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ABSTRACT

The present invention provides methods for diagnosis and
prognosis of renal cell carcinoma (RCC) using expression
analysis of one or more groups of genes, and a combination of
expression analysis from a biological sample from the sub-
ject. The methods of the invention provide a method for
superior detection accuracy for RCC as compared to any
other currently available method for RCC diagnostic or prog-
nosis. The invention also provides kits for diagnosis and
prognosis of RCC using expression analysis.
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DIAGNOSTIC AND PROGNOSTIC METHODS
FOR RENAL CELL CARCINOMA

CROSS REFERENCED APPLICATIONS

[0001] This application claims benefit under 35 U.S.C. 119
(e) of U.S. Provisional Patent Application Ser. No. 60/922,
881 filed on Apr. 11,2007 and U.S. Provisional Patent Appli-
cation Ser. No. 60/953,034 filed on Jul. 31, 2007, the contents
of which are incorporated herein in their entity by reference.

GOVERNMENT SUPPORT

[0002] The present application was supported by the
National Institutes for Health (NIH) Grant No 5 P50
CA101942-03, and the Government of the United States has
certain rights thereto.

FIELD OF THE INVENTION

[0003] The present invention relates generally to methods
for diagnostic and prognostic methods of renal cell carcinoma
(RCC) by analysis of gene group expression patterns in sub-
jects. More specifically, the invention is directed to diagnostic
and prognostic methods for detecting renal cell carcinoma in
subjects by analysis of gene group expression patterns in
subjects, preferably human subjects.

BACKGROUND

[0004] Kidney canceris a heterogeneous disease consisting
of various subtypes with diverse generic, biochemical and
morphologic features. Epithelial renal cell carcinoma (RCC)
is the most common adult renal neoplasm, accounting for the
vast majority (~80%) of renal malignancies in adults. Based
on morphological features defined in the WHO International
Histological classification of Kidney Tumors, RCC can be
divided into clear cell (conventional), papillary RCC (chro-
mophil) (10-15%), chromophobe RCC (5%), collecting duct
RCC (<1%) and unclassified RCC (<2%) subtypes.

[0005] Renal cell carcinoma (RCC) accounts for 2-3% of
adult malignancies and its incidence is increasing. The most
common histological subtype of RCC is conventional (clear
cell) RCC, which accounts for 70-80% of all RCC cases.
Many patients with von Hippel Lindau (VHL) disease, an
autosomal dominant genetic disorder of inherited predispo-
sitionto RCC, also develop conventional RCC and studies on
this familial disease facilitated the identification of the VHL
tumor suppressor gene (Latif et al., Science, 1993;260; 1317-
1320).

[0006] The incidence of renal cell carcinoma (RCC) has
steadily risen in the United States since 1970 and is currently
estimated at approximately 51,000 cases per year. This
increase has been observed across gender and race, increasing
among black males and females by 3.9% and 4.3% per year,
and white males and females by 2.3% and 3.1% per year,
respectively [Jemal, 2007]. The majority of sporadic clear
cell carcinoma is of clear cell histology (75%), followed by
papillary Type I (5%) and Type II (5%), as well as chro-
mophobe and oncocytoma (15%). It is clear that distinct
molecular mechanisms underlie each histologic type [I1-
iopoulos, 2006].

[0007] Organ confined disease is treated with surgery and
the five-year survival rate for patients presenting with Stage |
disease is 95%, while the survival rate for patients with Stage
T and 1T RCC is decreased to 70-80% and 40-60%, respec-
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tively [Motzer, 1996]. It is therefore reasonable to assume that
early disease detection would improve overall survival in
RCC patients.

[0008] VHL is now known to play a central role in the
development of sporadic conventional RCC, with loss of
heterozygocity being seen in the majority of tumors and
mutations in more tan 50% of cases. Epigenetic silencing of
VHL also occurs with promoter methylation being found in
up to 20% of sporadic tumors.

[0009] Medical treatment of clear cell RCC patients has
been evolving rapidly. Understanding of the VHL signaling
pathway and its deregulation during clear cell RCC develop-
ment has led to the identification of rational molecular thera-
peutic targets. Clinical trials with small molecule inhibitors of
the vascular endothelial growth factor (VEGF), platelet
derived growth factor (PDGF) and certain receptor or non-
receptor cellular kinases shows promising results [Brugaro-
las, 2007; Escudier, 2007; Kane, 2006; Motzer, 2006; Motzer,
2007].

[0010] Targeted therapy has opened a new set of possibili-
ties and questions in RCC treatment. Tumor response by
classical imaging criteria fails to reflect changes in tumor
vessel density, tumor viability, or correlate with disease pro-
gression or even overall survival. The availability of biomar-
kers that reflect disease activity may therefore help guide
therapy. Biomarkers that serve as surrogate markers of tumor
response will expedite a large number of clinical trials in
which kinase inhibitor are used in combination in patients
both pre and post surgery. Treatment of patients with minimal
residual disease may prove, now that effective therapies are
available, to be a better approach than treatment following
clinical detection. Adjuvant trials may target patients with
biomarker-detected minimal residual disease after nephrec-
tomy for the primary tumor.

[0011] RCC is a histological diverse disease, with variable
and often unpredictable clinical behavior. The prognosis
worsens dramatically with the onset of clinical metastasis and
current regimens of systematic therapy yield only modest
benefits for metastatic RCC.

[0012] Surgical resection is the mainstay of therapy for
patients with localized primary tumors. It is no exaggeration
to say that new therapies are desperately needed for meta-
static RCC, which is poorly responsive to chemotherapy and
radiotherapy. Conventional treatment options currently avail-
able include: 1) treatment with small molecule inhibitors of
receptor tyrosine kinases (inhibitors of vascular endothelial
growth factor and/or platelet derived growth factor), 2) treat-
ment with humanized antibody against vascular endothelial
factor ligand), 3) mTOR inhibitors and 4) immunotherapy
regimens that use interferon-c, interleukin 2, or both. The
therapeutic benefits of immunotherapy are limited to a small
percentage of patients with durable sustained complete
remissions. A comprehensive meta-analysis of trials with at
least one immunotherapeutic agent in one arm reported that
immunotherapy yields an average response rate of 10.2%, a
complete response rate of 3.2%, and a weighted average
median survival improvement of 2.6 months. Patients treated
with VEGF inhibitors have been reported to have a response
rate of 40% but the effect is transient and eventually most of
them progress.

[0013] Gene expression profiling could potentially be used
to identify high-risk patients with localized RCC for early
systemic therapy. Refining prognostic systems to more accu-
rately predict patient outcomes and thereby guide more effec-
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tive treatment decisions is an ongoing process. To date, key
prognostic factors identified include TNM staging, tumor
grade, functional status, and various biochemical assess-
ments. Integrated prognostic systems have been developed by
several groups combining clinical and pathological data to
better stratify patients and improve prognostic power. Further
integration of molecular markers defined by expression and
proteomic profiling into these prognostic systems is likely to
further increase prediction accuracy. Currently, there is no
validated biomarker for renal cell cancer (RCC) such as PSA
for prostate and CA125 for breast cancer. Currently there is
no FDA approved marker for diagnosis of renal cell carci-
noma.

[0014] Biomarker(s) that reliably correlate with disease
burden or activity could be useful to detect disease before
clinical signs and symptoms are apparent or even before there
is radiological evidence of tumor growth. Such biomarkers
can also be useful to guide early detection, such as techniques
for detection of minimal residual disease (such as exploratory
surgery or imaging), and could guide timing and choices of
systemic therapy for relapsed or metastatic disease and can
also be useful for the early identification of patients at need
for adjuvant therapy after seemingly curative nephrectomy.
[0015] Such biomarkers could also be useful in the testing
of potential therapeutic strategies for RCC. Surrogate mark-
ers of disease activity could also serve as surrogate endpoints
in clinical trials and help shortening the length of a trial.
Patients might avoid treatment with ineffective medications,
thus preventing unnecessary side effect risks and serious
complications.

[0016] RCC is not a uniform disease and is subdivided into
clear cell, papillary, chromophobe and oncocytoma. Molecu-
lar genetic evidence indicates that the signaling pathways
leading to the different histologic types are distinct. The
majority of sporadic RCC (75%) are of clear cell type (REF).
The earliest genetic defect underlying the generation of clear
cell RCC is the loss of VHL tumor suppressor function and
activation of its downstream target hypoxia inducible gene
(HIF). Human renal cell carcinoma cell lines deficient in VHL
and constitutively expressing HIF exist and they grow as
tumors when transplanted in the flank of nude mice (REF).
Reintroduction of the VHL gene or inactivation of HIF in
these cell line suppress their growth as tumors in nude mice.
This observation indicates that reintroduction of VHL and/or
HIF inactivation in these cell lines may still regulate critical
signaling pathways linked to tumor development.

[0017] Biomarkers for early diagnosis of RCC have the
potential to guide therapeutic and preventive interventions,
such as early administration of targeted/anti-angiogenic
therapy, specialized imaging, exploratory surgery or chemo-
prevention trials. They can also serve as surrogate end-points
in clinical trials. Unfortunately, reliable biomarkers for RCC
have not been established yet.

SUMMARY

[0018] The present invention provides compositions and
methods for the diagnosis and prognosis of renal cell carci-
noma (RCC) which provides a diagnostic test that is sensitive
and specific.

[0019] The inventors have discovered a group of genes,
herein termed “group of RCC biomarkers” that can be used
for enhanced diagnosis and/or prognosis of renal cell carci-
noma (RCC) in a subject. In some embodiments, the RCC
biomarkers as disclosed herein are useful for enhanced diag-
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nosis and/or prognosis of clear cell RCC in a subject. In some
embodiments, the inventors have discovered that a subgroup
of RCC biomarkers in the group of RCC biomarkers can be
used for diagnosis and/or prognosis of renal cell carcinoma
(RCC) in a subject. In some embodiments, RCC biomarkers
are detected using gene expression analysis and in alternative
embodiments, RCC biomarkers are detected by protein
expression analysis.

[0020] The inventors provide detailed guidance on the
increase and/or decrease of the gene expression and/or pro-
tein expression of the group of RCC biomarkers for the diag-
nosis and/or prognosis of RCC in a subject, and in some
embodiments, for the diagnosis and/or prognosis of clear cell
RCC in a subject.

[0021] One aspect of the present invention, the group of
RCC biomarkers useful in the diagnosis and/or prognosis of
RCCina subject is set forth in Table 1. Forexample, the group
of RCC biomarkers useful in the methods and compositions
as disclosed herein comprise CA12; CA9; EGLN3; HIG2;
TGFB3; NMU; PMP22; PNMA2; TNFRSF7; FABP6, CD70
(CD27L) and NPY1.

[0022] The inventors have further discovered that taking
groups of genes from the group of RCC biomarkers, such as
subgroup of RCC biomarkers from the group of biomarkers
provides a much greater diagnostic and/or prognostic capa-
bility that chance alone. Preferably, a subgroup of RCC biom-
arkers comprises at least three RCC biomarkers from the
group of RCC biomarkers set forth in Table 1. In some
embodiments, a subgroup of RCC biomarkers comprises at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at
least 10, at least 11 RCC biomarkers from the group of RCC
biomarkers set forth in Table 1

[0023] Itisnoted that one can use any combination of RCC
biomarkers set forth in Table 1 for subgroup of RCC biomar-
kers. In some instances, the inventors have discovered that
one can enhance the accuracy of diagnosis by adding certain
additional genes to the group of RCC biomarkers or a sub-
group of RCC biomarkers as disclosed herein.

[0024] When one uses the group of RCC biomarkers or a
subgroup of RCC biomarkers as disclosed herein, the expres-
sion of the group and/or a subgroup of RCC biomarkers in a
biological sample from the subject are compared to the
expression of the group and/or a subgroup of RCC biomark-
ers in a control biological sample. In some embodiments, the
control biological sample can be normal tissue from the sub-
ject, or a biological sample from a subject that is not having
with cancer, for example not having RCC.

[0025] One aspect of the present invention provides a
method for identifying a subject having increased likelihood
of developing or having renal cell carcinoma (RCC) the
method comprising: (a) measuring the level of gene transcript
expression or protein expression of a gene group wherein the
gene group comprises at least three genes selected from a
group of genes comprising; SEQ ID NO: 1, SEQ ID NO:2;
SEQID NO: 3; SEQ ID NO: 4; SEQ ID NO: 5; SEQ ID NO:
6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9; SEQ ID
NO: 10; SEQ ID NO: 11; SEQ ID NO:12 in a biological
sample obtained from a subject; and (b) comparing the level
of gene transcript expression or protein expression of the
genes as measured in step (a) to a reference level; wherein a
higher level of the gene transcript expression or protein
expression of the selected gene in the biological sample from
the subject as compared the gene transcript expression or



US 2010/0222230 Al

protein expression in the reference level indicates the subject
1s at increased risk of developing or having RCC.

[0026] Another aspect of the present invention provides a
method for identifying a subject having increased likelihood
of developing or having renal cell carcinoma (RCC) the
method comprising: (a) measuring the level of gene transcript
expression or protein expression of a gene group wherein the
gene group comprises at least three genes selected from a
group of genes encoding; CA12; CA9; EGLN3; HIG2;
TGFB3; NMU; PMP22; PNMA2; TNFRSF7; FABP6; CD70
(CD27L); NPY1 in a biological sample obtained from a sub-
ject; (b) comparing the level of gene transcript expression or
protein expression of the same genes as measured in the
biological sample from the subject in step (a) to a reference
level; wherein a higher level of the gene transcript expression
or protein expression of the selected gene in the biological
sample from the subject as compared the gene transcript
expression or protein expression of the reference level indi-
cates the subject is at increased risk of having or developing
RCC.

[0027] Another aspect of the present invention provides a
method for monitoring the progression of renal cell carci-
noma (RCC)ina subject having, or likely of developing renal
cell carcinoma (RCC), the method comprising: (a) measuring
the level of gene transcript expression or protein expression of
a gene group wherein the gene group comprises of at least
three genes selected from a group of genes comprising;
CAl12; CA9; EGLN3; HIG2; TGFB3; NMU; PMP22;
PNMAZ2; TNFRSF7; CD70 (CD27L), FABP6; NPY1 in a
biological sample obtained from a subject at a first time point;
(b) measuring the level of gene transcript expression or pro-
tein expression of at least three of the same genes as measured
in step (a) in a biological sample obtained from a subject at a
second time point; and comparing the level of gene transcript
expression or protein expression of the same genes as mea-
sured in the biological sample from the first time point with
the level of gene transcript expression or protein expression in
the biological sample from the second timepoint; wherein a
change in the level of the gene transcript expression or protein
expression ofat least three genes in the selected gene group in
the biological sample from the subject at the first time point as
compared to the level of gene transcript expression or protein
expression of at least three of the same genes in the biological
sample from the subject at the second timepoint indicates an
alteration in the rate of progression of RCC in the subject. In
such embodiments, if a decrease in the level of the gene
transcript expression or protein expression from the first time-
point as compared to the second timepoint, it indicates in
improved prognosis of RCC progression at the second time-
point as compared to the first timepoint. Alternatively, if an
increase in the level of the gene transcript expression or
protein expression from the first timepoint as compared to the
second timepoint indicates in decreased prognosis of RCC
progression at the second timepoint as compared to the first
timepoint.

[0028] In some embodiments, the RCC biomarkers useful
in the methods and compositions as disclosed herein are
selected from a group of RCC biomarkers, for example at
least 3, or at least 4, or at least 5, or at least 6, or at least 7, or
at least 8, or at least 9 or at least 10, or at least 11 sequences
of genes selected from the group consisting of GenBank
identification Nos. or Unigene identification Nos:
NM__001218///NM__017689///AF051882 (SEQ ID NO:1);
NM__001216///X66839 (SEQ ID NO:2); NM__022073///
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NM__033344///AJ310545 (SEQ ID NO:3); NM__013332
(SEQ ID NO:4); NM_003239 (SEQ ID NO:5);
NM__006681///X76029 (SEQ ID NO:6); NM_000304///
D11428 (SEQIDNO:7); NM_ 007257///XM__376764 (SEQ
IDNO:8); M63928///NM_001033126///XM__284241 (SEQ
ID NO:9); U19869///NM__001040442///NM__001445 (SEQ
ID NO:10); and NM_000909 (SEQ ID NO:11);
NM_001252///1.08096 (SEQ ID NO:12).

[0029] Insome embodiments, a group of RCC biomarkers
useful in the methods and compositions as disclosed herein
comprises the sequences of genes with GenBank identifica-
tion Nos. NM_001218//NM__017689///AF051882 (SEQ
ID NO:1); NM_001216///X66839 (SEQ ID NO:2);
NM_022073///NM._033344///{AJ310545 (SEQ ID NO:3);
NM_013332 (SEQ ID NO4); NM_003239 (SEQ ID
NO:5); NM_006681///X76029 (SEQ 1D NO:6);
NM_ 000304///D11428 (SEQ ID NO:7); NM_007257///
XM_376764 (SEQ ID NO=®); M63928//NM_
001033126///XM__284241 (SEQ ID NO:9); U19869///INM_
001040442///NM_001445 (SEQ ID NO:10); NM__000909
(SEQ ID NO:11) and NM_ 001252///1.08096 (SEQ ID
NO:12).

[0030] In some embodiments, a biological sample useful
for measuring the level of RCC biomarker is serum, blood,
plasma, urine and/or tissue sample. In alternative embodi-
ments, a tissue sample is a biopsy tissue sample. In further
embodiments, a biological sample is selected from a group of
blood, serum, plasma, urine, stool, spinal fluid, sputum,
nipple aspirates, lymph fluid, external secretions of the skin,
respiratory tract, intestinal and genitourinary tracts, bile,
saliva, milk, tumors, organs and also samples of in vitro cell
culture constituents.

[0031] Insome embodiments, the level of RCC biomarker
can be determined by measuring the level of protein expres-
sion, for example by methods commonly known by person or
ordinary skillin the art, for example where the protein expres-
sion is detected using an antibody, human antibody, human-
ized antibody, recombinant antibodies, monoclonal antibod-
ies, chimeric antibodies, aptamer, peptide or analogues, or
conjugates or fragments thereof. In some embodiments, pro-
teins expression is detected by use of protein-binding mol-
ecules, such as in methods such as ELISA, or multiplex
immuno assays.

[0032] Insome embodiments, the level of RCC biomarker
can be determined by measuring the level of gene transcript,
for example at the level of messenger RNA (mRNA), for
example by methods commonly known by person or ordinary
skill in the art, such as but not limited to detection uses nucleic
acid or nucleic acid analogues, such as, for example but not
limited to nucleic acids and nucleic acid analogues such as
DNA, RNA, PNA, pseudo-complementary DNA (pcDNA),
locked nucleic acid and variants and homologues thereof. In
some embodiments, detection of gene transcript level is
assessed by reverse-transcription polymerase-chain reaction
(RT-PCR).

[0033] Another aspect of the present invention provides a
method for preventing the progression of renal cell carcinoma
(RCC), the method comprising measuring the level of gene
transcript expression or protein expression of a gene group
wherein the gene group comprises of at least three genes
selected from a group of genes comprising; CA12; CA9;
EGLN3; HIG2; TGFB3; NMU; PMP22; PNMA2; PNMA2;
TNFRSF7; FABP6; CD70 (CD27L); NPY1 in a biological
sample and assessing the risk of a subject developing or
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having RCC according to claims 1-3, wherein a clinician
directs the subject to be treated with an appropriate therapy if
the subject has, or is at risk of developing RCC.

[0034] Another aspect of the present invention provides an
array comprising a solid platforms, including nanochips and
beads, such as disclosed in US Patent Application US2007/
0065844, comprising in known positions on the array anti-
sense nucleic acid sequences to fragments of at most 50
different genes, wherein at least three of the 50 genes are
selected from of the genes SEQ ID NO: 1, SEQ ID NO:2;
SEQ ID NO: 3; SEQ ID NO: 4; SEQ ID NO: 5; SEQ ID NO:
6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9; SEQ ID
NO: 10; SEQ IDNO: 11; SEQ ID NO:12.

[0035] Another aspect of the present invention provides an
array comprising a solid platform comprising in known posi-
tions on the array antisense nucleic acid sequences to frag-
ments of at most 100 different genes, wherein at least three of
the 100 genes are selected from of the genes SEQ ID NO: 1,
SEQ ID NO:2; SEQ ID NO: 3; SEQ ID NO: 4; SEQ ID NO:
5; SEQ ID NO: 6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID
NO: 9; SEQ ID NO: 10; SEQ ID NO: 11; SEQ ID NO:12.
[0036] Another aspect of the present invention provides an
array comprising a solid platforms, including nanochips and
beads, such as disclosed in US Patent Application US2007/
0065844, and attached the solid platform are protein-binding
molecules, wherein the array comprises at most 50 different
protein-binding molecules in known positions, wherein at
least three of the 50 different protein-binding molecules have
a specific binding affinity for proteins selected from the group
of CA12; CA9; EGLN3; HIG2; TGFB3; NMU; PMP22;
PNMAZ2; TNFRSF7; FABP6; CD70 (CD27L); NPY1. A pro-
tein-binding molecule useful for detection of a RCC biomar-
ker protein as disclosed herein should have a specific binding
affinity for at least one epitope on a RCC protein, or func-
tional fragment or functional variants thereof. Protein-bind-
ing molecules, such as for example but not limited to, anti-
bodies useful to detect RCC proteins as disclosed herein
include protein-binding molecules with affinity for at least
one of the following proteins; CA12 (SEQ ID NO: 32); CA9
(SEQIDNO: 33); EGLN3 (SEQID NO: 34); HIG2 (SEQ ID
NO: 35); TGFB3 (SEQ ID NO: 36); NMU (SEQ IDNO: 37),
PMP22 (SEQ ID NO: 38); PNMA2 (SEQ ID NO: 39);
TNFRSF7 (SEQ ID NO: 40); FABP6 (SEQ ID NO: 41);
CD70 (CD27L) (SEQ ID NO: 42); NPY1 (SEQ ID NO: 43),
or functional fragments or variants thereof.

[0037] Another aspect of the present invention provides an
array comprising a solid platform, including nanochips and
beads, such as disclosed in US Patent Application US2007/
0065844, and attached the solid platform are protein-binding
molecules, wherein the array comprises at most 100 different
protein-binding molecules in known positions, wherein at
least three of the 100 different protein-binding molecules
have a specific binding affinity for proteins selected from the
group of CA12 (SEQ ID NO: 32); CA9 (SEQ ID NO: 33);
EGLN3 (SEQ ID NO: 34); HIG2 (SEQ ID NO: 35); TGFB3
(SEQIDNO: 36); NMU (SEQ ID NO: 37); PMP22 (SEQ ID
NO:38); PNMA2 (SEQIDNO: 39); TNFRSF7 (SEQIDNO:
40); FABP6 (SEQIDNO: 41); CD70 (CD27L) (SEQ IDNO:
42); NPY1 (SEQ ID NO: 43), or functional fragments or
variants thereof.

[0038] In some embodiments, the arrays of the present
invention are useful in methods to identify a subject having
increased likelihood of developing or having renal cell carci-
noma (RCC) according to the methods as disclosed herein.
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[0039] Yet another aspect of the present invention relates to
akit comprising antisense nucleic acid sequences which have
a substantial identity to a fragment of at least three genes
selected from the group of: SEQ ID NO: 1, SEQ ID NO:2;
SEQ ID NO: 3; SEQ ID NO: 4; SEQ ID NO: 5; SEQ ID NO:
6; SEQ ID NO: 7; SEQ ID NO: &; SEQ ID NO: 9; SEQ ID
NO: 10; SEQ ID NO: 11; SEQ ID NO:12.

[0040] In some embodiments, the present invention pro-
vides a kit comprising antisense nucleic acid sequences
which have a substantial identity to a fragment of at least four
to six genes selected from the group of: SEQ ID NO: 1, SEQ
IDNO:2; SEQIDNO:3; SEQIDNO: 4; SEQIDNO: 5; SEQ
ID NO: 6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9;
SEQ ID NO: 10; SEQ ID NO: 11; SEQ ID NO:12.

[0041] In some embodiments, the present invention pro-
vides a kit comprising antisense nucleic acid sequences
which have a substantial identity to a fragment of at least six
to eight genes selected from the group of: SEQID NO: 1, SEQ
IDNO:2; SEQIDNO:3; SEQIDNO: 4; SEQIDNO: 5; SEQ
ID NO: 6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9;
SEQ ID NO: 10; SEQ ID NO: 11; SEQ ID NO:12.

[0042] In some embodiments, the present invention pro-
vides a kit comprising antisense nucleic acid sequences
which have a substantial identity to a fragment of at least six
to eight genes selected from the group of: SEQID NO: 1, SEQ
IDNO:2;SEQIDNO:3; SEQIDNO: 4; SEQIDNOQ: 5; SEQ
ID NO: 6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9;
SEQ ID NO: 10; SEQ ID NO: 11; SEQ ID NO:12.

[0043] In some embodiments, the present invention pro-
vides a kit comprising antisense nucleic acid sequences
which have a substantial identity to a fragment of at least ten
to twelve genes selected from the group of: SEQ ID NO: 1,
SEQ ID NO:2; SEQ ID NO: 3; SEQ ID NO: 4; SEQ ID NO:
5; SEQ ID NO: 6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID
NO: 9; SEQ ID NO: 10; SEQ ID NO: 11; SEQ ID NO:12.
[0044] Another aspect of the present invention provides a
kit comprising protein-binding molecules, wherein at least
three protein-binding molecules have specific binding affinity
for at least three proteins selected from the group of CA12
(SEQID NO: 32); CA9 (SEQ ID NO: 33); EGLN3 (SEQ ID
NO: 34); HIG2 (SEQ ID NO: 35); TGFB3 (SEQ ID NO: 36);
NMU (SEQ ID NO: 37); PMP22 (SEQ ID NO: 38); PNMA2
(SEQ ID NO: 39); TNFRSF7 (SEQ ID NO: 40); FABP6
(SEQ ID NO: 41); CD70 (CD27L) (SEQID NO: 42); NPY1
(SEQ ID NO: 43) or functional fragments or functional vari-
ants thereof. In some embodiments, the present invention
provides a kit comprising protein-binding molecules,
wherein at least four to six of the protein-binding molecules
have specific binding affinity for at least four to six selected
from the group of CA12 (SEQ ID NO: 32); CA9 (SEQ ID
NO:33); EGLN3 (SEQ ID NO: 34); HIG2 (SEQ ID NO: 35);
TGFB3 (SEQ ID NO: 36); NMU (SEQ ID NO: 37); PMP22
(SEQ ID NO: 38); PNMA2 (SEQ ID NO: 39); TNFRSF7
(SEQ ID NO: 40); FABP6 (SEQ ID NO: 41); CD70 (CD27L)
(SEQ ID NO: 42); NPY1 (SEQ ID NO: 43) or functional
fragments or functional variants thereof.

[0045] In another embodiment, the present invention pro-
vides a kit comprising protein-binding molecules, wherein at
least six to eight of the protein-binding molecules have spe-
cific binding affinity for at least six to eight selected from the
group of CA12 (SEQ ID NO: 32); CA9 (SEQ ID NO: 33),
EGLN3 (SEQ ID NO: 34); HIG2 (SEQ ID NO: 35); TGFB3
(SEQIDNO: 36); NMU (SEQID NO: 37); PMP22 (SEQ ID
NO:38); PNMA2 (SEQIDNO: 39); TNFRSF7 (SEQ ID NO:
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40); FABP6 (SEQIDNO: 41); CD70 (CD27L) (SEQ ID NO:
42); NPY1 (SEQ ID NO: 43) or functional fragments or
functional variants thereof.

[0046] A kit comprising protein-binding molecules,
wherein at least eight to ten of the protein-binding molecules
have specific binding affinity for at least eight to ten selected
from the group of CA12 (SEQ ID NO: 32); CA9 (SEQ ID
NO:33); EGLN3 (SEQID NQ: 34); HIG2 (SEQ ID NO: 35),
TGFB3 (SEQ ID NO: 36); NMU (SEQ ID NO: 37); PMP22
(SEQ ID NO: 38); PNMA2 (SEQ ID NO: 39); TNFRSF7
(SEQIDNO: 40); FABP6 (SEQID NO: 41); CD70 (CD27L)
(SEQ ID NO: 42); NPY! (SEQ ID NO: 43) or functional
fragments or functional variants thereof.

[0047] In another embodiment, the present invention pro-
vides a kit comprising protein-binding molecules, wherein at
least ten to eleven of the protein-binding molecules have
specific binding affinity for at least ten to twelve selected from
the group of CA12 (SEQ ID NO: 32); CA9 (SEQ ID NO: 33);
EGLN3 (SEQ ID NO: 34); HIG2 (SEQ ID NO: 35); TGFB3
(SEQ IDNO: 36); NMU (SEQ ID NO: 37); PMP22 (SEQ ID
NO:38); PNMA2 (SEQIDNO: 39); TNFRSF7 (SEQ IDNO:
40); FABP6 (SEQIDNO: 41); CD70 (CD27L) (SEQ ID NO:
42); NPY1 (SEQ ID NO: 43) or functional fragments or
functional variants thereof.

[0048] Insomeembodiments, the presentinventor provides
akit comprising protein-binding molecules to detect the RCC
protein biomarkers as disclosed herein, for example a ELISA
kit, or a multiplex immuno assay.

BRIEF DESCRIPTION OF FIGURES

[0049] FIG. 1 shows a heat-map of VHL-HIF dependent
genes expressed in isogenic cell lines. Gene expression dif-
ferences between VHL deficient (PRC3) and VHL reconsti-
tuted (WT8) 786-0 RCC cell lines and cell lines 41, 76 and 77
as compared to DMSO control and blank (BIk) are defined as
filter I. RNAi against HIF2A (PTR) recapitulates the genomic
profiling signature of WT8, whereas the empty vector control
recapitulates PRC3.

[0050] FIGS. 2A-2G shows signal dependency of candi-
date biomarkers QRT-PCR differential expression of candi-
date biomarkers in WT8, PRC3 PTV and PTR cell lines. FIG.
2A shows expression of CA12, FIG. 2B shows expression
levels of EGLN3, FIG. 2C shows expression levels of FABP6
(WT8 and PRC3 cells only), F1G. 2D shows expression levels
of HIG2, FIG. 2E shows expression levels of PNMA2, FIG.
2F shows expression levels of PMP22 and FIG. 2F shows
expression levels of TNFSF7.

[0051] FIGS. 3A-3G show organ restricted expression of
candidate biomarkers using QRT-PCR on RNA derived from
select normal adult human tissues. FIG. 3A shows expression
of CA12 inadult tissue, FIG. 3B shows expression of EGLN2
in adult tissue, FIG. 3C shows expression of FABP6 in adult
tissue, FIG. 3D shows expression of HIG2 in adult tissue,
FIG. 3E shows expression of PNMA2 in adult tissue, FIG. 3F
shows expression of PMP22 in adult tissue, and FIG. 3G
shows expression of TNFSF7 in adult tissue.

[0052] FIG. 4A-4F shows the upregulation of a single
biomarkers in RCC tumors compared to normal matched
renal tissue. FIG. 4A shows between approximately a 2-fold
to about 11-fold upregulation of CA12 in RCC tumor (T) as
compared to normal tissue (N), FIG. 4B shows between
approximately a 2-fold to about 20-fold upregulation of
EGLN3 in RCC tumor (T) as compared to normal tissue (N),
FIG. 4C shows between approximately a 1-fold to about
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10-fold upregulation of FABP6 in RCC tumor (T) as com-
pared to normal tissue (N), FIG. 4D shows between approxi-
mately a 2.5-fold to about 28-fold upregulation of HIG2 in
RCC tumor (T) as compared to normal tissue (N), FIG. 4F
shows between approximately a 2-fold to about 8-fold
upregulation of PMP22 in RCC tumor (T) as compared to
normal tissue (N) and FIG. 4E shows between approximately
a 2-fold to about 11-fold upregulation of PNMA2 in RCC
tumor (T) as compared to normal tissue (N). Fold changes in
the expression of each individual biomarker in a set of 10
tumor-normal tissue matched pairs through microarray
analysis of cDNA from reverse transcribed ccRCC tumor/
normal tissue RNA extracts. Tissue matched samples are
tumor and normal tissue samples from the same subject.
[0053] FIG. 5A-5E show upregulation of biomarker set
expressionin RCC tumors compared to normal matched renal
tissue. Biomarker profiling to determining levels of all 6
biomarkers in a given tumor specimen (T) as compared to its
normal (N) matched tissue. FIGS. 5A, 5B, 5C, 5D, and 5E
represent the expression of each of the different biomarkers;
CA12, EGLN3, FABP6, HIG2, PMP22 and PNMA?2 in 6
different subjects respectively. Tissue matched samples are
tumor and normal tissue samples from the same subject.
Matched control refers to use of tumor and normal tissue
samples from the same subject.

[0054] FIG. 6 shows level of CA9 protein in the plasma
from 5 subjects before (pre) and 1 month following (post)
nephrectomy. The level of CA9 decreases in 80% (4 of 5)
subjects assessed following nephrectomy.

[0055] FIGS. 7A-7B show the expression of PMP22 in
tissue section from kidney in normal and tumor tissue. FIG.
7A shows PMP22 immunostaining in normal kidney as com-
pared to increased PMP22 immunostaining in renal cell car-
cinoma tumor tissue as shown in FIG. 7B. (magnification
x20)

[0056] FIGS. 8A-8B shows expression of PMP22 in tissue
section from kidney in normal and tumor tissue. FIG. §A
shows PMP22 immunostaining in normal kidney as com-
pared to increased PMP22 immunostaining in renal cell car-
cinoma tumor tissue as shown in FIG. 8B. (magnification
x60).

[0057] FIG. 9A shows expression of carbonic anhydrase 9
(CA) in human renal cell carcinoma cell lines and tumors.
FIG. 9A shows cell lysates of clones derived from human
renal cell carcinoma cell lines 786-O, UMRC2 and UMRCS,
stably transfected with vector control plasmid (lanes 1, 3 and
5) or plasmids expressing VHL30 (lanes 2a and 4) or VHL19
(lane 6) were immunoblotted for HIF1a, HIF2a, VHL and
CA9 as indicated. Actin was used as loading control.

[0058] FIG. 10 shows QRT-PCR of CA9 message from the
same cell lines, 786-O, UMRC2 and UMRCS6 as shown in
FIG. 1.

[0059] FIG. 11A-11B shows the expression of CA9 from
QRT-PCR. FIG. 11 A shows the fold increase of CA9 in clear
cell human RCC tumor (T) compared to normal (N) matched
kidney tissue. FIG. 11B shows the absolute values of expres-
sion of CA9 in RCC tumor (T) compared to normal (N)
matched kidney tissue.

[0060] FIG. 12 shows the relative tissue expression of CA9
in adult human tissues.

[0061] FIG. 13A-13D shows the changes in plasma levels
of CA9 in patients undergoing curative nephrectomy for
localized clear cell RCC. FIG. 13A shows MGH patients:
patient sex, disease stage, tumor volume and plasma levels of
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CA9 before (PRE) or after (POST) nephretomy are listed.
FIG. 13 A shows the correlation between tumor volume and
pre-operative levels of CA9 in the MGH patient group. FIG.
13C shows the patient sex, disease stage, tumor volume and
serum levels of CA9 before (PRE) or after (POST) nephre-
tomy in the MD Anderson patient group are listed. FIG. 13D
shows the correlation between tumor volume and pre-opera-
tive levels of CA9 in the serum of MDACC patient group.
[0062] FIG.14A-14B shows blood CA9 levels in non clear
cell kidney lesions and normal controls. FIG. 14A shows
changes in plasma levels of CA9 in patients undergoing
nephrectomy for benign renal lesions or RCC of non-clear
histology. FIG. 14B shows a comparison of plasma levels of
CA9 between RCC patients at presentation (RCC) and nor-
mal control individuals (NL). Horizontal bars indicate
median values (in pg/ml).

[0063] FIG. 15 shows longitudinal measurements of
plasma levels of CA9 in patients with clear cell RCC under-
going curative or debulking nephrectomy. SU=treatment with
suten, G=treatment with gemcitabine, PR=partial response,
SD=stable disease, DP=disease progression, NED=no evi-
dence of disease.

[0064] FIGS. 16A-16C shows SRM-facilitated identifica-
tion and quantification of FABP6 in cell lysates and tissue
culture supernatant of VHL null and reconstituted cell lines.
FIG. 16A shows quantification of FABP4 by SRM using
peptide #4 (LLGISSDVIEK) (SEQ ID NOL 44), with values
of: m/z 587.73>947.36, and a retention time of 35.07 min.

DETAILED DESCRIPTION

[0065] The present invention provides compositions and
methods for the diagnosis and prognosis of renal cell carci-
noma (RCC) which provides a diagnostic test that is sensitive
and specific.

[0066] Theinventors have discovered a method that signifi-
cantly increases the diagnostic accuracy of identifying a sub-
ject with an increased likelihood of having or developing
renal cell carcinoma using gene expression analysis of a
group of RCC biomarker genes. Accordingly, the inventors
have discovered a method for enhanced diagnosis and/or
prognosis of renal cell carcinoma (RCC) in a subject by
assessing the expression level of a group of RCC biomarkers
or a subgroup thereof in any combination, enabling dramati-
cally improved detection of RCC in a subject and at an earlier
stage than any available method to date.

[0067] As disclosed herein, the inventors have identified
candidate biomarkers for RCC disease activity. First, the
inventors identified the genes regulated by VHL, thus depen-
dent on this specific signal transduction pathway. To narrow
the pool of candidate biomarkers the inventors selected for the
ones that expressed in a relatively restricted way in adult
normal tissues, based on the fact that restricted adult tissue
expression pattern will allow for larger tumor-dependent
incremental blood level changes.

[0068] The inventors coined the abbreviation “SIDOR” for
this “signal dependent and organ restrictive” algorithm which
was used to discover RCC biomarkers as disclosed herein.
The inventors herein demonstrate that use of the SIDOR
algorithm can identify sensitive and specific subset of biom-
arkers for RCC. Specifically. the inventors have demonstrated
using one of the RCC biomarkers identified, the fatty acid
binding protein 6 (FABP6), as an exemplary example to quan-
tify the levels of this protein in cell lysates and plasma of
patients prior to and after nephrectomy for clinically local-
ized RCC. The results as disclosed herein demonstrate that
regulation of FABP6 message by VHL translates into differ-
ential protein levels in vitro. In addition, reduction of tumor
mass in vivo is followed by a decline in plasma FABP6 levels.
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Taken together these data demonstrate that the translational
SIDOR algorithm to identify cell signature differences is
useful for rational development of candidate plasma biomar-
kers.

[0069] Usingdifferential gene expression of VHL-deficient
conventional RCC cells lines transfected with a VHL, the
inventors have discovered VHL-associated changes in gene
expression that accompany the development of RCC. The
inventors discovered the expression of a group of genes was
increased in VHL-deficient conventional RCC cells as com-
pared to RCC cells comprising the VHL gene. The inventors
validated the identified specific VHL-dependent gene expres-
sion changes by using restricted tissue expression analysis
and protein expression analysis in RCC cell line pairs and
renal tumor tissue. The inventors then selected those genes
with restricted or tissue specific gene expression patterns, in
other words, genes that were expressed normally only in a few
tissue and/or types, such as genes that were expressed in a
maximum of 2 or 3 organs such as the liver, kidney, brain. etc

[0070] Accordingly, the inventors have discovered that a
subgroup of RCC biomarkers in the group of RCC biomark-
ers can be used for diagnosis and/or prognosis of renal cell
carcinoma (RCC) in a subject. In some embodiments, RCC
biomarkers are detected using gene expressionanalysis andin
alternative embodiments, RCC biomarkers are detected by
protein expression analysis.

[0071] Insome embodiments, the group of RCC biomark-
ers or subgroup thereof in any combination can be detected at
the level of gene expression, for example gene transcript level
such as mRNA expression. In alternative embodiments, the
group of RCC biomarkers or subgroup thereof in any combi-
nation can be detected at the level of protein expression.

[0072] The inventors provide detailed guidance on the
increase and/or decrease of the gene expression and/or pro-
tein expression of the group of RCC biomarkers for the diag-
nosis and/or prognosis of RCC in a subject.

[0073] One aspect of the present invention, the group of
RCC biomarkers useful in the diagnosis and/or prognosis of
RCCina subjectis set forthin Table 1. Forexample, the group
of RCC biomarkers useful in the methods and compositions
as disclosed herein comprise CA12; CA9; EGLN3; HIG2;
TGFB3; NMU; PMP22; PNMA2; TNFRSF7; FABP6; CD70
(CD27L)and NPY 1. In particular embodiments. the group of
RCC biomarkers is selected from the group consisting of
CA9; EGLN3; HIG2; PNMA2; TNFRSF7; CD70 (CD27L)
and FABPG.

[0074] The inventors have further discovered that taking
groups of genes from the group of RCC biomarkers, such as
subgroup of RCC biomarkers from the group of biomarkers
provides a much greater diagnostic and/or prognostic capa-
bility that chance alone. Preferably, a subgroup of RCC biom-
arkers comprises at least two orat least three RCC biomarkers
from the group of RCC biomarkers set forth in Table 1. In
some embodiments, a subgroup of RCC biomarkers com-
prises at least 4, at least 5, atleast 6, at least 7, at least 8, at least
9,atleast 10, oratleast 11 RCC biomarkers from the group of
RCC biomarkers set forth in Table 1.

