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PROLIFERATION SIGNATURE AND PROGNOSIS
FOR GASTROINTESTINAL CANCER

FIELD OF THE INVENTION

This invention relates to methods and compositions for determining the prognosis of
cancer, particularly gastrointestinal cancer, in a patient. Specifically, this invention relates
to the use of genetic markers for determining the prognosis of cancer, such as
gastrointestinal cancer, based on cell proliferation signatures.

BACKGROUND OF THE INVENTION

Cellular proliferation is the most fundamental process in living organisms, and as such is
precisely regulated by the expression level of proliferation-associated genes (1). Loss of
proliferation control is a hallmark of cancer, and it is thus not surprising that growth-
regulating genes are abnormally expressed in tumours relative to the neighbouring normal
tissue (2). Proliferative changes may accompany other changes in cellular properties,
such as invasion and ability to metastasize, and therefore could affect patient outcome.
This association has attracted substantial interest and many studies have been devoted to
the exploration of tumour cell proliferation as a potential indicator of outcome.

Cell proliferation is usually assessed by flow cytometry or, more commonly, in tissues, by
immunohistochemical evaluation of proliferation markers (3). The most widely used
proliferation marker is Ki-67, a protein expressed in all cell cycle phases except for the
resting phase G, (4). Using Ki-67, a clear association between the proportion of cycling
cells and clinical outcome has been established in malignancies such as breast cancer,
lung cancer, soft tissue tumours, and astrocytoma (5). In breast cancer, this association
has also been confirmed by microarray analysis, leading to a proliferative gene expression
profile that has been employed for identifying patients at increased risk of recurrence (6).

However, in colorectal cancer (CRC), the proliferation index (Pl) has produced conflicting
results as a prognostic factor and therefore cannot be applied in a clinical context (see
below). Studies vary with respect to patient selection, sampling methods, cut-off point
levels, antibody choices, staining techniques and the way data have been collected and
interpreted. The methodological differences and heterogeneity of these studies may partly
explain the contradictory results (7),(8). The use of Ki-67 as a proliferation marker also
has limitations. The Ki-67 Pl estimates the fraction of actively cycling cells, but gives no
indication of cell cycle length (3),(9). Thus, tumours with a similar Pl may gj}ow at
dissimilar rates due to different cycling speeds. In addition, while Ki-67 mRNA is not
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produced in resting cells, protein may siill be detectable in a proportion of colorectal

tumours leading to an overestimated proliferation rate (10).

Since the assessment of a prognosis using a single proliferation marker does not appear
to be refiabie in CRC (s=e below), there is a need for further toois fo predict the prognoesis
of gasirointestinal cancer. This inveniion provides further methods and compcsiﬁons
based on prognostic cancer markers, specifically gastrointestinal cancer prognostic

markers, to aid in the prognosis and treatment of cancer.

SUMMARY OF THE INVENTION
In certain aspects of the invention, microarray analysis is used to identify genes that

provide a profiferafion signature for cancer cells. These genes, and the proieins encoded

by those genes, are herein termed gastrointestinal cancer proliferation markers (GCPMs).

In one aspect of the invention, the cancer for prognosis is gastroiniestinal cancer,

particuiarly gastric or coloractal cancer.

in particular aspects, the invention includes a method for determining the prognosis of a
canc—:er by identifying the expression levels of at least one GCPM in a sample. Selected
GCPMs encode proteins that associated with cell proiiferation, e.g., cell cycle
components. These GCPMs have the added utifity in methods for defermining the best
treatment regime for a particular cancer based on the prognosis. In particular 'aspe_acts,
GCPM levels are higher in non-recurring tumour tissue as compared to recurring tumour
tissue. These markers can be used either alone or in combination with each other, or

other known cancer markers.

In an addifional aspect, this invention includes & mathod for determining the prognosis of
a cancer, comprising: {a) providing a sample of the cancer; (b) deteciing the expression
level of at least one GCPM family member in the sampie;, and {c} determining the

prognosis of the cancer.

in another aspect, the invention includes a step of detecting the expression leve! of at
least one GCPM RNA, for example, at least one mRNA. In a further aspect, the invention
includes a step of detecting the expression level of at least one GCPM protein. in yet a
further aspect, the invention includes a step of detecting the level of at least one GCPM
pepiide. In yet ancther aspect, the invention includes detecting the expression level of at
least one GCPM family member in the sample. in an additional aspect, the GCPM is a
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gehe assoclated with cell proiiferation, such as a cell cycle component. in other aspects,
the at least one GCPM is selected from Tabie A, Table B, Tabie C or Table D, herein.

in a still further aspest, the invention includes a method for detecting the expression level
of at least one GCPM seat forth in Table A, Table B, Table C or Table D, herein. In an even
further aspect, the invention includes a method for detecting the expression level of at
least one of CDC2, MCM6, RPA3, MCM7, PCNA, G22P1, KPNA2, ANLN, APG7L, TOPK,
GMNN, RRM1, CDC45L., MAD2L1, RAN, DUT, RRM2, CDK7, MLH3, SMC4L1, CSPGS,
POLD2, POLEZ, BCCIP, Pfs2, TREX1, BUB3, FEN1, DRF1, PREI3, CCNE1, RPAT,
POLE3, RFC4, MCM3, CHEK1, CCND1, and CDC37. In yet a further aspect, the
invention comprises datecting the expression level of at least one of CDC2, RFC4, PCNA,

CCNE1, CCND1, CDKY, MCM genes, FEN1, MAD2L1, MYBL2, RRM2, and BUB3.

in additional aspects, the expression ievels of at least two, or at least 5, or at least 10, at
least 15, at least 20, at least 25, al least 30, at least 35, af least 40, at ieast 45, at least
50, or at least 75 of the proliferation markers or their expression products are determined,
for example, as selected from Table A, Table, B, Table C or Table D; as selected from
CDC2, MCM6, RPA3, MCM7, PCNA, G22P1, KPNA2, ANLN, APG7L, TOPK, GMNN,
RRM1, CDC45L, MAD2Z2L1, RAN, DUT, RRM2, CDK7, MLH3, SMC41.1, CSPG8, POLD2,
POLEZ, BCCIiP, Pfs2, TREX1, BUB3, FEN1, DRF1, PREI3, CCNE1, RPA1, POLES,
RFC4, MCM3, CHEK1, CCND1, and CDC37; or as selected from CDC2, RFC4, PCNA,
CCNE1, CCND1, CDK7, MCM genes (e.g.,-one or more of MCM3, MCME, and MCM7),

FENT, MAD2L1, MYBL2, RRMZ2, and BUBS3.

in other aspects, the expression levels of all proliferation markers or their expression
products are determined, for example, as lisied in Table A, Table, B, Table C or Table D;
as listed for the group CDC2, MCMES, RPA3, MCM7, PCNA, G22P1, KPNA2, ANLN,
APG7L, TOPK, GMNN, RRM1, CDC45L, MAD2L1, RAN, DUT, RRM2, CDK7, MLH3,
SMC4L1, CSPGs, POLD2, POLE2, BCCIP, Pfa2, TREX1, BUB3, FEN1, DRF1, PREI3,
CCNE1, RPA1, POLE3, RFC4, MCM3, CHEK1, CCND1, and CDC37; or as listed for the
group CDC2, RFC4, PCNA, CCNE1, CCND1, CDK7, MCM genes {e.g., one or more of
MCM3, MCMS8, and MCM7), FEN1T, MAD2L1, MYBL2, RRM2, and BUB3.

in yet a further aspect, the invention includes a method of determining a treatment regime
for a cancer comprising: (a) providing a sampie of the cancer; (b) detecting the
expression level of at least one GCPM family member in the sampie; (c) determining the
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prognosis of the cancer based on the expression ievel of at least one GCPM family

member; and (d) determining the treatment regime according to the prognosis.

in vet another agpect, the invention includes a device for detecting at least one GCPM,
comprising: (a) a substrate having at least one GCPM capture reagent thereon; and (b) a
detector capable of detecting the at least one captured GCPM, the capture reagent, or a

corﬁplex theraeof,

An additional aspect of the invention includes a kit for detecting cance, comprising: (a) a
GCPM capiure reagent; (b) a detecior capable of detecting the capturad GCPM, the
capture reagent, or a complex thersof, and, optionally, (¢) instructions for use. In certain

aspects, the kit also includes a substrate for the GCPM as captured.

Yet a further aspect of the invention includes a method for detecting at least one GCPM
using quantitative PCR, comprising: (a) a forward primer specific for the at least one
GCPM; (b) a reverse primer specific for the at least one GCPM; (c) PCR reagents; and,
optionally, at least one of: (d) a reaction viat; and (e) insfructions for use.

Additional aspects of this invention include a kit for detecting the presence of at least one
GCPM protein or peptide, comprising: (a) an antibody or antibody fragment specific for the
af least one GCPM protein or peptide; and, optionally, at least one of: (b} a label for the
antibody or anfibody fragment; and (¢) instructions for use. in certain aspects, the kit also
inciudes a substrate having a capture agent for the at lsast one GCPM protein or peptide.

In specific aspects, this invention inciudes a method for determining the prognosis of
gastrointestinal cancer, especially colorectal or gastric cancer, comprising the steps of; (a)
providing a sample, e.g., ftumour sample, from a pafient suspected of having
gastrointestinal cancer; (b) measuring the presence of a GCPM protein using an ELISA

method.

in additional aspects of this invention, one or mare GCPMs of the invention are selected
from the group outlined in Table A, Tabie B, Table C or Table D, hersin. Other aspsacts

and embodiments of the invention are described herain below.
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BRIEF DESCRIPTION OF THE DRAWINGS _
This invention is described with reference fo specific embodiments thereof and with

reference 1o the figures.

FIG. 1: An overview of the approach used to derive and apply the gene proliferation

signature (GPS) disclosed harein.

FIG. 2A; K-means clusiering of 73 Cohort A tumours into two groups according to the
expression level of the gene proliferation signature. FIG. 2B: Bar graph of Ki-67 Pl (%);
vertical fine represents the mean Ki-67 Pl across all samples. Tumours with a proliferation -
index about and below the mean are shown in red and green, respeciively. The results
show that over-expression of the proliferation signature is not always associated with a

higher Ki-67 Pl.

FIG. 3. Kaplan-Msier survival curves according io the expression level of GPS (gene
proliferation signal) and Ki-67 Pl. Both overall (OS) and recurrence-free survival (RFS) are
significantly shorter in patients with low GPS expression in colorectal cancer Cohort A {(a,
b) and colorectal cancer Cohort B {¢, d). No difference was observed in the survival rates
of Cohort A pafients according to Ki-67 Pl (e, ). P values from Log rank test are indicated.

FiG. 4. Kaplan-Meier survival curves according fo the expression level of GPS (gene
profiferation signal) in gastric cancer patients. Overall survival is significantly shorier in
patients with low GPS expression in this cohort of 38 gastric cancer patients of mixed

stage. P values from Log rank test are indicated.

FIG. 5. A box-and-whisker plot showing differential expression between cycling cells in
the exponential phase (EF) and growth-inhibited cells in the stationary phase (SP) of 11
QRT-PCR-validaied genes. The box range inciudes the 25 to the 75 percentiles of the
data. The horizontal line in the box represents the median value. The "whiskers" are the
largest and smaliest values . (excluding outliers). Any points more than 3/2 times of the
interquartile range from the end of a box will be outliers and presenied as a dot. The Y
axis represents the log 2 fold change of the ratio between cell line RNA and reference

RNA. Analysis was performed using SPS8S software.

DETAILED DESCRIPTION OF THE INVENTION
Because a single proliferation marker is insufficient for obtaining reliable CRC prognosis,

the simuitaneous analysis of several growth-related genes by microarray was empioyed o
provide a more guantitative and objective method io determine the proliferation state of a
5
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gastrointestinal tumour. Tabie 1 (below) iliustrates the previously published and conflicting
results shown for use of the proliferation index (PI) as a prognostic factor for colorectal

cancer.

Table 1: Summary of studies on the assoclation of proliferation indices with the

CRC patients’ survival

|
|
|

Study Number of patients  Dukes stage Marker Association with survival
Evansetal 20060 - - 40 o A KieRT :
Rosafietal, 20042 ~ ° 103 T B-C . Ki-67
Ishidaetal, 2004% 7 is1 C- Ki-67
Buglioni et al, 1998 ' 71 AD K367 -
Guerra et al, 1998" 108 A-C PCNA | Noassociation was founc.
Kyzerand Gordon, 2997 ... 30] | B Kisgy | Detween proliferation index
Jansson and Sun, 1957V 255 A ki anc skrviv
Baretton et al, 1996 B 67
Sunetal, 1996“’ o 293
Kubotd sral, 1992% . 1607
Valers et al, 20057 ‘ e
Dziegiel et af, 20032 7Y . g1 T
Scopa etal, 2003 a1
Bhatavdekar et al, 2001 - pg o
Chber et al, 1 1997” T
Choi stal: 1997% Mo - 86
Hiiska et af, 20057 363
Salminen efd), 2005% P50 146 E
Garrity et al, 2004” 366 Low proliferation index was
QAHBWa etal, 290330 PR || B associated with shorter
“Paimgvist et al, 19997 survival
Paradiso ef al, 199633 .
Neoptolemaos et al, 199533
NI: No information availabie

in contrast, the present disclosure has succeeded in (i} defining 2 CRC-specific gene
proliferation signature (GPS) using a cell iine model; and (i} deiermining the prognostic
significance of the GPS in the prediction of pafient ouicome and ffs association with
clinico-pathologic variabias in fwo independent cohorts of CRC patients. .

Definitions
Before describing embodiments of the invention in detail, it will be useful {o provide some

definifions of ferms used heresin.

As usad hersin “antibodies” and like terms refer to immunoglobulin molecules and
immunociogically active portions of immunoglobuiin (lg) molecules, i.e., molecules that
contain an anfigen binding site that specifically binds (immunoreacts with) an antigen.
These include, but are not limited to, polyclonal, monacional, chimeric, single chain, Fg,
Fab, Fab’, and Fab, fragments, and a Fab expression fibrary. Antibody molecules relate to
any of the classes IgG, IgM, IgA, IgE, and IgD, which differ from one another by the nature
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of heavy chain present in the molecuie. These include subclasses as well, such as igG1,
igG2, and others, The light chain may be a kappa chain or a lambda chain. Reference
herein fo antibodies includes a reference to all classes, subclasses, and fypes. Also
inciuded are chimeric antibodies, for example, monocional antibodies or fragments thereof
that are specific fo more than one source, €.g., @ mouse or human sequence. Further

inciuded are camelid antibodies, shark antibodies or nano.bodies.

The term “marker” refers to a molecule that is associated guantitatively or qualitatively
wifh the presence of a biological phenomenon. Examples of “markers” include a
polynucieotide, such as a gene or gene fragment, RNA or RNA fragment; or a polypeptide
such as a peptide, oligopeptide, protein, or protein fragment; or any related metabolites,
by products, or any other identifying molecules, such as antibodies or antibody fragments,
whether f’éiated difecﬂy or indirectly o a mechanism underiying the phenomenon. The
markers of the invention include the nucleotide sequences (e.g., GenBank sequences) as
disclosed herein, in particular, the full-length sequences, any coding sequenées, any

fragments, or any complements thereof.

The terms “GCPM’ or “gastrointestinal cancer proliferation marker” or *“GCPM family
member” refer to a marker with increased expression that is associated with a positive
prognosis, e.g., 2 lower likelihood of recurrence cancer, as described herein, but can
exclude moilecuies that are known in the prior art to be associaied with prognosis of
gastrointestinal cancer. It is to be understood that the term GCPM does not require that
the marker be specific only for gasirointestinal fumours, Rather, expression of GCPM can

be altered in other types of tumours, including malignant fumours.

Nan-limiting examples of GCPMs ars included in Table A, Tabie B, Table C or Table D,
herein below, and include, but are not limited to, the specific group CDC2, MCM8, RPA3,
MCM7, PCNA, G22P1, KPNA2, ANLN, APG7L, TOPK, GMNN, RRM1, CDC45L,
MAD2L1, RAN, DUT, RRM2, CDK7, MLH3, SMC4L1, CSPGS, POLD2, POLE2, BCCIP,
Pfs2, TREXT, BUB3, FEN1, DRF1, PREI3, CCNE1, RPA1, POLE3, RFC4, MCM3,
CHEK1, CCND1, and CDC37; and the specific group CDC2, RFC4, PCNA, CCNE1,
CCND1, CDK7, MCM genes (e.g., one or more of MCM3, MCMS, and MCM7), FEN1,

MAD2L1, MYBL2, RRM2, and BUB3.

The terms “cancer” and “cancerous” refer fo or describe the physiciogical condition in

mammals that is typically characterized by abnormal or unregulated cell growth. Cancer

and cancer paihology can be associated, for exampie, with metastasis, interference with
) 7
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the nomal functioning of neighbouring cells, release of cyiokines or other secretory
products at abnormal ievels, suppression or aggravation of inflammatory or immunological
response, neoplasia, premalignancy, malignancy, invasion of surrounding or distant
tissues or organs, such as lymph nodes, eic. Specifically included are gastrointestinal
cancers, such as esophageal, stomach, small bowel, large bowel, anal, and recial

cancers, particularly included are gastric and colorectal cancers.

The term “colorectal cancer” includes cancer of the colon, rectum, and/or anus, and
especially, adenocarcinomas, and may also include carcinomas (e.g., sguamous
cloacogenic carcinomas), melanomas, Iymphomas, and sarcomas. Epidermoid
(nonkeratinizing squamous cell or basaloid) carcinomas are also included. The cancer
may be associated with particular types of polyps or other lesions, for exampie, tubular

adenomas, tubulovillous adenomas (e.g., villoglandular pofyps); villous {e.g., papiliary)

adenomas (with or without adenocarcinoma), hyperplastic polyps, hamartomas, juvenile
polyps, polypoid carcinomas, pseudopolyps, lipomas, or leiomyomas. The cancer may be
associated with familial polyposis and related conditions such as Gardner's syndrome or
Peutz-Jeghers syndrome. The cancer may be associated, for example, with chronic
fistulas “irradiated anal skin, leukopiakia, lymphogranuloma venereum, Bowen's disease
(intraepithelial carcinoma), condyloma acuminatum, or human papiliomavirus. In other
aspects, the cancer may be associated with basal cell carcinoma, extramammary Paget's

disease, cloacogenic carcinoma, or malignant melanoma.

The terms “differentially expressed gene,” “differential gene expression,” and fike phrases,
refer to a gene whose expression is activated to a higher or iower level in a subject (e.g.,
test sample), specifically cancer, such as gastrointestinal cancer, relative to its exprassion
in a control subject (e.g., control sample). The terms also include genes whose expression
is activated to a higher or lower level at different stages of the same disease: in recurrent
or non-recurrent dissase; or in cells with higher or lower levels of proliferation. A
differentially expressed gene may be either acti\iated or inhibited at the polynucleotide
fevel or poilypeptide level, or may be subject to alternative splicing to result in a different
polypeptide product. Such differences may be evidenced by a change in mRNA levels,

surface exprassion, secrefion or other partitioning of a polypeptide, for example.

Differential gene expression may include a comparison of expression between two or

mare genes or their gene products; or a comparison of the ratios of the expression

between two or more genes or their gene products; or a comparison of two differently

processed products of the same gene, which differ between normal subjects and diseased
8
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subjects; or between various stages of the same disease; or between recurring and non-
recurting disease; or between cells with higher and lower levels of proliferation; or
batwean normal tissue and diseased tissue, specifically cancer, or gastrointestinal cancer.
Differential expression includes both quantitative, as well as qualitative, differences in the
temporal or cellular expression patiemn in a gene or its expression products among, for
example, normal and diseased cells, or among cells which have undergone different

disease evenis or disease siages, or cells with different levels of proiiferation.

The ferm “expression” includes production of polynucleofides and polypeplides, in
particular, the production of RNA (e.g., mRNA) from a gene or portion of a gene, and
incfudes the production of a protein encoded by an RNA or gene or portion of a gene, and
the appearance of a detectabie mai;ariai associated with expression. For exampie, the

formation of a compiex, for exampie, from a protein-proiein interaction, protein-nuciectide

interaction, or the like, is included within the scope of the term “expression”. Another
exampie is the binding of a binding figand, such as a hybridization probe or antibody, to a
gene or other oligonucleotide, a protein or a protein fragment and the visuaiization of the
binding ligand. Thus, increased intensity of a spot on a microarray, on a hybridization biot
such as a Northarn blot, or on an immunobilot such as a Western blot, or on a bead array,
or by PCR analysis, is included within the term “expreséion” of the underiying biological

molacula.

The term “gasfric cancer’ includes cancer of the stomach and surrounding fissue,
especially adenocarcinomas, and may also include lymphomas and ieiomyosarcomas,
The cancer may be associated with gasiric ulcers or gastric polyps, and may be classified
as protruding, penetrating, spreading, or any combination of these categories, or,
alternatively, classified as superficial (elevated, flat, or depressed) or excavated.

The term “long-term survival’ is used herein to refer to survival for at least 5 years, more
preferably for at least 8 years, most preferably for at Jeast 10 years following surgery or

othear freaiment

The term “microarray” refers_to an ordered arrangement of capture agents, preferably
polynucleotides (e.g., probes) or polypeptides on a subsirate. See, eg., Microarray
Analysis, M. Schena, John Wiley & Sons, 2002; Microarray Biochip Technology, M.
Schena, ed., Eaton Publishing, 2000; Guide io Analysis of DNA Microarray Data, S.

Knudsen, John Wiley & Sons, 2004; and Protsin Microarray Technology, D.

Kambhampati, ed., John Wiley & Sons, 2004.
9
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The term “cligonucleotide” refers to a polynucieotide, typically a probe or primer, including,
without Tlimitation, singie-siranded deoxyribonucleotides, single- or double-stranded
ribonuciectides, RNA:DNA hybrids, and double-stranded DNAs, Oligonucieotides, such as
singie-stranded DNA probe oligonuclectides, are often synthesized by chemical methods,
for example using aufomated oligonuciectide synthesizers that are commercially
available, or by a variety of other methods, including in viiro expression systems,

recombinant techniques, and expression in cells and organisms,

The term “polynuciectide,” when used in the singular or piural, generally refers to any
polyribonuclectide or polydesoxribonucieotide, which may be unmodified RNA or DNA or
modified RNA or DNA. This inciudes, without Iimifation, single- and double-siranded DNA,

. DNA inciuding single- and double- stranded regions, single- and double-stranded RNA,

and RNA including singie- and double-stranded regions, hybrid molecules comprising
DNA and RNA that may be single-stranded or, more typically, double-stranded or inciude
single- and double-stranded regions. Also inciuded are triple-stranded regions comprising
RNA or DNA or both RNA and DNA. Specifically included are mRNAs, cDNAs, and
genomic DNAs. The term includes DNAs and RNAs that contain one or more modified
bases, such as fritiated bases, or unusual bases, such as inosine, The polynucieotides of

the inveniion can encompass coding or non-coding seguences, or sense or anfisense

sequences,

“Polypeptide,” as used herein, refers to an oligopeptide, pepfide, or protein sequence, or
fragment thereof, and fo naturally occurring, recombinant, synthetic, or semi-synthetic
molecules. Where “polypepiide” is recited herein to refer fo an amino acid sequence of a
naturally occurring protein molecule, “polypeptide” and like terms, are not meant to limit the
amino acid seguence o the compiete, naiive aming acid sequence for the fulllength
molecule. It will be understood that each reference to a “polypeptide” ar like term, herein,
will include the ful-length sequence, as well as any fragmenis, derivatives, or varianis

theraof,

The term “prognosis” refers to a prediction of medical outcome (e.g., likelihood of long-
ferm survival); a negative prognosis, or bad outcome, includes a prediction of relapse,
disease progression (e.g., tumour growth or metastasis, or drug resistance), or mortality; a
positive prognosis, or good outcome, includes a prediclion of disease remission, (e.g.,

disease-free status), amefioration (e.g., tumour regression), or stabilization.
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The terms “prognostic signature,” “signature,” and the like refer to a set of two or more
markers, for example GCPMs, fhat when analysed fogether as a set aliow for the
determination of or prediction of an event, for example the prognosiic oufcome of
colorectal cancer. The use of a signature comprising two or more markers reduces the
effect of individual variation and aliows for a more robust predicfion. Non-limiting
examples of GCPMs are included in Table A, Table B, Table C or Tabie D, herein below,
and include, but are not limited to, the specific group CDC2, MCMSE, RFPA3, MCMY7, PCNA,
G22P1, KPNAZ, ANLN, APGT7L, TOPK, GMNN, RRM1, CDC45L, MAD2L1, RAN, DUT,
RRM2, CDK7, MLH3, SMC4L1, CSPGE, POLD2, POLEZ, BCCIP, Pfe2, TREX1, BUB3,
FEN1, DRF1, PREI3, CCNE1, RPA1, POLE3, RFC4, MCM3, CHEK1, CCND1, and
CDC37; and the specific group CDC2, RFC4, PCNA, CCNE1, CCND1, CDK7, MCM
genes (.g., one or more of MCM3, MCMS, and MCM7), FEN1, MAD2L1, MYBL2, RRM2,

and BUBS3.

In the context of the present invention, reference to “at least one,” “at ieast two,” “at least

five," efc., of the markers listed in any particular set (e.g., any signature) means any one or

any and all combinations of the markers iisted.

The term “predicion method” is defined to cover the broader genus of methods from the

fields of stafistics, machine learing, artificial intelligence, and data mining, which can be

used to specify a prediction model These are discussed further in the Detailed

Descripiion section.

The term “prediction model’ refers to the specific mathematical model obtained by
applying a prediction method to.a coliection of data.- In the examples detailed herein, such
data sets consist of measurements of gene activily in tissue sampies taken from recurrent
and non-recurrent coiorectal cancer patients, for which the dlass {recurrent or non-
recurrent) of each sample is known. Such models can be used io (1) classify a sample of
unknown recurrence status as being one of recurrent or non-recurrent, or (2) make a
probabifistic prediction (i.e., produce either a proportion or percentage fo be interprated as
a probability) which represents the likelihood that the unknown sample is recurrent, based
on the measurement of MRNA expression levels or expression products, of a specified
collection of genes, in the unknown sample. The exact details of how these gene-specific
measuremenis are combined io produce classifications and probabiisiic prediclions are
dependent on the specific mechanisms of the prediction method used fo construct the

model.
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The term “profiferation” refers to the processes leading to increased cell size or celf
number, and can include one or more off tumour or celi growth, angiogenesis,

innervation, and melastasis.

The term “gPCR" or "QPCR” refers io quantative polymerase chain reaction as describad,
for example, in PCR Technique: Quantitative PCR, J.W. Larrick, ed., Eaton Publishing,

1897, and A-Z of Quantitative PCR, S. Bustin, ed., IUL P-ress, 2004,

The term “tumour” refers to all neoplastic cell growth and proliferation, whether malignant

or benign, and all pre-cancearous and cancerous celis and fissues.

Sensitivity”, "specificity” (or “selectivity”), and “classification raie”, when applied fo the

" describing the effectiveness of prediction models mean the foliowing:

“Sensitivity” means the proportion of fruly positive samples that are also predicted (by the
model) to be positive. In a test for cancer recurrence, that would be the proportion of
recurrent tumours predicted by the model to be recurrent. “Specificity” or “selectivity”
means the proportion of truly negative samples that are also predicted {by the model) to
be negative. in a test for CRC recurrence, this equates o the proportion of non-recurrent
samples that are predicted fo by non-recurrent by the model. “Classification Rate” is the
proportion of all samples that are correctly classified by the prediction model (be that as

positive or negative).

“Stringent conditions” or *high stringency conditions”, as defined herein, typically: (1)
empioy low ionic strength and high temperature for washing, for example 0.015 M sodium
chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sulfate at 50°C; (2) employ a
denaturing égent‘ dx.iring hybridization, such as formaride, for exampie, 50% (v/v)
formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50 mi
sodium phosphate buffer at pH 6.5 with 750 mM sodium chioride, 75 mM sodium citrate at
42°C: or (3) employ 50% formamide, 5X SSC (0.75 M NaCl, 0.075 M sodium citrate), 50
mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5X, Denhardi's solution,
sonicated salmon sperm DNA (50 pg/mi), 0.1% SDS8, and 10% dextran sulfate at 42°C,
with washes at 42°C in 0.2X 3SC (sodium chioride/sodium citrate) and 50% formamide at
55°C, followed by a high-siringency wash comprising 0.1X SSC containing EDTA at 55°C.

“Maderately stringent conditions” may be identified as described by Sambrook et al.,

Molecular Cloning: A Laboratory Manual, New York: Cold Spring Harbor Press, 1989, and

include the use of washing solution and hybridization conditions (e. g., temperature, ionic
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stréngih, and % SDS) less stringent that those described above. An example of
moderately stringent conditions s overnight incubation at 37°C in a solution comprising:
20% formamide, 5X 8SC (150 mM NaCl, 15 mM ftrisodium citrate), 50 mM sodium
phosphate (pH 7.6}, 5X Denhardt's solution, 10% dextran sulfate, and 20 mg/mi denatured
sheared salmon sparm DNA, followed by washing the filters in 1X SSC at about 37-50°C.
The skilled artisan will recognize how to adjust the temperature, ionic strength, efc. as

necessary to accommodaie factors such as probe length and the like.

The practice of the present invention will employ, unless otherwise indicated, conventional
techniques of molecular bioiogy (including recombinant technigues), microbiology, cell
biclogy, and biochemistry, which are within the skill of the art. Such technigues are
explained fully in the literature, such as, Molecular Cloning: A Laboratory Manual, 2nd

' edition, Sambrook et al., 1989; Gligonucleotide Synthesis, MJ Gait, ed., 1684; Animal Cell

Culture, R.1. Freshney, ed. 1987; Methods in Enzymology, Academic Press, Inc;
Handbook of Experimental Ihmunoiogy, 4th edition, D .M. Weir & CC. Blackwell, eds.,
Blackwell Science inc., 1987; Gene Transfer Vectors for Mammaiian Celis, J.M. Miller &
M.P. Calos, eds., 1987; Current Protocols in Molecular Biology, F.M. Ausubel et al., eds.,
1087; and PCR: The Polymerase Chain Reaction, Mullis et al., eds., 1994.

Descripiion of Embodiments of the invention
Cell proliferafion is an indicator of outcome in some malignancies. in colorectal cancer,

however, discordant resulis have been rapdrted. As these results are based on a single
proliferation marker, the present invention discloses the use of microarays fo overcome
this limitation, to reach a firmer conclusion, and to dstermine the prognostic role of cell
profiferation in colorectal cancer. The microarray-based proliferation studies shown herein
indicate that reducéd*réte of the proliferation signature in colorectal cancer is associated
with poor ouicome. The invention can therefore be used fo idenfify patients at high risk of

early death from cancer.

The present invention provides for markers for the determination of disease prognosis, for
example, the iikelihood of recurrence of fumours, including gastrointestinal tumours. Using
the methods of the invention, it has been found that numerous markers are associated
with the progression of gastrointestinal cancer, and can be used to determine the
prognesis of cancer. Microarray analysis of samples taken from patients with various
stages of colorectal tumours has led to the surprising discovery that specific patierns of

marker expression are associated with prognesis of the cancer.
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An increase in certain GCPMs, for example, markers associated with cell proliferation, is
indicative of positive prognosis. This can include decreased likelihood of cancer
recurtence afier standard freatment, especially for gastrointestinal cancer, such as gastric
or colorectal cancer. Conversely, a decrease in these markers is indicative of a negative
prognosis. This can include disease progression or the increased likelihood of cancer
recurrence, especially for gastrointestinal cancer, such as gastric or coloractal cancer. A
decrease in expression can he determined, for example, by comparison of a test sampie
(e.g., tumour sampie) to samples associated with a positivé prognosis. An increase in
expression can be determined, for example, by comparison of a tast sampie (e.g., tumour

samples) to samples associated with a negative prognosis.

For example, fo obtain a prognosis, a patient's sample (e.g., tumour sample} can be
compared io sampies with known patient outcome. If the pafienf's sampie shows
increased expression of GCPMs that is comparable fo sampies with good oufcome,
and/or higher than samples with poor cutcome, then a positive prognosis is implicated. If
the patient's sample shows decreased expression of GCPMs that is comparable fo
samples with poor outcome, and/or jower than sampies with good outcome, then a
negative prognosis is implicated. Alternatively, a pafieni’s sample can be compared to
samples of actively proliferating/non-proliferating tumour celis. if the patient's sample
shows increased expression of GCPMs that is comparable fo actively proliferating celis,
and/or higher than non-proliferating celis, then a positive prognosis is implicated. If the
patient's samiple shows decreased expression of GCPMs that is comparable to non-
proliferating cells, and/or lower than actively proliferating cells, then a negative prognosis

is implicated.

The invention provides for a set of genes, identified from cancer patients with various
stagés of tumours, outlined in Table C that are shown to be prognostic for colorectal
cancer. These genes are all associated with cell proliferation and establish a relationship
between cell proliferation genes and their utiiity' in cancers prognosis. It has also been
found that the genes in the prognostic signature listed in Table C are also correlated with
addifional cell proliferation genes. Based on these finding, the invention also provides for

a set of cell cycle genes, shown in Table D, that are differentially expressed between high

and low proliferation groups, for use as prognostic markers. Further, based on the

surprising finding of the correlation between prognosis and cell proliferation-related genes,
the invention also provides for a set of proliferation-related genes differentially expressed
batween cell lines in high and low proiiferative states (Table A) and known proliferative-
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related genes (Table B). The genes outlined in Table A, Table B, Table C and Table D

provide for a set of gastrointestinal cancer prognostic markers (gCPMs).

As one approach, the expression of a panel of markers (e.g., GCPMs) can be analysed by
fechniques including Linear Discriminant Analysis (LDA) to work out 2 prognostic score,
The marker panel selected and prognostic score calculation can be derived through

extensive iaboratory testing and multiple independent clinical development studies.

The disclosed GCPMs therefore provide a useful tool for determining the prognosis of
cancer, and establishing a treatment regime specific for that tumour. In particular, a
positive prognosis can be used by a patient to decide to pursue standard or less invasive

treatment options. A negative prognosis can be used by a patient {o decide to terminate

treatment or to pursue highiy aggressive or experimental treaiments. in addition, a patient

can chose freatments based on their impact on cell proliferation or the expression of cell
profiferation markers (e.g., GCPMs). In accordance with the present invention, treatments
that specifically target cells with high proliferation or specifically decrease expression of
cell proliferation markers (e.g., GCPMs) would not be preferred for patients with

gastrointestinal cancer, such as colorectal cancer or gasiric cancer.

Levels of GCPMs can bs detected in tumour fissue, tissue proximal io the tumour, lymph
node sampies, blood sampies, serum sampies, urine samples, or faecal samples, using
any suitable technique, and can include, but is not limited to, oligonucleotide probes,
quaniitative PCR, or antibodies raised against the markers. The expression level of one’
GCPM in the sampie will be indicafive of the likelihood of recurrence in that subject.
However, it will be appreciated that by analyzing the presence and amounts of expression
of a plurality of GCPMs, and consiruciing a proliferation signature, the sensitivity and
accuracy of prognosis will be increased. Therefore, multiple markers according fo the

prasent invention can be used o determine the prognosis of a cancer.

The present invention relates to a set of markers, in particular, GCPMs, the expression of
which has prognostic valug, speciiically with respect to cancer-free survival. In specific
aspacts, the cancer is gastrointestinal cancer, parficularly, gastric or colorectal cancer,

and, in further aspects, the colorectal cancer is an adenocarcinoma.

