with an anti-cancer agent should be continued in an multiple myeloma 

patient, comprising the steps of:

(a) obtaining two or more samples of tumor cells from a patient at different times during 

the course of an proteasome inhibition therapy treatment;

(b) evaluating the expression of the individual markers of a marker set, in the two or 

more samples; and

(c) continuing or discontinuing the treatment based on the evaluation.

[0067] In a preferred embodiment, the marker set is selected from those set forth in

Table 1 or Table 2 or Table 3. According to the methods, proteasome inhibition therapy 

would be continued where the expression profile indicates continued responsiveness, or 

decreased non-responsiveness using the evaluation methods described herein.

[0068] In another embodiment, the invention provides a method for determining

whether treatment with a proteasome inhibition therapy regimen should be continued in an 

myeloma patient, comprising the steps of:

(a) obtaining two or more samples of myeloma cells from a patient at different times 

during the course of anti-cancer agent treatment;

(b) determining the expression profile a predictive marker set, in the two or more 

samples; and
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(c) continuing the treatment when the expression profile of the predictive marker set

does not demonstrate decreased responsiveness and/or does not demonstrate

increased non-responsive during the course of treatment.

[0069] Alternatively, in step (c), the treatment is discontinued when the expression

profile of the marker set demonstrates decreased responsiveness and/or increased non

responsiveness during the course of treatment. In a preferred embodiment, the marker set is 

selected from those set forth in Table 1, Table 2 or Table 3.

[0070] The present invention further provides methods for determining whether an

agent, e.g., a chemotherapeutic agent, can be used to reduce the growth rate of multiple 

myeloma comprising the steps of:

(a) obtaining a sample of cancer cells;

[0071] In another embodiment, the invention provides a method for determining

whether treatment with an anti-cancer agent should be continued in an multiple myeloma 

patient, comprising the steps of:

obtaining two or more samples of myeloma cells from a patient at different times during 

the course of anti-cancer agent treatment;

determining the level of expression in the myeloma cells of one or more genes which 

correspond to markers identified in any of Table 1, Table 2 or Table 3 in the two or more 

samples; and

[0072] continuing the treatment is continued when the expression profile of the

predictive markers identified in any one of Table 1, Table 2, and Table 3 is indicative of a 

responsive patient during the course of treatment.

[0073] Alternatively, in step (c), the treatment is discontinued when the expression

profile of the predictive markers identified in any one of Table 1, Table 2 and Table 3 is 

indicative of a non-responsive patient during the course of treatment

[0074] In another embodiment, the invention provides a method for determining

whether treatment with bortezomib should be continued in an multiple myeloma patient, 

comprising the steps of:

obtaining two or more samples of myeloma cells from a patient at different times during 

the course of treatment with bortezomib;

determining the expression profile in the myeloma cells of one or more genes which 

correspond to markers identified in Table 1 Table 2 or Table 3 in the two or more 

samples; and
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continuing the treatment when the expression profile of the predictive markers identified in 

Table 1 Table 2 or Table 3 is indicative of a responsive patient. Alternatively, the treatment 

is discontinued when the expression profile of the predictive markers identified in Table 1 

Table 2 and/or Table 3 is indicative of a non-responsive patient during the course of 

treatment

[0075] The markers and marker sets of the present invention are predictive of

proteasome inhibition therapy regimens, generally. Proteasome inhibition therapy, generally 

comprises at least an agent which inhibition proteasome activity in a cell, and can comprise 

additional therapeutic agents. In one embodiment of the invention, the agent used in 

methods of the invention is a proteasome inhibitor. In certain aspects, the proteasome 

inhibitor is bortezomib, or other related proteasome inhibitor agents as described in further 

detail herein. Still other aspects, the proteasome inhibition therapy comprises a proteasome 

inhibitor agent in conjunction with a chemotherapeutic agent. Chemotherapeutic agents are 

known in the art and described in further detail herein.

[0076] In another embodiment of the invention, the expression of predictive marker

or markers identified in Table 1, Table 2, and Table 3 is detected by measuring mRNA 

which corresponds to the predictive marker. In yet another embodiment of the invention, 

the expression of markers which correspond to markers or marker sets identified in Table 1 

Table 2 and Table 3, is detected by measuring protein which corresponds to the marker. 

[0077] In another embodiment, the invention provides a method of treating a patient

with cancer by administering to the patient a compound which has been identified as being 

effective against a cancer by the methods of the invention described herein.

[0078] The source of the cancer cells used in the present method will be based on

how the method of the present invention is being used. For example, if the method is being 

used to determine whether a patient’s cancer can be treated with an agent, or a combination 

of agents, then the preferred source of cancer cells will be cancer cells obtained from a 

tumor from the patient, e.g., a tumor biopsy (including a solid or a liquid tumor), a blood 

sample. Alternatively, a cancer cell line similar to the type of cancer being treated can be 

assayed. For example if multiple myeloma is being treated, then a myeloma cell line can be 

used. If the method is being used to predict or monitor the effectiveness of a therapeutic 

protocol, then a tissue or blood sample from the patient being treated is the preferred source. 

If the method is being used to identify new therapeutic agents or combinations, any cancer 

cells, e.g., cells of a cancer cell line, can be used.
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[0079] A skilled artisan can readily select and obtain the appropriate cancer cells that

are used in the present method. For cancer cell lines, sources such as The National Cancer

Institute, for the NCI-60 cells, are preferred. For cancer cells obtained from a patient,

standard biopsy methods, such as a needle biopsy, can be employed.

[0080] Myeloma samples were used to identify the markers of the present invention.

Further, the expression level of markers can be evaluated in other tissue types including 

disorders of related hematological cell types, including, e.g., Waldenstroms 

macrogobulinemia, Myelodysplastic syndrome and other hematological cancers including 

lymphomas, leukemias, as well as tumors of various solid tissues. It will thus be appreciated 

that cells from other hematologic malignancies including, e.g., B-cell Lymphomas, Non- 

Hodgkins Lymphoma, Waldenstrom’s syndrome, or other leukemias will be useful in the 

methods of.the present invention. Still further, the predictive markers predicting disease 

aggressiveness as well as responsiveness and non-responsiveness to proteasome inhibition 

therapeutic agents in solid tumors (e.g., lung, breast, prostate, ovary, colon, kidney, and 

liver), can also be useful in the methods of the present invention.

[0081] In the methods of the present invention, the level of expression of one or

more predictive markers selected from the group consisting of the markers identified in 

Table 1 Table 2 and Table 3, is determined. As used herein, the level or amount of 

expression refers to the absolute level of expression of an mRNA encoded by the marker or 

the absolute level of expression of the protein encoded by the marker (i.e., whether or not 

expression is or is not occurring in the cancer cells).

[0082] Generally, it is preferable to determine the expression of two or more of the

identified responsive or non-predictive markers, or three or more of the identified responsive 

or non-predictive markers, or still further a larger a set of the identified responsive and/or 

non-predictive markers, selected from the predictive markers identified in Table 1, Table 2 

and Table 3. For example, Table 4, Table 5 and Table 6 set forth marker sets identified 

using the methods described herein and can be used in the methods of the present invention. 

Still further, additional and/or alternative marker sets comprising the predictive markers 

identified herein can be generated using the methods and predictive markers provided.

Thus, it is possible to assess the expression of a panel of responsive and non-predictive 

markers using the methods and compositions provided herein.

[0083] As an alternative to making determinations based on the absolute expression

level of selected markers, determinations may be based on normalized expression levels.
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Expression levels are normalized by correcting the absolute expression level of a responsive 

or non-predictive marker by comparing its expression to the expression of a control marker 

that is not a responsive or non-predictive marker, e.g., a housekeeping gene that is 

constitutively expressed. Suitable markers for normalization include housekeeping genes, 

such as the actin gene. Constitutively expressed genes are known in the art and can be 

identified and selected according to the relevant tissue and/or situation of the patient and the 

analysis methods. Such normalization allows one to compare the expression level in one 

sample, e.g., a tumor sample, to another sample, e.g., a non-tumor sample, or between 

samples from different sources.

[0084] Further, the expression level can be provided as a relative expression level.

To determine a relative expression level of a marker or marker set, the level of expression of 

the predictive marker or marker set is determined for 10 or more individual samples, 

preferably 50 or more individual samples in order to establish a baseline, prior to the 

determination of the expression level for the sample in question. To establish a baseline 

measurement, mean expression level of each of the predictive markers or marker sets 

assayed in the larger number of samples is determined and this is used as a baseline 

expression level for the predictive markers or marker sets in question. The expression level 

of the marker or marker set determined for the test sample (absolute level of expression) is 

then divided by the mean expression value obtained for that marker or marker set. This 

provides a relative expression level and aids in identifying extreme cases of responsive or 

non-responsive-ness.

[0085] Preferably, the samples used will be from similar tumors or from non

cancerous cells of the same tissue origin as the tumor in question. The choice of the cell 

source is dependent on the use of the relative expression level data. For example, using 

tumors of similar types for obtaining a mean expression score allows for the identification of 

extreme cases of responsive or non-responsive-ness. Using expression found in normal 

tissues as a mean expression score aids in validating whether the responsive/non-predictive 

marker or marker set assayed is tumor specific (versus normal cells). Such a later use is 

particularly important in identifying whether a responsive or non-predictive marker or 

marker set can serve as a target marker or marker set. In addition, as more data is 

accumulated, the mean expression value can be revised, providing improved relative 

expression values based on accumulated data.
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[0086] Still further, as outlined above, there are various methods available to

examine the expression of the markers, including gene array/chip technology, RT-PCR, in- 

situ hybridization, immunohistochemistry, immunohlotting, FISH (flouresence in-situ 

hybridization), FACS analyses, northern blot, southern blot or cytogenetic analyses. A 

skilled artisan can select from these or other appropriate and available methods based on the 

nature of the marker(s), tissue sample and disease in question. Different methods or 

combinations of methods could be appropriate in different cases or, for instance in different 

solid or hematological tumor types.

Detection Assays

[0087] An exemplary method for detecting the presence or absence of a polypeptide

or nucleic acid corresponding to a marker of the invention in a biological sample involves 

obtaining a biological sample (e.g. a tumor sample) from a test subject and contacting the 

biological sample with a compound or an agent capable of detecting the polypeptide or 

nucleic acid (e.g., mRNA, genomic DNA, or cDNA). The detection methods of the 

invention can thus be used to detect mRNA, protein, cDNA, or genomic DNA, for example, 

in a biological sample in vitro as well as in vivo. For example, in vitro techniques for 

detection of mRNA include Northern hybridizations . in situ hybridizations, and TaqMan 

assays (Applied Biosystems) under GLP approved laboratory conditions. In vitro techniques 

for detection of a polypeptide corresponding to a marker of the invention include enzyme 

linked immunosorbent assays (ELISAs), Western blots, immunoprecipitations and 

immunofluorescence. In vitro techniques for detection of genomic DNA include Southern 

hybridizations. Furthermore, in vivo techniques for detection of a polypeptide 

corresponding to a marker of the invention include introducing into a subject a labeled 

antibody directed against the polypeptide. For example, the antibody can he labeled with a 

radioactive marker whose presence and location in a subject can be detected by standard 

imaging techniques.

[0088] A general principle of such diagnostic and prognostic assays involves

preparing a sample or reaction mixture that may contain a marker, and a probe, under 

appropriate conditions and for a time sufficient to allow the marker and probe to interact and 

bind, thus forming a complex that can be removed and/or detected in the reaction mixture. 

These assays can be conducted in a variety of ways.
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[0089] For example, one method to conduct such an assay would involve anchoring

the marker or probe onto a solid phase support, also referred to as a substrate, and detecting 

target marker/probe complexes anchored on the solid phase at the end of the reaction. In 

one embodiment of such a method, a sample from a subject, which is to be assayed for 

presence and/or concentration of marker, can be anchored onto a carrier or solid phase 

support. In another embodiment, the reverse situation is possible, in which the probe can be 

anchored to a solid phase and a sample from a subject can be allowed to react as an 

unanchored component of the assay. One example of such an embodiment includes use of an 

array or chip which contains a predictive marker or marker set anchored for expression 

analysis of the sample.

[0090] There are many established methods for anchoring assay components to a

solid phase. These include, without limitation, marker or probe molecules which are 

immobilized through conjugation of biotin and streptavidin. Such biotinylated assay 

components can be prepared from biotin-NHS (N-hydroxy-succinimide) using techniques 

known in the art (e.g., biotinylation kit, Pierce Chemicals, Rockford, IL), and immobilized 

in the wells of streptavidin-coated 96 well plates (Pierce Chemical). In certain 

embodiments, the surfaces with immobilized assay components can be prepared in advance 

and stored.

[0091] Other suitable carriers or solid phase supports for such assays include any

material capable of binding the class of molecule to which the marker or probe belongs. 

Well-known supports or carriers include, but are not limited to, glass, polystyrene, nylon, 

polypropylene, nylon, polyethylene, dextran, amylases, natural and modified celluloses, 

polyacrylamides, gabbros, and magnetite.

[0092] In order to conduct assays with the above mentioned approaches, the non-

immobilized component is added to the solid phase upon which the second component is 

anchored. After the reaction is complete, uncomplexed components may be removed ( e.g., 

by washing) under conditions such that any complexes formed will remain immobilized 

upon the solid phase. The detection of marker/probe complexes anchored to the solid phase 

can be accomplished in a number of methods outlined herein.

[0093] In a preferred embodiment, the probe, when it is the unanchored assay

component, can be labeled for the purpose of detection and readout of the assay, either 

directly or indirectly, with detectable labels discussed herein and which are well-known to 

one skilled in the art.
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[0094] It is also possible to directly detect marker/probe complex formation without

further manipulation or labeling of either component (marker or probe), for example by 

utilizing the technique of fluorescence energy transfer (see, for example, Lakowicz et al., 

U.S. Patent No. 5,631,169; Stavrianopoulos, et al., U.S. Patent No. 4,868,103). A 

fluorophore label on the first, ‘donor’ molecule is selected such that, upon excitation with 

incident light of appropriate wavelength, its emitted fluorescent energy will be absorbed by 

a fluorescent label on a second ‘acceptor’ molecule, which in turn is able to fluoresce due to 

the absorbed energy. Alternately, the ‘donor’ protein molecule may simply utilize the 

natural fluorescent energy of tryptophan residues. Labels are chosen that emit different 

wavelengths of light, such that the ‘acceptor’ molecule label may be differentiated from that 

of the ‘donor’. Since the efficiency of energy transfer between the labels is related to the 

distance separating the molecules, spatial relationships between the molecules can be 

assessed. In a situation in which binding occurs between the molecules, the fluorescent 

emission of the ‘acceptor’ molecule label in the assay should be maximal. An FET binding 

event can be conveniently measured through standard fluorometric detection means well 

known in the art (e.g., using a fluorimeter).

[0095] In another embodiment, determination of the ability of a probe to recognize a

marker can be accomplished without labeling either assay component (probe or marker) by 

utilizing a technology such as real-time Biomolecular Interaction Analysis (BIA) (see, e.g., 

Sjolander, S. and Urbaniczky, C., 1991, Anal. Chem. 63:2338-2345 and Szabo et al., 1995, 

Curr. Opin. Struct. Biol. 5:699-705). As used herein, “BIA” or “surface plasmon 

resonance” is a technology for studying biospecific interactions in real time, without 

labeling any of the interactants (e.g., BIAcore). Changes in the mass at the binding surface 

(indicative of a binding event) result in alterations of the refractive index of light near the 

surface (the optical phenomenon of surface plasmon resonance (SPR)), resulting in a 

detectable signal which can be used as an indication of real-time reactions between 

biological molecules.

[0096] Alternatively, in another embodiment, analogous diagnostic and prognostic

assays can be conducted with marker and probe as solutes in a liquid phase. In such an 

assay, the complexed marker and probe are separated from uncomplexed components by any 

of a number of standard techniques, including but not limited to: differential centrifugation, 

chromatography, electrophoresis and immunoprecipitation. In differential centrifugation, 

marker/probe complexes may be separated from uncomplexed assay components through a
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series of centrifugal steps, due to the different sedimentation equilibria of complexes based 

on their different sizes and densities (see, for example, Rivas, G., and Minton, A.P., 1993, 

Trends Biochem Sci. 18(8):284-7). Standard chromatographic techniques may also be 

utilized to separate complexed molecules from uncomplexed ones. For example, gel 

filtration chromatography separates molecules based on size, and through the utilization of 

an appropriate gel filtration resin in a column format, for example, the relatively larger 

complex may be separated from the relatively smaller uncomplexed components. Similarly, 

the relatively different charge properties of the marker/probe complex as compared to the 

uncomplexed components may be exploited to differentiate the complex from uncomplexed 

components, for example through the utilization of ion-exchange chromatography resins. 

Such resins and chromatographic techniques are well known to one skilled in the art (see, 

e.g., Heegaard, N.H., 1998, J. Mol. Recognit. Winter 1 l(l-6):141-8; Hage, D.S., and Tweed, 

S.A. J Chromatogr B Biomed Sci Appl 1997 Oct 10;699(l-2):499-525). Gel electrophoresis 

may also be employed to separate complexed assay components from unbound components 

(see, e.g., Ausubel et al., ed., Current Protocols in Molecular Biology, John Wiley & Sons, 

New York, 1987-1999). In this technique, protein or nucleic acid complexes are separated 

based on size or charge, for example. In order to maintain the binding interaction during the 

electrophoretic process, non-denaturing gel matrix materials and conditions in the absence 

of reducing agent are typically preferred. Appropriate conditions to the particular assay and 

components thereof will be well known to one skilled in the art.

[0097] In a particular embodiment, the level of mRNA corresponding to the marker

can be determined both by in situ and by in vitro formats in a biological sample using 

methods known in the art. The term "biological sample" is intended to include tissues, cells, 

biological fluids and isolates thereof, isolated from a subject, as well as tissues, cells and 

fluids present within a subject. Many expression detection methods use isolated RNA. For 

in vitro methods, any RNA isolation technique that does not select against the isolation of 

mRNA can be utilized for the purification of RNA from tumor cells (see, e.g., Ausubel et 

al., ed., Current Protocols in Molecular Biology, John Wiley & Sons, New York 1987- 

1999). Additionally, large numbers of tissue samples can readily be processed using 

techniques well known to those of skill in the art, such as, for example, the single-step RNA 

isolation process of Chomczynski (1989, U.S. Patent No. 4,843,155).

[0098] The isolated mRNA can be used in hybridization or amplification assays that

include, but are not limited to, Southern or Northern analyses, polymerase chain reaction
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and TaqMan analyses and probe arrays. One preferred diagnostic method for the detection 

of mRNA levels involves contacting the isolated mRNA with a nucleic acid molecule 

(probe) that can hybridize to the mRNA encoded by the gene being detected. The nucleic 

acid probe can be, for example, a full-length cDNA, or a portion thereof, such as an 

oligonucleotide of at least 7,15, 30, 50,100, 250 or 500 nucleotides in length and sufficient 

to specifically hybridize under stringent conditions to a mRNA or genomic DNA encoding a 

marker of the present invention. Other suitable probes for use in the diagnostic assays of the 

invention are described herein. Hybridization of an mRNA with the probe indicates that the 

marker in question is being expressed.