[0075] TItisnoted that one can use any combination of RCC
biomarkers set forth in Table 1 for a subgroup of RCC biom-
arkers useful in the methods as disclosed herein. In embodi-
ments, one can enhance the accuracy of diagnosis by adding
additional genes to the group of RCC biomarkers listed in
Table 1 or a subgroup thereof in any combination. In such
embodiments, the additional genes can be any gene, for
example other cancer biomarker genes, and in particular any
other RCC biomarker gene that is not listed in Table 1.
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TABLE 1
Group of RCC Biomarkets.
Accession Gene Affymetrix
SEQIDNO number Gene Title Symbol probe set
SEQIDNO: 1 NM_001218, carbonic anhydrase XII ~ CAI2 210735_s_atand
NM_017689, 203963_at
AF051882
SEQIDNO: 2 NM__001216, carbonic anhydrase IX CA9, MN 205199_at
X66839
SEQIDNO: 3 NM_022073, egl nine homolog 3 EGLN3, 219232_s_at
NM__033344; (C. elegans) PHD3
AJ310545
SEQIDNO: 4 NM_013332 hypoxia-inducible HIG2 218507_at
protein 2
SEQIDNO: 5 NM__003239 transforming growth TGFB3 209747_at
factor, beta 3
SEQIDNO: 6 NM_ 006681, neuromedin U NMU 206023_at
X76029
SEQID NO: 7 NM__000304, peripheral myelin PMP22, HNPP, 210139_s_at
D11428 protein 22 GAS-3, Sp110
SEQID NO: 8 NM_007257, paraneoplastic antigen PNMA2, MA2, 209598__at and
XM_376764 MA2 RGAG2; 209597_s_at
KIAAD883, MM2,
SEQID NO: 9 M63928; tumor necrosis factor TNFRSF7; 206150_at
NM_001033126, receptor superfamily, 8152, Tp55,
XM_ 284241 member 7 CD27
SEQIDNO: 10 U19869, fatty acid binding FABP6, ILBP; 210445_at
NM__001040442, protein 6, ileal 1-15P; I-BAP;
NM__001445; (gastrotropin) ILBP3; ILLBP;
I-BABP; -BALB
SEQIDNO: 11 NM_000909 neuropeptide Y receptor  NPY1R, NPYR 205440_s_ at
Y1
SEQIDNO: 12 NM_001252; CD70 (CD27L) TNEFSF7, CD70,

L08096
CD27L

CD27L, CD27LG,

[0076] In some embodiments, one RCC biomarker useful
in the compositions and methods as disclosed herein is Car-
bonic anhydrase 9 (CA9), which is a transmembrane protein
contributing to the acidification of the extracellular environ-
ment, and is known to be a direct target of HIF. In some
embodiments, a higher expression of CA9 as compared to a
reference level may identify a subject with RCC responsive to
1L-2 treatment.

[0077] In some embodiments, one of the RCC biomarker
useful in the compositions and methods as disclosed herein is
Carbonic anhydrase 12 (CA12), which is a similar biomarker
to CA9. In some embodiments, a higher expression of CA12
of at least about 2-fold, or at least about 3-fold, or at least
about 5-fold or at least about 7-fold or at least about 10-fold,
or at least about 11-fold or greater than about 11-fold as
compared to a reference level may identify a subject with a
risk of having or developing RCC.

[0078] In some embodiments, one of the RCC biomarker
useful in the compositions and methods as disclosed herein is
Hypoxia inducible gene 2 (HIG2), which is a transcriptional
target of HIF and beta catenin, and in some embodiments,
over expression contributes to cellular transformation and
growth of RCC cell lines in vitro. HIG2 protein typically
localizes to the cell cytoplasm and the inventors have discov-
ered HIG2 presence in tissue culture supernatant/plasma of
RCC patients. In some embodiments, a higher expression of
HIG?2 of at least about 3-fold, or at least about 5-fold, or at
least about 10-fold or at least about 15-fold or at least about
20-fold, or at least about 25-fold or greater than about 25-fold

as compared to a reference level may identify a subject with
a risk of having or developing RCC.

[0079] In some embodiments, one of the RCC biomarker
useful in the compositions and methods as disclosed herein is
Fatty acid binding protein 6 (FABP6), which is a direct target
of HIF, and is expressed in the ileus only. FABPG is actively
secreted in the tissue culture supernatant. In some embodi-
ments, a higher expression of FABP6 of at least about 1.5-
fold, or at least about 2-fold, or at least about 3-fold or at least
about 5-fold or at least about 7-fold, or at least about 10-fold
or greater than about 10-fold as compared to a reference level
may identify a subject with a risk of having or developing
RCC.

[0080] In some embodiments, one of the RCC biomarker
useful in the compositions and methods as disclosed herein is
Peripheral myelin protein 22 (PMP22), which is known to be
involved in Charco-Marie-Tooth peripheral demyelinating
diseases, and expressed in adult peripheral and central ner-
vous system. PMP22 is also a HIF target. PMP22 has multiple
isoforms, therefore in some embodiments, a RCC biomarker
useful in the compositions and methods as disclosed herein is
ahomologue orisoforms of PMP22. In some embodiments, a
higher expression of PMP22 of at least about 1.5-fold, or at
least about 2-fold, or at least about 3-fold or at least about
5-fold or at least about 7-fold, or at least about 8-fold or
greater than about 8-fold as compared to a reference level may
identify a subject with a risk of having or developing RCC.

[0081] In some embodiments, one of the RCC biomarker
useful in the compositions and methods as disclosed herein is
Paraneoplastic antigen 2 (PNMA2), which is a transmem-
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brane protein involved in paraneoplastic limbic encephalopa-
thy. In some embodiments, a higher expression of PNMA?2 of
atleastabout 1.5-fold, or at least about 2-fold, or at least about
3-fold or at least about 5-fold or at least about 10-fold, or at
least about 12-fold or greater than about 12-fold as compared
to a reference level may identify a subject with a risk of
having or developing RCC.

[0082] In some embodiments, one of the RCC biomarker
useful in the compositions and methods as disclosed herein is
EGLN3. In some embodiments, a higher expression of
PNMA? of at least about 1.5-fold, or at least about 2-fold, or
at least about 5-fold or at least about 10-fold or at least about
15-fold, or at least about 20-fold or greater than about 20-fold
as compared to a reference level may identify a subject with
a risk of having or developing RCC.

[0083] In some embodiments, one of the RCC biomarker
useful in the compositions and methods as disclosed herein is
Tumor necrosis factor (ligand) superfamily 7 (TNFSE7),
which is a plasma circulating ligand with restricted adult
tissue expression.

[0084] In one embodiment, the present invention provides
gene groups the expression profile of which can be used in
methods to diagnose renal cell carcinoma (RCC), such as
clear cell RCC in more than 60%, preferably more than 65%
still more preferably at least about 70% still more preferably
about 75%, or still more preferably at about 80%-95% accu-
racy from a biological sample taken from the subject, for
example a subject at risk of RCC.

[0085] Accordingly, the methods and compositions as dis-
closed herein provide gene groups that can be used in diag-
nosis and prognosis of RCC. Particularity, in one embodi-
ment the present invention provides groups of genes the
expression profile of which provides a diagnostic and/or
prognostic test to determine RCC in a subject. For example. in
one embodiment, the present invention provides groups of
genes the expression profiles of which can distinguish sub-
jects with RCC from subjects without RCC.

[0086] In one embodiment, the present invention provides
early asymptomatic screening system for RCC by using
analysis of the disclosed gene expression profiles. Such
screening can be performed, for example in similar groups as
colonoscopy for screening of colon cancer. Because early
detection in RCC is crucial for efficient treatment, the gene
expression analysis system of the present invention provides
vastly improved methods to detect RCC that cannot yet be
discovered by any other means currently available

[0087] When one uses the group of RCC biomarkers or a
subgroup of RCC biomarkers as disclosed herein, the expres-
sion of the group and/or a subgroup of RCC biomarkers in a
biological sample from the subject are compared to the
expression of the group and/or a subgroup of RCC biomark-
ers to a reference level, for example a reference biological
sample. In some embodiments, the reference level can be
from a reference biological sample or a group of reference
samples, for example such tissues can be normal tissue from
the subject, or a biological sample from a subject that is not
having with cancer, for example not having RCC.

[0088] As used herein the term “reference level” refers to
the level of a RCC biomarker in at least one reference bio-
logical sample, or a group of biological samples from at least
one normal subject or a group of normal subjects or, or sub-
jects not with cancer, for example subjects not having or at
risk of developing RCC. A reference level is normalized to
0%. An increase in the level of a RCC biomarker as compared
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with a reference level of the same RCC biomarker is at least
1% to 100% of the reference RCC biomarker level, including
all percentages between 1% and 100%, i.e. at least 1%, 2%,
3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 60%, 70%, 80%, 90%, 95%, 100%, or at least about
1.5-fold, or at least about 2-fold, at least about 3-fold, at least
about 5-fold, at least about 10-fold, at least about 20-fold, or
above about 20-fold increased as compared to the reference
RCC biomarker level.

[0089] For example, the reference level for RCC biomark-
ers, such as CA12; CA9; EGLN3; HIG2; TGFB3; NMU;
PMP22; PNMA2; TNFRSF7; FABP6; CD70 (CD27L) and
NPY]1, and in particular CA9; EGLN3; HIG2; PNMAZ2;
TNFRSF7 and FABP6 are normalized to 0%. Higher levels of
at least 3 RCC biomarkers selected from the group of CA12,;
CA9; EGLN3; HIG2; TGFB3; NMU; PMP22; PNMA2;
TNFRSF7; FABP6; CD70 (CD27L) or NPY1 in the biologi-
cal sample from the subject as determined by the methods as
disclosed herein, for example a higher level by at least 1% to
100% as compared to the reference level, i.e. at least at least
1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 60%, 70%, 80%, 90%, 95%, 100%, or at
least about 1.5-fold, or at least about 2-fold, at least about
3-fold, at least about 5-fold, at least about 10-fold, at least
about 20-fold, or higher level in the biological sample from
the subject as compared to the reference level of CA12; CA9;
EGLN3; HIG2; TGFB3; NMU; PMP22; PNMA?2;
TNFRSF7; FABP6; CD70 (CD27L) or NPY1 identifies a
subject at risk of developing, or having RCC.

[0090] Tt should be noted, that the percentage increase for
each RCC biomarker assessed of a group of RCC biomarkers
assessed can be different, and the present invention encom-
passes identification of a subject at risk of developing, or
having RCC if the level of each RCC biomarker tested in the
biological sample increases by at least 1% as compared to the
reference level for the same RCC biomarker.

[0091] As an exemplary example only, from a group of
biomarkers tested in a biological sample from a subject, one
RCC biomarker can be increased by 5%, a second RCC
biomarker can be increased by 14% and a third RCC biom-
arker assessed can be increased by 1% as compared to the
reference levels for each of the three RCC biomarker
assessed, identifying a subject with increased risk of devel-
oping or having RCC.

[0092] Insomeembodiments, reference levels useful in the
methods as disclosed herein can be biological samples
obtained from a subject or a group of subjects who does not
have cancer, in particular from a subject who does not have
RCC or does not have a likelihood of developing RCC. In
some embodiments, reference levels can be obtained from
biological samples from the same subject, for example the
reference level can be the level in a biological sample
obtained from the subject at one time point, for example an
earlier (i.e. first) time point, which us useful as a reference
level for comparison with a biological sample from the same
subject obtained at a later (i.e. second) time point. Such
embodiments are useful for prognosis, for example monitor-
ing RCC disease progression in a subject over a defined time
period, for example from the time when the reference level
(i.e. first biological sample) was obtained to the time when the
second biological sample was obtained from the same sub-
ject. Such embodiments are useful to monitor disease pro-
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gression of RCC in a subject, and in particular to monitor the
disease progression of RCC in response to a therapy or anti-
cancer therapy.

[0093] Insomeembodiments, reference levels useful in the
methods as disclosed herein are obtained from a population
group, which refers to a group of individuals or subjects
sharing a common ethno-geographic origin. Reference levels
can be reference levels from populations such as groups of
subjects or individuals who are predicted to have representa-
tive levels of expression of the gene transcripts and/or pro-
teins encoded by the RCC biomarkers listed in Table 1 found
in the general population. Preferably, the reference level is
from a population with representative levels of expression of
the gene transcripts and/or proteins encoded by the RCC
biomarkers listed in Table 1 in the population at a certainty
level of at least 85%, preferably at least 90%, more preferably
at least 95% and even more preferably at least 99%.

[0094] In another embodiment, the present invention pro-
vides a group of genes that can be used as predictors of RCC
in a subject. These genes were identified using probabilities
with at-test analysis and show differential gene expression in
subjects with RCC. A group of genes comprising between 1
and 11, and all combinations in between, for example, 2,3, 4,
5,6,7,8,9,10, 11 and 12 gene transcripts selected from the
group consisting of genes selected from Table 1, and identi-
fied by the following GenBank Sequence Identification num-
bers (the identification numbers for each gene are separated
by a*“;” while alternative GenBank Sequence ID numbers are
separated by  “///”):  NM_001218///NM_017689///
AF051882 (SEQ ID NO:1); NM_001216///X66839 (SEQ
ID NO:2); NM_022073///NM__033344///AJ310545 (SEQ
ID NO:3); NM_013332 (SEQ ID NO:4); NM_003239
(SEQ ID NO:5); NM_006681//X76029 (SEQ ID NO:6),
NM__000304///D11428 (SEQ ID NO:7); NM_ 007257//f
XM 376764 (SEQ ID NO:=8); M63928//NM__
001033126///XM__284241 (SEQ ID NO:9); U19869///NM_
001040442///NM__001445 (SEQ ID NO:10); NM__000909
(SEQ ID NO:11) and NM__001252///1.08096 (SEQ ID
NO:12) the expression profile of which can be used to diag-
nose RCC, for example clear cell RCC in a biological sample
from a subject, when the expression pattern is compared to
the expression pattern of the same group of genes in a control
biological sample who does not have, or is not at risk of
developing cancer, for example RCC.

[0095] Inanother embodiment, the gene/transcript analysis
comprises a subgroup (subgroup) of about3105,5t07, 7to
9 or 9 to 12, or any integer in between, of any of the RCC
biomarkers as shown in Table 1 or homologues thereof. In
some embodiments, the subgroup of RCC biomarkers useful
in the diagnostic and prognostic methods and compositions
for RCC in a subject cam be combined with other biomarker
genes, for example but not limited to other biomarker genes
for cancer. In some embodiments, the group of RCC biomar-
kers or subgroup thereof in any combination can be combined
with any number of other genes, for example other biomarker
genes such as cancer biomarkers comprising a group of about
1, about 5, about 1-5, about 5-10, about 10-15, about 15-20,
about 20-25, about 25-30 about 35-40 about 40-45 about
45-50 can be used to diagnose RCC, for example clear cell
RCC in a biological sample from a subject, when the expres-
sion pattern is compared to the expression pattern of the same
group of genes in a control biological sample who does not
have, or is not at risk of developing cancer, for example RCC.
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[0096] Inoneembodiment, the present inventionprovides a
group of RCC biomarkers of which are increased in a subject
having RCC, for example a subject with increased likelihood
of developing RCC or a subject with RCC. In one embodi-
ment, the group consists of at least 2 or at least 3 of RCC
biomarker genes selected from the group consisting of:
NM__001218///NM__017689///AF051882 (SEQ ID NO:1);
NM_001216//X66839 (SEQ ID NO:2); NM_ 022073///
NM_033344///AJ310545 (SEQ 1D NO:3); NM_ 013332
(SEQ ID NO:4); NM_003239 (SEQ ID NO:5);
NM_006681//X76029 (SEQ 1D NO:6); NM_000304///
D11428 (SEQIDNO:7); NM__007257///XM__376764 (SEQ
IDNO:8); M63928///NM__001033126///XM__ 284241 (SEQ
ID NO:9); U19869///NM__001040442///NM__001445 (SEQ
ID NO:10); NM_000909 (SEQ ID NO:11) and
NM__001252///L08096 (SEQ ID NO:12), or homologues or
functional variants or fragments thereof.

[0097] In another embodiment, the present invention pro-
vides a methods for diagnosing whether a subject has RCC or
if a subject has increased likelihood of developing RCC, the
methods comprising obtaining nucleic acid from a biological
sample from the subject and measuring the gene transcript
levels of atleast 2 or at least 3 RCC biomarkers selected from
the group of RCC biomarkers listed in Table 1, and comparing
the level of gene transcript of the same group of RCC biom-
arkers in a reference biological sample, wherein the differ-
ence in level of expression in the group of RCC biomarkers
analyzed is indicative ofthe subject having an different risk of
having or developing RCC as compared to the subject from
which the reference biological sample was obtained. More
specifically, an increased level of a group of at least 2 or at
least 3 RCC biomarkers or more, preferably all of the RCC
biomarkers listed in Table 1, in the biological sample from the
subject as compared to the reference biological sample iden-
tifies the subject having, or having an increased risk of devel-
oping RCC. Alternatively, a decreased level of a group of at
least 2 or atleast 3 RCC biomarkers or more, preferably all of
the RCC biomarkers listed in Table 1, in the biological sample
from the subject as compared to the reference biological
sample identifies the subject at decreased likelihood of hav-
ing, or decreased likelihood of developing RCC as compared
the subject from which the reference sample was obtained.

[0098] When the subject is identified to be at risk of devel-
oping RCCusing the methods as disclosed herein, the subject
may develop RCC in the near future or anytime in the future.
Accordingly, such subjects can be selected for frequent fol-
low up measurements ofthe levels ofthe gene transcripts ofat
least 2 or at least 3 RCC biomarkers as listed in Table 1 to
allow early treatment of RCC. Alternatively, the present
invention provides methods to diagnose subjects who are ata
lesser risk of developing RCC by analyzing the gene tran-
script levels of at least 2 or at least 3 RCC biomarkers as listed
in Table 1, to identify subjects not having or not at risk of
RCC, which can be selected to not undergo as frequent follow
up measurements of the levels of the gene transcripts of at
least 2 or at least 3 RCC biomarkers as listed in Table 1, or
other alternative invasive RCC diagnostic methods, as sub-
jects identified with or at risk of developing RCC.

[0099] Insome embodiments, the methods to measure the
expression level of a group of RCC biomarkers or subgroups
thereof as disclosed herein can measure the level of gene
transcripts, such as mRNA expression. Methods to measure
gene transcript levels are commonly known by persons of
ordinary skill in the art, and are encompassed for use in the
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present invention, for example use nucleic acid hybridization
methods. In some embodiments, methods to measure gene
transcript levels, for example mRNA can use nucleic acid
probes capable of hybridizing to the subject’s gene/transcript
sequences of the RCC biomarkers as disclosed herein. In
some embodiments, methods to measure gene transcript
expression can be nucleic acid probes that are immobilized on
asurface, such as a nucleic acid binding chip to allow analysis
diagnosis and prognosis by hybridizing to the subject’s gene/
transcript sequences of the RCC biomarkers as disclosed
herein.

[0100] Inalternative embodiments, the methods to measure
the expression level of a group of RCC biomarkers or sub-
groups thereof as disclosed herein can measure the level of
protein expression encoded by the RCC biomarker genes as
disclosed herein. In some embodiments, protein-binding
molecules with affinity for at least one of the proteins selected
from the group of: CA12 (SEQ ID NO: 32); CA9 (SEQ ID
NO:33); EGLN3 (SEQID NO: 34); HIG2 (SEQ ID NO: 35),
TGFB3 (SEQ ID NO: 36); NMU (SEQ ID NO: 37); PMP22
(SEQ ID NO: 38); PNMA2 (SEQ ID NO: 39); TNFRSF7
(SEQIDNO: 40); FABP6 (SEQ ID NO: 41); CD70 (CD27L)
(SEQ ID NO: 42); NPY1 (SEQ ID NO: 43) or fragments or
functional variants thereof are useful in the methods of the
present invention. Methods to measure protein expression
level are commonly known by persons of ordinary skill in the
art, and are encompassed for use in the present invention, for
example use of antibodies targeting the proteins encoded by
the RCC biomarker genes. In some embodiments, methods to
measure protein expression can use protein-binding mol-
ecules, for example antibodies or protein-binding agents that
are immobilized on a surface, such as a protein chip to allow
analysis diagnosis and prognosis by binding to the subjects
the expressed proteins encoded by the RCC biomarkers as
disclosed herein. In some embodiments, where the level of
expression measured is the level of protein expression mea-
sured, protein expression can be measured using an antibody,
human antibody, humanized antibody, recombinant antibod-
ies, monoclonal antibodies, chimeric antibodies, alternative
binding proteins, aptamer, peptide or analogues, or conju-
gates or fragments thereof. In some embodiments, protein
expression can be measured by ELISA, by Multiplex
Immuno-Assay methods and kits.

[0101] Inanother embodiment, the methods to measure the
expression level of a group of RCC biomarkers or subgroups
thereof as disclosed herein are performed by analyzing the
level of proteins encoded by a group of RCC biomarkers or a
subgroup thereof in any combination listed in Table 1 in a
biological sample obtained from the subject.

[0102] Insome embodiments, the biological sample is, for
example but not limited to, urine, whole blood, plasma,
serum, saliva, cell culture and tissue biopsies, scrapes (e.g.
buccal scrapes) obtained from a subject.

[0103] In an alternative embodiment, methods to measure
the expression level of a group of RCC biomarkers or sub-
groups thereof as disclosed herein can be performed using
DNA by analyzing the gene expression regulatory regions of
the group of RCC biomarkers or subgroups thereof as dis-
closed herein using nucleic acid polymorphisms, such as
single nucleic acid polymorphisms (SNPs), where polymor-
phisms are known to be associated with increased and/or
decreased expression are used to indicate increased or
decreased expression of he gene transcript in the subject. For
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example, methylation patterns of the regulatory regions of the
group of RCC biomarkers can be analyzed.

[0104] In some embodiments, the compositions comprise
sets of probes that detect gene products encoded by the RCC
biomarkers as disclosed herein, for example set of protein-
binding agents having affinity and binding to proteins
encoded by the RCC biomarkers and/or sets of nucleic acid
probes that hybridize to gene transcripts encoded by the RCC
biomarkers.

[0105] Insome embodiments, a probe set can specifically
bind and/or hybridize to at least one or all of the 12 gene
products of RCC biomarkers as disclosed herein. In some
embodiments, the probe set are capable or binding to and/or
hybridizing to proteins, polypeptides or fragments thereof of
RCC biomarkers as disclosed herein, such as CA12 (SEQ ID
NO: 32); CA9 (SEQ ID NO: 33); EGLN3 (SEQ ID NO: 34);
HIG2 (SEQ ID NO: 35); TGFB3 (SEQ ID NO: 36); NMU
(SEQ ID NO: 37); PMP22 (SEQ ID NO: 38); PNMA2 (SEQ
ID NO: 39); TNFRSE7 (SEQ ID NO: 40); FABP6 (SEQ ID
NO: 41); CD70 (CD27L) (SEQ ID NO: 42); NPY1 (SEQ ID
NO: 43) or fragments, or functional variants or homologues
thereof. In particular embodiments, probe sets are capable or
binding to and/or hybridizing to proteins, polypeptides or
fragments of CA9; EGLN3; HIG2; PNMA2; TNFRSF7;
CD70 (CD27L) and FABP6 or variants or homologues
thereof. In alternative embodiments, the probe sets are
capable of specifically binding and/or hybridizing to at least
one or all of the 12 gene products of RCC biomarkers, such as
mRNA gene transcripts for CA12; CA9; EGLN3; HIG2;
TGFB3; NMU; PMP22; PNMA2; TNFRSF7; FABP6; CD70
(CD27L) and NPY1 or variants or homologues thereof. In
particular embodiments, probe sets are capable or binding to
the mRNA or gene transcripts of CA9; EGLN3; HIG2;
PNMAZ2; TNFRSF7; CD70 (CD27L) and FABPG6 or variants
or homologues thereof.

[0106] In another embodiment, the present invention pro-
vides methods and compositions for minimally invasive
sample procurement methods for diagnosis and/or prognosis
of RCC in a subject, by analyzing the group of RCC biomar-
kers or a subgroup thereof in any combination as disclosed
herein by array-based gene expression profiling or measure-
ment of the levels of protein encoded by the RCC biomarkers
or subgroups thereof in biological sample from the subject.
These methods can be used to diagnosis subjects who are
already affected with RCC, such as clear cell RCC, or are at
high risk of developing RCC. The methods as disclosed
herein, in particular the methods described in the Examples
for selecting differentially expressed genes for use as RCC
biomarkers, on the basis of (i) increase expression in RCC
samples without VHL as compared to RCC samples with
VHL, and (ii) restricted tissue expression, can also be used to
identify further patterns of gene expression and/or protein
expression that are diagnostic of RCC, for example diagnos-
tic for clear cell RCC, and to identify a subject at risk of
developing RCC.

[0107] The invention further provides a group of RCC
biomarkers on a microarray consisting of two or three or more
of the RCC biomarkers as listed in Table 1, specifically
indented for the diagnosis and/or prediction of RCC in a
subject, or determining susceptibility of a subject to develop-
ing RCC.

[0108] Insome embodiments, the present invention relates
to a methods of diagnosing a RCC in a subject comprising
obtaining a biological sample from a subject and obtaining
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the nucleic acid or protein from the sample to be diagnosed,
and determining the expression of a group of identified genes
such as the RCC biomarkers as disclosed herein in the bio-
logical sample, wherein a change in the expression of such
RCC biomarkers in the biological sample from the subject as
compared to the expression pattern of the same RCC biom-
arkers in a reference biological sample, such as that from a
normal subject or health individual with a similar biometric
profile (such as age, gender, ethnicity, lifestyle, weight etc) is
indicative of a subject having a different likelihood of having
ordeveloping RCC as compared to the subject from which the
reference sample was obtained. For example, an increase in
the protein and/or gene transcript expression of at least 2 or at
least 3 RCC biomarkers in the biological sample from the
subject as compared to the protein and/or gene transcript
expression of the same RCC biomarkers in the reference
sample is indicative of the subject with a likelihood of having
RCC or developing RCC as compared to the subject from
which the reference sample was obtained.

[0109]  Another aspect of the present invention relates to the
use of the RCC biomarkers as disclosed herein for diagnostic
and prognostic purposes to identify a subject at risk of, or
having RCC. In another embodiment, the RCC biomarkers as
disclosed herein can be used to monitor disease progression
in a subject who has RCC. In another embodiment, the RCC
biomarkers can be used to monitor therapeutic efficacy of an
anti-cancer therapy in a subject with RCC. In another
embodiment, the RCC biomarkers as disclosed herein can be
used to assess effectiveness of drugs in human clinical trials
for the treatment of RCC.

Determining Expression Level by Measuring mRNA

[0110] In an alternative embodiment, methods to measure
the expression level of a group of RCC biomarkers or sub-
groups thereof as disclosed herein can be performed using
DNA by analyzing the gene expression regulatory regions of
the group of RCC biomarkers or subgroups thereof as dis-
closed herein using nucleic acid polymorphisms, such as
single nucleic acid polymorphisms (SNPs), where polymor-
phisms are known to be associated with increased and/or
decreased expression are used to indicate increased or
decreased expression of he gene transcript in the subject. For
example, methylation patterns of the regulatory regions of the
group of RCC biomarkers can be analyzed.

[0111] Insomeembodiments, where the level of expression
measured is the level of gene transcript expression measured,
protein expression gene franscript expression can be mea-
sured at the level of messenger RNA (mRNA). In some
embodiments, detection uses nucleic acid or nucleic acid
analogues, for example, but not limited to, nucleic acid analo-
gous comprise DNA, RNA, PNA, pseudo-complementary
DNA (pecDNA), locked nucleic acid and variants and homo-
logues thereof. In some embodiments, gene transcript expres-
sion can be assessed by reverse-transcription polymerase-
chain reaction (RT-PCR) or quantitative RT-PCR by methods
commonly known by persons of ordinary skill in the art.
[0112] Nucleic acid and ribonucleic acid (RNA) molecules
can be isolated from a particular biological sample using any
of a number of procedures, which are well-known in the art,
the particular isolation procedure chosen being appropriate
for the particular biological sample. For example, freeze-
thaw and alkaline lysis procedures can be useful for obtaining
nucleic acid molecules from solid materials; heat and alkaline
lysis procedures can be useful for obtaining nucleic acid
molecules from urine; and proteinase K extraction can be
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used to obtain nucleic acid from blood (Roiff, A et al. PCR:
Clinical Diagnostics and Research, Springer (1994)).

[0113] Ingeneral, the PCR procedure describes amethod of
gene amplification which is comprised of (i) sequence-spe-
cific hybridization of primers to specific genes within a
nucleic acid sample or library, (i1) subsequent amplification
involving multiple rounds of annealing, elongation, and dena-
turation usinga DNA polymerase, and (1ii) screening the PCR
products for a band of the correct size. The primers used are
oligonucleotides of sufficient length and appropriate
sequence to provide initiation of polymerization, i.e. each
primer is specifically designed to be complementary to each
strand of the genomic locus to be amplified.

[0114] In an alternative embodiment, RCC biomarker lev-
els can be determined by reverse-transcription (RT) PCR and
by quantitative RT-PCR (QRT-PCR) or real-time PCR meth-
ods. Methods of RT-PCR and QRT-PCR are well known in the
art, and are described in more detail below.

[0115] Real time PCR is an amplification technique that
can be used to determine levels of mRNA expression. (See,
e.g., Gibson et al., Genome Research 6:995-1001, 1996; Heid
et al., Genome Research 6:986-994, 1996). Real-time PCR
evaluates the level of PCR product accumulation during
amplification. This technique permits quantitative evaluation
of mRNA levels in multiple samples. For mRNA levels,
mRNA is extracted from a biological sample, e.g. atumorand
normal tissue, and cDNA is prepared using standard tech-
niques. Real-time PCR can be performed, for example, using
aPerkin Elmer/Applied Biosystems (Foster City, Calif.) 7700
Prism instrument. Matching primers and fluorescent probes
can be designed for genes of interest using, for example, the
primer express program provided by Perkin Elmer/Applied
Biosystems (Foster City, Calif.). Optimal concentrations of
primers and probes can be initially determined by those of
ordinary skill in the art, and control (for example, beta-actin)
primers and probes can be obtained commercially from, for
example, Perkin Elmer/Applied Biosystems (Foster City,
Calif.). To quantitate the amount of the specific nucleic acid
of interest in a sample, a standard curve is generated using a
control. Standard curves can be generated using the Ct values
determined in the real-time PCR, which are related to the
initial concentration of the nucleic acid of interest used in the
assay. Standard dilutions ranging from 10-10° copies of the
gene of interest are generally sufficient. In addition, a stan-
dard curve is generated for the control sequence. This permits
standardization ofinitial content of the nucleic acid of interest
in a tissue sample to the amount of control for comparison
purposes.

[0116] Methods of real-time quantitative PCR using Tag-
Man probes are well known in the art. Detailed protocols for
real-time quantitative PCR are provided, for example, for
RNA in: Gibson et al., 1996, A novel method for real time
quantitative RT-PCR. Genome Res., 10:995-1001; and for
DNA in: Heid et al., 1996, Real time quantitative PCR.
Genome Res., 10:986-994.

[0117] The TagMan based assays use a fluorogenic oligo-
nucleotide probe that contains a 5' fluorescent dye and a 3'
quenching agent. The probe hybridizes to a PCR product, but
cannot itself be extended due to a blocking agent at the 3' end.
When the PCR product is amplified in subsequent cycles, the
5" nuclease activity of the polymerase, for example, Ampli-
Tagq, results in the cleavage of the TagMan probe. This cleav-
age separates the 5' fluorescent dye and the 3' quenching
agent, thereby resulting in an increase in fluorescence as a
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function of amplification (see, for example, at the world-wide
web site: “perkin-elmer-dot-com”).

[0118] In another embodiment, detection of RNA tran-
scripts can be achieved by Northern blotting, wherein a prepa-
ration of RNA is run on a denaturing agarose gel, and trans-
ferred to a suitable support, such as activated cellulose,
nitrocellulose or glass or nylon membranes. Labeled (e.g.,
radiolabeled) cDNA or RNA is then hybridized to the prepa-
ration, washed and analyzed by methods such as autoradiog-
raphy.

[0119] Detection of RNA transcripts can further be accom-
plished using known amplification methods. For example, it
is within the scope of the present invention to reverse tran-
scribe mRNA into cDNA followed by polymerase chain reac-
tion (RT-PCR): or, to use a single enzyme for both steps as
described in U.S. Pat. No. 5,322,770, or reverse transcribe
mRNA into ¢cDNA followed by symmetric gap lipase chain
reaction (RT-AGLCR) as described by R. L. Marshall, et al.,
PCR Methods and Applications 4: 80-84 (1994). One suitable
method for detecting enzyme mRNA transcripts is described
in reference Pabic et. al. Hepatology, 37 (5): 1056-1066,
2003, which is herein incorporated by reference in its entirety.
[0120] Other known amplification methods which can be
utilized herein include but are not limited to the so-called
“NASBA” or “3SR” technique described in PNAS USA 87:
1874-1878 (1990) and also described in Nature 350 (No.
6313): 91-92 (1991); Q-beta amplification as described in
published European Patent Application (EPA) No. 454-4610;
strand displacement amplification (as described in G. T.
Walker et al., Clin. Chem. 42: 9-13 (1996) and European
Patent Application No. 684315; and target mediated amplifi-
cation, as described by PCT Publication WO 9322461.
[0121] In situ hybridization visualization can also be
employed, wherein a radioactively labeled antisense RNA
probe is hybridized with a thin section of a biopsy sample,
washed, cleaved with RNase and exposed to a sensitive emul-
sion for autoradiography. The samples can be stained with
haematoxylin to demonstrate the histological composition of
the sample, and dark field imaging with a suitable light filter
shows the developed emulsion. Non-radioactive labels such
as digoxigenin can also be used.

[0122] Alternatively, mRNA expression can be detected on
a DNA array, chip or a microarray. In such an embodiment,
probes can be affixed to surfaces for use as “gene chips.” Such
gene chips can be used to detect genetic variations by a
number of techniques known to one of skill in the art. In one
technique, oligonucleotides are arrayed on a gene chip for
determining the DNA sequence of a by the sequencing by
hybridization approach, such as that outlined in U.S. Pat. Nos.
6,025,136 and 6,018,041. The probes of the present invention
also can be used for fluorescent detection of a genetic
sequence. Such techniques have been described, for example,
in U.S. Pat. Nos. 5,968,740 and 5,858,659. A probe also can
be affixed to an electrode surface for the electrochemical
detection of nucleic acid sequences such as described by
Kayyemetal. U.S. Pat. No. 5,952,172 and by Kelley, S. O. et
al. (1999) Nucleic Acids Res. 27:4830-4837

[0123] Oligonucleotides corresponding to RCC biomarker
are immobilized on a chip which is then hybridized with
labeled nucleic acids of a test sample obtained from a patient.
Positive hybridization signal is obtained with the sample con-
taining RCC biomarker mRNA transcripts. Methods of pre-
paring DNA arrays and their use are well known in the art.
(See, for example U.S. Pat. Nos. 6,618,6796; 6,379,897,
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6,664,377; 6,451,536; 548,257; U.S. 20030157485 and
Schena et al. 1995 Science 20:467-470; Gerhold et al. 1999
Trends in Biochem. Sci. 24, 168-173; and Lennon et al. 2000
Drug discovery Today 5: 59-65, which are herein incorpo-
rated by reference in their entirety). Serial Analysis of Gene
Expression (SAGE) can also be performed (See for example
U.S. Patent Application 20030215858).

[0124] To monitor mRNA levels, for example, mRNA is
extracted from the tissue sample to be tested, reverse tran-
scribed, and fluorescent-labeled cDNA probes are generated.
The microarrays capable of hybridizing to RCC biomarker
cDNA are then probed with the labeled cDNA probes, the
slides scanned and fluorescence intensity measured. This
intensity correlates with the hybridization intensity and
expression levels.

[0125] Methods of “quantitative” amplification are well
known to those of skill in the art. For example, quantitative
PCR involves simultaneously co-amplifying a known quan-
tity of a control sequence using the same primers. This pro-
vides an internal standard that can be used to calibrate the
PCR reaction. Detailed protocols for quantitative PCR are
provided, for example, in Innis et al. (1990) PCR Protocols, A
Guide to Methods and Applications, Academic Press, Inc.
NY.

Determining Expression Level by Measuring Protein

[0126] In one embodiment, the levels of RCC biomarker
can be determined by measuring the protein expression of the
RCC biomarkers as disclosed herein. In some embodiments,
protein expression can be measured by contacting a biologi-
cal sample with an antibody-based binding moiety or protein-
binding molecule that specifically binds to the protein of a
RCC biomarker selected from the group of CA12 (SEQ ID
NO: 32); CA9 (SEQ ID NO: 33); EGLN3 (SEQ ID NO: 34);
HIG2 (SEQ ID NO: 35); TGFB3 (SEQ ID NO: 36); NMU
(SEQ ID NO: 37); PMP22 (SEQ ID NO: 38); PNMA2 (SEQ
ID NO: 39); TNFRSF7 (SEQ ID NO: 40); FABP6 (SEQ ID
NO: 41); CD70 (CD27L) (SEQ ID NO: 42); NPY1 (SEQ ID
NO: 43) or a fragment or variant thereof. Formation of the
antibody-RCC biomarker protein complex is then detected by
a variety of methods known in the art.

[0127] In one embodiment, methods to detect the RCC
proteins and fragments and functional variants thereof as
disclosed herein include ELISA (enzyme linked immunosor-
bent assay), western blot, immunoprecipitation, immunof-
luorescence using detection reagents such as an antibody or
protein binding molecules or protein-binding agents. Alter-
natively, a RCC protein biomarker can be detected in a subject
by introducing into a subject a labeled anti-RCC biomarker
antibody and other types of detection agent. For example, the
antibody can be labeled with a radioactive marker whose
presence and location in the subject is detected by standard
imaging techniques, particularly useful are methods that
detect a RCC protein or fragment thereof expressed in a
subject or in a biological sample.

[0128] Methods to detect level the expression of RCC pro-
tein biomarker in a biological sample are well known to
persons skilled in the art, and are encompassed for use in this
invention. Commercially available antibodies and/or ELISA
kits for detection of the expression of at least one or a com-
bination of RCC protein biomarkers are also useful in the
methods of this invention. Some examples of such protein-
binding molecules useful to detect the RCC biomarker pro-
teins are commercially available, and include, but are not
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limited to, commercially available antibodies from Cell Sig-
nalling Technologies (MA, USA), which can be found at
world wide web site: “cellsignal-dot-com”. In some embodi-
ments, antibodies from other antibody companies, such as for
example, Abnova corporation, Anogen, Alpco Diagnostics,
Ray Biotech, alphagenix, autogen, R&D Systems, Pepro
Tech ECLtd, cytolab, Bender MedSystems GmbH, Biovision
Research Products, EBD biosciences, Chemicon, Axxora
Platform, Promo Cell Distrubuters, Cell Science, Santa Cruz
Biotechnology, Sigma etc. canbe used. By way of an example
only, commercial available antibodies useful in the methods
as disclosed herein include, for example CA12, sigma (cat
#HPA008773); CA9, US Bio (cat #C1105-80C); EGLN3, US
Bio (cat #P3375-06); TGFB3, Cell Sciences (cat #PAAMI);
NMU, US Bio (cat #N2171-80H); PMP22, US Bio (cat
#P4305-04); TNFRSF7, Sigma (cat #C8974); NYP1, Santa
Cruz (Cat #sc-21990) and the like.

[0129] In alternative embodiments, antibodies directed
against wild type or fragments or variants of RCC biomarker
proteins can also be used in disease diagnostics and prognos-
tics. Such diagnostic methods can be used to detect increases
in the level of expression of the RCC biomarker protein
expression, or abnormalities in the structure and/or tissue,
cellular, or subcellular location of the RCC biomarker pep-
tide.

[0130] In another embodiment, immunohistochemistry
(“IHC”) and immunocytochemistry (“ICC”) techniques can
be used. IHC is the application of immunochemistry to tissue
sections, whereas ICC is the application of immunochemistry
1o cells or tissue imprints after they have undergone specific
cytological preparations such as, for example, liquid-based
preparations. Immunochemistry is a family of techniques
based on the use of a antibody, wherein the antibodies are
used to specifically target molecules inside or on the surface
of cells. The antibody typically contains a marker that will
undergo a biochemical reaction, and thereby experience a
change color, upon encountering the targeted molecules. In
some instances, signal amplification can be integrated into the
particular protocol, wherein a secondary antibody, that
includes the marker stain or marker signal, follows the appli-
cation of a primary specific antibody.

[0131] In some embodiments, the methods as described
herein can be performed, for example, by utilizing pre-pack-
aged diagnostic kits, such as those described above, compris-
ing at least one probe which can be conveniently used, e.g., to
determine whether a subject has or is at risk of developing
disease such as renal cell carcinoma (RCC), in particular clear
cell renal cell carcinoma.

