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(57) ABSTRACT

The present invention relates to a composition for diagnosing
colorectal cancer or ovarian cancer, comprising gene markers
for quickly and correctly diagnosing colorectal cancer or
ovarian cancer, and more particularly, to a composition for
diagnosing colorectal cancer or ovarian cancer, comprising
an agent measuring mRNA or protein levels of two or more
genes selected from the group consisting of CK7 (cytokeratin
7), CK20 (cytokeratin 20), CDX2 (caudal type homeobox
transcription factor 2), and MUC2 (mucin 2), a diagnostic kit
comprising the composition, and a diagnostic method.
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COMPOSITION, KIT, AND METHOD FOR
DIAGNOSING COLORECTAL CANCER OR
OVARIAN CANCER

TECHNICAL FIELD

[0001] The present invention relates to a composition, Kit,
and method for diagnosing colorectal cancer or ovarian can-
cer, and more particularly, to a composition, kit, and method
for diagnosing colorectal cancer or ovarian cancer, which use
CK7,CK20, CDX2, and MUC?2 genes as diagnostic markers
for colorectal cancer or ovarian cancer.

BACKGROUND ART

[0002] At present, the incidence of colorectal cancer in
South Korea is dramatically increasing, and deaths from col-
orectal cancer rank fourth after stomach cancer, lung cancer,
and liver cancer for men and similar for women. It has been
reported that the frequency of colorectal cancer is higher in
men than women, and when analyzed by age, the frequency of
colorectal cancer is the highest in people in their 50’s, fol-
lowed by people in their 60’s.

[0003] It is currently believed that environmental factors
may play abigger role than genetic factors in the development
of colorectal cancer. Rapid westernization of diet and excess
intake of animal fat or protein are major factors in the devel-
opment of colorectal cancer. However, it is known that about
5% of colorectal cancer cases occurs by a genetic cause.
[0004] With advances in science and technology, genes
involved in the development of colorectal cancer have been
identified, and methods for the early detection and treatment
of colorectal cancer using these genes have been studied. It
has been revealed that various genetic alterations, including
other types of cancer genes, tumor suppressor genes, etc., are
involved in colorectal cancer.

[0005] Inreality, colorectal cancer is one of the cancers for
which the largest number of genetic alterations occurring
during carcinogenesis have been identified. A change in a
single cancer gene or tumor suppressor gene alone cannot
induce colorectal cancer, but changes in a number of cancer-
related genes need to be accumulated for a long period of
several years in order for normal large intestinal mucosal cells
to develop into colorectal cancer through an intermediate
adenoma stage, which is called multistep genetic alterations
in the development of colorectal cancer. Such alterations
reflect the total accumulation of genetic alterations, rather
than the sequence of genetic alterations in each stage.
[0006] The results of continued studies of genes that cause
colorectal cancer revealed that K-ras, APC, MCC, DCC, p53,
and aberrant methylation of DNA is involved in genetic alter-
ations associated with the development of colorectal cancer,
and also revealed that mutations, such as hMSH2, hMSHI1,
hPMSI1, hPMS2, etc., are associated with the development
colorectal cancer. In this way, cancer formation occurs in
complex association with various genes and the expression
and regulation mechanisms of these genes. Therefore, in
recent years, studies are being conducted to find new diag-
noses of cancer or therapeutic markers by comparing the
expression rate of cancer-related genes using an oligo chip
containing a large number of genes.

[0007] Inparticular, genes whose expression is increased or
decreased are involved in many processes, including cell
division, cell signaling, cytoskeleton, cell movement, cell
defense, expression of genes and proteins, intercellular
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metabolism, etc. Thus, while some genes show the same
expression changes, other genes show different expression
changes. Also, specificity in individual patients may be the
cause different expression patterns, so cancer diagnosis
should be/consistent with accurate pathological findings and
classification of target patient tissue, and the diagnosis and
identification of many genes are required for more accurate
diagnosis.

[0008] The sensitivity and specificity of cancer diagnosis
using one type of label are relatively lower than those of
cancer diagnosis using many labels, thus resulting in a rela-
tively high probability of error. There are some restrictions in
order to use labels specific to identified cancer cells or tissues
in early diagnosis. Firstly, the restriction on the concentration
of a label will be described. If a label expressed in cancer
tissue is released in body fluids such as plasma or spinal fluid,
the label is excessively diluted, which makes it difficult to use
the label as a diagnostic label. Therefore, it is hard to detect
the label found in the tissue in the body fluids, and the sig-
nificance of the label is considerably lessened in the case of
investigation of the tissue itself. Moreover, there is a possi-
bility that a material showing different expression in body
fluids may not be consistent with a material that is altered in
cancer or other diseased tissue. Further, changes in tissue may
appear as completely different labels when they reach body
fluids in a cascade manner, and even different cancer tissues
may represent a common label. Accordingly, cancer diagno-
sis using a multiplex biomarker can serve as a measure for
more accurate diagnosis, compared to cancer diagnosis using
one type of marker.

