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MOLECULAR PROFILING OF A LETHAL TUMOR MICROENVIRONMENT

FIELD OF THE INVENTION.

[0001] The present invention relates to the biological markers that are useful in the course of

detection and/or treatment of cancer.
BACKGROUND OF THE INVENTION

[0002] Cancer is one of the most significant diseases confronting mankind, and even though
progress has been made in cancer treatment, particularly in the medical therapy of cancer, many
challenges remain. In medical therapy of cancer, for example, the various anticancer agents for
suppressing the growth of cancer cells that have been developed suppress the growth of not only
cancer cells, but also normal cells, causing various side effects including nausea and vomiting,
hair loss, myelosuppression, kidney damage, and nerve damage. Consequently, understanding
the origins of these malignancies and their microenvironments will facilitate development of
more precise diagnostic tools and more effective therapeutic strategies that minimize maximize

therapeutic benefits and minimize toxicity for the patients undergoing treatment for cancer.

[0003] Some research suggests that the environment around a cancer, for example, interstitial
tissue which includes blood vessels, extracellular matrix (ECM), and fibroblasts, may play a role
in the onset and progression of cancer. For example, Camps et al. (Proc. Natl. Acad. Sci. USA
1990, 87(1), 75-79) reported that when an athymic nude mouse was inoculated with tumor cells
that do not form a tumor on their own or for which the tumor formation rate is low, together with
tumorigenic fibroblasts, rapid and marked formation of a tumor was observed, and Olumi et al.
(Cancer Res. 1999, 59(19), 5002-5011) reported that when peritumoral fibroblasts (i.c., cancer-
associated fibroblasts or CAFs) from a prostate tumor patient were grafted on an athymic animal
together with human prostate cells, neoplastic growth thereof was markedly accelerated.
Furthermore, it has been clarified that a bioactive substance such as PDGF (platelet-derived
growth factor), TGF-f (transforming growth factor-B), HGF (hepatocyte growth factor), or SDF-
1 (stromal cell-derived factor—1) produced in the interstitium is involved in such growth of a

tumor (Micke et al., Expert Opin Ther Targets. 2005, 9(6), 1217-1233).

[0004] Despite these findings, many questions remain unanswered with respect to regulation of
gene expression in the cancer microenvironment, innate and adaptive immunity in the cancer
microenvironment, inflammation and cancer, tumor-associated stroma and extracellular matrix,

tumor-endothelium interactions (angiogenesis, extravasation), cancer stem cells, the metastatic
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niche, and effective targeting of the tumor microenvironment both in preclinical and clinical

trials. As a result, most treatments of cancers, including surgical and adjuvant therapies of
patients with conventional chemotherapeutic agents, remain largely empirical, guided mostly by

measured histological tumor parameters in the absence of specific mechanistic understanding.

[0005] Previously, it has been shown that a loss of stromal caveolin-1 can be a useful
biomarker of a “lethal” tumor microenvironment. In triple negative breast cancers, for example,
a loss of stromal Cav-1 was associated with a five-year survival rate of less than 10%. By
contrast, triple negative patients from the same cohort, but having high stromal Cav-1 levels, had
a twelve-year survival rate of greater than 75%. In ductal carcinoma in situ (DCIS) patients, a
loss of stromal Cav-1 was predictive of disease recurrence and progression to invasive breast
cancer. In this particular study, all of the DCIS patients with a loss of stromal Cav-1 were
reported to have undergone disease recurrence and 80% of them were reported to have
progressed from DCIS to invasive disease. In prostate cancer, a loss of stromal Cav-1 was
predictive of advanced prostate cancer, with a high Gleason score, and was also associated with
lymph-node or bone metastasis. (see: Sloan E K. et al., “Stromal Cell Expression of Caveolin-1
Predicts Outcome in Breast Cancer” Am J. Pathol. 2009, 174, 2035-43; Witkiewicz A. K.,
“Towards a new "stromal-based" classification system for human breast cancer prognosis and
therapy” Cell Cycle 2009, 8, 1654-8; Witkiewicz A.K, “Stromal caveolin-1 levels predict early
DCIS progression to invasive breast cancer” Cancer Biol. Ther. 2009, 8, 1167-75; Witkiewicz
A K., “Loss of Stromal Caveolin-1 Expression Predicts Poor Clinical Outcome in Triple
Negative and Basal-like Breast Cancers” Cancer Biology & Therapy 2010, 10,135-43; and
Witkiewicz A.K., “An Absence of Stromal Caveolin-1 Expression Predicts Early Tumor
Recurrence and Poor Clinical Outcome in Human Breast Cancers” Am. J. Pathol. 2009, 174,
2023-34). Taken together, these reports suggest that a loss of stromal Cav-1 portends rapid
disease progression and death for a broad spectrum of epithelial tumor types. However, many
questions remain as to why a loss of stromal Cav-1 should significantly influence patients’

prognosis and cancer progression.

[0006] Accordingly, there is an urgent need in the medical field for better diagnostic and
prognostic indicators and better mechanistic understanding of tumor microenvironment to guide
the vigor and extent of surgical and adjuvant therapies of patients, especially those with early

stage cancer.
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BRIEF SUMMARY OF THE INVENTION

[0007] In one aspect, the present disclosure provides a prognostic signature (also referred to
herein as a biological marker or biomarker) for assessing cancer prognosis in a subject,
comprising a set of one or more genes (or gene products) derived from a genome-wide
transcriptional profiling of a cancer tumor stroma. In an embodiment, the prognostic signature is
a Cav-1-deficient tumor stromal signature and comprises a set of at least one or more gene
transcripts selected from the gene transcripts having gene names and/or gene symbols listed in
Supplemental Tables 1, 3, or combinations thereof. In another embodiment, the Cav-1-deficient
tumor stromal signature comprises a first set of one or more gene transcripts that are up-regulated
in the tumor stromal material and/or a second set of one or more gene transcripts that is down-
regulated in the tumor stromal material. In another embodiment, said tumor stromal signature
comprises a set of one or more gene transcripts that is up-regulated in the tumor stromal material,
wherein said set of at least one or more up-regulated gene transcripts is selected from the up-
regulated gene transcripts having gene names and/or gene symbols listed in Supplemental Tables
1, 3, or combinations thercof. In another embodiment, said tumor stromal signature comprises a
set of one or more gene transcripts that is down-regulated in the tumor stromal material, wherein
said set of at least one or more down-regulated gene transcripts is selected from down-regulated
gene transcripts having gene names and/or gene symbols listed in Supplemental Tables 1, 3, or

combinations thereof.

[0008] In another embodiment, said tumor stromal signature comprises a first set of one or
more gene transcripts that is up-regulated in the tumor stromal material, wherein said first set of
at least one or more up-regulated gene transcripts is selected from the up-regulated gene
transcripts having gene names and/or gene symbols listed in Supplemental Tables 1, 3, or
combinations thereof; and a second set of one or more gene transcripts that is down-regulated in
the tumor stromal material, wherein said second set of at least one or more down-regulated gene
transcripts is selected from down-regulated gene transcripts having gene names and/or gene

symbols listed in Supplemental Tables 1, 3, or combinations thereof.

[0009] In another embodiment, the Cav-1-deficient tumor stromal signature is derived from a
breast cancer tumor stroma. In another embodiment, the Cav-1-deficient tumor stromal signature
is derived from a breast cancer stroma, wherein the breast cancer is of a subtype selected from
the group consisting of ER positive (or ER(+) ), ER negative (or ER(-), and HER2 positive (or
HER2(+)).
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[0010] In another aspect, the present disclosure provides a method of assessing cancer

prognosis, wherein the method comprises: (a) determining a genome-wide transcriptional profile
of a first stromal material, wherein the first stromal material is derived from a biological sample
obtained from a subject afflicted with cancer or suspected of having cancer; (b) comparing the
genome-wide transcriptional profile (or a set of gene transcripts subgenome-transcriptional
profile derived therefrom) to a Cav-1-deficient tumor stromal signature, wherein the Cav-1-
deficient tumor stromal signature comprises a set of at least one or more gene transcripts selected
from the gene transcripts having gene names and/or gene symbols listed in Supplemental Tables
1, 3, or combintinations thereof, whereby an overlap of from about 25% to about 75% between
the genome-wide transcriptional profile (or a subgenome-transcriptional profile derived
therefrom) and the Cav-1-deficient tumor stromal signature indicates a poor prognosis (e.g., risk
of recurrence the cancer, decreased overall survival of the cancer, increased risk of progression of

the cancer, increased risk of metastasis of the cancer).

[0011] In one embodiment, the method of assessing cancer prognosis, comprises: (a)
determining a genome-wide transcriptional profile of a biological sample, wherein the biological
sample is obtained from a subject afflicted with cancer or suspected of having cancer; (b)
comparing the genome-wide transcriptional profile (or a set one or more gene transcripts
comprising gene transcripts up-regulated and/or gene transcripts down-regulated or both gene
transcriipts up-regulated and gene transcripts down-regulated in the biological sample) to a Cav-
1-deficient tumor stromal signature, wherein the Cav-1-deficient tumor stromal signature
comprises at least a set of one or more gene transcripts selected from the gene transcripts having
gene names and/or gene symbols listed in Supplemental Tables 1, 3, or combintinations thereof,
whereby an overlap of from about 25% to about 75% between the genome-wide transcriptional
profile and the Cav-1-deficient tumor stromal signature indicates a poor prognosis (e.g., risk of
recurrence the cancer, decreased overall survival of the cancer, increased risk of progression of

the cancer, increased risk of metastasis of the cancer).

[0012] In yet another aspect, the present disclosure provides a method of monitoring
progression of cancer, including breast cancer, in a subject, the method comprising: (a) obtaining
a first sample from a subject at a first time point and a second sample from said subject at a
second time point; (b) determining a genome-wide transcriptional profile of said first and second
samples; (¢) comparing the genome-wide transcriptional profile of said first sample to the
genome-wide transcriptional profile of said second sample; and (d) thereafter, comparing any
difference in transcriptional profile between the genome-wide transcriptional profile of said first

sample and the genome-wide transcriptional profile of said second sample to a Cav-1-deficient
4
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tumor stromal signature, wherein the Cav-1-deficient tumor stromal signature comprises a set of

at least one or more gene transcripts having gene names and/or gene symbols listed in
Supplemental Tables 1, 3, or combintinations thereof, whereby an overlap of from about 25% to
about 75% is indicative of a poor clinical outcome (e.g., recurrence of the cancer in said subject,
or decreased overall survival of the cancer by the subject, or is an indication that the cancer has

progressed in said subject, or is an indication that the cancer has metastasized in said subject).

[0013] In another aspect, the present disclosure provides a method of stratifying a subject or a
group of subjects having a cancer tumor for a clinical trial. In an embodiment, the method
comprises: (a) roviding a stromal material, wherein first stromal material is derived from a
biological sample obtained from a subject having a cancer tumor; (b) determining a genome-wide
transcriptional profile of the stromal material; (¢) comparing the genome-wide transcriptional
profile of said stromal material to a Cav-1-deficient tumor stromal signature, wherein the Cav-1-
deficient tumor stromal signature comprises at least a set one or more gene transcripts having
gene names and/or gene symbols listed in Supplemental Tables 1, 3, or combintinations thereof;
and (c) stratifying the subject for a clinical trial based on the results of the comparison step (c).

In another embodiment an overlap of from about 25% to about 75% is indicative of stratification

class of the subjects.

[0014] In one embodiment, the method of stratifying a subject or a group of subjects having a
cancer tumor for a clinical trial comprises: (a) roviding a biological sample, wherein biological
sample is obtained from a subject having a cancer tumor; (b) determining a genome-wide
transcriptional profile of the biological sample; (¢) comparing the genome-wide transcriptional
profile of said said biological sample to a Cav-1-deficient tumor stromal signature, wherein the
Cav-1-deficient tumor stromal signature comprises at least one or more gene transcripts having
gene names and/or gene symbols listed in Supplemental Tables 1, 3, or combintinations thereof;
and (c) stratifying the subject for a clinical trial based on the results of the comparison step (c).
In one embodiment, overlap of from about 25% to about 75% is indicative of the stratification

class of the subjects.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1 illustrates that stromal Cav-1 can be used to stratify human breast cancer
patients into two transcriptionally distinct patient populations (comparison of the transcriptional

profiles of Cav-1-positive (+) tumor stroma (N = 4) versus Cav-1-negative tumor stroma (N =

7);
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[0016] Figure 2 illustrates heatmaps of gene transcripts associated with myofibroblast

differentiation, autophagy, lysosomal degradation, and glycolysis;

[0017] Figure 3 illustrates heatmaps of gene transcripts associated with the response to

hypoxia and mitochondria;

[0018] Figure 4 illustrates heatmaps of gene transcripts associated with inflammation and

redox/stress signaling;

[0019] Figure 5 illustrates heatmaps of gene transcripts associated with dna damage and

repair;

[0020] Figure 6 illustrates heatmaps of gene transcripts associated with aging, apoptosis, and

brcal-mutation positive breast cancer patients;

[0021] Figure 7 illustrates heatmaps of gene transcripts associated with ER-negative breast

cancers;
[0022] Figure 8 illustrates heatmaps of gene transcripts associated with neural stem cells;

[0023] Figure 9 illustratesVenn diagrams for the intersection of the cav-1-deficient stromal

gene signature with other breast cancer tumor stromal gene sets;

[0024] Figure 10 illustrates the Cav-1-deficient stromal gene signature is up-regulated in

breast cancer and is associated with tumor recurrence;

[0025] Figure 11 illustrates the Cav-1-deficient stromal gene signature is associated with

tumor recurrence and poor survival in ER(+) and luminal A breast cancer patients; and

[0001] Figure 12 illustrates understanding the hierarchy of the cellular processes associated

with a Cav-1-deficient tumor microenvironment.
[0026] LIST OF TABLES

[0027] All tables referenced in this application and listed below are provided in Appendix A

which is attached herewith.

[0028] Tablel: Cecllular Processes that are Associated with a Lethal Tumor Micro-

Environment in Human Breast Cancer (Cav-1 Deficient Stroma);
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[0029] Supplemental Table 1:

PCT/US2012/039814

Comparison of the transcriptional profiles of Cav-1-positive

(+) tumor stroma (N = 4) versus Cav-1-negative tumor stroma (N = 7) revealed 238 gene

transcripts that were up-regulated and 232 gene transcripts that were down-regulated in the

stroma of tumors showing a loss of Cav-1 expression;

[0030] Supplemental Table 4:

Proteins;

[0031] Supplemental Table 5:

Gene Products;

[0032] Supplemental Table 6:

Signaling;

[0033] Supplemental Table 7:

positive Patients;

[0034] Supplemental Table 7:

positive Patients;

[0035] Supplemental Table 8:

Patients;

[0036] Supplemental Table 9:

[0037] Supplemental Table 10:

Stress;

[0038] Supplemental Table 11:

and Repair;

[0039] Supplemental Table 12;

Intersection with Myofibroblast and Muscle-Related

Intersection with Autophagy and Lysosome Associated

Intersection with the Immune Response and TNF/NFkB

Intersection with Breast Tumors Derived from BRCA1-

Intersection with Breast Tumors Derived from BRCA1-

Intersection with Breast Tumors Derived from ER-negative

Intersection with Key Regulators of Apoptosis;

Intersection with Glycolysis, Hypoxia, and Oxidative

Intersection with Genes Upregulated During DNA Damage

Intersection with Mitochondrial Associated Proteins;

[0040] Table 13: Intersection with Neural Stem Cell Associated Genes;

[0041] Supplemental Table 14:

Intersection with Aging Associated Genes;

[0042] Supplemental Table 15: contains the 3,459 unique genes that were up-regulated in the

stroma of tumors showing a loss of stromal Cav-1 expression; and
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[0043] Supplemental Table 16 contains the 1,297 unique genes that were up-regulated in the

stroma of tumors showing a loss of stromal Cav-1 expression.
DETAILED DESCRIPTION OF THE INVENTION

[0044] Transcriptional profiling, among other things, includes analysis of the relative
abundance of messenger RNA transcribed from different genes. Transcriptional profiling can be
used to facilitate the understanding of patterns of gene expression that are associated with all
biological processes, including development, differentiation, response to environmental stresses,
and other cellular and organismal functions of interest. The ability to analyze patterns of gene
expression can lead to discovery of new genes associated with biological processes. A detailed
understanding of gene regulation at the transcriptional level is also a premier concern of the
pharmaceutical industry, enabling identification of genetic targets for drug development and
leading to the understanding of the well known heterogenity in the way different individuals
respond to pharmaceutical interventions. Transcriptional profiling may be conducted by the
techniques of "differential display” (see, for example, Liang, P. and Pardee, A. B. Science 1992,
257, 967-971; Liang, et al., Nucl. Acids Res. 1994, 22, 5763-5764; Prashar, Y. and Weissman, S.
M. Proc. Nat'l. Acad. Sci., U.S.A. 1996, 93, 659-663.) and "representational difference analysis"”
(see, for example, Hubank, M. and Schatz, D. G. Nucl. Acids Res. 1994, 22, 5640-5648; Lisitsyn,
N. A. Trends Genet. 1995, 11, 303-307), both of which involve PCR, and gel electrophoretic
analysis of DNA fragments. However, it would be appreciated by those skill in the art that other

techniques exist that enable quantitation of a very large number of gene transcripts.

