53512 A2 |0V 0 0 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

16 June 2005 (16.06.2005)

(10) International Publication Number

WO 2005/053512 A2

(51)

21

(22)

(25)

(26)

(30)

(71)

(72)
(75)

International Patent Classification’: A61B
International Application Number:
PCT/US2004/039756

International Filing Date:
24 November 2004 (24.11.2004)

Filing Language: English
Publication Language: English
Priority Data:

60/525,464 26 November 2003 (26.11.2003) US

Applicants (for all designated States except US):
DANA-FARBER CANCER INSTITUTE, INC.
[US/US]; 44 Binney Street, Boston, MA 02115 (US).
THE TRUSTEES OF THE UNIVERSITY OF PENN-
SYLVANIA [US/US]; 3160 Chestnut Street, Suite 200,
Philadelphia, PA 19104-6283 (US).

Inventors; and

Inventors/Applicants (for US only): DEPINHO, Ronald,
A. [US/US]; 565 Boylston Street, Brookline, MA (US).
BARDEESY, Nabeel [/US]; 219 W. Newton St., Apt.
1, Boston, MA 02116 (US). AGUIRRE, Andrew, J.
[—/US]; 10 Davis Avenue, Apt. D, Brookline, MA 02445
(US). TUVESON, David, A. [US/US]; 608 Muirfield
Court, Berwyn, PA 19312 (US).

(74)

(81)

(84)

Agents: SMITH, DeAnn, F. et al.; Lahive & Cockfield,
LLP, 28 State Street, Boston, MA 02109 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LU, MC, NL, PL, PT, RO, SE,
SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: ANIMAL MODELS OF PANCREATIC ADENOCARCINOMA AND USES THEREFOR

& (57) Abstract: The present invention is based, at least in part, on the generation of an animal model of pancreatic adenocarcinoma
1, Whichrecapitulates the genetic and histological features of human pancreatic adenocarcinoma, including the initiation, maintenance,
& and progression of the disease. Accordingly, the present invention provides animal models of cancer, e.g., pancreatic adenocar-
& cinoma, wherein an activating mutation of Kras has been introduced, and any one or more known or unknown tumor suppressor
o genes or loci, e.g., Inkda/Arf, Ink4a, Arf, p53, Smad4/Dpc, Lkbl, Brca2, or Mlhl, have been misexpressed, e.g., have been mis-

=

expressed leading to decreased expression or non-expression. The animal models of the invention may be used, for example, to
identify biomarkers of pancreatic cancer, to identify agents for the treatment or prevention of pancreatic cancer, and to evaluate the
effectiveness of potential therapeutic agents.
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ANIMAL MODELS OF PANCREATIC
ADENOCARCINOMA AND USES THEREFOR

Related Applications
This application claims the benefit of U.S. Provisional Application Serial

No. 60/525,464, filed on November 26, 2003, the entire contents of which are

incorporated herein by reference.

Government Funding

This invention was made at least in part with government support under
grant no. awarded by the National Institutes of Health (NIH). The government has
certain rights in this invention.

Background of the Invention

Pancreatic ductal adenocarcinoma has a median survival of 6 months and
a 5 year survival of less thénS%, making it one of the most lethal human cancers = 5 vy .
(Warshaw, A.L. and C. Fernandez-del Castillo (1992) N Engl J Med 326: 455-65). This .
poor prognosis relates to the uniformly advanced disease stage at the time of diagnosis:
and to its profound resistance to existing therapies. A number of key challenges must be
addressed to permit improvements in patient outcome, including the need to understand
more definitively the cellular origins of this disease, to elucidate the biological
interactions of the tumor cell and stromal components, to determine the role of specific
genetic lesions and their signaling surrogates in the initiation and progression of the
tumor, and to uncover the basis for the intense therapeutic resistance of these cancers
(Kem, S., et al. (2001) Cancer Res 61: 4923-32).

This malignancy is thought to arise from the pancreatic ducts on the basis
of its histological and immunohistochemical relationship to this cell type (Solcia, E., et
al. (1995) Tumors of the Pancreas. Armed Forces Institute for Pathology, Washington,
D.C.). Consistent with a ductal origin, premalignant lesions, known as Pancreatic
Intraepithelial Neoplasms (PanINs) that are thought to arise from the smaller pancreatic
ducts, are found in close physical contiguity with advanced malignant tumors (Cubilla,
A.L. and P.J. Fitzgerald (1976) Cancer Res 36: 2690-8; Hruban, R.H., et al. (2001) Am J
Surg Pathol 25: 579-86). PanINs appear to progress toward increasingly atypical
histological stages and display the accumulation of clonal genetic changes suggesting
that they are precursors of ductal adenocarcinoma (Moskaluk, C.A., et al. (1997) Cancer
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Res 57:2140-3; Yamano, M., et al. (2000) Am J Pathol 156:2123-33; Luttges, J., H. et
al. (2001) Am J Pathol 158: 1677-83; Klein, W.M., et al. (2002) Mod Pathol 15: 441-7).
The cell-of-origin question is complicated by the developmental plasticity of the
pancreas that enables transdifferentiation between cell lineages (Sharma, A., ef al.
(1999) Diabetes 48: 507-13; Meszoely, LM., et al. (2001). Cancer J 7: 242-50;
Bardeesy, N. and R.A. DePinho (2002) Nat Rev Cancer 2: 897-909). Acinar cells have
been shown to undergo metaplastic conversion to duct-like cells, both in culture, and
under a variety of stresses in vivo (Jhappan, C., et al. (1990) Cell 61: 1137-46; Sandgren,
E.P., et al. (1991) Proc Natl Acad Sci U S A 88: 93-7; Hall, P.A. and N.R. Lemoine
(1992) J Pathol 166: 97-103; Rooman, L, et al. (2000) Diabetologia 43: 907-14). The
development of pancreatic tumors with ductal features following a process of acinar-
ductal metaplasia in transgenic mice expressing TGF-q, in the acini has suggested a
progenitor role for acinar cells in this malignancy (Meszoely, LM., et al. (2001). Cancer
J7:242-50; Wagner, M., et al. (2001) Genes Dev 15: 286-93). Other experimental
studies have suggested that islets cells or a putative pancreatic stem cell population may
also give rise to pancreatic adenocarcinomas (Yoshida, T. and D. Hanahan (1994) Am J
Pathol 145: 67 1-84; Pour, P. M , et al (2003) Mol Cancer 2 13). Finally, it remains
poss1ble that pa;ncreatlc adenocarcmoma arlses from any one of these differentiated cell
types or from tissue stem cells and rather that speclﬁc genetic lesions dictate the
tumor’s phenotyplc end-point regardless of the originating cellular compartment. This
paradigm has been previously suggested in malignant glioma (Holland, E.C., et al.
(1998) Genes Dev 12: 3675-85; Bachoo, R.M., et al. (2002) Cancer Cell 1: 269-77).

Although a series of gene mutations and pathways that characterize
pancreatic ductal adenocarcinoma have been identified, the means to properly engineer
such mutations or pathway alterations into an accurate model have remained elusive.
The ideal animal model would have the same histological features (i.e., gradual
emergence from normal pancreatic cells towards progressive abnormal ductal lesions
known as PanlNs, display of ductal cellular morphology and immunophenotype,
invasive growth and metastasis) as in the human disease (Solcia, et al. (1995) Tumors of
the Pancreas, Volume Fascicle 20 (Washington, D.C.: Armed Forces Institute for
Pathology); Hruban, et al. (2000) Am J Pathol 156:1821). The generation of such a
model has been a long sought objective. However, numerous previous modeling
attempts have failed to recapitulate the human disease at all levels (Wei, et al. (2003) Int
J Gastrointest Cancer 33:43; Kern, et al. (2001) Cancer Res 61:4923; Hotz, et al. (2000)
Int J Colorectal Dis 15:136; Bardeesy, et al. (2002) Nat Rev Cancer 2:897; Standop, et
al. (2001) Dig Dis 19:24).
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Summary of the Invention

The present invention is based, at least in part, on the generation of a non-
human animal model of pancreatic ductal adenocarcinoma which recapitulates the
genetic and histological features of the human disease, including the initiation,
maintenance, and progression of the disease. The present invention includes animal
models of cancer, e.g., pancreatic ductal adenocarcinoma, e.g., animal models wherein

. an activating mutation of Kras has been introduced, and any one or more known or

unknown tumor suppressor genes or loci, e.g., Ink4a/Arf, Ink4a, Arf, p53, Smad4/Dpc,
Lkbl, Brea2, or Mih1, have been misexpressed, e.g., have decreased expression or lack
of expression by, e.g., deletion of all or a portion of the one or more genes encoding the
tumor suppressor gene.

Accordingly, in one aspect, the invention provides non-human; e.g.,
rodent, e.g., mouse, animal models of pancreatic adenocarcinoma, comprising an
activating mutation of KRAS and wherein one or more tumor suppressor genes or loci
are misexpressed, e.g., conditionally misexpressed resulting in decreased expression or
non-expression. In one embodiment, the misexpressed tumor suppressor gene is
Ink4a/ARF. In another embodiment, the m1sexpressed tumor Suppressor genes are |
Ink4a/ARF and p53 in comblnatlon In another embodlment the tumor suppressor gene
that is misexpressed is selected from the group cons1st1ng of Ink4a/Arf Ink4a, Arf, p53,
Smad4/Dpc, Lkbl, Brca2, and Mihl1. The animal may be homozygous or heterozygous
for the one or more disrupted genes or loci. In another embodiment, the one or more
tumor suppressor genes or loci may be disrupted by removal of DNA encoding all or
part of the tumor suppressor protein.

In one embodiment, the activating mutation of KRAS is a Kras®'??
knock-in allele (LSL-Kras). In another embodiment, the activating mutation of KRAS is
a Kras®?P knock-in allele (LSL-Kras), and the tumor suppressor gene is INK4a/Arf. In
still another embodiment, the non-human animal comprises PdxI-Cre; LSL-Kras®'?P N
Inkda/Arf™"".

In another embodiment, the non-human animal model is a transgenic
animal with a transgenic disruption of said one or more tumor suppressor genes or loci.
In one embodiment, the pancreatic and duodenal homeobox gene 1 (Pdx1)-Cre
transgene is used to delete said one or more tumor suppressor genes or loci in the
pancreas.

In another aspect, the invention provides methods for identifying for a
biomarker associated with pancreatic adenocarcinoma comprising comparing the
presence, absence, or level of expression or activity of genes or proteins in a sample,
e.g., a sample containing tissue, whole blood, serum, plasma, buccal scrape, saliva,
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urine, stool, bile, pancreatic cells or pancreatic tissue, from an animal model of
pancreatic adenocarcinoma, versus the presence, absence, or level of expression or
activity of genes or proteins in a sample, e.g., blood, e.g., serum, urine, stool, bile,
pancreatic juice, pancreatic tissue or a pancreatic cell from a control wild-type animal,
wherein the animal model comprises an activating mutation of KRAS and wherein one or
more tumor suppressor genes or loci are misexpressed, and wherein a difference in the
presence, absence, or expression or activity level of a gene or protein indicates that the
gene or protein is a biomarker associated with pancreatic adenocarcinoma. The
identified biomarker may be a diagnostic biomarker, a prognostic biomarker, or a
pharmacogenomic biomarker.

Accordingly, in another aspect, the invention provides methods for
identifying a pharmacogenomic biomarker which is expressed in conjunction with a
therapy regime comprising comparing the presence, absence, or level of expression or
activity of genes or proteins in a sample, e.g., blood, e.g., serum, urine, stool, bile,
pancreatic juice, pancreatic tissue or a pancreatic cell from an animal model of
pancreatic adenocarcinoma, versus the presence, absence, or level of expression or
activity of genes or proteins in the a sample, e.g., blood e.g., serum, urine, stool, bile,
pancreatic juice, pancreatic t1ssue ora pancreatlc cell frqm a control w11d-type animal,
wherein the animal model compnses an ac’uvatmg mutation of KRAS and wherein one or
more tumor suppressor genes or loci are misexpressed, wherein said animal model is
administered a therapy regime; and wherein a difference in the presence, absence, or
expression or activity level of a gene or protein in the indicates that the gene or protein is
a pharmaéo genomic biomarker associated with pancreatic adenocarcinoma. In one
embodiment, the animal model displays metastatic pancreatic tumors. In another
embodiment, the animal model is asymptomatic for pancreatic adenocarcinoma. In one
embodiment, the biomarker is selected from the group consisting of SEQ ID NOs. 23
and 24.

In one aspect, the invention provides a method for identifying a
biomarker associated with pancreatic adenocarcinoma, comprising: a) performing
profiling of the genome of cancer cells, wherein the cells are from an animal model of
pancreatic adenocarcinoma, wherein the animal model comprises an activating mutation
of KRAS and wherein one or more tumor suppressor genes or loci are misexpressed; b)
performing segmentation analysis of profiles identified in step a); c) identifying loci; d)
prioritizing said identified loci; and ) interrogating genes in the identified loci, to
thereby identify a biomarker associated with pancreatic adenocarcinoma. In one
embodiment, the interrogation of genes in the identified loci is based on gene expression
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data. Tn another embodiment, the interrogation of genes in the identified loci is based on’
in vitro screening assays.

In another aspect, the invention provides a method for identifying a locus
associated with pancreatic adenocarcinoma, said method comprising the steps of: a)
performing profiling of the genome of cancer cells, wherein said cells are from an
animal model of pancreatic adenocarcinoma, wherein the animal model comprises an
activating mutation of KRAS and wherein one or more tumor suppressor genes or loci
are misexpressed; b) performing segmentation analysis of profiles identified in step a);
¢) identifying loci; and d) prioritizing said identified loci, to thereby identify a locus
associated with pancreatic adenocarcinoma. In one embodiment, a biomarker is
identified by the method.

In one embodiment, the profiling is performed using comparative
genomic hybridization (CGH). In another embodiment, the cancer cells are derived
from a pancreatic adenocarcinoma cell line or a pancreatic adenocarcinoma tumor.

Still another aspect of the invention provides a biomarker identified by
the methods described herein, e.g., a nucleic acid biomarker or a protein biomarker.

In another aspect, the invention provides methods of 1dent1fy1ng a gene or.

... -protein involved in stromal-tumor communication comprlsmg companng the presence

absence, or level of expression or activity of genes or-proteins in a tumor from an animal
model of pancreatic adenocarcinoma, versus the presence, absence, or level of
expression or activity of genes or proteins in stroma from an animal model of pancreatic
adenocarcinoma, wherein the animal model comprises an activating mutation of KRAS
and wherein one or more tumor suppressor genes or loci are misexpressed, and wherein
a difference in the presence, absence, or expression or activity level of a gene or protein
indicates that the gene or protein is involved in stromal-tumor communication.

In yet another aspect, the invention provides methods of assessing
whether a subject is afflicted with pancreatic adenocarcinoma, the method comprising
comparing the presence, absence, or level of expression or activity of a biomarker
identified by the methods described herein in a subject sample, e.g., blood, e.g., serum,
urine, stool, bile, pancreatic juice, pancreatic tissue or pancreatic cell sample, and the
presence, absence, or level of expression or activity of the biomarker in a control
sample, e.g., blood, e.g., serum, urine, stool, bile, pancreatic juice, pancreatic tissue or
pancreatic cell sample, wherein a difference in the presence, absence, or level of
expression or activity of the biomarker in the subject sample and the normal level is an
indication that the subject is afflicted with pancreatic adenocarcinoma. In one
embodiment, the sample comprises cells obtained from the patent.
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In still another aspect, the invention provides methods for monitoring the
progression of pancreatic adenocarcinoma in a subject, the method comprising a)
detecting in a subject sample at a first point in time, the presence, absence, or level of
expression or activity of a biomarker identified by the methods described herein; b)
repeating step a) at a subsequent point in time; and c) comparing the presence, absence,
or level of expression or activity detected in steps a) and b), and therefrom monitoring
the progression of pancreatic adenocarcinoma in the subject. In one embodiment, the
sample comprises cells obtained from the patent. In another embodiment, between the
first point in time and the subsequent point in time, the subject has undergone surgery to
remove a tumor.

In a further aspect, the invention provides methods of assessing the
efficacy of a test compound for inhibiting pancreatic adenocarcinoma in a subject, the
method comprising comparing the presence, absence, or level of expression or activity
of a biomarker in a first sample obtained from the subject and exposed to the test
compound, wherein the biomarker is identified by the methods described herein, and the
presence, absence, or level of expression or activity of the biomarker in a second sample
obtained from the subject, wherein the sample is not exposed to the test compound,

. -;wherem a 51gn1ﬁcantly a difference in the presence,-absence, or level of express1on or
-activity. of the biomarker in the first sample, relative to the second sample, is an

indication that the test compound is efficacious for inhibiting pancreatic adenocarcinoma
in the subject. In one embodiment, the first and second samples are portions of a single
sample obtained from the subject.

The invention also provides methods of assessing the efficacy of a
therapy for inhibiting pancreatic adenocarcinoma in a subject, comprising comparing
expression of a biomarker in the first sample obtained from the subject prior to
providing at least a portion of the therapy to the subject, wherein the biomarker is
identified by the methods described herein, and expression of the biomarker in a second
sample obtained from the subject following provision of the portion of the therapy,
wherein a significantly lower level of expression of the biomarker in the second sample,
relative to the first sample, is an indication that the therapy is efficacious for inhibiting
pancreatic adenocarcinoma in the subject.

In another aspect, the invention provides methods of selecting a
composition for inhibiting pancreatic adenocarcinoma in a subject, the method
comprising obtaining a sample comprising cancer cells from the subject; separately
exposing aliquots of the sample in the presence of a plurality of test compositions;
comparing expression of a biomarker in each of the aliquots, wherein the biomarker is
identified by the methods described herein; and selecting one of the test compositions

.
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which induces a lower level of expression of the biomarker in the aliquot containing that
test composition, relative to other test compositions.

In still another aspect, the invention provides methods of inhibiting
pancreatic adenocarcinoma in a subject, the method comprising obtaining a sample
comprising cancer cells from the subject; separately maintaining aliquots of the sample
in the presence of a plurality of test compositions; comparing expression of a biomarker
in each of the aliquots, where the biomarker is identified by the methods described
herein; and administering to the subject at least one of the test compositions which
induces a lower level of expression of the biomarker in the aliquot containing that test
composition, relative to other test compositions.

In yet another aspect, the invention provides a kit for assessing whether a
subject is afflicted with pancreatic adenocarcinoma, the kit comprising reagents for
assessing expression of a biomarker identified by the methods described herein.
Another aspect of the invention provides a kit for assessing the presence of pancreatic
adenocarcinoma cells, the kit comprising a nucleic acid probe wherein the probe
specifically binds with a transcribed polynucleotide corresponding to a biomarker

. 1dent1ﬁed by the methods described herein. ,
p oo . The invention also provides a kit for assessing the suitability of each ofa .. ..
‘ plurality of compounds for inhibiting pancreatic adenocarcinoma in a. subject, the kit

- comprising the plurality of compounds; and a reagent for assessing expression of a

biomarker identified by the methods described herein.

In another aspect, the invention provides a kit for assessing the presence
of human pancreatic adenocarcinoma cells, the kit comprising an antibody, wherein the
antibody specifically binds with a protein corresponding to a biomarker identified by the
methods described herein.

Another aspect of the invention provides methods of assessing the
pancreatic cell carcinogenic potential of a test compound, the method comprising
maintaining separate aliquots of pancreatic cells in the presence and absence of the test
compound; and comparing expression of a biomarker in each of the aliquots, wherein
the biomarker is identified by the methods described herein, wherein a significantly
enhanced level of expression of the biomarker in the aliquot maintained in the presence
of the test compound, relative to the aliquot maintained in the absence of the test
compound, is an indication that the test compound possesses human pancreatic cell
carcinogenic potential.

Tn a further aspect, the invention provides a kit for assessing the
pancreatic cell carcinogenic potential of a test compound, the kit comprising pancreatic
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cells and a reagent for assessing expression of a biomarker, wherein the biomarker is
identified by the methods described herein.

In still another aspect, the invention provides methods of identifying a
compound that modulates pancreatic adenocarcinoma development, progression, and/or
maintenance comprising administering a test compound to an animal model comprising
an activating mutation of KR4S and wherein one or more tumor suppressor genes or loci
are misexpressed, or a cell isolated therefrom; and determining the effect of the test
compound on the initiation, maintenance, or progression of pancreatic adenocarcinoma
in said animal model.

In yet another aspect, the invention provides methods for evaluating a
potential therapeutic agent for the treatment or prevention of pancreatic adenocarcinoma
comprising administering a test compound to an animal model comprising an activating
mutation of KRAS and wherein one or more tumor suppressor genes or loci are
misexpressed, or a cell isolated therefrom; and determining the effect of the test
compound on the initiation, maintenance, or progression of pancreatic adenocarcinoma
in said animal model. In one embodiment, the compound is selected from the group
consisting of: a protein, a nucleic.acid molecule, an antibody, a ribozyme, an antisense

*.+.0ligonucleotide, an siRNA,“and an organic or non-organic small. molecule. =

- The invention also provides methods of treating or preventing pancreatic
adenocarcinoma in a subject having or at risk of developing pancreatic adenocarcinoma,
comprising administering a compound identified by the methods described herein.

‘ In yet another aspect, the invention provides isolated cells, or a purified
preparation of cells from an animal model of pancreatic adenocarcinoma comprising an
activating mutation of KRAS and wherein one or more tumor suppressor genes or loci
are misexpressed. In one embodiment, the cell is isolated from pancreatic tissue from
said animal model of pancreatic adenocarcinoma. In another embodiment, the cell is a
epithelial, stomal, acinar, or ductal cell. In yet another embodiment, the cell is
transgenic cell, e.g., a mouse cell.

In one aspect, the invention provides a method of assessing whether a
subject is afflicted with pancreatic adenocarcinoma or at risk for developing pancreatic

- adenocarcinoma, the method comprising comparing the copy number of a minimal

common region (MCR) in a subject sample to the normal copy number of the MCR,
wherein said MCR is selected from the group consisting of the MCRs listed in Table 2,
and wherein an altered copy number of the MCR in the sample indicates that the subject
is afflicted with pancreatic adenocarcinoma or at risk for developing pancreatic
adenocarcinoma. In one embodiment, the copy number is assessed by fluorescent in situ
hybridization (FISH). In another embodiment, the copy number is assessed by

-8-
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quantitative PCR (qPCR). In one embodiment, the normal copy number is obtained
from a control sample.

In another aspect the invention provides amethod of assessing whether a
subject is afflicted with pancreatic adenocarcinoma or at risk for developing pancreatic
adenocarcinoma, the method comprising comparing: a) the amount, structure, and/or
activity of a biomarker in a subject sample, wherein the biomarker is a biomarker which
resides in an MCR listed in Table 2; and b) the normal amount, structure, and/or activity
of the of the biomarker, wherein a significant difference between the amount, structure,
and/or activity of the biomarker in the sample and the normal amount, structure, and/or
activity is an indication that the subject is afflicted with pancreatic adenocarcinoma or at
risk for developing pancreatic adenocarcinoma. In one embodiment, the amount of a
biomarker is compared. In another embodiment, the structure of a biomarker is
compared. In yet another embodiment, the activity of a biomarker is compared. In
another embodiment, the amount of the biomarker is determined by determining the
level of expression of the biomarker. In one embodiment, the biomarker is determined
by determining copy number of the biomarker. In yet another embodiment, the normal
amount/structure, and/or activity of the biomarker is obtained from a control sample.. In

.i.one embodiment, the sample is: sélected from the group consisting of blood, urine, stool; & ¢

bile, pancreatic cells or pancreatic tissue. In one embodiment, the copy numberis -
assessed by comparative genomic hybridization (CGH). In a further embodiment, CGH
is performed on an array. In one embodiment, the level of expression of the biomarker
in the sample is assessed by detecting the presence in the sample of a protein
corresponding to the biomarker. In another embodiment, the presence of the protein is
detected using a reagent which specifically binds with the protein. In one embodiment,
the reagent is selected from the group consisting of an antibody, an antibody derivative,
and an antibody fragment. In a further embodiment, the level of expression of the
biomarker in the sample is assessed by detecting the presence in the sample of a
transcribed polynucleotide or portion thereof, wherein the transcribed polynucleotide
comprises the biomarker. In one embodiment, the transcribed polynucleotide is an
mRNA. In another embodiment, the transcribed polynucleotide is a cDNA. In a further
embodiment, the step of detecting further comprises amplifying the transcribed
polynucleotide. In one embodiment, the level of expression of the biomarker in the
sample is assessed by detecting the presence in the sample of a transcribed
polynucleotide which anneals with the biomarker or anneals with a portion of a
polynucleotide wherein the polynucleotide comprises the biomarker, under stringent
hybridization conditions.
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In yet another aspect, the invention provides a method for monitoring the
progression of pancreatic adenocarcinoma in a subject, the method comprising: a)
detecting in a subject sample at a first point in time, the amount and/or activity of a
biomarker, wherein the marker is a marker which resides in an MCR listed in Table 2; b)
repeating step 2) at a subsequent point in time; and c) comparing the amount and/or
activity detected in steps a) and b), and therefrom monitoring the progression of
pancreatic adenocarcinoma in the subject. In one embodiment, the sample is selected
from the group consisting of blood, urine, stool, bile, pancreatic cells or pancreatic
tissue. In one embodiment, the activity of a biomarker is determined. In another
embodiment, the amount of a biomarker is determined. In a further embodiment, the
amount of the biomarker is determined by determining the level of expression of the
biomarker. In a further embodiment, the level of expression of the biomarker in the
sample is assessed by detecting the presence in the sample of a protein corresponding to
the biomarker. In yet a further embodiment, the presence of the protein is detected using
a reagent which specifically binds with the protein. In one embodiment, the reagent is
selected from the group consisting of an antibody, an antibody derivative, and an
antibody fragment. In one embodiment, the level of expression of the biomarker in the

* sample is assessed by detecting the presence in the sample of a transcribed

polynucleotide or portion thereof, wherein the transcribed polynucleotide comprises the
biomarker. In a further embodiment, the transcribed polynucleotide is an mRNA. In
another embodiment, the transcribed polynucleotide is a cDNA. In yet another
embodiment, the step of detecting further comprises amplifying the transcribed
polynucleotide. In another embodiment, the level of expression of the biomarker in the
sample is assessed by detecting the presence in the sample of a transcribed
polynucleotide which anneals with the biomarker or anneals with a portion of a
polynucleotide wherein the polynucleotide comprises the biomarker, under stringent
hybridization conditions. In one embodiment, the sample comprises cells obtained from
the subject. In another embodiment, between the first point in time and the subsequent
point in time, the subject has undergone treatment for pancreatic adenocarcinoma, has
completed treatment for pancreatic adenocarcinoma, and/or is in remission.

One aspect of the invention provides a method of assessing the efficacy
of a test compound for inhibiting pancreatic adenocarcinoma in a subject, the method
comprising comparing: ) the amount and/or activity of a biomarker in a first sample
obtained from the subject and maintained in the presence of the test compound, wherein
the biomarker is a biomarker which resides in an MCR listed in Table 2; and b) the
amount and/or activity of the biomarker in a second sample obtained from the subject
and maintained in the absence of the test compound, wherein a significantly higher
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amount and/or activity of a biomarker in the first sample residing in an MCR which is
deleted in pancreatic adenocarcinoma, relative to the second sample, is an indication that
the test compound is efficacious for inhibiting pancreatic adenocarcinoma, and wherein
a significantly lower amount and/or activity of a biomarker in the first sample residing in
an MCR which is amplified in pancreatic adenocarcinoma, relative to the second
sample, is an indication that the test compound is efficacious for inhibiting pancreatic
adenocarcinoma in the subject. In one embodiment, the first and second samples are
portions of a single sample obtained from the subject. In another embodiment, the first
and second samples are portions of pooled samples obtained from the subject.

Another aspect of the invention provides a method of assessing the
efficacy of a therapy for inhibiting pancreatic adenocarcinoma in a subject, the method
comprising comparing: a) the amount and/or activity of a biomarker in the first sample
obtained from the subject prior to providing at least a portion of the therapy to the
subject, wherein the biomarker is a biomarker which resides in an MCR listed in Table
2, and b) the amount and/or activity of the biomarker in a second sample obtained from
the subject following provision of the portion of the therapy, wherein a significantly
higher amount and/or activity of the biomarker in the first sample residing in an MCR
which is deleted in pancreatic adenocarcinoma, relative;to.the second sample, is an .
indication that the test compound is efficacious-for inhibiting pancreatic adenocarcinoma
and wherein a significantly lower amount and/or activity of the biomarker in the first
sample residing in an MCR which is amplified in pancreatic adenocarcinoma, relative to
the second sample, is an indication that the therapy is efficacious for inhibiting
pancreatic adenocarcinoma in the subject.

Yet another aspect of the invention provides a method of selecting a
composition capable of modulating pancreatic adenocarcinoma, the method comprising:
a) obtaining a sample comprising pancreatic adenocarcinoma cells; b) contacting said
cells with a test compound; and ¢) determining the ability of the test compound to
modulate the amount and/or activity of a biomarker, wherein the biomarker is a
biomarker which resides in an MCR listed in Table 2, thereby idéntifying a modulator of
pancreatic adenocarcinoma. In one embodiment, the cells are isélated from an animal
model of pancreatic adenocarcinoma. In another embodiment, the cells are from a
pancreatic adenocarcinoma cell line. In yet another embodiment, the cells are from a
subject suffering from pancreatic adenocarcinoma. In a further embodiment, the cells
are from a pancreatic adenocarcinoma cell line originating from a pancreatic
adenocarcinoma tumor.

One aspect of the invention provides a method of selecting a composition
capable of modulating pancreatic adenocarcinoma, the method comprising: a)
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contacting a biomarker which resides in an MCR listed in Table 2 with a test compound;
and b) determining the ability of the test compound to modulate the amount and/or
activity of a biomarker which resides in an MCR listed in Table 2, thereby identifying a
composition capable of modulating pancreatic adenocarcinoma. In one embodiment, the
method further comprises administering the test compound to an animal model of

pancreatic adenocarcinoma.

Another aspect of the invention provides a kit for assessing the ability of
a compound to inhibit pancreatic adenocarcinoma, the kit comprising a reagent for
assessing the amount, structure, and/or activity of a biomarker which resides in an MCR
listed in Table 2.

One aspect of the invention provides a kit for assessing whether a subject
is afflicted with pancreatic adenocarcinoma, the kit comprising a reagent for assessing
the copy number of an MCR selected from the group consisting of the MCRs listed in
Table 2.

Yet another aspect of the invention provides a kit for assessing whether a
subject is afflicted with pancreatic adenocarcinoma, the kit comprising a reagent for

-assessing the amount, structure, and/or-activity of:a‘biomarker which resides in an MCR -

listed in Table 2. . g

One aspect of the invention provides a kit for assessing the presence of
human pancreatic adenocarcinoma cells, the kit comprising an antibody or fragment
thereof, wherein the antibody or fragment thereof specifically binds with a protein
corresponding to a biomarker which resides in an MCR listed in Table 2.

Another aspect of the invention provides a kit for assessing the presence
of pancreatic adenocarcinoma cells, the kit comprising a nucleic acid probe wherein the
probe specifically binds with a transcribed polynucleotide corresponding to a biomarker
which resides in an MCR listed in Table 2. In one embodiment, the nucleic acid probe is
a molecular beacon probe.

One aspect of the invention provides a method of treating a subject
afflicted with pancreatic adenocarcinoma comprising administering to the subject a
modulator of amount and/or activity of a gene or protein corresponding to a biomarker
which resides in an MCR listed in Table 2, thereby treating a subject afflicted with
pancreatic adenocarcinoma.

Another aspect of the invention provides a method of treating a subject
afflicted with pancreatic adenocarcinoma comprising administering to the subject a
compound which inhibits the amount and/or activity of a gene or protein corresponding
to a biomarker which resides in an MCR listed in Table 2 which is amplified in
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. afflicted with pancreatic adenocarcinoma -comprising administeting to the subject a-

pancreatic adenocarcinoma, thereby treating a subject afflicted with pancreatic
adenocarcinoma. In one embodiment, the compound is administered in a
pharmaceutically acceptable formulation. In one embodiment, the compound is an
antibody or an antigen binding fragment thereof, which specifically binds to a protein
corresponding to said biomarker. In a further embodiment, the antibody is conjugated to
a toxin. In yet another embodiment, the antibody is conjugated to a chemotherapeutic
agent. In one embodiment, the compound is an RNA interfering agent which inhibits
expression of a gene corresponding to said biomarker. In a further embodiment, the
RNA interfering agent is an siRNA molecule or an shRNA molecule. In one
embodiment, the compound is an antisense oligonucleotide complementary to a gene
corresponding to said biomarker. In another embodiment, the compound is a peptide or
peptidomimetic. In yet another embodiment, the compound is a small molecule which
inhibits activity of said biomarker. In one embodiment, the small molecule inhibits a
protein-protein interaction between a biomarker and a target protein. In one
embodiment, the compound is an aptamer which inhibits expression or activity of said
biomarker.

Another aspect of the invention provides a method of treating a subject
compound which increases expression or activity of a gene or protein corresponding to a
biomarker which resides in an MCR listed in Table 2 which is deleted in pancreatic
adenocarcinoma, thereby treating a subject afflicted with pancreatic adenocarcinoma.

Yet another aspect of the invention provides a method of treating a
subject afflicted with pancreatic adenocarcinoma comprising administering to the
subject a protein corresponding to a biomarker which resides in an MCR listed in Table
2 which is deleted in pancreatic adenocarcinoma, thereby treating a subject afflicted with
pancreatic adenocarcinoma. In one embodiment, the protein is provided to the cells of
the subject, by a vector comprising a polynucleotide encoding the protein. In another
embodiment, the compound is administered in a pharmaceutically acceptable
formulation.

One aspect of the invention provides an isolated nucleic acid molecule, or
fragment thereof, contained within an MCR selected from the MCRs listed in Table 2,
wherein said nucleic acid molecule has an altered amount, structure, and/or activity in
pancreatic adenocarcinoma. ‘

Another aspect of the invention provides an isolated polypeptide encoded
by the nucleic acid molecule.
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Brief Description of the Drawings
Figures 14-1E depict preinvasive ductal lesions arising in Pdx1-Cre;

LSL-Kras “**P mice. (4) Genetic progression model of human pancreatic
adenocarcinoma. The cellular phenotypes of the increasing grades of ductal neoplastic
lesions are indicated. Previous studies have catalogued the presence of genetic
alterations at specific disease stages, as depicted in the temporal sequence. The thickness
of the line corresponds to the frequency of a lesion. Loss-of-function events are depicted
in red whereas gain-of-function lesions are shown in green. (B) Upper panel: H&E stain
showing a normal islet (arrow) and duct (arrowheads) in the background of normal
acinar tissue (asterisks) in a 12-week PdxI-Cre; LSL-Kras Glzb
blood vessel (BV) is also indicated. Lower panel: Higher-power view of the single-layer
cuboidal ductal epithelium. (C) PanIN-1 lesions detected in a 9-week old PdxI-Cre;
LSL-Kras %**P mouse (H&E staining). Note PanIN lesions with mucinous columnar

mouse. An adjacent

epithelium (arrows) and papillary architecture (dashed box). (D) Focus of ductal
proliferation (dashed box) with prominent stromal response (asterisk) in a 12-week old
Pdx1-Cre; LSL-Kras “?? mouse (H&E staining). (E) Extensive PanIN lesions with a
classical plcture of intimately associated fibrotic stroma (astensk) in the pancreas of a .
Pdx1-Cre; LSL-Kras G120 mouse at 26-weeks of age. (H&E stammg) ., N

" Figures 24-2K depict Ink4a/Arf deﬁ01ency promotes progressmn to
invasive pancreatic adenocarcinoma. (4) Complete excision of the Ink4a/Arf locus in the
pancreas with Pdx1-Cre. PstI Southern blot on pancreas (P) or spleen (S) DNA from
Ink4a/Arf"™* mice that harbor or lack the Pdx1-Cre transgene. The wild-type or lox
allele migrates at 9.0kb and the recombined Ink4a/Arf-null allele corresponds to the 4.6
kb band. (B) Kaplan-Meier pancreatic tumor-free survival curve for PdxI-Cre; LSL-Kras
GI2D. Inkeda/Arf ™" mice (denoted “Ink/Arf L/L”: n= 26 mice) and control cohorts
(denoted “ctr]”: all combinations of Pdx1-Cre, LSL-KRAS and Ink4a/Arf alleles, n =186
mice). Clinically, mice presented in a moribund state and were euthanized for autopsy.
(C) Gross photograph of a pancreatic adenocarcinoma obstructing the common bile duct
and causing dilation of the gall bladder (¥). Jaundice is readily apparent in the abdominal
skin (7). T = tumor; D = duodenum; L = Liver. Bar = 0.6 cm. Dashed circle denotes the
tumor. (D) Well-differentiated ductal adenocarcinoma observed in a PdxI-Cre; LSL-
Kras OP; Ink4a/Arf™"* animal at 7.9 weeks of age. Glandular tumor cells
(arrowheads) are surrounded by abundant stroma (*). (E) Poorly-differentiated
adenocarcinoma arising in the same mouse as that from panel (D). Irregular, ill-formed
formed glands (arrowheads) are present with mixture of highly mitotic, atypical tumor
cells. (F) Region of tumor with sarcomatoid features from the same mouse as (D) and
(E). (G-I) Regions of well-differentiated (G), poorly-differentiated (/) and sarcomatoid
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(D) tumor stained for the ductal marker, cytokeratin-19. (J) PAS+D stain for apical
mucins in well-differentiated tumor cells. (K) Trichrome stain for collagen reveals
fibrotic nature of tumor stroma.

Figures 34-3F depict murine pancreatic tumors invade and metastasize.
(4) Duodenal invasion by pancreatic ductal adenocarcinoma. Tumor (T), muscle wall
(M, arrowhead) and intestinal epithelium (IE) are indicated. (B) High-magnification
photomicrograph of a lymph node metastasis (T, arrowhead). LN denotes normal lymph
node architecture. (C) Tumor cells (T) invading the stomach wall (M, arrowheads).
Adjacent gastric epithelium is indicated (GE). (D) High-power micrograph of metastatic
tumor cells (arrowheads) within a portal tract in the liver. Hepatocytes (H), portal vein
(PV) and a reactive bile duct (B) are indicated.
(E) Pancreatic tumor cells (T) invading the spleen. White pulp of the spleen is indicated
(WP). (F) Immunohistochemical stain for cytokeratin-19 on tumor cells in panel E
invading the spleen. Inset: Higher-power image of ck-19+ invading tumor cells.

Figures 44-4F depict early-stage pancreatic lesions in Pdx/-Cre; LSL-
Kras; Ink/Arf ™"°* animals. (4) High-magnification view of a low-grade PanIN lesion .
(arrowhead) seen in a 5-week Pdx1-Cre; LSL-Kras /%, Ink4a/Arf ¥+ animal. (B) Low-

 grade premvaswe ductal lesion in a 3 week-old PdxI-Cre; LSL Kras G12D, Inktia/Arf

lox/lox Gl 2D

mouse. (C) High-grade preinvasive ductal lesion in a Pdxl- Cre, LSL-Kras
Inkda/Arf™"* mouse at 4-weeks. (D) Early focus of pancreatic adenocarcinoma in a 4
week-old Pdx1-Cre; LSL-Kras 22, Ink4a/Arf'™"* mouse. Note both the ductal and
anaplastic components of this early cancer.
(E) High-grade PanIN lesion in a 5 week PdxI-Cre; LSL-Kras ¥?P; Inkda/Arf """
mouse. Serial sectioning through the entire pancreas at 10 pm intervals failed to discover
any foci of adenocarcinoma in this animal. (¥) High-grade PanIN lesion (asterisk)
surrounded by anaplastic tumor cells in a 5-week PdxI-Cre; LSL-Kras “?P; Inkda/Arf
loxflor mouse.

Figures 54-5G depict the molecular analysis of murine pancreatic
adenocarcinomas. (4) Ras activation assay. Lysates from wild-type pancreas (lanes 1
and 2), Pdx1-Cre; LSL-Kras “?P pancreas (lanes 3 and 4) and from the murine
pancreatic adenocarcinomas (lanes 5 and 6) affinity precipitated with Raf RBD agarose
(Upstate) and then subjected to immunoblot analysis with anti-Ras antibodies. (B) PCR
analysis of the Ink4a/Arf locus in murine pancreatic adenocarcinoma cell lines.
Multiplex PCR was performed on DNA from the pancreatic cancer cell lines (lanes 3-
16) with primers that amplify the Ink4a/Arf + (lower band), Ink4a/Arf lox (middle band),
and Ink4a/Arf~(upper band) alleles. DNA from Ink4a/Arf+/+ (+/+, lanes 1 and 18) and |
Inkda/Arf""% (L/L, lanes 2 and 17) mice served as controls. All cell lines show only the
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Ink4a/Arf- allele. (C) Immunoblot analysis of the tumor lysates. Membranes were
immunoblotted for pl6Ink4a , p19Arf, Smad4, and B-tubulin (as a loading control).
Lysates from primary mouse embryonic fibroblasts (MEF, lane 1) served as a positive
control. (D) Immunoblot analysis of p53 expression. Primary MEFs (lane 1) and p53-/-
MEFs (lane 2), were positive and negative controls, respectively. (£) Induction of p53
and p21 in pancreatic adenocarcinoma cells by ionizing irradiation. Mouse pancreatic
cancer cell lines were either untreated (-) or gamma irradiated (+) (lanes 1-8). Lysates
were immunoblotted for p53, p21 and B-tubulin. MEFs with a mutant p53 allele (p53*)
were a control for p53 overexpression. The tumors show modest expression of p53
compared to cells with mutant stabilized p53 and that ionizing radiation can effectively
induce p53 and p21 in these tumor cells. (F) Amplification of the Kras gene and
elevated Kras protein expression in a subset of pancreatic adenocarcinomas. The upper
panel shows the relative Kras gene copy number as measured by quantitative real-time
PCR. Wild-type specimens have a ratio of 1.0; (-) not done. The middle and lower
panels show Western blot analysis of the corresponding Kras levels and the tubulin (tub)
loading control, respectively. Lane 1 is a control MEF specimen. Lanes 2-15 are tumor

cell hne spemmens Lanes 10 and 14 show both high-level Kras gene amphﬁcatlon and

protem overexpressmn (G) The:mutant Kras allele is amplified in tumors showmg

increased Kras gene copy nimber. RT-PCR/RFLP analysis was performed on pancreatlc

adenocarcinoma cell line RNA to evaluate the whether the wildtype and Kras 2P

alleles are expressed based on the Kras “/?P -specific Hindlll site. PCR amplified cDNA
was untreated (-) or digested with HindlIII (+). Lanes 1-12 are tumor cell lines. Lanes 13
and 14 are control testes cDNA. All tumors express both alleles. Tumors 58 and 65
(lanes 2 and 4), corresponding to lanes 10 and 14 in Figure (5F), show an increased

relative ratio of the lower, Kras %P

allele, consistent with amplification and
overexpression of this mutant allele.

Figures 6A4-6D depict the expression of EGFR and HER?2 in pancreatic
adenocarcinomas. (4, B) Immunohistochemistry with anti-EGFR (4) or anti-HER2 (B)
antibodies shows robust expression of these proteiné in the glandular regions of the
tumors. (C, D) Immunohistochemistry for EGFR and HER?2 reveals very weak or absent
expression in the poorly differentiated regions of these tumors. Note that (C) and (D)
were photographed from adjacent regions of the slides depicted in (4) and (B).

Figures 74-7D depict the conditional targeting of exons 2 and 3 of the
Ink4/Arflocus. (A) Exons 1P and 1a of Arfand Ink4a, respectively, are shown, as are
the common exons 2 and 3. ES cells were targeted using the KO construct in which a
loxP site was inserted in the EcoRV site between exon 1o and exon 2 and a neomycin

cassette (NVeo), flanked by Fr¢ sites and a single loxP site, was inserted at the StuI site 3°
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to exon 3. The Diptheria toxin gene (DT) served as a negative selection marker.

Chimeric mice were crossed to the CAGG:Flpe strain to excise Neo in vivo, generating
the Ink4a/Arf" allele. Cre-mediated excision deletes exons 2 and 3 of Ink4a/drf',

disrupting both products of this locus. The restriction sites are Stul (S), Spel (Sp),

EcoRV (E) and PstI (P). A 3’ fragment (Probe A) was used following Ps/I restriction
digests to screen for recombinant ES cell clones and to assess Cre-mediated deletion.

(B) Southern blot of PstI digested DNA hybridized with probe A, showing the

production of the 4.6 kb Ink4a/Arfnull (-) allele following crosses of Ink4a/Arf "

with the Ella-Cre general deleter strain. The wild-type allele is 9 kb. (C) Western blot

analysis of p16™“* and p19*™ expression in mouse embryonic
P p

fibroblasts (MEFs). MEFs were prepared from two Ink4a/drf """ and two Ink4a/drf"**

embryos and were subsequently either infected with retroviruses expressing Cre (Silver

and Livingston 2001) (+, lanes 6-9) or were untreated (-, lanes 2-5). Ink4a/Arf " MEFs

(Serrano et al. 1996) were used a negative control for immunoreactivity. The non-

specific (n.s.) band served to show equal loading. Untreated Ink4a/Arf®"** MEFs show

p16™“* and p19° expression at comparable levels to wildtype MEFs whereas as

mice

Inkda/Arf" loxlox MEFs exposed to Cre do not express either protein. (D) Ink4a/A1f loxflox

untreated and subjected to serial passage by the 3T3 protocol. Note that the Cre-treated::
Inkda/Arf ™" cultures showed immortal growth while all other cultures underwent

passage-induced senescence.

Figures 84-8D depict PdxI-Cre; LSL-Kras “?2; Inkda/Arf ™" tumors

stain negative for markers of acinar or islet cell differentiation. (4 and C)

Immunohistochemistry for the acinar marker amylase in a region of well-differentiated

ductal adenocarcinoma (4) and a focus of anaplastic change (C) for the same pancreatic
tamor arising in a Pdx1-Cre; LSL-Kras “*P; Ink4a/Arf ™" mouse. Inset in (4): intense

anti-amylase reactivity in preserved acinar tissue adjacent to the tumor. (B and D)
Immunohistochemistry for the endocrine marker insulin in both well-differentiated

ductal andenocarcinoma (B) and anaplastic tumor cells (D). Inset in (B): strong anti-

insulin reactivity in an adjacent islet. Note negative staining of the apposed duct.

Figure 9 depicts the Kaplan-Meier pancreatic tumor-free survival curve
for Pdx1-Cre; LSL-Kras %*°; Ink4a "™, p53'"* mice (squares) and control cohorts

(diamonds). Clinically, mice presented in a moribund state and were euthanized for
autopsy.

Figure 10 depicts the data from Eprogen ProteoSep system showing
serum protein profiles of normal versus pancreatic tumor bearing mouse (LSL-Kras®??;

Inkda/Arf" " mice). The left panel depicts a PI/hydrophobicity plot comparing
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differences in protein abundance in control versus cancer bearing mice. Equivalent
abundances appear white, tumor-associated increases appear light gray and those from
normal animals are dark gray. The right panel depicts a tracing of proteins of a given PI
and different hydrophobicity in control and cancer bearing animals. Note the highly
overexpressed protein is a biomarker for pancreatic cancer (arrow).

Figure 11 depicts the timeline of tumor progression in the Pdx1-Cre;
LSL-Kras “P; Inkda/drf™"°* model and indicates the points at which specimens were
collected for this analysis.

Figure 12 depicts the genomic complexity of Ink4a/Arf versus p53

GIZD 1hic harboring either the

mouse pancreatic adenocarcinomas. Pdx1-Cre; LSL-Kras
Ink4a/Arf or p53 conditional tumor suppressor genes were allowed to generate
pancreatic adenocarcinomas and low passage cell lines were derived from these tumors.
Genomic DNA from these cell lines was analyzed by array-CGH according to standard
protocols. The genomic complexity of tumors harboring Ink4a/Arf or p53 tumor

suppressor mutations is plotted as a density function, with the X axis corresponding to

_ the array-CGH value (Log; of the fluorescence ratio between tumor and normal DNA).