[0009] Furthermore, 5 to 30% of ovarian cancer is meta-
static malignancies. The prevalence of metastatic ovarian
tumors differs among different countries according to the
incidence of various cancers therein (1). In South Korea,
colorectal cancer is one of the most common secondary can-
cers of the ovary (Bae J H, et al. ] Korean Med Sci, 2009; 24:
114-9). Thus, the probability of misdiagnosis of colorectal
cancer as ovarian cancer is high, and this may result in wrong
therapies being administered to patients. Consequently, there
is an urgent need for the development of new diagnostic
methods for correctly diagnosing ovarian cancer and colorec-
tal cancer.

DISCLOSURE
Technical Problem

[0010] Accordingly, it is an object of the present invention
to provide a composition for diagnosing colorectal cancer or
ovarian cancer, which uses CK7, CK20, CDX2, and MUC2
genes to quickly and correctly diagnose colorectal cancer or
ovarian cancer.

[0011] It is another object of the present invention to pro-
vide a kit for diagnosing colorectal cancer or ovarian cancer,
comprising the composition according to the present inven-
tion.

[0012] It is still another object of the present invention to
provide a method for predicting and diagnosing colorectal
cancer or ovarian cancer.

Technical Solution

[0013] To accomplish the aforementioned objects, the
present invention provides a composition for diagnosing col-
orectal cancer or ovarian cancer, comprising an agent mea-
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suring mRNA or protein levels of two or more genes selected
from the group consisting of CK7, CK20,CDX2, and MUC2.
[0014] In one embodiment of the present invention, the
composition may comprise an agent measuring mRNA or
protein levels of a combination of genes selected from the
group consisting of 1 to 8 listed in the following table:

gene combination

CK7/MUC2

CK20/MUC2

CDX2/MUC2

CK7/CK20/MUC2

CK7/CDX2/MUC2

CK20/CDX2/MUC2

CK7/CK20/CDX2/MUC2
CK7/CK20/CDX2/CEA/MUC2/MUC5AC/AMACR

[ N R N S

[0015] In one embodiment of the present invention, the
agent measuring mRNA levels of the genes may be a primer
or probe specifically binding to a gene selected from the
group consisting of CK7, CK20, CDX2, and MUC2.

[0016] In one embodiment of the present invention, the
agent measuring protein levels may be an antibody specific to
a protein selected from the group consisting of CK7, CK20,
CDX2, and MUC2.

[0017] Moreover, the present invention provides a kit for
diagnosing colorectal cancer or ovarian cancer, comprising
the composition according to the present invention.

[0018] Inone embodiment of the present invention, the kit
may be an RT-PCR kit, a DNA chip kit, or a protein chip kit.
[0019] Further, the present invention provides a method for
predicting and diagnosing colorectal cancer or ovarian can-
cer, comprising the steps of: (a) measuring expression of two
or more genes or proteins selected from the group consisting
of CK7, CK20, CDX2, and MUC?2 present in a biological
sample; and (b) comparing the measurement result in the step
(a) with the expression of genes or proteins of normal control
samples.

[0020] In one embodiment of the present invention, the
biological sample may be selected from the group consisting
of tissues, cells, whole blood, serum, plasma, saliva, and
urine.

[0021] In one embodiment of the present invention, the
measurement may be selected from the group consisting of
reverse transcriptase-polymerase chain reaction, real time-
polymerase chain reaction, Western blot, Northern blot,
ELISA (enzyme linked immunosorbent assay), RIA (radio-
immunoassay), radioimmunodiffusion, immunohistochem-
istry, and immunoprecipitation assay.

[0022] In one embodiment of the present invention, if the
expression of the CK7 gene or protein is increased compared
to the normal control samples and the expression of the
CK20, CDX2, and MUC2 genes or proteins is decreased
compared to the normal control samples, the onset of ovarian
cancer is determined.

[0023] In one embodiment of the present invention, if the
expression of the CK7 gene or protein is decreased compared
to the normal control samples and the expression of the
CK20, CDX2, and MUC2 genes or proteins is increased
compared to the normal control samples, the onset of colorec-
tal cancer is determined.

Advantageous Effects

[0024] The CK7, CK20, CDX2, and MUC2 genes accord-
ing to the present invention have different expression patterns
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in colorectal cancer and ovarian cancer. Therefore, these
genes can be used as diagnostic markers for distinguishing
colorectal cancer from ovarian cancer, and a multiplex marker
of two or more gene combinations of the genes is able to
correctly diagnose colorectal cancer and ovarian cancer at an
early stage by distinguishing them from each other, thus
improving the reliability of diagnosis. This enables quick
treatment and improves the survival rates of patients with
colorectal cancer or ovarian cancer.

DESCRIPTION OF DRAWINGS

[0025] The above and other objects and features of the
present invention will become apparent from the following
description of the preferred embodiments given in conjunc-
tion with the accompanying drawings, in which:

[0026] FIG. 1 shows photographs showing expression lev-
els of the CK7, CK20, CDX2, and MUC?2 genes observed in
primary ovarian mucinous adenocarcinoma (POMA) tissue
through immunohistochemistry, which depict results of
observation using A:CK7, B:CK20, C:CDX2, and D:MUC2
antibodies; and

[0027] FIG. 2 shows photographs showing expression lev-
els of the CK7, CK20, CDX2, and MUC?2 genes observed in
metastatic colorectal adenocarcinoma (MCAQO) tissue
through immunohistochemistry, which depict results of
observation using A:CK7, B:CK20, C:CDX2, and D:MUC2
antibodies.