[0132] Theterm “protein-binding molecule” or “antibody-
based binding moiety” or “antibody” includes immunoglo-
bulin molecules and immunologically active determinants of
immunoglobulin molecules, e.g., molecules that contain an
antigen binding site which specifically binds (i.e. immunore-
acts with) to the Psap proteins. The term “antibody-based
binding moiety” is intended to include whole antibodies, e.g.,
of any isotype (IgG, IgA, IgM, IgE, etc), and includes frag-
ments thereof which are also specifically reactive with the
Psap proteins. Antibodies can be fragmented using conven-
tional techniques. Thus, the term includes segments of pro-
teolytically-cleaved or recombinantly-prepared portions of
an antibody molecule that are capable of selectively reacting
with a certain protein. Non limiting examples of such pro-
teolytic and/or recombinant fragments include Fab, F(ab')2,
Fab', Fv, dAbs and single chain antibodies (scFv) containing
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a VL and VH domain joined by a peptide linker. The scFv’s
can be covalently or non-covalently linked to form antibodies
having two or more binding sites. Thus, “antibody-base bind-
ing moiety” includes polyclonal, monoclonal, or other puri-
fied preparations of antibodies and recombinant antibodies.
The term “antibody-base binding moiety” is further intended
to include humanized antibodies, bispecific antibodies, and
chimeric molecules having at least one antigen binding deter-
minant derived from an antibody molecule. In a preferred
embodiment, the antibody-based binding moiety detectably
labeled. In some embodiments, a “protein-binding molecule”
is a co-factor or binding protein that interacts with the protein
to be measured, for example a co-factor or binding protein to
a RCC biomarker protein.

[0133] Another aspect of the present invention relates to an
array comprising a solid platform, including a nanochip or
beads (such as disclosed in U.S. patent Application 2007/
0065844 A1, which is incorporated herein by reference) and
protein-binding molecules attached thereto, wherein the
array comprises at least 3 and at most 100 different protein-
binding molecules in known positions, wherein at least 3 are
different protein-protein binding molecules having specific
binding affinity for proteins selected from the group the pro-
teins of CA12 (SEQ ID NO: 32); CA9 (SEQ ID NO: 33);
EGLN3 (SEQ ID NO: 34); HIG2 (SEQ ID NO: 35); TGFB3
(SEQIDNO: 36); NMU (SEQID NO: 37); PMP22 (SEQ ID
NO:38); PNMA2 (SEQID NO: 39); TNFRSF7 (SEQID NO:
40); FABP6 (SEQIDNO: 41); CD70 (CD27L) (SEQID NO:
42); NPY1 (SEQ ID NO: 43) or fragments or functional
variants or derivatives thereof.

[0134] The term “labeled antibody”, as used herein,
includes antibodies that are labeled by a detectable means and
include, but are not limited to, antibodies that are enzymati-
cally, radioactively, fluorescently, and chemiluminescently
labeled. Antibodies can also be labeled with a detectable tag,
such as ¢-Mye, HA, VSV-G, HSV, FLAG, V5, or HIS. The
detection and quantification of Psap or Tsp-1 present in the
tissue samples correlate to the intensity of the signal emitted
from the detectably labeled antibody.

[0135] In one embodiment, the antibody-based binding
moiety is detectably labeled by linking the antibody to an
enzyme. The enzyme, in turn, when exposed to it’s substrate,
will react with the substrate in such a manner as to produce a
chemical moiety which can be detected, for example, by
spectrophotometric, fluorometric or by visual means.
Enzymes which can be used to detectably label the antibodies
of the present invention include, but are not limited to, malate
dehydrogenase, staphylococcal nuclease, delta-V-steroid
isomerase, yeast alcohol dehydrogenase, alpha-glycerophos-
phate dehydrogenase, triose phosphate isomerase, horserad-
ish peroxidase, alkaline phosphatase, asparaginase, glucose
oxidase, beta-galactosidase, ribonuclease, urease, catalase,
glucose-VI-phosphate dehydrogenase, glucoamylase and
acetylcholinesterase.

[0136] Detection can also be accomplished using any of a
variety of other immunoassays. For example, by radioac-
tively labeling an antibody, itis possible to detect the antibody
through the use of radioimmune assays. The radioactive iso-
tope can be detected by such means as the use of a gamma
counter or a scintillation counter or by audioradiography.
Isotopes which are particularly useful for the purpose of the
present invention are *H, '*'I, 38, '*C, and preferably '*I.

[0137] It is also possible to label an antibody with a fluo-
rescent compound. When the fluorescently labeled antibody
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is exposed to light of the proper wavelength, its presence can
then be detected due to fluorescence. Among the most com-
monly used fluorescent labeling compounds are CYE dyes,
fluorescein isothiocyanate, thodamine, phycoerytherin, phy-
cocyanin, allophycocyanin, o-phthaldehyde and fluorescam-
ine.

[0138] An antibody can also be detectably labeled using
fluorescence emitting metals such as 152Eu, or others of the
lanthanide series. These metals can be attached to the anti-
body using such metal chelating groups as diethylenetri-
aminepentaacetic acid (DTPA) or ethylenediaminetetraacetic
acid (EDTA).

[0139] An antibody also can be detectably labeled by cou-
pling it to a chemiluminescent compound. The presence of
the chemiluminescent-antibody is then determined by detect-
ing the presence of luminescence that arises during the course
of a chemical reaction. Examples of particularly useful
chemiluminescent labeling compounds are luminol,
luciferin, isoluminol, theromatic acridinium ester, imidazole,
acridinium salt and oxalate ester.

[0140] As mentioned above, levels of enzyme protein can
be detected by immunoassays, such as enzyme linked immu-
noabsorbant assay (ELISA), radioimmunoas say (RIA),
Immunoradiometric assay (IRMA), Western blotting, immu-
nocytochemistry or immunohistochemistry, each of which
are described in more detail below. Immunoassays such as
ELISA or RIA, which can be extremely rapid, are more
generally preferred. Antibody arrays or protein chips can also
be employed, see for example U.S. Patent Application Nos:
20030013208A1; 20020155493A1; 20030017515 and U.S.
Pat. Nos. 6,329,209; 6,365,418, which are herein incorpo-
rated by reference in their entirety.

[0141] Immunoassays

[0142] The most common enzyme immunoassay is the
“Enzyme-Linked Immunosorbent Assay (ELISA).” ELISA is
a technique for detecting and measuring the concentration of
an antigen using a labeled (e.g. enzyme linked) form of the
antibody. There are different forms of ELISA, which are well
known to those skilled in the art. The standard techniques
known in the art for ELISA are described in “Methods in
Immunodiagnosis”, 2nd Edition, Rose and Bigazzi, eds. John
Wiley & Sons, 1980; Campbell et al., “Methods and Immu-
nology”, W. A. Benjamin, Inc., 1964; and Oellerich, M. 1984,
J. Clin. Chem. Clin. Biochem., 22:895-904.

[0143] 1In a “sandwich ELISA”, an antibody (e.g. anti-en-
zyme) is linked to a solid phase (i.e. a microtiter plate) and
exposed to a biological sample containing antigen (e.g.
enzyme). The solid phase is then washed to remove unbound
antigen. A labeled antibody (e.g. enzyme linked) is then
bound to the bound-antigen (if present) forming an antibody-
antigen-antibody sandwich. Examples of enzymes that can be
linked to the antibody are alkaline phosphatase, horseradish
peroxidase, luciferase, urease, and B-galactosidase. The
enzyme linked antibody reacts with a substrate to generate a
colored reaction product that can be measured.

[0144] 1In a “competitive ELISA”, antibody is incubated
with a sample containing antigen (i.e. enzyme). The antigen-
antibody mixture is then contacted with a solid phase (e.g. a
microtiter plate) that is coated with antigen (i.e., enzyme).
The more antigen present in the sample, the less free antibody
that will be available to bind to the solid phase. A labeled (e.g.,
enzyme linked) secondary antibody is then added to the solid
phase to determine the amount of primary antibody bound to
the solid phase.
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[0145] In an “immunohistochemistry assay” a section of
tissue is tested for specific proteins by exposing the tissue to
antibodies that are specific for the protein that is being
assayed. The antibodies are then visualized by any of a num-
ber of methods to determine the presence and amount of the
protein present. Examples of methods used to visualize anti-
bodies are, for example, through enzymes linked to the anti-
bodies (e.g., luciferase, alkaline phosphatase, horseradish
peroxidase, or beta-galactosidase), or chemical methods
(e.g., DAB/Substrate chromagen). The sample is then analy-
sed microscopically, most preferably by light microscopy of
a sample stained with a stain that is detected in the visible
spectrum, using any of a variety of such staining methods and
reagents known to those skilled in the art.

[0146] Alternatively, “Radioimmunoassays” can be
employed. A radioimmunoassay is a technique for detecting
and measuring the concentration of an antigen using a labeled
(e.g. radioactively or fluorescently labeled) form of the anti-
gen. Examples of radioactive labels for antigens include 3H,
14C, and 1251. The concentration of antigen enzyme in a
biological sample is measured by having the antigen in the
biological sample compete with the labeled (e.g. radioac-
tively) antigen for binding to an antibody to the antigen. To
ensure competitive binding between the labeled antigen and
the unlabeled antigen, the labeled antigen is present in a
concentration sufficient to saturate the binding sites of the
antibody. The higher the concentration of antigen in the
sample, the lower the concentration of labeled antigen that
will bind to the antibody.

[0147] Inaradioimmunoassay, to determine the concentra-
tion of labeled antigen bound to antibody, the antigen-anti-
body complex must be separated from the free antigen. One
method for separating the antigen-antibody complex from the
free antigen is by precipitating the antigen-antibody complex
with an anti-isotype antiserum. Another method for separat-
ing the antigen-antibody complex from the free antigen is by
precipitating the antigen-antibody complex with formalin-
killed S. aureus. Yet another method for separating the anti-
gen-antibody complex from the free antigen is by performing
a “solid-phase radioimmunoas say” where the antibody is
linked (e.g., covalently) to Sepharose beads, polystyrene
wells, polyvinylchloride wells, or microtiter wells. By com-
paring the concentration of labeled antigen bound to antibody
to a standard curve based on samples having a known con-
centration of antigen. the concentration of antigen in the
biological sample can be determined.

[0148] An “immunoradiometric assay” (IRMA) is an
immunoassay in which the antibody reagent is radioactively
labeled. An IRMA requires the production of a multivalent
antigen conjugate, by techniques such as conjugation to a
protein e.g., rabbit serum albumin (RSA). The multivalent
antigen conjugate must have at least 2 antigen residues per
molecule and the antigen residues must be of sufficient dis-
tance apart to allow binding by at least two antibodies to the
antigen. For example, in an IRMA the multivalent antigen
conjugate can be attached to a solid surface such as a plastic
sphere. Unlabeled “sample” antigen and antibody to antigen
which is radioactively labeled are added to a test tube con-
taining the multivalent antigen conjugate coated sphere. The
antigen in the sample competes with the multivalent antigen
conjugate for antigen antibody binding sites. After an appro-
priate incubation period, the unbound reactants are removed
by washing and the amount of radioactivity on the solid phase
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is determined. The amount of bound radioactive antibody is
inversely proportional to the concentration of antigen in the
sample.

[0149] Other techniques can be used to detect RCC biom-
arker protein levels in a biological sample can be performed
according to a practitioner’s preference, and based upon the
present disclosure and the type of biological sample (i.e.
plasma, urine, tissue sample etc). One such technique is West-
ern blotting (Towbin et al., Proc. Nat. Acad. Sci. 76:4350
(1979)), wherein a suitably treated sample is run on an SDS-
PAGE gel before being transferred to a solid support, such as
a nitrocellulose filter. Detectably labeled anti-enzyme anti-
bodies can then be used to assess enzyme levels, where the
intensity of the signal from the detectable label corresponds
to the amount of enzyme present. Levels can be quantified, for
example by densitometry.

[0150] In one embodiment, RCC biomarkers proteins as
disclosed herein, and/or their mRNA levels in the tissue
sample can be determined by mass spectrometry such as
MALDI/TOF (time-of-flight), SELDI/TOF, liquid chroma-
tography-mass spectrometry (LC-MS), gas chromatography-
mass spectrometry (GC-MS), high performance liquid chro-
matography-mass spectrometry (HPLC-MS), capillary
electrophoresis-mass spectrometry, nuclear magnetic reso-
nance spectrometry, or tandem mass spectrometry (e.g.,
MS/MS, MS/MS/MS, ESI-MS/MS, etc.). See for example,
U.S. Patent Application Nos: 20030199001, 20030134304,
20030077616, which are herein incorporated by reference.
[0151] Mass spectrometry methods are well known in the
art and have been used to quantify and/or identify biomol-
ecules, such as proteins (see, e.g., Li et al. (2000) Tibtech
18:151-160; Rowley et al. (2000) Methods 20: 383-397; and
Kuster and Mann (1998) Curr. Opin. Structural Biol. 8: 393-
400). Further, mass spectrometric techniques have been
developed that permit at least partial de novo sequencing of
isolated proteins. Chait et al., Science 262:89-92 (1993);
Keough et al., Proc. Natl. Acad. Sci. USA. 96:7131-6 (1999);
reviewed in Bergman, EXS 88:133-44 (2000).

[0152] Incertain embodiments, a gas phase ion spectropho-
tometer is used. In other embodiments, laser-desorption/ion-
ization mass spectrometry is used to analyze the sample.
Modern laser desorption/ionization mass spectrometry
(“LDI-MS”) can be practiced in two main variations: matrix
assisted laser desorption/ionization (“MALDI”) mass spec-
trometry and surface-enhanced laser desorption/ionization
(“SELDI”). In MALDI. the analyte is mixed with a solution
containing a matrix, and a drop of the liquid is placed on the
surface of a substrate. The matrix solution then co-crystal-
lizes with the biological molecules. The substrate is inserted
into the mass spectrometer. Laser energy is directed to the
substrate surface where it desorbs and ionizes the biological
molecules without significantly fragmenting them. See, e.g.,
U.S. Pat. No. 5,118,937 (Hillenkamp et al.), and U.S. Pat. No.
5,045,694 (Beavis & Chait).

[0153] InSELDI, the substrate surface is modified so that it
is an active participant in the desorption process. In one
variant, the surface is derivatized with adsorbent and/or cap-
ture reagents that selectively bind the protein of interest. In
another variant, the surface is derivatized with energy absorb-
ing molecules that are not desorbed when struck with the
laser. In another variant, the surface is derivatized with mol-
ecules that bind the protein of interest and that contain a
photolytic bond that is broken upon application of the laser. In
each of these methods, the derivatizing agent generally is
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localized to a specific location on the substrate surface where
the sample is applied. See, e.g., U.S. Pat. No. 5,719,060 and
WO 98/59361. The two methods can be combined by. for
example, using a SELDI affinity surface to capture an analyte
and adding matrix-containing liquid to the captured analyte to
provide the energy absorbing material.

[0154] For additional information regarding mass spec-
trometers, see, e.g., Principles of Instrumental Analysis, 3rd
edition., Skoog, Saunders College Publishing, Philadelphia,
1985; and Kirk-Othmer Encyclopedia of Chemical Technol-
ogy, 4.sup.th ed. Vol. 15 (John Wiley & Sons, New York
1995), pp. 1071-1094.

[0155] Detection of the presence of RCC biomarker mRNA
or protein level will typically depend on the detection of
signal intensity. This, in turn, can reflect the quantity and
character of a polypeptide bound to the substrate. For
example, in certain embodiments, the signal strength of peak
values from spectra of a first sample and a second sample can
be compared (e.g., visually, by computer analysis etc.), to
determine the relative amounts of particular biomolecules.
Software programs such as the Biomarker Wizard program
(Ciphergen Biosystems, Inc., Fremont, Calif.) can be used to
aid in analyzing mass spectra. The mass spectrometers and
their techniques are well known to those of skill in the art.

Antibodies or Antisera Against RCC Biomarker Proteins.

[0156] Inoneembodiment, the diagnostic methods as of the
present invention uses protein-binding molecules, such as
antibodies or anti-sera for determining the expression levels
of RCC biomarker proteins, for example antibodies with
binding affinities for CA12 (SEQ ID NO: 32); CA9 (SEQ ID
NO: 33); EGLN3 (SEQ ID NO: 34); HIG2 (SEQ ID NO: 35);
TGFB3 (SEQ ID NO: 36); NMU (SEQ ID NO: 37); PMP22
(SEQ ID NO: 38); PNMA2 (SEQ ID NO: 39); TNFRSF7
(SEQID NO: 40); FABP6 (SEQ ID NO: 41); CD70 (CD27L)
(SEQ ID NO: 42); NPY1 (SEQ ID NO: 43) or fragments or
functional variants or derivatives thereof.

[0157] In some embodiments, antibodies useful in the
methods and kits of the present invention can be obtained
from a commercial source such as, for example but not lim-
ited to, anti-CA9, from R&D (cat #AF2188, Rabbit poly-
clonal-aa59-144); anti-FABP-6 from HyCult Technology
(Cat #HP9031, Rabbit polyclonal); anti-TGFb-3 from
AbCam (cat#ab15537, Rabbit polyclonal); anti-NMU from
Alpha Diagnostics (Cat ¥fNMU61-P, Rabbit polyclonal); anti-
PMP22 from AbCam, (cat #ab3278, Mouse monoclonal);
anti-PMA2 from AbCam (Cat #ab13705, Rabbit polyclonal)
and anti-CD70 from Ancell (Cat #222-020, Mouse mono-
clonal).

[0158] The antibodies can be polyclonal or monoclonal
antibodies. Alternatively, antibodies useful in the methods
and kits as disclosed herein can be raised against the RCC
biomarker proteins, such as the proteins CA12 (SEQ ID NO:
32); CA9 (SEQID NO: 33); EGLN3 (SEQ ID NO: 34); HIG2
(SEQIDNO: 35); TGFB3 (SEQ ID NO: 36); NMU (SEQ ID
NO: 37); PMP22 (SEQ ID NO: 38); PNMA2 (SEQ ID NO:
39); TNFRSF7 (SEQ ID NO: 40); FABP6 (SEQ ID NO: 41);
CD70(CD27L)(SEQIDNO: 42); NPY1 (SEQIDNO:43)or
fragments or functional variants or derivatives thereof. Meth-
ods for the production of enzyme antibodies are disclosed in
PCT publication WO 97/40072 or U.S. Application. No.
2002/0182702, which are herein incorporated by reference.
[0159] Antibodies for use in the present invention can be
produced using standard methods to produce antibodies, for
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example, by monoclonal antibody production (Campbell, A.
M., Monoclonal Antibodies Technology: Laboratory Tech-
niques in Biochemistry and Molecular Biology, Elsevier Sci-
ence Publishers, Amsterdam, the Netherlands (1984); St.
Groth et al., J. Immunology, (1990) 35: 1-21; and Kozbor et
al., Immunology Today (1983) 4:72). Antibodies can also be
readily obtained by using antigenic portions of the protein to
screen an antibody library, such as a phage display library by
methods well known in the art. For example, U.S. Pat. No.
5,702,892 (U.S.A. Health & Human Services) and WO
01/18058 (Novopharm Biotech Inc.) disclose bacteriophage
display libraries and selection methods for producing anti-
body binding domain fragments.

[0160] By way of examples only, the production of non-
human monoclonal antibodies, e.g., murine or rat, can be
accomplished by, for example, immunizing the animal with
an immunogenic peptide of the a RCC biomarker protein of
the present invention, for example but not limited to a protein
or fragment thereof selected from the following group: CA12
(SEQ ID NO: 32); CA9 (SEQ ID NO: 33); EGLN3 (SEQ ID
NO: 34); HIG2 (SEQID NO: 35); TGFB3 (SEQ IDNO: 36);
NMU (SEQ ID NO: 37); PMP22 (SEQ ID NO: 38); PNMA2
(SEQ ID NO: 39); TNFRSF7 (SEQ ID NO: 40); FABP6
(SEQ ID NO: 41); CD70 (CD27L) (SEQID NO: 42); NPY1
(SEQ ID NO: 43). See Harlow & Lane, Antibodies, A Labo-
ratory Manual (CSHP NY, 1988) (incorporated by reference
for all purposes). Such an immunogen can be obtained from a
natural source. by peptides synthesis or by recombinant
expression.

[0161] Humanized forms of mouse antibodies can be gen-
erated by linking the CDR regions of non-human antibodies
to human constant regions by recombinant DNA techniques.
See Queenetal., Proc. Natl. Acad. Sci. USA 86, 10029-10033
(1989) and WO 90/07861 (incorporated by reference for all
purposes).

[0162] Human antibodies can be obtained using phage-
display methods. See, e.g., Dower et al, WO 91/17271,
McCafferty et al., WO 92/01047. In these methods, libraries
of phage are produced in which members display different
antibodies on their outer surfaces. Antibodies are usually
displayed as Fv or Fab fragments. Phage displaying antibod-
ies with a desired specificity are selected by affinity enrich-
ment to immunoglobulin lambda 6 light chain or fragments
thereof. Human antibodies against immunoglobulin lambda 6
light chain can also be produced from non-human transgenic
mammals having transgenes encoding at least a segment of
the human immunoglobulin locus and an inactivated endog-
enous immunoglobulin locus. See, e.g., Lonberg et al.,
W093/12227 (1993); Kucherlapati, WO 91/10741 (1991)
(each of which is incorporated by reference in its entirety for
all purposes). Human antibodies can be selected by competi-
tive binding experiments, or otherwise, to have the same
epitope specificity as a particular mouse antibody. Such anti-
bodies are particularly likely to share the useful functional
properties of the mouse antibodies. Human polyclonal anti-
bodies can also be provided in the form of serum from
humans immunized with an immunogenic agent. Optionally,
such polyclonal antibodies can be concentrated by affinity
purification using a region of the immunoglobulin lambda
light chain, for example a region of the lambda 6 light chain,
or other lambda light chain peptides as an affinity reagent.
[0163] Human or humanized antibodies can be designed to
have IgG, IgD, IgA and IgE constant region, and any isotype,
including 1gG1, 1gG2, 1gG3 and IgG4. Antibodies can be

Sep. 2, 2010

expressed as tetramers containing two light and two heavy
chains, as separate heavy chains, light chains, as Fab, Fab'F
(ab"),, and Fv, or as single chain antibodies in which heavy
and light chain variable domains are linked through a spacer.

[0164] a. Production of Non-Human Antibodies. The pro-
duction of non-human monoclonal antibodies, e.g., murine,
guinea pig, rabbit orrat, can be accomplished by, for example,
immunizing the animal with an immunogenic peptides of the
present invention, for example but not limited to a peptide
with any of SEQ ID NO: 32-43. Any immunogenic peptide
substantially similar to a region of the any of the following:
CA12 (SEQ ID NO: 32); CA9 (SEQ ID NO: 33); EGLN3
(SEQ IDNO: 34); HIG2 (SEQID NO: 35); TGFB3 (SEQ ID
NO: 36); NMU (SEQ ID NO: 37); PMP22 (SEQ ID NO: 38);
PNMA2 (SEQ ID NO: 39); TNFRSF7 (SEQ ID NO: 40);
FABP6 (SEQ IDNO: 41); CD70 (CD27L) (SEQID NO: 42);
NPY1 (SEQ ID NO: 43) or fragments or functional variants
or derivatives thereof are encompassed for use See e.g., Har-
low Lane, Antibodies, A Laboratory Manual (CSHP NY,
1988) (incorporated by reference for all purposes). Such
immunogenic peptides can be obtained from a natural source,
by peptide synthesis or by recombinant expression. Option-
ally, immunogenic peptides can be administered fused or
otherwise complexed with a carrier protein, as described
herein. Optionally, immunogenic peptides can be adminis-
tered with an adjuvant. Several types of adjuvant can be used
as described herein. Complete Freund’s adjuvant followed by
incomplete adjuvant is preferred for immunization of labora-
tory animals. Rabbits or guinea pigs are typically used for
making polyclonal antibodies. Mice are typically used for
making monoclonal antibodies. Antibodies are screened for
specific binding to the immunogen. Optionally, antibodies are
further screened for binding to a specific region of the immu-
nogen, for example the lambda light chain of an immunoglo-
bulin. Binding can be assessed, for example, by Western blot
or ELISA. The smallest fragment to show specific binding to
the antibody defines the epitope of the antibody. Alterna-
tively, epitope specificity can be determined by a competition
assay is which a test and reference antibody compete for
binding to the component. Ifthe test and reference antibodies
compete, then they bind to the same epitope or epitopes
sufficiently proximal that binding of one antibody interferes
with binding of the other.\

[0165] b. Chimeric and Humanized Antibodies. Chimeric
and humanized antibodies have the same or similar binding
specificity and affinity as a mouse or other nonhuman anti-
body that provides the starting material for construction of a
chimeric or humanized antibody. Chimeric antibodies are
antibodies whose light and heavy chain genes have been
constructed, typically by genetic engineering, from immuno-
globulin gene segments belonging to different species. For
example, the variable (V) segments of the genes from a mouse
monoclonal antibody may be joined to human constant (C)
segments, such as IgG1 and IgG4. A typical chimeric anti-
body is thus a hybrid protein consisting of the V or antigen-
binding domain from a mouse antibody and the C or effector
domain from a human antibody.

[0166] Humanized antibodies have variable region frame-
work residues substantially from a human antibody (termed
an acceptor antibody) and complementarity determining
regions substantially from a mouse-antibody, (referred to as
the donor immunoglobulin). See, Queen et al., Proc. Natl.
Acad. Sci. USA 86:10029-10033 (1989) and WO 90/07861,
U.S. Pat. No. 5,693,762, U.S. Pat. No. 5,693,761, U.S. Pat.
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No. 5,585,089, U.S. Pat. No. 5,530,101 and Winter, U.S. Pat.
No. 5,225,539 (incorporated by reference in their entirety for
all purposes). The constant region(s), if present, are also
substantially or entirely from a human immunoglobulin. The
human variable domains are usually chosen from human
antibodies whose framework sequences exhibit a high degree
of sequence identity with the murine variable region domains
from which the CDRs were derived. The heavy and light
chain variable region framework residues can be substantially
similar to a region of the same or different human antibody
sequences. The human antibody sequences can be the
sequences of naturally occurring human antibodies or can be
consensus sequences of several human antibodies. See Carter
et al., WO 92/22653. Certain amino acids from the human
variable region framework residues are selected for substitu-
tion based on their possible influence on CDR conformation
and/or binding to antigen. Investigation of such possible
influences is by modeling, examination of the characteristics
of the amino acids at particular locations, or empirical obser-
vation of the effects of substitution or mutagenesis of particu-
lar amino acids.

[0167] For example, when an amino acid differs between a
murine variable region framework residue and a selected
human variable region framework residue, the human frame-
work amino acid should usually be substituted by the equiva-
lent framework amino acid from the mouse antibody when it
is reasonably expected that the amino acid: (1) noncovalently
binds antigen directly, (2) is adjacent to a CDR region, (3)
otherwise interacts with a CDR region (e.g. is within about 6
A of a CDR region), or (4) participates in the VL-VH inter-
face.

[0168] Other candidates for substitution are acceptor
human framework amino acids that are unusual for a human
immunoglobulin at that position. These amino acids can be
substituted with amino acids from the equivalent position of
the mouse donor antibody or from the equivalent positions of
more typical human immunoglobulins. Other candidates for
substitution are acceptor human framework amino acids that
are unusual for a human immunoglobulin at that position. The
variable region frameworks of humanized immunoglobuling
usually show at least 85% sequence identity to a human
variable region framework sequence or consensus of such
sequences.

[0169] c. Human Antibodies. Human antibodies against
Ax3b2 are provided by a variety of techniques described
below. Some human antibodies are selected by competitive
binding experiments, or otherwise, to have the same epitope
specificity as a particular mouse antibody. Human antibodies
can also be screened for a particular epitope specificity by
using only an immunogenic peptides of the present invention
as the immunogen, and/or by screening antibodies for ability
to kill plasma cells, as described in the examples.

[0170] (1) Trioma Methodology. The basic approachand an
exemplary cell fusion partner, SPAZ-4, for use in this
approach have been described by Oestberg et al., Hybridoma
2:361-367 (1983); Oestberg, U.S. Pat. No. 4,634,664; and
Engleman et al., U.S. Pat. No. 4,634,666 (each of which is
incorporated by reference in its entirety for all purposes). The
antibody-producing cell lines obtained by this method are
called triomas, because they are descended from three cells—
two human and one mouse. Initially, a mouse multiple
myeloma line is fused with a human B-lymphocyte to obtain
anon-antibody-producing xenogeneic hybrid cell, such as the
SPAZ-4 cell line described by Oestberg, supra. The xenoge-
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neic cell is then fused with an immunized human B-lympho-
cyte to obtain an antibody-producing trioma cell line. Trio-
mas have been found to produce antibody more stably than
ordinary hybridomas made from human cells.

[0171] The immunized B-lymphocytes are obtained from
the blood, spleen, Ilymph nodes or bone marrow of a human
donor. If antibodies against a specific antigen or epitope are
desired, it is preferable to use that antigen or epitope thereof
for immunization. Immunization can be either in vivo or in
vitro. For in vivo immunization, B cells are typically isolated
from a human immunized with the immunogenic peptides of
the present invention, for example proteins or fragments
thereof of CA12 (SEQ ID NO: 32); CA9 (SEQ ID NO: 33);
EGLN3 (SEQ ID NO: 34); HIG2 (SEQ ID NO: 35); TGFB3
(SEQIDNO: 36); NMU (SEQID NO: 37); PMP22 (SEQ ID
NO:38); PNMA2 (SEQID NO: 39); TNFRSF7 (SEQID NO:
40); FABP6 (SEQIDNO: 41); CD70 (CD27L) (SEQID NO:
42); NPY1 (SEQ ID NO: 43) or functional variants or deriva-
tives thereof. For in vitro immunization, B-lymphocytes are
typically exposed to antigen for a period of 7-14 days in a
media such as RPMI-1640 (see Engleman, supra) supple-
mented with 10% human plasma.

[0172] Theimmunized B-lymphocytes are fused to a xeno-
geneic hybrid cell such as SPAZ-4 by well known methods.
For example, the cells are treated with 40-50% polyethylene
glycol of MW 1000-4000, at about 37 degrees C., for about
5-10 min. Cells are separated from the fusion mixture and
propagated in media selective for the desired hybrids (e.g.,
HAT or AH). Clones secreting antibodies having the required
binding specificity are identified by assaying the trioma cul-
ture medium for the ability to bind to the RCC biomarker
proteins as disclosed herein, such as proteins CA12 (SEQ ID
NO: 32); CA9 (SEQ ID NO: 33); EGLN3 (SEQ ID NO: 34);
HIG2 (SEQ ID NO: 35); TGFB3 (SEQ ID NO: 36); NMU
(SEQID NO: 37); PMP22 (SEQ ID NO: 38); PNMA2 (SEQ
ID NO: 39); TNFRSF7 (SEQ 1D NO: 40); FABP6 (SEQ 1D
NO: 41); CD70 (CD27L) (SEQ ID NO: 42); NPY1 (SEQ ID
NO: 43) or fragments or functional variants or derivatives
thereof or a fragment thereof. Triomas producing human
antibodies having the desired specificity are subcloned by the
limiting dilution technique and grown in vitro in culture
medium. The trioma cell lines obtained are then tested for the
ability to bind to the RCC biomarker that they have affinity for
using methods commonly known by one of ordinary skill in
the art.

[0173] Although triomas are genetically stable they do not
produce antibodies at very high levels. Expression levels can
be increased by cloning antibody genes from the trioma into
one or more expression vectors, and transforming the vector
into standard mammalian, bacterial or yeast cell lines,
according to methods well known in the art.

[0174] (2) Transgenic Non-Human Mammals. Human anti-
bodies against immunoglobulin light chains can also be pro-
duced from non-human transgenic mammals having trans-
genes encoding at least a segment of the human
immunoglobulin locus. Usually, the endogenous immunoglo-
bulin locus of such transgenic mammals is functionally inac-
tivated. Preferably, the segment of the human immunoglobu-
lin locus includes unrearranged sequences of heavy and light
chain components. Both inactivation of endogenous immu-
noglobulin genes and introduction of exogenous immunoglo-
bulin genes can be achieved by targeted homologous recom-
bination, or by introduction of YAC chromosomes. The
transgenic mammals resulting from this process are capable
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of functionally rearranging the immunoglobulin component
sequences, and expressing a repertoire of antibodies of vari-
ous isotypes encoded by human immunoglobulin genes,
without expressing endogenous imnunoglobulin genes. The
production and properties of mammals having these proper-
ties are described in detail by, e.g., Lonberg et al., WO93/
12227 (1993); U S. Pat. No. 5,877,397, U.S. Pat. No. 5,874,
299, U.S. Pat. No. 5,814,318, U.S. Pat. No. 5,789,650, U.S.
Pat. No. 5,770,429, U.S. Pat. No. 5,661,016, U.S. Pat. No.
5,633,425, U.8. Pat. No. 5,625,126, U.S. Pat. No. 5,569,825,
U.S. Pat. No. 5,545,806, Nature 148, 1547-1553 (1994),
Nature Biotechnology 14, 826 (1996), Kucherlapati, WO
91/10741 (1991) (each of which is incorporated by reference
in its entirety for all purposes). Transgenic mice are particu-
larly suitable in this regard. Monoclonal antibodies are pre-
pared by, e.g., fusing B-cells from such mammals to suitable
multiple myeloma cell lines using conventional Kohler-Mil-
stein technology. Human polyclonal antibodies can also be
provided in the form of serum from humans immunized with
an immunogenic agent.

[0175] (3) Phage Display Methods. A further approach for
obtaining anti-immunoglobulin light chains antibodies, for
example anti-lambda6 containing immunoglobulin antibod-
ies is to screen a DNA library front human B cells according
to the general protocol outlined by Huse et al., Science 246:
1275-1281 (1989). For example, as described for trioma
methodology, such B cells can be obtained from a human
immunized with the immunogenic peptides of the present
invention, for example the RCC biomarker proteins or frag-
ments thereof such as proteins CA12 (SEQ ID NO: 32); CA9
(SEQIDNO: 33); EGLN3 (SEQ ID NO: 34); HIG2 (SEQID
NO:35); TGFB3 (SEQ ID NO: 36); NMU (SEQ ID NO: 37),
PMP22 (SEQ ID NO: 38); PNMA2 (SEQ ID NO: 39);
TNFRSF7 (SEQ ID NO: 40); FABPS (SEQ ID NO: 41);
CD70(CD27L) (SEQIDNO: 42); NPY1(SEQIDNO: 43)or
fragments or functional variants or derivatives thereof.
Optionally, such B cells are obtained from a patient who is
ultimately to receive antibody treatment. Antibodies binding
to an epitope of the RCC biomarker protein are selected.
Sequences encoding such antibodies (or binding fragments)
are then cloned and amplified. The protocol described by
Huse is rendered more efficient in combination with phage-
display technology. See, e.g., Dower etal., WO 91/17271 and
McCafferty et al., WO 92/01047, U.S. Pat. No. 5,877,218,
U.S. Pat. No. 5,871,907, U.S. Pat. No. 5,858,657, U.S. Pat.
No. 5,837,242, U.S. Pat. No. 5,733,743 and U.S. Pat. No.
5,565,332 (each of which is incorporated by reference in its
entirety for all purposes). In these methods, libraries of phage
are produced in which members display different antibodies
ontheir outer surfaces. Antibodies are usually displayed as Fv
or Fab fragments. Phage displaying antibodies with a desired
specificity are selected by affinity enrichment to proteins;
CA12 (SEQ ID NO: 32); CA9 (SEQ ID NO: 33); EGLN3
(SEQ ID NO: 34); HIG2 (SEQ ID NO: 35); TGFB3 (SEQ ID
NO:36); NMU (SEQ ID NO: 37); PMP22 (SEQ ID NO: 38);
PNMA2 (SEQ ID NO: 39); TNFRSF7 (SEQ ID NO: 40),
FABP6 (SEQ IDNO: 41); CD70 (CD27L) (SEQ IDNO: 42);
NPY1 (SEQ ID NO: 43) or fragments or functional variants
or derivatives thereof.

[0176] In avariation of the phage-display method, human
antibodies having the binding specificity ofa selected murine
antibody can be produced. See Winter, WO 92/20791. In this
method, either the heavy or light chain variable region of the
selected murine antibody is used as a starting material. If, for
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example, a light chain variable region is selected as the start-
ing material, a phage library is constructed in which members
display the same light chain variable region (i.e., the murine
starting material) and a different heavy chain variable region.
The heavy chain variable regions are obtained from a library
of rearranged human heavy chain variable regions. A phage
showing strong specific binding for the component of interest
(e.g., at least 10° and preferably at least 10° M™") is selected.
The human heavy chain variable region from this phage then
serves as a starting material for constructing a further phage
library. In this library, each phage displays the same heavy
chain variable region (i.e., the region identified from the first
display library) and a different light chain variable region.
The light chain variable regions are obtained from a library of
rearranged human variable light chain regions. Again, phage
showing strong specific binding for amyloid peptide compo-
nent are selected. These phage display the variable regions of
completely human anti-amyloid peptide antibodies. These
antibodies usually have the same or similar epitope specificity
as the murine starting material.

[0177] d. Selection of Constant Region. The heavy and
light chain variable regions of chimeric, humanized, or
human antibodies can be linked to at least a portion of a
human constant region. The choice of constant region
depends, in part, whether antibody-dependent complement
and/or cellular mediated toxicity is desired. For example,
isotopes I1gG1 and 1gG3 have complement activity and iso-
types IgG2 and 1gG4 do not. Choice of isotype can also affect
passage of antibody into the brain. Light chain constant
regions can be lambda or kappa. Antibodies can be expressed
as tetramers containing two light and two heavy chains, as
separate heavy chains, light chains, as Fab, Fab F(ab)?, and
Fv, or as single chain antibodies in which heavy and light
chain variable domains are linked through a spacer.

[0178] e. Expression of Recombinant Antibodies. Chi-
meric, humanized and human antibodies are typically pro-
duced by recombinant expression. Recombinant polynucle-
otide constructs typically include an expression control
sequence operably linked to the coding sequences of antibody
chains, including naturally-associated or heterologous pro-
moter regions. Preferably, the expression control sequences
are eukaryotic promoter systems in vectors capable of trans-
forming or transfecting eukaryotic host cells. Once the vector
has been incorporated into the appropriate host, the host is
maintained under conditions suitable for high level expres-
sion of the nucleotide sequences, and the collection and puri-
fication of the cross-reacting antibodies.

[0179] These expression vectors are typically replicable in
the host organisms either as episomes or as an integral part of
the host chromosomal DNA. Commonly, expression vectors
contain selection markers, e.g., ampicillin-resistance or
hygromycin-resistance, to permit detection of those cells
transformed with the desired DNA sequences.

[0180] F. coliisone prokaryotic host particularly useful for
cloning the DNA sequences of the present invention.
Microbes, such as yeast are also useful for expression. Sac-
charomyces 1s a preferred yeast host, with suitable vectors
having expression control sequences, an origin of replication,
termination sequences and the like as desired. Typical pro-
moters include 3-phosphoglycerate kinase and other glyco-
Iytic enzymes. Inducible yeast promoters include, among
others, promoters from alcohol dehydrogenase, isocyto-
chrome C, and enzymes responsible for maltose and galac-
tose utilization.
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[0181] Mammalian cells are a preferred host for expressing
nucleotide segments encoding immunoglobulins or frag-
ments thereof. See Winnacker, From Genes to Clones, (VCH
Publishers, NY, 1987). A number of suitable host cell lines
capable of secreting intact heterologous proteins have been
developed in the art, and include CHO cell lines, various COS
cell lines, HeLa cells, L cells and multiple myeloma cell lines.
Expression vectors for these cells can include expression
control sequences, such as an origin of replication, a pro-
moter, an enhancer (Queen et al., Immunol. Rev. 89:49
(1986)), and necessary processing information sites, such as
ribosome binding sites, RNA splice sites, polyadenylation
sites, and transcriptional terminator sequences. Preferred
expression control sequences are promoters substantially
similar to aregion of the endogenous genes, cytomegalovirus,
SV40, adenovirus, bovine papillomavirus, and the like. See
Co etal., J. Immunol. 148:1149 (1992).

[0182] Alternatively, antibody coding sequences can be
incorporated in transgenes for introduction into the genome
of a transgenic animal and subsequent expression in the milk
of the transgenic animal (e.g.. according to methods
describedin U.S. Pat. No. 5,741,957, U.S. Pat. No. 5,304,489,
U.S. Pat. No. 5,849,992, all incorporated by reference herein
in their entireties). Suitable transgenes include coding
sequences for light and/or heavy chains in operable linkage
with a promoter and enhancer from a mammary gland spe-
cific gene, such as casein or beta lactoglobulin.

[0183] The vectors containing the DNA segments of inter-
est can be transferred into the host cell by well-known meth-
ods, depending on the type of cellular host. For example,
calcium chloride transfection is commonly utilized for
prokaryotic cells, whereas calcium phosphate treatment,
electroporation, lipofection, biolistics or viral-based trans-
fection can be used for other cellular hosts. Other methods
used to transform mammalian cells include the use of poly-
brene, protoplast fusion, liposomes, electroporation, and
microinjection (see generally, Sambrook et al., supra). For
production of transgenic animals, transgenes can be micro-
injected into fertilized oocytes, or can be incorporated into the
genome of embryonic stem cells, and the nuclei of such cells
transferred into enucleated oocytes.