Array-CGH values above “0” correspond to amplified or gained segments of tumor

genome‘,and:,trhdse:bgldw‘.‘fO”j,éqfrespoﬁd;to* lost:or-deleted segments of tumor genome. * .t

A greatei' number of lost or gained segmerits are seen in tumors with P53 mutations.

Figures 134 and 13B depict cancer-specific expression of telomerase-
associated protein and of the protein, ANKT, identified by proteomics profiling of serum
from the Pdx1-Cre; LSL-Kras ¥'*P; Inkda/Arf ™" model of pancreatic adenocarcinoma
(13A), and the sequence of specific peptides with high correlation with the disease state
identified in these analyses (13B).

Detailed Description of the Invention

The present invention is based, at least in part, on the generation of non-
human animal models of pancreatic adenocarcinoma which recapitulate the genetic and
histological features of human pancreatic adenocarcinoma, including the initiation,
maintenance, and progression of the disease. Accordingly, the present invention
provides animal models of cancer, e.g., pancreatic adenocarcinoma, wherein an
activating mutation of Kras has been introduced, and any one or more known or
unknown tumor suppressor genes or loci, e.g., Ink4a/Arf, Ink4a, Arf, p53, Smad4/Dpc,
Lkbl, Brca2, or Mih1, have been misexpressed, e.g., have been misexpressed leading to
decreased expression or non-expression. In one embodiment, misexpression of one or
more tumor suppressor genes or loci is accomplished by a conditional allele which may
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be activated or deleted in specific cell types by the tissue-specific expression of Cre
recombinase. In one embodiment, Ink4a/Arfis misexpressed in combination with the
activation of Kras. In another embodiment, Ink4a/Arf and p53 are misexpressed in
combination with the activation of Kras.

In particular, the present inventors have shown that activation of Kras in
combination with misexpression of one or more tumor suppressor genes or loci, e.g.,
Ink4a/Arf, potently induces pancreatic adenocarcinoma, whereas either genetic lesion
alone is insufficient for production of advanced malignant disease. Animal models have
been engineered to bear both a pancreas-specific Cre-mediated mutant Kras allele
(Kras®?Py (Jackson, et al. (2001) Genes Dev. 15:3243) and a deletion of a conditional
Inkda/Arf allele (Ink4a/Arf'™). The Kras allele is a ‘knock-in,’ i.e., it is controlled by its

endogenous promoter. The Kras allele, Kras®'?P

, carries an activating mutation
(G12D), which results in the constitutive expression of Kras. Therefore, in the animal
model, Kras is expressed at a level that mimics expression of the gene in human
pancreatic adenocarcinoma. For Cre recombinase expression, the PdxI-Cre transgene
(Gu G. et al. (2002) Development 129, 2447-2457), which produces Cre activity in all
the acinar, islet and duct cells and deletes loxP contalmng alleles in all pancreatic
lineages, was employed: Kras is’ therefore actlvated at endogenous levels and Ink4a/Arf .
is deleted specifically in all cells of the pancreas '

Animals bearing the combination of'these mutant alleles develop focal
premalignant ductal lesions, termed pancreatic intraepithelial neoplasias (PanINs, as -
used herein) which rapidly and faithfully progress to highly aggressive, invasive and
metastatic tumors which ultimately result in death of the animals by 11 weeks of age.

The evolution of these tumors bears striking resemblance to the human
disease, possessing a proliferative stromal component and ductal lesions with a
propensity to advance to a poorly differentiated state. The tumors arise with similar
histological progression and identical immunohistochemical profiles to the human
cancer. For example, the cancers arise from premalignant ductal lesions associated with
Kras activation (PanINs) that progress to adenocarcinoma in conjunction with Ink4a/Arf
deletion and express ductal but not endocrine or exocrine markers. The tumors arise
extremely rapidly (all between 7 and 11 weeks) and with highly reproducible histology.

The rapid and narrow window within which the tumors, e.g., pancreatic
adenocarcinomas, arise in the animal models of the invention greatly facilitates the
identification of biomarkers and therapeutics for pancreatic adenocarcinoma, and the
preclinical testing of compounds, as described herein. Accordingly, the present
invention provides uses for the animal models of cancer, e.g., pancreatic
adenocarcinoma, described herein, such as for example, biomarker discovery and
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screening assays. The biomarkers may be for biomarkers for disease, e.g., early disease
markers or disease markers which identify various stages of disease including tumor
maintenance and progression.

Furthermore, based on the high degree of similarity between pancreatic
cancer displayed by the animal models of the invention and the human disease, the
present invention also includes methods of using the animal models described herein and
use of these biomarkers described herein in methods for, e.g., detection of pancreatic
adenocarcinoma or identification of stage of cancer progression in a subject having or at
risk for pancreatic adenocarcinoma.

In one embodiment, the identification of biomarkers is based on serum
proteomics analyses of the animal models of the present invention compared to control
animals (see, e.g., Example 2). In another embodiment, the identification of biomarkers
is based on comparative genomic analyses of tumors from the animal models of the
present invention (see, e.g., Example 3).

Accordingly, the present invention providesspecific regions of the
genome (referred to herein as minimal common regions (MCRs)), of recurrent copy
number change which are contained within certain chromosomal regions (loci) and are

 associated with cancer. These MCRs:were idehﬁﬁéd,usihg ‘a hovel cDNA or.oligomer- .. .

based platform and bioinformatics tools which allowed forthe high-resolution
characterization of copy-number alterations in the pancreatic cancer genome, e.g., the
pancreatic adenocarcinoma genome. '

To arrive at the MCRs, array comparative genomic hybridization (array-
CGH) was utilized to define copy number aberrations (CNAs) (gains and losses of
chromosomal regions) in pancreatic adenocarcinoma cell lines and tumor specimens.

The amplification or deletion of the MCRs identified herein correlate
with the presence of cancer, e.g., pancreatic cancer and other epithelial cancers.
Furthermore, analysis of copy number and/or expression levels of the genes residing
within each MCR leads to the identification of individual biomarkers and combinations
of biomarkers, the increased and decreased expression and/or increased and decreased
copy number of which correlate with the presence and/or absence of cancer, e.g.,
pancreatic cancer, e.g., pancreatic adenocarcinoma in a subject.

Accordingly, methods are provided herein for detecting the presence of
cancer in a sample, the absence of cancer in a sample, and other characteristics of cancer
that are relevant to prevention, diagnosis, characterization, and therapy of cancer in a
subject by evaluating alterations in the amount, structure, and/or activity of a biomarker.
For example, evaluation of the presence, absence or copy number of the MCRs
identified herein, or by evaluating the copy number, expression level, protein level,
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protein activity, presence of mutations (e.g., substitution, deletion, or addition
mutations) which affect activity of the biomarker, or methylation status of any one or
more of the biomarkers within the MCRs, is within the scope of the invention.

Methods are also provided herein for the identification of compounds
which are capable of inhibiting cancer in a subject, and for the treatment, prevention,
and/or inhibition of cancer using a modulator, e.g., an agonist or antagonist, of a gene or
protein biomarker of the invention.

Although the MCRs and biomarkers described herein were identified in
pancreatic cancer samples, the methods of the invention are in no way limited to use for
the prevention, diagnosis, characterization, therapy and prevention of pancreatic cancer,
e.g., the methods of the invention may be applied to any cancer, as described herein.

The present invention also provides screening methods using the animal
models described herein or cells or cell lines derived from these animal models, for the
identification of therapeutics for the treatment and/or prevention of pancreatic
adenocarcinoma, e.g., molecularly targeted therapeutics that prevent or inhibit the
malignant growth of a tumor.

In another aspect, the present invention provides methods of using the

.animal models described herein as a modél:system, e.g'j:a preclinical, model system; for * ..

evaluation of potential therapeutic agents for the treatment and/or'prevenﬁon of
pancreatic adenocarcinoma. Based on the progression of pancreatic adenocarcinoma in
the animal models of the invention, e.g., the presence of very early premalignant lesions
(PanIN-1) at 3 weeks, more advanced premalignant lesions (PanIN-2) at 4 weeks and the
presence of small pancreatic adenocarcinomas by 5 weeks, rapid measurement of the
clinical impact of chemopreventative agents on disease onset and progression and of
chemotherapeutics and disease response and cure is possible.

In yet another aspect, the invention also provides for the use of the animal
models of the invention for the generation of cell lines which may be used to study the
disease biology of pancreatic adenocarcinoma, e.g., for studies of heterotypic tumor-
stroma interaction and identification of Kras in tumor maintenance program.

The genetically comparable, early passage mouse cell lines of the
invention are useful for understanding the disease biology by, for example, studies of the
basis for the heterotypic interactions between tumor and stroma using co-culture, gene
expression profiling and manipulation of specific gene expression in either cell type
(Olumi, A.F., et al. (1999) Cancer Res 59, 5002-5011; Tisty, T.D., and Hein, P.W.
(2001) Curr Opin Genet Dev 11, 54-59).

The cell lines of the invention may also be used for the discovery of new
drug targets that disrupt the tumor-stromal symbiosis, such as, for example, compounds
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which not only target tumors cells directly but also exert an indirect effect by
suppressing growth and survival signals elaborated by the microenvironments’
interaction with the tumor cells.

The cell lines of the invention may also be used for identifying the KRAS
transcriptional program and signaling surrogates. These cell lines are also be useful in
the identification of the Kras oncogenic program and proteomics profile. The importance
of KRAS for the sustained growth of the tumor cells can be evaluated by expression
knock-down using RNAi techniques followed by orthotopic injection in SCID mice.
This would allow 1) a determination of whether KRAS or its signaling surrogates are
suitable drug targets, 2) identification of specific KRAS signaling surrogates (by
expression profiling cells with intact or disrupted KRAS expression) that would serve as
potential novel therapeutic targets, 3) determination of proteomics signatures of
activated KRAS. The availability of the signature expression profile and proteomics
profile provides powerful resources in the evaluation of drug efficacy and specificity
directed towards KRAS or its signaling surrogates.

In another embodiment, the highly reproducible and rapid evolution of
cancer in the animal models of the invention also make them suitable for conducting

-crosses to other inbred strains to identify possiblérﬁoﬁiﬁets o théir: cancer and: FOT. 1 i soniios
-genetic tests of the contribution of specified proteins to tumorigenesis. The disclosed* . -

animals can also be used as research tools to determine genetic and physiological
features of pancreatic cancer.

Various aspects of the invention are described in further detail in the
following subsections:

I. Definitions

As used herein, each of the following terms has the meaning associated
with it in this section.

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 one element or more than one element.

The terms "tumor" or "cancer" refer to the presence of cells possessing
characteristics typical of cancer-causing cells, such as uncontrolled proliferation,
immortality, metastatic potential, rapid growth and proliferation rate, and certain
characteristic morphological features. Cancer cells are often in the form of a tumor, but
such cells may exist alone within an animal, or may be a non-tumorigenic cancer cell,
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such as a leukemia cell. As used herein, the term “cancer” includes premalignant as well
as malignant cancers. Cancers include, but are not limited to, pancreatic cancer, e.g.,
pancreatic adenocasrcinoma, melanomas, breast cancer, lung cancer, bronchus cancer,
colorectal cancer, prostate cancer, pancreatic cancer, stomach cancer, ovarian cancer,
urinary bladder cancer, brain or central nervous system cancer, peripheral nervous
system cancer, esophageal cancer, cervical cancer, uterine or endometrial cancer, cancer
of the oral cavity or pharynx, liver cancer, kidney cancer, testicular cancer, biliary tract
cancer, small bowel or appendix cancer, salivary gland cancer, thyroid gland cancer,
adrenal gland cancer, osteosarcoma, chondrosarcoma, cancer of hematological tissues,
and the like.

The term “pancreatic cancer” as used herein, includes adenomas,
adenocarcinomas, gastrinomas, somatostatinomas, insulinomas and glucagonomas of the
pancreas.

As used herein, the term “adenocarcinoma” is carcinoma that develops in
the lining or inner surface of an organ and is derived from glandular tissue or in which
the tumor cells form recognizable glandular structures.

As used interchangeably herein, the terms, “pancreatic adenocarcmoma

o) pancreat1c ductal adenocarcinoma” is an adenocarcinoma of:the pancreas.- In-one

- embodiment, pancreatic adenocarcinomas arise from the progression of lesions that -

occur in the pancreatic ducts (pancreatic intraepithelial neoplasia, referred to herein as
“PanIN™).

As used herein, a "transgenic animal” includes an animal, e.g., a non-
human mammal, e.g., a primate, a swine, a goat, a sheep, a dog, a cow, a chicken, an
amphibian, or a rodent, e.g., mouse, in which one or more, and preferably essentially all,
of the cells of the animal include a transgene. The transgene is introduced into the cell,
directly or indirectly by introduction into a precursor of the cell, e.g., by microinjection,
transfection or infection, e.g., by infection with a recombinant virus. The term genetic
manipulation includes the introduction of a recombinant DNA molecule. This molecule
may be integrated within a chromosome, or it may be extrachromosomally replicating
DNA.

As used herein, the term "rodent" refers to all members of the
phylogenetic order Rodentia.

As used herein, the term "misexpression” includes a non-wild-type
pattern of gene expression. Expression, as used herein, includes transcriptional, post
transcriptional, e.g., mRNA stability, translational, and post translational stages.
Misexpression includes: expression at non-wild-type levels, i.e., over or under
expression; a pattern of expression that differs from wild-type in terms of the time or
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stage at which the gene is expressed, e.g., increased or decreased expression (as
compared with wild-type) at a predetermined developmental period or stage; a pattern of
expression that differs from wild-type in terms of decreased expression (as compared
with wild-type) in a predetermined cell type or tissue type, e.g., pancreatic tissue; a
pattern of expression that differs from wild-type in terms of the splicing size, amino acid
sequence, post-transitional modification, or biological activity of the expressed
polypeptide; a pattern of expression that differs from wild-type in terms of the effect of
an environmental stimulus or extracellular stimulus on expression of the gene, e.g., a
pattern of increased or decreased expression (as compared with wild-type) in the
presence of an increase or decrease in the strength of the stimulus. Misexpression
includes any expression from a transgenic nucleic acid. Misexpression includes the lack
or non-expression of a gene or transgene, e.g., that can be induced by a deletion of all or
part of the gene or its control sequences.

For example, misexpression of the gene encoding one or more tumor
suppressor proteins, e.g., the Ink4a/Arf protein, may be caused by disruption of the
tumor suppressor gene, e.g., the Ink4a/Arf gene. In one embodiment, a tumor suppressor

gene, e.g., the Ink4a/Arf gene is disrupted through removal of DNA encoding all orpart - . .
of the protein.; In-another embodiment, the animal can be heterozygous or-homozygous: * .«

for a misexpressed tumor suppressor gene, e.g., the Ink4a/Arf gene, e.g;, it canbea -
transgenic animal heterozygous or homozygous for a tumor suppressor gene, e. g., an
Ink4a/Arf transgene. In another embodiment, the animal is a transgenic mouse with a
transgenic disruption of a tumor suppressor gene, e.g., the Ink4a/Arf gene, preferably an
insertion or deletion, which inactivates the gene product. In a preferred embodiment, the
animal or cell of the invention carries one or more tumor suppressor transgenes, e. g., an
Ink4a/Arf transgene, and a transgene in Kras, e.g., Kras®*? or an Ink4a/Arftransgene, a
p33 transgene, and a transgene in Kras, e.g., Kras®?P. In another embodiment, the
animal or cell of the invention carries a tumor suppressor transgene which is selected
from the group consisting of Ink4a, Arf, p53, Smad4/Dpc, Lkbl, Brca2, or Mihl.

As used herein, the term "knockout" refers to an animal or cell therefrom,
in which the insertion of a transgene disrupts an endogenous gene in the animal or cell
therefrom. This disruption can essentially eliminate, for example, Ink4a/Arfin the
animal or cell.

As used herein, the term “knock-in” refers to an animal or cell therefrom,
in which the insertion of a transgene disrupts an endogenous gene in the animal or cell
therefrom and results in the alteration of gene function, e.g., expression level or
expression pattern which differs from the wild-type expression level or expression
pattern, and does not result in the loss of function of that gene.
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The terms knockout and knock-in are also intended to refer to an animal
or cell therefrom in which gene expression is modulated (e.g., disrupted or altered) in a
conditional manner, e.g., “conditional knock-out” and/or a “conditional knock-in”
system, which can also be used to create cells for use in screening assays. For example,
a tetracycline-regulated system for conditional alteration of a gene as described in WO
94/29442 and U.S. Patent No. 5,650,298 (incorporated herein by reference) can be used
to create cells, or animals from which cells can be isolated, altered in a controlled
manner through modulation of the tetracycline concentration in contact with the cells. In
another embodiment, transgenic non-human animals can be produced which contain
selected systems which allow for regulated expression of the transgene. One example of
such a system is the cre/loxP recombinase system of bacteriophage P1. For a
description of the cre/loxP recombinase system, see, e.g., Lakso et al. (1992) Proc. Natl.
Acad. Sci. USA 89:6232-6236 and U.S.P.N. 4,959,317 (the contents of which are
expressly incorporated herein by reference). Another example of a recombinase system
is the FLP recombinase system of Saccharomyces cerevisiae (O'Gorman et al., 1991,
Science 251:1351-1355, the contents of which are expressly incorporated herein by
reference). If a cre/loxP recombinase system is used to regulate expression of the

transgene, animals containing transgenes encoding both.the Cre recombinase and a

selected protein are required.- Such animals can be provided through the construction of
"double" transgenic animals, e.g., by mating two transgenic animals, one containing a
transgene encoding a selected protein and the other containing a transgene encoding a
recombinase.

In one embodiment, a knock-out animal of the invention carries a
conditional knock-out of a tumor suppressor gene, e.g., p53 or Ink4a/Arf. For example,
the conditional Ink4a/Arf allele (Ink4a/Arf™) was engineered to sustain Cre-mediated
excision of exons 2 and 3, thereby eliminating both p16™“** and p19* proteins in a
tissue specific manner (see Example 1). In another embodiment, a knock-in animal of
the invention carries the conditional Kras®?? knock-in allele (LSL-Kras) in which the
LSL- Kras®P allele is expressed at endogenous levels following Cre-mediated excision
of a transcriptional stopper element (Jackson, ez al. (2001) Genes Dev. 15:3243). In
another embodiment, a knock-in transgene harbors an activating mutation of a gene, for
example Kras®?P. As used herein an “an activating mutation” is a change in the
sequence of a gene that results in the constituitive expression of that gene. For example,
in vivo, tumorigenesis results in mutations in the coding sequence of Kras which are
associated with decreased GTPase activity and constitutive signaling of Kras.

In another aspect, the invention features a nucleic acid molecule which,
when introduced into an animal or cell, results in the misexpression of one or more
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tumor suppressor genes or loci, e.g., the Ink4a/Arf gene or the p53 gene in the animal or
cell. In preferred embodiments, the nucleic acid molecule includes tumor suppressor
genes or loci, e.g., INK4a/Arf, p53, Ink4a, Arf, p53, Smad4/Dpc, Lkbl, Brca2, or Mihl,
nucleotide sequence which includes a disruption, e.g., an insertion or deletion, e.g., the
insertion of a marker sequence. The nucleotide sequence of the wild-type INK4a is
known in the art and described in, for example, Genebank, gi:6753389 (SEQ ID NO.:1);
the nucleotide sequence of the wild-type p53 is known in the art and described in, for
example, Genebank, gi:8400737 (SEQ ID NO.:20) ); the nucleotide sequence of the
wild-type SMAD4 is known in the art and described in, for example, Genebank,
gi:31543223 (SEQ ID NO.:21); the nucleotide sequence of the wild-type Lkbl is known
in the art and described in, for example, Genebank, gi: 7106424 (SEQ ID NO.:22); the
nucleotide sequence of the wild-type MIh1 is known in the art and described in, for
example, Genebank, gi:19387851 (SEQ ID NO.:25); the nucleotide sequence of the
wild-type Brca2 is known in the art and described in, for example, Genebank,
gi:6857764 (SEQ ID NO.:26); the nucleotide sequence of the wild-type 4rf1 is known in
the art and described in, for example, Genebank, gi:31560734 (SEQ ID NO.:27); the
contents of each are incorporated herein by reference.

.As used herein, "disruption of'a gene" refers:to.a ‘changé in.the gene
sequence, e.g., a change in the coding region. Disruption includes: insettions, deletions, -
point mutations, and rearrangements, e.g., inversions. The disruption can occur in a
region of the native gene or locus, e.g., the native Ink4a/Arf or p53 DNA sequence (e.g.,
one or more exons) and/or the promoter region of the gene so as to decrease or prevent
expression of the gene in a cell as compared to the wild-type or naturally occurring
sequence of the gene. The "disruption" can be induced by classical random mutation or
by site directed methods. Disruptions can be transgenically introduced. The deletion of
an entire gene is a disruption. In one embodiment, disruptions reduce tumor suppressor
gene or loci expression or activity levels e.g., Ink4a/Arf or p53 expression or activity
levels, to about 50% of wild-type or in heterozygotes or essentially eliminate tumor
suppressor gene or loci, e.g., Ink4a/Arf or p53 expression or activity, in homozygotes.

As used herein, the term "transgenic cell" refers to a cell containing a
transgene.-

As used herein, the term "marker sequence" refers to a nucleic acid
molecule that (a) is used as part of a nucleic acid construct (e.g., the targeting construct)
to disrupt the expression of the gene of interest (e.g., the Ink4a/Arf gene) and (b) is used
to identify those cells that have incorporated the targeting construct into their genome.
For example, the marker sequence can be a sequence encoding a protein which confers a
detectable trait on the cell, such as an antibiotic resistance gene, e.g., neomycin
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resistance gene, or an aésayable enzyme not typically found in the cell, e.g., alkaline
phosphatase, horseradish peroxidase, luciferase, beta-galactosidase and the like.

A “minimal common region (MCR),” as used herein, refers to a
contiguous chromosomal region which displays either gain and amplification (increased
copy number) or loss and deletion (decreased copy number) in the genome of a cancer.
An MCR includes at least one nucleic acid sequence which has increased or decreased
copy number and which is associated with a cancer. The MCRs of the instant invention
include, but are not limited to, those set forth in Table 2.

| A "biomarker" is a gene or protein which may be altered, wherein said
alteration is associated with cancer. The alteration may be in amount, structure, and/or
activity in a cancer tissue or cancer cell, as compared to its amount, structure, and/or
activity, in a normal or healthy tissue or cell (e.g., a control), and is associated with a
disease state, such as cancer. For example, a biomarker of the invention which is
associated with cancer may have altered copy number, expression level, protein level,
protein activity, or methylation status, in a cancer tissue or cancer cell as compared to a
normal, healthy tissue or cell. Furthermore, a “biomarker” includes a molecule whose
structure is altered, e.g., mutated (contains an allelic variant), e.g., differs from the wild

type sequence at the nucleotide or amino acid:level,-e:g:, by:substitution,-deletion,-or .. . - .- .

addition, when present in a tissue or cell associated with a disease state, such as cancer. .
The term "altered amount” of a biomarker or "altered level” of a

‘biomarker refers to increased or decreased copy number of a biomarker or chromosomal

region, e.g., MCR, and/or increased or decreased expression level of a particular
biomarker gene or genes in a cancer sample, as compared to the expression level or copy
number of the biomarker in a control sample. The term “altered amount™ of a biomarker
also includes an increased or decreased protein level of a biomarker in a sample, e.g., a

‘cancer sample, as compared to the protein level of the biomarker in a normal, control

sample. Furthermore, an altered amount of a biomarker may be determined by detecting
the methylation status of a biomarker, as described herein, which may affect the
expression or activity of a biomarker.

The amount of a biomarker, e.g., expression or copy number of a
biomarker or MCR, or protein level of a biomarker, in a subject is "significantly" higher
or lower than the normal amount of a biomarker or MCR, if the amount of the biomarker
is greater or less, respectively, than the normal level by an amount greater than the
standard error of the assay employed to assess amount, and preferably at least twice, and
more preferably three, four, five, ten or more times that amount. Alternately, the amount
of the biomarker or MCR in the subject can be considered "significantly" higher or
lower than the normal amount if the amount is at least about two, and preferably at least
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about three, four, or five times, higher or lower, respectively, than the normal amount of
the biomarker or MCR.

The "copy number of a gene" or the "copy number of a biomarker" refers
to the number of DNA sequences in a cell encoding a particular gene product. Generally,
for a given gene, a mammal has two copies of each gene. The copy number can be
increased, however, by gene amplification or duplication, or reduced by deletion.

The "normal" copy number of a biomarker or MCR or “normal” level of
expression of a biomarker is the level of expression, copy number of the biomarker, or
copy number of the MCR, in a biological sample, e.g., a sample containing tissue, whole
blood, serum, plasma, buccal scrape, saliva, urine, stool, bile, pancreatic cells or
pancreatic tissue, from a subject, e.g., a human, not afflicted with cancer.

The term “altered level of expression” of a biomarker or MCR refers to
an expression level or copy number of a biomarker in a test sample e.g., a sample
derived from a subject suffering from cancer, that is greater or less than the standard
error of the assay employed to assess expression or copy number, and is preferably at
least twice, and more preferably three, four, five or ten or more times the expression
level or copy number of the biomarker or MCR in a control sample (e.g., sample from a

‘healthy subjects not having the associated disease) and preferably, the. average- -
expression level or copy number of the biomarker or MCR in several control samples. .- .-

The altered level of expression is greater or less than the standard error of the assay
employed to assess expression or copy number, and is preferably at least twice, and
more preferably three, four, five or ten or more times the expression level or copy
number of the biomarker or MCR in a control sample (e.g., sample from a healthy
subjects not having the associated disease) and preferably, the average expression level
or copy number of the biomarker or MCR in several control samples.

An “overexpression” or “significantly higher level of expression or copy
number” of a biomarker or MCR refers to an expression level or copy number in a test
sample that is greater than the standard error of the assay employed to assess expression
or copy number, and is preferably at least twice, and more preferably three, four, five or
ten or more times the expression level or copy number of the biomarker or MCR in a
control sample (e.g:, sample from a healthy subject not afflicted with cancer) and
preferably, the average expression level or copy number of the biomarker or MCR in
several control samples.

An “underexpression” or “significantly lower level of expression or copy
number” of a biomarker or MCR refers to an expression level or copy number in a test
sample that is greater than the standard error of the assay employed to assess expression
or copy number, but is preferably at least twice, and more preferably three, four, five or
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ten or more times less than the expression level or copy number of the biomarker or
MCR in a control sample (e.g., sample from a healthy subject not afflicted with cancer)
and preferably, the average expression level or copy number of the biomarker or MCR
in several control samples.

“Methylation status” of a biomarker refers to the methylation pattern,
e.g., methylation of the promoter of the biomarker, and/or methylation levels of the
biomarker. DNA methylation is a heritable, reversible and epigenetic change. Yet, DNA
methylation has the potential to alter gene expression, which has developmental and
genetic consequences. DNA methylation has been linked to cancer, as described in, for
example, Laird, et al. (1994) Human Molecular Genetics 3:1487-1495 and Laird, P.
(2003) Nature 3:253-266, the contents of which are incorporated herein by reference.
For example, methylation of CpG oligonucleotides in the promoters of tumor suppressor
genes can lead to their inactivation. In addition, alterations in the normal methylation
process are associated with genomic instability (Lengauer. et al. Proc. Natl. Acad. Sci.
USA 94:2545-2550, 1997). Such abnormal epigenetic changes may be found in many
types of cancer and can, therefore, serve as potential biomarkers for oncogenic
transformation. :

‘Methods for determining methylation include restriction landmark. - -

.genomic scanning (Kawai, et al., Mol. Cell. Biol. 14:7421-7427, 1994), methylation- -

sensitive arbitrarily primed PCR (Gonzalgo, et al., Cancer Res. 57:594-599, 1997);
digestion of genomic DNA with methylation-sensitive restriction enzymes followed by
Southern analysis of the regions of interest (digestion-Southern method); PCR-based
process that involves digestion of genomic DNA with methylation-sensitive restriction
enzymes prior to PCR amplification (Singer-Sam, ef al., Nucl. Acids Res. 18:687,1990);
genomic sequencing using bisulfite treatment (Frommer, et al., Proc. Natl. Acad. Sci.
USA 89:1827-1831, 1992); methylation-specific PCR (MSP) (Herman, et al. Proc. Natl.
Acad. Sci. USA 93:9821-9826, 1992); and restriction enzyme digestion of PCR products
amplified from bisulfite-converted DNA (Sadri and Hornsby, Nucl. Acids Res. 24:5058-
5059, 1996; and Xiong and Laird, Nucl. Acids. Res. 25:2532-2534, 1997); PCR
techniques for detection of gene mutations (Kuppuswamy, et al., Proc. Natl. Acad. Sci.
USA 88:1143-1147, 1991) and quantitation of allelic-specific expression (Szabo and
Mann, Genes Dev. 9:3097-3108, 1995; and Singer-Sam, et al., PCR Methods Appl.
1:160-163, 1992); and methods described in U.S. Patent No. 6,251,594, the contents of
which are incorporated herein by reference. An integrated genomic and epigenomic
analysis as described in Zardo, et al. (2000) Nature Genetics 32:453-458, may also be
used.
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The term “altered activity” of a biomarker refers to an activity of a
biomarker which is increased or decreased in a disease state, e.g., in a cancer sample, as
compared to the activity of the biomarker in a normal, control sample. Altered activity
of a biomarker may be the result of, for example, altered expression of the biomarker,
altered protein level of the biomarker, altered structure of the biomarker, or, e.g., an
altered interaction with other proteins involved in the same or different pathway as the
biomarker or altered interaction with transcriptional activators or inhibitors, or altered
methylation status.

The term “altered structure” of a biomarker refers to the presence of
mutations or allelic variants within the biomarker gene or maker protein, e.g., mutations
which affect expression or activity of the biomarker, as compared to the normal or wild-
type gene or protein. For example, mutations include, but are not limited to
substitutions, deletions, or addition mutations. Mutations may be present in the coding
or non-coding region of the biomarker.

A “biomarker nucleic acid” is a nucleic acid (e.g., DNA, mRNA, cDNA)
encoded by or corresponding to a biomarker of the invention. The biomarker nucleic
acid molecules also include RNA comprising the entire or a partial sequence of any of

. the nucleic acid sequences or the complement of such a sequence, wherein all thymidine. . .5"

residues are replaced with uridine residues. A “biomarker protein” is a protein encoded
by or corresponding to a biomarker of the invention. A biomarker protein comprises the
entire or a partial sequence of a protein encoded by any of the sequences or a fragment
thereof. The terms “protein” and “polypeptide” are used interchangeably herein.

A “biomarker,” as used herein, includes any nucleic acid sequence
present in an MCR as set forth in Table 3, or a protein encoded by such a sequence.

Biomarkers identified herein include diagnostic and therapeutic
biomarkers. A single biomarker may be a diagnostic biomarker, a therapeutic
biomarker, or both a diagnostic and therapeutic biomarker.

As used herein, the term “therapeutic biomarker” includes biomarkers
which are believed to be involved in the development (including maintenance,
progression, angiogenesis, and/or metastasis) of cancer. The cancer-related functions of
a therapeutic biomarker may be confirmed by, e.g., (1) increased or decreased copy
number (by, e.g., fluorescence in situ hybridization (FISH), and FISH plus spectral
karotype (SKY), or quantitative PCR (qPCR)) or mutation (e.g., by sequencing),
overexpression or underexpression (e.g., by in situ hybridization (ISH), Northern Blot,
or gPCR), increased or decreased protein levels (e.g., by immunohistochemistry
(IHC)), or increased or decreased protein activity (determined by, for example,
modulation of a pathway in which the biomarker is involved), e.g., in more than about
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5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 20%, 25%, or more of human
cancers; (2) the inhibition of cancer cell proliferation and growth, e.g., in soft agar, by,
e.g., RNA interference (“RNAi”) of the biomarker; (3) the ability of the biomarker to
enhance transformation of mouse embryo fibroblasts (MEFs) by oncogenes, e.g., Myc
and RAS, or by RAS alone; (4) the ability of the biomarker to enhance or decrease the
growth of tumor cell lines, e.g., in soft agar; (5) the ability of the biomarker to transform
primary mouse cells in SCID explant; and/or; (6) the prevention of maintenance or
formation of tumors, e.g., tumors arising de novo in an animal or tumors derived from
human cancer cell lines, by inhibiting or activating the biomarker. In one embodiment,
a therapeutic biomarker may be used as a diagnostic biomarker.

As used herein, the term “diagnostic biomarker” includes biomarkers
which are useful in the diagnosis of cancer, e.g., over- or under- activity emergence,
expression, growth, remission, recurrence or resistance of tumors before, during or after
therapy. The predictive functions of the biomarker may be confirmed by, e.g., (1)
increased or decreased copy number (e.g., by FISH, FISH plus SKY, or gPCR),
overexpression or underexpression (e.g., by ISH, Northern Blot, or gPCR), increased or
decreased protein level (e.g., by IHC), or increased or decreased activity (determined by, .

for example;:modulation of a pathway-in which:the biomarker is involved), e.g., - in.more...: - .
than about 5%, 6%, 7%, 8%, 9%; 10%, 11%, 12%, 13%, 14%, 15%, 20%, 25%, or more .

of human cancers; (2) its presence or absence in a biological sample, e.g., a sample
containing tissue, whole blood, serum, plasma, buccal scrape, saliva, cerebrospinal fluid, .
urine, stool, stool, bile, pancreatic cells or pancreatic tissue tissue from a subject, e.g. a
human, afflicted with cancer; (3) its presence or absence in clinical subset of subjects
with cancer (e.g., those responding to a particular therapy or those developing
resistance).

Diagnostic biomarkers also include “surrogate biomarkers,” e.g.,
biomarkers which are indirect biomarkers of cancer progression.

The term "probe" refers to any molecule which is capable of selectively
binding to a specifically intended target molecule, for example a biomarker 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.

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
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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 spatially or temporally restricted manner.

An “RNA interfering agent” as used herein, is defined as any agent which
interferes with or inhibits expression of a target gene, e.g., a biomarker of the invention,
by RNA interference (RNAi). Such RNA interfering agents include, but are not limited
to, nucleic acid molecules including RNA molecules which are homologous to the target
gene, e.g., abiomarker of the invention, or a fragment thereof, short interfering RNA
(siRNA), and small molecules which interfere with or inhibit expression of a target gene
by RNA interference (RNA1).

“RNA interference (RNNAi)” is an evolutionally conserved process
whereby the expression or introduction of RNA of a sequence that is identical or highly
similar to a tai'get gene results in the sequence specific degradation or specific post-
transcriptional gene silencing (PTGS) of messenger RNA (mRNA) transcribed from that
targeted gene (see Coburn, G. and Cullen, B. (2002) J. of Virology 76(18):9225), thereby
inhibiting expression of the target gene. In one embodiment, the RNA is double
stranded RNA (dsRNA). This process has been.described.in plants, invertebrates, and
mammalian cells. In nature, RNAi is initiated by the’dsRNA-specific endonuclease
Dicer, which promotes processive cleavage of long dsRNA into double-stranded
fragments termed siRNAs. siRNAs are incorporated into a protein complex that
recognizes and cleaves target mRNAs. RNAI can also be initiated by introducing
nucleic acid molecules, e.g., synthetic siRNAs or RNA interfering agents, to inhibit or
silence the expression of target genes. As used herein, “inhibition of target gene
expression” or “inhibition of biomarker gene expression” includes any decrease in
expression or protein activity or level of the target gene (e.g., a biomarker gene of the
invention) or protein encoded by the target gene, e.g., a biomarker protein of the
invention. The decrease may be of at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%
or 99% or more as compared to the expression of a target gene or the activity or level of
the protein encoded by a target gene which has not been targeted by an RNA interfering
agent.

“Short interfering RNA” (siRNA), also referred to herein as “small
interfering RNA” is defined as an agent which functions to inhibit expression of a target
gene, e.g., by RNAi. An siRNA may be chemically synthesized, may be produced by ir
vitro transcription, or may be produced within a host cell. In one embodiment, siRNA is
a double stranded RNA (dsRNA) molecule of about 15 to about 40 nucleotides in length,
preferably about 15 to about 28 nucleotides, more preferably about 19 to about 25
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nucleotides in length, and more preferably about 19, 20, 21, or 22 nucleotides in length,
and may contain a 3° and/or 5° overhang on each strand having a length of about 0, 1, 2,
3, 4, or 5 nucleotides. The length of the overhang is independent between the two
strands, i.e., the length of the over hang on one strand is not dependent on the length of
the overhang on the second strand. Preferably the siRNA is capable of promoting RNA
interference through degradation or specific post-transcriptional gene silencing (PTGS)
of the target messenger RNA (mRNA).

In another embodiment, an siRNA is a small hairpin (also called stem
loop) RNA (shRNA). In one embodiment, these shRNAs are composed of a short (e.g.,
19-25 nucleotide) antisense strand, followed by a 5-9 nucleotide loop, and the analogous
sense strand. Alternatively, the sense strand may precede the nucleotide loop structure
and the antisense strand may follow. These shRNAs may be contained in plasmids,
retroviruses, and lentiviruses and expressed from, for example, the pol III U6 promoter,
or another promoter (see, e.g., Stewart, et al. (2003) RNA Apr;9(4):493-501 incorporated
be reference herein).

RNA interfering agents, e.g., siRNA molecules, may be administered to a
subject having or at risk for having cancer, to inhibit expression of a biomarker gene of
the invention, e.g.; a biomarker.gene which-is overexpféssed,_in‘ cancer (such as the
biomarkers listed in Table 2) and thereby treat, prevent, -or inhibit cancer in the subject.

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. |

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.

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. ‘

A "transcribed polynucleotide" is a polynucleotide (e.g. an RNA, a
cDNA, or an analog of one of an RNA or cDNA) which is complementary to or
homologous with all or a portion of a mature RNA made by transcription of a biomarker
of the invention and normal post-transcriptional processing (e.g. splicing), if any, of the
transcript, and reverse transcription of the transcript.

-33.-



WO 2005/053512 PCT/US2004/039756

10

15

"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 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
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The terms “homology”’ or “ideéntity,” as used interchangeably herein,
refer to sequence similarity between two polynucleotide sequences or between two
polypeptide sequences, with identity being a more strict comparison. The phrases
"percent identity or homology" and "% identity or homology" refer to the percentage of
sequence similarity found in a comparison of two or more polynucleotide sequences or
two or more polypeptide sequences. "Sequence similarity" refers to the percent

‘similarity in base pair sequence (as determined by any suitable method) between two or

more polynucleotide sequences. Two or more sequences can be anywhere from 0-100%
similar, or any integer value there between. Identity or similarity can be determined by
comparing a position in each sequence that may be aligned for purposes of comparison.
When a position in the compared sequence is occupied by the same nucleotide base or
amino acid, then the molecules are identical at that position. A degree of similarity or
identity between polynucleotide sequences is a function of the number of identical or
matching nucleotides at positions shared by the polynucleotide sequences. A degree of
identity of polypeptide sequences is a function of the number of identical amino acids at
positions shared by the polypeptide sequences. A degree of homology or similarity of
polypeptide sequences is a function of the number of amino acids at positions shared by
the polypeptide sequences. The term “substantial homology,” as used herein, refers to
homology of at least 50%, more preferably, 60%, 70%, 80%, 90%, 95% or more.
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A biomarker 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 biomarker dissociating from
the substrate.

’ 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).

Cancer is "inhibited" if at least one symptom of the cancer is alleviated,
terminated, slowed, or prevented. As used herein, cancer is also "inhibited" if
recurrence or metastasis of the cancer is reduced, slowed, delayed, or prevented.

A kit is any manufacture (e.g. a package or container) comprising at least
one reagent, e.g. a probe, for specifically detecting a biomarker of the invention, the
manufacture being pfomoted, distributed, or sold as a unit for performing the methods of
the present invention.

II. Uses of the Invention

The present invention is based, at least-in part, on the generation ofnon-.

* human animal models of pancreatic ductal adenocarcinoma which recapitulate the. = - .

genetic and histological features of the human disease, including the initiation,
maintenance, and progression of the disease. Accordingly, the present invention
provides methods for identifying compounds that modulate, e.g., inhibit, treat, or prevent
pancreatic adenocarcinoma using the animal models described herein. The present
invention also provides methods for identifying pancreatic cancer specific biomarkers
which are capable of use in diagnosis or prognosis of pancreatic cancer. These
biomarkers serve as diagnostics for detection of early stage disease in, e.g.,
asymptomatic subjects, or to identify stage or progression of pancreatic cancer in a
subject.

As described herein, misexpression, e.g., activation of Kras and
misexpression, e.g., decreased expression, of one or more tumor suppressor genes, e.g.,
Ink4a/Arf, Ink4a, Arf, p53, Smad4/Dpc, Lkbl, Brca2, or MIh1 in an animal model of the -
invention results in the development and progression of pancreatic cancer, e.g.,
pancreatic adenocarcinoma that mimics the initiation, progression and/or maintenance of

- the disease in humans. Thus, animal models as described herein, as well as specific cell

types, e.g., pancreatic, stomal, acinar, ductal, purified cells derived from a pancreatic
adenocarcinoma animal model, or cell lines generated from these cell types and derived
from a pancreatic adenocarcinoma animal model, as described herein, can be used in
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screening assays to identify agents that modulate, treat, prevent, or diagnose pancreatic
adenocarcinoma.

A. Biomarker Discovery

The present invention provides methods for the identification of
diagnostic, prognostic and/or pharmacogenomic biomarkers for e.g., the initiation,
progression and/or maintenance, of pancreatic cancer, e.g., pancreatic adenocarcinoma
or prognostic biomarkers. The inbred, genetically determined animal models of the
present invention are maintained under controlled environmental conditions and show
highly reproducible and rapid pancreatic adenocarcinoma development making them
ideal tools for identification of stage-specific biomarkers for the disease including, but
not limited to, early stage, advanced stage, and late stage disease biomarkers. Also, the
animal models of the invention allow the identification of biomarkers that are specific
for particular genetic lesions, including loss of function of specific genes including, but
not limited to, Ink4a/Arf, Ink4a, Arf, p53, Smad4/Dpc, Lkbl, Brca2, oxr Mihl.

In general, a method of identifying biomarkers associated with pancreatic
cancer, e.g., pancreatic adenocarcinoma involves comparing the amount and/or activity
of a biomarker in a sample, e.g., a sample containing tissue, whole blood, serum,

‘plasma, buccal scrape, saliva, urine, stool, bile, pancreatic cells or pancreatic tissue;

from an animal model as described herein, e.g., an animal model carrying an activating
mutation of KRAS in addition to one or more misexpressed tumor suppressor genes or
loci, from a wild-type animal, e.g., a control'animal. Differences between the animals in
the amount and/or activity of a biomarker indicates that biomarker is associated with
pancreatic adenocarcinoma.

In one embodiment, a sample, e.g., a sample containing tissue, whole
blood, serum, plasma, buccal scrape, saliva, urine, stool, bile, pancreatic cells or
pancreatic tissue, from an animal model of the invention is compared to a sample, e.g., a
sample containing tissue, whole blood, serum, plasma, buccal scrape, saliva, urine, stool,
bile, pancreatic cells or pancreatic tissue, from a wild-type animal, e.g., a control animal
and used to identify biomarkers.

The animal models of the invention and cell lines isolated therefrom may
also be used for the discovery of diagnostics which react with the stromal component,
such as specific tumor associated proteases such as cathepsins that can serve as suitable
substrates for fluorescent imaging probes (Ntziachristos, V., et al. (2003) Eur Radiol 13,
195-208; Ntziachristos, V., et al. (2002) Nat Med 8, 757-760; Weissleder, R., and
Ntziachristos, V. (2003) Nat Med 9, 123-128). The characterization of the stroma in
pancreatic adenocarcinoma is vital in diagnostics given its important contribution to
tumor size. In vitro, culturing techniques enable the cultivation of both tumor cells and
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associated stroma allowing the potential to study expression profiles of cell surface
markers (e.g., using phage-display techniques (Spear, M.A., et al (2001) Cancer Gene
Ther 8, 506-511) in each tumor compartment. Cell lines have been used for
subcutaneous injection of SCID mice, and have shown robust growth and retention of
the origin tumor cell morphology and genetics. Accordingly, in another embodiment,
tissue from the stroma is compared to the tissue from the epithelial compartment of the
tumor and used to identify biomarkers specific to the stromal compartment or the
epithelial compartment of the tumor. In a further embodiment, cell lines are generated
from the pancreatic tumor in its entirety and utilized to identify biomarkers as described
above. In yet another embodiment, cell lines are generated from the stromal and/or
epithelial component of the pancreatic tumor in its entirety and utilized to identify
biomarkers as described above. In one embodiment, cells from the stromal component
of the tumor are mixed with cells from the epithelial component of the tumor.

In one embodiment, a biomarker is identified based on the patterns of
accumulation of a variety of molecules that may regulate, for example, growth of a
tumor that are surveyed using immunohistochemical methods known in the art and as
described herein. Screens directed at analyzing expression of specific genes or groups of -
molecules implicated in pathogenesis can be continued during the life of the animal '* &
model. Expression can be monitored by immunohistochemistry as well as by protein
and RNA blotting techniques. Metastatic foci, once formed, can also be subjected to
such comparative surveys. T his analysis can also be extended to include an assessment
of the effects of various treatment paradigms (including the use of compounds identified
as modulating pancreatic adenocarcinoma identified as described herein in the animal
models of the invention) on differential gene expression. The information derived from
the surveys of differential gene expression can ultimately be correlated with disease
initiation and progression in the animal model.

In one embodiment, a biomarker is a protein or fragment thereof.
As an exemplary embodiment, a protein and/or fragment of a biomarker of the invention
is identified from the blood (whole blood, serum, and/or plasma) buccal scrape, saliva,
urine, stool, bile, pancreatic cells or pancreatic tissue, of the animal models of the
invention based on its misexpression when compared to control animals. The serum
specimens are analyzed by protein discavery platforms known in the art (see Example 2)
that resolve the specimens into fractions that can readily be subjected to analysis for
identification of specific peptides, e.g., by mass spectrometry, to allow the identification
of stage-specific biomarkers that are diagnostic, prognostic and/or pharmacogenomic for
e.g., initiation, progression and/or maintenance, of pancreatic adenocarcinoma.
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In one embodiment, antibodies, e.g., monoclonal and/or polyclonal
antibodies, are raised against these biomarkers. Epitopes for antibody generation can be
chosen by those skilled in the art to recognize the orthologous protein in humans. These
antibodies can be evaluated for their applicability as human diagnostic, prognostic
and/or pharmacogenomic biomarkers using, for example, ELISA-based assays, to test
samples, e.g., serum, from human pancreatic adenocarcinoma subjects and from control
subjects in prospective clinical studies whose clinical follow-up reveals the de\}elopment
of pancreatic cancer, e.g., pancreatic adenocarcinoma.

In another embodiment, protein biomarkers are identified utilizing
specific protein chips (such as the Zyomyx cytokine chip).

In another embodiment, a biomarker is a nucleic acid or fragment thereof.
Nucleic acid biomarkers can be identified based on, for example, gene expression
patterns comparing the expression pattern of animal models of the invention with control
littermates. For example, the expression pattern of one or more genes may form part of
a "gene expression profile" or “transcriptional profile” which may be then be used in
such an assessment. "Gene expression profile" or “transcriptional profile”, as used
herein, includes the pattern of mRINA expression obtained for a given tissue or cell type

-under a-given set of conditions. Such conditions may include, but are not limited tog.cell .. & -
- growth, proliferation, differentiation, transformation, tumorigenesis, metastasis, and

carcinogen exposure.

Gene expression profiles may be generated, for example, by utilizing a
differential gene expression procedure, Northern analysis and/or RT-PCR. Gene
expression profiles may be characterized for known states within the cell- and/or animal-
based model systems. Subsequently, these known gene expression profiles may be
compared to ascertain the effect a test compound has to modify such gene expression
profiles, and to cause the profile to more closely resemble that of a more desirable
profile.

In another embodiment, non-invasive imaging techniques, e.g., magnetic
resonance imaging (MRI) are utilized to monitor the development and growth of
pancreatic tumors in the model system of the present invention in order to permit
correlation of cancer progression with the biomarkers discovered as described herein.