BEST MODE FOR THE INVENTION

[0028] The present invention provides biomarkers for
quickly and correctly diagnosing colorectal cancer or ovarian
cancer at an early stage by distinguishing them from each
other, and more particularly, to a composition for diagnosing
colorectal cancer or ovarian cancer, comprising an agent mea-
suring mRNA or protein levels of two or more genes selected
from the group consisting of CK7, CK20, CDX2, and MUC2.
[0029] The present inventors paid attention to CK7 (cytok-
eratin 7), CK20 (cytokeratin 20), CDX2 (caudal type
homeobox transcription factor 2), and MUC2 (mucin 2)
genes in order to develop novel diagnostic markers for cor-
rectly diagnosing colorectal cancer and ovarian cancer by
distinguishing them from each other. The CK7 (cytokeratin 7)
and CK20 (cytokeratin 20) genes belonging to the cytokeratin
family are antigen proteins that are expressed on the surface
of most epithelial cells. The expression of such proteins indi-
cates the presence of epithelial cells in blood. In particular,
cytokeratin proteins are expressed in cancer cells originating
from the epithelial cells, so CK7 (cytokeratin 7) and CK20
(cytokeratin 20) are used to diagnose cancer originating from
the epithelial cells.

[0030] Moreover, the CDX2 (caudal type homeobox tran-
scription factor 2), ahomologue of the caudal gene found first
in drosophila, encodes a homeobox transcription factor. It is
known that the CDX2 gene is specifically expressed in epi-
thelial cells of the small and large intestines of a human body,
plays an important role in the proliferation and differentiation
of'normal epithelial cells, and functions as a tumor suppressor
gene. Also, as a recent study has shown that CDX2 expression
is lost in colorectal cancer cells, CDX2 is used as a diagnostic
marker for colorectal cancer.

[0031] The MUC2 gene, one of the mucin genes, is a gene
belonging to secretary mucin. Mucin is a major component of
mucus, which functions to secrete mucus to the epithelial
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cells of the digestive system, and respiratory organs such as
the airway. Thus, it functions to protect the intestinal surface,
which is epithelial tissue, from the mechanical damage and
chemical stimulation of each organ and acts as a lubricant for
a bowel movement. 20 mucin genes performing such func-
tions have been identified to date and can be broadly divided,
according to function, into secretory mucins and membrane-
bound mucins. In particular, when the secretory mucin genes,
to which the MUC2 gene belongs, are in a normal state, they
will secrete mucus from different organs to protect each organ
and the intestines, but when they are regulated or have abnor-
mality, they will excessively secrete mucus. It has been
reported that, in the case of bronchi, such excessive secretion
causes asthma or involves inflammatory disease, and in the
case of gastric cancer, excessive mucus increases tolerance to
various pathogenic bacteria, thus increasing the incidence of
gastric cancer. However, the use of the MUC2 gene as a
diagnostic marker for colorectal cancer or ovarian cancer has
not been reported yet.

[0032] As discussed above, in the present invention, the
CK7, CK20, CDX2, and MUC2 genes used as diagnostic
biomarkers for distinguishing colorectal cancer from ovarian
cancer can be used as markers for cancer diagnosis because
the expression levels of these genes in some particular cancer
cells are different from those in normal cells. However, since
various genes are involved in carcinogenesis, the use of one
type of label may lead to the problem of a high probability of
error due to low sensitivity and specificity.

[0033] Hereupon, the present invention has clarified for the
first time that, when a multiplex marker including two or more
of the CK7, CK20, CDX2, and MUC2 genes is used as a
diagnostic biomarker for distinguishing colorectal cancer
from ovarian cancer in order to improve the low sensitivity
and specificity of conventional cancer diagnostic markers,
colorectal cancer or ovarian cancer can be diagnosed with a
high accuracy.

[0034] In general, one of the most common metastatic can-
cers associated with the ovary is colorectal cancer. Colorectal
cancer mimics the symptoms of primary ovarian carcinoma,
and colorectal cancer is frequently misdiagnosed as ovarian
cancer. This misdiagnosis leads to treatments for ovarian
cancer, instead of treatments for colorectal cancer, ultimately
increasing the pain of patients.

[0035] Accordingly, at this point in time when there is a
need for a novel diagnostic method for correctly distinguish-
ing colorectal cancer from ovarian cancer at an early stage,
the present inventors have found that, when a multiplex biom-
arker of two or more of the CK7, CK20, CDX2, and MUC2
genes is used, colorectal cancer and ovarian cancer can be
distinguished and diagnosed correctly.

[0036] That is, according to one embodiment of the present
invention, the present inventors obtained cancer tissue from
patients with POMA (primary ovarian mucinous adenocarci-
noma and MCAO (metastatic colorectal adenocarcinoma)
and then constructed tissue array blocks. The inventors per-
formed immunohistochemistry using an antibody for detect-
ing the expression of primarily selected candidate marker
genes to compare and analyze the expression levels of the
candidate marker genes.