In one aspect, the invention relates to a method of predicting the likelihood of long-term

survival of a cancer patient without the recurrence of cancer, comprising determining the

expression level of one or more proliferation markers or their expression products in a
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sample obtained from the pafient, normalized against the expression level of all RNA
transcripts or their products in the sampie, or of a reference set of RNA transcripts or their
expression products, wherein the proliferation marker is the transcript of one or more
markers listed in Table A, Table B, Table C or Table D, herein. In paricular aspects, a
decrease in expression levels of one or more GCPM indicates a decreased likelihood of
long-term survival without cancer recurrence, while an increase in expression levels of
one or more GCPM indicates an increased likelhood of long-term survival without cancer

recurrence.

in a further aspect, the expression levels one or more, for example at least two, or at least
3, or at least 4, or at least §, or at least 10, at least 15, at least 20, at least 25, at least 30,

at least 35, at least 40, at ieast 45, at least 50, or at ieast 75 of the proliferation markers or

their expression products are determined, e.g., as selected from Tabie A, Table, B, Table

C or Table D; as selecied from CDC2, MCMB, RFPA3, MCM7, PCNA, G22P1, KPNAZ,
ANLN, APGT7L, TOPK, GMNN, RRM1, CDC45L, MAD2L1, RAN, DUT, RRM2, CDK7,

MLH3, SMC4L1, CSPG8, POLD2, POLEZ2, BCCIP, Pfs2, TREX1, BUB3, FEN1, DRF1,

PREI3, CCNE1, RPA1, POLE3, RFC4, MCM3, CHEK1, CCND1, and CDC37; or as

selected from CDC2, RFC4, PCNA, CCNE1, CCND1, CDK7, MCM genes {e.g., ong or

more of MCM3, MCMB, and MCM7), FEN1, MAD2L1, MYBL2, RRM2, and BUBS.

in another aspect, the method comprises the determination of the expression levels of all
proliferation markers or their expression products, e.g., as listed in Table A, Table, B,
Tabie C or Table D; as lisied for the group CDC2, MCM8, RPA3, MCM7, PCNA, G22P1,
KPNAZ2, ANLN, APG7L, TOPK, GMNN, RRM1, CDC45L, MAD2L1, RAN, DUT, RRM2Z,
CDK7, MLH3, SMC4L1, CSPG6, POLD2, POLEZ, BCCIP, Pfs2, TREX1, BUBS, FENT,
DRF1, PREI3, CCNE1, RPA1, POLE3, RFC4, MCM3, CHEK1, CCND1, and CDC37: or
as listed for the group CDC2, RFC4, PCNA, CCNE1, CCND1, CDK7, MCM genes (e.g.,
one or more of MCM3, MCMS, and MCM7}, FEN1, MAD2L1, MYBL2, RRM2, and BUB3.

The invention includes the use of archived parafiin-smbedded biopsy material for assay of
all markers in the sef, and therefore is compatibie with the most widely avaitable type of
biopsy material. It is also compafible with several different methods of fumour tissue
harvest, for example, via core biopsy or fine neadle aspiration. in a further aspect, RNA is
isolated from a fixed, wax-embedded cancer tissue specimen of the patient. Isolation may
be performed by any technique known in the art, for example from core biopsy fissue or

fine needle aspirate cells.
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in another aspect, the invention relates to an array comprising polynucieotides hybridizing
fo two or more markers as seiected from Table A, Table B, Tabie C or Table D; as
selected from CDC2Z, MCMS, RPA3, MCM7, PCNA, G22P1, KPNA2, ANLN, APGTL,
TOPK, GMNN, RRM1, CDC45L, MAD2L1, RAN, DUT, RRM2, CDK7, MLH3, SMC4L1,
CSPGE, POLD2, POLE2, BCCIP, Pfs2, TREX1, BUB3, FEN1, DRF1, PREI3, CCNE1,
RPA1, POLE3, RFC4, MCM3, CHEK1, CCND1, and CDC37; ar as selected from CDC2,
RFC4, PCNA, CCNE1, CCND1, CDK7, MCM genes (e.g., one or more of MCM3, MCMS,
and MCM7), FEN1, MADZ2L1, MYBL2, RRM2, and BUB3. '

in parficular aspects, the array comprises polynucleotides hybridizing io at least 3, or at
least 5, or at least 10, or at least 15, or at ieast 20, at least 25, at least 30, at least 35, at
feast 40, at least 45, at lsast 50, or at Isast 75 or ali of the markers listed in Table A, Table

‘B, Table C or Tabie D; as listed in the group CDC2, MCM8, RPA3, MCM7, PCNA, G22P1,

KPNAZ, ANLN, APG7L, TOPK, GMNN, RRM1, CDC45L, MAD2L1, RAN, DUT, RRM2,
CDK7, MLH3, SMC4L1, CSPGE, POLD2, POLE2, BCCIP, Pfs2, TREX1, BUB3, FEN1,
DRF1, PREI3, CCNE1, RPA1, POLE3, RFC4, MCM3, CHEK1, CCND1, and CDC37; or
as listed in the group CDC2, RFC4, PCNA, CCNE1, CCND1, CDK7, MCM genes (e.g.,
one or more of MCM3, MCMSE, and MCMT), FEN1, MAD2L1, MYBL2, RRMZ2, and BUB3.

in another specific aspect, the array comprises polynucleotides hybridizing to the fuil set
of markers listed in Table A, Table B, Table C or Table D; as listed for the group CDC2,
MCMB, RPA3, MCM7, PCNA, G22P1, KPNA2, ANLN, APGTL, TOPK, GMNN, RRM1,
CDC45L, MAD2L1T, RAN, DUT, RRM2, CDK7, MLM3, SMCA4L1, CSPGS, POLD2, POLEZ,
BCCIP, Pfs2, TREX#, BUB3, FEN1, DRF1, PREI3, CCNE1, RPA1, POLE3, RFC4,

MCM3, CHEK1, CCND1, and CDC37; or as listed for the group CDC2, RFC4, PCNA, '
CCNE1, CCND1, CDK7, MCM genes (e.g., one or more of MCM3, MCMS, and MCM7),

FEN1, MAD2L1, MYBL2, RRM2, and BUB3.

The polynucieotides can be cDNAs, or oiigonucléotides, and the solid surface on which
they are displayed can be glass, for example. The po[ynuciectidés can hybridize fo one or
more of the markers as disclosed herein, for exampie, to the full-length sequences, any

coding sequences, any fragments, or any complements thereof,

in shill another aspect, the invention relaies to a method of prediciing the likeiihood of

long-term survival of a patient diagnosed with cancer, without the recurrence of cancer,

comprising the steps of: (1) determining the expression levels of the RNA transcripts or

the expression products of the full set or a subset of the markers listed in Table A, Table
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B, Table C or Table D, herein, in a sample obtained from the patient, normalized against
the expression levels of all RNA franscripts or their expression products in the sample, or
of a reference set of RNA franscripts or their products; (2} subjecting the data obtained in
step (1) to stafistical analysis; and (3) determining whether the likelihood of the long-term

survival has increased or decreased.

in yet another aspect, the invention concéms a method of preparing a personalized
genomics profile for a pafient, e.g., a cancer patient, comprising the sieps of: (&)
subjecting a sample obfained from the patient to expression analysis; (b) determining the
expression level of one or more markers selected from the marker set fisted in any one of |
Table A, Table B, Table C or Table D, wherein the expression level is normalized against
a contro! gene or genes and optionally is compared to the amount found in a reference

| set; and (¢} creating a report summarizing the data obtained by thé ‘expression analysis.

The report may, for example, include prediction of the likelihood of long term survival of

the patient and/or recommendation for a treatment modaiity of the patient.

Iin additional aspects, the invention relates i0 a prognostic method comprising: (=)
subjecting a sample obtained from a palient to quantitative analysis of the expression
level of the RNA transcript of at least one marker selected from Table A, Table B, Table C
or Table D, herein, or its product, and (b} identifying the patient as likely to have an
increased likelihood of long-term survival without cancer recurrence i the normalized
expression ievels of the marker or markers, or their products, are above defined
aexpression threshold. in alternate aspects, step (b) comprises identifying the patient as
iikely to have a decreased likelihood of long-term survival without cancer recurrence if the
normalized expression levels of the marker or markers, or their products, are decreased

below a defined expression threshold.

In particular, the relatively low expression of proiiferation markers is associated with poor
auicome. This can include disease progression or the increased likelihood of éancer
recurrence, especially for gastrointestinal cancer, such as gastric or colorectal cancer. By
contrast, the relatively high expression of proiiferation markers is associated with a good
ouicome. This can inciude decreased likelihood of cancer recurrence after standard
treatment, éspecial!y for gastrointestinal cancer, such as gastric or colorectal cancer. Low
expression can be determined, for example, by comparison of a test sample {e.g., tumour
sample) to samples associated with a pesitive prognosis. High expression can be
determined, for example, by comparison of a test sampie (e.g., fumour sample) fo

samples associated with a negative prognosis.
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For example, fo obtain a prognosis, a palient's sample {e.g., tumour sample) can be
compared to samples with known patient outcoma, If the paiient’s sample shows high
expression of GCPMs that is comparable o samples with good outcome, and/or higher
than samples with poar outcome, then a positive prognosis is implicated. If the patient's
sample shows low expression of GCPMs that is comparable to samples with poor
outcome, and/or jower than samples with good oufcome, then a negative prognosis is
implicated. Alternatively, a patient's sample can be compared io samples of actively
proliferating/non-proliferating tumour cells. I the patient's sample shows high expression
of GCPMs that is comparable to actively proliferating cells, and/or higher than non-
proliferating celis, then a positive prognosis is implicated. If the patient's sample shows
low expression of GCPMs that s comparable 1o non-profiferating cells, and/or lower than

A aciivé!y proliferafing cells, then a negalive prognosis is implicated.

As further exampies, the expression levels of 2 prognostic signature comprising two or
more GCPMs from a patient's sample (e.g., tumour sampie) can be compared to sampies
of recurrent/non-recurrent cancer. If the patient's sample shows increased or decreased
expression of CCPMs by comparison to samples of non-recurrent cancer, andfor
comparable expression to samples of recurrent cancer, then a negative prognosis is
implicated. If the pafient’s sampie shows expression of GCPMs that is comparabie fo
samples of non-recurrent cancer, and/or lower or higher expression than sampies of

recurrent cancer, then a positive prognosis ié implicated.

As one approach, a prediction method can be applied to a panel of markers, for exampie
the panel of GCPMs outlined in Table A, Table B Table C or Table D, in order {o generaie
a predictive model. This involves the generation of a prognostic signature, comprising two

or more GCPMs,

The disciosed GCPMs in Table A, Table B, Tabie C or Table Dtherafore provide a useful
set of markers to generate prediction signatures for determining the prognosis of cancer,
and establishing a treatment regime, or treatment modality, specific for that tumour. in
particutar, a positive prognasis can be used by a patient to decide to pursue standard or
less invasive freaiment options. A negative prognesis can be used by a patient o decide
to terminate treatment or to pursue highly aggressive or experimenial treatments. In

addition, a patient can chose itreatmenis based on their impact on the expression of

prognostic markers (e.g., GCPMs).
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Levels of GCPMs can be detected in tumour fissue, fissue proximal to the fumour, lymph
node samples, blood samples, serum samples, urine samples, or faecal samples, using
any suitable technigue, and can include, but is not limited io, oligonucieotide probes,
guantitative PCR, or antibodies raised against the markers. 1t will be appreciated that by
analyzing the presence and amounts of expression of a plurality of GCPMs in the form of
prediction signatures, and consfructing @ prognostic signature, the senéftivity and acouracy
of prognosis will be increased. Therefore, multiple markers according to the present

invention can be used {o determine the prognosis of a cancer.

The invention includes the use of archived paraffin-embedded biopsy material for assay of
the markers in the set, and therefore is compatible with the most widely available type of
biopsy maierial. K is-also compatible with several different methods of tumour tissue
harvest, for ekampfe, via core biopsy or fine needle aspiration. -In certain aspects, RNA is
isolated from a fixed, wax-embedded cancer tissue specimen of the patient. Isolation may
be performed by any technigue known in the art, for example from core biopsy tissue or

fine needie aspirate cells.

In one aspeact, the invention relates to a method of predicting a prognosis, e.g., the
iikelihood of long-term survival of a cancer patient without the recurrence of cancer,
comprising determining the expression level of one or more prognostic markers or their
expression products in a sample obtained from-the patient, normalized against the
expression level of other RNA transcripts or their products in the sampie, or of a reference
set of RNA transcripts or their expression products. In specific aspects, the prognostic
marker is one or more markers listed in Tabie A, Table ‘B, Tabie C or Table D or is

included as one or more of the prognostic signatures derived from the markers fisted in

Table A, Tabie B, Table C or Tabile D.

In further aspects, the expression levels of the prognostic markers or their expression
products are determined, e.g., for the markers listed in Table A, Table B, Table C or Table
D, a prognostic signaiure derived from the markers listed in Table A, Table B, Table C or
Tabie D. In another aspact, the method comprises the determination of the expression
levels of a full set of prognosis markers or their expression products, e.g., for the markars
listed in Table A, Table B, Table C or Table D, or, a prognostic signature derived from the

markers listed in Table A, Table B, Table C or Table D,

in an additional aspect; the invention relates fo an array (e.g., microarray) comprising
polynucleofides nybridizing to two or more markers, e.g., for the markers listed in Table A,
20 |
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Table B, Table C or Table D, or a prognostic signature derived from the markers listed in
Table A, Table B, Table C or Table D. In pariicular aspects, the array comprises
polynucleotides hybridizing to prognostic signature derived from the markers lisied in
Table A, Table B, Tabie C or Table D, or e.g., for a prognostic signature. In another
specific aspect, the amray comprises polynucleotides hybridizing fo the fuli set of markers,
e.g., for the markers listed in Table A, Table B, Table C or Table D, or, 2.g., for a

prognostic sighature.

For these érrays, the polynucieofides can be cDNAs, or oligonucieotides, and the solid
surface on which they are displayed can be glass, for example. The polynucieotides can
hybridize to one or more of the markers as disclosed herein, for example, to the full-langth

sequences, any coding sequences, any fragments, or any complements thereof. In

parficular aspects, an increase or decrease in expression levels of one or more GCPM

indicates a decreased likelihood of long-term survival, e.g., due fo cancer recurrence,
while a lack of an increase or decrease in expression levels of one ar more GCPM

indicates an increased likelihood of Jong-term survival without cancer recurrence.

In further aspecis, the invention relates to a kit comprising one or more of: (1) extraction
buffer/reagents and profocol; (2) reverse transcripion buffer/reagents and protocol; and
{3) guantitative PCR buffer/freagents and protocol suitable for periorming any of the
foregoing methods,” Other aspects and advantages of the invention are illustrated in the

description and exampiles included herein.
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Table A: GCPMs for celi proliferation signature

Unigue iD | Gene Symbol | Gene Name GenBank Acc. No. | Gene Aliases ]
A:08020 CCOND1 cyclin D1 NM_053056 BCL1; PRADT,
U21B31;
D118287E
C:0921 CCNE1 cyclin E1 NM_001238, CCNE
: NM_ 057182
A:05382 che2 cell division cycle 2, | NM_001786, CDK1;
C1toSand G20 | NM_(033379 MGC111185;
M DKFZp&8sL2022
2
A08842 CDK7 cyclin-depandent NM_001789 CAK1T; STKT;
kinase 7 (MO15 CDKN7;
homolog, Xenopus p3SMO15
laavis, cdk-
aciivating kinase)
B:7793 CHEK1 CHK* checkpoint NM_001274 CHK1
homolag (S.
pombe)
A03447 CSE1L CSE1 chromosome | NM_001316 CAS; CSE1;
segregation 1-like XPOZ;
{yeast) MGC117283;
MGC130036;
MGC130037
A:0B535 DKC1 dyskeratosis NiM_001363 DKC; NAPST;
congenita 1, NOLA4: XAP101:
dyskerin dyskerin
AG7206 DUT duTP NM_001025248, dUTPase;
pyrophosphatase NM_001025248, FLJ20622
NM_001948
C:2467 EaF1 E4F transcription NiM_004424 £4F; MGC29614
factor 1
B:9085 FEN1T flap structure- NM_D047111 MF1;, RADZ:
specific FEN-1
endonucizase 1
AD1437 FH fumarate hydratase | NM_000143 MCL: LRCC:
HLRCC; MCUL1
B:9714 XRCCS X-ray repair N _001469 ML8; KU70;
complementing TLAA; CTCTS5;
defective repair in CTCBF; G22P1
.| Chinese hamster
cells 8 (Ku
aufoantigen,
70kPa)
B:3553_hk- | GPS1  protein pathway | NM_004127; CSN1; COPSHT,;
r suppressor 1 NW_212482 MGC71287
B:40356 KPNAZ karyopherin alpha 2 | NM_D022565 QiF2, RCHY1,
{RAG cohort 1, IPOAT;
importin alpha 1) SRP1alpha
A0B387 MAD2L1 MAD2 mitotic arrest | NM_002358 MAD2; HSMAD2

daficient-like 1
(yeast)
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A:08G68 MCM3 MCM3 NM_002388 HCCS; P1.k;
minichromosome RLFE;
mainienance MGC1157; P1-
deficient 3 (S. MCM3
ceravisiae)

B:8147 MCMB MCMB NM_D05815 Mis5; P105MCM,;
minichromosome MCG40308
maintenance
deficient 6 {MISE
hemolog, S.
pombe) {S.
ceravisias) :

R:7620 MCM7 MCM7 NM_005816, MCM2, CDBC4AT;
minichromosome NM_182776 PB5MCM;
maintenance P1CDC47;
deficient 7 (S. PNAS-1486;
cerevisiae) CDABPQO042;

' P1.1-MCOM3

A:10800 RABBA RABBA, mambaer NM_005370 MEL,; RABS
RAS oncogene
family

A:08470 KITLG KIT figand NM_000889, SF; MGF; 8CF;

NM_003994 KL-1; Kith;
DKFZp686F2250

A06037 MYBLZ2 v-rmyb NN _002486 BMYE;
myeiobiastosis viral . MGC 15600
oncogene homolog
(avian)-like 2

A01677 NME1 non-rmetastatic NM_000269, AWD; GAAD;
celis 1, protein NM_188175 NM23; NDPKA,;
{NMZ3A) NM23-H1
axprassed in

A:03397 PRDX1 peroxiredoxin 1 NM_D02574, 1 PAG; PAGA;

NM_ 181698, PAGB; MSP23;
NM_ 1816897 NKEFA; TDPX2Z

A:03715 PCNA proliferating cell NiM_002582, MGCE367
nuclear antigen N _ 182649

A02828 POLD2 polymerase (DNA NM_006230 None
directed), delta 2,
reguiatory subunit
50kDa .

A04880 POLEZ polymerass (DNA NM_002692 DPE2
directed), epsilon 2 '

{p59 subunit)

A091689 RAN RAN, member RAS | NM_006325 TG4, Gspt;
ongogene family ARAZ4

A092145 RBBF8 refinoblasioma NM_002894, RIM; CTIP
binding protein 8 NM_203291,

NM_203282

A08821 RFC4 replication facior € § NM_0028186, At RFC37;
(activator 1) 4, NM_181573 MGC27281
37kDa

A10597 RPAA1 rephication protein NM_002945 H38S8H; RF-A: RP-
A1, 70kDa A; REPAY;

RPA70

A00231 RPA3 replication protein NM_002847 REPA3J

A3, 14kDa
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A09802 RRM1 ribonucieofide NM_DO01033 R1; RR1; RIR1
reductase M1
polypeptide
B:3501 RRM2 ribonuclectide Ni_D01034 RZ, RR2M
reductase M2
polypeptide
A:08332 - | S100AL 5100 calcium NM_002962 81000
binding protein AS
A07314 FSCN1 fascin homolog 1, | NM_003088 SNL,; p58;
actin-bundling FLJ38511
protein
(Strongylocentrotus
purpuratus)
A:03507 FOSE1 FOS-ike antigaen 1 | NM_005438 FRAM; fra-1
A08331 CDC45L CDC45 cell division | NM_003504 CDC45;
cycle 45-ike (8. CDC4512;
ceravisiae) PORC-P}-1
A:08436 SMC3 siructural NM 005445 BAM; BMH;
maintenance of - HCAP: CSPGS:
chromosomes 3 | SMC3L1
A09747 BUB3 BUBS3 budding NM_001007783, BUB3L; hBURB3
uninhibiied by NM_004725
benzimidazoles 3
. homolog {yeast)
A;00891 WDR38 WD repeat domain | NM_004804 CIAO1
39
A:05848 SMC4 struciural NM_001002798, CAPC; SMC4L1;
maintenance of NM_001002800, hCAP-C
chromosomes 4 NM_005496
B.7¢11 TOB1 fransducer of NM_0D5748 TOB; TROB;
ERBB2, 1 - APROS; PIG49;
: TROB1;
MGC34446;
: MGC104792
AD4760 ATGT - ATGY autophagy NM_008385 GBAT, APGTL;
related 7 homoiog DKFZp434N0735
(S. corevisiae)
A04950 cCcT7 chaperonin NNM_001008570, Ceth; Nip7-1;
: containing TCP1, NM_006429 CCT-ETA;
subunit 7 (eta) MGC1108885;
TCP-1-eta
A:09500 cCT2 chaperonin | NM_006431 CCTR; 98D8.1;
containing TCP1, PRO1633; CCT-
subunit 2 (beta) beta; .
MGC142074;
MGC142078;
E TCP-1-befa
A:(13486 CDC3ay CDC37 cell division | NM_007065 PS0CDC37
cycie 37 homolog
{S. cerevisiae)
B:7247 TREX1 three prime repair NM_D16381, AGST; DRNS;
exonucieass 1 NM_0321686, ATRIP;
NM_033827, FLJ12343;
NM_033628, DKFZp434J0310
NM_(33829 ,
NM__ 130384
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AD1322 PARKY Parkinson disease | NM_007262 DJ1; Dd-1,;
(autosomal FLJ27376
racessive, aarly
onsef) 7

A09401 PREI3 preimplantation NM_D15387, 2C4D; MOBHY,
protein 3 NM_189482 MORBS3; CGI-25;

MGC12264

A0G724 MLH3 mutl homolog 3 (E. | NM_001040108, HNPCC7;
coii) ‘ NM_014381 MGC138372

A:02984 CACYBP ealcyclin binding NM_001007214, SIF; GIGS;
protein NiM_014412 MGCE7971;

PRNAS-107;
5100A68BP; RP1-
102G20.6

A 08821 MCTS1 malignant T cell NM_014080 MCT1; MCT-1
amplified sequence
1

A03435 GMNN geminin, DNA NM_015805 Gem; RP3-
‘replication inhibitor 360A17.3

B:1035 GINS2 GINS complex NM_016085 PSF2; Pfs2;
subunit 2 (Psi2 HSPCO37
homolog) ‘ :

A:G2209 POLE3 polymerase (DNA NM_017443 p17; YBL1;
directed), epsiton 3 CHRACH7,;
{p17 subunif) ‘ CHARAC17

A:05280 ANLN anillin, actin binding | NM_018685 scra; Scraps;
protein ANILLIN;

. DKFZp77BA055

A07468 SEPT11 sepfin 11 NM_ 018243 None

A03912 PBK PDZ binding kinase | NM_018482 SPK; TOPK,

Nori-3; FLJ14385

B:8445 BCCIP BRCAZ and NM_(016587, TOK-1
CDKN1A ‘ NM_(78468,
inferacting proiein NWM_078489

B:2392 DBF4B DBF4 homolog B NM_025104, DRF1; ASKL1;
(3. cerevisiag) NM_145663 FLJ13087;

MGC15009

B:6501 cDz7s CD276 molecule NM_D01024736, B7H3; B7-H3

NM_025240
B:5487 LAMA1 faminin, aipha 1 NM_005558 LAMA

Table A: Proliferation-related genes differentially expressed between cell
lines in high and low proliferative states. Genes that were differentially
expressed between cell fines in confluent (low proliferation) and semi-confluent
(high proliferation) states (see Figure 1) were identified by microarray analysis on
30K MWG Biotech arrays. Table A comprises the subset of these genes that were
categorized by gene onfology analysis as cell proliferation-reiated.
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Table B;: GCP#s for cell proliferation signature

MUnigue ID

Gene Description

Locusblink

GenBank Accession

B:7580

v-abl Absison murine isukasmia
viral oncogene homolog 1 (ABL1},
franscript variant &, mRNA

25

NIM_0051567

A;08071

acelyicholinesterase (YT blood
group) (ACHE), transsript variant
E4-E5 mRNA

43

NM_015837,
NIM_000865

AD4114

acid phosphatase 2, lysosomail
(ACP2), mRNA

53

NM_001610

A:091486

acid phosphatase, prostate (ACPP),

mMRNA

a5

NM_001099

A09585

adrenergic, aipha-10-, recaptor
(ADRAID), mRNA

146

NM_000878

A08783

adrenergic, alpha-1B-, receptor
{ADRA1B), mRNA

147

NM_000879

:0326

adrenergic, alpha-1A-, recepior
{ADRA1A), transcript variant 4,
mRNA :

148

NM_D33304

i A02272

adrenergic, aipha-2A-, recepior
(ADRAZA), mRNA

180

NM_D00681

| A:05807

jagged 1 (Alagille syndrome)
(JAGT), mRNA

182

NM_000214

I A:02268

aryl hydrocarbon receptor (AHR),
mRNA

186

NM_001621

A00878

allograft inflammatory facior 1
{AIF1), transcript variant 2, mRNA

199

NM_004847

A:08335

adenylate kinase 1 (AK1), mRNA

203

NW,_000476

- A:07028

v-aki murine thymoma viral
ancogene homatog 1 (AKT1),
franscript variant 1, mRNA

207

NM_005163

A:05840

v-akt murine thymoma viral
oncogene homolog 2 (AKTZ),
mRNA

208

NM_001628

B:8542

arachidonate 15-lipoxygenase,
second type (ALOX158), mRNA

247

NM_ 001141

A:02560

bridging integrator 1 (BINT),

-+ transcript variant 8, mRNA

274

NM_004305

C:0383

arnyloid beta (A4) precursor protein-
binding, family B, member 1 (Fe&5)
(APBB1), transcript variant 1,

mRNA

322

NIVi_ 007184

B:56288

amyloid beta (Ad) precursor protein-
binding, family B, member 2 (Fe65-
like) (APBB2), mRNA

323

NM_173075

A09151

adenomatosis polyposis coli {APC),
mRNA

324

NM_0000638

B:3616

paculoviral 1AP repeat-containing 5

(survivin) (BIRCS), transcript variant
1, mRNA

332

NM_001168

C:2007

androgen recepior
{dinydrofestosterone recepior;
testicuiar feminization; spinal and
bulbar muscular atrophy; Kennady
diszase) (AR), transcript variant 2,
miRNA

367

NM_001011845

AD4818

amphiregulin (schwannoma-derived | 374

growth factor) (ARES), mRNA

E

NM_001857
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A:01709 ras homolog gene family, member 391 NM_001865
G (tho G) (RHOG), mRNA

B.65564 ataxia telangiectasia mutated 472 NM_000051
{includes complementation groups
A, C and D) (ATM), franscript
variant 1, mRNA

A02418 ATPase, Gu++ transporting, beta ‘545 NM_000053
polypeptide {ATP7B}, transcript
variant 1, mRNA -

A0B5997 AXL receptor tyrosine kinase (AXL), | 558 NM_001899
transcript variant 2, mRNA

B:0073 brain-specific angiogenesis inhibitor | 575 NM 001702
1 (BAI1), mRNA

A07200 BCl 2-associated X protein (BAX), 581 NM_004324
transcript variant befa, mRNA

B:1845 Bardet-Biedl syndrome 4 (BBS4), 586 NM_033028
MRNA

A:00571 branched chain aminotransferase 2, | 588 NM_001180
mitochondrial (BCAT2), mENA -

A;08020 cyclin D1 (CCND 1}, mRNA 585 NM_053056

A 10775 B-celi CLL/Aymphoma 2 (BCL2), 5986 NM_0006833
nuclear gene ensoding
mitochondrial protein, transcript
variant aipha, mRNA

A08014 B-ceil CLLAiymphoma 3 (BCL3), 662 NM_005178
mRNA

C:2412 B-cell CLL/lymphoma & {zinc finger | 604 NM_DD1708
protein 51) {(BCLS), franscript
variant 1, mMRNA

A:Q0BT794 tumour necrosis fastor receptor 808 NW_001182
superfamily, member 17
(TNFRSF17), mRNA

A01182 Bloom syndrome (BLM), mRNA 641 NM_000057

B:5276 basonuclin 1 (BNC1), mRNA 646 NM_001717

B.3766 polymerase (RNA} I (DNA 661 NM_001722
direcied) polypeptide D, 44kDa
{POLR3D), mRNA

C:2188 dystonin (DST), franscript variant 1, | 687 NM_183380
mMRNA

B:5103 breasi cancer 1, early onset 672 NM_007204

1 {BRCAT), transcript variant '

BRCA1a, mRNA

A:03676 breast cancer 2, early onset 675 NM_000059
{BRCAZ), mRNA

AD7404 zinc finger protein 36, C3H type-like .| 6877 NNM_0049286
1{ZFP36L1), mRNA :

B:5146 1 zinc fingar protein 36, C3H type-like | 678 NM_008887
Z (ZFP38L2), mRNA

B:4758 bone marrow stromal cell anfigen 2 | 684 N 004335
(BST2), mRNA

B:4842 betaceliuiin (BTC), mRNA 885 Ni_001729

:2483 B-cell fransiocation gene 1, anfi- 604 NM_001731
profiferative (BTG1), mMRNA

B:0618 BUB1 budding uninhibited by 599 NM_004336
benzimidazoles 1 homolog (yesas!)
{(BUBT), mRNA

AGE398 BUB1 budding uninhibited by 701 NW_001211

benzimidazoles 1 homolog betia
{veast) (BUB1B), mMRNA

27




superfamily member 5) (CD40),
franscoript variant 1, mRNA

A01104 chromosome 8 open reading frame | 734 NM_004337
1 (CBorf1), mRNA :
B:3828 caimaodulin 2 (phosphorylase 805 NM_001743
kinase, delta) (CALMZ), mRNA
B:6851 calpain 1, (muwl) lerge subunit 823 NM_005188
{CAPNT), mRNA
A08763 caipain, smail subunit 1 (CAPNS1}, | 828 NM_001749
transcript variant 1, mRNA
B:0208 core-binding factor, runt domairn, 863 NM_175931
alpha subunit 2; translocated to, 3
(CBFAZTS3), transcript variant 2,
mRNA
B:2801 runt-refated transcription facior 3 864 NM_004350
(RUNX3), transcript variant 2,
mMRNA
A01132 cholecystokinin B recepior 887 NM_178875
(CCKBR), mRNA
A;D4253 cyclin A2 {CCNAZ), mRNA 880 NM_001237
AD4253 oyclin A2 (CCNA2), mRNA 891 NM_001237
A09352 cyciin C {CCONQC), franscript vartant | 882 NiM_005180
1, MRNA
A:10559 oyciin D2 (CCND2), mRNA 804 NM_001759
A:02240 eyclin D3 (CCND3), mRNA 886 NM_001760
C:.06821 cyclin E1 (CCNE1}, transcript 898 NM_001238
variant 1, mENA .
C:0821 cyclin E1 (CONE1), iranscript 899 NM_001238
| variant 1, mRNA
B:5261 cyclin G1 {CCNG1), transcript 800 NRM_004060
variant 1, mRNA
A:071564 cyclin G2 (CONG2), mRNA 801 NM_004354
A07830 cyclin H (CCNH), mRNA 802 Ni_001230
A:01253 cyclin T1 (CCNT1), mRNA 904 i NM_001240
B:0645 cyclin T2 {CCNT2), franscript 805 NM_058241
variant b, mRNA
C:2675 CD3E antigen, epsilon polypeptide | 916 NM_DDD733
(TTT3 complex) (CD3E), mRNA
A10088 CD5 antigen (p58-82) (CD5), §21 NM_014207
MRNA
A:07504 tumour nacrosis factor receptor 939 NM_ 001242
superfarmily, member 7 (TNFRSFT), ‘
mRNA :
A:05558 D28 antigen (Tp44) (CD28), 940 NM_006139
mRNA
A07387 D86 antigen (CO28 antigen ligand | 942 NM_175882
2, B7-2 anfigen) {CDB8), transcript '
variani 1, mRNA
A06344 | tumour necrosis factor receptor 943 NM_001243
superfamily, member 8 (TNFRSF8),
franscript variant 1, mRNA
A03064 tumour necrosis factor (ligand) 944 NM_001244
superfamily, membsr 8 (TNFSF8),
_ mMRNA
A03802 CIX33 antigen (gp57) (CD33), 945 NM_D01772
mRNA
AD7407 CD4G antigen {TNF receptor 858 NM_001250
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{p21, Cip1} (CDKN1A)}, transcript
variant 2, mRNA