In another aspect of the invention, biomarkers are identified within
chromosomal regions (MCRs) which are structurally altered leading to a different copy
number in cancer cells, e.g., cells from the animal models of pancreatic cancer described
herein, as compared to normal (i.e. non-cancerous) cells. Accordingly, the present
invention is based, in part, on the identification of chromosomal regions (MCRs) which
are structurally altered leading to a different copy number in cancer cells as compared to
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normal (i.e. non-cancerous) cells. Furthermore, the present invention is based, in part,
on the identification of biomarkers, e.g., biomarkers which reside in the MCRs of the
invention, which have an altered amount, structure, and/or activity in cancer cells as
compared to normal (i.e., non-cancerous) cells. The biomarkers of the invention
correspond to DNA, cDNA, RNA, and polypeptide molecules which can be detected in
one or both of normal and cancerous cells.

The presence, absence, and/or copy number of one or more of the MCRs
of the invention in a sample is also correlated with the cancerous state of the tissue. The
invention thus provides compositions, kits, and methods for assessing the cancerous
state of cells (e.g. cells obtained from a non-human, cultured non-human cells, and in
vivo cells) as well as methods for treatment, prevention, and/or inhibition of cancer using
a modulator, e.g., an agonist or antagonist, of a biomarker of the invention.

B. Screening Assays

In one aspect, the invention provides screening methods (also referred to
herein as a "screening assays") for identifying modulators, i.e., candidate or test
compounds or.agents (e.g., proteins, peptides, peptidomimetics, small molecules

. (organic or.inorganic) or-other.drugs) which modulate, treat, or prevent pancreatic .. i

cancer or modulate a molecule involved:in the initiation, maintenance, and/or
progression of pancreatic cancer, e.g. pancreatic adenocarcinoma.

In one embodiment, cells derived from an animal model of the invention,
e.g., cells which misexpress one or more tumor suppressor genes and which have an
activating Kras mutation, can be contacted ex vivo with one or more test compound and
a biological response regulated by Ink4a/Arf, p53, or a molecule in a signal transduction
pathway involving one or more tumor suppressor genes or other genes associated with
pancreatic cancer can be monitored. Modulation of the response in cells or a molecule
in a signal transduction pathway involving one or more tumor suppressor genes or other
genes associated with pancreatic cancer (as compared to an appropriate control such as,
for example, untreated cells or cells treated with a control agent) identifies a test
compound as a modulator of pancreatic cancer, e.g. pancreatic adenocarcinoma.

In another embodiment, one or more test compound is administered
directly to an animal model of the invention in vivo (e.g., an animal model of pancreatic
cancer as described herein), to identify a test compound that modulates the in vivo
responses of cells which misexpress one or more tumor suppressor genes and have an
activating Kras mutation or to evaluate the effect of the test compound on the initiation,
maintenance, and/or progression of pancreatic cancer in the animal or on the symptoms
of the disease. The response of the animals to the exposure may be monitored by
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assessing the reversal of pancreatic cancer, or symptoms associated therewith, for
example, reduction in tumor burden, tumor size, and invasive and/or metastatic potential
before and after treatment.

The test compound can be administered to an animal model as a
pharmaceutical composition. Such compositions typically comprise the test compound
and a pharmaceutically acceptable carrier. As used herein the term "pharmaceutically
acceptable carrier” includes any and all solvents, dispersion media, coatings, |
antibacterial and antifungal compounds, isotonic and absorption delaying compounds,
and the like, compatible with pharmaceutical administration. The use of such media and
compounds for pharmaceutically active substances is well known in the art. Except
insofar as any conventional media or compound is incompatible with the active
compound, use thereof in the compositions is contemplated. Supplementary active
compounds can also be incorporated into the compositions.

For practicing the screening methods ex vivo, cells derived from the
animal models of the invention can be isolated from an animal or embryo by standard
methods and incubated (i.e., cultured) in vitro with a test compound. Cells (e.g.,
pancreatic cells, e.g., pancreatic epithelial, stomal, acinar, ductal) can be isolated from
animal models.of the:invention by standard techniques.. ...

Following contact of the cells with one or more test compound (either ex
vivo or in vivo), the effect of the test compound on the biological response of the cells
can be determined by any one of a variety of suitable methods including, e.g., light
microscopic analysis of the cells, histochemical analysis of the cells, production of
proteins, induction of certain genes, e.g., tumor suppressor genes.

The invention also provides methods for identifying modulators, i.e.,
candidate or test compounds or agents which (a) bind to a biomarker of the invention, or
(b) have a modulatory (e.g., stimulatory or inhibitory) effect on the activity of a
biomarker of the invention or, more specifically, (c) have a modulatory effect on the
interactions of a biomarker of the invention 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 a biomarker of the invention. Such assays typically comprise
a reaction between the biomarker 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 biomarker. Compounds identified via assays such as
those described herein may be useful, for example, for modulating, e.g., inhibiting,
ameliorating, treating, or preventing cancer.

The test compounds of the present invention may be obtained from any
available source, including systematic libraries of natural and/or synthetic compounds.
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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, e.g., Zuckermann et al., 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).

Examples of methods for the synthesis of molecular libraries can be
found in the art, for example in: DeWitt ez al. (1993) Proc. Natl. Acad. Sci. U.S.A.
90:6909; Erb et al. (1994) Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann et al.
(1994). J. Med. Chem. 37:2678; Cho et al. (1993) Science 261:1303; Carrell et al.

(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) J. Med. Chem. 37:1233.

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; Cwitla et al, 1990,
Proc. Natl. Acad. Sci. 87:6378-6382; Felici, 1991, J. Mol. Biol. 222:301-310; Ladner,
supra.). : '

In one embodiment, the invention provides assays for screening candidate
or test compounds which are substrates of a biomarker of the invention or biologically
active portion thereof. In another embodiment, the invention provides assays for
screening candidate or test compounds which bind to a biomarker of the invention or
biologically active portion thereof. Determining the ability of the test compound to
directly bind to a biomarker can be accomplished, for example, by coupling the
compound with a radioisotope or enzymatic label such that binding of the compound to
the biomarker can be determined by detecting the labeled biomarker compound in a
complex. For example, compounds (e.g., biomarker substrates) can be labeled with %1,
38, ¢, or H, 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
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phosphatase, or luciferase, and the enzymatic label detected by determination of
conversion of an appropriate substrate to product.

In another embodiment, the invention provides assays for screening
candidate or test compounds which modulate the activity of a biomarker of the invention
or a biologically active portion thereof. In all likelihood, the biomarker 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 biomarker
“substrate”.

One necessary embodiment of the invention in order to facilitate such
screening is the use of the biomarker to identify its natural in vivo binding partners.
There are many ways to accomplish this which are known to one skilled in the art. One
example is the use of the biomarker protein as "bait protein” in a two-hybrid assay or
three-hybrid assay (see, e.g., U.S. Patent No. 5,283,317; Zervos et al, 1993, Cell 72:223-
232; Madura et al, 1993, J. Biol. Chem. 268:12046-12054; Bartel et al ,1993,
Biotechniques 14:920-924; Iwabuchi et al, 1993 Oncogene 8:1693-1696; Brent
W094/10300) in order to identify other proteins which bind to or interact with the

. biomarker (binding partners) and, therefore, are possibly involved in the natural furiction

of the biomarker. Such biomarker binding partners are also likely to be involved in the
propagation of signals by the biomarker or downstream elements of a biomarker-
mediated signaling pathway. Alternatively, such biomarker binding partners may also
be found to be inhibitors of the biomarker. |

The two-hybrid system is based on the modular nature of most
transcription factors, which consist of separable DNA-binding and activation domains.
Briefly, the assay utilizes two different DNA constructs. In one construct, the gene that
encodes a biomarker protein fused to a gene encoding the DNA binding domain of a
known transcription factor (e.g., GAL-4). In the other construct, a DNA sequence, from
a library of DNA sequences, that encodes an unidentified protein ("prey" or "sample") is
fused to a gene that codes for the activation domain of the known transcription factor. If
the "bait" and the "prey" proteins are able to interact, in vivo, forming a biomarker-
dependent complex, the DNA-binding and activation domains of the transcription factor
are brought into close proximity. This proximity allows transcription of a reporter gene
(e.g., LacZ) which is operably linked to a transcriptional regulatory site responsive to the
transcription factor. Expression of the reporter gene can be readily detected and cell
colonies containing the functional transcription factor can be isolated and used to obtain
the cloned gene which encodes the protein which interacts with the biomarker protein.
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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 biomarker 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 a cancer biomarker identified herein, the known binding partner
and/or substrate of same, and the test compound. Test compounds can be supplied from
any source.

The basic principle of the assay systems used to identify compounds that
interfere with the interaction between the biomarker and its binding partner involves
preparing a reaction mixture containing the biomarker 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 biomarker and its binding partner. ‘Control:reaction mixtures are. - « .o %
~incubated without the test compound or with a placebo. The formation of any -

complexes between the biomarker 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 biomarker 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 biomarker and its binding partner.

The assay for compounds that interfere with the interaction of the
biomarker with its binding partner may be conducted in a heterogeneous or
homogeneous format. Heterogeneous assays involve anchoring either the biomarker 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 biomarkers 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 biomarker and its interactive binding partner.
Alternatively, test compounds that disrupt preformed complexes, e.g., compounds with
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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.

In a heterogeneous assay system, either the biomarker 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 biomarker 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.

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/biomarker 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
biomarker 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 assessed either directly or indirectly, for example, as described
above. Alternatively, the complexes can be dissociated from the matrix, and the level of
biomarker binding or activity determined using standard techniques.

Other techniques for immobilizing proteins on matrices can also be used
in the screening assays of the invention. For example, either a biomarker or a biomarker
binding partner can be immobilized utilizing conjugation of biotin and streptavidin.
Biotinylated biomarker protein or target molecules can be prepared from biotin-NHS (N-
hydroxy-succinimide) using techniques known in the art (e.g., biotinylation kit, Pierce
Chemjcals; 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.
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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.

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.

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 limited to: differential centrifugation, chromato graphy, 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
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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. Variationsin - -

complex formation in both the presence and the absence of a test compound can be
compared, thus offering information about the ability of the compound to modulate
interactions between the biomarker and its binding partner.

Also within the scope of the present invention are methods for direct
detection of interactions between the biomarker 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., biomarker or test compound) such that its emitted
fluorescent energy will be absorbed by a fluorescent label on a second, ‘acceptor’
molecule (e.g., biomarker 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
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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 that
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 biomarker and its binding partner can
be identified in controlled assays.

In another embodiment, modulators of biomarker 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 biomarker 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
biomarker expression based on this comparison. For example, when expression of
biomarker 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 biomarker mRNA or protein expression. Conversely, when expression of

biomarker mRNA: or protein is less (statistically significantly less) in the presence of the:: ¢ - -

candidate compound than in its absence, the candidate compound is identified as an
inhibitor of biomarker mRNA or protein expression. The level of biomarker mRNA or
protein expression in the cells can be determined by methods described herein for
detecting biomarker mRNA or protein.

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
biomarker protein can be further confirmed in vivo, e.g., in a whole animal model for
cancer, cellular transformation and/or tumorigenesis, such as those described herein.
Additional animal based models of cancer are well known in the art (reviewed in Animal
Models of Cancer Predisposition Syndromes, Hiai, H and Hino, O (eds.) 1999, Progress
in Experimental Tumor Research, Vol. 35; Clarke AR Carcinogenesis (2000) 21:435-
41) and include, for example, carcinogen-induced tumors (Rithidech, K et al. Mutat Res
(1999) 428:33-39; Miller, ML et al. Environ Mol Mutagen (2000) 35:319-327), injection
and/or transplantation of tumor cells into an animal, as well as animals bearing
mutations in growth regulatory genes, for example, oncogenes (e.g., ras) (Arbeit, JM et
al. Am J Pathol (1993) 142:1187-1197; Sinn, E et al. Cell (1987) 49:465-475;
Thorgeirsson, SS et al. Toxicol Lett (2000) 112-113:553-555) and tumor suppressor
genes (e.g., p53) (Vooijs, M et al. Oncogene (1999) 18:5293-5303; Clark AR Cancer
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Metast Rev (1995) 14:125-148; Kumar, TR et al. J Intern Med (1995) 238:233-238;

Donehower, LA et al. (1992) Nature 356215-221). Furthermore, experimental model
systems are available for the study of, for example, ovarian cancer (Hamilton, TC et al.
Semin Oncol (1984) 11:285-298; Rahman, NA et al. Mol Cell Endocrinol (1998)
145:167-174; Beamer, WG et al. Toxicol Pathol (1998) 26:704-710), gastric cancer
(Thompson, J et al. Int J Cancer (2000) 86:863-869; Fodde, R et al. Cytogenet Cell
Genet (1999) 86:105-111), breast cancer (Li, M et al. Oncogene (2000) 19:1010-1019;
Green, JE et al. Oncogene (2000) 19:1020-1027), melanoma (Satyamoorthy, K et al.
Cancer Metast Rev (1999) 18:401-405), and prostate cancer (Shirai, T et al. Mutat Res
(2000) 462:219-226; Bostwick, DG et al. Prostate (2000) 43:286-294). Animal models
described in, for example, Chin L. ez al (1999) Nature 400(6743):468-72, may also be
used in the methods of the invention.

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., a biomarker modulating agent, a

_small molecule, an antisense biomarker nucleic acid molecule, a ribozyme, a biomarker-

specific antibody, or. fragment thereof,:a biomarker-protein, a biomarker nucleic acid
molecule, an RNA interfering agent, e.g., an'siRNA-moleciile targeting a biomarker of
the invention, or a biomarker-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. Furthermore, this invention
pertains to uses of novel agents identified by the above-described screening assays for
treatments as described herein. In one embodiment, the invention features a method of
treating a subject having pancreatic cancer that involves administering to the subject a
compound identified as a modulator of pancreatic cancer, e.g., pancreatic
adenocarcinoma, such that treatment occurs.

III. Methods of Use ‘
The compositions, kits, and methods of the invention have the following
uses, among others:
1 assessing whether a subject is afflicted with cancer, e.g.,
pancreatic adenocarcinoma;
2) assessing the stage of cancer, e.g., pancreatic adenocarcinoma, in
a human subject;
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3)

4)

5)

6)

7

8)

9)

10)
11)
12)
13)
14)
15)
16)

17)

18)

PCT/US2004/039756

assessing the grade of cancer, e.g., pancreatic adenocarcinoma, in
a subject;

assessing the benign or malignant nature of cancer, e. g,
pancreatic adenocarcinoma, in a subject;

assessing the metastatic potential of cancer, e.g., pancreatic
adenocarcinoma, in a subject;

assessing the histological type of neoplasm associated with
cancer, e.g., pancreatic adenocarcinoma, in a subject;

making antibodies, antibody fragments or antibody derivatives
that are useful for treating cancer, e.g., pancreatic
adenocarcinoma, and/or assessing whether a subject is afflicted
with cancer;

assessing the presence of cancer, e.g., pancreatic adenocarcinoma,
cells;

assessing the efficacy of one or more test compounds for
inhibiting cancer, e.g., pancreatic adenocarcinoma, in a subject;
assessing the efficacy of a therapy for inhibiting

cancer, e.g.; pancreatic adenocarcinoma:in a subject;
monitoring the progression of cancer,. e:g., pancreatic
adenocarcinoma, in a subject;

selecting a composition or therapy for inhibiting

cancer, e.g., pancreatic adenocarcinoma in a subject;

treating a subject afflicted with cancer, e.g., pancreatic
adenocarcinoma;

inhibiting cancer, e.g., pancreatic adenocarcinoma in a subject;
assessing the éarcinogenic potential of a test compound,;
preventing the onset of cancer, e.g., pancreatic adenocarcinoma in
a subject atrisk for  developing cancer;

assessing for the presence of specific mutations or activation of
specific signaling pathways in pancreatic adenocarcinomas; and
determining the impact of therapeutics targeted to specific
signaling pathways in pancreatic adenocarcinomas.

The present invention provides methods to identify biomarkers which are

modulated in pancreatic cancer cells as compared to their amount and/or activity of a

biomarker in normal (i.e. non-cancerous) pancreatic cells. The modulated amount

and/or activity of one or more of these biomarkers in a sample, e.g., a sample containing
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blood, e.g., serum, urine, stool, bile, pancreatic cells or pancreatic juices, is herein
correlated with the cancerous state of the tissue. The invention provides compositions,
kits, and methods for assessing the cancerous state of pancreatic cells (e.g., cells
obtained from a non-human, cultured non-human cells, and in vivo cells) as well as
treating subjects afflicted with pancreatic adenocarcinoma.

The invention thus includes a method of assessing whether a subject is
afflicted with cancer or is at risk for developing cancer. This method comprises
comparing the amount, structure, and/or activity, e.g., the presence, absence, copy
number, expression level, protein level, protein activity, presence of mutations, e.g.,
mutations which affect activity of the biomarker (e.g., substitution, deletion, or addition
mutations), and/or methylation status, of a biomarker in a subject sample with the
normal level. A significant difference between the amount, structure, or activity of the
biomarker in the subject sample and the normal level is an indication that the subject is
afflicted with cancer. The invention also provides a method for assessing whether a
subject is afflicted with cancer or is at risk for developing cancer by comparing the level
of expression of biomarker(s) within an MCR or copy number of an MCR in a cancer
sample with the level of expression of biomarker(s) within an MCR or copy number of
an MCR in a normal, control sample. . A significant difference between the level of
expression of biomarker(s) within an MCR -or copy number of the MCR in the subject
sample and the normal level is an indication that the subject is afflicted with cancer. The
MCR is selected from the group consisting of those listed in Table 2. ’

Any biomarker or combination of biomarkers identified as described
herein, or any MCR or combination of MCRs listed in Table 2, may be used in the
compositions, kits, and methods of the present invention. In general, it is preferable to
use biomarkers for which the difference between the amount, e. g., level of expression or
copy number, and/or activity of the biomarker or MCR in cancer cells and the amount,
e.g., level of expression or copy number, and/or activity of the same biomarker in
normal cells, is as great as possible. Although this difference can be as small as the limit
of detection of the method for assessing amount and/or activity of the biomarker, it is
preferred that the difference be at least greater than the standard error of the assessment
method, and preferably a difference of at least 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 15-, 20-,
25-, 100-, 500-, 1000-fold or greater than the amount, e.g., level of expression or copy
number, and/or activity of the same biobiomarker in normal tissue.

It is understood that by routine screening of additional subject samples
using one or more of the biomarkers of the invention, it will be realized that certain of
the biomarkers have altered amount, structure, and/or activity in cancers of various
types, including specific pancreatic cancers, e.g., pancreatic adenocarcinoma, as well as
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other cancers, examples of which include, but are not limited to, melanomas, breast
cancer, bronchus cancer, colorectal cancer, prostate cancer, lung cancer, stomach cancer,
ovarian cancer, urinary bladder cancer, brain or central nervous system cancer,
peripheral nervous system cancer, esophageal cancer, cervical cancer, uterine or
endometrial cancer, cancer of the oral cavity or pharynx, liver cancer, kidney cancer,
testicular cancer, biliary tract cancer, small bowel or appendix cancer, salivary gland
cancer, thyroid gland cancer, adrenal gland cancer, osteosarcoma, chondrosarcoma,
cancer of hematological tissues, and the like.

For example, it will be confirmed that some of the biomarkers of the
invention have altered amount, structure, and/or activity in some, i.e., 10%, 20%, 30%,
or 40%, or most (i.e. 50% or more) or substantially all (i.e. 80% or more) of cancer, e.g.,
pancreatic adenocarcinoma. Furthermore, it will be confirmed that certain of the
biomarkers of the invention are associated with cancer of various histologic subtypes.

In addition, as a greater number of subject samples are assessed for
altered amount, structure, and/or activity of the biomarkers or altered expression or copy
number MCRs of the invention and the outcomes of the individual subjects from whom
the samples were obtained are correlated, it will also be confirmed that biomarkers have

altered-amount; structure, and/or activity of certain. of the biomarkers or altered . . ....c.. /.-

expression or copy number of MCRs of the invention-are strongly correlated with - - -
malignant cancers and that altered expression of other biomarkers of the invention are
strongly correlated with benign tumors or premalignant states. The compositions, kits,
and methods of the invention are thus useful for characterizing one or more of the stage,
grade, histological type, and benign/premalignant/malignant nature of cancer in subjects.
When the compositions, kits, and methods of the invention are used for
characterizing one or more of the stage, grade, histological type, and benign/
premalignant/malignant nature of cancer, in a subject, it is preferred that the biomarker
or MCR or panel of biomarkers or MCRs of the invention be selected such that a
positive result is obtained in at least about 20%, and preferably at least about 40%, 60%,
or 80%, and more preferably, in substantially all, subjects afflicted with cancer, of the
corresponding stage, grade, histological type, or benign/premaligant/malignant nature.
Preferably, the biomarker or panel of biomarkers of the invention is selected such that a
PPV (positive predictive value) of greater than about 10% is obtained for the general
population (more preferably coupled with an assay specificity greater than 99.5%).
When a plurality of biomarkers or MCRs of the invention are used in the
compositions, kits, and methods of the invention, the amount, structure, and/or activity
of each biomarker or level of expression or copy number can be compared with the
normal amount, structure, and/or activity of each of the plurality of biomarkers or level
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of expression or copy number, in non-cancerous samples of the same type, either in a
single reaction mixture (i.e., using reagents, such as different fluorescent probes, for
each biomarker) or in individual reaction mixtures corresponding to one or more of the
biomarkers or MCRs.

In one embodiment, a significantly altered amount, structure, and/or
activity of more than one of the plurality of biomarkers, or significantly altered copy
number of one or more of the MCRs in the sample, relative to the corresponding normal
levels, is an indication that the subject is afflicted with cancer. For example, a
significantly lower copy number in the sample of each of the plurality of biomarkers or
MCRs, relative to the corresponding normal levels or copy number, is an indication that
the subject is afflicted with cancer. In yet another embodiment, a significantly enhanced
copy number of one or more biomarkers or MCRs and a significantly lower level of
expression or copy number of one or more biomarkers or MCRs in a sample relative to
the corresponding normal levels, is an indication that the subject is afflicted with cancer.
Also, for example, a significantly enhanced copy number in the sample of each of the
plurality of biomarkers or MCRs, relative to the corresponding normal copy number, is
an indication that the subject is afflicted with cancer. In yet another embodiment, a

. significantly enhanced copy number of one or more biomarkers-or MCRs and:a* -+ " t:i- & .

significantly lower copy number of one or more biomarkeis or MCRs in a sample - -
relative to the corresponding normal levels, is an indication that the subject is afflicted
with cancer.

When a plurality of biomarkers or MCRs are used, it is preferred that 2,
3,4,5,8,10, 12, 15, 20, 30, or 50 or more individual biomarkers or MCRs be used or
identified, wherein fewer biomarkers or MCRs are preferred.

Only a small number of biomarkers are known to be associated with, for
example, pancreatic adenocarcinoma (e.g., p16™** and TP53 tumor suppressors and
the MYC, KRAS?2 and AKT2 oncogenes). These biomarkers or other biomarkers which
are known to be associated with other types of cancer may be used together with one or
more biomarkers of the invention in, for example, a panel of biomarkers. In addition,
frequent gains have been mapped to 3q, 5p, 7p, 8q, 11q, 12p, 17q and 20q and losses to
3p, 4q, 64, 8p, 9p, 10q, 12q, 13q, 17p, 18q and 21q and 22q in pancreatic cancer. In
some instances, validated oncogenes and tumor suppressor genes residing within these
loci have been identified, including MYC (8q24), p16™44 (9p21), p53 (17p13),
SMAD4 (18q21) and AKT2 (19q13). It is well known that certain types of genes, such
as oncogenes, tumor suppressor genes, growth factor-like genes, protease-like genes,
and protein kinase-like genes are often involved with development of cancers of various
types. Thus, among the biomarkers of the invention, use of those which correspond to
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proteins which resemble known proteins encoded by known oncogenes and tumor
suppressor genes, and those which correspond to proteins which resemble growth
factors, proteases, and protein kinases, are preferred.

It is recognized that the compositions, kits, and methods of the invention
will be of particular utility to subjects having an enhanced risk of developing cancer, and
their medical advisors. Subjects recognized as having an enhanced risk of developing
cancer, include, for example, subjects having a familial history of cancer, subjects
identified as having a mutant oncogene (i.e. at least one allele), and subjects of
advancing age.

An alteration, e.g. copy number, amount, structure, and/or activity of a
biomarker in normal (i.e. non-cancerous) human tissue can be assessed in a variety of
ways. In one embodiment, the normal level of expression or copy number is assessed by
assessing the level of expression and/or copy number of the biomarker or MCR in a
portion of cells which appear to be non-cancerous and by comparing this normal level of
expression or copy number with the level of expression or copy number in a portion of
the cells which are suspected of being cancerous. For example, when laparoscopy or

- other medical procedure, reveals the presence of a tumor on one portion of an organ, the
+» normal level of expression or copy number of a biomarker or MCR: may be assessed: . .. ...
using the non-affected portion of the organ, and this normal level of expression or copy - ' -

number may be compared with the level of expression or copy number of the same
biomarker in an affected portion (i.e., the tumor) of the organ. Alternately, and
particularly as further information becomes available as a result of routine performance
of the methods described herein, population-average values for “normal” copy number,
amount, structure, and/or activity of the biomarkers or MCRs of the invention may be
used. In other embodiments, the “normal” copy number, amount, structure, and/or
activity of a biomarker or MCR may be determined by assessing cbpy number, amount,
structure, and/or activity of the biomarker or MCR in a subject sample obtained from a
non-cancer-afflicted subject, from a subject sample obtained from a subject before the
suspected onset of cancer in the subject, from archived subject samples, and the like.
The invention includes compositions, kits, and methods for assessing the
presence of cancer cells in a sample (e.g. an archived tissue sample or a sample obtained
from a subject). These compositions, kits, and methods are substantially the same as
those described above, except that, where necessary, the compositions, kits, and methods
are adapted for use with certain types of samples. For example, when the sample is a
parafinized, archived human tissue sample, it may be necessary to adjust the ratio of
compounds in the compositions of the invention, in the kits of the invention, or the
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methods used. Such methods are well known in the art and within the skill of the
ordinary artisan.

The invention thus includes a kit for assessing the presence of cancer
cells (e.g. in a sample such as a subject sample). The kit may comprise one or more
reagents capable of identifying a biomarker or MCR of the invention, e.g., binding
specifically with a nucleic acid or polypeptide corresponding to a biomarker or MCR of
the invention. Suitable reagents for binding with a polypeptide corresponding to a
biomarker of the invention include antibodies, antibody derivatives, antibody fragments,
and the like. Suitable reagents for binding with a nucleic acid (e.g. a genomic DNA, an
mRNA, a spliced mRNA, a cDNA, or the like) include complementary nucleic acids.
For example, the nucleic acid reagents may include oligonucleotides (labeled or non-
labeled) fixed to a substrate, labeled oligonucleotides not bound with a substrate, pairs of
PCR primers, molecular beacon probes, and the like.

The kit of the invention may optionally comprise additional components
useful for performing the methods of the invention. By way of example, the kit may.
comprise fluids (e.g., SSC buffer) suitable for annealing complementary nucleic acids or
for binding an antibody with a protein with which it specifically binds, one or more .

..sample.compartments, an instructional material which describes performance of a.. .7 7o

method of the invention, a'sample of normal cells, a sample of cancer cells, and the like.

A kit of the invention may comprise a reagent useful for determining
protein level or protein activity of a biomarker. In another embodiment, a kit of the
invention may comprise a reagent for determining methylation status of a biomarker, or
may comprise a reagent for determining alteration of structure of a biomarker, e.g., the
presence of a mutation.

The invention also includes a method of making an isolated hybridoma
which produces an antibody useful in methods and kits of the present invention. A
protein corresponding to a biomarker of the invention may be isolated (e.g. by

~ purification from a cell in which it is expressed or by transcription and translation of a

nucleic acid encoding the protein in vivo or in vitro using known methods) and a
vertebrate, preferably a mammal such as a mouse, rat, rabbit, or sheep, is immunized
using the isolated protein. The vertebrate may optionally (and preferably) be immunized
at least one additional time with the isolated protein, so that the vertebrate exhibits a
robust immune response to the protein. Splenocytes are isolated from the immunized
vertebrate and fused with an immortalized cell line to form hybridomas, using any of a
variety of methods well known in the art. Hybridomas formed in this manner are then
screened using standard methods to identify one or more hybridomas which produce an
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antibody which specifically binds with the protein. The invention also includes
hybridomas made by this method and antibodies made using such hybridomas.

The invention also includes a method of assessing the efficacy of a test
compound for inhibiting cancer cells. As described above, differences in the amount,
structure, and/or activity of the biomarkers of the invention, or level of expression or
copy number of the MCRs of the invention, correlate with the cancerous state of cells.
Although it is recognized that changes in the levels of amount, e.g., expression or copy
number, structure, and/or activity of certain of the biomarkers or expression or copy
number of the MCRs of the invention likely result from the cancerous state of cells, it is
likewise recognized that changes in the amount may induce, maintain, and promote the
cancerous state. Thus, compounds which inhibit cancer, in a subject may cause a
change, e.g., a change in expression and/or activity of one or more of the biomarkers of
the invention to a level nearer the normal level for that biomarker (e.g., the amount, e.g.,
expression, and/or activity for the biomarker in non-cancerous cells).

This method thus comprises comparing amount, e.g., expression, and/or
activity of a biomarker in a first cell sample and maintained in the presence of the test
compound and amount, e.g., expression, and/or activity of the biomarker in a second cell

. sample and maintained in the absence of the test compound. . A significant increase in- ** -

the amount; e.g:, expression, and/or activity of a biomarker e.g., a biomarker that was
shown to be decreased in cancer, a significant decrease in the amount, e.g., expression,
and/or activity of a biomarker e.g., a biomarker that was shown to be increased in
cancer, is an indication that the test compound inhibits cancer. The cell samples may,
for example, be aliquots of a single sample of normal cells obtained from a subject,
pooled samples of normal cells obtained from a subject, cells of a normal cell lines,
aliquots of a single sample of cancer, cells obtained from a subject, pooled samples of
cancer, cells obtained from a subject, cells of a cancer cell line, cells from an animal
model of cancer, or the like. In one embodiment, the samples are cancer cells obtained
from a subject and a plurality of compounds known to be effective for inhibiting various
cancers, are tested in order to identify the compound which is likely to best inhibit the
cancer in the subject.

This method may likewise be used to assess the efficacy of a therapy,
e.g., chermotherapy, radiation therapy, surgery, or any other therapeutic approach useful
for inhibiting cancer in a subject. In this method, the amount, e.g., expression, and/or
activity of one or more biomarkers of the invention in a pair of samples (one subjected
to the therapy, the other not subjected to the therapy) is assessed. As with the method of
assessing the efficacy of test compounds, if the therapy induces a significant decrease in
the amount, e.g., expression, and/or activity of a biomarker e.g., a biomarker that was
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shown to be increased in cancer, blocks induction of a biomarker e.g., a biomarker that
was shown to be increased in cancer, or if the therapy induces a significant enhancement
of the amount, e.g., expression, and/or activity of a biomarker e.g., a biomarker that was
shown to be decreased in cancer, then the therapy is efficacious for inhibiting cancer.

As above, if samples from a selected subject are used in this method, then alternative
therapies can be assessed in vitro in order to select a therapy most likely to be
efficacious for inhibiting cancer in the subject.

This method may likewise be used to monitor the progression of cancer
in a subject, wherein if a sample in a subject has a significant decrease in the amount,
e.g., expression, and/or activity of a biomarker e.g., a biomarker that was shown to be
increased in cancer, or blocks induction of a biomarker e.g., a biomarker that was shown
to be increased in cancer, or a significant enhancement of the amount, e.g., expression,
and/or activity of a biomarker e.g., a biomarker that was shown to be decreased in
cancer, during the progression of cancer, e.g., at a first point in time and a subsequent
point in time, then the cancer has improved. In yet another embodiment, between the
first point in time and a subsequent point in time, the subject has undergone treatment,
e.g., chermotherapy, radiation therapy, surgery, or any other therapeutic approach useful
for inhibiting cancer, has.completed treatment, or'is-in remission. :

As described herein, cancer in subjects is associated with an increase in
amount, e.g., expression, and/or activity of one or more biomarker that was shown to be
increased in cancer, and/or a decrease in amount, e.g., expression, and/or activity of one
or more biomarker that was shown to be decreased in cancer. While, as discussed
above, some of these changes in amount, e.g., expression, and/or activity number result
from occurrence of the cancer, others of these changes induce, maintain, and promote
the cancerous state of cancer cells. Thus, cancer characterized by an increase in the
amount, e.g., expression, and/or activity of one or more biomarkers e.g., a biomarker
that was shown to be increased in cancer, can be inhibited by inhibiting amount, e.g.,
expression, and/or activity of those biomarkers. Likewise, cancer characterized by a
decrease in the amount, e.g., expression, and/or activity of one or more biomarkers e.g.,
a biomarker that was shown to be decreased in cancer, can be inhibited by enhancing
amount, e.g., expression, and/or activity of those biomarkers.

Amount and/or activity of a biomarker e.g., a biomarker that was shown
to be increased in cancer, can be inhibited in a number of ways generally known in the
art. For example, an antisense oligonucleotide can be provided to the cancer cells in
order to inhibit transcription, translation, or both, of the biomarker(s). An RNA
interfering agent, e.g., an siRNA molecule, which is targeted to a biomarker e.g., a
biomarker that was shown to be increased in cancer, can be provided to the cancer cells
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in order to inhibit expression of the target biomarker, e.g., through degradation or
specific post-transcriptional gene silencing (PTGS) of the messenger RNA (mRNA) of
the target biomarker. Alternately, a polynucleotide encoding an antibody, an antibody
derivative, or an antibody fragment, e.g., a fragment capable of binding an antigen, and
operably linked with an appropriate promoter or regulator region, can be provided to the
cell in order to generate intracellular antibodies which will inhibit the function, amount,
and/or activity of the protein corresponding to the biomarker(s). Conjugated antibodies
or fragments thereof, e.g., chemolabeled antibodies, radiolabeled antibodies, or
immunotoxins targeting a biomarker of the invention may also be administered to treat,
prevent or inhibit cancer.

A small molecule may also be used to modulate, e.g., inhibit, expression
and/or activity of a biomarker e.g., a biomarker that was shown to be increased in
cancer. In one embodiment, a small molecule functions to disrupt a protein-protein
interaction between a biomarker of the invention and a target molecule or ligand,
thereby modulating, e.g., increasing or decreasing the activity of the biomarker.

Using the methods described herein, a variety of molecules, particularly
including molecules sufficiently small that they are able to cross the cell membrane, can
be screened in order to identify. molecules which inhibit amount and/or activity of the
biomarker(s). The compound so identified can be provided:to the subject in order to
inhibit amount and/or activity of the biomarker(s) in the cancer cells of the subject.

Amount and/or activity of a biomarker e.g., a biomarker that was shown
to be decreased in cancer, can be enhanced in a number of ways generally known in the
art. For example, a polynucleotide encoding the biomarker and operably linked with an
appropriate promoter/regulator region can be provided to cells of the subject in order to
induce enhanced expression and/or activity of the protein (and mRNA) corresponding to
the biomarker therein. Alternatively, if the protein is capable of crossing the cell
membrane, inserting itself in the cell membrane, or is normally a secreted protein, then
amount and/or activity of the protein can be enhanced by providing the protein (e.g.,
difectly or by way of the bloodstream) to cancer cells in the subject. A small molecule
may also be used to modulate, e.g., increase, expression or activity of a biomarker e.g., a
biomarker that was shown to be decreased in cancer. Furthermore, in another
embodiment, a modulator of a biomarker of the invention, e.g., a small molecule, may
be used, for example, to re-express a silenced gene, e.g., a tumor suppressor, in order to
treat or prevent cancer. For example, such a modulator may interfere with a DNA
binding element or a methyltransferase.

As described above, the cancerous state of human cells is correlated with
changes in the amount and/or activity of the biomarkers of the invention. Thus,
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. by comparing both.

compounds which induce increased expression or activity of one or more of the
biomarker that was shown to be increased in cancer, decreased amount and/or activity of
one or more of the biomarkers that was shown to be decreased in cancer, can induce cell
carcinogenesis. The invention also includes a method for assessing the human cell
carcinogenic potential of a test compound. This method comprises maintaining separate
aliquots of human cells in the presence and absence of the test compound. Expression or
activity of a biomarker of the invention in each of the aliquots is compared. A
significant increase in the amount and/or activity of a biomarker e.g., a biomarker that
was shown to be increased in cancer, or a significant decrease in the amount and/or
activity of a biomarker e.g., a biomarker that was shown to be decreased in cancer, in the
aliquot maintained in the presence of the test compound (relative to the aliquot
maintained in the absence of the test compound) is an indication that the test compound
possesses human cell carcinogenic potential. The relative carcinogenic potentials of
various test compounds can be assessed by comparing the degree of enhancement or
inhibition of the amount and/or activity of the relevant biomarkers, by comparing the
number of biomarkers for which the amount and/or activity is enhanced or inhibited, or
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IV. Isolated Nucleic Acid Molecules

One aspect of the invention pertains to isolated nucleic acid molecules
that correspond to a biomarker of the invention, including nucleic acids which encode a
polypeptide corresponding to a biomarker of the invention or a portion of such a
polypeptide. The nucleic acid molecules of the invention include those nucleic acid
molecules which reside in the MCRs identified herein. Isolated nucleic acid molecules
of the invention also include nucleic acid molecules sufficient for use as hybridization
probes to identify nucleic acid molecules that correspond to a biomarker of the
invention, including nucleic acid molecules which encode a polypeptide corresponding
to a biomarker 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.

An "isolated" nucleic acid molecule is one which is separated from other
nucleic acid molecules which are present in the natural source of the nucleic acid
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molecule. Preferably, an "isolated" nucleic acid molecule is free of sequences
(preferably protein-encoding sequences) which naturally flank the nucleic acid @.e,
sequences located at the 5' and 3' ends of the nucleic acid) in the genomic DNA of the
organism from which the nucleic acid is derived. For example, in various embodiments,
the isolated nucleic acid molecule can contain less than about 5 kB, 4kB, 3kB, 2 kB, 1
kB, 0.5 kB or 0.1 kB of nucleotide sequences which naturally flank the nucleic acid
molecule in genomic DNA of the cell from which the nucleic acid is derived. Moreover,
an "isolated" nucleic acid molecule, such as a cDNA molecule, can be substantially free
of other cellular material or culture medium when produced by recombinant techniques,
or substantially free of chemical precursors or other chemicals when chemically
synthesized.

A nucleic acid molecule of the present invention, e. g., anucleic acid
molecules encoding a protein corresponding to a biomarker listed in Tables 1 or 2, can
be isolated using standard molecular biology techniques and the sequence information in
the database records described herein. Using all or a portion of such nucleic acid

- sequences, nucleic acid molecules of the invention can be isolated using standard

hybridization and cloning techniques (e.g., as described in Sambrook et al., ed.,

.- Molecular Cloning: A Laboratory Manual, 2nd ed., Cold. Spnng Harbor Laboratory
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- Press, Cold Spring Harbor, NY, 1989).

A nucleic acid molecule of the invention can be amplified using cDNA,
mRNA, or genomic DNA as a template and appropriate oligonucleotide primers
according to standard PCR amplification techniques. The nucleic acid molecules so
amplified can be cloned into an appropriate vector and characterized by DNA sequence
analysis. Furthermore, oligonucleotides corresponding to all or a portion of a nucleic
acid molecule of the invention can be prepared by standard synthetic techniques, e.g.,
using an automated DNA synthesizer.

In another preferred embodiment, an isolated nucleic acid molecule of the
invention comprises a nucleic acid molecule which has a nucleotide sequence
complementary to the nucleotide sequence of a nucleic acid corresponding to a
biomarker of the invention or to the nucleotide sequence of a nucleic acid encoding a
protein which corresponds to a biomarker of the invention. A nucleic acid molecule
which is complementary to a given nucleotide sequence is one which is sufficiently
complementary to the given nucleotide sequence that it can hybridize to the given
nucleotide sequence thereby forming a stable duplex.

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 biomarker of the invention or which encodes a polypeptide corresponding to
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a biomarker of the invention. Such nucleic acid molecules 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.

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
biomarkers 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 mis-
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.

The invention further encompasses nucleic acid molecules that differ, due
to degeneracy of the genetic code, from the nucleotide sequence of nucleic acid
molecules encoding a protein which corresponds to a biomarker of the invention, and
thus encode the same protein. B T R T

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).

The term “allele,” which is used interchangeably herein with “allelic
variant,” refers to alternative forms of a gene or portions thereof. Alleles occupy the
same locus or position on homologous chromosomes. When a subject has two identical
alleles of a gene, the subject is said to be homozygous for the gene or allele. When a
subject has two different alleles of a gene, the subject is said to be heterozygous for the
gene or allele. Alleles of a specific gene can differ from each other in a single
nucleotide, or several nucleotides, and can include substitutions, deletions, and
insertions of nucleotides. An allele of a gene can also be a form of a gene containing
one or more mutations.

The term “allelic variant of a polymorphic region of gene” or “allelic
variant”, used interchangeably herein, refers to an alternative form of a gene having one
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of several possible nucleotide sequences found in that region of the gene in the
population. As used herein, allelic variant is meant to encompass functional allelic
variants, non-functional allelic variants, SNPs, mutations and polymorphisms.

The term “single nucleotide polymorphism” (SNP) refers to a
polymorphic site occupied by a single nucleotide, which is the site of variation between
allelic sequences. The site is usually preceded by and followed by highly conserved
sequences of the allele (e.g., sequences that vary in less than 1/100 or 1/1000 members
of a population). A SNP usually arises due to substitution of one nucleotide for another
at the polymorphic site. SNPs can also arise from a deletion of a nucleotide or an
insertion of a nucleotide relative to a reference allele. Typically the polymorphic site is
occupied by a base other than the reference base. For example, where the reference
allele contains the base “T” (thymidine) at the polymorphic site, the altered allele can
contain a “C” (cytidine), “G” (guanine), or “A” (adenine) at the polymorphic site.

SNP’s may occur in protein-coding nucleic acid sequences, in which case they may give
rise to a defective or otherwise variant protein, or genetic disease. Such a SNP may alter
the coding sequence of the gene and therefore specify another amino acid (a “missense”
SNP) or a SNP may introduce a stop codon (a “nonsense” SNP). When a SNP does.not

alter the amino-acid sequence of a protein, the SNP is called “silent.” SNP’s may also: - i

occur in noncoding regions of the nucleotide sequence. This may result in defective
protein expression,.e.g., as a result of alternative spicing, or it may have no effect on the -
function ofthe protein.

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 biomarker of the invention. 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. |

In another embodiment, an isolated nucleic acid molecule of the
invention is at least 7, 15, 20, 25, 30, 40, 60, 80, 100, 150, 200, 250, 300, 350, 400, 450,
550, 650, 700, 800, 900, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 2600, 2800,
3000, 3500, 4000, 4500, or more nucleotides in length and hybridizes under stringent
conditions to a nucleic acid molecule corresponding to a biomarker of the invention or to
anucleic acid molecule encoding a protein corresponding to a biomarker of the
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invention. As used herein, the term "hybridizes under stringent conditions" is intended
to describe conditions for hybridization and washing under which nucleotide sequences
at least 60% (65%, 70%, 75%, 80%, preferably 85%) identical to each other typically
remain hybridized to each other. Such stringent conditions are known to those skilled in
the art and can be found in sections 6.3.1-6.3.6 of Current Protocols in Molecular
Biology, John Wiley & Sons, N.Y. (1989). A preferred, non-limiting example of
stringent hybridization conditions are hybridization in 6X sodium chloride/sodium
citrate (SSC) at about 45°C, followed by one or more washes in 0.2X SSC, 0.1% SDS at
50-65°C.

In addition to naturally-occurring allelic variants of a nucleic acid
molecule of the invention that can exist in the population, the skilled artisan will further
appreciate that sequence changes can be introduced by mutation thereby leading to
changes in the amino acid sequence of the encoded protein, without altering the
biological activity of the protein encoded thereby. For example, one can make
nucleotide substitutions leading to amino acid substitutions at "non-essential" amino
acid residues. A "non-essential" amino acid residue is a residue that can be altered from
the wild-type sequence without altering the biological activity, whereas an "essential"

-‘amino acid residue is required for biological activity. For example, amino acid residues |
that are not conserved or only semi-conserved among homologs of various species may
be non-essential for activity and thus would be likely targets for alteration.

Alternatively, amino acid residues that are conserved among the homologs of various
species (e.g., murine and human) may be essential for activity and thus would not be
likely targets for alteration.

Accordingly, another aspect of the invention pertains to nucleic acid

- molecules encoding a polypeptide of the invention that contain changes in amino acid

residues that are not essential for activity. Such polypeptides differ in amino acid
sequence from the naturally-occurring proteins which correspond to the biomarkers of
the invention, yet retain biological activity. In one embodiment, such a protein has an
amino acid sequence that is at least about 40% identical, 50%, 60%, 70%, 80%, 90%,
95%, or 98% identical to the amino acid sequence of one of the proteins which
correspond to the biomarkers of the invention.

An isolated nucleic acid molecule encoding a variant protein can be
created by introducing one or more nucleotide substitutions, additions or deletions into
the nucleotide sequence of nucleic acids of the invention, such that one or more amino
acid residue substitutions, additions, or deletions are introduced into the encoded
protein. Mutations can be introduced by standard techniques, such as site-directed
mutagenesis and PCR-mediated mutagenesis. Preferably, conservative amino acid

-62 -



WO 2005/053512 PCT/US2004/039756

10

15

20

25

30

35

substitutions are made at one or more predicted non-essential amino acid residues. A
"conservative amino acid substitution" is one in which the amino acid residue is replaced
with an amino acid residue having a similar side chain. Families of amino acid residues
having similar side chains have been defined in the art. These families include amino
acids with basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g.,
aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine,
glutamine, serine, threonine, tyrosine, cysteine), non-polar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-
branched side chains (e.g., threonine, valine, isoleucine) and aromatic side chains (eg,
tyrosine, phenylalanine, tryptophan, histidine). Alternatively, mutations can be
introduced randomly along all or part of the coding sequence, such as by saturation
mutagenesis, and the resultant mutants can be screened for biological activity to identify
mutants that retain activity. Following mutagenesis, the encoded protein can be
expressed recombinantly and the activity of the protein can be determined.

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 a biomarker of the invention or complementary to an mRNA sequence corresponding .« -

to a biomarker of the invention.* Accordingly, an antisense nucleic acid molecule of the .. * -
invention can hydrogen bond to (i.e. anneal with) a sense nucleic acid of the invention.
The antisense nucleic acid can be corhplementary 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.

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-
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(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5-
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine,
No6-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-
No-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 antisense
orientation to a target nucleic acid of interest, described further in the following
subsection).

The antisense nucleic acid molecules of the invention are typically
administered to a subject or generated in situ such that they hybridize with or bind to
cellular mRNA-:and/or genomic DNA encoding-a polypeptide corresponding to a
selected biomarker of the invention to thereby: inhibit expression of the biomarker, e.g.,
by inhibiting transcription and/or translation. The hybridization can be by conventional
nucleotide complementarity to form a stable duplex, or, for example, in the case of an
antisense nucleic acid molecule which binds to DNA duplexes, through specific
interactions in the major groove of the double helix. Examples of a route of
administration of antisense nucleic acid molecules of the invention includes direct
injection at a tissue site or infusion of the antisense nucleic acid into a pancreatic-
associated body fluid. Alternatively, antisense nucleic acid molecules can be modified
to target selected cells and then administered systemically. For example, for systemic
administration, antisense molecules can be modified such that they specifically bind to
receptors or antigens expressed on a selected cell surface, e.g., by linking the antisense
nucleic acid molecules to peptides or antibodies which bind to cell surface receptors or
antigens. The antisense nucleic acid molecules can also be delivered to cells using the
vectors described herein. To achieve sufficient intracellular concentrations of the
antisense molecules, vector constructs in which the antisense nucleic acid molecule is
placed under the control of a strong pol II or pol III promoter are preferred.