[0037] As aresultof comparison and analysis of the expres-
sion of the CK7, CK20, CDX2, CEA, MUC2, MUCS5AC and
AMACR genes, POMAs were almost negative for the MUC2
and CDX2 genes, focal positive for CK20 and CEA, and
positive for CK7 and MUCS5AC. MCAOs were negative for
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MUCSAC, negative for CK7, focal positive for CDX2 and
MUC?2, and diffuse positive (i.e., overexpression) for CK20
and CEA (see Example 1).

[0038] From the above result, the present inventors have
found that the CK7, CK20, CDX2, CEA, MUC2, MUCS5AC
and AMACR genes showing different expression patterns in
colorectal cancer and ovarian cancer can be used as markers
for predicting or diagnosing the onset of these cancers.
[0039] Moreover, according to another embodiment of the
present invention, the sensitivity, specificity, positive predic-
tive value, and negative predictive value of the CK7, CK20,
CDX2, CEA (carcinoembryonic antigen), MUC2, MUC5AC
(mucin 5 subtype A and C), and AMACR (a-methlacyl-CoA
racemase) genes showing different expression patterns in
colorectal cancer and ovarian cancer were calculated by sta-
tistical calculation. The calculation demonstrated that the
CK7,CK20,CDX2, and MUC2 genes showed high values for
the above properties (see Example 2).

[0040] Hereupon, in order to find out whether colorectal
cancer and ovarian cancer can be distinguished and diagnosed
using the selected CK2, CK20, CDX2, and MUC2 genes, the
present inventors performed immunohistochemstry on col-
orectal cancer tissue and ovarian cancer tissue using an anti-
body against the four proteins and analyzed the expression
pattern of the proteins in each tissue. As a result, POMAs
were positive for CK7 and negative for CK20, CDX2, and
MUC?2 (i.e., almost no protein expression). On the contrary to
the result of POMAs, MCAOs were negative for CK7 and
positive for CK20, CDX2, and MUC2.

[0041] By this, the present inventors have found that, when
the CK7,CK20,CDX2, and MUC?2 genes are used, colorectal
cancer and ovarian cancer can be correctly distinguished and
diagnosed while reducing the incidence of misdiagnosis of
colorectal cancer and ovarian cancer, which has convention-
ally been a problem, by a simple method of assessing the
expression levels of the genes.

[0042] Furthermore, while devising a method for enhanc-
ing the diagnostic rate of colorectal cancer and ovarian cancer
using the genes according to the present invention, the present
inventors have found that, when a multiplex biomarker of two
or more of the CK7, CK20, CDX2, and MUC2 genes is used,
the diagnostic rate can be improved.

[0043] That is, according to one embodiment of the present
invention, as a result of analysis of the diagnosis accuracy of
ovarian cancer and colorectal cancer using a multiplex
marker consisting of two genes among the four genes, a
multiplex marker consisting of three genes among the four
genes, and a multiplex marker consisting of the four genes,
the use of two genes showed an accuracy of about 50 to 70%,
the use of three genes showed an accuracy of 70 to 85%, and
the use of all of the four genes showed a high accuracy of
87.3%.

[0044] Also, when all of the seven genes, including CEA,
MUCSAC, and AMACR that showed different expression
patterns in colorectal cancer and ovarian cancer, in addition to
the above four genes, were used, a high accuracy of 74.6%
was obtained.

[0045] Accordingly, from this result, the present inventors
have found that, when a combination of two or more of the
CK7, CK20, CDX2, and MUC2 genes according to the
present invention is used as a multiplex marker, colorectal
cancer or ovarian cancer can be quite correctly diagnosed.
[0046] Therefore, putting the above results together, the
present invention provides diagnostic markers for colorectal
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cancer or ovarian cancer, comprising two or more genes
selected from the group consisting of CK7, CK20, CDX2,
and MUC?2 or proteins expressed from the genes.

[0047] In the context of the present invention, the term
“diagnosis” refers to the detection of a pathological state.

[0048] For the purpose of the invention, the diagnosis is to
confirm the development of colorectal cancer or ovarian can-
cer by assessing the expression of diagnostic markers for
colorectal cancer or ovarian cancer. In addition, in the context
of the present invention, the “diagnosis” includes determin-
ing the onset, progression, or amelioration of colorectal can-
cer or ovarian cancer by assessing the expression or lack of
expression of diagnostic markers for colorectal cancer or
ovarian cancer and the expression levels thereof.

[0049] The term “a diagnostic marker, a marker for diag-
nosis, or a diagnosis marker”, as used herein, is intended to
indicate a substance that can diagnose colorectal cancer cells
or ovarian cancer by distinguishing colorectal cancer cells or
ovarian cancer cells from normal cells, and includes organic
biological molecules, quantities of which increase or
decrease in colorectal cancer cells or ovarian cancer cells
compared to normal cells, such as polypeptides or nucleic
acids (e.g., mRNA, etc.), lipids, glycolipids, glycoproteins,
and sugars (monosaccharides, disaccharides, oligosaccha-
rides, etc.). The diagnostic markers for colorectal cancer or
ovarian cancer provided in the present invention, which are
genes or proteins showing different expression patterns in
colorectal cancer or ovarian cancer compared to normal cells,
may be two or more genes or proteins selected from the group
consisting of CK7, CK20, CDX2, and MUC?2. Preferably,
CK7 may have a base sequence of SEQ ID No. 1, CK20 may
have a base sequence of SEQ ID No. 2, CDX2 may have a
base sequence of SEQ ID No. 3, and MUC2 may have a base
sequence of SEQ ID No. 4.