[0099] In one format, the mRNA is immobilized on a solid surface and contacted

with a probe, for example by running the isolated mRNA on an agarose gel and transferring 

the mRNA from the gel to a membrane, such as nitrocellulose. In an alternative format, the 

probe(s) are immobilized on a solid surface and the mRNA is contacted with the probe(s), 

for example, in an Affymetrix gene chip array. A skilled artisan can readily adapt known 

mRNA detection methods for use in detecting the level of mRNA encoded by the markers of 

the present invention.

[00100] An alternative method for determining the level of mRNA corresponding to a 

marker of the present invention in a sample involves the process of nucleic acid 

amplification, e.g., by rtPCR (the experimental embodiment set forth in Mullis, 1987, U.S. 

Patent No. 4,683,202), ligase chain reaction (Barany, 1991, Proc. Natl. Acad. Sci. USA, 

88:189-193), self sustained sequence replication (Guatelli et al., 1990, Proc. Natl. Acad. Sci. 

USA 87:1874-1878), transcriptional amplification system (Kwoh et al., 1989, Proc. Natl. 

Acad. Sci. USA 86:1173-1177), Q-Beta Replicase (Lizardi et al., 1988, Bio/Technology 

6:1197), rolling circle replication (Lizardi et al., U.S. Patent No. 5,854,033) or any other 

nucleic acid amplification method, followed by the detection of the amplified molecules 

using techniques well known to those of skill in the art. These detection schemes are 

especially useful for the detection of nucleic acid molecules if such molecules are present in 

very low numbers. As used herein, amplification primers are defined as being a pair of 

nucleic acid molecules that can anneal to 5’ or 3’ regions of a gene (plus and minus strands, 

respectively, or vice-versa) and contain a short region in between. In general, amplification 

primers are from about 10 to 30 nucleotides in length and flank a region from about 50 to 

200 nucleotides in length. Under appropriate conditions and with appropriate reagents, such
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primers permit the amplification of a nucleic acid molecule comprising the nucleotide

sequence flanked by the primers.

[00101] For in situ methods, mRNA does not need to be isolated from the cancer cells 

prior to detection. In such methods, a cell or tissue sample is prepared/processed using 

known histological methods. The sample is then immobilized on a support, typically a glass 

slide, and then contacted with a probe that can hybridize to mRNA that encodes the marker. 

[00102] As an alternative to making determinations based on the absolute expression 

level of the marker, determinations may be based on the normalized expression level of the 

marker. Expression levels are normalized by correcting the absolute expression level of a 

marker by comparing its expression to the expression of a control gene that is not a marker, 

e.g., a housekeeping gene that is constitutively expressed. Suitable genes for normalization 

include housekeeping genes such as the actin gene, or epithelial cell-specific genes. This 

normalization allows the comparison of the expression level in one sample, e.g., a patient 

sample, to another sample, e.g., a non- cancer sample, or between samples from different 

sources.

[00103] Alternatively, the expression level can be provided as a relative expression 

level. To determine a relative expression level of a marker, the level of expression of the 

marker is determined for 10 or more samples of normal versus cancer cell isolates, 

preferably 50 or more samples, prior to the determination of the expression level for the 

sample in question. The mean expression level of each of the markers and marker sets 

assayed in the larger number of samples is determined and this is used as a baseline 

expression level for the marker. The expression level of the marker determined for the test 

sample (absolute level of expression) is then divided by the mean expression value obtained 

for that marker. This provides a relative expression level.

[00104] In another embodiment of the present invention, a polypeptide corresponding 

to a marker is detected. A preferred agent for detecting a polypeptide of the invention is an 

antibody capable of binding to a polypeptide corresponding to a marker of the invention, 

preferably an antibody with a detectable label. Antibodies can be polyclonal, or more 

preferably, monoclonal. An intact antibody, or a fragment thereof (e.g., Fab or Fiab^) can 

be used. The term "labeled", with regard to the probe or antibody, is intended to encompass 

direct labeling of the probe or antibody by coupling (i.e., physically linking) a detectable 

substance to the probe or antibody, as well as indirect labeling of the probe or antibody by 

reactivity with another reagent that is directly labeled. Examples of indirect labeling include
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detection of a primary antibody using a fluorescently labeled secondary antibody and end

labeling of a DNA probe with biotin such that it can be detected with fluorescently labeled

streptavidin.

[00105] A variety of formats can be employed to determine whether a sample 

contains a protein that binds to a given antibody. Examples of such formats include, but are 

not limited to, enzyme immunoassay (EIA), radioimmunoassay (RIA), Western blot analysis 

and enzyme linked immunoabsorbant assay (ELISA). A skilled artisan can readily adapt 

known protein/antibody detection methods for use in determining whether cancer cells 

express a marker of the present invention.

[00106] In one format, antibodies, or antibody fragments, can be used in methods 

such as Western blots or immunofluorescence techniques to detect the expressed proteins.

In such uses, it is generally preferable to immobilize either the antibody or proteins on a 

solid support. Suitable solid phase supports or carriers include any support capable of 

binding an antigen or an antibody. Well-known supports or carriers include glass, 

polystyrene, polypropylene, polyethylene, dextran, nylon, amylases, natural and modified 

celluloses, polyacrylamides, gabbros, and magnetite.

[00107] One skilled in the art will know many other suitable carriers for binding 

antibody or antigen, and will be able to adapt such support for use with the present 

invention. For example, protein isolated from tumor cells can be run on a polyacrylamide 

gel electrophoresis and immobilized onto a solid phase support such as nitrocellulose. The 

support can then be washed with suitable buffers followed by treatment with the detectably 

labeled antibody. The solid phase support can then be washed with the buffer a second time 

to remove unbound antibody. The amount of bound label on the solid support can then be 

detected by conventional means.

[00108] The invention also encompasses kits for detecting the presence of a 

polypeptide or nucleic acid corresponding to a marker of the invention in a biological 

sample ( e.g. an ovary-associated body fluid such as a urine sample). Such kits can be used 

to determine if a subject is suffering from or is at increased risk of developing cancer. For 

example, the kit can comprise a labeled compound or agent capable of detecting a 

polypeptide or an mRNA encoding a polypeptide corresponding to a marker of the invention 

in a biological sample and means for determining the amount of the polypeptide or mRNA 

in the sample ( e.g., an antibody which binds the polypeptide or an oligonucleotide probe
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which binds to DNA or mRNA encoding the polypeptide). Kits can also include

instructions for interpreting the results obtained using the kit.

[00109] For antibody-based kits, the kit can comprise, for example: (1) a first 

antibody ( e.g., attached to a solid support) which binds to a polypeptide corresponding to a 

marker of the invention; and, optionally, (2) a second, different antibody which binds to 

either the polypeptide or the first antibody and is conjugated to a detectable label.

[00110] For oligonucleotide-based kits, the kit can comprise, for example: (1) an 

oligonucleotide, e.g., a detectably labeled oligonucleotide, which hybridizes to a nucleic 

acid sequence encoding a polypeptide corresponding to a marker of the invention; (2) a pair 

of primers useful for amplifying a nucleic acid molecule corresponding to a marker of the 

invention; or (3) a marker set comprising oligonucleotides which hybridize to at least two 

nucleic acid sequences encoding polypeptide predictive markers of the invention. The kit 

can also comprise, e.g., a buffering agent, a preservative, or a protein stabilizing agent. The 

kit can further comprise components necessary for detecting the detectable label (e.g., an 

enzyme or a substrate). For marker sets, the kit can comprise a marker set array or chip for 

use in detecting the predictive markers. The kit can also contain a control sample or a series 

of control samples which can be assayed and compared to the test sample. Each component 

of the kit can be enclosed within an individual container and all of the various containers can 

be within a single package, along with instructions for interpreting the results of the assays 

performed using the kit.

Monitoring the Effectiveness of an Anti-Cancer Agent

[00111] As discussed above, the identified responsive and non-predictive markers can 

be used as pharmacodynamic markers to assess whether the tumor has become refractory to 

an ongoing treatment ( e.g., a proteasome inhibition therapy). When the cancer is not 

responding to a treatment the expression profile of the tumor cells will change: the level or 

relative expression of one or more of the predictive markers (e.g., those predictive markers 

identified in Table 1, Table 2, Table 3) such that the expression profile represents a non- 

responsive patient.

[00112] In one such use, the invention provides methods for determining whether a 

proteasome inhibition treatment should be continued in a cancer patient, comprising the 

steps of:
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determining the expression of at least one predictive marker of a marker set, wherein the 

markers are selected from those set forth in any of Table 1, Table 2 or Table 3, in a 

tumor sample of a patient exposed to a proteasome inhibition therapy; and 

continuing treatment when the expression profile of the marker or marker set 

demonstrates responsiveness to the agent being used.

[00113] In another such use, the invention provides methods for determining whether 

a proteasome inhibition therapy should be discontinued in a cancer patient, comprising the 

steps of:

determining the expression of at least one predictive marker of a marker set, wherein the 

markers are selected from those set forth in any of Table 1, Table 2 or Table 3 in a tumor 

sample of a patient expose to a proteasome inhibition therapy; and

discontinuing or altering treatment when the expression profile of the markers identified 

in any one of Table 1 Table 2 or Table 3 demonstrates non-responsiveness to the agent 

being used.

[00114] As used herein, a patient refers to any subject undergoing proteasome 

inhibition therapy for cancer treatment. In one embodiment, the subject will be a human 

patient undergoing proteasome inhibition using a sole proteasome inhibition agent (e.g., 

bortezomib or other related agent). In another embodiment, the subject is a human patient 

undergoing proteasome inhibition using a proteasome inhibition agent in conjunction with 

another agent (e.g., a chemotherapy treatment). This embodiment of the present invention 

can also include comparing two or more samples obtained from a patient undergoing anti

cancer treatment including proteasome inhibition therapy. In general, it is conceivable to 

obtain a first sample from the patient prior to beginning therapy and one or more samples 

during treatment. In such a use, a baseline of expression prior to therapy is determined, then 

changes in the baseline state of expression is monitored during the course of therapy. 

Alternatively, two or more successive samples obtained during treatment can be used 

without the need of a pre-treatment baseline sample. In such a use, the first sample obtained 

from the subject is used as a baseline for determining whether the expression of a particular 

marker or marker set is increasing or decreasing.

[00115] In general, when monitoring the effectiveness of a therapeutic treatment, two 

or more samples from a patient are examined. In another aspect, three or more successively 

obtained samples are used, including at least one pretreatment sample.
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Electronic Apparatus Readable Arrays

[00116] Electronic apparatus readable arrays comprising at least one predictive 

marker orof the present invention is also provided. As used herein, “electronic apparatus 

readable media” refers to any suitable medium for storing, holding or containing data or 

information that can be read and accessed directly by an electronic apparatus. As used 

herein, the term “electronic apparatus” is intended to include any suitable computing or 

processing apparatus or other device configured or adapted for storing data or information. 

Examples of electronic apparatus suitable for use with the present invention include stand

alone computing apparatus; networks, including a local area network (LAN), a wide area 

network (WAN) Internet, Intranet, and Extranet; electronic appliances such as a personal 

digital assistants (PDAs), cellular phone, pager and the like; and local and distributed 

processing systems. As used herein, “recorded” refers to a process for storing or encoding 

information on the electronic apparatus readable medium. Those skilled in the art can 

readily adopt any of the presently known methods for recording information on known 

media to generate manufactures comprising the markers of the present invention.

[00117] The array can be used to assay expression of one or more predictive markers 

or predictive marker sets in the array. In one embodiment, the array can be used to assay 

predictive marker or marker set expression in a tissue to ascertain tissue specificity of 

markers in the array. In this manner, up to about 44,000 markers can be simultaneously 

assayed for expression. This allows a profile to be developed showing a battery of markers 

specifically expressed in one or more tissues.

[00118] The array is also useful for ascertaining differential expression patterns of 

one or more markers in normal and abnormal (e.g., tumor) cells. This provides a battery of 

predictive markers that could serve as a tool for ease of identification of responsive and non 

responsive patients.

[00119] In addition to such qualitative determination, the invention allows the 

quantitation of marker expression. Thus, predictive markers can be grouped on the basis of 

marker sets or responsive and non-responsive indications by the level of expression in the 

sample. This is useful, for example, in ascertaining the responsive or non-responsive 

indication of the sample by virtue of scoring the expression levels according to the methods 

provided herein.

[00120] In another embodiment, the array can be used to monitor the time course of 

expression of one or more predictive markers in the array.
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[00121] The array is also useful for ascertaining the effect of the expression of a

marker on the expression of other predictive markers in the same cell or in different cells.

This provides, for example, a selection of alternate molecular targets for therapeutic

intervention if the proteasome inhibition regimen is non-responsive.

Therapeutic Agents

[00122] The markers of the present invention are shown to be predictive of patients 

who are responsive or non-responsive (sensitive or resistant) to proteasome inhibition 

therapy. Proteasome inhibition therapy can comprise treatment of a cancer patient with a 

proteasome inhibitor agent, alone or in combination with additional agents, such as 

chemotherapeutic agents.

[00123] The examples described herein entail use of the proteasome inhibitor N- 

pyrazinecarbonyl-L-phenylalanine-L-leucineboronic acid, bortezomib ((VELCADE™); 

formerly known as MLN341 or PS-341). The language “proteasome inhibitor” is intended 

to include bortezomib, compounds which are structurally similar to bortezomib and/or 

analogs of bortezomib. The language “proteasome inhibitor” can also include “mimics”. 

“Mimics” is intended to include compounds which may not be structurally similar to 

bortezomib but mimic the therapeutic activity of bortezomib or structurally similar 

compounds in vivo. Proteasome inhibitor compounds of this invention are those compounds 

which are useful for inhibiting tumor growth, (e.g., multiple myeloma tumor growth, other 

hematological or solid tumors as described in further detail herein) in patients. Proteasome 

inhibitor also is intended to include pharmaceutically acceptable salts of the compounds. 

[00124] Proteasome inhibitors for use in the practice of the invention include 

additional peptide boronic acids such as those disclosed in Adams et al., U.S. Patent No. 

5,780,454 (1998), U.S. Patent No. 6,066,730 (2000), U.S. Patent No. 6,083,903 (2000), U.S. 

Patent No. 6,548,668 (2003), and Siman et al. WO 91/13904, each of which is hereby 

incorporated by reference in its entirety, including all compounds and formulae disclosed 

therein. Preferably, a boronic acid compound for use in the present invention is selected 

from the group consisting of: N-(4-morpholine)carbonyl-.beta.-(l-naphthyl)-L-alanine-L- 

leucine boronic acid; N-(8-quinoline)sulfonyl-.beta.-(l-naphthyl)-L-alanine-L-alanine-L- 

leucine boronic acid; N-(2-pyrazine)cai?bonyl-L-phenylalanine-L-leucine boronic acid, and 

N-(4-morpholine)carbonyl-[0-(2-pyridylmethyl)]-L-tyrosine-L-leucine boronic acid.
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[00125] Additionally, proteasome inhibitors include peptide aldehyde proteasome 

inhibitors such as those disclosed in Stein et al. U.S. Patent No. 5,693,617 (1997), and 

International patent publications WO 95/24914 published Sep. 21, 1995 and Siman et al. 

WO 91/13904 published Sep. 19,1991; Iqbal et al. J. Med. Chem. 38:2276-2277 (1995), as 

well as Bouget et al. Bioorg Med Chem 17:4881-4889 (2003) each of which is hereby 

incorporated by reference in its entirety, including all compounds and formulae disclosed 

therein.

[00126] Further, proteasome inhibitors include lactacystin and lactacycstin analogs 

which have been disclosed in Fentany et al, U.S. Patent No. 5,756,764 (1998), and U.S. 

Patent No. 6,147,223(2000), Schreiber et al U.S. Patent No. 6,645,999 (2003), and Fenteany 

et al. Proc. Natl. Acad. Sci. USA (1994) 91:3358, each of which is hereby incorporated by 

reference in its entirety, including all compounds and formulae disclosed therein.

[00127] Additionally, synthetic peptide vinyl sulfone proteasome inhibitors and 

epoxyketone proteasome inhibitors have been disclosed and are useful in the methods of the 

invention. See, e.g., Bogyo et al., Proc. Natl. Acad. Sci. 94:6629 (1997); Spaltensteinet al. 

Tetrahedron Lett. 37:1343 (1996); Meng L, Proc. Natl. Acad Sci 96: 10403 (1999); and 

Meng LH, Cancer Res 59; 2798 (1999), each of which is hereby incorporated by reference 

in its entirety.

[00128] Still further, natural compounds have been recently shown to have 

proteasome inhibition activity can be used in the present methods. For example, TMC-95A, 

a cyclic peptide, or Gliotoxin, both fungal metabolites or polyphenols compounds found in 

green tea have been identified as proteasome inhibitors. See, e.g., Koguchi Y, Antibiot 

(Tokyo) 53:105. (2000); Kroll M, Chem Biol 6:689 (1999); and Nam S, J. Biol Chem 276: 

13322(2001), each of which is hereby incorporated by reference in its entirety.

[00129] Further to the above, the language, proteasome inhibition therapy can also 

include additional agents in addition to proteasome inhibition agents, including 

chemotherapeutic agents. A "chemotherapeutic agent" is intended to include chemical 

reagents which inhibit the growth of proliferating cells or tissues wherein the growth of such 

cells or tissues is undesirable. Chemotherapeutic agents such as anti-metabolic agents, e.g., 

Ara AC, 5-FU and methotrexate, antimitotic agents, e.g., taxane, vinblastine and vincristine, 

alkylating agents, e.g., melphanlan, BCNU and nitrogen mustard, Topoisomerase II 

inhibitors, e.g., VW-26, topotecan and Bleomycin, strand-breaking agents, e.g., 

doxorubicin and DHAD, cross-linking agents, e.g., cisplatin and CBDCA, radiation and
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ultraviolet light. In a preferred embodiment, the agent is a proteasome inhibitor (e.g.,

bortezomib or other related compounds).are well known in the art (see e.g., Gilman A.G., et

ak, The Pharmacological Basis of Therapeutics, 8th Ed., Sec 12:1202-1263 (1990)), and are

typically used to treat neoplastic diseases. The chemotherapeutic agents generally employed

in chemotherapy treatments are listed below in Table A.