B:9757 CD40 ligand (TNF suparfamily, 858 NM_000674
member 5, hyper-ight syndrome) !
| (CD40LG), mRNA !
A:07070 CDBE antigen {CDB8), mRNA 968 NM_DB01251 ]
A04715 tumour necrosis factor {ligand) 870 NM_001252 ?
superfamily, member 7 (TNFSF7),
| MRNA |
AQ9638 CD8&1 antigen (targst of 875 NM_0043586
antiproliferative antibody 1) (CD81),
mRNA
A05382 cell division cycle 2, G1t0 5 and G2 | 983 NM_001788
to M (CDC2), iranscript variant 1,
mRNA
A00282 cell division cycle 2-like 1 {(PITSLRE | 884 NM_033486
proteins) {CDC2L1), transcript
variant 2, mRNA
A:00282 cell division cycle 2-like 1 (PITSLRE | 985 NM_033486
proteins} {CDC2L1}, ranscript
variant 2, mRNA
A:07718 CDCS cell division cycle 5-like (8. 8988 NM_001253
pombe) (CDCEL), mRNA
A:00B43 septin 7 (SEPT7), iranscript variant | 988 NM_001788
1, MRNA
A05788 CDC8 cell division cycle 6 homolog | 880 NM_001254
{S. cerevisiae) (CDCB), mMRNA
ArG3083 CDC20 cell division cycle 20 281 NM_001285
homolog {S. ceravisiag) (CDC20),
mMRNA
B:4185 cell division cycle 25A (CDC25A), 843 NM_001788
transcript varant 1, mRNA
A04022 cell division cycle 258 (CDC25B;, 894 NM_021873
transcript variant 3, mRNA
B:9538 cell division cycie 25C {CDC25C;), 8995 NM_001790
franscript variant 1, mRNA
B:5590 cell division cycle 27 CDC27 2495 NM_001256
B:8041 cell division cycle 34 (CDC34), 887 NM_004350
mRNA
A03518 cyciin-depandent kinase 2 (CDK2), | 1017 NM_(52827
: | transcript variant 2, mRNA - !
A02068 cyclin-dependent kinase 3 (CDK3), | 1018 NM_001258 !
mRNA !
B:4838 eyclin-dependent kinase 4 (CDK4), | 1018 NM_DODO75
mRNA
A:10302 cyclin-dependent kinase 5 (CDKS5), | 1020 NM_0D4935
mRNA , :
A:01823 | cyclin-dependent kinase 6 (CDK8}, 1021 NM_001258
mRNA
A:09B842 cyclin-dependent kinase 7 (MO15 1022 NM_001798
homaolog, Xenopus lzevis, cdk-
activating kinase) {CDK7}, mRNA
A:08302 cyclin-dependent kinase 8 {CDKB), | 1024 NM_001260
mRNA
A:D5151 cyclin-dependent kinase 9 (CDC2- | 1025 NM_001261
related kinase)} (CDKG), mRNA
A:09736 cyclin-dependant Kinase inhibitor 1A | 1026 NM_078487
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| A:D5571 cychn-dependent kinase inhibitor 1B | 1627 | NM_004084
(p27, Kip1) {CDKN1B), mRNA '
A:0B441 cyclin-dependant kinase inhibitor 1028 NM_000078
1C (p57, Kip2) (CDKN1C), mRNA
B:8782 cyclin-dependent kinase inhibitor 2A | 1028 NM_058185
(melanoma, p18, inhibits CDK4)
{CDKN2A), transcript variant 4,
mRNA
C:6458 cyciin-depandent kinase inhibitor 28 | 1030 NM_0049838
(p15, inhibits CDR4) (COKN2B),
transcript variant 1, mRNA
B:0804 cyclin-dependent kinase inhibitor 1031 NI_001262
2C (p18, inhibits CDIK4) {CDKN2C),
transcript variant 1, mRNA
A:03310 gyclin-dependent kinase inhibitor 1032 NM_079421
2D (p19, inhibits CDK4} (CDKN2D),
transcript variant 2, mRNA
A:05798 cyclin-dependent kinase inhibitor 3 . | 1033 NM_005182
{CDK2-associated dual specificity
phosphatase) (CODKN3}, mRNA
B:8170 centromere protein B, 80kDa 1058 NM_001810
(CENPB), mRNA
AD7788 ceniromere profein £, 312kDa 1062 NM_001813
{CENPE), mRNA
A08471 centromere protein F, 350/400ka 1063 NM_018343
{mitosin) {CENPF}, mRNA
A03128 centrin, EF-hand protein, 1 1068 Nivi_004066
(CETN1T), mRNA
P\:osssa, centrin, EF-hand protein, 2 1089 NM_004344
{CETNZ}, mRNA
B:4016 genfrin, EF-hand protein, 3 (CDC31 | 1070 NM_004385
homolog, yeas) (CETN3), mRNA
B:5082 reguiator of chromosome 1104 NM_001048194,
condensation 1 RCCA1 NM_001048195,
: NM_001289
B.7793 CHK1 checkpoint homoiog {S. 17111 NM_001274
pombe) (CHEK1), mRNA
B:8504 checkpoint suppressor 1 (CHES1), | 1112 NM_005197
' mRNA '
A00320 cholinergic receptor, muscarinic 1 1128 NM_D00G738
{CHRM1), mRNA
A10168 4 cholinergic receptor, muscarinic 3 1131 NM_000740
{CHRM3), mRNA
A:08655 cholinergic recepior, muscarinic4 | 1132 NM_000741
{GHRM4), mRNA ' _
A 00869 chalinergic receptor, muscarinic 5 1133 NM_012125
(CHRMS), mRNA :
C:064% CDC28 protein kinase regulatory 1183 NiM_001828
subunit 18 (CKS1B), mRNA
B:6912 CDC28 protein kinase regulatary 1164 NWM_001827
subunit 2 {CKS2), mMRNA
A:07840 CDCHlike kinase 1 (CLK1), 1185 NM_004071
transcript variant 1, mRNA ‘
B:8665 polo-fike kinase 3 {Drosophila) 1263 NM_004073
(PLK3), mRNA
B:8651 coliagen, type IV, alpha 3 1285 NM_000091

(Goodpasture antigen) (COL4A3),
transcript vatiant 1, mRNA
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B:4734

mitogen-activated protain kinase B
(MAP3K8), mRNA

1328

NM_008204

B:3778

cysteine-rich protein 1 {intestinal)
{CRIPT), mRNA

1385

NM_001311

B:3581

cysteine-rich protein 2 (CRIP2},
mRNA

1397

NM_001312

B:5543

v-crk sarcoma virus CT10
oncogens homolog {avian) (CRK),
transcript variant [, mMRNA

1388

NM_005206

B:6254

v-crk sarcoma virus 710
oncogene homolog (avian)-like
{CRKL), mRNA

1399

NM_005207

A:03447

CSE1 chromesome segregation 1~
iike (veast) (CSE1L), transcript
variant 2, mRNA

1434

Ni_177436

A10730

colony stimulating factor 1
{macrophage)} (CSF 1), transcript
variant 2, mRNA

1435

NM_172210

A(b457

colony stimulating factor 1 receptor,
formerly McDonough feline
sarcoma viral (v-fims} oncogene
homolog {CSF1R), mRNA

1436

NM_005211

B:1208

colony stimulafing factor 3
(granulocyte) (CSF3), transcript
variant 2, mRNA

1440

NM_172219

A:01629

¢-sre tyrosine kinase (CSK), mRNA

1445

NM_004383

A:Q7087

casein kinase 2, alpha prime
polypeptide (CENK2AZ), mRNA

1459

NM_001896

B:3638

cysteine and ghycine-rich protein 2
{CSRPZ), mRNA

1466

NM_001321

B:8828

C-terminal binding protein 1 CTBP1

1487

NiM_001012814,
NM 001328

A:08589

C~tarminal binding protein 2
(CTBP2), transcript variant 1,
mRNA

1485

NM_001328

TA02604

cardiotrophin 1 {CTF 1}, mRNA

1489

NM_001330

A05018

disabled homolog 2, mitogen-
responsive phosphoprotein
{Drosophiia) (DAB2), mRNA

1601

NM_001343

A08374

deleted in colorectal carcinoma
{DCC), mRNA

1 1830

NM,_0052715

A05578

| variant 1, mRNA

dynactin 1 (p150, glued homolog, J
Drosophila) (DCTN1), franscript

1639

NI 004082

A:04346

growth arrest and DNA-damage-
inducible, alpha (GADD45A),
mRNA

| 1647

NM_001924

B:9526

‘| DNA-tamage-inducibie transcript 3

(DDIT3), mRNA

1849

NM_004083

B:6726

DEAD/M (Asp-Glu-Ala-Asp/His) box
polypeptide 11 (CHL1-lke helicase
homolog, 3. cerevisiae) (DDX11),
transcript variant 1, mRNA

1663

NM_030853

B:1865

deoxyhypusine synthase (DHPS),
transcript variant 1, mRNA

1725

NM_001930

A:08887

diaphanous homolog 2 (Drosophila)
{DIAPH2), transcript variant 12C,
mRNA

1730

NM_007309

B:4704

sapfin 1 (SEPTT), mRNA j

1731

NM_052838
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A0B8535 dyskeratosis congenita 1, dyskerin 1736 NM_001383
(DKCT), mRNA

A 05805 discs, large homolog 3 1741 NNM_G21120
{neurcendocrine-dig, Drosophila)
(DLG3), mRNA

B:9032 dysirophia myotorica-containing 1762 NiM_004843
WD repeat mofif (DMWVD), mRNA

B:4538 DNAZ DNA replication helicase 2- 1763 XM_166103,
like (veast) (DNAZL), mRNA XM_938629

B:5286 dynein, cytoplasmic 1, heavy chain | 1778 NM_001378
1 {DYNC1HT), mRNA

B:8089 dynamin 2 (DNM2), franscript 1785 NM_001005382
variant 4, mRNA .

A05674 deoxynucieofidyltransferass, 1791 NM_004088
tarminal (DNTT), transcript variant
1, mMRNA

A:00289 heparin-binding EGF -itke growth 1838 NM_001845
factor (HBEGF), mRNA

B:3724 deoxythymidylaie kinasz 1841 NM_D12745
(thymidylate kinase) (DTYMK), '
mRNA '

A:01114 | dual specificity phosphatase 1 1843 NM_0D4417
(DUSP1}, mRNA

A:0B044 dual specificity phosphatase 4 1 1846 NM_057158
{DUISP4), transcript variant 2,
MRNA ‘

B:0208 dual specificity phosphatase 6 1848 NM_001948
(DUSPS), franscript variant 1,
mRNA

ADT7298 dUTP pyrophosphatase (DUT), 1854 NM_001848
nuciear gene encoding
mitochondrial protein, franscript
variant 2, mRNA

B:5540 E2F transcription factor 1 (E2F 1), 18689 NM_005225
mRNA

B:4216 E2F transcription factor 2 (E2F2), 1870 NN_004091
mRNA

B:6451 E2F transcripfion factor 3 (E2F3), 1871 NM_001949
mRNA

A:03587 E2F transcription factor 4, 1874 NM_001850
p107/p130-binding (E2F4), mRNA

C:2484 E2F ranscription factor 5, p130- 1875 NM_001851
hinding (E2F5), mRNA

B:8807 E£2F franscription factor 6 (E2F8), 1876 NM_001952
transcript variant 2, mRNA

C.2487 E4F transcription factor 1 (E4F1}, 1877 NM_D04424
mRNA ‘

A:04582 endothelial cell growth {actor 1 1890 NM_001853
{piatalst-derived) (ECGF 1), mRNA

A00257 endoihelial differentiation, 1903 NM_001401
lysaphosphatidic acid G-protein-
coupled recaptar, 2 (EDG2),

. franscript variant 1, mRNA

A08155 endothelin 1 (EDNT), mRNA 1906 NM_001855

A:0B447 endothelin receptor type A 1808 NM_001857
(EDNRA), mRNA

’ 1850 NWM_001863

(T:DQMO

|

epidermal growih factor (bata-
urogasirong) (EGF), mRNA
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A:10005 gpidermal growth factor receptor 1958 NM_005228
(erythroblastic leukaemia viral (v-
arb-b) oncogene homaolog, avian)
(EGFR), franscript variant 1, mRNA

A:03312 sarly growth response 4 (EGR4), 1961 NM_0019865
mRNA

A0BT18 eukaryolic transtation inffiation 1982 NM_001418
facior 4 gamma, 2 (EIF4G2), mRNA

A10651 E74ike factor 5 (sts domain 2001 NM_001422
transcription factor) (ELF5),
transcript variant 2, mRNA

A07972 ELK3, ETS-domain protein (SRF 2004 NM_005230
accessory protein 2) (ELK3), mRNA

A08224 elastin (supravalvuiar aortic 2006 NM_000501
stenosis, Williams-Beuren
syndrome) (ELN}, mRNA

AN0287 spithelial membrane proiein 1 2012 NM_001423
(EMP1}, mRNA

A:09810 epithelial membrane protein 2 2013 NM_001424
(EMP2), mRNA

A00787 epithelial membrane protein 3 2014 NM_001425
{EMP3), mRNA

AQ7219 giutamy! aminopepfidase 2028 NM_001877
(aminopepiidase A) (ENPEP),
mRNA

A10188 £1A binding protein p300 (EP300), | 2033 NM_001429
mRNA

A10326 EPH receptor B4 (EPHB4), mRNA | 2050 NM_004444

A:04352 giutamyl-profyl-tRNA synthetase 2059 NM_004445
(EPRS), mRNA

A04352 glutamyi-profyl-tRNA synthetase 2060 NM_004446
{(EPRS), mRNA

A:08200 nuciear receptor subfamily 2, group | 2063 NNM_ 005234
+, member 8 (NR2ZFS), mRNA

B:1428 v-arb-b2 erythroblastic leukaesmia 2084 NM_001005862,
virat oncogene homoiog 2, NM_004448
neuro/ghioblastoma derived
oncegene homolog (avian) ERBBE2

A:02313 v-arb-a erythroblasiic leuksemia 2066 NM_005235
viral oncogene homoiog 4 (avian)
{(ERBB4), mRNA

A:0B898 apiregulin (EREG), mRNA 2069 NM_001432

T A07916 Ets2 repressor factor (ERF), mRNA . | 2077 | NM_006494

B:9779 v-gts erythroblastosis virus £26 2078 NM_182918
oncogene like {avian) (ERG),
transcript variant 1, mRNA

C:2388 aenhancer of rudimentary homolog 2079 NM_004450
{Drosophila) (ERH), mRNA

R:5360 endogenocus retroviral seguence 2087 UB7505
K(C4), 2 ERVK2

32788 astrogen receptor 1 {ESR1), mRNA | 2088 NM_000125

A:01586 v-gts erythroblastosis virus E26 2113 NM_005238
pncogene homolog 1 (avian)
(ETS1), mRNA

AO7704 | v-ets erythroblastosis virus £26 2114 NM_005239
oncogene homolog 2 {avian)
{ETS2), mRNA
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A:00824

ecotroplc viral integration site 2A
(EVI2A), franscript variant 2, mRNA

2123

NM_014210

A07732

exostoses (muliiple) 1 (EXT1),
mMRNA

2131

NM_000127

A10483

exosfoses (multiple) 2 (EXT2),
franscript variant 1, mRNA

2132

NM_000401

AL7741

coaguiation facior I (thrombin) (F2),
mRNA

2147

NM_0G0508

A0B727

coaguiation factor Il {thrombin)
recepior (F2R), mRNA

2148

NM_001992

A10554

i

fatty acid binding protein 3, muscie
and heart {mammary-derived
growth inhibiior) (FABP3), mRNA

2170

NM_004102

A10780

fatty acid binding protein 5
{psoriasis-associated) (FABPDS),
mRNA

2172

NM_001444

B:9700

fafty acid binding protein 7, brain
FABF7

H
[ 2173

NM_001446

C:2632

PTK2B protein tyrosine kinase 2
bata (PTK2B), transcript variant 1,
mRNA

2185

NM_173174

A:07570

Fanconi anemia, complementation
group G (FANCG}, mRNA |

2188

Ni_004628

A:08248

membrane-spanning 4-domains,
subfamily A, member 2 (Fc
fragment of IgE, high affinity I,
recepior for; beia polypeptide)
(MS4A2), mRNA

12206

NM_000139

B:80&5

flap structurs-specific endonuciease
1 {FEN1), mRNA

2237

NM_004111

[A10689

7

glypican 4 (GPC4), mRNA

2238

NM_ 001448

B.7897

| mMRNA

fer (fps/fes related) tyrosine kinase
(phosphoprotein NCPB4) (FER),

2242

NIM_005246

8:1852

fibrinogen alpha chain (FGA),
transcript variant alpha-E, mRNA

2243

NIM_000508

B:1809

fibrinogen betz chain (FGB), mRNA

2244

NM_005741

A078Db4

fibrobiast growth factor 1 (acidic)
(FGF 1), franscript variant 1, mRNA. .

2246

NM_000800

L
B:7727

fibroblast growth factor 2 (basic)
(FGF2}, mRNA

2247

NM_002006

TADTE5T

fibroblast growth factor 3 {murine
mammary fumour virus integration
site (v-int-2) oncogene homolog)
(FGF3), mRNA

2248

NM_005247

A:10568

" secretory transforming protein 1,

fibrobilast growth factor 4 (heparin

Kaposi sarcoma oncogene) (FGF4),
mRNA

2249

NM_002007

Cr2678

fibroblast growth factor 5 (FGFB),
transcript variant 2, mRNA

2280

NM_033743

1 AD4438

fibrobiast growth factor 6 (FGFS),
mRNA

2251

NM_020008

C:2713

fibroblast growth factor 7
(keratinocyte growth factor) (FGFT),

mRNA
]

2252

NM_002008

B:8151

fibroblast growth factor 8
{androgen-induced) (FGF8), [

2253

NM_006119
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-

transcript variant B, mRNA

variant 3, mRNA

A10353 fibroblast growth factor 9 {glia- 2254 NM_002010
activating factor) (FGF8), mRNA
A:10837 fibroblast growth factor 10 (FGF10), | 2255 NM_004485
mRNA
| B:1815 fibrinogen gamma chain (FGG), 2266 NM_021870
transeript variant gamma-B, miRNA
A:01437 furnarate hydratase (FH), nuclear 2271 NM_000143
gene encoding mitochondrial
protein, mRNA
A04648 fragile histidine friad gene (FHIT), 2272 NM_002012
mRNA
B:1938 e-fos induced growth factor 2277 NM_004459
{vascular endothelial growth facior
D) (FIGF), mRNA
B.5100 fms-related tyrosine kinase 1 2321 NM_002019
{vascular endothelial growth
factor/vascular permeabifity factor
recepior} FLT1
A:05859 fms-reiated tyrosine kinase 3 2322 NM_004118
(FLT3), mRNA i
A:D5362 fms-related tyrosine kinase 3 ligand | 2323 NM_00145%
(FLT3LG), mRNA
A:05281 v-fos FB.J murine osteosarcoma 2353 NM_005252
viral oncogens homoiog (FOS), :
mRNA
A:01985 FBJ murine osteosarcoma viral 2364 Ni_008732
oncogene homotog B (FGSB),
mRNA
A01738 fyn-related kinase (FRIK), mRNA 2444 NM_002031
A036814 FK506 binding protein 12- 2475 NM_004858
rapamycin associated profein 1
{(FRAP1}, mRNA
A:0BO73 ferritin, heavy polypeptide 1 (FTH1), | 2485 NM_002032
mRNA
A:03846 EYN oncogene related fo SRC, 2534 NM_002G37
EGR, YES {FYN}, transcript variant )
1, mRNA
B:89714 X-ray repair compiemeanting 2547 NM_001468
defective repair in Chinese hamster
celis 6 (Ku autoantigen, 70kDa)
{(XRCCH), mRNA ] o
A:02378 GRBR2-associated binding protein 1 | 2549 NM_002039
{GAB1), transcript variant 2, mRNA
A07229 cyclin G associated kinase (GAK), | 2580 NM_005255
mRNA .
B:9019 growth arrest-specific 1 (GAS1), 26819 NM_002048
mRNA
B:8019 growth arrest-specific 1 (GAS1), 2820 NM_002048
mRNA
B:8020 growth arrest-specific 6 (GASS), 2621 NM_000B20
mMRNA
"1 A10083 growth arrest-specific 8 {GASE), 2622 Ni_001481
mRNA
A:09801 glucagon (GCGE), mRNA 2641 NM_002054
A:0S068 nuciear receptor subfamily 6, group | 2648 NM_033335
A, member 1 (NRBAYT), transcript
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B:4833 growtn factor, augmenter of liver 2671 NM_005282
regenerafion (ERV1 homolog, S.
ceravisiae) (BFER), mRNA
{ A:0BB0E growth factor independent 1 (GFI1), | 2672 NM_005263
mRNA
| A:02108 GPI anchored molecule fike protein | 2765 [ 'NM_002086
{GML), mRNA
A05004 gonadotropin-reisasing hormone 1 2796 NM_000825
(iuteinizing-releasing hormone}
(GNRH1), mRNA
B:4B23 stratifin (SFN), mRNA 2810 NM_006142
B:3553_hk- | G protein pathway suppressor 1 2873 NM_2124082
ri {GPS1), transcript variant 1, mRNA
A04124 G protein pathway suppressor 2 2874 NM_004489
{GPS2), mRNA
AD5918 granulin (GRN), franscript variant 1, | 2896 NRM_002087
mRNA
C.0852 glucocoriicoid receptor DNA binding | 2909 NM_004491
factor 1 GRLF1 .
A:04681 chemokine (C-X-C moiif) figand 1 2919 NM_001511
{melanoma growth stimulating
activity, alpha) {CXCL1T}, mRNA ,
A07783 gastrin-releasing peptide receptor 2825 Ni_005314
{GRPR), mRNA
B:92%4 glycogen synihase kinase 3 beta 2832 NM_002083
{BSK3B), mRNA
A07312 G1 to S phase transiiion 1 2935 NM_002094
(GSPT1), mRNA
A09859 muiS hamolog 6 (E. coli) (MSHB), 2856 NM_000179
mRNA
A:04525 general transcription factor HH, 2885 NM_00E8316
! polypeptide 1 (62kD subunit)
{GTF2H1), mRNA
B:2176 hepatoma-derived growth factor 3068 NM_004494
(high-mobility group protein 1-like)
{(HDGF), mRNA
B:8981 hepatocyte growth factor 3082 NM_001010832
(hepapoietin A; scatter factor)
{HGF), franscript variant 3, MRNA
A:15880 hematopoietically expressad 3090 NM_002728
homeobox (HHEX), mRNA
AD5673 hexokinase 2 (HK2), mRNA 3099 NM_0060188
AHO377 high-mobility group box 1 (HMGB1), | 3146 NM_002128
mRNA .
A:07252 solute carrier family 28 (nucleoside | 3177 NM_001832
_i transporters), member 2
(SLC29A2), mRNA
A:D4418 heterogensous nuciear 3191 NM_001533
ribonucieoprotein L (HNRPL),
iranscrint varant 1, mRNA
| G:1928 homeo box C10 (HOXC10), mRNA | 3226 | NM_D17400
A:08912 homeo box M3 (HOXD13), mRNA | 3239 NM_ 000523
A0B837 v-Ha-ras Harvey rat sarcoma viral 3285 NM_0D5343
oncogene homoiog (HRAS),
transcript variant 1, mRNA
A:0B143 heat shock 70kDa protein 1A 3304 NM_005345
{(HSPA1TA), mRNA
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A:05469 heat shock 70kDa protein 2 3306 I'NM_021578
(HSRPAZ) mRNA
A08246 5-hydroxytryptamina {serotonin) 3350 NM_000524
recepior 1A {(HTR1A), mRNA
A07300 HUS1 checkpoint homoiog (S. 3364 NM_004507
pombe) (HUS1), mRNA
R.7639 interferon, gamma-inducible protein | 3428 NNM_0058531
18 IF118
A04388 interferon, beta 1, fibroblast 3456 NM_002176
(IFNB1), mRNA |
A:02473 interferon, omega 1 (IFNW1), 3487 [ NM_002177
mRNA
B:5220 insulin-like growth factor 1 3479 NM_000618
(somatomedin C} IGF1
C:0361 insulin-ike growth factor 1 receptor | 3480 NM_000875
IGF1R
B:5688 insulin-fike growth factor 2 3481 NM_000612
- (somatomedin A) (IGF2), mRNA
A:08232 insulin-like growth factor binding 3487 ‘NM_001552
protein 4 (IGFBP4) mRNA
A02232 insulin-fike growth factor binding 3489 NM_002178
protein 6 (IGFBPS), mRNA
A:03385 insulin-like growth facior binding 3490 NM_D01553
protein 7 (IGFBP7), mRNA
B.8268 cysteine-rich, angiogenic inducer, 3491 NW_001554
61 CYRS1
C.2817 immunoglobulin mu binding protein | 3508 NM_ 002180
2 (IGHMBP2), mRNA
A07781 interieukin 1, aipha (IL1A), MRNA 3852 NM_00C575
A:08500 interleukin 1, beta (IL1B), mRNA 35653 NM_000576
A02668 interieukin 2 (IL2), mRNA 3558 NM_000588
AC371 interlaukin 2 receptor, aipha 3559 NM_000417
(IL2RA), mRNA
BA4T21 interleukin 2 receptor, gamma 3561 NM_000206
(severe combined
immuneodeficiency} ((L2RG), mRNA
A08678 interisukin 3 (colony-stmuiating 3562 NM_000588
factor, muliipie) (1L.3), MRNA
A:05115 interleukin 4 (IL4), transcript variant | 3585 NM_B00589
1, MRNA
A04787 interteukin 5 (colony-stimuiating 3567 NM_D00B79
factor, eosinophil) (IL5), mRNA
A00154 interleukin 5 receptor, alphs 3568 NM_000564
{ILBRA), transcript variant 1, mRNA - . )
AQ0705 interlzukin 6 (interferon, beia 2} 3668 NM_000600
{iLE), mRNA
B:6258 interieukin 6 receptor {ILBR), 3570 NM_D00585
transcript variant 1, mRNA
| A:04305 interieukin 7 (IL7), mRNA 3574 Ni_000880
| A:06289 interieukin 8 {IL8), mRNA 3578 NIV_000584
A:10398 interleukin 8 {IL9), mRNA 3578 NNM_000580
B:8037 inferleukin 8 receptor, beta (IL8RB), | 3578 NM_001857
MRNA
A07447 interleukin 9 recepior (ILBR), 3581 NM_D02186
transcript variant 1, mRNA
A07424 interteukin 10 {(IL10), mRNA 3588 NWM_000572
C:2709 intereukin 11 (IL11), mRNA 3589 NM_000841
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mRNA

A:02631 interteukin 124 (natural killer cell 355827 NM_000882
stimulatory factor 1, cytotoxic
lymphocyte maturation factor 1,
p35) (IL12A), mRNA

A01248 interleukin 12B (natural killer cell 3583 NM_002187
stimuiatory factor 2, cytoioxic
lymphacyte maturation factor 2,
p40} (IL12B), mRNA

A:02885 interieukin 12 receptor, beta 1 3584 NM_D05535
(IL12RB1), franscript variant 1,
mRNA

B:49256 interleukin 12 recepior, beta 2 3595 NM_0015658 -
{IL12RB2), mRNA

C:2230 interieukin 13 {I.13), mRNA 3586 NM_002188

A02144 interleukin 13 receptor, aipha 2 3589 NM_000640
(IL13RAZ), mRNA

A05823 interleuiin 15 (IL15), transcript 3600 NM_000585
variant 3, mRNA

A:05507 interieukin 15 raceptor, alpha 3601 NM_002188
{IL15RA)}, transcript variant 1,
miNA

A:08802 tumour necrosis factor receptor 3604 NM_001561
superfamily, member 8 {TNFRSFS),
mRNA

A01781 interieukin 18 (interferon-gamma- 3608 NM_001562
inducing factor) {IL18), mRNA

B:1174 interteukin enhancer binding factor | 3608 NM_0142218
3, 80kDa (ILF3), transcript variant 1,
mRNA

AD8580 integrin-linked kinase {ILK}, 36814 NM_D04517
transcript variant 1, mRNA

A04678 inner ceniromere protein antigens 3818 NM_020238
135/155kDa (INCENP), mRNA

B:8330 inhibitor of growth family, member 1 | 3621 NM_005537
(ING1), transcript variant 4, mRNA

A:05285 inhibin, aipha (INHA), mRNA 3623 NM_002181

A:02189 inhibin, beta A {activin A, activin AB | 3624 NM_002182
aipha polypeptide) (INHBA), mRNA

B:4801 chemokineg (C-X-C mofif) ligand 10 | 3627 NM_001565
(CXCL10), mRNA

B:3728 insulin induced gene 1 (INSIGT), 3638 NM_005542
franscript variant 1, mMRNA

A:08018 insulin-ltke 4 (placenta) (INSL4)}, 3641 NM_062185
mRNA ‘

A:02881 interfercn reguiatory factor 1 (IRF1), | 3650 NM_002198
mRNA .

A:00655 interferon reguiatory facior 2 (IRF2), | 3660 NM_002189
mRNA

B:4265 interferon stimulzsied exonuclease 3689 NM 002201
gene 20kDa (ISG20), mRNA

C:0385 jagged 2 (JAG2Z), transcript variant | 3714 NM_002226
1, mRNA - :

| A:0B4ATO Janus kinase 2 (a proiein fyrosine 3717 NiM_004872

kinase) {(JAKZ), mRNA

A:04848 v-jun sarcoma virus 17 ancogeneg 3725 NM_062228
homolog {avian) {(JUN}, mRNA

A:08730 | jun B profo-oncogene (JUNB), 3726 1 NM_002220
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A06584

kinesin family member 11 (KiF11),
mRNA

3832

NM_004523

B:4887

kinesin famiiy member C1 (KIFC1),
mRNA

3833

NW_002263

AB2380

kinesin family member 22 (KIF22),
mRNA

3835

NM_007v317

B:4036

karyophaerin alpha 2 (RAG cohort 1,
importin aipha 1) (KPNAZ2), mRNA

3838

NM 002266

B:8230

v-Ki-ras2 Kirsten rat sarcoma viral
pncagene homolog (KRAS),
transcript variant b, mRNA

3845

Nii_004585

A 08264

keratin 16 {(focal non-epidermolytic
paimoplantar keratoderma)
(KRT16), mRNA

3868

"NM_005557

B:6112

lymphocyie-specific protein tyrosine
kinase (LCK), mRNA

3832

NM_005356

A02572

laukaemia inhibitory factor

' {cholinargic differentiation factor)

(LIF), mRNA

3976

NM_ 002309

A02207

figase |, DNA, ATP-dependent
(LIG1), mRNA

3878

NM_000234

A:(8B91

ligase lll, DNA, ATF-depsndent
(LIG3), huclear gene encoding
rmitochondrial protein, transcript
variant alpha, mRNA

3980

NM_013875

AD5287

ligase IV, DNA, ATP-dependent
{LIG4), mRNA

3881

NI_206837

B:8631

LIM domain oniy 1 (rhomboiin 1)
{LMO1), mRNA

4004

NM_002375

AD0804

LIM domain containing preferred
tranglocation pariner in lipoma
(LPP), mRNA

4029

NM_008578

A:00504

LIM domain containing preferred
transkacation pariner in ipoma
(LPP), mRNA

4030

NM_D05578

B:0707

iow density lipoproiein-retated
protein 1 (alpha-2-macroglobulin
recepior) (LRP1), mRNA

4035

NM_002332

A:D9461

iow density lipoprotein recepior-
related protein 5 (LRPS), mRNA

4041

NM_002335

A:03776 .

low densily {ipoprolein recepior-
relatad protein associated protein 1
{LRPAP1), mRNA

4043

NM_002337

B:7687

fatent transforming growth facior
bata binding protein 2 (LTBP2),
mRNA

4053

NIM_000428

£:2653

v-yes-1 Yamaguchi sarcoma viral
related oncogene homolog (LYN),
mRNA

4087

NM_002350

At0813

tumour-associated calcium signal
transducer 2 (TACSTD2), mRNA

4070

NM_002353

A03716

MAX dimerization profein 1 (MX21),
mRNA

4084

NM_002357

I A:0B387

MAD2 mitofic arrest deficient-like 1
(yeast) (MAD2L1), mRNA

4085

NM_002358

EJ B8:5689
é

v-maf musculoaponeurotic
fibrosarcoma oncogeng homolog G

| 4097

NM_002359

{avian) (MAFG), franscript variant 1,
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mRNA

A:03848

MAS1 oncogane (MAS1}, mRNA

4142

NM_002377

B:8275

megakaryocyie-associated fyrosine
kinase {MATRK), ranscript variant 1,
mRNA

4145

NM_139355

B:4428

mutaied in colorectal cancers
(MCC), mRNA

4183

NM_002387

A:0B8834

MCM2 minichromosome
mainienance deficient 2, mifotin {S.
cerevisias) (MCM2), mRNA

4171

NW_004528

A 0BSGE

MCM3 minichramosome
maintenance deficient 3 (S.
cerevisiag) (MCM3), mRNA

4172

NM_002368

B:7581

MCM4 minichromosome
mairnienance deficient 4 (S.
cerevisiae) (MCM4), iranscript
variant 1, mRNA

4173

NM_005814

B:7805

MOCMS minichromosoms
maintenance deficient 5, cell
division cycle 46 (8. cerevisias)
{MCM5), mRNA

4174

NM_008738

B:8147

MCMB minichromosome
mainienance deficient § (MIS5
homolog, S. pombe} (8. cerevisiae)

1 (MCM8), mRNA

4175

NM_005815

B:7620

MCM7 minichromosome
maintenance deficient 7 {S.-
ceravisiae) MCMY

4176

NM_005916

B:4650

midkine {neurite growth-promoting
factor 2) (MDK), transcript variant 1,
mRNA

4192

NM_001012334

B:85648

Mdm2, transformed 3T3 cell double
minute 2, p53 binding profein
{mouse) {(MDM2), transcript variant
MDM2z, mRNA

4183

NM_008578

A:03964

Mdmd, transformed 3T3 cell doubie
minute 4, p53 binding protein
(mouse) (MDM4), mRNA

4194

NM_002383

L
A10600

RABBA, member RAS ancogene
family {RABBA}, mRNA

4218

NM_005370

B:8222

met proto-oncogens (hepatocyts
growth factor receptor) MET

4233

'NM_000245
]

A09470

KIT ligand (KITLG}, transcript
variant b, mRNA

4254

{
NM_000889

A01675

O-8-methylguanine-DNA
methvliransferase (MGMT), mRNA

| 4255

NM_002412

A:10388

antigen identified by monocionai

*| antibody Ki-67 {MKIG7), mRNA

4288

NM_002417

A0B073

mutl homolog 1, colon cancar,
nonpolyposis fype 2 (E. col)
(MLH1}, mRNA

4292

NM_000245

B:7492

myeloid/iymphoid or mixed-iineage
leukaemia (rithorax homolog,
Drosophila); translocated to, 7
(MLLT7), mRNA

4303

NM_005838

A:09844

meningioma {disrupted in balanced
translocation) 1 (MN1), mRNA

4330

| NM_002430

A:088568

rrenage a troig 1 (CAK assembly
factor) (MNAT 1), mRNA

4331

( NM_002431
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A:02100

MAX binding protein (MNT), mRNA

[ 4335

NM_ 020310

AG2282

v-mos Moloney murine sarcoma
viral oncogene homoiog (MOS}),
mRNA

4342

NM_p05372

A:068141

myeloproliferative leukaemia virus
ancogene (MPL), mRNA

4382

NM_ 005373

A04072

MRE1T1 meiotic recombination 11
homolog A {S. ceravisiag)
(MRE11A), transcript variant 1,
mRNA

4361

NM_005581

A:04072

MRE11 meiotic recombination 11
homolog A {S. cerevisiae)
{(MRE11A), transcript variant 1,
mRNA

4362

NM_(05591

A04514

mutS homolog 2, colon cancer,
nonpolyposis fype 1 (E. coli)
{(MSH2), mRNA

4438

NM_000257

A06785

mutS homolog 3 (E. coli) (MSH3),
mMRNA

4437

NM_0G2439

A:02756

mutS homolog 4 (E. colf} (MSH4),
mMRNA

4438

NM_002440

A:08339

mutS homolog 5 (E. coli) (MSHB),
transcript variant 1, mRNA

4438

NM_(025259

A:04591

macrophage stimulating 1 recaplor
{c-met-related tyrosine kinase)
{(MST1R), mRNA

4486

NN_002447

A05592

metallothionein 3 (growth inhibilory
factor (neurotrophicl) (MT3), mRNA

4504

NM_005854

C:2383

mature T-cell proliferation 1
(MTCP1}, nuclear gene encoding
mitochondrial protein, transcript
variant B1, mRNA

4515

NM_014221

1 AD1898

mutY homolog (E. coli) (MUTYH),
mRNA

4585

NM_012222

[ A:10478

MAX interactor 1 (MXI1), transcript
variant 1, mRNA

4601

NM_005862

B:5181

v-myb myeloblastosis viral
oncogene homolog (avian) MYB

4602

NM_005375

B:5428

v-myb myelobiastosis viral
oncogene homoiog {avian)-like 1
(MYBL1), mRNA

4803

XM_034274,
XM_833460,
XM_938064

A:05037

v-myb mysiohlastosis viral
oncogeng homolog (avian)-like 2
{(MYBLZ), mRNA

4805

NM_002466

A02448

v-myc myelocytormnatosis viral

oncogene homoiog (avian) (MYC),

mRRNA

4608

NM_002467

C:2723

myosin, heavy polypeptide 10, non-
muscle (MYH10), mRNA

4628

TNM_005954

B:4239

NGFI-A binding protein 2 (EGR1
binding protein 2) (NAB2), mRNA

4685

NM_005987

B:1584

nucieasome assembly protein 1-like

1 (NAP1L1}, transcript variant 1,
mRNA

4873

NM_138207

ADE2RB0

neurcblastoma, suppression of
tumourigenicity 1 (NBL1), franscript
variant 1, mRNA

4681

NM_182744

AD2367

nucieotide binding protein 1 (MinD
homolog, E. coli) (NUBP1), mRNA

4682

NM_002464
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A10519

| nibrin (NBN), transcript variant 1,

mRNA

4683

NM_002485

AD5EE8

NCK adaptor protein 1 (NCK1),
mRNA

4680

NM_008153

A07320

necdin homoiog (mouse) (NON},
mRNA :