An antisense nucleic acid molecule of the invention can be an a-anomeric
nucleic acid molecule. An a-anomeric nucleic acid molecule forms specific double-
stranded hybrids with complementary RNA in which, contrary to the usual c-units, the
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strands run parallel to each other (Gaultier et al., 1987, Nucleic Acids Res. 15:6625-
6641). The antisense nucleic acid molecule can also comprise a 2'-o-
methylribonucleotide (Inoue et al., 1987, Nucleic Acids Res. 15:6131-6148) or a
chimeric RNA-DNA analogue (Inoue et al., 1987, FEBS Lett. 215 :327-330).

The invention also encompasses ribozymes. Ribozymes are catalytic
RNA molecules with ribonuclease activity which are capable of cleaving a single-
stranded nucleic acid, such as an mRNA, to which they have a complementary region.
Thus, ribozymes (e.g., hammerhead ribozymes as described in Haselhoff and Gerlach,
1988, Nature 334:585-591) can be used to catalytically cleave mRNA transcripts to
thereby inhibit translation of the protein encoded by the mRNA. A ribozyme having
specificity for a nucleic acid molecule encoding a polypeptide corresponding to a
biomarker of the invention can be designed based upon the nucleotide sequence of a
cDNA corresponding to the biomarker. For example, a derivative of a Tetrahymena L-
19 IVS RNA can be constructed in which the nucleotide sequence of the active site is
complementary to the nucleotide sequence to be cleaved (see Cech et al. U.S. Patent No.
4,987,071; and Cech et al. U.S. Patent No. 5,116,742). Alternatively, an mRNA
encoding a polypeptide of the invention can be used to select a catalytic RNA having a
specific ribonuclease- activity from:a.pool of RNA molecules (see,. e.g., Bartel and
Szostak, 1993, Science 261:1411-1418). -+~~~ . .

The invention also encompasses nucleic acid molecules which form triple
helical structures. For example, expression of a polypeptide of the invention can be
inhibited by targeting nucleotide sequences complementary to the regulatory region of
the gene encoding the polypeptide (e.g., the promoter and/or enhancer) to form triple
helical structures that prevent transcription of the gene in target cells. See generally
Helene (1991) Anticancer Drug Des. 6(6):569-84; Helene (1992) Ann. N.Y. Acad. Sci.
660:27-36; and Maher (1992) Bioassays 14(12):807-15. .

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 acid molecules can be modified to generate peptide
nucleic acid molecules (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
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Hyrup et al. (1996), supra; Perry-O'Keefe et al. (1996) Proc. Natl. Acad. Sci. USA
93:14670-675.

PNAs can be used in therapeutic and diagnostic applications. For
example, PNAs can be used as antisense or antigene agents for sequence-specific
modulation of gene expression by, e.g., inducing transcription or translation arrest or
inhibiting replication. PNAs can also 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., S1 nucleases Hyrup
(1996), supra; or as probes or primers for DNA sequence and hybridization (Hyrup,
1996, supra; Perry-O'Keefe et al., 1996, Proc. Natl. Acad. Sci. USA 93:14670-675).

In another embodiment, 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 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
prbduce 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).

In other embodiments, the oligonucleotide can include other appended
groups such as peptides (e.g., or 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
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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., apeptide,
hybridization triggered cross-linking agent, transport agent, hybridization-triggered
cleavage agent, efc.

The invention also includes molecular beacon nucleic acid molecules
having at least one region which is complementary to a nucleic acid molecule of the
invention, such that the molecular beacon is useful for quantitating the presence of the
nucleic acid molecule of the invention in a sample. A "molecular beacon" nucleic acid
is a nucleic acid molecule 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 molecules are not annealed with one another, fluorescence of the
fluorophore is quenched to a lesser degree. Molecular beacon nucleic acid molecules
are described, for example, in U.S. Patent 5,876,930.

V. Isolated Proteins and Antibodies -

One aspect of the invention pertains to isolated proteins which
correspond to individual biomarkers 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 biomarker of the invention.
In one embodiment, the native polypeptide corresponding to a biomarker can be isolated
from cells or tissue sources by an appropriate purification scheme using standard protein
purification techniques. In another embodiment, polypeptides corresponding to a
biomarker of the invention are produced by recombinant DNA techniques. Alternative
to recombinant expression, a polypeptide corresponding to a biomarker of the invention
can be synthesized chemically using standard peptide synthesis techniques.

An "isolated" or "purified" protein or biologically active portion thereof
is substantially free of cellular material or other contaminating proteins from the cell or
tissue source from which the protein is derived, or substantially free of chemical
precursors or other chemicals when chemically synthesized. The language
"substantially free of cellular material" includes preparations of protein in which the
protein is separated from cellular components of the cells from which it is isolated or
recombinantly produced. Thus, protein that is substantially free of cellular material
includes preparations of protein having less than about 30%, 20%, 10%, or 5% (by dry
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weight) of heterologous protein (also referred to herein as a "contaminating protein").
When the protein or biologically active portion thereof is recombinantly produced, it is
also preferably substantially free of culture medium, i.e., culture medium represents less
than about 20%, 10%, or 5% of the volume of the protein preparation. When the protein
is produced by chemical synthesis, it is preferably substantially free of chemical
precursors or other chemicals, i.e., it is separated from chemical precursors or other
chemicals which are involved in the synthesis of the protein. Accordingly such
preparations of the protein have less than about 30%, 20%, 10%, 5% (by dry weight) of
chemical precursors or compounds other than the polypeptide of interest.

Biologically active portions of a polypeptide corresponding to a
biomarker 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 biomarker which include fewer amino acids than the full length
protein, and exhibit at least one activity of the corresponding full-length protein.
Typically, biold gically 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. - S

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.

Preferred polypeptides have an amino acid sequence of a protein encoded
by a nucleic acid molecule of a biomarker of the invention. Other useful proteins are
substantially identical (e.g., at least about 40%, preferably 50%, 60%, 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.

To determine the percent identity of two amino acid sequences or of two
nucleic acids, the sequences are aligned for optimal comparison purposes (e.g., gaps can
be introduced in the sequence of a first amino acid or nucleic acid sequence for optimal
alignment with a second amino or nucleic acid sequence). The amino acid residues or
nucleotides at corresponding amino acid positions or nucleotide positions are then
compared. When a position in the first sequence is occupied by the same amino acid
residue or nucleotide as the corresponding position in the second sequence, then the
molecules are identical at that position. The percent identity between the two sequences
is a function of the number of identical positions shared by the sequences (i.e., %
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identity = # of identical positions/total # of positions (e.g., overlapping positions) x100).
In one embodiment the two sequences are the same length.

The determination of percent identity between two sequences can be
accomplished using a mathematical algorithm. A preferred, non-limiting example of 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
aligmrients 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 preferred, non-limiting example ofa -

mathematical algorithm utilized for the comparison of sequences is the algorithm of
Myers and Miller, (1988) Comput Appl Biosci, 4:11-7: 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 &-tuple value of 2. v

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.

The invention also provides chimeric or fusion proteins corresponding to
a biomarker 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 biomarker of the invention operably linked to a heterologous
polypeptide (i.e., a polypeptide other than the polypeptide corresponding to the
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biomarker). 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.

One useful fusion protein is a GST fusion protein in which a polypeptide
corresponding to a biomarker of the invention is fused to the carboxyl terminus of GST
sequences. Such fusion proteins can facilitate the purification of a recombinant
polypeptide of the invention.

In another embodiment, the fusion protein contains a heterologous signal
sequence at its amino terminus. For example, the native signal sequence of a
polypeptide corresponding to a biomarker of the invention can be removed and replaced
with a signal sequence from another protein. For example, the gp67 secretory sequence
of the baculovirus envelope protein can be used as a heterologous signal sequence
(Ausubel et al., ed., Current Protocols in Molecular Biology, John Wiley & Sons, NY,
1992). Other examples of eukaryotic heterologous signal sequences include the
secretory sequences of melittin and human placental alkaline phosphatase (Stratagene;
La Jolla, California). In yet another example, useful prokaryotic heterologous signal. .

-sequences include the phoA secretory signal (Sambrook et al., supra) and the protein A

secretory signal (Pharmacia Biotech; Piscataway, New Jersey).

In yet another embodiment, the fusion protein is an immunoglobulin
fusion protein in which all or part of a polypeptide corresponding to a biomarker 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 incorporated into
pharmaceutical compositions and administered to a subject to inhibit an interaction
between a ligand (soluble or membrane-bound) and a protein on the surface of a cell
(receptor), to thereby suppress signal transduction in vivo. The immunoglobulin fusion
protein can be used to affect the bioavailability of a cognate ligand of a polypeptide of
the invention. Inhibition of ligand/receptor interaction can be useful therapeutically,
both for treating proliferative and differentiative disorders and for modulating (e.g.
promoting or inhibiting) cell survival. Moreover, 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.

Chimeric and fusion proteins of the invention can be produced by
standard recombinant DNA techniques. In another embodiment, the fusion gene can be
synthesized by conventional techniques including automated DNA synthesizers.
Alternatively, PCR amplification of gene fragments can be carried out using anchor

-170 -



WO 2005/053512 PCT/US2004/039756

10

15

20

25

30

35

primers which give rise to complementary overhangs between two consecutive gene
fragments which can subsequently be annealed and re-amplified to generate a chimeric
gene sequence (see, e.g., Ausubel et al., supra). Moreover, many expression vectors are
commercially available that already encode a fusion moiety (e.g., a GST polypeptide).

A nucleic acid encoding a polypeptide of the invention can be cloned into such an
expression vector such that the fusion moiety is linked in-frame to the polypeptide of the
invention.

A signal sequence can be used to facilitate secretion and isolation of the
secreted protein or other proteins of interest. Signal sequences are typically
characterized by a core of hydrophobic amino acids which are generally cleaved from
the mature protein during secretion in one or more cleavage events. Such signal
peptides contain processing sites that allow cleavage of the signal sequence from the
mature proteins as they pass through the secretory pathway. Thus, the invention pertains
to the described polypeptides having a signal sequence, as well as to polypeptides from
which the signal sequence has been proteolytically cleaved (i.e., the cleavage products).
In one embodiment, a nucleic acid sequence encoding a signal sequence can be operably
linked in an expression vector to a protein of interest, such as a protein which is

ordinarily notisecreted or is otherwise difficult to-isolate. ‘The signal sequence directs .
-secretion of the protein, such as from a eukaryotic host into which the expression vector :- -

is transformed, and the signal sequence is subsequently or concurrently cleaved. The
protein can then be readily purified from the extracellular medium by art recognized
methods. Alternatively, the signal sequence can be linked to the protein of interest using
a sequence which facilitates purification, such as with a GST domain.

The present invention also pertains to variants of the polypeptides
corresponding to individual biomarkers of the invention. Such variants have an altered
amino acid sequence which can function as either agonists (mimetics) or as antagonists.
Variants can be generated by mutagenesis, e.g., discrete point mutation or truncation.
An agonist can retain substantially the same, or a subset, of the biological activities of
the naturally occurring form of the protein. An antagonist of a protein can inhibit one or
more of the activities of the naturally occurring form of the protein by, for example,
competitively binding to a downstream or upstream member of a cellular signaling
cascade which includes the protein of interest. Thus, specific biological effects can be
elicited by treatment with a variant of limited function. Treatment of a subject with a
variant having a subset of the biological activities of the naturally occurring form of the
protein can have fewer side effects in a subject relative to treatment with the naturally
occurring form of the protein.
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Variants of a protein of the invention which function as either agonists
(mimetics) or as antagonists can be identified by screening combinatorial libraries of
mutants, e.g., truncation mutants, of the protein of the invention for agonist or antagonist
activity. In one embodiment, a variegated library of variants is generated by
combinatorial mutagenesis at the nucleic acid level and is encoded by a variegated gene
library. A variegated library of variants can be produced by, for example, enzymatically
ligating a mixture of synthetic oligonucleotides into gene sequences such that a
degenerate set of potential protein sequences is expressible as individual polypeptides,
or alternatively, as a set of larger fusion proteins (e.g., for phage display). There are a
variety of methods which can be used to produce libraries of potential variants of the
polypeptides of the invention from a degenerate oligonucleotide sequence. Methods for
synthesizing degenerate oligonucleotides are known in the art (see, e.g., Narang, 1983,
Tetrahedron 39:3; Itakura et al., 1984, Annu. Rev. Biochem. 53:323; Itakura et al., 1984,
Science 198:1056; Ike et al., 1983 Nucleic Acid Res. 11:477).

~ In addition, libraries of fragments of the coding sequence of a
polypeptide corresponding to a biomarker of the invention can be used to generate a
variegated population of polypeptides for screening and subsequent selection of variants.
For example, a library of coding sequence fragments can be generated by treating a
double stranded PCR fragment of the coding sequence-of interest with a nuclease under
conditions wherein nicking occurs only about once.per molecule, denaturing the double
stranded DNA, renaturing the DNA to form double stranded DNA which can include
sense/antisense pairs from different nicked products, removing single stranded portions
from reformed duplexes by treatment with S1 nuclease, and ligating the resulting
fragment library into an expression vector. By this method, an expression library can be
derived which encodes amino terminal and internal fragments of various sizes of the
protein of interest.

Several techniques are known in the art for screening gene products of
combinatorial libraries made by point mutations or truncation, and for screening cDNA
libraries for gene products having a selected property. The most widely used techniques,
which are amenable to high throughput analysis, for screening large gene libraries
typically include cloning the gene library into replicable expression vectors,
transforming appropriate cells with the resulting library of vectors, and expressing the
combinatorial genes under conditions in which detection of a desired activity facilitates
isolation of the vector encoding the gene whose product was detected. Recursive
ensemble mutagenesis (REM), a technique which enhances the frequency of functional
mutants in the libraries, can be used in combination with the screening assays to identify
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variants of a protein of the invention (Arkin and Yourvan, 1992, Proc. Natl. Acad. Sci.
US4 89:7811-7815; Delgrave et al., 1993, Protein Engineering 6(3):327- 331).

An isolated polypeptide corresponding to a biomarker 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. The full-length
polypeptide or protein can be used or, alternatively, the invention provides antigenic
peptide fragments for use as immunogens. The antigenic peptide of a protein of the
invention comprises at least 8 (preferably 10, 15, 20, or 30 or more) amino acid residues
of the amino acid sequence of one of the polypeptides of the invention, and encompasses
an epitope of the protein such that an antibody raised against the peptide forms a specific
immune complex with a biomarker of the invention to which the protein corresponds.
Preferred epitopes encompassed by the antigenic peptide are regions that are located on
the surface of the protein, e.g., hydrophilic regions. Hydrophobicity sequence analysis,
hydrophilicity sequence analysis, or similar analyses can be used to identify hydrophilic
regions.

An 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 incomplefe adjuvant, or a
similar immunostimulatory agent.

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. 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 F(ab"), fragments which can be generated

by treating the antibody with an enzyme such as pepsin. The invention provides
polyclonal and monoclonal antibodies. The term "monoclonal antibody" or "monoclonal
antibody composition", as used herein, refers to a population of antibody molecules that
contain only one species of an antigen binding site capable of immunoreacting with a
particular epitope.
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Polyclonal antibodies can be prepared as described above by immunizing
a suitable subject with a polypeptide of the invention as an immunogen. 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. 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 ofinterest; e.g., using a standard
ELISA assay. : ‘ ‘

Alternative to preparing monoclonal antibody-secreting hybridomas, a
monoclonal antibody directed against a polypeptide of the invention can be identified
and isolated by screening a recombinant combinatorial immunoglobulin library (e.g., an
antibody phage display library) with the polypeptide of interest. Kits for generating and
screening phage display libraries are commercially available (e.g., the Pharmacia
Recombinant Phage Antibody System, Catalog No. 27-9400-01; and the Stratagene
SurfZAP Phage Display Kit, Catalog No. 240612). Additionally, examples of methods
and reagents particularly amenable for use in generating and screening antibody display
library can be found in, for example, U.S. Patent No. 5,223,409; PCT Publication No.
WO 92/18619; PCT Publication No. WO 91/17271; PCT Publication No. WO 92/20791;
PCT Publication No. WO 92/15679; PCT Publication No. WO 93/01288; PCT
Publication No. WO 92/01047; PCT Publication No. WO 92/09690; PCT Publication
No. WO 90/02809; Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay et al. (1992)
Hum. Antibod. Hybridomas 3:81-85; Huse ef al. (1989) Science 246:1275- 1281;
Griffiths et al. (1993) EMBO J. 12:725-734.

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
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invention. 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 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 et al. (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) J. Immunol.
141:4053-4060.

Completely human antibodies are particularly desirable for therapeutic
treatment of human subjects. Such antibodies can be produced 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-ofa. - -
‘polypeptide corresponding to a biomarker 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.

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).
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An antibody, antibody derivative, or ffagment thereof, which specifically
binds a biomarker of the invention which is overexpressed in cancer may be used to
inhibit activity of a biomarker, and therefore may be administered to a subject to treat,
inhibit, or prevent cancer in the subject. Furthermore, conjugated antibodies may also
be used to treat, inhibit, or prevent cancer in a subject. Conjugated antibodies,
preferably monoclonal antibodies, or fragments thereof, are antibodies which are joined
to drugs, toxins, or radioactive atoms, and used as delivery vehicles to deliver those
substances directly to cancer cells. The antibody, e.g., an antibody which specifically
binds a biomarker of the invention (e.g., a biomarker listed in Table 2), is administered
to a subject and binds the biomarker, thereby delivering the toxic substance to the cancer
cell, minimizing damage to normal cells in other parts of the body.

Conjugated antibodies are also referred to as "tagged," "labeled," or
"loaded." Antibodies with chemotherapeutic agents attached are generally referred to as
chemolabeled. Examples of chemotherapeutic agents 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,

i .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 (II) (DDP) cisplatin),
anthracyclines (e.g., daunorubicin (formerly daunomycin) and doxorubicin), antibiotics
(e.g., dactinomycin (formerly actinomycin), bleomycin, mithramycin, and anthramycin
(AMO)), and anti-mitotic agents (e.g., vincristine and vinblastine).

Antibodies with radioactive particles attached are referred to as
radiolabeled, and this type of therapy is known as radioimmunotherapy (RIT). Aside
from being used to treat cancer, radiolabeled antibodies can also be used to detect areas
of cancer spread in the body. Antibodies attached to toxins are called immunotoxins.

Immunotoxins are made by attaching toxins (e.g., poisonous substances
from plants or bacteria) to monoclonal antibodies. Immunotoxins may be produced by
attaching monoclonal antibodies to bacterial toxins such as ribosome-inhibiting protein
(see Better et al., U.S. Patent No. 6,146,631, the disclosure of which is incorporated
herein in its entirety), abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin; a
protein such as tumor necrosis factor, alpha-interferon, beta-interferon, nerve growth
factor, platelet derived growth factor, tissue plasminogen activator; or, biological
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response modifiers such as, for example, lymphokines, interleukin-1 ("IL-1"),
interleukin-2 ("IL-2"), interleukin-6 ("IL-6"), granulocyte macrophase colony
stimulating factor ("GM-CSF"), granulocyte colony stimulating factor ("G-CSF"), or
other growth factors.diphtherial toxin (DT) or pseudomonal exotoxin (PE40), or to plant
toxins such as ricin A or saporin.

An antibody directed against a polypeptide corresponding to a biomarker
of the invention (e.g., a monoclonal antibody) can be used to isolate the polypeptide by
standard techniques, such as affinity chromatography or immunoprecipitation.
Moreover, such an antibody can be used to detect the biomarker (e.g., in a cellular lysate
or cell supernatant) in order to evaluate the level and pattern of expression of the
biomarker. The antibodies can also be used diagnostically to monitor protein levels in
tissues or body fluids (e.g. in a pancreas-associated body fluid, such as bile) 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,

b all_ialine:phosphatase,‘B-galacto‘sidase, or acetylcholinesterase; examples of:suitable

20

25

30

35

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, and examples of

. .. . 125 131_ 35 3
suitable radioactive material include I, I, Sor H.

VI. Recombinant Expression Vectors and Host Cells

Another aspect of the invention pertains to vectors, preferably expression
vectors, containing a nucleic acid encoding a polypeptide corresponding to a biomarker
of the invention (or a portion of such a polypeptide). As used herein, the term "vector"
refers to a nucleic acid molecule capable of transporting another nucleic acid to which it
has been linked. One type of vector is a "plasmid", which refers to a circular double
stranded DNA loop into which additional DNA segments can be ligated. Another type
of vector is a viral vector, wherein additional DNA segments can be ligated into the viral
genome. Certain vectors are capable of autonomous replication in a host cell into which
they are introduced (e.g., bacterial vectors having a bacterial origin of replication and
episomal mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors)
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are integrated into the genome of a host cell upon introduction into the host cell, and
thereby are replicated along with the host genome. Moreover, certain vectors, namely
expression vectors, are capable of directing the expression of genes to which they are
operably linked. In general, expression vectors of utility in recombinant DNA
techniques are often in the form of plasmids (vectors). However, the invention is
intended to include such other forms of expression vectors, such as viral vectors (e.g.,
replication defective retroviruses, adenoviruses and adeno-associated viruses), which
serve equivalent functions.

The recombinant expression vectors of the invention comprise a nucleic
acid of the invention in a form suitable for expression of the nucleic acid in a host cell.
This means that the recombinant expression vectors include one or more regulatory
sequences, selected on the basis of the host cells to be used for expression, which is
operably linked to the nucleic acid sequence to be expressed. Within a recombinant
expression vector, "operably linked" is intended to mean that the nucleotide sequence of
interest is linked to the regulatory sequence(s) in a manner which allows for expression
of the nucleotide sequence (e.g., in an in vitro transcription/translation system or in a
host cell when the vector is introduced into the host cell). The term "regulatory

sequence™ is intended to.include promoters, enhancers and other expression control * - 1
elements (e.g., polyadenylation signals). Such regulatory sequences are described, for .- =

example, in Goeddel, Methods in Enzymology: Gene Expression Technology vol.185,
Academic Press, San Diego, CA (1991). Regulatory sequences include those which
direct constitutive expression of a nucleotide sequence in many types of host cell and
those which direct expression of the nucleotide sequence only in certain host cells (e.g.,
tissue-specific regulatory sequences). It will be appreciated by those skilled in the art
that the design of the expression vector can depend on such factors as the choice of the
host cell to be transformed, the level of expression of protein desired, and the like. The
expression vectors of the invention can be introduced into host cells to thereby produce
proteins or peptides, including fusion proteins or peptides, encoded by nucleic acids as
described herein.

The recombinant expression vectors of the invention can be designed for
expression of a polypeptide corresponding to a biomarker of the invention in prokaryotic
(e.g., E. coli) 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.
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Expreésion of proteins in prokaryotes is most often carried out in E. coli
with vectors containing constitutive or inducible promoters directing the expression of
either fusion or non-fusion proteins. Fusion vectors add a number of amino acids to a
protein encoded therein, usually to the amino terminus of the recombinant protein. Such
fusion vectors typically serve three purposes: 1) to increase expression of recombinant
protein; 2) to increase the solubility of the recombinant protein; and 3) to aid in the
purification of the recombinant protein by acting as a ligand in affinity purification.
Often, in fusion expression vectors, a proteolytic cleavage site is introduced at the
junction of the fusion moiety and the recombinant protein to enable separation of the
recombinant protein from the fusion moiety subsequent to purification of the fusion
protein. Such enzymes, and their cognate recognition sequences, include Factor Xa,
thrombin and enterokinase. Typical fusion expression vectors include pGEX
(Pharmacia Biotech Inc; Smith and Johnson, 1988, Gene 67:31-40), pMAL (New
England Biolabs, Beverly, MA) and pRIT5 (Pharmacia, Piscataway, NJ) which fuse
glutathione S-transferase (GST), maltose E binding protein, or protein A, respectively, to
the target recombinant protein.

- Examples of suitable inducible non-fusion E. coli expression vectors

include pTrc (Amann et al.,1988,.Gene-69:301-315) and pET 11d (Studier et al., p. 60-:; ;.-

89, In Gene Expression Technology: -Methods in Enzymology vol.185, Academic Press, -
San Diego, CA, 1991). Target gene expression from the pTrc vector relies on host RNA - ,1
polymerase transcription from a hybrid trp-lac fusion promoter. Target gene expression
from the pET 11d vector relies on transcription from a T7 gn10-lac fusion promoter
mediated by a co-expressed viral RNA polymerase (T7 gnl). This viral polymerase is
supplied by host strains BL21 (DE3) or HMS174(DE3) from a resident prophage
harboring a T7 gnl gene under the transcriptional control of the lacUV 5 promoter.

One strategy to maximize recombinant protein expression in E. coli is to
express the protein in a host bacterium with an impaired capacity to proteolytically
cleave the recombinant protein (Gottesman, p. 119-128, In Gene Expression
Technology: Methods in Enzymology vol. 185, Academic Press, San Diego, CA, 1990.
Another strategy is to alter the nucleic acid sequence of the nucleic acid to be inserted
into an expression vector so that the individual codons for each amino acid are those
preferentially utilized in E. coli (Wada et al., 1992, Nucleic Acids Res. 20:2111-2118).
Such alteration of nucleic acid sequences of the invention can be carried out by standard
DNA synthesis techniques.

In another embodiment, the expression vector is a yeast expression
vector. Examples of vectors for expression in yeast S. cerevisiae include pYepSecl
(Baldari et al., 1987, EMBO J. 6:229-234), pMFa (Kurjan and Herskowitz, 1982, Cell
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30:933-943), pJRY88 (Schultz ef al., 1987, Gene 54:113-123), pYES2 (Invitrogen
Corporation, San Diego, CA), and pPicZ (Invitrogen Corp, San Diego, CA).

Alternatively, the expression vector is a baculovirus expression vector.
Baculovirus vectors available for expression of proteins in cultured insect cells (e.g., Sf
9 cells) include the pAc series (Smith et al., 1983, Mol. Cell Biol. 3:2156-2165) and the
pVL series (Lucklow and Summers, 1989, Virology 170:31-39).

In yet another embodiment, a nucleic acid of the invention is expressed in
mammalian cells using a mammalian expression vector. Examples of mammalian
expression vectors include pCDMS (Seed, 1987, Nature 329:840) and pMT2PC
(Kaufman et al., 1987, EMBO J. 6:187-195). When used in mammalian cells, the
expression vector's control functions are often provided by viral regulatory elements.
For example, commonly used promoters are derived from polyoma, Adenovirus 2,
cytomegalovirus and Simian Virus 40. For other suitable expression systems for both
prokaryotic and eukaryotic cells see chapters 16 and 17 of Sambrook et al., supra.

In another embodiment, the recombinant mammalian expression vector is
capable of directing expression of the nucleic acid preferentially in a particular cell type
(e.g., tissue-specific regulatory elements are used to express the nucleic acid). Tissue-
specific regulatory elements.are known in the art. Non-limiting examples of suitable
tissue-specific promoters include the albumin promoter (liver-specific; Pinkert et al.,
1987, Genes Dev. 1:268-277), lymphoid-specific promoters (Calame and Eaton, 1988,
Adv. Immunol. 43:235-275), in particular promoters of T cell receptors (Winoto and
Baltimore, 1989, EMBO J. 8:729-733) and irnxﬁunoglobulins (Banerji et al., 1983, Cell
33:729-740; Queen and Baltimore, 1983, Cell 33:741-748), neuron-specific promoters
(e.g., the neurofilament promoter; Byrne and Ruddle, 1989, Proc. Natl. Acad. Sci. USA
86:5473-5477), pancreas-specific promoters (Edlund et al., 1985, Science 230:912-916),
and mammary gland-specific promoters (e.g., milk whey promoter; U.S. Patent No.
4,873,316 and European Application Publication No. 264,166). Developmentally-
regulated promoters are also encompassed, for example the murine hox promoters
(Kessel and Gruss, 1990, Science 249:374-379) and the o-fetoprotein promoter (Camper
and Tilghman, 1989, Genes Dev. 3:537-546).

The invention further provides a recombinant expression vector
comprising a DNA molecule of the invention cloned into the expression vector in an
antisense orientation. That is, the DNA molecule is operably linked to a regulatory
sequence in a manner which allows for expression (by transcription of the DNA
molecule) of an RNA molecule which is antisense to the mRNA encoding a polypeptide
of the invention. Regulatory sequences operably linked to a nucleic acid cloned in the
antisense orientation can be chosen which direct the continuous expression of the
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antisense RNA molecule in a variety of cell types, for instance viral promoters and/or
enhancers, or regulatory sequences can be chosen which direct constitutive, tissue-
specific or cell type specific expression of antisense RNA. The antisense expression
vector can be in the form of a recombinant plasmid, phagemid, or attenuated virus in
which antisense nucleic acids are produced under the control of a high efficiency
regulatory region, the activity of which can be determined by the cell type into which the
vector is introduced. For a discussion of the regulation of gene expression using
antisense genes see Weintraub et al., 1986, Trends in Genetics, Vol. 1(1).

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 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 prokaryotlc (e.g., E. coli) or eukaryotlc cell (e.g.,
insect cells, yeast or mammalian cells). . -ooe s o

Vector DNA can be introduced into prokaryotlc or eukaryotlc cellsvia -
conventional transformation or transfection techniques. As used herein, the terms
"iransformation" 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.

For stable transfection of mammalian cells, it is known that, depending
upon the expression vector and transfection technique used, only a small fraction of cells
may integrate the foreign DNA into their genome. In order to identify and select these
integrants, a gene that encodes a selectable biomarker (e.g., for resistance to antibiotics)
is generally introduced into the host cells along with the gene of interest. Preferred
selectable biomarkers include those which confer resistance to drugs, such as G418,
hygromycin and methotrexate. Cells stably transfected with the introduced nucleic acid
can be identified by drug selection (e.g., cells that have incorporated the selectable
biomarker gene will survive, while the other cells die).

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 biomarker of the
invention. Accordingly, the invention further provides methods for producing a
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polypeptide corresponding to a biomarker 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 biomarker is produced. In another
embodiment, the method further comprises isolating the biomarker polypeptide from the
medium or the host cell.

The host cells of the invention can also be used to produce nonhuman
transgenic animals. For example, in one embodiment, a host cell of the invention is a
fertilized oocyte or an embryonic stem cell into which sequences encoding a polypeptide
corresponding to a biomarker of the invention have been introduced. Such host cells can
then be used to create non-human transgenic animals in which exogenous sequences
encoding a biomarker protein of the invention have been introduced into their genome or
homologous recombinant animals in which endogenous gene(s) encoding a polypeptide
corresponding to a biomarker of the invention sequences have been altered. Such
animals are useful for studying the function and/or activity of the polypeptide
corresponding to the biomarker, for identifying and/or evaluating modulators of

-polypeptide activity, as well as in pre-clinical testing of therapeutics or diagnostic
‘molecules, for biomarker discovery:or evaluation, e.g.; therapeutic and diagnostic .

biomarker discovery or evaluation, or as surrogates of drug efficacy and specificity. -

As used herein, a "transgenic animal" is a non-human animal, preferably
a mammal, more preferably a rodent such as a rat or mouse, in which one or more of the
cells of the animal includes a transgene. Other examples of transgenic animals include
non-human primates, sheep, dogs, cows, goats, chickens, amphibians, etc. A transgene
is exogenous DNA which is integrated into the genome of a cell from which a transgenic
animal develops and which remains in the genome of the mature animal, thereby
directing the expression of an encoded gene product in one or more cell types or tissues
of the transgenic animal. As used herein, an "homologous recombinant animal" is a
non-human animal, preferably a mammal, more preferably a mouse, in which an
endogenous gene has been altered by homologous recombination between the
endogenous gene and an exogenous DNA molecule introduced into a cell of the animal,
e.g., an embryonic cell of the animal, prior to development of the animal. Transgenic
animals also include inducible transgenic animals, such as those described in, for
example, Chan LT, ez al. (2004) J Clin Invest. 113(4):528-38 and Chin L. et al (1999)
Nature 400(6743):468-72.

A transgenic animal of the invention can be created by introducing a
nucleic acid encoding a polypeptide corresponding to a biomarker of the invention into
the male pronuclei of a fertilized oocyte, e.g., by microinjection, retroviral infection, and
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allowing the oocyte to develop in a pseudopregnant female foster animal. Intronic
sequences and polyadenylation signals can also be included in the transgene to increase
the efficiency of expression of the transgene. A tissue-specific regulatory sequence(s)
can be operably linked to the transgene to direct expression of the polypeptide of the
invention to particular cells. Methods for generating transgenic animals via embryo
manipulation and microinjection, particularly animals such as mice, have become
conventional in the art and are described, for example, in U.S. Patent Nos. 4,736,866 and
4,870,009, U.S. Patent No. 4,873,191 and in Hogan, Manipulating the Mouse Embryo,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986. Similar
methods are used for production of other transgenic animals. A transgenic founder
animal can be identified based upon the presence of the transgene in its genome and/or
expression of mRNA encoding the transgene in tissues or cells of the animals. A
transgenic founder animal can then be used to breed additional animals carrying the
transgene. Moreover, transgenic animals carrying the transgene can further be bred to
other transgenic animals carrying other transgenes.

To create an homologous recombinant animal, a vector is prepared which
contains.at least a portion of a gene encoding a polypeptide corresponding to a

", -+ v ‘biomarker of the invention into which a deletion, addition or substitution hasbeen. -
- introduced to thereby alter, e.g., functionally disrupt, the gene. In a preferred
20 .

embodiment, the vector is designed such that, upon homologous recombination, the
endogenous gene is functionally disrupted (i.e., no longer encodes a functional protein;
also referred to as a "knock out" vector). Alternatively, the vector can be designed such
that, upon homologous recombination, the endogenous gene is mutated or otherwise
altered but still encodes functional protein (e.g., the upstream regulatory region can be
altered to thereby alter the expression of the endogenous protein). In the homologous
recombination vector, the altered portion of the gene is flanked at its 5' and 3' ends by
additional nucleic acid of the gene to allow for homologous recombination to occur
between the exogenous gene carried by the vector and an endogenous gene in an
embryonic stem cell. The additional flanking nucleic acid sequences are of sufficient
length for successful homologous recombination with the endogenous gene. Typically,
several kilobases of flanking DNA (both at the 5' and 3' ends) are included in the vector
(see, e.g., Thomas and Capecchi, 1987, Cell 51:503 for a description of homologous
recombination vectors). The vector is introduced into an embryonic stem cell line (e.g.,
by electroporation) and cells in which the introduced gene has homologously
recombined with the endogenous gene are selected (see, e.g., Li et al., 1992, Cell
69:915). The selected cells are then injected into a blastocyst of an animal (e.g., a
mouse) to form aggregation chimeras (see, e.g., Bradley, Teratocarcinomas and
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Embryonic Stem Cells: A Practical Approach, Robertson, Ed., IRL, Oxford, 1987, pp.
113-152). A chimeric embryo can then be implanted into a suitable pseudopregnant
female foster animal and the embryo brought to term. Progeny harboring the
homologously recombined DNA in their germ cells can be used to breed animals in
which all cells of the animal contain the homologously recombined DNA by germline
transmission of the transgene. Methods for constructing homologous recombination
vectors and homologous recombinant animals are described further in Bradley (1991)
Current Opinion in Bio/Technology 2:823-829 and in PCT Publication NOS. WO
90/11354, WO 91/01140, WO 92/0968, and WO 93/04169.

In another embodiment, transgenic non-human animals can be produced
which contain selected systems which allow for regulated expression of the transgene.
One example of such a system is the cre/loxP recombinase system of bacteriophage P1.
For a description of the cre/loxP recombinase system, see, e.g., Lakso et al. (1992)
Proc. Natl. Acad. Sci. USA 89:6232-6236. Another example of a recombinase system is
the FLP recombinase system of Saccharomyces cerevisiae (0'Gorman et al., 1991,
Science 251:1351-1355). If a cre/loxP recombinase system is used to regulate
expression of the transgene, animals containing transgenes encoding both the Cre

the construction of "double" transgenic animals, e.g., by mating two transgenic animals, -
one containing a transgene encoding a selected protein and the other containing a
transgene encoding a recombinase.

Clones of the non-human transgenic animals described herein can also be
produced according to the methods described in Wilmut et al. (1997) Nature 385:810-
813 and PCT Publication NOS. WO 97/07668 and WO 97/07669.

VII. Methods of Treatment ‘

The present invention provides for both prophylactic and therapeutic
methods of treating a subject, e.g., a human, who has or is at risk of (or susceptible to)
cancer, e.g., pancreatic cancer, e.g., pancreatic adenocarcinoma. As used herein,
“treatment” of a subject includes the application or administration of a therapeutic agent
to a subject, or application or administration of a therapeutic agent to a cell or tissue

from a subject, who has a diseases or disorder, has a symptom of a disease or disorder,

or is at risk of (or susceptible to) a disease or disorder, with the purpose of curing,
inhibiting, healing, alleviating, relieving, altering, remedying, ameliorating, improving,
or affecting the disease or disorder, the symptom of the disease or disorder, or the risk of
(or susceptibility to) the disease or disorder. As used herein, a “therapeutic agent” or
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“compound” includes, but is not limited to, small molecules, peptides, peptidomimetics,
polypeptides, RNA interfering agents, e.g., sSiRNA molecules, antibodies, ribozymes,
and antisense oligonucleotides.

As described herein, cancer in subjects is associated with a change, e.g.,
an increase in the amount and /or activity, or a change in the structure, of one or more
biomarkers, e.g., a biomarker that was shown to be increased in cancer, and/or a
decrease in the amount and /or activity, or a change in the structure of one or more
biomarkers, e.g., a biomarker that was shown to be decreased in cancer. While, as
discussed above, some of these changes in amount, structure, and/or activity, result from
occurrence of the cancer, others of these changes induce, maintain, and promote the
cancerous state of cancer, cells. Thus, cancer, characterized by an increase in the
amount and /or activity, or a change in the structure, of one or more biomarkers, e.g., a
biomarker that is shown to be increased in cancer, can be inhibited by inhibiting amount,
e.g., expression or protein level, and/or activity of those biomarkers. Likewise, cancer
characterized by a decrease in the amount and /or activity, or a change in the structure,
of one or more biomarkers, e.g., a biomarker that is shown to be decreased in cancer, can
be inhibited by enhancing amount, e.g., expression or protein level, and/or activity of

- Accordingly, another aspect of the invention pertains to methods for
treating a subject suffering from cancer. These methods involve administering to a
subject a compound which modulates amount and/or activity of one or more biomarkers
of the invention. For example, methods of treatment or prevention of cancer include
administering to a subject a compound which decreases the amount and/or activity of
one or more biomarkers, e.g., a biomarker that was shown to be increased in cancer.
Compounds, e.g., antagonists, which may be used to inhibit amount and/or activity of a
biomarker, e.g., a biomarker that was shown to be increased in cancer, to thereby treat or
prevent cancer include antibodies (e.g., conjugated antibodies), small molecules, RNA
interfering agents, e.g., siRNA molecules, ribozymes, and antisense oligonucleotides. In
one embodiment, an antibody used for treatment is conjugated to a toxin, a
chemotherapeutic agent, or radioactive particles.

Methods of treatment or prevention of cancer also include administering
to a subject a compound which increases the amount and/or activity of one or more
biomarkers, e.g., a biomarker that was shown to be decreased in cancer. Compounds,
e.g., agonists, which may be used to increase expression or activity of a biomarker, e.g.,
a biomarker that was shown to be decreased in cancer, to thereby treat or prevent cancer
include small molecules, peptides, peptoids, peptidomimetics, and polypeptides.
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Small molecules used in the methods of the invention include those
which inhibit a protein-protein interaction and thereby either increase or decrease
biomarker amount and/or activity. Furthermore, modulators, e.g., small molecules,
which cause re-expression of silenced genes, e.g., tumor suppressors, are also included
herein. For example, such molecules include compounds which interfere with DNA
binding or methyltransferase activity.

An aptamer may also be used to modulate, e.g., increase or inhibit
expression or activity of a biomarker of the invention to thereby treat, prevent or inhibit
cancer. Aptamers are DNA or RNA molecules that have been selected from random
pools based on their ability to bind other molecules. Aptamers may be selected which
bind nucleic acids or proteins.

VIII. Pharmaceutical Compositions
The small molecules, peptides, peptoids, peptidomimetics, polypeptides,
RNA interfering agents, e.g., siRNA molecules, antibodies, ribozymes, and antisense

. oligonucleotides (also referred to herein as "active compounds" or “compounds”)

. corresponding to.a biomarker of the invention.can be incorporated into pharmaceutical ..+ -

compositions suitable for administration. Such compositions typically comprise the:
small molecules; peptides, peptoids, peptidomimetics, polypeptides, RNA interfering
agents, e.g., SIRNA molecules, antibodies, ribozymes, or antisense oligonucleotides and
a pharmaceutically acceptable carrier. As used herein the language "pharmaceutically
acceptable carrier" is intended to include any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents,
and the like, compatible with pharmaceutical administration. The use of such media and
agents for pharmaceutically active substances is well known in the art. Except insofar as
any conventional media or agent is incompatible with the active compound, use thereof
in the compositions is contemplated. Supplementary active compounds can also be
incorporated into the compositions.

The invention includes methods for preparing pharmaceutical
compositions for modulating the expression or activity of a polypeptide or nucleic acid
corresponding to a biomarker of the invention. Such methods comprise formulating a
pharmaceutically acceptable carrier with an agent which modulates expression or
activity of a polypeptide or nucleic acid corresponding to a biomarker of the invention.
Such compositions can further include additional active agents. Thus, the invention
further includes methods for preparing a pharmaceutical composition by formulating a
pharmaceutically acceptable carrier with an agent which modulates expression or
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activity of a polypeptide or nucleic acid corresponding to a biomarker of the invention
and one or more additional active compounds.

It is understood that appropriate doses of small molecule agents and
protein or polypeptide agents depends upon a number of factors within the knowledge of
the ordinarily skilled physician, veterinarian, or researcher. The dose(s) of these agents
will vary, for example, depending upon the identity, size, and condition of the subject or
sample being treated, further depending upon the route by which the composition is to
be administered, if applicable, and the effect which the practitioner desires the agent to
have upon the nucleic acid molecule or polypeptide of the invention. Small molecules
include, but are not limited to, peptides, peptidomimetics, amino acids, amino acid
analogs, polynucleotides, polynucleotide analogs, nucleotides, nucleotide analogs,
organic or inorganic compounds (i.e., including heteroorganic and organometalilic
compounds) having a molecular weight less than about 10,000 grams per mole, organic
or inorganic compounds having a molecular weight less than about 5,000 grams per
mole, organic or inorganic compounds having a molecular weight less than about 1,000
grams per mole, organic or inorganic compounds having a molecular weight less than
about 500 grams per mole, and salts, esters, and other pharmaceutically acceptable forms
of such compounds. : - - . Ry

- Exemplary doses of a small ' molecule include milligram or microgram
amounts per kilogram of subject or sample weight (e.g. about 1 microgram per kilogram
to about 500 milligrams per kilogram, about 100 micrograms per kilogram to about 5
milligrams per kilogram, or about 1 microgram per kilogram to about 50 micrograms per
kilogram).

As defined herein, a therapeutically effective amount of an RNA
interfering agent, e.g., siRNA, (i.e., an effective dosage) ranges from about 0.001 to
3,000 mg/kg body weight, preferably about 0.01 to 2500 mg/kg body weight, more
preferably about 0.1 to 2000, about 0.1 to 1000 mg/kg body weight, 0.1 to 500 mg/kg
body weight, 0.1 to 100 mg/kg body weight, 0.1 to 50 mg/kg body weight, 0.1 to 25
mg/kg body weight, and even more preferably about 1 to 10 mg/kg, 2 to 9 mg/kg, 3 to 8
mg/kg, 4 to 7 mg/kg, or 5 to 6 mg/kg body weight. Treatment of a subject with a
therapeutically effective amount of an RNA interfering agent can include a single
treatment or, preferably, can include a series of treatments. In a preferred example, a
subject is treated with an RNA interfering agent in the range of between about 0.1 to 20

H mg/kg body weight, one time per week for between about 1 to 10 weeks, preferably

between 2 to 8 weeks, more preferably between about 3 to 7 weeks, and even more
preferably for about 4, 5, or 6 weeks.
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Exemplary doses of a protein or polypeptide include gram, milligram or
microgram amounts per kilogram of subject or sample weight (e.g. about 1 microgram
per kilogram to about 5 grams per kilogram, about 100 micrograms per kilogram to
about 500 milligrams per kilogram, or about 1 milligram per kilogram to about 50
milligrams per kilogram). It is furthermore understood that appropriate doses of one of
these agents depend upon the potency of the agent with respect to the expression or
activity to be modulated. Such appropriate doses can be determined using the assays
described herein. When one or more of these agents is to be administered to an animal
(e.g. a human) in order to modulate expression or activity of a polypeptide or nucleic
acid of the invention, a physician, veterinarian, or researcher can, for example, prescribe
arelatively low dose at first, subsequently increasing the dose until an appropriate
response is obtained. In addition, it is understood that the specific dose level for any
particular animal subject will depend upon a variety of factors including the activity of
the specific agent employed, the age, body weight, general health, gender, and diet of the
subject, the time of administration, the route of administration, the rate of excretion, any
drug combination, and the degree of expression or activity to be modulated.

A pharmaceutical composition of the invention is formulated to be
compatible with its intended route -of administration.” Examples of routes of
administration include parenteral, e.g., intravenous; intradermal, subcutaneous, oral
(e.g., inhalation), transdermal (topical), transmucosal, and rectal administration.
Solutions or suspensions used for parenteral, intradermal, or subcutaneous application
can include the following components: a sterile diluent such as water for injection, saline
solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic
solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants
such as ascorbic acid or sodium bisulfite; chelating agents such as ethylenediamine-
tetraacetic acid; buffers such as acetates, citrates or phosphates and agents for the
adjustment of tonicity such as sodium chloride or dextrose. pH can be adjusted with
acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral
preparation can be enclosed in ampules, disposable syringes or multiple dose vials made
of glass or plastic.

Pharmaceutical compositions suitable for injectable use include sterile
aqueous solutions (where water soluble) or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersions. For
intravenous administration, suitable carriers include physiological saline, bacteriostatic
water, Cremophor EL (BASF; Parsippany, NJ) or phosphate buffered saline (PBS). In
all cases, the composition must be sterile and should be fluid to the extent that easy
syringability exists. It must be stable under the conditions of manufacture and storage
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. followed by filtered sterilization. Generally, dispersions are prepared by incorporating

and must be preserved against the contaminating action of microorganisms such as
bacteria and fungi. The carrier can be a solvent or dispersion medium contairﬁng, for
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can
be maintained, for example, by the use of a coating such as lecithin, by the maintenance
of the required particle size in the case of dispersion and by the use of surfactants.
Prevention of the action of microorganisms can be achieved by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it will be preferable to include isotonic agents,
for example, sugars, polyalcohols such as mannitol, sorbitol, or sodium chloride in the
composition. Prolonged absorption of the injectable compositions can be brought about
by including in the composition an agent which delays absorption, for example,
aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active
compound (e.g., a polypeptide or antibody) in the required amount in an appropriate
solvent with one or a combination of ingredients enumerated above, as required,

the active compound into:a sterile wvehicle which contains a basic dispersion medium,
and then incorporating the required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile injectable solutions, the
preferred methods of preparation are vacuum drying and freeze-drying which yields a
powder of the active ingredient plus any additional desired ingredient from a previously
sterile-filtered solution thereof.

Oral compositions generally include an inert diluent or an edible carrier.
They can be enclosed in gelatin capsules or compressed into tablets. For the purpose of
oral therapeutic administration, the active compound can be incorporated with excipients
and used in the form of tablets, troches, or capsules. Oral compositions can also be
prepared using a fluid carrier for use as a mouthwash, wherein the compound in the fluid
carrier is applied orally and swished and expectorated or swallowed.

Pharmaceutically compatible binding agents, and/or adjuvant materials

" can be included as part of the composition. The tablets, pills, capsules, troches, and the

like can contain any of the following ingredients, or compounds of a similar nature: a
binder such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as
starch or lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a
lubricant such as magnesium stearate or Sterotes; a glidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as
peppermint, methyl salicylate, or orange flavoring.
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For administration by inhalation, the compounds are delivered in the form
of an aerosol spray from a pressurized container or dispenser which contains a suitable
propellant, e.g., a gas such as carbon dioxide, or a nebulizer.