TABLE A

CLASS TYPE OF AGENT
NONPROPRIETARY NAMES 

(OTHER NAMES)

Alkylating

Nitrogen Mustards Mechlorethamine (HN2)
Cyclophosphamide
Ifosfamide
Melphalan (L-sarcolysin)
Chlorambucil

Ethylenimines
And Methylmelamines

Hexamethylmelamine
Thiotepa

Alkyl Sulfonates Busulfan
Alkylating Nitrosoureas Carmustine (BCNU)

Lomustine (CCNU)
Semustine (methyl-CCNU)
Streptozocin (streptozotocin)

Alkylating

Triazenes Decarbazine (DTIC; dimethyltriazenoimi- 
dazolecarboxamide)

Alkylator cis-diamminedichloroplatinum Π (CDDP)

Antimetabolites

Folic Acid Analogs Methotrexate (amethopterin)

Pyrimidine
Analogs

Fluorouracil (’5-fluorouracil; 5-FU) 
Floxuridine (fluorode-oxyuridine; FUdR) 
Cytarabine (cytosine arabinoside)

Purine Analogs and 
Related
Inhibitors

Mercaptopuine (6-mercaptopurine; 6-MP) 
Thioguanine (6-thioguanine; TG)
Pentostatin (2’ - deoxycoformycin)

Natural
Products

Vinca Alkaloids Vinblastin (VLB)
Vincristine

Topoisomerase
Inhibitors

Etoposide
Teniposide
Camptothecin
Topotecan
9-amino-campotothecin CPT-11

Antibiotics

Dactinomycin (actinomycin D)
Adriamycin
Daunorubicin (daunomycin; 
rubindomycin)
Doxorubicin
Bleomycin
Plicamycin (mithramycin)
Mitomycin (mitomycin C)
TAXOL
Taxotere

Enzymes L-Asparaginase
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TABLE A CONTINUED

CLASS TYPE OF AGENT
NONPROPRIETARY NAMES 

(OTHER NAMES)
Natural Products Biological Response 

Modifiers
Interfon alfa
Interleukin 2

Miscellaneous
Agents

Platinum Coordination 
Complexes

cis-diamminedichloroplatinum II 
(CDDP)
Carboplatin

Anthracendione Mitoxantrone
Substituted Urea Hydroxyurea
Methyl Hydraxzine 
Derivative

Procarbazine
(N-methylhydr azine,(MEH)

Adrenocortical
Suppressant

Mitotane (o,p-DDD)
Aminoglutethimide

Hormones and 
Antagonists

Adrenocorticosteroids Prednisone

Progestins

Hydroxyprogesterone caproate 
Medroxyprogesterone acetate
Megestrol acetate

Estrogens Diethylstilbestrol
Ethinyl estradiol

Antiestrogen Tamoxifen
Androgens Testosterone propionate

Fluoxymesterone
Antiandrogen Flutamide
Gonadotropin-releasing 
Hormone analog

Leuprolide

[00130] The agents tested in the present methods can be a single agent or a

combination of agents. For example, the present methods can be used to determine whether 

a single chemotherapeutic agent, such as methotrexate, can be used to treat a cancer or 

whether a combination of two or more agents can be used in combination with a proteasome 

inhibitor. Preferred combinations will include agents that have different mechanisms of 

action, e.g., the use of an anti-mitotic agent in combination with an alkylating agent and a 

proteasome inhibitor.

[00131] The agents disclosed herein may be administered by any route, including 

intradermally, subcutaneously, orally, intraarterially or intravenously. Preferably, 

administration will be by the intravenous route. Preferably parenteral administration may be 

provided in a bolus or by infusion.

[00132] The concentration of a disclosed compound in a pharmaceutically acceptable 

mixture will vary depending on several factors, including the dosage of the compound to be 

administered, the pharmacokinetic characteristics of the compound(s) employed, and the 

route of administration. Effective amounts of agents for treating ischemia or reperfusion 

injury would broadly range between about 10 p.g and about 50 mg per Kg of body weight of 

a recipient mammal. The agent may be administered in a single dose or in repeat doses.
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Treatments may be administered daily or more frequently depending upon a number of

factors, including the overall health of a patient, and the formulation and route of

administration of the selected compound(s).

Isolated Nucleic Acid Molecules, Vectors and Host Cells

[00133] One aspect of the invention pertains to isolated nucleic acid molecules that 

correspond to a predictive marker of the invention, including nucleic acids which encode a 

polypeptide corresponding to a predictive marker of the invention or a portion of such a 

polypeptide. Isolated nucleic acids of the invention also include nucleic acid molecules 

sufficient for use as hybridization probes to identify nucleic acid molecules that correspond 

to a predictive marker of the invention, including nucleic acids which encode a polypeptide 

corresponding to a predictive marker of the invention, and fragments of such nucleic acid 

molecules, e.g., those suitable for use as PCR primers for the amplification or mutation of 

nucleic acid molecules. As used herein, the term "nucleic acid molecule" is intended to 

include DNA molecules ( e.g., cDNA or genomic DNA) and RNA molecules (e.g., mRNA) 

and analogs of the DNA or RNA generated using nucleotide analogs. The nucleic acid 

molecule can be single-stranded or double-stranded, but preferably is double-stranded DNA. 

[00134] A nucleic acid molecule of the present invention, e.g., a nucleic acid 

encoding a protein corresponding to a marker listed in any one of Table 1, Table 2, and/or 

Table 3, can be isolated and manipulated (e.g., amplified, cloned, synthesized, etc.) using 

standard molecular biology techniques and the sequence information in the database records 

described herein. ( e.g., described in Sambrook et al., ed., Molecular Cloning: A 

Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 

NY, 1989).

[00135] Moreover, a nucleic acid molecule of the invention can comprise only a 

portion of a nucleic acid sequence, wherein the full length nucleic acid sequence comprises a 

predictive marker of the invention or which encodes a polypeptide corresponding to a 

marker of the invention. Such nucleic acids can be used, for example, as a probe or primer. 

The probe/primer typically is used as one or more substantially purified oligonucleotides. 

The oligonucleotide typically comprises a region of nucleotide sequence that hybridizes 

under stringent conditions to at least about 7, preferably about 15, more preferably about 25, 

50, 75,100,125,150,175, 200, 250, 300, 350, or 400 or more consecutive nucleotides of a 

nucleic acid of the invention.
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[00136] Probes based on the sequence of a nucleic acid molecule of the invention can 

be used to detect transcripts or genomic sequences corresponding to one or more predictive 

markers of the invention. The probe comprises a label group attached thereto, e.g., a 

radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor. Such probes can 

be used as part of a diagnostic test kit for identifying cells or tissues which express the 

protein, such as by measuring levels of a nucleic acid molecule encoding the protein in a 

sample of cells from a subject, e.g., detecting mRNA levels or determining whether a gene 

encoding the protein has been mutated or deleted.

[00137] In addition to the nucleotide sequences described in the database records 

described herein, it will be appreciated by those skilled in the art that DNA sequence 

polymorphisms that lead to changes in the amino acid sequence can exist within a 

population ( e.g., the human population). Such genetic polymorphisms can exist among 

individuals within a population due to natural allelic variation. An allele is one of a group of 

genes which occur alternatively at a given genetic locus. In addition, it will be appreciated 

that DNA polymorphisms that affect RNA expression levels can also exist that may affect 

the overall expression level of that gene (e.g., by affecting regulation or degradation). 

[00138] As used herein, the terms "gene" and "recombinant gene" refer to nucleic 

acid molecules comprising an open reading frame encoding a polypeptide corresponding to 

a marker of the invention, including, e.g., sequences which differ, due to degeneracy of the 

genetic code, from the nucleotide sequence of nucleic acids encoding a protein which 

corresponds to a marker of the invention, and thus encode the same protein..

[00139] As used herein, the phrase "allelic variant" refers to a nucleotide sequence 

which occurs at a given locus or to a polypeptide encoded by the nucleotide sequence. Such 

natural allelic variations can typically result in 1-5% variance in the nucleotide sequence of 

a given gene. Alternative alleles can be identified by sequencing the gene of interest in a 

number of different individuals. This can be readily carried out by using hybridization 

probes to identify the same genetic locus in a variety of individuals. Any and all such 

nucleotide variations and resulting amino acid polymorphisms or variations that are the 

result of natural allelic variation and that do not alter the functional activity are intended to 

be within the scope of the invention.

[00140] The present invention encompasses antisense nucleic acid molecules, i.e., 

molecules which are complementary to a sense nucleic acid of the invention, e.g., 

complementary to the coding strand of a double-stranded cDNA molecule corresponding to
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a marker of the invention or complementary to an mRNA sequence corresponding to a 

marker of the invention. Accordingly, an antisense nucleic acid of the invention can 

hydrogen bond to (i.e. anneal with) a sense nucleic acid of the invention. The antisense 

nucleic acid can be complementary to an entire coding strand, or to only a portion thereof, 

e.g., all or part of the protein coding region (or open reading frame). An antisense nucleic 

acid molecule can also be antisense to all or part of a non-coding region of the coding strand 

of a nucleotide sequence encoding a polypeptide of the invention. The non-coding regions 

("5’ and 3’ untranslated regions") are the 5’ and 3’ sequences which flank the coding region 

and are not translated into amino acids.

[00141] An antisense oligonucleotide can be, for example, about 5, 10, 15, 20, 25, 30, 

35, 40,45, or 50 or more nucleotides in length. An antisense nucleic acid of the invention 

can be constructed using chemical synthesis and enzymatic ligation reactions using 

procedures known in the art. For example, an antisense nucleic acid (e.g., an antisense 

oligonucleotide) can be chemically synthesized using naturally occurring nucleotides or 

variously modified nucleotides designed to increase the biological stability of the molecules 

or to increase the physical stability of the duplex formed between the antisense and sense 

nucleic acids, e.g., phosphorothioate derivatives and acridine substituted nucleotides can be 

used. Examples of modified nucleotides which can be used to generate the antisense nucleic 

acid include 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, 

xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-

carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil, 

dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1- 

methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2- methyladenine, 2-methylguanine, 

3-methylcytosine, 5-methylcytosine, N6-adenine, 7-methylguanine, 5- 

methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D-mannosylqueosine, 

5 -methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, 

uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl- 

2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid methylester, 

uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, 

(acp3)w, and 2,6-diaminopurine. Alternatively, the antisense nucleic acid can be produced 

biologically using an expression vector into which a nucleic acid has been sub-cloned in an 

antisense orientation (i.e., RNA transcribed from the inserted nucleic acid will be of an
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antisense orientation to a target nucleic acid of interest, described further in the following

subsection).

[00142] In various embodiments, the nucleic acid molecules of the invention can be 

modified at the base moiety, sugar moiety or phosphate backbone to improve, e.g., the 

stability, hybridization, or solubility of the molecule. For example, the deoxyribose 

phosphate backbone of the nucleic acids can be modified to generate peptide nucleic acids 

(see Hyrup et al., 1996, Bioorganic & Medicinal Chemistry 4(1): 5-23). As used herein, the 

terms "peptide nucleic acids" or "PNAs" refer to nucleic acid mimics, e.g., DNA mimics, in 

which the deoxyribose phosphate backbone is replaced by a pseudopeptide backbone and 

only the four natural nucleobases are retained. The neutral backbone of PNAs has been 

shown to allow for specific hybridization to DNA and RNA under conditions of low ionic 

strength. The synthesis of PNA oligomers can be performed using standard solid phase 

peptide synthesis protocols as described in Hyrup et al. (1996), supra: Perry-OXeefe et al. 

(1996) Proc. Natl. Acad. Sci. USA 93:14670-675.

[00143] PNAs can be used in therapeutic and diagnostic applications. For example, 

PNAs can be used, e.g., in the analysis of single base pair mutations in a gene by, e.g.,

PNA directed PCR clamping; as artificial restriction enzymes when used in combination 

with other enzymes, e.g., SI nucleases (Hyrup (1996), supra: or as probes or primers for 

DNA sequence and hybridization (Hyrup, 1996, supra: Perry-OKeefe et al., 1996, Proc. 

Natl. Acad. Sci. USA 93:14670-675).

[00144] In another aspect, PNAs can be modified, e.g., to enhance their stability or 

cellular uptake, by attaching lipophilic or other helper groups to PNA, by the formation of 

PNA-DNA chimeras, or by the use of liposomes or other techniques of drug delivery known 

in the art. For example, PNA-DNA chimeras can be generated which can combine the 

advantageous properties of PNA and DNA. Such chimeras allow DNA recognition 

enzymes, e.g., RNASE H and DNA polymerases, to interact with the DNA portion while 

the PNA portion would provide high binding affinity and specificity. PNA-DNA chimeras 

can be linked using linkers of appropriate lengths selected in terms of base stacking, number 

of bonds between the nucleobases, and orientation (Hyrup, 1996, supra). The synthesis of 

PNA-DNA chimeras can be performed as described in Hyrup (1996), supra, and Finn et al. 

(1996) Nucleic Acids Res. 24(17):3357-63. For example, a DNA chain can be synthesized 

on a solid support using standard phosphoramidite coupling chemistry and modified 

nucleoside analogs. Compounds such as 5’-(4-methoxytrityl)amino-5-deoxy-thymidine
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phosphoramidite can be used as a link between the PNA and the 5’ end of DNA (Mag et al., 

1989, Nucleic Acids Res. 17:5973-88). PNA monomers are then coupled in a step-wise 

manner to produce a chimeric molecule with a 5’ PNA segment and a 3’DNA segment (Finn 

et al., 1996, Nucleic Acids Res. 24(17):3357-63). Alternatively, chimeric molecules can be 

synthesized with a 5’DNA segment and a 3’PNA segment (Peterser et al., 1975, Bioorganic 

Med. Chem. Lett. 5:1119-11124).

[00145] In other embodiments, the oligonucleotide can include other appended groups 

such as peptides ( e.g., for targeting host cell receptors in vivo), or agents facilitating 

transport across the cell membrane (see, e.g., Letsinger et al., 1989, Proc. Natl. Acad. Sci. 

USA 86:6553-6556; Lemaitre et al., 1987, Proc. Natl. Acad. Sci. USA 84:648-652; PCT 

Publication No. WO 88/09810) or the blood-brain barrier (see, e.g., PCT Publication No. 

WO 89/10134). In addition, oligonucleotides can be modified with hybridization-triggered 

cleavage agents (see, e.g., Krol et al., 1988, Bio/Techniques 6:958-976) or intercalating 

agents (see, e.g., Zon, 1988, Pharm. Res. 5:539-549). To this end, the oligonucleotide can 

be conjugated to another molecule, e.g., a peptide, hybridization triggered cross-linking 

agent, transport agent, hybridization-triggered cleavage agent, etc.

[00146] The invention also includes molecular beacon nucleic acids having at least 

one region which is complementary to a marker of the invention, such that the molecular 

beacon is useful for quantitating the presence of the predictive marker of the invention in a 

sample. A "molecular beacon" nucleic acid is a nucleic acid comprising a pair of 

complementary regions and having a fluorophore and a fluorescent quencher associated 

therewith. The fluorophore and quencher are associated with different portions of the 

nucleic acid in such an orientation that when the complementary regions are annealed with 

one another, fluorescence of the fluorophore is quenched by the quencher. When the 

complementary regions of the nucleic acid are not annealed with one another, fluorescence 

of the fluorophore is quenched to a lesser degree. Molecular beacon nucleic acids are 

described, for example, in U.S. Patent 5,876,930.

[00147] Vectors, preferably expression vectors, containing a nucleic acid encoding a 

polypeptide corresponding to a predictive marker of the invention can be used for 

production of nucleic acid and proteins corresponding to predictive markers of the 

invention; as well as for production of compositions relating to the predictive markers. 

Useful vectors further comprise promoter and/or regulatory sequences for effective 

expression of the nucleic acid and/or protein corresponding to the predictive marker of
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interest. In certain instances, promoters can include constitutive promoter/regulatory 

sequences, inducible promoter/regulatory sequences, tissue specific promoter/regulatory 

sequences, or the natural endogenous promoter/regulatory sequences corresponding to the 

predictive marker of interest, as required. Various expression vectors are well known in the 

art and can be adapted to suit the particular system for expression. For example, 

recombinant expression vectors of the invention can be designed for expression of a 

polypeptide corresponding to a marker of the invention in prokaryotic (e.g., E. coii) or 

eukaryotic cells (e.g., insect cells {using baculovirus expression vectors}, yeast cells or 

mammalian cells). Suitable host cells are discussed further in Goeddel, supra.

Alternatively, the recombinant expression vector can be transcribed and translated in vitro, 

for example using T7 promoter regulatory sequences and T7 polymerase.

[00148] As used herein, the term "promoter/regulatory sequence" means a nucleic 

acid sequence which is required for expression of a gene product operably linked to the 

promoter/regulatory sequence. In some instances, this sequence may be the core promoter 

sequence and in other instances, this sequence may also include an enhancer sequence and 

other regulatory elements which are required for expression of the gene product. The 

promoter/regulatory sequence may, for example, be one which expresses the gene product in 

a tissue-specific manner.

[00149] A "constitutive" promoter is a nucleotide sequence which, when operably 

linked with a polynucleotide which encodes or specifies a gene product, causes the gene 

product to be produced in a living human cell under most or all physiological conditions of 

the cell.

[00150] An "inducible" promoter is a nucleotide sequence which, when operably 

linked with a polynucleotide which encodes or specifies a gene product, causes the gene 

product to be produced in a living human cell substantially only when an inducer which 

corresponds to the promoter is present in the cell.

[00151] A "tissue-specific" promoter is a nucleotide sequence which, when operably 

linked with a polynucleotide which encodes or specifies a gene product, causes the gene 

product to be produced in a living human cell substantially only if the cell is a cell of the 

tissue type corresponding to the promoter.

[00152] Another aspect of the invention pertains to host cells into which a 

recombinant expression vector of the invention has been introduced. The terms "host cell" 

and "recombinant host cell" are used interchangeably herein. It is understood that such
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terms refer not only to the particular subject cell but to the progeny or potential progeny of 

such a cell. Because certain modifications may occur in succeeding generations due to 

either mutation or environmental influences, such progeny may not, in fact, be identical to 

the parent cell, but are still included within the scope of the term as used herein. A host cell 

can be any prokaryotic ( e.g., E. coli) or eukaryotic cell (e.g., insect cells, yeast or 

mammalian cells).

[00153] Vector DNA can be introduced into prokaryotic or eukaryotic cells via 

conventional transformation or transfection techniques. As used herein, the terms 

"transformation" and "transfection" are intended to refer to a variety of art-recognized 

techniques for introducing foreign nucleic acid into a host cell, including calcium phosphate 

or calcium chloride co-precipitation, DEAE-dextran-mediated transfection, lipofection, or 

electroporation. Suitable methods for transforming or transfecting host cells can be found in 

Sambrook, et al. (supra), and other laboratory manuals.

[00154] A host cell of the invention, such as a prokaryotic or eukaryotic host cell in

culture, can be used to produce a polypeptide corresponding to a marker of the invention. 