4682

NWM_0C2487

B:5481

Norrie dissase (pseudoglioma)
{NGP), mRNA

4683

NM_000268

B:4781

sepiin 2 (SEPT2), franscript variant
4, mRNA

4735

NM_004404

AD4128

neural precursor cell expressed,
developmentally down-regulated 9
(NEDD®), transcript variant 1,
mRNA

4738

NM_ 006403

B.7542

NIMA (never in miiesis gene aj)-
related kinase 1 (NEK1), mRNA

4750

NM_012224

AQ08B47

NIMA (never in mitosis gene a)-
related kinase 2 (NEK2), mRNA

4751

NM_002497

B:7585

NIMA (never in mitosis gene a)-

related kinase 3 (NEK3), transcript

variant 1, mRNA

4752

NM_00G2498

B:9751

naurofibromin 1 (neurofibromatosis,
von Recklinghausen dissase,
Watson disease) (NF 1), mRNA

4763

NM_00G267

B:¥527

neurofivromin 2 {bilateral acoustic
neuroma) (NF2), transcript variant
12, mRNA

4771

NM_161825

B:8431

nuciear factor /A {NFIA), mRNA

4774

NM_005585

AG3728

nuclear factor /B (NFIB), mRNA

4781

NM_005586

B:5428

nuclear factor I/C (CCAAT-binding
transcription factor) (NFIC),
franscript variant 1, mRNA

4782

NM_005597

C:6826

nugciear factor X (CCAAT-binding
transcripiion facior) (NFIX), mRNA

4784

NM_ 002501

B:5078

nuclear franscription factor Y,
gamma NFYC :

4802

NM_014223

A:05462

NHFZ non-histone chromosome
protein 2-like 1 (3. ceravisiae)
(NHP2L1), transcript variant 1,
MRNA

4809

NM_005008

AD1877

non-metastatic cells 1, protein
(NMZ23A) expressed in (NMET),
franscript variant 2, mRNA

4830

NM_0002560 |

A:04306

non-metastatic calis 2, protein
{NMZ23B) expressed in (NME2),
transcript variant 1, mRNA

4831

N _002512

i

G122

nucieolar protein 1, 120kDa
{NOL1), transcript variant 2, mRNA

4838

NiM_001033714

A:08585

neuropeptide Y (NPY), mRNA

4862

NM_000905

AD0578

Notch homolog 2 (Drosophila)
(NOTCH2), mRNA

4853

NM_(24408

A02787

neuroblasioma RAS viral {v-ras)
ongogene homolog (NRAS), mRNA

4893

NM_002524

B:6130

nuclear mifolic apparaius protein 1
(NUMAT), mRNA

4926

NM_006185

A04432

optoid receptor, mu 1 (OPRMT},
transcript variant MOR-1, mRNA

4988

NM_0008714

A02654

arigin recagnition compiex, subunit
1-ike {yeast) (ORC1L), mRNA

; A998

NN_004153

42




r

A01657

origin recognition compiex, subunit
2-ike {(yeast) (ORC2ZL), mRNA

4889

NM_006180

A:DB724

origin recognition complex, subunit
4-like (yeast) (ORCA4L), transcript
variant 2, mRNA

5000

NM_002552

C:1244

origin recognition complex, subunit
5-like (yeast) (ORCSL), transcript
variant 2, mENA

5001

NM_181747

A:08389

oncostatin M (OSM), mRNA

5008

NM_020530

AQ7058

prolfiferation-associated 2G4, 38kDa
(PAZE4), mRNA

5038

NM_006197

A:D4710

platelet-activating factor
acetythydrolass, isoform lb, aipha
subunit 45kDa (PAFAHTBT), mRNA

5048

+ NM_00D430

A03387

paroxiredoxin 1 (PRDX1), transeript
variant 1, mRNA

5052

NM_002574

B:4727

regenerating islet-derived 3 alpha
(REG3A), franscript variant 1,
mMRNA

5068

NM_ 002580

A03215

PRKC, apoptosis, WT1, regulator
{FAWR), mRNA

5074

NI_D02583

AQ3715

profiferating cell nuclear antigen
(PCNA), transctipt variant 1, mRNA

3111

NM_002582

A:00486

PCTAIRE protfein kinase 1
(PCTK1}, transcript variant 1,
mRNA

5127

NM_006207

A00486

PCTAIRE protsin kinase 1
(PCTK1), transcript variant 1,
mRNA

5128

NM_006201

C.2666

piatelei-darived growth factor alpha
polypeptide (PDGFA), transcript
vartant 1, mRNA

5154

NM_002607

B.75618

platelet-derived growth factor beta
polypeptide (simian sarcoma viral
{v-sis) oncogene homoiog)
(PDGFB), tfranscript variant 1,
mRNA

51585

NM_002608

A02348

i platelet-derived growih factor

recaptor, alpha polypepfide
{PDGFRA}, mRNA

5156

NM_008208

A:00878

PDZ domain containing 1 (PDZK1),
mMRNA

5174

NM_002614

A:04139

serpin peptidase inhibitor, clade F
(alpha-2 antiptasmin, pigmernt

epitheiium derived factor), member

T (SERPINF1), transcript variant 4,
mRNA '

5178

Nii_002615

i

B:4669

- prefoldin 1 {(PFDNT), mRNA

5201

NM_002622

A:00156

placental growth factor, vascular
endothelial growth factor-related
profein {PGF), mRNA

5228

NM_002632

B:8242

phosphoinosiide-3-kinase,
catalytic, beta polypeplide
(PIK3CE), mRNA

5291

NM_006219

A08857

protein (peptidyl-proiyl cisftrans
isomerase) NiMA-interacting 1
{PIN1), mMRNA

5300

NM_008221

|

A:00888

pieiomorphic adenoma gene-like 1
(PLAGL1), franscript variant 2,

8325

NM_008718
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mRNA

A:08388

plasminogen (PLG), mRNA

5340

NI_000301

B:3744

poio-fike kinase 1 (Drosophita)
{PLK1}, mRNA

5347

NM_005030

B:4722

peripheral myelin protein 22
{(PMP22), transcript variani 1,
mRNA

5378

NM_000304

A10286

PMS1 postmeiotic segregation
increased 1 (8. cerevisiag) (PMS1),

miRNA

5378

NM_0005834

A:10286

PMS1 posimeiotic segregation
increased 1 (S. cerevisias) (PMS1),
mRNA

5379

NN_000634

B:9336

pustmeiotic segregaiion increased
2-iike 2 (PMS2L2), mRNA

5380

NM_002879

B:8336

postmeiotic segregation incraased
2-like 2 (PMS2L.2), mRNA

5382

NW_002679

AM0457

postmeiotic segregation increased
2-jike § (PMS2L5], mRNA

5383

Ni_1748930

A10467

postmeiotic segregafion increased
2-like 5 (PMS2L5), mRNA

5386

NM_ 174830

A:02006

PMS2 postmeiofic segregation
mereased 2 (8. cerevisiaz) (PMS2),
transcript variant 1, mRNA

5385

NM_000535

B:6731

septin 5 (SEFTS), transcript variant
1, mRNA

5413

NM_002688

A08062

seplin 4 (SEPT4), transcript variant
1, mRNA

5414

NM_0045674

A06543

polymerase (DNA directed), atpﬁa
(POLA), mRNA

5422

NM_016937

A02852

polymerase {DNA directed), bata
(POLB), mRNA

5423

NM_002630

A00477

polymerase (DNA directed), deliz 1,
catalytic subunit 125kDa (POLD1),
mRNA

5424

NM_002691

A:0282C

polymerase (DNA directed), delta 2,
regulatory subunit 50kDa (POLDZ),
mRNA

5425

NIM_006230

B:3195

polymerase (DNA directed), epslion
POLE

5426

NIM_005231

A:04880

polymerasa (DNA direcied), epsiton
2 {p39 subunit) (POLEZ), mRNA

5427

NM_002682

A08572

polymerase (DNA dirscted), gamma
{POLG), mRNA

5428

NM_002693

A0B548

polymerzse (RNA) mitochondrial
{DNA directed) (POLRMT), nuclear
gene encoding mifochondrial
profein, MRNA

| 5442

NM_005035

| A:00480

POU domain, class 1, transcripfion
factor 1 (Pit1, growth hormone
factor 1) (POUTF1), mRNA

5449

Ni_000306

C:6980

peroxisome proliferative aciivated
receptor, delta (PPARD), franscript
variant 1, mRNA

5467

NM_ 008238

B:0695

PPAR binding protein (PPARBP),
mRNA

5469

NM_004774

A0622

pro-platelet basic protain
{chemokine {C-X-C moiif) ligand 7)
{PPBP), mRNA

5473

NM_002704
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A0B431

protein phosphatase 16 (formerly
2C), magnesium-dependent,
gamma isoform {PPM1G), franscript
variant 1, mRNA

5486

NM_177983

A0B348

proiein phosphatase 1, catalyiic
subunit, alpha isoform {(PPP1CA),
transceript variant 1, mRNA

54899

NM_002708

B:0043

protein phosphatase 1, catalytic
subunit, beta isoform (PPP1CB),
franscript variant 1, mRNA

5500

NN_0062708

200054

protein phosphatase 1, catalytic
subunit, gamma isoform (PPP1CC),

mRNA

5501

NM_002710

A:01231

protein phosphatase 2 (formerly
24), catalytic subunit, alpha lsoform
(PPP2CA), mRNA

5515

| 'NM_002715

A03825

protein phosphatase 2 (formerly
2A), reguiatory subunit A (PR 85),
alpha isoform (PPP2ZR 1A}, mRNA

5518

NM_014225

A01064

protein phosphatase 2 (formerly
24), regulatory subunit A (PR 85),
beta isoform (PPP2R1B), franscript
variant 1, mRNA

5519

NM_002716

A00874

protein phosphatase 2 (formerly
2A), regulatory subunit B", aipha
{PPP2R3A), transcript variant 1,
mRNA

5523

NM_002718

A07683

protein phosphatase 3 (formeriy
2B), catalylic subunit, beta isoform
{caicingurin A beta} (PPP3CE),
mRNA

5532

NM_021132

A:00032

protein phosphatase 5, catalytic

subunit (PPP5C), mMRNA

5536

NM_008247

A0Z2880

protein phosphatase 8, catalytic

| subunit (PPPBC), mRNA

5637

NM_002721

A:07833

primase, polypepfide 1, 48kDa
{PRIM1}, mRNA

5857

NM_000546

A0B706

primase, polypepiide 2A, 58kDa
PRIM2A

5558

NM_000847

A00853

protein kinase, cAMP-dependent,
reguiztory, type |, aipha (fissue
specific extinguisher 1)
{PRKAR1A), transcript variant 1,
mRNA

5573

NM_002734

A:07305

protein kinase, cAMP-dependent,

reguiafory, type ll, baia
(PRKARZ2B), mRNA

5578

NM_ 002735

[ A:DBETO

protein kinase D1 (PRKD1), mRNA

5587

NM_002742

AD5228

protein kinase, cGMP-dependent,
type !l [PRKG2), mRNA

5593

NM_006259

B:6263

mitagen-activated protein kinase 1
(MAPKT), transcript variant 1,
mMRNA

5594

NM_D02745

BE471

mitogen-activated protein kinase 3
{MAPK3), mMRNA

5585

NM_002745

B:9086

mitogen-activated proi=in kinase 4
{MAPK4), mRNA

5586

NM_002747

j A:03644

mitogen-activaied protein kinase &
(MAPKE), mRNA

5597

NM_D0Z2748
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A (PURA), mRNA

[ A:09951 mitogen-activated protein kinase 7 | 5598 NM_138033
{MAPK?), transcript variant 1,
mRNA
A00832 mitogen-activaied protein kinase 13 | 5603 NM_D02754
{(MAPK13}), mRNA
A0B74T mitogen-activated profein kinase § | 5608 NM_002758
(MAFP2KB), transcript variant 1, :
mRNA ‘
B:4014 mitogen-aciivated protein kinase 7 | 5609 NM_145185
MAP2K7
B:1372 eukaryofic franslation initiation 5610 NM_002758
factor 2-alpha kinase 2 (EIFZAKZ),
mRNA :
B:6891 protein-kinase, interferon-inducible | 5612 NM_004705
double stranded RNA dependent
intitbitor, repressor of (P58
repressor) (PRKRIR), mRNA ! ;
A:03858 protactin (PRL), mRNA | 56817 NM_000048
A:09385 protamine 1 {(PRM1), mRNA 5819 NM_002761
A:02848 protaming 2 {PRM2), mRNA 5620 N 002762
A07807 kallikrein 10 (KLK10}, transcript 5855 NM_ 002778
variant 1, mRNA
AD1338 proieinase 3 (serine proteinase, 56857 NM_002777
naufrophil, Wegener
granuiomatosis autoantigen)
[ l (PRTN3), mRNA :
B:494¢G f preseniiin 1 (Aizheimer disease 3} 5663 NM_000021
| PSENT
A:00037 presenilin 2 {Alzheimer disease 4) 5864 NNM_000447
{PSEN2), transcript variant 1,
mRNA :
A:05430 peptide YY {(PYY), mRNA | 5897 NM_D04180 |
A05083 proteasome (prosome, macropain) | 5714 NM_002812 1
28683 subunit, non-ATPase, 8
(PSMDE), mRNA
A10847 patched homolog (Drosophila) 5727 NM_000264
(PTCH), mRNA
A:04029 phosphatase and tensin homolog 5728 NM_000314
(mutated in multiple advanced
cancers 1) {PTEN), mRNA ‘
A08708 parathyroid hormone-ike hormone | 5744 Ni_002820
{(PTHLH), transcript variant 2,
mRNA {
B:4775 profiiymosin, alpha (gene seguence | 5757 NM_002823
28) (PTMA), mRNA ‘ ‘
| A:DB250 parathymosin {PTMS), mRNA 5763 NM_002824 ]
2316 pleioiraphin (heparin binding growth | 5764 NM_002825
factor 8, neurite growth-promaoting
factor 1) (PTN), mRNA
C2827 quisscin Q6 (QSCNB), transcript 5768 NM_002826
variant 1, mRNA
A:10310 protein tyrosine phosphatase, non- | 3777 NM_0B0548
recepior type 8 (PTPNG), transcript
’ variant 2. mRNA
A:02619 RAD1 homolog (S. pombe) (RAD1), | 5810 NI_002883
franscript variant 1, mRNA
C:21986 purine-rich element binding protein | 5813 NM_005859
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{ B:9795

|

interacting protein 1 (RBMS1),

B:1151 ras-reiated C3 botuiinum toxin 5879 NM_018830
substrate 1 {rho family, small GTP '
binding protein Rac1) (RACT),
transcript variant Rac1bh, mRNA

AD5282 RADS homolog A (S. pombe) 5883 NM_004584
{RADBA), mRNA

A10635 RAD17 homolog (S. pombe) 5884 NM_002873
{RAD1T), transcript variant 8,
mRNA

A:C7580 RAD21 homoiog (S. pombe) 5885 NM_008285
(RAD21), mRNA

A07818 RAD5S1 homolog (RecA homolog, & | 5888 NiM_D02875

: coii) (8. cerevisiaa) (RADST),
transcript variant 1, mRNA

A00744 RADS1-ike 1 (S. cergvisias) 5880 NM_002877
{RADS1L1), franscript variant 1,
mRNA

B:0348 RAD51-like 3 (S. cerevisiae) | 58@2 NM_0G2878,
RADS1TL3 NM 133628

B:1043 RADS2 homolog (S. cerevisias) 5883 NiM_134424
(RADSZ), transcript variant beta,
mRNA

2457 v-raf-1 murine ieukasmia viral 5884 NM_002880
oncogene homolog 1 (RAF1),
miRNA

B:8341 rat guanine nucleotide dissociation | 5900 NM_001042368,
sfimulator RALGDS NM_006266

A:09169 RAN, member RAS oncogans 5901 NM_008325
family (RAN), mRNA

:0082 RAP1A, member of RAS oncogene | 5906 NM_001010835,
family RAP1A NM 002884

A:00423 RAP1B, member of RAS oncogene | 5908 NN_015646
family (RAP1B), transcript variant 1,
mRNA

A 09690 refinoic acid receptor responder 5918 NNM_002888
{tazarctene induced) 1 (RARRES1),
franscript variant 2, mRNA

A:DBD4S retinoic acid recepior responder 5820 NM_004585
{tazarofene induced) 3 (RARRES3),

MRNA
[ B:9011 retinoblastorma 1 {including 5825 NM_000321
esteosarcoma) (RB1), mRNA :

A:04888 retinoblastoma binding protein 4 53928 NM_005610
(REBP4), mRNA

C.2287 retinoblastoma binding protein 6 1 5930 NM_008210
(RBBPS), transcript variant 1,
mRNA

A:05741 retinoblastoma binding protein 7 5931 NWM_002883
(RBBP7), mRNA

A09145 retinohlastoma binding protein 8 5932 NM_002894
{RBBPS}, transcript variant 1,

. mRNA

A10222 retinoblastoma-like 1 (p107) 5933 NM_0025895
(RBL1)}, transcript varant 1, mRNA

A:08246 retinoblastoma-like 2 {p130) 5834 NM_005671
{RBL2), mRNA
RNA binding moflf, single stranded | 5837 NM_016838
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transcript variant 1, mRNA

B-1393

regenerafing isiet-derived 1 alpha
(pancreatic stone protein,
pancreatic thread protein) (REG1A),
mRNA

5887

NM_002908

B:4741

regenerating islet-derived 1 beta
(pancraatic stone protein,
pancreatic thread prolein) (REG1B),
mRNA

5958

NM_00B507

B:4741

regenerating islet-derived 1 bata
(pancreatic stone protein,
pancreatic thread protein) (REG1E),
| mMRNA

5889

NM_006507

A:D4164

REVa-like, catatytic subunit of DNA
polymerase zeta {yeast) (REV3L},
mRNA

5880

NM_002812

A:03348

replication factor C (activaior 1) 1,
145kDa (RFC1), mRNA

5881

NmM_002813

A0BE83

replication factor C (activator 1) 2,
40kDa (RFC2), transcript variant 1,
mRNA

5882

NM_181471

A02481

replicaiton factor C (acfivator 1) 3,
38kDa (RFC3), transcript variant 1,
mMRNA

5983

NM_002915

A:08821

replication factor C (activator 1} 4,
37kDa (RFC4), franscript variant 1,
mMRNA

5084

NM_0028186

B:3728

replicafion facior C {activator 1) 5,
36kDa (RFCHE), franscript variant 1,
mRNA

5985

NM_007370

A:04885

ret finger protein (RFP), transcript
variant aipha, mRNA

5987

NM_008510

A04871

regulator of G-protein signatfing 2,
24kDa {RE82), mRNA

5887

NM_002923

B:8684

relaxin 2 (RLN2), transcript variant
2, mRNA

6024

NM_005059

A 10587

-replication protein A1, 70kDa
{RPA1), mRNA

8117

NV 002945

A:08203

replication protein A2, 32kDa
(RPAZ), mRNA

5118

NI_002946

A00231

replication protein A3, 14kDa
(RPA3}, mRNA

6118

NI_002947

B:8856

ribosomal protein 54, X-linked
{RPS4X), mRNA

6191

NM_001007

B:8856

ribosomal protein $4, X-linked
(RPS4X), mRNA

16162

NM_0071007

A10444

ribosomatl protein 85 kinase,
70kDa, polypeptide 2 (RPSEKRB2),
franscript varant 1, mRNA

6199

NM_003852

A:02188

ribosomal protein 825 (RPSZS},
mRNA

6232

NM_001028

A:08500

related RAS viral (r-ras) oncogene
homolog (RRAS), mRNA

8237

NM_006270

A:08807

rihonucieotide reductase M1
palypeplide (RRM1), mRNA

6240

NM_007033

B:3501

rbonuciactide reduciase M2
polypeptide (RRM2), mRNA

85241

NI 001054

A08332

S$100 calcium binding protein AS
{S100A5), mRNA

8278

NM_002962
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C:1ize

5100 caicium binding protein A8
(caloyclin) (8100A8), mRNA

8277

NM_014624

B:3680

$100 calclum binding protein A11
{caigizzarin) {S100A11), mRNA

6282

NM_005620

A:08910

! 8100 calcium binding protein, beta
{nzural) {S100B), mRNA

6285

NM_008272

A05458

| mitogen-activated protein kinase 12
{MAPK12}, mRNA

6300

NM_002969

AQ7786

{ fetraspanin 31 (TSPAN31), mENA

6302

NM_005981

A0B84

C-type lectin domain family 11,
mamber A (CLECT1A), mRNA

6320

NM_002975

A:00885

chemokine (C-C mofif) ligand 3
{CCL3), mRNA

63458

NM_002083 -

A00885

chemnokine (C-C moiif) ligand 3
(CCL3), mMRNA

5349

NM_002983

[ B:0899

chemokine (C-C moiif} iigand 14
(CCL14), transcript variant 2,
mRNA

6358

NIV (32862

B:0898

chernokine (C-C motif) ligand 23
{CCL23), franscript variant
CKbetal, mRNA

6368

NV_146698

B:5275

chemokine (C-X-C moiif) ligand 11
(CXCL11), mRNA

8374

NNM_005409

C:2038

SET transiocation (myeloid
laukaemia-associated) (SET),
mRNA

6418

NM_003011

A:00679

SHC (Src homology 2 domain
containing) transforming protein 1
(SHC), franscripf variant 1, mRNA

5464

NM_183001

B:8285

SCL/TALT interrupting locus {STIL),
mRNA .

65491

NM_003035

B:7410

signal-induced proliferation-
assoctated gene 1 {SIPA1),
franscript variant 1, mRNA

6494

NM_1532538

C:5435_

S-phase kinase-associatad profein
2 (p45} (SKP2), transcript variant 1,
mRNA

65802

NM_ 005083

A0S0T7

: signaling lymphooytic activation
molecule family member 1
{SLAMF 1), mRNA

8504

NM_0030637

A:064868

solute carrier family 12
(potassium/chloride transporters),
member 4 {SL.C12A4), mRNA

8560

NM_005072

AQ5730

SWI/SNF related, matrix
associated, actin dependent

member 1 (SMARCRB1)}, franscript
variant 1, mRNA

reguiator of chromatin, subfamily b,

6598

NM_0030673

A07314

fascin homoiog 1, actin-bundiing
protein (Strongylocenirotus
purpuratus) (FSCN1), mRNA

6624

NM_0G3088

A:04540

like domains proteoglycan {tesfican)

J sparc/osteonectin, cwev and kazal-

1 {SPOCK1), mRNA

£695

NM_004598

L
A09441

| secreted phosphoprotein 1

(osteoponfin, bone sialoprotein I,
garly T-lymphocyte activation 1)
(SPP1), mRNA

EEE

NN_000582
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A02264

v-sre sarcoma {Schmidt-Ruppin A-
2) viral oncogene homolog (avian)
{SRL), transcript variant 1, mMRNA

6714

NM_005417

A04127

single-stranded DNA binding
protein 1 {(SSBP1), mRNA

B742

NM_003143

AD7245

signal sequence recaptor, alpha
(transiocon-associated protein
alpha) (SSR1), mRNA

6745

NM_003144

| A:08350

somafostatin (SST), mRNA

6750

NM_001048

A03956

somatostatin recepior 1 (88TR1),

mRNA

6751

NM_001049

S C:1740

somatostatin receptor 2 (SSTR2),
mRNA

6752

NM_001050

r
AD4237

somatostatin recepior 3 (SSTR3),
mRNA

6753

NM_0070517

A04852

somatostatin receptor 4 (SSTR4),
mRNA

6754

NM_001052

AD1484

somatostatin recaptor 5 (SSTRS),
mMRNA

6755

NIM_001053

[ A03398

signal transducer and activator of
franscrpfion 1, 91kDa (STAT1),
franscript variant aipha, mRNA

6772

NM_007315

A05843

siromal interaciion molecule 1
(STIMT), mRNA

6788

NM_003156

A:D4562

NIMA (never in milosis gene a)-
related kinase 4 (NEK4), mRNA

6787

NM_003157

A:04814

sering/threonine kinase 8 {STKB),
franscript variant 1, mRNA

6790

NIM_198433

i AD1764

aurora kinase C (AURKC),
franscript variant 3, mMRNA

6795

NM_D03160

A 70308
|

suppressor of variegation 3-8
homolog 1 {Drosophila)
{SUV3BHT), mRNA

6839

NM_003173

A01885

synaptonemal complex pfotein 1
{8YCP1), mRNA '

G847

NM_003176

A:09854

spleen tyrosine kinase {SYK),
mRNA

6850

NM_003177

A:G2589

transcriptional adapior 2 (ADAZ
homolog, yeasi)-like (TADA2L),
transcript variant 1, mRNA

6871

NM_001488

A:01388

TAF1 RNA poiymerase il, TATA
box binding protein (TBP)-
associated factor, 250kDa (TAF1),
i transcript variant 1, mRNA

6872

NM_004606

"E1980

T-cell acute lymphocyiic lsukaemia
1 {TALT), mRNA

6686

NM_003189

C:2789

iranscription factor 3 (E2A
immunogiobulin enhancer binding
factors E12/E47) (TCF3), mRNA

6830

NM_003200

B:4738

transcription factor 8 (represses
interieukin 2 expression) (TCF8),
mRNA

6835

NM_030757

A03867

transcription factor 19 {8C1)
(TCF18}, mRNA

| 6641

NM_007108

A05064

telomerase-associated protein 1
(TEP1), mRNA

7011

NM_007110

B:2157

t=lomeric repaat binding facior
(NIMA-interacting) 1 (TERF1),

J 7013

NM_003218
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transcript variant 2, mRNA

B:7401 telomeric repeat binding factar 2 7044 NM_005852

{TERFZ2), mRNA

C:0355 telometase reverse transcripiase 7015 NM_003219

(TERT), transcript variant 1, mRNA

A076825 transcription factor A, mitochondrial | 7019 NM_003201
(TEAM), mRNA

A06784 . nuclear recepior subfamily 2, group | 7025 NM_005654

F, mamber 1 (NR2F1), mRNA
A05784 nuclear receptar subfamily 2, group | 7027 NM_005854
F, mamber 1 (NR2F1), mRNA

B:5015 transcription factor Dp-2 (E2F 7029 NM_008288
dimerization pariner 2) (TFDP2),
mRNA

8:5851 transforming growth factor, alpha 7038 NiM_003238
(TGFA), mRNA

A:07050 fransforming growth factor, beta 1 7040 NM_000860
: (Camurati-Engelmann disease)
(TGFB1), mRNA

B:OOQ# transforming growth factor beta 1 7041 NM_015827
induced transcript 1 (TGFB11), ‘
mRNA

A:DB824 transforming growth factor, beta 2 7042 NM_003238

{TGFB2), mRNA

B.7853 fransforming growth factor, beta 3 7043 NiM_0032398

{TGFB3), mRNA
34158 transforming growth factor, beta- 7045 NM_000358
induced, 68kDa (TGFBl), mRNA

A03732 | transforming growth factor, bata 7048 NM_003242

recepior i (70/80kDa) {TGFBR2),
transcript variant 2, mRNA

B:0258 thrombaopoietin {myeloproiiferative 7066 ’NMJ 99356

lsukaemia virus oncogene ligand,
megakaryocyte growth and
development factor) (THPO),
transcript variant 3, mRNA

NM_196334

B:4371 thyrold hormone receptor, aipha 7067
{erythroblastic leukaemiz viral (v~
erb-a} oncogene homolog, avian)
{THRA]}, transcript variant 1, mRNA

A06139 Kruppel-iike factor 10 (KLF10), 7071 NM_005855

transcript variant 1, mRNA
7076 NM_0C3254

A:08048 TiMP metallopepfidase inhibitor 1
(TIMP1), mRNA

B:38886 transmembrane 4 L six family 7104 NM_ 004617

member 4 (TM4SF4), mRNA

B:5451 topoisomerase (ONA} [ (TOP1), 7150 NM_003286

. mRNA
B:7145 topoisomerases (DNA) 1l aipha 7183 NM_001087

170kDa (TOP2A), mRNA
A:04487 fopoisomerase (DNA) I beta 7185 N#M_0D1088
180kDa (TOP2B), mRNA

Tt AD5345 topoisomerase (DNA) HI alpha 7158 NM_004618

{TOP3A), mRNA

A:CT597 turmnour protein p53 (Li-Fraumeni 7167 NM_000548

syndrame) (TP53), mRNA

B:6851 tumour protein p53 binding protein, : 7158 NM_001031685
2 {TP&3BPZ}, transcript variant 1,
mRNA
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A10089

tumour protein p73 (TP73), mMRNA | 7161

NNM_005427

A:07179

fumour protein D52-iike 1
(TPD52L1), transcript variant 4,
mRNA

7165

NM_001003367

A:0D700

fubsrous scierosis 1 (TSC1),
transcript variant 1, mRNA

7248

NM_000368

C:2440

tuberous sclerosis 2 (TSC2),
franscripi variant 2, mRNA

7248

NM_021055

A:08571

thyroid stimulating hormone
receptor (TSHR}, transcript variant
1, mRNA

7253

NM_D00389

A:02759

iestis specific protein, Y-linked 1
{TSPY1}, mRNA

7258

NM_003308

A08121

tumour suppressing subiransferable
candidate 1 (TS5C1), mRNA

7260

NM_003310

A:07336

i

TTK protein kinase (TTK), mRNA

7272

NM_003318

A05365

turnour necrosis facior (ligand)
superfamily, member 4 (tax-
transcriptionally activated
glycoprotein 1, 34kDa) (TNFSF4),
mRNA

7282

NM_003328

B:0783

thioredoxin TXN

| 7285

NM_ 002329

B:4917

ubiquifin-activating enzyme E1
(A189T and BN75 temperaiure
sensiiivity complementing) (UBE1),
transeript variant 1, mRNA

7317

Ni_003334

A(B168

ubiquitin-conjugating enzyme E2D 1
{UBC4/5 hompolog, yeast)
{UBE2D1T), mRNA

7321

NM_003338

A:07186

ubigquitin-conjugating enzyme E2D 3 |
{UBC4/5 homolog, yeast)
(UBE2D3), transcript variant 1,
mRNA

7323

Ni_003340

AD4972

ubiguifin-conjugating enzyme E2
variant 1 (UBE2V1), transcript
variant 1, mRNA

7335

NM_0210288

| B:0B48

ubiguitin-conjugating enzyme E2
variant 2 (UBE2V2Z), mRNA

7338

NM_003350

C:2859

uromedulin (uromucoid, Tamm-
Horsfall glycoprotein} (UMOD),
franscript variant 2, mRNA

7368

NM_001008389

A:0B8855

vav 1 oncogene (VAV1), mRNA

7408

NI 005428

A:08040

vav 2 oncogeng VAV2

7410

NM_003371

[ C:1128

vascuiar endothelial growth factor
(VEGF), transcript variant 5, mRNA .

7422

NM_001025368

B:5229

vascutar endothelial growth factor B
{VEGFB}, mRNA

7423

Nii_003377

A0B320

vascuiar endothelfial growth factor C
(VEGFC), mRNA

7424

NM_005428

A:06488

von Hippel-Lindau tumour
suppressor (VHL), transcript variant
2, mRNA-

7428

NM_198156

| C:2407

vasoactive intestinal pepfide (VIP},
transcript variant 1, mRNA

7432

NI (03381

B:86107

vasoactive intestinal peptide
recepior 1 (VIPRT), mRNA

7433

NM_004524

A08324

trypiophanyi-tRNA synthetase
(WARS), iranscript vanant 1, mRNA

7453

NM_004184
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A0B8563

I WEE1 homolog (S. pombe)
(WEE1), mRNA

7485

NM_063390

B:5487

Wilms fumour 1 (WT 1), transcript
variant 1, mRNA

7490

NM_024426

L C:0172

X-ray repair complementing -
defective repair in Chinese hamster
cells 2 (XRCLC2), mRNA

7518

NM_005431

AG2028

v-yes-1 Yamaguchi sarcoma viral
oncogenea homolog 1 (YES1),
mRNA

7825

NM_ 005433

B:5702

ecotropic viral integration sife 5
(EVI5), mRNA

7813

NM_005665

R:5523

BTG family, member 2 (BTG2),
mRNA

7832

NM_D0E785

A03788

inierferon-related deveiopmenial
regulafor 2 (IFRD2), mRNA

7888

NIVi_006764

A09814

v-maf musculcaponeurotic
fibrosarcoma oncogene homolag K
{avian) (MAFK), mRNA

7875

NM_00Z560

A:02820

frizzied homelog 3 {Drosophila)
(FZD3), mRNA

7678

NM_0717412

A03507

FOS-like antigen 1 (FOSL1), mRNA

8061

NM_005438

A:00218

caliin 5 (CUL5), mRNA

8065

NM_003478

A:0B128

CDK2-azsociated protein 1
{CDKZAPT), mRNA

8088

NM_004642

A0DB43

melanoma inhibitory activity (MIA},
mRNA

8180

NM_006533

A:08310

chromatin assembly factor 1,
subunit B (p60) (CHAF 1B}, mRNA

8208

NIV 005441

A:057898

SMC1 structural maintenance of
chromosomes 1-ike 1 (yeast)
(SMC1LT), mRNA

8243

NRM_008308

 C:0317

axin 1 (AXIN1}, transcript variant 1,
mRNA

8312 -

NM_003502

B:0085

BRCAT associated protein-1
{ubiguitin carboxy-tarminal
hydrolase) (BAP1), mRNA

8314

NM_004656

A:08801

CDC7 celi division cycle 7 {S.
cerevisiae) (CDC7), mRNA

8317

NM_003503

A:08331

cerevisiae) (COC45L), mRNA

CDCA45 cell division cycle 45-ke (S.

8318

NN 003504

AOT727

growth factor independent 1B
{potential regulator of COKN1A,
transiocated in CML) (GFI1B}, .
mRNA .

8328

NNW_D04188

AZ10008

MAD1 milotic arrest deficieni-ike 1

| {yeast) (MAD1L1), franscript variant

1, MRNA

8378

NM_003550

| A:08581

breast cancer anfi-estrogen
resistance 3 (BCAR3), mRNA

8412

NM_003567

A06461

reversion-inducing-cystsine-rich
protein with kazal motifs (RECK),
mMRNA

8434

NV 027111

A05981

RADS4-like {S. cerevisiae)
(RADSAL), mRNA

8438

NM_003579

A:04740

NCK adaptor protein 2 (NCK2),
franscript variant 1, mRNA

8440

NM_003581

B:6523

DEAH (Asp-Glu-Ala-His) box

8449

NM_003587
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polypeptide 16 DHX16

A:09834

culiin 4B (GUL4EB), mRNA

8450

NM_003588

A08831

culiin 4A (CUL4A), transcript variant
1, mRNA

8451

NM_{101008825

A05012

cullin 3 (CUL3}, mRNA

8452

NM_002590

A0E211

cullin 2 (CUL2), mRNA

8453

NW_003597

AD1873

cutlin 1 {CUL1), mRNA

8454

Nivi_D03582

C:.0388

Kruppel-ike factor 11 (KLF11),
mRNA

8482

NM_0035697

AD1318

suppressor of Ty 3 homolog (S.
cerevisiag) (SUFPT3H), franscript
variant 2, mRNA

8464

NM_181358

A01318

suppressar of Ty 3 homolog (S.
cerevisiae) (SUPT3H), transcript
variant 2, mRNA

8485

NM_181358

A:08841

protein phosphatase 1D
magnesium-dependent, delta
isoform (PPM1D), mRNA

8493

NM_DC3620

B:3627

interferon induced {ransmeambrana
protein 1 (8-27) (IFITM1), mRNA

8518

NM_003641

A0BE55

growth arresi-specific 7 (GAS7T),
franscript variant a, mRNA

8522

NM_003644

A10603

basic leucine zipper nuciear factor 1
{JEM-1) (BLZF1), mRNA

8548

NiM_003668

A10266

CDC14 cell division cycie 14
homolog A (S. cerevisias)
{CDT14A), transcript variant 2,
mRNA

8556

NM_033312

AQ8897

cyclin-dependent kinase (CDC2-
iike} 10 (CDK10}, transcript variani
1, mRNA

8558

NM_003674

A:10520

protein kinase, interferon-inducible
double stranded RNA dependant
activator (PRKRA), mRNA

8575

Ni_003690

A00630

phasphatidic acid phosphaiase fype
2A (PPAP2A), iranscript variant 2,
MRNA

8511

NM_176885

B:8227

cell division cycle 2-fike 5
{cholinesterass-~relaied cell division
controlier) {CDC2L5), ranseript
variant 1, mRNA

8621

NM_003718

A 08282

tumour proiein p73-like TP73L

8625

NV 003722

B:8088

aldo-keto reductase family 1,
member C3 (3-alpha hydroxysteroid

dehydrogenase, type H) (AKR1C3), -

mRNA .