[0050] The selection and application of significant diag-
nostic markers for diagnosing diseases are factors that deter-
mine the reliability of diagnosis results. A “significant diag-
nostic marker” means a marker that is highly valid by making
an accurate diagnosis and is highly reliable by providing
constant results upon repeated measurement.

[0051] The diagnostic markers for colorectal cancer or ova-
rian cancer of the present invention, which are genes whose
expression increases due to direct or indirect factors when
colorectal cancer or ovarian cancer develops, display the
same results upon repeated tests, and have high reliability due
to a great difference in expression levels compared to a con-
trol, thus having a very low possibility of giving false results.
Therefore, a diagnosis based on the results obtained by mea-
suring the expression levels of the significant diagnostic
markers of the present invention is valid and reliable.

[0052] Moreover, the present invention provides a compo-
sition for diagnosing colorectal cancer or ovarian cancer,
comprising an agent measuring the levels of two or more
genes or proteins selected from the group consisting of CK7,
CK20, CDX2, and MUC2.

[0053] In the present invention, the composition for diag-
nosing colorectal cancer or ovarian cancer may preferably
comprise an agent measuring mRNA or protein levels of a
combination of genes selected from the group consisting of 1
to 8 listed in the following table, and the most preferable
combination of genes may be a combination of the CK7,
CK20, CDX2, and MUC2 genes.
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TABLE 1

Combinations of Genes for Diagnosing
Colorectal Cancer or Ovarian Cancer

gene combination

CK7/MUC2

CK20/MUC2

CDX2/MUC2

CK7/CK20/MUC2

CK7/CDX2/MUC2

CK20/CDX2/MUC2

CK7/CK20/CDX2/MUC2
CK7/CK20/CDX2/CEA/MUC2/MUCSAC/AMACR

[ N R Y N S

[0054] In the present invention, the levels of genes prefer-
ably referto mRNA levels, i.e.,amounts of mRNA, expressed
from two or more genes selected from the group consisting of
CK7,CK20,CDX2, and MUC2, and the agent for measuring
the levels may comprise a primer or probe specific to the CK7,
CK20, CDX2, and MUC2 genes.

[0055] Inthe present invention, the primer or probe specific
to the CK7, CK20, CDX2, and MUC2 genes may be a primer
or probe capable of specifically amplifying the entire regions
of the CK7, CK20, CDX2, and MUC2 genes or specific
regions of the genes, and the primer or probe can be designed
by methods known in the art.

[0056] Inthe present invention, the “primer” as used herein
refers to a single-strand oligonucleotide capable of initiating
a template-directed DNA synthesis in an appropriate buffer
under an appropriate condition (for example, in the presence
of four different nucleoside triphosphates and a polymerizing
agent such as DNA, RNA polymerase or reverse tran-
scriptase) at a proper temperature. The length of the primer
may vary according to various factors, for example, tempera-
ture and the use of the primer. The sequence of the primer is
not required to be perfectly complementary to a part of the
sequence of the template. The primer may have sufficient
complementarity to be hybridized with the template and per-
form intrinsic functions of the primer. Thus, the primer of the
present invention is not required to be perfectly complemen-
tary to the nucleotide sequence of the CK7, CK20, CDX2, or
MUC?2 gene used as a template. The primer of the present
invention may have sufficient complementarity to be hybrid-
ized with the sequence of the gene and perform the functions
of'the primer. Moreover, the primer of the present invention is
preferably used for gene amplification.

[0057] The “amplification” refers to nucleic acid amplifi-
cation. Examples of amplification techniques of genes are
known in the art, and may include polymerase chain reaction
(PCR), reverse-transcription polymerase chain reaction (RT-
PCR), ligase chain reaction (LCR), transcription-mediated
amplification (TMA), nucleic acid sequence-based amplifi-
cation (NASBA), etc.

[0058] In the present invention, the term “probe” as used
herein refers to alinear oligomer of natural or modified mono-
mers or linkages, including deoxyribonucleotides, ribonucle-
otides and the like, capable of specifically hybridizing with a
target nucleotide sequence, whether occurring naturally or
produced synthetically. The probe of the present invention
may be single stranded, preferably, an oligodeoxyribonucle-
otide. The probe of this invention can be comprised of natu-
rally occurring dNMP (i.e., dAMP, dGMP, dCMP and
dTMP), nucleotide analogs, or nucleotide derivatives. The
probe of this invention can also include ribonucleotides. For
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example, the probe of this invention may include nucleotides
with backbone Modifications such as peptide (nucleic acid
(PNA) (M. Egholmetal., Nature, 365:566-568 (1993)), phos-
phorothioate DNA, phosphorodithioate DNA, phosphorami-
date DNA, amide-linked DNA, MMI-linked DNA, 2'-O-me-
thyl RNA, alpha-DNA and methylphosphonate DNA,
nucleotides with sugar modifications such as 2'-O-methyl
RNA, 2'-fluoro RNA, 2'-amino RNA, 2'-O-alkyl DNA, 2'-O-
allyl DNA, 2'-O-alkynyl DNA, hexose DNA, pyranosyl
RNA, and anhydrohexitol DNA, and nucleotides having base
modifications such as C-5 substituted pyrimidines (substitu-
ents including fluoro-, bromo-, chloro-, iodo-, methyl-,
ethyl-, vinyl-, formyl-, ethynyl-, propynyl-, alkynyl-, thiaz-
olyl-, imidazolyl-, pyridyl-), 7-deazapurines with C-7 sub-
stituents (substituents including fluoro-, bromo-, chloro-,
iodo-, methyl-, ethyl-, vinyl-, formyl-, alkynyl-, alkenyl-,
thiazolyl-, imidazolyl-, pyridyl-), inosine, and diaminopu-
rine.