Systemic administration can also be by transmucosal or transdermal
means. For transmucosal or transdermal administration, penetrants appropriate to the
barrier to be permeated are used in the formulation. Such penetrants are generally
known in the art, and include, for example, for transmucosal administration, detergents,
bile salts, and fusidic acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or suppositories. For transdermal
administration, the active compounds are formulated into ointments, salves, gels, or
creams as generally known in the art.

The compounds can also be prepared in the form of suppositories (e.g.,
with conventional suppository bases such as cocoa butter and other glycerides) or
retention enemas for rectal delivery.

In one embodiment, the active compounds are prepared with carriers that
will protect the compound against rapid elimination from the body, such as a controlled
release formulation, including implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers. can-be used, such as.ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid.
Methods for preparation of such formulations will be apparent to those skilled in the art.
The materials can also be obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including liposomes having monoclonal
antibodies incorporated therein or thereon) can also be used as pharmaceutically
acceptable carriers. These can be prepared according to methods known to those skilled
in the art, for example, as described in U.S. Patent No. 4,522,811.

It is especially advantageous to formulate oral or parenteral compositions
in dosage unit form for ease of administration and uniformity of dosage. Dosage unit
form as used herein refers to physically discrete units suited as unitary dosages for the
subject to be treated; each unit containing a predetermined quantity of active compound
calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the dosage unit forms of the invention are
dictated by and directly dependent on the unique characteristics of the active compound
and the particular therapeutic effect to be achieved, and the limitations inherent in the art
of compounding such an active compound for the treatment of individuals.

For antibodies, the preferred dosage is 0.1 mg/kg to 100 mg/kg of body
weight (generally 10 mg/kg to 20 mg/kg). If the antibody is to act in the brain, a dosage
of 50 mg/kg to 100 mg/kg is usually appropriate. Generally, partially human antibodies

-90 -



WO 2005/053512 PCT/US2004/039756

10

15

20

25

30

35

and fully human antibodies have a longer half-life within the human body than other
antibodies. Accordingly, lower dosages and less frequent administration is often
possible. Modifications such as lipidation can be used to stabilize antibodies and to
enhance uptake and tissue penetration (e.g., into the epithelium). A method for
lipidation of antibodies is described by Cruikshank et al. (1997) J. Acquired Immune
Deficiency Syndromes and Human Retrovirology 14:193. ‘

The nucleic acid molecules corresponding to a biomarker of the invention
can be inserted into vectors and used as gene therapy vectors. Gene therapy vectors can
be delivered to a subject by, for example, intravenous injection, local administration
(U.S. Patent 5,328,470), or by stereotactic injection (see, e.g., Chen et al., 1994, Proc.
Natl. Acad. Sci. USA 91 :3054-3057). The pharmaceutical preparation of the gene
therapy vector can include the gene therapy vector in an acceptable diluent, or can
comprise a slow release matrix in which the gene delivery vehicle is imbedded.
Alternatively, where the complete gene delivery vector can be produced intact from
recombinant cells, e.g. retroviral vectors, the pharmaceutical preparation can include one
or more cells which produce the gene delivery system.

The RNA interfering agents, e.g., siRNAs used in the methods of the

- invention can be inserted into vectors. These constructs:can be delivered to a subject by,
for example, intravenous injection, local administration (see U.S. Patent 5,328,470) or'

by stereotactic injection (see e.g., Chen et al. (1994) Proc. Natl. Acad. Sci. US4 -
91:3054-3057). The pharmaceutical preparation of the vector can include the RNA
interfering agent, e.g., the siRNA vector in an acceptable diluent, or can comprise a slow
release matrix in which the gene delivery vehicle is imbedded. Alternatively, where the
complete gene delivery vector can be produced intact from recombinant cells, e.g.,
retroviral vectors, the pharmaceutical preparation can include one or more cells which
produce the gene delivery system.

The pharmaceutical compositions can be included in a container, pack, or
dispenser together with instructions for administration.

IX. Predictive Medicine

The present invention also pertains to the field of predictive medicine in
which diagnostic assays, prognostic assays, pharmacogenomics, and monitoring clinical
trails are used for prognostic (predictive) purposes to thereby treat an individual
prophylactically. Accordingly, one aspect of the present invention relates to diagnostic
assays for determining the amount, structure, and/or activity of polypeptides or nucleic
acids corresponding to one or more biomarkers of the invention, in order to determine

-9] -

£



WO 2005/053512 PCT/US2004/039756

10

15

20

25

30

35

whether an individual is at risk of developing cancer. Such assays can be used for
prognostic or predictive purposes to thereby prophylactically treat an individual prior to
the onset of the cancer.

Yet another aspect of the invention pertains to monitoring the influence
of agents (e.g., drugs or other compounds administered either to inhibit cancer or to
treat or prevent any other disorder {i.e. in order to understand any carcinogenic effects
that such treatment may have}) on the amount, structure, and/or activity of a biomarker
of the invention in clinical trials. These and other agents are described in further detail
in the following sections.

A. Diagnostic Assays

1. Methods for Detection of Copy Number

Methods of evaluating the copy number of a particular biomarker or
chromosomal region (e.g., an MCR) are well known to those of skill in the art. The
presence or absence of chromosomal gain or loss can be evaluated simply by a
determination of copy number of the regions or biomarkers identified herein.

Methods for evaluating copy number of encoding nucleic acid in a

.-sample-include, but are not limited to, hybridization-based assays.- For.example, one: -+

method for evaluating the copy number of encoding nucleic acid in a sample-involves a
Southern Blot. In a Southern Blot, the genomic DNA (typically fragmented and
separated on an electrophoretic gel) is hybridized to a probe specific for the target
region. Comparison of the intensity of the hybridization signal from the probe for the
target region with control probe signal from analysis of normal genomic DNA (e.g., a
non-amplified portion of the same or related cell, tissue, organ, efc.) provides an
estimate of the relative copy number of the target nucleic acid. Alternatively, a Northern
blot may be utilized for evaluating the copy number of encoding nucleic acid in a
sample. In a Northern blot, mRNA is hybridized to a probe specific for the target region.
Comparison of the intensity of the hybridization signal from the probe for the target
region with control probe signal from analysis of normal mRNA (e.g., a non-amplified
portion of the same or related cell, tissue, organ, efc.) provides an estimate of the relative
copy number of the target nucleic acid.

An alternative means for determining the copy number is in situ
hybridization (e.g., Angerer (1987) Meth. Enzymol 152: 649). Generally, in situ
hybridization comprises the following steps: (1) fixation of tissue or biological structure
to be analyzed; (2) prehybridization treatment of the biological structure to increase
accessibility of target DNA, and to reduce nonspecific binding; (3) hybridization of the
mixture of nucleic acids to the nucleic acid in the biological structure or tissue; (4) post-
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hybridization washes to remove nucleic acid fragments not bound in the hybridization
and (5) detection of the hybridized nucleic acid fragments. The reagent used in each of
these steps and the conditions for use vary depending on the particular application.

Preferred hybridization-based assays include, but are not limited to,
traditional "direct probe" methods such as Southern blots or in sifu hybridization (e.g.,
FISH and FISH plus SKY), and "comparative probe" methods such as comparative
genomic hybridization (CGH), e.g., cDNA-based or oligonucleotide-based CGH. The
methods can be used in a wide variety of formats including, but not limited to, substrate
(e.g. membrane or glass) bound methods or array-based approaches.

In a typical in situ hybridization assay, cells are fixed to a solid support,
typically a glass slide. If a nucleic acid is to be probed, the cells are typically denatured
with heat or alkali. The cells are then contacted with a hybridization solution at a
moderate temperature to permit annealing of labeled probes specific to the nucleic acid
sequence encoding the protein. The targets (e.g., cells) are then typically washed at a
predetermined stringency or at an increasing stringency until an appropriate signal to
noise ratio is obtained.

. The probes are typically labeled, e.g., with radioisotopes or fluorescent

- reporters. Preferred probes are sufficiently long so as to specifically hybridize with the ;' ¢

target nucleic acid(s) under stringent conditions. The preferred size range is from about
200 bases to about 1000 bases.

In some applications it is necessary to'block the hybridization capacity of
repetitive sequences. Thus, in some embodiments, tRNA, human genomic DNA, or
Cot-I DNA is used to block non-specific hybridization.

In CGH methods, a first collection of nucleic acids (e.g., from a sample,
e.g., apossible tumor) is labeled with a first label, while a second collection of nucleic
acids (e.g., a control, e.g., from a healthy cell/tissue) is labeled with a second label. The
ratio of hybridization of the nucleic acids is determined by the ratio of the two (first and
second) labels binding to each fiber in the array. Where there are chromosomal
deletions or multiplications, differences in the ratio of the signals from the two labels
will be detected and the ratio will provide a measure of the copy number. Array-based
CGH may also be performed with single-color labeling (as opposed to labeling the
control and the possible tumor sample with two different dyes and mixing them prior to
hybridization, which will yield a ratio due to competitive hybridization of probes on the
arrays). In single color CGH, the control is labeled and hybridized to one array and
absolute signals are read, and the possible tumor sample is labeled and hybridized to a
second array (with identical content) and absolute signals are read. Copy number
difference is calculated based on absolute signals from the two arrays.
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Hybridization protocols suitable for use with the methods of the invention
are described, e.g., in Albertson (1984) EMBO J. 3: 1227-1234; Pinkel (1988) Proc.
Natl. Acad. Sci. USA 85: 9138-9142; EPO Pub. No. 430,402; Methods in Molecular
Biology, Vol. 33: In situ Hybridization Protocols, Choo, ed., Humana Press, Totowa,
N.J. (1994), etc. I n one embodiment, the hybridization protocol of Pinkel, et al. (1998)
Nature Genetics 20: 207-211, or of Kallioniemi (1992) Proc. Natl Acad Sci USA
89:5321-5325 (1992) is used.

The methods of the invention are particularly well suited to array-based
hybridization formats. Array-based CGH is described in U.S. Patent No. 6,455,258, the
contents of which are incorporated herein by reference.

In still another embodiment, amplification-based assays can be used to
measure copy number. In such amplification-based assays, the nucleic acid sequences
act as a template in an amplification reaction (e.g., Polymerase Chain Reaction (PCR).
In a quantitative amplification, the amount of amplification product will be proportional
to the amount of template in the original sample. Comparison to appropriate controls,
e.g. healthy tissue, provides a measure of the copy number.

Methods of "quantitative" amplification are well known to those of skill

. .in the art.. For example, quantitative PCR involves simultaneously co-amplifying a:s: =« -
known quantity of a‘control sequence using the same primers. This provides an internal -

standard that may be used to calibrate the PCR reaction. Detailed protocols for
quantitative PCR are provided in Innis, et al. (1990) PCR Protocols, A Guide to Methods
and Applications, Academic Press, Inc. N.Y.). Measurement of DNA copy number at
microsatellite loci using quantitative PCR anlaysis is described in Ginzonger, ef al.
(2000) Cancer Research 60:5405-5409. The known nucleic acid sequence for the genes
is sufficient to enable one of skill in the art to routinely select primers to amplify any
portion of the gene. Fluorogenic quantitative PCR may also be used in the methods of
the invention. In fluorogenic quantitative PCR, quantitation is based on amount of
fluorescence signals, e.g., TagMan and sybr green.

Other suitable amplification methods include, but are not limited to,
ligase chain reaction (LCR) (see Wu and Wallace (1989) Genomics 4: 560, Landegren,
et al. (1988) Science 241:1077, and Barringer et al. (1990) Gene 89: 117), transcription
amplification (Kwoh, et al. (1989) Proc. Natl. Acad. Sci. USA 86: 1173), self-sustained
sequence replication (Guatelli, et al. (1990) Proc. Nat. Acad. Sci. USA 87: 1874), dot
PCR, and linker adapter PCR, efc.

Loss of heterozygosity (LOH) mapping (Wang, Z.C., ef al. (2004)
Cancer Res 64(1):64-71; Seymour, A. B., et al. (1994) Cancer Res 54, 2761-4; Hahn, S.
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A., et al. (1995) Cancer Res 55, 4670-5; Kimura, M., et al. (1996) Genes Chromosomes
Cancer 17, 88-93) may also be used to identify regions of amplification or deletion.

2. Methods for Detection of Gene Expression

Biomarker expression level can also be assayed as a method for diagnosis
of cancer or risk for developing cancer. Expression of a biomarker of the invention may
be assessed by any of a wide variety of well known methods for detecting expression of
a transcribed molecule or protein. Non-limiting examples of such methods include
immunological methods for detection of secreted, cell-surface, cytoplasmic, or nuclear
proteins, protein purification methods, protein function or activity assays, nucleic acid
hybridization methods, nucleic acid reverse transcription methods, and nucleic acid
amplification methods.

In preferred embodiments, activity of a particular gene is characterized by
a measure of gene transcript (e.g. mRNA), by a measure of the quantity of translated
protein, or by a measure of gene product activity. Biomarker expression can be
monitored in a variety of ways, including by detecting mRNA levels, protein levels, or
protein activity, any of which can be measured using standard techniques. Detection can
involve quantification of the level of gene expression (e:g., genomic DNA, cDNA, :
mRNA, protein, or enzyme activity), or, alternatively, can be a qualitative assessment of
the level of gene expression, in particular in comparison with a control level. The type
of level being detected will be clear from the context.

Methods of detecting and/or quantifying the gene transcript (nRNA or
cDNA made therefrom) using nucleic acid hybridization techniques are known to those
of skill in the art (see Sambrook et al. supra). For example, one method for evaluating
the presence, absence, or quantity of cDNA involves a Southern transfer as described
above. Briefly, the mRNA is isolated (e.g. using an acid guanidinium-phenol-
chloroform extraction method, Sambrook ef al. supra.) and reverse transcribed to
produce cDNA. The cDNA is then optionally digested and run on a gel in buffer and
transferred to membranes. Hybridization is then carried out using the nucleic acid
probes specific for the target cDNA.

A general principle of such diagnostic and prognostic assays involves
preparing a sample or reaction mixture that may contain a biomarker, and a probe, under
appropriate conditions and for a time sufficient to allow the biomarker 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.

For example, one method to conduct such an assay would involve
anchoring the biomarker or probe onto a solid phase support, also referred to as a
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substrate, and detecting target biomarker/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 biomarker, 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.

There are many established methods for anchoring assay components to a
solid phase. These include, without limitation, biomarker 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.

Other suitable carriers or solid phase supports for such assays include any
material capable of binding the class of molecule to which the biomarker or probe
belongs. Well-known supports or carriers include, but are not limited to, glass,
polystyrene, nylon; polypropylene, polyethylene, dextran, amylases, natural and
modified celluloses, polyacrylamides, gabbros, and magnetite.

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 biomarker/probe complexes
anchored to the solid phase can be accomplished in a number of methods outlined
herein.

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.

It is also possible to directly detect biomarker/probe complex formation
without further manipulation or labeling of either component (biomarker 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
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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).

In another embodiment, determination of the ability of a probe to
recognize a biomarker can be accomplished without labeling either assay component
(probe or biomarker) 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:atthe 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.
Alternatively, in another embodiment, analogous diagnostic and
prognostic assays can be-conducted with biomarker and probe as solutes in a liquid
phase. In such an assay, the complexed biomarker 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, biomarker/pfobe complexes may be
separated from uncomplexed assay components 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., 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 biomarker/probe complex as

compared to the uncomplexed components may be exploited to differentiate the complex
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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 11(1-
6):141-8; Hage, D.S., and Tweed, S.A. J Chromatogr B Biomed Sci Appl 1997 Oct
10;699(1-2):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.

In a particular embodiment, the level of mRNA corresponding to the
biomarker can be determined both by ir 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 mMRNA can be utilized for the purification of RNA -
from 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). ‘

The isolated nucleic acid can be used in hybridization or amplification
assays that include, but are not limited to, Southern or Northern analyses, polymerase
chain reaction 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 biomarker 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 biomarker in question is being expressed.

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
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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 biomarkers of the present invention.

The probes can be full length or less than the full length of the nucleic
acid sequence encoding the protein. Shorter probes are empirically tested for specificity.
Preferably nucleic acid probes are 20 bases or longer in length. (See, e.g., Sambrook ez
al. for methods of selecting nucleic acid probe sequences for use in nucleic acid
hybridization.) Visualization of the hybridized portions allows the qualitative
determination of the presence or absence of cDNA.

An alternative method for determining the level of a transcript
corresponding to a biomarker 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. US4, 88:189-193), self sustained sequence replication (Guatelli ef 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 ef al., 1988, Bio/Technology 6:1197), rolling circle replication (Lizardi e 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. Fluorogenic rtPCR may also be used in the methods of the invention. In
fluorogenic rtPCR, quantitation is based on amount of fluorescence signals, e.g.,
TagMan and Sybr green. 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 primers
permit the amplification of a nucleic acid molecule comprising the nucleotide sequence
flanked by the primers. :

For in situ methods, mRNA does not need to be isolated from the 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 biomarker.
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As an alternative to making determinations based on the absolute
expression level of the biomarker, determinations may be based on the normalized
expression level of the biomarker. Expression levels are normalized by correcting the
absolute expression level of a biomarker by comparing its expression to the expression
of a gene that is not a biomarker, e.g., a housekeeping gene that is constitutively
express'ed. 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 subject sample, to another sample, e.g., a
non-cancerous sample, or between samples from different sources.

Alternatively, the expression level can be provided as a relative
expression level. To determine a relative expression level of a biomarker, the level of
expression of the biomarker 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
genes assayed in the larger number of samples is determined and this is used as a
baseline expression level for the biomarker. The expression level of the biomarker

determined for the test sample (absolute level of expression) is then divided by the mean

i . ‘expression value obtained for that biomarker. This provides.a rélative expression level... i -

20

25

30

35

" - Preferably, the samples used in the baseline determination will be from - -

cancer cells or normal cells of the same tissue type. The choice of the cell source is
dependent on the use of the relative expression level. Using expression found in normal
tissues as a mean expression score aids in validating whether the biomarker assayed is
specific to the tissue from which the cell was derived (versus normal cells). In addition,
as more data is accumulated, the mean expression value can be revised, providing
improved relative expression values based on accumulated data. Expression data from
normal cells provides a means for grading the severity of the cancer state.

In another preferred embodiment, expression of a biomarker is assessed
by preparing genomic DNA or mRNA/cDNA (i.e. a transcribed polynucleotide) from
cells in a subject sample, and by hybridizing the genomic DNA or mRNA/cDNA with a
reference polynucleotide which is a complement of a polynucleotide comprising the
biomarker, and fragments thereof. cDNA can, optionally, be amplified using any of a
variety of polymerase chain reaction methods prior to hybridization with the reference
polynucleotide. Expression of one or more biomarkers can likewise be detected using
quantitative PCR (QPCR) to assess the level of expression of the biomarker(s).
Alternatively, any of the many known methods of detecting mutations or variants (e.g.,
single nucleotide polymorphisms, deletions, ezc.) of a biomarker of the invention may be
used to detect occurrence of a mutated biomarker in a subject.
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In a related embodiment, a mixture of transcribed polynucleotides
obtained from the sample is contacted with a substrate having fixed thereto a
polynucleotide complementary to or homologous with at least a portion (e.g. at least 7,
10, 15, 20, 25, 30, 40, 50, 100, 500, or more nucleotide residues) of a biomarker of the
invention. If polynucleotides complementary to or homologous with are differentially
detectable on the substrate (e.g., detectable using different chromophores or
fluorophores, or fixed to different selected positions), then the levels of expression of a
plurality of biomarkers can be assessed simultaneously using a single substrate (e.g., a
"gene chip" microarray of polynucleotides fixed at selected positions). When a method
of assessing biomarker expression is used which involves hybridization of one nucleic
acid with another, it is preferred that the hybridization be performed under stringent
hybridization conditions.

' In another embodiment, a combination of methods to assess the

expression of a biomarker is utilized.

Because the compositions, kits, and methods of the invention rely on
detection of a difference in expression levels or copy number of one or more biomarkers
of the invention, it is preferable that the level of expression or copy number of the

biomarkeris significantly greater than the minimum detection.limit of the method used: = i ..

to assess expression or copy number in at least one of normal cells and cancerous cells:

3. Methods for Detection of Expressed Protein

The activity or level of a biomarker protein can also be detected and/or
quantified by detecting or quantifying the expressed polypeptide. The polypeptide can
be detected and quantified by any of a number of means well known to those of skill in
the art. These may include analytic biochemical methods such as electrophoresis,
capillary electrophoresis, high performance liquid chromatography (HPLC), thin layer
chromatography (TLC), hyperdiffusion chromatography, and the like, or various
immunological methods such as fluid or gel precipitin reactions, immunodiffusion
(single or double), immunoelectrophoresis, radioimmunoassay (RIA), enzyme-linked
immunosorbent assays (ELISAs), immunofluorescent assays, Western blotting, and the
like. A skilled artisan can readily adapt known protein/antibody detection methods for
use in determining whether cells express a biomarker of the present invention.

A preferred agent for detecting a polypeptide of the invention is an
antibody capable of binding to a polypeptide corresponding to a biomarker 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
F(ab"),) can be used. The term "labeled", with regard to the probe or antibody, is
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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 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.

In a preferred embodiment, the antibody is labeled, e. g., aradio-labeled,
chromophore-labeled, fluorophore-labeled, or enzyme-labeled antibody. In another
embddiment, an antibody derivative (e.g. an antibody conjugated with a substrate or
with the protein or ligand of a protein-ligand pair {e.g. biotin-streptavidin} ), or an
antibody fragment (e.g. a single-chain antibody, an isolated antibody hypervariable
domain, etc.) which binds specifically with a protein corresponding to the biomarker,
such as the protein encoded by the open reading frame corresponding to the biomarker
or such a protein which has undergone all or a portion of its normal post-translational
modification, is used.

Proteins from cells can be isolated using techniques that are well known
to those of skill in the art. The protein isolation methods employed can, for example, be

#:suchras those described in Harlow-and Lane (Harlow and Lane, 1988, Antibodies: A~ - it
~Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New. -

York).

.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, polypropylerie, polyethylene, dextran, nylon, amylases, natural and
modified celluloses, polyacrylamides, gabbros, and magnetite.

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 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. Means of detecting proteins using
electrophoretic techniques are well known to those of skill in the art (see generally, R.
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Scopes (1982) Protein Purification, Springer-Verlag, N.Y ; Deutscher, (1990) Methods
in Enzymology Vol. 182: Guide to Protein Purification, Academic Press, Inc., N.Y.).

In another preferred embodiment, Western blot (immunoblot) analysis is
used to detect and quantify the presence of a polypeptide in the sample. This technique
generally comprises separating sample proteins by gel electrophoresis on the basis of
molecular weight, transferring the separated proteins to a suitable solid support, (such as
a nitrocellulose filter, a nylon filter, or derivatized nylon filter), and incubating the
sample with the antibodies that specifically bind a polypeptide. The anti-polypeptide
antibodies specifically bind to the polypeptide on the solid support. These antibodies
may be directly labeled or alternatively may be subsequently detected using labeled
antibodies (e.g., labeled sheep anti-human antibodies) that specifically bind to the anti-
polypeptide.

In a more preferred embodiment, the polypeptide is detected using an
immunoassay. As used herein, an immunoassay is an assay that utilizes an antibody to
specifically bind to the analyte. The immunoassay is thus characterized by detection of
specific binding of a polypeptide to an anti-antibody as opposed to the use of other
physical or chemical properties to isolate, target, and quantify the analyte.

. . .1« The polypeptide is:detected and/or quantified using any of a number of ..
well recognized immunological binding assays (see, e.g., U.S. Pat. Nos. 4,366,241;
4,376,110; 4,517,288; and 4,837,168). For a review of the general immunoassays, see
also Asai (1993) Methods in Cell Biology Volume 37: Antibodies in Cell Biology,
Academic Press, Inc. New York; Stites & Terr (1991) Basic and Clinical Immunology
7th Edition.

Immunological binding assays (or immunoassays) typically utilize a
"capture agent" to specifically bind to and often immobilize the analyte (polypeptide or
subsequence). The capture agent is a moiety that specifically binds to the analyte. In a
preferred embodiment, the capture agent is an antibody that specifically binds a
polypeptide. The antibody (anti-peptide) may be produced by any of a number of means
well known to those of skill in the art.

Immunoassays also often utilize a labeling agent to specifically bind to
and label the binding complex formed by the capture agent and the analyte. The
labeling agent may itself be one of the moieties comprising the antibody/analyte
complex. Thus, the labeling agent may be a labeled polypeptide or a labeled anti-
antibody. Alternatively, the labeling agent may be a third moiety, such as another
antibody, that specifically binds to the antibody/polypeptide complex.

In one preferred embodiment, the labeling agent is a second human
antibody bearing a label. Alternatively, the second antibody may lack a label, but it
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may, in turn, be bound by a labeled third antibody specific to antibodies of the species
from which the second antibody is derived. The second can be modified with a
detectable moiety, e.g., as biotin, to which a third labeled molecule can specifically bind,
such as enzyme-labeled streptavidin.

Other proteins capable of specifically binding immunoglobulin constant
regions, such as protein A or protein G may also be used as the label agent. These
proteins are normal constituents of the cell walls of streptococcal bacteria. They exhibit
a strong non-immunogenic reactivity with immunoglobulin constant regions from a
variety of species (see, generally Kronval, et al. (1973) J. Immunol., 111: 1401-1406,
and Akerstrom (1985) J. Immunol., 135: 2589-2542).

As indicated above, immunoassays for the detection and/or quantification
of a polypeptide can take a wide variety of formats well known to those of skill in the
art.

Preferred immunoassays for detecting a polypeptide are either
competitive or noncompetitive. Noncompetitive immunoassays are assays in which the
amount of captured analyte is directly measured. In one preferred "sandwich" assay, for
example, the capture agent (anti-peptide antibodies) can be bound directly to a solid
substrate where they are immobilized. These.immobilized antibodies then capture -

polypeptide present in the test sample. The polypeptide thus immobilized is then bound -

by a labeling agent, such as a second human antibody bearing a label.

In competitive assays, the amount of analyte (polypeptide) present in the
sample is measured indirectly by measuring the amount of an added (exogenous) analyte
(polypeptide) displaced (or competed away) from a capture agent (anti-peptide antibody)
by the analyte present in the sample. In one competitive assay, a known amount of, in
this case, a polypeptide is added to the sample and the sample is then contacted with a
capture agent. The amount of polypeptide bound to the antibody is inversely
proportional to the concentration of polypeptide present in the sample.

In one particularly preferred embodiment, the antibody is immobilized on
a solid substrate. The amount of polypeptide bound to the antibody may be determined
either by measuring the amount of polypeptide present in a polypeptide/antibody
complex, or alternatively by measuring the amount of remaining uncomplexed
polypeptide. The amount of polypeptide may be detected by providing a labeled
polypeptide.

The assays of this invention are scored (as positive or negative or
quantity of polypeptide) according to standard methods well known to those of skill in
the art. The particular method of scoring will depend on the assay format and choice of
label. For example, a Western Blot assay can be scored by visualizing the colored
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product produced by the enzymatic label. A clearly visible colored band or spot at the
correct molecular weight is scored as a positive result, while the absence of a clearly
visible spot or band is scored as a negative. The intensity of the band or spot can
provide a quantitati{re measure of polypeptide.

Antibodies for use in the various immunoassays described herein, can be
produced as described herein.
| In another embodiment, level (activity) is assayed by measuring the
enzymatic activity of the gene product. Methods of assaying the activity of an enzyme
are well known to those of skill in the art.

In vivo techniques for detection of a biomarker protein include
introducing into a subject a labeled antibody directed against the protein. For example,
the antibody can be labeled with a radioactive biomarker whose presence and location in
a subject can be detected by standard imaging techniques.

Certain biomarkers identified by the methods of the invention may be
secreted proteins. It is a simple matter for the skilled artisan to determine whether any
particular biomarker protein is a secreted protein. In order to make this determination,
the biomarker protein is expressed in, for example, a mammalian cell, preferably a
human cell line, extracellular fluid is.collected;-and the presence:or.absence of the
protein in the extracellular fluid is assessed (e.g. using a labeled antibody which binds
specifically with the protein).

The following is an example of a method which can be used to detect
secretion of a protein. About 8 x 10° 293T cells are incubated at 37°C in wells
containing growth medium (Dulbecco's modified Eagle's medium {DMEM}
supplemented with 10% fetal bovine serum) under a 5% (v/v) CO2, 95% air atmosphere
to about 60-70% confluence. The cells are then transfected using a standard transfection
mixture comprising 2 micrograms of DNA comprising an expression vector encoding
the protein and 10 microliters of Lipofect AMINE™ (GIBCO/BRL Catalog no. 18342-
012) per well. The transfection mixture is maintained for about 5 hours, and then
replaced with fresh growth medium and maintained in an air atmosphere. Each well is
gently rinsed twice with DMEM which does not contain methionine or cysteine
(DMEM-MC; ICN Catalog no. 16-424- 54). About 1 milliliter of DMEM-MC and
about 50 microcuries of Trans—BSSTM reagent (ICN Catalog no. 51006) are added to each
well. The wells are maintained under the 5% CO, atmosphere described above and
incubated at 37°C for a selected period. Following incubation, 150 microliters of
conditioned medium is removed and centrifuged to remove floating cells and debris.
The presence of the protein in the supernatant is an indication that the protein is
secreted.’
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It will be appreciated that subject samples, e.g., a sample containing
tissue, whole blood, serum, plasma, buccal scrape, saliva, cerebrospinal fluid, urine,
stool, bile, pancreatic juice or pancreatic tissue, may contain cells therein, particularly
when the cells are cancefous, and, more particularly, when the cancer is metastasizing,
and thus may be used in the methods of the present invention. The cell sample can, of
course, be subjected to a variety of well-known post-collection preparative and storage
techniques (e.g., nucleic acid and/or protein extraction, fixation, storage, freezing,
ultrafiltration, concentration, evaporation, centrifugation, etc.) prior to assessing the
level of expression of the biomarker in the sample. Thus, the compositions, kits, and
methods of the invention can be used to detect expression of biomarkers corresponding
to proteins having at least one portion which is displayed on the surface of cells which
express it. It is a simple matter for the skilled artisan to determine whether the protein
corresponding to any particular biomarker comprises a cell-surface protein. For
example, immunological methods may be used to detect such proteins on whole cells, or
well known computer-based sequence analysis methods (e.g. the SIGNALP program;
Nielsen et al., 1997, Protein Engineering 10:1-6) may be used to predict the presence of
at least one extracellular domain (i.e. including both secreted proteins and proteins

- -having at least one cell-surface domain).: Expression-of a-biomarker corresponding to a
protein having at least one portion which is displayed on the surface of'a cell which

expresses it may be detected without necessarily lysing the cell (e.g. using a labeled
antibody which binds specifically with a cell-surface domain of the protein).

The invention also encompasses kits for detecting the presence of a
polypeptide or nucleic acid corresponding to a biomarker of the invention in a biological
sample, e.g., a sample containing tissue, whole blood, serum, plasma, buccal scrape, |
saliva, urine, stool, bile, pancreatic cells or pancreatic tissue,. 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 biomarker 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 which binds to DNA or mRNA encoding the polypeptide). Kits

can also include instructions for interpreting the results obtained using the kit.

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 biomarker 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.
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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 biomarker of the invention or
(2) a pair of primers useful for amplifying a nucleic acid molecule corresponding to a
biomarker 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). 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.

4. Method for Detecting Structural Alterations

The invention also provides a method for assessing whether a subject is
afflicted with cancer or is at risk for developing cancer by comparing the structural
alterations, e.g., mutations or allelic variants, of a biomarker in a cancer sample with the
structural alterations, e.g., mutations of a biomarker in a normal, e.g., control sample.

‘The presence of a structural alteration, e.g., mutation-or allelic variant in the biomarker

in.the cancer sample is an indication that the subject is afflicted with cancer.

A preferred detection method is allele specific hybridization using probes
overlapping the polymorphic site and having about 5, 10, 20, 25, or 30 nucleotides
around the polymorphic region. In a preferred embodiment of the invention, several
probes capable of hybridizing specifically to allelic variants are attached to a solid phase
support, e.g., a “chip”. Oligonucleotides can be bound to a solid support by a variety of
processes, including lithography. For example a chip can hold up to 250,000
oligonucleotides (GeneChip, Affymetrix™). Mutation detection analysis using these
chips comprising oligonucleotides, also termed "DNA probe arrays" is described e.g., in
Cronin et al. (1996) Human Mutation 7:244. In one embodiment, a chip comprises all
the allelic variants of at least one polymorphic region of a gene. The solid phase support
is then contacted with a test nucleic acid and hybridization to the specific probes is
detected. Accordingly, the identity of numerous allelic variants of one or more genes
can be identified in a simple hybridization experiment. For example, the identity of the
allelic variant of the nucleotide polymorphism in the 5' upstream regulatory element can

" be determined in a single hybridization experiment.

In other detection methods, it is necessary to first amplify at least a
portion of a biomarker prior to identifying the allelic variant. Amplification can be
performed, e.g., by PCR and/or LCR (see Wu and Wallace (1989) Genomics 4:560),
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according to methods known in the art. In one embodiment, genomic DNA of a cell is
exposed to two PCR primers and amplification for a number of cycles sufficient to
produce the required amount of amplified DNA. In preferred embodiments, the primers
are located between 150 and 350 base pairs apart.

Alternative amplification methods include: self sustained sequence
replication (Guatelli, J.C. ef al., (1990) Proc. Natl. Acad. Sci. USA 87:1874-1878),
transcriptional amplification system (Kwoh, D.Y. et al., (1989) Proc. Natl. Acad. Sci.
US4 86:1173-1177), Q-Beta Replicase (Lizardi, P.M. et al., (1988) Bio/Technology
6:1197), and self-sustained sequence replication (Guatelli et al., (1989) Proc. Nat. Acad.
Sci. 87:1874), and nucleic acid based sequence amplification (NABSA), 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.

In one embodiment, any of a variety of sequencing reactions known in
the art can be used to directly sequence at least a portion of a biomarker and detect
allelic variants, e.g., mutations, by comparing the sequence of the sample sequence with

- the corresponding reference (control) sequence. . Exemplary sequencing reactions

include those based on techniques developed by Maxam and Gilbert (Proc. Natl Acad -
Sci USA (1977) 74:560) or Sanger (Sanger et al. (1977) Proc. Nat. Acad. Sci 74:5463).
It is also contemplated that any of a variety of automated sequencing procedures may be
utilized when performing the subject assays (Biotechniques (1995) 19:448), including
sequencing by mass spectrometry (see, for example, U.S. Patent Number 5,547,835 and
international patent application Publication Number WO 94/16101, entitled DNA
Sequencing by Mass Spectrometry by H. Késter; U.S. Patent Number 5,547,835 and
international patent application Publication Number WO 94/21822 entitled DNA
Sequencing by Mass Spectrometry Via Exonuclease Degradation by H. Késter), and U.S
Patent Number 5,605,798 and International Patent Application No. PCT/US96/03651
entitled DNA Diagnostics Based on Mass Spectrometry by H. Koster; Cohen et al.
(1996) Adv Chromatogr 36:127-162; and Griffin et al. (1993) Appl Biochem Biotechnol
38:147-159). It will be evident to one skilled in the art that, for certain embodiments,
the occurrence of only one, two or three of the nucleic acid bases need be determined in
the sequencing reaction. For instance, A-track or the like, e.g., where only one
nucleotide is detected, can be carried out.

Yet other sequencing methods are disclosed, e.g., in U.S. Patent Number
5,580,732 entitled “Method of DNA sequencing employing a mixed DNA-polymer
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chain probe” and U.S. Patent Number 5,571,676 entitled “Method for mismatch-directed
in vitro DNA sequencing.”

In some cases, the presence of a specific allele of a biomarker in DNA
from a subject can be shown by restriction enzyme analysis. For example, a specific
nucleotide polymorphism can result in a nucleotide sequence comprising a restriction
site which is absent from the nucleotide sequence of another allelic variant.

In a further embodiment, protection from cleavage agents (such as a
nuclease, hydroxylamine or osmium tetroxide and with piperidine) can be used to detect
mismatched bases in RNA/RNA DNA/DNA, or RNA/DNA heteroduplexes (Myers, et
al. (1985) Science 230:1242). In general, the technique of "mismatch cleavage" starts by
providing heteroduplexes formed by hybridizing a control nucleic acid, which is
optionally labeled, e.g., RNA or DNA, comprising a nucleotide sequence of a biomarker
allelic variant with a sample nucleic acid, e.g., RNA or DNA, obtained from a tissue
sample. The double-stranded duplexes are treated with an agent which cleaves single-
stranded regions of the duplex such as duplexes formed based on basepair mismatches
between the control and sample strands. For instance, RNA/DNA duplexes can be
treated with RNase and DNA/DNA hybrids treated with S1 nuclease to.enzymatically .

- - digest.the mismatched regions. : In other embodiments, either DNA/DNA: or RNA/DNA.. " i:.

duplexes can be treated with hydroxylamine or osmium tetroxide and with piperidine in-
order to digest mismatched regions. After digestion of the mismatched regions, the
resulting material is then separated by size on denaturing polyacrylamide gels to
determine whether the control and sample nucleic acids have an identical nucleotide
sequence or in which nucleotides they are different. See, for example, Cotton ef al
(1988) Proc. Natl Acad Sci USA 85:4397; Saleeba et al (1992) Methods Enzymol. .
217:286-295. In a preferred embodiment, the control or sample nucleic acid is labeled
for detection. |

In another embodiment, an allelic variant can be identified by denaturing
high-performance liquid chromatography (DHPLC) (Oefner and Underhill, (1995) Am.
J. Human Gen. 57:Suppl. A266). DHPLC uses reverse-phase ion-pairing
chromatography to detect the heteroduplexes that are generated during amplification of
PCR fragments from individuals who are heterozygous at a particular nucleotide locus
within that fragment (Oefner and Underhill (1995) Am. J. Human Gen. 57:Suppl. A266).
In general, PCR products are produced using PCR primers flanking the DNA of interest.
DHPLC analysis is carried out and the resulting chromatograms are analyzed to identify
base pair alterations or deletions based on specific chromatographic profiles (see
O’Donovan et al. (1998) Genomics 52:44-49).
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In other embodiments, alterations in electrophoretic mobility are used to
identify the type of biomarker allelic variant. For example, single strand conformation
polymorphism (SSCP) may be used to detect differences in electrophoretic mobility
between mutant and wild type nucleic acids (Orita ef al. (1989) Proc Natl. Acad. Sci
US4 86:2766, see also Cotton (1993) Mutat Res 285:125-144; and Hayashi (1992) Genet
Anal Tech Appl 9:73-79). Single-stranded DNA fragments of sample and control
nucleic acids are denatured and allowed to renature. The secondary structure of single-
stranded nucleic acids varies according to sequence and the resulting alteration in
electrophoretic mobility enables the detection of even a single base change. The DNA
fragments may be labeled or detected with labeled probes. The sensitivity of the assay
may be enhanced by using RNA (rather than DNA), in which the secondary structure is
more sensitive to a change in sequence. In another preferred embodiment, the subject
method utilizes heteroduplex analysis to separate double stranded heteroduplex
molecules on the basis of changes in electrophoretic mobility (Keen et al. (1991) Trends
Genet 7:5).

In yet another embodiment, the identity of an allelic variant of a
polymorphic region is obtained by analyzing the movement of a nucleic acid compnsmg

assayed using denaturing gradient gel electrophoresis (DGGE) (Myers et al. (1985).

* Nature 313:495). When DGGE is used as the method of analysis, DNA will be

modified to insure that it does not completely denature, for example by adding a GC
clamp of approxmlately 40 bp of high-melting GC-rich DNA by PCR. In a further
embod1ment, a temperature gradient is used in place of a denaturing agent gradient to
identify differences in the mobility of control and sample DNA (Rosenbaum and
Reissner (1987) Biophys Chem 265:1275).

Examples of techniques for detecting differences of at least one
nucleotlde between two nucleic acids include, but are not limited to, selective
oligonucleotide hybridization, selective amplification, or selective primer extension. For
example, oligonucleotide probes may be prepared in which the known polymorphic
nucleotide is placed centrally (allele-specific probes) and then hybridized to target DNA
under conditions which permit hybridization only if a perfect match is found (Saiki et al.
(1986) Nature 324:163); Saiki et al (1989) Proc. Natl Acad. Sci USA 86:6230; and
Wallace et al. (1979) Nucl. Acids Res. 6:3543). Such allele specific oligonucleotide
hybridization techniques may be used for the simultaneous detection of several
nucleotide changes in different polylmorphic regions of biomarker. For example,
oligonucleotides having nucleotide sequences of specific allelic variants are attached to a
hybridizing membrane and this membrane is then hybridized with labeled sample

-110 -



WO 2005/053512 PCT/US2004/039756

10

15

20

25

30

35

nucleic acid. Analysis of the hybridization signal will then reveal the identity of the
nucleotides of the sample nucleic acid.

Alternatively, allele specific amplification technology which depends on
selective PCR amplification may be used in conjunction with the instant invention.
Oligonucleotides used as primers for specific amplification may carry the allelic variant
of interest in the center of the molecule (so that amplification depends on differential
hybridization) (Gibbs et al (1989) Nucleic Acids Res. 17:2437-2448) or at the extreme 3'
end of one primer where, under appropriate conditions, mismatch can prevent, or reduce
polymerase extension (Prossner (1993) Tibtech 11:238; Newton et al. (1989) Nucl. Acids
Res. 17:2503). This technique is also termed “PROBE” for Probe Oligo Base Extension.
In addition it may be desirable to introduce a novel restriction site in the region of the
mutation to create cleavage-based detection (Gasparini et al (1992) Mol. Cell Probes
6:1). ’

In another embodiment, identification of the allelic variant is carried out
using an oligonucleotide ligation assay (OLA), as described, e.g., in U.S. Patent
Number 4,998,617 and in Landegren, U. et al., (1988) Science 241:1077-1080. The
OLA protocol uses two oligonucleotides which are designed to be capable of

. hybridizing to abutting sequences of a single strand of‘a target.. One of the

oligonucleotides is linked to a separation biomarker, e.g., biotinylated, and the otheris
detectably labeled. If the precise complementary sequence is found in a target molecule, "
the oligonucleotides will hybridize such that their termini abut, and create a ligation
substrate. Ligation then permits the labeled oligonucleotide to be recovered using
avidin, or another biotin ligand. Nickerson, D. A. ef al. have described a nucleic acid
detection assay that combines attributes of PCR and OLA (Nickerson, D. A. et al.,
(1990) Proc. Natl. Acad. Sci. (U.S.A.) 87:8923-8927. In this method, PCR is used to
achieve the exponential amplification of target DNA, which is then detected using OLA.

The invention further provides methods for detecting single nucleotide
polymorphisms in a biomarker. Because single nucleotide polymorphisms constitute
sites of variation flanked by regions of invariant sequence, their analysis requires no
more than the determination of the identity of the single nucleotide present at the site of
variation and it is unnecessary to determine a complete gene sequence for each subject.
Several methods have been developed to facilitate the analysis of such single nucleotide
polymorphisms.

In one embodiment, the single base polymorphism can be detected by
using a specialized exonuclease-resistant nucleotide, as disclosed, e.g., in Mundy, C. R.
(U.S. Patent Number 4,656,127). According to the method, a primer complementary to
the allelic sequence immediately 3' to the polymorphic site is permitted to hybridize to a
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target molecule obtained from a particular animal or human. If the polymorphic site on
the target molecule contains a nucleotide that is complementary to the particular
exonuclease-resistant nucleotide derivative present, then that derivative will be
incorporated onto the end of the hybridized primer. Such incorporation renders the
primer resistant to exonuclease, and thereby permits its detection. Since the identity of
the exonuclease-resistant derivative of the sample is known, a finding that the primer has
become resistant to exonucleases reveals that the nucleotide present in the polymorphic
site of the target molecule was complementary to that of the nucleotide derivative used
in the reaction. This method has the advantage that it does not require the determination
of large amounts of extraneous sequence data.

In another embodiment of the invention, a solution-based method is used
for determining the identity of the nucleotide of a polymorphic site (Cohen, D. et al.
French Patent 2,650,840; PCT Appln. No. W091/02087). As in the Mundy method of
U.S. Patent Number 4,656,127, a primer is employed that is complementary to allelic
sequences immediately 3' to a polymorphic site. The method determines the identity of
the nucleotide of that site using labeled dideoxynucleotide derivatives, which, if
complementary to the nucleotide of the polymorphlc site will become incorporated onto
the terminus of the.primer. . < RITRE AN O R

. An alternative method, known as- Genetlc Bit Analy51s or GBA™ is
described by Goelet, P. e al. (PCT-Appln. No. 92/15712). The method of Goelet, P. et

al. uses mixtures of labeled terminators and a primer that is complementary to the

sequence 3' to a polymorphic site. The labeled terminator that is incorporated is thus
determined by, and complementary to, the nucleotide present in the polymorphic site of
the target molecule being evaluated. In contrast to the method of Cohen et al. (French
Patent 2,650,840; PCT Appln. No. W091/02087) the method of Goelet, P. et al. is
preferably a heterogeneous phase assay, in which the primer or the target molecule is
immobilized to a solid phase.

Several primer-guided nucleotide incorporation procedures for assaying
polymorphic sites in DNA have been described (Kombher, J. S. et al., (1989) Nucl. Acids.
Res. 17:7779-7784; Sokolov, B. P., (1990) Nucl. Acids Res. 18:3671; Syvanen, A. -C., et
al., (1990) Genomics 8:684-692; Kuppuswamy, M. N. et al., (1991) Proc. Natl. Acad.
Sci. (U.S.4.) 88:1143-1147; Prezant, T. R. et al., (1992) Hum. Mutat. 1:159-164;
Ugozzoli, L. et al., (1992) GATA 9:107-112; Nyren, P. (1993) et al., Anal. Biochem.
208:171-175). These methods differ from GBA™ in that they all rely on the
incorporation of labeled deoxynucleotides to discriminate between bases at a
polymorphic site. In such a format, since the signal is proportional to the number of
deoxynucleotides incorporated, polymorphisms that occur in runs of the same nucleotide
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can result in signals that are proportional to the length of the run (Syvanen, A.C., et al.,
(1993) Amer. J. Hum. Genet. 52:46-59).

For determining the identity of the allelic variant of a polymorphic region
located in the coding region of a biomarker, yet other methods than those described
above can be used. For example, identification of an allelic variant which encodes a
mutated biomarker can be performed by using an antibody specifically recognizing the
mutant protein in, e.g., immunohistochemistry or immunoprecipitation. Antibodies to
wild-type biomarker or mutated forms of biomarkers can be prepared according to
methods known in the art.

Altemétively,' one can also measure an activity of a biomarker, such as
binding to a biomarker ligand. Binding assays are known in the art and involve, e.g.,
obtaining cells from a subject, and performing binding experiments with a labeled
ligand, to determine whether binding to the mutated form of the protein differs from
binding to the wild-type of the protein.

B. Pharmacogenomics |
Agents or modulators which have a stimulatory or inhibitory effect on

- amount and/or activity-of a biomarker of the invention can be administered to

individuals to treat (prophylactically or therapeutically) cancer in the subject. In
conjunction with such treatment, the pharmacogenomics (i.e., the study of the
relationship between an individual's genotype and that individual's response to a foreign
compound or drug) of the individual may be considered. Differences in metabolism of
therapeutics can lead to severe toxicity or therapeutic failure by altering the relation
between dose and blood concentration of the pharmacologically active drug. Thus, the
pharmacogenomics of the individual permits the selection of effective agents (e.g.,
drugs) for prophylactic or therapeutic treatments based on a consideration of the
individual's genotype. Such pharmacogenomics can further be used to determine
appropriate dosages and therapeutic regimens. Accordingly, the amount, structure,
and/or activity of the invention in an individual can be determined to thereby select
appropriate agent(s) for therapeutic or prophylactic treatment of the individual.