8644

NM_003738

B:1328

insulin receptor substrate 2 (IRS2),

| mRNA

8660

NM_003749

:4001

CDC23 {celi division cysie 23,
yeast, homoiog) CDC23

8697

NM_004661

A00144

tumour necrosis Tactor (ligand)
superfamily, mamber 14
{TNFSF14), transcript vatiant 1,
mRNA

8740

NM_06380G7

B:8481

tumour necrosis factor (ligand)
superfamily, member 13
{TNFSF13), transcript variant alpha,
mRNA

8741

NM_003808
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A0D478 fumour necrosis factor (ligand) B744 NM_003811
superfamily, membar 8 (TNFSFG},
mRNA
B:g202 CD164 antigen, sialomucin 8763 NAM_o06016
{CD164). mRNA J
| AI01775 RIO kinase 3 (yeast) (RIOK3), | 8780 NM 145806
transcript variant 2, mRNA
AD1775 RIO kinase 3 (yeast) (RIOKS), 8781 NM_ 145908
{ranscrpt variant 2, mRNA '
C:03568 tumour necrosis factor receptor 8782 NM_003838
superfamily, member 112, NFKB
acfivator (TNFRSF11A}, mRNA
A03B45 cellular repressor of E1A-stimulated | 8804 Nb_003851
genes 1 (CREG1), mRNA
A:08261 galanin receptor 2 (GALR2), mRNA | 8812 NM_0C3857
A:03858 cyclin-dependent kinase-like 1 ! BB14 NM_004196
(CDC2-refated kinase) (CDKLT),
MRNA
B:0089 fibroblast growth factor 18 (FGF18), | 8817 NM_033649
transcript variant 2, mRNA l
B:5582 sin3-associated polypeptide, 30kDa | 8819 Nivi_ 003864
SAF30
B:4783 IQ motif containing GTPass 8827 NM_003870
activating protein 1 (1QGAP1)},
mRNA
C:0673 neuropilin 1 NRP1 8829 NM_001024828,
NM_0010245829,
' NM_003873
A:08407 hisione deacetylase 3 (HDAC3), 8841 NM_003883
inRNA
A:07011 alkB, aiicylation repair homolog (E. | 8847 NM_006020
coli) (ALKBH), mRNA
A 08184 p300/CBP-associated facior 8850 NM_003884
' {PCAF), mRNA i
A:0B8285 cyclin-dependent kinass 5§, 8851 NW_003885
reguiatory subunit 1 (p35)
(CDK5R 1), mRNA
B:3696 chromosome 10 open reading | 8872 NM_006023
frame 7 {C100rf7), mRNA . '
C:2264 sphingosine kinase 1 (SPHK1), 8877 NM_021972
transcript variant 1, mRNA
A08721 CDC18 ceil division cycle 16 8881 NM_003803
homolog {8. cerevisias) {CDC1E), |
mRNA .
A:04142 zine finger protein 259 (ZNF259;), 8882 Ni_003804
mRNA
A:16737 | MCM3 minichromosome 8888 NM_003908
maintenance deficient 3 (8.
ceravisiae) associated protein
{(MCM3AP), mRNA
A:03854 cyclin AT {CCNAT), mRNA ) 8800 NM_003014
B.0704 B-cell CLLfiymphomsz 10 (BCL10}, 8915 NM_003921
miRNA
A3168 topoisomerase (DNA) Il beta 8940 NN 003835
{TOP3B), mRNA
B:9727 cyclin-dependent kinase 5, 8941 NM_003836
regutatory subunlt 2 (p39)
{CBKBR2), mRNA
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A:08189

protein reguiator of cytokinesis 1
{PRC1}, transcript variant 1, mRNA

8055

NM_003881

A01168

DHRAS family, GTP-binding RAS-
lke 3 (DIRAS3), mRNA

9077

NM_004875

A06043

protein kinass, membrane
associated tyrosinefthreoning 1
(PKMYT1), transcript variant 1,
mRNA

BO8E

NM_DD4203

B:4778

ubiguifin speciiic peptidase 8
{USP8), mRNA

9101

NIi_(057154

B:8108

LATS, large tumour suppressor,
hemolog 1 (Drosophiia) (LATS1),
mRNA

8113

NV 004660

A0D436

chondroltin sulfate proisogiycan 6
{bamacan) (CSPGB6), mRNA

9126

NM_005445

A:03808

eyclin B2 (CCNB2), mRNA

9133

NM_004701

A:10498

cyclin E2 (CCNE2), franscript
variant 1, mRNA

9134

NM_057749

A:00871

Rho guanine nucleotide exchange
factor (GEF) 1 {ARHGEF1),
transcript variant 2, mMRNA

9138

NM_004706

B:3843

hepatocyte growth factor-reguiatad
tyrosine kinase substrate (HGS),
mRNA

9148

NM_004712

A3143

exonuciease 1 (EXO1), ranscript
variant 1, mRNA

9156

Ni_006027

A:07881

oncostatin M recepior (OSMR]},
mBRNA

9180

NM_003809

A:00335

W10, kinstochors associated,
homolog (Drosophifa) (ZW10,
mRNA

8183

NM_004724

AQB747

BUES3 budding uninhibifed by
benzimidazoles 3 hamolog (yeast)
{BUB3), transcript variant 1, mRNA

9184

NM_004725

B:0692

ieucine-rich, glioma inactivated 1
(LGI1}, mRNA '

8211

NM_005087

B:0682

isucinse-rich, glioma inactivated 1
{LG!), mRNA

212

Nivi_D05097

A:03809

nucleolar and colled-body
phosphoprotein 1 (NOLCT), mRNA

8221

NM_D04741

A:04043

discs, targe homelog 5 (Drosophila)
{DLGE5), mRNA

8231

NM_D04747

A:05854

pituitary tumotr-transfarming 1
(PTTG1), mRNA

8232

NM_004219

B:0420

transforming growih factor beta
reguiator 4 (TBRG4), transcript
variarnt 1, mRNA

18238

NI_004748

A:02478

endothelial differentiation,
sphingolipid G-protein-coupied
receptor, 5 (EDG5), mRNA

8284

NM_004230

Kruppel-like factor 4 (gut) (KLF4),
mRNA

8314

NM_004238

|
’; A:0B06E
|

A:D5541

glucagon-like paptide 2 recapior
{GLPZR), mRNA

| 9340

NI_004246

A:00891

WD repeat domain 39 (WDR29),
mRNA

gag1

NM_004804

A00518

lymphocyte anfigen 86 (1.Y86),
mRNA

8450

NM_004271
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A01180 Rho-associaied, coiied-coil 9475 | NM_D04850
containing protein kinase 2
{ROCK2), mRNA
A:D1080 kinasin family member 23 (KIFZ3), | 9493 NM_0048586
franscript variant 2, mMRNA
A04266 ADAM metaliopeptidase with 89510 NM_006988
thrombospondin type 1 motif, 1
(ADAMTS1), mRNA '
B:90580 tumour protein p53 inducible protein | 8537 ' NM_006034
11 (TP53111), mRNA
A04813 breast cancer anti-esitrogen 9564 NM_014567
resistance 1 (BCAR1), mRNA
A:08885 M-phase phosphoprotein 1 585 NM_D168195
{MPHOSPH1), mRNA
B:8184 mediator of DNA damage 9656 NM_014641 |
checkpaoint 1 (MDC1), mRNA
C:1135 exira spindle poles like 1 (8. g§700 NM_012291
cerevisiae) (ESPLT), mRNA
C:0186 histone deacefylase 8 (HDACS), 9734 NM_ 178423
i franscript variant 4, mRNA
A:05391 kingtochore associated 1 (KNTC1;, | 9735 NM_014708
mRNA .
B:0082 histone deacstylase 4 (HDAC4), 89759 NM_006037
mMRNA
B:0821 metastasis suppressor 1 (MTSS1), | 9788 NM_014757
mRNA i
B:0062 Rho guanine nucleofide exchange | 9828 i NM_0D14784
factor (GEF) 11 (ARHGEF11),
franscript variani 1, mRNA . |
A:03269 tousled-like kinase 1 (TLK1), mRNA | 9874 NM_012200 |
B:8335 RAB GTPase activating protein 1- 2810 NM_014857
like (RABGAPTL), transcript variant ’
1, mRNA :
A:08824 chromosome condensation-related | 8918 NM_(014865
SMC-associated proiein 1
(CNAP1), mRNA !
B:8937 deleted in Iung and esophageal 2940 NM_DO07338
cancer 1 {DLECT), transcript variant
: DLEC1-L1, mRNA
B:8656 major vault protein (MVP), transcript | 8961 NN_017458
variant 1, mRNA
A02173 tumour necrosis facior (ligand) 8966 NM_005118
superfamily, member 15
{TNFSF15), mRNA _
A:05257 fibroblast growth factor binding 9o82 NM_D05130
protein 1 (FGFBP1}, mRNA
A00752 RECS-iike 1 {yeast) (REC8L1), 2985 NM_005132
mRNA
A:01582 soiute carrier family 12 8990 NM 005135
{potassium/chioride transporiers),
member 6 {SLCT12A86), mRNA
A:04645 abl-interactor 1 {ABI1), transcript 100086 NM_005470
variant 1, mRNA
A10156 histone deacetylase 6 (HDACS), 10013 NM_006044
mRNA
B:2818 histone deacstyiase 5 HDACS 10014 NM_001015053,
NM 005474
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Jr A:10510 chromatin assembly factor 1, 10038 NM_D05483 ]
i subunit A (150) {CHAF1A), mRNA
‘ A05648 SMC4 structural maintenance of 10051 NM_0010027a8
chromosomes 4-like 1 (yeast)
{SMC4L1), transcript variant 3,
mRNA
I B:0B675 tetraspanin 5 (TSPANS), mRNA 10098 NM_005723
| B:0B85 tetraspanin 3 (TSPANY), franscript | 10089 NM_p05724
| variant 1, mRNA
| A:08229 tetraspanin 2 (TSFANZ), mRNA 10100 NM_005725
| A:02634 tetraspanin 1 (TSPANT}, mRNA 10103 NM_005727
A:07852 RADS0 homolog (S. cerevisiae) 10111 ‘NM_005732
(RADS0), transcript variant 1,
mMRNA
B:4820 pre-B-cell colony enhancing factor 1 | 10135 NM_005746
: (PBEF1), transcript variant 1,
mRNA _
B:7911 transducer of ERBB2, 1 (TOB1), 10140 NM_005748
: mRNA
B:096% odz, odd Ozften-m homolog 10178 NM_014253
1{Drosophila) (ODZ1), mRNA
A:08242 RNA binding motif protein 7 10179 NM_D016080
{RBM7), mRNA
A:03840 RNA binding mofif protein 5 10181 NM_DD5778
{RBMS), mRNA
B:8194 M-phase phosphoprotein 8 10198 NM_022782
MPHOSPHS
A09658 M-phase phosphoprotein 6 ! 10200 Nh_DO0Ob782
{MPHOSPHB), mRNA
A:04009 ref finger protein 2 (RFP2), 10208 NM_005798
transcript variant 1, mRNA
A03270 proteoglycan 4 (PRG4), mRNA 10218 NM_005807
AD1614 A kinase {PRKA} anchor protein 8 10270 NM_D05858
| (AKAPS), mRNA '
B:5575 stromal antigen 1 (STAG1T), mRNA | 10274 NM_005862
B:8332 aortic preferentially expressed gene | 10290 XM_D01131579,
1 APEGH XM 001128413
A:04828 DnaJ (Hsp40) homolog, subfamily 10294 Nb_DO5880
A, member 2 (DNAJAZ), mRNA _
['B:0667 katanin pB0 (WD repeat containing) | 10200 NAM_ 005888
subunit B 1 (KATNBT), mRNA
A:04835 deieted In lymphocyiic leukaemia, 1 | 10301 NR_D02805
(DLEUT) on chromosome 13 ‘
B.26256 uracil-DNA giycosyiase 2 (UNG2}, | 10308 NM_021147
transcript variant 1, mRNA
A0B675 T-call, immune regulator 1, ATPase, | 10312 NM_008018
H+ transporting, lysosomal VO
protein a isoform 3 (TCIRG1),
transcript variant 1, mRNA
A:08047 nuclaophosmin/nucieoplasmin, 3 10361 NM_006983
{NPM3), mRNA
A04517 synaptonemal compiex protein 2 10388 NM_014258 1
{SYCPZ), mRNA
A-05405 anaphase promoting complex 10383 NM_014885 |
subunit 10 (ANAPC10), mRNA l
A:04338 phosphatidylethanolaming N- 10400 NM_D07169 {

methyltransferase (FEMT), nuclear
gene encoding mitochondrial
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protein) (CTCF), mRNA

protein, transcript variant 2, mRNA

A 10053 kinetochore associated 2 (KNTC2), | 10403 NM_008101
mMRNA

A:08538 Rap guanine nucleotide exchange 10411 NM_0085105
factor (GEF) 3 (RAPGEF3), mRNA

A01717 SKB1 homolag (8. pombe) (SKB1), } 10418 NM_008109
mRNA

B:6182 RNA binding mofif protein 14 10432 NM_008328
{RBM14), mRNA

B:4641 glycoprotein (fransmembrane) nmb | 10457 NM_001005340,
GPNMB NM 002510

A:10828 MAD2 mitotic arrest deficient-iike 2. | 10459 NM_008341
(veast) (MAD212), mRNA

A:01087 transcriptional adaptor 3 (NGG1 10474 NM_008354
homolog, yeast}-ike {TADA3L), '
franscript variant 1, mRNA

| A:00010 vesicle transport through interaction | 10490 NWM_D0B370
with --SNAREs homolog 18 (yeast)
| {(VT1iB), mRNA

B:1984 cartilage associated protsin 10491 NM_008371
(CRTAP), mRNA

A07616 Siogren's syndrome/scleroderma 105834 NM_006396
autoantigen 1 (SSSCAT), mRNA

A04780 ribonuciease H2, large subunit 10535 NM_D08387
{RNASEH2A), mRNA '

AT dynactin 2 (p50) (DCTN2), mRNA 10540 NM_006400

A:04250 chaperonin containing TCP1, 10574 NM_008429
subunit 7 (eta) (CCTT), transcript
variant 1, mRNA

A04081 chaperonit containing TCP1, 10575 NM_006430
subunit 4 (delia) {CCT4), MRNA

A:09500 chaperonin containing TCP1, 10576 NM_006431
subunit 2 (beta) (CCT2}, mRNA

A08726 chromosome 6 open reading frame | 10581 NM_006443
108 (CBorf108), franscript variant 1,
mRNA ‘

A10198 SMC2 structural mainienance of 1562 NM_008444
chromosomes 2-iike 1 (yeast)

, {SMC2L1), mRNA

B:1048 ubiguitin specific peptidase 16 10600 NM_006447
(USP18), transcript variant 1,
MRNA

AD8295 MAX dimerization protein 4 (MXD4), | 10608 NM_006454
mRNA

A:05163 synaptonemal complex protein 10609 NM_006455
SCE5 {SCES), mRNA ‘

A:04356 STAM binding proiein (STAMBP), 10817 NM_006483

" | transcript variant 1, mMRNA

B:3717 growth arrest-gpecific 2 like 1 10834 Ni_006478
(GAS2L1), transcript variant 1,
mRNA

A:01818 S-phase response {cyclin-related) 10638 NM_006542

L (SPHAR), mRNA

A:D4374 KH domain containing, RNA 10857 NM_{(06559
binding, signal fransduction
associated 1 (KHDRBS1), mRNA

ADB738 CCCTC-binding factor (zine finger 10664 NM_0086565
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A08733 cell growth regulaior with ring finger | 10668 NM_008568
domain 1 (CGRRF1), mRNA
A0TEYS cell growth regulator with EF-hand 10689 NM_006569
domain 1 (CGREF1), mRNA o
A05572 tumaour necrosis factor (ligand) 10673 NM_008573
superfamily, member 13b
{TNFSF13B), mRNA
B:4752 polymerase (DNA-directed), delta 3, | 10714 NM_008591
accessory subunit (POLD3), mRNA
B:3500 polymerase (DNA directed), theta 10721 NM_199420
{POLQ), mRNA ‘
it A:Q3035 nuclear distiibufion gene C homolog | 10728 NM_0G5600
(A niduans) (NUDC), mRNA
A:00058 transcription factor-like & (basic 10732 NM_006602
hei-oop-hefix) (TCFLE), mRNA
B.7543 polo-like kinase 4 (Drosophila) 10733 N _014264
{PLK4), mRNA
| B:2404 stromal antigen 3 {STAG3), mRNA | 10734 NM_012447
A1G760 stromal anfigen 2 (STAGZ), mRNA | 10735 NM_006803
B:5833 fransducer of ERBB2, 2 (TOB2), 10766 NM_016272
mRNA -
A02195 polo-fike kinase 2 (Drosophila) 10768 NM_008622
{(PLK2), mRNA
A:04982 zine finger, MYND domain 10771 NM_008624
containing 11 (ZMYND11},
franscript variant 1, mRNA
B:2320 septin & (SEPTY), mRNA 10801 NM_006640
A:07660 thioredoxin-like 4A (TXNL4A), 10807 NM_006701
mRNA !
B:6218 SGT1, suppressor of G2 allele of 10810 NM_006704
SKP1 (8. cerevisiae) {(SUGTT),
mRNA
A:08320 DBF4 homolog (8. cergvisiae) 10926 NM_006716
{(DBF4), mRNA
A:0B852 spindiin (SPIN), mRNA 10827 NM_008717
A0D008 BTG family, member 3 (BTG3), 10850 NM_008806
mRNA
A01860 cyioskeleion-associated protein 4 10971 NM_008825
' ({CKAP4), mRNA ~ :
A01588 ‘microtubuie-associated profein, 10882 NM_014268
RP/EB farmnily, mamber 2
{(MAPREZ), transcript variant 5,
mRNA
1 A:D5220 cyciin | (CCNI), mRNA 10883 NM_006835
I B:4350 kinesin family member 2C (KIF2C), | 11004 NM_008845
.y MRNA
A:08869 tousled-fike kinase 2 (TLK2}, mRNA | 11011 NM_006852
A:04957 poiymerase {DNA directed) sigma 11044 NM_006808
{POLS), mRNA :
ADITTS ubiguitin-conjugating enzyme £2C 140685 NM_D07019
(UBE2C), transcript variant 1,
mRNA
A:08200 | cytochrome b-561 domain 11068 NM_007022
containing 2 (CYB56102), mRNA
A:00904 topoisomerase (DNA) 1l binding 11073 NM_007027

protein 1 (TOFBP1), mMRNA
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B:1407

ADAM metallopeptidase with
thrombospondin type 1 mofif, 8
(ADAMTSE), mRNA

11085

NM_007037

A:08918

katanin pB0 (ATPasa-containing)
subunit A 1 (KATNA1T), mRNA

11104

NM_007044

A:08825

PR domain containing 4 (PRDM4),
mRNA

11108

NM_012406

B.7528

FGFR1 oncogene partner
(FGFR10P}, transcript variant 1,
mRNA

11118

NM_D07045

A:04278

CD180 antigen {CD160), mRNA

11128

NM_007053

4275

TBC1 domain family, member 8
(with GRAM domain) (TBC1D8),
miRNA

11138

Ni_007083

A:03485

CDC37 celt division cycle 37
homolog (S. cerevisiae) (CDC37),

MRNA

11140

"NM_ 007065

A05143

MYST histone aceiyliransierase 2
(MYSTZ), mRNA

11143

NM_007067

A:0B472

DMC1T dosage suppressor of mek1
homolog, meiosis-specific
homolpogous recombination (yeast)
(DMC1};, mRNA

11144

NM 007088

A:07181

coronin, actin binding protein, 1A
(CORD1A}, mRNA

5 11181

NM_007074

A04421

Huntingtin interacting protein E
{HYPE), mRNA

11183

NM_007076

A:83200

PC4 and SFRS1 interacting protein
1 (PSIP1}, ranscript variant 2,
miRNA

11168

NM_033222

C:0370

centrosomal protein 2 (CEP2),
transcript variant 1, mRNA

11190

NM_007186

C:0370

cenfrosomal protein 2 (CEP2),
franscript variant 1, mRNA

11191

NM_007186

AC2177

CHK2 checkpoint homolog {S.
pombe) (CHEKZ2), transcript variant
1, mRNA :

11200

NM_007194

A:08338

polymerase (DNA directed), gamma
2, accessory subunit (POLG2), -
mRNA o

11232

NM_007215

A08008

dynactin 3 (p22) (DCTN3),
transcript variant 2, mRNA

1158

NM_024348

B:7247

three prime repair exonuclease 1
{TREX1), transcript variant 2,
mRNA

11277

NM_033827

A03278

pofynucieoi:idé kinase 3'-
phosphatase (PFNKP), mRNA

11284

NM_007254

A01322

Parkinson disease (autosomal i

raecessive, early onsat) 7 (PARKY),
mRNA

11315

NM_007262

B:5525

PDGFA associated protein 1
{PDAP1), mRNA

11333

NM_014891

ADB117

furnour suppressor candidate 2
(TUSC2Z!, mRNA

11334

NM_007275

ul

A:08584

aciivating transcription factor &
[ATF5), mRNA

22809

NM_012068

| /A710029

KIAADST T (KIAADBT 1), mRNA

22868

NM_014829
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mRNA

[ C:4180 DENN/MADD domain containing 3 | 22888 NM_014957
{DENND3), mRNA
A:07855 microtubuie-associated protein, 22918 NM_012325
RP/EB {amily, member 1 '
{MAPRE1), mRNA |
A02013 sirtuin (silent mating type 22833 NM_030583
information regulation 2 homoiog) 2
(8. cerevisiae) (SIRTR2), franscript
! variant 2, mRNA
A:07985 ! TPX2, microtubule-associated, 22974 NM_012112
homolog {(Xenopus iaevis) (TPX2}, :
mRNA ,
1032 apoptotic chromatin condensation 22985 NM_014877
: inducer 1 ACINT
A10378 androgen-induced prolifaration 23047 NM_015632
inhibitor (APRIN), transcript variant
1, MRNA
A:04898 nuclear receptor coaciivator & 23054 NM_0140671
{NCOAS}, mRNA :
A:08185 KIAAOE76 protein (KIAADBTE), 23081 NNM_198888
tranzcript variant 1, mRNA .
B:48786 KIAAD261 (KIAAG261), mRNA 23063 NM_015045
B:8950 KIAAD241 proiein (KIAADZ241), 23080 NM_015080
mRNA
C:2458 w53-associated parkin-like 23113 NM_015088
cyioplasmic protein (PARC), mRNA
B:9549 .| 8MCS5 structural maintenance of 23137 NM_015110
chromosormes 5-like 1 (yaast)
{SMC5L1), mRNA
B:4428 septin 6 {(SEPTS), franscript variant : 23157 NM_145788
[, mRNA
B:6278 KIAADSE2 protein (KIAADBEZ), 23158 NM_015130
mRNA .
B:1443 septin 8 (SEPTS), mRNA 23176 | XM_034872 |
B:8138 ankyrin repeat domain 15 23188 NM_015158 '
(ANKRD15), transcript variant 1,
mRNA 5
B:;4969 KIAA1086 (KIAAT086), mRNA 23217 XM_001130130, |
XM 001130674
A:10369 phospholipase C, beta 1 23236 NiVi_182734
{phosphoinosifide-specific)
(PLCB1), transcript variant 2,
mRNA
B:0524 RABS interaciing protein 1 .| 23258 NM_015213
{(RABSIP1), mRNA :
B:0230 inducible T-cell co-stimutator ligand 1 23308 NiM_015258
ICOSLG
B:0327 SAM and SH3 domain coniaining 1 | 22328 NM_015278 ‘
{SAGH1}, mRNA
B:5714 KIAADBS0 protein (KIAADBSD), 23347 XM_113962,
mRNA XM_E38891
B:8897 formin binding protein 4 (FNBP4), 23380 Ni_015308
mMRNA
[ B:8228 barren homolog 1 (Drosophila) 23397 NiM_015341 ]
] (BRRNT), mRNA . j
i B:9601 ATPase type 13A2 (ATP13A2), 23401 NM_022688%
L
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B:7418

TAR DNA binding protein
(TARDEPR), mRNA

23435

NM_007375

.

B.7878

microtubule-actin crossiinking factor
1 (MACF1), transcript variant 1,
mRNA

23489

NM_012090

A:08105

RNA binding moiif protein 9
(RBMY), iranscript variant 2, mRNA

23543

NM_014308

B:1185

origin recognitior; compiex, subunit
& homolog-like (yeast) (ORCGL),
mRNA

23554

NM_ 014321

B:3180

origin recognition complex, subunit
3-ike (yeast) (ORC3L), transcript
variant 2, mRNA

23595

NM_012381

A00473

 SPO11 meiotic protein covalently

bound to DSB-like (5. cerevisias)
{SPO11), transcript variant 1,
mRNA

23628

NM_012444

I
A02179

RAB GTPase activating protein 1
(RABGAPT), mRNA

23837

NiM_012187

A(06494

isucine zipper, down-reguiated in
cancer 1 (LDOCT), mRNA

23641

NM_012317

B:2188

protein phosphatase 1, regulatory
{inhibitor) subunit 15A (PPP1R15A),

mRNA

23645

NM_014330

! N

C:3173

polymerase {DNA directed), alpha 2
(70kD subunif) (POLAZ), mRNA

23649

NM_002688

A03008

SH3-domain binding proiein 4
{SH3BP4), mRNA

23877

NM_014521

C:1804

N-acetyliransferase 6 (NATS),
mRNA

24142

NM_012161

L
C:z18

unc-B4 homoleg B (C. elegans)
(UNCB4RB), mRNA

25777

NM_015374

Al5344

RADB4 homolog B (S. cerevisiag)
(RADX54B), franscript variant 1,
mRNA

25788

NM_012415

A0B762

CDKN1A interacting zinc finger
protein 1 (ClZ1), mRNA

25782

NM_0D12127

C:4297

Nipped-B homolog {Drosophiia)
(NEPBL), transcript variant B, mRNA

25836

NM_015384

A0B4D1

preimpiantation protein 3 (FREI3),
franscript variant 1, mRNA

25843

NM_015387

B:3103

breast cancer matastasis
supprassor 1 (BRMS1), transcript
vartant 1, mMRNA

25885

NM_D15309

| A:01151

protain kinase D2 (PRKDZ), mMRNA

25869

f

NM_016457

A:07688

EGF-like-domain, muliiple §
{EGFLE), mRNA

| 25975

I

1 NM_015507
N

B:6248

ankyrin repeat domain 17
(ANKRD 17}, transcript variant 1,
miRNA

26057

]

M_032217

A:02605

adaptor protein containing pH
domain, PTB domain and leucing
zipper mofif 1 {APPL), mRNA

26080

NM_012086

A02500

ets homolagous factor (EHF),
mRNA :

26288

NM_012153

mutl. homoiog 3 (E. coli) (MLH3),
mRNA

27030

NM_014381

(A:09724
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A:05200 lysosomal-associated membrane | 27074 NM_014398
protein 3 (LAMP3}, mMRNA
A00888 tetraspanin 13 (TSPAN13), mRNA | 27075 NM_014328
A02884 calcyclin binding protein (CACYBP), | 27101 NM_014412
franscript variant 1, mRNA
A:00435 aukaryotic transiation initiation 27104 Nii_014413
factor 2-alpha kinase 1 (EIF2AK1),
i mRNA
C:8168 1 SMC1 siructural maintenance of 27127 NM_148674
- chromosomes 1-ike 2 (yeast)
" (SMC1L2), mRNA
AD0927 sestrin 1 {SESNT), mRNA | 27244 NM_014454
A:01831 ENA binding motif, singie stranded | 27303 Nii_014483
| interacting protein (RBMS3), )
transcript variant 2, mRNA
A06053 zine finger proiein 330 (ZNF330), 27309 NM_014487
: mRNA
A03501 down-regulaied in metastasis 27340 NM_014503
{DRIM), mRNA : o
B:3842 polymerase (DNA directed), lambda | 27343 NW_013274
{POLL), mRNA
B:6569 polymerase (DNA directed}, mu 27434 NM_013284
(POLM), mRNA
B:4351 echinoderm microtubule associated | 27438 NM_018083
protein fike 4 (EML4), mRNA
B:1612 cat eye syndrome chromosome 27443 AF307448
region, candidate £ CECR4
A:08058 protein-phosphatase 2 (formerly 28227 N 013239
24), reguiatory subunit B”, beta
(PPP2R3B), transcript variant 1,
mRNA
A:09647 response gene o complement 32 28084 NW_014059
(RGC32), mRNA
A08821 maiignant T cell amplified sequence | 2B985 NM_014060
1 {(MCTS1), mRNA
B:5485 HSPC135 protein (HSPC135), | 29083 NM_014170
transcript variant 1, mRNA
A098945 PYD and CARD domain containing | 29108 NWM_013258
{(PYCARD), transcript variant 1,
mRNA
C:1844 lectin, galectoside-binding, soluble, | 29124 NM_013268
13 (galectin 13) (LGAL313), mRNA
A02180 CD274 anfigen (CD274}, mRNA 29126 NM_014143
A0BO7E replication inifiator 1 (REPINT), 25803 NM_013400
franscript variant 1, mMRNA
B:1470 anaphase promoting complex 29882 NM_013386
subunit 2 (ANAPC2}, mRNA
A:0BB5T. protein predicted by clone 23882 28903 NM_013301
{HSU78303}, mRNA
A:10453 replicafion protein A4, 34kDa 28935 NM_013347
(RPA4), mRNA
A:02882 anaphase promoting compiex 29845 NM_013367
subunit 4 (ANAPC4), mRNA
A10100 SERTA domain containing 1 28950 NM_0133786
{SERTADT), mRNA
A:053186 striatin, caimodudin binding protein 3 | 20966 NM_014574
(STRN3), MRNA
A; 08440 GO/G1switch 2 (GRSZ), mRNA 50486 NM_015714
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A:08113 deieted in 2sophageal cancer 1 50514 Ni_017418
(DECT), mRNA

B.7919 hepatoma-derived growth factor, 50810 NM_018073
related protein 3 (HDGFRP3),
mRNA

A:07482 par-6 pariitioning defective 6 50885 NN _016948
homaolog alpha (C. elegans)
(PARDBA), transcript variant 1,
mRNA :

A:(33435 geminin, DNA replicafion inhibHor 51053 NM_015885
{GMNN), mRNA .