[0059] In the present invention, examples of the agent for
measuring protein levels may include “antibodies” including
polyclonal antibodies, monoclonal antibodies, and recombi-
nant antibodies that may specifically bind to CK7, CK20,
CDX2, and MUC2 proteins.

[0060] In the present invention, antibody production using
the CK2, CK20, CDX2, and MUC?2 proteins as marker pro-
teins for diagnosing colorectal cancer or ovarian cancer iden-
tified as described above may be easily carried out using
techniques widely known in the art. For example, polyclonal
antibodies may be produced using a method widely known in
the art, which includes injecting a CK7, CK20, CDX2, or
MUC?2 antigen into an animal and collecting blood samples
from the animal to obtain sera containing antibodies. Such
polyclonal antibodies may be prepared from a certain animal
host, such as goats, rabbits, sheep, monkeys, horses, pigs,
cows and dogs. Monoclonal antibodies may be prepared by a
method widely known in the art, such as a hybridoma method
(see, Kohler and Milstein (1976) European Journal of Immu-
nology 6:511-519), or a phage antibody library technique
(Clackson et al., Nature, 352:624-628, 1991; Marks et al., J.
Mol. Biol., 222:58, 1-597, 1991).

[0061] The antibodies of the present invention include
complete forms, each of which consist of two full-length light
chains and two full-length heavy chains, as well as functional
fragments of antibody molecules. The functional fragments
of antibody molecules refer to fragments retaining at least an
antigen-binding function, and include Fab, F(ab'), F(ab')2 and
Fv.

[0062] Further, the present invention provides a kit for diag-
nosing colorectal cancer or ovarian cancer, comprising the
composition for diagnosing colorectal cancer or ovarian can-
cer according to the present invention.

[0063] Thecomposition for diagnosing colorectal cancer or
ovarian cancer included in the kit for diagnosing colorectal
cancer or ovarian cancer of the present invention may com-
prise an agent measuring mRNA or protein levels of two or
more genes selected from the group consisting of CK7,
CK20, CDX2, and MUC2 as described above. The agent for
measuring mRNA of the genes may comprise a primer or
probe, and the agent for measuring proteins may comprise an
antibody, the definitions of which were described previously.
[0064] Ifthe kit for diagnosing colorectal cancer or ovarian
cancer of the present invention is used in the PCR amplifica-
tion procedure, the kit of the present invention may selec-
tively include reagents required for PCR amplification, for

Nov. 17,2011

example, buffer, DNA polymerase (for example, thermo-
stable DNA polymerase obtained from Thermus aquaticus
(Taq), Thermus thermophilus (Tth), Thermus filiformis, Ther-
mis flavus, Thermococcus literalis or Pyrococcus furiosus
(Pfu)), DNA co-polymerase and dNTPs. If the diagnostic kit
for colorectal cancer or ovarian cancer of the present inven-
tion is applied to immunoassay, the kit of the present inven-
tion may selectively comprise a secondary antibody and a
labeled substrate.

[0065] Further, the kit ofthe present invention may be made
of a plurality of packagings or compartments including the
above reagent components. The type of kit to be produced in
the present invention may be an RT-PCR kit, a DNA chip kit,
or a protein chip kit, but not limited thereto.

[0066] In addition, the present invention provides a diag-
nostic microarray for colorectal cancer or ovarian cancer,
comprising the composition for diagnosing colorectal cancer
or ovarian cancer according to the present invention.

[0067] Inthe microarray of the present invention, the prim-
ers, probes, or antibodies for measuring CK7, CK20, CDX2,
and MUC?2 proteins or expression levels of genes encoding
these proteins serve as hybridizable array elements and are
immobilized on substrates. A preferable substrate includes
suitable solid or semi-solid supporters, such as membrane,
filter, chip, slide, wafer, fiber, magnetic or nonmagnetic bead,
gel, tubing, plate, polymer, microparticle and capillary tube.
The hybridizable array elements are arranged and immobi-
lized on the substrate. Such immobilization occurs through
chemical binding or covalent binding such as UV. In an
example, the hybridizable array elements are bound to a glass
surface modified to contain epoxy compound or aldehyde
group or to a polylysine-coated surface by UV irradiation.
Further, the hybridizable array elements are bound to a sub-
strate through linkers (e.g. ethylene glycol oligomer and
diamine).