Accordingly, the invention further provides methods for producing a polypeptide 

corresponding to a marker of the invention using the host cells of the invention. In one 

embodiment, the method comprises culturing the host cell of invention (into which a 

recombinant expression vector encoding a polypeptide of the invention has been introduced) 

in a suitable medium such that the marker is produced. In another embodiment, the method 

further comprises isolating the marker polypeptide from the medium or the host cell.

Isolated Proteins and Antibodies

[00155] One aspect of the invention pertains to isolated proteins which correspond to 

predictive markers of the invention, and biologically active portions thereof, as well as 

polypeptide fragments suitable for use as immunogens to raise antibodies directed against a 

polypeptide corresponding to a predictive marker of the invention. Polypeptides for use in 

the invention can be isolated, purified, or produced using the gene identification information 

provided herein in combination with routine molecular biology, protein purification and 

recombinant DNA techniques well known in the art.

[00156] Biologically active portions of a polypeptide corresponding to a marker of the 

invention include polypeptides comprising amino acid sequences sufficiently identical to or 

derived from the amino acid sequence of the protein corresponding to the predictive marker,
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which include fewer amino acids than the full length protein, and exhibit at least one activity 

of the corresponding full-length protein. Typically, biologically active portions comprise a 

domain or motif with at least one activity of the corresponding protein. A biologically 

active portion of a protein of the invention can be a polypeptide which is, for example, 10, 

25, 50,100 or more amino acids in length. Moreover, other biologically active portions, in 

which other regions of the protein are deleted, can be prepared by recombinant techniques 

and evaluated for one or more of the functional activities of the native form of a polypeptide 

of the invention.

[00157] Preferred polypeptides have the amino acid sequence listed in the one of the 

GenBank and NUC database records described herein. Other useful proteins are 

substantially identical (e.g., at least about 50%, preferably 70%, 80%, 90%, 95%, or 99%) 

to one of these sequences and retain the functional activity of the protein of the 

corresponding naturally-occurring protein yet differ in amino acid sequence due to natural 

allelic variation or mutagenesis.

[00158] The determination of percent identity between two sequences can be 

accomplished using a mathematical algorithm determining the number of identical positions 

shared between two sequences. Determination can be carried out using any known method 

in the art for comparison of identity and similarity. Examples of methods used can include 

for example, a mathematical algorithm utilized for the comparison of two sequences is the 

algorithm of Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264-2268, modified 

as in Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5877. Such an 

algorithm is incorporated into the NBLAST and XBLAST programs of Altschul, et al. 

(1990) J. Mol. Biol. 215:403-410. BLAST nucleotide searches can be performed with the 

NBLAST program, score = 100, wordlength = 12 to obtain nucleotide sequences 

homologous to a nucleic acid molecules of the invention. BLAST protein searches can be 

performed with the XBLAST program, score = 50, wordlength = 3 to obtain amino acid 

sequences homologous to a protein molecules of the invention. To obtain gapped 

alignments for comparison purposes, Gapped BLAST can be utilized as described in 

Altschul et al. (1997) Nucleic Acids Res. 25:3389-3402. Alternatively, PSI-Blast can be 

used to perform an iterated search which detects distant relationships between molecules. 

When utilizing BLAST, Gapped BLAST, and PSI-Blast programs, the default parameters of 

the respective programs ( e.g., XBLAST and NBLAST) can be used. See

http://www.ncbi.nlm.nih.gov. Another example of a mathematical algorithm utilized for the

http://www.ncbi.nlm.nih.gov
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comparison of sequences is the algorithm of Myers and Miller, (1988) CABIOS 4:11-17. 

Such an algorithm is incorporated into the ALIGN program (version 2.0) which is part of the 

GCG sequence alignment software package. When utilizing the ALIGN program for 

comparing amino acid sequences, a PAM120 weight residue table, a gap length penalty of 

12, and a gap penalty of 4 can be used. Yet another useful algorithm for identifying regions 

of local sequence similarity and alignment is the FASTA algorithm as described in Pearson 

and Lipman (1988) Proc. Natl. Acad. Sci. USA 85:2444-2448. When using the FASTA 

algorithm for comparing nucleotide or amino acid sequences, a PAM120 weight residue 

table can, for example, be used with a /c-tuple value of 2. The percent identity between two 

sequences can be determined using techniques similar to those described above, with or 

without allowing gaps. In calculating percent identity, only exact matches are counted. 

[00159] The invention also provides chimeric or fusion proteins corresponding to a 

marker of the invention. As used herein, a "chimeric protein" or "fusion protein" comprises 

all or part (preferably a biologically active part) of a polypeptide corresponding to a marker 

of the invention operably linked to a heterologous polypeptide (i.e., a polypeptide other than 

the polypeptide corresponding to the marker). Within the fusion protein, the term "operably 

linked" is intended to indicate that the polypeptide of the invention and the heterologous 

polypeptide are fused in-frame to each other. The heterologous polypeptide can be fused to 

the amino-terminus or the carboxyl-terminus of the polypeptide of the invention. Useful 

fusion proteins can include GST, c-myc, FLAG, HA, and any other well known 

heterologous tag for use in fusion protein production. Such fusion proteins can facilitate the 

purification of a recombinant polypeptide of the invention.

[00160] In addition, fusion proteins can include a signal sequence from another 

protein such as gp67, melittin, human placental alkaline phosphatase, and phoA. In yet 

another aspect, the fusion protein is an immunoglobulin fusion protein in which all or part of 

a polypeptide corresponding to a predictive marker of the invention is fused to sequences 

derived from a member of the immunoglobulin protein family. The immunoglobulin fusion 

proteins of the invention can be used as immunogens to produce antibodies directed against 

a polypeptide of the invention in a subject, to purify ligands and in screening assays to 

identify molecules which inhibit the interaction of receptors with ligands.

[00161] An isolated polypeptide corresponding to a predictive marker of the 

invention, or a fragment thereof, can be used as an immunogen to generate antibodies using 

standard techniques for polyclonal and monoclonal antibody preparation. For example, an
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immunogen typically is used to prepare antibodies by immunizing a suitable (i.e.

immunocompetent) subject such as a rabbit, goat, mouse, or other mammal or vertebrate.

An appropriate immunogenic preparation can contain, for example, recombinantly- 

expressed or chemically-synthesized polypeptide. The preparation can further include an 

adjuvant, such as Freund’s complete or incomplete adjuvant, or a similar immunostimulatory 

agent.

[00162] Accordingly, another aspect of the invention pertains to antibodies directed 

against a polypeptide of the invention. The terms "antibody" and "antibody substance" as 

used interchangeably herein refer to immunoglobulin molecules and immunologically active 

portions of immunoglobulin molecules, i.e., molecules that contain an antigen binding site 

which specifically binds an antigen, such as a polypeptide of the invention, e.g., an epitope 

of a polypeptide of the invention. A molecule which specifically binds to a given 

polypeptide of the invention is a molecule which binds the polypeptide, but does not 

substantially bind other molecules in a sample, e.g., a biological sample, which naturally 

contains the polypeptide. Examples of immunologically active portions of immunoglobulin 

molecules include F(ab) and FCab’b fragments which can be generated by treating the 

antibody with an enzyme such as pepsin. The invention provides polyclonal and 

monoclonal antibodies.

[00163] Polyclonal antibodies can be prepared as described above by immunizing a 

suitable subject with a polypeptide of the invention as an immunogen. Preferred polyclonal 

antibody compositions are ones that have been selected for antibodies directed against a 

predictive marker or markers of the invention. The antibody titer in the immunized subject 

can be monitored over time by standard techniques, such as with an enzyme linked 

immunosorbent assay (ELISA) using immobilized polypeptide. If desired, the antibody 

molecules can be harvested or isolated from the subject (e.g., from the blood or serum of 

the subject) and further purified by well-known techniques, such as protein A

chromatography to obtain the IgG fraction.

[00164] Alternatively, antibodies specific for a protein or polypeptide of the invention 

can be selected or (e.g., partially purified) or purified by, e.g., affinity chromatography to 

obtain substantially purified and purified antibody. By a substantially purified antibody 

composition is meant, in this context, that the antibody sample contains at most only 30% 

(by dry weight) of contaminating antibodies directed against epitopes other than those of the 

desired protein or polypeptide of the invention, and preferably at most 20%, yet more
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preferably at most 10%, and most preferably at most 5% (by dry weight) of the sample is

contaminating antibodies. A purified antibody composition means that at least 99% of the

antibodies in the composition are directed against the desired protein or polypeptide of the

invention.

[00165] Additionally, monoclonal antibodies directed to the predictive markers can be 

prepared for use in the methods of the present invention. Methods for generation of 

monoclonal antibodies are well known in the art and can be produced using any method.

For example, at an appropriate time after immunization, e.g., when the specific antibody 

titers are highest, antibody-producing cells can be obtained from the subject and used to 

prepare monoclonal antibodies by standard techniques, such as the hybridoma technique 

originally described by Kohler and Milstein (1975) Nature 256:495-497, the human B cell 

hybridoma technique (see Kozbor et al., 1983, Immunol. Today 4:72), the EBV-hybridoma 

technique (see Cole et al., pp. 77-96 In Monoclonal Antibodies and Cancer Therapy, Alan 

R. Liss, Inc., 1985) or trioma techniques. The technology for producing hybridomas is well 

known (see generally Current Protocols in Immunology, Coligan et al. ed., John Wiley & 

Sons, New York, 1994). Hybridoma cells producing a monoclonal antibody of the invention 

are detected by screening the hybridoma culture supernatants for antibodies that bind the 

polypeptide of interest, e.g., using a standard ELISA assay.

[00166] Additionally, recombinant antibodies, such as chimeric and humanized 

monoclonal antibodies, comprising both human and non-human portions, which can be 

made using standard recombinant DNA techniques, are within the scope of the invention. A 

chimeric antibody is a molecule in which different portions are derived from different 

animal species, such as those having a variable region derived from a murine mAh and a 

human immunoglobulin constant region. (See, e.g., Cabilly et al., U.S. Patent No. 

4,816,567; and Boss et al., U.S. Patent No. 4,816,397, which are incorporated herein by 

reference in their entirety.) Humanized antibodies are antibody molecules from non-human 

species having one or more complementarity determining regions (CDRs) from the non

human species and a framework region from a human immunoglobulin molecule. (See, 

e.g., Queen, U.S. Patent No. 5,585,089, which is incorporated herein by reference in its 

entirety.) Such chimeric and humanized monoclonal antibodies can be produced by 

recombinant DNA techniques known in the art, for example using methods described in 

PCT Publication No. WO 87/02671; European Patent Application 184,187; European Patent 

Application 171,496; European Patent Application 173,494; PCT Publication No. WO
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86/01533; U.S. Patent No. 4,816,567; European Patent Application 125,023; Better et al. 

(1988) Science 240:1041-1043; Liu et al. (1987) Proc. Natl. Acad. Sci. USA 84:3439-3443; 

Liu et al. (1987) J. Immunol. 139:3521- 3526; Sun et al. (1987) Proc. Natl. Acad. Sci. USA 

84:214-218; Nishimura et al. (1987) Cancer Res. 47:999-1005; Wood et al. (1985) Nature 

314:446-449; and Shaw etal. (1988) J. Natl. Cancer Inst. 80:1553-1559); Morrison (1985) 

Science 229:1202-1207; Oi et al. (1986) Bio/Techniques 4:214; U.S. Patent 5,225,539; Jones 

et al. (1986) Nature 321:552-525; Verhoeyan et al. (1988) Science 239:1534; and Beidler et 

al. (1988)7. Immunol. 141:4053-4060.

[00167] Human antibodies can be produced, for example, using transgenic mice 

which are incapable of expressing endogenous immunoglobulin heavy and light chains 

genes, but which can express human heavy and light chain genes. The transgenic mice are 

immunized in the normal fashion with a selected antigen, e.g., all or a portion of a 

polypeptide corresponding to a marker of the invention. Monoclonal antibodies directed 

against the antigen can be obtained using conventional hybridoma technology. The human 

immunoglobulin transgenes harbored by the transgenic mice rearrange during B cell 

differentiation, and subsequently undergo class switching and somatic mutation. Thus, 

using such a technique, it is possible to produce therapeutically useful IgG, IgA and IgE 

antibodies. For an overview of this technology for producing human antibodies, see 

Lonberg and Huszar (1995) Int. Rev. Immunol. 13:65-93). For a detailed discussion of this 

technology for producing human antibodies and human monoclonal antibodies and protocols 

for producing such antibodies, see, e.g., U.S. Patent 5,625,126; U.S. Patent 5,633,425; U.S. 

Patent 5,569,825; U.S. Patent 5,661,016; and U.S. Patent 5,545,806. In addition, companies 

such as Abgenix, Inc. (Freemont, CA), can be engaged to provide human antibodies directed 

against a selected antigen using technology similar to that described above.

[00168] Completely human antibodies which recognize a selected epitope can be 

generated using a technique referred to as "guided selection." In this approach a selected 

non-human monoclonal antibody, e.g., a murine antibody, is used to guide the selection of a 

completely human antibody recognizing the same epitope (Jespers et al., 1994, 

Bio/technology 12:899-903).

[00169] An antibody directed against a polypeptide corresponding to a predictive 

marker of the invention ( e.g., a monoclonal antibody) can be used to detect the predictive 

marker ( e.g., in a cellular sample) in order to evaluate the level and pattern of expression of 

the predictive marker. The antibodies can also be used diagnostically to monitor protein
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levels in tissues or body fluids (e.g. in an tumor sample) as part of a clinical testing

procedure, e.g., to, for example, determine the efficacy of a given treatment regimen.

Detection can be facilitated by coupling the antibody to a detectable substance. Examples of

detectable substances include various enzymes, prosthetic groups, fluorescent materials,

luminescent materials, bioluminescent materials, and radioactive materials. Examples of

suitable enzymes include horseradish peroxidase, alkaline phosphatase, β-galactosidase, or

acetylcholinesterase; examples of suitable prosthetic group complexes include

streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials include

umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine

fluorescein, dansyl chloride or phycoerythrin; an example of a luminescent material includes

luminol; examples of bioluminescent materials include luciferase, luciferin, and aequorin,
125 131 35 3

and examples of suitable radioactive material include I, I, S or H.

[00170] Further, an antibody (or fragment thereof) can be conjugated to a therapeutic 

moiety such as a cytotoxin, a therapeutic agent or a radioactive metal ion. A cytotoxin or 

cytotoxic agent includes any agent that is detrimental to cells. Examples include taxol, 

cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, 

tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy 

anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, 

glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and puromycin and analogs or 

homologs thereof. Therapeutic agents include, but are not limited to, antimetabolites (e.g., 

methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil decarbazine), 

alkylating agents ( e.g., mechlorethamine, thioepa chlorambucil, melphalan, carmustine 

(BSNU) and lomustine (CCNU), cyclothosphamide, busulfan, dibromomannitol, 

streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (H) (DDP) cisplatin), 

anthracyclines ( e.g., daunorubicin (formerly daunomycin) and doxorubicin), antibiotics ( 

e.g., dactinomycin (formerly actinomycin), bleomycin, mithramycin, and anthramycin 

(AMC)), and anti-mitotic agents (e.g., vincristine and vinblastine).

[00171] Techniques for conjugating such therapeutic moiety to antibodies are well 

known, see, e.g., Amon et al., "Monoclonal Antibodies For Immunotargeting Of Drugs In 

Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al. (eds.), pp. 

243-56 (Alan R. Liss, Inc. 1985); Hellstrom et al., "Antibodies For Drug Delivery", in 

Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, Inc. 

1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review", in
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Monoclonal Antibodies ’84: Biological And Clinical Applications, Pinchera et al. (eds.), pp. 

475-506 (1985); "Analysis, Results, And Future Prospective Of The Therapeutic Use Of 

Radiolabeled Antibody In Cancer Therapy", in Monoclonal Antibodies For Cancer 

Detection And Therapy, Baldwin et al. (eds.), pp. 303-16 (Academic Press 1985), and 

Thorpe et al., "The Preparation And Cytotoxic Properties Of Antibody-Toxin Conjugates", 

Immunol. Rev., 62:119-58 (1982).

[00172] Alternatively, an antibody can be conjugated to a second antibody to form an 

antibody heteroconjugate as described by Segal in U.S. Patent No. 4,676,980.

[00173] Accordingly, in one aspect, the invention provides substantially purified 

antibodies or fragments thereof, and non-human antibodies or fragments thereof, which 

antibodies or fragments specifically bind to a polypeptide comprising an amino acid 

sequence encoded by a predictive marker identified herein. In various embodiments, the 

substantially purified antibodies of the invention, or fragments thereof, can be human, 

non-human, chimeric and/or humanized antibodies.

[00174] In another aspect, the invention provides non-human antibodies or fragments 

thereof, which antibodies or fragments specifically bind to a polypeptide comprising an 

amino acid sequence which is encoded by a nucleic acid molecule of a predictive marker of 

the invention. Such non-human antibodies can be goat, mouse, sheep, horse, chicken, 

rabbit, or rat antibodies. Alternatively, the non-human antibodies of the invention can be 

chimeric and/or humanized antibodies. In addition, the non-human antibodies of the 

invention can be polyclonal antibodies or monoclonal antibodies.

[00175] In still a further aspect, the invention provides monoclonal antibodies or 

fragments thereof, which antibodies or fragments specifically bind to a polypeptide 

comprising an amino acid sequence selected from the group consisting of the amino acid 

sequences of the present invention, an amino acid sequence encoded by the cDNA of the 

present invention, a fragment of at least 15 amino acid residues of an amino acid sequence 

of the present invention, an amino acid sequence which is at least 95% identical to an amino 

acid sequence of the present invention (wherein the percent identity is determined using the 

ALIGN program of the GCG software package with a ΡΑΜΙ20 weight residue table, a gap 

length penalty of 12, and a gap penalty of 4) and an amino acid sequence which is encoded 

by a nucleic acid molecule which hybridizes to a nucleic acid molecule consisting of the 

nucleic acid molecules of the present invention, or a complement thereof, under conditions
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of hybridization of 6X SSC at 45°C and washing in 0.2 X SSC, 0.1% SDS at 65°C. The 

monoclonal antibodies can be human, humanized, chimeric and/or non-human antibodies. 

[00176] The substantially purified antibodies or fragments thereof may specifically 

bind to a signal peptide, a secreted sequence, an extracellular domain, a transmembrane or a 

cytoplasmic domain or cytoplasmic membrane of a polypeptide of the invention. In a 

particularly preferred embodiment, the substantially purified antibodies or fragments 

thereof, the non-human antibodies or fragments thereof, and/or the monoclonal antibodies or 

fragments thereof, of the invention specifically bind to a secreted sequence or an 

extracellular domain of the amino acid sequences of the present invention.

[00177] The invention also provides a kit containing an antibody of the invention 

conjugated to a detectable substance, and instructions for use. Still another aspect of the 

invention is a diagnostic composition comprising an antibody of the invention and a 

pharmaceutically acceptable carrier. In preferred embodiments, the diagnostic composition 

contains an antibody of the invention, a detectable moiety, and a pharmaceutically 

acceptable carrier.