A00171 ribosomal protein S27-ike 51085 NM 015920
{RPSZ7L), mRNA ,

B:1459 EGFike-domain, muliiple 7 51162 NM_018215
(EGFL.T)}, transcript variant 1,
mRNA

A:08081 tubuiin, epsilon 1 (TUBET), mRNA 51175 NM_016282

A:08522 hect domain and RLD 5 (HERCSE), 51191 ' NM_018323
mRNA

A:06174 phoespholipase C, epsilon 1 51186 NM_D16341
(PLCET), mRNA

8:3533 dual specificity phosphatase 13 51207 NM_D01007271,
DUSP13 NM_0D1007272,

NM_001007273,
NM_001007274,
NM_001007275,

NM_016364

A:08537 ABI gene family, member 3 (ABI3), | 51225 NM_016428
mMRNA

A:03107 franscription facior Dp family, 51270 NM_018521
member 3 (TFDP3), mRNA

A:09430 SCAN domain containing 1 51282 NM_018558
{SCAND1)}, transcript variant 1,
mRNA

B:8657 CD320 antigen (CD320), mRNA 51283 | NM_016579

A07215 fizzy/cell division cycle 20 related 1 | 51343 | NM_D16263
{Drosophila) (FZR 1), mRNA

A06101 Wilms tumour upsiream neighbor 1 | 51352 NM_015855
{WITT), mRNA

A10814 E3 ubiquitin protein ligase, HECT 51368 NM_0156802
domain containing, 1 (EDD1}, ‘
mRNA

B:9704 anaphase promoting compiex I 51433 NM_018237
subunit 5 (ANAPCS), mRNA

B:1481 anaphase promoting complex . 51434 NM_D18238
subunit 7 {ANAPCT), mRNA

A:08459 -2 and S-phase exprassed 1 51512 i NM_016428

' [ {GTSET), mRNA
A;02842 APC11 anaphase promating 51529 NM_0184760

complex subunit 11 homolog
(yeast) (ANAPC11), transcript
variant 2, mRNA

B:2670 histone deacetylase 7A HDACTA 51564 NM_015401,

A:07829 ubiguitin-conjugating enzyme E20 4 | 51619 NiM_015983
{putative} {UBE2D4), mRNA
A:0B440 CDKS regulatory subunit associated | 51654 NM_018082

protein 1 (CDKSRAP), franscript
varant 2 mRNA
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B:1035 DNA replication compiex GINS 51659 NM_0160085
i protein PSF2 (Pis2), MRNA
B:0464 l sterile alpha mofif and isucine 51776 NM_ 133646
zipper coniaining kinase AZK
| (ZAK), Transcript variant 2, mRNA
B:7871 ZW10 interactor anfisense 53588 X98281
ZWINTAS
B:3431 RNA binding motif profein 11 54033 NM_ 144770
(RBM11), mMRNA
A02209 polymerase (DNA directed), epsilon | 54107 NM_017443
3 {p17 subunit) (POLE3), mRNA ,
AD4070 DKFZp434A0131 protein ‘ 54441 N#M_018891
DKFZP434A0131 ;
A05280 aniliin, actin binding protein (scraps | 54443 NM_(118685 i
homolog, Drosophilz) (ANLN),
mRNA
A08475 spindlin family, member 2 (SPIN2), | 54466 NiM_019003
mRNA
A:03860 cyclin J {CCNJ), mRNA 54619 NM_018084
B:3841 M-phase phosphoprotein, mpp8 54737 NM_017520
{(HSMPP8), mRNA
B:8673 ropporin, rhophilin associated 54783 NM 017578
protein 1 (ROPNT), mRNA
A02474 | B-celi transiocation gene 4 (BTG4), | 54766 NM_017580
: mRNA
B:2084 G pafch domain containing 4 54865 NM_182679
| (GPATCH), transcript variant 2,
| mRNA
A:06639 hypothetical protein FLJ20422 54829 NM_017814
(FLJ20422), mRNA
(:2285 thioredoxin-iike 4B (TXNL4B), | 54857 NM_017853 ]F
mRNA
B: 7808 l FINZ-interacting proiein 1 (PINX1), | 54884 NM_017884 ;
mRNA ,
B:8204 polybrome 1 (PB1), transeript ‘ 55183 “NM_D18313
variant 2, mMRNA !
A03321 hypothetical protein FLJ10781 55228 NM_018215
(FLJ10781), mRNA
B:2270 MOB1, Mps One Binder kinase 55233 NM_018221
: activator-iike 1B {yeast} MOBKTB | :
A:08002 signal-reguiatory protein beta 2 56423 NM_{18556
(SIRPB2), transcript variant 1,
! mMRNA .
A03524 tripariite motif-containing 36 -| 85522 NM_018700
(TRIM36), franscript variant 1,
MRNA
A:00474 chromosome 2 opan reading frame  { 58571 NM_017548
26 (C2orf22), mRNA
A:05414 typotheiical protein H41 (H41), 55573 NM_017548
MRNA
B:2133 CDC37 call division cycle 37 55664 NM_017913
homaolog (8. cerevisiae)-fike 1
(CDC37L1), mRNA
B:8413 Nedd4 binding protein 2 (N4BP2), 55728 NM_018177
mRNA
A:02888 checkpoint with forkhzad and ring 85743 NM_018223
. finger domains {CHFR), mRNA
A:07488 septin 11 (SEPT11), mRNA 55752 NM_018243
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[ B:2252 chondroifin beta1,4 N- 55790 | NM_018371
zcelylgalactosaminyliransferase :
{Chiin}, mRNA
C:0033 B doubie prime 1, subunit of RNA 55844 NM_018428
polymerase il franscription initiation
factor illB BDP1
A03912 PDZ binding kinase (PFBK), mRNA | 56872 NM_018482
A:10308 unc-45 homolog A (C. elegans) 55808 NM_017878
{UNC454A), transcript variant 1,
mRNA :
A:02027 bridging integrator 3 (BIN3}, mRNA | 55808 NM 018688
C:0655 erbh2 interacting protein ERBB2IP | 55014 NM_D01008600, -
NM_ 018685
[ B:1503 sepfin 3 (SEPT3), franscript variant | 55964 NM_ 145734
C, mRNA
B:8448 gasirokine 1 (GKN1), mRNA 58287 NM_019817
A:00073 par-3 partitioning dafective 3 56288 NM_019618
homolog (C. elegans) (PARD3),
mRNA
A:03980 CTP synthase il (CTPS2), transcript | 56475 NM_019857
variant 1, mRNA
B:8449 BRCA2 and CDKN1A interacting 56647 NM_078468
protein (BCCIP), franscript variant
B, mRNA
B:1203 interfaron, kappa (IFNK), mRNA 56832 Nivi_020124
'B:1205 SLAM family member 8 (SLAMFS8), | 56833 NM_020125
mRNA
A00149 sphingosine kinase 2 {SPHK2), 56848 NM_D020126
mRNA
A:04220 Werner heficase interacfing protein | 56897 NM_020135
1 {WRNIP1), franscript variant 1,
mRNA
A:09085 latexin (LXN), mRNA 56925 NM_020168
A;02450 dual specificity phosphatase 22 56940 NM_020185
(DUSP22), mRNA { ‘
C:0875 DC13 protein (DC13), MRNA 56042 NM_020188
A:04008 §',3-nucieotidase, mitochondrial 56953 NM_020201
(NT5M), nuclear gens encoding
mitochondriai protein, mRNA
A:01586 kinesin family member 15 (KIF18), | 56992 NM_020242
- mRNA o
B:03a8 catenin, beta interacting protein 1 56808 NM_020248
{CTNNBIP1), franscript variant 1,
mRNA
B:3508 cyalin L1 {CCNLT}, mRNA | B7018 NM_020307
A:06501 cholinergic receptor, nicolinic, alpha | 57083 Ni_020402
.| polypeptide 10 (CHRNA10), mRNA
B.7311 poly(rC) binding protein 4 (PCBP4}, | 57060 NM_020418
transcript variant 1, mRNA
A:08184 chromosome 1 open reading frame | 57025 NM_020362
128 (C1orf128), mRNA
1 B:3446 $100 caicium binding protein A14 57402 NM_020872
(5100A14), mBNA
C:5669 odz, odd Oz/ten-m homoiog 2 57451 XM_047985,
" {Drosophila) (0DZ2), mRNA XM 831458,
XM_942208,
KN_B48788,
XM 845788
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B:8403

membrane-associated ring finger
(C3HC4) 4 (MARCH4), mRNA

57574

Ni_020814

Br1442

potymerase (DNA-directed), delta 4
{POLD4}, mRNA

1 57804

TNM_ 021173

L
| B11448

prokineticin 2 (PROKZ), mRNA

80875

NM_021835

B:4091

CTF18, chromosome transmission
fidelity factor 18 homolog {S.
ceravisiag) {CHTF18), mRNA

83922

NM_022082

C:0644

TSPY-like 2 (TSPYLZ), mRNA

64061

"NM_022117

RB:6809

chromosome 10 open reading
frame 54 {C10orf54), mRNA

54115

NM_022153

A:10488

chromosorme condensation protein
G {HCAP-G), mRNA

64151

NM_022346

A10186

spermatogenesis associaied 1
{SPATAT), mRNA

64173

NM_022354

A:Q2978

DNA cross-link repait 1C (PS02
homolog, S. cerevisiag)
(DCLRE1C), transcript variant b,
mRNA

64421

NV_022487

A0112

anaphase promoting complax
subunit 1 (ANAPCT), mRNA

64682

NM_022662

A10470

FLJ20858 gene (FLJ20859),
transcript variant 1, mRNA

64745

NM_007029997

8:3988

interferon stimulated exonuclease
gene 20kDa-fike 1 (1ISG20L 1},
mRNA

64782

NM_022767

A:06358

DNA cross-link repair 18 (PSQ2
homolog, 3. cerevisiae)
(DCLRE1B), mRNA

54858

NM_022836

AN0073

ceniromere protein H (CENPH;,
mRNA

54946

NM_022909

A:05803

chromosome 16 open reading
frame 24 (C160rf24), mRNA

65890

NM_023633

AL7STE

spermatogenesis associated 5-iike
1 (SPATASL1T), mRNA -

79025

Ni_024063

AD1368

hypothetical protein MGC52087
{MGC5287), mRNA

78072

NM_024061

1382

basic helb-ioop-helix domain
containing, class B, 3 (BHLHE3),
mRNA

78385

NM_030762

A:00698

NADPH oxidase, FF-hand caicium
binding domain & (NOX5), mRNA

75400

NM_0G24505

A:05363

SMC6 structural maintenance of
chromosomes 8-like 1 (yeast)
(SMCEL1), mRNA

79677

NM_024624

A0E7T5

V-set domain containing T cell
activation irthibitor 1 (VTCNT),
mRNA

79579

NM_024626

B:6021

hypothetical protein FLJ21125
(FLJ21125), mRNA

789580

NM_024627

[A:06447

Sin3A associated profein p30-ike
{SAP30L), mRNA

79685

NM_024832

A0BT7E7

suppressor of variegation 3-9
homolog 2 (Drosophila)
{(SUV3IHZ), mRNA

79723

NN_024570

AD1156

chromasome 15 open reading
frame 28 (C150rf29), mMRNA

79768

NM_024743

|
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A33654 nypothetical protein FLJ13273 79807 NW_D01031720
{FLJ13273}, transcript variant 1,
mRNA

A10726 hypothstical profein FLJ13285 78835 NM_024877
{FLJ13285), mRNA

B:.2382 Dbfd-refated factor 1 (DRF 1), BO174 NM_025104
transcnpt variant 2, MRNA J

B:2358 SMP3 mannosyliransierase 80235 NM_025183 '
{SMP3), mRNA

A:02800 CDK& regulatory subunit associated | 80279 NM_025187
proteln 3 (CDKSRAPS), franscript

| variant 2, mRNA

C:0025 ieucine rich rapsat containing 27 80313 NM_030826
(LRREC27}), mRNA

B:8631 ADAM metallopeptidase domain 33 | 80332 NM_G25220
(ADAM33), transcript variant 1,
mRNA

B:6501 3276 antigen (CD278), transcript | 80381 NM_025240 -
variant 2 mRNA )

A:05386 hypothetical protein MGC 10334 80772 NM_001029885
{(MBC10334), mRNA

A:08918 collagen, type XV, aipha 1 80781 NM_030582
(COLT8AT), transcript variant 1,
mRNA

C:0358 EGF-like-domain, mulfiple 8 80864 NM_030852
(EGFL8), mRNA

B:1020 C/ERP-induced protein 81558 Ni_(030802
{LOCB15658), mRNA

B:3550 DNA replication factor (CDT1}, 81620 Ni_030928
miRNA

B:5661 cyclin L2 {CUNLZ), mRNA 81668 NM_030837

B:1735 exonuctease NEF-sp (LOC81691), | 81881 NM_030941
mRNA

B.2768 ring finger protein 146 (RNF148), 81847 NM_0309863
mRNA

B:2350 interferon stimulated exonuclease | 81875 NM_Q30280
gene 20kDa-like 2 (1ISG20L2),
mRNA

B:3823 Cdkb and Abl enzyme substrate 2 .| 81828 NM_031215
{CABLES2), mRNA

B:8830 leucine rich repeat containing 48 834580 NM_03125%4
(LRRCA48}, mRNA

B:8709 katanin p&0 subunit A-ike 2 83473 NM_031303
{KATNALZ), mRNA .

B:8709 sestrin 2 (SESNZ), mRNA 83657 NM_031458

| B:8721 | G388 antigen-fike 2 (CDE8L2), 83682 NM_0314862

transcript variant 1, mRNA

C:0565 regenerating islet-derived family, 83998 NM_032044
member 4 (REG4), mRNA

B:3599 katanin pB0 subunit A-like 1 84056 NM_032116
(KATNAL1), transcript variant 1,
mRNA

B:3492 GAJ protein {GAJ), mRNA 84057 NM_0321147

A 00224 1Q motif containing G (JGCG}, 84223 NM_032263
mRNA

C:1051 hypothetical protein MGC10911 84262 NM_032302
{MGC10911), mRNA

B:1756 prokineticin 1 (PROKT), mRNA | 84432 NM_032414 |
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NM_032485

B3026

MCM8 minichromosome B4515
maintenance deficient 8 (S.
cerevisiae) (MCMB), transcript
variant 1, mRNA

C:05586

RNA binding moti: protein 13 84550
(RBM13), mRNA

N_032500

C:1586

par-§ partitioning defactive 6 84512
homoiog beta (C. elegans)
{PARDSBB), mRNA

NM_032521

C:1872

resistin like beta (RETNLB), mRNA | 84666

NM_032579

B:856%

protein phosphatase 1, regulatary 84887
subunit 88, spinophiiin (PPP1REB),
mRNA

NM_032585

B:3610

hepatoma-derived growih factor- | 84717
related protein 2 (HDGF2), '
transcript variant 2, mRNA

NM_032831

B:4127

lamin B2 (LMNB2), mRNA 84823

NM_032737

B:2738

apoptosis-inducing facior {AlF)-like | 84883
miiochondrion-associated inducer
of death {AMID), mRNA

NM_032787

B:4273

RAS-jike, estrogen-regulated, 85004
growth inhibitor (RERG), mRNA

NM_032918

B:8560

cyclin B3 (CONB3), franscript 85417
variant 1, mRNA

NW_ 033870

C:0075

leucinz rich repeat and coiled-coll 85444

domain containing 1 (LRRCC1),
mRNA

NI_033402

B:8110

triparifte mofif-containing 4 (TRIM4)}, | 89785
franscript variant aipha, mRNA

NN_033017

B:8017

hypothetical gene G078, CGO18 | 90634

NM_052818

C:0238

NIMA (never in mitosis gene a)- 81754
related kinase 9 (NEKS), mRNA

NM_033118

B:3862

Cdk5 and Abl enzyme substrate 1 91768
{CABLEST), mRNA

NM_138375

B:3802

chordin-like 1 {CHRDLT), mRNA 81860

NM_ 145234

B:3730

family with sequence similarity 58, 92002
meimber A (FAMSBA), mMRNA

NM_152274

B:6762

secretoglobin, family 3A, membsar 1 | 92304
{SCGB3A1), mRNA

NM_052863

B:4458

membrane-associated ring finger 82978
{C3HC4) 8 MARCHS

NM_138395

B:9351

immunoglobulin superfamily, | §3185
member 8 {IGSF8}, mRNA

NM_052868

B:1687

acid phosphatase, testicular 83680
{ACPT), franscript variant A, miRNA .

NM_033088

B:3540

RAS guanyi reieasing protain 4 116727

(RASGRP4), transcript variant 1,
mRNA

NM_170803

C:4836

topoisornerase (DNA} 1, 118447

mitochondrial (TOPIMT), nuclear
gene encoding mitochondrial
protein, mRNA f

NM_052963

B:9435

mediator of RNA polymerase 116831

transcription, subunit 12 homolog
(veast)-like (MED12L), mRNA

l
N _053002

C. 3783

amyotrophic lateral sclerosis 2 | 117583
(juveniie) chromosome region, [
candidate 19 (ALS2CR19), j
transcript variant b, mRNA ;

NM_152526

e S I B
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(3487 KIAA1877 proiein (KIAA1S77), 124404 NM_133450
mRNA

C:3112 ubiquitin specific protease 43 124817 XM_945578
(USP43}, mRNA

C:5285 hypothetical protein BCO08732 133398 NM_178833
{LOC133308), mRNA

A07401 myosin fight chain 1 siow a 140456 NM_002475
(MLC18A}, mRNA

C:1334 CCCTC-binding factor (zinc finger 1406906 NM_080618
protein)-like {CTCFL), mRNA

B:5283 chromosome 20 open reading 140848 183828
irame 181 C2Dorf181

B:8318 hypothetical protein MGC20470 143888 NM_145053
{(MGC20470), mRNA

B:9580 sepfin 10 (SEPT1D), transcript 151011 Ni_144710
variant 1, mRNA

C:0962 similar to hepatoceliular carcinoma- | 1511256 NM_ 145280
assaciated antigen HCAS57b
{(LOC151194), mRNA

C:1752 connexind0 {CX40), mRNA 218771 NM_153368

B:3031 kinesin family member 8 (KIF&), 221827 NiV_145027
mRNA :

B:1737 chromosome Y open reading frame | 246176 NM_001005852
15A (CYorf15A), mRNA :

B:8632 DNA directad RNA poiymerase H 246778 NM_(32859
polypeptide J-related gene .
(PCLR2J2), transcript variant 3,
mRNA ,

A:0B544 zinc finger, DHHC-type containing 254394 NM_207340

_ 24 (ZDHHC24), mRNA

C:.3659 growth arresi-specific 2 fike 3 283431 NM_174542
{GAS2L3), mRNA

B:5467 laminin, alpha 1 (LAMA1), mRNA 284217 NM_00BE59

C:2389 hypothetical prolein MGC26694 284439 NM_178526
{MGC26894), mRNA

C:5315 cation channel, sperm associated 3 | 347733 Ni_178018
{CATSPER3), mRNA

B:0831 polymerase (DNA direcied) nu 353497 NM_181808
{POLN), mRNA

Table B: Known cell proliferation-related genes. All genes categorized as cell
proliferation-related by gene ontology analysis and present on the Affymetrix HG-

U133 platform.

General Approaches to Prognostic Marker Detection

The following approaches are non-iimifing methods that can be used to detect the
microarray approaches using

proliferation markers, inciuding GCPM family members;

oligonucieotide probes seleclive for a GCPM; real-time gPCR on fumour sampies using
GCPM specific primers and probes; real-time gPCR on lymph node, blood, serum, fascal,
or urine samples using GCPM specific primers and probes; enzyme-linked immunological
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assays (ELISA), immunohistochemistry using anti-marker antibodies; and analysis of

array or gPCR data using computers.

Other useful methods include northern blofting and in sifv hybridization (Parker and
Barnes, Msthods in Molecular Biology 108: 247-283 (1899)); RNase profection assays
(Hod, BioTechniques 13: 852-854 (1982)); reverse tiranscription polymerase chain
reaction (RT-PCR; Weis af al., Trends in Genetics 8: 263-264 (1992)); serial analysis of
gene expression (SAGE; Velculescu et al., Science 270 484-487 (1995}, and Velculescu
et al,, Celi §8; 243-51 (1997)), MassARRAY technoiogy (Sequenom, San Diege, CA)}, and
gene expression analysis by massively parallel signature sequencing (MPSS; Brenner et |
al., Nature Biotechnology 18; 630-634 (2000)). Alternatively, antibodies may be employed
that can recognize specific complaxes, including DNA duplexes, RNA duplexes, and DNA-

| RNA hybrid duplexes or DNA-protein duplexes.

Primary data can be coliected and fold change analysis can be performed, for example,
by comparison of marker expression ievels in tumour fissue and non-tumour tissue; by
comparison of marker expression levels fo levels determined in recurring tumours and
non-recurring fumours; by comparison of marker expression ievels {o levels determined in
tumours with or without metastasis; by comparison of marker expression levels o levels
determined in differently staged tumours; or by comparison of marker expression levels to
levels determined in cells with different levels of proliferation. A negative or positive
prognosis is determined based on this analysis. Further analysis of tumour marker
expression inciudes maiching those markers exhibiting increased or decreased
expression with expression profiles of known gasirointesiinal tumours fo provide a

prognosis.

A threshoid for conciuding that expression is increased is provided as, for example, at
least a 1.5-fold or Z-fold increase, and in aliernative embodiments, at isast a 3-foid
increase, 4-fold increase, or 5-fold increase. A threshold for conciuding that expression is
decreased is provided as, for example, at least a 1.8-fold or 2-fold decrease, and in
alternative embodimenis, atf ieast a 3-foid decrease, 4-fold decrease, or 5-foid decrease. It
can be appreciated that other thresholds for concluding that increased or decreased
expression has occurred can be seiecied without departing from the scope of this

invention.
it will also be appreciated that a threshold for conciuding that expression is increaéed will

be dependent on the particular marker and aiso the particular predictive model that is io
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be‘app[ied. The threshold is gensrally sei to achieve the highest sensitivity and selectivity
with the lowast error rate, although variations may be desirable for a particuiar cinical
situgtion. The desirad threshold is determined by analysing a population of sufficient size
taking into account the statistical variability of any predictive model and Is calculated from
the size of the sample used to produce the predictive model. The same applies for the
determination of a threshoid for concluding that expression is decreased. |t can be
appreciated that other threshoids, or methods for establishing Va threshold, far concluding
that increased or decreased expression has occurred can be selected without departing

from the scope of this invention.

It is also possible that a prediction model may produce as if's oufput a numerical value, for
example a score, likelihood value or probabiiity. In these instances, it is possible to apply
thresholds to the results produced by prediction models, and in these cases similar

principles apply as those used fo sef thresholds for expression values

Once the expression ievel of one or more proliferation markers in a tumour sample has
bsen obtained the likeilhood of the cancer recurring can then be determined. In
accordance with the inveniion, a negative prognosis is associated with decreased
expression of at least one proliferation marker, while a posifive prognosis is associated
with increased expression of at least one proliferation marker. in various aspects, an
increase in expression is shown by at least 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
or 75 of the markers disclosed herein. in other aspects, a decrease in expression is
shown by at least 1, 2, 3, 4, 5, 19, 15, 20, 25, 30, 35, 40, 45, 50, or 75 of the markers

disclosed herein

From the genes identified, proliferation signatures comprising one or more GCPMs can be
used fo determine the prognosis of a cancer, by comparing the expression level of the one
or more genes to the disclosed proliferation signature. By comparing the expression of
one or more of the GCPMs in a tumour sampie with the disclosed proiiferation signature,
the Jikelhood of the cancer recurring can be determined. The comparison of expression
levels of the prognostic signature to estabfish a prognosis can be dons by applying a

predictive model as described previously.

Determining the likelinood of the cancer recurring is of great value to the medical

practitioner. A high likefihood of reoccurrence means that a longer or higher dose

treatment should be given, and the patient should be more closely monitored for signs of

recurrence of the cancer. An accurate prognosis is also of benefit to the patient. I aliows
73



10

15

20

25

30

35

the patient, along with their pariners, family, and friends to also make decisions about
treatment, as well as decisions about their future and lifestyie changes. Therefore, the
jnvention also provides for a2 method establishing a freatment regime for a particular
cancer based on the prognosis established by matching the expression of the markers in

a tumour sample with the differential proliferation signaturz.

It will b2 appreciated that the marker seiection, or construction of a proliferation signature,
does not have fo be restricted to the GCPMs disclosed in Table A, Table B, Tabie C or
Table D, herein, but could involve the use of one or more GCPMs from the disclosad
signature, or a new signature may be established using GCPMs selected from the
disclosed marker lists. The requirement of any signature is that it predicts the likelihood of
racurrence with enough accuracy to assist a medical practitioner to establish a treatment

regime.

Surprisingly, it was discovered that many of the GCPM were associated with increased
levels of cell proliferation, and were also associated with a positive prcgnoéis. It has
simitarly been found that there is a close correlation between the decreased expression
levei of GCPMs and a negative prognasis, e.g., an increased likelihood of gasirointestinal
cancer recurring. Therefore, the present invention also provides for the use of a marker

associated with cell proiiferation, e.g., a ceil cycle componeant, as a GCPM.

As described herein, determination of the likelihood of a cancer recurring can be
accomplishad by measuring expression of one or more proliferation-specific markers. The
methods provided herein also include assays of high sensitivity. In particular, gPCR is
extremely sensifive, and can be used to detect markers in very low copy number (e.g., 1~
100) in a sample. With such sensifivity, prognesis of gastrointestinéi cancer is mads

refiable, accurate, and easily tesiad.

Reverse Transcription PCR (RT-PCR)
Of the technigues listed above, the most sensitive and most flexible quantitative method is

'RT-PCR, which can be used to compare RNA levels in different sample populations, in

normal and tumour fissues, with or without drug freatment, to characterize patterns of
expression, to discriminate between closely related RNAs, and io analyze RNA structura.

For RT-PCR, the first step is the isoiation of RNA from a targst sample. The starfing

material is typically totai RNA isolated from human tumours or tumour cell lines, and

corresponding normal fissues or cell lines, respectively. RNA can be isolated from a
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variely of samples, such as tumour samples from breast, lung, coion (e.g., iarge bowel or
small bowal), colorectal, gasiric, esophageal, anal, rectal, prostate, brain, fiver, kidney,
pancreas, spieen, thymus, tesfis, ovary, uierus, eic., fissues, from primary tumours, or
tumour celf lines, and from pooled samples from healthy donors. If the source of RNA is a
tumour, RNA can be exiracted, for exampie, from frozen or archived paraffin-embedded

and fixed (e.g., formalin-fixed) tissue samples,

The first step in gene expression profiling by RT-PCR is the reverse franscription of the
RNA iemplate into cDNA, foliowed by its exponential amplification in a PCR reaction. The

two most commonly used reverse transcriptases are avilo myeloblastosis virus reverse
transcriptase (AMV-RT) and Moiloney murine leukaemia virus reverse franscriptase
(MMLV-RT). The reverse franscripiion step is typically primed using specific primers,
random hexamers, or o!igdwdT primers, depending on the circumstances and the goal of
expression profiling. For exampie, exiracted RNA can be reverse-transcribed using a
GeneAmp RNA PCR kit (Perkin Eimer, CA, USA), fbllcwing the manufacturer's
instructions. The derived cDNA can then be used as a {femplate in the subseguent PCR

reaction.

Although the PCR step can use a variety of thermosiable DNA-dependent DNA
polymerases, it typically employs the Tag DNA polymerase, which has a 5-3' nuciease
activity but lacks a 3-8 proofreading endgnuc}aase activity. Thus, TagMan (g} PCR
typically utifizes the 5' nuclease aclivity of Tag or Tth polymsrase to hydrolyze a
hybridization probe bound fo ifs tafget amplicon, but any enzyme with equivalent 5

nuciease acfivity can be used.

Two oligonuciectide primers are used o generate an amplicon typicai of a PCR reaction.
A third oligonucleotide, or probe, is designed to detect nuclectide sequence located
between the two PCR primers. The probe is non-exiendible by Tag DNA polymerase
gnzyme, and is |abeled with a reporter fluorescent dyé and a guencher fluorescent dye.
Any laser-induced emission from the reporter dye Is guenched by the quenching dye
when the two dyes are located ciose fogether as they are on the probe. During the
amplification reaction, the Tag DNA polymerase enzyme cieaves the probe in a template-
dependent manner. The resultant probe fragmenis disassociate in solution, and signai
from the released reporter dye is free from the quenching effect of the second fluorophore.
One molecule of reporter dye is liberaied for sach new molecule synthesized, and
datection of the unguenched reporter dye provides the basis for quantifative interpretation

of the data.
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Tagian RT-PCR can be performed using commercially available equipment, such as, for
example, AB! PRISM 7700tam Sequence Detection Sysiem (Perkin-Eimer-Applied
Biosystems, Foster City, CA, USA), or Lightcycler (Roche Molecular Biochemicals,
Mannheim, Germany). in a preferred embodiment, the 5' nuclease procedure is run on a
real-time quantitative PCR device such as the ABI PRISM 7700tam Sequence Detection
System. The system consists of a thermocycler, laser, charge-coupled device {CCD),
camera, and computer. The sysiem amplifies sampies in a 96-wall format on a
thermocycier. During amplification, iaser-induced fluorescent signal is coliected in real-
time through fibre optics cabies for all 96 wells, and detecied at the CCD. The system

inciudes software for running the instrument and for analyzing the data.

5' nuclease assay data are initially expressed as Ci, or the threshold cycle. As discussed

above, fluorescence vaiues are recorded during every cycie and represent the amount of
product ampilified to that point in the amplification reaction. The point when the fluorescent

signal is first recorded as statistically significant is the threshold cycie.

To minimize errors and the effect of sample-to-sample variafion, RT-PCR is usually
performed using an internal standard. The ideal internal standard is expressed at a
constant level among different fissues, and is unaffecied by the experimental treatment.
RNAs most freguently used io normalize patterns of gene expression are mRNAs for the
housekeeping genes glyceraldehyde-3-phosphate-dehydrogenase (GAPDH) and-actin.

Real-time quantitative PCR {qPCR)
A more recent variation of the RT-PCR {schnique is the real ime guantiitative PCR, which

measures PCR product accumulation through a dual-labeled fluorigenic probe (ie.,
TagMan@ probe). Real time PCR is compatible both with quantitative competitive PCR
and with quantitative comparative PCR. The former uses an internal competifor for each
térget sequence for normalization, while the latter uses a normalization gene contained

within the sample, or a housekeeping gene for RT-PCR. For further details see, e.g., Held
et al., Genome Research 6: 986-894 (1996).

Expregsion ieveis can be deiermined using fixed, paraffin-embedded fissuas as the RNA

source, According to one aspect of the present invention, PCR primers and probes are

designed based upon intron sequences present in the gene io be amplified. In this

embodiment, the first step in the primar/probe design is the deiineation of intron

sequences within the genes. This can be done by publicly availabie sofiware, such as the
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DNA BLAT software developed by Kent, W. J., Genome Res. 12 {4): 658-64 (2002), or by
the BLAST software including its variations. Subsequent sfeps follow well established

methods of PCR primer and probe design.

In order to avoid non-specific signals, it is useful fo mask repetitive sequences within the
introns when designing the primers and probes. This can be easily accomplished by using
the Repeat Masker program available on-iine through the Baylor College of Medicing,
which screans DNA sequences against a library of repetitive elements and returns a query
seguence in which the repefitive elements are masked. The masked sequences can then
be used fo design primer and probe sequences using any commercially or otherwise
publicly available primer/probe design packages, such as Primer Express (Applied
Biosysterhs); MGB assay-by-design (Applied Biosysiems), Primer3 (Steve Rozen and

Helen J. Skaletsky (2000) Primer3 on the WWW for general users and for biologist

programmers in: Krawetz S, Misener S (eds) Bioinformatics Methods and Protocols:

Mathods in Molecular Biclogy. Humana Press, Totowa, NJ, pp 365-388).

The most important factors considered in PCR primer design include primer length,
meiting temperature (T,,), and G/C content, specificity, complementary primer sequences,
and 3' end sequence. In general, optimal PCR primers are generally 17-30 bases in
length, and contain about 20-80%, such as, for example, about 50-60% G+C bases. T,s
between 50 and 80°C, e.g., about 50 to 70°C are typically preferred. For further guidelines
for PCR primer and probe design see, e.g., Dieffenbach, C. W. et al., General Concepts
for PCR Primer Design in: PCR Primer, A Laboratory Manual, Cold Spring Harbor
Laboratory Press, New York, 1985, pp. 133-155; Innis and Gelfand, Optimization of PCRs
in: PCR Protfocols, A Guide fo Methods and Appflications, CRC Press, London, 1984, pp.
5-11; and Plasterer, T. N. Primerselect Primer and probe design. Methods Maol. Biol. 70:
520-627 (1897), the enfire disclosures of which are hereby expressly incorporated by

reference.

Microarray analysis
Differential gene expression can also be identified, or confirmed using the microarray

fechnigue. Thus, the expression profile of GCPMs can be measured in either fresh or

paraffin~embedded tumour fissue, using microarray teéhnoiogy. In this method,

polynuclectide sequences of interest {including cDNAs and oligonucieotides) are plated,

or arrayed, on a microchip substrate. The arrayed séquences (i.e., capture probes) are

then hybridized with specific polynucleotides from cells or tissues of inierest {i.e., targets).

Just as in the RT-PCR method, .the source of RNA typically is fotal RNA isolated from
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human tumours or tumour call lines, and corresponding normal tissues or call lines. Thus
RNA can be isolated from a variety of primary tumours or tumour cell lines. If the source of
RNA is a primary tumour, RNA can be extracted, for example, from frozen or archived

paraffin-embedded and fixed (e.g., formalin-fixed) fissue samples, which are rouiinely

prepared and preserved in everyday ciinical practice.

In a specific embodiment of the microarray fechnigue, PCR ampiified inseris of cDNA
clones are applied to a substrate, The substrate can include up to 1, 2, 3, 4, 5, 10, 15, 20,
25, 30, 35, 40, 45, 50, or 75 nucleotide seguences. in other as;:iec’cs, the substrate can
include at ieast 10,000 nucieotide sequences. The microarrayed sequences, immobilized
on the microchip, are suitable for hybridization under stringent conditions. As other

embodiments, the targets for the microarrays can be at ieast 50, 100, 200, 400, 500,

| 1000, or 2000 bases in length; or 50-100, 100-200, 100-500, 100-1060, 100-2000, or 500-

5000 bases in length. As further embodiments, the capture probes for the microarrays can
be at lsast 10, 15, 20, 25, 50, 75, 80, or 100 bases in length; or 10-15, 10-20, 10-25, 10-

50, 10-75, 10-80, or 20-80 bases in length.

Fluorescently labeled c¢DNA probes may- be generaied through incorporation of
fluorescent nucleotides by reverse transcriplion of RNA extracted from tissues of interest.
| abeled cDNA probes applied to the chip hybridize with specificity {o each spot of DNA on
the array. After stringent washing to remove non-specifically bound probes, the chip is
scannad by confocal laser microscopy or by another detection method, such as a CCD
camera. Quantitation of hybridization of each arrayed slement allows for assessment of
corresponding mRNA abundance. With dual colour fiuorescence, separately labeled
cDNA probes generated from two sources of RNA are hybridized pairwise to the array.
The relative abundance of the iranscripts from the two sources comresponding o each

specified gene is thus determined simulianeously.

The miniaturized scale of the hybridization affords a convenient and rapid evaluation of
the expression pattern jor large numbers of genes. Such methods have been shown fo
have the sensitivity required fo detect rare iranscripts, which are expressed at a few
copies per cell, and fo reproducibly detect at least approximately two-fold differences in

the expression levels (Schena et al., Proc. Natl. Acad. Sci. USA 83 (2): 106-149 (1996)).

Microarray analysis can be performed by commercially available esquipment, following
manufacturer's profocols, such as by using the Affymetrix GenChip technology, or incyte's

microarray technology. The development of microarray methods for large-scale analysis
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of Qene expression makes it possible 1o search systematically for molecular markers of

cancer classification and outcome prediction in a variety of turnour types.

RNA isolafion, purification, and ampiification
General methods for mRNA extraction are well known in the art and are disclosed in

standard textbooks of molecular biology, inciuding Ausubel et al., Current Profocols of
Molecular Biology, John Wiley and Sons (1897). Methods for RNA extraction from paraffin
embedded fissues are disclosed, for example, in Rupp and Locker, Lab invest. 56: AG7
(1987), and De Sandres et al., BioTechniques 18: 42044 (1995). In particular, RNA
isolation can be performed using purification kit, buffer set, and protease from commercial '
manufacturers, such as Qiagen, according to the manufacturer's instructions. For
example, total RNA from cells in culture can be isolated using Qiagen RNeasy mini-

| columns, Other commercially available RNA isolation kits inciude MasterPure Complete

DNA and RNA Purification Kit (EPICENTRE (D, Madison, WI), and Paraffin Biock RNA
Isolation Kit (Ambion, Inc.). Total RNA from fissue samples can be isolated using RNA
Stat-60 (Tel-Test). RNA prepared from fumour can be isolated, for example, by cesium

chioride density gradient centrifugation.

The steps of a representative protocol for profiling gene expression using fixed, paraffin-
embedded tissues as the RNA source, including mRNA isolafion, purification, primer
extension and amplification are given in various published journal arficles (for example: T,
E. Godfray et al. J. Molec. Diagnostics 2; 84-91 (2000); K. Specht et al, Am. J. ?atho[.
158: 419-29 (2001)). Briefly, a representative process starts with cutting about 10 um thick
sections of paraffin-embedded tumour fissue sampies. The RNA is then exiracied, and
protein and DNA are removed. After analysis of the RNA concentration, RNA repair and/or
amplification steps may be included, if necessary, and R"NA is reverse franscribed using
gene specific promoters followed by RT-PCR. Finally, the data are analyzed to identify the
best treatment opfion(s) avaiiable o the patient on the basis of the characteristic gene

expression pattern identified in the tumour sample examined.

Immunohistochemistry and proteomics
Immunohistochemisiry methods are also suitable for detecting the expression levels of the

proliferation markers of the present invention. Thus, anftbodies or antisera, preferabiy

pdlyclonai antisera, and most preferably monoclonal aniibodies specific for each marker,

are used to detect expression. The antibodies can be deiected by direct labeling of the

antibodies themselves, for example, with radioactive labels, fiuorescent labels, hapien

labels such as, bictin, or an enzyme such as horse radish peroxidase or alkaline
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phosphatase. Alternatively, unlabeled primary antibody Is used in conjunciion with a
labeled secondary antibody, comprising antisera, polyclonal antisera or a monoclonal
antibody specific for the primary antibody. Immunohisfochemistry protocols and kits are

well known in the art and are commercially available.

Proteomics can be used to analyze the polypepiides present in a sample (e.g., tissue,
organism, or cell culture) at a certain point of fime. In particular, proteomic technigues can
be used fo asses the giobal changes of profein expression in a sampie (also referred to as
expression proteomics). Proteomic analysis typically includes: (1) separation of individual
proteins in a sample by 2-D gei eiectrophoresis (2-D PAGE); (2) ideniification of the -
individual profeins recovered from the gel, e.g., my mass speachromeiry or N-terminal
sequencing, and (3) analysis cf the dafa using bioinformatics. Prqteomics mei_:hocis are

valuable suppiements to other methods of gene expression profiing, and can be used,

alone or in combination with other methods, to detect the products of the proliferation

markers of the present invention.