[0045] Accordingly, in one aspect, the present disclosure provides new transcriptional gene
signatures that can effectively be used for prognostic and therapeutic stratification of cancer
tumors: According to exemplary embodiments of the present invention, said transcriptional gene
signatures comprise at least a set of one or more gene transcripts, wherein the set of one or more
gene transcripts is selected from the group consisting of gene transcripts having gene names
and/or gene symbols listed in Table 1, or any one of Supplementary Tables 1, 2, 3,4, 5,6,7, 8,9,
10, 11, 12, 13, 14, 15, or 16 or combintinations thereof. The sequence listings associated with
the accession numbers, Entrez gene Id, Unigene Id, gene symbols, gene names, alias gene
symbols, and Target Acc set forth in any one of Table 1 and Supplementary Tables 1-16 are
hereby incorporated by reference as if set forth fully herein.

[0046] In one embodiment, transcriptional gene signatures are used to unambiguously stratify

patients based on their stromal Cav-1 status, into Cav-1 (+) and Cav-1 (-) sub-groups, thus,

8



10

15

20

25

30

WO 2012/166700 PCT/US2012/039814

greatly facilitating prediction of their prognosis. In another embodiment, the transcriptional gene
signatures of the present invention are used in therapeutic stratification of cancer patients. The
present inventors have used transcriptional profiling of cancer patients to facilitate the
understanding of patterns of gene expression that are associated with biological processes that are
activated in cancer tumor cells in the presence and absence of Cav-1 in the cancer tumor stroma,
thereby delineating novel mechanistic insights into how the the status of Cav-1 in the cancer
tumor stroma modulates cancer tumor progression, recurrence of cancer tumor and/or metastasis
of cancer. In one embodiment, mechanistic insights into how the status of Cav-1 in the breast
cancer tumor stroma modulates the breast cancer tumor progression, recurrence of cancer tumor

and/or metastasis of the breast cancer is provided.

[0047] The present inventors isolated tumor stroma from breast cancer patients with a loss of
stromal Cav-1 and patients with high stromal Cav-1, for direct comparison and demonstrated that
the Cav-1 deficient tumor stroma from human breast cancer patients shows transcriptional
evidence for the same biological processes that have been implicated in the “Autophagic Tumor
Stroma Model of Cancer”. These biological processes include oxidative stress/aging, hypoxia, a
compensatory increase in mitochondria-associated genes, NFkB-activation, inflammation, DNA
damage, acrobic glycolysis, autophagy/apoptosis, lysosomal degradation, and “stemness”
(summarized in Figure 12). These same biological processes are also transcriptionally activated

16,31, 32
2

in mesenchymal stromal cells derived from the bone marrow of Cav-1 (-/-) null mice and

reflect oxidative stress and mitochondrial dys-function, leading to a glycolytic phenotype.

[0048] The present inventors also observed strong association between Cav-1 deficient tumor
stroma and ER(-) breast cancer. In particular, gene profiles from Cav-1 deficient tumor stroma
were elevated in all breast cancers, relative to normal healthy breast tissue. However, there was a
stronger association with ER(-) negative breast cancers, that were identified either by ER THC or
via ESR1 transcriptional analysis (summarized in Figure 10). Furthermore, an association was
observed with an ER(-) gene signature via gene set enrichment analysis (GSEA) (summarized in
Figure 7), as well as hereditary breast cancer patients that harbor BRCA1-mutations
(summarized in Figure 6). Importantly, these associations were all made with existing gene set
data that were derived from whole breast tumors that were not laser-captured to isolate their
stroma. Thus, these results demonstrate that the presently disclosed stromal signatures can be
used effectively in conjunction with gene profiling data obtained from whole or portions of breast

tumors.
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[0049] Accordingly, one aspect of the present invention relates to use of the stromal Cav-1
deficient gene signature disclosed herein to predict clinical outcome in cancer patients, including
breast cancer patients. In one embodiment, the stromal Cav-1 deficient gene signature in
accordance with the present invention is used to predict recurrence of cancer, or progression of
cancer and/or decreased overall survival in cancer patients, including ER(+) and luminal A breast
cancer patients. In an exemplary embodiment, the present inventors have shown that the Cav-1-
deficient stromal signature of the present invention is strongly associated with increased
recurrence and decreased overall survival in ER(+) and luminal A breast cancer patients, despite
the fact that these breast cancer-derived tumors were not subjected to laser capture
microdissection prior to the transcriptional profiling. Thus, the tumor stromal signatures of the
present invention can be used either alone or in conjunction with other diagnostic tests, including

immuno-histochemical (IHC) staining,.

[0050] Tumors with a “fibrotic focus” or “central scar” are reportedly associated with a poor

%637 In accordance with this notion, it was observed that keloid fibroblasts (derived

prognosis
from non-tumorous “scarred skin”’) show many of the same characteristics as Cav-1 deficient
tumor stroma, with activation of HIF1-alpha and NFkB, as well as a shift towards aerobic

27,38, 39 - - . -
7% 7, thus, suggesting a mechanistic connection between loss of Cav-1 as a driver of

glycolysis
tissue fibrosis, tumor progression, and metastasis **. Consistent with this notion, a fibrotic focus
in breast cancers is thought to be a surrogate marker for hypoxia ***’. Similarly, a loss of Cav-1

1, 41'43, and treatment of fibroblasts with the

drives activation of TGF-beta signaling in fibroblasts
TGF-beta ligand is sufficient to induce autophagy ** and acrobic glycolysis *, possibly

explaining the association of tumor fibrosis with a poor prognosis in cancer patients.

[0051] It has been discovered that gene set enrichment analysis (GSEA) of the tumor stroma of
breast cancer patients with a loss of stromal Cav-1 showed the dramatic the up-regulation of gene
transcripts normally associated with DNA damage and repair (summarized in Figure 5) and
breast tumors with BRCA 1-mutations (summarized in Figure 6). Thus, stromal reactive oxygen
species (ROS) production, resulting in stromal DNA damage, may be an underestimated driver of
tumor progression and metastasis. These findings may also have relevance for the guiding the
use of DNA damaging agents and/or Poly(ADP-ribose) polymerase (PARP) inhibitors, as

potential treatments for breast cancer patients with Cav-1-deficient stroma.

[0052] Accordingly, one aspect of the present invention provides a method of therapeutic
stratification of cancer patients, said method comprising: (a) providing a stromal material,

wherein first stromal material is derived from a biological sample obtained from patients having
10
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a cancer tumor; (b) determining a genome-wide transcriptional profile of the stromal material,
wherein the transcriptional profile compries at least a set of one or more gene transcripts up-
regulated and/or at least a set of one or more gene transcripts down-regulated in the stromal
material; (¢) comparing the genome-wide transcriptional profile (e.g., the set of at least one or
more gene transcripts up-regulated and/or at least one or more gene transcripts down-regulated in
the stromal material) of said stromal material with at least one or more Cav-1-deficient tumor
stromal signatures, wherein the the at least one or more Cav-1-deficient tumor stromal signatures
comprise at least a set of one or more gene transcripts selected from the group consisting of gene
transcripts having gene names and/or gene symbols listed in Supplemental Tables 1, 3, or
combintinations thereof; and (d) stratifying the subject for a clinical trial based on the results of
the comparison step (¢). In one embodiment, the Cav-1-deficient tumor stromal signature
comprises gene transcripts up-regulated in the Cav-1 deficient tumor stroma, wherein the gene
transcripts up-regulated in the Cav-1 deficient stroma comprise a set of at least one or more up-
regulated gene transcripts having gene names and/or gene symbols listed in Supplemental Tables
1, 3, or combintinations thereof. In one embodiment, the Cav-1-deficient tumor stromal
signature comprises gene transcripts down-regulated in the Cav-1 deficient tumor stroma,
wherein the gene transcripts down-regulated in the Cav-1 deficient stroma comprise a set of at
least one or more down-regulated gene transcripts having gene names and/or gene symbols listed

in Supplemental Tables 1, 3, or combintinations thereof.

[0053] . In yet another embodiment, the Cav-1-deficient tumor stromal signatures comprise
gene transcripts up-regulated in the Cav-1 deficient tumor stroma and gene trascripts down-
regulated in the Cav-1 deficient tumor stroma, wherein the gene transcripts up-regulated in the
Cav-1 deficient stroma and the gene transcripts down-regulated in the Cav-1 deficient stroma
comprise a set of at least one or more up-regulated gene transcripts and down-regulated gene
transcripts having gene names and/or gene symbols listed in Supplemental Tables 1, 3, or

combintinations thereof.

[0054] In another embodiment, the method of therapeutic stratification of cancer patients,
comprises: (a) providing a biological sample obtained from patients having a cancer tumor; (b)
determining a genome-wide transcriptional profile of the biological sample, wherein the
transcriptional profile compries at least a set of one or more gene transcripts up-regulated and/or
at least a set of one or more gene transcripts down-regulated in the biological sample; (¢)
comparing the genome-wide transcriptional profile (e.g., the set of at least one or more gene

transcripts up-regulated and/or at least one or more gene transcripts down-regulated in the

11
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biological sample ) of said biological sample with Cav-1-deficient tumor stromal signature,
wherein the Cav-1-deficient tumor stromal signature comprises at least a set of one or more sets
of gene transcripts, wherein the at least one or more sets of gene transcripts comprise gene
transcripts selected from the group consisting of gene transcripts having gene names and/or gene
symbols listed in Supplemental Tables 1, 3, or combintinations thereof; and (d) stratifying the

subject for a clinical trial based on the results of the comparison step (c).

[0055] In certain embodiments, the comparison of transcriptional profiles reveals stromal
reactive oxygen species (ROS) production, as the driver of stromal DNA damage and tumor
progression and metastasis. Accordingly, in further embodiments, the comprison results are used
to identify cancer patients more likely to benefit from treatment with certain thearpeutic agents,
including DNA damaging agents and/or Poly(ADP-ribose) polymerase (PARP) inhibitors. In
another embodiments, the comprision of the transcriptional profiles can be used to identify
cancer patients more likely to benefit from treatment with Monocarboxylate Transporter (MCT1)

inhibitors and/or a combination of PARP inhibitors and MCTI inhibitors.

[0056] Poly(ADP-ribose)polymerase-1 (PARP-1) is a nuclear enzyme that has been implicated
in several mechanisms, including the mechanisms leading to postischemic neuronal death.
Accoridingly, PARP inhibitors have been proposed as potential therapeutic agents for treatment
of various cancers as well as neuroprotective agents. PARP inhibitors are known in the art and
may also be clucidated using various techniques. Non-limiting examples of PARP inhibitors
include such as Iniparib (BSI-201), olaparib (AZD-2281), and veliparib (ABT-888), 3-
aminobenzamide, 4-aminobenzamide, 3-aminophtalhydrazide, 1,5-dihydroxyisoquinoline.
Preferred PARP inhibitors include benzamide, 3-aminophtalhydrazide, 1,5-
dihydroxyisoquinoline, 6(5H)-Phenanthridinone, 4-Amino-1,8-naphthalimide, 1,5-
Isoquinolinediol, 3-Aminobenzamide, and N-(6-0x0-5,6-dihydrophenanthridin-2-yl)-N,N-
dimethylacetamide hydrochloride (PJ34). Inhibition of PARP may be effected by a number of
approaches. A preferred method of the present invention is to employ specific inhibitors of
PARP. For example, specific inhibitors of PARP, such as benzamide, 3-aminobenzamide, 4-
aminobenzamide, 3-aminophtalhydrazide and 1,5-dihydroxyisoquinoline, may be used to inhibit
apoptosis induced by PARP activity. U.S. Pat. No. 5,756, 510 (Griffin et al.) discloses benzamide
analogs having PARP inhibitory efficacy and those compounds may be used in the present
invention methods and compositions; the entire contents of which are incorporated herein by
reference. U.S. Pat. No. Re. 36,397 (Zhang et al.) discloses PARP inhibitors useful for vascular

stroke and neurodegenerative disorders and those compounds may be used in the present
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invention methods and compositions. The PARP inhibitors for use in conjunction with the
biological markers and methods of the present invention may also be determined by various
assays described in the literature. The following publications teach various methods which may
be employed to elucidate PARP inhibitors: (1) U.S. Pat. No. 5,756,510 (Griffin et al.); (2)
Banasik et al. Specific inhibitors of poly( ADP-ribose) synthetase and mono( ADP-ribose)
transferase., J Biol Chem, volume 267, pages 1569-1575 (1992); and (3) Schanraufstatter et al.
Oxidant injury of cells. DNA strand-breaks activate polyadenosine diphosphate-ribose
polymerase and lead to depletion of nicotinamide adenine dinucleotide, J Clin Invest, volume 77,
pages 1312-1320 (1986); the entire contents of the foregoing literature references are

incorporated herein by reference.

[0057] Other suitable therapeutic agents for use with the transcriptional gene signatures and
methods of the present invention include metformin and Monocarboxylate Transporter (MCT1)
inhibitors, including AR-C117977 and AR-C155858 and pharmaceutically acceptable salts
thereof. AR-C155858 has the following structural formula.

HG

[0058]

[0059] Examples of suitable MCT1 inhibitors are disclosed in WO 2010/089580 (published 12
August 2010).

[0060] In some embodiments, the comparison of a set of two or more transcriptional profiles
derived from biological samples obtained from the same or different biological sources (e.g.,
individuals), as described herein, includes identification of relative changes in the levels of gene
transcripts in the respective samples. In some embodiments, the comparison at least a set of two
or more trascriptional profiles are used to identify a subject or a group of subjects with a
significant probability of a poor clincial outcome. In another embodiment, comparisons of
transcriptional gene profiles are used to identify cancer patients that are more like to benefit from
one or more thereaputic agents. In in a further embodiment, the comparison of the set of two or
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more trascriptional profiles is used to identify a subject or a group of subjects with a significant
probability of benefiting from treatment with existing or new thereapeutic agents, including
PARP inhibitors and/or MCTI inhibitors. In another embodiment, the probability that a patient
or a group of patients are expected to benefit from treatment with PARP inhibitors alone or
MCTI inhibitors alone or in combinations with PARP inhibitors is from about 25% to about 30%,
from about 25% to about 35%, from about 25% to about 45%, from about 25% to about 50%,
from about 25% to about 55%, from about 25% to about 60%, from about 25%, to about 65%,
from about 25% to about 70%, from about 25%, to about 75%, from about 30% to about 35%,
from about 30% to about 45%, from about 30% to about 50%, from about 30% to about 55%,
from about 30% to about 60%, from about 30%, to about 65%, from about 30% to about 70%,
from about 30%, to about 75%, from about 35% to about 45%, from about 35% to about 50%,
from about 35% to about 55%, from about 35% to about 60%, from about 35%, to about 65%,
from about 35% to about 70%, from about 35%, to about 75%, from about 40% to about 45%,
from about 40% to about 50%, from about 40% to about 55%, from about 40% to about 60%,
from about 40%, to about 65%, from about 40% to about 70%, from about 40%, to about 75%,
from about 45% to about 50%, from about 45% to about 55%, from about 45% to about 60%,
from about 45% to about 65%, from about 45% to about 70%, from about 45% to about 75%,
from about 50% to about 55%, from about 50% to about 60%, from about 50% to about 65%,
from about 50% to about 70%, from about 50% to about 75%, from about 55% to about 60%,
from about 55% to about 65%, from about 55% to about 70%, from about 55% to about 75%,
from about 60%, to about 65%, from about 60% to about 70%, from about 60% to about 75%,
from about 65% to about 70%, from about 65% to about 75%, or from about 70% to about 75%.