Pharmacogenomics deals with clinically significant variations in the
response to drugs due to altered drug disposition and abnormal action in affected
persons. See, e.g., Linder (1997) Clin. Chem. 43(2):254-266. In general, two types of
pharmacogenetic conditions can be differentiated. Genetic conditions transmitted as a
single factor altering the way drugs act on the body are referred to as "altered drug
action." Genetic conditions transmitted as single factors altering the way the body acts
on drugs are referred to as "altered drug metabolism". These pharmacogenetic
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conditions can occur either as rare defects or as polymorphisms. For example, glucose-
6-phosphate dehydrogenase (G6PD) deficiency is a common inherited enzymopathy in
which the main clinical complication is hemolysis after ingestion of oxidant drugs (anti-
malarials, sulfonamides, analgesics, nitrofurans) and consumption of fava beans.

As an illustrative embodiment, the activity of drug metabolizing enzymes
is a major determinant of both the intensity and duration of drug action. The discovery
of genetic polymorphisms of drug metabolizing enzymes (e.g., N-acetyltransferase 2
(NAT 2) and cytochrome P450 enzymes CYP2D6 and CYP2C19) has provided an
explanation as to why some subjects do not obtain the expected drug effects or show
exaggerated drug response and serious toxicity after taking the standard and safe dose of
a drug. These polymorphisms are expressed in two phenotypes in the population, the
extensive metabolizer (EM) and poor metabolizer (PM). The prevalence of PM is
different among different populations. For example, the gene coding for CYP2D6 is
highly polymorphic and several mutations have been identified in PM, which all lead to
the absence of functional CYP2D6. Poor metabolizers of CYP2D6 and CYP2C19 quite
frequently experience exaggerated drug response and side effects when they receive
standard doses. If a metabolite is the active therapeutic moiety, a PM will show no
therapeutic response, as demonstrated. for the analgesic effect of codeine mediated by its
CYP2D6-formed metabolite morphine. -The other extreme are the so called ultra-rapid
metabolizers who do not respond to standard doses. Recently, the molecular basis of
ultra-rapid metabolism has been identified to be due to CYP2D6 gene amplification.

Thus, the amount, structure, and/or activity of a biomarker of the
invention in an individual can be determined to thereby select appropriate agent(s) for
therapeutic or prophylactic treatment of the individual. In addition, pharmacogenetic
studies can be used to apply genotyping of polymorphic alleles encoding drug-
metabolizing enzymes to the identification of an individual's drug responsiveness
phenotype. This knowledge, when applied to dosing or drug selection, can avoid
adverse reactions or therapeutic failure and thus enhance therapeutic or prophylactic
efficiency when treating a subject with a modulator of amount, structure, and/or activity
of a biomarker of the invention.

C. Monitoring Clinical Trials

Monitoring the influence of agents (e.g., drug compounds) on amount,
structure, and/or activity of a biomarker of the invention can be applied not only in basic
drug screening, but also in clinical trials. For example, the effectiveness of an agent to
affect biomarker amount, structure, and/or activity can be monitored in clinical trials of
subjects receiving treatment for cancer. In a preferred embodiment, the present
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invention provides a method for monitoring the effectiveness of treatment of a subject
with an agent (e.g., an agonist, antagonist, peptidomimetic, protein, peptide, antibody,
nucleic acid,, antisense nucleic acid, ribozyme, small molecule, RNA interfering agent,
or other drug candidate) comprising the steps of (i) obtaining a pre-administration
sample from a subject prior to administration of the agent; (i1) detecting the amount,
structure, and/or activity of one or more selected biomarkers of the invention in the pre-
administration sample; (iii) obtaining one or more post-administration samples from the
subject; (iv) detecting the amount, structure, and/or activity of the biomarker(s) in the
post-administration samples; (v) comparing the amount, structure, and/or activity of the
biomarker(s) in the pre-administration sample with the amount, structure, and/or activity
of the biomarker(s) in the post-administration sample or samples; and (vi) altering the
administration of the agent to the subject accordingly. For example, increased
administration of the agent can be desirable to increase amount and/or activity of the
biomarker(s) to higher levels than detected, i.e., to increase the effectiveness of the
agent. Alternatively, decreased administration of the agent can be desirable to decrease
amount and/or activity of the biomarker(s) to lower levels than detected, i.e., to decrease
the effectiveness of the agent.

D. Surrogate Markers

The biomarkers of the invention may serve as surrogate markers for one
or more disorders or disease states or for conditions leading up to disease states, and in
particular, pancreatic cancer, e.g., pancreatic adenocarcinoma. As used herein, a
“surrogate biomarker” is an objective biochemical biomarker which correlates with the
absence or presence of a disease or disorder, or with the progression of a disease or
disorder (e.g., with the presence or absence of a tumor). The presence or quantity of
such markers is independent of the disease. Therefore, these markers may serve to
indicate whether a particular course of treatment is effective in lessening a disease state
or disorder. Surrogate markers are of particular use when the presence or extent of a
disease state or disorder is difficult to assess through standard methodologies (e.g., early
stage tumors), or when an assessment of disease progression is desired before a
potentially dangerous clinical endpoint is reached (e.g., an assessment of cardiovascular
disease may be made using cholesterol levels as a surrogate biomarker, and an analysis
of HIV infection may be made using HIV RNA levels as a surrogate biomarker, well in
advance of the undesirable clinical outcomes of myocardial infarction or fully-developed
AIDS). Examples of the use of surrogate markers in the art include: Koomen et al.
(2000) J. Mass. Spectrom. 35: 258-264; and James (1994) AIDS Treatment News

" Archive 209.
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The biomarkers of the invention are also useful as pharmacodynamic
markers. As used herein, a “pharmacodynamic biomarker” is an objective biochemical
biomarker which correlates specifically with drug effects. The presence or quantity of a
pharmacodynamic biomarker is not related to the disease state or disorder for which the
drug is being administered; therefore, the presence or quantity of the biomarker is
indicative of the presence or activity of the drug in a subject. For example, a
pharmacodynamic biomarker may be indicative of the concentration of the drug in a
biological tissue, in that the biomarker is either expressed or transcribed or not expressed
or transcribed in that tissue in relationship to the level of the drug. In this fashion, the
distribution or uptake of the drug may be monitored by the pharmacodynamic
biomarker. Similarly, the presence or quantity of the pharmacodynamic biomarker may
be related to the presence or quantity of the metabolic product of a drug, such that the
presence or quantity of the biomarker is indicative of the relative breakdown rate of the
drug in vivo. Pharmacodynamic markers are of particular use in increasing the
sensitivity of detection of drug effects, particularly when the drug is administered in low
doses. Since even a small amount of a drug may be sufficient to activate multiple
rounds of biomarker transcription or expression, the amplified biomarker may be in a
quantity which is more readily detectable than the drug itself.- Also, the biomarker may: ‘- .
be more easily detected due to the nature of the biomarker itself; for example, using the
methods deécribed herein, antibodies may be employed in an immune-based detection
system for a protein biomarker, or biomarker-specific radiolabeled probes may be used
to detect a mRNA biomarker. Furthermore, the use of a pharmacodynamic biomarker
may offer mechanism-based prediction of risk due to drug treatment beyond the range of
possible direct observations. Examples of the use of pharmacodynamic markers in the
art include: Matsuda et al. US 6,033,862; Hattis et al. (1991) Env. Health Perspect. 90:
229-238; Schentag (1999) Am. J. Health-Syst. Pharm. 56 Suppl. 3: S21-S24; and
Nicolau (1999) Am, J. Health-Syst. Pharm. 56 Suppl. 3: S16-S20.

Examples
This invention is further illustrated by the following examples which

should not be construed as limiting. The contents of all reférences, figures, Sequence
Listing, patents and published patent applications cited throughout this application are
hereby incorporated by reference.

EXAMPLE 1: GENERATION OF A MOUSE MODEL OF PANCREATIC
ADENOCARCINOMA
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A. Materials and Methods

Engineering of the conditional Ink4a/Arf mouse strain

The Ink4a/Arflocus was subcloned into the pKOII targeting vector that
carried a negative selection marker for diptheria toxin (DT), a positive selection marker
for neomycin acetyltransferase (Neo), Frt sites and loxP sites (Figure7). Embryonic stem
(ES) cells were electroporated and selected by standard techniques. Clones were
screened by Southern analysis using the PstI restriction enzyme and a 3’ fragment
external to the targeting construct (Figure 7). Blastocyst injections were carried out with
targeted clones, and transmitting chimeric mice were bred to CAGG—Flpe and
transgenic mice to generate the Ink4a/Arf lox allele. These mice were bred onto an

- FVB/n background (backcrossed 4 generations). Mice were genotyped by Southern

analysis and multiplex PCR (primers and conditions are available on request). For
functional tests of the allele, these mice were crossed to the EIIA-Cre general deleter
strain (Lakso, M., Jet al. (1996) Proc Natl Acad Sci U S A 93: 5860-5) resulting in
efficient deletion of exons 2 and 3 as assessed by Southern blot. Methods for testing the
functionality of the Ink4a/Arf ™™ allele in mouse embryonic fibroblasts (MEFs),

- including MEF isolation and culturing, Cre-mediated deletion-and 3T3 assay, were "

performed as described (Bardeesy, N., et al. (2002b) Nature 419: 162-7).

Mouse colony generation ,

The LSL-Kras “"?P knock-in strain (Jackson, E.L. et al. (2001) Genes Dev
15: 3243-8) and the Pdx1-Cre transgenic strain (Gu, G., et al. (2002) Development 129:
2447-57) were bred to Ink4a/Arf ™" mice to generate the genotypes, Pdx1-Cre;
Inkda/Arf™* and LSL-Kras %P, Ink4a/Arf"™"*. These strains were intercrossed to

produce the experimental cohorts. Mice were genotyped by slot blot and PCR.

Histology and Immunohistochemistry

Tissues were fixed in 10% formalin overnight and embedded in paraffin.
For immunohistochemistry, slides were deparaffinized in xylene and rehydrated
sequentially in ethanol. For antibodies requiring antigen retrieval, Antigen Unmasking
Solution (Vector) was used according to the manufacturer’s instructions. Slides were
quenched in hydrogen peroxide (0.3-3%) to block endogenous peroxidase activity and
then washed in Automation Buffer (Biomeda). Slides were blocked in 5% normal serum
for 1 hour at room temperature. Slides were incubated at 4°C overnight with primary
antibody diluted in blocking buffer. The avidin-biotin peroxidase complex method
(Vector) was used and slides were counterstained with hematoxylin. Slides were
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dehydrated sequentially in ethanol, cleared with xylenes and mounted with Permount
(Fisher). The antibodies and dilutions were amylase, 1:500 (Calbiochem), insulin 1:100
(Dako), TROMA3 (cytokeratin 19) 1:10, and EGFR, 1:50 (Cell Signaling). EGFR and
cytokeratin staining required antigen unmasking. Biotinylated DBA lectin (Vector) was
used at 1:100.

Establishment and cultivation of primary pancreatic adenocarcinoma cell
lines

Freshly isolated tumor specimens were minced with sterile razor blades,
digested with dispase Il/colagenase (4 mg/ml each) for 1 hour at 37°C and then
resuspended in RPMI + 20% fetal calf serum and seeded on vitrogen/fibronectin coated
plates. Cells were passaged by trypsinization. All studies were done on cells cultivated
fewer than 7 passages.

Molecular analyses
RNA was.isolated by the Trizol reagent (Gibco), treated with RQ1

- DNAse (Promega), and then purified by the RNAeasy kit (Qiagen), each according to ..
.. » manufacturer’s instructions. RNA was reverse-transcribed using Superscript II:(Gibco). i

PCR primers were designed to amplify the entire Smad4 and p53 coding regionsasa -
series of overlapping 400-500 bp fragments.

For Smad4 the primer pairs were:
A, 5>-TCCAGAAATTGGAGAGTTGGA-3’ (SEQ ID NO.:2),
Al, 5>-TCAATTCCAGGTGAGACAACC-3’ (SEQ ID NO.:3),
B, 5>-TGACAGTGTCTGTGTGAATCCAT-3’ (SEQ ID NO.:4),
B1, 5>-TTAGGTGTGTATGGTGCAGTCC-3’ (SEQ ID NO.:5),
C, 5’-ACAGCACTACCACCTGGACTGG-3’ (SEQ ID NO.:6),
C1, 5-ACAAAGACCGCGTGGTCACTAA-3’ (SEQ ID NO..7),
D, 5>-TTTGGGTCAGGTGCCTTAGTGA-3’ (SEQ ID NO.:8),
D1, 5’-GTCCACCATCCTGGAAATGGT-3 (SEQ ID NO.:9).

For p53 the primer pairs were:
E, 5°-GTGTCACGCTTCTCCGAAGACT-3’ (SEQ ID NO.:10),
El, 5’-CGTCATGTGCTGTGACTTCTTGT-3’ (SEQ ID NO.:11),
F, 5° -GCACGTACTCTCCTCCCCTCAA-3’ (SEQ ID NO.:12),
F1, 5>~ AGGCACAAACACGAACCTCAAA-3’ (SEQ ID NO.:13),
G, 5’ -ATGAACCGCCGACCTATCCTTA-3’ (SEQ ID NO.:14),
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Gl, 5’-GGATTGTGCTCAGCCCTGAAGT-3’ (SEQID NO.:15).

PCR products were subjected to direct sequencing with one of the
primers used in the PCR. RT-PCR/RFLP analysis to distinguish the wild-type Kras and

Kras %P

mutant transcripts utilized primers:
KRAS1: 5’-AGGCCTGCTGAAAATGACTG-3’ (SEQ ID NO.:16) and
KRAS7: 5°- CCCTCCCCAGTTCTCATGTA-3’ (SEQ ID NO.:17)

to amplify a 243bp product from both the wild-type and mutant transcripts. The

Kras®?P

allele but not the wild-type allele contains a HindIll restriction site engineered
in exon 1. Thus, digestion of the 243 bp PCR product with HindIlI yields 213 bp and 30
bp bands from the mutant product only. For Western blot analyses, tissues or cell pellets
were sonicated in 20 mM Tris (pH 7.5), 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1%
Triton X-100 in the presence of a protease inhibitor cocktail (Roche) and a phosphatase
inhibitor cocktail (kits I and II, Calbiochem). 50 ug of lysate was resolved on 4-12%
Bis-Tris NuPAGE gels (Invitrogen) and transferred to PVDF membranes. Membranes
were blotted for p16 Ink4a (M-156, Santa Cruz), p53:(Ab-7, Oncogene Research), e
Smad4 (B-8, Santa Cruz), p21' (C-19, Santa Cruz), p19 Arf (Ab-80, Abcam), and tubulin
(DM-1A, Sigma). For p53 induction, cells were irradiated using a cesium source
(Atomic Energy Commission of Canada) at 10 Gy and harvested after 4 hrs. For
measurement of activated Ras level, the Ras activation assay kit (Upsate) was used
according to the manufacturer’s instructions.

Quantitative Real-Time PCR

PCR primers were designed to amplify a 154 bp product of Kras genomic
DNA encompassing exon 1

KrasE1-F: 5>-TGTAAGGCCTGCTGAAAATG-3’ (SEQ ID NO.:18),
KrasE1-R: 5’-GCACGCAGACTGTAGAGCAG-3’ (SEQ ID NO.:19).

Quantitative PCR was performed by monitoring in real-time the increase
in fluorescence of SYBR Green dye (Qiagen) with an ABI 7700 sequence detection
system (Perkin Elmer Life Sciences). Data was analyzed by relative quantitation using
the comparative Ct method and normalization to GAPDH.

B. Results
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P expression and

Generation of mouse strains with pancreas-specific Kras
Ink4a/Arf deletion

To model the unique and cooperative interactions of two signature
genetic lesions encountered in human pancreatic adenocarcinoma, mouse strains
harboring a latent Kras “/*” knock-in allele (LSL-Kras) (Jackson, E.L. et al. (2001)
Genes Dev 15: 3243-8) and/or a conditional Ink4a/Arf knockout allele in the germline
were characterized. As described previously (Jackson, E.L. ez al. (2001) Genes Dev 15:
3243-8), the LSL-Kras®?? allele is expressed at endogenous levels following Cre-
mediated excision of a transcriptional stopper element and may aide in the directed
expression of Kras “*P in the appropriate cell-of-origin for a given cancer type. The
conditional Ink4a/Arf allele (Ink4a/Arf ') was engineered to sustain Cre-mediated
excision of exons 2 and 3, thereby eliminating both p16INK4A and p19ARF proteins
(Figure 7). The performance of this allele was assessed genetically and functionally: 1)
Crosses of Ink4a/Arf ™" mice to the EIIA-Cre constitutive deleter strain produced
offspring with the expected deletion product, 2) Ink4a/Arf ™" mouse embryonic
fibroblasts showed normal levels of p16 ™** and p19 *¥ and underwent passage-
induced senescence with similar kinetics to wild-type.cells, whereas infection of these:
cells with retroviruses encoding Cre recombinase caused extinction of expression of
both p16 ™*** and p19 A¥F and resulted in immortal cell growth, 3) Inkda/Arf'™"* mice
showed similar tumor incidences and life spans to wildtype mice (Figure7). These data
indicate that the Ink4a/Arf™ allele retains wild-type function and can be rendered null

GI2D qllele and

for both Ink4a and Arfby Cre recombinase activity. To express the Kras
to delete both copies of the conditional Ink4a/Arf allele specifically in the pancreas, the
Pdx1-Cre transgene, shown previously to delete efficiently loxP-containing alleles in all
pancreatic lineages (endocrine, exocrine and duct cells) (Gu, G., et al. (2002)
Development 129: 2447-57) was utilized. ‘

Kras GI2D

provokes premalignant ductal lesions

Histolopathologic and genetic analyses of human specimens have
generated a staged progression model for premalignant and malignant pancreatic ductal
lesions and their corresponding mutational profile (Figure 1a). To examine the role of
Kras %P on the initiation and progression of pancreatic neoplasia, a cohort of Pdx1-
Cre; LSL-Kras “"*P mice was generated and assessed for pancreatic pathology.
Compound Pdx1-Cre and LSL-Kras “*” strains were born at the expected Mendelian
ratios and without evidence of clinical compromise. Up to an age of 30 weeks (n=15),

Pdx1-Cre; LSL-Kras “"*P mice showed no outward signs of ill-health. Correspondingly,
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serum glucose, amylase, lipase, albumin, and total bilirubin measurements in these mice
(n = 5) were within normal limits which indicates normal pancreatic structure and
physiology. Furthermore, histologically normal islets, acini and ducts were clearly
evident in the pancreata of these mice at all stages analyzed (Figure 1b). Serial
histological surveys (9, 12, 18 and 26 weeks) however, revealed pancreatic ductal
lesions strongly reminiscent of human PanINs. In younger mice, only small PanIN-1
lesions consisting of elongated, mucinous ductal cells were detected (Figure 1c). By 12
weeks, larger and more proliferative ductal lesions were noted (Figure 1d) and these
changes became more pronounced with age. At 26 weeks, extensive regions of the
pancreatic parenchyma had been replaced by PanINs, surrounded by a pronounced
fibrous stroma (Figure 1e). Although PanINs increased in number and size with age, no
invasive tumors were seen up to 30 weeks of age in any of the 15 mice analyzed. While
there was no evidence of neoplasia in the acinar cell compartment, focal reactive
metaplastic changes were observed — likely relating to regional ductal obstruction by
PanINs. Similarly, some pancreatic islets appeared moderately enlarged yet showed no
evidence of neoplasia. The modest impact of Kras P expression on these

- compartments is concordant with the normal weight gains and serum chemistries noted

above. Mice harboring either the LSL-Kras®’?P or the Pdx1-Cre alleles alone showed no <
pancreatic abnormalities. These results are in'line with an extensive independent study '
of mice harboring LSL-Kras®?? and either a different Pdx1-Cre allele or a p48-Cre
allele (Kawaguchi, Y., et al. (2002) Nat Genet 32: 128-34). In this study both compound
strains displayed progressive premalignant lesions with ductal histology, an observation
consistent with an initiating role for activated KRAS in pancreatic adenocarcinoma.

Ink4a/Arf loss causes malignant progression in the pancreas ‘

The Ink4a/Arflocus has been proposed to restrain the oncogenic potential
of activated Ras genes, a concept in line with the high degree of coincident mutations of
these genes in human cancers and the role of Ink4a/Arfloss in facilitating the
oncogenicity of activated Hras in vitro and in vivo (Serrano, M., et al. (1996) Cell 85:
27-37; Chin, L., J. et al.. (1997) Genes Dev 11: 2822-34; Kamijo, T., et al. (1997) Cell
91: 649-59; Rozenblum, E., M. et al. (1997) Cancer Res 57: 1731-4; Serrano, M., et al.
(1997) Celi 88: 593-602; Ruas, M. and G. Peters (1998) Biochim Biophys Acta 1378:
F115-77). The lack of progression of the PanIN lesions in Pdx1-Cre; LSL-Kras “?P
mice prompted an assessment of the combined impact of Kras P expression and
Ink4a/Arf deletion in the pancreas. Southern blots of whole pancreas DNA from Pdx1-
Cre; Inkda/Arf ™" mice revealed efficient deletion of the Inkda/Arf'™ allele (Figure 2a).
Up to an age of 7 weeks, mice of each genotype were clinically normal, however
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between 7 and 11 weeks of age all Pdx1-Cre; LSL-Kras®'* ; Ink4a/Arf"™"* animals (n=
26) became moribund (see Figure 2b, survival curve), commonly presenting with weight
loss, ascites, jaundice (Figure 2¢), and a palpable abdominal mass (Table 1). Autopsies
revealed the presence of solid pancreatic tumors ranging in diameter from 4 to 20 mm
(Figure 2c, Table 1). Grossly, these tumors were firm with irregular and ill-defined
margins, frequently adhering to adjacent organs and to the retroperitoneum. In some
cases, more than one distinct tumor nodule was apparent, indicating that these
neoplasms may be multi-focal in nature. The tumors were highly invasive, frequently
involving the duodenum and/or spleen and occasionally obstructing the common bile
duct (Table 1). Liver and lung metastases were not grossly evident. No tumors were
observed in control cohorts, including the Pdx1-Cre; LSL-Kras G12D. Inkda/Arf lox* and
Pdx1-Cre; Ink4a/Arf loxlox animals, up to an age of 21 weeks. The absence of pancreatic
cancers in mice lacking Ink4a/Arf in the pancreas, together with the powerful synergy of
this lesion in promoting the advancement of Kras “/?” induced PanINs, points to a role
of Ink4a/Arfin constraining the malignant progression of early stage ductal neoplasms
rather than in regulating the initiating phases of tumorigenesis.
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Table 1.

ID g?':() Size (cm) Location *J[E+** Oﬁisl?rglct Jaundice E;:?t:,}; InvationiMetastaste (m)

30 79 1 Head Y N N Y D,C.SA

31 7.9 14 Head N Y Y Y D.s

32 79 2 Head Y Y K N D.PN.L, S,RN (m)

33 79 14 Tail Y N N Y SP,RP, DP

35 74 0.5 Body Y N N N \

43 84 >2 Entire panc Y N N Y D,;s

44 7.3 2 Entire panc N N N N v

45 8.6 1 Head Y N N Y SP,LE.S,D

46 89 0.6 Head Y Y Y N D

52 8.1 1 Head N N N! N -

58 87 0.5 Head Y N N N V.PN

59 93 15 Entire panc Y Y Y N RP,RN

60 99 0" Head N Y Y Y  D,PNV,L{m).RP, A, DP

61 93 N/A Head Y Y Y N/A PN,L(m), D

62 104 15 Head Y Y N Y PN.S.D.C

63 93 N/A Entire panc Y Y N Y GB,L (m),V,PN,{S,D

64 9.1 15 Entire panc Y Y N Y S.C.PN, SP

65 97 04 Head Y Y Y N © PN(m).D

76 114 0.75 Head N N N N SP,D

81 86 15 Head Y N N Y V,LN, v
90 .84 2 . Entire panc N N N.* N - PN,D i
91 8.3 1 Head N N N . N . D.RN .
94 83 N/A Inferior Panc Y NA MA N/A LN.D

97 94 1 Tail N N N N LN

Table 1: Data from clinically bompromiscd Pdx1-Cre LSL-KRAS clnkda/Arf """
animals. Tumor size is given as the approximate diameter of largest distinct tumor
nodule when multiple foci were present. Tumors were often large and invasive, making
size approximation difficult. Location indicates relative relation of the pancreatic tumor
to the adjacent organs, with head, body and tail used in reference to the human anatomy.
“Inferior Panc” refers to the location of mouse pancreatic tissue affixed to the intestines,
for which there is no analogous human pancreatic tissue. Weight Loss was judged by
signs of physical wasting and decreased weight compared with littermates. Jaundice and
bloody ascites were clinical observations made on autopsy. Invasion/metastasis are
noted by location as follows: duodenum (D), stomach (S), colon (C), peripancreatic
lymph node (PN), renal lymph node (RN), adrenal gland (A), liver (L), spleen (SP),
retroperitoneum (RP), diaphragm (DP), venous (V), esophagus (E), unspecified lymph
node (LN), gall bladder (GB). Metastases are indicated by (m) following the indicated
location.
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P53 accelerates malignant progression in the pancreas
Mice carrying Pdx1-Cre; LSL-Kras ®?P; Inkda "™*; p53 ""* became

“moribund (see Figure 9, survival curve), more rapidly than animals carrying Pdx1-

Cre; LSL-Kras ?P; Inkda/Arf ™" (see Figure2b) and commonly present with
weight loss, ascites, jaundice, and a palpable abdominal mass.

Murine pancreatic tumors recapitulate the pathologic features of human pancreatic
adenocarcinoma

Microscopic examination of the tumors revealed a well-formed
glandular morphology with resemblance to well-differentiated and moderately-
differentiated human pancreatic ductal adenocarcinomas (Figure 2d). Human
pancreatic adenocarcinomas predominantly express ductal markers and lack
expression of exocrine and endocrine markers (Solcia, E., et al. (1995) Tumors of the
Pancreas. Armed Forces Institute for Pathology, Washington, D.C.). Consistent with
a ductal phenotype, the glandular components of the murine tumors were positive for
cytokeratin (Ck)-19 immunohistochemistry (Figure 2g and h), reacted with DBA

. lectin (data not shown), and showed mucin content by periodic acid Schiff plus

diastase (PAS+D) (Figure 2j) and alcian blue staining. Furthermore, the tumors . .
showed stromal collagen deposition as evidenced by positive trichrome staining
(Figure 2k). None of the tumors showed reactivity for amylase and insulin, markers
for acinar and B-cell differentiation, respectively (Figure 8). The histological and
immunohistochemical profiles of these experimental tumors bear striking resemblance
to human pancreatic ductal adenocarcinoma.

In addition to well- and moderately differentiated ductal
adenocarcinoma, regions of undifferentiated/anaplastic (sarcomatoid) tumor (Figure
2¢ and f) were observed in most cases. These anaplastic regions show weak or patchy
reactivity with anti-Ck-19 antibodies and the DBA lectin (Figure 2h, 2i). These
tumors exhibited high mitotic activity, severe nuclear atypia and extensive cellular
pleomorphism. In some tumors, several grades of differentiation ranging from well-
differentiated to anaplastic carcinoma were noted. The epithelial nature of these
anaplastic regions was confirmed by electron microscopy that revealed the presence
of intermembranous junctions and microvilli.

Invasion and metastasis of murine pancreatic adenocarcinomas
Local invasion and metastatic spread are pathologic hallmarks of
advanced human pancreatic adenocarcinoma. Pancreatic tumors arising in Pdx1-Cre;

LSL-Kras P ; Ink4a/Arf ™" animals showed extensive invasion of adjacent organs
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including the duodenum, stomach, liver and spleen (Table 1, Figure 3a, ¢ and €).
Tumor encroachment of the retroperitoneum and diaphragm was also observed.
Furthermore, invasion of the lymphatic and vascular system was frequently detected,
an observation suggestive of metastatic potential of these neoplasms. Notably,
invasion by both the glandular and anaplastic components of the tumors was
observed, and invading tumor cells were shown to stain positively for Ck-19 (Figure
3f).

Given the invasive nature of these lesions, a systematic histologic
survey of distant organs in a subset of cases was conducted. This survey revealed
metastases to the lymph nodes (Figure 3b) and occasionally to the liver (Figure 3d),
although lung metastases were not observed. Metastases were often multi-focal in
nature but small in size. The extensive invasion of the vasculature and lymph nodes
detected in these mice make it likely that the histologic survey underestimates the true
metastatic nature of these tumors. Overall, the distribution pattern of metastases is
similar to that observed in the human disease which most commonly spreads to the
liver and regional lymph nodes (Solcia, E., ef al. (1995) Tumors of the Pancreas.
Armed Forces Institute for Pathology, Washington, D.C.).

. Accelerated malignant transformation in the Pdx1-Cre; LSL-Kras; Ink4a/Aif foxfiox

pancreas ‘
To understand better the earlier stages of tumor development produced
by KRAS activation and homozygous Ink4a/Arf deficiency, an autopsy series was
performed on outwardly normal Pdx1-Cre; LSL-Kras; Ink4a/Arf "™ and Pdx1-Cre;
LSL-Kras; Ink4a/Arf lox/* littermates at ages 3, 4, 5 and 6 weeks. At all ages, the Pdx1-
Cre; LSL-Kras %P, Inkda/Arf lox/+ animals exhibited normal gross pancreatic
histology with rare and isolated PanIN-1a lesions. At 3 weeks, Pdx1-Cre; LSL-Kras;
Ink4a/Arf'™" animals had primarily normal pancreatic histology; however, low-
grade ductal lesions were also observed in all mice at this timepoint (Figure 4b,n=6
mice). In addition to low-grade PanIN lesions, two of these mice also showed
occasional foci of malignant ductal cells. By 4 weeks, these mice (n = 4) had an
increased overall number and higher grade of pancreatic ductal lesions relative to
littermates (Figure 4c). Furthermore, early-stage adenocarcinomas were detected at
this age and importantly, these tumors showed both ductal and anaplastic
morphologies from their earliest inception (Figure 4d). At five weeks, most mice
exhibited small multifocal pancreatic adenocarcinoma although exhaustive serial
sectioning revealed that some animals had only advanced PanINs and had not yet
progressed to frank malignancy (Figure 4¢). Notably, in several cases advanced

PanIN lesions could be found surrounded by invasive ductal and anaplastic tumor
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cells (Figure 4f), an observation consistent with these tumors arising from the
progression of such PanIN lesions. By six weeks of age, all Pdx1-Cre; LSL-Kras /2P,
Ink4a/Arf " mice analyzed had small pancreatic adenocarcinomas (n=15) with
histology resembling the invasive tumors arising in adult mice. Thus, it appears that
once initiated, the pancreatic ductal lesions in Pdx1-Cre; LSL-Kras ¢/?P s Inkda/Arf
lox/lox mice undergo rapid histologic and clinical progression to invasive pancreatic

adenocarcinoma. These features are supportive of the model in which human ductal

-adenocarcinoma derives from PanIN lesions with activating KR4S mutations that

progress towards malignancy upon loss of INK4A4/ARF function.

Molecular analyses of pancreatic adenocarcinomas

A molecular analysis of the tumors was conducted to determine the
status of pathways that are commonly altered in human pancreatic adenocarcinomas.
Whole pancreas lysates from Pdx1-Cre; LSL-Kras “**P mice showed a modest
elevation in Ras-GTP compared to age-matched wildtype controls (Figure 5a),

GI12D

consistent with expression of the mutant constitutively active Kras allele.

Furthermore, levels of Ras-GTP were significantly elevated in Pdx1-Cre;

LSL-Kras GI2D . Inkda/Arf l"’f”‘f" tumor Iysates (Figure 5a), indicating that the activated: . . -

KRAS signaling pathway remains engaged and may even be further enhanced in
advanced-stage tumors, although this increase could alternatively reflect the altered
balance of cell types in the tumor versus normal pancreas.

Further molecular studies of tumor samples utilized early passage cell
lines derived from the murine pancreatic adenocarcinomas (Materials and Methods) in
order to avoid the presence of contaminating normal cells. As expected, the tumor cell
lines showed homozygous deletion of the Ink4a/Arf locus as determined by PCR
analysis (Figure 5b) and did not express p16™“? or p1947 (Figure 5 c). Next, the status
of the Smad4 and p53 tumor suppressor genes was assessed; advanced human
pancreatic adenocarcinomas often sustain homozygous deletion or truncating
mutations of Smad4 resulting in loss of expression as well as p53 missense mutations
resulting in stabilization of the mutant protein. In all cases examined (n=15), western
blots showed robust expression of full length SMAD4 protein (Figure 5¢) and
sequence analysis of the RT-PCR-generated open reading frame revealed wildtype
Smad4 sequences (see Materials and Methods). In addition, Western blot analysis
revealed modest levels of p53 (Figure 5d) and showed induction of increased p53 and
p21®! fevels in response to ionizing radiation (Figure 5¢), consistent with wild-type
p53 function. Accordingly, sequence analysis of the RT-PCR-generated p53 open
reading frame confirmed that all specimens had a wild-type p33 status. Gene copy

number alterations at the KRAS locus are thought to contribute to the progression of
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some tumors harboring activating KR4S mutations. Specifically, KRAS gene
amplification occurs in certain human malignancies including human pancreatic
adenocarcinomas and in several tumor types in the mouse (Yamada, H., et al. (1986)
Jpn J Cancer Res 77: 370-5; Mahlamaki, E.H., et al. (1997) Genes Chromosomes
Cancer 20: 383-91; Liu, M.L., ef al. (1998) Oncogene 17: 2403-11; Schleger, C., et
al. (2000) J Pathol 191: 27-32; Heidenblad, M., et al. (2002) Genes Chromosomes
Cancer 34: 211-23; O'Hagan, R.C., et al. (2002) Cancer Cell 2: 149-55).
Additionally, loss of the wildtype RAS allele has also been shown to promote cellular
transformation by activated RAS (Bremner, R. and A. Balmain (1990) Cell 61: 407-
17; Finney, R.E. and J.M. Bishop (1993) Science 260: 1524-7; Zhang, Z., Y. et al.
(2001) Nat Genet 29: 25-33). Quantitative real-time PCR (QPCR) was performed on
genomic DNA derived from 15 pancreatic cancer cell lines to assess the relative Kras
gene copy numbers (see Materials and Methods). These analyses revealed high-level
amplifications in two specimens (Figure 5f upper panel, lanes 10 and 14, 6-fold and
45-fold respectively); these changes were also evident in the corresponding primary
tumors (3-fold and 5.5-fold respectively). In addition, approximately 2-fold gains
were detected in 3 other specimens (Figure 5f upper panel, lanes 5, 6 and 9) and in the

corresponding primarytumOrs." The réduced relative magnitude of the amplification in - -+~

some primary tumor specimens may have been due to the presence contaminating -
stromal tissue. Immunoblot analysis revealed marked Kras expression increases in the
lysates from'cell lines that had high level gene-amplifications and more modest
increases in the lysates from lines with lower level gains (Figure 5f, lower panels).
Next, RT-PCR/RFLP analysis was employed to assess whether the mutant or wild-
type allele is amplified in these tumors. These analyses revealed an increased intensity

of the band corresponding to the mutant Kras /?P

transcript in the samples with Kras
amplification (Figure 5g, lanes 2 and 4), indicating that specifically the mutant allele
is amplified. Finally, these data show that the expression of the wild-type Kras allele
is also retained in all tumors, a result corroborated by PCR analysis of genomic DNA
showing that both the wild-type and mutant Kras alleles were present (Figure 5g and
data not shown). Hence gene amplification of activated Kras, but not loss of the wild-
type allele, appears to contribute to malignant progression in the pancreas.

Finally, the status of accessory signaling pathways in these tumors was
addressed. The activation and extinction of EGFR and HER2/NEU are characteristic
of the evolving human disease. Specifically both EGFR and HER2/NEU are induced
early in PanIN progression and remain elevated in ductal adenocarcinomas while
HER2/NEU expression becomes extinguished in more advanced, undifferentiated
tumors (Korc, M., et al. (1992) J Clin Invest 90: 1352-60; Day, J.D., et al. (1996)

Hum Pathol 27: 119-24; Friess, H., et al. (1996) J Mol Med 74: 35-42). Likewise, in
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the mouse model, expression of both EGFR (Figure 6a) and HER2/NEU (Figure 6b)
in the glandular component of the tumors but not in the undifferentiated, sarcomatoid
regions (Figure 6¢ and 6d) was observed. In this model, the lack of Smad4 and p53
mutations, along with the activation of the growth signaling molecules, provides
opportunity for the further analysis of these pathways in the biology of this disease.

Kras activation appears to be an initiating step in PanIN development
in the mouse. The grossly normal pancreatic architecture despite universal Kras 22
expression in Pdx1-Cre; LSL-Kras “/?P mice suggests that additional — possibly
epigenetic — events are required to allow the emergence of PanINs. Equivalently,
KRAS mutations have been observed in histologically normal human pancreas
specimens (Luttges, J., ez al. (1999) Cancer 85: 1703-10). In the presence of an intact
Ink4a/Arflocus, the murine PanINs do not progress beyond the PanIN-2 stage by age
30 weeks despite their high multiplicity, which indicates that an efficient and potent
p16™* and/or p19A%F —mediated checkpoint mechanism restrains malignant
progression in initiated lesions. The Ink4a/Arflocus is critical in regulating both the
progression of PanINs.and the development. of invasive pancreatic adenocarcinoma.

The onset of pancreatic adenocarcinomas by 6 weeks, the preceding
rapid progression of PanINs to advanced stages and the absence of neoplastic change
in other compartments provide evidence for a PanIN-to adenocarcinoma sequence in
Pdx1-Cre; LSL-Kras ?P; Ink/Arf "°* mice. Likewise, it cannot be determined
whether PanINs arise from differentiated ductal cells, resident multipotent progenitor
cells or via transdifferentiation of acinar or other cell types. In fact, previous data have
shown that Ink4a/Arf loss permits de-differentiation of mature astrocytes to .
glioblastoma in vivo (Bachoo, R.M., et al. (2002) Cancer Cell 1: 269-77), and
therefore p16™<** and/or p19°%F could be playing a similar role in blocking
progression in this model. It is of interest to note that the expression of Cre early in
pancreas development through the Pdx1 promoter enables efficient activation of Kras
in all pancreatic compartments, yet only ductal tumors develop. This unique
association of Kras activation and pancreatic ductal tumorigenesis appears applicable
to human cancer of the pancreas since KRAS mutations are detected in ductal
adenocarcinomas and in another type of pancreétic ductal malignancy, Intraductal
Papillary Mucinous Neoplasms (Z'Graggen, K., ef al. (1997) Ann Surg 226:491-8;
discussion 498-500), but not in acinar cell tumors (Terhune, P.G., ef al. (1994) Mol
Carcinog 10: 110-4). The unbiased Pdx1-Cre system, therefore, indicates that, at
physiological levels, either activated Kras drives progenitor cells or differentiated

cells of various lineages toward a ductal phenotype, or that this oncoprotein is
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| singularly able to exert its transforming effects in the duct compartment. Formal
resolution of these questions will likely require rigorously defined cell culture-based
systems as well as crosses to Cre recombinase strains specifically targeted to more
differentiated pancreatic lineages.
The absence of PanIN lesions in Pdx1-Cre; Ink4a/Arf loxflox 1nice

6™%44 and p19#%F do not regulate the onset of these earliest neoplastic

suggests that p1
stages. Rather, the rapid progression of PanIN lesions and development of
adenocarcinomas in the Pdx1-Cre; LSL-Kras “'*P; Inkda/Arf lox/lox mouse indicates
that the Ink4a/Arflocus is required to restrain the malignant transformation of these
initiated lesions. Such a role in progression rather than initiation fits well with the
documented appearance of INK4A/ARF loss at the PanIN-2 stage in humans, and the
comparable age-of-onset of pancreatic adenocarcinoma observed in a subset of
families with germline INK4A mutations and that observed for sporadic tumors
(Moskaluk, C.A., et al. (1997) Cancer Res 57:2140-3; Wilentz, R.E., et al. (1998)
Cancer Res 58: 4740-4; Lynch, H.T., et al. (2002) Cancer 94: 84-96). The .
mechanistic basis for the in vivo cooperative interactions of activated KRAS and
INK4A/ARF deficiency remains an important issue. Until recently, a prevailing
model has proposed the existence of a feedback loop‘whereby activated RAS
mediates induction of MAPK kinase leading directly to.induction of Ink4a and Arf
and subsequent growth arrest (Serrano, M., et al. (1996) Cell 85: 27-37). However,
recent studies have shown that such a direct loop is not operative in response to
endogenous — as opposed to overexpressed — levels of activated RAS (Guerra, C.,
et al. (2003) Cancer Cell 4: 111-20). It appears that physiological expression of this
locus is tightly controlled by both positive and negative regulators, possibly
modulated by such factors as integrin-extracellular matrix interactions (Plath, T., et al.
(2000) J Cell Biol 150: 1467-78; Natarajan, E., et al. (2003) Am J Pathol 163: 477-
91) and mitogenic stimuli (Alani, R.M., et al. (2001) Proc Natl Acad Sci U S A
98:7812-6; Ohtani, N., et al. (2001) Nature 409: 1067-70). Without intending to be
bound by theory, these finding indicate that alterations in the balance of these signals
occur in PanIN lesions, but not in the normal pancreas (with or without Ras
activation), resulting in activation of the Ink4a/Arflocus.

Another important issue in human pancreatic adenocarcinoma is the
relative pathogenic roles of INK4A4 versus ARF loss. In humans, /[NK44 mutation
seems to determine disease predisposition as there are both sporadic and germline
mutations that specifically target INK44 yet spare ARF (Rozenblum, E., M. ef al.
(1997) Cancer Res 57: 1731-4; Liu, L., et al. (1999) Nat Genet 21: 128-32; Lal, G., et
al. (2000) Genes Chromosomes Cancer 27: 358-61; Lynch, H.T., et al. (2002) Cancer

94: 84-96). On the other hand, the loss of ARF — via homozygous deletion of the
-129 -



10

15

20

25

30

35

WO 2005/053512 PCT/US2004/039756

locus — occurs in about 50% of the tumors (Rozenblum, E., M. et al. (1997) Cancer
Res 57: 1731-4). Notably, a significant proportion of these ARF-deficient tumors also
harbor p53 mutations (Rozenblum, E., M. et al. (1997) Cancer Res 57: 1731-4),
potentially reflecting an oncogenic role of ARF loss other than in p53 regulation
and/or the specific role of p33 loss on the DNA damage response (see below). The
specific tumor suppressor activities contributed by Ink4a and by Arf should be
resolved by crosses of the Pdx1-Cre; LSL-Kras “'*” mice onto genetic backgrounds
deficient for either gene of this locus. It is notable that the p53 mutations were absent
in the mouse tumor model. This may reflect the need to inactivate the p194¥F -
independent DNA damage sensing function of p53 in human cancer but not in the
mouse. Thus, in the Pdx1-Cre; LSL-Kras % ; Ink4a/Arf ™" mice, Arf deletion —
which neutralizes p53 induction by other stresses such as aberrant cell cycle entry and
activated oncogene expression — may effectively substitute for p53 loss in tumor
progression. One basis for this divergence may be the cross species differences in
telomere dynamics (Maser, R.S. and R.A. DePinho (2002) Science 297: 565-9), the
prominent role of p53 (and not ARF) in the telomere checkpoint response of evolving
tumors (Chin, L..et al. (1999) Cell 97: 527-38), and evidence of telomere dysfunction

" in the progression of human pancreatic:adenocarcinoma (van Heek, N.T., et al. (2002)

Am J Pathol 161: 1541-7). S SNEE

Lastly, the data indicate that many of the classical features of
malignancy in general and of pancreatic cancer in specific can be recapitulated by
Ink4a/Arfloss in the setting of KRAS activation. Whereas KRAS activation or
Ink4a/Arf loss alone does not cause local invasion and advanced local growth, the
combination does.

Analyses of the mouse model directed by oncogenic Kras and deletion
of the Ink4/Arf tumor suppress genes, described above, have shown that Kras
activation constitutes an initiating lesion for pancreatic adenocarcinoma but is
insufficient for malignant progression. While the Ink4a/Arf locus does not contribute
to initiation, the integrity of this locus is critical in restraining the malignant
progression of Kras induced lesions. These studies have been extended to investigate
the genetic interactions in pancreatic adenocarcinoma pathogenesis by analyzing the
P33, Ink4a (with intact Arf), Smad4, and LkbI tumor suppressors against the backdrop
of Kras activation, e.g., PdxI-Cre; LSL-Kras “*P; Ink4a "%, Pdx1-Cre; LSL-Kras
GI2D, 1,53 1ox10x. Py 1-Cre; LSL-Kras “?P; SMAD4 "%, Pdx1-Cre; LSL-Kras /P,
LkbI"™* mice have been generated. The data indicate that 1) p53 deletion can
effectively replace the need for Ink4a/Arf loss in the promotion of pancreatic

adenocarcinoma, 2) Ink4a deletion is insufficient to promote Kras-driven
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tumorigenesis, 3) Smad4 deletion promotes enhanced invasive and metastatic tumor
growth and 4) Lkb1 deletion effectively cooperates with Kras activation. These
genetic model systems provide a platform for dissecting the oncogenic circuitry
engaged by these mutant alleles and for identifying surrogate biomarkers of their
activity. Specifically the availability of large numbers of genetically identical animals
undergoing synchronous tumorigenesis allows isolation of specimens at progressive
stages of the tumorigenic process, an opportunity that is unavailable in association
with the human disease.

EXAMPLE 2: BIOMARKER DISCOVERY UTILIZING ANIMAL MODELS
OF PANCREATIC ADENOCARCINOMA

Having established the histologic and clinically validity of the animal
models of the invention, the applicability of these models for the identification of
pancreatic cancer specific serum biomarkers was addressed. In addition, to the
comprehensively identification of stage-specific biomarkers for pancreatic

- adenocarcinoma, biomarkers that are specific for paiticular-genetic lesions, including + - .-
- loss of function of Smad4, p53, Ink4a, Arf, and Lkb1 were developed, e.g.,' Pdx1-Cre; -
20 .

LSL-Kras “"*P; Inkda "%, Pdx1-Cre; LSL-Kras ©'?P; p53 %, pgax]-Cre; LSL-Kras
GI2D; SMAD4 "%, Pdx1-Cre; LSL-Kras “"*P; Lkb 1", These biomarkers will serve
to allow the development of highly sensitive, rapid and cost-effective screening
methods for detection of early stage disease in clinically asymptbmatic subjects as
well as for diagnosis of various stages of pancreatic cancer. A non-invasive test
involving serum analysis allows the rapid evaluation of subjects who may be at risk in
the context of routine clinical examination.

An important component of biomarker discovery is the need to develop
sensitive, non-invasive imaging techniques to monitor the development and growth of
pancreatic tumors in the model system of the present invention in order to permit

‘serial serum analysis and correlation with cancer progression. To this end, optimized

protocols for magnetic resonance imaging (MRI) detection of evolving murine
pancreatic cancers have been developed. Furthermore, there was a need to evaluate
existing proteomics approaches for their suitability in the biomarker discovery efforts.
To this end, serum from mice with a moderate tumor burden and from control
littermate mice was isolated. The serum specimens were analyzed by the Eprogen
ProteoSep platform, a novel protein discovery chemistry and sofiware platform that
employs automated analytical techniques for high-resolution protein analysis.

ProteoSep is gel-free, all-liquid phase protein mapping technology that uses liquid
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chromatographic techniques to produce high-resolution 2D maps of complex protein
systems. First dimension separation of proteins based on their pI and second
dimension hydrophobicity separations are achieved using a unique high-performance
chromatofocusing (CF) and high-resolution reverse phase NPS protein separation
columns, respectively. A 2D protein map is then produced using Eprogen's ProteoSep
Software Suite, displaying the complete protein profile for the sample. The analysis
demonstrated map profiles that showed clear clustering of serum specimens from
tumor bearing mice and control mice, respectively and that revealed the existence of
numerous specific cancer-associated protein peaks. These data serve as a definitive
proof-of-principle for the utility of the murine tumor model in conjunction with the
Eprogen ProteoSep system as a biomarker discovery platform. Importantly, the
Eprogen system resolves the serum specimens into 9 x 96 liquid fractions that can
readily be subject to mass spectrometry analysis for identification of specific peptides
once 2D plots have identified potential biomarkers. Those skilled in the art would
recognize that other proteomics platforms could be used to achieve the same results
such as those employing other chromatography approaches (for example the Protein
Forest ProteomeChip™) and specific protein chips (such as the Zyomyx cytokine

ce chdps). e ‘ Lo e gy

The specific approach for biomarker discovery and validation -is.as -

- follows: Tumor-prone and control mice were subjected to serial (weekly) serum

isolation and monitoring by MRI; the serum specimens were profiled by the Eprogen
system or another proteomics platform followed by mass spectrometry in order to
allow the identification of stage-specific markers. Antibodies are raised to these
markers. Epitopes for antibody generation are chosen to also recognize the
orthologous protein in humans. These antibodies are evaluated for their applicability
as human diagnostic markers using ELISA-based assays to test serum from human
pancreatic cancer subjects and from subjects in prospective studies whose clinical
follow-up reveals the development of pancreatic adenocarcinoma.