[0068] If samples to be applied to the microarray of this
invention are nucleic acids, they may be labeled, and hybrid-
ized with array elements on microarray. Various hybridiza-
tion conditions are applicable, and for the detection and
analysis of the extent of hybridization, various methods are
available depending on labels used.

[0069] Further, the present invention provides a method for
predicting and diagnosing colorectal cancer or ovarian cancer
by measuring the expression levels of the marker genes for
diagnosing colorectal cancer or ovarian cancer according to
the present invention. Preferably, the method may comprise
the steps of: (a) measuring expression of two or more genes or
proteins selected from the group consisting of CK7, CK20,
CDX2, and MUC?2 present in a biological sample; and (b)
comparing the measurement result in the step (a) with the
expression of genes or proteins of normal control samples.
[0070] The aforementioned method for measuring the lev-
els of the marker genes for diagnosing colorectal cancer or
ovarian cancer, that is, two or more genes or proteins selected
from the group consisting of CK7, CK20, CDX2, and MUC2
may be carried out by including a known process for isolating
mRNA or protein from a biological sample by using the
known art.

[0071] In the present invention, the term “biological
sample”, as used herein, refers to samples derived from living
organisms which show a difference in the expression levels of
two or more genes or proteins selected from the group con-
sisting of CK7, CK20, CDX2, and MUC2 from a normal
control group depending on the degree of the onset or pro-
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gression of colorectal cancer or ovarian cancer, and the
samples may include tissues, cells, whole blood, serum,
plasma, saliva, or urine, but are not limited thereto.

[0072] Preferably, the measurement of the expression lev-
els of two or more genes selected from the group consisting of
CK7, CK20, CDX2, and MUC?2 involves measuring mRNA
levels. Methods for measuring mRNA levels include reverse
transcriptase-polymerase chain reaction (RT-PCR), real time
reverse transcriptase-polymerase chain reaction, RNase pro-
tection analysis, Northern blotting, DNA chip, etc, but are not
limited thereto.

[0073] The measurement of the levels of two or more pro-
teins selected from the group consisting of CK7, CK20,
CDX2, and MUC2 can be carried out using an antibody. In
this case, CK7, CK20, CDX2, and MUC2 proteins in a bio-
logical sample and an antibody specific thereto form com-
plexes, i.e., antigen-antibody complexes. The amount of
formed antigen-antibody complexes may be quantitatively
determined by measuring the signal size of a detection label.
Such a detection label may be selected from the group con-
sisting of enzymes, fluorescent substances, ligands, lumines-
cent substances, microparticles, redox molecules and radio-
active isotopes, but the present invention is not limited to the
examples. Analysis methods for measuring protein levels
include, but are not limited to, Western blotting, ELISA,
radioimmunoassay, radioimmunodiffusion, ouchterlony
immunodiffusion, rocket immunoelectrophoresis, immuno-
histochemistry, immunoprecipitation assay, complement
fixation assay, FACS, and protein chip assay.

[0074] Accordingly, by the detection methods of the
present invention, the expression of mRNA or proteins of two
or more genes selected from the group consisting of CK7,
CK20, CDX2, and MUC?2 in normal control samples and the
expression of mRNA or proteins of two or more genes
selected from the group consisting of CK7, CK20, CDX2,
and MUC2 in patients with colorectal cancer or ovarian can-
cer or patients suspected of having the cancers can be
assessed. The onset, progression, or prognosis of colorectal
cancer or ovarian cancer can be predicted and diagnosed by
comparing the level of expression with that of the control
group.

[0075] Particularly, the method for predicting and diagnos-
ing colorectal cancer or ovarian cancer according to the
present invention is characterized in that: colorectal cancer
and ovarian cancer can be distinguished and diagnosed using
the diagnostic markers according to the present invention.
That is, if the expression of the CK7 gene or protein, among
the CK7, CK20, CD2, and MUC2 genes, is increased com-
pared to the normal control samples and the expression of the
CK20, CDX2, and MUC2 genes or proteins is decreased
compared to the normal control samples, the onset of ovarian
cancer is determined.

[0076] In one embodiment of the present invention, if the
expression of the CK7 gene or protein is decreased compared
to the normal control samples and the expression of the
CK20, CDX2, and MUC2 genes or proteins is increased
compared to the normal control samples, the onset of colorec-
tal cancer is determined.

[0077] Hereinafter, the present invention will be described
in detail with respect to Examples. However, these Examples
are intended to describe the present invention in further detail
and should not be construed as limiting the scope of the
invention.

Nov. 17,2011

Example 1

[0078] Analysis of Expression of Genes Specific for Col-
orectal Cancer or Ovarian Cancer

[0079] <I1-1> Obtaining of Samples

[0080] 22 samples of POMA and 44 samples of MCAO
with mucinous differentiation involving ovary were obtained
between January 1996 and July 2008 at Seoul St Mary’s
Hospital. Mucinous differentiation was defined by the pres-
ence of at least focal areas of intracytoplasmic mucin globules
in the tumor cells. The samples were reviewed and reclassi-
fied according to the 2003 WHO guidelines. Borderline muci-
nous tumors and microinvasive mucinous adenocarcinomas
were excluded. The mean age of patients from whom the
tumor samples were obtained was 42 years. The mean age of
patients with metastatic mucinous adenocarcinoma from col-
orectum was 47 years. All but one of the samples of primary
mucinous adenocarcinoma were surgically staged. Stages
included: Stage I in 13 samples, Stage II in 2 samples, Stage
1T in 5 samples and Stage IV in 1 sample. Of the 22 patients
with POMA, 19 patients were treated with surgery and adju-
vant chemotherapy and 3 patients were treated with surgery
only.