[0061] In some embodiments, comparision of trascriptional profiles in accordance with the
present invention identifies a cancer patents or a group of cancer patients having a probability of
from about 25% to about75% of a poor clinical outcome, wherein the poor clinical outcome is
selcted from the group consisting of cancer recurrence, progression of a cancer, overall survival
of cancer, cancer metastasis and combinations thereof. In another embodiment, the probability of
a poor clinical outcome is from about 25% to about 30%, from about 25% to about 35%, from
about 25% to about 45%, from about 25% to about 50%, from about 25% to about 55%, from
about 25% to about 60%, from about 25%, to about 65%, from about 25% to about 70%, from
about 25%, to about 75%, from about 30% to about 35%, from about 30% to about 45%, from
about 30% to about 50%, from about 30% to about 55%, from about 30% to about 60%, from
about 30%, to about 65%, from about 30% to about 70%, from about 30%, to about 75%, from
about 35% to about 45%, from about 35% to about 50%, from about 35% to about 55%, from
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about 35% to about 60%, from about 35%, to about 65%, from about 35% to about 70%, from
about 35%, to about 75%, from about 40% to about 45%, from about 40% to about 50%, from
about 40% to about 55%, from about 40% to about 60%, from about 40%, to about 65%, from
about 40% to about 70%, from about 40%, to about 75%, from about 45% to about 50%, from
about 45% to about 55%, from about 45% to about 60%, from about 45% to about 65%, from
about 45% to about 70%, from about 45% to about 75%, from about 50% to about 55%, from
about 50% to about 60%, from about 50% to about 65%, from about 50% to about 70%, from
about 50% to about 75%, from about 55% to about 60%, from about 55% to about 65%, from
about 55% to about 70%, from about 55% to about 75%, from about 60%, to about 65%, from
about 60% to about 70%, from about 60% to about 75%, from about 65% to about 70%, from
about 65% to about 75%, or from about 70% to about 75%.

[0062] It has also been discovered that the over-expression of several different markers of
autophagy or oxidative stress in the tumor stroma are associated with increased lympho-vascular
invasion, increased lymph-node metastasis, or poor clinical outcome, in a variety of different
epithelial cancer subtypes. These markers include ATG16L1 and the cathepsins (K and D) for

autophagy, as well as carbonic anhydrase IX (CAIX) and HIF1-alpha for oxidative stress *°.

[0063] Re-analysis of published transcriptional profiles '° of laser-captured tumor stroma,
isolated from human breast cancers, by the present inventors revealed strong evidence for the
enrichment of autophagy genes, lysosomal markers, as well as indicators of oxidative stress (such

16, 30

as peroxisomes), which were associated with tumor recurrence and metastasis . These tumor

stroma transcriptional profiles also showed significant overlap with transcriptional profiles of

16, 30, 31

Cav-1 (-/-) null stromal cells , and Alzheimer’s disease brain (known to be associated with

16,31

oxidative stress) . In fact the transcriptional profile of Alzheimer’s disease brain was most

closely related to the tumor stroma of human breast cancer patients that had undergone metastasis

16 - . . . . . . .
, implicating stromal oxidative stress in promoting cancer cell metastasis.

[0064] In summary, the present inventors have shown that simple immuno-staining with
antibodies directed against Cav-1 can be used effectively to detect two different populations of
breast cancer patients (high-risk vs. low-risk), based on their stromal Cav-1 status. Genome-wide
transcriptional profiling of these two different stromal populations shows that they are
dramatically different, each with a unique transcriptional profile. The present inventors focused
on the stromal Cav-1-deficient population, because they are associated with early tumor
recurrence, and metastasis. Gene set enrichment analysis (GSEA) of this population provides in

vivo human data to directly support the “Autophagic Tumor Stroma Model of Cancer”, which is
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largely focused on oxidative stress, hypoxia, autophagy, and DNA damage in the tumor

microenvironment, as well as the pro-inflammatory response (summarized in Figure 12).

[0065] 1. TRANSCRIPTIONAL GENE SIGNATURES/BIOLOGICAL MARKERS

[0066] In one embodiment the transcriptional gene signatures of the present invention
comprise a set of at least one or more gene transcripts up-regulated in cancer tumor stroma. In
another embodiment the transcriptional gene signatures of the present invention comprise a set of
at least one or more gene transcripts down-regulated in cancer tumor stroma. In another
embodiment, the cancer tumor stroma is derived from derived from a Cav-1-deficient cancer
tumor stromal material. In another embodiment, the cancer tumor stroma is derived from derived
from a Cav-1-positive cancer tumor stromal material. As any type of cell in the body may be a
source of cancer, any suitable types of cancer cells or cellular materials may be used in the
present invention. A suitable cancer type includes carcinoma (cancer of the epithelial cells),
sarcoma (cancer of the bone, muscle or other connective tissues), lymphoma (cancer of the
lymphatic system), leukemia (cancer of blood cells or blood precursor cells) and melanoma
(cancer of the pigment-providing cells). Examples of suitable types of cancer that may be useful
in conjuction with the various exemplary embodiments of the present invention include, but are
not limited to, leukemias, such as but not limited to, acute leukemia, acute lymphocytic leukemia,
acute myelocytic leukemias, such as, myeloblastic, promyelocytic, myelomonocytic, monocytic,
and erythroleukemia leukemias and myelodysplastic syndrome; chronic leukemias, such as but
not limited to, chronic myelocytic (granulocytic) leukemia, chronic lymphocytic leukemia, hairy
cell leukemia; polycythemia vera; lymphomas such as but not limited to Hodgkin's disease, non-
Hodgkin's disease; multiple myelomas such as but not limited to smoldering multiple myeloma,
nonsecretory myeloma, osteosclerotic myeloma, plasma cell leukemia, solitary plasmacytoma
and extramedullary plasmacytoma; Waldenstrom's macroglobulinemia; monoclonal gammopathy
of undetermined significance; benign monoclonal gammopathy; heavy chain disease; bone and
connective tissue sarcomas such as but not limited to bone sarcoma, ostcosarcoma,
chondrosarcoma, Ewing's sarcoma, malignant giant cell tumor, fibrosarcoma of bone, chordoma,
periosteal sarcoma, soft-tissue sarcomas, angiosarcoma (hemangiosarcoma), fibrosarcoma,
Kaposi's sarcoma, leiomyosarcoma, liposarcoma, lymphangiosarcoma, neurilemmoma,
rhabdomyosarcoma, synovial sarcoma; brain tumors such as but not limited to, glioma,
astrocytoma, brain stem glioma, ependymoma, oligodendroglioma, nonglial tumor, acoustic
neurinoma, craniopharyngioma, medulloblastoma, meningioma, pincocytoma, pincoblastoma,

primary brain lymphoma; breast cancer including but not limited to ductal carcinoma,
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adenocarcinoma, lobular (small cell) carcinoma, intraductal carcinoma, medullary breast cancer,
mucinous breast cancer, tubular breast cancer, papillary breast cancer, Paget's disease, and
inflammatory breast cancer; adrenal cancer such as but not limited to pheochromocytom and
adrenocortical carcinoma; thyroid cancer such as but not limited to papillary or follicular thyroid
cancer, medullary thyroid cancer and anaplastic thyroid cancer; pancreatic cancer such as but not
limited to, insulinoma, gastrinoma, glucagonoma, vipoma, somatostatin-secreting tumor, and
carcinoid or islet cell tumor; pituitary cancers such as but limited to Cushing's disease, prolactin-
secreting tumor, acromegaly, and diabetes insipius; eye cancers such as but not limited to ocular
melanoma such as iris melanoma, choroidal melanoma, and cilliary body melanoma, and
retinoblastoma; vaginal cancers such as squamous cell carcinoma, adenocarcinoma, and
melanoma; vulvar cancer such as squamous cell carcinoma, melanoma, adenocarcinoma, basal
cell carcinoma, sarcoma, and Paget's disease; cervical cancers such as but not limited to,
squamous cell carcinoma, and adenocarcinoma; uterine cancers such as but not limited to
endometrial carcinoma and uterine sarcoma; ovarian cancers such as but not limited to, ovarian
epithelial carcinoma, borderline tumor, germ cell tumor, and stromal tumor; esophageal cancers
such as but not limited to, squamous cancer, adenocarcinoma, adenoid cystic carcinoma,
mucoepidermoid carcinoma, adenosquamous carcinoma, sarcoma, melanoma, plasmacytoma,
verrucous carcinoma, and oat cell (small cell) carcinoma; stomach cancers such as but not limited
to, adenocarcinoma, fungating (polypoid), ulcerating, superficial spreading, diffusely spreading,
malignant lymphoma, liposarcoma, fibrosarcoma, and carcinosarcoma; colon cancers; rectal
cancers; liver cancers such as but not limited to hepatocellular carcinoma and hepatoblastoma;
gallbladder cancers such as adenocarcinoma; cholangiocarcinomas such as but not limited to
pappillary, nodular, and diffuse; lung cancers such as non-small cell lung cancer, squamous cell
carcinoma (epidermoid carcinoma), adenocarcinoma, large-cell carcinoma and small-cell lung
cancer; testicular cancers such as but not limited to germinal tumor, seminoma, anaplastic, classic
(typical), spermatocytic, nonseminoma, embryonal carcinoma, teratoma carcinoma,
choriocarcinoma (yolk-sac tumor), prostate cancers such as but not limited to, prostatic
intraepithelial neoplasia, adenocarcinoma, leiomyosarcoma, and rhabdomyosarcoma; penal
cancers; oral cancers such as but not limited to squamous cell carcinoma; basal cancers; salivary
gland cancers such as but not limited to adenocarcinoma, mucoepidermoid carcinoma, and
adenoidcystic carcinoma; pharynx cancers such as but not limited to squamous cell cancer, and
verrucous; skin cancers such as but not limited to, basal cell carcinoma, squamous cell carcinoma
and melanoma, superficial spreading melanoma, nodular melanoma, lentigo malignant
melanoma, acral lentiginous melanoma; kidney cancers such as but not limited to renal cell

carcinoma, adenocarcinoma, hypemephroma, fibrosarcoma, transitional cell cancer (renal pelvis
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and/or uterer); Wilms' tumor; bladder cancers such as but not limited to transitional cell
carcinoma, squamous cell cancer, adenocarcinoma, carcinosarcoma. In addition, cancers include
myxosarcoma, osteogenic sarcoma, endotheliosarcoma, lymphangioendotheliosarcoma,
mesothelioma, synovioma, hemangioblastoma, epithelial carcinoma, cystadenocarcinoma,
bronchogenic carcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary
carcinoma and papillary adenocarcinomas (for a review of such disorders, see Fishman et al.,
1985, Medicine, 2d Ed., J. B. Lippincott Co., Philadelphia and Murphy et al., 1997, Informed
Decisions: The Complete Book of Cancer Diagnosis, Treatment, and Recovery, Viking Penguin,

Penguin Books U.S.A., Inc., United States of America).

[0067] In one embodiment, the transcriptional gene signatures in accordance with the present
invention are drived from a genome-wide transcriptional profiling of a tumor stromal material
which is derived from a Cav-1-deficient breast cancer tumor stroma, wherein the tumor stromal
signatures comprise (a) a first set of up-regulated gene transcripts, wherein the first set of up-
regulated gene transcripts comprises at least a set of one or more up-regulated gene transcritps
having gene symbols listed Supplemental Tables 1, 3, or combintinations thereof; and (b) a
second set of down-regulated gene transcripts, wherein the second set of down-regulated gene
transcripts comprises at least a set of one or more gene transcripts having gene names and/or
gene symbols listed Supplemental Tables 1, 3, or combintinations thereof. In one embodiment,
up-regulated gene transcritps having gene symbols listed Supplemental Tables 1, 3, or
combintinations thereof are selected from the group consisting of LOC100293390, RNF217,
PGBD2, LACTB, TRIT1, RNF217, LOC654433, DFFA, DNAJCS5, ZNF365, ZNF365, MDNI,
ERG, CTSB, SGSM3, MYL5, HLA-Z, IKZF1, C150rf23, CD84, C21orf7, VPS26B, SUFU,
MSH6, S1PR3, FCGR2B, BCL2L11, RFC5, RAB3D, LOC100128943, PSMB9, GALNT11,
APOC2, ISM2, PMS2CL, RDBP, GSPT2, NOD2, USP6NL, TAF13, H2AFX, CD53, CYP3AS5,
HLA-Z, DCAFS, CTTNBP2NL, ISM2, KCTD20, HMMR, RYR1, METTL3, BCAT1, GSPT]I,
MGC27345, PGPEP1, TFEB, POLG2, RBM33, LOC80054, FABP3, GCA, FANCC, RPUSDA4,
C2lorf7, ZNF609, SAMHD1, NFATC2, SERPINBS, CYP4F11, LOC728613, SNRK,
LOC80054, SLC8A1, VMOI, IL28RA, LOC100288109, APITD1, TRIP6, TMEM165,
TBXASI1, KLHL12, LY 86, KLF3, WHSC1, ZBTB46, SNRK, MLL2, KCNJ13, THGIL,
CYP4V2, SLC23A2, OGFRLI1, SLCO2B1, PTPN1, ALOX5AP, MORC2, ABCDI1P4, UCK2,
TMEDS, FCGR2C, FAM185A, PHF20L1, EPB41L3, LARP4B, DHRSX, PDPK1, APEX2,
CTSB, MRPL9, LOC100293165, Clorf104, STX7, GFI1, AP4E1, ARHGAPS, C140rf106,
SUDS3, BAT2L1, BCAS3, LMF2, INTS4, FCGR2A, ADAM10, CCZ1, RANBPY9, MATR3,
SENPS5, PPIL2, THNSL1, DNHDI, RBMS2, SYMPK, DNASE1, FCGR2A, KIFC2, TTC17,
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PDPK1, BCL2L13, MFSD7, ETF1, REEP4, TMEM165, MRPL9, HAUS2, ADAP2, ILIRAP,
PARVG, Cl4orfl118, ATXNI, PDE7A, DENND4B, ZNF502, Clorf77, OPA3, TNPO3, KIF1B,
RNASE1, ANXA11, FAM8B4A, Céorf26, CLTC, AMZ2, TYROBP, IFNGR2, RIOK?2,
C170rf63, GPBARI, ZNF639, TBRG4, SKP2, PHKA2, SERP1, CENPC1, MICALCL, RHOG,
PDE4DIP, KIAA1147, UBAP1, C20orf7, SRRT, BTN3A2, DCP2, MIR1302-3, UFM1, PDPR,
DNMTI1, SMC2, GALT, LOC730235, STX8, GNBI1, LOC283267, WDR1, BACH1, AGFGI,
PIAS1, SNX6, ROCK1, EIF2AK1, UBXN11, APAF1, THNSL1, and combinations thereof.