[0184] Once expressed, antibodies can be purified accord-
ing to standard procedures of the art, including HPLC puri-
fication, column chromatography, gel electrophoresis and the
like (see generally, Scopes, Protein Purification (Springer-
Verlag, NY, 1982)). The antibodies with affinity for a RCC
biomarker protein as disclosed herein can be assessed by one
ofordinary skill in the art, such as, for example but not limited
to, western blot analysis on a purified RCC biomarker protein,
or a biological sample comprising a RCC biomarker protein
or fragment or variant thereof.

[0185] Detection of antibodies with affinity for a RCC
biomarker protein can be achieved by direct labeling of the
antibodies themselves, with labels including a radioactive
label such as *H, *C, **S, %I, or *'1, a fluorescent label, a
hapten label such as biotin, or an enzyme such as horse radish
peroxidase or alkaline phosphatase. Alternatively, unlabeled
primary antibody is used in conjunction with labeled second-
ary antibody, comprising antisera, polyclonal antisera or a
monoclonal antibody specific for the primary antibody. In a
preferred embodiment, the primary antibody or antisera is
unlabeled, the secondary antisera or antibody is conjugated
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with biotin and enzyme-linked strepavidin is used to produce
visible staining for histochemical analysis.

Uses

[0186] Inoneembodiment, in view of the currently limited
options for RCC management, the group of RCC biomarkers
or subgroups thereof as disclosed herein is useful for identi-
fying subjects at risk of developing or having RCC. In some
embodiments, the group of RCC biomarkers or subgroups
thereof as disclosed herein is useful for identifying subjects
with poor-prognosis, in particular subjects with localized
RCCs that are likely to relapse and metastasize. Accordingly,
subject identified with an increased likelihood of RCC can be
administered therapy, for example systematic therapy.
[0187] Insome embodiments, the compositions and meth-
ods as disclosed herein can also be used to identify subjects in
need of frequent follow-up by a physician or clinician to
monitor RCC disease progression. For example, if a subjectis
identified to have increased risk of developing RCC using the
methods and compositions as disclosed herein, the subject
can initiate treatment earlier, when the disease may poten-
tially be more sensitive to treatment.

[0188] Screening subjects for identifying subjects at risk of
developing or having RCC using the group of RCC biomar-
kers or subgroups thereof as disclosed herein is also useful to
identify subjects most suitable or amenable to be enrolled in
clinical trial for assessing a therapy for RCC, which will
permit more effective subgroup analyses and follow-up stud-
ies. Furthermore, the expression of the group of RCC biom-
arkers as disclosed herein can be monitored in subjects
enrolled in a clinical trial to provide a quantitative measure for
the therapeutic efficacy of the therapy which is subject to the
clinical trial.

Methods of Treatment

[0189] The invention further provides methods of treating
subjects identified, using the methods of the present inven-
tion, to be at risk of developing or afflicted with RCC, wherein
the biological sample obtained from the subject has increased
expression of gene transcripts and/or proteinofat least 2 RCC
biomarkers as listed in Table 1 as compared to the same genes
analyzed in a reference sample.

[0190] This invention also provides a method for selecting
a therapeutic regimen or determining if a certain therapeutic
regimen is more appropriate for a subject identified as having
RCC or at increased risk of developing RCC as identified by
the methods as disclosed herein. For example, an aggressive
anti-cancer therapeutic regime can be perused in which a
subject identified with RCC, where the subject is adminis-
tered a therapeutically effective amount of an anti-cancer
agent to treat the RCC. In alternative embodiments, a prophy-
lactic anti-cancer therapeutic regimen can be pursued in a
subject identified to have increased likelihood of developing
RCC, where the subject is administered a prophylactic dose
or maintenance dose of an anti-cancer agent to prevent the
development of RCC. In alternative embodiments, a subject
can be monitored for RCC using the methods and RCC biom-
arkers as disclosed herein, and if on a first (i.e. initial) testing
the subject is identified as having RCC, the subject can be
administered an anti-cancer therapy, and on a second (i.e.
follow-up testing), the subject is identified as not having RCC
or having decreased levels of protein or gene transcript
expression of at the same group of RCC biomarkers as ana-
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lyzed in the first testing, the subject can be administered an
anti-cancer therapy at a maintenance dose.

[0191] In general, a therapy is considered to “treat” RCC if
it provides one or more of the following treatment outcomes:
reduce or delay recurrence of the RCC after the initial
therapy; increase median survival time or decrease
metastases. The method is particularly suited to determining
which subjects will be responsive or experience a positive
treatment outcome to a chemotherapeutic regimen. In some
embodiments, an anti-cancer therapy is, for example but not
limited to administration of a chemotherapeutic agents such
as fluoropyrimidine drug such as 5-FU or a platinum drug
such as oxaliplatin or cisplatin. Alternatively, the chemo-
therapy includes administration of a topoisomerase inhibitor
such as irinotecan. In a yet further embodiment, the therapy
comprises administration of an antibody (as broadly defined
herein), ligand or small molecule that binds the Epidermal
Growth Factor Receptor (EGFR).

[0192] In some embodiments, the anti-cancer therapy is a
chemotherapeutic agent, radiotherapy etc. Such anti-cancer
therapies are disclosed herein, as well as others that are well
known by persons of ordinary skill in the art and are encom-
passed for use in the present invention. In some embodiments
the anti-cancer therapy, or cancer prevention strategy is tar-
gets the EGF/EGFR pathway, and in other embodiments, the
anti-cancer therapy or cancer prevention strategy does not
target the EGF/EGFR pathway.

[0193] The term “anti-cancer agent” or “anti-cancer drug”
is any agent, compound or entity that would be capably of
negatively affecting the cancer in the subject, for example
killing cancer cells, inducing apoptosis in cancer cells, reduc-
ing the growth rate of cancer cells, reducing the number of
mestatic cells, reducing tumor size, inhibiting tumor growth,
reducing blood supply to a tumor or cancer cells, promoting
an immune response against cancer cells or a tumor, prevent-
ing or inhibiting the progression of cancer, or increasing the
lifespan of the subject with cancer. Anti-cancer therapy
includes biological agents (biotherapy), chemotherapy
agents, and radiotherapy agents. The combination of chemo-
therapy with biological therapy is known as biochemo-
therapy.

[0194] Treatment can include prophylaxis, including
agents which slow or reduce the risk of RCC in a subject. In
other embodiments, the treatments are any means to prevent
the proliferation of RCC cancerous cells. In some embodi-
ments, the treatment is an agent which suppresses the EGF-
EGFR pathway, for example but not limited to inhibitors and
agents of EGFR. Inhibitors of EGFR include, but are not
limited to, tyrosine kinase inhibitors such as quinazolines,
such as PID 153035, 4-(3-chloroanilino) quinazoline, or
CP-358,774, pyridopyrimidines, pyrimidopyrimidines, pyr-
rolopyrimidines, such as CGP 59326, CGP 60261 and CGP
62706, and pyrazolopyrimidines, 4-(phenylamino)-7H-pyr-
rolo[2,3-d]pyrimidines (Traxler et al., (1996) J. Med Chem
39:2285-2292), curcumin (diferuloyl methane) (Laxmin
arayana, etal., (1995), Carcinogen 16:1741-1745), 4,5-bis(4-
fluoroanilino)phthalimide (Buchdunger et al. (1995) Clin.
Cancer Res. 1:813-821; Dinney et al. (1997) Clin. Cancer
Res. 3:161-168); tyrphostins containing nitrothiophene moi-
eties (Brunton et al. (1996) Anti Cancer Drug Design 11:265-
295); the protein kinase inhibitor ZD-1 839 (AstraZeneca);
CP-358774 (Pfizer, Inc.); PD-01 83805 (Warner-Lambert),
EKB-569 (Torrance et al., Nature Medicine, Vol. 6, No. 9,
September 2000, p. 1024), HKI-272 and HKI-357 (Wyeth),
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or as described in International patent application WOO05/
018677 (Wyeth); W099/09016 (American Cyanamid);
WO098/43960 (American Cyanamid); WO 98/14451; WO
98/02434; W097/38983 (Warener Labert); W099/06378
(Warner Lambert); W099/06396 (Warner Lambert); WO96/
30347 (Pfizer, Inc.); W096/33978 (Zeneca),; W0O96/33977
(Zeneca); and W096/33980 (Zeneca), WO 95/19970; U S.
Pat. App. Nos. 2005/0101618 assigned to Pfizer, 2005/
0101617, 20050090500 assigned to OSI Pharmaceuticals,
Inc.; all herein incorporated by reference. Further useful
EGFR inhibitors are described in U.S. Pat. App. No.
20040127470, particularly in tables 10, 11, and 12, and are
herein incorporated by reference.

[0195] In another embodiment, the anti-cancer therapy
includes a chemotherapeutic regimen further comprises
radiation therapy. In an alternate embodiment, the therapy
comprises administration of an anti-EGFR antibody or bio-
logical equivalent thereof.

[0196] In some embodiments, the anti cancer treatment
comprises the administration of a chemotherapeutic drug
selected from the group consisting of fluoropyrimidine (e.g.,
5-FU), oxaliplatin, CPT-11, (e.g., irinotecan) a platinum drug
or ananti EGFR antibody, such as the cetuximab antibody or
a combination of such therapies, alone or in combination with
surgical resection of the tumor. In yet a further aspect, the
treatment compresses radiation therapy and/or surgical resec-
tion of the tumor masses. In one embodiment, the present
invention encompasses administering to a subject identified
as having, orincreased risk of developing RCC an anti-cancer
combination therapy where combinations of anti-cancer
agents are used, such as for example Taxol, cyclophospha-
mide, cisplatin, gancyclovir and the like. Anti-cancer thera-
pies are well known in the art and are encompassed for use in
the methods of the present invention. Chemotherapy
includes, but is not limited to an alkylating agent, mitotic
inhibitor, antibiotic, or antimetabolite, anti-angliogenic
agents etc. The chemotherapy can comprise administration of
CPT-11, temozolomide, or a platin compound. Radiotherapy
can include, for example, x-ray irradiation, w-irradiation,
y-irradiation, or microwaves.

[0197] The term “chemotherapeutic agent” or “chemo-
therapy agent” are used interchangeably herein and refers to
an agent that can be used in the treatment of cancers and
neoplasms, for example brain cancers and gliomas and that is
capable of treating such a disorder. In some embodiments, a
chemotherapeutic agent can be in the form of a prodrug which
can be activated to a cytotoxic form. Chemotherapeutic
agents are commonly known by persons of ordinary skill in
the art and are encompassed for use in the present invention.
For example, chemotherapeutic drugs for the treatment of
tumors and gliomas include, but are not limited to: temozo-
lomide (Temodar), procarbazine (Matulane), and lomustine
(CCNU). Chemotherapy given intravenously (by 1V, via
needle inserted into a vein) includes vincristine (Oncovin or
Vincasar PFS), cisplatin (Platinol), carmustine (BCNU,
BiCNU), and carboplatin (Paraplatin), Mexotrexate (Rheu-
matrex or Trexall), irinotecan (CPT-11); erlotinib; oxalipatin;
anthracyclins-idarubicin and daunorubicin; doxorubicin;
alkylating agents such as melphalan and chlorambucil; cis-
platinum, methotrexate, and alkaloids such as vindesine and
vinblastine.

[0198] In another embodiment, the present invention
encompasses combination therapy in which subjects identi-
fied as having, or increased risk of developing RCC using the
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methods as disclosed herein are administered an anti-cancer
combination therapy where combinations of anti-cancer
agents are used are used in combination with cytostatic
agents, anti-VEGF and/or p53 reactivation agent. A cytostatic
agent is any agent capable of inhibiting or suppressing cellu-
lar growth and multiplication. Examples of cytostatic agents
used in the treatment of cancer are paclitaxel, 5-fluorouracil,
S-fluorouridine, mitomycin-C, doxorubicin, and zotarolimus.
Other cancer therapeutics include inhibitors of matrix metal-
loproteinases such as marimastat, growth factor antagonists,
signal transduction inhibitors and protein kinase C inhibitors.

[0199] Some examples of anti-VEGF agents include beva-
cizumab (Avastin™), VEGF Trap, CP-547,632, AG13736,
AG28262, SUS416, SU11248, SU6668, ZD-6474, 2D4190,
CEP-7055, PKC 412, AEE788, AZD-2171, sorafenib, vata-
lanib, pegaptanib octasodium, IM862, DC101, angiozyme,
Sirna-027, caplostatin, neovastat, ranibizumab, thalidomide,
and AGA-1470, a synthetic analog of fumagillin (alternate
names: Amebacilin, Fugillin, Fumadil B, Fumadil) (A. G.
Scientific, catalog #F1028), an angio-inhibitory compound
secreted by Aspergillus fumigates.

[0200] Asusedherein the term “anti-VEGF agent” refers to
any compound or agent that produces a direct effect on the
signaling pathways that promote growth, proliferation and
survival of a cell by inhibiting the function of the VEGF
protein, including inhibiting the function of VEGF receptor
proteins. The term “agent” or “compound” as used herein
means any organic or inorganic molecule, including modified
and unmodified nucleic acids such as antisense nucleic acids,
RNAI agents such as siRNA or shRNA, peptides, peptidomi-
metics, receptors, ligands, and antibodies. Preferred VEGF
inhibitors, include for example, AVASTIN® (bevacizumab),
an anti-VEGF monoclonal antibody of Genentech, Inc. of
South San Francisco, Calif., VEGF Trap (Regeneron/Aven-
tis). Additional VEGF inhibitors include CP-547,632 (3-(4-
Bromo-2,6-difluoro-benzyloxy)-5-[3-(4-pyrrolidin 1-yl-bu-
tyD)-ureido]-isothiazole-4-carboxylic acid amide
hydrochloride; Pfizer Inc., NY), AG13736, AG28262 (Pfizer
Inc.), SU5416, SU11248, & SU6668 (formerly Sugen Inc.,
now Pfizer, New York, N.Y.), ZD-6474 (AstraZeneca),
7ZDA4190 which inhibits VEGF-R2 and -R1 (AstraZeneca),
CEP-7055 (Cephalon Inc., Frazer, Pa.), PKC 412 (Novartis),
AEE788 (Novartis), AZD-2171), NEXAVAR® (BAY
43-9006, sorafenib; Bayer Pharmaceuticals and Onyx Phar-
maceuticals), vatalanib (also known as PTK-787,
7K-222584: Novartis & Schering: AG), MACUGEN® (pe-
gaptanib octasodium, NX-1838, EYE-001, Pfizer Inc./
Gilead/Eyetech), IM862 (glufanide disodium, Cytran Inc. of
Kirkland, Wash., USA), VEGFR2-selective monoclonal anti-
body DC101 (ImClone Systems, Inc.), angiozyme, a syn-
thetic ribozyme from Ribozyme (Boulder, Colo.) and Chiron
(Emeryville, Calif.), Sirna-027 (an siRNA-based VEGFR1
inhibitor, Sirna Therapeutics, San Francisco, Calif.)
Caplostatin, soluble ectodomains of the VEGF receptors,
Neovastat (AEterna Zentaris Inc; Quebec City, Calif.) and
combinations thereof.

[0201] The compounds used in connection with the treat-
ment methods of the present invention are administered and
dosed in accordance with good medical practice, taking into
account the clinical condition of the individual subject, the
site and method of administration, scheduling of administra-
tion, patient age, sex, body weight and other factors known to
medical practitioners. The pharmaceutically “effective
amount” for purposes herein is thus determined by such con-
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siderations as are known in the art. The amount must be
effective to achieve improvement including, but not limited
to, improved survival rate or more rapid recovery, or improve-
ment or elimination of symptoms and other indicators as are
selected as appropriate measures by those skilled in the art.
[0202] The methods of the present invention are useful for
the early detection of subjects susceptible to developing
RCC. Thus, treatment may be initiated early, e.g. before or at
the beginning of the onset of symptoms, for example before
the onset of RCC. In alternative embodiments, the treatment
may be administered to a subject that has, or is at risk of
developing RCC. In alternative embodiments, the treatment
may be administered prior to, during, concurrent or post the
development of RCC. The effective amount or dosage
required at these early stages will typically be lower than
those needed at later stages of disease where the symptoms of
RCC are severe. Such dosages are known to those of skill in
the art and can be determined by a physician.

[0203] Insome embodiments, where a subject is identified
as having increased risk of having or developing RCC using
the RCC biomarkers and methods as disclosed herein, a cli-
nician can recommended a treatment regimen to reduce or
lower the expression levels of the RCC biomarkers in the
subject. Accordingly, the methods of the present invention
provide preventative methods to reduce the risk of a subject
getting RCC by reducing the protein and/or gene transcript
levels of at least 2 of the RCC biomarkers as listed in Table 1,
but preferably by reducing the protein and/or gene transcript
levels of about 3, about 4, about 4, about 5, about 6, about 7,
about 8, about 9, about 10, about 11 RCC biomarkers as listed
in Table 1 in the subject.

[0204] Inanother embodiment, a subject with identified as
having or at risk of developing RCC using the methods as
disclosed herein can be monitored for levels of the proteins
and/or gene transcripts encoded by the RCC biomarkers in a
biological sample before, during and after a anti-cancer
therapy or treatment regimen, and where a subject is identi-
fied to not have lowered the expression levels of the proteins
and/or gene transcripts of at least 2 RCC biomarkers, (and
thus is still is at risk of having or developing RCC) after a
period of time of being administered such a treatment regi-
men, then the treatment regimen could be modified, for
example the subject could be administered (i) a different
anti-cancer therapy or anti-cancer drug (ii) a different amount
such as in increased amount or dose of a anti-cancer therapy
oranti-cancer drug or (iii) a combination of anti-cancer thera-
pies etc.

Kits of the Present Invention

[0205] In some embodiments, the present invention pro-
vides diagnostic methods for determining the likelihood of a
subjecthaving or developing RCC by gene expression analy-
sis of at least 2 or at least 3 gene transcripts of the RCC
biomarkers as listed in Table 1. In some embodiments, the
methods use probes or primers comprising nucleotide
sequences which are complementary to the genes in the group
of RCC biomarkers, or subgroup thereof in any combination.
Accordingly, the invention provides kits for performing these
methods.

[0206] The kit can comprise at least two probes or two
primer-pairs which are capable of specifically hybridizing to
atleast two genes selected from the group of RCC biomarkers
as disclosed in Table 1 and instructions for use. Preferred kits
amplify a portion of at least 2 gene transcripts, or at least 3-5,
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or about 5-7, or about 7-9 or about 9-11 gene transcripts
selected from the group of RCC biomarkers as disclosed in
Table 1. Such kits are suitable for detection of level of tran-
script expression by, for example, fluorescence detection, by
electrochemical detection, or by other detection.

[0207] Oligonucleotides, whether used as probes or prim-
ers, contained in a kit can be detectably labeled. Labels can be
detected either directly, for example for fluorescent labels, or
indirectly. Indirect detection can include any detection
method known to one of skill in the art, including biotin-
avidin interactions, antibody binding and the like. Fluores-
cently labeled oligonucleotides also can contain a quenching
molecule. Oligonucleotides can be bound to a surface. In one
embodiment, the preferred surface is silica or glass. In
another embodiment, the surface is a metal electrode.
[0208] An array comprising polynucleotide binding probes
or protein-binding molecules to the RCC biomarkers as dis-
closed herein are useful in the methods as disclosed herein.
An array can be made of any conventional substrate. More-
over, the array can be in any shape that can be read, including
rectangular and spheroid. Preferred substrates are any suit-
able rigid or semi-rigid support including membranes, filter,
chips, slides, wafers, fibers, magnetic or nonmagnetic beads,
gels, tubing, plates, polymers, microparticles and capillaries.
The substrate can have a variety of surface forms, such as
wells, trenches, pins, channels and pores, to which the pep-
tides and/or antibodies are bound. Preferably, the substrates
are optically transparent. Any type of substrate will be a
suitable “chip” as long as the probes, such as antibodies can
be used as bait to fish for expressed RCC biomarker proteins
in a biological sample.

[0209] The term “antibody array” refers to an ordered
arrangement of antibodies, that specifically bind to peptide
microarrays, on a substrate such as a glass, nylon, or a bead,
such as SPA beads which is based on either yttrium silicate
(YSi) which has scintillant properties by virtue of cerium ions
within the crystal lattice, or polyvinyltoluene (PVT) which
acts as a solid solvent for anthrancine (DPA) (Amersham
Biosciences, Piscataway, N.J.).

[0210] The antibodies are arranged on the flat or spherical
substrate referred hereto as a “chip” so that there are prefer-
ably at least one or more different antibodies, more preferably
at least about 50 antibodies, still more preferably at least
about 100 antibodies, and most preferably at least about 1,000
antibodies, on a 1 cm.sup.2 substrate surface. The maximum
number of antibodies on a substrate is unlimited, but can be at
least about 100,000 antibodies.

[0211] The term “peptide microarray” refers to a microar-
ray of peptides, wherein one or more of the peptides are from
a coding region of the genome. Preferably, the peptides cover
at least the coding regions that are of interest and contain an
antigenic epitope. More preferably the peptide has an epitope
that approximates the wild type conformation of the protein
of interest.

[0212] Such antibody arrays can be used to screen a bio-
logical sample of interest. The proteins in the sample that bind
to the array can be readily determined by a range of known
means based upon this disclosure. For example, the target
proteins and the antibodies may be labeled with one or more
labeling moieties to allow detection of both protein-antibody
complexes and by comparison the lack of such a complex in
the comparison sample. The labeling moieties can include
compositions that can be detected by photochemical, spec-
troscopic, biochemical, immunochemical, chemical, optical,
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electrical, bioelectronic, etc. means. Labeling moieties
include chemiluminescent compounds, radioisotopes,
labeled compounds, spectroscopic markers such as fluores-
cent molecules, magnetic labels, mass spectrometry tags,
electron transfer donors and/or acceptors, etc.

[0213] Yet other kits of the invention comprise at least one
reagent necessary to perform the assay. For example, the kit
can comprise an enzyme. Alternatively the kit can comprise a
buffer or any other necessary reagent.

[0214] Conditions for incubating a nucleic acid probe with
a biological sample depend on the format employed in the
assay, the detection methods used, and the type and nature of
the nucleic acid probe used in the assay. One skilled in the art
will recognize that any one ofthe commonly available hybrid-
ization, amplification or immunological assay formats can
readily be adapted to employ the nucleic acid probes for use
in the present invention.

[0215] In alternative embodiments, the present invention
provides diagnostic methods for determining the likelihood
of a subject having or developing RCC by protein expression
analysis of at least 2 or at least 3 proteins encoded by the RCC
biomarkers as listed in Table 1.

[0216] Insome embodiments, the biological samples used
in the diagnostic kits include cells, protein or membrane
extracts of cells, or biological fluids such as sputum, blood,
serum, plasma, or urine. The biological sample used in the
above described method will vary based on the assay format,
nature of the detection method and the tissues, cells or
extracts used as the sample to be assayed. Methods for pre-
paring protein extracts or membrane extracts of cells are
known in the art and can be readily adapted in order to obtain
a sample which is compatible with the system utilized.
[0217] The kits can include all or some of the reference
biological samples as well as positive and negative controls,
reagents, primers, sequencing markers, probes and antibodies
described herein for determining the protein and/or gene tran-
script expression level of at least 2 or at least 3 RCC biomar-
kers as disclosed herein, in order to determine a subject’s
likelihood of having or being at risk of developing RCC.
[0218] As amenable, these suggested kit components may
be packaged in a manner customary for use by those of skill
in the art. For example, these suggested kit components may
be provided in solution or as a liquid dispersion or the like.
[0219] The invention also provides diagnostic and experi-
mental kits which include antibodies for determining the
protein expression level encoded by at least 2 or at least 3
RCC biomarkers as disclosed herein, in order to determine a
subject’s likelihood of having or being at risk of developing
RCC. In suchkits, the antibodies may be provided with means
for binding to detectable marker moieties or substrate sur-
faces. Alternatively, the kits may include the antibodies
already bound to marker moieties or substrates. The kits may
further include reference biological samples as well as posi-
tive and/or negative control reagents as well as other reagents
for adapting the use of the antibodies to particular experimen-
tal and/or diagnostic techniques as desired. The kits may be
prepared for in vivo or in vitro use, and may be particularly
adapted for performance of any of the methods of the inven-
tion, such as ELISA. For example, kits containing antibody
bound to multi-well microtiter plates can be manufactured.
[0220] Other objects, features and advantages will become
apparent from the following detailed description. It should be
understood, however, that the detailed description and spe-
cific examples, while indicating specific embodiments of the
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invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope if the
invention will become apparent to those skilled in the art from
this detailed description.

[0221] Theinvention now being generally described, it will
be more readily understood by reference to the following
examples which are included merely for purposes of illustra-
tion of certain aspects and embodiments of the present inven-
tion, and are not intended to limit the invention

[0222] The following examples are provided to illustrate
certain embodiments of the invention. They are not intended
to limit in any way the remainder of the disclosure.

DEFINITIONS

[0223] For convenience, certain terms employed in the
entire application (including the specification, examples, and
appended claims) are collected here. Unless defined other-
wise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. Practitioners
are particularly directed to Sambrook, et al. (1989) Molecular
Cloning: A Laboratory Manual (Second Edition), Cold
Spring Harbor Press, Plainview, N.Y. and Ausubel, F. M., et
al. (1998) Current Protocols in Molecular Biology, John
Wiley Sons, New York, N.Y., for definitions, terms of art and
standard methods known in the art of biochemistry and
molecular biology. Singleton, et al., DICTIONARY OF
MICROBIOLOGY AND MOLECULAR BIOLOGY, 2D
ED., John Wiley and Sons, New York (1994), and Hale &
Marham, THE HARPER COLLINS DICTIONARY OF
BIOLOGY, Harper Perennial, N.Y. (1991) provide one of
skill with a general dictionary of many of the terms used in
this invention. Although any methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present invention, the preferred methods
and materials are described. Numeric ranges are inclusive of
the numbers defining the range. Unless otherwise indicated,
nucleic acids are written left to right in 5' to 3' orientation,
amino acid sequences are written left to right in amino to
carboxy orientation, respectively. The headings provided
herein are not limitations of the various aspects or embodi-
ments of the invention which can be had by reference to the
specification as a whole. Accordingly, the terms defined
immediately below are more fully defined by reference to the
specification as a whole.

[0224] Tt is understood that this invention is not limited to
the particular methodology, protocols, and reagents
described, as these may be varied to produce the same result.
[0225] Theterm “gene” used herein refers to a nucleic acid
sequence encoding an amino acid sequence or a functional
RNA, such as mRNA, tRNA, rRNA, catalytic RNA, siRNA,
miRNA and antisense RNA. A gene can also be an mRNA or
¢DNA corresponding to the coding regions (e.g. exons and
miRNA). A gene can also be an amplified nucleic acid mol-
ecule produced in vitro comprising all or a part of the coding
region.

[0226] The term “gene product” as used herein refers to
both an RNA transcript of a gene and a translated polypeptide
encoded by that transcript.

[0227] Theterm “expression” as used herein refers to tran-
scription of a nucleic acid sequence, as well as to the produc-
tion, by translation, of a polypeptide product from a tran-
scribed nucleic acid sequence.
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[0228] The term “nucleic acid” or “oligonucleotide” or
“polynucleotide” used herein can mean at least two nucle-
otides covalently linked together. As will be appreciated by
those skilled in the art, the depiction of a single strand also
defines the sequence of the complementary strand. Thus, a
nucleic acid also encompasses the complementary strand of a
depicted single strand. As will also be appreciated by those in
the art, many variants of a nucleic acid can be used for the
same purpose as a given nucleic acid. Thus, a nucleic acid also
encompasses substantially identical nucleic acids and
complements thereof. As will also be appreciated by those in
the art, a single strand provides a probe that can hybridize to
a target sequence under stringent hybridization conditions.
Thus, a nucleic acid also encompasses a probe that hybridizes
under stringent hybridization conditions.

[0229] Theterm “expression” as used herein refers to inter-
changeably to the expression of a polypeptide or protein or
expression of a polynucleotide or expression of a gene.
Expression also refers to the expression of pre-translational
modified and post-translationally modified proteins, as well
as expression of pre-mRNA molecules, alternatively spliced
and mature mRNA molecules. Expression of a polynucle-
otide can be determined, for example, by measuring the pro-
duction of RNA transcript molecules, for example messenger
RNA (mRNA) transcript levels. Expression of a protein or
polypeptide can be determined, for example, by immunoas-
say using an antibody(ies) that bind with the polypeptide.
[0230] The term “encode” as it is applied to polynucle-
otides refers to a polynucleotide which is said to “encode” a
polypeptide or protein if, in its native state or when manipu-
lated by methods well known to those skilled in the art, it can
be transcribed to produce the RNA which can be translated
into an amino acid sequence to generate the polypeptide
and/or a fragment thereof. The antisense strand is the comple-
ment of such a nucleic acid, and the encoding sequence can be
deduced therefrom.

[0231] The terms “polypeptide” and “protein” are used
interchangeably herein and include a molecular chain of
amino acids linked through peptide bonds. The terms do not
refer to a specific length of the product. Thus, “peptides,”
“oligopeptides,” and “proteins” are included within the defi-
nition of polypeptide. The terms include post-translational
modifications of the polypeptide, for example, glycosyla-
tions, acetylations, phosphorylations and the like. In addition,
protein fragments, analogs, mutated or variant proteins,
fusion proteins and the like are included within the meaning
of polypeptide.

[0232] The terms “protein-binding molecule” refers to a
agent or protein which specifically binds to an protein, such as
an a protein-binding molecule which specifically binds a
RCC biomarker protein. Protein-binding molecules are well
known in the art, and include antibodies, protein-binding
peptide and the like. The region on the protein which binds to
the protein-binding molecule is referred to as the epitope, and
the protein which is bound to the protein-binding molecule is
often referred to in the art as an antigen.

[0233] The terms “specifically binds,” “specific binding
affinity” (or simply “specific affinity”), and “specifically rec-
ognize,” and other related terms when used to refer to binding
between a protein and an antibody, refers to a binding reaction
that is determinative of the presence of the protein in the
presence of a heterogeneous population of proteins and other
biologics. Thus, under designated conditions, a specified anti-
body binds preferentially to a particular protein and does not
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bind in a significant amount to other proteins present in the
sample. An antibody that specifically binds to a protein has an
association constant of at least 10° M~ or 10* M~!, some-
times 10° M~" or 10° M, in other instances 10°M~" or 10’
M1, preferably 10®* M~! to 10° M, and more preferably,
about 10'° M~! to 10** M~* or higher. Protein-binding mol-
ecules with affinities greater than 10® M~" are useful in the
methods of the present invention. A variety of immunoassay
formats can be used to select antibodies specifically immu-
noreactive with a particular protein. For example, solid-phase
ELISA immunoassays are routinely used to select mono-
clonal antibodies specifically immunoreactive with a protein.
See, e.g., Harlow and Lane (1988) Antibodies, A Laboratory
Manual, Cold Spring Harbor Publications, New York, for a
description of immunoassay formats and conditions that can
be used to determine specific immunoreactivity.

[0234] Theterm “variant” as used herein refers to a peptide
or nucleic acid that differs from the naturally occurring
polypeptide or nucleic acid by one or more amino acid or
nucleic acid deletions, additions, substitutions or side-chain
modifications, yet retains one or more specific functions or
biological activities of the naturally occurring molecule.
Amino acid substitutions include alterations in which an
amino acid is replaced with a different naturally-occurring or
a non-conventional amino acid residue. Such substitutions
may be classified as “conservative”, in which case an amino
acid residue contained in a polypeptide is replaced with
another naturally occurring amino acid of similar character
either in relation to polarity, side chain functionality or size.
Substitutions encompassed by the present invention may also
be “non conservative”, in which an amino acid residue which
is present in a peptide is substituted with an amino acid having
different properties, such as naturally-occurring amino acid
from a different group (e.g., substituting a charged or hydro-
phobic amino; acid with alanine), or alternatively. in which a
naturally-occurring amino acid is substituted with a non-
conventional amino acid. In some embodiments amino acid
substitutions are conservative. Also encompassed within the
term variant when used with reference to a polynucleotide or
polypeptide, refers to a polynucleotide or polypeptide that
can vary in primary, secondary, or tertiary structure, as com-
pared to a reference polynucleotide or polypeptide, respec-
tively (e.g., as compared to a wild-type polynucleotide or
polypeptide). A “variant” of a RCC biomarker polypeptide,
for example SEQ ID NOs: 32-43 1s meant to refer to a mol-
ecule substantially similar in structure and function to the
proteins of SEQ ID NOs: 32-43 respectively.

[0235] Forexample, avariant of an RCC biomarker peptide
can contain a mutation or modification that differs from a
reference amino acid in SEQ ID NOs: 32-43. In some
embodiments, a variant of SEQ ID NOs: 32-43 is a fragment
of SEQ ID NOs: 32-43 as disclosed herein. In some embodi-
ments, a variant can be a different isoform of SEQ ID NOs:
32-43 or can comprise different isomer amino acids. Variants
can be naturally-occurring, synthetic, recombinant, or chemi-
cally modified polynucleotides or polypeptides isolated or
generated using methods well known in the art. Variants can
include conservative or non-conservative amino acid
changes, as described below. Polynucleotide changes can
result in amino acid substitutions, additions, deletions,
fusions and truncations in the polypeptide encoded by the
reference sequence. Variants can also include insertions, dele-
tions or substitutions of amino acids, including insertions and
substitutions of amino acids and other molecules) that do not
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normally occur in the peptide sequence that is the basis of the
variant, for example but not limited to insertion of ornithine
which do not normally occur in human proteins. The term
“conservative substitution,” when describing a polypeptide,
refers to a change in the amino acid composition of the
polypeptide that does not substantially alter the polypeptide’s
activity. For example, a conservative substitution refers to
substituting an amino acid residue for a different amino acid
residue that has similar chemical properties. Conservative
amino acid substitutions include replacement of a leucine
with an isoleucine or valine, an aspartate with a glutamate, or
a threonine with a serine. “Conservative amino acid substitu-
tions” result from replacing one amino acid with another
having similar structural and/or chemical properties, such as
the replacement of a leucine with an isoleucine or valine, an
aspartate with a glutamate, or a threonine with a serine. Thus,
a “conservative substitution” of a particular amino acid
sequence refers to substitution of those amino acids that are
not critical for polypeptide activity or substitution of amino
acids with other amino acids having similar properties (e.g.,
acidic, basic, positively or negatively charged, polar or non-
polar, etc.) such that the substitution of even critical amino
acids does not reduce the activity of the peptide, (i.e. the
ability of the peptide to penetrate the BBB). Conservative
substitution tables providing functionally similar amino acids
are well known in the art. For example, the following six
groups each contain amino acids that are conservative substi-
tutions for one another: 1) Alanine (A), Serine (S), Threonine
(1); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine
(N), Glutamine (Q); 4) Arginine (R), Lysine (K); 5) Isoleu-
cine (I), Leucine (L), Methionine (M), Valine (V); and 6)
Phenylalanine (F), Tyrosine (Y), Tryptophan (W). (See also
Creighton, Proteins, W. H. Freeman and Company (1984).) In
some embodiments, individual substitutions, deletions or
additions that alter, add or delete a single amino acid or a
small percentage of amino acids can also be considered “con-
servative substitutions” is the change does not reduce the
activity of the peptide (i.e. the function of the proteins of SEQ
ID NOs: 32-43). Insertions or deletions are typically in the
range of about 1 to 5 amino acids, but can include more than
5 amino acids. The choice of conservative amino acids may be
selected based on the location of the amino acid to be substi-
tuted in the peptide, for example if the amino acid is on the
exterior of the peptide and expose to solvents, or on the
interior and not exposed to solvents.

[0236] In alternative embodiments, one can select the
amino acid which will substitute an existing amino acid based
on the location of the existing amino acid, i.e. its exposure to
solvents (i.e. if the amino acid is exposed to solvents or is
present on the outer surface of the peptide or polypeptide as
compared to internally localized amino acids not exposed to
solvents). Selection of such conservative amino acid substi-
tutions are well known in the art, for example as disclosed in
Dordo et al, J. Mol. Biol, 1999, 217, 721-739 and Taylor et al,
J. Theor. Biol. 119 (1986); 205-218 and S. French and B.
Robson, J. Mol. Evol. 19 (1983)171. Accordingly, one can
select conservative amino acid substitutions suitable for
amino acids on the exterior of a protein or peptide (i.e. amino
acids exposed to a solvent), for example, but not limited to,
the following substitutions can be used: substitution of Y with
F, TwithSorK, PwithA, Ewith DorQ, NwithD or G,R
with K, Gwith NorA, T with Sor K, Dwith N orE, I with L
orV,F with Y, Swith T or A, R with K, G with N or A, K with
R, Awith S, K orP.
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[0237] Inalternative embodiments, one can also select con-
servative amino acid substitutions encompassed suitable for
amino acids on the interior of a protein or peptide, for
example one can use suitable conservative substitutions for
amino acids is on the interior of a protein or peptide (i.e. the
amino acids are not exposed to a solvent), for example but not
limited to, one can use the following conservative substitu-
tions: whereY is substituted with F, T with A or S, I with L or
V, WwithY, Mwith L, Nwith D, Gwith A, Twith A or S, D
withN, Iwith L or V, F with Y or L, S with A or T and A with
S, G, T or V. In some embodiments, non-conservative amino
acid substitutions are also encompassed within the term of
variants. A variant of a RCC biomarker polypeptide, for
example a variant of SEQ ID NOs: 32-43 is meant to refer to
any molecule substantially similar in structure and function to
either the entire molecule of SEQ ID NOs: 32-43, or to a
fragment thereof.

[0238] The term “derivative” as used herein refers to pep-
tides which have been chemically modified, for example but
not limited to by techniques such as ubiquitination, labeling,
pegylation (derivatization with polyethylene glycol) or addi-
tion of other molecules. A molecule also a “derivative” of
another molecule when it contains additional chemical moi-
eties not normally a part of the molecule. Such moieties can
improve the molecule’s solubility, absorption, biological half
life, etc. The moieties can alternatively decrease the toxicity
of the molecule, eliminate or attenuate any undesirable side
effect of the molecule, etc. Moieties capable of mediating
such effects are disclosed in Remington’s Pharmaceutical
Sciences, 18th edition, A. R. Gennaro, Ed.. MackPubl., Eas-
ton, Pa. (1990).

[0239] The term “functional” when used in conjunction
with “fragment” “derivative” or “variant” refers to amolecule
such as a protein which possess a biological activity (either
functional or structural) that is substantially similar to a bio-
logical activity of the entity or molecule its is a functional
derivative or functional variant thereof. The term functional
derivative is intended to include the fragments, analogues or
chemical derivatives of a molecule.

[0240] A molecule is said to be “substantially similar” to
another molecule if both molecules have substantially similar
structures or if both molecules possess a similar biological
activity. Thus, provided that two molecules possess a similar
activity, (i.e. a variant of a RCC biomarker protein and the
RCC biomarker polypeptide) are considered variants and are
encompassed for use as disclosed herein, even if the structure
of one of the molecules not found in the other, or if the
sequence of amino acid residues is not identical. Thus, pro-
vided that two molecules possess a similar biological activity,
they are considered variants as that term is used herein even if
the structure of one of the molecules not found in the other, or
if the sequence of amino acid residues is not identical.

[0241] Asusedherein, the term “nonconservative” refers to
substituting an amino acid residue for a different amino acid
residue that has different chemical properties. The noncon-
servative substitutions include, but are not limited to aspartic
acid (D) being replaced with glycine (G); asparagine (N)
being replaced with lysine (K); or alanine (A) being replaced
with arginine (R).

[0242] Theterm “insertions” or “deletions” are typically in
the range of about 1 to 5 amino acids. The variation allowed
can be experimentally determined by producing the peptide
synthetically while systematically making insertions, dele-
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tions, or substitutions of nucleotides in the sequence using
recombinant DNA techniques.

[0243] Theterm “substitution” when referring to a peptide,
refers to a change in an amino acid for a different entity, for
example another amino acid or amino-acid moiety. Substitu-
tions can be conservative or non-conservative substitutions.
[0244] As used herein, an “antibody” includes whole anti-
bodies and any antigen binding fragment or a single chain
thereof. Thus the term “antibody” includes any protein or
peptide containing molecule that comprises at least a portion
of an immunoglobulin molecule. Examples of such include,
but are not limited to a complementarily determining region
(CDR) of a heavy or light chain or a ligand binding portion
thereof, a heavy chain or light chain variable region, a heavy
chain or light chain constant region, a framework (FR) region,
or any portion thereof, or at least one portion of a binding
protein, any of which can be incorporated into an antibody of
the present invention. The antibodies can be polyclonal or
monoclonal and can be isolated from any suitable biological
source, e.g., murine, rat, sheep and canine. Additional sources
areidentified infra. The term “antibody” is further intended to
encompass digestion fragments, specified portions, deriva-
tives and variants thereof, including antibody mimetics or
comprising portions of antibodies that mimic the; structure
and/or function of an antibody or specified fragment or por-
tion thereof, including single chain antibodies and fragments
thereof. Examples of binding fragments encompassed within
the term “antigen binding portion” of an antibody include a
Fab fragment, a monovalent fragment consisting of the VL,
VH, CL and CH, domains; a F(ab") 2 fragment, a bivalent
fragment comprising two Fab fragments linked by a disulfide
bridge at the hinge region; a Ed fragment consisting of the VH
and CH, domains; a Fv fragment consisting ofthe VL and VH
domains of a single arm of an antibody, a dAb fragment (Ward
et al. (1989) Nature 341:544-546), which consists of a VH
domain; and an isolated complementarily determining region
(CDR). Furthermore, although the two domains of the Fv
fragment, VL. and VH, are coded for by separate genes, they
can be joined, using recombinant methods, by a synthetic
linker that enables them to be made as a single protein chain
in which the VL, and VH regions pair to form monovalent
molecules (known as single chain Fv (scFv)). Bird et al.
(1988) Science 242:423-426 and Huston et al. (1988) Proc.
Natl. Acad. Sci. USA 85:5879-5883. Single chain antibodies
are also intended to be encompassed within the term “frag-
ment of an antibody.” Any of the above-noted antibody frag-
ments are obtained using conventional techniques known to
those of skill in the art, and the fragments are screened for
binding specificity and neutralization activity in the same
manner as are intact antibodies.