Selection of Differentially Expressed Genes,
An early approach o the selection of genes desmed significant invoived simply looking at

the “fold change” of a giverr gene between the two groups of interest. While this approach
hones in on genes that seem io éhange the most spectacularly, consideration of basic
statistics leads one o realize that if the variance (or noise ievel) is quite high (as is often
seen in microarray experimants), then seamingly large fold-change can happen frequently

by chance aione.

Microarray experiments, such as those described here, typically involve the simultansous
measurement of thousands of 'genes. If one is comparing the expression levels for a
particular gene between two groups (for example recurrent and non-recurrent tumours},
the typical tests for significance {(such as the i-test) are not adequate. This is because, in

an ensemble of thousands of experimenis (in this context each gene consfifutes an

axperiment”), the probability of at least one experiment passing the usual criteria for

significance by chance alone is essentially unity. In s test for significance, one typically
calculates the probability that the "null hypothesis” iz correct. In the case of comparing
two groups, the null hypothasis is that there is no difference between the two groups. If a
statistical test produces a probability for the null hypothesis balow some threshold (usually
0.05 or 0.01), it is stated that we can reject the null hypothesis, and accept the hypothesis
that the two groups are significantly different. Cleary, in such a iest, a rejection of the null

hypothesis by chance alone could be expecied 1 in 20 fimes (or 1 in 100). The use of +
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tests, or other similar statistical iests for significance, fail in the context of microarrays,

producing far too many false positives (or type | errors)

In this type of situation, where one is testing muitipie hypotheses at the same fime, one
applies typical mulfiple comparison procedures, such as the Bonferroni Method (43).

However such tests are too conservative for most microarray experiments, resulfing in oo

many faise negative (type Il errors.

A more recent approach is to do away with attempting fo apply a 'probabi!ity for a given

test being significant, and establish a means for seiecting a subset of experiments, such
that the expected proportion of Type | errors (or false discovery rate; 47) is controlled for.
It 'is ihis approach that has been used in this investigation, through various

implementéfions, namely the methods provided with BRB Array Tools {48), and the limma

(11,42} package of Bioconductor (that uses the R statisiical environment; 10,39).

General methodoiogy for Data Mining: Generafion of Prognosfic Signatures

Data Mining is the term used to describe the exiraction of "knowledge", in other words the
“know-how”, or prediciive ability from (usually) large volumes of data (the datasef). This is
the approach used in this study to generate prognosiic signatures. In the case of this
study the "know-how” is the ability fo acourately predict prognosis from a given set of gens
expression measuremsenis, or “signatzire” {as described generally in this saction and in

more detail in the examples section).

The specific defails used for the methods used in this study are described in Examples

17-20. However, application of any of the data mining methods (both those described in
the Exampies, and those described here) can follow this general protocol.

Data mining (49), and the related topic machine leamning (40) is a complex, repefitive
mathematical task that invoives the use of one or more appropriaie computer sofiware
packages (see below). The use of software is advantageous on the one hand, in that one
does not need to be compietely familiar with the intricacies of the theory behind sach
technigue in order to successfully use dafa mining technigues, provided that one adheres
{o the correct methodology. The disadvantage is that the appiication of data mining can
often be viewed as a “black box": one inserts the data and receives the answer. How this

is achieved is ofien masked from the end-user (this is the case for many of the techniques
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describad, and can often influence the statistical method chosen for data mining. For

exampie, naural networks and support vector machines have a particularly complex

implementation that makes it very difficult for the end user to extract out the "rules" used

fo produce the decision. On the other hand, k-nearest neighbours and finear discriminant

analysis have a very fransparent process for decision making that is not hidden from the

user,

There are two types of approach used in data mining; supervised and unsupervised
approaches. In the supervised approach, the information that is being linked fo the data is

known, such as categorical data (e.g. recurrent vs. non recurrent tumours). What is

required is the ability to link the observed response (e.g. recurrence vs. non-recurrence) to
the input variables. In the unsupervised approach, the classes within the dataset are not

known in advance, and data mining methodology is empioyed to aftempt to find the

classes or structure within the datasef,

in the present example the supervised approach was used and is discussed in detaii here,
aithough it will be appreciated that any of the other techniques could be used.

The overali protoco! involves the following steps:

e Data representation. This involves transformation of the data into a form that is

most likely to work successfully with the chosen data mining technigue. In where
the data is numerical, such as in this study where the data being investigated
represents relative levels of gens expression, this is fairly simple. If the data
covers a large dynamic range (i.e. many orders of magnitude) often the log of the
data is taken. If the dafa covers many measurements of separate samples on
separate days by separate investigators, particular care has to be taken {o ensure
systematic error is minimised. The minimisation of systematic ermor (i.e. errors
resulting from protocol differences, machine diﬁerences, operator differences and

other quantifiable factors) is the process refsrred to here as “normalisation”.

Feature Selection. Typically the dataset contains many more data slements than

would be practical to measure on a day-{o-day basis, and additionally many

elemenis that do not provide the information needed o produce a prediction

model. The actual ability of a prediction mode! fo describe a dataset is derived

from some subset of the full dimeansionality of the datasset. These dimensions the

most important components (or features) of the dataset. Note in the context of
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microarray data, the dimensions of the dataset are the individual genes. Feature
selection, in the coniext described here, invoives finding those genes which are
most "differentially expressed”. in a more general sense, it involves those groups
which pass some statistical test for significance, L.e. is the level of a pariicular
variable consistently higher or lower in one or other of the groups being
investigated. Sometimes the features are those variables (or dimansions) which

axhibit the greatest variance.

The application of feature selection is completely independent of the method usad
io creaie a prediction model, and invoives a great deal of experimentation fo ~
achieve the desired resuits. Within this invention, the selection of significant
genes, and-those which correlated with the earfier successful model (the NZ
classifier), entailed feature selection. In addition, methods of data reduction (such

as principal component analysis) can be applied o the datasst.

Training. Once the classes (e.g. recurrence/non-recurrence) and the features of
the datasst have been established, and the dafa is represented in a form that is
acceptable as input for data mining, the reduced dataset (as described by the
features) is applied io the prediction model of choice. The input for this modal is
usually in the form a multi-dimensional numerical input,(known as a vector), with
associated ouipui information (8 class [abel or a responsé). In the training
process, selecied data is input into 'the prediction model, either segueniially (in
techniques such as neural networks}) or as a whole (in techniques that apply some
form of regression, such as finear models, finsar discriminant analysis; support
vector machines). In some instances (e.g. k-nearest neighbours) the dataset (or
subset of the dataset obtained after feature selection) is itself the model, As
discussed, effective models can be established with minimal understanding of the
detailed mathematics, through the use of various software packages where the
parameters of the mode] have been pre-determined by expert analysis as most

fikely to lead to successful results.

Vaiidation. This is a key component of the data-mining protocol, and the incorrect

appilication of this frequently leads to errors. Portions of the dataset are to be set

asids, apart from feaiure selection and training, to test the success of the

prediction modei. Furthermore, if the results of validation are used to effect feature

selection and training of the model, then one obtains a further validation set io test

the model before it is applied o real-iife situations. If this process is not strictly
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adhered to the model is lfikely o fail in real-world situations. The methods of

validation are described in more detail beiow.

Once the model has been consfructed, and validated, it must be

Application.
This often involves

packaged in some way as it is accessible fo end users.
implementation of some form a spreadsheet application, into which the modsal has
baen imbedded, scripting of a statistical software package, or refactoring of the

mode! inio a hard-coded application by information technology staff.

Examples of sofiware packages that are frequantly used are:

- Spreadsheet piugins, obtainad from mulﬁpi'e vendors.

- The R statistical environment. .
- The commercial packages MatlLab, S-plus, SAS, SPS8S, STATA.

- Free open-source software such as Octave (a Matil.ab clone)

- many and varied C++ libraries, which can be used to implement prediction

modgels in a commercial, closad-source setfing.

Examples of Data Mining Methods.
The methods can be by first petforming the step of data mining process (above}, and then

applying the appropriate known sofiware packages. Further description of the process of

data mining is described in detall in many extremely well-written texis.(49)

e Linear modeis (49, 50): The 'daté is freated as the input of a linear regression
model, of which the class [abels or responses variables are the ouiput. Class
labels, or other categorical data, musi be fransformed into numerical values
(usually integer). In generalised lingar models, the class labels or response
variables are not themselves linsarly relaied fo the input data, but are transformed
through the use of a "link function”. Logisﬁc regression ig the most common form

of generaiized finear model.

Lingar Discriminant analysis (49, 51, 52). Provided the data is linsarly separable
(i.e. the groups or classes of data can be separated by a hyperplane, which is an
n-dimensional exiension of & threshoid), this technigue can be applied. A
combination of variables is used 0 separate the classes, such that the between
group variance is maximised, and the within-group variance is minimised. The
byproduct of this is the formation of a classification rule, Application of this rule to
samples of unknown class allows predictions or classification of ciass membership
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to ba made for that sampie. There are variaiions of linear discriminant analysis

such as nearest shrunken centroids which are commonly used for microarray

analysis.

Support vactor machines (53). A collection of variables is used in conjunction with
a collection of weights to determine a model that maximizes the separation
befween classes in terms of those weighted variables. Application of this model to
a sample then produces a classification or prediction of class membershiﬁa for that

sample.

Neural networks (52): The data is ireated as input intc a network of nodes, which
superficially resembie biological neurons, which apply the input from all the nodes
to which they are connecied, and transform the input info an oufput. Commonily,
neural networks use the "muliiply and sum” algorithm, to transform the inputs from
muliiple connected input nodes into a single output. A node may not necessarily
prodtjce an output unless the inputs to that node exceed a cerfain threshold. Each
node has as its input the output from several other nodes, with the final ouiput
node usually being linked 1o a categorical variable. The number of nodes, and the
topoicgy of the nodes can be varied in almost infinite ways, providing for the abiiity
io ciassify extremely noisy data that may not be possible fo categorize in other

ways. The most common implementation of neural networks is the mulii-layer

percepiron,

Classification and regression trees (54): In these. variables are used fo define a
hizrarchy of rules that can be followed in a stepwise manner {o determine the class
of a sample. The typical proéess creates a set of rules which lead to a specific
class output, or a specific statement of the inabiiity to discriminate. A example
classification tree is an implementation of an algorithm such as:

if gene A> x and gene Y > x and gene 2 = z

then

class A

else 1f geneh = g

then

class B

® Nearest neighbour methods (51, 52}. Predictions or classifications are made by

comparing a sample (of unknown class) to those around it (or known class), with
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cioseness defined by a distance function. It is possible to define many different
distance functions. Commonly used distance functions are the Euclidean distance
(an extension of the Pythagorean distance, as in iriangulation, to n-dimensions),
various forms of correlation (including Pearson Correlation co-efficient). There are
also fransformation functions that convert data points that would not normally be
interconnected by a meaningful distance metric into euclidean space, so that
Euclidsan distance can then be app}ied {e.g. Mahalanobis distance). Although the
distance metric can be guite complex, the basic premise of k-nearest neighbours is
quite simple, essentially being a restatement of "find the k-data vectors that are
most similar to the unknown input, find out which ciass they comespond to, and

vote as to which class the unknown input is".

¢ Other methods:
- Bayesian networks. A directed acyclic graph is used {o represent a collection of

variabies in conjunction with their joint probability distribution, which is then used to
determine the probability of ciass membership for a sampie.

- Independent components analysis, in which independent signais (e.g., class
membership) re isolated (into components) from a collection of variables. These
components can then be used to produce a classification or prediction of class
membership for a sampie. '

Ensemble iearning methods in which a collection of prediction methods are
combined to produce a joint classification or prediction of class membership for 2

sample

There are many variations of these methodologies that can be expiored (48), and many
new methodologies are constantly being defined and developed. It will be appreciaied

" that any one of these methodologies can be applied in order to obtain an acceptabie

result. Particular care must be taken to avoid overiitting, by ensuring that all results are

tested via a comprehansive validation scheme.

Validation
Application of any of the predicfion methods described involves both training and

cross-validation (43, 55) before the method can be appiied io new datasets (such as data
from a clinical frial). Training invoives iaking a subset of the dataset of interest (in this
case gene expression measurements from colorectal tumours), such that it is stratified

across the classes that are being tested for (in this case recurrent and non-recurrent
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tumours). This training set is used fo generate a prediction mode! (defined above), which

is tested on the remainder of the data (the testing sef).

It is possible to alfer the parameters of the prediction model so as 0 obtain better
performance in the testing set, however, this can jead to the situation known as overfiifing,
where the prediction model works on the training dataset but not on any external datasst.
in order to circumvent this, the process of validation is foliowed. There are two major
types of validation typically appiied, the first (hold-out validation) involves partitioning the
dataset into three groups: testing, training, and vaiidation. The validation set has no input

into the ftraining process whatsoever, so that any adjustment of parameters or other
refinements must take piace during application to the tesfing set (but not the validation
set). The second major type is cross-validation, which can be applied in several different

ways, described below.

There are two main sub-typss of cross-validation: K-fold cross-validation, and leave-one-

out cross-vaiidation

K-old cross-validation: .The dataset is divided info K subsamples, each subsample
containing approximately the same proportions of the class groups as the original,

in each round of validation, one of the K subsampies is set aside, and fraining is
accomplished using the remainder of the dataset. The effectiveness of the training for
that round is guaged by how correctly the-ciessiﬁcation of the left-out group is. This
procedure is repeated K- fimes, and the overall effectiveness ascertained by comparison

of the predicted class with the known class,

Leave-one-out cross-validation: A commonly used variafion of K-fold cross vaiidation, in

which K=n, where n is the number of sampies.

Ccm-binaﬁons of CCPMS, such as those described above in Tables 1 and 2, can be used

to construct predictive models for prognosis.

Prognostic Signatures
Prognostic signatures, comprising one or more of these markers, can be used to
determine the oufcome of a patient, through application of one or more pradictive modals

derived from the signaiure. In parficular, a ciinician or researcher can determine ths

differential expression (e.g., increased or decreased expression) of the one or more
markers in the signature, apply a prediciive model, and thereby predict the negative
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prognosis, e.g., likelihood of disease relapse, of a patient, or alternatively the likelihood of

a positive prognosis (continued remission).

in still further aspects, the invention includes a method of determining a treatment regime
for a cancer comprising: (a) providing a sample of the cancer; (b) detecting the expression
level of a GgCPM family member in said sample; (c) determining the prognosis of the
cancer based on the expression level of a CCPM family member; and (d) determining the

treatment regime according fo the proghosis.

in still further aspects, the invention inciudes a device for detecting a GCPM, comprising:
a subsirate having a GCPM capture reagent thereon; and a deisctor associated with said
substrate, said detector capable of detecting a GCPM associated with said capture

reagent. Addifional aspects include kits for deteciing cancer, comprising: a substrate; a

GCPM capture reagent; and instructions for use. Yet further aspacis of the invention

inciude method for detecting aGCPM using gPCR, comprising: a forward primer specific

for said CCPM; a reverse primer specific for said GCPM,; PCR reagents; a reaction vial;

and instructions for use.

Addifional aspects of this invention comprise a kit for deteciing the presence of a GCPM
polypeplide or peplide, comprising. a subsirate having a capture agent for said GCPM
poiypeptide or pepiide; an antibody specific for said GCPM polypeptide or peptide; a
reagent capable of labeling bound antibody for said GCPM polypeptide or pepfide; and

instructions for use.

in yet further aspects, this invention includes a mathod for determining the prognosis of
colorgctal cancer, comprising the steps of. providing a8 tumour sample from a patfient
suspected of having colorectal cancer; measuring the presence of a GCPM polypeptide
using an E[ISA method. In specific aspects of this invention the GCPM of the invention is
selected from the markers sst forth in Table A, Table B, Table C or Tabie D. In still further

aspects, the GCPM is included in a prognostic signature

While exemplified herein for gastrointestinal cancer, s.g., gasiric and colorectal cancer,
the GCPMs of the invention also find use for the prognosis of other cancers, e.g., breast
cancers, prostate cancers, ovarian cancers, lung cancers (such as adsnocarcinoma and,
parficularly, small csll lung cancer), Ilymphomas, gliomas, biastomas (e.g.,
medulioblasiomas), and mesothelioma, where decreased or low exprassion is associated
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with a positive prognosis, while increased or high expression is associated with a negative

prognaosis.

EXAMPLES
The examples described herein are for purposes of illustrating embodiments of the

invention. Other embodiments, methods, and fypes of analyses are within the scope of
persons of ordinary skill in the molecular diagnostic arfs and need not be described in
dstail hereon. Other embodiments within the scope of the art are considered o be part of

this invention.

EXAMPLE 1: Cell culfures
The experimental scheme is shown in FIG. 1. Ten colorectal cell lines ware cultured and

" harvested at semi- and full-confiuence. Gene expression profiles of the two growth stages

were analyzed on 30,000 cligonuciectide arrays and a gene proliferation signature (GPS;
Table C) was idenfified by gene ontology analysis of differentially expressed genes.
Unsupervised clustering was then used to independently dichotomize two cohorts of
clinical colorectal samples (Cohort A; 73 stage -V on oligo arrays, Cohort B: 55 stage [
on Affymetrix chips) based on the simiarities of the GPS expression. Ki-87
immunostaining was also performed on tissus seclions from Cohort A tumours, Following
this, the correlation between proliferation activity and clinico-pathologic parameters was

investigated. ~

Ten coiorectal cancer cell iines derived from different disease stages were included in this
study: DLD-1, HCT-8, HCT-116, HT-28, LoVo, Ls1747, SK-CO-1, SW48, SW480, and
SWE20 (ATCC, Manassas, VA). Cells were culiivated in a 5% CO. humidified atmosphere
at 37°C in alpha minimum essential medium supplemented with 10% fetal bovine serum, -
100 U/mi peniciliih and 100 pg/mi streptomycin (GIBCO-Invitrogen, CA). Two cell cullures
were established for each cell fine. The first culture was harvested upon reaching semi-
confiuence (50-80%). When celis in the sécand’ cultire reached fuli-confluence
(determined both microscopically and macroscopically), media was replaced, and cells
were harvested fwenty-four hours later {o prepare RNA from the growth-inhibited cells.
Array experiments were carried out on RNA extracted from each cell cuiture. In addition, a
second culturing experiment was done following the same procedure and extracted RNA

was used for dye-reversed hybridizations.

89



10

15

EXAMPLE 2: Pafients
Two cohorts of patients were analysed. Cohort A included 73 New Zealand colorecial

cancer patients who underwent surgery at Dunadin and Auckiand hospitals between 1925
and 2000. These patients were part of a prospective cohort study and included all disease
stages. Tumour samples were collected fresh from the operation theatre, snap frozen in
liquid nitrogen and stored at -B0°C. Specimens were reviewed by a single pathologist (H-S
Y) and fumours were staged according o the TNM system (34). Of the 73 patients, 32
developed disease recurrence and 41 remained recummence-free after a minimum of five
years foliow up. The median overall survival was 29.5 and 66 months for recurrent and

recurrent-free patients, respectively. Twenty patients received 5-FU-based post-operative
adjuvant chemotherapy and 12 patients received radiotherapy (7 pre- and 5 post-

operative).

Cohort B included a group of 55 German colorectal patients who underwent surgery at the
Technical University of Munich between 1995 and 2001 and had fresh frozen samples
stored in a tissue bank. All 55 had stage [l dissase, 26 develioped disease recurrence
{median survival 47 months) and 28 remained Arecurrence—free {median survival 82
months). None of patients received chemotherapy or radiotherapy. Clinico-pathologic

variables of both cohoris are summarised as part of Table 2.
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Tabie 2: Clinico-pathologic parameters and their association with the GPS

expression and Ki-87 Pl

Number of paticnts GPS Ri-67 PI*
cohiort & cohort B
Parameters cohort A cohort B (p-vatue)® (p-value)® Memn £ SD p-value
Aget <Mean - 34 31 1 0.79 M44£179 - 06
>Mean 39 24 ' 719173
Sex  Male 35 33 0.16 3 773%15.3 1
 Female , 38 B Y - X
§ite® Ripht side 30 Az 1 0.2 8045133 02
" Lefside : B/ 4 e 7312187 -
Grade Well 9 & 0.22 0.2 75.6%18.1
Moderate 50 33 ER SRy 0.98
Poor 14 2 - 84.320.3
Diukes stage A TR |13 0 8006 NA. RT3
B T 27 .0 55 S % == L
o : ‘28 S . ot Tex161
5 B SR L. . R -3 S
Tsmge TI 5 0 .16 0.62 71322 4 0.16
T2 11 11 854274
T3 50 41 76217
T4 7 3 66.24:26.3
Nstge NO:* 0 v ! SR L ¥ 765179 T
L. oNmN2O 330 0 e o 765174 Gra
Vascular invasion Yes 5 1 0.67 NA - 5442315 B
: No 68 .54 L 7815
Lymphatic invasion Yes 32 5 pah B35 76.5:183
o o Noo AL B 7516173
Lymphocyte infitiration Mild 35 i5 0.8% i 73£18.6
Moderzte 27 25 79 4:16.5
. . ... Promment 11 B . 7354183
-Margin  Infileeative. " R : B0 A - 0.47 T 7585188 1
Expamsive 0 L& - wo Bt
Reourrence Yes 32 26 6.03 75.6£19 0.79
No 41 28 76.84:16.2
Total R 73 35 763175
& A Fisher's Bxacl Test or Knuskal-Wallis Test were used for testing association between clinico-pathologic parametors and
GPS expression or Ki-67 P, ag appropriate,
* Ki-67 immunostaining was performed on fumor sections fom cohort A patients.

£ Proximal and distal to spienic flexure, respectively
€ Average age 68 and 63 years for cobort A and B patients, respectively

NA: not appiicable

EXAMPLE 3: Array preparation and gene expression analysis

Cohort A tumours and cell lines: Tissue sampies and cell lines were homogenised and
RNA was extracted using Tri-Reagent (Progenz, Auckland, NZ). The RNA was then
purified using RNesasy mini column (Qiagen, Victoria, Australia) according to the
manufacture's protocol. Ten micrograms of total RNA exiracied from each culture or
fumour sample was oligo-dT primed and cDNA synthesis was carried out in the presence
qf aa-dUTP and Superscript 1| RNase H-Reverse Transcriptase (Invitrogen). Cy dyes were
incorporated into ¢DNA using the indirect amino-allyl cDNA labelling method. cDNA
derived from a pool of 12 different cell lines was used as the reference for all
hybridizations. The Cy5-dUTP-tagged c¢DNA from an individual colorectal cell fine or
fissue sample was combinad with Cy3-dUTP-tagged cDNA from reference sample. The
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mixture was then purified using a QiaQuick PCR purificafion Kit (Qiagen, Vicioria,
Australia) and co-hybridized to a microarray spotted with the MWG 30K QOilige Set (MWG

Biotech, NC). cDNA samples from the second culiuring experiment were additionally

analysed on microamays using reverse iabelling.

Arrays were scanned with a GenePix 4000B Microarray Scanner and data were analysed
using GenePix Pro 4.1 Microarray Acauisition and Analysis Software (Axon, CA). The
foreground intensifies from each channel were log. transformed and normalised using the
SNOMAD sofiware (35) Normalised values were collaied and filiered using BRB-Array
Tools Version 3.2 (developed by Dr. Richard Simon and Amy Peng Lam, Biometric ~
Research Branch, National Cancer Insfifute). Low infensity genes, and genes for which
ovar 20% of measuremanis across iissus sampies or cell lines were missing, wers

exciuded from further analysis.

Cohort B fumours; Total RNA was exfracted from each tumour using RNeasy Mini Kit and
purified on RNeasy Columns (Qiagen, Hilden, Germany). Ten micrograms of total RNA
was used io synthesize double-stranded cDNA with SuperScript Il reverse transcriptase
(GIBCO-invitrogen, NY) and an oligo-dT-T7 primer (Eurogentec, Koein, Germany).
Biotinylated cRNA was synthesized from the double-sfranded ¢DNA using the Promega -
RiboMax T7-kit (Promega, Madison, Wi) and Biotin-NTP labeliing mix (Loxo, Dossenheim,
Germany). Then, the biofinylated cRNA was purified and fragmented. The fragmenied
cRNA was hybridized to Affymetrix HGU133A GeneChips (Affymeatrix, Santa Clara, CA)
and si:ainad with streptavidin-phycoerythrin, The arrays were then scanned with a HP-
argon-ion laser confocal microscope and the digitized image data were processed using
the Affymetrix® Microarray Suite 5.0 Software. All Affymetrix U133A GeneChips passed
guality control to eliminate scans with abnormal characteristics. Background correction
and normalization were performed in the R computing environment using the robust mulfi-

array average function impiemented in the Bioconductor package affy.

EXAMPLE 4! Quantitative real-fime PCR (QPCR)
The expression of eleven genes (MAD2L1, POLE2, CDCZ, MCME, MCM7, RANSEH2A,

TOPK, KPNA2, G22P1, PCNA, and GMNN) was validated using the cDNA from the cell
culiures. Total RNA (2 ug) was reverse franscribed using Superscript 1| RNase H-Reverse
Transcriptase kit (Inviirogen) and oligo dT primer (Invitrogen). QPCR was performed on
an ABI Prism 7900HT Sequence Detection System (Applied Biosystems) using Tagman
Gene Expression Assays (Applied Biosystems). Relatfive fold changes were calculated
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usiﬁg the 2227 method36 with Topoisomerase 3A as the internal control. Reference RNA

was used as the calibrator fo enable comparison between different experiments.

EXAMPLE 5: Immunohistochemical analysis
Immunohistochemical expression of Ki-67 anfigen {(MIB-1; DakoCytomation, Denmark)

was investigated on 4 um sections of 73 paraffin-embedded primary colorectal fumours
from Cohort A. Endogenous peroxidase activity was bDlocked with 0.3% hydrogen
peroxidase in methanol and antigens were retrieved in boiling citrate buffer (pH 8). Non-
specific binding sites were biocked with 5% normal goat serum containing 1% BSA.
Primary antibody (dilution 1:50) was detected using the EnVision system (Dako EnVision, -
CA) and the DAB substirate kit (Vecior laboratories, CA). Five high-power fields were
selected using a 10 x 10 microscope grid and cell counts.were performed manually in a
blind fashion without knoMedge of the c:iinico—pathdiogic data. The Ki-67 proliferation

index (PI} was presented as the percentage of positively stained nuclei for sach tumour,

EXAMPLE 6: Stafistical analysis
Statistical analyses were performed using SPSS5® version 14.0.0 (SPSS Inc., Chicago,

IL). Ki-67 proliferation indices were presented as mean + SD. A Fisher's Exact Test or
Kruskal-Waliis Test was used to evaluate the differences between categorized groups
based on the expression of the GPS or the Ki-67 Pi versus the clinico-pathoiogic
parameters, A P value = 0.05 was considered significant. Overall survival (CS) and
recurrence-free survival (RFS) were plotted using the method of Kaplan and Meier (37). A
log-rank fest was used fo test for differences in survival fime between the categorized
groups. Relative risk and associated confidence intervals were aiso estimated for each
variable using the Cox univariate model, and a multivariate Cox proportional hazard mode!
was developed using forward stepwise regression with predictive variables that were
significant in the univariaie analysis. K-means clustering method was used fo classify

clinical samples based on the expression level of GPS,

EXAMPLE 7: Identification of a gene proliferation signature (GPS8) using a
colorectal cell iine model

An overview of the approach used fo derive and apply a gene proliferation signature
{GPS) is summarised in FIG. 1. The GPS, including 38 mitofic cell cycle genas (Table C),
was relatively over-expressed in cycling cells in semi-confiuent cultures. Low proliferation,
defined by jow GPS expression, was associated with unfavourable clinico-pathologic
variables, shorter ovarall and recurrence-iree survival {(p<0.05). No association was found
between Ki-67 proliferation index and clinico-pathoiogic variables or clinical ouicoma.
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Taﬁle: C: GCPMs for cell proliferation signature

[ Unigue Average . Gene Symbol | Gene Name GenBank Acc. Gene Aliases
LD Fold No.
change

’ EP/SP

I'A05382 | 1.81 cDC2 cell division cycle | NM_001788, I CDK1;

3 2,G1toSand | NM 033379 MGC111185;
GZioM DKFZp588L2

_ 0222

B:8147 1.88 MCMB MOCME NM_D05915 Mis§;
minichromosoms P105MCNM;
mainienance MCG40308

1 deficient8 (MISS . | '
homolog, S.
pambe) (S.
cerevisiag)
A00231 | 1.75 RPA3 replication NM_002947 REPA3
* pratein A3,
J 14kDa .

B:7620 1.69 MCM7 MCM7 NM_005818, MCM2;
minichromosome | NM_182776 chC4a7,
mainignance PB5MCM;
deficient 7 (S. P1CDC47,
ceravisias) PNAS-148;

CDABPOD42;
P1.1-MCM3
A03715 | 1.68 j PCNA prolferating cell | NM_002592, MGCB387
i | nuclear aniigen NM_182649

B:9714 1.58 j XRCCs X-ray repair NM_001469 MLS8; KUTO;

compiementing TLAA;
! defective repair CTC7s,
. in Chinese CTCBF;
hamster cells 6 G221
(Ku autoantigen,
70kDa)
8:4036 1.56 J KPNA2 karyopherin NM_002266 QIP2; RCH1,
alpha 2 (RAG [POAT;
| cohort 1, importin SRP1alpha
| alpha 1)
A05280 | 1.66 T ANLN aniliin, actin NM_0188685 scra; Scraps;
| binding protein | ANILLIN;
] | DKFZp778A0
f } a5

AD47E0 | 1.52 | APGTL ATGY autophagy | NM_0063095 - GSA7,

% refated 7- APGTL;
homaiog (8. DKFZp434N0
. cerevigiae) 730, ATGY

A03812 ) 1.52 PBK PDZ binding NM_018482 SPK; TOPK;
kinase i Nori-3;

: FLJ14385

A:03435 1 1.51 GMNN geminin, DNA NM_015885 Gem; RF3-
replication 359A17.3
inhibitor

A00802 | 1.51 | RRM1 ribonucieotide NM_001033 R1; RRT;

" reductase M1 RIR1
polypepfide
AD8331 | 148 CDC45L CDC45 cell NiM_003504 ChC4L;
i division cycle 45- CDC45L2;
{ fike (S, PORC-P}-1
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cerevisiae)

A:06387 | 1.46 MAD2L1 MADZ mitofic NM_002358 MAD2Z;
arrest deficient- HSMAD2
like 1 (yzash)

AD9188 | 1.45 RAN RAN, member NM_006325 TC4; Gspt;
RAS oncogene ARAZ4
family

AD7206 | 1.43 DuT dUTP NM_001025248, . dUTPase;
pyrophosphatase | NM_001025240, | FLJI20622

Nh_001948
B:3501 1.42 RRM2 ribonucleotide NM_001034 RZ; RR2M
- reductase M2
5 poiypeptide

A08842 | 1.41 CDKY cyclin-dependgant | NM_001799 CAK1; STKT;
Kinase 7 (MO15 CDKNT;
homolog, p39MO15
Xenopus laevis,
cdk-activating
kinaseg)

A:08724 | 1.40 MELH3 mutl. homolog 3 | NM_001040108, | HNPCCT;

| (E. coli) NM_014381 MGC138372
| A:05648 | 1.38 SMC4 siructural NM_001002799, | CAPC;
maintenance of N _001002800, | SMC4L1;
chromosomes 4 | NM_005498 hCAR-C

A09438 | 1.38 SMC3 structural NN 005445 BAM; BMH;
maintenance of HCAP;
chrompsomes 3 CSPGE;

SMC3L1
| A:02829 | 1.38 POLD2 polymerase NM_008230 | None
{DNA directed),
delta 2,
regulatory
subunit 50kDa

A04B880 | 1.38 POLEZ polymerase NM_002692 DPE2
{DNA directad),
epsilon 2 (p59
subunif)

B:8448 1.38 BCCIP BRCAZ and NM_016587, TOK-1
CDRN1A NM_078468,
interacting Ni_078489
profein

B:1035 1.37 GINS2 GINS complex NM_016085 PSF2; Pis2;
subunii 2 {Psf2 - HSPC037

! homolog) =

B:7247 1.37 TREX1 three prime NM_016381, AGS1;
repair NM_032158, DRN3;
exonuclease 1 NM_033627, ATRIP;

NM 033628, FLJ12343;
NM_033620, DKFZp43440
NM_130384 310

AQ9747 j 1.35 BUB3 BUBS3 budding Ni_001007793, | BUB3L;
uninhibited by NM_004725 hBUB3
benzimidazoies 3
homoiog {yeast)

B:80B5 1.32 FEN1 fiap structure- NM_004111 MF1: RAD2;
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specific FEN-1
endonuciease 1
B:2392 1.32 DBr4B DBF4 homoiog B | NM_(25104, DRF1;
{S. cersvisiae) NIV_145683 ASKL1;
FLJ1308T,
MGC15009
A09401 ¢ 131 PREIZ preimpiantation NM_(15387, 2040,
protein 3 NM_189482 MOB1;
MORBS3,; CGI-
o5
MGC12264
c:0021 | 1.30 CCNE1 cyclin £71 NM_001238, CCNE
NM_057182
At0557 | 1.30 RPA1 replication NM_062845 HSSE; RF-A;
profein A1, ) RP-A:
70kDa REPAT;
RPA70
A02200 | 1.29 POLE3 polymerase NM_017443 pi7; YBLT;
: . {DNA directed), CHRACTT;
epsilon 3 (p17 CHARAC17
subunit)
A0og21 | 1.28 RFC4 replication facior | NM_D02816, A1, RFC37;
C (activator 1) 4, | NM_181573 MGC27291
i 37kDa '
AD8668 | 1.25 MCM3 MCM3 NM_D023288 | HCC5; P1.:y;
. -minichromosome RLFB;
mainienance MGC1157;
deficient 3 (S. P1-MCM3
! cerevisias)
B:7783 1.25 CHEK1 CHK1 checkpoint | NM_001274 CHK1
homoiog (5. :
pombe)
A08020 | 1.22 CCND1 cyclin D1 NM_053056 BCL1:
) : . PRAD1;
uz1B3t,;
D118287E
A:03486 | 1.22 CDC37 CDC37 call NN_007085 i PSOCDC37
division cycle 37
homolog (8.
carevisias) ‘

The GPS was identified as a subset of genes whose expression correlates with CRC call

proiiferation rate. Statistical Analysis of Microarray (SAM; Reference 38) was used to
identify genes differentially expressed (DE) between exponentially growing (semi-
confluent) and non-cycling (fully-confluent) CRC cell Tines (FIG. 1, stage 1). To adjust for
gene specific dye bias and other sources of variafion, each culture set was analysed
independently. Analyses were limited to 502 DE genes for which a significant expression
difference was observed betwesn two growih stages in both sets of cuitures (false
discovery raie < 1%). Gene Onfology (GO) analysis was carried out using EASES3S fo
identify the biological process categories that were significantly reflected in the DE genes. -
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Cell-proliferation related caiegories were over-represented mainly due to genes
upregulated in exponentially growing cells. The mitotic celf cycle category (GO:0000278)
was defined as the GPS because (i) this biological process was the most over-
represented GO term (EASE score=5.521 ’I)-; and (i) all 38 mitotic cell cycle genes (Tabie
C) were axpressed at higher levels in rapidly growing compared to growth-inhibited cells.
The expression of eleven genes from the GPS was assessed by QPCR and correlated
with corresponding values obtained from the array data. Therefore, QPCR confirmed that

elevated expression of the proliferation . signature genes correlates with the ihcreased

proliferation in CRC cell lines (FiG. 5).