[0068] In another embodiment, down-regulated gene transcritps having gene symbols listed
Supplemental Tables 1, 3, or combintinations thercof are selected from the group consisting of
HNRNPAO, ST3GAL3, LOC100288446, RGNEF, NTRK3, KIFAP3, FAM3A, FAM169A,
PLAGI, RAB40A, GOT1, ZNF768, CYP20A1, ASTN2, REPS2, NOL3, SERPINA9, TRA2A, ,
GYPE, LOC729375, ZFAND2B, BRWDI1, PTPRN, ZNF687, DYM, ARMC7, PNPLAS,
LMOD1, MFSDI11, SERF1B, C6orf130, TMEM138, UFSP1, SREBF2, KRT222, PIGM,
Coé6orf26, FHL2, GLIS3, SLC7A14, ABCA10, DBT, ABLIM3, NOTCH3, PTPRN, DSG3,
BACHI1, LOC100131109, PLD1, , SIK3, FAMS55B, PTGR1, UBE3B, PTPRS, DLG5, ZHX3,
SOX5, LOC388152, KCNK1, ITIH5, RARG, ABHD3, IRAK1BP1, TRIM38, SLC19A3, XPO7,
PDZD4, ESR1, LOC285147, ZNF193, MPP7, PKD1L2, PDZD4, , KCNQ10T1, RADI,
KCMF1, LOC100293798, IGF1R, ZFP3, C21orf62, TLR6, CTBP2, , DDX46, FAM156B,
RUNDC3B, TMEM138, LOC100131938, UNC13C, ZNF641, OBSCN, C18orf15, UBN2,
MPHOSPHY, CRIM1, , SLC25A11, VWC2, DEAF1, DNAJC1, ADORA2B, PARK?7,
NCRNAO00183, MAPK1, WDR34, RCOR3, VEZT, RPL7APE, NLGN3, LOC100128288,
RABL2A, GABI1, RSPH9, AUH, SLC18A2, VCPIP1, EAPP, BTN2A2, C170rf75, Clorf187,
LOC643749, LOC100128288, RABL2A, CADPS, ZNF540, LRP2, CCDC96, SEC14L2,
FBX021, WDR78, ADCYAP1, LOC100128286, C6orf26, HRH1, ZNF764, ZNF823,
LOCS80154, NLK, SNORD20, THRA, XGPY2, SIGLEC6, DHCR24, LOC100129198, PTPN14,
MAP7, LOC100128292, LOC646976, ZNF20, TMEMO9B, IL17RB, TUBD1, TRIM66,
SLCI12AS, PDE4DIP, LOC92249, LOC100128651, RGS7, SIGLEC6, SH3BGR, RSPH9,
MGC16121, SLC16A6, OAF, SETDA4, C8orf84, ZFP90, C7orf63, GAB1, TRIM66, PCSK1N,
SNORDI121A, GFRAI, GAB1, MS4A2, NHEDC2, HPSE2, PGR, PGR, SLC18A2, AUTS2,
AUTS2, KBTBD4, ERBB4, ADCYAP1, ADCYAPI, and combinations thercof.

[0069] In another embodiment, the tumor stromal signatures comprise (a) a first set of up-
regulated gene transcripts, wherein the first set of up-regulated gene transcripts comprises at least

a set of one or more up-regulated gene transcritps having gene names and/or gene symbols listed
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in Supplemental Tables 1, 3, or combintinations thereof, wherein the up-regulated gene
transcripts are selected from the group consisting of LOC100293390, RNF217, PGBD2,
LACTB, TRIT1, RNF217, LOC654433, DFFA, DNAJCS, ZNF365, ZNF365, MDNI1, ERG,
CTSB, SGSM3, MYLS5, HLA-Z, IKZF1, C150rf23, CD84, C21orf7, VPS26B, SUFU, MSH6,
S1PR3, FCGR2B, BCL2L11, RFC5, RAB3D, LOC100128943, PSMB9, GALNT11, APOC2,
ISM2, PMS2CL, RDBP, GSPT2, NOD2, USP6NL, TAF13, H2AFX, CD53, CYP3AS, HLA-Z,
DCAF8, CTTNBP2NL, ISM2, KCTD20, HMMR, RYR1, METTL3, BCAT1, GSPT1,
MGC27345, PGPEP1, TFEB, POLG2, RBM33, LOC80054, FABP3, GCA, FANCC, RPUSDA4,
C2lorf7, ZNF609, SAMHD1, NFATC2, SERPINBS, CYP4F11, LOC728613, SNRK,
LOC80054, SLC8A1, VMOI, IL28RA, LOC100288109, APITD1, TRIP6, TMEM165,
TBXASI1, KLHL12, LY86, KLF3, WHSC1, ZBTB46, SNRK, MLL2, KCNJ13, THGIL,
CYP4V2, SLC23A2, OGFRLI1, SLCO2B1, PTPN1, ALOX5AP, MORC2, ABCD1P4, UCK2,
TMEDS, FCGR2C, FAM185A, PHF20L1, EPB41L3, LARP4B, DHRSX, PDPK1, APEX2,
CTSB, MRPL9, LOC100293165, Clorf104, STX7, GFI1, AP4E1, ARHGAPS, C140rf106,
SUDS3, BAT2L1, BCAS3, LMF2, INTS4, FCGR2A, ADAM10, CCZ1, RANBP9, MATR3,
SENPS5, PPIL2, THNSL1, DNHD1, RBMS2, SYMPK, DNASE1, FCGR2A, KIFC2, TTC17,
PDPK1, BCL2L13, MFSD7, ETF1, REEP4, TMEM165, MRPL9, HAUS2, ADAP2, ILIRAP,
PARVG, C14o0rf118, ATXNI1, PDE7A, DENND4B, ZNF502, Clorf77, OPA3, TNPO3, KIFIB,
RNASEI1, ANXA11, FAMS84A, Cé6orf26, CLTC, AMZ2, TYROBP, IFNGR2, RIOK?2,
Cl70rf63, GPBARI1, ZNF639, TBRG4, SKP2, PHKA2, SERP1, CENPC1, MICALCL, RHOG,
PDE4DIP, KIAA1147, UBAP1, C20orf7, SRRT, BTN3A2, DCP2, MIR1302-3, UFM1, PDPR,
DNMTI, SMC2, GALT, LOC730235, STXS8, GNB1, LOC283267, WDR1, BACH1, AGFGI,
PIAS1, SNX6, ROCK1, EIF2AK1, UBXNI11, APAF1, THNSL1, and combinations thereof; and
and (b) a second set of down-regulated gene transcripts, wherein the second set of down-
regulated gene transcripts comprises at least a set of one or more gene transcripts having gene
names and/or gene symbols listed in Supplemental Tables 1, 3, or combinations thereof, wherein
the down-regulated gene transcripts are selected from the group consisting of HNRNPAO,
ST3GAL3, LOC100288446, RGNEF, NTRK3, KIFAP3, FAM3A, FAM169A, PLAGI,
RAB40A, GOTI, ZNF768, CYP20A1, ASTN2, REPS2, NOL3, SERPINAY, TRA2A, , GYPE,
LOC729375, ZFAND2B, BRWDI1, PTPRN, ZNF687, DYM, ARMC7, PNPLAS, LMODI1,
MFSD11, SERF1B, C6orf130, TMEM138, UFSP1, SREBF2, KRT222, PIGM, C6orf26, FHL2,
GLIS3, SLC7A14, ABCA10, DBT, ABLIM3, NOTCH3, PTPRN, DSG3, BACHI,
LOC100131109, PLD1, , SIK3, FAM55B, PTGR1, UBE3B, PTPRS, DLG5, ZHX3, SOX5,
LOC388152, KCNKI1, ITIH5, RARG, ABHD3, IRAK1BP1, TRIM38, SLC19A3, XPO7,

PDZD4, ESR1, LOC285147, ZNF193, MPP7, PKD1L2, PDZD4, , KCNQ10T1, RADI,
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KCMF1, LOC100293798, IGF1R, ZFP3, C21orf62, TLR6, CTBP2, , DDX46, FAM156B,
RUNDC3B, TMEM138, LOC100131938, UNC13C, ZNF641, OBSCN, C18orf15, UBN2,
MPHOSPHY, CRIM1, , SLC25A11, VWC2, DEAF1, DNAJC1, ADORA2B, PARK?7,
NCRNAO00183, MAPK1, WDR34, RCOR3, VEZT, RPL7APE, NLGN3, LOC100128288,
RABL2A, GABI1, RSPH9, AUH, SLC18A2, VCPIP1, EAPP, BTN2A2, C170rf75, Clorf187,
LOC643749, LOC100128288, RABL2A, CADPS, ZNF540, LRP2, CCDC96, SEC14L2,
FBX021, WDR78, ADCYAP1, LOC100128286, C6orf26, HRH1, ZNF764, ZNF823,
LOCS80154, NLK, SNORD20, THRA, XGPY2, SIGLEC6, DHCR24, LOC100129198, PTPN14,
MAP7, LOC100128292, LOC646976, ZNF20, TMEMO9B, IL17RB, TUBD1, TRIM66,
SLCI12AS, PDE4DIP, LOC92249, LOC100128651, RGS7, SIGLEC6, SH3BGR, RSPH9,
MGC16121, SLC16A6, OAF, SETDA4, C8orf84, ZFP90, C7orf63, GAB1, TRIM66, PCSK1N,
SNORDI121A, GFRAI, GAB1, MS4A2, NHEDC2, HPSE2, PGR, PGR, SLC18A2, AUTS2,
AUTS2, KBTBD4, ERBB4, ADCYAP1, ADCYAPI, and combinations thercof.

[0070] In another embodiment, the transcriptional gene signature in accordance with the
present invention is drived from a genome-wide transcriptional profiling of a tumor stromal
material which is derived from a Cav-1-deficient breast cancer tumor stroma, and wherein the
tumor stromal signature comprises at least a set of one or more gene transcripts up-regulated in
the tumore stromal material, wherein the at least set of one or more gene transcritps comprise
gene transcripts having gene names and/or gene symbols selected from the group consisting of:
LOC100293390, RNF217, PGBD2, LACTB, TRIT1, RNF217, LOC654433, DFFA, DNAJCS,
ZNF365, ZNF365, MDNI1, ERG, CTSB, SGSM3, MYL5, HLA-Z, IKZF1, C150rf23, CD&4,
C2lorf7, VPS26B, SUFU, MSH6, S1PR3, FCGR2B, BCL2L11, RFC5, RAB3D,
LOC100128943, PSMB9, GALNT11, APOC2, ISM2, PMS2CL, RDBP, GSPT2, NOD2,
USP6NL, TAF13, H2AFX, CD53, CYP3AS, HLA-Z, DCAFS, CTTNBP2NL, ISM2, KCTD20,
HMMR, RYR1, METTL3, BCAT1, GSPT1, MGC27345, PGPEP1, TFEB, POLG2, RBM33,
LOC80054, FABP3, GCA, FANCC, RPUSD4, C21orf7, ZNF609, SAMHD1, NFATC?2,
SERPINBS, CYP4F11, LOC728613, SNRK, LOC80054, SLC8A1, VMOI1, IL28RA,
LOC100288109, APITD1, TRIP6, TMEM165, TBXAS1, KLHL12, LY86, KLF3, WHSCI,
ZBTB46, SNRK, MLL2, KCNJ13, THGIL, CYP4V2, SLC23A2, OGFRL1, SLCO2B1, PTPNI,
ALOXS5AP, MORC2, ABCD1P4, UCK2, TMEDS, FCGR2C, FAM185A, PHF20L1, EPB41L3,
LARP4B, DHRSX, PDPK1, APEX2, CTSB, MRPL9, LOC100293165, Clorf104, STX7, GFII1,
AP4E1, ARHGAPS, Cl4orf106, SUDS3, BAT2L1, BCAS3, LMF2, INTS4, FCGR2A,
ADAMI10, CCZ1, RANBP9, MATR3, SENPS5, PPIL2, THNSL1, DNHDI1, RBMS2, SYMPK,
DNASEI1, FCGR2A, KIFC2, TTC17, PDPK1, BCL2L13, MFSD7, ETF1, REEP4, TMEM165,
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MRPL9, HAUS?2, ADAP2, ILIRAP, PARVG, Cl4orfl18, ATXN1, PDE7A, DENND4B,
ZNF502, Clorf77, OPA3, TNPO3, KIF1B, RNASE1, ANXA11, FAM84A, C6orf26, CLTC,
AMZ2, TYROBP, IFNGR2, RIOK?2, C170rf63, GPBAR1, ZNF639, TBRG4, SKP2, PHKA2,
SERP1, CENPC1, MICALCL, RHOG, PDE4DIP, KIAA1147, UBAP1, C200rf7, SRRT,
BTN3A2, DCP2, MIR1302-3, UFM1, PDPR, DNMT1, SMC2, GALT, LOC730235, STXE,
GNBI1, LOC283267, WDR1, BACHI1, AGFGI, PIAS1, SNX6, ROCK1, EIF2AK1, UBXN11,
APAF1, THNSL1, and combinations thercof.

[0071] In another embodiment, the transcriptional gene signature in accordance with the
present invention is drived from a genome-wide transcriptional profiling of a tumor stromal
material which is derived from a Cav-1-deficient breast cancer tumor stroma, and wherein the
tumor stromal signature comprises at least a set of one or more gene transcripts down-regulated
in the tumore stromal material, wherein the at least set of one or more gene transcritps comprise
gene transcripts having gene names and/or gene symbols selected from the group consisting of: at
least a set of one or more genes having gene symbols selected from the group consisting of:
HNRNPAO, ST3GAL3, LOC100288446, RGNEF, NTRK3, KIFAP3, FAM3A, FAMI169A,
PLAGI1, RAB40A, GOT1, ZNF768, CYP20A1, ASTN2, REPS2, NOL3, SERPINA9, TRA2A, ,
GYPE, LOC729375, ZFAND2B, BRWDI, PTPRN, ZNF687, DYM, ARMC7, PNPLAS,
LMODI1, MFSD11, SERF1B, C6orf130, TMEM138, UFSP1, SREBF2, KRT222, PIGM,
Céorf26, FHL2, GLIS3, SLC7A14, ABCA10, DBT, ABLIM3, NOTCH3, PTPRN, DSG3,
BACHI, LOC100131109, PLDI1,, SIK3, FAM55B, PTGR1, UBE3B, PTPRS, DLG5, ZHX3,
SOXS5, LOC388152, KCNK1, ITIH5, RARG, ABHD3, IRAKI1BPI1, TRIM38, SLC19A3, XPO7,
PDZD4, ESR1, LOC285147, ZNF193, MPP7, PKD1L2, PDZD4, , KCNQ10OT1, RADI,
KCMF1, LOC100293798, IGF1R, ZFP3, C21orf62, TLR6, CTBP2, , DDX46, FAM156B,
RUNDC3B, TMEM138, LOC100131938, UNC13C, ZNF641, OBSCN, C18orf15, UBN2,
MPHOSPHY, CRIM1, , SLC25A11, VWC2, DEAF1, DNAJC1, ADORA2B, PARK7,
NCRNAO00183, MAPK 1, WDR34, RCOR3, VEZT, RPL7AP8, NLGN3, LOC100128288,
RABL2A, GABI, RSPH9, AUH, SLC18A2, VCPIP1, EAPP, BTN2A2, C170rf75, Clorf187,
LOC643749, LOC100128288, RABL2A, CADPS, ZNF540, LRP2, CCDC96, SEC14L2,
FBXO021, WDR78, ADCYAP1, LOC100128286, C6orf26, HRH1, ZNF764, ZNF823,
LOC80154, NLK, SNORD20, THRA, XGPY2, SIGLEC6, DHCR24, LOC100129198, PTPN14,
MAP7, LOC100128292, LOC646976, ZNF20, TMEM9B, IL17RB, TUBD1, TRIM66,
SLC12A8, PDE4DIP, LOC92249, LOC100128651, RGS7, SIGLEC6, SH3BGR, RSPH9,
MGC16121, SLC16A6, OAF, SETDA4, C8orf84, ZFP90, C70rf63, GAB1, TRIM66, PCSK 1N,
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SNORDI121A, GFRA1, GAB1, MS4A2, NHEDC2, HPSE2, PGR, PGR, SLC18A2, AUTS2,
AUTS2, KBTBD4, ERBB4, ADCYAP1, ADCYAPI, and combinations thercof.

[0072] A. Transcriptional Profiling of a Cav-1 Deficient Tumor Microenvironment

[0073] Loss of stromal Cav-1 in human breast cancer(s) is associated with tumor recurrence,
metastasis, and drug-resistance, conferring poor clinical outcome . However, until now
nothing was known about the identity and the characteristics of the signaling pathways activated
in Cav-1 negative tumor stroma. To mechanistically understand the “lethality” of a Cav-1
negative tumor micro-environment, the present inventors performed laser capture
microdissectioin on the tumor stroma of patients that were pre-classified as stromal Cav-1-
positive(+) (N = 4) and stromal Cav-1-negative(-) (N = 7), based on immuno-histochemical
(IHC) staining. Then, the RNA extracted from these samples was subjected to genome-wide

transcriptional profiling.