[0245] The term “epitope” means a protein determinant
capable of specific binding to an antibody. Epitopes usually
consist of chemically active surface groupings of molecules
such as amino acids or sugar side chains and usually have
specific three dimensional structural characteristics, as well
as specific charge characteristics. Conformational and non-
conformational epitopes are distinguished in that the binding
to the former but not the latter is lost in the presence of
denaturing solvents. The phrase can also refer to continuous
or discontinuous epitopes in which the primary sequence (i.e.,
the amino acid sequence) is not similar but nonetheless the
epitopes are still recognized by the same antibody.

[0246] The term “antibody variant” is intended to include
antibodies produced in a species other than a mouse. It also
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includes antibodies containing post translational modifica-
tions to the linear polypeptide sequence of the antibody or
fragment. It further encompasses fully human antibodies. The
term “antibody derivative” is intended to encompass mol-
ecules that bind an epitope as defined above and which are
modifications or derivatives of a native monoclonal antibody
of this invention. Derivatives include, but are not limited to,
for example, bispecific, multispecific, heterospecific, trispe-
cific, tetraspecific, multispecific antibodies, diabodies, chi-
meric, recombinant and humanized.

[0247] The term “bispecific molecule” is intended to
include any agent, e.g., a protein, peptide, or protein or pep-
tide complex, which has two different binding specificities.
The term “multispecific molecule” or “heterospecific mol-
ecule” is intended to include any agent, e.g. a protein, peptide,
or protein or peptide complex, which has more than two
different binding specificities.

[0248] The term “heteroantibodies” refers to two or more
antibodies, antibody binding fragments (e.g., Fab), deriva-
tives thereof, or antigen binding regions linked together, at
least two of which have different specificities.

[0249] The term “human antibody” as used herein, is
intended to include antibodies having variable and constant
regions derived from human germline immunoglobulin
sequences. The human antibodies of the present invention can
include amino acid residues not encoded by human germline
immunoglobulin sequences (e.g., mutations introduced by
random or site-specific mutagenesis in vitro or by somatic
mutation in viva). However, the term “human antibody” as
used herein, is not intended to include antibodies in which
CDR sequences derived from the germline of another mam-
malian species, such as a mouse, have been grafted onto
human framework sequences. Thus, as used herein, the term
“human antibody” refers to an antibody in which substan-
tially every part of the protein (e.g., CDR, framework, CL,
CH domains (e.g., CH1, CH2, CH3), hinge, (Via, VH)) is
substantially non-immunogenic in humans, with only minor
sequence changes or variations. Similarly, antibodies desig-
nated primate (monkey, baboon, chimpanzee, etc.), rodent
(mouse, rat, rabbit, guinea pig, hamster, and the like) and
other mammals designate such species, sub-genus, genus,
sub-family, family specific antibodies. Further, chimeric anti-
bodies include any combination of the above. Such changes
or variations optionally and preferably retain or reduce the
immunogenicity in humans or other species relative to non-
modified antibodies. Thus, a human antibody is distinct from
a chimeric or humanized antibody. It is pointed out that a
human antibody can be produced by a non-human animal or
prokaryotic or eukaryotic cell that is capable of expressing
functionally rearranged human immunoglobulin (e.g., heavy
chain and/or light chain); genes. Further, when a human anti-
body is a single chain antibody, it can comprise a linker
peptide that is not found in native human antibodies. For
example, an Fv can comprise a linker peptide, such as two to
about eight glycine or other amino acid residues, which con-
nects the variable region of the heavy chain and the variable
region of the light chain. Such linker peptides are considered
10 be of human origin.

[0250] As used herein, a human antibody is “derived from”
a particular germline sequence if the antibody is obtained
from a system using human immunoglobulin sequences, e.g.,
by immunizing a transgenic mouse carrying human immuno-
globulin genes or by screening a human immunoglobulin
gene library. A human antibody that is “derived from” a
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human germline immunoglobulin sequence can be identified
as such by comparing the amino acid sequence of the human
antibody to the amino acid sequence of human germline
immunoglobulins. A selected human antibody typically is at
least 90% identical in amino acids sequence to an amino acid
sequence encoded by a human germline immunoglobulin
gene and contains amino acid residues that identify the
human antibody as being human when compared to the ger-
mline immunoglobulin amino acid sequences of other species
(e.g., murine germline sequences). In certain cases, a human
antibody can be at least about 95%, or even at least about
96%, or least about 97%, or least about 98%, or least about
99% identical in amino acid sequence to the amino acid
sequence encoded by the germline immunoglobulin gene.
Typically, ahuman antibody derived from a particular human
germline sequence will display no more than 10 amino acid
differences from the amino acid sequence encoded by the
human germline immunoglobulin gene. In certain cases, the
human antibody can display no more than 5, or even no more
than 4, 3, 2, or 1 amino acid difference from the amino acid
sequence encoded by the germline immunoglobulin gene.

[0251] The terms “monoclonal antibody” or “monoclonal
antibody composition” as used herein refer to a preparation of
antibody molecules of single molecular composition. A
monoclonal antibody composition displays a single binding
specificity and affinity for a particular epitope.

[0252] The term “human monoclonal antibody” refers to
antibodies displaying a single binding specificity which have
variable and constant regions derived from human germline
immunoglobulin sequences. The term “recombinant human
antibody”, as used herein, includes all human antibodies that
are prepared, expressed, created or isolated by recombinant
means, such as antibodies isolated from an animal (e.g., a
mouse) that is transgenic or transchromosomal for human
immunoglobulin genes or a hybridoma prepared therefrom,
antibodies isolated from a host cell transformed to express the
antibody, e.g., from a transfectoma, antibodies isolated from
a recombinant, combinatorial human antibody library, and
antibodies prepared, expressed, created or isolated by any
other means that involve splicing of human immunoglobulin
gene sequences to other DNA sequences. Such recombinant
human antibodies have variable and constant regions derived
from human germline immunoglobulin sequences. In certain
embodiments, however, such recombinant human antibodies
can be subjected to in vitro mutagenesis (or, when an animal
transgenic for human Ig sequences is used, in viva somatic
mutagenesis) and thus the amino acid sequences of the VH
and VL regions of the recombinant antibodies are sequences
that, while derived from and related to human germline VH
and VL sequences, can not naturally exist within the human
antibody germline repertoire in vivo. As used herein, “iso-
type” refers to the antibody class (e.g., IgM or IgG1) that is
encoded by heavy chain constant region genes.

[0253] An “antigen-binding site” or “binding portion”
refers to the part of an immunoglobulin molecule that partici-
pates in antigen binding. The antigen-binding site is formed
by amino acid residues of the N-terminal variable (“V”)
regions of the heavy (“H”) and light (“L”) chains. Three
highly divergent stretches within the V regions of the heavy
and light chains are referred to as “hypervariable regions”
which are interposed between more conserved flanking
stretches known as “framework regions” or “FRs”. Thus, the
term “FR” refers to amino acid sequences that are naturally
found between and adjacent to hypervariable regions in
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immunoglobulins. In an antibody molecule, the three hyper-
variable regions of a light chain and the three hypervariable
regions of a heavy chain are disposed relative to each other in
three dimensional spaceto form an antigen binding “surface”.
This surface mediates recognition and binding of the target
antigen. The three hypervariable regions of each of the heavy
and light chains are referred to as “complementarity deter-
mining regions” or “CDRs” and are characterized, for
example by Kabat et al. Sequernces of proteins of immuno-
logical interest, 4th ed. U.S. Dept. Health and Human Ser-
vices, Public Health Services, Bethesda, Md. (1987).

[0254] An “array” broadly refers to an arrangement of
agents (e.g., proteins, antibodies, replicable genetic pack-
ages) in positionally distinct locations on a substrate. In some
instances the agents on the array are spatially encoded such
that the identity of an agent can be determined from its loca-
tion on the array. A “microarray” generally refers to an array
in which detection requires the use of microscopic detection
to detect complexes formed with agents on the substrate. A
“location” on an array refers to a localized area on the array
surface that includes agents, each defined so that it can be
distinguished from adjacent locations (e.g., being positioned
on the overall array, or having some detectable characteristic,
that allows the location to be distinguished from other loca-
tions). Typically, each location includes a single type of agent
but this is not required. The location can have any convenient
shape (e.g., circular, rectangular, elliptical or wedge-shaped).
The size or area of a location can vary significantly. In some
instances, the area of a location is greater than 1 cm2, such as
2 em2, including any area within this range. More typically,
the area of the location is less than 1 cm2, in other instances
less than 1 mm?2, in still other instances less than 0.5 mm?2, in
yet still other instances less than 10,000 [0.m2, or less than
100 (Im2.

[0255] A “label” refers to an agent that can be detected by
using physical, chemical, optical, electromagnetic and/or
other methods. Examples of detectable labels that can be
utilized include, but are not limited to, radioisotopes, fluoro-
phores, chromophores, mass labels, electron dense particles,
magnetic particles, spin labels, molecules that emit chemilu-
minescence, electrochemically active molecules, enzymes,
cofactors, and enzyme substrates.

[0256] The term “endogenously expressed” or “endog-
enous expression” refers to the expression of a gene product
at normal levels and under normal regulation for that cell
type.

[0257] The terms “oligonucleotide” or “polynucleotide”,
or “portion,” or “segment” thereof refer to a stretch of poly-
nucleotide residues which is long enough to use in PCR or
various hybridization procedures to identify or amplify iden-
tical or related parts of mRNA or DNA molecules. The poly-
nucleotide compositions of this invention include RNA,
cDNA, genomic DNA, synthetic forms, and mixed polymers,
both sense and antisense strands, and can be chemically or
biochemically modified or can contain! non-natural or deriva-
tized nucleotide bases, as will be readily appreciated by those
skilled in the art. Such modifications include, for example,
labels, methylation, substitution of one or more of the natu-
rally occurring nucleotides with an analog, internucleotide
modifications such as uncharged linkages (e.g., methyl phos-
phonates, phosphotriesters, phosphoamidates, carbamates,
etc.), charged linkages (e.g., phosphorothioates, phospho-
rodithioates, etc.); pendent moieties (e.g., polypeptides),
intercalators (e.g., acridine, psoralen, etc.), chelators, alkyla-
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tors, and modified linkages (e.g., alpha anomeric nucleic
acids, etc.). Also included are synthetic molecules that mimic
polynucleotides in their ability to bind to a designated
sequence via hydrogen bonding and other chemical interac-
tions. Such molecules are known in the art and include, for
example, those in which peptide linkages substitute for phos-
phate linkages in the backbone of the molecule. The term
“oligonucleotide” as used herein includes a polynucleotide
molecule comprising any number of nucleotides which has
sufficient number of bases to be used as an oligomer, aptimer
or probe in a polymerase chain reaction (PCR). Oligonucle-
otides are prepared from genomic or cDNA sequence and
used to amplify, reveal and confirm the presence of similar
DNA or RNA in a particular cell or tissue. Oligonucleotides
or oligomers comprise portions of a DNA sequence having at
least about 10 nucleotides and as many as about 35 nucle-
otides and preferably, less than about 200 nucleotides. Oligo-
nucleotides can be between about 5 and about 100 nucle-
otides in length, preferably between at least about 10 to about
50 nucleotides in length. The exact length of a particular
oligonucleotide, however, will depend on many factors,
which in turn depend on the ultimate function or use of the
oligonucleotide. Oligonucleotides can be synthesized chemi-
cally by any suitable means known in the art or derived from
a biological sample, as for example, by restriction digestion.
The source of the oligonucleotides is not essential to the
present invention. Oligonucleotides can be labeled, accord-
ing to any technique known in the art, such as with radiola-
bels, fluorescent labels, enzymatic labels, proteins, haptens,
antibodies, sequence tags, mass tags, fluorescent polarization
etc.

[0258] The term “real-time quantitative RT-PCR” or
“quantitative RT-PCR” or “QRT-PCR” are used interchange-
ably herein, refers to reverse transcription (RT) polymerase
chain reaction (PCR) which enables detection of gene tran-
scription. The method is known to those ordinary skilled in
the art and comprises of the reverse transcription and ampli-
fication of messenger RNA (mRNA) species to cDNA, which
is further amplified by the PCR reaction. QRT-PCR enables a
one skilled in the art to quantitatively measure the level of
gene transcription from the test gene in a particular biological
sample. The methods of RNA isolation, RNA reverse tran-
scription (RT) to ¢cDNA (copy DNA) and ¢cDNA or nucleic
acid amplification and analysis are routine for one skilled in
the art and examples of protocols can be found, for example,
in the Molecular Cloning: A Laboratory Manual (3-Volume
Set) Ed. Joseph Sambrook, David W. Russel, and Joe Sam-
brook, Cold Spring Harbor Laboratory; 3rd edition (Jan. 15,
2001), ISBN: 0879695773. Particularly useful protocol
source for methods used in PCR amplification is PCR (Ba-
sics: From Background to Bench) by M. J. McPherson, S. G.
Meller, R. Beynon, C. Howe, Springer Verlag; lst edition
(Oct. 15, 2000), ISBN: 0387916008.

[0259] The term “multiplex” as used herein refers to the
testing and/or the assessment of more than one gene within
the same reaction sample.

[0260] The term “amplify” is used in the broad sense to
mean creating an amplification product which can include,
for example, additional target molecules, or target-like mol-
ecules or molecules complementary to the target molecule,
which molecules are created by virtue of the presence of the
target molecule in the sample. In the situation where the target
is a nucleic acid, an amplification product can be made enzy-
matically with DNA or RNA polymerases or reverse tran-
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scriptases. The term ‘“amplification of polynucleotides”
includes methods such as PCR, ligation amplification (or
ligase chain reaction, LCR) and amplification methods.
These methods are known and widely practiced in the art.
See, e.g., U.S. Pat. Nos. 4,683,195 and 4,683,202 and Innis et
al., 1990 (for PCR); and Wu, D. Y. et al. (1989) Genomics
4:560-569 (for LCR).

[0261] The term “disease” or “disorder” is used inter-
changeably herein, refers to any alternation in state of the
body or of some of the organs, interrupting or disturbing the
performance of the functions and/or causing symptoms such
as discomfort, dysfunction, distress, or even death to the
person afflicted or those in contact with a person. A disease or
disorder can also related to a distemper, ailing, ailment,
malady, disorder, sickness, illness, complaint, interdisposi-
tion, affection. A disease and disorder, includes but is not
limited to any condition manifested as one or more physical
and/or psychological symptoms for which treatment is desir-
able. and includes previously and newly identified diseases
and other disorders.

[0262] The term “cancer” or “malignancy” are used inter-
changeably herein, refers to diseases that are characterized by
uncontrolled, abnormal growth of cells which results in an
increase in a particular cell type or increase in a tissue growth
or tissue mass. Cancer cells can spread locally or through the
bloodstream and lymphatic system to other parts of the body.
Thetermis also intended to include any disease of an organ or
tissue in mammals characterized by poorly controlled or
uncontrolled multiplication of normal or abnormal cells in
that tissue and its effect on the body as a whole. Cancer
diseases within the scope of the definition comprise benign
neoplasms, dysplasias, hyperplasias as well as neoplasms
showing metastatic growth or any other transformations like
e.g. leukoplakias which often precede a breakout of cancer.
[0263] As used herein, the term “tumor” refers to a mass of
transformed cells that are characterized, at least in part, by
containing angiogenic vasculature. The transformed cells are
characterized by neoplastic uncontrolled cell multiplication
which is rapid and continues even after the stimuli that initi-
ated the new growth has ceased. The term “tumor” is used
broadly to include the tumor parenchymal cells as well as the
supporting stroma, including the angiogenic blood vessels
that infiltrate the tumor parenchymal cell mass. Although a
tumor generally is a malignant tumor, 1.e., a cancer having the
ability to metastasize (i.e. a metastatic tumor), a tumor also
can be nonmalignant (i.e. non-metastatic tumor). Tumors are
hallmarks of cancer, a neoplastic disease the natural course of
which is fatal. Cancer cells exhibit the properties of invasion
and metastasis and are highly anaplastic.

[0264] Asusedherein, theterm “metastases” or “metastatic
tumor” refers to a secondary tumor that grows separately
elsewhere in the body from the primary tumor and has arisen
from detached, transported cells, wherein the primary tumor
is a solid tumor. The primary tumor, as used herein, refers to
a tumor that originated in the location or organ in which it is
present and did not metastasize to that location from another
location. As used herein, a “malignant tumor” is one having
the properties of invasion and metastasis and showing a high
degree of anaplasia. Anaplasia is the reversion of cells to an
immature or a less differentiated form, and it occurs in most
malignant tumors.

[0265] The term “renal cell carcinoma” and “RCC” are
used interchangeably herein, refers to a tumor of the kidney.
Tumors of the kidney can be malignant or benign and are the
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most common primary malignant kidney tumor. RCC usually
begins in the cells that line the small tubes of each nephron.
Renal cell tumors can grow as a single mass, and can multiple
RCC tumors can develop on a single kidney or both kidneys.
The term RCC encompasses different subtypes of RCC, such
as, but not limited to epithelial renal cell carcinoma (RCC),
clear cell (conventional), papillary RCC (chromophil), chro-
mophobe RCC, collecting duct RCC (<1%) and unclassified
RCC subtypes.

[0266] The term “clear cell RCC” refers to the most com-
mon renal neoplasm seen in adults (70% of tumors derived
from tubular epithelium). Clear cell RCC can be as small as 1
cmor less and discovered incidentally, or it can be as bulky as
several kilograms, and often presents pain, as a palpable mass
or with hematuria, but a wide variety of paraneoplastic syn-
dromes have been described. Clear cell RCC might be clini-
cally silent for years and may present with symptoms of
metastasis. Clear cell RCC has a characteristic gross appear-
ance; the tumor is solid, lobulated, and yellow, with variega-
tion due to necrosis and hemorrhage, with in some instances,
the tumor circumscribed, or invade the perirenal fat or the
renal vein.

[0267] The term “therapeutically effective amount” refers
to an amount that is sufficient to effect a therapeutically or
prophylactically significant reduction in a symptom associ-
ated with an angiogenesis-mediated condition when admin-
istered to a typical subject who has an angiogenesis-mediated
condition. A therapeutically or prophylatically significant
reduction in a symptom is, e.g. about 10%, about 20%, about
30%, about 40%, about 50%, about 60%, about 70%, about
80%, about 90%, about 100%, about 125%, about 150% or
more as compared to a control or non-treated subject. In some
embodiments where the angiogenesis-mediated condition is
cancer, the term “therapeutically effective amount” refers to
the amount that is safe and sufficient to prevent or delay the
development and further spread of metastases in cancer
patients. The amount can also cure or cause the cancer to go
into remission, slow the course of cancer progression, slow or
inhibit tumor growth, slow or inhibit tumor metastasis, slow
or inhibit the establishment of secondary tumors at metastatic
sites, or inhibit the formation of new tumor metastasis.

[0268] The term “treat” or “treatment” refer to both thera-
peutic treatment and prophylactic or preventative measures,
wherein the object is to prevent or slow down the develop-
ment or spread of cancer. Beneficial or desired clinical results
include, but are not limited to, alleviation of symptoms,
diminishment of extent of disease, stabilized (i.e., not wors-
ening) state of disease, delay or slowing of disease progres-
sion, amelioration or palliation of the disease state, and remis-
sion (whether partial or total), whether detectable or
undetectable. “Treatment” can also mean prolonging survival
as compared to expected survival if not receiving treatment.
Those in need of treatment include those already diagnosed
with cancer as well as those likely to develop secondary
tumors due to metastasis.

[0269] The term “subject” “patient” and “individual™ are
used interchangeably herein, and refer to an animal, for
example a human, to whom treatment, including prophylactic
treatment, with a composition as described herein, is pro-
vided. The term “mammal” is intended to encompass a sin-
gular “mammal” and plural “mammals,” and includes, but is
not limited: to humans, primates such as apes, monkeys,
orangutans, and chimpanzees; canids such as dogs and
wolves; felids such as cats, lions, and tigers; equids such as
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horses, donkeys, and zebras, food animals such as cows, pigs,
and sheep; ungulates such as deer and giraffes; rodents such
as mice, rats, hamsters and guinea pigs; and bears. Preferably,
the mammal is 2 human subject. As used herein, a “subject”
refers to a mammal, preferably a human.

[0270] As used herein, the term “treating” includes reduc-
ing or alleviating at least one adverse effect or symptom of a
condition, disease or disorder associated with cancer. As used
herein, the term treating is used to refer to the reduction of a
symptom and/or a biochemical marker of cancer by at least
10%. As a non-limiting example, a treatment can be measured
by a change in a cancer stem cell biomarker as disclosed
herein, for example a change in the expression level of a
cancer stem cell biomarker by at least 10% in the direction
closer to the reference expression level for that cancer stem
cell biomarker.

[0271] Theterm “effective amount” as used herein refers to
the amount of therapeutic agent or pharmaceutical composi-
tion to reduce or stop at least one symptom or marker of the
disease or disorder, for example a symptom or marker of
cancer. For example, an effective amount using the methods
as disclosed herein would be considered as the amount suffi-
cient to reduce a symptom or marker of the disease or disorder
or cancer by at least 10%. An effective amount as used herein
would also include an amount sufficient to prevent or delay
the development of a symptom of the disease, alter the course
ofa symptom disease (for example but not limited to, slowing
the progression of a symptom of the disease), or reverse a
symptom of the disease.

[0272] The terms “treat” and “treatment” refer to both
therapeutic treatment and prophylactic or preventative mea-
sures, wherein the object is to prevent or slow down the
development or spread of cancer. Beneficial or desired clini-
cal results include, but are not limited to, alleviation of symp-
toms, diminishment of extent of disease, stabilized (i.e., not
worsening) state of disease, delay or slowing of disease pro-
gression, amelioration or palliation of the disease state, and
remission (whether partial or total). “Treatment” can also
mean prolonging survival as compared to expected survival if
not receiving treatment. Those in need of treatment include
those already diagnosed with cancer as well as those likely to
develop secondary tumors due to metastasis.

[0273] The terms “polypeptide” and “protein” are used
interchangeably to refer to a polymer of amino acid residues,
and are not limited to a minimum length. Peptides, oligopep-
tides, dimers, multimers, and the like, are also composed of
linearly arranged amino acids linked by peptide bonds, and
whether produced biologically, recombinantly, or syntheti-
cally and whether composed of naturally occurring or non-
naturally occurring amino acids, are included within this
definition. Both full-length proteins and fragments thereof
are encompassed by the definition. The terms also include
co-translational (e.g., signal peptide cleavage) and post-trans-
lational modifications of the polypeptide, such as, for
example, disulfide-bond formation, glycosylation, acetyla-
tion, phosphorylation, proteolytic cleavage (e.g., cleavage by
furins or metalloproteases), and the like. Furthermore, for
purposes of the present invention, a “polypeptide” refers to a
protein that includes modifications, such as deletions, addi-
tions, and substitutions (generally conservative in nature as
would be known to a person in the art), to the native sequence,
as long as the protein maintains the desired activity. These
modifications can be deliberate, as through site-directed
mutagenesis, or can be accidental, such as through mutations
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of hosts that produce the proteins, or errors due to PCR
amplification or other recombinant DNA methods. Polypep-
tides or proteins are composed of linearly arranged amino
acids linked by peptide bonds, but in contrast to peptides, has
a well-defined conformation. Proteins, as opposed to pep-
tides, generally consist of chains of 50 or more amino acids.
For the purposes of the present invention, the term “peptide”
as used herein typically refers to a sequence of amino acids of
made up of a single chain of D- or L-amino acids or a mixture
of D- and L-amino acids joined by peptide bonds. Generally,
peptides contain at least two amino acid residues and are less
than about 50 amino acids in length.

[0274] The terms “homology”, “identity” and “similarity”
refer to the degree of sequence similarity between two pep-
tides or between two optimally aligned nucleic acid mol-
ecules. Homology and identity can each be determined by
comparing a position in each sequence which can be aligned
for purposes of comparison. For example, it is based upon
using a standard homology software in the default position,
such as BLAST, version 2.2.14. When an equivalent position
in the compared sequences is occupied by the same base or
amino acid, then the molecules are identical at that position;
when the equivalent site occupied by similar amino acid
residues (e.g., similar in steric and/or electronic nature such
as, for example conservative amino acid substitutions), then
the molecules can be referred to as homologous (similar) at
that position. Expression as a percentage of homology/simi-
larity or identity refers to a function of the number of similar
or identical amino acids at positions shared by the compared
sequences, respectfully. A sequence which is “unrelated” or
“non-homologous” shares less than 40% identity, though
preferably less than 25% identity with the sequences as dis-
closed herein.

[0275] As used herein, the term “sequence identity” means
that two polynucleotide or amino acid sequences are identical
(i.e., on a nucleotide-by-nucleotide or residue-by-residue
basis) over the comparison window. The term “percentage of
sequence identity” is calculated by comparing two optimally
aligned sequences over the window of comparison, determin-
ing the number of positions at which the identical nucleic acid
base (e.g., A, T. C, G. U. or I) or residue occurs in both
sequences to vield the number of matched positions, dividing
the number of matched positions by the total number of
positions in the comparison window (i.e., the window size),
and multiplying the result by 100 to yield the percentage of
sequence identity.

[0276] The terms “substantial identity” as used herein
denotes a characteristic of a polynucleotide or amino acid
sequence, wherein the polynucleotide or amino acid com-
prises a sequence that has at least 85% sequence identity,
preferably at least 90% to 95% sequence identity, more usu-
ally at least 99% sequence identity as compared to a reference
sequence over a comparison window of at least 18 nucleotide
(6 amino acid) positions, frequently over a window of at least
24-48 nucleotide (8-16 amino acid) positions, wherein the
percentage of sequence identity is calculated by comparing
the reference sequence to the sequence which can include
deletions or additions which total 20 percent or less of the
reference sequence over the comparison window. The refer-
ence sequence can be a subset of a larger sequence. The term
“similarity”, when used to describe a polypeptide, is deter-
mined by comparing the amino acid sequence and the con-
served amino acid substitutes of one polypeptide to the
sequence of a second polypeptide.
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[0277] As used herein, the terms “homologous” or “homo-
logues” are used interchangeably, and when used to describe
a polynucleotide or polypeptide, indicates that two poly-
nucleotides or polypeptides, or designated sequences thereof,
when optimally aligned and compared, for example using
BLAST, version 2.2.14 with default parameters for an align-
ment (see herein) are identical, with appropriate nucleotide
insertions or deletions or amino-acid insertions or deletions,
in at least 70% of the nucleotides, usually from about 75% to
99%, and more preferably at least about 98 to 99% of the
nucleotides. The term “homolog” or “homologous” as used
herein also refers to homology with respect to structure and/
or function. With respect to sequence homology, sequences
are homologs if they are at least 50%, at least 60 at least 70%,
at least 80%, at least 90%, at least 95% identical, at least 97%
identical, or at least 99% identical. Determination of
homologs of the genes or peptides of the present invention can
be easily ascertained by the skilled artisan.

[0278] The term “‘substantially homologous” refers to
sequences that are at least 90%, at least 95% identical, at least
96%, identical at least 97% identical, at least 98% identical or
at least 99% identical. Homologous sequences can be the
same functional gene in different species. Determination of
homologs of the genes or peptides of the present invention can
be easily ascertained by the skilled artisan.

[0279] For sequence comparison, typically one sequence
acts as a reference sequence, to which test sequences are
compared. When using a sequence comparison algorithm,
test and reference sequences are input into a computer, sub-
sequence coordinates are designated, if necessary, and
sequence algorithm program parameters are designated. The
sequence comparison algorithm then calculates the percent
sequence identity for the test sequence(s) relative to the ref-
erence sequence, based on the designated program param-
eters.

[0280] Optimal alignment of sequences for comparison can
be conducted, for example, by the local homology algorithm
of Smith and Waterman (Adv. Appl. Math. 2:482 (1981),
which is incorporated by reference herein), by the homology
alignment algorithm of Needleman and Wunsch (J. Mol. Biol.
48:443-53 (1970), which is incorporated by reference
herein), by the search for similarity method of Pearson and
Lipman (Proc. Natl. Acad. Sci. USA 85:2444-48 (1988),
which is incorporated by reference herein), by computerized
implementations of these algorithms (e.g., GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Genetics Computer Group, 575 Science Dr., Madi-
son, Wis.), or by visual inspection. (See generally Ausubel et
al. (eds.), Current Protocols in Molecular Biology, 4th ed.,
John Wiley and Sons, New York (1999)).

[0281] One example of a useful algorithm is PILEUP.
PILEUP creates a multiple sequence alignment from a group
of related sequences using progressive, pairwise alignments
to show the percent sequence identity. It also plots a tree or
dendogram showing the clustering relationships used to cre-
ate the alignment. PILEUP uses a simplification of the pro-
gressive alignment method of Feng and Doolittle (J. Mol.
Evol. 25:351-60 (1987), which is incorporated by reference
herein). The method used is similar to the method described
by Higgins and Sharp (Comput. Appl. Biosci. 5:151-53
(1989), which is incorporated by reference herein). The pro-
gram can align up to 300 sequences, each of a maximum
length of 5,000 nucleotides or amino acids. The multiple
alignment procedure begins with the pairwise alignment of

Sep. 2, 2010

the two most similar sequences, producing a cluster of two
aligned sequences. This cluster is then aligned to the next
most related sequence or cluster of aligned sequences. Two
clusters of sequences are aligned by a simple extension of the
pairwise alignment of two individual sequences. The final
alignment is achieved by a series of progressive, pairwise
alignments. The program is run by designating specific
sequences and their amino acid or nucleotide coordinates for
regions of sequence comparison and by designating the pro-
gram parameters. For example, a reference sequence can be
compared to other test sequences to determine the percent
sequence identity relationship using the following param-
eters: default gap weight (3.00), default gap length weight
(0.10), and weighted end gaps.

[0282] Another example of an algorithm that is suitable for
determining percent sequence identity and sequence similar-
ity is the BLAST algorithm, which is described by Altschul et
al. (J. Mol. Biol. 215:403-410 (1990), which is incorporated
by reference herein). (See also Zhang et al., Nucleic Acid Res.
26:3986-90 (1998); Altschul et al., Nucleic Acid Res.
25:3389-402 (1997), which are incorporated by reference
herein). Software for performing BLAST analyses is publicly
available through the National Center for Biotechnology
Information internet web site. This algorithm involves first
identifying high scoring sequence pairs (HSPs) by identify-
ing short words of length W in the query sequence, which
either match or satisfy some positive-valued threshold score T
when aligned with a word of the same length in a database
sequence. T is referred to as the neighborhood word score
threshold (Altschul et al. (1990), supra). These initial neigh-
borhood word hits act as seeds for initiating searches to find
longer HSPs containing them. The word hits are then
extended in both directions along each sequence for as far as
the cumulative alignment score can be increased. Extension
of the word hits in each direction is halted when: the cumu-
lative alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes to zero
or below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence is
reached. The BLAST algorithm parameters W, T, and X
determine the sensitivity and speed of the alignment. The
BLAST program uses as defaults a word length (W) of 1 1, the
BLOSUMG62 scoring matrix (see Henikoff and Henikoff,
Proc. Natl. Acad. Sci. USA 89:10915-9 (1992), which is
incorporated by reference herein) alignments (B) of 50,
expectation (E) of 10, M=5, N=—4, and a comparison of both
strands.

[0283] Inadditionto calculating percent sequence identity,
the BLAST algorithm also performs a statistical analysis of
the similarity between two sequences (see, e.g., Karlin and
Altschul, Proc. Natl. Acad. Sci. USA 90:5873-77 (1993),
which is incorporated by reference herein). One measure of
similarity provided by the BLAST algorithm is the smallest
sum probability (P(N)), which provides an indication of the
probability by which a match between two nucleotide or
amino acid sequences would occur by chance. For example,
an amino acid sequence is considered similar to a reference
amino acid sequence if the smallest sum probability in a
comparison of the test amino acid to the reference amino acid
is less than about 0.1, more typically less than about 0.01, and
most typically less than about 0.001.

[0284] By “specifically binds” or “specific binding” is
meant a compound or antibody that recognizes and binds a
desired polypeptide but that does not substantially recognize
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and bind other molecules in a sample, for example, a biologi-
cal sample, which naturally includes a polypeptide of the
invention.

[0285] As used herein, the terms “administering,” and
“introducing” are used interchangeably and refer to the place-
ment of the agents as disclosed herein into a subject by a
method or route which results in at least partial localization of
the agents at a desired site. Compounds can be administered
by any appropriate route which results in an effective treat-
ment in the subject.

[0286] As used herein, the term “biological sample” refers
to a cell or population of cells or a quantity of tissue or fluid
from a subject. Most often, the sample has been removed
from a subject, but the term “biological sample” can also refer
to cells or tissue analyzed in vivo, i.e. without removal from
the subject. Often, a “biological sample” will contain cells
from the animal, but the term can also refer to non-cellular
biological material, such as non-cellular fractions of blood,
saliva, or urine, that can be used to measure gene expression
levels. Biological samples include, but are not limited to,
tissue biopsies. scrapes (e.g. buccal scrapes), whole blood,
plasma, serum, urine, saliva, cell culture, or cerebrospinal
fluid. Biological samples also include tissue biopsies, cell
culture. A biological sample or tissue sample can refers to a
sample of tissue or fluid isolated from an individual, includ-
ing but not limited to, for example, blood, plasma, serum,
tumor biopsy, urine, stool, sputum, spinal fluid, pleural fluid,
nipple aspirates, lymph fluid, the external sections of the skin,
respiratory, intestinal, and genitourinary tracts, tears, saliva,
milk, cells (including but not limited to blood cells), tumors,
organs, and also samples of in vitro cell culture constituent. In
some embodiments, the sample is from a resection, broncho-
scopic biopsy, or core needle biopsy of a primary or meta-
static tumor, ora cellblock from pleural fluid. [n addition, fine
needle aspirate samples are used. Samples may be either
paraffin-embedded or frozen tissue. The sample can be
obtained by removing a sample of cells from a subject, but can
also be accomplished by using previously isolated cells (e.g.
isolated by another person), or by performing the methods of
the invention in vivo. Biological sample also refers to a
sample of tissue or fluid isolated from an individual, includ-
ing but not limited to, for example, blood, plasma, serum,
tumor biopsy, urine, stool, sputum, spinal fluid, pleural fluid,
nipple aspirates, lymph fluid, the external sections of the skin,
respiratory, intestinal, and genitourinary tracts, tears, saliva,
milk, cells (including but not limited to blood cells), tumors,
organs, and also samples of in vitro cell culture constituent. In
some embodiments, the biological samples can be prepared,
for example biological samples may be fresh, fixed, frozen, or
embedded in paraffin.

[0287] By a “decrease” or “inhibition” used in the context
of the level of expression or activity of a gene refers to a
reduction in protein or nucleic acid level. For example, such
a decrease may be due to reduced RNA stability, transcrip-
tion, or translation, increased protein degradation, or RNA
interference. Preferably, this decrease is at least about 5%, at
least about 10%, at least about 25%, at least about 50%, at
least about 75%, at least about 80%, or even at least about
90% of the level of expression or activity under control con-
ditions.

[0288] By an “increase” or “higher” in the expression or
activity of a gene or protein is meant a positive change in
protein or nucleic acid level. For example, such a increase
may be due to increased RNA stability, transcription, or trans-
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lation, or decreased protein degradation. Preferably, this
increase is at least 5%, at least about 10%, at least about 25%,
at least about 50%, at least about 75%, at least about 80%, at
least about 100%, at least about 200% (i.e. 2-fold), or at least
about 500% (i.e. 5-fold), or at least about 10,000% (i.e.
10-fold) or more over the level of expression or activity under
control conditions.

[0289] Compositions or methods “comprising” one or
more recited elements may include other elements not spe-
cifically recited. For example, a composition that comprises a
fibril component peptide encompasses both the isolated pep-
tide and the peptide as a component of a larger polypeptide
sequence. By way of further example, a composition that
comprises elements A and B also encompasses a composition
consisting of A, B and C.

[0290] The terms “comprising” means “including princi-
pally, but not necessary solely”. Furthermore, variation of the
word “comprising”, such as “comprise” and “comprises”,
have correspondingly varied meanings. The term “consisting
essentially” means “including principally, but not necessary
solely at least one”, and as such, is intended to mean a “selec-
tion of one or more, and in any combination.”

[0291] In this specification and the appended claims, the
singular forms “a,” “an,” and “the” include plural references
unless the context clearly dictates otherwise. Thus, for
example, reference to a composition for delivering “a drug”
includes reference to two or more drugs. In describing and
claiming the present invention, the following terminology
will be used in accordance with the definitions set out below.
[0292] This invention is further illustrated by the following
example which should not be construed as limiting. The con-
tents of all references cited throughout this application, as
well as the figures and tables are incorporated herein by
reference.

[0293] 1t should be understood that this invention is not
limited to the particular methodology, protocols, and
reagents, etc., described herein and as such can vary. The
terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to limit the
scope of the present invention, which is defined solely by the
claims.

[0294] Other than in the operating examples, or where oth-
erwise indicated, all numbers expressing quantities of ingre-
dients or reaction conditions used herein should be under-
stood as modified in all instances by the term “about.” The
term “about” when used in connection with percentages can
mean+1%.

EXAMPLES

[0295] Theexamples presented herein relate to methods for
diagnostic and prognostic methods of renal cell carcinoma
(RCC) by analysis of gene group expression patterns in sub-
jects. Throughout this application, various publications are
referenced. The disclosures of all of the publications and
those references cited within those publications in their
entireties are hereby incorporated by reference into this appli-
cation in order to more fully describe the state of the art to
which this invention pertains. The following examples are not
intended to limit the scope of the claims to the invention, but
are rather intended to be exemplary of certain embodiments.
Any variations in the exemplified methods which occur to the
skilled artisan are intended to fall within the scope of the
present invention.
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[0296] Methods

[0297] Cell lines: The human RCC cell lines 786-0,
UMRC2, UMRC3, UMRCS (obtained through ATCC) lack
wild-type VHL. Parental cell lines were used to derive
isogenic clones 1) stably expressing HA-VHI30 or harboring
empty pRC/CMYV plasmid as a control and 2) stably inacti-
vating HIF1a or HIF2a through shRNAi construct and their
corresponding empty vector controls. Transfection were done
with Lipofectamine 2000 using manufacturers instructions
and cloned were generated by neomycin selection. Cells were
grown in DMEM (Media Tech) with 10% Fetal Clone (Hy-
clone Laboratories) plus 1x penicillin-streptomycin-
glutamine solution (100x, Invitrogen Life Sciences), supple-
mented with neomycin at the appropriate concentration for
eachcell line. Cells were grown to 80-90% confluency. These
clones were labeled WT8 and PRC3 respectively. In addition,
780-0 clones stably expression an RNAi vector targeting
HIF2a or empty vector control were also established (PTR
and PTV respectively). To purify FABP6 we engineered
U208 cells stably expressing FABP6 tagged in the C-termi-
nus with FLAG peptide or containing empty vector control.
Cells were grown in DMEM (Media Tech) with 10% Fetal
Clone (Hyclone Laboratories) supplemented with penicillin-
streptomycin-glutamine solution (100x, Invitrogen Life Sci-
ences). To condition tissue culture supernatant we applied 5
ml of phenol red free DMEM overnight onto the cells. Super-
natant was collected, centrifuged at 2,000 RPM for 5 minutes
and the aqueous phase transferred into a new vial and snap
frozen.

[0298] Human Sample Collection and preparation: Patient
samples were collected after informed consent of an IRB
approved protocol was obtained. Part of each sample was
frozen in liquid nitrogen immediately after surgery and stored
at =80 C. The samples were made anonymous before the
study.

[0299] Plasma, serum and urine from patients with renal
cell carcinoma have been collected, under prior IRB approved
protocol, before nephrectomy for localized disease and at
regular intervals following nephrectomy. Blood samples are
then spun at 3,500 rpm, aliquoted and stored at —80° C. until
processing where they are thawed on ice. Tumor samples are
also frozen and stored after pathology evaluation to determine
histological subtyping. All patients have provided informed
consent for tumor and blood sample collection.