Screening Assays

[00178] The invention also provides methods (also referred to herein as "screening 

assays") for identifying modulators, i.e., candidate or test compounds or agents (e.g., 

peptides, peptidomimetics, peptoids, small molecules or other drugs) which (a) bind to the 

marker, or (b) have a modulatory (e.g., stimulatory or inhibitory) effect on the activity of 

the marker or, more specifically, (c) have a modulatory effect on the interactions of the 

marker with one or more of its natural substrates (e.g., peptide, protein, hormone, co-factor, 

or nucleic acid), or (d) have a modulatory effect on the expression of the marker. Such 

assays typically comprise a reaction between the marker and one or more assay components. 

The other components may be either the test compound itself, or a combination of test 

compound and a natural binding partner of the marker.

[00179] Test compounds of the present invention may be obtained from any available 

source, including systematic libraries of natural and/or synthetic compounds. Test 

compounds may also be obtained by any of the numerous approaches in combinatorial 

library methods known in the art, including: biological libraries; peptoid libraries (libraries 

of molecules having the functionalities of peptides, but with a novel, non-peptide backbone 

which are resistant to enzymatic degradation but which nevertheless remain bioactive; see,
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e.g., Zuckermann etal., 1994, J. Med. Chem. 37:2678-85); spatially addressable parallel 

solid phase or solution phase libraries; synthetic library methods requiring deconvolution; 

the ’one-bead one-compound’ library method; and synthetic library methods using affinity 

chromatography selection. The biological library and peptoid library approaches are limited 

to peptide libraries, while the other four approaches are applicable to peptide, non-peptide 

oligomer or small molecule libraries of compounds (Lam, 1997, Anticancer Drug Des. 

12:145).

[00180] Examples of methods for the synthesis of molecular libraries can be found in 

the art, for example in: DeWitt et al. (1993) Proc. Natl. Acad. Sci. U.S.A. 90:6909; Erb et 

al. (1994) Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann etal. (1994). J. Med. Chem. 

37:2678; Cho et al. (1993) Science 261:1303; Carrell etal. (1994) Angew. Chem. Int. Ed. 

Engl. 33:2059; Carell et al. (1994) Angew. Chem. Int. Ed. Engl. 33:2061; and in Gallop et 

al. (1994)7. Med. Chem. 37:1233.

[00181] Libraries of compounds may be presented in solution ( e.g., Houghten, 1992, 

Biotechniques 13:412-421), or on beads (Lam, 1991, Nature 354:82-84), chips (Fodor, 1993, 

Nature 364:555-556), bacteria and/or spores, (Ladner, USP 5,223,409), plasmids (Cull et al, 

1992, Proc Natl Acad Sci USA 89:1865-1869) or on phage (Scott and Smith, 1990, Science 

249:386-390; Devlin, 1990, Science 249:404-406; Cwirla et al, 1990, Proc. Natl. Acad. Sci. 

87:6378-6382; Felici, 1991, J. Mol. Biol. 222:301-310; Ladner, supra.).

[00182] In one embodiment, the invention provides assays for screening candidate or 

test compounds which are substrates of a marker or biologically active portion thereof. In 

another embodiment, the invention provides assays for screening candidate or test 

compounds which bind to a marker or biologically active portion thereof. Determining the 

ability of the test compound to directly bind to a marker can be accomplished, for example, 

by coupling the compound with a radioisotope or enzymatic label such that binding of the 

compound to the marker can be determined by detecting the labeled marker compound in a 

complex. For example, compounds (e.g., marker substrates) can be labeled with 1251, 35S, 

14C, or 3H, either directly or indirectly, and the radioisotope detected by direct counting of 

radioemission or by scintillation counting. Alternatively, assay components can be 

enzymatically labeled with, for example, horseradish peroxidase, alkaline phosphatase, or 

luciferase, and the enzymatic label detected by determination of conversion of an 

appropriate substrate to product.
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[00183] In another embodiment, the invention provides assays for screening candidate 

or test compounds which modulate the activity of a marker or a biologically active portion 

thereof. In all likelihood, the marker can, in vivo, interact with one or more molecules, such 

as but not limited to, peptides, proteins, hormones, cofactors and nucleic acids. For the 

purposes of this discussion, such cellular and extracellular molecules are referred to herein 

as “binding partners” or marker “substrate”. One necessary embodiment of the invention in 

order to facilitate such screening is the use of the marker to identify its natural in vivo 

binding partners. Many of the known binding partners or substrates of the identified 

predictive markers are either known in the art, or can be identified using standard 

methodologies known in the art (e.g., two hybrid screening, etc.).

[00184] In a further embodiment, assays may be devised through the use of the 

invention for the purpose of identifying compounds which modulate (e.g., affect either 

positively or negatively) interactions between a marker and its substrates and/or binding 

partners. Such compounds can include, but are not limited to, molecules such as antibodies, 

peptides, hormones, oligonucleotides, nucleic acids, and analogs thereof. Such compounds 

may also be obtained from any available source, including systematic libraries of natural 

and/or synthetic compounds. The preferred assay components for use in this embodiment is 

an predictive marker identified herein, the known binding partner and/or substrate of same, 

and the test compound. Test compounds can be supplied from any source.

[00185] The basic principle of the assay systems used to identify compounds that 

interfere with the interaction between the marker and its binding partner involves preparing 

a reaction mixture containing the marker and its binding partner under conditions and for a 

time sufficient to allow the two products to interact and bind, thus forming a complex. In 

order to test an agent for inhibitory activity, the reaction mixture is prepared in the presence 

and absence of the test compound. The test compound can be initially included in the 

reaction mixture, or can be added at a time subsequent to the addition of the marker and its 

binding partner. Control reaction mixtures are incubated without the test compound or with 

a placebo. The formation of any complexes between the marker and its binding partner is 

then detected. The formation of a complex in the control reaction, but less or no such 

formation in the reaction mixture containing the test compound, indicates that the compound 

interferes with the interaction of the marker and its binding partner. Conversely, the 

formation of more complex in the presence of compound than in the control reaction 

indicates that the compound may enhance interaction of the marker and its binding partner.
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[00186] The assay for compounds that interfere with the interaction of the marker 

with its binding partner may be conducted in a heterogeneous or homogeneous format. 

Heterogeneous assays involve anchoring either the marker or its binding partner onto a solid 

phase and detecting complexes anchored to the solid phase at the end of the reaction. In 

homogeneous assays, the entire reaction is carried out in a liquid phase. In either approach, 

the order of addition of reactants can be varied to obtain different information about the 

compounds being tested. For example, test compounds that interfere with the interaction 

between the markers and the binding partners ( e.g., by competition) can be identified by 

conducting the reaction in the presence of the test substance, i.e., by adding the test 

substance to the reaction mixture prior to or simultaneously with the marker and its 

interactive binding partner. Alternatively, test compounds that disrupt preformed 

complexes, e.g., compounds with higher binding constants that displace one of the 

components from the complex, can be tested by adding the test compound to the reaction 

mixture after complexes have been formed. The various formats are briefly described 

below.

[00187] In a heterogeneous assay system, either the marker or its binding partner is 

anchored onto a solid surface or matrix, while the other corresponding non-anchored 

component may be labeled, either directly or indirectly. In practice, microtitre plates are 

often utilized for this approach. The anchored species can be immobilized by a number of 

methods, either non-covalent or covalent, that are typically well known to one who practices 

the art. Non-covalent attachment can often be accomplished simply by coating the solid 

surface with a solution of the marker or its binding partner and drying. Alternatively, an 

immobilized antibody specific for the assay component to be anchored can be used for this 

purpose. Such surfaces can often be prepared in advance and stored.

[00188] In related embodiments, a fusion protein can be provided which adds a 

domain that allows one or both of the assay components to be anchored to a matrix. For 

example, glutathione-S-transferase/marker fusion proteins or glutathione-S- 

transferase/binding partner can be adsorbed onto glutathione sepharose beads (Sigma 

Chemical, St. Louis, MO) or glutathione derivatized microtiter plates, which are then 

combined with the test compound or the test compound and either the non-adsorbed marker 

or its binding partner, and the mixture incubated under conditions conducive to complex 

formation (e.g., physiological conditions). Following incubation, the beads or microtiter 

plate wells are washed to remove any unbound assay components, the immobilized complex
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assessed either directly or indirectly, for example, as described above. Alternatively, the

complexes can be dissociated from the matrix, and the level of marker binding or activity

determined using standard techniques.

[00189] . Other techniques for immobilizing proteins on matrices can also be used in

the screening assays of the invention. For example, either a marker or a marker binding 

partner can be immobilized utilizing conjugation of biotin and streptavidin. Biotinylated 

marker protein or target molecules can be prepared from biotin-NHS (N-hydroxy- 

succinimide) using techniques known in the art (e.g., biotinylation kit, Pierce Chemicals, 

Rockford, IL), and immobilized in the wells of streptavidin-coated 96 well plates (Pierce 

Chemical). In certain embodiments, the protein-immobilized surfaces can be prepared in 

advance and stored.

[00190] In order to conduct the assay, the corresponding partner of the immobilized 

assay component is exposed to the coated surface with or without the test compound. After 

the reaction is complete, unreacted assay components are removed (e.g., by washing) and 

any complexes formed will remain immobilized on the solid surface. The detection of 

complexes anchored on the solid surface can be accomplished in a number of ways. Where 

the non-immobilized component is pre-labeled, the detection of label immobilized on the 

surface indicates that complexes were formed. Where the non-immobilized component is 

not pre-labeled, an indirect label can be used to detect complexes anchored on the surface; 

e.g., using a labeled antibody specific for the initially non-immobilized species (the 

antibody, in turn, can be directly labeled or indirectly labeled with, e.g., a labeled anti-Ig 

antibody). Depending upon the order of addition of reaction components, test compounds 

which modulate (inhibit or enhance) complex formation or which disrupt preformed 

complexes can be detected.

[00191] In an alternate embodiment of the invention, a homogeneous assay may be 

used. This is typically a reaction, analogous to those mentioned above, which is conducted 

in a liquid phase in the presence or absence of the test compound. The formed complexes are 

then separated from unreacted components, and the amount of complex formed is 

determined. As mentioned for heterogeneous assay systems, the order of addition of 

reactants to the liquid phase can yield information about which test compounds modulate 

(inhibit or enhance) complex formation and which disrupt preformed complexes.

[00192] In such a homogeneous assay, the reaction products may be separated from 

unreacted assay components by any of a number of standard techniques, including but not
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limited to: differential centrifugation, chromatography, electrophoresis and

immunoprecipitation. In differential centrifugation, complexes of molecules may be 

separated from uncomplexed molecules through a series of centrifugal steps, due to the 

different sedimentation equilibria of complexes based on their different sizes and densities 

(see, for example, Rivas, G., and Minton, A.P., Trends Biochem Sci 1993 Aug; 18(8):284-7). 

Standard chromatographic techniques may also be utilized to separate complexed molecules 

from uncomplexed ones. For example, gel filtration chromatography separates molecules 

based on size, and through the utilization of an appropriate gel filtration resin in a column 

format, for example, the relatively larger complex may be separated from the relatively 

smaller uncomplexed components. Similarly, the relatively different charge properties of 

the complex as compared to the uncomplexed molecules may be exploited to differentially 

separate the complex from the remaining individual reactants, for example through the use 

of ion-exchange chromatography resins. Such resins and chromatographic techniques are 

well known to one skilled in the art (see, e.g., Heegaard, 1998, J Mol. Recognit. 11:141

148; Hage and Tweed, 1997, J. Chromatogr. B. Biomed. Sci. Appl., 699:499-525). Gel 

electrophoresis may also be employed to separate complexed molecules from unbound 

species (see, e.g., Ausubel et al (eds.), In: Current Protocols in Molecular Biology, J. Wiley 

& Sons, New York. 1999). In this technique, protein or nucleic acid complexes are separated 

based on size or charge, for example. In order to maintain the binding interaction during the 

electrophoretic process, nondenaturing gels in the absence of reducing agent are typically 

preferred, but conditions appropriate to the particular interactants will be well known to one 

skilled in. the art. Immunoprecipitation is another common technique utilized for the 

isolation of a protein-protein complex from solution (see, e.g., Ausubel et al (eds.), In: 

Current Protocols in Molecular Biology, J. Wiley & Sons, New York. 1999). In this 

technique, all proteins binding to an antibody specific to one of the binding molecules are 

precipitated from solution by conjugating the antibody to a polymer bead that may be 

readily collected by centrifugation. The bound assay components are released from the 

beads (through a specific proteolysis event or other technique well known in the art which 

will not disturb the protein-protein interaction in the complex), and a second 

immunoprecipitation step is performed, this time utilizing antibodies specific for the 

correspondingly different interacting assay component. In this manner, only formed 

complexes should remain attached to the beads. Variations in complex formation in both the 

presence and the absence of a test compound can be compared, thus offering information
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about the ability of the compound to modulate interactions between the marker and its

binding partner.

[00193] Also within the scope of the present invention are methods for direct 

detection of interactions between the marker and its natural binding partner and/or a test 

compound in a homogeneous or heterogeneous assay system without further sample 

manipulation. For example, the technique of fluorescence energy transfer may be utilized 

(see, e.g., Lakowicz et al, U.S. Patent No. 5,631,169; Stavrianopoulos et al, U.S. Patent No. 

4,868,103). Generally, this technique involves the addition of a fluorophore label on a first 

‘donor’ molecule (e.g., marker or test compound) such that its emitted fluorescent energy 

will be absorbed by a fluorescent label on a second, ‘acceptor’ molecule (e.g., marker or 

test compound), which in turn is able to fluoresce due to the absorbed energy. Alternately, 

the ‘donor’ protein molecule may simply utilize the natural fluorescent energy of tryptophan 

residues. Labels are chosen that emit different wavelengths of light, such that the ‘acceptor’ 

molecule label may be differentiated from that of the ‘donor’. Since the efficiency of energy 

transfer between the labels is related to the distance separating the molecules, spatial 

relationships between the molecules can be assessed. In a situation in which binding occurs 

between the molecules, the fluorescent emission of the ‘acceptor’ molecule label in the 

assay should be maximal. An FET binding event can be conveniently measured through 

standard fluorometric detection means well known in the art ( e.g., using a fluorimeter). A 

test substance which either enhances or hinders participation of one of the species in the 

preformed complex will result in the generation of a signal variant to that of background. In 

this way, test substances that modulate interactions between a marker and its binding partner 

can be identified in controlled assays.

[00194] In another embodiment, modulators of marker expression are identified in a 

method wherein a cell is contacted with a candidate compound and the expression of mRNA 

or protein, corresponding to a marker in the cell, is determined. The level of expression of 

mRNA or protein in the presence of the candidate compound is compared to the level of 

expression of mRNA or protein in the absence of the candidate compound. The candidate 

compound can then be identified as a modulator of marker expression based on this 

comparison. For example, when expression of marker mRNA or protein is greater 

(statistically significantly greater) in the presence of the candidate compound than in its 

absence, the candidate compound is identified as a stimulator of marker mRNA or protein 

expression. Conversely, when expression of marker mRNA or protein is less (statistically
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significantly less) in the presence of the candidate compound than in its absence, the

candidate compound is identified as an inhibitor of marker mRNA or protein expression.

The level of marker mRNA or protein expression in the cells can be determined by methods

described herein for detecting marker mRNA or protein.

[00195] Still futher, in cell based assays, where a cell expressing a predictive marker 

of interest is used for screening therapeutic candidate agents, the activity or viability of the 

cell is monitored to determine the ability of the test compound to alter the activity of the 

predictive marker or markers. Such assays are carried in tandem with a control assay 

utilizing similar or identical cell lines which do not express the predictive marker or markers 

of interest, in order to determine specificity of the action of the test compound.

[00196] In another aspect, the invention pertains to a combination of two or more of 

the assays described herein. For example, a modulating agent can be identified using a cell- 

based or a cell free assay, and the ability of the agent to modulate the activity of a marker 

protein can be further confirmed in vivo, e.g., in a whole animal model for cellular 

transformation and/or tumorigenesis.

[00197] This invention further pertains to novel agents identified by the above- 

described screening assays. Accordingly, it is within the scope of this invention to further 

use an agent identified as described herein in an appropriate animal model. For example, an 

agent identified as described herein (e.g., an marker modulating agent, an antisense marker 

nucleic acid molecule, an marker-specific antibody, or an marker-binding partner) can be 

used in an animal model to determine the efficacy, toxicity, or side effects of treatment with 

such an agent. Alternatively, an agent identified as described herein can be used in an 

animal model to determine the mechanism of action of such an agent.

SPECIFIC EXAMPLES
Treatment Dosage and Administration

Drug Supply and Storage

[00198] Bortezomib for injection (VELCADE™ Millennium Pharmaceuticals, Inc., 

Cambridge, MA), a sterile lyophilized powder for reconstitution, was supplied in vials 

containing 2.5 mg bortezomib and 25 mg mannitol USP. Each vial was reconstituted with 

2.5 mL of normal (0.9%) saline, Sodium Chloride Injection USP, such that the reconstituted 

solution contained bortezomib at a concentration of 1 mg/mL. The reconstituted solution
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was clear and colorless with a final pH between 5 and 6. Vials containing lyophilized

bortezomib for Injection were stored refrigerated at 2 to 8°C.

TABLED Drug Information

Chemical Name N-Pyrazinecarbonyl-L-phenylalanine-L-leucineboronic acid

Research Name MLN341 or PS-341

Generic Name bortezomib

Proprietary Name VELCADE™

CAS Registry Number 179324-69-7

U.S. Patent Number 5,780,454

Classification Proteasome Inhibitor

Molecular Formula C19H25BN4O4

Molecular Weight 384.25

Structure Boronic acid derivative of a leucine phenylalanine dipeptide

An Open-Label Phase Π Study of Bortezomib in Patients with Myeloma Who Have

Relapsed Following Front-line Therapy and are Refractory to their Most Recent Therapy

Pharmacodynamic/pharmacogenomic/pharmacokinetic data collected

[00199] A multicenter, open-label, non-randomized Phase 2 trial was conducted, 

wherein enrolled were patients with relapsed myeloma that was refractory to therapy. 

Patients were treated with 1.3 mg of bortezomib per square meter of body surface area, 

twice weekly for two weeks, followed by one week without treatment, for up to eight cycles 

(24 weeks).

[00200] The following evaluations were conducted to assess the pharmacodynamics 

and pharmacogenomics of bortezomib:.

[00201] Proteasome inhibition assay (blood for this ex vivo assay was collected before 

and one hour after dosing on Day 1 and Day 11 of Cycles 1, 7, and, if applicable, the cycle 

in which dexamethasone was started and one hour after dosing on Day 11 of Cycle 8).