[0074] Based on this approach, the present inventors identified 238 gene transcripts that were
specifically up-regulated and 232 gene transcripts that were down-regulated in the stroma of
tumors showing a loss of Cav-1 expression (p < 0.01 and fold-change (f.c.) > 1.5) (summarized

in Supplemental Table 1). Using these stringent criteria, the present inventors were able to

transcriptionally separate these two patient populations, in accordance with their IHC stromal
Cav-1 status (negative versus positive). A HeatMap of the total patient cohort is shown in
Figure 1, demonstrating that these two patient populations appear transcriptionally and

“genetically” distinct.

[0075] B. Gene Set Enrichment Analysis (GSEA) of a Cav-1 Deficient Tumor

Microenvironment

[0076] To understand what cellular processes are characteristic of a Cav-1-deficient tumor
microenvironment, the present inventors next performed gene set enrichment analysis (GSEA),
by comparison with other gene signatures available in various public databases. For this purpose,
the present inventors focused on a wider list of gene transcripts that were up-regulated in Cav-1-
deficient stroma (5,424 transcripts encoding 3,459 unique genes; p < 0.1 and fold-change (f.c.) >
1.15) (summarized in Supplemental Table 2).

[0077] Results of the GSEA are summarized in Table 1. The GSEA results show up-

regulation of cellular processes normally associated with “stemness”, inflammation, DNA
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damage, oxidative stress, hypoxia, apoptotic signaling, autophagy, and mitochondrial dysfunction

in the tumor stroma of patients lacking stromal Cav-1.

[0078] Individual HeatMaps (based on 1,819 transcripts encoding 1,297 unique genes; p <
0.05 and fold-change (f.c.) > 1.15) (summarized in Supplemental Table 3) for key cellular

processes are shown in Figures 2-8. These HeatMaps illustrate the upregulation of gene
transcripts associated with myofibroblast differentiation, autophagy, lysosomal degradation,
glycolysis, hypoxia, mitochondria, inflammation and redox signaling, DNA damage and repair,
aging, BRCA1-mutation positive and ER-negative breast cancer patients, apoptosis, and neural

stem cells (summarized in Supplemental Tables 4-14).

[0079] The observed association between a Cav-1-deficient tumor stroma and neural stem cells
may reflect increased stromal “neurogenesis”, which has previously been implicated in an
aggressive reactive stromal phenotype in a subset of prostate cancers " ®. Similarly,

“neurogenesis” was associated with increased DNA damage in the tumor stroma ™ *,

[0080] In addition, the up-regulation of gene transcripts or gene sets associated with GOLPH3,
NRF1 (nuclear respiratory factor 1), PRKDC (protein kinase, DNA-activated, catalytic
polypeptide), or arsenic treatment is highly suggestive of mitochondrial dysfunction (Table 1).
NRF1 is normally up-regulated during hypoxic-ischemic injury or oxidative stress, as an attempt
to increase mitochondrial biogenesis > '°. GOLPH3 (also known as MIDAS/GPP34) is a nuclear
gene whose transcription is enhanced by the absence of mitochondrial DNA (mtDNA) .
MIDAS stands for mitochondrial DNA absence sensitive factor ', PRKDC is a component of
the machinery required for the proper repair and maintenance of the fidelity of mitochondrial
DNA (mtDNA) 2, so its up-regulation is suggestive of increase mtDNA damage. Arsenic
treatment is associated with increased ROS production, mtDNA damage, and mitochondrial

dysfunction, with reduced ATP production, driving the onset of acrobic glycolysis '**'*.

[0081] C. Comparison with Other Breast Cancer Stromal Data Sets Obtained by Laser

Capture Microdissection

[0082] The results of transcriptional profiling of a Cav-1 deficient tumor Microenvironment
and GSEA were compared with an independent previously published transcriptional data set
generated by Morag Park and colleagues 13, via laser capture of the tumor stroma of human
breast cancers. However, these previously published data were not stratified based on stromal
Cav-1 status '°. More specifically, the gene transcripts up-regulated in Cav-1-deficient tumor

stroma (1,819 transcripts encoding 1,297 unique genes; p < 0.05 and fold-change (f.c.) > 1.15)
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(Supplemental Table 3) were compared with (1) tumor stroma and (2) recurrence stroma gene

lists, as defined below:

(1) Tumor Stroma vs. Normal Stroma List: compares the transcriptional profiles of tumor

stroma obtained from 53 patients to normal stroma obtained from 38 patients. Genes transcripts
that were consistently upregulated in the tumor stroma were selected and assigned a p-value, with

a cut-off of p <0.05 (this set contains 6,777 unique genes) *°.

(2) Recurrence Stroma List: compares the transcriptional profiles of tumor stroma

obtained from 11 patients with tumor recurrence to the tumor stroma of 42 patients without
tumor recurrence. Genes transcripts that were consistently upregulated in the tumor stroma of
patients with recurrence were selected and assigned a p-value, with a cut-off of p <0.05 (this set

contains 3,354 unique genes) '°.

[0083] Figure 9 shows that the gene transcripts up-regulated in Cav-1-deficient tumor stroma
show significant overlap with tumor stroma (a 440 transcript overlap; p = 4.76 x 10”) and
recurrence stroma (a 214 transcript overlap; p < 0.001). Thus, the gene transcripts up-regulated
in Cav-1-deficient tumor stroma show a significant association with tumor recurrence, and are in

accordance with the results of Morag Park and colleaguesls.

[0084] D. Comparison with the Transcriptional Profiles of Breast Cancers that were Not

Subjected to Laser Capture Microdissection

[0085] Most of the published and publicly available transcriptional profiles for breast cancer
patients are derived from the analysis of whole tumors, which are not separated into stromal and
epithelial compartments prior to analysis. Thus, a comparison of the gene transcripts up-

regulated in Cav-1-deficient tumor stroma (summarized in Supplemental Table 1), with the
qi7- 18,

transcriptional profiles of normal breast tissue and whole breast tumors was performe

[0086] Figure 10A and B show that the Cav-1-deficient tumor stromal signature is up-

regulated in breast cancer(s), both ER(+) and ER(-) sub-types. However, a more significant
association was observed with ER(-) breast cancers. In addition, the Cav-1-deficient stromal

signature was also associated with increased recurrence in breast cancer patients (Figure 10C).

[0087] Similarly, the prognostic value of the Cav-1-deficient stromal signature was

investigated in ER(+) and luminal A breast cancer patients, which account for nearly 60% of all

17,18

breast cancer patients . Figure 11 shows that the Cav-1-deficient stromal signature is clearly
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associated with increased recurrence and decreased overall survival, despite the fact that these

breast cancer-derived tumors were not subjected to laser capture microdissection.

[0088] While not wishing to be bound by a particular theory, it is believed that cancer cells
induce oxidative stress (pseudo-hypoxia) in adjacent fibroblasts, which activate certain key
transcription factors (namely HIF1-alpha and NFkB), that then drive the onset of autophagy,
leading to the cancer-associated fibroblast phenotype. 2!, HIF1-alpha and NFkB are the master
regulator(s) of acrobic glycolysis (the response to hypoxia and oxidative stress) and

2527 n turn, these autophagic fibroblasts undego mitophagy, forcing

20,21

inflammation, respectively
them to use glycolysis as their main energy source. . These autophagic stromal fibroblasts
produced high-energy nutrients (lactate, ketones, and glutamine) that could then be used as “fuel”
for oxidative mitochondrial metabolism in epithelial breast cancer cells ***°. Also, the reactive
oxygen species (ROS) that is generated in cancer-associated fibroblasts is associated with DNA-

damage (double-strand breaks) in both cancer cells and fibroblasts ',

[0089] In certain embodiments, protecomics can be used to discover suitable biomarkers for use
in accordance with the present invention. Proteomics is the study of proteome, the protein
complement of the genome. The term proteome also used to refer to the totality of the proteins
present in a sample (e.g. tissue, organism, or cell culture) at a certain point of time. Proteomics
includes, among other things, study of the global changes of protein expression in a sample (also
referred to as “expression proteomics”). Proteomics typically includes the following steps: (1)
separation of individual proteins in a sample by 2-D gel electrophoresis (2-D PAGE); (2)
identification of the individual proteins recovered from the gel, e.g. by mass spectrometry and/or
N-terminal sequencing, and (3) analysis of the data using bioinformatics. Proteomics methods
are valuable supplements to other methods of gene expression profiling, and can be used, alone
or in combination with other methods of the present invention, to detect the biomarkers of the

present invention.

11. Method of Use of the Biomarkers

[0090] Thus, one aspect of the present invention is to provide a prognostic method for and/or
treatment of cancer. In certain embodiments particular cancers having a stromal component/cells

can be diagnosed and/or treated.

[0091] Stromal cells are connective tissue cells of an organ found in the loose connective
tissue, including uterine mucosa (endometrium), prostate, bone marrow, bone marrow precursor

cells, and the ovary and the hematopoictic system. The most common types of stromal cells
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include fibroblasts, immune cells, pericytes, endothelial cells, and inflammatory cells. Thus,
cancers having a stromal component can occur in any organ or tissue with stromal component,
including uterine mucosa (endometrium), prostate, bone marrow, bone marrow, the ovary and the

hematopoietic system.

[0092] In one embodiment, the present invention provides a method of stratifying a subject or
a group of subjects having a cancer tumor for a clinical trial. In an embodiment, the method
comprises: (a) roviding a stromal material, wherein first stromal material is derived from a
biological sample obtained from a subject having a cancer tumor; (b) determining a genome-wide
transcriptional profile of the stromal material; (c) comparing the genome-wide transcriptional
profile (or a subgenome transcriptional profile derived therefrom) of said stromal material a Cav-
1-deficient tumor stromal signature, wherein the Cav-1-deficient tumor stromal signature
comprises a set of at least one or more genes selected from the genes in Supplemental Table 1;

and (d) stratifying the subject for a clinical trial based on the results of the comparison step (c).
I1I. EXAMPLES

Experimental Procedures

[0093] Example 1: Laser Capture Microdissection and Genome-Wide Expression

Profiling

[0094] Tumor stroma was laser capture microdissected using a Leica LCM system from 4
cases showing high stromal Cav-1 expression and 7 cases with loss of stromal Cav-1. Total RNA
was amplified using the NuGEN™ WT-Ovation™ FFPE RNA Amplification System V2 and
cDNA was hybridized to Affymetrix GeneChip® arrays. One-way ANOV A was setup to extract
differentially expressed genes between Cav-1 positive and negative stromal samples. Stromal
tissue was laser capture microdissected (LCM) from fresh frozen (FF) tumor tissue samples
collected from the patients pre-treatment, and samples included were closely matched for age,

race, stage and grade.

[0095] All eukaryotic target preparations (ALMAC Diagnostics, Inc.) using the project-
appropriate NuGEN™ RNA Amplification System in combination with the Encore™ Biotin
Module were performed in accordance with the guidelines detailed in the corresponding
NuGEN™ technical manual. Total RNA was amplified using the NuGEN™ QOvation™ Pico
WTA System. First-strand synthesis of cDNA was performed using a unique first-strand
DNA/RNA chimeric primer mix, resulting in cDNA/mRNA hybrid molecules. Following
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fragmentation of the mRNA component of the cDNA/mRNA molecules, second-strand synthesis
was performed and double-stranded cDNA was formed with a unique DNA/RNA heteroduplex at
one end. In the final amplification step, RNA within the heteroduplex was degraded using
RNaseH, and replication of the resultant single-stranded cDNA was achieved through DNA/RNA
chimeric primer binding and DNA polymerase enzymatic activity. The amplified single-stranded
cDNA was purified for accurate quantitation of the cDNA and to ensure optimal performance
during the fragmentation and labeling process. The single stranded cDNA was assessed using
spectrophotometric methods in combination with the Agilent Bioanalyzer. The appropriate
amount of amplified single-stranded cDNA was fragmented and labeled using the Encore™
Biotin Module. The enzymatically and chemically fragmented product (50-100 nt) was labeled
via the attachment of biotinylated nucleotides onto the 3'-end of the fragmented cDNA. The
resultant fragmented and labeled cDNA was added to the hybridization cocktail in accordance
with the NuGEN™ guidelines for hybridization onto Affymetrix GeneChip® arrays. Following
the hybridization for 18 hours at 45°C in an Affymetrix GeneChip® Hybridization Oven 640, the
array was washed and stained on the GeneChip® Fluidics Station 450 using the appropriate
fluidics script, before being inserted into the Affymetrix autoloader carousel and scanned using

the GeneChip® Scanner 3000.

[0096] Example 2: Gene set enrichment analysis (GSEA)

[0097] For the list of genes that are up-regulated in Cav-1-negative patients compared to Cav-1
positive patients (fold change > 1.15 and p-value < 0.1) (Supplemental Table 2), we computed

enrichments in gene sets contained in the latest release of Molecular Signatures Database

(MSigDB v2.5, April 2008, °*). MSigDB is a database of gene sets:

e collected from various sources, such as online pathway databases, publications, and
knowledge of domain experts,

e comprising genes that share a conserved cis-regulatory motif across the human, mouse, rat,
and dog genomes,

e identified as co-regulated gene clusters by mining large collections of cancer-oriented
microarray data, and

e annotated by a common Gene Ontology (GO) term.

[0098] The enrichment analysis consisted of computing p-values for the intersections between
a gene list of interest X and each gene set Y in MSigDB. First, we computed the overlap

between X and Y. Then, we computed the probability (p-value) that the observed overlap
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between sets X and Y is less than or equal to the overlap between set X and a randomly-chosen
set of size equal to the size of set Y. This probability was calculated by applying the cumulative
density function of the hypergeometric distribution on the size of set X, the size of set Y, the
observed overlap between X and Y, and the total number of available genes. In order to account
for multiple hypothesis testing, we used randomly selected gene lists of the same size as the list
under consideration to estimate the false discovery rate at a given p-value threshold. The final
list of significant MSigDB gene sets was determined by setting a p-value threshold which ensures

that the false discovery rate does not exceed 5%.

[0099] Example 3: Analysis of Clinical Outcome in Human Breast Cancer Patients

[00100] A microarray dataset that was previously compiled from the public repositories Gene
Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo/) ® and ArrayExpress
(http://www.ebi.ac.uk/arrayexpress/) " was used to evaluate the stromal Cav-1 deficient gene
signature in the context of clinical samples '”>'*. Samples were first analyzed in subsets based on
their ER status. Additional subsets were defined by classifying samples among five canonical
breast cancer subtypes, including luminal A, luminal B, normal-like, basal, and Her-2-
overexpressing disease. Samples were classified by computing their correlation against five
expression profile centroids representing these breast cancer subtypes and assigning them to the
subtype with the highest corresponding correlation coefficient "'. Samples with a maximum
correlation coefficient below 0.3 were considered unclassified. Differential expression of the
averaged gene signature magnitude among these sample subsets was evaluated using a two-tailed
t-test. Kaplan-meier analysis was used to evaluate survival trends within sample subsets. The
Log-rank test was used to evaluate differences in survival curves for high vs. low signature-

expressing populations. In the BoxPlots (Figure 10, panel A), samples with ER immuno-

histochemistry (IHC) data were selected for analysis, including 959 ER-positive and 323 ER-
negative, for a total of 1,282 samples; in addition, 102 normal healthy breast tissue controls were

used for comparison purposes. In the BoxPlots (Figure 10, panel B), samples with information

on ESR1 mRNA transcript levels were selected for analysis, including 1,674 ESR1-positive and
478 ESR1-negative, for a total of 2,152 samples; in addition, 102 normal healthy breast tissue
controls were used for comparison purposes. The ESR1 high/low expression cutoff was defined
at the RMA-normalized expression value of 7.5. This was determined from the bimodal

expression transcript profile of ESR1, previously described in the Ertel et al. 2010 ' %,

[00101] Additional Information
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[00102] In Supplemental Tables 1-14, the fold-change data are represented as stromal Cav-1
(negative/positive), resulting in a positive fold-change for the transcripts that are up-regulated in

Cav-1 negative stromal patients.

[00103] Supplemental Table 1 contains 238 gene transcripts that were specifically up-

regulated and 232 gene transcripts that were down-regulated in the stroma of tumors showing a
loss of stromal Cav-1 expression (p < 0.01 and fold-change (f.c.) > 1.5). Comparison of the
transcriptional profiles of Cav-1-positive (+) tumor stroma (N = 4) versus Cav-1-negative tumor
stroma (N = 7) revealed 238 gene transcripts that were up-regulated and 232 gene transcripts that
were down-regulated in the stroma of tumors showing a loss of Cav-1 expression. The two
patient populations are transcriptionally different. One-way ANOVA was setup to extract
differentially expressed genes between Cav-1 positive and Cav-1 negative samples. The resultant
p-values were further adjusted by multi-test correction (MTC) method of FDR step-up. The
standardized intensity data from the stringent gene list (p-value < 0.01 and fold change > 1.5)

were used in generating the hierarchical clustering HeatMap.