[0300] RNA Extraction and QRT-PCR: Normal human
RNA control samples were obtained from Stratagene. The
tissues included kidney, liver, brain, skin, and spleen. RNA
was isolated from cells at 80-90% confluence. Total RNA was
isolated using TRIzol reagent (Life Technologies, Rockville,
Md.) according to the manufacturer’s instructions for cell
lysis which was then transferred to 15 ml. Falcon tubes and
1.2 mL of chloroform added. The mixture was centrifuged at
3000 rpm at 4° C. The aqueous fraction was collected and
added to an equal volume of Diethyl Pyrocarbonate (DEPC)-
treated 75% ETOH. RNA was extracted using RNeasy Mini
Kit columns (Qiagen) according to the manufacturers’
instructions and eluted into 30 ul DEPC-treated distilled
water. RNA (1 pg total) was reverse transcribed to cDNA
using Super Script III (RT Poly) according to Invitrogen’s
protocol.

[0301] QRT-PCR. Quantitative real-time PCR was per-
formed per the manufacturer’s recommendations using the
Syber Green Detection System (BioRad). Intron spanning
primers for CA9 were designed (forward: 5'-GAGGATC-
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TACCTGGAGAGGA-3' (SEQ ID NO:28); reverse: 5'-CTG-
GAAGCCCAGGAGTTCCA-3' (SEQIDNO:29)). Quantita-
tion of B-globulin (forward 5'-TTT CAT CCA TCC GAC
ATT GA-3' (SEQ ID NO:30); reverse: 5'-ATC TTC AAA
CCTCCATGA TG-3' (SEQID NO:31)) was performed and
used for normalization of gene expression data. Each sample
was run in triplicate. RNA sample without RT polymerase
was used as a negative control. All PCR products were
sequenced to confirm the identity of the amplified gene.
[0302] Microarray Analysis: Transcriptional profiling was
done on HG-U133A Affymetrix GeneChips containing
22,283 genes. cDNA was prepared according to the manufac-
turer’s protocol. Total RNA (8 Ag) was used in the first-strand
c¢DNA synthesis with T7-(dT)24 primer (GGCCAGTGAAT-
TGTAATACGACTCACTATAGGGAGGCGG-(dT)24 (SEQ
ID NO: 13) and SuperScript II (Life Technologies). The sec-
ond-strand ¢cDNA synthesis was processed according to the
manufacturer’s protocol. Virtual northern blots were created
for each potential biomarker candidate with the assistance of
GeneCards (www.genecards.org) to query SAGE and UNI-
GENE databases.

[0303] Expression profiling and analysis: The c¢DNA
samples, from three independent collections, were submitted
for oligonucleotide array based analysis (Affymetrix). FIL-
TER I refers to selection of candidate genes from cell culture
gene expression analysis: specifically the inventors identified
as candidate genes the genes which were upregulated (mean-
ing selecting the genes that were above the standard deviation
of their mean values) in cells lacking VHL as compared to
their isogenic VHL reconstituted controls. Genes with higher
fold upregulation got a higher score. FILTER 1 as used herein
refers to the dependency of the gene regulation by VHL
signaling (Signal dependent approach).

[0304] FILTER I refers to additional criteria by which the
large number of genes generated by FILTER 1 was narrowed
down. To narrow the pool of candidate biomarkers the inven-
tors selected for the ones that expressed in a relatively
restricted way in adult normal tissues. Specifically the inven-
tors selected for the genes that are expressed significantly in
two or less adult normal tissues (i.e. central nervous system
and kidney only). This inventors used this second selection
step in order to identify and select for genes with a restricted
adult tissue expression pattern to enable easier identification
of genes which will have a larger tumor-dependent incremen-
tal blood level changes and measurements of gene product
changes (protein) in biological fluid obtained from patients
and therefore will more accurately reflect changes attributed
to RCC volume and/or activity. As used herein, this second
selection step is termed this approach (FILTER II) organ
restricted selection.

[0305] Validation of gene expression and QR-RTPCR.
Normal human RNA control samples were obtained from
Stratagene (kidney, liver, brain, skin, and spleen) and they
were reversely transcribed to produce cDNA, as described
above, for Quantitative real-time PCR (QRTPCR). Quantita-
tive real-time PCR was performed per the manufacturer’s
recommendations using the Syber Green Detection System
(BioRad). Intron spanning primers for the candidate markers
were designed (reported biomarkers listed): CA12 (For-
ward—CTTGGCATCTGTATTGTGGT (SEQ ID NO:14);
Reverse —GGGTGGCCATGGTCCCAAGG) (SEQ ID
NO:15), EGLN3 (Forward—ATCAGCTTCCTCCTGTC-
CCT (SEQ ID NO:16). Reverse—GGGCTGCACTTCGT-
GTGGGT) (SEQ ID NO:17), FABP6 (Forward—TAGCA-



US 2010/0222230 Al

GACCC CTCAGCACCA (SEQ ID NO:18), Reverse—
AGCTTCCCGCCCTCCATICTG) (SEQ ID NO:19), HIG2
(Forward—ACTCCTGCACGACCTGCTCC (SEQ ID
NO:20), Reverse—TTATCACATGCTTCTGGATG (SEQ
ID NO:21)), PMP22 (Forward—TCACTGGAATCTTC-
CAAATT (SEQ ID NO:22), Reverse—GTTTGAGTTTGG-
GATTTTGG (SEQ ID NO:23)), PNMA2 (Forward—ATG-
GATGCGGAGCGGAGGGC (SEQ ID NO:24), Reverse—
CTCCACAGCCTCCTGGTCTC (SEQ ID NO:25)), and
TNFSF7  (Forward—ATGCCGGAGG  AGGGTTCGGG
(SEQ ID NO:26), Reverse CGTAGCTGCCCCTTGTCCAG
(SEQ ID NO:27)). Quantitation of p-globulin (Forward—
TTTCATCCATCCGACATTGA (SEQ 1D NO:30),
Reverse —ATCTTCAAACCTCCATGATG; (SEQ ID
NO:31)) was performed and used for normalization of gene
expression data. Each sample was run in triplicate. Samples
lacking RT polymerase during the RT reaction served as
negative controls. All products of gRT-PCR reaction were
initially identified by gel migration and further verified by
sequencing.

[0306] Immunostaining. Formalin fixed and paraffin
embedded human tissue was sectioned and the section was
incubated with primary antibody at 1;1,000 dilution in PBS+
0.5% Triton+1% albumin. Secondary goat-anti rabbit or goat-
antimouse antibody from the DakoCytomation Envision anti-
mouse system (DakoCytomation, Ely, UK) was applied for
30 min followed by five washes in PBS and developed by 5
min incubation in the presence of 3,30-diaminobenzidine
(DABD) substrate. Positive staining results in a brown pre-
cipitate. Sections were counter-stained in Gills I haematoxy-
lin (Surgipath Ltd, Richmond, Ill., USA) and mounted under
glass coverslips using aqueous mounting medium (Fara-
mount, DakoCytomation, Ely, UK).

[0307] Immunoprecipitations. Cells were lysed and pro-
teins were immunoprecipitated as described before. FABP6-
FLAG was immunoprecipitated using anti-FLAG antibody
(M2, Sigma). Immunoprecipitates were washed with Tris/
EDTA without detergent and FABP6 was eluted with 2.5 mM
hydrochloric acid and neutralized and the eluate was neutral-
ized with 0.1M Tris pH 8.0. Purified polyclonal antibodies
recognizing human FABP6 were purchased from R&D, Min-
neapolis, Minn.

[0308] Western Blot Analysis. Cells were washed twice
with ice cold Phosphate Buffered Saline (PBS) and lysed in
RIPA buffer (50 mM Tris pH 8.0, 150 mM NaCl, 1% NP-40,
0.5% deoxycholate (DOC), 0.1% sodium dodecyl sulfate
(SDS), and 0.02% NaN3) supplemented with proteinase
inhibitors (20 ug/mL Trypsin Inhibitor, 10 pg/ml Leupeptin,
200 uM NaOrthovanadate, 5 pg/mL Pepstatin A, 20 pg/mL
Aprotinin, 100 mM NaF and 200 ug/ml. PMSF). Protein
concentration was estimated by the Bradford method. Pro-
teins were resolved (BioRad) by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred onto PVDF
membrane (BioRad) for immunoblotting.

[0309] Antibodies for Western Blot were used at indicated
dilutions: anti-HIF-2a polyclonal (Novus NB100-122, 1:1,
000), anti-actin monoclonal (Abcam Ab8226, 1:1,000), anti-
HA monoclonal (12CAS5, Abcam, 1:1,000), anti-carbonic
anhydrase 9 monoclonal (M75, gift from Novartis, 1:3,000).
Secondary horseradish peroxidase-conjugated antibodies to
mouse or rabbit IgG were purchased from Pierce and detected
by Western Lighting Chemiluminescence Reagent Plus (Per-
kin Elmer, NEL105) according to the manufacturer’s proto-
col.
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[0310] ELISA. ELISA of human plasma or serum for car-
bonic anhydrase 9 was performed in triplicate using the com-
mercially available MN/CAIX ELIS A kit (Siemens Diagnos-
tics). Solid phase sandwich ELISA was performed per
manufacture’s protocol which has an analytic range of 0
pg/mL to 1500 pg/mL and a sensitivity of 2.5 pg/mL per
product literature.

[0311] Selective Reaction Monitoring (SRM) for FABP6.
Eluates from FABP6 containing immunoprecipitates were
reduced and alkylate by adding Dithiothreitol (DTT) and
Iodoacetamide and digested with trypsin. Peptides were
desalted using a C18 reversed phase (RP) cartridge, eluted
with 30% acetonitrile and concentrated by speed vacuum
down to ~20 microliters. Peptide mixture was fractionated by
on-line nano flow LC/ESI-MS with 75 wm reversed-phase
capillary columns containing a C18-HPLC packing material
and sequenced by MS/MS data dependent acquisition using
the LTQ-linear ion trap. To ID the peptides the inventors used
the SEQUEST algorithm incorporated into the Bioworks
software, version 3.2, (Thermo Electron, San Jose, Calif.).
Search parameters included carbamidomethylation of cys-
teines, +1.4 Daltons and +1.0 Dalton tolerance for precursor
and product ion masses, respectively. In an effort to minimize
false positive identifications we used conservative criteria,
and followed HUPO guidelines. SEQUEST results were
ranked using correlation score (Xcorr) values: Xcorr 1.9,2.2,
3.75 for singly, doubly and triply charged peptide ions,
respectively, and all with dCn=0.1. Furthermore, we vali-
dated the peptide identifications using peptide/protein
Prophet™ (Keller, Nesvizhskii, 2002), a bayesian statistical
algorithm that convert SEQUEST scores into probabilities.
Peptide Identifications with high probability (295% confi-
dence) were matched to proteins by searching the mouse and
human databases.

[0312] Quantification of protein abundance. The relative
abundance of a protein in a proteomic sample correlates well
with the MS/MS spectra (=spectral count) acquired for the
corresponding peptides; hence, initially relative protein quan-
tification will be carried out based on the total number of
spectral counts.

Example 1

[0313] Identification of genes differentially expressed
between and by differential gene expression analysis. The
inventors identified a group of RCC biomarkers using differ-
ential gene expression analysis, and novel dual-selection cri-
teria of selecting genes upregulated in RCC cell lines. The
inventors compared the gene expression profile of human
renal cell carcinoma cell lines 786-0, UMRC6 and 769-P,
which are VHL-deficient human renal cell carcinoma cell
lines (VHL deficiency is a hallmark of clear cell RCC) with
human renal cell carcinoma cell lines in which have been
transfected with a vector expressing the human VHL gene.
The inventors compared the gene expression profile of the
VHL-deficient RCC cell lines to those which express VHL
and identified changes in the levels of gene expression (i.e. the
gene expression profile) of a series of gene transcripts that
were upregulated or increased in VHL-deficient human RCC
cell lines as compared to RCC cell lines which express VHL.
[0314] As disclosed herein, the first steps in identifying
candidate RCC biomarkers required generating a master list
of VHL regulated genes. To this end, the inventors compared
the gene expression profile between the VHL deficient 786-O
cells and their isogenic, VHL replete, counterparts (FIG. 1).
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The inventors initially selected the 100 genes that displayed
the highest fold increase in the absence of VHL. Since loss-
of-VHL is a hallmark of clear cell RCC the inventors selected
polypeptides of these genes which are upregulated in RCC
tumors.

[0315] The inventors then performed a second analysis by
selecting genes that had a restricted normal adult tissue
expression, to identify candidate biomarkers which are pro-
duced by RCC and may contribute significantly to their con-
centration in the blood. To apply this filter (Filter 1) in the
biomarker list, the inventors examined the relative tissue
specificity of the VHL-dependent genes by querying the
SAGE and UNIGENE databases, using the HUGO Gene
nomenclature for the gene symbol. In addition, the inventors
cross-referenced this information to the Novartis database.
Thus, the inventors identified a subset of 12 candidate genes
with relatively organ-restricted expression (significant
expressionin 2 orless organs other than kidney). Results from
gene expression analysis, herein termed Filter I are shown in
FIG. 1.

[0316] Accordingly to identify a group of genes that are
specifically upregulated in RCC tissue samples the inventors
applied two novel algorithms: the inventors selected genes
that were (i) regulated by VHL and/or HIF and 2) have a
restricted adult normal tissue expression pattern (i.e.
restricted adult gene expression means that in normal adult
tissue the gene is expressed only in a few organ types). This
approach is different to the typical criteria used to select RCC
biomarkers used previous studies, in which the selection cri-
teria selects for genes encoding secreted proteins.

[0317] To further obtain experimental evidence for a
restricted adult tissue expression of the candidate biomarkers
the inventors examined their message in a panel of commer-
cially available normal adult tissue total RNA collection
(FIG. 3A-3G). This final criterion narrowed down the list to 6
candidate markers: Carbonic anyhdrase 12, EGLN homolog
3 (EGLN3), fatty acid binding protein 6 (FABP6), hypoxia
inducible gene 2 (HIG2), peripheral myelin protein 22
(PMP22), paraneoplastic antigen 2 (PNMA2) and tumor
necrosis factor (ligand) superfamily 7 (INFSF7).

[0318] The inventors selected RCC biomarkers based on
restricted tissue expression profile, as outlined as Filter II in
the method section. For example, as shown in FIG. 3A-3G
adult tissue expression of each of the 6 biomarkers examined
and is limited only to a few tissue types of several tissue types
examined, such as kidney, liver, brain and spleen. For
example, EGLN3 is expressed significantly in adult brain and
1o alesser extent in the skin (FIG. 3B). The relative expression
of this marker in other tested tissues, including the liver (a
usual site of pleiotropic gene expression) is very low. There-
fore, the EGLN3 gene therefore fulfills the criteria for pro-
posed biomarker; it is regulated by VHL-HIF axis (Filter I)
and its adult normal expression is restricted to 2 or less tissues
(Filter I).

[0319] By using the dual-selection criteria of selecting
genes upregulated in RCC cell lines as compared to RCC cell
lines comprising VHL, and selecting genes with restricted
adult expression, the inventors identified a group of RCC
biomarkers with clear target-to-noise ratio, as shown in Table
L.

Example 2

[0320] Validation of the group of RCC biomarkers. The
inventors next assessed whether the expression of these
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selected genes (which had restricted adult tissue expression)
was VHL-dependent in vitro and examined whether it was
conferred through the VHL -regulated hypoxia inducible fac-
tor (HIF). For this purpose the inventors used the paired
isogenic 786-O-derived cell lines in which VHL was replete
or HIF2a inactivated through by specific shRNA (REF) and
examined the expression of each candidate biomarker mRNA
messages by qRT-PCR (FIGS. 4A-4F).

[0321] The inventors validated the RCC biomarkers in
RCC tumor samples-paired expression analysis at the mRNA
level between human RCC and normal renal parenchyma.
The inventors validated the group of RCC biomarkers by
assessing gene expression profile in normal kidney tissue and
matched RCC tissue from the same subject (generated by Dr
Towia Lieberman (BIDMC)). As shown in FIGS. 4 and 5, the
inventors discovered that the mRNA expression of individual
RCC biomarkers, such as PMP22 (FIG. 4E), PNMA2 (FIG.
4F), HIG (FIG. 4F), FABP6 (F1G. 4D), EGLN3 (F1G. 4C)and
CA12 (FIG. 4A) is elevated in RCC samples as compared to
matched normal kidney samples. The inventors discovered
the RCC biomarkers are overexpressed in the majority of
clear cell renal cell cancers tested.

[0322] The inventors further examined the 6 identified
biomarkers in individual tumor samples and compared to
normal matched tissue. Each tumor showed significant eleva-
tion in the majority of the candidate biomarkers but each
tumor had a unique signature to the elevation pattern. HIG2
had the highest elevation in all but one tumor, which was
notable for higher EGLN3 expression (FIG. 5). Expression of
each biomarker using previously reported RCC Affymetrix
GeneChip Data was examined in 10 clear cell RCC tumors
and their matched normal tissue (FIG. 5). CA12 was signifi-
cantly elevated in 6 out of 10 matched pairs with the highest
foldincrease greater than 10. PNMA?2 was elevated in 9 out of
10 tumor/normal pairs with the highest demonstrating a
10-fold increase. TNFSF7 was elevated in 9 of the 10 pairs
with 1.5-10 fold increase range. The remaining markers
showed elevation in each matched pair although the magni-
tude of the change varied: EGLN3 (4-20x increase), FABP6
(1.5-10% increase), HIG2 (4-25% increase), and PMP22 (1.5-
8x increase).

[0323] The inventors can also detect increased expression
of RCC biomarkers in renal tissue from RCC tumor biopsy
samples as compared to normal renal tissue, as shown by
immunohistochemistry using an antibody against selective
forthe RCC biomarker PMP22 (FIGS. 7 and 8). The inventors
also demonstrate that group RCC biomarkers are elevated in
RCC (¢RCC) samples as compared to matched normal (N)
kidney samples, as shown in FIGS. 5 and 6.

[0324] The inventors then tested the protein levels of the
one of the RCC biomarkers, CA9 in the plasma of patients
with clear cell RCC before and following nephrectomy. As
shown in FIG. 6, the presence of CA9 protein decreased in the
plasma of a subjects following nephrectomy.

Example 3

[0325] Validation of FABP6 as an exemplary RCC biom-
arkers. As demonstrated in Examples 1 and 2, the inventors
have demonstrated that the panel of 6 biomarkers strongly
indicates that the message of these 6 genes, initially identified
in a signal dependent manner in cells, is upregulated in vitro
(VHL deficient cell lines compared to VHL expressing) but
also in vivo (human RCC tumors compared to matched con-
trols).
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[0326] The inventors then focused on fatty acid binding
protein 6 (FABP6) as an exemplary biomarker for validation,
and to further demonstrate that the identified biomarker
polypeptides are useful biomarkers for RCC.

[0327] To evaluate FABP6 as a candidate biomarker the
inventors accurately quantified its expression in RCC cell
lines and in the plasma of patients with RCC. To be able to
selectively tract and quantify FABP6 within complex biologi-
cal fluids the inventors first obtained a peptide digest signa-
ture of the protein. Immunoprecipitated FABP6 was digested
as described in the methods and the corresponding peptides
identified by LC/ESI-MS. The inventors identified 7 corre-
sponding peptides and selected 2 of them (based on favorable
elution time and ionization properties) to track the protein
(FIG. 5).

[0328] The inventors then applied this selected reaction
monitoring (SRM) approach to the lysates of human RCC cell
lines and to their corresponding conditioned tissue culture
supernatant (FIG. 16). The inventors demonstrate that FABP6
is upregulated in the VHL deficient cells compared to their
replete pair. In addition it is secreted in the tissue culture
supernatant in a manner that reflects the intracellular differ-
ences. These observations confirm the expectation that mes-
sage differences identified by the SIDOR approach are useful
to identify differential expression of the biomarker at the
protein level.

[0329] Lastly, to test whether in vitro regulation of FABP6
protein may support its value as a candidate biomarker, the
inventors studied blood levels of FABP6 in RCC patients with
localized disease prior to and after nephrectomy for localized
disease. Application of FABP6 specific SRM in the plasma of
these patients indicates that FABP6 blood levels are elevated
in the presence of RCC (data not shown) and therefore
strongly suggests that changes in FABP6 blood levels may
reflect RCC activity. Sensitive detection of FABP6 by an
immunometric assay may therefore serve as a peripheral
blood test of RCC activity in specific populations at risk for
developing the disease.

[0330] The inventors have demonstrated herein a transla-
tional approach to biomarker discovery. The inventors first
profiled global gene changes induced by a disease-linked
signal transduction pathway and we then selected the genes
that have a relatively confined adult organ expression as
potential biomarkers. The inventors validated the identified
RCC biomarkers that are differentially regulated in RCC
tumors. Finally, the inventors demonstrate by proteomic
analysis for one of these candidate biomarkers, FABPF6, that
the changes of FABPF6 protein in the blood of patients cap-
ture the activity of RCC tumor.

[0331] The inventors strategy is based on two postulates
that constitute a novel approach to biomarker prioritization
and identification: (1) Most of the proteins circulating in the
plasma or secreted in the urine are not secreted proteins but
are rather the product of cell death. It is of relevant interest
that nuclear matrix proteins (NMPs) have been detected in the
plasma of cancer patients and that the detection of one of
them, NMP-22, in the urine is in clinical use for early diag-
nosis of bladder cancer (Black, 2006; Miller, 1992 #33) (2)
proteins whose adult tissue expression is restricted mainly to
the kidney may correspond to better changes in the plasma
and or urine of ccRCC patients compared to proteins with
pleiotropic tissue expression.

[0332] Loss-of-VHL tumor suppressor function and
upregulation of its target transcription factor hypoxia induc-
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ible factor (HIF) is a hallmark of ccRCC. These are the
earliest events detected during tumor development, even in
premalignant lesions (Zhuang, 1995; Lubensky. 1996).
Human VHL-deficient RCC cell lines recapitulate VHIL-de-
ficient renal cell carcinoma disease when injected in nude
mice. The inventors have previously demonstrated that rein-
troduction of VHL into VHL-deficient cell lines or selective
inactivation of HIF both lead to tumor suppression (Gnarra,
1996; Iliopoulos, 1995; Kondo, 2003; Kondo, 2002), and that
VHL-dependent changes in these cell lines mimic the func-
tion of the VHL gene in vivo (Zimmer, 2004).

[0333] The inventors have identified 6 biomarkers for clear
cell renal cell carcinoma via this SIDOR approach: Carbonic
anyhdrase 12, EGLN homolog 3 (EGLN?3), fatty acid binding
protein 6 (FABP6), hypoxia inducible gene 2 (HIG2), periph-
eral myelin protein 22 (PMP22), paraneoplastic antigen 2
(PNMA?2) and tumor necrosis factor (ligand) superfamily 7
(TNFSF7).

[0334] Upregulation of CA9 and HIG2 in RCC tumor tis-
sue compared to normal kidney has been reported before but
unlike the present invention, their value as diagnostic or prog-
nostic biomarker when circulating in the plasma/and or urine
of RCC patients was not known (Bui, 2004; Atkins, 2005;
Liao, 1997).

[0335] Some of the RCC biomarkers identified by the
inventors herein are linked to hypoxia-VHL-HIF signaling
and/or cancer biology. Hypoxia inducible gene 2 (HIG2), a
transcriptional target of HIF, is a secreted protein that acti-
vates cell growth and promotes transformation through
stimulation of Wnt signaling (Kenny, 2005; Denko, 2000;
Togashi, 2005). As demonstrated herein, HIG2 has been
detected in the plasma of RCC patients. As demonstrated
herein, HIG2 is one of a panel of RCC biomarkers which
when assessed as a group or any combination of subgroup of
RCC biomarkers as disclosed herein is useful for prognostic
and diagnostic methods for subjects with RCC.

[0336] EGLN 3 is a human orthologue from the family of
C. elegans EGL-9 oxygenases that prolylhydroxylate HIF
(Bishop, 2004; Epstein, 2001). Human EGLN3 is also a HIF
target through hypoxia response elements (HRE) located in
the conserved region of the first intron (Taylor, 2001; Pesca-
dor, 2005; Aprelikova, 2004).

[0337] Fatty acid binding protein 6 (FABP6) is a direct
target of HIF and was demonstrated to have one of the highest
upregulation of expression in RCC cell lines. There is a leader
peptide in the N-terminus of the protein and our data indicate
that this protein is also actively secreted in the tissue culture
supernatant. FABP6 is reported as a ileal protein with limited
tissue expression (Fujita, 1995). FABP6 is over-expressed in
early, primary colorectal tumors and adenomas but not in
metastatic lymph nodes which may implicate an early role in
carcinogenesis for FABP6 (Ohmachi, 2006). However,
FABP6 has not been identified with RCC, nor has it been used
as a biomarker for cancer in combination of any of the other
RCC biomarkers as disclosed herein.

[0338] Peripheral myelin protein 22 (PMP22) is known to
beinvolved in Charco-Marie-Tooth peripheral demyelinating
diseases, and is expressed in adult peripheral and central
nervous system (Warner, 1996; Roa, 1993). PMP22 is a HIF
target localizing to the cytoplasm. Unlike the present appli-
cation, comparative hybridization analysis (CGH) detected
an increased copy number and amplification of PMP22 in
osteosarcomas from 48 patients (Man, 2004), but PMP22 has
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not been identified to be upregulated in kidney cancer or
RCC. The inventors have detected several isoforms of
PMP22.

[0339] Paraneoplastic antigen 2 (PNMA2) is transmem-
brane protein involved in paraneoplastic limbic encephalopa-
thy patients with breast and testicular cancer (Stich, 2007,
Sutton, 2000). Unlike the present application, PNMA2 has
not been identified with kidney cancer or RCC.

[0340] Tumor necrosis factor (ligand) superfamily 7 (TN-
FSF7) is a plasma circulating ligand for CD27 and exhibits a
restricted adult tissue expression based on the inventors data-
base search (Bowman, 1994; Hintzen, 1994; Goodwin,
1993). TNFSF7 has an important role in the renal cell carci-
noma microenvironment, and has been previously reported to
be up-regulated in RCC and hinders the lymphocyte response
against tumor cells by inducing apoptosis in lymphocytes
(Diegmann, 2006; Junker, 2005; Diegmann, 2005; Adam,
2006). However, TNFSF7 has not been used as a biomarker
for RCC by determining its expression in biological samples
from the subject (such as blood and urine), nor has it been
used as a biomarker for RCC in combination of any of the
other RCC biomarkers as disclosed herein.

[0341] The use of the SIDOR approach to identify a signal
dependent (VHL signal pathway) and relative organ
restricted panel of biomarkers may lead to biomarkers poten-
tially sensitive and specific enough for clinical applications.
The inventors have demonstrated and identified biomarkers
for RCC.

Example 4

[0342] CA9 as an exemplary example of the validation of a
RCC Biomarker. Biomarkers for early detection of renal cell
carcinoma (RCC) may help diagnose minimal residual dis-
ease in patients at risk for RCC, could guide anti-angiogenic
therapy, may help identify patients for adjuvant therapy and
could be used as surrogate markers of disease activity in
Phase /11 trials. As disclosed herein, the inventors discovered
that circulating blood levels of carbonic anhydrase 9 (CA9)
correlates with RCC tumor burden and disease activity.
[0343] Efforts to discover and validate specific and sensi-
tive biomarkers of disease activity in the blood and/or urine of
RCC patients are underway. As disclosed herein, the inven-
tors examined and validated the expression of carbonic anhy-
drase 9 (CA9) as a circulating blood biomarker of clear cell
RCC activity. The majority of clear cell renal cell cancers are
deficient in VHL function and they are characterized by
upregulation of hypoxia inducible factors HIF 1a and HIF2a.
CA9 is a transmembrane glycoprotein involved in regulation
of extracellular and intracellular pH. CA9 is a direct target of
HiF1a, greatly upregulated in primary and metastatic RCC
lesions [Liao, 1997, Wykoff, 2000]. CA9 has a restricted
pattern of expression in normal tissues; it is detected in the
epithelium of the stomach, gallbladder and exocrine pan-
creas. Retrospective analysis of patients treated with high
dose IL2 indicated that CA9 may predict response to this
therapy [Bui, 2004; Atkins, 2005; Li, 2007] and gene expres-
sion levels of CA9 in primary tumor may correlate with
higher risk for metastatis [Li, 2007].

[0344] As CA9 is linked to hypoxia-HIF-VHL signaling
and appears to have a restricted expression pattern in adult
tissue, the inventors investigated its function as a blood cir-
culating biomarker for RCC by measuring CA9 expression in
the plasma/serum of patients with clinically localized disease
pre-and post-nephrectomy. To the best of our knowledge, this
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is the first circulating biomarker reported to decrease in the
blood of RCC patients after nephrectomy and/or to correlate
with changes in tumor burden.

[0345] The inventors demonstrate that carbonic anhydrase
9 (CA) is a VHL-HIF target upregulated in clear cell RCC.
The inventors used an anti-CA9 antibody (M75)-based
ELISA test to measure CA9 levels in blood obtained before
and after nephrectomy for clinically localized disease in: 1)
Patients with clear cell RCC, 2) Patients with papillary and
chromophobe RCC or oncocytoma, 3) Patients with benign
kidney lesions and 4) Normal control individuals. The inven-
tors discovered a significant decrease in the blood levels of
CA9, after nephrectomy for localized disease, in the majority
of patients with clear cell RCC (65% or 12/18). In contrast,
patients with non-clear cell RCC, benign disease or undergo-
ing debulking nephrectomy for metastatic disease had no
decrease in CA9 blood levels after nephrectomy. Tumor vol-
ume correlated with pre-operative levels of CA9 (correlation
coefficient 1=0.77). Longitudinal follow up measurements of
CA9 levels in a small group of patients indicated that rising
CA9 levels correlate with disease progression. Plasma levels
of CA9 in normal controls do overlap with pre-operative
levels of CA9 in RCC patients prior to nephrectomy, indicat-
ing that it is unlikely that CA9 may be used as a single test for
diagnosis of RCC in the general population.

[0346] Therefore, the inventors have discovered that
plasma CA9 levels correlate with disease activity in clear cell
RCC patients and can be used as a RCC biomarker develop-
ment algorithms.

[0347] Loss-of-VHL function and constitutive upregula-
tion of the transcription factor hypoxia inducible factor (HIF)
is the earliest known molecular event in the majority of clear
cell RCC. Reconstitution of the VHL function by stable rein-
troduction of VHL (either the 30 kDa or 19 kDa isoform) or
inactivation of the HIF protein leads to growth suppression of
these cell lines as tumors in the xenograft assay [lliopoulos,
1995; Zimmer, 2004; Kondo, 2003 ]. These observations indi-
cate that the fundamental signaling pathways implicated in
renal carcinogenesis are intact in these cell lines.

[0348] In order to identify candidate biomarkers for RCC,
the inventors compared the gene expression profile of human
renal cell carcinoma cell lines that are deficient in VHL tumor
suppressor protein to their isogenic counterparts that stably
express VHL.

[0349] As disclosed in Example 1 and Example 2, one of
the genes upregulated by loss-of-VHL function, as measured
by DNA microarray analysis, was the transmembrane glyco-
protein carbonic anhydrase 9 (CA9). To validate the microar-
ray data, and to test whether differences at the mRNA level
reflect differences in protein expression in various cell lines,
the inventors examined CA9 mRNA and protein expression
in human RCC cell lines under identical culture conditions.

[0350] CA9 protein expression was analyzed by western
blot (FIG. 9A) in VHL deficient cell lines 786-O, UMRC2
and UMRCS6 (lanes 1, 3 and 5 of FIG. 9A) and their corre-
sponding isogenic clones that express VHL30 or VHL19
(FIG. 9A, lanes 2, 4 and 6). CA9 mRNA expression was
examined by qRT-PCR (FIG. 10). The high expression of the
CA9 message in UMRC2 cells (FIG. 10, lane 3) corresponds
to a robust signal for CA9 in western blot analysis (FIG. 9A,
lane 3), while the much weaker mRNA expression in lines
786-0 and UMRCG6 (FIG. 10, lanes 1 and 5) resulted in no
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detectable protein (FIG. 9A, lanes 1 and 5). These experi-
ments confirmed the inventors discovery can be used as a
CA9 is a biomarker for RCC.

[0351] Next, the inventors assessed the expression of CA9
in matched tumor-normal tissue samples as well as adult
normal tissues, by comparing the expression of CA9 by oli-
gonucleotide microarray in 10 specimens of clear cell RCC
tumor (T) to matched normal renal parenchyma (N) obtained
from the same individuals. CA9 was discovered to be upregu-
lated in all RCC specimens compared to normal matched
tissue (FIG. 11A). Moreover, there was essentially no overlap
between absolute values of mRNA signal detected in RCC
tumors (T) compared to normal matched parenchyma (N)
(FIG. 11B).

[0352] Changes in circulating levels of a biomarker attrib-
uted to the presence of RCC may be potentially masked
because of its pleiotropic expression in other tissues. Organ-
restricted expression of a candidate biomarker may allow for
easier detection of incremental changes that correlate with
tumor volume. The inventors therefore examined the expres-
sion of CA9 by qRT-PCR in total RNA extracted from various
adult tissues (FIG. 12). CA9 was highly expressed in human
adult brain compared to the other organs examined. Skin and
liver, which are bulky organs, showed weak expression of
CA9. In keeping with previous literature reports and our own
microarray data, CA9 expression was very low in normal
adult kidney.

[0353] To examine weather circulating CA9 levels corre-
lated with RCC disease activity, the inventors first measured
the levels of this potential biomarker in the plasma of RCC
patients with localized disease. Samples were obtained both
prior to nephrectomy and between 6-8 weeks post surgery.
FIG. 13A presents patient sex and tumor volume at a single
institution (Massachusetts General Hospital) and circulating
CA9 levels prior to (pre) and after (post) nephrectomy. Mea-
surements were obtained with a commercially available CA9
ELISA kit (Siemens Diagnostics Inc.). The manufacturer
reports, and the inventors independently confirmed, an 10%
intra-assay variability. Thus, changes greater than 10% in
either direction were regarded as significant. All measure-
ments were done in triplicate and the reported values are the
mean. All tumors reported in FIG. 11 are clear cell carcino-
mas. Six out of twelve patients (50%) had a decrease in
post-operative values of CA9 (50%). In three out of twelve
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patients (25%), there was an increase, and the remaining 3
patients (25%) had no significant difference. Pre-operative
values correlated with tumor volume (FIG. 12B, r=0.77).
[0354] To test whether these changes reflected any institu-
tional bias, the inventors obtained samples of patients inde-
pendently collected using a similar protocol (the exception
being that serum was banked instead of plasma) at a second
institution (MD Anderson Cancer Center-MDACC). Accord-
ing to manufacturer of the assay (and also tested by the
inventors independently) there is no difference between mea-
surements of CA9 in plasma and serum. FIG. 12C describes
the MDACC patient sample and the CA9 values prior to and
after nephrectomy. Pre-operative values correlated with
tumor volume (FIG. 2D, r=0.78). CA9 values decreased in all
6 patients post nephrectomy (100%). Analyzed together the
data from both Institutions indicate that in a subset of patients
with localized clear cell RCC (65.5%) undergoing curative
nephrectomy, there is a decrease in the circulating levels of
CA9 post-operatively.

[0355] In contrast to patients with clear cell histology,
nephrectomy for benign tumor or those of non-clear cell RCC
histology did not result in a significant decrease in plasma
CA9 levels (FIG. 14A). The inventors also measure CA9 in
the plasma of patients without known RCC, as a sample of
“normal control” individuals; there is significant overlap in
the CA9 plasma values between normal controls and RCC
patients prior to nephrectomy (FIG. 14B).

[0356] To examine whether blood levels of CA9 correlate
with disease activity over time and/or herald a local or sys-
temic disease relapse, the inventors measured and determined
circulating CA9 levels in available plasma samples of clear
cell RCC patients following curative or debulking nephrec-
tomy (FIG. 15 and Table 4). Patients 104, 139 and 146
remained disease free at the indicated time of follow up and
their longitudinal CA9 plasma levels did not rise above post
or pre-operative levels. Patients 176, 186, 113 and 136 pre-
sented with metastatic disease and underwent debulking
nephrectomy. It is notable that in the three patients that can be
evaluated, the post-operative levels of CA9 did not decline.
Patient 186 responded to treatment and the clinical response
correlated with a marked decline in CA9 plasma levels. The
remaining patients had either stable disease under treatment
with anti-angiogenic agents or disease progression. In the
latter case, plasma levels of CA9 rose steadily.

TABLE 4

Longitudinal measurements of plasma levels of CA9 in patients with clear cell
RCC undergoing curative or debulking nephrectomy.

12 FOLLOW
Pt SEX Pre Post 6 months months 2 years STAGE UP
104 M 381.26 154.65 201.2812444  pT1b Nx NED
Mx May 10, 2007
Apr. 21,2005 Jun. 23, 2005 May 10, 2007
176 M 431.69 751.74 1087.08 TIbN2M1  Tx with
SU/DP
Pre Post Post
Dec. 13,2006  Feb. 15,2007  May 10, 2007
186 M NO 430.28 70.55 5243 T3bN2MO,  Tx with
PRE DN SU + G/PR
Jan. 2007
Post Post Post
Feb. 27,2007  Apr. 19,2007  May 10, 2007
113 M 394.42 359.81 860.55 T2N2M1 Txwith
on SU/SD
presentation
Jul. 8,2005  Aug. 22,2005 Mar. 29, 2007
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TABLE 4-continued

Longitudinal measurements of plasma levels of CA9 in patients with clear cell

RCC undergoing curative or debulking nephrectomy.

12 FOLLOW
Pt SEX Pre Post 6 months months 2 years STAGE UP
136 F 1032.19 1035.50 2711.44 2855.51 T3aNOM1  SU
(June 2006)/SD
Mar. 30,2006 May 11,2006 Oct. 24,2006 Feb. 27, 2007
139 F 143.28 201.90 T3aNOMO NED
(December 2006)
May 1, 2006 Dec. 19,2006
146 M 201.90 208.27 203.17 TIbNOMO  NED
Jun. 8,2006  Aug. 24,2006  Jan. 16,2007

SU = treatment with suten,

G = treatment with gemcitabine,

PR = partial response,

$D = stable discase,

DP = disease progression,

NED = no evidence of disease.

Specific values and times of blood collection are provided in Table 1.

[0357] As disclosed herein, the inventors have discovered
that circulating blood levels of CA9, a transcriptional target of
HIF activity, declined in 65% of clear cell RCC patients who
underwent curative nephrectomy for organ confined disease.
RCC patients with non-clear cell histology or benign tumors
had no change in CA9 plasma levels. Pre-operative levels of
CA9 correlated with tumor volume in patients with localized
disease. None of the patients that presented with clinically
overt metastatic disease and underwent debulking nephrec-
tomy had a decrease in post-operative CA9 plasma levels.
Moreover, follow up measurement of CA9 plasma levels
correlated with tumor progression or response to therapy in
the small group of patients the inventors examined.

[0358] CA9 levels were also discovered to be decreased
post-operatively in a defined subset of patients with localized
disease. Using the CA9 biomarker discovered by the inven-
tors, patients with clear cell RCC canbe divided in “high” and
“low” expressers of CA9 by immunocytochemistry of the
tumor.

[0359] The inventors also have discovered that CA12,
another member of the CA family, is also overexpressed in
clear cell RCC, albeit in a lower percentage of patients than
CA9.

[0360] The inventors also discovered that all patients with
progressing disease had increased CA9 plasma levels, above
that observed post- and pre-operatively. One patient treated
for systemic disease had a partial clinical response that cor-
related with reduced CA9 levels. Incidental timing of blood
collection in one patient allowed the inventors to document an
early rise in plasma levels of CA9 six months before detect-
ablerelapse, which demonstrated that in a given population of
RCC patients, fluctuation in CA9 levels over time can be used
asa biomarker for early detection of impeding disease relapse
or progression.

[0361] Few other biomarkers for RCC have been proposed
in small patient samples. Of those, kidney injury molecule-1
(KIM-1), a transmembrane glycoprotein upregulated in
ischemic injury of the kidney epithelium, was reported to be
elevated in RCC tumors and in the urine of RCC patients
compared to normal controls [Han, 2002]. No measurements
of KIM-1 in the blood of RCC patients before or following
nephrectomy have been reported so far. Elevated levels of

nuclear matrix protein 22 has been detected in the urine of
patients with RCC and a follow up study indicated that speci-
ficity and sensitivity of RCC diagnosis ranged at 55%
[Huang, 2000]. No data for blood levels of NMP22 have been
reported. Matrix metalloproteinase activity has also been
reported to be elevated in the urine of RCC patients [Sherief,
2003]. Other reported biomarkers of RCC in the blood
include a tumor-specific isoform of Pyruvate Kinase (a HIF
target) as well as plasma levels of IL-6, TNFa and circulating
mRNA levels of prostate specific membrane antigen [Wech-
sel, 1999; Yoshida, 2002; Mulders, 2003; de la Taille, 2000].
Few of these biomarkers have limited specificity and may
reflect a systemic response to tumor burden. Others such as
KIM-1, TuPK and NMP22 could be incorporated in large
clinical studies evaluating the performance of a group of
disease specific biomarkers [Oremek, 2000].