Some patients had an additional sample collected for the proteasome inhibition assay at 24 

hours after dosing on Day 1, Cycle 1.

[00202] Pharmacogenomic data (blood and bone marrow samples for evaluation of 

the expression of global mRNA levels; these procedures were conducted only in patients 

who consented to participate via a separate consent form).
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[00203] Population pharmacokinetics (blood for determination of population 

pharmacokinetics was collected from all patients before and one to six hours after study 

drug administration on Day 1, Cycle 1, and before and one to six hours after study drug 

administration on Day 11 of Cycles 1, 2, 7, and 8 and, if applicable, the cycle in which 

dexamethasone was started). Pre-dose blood samples were collected at the same time as 

those for clinical laboratory evaluations.

[00204] Individual pharmacokinetics: blood for determination of plasma bortezomib 

levels was collected immediately before and at 2, 5, 10, 15, 30, 60, and 120 minutes and 24 

hours after bortezomib administration on Day 1, Cycle 1.

Statistical procedures
[00205] Statistical analysis focused on the need to estimate response rates within 

specified limits of accuracy in order to determine if either of the two dose levels 1.0 or 1.3 

mg/m2/dose alone or in combination with dexamethasone are sufficiently efficacious to 

warrant further clinical study. This study was noncomparative in nature; therefore efficacy 

comparisons between the two doses of bortezomib were not performed. In addition, this 

study provided safety data that helped to characterize the potential toxicity of treatment at 

the two evaluated dose levels for up to eight cycles of therapy.

[00206] Summary tabulations were presented that displayed the number of 

observations, mean, standard deviation, median, minimum, and maximum for continuous 

variables, and the number and percent per category for categorical data. The categories for 

summarization were the two assigned dose groups.

[00207] A formal statistical analysis plan was developed and finalized prior to 

database lock. The primary efficacy analyses were performed on the intent-to-treat (ITT) 

population. The primary efficacy analysis were performed on the rates of responders, where 

a responder was defined as a CR, PR, or MR using the criteria prospectively established in 

Table C. Two-sided 90% confidence limits on proportions of responders in each dose group 

were established, corresponding to a 95% one-sided lower limit.

Table C Disease Response Criteria1
Response Criteria for response
Complete response (CR) Requires all of the following:

Disappearance of the original monoclonal protein from the blood and 
urine on at least two determinations for a minimum of six weeks by 
immunofixation studies.
<5% plasma cells in the bone marrow on at least two determinations
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Table C Disease Response Criteria1
Response Criteria for response

for a minimum of six weeks.
No increase in the size or number of lytic bone lesions (development 
of a compression fracture does not exclude response).
Disappearance of soft tissue plasmacytomas for at least six weeks.

Partial response (PR)3 PR includes patients in whom some, but not all, criteria for CR are 
fulfilled providing the remaining criteria satisfy the requirements for 
PR.
Requires all of the following:
>50% reduction in the level of serum monoclonal protein for at least 
two determinations six weeks apart.
If present, reduction in 24-hour urinary light chain excretion by either 
>90% or to < 200 mg for at least two determinations six weeks apart.
> 50% reduction in the size of soft tissue plasmacytomas (by clinical 
or radiographic examination) for at least six weeks.
No increase in size or number of lytic bone lesions (development of 
compression fracture does not exclude response).

Minimal response (MR) MR includes patients in whom some, but not all, criteria for PR are 
fulfilled providing the remaining criteria satisfy the requirements for 
MR.
Requires all of the following:
>25% to < 49% reduction in the level of serum monoclonal protein 
for at least two determinations six weeks apart.
If present, a 50 to 89% reduction in 24-hour light chain excretion, 
which still exceeds 200 mg/24 h, for at least two determinations 
six weeks apart.
For patients with non-secretory myeloma only, a 25 to 49% reduction 
in plasma cells in the bone marrow for a minimum of six weeks. 
25-49% reduction in the size of plasmacytomas (by clinical or 
radiographic examination) for at least six weeks.
No increase in size or number of lytic bone lesions (development of 
compression fracture does not exclude response).

No change (NC) Not meeting the criteria for MR or PD.
Progressive disease (PD) 
(for patients not in CR)

Requires one or more of the following:
>25% increase in the level of serum monoclonal paraprotein, which 
must also be an absolute increase of at least 5 g/L and confirmed on a 
repeat investigation.
>25% increase in 24-hour urinary light chain excretion, which must 
also be an absolute increase of at least 200 mg/24 h and confirmed on 
a repeat investigation.
>25% increase in plasma cells in a bone marrow aspirate or on 
trephine biopsy, which must also be an absolute increase of at least 
10%.
Definite increase in the size of existing lytic bone lesions or soft 
tissue plasmacytomas.
Development of new bone lesions or soft tissue plasmacytomas (not 
including compression fracture).
Development of hypercalcemia (corrected serum calcium 
>11.5 mg/dL or 2.8 mmol/L not attributable to any other cause).

Relapse from CR Requires at least one of the following:
Reappearance of serum or urinary paraprotein on immunofixation or 
routine electrophoresis confirmed by at least one follow-up and 
excluding oligoclonal immune reconstitution.
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Table C Disease Response Criteria1
Response Criteria for response

>5% plasma cells in the bone marrow aspirate or biopsy.
Development of new lytic bone lesions or soft tissue plasmacytomas 
or definite increase in the size of residual bone lesions (not including 
compression fracture).
Development of hypercalcemia (corrected serum calcium 
>11.5 mg/dL or 2.8 mmol/L not attributable to any other cause).

Based on the criteria reported by Kraut et al., J. Clin. Oncol. 16(2): 589-592 (1998) and Blade et al., 

Br. J. Haematol. 102(5): 1115-1123 (1998). In patients with CR, bone marrow was analyzed using 

PCR for verification of CR at the molecular level. Patients who met all criteria for PR but who

exhibit a >75% reduction in the level of serum monoclonal protein for at least two determinations six 

weeks apart were termed in ‘Remission’ (R).

[00208] Quality of Life assessment was analyzed to determine if response to therapy 

was accompanied by measurable improvement in quality of life. Analysis was performed on 

summary scores as well as individual items, with specific analytical methods outlined in a 

formal statistical analysis plan developed prior to database lock.

[00209] Pharmacodynamic data (20S proteasome) were descriptively analyzed in 

order to characterize the degree of proteasome inhibition, and to investigate any correlation 

between degree of inhibition and therapeutic response and toxicity.

[00210] For those patients who participated in the pharmacogenomic portion of the 

study, correlation between RNA expression levels and response to therapy were evaluated 

descriptively. In addition, duration of response, time to disease progression, and overall 

patient survival may be analyzed using RNA expression as a factor.

[00211] A total of 202 patients were enrolled in the study. The overall response rate 

to PS-341 alone was 35% (CR+PR rate of 27%) prior to any patients receiving added 

dexamethasone for non-optimal response. These patients had all received at least two prior 

treatment regimens for their disease and their disease had progressed on their most recent 

therapy. This patient population has a very poor prognosis and no available standard 

therapy. Kamofsky Performance Status (KPS) was <70 in 25% of patients, and Durie- 

Salmon stage was reported as IIA or IHB in 79% of patients. Approximately 39% of the 

patients had β2 microglobulin >4 mg/L at Baseline, with 22% of patients having this 

indicator of disease severity >6 mg/L. The majority of the patients had relapsed after all 

conventional, high-dose, and novel therapies, with 74% progressing despite prior treatment 

with thalidomide.
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[00212] The dose of 1.3 mg/m2 twice weekly for two weeks followed by a 10-day rest 

was well tolerated. Over 80% of the 78 patients completed 2 or more cycles of treatment, 

62% completed 4 or more cycles, and 27% completed 8 cycles.

[00213] The Independent Review Committee (IRC) evaluation of confirmed response

to treatment with bortezomib alone is provided in Table D; further categorization of

response for those patients who experienced partial remission is provided in Table E. This

independent panel panel of three medical oncologists reviewed all data for 193 evaluable

patients in the trial and assigned response using Blade criteria (Table C). The IRC

determined that 35% of these 193 patients with relapsed/refractory multiple myeloma had a

response to treatment (CR + PR + MR) with bortezomib alone, with 53 (27%) of the 193

patients experiencing a complete or partial remission to therapy and an additional 14 patients

with a minimal response. An additional 46 (24%) of patients had evidence for stable disease

(NC, no change) in response to bortezomib alone, which reflects an improvement in status

for these patients who were progressing at the time of study entry. Based on the IRC

assessment, 38 (20%) of the 193 patients had progressive disease and an additional 42

patients (22%) were considered not evaluable for response by the IRC. These data have

been published. See Richardson PG, et al., New Eng. J. Med.;348: 2609-17(2003).

[00214] All pharmacogenomic analyses relied on the Independent Review

Committee’s judgement of response category.

Table D: Summary of IRC Confirmed Response to Treatment with bortezomib 
Alone (N = 193)

Confirmed Response Category Response to bortezomib3
Complete + Partial + Minor Responses 67 (35%)
Complete + Partial Remissions 53 (27%)
Complete + Near Complete Remissions (NCR) 19 (10%)
Complete Remission (CR) 19 (4%)
Partial Remission (PR) 34 (23%)
Minor Response (MR) 14 (5%)
No Change 46 (27%)
Progressive Disease 38 (20%)
Not Evaluable 42 (22%)

a Response to treatment while patients were receiving bortezomib alone. (N = 193) 

Identification Of Responsive and Non-Predictive markers

[00215] 44 multiple myeloma patients had high quality gene expression data.

[00216] Candidate markers that are correlated with the outcome of multiple myeloma 

patients to a proteasome inhibition (e.g., bortezomib) therapy were selected by using a 

combination of marker ranking algorithms. Supervised learning and feature selection 

algorithms were then used to identify the markers of the present invention.
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Data Analysis

[00217] A data set, comprised of 44 discovery samples, was classified as responders 

(NR=17), stable disease (Ns = 12), or progressive disease (Np = 15), based on the assignments 

of the IRC. For marker identification, the three response classes were further grouped into 

responders (NR=17) vs non-responders (Nnr = 27), or refractory/progressive disease (Np =

15) vs others (N = 29). For each sample, 44,928 gene transcripts (Affymetrix probe sets) 

were profiled on the two Affymetrix U133 microarrays according to manufacturer’s 

directions. Total RNA was isolated from homogenized tissue by TriazolTM (Life 

Technologies, Inc.) following the manufacturer's recommendations. RNA was stored at 80 

°C in diethyl pyrocarbonate-treated deionized water. Detailed methods for labeling the 

samples and subsequent hybridization to the arrays are available from Affymetrix (Santa 

Clara, CA). Briefly, 5.0 /xg of total RNA was converted to double-stranded cDNA 

(Superscript; Life Technologies, Inc.) priming the first-strand synthesis with a T7-(dT)24 

primer containing a T7 polymerase promoter (Affymetrix Inc.). All of the double-stranded 

cDNA was subsequently used as a template to generate biotinylated cRNA using the 

incorporated T7 promoter sequence in an in vitro transcription system (Megascript kit; 

Ambion and Bio-11-CTP and Bio-16-UTP; Enzo). Control oligonucleotides and spikes 

were added to 10 /xg of cRNA, which was then hybridized to U133 oligonucleotide arrays 

for 16 h at 45 °C with constant rotation. The arrays were then washed and stained on an 

Affymetrix fluidics station using the EUKGE-WS1 protocol and scanned on an Affymetrix 

GeneArray scanner.

Normalization and Logarithmic Transformation.

[00218] Expression values for all markers on each microarray were normalized to a 

trimmed mean of 150. Expression values were determined using MAS5 gene expression 

analysis data processing software (Affymetrix, Santa Clara, CA). These values will be 

referred to as the “normalized expression” in the remainder of this section. In a further 

processing step, each normalized expression value was divided by 150, and added to 1. The 

natural logarithm was taken of the resulting number, and this value will be referred to as the 

“log expression” in the remainder of this section.

Single Marker Selection.

[00219] Single gene transcripts that appear associated with sample classes can be 

identified using the feature ranking and filtering methodology described below. Single
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marker identification of Predictive Markers using the methodology described herein are set

forth in Table 1 Table 2 and Table 3.

Model Selection.

[00220] A set of one or more gene transcripts that together classify samples into 

sensitive and resistant groups (or responsive and non-responsive), in the context if a 

particular classifier algorithm, is referred to as a “model.” The gene transcripts are referred 

to as “features.” Determining which combination of gene transcript(s) best classifies 

samples into sensitive and resistant groups is referred to as “model selection.” The 

following section describes the process of how the models of the present invention were 

identified. Exemplary models are set forth in Table 4, Table 5, and Table 6. The methods 

provided herein along with the single marker identification or Predictive markers can be 

used to identify additional models comprising markers of the invention.

Summary Of The Data Provided In The Tables

[00221] The following terms are used throughout the Tables:

“No.” or “Number” corresponds to an identification number for the markers.

“Probeset ID” corresponds to the Affymetrix (Santa Clara, CA) identifier from the 

Human Genome U133 set oligonucleotide arrays which were used;

“Sequence Derived from” or “Genbank” or “RefSeq” corresponds to the public database 

accession information for the markers.

“RefSeq” corresponds to the Reference Sequence Nucleic Accession Number; 

“Genbank” corresponds to the GenBank accession number assigned to the particular 

sequence. All referenced GenBank sequences are expressly incorporated herein by 

reference;

“Title” corresponds to a common description, where available;

“Gene symbol” corresponds to a symbol the gene is commonly known by;

“Unigene” corresponds to the unique gene identifier;

“Rank____” corresponds to the process of determining which individual markers may be

used in combination to group or classify a sample, for example, as responsive(R) or 

non-responsive(NR). Rank and the relative scoring method used for various ranking is 

indicated, as is the lowest rank score identified among all the methods for each of the 

predictive markers. Four different feature selection methods were utilized for 

determining the best classifier: (1) Signal-to-Noise Ratio (“SNR”), (2) Class-Based
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Threshold (“CBT”), (3) Pooled Fold Change (“PFC”), and (4) the Wilcoxon Rank-Sum

Test;

Additional titles correspond to scored and parameters used in each of the methods 

described in the following exemplification, including “Hazard,” “Decision Boundary,” 

“Weight,” “Vote Weight,” “Vote,” “Confidence,” “Expression,” “Gene Expression,” 

“Log Gene Expression,” “Normalized Expression,” and “Normalization Factor;” 

“Supplemental Annotation” and “Biological Category” correspond to additional 

characterization and categorization not set forth in the title;

For Table 8, cell lines were designated as Sensitive “S” or Resistant “R;” and 

“Ratio of Sensitive/Resistant” indicates relative expression of marker indicated.

Feature ranking and filtering

[00222] The first step in model selection is to filter the 44,928 features down to a 

smaller number which show a correspondence with the sample classifications. Filtering 

involves first ranking the features by a scoring method, and then taking only the highest 

ranking features for forther analysis. The filtering algorithms used in the present invention 

were; (1) Signal-to-Noise Ratio (“SNR”), (2) Class-Based Threshold (“CBT”), (3) Pooled 

Fold Change (“PFC”), and (4) the Wilcoxon Rank-Sum Test. In preferred embodiments, 

SNR was used to identify genes showing a small but consistent change in levels, and CBT 

was used to identify genes that were “off’ in one class, but “on” in a fraction of the other 

class.

[00223] SNR is computed from the log expression values as absolute value of the 

difference in class means divided by the sum of the class standard deviations, and has been 

used to analyze expression data before; for example, see the definition of P(g,c), a measure 

of correlation between expression of gene g and class vector c, in Golub et al., “Molecular 

Classification of Cancer: Class discovery and class prediction by marker expression 

monitoring,” Science, 286:531-537 (1999), the contents of which are incorporated herein by 

reference. To use SNR for filtering, the features with the top 100 SNR scores were retained 

and the remainder discarded from consideration.

[00224] CBT is computed from the normalized expression values, and defines one 

class (“class A”) as the “off’ class, and the other class (“class B”) as the “on” class. In the 

present studies, the “off’ class, class A is Responders; and the “on” class, class B, is Non- 

Responders. The CBT score may be computed in one of two ways: (1) Threshold each



WO 2004/053066 PCT/US2003/038539
68

class B value to the average class A expression value for that feature. CBT is the difference

between the average thresholded class B expression and the average class A expression,

divided by the standard deviation of the class A expression:
4 .¾

σ,
Λ

where μΑ is the average class A expression value, σΑ is the standard deviation of the class A 

expression values, and x. represent the NB individual class B expression values. (2) CBT is 

the percentage of class B samples which exceed a fixed multiple of the maximum (or other 

percentile value) of expression values in class A. In either method, a constant value may be 

added to the class A threshold value to compensate for noise. In preferred embodiments, 

method 1 was utilized, and the top 100 features were selected.

[00225] The Pooled Fold Change (“PFC”) method is a measure of differential 

expression between two groups of samples, arbitrarily designated “control” and “tester.” 

PFC finds genes with higher expression in the tester than in the control samples. The 

analysis was performed looking at both Responders as “tester” (PFC-R) and Non- 

Responders as “tester” (PFC-NR). To qualify as having higher expression, tester samples 

must be above the kth percentile control sample. The fold-change values of tester samples 

are subjected to a nonlinear transformation that rises to a user-specified asymptote, in order 

to distinguish moderate levels of fold-change, but not make distinctions between very large 

fold-changes. The squashed fold-change values of the over-expressed tester samples are 

averaged to get the POOF score. In particular, PFC for gene g is computed as the average 

across tester samples of the compressed tester:control ratio R(s,g). For a given tester sample 

s and gene g, R(s,g) = C(xgs/(k+xgQ)), where

C(x) is the compression function C(z) = A(l-e_z/A) for z > T, and C(z) = 0 for z<T, where T 

is a threshold value no less than 1.0.

A is an upper asymptote on the fold-change value (we used 5),

k is a constant reflecting the additive noise in the data, i.e., the fixed component of the 

variance in repeated measurements. We derived a value of 30 for this parameter from 

calibration experiments.

xgs is the expression value of gene g in sample s,

xgQ is the Qth percentile of the control samples’ expression value.
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[00226] Also, a minimum fraction f of the tester samples must have R(s,g) greater

than 0; if this does not hold true, then the value of R(s,g) is set to 0.

[00227] We used the following parameters in two runs of this algorithm:

Parameter Value in run 1 Value in run 2

Q 1.0 0.8

f 0.2 0.4

T 1.25 1.25

[00228] The Wilcoxon Rank-Sum test is a standard statistical technique. See, for 

example, Conover, W. J. 1980. Practical Nonparametric Statistics. 2nd ed. New York: John 

Wiley & Sons, which is incorporated herein by reference. This test is also known as the 

Mann-Whitney U test. The goal is to test the null hypothesis that the population 

distributions corresponding to two random samples are identical against the alternative 

hypothesis that they are different. Only the rank of the samples’ expression values is 

examined, not the values themselves.