[00104] As provided in Figure 11, the Cav-1-deficient stromal gene signature is associated with
tumor recurrence and poor survival in ER(+) and luminal A breast cancer patients. Here the Cav-
1-deficient stromal signature (238 transcripts that were specifically up-regulated; p <0.01 and

fold-change (f.c.) > 1.5; Supplemental Table 1) is clearly associated with increased recurrence

(panels A and C) and decreased overall survival (panels B and D), despite the fact that these

breast cancer-derived tumors were not subjected to laser capture microdissection. Panels A and

B are ER(+) breast cancer patients, while panels C and D are the luminal A subset of ER(+)

breast cancer patients. Qualitatively similar results were also obtained with the longer signature

included in Supplemental Table 3.

[00105] Supplemental Table 2 contains 5,424 transcripts encoding 3,459 unique genes (p <

0.1 and fold-change (f.c.) > 1.15) that were up-regulated in the stroma of tumors showing a loss

of stromal Cav-1 expression.

[00106] Supplemental Table 3 contains 1,819 transcripts encoding 1,297 unique genes (p <

0.05 and fold-change (f.c.) > 1.15) that were up-regulated in the stroma of tumors showing a loss

of stromal Cav-1 expression.

[00107] In Supplemental Tables 4, 5, and 10 Cav-1-deficient stroma showed the up-regulation

of myofibroblast differentiation (15 transcripts), autophagy (22 transcripts), lysosomal proteases
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(5 transcripts), lysosomal proteins (29 transcripts), and glycolysis/pyruvate metabolism (15

transcripts).

[00108] Supplemental Tables 4-14 contain the data shown in HeatMaps, as Figures 2-8.

[00109] As provided in Supplemental Tables 10, and 12 Cav-1-deficient stroma showed the

up-regulation of hypoxia target genes (65 transcripts) and mitochondrial-associated proteins (41

transcripts).

[00110] As provided in Supplemental Tables 6, and 10 Cav-1-deficient stroma showed the up-

regulation of the TNF/NFkB signaling (11 transcripts), the immune response (31 transcripts), and
redox/stress signaling (19 transcripts).

[00111] As provided in Supplemental Table 11: Cav-1-deficient stroma showed the up-

regulation of the DNA damage response (67 transcripts).

[00112] Supplemental Tables 7, 9 and 14: Cav-1-deficient stroma showed the up-regulation of

aging (73 transcripts), apoptosis (51 transcripts), and BRCA1-mutation associated genes (20

transcripts).

[00113] As provided in Supplemental Table 3, the inventors compared the gene transcripts up-

regulated in Cav-1-deficient tumor stroma (1,819 transcripts encoding 1,297 unique genes; p <

0.05 and fold-change (f.c.) > 1.15; Supplemental Table 3) with (Upper) tumor stromal and

(Lower) recurrence stromal gene lists, as defined in the text of the manuscript. The gene
transcripts up-regulated in Cav-1-deficient tumor stroma showed significant overlap with tumor
stroma (a 440 transcript overlap; p = 4.76 x 10”) and recurrence stroma (a 214 transcript overlap;

p <0.001).

[00114] As provided in Figure 10, the Cav-1-deficient stromal gene signature is up-regulated in

breast cancer and is associated with tumor recurrence. In panels A and B, box-plots show that

the Cav-1-deficient stromal signature is up-regulated in all breast cancers, both ER(+) and ER(-)
sub-types, relative to normal healthy breast tissue. In panel A, ER status was determined by
immuno-histochemistry, while in panel B, ER status was inferred from ESRI transcript
expression. In panel C, the Cav-1-deficient stromal signature was associated with increased
recurrence in breast cancer patients. In panels A-C, we used the Cav-1-deficient stromal

signature included in Supplemental Table 1 (238 transcripts that were specifically up-regulated;
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p < 0.01 and fold-change (f.c.) > 1.5) Qualitatively similar results were also obtained with the

longer signature included in Supplemental Table 3.

Figure 9 illustratesVenn diagrams for the intersection of the cav-1-deficient stromal gene
signature with other breast cancer tumor stromal gene sets. Figure 9 shows that the gene
transcripts up-regulated in Cav-1-deficient tumor stroma show significant overlap with tumor
stroma (a 440 transcript overlap; p = 4.76 x 10”) and recurrence stroma (a 214 transcript overlap;
p <0.001). Thus, the gene transcripts up-regulated in Cav-1-deficient tumor stroma show a
significant association with tumor recurrence, and are in accordance with the results of Morag
Park and colleagues °. The present inventors, compared the gene transcripts up-regulated in
Cav-1-deficient tumor stroma (1,819 transcripts encoding 1,297 unique genes; p < 0.05 and fold-

change (f.c.) > 1.15; Supplemental Table 3) with (Upper) tumor stromal and (Lower) recurrence

stromal gene lists, as defined in the text of the manuscript. Note that the gene transcripts up-
regulated in Cav-1-deficient tumor stroma show significant overlap with tumor stroma (a 440

transcript overlap; p =4.76 x 10"9) and recurrence stroma (a 214 transcript overlap; p < 0.001).

[00115] Supplemental Table 15 contains the 3,459 unique genes that were up-regulated in the

stroma of tumors showing a loss of stromal Cav-1 expression.

[00116] Supplemental Table 16 contains the 1,297 unique genes that were up-regulated in the

stroma of tumors showing a loss of stromal Cav-1 expression.

[00117] Figure 12 illustrates understanding of the hierarchy of the cellular processes associated
with a Cav-1-deficient tumor microenvironment. Oxidative stress in fibroblasts is known to be

sufficient to induce 1) myo-fibroblast differentiation, 2) DNA damage, and 3) a pseudo-hypoxic

16,19-21, 31, 32

state . This pseudo-hypoxic state in fibroblasts then leads to the activation of NFkB

and HIF1-alpha, which are master regulators of the immune response, and mitochondrial

function, as well as autophagy 19-21

. The autophagic destruction of mitochnodria then drives
acrobic glycolysis **. We have previously shown that transient knock-down of Cav-1 in
fibroblasts, using a targeted siRNA-approach, is sufficient to induce myo-fibroblast
differentation, DNA damage, and ROS production, leading to a pseudo-hypoxic state *'..
Similarly, knock down of Cav-1 in fibroblasts is sufficient to drive NFkB-, and HIF1-activation,
as well as mitochondrial dys-function, autophagy, and the induction of glycolytic enzymes 2",
Interestingly, transcriptional profiling of a Cav-1-deficent tumor microenvironment provides

direct evidence to support the involvement of all of these biological processes (See HeatMaps in
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Figures 2-6). The red arrow denotes that NFkB-activation is known to augment HIF1-

activation, and visa versa, indicating that they act synergistically 2,

[00118] The Examples that follow are illustrative of specific embodiments of the invention, and
various uses thereof. They set forth for explanatory purposes only, and are not to be taken as

limiting the invention.

[00119] Example 1: Transcriptional Profiling of a Cav-1 Deficient Tumor

Microenvironment

[00120] Loss of stromal Cav-1 in human breast cancer(s) is associated with tumor recurrence,
metastasis, and drug-resistance, conferring poor clinical outcome . To mechanistically
understand the “lethality” of a Cav-1 negative tumor micro-environment, we performed laser
capture microdissectioin on the tumor stroma of patients that were pre-classified as stromal Cav-
I-positive(+) (N = 4) and stromal Cav-1-negative(-) (N = 7), based on immuno-histochemical
(IHC) staining. Then, the RNA extracted from these samples was subjected to genome-wide

transcriptional profiling.

[00121] Based on this approach, we identified 238 gene transcripts that were specifically up-
regulated and 232 gene transcripts that were down-regulated in the stroma of tumors showing a

loss of Cav-1 expression (p < 0.01 and fold-change (f.c.) > 1.5) (Supplemental Table 1). Using

these stringent criteria, we were able to transcriptionally separate these two patient populations,
in accordance with their IHC stromal Cav-1 status (negative versus positive). A HeatMap of the
total patient cohort is shown in Figure 1, demonstrating that these two patient populations appear

transcriptionally and “genetically” distinct.

[00122] Example 2: Gene Set Enrichment Analysis (GSEA) of a Cav-1 Deficient Tumor

Microenvironment

[00123] To understand what cellular processes that are characteristic of a Cav-1-deficient tumor
microenvironment, we next performed gene set enrichment analysis (GSEA), by comparison

with other gene signatures available in various public databases. For this purpose, we focused on
a wider list of gene transcripts that were up-regulated in Cav-1-deficient stroma (5,424 transcripts

encoding 3,459 unique genes; p < 0.1 and fold-change (f.c.) > 1.15) (Supplemental Table 2), as

is normally recommended for GSEA.
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[00124] Table 1: shows the results of this detailed analysis. Note that we see the up-regulation
of cellular processes normally associated with “stemness”, inflammation, DNA damage,
oxidative stress, hypoxia, apoptotic signaling, autophagy, and mitochondrial dysfunction in the

tumor stroma of patients lacking stromal Cav-1.

[00125] Individual HeatMaps (based on 1,819 transcripts encoding 1,297 unique genes; p <
0.05 and fold-change (f.c.) > 1.15) (Supplemental Table 3) for key cellular processes are shown

in Figures 2-8. These HeatMaps illustrate the upregulation of gene transcripts associated with
myofibroblast differentiation, autophagy, lysosomal degradation, glycolysis, hypoxia,
mitochondria, inflammation and redox signaling, DNA damage and repair, aging, BRCA1-
mutation positive and ER-negative breast cancer patients, apoptosis, and neural stem cells (See

Supplemental Tables 4-14).

[00126] The observed association between a Cav-1-deficient tumor stroma and neural stem cells
may reflect increased stromal “neurogenesis”, which has previously been implicated in an
aggressive reactive stromal phenotype in a subset of prostate cancers " ®. Similarly,

“neurogenesis” was associated with increased DNA damage in the tumor stroma ™ *,

[00127] In addition, the up-regulation of gene transcripts or gene sets associated with GOLPH3,
NRF1 (nuclear respiratory factor 1), PRKDC (protein kinase, DNA-activated, catalytic
polypeptide), or arsenic treatment is highly suggestive of mitochondrial dysfunction (Table 1).
NRF1 is normally up-regulated during hypoxic-ischemic injury or oxidative stress, as an attempt
to increase mitochondrial biogenesis > '°. GOLPH3 (also known as MIDAS/GPP34) is a nuclear
gene whose transcription is enhanced by the absence of mitochondrial DNA (mtDNA) .
MIDAS stands for mitochondrial DNA absence sensitive factor I PRKDC is a component of
the machinery required for the proper repair and maintenance of the fidelity of mitochondrial
DNA (mtDNA) 2, so its up-regulation is suggestive of increase mtDNA damage. Arsenic
treatment is associated with increased ROS production, mtDNA damage, and mitochondrial

dysfunction, with reduced ATP production, driving the onset of acrobic glycolysis '**'*.

[00128] Example 3: Comparison with Other Breast Cancer Stromal Data Sets Obtained

by Laser Capture Microdissection

[00129] Next, we compared our new results with an independent previously published
transcriptional data set generated by Morag Park and colleagues ', via laser capture of the tumor
stroma of human breast cancers. However, these previously published data were not stratified

based on stromal Cav-1 status '°.
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[00130] More specifically, we compared the gene transcripts up-regulated in Cav-1-deficient
tumor stroma (1,819 transcripts encoding 1,297 unique genes; p < 0.05 and fold-change (f.c.) >
1.15) (Supplemental Table 3) with 1) tumor stroma and 2) recurrence stroma gene lists, as

defined below:

[00131] (1) Tumor Stroma vs. Normal Stroma List - Compares the transcriptional profiles of

tumor stroma obtained from 53 patients to normal stroma obtained from 38 patients. Genes
transcripts that were consistently upregulated in the tumor stroma were selected and assigned a p-

value, with a cut-off of p <0.05 (this set contains 6,777 unique genes) '°.

[00132] (2) Recurrence Stroma List - Compares the transcriptional profiles of tumor stroma

obtained from 11 patients with tumor recurrence to the tumor stroma of 42 patients without
tumor recurrence. Genes transcripts that were consistently upregulated in the tumor stroma of
patients with recurrence were selected and assigned a p-value, with a cut-off of p <0.05 (this set

contains 3,354 unique genes) '°.

[00133] Figure 9: shows that the gene transcripts up-regulated in Cav-1-deficient tumor stroma
show significant overlap with tumor stroma (a 440 transcript overlap; p = 4.76 x 10”) and
recurrence stroma (a 214 transcript overlap; p < 0.001). Thus, the gene transcripts up-regulated
in Cav-1-deficient tumor stroma show a significant association with tumor recurrence, and are in

accordance with the results of Morag Park and colleagues B,

[00134] Example 4: Comparison with the Transcriptional Profiles of Breast Cancers that

were Not Subjected to Laser Capture Microdissection

[00135] Most of the published and publicly available transcriptional profiles for breast cancer
patients are derived from the analysis of whole tumors, which are not separated into stromal and
epithelial compartments prior to analysis. Thus, we compared the gene transcripts up-regulated in

Cav-1-deficient tumor stroma (Supplemental Table 1), with the transcriptional profiles of

normal breast tissue and whole breast tumors 7 %,

[00136] Figure 10A,B: shows that the Cav-1-deficient tumor stromal signature is up-regulated

in breast cancer(s), both ER(+) and ER(-) sub-types. However, a more significant association was
observed with ER(-) breast cancers. In addition, the Cav-1-deficient stromal signature was also

associated with increased recurrence in breast cancer patients (Figure 10C).
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[00137] Similarly, we also looked at the prognostic value of the Cav-1-deficient stromal
signature in ER(+) and luminal A breast cancer patients, which account for nearly 60% of all

17.18 Interestingly, Figure 11 shows that the Cav-1-deficient stromal

breast cancer patients
signature is clearly associated with increased recurrence and decreased overall survival, despite
the fact that these breast cancer-derived tumors were not subjected to laser capture

microdissection.
[00138] STATISTICAL ANALYSIS

[00139] The conventional statistical analysis method for gene expression microarray
experiments is to examine one gene at a time, determine a p-value that the gene is differentially
expressed in different phenotypes, and then to apply a correction (penalty) to the p-value for
having tested multiple genes. In contrast, Gene set enrichment analysis (“GSEA”) is a statistical
method to determine if predefined sets of genes are differentially expressed in different
phenotypes. Predefined gene sets may be genes in a known metabolic pathway, located in the
same cytogenetic band, sharing the same Gene Ontology category, or any user-defined set. In
microarray experiments where no single gene shows statistically significant differential
expression between phenotypes, GSEA has identified significant differentially expressed sets of
genes, even where the average difference in expression between two phenotypes is only 20% for
genes in the gene set. The gene set identified in the first GSEA analysis (oxidative
phosphorylation genes differentially expressed in diabetic versus non-diabetic patients) was
subsequently confirmed by independent laboratory studies published in the New England Journal
of Medicine. Since the first paper on GSEA was published, many extensions and alternative
methods have been described in the literature. GSEA has becoming more widely used because
predictions of GSEA have been validated in independent laboratory experiments (see, for
example, Patti M.E. et al., “Coordinated reduction of genes of oxidative metabolism in humans
with insulin resistance and diabetes: Potential role of PGC1 and NRF1” Proc. Natl. Acad. Sci.
USA 2003, 100, 8466-8471; and Petersen K.F. et al. “ Impaired mitochondrial activity in the
insulin-resistant offspring of patients with type 2 diabetes” N. Engl. J. Med. 2004, 350, 664-
671).