[0362] In summary, the inventors have discovered, using
gene expression comparison of signaling dependent human
renal cell carcinoma cell lines, circulating biomarkers for
clear cell RCC. As an exemplary example, the inventors
tested one identified biomarker for RCC, CA9 and demon-
strated that this biomarker correlates with the presence of the
disease in a subset of clear cell RCC patients. To the best of
our knowledge, this is the first report of blood changes in a
potential RCC biomarker post nephrectomy for localize RCC
disease.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 44

«<210> SEQ ID NO 1
<211> LENGTH: 3992
<212> TYPE: DNA
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<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
ataaaagctg cccggggaag ccaggagagc gaagggcgga cgtactcgec acggcaccca 60

ggctgegege acgeggtece ggtgtgcage tggagagcga geggecacey ggageceoecy 120
gcacagcecg Cgoccgoece gcaggagecoe gcgaagatge cccggogceayg cotgcacgey 180
goggecgtge tectgetggt gatcttaaag gaacagectt ccagcccgge cccagtgaac 240

ggttecaagt ggacttattt tggtectgat ggggagaata getggtccaa gaagtaccey 300

tegtgtgggyg gectgetgea gteccecata gaccetgcaca gtgacatecet ccagtatgac 360
gcecagectea cgeccctega gttecaagge tacaatcetgt ctgccaacaa geagtttete 420
ctgaccaaca atggccattc agtgaagetg aacctgccct cggacatgca catccaggge 480
ctccagtete getacagtge cacgcagetg cacctgcact gggggaaccce gaatgacccg 540
cacggctetyg agcacaccedgt cagcggacag cacttegeeg ccgagctgea cattgtecat 600
tataactcag acctttatcc tgacgccage actgccagca acaagtcaga aggectcget 660
gtcctggetg ttetecattga gatgggctece ttcaatccegt cctatgacaa gatcttcagt 720
caccttcaac atgtaaagta caaaggccag gaagcatteg tccegggatt caacattgaa 780
gagctgctte cggagaggac cgctgaatat taccgcetace gggggtccct gaccacaccce 840
ccttgcaace ccactgtget ctggacagtt ttecgaaacce ccgtgcaaat ttceccaggag 900
cagetgetgg ctttggagac agecctgtac tgeacacaca tggacgacee tteccecaga 960

gaaatgatca acaacttccg gcaggtccag aagttcgatg agaggctggt atacacctcec 1020
ttcteeccaag tgcaagtcetyg tactgeggca ggactgagtce tgggcatcat cctcetcactg 1080
gccctggetg gecattecttgg catctgtatt gtggtggtgg tgtcecatttg gettttcaga 1140
aggaagagta tcaaaaaagg tgataacaag ggagtcattt acaagccage caccaagatg 1200
gagactgagy cecacgetty aggteccegy ageteceggy cacatecagy aaggacettyg 1260
ctttggacce tacacacttc ggctcectcetgg acacttgcga cacctcaagg tgttetetgt 1320
agctcaatct gcaaacatgc caggcctcag ggatcctctg ctgggtgect ccecttgecttyg 1380
ggaccatggc caccccagag ccatcecgatc gatggatggg atgcactctce agaccaagca 1440
gcaggaattc aaagctgett getgtaactg tgtgagattg tgaagtggte tgaattctgg 1500
aatcacaaac caagccatgc tggtgggcca ttaatggttg gaaaacactt tcatccgggg 1560
ctttgccaga gcgtgctttc aagtgtcctg gaaattctge tgcttctcca agetttcaga 1620
caagaatgtg cactctctge ttaggttttg cttgggaaac tcaacttctt tcctctggag 1680
acggggcatc tccctcectgat ttecttetge tatgacaaaa cctttaatct gcaccttaca 1740
actcggggac aaatggggac aggaaggatc aagttgtaga gagaaaaaga aaacaagaga 1800
tatacattgt gatatattag ggacacttte acagtectgt cetetggate acagacactyg 1860
cacagacctt agggaatggc aggttcaagt tccacttctt ggtggggatg agaagggaga 1920
gagagctaga gggacaaaga gaatgagaag acatggatga tctgggagag tcetcactttyg 1980
gaatcagaat tggaatcaca ttctgtttat caagccataa tgtaaggaca gaataataca 2040
atattaagtc caaatccaac ctcctgtcag tggagcagtt atgttttata ctctacagat 2100

tttacaaata atgaggctgt tecttgaaaa tgtgttgttyg ctgtgtectyg gaggagacat 2160
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gagttccgag atgacccaat ctgcctttga atctggagga aataggcaga aacaaaatga 2220
ctgtagaact tattctctgt aggccaaatt tcatttcage cacttctgca ggatcectac 2280
tgccaacctg gaatggagac ttttatctac ttctctectcet ctgaagatgt caaatcgtgg 2340
tttagatcaa atatatttca agctataaaa gcaggaggtt atctgtgcag ggggctggca 2400
tcatgtattt aggggcaagt aataatggaa tgctactaag atactccata ttcttecccecyg 2460
aatcacacag acagtttctg acaggcgcaa ctcctccatt ttecctcceccge aggtgagaac 2520
cctgtggaga tgagtcagtyg ccatgactga gaaggaaccg acccctagtt gagagcacct 2580
tgcagttece cgagaacttt ctgattcaca gtctcatttt gacageatga aatgtectet 2640
tgaagcatag ctttttaaat atctttttcc ttctactcct ccctctgact ctaagaattce 2700
tctettetgg aatcgettga acccaggagg cggaggttge agtaagccaa ggtcatgcca 2760
ctgcactcta gcctgggtga cagagcgaga ctccatctca aaaaaaaaaa aaaaaaaatt 2820
attctgtacc atcacaactt ttcacaacga tggcaagcct tatgtcttgg gagectgttt 2880
tgctaggcaa agttacaagt gacctaatgg gagctcaaat gtgtgtgtgt ctctctgtgt 2940
gtttgtgtgt gtgtgtgcac tcaagacctc taacagcctc gaagcctggg gtggcatccce 3000
ggccttgeca ttagecatgcc tcatgcatca tcagatgaca aggacaaccce tcatgacgaa 3060
gcaacatgaa ttagggggcc tcttggcctt ggtccaaaat tgtcaatcag aaatgaacat 3120
aaaggactcc agagcagtgg gactgtetgt caaaagactc tgtatatctt ttgtggatga 3180
gttttgtgag agaacagaga gaccattgta cctyggcacaa gggetgttca tgaaaaggga 3240
gacttactgg gaggtgcaag acagtggcat ttctecctcete ctettgetge tecagcacage 3300
cctggattge agccccgagg ctgagaccag acaaagcccg ggaggcagaa agatgctcca 3360
agaaccaaca ctatcaatgt ctttgcaaat cctcacagga ttcctgtggg tccagetttg 3420
gaactgggaa acctttectte ggatcegecac tcattccact gatgecaget gecectgaag 3480
gatgeccagta ctgtggtygtyg tgagtetcag cagecgecca cacgetecta actetgetge 3540
atggcagatg cctaggtgga aatagcaaaa acaaggccca ggctggggece agggccagag 3600
gggaaggcce tggattctca ctcatgtgag atcttgaatc tcectttetttg ttetgtttgt 3660
ttagttagta tcatctggta aaatagttaa aaaacaacaa aaaactctgt atctgtttct 3720
agcatgtget gcattgactc tattaatcac atttcaaatt caccctacat tectctecte 3780
ttcactagce tctctgaagg tgtcctggec agcectggag aagcactggt gtctgcagea 3840
cccctecagtt cctgtgecte agcccacagg ccactgtgat aatggtcetgt ttagcacttce 3900
tgtatttatt gtaagaatga ttataatgaa gatacacact gtaactacaa gaaattataa 3960
atgtttttca catcaaaaaa aaaaaaaaaa aa 3992
<210> SEQ ID NO 2

<211> LENGTH: 1561

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

gccecgtacac accgtgtget gggacaccce acagtcagec gcatggetee cetgtgecce 60
agececectgge teectetgtt gatcceggee cctgetecag gectcactgt geaactgety 120

ctgteactyge tgettetggt gectgtecat ceccagaggt tgececeggat geaggaggat 180
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tceceecttgg gaggaggetc ttctggggaa gatgacccac tgggcgagga ggatctgecce 240
agtgaagagg attcacccag agaggaggat ccacccggag aggaggatct acctggagag 300
gaggatctac ctggagagga ggatctacct gaagttaage ctaaatcaga agaagagggc 360
tccctgaagt tagaggatct acctactgtt gaggctectg gagatcctca agaacccecag 420

aataatgcce acagggacaa agaaggggat gaccagagtc attggcgcta tggaggegac 480

ccgeectgge ceegggtgte cccagectge gegggecget tecagtccce ggtggatate 540
cgececcage teogeegectt ctgeceggece ctgegeccee tggaacteet gggettecag 600
ctecegeege teccagaact gegectgege aacaatggee acagtgtgea actgacecety 660

cctectggge tagagatgge tetgggtece gggegggagt accgggetct geagetgceat 720
ctgcactggg gggctgcagg tegtccggge tcggagcaca ctgtggaagg ccaccgttte 780
cctgccgaga tccacgtggt tcacctcage accgcctttg ccagagttga cgaggccttg 840
gggcgeeegg gaggectgge cgtgttggec gectttetgg aggagggece ggaagaaaac 900
agtgcctatg agcagttget gtcetegettg gaagaaatceg ctgaggaagg ctcagagact 960
caggtcccag gactggacat atctgcactc ctgccctctg acttcagecg ctacttccaa 1020
tatgaggggt ctctgactac accgcectgt gcccagggtg tcatctggac tgtgtttaac 1080
cagacagtga tgctgagtgc taagcagctc cacaccctct ctgacaccct gtggggacct 1140
ggtgactcte ggctacagcet gaacttccga gcgacgcage ctttgaatgg gegagtgatt 1200
gaggectect tecctgetgyg agtggacage agtecteggg ctgetgagee agtecagety 1260
aattcectgee tggctgctgg tgacatccta geccetggttt ttggecctect ttttgetgte 1320
accagcgtcg cgttccttgt gcagatgaga aggcagcaca gaaggggaac caaagggggt 1380
gtgagctacc gcccagcaga ggtagccgag actggagcct agaggctgga tcecttggagaa 1440
tgtgagaagce cagccagagg catctgaggg ggagecggta actgteocetgt cetgetceatt 1500
atgeccactte cttttaactyg ccaagaaatt ttttaaaata aatatttata ataaaaaaaa 1560
a 1561
<210> SEQ ID NO 3

<211> LENGTH: 2722

«212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

gagtctggce gcagtegegg cagtggtgge ttceccatcee caaaaggcge cctecgacte 60
cttgcgeecge actgetegee gggccagtee ggaaacgggt cgtggagetce cgcaccactc 120
ccgcetggtte cecgaaggcag atcccttete ccgagagttg cgagaaactt teccttgtec 180

ccgacgetge ageggetegg gtacegtgge ageegeaggt ttetgaacce cgggecacge 240
teceegegae teggettege getegtgtag atcegttecct ctetggttyge acgetygggga 300
tceeggaccet cgattetgeg ggcgagatge cecctgggaca catcatgagg ctggacctgyg 360
agaaaattge cctggagtac atcgtgcect gtctgcacga ggtgggette tgctacctygg 420
acaacttcct gggcgaggtyg gtgggegact gegtcectgga gegegtcaag cagetgeact 480
gcaccgggge cctgegggac ggcecagetgg cggggecgeg cgeeggegte tecaagegac 540

acctgeggygy cgaccagate acgtggateg ggggcaacga ggagggetyge gaggecatcea 600
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gcttectect gtccctcatc gacaggectgg tcectctactg cgggagccgg ctgggcaaat 660
actacgtcaa ggagaggtct aaggcaatgg tggettgcta tccgggaaat ggaacaggtt 720
atgttcgeca cgtggacaac cccaacggtg atggtcegetg catcacctge atctactatce 780

tgaacaagaa ttgggatgcc aagctacatg gtgggatcct geggatattt ccagagggga 840
aatcattcat agcagatgtg gagcccattt ttgacagact cctgttcttc tggtcagatc 900
gtaggaaccc acacgaagtg cagccctctt acgcaaccag atatgctatg actgtctggt 960
actttgatgce tgaagaaagg gcagaagcca aaaagaaatt caggaattta actaggaaaa 1020
ctgaatetge cctcactgaa gactgacegt getcetgaaat ctgetggecet tgtteatttt 1080
agtaacggtt cctgaattct cttaaattct ttgagatcca aagatggcct cttcagtgac 1140
aacaatctcc ctgctactte ttgcatcctt cacatccctg tettgtgtgt ggtacttceat 1200
gttttcttge caagactgtg ttgatcttca gatactctct ttgccagatg aagttacttg 1260
ctaactccag aaattectge agacatccta ctecggecage ggtttacctg atagattegg 1320
taatactatc aagagaagag cctaggagca cagcgaggga atgaacctta cttgcacttt 1380
atgtatactt cctgatttga aaggaggagg tttgaaaaga aaaaaatgga ggtggtagat 1440
gccacagaga ggcatcacgg aagccttaac agcaggaaac agagaaattt gtgtcatctg 1500
aacaatttcc agatgttctt aatccagggc tgttggggtt tctggagaat tatcacaacc 1560
taatgacatt aatacctcta gaaagggcetg ctgtcatagt gaacaattta taagtgtccc 1620
atggggcaga cactcectttt tteccagtece tgcaacctgg attttetgee teageccceat 1680
tttgctgaaa ataatgactt tctgaataaa gatggcaaca caattttttc tcecattttca 1740
gttcttacct gggaacctaa ttccccagaa gctaaaaaac tagacattag ttgttttggt 1800
tgctttgttyg gaatggaatt taaatttaaa tgaaaggaaa aatatatccc tggtagtttt 1860
gtgttaacca ctgataactg tggaaagagc taggtctact gatatacaat aaacatgtgt 1920
geatettgaa caatttgaga ggggaggtygg agttggaaat gtgggtgtte ctgttttttt 1980
tttttttttt tttttagttt tcctttttaa tgagctcacc ctttaacaca aaaaaagcaa 2040
ggtgatgtat tttaaaaaag gaagtggaaa taaaaaaatc tcaaagctat ttgagttctce 2100
gtctgtcect agcagtcttt cttcagctca cttggctcte tagatccact gtggttggca 2160
gtatgaccag aatcatggaa tttgctagaa ctgtggaagce ttctactcct gecagtaagca 2220
cagatcgcac tgcctcaata acttggtatt gagcacgtat tttgcaaaag ctacttttcc 2280
tagttttcag tattactttc atgttttaaa aatcccttta atttcttget tgaaaatccc 2340
atgaacatta aagagccaga aatattttcc tttgttatgt acggatatat atatatatag 2400
tcttccaaga tagaagttta ctttttecte ttectggtttt ggaaaatttc cagataagac 2460
atgtcaccat taattctcaa cgactgetcet attttgttgt acggtaatag ttatcacctt 2520
ctaaattact atgtaattta ttcacttatt atgtttattyg tettgtatece tttetetgga 2580
gtgtaagcac aatgaagaca ggaattttgt atatttttaa ccaatgcaac atactctcag 2640
cacctaaaat agtgccggga acatagtaag ggctcagtaa atacttgttg aataaactca 2700
gtctcctaca ttagcattct aa 2722
<210> SEQ ID NO 4

<211> LENGTH: 1432
<212> TYPE: DNA
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<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
ggggecgtgcet cgeggctata aggggeggag gcetgggegge gttgetetge getetgegge 60
tgacggeget tttgtctecg gtgagttttg tggegggaag cttetgeget ggtgcttagt 120
aaccgacttt cctccggact cctgcacgac ctgctcctac agccggcgat ccactcecgg 180

ctgttccecce ggagggteca gaggecttte agaaggagaa ggcagctctg tttetcetgea 240

gaggagtagg gtccttteag ccatgaagea tgtgttgaac ctctacctgt taggtgtggt 300

actgacccta ctetecatet tegttagagt gatggagtee ctagaggget tactagagag 360
cccategect gggacctect ggaccaccag aagecaacta gccaacacag ageccaccaa 420
gggcctteca gaccatccat ccagaagcat gtgataagac ctecttccat actggccata 480
ttttggaaca ctgacctaga catgtccaga tgggagtcec attcctagca gacaagctga 540
gcaccgttgt aaccagagaa ctattactag gecttgaaga acctgtctaa ctggatgete 600
attgcectggg caaggectgt ttaggeecggt tgcggtgget catgectgta atcectageac 660

tttgggaggc tgaggtgggt ggatcacctg aggtcaggag ttcgagacca gectegecaa 720
catggcgaaa ccccatctct actaaaaata caaaagttag ctgggtgtgg tggcagaggc 780
ctgtaatcce agetcecttgg gaggctgagg cgggagaatt gettgaacce ggggacggag 840
gttgcagtga gccgagateg cactgetgta cccagectgg gecacagtge aagactcecat 900
ctcaaaaaaa aaagaaaaga aaaagcectgt ttaatgeaca ggtgtgagty gattygettat 960
ggctatgaga taggttgatc tcgcccttac cccggggtet ggtgtatget gtgetttect 1020
cagcagtatg gctctgacat ctcttagatg tcccaacttc agetgttggg agatggtgat 1080
attttcaacc ctacttccta aacatctgtc tggggttcct ttagtcttga atgtcttatg 1140
ctcaattatt tggtgttgag cctctcettec acaagagete ctecatgttt ggatagcagt 1200
tgaagaggtt gtgtgggtygy getgttggga gtgaggatgyg agtgttcagt geccatttet 1260
cattttacat tttaaagtcg ttcctccaac atagtgtgta ttggtctgaa gggggtggtg 1320
ggatgccaaa gcctgctcaa gttatggaca ttgtggccac catgtggctt aaatgatttt 1380
ttctaactaa taaagtggaa tatatatttc taaaaaaaaa aaaaaaaaaa aa 1432
<210> SEQ ID NO 5

<211> LENGTH: 3183

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

gacagaagca atggccgagg cagaagacaa gccgaggtge tggtgaccct gggegtctga 60
gtggatgatt ggggetgetyg cgetcagagg cctgectcoee tgecttocaa tgcatataac 120
cecacacece agocaatgaa gacgagagyge agoegtgaaca aagtcattta gaaagcecce 180

gaggaagtgt aaacaaaaga gaaagcatga atggagtgcce tgagagacaa gtgtgtcectg 240
tactgccecce acctttaget gggccagcaa ctgeccggee ctgettectece ccacctacte 300
actggtgatc tttttttttt tacttttttt tcccttttet tttceccattet cttttettat 360
tttctttecaa ggcaaggcaa ggattttgat tttgggacce agecatggte cttetgette 420

ttetttaaaa tacccacttt ctecccateg ccaageggeg tttggeaata teagatatee 480
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actctattta tttttaccta aggaaaaact ccagctcect tcccactecece agctgecttg 540
ccaccectee cagcectetyg cttgeectece acctggectg ctgggagtea gageccagca 600
aaacctgttt agacacatgg acaagaatcc cagegctaca aggcacacag tccgcettett 660
cgtecteagyg gttgecagey cttectggaa gtectgaage tetegcagtg cagtgagtte 720
atgcacctte ttgccaagcce tcagtetttg ggatctgggg aggecgectg gttttectec 780
ctecttetge acgtetgetyg gggtetcette ctetecagge cttgccgtec cectggecte 840
tetteccage tcacacatga agatgeactt gcaaaggget ctggtggtec tggeccetget 900
gaactttgee acggtcageo tetctetgte cacttgecace accttggact teggecacat 960

caagaagaag agggtggaag ccattagggg acagatcttg agcaagctca ggctcaccag 1020
cceccectgag ccaacggtga tgacccacgt cccctatcag gtecctggece tttacaacag 1080
cacccgggag ctgctggagg agatgcatgg ggagagggag gaaggctgca cccaggaaaa 1140
caccgagtcg gaatactatg ccaaagaaat ccataaattc gacatgatcc aggggetgge 1200
ggagcacaac gaactggctg tctgccctaa aggaattacc tccaaggttt tecgcttcaa 1260
tgtgtecctca gtggagaaaa atagaaccaa cctattccga gcagaattcc gggtcttgeg 1320
ggtgcccaac cccagceteta agcggaatga gcagaggatc gagctcttcee agatcctteg 1380
gccagatgag cacattgcca aacagcgcta tatcggtgge aagaatctge ccacacgggg 1440
cactgeccgag tggctgtecet ttgatgtcac tgacactgtg cgtgagtgge tgttgagaag 1500
agagtccaac ttaggtctag aaatcagcat tcactgteca tgtceacacet tteageccaa 1560
tggagatatc ctggaaaaca ttcacgaggt gatggaaatc aaattcaaag gcgtggacaa 1620
tgaggatgac catggccgtg gagatctggg gcgcectcaag aagcagaagdg atcaccacaa 1680
ccctcateta atcctcatga tgattceccce acaccggctce gacaacccgg gcecagggggyg 1740
tcagaggaag aagcgggett tggacaccaa ttactgette cgcaacttgg aggagaactg 1800
ctgtgtgege cecectetaca ttgactteeg acaggatetyg ggetggaagt gggtecatga 1860
acctaagggce tactatgcca acttctgctce aggceccttge ccatacctec gcagtgcaga 1920
cacaacccac agcacggtgc tgggactgta caacactctg aaccctgaag catctgectce 1980
gccttgetge gtgccccagg acctggagec cctgaccatce ctgtactatg ttgggaggac 2040
ccccaaagtyg gagcagetet ccaacatggt ggtgaagtcet tgtaaatgta getgagaccce 2100
cacgtgcgac agagagaggg gagagagaac caccactgcec tgactgceccg ctecteggga 2160
aacacacaag caacaaacct cactgagagg cctggagccce acaacctteg getecgggea 2220
aatggctgag atggaggttt ccttttggaa catttctttc ttgctggctc tgagaatcac 2280
ggtggtaaag aaagtgtggg tttggttaga ggaaggctga actcttcaga acacacagac 2340
tttctgtgac gcagacagag gggatgggga tagaggaaag ggatggtaag ttgagatgtt 2400
gtgtggcaat gggatttyggg ctaccctaaa gggagaagga agggcagaga atggetgggat 2460
cagggccaga ctggaagaca cttcagatct gaggttggat ttgctcattg ctgtaccaca 2520
tctgctcetag ggaatctgga ttatgttata caaggcaagc attttttttt tttttttaaa 2580
gacaggttac gaagacaaag tcccagaatt gtatctcata ctgtctggga ttaagggcaa 2640
atctattact tttgcaaact gtcctcetaca tcaattaaca tegtgggtca ctacagggag 2700

aaaatccagg tcatgcagtt cctggeccat caactgtatt gggecttttyg gatatgetga 2760
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acgcagaaga aagggtggaa atcaaccctc tcctgtctge cctetgggte cctectctea 2820
ccteteccte gatcatattt ccecttggac acttggttag acgectteca ggtcaggatg 2880
cacatttctg gattgtggtt ccatgcagcc ttggggcatt atgggttctt cccccacttce 2940
cccteccaaga cectgtgtte atttggtgtt cctggaagca ggtgctacaa catgtgaggce 3000
attcggggaa gctgcacatg tgccacacag tgacttggcec ccagacgcat agactgaggt 3060
ataaagacaa gtatgaatat tactctcaaa atctttgtat aaataaatat ttttggggca 3120
tecctggatga tttcatcette tggaatattg tttetagaac agtaaaagec ttattctaag 3180
gtg 3183
<210> SEQ ID NO ¢

<211> LENGTH: 817

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

agtcctgegt ccgggecceyg aggcgcagca gggcaccagg tggagcacca gctacgegtyg 60
gcgcagegca gegtecctag caccgagect cccgcageeg ccgagatgcet gegaacagag 120
agctgeegee ccaggtcegec cgccggacag gtggecgegg cgteccceget cctgetgetg 180
ctgetgetge tegectggtg cgcgggcgee tgccgaggtg ctccaatatt acctcaagga 240
ttacageetg aacaacaget acagttgtgg aatgagatag atgatacttg ttegtetttt 300
ctgtecatty attetcagee tcaggeatee aacgcactygg aggagetttyg ctttatgatt 360
atgggaatge taccaaagcec tcaggaacaa gatgaaaaag ataatactaa aaggttctta 420

tttcattatt cgaagacaca gaagttgggc aagtcaaatg ttgtgtcgtc agttgtgcat 480

ccgttgetge agctegttee tcacctgcat gagagaagaa tgaagagatt cagagtggac 540
gaagaattce aaagtceett tgcaagtcaa agtcegaggat attttttatt caggccacgg 600
aatggaagaa ggtcagcagy gttcatttaa aatggatgee agetaatttt ccacagagea 660
atgctatgga atacaaaatg tactgacatt ttgttttctt ctgaaaaaaa tcecttgctaa 720
atgtactctg ttgaaaatcc ctgtgttgtc aatgttctca gttgtaacaa tgttgtaaat 780
gttcaatttg ttgaaaatta aaaaatctaa aaataaa 817

<210> SEQ ID NO 7

<211> LENGTH: 1828

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

cagttacagg gagcaccacc agggaacatc tcggggagcec tggttggaag ctgcaggett 60
agtctgtegg ctgcgggtet ctgactgecce tgtggggagg gtettgectt aacatceett 120
geatttgget gcaaagaaat ctgettggaa gaaggygtta cgetgtttygy cegggcagaa 180
actccgetga gcagaacttyg cegecagaat getectectg ttgcetgagta teategtect 240
ccacgtegeg gtgctggtge tgctgttegt ctecacgatce gtcagccaat ggatcgtggg 300
caatggacac gcaactgatc tctggcagaa ctgtagcacc tcttcctcag gaaatgtcca 360

ccactgttte tcatcatcac caaacgaatg gctgcagtet gtccaggeca cecatgatect 420

gtegatcate ttcageatte tgtetetgtt cetgttette tgccaactet teaccceteac 480
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caaggggggc aggttttaca tcactggaat cttccaaatt cttgctggtc tgtgcgtgat 540
gagtgctgeg gccatctaca cggtgaggca cccggagtgg catctcaact cggattacte 600
ctacggtttc gectacatcee tggectgggt ggcettceccee ctggecctte tcageggtgt 660

catctatgtyg atcttgcgga aacgcgaatg aggcgeccag acggtotgte tgaggetetg 720

agcgtacata gggaagggag gaagggaaaa cagaaagcag acaaagaaaa aagagctage 780
ccaaaatccc aaactcaaac caaaccaaac agaaagcagt ggaggtgggg gttgctgttg 840
attgaagatg tatataatat ctccggttta taaaacctat ttataacact ttttacatat 900
atgtacatag tattgtttge tttttatgtt gaccatcage ctegtgttga gecttaaaga 960

agtagctaag gaactttaca tcctaacagt ataatccagc tcagtatttt tgttttgttt 1020
tttgtttgtt tgttttgttt tacccagaaa taagataact ccatctcgecc ccttcecttt 1080
catctgaaag aagatacctc cctcccagtc cacctcattt agaaaaccaa agtgtgggta 1140
gaaaccccaa atgtccaaaa geccttttet ggtgggtgac ccagtgcate caacagaaac 1200
agccgectgee cgaacctetyg tgtgaagett tacgcgcaca cggacaaaat gcccaaactg 1260
gagcccttge aaaaacacgg cttgtggcat tggcatactt gcccttacag gtggagtatc 1320
ttcgtcacac atctaaatga gaaatcagtg acaacaagtc tttgaaatgg tgctatggat 1380
ttaccattce ttattatcac taatcatcta aacaactcac tggaaatcca attaacaatt 1440
ttacaacata agatagaatg gagacctgaa taattctgtg taatataaat ggtttataac 1500
tgettttgta cctagetagy ctgctattat tactataatyg agtaaatcat aaagecttcea 1560
tcactcccac atttttctta cggtcggage atcagaacaa gcgtctagac tecttgggac 1620
cgtgagttce tagagettgg ctgggtctag getgttcectgt gectccaagg actgtetgge 1680
aatgacttgt attggccacc aactgtagat gtatatatgg tgcccttctg atgctaagac 1740
tccagacctt ttgtttttge tttgcatttt ctgattttat accaactgtyg tggactaaga 1800
tgcattaaaa taaacatcag agtaacte 1828
<210> SEQ ID NO 8

<211> LENGTH: 4846

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

gageggtget caggggaggg ctggagggga gggaaggaga gagagagggg agggeggeac 60
cgeccectage cccgegetee ggaagtgaag cggccagacce accagctaat ggatgeggag 120
cggagggece getgaccget ctccgegect ggagcagett ggcttggetg gagctaagag 180
ccagacacac cactgtgtgg aggtgggtga tgtcttcctg tgctaaaagg tgaataaata 240
agctecteac ctetegegga acactcggga acacatcaac aggggtccaa gecgecctge 300
tgggaggett ctettcaaga gttetgggte ccagagtgga aggeatttte ccatcaacty 360

gagagagacg aaacatcaga gaccaggagg ctgtggagaa agcagctgte ccaggtgect 420

caactatcag agaagggtca gegtcacgtg getgccagea tetttgagaa aatcactgge 480
aatcggactt cagagctgcg ggcacaggtg tggttagaac tgagatacga cctgcccacce 540
tgggtcagge ctaaagacaa gaagtcctga gttettgeca ctgagtagge cagggtcatt 600

tgtccagaaa actttgtgac tgtetttgag tgacctagte tgggacccat teattggtgy 660
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gttctaaggt tagaagctca tccaggatat tttcaatatt aagtcagtgce atagctgcac 720
cactaacaaa ttggtgcctg tagagtcaga gtgggtcaat tettaggaca atggegetgg 780
cactgttaga ggactggtgc aggataatga gtgtggatga gcagaagtca ctgatggtta 840
cggggatacce ggcggacttt gaggaggctg agattcagga ggtecttcag gagactttaa 900
agtctctggg caggtataga ctgcttggca agatattcecg gaagcaggag aatgccaatg 960
ctgtcttact agagcttctyg gaagatactg atgtctcgge cattcccagt gaggtccagg 1020
gaaagggggyg tgtctggaag gtgatcettta agacccctaa tcaggacact gagtttettyg 1080
aaagattgaa cctgttteta gaaaaagagg ggcagacggt ctegggtatyg tttegagece 1140
tggggcagga gggcgtgtcet ccagccacag tgcectgcat ctcaccagaa ttactggecce 1200
atttgttggg acaggcaatyg gcacatgcgc ctcagcccct gctacccatg agataccgga 1260
aactgcgagt attctcaggg agtgctgtcc cagccccaga ggaagagtcc tttgaggtcet 1320
ggttggaaca ggccacggag atagtcaaag agtggccagt aacagaggca gaaaagaaaa 1380
ggtggctgge ggaaagcectyg cggggcecctg ccctggacct catgcacata gtgcaggecag 1440
acaacccgtce catcagtgta gaagagtgtt tggaggcctt taagcaagtg tttgggagcc 1500
tagagagccg caggacagcec caggtgaggt atctgaagac ctatcaggag gaaggagaga 1560
aggtctcagce ctatgtgtta cggctagaaa ccctgctccg gagagcggtg gagaaacgcyg 1620
ccatcececteg gegtattgeg gaccaggtcece gectggagcea ggtcatgget ggggcecactce 1680
ttaaccagat gectgtggtge cggettaggg agetgaagga tcagggeceyg cecceccaget 1740
tcettgaget aatgaaggta atacgggaag aagaggagga agaggcctcece tttgagaatg 1800
agagtatcga agagccagag gaacgagatg gctatggceg ctggaatcat gagggagacyg 1860
actgaaaacc acctgggggc aggacccaca gccagtgggce taagaccttt aaaaaatttt 1920
tttetttaat gtatgggact gaaatcaaac catgaaagcc aattattgac ctteettect 1980
tecttectte ceteccttee tecttetete ctteteteet cetetetect ctectetect 2040
ctetttectt cctteoctteco ttttttettt ttectcetttet tetttattte ttgggtcectcea 2100
ctctcatcac ccaggctaga gtgcagtggce acaaaaatct cggctcactg cagcecttgac 2160
ttcccaggcet caggctcagg tgatcctcac accttagect cccaagtacc tgggactaca 2220
ggcacgcacc accatgcecta getattettt tgtatttttg gtagagacag ggttttgetg 2280
tgttgctcag gctggtctgg aacccctagg ctcaaatgat gtgcccaact cggectccca 2340
aagtgctggg attacaggca tgaaccgcca tgcctggcce ttgattttte tttttaagaa 2400
aaaaatatct aggagtttct tagaccctat gtagattatt aatgaacaaa agattaaact 2460
ccaaatatta aatagtaagc ctgaaggaat ctgaaacact tgtacttcca attttcttta 2520
aataatccca aatagaccag aattggecca taccatagaa gaaagaattg gcagtcaaaa 2580
aaaaaaatac cttttgtaat gtttgaaaaa taaagetgtt tgacttgtea ggtgttttee 2640
tttctcaaat cagcaaattc tctctgagtg cctggcectttg tgagacactg tacaaggagt 2700
tacaagacta cagctataac ctgcagttga gcagttataa acctacaaaa tgggccctge 2760
cctcagagag gttccagtct agatgaggag ctgatctaga caggtaaaag gctaactaac 2820
cctttgtgta aataagttca tcaccecagt aaaagtgtca tcacccagtg aataggacca 2880

cctetgeetyg cagattttty ttgttgttgt tgteattgtt gttgttgttt taacctggga 2940
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agtgttcttc ctgcctttet gctaggtgte agatagatgg tcccagagcet aggtgctgtg 3000
tcaggccctyg aagacacaga tgactcaacc taagetttac tttecagagg tcecacagect 3060
gagaggtgtc cccaaagaaa gggggacatg aggggactgc atgcttgaga gcagggttgt 3120
ttagggcagg tttggattta gtgagcaggc tggtttgctt agagaaggct tttagtggca 3180
acaaaggatg aagaggagag aaaaggaact cacatttatt gagggcctac tgtgtgcaaa 3240
gtgtttcatg tatatctcat tgaatgtata cagccaccct gttgtggtat aattttgctce 3300
tttataaaga gaaagaccga agctcagatg agttaagtgg tctcectcaac accaaaatge 3360
caagaagtga tggagcctag acagaagcece agaactttet gactcacact agtecatect 3420
ctaccatcac gatgactttc aaattgtgct ctgcagttct gcagattttc tagcagtgcce 3480
atctccaaaa tgtgttttaa actctttatt tttttaatta ttattagtat tattttgaga 3540
ctgagtcttg ctctatcacc caggctggag tgcagtggtg caatctcagc tcactgcaac 3600
ctececgectee caggttcaag cgatttegtg cctecagecte cecgagtaget gggattacag 3660
gcacccacca ccacgcccag ctaatttttg tatttttagt agaaatgggg tttcaccatg 3720
ttggccagge tggtctcgaa ctcectgacct caagtgatcc actcaccteg gectcccaaa 3780
gtgctgggat tacaggtgtg agccaccatg cctygggctaa actctttaag tctctagtaa 3840
atgcagctag attcaaatgg gctgataacc aaattttaac acatcagcat tcaccaccag 3900
gtttactttt attttcagat tggctcattt tgtgcagacc ttagagcaaa gtttccttta 3960
tggtatectgt gtacgtatcec aaacttettt taattgttea cagattttaa aageggtage 4020
accacatggt tgtgtagatc agacctgtgt atttagatca gacctgtgta tcacgtaagt 4080
gtgtgagtgc agtgcagatg agcaccattt agttatatgt gctaggcaaa tctccaacac 4140
agttgatgtg tagtcttgtg gtagatttgt gcatactgta agcaaattgc ttagcttctce 4200
tagacatcag tttccacatc tgaaaaataa gaagatgaga gtacacggtt gttatgaaca 4260
aatgacttaa tgetttttaa gecacgttgca tgacatetgyg aacacagaaa gecctcaata 4320
cattgaagct cttaggattt tcacgatgtt cctgtctgct caatgcatge tttcetttatt 4380
gttctgacag ttgtgtggta acaagctaat atgcttccag ttgacttcca gtctaccctg 4440
gtgttagaaa ccgtttcatc tcttattgta aatttgagtg cttgttgttt tttatatttg 4500
tgatgactct tccagcagtt gttgacaatt gttagaggtt tgacttttaa ataattactt 4560
attttttctg attgtggttc agtttaactg aagaatatcc tgagattgta agaaaagcat 4620
tttttaaaag gtatcacttg tgatcattta tctttctaaa ttctattttt aatactgttc 4680
caccaaagtg atgcagtggt taccatgaca ccctaatttc atgtgttttt gtatttatga 4740
aaatagtttc attgtcattt attggcggta tacaaagtaa aatgttataa atgtgaagtt 4800
ataaaataaa tatatgctaa taaaatcctg agtttttetg tttect 4846
<210> SEQ ID NO 9

<211> LENGTH: 1204

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

ggggtgcaaa gaagagacag cagcgceccag cttggaggtg ctaacteccag aggcecageat 60

cagcaactygy geacagaaag gagecegectyg ggeagggace atggcacgge cacatceecety 120
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gtggetgtge gttctgggga cectggtggg getcetcaget actccagece ccaagagetyg 180

cccagagagg cactactggg ctcagggaaa getgtgetge cagatgtgtyg agccaggaac 240

attcctcegtyg aaggactgtyg accagcatag aaaggctgcet cagtgtgatce cttgcatacc 300
gggggtctec ttetctectyg accaccacac ccggeeccac tgtgagaget gteggcactg 360
taactctggt cttctegtte gcaactgcac catcactgec aatgctgagt gtgectgtceg 420
caatggctgg cagtgcaggg acaaggagtg caccgagtgt gatcctettce caaaccctte 480
gctgaccget cggtegtete aggecctgag cccacaccct cageccacece acttacctta 540

tgtcagtgag atgetggagg ccaggacage tgggcacatyg cagactetygg ctgactteag 600

gcagcetgecet geecggacte tetctacccea ctggecacce caaagatccece tgtgcagete 660
cgattttatt cgcatccttyg tgatcttcte tggaatgttc cttgttttca cecctggeegyg 720
ggcectgtte cteccatcaac gaaggaaata tagatcaaac aaaggagaaa gtcctgtgga 780
gcetgcagag ccttgtegtt acagetgece cagggaggag gagggcagea ccatccccat 840
ccaggaggat taccgaaaac cggagcectge ctgctccccee tgagccagca cctgeggtag 900
ctgcactaca gcecctggeet ccacceccac cccgecgace atccaaggga gagtgagacce 960

tggcagccac aactgcagtc ccatcctcectt gtcagggccce tttectgtgt acacgtgaca 1020
gagtgccttt tcgagactgg cagggacgag gacaaatatg gatgaggtgg agagtgggaa 1080
gcaggagece agcecagetge gectgegetg caggagggeg ggggetctgg ttgtaaaaca 1140
cacttectge tgegaaagac ccacatgeta caagacggge aaaataaagt gacagatgac 1200
cacce 1204
<210> SEQ ID NO 10

<211> LENGTH: 459

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

atccattete cteatccecte tgetetetgg ccetecagect cecagcagea tggettteac 60
cggcaagttc gagatggaga gtgagaagaa ttatgatgag ttcatgaagce tccttgggat 120
ctccagegat gtaatcgaaa aggcccgcaa cttcaagatce gtcacggagg tgcagcagga 180
tgggcaggac ttcacttggt cccagcacta ctceggggge cacaccatga ccaacaagtt 240

cactgttggc aaggaaagca acatacagac aatggggggc aagacgttca aggccactgt 300
gcagatggag ggcgggaagc tggtggtgaa tttccccaac tatcaccaga cctcagagat 360
cgtgggtgac aagctyggtgyg aggtctccac catceggaggce gtgacctatg agcegcgtgag 420
caagagactyg gcctaagcag ccaggcccgg cccagggag 459
<210> SEQ ID NO 11