[00229] Markers using the 44,928 probe sets were analyzed for differential expression 

across the 44 patient samples using the methods described in the above. In particular, we 

applied PFC (run 1), PFC (run 2), SNR, the Wilcoxon rank-sum test and the Class-Based 

Threshold as described above. The first three methods were run in each direction, to look 

for genes up in responders and then up in non-responders. The Wilcoxon rank-sum test was 

bidirectional and identified genes up in either responders or non-responders. Thus, there 

were 7 runs of the methods. In each case, the probe sets were sorted based on their score, 

and ranked. The top 100 ranked probe sets from each method were selected for Table 1.

The last column in the table identifies the minimum rank across the methods.
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[00230] A Cox proportional hazard analysis was performed to determine predictors of 

time until disease progression (TTP) in patients with relapsed and refractory multiple 

myeloma after treatment with bortezomib. This methodology is designed to analyze time to 

event data where some of the data may be censored (see E.T. Lee, Statistical Methods for 

Survival Data Analysis, 2nd ed. 1992, John Wiley& Sons, Inc.). The statistical package 

SAS was used to perform the analysis. We first examined clinical and prognostic factors to 

identify which combination of factors showed the greatest association with TTP. This was 

accomplished by use of the score method for best subset selection. This method provides 

score chi-squared statistics for all possible model sizes ranging from one predictor to the 

total number of explanatory variables under consideration. Thus, the method first provides 

the best single predictor models in order of the highest chi-squared statistics. If there are 

significant single predictor models (p < 0.05), the procedure goes on to the next step of 

estimating all two predictor models and ranking them by the highest chi-squared statistic. 

[00231] To assess if a 2 predictor model is a better fit than a single predictor model, 

the difference in the chi-squared statistics is calculated. This is a one degree of freedom chi- 

square test and can be assessed for statistical significance. If the difference proves to be 

significant at p < 0.05, we conclude the two predictor model is a better fit, the second 

variable is significantly associated with TTP after taking into account the first variable, and 

the process continues by estimating all three predictor models. The three predictor model is 

compared to the two predictor model in the same way as the two predictor model was 

assessed against the single predictor model. This process is continued until the difference 

chi-square test fails, that is p > 0.05 for adding in an additional variable to the model. By 

using this process, we found that the best model contained 3 significant prognostic or 

clinical factors, abnormal cytogentics, p2-microglobulin, and c-reactive protein. We defined 

this as our best prognostic variable model.

[00232] The next step was to determine if there were any genomic markers that were

significantly associated with TTP after accounting for the prognostic factors. We first 

filtered the genomic data set, made up of some 44,000 transcripts from the Affymetrics 

U133A and U133B human array chips, to those genes which had at least one present call 

using the Affymetrix detection system for determining if a transcript is reliably detected or 

not. This left 13,529 transcripts for analysis. We then estimated Cox proportional hazard 

models for each of the 13,529 transcripts where each model also contained the 3 prognostic 

factors discussed above. That is, 13,529 models were estimated where each model



WO 2004/053066 PCT/US2003/038539
108

contained 1 transcript and the three prognostic factors. From each model, we obtained 

estimates of relative risk, 95% confidence intervals and p values for the association of each 

transcript to TTP. From the 13,529 models, we found 834 transcripts which had p values of 

less than 0.05. That is, we found 834 transcripts that were significantly and independently, 

from the prognostic factors, associated with TTP. These are listed in Table 2
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[00234] Still further, Table 3 sets forth markers which are significantly expressed in 

myeloma samples from non-responder patients whose disease is refractory (i.e. progressive 

disease) to treatment with bortezomib. The markers identified in Table 3 were identified 

similar to the methods described above for Table 1. These markers will serve to distinguish 

refractory patients from those who will be either stable or responsive to treatment.

TABLE 3 Predictive Markers in Progressive Disease

No. Probeset
_ID

RefSeq/
Genbank
Accession

Title Gene
Symbol

Unigene

1283 205124_
at

NM_005919.
1

MADS box transcription enhancer 
factor 2, polypeptide B (myocyte 

enhancer factor 2B)

MEF2B Hs.78881

1284 206626_
x_at

BC001003.2 synovial sarcoma, X breakpoint 1 SSX1 Hs. 194759

34 224918_ 
x_at

AI220117 microsomal glutathione S- 
transferase 1

MGST1 Hs.355733

1285 206640_
x_at

NM_001477.
1

G antigen 7B GAGE7
B

Hs.251677

223 227174_
at

Z98443 Hs.86366

1286 227617_ 
at

BF315093 Weakly similar to MUC2_HUMAN Mucin 2 
precursor

Hs.22293

1287 207086_
x_at

NM_001474.
1

G antigen 4 GAGE4 Hs.183199

1288 209732_
at

BC005254.1 Similar to C-type (calcium 
dependent, carbohydrate- 

recognition domain) lectin, 
superfamily member 2 (activation- 

induced)

CLECS
F2

Hs.85201

1289 214596_
at

T15991 cholinergic receptor, muscarinic 3 CHRM3 Hs.7138

1290 202779„s
_at

NM_014501.
1

ubiquitin carrier protein (E2-EPF) E2-EPF Hs. 174070

1291 231568_
at

AI200804 similar to Proliferation-associated protein 2G4 
(Cell cycle protein p38-2G4 homolog)

Hs.98612

1292 207480_s
_at

NM_020149.
1

TALE homeobox protein Meis2e MEIS2 Hs.283312

1293 230352_
at

AI392908 phosphoribosyl pyrophosphate 
synthetase 2

PRPS2 Hs.2910

1294 202411_ 
at

NM_005532.
1

interferon, alpha-inducible protein 
27

IFI27 Hs.278613

17 215733_
x_at

AJ012833.1 CTL-recognized antigen on 
melanoma (CAMEL)

CTAG2 Hs.87225

1295 243030_
at

AA211369 Hs.269493
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18 210546.
x_at

U87459.1 autoimmunogenic cancertestis 
antigen NY-ESO-1

CTAG1 Hs. 167379

1296 202044.
at

AU159484 glucocorticoid receptor DNA 
binding factor 1

GRLF1 Hs. 102548

1297 217977.
at

NM.016332.
1

selenoprotein X, 1 SEPX1 Hs.279623

1298 231000.
at

BE350315 receptor tyrosine kinase-like 
orphan receptor 2

ROR2 Hs. 155585

1299 238587.
at

AI927919 Nm23-phosphorylated unknown 
substrate

Hs.187625

1300 239119_ 
at

AWO14374 Hs. 144849

1301 236741_ 
at

AW299463 Hs.208067

223 227174.
at

Z98443 Hs.86366

1302 206897.
at

NM.003785.
2

G antigen, family B, 1 (prostate 
associated)

GAGEB
1

Hs.128231

205 204836.
at

NM.000170.
1

glycine dehydrogenase 
(decarboxylating; glycine 

decarboxylase, glycine cleavage 
system protein P)

GLDC Hs.27

1303 208282.
x_at

NM.020363.
1

deleted in azoospermia 2 DAZ2 Hs.283813

1304 216922.
x_at

AF271088.1 deleted in azoospermia DAZ Hs.70936

1305 231771.
at

AI694073 gap junction protein, beta 6 
(connexin 30)

GJB6 Hs.48956

267 231131.
at

AA909330 weakly similar to GAR2 PROTEIN Hs. 112765

1306 217007_s
_at

AK000667.1 a disintegrin and metalloproteinase domain 15 
(metargidin)

Hs.92208

1307 220445_s
.at

NM.004909.
1

taxol resistance associated gene 3 TRAG3 Hs.251377

1308 233216.
at

AV741116 Hs.283933

1309 211323.S
.at

L38019.1 inositol 1,4,5-trisphosphate 
receptor type 1

ITPR1 Hs. 198443

1310 224188.S
.at

BC001208.1 Similar to hypothetical protein 
LOC63929

Hs. 182061

1311 213222.
at

KIAA0581 1 -phosphatidy linositol-4,5 - 
bisphosphate phosphodiesterase 

beta 1

PLCB1 Hs.41143

1312 201897.S
.at

AF274941.1 CDC28 protein kinase 1 CKS1 Hs.77550

1313 206012.
at

NM.003240.
1

endometrial bleeding associated 
factor (left-right determination, 
factor A; transforming growth 

factor beta superfamily)

LEFTB Hs.25195
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Classifiers

[00235] Various algorithms are currently available that can be used to classify patient 

samples into prior defined groups using a given set of features. Therefore, the combination 

of markers selected through the feature selection process may be used in one of the 

following classifying algorithms in order to derive a prediction equation as to whether the 

patient sample is sensitive or resistant. The classifiers used in the present invention were: 1) 

Weighted Voting (“WV”); and 2) Combination of Thresholded Features (“CTF”).

[00236] The Weighted Voting classifier was implemented as described by Golub et 

al., “Molecular Classification of Cancer: Class discovery and class prediction by marker 

expression monitoring.” Science, 286:531-537 (1999), the contents of which are 

incorporated herein by reference. For weighted voting, the classification criterion for each 

feature used the following formula for the weighted vote of feature j:

(¾ xs) ( XR+XS}

where Zj represents the log expression value for the jth feature in the set. For the class 

indicated by the subscript, x represents the mean log expression value of the y'th feature, and 

S represents the standard deviation. The first term on the right hand side of the equation is 

signal-to-noise ratio (the weight given to this feature in the weighted voting), while the 

subtracted term is called the decision boundary. To determine the class prediction, the 

weighted votes for all the features in the set are summed. If the result is greater than 0, then 

the prediction is class R; otherwise, the prediction is class S. For each prediction, a 

confidence is also computed. To compute the confidence, each feature in the set is labeled 

as being in agreement or disagreement with the class prediction. Let-pa be the sum of the 

absolute values of the votes of the features in agreement with the class prediction, and let 

yd be the sum of absolute values of the votes in disagreement with the class prediction.

Then the prediction confidence is defined as:

C = —
Va + Vd

[00237] The CTF classifier first chooses a threshold on the normalized expression 

value for each feature. The CTF threshold is the CBT threshold divided by the CBT feature 

filtering score, each of which are described above. Expression values are then divided by 

this threshold, resulting in a “threshold-normalized expression value.” The threshold- 

normalized expression values of the features in the marker set or model are then combined
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into a “combined value” using one of these methods: (1) average, (2) maximum. In 

preferred embodiments, the first approach, average, is used. Finally, a threshold on the 

combined value is determined as the average value of the combined values in class A, plus 

some number of standard deviations of the combined values in class A. In preferred 

embodiments, the number of standard deviations is 2. Using the terminology introduced in 

the description of the CBT feature filtering method, samples with a combined value below 

this threshold are classified into class A, and samples with a combined value above this 

threshold are classified into class B.

Feature Selection

[00238] Feature selection is the process of determining the best subset of the 44,928 

available features in the dataset, resulting in a combination of features, that form a marker 

set or model, to classify patients into sensitive and resistant groups. The first step is 

filtering to the top 100 markers, as described above. Next, for building Weighted Voting 

(WV) marker sets, a standard feature selection method, sequential forward feature selection, 

is used (Dash and Liu, “Feature Selection for Classification,” Intelligent Data Analysis 

1:131-156,1997). For building CTF marker sets, two methods were utilized: selection of 

the top N CBT scored markers (N<=100), and exhaustive search of all one- and two-feature 

models. We now describe how each of these is applied to our dataset to select features. 

[00239] For the WV models, the top 100 SNR markers were determined. Sequential 

forward selection starts with no markers in the set.

[00240] At each iteration, a new feature set is formed by adding a feature selected by 

an evaluation function. Iteration terminates when no feature can be added that improves the 

evaluation function. The evaluation function has two parts. The first part is the number of 

samples correctly predicted either (1) by the model built on all of the samples, or (2) in 

leave-one-out cross-validation (Dash and Liu, 1997). Ties in the first part of the evaluation 

function are broken by a value equal to the sum of the confidences of the correct predictions 

less the sum of the confidences of the incorrect predictions. This second part of the 

evaluation function favors sets that have higher confidence and more correct predictions. 

[00241] Each probe set was used as a single-marker model to predict bortezomib 

response. Multiple marker sets were generated by repeated rounds of feature selection, each 

time removing the features already selected. The score of each model was determined. The 

probe set comprising the highest-scoring model was selected.
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[00242] The remaining probe sets were each used one at a time in a model along with 

the already-selected probe set(s). Each of these models was given a score. If the score of 

the new model was no higher than the score of the already-selected markers, then marker 

selection stopped, and the algorithm goes on to final selection by setting aside and 

continuing with selection of additional set(s) (see below). Otherwise, the probe set that was 

added to the already-selected markers to obtain the model with the highest score was added 

to the list of selected markers, and the algorithm returns to selection of additional markers to 

improve the score.

[00243] Upon final selection where no additional marker improves the score, the 

selected markers are set aside. Marker selection is then initiated as described above. This 

process is repeated until there are 5 sets of selected markers. These are combined into one 

complete predictive marker set.

[00244] For building CTF marker sets, the top 100 CBT features are considered for 

use in sets, and all one- and two-feature sets are evaluated exhaustively. The score for a 

given set is the number of class B samples which are above the CTF threshold (described 

above) for that set. Ties between CTF marker sets are broken by the best CBT score 

(described above) of any of the constituent markers in a set.

[00245] An example of a weighted voting predictive marker set identified using the 

WV and SNR scored markers is set forth in Table 4. This procedure is one of many 

described herein as well as others known in the art, which can be used to identify and select 

markers for sets predicting proteasome inhibition response in cancer patients. This 

procedure is the same as the procedure used in cross-validation to determine the predictive 

accuracy of the method (see Classification Accuracy below:
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TABLE 4: Weighted Voting Predictive Marker Set
No. Decision

boundary
Weight Probe set ID Title Gene

Symbol
143 0.5177 0.8165 200965 s at actin binding LIM protein 1 ABLIM1
141 0.3222 0.9174 234428_at Homo sapiens mRNA; cDNA 

DKFZp564I1316 (from clone 
DKFZp564I1316)

221 1.1666 -0.8281 223996_s_at mitochondrial ribosomal protein
L30

MRPL30

94 0.9622 -0.8998 222555_s_at mitochondrial ribosomal protein
L44

MRPL44

147 0.29 0.9019 220572_at hypothetical protein
DKFZp547G183

DKFZp547
G183

242 0.8798 -0.739 225647_s_at cathepsin C CTSC
180 0.3451 0.8046 227692_at guanine nucleotide binding protein 

(G protein), alpha inhibiting activity 
polypeptide 1

GNAI1

279 0.8811 0.7428 221223_x_at cytokine inducible SH2-containing 
protein

CISH

163 0.4398 0.8189 204287_at synaptogyrin 1 SYNGR1
38 0.4805 0.8322 216835_s_at docking protein 1, 62kDa 

(downstream of tyrosine kinase 1)
DOK1

277 1.0222 -0.7718 222713_s_at Fanconi anemia, complementation 
group F

FANCF

138 0.3196 0.9477 212109 at HN1 like HN1L
36 0.4335 0.897 239476_at Homo sapiens cDNA ELJ36491 fis, 

clone THYMU2018197.
—

154 0.5779 -0.8579 218438 s at endothelial-derived gene 1 EG1
83 0.9308 -0.9007 201575_at SKI-interacting protein SNW1

137 2.121 -0.9414 200043_at enhancer of rudimentary homolog 
(Drosophila)

ERH

165 0.8934 -0.8614 210250 x at adenylosuccinate lyase ADSL
251 1.5602 -0.7928 208642_s_at X-ray repair complementing 

defective repair in Chinese hamster 
cells 5 (double-strand-break 
rejoining; Ku autoantigen, 80kDa)

XRCC5

120 0.3485 0.8612 217687_at adenylate cyclase 2 (brain) ADCY2
152 1.3737 -0.8783 201682_at peptidase (mitochondrial 

processing) beta
PMPCB

96 1.2482 -0.8447 222530_s_at McKusick-Kaufman syndrome MKKS

245 0.3578 0.7543 203561_at Fc fragment of IgG, low affinity Ha, 
receptor for (CD32)

FCGR2A

241 0.9737 -0.8018 222893_s_at hypothetical protein FLJ13150 FLJ13150
260 1.5048 -0.792 22253 l_s_at chromosome 14 open reading frame 

108
C14orfl08
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311 2.3688 -0.7505 200826_at small nuclear ribonucleoprotein D2 
polypeptide 16.5kDa

SNRPD2

213 0.3054 -0.834 226882_x_at WD repeat domain 4 WDR4

224 1.2833 0.7725 235875_at ESTs ...

290 0.8235 -0.7645 218139_s_at chromosome 14 open reading frame 
108

C14orfl08

145 1.6774 -0.9194 232075 at recombination protein RECK REC14
312 2.2771 -0.7446 203663_s_at cytochrome c oxidase subunit Va COX5A

49 1.0533 -0.7456 208743_s_at tyrosine 3-
monooxygenase/tryptophan 5- 
monooxygenase activation protein, 
beta polypeptide

YWHAB

160 1.1116 -0.8655 202567_at small nuclear ribonucleoprotein D3 
polypeptide 18kDa

SNRPD3

289 0.577 0.7398 208844_at ...

87 0.7265 0.7845 23402l_at Homo sapiens cDNA: ELJ21331 
fis, clone COL02520.

—

170 0.4024 0.8105 216287_at ... ...

129 2.216 -0.8395 200814_at proteasome (prosome, macropain) 
activator subunit 1 (PA28 alpha)

PSME1

149 0.7958 0.8846 221569_at hypothetical protein FLJ20069 FLJ20069

243 0.7858 0.7564 233876_at Homo sapiens cDNA FLJ20670 fis, 
clone KAIA4743.

—

195 1.1291 0.7902 58367_s_at hypothetical protein FLJ23233 FLJ23233
190 0.7554 0.7919 205807_s_at tuftelin 1 TUFT1

Classification Accuracy

[00246] To determine the ability of the selected model to predict sensitivity or 

resistance in an independent group of tumors, five-fold cross-validation was applied. For 

more information on cross-validation, see for example Kohavi and John, “Wrappers for 

Feature Subset Selection,” Artificial Intelligence 97 (1-2) (1997) pp. 273-324. Cross- 

validation provides for repeated division of the data set into training and test sets, building 

the model each time using only the training set, then evaluating its accuracy on the withheld 

test set. Five-fold cross-validation means that the training set contains 80% and the test set 

20% of the original data set. The filtering, feature selection and model building operations 

are perfonned only on the training set, and the resulting models are then applied to the test 

set. Classification accuracy is measured only on the test sets, across multiple runs of cross- 

validation.