[00140] All references, including publications, patent applications, and patents, cited herein are
hereby incorporated by reference to the same extent as if each reference were individually and

specifically indicated to be incorporated by reference and were set forth in its entirety herein.
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[00141] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted
by context. The terms “comprising,” “having,” “including,” and *“containing” are to be construed
as open-ended terms (i.e., meaning “including, but not limited to,”) unless otherwise noted.
Recitation of ranges of values herein are merely intended to serve as a shorthand method of
referring individually to each separate value falling within the range, unless otherwise indicated
herein, and each separate value is incorporated into the specification as if it were individually
recited herein. All methods described herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”) provided herein, is intended merely to better
illuminate the invention and does not pose a limitation on the scope of the invention unless

otherwise claimed. No language in the specification should be construed as indicating any non-

claimed element as essential to the practice of the invention.

[00142] Preferred embodiments of this invention are described herein, including the best mode
known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by applicable
law. Moreover, any combination of the above-described elements in all possible variations
thereof is encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context
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I/We Claim:

1. A prognostic signature (also referred to herein as a biological marker or biomarker) for
assessing cancer prognosis in a subject (e.g., risk of cancer recurrence, progression of a cancer in
a cancer subject, overall survival of cancer by a cancer patient), said prognostic signature
comprising a tumor/cancer stromal signature, wherein the tumor/stromal stromal signature is
derived from a genome-wide transcriptional profiling of a tumor/cancer stromal material derived
from a biological sample obtained from a set of at least one or more subjects having cancer, said
tumor stromal signature comprising a first set of gene transcripts that is up-regulated in the
tumor/cancer stromal material and/or a second set of gene transcripts that is down-regulated in

the tumor stromal material.

3. The prognostic signature of claim 1, wherein said tumor stromal signature comprises at
least a set of one or more gene transcripts up-regulated in Cav-1 deficient tumor/cancer stroma,
the up-regulated gene trascripts having gene names and/or gene symbols listed in Supplemental

Tables 1, 3 or combintinations thereof.

4. The prognostic signature of claim 1, wherein said tumor stromal signature comprises at
least a set of one or more gene transcripts down-regulated in Cav-1 deficient tumor/cacner
stroma, the down-regulated gene trascripts having gene names and/or gene symbols listed in

Supplemental Tables 1, 3 or combintinations thereof.

5. The prognostic signature of claim 1, wherein said tumor stromal signature comprises at
least a first set of one or more gene transcripts up-regulated in Cav-1 deficient tumor/cancer
stroma and a second set of one or more gene transcripts down-regulated in Cav-1 deficient
tumor/cancer stroma, wherein the first set of one or more gene transcripts and the second set of
one or more gene transcripts are selected from the group consisting of the gene transcripts having

gene names and/or gene symbols listed in Supplemental Tables 1, 3, or combintinations thereof.

6. The prognostic signature of claim 1, wherein the tumor/cancer stromal material is derived

from a Cav-1-deficient cancer tumor stroma.

7. The prognostic signature of claim 1, wherein the tumor/cancer stromal material is derived

from a Cav-1 positive cancer tumor stroma.

8. The prognostic signature of claim 1, wherein the tumor/cancer stromal material is derived

from a breast cancer tumor stroma.

159



10

15

20

25

30

WO 2012/166700 PCT/US2012/039814

9. The prognostic signature of claim 1, wherein the tumor/cancer stromal material is derived

from a Cav-1-deficient breast cancer tumor stroma.

10. The prognostic signature of claim of claim 9, wherein said tumor/cancer stromal material
signature comprising a first set of gene transcripts that is up-regulated in the tumor/cancer

stromal material.

11. The prognostic signature of claim of claim 9, wherein said tumor/cancer stromal material
signature comprising a first set of gene transcripts that is down-regulated in the tumor/cancer

stromal material.

12.  The prognostic signature of claim 1, wherein the tumor/cancer stromal material is derived
from a Cav-1-deficient breast cancer tumor stroma, and wherein the tumor/cancer stromal
signature comprises the first set of up-regulated gene transcripts, wherein the first set of up-
regulated gene transcripts comprises at least a set of one or more gene transcripts having gene

names and/or gene symbols listed in Supplemental Tables 1, 3 or combintinations thereof.

13. The prognostic signature of claim of claim 6, wherein said tumor/cancer stromal material
signature comprises a first set of gene transcripts up-regulated in the tumor/cancer stromal
material, wherein the first set of up-regulated gene transcripts comprises at least a set of one or
more gene transcripts having gene names and/or gene symbols selected from the group consisting
of: LOC100293390, RNF217, PGBD2, LACTB, TRIT1, RNF217, LOC654433, DFFA,
DNAJCS, ZNF365, ZNF365, MDN1, ERG, CTSB, SGSM3, MYL5, HLA-Z, IKZF1, C150rf23,
CD84, C21orf7, VPS26B, SUFU, MSH6, S1PR3, FCGR2B, BCL2L11, RFC5, RAB3D,
LOC100128943, PSMB9, GALNT11, APOC2, ISM2, PMS2CL, RDBP, GSPT2, NOD2,
USP6NL, TAF13, H2AFX, CD53, CYP3AS, HLA-Z, DCAFS, CTTNBP2NL, ISM2, KCTD20,
HMMR, RYR1, METTL3, BCAT1, GSPT1, MGC27345, PGPEP1, TFEB, POLG2, RBM33,
LOC80054, FABP3, GCA, FANCC, RPUSD4, C21orf7, ZNF609, SAMHD1, NFATC2,
SERPINBS, CYP4F11, LOC728613, SNRK, LOC80054, SLC8A1, VMOI1, IL28RA,
LOC100288109, APITD1, TRIP6, TMEM165, TBXAS1, KLHL12, LY86, KLF3, WHSCI,
ZBTB46, SNRK, MLL2, KCNJ13, THGIL, CYP4V2, SLC23A2, OGFRL1, SLCO2B1, PTPNI,
ALOXS5AP, MORC2, ABCD1P4, UCK2, TMEDS, FCGR2C, FAM185A, PHF20L1, EPB41L3,
LARP4B, DHRSX, PDPK1, APEX2, CTSB, MRPL9, LOC100293165, Clorf104, STX7, GFI1,
AP4E1, ARHGAPS, Cl4orf106, SUDS3, BAT2L1, BCAS3, LMF2, INTS4, FCGR2A,
ADAMI10, CCZ1, RANBP9, MATR3, SENPS5, PPIL2, THNSL1, DNHDI1, RBMS2, SYMPK,
DNASEI1, FCGR2A, KIFC2, TTC17, PDPK1, BCL2L13, MFSD7, ETF1, REEP4, TMEM165,
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MRPL9, HAUS?2, ADAP2, ILIRAP, PARVG, Cl4orfl18, ATXN1, PDE7A, DENND4B,
ZNF502, Clorf77, OPA3, TNPO3, KIF1B, RNASE1, ANXA11, FAM84A, C6orf26, CLTC,
AMZ2, TYROBP, IFNGR2, RIOK?2, C170rf63, GPBAR1, ZNF639, TBRG4, SKP2, PHKA2,
SERP1, CENPC1, MICALCL, RHOG, PDE4DIP, KIAA1147, UBAP1, C200rf7, SRRT,
BTN3A2, DCP2, MIR1302-3, UFM1, PDPR, DNMT1, SMC2, GALT, LOC730235, STXE,
GNBI1, LOC283267, WDR1, BACHI1, AGFGI, PIAS1, SNX6, ROCK1, EIF2AK1, UBXN11,
APAF1, THNSL1, and combinations thercof.

14. The prognostic signature of claim of claim 9, wherein said tumor/cancer stromal material
signature comprising a first set of gene transcripts that is down-regulated in the tumor stromal
material, and wherein the tumor/cancer stromal signature comprises the first set of up-regulated
gene transcripts, wherein the first set of up-regulated gene transcripts comprises at least a set of
one or more genes having gene names and/or gene symbols selected from the group consisting
of: LOC100293390, RNF217, PGBD2, LACTB, TRIT1, RNF217, LOC654433, DFFA,
DNAJCS, ZNF365, ZNF365, MDN1, ERG, CTSB, SGSM3, MYL5, HLA-Z, IKZF1, C150rf23,
CD&84, C2lorf7, VPS26B, SUFU, MSH6, S1PR3, FCGR2B, BCL2L11, RFC5, RAB3D,
LOC100128943, PSMB9, GALNT11, APOC2, ISM2, PMS2CL, RDBP, GSPT2, NOD2,
USP6NL, TAF13, H2AFX, CD53, CYP3AS, HLA-Z, DCAFS, CTTNBP2NL, ISM2, KCTD20,
HMMR, RYR1, METTL3, BCAT1, GSPT1, MGC27345, PGPEP1, TFEB, POLG2, RBM33,
LOC80054, FABP3, GCA, FANCC, RPUSD4, C21orf7, ZNF609, SAMHD1, NFATC?2,
SERPINBS, CYP4F11, LOC728613, SNRK, LOC80054, SLC8A1, VMOI1, IL28RA,
LOC100288109, APITD1, TRIP6, TMEM165, TBXAS1, KLHL12, LY86, KLF3, WHSCI,
ZBTB46, SNRK, MLL2, KCNJ13, THGIL, CYP4V2, SLC23A2, OGFRL1, SLCO2B1, PTPNI,
ALOXS5AP, MORC2, ABCD1P4, UCK2, TMEDS, FCGR2C, FAM185A, PHF20L1, EPB41L3,
LARP4B, DHRSX, PDPK1, APEX2, CTSB, MRPL9, LOC100293165, Clorf104, STX7, GFII1,
AP4E1, ARHGAPS, Cl4orf106, SUDS3, BAT2L1, BCAS3, LMF2, INTS4, FCGR2A,
ADAMI10, CCZ1, RANBP9, MATR3, SENPS5, PPIL2, THNSL1, DNHDI1, RBMS2, SYMPK,
DNASEI1, FCGR2A, KIFC2, TTC17, PDPK1, BCL2L13, MFSD7, ETF1, REEP4, TMEM165,
MRPL9, HAUS2, ADAP2, ILIRAP, PARVG, C14o0rfl118, ATXNI1, PDE7A, DENND4B,
ZNF502, Clorf77, OPA3, TNPO3, KIF1B, RNASE1, ANXA11, FAM84A, Cé6orf26, CLTC,
AMZ2, TYROBP, IFNGR2, RIOK?2, C170rf63, GPBAR1, ZNF639, TBRG4, SKP2, PHKA2,
SERP1, CENPC1, MICALCL, RHOG, PDE4DIP, KIAA1147, UBAP1, C20orf7, SRRT,
BTN3A2, DCP2, MIR1302-3, UFM1, PDPR, DNMT1, SMC2, GALT, LOC730235, STX8&,
GNBI1, LOC283267, WDR1, BACHI1, AGFGI, PIAS1, SNX6, ROCK1, EIF2AK1, UBXN11,
APAF1, THNSL1, and combinations thercof.
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15. The prognostic signature of claim 1, wherein the tumor stromal material is derived from a
Cav-1-deficient breast cancer tumor stroma, and wherein the tumor stromal signature comprises
the first set of down-regulated gene transcripts, wherein the first set of down-regulated gene
transcripts comprises at least a set of one or more genes having gene names and/or gene symbols
selected from the group consisting of: LOC100293390, RNF217, PGBD2, LACTB, TRIT1,
RNF217, LOC654433, DFFA, DNAJCS, ZNF365, ZNF365, MDNI1, ERG, CTSB, SGSM3,
MYLS5, HLA-Z, IKZF1, C150rf23, CD84, C21orf7, VPS26B, SUFU, MSH6, S1PR3, FCGR2B,
BCL2L11, RFC5, RAB3D, LOC100128943, PSMB9, GALNT11, APOC2, ISM2, PMS2CL,
RDBP, GSPT2, NOD2, USP6NL, TAF13, H2AFX, CD53, CYP3AS5, HLA-Z, DCAFS,
CTTNBP2NL, ISM2, KCTD20, HMMR, RYR1, METTL3, BCAT1, GSPT1, MGC27345,
PGPEP1, TFEB, POLG2, RBM33, LOC80054, FABP3, GCA, FANCC, RPUSDA4, C21orf7,
ZNF609, SAMHDI1, NFATC2, SERPINBS, CYP4F11, LOC728613, SNRK, LOC80054,
SLC8A1, VMOL1, IL28RA, LOC100288109, APITD1, TRIP6, TMEM165, TBXASI1, KLHL12,
LY86, KLF3, WHSC1, ZBTB46, SNRK, MLL2, KCNJ13, THGIL, CYP4V2, SLC23A2,
OGFRL1, SLCO2B1, PTPNI, ALOX5AP, MORC2, ABCD1P4, UCK2, TMEDS, FCGR2C,
FAMI185A, PHF20L1, EPB41L3, LARP4B, DHRSX, PDPK1, APEX2, CTSB, MRPLD9,
LOC100293165, Clorf104, STX7, GFI1, AP4E1, ARHGAPS, Cl40rf106, SUDS3, BAT2L1,
BCAS3, LMF2, INTS4, FCGR2A, ADAM10, CCZ1, RANBP9, MATR3, SENP5, PPIL2,
THNSLI1, DNHDI, RBMS2, SYMPK, DNASE1, FCGR2A, KIFC2, TTC17, PDPK1, BCL2L13,
MFSD7, ETF1, REEP4, TMEM165, MRPL9, HAUS2, ADAP2, ILIRAP, PARVG, Cl4orfl18,
ATXNI1, PDE7A, DENND4B, ZNF502, Clorf77, OPA3, TNPO3, KIF1B, RNASE1, ANXAT1I,
FAMS84A, Co6orf26, CLTC, AMZ2, TYROBP, IFNGR2, RIOK2, C170rf63, GPBAR1, ZNF639,
TBRG4, SKP2, PHKA2, SERP1, CENPCI1, MICALCL, RHOG, PDE4DIP, KIAA1147, UBAP1,
C20orf7, SRRT, BTN3A2, DCP2, MIR1302-3, UFM1, PDPR, DNMT1, SMC2, GALT,
LOC730235, STX8, GNB1, LOC283267, WDR1, BACHI1, AGFGI1, PIAS1, SNX6, ROCK1,
EIF2AK1, UBXNI11, APAF1, THNSLI1, and combinations thercof.

16. The prognostic signature of claim of claim 9, wherein said tumor/cancer stromal material
signature comprising a first set of gene transcripts that is up-regulated in the tumor stromal
material, and wherein the tumor stromal signature comprises the first set of down-regulated gene
transcripts, wherein the first set of down-regulated gene transcripts comprises at least a set of one
or more genes having gene names and/or gene symbols selected from the group consisting of:
LOC100293390, RNF217, PGBD2, LACTB, TRIT1, RNF217, LOC654433, DFFA, DNAJCS,
ZNF365, ZNF365, MDNI1, ERG, CTSB, SGSM3, MYL5, HLA-Z, IKZF1, C150rf23, CD&4,
C2lorf7, VPS26B, SUFU, MSH6, S1PR3, FCGR2B, BCL2L11, RFC5, RAB3D,
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LOC100128943, PSMB9, GALNT11, APOC2, ISM2, PMS2CL, RDBP, GSPT2, NOD2,
USP6NL, TAF13, H2AFX, CD53, CYP3AS5, HLA-Z, DCAFS, CTTNBP2NL, ISM2, KCTD20,
HMMR, RYR1, METTL3, BCATI1, GSPT1, MGC27345, PGPEPI1, TFEB, POLG2, RBM33,
LOC80054, FABP3, GCA, FANCC, RPUSD4, C21orf7, ZNF609, SAMHD1, NFATC?2,
SERPINBS, CYP4F11, LOC728613, SNRK, LOC80054, SLC8A1, VMO1, IL28RA,
LOC100288109, APITD1, TRIP6, TMEM165, TBXAS1, KLHL12, LY86, KLF3, WHSCI,
ZBTB46, SNRK, MLL2, KCNJ13, THGIL, CYP4V2, SLC23A2, OGFRL1, SLCO2B1, PTPNI,
ALOX5AP, MORC2, ABCDI1P4, UCK2, TMED3S, FCGR2C, FAM185A, PHF20L1, EPB41L3,
LARP4B, DHRSX, PDPK1, APEX2, CTSB, MRPL9, LOC100293165, Clorf104, STX7, GFII,
AP4E1, ARHGAPS, Cl4orf106, SUDS3, BAT2L1, BCAS3, LMF2, INTS4, FCGR2A,
ADAMI10, CCZ1, RANBP9, MATR3, SENP5, PPIL2, THNSL1, DNHD1, RBMS2, SYMPK,
DNASEI1, FCGR2A, KIFC2, TTC17, PDPK1, BCL2L13, MFSD7, ETF1, REEP4, TMEM 165,
MRPL9, HAUS?2, ADAP2, ILIRAP, PARVG, Cl4orfl18, ATXN1, PDE7A, DENND4B,
ZNF502, Clorf77, OPA3, TNPO3, KIF1B, RNASE1, ANXA11, FAM84A, Cé6orf26, CLTC,
AMZ2, TYROBP, IFNGR2, RIOK?2, C170rf63, GPBAR1, ZNF639, TBRG4, SKP2, PHKA2,
SERP1, CENPC1, MICALCL, RHOG, PDE4DIP, KIAA1147, UBAP1, C200rf7, SRRT,
BTN3A2, DCP2, MIR1302-3, UFM1, PDPR, DNMT1, SMC2, GALT, LOC730235, STXE,
GNBI1, LOC283267, WDR1, BACHI1, AGFGI, PIAS1, SNX6, ROCK1, EIF2AK1, UBXN11,
APAF1, THNSL1, and combinations thercof.