EXAMPLE 8: Classification of CRC samples according to the expression level of

gene proliferation signature

in order to examine the relative proliferation state of CRC tumours and the utility of the
GPS for clinical application, CRC tumours from two cohorfs were siratified into two
clusters based on the expression of GPS (FIG. 1, stage 2). Expression values of the 38
genes defining the GPS were first obtained from the microarray-generated expression
profiles of tumours. Tumours from each cohort were then separately classified into two
clusters (K=2) based on their GPS expression level similariies using K-means
unsupervised clustering. Analysis of DE genes between two defined clusters using all
filiered genes revesaied that the GPS was contained within the list of genes upregulated in

- cluster 1 (FIG. 2A, upper panel} relative to cluster 2 (lower panel) in both cohorts. Thus,

the tumours in cluster 1 are characterised by high GPS expression, while the tumours in

cluster 2 are characterised by low GPS expression.

EXAMPLE 9 Low gene proliferation signafure is associated with unfavourable

'~ clinico-pathologic variables

Table 2 summarises the association between GPS expression levels and clinico-
pathologic variables. An association was observed bstween low proliferation activity,
defined by low GPS expression, and an increased risk of recurrence in both cohorts
(P=0.03 and <0.001 for Cohort A and B, respactivaly). In Cohort A, low GPS expression
was also associated with a higher disease stage and lymph node metastasis (P=0.006
and 0.03 respectively). in addition, tumours with lymphatic invasion from Cohort A fended
to be less proliferative than tumours without lymphatic invasion, albeit without reaching
statistical significance (P=0.08). No association was found between the GPS expression
lavel and tumour site, age, sex, degree of differentiation, T-siage, vascular invasion,

degree of lymphocyte infiliration and tumour margin.
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EXAMPLE 10: Gene profiferafion signature predicts clinical outcome -

To examine the performance of the GPS in predicting patient outcome, Kaplan-Maiar
survival analysis was used to compare RFS and OS between low and high GPS fumours
(FIG. 3). All patients were censored at 80 months post-operation. in coiorectal cancer
Cohort A, OS and RFS were shorter in patients with low GPS expression (Log rank test
P=0.04 and 0.01, respeciivaly). In colorectal cancer Cohort B, low GPS exprassion was
also associated with decreased 0OS (P=0.0004) and RFS (P=0.0002). When the
parameters predicting OS and RFS in univariate analysis were invesfigated in a
mulfivariate mode!, disease stage was the only independent predictor of 5-ysar QS, while
disease stage and T-stage were independent prediciors of RFS in Cohort A. In Cohori B,
low GPS expression and lymphatic invasion showed an independent contribution to both
0OS and RFS. ¥ survival analysis was limiied to Cohort B patients without lymphatic
invasion, low GPS was siill associaied with shorter OS and RFS, confirming the
independence of the GPS as a predicior. Analyses of single and multiple-variable

associafions with survival are summarized in Tab!e 3.

Low GPS expression was aisc associated with decreased 5-year overall survival in
patients with gastric cancer (p=0.008). A Kaplan-Meier survival plot comparing the overall

survival of low and high GPS gastric tumours is shown in Fig. 4,
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Table 3: Uni- and mulfivariate analysis of prognostic factors for OS and RFS in both

cohorts
Overall Survival Recurrence-iree Survival
Univariate analysis iﬁ?’y“;:?e Univariate analysis gﬂn'-gﬁl\fsai:?e
Parameter Hazard | Hazard Harzard Hazard
s ratio * p-value ratio * p-vaiue ratio * p-value ratio * pvajue
S| bukes - 4.2 <Q BD'I ?2-24‘ . <D.ﬂ{}i‘{"l“i:3_9 T 001 35 - <6.001
£ stage . (2474} T4 cp@Ary o T (1ess)y
7 rstage 27T 0.011 S . 27 pocs 22 0.040
SEeE (12:8.8) D : (1-56.1) -
. 44 o : R ..
Netge  pg6) oot - - o001 - -
Lymphatic .16 ' '
invasion {0.07- <0.001 ) i
{+vs. -} 0.38) V 50.00? -
Margin -, ..
: L ‘
{nnfimtve: (17~ : . 0008 ]
Ry ) - é
expansive) o : :
GPS , ,
sxpression (.48 0.33(0.14
fowvs, (0209 097 X - L )
high) )
O Lymphatic 1.10.25 0.23 BN
g | nvasion 40.08- 0,837 {0.08~ ¢.008 - -y
=1 (Bvs ) DT S 0EBEE L
Sxpfession 0.23 . 0.25
; F:N ve {0.06- 0.022 (0.07- 0.032 (C.08- 0.008 0.010
h(i;h) © o 081) 0.89) 0.87)

* Hazard ratio determined by Cox regrassaon modet, confidence intervai=85%

§ Final results of Cox regression analysis using a forward stepwise method {enter limit=0.05, remove

iimit=0.10)

EXAMPLE 11: Ki-67 is not associated with clinico-pathologic variables or survival

Ki-67 immunostaining was performed on tissue sections from Cohort A fumours only as

paraffin-embedded sampies were unavailable for Cohort B (FIG. 1, stage 3). Nuclear

staining was detected in all 73 CRC tumours. Ki-67 Pl ranged from 25 fo 86 %,

with a

mean valus of 76.3217.5. Using the mean Ki-67 value as a cut-off point, fumours were
assigned into two groups with low or high Pl. Ki-67 P| was naither associated with clinico-
pathologic variables {Table 2) nor survival (FIG. 3). When the survival analysis was fimitad
to the pafients with the highest and lowest Ki-67 values, no staiisiical difference was

observed (data not shown). The sum of these results indicates that the low expression of

growth-related genes is associated with poor outcome in colorectal cancer, and Ki-87 was

not sensitive enough to detect an association. These findings can be used as addifional

criteria for identifying patients at high risk of early death from cancer.
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EXAMPLE 12: Selection of correlated cel proliferation genes
Cohart B {85 German CRC patients; Table 2) were first classified info low and high

proliferation groups using the 38 gene cell proiifefaticn signature (Table C) and the K-

means clustering method (Pearson uncentered, 1000 permutations, threshold of

occurrence in the same clusier sat at 80%). Statistical Analysis of Microarrays (SAM) was

then applied to ideniify differentially expressed genes between low and high proiiferation
groups (FDR=0) _when all filtered genes (16041 genes) were included for the analysis.
754 geness were found fo be over-expressed in high proliferation group. The GATHER
gene onfology program was then used to identify the most over-represented gene

oniociogy categories within the iist of differentially expressed genes. The cell cycle
category was the most over-represented category within the iist of differentially expressad
genes. 102 cell cycle genes which are differeniially expressed betwsen the iow and high

‘proﬁferation groups (in addition to the original 38 gene signature) are shown in Table D.

Table D: Cell Cycie Genes that are Differentially Expressed in Low and High Proliferation

Gene Title Gene Chromosomal ’ Probe Set 1D Reprasentative
Symboi Location | Pubiic 1D
asp (abnormat spindle} ASPM chr1g31 l 219918 s _at NM_018123
homalag, microcephaly
associated (Drosophila)
; aurora kinase A AURKA chr20q13.2-q13.3 | 204082_s at NM_003600
N L 208079 _s_at NM_003158
aurora kinase B AURKSB chr17p13.1 | 209464_at ABO11446
bacutoviral IAP rapeat- BIRCS chr17q25 202094 _at AAB48813
comaining 5 (survivin)
202095 s at Ni_001168
210334 _x_at AB(28859
Bloom syndrome BLM chri5g28.1 205733_at NW_000057
f breast cancer 1, early BRCA1 chr17g21 204531_s_at NM_007225
onset
211851 _x_at AF005068
BUB1 budding uninhibited | BUB1 chr2g14 209542 at AFD43294
by benzimidazoles 1
homolog (yeast)
‘ : 215508 s_at AL137654
BUB1 budding uninhibited | BUB1EB chr15g15 203755 at NM_001211
by benzimidazoles 1
homolog beta (veast)
cyclin A2 CONAZ chrdg25-31 203418_at NM_001237
213226_at Al348350
cyciin B1 CCNB1 chrbg12 214710 _s_at BE4(07516
cyclin B2 CCNB2 chrifgz22.2 202705 _at NM_004701
cyclin £2 CONEZ chr8g22.1 205034 _at NM_004702
2118%4_s_sat AF112857
oyclin F CONF chr16p13.3 204826 _at NM_0017861
204827 s at U17105
cyciin J CCNJ chrilpier-g26.12 | 219470 _x_at NM_019084
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cyciin T2 CCNT2 | chr2g21.3 204645_at NM_001241
chaperonin containing CCT2 chri2gib 201948 _s_at AL5450882
TCP1, subunit 2 {beta) )

cell division cycle 20 cDC20 chrip34.1 202870 s_at N_D012585
homolog (5. cerevisiag)

celi division cycle 25 CDC25A chrap21 204895 _at Al343458
homolog A (S. pombe)

cell division oycle 25 CDC250 chrbg3t 205167_s_at NM_001780
homolog C (S. pombe)

217010 _s_at AF277724
cell division cycle 27 cpczr chri7q12-23.2 | 217879_at AL566824
homolog {S. ceravisiae)
cell division cycle § CcDCs chri7g21.3 203988 _s_at NM_001254
homolog (S. cerevisiae) ’
cyclin-dependent kinase 2 | CDK2 chr12g13 204252 _at MG8520

211804_s_at AB012305
cyclin-dependent kinass 4 | CDK4 chri2gi4 202246_s_at NM- 000075

| cyciin-dependent kinase CDKN3 chridg22 209714_s_at AF213033
inhibitor 3 {CDK2- :
associated dua! specificity
phosphatase)
|
chromatin licensing and CDT1 chr16g24.3 209832_s_at J AF321125
DNA replication factor 1 g
t
centromere protein £, CENPE chrég24-g25 205046_at NM_001813
312kDa -
cantromere protein F, CENPF chrig32-g41 207828 s_at NN _005196
350/400ka (mitosin)
‘ 208172_s_at 30872
| chromatin assembly CHAF1A chr18p13.3 203975 s at BFO0023¢
| factor 1, subunit A {p153)

203876 s at NM_005483

214426 _x_at BFO62223
CHK2 checkpoint CHEK2 chr22q11122g12. | 210416_5_at BCO04207
homaolog (8. pombe) 1
CDC28 protein kinase CKS1B chrig21.2 201897 _s_at NM_001825
regulatory subunit 18

1 GDC28 protein kinase CKs2 chrég22 204170_s_at NM_001827
regulatory subunit 2
DEAD/M (Asp-Glu-Ada- DDX11 chr12p11 210208 _s at 333833
Asp/His) box polypeplide ‘ '
11 (GHL1-like helicase
homoiog, §. cerevisiae)
exira spindie poie bodies | ESPL1 chri2g 3581566_at 079887
homaiag 1 {3. caravisiae)

| exonuciease 1 EXO1 chrig42-g43 204603 _at NM_003886
fumarate hydratase FH chrigéz.1 203032 _s gt Al363836
fyn-reiated kinase FRK chrég21-g22.3 | 207178_s_at NM_002031
G-2 and S-phase GTSE" chr22g13.2-013.3 | 204318_s_at NM_016426
axprassed 1

215942 s at BFS73178

101




complex, subunit H

high mobilify group AT- HMGAT chrép21 206074 _s at NiM_002131
hook 1

high-mobility group box 2 | HMGE2 chrdg31 208808 s at BCOO0ZO3
interleukin enhancer ILF3 chri9p13.2 208831_s_at AF147209
binding factor 3, 80kDa

211375 g _at AF141B70
kinesin family member 11 | KIF11 chri0g24.1 204444 at NM_004523
kinesin family member 22 | KIF22 chr16p11.2 202183 _s_at NM_0G7317

2169688 s at AC002301
kinegin family member 23 | KiFZ3 chrisgz23 204708 s at NM_004858
kinesin family member 2C ;| KIF2C chrip34.1 208408 _at UJB3743

211818 s at - AY028605
kinesin farnily member C1 | KIFC1 chrép21.3 209880 s at BC0ODO712
kinetochore associated 1 | KNTCH onrl2g24.31 208316_s_at NiM_014708
ligase |, DNA, ATP- i LG chr19g13.2-g13.3 | 202726_at NM_000234
dependent | :
mitogen-activated protein | MAPK chr22g11.2|22g1 | 208351 _s_at NIM_002745
kinase 1 1.21
minichromosome MCM2 chr3g21 202107 _s_at NM_004526
maintenance complex
component 2 ‘ i
minichromosome MC4 chrBgi1.2 212141_at AABD4E21
maintenance complax
compenent 4

212142 _at AlS36566

222036_s_at AlB59865

‘) : 222037 _at Al858885
minichromosome | MCM5 chr22g13.1 201755 _at NM_005739
mainienance complex
component &

216237 s at AABG7529
antigen identified by MKIE7 chr10g25-gter | 212020_s_at AU152107
monoclonal antibody. Ki- - : . :
87

212021 _s_at AU132185

212022 s at BF001806

212025 s_at AU147044
M-phase phosphoprotein | MPHOS chridg23.31 205235 s _at NI_016185
1 P '

M-phase phosphoprotein | MPHOS chi12g24.31 206205 at NM_022782
8 PHS
- mutS homolog & (E. coli) | MSHE chr2p18 202911_at NM_000179
_ 211450 _s_at DBos4s
ron-SMC condensin | NCAPD2 chri2p13.3 201774 _s_at AKO22511
complex, subunit D2
nan-SMC condensin | NCAPG chrdp15.33 218662 _s_at NM_022345
camplex, subunit G

218683 at NM_022346

non-SMC condensin | NCAPH chr2gi1.2 212849 _at 038553
i
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polypeptide 1 (48kDa)

NDC80 homoiog, NDCE0 chrigpi1.32 | 204162_at NM_008101
kinstochore complex
companent (S.
cerevisiae)
NIMA (naver in mitosis NEK2 chrig32.2-041 204641 _at NM_002487
gene a)-related kinase 2

chr1g32.2-g41 21108C_s at 725425
NIMA (never in mifosis NEK4 chr3p21.1 204634 at NiG_003157
gene a)-related kinase 4
non-metastatic celfls 1, NME1 chr17g21.3 201577_at NM_00026¢
protein (NMZ23A)
axpressed in
nucieolar and colled-body | NOLCAH chri10g24.32 205885 s af NM_004741
phosphoprotain 1
nugleophosmin {nucleotar | NPM1 chrbg3s 221891 _x_at ABD42278
phosphoprotein B23,
numatrin)

221823 s at AA191576
nucleoporin 98kDa NUPS8 chriip18.5 203194 s at AABZ7238
origin recognition ORC1L chrip32 205085_at Niv_004153
cormplex, subunit 1-fike :

{ysast)

arigin racognition ORC4L chr2g22-g23 2063351 s at AF047598

complex, subunit 4-tike

(yeast)

origin recognition ORCSL chrisq12 219108_x_at NM_014321
complex, subunit 6 like

(veast)

protein Kinase, membrane | PKMYT1 chrtgp13.3 204267 _x_at NNM_004203
associated

tyrosine/threoning 1

polo-like kinase 1 PLK1 chrigp12.1 202240 _at NM_005030
{Drosophita)

poioc-fike kinase 4 PLK4 chrdg28 204886 _at ALD43646

{Drosophila) : '

204887 s at NM_014264

211088_s at 225433
PMS1 postmeiotic PMS1 chr2g31- 213677_s_at BG434883
sagragation increased 1 g33|2g31.1
{S. ceravisias)
potymerase (DNA POLQ chr3g13.33 218510_at NM_0065396
directed), thela
protein phosphatase 1D PPM1D chri7g23.2 204568 &t NM_003620
magnesium-dependent,
delta iscform
protein phosphatass 2 PPPZRA1 chrt1gz23.2 202886 s at ME5254
(formerly 2A), reguiatory | B
subunit A, beta isoform
profein phosphatase 6, PPPBC chr8g33.3 205174 _s_at NM_002721
catalytic subunit
proiein regulator of PRC1 chr15g26.1 218008_s_at NM_003881
cytokinesis 1
primase, DNA, PRIM1 chri2gi3 205053 _at NM_000946
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primase, DNA, PRIM2Z chrép12-p11.1 | 205628_at NM_000847
polypeptide 2 (b8kDa)
protein arginine PRMTS chridgi1.2-g21 | 217786 _at NM_008108
methylransferase &
pituitary turnor- i PTTG chrbg3a.1 203554 x_at NM_004218
transforming 1
pituitary tumor- PTTGE3 chr8gi3.1 208511 _at NM_(21000
transforming 3
RADS1 homolog (RecA RADS51 chribg1s.1 205024 s at NM_002875
homolog, E. colf) {S. '
cerevisiag)
RADS4 homoiog B (S. RAD54B chrég21.3-g22 | 215494 at NM_012415
cerevisiae)
Ras association RASSF1 chr3p21.3 204346 s _at NM_007182
{RalGDS/AF-6) domain '
family member 1
replication factor C RFGC2 chr7g11.23 10583 _at MB7338
{activator 1} 2, 40kDa

_ 203698 s at NM_002914
replication factor C | RFC3 chr13g12.3-g13 | 204128 s _at NM_002615
(activator 1) 3, 38kDa :
replication factor C RFC5 chriZgz4.2-g24.3 | 203208 at BCO01868
(activator 1) 5, 38.5kDa :

203210 & at -NM_007370
ribonuciease H2, subunit | RNASEH chr19p13.13 anozz_at NM_008397
A 2A
SET nuciear oncogens SET chroga4 213047 _x_at Al278516
S-phase kinase- SKpP2 chrbp13 210567 s at BCO01441
associated protein 2 (p45) |
siructural maintenance of | SMC2 chragat.1 204240 s at NM_005444
chromasomes 2

213283 at AlU1544868
sperm associated antigen | SPAGS chri7g11.2 203145_at NM_ 006461
5 .

SFRS protein kinase 1 SRPK1 chrBp21.3-p21.2 | 202199 s at AWO0B2813
signal transducer and STAT1 chr2g32.2 AFFX- AFFX-
activator of transcription HUMISGF3A/ | HUMISGE3AME
1, 91kDa ‘MOTY35 5 at 7935_5
suppressor of variegation | SUV39H chr10p13 219282 at NM_024870
3-8 homolog 2 2
{Drosophila)
TAR DNA binding protein | TARDBFP chrip36.22 2000620 _at NM_007375
transcription Tactor A, TEAM chridg21 203177 _x_at Nivi_003201 .
mitochendrial
topoisomerase (DNA) (I TOPBP1 chr3g22.1 202633 _at NM_007027
binding protsin 1

| TPX2, microtubule- TPX2 chr20g11.2 210052 _s_at AF098158
associated, homolog
{Xenopus |aevis)
TTK protein kinase TTK chrégt3-g21 204822_at NM_003318
fubuiin, gamma 1 TUBGE chr17g21 201714 _at NM_001070
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Conciusions
The present invention is the first {o report an association between a gene proliferation

signature and major clinico-pathologic variables as well as outcome in colorectal cancer.
The disclosed study in\_/estigated the proliferation state of tumours using an in vifro-
derived muiti-gene proliferation signature and by Ki-67 immunostaining. According to the
results herein, low expression of the GPS in tumours was associated with a higher risk of
recurrence and shorter survival in twe independent cohorts of patients. In contrast, Ki-67

profiferation index was not associated with any clinically relevant endpoinis.

The colorectal GPS encompasses 38 mitotic cell cycle genes and includes a core set of
genes (CDC2, RFC4, PCNA, CCNE1, CDK7, MCM genes, FEN1, MAD2L1, MYBL2,
RRM2 and BUB3) that are part of praliferation signatures defined for tumours of the breast
{40),(41), ovary (42), liver (43), acute lymphoblastic leukaemia (44), neuroblastoma {45),
lung sguamous cell carcinoma (46), head and neck (47), prostate (48), and stomach (49).
This represents a conserved pattern of expression, as moest of these genes have bean

found to be highly overexpressed in fast-growing tumours and to reflect a high proportion

- of rapidly cyciing cells (50). Therefore, the expression level of the colorectal GPS provides

a measure for the proiiferative state of a tumour.

in this study, several clinico-pathalogic variables relaied io poor outcome (disease stage,
lymph node metastasis and lymphatic invasion) were associated with low GPS expression
in Cohori A patients. In Cohort B, consisting entirely of stage il tumours, the study
assessed the association between the GPS and lymphatic invasion. The association failed
to reach statistical significance due to the small number of tumours with lymphatic
invasion in this cohort (5/55). Without being bound by theory, the low GPS expression in
more advanced tumours may indicate that CRC progression is not driven by enhanced
profiferation. While accelerated proliferation may still be an important driving force during
the initial phases of tumourigenesig, it is possibﬁe that more advancad disease is more
dependent on processes such as genefic instability to allow continuous selection.
Consistent with our finding, fwo large-scale studies reported an associafion befwsen
decreased expression of CDK2, cyclin E and A, and advanced stage, deep infiltration and

iymph node metastasis (51},(52).

The relafionship between low GPS and unfavourable ciinico-pathologic variables

suggested that the GPS should also predict patient outcome. Indeed, in both Cohort A

and B, low GPS axpression was associated with a higher risk of recurrence and shorter

overall and recurrence-free survival. In Cohort B, where all patients had stage |l tumours,
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the association remainad in multivariate anaiysis. Howeaver, in Cohort A, where patients
had stage I-1V disease, the association was not independent of tumour stage. The number
of patients with and without recurrence, within sach stage of disease in Cohort A, was
probably insufficient to demonstrate an independent association between the GPS and
survival. in Cohort B, low GPS expression and lymphatic invasion remained independent
predictors in muliivariate analysis suggesting that the GPS may improve the prediction of
CRC’ patient outcome within the same disease stage. Not surprisingly, the presence of
lymph node and distant argan involvement were the most powerful predictors of outcome

as these are direct manifestations of fumour metastasis,

Treatment with radiotherapy or chemotherapy, used in 18% and 27% of Cohort A patienis
respectively, was a possible confounding factor in this study. Theoretically, the improved

-survival' asscciatéd with elevaied GPS expression might reflect the better response of fast

proliferafing fumours to cancer treatment (53),(54). However, no correlation was found
betwesen treatment and GPS expression. Furthermore, no patients in Cohort B receivad
adjuvant therapy indicating that the association between GPS and survival is independent
of treatment. It shouid be noted that this study was not designed to investigate the

relationship between tumour proliferation and response to chemotherapy or radiotherapy.

The sample size may also expiain the lack of an association between clinico-pathologic
variables and survival with Ki-67 Pl in the present study. As meniioned above, cther
studies on Ki-67 and CRC outcome have reported inconsistent findings. However, in the
three other CRC studies with the largest sample size a low Ki-B7 Pl was associated with a
warse prognosis (27),(29),(30). We came fo the same conclusion applying the GPS, but
based on a much smaller sample size. The multi-gene expression analysis was therefore

a more sensitive tool to assess the relationship beiween proliferation and prognosis than

the Ki-67 PL.

The biological reason behind an unfavourable prognosis in tumours with a low GPS will
involve further investigation. Mechanisms that could poteniially confribute to worse clinical
outcome in low GPS tumours include: (i} a more effective immune response to rapidly
profiferating fumours; (if) a higher level of genetic damage that may render cancer celis
more resistant fo apoptosis, and increase invasiveness, but also perturb smooth
replication machinery; (ilf) an increased number of cancer stem cells that divide slowly,
similar to normal stem celis, but have a high metastatic potential; and (iv) a higher
proportion of microsatellite unstable tumours which have a high proliferation raie but a

refatively good prognosis.
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In sum, the present invention has clarified the previous, conflicting results relating to the
prognostic role of cell proliferation in colorectal cancar. A GPS has bean deveiopad using
CRC cell fines and has been appiied 1o two independent patient cohoris. it was found that
low expression of growth-related genes in CRC was assoclated with more advanced
tumour stage (Cohort A) and poor clinical outcome within the same stage (Cohort B).
Multi-gene expression analysis was shown as a more powerful indicator than the long-
established proliferation marker, Ki-67, for predicting outcome. For future studies, it wilt be
useful to determine the reasons that CRC differs from other common epithelia cancers,
such as breast and lung cancers (e.g., in reference o Ki-67). This will likely provide
insights into imporfant underlying biological mechanisms. From a practical viewpoint, the
abliity to stratify recurrence risk within a given pathological stage couid enable adjuvant

~ therapy to be targeted more accurately. Thus, GPS expression can be used as an adjunct

to conventional staging for identifying patients at high risk of recurrence and death from

colorectal cancer.

All publications and patents mentioned in the above specification are herein incorporated

by reference.

Wherain in the foregoing description reference has been made to integers or components
having known equivalents, such equivalents are herein incorporated as if individually set

fourth.

Although the inveniion has been described by way of example and with reference fo
possible embodiments ther_eof, it is ic be appreciated that improvements andfor

modifications may be made without departing from the scope or the Spiri‘z {hereof.
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CLAIMS
1. A prognostic signature for determining progression of gastrointestinal cancer in a

patient, comprising one or more genes selected from Table A, Table B, Table C or Table

D.

2. The signature of claim 1, wherein the signature comprises one or more genas selected
from any one of CDC2, MCME8, RPA3, MCM7, PCNA, G22P1, KPNAZ, ANLN, APGTL,
TOPK, GMNN, RRM1, CDC45L, MAD2L1, RAN, DUT, RRM2, CDK7, MLH3, SMC4i1,
CSPG6, POLD2, POLE2, BCCIP, Pfs2, TREX1, BUB3, FEN1, DRF1, PREI3, CCNE1,

RPA1, POLE3, RFC4, MCM3, CHEK1, CCND1, and CDC3T. '

3. A method of predicting the iikelihood of long-term survival of a gasirointestinal cancer

patient'wittiout the recurrenice of gastrointestinal cancer; comprising determining the

axpression lzvel of one or more prognostic RNA 'transcripts or their expression products in
a gasirointestinal sample obtained from the patient, normalized against the expression
leve! of all RNA franscripts or their products in the gastroiniestinal cancer tissue sampie,
ar of a reference set of RNA franscripts or their expression products;

wherain the prognostic RNA franscript is the transcript of one or more genes
selected from table A, Table B, Table Cor Table D ; and

gstablishing likelihood of longterm survival without gastrointestinal cancer

recurrencea.

4. The method of claim 3, wherein at least one prognostic RNA franscripts or its
expression products is selected from any one of CDC2, MCMB, RPA3, MCM7, PCNA,

.G22P1, KPNA2, ANLN, APG7L, TOPK, QMNN, RRM1, COC45L, MAD2L1, RAN, DUT,

RRM2, CDK7, MLH3, SMC4L1, CSPGS, POLD2, POLE2, BCCIP, Pfs2, TREX1, BUBS,
FEN1, DRF1, PREI3, CCNE1, RPA1, POLE3, RFC4, MCM3, CHEK1, CCND1, and

CDC3a7

5,  The method of claim 3 or claim 4 comprising determining the expression level of at
ieast two, at ieast five, at least 10, or at least 15 of the prognostic RNA transcripts or their

expression products.

6. The method according to any one of claims 3 to 5, wherein increased expression of the
one or more prognosiic RNA transcripts or their expression products indicates an

increased likelihood of long-term survival without gastrointestinal cancer recurrence.
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7. The method according fo any one of claims 3 to 5, wherein a predictive modsl is
applied, established by applying a predictive method io expressions leveis of the
predictive signature in recurrent and non-recurrent tumour samples, fo establishing

likeiihood of long-term survival without gastroiniestinal cancer recurrence.

8. The method of claim 7, wherein said predictive method is selected from the group
consisting of linear models, support vector machines, neural networks, classification and
regression trees, ensembie learning methods, discriminant analysis, nearest neighbor

method, bayesian nefworks, independent companents analysis.

9. The method of any one of claims 3 to 8 wherein the gastrointesfinal cancer is gasiric

cancer or colorectal cancer.

10. The method of any one of claims 3 {o 8 wherzin the expression level of one or more

prognostic RNA transcripts is determined.

11.  The method of any one of claims 3 to 10 wherein the RNA is isolated from a fixed,
wax- embedded gastrointestinal cancer fissue spacimen of the patient.

12. The method of any one of claims 3 fo 10 wherein the RNA is isclaied from core

biopsy tissue or fine needle aspirate cells.

13.  An array comprising polynucleoﬁdes hybridizing fo fwo or more genes seiected from

table A, Tabie B, Table C or Table D.

14  An array of claim 13 comprising polynucleotides hybridizing to two or more of the
foliowing genes: CDC2, MCMSB, RPA3, MCM7, PCNA, G22P1, KPNAZ, ANLN, APGTL,
TOPK, GMNN, RRM1, CDC45L, MAD2L1, RAN, DUT, RRM2, CDK7, MLH3, SMC4L1,
CSPG8, POLD2, POLEZ, BCCIP, Pfs2, TREX1, BUB3, FEN1, DRF1, PRE!3, CCNE1,
RPA1, POLE3, RFC4, MCM3, CHEK1, CCND1, and CDC37.

15.  The array of claim 13 or claim 14 comprising polynucieotides hybridizing to at least

3, at least five, at lsast 10 or at least 15 of the genes,

16. The array of claim 13 comprising polynucleotides hybridizing 1o the foliowing genes:

CDC2, MCM8, RPA3, MCM7, PCNA, GZ2P1, KPNAZ, ANLN, APG7L, TOPK, GMNN,

RRM1, CDC45L, MAD2L.1, RAN, DUT, RRM2, CDK7, MLH3, SMC4L1, CSPGSE, POLDZ,
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POLE2, BCCIP, Pfs2, TREX1, BUB3, FEN1, DRF1, PREI3, CCNE1, RPA1, POLES,
RFC4, MCM3, CHEK1, CCND1, and CDC37.

17.  The array of any one of claims 13 io 16 wherein the polynuciectides are cDNAs.
18. The array of claim 17 wherein the cDNAs are about 500 to 5000 bases long.

19. The array of claim any one of ciaims 13 {o 16 wherein the polynucleotides are

'oiigonucleoﬁdes.

20. The array of claim 19 wherein the oligonucieoiides are about 20 to 80 bases iong.

21, The array of any one of claims 13 to 20 wherain the sofid surface is glass.

22. A method of predicting the likefihood of iong-term survival of 2 patient diagnosed
with gastrointestinal cancer, without the recurrence of gastrointestinal cancer, comprising
the steps of:
(1) determining the expression levals of the RNA transcripts or the expression
products of genes or a gene selected from table A, Table B, Table C or Table D, in a
gastrointesiinal cancer tissue sampié obtained from the patient, normalized against
the expression levels of all RNA franscripis or their expression producis in the
gasirointestinal cancer tissue sample, or of a reference set of RNA transcripts or
their products;
(2) subjecting the data obtained in step (1) to statistical analysis; and
(3) determining whether the likelihood of the long-term survival has increased or

decreased;
and establishing the likelihood of long-term survival without gastrointestinal

cancar recurrencs.

23  The method of claim 22, wherein at least one prognostic RNA transcripts or its
expression products is selected from any one CDC2, MCME, RPA3, MCM7, PCNA,
G22P1, KPNA2, ANLN, APG7L, TOPK, GMNN, RRM1, CDC45L., MAD2L1, RAN, DUT,
RRM2, CDK7, MLH3, SMC4L1, CSPGE, POLD2, POLE2, BCCIP, Pfs2, TREX1, BUB3,
FEN1, DRF1, PREI3, CCNE1, RPA1, POLE3, RFC4, MCM3, CHEK1, CCND1, and

CDC37.
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24.  The method of claim 22 or claim 23 wherein the statistical analysis is performed by
using the Cox Proportional Hazards model.

25. A method of preparing a personalized genomics profile for a cancer patient,
comprising the steps of. (a) subjecting RNA extracted from a gastrointestinal tissue
obtained from the patient to gene expression analysis; (b) determining the expression
level of one or more genes selected from the gastrointestinal cancer gene set listed in any
one of Table A, Table B, Table C or Table D, wherein the expression level is normalized
against a control gene or genes and optionally is compared to the amount found in a
gastrointestinal cancer reference tissue set; and (c) creating a report summarizing the
data obtained by the gene expression analysis.

26. The method of claim 25, wherein the gastrointestinal tissue comprises
gastrointestinal cancer cells.

27. The method of claim 25 wherein the gastrointestinal tissue is obtained from a fixed,
paraffin-embedded biopsy sample.

28. The method of claim 27 wherein the RNA is fragmented.

29. The method of any one of claims 22 to 28 wherein the report includes prediction of
the likelihood of long term survival of the patient.

30. The method of any one of claims 22 to 29 wherein the report includes
recommendation for a treatment modality of the patient. '

31. A prognostic method comprising: (a) subjecting a sample comprising
gastrointestinal cancer cells obtained from a patient to quantitative analysis of the levels of
RNA transcripts of at least one gene selected from any one of Table A, Table B, Table C
or table D, or its product, and (b) identifying the patient as likely to have an increased
likelihood of long-term survival without gastrointestinal cancer recurrence if normalized
expression levels of the gene or genes, or their products, are elevated above a defined

expression threshold.

32. The method of claim 31, wherein at least one prognostic RNA transcripts or its
expression products is selected from any one CDC2, MCM6, RPA3, MCM7, PCNA,
G22P1, KPNA2, ANLN, APG7L, TOPK, GMNN, RRM1, CDC45L, MAD2L1, RAN, DUT,

115



10

15

20

25

30

35

RRM2, CDK7, MLH3, SMC4L1, CSPG6, POLD2, POLE2, BCCIP, Pfs2, TREX1, BUB3,
FEN1, DRF1, PREI3, CCNE1, RPA1, POLE3, RFC4, MCM3, CHEK1, CCND1, and
CDC37.

33. The method of claim 31 or claim 32, wherein the levels of the RNA transcripts of the
genes are normalized relative to the mean level of the RNA transcript or the product of
two or more housekeeping genes.

34. The method of claim 33 wherein the housekeeping genes are selected from the
group consisting of glyceraldehyde-3-phosphate dehydrogenase (GAPDH), Cypl, albumin,
actins, tubulins, cyclophilin hypoxantine phosphoribosyltransferase (HRPT), L32, 258, and
185.

35. The method of any one of claims 31 to 34 wherein the sample is subjected to global
gene expression analysis of all genes present above the limit of detection.

36. The method of any one of claims 31 to 35 wherein the levels of RNA transcripts of
the genes are normalized relative to the mean signal of the RNA transcripts or the
products of all assayed genes or a subset thereof.

37. The method of any one of claims 31 to 36 wherein the levels of RNA transcripts are
determined by quantitative RT-PCR, and the signal is a Ct value.

38. The method of claim 36 wherein the assayed genes include at least 50 or at least

100 cancer related genes.
39. The method of any one of claims 31 to 38 wherein the patient is human.

40. The method of any one of claims 31 to 39 wherein the sample is a fixed, paraffin-
embedded tissue (FPET) sample, or fresh or frozen tissue sample.

41. The method of any one of claims 31 to 39 wherein the sample is a tissue sample
from fine needle, core, or other types of biopsy.

42. The method of any one of claims 31 to 41 wherein the quantitative analysis is
performed by quantitative RT-PCR.
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43. The method of any one of claims 31 to 41 wherein the quantitative analysis is
performed by quantifying the products of the genes.

44. The method of any one of claims 31 to 41 wherein the products are quantified by
immunohistochemistry or by proteomics technology.

45. The method of any one of claims 31 to 44 further comprising the step of preparing a
report indicating that the patient has an increased likelihood of long-term survival without
gastrointestinal cancer recurrence.

46. A kit comprising one or more of (1) extraction buffer/reagents and protocol; (2)
reverse transcription buffer/reagents and protocol; and (3) quantitative RT-PCR
buffer/reagents and protocol suitable for performing the method of any one of claims 3,
25, or 30.
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