These efforts have identified specific biomarkers of moderately
advanced disease (established malignant tumors but no invasion of adjacent organs or
metastasis) in Pdx1-Cre; LSL-Kras “**2; Ink4a/Arf ™" mice (Figure 10). Figure 11
depicts the timeline of tumor progression in the Pdx1-Cre; LSL-Kras 2%,
Ink4a/Arf™"* model and indicates the points at which specimens were collected for
this analysis.

Subsequent to these analyses, LC-MS was employed, either directly or
on tryptic digests of plasma specimens or following prefractionation (Eprogen or
Lectin binding). Using informatics methods, the clustering of disease profiles versus

control profiles have been performed and specific peptides with high correlation to the
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disease state have been identified, such as those shown inAFigures 13A and B, and
include but are not limited to HLGSVTALHVL (SEQ ID NO:23) and QEQERKEK
(SEQ ID NO.:24) (Figure 13B). Figure 13A shows cancer-specific expression of
telomerase-associated protein and of the protein, ANKT, that were both identified in
unfractionated plasma. ANKT, also known as nucleolar spindle-associated protein
(NuSAP), is crucial in spindle microtubule organization and is selectively expressed
in proliferating cells.

EXAMPLE 3: BIOMARKER DISCOVERY UTILIZING ANIMAL MODELS
OF PANCREATIC ADENOCARCINOMA

Human solid tumors often undergo extensive chromosomal
rearrangements and display marked cytogenetic abnormalities, including
amplifications and deletions, leading to gain or loss of normal chromosomal material
and translocations, or abnormal fusions between two different chromosomes, leading

to the production of novel chimeric proteins. This process of “genomic instability”

- ‘cell’s chromosomal material and the resultant cytogenetic aberrations are thought to

contribute to the pathogenesis of malignant neoplasms.

Genomic instability is a hallmark feature of pancreatic adenocarcinoma
and numerous cytogenetic studies of human tumor specimens‘have indicated a
profound number of recurrent amplifications and deletions within the pancreatic
cancer genome. While these genetic lesions point to the existence of many potentially
novel oncogenes and tumor suppressor genes in this disease, the level of extreme
genomic complexity in human pancreatic cancers also complicates identification of
those lesions that are most critical to the pathogenesis of this neoblasm. Studies of the
cytogenetic abnormalities occurring in faithful mouse models of pancreatic cancer
may serve as valuable filters to help identify those events occurring in human tumors
with primary diagnostic and pathogenic importance. Furthermore, the ability to
genetically manipulate alleles in mice allows one to rigorously address the
mechanistic role of oncogenic lesions in generating genomic instability during
tumorigenesis.

In order to identify the MCRs of the present invention, novel cDNA or
oligomer-based platform and bioinformatics tools were utilized. These methods
allowed for the high-resolution characterization of copy-number alterations in the
pancreatic cancer genome, e.g., the pancreatic adenocarcinoma genome.
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~ To arrive at the MCRs, array comparative genomic hybridization
(array-CGH) was utilized to define copy number aberrations (CNAs) (gains and
losses of chromosomal regions) in pancreatic adenocarcinoma cell lines and tumor
specimens (see, e.g., Table 2).
Segmentation analysis of the raw profiles to filter noise from the
dataset (as described by Olshen and Venkatraman, Olshen, A. B., and Venkatraman,
E. 8. (2002) ASA Proceedings of the Joint Statistical Meetings 2530-2535; Ginzinger,

- D. G. (2002) Exp Hematol 30, 503-12; Golub, T. R., et al. (1999) Science 286, 531-7,;
‘Hyman, E., et al. (2002) Cancer Res 62, 6240-5; Lucito, R., et al.(2003) Genome Res

13, 2291-305) was performed and used to identify statistically s1gmﬁcant
changepoints in the data.

Identification of loci within the MCRs was based on an automated
computer algorithm that utilized several basic criteria as follows: 1) segments above
or below certain percentiles were identified as altered; 2) if two or more altered
segments were adjacent in a single profile separated by less than 500KB, the entire
region spanned by the segments was considered to be an altered span; 3) highly
altered segments or spans that were shorter than 20MB were retained as “informative

~. spans” for defining discrete locus boundaries.: Longer regions were not discarded, but' -« .- 4

were not included in defining locus boundaries; 4) informative spans were compared - *
across samples to identify overlapping groups of positive-value or negative-value

- segments; each group defines a locus; and 5) MCRs were defined as contiguous spans

having at least 75% of the peak recurrence as calculated by counting the occurrence of
highly altered segments. If two MCRs were separated by a gap of only one probe
position, they were joined. Ifthere were more than 3 MCRs in a locus, the whole
region was reported as a single complex MCR. '

A locus-identification algorithm was used that defines informative
CNAs on the basis of size and achievement of a high significance threshold for the
amplitude of change. Overlapping CNAs from multiple profiles were then merged in
an automated fashion to define a discrete “locus” of regional copy number change, the
bounds of which represent the combined physical extend to these overlapping CNAs.
Each locus was characterized by a peak profile, the width and amplitude of which
reflect the contour of the most prominent amplification or deletion for that locus.

Furthermore, within each locus, one or more MCRs were identified across multiple

tumor samples, with each MCR potentially harboring a distinct cancer-relevant gene
targeted for copy number alteration across the sample set.

The locus-identification algorithm defined discrete MCRs within the
dataset which were annotated in terms of recurrence, amplitude of change and

representation in both cell lines and primary tumors. These discrete MCRs were
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prioritized based on four criteria that emphasize recurrent high-threshold changes in

both primary tumors and cell lines. Implementation of this prioritization scheme
yielded MCRs of the present invention that satisfied at least three of the four criteria
(see Table 2).

The confidence-level ascribed to these prioritized loci is further
validated by real-time quantitative PCR (QPCR), which demonstrated 100%
concordance with X selected MCRs defined by array-CGH.

In Table 2, the loci and MCRs are indicated as having either “gain and
amplification” or “loss and deletion,” indicating that each locus and MCR has either
(1) increased copy number and/or expression or (2) decreased copy number and/or
expression, or deletion, in cancer. Furthermore, genes known to play important roles
in the pathogenesis of pancreatic cancer (such as, p16™<*, Kras2, SMAD4, LKB1,
and telomerase) are present within the loci and are also set forth in Table 2.

Complementary expression profile analysis of a significant fraction of
the genes residing within the MCRs of the present invention provids a subset of
biomarkers with statistically significant association between gene dosage and mRNA
expression. Additional biomarkers within the MCRs that have not yet been annotated

‘may-also berused as biomarkers for-cancer as described herein, and are included in the . -

invention. "¢ - . R PR ¢H
The novel methods for identifying chromosomal regions of altered
copy number, as described herein, may be applied to various data sets for various
diseases, including, but not limited to, cancer. Other methods may be used to
“determine copy number aberrations are known in the art, including, but not limited to
- oligonucleotide-based microarrays (Brennan, et al. (2004) In Press; Lucito, et al.
(2003) Genom:e Res. 13:2291-2305; Bignell et al. (2004) Genome Res. 14:287-295;
Zhao, et al (2004) Cancer Research, 64(9):3060-71), and other methods as described
herein including, for example, hybridization methods (such as, for example, FISH and
FISH plus spectral karyotype (SKY)).

A. Materials and Methods

Cell Lines and Primary Tumors.

All the primary tumors were acquired from Pdx-Cre; LSL-Kras®*P
mice harboring either the Ink4a/Arf or p53 conditional tumor suppressor alleles. Mice
were allowed to generate pancreatic adenocarcinomas and low passage cell lines were
derived from these tumors. Mice harboring other conditional tumor suppressor
alleles, e.g., PdxI-Cre; LSL-Kras ®?2; Inkda ""°%; Pdx1-Cre; LSL-Kras ¥'*°; p53

loxflox. o 1-Cre; LSL-Kras “1?P; SMAD4 "%, Pdx]-Cre; LSL-Kras “'*P; Lkb1""*,
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were also allowed to develop tumors which are used for the analyses as described
below |

Array-CGH profiling on cDNA microarrays. ‘ ‘

Genomic DNAs from cell lines and primary tumors were extracted
according to the manufacturer instruction (Gentra System Lie, Minneapolis, MN).
Genomic DNA was fragmented and random-prime labeled according to published
protocols (Pollack, J. R., et al. (1999a) Nat Genet 23, 41-46.) with modifications (For
details, see, Aguirre, A. J., et al. (2004) Proc Natl Acad Sci U S A 101, 9067-72).
Labeled DNAs were hybridized to either human cDNA microarrays or oligo
microarrays. The cDNA microarrays contain 14,160 cDNA clones (Agilent
Technologies, Human 1 clone set) with 13,281 mappable clones, for which
approximately 11,211 unique map positions were defined (NCBL, Build 34).). The
median interval between mapped elements is 72.7 kilobase; 94.1% of intervals are
less than 1 Mb, and 98.9% are less than 3 Mb. The oligo array contains 22K
oligonucleotides (Agilent Technologies). All probes were subjected to BLAST
alignment with the latest draft of human/mouse genome sequence (NCBI, Build 34).
Based on the BLAST results, un-mappable:probes were eliminated, which were
arbitrarily defined as alignment length of best hit less than 55 bp;-and un-informative
probes, which were identified by having a second best hit score of 95% or higher on
the alignment length of the best hit. These criteria selected 16022 informative probes
for the human array. The median interval between mapped elements is 54.7 kilobase,
96.7% of intervals are less than 1 Mb, and 99.5% are less than 3 Mb.

Fluorescence ratios of scanned images of the arrays were calculated
and the raw array-CGH profiles were processed to identify statisticaliy. significant
transitions in copy number using a segmentation algorithm which employs
permutation to determine the significance of change points in the raw data (Olshen, A.
B., et al. (2004) Biostatistics 5(4):557-72). Each segment was assigned a Lo g ratio that
is the median of the contained probes. The data was centered by the tallest mode in
the distribution of the segmented values. After mode-centering, gains and losses were
defined as Log; ratios of greater than or equal to +0.11 or —0.11 (+/- 4 standard
deviations of the middle 50% quantile of data), and amplification and deletion as a
ratio greater than 0.4 or less than —0.4, respectively. The comparison between
squamous and adenocarcinomas was performed as follows: a custom-made algorithm
was designed to identify all the probes on the segmented data that were above a Log,
ratio of 0.5 in at least 25% of the samples in one tumor subtype and absent in the
other dataset. For the deletions, the algorithm searched for all the probes on the
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segmented data that were below a Log, ratio of 0.5 in at least 25% of the samples in
one tumor subtype and absent in the other dataset.

Automated locus definition.

Loci are defined by an automated algorithm applied to the segmented
data based on the following rules:

1. Segments above 0.4 or below —0.4 were identified as altered.

2. If two or more altered segments are adjacent in a single profile
or separated by less than S00KB, the entire region spanned by the segments was
considered to be an altered spén.

3. Highly altered segments or spans that are shorter than 20MB
were retained as “informative spans” for defining discrete locus boundaries. Longer
regions were not discarded, but were not included in defining locus boundaries.

4. Informative spans were compared across samples to identify
overlapping groups of positive-value or negative-value segments; each group defines
a locus.

5. Overlap groups were divided into separate groups wherever the

© recurrence rate falls below 25% of the peak recurrence:for the whole group. Overlap
groups were divided into separate groups wherever the recurrence rate falls below
25% of the peak recurrence for the whole group. Recurrence was calculated by
counting the number of samples with alteration at high threshold (0.4, -0.4).

6. MCRs were defined as contiguous spans having at least 75% of .
the peak recurrence as calculated by counting the occurrence of highly altered
segments. If two MCRs were separated by a gap of only one probe position, they are
joined. If there are more than 3 MCRs in a locus, the whole region is reﬁorted asa
single complex MCR.

MCR Characterization. ,

‘ For each MCR, the peak segment value was identified. Recurrence of
gain or loss was calculated across all samples based on the lower thresholds
previously defined (~ +/- 0.11). As an additional measure of recurrence independent
of thresholds for segment value or length, Median Aberration (MA) was calculated
for each probe position by taking the median of all segment values above zero for
amplified regions, below zero for deleted regions. This pair of values was compared
to the distribution of values obtained after permuting the probe labels independently
in each sample profile. Where the magnitude of the MA exceeded 95% of the
permuted averages, the region was marked as significantly gained or lost, and this is
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used in the voting system for prioritization. The number of knowri genes is counted
based on the July 2003 human assembly at NCBI (build 34).

Quantitative PCR (OPCR) verification.

PCR primers are designed to amplify products of 100—150bp within
target and control sequences. Primers for control sequences in each cell line are
designed within a region of euploid copy number as shown by array-CGH analysis.
Quantitative PCR is performed, by monitoring in real-time, the increase in
fluorescence of SYBR Green dye (Qiagen, Valencia, CA) with an ABI 7700 sequence
detection system (Perkin Elmer Life Sciences, Boston, MA). Relative gene copy
number is calculated by the standard curve method (Ginzinger, D. G. (2002) Exp
Hematol 30, 503-512). Estimates of gene dosage are made relative to the most
common copy number within a sample. For PCR validation, abundant Line elements
are used as a reference against which to compare copy number alterations. Based on
previous experience with other datasets (Aguirre, A. J., et al. (2004) Proc Natl Acad
Sci U § 4101, 9067-9072; Brennan, C., et al. (2004) Cancer Res 64, 4744—4748), a
threshold of 2 (as relative gene dosage) is used as a cutoff of alteration. For

r -s-validation of expression, RNA-specific:PCR primers:are des1gned to amphfy products

20

25

30

35

0f 100-150bp across exons.

Expression Profiling on Affymetrix GeneChip.

Biotinylated target cRNA is generated from total sample RNA and
hybridized to human oligonucleotide probe arrays (U133Plus 2.0, Affymetrix, Santa
Clara, CA) according to standard protocols (Golub, T. R., et al. (1999) Science 286,
531-537). Expression values are normalized in dChip (Li, C., and Wong, W. H.
(2001) Proc Natl Acad Sci U S A 98, 31-36) and then for each gene are standardized
by Log; ratio to the median of the cohort.

Integrated copy number and expression analysis.

Array-CGH data is interpolated such that each expression Value can be
mapped to its corresponding copy number value. For each gene position, the samples
are grouped based on whether array-CGH showed altered copy number or not based
on interpolated CGH value. The effect of gene dosage on expression is measured by
calculating a gene weight defined as the difference of the means of the expression
value in the altered and unaltered sample groups divided by the sum of the standard
deviations of the expression values in altered and unaltered sample groups (Aguirre,

A.J., et al. (2004) Proc Natl Acad Sci U S A 101, 9067-9072; Hyman, E., et al.
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(2002) Cancer Res 62, 6240-6245). The significance of the weight for each .gene is
estimated by permuting the sample labels 10,000 times and applying an alpha
threshold of 0.05.

Fluorescence in situ hybridization (FISH).

Metaphase spread slides are prepared following standard protocols
(Protopopov, A. L, et al. (1996) Chromosome Res 4, 443-447). Frozen tissue sections
(4 pm) are pre-treated according to manufacturer’s protocol (Frozen Tissue Prep for
FISH, Vysis, Downers Grove, IL). The probes for FISH analysis are labeled using
nick translation, according to the manufacturer’s instructions (Roche Molecular
Biochemicals, Indianapolis, IN) with either biotin-14-dATP or digoxigenin-11-dUTP.
Biotinylated probes are detected using Cy3-conjugated avidin (Accurate Chemical,
Westbury, NY). For digoxigenin-labeled probes, antidigoxigenin-FITC Fab fragments
(Enzo Life Sciences, Farmingdale, NY) are used. Slides are counterstained with 5
pg/ml 4',6-diamidino-2-phenylindole (Merck, Wilmington, DE) and mounted in
Vectashield antifade medium (Vector Laboratories, Burlingame, CA). FISH signals
acquisition and spectral analysis are performed using filter sets and software

- developed by Applied Spectral Imaging (Carlsbad, CA): "+ waive i

Identification of known and novel CNAs in the pancreatic adenocarcinoma
genome. ‘
To identify genomic aberrations occurring in the Kras®'?°-driven
mouse model of pancreatic adenocarcinoma, an array-comparative genomic
hybridization was utilized to comprehensively assess alterations in chromosomal copy
number. Models of pancreatic adenocarcinoma utilizing the Ink4a/Arf or p53 tumor
suppressor alleles were generated as described herein and 35 tumors have been
collectively analyzed by array-CGH. These profiles comprise an extensive database
of valuable information regarding the biology and genetics of pancreatic tumors.
First, the differential impact of inactivation of the Ink4a/Arf or p53 tumor suppressor
genes on genomic instability became apparent when the genomic complexity of
Ink4a/Arf-mutant tumors is compared to that of p53-mutant tumors (Figure 12).
Tumors containing mutations in the p53 tumor suppressor have increased genomic
instability and more frequent cytogenetic aberrations (Figure 12). These analyses are
currently extending to assess other known pancreatic cancer genes including SMAD4,
LKBI1 and telomerase.

Utilizing custom bioinformatic approaches, a comprehensive list of
copy number alterations occurring in the genomes of these mouse tumors was

generated (Table 2). The columns in Table 2 have the following labels: Chr,
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“Chromosome’; MCR.St., the base pair start position for a given alteration;
MCR.End., the base pair end position for the same alteration; MCR.Width (Mb), the
size of the amplification or deletion in Mb; Peak.Val, the peak ACGH value for the
CNA; Rec.All, Recurrence of the amplification or deletion across the dataset;
MCR.genes, the number of genes within the amplification or deletion; Candidates,
known candidate oncogenes or tumor suppressor genes within the amplification or
deletion.

The list of MCRs in Table 2 represents an enumeration of all regions
of gain or loss in these mouse tumors and outlines those chromosomal locations
encompassing genes that may have pathogenic and/or diagnostic and therapeutic
importance for pancreatic cancer. For example, genes located within regions of
gain/amplification in these tumor genomes are overexpressed at the RNA and protein
levels and thus are valid candidates for diagnostic biomarkers or novel therapeutic
targets.

Equivalents
' Those skilled in the art will recognize,.or-be-able to ascertain using no

more than routine experimentation, many equivalents to the specific embodiments of
 the invention described herein. Such equivalents are intended to be encompassed by

the following claims.
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Claims
What is claimed:

1. A non-human animal model of pancreatic adenocarcinoma
comprising an activating mutation of KR4S and one or more tumor suppressor genes
or loci that is misexpressed.

2. The non-human animal model of claim 1, wherein said one or
more tumor suppressor genes are conditionally misexpressed.

3. The non-human animal model of claim 1, wherein the
activating mutation of KRAS is a Kras®?? knock-in allele (LSL-Kras).

4. The non-human animal model of claim 1, wherein the
activating mutation of KRAS is a Kras®P knock-in allele (LSL-Kras), and wherein

the tumor suppressor gene is INK4a/Arf.

5. The non-human animal model of claim 1, wherein said animal
comprises PdxI-Cre; LSL-Kras®?P: Ink4a/A1f”x”°x.

6. The non-human animal model of claim 1, wherein said
misexpression results in decreased expression of one or more tumor suppressor genes

or loci.

7. The non-human animal model of claim 1, wherein the tumor
suppressor gene is Ink4a/ARF.

8. The non-human animal model of claim 1, wherein the tumor
suppressor gene is selected from the group consisting of Ink4a/ARF, Ink4a, Arf, p53,
Smad4/Dpc, Lkbl, Brca2, and Mih1.

9. The non-human animal model of claim 1, wherein the tumor
suppressor genes are Ink4a/ARF and p53.

10.  The non-human animal model of claim 1, wherein said one or
more tumor suppressor genes or loci are disrupted by removal of DNA encoding all or
part of the tumor suppressor protein.
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11.  The non-human animal model of claim 10, wherein said animal
is homozygous for the one or more disrupted genes or loci.

12. The non-human animal model of claim 10, wherein said animal

is heterozygous for the one or more disrupted genes or loci.

| 13.  The non-human animal model of claim 1, wherein said animal
is a transgenic animal with a transgenic disruption of said one or more tumor
suppressor genes or loci. ‘

14.  The non-human animal model of claim 13, wherein the
pancreatic and duodenal homeobox gene 1 (Pdx1)-Cre transgene is used to delete said
one or more tumor suppressor genes or loci in the pancreas.

15.  The non-human animal model of claim 1, wherein said animal
is a rodent.

16.  The non-human animal model of claim 15, wherein said rodent

is a mouse.

17. A method for identifying for a biomarker associated with
pancreatic adenocarcinoma comprising:

comparing the amount, structure, and/or activity of genes or proteins in
a sample from an animal model of pancreatic adenocarcinoma, versus the presence,
absence, or level of expression or activity of genes or proteins in a sample from a
control wild-type animal, wherein the animal model comprises an activating mutation
of KRAS and wherein one or more tumor suppressor genes or loci are misexpressed,

and wherein a difference in the amount, structure, and/or activity of a
gene or protein indicates that the gene or protein is a biomarker associated with
pancreatic adenocarcinoma.

18.  The method of claim 17, wherein the identified biomarker is a
diagnostic biomarker.

19. The method of claim 17, wherein the identified biomarker is a
prognostic biomarker.
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20. A method for identifying for a pharmacogenomic biomarker,
wherein the pharmacogenomic biomarker is expressed in conjunction with a therapy
regime -comprising:

comparing the amount, structure, and/or activity of genes or proteins in
a sample from an animal model of pancreatic adenocarcinoma, versus the presence,
absence, or level of expression or activity of genes or proteins in a sample from a
control wild-type animal, wherein the animal model comprises an activating mutation
of KRAS and wherein one or more tumor suppressor genes or loci are misexpressed,
wherein said animal model is administered a therapy regime;

and wherein a difference in the amount, structure, and/or activity of a

* gene or protein between the animal model sample and the control sample indicates
that the gene or protein is a pharmacogenomic biomarker associated with pancreatic
adenocarcinoma.

21.  The method of claim 17 or 20, wherein said sample contains

blood, urine, stool, bile, pancreatic cells or pancreatic tissue.
22. A biomarker identified by the method of claim 17.

23. The biomarker of claim 22, wherein said biomarker is a nucleic
acid molecule.

24.  The biomarker of claim 22, wherein said biomarker is a protein.

25.  The method of claim 22, wherein said animal model displays
metastatic pancreatic tumors.

26. The method of claim 22, wherein said animal model is
asymptomatic for pancreatic adenocarcinoma.

27. A method for identifying a biomarker associated with
pancreatic adenocarcinoma, said method comprising:

a) performing profiling of the genome of cancer cells, wherein said
cells are from an animal model of pancreatic adenocarcinoma, wherein the animal
model comprises an activating mutation of KR4S and wherein one or more tumor
suppressor genes or loci are misexpressed; -

b) performing segmentation analysis of profiles identified in step a);

¢) identifying loci;
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d) prioritizing said identified loci; and
e) interrogating genes in the identified loci,
to thereby identify a biomarker associated with pancreatic adenocarcinoma.

28. A method for identifying a locus associated with pancreatic
adenocarcinoma, said method comprising the steps of:

a) performing profiling of the genome of cancer cells, wherein said
cells are from an animal model of pancreatic adenocarcinoma, wherein the animal
model comprises an activating mutation of KRAS and wherein one or more tumor
suppressor genes or loci are misexpressed; |

b) performing segmentation analysis of profiles identified in step a);

c) identifying loci; and

d) prioritizing said.identified loci,
to thereby identify a locus associated with pancreatic adenocarcinoma.

29.  The method of claim 27, wherein said interrogation of genes in
the identified loci is based on gene expression data.

30.  The method of claim 27, wherein said interrogation of genes in
the identified loci is based on in vitro screening assays.

31.  The method of claim 27 or 28, wherein said profiling is
performed using comparative genomic hybridization (CGH).

32. The method of claim 27 or 28, wherein said cancer cells are
derived from a pancreatic adenocarcinoma cell line or a pancreatic adenocarcinoma
tumor.

‘33. A biomarker identified by the method of claim 28.

34. A method of identifying a gene or protein involved in stromal-
tumor communication comprising:

comparing the presence, amount, structure, and/or activity of genes or
proteins a tumor from an animal model of pancreatic adenocarcinoma, versus the
presence, absence, or level of expression or activity of genes or proteins in stroma
from an animal model of pancreatic adenocarcinoma, wherein the animal model
comprises an activating mutation of KRAS and wherein one or more tumor suppressor
genes or loci are misexpressed, and wherein a difference in the amount, structure,
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and/or activity of a gene or protein indicates that the gene or protein is involved in
stromal-tumor communication.

35. A method of assessing whether a subject is afflicted with
pancreatic adenocarcinoma, the method comprising comparing:

a) the amount, structure, and/or activity of a biomarker identified in
claim 17 or 28 in a subject sample, and

' b) the amount, structure, and/or activity of the biomarker in a control

pancreatic sample,

wherein a difference in the amount, structure, and/or activity of the
biomarker in the subject sample and the normal level is an indication that the subject
is afflicted with pancreatic adenocarcinoma.

36. The method of claim 35, wherein the sample comprises cells
obtained from the patent.

37. A method for monitoring the progression of pancreatic
adénocarcinoma in a subject, the method comprising:

a) detecting in a subject sample at a-first point in time, the amount,
structure, ‘and/or activity of a biomarker identified by the method of claim 17 or 28;

b) repeating step a) at a subsequent point in time; and

¢) comparing the amount, structure, and/or activity detected in steps a)
and b), and therefrom monitoring the pro gressioﬁ of pancreatic adenocarcinoma in the

subject.

38.  The method of claim 37, wherein the sample comprises cells
obtained from the subject.

39.  The method of claim 37, wherein between the first point in time
and the subsequent point in time, the subject has undergone surgery to remove a
tumor.

40. A method of assessing the efficacy of a test compound for
inhibiting pancreatic adenocarcinoma in a subject, the method comprising comparing:

a) the amount, structure, and/or activity of a biomarker in a first sample
obtained from the subject and exposed to the test compound, wherein the biomarker is
identified by the method of claim 17 or 28, and
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b) the amount, structure, and/or activity of the biomarker in a second
sample obtained from the subject, wherein the sample is not exposed to the test
compound,

wherein a significantly a difference in the amount, structure, and/or
activity of the biomarker in the first sample, relative to the second sample, is an
indication that the test compound is efficacious for inhibiting pancreatic
adenocarcinoma in the subject.

41.  The method of claim 40, wherein the first and second samples
are portions of a single sample obtained from the subject.

42. A method of assessing the efficacy of a therapy for inhibiting
pancreatic adenocarcinoma in a subject, the method comprising comparing:

a) the amount, structure, and/or activity of a biomarker in the first
sample obtained from the subject prior to providing at least a portion of the therapy to
the subject, wherein the biomarker is identified by the method of claim 17 or 28, and

b) the amount, structure, and/or activity of the biomarker in a second
sample obtained from the subject following provision of the portion of the therapy,

wherein a significantly lower level of amount, structure, and/or activity
of the biomarker in the second sample, relative to the first sample, is an indication that
the therapy is efficacious for inhibiting pancreatic adenocarcinoma in the subject.

43. A method of selecting a composition for inhibiting pancreatic
adenocarcinoma in a subject, the method comprising:

a) obtaining a sample comprising cancer cells from the subject;

b) separately exposing aliquots of the sample in the présence ofa
plurality of test compositions;

c) comparing amount, structure, and/or activity of a biomarker in each
of the aliquots, wherein the biomarker is identified by the method of claim 17 or 28;
and

d) selecting one of the test compositions which induces a lower level of
amount, structure, and/or activity of the biomarker in the aliquot containing that test
composition, relative to other test compositions.

44. A method of inhibiting pancreatic adenocarcinoma in a subject,

the method comprising:
a) obtaining a sample comprising cancer cells from the subject;
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b) separately maintaining aliquots of the sample in the presence of a
plurality of test compositions; ‘
| ¢) comparing amount, structure, and/or activity of a biomarker in each
of the aliquots, wherein the biomarker is identified by the method of claim 17 or 28;
and

d) administering to the subject at least one of the test compositions
which induces a lower level of amount, structure, and/or activity of the biomarker in
the aliquot - containing that test composition, relative to other test compositions.

45.  AKit for assessing whether a subject is afflicted with pancreatic
adenocarcinoma, the kit comprising reagents for assessing expression of a biomarker
identified by the method of claim 17 or 28. '

46. A Kkit for assessing the presence of pancreatic adenocarcinoma
cells, the kit comprising a nucleic acid prdbe wherein the probe specifically binds
with a transcribed polynucleotide corresponding to a biomarker identified by the
method of claim 17 or 28.

47.  Akit for assessing the suitability of each of a plurality of -
compounds for inhibiting péncreatic adenocarcinoma in a subject, the kit comprising:

a) the plurality of compounds; and

b) a reagent for assessing expression of a biomarker identified by the
method of claim 17 or 28.

48. A kit for assessing the presence of human pancreatic
adenocarcinoma cells, the kit comprising an antibody, wherein the antibody
specifically binds with a protein corresponding to a biomarker identified by the
method of claim 17 or 28.

49. A method of assessing the pancreatic cell carcinogenic
potential of a test compound, the method comprising:

a) maintaining separate aliquots of pancreatic cells in the presence and
absence of the test compound; and

b) comparing amount, structure, and/or activity of a biomarker in each
of the aliquots, wherein the biomarker is identified by the method of claim 17 or 28,

wherein a significantly enhanced level of amount, structure, and/or
activity of the biomarker in the aliquot maintained in the presence of the test
compound, relative to the aliquot maintained in the absence of the test compound, is
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an indication that the test compound possesses human pancreatic cell carcinogenic

potential.

50. A Kkit for assessing the pancreatic cell carcinogenic potential of
a test compound, the kit comprising pancreatic cells and a reagent for assessing
expression of a biomarker, wherein the biomarker is identified by the method of claim
17 or 28.

51. A method for identifying a compound which modulates tumor-
stromal symbiosis comprising:

(a) administering a test compound to an animal model
comprising an activating mutation of KRAS and wherein one or more tumor
suppressor genes or loci are misexpressed; and

(b) determining the effect of the test compound on the
initiation, maintenance, or progression of pancreatic adenocarcinoma in said animal
model, thereby identifying a compound that modulates tumor-stromal symbiosis.

52. A method of identifying a compound that modulates pancreatic
adenocarcinoma development, progression, and/or maintenance comprising:

(a) administering a test compound to an animal model
comprising an activating mutation of KRAS and wherein one or more tumor
suppressor genes or loci are misexpressed, or a cell isolated therefrom; and

(b) determining the effect of the test compound on the
initiation, maintenance, or progression of pancreatic adenocarcinoma in said animal
model, thereby identifying a compound that modulates pancreatic adenocarcinoma
development, progression, and/or maintenance. |

53. . A method for evaluating a potential therapeutic agent for the treatment
or prevention of pancreatic adenocarcinoma comprising:

(@ édmim'stering a test compound to an animal model
comprising an activating mutation of KRAS and wherein one or more tumor
suppressor genes or loci are misexpressed, or a cell isolated therefrom; and

(b) determining the effect of the test compound on the
initiation, maintenance, or progression of pancreatic adenocarcinoma in said animal
model, thereby evaludting a potential therapeutic agent for the treatment or prevention
of pancreatic adenocarcinoma.
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54.  The method of one of claims 37 or 38, wherein said compound
is selected from the group consisting of: a protein, a nucleic acid molecule, an
antibody, a ribozyme, an antisense oligonucleotide, an siRNA, and an. organic or non-
organic small molecule.

55. A method of treating or preventing pancreatic adenocarcinoma
in a subject having or at risk of developing pancreatic adenocarcinoma, comprising:
administering a compound identified in claim 37 to a subject, thereby treating or
preventing pancreatic adenocarcinoma in a subject having or at risk of developing

pancreatic adenocarcinoma.

56.  Anisolated cell, or a purified preparation of cells from an
animal model of pancreatic adenocarcinoma comprising an activating mutation of

KRAS and wherein one or more tumor suppressor genes or loci are misexpressed.

57. The isolated cell of claim 56, wherein said cell is isolated from
pancreatic tissue from said animal model of pancreatic adenocarcinoma.
58.  The isolated cell of claim57, wherein said cell is a epithelial,

stomal, acinar, or ductal cell.
59.  The cell of claim 56, wherein said cell is transgenic cell.

60. . The cell of claim 57, wherein said transgenic cell is a mouse
cell.

61. A method of assessing whether a subject is afflicted with
pancreatic adenocarcinoma or at risk for developing pancreatic adenocarcinoma, the
method comprising comparing the copy number of a minimal common region (MCR)
in a subject sample to the normal copy number of the MCR, wherein said MCR is '
selected from the group consisting of the MCRs listed in Table 2, and wherein an
altered copy number of the MCR in the sample indicates that the subject is afflicted
with pancreatic adenocarcinoma or at risk for developing pancreatic adenocarcinoma.

62.  The method of claim 61, wherein the copy number is assessed
by fluorescent ir situ hybridization (FISH).
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63. The method of claim 61, wher E?il’l the copy number is assessed
by quantitative PCR (qPCR). ’

64.  The method of claim 61, wherein the normal copy number is
obtained from a control sample.

65. A method of assessing whether a subject is afflicted with
pancreatic adenocarcinoma or at risk for developing pancreatic adenocarcinoma, the
method comprising comparing: | |

a) the amount, structure, and/or activity of a biomarker in a subject
sample, wherein the biomarker is a biomarker which resides in an MCR listed in
Table 2; and

b) the normal amount, structure, and/or activity of the of the
biomarker, |

wherein a significant difference between the amount, structure, and/or
activity of the biomarker in the sample and the normal amount, structure, and/or |
activity is an indication that the subject is afflicted with pancreatic adenocarcinoma or
at risk for developing pancreatic adenocarcinoma: - ' -\

66. The method of claim 65, wherein the amount of a biomarker is

compared.

67.  The method of claim 65, wherein the structure of a biomarker is
compared.

68.  The method of claim 65, wherein the activity of a biomarker is
compared.

69. The method of claim 66, wherein amount of the biomarker is
determined by determining the level of expression of the biomarker.

70. The method of claim 65, wherein amount of the biomarker is
determined by determining copy number of the biomarker.

71. The method of claim 65, wherein the normal amount/structure,
and/or activity of the biomarker is obtained from a control sample.
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72."  The method of claims 61 or 65, wherein the sample is selected
from the group consisting of blood, urine, stool, bile, pancreatic cells or pancreatic
tissue.

73.  The method of claim 61 or 70, wherein the copy number is
assessed by comparative genomic hybridization (CGH).

- 74.  The method of claim 73, wherein said CGH is performed on an
array.

75. The method of claim 69, wherein the level of expression of the
biomarker in the sample is assessed by detecting the presence in the sample of a
protein corresponding to the biomarker.

76.  The method of claim 75, wherein the presence of the protein is
detected using a reagent which specifically binds with the protein.

77. . The method of claim:76, wherein the reagent is selected from
the group consisting of an antibody, an antibody derivative, and an antibody fragment.

78.  The method of claim 69, wherein the level of expression of the
biomarker in the sample is assessed by detecting the presence in the sample of a
transcribed polynucleotide or portion thereof, wherein the transcribed polynucleotide

~ comprises the biomarker.

79 The method of claim 78, wherein the transcribed
polynucleotide is an mRNA.

80 The method of claim 78, wherein the transcribed
polynucleotide is a cDNA. '

81 The method of claim 78, wherein the step of detecting further
comprises amplifying the transcribed polynucleotide.

82.  The method of claim 69, wherein the level of expression of the

biomarker in the sample is assessed by detecting the presence in the sample of a
transcribed polynucleotide which anneals with the biomarker or anneals with a
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portion of a polynucleotide wherein the polynucleotide comprises the biomarker,
under stringent hybridization conditions.

83. A method for monitoring the progression of pancreatic
adenocarcinoma in a subject, the method comprising:

a) detecting in a subject sample at a first point in time, the amount
and/or activity of a biomarker, wherein the marker is a marker which resides in an
MCR listed in Table 2;

‘ b) repeating step a) at a subsequent point in time; and

¢) comparing the amount and/or activity detected in steps a) and b),
and therefrom monitoring the progression of pancreatic adenocarcinoma in the
subject.

84.  The method of claim 83, wherein the sample is selected from
the group consisting of blood, urine, stool, bile, pancreatic cells or pancreatic tissue.

85.  The method of claim 83, wherein the activity of a biomarker is

t vl

86. The method of claim 83, wherein the amount of a biomarker is -

determined.

87. The method of claim 86, vlvherein amount of the biomarker is
determined by determining the level of expression of the biomarker.

88.  The method of claim 86, wherein the level of expression of the
biomarker in the sample is assessed by detecting the presence in the sample of a

protein corresponding to the biomarker.

89.  The method of claim 88, wherein the presence of the protein is
deteqted using a reagent which specifically binds with the protein.

90.  The method of claim 89, wherein the reagent is selected from
the group consisting of an antibody, an antibody derivative, and an antibody fragment.

91.  The method of claim 87, wherein the level of expression of the
biomarker in the sample is assessed by detecting the presence in the sample of a
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transcribed polynucleotide or portion thereof, wherein the transcribed polynucleotide
comprises the biomarker. ‘

92.  The method of claim 91, wherein the transcribed
polynucleotide is an mRNA.

93.  The method of claim 91, wherein the transcribed
polynucleotide is a cDNA.

94.  The method of claim 91, wherein the step of detecting further
comprises amplifying the transcribed polynucleotide.

95.  The method of claim 87, wherein the level of expression of the
biomarker in the sample is assessed by detecting the presence in the sample of a
transcribed polynucleotide which anneals with the biomarker or anneals with a
portion of a polynucleotide wherein the polynucleotide comprises the biomarker,
under stringent hybridization conditions. A

96.  The method of claim 83, wherein the saniple comprises cells
obtained from the subject.

97.  The method of claim 83, wherein between the first point in time
and the subsequent point in time, the subject has undergone treatment for pancreatic
adenocarcinoma, has completed treatment for pancreatic adenocarcinoma, and/or is in
remission. |

98. A method of assessing the efficacy of a test compound for
inhibiting pancreatic adenocarcinoma in a subject, the method comprising comparing:

a) the amount and/or activity of a biomarker in a first sample obtained
from the subject and maintained in the presence of the test compound, wherein the
biomarker is a biomarker which resides in an MCR listed in Table 2; and

b) the amount and/or activity of the biomarker in a second sample
obtained from the subject and maintained in the absence of the test compound,

wherein a significantly higher amount and/or activity of a biomarker in
the first sample residing in an MCR which is deleted in pancreatic adenocarcinoma,
relative to the second sample, is an indication that the test compound is efficacious for
inhibiting pancreatic adenocarcinoma, and wherein a significantly lower amount
and/or activity of a biomarker in the first sample residing in an MCR which is
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ampliﬁéd in pancreatic adenocarcinoma, relative to the second sample, is an
indication that the test compound is efficacious for inhibiting pancreatic
adenocarcinoma in the subject.

‘ 99.  The method of claim 98, wherein the first and second samples
are portions of a single sample obtained from the subject.

100. The method of claim 98, wherein the first and second samples
are portions of pooled samples obtained from the subject.

101. A method of assessing the efficacy of a therapy for inhibiting
pancreatic adenocarcinoma in a subject, the method comprising comparing:

a) the amount and/or activity of a biomarker in the first sample
obtained from the subject prior to providing at least a portion of the therapy to the
subject, wherein the biomarker is a biomarker which resides in an MCR listed in
Table 2, and

b) the amount and/or activity of the biomarker in a second sample
obtained from the subject following provision of the portion of the therapy,

“wherein a significantly higher amount and/or activity of the biomarker
in the first sample residing in an MCR which is deleted in pancreatic adenocarcinoma,
relative to the second sample, is an indication that the test compound is efficacious for
inhibiting pancreatic adenocarcinoma and wherein a significantly lower amount
and/or activity of the biomarker in the first sample residing in an MCR which is
amplified in pancreatic adenocarcinoma, relative to the second sample, is an
indication that the therapy is efficacious for inhibiting pancreatic adenocarcinoma in
the subject.

102. A method of selecting a composition capable of modulating
pancreatic adenocarcinoma, the method comprising:

a) obtaining a sample comprising pancreatic adenocarcinoma cells;

b) contacting said cells with a test compound; and

¢) determining the ability of the test compound to modulate the
amount and/or activity of a biomarker, wherein the biomarker is a biomarker which
resides in an MCR listed in Table 2,

thereby identifying a modulator of pancreatic adenocarcinoma.

103. The method of claim 102, wherein said cells are isolated from
an animal model of pancreatic adenocarcinoma.
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104. The method of claim 102, wherein said cells are from a

pancreatic adenocarcinoma cell line.

105. The method of claim 102, wherein said cells are from a subject

suffering from pancreatic adenocarcinoma.

106. The method of claim 104, wherein said cells are from a
pancreatic adenocarcinoma cell line originating from a pancreatic adenocarcinoma
tumor.

107. A method of selecting a composition capable of modulating
pancreatic adenocarcinoma, the method comprising:

a) contacting a biomarker which resides in an MCR listed in Table 2
with a test compound; and

b) determining the ability of the test compound to modulate the
amount and/or activity of a biomarker which resides in an MCR listed in Table 2,
thereby identifying a composition capable of modulating pancreatic
adenocarcinoma. '

108. The method of claim 102 or 107, further comprising
administering the test compound to an animal model of pancreatic adenocarcinoma.

109. A kit for assessing the ability of a compound to inhibit
pancreatic adenocarcinoma, the kit comprising a reagent for assessing the amount,
structure, and/or activity of a biomarker which resides in an MCR listed in Table 2.

110. A kit for assessing whether a subject is afflicted with pancreatic
adenocarcinoma, the kit comprising a reagent for assessing the copy number of an
MCR selected from the group consisting of the MCRs listed in Table 2.

111. A Kit for assessing whether a subject is afflicted with pancreatic
adenocarcinoma, the kit comprising a reagent for assessing the amount, structure,

and/or activity of a biomarker which resides in an MCR listed in Table 2.

112. A Kit for assessing the presence of human pancreatic
adenocarcinoma cells, the kit comprising an antibody or fragment thereof, wherein the
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antibody or ﬂagment thereof specifically binds with a protein corresponding to a
biomarker which resides in an MCR listed in Table 2.

113. A Lit for assessing the presence of pancreatic adenocarcinoma
cells, the kit comprising a nucleic acid probe wherein the probe specifically binds
with a transcribed polyﬁucleotide corresponding to a biomarker which resides in an
MCR listed in Table 2.

114. The kit of claim 113, wherein the nucleic acid probe is a

molecular beacon probe.

115. A method of treating a subject afflicted with pancreatic
adenocarcinoma comprising administering to the subject a modulator of amount
and/or activity of a gene or protein corresponding to a biomarker which resides in an
MCR listed in Table 2, thereby treating a subject afflicted with pancreatic

adenocarcinoma.

, 116. A method of treating a'subject afflicted with pancreatic
adenocarcinoma comprising administering to the subject a compound which inhibits
the amount and/or activity of a gene or protein corresponding to a biomarker which
resides in an MCR listed in Table 2 which is amplified.in pancreatic adenocarcinoma,
thereby treating a subject afflicted with pancreatic adenocarcinoma.

117. The method of claim 116, wherein said compound is
administered in a pharmaceutically acceptable formulation.

118. The method of claim 116, wherein said compound is an
antibody or an antigen binding fragment thereof, which specifically binds to a protein
corresponding to said biomarker.

119. The method of claim 118, wherein said antibody is conjugated -
to a toxin.

120. The method of claim 118, wherein said antibody is conjugated
to a chemotherapeutic agent. |

121. The method of claim 116, wherein said compound is an RNA
interfering agent which inhibits expression of a gene corresponding to said biomarker.
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122. The method of claim 121, wherein said RNA interfering agent
is an siRNA molecule or an shRNA molecule.

123. The method of claim 116, wherein said compound is an
antisense oligonucleotide complementary to a gene corresponding to said biomarker.

124. The method of claim 116, wherein said compound is a peptide

or peptidomimetic.

125. The method of claim 116, wherein said compound is a small
molecule which inhibits activity of said biomarker.

126. The method of claim 125, wherein said small molecule inhibits
a protein-protein interaction between a biomarker and a target protein.

127. The method of claim 116, wherein said compound is an
aptamer which inhibits expression or activity of said biomarker: -

128. A method of treating a subject afflicted with pancreatic
adenocarcinoma comprising administering to the subject a compound which increases
expression or activity of a gene or protein corresponding to a biomarker which resides
in an MCR listed in Table 2 which is deleted in pancreatic adenocarcinoma, thereby
treating a subject afflicted with pancreatic adenocarcinoma.

129. A method of treating a subject afflicted with pancreatic
adenocarcinoma comprising administering to the subject a protein corresponding to a
biomarker which resides in an MCR listed in Table 2 which is deleted in pancreatic

adenocarcinoma, thereby treating a subject afflicted with pancreatic adenocarcinoma.

130. The method of claim 129, wherein the protein is provided to the

cells of the subject, by a vector comprising a polynucleotide encoding the protein.

131. The method of claim 128, wherein said compound is
administered in a pharmaceutically acceptable formulation.

132. Anisolated nucleic acid molecule, or fragment thereof,
contained within an MCR selected from the MCRs listed in Table 2, wherein said
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nucleic acid molecule has an altered amount, structure, and/or activity in pancreatic

adenocarcinoma.