17. The prognostic signature of claim of claim 9, wherein said tumor/cancer stromal material
signature comprising a first set of gene transcripts that is down-regulated in the tumor stromal
material, and wherein the tumor/cancer stromal signature comprises the first set of down-
regulated gene transcripts, wherein the first set of down-regulated gene transcripts comprises at
least a set of one or more genes having gene names and/or gene symbols selected from the group
consisting of: LOC100293390, RNF217, PGBD2, LACTB, TRIT1, RNF217, LOC654433,
DFFA, DNAJCS, ZNF365, ZNF365, MDN1, ERG, CTSB, SGSM3, MYLS5, HLA-Z, IKZF1,
Cl50rf23, CD84, C21orf7, VPS26B, SUFU, MSH6, SIPR3, FCGR2B, BCL2L11, RFC5,
RAB3D, LOC100128943, PSMB9, GALNT11, APOC2, ISM2, PMS2CL, RDBP, GSPT2,
NOD2, USP6NL, TAF13, H2AFX, CD53, CYP3AS, HLA-Z, DCAFS, CTTNBP2NL, ISM2,
KCTD20, HMMR, RYR1, METTL3, BCAT1, GSPT1, MGC27345, PGPEP1, TFEB, POLG2,
RBM33, LOC80054, FABP3, GCA, FANCC, RPUSD4, C21orf7, ZNF609, SAMHDI1,
NFATC2, SERPINBS, CYP4F11, LOC728613, SNRK, LOC80054, SLC8A1, VMOI, IL28RA,
LOC100288109, APITD1, TRIP6, TMEM165, TBXAS1, KLHL12, LY86, KLF3, WHSCI,
ZBTB46, SNRK, MLL2, KCNJ13, THGIL, CYP4V2, SLC23A2, OGFRL1, SLCO2B1, PTPNI,
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ALOX5AP, MORC2, ABCDI1P4, UCK2, TMED3S, FCGR2C, FAM185A, PHF20L1, EPB41L3,
LARP4B, DHRSX, PDPK1, APEX2, CTSB, MRPL9, LOC100293165, Clorf104, STX7, GFII,
AP4E1, ARHGAPS, Cl4orf106, SUDS3, BAT2L1, BCAS3, LMF2, INTS4, FCGR2A,
ADAMI10, CCZ1, RANBP9, MATR3, SENP5, PPIL2, THNSLI, DNHD1, RBMS2, SYMPK,
DNASEI1, FCGR2A, KIFC2, TTC17, PDPK1, BCL2L13, MFSD7, ETF1, REEP4, TMEM 165,
MRPL9, HAUS?2, ADAP2, ILIRAP, PARVG, Cl4orfl18, ATXN1, PDE7A, DENND4B,
ZNF502, Clorf77, OPA3, TNPO3, KIF1B, RNASE1, ANXA11, FAM84A, C6orf26, CLTC,
AMZ2, TYROBP, IFNGR2, RIOK?2, C170rf63, GPBAR1, ZNF639, TBRG4, SKP2, PHKA2,
SERP1, CENPC1, MICALCL, RHOG, PDE4DIP, KIAA1147, UBAP1, C200rf7, SRRT,
BTN3A2, DCP2, MIR1302-3, UFM1, PDPR, DNMT1, SMC2, GALT, LOC730235, STXE,
GNBI1, LOC283267, WDR1, BACHI1, AGFGI, PIAS1, SNX6, ROCK1, EIF2AK1, UBXN11,
APAF1, THNSL1, and combinations thercof.

18.  The prognostic signature of claim 1, wherein the tumor/cancer stromal material is derived

from a Cav-1 positive breast cancer tumor stroma.

19.  The prognostic signature of claim 1, wherein the tumor/cancer stromal material is derived
from a breast cancer stroma, wherein the breast cancer stroma is in turn derived from a breast
cancer of a subtype selected from the group consisting of ER positive (or ER(+) ), ER negative
(or ER(-), and HER2 positive (or HER2(+)).

20.  The prognostic signature of claim 1, wherein the tumor/cancer stromal material is derived
from a Cav-1-deficient cancer tumor stroma, and wherein the cancer tumor/cancer stromal
signature comprises the first set of gene transcripts up-regulated in the Cav-1-deficient tumor

stroma.

21.  The prognostic signature of claim 1, wherein the tumor/cancer stromal material is derived
from a Cav-1-deficient cancer tumor stroma, and wherein the cancer tumor stromal signature

comprises the second set of gene transcripts down-regulated in the Cav-1-deficient tumor stroma.

22.  The prognostic signature of claim 1, wherein the tumor/cancer stromal material is derived
from a Cav-1-positive cancer tumor stroma, and wherein the cancer tumor stromal signature

comprises the first set of gene transcripts up-regulated in the Cav-1-positive tumor stroma.

23.  The prognostic signature of claim 1, wherein the tumor/cancer stromal material is derived
from a Cav-1-positive cancer tumor stroma, and wherein the cancer tumor stromal signature

comprises the second set of gene transcripts down-regulated in the Cav-1-positive tumor stroma.
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24. The prognostic signature of claim 1, wherein the cancer tumor stromal signature
comprises at least one or more sets of gene transcripts from the gene transcripts in Supplemental

Table 1.

25. The prognostic signature of claim 8, wherein the Cav-1-deficient tumor stromal signature

comprises a set of at least one or more genes selected from the genes in Supplemental Table 1.

26. A method of assessing cancer prognosis, wherein the method comprises: (a) determining
a genome-wide transcriptional profile of a first stromal material, wherein the first stromal
material is derived from a biological sample obtained from a subject afflicted with cancer or
suspected of having cancer; (b) comparing the genome-wide transcriptional profile (or a
subgenome-transcriptional profile derived therefrom) to a Cav-1-deficient tumor stromal
signature, wherein the Cav-1-deficient tumor stromal signature comprises a set of at least one or
more genes selected from the genes in Supplemental Table 1, whereby an overlap of between the
genome-wide transcriptional profile (or a subgenome-transcriptional profile derived therefrom)
and the Cav-1-deficient tumor stromal signature indicates a poor prognosis (increased risk of
recurrence, decreased overall survival, increased risk of cancer progression).

27. A method of monitoring progression of breast cancer in a subject, the method comprising:

(a) obtaining a first sample from a subject at a first time point and a second sample from

said subject at a second time point;
(b) determining a genome-wide transcriptional profile of said first and second samples;

(c) comparing the genome-wide transcriptional profile (or a subgenome transcriptional
profile derived therefrom) of said first sample to the genome-wide transcriptional profile (or a

subgenome transcriptional profile derived therefrom) of said second sample; and

(d) thereafter, comparing any difference in transcriptional profile between the genome-
wide transcriptional profile (or a subgenome transcriptional profile derived therefrom) of said
first sample and the genome-wide transcriptional profile (or a subgenome transcriptional profile
derived therefrom) of said second sample to a Cav-1-deficient tumor stromal signature, wherein
the Cav-1-deficient tumor stromal signature comprises a set of at least one or more genes having
gene names and/or gene symbols selected from Supplemental Tables 1, 3, 4, or combintinations
thereof, whereby an overlap of from about 25% to about 75% is indicative of a poor clincial

outcome (e.g., recurrence of the cancer in said subject, or decreased overall survival of the cancer
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by the subject, or is an indication that the cancer has progressed in said subject, or is an

indication that the cancer has metastasized in said subject).

28. A method of stratifying a subject or a group of subjects having a cancer tumor for a

clinical trial, comprising:

(a) providing a stromal material, wherein the stromal material is derived from a biological

sample obtained from the subject or each member of the group of subjects having a cancer tumor;
(b) determining a genome-wide transcriptional profile of the stromal material;

(c) comparing the genome-wide transcriptional profile (or a set of gene trascripts derived
therefrom) of said stromal material to a Cav-1-deficient tumor stromal signature, wherein the
Cav-1-deficient tumor stromal signature comprises a set of at least one or more gene transcripts
having gene names and/or gene symbols listed in Supplemental Tables 1, 3, or combintinations

thereof; and

(d) stratifying the subject for a clinical trial based on the results of the comparison step

(©).

29. A method of identifying a set of genes, expression of which is modulated by the status of

stromal Cav-1 in a cancer tumor stroma, the method comprising:

(a) subjecting a first stromal material deficient in stromal Caveolin-1 (Cav-1) to a

genome-wide transcriptional profiling to generate a first stromal transcriptional profile,

wherein the first stromal material is derived from a biological sample obtained from a

subject having cancer or suspected of having cancer;

(b) comparing the first stromal transcriptional profile to a second stromal transcriptional
profile derived from a genome-wide transcriptional profiling of a second stromal material,

wherein said second stromal material is Cav-1-positive (+) (or Cav-1-(+));

whereby a difference in gene expression patterns between the first stromal transcriptional
profile and the second stromal transcriptional profile is indicative of a set of one or more genes
that is differentially expressed in the stromal Cav-1-deficient tumor relative to the stromal Cav-1

positive (+) tumor.
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30. A method of stratifying a subject or a group of subjects having a cancer tumor for a

clinical trial, comprising:

(a) providing a biological sample, wherein the biological sample is obtained from the

subject or each member of the group of subjects having a cancer tumor;
(b) determining a genome-wide transcriptional profile of the biological sample;

(c) comparing the genome-wide transcriptional profile (or a set of gene trascripts derived
therefrom) of said biological sample to a Cav-1-deficient tumor stromal signature, wherein the
Cav-1-deficient tumor stromal signature comprises a set of at least one or more gene transcripts
having gene names and/or gene symbols listed in Supplemental Tables 1, 3, or combintinations

thereof; and

(d) stratifying the subject for a clinical trial based on the results of the comparison step

(©).

31.  The prognostic signature of claim 12, wherein the at least a set of one or more gene
transcripts having gene names and/or gene symbols listed in Supplemental Tables 1, 3, or
combintinations thereof is slected from the group consisting of LOC100293390, RNF217,
PGBD2, LACTB, TRIT1, RNF217, LOC654433, DFFA, DNAJCS5, ZNF365, ZNF365, MDNI,
ERG, CTSB, SGSM3, MYL5, HLA-Z, IKZF1, C150rf23, CD84, C21orf7, VPS26B, SUFU,
MSH6, S1PR3, FCGR2B, BCL2L11, RFC5, RAB3D, LOC100128943, PSMB9, GALNT11,
APOC2, ISM2, PMS2CL, RDBP, GSPT2, NOD2, USP6NL, TAF13, H2AFX, CD53, CYP3AS5,
HLA-Z, DCAFS, CTTNBP2NL, ISM2, KCTD20, HMMR, RYR1, METTL3, BCAT1, GSPT]I,
MGC27345, PGPEP1, TFEB, POLG2, RBM33, LOC80054, FABP3, GCA, FANCC, RPUSDA4,
C2lorf7, ZNF609, SAMHD1, NFATC2, SERPINBS, CYP4F11, LOC728613, SNRK,
LOC80054, SLC8A1, VMOI, IL28RA, LOC100288109, APITD1, TRIP6, TMEM165,
TBXASI1, KLHL12, LY 86, KLF3, WHSC1, ZBTB46, SNRK, MLL2, KCNJ13, THGIL,
CYP4V2, SLC23A2, OGFRLI1, SLCO2B1, PTPN1, ALOX5AP, MORC2, ABCDI1P4, UCK2,
TMEDS, FCGR2C, FAM185A, PHF20L1, EPB41L3, LARP4B, DHRSX, PDPK1, APEX2,
CTSB, MRPL9, LOC100293165, Clorf104, STX7, GFI1, AP4E1, ARHGAPS, C140rf106,
SUDS3, BAT2L1, BCAS3, LMF2, INTS4, FCGR2A, ADAM10, CCZ1, RANBPY9, MATR3,
SENPS5, PPIL2, THNSL1, DNHDI, RBMS2, SYMPK, DNASE1, FCGR2A, KIFC2, TTC17,
PDPK1, BCL2L13, MFSD7, ETF1, REEP4, TMEM165, MRPL9, HAUS2, ADAP2, IL1IRAP,
PARVG, C14o0rf118, ATXNI1, PDE7A, DENND4B, ZNF502, Clorf77, OPA3, TNPO3, KIFIB,

RNASE1L, ANXA11, FAMS84A, C6orf26, CLTC, AMZ2, TYROBP, IFNGR2, RIOK?2,
167



WO 2012/166700 PCT/US2012/039814
C170rf63, GPBARI, ZNF639, TBRG4, SKP2, PHKA2, SERP1, CENPC1, MICALCL, RHOG,
PDE4DIP, KIAA1147, UBAP1, C20orf7, SRRT, BTN3A2, DCP2, MIR1302-3, UFM1, PDPR,
DNMTI1, SMC2, GALT, LOC730235, STX8, GNBI1, LOC283267, WDR1, BACH1, AGFGI,
PIAS1, SNX6, ROCK1, EIF2AK1, UBXN11, APAF1, THNSL1, and combinations thereof.
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Figure 1: Heatmap illustrating stratification of human breast cancer patients



WO 2012/166700

Mya-ﬁbreblastim uscle

FABP3
MYH11
MYH11
TNC
DMD
CFL2

C120rf44
DAPK1
CLTC
PARPY
RAF1
HSPAS
oS
N\ GNAI3
RGS19
\\ FKBP1A
MAPK
MAPTLCIB

PCT/US2012/039814

Lysosome Assm;ated

SMFD1
SLC15A3
SLOCTHAZ
~NBP1
VPS13A

Glycolysis and Pyruvate
Metabolism

Figure 2: Heatmaps of gene transcripts associated with myofibroblast differentiation,
autophagy, lysosomal degradation, and glycolysis



WO 2012/166700

Response to Hypoxia

e M T DO WY Qe

A Y !""588)3@9

ﬁ::}{d

\ MECS
MECS
¢ MECE

'HhR“1
L SERP

FA MQSF«

PCT/US2012/039814
3/12
Mitochondria Associated
o oy O T O D S D O
o
oAaonn 7 =

* DCAKD
s RPUSDA4
| SLCZOAZY

Figure 3: Heatmaps of gene transcripts associated with response to hypoxia and

mitochondria



WO 2012/166700 PCT/US2012/039814

TNF/NFKB Signaling edag ytress Signaling
TNFSF8 DNAJCS
NKIRAS? HSPBAP1

BTG
_Tri\[J:E;SFB oI
A7 SELT

DNA.JCS
TAB?

. ERP44
NKIRAST 4
EDA SN
: PPP1R15B
LDA HSPAS

CDC37

C1 2AKH
DNAJCS
HSPOOAR2P
HSPAY
SYWN1
GPXA

FAETIE
: ARHGDIB

Figure 4: Heatmaps of gene transcripts associated with inflammation and
redox/stress signaling



WO 2012/166700 PCT/US2012/039814

Figure 5: Heatmaps of gene transcripts associated with dna damage and repair
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Figure 9: Venn diagrams for the intersection of the cav-1-deficient stromal gene
signature with other breast cancer tumor stromal gene sets
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Figure 11: The Cav-1-deficient stromal gene signature is associated with tumor
recurrence and poor survival in ER(+) and luminal A breast cancer patients
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