WO 2004/053066 PCT/US2003/038539
152

[00247] To determine if the most highly predictive models could be obtained by 

chance alone, a permutation test was performed. The labels were permuted on the 44 

discovery samples 10 times; the entire marker selection procedure was repeated. Using 

Weighted Voting on the responders vs others comparison, for example, the overall error rate 

for the permuted models was 50%, compared to 29% for the observed labels. These results 

suggest that it is unlikely that those models could be identified by chance alone. In the 

refractory vs others comparisons, we did not see clear improvement of prediction accuracy 

when compared to permuted sample labels. However, we report here individual markers 

that have relatively high single-marker SNR or CBT scores.

[00248] It will be appreciated that additional marker sets may thus be obtained by 

employing the methods described herein for identifying models. There are many highly 

correlated features that could be substituted for each other in the models; these are not all 

listed.

Specific Application of Class Prediction

Weighted Voting (WV)

[00249] Here we illustrate how to apply a Weighted Voting model to obtain a 

prediction of Response or Non-response for a given patient, using the algorithm described 

herein. Using the 44 patients classified into Responsive or Nonresponsive groups, the table 

below shows the SNR scores and decision boundaries for each of the markers in a Weighted 

Voting predictive set built from the data set. Also indicated is whether the marker is more 

highly expressed in Responsive (R) or in Non-responsive (NR) patients. For one 

illustrative Non-responsive patient in the data set, the votes contributed by each marker are 

shown in Table 5. The sum of the vote weights is less than 0, indicating a prediction of 

Non-responsive. The confidence in the predicted class (Non-responsive) is 0.8431.

TABLE 5 Weighted Voting Predictive Marker Set
No. Probe Set ID Gene

Symbol
SNR
scores

Decisio
n
bound
ary

Ex.
patient log 
expression

Vote
weight

Vote Confide
nee

143 200965 s at ABLIM1 0.8165 0.5177 0.3085 -0.1708 NR
141 234428 at 0.9174 0.3222 0.201 -0.1112 NR
221 223996 s at MRPL30 -0.8281 1.1666 1.0436 0.1019 R

94 222555 s at MRPL44 -0.8998 0.9622 1.2401 -0.2501 NR
147 220572_at DKFZp54

7G183
0.9019 0.29 0.2731 -0.0153 NR

Total -0.4454 NR 0.8431
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[00250] It will be appreciated that similar methods may be employed utilizing the 

marker sets of the present invention.

Combination of Threshold Features (CTF)

[00251] Using the 44 patients classified into Responsive or Nonresponsive groups, the 

normalization threshold for each of the up-in-Nonpredictive markers in a CTF predictive set 

was built from our data set. Each marker value for a patient expression is scaled by dividing 

by a factor which is the mean of the Responsive class divided by the CBT score for that 

marker. Normalized expression values are summed to determine the combined predictive 

value for that patient. The threshold above which patients are predicted to be Nonresponsive 

was determined to be 59.15, by the CTF method described above. Because the average 

scaled expression value for this patient is 46.81, which is less than 59.15, the patient is 

predicted to be responsive. See Table 6.

[00252] It will be appreciated that similar methods may be employed utilizing one or

more markers from the identified marker sets of the present invention in order to generate 

similar Predictive Marker Sets.
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Biological Annotation of Predictive markers

Among the response genes identified in Table 1 and Table 2, are a subset of genes whose 

putative biological function or functions are particularly interesting, including function(s) 

particularly relevant to the use of proteasome inhibitors for the treatment of cancers, 

including myeloma. Some of the genes are known to be involved in the initiation or 

progression of myeloma, the growth, survival or signaling of lymphoid cells, the regulation 

of drug metabolism or apoptotic pathways or encode components of the

ubiquitin/proteasome pathway that is directly targeted by proteasome inhibitors. For 

example, this analysis identified genes in Table 1 that are associated with cellular adhesion 

(No. 1 to 5), apoptotic signalling (6 to 13), cancer antigen (14 to 27), cell cycle(28 to 33), 

drug metabolism(34 to 35), drug resistance(36 to 37), growth control, hematopoesis(38 to 

44), mitogenic signaling (45-53), myeloma signaling(53 to 61), myeloma translocation(62- 

73), NFkB pathway(74-77), oncogenes(78 to 82) , oncogenic signaling(83 to 93), protein 

homeostasis(94 to 118), tumor suppressor pathway(l 19 to 128), and the

ubiquitin/proteasome pathway(129 to 136). Additionally, the genes identified in this 

exercise also correspond to genes also correspond to the predictive markers associated with 

progressive disease in Table 2. See Table 7.

[00253] The identification of such genes strengthens the hypothesis that the genes 

identified with these methodologies are indeed related to cancer biology and the potential 

sensitivity of a hematological tumor to the anti-cancer actions of a proteasome inhibitor 

(e.g., bortezomib). Further, the description of such functional molecules as markers of 

response could facilitate selection of the most appropriate markers for inclusion in a 

diagnostic tool. In cases where 2 distinct probesets provide equal predictive information, the 

inclusion of these or other markers known to be biologically relevant could facilitate uptake 

and implementation of the diagnostic method. Finally, characterization of these functional 

molecules and pathways may enable the identification of new and possibly improved 

markers that act in the same or similar biological pathways.

[00254] Further, this analysis indicates additional genomic markers of response may 

be found in these biological pathways. For example, the “oncogenic signaling” category 

contains several components of the Wnt signaling pathway. Thus, other genes or proteins 

that function in the Wnt pathway that may also be employed as response markers. Additional 

markers in these identified pathways may also function alone or in conjunction with markers 

shown in Table 1 and Table 2 to effectively predict response to treatment with bortezomib.
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Proteasome inhibitor resistant cell lines

[00255] In order to better understand the specific mechanism(s) by which proteasome 

inhibitors exert their apoptotic effects, as well as to elucidate mechanisms by which those 

effects may be subverted, bortezomib resistant tumor cell lines were generated. Tumor cell 

lines were treated with a very low dose of bortezomib (approximately 1/20 the LD50 - a 

dose that would kill 50% of the cells) for 24 hours. The drug was then removed and 

surviving cells were allowed to recover for 24 to 72 hours. This process was then repeated 

for multiple rounds with the bortezomib dose doubled each time. After cells had been dosed 

with 3-5 times the LD50, several individual cell lines were sub-cloned from single cell 

colonies. Subsequent analyses demonstrated that these lines exhibit 5-10 fold resistance to 

bortezomib and that this characteristic is stable over months in culture and unaffected by 

inhibitors of multi-drug resistance pumps. This strategy was applied to both ovarian tumor 

cell lines (OVCAR-3) and myeloma tumor cell lines (RPMI8226) and multiple sub-clones 

were characterized. The resistant cell lines were then subject to gene expression profiling 

using the Affymetrix U133 microarray. A comparison of genes differentially expressed in 

sensitive parental (S) versus resistant sub-clones (R) highlighted several genes that were also 

identified in analysis of sensitive and resistant myeloma biopsies. See table 8. The number 

identified in Table 8 corresponds to the marker number identification in Table 1. Such 

results not only highlight a potential relationship between expression of these genes and 

bortezomib sensitivity, but also support the validity of methods used to define response 

genes in clinical samples.

TABLE 8 Gene Identification in Proteasome Inhibition Sensitive / Resistant Cell Lines

No. Probeset
ID

Title R/
S

Ratio
Resistant
I Parental

156 202075_s
_at

gb:NM_006227.1 /DEF=Homo sapiens phospholipid 
transfer protein (PLTP), mRNA. /FEA=mRNA 
/GEN=PLTP /PROD=phospholipid transfer protein 
/DB_XREF=gi:5453913 /UG=Hs.283OO7 phospholipid 
transfer protein /FL=gb:L26232.1 gb:NM 006227.1

S 0.36

166 210497_
x_at

gb:BC002818.1 /DEF=Homo sapiens, Similar to 
synovial sarcoma, X breakpoint 2, clone MGC;3884, 
mRNA, complete eds. /FEA=mRNA /PROD=Similar to 
synovial sarcoma, X breakpoint 2
/DB_XREF=gi: 12803942 /UG=Hs.2891O5 synovial 
sarcoma, X breakpoint 2 /FL=gb:BC002818.1

R 2.82



WO 2004/053066 PCT/US2003/038539
172

332 210715_s
_at

gb:AF027205.1 /DEF-Homo sapiens Kunitz-type 
protease inhibitor (kop) mRNA, complete cds. 
/FEA=mRNA /GEN=kop /PROD-Kunitz-type protease 
inhibitor /DB_XREF=gi :2598967 /UG=Hs.31439 serine 
protease inhibitor, Kunitz type, 2 /FL=gb:AF027205.1

S 0.37

211 219373_
at

gb:NM_018973.1 /DEF=Homo sapiens dolichyl- 
phosphate mannosyltransferase polypeptide 3 (DPM3), 
mRNA. ZFEA=mRNA/GEN=DPM3 /PROD=dolichyl- 
phosphate mannosyltransferasepolypeptide 3 
/DB_XREF=gi:9506552 /UG=Hs. 110477 dolichyl- 
phosphate mannosyltransferase polypeptide 3 
/FL=gb:AF312923.1 gb:AF312922.1 gb:AB028128.1 
gb:NM 018973.1

S 0.37

343 200030_s
_at

gb:NM_002635.1 /DEF=Homo sapiens solute carrier 
family 25 (mitochondrial carrier; phosphate carrier), 
member 3 (SLC25A3), nuclear gene encoding 
mitochondrial protein, transcript variant lb, mRNA. 
ZFEA=mRNA/GEN=SLC25A3 /PROD=phosphate 
carrier precursor isoform lb /DB_XREF-gi:4505774 
/UG=Hs.78713 solute carrier family 25 (mitochondrial 
carrier; phosphate carrier), member 3
/FL=gb:BC000998.1 gb:BC001328.1 gb:BC003504.1 
gb:BC004345.1 gb:NM 002635.1

R 2

447 222975_s
_at

Consensus includes gb:AI423180 /FEA=EST 
/DB_XREF=gi:4269111 /DB_XREF=est:tf32e08.xl 
/CLONE=IMAGE:2097926 /UG=Hs.69855 NRAS- 
related gene /FL=gb:AB020692.1

R 1.16

280 224673_
at

Consensus includes gb:Ate 13244 /FEA=EST 
/DB_XREF=gi:4622411 /DB_XREF=est:ty35a06.xl 
/CLONE=IMAGE:2281042 /UG=Hs.3O6121 leukocyte 
receptor cluster (LRC) encoded novel gene 8

S 0.44

129 200814_
at

gb:NM_006263.1 /DEF=Homo sapiens proteasome 
(prosome, macropain) activator subunit 1 (PA28 alpha) 
(PSME1), mRNA. /FEA=mRNA /GEN=PSME1 
/PROD=proteasome (prosome, macropain) 
activatorsubunit 1 (PA28 alpha) /DB_XREF-gi:5453989 
/UG=Hs.75348 proteasome (prosome, macropain) 
activator subunit 1 (PA28 alpha) /FL=gb:BC000352.1 
gb:L07633.1 gb:NM 006263.1

R 2.11

390 204610_s 
_at

gb:NM_006848.1 /DEF=Homo sapiens hepatitis delta 
antigen-interacting protein A (DIPA), mRNA. 
ZFEA=mRNA /GEN=DIPA /PROD=hepatitis delta 
antigen-interacting protein A /DB_XREF=gi:5803004 
/UG=Hs.66713 hepatitis delta antigen-interacting protein 
A /FL=gb:U63825.1 gb:NM 006848.1

R 2.09

429 222646_s
_at

Consensus includes gb:AW268365 /FEA=EST 
/DB_XREF=gi:6655395 /DB_XREF=est:xv50d03.xl 
/CLONE=IMAGE:2816549 /UG=Hs.2574O ERO1 (S. 
cerevisiae)-like /FL=gb:AF081886.1 gb:NM 014584.1

R 2.74
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Sensitivity Assays

[00256] A sample of cancerous cells is obtained from a patient. An expression level 

is measured in the sample for a marker corresponding to at least one of the predictive 

markers set forth in Table 1, Table 2 and/or Table 3. Preferably a marker set is utilized 

comprising markers idenitifed in Table 1, Table 2 and/or Table 3 and put together in a 

marker set using the methods described herein. For example, marker sets can comprise the 

marker sets identified in Table 4, Table 5 and/or Table 6 or any marker set prepared by 

similar methods. Such analysis is used to obtain an expression profile of the tumor in the 

patient. Evaluation of the expression profile is then used to determine whether the patient is 

a responsive patient and would benefit from proteasome inhibition therapy (e.g., treatment 

with a proteasome inhibitor (e.g., bortezomib) alone, or in combination with additional 

agents). Evaluation can include use of one marker set prepared using any of the methods 

provided or other similar scoring methods known in the art (e.g., weighted voting, CTF).

Still further, evaluation can comprise use of more than one prepared marker set. A 

proteasome inhibition therapy will be identified as appropriate to treat the cancer when the 

outcome of the evaluation demonstrates decreased non-responsiveness or increased 

responsiveness in the presence of the agent.

[00257] Examining the expression of one or more of the identified markers or marker 

sets in a tumor sample taken from a patient during the course of proteasome inhibition 

treatment, it is also possible to determine whether the therapeutic agent is continuing to 

work or whether the cancer has become non-responsive (refractory) to the treatment 

protocol. For example, a patient receiving a treatment of bortezomib would have tumor 

cells removed and monitored for the expression of the a marker or marker set. If the 

expression profile of one or more marker sets identified in Table 1, Table 2 and/or Table 3 

demonstrates increased responsiveness in the presence of the agent, the treatment with 

proteasome inhibitor would continue. However, if the expression profile of one or more 

marker sets identified in Table 1, Table 2 or Table 3 demonstrates increased non

responsiveness in the presence of the agent, then the cancer may have become resistant to 

proteasome inhibition therapy and another treatment protocol should be initiated to treat 

the patient.

[00258] Importantly, these determinations can be made on a patient by patient basis or 

on an agent by agent (or combinations of agents). Thus, one can determine whether or not a
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1 particular proteasome inhibition therapy is likely to benefit a particular patient or 

group/class of patients, or whether a particular treatment should be continued.

Other Embodiments

[00259] The present invention is not to be limited in scope by the specific 

embodiments described that are intended as single illustrations of aspects of the invention. 

Functionally equivalent methods and components are within the scope of the invention, in 

addition to those shown and described herein and will become apparent to those skilled in 

the art from the foregoing description, using no more than routine experimentation. Such 

equivalents are intended to be encompassed by the following claims.

[00260] All references cited herein, including journal articles, patents, and databases 

are expressly incorporated by reference.

(00261] Throughout this specification and the claims which follow, unless the 

context requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or 

group of integers or steps but not the exclusion of any other integer or step or group of 

integers or steps.

[00262] The reference in this specification to any prior publication (or information 

derived from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general 

knowledge in the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for determining a proteasome inhibition therapy regimen for treating a 

tumor in a patient comprising:

5 a) determining the level of expression of markers in a marker set comprising at

least two predictive markers selected from the group consisting of the markers identified in 

Table 1, Table 2 and Table 3, in a patient sample comprising tumor cells; and

b) determining a proteasome inhibition-based regimen for treating the tumor 

based on the expression of the predictive markers, wherein a significant expression level of

10 the marker set is indicative that the patient is either a responsive patient or a non- 

responsive patient.

2. A method for treating a tumor in a patient with a proteasome inhibition therapy 

comprising:

a) determining the level of expression of markers in a marker set comprising at 

least two predictive markers selected from the group consisting of the markers identified in 

Table 1, Table 2 and Table 3, in a patient sample comprising tumor cells; and

b) treating the patient with proteasome inhibition therapy comprising a 

proteasome inhibitor agent based on the expression of the predictive markers, wherein a 

significant expression level of the marker set is indicative that the patient is a responsive

15 patient.

3. The method of claim 1 or 2, wherein the level of expression of the predictive 

markers is determined by detection of mRNA or protein.

4. The method of any one of claims 1 to 3, wherein the proteasome inhibition-based 

regimen for treating the tumor comprises treatment with bortezomib.

20 5. The method of any one of claims 1 to 4, wherein the predictive markers are

selected from the markers identified in any of Table 4, Table 5, Table 6 or Table 7.

6. The method of any one of claims 1 to 5, wherein determining the significant level 

of expression is determined by comparison with a control marker or by comparison to a 

predetermined standard.

25 7. The method of any one of claims 1 to 6, wherein the tumor is selected from liquid

or solid tumors.
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8. The method of claim 7, wherein the liquid tumor is selected from the group 

consisting of multiple myeloma, Non-Hodgkins Lymphoma, B-cell lymphomas, mantle 

cell lymphoma, Waldenstrom's syndrome, chronic lymphocytic leukemia, and other 

leukemias.

5 9. The method of any one of claims 1 to 8, wherein the proteasome inhibition-based

regimen for treating the tumor comprises treatment with a proteasome inhibitor that is 

selected from the group consisting of a peptidyl aldehyde, a peptidyl boronic acid, a 

peptidyl boronic ester, a vinyl sulfone, an epoxyketone, and a lactacystin analog.

10. The method of any one of claims 1 to 9, wherein the patient sample comprising 

10 tumor cells is obtained from the subject any time selected from prior to tumor therapy,

concurrently with tumor therapy or after tumor therapy.

11. A marker set when used in the method of any one of claims 1 to 10 comprising at 

least two isolated nucleic acid molecules selected from Table 1, Table 2 or Table 3.

12. The marker set of claim 11 comprising a marker set constructed using the weighted 

15 voting method or the combination of threshold features method.

13. A kit when used in the method of any one of claims 1 to 10 comprising reagents for 

assessing the expression of at least one predictive marker, and instructions for use.

14. The kit of claim 13 wherein the reagents comprise one or a plurality of nucleic acid 

probes, wherein the probe specifically binds at least one predictive marker.

20 15. The kit of claim 13 wherein the reagents comprise at least one detecting reagent

selected from the group consisting of an antibody, an antibody derivative, an antibody 

fragment, and peptide probe, wherein the antibody, antibody derivative, antibody fragment 

or peptide probe specifically binds to a protein corresponding to at least one predictive 

marker.

25 16. The method of any one of claims 1 to 10, wherein the at least one predictive marker

is associated with a biological function selected from the group consisting of cellular 

adhesion, apoptotic signaling, cell cycle, drug metabolism, drug resistance, growth control, 

hematopoesis, mitogenic signaling, myeloma signaling, myeloma translocation, NFkB 

pathway, oncogenes, oncogenic signaling, protein homeostasis, tumor suppressor pathway,

30 and the ubiquitin/proteasome pathway, or is a cancer antigen.
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17. The method of any one of claims 1 to 10, wherein the predictive markers are 

selected from Table 1, Table 2 or Table 3 by using the weighted voting method or 

combination of threshold features method.

18. The marker set of claim 11 or 12, wherein the marker set consists of the markers in 

5 any of Table 4, Table 5 or Table 6.

19. The method of any one of claims 1 to 10, 16 or 17, the marker set of any one of 

claims 11, 12 or 18, or the kit of any one of claims 13 to 15, substantially as hereinbefore 

described.

10