<211> LENGTH: 2775

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

aatctttagg atctgagcag gagaaatacc agcggatctt ccccactetg ctccctteca 60

ttoccacecet teocttettta ataagcagga gcgaaaaaga caaattccaa agaggattgt 120

teagtteaay ggaatgaaga attcagaata attttggtaa atggatteca atatggggaa 180
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taagaataag ctgaacagtt gacctgcttt gaagaaacat actgtccatt tgtctaaaat 240
aatctataac aaccaaacca atcaaaatga attcaacatt attttcccag gttgaaaatc 300
attcagtcca ctctaattte tcagagaaga atgcccaget tetggetttt gaaaatgatg 360
attgtcatct gcccttggec atgatattta ccttagetet tgcttatgga getgtgatca 420
ttcttggtgt ctctggaaac ctggecttyga tcataatcat cttgaaacaa aaggagatga 480
gaaatgttac caacatcctg attgtgaacc tttcecttcte agacttgctt gttgccatca 540

tgtgtcteee ctttacattt gtctacacat taatggacca ctgggtettt ggtgaggega 600

tgtgtaagtt gaatcctttt gtgcaatgtg tttcecaatcac tgtgtecatt ttetetetgy 660

ttctecattge tgtggaacga catcagctga taatcaacce tcegagggtgg agaccaaata 720
atagacatgc ttatgtaggt attgctgtga tttgggtcct tgectgtgget tettetttge 780
ctttcctgat ctaccaagta atgactgatg agccgttcca aaatgtaaca cttgatgegt 840
acaaagacaa atacgtgtgc tttgatcaat ttccatcgga ctctcatagg ttgtcettata 900
ccactctcct cttggtgetg cagtattttg gtccactttg ttttatattt atttgctact 960

tcaagatata tatacgccta aaaaggagaa acaacatgat ggacaagatg agagacaata 1020
agtacaggtc cagtgaaacc aaaagaatca atatcatgct gctctccatt gtggtagcat 1080
ttgcagtctg ctggctccect cttaccatct ttaacactgt gtttgattgg aatcatcaga 1140
tcattgctac ctgcaaccac aatctgttat tcctgetctg ccacctcaca gecaatgatat 1200
ccacttgtgt caaccccata ttttatgggt tcectgaacaa aaacttecag agagacttge 1260
agttcttctt caacttttgt gatttccggt ctcgggatga tgattatgaa acaatagcca 1320
tgtccacgat gcacacagat gtttccaaaa cttectttgaa gcaagcaagc ccagtcgcat 1380
ttaaaaaaat caacaacaat gatgataatg aaaaaatctg aaactactta tagcctatgg 1440
tecceggatga catctgttta aaaacaagca caacctgcaa catactttga ttacctgtte 1500
teccaaggaa tggggttgaa atcatttgaa aatgactaag attttettgt cttgettttt 1560
actgcttttg ttgtagttgt cataattaca tttggaacaa aaggtgtggg ctttggggtc 1620
ttctggaaat agttttgacc agacatcttt gaagtgcttt ttgtgaattt atgcatataa 1680
tataaagact tttatactgt acttattgga atgaaatttc tttaaagtat tactattaac 1740
tgacttcaga agtacctgcc atccaatacg gtcattagat tgggtcatct tgattagatt 1800
agattagatt agattgtcaa cagattgggc catccttact ttatgatagg catcatttta 1860
gtgtgttaca atagtaacag tatgcaaaag cagcattcag gagccgaaag atagtctgaa 1920
gtcattcaga agtggtttga ggtttctgtt ttttggtggt ttttgtttgt tttttttttt 1980
tttcacctta agggaggatt taatttgctc ccaactgatt gtcacttaaa tgaaaattta 2040
aaaatgaata aaaagacata cttctcagct gcaaatatta tggagaattg gggcacccac 2100
aggaatgaag agagaaagca gctceectaac ttcaaaacca ttttggtace tgacaacaag 2160
agcattttag agtaattaat ttaataaagt aaattagtat tgctgcaaat agttaaatta 2220
tatttatttg aattgatggt caagagattt tccatttttt ttacagactg ttcagtgttt 2280
gtcaagcttt ctggcataaa tatgtactca aasaggcattt ccgcttacaa tttgtagaaa 2340
cacaaaatgc gttttccata cagcagtgcce tatatagtga ctgattttta actttcaatg 2400

tecatettte aaaggaagta acaccaaggt acaatgttaa aggaatatte actttaccta 2460
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gcagggaaaa atacacaaaa actgcagata cttcatatag cccattttaa cttgtataaa 2520
ctgtgtgact tgtggegtet tataaataat gcactgtaaa gattactgaa tagttgtgte 2580
atgttaatgt gcctaatttc atgtatcttg taatcatgat tgagcctcag aatcatttgg 2640
agaaactata ttttaaagaa caagacatac ttcaatgtat tatacagata aagtattaca 2700
tgtgtttgat tttaaaaggg cggacatttt attaaaatca atattgtttt tgctttttca 2760
aaaaaaaaaa aaaaa 2775
<210> SEQ ID NO 12

<211> LENGTH: 913

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

ccagagaggg gcaggctggt cccctgacag gttgaagcaa gtagacgccc aggagccccyg 60
ggagggggct gcagtttect tecttectte tcggcagege tecgegecee categecect 120
cctgegetag cggaggtgat cgcecgeggeg atgecggagg agggtteggg ctgeteggtyg 180
cggcgecagge cctatgggtyg cgtectgegg getgetttgg teccattggt cgegggettyg 240
gtgatctgce tcgtggtgtg catccagege ttcgcacagg ctcagcagca getgccgcete 300
gagtcacttyg ggtgggacgt agctgagctg cagctgaatc acacaggacc tcagcaggac 360
cccaggetat actggcaggg gggceccagca ctgggecget cettectgea tggaccagag 420

ctggacaagy ggcagetacg tatccategt gatggeatet acatggtaca catcecaggtyg 480

acgctggeca tetgetecte cacgacggcece tecaggcace acccecaccac cctggeegty 540
ggaatctgct ctcccgecte ccgtagcatc agcctgctge gtctcagett ccaccaaggt 600
tgtaccattg cctceccageg cctgacgccc ctggcccgag gggacacact ctgcaccaac 660

ctcactggga cacttttgec ttcccgaaac actgatgaga cettetttgg agtgcagtgg 720

gtgegeceeet gaccactyget getgattagyg gttttttaaa ttttatttta ttttatttaa 780

gttcaagaga aaaagtgtac acacaggggc cacccggggt tggggtggga gtgtggtggy 840
gogtagtggt ggcaggacaa gagaaggcat tgagettttt ctttcatttt cctattaaaa 900

aatacaaaaa tca 913

<210> SEQ ID NO 13

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 13
ggccagtgaa ttgtaatacg actcactata gggaggeggt tttttttttt tttttttttt 60

ttt 63

<210> SEQ ID NO 14

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer
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<400> SEQUENCE: 14

cttggcatct gtattgtggt

<210>
<21l>
<2l2>
<213>
<220>
<223>

SEQ ID NO 15

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 15

gggtggcecat ggtcccaagg

<210>
<211>
<212>
«213>
<220>
<223>

SEQ ID NO 16

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 16

atcagcttce tectgtcect

«210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 17

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 17

gggctgcact tegtgtgggt

<210>
<211>
<2l2>
<213>
<220>
<223>

SEQ ID NO 18

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 18

tagcagacce ctcagcacca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NC 19

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 19

agcttoccege cctccatety

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 20

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Desgcription of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

20

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic



US 2010/0222230 Al
54

-continued

Sep. 2, 2010

primer
<400> SEQUENCE: 20

actcctgecac gacctgctcece

<210>
<211>
<212>
<213>
«220>
<223>

SEQ ID NO 21

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 21

ttatcacatyg cttctggatyg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 22

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 22

tcactggaat cttccaaatt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 23

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 23

gtttgagttt gggattttgy

<210>
<2ll>
<212>
<213>
<220>
<223>

SEQ ID NO 24

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 24

atggatgcgg agcggaggge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 25

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 25
ctccacagee tectggtete
<210> SEQ ID NO 26
<211> LENGTH: 20

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Desgcription of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

20

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

20

Synthetic

20
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 26

atgccggagg agggtteggg

<210> SEQ ID NO 27

<211> LENGTH: 20

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 27

cgtagectgee ccttgtecag

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 28

gaggatctac ctggagagga

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 29

ctggaagece aggagttceca

<210> SEQ ID NO 30

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
«<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 30

tttcatccat ccgacattga

<210> SEQ ID NO 31

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer

<400> SEQUENCE: 31

atcttcaaac ctccatgatg

<210> SEQ ID NO 32
<211> LENGTH: 354

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

20

20

20

20

20

20
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<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

Met Pro Arg Arg Ser Leu His Ala Ala Ala Val Leu Leu Leu Val Ile
1 5 10 15

Leu Lys Glu Gln Pro Ser Ser Pro Ala Pro Val Asn Gly Ser Lys Trp
20 25 30

Thr Tyr Phe Gly Pro Asp Gly Glu Asn Ser Trp Ser Lys Lys Tyr Pro
35 40 45

Ser Cys Gly Gly Leu Leu Gln Ser Pro Ile Asp Leu His Ser Asp Ile
50 55 60

Leu Gln Tyr Asp Ala Ser Leu Thr Pre Leu Glu Phe Gln Gly Tyr Asn
Leu Ser Ala Asn Lys Gln Phe Leu Leu Thr Asn Asn Gly His Ser Val
85 90 95

Lys Leu Asn Leu Pro Ser Asp Met His Ile Gln Gly Leu Gln Ser Arg
100 105 110

Tyr Ser Ala Thr Gln Leu His Leu His Trp Gly Asn Pro Asn Asp Pro
115 120 125

His Gly Ser Glu His Thr Val Ser Gly Gln His Phe Ala 2la Glu Leu
130 135 140

Hig Ile Val Hig Tyr Asn Ser Asp Leu Tyr Pro Asp Ala Ser Thr Ala
145 150 155 160

Ser Asn Lys Ser Glu Gly Leu Ala Val Leu Ala Val Leu Ile Glu Met
165 170 175

Gly Ser Phe Asn Pro Ser Tyr Asp Lys Ile Phe Ser His Leu Gln His
180 185 190

Val Lys Tyr Lys Gly Gln Glu Ala Phe Val Pro Gly Phe Asn Ile Glu
195 200 205

Glu Leu Leu Pre Glu Arg Thr Ala Glu Tyr Tyr Arg Tyr Arg Gly Ser
210 215 220

Leu Thr Thr Pro Pro Cys Asn Pro Thr Val Leu Trp Thr Val Phe Arg
225 230 235 240

Asn Pro Val Gln Ile Ser Gln Glu Gln Leu Leu Ala Leu Glu Thr Ala
245 250 255

Leu Tyr Cys Thr His Met Asp Asp Pro Ser Pro Arg Glu Met Ile Asn
260 265 270

Asn Phe Arg Gln Val Gln Lys Phe Asp Glu Arg Leu Val Tyr Thr Ser
275 280 285

Phe Ser Gln Val Gln Val Cys Thr Ala Ala Gly Leu Ser Leu Gly Ile
290 295 300

Ile Leu Ser Leu Ala Leu Ala Gly Ile Leu Gly Ile Cys Ile Val Val
305 310 315 320

Val Val Ser Ile Trp Leu Phe Arg Arg Lys Ser Ile Lys Lys Gly Asp
325 330 335

Asn Lys Gly Val Ile Tyr Lys Pro Ala Thr Lys Met Glu Thr Glu Ala
340 345 350

His Ala

<210> SEQ ID NO 33
<211> LENGTH: 459
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<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

Met Ala Pro Leu Cys Pro Ser Pro Trp Leu Pro Leu Leu Ile Pro Ala
1 5 10 15

Pro Ala Pro Gly Leu Thr Val Gln Leu Leu Leu Ser Leu Leu Leu Leu
20 25 30

Val Pro Val His Pro Gln Arg Leu Pro Arg Met Gln Glu Asp Ser Pro
35 40 45

Leu Gly Gly Gly Ser Ser Gly Glu Asp Asp Pro Leu Gly Glu Glu Asp
50 55 60

Leu Pro Ser Glu Glu Asp Ser Pro Arg Glu Glu Asp Pro Pro Gly Glu
Glu Asp Leu Pro Gly Glu Glu Asp Leu Pro Gly Glu Glu Asp Leu Pro
85 90 95

Glu Val Lys Pro Lys Ser Glu Glu Glu Gly Ser Leu Lys Leu Glu Asp
100 105 110

Leu Pro Thr Val Glu Ala Pro Gly Asp Pro Gln Glu Pro Gln Asn Asn
115 120 125

Ala His Arg Asp Lys Glu Gly Asp Asp Gln Ser His Trp Arg Tyr Gly
130 135 140

Gly Asp Pro Pro Trp Pro Arg Val Ser Pro Ala Cys Ala Gly Arg Phe
145 150 155 160

Gln Ser Pro Val Asp Ile Arg Pro Gln Leu Ala Ala Phe Cys Pro Ala
165 170 175

Leu Arg Pro Leu Glu Leu Leu Gly Phe Gln Leu Pro Pro Leu Pro Glu
180 185 190

Leu Arg Leu Arg Asn Asn Gly His Ser Val Gln Leu Thr Leu Pro Pro
195 200 205

Gly Leu Glu Met Ala Leu Gly Pro Gly Arg Glu Tyr Arg Ala Leu Gln
210 215 220

Leu His Leu His Trp Gly Ala Ala Gly Arg Pro Gly Ser Glu His Thr
225 230 235 240

Val Glu Gly His Arg Phe Pro Ala Glu Ile His Val Val His Leu Ser
245 250 255

Thr Ala Phe Ala Arg Val Asp Glu Ala Leu Gly Arg Pro Gly Gly Leu
260 265 270

Ala Val Leu Ala Ala Phe Leu Glu Glu Gly Pro Glu Glu Asn Ser Ala
275 280 285

Tyr Glu Gln Leu Leu Ser Arg Leu Glu Glu Ile Ala Glu Glu Gly Ser
290 295 300

Glu Thr Gln Val Pro Gly Leu Asp Ile Ser Ala Leu Leu Pro Ser Asp
305 310 315 320

Phe Ser Arg Tyr Phe Gln Tyr Glu Gly Ser Leu Thr Thr Pro Pro Cys
325 330 335

Ala Gln Gly Val Ile Trp Thr Val Phe Asn Gln Thr Val Met Leu Ser
340 345 350

Ala Lys Gln Leu His Thr Leu Ser Asp Thr Leu Trp Gly Pro Gly Asp
355 360 365

Ser Arg Leu Gln Leu Asn Phe Arg Ala Thr Gln Pro Leu Ash Gly Arg
370 375 380
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Val Ile Glu Ala Ser Phe Pro Ala Gly Val Asp Ser Ser Pro Arg Ala
385 390 395 400

Ala Glu Pro Val Gln Leu Asn Ser Cys Leu Ala Ala Gly Asp Ile Leu
405 410 415

Ala Leu Val Phe Gly Leu Leu Phe Ala Val Thr Ser Val Ala Phe Leu
420 425 430

Val Gln Met Arg Arg Gln His Arg Arg Gly Thr Lys Gly Gly Val Ser
435 440 445

Tyr Arg Pro Ala Glu Val Ala Glu Thr Gly Ala
450 455

<210> SEQ ID NO 34

<211> LENGTH: 239

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 34

Met Pro Leu Gly His Ile Met Arg Leu Asp Leu Glu Lys Ile Ala Leu
1 5 10 15

Glu Tyr Ile Val Pro Cys Leu His Glu Val Gly Phe Cys Tyr Leu Asp
20 25 30

Asn Phe Leu Gly Glu Val Val Gly Asp Cys Val Leu Glu Arg Val Lys
35 40 45

Gln Leu His Cys Thr Gly Ala Leu Arg Asp Gly Gln Leu Ala Gly Pro
50 55 60

Arg Ala Gly Val Ser Lys Arg His Leu Arg Gly Asp Gln Ile Thr Trp
Ile Gly Gly Asn Glu Glu Gly Cys Glu Ala Ile Ser Phe Leu Leu Ser
85 90 95

Leu Ile Asp Arg Leu Val Leu Tyr Cys Gly Ser Arg Leu Gly Lys Tyr
100 105 110

Tyr Val Lys Glu Arg Ser Lys Ala Met Val Ala Cys Tyr Pro Gly Asn
115 120 125

Gly Thr Gly Tyr Val Arg His Val Asp Asn Pro Asn Gly Asp Gly Arg
130 135 140

Cys Ile Thr Cys Ile Tyr Tyr Leu Asn Lys Asn Trp Asp Ala Lys Leu
145 150 155 160

His Gly Gly Ile Leu Arg Ile Phe Pro Glu Gly Lys Ser Phe Ile Ala
165 170 175

Asp Val Glu Prco Ile Phe Asp Arg Leu Leu Phe Phe Trp Ser Asp Arg
180 185 190

Arg Asn Pro His Glu Val Gln Pro Ser Tyr Ala Thr Arg Tyr Ala Met
195 200 205

Thr Val Trp Tyr Phe Asp Ala Glu Glu Arg Ala Glu Ala Lys Lys Lys
210 215 220

Phe Arg Asn Leu Thr Arg Lys Thr Glu Ser Ala Leu Thr Glu Asp
225 230 235

<210> SEQ ID NO 35

<211> LENGTH: 63

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 35
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Met Lys Hig Val Leu Asn Leu Tyr Leu Leu Gly Val Val Leu Thr Leu
1 5 10 15

Leu Ser Ile Phe Val Arg Val Met Glu Ser Leu Glu Gly Leu Leu Glu
20 25 30

Ser Pro Ser Pro Gly Thr Ser Trp Thr Thr Arg Ser Gln Leu Ala Asn
35 40 45

Thr Glu Pro Thr Lys Gly Leu Pro Asp His Pro Ser Arg Ser Met
50 55 60

<210> SEQ ID NO 36

<211> LENGTH: 412

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

Met Lys Met Hig Leu Gln Arg Ala Leu Val Val Leu Ala Leu Leu Asn
1 5 10 15

Phe Ala Thr Val Ser Leu Ser Leu Ser Thr Cys Thr Thr Leu Asp Phe
20 25 30

Gly His Ile Lys Lys Lys Arg Val Glu Ala Ile Arg Gly Gln Ile Leu
35 40 45

Ser Lys Leu Arg Leu Thr Ser Pro Pro Glu Pro Thr Val Met Thr His
50 55 60

Val Pro Tyr Gln Val Leu Ala Leu Tyr Asn Ser Thr Arg Glu Leu Leu
65 70 75 80

Glu Glu Met His Gly Glu Arg Glu Glu Gly Cys Thr Gln Clu Asn Thr
85 90 95

Glu Ser Glu Tyr Tyr Ala Lys Glu Ile His Lys Phe Asp Met Ile Gln
100 105 110

Gly Leu Ala Glu His Asn Glu Leu Ala Val Cys Pro Lys Gly Ile Thr
115 120 125

Ser Lys Val Phe Arg Phe Asn Val Ser Ser Val Glu Lys Asn Arg Thr
130 135 140

Asn Leu Phe Arg Ala Glu Phe Arg Val Leu Arg Val Pro Asn Pro Ser
145 150 155 160

Ser Lys Arg Asn Glu Gln Arg Ile Glu Leu Phe Gln Ile Leu Arg Pro
165 170 175

Asp Glu His Ile Ala Lys Gln Arg Tyr Ile Gly Gly Lys Asn Leu Pro
180 185 190

Thr Arg Gly Thr Ala Glu Trp Leu Ser Phe Asp Val Thr Asp Thr Val
195 200 205

Arg Glu Trp Leu Leu Arg Arg Glu Ser Asn Leu Gly Leu Glu Ile Ser
210 215 220

Ile His Cys Pro Cys His Thr Phe Gln Pro Asn Gly Asp Ile Leu Glu
225 230 235 240

Asn Ile His Glu Val Met Glu Ile Lys Phe Lys Gly Val Asp Asn Glu
245 250 255

Asp Asp His Gly Arg Gly Asp Leu Gly Arg Leu Lys Lys Gln Lys Asp
260 265 270

Hig His Asn Pro His Leu Ile Leu Met Met Ile Pro Pro His Arg Leu
275 280 285

Asp Asn Pro Gly Gln Gly Gly Gln Arg Lys Lys Arg Ala Leu Asp Thr
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280 295 300

Asn Tyr Cys Phe Arg Asn Leu Glu Glu Asn Cys Cys Val Arg Pro Leu
305 310 315 320

Tyr Ile Asp Phe Arg Gln Asp Leu Gly Trp Lys Trp Val His Glu Pro
325 330 335

Lys Gly Tyr Tyr Ala Asn Phe Cys Ser Gly Pro Cys Pro Tyr Leu Arg
340 345 350

Ser Ala Asp Thr Thr His Ser Thr Val Leu Gly Leu Tyr Asn Thr Leu
355 360 3565

Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys Val Pro Gln Asp Leu Glu
370 375 380

Pro Leu Thr Ile Leu Tyr Tyr Val Gly Arg Thr Pro Lys Val Glu Gln
385 390 395 400

Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser
405 410

<210> SEQ ID NO 37

<211> LENGTH: 174

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 37

Met Leu Arg Thr Glu Ser Cys Arg Pro Arg Ser Pro Ala Gly Gln Val
1 5 10 15

Ala Ala Ala Ser Pro Leu Leu Leu Leu Leu Leu Leu Leu Ala Trp Cys
20 25 30

Ala Gly Ala Cys Arg Gly Ala Pro Ile Leu Pro Gln Gly Leu Gln Pro
35 40 45

Glu Gln Gln Leu Gln Leu Trp Asn Glu Ile Asp Asp Thr Cys Ser Ser
50 55 60

Phe Leu Ser Ile Asp Ser Gln Pro Gln Ala Ser Asn Ala Leu Glu Glu
Leu Cys Phe Met Ile Met Gly Met Leu Pro Lys Pro Gln Glu Gln Asp
85 90 95

Glu Lys Asp Asn Thr Lys Arg Phe Leu Phe His Tyr Ser Lys Thr Gln
100 105 110

Lys Leu Gly Lys Ser Asn Val Val Ser Ser Val Val His Pro Leu Leu
115 120 125

Gln Leu Val Pro His Leu His Glu Arg Arg Met Lys Arg Phe Arg Val
130 135 140

Asp Glu Glu Phe Gln Ser Pro Phe Ala Ser Gln Ser Arg Gly Tyr Phe
145 150 155 160

Leu Phe Arg Pro Arg Asn Gly Arg Arg Ser Ala Gly Phe Ile
165 170

<210> SEQ ID NO 38

<211> LENGTH: 159

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 38

Met Leu Leu Leu Leu Leu Ser Ile Ile Val Leu His Val 2la Val Leu
1 5 10 15

Val Leu Leu Phe Val Ser Thr Ile Val Ser Gln Trp Ile Val Gly Asn
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20 25 30

Gly His Ala Thr Asp Leu Trp Gln Asn Cys Ser Thr Ser Ser Ser Gly
35 40 45

Asn Val His His Cys Phe Ser Ser Ser Pro Asn Glu Trp Leu Gln Ser
Val Gln Ala Thr Met Ile Leu Ser Ile Ile Phe Ser Ile Leu Ser Leu
65 70 75 80

Phe Leu Phe Phe Cys Gln Leu Phe Thr Leu Thr Lys Gly Gly Arg Phe
85 90 95

Tyr Ile Thr Gly Ile Phe Ile Leu Ala Gly Leu Cys Val Met Ser Ala
100 105 110

Ala Ala Ile Tyr Thr Val Arg His Pro Glu Trp His Leu Asn Ser Asp
115 120 125

Tyr Ser Tyr Gly Phe Ala Tyr Ile Leu Ala Trp Val Ala Phe Pro Leu
130 135 140

Ala Leu Leu Ser Gly Val Ile Tyr Val Ile Leu Arg Lys Arg Glu
145 150 155

<210> SEQ ID NO 39

<211> LENGTH: 364

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 39

Met Ala Leu Ala Leu Leu Glu Asp Trp Cys Arg Ile Met Ser Val Asp
1 5 10 15

Glu Gln Lys Ser Leu Met Val Thr Gly Ile Pro Ala Asp Phe Glu Glu
20 25 30

Ala Glu Ile Gln Glu Val Leu Gln Glu Thr Leu Lys Ser Leu Gly Arg
35 40 45

Tyr Arg Leu Leu Gly Lys Ile Phe Arg Lys Gln Glu Asn Ala Asn Ala
50 55 60

Val Leu Leu Glu Leu Leu Glu Asp Thr Asp Val Ser Ala Ile Pro Ser
65 70 75 80

Glu Val Gln Gly Lys Gly Gly Val Trp Lys Val Ile Phe Lys Thr Pro
85 90 95

Asn Gln Asp Thr Glu Phe Leu Glu Arg Leu Asn Leu Phe Leu Glu Lys
100 105 110

Glu Gly Gln Thr Val Ser Gly Met Phe Arg Ala Leu Gly Gln Glu Gly
115 120 125

Val Ser Pro Ala Thr Val Pro Cys Ile Ser Pro Glu Leu Leu Ala His
130 135 140

Leu Leu Gly Gln Ala Met Ala His Ala Pro Gln Pro Leu Leu Pro Met
145 150 155 160

Arg Tyr Arg Lys Leu Arg Val Phe Ser Gly Ser Ala Val Pro Ala Pro
165 170 175

Glu Glu Glu Ser Phe Glu Val Trp Leu Glu Gln Ala Thr Glu Ile Val
180 185 190

Lys Glu Trp Pro Val Thr Glu Ala Glu Lys Lys Arg Trp Leu Ala Glu
195 200 205

Ser Leu Arg Gly Pro Ala Leu Asp Leu Met His Ile Val Gln Ala Asp
210 215 220
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-continued

Asn Pro Ser Ile Ser Val Glu Glu Cys Leu Glu Ala Phe Lys Gln Val
225 230 235 240

Phe Gly Ser Leu Glu Ser Arg Arg Thr Ala Gln Val Arg Tyr Leu Lys
245 250 255

Thr Tyr Gln Glu Glu Gly Glu Lys Val Ser Ala Tyr Val Leu Arg Leu
260 265 270

Glu Thr Leu Leu Arg Arg Ala Val Glu Lys Arg Ala Ile Pro Arg Arg
275 280 285

Ile Ala Asp Gln Val Arg Leu Glu Gln Val Met Ala Gly Ala Thr Leu
280 295 300

Asn Gln Met Leu Trp Cys Arg Leu Arg Glu Leu Lys Asp Gln Gly Pro
305 310 315 320

Pro Pro Ser Phe Leu Glu Leu Met Lys Val Ile Arg Glu Glu Glu Glu
325 330 335

Glu Glu Ala Ser Phe Glu Asn Glu Ser Ile Glu Glu Pro Glu Glu Arg
340 345 350

Asp Gly Tyr Gly Arg Trp Asn His Glu Gly Asp Asp
355 360

<210> SEQ ID NO 40

<211> LENGTH: 260

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 40

Met Ala Arg Pro His Pro Trp Trp Leu Cys Val Leu Gly Thr Leu Val
1 5 10 15

Gly Leu Ser Ala Thr Pro Ala Pro Lys Ser Cys Pro Glu Arg His Tyr
20 25 30

Trp Ala Gln Gly Lys Leu Cys Cys Gln Met Cys Glu Pro Gly Thr Phe
35 40 45

Leu Val Lys Asp Cys Asp Gln His Arg Lys Ala Ala Gln Cys Asp Pro
50 55 60

Cys Ile Pro Gly Val Ser Phe Ser Pro Asp His His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Leu Leu Val Arg Asn Cys
85 90 95

Thr Ile Thr Ala Asn Ala Glu Cys Ala Cys Arg Asn Gly Trp Gln Cys
100 105 110

Arg Asp Lys Glu Cys Thr Glu Cys Asp Pro Leu Pro Asn Pro Ser Leu
115 120 125

Thr Ala Arg Ser Ser Gln Ala Leu Ser Pro His Pro Gln Pro Thr His
130 135 140

Leu Pro Tyr Val Ser Glu Met Leu Glu Ala Arg Thr Ala Gly His Met
145 150 155 160

Gln Thr Leu Ala Asp Phe Arg Gln Leu Pro Ala Arg Thr Leu Ser Thr
165 170 175

His Trp Pro Pro Gln Arg Ser Leu Cys Ser Ser Asp Phe Ile Arg Ile
180 185 190

Leu Val Ile Phe Ser Gly Met Phe Leu Val Phe Thr Leu 2Ala Gly Ala
195 200 205

Leu Phe Leu His Gln Arg Arg Lys Tyr Arg Ser Asn Lys Gly Glu Ser
210 215 220
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-continued

Pro Val Glu Pro Ala Glu Pro Cys Arg Tyr Ser Cys Pro Arg Glu Glu
225 230 235 240

Glu Gly Ser Thr Ile Pro Ile Gln Glu Asp Tyr Arg Lys Pro Glu Pro
245 250 255

Ala Cys Ser Pro

260

«210> SEQ ID NO 41

<211> LENGTH: 128

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 41

Met Ala Phe Thr Gly Lys Phe Glu Met Glu Ser Glu Lys Asn Tyr Asp
1 5 10 15

Glu Phe Met Lys Leu Leu Gly Ile Ser Ser Asp Val Ile Glu Lys Ala
20 25 30

Arg Asn Phe Lys Ile Val Thr Glu Val Gln Gln Asp Gly Gln Asp Phe
35 40 45

Thr Trp Ser Gln His Tyr Ser Gly Gly His Thr Met Thr Asn Lys Phe
50 55 60

Thr Val Gly Lys Glu Ser Asn Ile Gln Thr Met Gly Gly Lys Thr Phe
Lys Ala Thr Val Gln Met Glu Gly Gly Lys Leu Val Val Asn Phe Pro
85 90 95

Asn Tyr His Gln Thr Ser Glu Ile Val Gly Asp Lys Leu Val Glu Val
100 105 110

Ser Thr Ile Gly Gly Val Thr Tyr Glu Arg Val Ser Lys Arg Leu Ala
115 120 125

<210> SEQ ID NO 42

<211> LENGTH: 384

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 42

Met Asn Ser Thr Leu Phe Ser Gln Val Glu Asn His Ser Val His Ser
1 5 10 15

Asn Phe Ser Glu Lys Asn Ala Gln Leu Leu Ala Phe Glu Asn Asp Asp
20 25 30

Cys His Leu Pro Leu Ala Met Ile Phe Thr Leu Ala Leu Ala Tyr Gly
35 40 45

Ala Val Ile Ile Leu Gly Val Ser Gly Asn Leu Ala Leu Ile Ile Ile
50 55 60

Ile Leu Lys Gln Lys Glu Met Arg Asn Val Thr Asn Ile Leu Ile Val
Asn Leu Ser Phe Ser Asp Leu Leu Val Ala Ile Met Cys Leu Pro Phe
85 90 95

Thr Phe Val Tyr Thr Leu Met Asp His Trp Val Phe Gly Glu Ala Met
100 105 110

Cys Lys Leu Asn Pro Phe Val Gln Cys Val Ser Ile Thr Val Ser Ile
115 120 125

Phe Ser Leu Val Leu Ile Ala Val Glu Arg His Gln Leu Ile Ile Asn
130 135 140
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-continued

Pro Arg Gly Trp Arg Pro Asn Asn Arg His Ala Tyr Val Gly Ile Ala
145 150 155 160

Val Ile Trp Val Leu Ala Val Ala Ser Ser Leu Pro Phe Leu Ile Tyr
165 170 175

Gln Val Met Thr Asp Glu Pro Phe Gln Asn Val Thr Leu Asp Ala Tyr
180 185 190

Lys Asp Lys Tyr Val Cys Phe Asp Gln Phe Pro Ser Asp Ser His Arg
195 200 205

Leu Ser Tyr Thr Thr Leu Leu Leu Val Leu Gln Tyr Phe Gly Pro Leu
210 215 220

Cys Phe Ile Phe Ile Cys Tyr Phe Lys Ile Tyr Ile Arg Leu Lys Arg
225 230 235 240

Arg Asn Asn Met Met Asp Lys Met Arg Asp asn Lys Tyr Arg Ser Ser
245 250 255

Glu Thr Lys Arg Ile Asn Ile Met Leu Leu Ser Ile Val Val Ala Phe
260 265 270

Ala Val Cys Trp Leu Pro Leu Thr Ile Phe Asn Thr Val Phe Asp Trp
275 280 285

Asn His Gln Ile Ile Ala Thr Cys Asn His Asn Leu Leu Phe Leu Leu
290 295 300

Cys Hig Leu Thr Ala Met Ile Ser Thr Cys Val Asn Pro Ile Phe Tyr
305 310 315 320

Gly Phe Leu Asn Lys Ash Phe Gln Arg Asp Leu Gln Phe Phe Phe Asn
325 330 335

Phe Cys Asp Phe Arg Ser Arg Asp Asp Asp Tyr Glu Thr Ile Ala Met
340 345 350

Ser Thr Met His Thr Asp Val Ser Lys Thr Ser Leu Lys Gln Ala Ser
355 360 365

Pro Val Ala Phe Lys Lys Ile Asn Asn Asn Asp Asp Asn Glu Lys Ile
370 375 380

<210> SEQ ID NO 43

<211> LENGTH: 193

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 43

Met Pro Glu Glu Gly Ser Gly Cys Ser Val Arg Arg Arg Pro Tyr Gly
1 5 10 15

Cys Val Leu Arg Ala Ala Leu Val Pre Leu Val Ala Gly Leu Val Ile
20 25 30

Cys Leu Val Val Cys Ile Gln Arg Phe Ala Gln Ala Gln Gln Gln Leu
35 40 45

Pro Leu Glu Ser Leu Gly Trp Asp Val Ala Glu Leu Gln Leu Asn His
50 55 60

Thr Gly Pro Gln Gln Asp Pro Arg Leu Tyr Trp Gln Gly Gly Pro Ala
Leu Gly Arg Ser Phe Leu His Gly Pro Glu Leu Asp Lys Gly Gln Leu
85 90 95

Arg Ile His Arg Asp Gly Ile Tyr Met Val His Ile Gln Val Thr Leu
100 105 110

Ala Ile Cys Ser Ser Thr Thr Ala Ser Arg His His Pro Thr Thr Leu
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-continued

115 120 125

Ala Val Gly Ile Cys Ser Pro Ala Ser Arg Ser Ile Ser
130 135 140

Leu Ser Phe His Gln Gly Cys Thr Ile Ala Ser Gln Arg
145 150 155

Leu Ala Arg Gly Asp Thr Leu Cys Thr Asn Leu Thr Gly
165 170

Pro Ser Arg Asn Thr Asp Glu Thr Phe Phe Gly Val Gln
180 185

Pro

<210> SEQ ID NO 44

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 44

Leu Leu Gly Ile Ser Ser Asp Val Ile Glu Lys
1 5 10

Leu Arg
Thr Pro
160

Leu Leu
175

Val Arg

1. (canceled)

2. A method for identifying a subject having increased
likelihood of developing or having renal cell carcinoma
(RCC) the method comprising:

(a) measuring the level of gene transcript expression or
protein expression of a gene group wherein the gene
group comprises at least three genes selected from a
group of genes encoding; CA12; CA9; EGLN3; HIG2;
TGFB3; NMU; PMP22; PNMA2; TNFRSF7; FABP6;
CD70 (CD27L) or NPY1 in a biological sample
obtained from a subject;

(b) comparing the level of gene transcript expression or
protein expression of the same genes as measured in the
biological sample from the subject in step (a) to a refer-
ence level,

wherein a higher level of the gene transcript expression or
protein expression of the selected gene in the biological
sample from the subject as compared the gene transcript
expression or protein expression of the reference level
indicates the subject is at increased risk of having or
developing RCC.

3. A method for monitoring the progression of renal cell
carcinoma (RCC) in a subject having, or likely of developing
renal cell carcinoma (RCC), the method comprising:

(a) measuring the level of gene transcript expression or
protein expression of a gene group wherein the gene
group comprises of at least three genes selected from a
group of genes comprising; CA12; CA9; EGLN3;
HIG2; TGFB3; NMU; PMP22; PNMA2; TNFRSF7;
FABP6; NPY1; CD70 (CD27L) in a biological sample
obtained from a subject at a first time point;

(b) measuring the level of gene transcript expression or
protein expression of at least three of the same genes as
measured in step (a) in a biological sample obtained
from a subject at a second time point;

(c) comparing the level of gene transcript expression or
protein expression of the same genes as measured in the
biological sample from the first time point with the level

of gene transcript expression or protein expression in the
biological sample from the second timepoint;

wherein a change in the level of the gene transcript expres-
sion or protein expression of at least three genes in the
selected gene group in the biological sample from the
subject at the first time point as compared to the level of
gene transcript expression or protein expression of at
least three of the same genes in the biological sample
from the subject at the second timepoint indicates an
alteration in the rate of progression of RCC in the sub-
ject.

4. The method of claim 3, wherein the change is decrease in
the level of the gene transcript expression or protein expres-
sion from the first timepoint as compared to the second time-
point indicates in improved prognosis of RCC progression at
the second timepoint as compared to the first timepoint.

5. The method of claim 3, wherein a change is an increase
inthe level ofthe gene transcript expression or protein expres-
sion from the first timepoint as compared to the second time-
point indicates in decreased prognosis of RCC progression at
the second timepoint as compared to the first timepoint.

6. The method of claim 2, wherein the gene group com-
prises at least 3 sequences of genes selected from the group
consisting of GenBank identification Nos. or Unigene iden-
tification Nos: NM_ 001218///NM__017689///AF051882
(SEQ ID NO:1); NM_001216//X66839 (SEQ ID NO:2);
NM__022073///NM__033344///AJ310545 (SEQ ID NO:3);
NM_ 013332 (SEQ ID NO:4); NM_003239 (SEQ ID
NO:5); NM_006681/X76020 (SEQ 1D NO:6);
NM__000304///D11428 (SEQ ID NO:7); NM__007257///
XM 376764 (SEQ ID NO:8), M63928///INM
001033126///XM__284241 (SEQID NO:9); U19869///NM__
001040442///NM__ 001445 (SEQ ID NO:10); NM__ 000909
(SEQ ID NO:11) and NM_001252//L08096 (SEQ ID
NO:12).

7-17. (canceled)
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18. The method of claim 2, wherein the biological sample
is selected from the group of serum, blood, plasma, urine, a
tissue sample, biopsy tissue sample, stool, spinal fluid, spu-
tum, nipple aspirates, lymph fluid, external secretions of the
skin, respiratory tract, intestinal and genitourinary tracts, bile,
saliva, milk, tumors, organs and also samples of in vitro cell
culture constituents.

19. (canceled)

20. (canceled)

21. The method of claim 2, wherein the protein expression
is detected using an antibody, human antibody, humanized
antibody, recombinant antibodies, monoclonal antibodies,
chimeric antibodies, aptamer, peptide or analogues, or con-
Jugates or fragments thereof.

22. The method of claim 21, wherein detection is by
ELISA.

23. The method of claim 2, wherein the gene transcript
expression is detected at the level of messenger RNA
(mRNA).

24. The method of claim 23, wherein detection uses nucleic
acid or nucleic acid analogues.

25. (canceled)

26. (canceled)

27. The method of claim 2, wherein a clinician directs the
subject to be treated with an appropriate therapy if the subject
has, or is at risk of developing RCC.

28. (canceled)

29. (canceled)

30. (canceled)

31. An array comprising a solid platform and attached the
solid platform are protein-binding molecules, wherein the
array comprises at most 100 different protein-binding mol-
ecules in known positions, wherein at least three of the 100
different protein-binding molecules have a specific binding
affinity for proteins selected from the group of CA12 (SEQID
NO: 32); CA9 (SEQ ID NO: 33); EGLN3 (SEQ ID NO: 34),
HIG2 (SEQ ID NO: 35); TGFB3 (SEQ ID NO: 36); NMU
(SEQ ID NO: 37); PMP22 (SEQ ID NO: 38); PNMAZ2 (SEQ
ID NO: 39); TNFRSF7 (SEQ ID NO: 40); FABP6 (SEQ ID
NO: 41); CD70 (CD27L) (SEQ ID NO: 42); NPY1 (SEQ ID
NO: 43) or fragments or functional variants or derivatives
thereof.

32. The array of claim 31, wherein the array is used in the
methods to identify a subject having increased likelihood of
developing or having renal cell carcinoma (RCC) according
to claim 2.

33.-42. (canceled)

Sep. 2, 2010

43. The array of claim 31, wherein the array is an ELISA kit
or a Multiplex Immunoassay.

44. The array of claim 31, wherein the array is a protein
chip.

45. The array of claim 31, wherein the array comprises at
the most 50 different protein binding molecules in known
positions, wherein at least three of the 50 different protein-
binding molecules have a specific binding affinity for proteins
selected from the group of CA12 (SEQ ID NO: 32); CA9
(SEQIDNO:33); EGLN3 (SEQ ID NO: 34); HIG2 (SEQ ID
NO: 35); TGFB3 (SEQ ID NO: 36); NMU (SEQ ID NO: 37);
PMP22 (SEQ ID NO: 38); PNMA2 (SEQ ID NO: 39);
TNFRSF7 (SEQ ID NO: 40); FABP6 (SEQ ID NO: 41);
CD70(CD27L)(SEQIDNO: 42); NPY1 (SEQIDNO: 43)or
fragments or functional variants or derivatives thereof.

46. The method of claim 3, wherein the gene group com-
prises at least 3 sequences of genes selected from the group
consisting of GenBank identification Nos. or Unigene iden-
tification Nos: NM_ 001218//NM_ 017689///AF051882
(SEQ ID NO:1); NM__001216///X66839 (SEQ 1D NO:2);
NM__022073///NM__033344///AJ310545 (SEQ ID NO:3);
NM_013332 (SEQ ID NO4); NM_003239 (SEQ ID
NO:5); NM_006681///X76029 (SEQ 1D NO:6);
NM__000304///D11428 (SEQ ID NO:7); NM_007257///
XM_376764 (SEQ 1D NO=8); M63928//NM_
001033126///XM__ 284241 (SEQID NO:9); U19869///INM__
001040442///NM_001445 (SEQ ID NO:10); NM__000909
(SEQ ID NO:11) and NM_ 001252///1.08096 (SEQ ID
NO:12).

47. The method of claim 3, wherein the biclogical sample
is selected from the group of serum, blood, plasma, urine, a
tissue sample, biopsy tissue sample, stool, spinal fluid, spu-
tum, nipple aspirates, lymph fluid, external secretions of the
skin, respiratory tract, intestinal and genitourinary tracts, bile,
saliva, milk, tumors, organs and also samples of in vitro cell
culture constituents.

48. The method of claim 3, wherein the protein expression
is detected using an antibody, human antibody, humanized
antibody, recombinant antibodies, monoclonal antibodies,
chimeric antibodies, aptamer, peptide or analogues, or con-
jugates or fragments thereof.

49. The method of claim 48, wherein detection is by
ELISA.

50. The method of claim 3, wherein the gene transcript
expression is detected at the level of messenger RNA
(mRNA).
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