133. Anisolated polypeptide encoded by the nucleic acid molecule
5  ofclaim 132.

134. The biomarker of claim 22, wherein the biomarker is selected
from the group consisting of the biomarker of SEQ ID NO.23 and the biomarker of
SEQ ID NO.24.
10
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6 | 7960024 8103545 $.143522 -0.6395408 1 H
& | 37441435 38649181 1.207748 -0.8370323 1 265
& | 40448258 41731581 1.643333 09477548 1 37
6 | 74781892 B4153658 8371764 -0.3258188 1 39
6 [124239425 §273272685 3.08784 -0.2258686 1 120
8 | 54700704 60304957 8.204253 «0.6163196 1 64
8 | 21144545 22889506 1.7449614 -0.4893196 6 135
& 1126197864 126512068 0.314205 -0.4893188 6 9

10 ] 84992929 82038483 0105554 06223186 4 i2
10 | 82453335 83233783 0.780448 04363196 4 69
10 | 83645257 84510183 0.864926 06233196 4 38
10 (120723884 122462536 1.738652 -0.7443612 " 8 19
12 | 50326644 50565016 0.239372 04588275 4 7
12 } 72315598 73154421 {.838622 (06851829 4 14
12 § DAG30550 103370696 4740446 -0.32649866 4 88
13 | 5358384 890G121 3.547737 -0.9036651 1 21
13 | 73905387 75881675 1.976288 ~1.7034522 1 17
14 1 31671984 33485002 1.923818 063868 4 8
14 § 45731022 4584114 0.109992 -0.4093186 4 2
17 | 3019726 3135758 0.118032 -1.3534622 & 0
17 | 85628008 89388148 3.56014 07779622 6 42
19 § 23442484 24355104 0.91262 «0.2458275 1 11
23 }129976930 130505284 0.528354 -0.8533085 8 4

TABLE 2
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<110>
<120>
<130>

<140>
<141>

<150>
<151>

<160> 27

<170>

<210> 1

<211> 713
<212> DNA
<213>

<400> 1

gtcacagtga
gtcactgtga
ttcgtgecgat
ttgaggctag
gatgggcaac
ggaccccact
gctggtggtg
gcecgctegac
tgggtgctcet
cgacgggcat
agagcagagc
gctagecgtgt

<210> 2
<211> 21
<212> DNA
<213>

<220>
<223>

<400> 2

DFN-057PC

US 60/525,464
2003-

11-26

Mus musculus

ggcegeegcet
ggattcagcg
cccggagace
agaggatctt
gttcacgtag
accttcteee
ctgcacgggt
ttggcccaag
ttgtgttceceg
agcttcagcect
taaatccgge
ctagcatgtg

PCR Primer

DANA-FARBER CANCER INSTITUTE,

PatentIn version 3.2

gagggagtac
cgecgggcecge
caggacagcg
gagaagaggg
cagctcttct
gcecggtgea
caggggctcg
agcggggaca

ctgggtggtc
caagcacgcce

ctcageccecge
gctttaaaaa

Artificial Sequence

tccagaaatt ggagagttgg a

<210> 3
<211> 21
<212> DNA
<213>

<220>
<223>

<400> 3

PCR Primer

Artificial Sequence

tcaattccag gtgagacaac c

<210> 4

SEQUENCE LISTING

INC.,

agcagcggga
ccactccaag
agctgegete
ccgcaccgga
‘gctcaactac
cgacgcagcyg
gctggatgtg
tcaagacatc
tttgtgtacc
cagggccectg
ctttttette
atacataata

et al.

gcatgggtcg
agagggtttt
tggctttegt
atcctggacc
ggtgcagatt
cgggaaggct
cgcgatgecet
gtgcgatatt
gctgggaacg
gaacttcgcg
ttagctteac
atgetttttt

PCT/US2004/039756

caggttcttg
cttggtgaag
gaacatgttg
aggtgatgat

cgaactgcecga

tectggacac
ggggtcgect
tgcgtteege
tcgeccagac
gccaatccca
ttectagegat
ttt

ANIMAL MODELS OF PANCREATIC ADENOCARCINOMA AND USES THEREFOR

60

120
180
240
300
360
420
480
540
600
660
713

21

21
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<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 4
tgacagtgtc tgtgtgaatc cat

<210> 5

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 5
ttaggtgtgt atggtgcagt cc

<210> 6

<211> 22

<212> DNA

<213> Artificial Sequence

<220>

4 <223> PCR Primer

<400> 6
acagcactac cacctggact gg

<210> 7

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 7
acaaagaccg cgtggtcact aa

<210> 8

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 8
tttgggtcag gtgeccttagt ga

<210> 9

<211> 21

<212> DNA

<213> Artificial Sequence

<220>

PCT/US2004/039756

23

22

22

22

22
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<223> PCR Primer

<400> 9
gtccaccatc ctggaaatgg t

<210> 10

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 10
gtgtecacget tctecegaaga ct

<210> 11

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 11
cgtcatgtge tgtgacttet tgt

<210> 12 ..

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 12
gcacgtactec tcctccecte aa

<210> 13

<211> 22
<212> DNA
<213> Artificial Seguence

<220>
<223> PCR Primer

<400> 13
aggcacaaac acgaacctca aa

<210> 14

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 14
atgaaccgcec gacctatcct ta

PCT/US2004/039756

21

22

23

22

22

22
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<210> 15

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 15
ggattgtgct cagccctgaa gt

<210> 16

<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 16
aggcctgctg aaaatgactg

<210> 17

<211> 20

<212> DNA

-'<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 17
cccteceecag ttcetcecatgta

<210> 18

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 18
tgtaaggcct gctgaaaatg

<210> 19

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR Primer

<400> 19
gcacgcagac tgtagagcag

<210> 20

<211> 2629

<212> DNA

<213> Mus musculus

PCT/US2004/039756

22

20

20

20

20
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<400> 20

acttgtcatg
ggttttccec
agagccaccg
gggagcgtge
gggtcactgce
aaacatttte
cccaagcaat
acccaggtcce
cagcagctcee
tccettecca
ggacagccaa
tggccaagac
tcecgegecat
cccaccatga
tggaaggaaa
tggtgcccta
tgtgtaacag
tggaagactc
gtcctgggag
acgagctgcecc
agccaaagaa
gcttcgagat
aggagccagg
cctccegeca
cacttcttgt
gttttgggte
atttgctttg
gaggaggatg
tttgggagat
aggtaggtag
tctetaactt
cattgtgagg
ggtctaaaac
gggttggtag
ggcccagceca
caccccecatce
gacttgtttt
tttgagactg
ctgcagectt
cacaggttca
cagtgttgce
ccagagtgct
tacattetge
atcccatttt

<210> 21
<211> 3361
<212> DNA

gcgactgtcec
tcececatgtge
tecagggage
tttccacgac
catggaggag
agacctatgg
ggatgatttg
agatgaagct
tacaccggcg
gaaaacctac
gtectgtgact
ctgececctgtg
ggccatctac
gcgetgetcea
tttgegtgtg
tgagcecgect
ttecctgeatg
cagtggtaat
agaccggcgce
cccagggagce
gaaaccactg
gttcegagag
ggggagcagg
taaaaaactc
tcceccactga
tttgaaccct
tceecggggcet
gggagtagga
gtaagaaatg
gggcccactt
caaggcccat
gttaatgaaa
ttgaccecect
tttctacagt
aaccctgtcet
cacaccctgg
atgetcaggg
ggtctegett
tgecctceeeeg
tgccaccatg
caggctggtce
gggattacaa
aagcacatct
tatatcgate

<213> Mus musculus

<400> 21

ccgetgeggt
cgcececgecgt
gcgggagege
cggagectcca
cctgggeegg
cgcggagecce
cattggtttt

aacggagcgg
cctecggagg
gtgaccggag
gcggeceggce
acgccgeggg
aggtcatcct
cactgcctte

agctttgtge
tcaagactgg
aggtagctgce
ggtgacacgc
ccgecagtceag
aaactacttc
atgctgtccce
cccagaatgce
gccectgeac
cagggcagct
tgcacgtact
cagctgtggg
aagcagtcac
gatagcgatg
gagtatttgg
gaggttggcet
ggcggcatga
ctactgggac
acagaggaag
actaagcgag
gatggagaat
ctgaatgagg
gctcactcececa
atgttcaaga
cagcctccceca
tgcttgcaat
ccactgaaca
cataccagct
ttettgecagt
caccgtacta
atctgtgaaa
taatgtacat
tgagggtgcce
tgggcagctg
gacaacctct
aggatttcat
tcaatttectt
tgttgccecag
gctecgageag
gcecagccaac
tcaaactcct
ttgtgagcca
gcattttcac
tecttatttta

ctegggtgge
ccetteecege
ccggegeceg
cggecggege
cggggccegyg
gctcaccaga
aaaagatcaa

caggagcectce
cgctaaaagt
tgggctecegg
tteceetggat
atcctagegt
ctgaaaacaa
cggacgatat
cagaggctgce
cagceccccete
acggtttccg
ccectgeccet
ttgattccac
agcacatgac
gtectggccecce
atgacagaaa
ctgactgtac
accggaggcec
ggaacagctt
agaatcteceg
cactgcccaa
atttcaccct
ccttggaact
gccacctgaa
cagaagggcc
cccecatete
aggtgtgcgt
agttggcctg
tagattttaa
taagggttag
accagggaag
tgctggecatt
ctggeccttga
tgttcectet
gttaggtaga
tggtcgacct
ctcttgtata
ttttettttt
gctggagtgg
tcetgectcea
ttttgcatgt
gggctcaggc
ccacgtggag
ccecaccectte
caataaaact

ggagccegtyg
gecegegetee
cgagcgaggce
ggtcecgegge
gaagcgacag
tgtcttgaca
aattactcca

-5-

gcaggggttg
tttgagctte
ggacactttg
tggcagccag
cgagecceect
cgttectgtece
tgaacaatgg
tececeegegtg
ctggcceectg
tetgggette
caacaagatg
acceccecgecece
ggaggttgtg
tcctecageat
cacttttcga
caccatccac
catcctcace
tgaggtgegt
caagaaaggg
caacaccagc
tcagatccgt
caaggatgcc
gtccaaaaag
tgactcagac
tcectecect
cagaagcacce
cactggtgtt
ggtttttact
tttacaatca
ctgtccctceca
tgcacctacc
aaccaccttt
ccecteteccet
gggagttgte
tagtacctaa
tgatgatctg
tttttttttt
agtggcgtga
gccteeggag
tttgtagaga
gatccacctg
ctggaagggt
ccctecettet
ttgctgcecea

ttegegteeg
gctecegegge
ccececgcage
gcggcgggga
cgaggcgagyg
gtttttettg
gaaattggag

PCT/US2004/039756

atgggattgg
tcaaaagtcet

cgttegggcet
actgeccttec
ctgagtcagg
ccettgecegt
ttcactgaag
gcccctgecac
tecatcttetg
ttgcattcetg
ttttgcceaac
ggcacccgeg
aggcgctgee
cttatccgag
catagtgtgg
tacaactaca
atcatcacac
gtttgtgect
gagcctcacce
tecectcteccee
gggcgtgage
caggctggga
ggtcagtcta
tgacattctc
gccattttgg
caggacttce
ttgttgtggg
gtgagggatg
gccacattet
tgttgaattt
tcacagagtg
tattacatgg
gttggctggt
aagtecttgct
aaggaaatct
gatccaccaa
tttettttte
tecttggetta
tagetgggac
tggggtctca
tectcagecte
caacatcttt
cecctttttat

tecgecegec
cgtceceeggg
ggggcggcte
gagggggccg
cgcggtgegyg
caacattggce
agttggattt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500

1560 i

1620
1680 -
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2629

60
120
180
240
300
360
420




WO 2005/053512

aaaagaaaaa
atgecctgtcet
cctttgcaaa
tggattcttt
tacagagaac
tetatgecceg
attgtcagta
agcgggttgt
gtatgttagt
aaggacattc
acagcgcccee
ccaacattcc
aaggactgtt
ctcagcceage
catacacacc
cgccecatece
ccaatcatce
taggagagac
atcctteggg
cgattgagag
gtgacgtttg
acagagaagc
taaaggtctt
aagctgcagc
tgggtggaat
tceggegatt
ggcagagcat

~tettggatgan:
tcacaccacg.
ataatctgaa-

gtgtttgctyg

aactttcagg

cetgetggtt
gagcgcecettg
agttaagcca
gggccagcca
tgattcacaa
cagacttcag
ttacaattat
tgaccactat
ctaggcacaa
ttaattccta
cttcactgtt
taaattctat
ttggatattt
tatgttttga
ttataccttt
tagagattga
ttctacctag
a

22
2177
DNA

<210>
<211l>
<212>
<213>

<400> 22

acttgaacaa
gagcattgta
aagagcaatt
aataacagct
attggatgga
tctgtggagg
tgcgtttgac
ctcacctgga
gaaggatgag
gattcaaacc
ggctctgtta
tgtggcttcec
gcagatagcet
tacttaccat
taatttgect
tggacattac
tgctcctgag
gtttaaggtc
aggagatcgc
agcgaggttg
ggtcaggtge
tggccgagea
tgatctgegg

tgectgetcag

agctccagce
gtgcattctc
caaggaaacc
agtcctgcac

‘gacgcectaa
gatctattge:

ccttgetett
tgtggctcag
ctgtatggag
catgccgagg
cetgeccett

gctctaccaa

tggtttttge
ggtttcttee
cagtcaaaga
caagatgtat
ggttagttat
gggagaaggt
ctgcaaggtg
gttaaatact
ttgtacttga
cattgtttaa
tggttataag
agtggaggag
ttactagegt

Mus musculus

atggacaata
catagtttga
gagagtttgg
ataactacaa
cgacttcagg
tggeccetgate
ttaaaatgtg
attgatctct
tacgttcacg
atccaacacc
gcecccggeag
acaagtcagc
tcagggccte
cataacagca
caccaccaaa
tggcecagttce
tactggtgct
ccttecaaget
ttttgecttgg
cacataggca
cttagtgacc
cctggegacg
cagtgtcacc
gcggeggcecyg
atcagtctgt
aggatgagct
ccgtgetgga

raccatgccceca.-
‘ccatttecag

attttgttct.
agcagacaga
tgcttgaaga
gagtcggcca
agagtcagag
agtgggcgag
gagcaacttt
aagttaaaca
ccaagacaaa
aatgccattt
actttgecect
ttaaaaaaaa
tttgtataaa
gcagtacttce
gtgcagaata
tttgatgtgt
aattcagttt
ccetgtgttt
ttaagacaca
aaataaaact

tgtctataac
tgtgtcatag
taaagaagct
atggagctca
tggetggteg
tacacaagaa
acagtgtcetg
caggattaac
actttgaagg
cgccaagtaa
agtctaacgc
cggccagtat
agccaggaca
ctaccacctg
acggccatct
acaatgagct
ccattgetta
gccectgttgt
gtcaactcte
aaggagtgca
acgeggtcett
ctgttcataa
ggcagatgca
tggcagggaa
ctgctgetge
ttgtgaaggg
ttgagattca

ttgcggacce.

gatggtggac
gctetgtett

aactgaatta
tcagaaagat
gtgctgggcg
ctgctgattg
ttattaaacg
actctecettt
gtgaaggtga
acactaatct
aaaattacaa
gttaaacagt
aaaaaaaagc
acactaaaag
aactgaaata
atggaaacag
gacttetttt
ttgtatctta
gccatccettg
ttgactgtac
gagtcactat

aaatacacca
acaaggtggg
gaaagagaaa
tecctagcecaag
gaaaggattt
tgaactaaag
tgtgaatcca
actgcagagt
acagccgtcc
tcgegeatcea
caccagcacce
tctggeggge
gcagcagaat
gactggaagt
tcagcaccac
tgecattccag
ctttgaaatg
gactgtggat
caatgtccac
gttggaatgt
tgtacagagt
gatctaccca
gcaacaggcg
catcecectgge
tggcatcggt
ctggggccca
ccttecaccga
acagccttta
tatgaaatat
ttectaaagg
aaacttcttt
gcagttcttg
ctcagcceccett
taaggctgag
cactgtgctce
aaaaaccttt
attaaattca
gtgtgcatat
tttttttaat
aaatgaattc
ctaggggagg
cagtgtcact
atgaatattt
tgcagttggt
catatactgt
gggcaagact
atcacttgge
cacagacaca
aaaaaaaaaa
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acaagtaacg
gaaagtgaaa
aaagatgaat
tgtgtcacca
cctecatgtga
catgttaaat
tatcactatg
aatgctccaa
ttacccactg
acggagacgt
accaacttce
agccatagtg
ggatttactg
aggactgcac
ccgectatge
ccteccattt
gacgttcagg
ggctatgtgg
aggacagaag
aaaggtgaag
tactacctgg
agcgcgtata
gcecactgege
cctgggteeg
gtggatgacc
gactaccceca
gctctgecage
gactgagatc
actcgtgttt
gttgagagat
tetattttag
ctgagtctte
tagtgtgtge
aagttctcac
acgtggegcect
tagcaacctt
tactgtcecttg
tgacaattcc
ccctaatgga
ttctatattt
gatttttecce
ctgcectgetg
tggaaactge
aacaggtggt
taaaatcatg
gcagactttt
ggtgactttg
catgtatact
aaaaaaaaaa

ctgcggeege tgggeccctg agegcgggge ccaagtggeg aacatgacct ageggeccgce
gcgeegegac ggcggaccegt cgectccgte ggaagcagecg tcceccgggga cccgaattgg
ggggacgcga gggttggggg ggctcattge tttttttttt tteattetta tttteatttt

-6-

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040

210,03
12160
-~ 2220
2280

2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3361

60
120
180
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ttttcteeccet
gaagcggacg
ccecegttect
tcgaacttga
gacgtggcgg
atggacacct
cgcgccaagce
aaggtgaagyg
aagaaaaagc
ctgcggegge
aagcagaaga
agtgtgeegg
gacggcctgg
ctgctactca
caccctttcg
cctgagattg
ggggtcacac
aagctetttg
ctctetgacc
cagattaggc
atcccaccaa
gaggacctge
ggcattatct
cagaatggac
ctecagcagca
tgcteccagceca
gtgtgtcate
gtccactcac
- gtcgagacca
tggtttettt
aatatggagc
cagagacatt

tgggcaggca
ttgaaaaaaa

<210>
<211>
<212>
<213>

23
11
PRT

<400> 23

gagcacctag
tggacccggt
ttttteceect
aaagaattgg
accccgagce
tecatccaccg
tcatcggcaa
aggtgctgga
tgecgcaggat
tgcggcateg
tgtatatggt
agaagcgctt
aatacctaca
ccaccaatgg
ctgtggatga
ccaatggact
tttacaacat
agaacattgg
tactccgagg
agcacagctg
gcccagacac
atggcecgtge
acacccagga
agagccacag
aggtgaagcc
acaagatccg
aggatctctg
+ttegggacgt
~ctggeeggece
cttttttaata
‘aggcggggea
tatgattaac
ctcacagcga
aaaaaaa

Mus musculus

aagaaaagdd
tgtggggacc
tcttggaaca
cgctcecccgaa
gttgggccett
catcgactcc
gtacctgatg
ctcegagacce
ccccaatgga
gaatgtgatc
gatggagtac
ccetgtgtge
cagccagggce
cacactcaag
cacctgccgg
ggacaccttt
caccacgggce
gagaggagac
gatgttggag
gttceccggaag
taaggaccgc
ggaggaggag
cttcacagtg
tttgcccaag
agaaggccga
ccggcetceteg
ggcaggtgtc

‘tggagccgag
ttgecctgecat,

aaacaggtgg
cagggtggce
cagacaacac
gtectgeecta

gaaaatcaaa
gggagagttg
tttggaagaa
ggggacgagg
ttctcegagg
accgaggtaa
ggggacctgce
ttatgcecgcea
gaggccaacg
cagcttgtgg
tgcgtatgtg
caagctcatg
attgttcaca
atctecgacc
acaagccagg
tcaggtttca
ctgtacccat
ttcaccatcce
tatgagccgg
aaacaccctc
tggcgcagta
gaggaggaag
cctggacagg
gctgtttgtg
cctggecaccg
gcctgcaage
cctgecaagge

‘ggcggacctg:
gecegecctge
ratttgagcta.:

tgcagagaaa
gaccaaccac
tettttggea

His Leu Gly Ser Val Thr Ala Leu His Val Leu

1

<210> 24
<211> 8
<212> PRT
<213>

<400> 24

5

Mus musculus

Gln Glu Gln Glu Arg Lys Glu Lys

1

<210>
<211l>
<212>
<213>

25
2548
DNA

5

Mus musculus

10

agtgaagaat
tggaggtcgt
gcgggtgggg
acaaagagtg
gcgagectgat
tctaccagcece
tcggggaggg
gggcggtcaa
tcaagaagga
acgtgctgta
gcatgcagga
ggtacttecg
aggacatcaa
tcggtgttge
gcteeceecgge
aggtggacat
ttgaggggga
cttgtgactg
ccaagaggtt
tggctgaggce
tgactgtagt
acttgtttga
tcctggaaga
tgaatggcac
ccaacccetge
agcagtgact
tgggttttce

.cktgcececcaga
igagecteget.

tggctatgag
acccagagca
agagggcgcea

.ataaataaag
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tggcgcccag 240
tcetgttttt 300
99g9g99ggaat 360
ggccaggatg 420
gteggtggge 480
gcgeccgcaaa 540
ctegtacgge 600
gatccteaag 660
gatccagcetg 720
caatgaggag 780
gatgctggac 840
ccagctgatt 900
gcecgggcaac 960
cgaggccectg 1020
cttccagect 1080
ctggtcaget 1140
caatatctac 1200
cggcccacca 1260
ctccatccga 1320
gctegtaccet 1380
gccctaccetg 1440
cattgaggac 1500
ggaagtgggt 1560
agagccccag 1620
gcgcaaggtg 1680
gaggcctaca 1740
aggccetgect 1800
agcactttat 1860
gtectttgggt 1920
.ggtgtttgga 1980
aacaaatatg 2040
gggcagggag 2100
cttgggaaac 2160

2177
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<400> 25

gctcgagtga
ttcggegtet
cggccaatge
aagtggttgt
tcaggaagga
ttgaggattt
gccatgtgge
caagttactc
ccctgatceac
atccaagtga
caggcattag
ccaatgccac
tgatagaagt
atgcaaacta
aatcagctgc
cacacccatt
accccaccaa
agcacattga
tgctteccagg
cctcatcecac
cccgggatca
cccaggaccece
gggaggatga
acttggagag
ccagtccagg
atgctteegg
ccagegtcett
.tgcteegtaa
agaccaagct
tcatttatga
acctggeccat
aggaagggct
actatttctc
acagctatgt
tgaattggga
actccatteg
tgcetggete
tecgetecaca
ccaacctgcece
agagactgca
gacacttggt
tattggtgcet
attggaaaaa

<210>
<211>
<212>
<213>

26

DNA

<400> 26

acttccettac
gaccaacttt
gcctecaattg
aggaatctga
atccecccta
taccactgga
aaactcacag

10276

ttggctgacg
ggacgagacg
tatcaaagag
taaggaaggt
agatctggat
agccagtatt
ccatgtcact
agatggaaag
ggtggaagac
agagtacgga
tatctcagtt
aaccgtggac
tgggtgtgag
ttcagtgaag
cttgagaaaa
cctgtaccte
gcacgaagtt
gagcaagctg
acttgcetggg
tagtggaagt
gaagcttgac
tgcecectgte
ggagatgctt
ggaatcacta
aagctccaga
gaaggaaatg

gagtctcecag
ccattccttt

atacctccte
ttttgccaac
gctggectta
tgcagagtac
tgtggagatce
gcecacctttg
tgaagaaaag
gaagcagtat
cacgtcaaag
cctectacct
agatctatac
tgaccatceca
ttccaagcte
gcaacttaat
aaaaaaaaaa

Mus musculus

cgagcategg
ttgggaaatt
gtttgaggag
gtataagccc
ccatcagttt
ccagtcgect
caaaaagaag

ggcaactctg
gtggtgaacc
atgatagaaa
ggcctgaagce
attgtgtgtg
tctacctatg
attacaacca
ctgcaagcce
cttttttaca
aaaattttgg
aaaaaacaag
aacattcgct
gataaaaccc
aagtgcattt
gccattgaaa
agtttggaaa
cactttctgce
ctgggctcca
cecectetggag
ggcgacaagg
gecetttetge
cgaggggcca
gctcteccag
atggagactt
aagagacatc
acagctgcett

tttggtgtte
gacagtcctg
attgtcgagt
gatgaggaag
gagggactge
gagtgttttg
atactggagg
ccctggaagt
ccgaagecatt
aaagtctttg
aggcgaagtg
cagggtttce
gtacttcacc
aaaaaaaa

agaaatactg
tttaaggcga
ctttectceag
cacggttatg
gcttecaacte
ttcagagaat
accaaagtgg

gcgecaatat
gcatagcggce
actgtttaga
taattcagat
agaggttcac
gctttegtgg
aaacagctga
ctcctaaace
acataatcac
aagttgttgg
gtgagacagt
ccatetttgg
tagcttteaa
tecctactett
ctgtatatgc
tcagccctea
atgaggagag
attcctecag
aggcagctag
tctacgctta
agcctgtaag
ggacagaggg
ccceegetga
cagacacagc

gggaggactc
gctaccccag

tgaatcctcea
agctcagtga
tgaggttatc
aaagtggctg
ttctgaagaa
ggaacctgat
ctatcttcat
aaagtctcag
agtcgaccct
ggactgtgga
tcacagaaga
agcggtgtta
tatggtacta
agtgctcact

tgtggattgg

tagagaaaat
gatgcagcac
aagccceccece
aaccacagct
caataatgtt

tagggaaggt
accctgtggt

-8-

.gaagagatta ‘gtgageggtg.
wgtgggectgtg:.
raacactacca

1

PCT/US2004/039756

ggcgtttgta gcaggagtta 60
gggggaagtc attcagcgge 120
tgcaaaatct acaaatattc 180
ccaagacaat ggcactggaa 240
tacgagtaaa ctgcagactt 300
tgaggcattg gcaagcataa 360
tgggaaatgt gcgtacagag 420
ctgtgcaggc aaccagggca 480
aaggaggaaa gctttaaaaa 540
caggtattca atacacaatt 600
atctgatgte agaacactgce 660
aaatgcggtt agtcgagaac 720
aatgaatggc tatatatcga 780
catcaaccac cgtctggtag 840
agcatatttg cccaaaaaca 900
gaacgtggac gtcaatgtac 960
cattctgcag cgtgtgcagec 1020
gatgtatttc acccagacct 1080
acccacgaca ggggtggett 1140
ccagatggte cgtacggact 1200
cagccttgtg cccagccage 1260
ctctectgaa agggccacge 1320
agcagctgct gagagtgaga 1380
ccagaaagcg gcacccactt: 1440
tgatgtggaa atggtggaaa 1500
gaggaggatc attaacctca 1560
ccatgagactmncteegggaga 1620
gtgggccttg: gcacagcacc 1680
ragagctgttce ‘taccagatac 1740
ggaaccagcg ccactectteg 1800
gacagaggac gacggcccga 1860
‘gaaagcggag atgcttgecag 1920
cggattacct cttctgattg 1980
tecttecgactg geccactgagg 2040
taaagaatgt gctatgtttt 2100
ctcaggecag cagagtgaca 2160
gcacattatc tataaagcct 2220
tggcaatgtc ctgcagettg 2280
aatacaatca tagccaccgt 2340
atctggaagc cacagaatag 2400
attcttgtte tgtatcccag 2460
ctgcaaataa actcacgtgt 2520

2548
gccegttgaa tacaaaagga 60
agcagattta ggaccgataa 120
atacaatttt gaacctccgg 180
gtttaaaaca ccacagagga 240
caaagaacga agtcaaactc 300
tgttgcaagt agtaaacata 360
agatgttgct agtccgcecte 420
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tgaaatcttg
gagaaaagcc
caccaaaacc
gctcattage
cacgcagcte
acaatgaaag
aaaaccagca
aaagaaatag
agacagctgt
ccagaaatct
gaactgatga
ttgaaatgga
tttacagcca
ctcagtcaaa
tttecttctea
gctctattac
tgttcagtga
aagactccat
cgagtatcag
ttttctcaga
gattgggaat
acactggaag
tgatatccac
ctecttecaagg
agcttgaagce
cagattcttc
actcttttgg

~ ¢ atcttaatga

aagctgactt
-aagtttccaa
tcagcagcat
ctcttaaatt
agaaaatgtg
taagtaaaaa
ctgggcttct
tcaatcaaaa
aagtagcagt
ttcaagtaac
aagacctcag
atgtagatga
tggtccatga
aagacaaaga
gttcagacaa
tcagaacagc
tgttcttcaa
atacccttece
cagttactac
acacagcacc
gccaaaaagc
aattcacaca
accagatggt
cagtggatcc
ttaaacaaag
taccaaatat
gtgtgtctaa
aggagccttce
ttgecttcagt
gtaagtgcca
gaaatcctga
gaaataattt
ataaaggtga

tctcagtgaa
agtggtatct
tatttctgag
tacaccacca
tgtaacgcect
tccacaaaaa
agaagctttt
cttcaaagac
tgatacttcc
acagaaaatg
attaagcgaa
actaagagag
gaatgaggaa
cctttctggt
tagccaaaat
ttcagaaaaa
ggagactgtg
tgcagggaag
gaagtctata
tagtatgacc
acttactgca
ctggeccaacce
tctaaaaaat
aaaaaaacta
aagtgctttt
tgacaaaaaa
gactgctacc
caaagaagca
tetgttatge
tggaaaagaa
tagctttgaa
aactcceage
taaaatgcca
catcttggag
gccacctggt
tgcaaaaata
caatatgaac
taataaatgce
ccacacacaa
tgcgecatgeca
ttatacagag
tttcaagtca
atggtcagag
ttccaataaa
agatattgaa
attagcaaac
tgtatctaca
tcagatgtta
agaaattaca
gttcagaaag
tgttttaagt
ctectgtaggt
ctttectcecac
aaatgaaatg
tgaggctctg
tgcaaaagta
gtttaagata
agtaacatta
aaaatacata
agaaaactct
cagtgattta

agccctectta ctttgeggtg
ggaagtttat tttatacacc
agtctgggag ttgaagtgga
acccttagtt ccactgtgct
gctgactcte ccgctacttt
aatgatagat ctgttccctce
agtcagggtt tggggaaaat
tgccttagaa agccaatacc
gaagaagata gtttctcatt
agaatgggca agacaaggaa
gaagctagaa gacaacctga
agtgatcctt tagatccagg
atctgcaatg aagctgtaca
ctaaatgaaa cccagacagg
atttcagaag acttcataga
tctttacctce atatttctag
gtagataagg aacatgaagg
caaatggtgt ctagaacaag
ttcaagatga gagagccact
aactcaacct ttacagaaga
tgctcacaga gagaggattc
actctcactg acacttctge
aaaaaaagaa agtttattta
cagacacaca gacagttaga
gaagtaccat tgacctttac
cgctgtttac cgaatgatcce
agtaaagaaa ttagttatat

atagtcattg aagaaaaacc
ttgccagaaa . gaacatgtga
aaagtcttag :tttcagcatg:

tcacaggaaa accctcttgg
tcaaagctac ctctgtcaaa
gagaaactgc aatgtgagag
gtaaatgaaa tatgtatctt
gaaaatataa tagaagtggc
gtcatacaga aggaccaaaa
tctgaagaac ttttceccaga
aataagcctg atttaggaag
gggcctagtce tcaagaactc
gceccaagtgt tgattacaaa
aagagcagaa ataatataga
aattcctect tgaatatgaa
ttettggatc cagtcttgaa
gaaataaaac tttcagagca
gaacagtatce ctactaggtt
cagaagaaac taagtgaacc
cagtctcaca atcaatcatc
tcttcaaagce aagattttca
gaactgtcta ctattttgga
ccaagccaca tagcacagaa
accgctteta aggagtggaa
cagacagatc acagcaagca
ctgttagaag acacttgtaa
gagtttggag gattttgtte
agaaaagcta tgaaactgtt
ggaccaagag gattctctte
aagaaacaaa acactgaaaa
caaaataata ttgaaatgac
aagaatacaa aacatgaaga
gatggtagta tgtcaagtac
cctgececgate aaggcagtaa

-9.

cacacaggca
aaaactcaag
tecctgatatg
catagcccga
gaaaagctgt
agtgattgac
gttaggagat
aaatattcta
atgttttect
aaaaatttte
tgataaaaac
tgttacaagc
gtgttcagat
aaaaataacc
tatgaagaaa
tcttceccagaa
acagcatttt
tcaagcagece
tgacgagact
acatgaagcc
tatatgtcct
cactgtgaaa
ctetgtaagt
gcttactaat
aaatgtaaat
tgaagagcca
tcatgecattg

acageccatats
-aaatgaccaa
tecttecttea

tgaccacaac

ggcagacatg
ttgtaaagtt:

aagtgaaaat
ctcttcaatg
aggctcacct
cagtgggaat
ttcagtggaa
tcccatggea
ggactcagat
gcagcaccag
atcagatggg
ccataatttt
taatgtcaag
agcttgtatt
tcatatattt
tgtttctecat
ttcaaataat
agaatcagga
tacatctgaa
agatactgat
atttgaaggt
caaaaataca
tgctettgge
cagtgacatt
aagtgcacac
aagttttgat
tacctgtatt
tagctatact
aagtggccca
gtgtcctgag

PCT/US2004/039756

gtactacaac
gagggtcaga
tettggacaa
gatgaagaag
ttttctaacce
agtgaaaaca
tcatctggea
gaagatgggg
aagcgtagaa
agtgaaacaa
tcatttgtat
cagaagccct
agtagatggt
ttaccteata
gaaggtactg
ccggaaaaga
gaatcacttg
tgtectttete
ttgggtactg
tctgecatgtg
agttcagttg
aatgcaggtt
gatgatgcat
ctttecagcee
tcaggtatac
tecttgacca
atatctecagg

‘acageccgag -

aaaagtccaa

gcagtgcaac

ggaacaagta
gtttctagag
aatattgaac
tctaaaactce
aagtcacagt
tttatttcag
aattttgett
ctccaggaag
gtagatgaag
tcattagectg
aaaggaaccg
aacagtgatt
ggaggtagct
aaaagtaaaa
gacattgtta
gatttgaaat
gaagatactg
ttaacgacca
agtcagtttg
gtgcectggaa
cttcacctcee
teggetggag
tettgttttt
acaaaactta
gaaaatagtg
catgattctg
gaaaaatcta
tttgttggca
agctctcaaa
gtttatattc
tcatgtaccce

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040 .
2100
2160 |

.2220.

2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
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aatatgcgag
aaattatgaa
ataagatgga
ataccagagt
atgaattgac
acaaaatgca
atttcccaat
aaagtaccaa
ttatgcagga
aaactgccag
tagcatatga
ctaaggagac
tcaaaacatc
agaatcctag
tggcatatta
gcagaaaatg
agtgtgtaaa
tcattatcag
ttagtgaccc
acatgcataa
acatgaggaa
atctacaccce
cacatgcaaa
taggctcact
tcacagataa
agacaagctg
gtgatgtttg
aacataacca
cttgggatac
atgggatttt
aggcaaggca
cactggaagg
gcacccaggyg
tctectggatt
aagttaaagg
cacctatacc
cagaataccce
gtaattataa
tctetecagat
gtaaggctaa
atgaaatgaa
aagagtcaga
atgatgagct
aaaatgagac
ttggacaacc
aaggaaaatc
tgttcacaca
aaaggcaagg
ggcatcectg
taccggctceca
ccaaagtcectt
atagcaagaa
acgggaacga
ccagagacct
caggcagtcet
taggagacag
aagagtgcat
attttggtaa
tgatccececte
ctccaggtgt
ttgtatggaa

agaggaaaac
agctgaggaa
acaaaatata
cteccaaagag
tgtecatttca
tacttcatgt
tgtaactgtce
agaacctact
atctttggac
ttttagtcaa
gaaaattgaa
tgaaatgcta
aaatggtacc
aatttgetgt
tacggaggac
gcttagagaa
ggaacacaca
aactgaaatt
taatgtgtgt
tgattcagga
tgctgaagge
acaaactata
taaagatgta
cgtgtttatt
ctgttataaa
tcataaagta
cataaactca

-aagtatgttt
-aagtaaatct

tagcacagca
agtgttttect
taatgaaaaa
tgtattgtca
tagcactgca
aatgttagag
tgaagacgta
tgtaaactca
agaaagtggt
ggagagaaac
tettttggga
aacattttet
gaactatttt
gacagattct
tttgtttaat
cccaatcaaa
cttaacacct
ccacatgtcet
agcccagegce
gagacactca
cgacgtttet
cgteecegect
cgttaatttg
cagccatgtt
acaggatatg
gtatcttaca
ggctececttet
aaacgttaat
agaagatctg
caatgatggc
ggatccaaag
actggcagcet

acacaaatta
acatgtatga
aaagagttta
tcattaaata
gattctttga
cacaagaaag
agtcaattac
ctgttgagtt
aaagtgaaaa
ggatcaaaac
gtaactgccet
cctcagcaaa
tecttccaaag
atttgtcagt
agtaggaaaa
cagggtgata
gaagattttg
gatacaaatc
catagctatc
tatttcttaa
aataccattt
aatgaatatt
gccattgacc
acagctcatt
atagttgagce
ttggatgatt
cgtaaggata
ggactgaaga
ataagagaac
agtggaaaag
gagatggatg
ccacatcact
ctcccaaaac
ggtggaaaac
gagtttgatt
tcaaaaatac
aaattgcaga
tcttegggea
caagacacac
aaagaacaaa
gatgttcctg
gaaacagaag
gaacagactc
tcgagaacta
agaagcttat
tcaaaaagca
ttagagccgg
ccacatctta
gctttggaaa
gccacaagaa
ttcaagatga
gagggaaaga
cgtcagttta
cgaattaaaa
aagtcatcca
gcatgttcte
agcaaaaatg
tgtgectggea
aaggctggaa
cttatttcecta
atggaatttg

aggaaaatat
aatcttcaga
atatatccett
aaagtgtgaa
attctaaaat
caatcagtat
cagctcagca
ttcatacagc
acctttttga
ccetgaagga
caaaatgtga
attatcatat
tacaagaaaa
cctecttaccece
cttgtgtecag
agcttggaac
caggaaatgce
atgtctctga
tatcccagtce
aaaataaaat
ccecececagagt
gtgttcagaa
catttttgcet
cacaagaaac
aaaacagaca
caaaggattt
gtttttgtece

aagctgecaac: accacctgtt:
ictecceccaggesageccateet:

ctatacaagt.'atcagatgct:-

gtgatgctaa
ctgtgaaaag
cccteececagg
tggtcacagt
tgatcagaac
ttccteaacc
aaacctacaa
atactcaatc
agttggtatt
ctttacccca
tgaaaacaaa
cagtggagag
atgccaaatg
ggaaaagagg
taaatgaatt
ctccagatgyg
ttacctgtgg
cctcacctge
agtctccaag
ccgaaaggac
aatcacagtt
accaaaagag
acaaagattt
acaaagaaag
ccetgecececg
ctaagcagct
ctgagtattt
aaggctttca
aagaagaatt
gcatctgggt
cttttectaa

-10-

atcagattta
taaaaaacaa
tcagactgca
tatttttaat
tctecatgge
taaaaaggta
gcatcctgaa
tagtgggaaa
tgagacacaa
cagtaaaaaa
agaaatgcag
gtataggcaa
catagaaaat
agtcactgaa
agagtcttct
aagaaatact
ctcatatgaa
aaaccaagtg
tagtttttgt
tgattctgac
atctgctaca
actggagact
ggattcaagg
tgaaagaaca
gagtaaacca
tatatgtcct
tcataatgaa

acagttatct
agaaaactct
caatgtcaat
ttcagaaagt
tgaacatact
ttgtgctgaa
tgataaatcc
tattgaagtt
aggaacaaaa
aaacataaaa
tgtaggagag
tgccaaagct
ctcactgttt
aggagtgact
tgacaggata
cacagtaaaa
acccttcetge
tcaagagctt
cagtcctata
cagacattca
tcacggagat
cacagatgga
aatgtcaagc
gcgacatcectce
gatctceccectg
ctatatatac
tcagtttgat
gttggcagat
ttatagggcet
tgctaaccat
ggaatttgcet
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acatgtttgg
ttaccttcag
agtgggaaaa
cgggaaacag
ataaataagg
tttgaagacc
tatgaaatag
aaagtcaaaa
tatgttagga
gaacttacat
aactttgtct
actgaaaatc
aatgtagaaa
gattctgett
ctatccaaag
atcaaaattg
catagtttgg
tcaaccctcece
cattgtgatg
gttecegecag
aaagaaagaa
aatacttcac
aattgtaagg
aaagagatag
gacacttgcce
agctcttcag
caaattttac

ggtttggaaa::
‘tecacgeactt: .
‘tcattagaaa -
tcecatggtgt. .

gtggtgcata
tcatctgtat
gccttacaca
ctccageatt
atcagaaccc

agcttaccaa

tctectecaac
gtatcccata
gtaaaaactg
tattactcecca
tttatggaag
acatgccccec
gttgacgcag
atagaaagta
gacagaagct
tcaagtaaag
ctgtctaaag
gtttcaatct
ggcaaatcca
gaacatttca
gacagggaag
cttcagagtg
cgtetgeage
caggctgcag
ggcgtttcta
attcaggatc
ggtggatggce
ctgtgtgaca
tacaggtgga
aatagatgcc

4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700

57605,
5820, -,
‘5880, :

5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
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taaacccaga
gcaggagatc
ttctetgtat
aaactagtgg
ctgtcaggge
tgggtcagaa
ctctggaagc
gctggcacag
caatgttcag
ctttacagtg
aggagaagga
ccaaagtcca
cccgcacact
cagtgcagta
gagccttgaa
aattccggaa
ctgtgtggaa
tctggcgtcee
atcttcttge
ccacaaaaag
accagcccag
gttctgaagt
ctttggtceta
ttaatgaaga
aatccacatc
caaaggaggc
atacatttta

wragtggtecacsaccgaacaaa:

~ettecagatct
gttatcaaag
cagcccagat
gtcgaaaaag
ccatctgtac
gcacgaaata
ttcagaagac
ccttgctecag
ccggtgatte
ggtccaggaa
agtcttagce
tgagaaggcg
ctggtetgtg
gtagactgga
tttaaaaaaa

<210> 27
<211> 1785
<212> DNA

aagagtgctg
ggctctaaag
ttectgacatc
tgaggatgcc
ccagctagac
gatcattact
cccagactcec

caggctgggg
tgacggagga
ggtggagaag
agcactgaga
cacagagttt
cacacggcag
tgcatcagac
caactacaga
ggccctggaa
gctgegggtt
atcatcagac
agtgtcaaaa
aactcagtat
ggagtccctt
ggatgtcgta
cctgtcecagac
cataaagcca
aggagtgceg
ctactttcag
caaggaggca

~ccttggtteca
stecetttatea
.ggcagcaaag
aagagecttg
. ctttgtetct
cgcaacacct
cagtggegtt
cacccaggcce
cacaaggaac
ggagtctctc
teeccggtttg
ggagtagcetg
ttggtgtaac
tcactacaac
aaaaaa

<213> Mus musculus

<400> 27

ccacgcgtcecce
acctgtccac
aagaaatgcg
aacttaagcet
ttgaatacaa
cgctgtggcyg
acagagagcg
tecegagatge
cggccgaaat
aggccacctg

gcccacgegt
aaacatgggg
cattctcecatg
gggcgaaatt
gaatatcagc
ccactacttc
tgtgaacgag
tgttctettg
cacagacaag
tgeccaccagce

cttcaactga
aagatactgg
atttcaccaa
aacaaagtgg
ccteccactca
cagggagcag
ctaaggctaa
ttcttttgtg
aatgttgget
acagtgtctg
tttgcagagg
aaagaccacg
caagtccatg
ccagatcace
caaatgctga
tecegetgaga
acaagctaca
ttatectcecce
tcgaaaagta
caacagctge
cacttcagca
ggagttgtag
gagtgcctta
cgtgtgcetaa
accttatttg
gagaaagtca
gaaaagaagc
gaccccacce
ggaggtcagt
cactgcacac
tettggagtg
gatttcctaa
ccagctgeac
attaaaaaaa
tetetgeegg
cttacgectg
cceccagecag
agggactgta
taagatgtgt
cactctactg
taaagctggt
tatcatttta

ccggecagecg
aatatctttg
gtgggectgg
gtgaccacca
ttcaccgtgt
cagaacaccc
gcecegtgaag
gtgtttgcca
ctggggetge
ggggacgggce

aatacagata
agagggatga
gcacaaaggt
acacgatcga
tggctettgt
agctggtgag
agatttectge
accccaggcec
gtgtggatat
gattgtacat
cccagcagaa
aagaagacac
ctctgcagga
ttgaggcttg
atgataagaa
aagaggaggg
agaaaaagga
tgttaacaga
aatttgaacg
cggtttceccag
gactgtcaga
tttetgttgt
atttattagt
ttgcegcaag
ctggccecattt
acaacttgaa
ttatacacgt
gagagcccca
tecectgaggat
tgaaagggaa

gagagaacga“.

gtceggetgece
agaagggttt
aacccagttc
actgtgattc
actccgtggg
cacagaggcc
gaggcgacag
acagttccag
aagegtgtgt
tgtcatcgac
tatacaaaat

ccgecggaggt
caaacctcett
atgctgcagg
ttccecaccat
gggatgtggg
aaggcttgat
agctcatgag
acaagcagga
actctctacg
tctatgaagg
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cgatgtggaa
cacagctgca
gtctgaaact
actcacagat
aaagagtggc
ctctectgat
aaacagcaca
ctteecetttg
cattgttcag
atttcgtagt
gaaactagag
aacacagcgg
tggagcagag
tttcagcgaa
acaagcgcgg
tttatcaagyg
aaaatcagct
aggaaagaga
gceccagcatce
tgagacttta
cccagecttt
aaaaccgata
ggtgaaattc
caacctceccag
ttcecatattt
gcatgctatt

gcttgaggga

stgcageectce-
ttcacctact~
.gtctatgeccee

gattgatgac
cttacegtcce
tcagccgeca
ccegeggagyg
agtagctgat
aggaaatgaa
agaccagcaa
cagtgagaaa
gctactcata
ttactgctceca
tgatttaaaa
aaacatagct

ctttggecag
caagggcctt
gaagacaaca
tggtttcaat
cggccaggac
cttegtagtg
gatgctagcet
cctccececaat
ccacaggaac
actagattgg
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attgacaaca
aaaacccttg
tcaggeggta
gggtggtacyg
aaactgactg
gcctgtgeac
aggcctgete
ccettgtect
agagtgtacc
gagagagaag
gccttgttea
tgtgtgctgt
ctctatgecag
gagcagctaa
atccagtcag
gatgttacaa
ctgttgatta
tacagaatct
cagttaacag
ctccaggttt
cagcctectt
ggtcttgete
gggatagacc
tgccagccag
tetgecagte
gagaatatcg
gacagtccca

vacttgetgtgr
ggtcagcaaa
etggctecacti.

ccaaaaacct
ccggtecagte
cggagcectgtg
aaaacgccat
gaagaacttg
caagcgtttce
gtagggccca
ttagectgttg
ggtgttcgtg
gatgctctac
agctttagga
ttgcttttag

tatcgattcce
tttggcaaaa
attctataca
gtggagactg
aagatccgge
gacagcaatg
gaagatgagce
gccatgaatg
tggtacatte
ctgtctaatc

7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420;-.
9480
9540 .
9600 -
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10276

60
120
180
240
300
360
420
480
540
600
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agcteccggaa
tcagctttece
tcecatgggtt
gccaggtttt
tatgcaatat
agaagggatt
tcggtatcca
aaaaatacag
tgcagttaat
gaaggtgatg
tgtctttgag
tagggtaggce
gcccaatgge
ggcctgggte
acatcctgga
tecgatttge
agaagctgga
tggaacctct
cagttttcat
taaaaaaaaa

DFN-057

ccagaagtga
tctecatgtgg
ggtcacagtg
tatttaatgt
tacttagett
tgggtgtagg
tttggtggtt
gacaagaaca
ggcctgaatg
aacaaaccac
tcacctgeat
tgggagccat
agcctgcata
tcaccagcag
gcacccccat
catcgaaaga
gctgttaaat
taccgcettte
ttcgacaagc
aaaaaaaaaa

accagaccce
caaacgtgeg
tgcatcgcac
aaatagtttc
ttttattgta
ggcacctggce
ggtttttaac
cttgaacaca
ctagttatca
catccgetge
tccatageat
tgtggggtgce
cccagcctac
gagtgcgtgce
ctccatgtgt
cgacctctac
ttatcttggg
aatacacaat
actgtaatta
aaaaaaaaaa

tcecectecccee
actctgtggt
cgtgctgtac
tgtttccact
aaaagagaat
ctcegggage
ccaaactcag
cagaacggag
gatcacctgt
atggtcacag
tgtgcttgta
agggcctgge
tcttgggecce
aaggtgggag
gaagtagctt
ttttttettt
gaaatctcag
tagtaatcaa
tagctgttag
aaaaaaaaaa
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tcacttcetce
cctgagtgece
atgtgcagac
gaggcagttt
caactcaact
cattgggctg
tgcatttttt
actatgccta
ttegetgtgg
tagagcccce
cttgtgetca
ttgtacttgg
acttggacgce
ggtcggtcceca
cctececteag
tgtattttga
aactggttta
ctgttttgta
aataaagtct
aaaaa
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tteteegece 660
agaagctgte 720
gcagectgcea 780
ctggtactce 840
gtcagtactg 900
tagactggtg 960
aaaaatagtt 1020
gtgtaggttt 1080
gaacaggaga 1140
gtgactcgeec 1200
cacggttacc 1260
tgtgtgcaag 1320
gctggcagga 1380
ttacagaccc 1440
cctgcaaggg 1500
taaacactga 1560
tttggtgtcg 1620
tacttgtttt 1680
cttaactatt 1740
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