[0081] <I1-2> Tissue Array

[0082] A tissue microarray block was constructed using the
cancer tissue samples obtained in <1-1>. That is, 3 mm core
biopsies were taken from paraffin embedded tumor tissues
and assembled on a recipient paraffin block. This was carried
out using a precision instrument (Micro Digital Co., Gunpo-
si, Gyeonggi-do, Korea). After construction, 4 um sections
were cut and histology was verified by hematoxylin-eosin
staining.

[0083] <I1-3> Immunohistochemistry

[0084] Four-micrometer sections of the paraffin-embedded
tissue arrays taken in <1-2> were deparaffinized, rehydrated
in alcohol and microwave-treated for 10 min in a citrate buffer
(pH 6.0). Endogenous peroxidase activity was blocked using
0.3% hydrogen peroxide. The tissue arrays were processed in
an automatic IHC staining machine using the standard pro-
tocols with DAKO ChemMate™ EnVision™ system
(DAKO, Carpinteria, Calif., USA). The following antibodies
were used: cytokeratin 7 (CK7) (1:50, OV-TL 12/30, DAKO),
cytokeratin 20 (CK20) (1:50, Ks20.8, DAKO), CEA (1:50,
11-7, DAKO), CDX2 (1:100, CDX2-88, BioGenex, San
Ramon, Calif., USA), MUC2 (1:100, Ccp58, Novocastra,
Newcastle, UK), MUCSAC (1:100, CLH2, Novocastra) and
a-methylacyl-CoA racemase (AMACR) (1:100, rabbit poly-
clonal, Biocare Medical, Walnut Creek, Calif., USA). The
sections were visualized with 3-3'-diaminobenzidine and tis-
sue arrays were counterstained with Mayer’s hematoxylin.
[0085] CK7, CK20, CDX2, CEA, MUC2, MUCSAC and
AMACR expression in each tissue were classified based on
the fraction of tumor cells showing positive cytoplasmic
staining (negative, 1-10%; focal positive, 11-50%; and dif-
fuse positive, 250%).

[0086] All statistical analyses performed in this example
were performed using SPSS version 15.0 (Systat, Chicago,
111., USA) for windows. A 2 test was used to compare the
THC results of POMAs and MCAOs. Survival duration was
defined as the time from surgery to death. Survival curves
were plotted using the Kaplan and Meier method and statis-
tical significance was determined by the log-rank test. A P
value <0.05 was considered significant. The results were
shown in the following Table 2.
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TABLE 2
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Primary cancer (n = 22)

Colonic cancer (n = 41)

Negative (%) Focal+ (%)

Diffuse+ (%) Negative (%) Focal+ (%)

Diffuse+ (%)

CK7 2 (9.1) 2 (9.1) 18 (81.8) 34 (82.9) 3(73) 4 (9.8)
CK20 12 (54.5) 8 (36.4) 2 (9.1) 10 (24.4) 4 (9.8) 27 (65.9)
CDX2 20 (90.9) 1 (45) 1 @4.5) 11 (26.8) 4 (9.8) 26 (63.4)
CEA 17 (77.3) 4 (18.2) 1 @4.5) 13 31.7) 11 (26.8) 17 (41.5)
MUC2 22 (100) 0 (0) 0 (0) 20 (48.8) 10 (244) 11 (26.8)
MUCSAC 11 (50) 1 (45) 10 (45.5) 40 (97.6) 1 (24) 0 (0)

AMACR 18 (81.8) 3 (13.6) 1 @4.5) 18 (41.5) 8 (19.5) 15 (36.6)

AMACR, a-methylacyl-CoA racemase

[0087] The expression of CK7, CK20, CDX2, CEA,
MUC2, MUCSAC and AMACR genes in the cancer tissues
through immunohistochemistry on the tissues samples of
POMAs and MCAOs was shown in Table 2.

[0088] POMAs were almost negative for MUC2 (100%
negative), focal positive for CK20 (54.5% negative) and CEA
(77.3% negative), and positive for CK7 (9.1% negative) and
MUCSAC (50% negative). MCAQOs were always negative for
MUCSAC (97.6& negative), generally negative for CK7 (82.
9% negative), focal positive for CDX2 (26.8% negative and
73.2% positive) and MUC2 (48.8% negative and 51.2% posi-
tive), and diffuse positive for CK20 (24.4% negative and
75.6% positive) and CEA (41.5% positive).

[0089] From the above result, the present inventors have
found that, when the tissue samples obtained from the
patients were negative for the CK7 and MUCSAC genes,
diffuse positive for CK20 and CEA, and positive for CDX2,
MUC2, and AMACR genes, a diagnosis of colorectal cancer
can be made. Further, they have found that colorectal cancer
and ovarian cancer can be distinguished and diagnosed
through the analysis of expression patterns of the genes.

Example 2

[0090] Selection of Genes Showing Colorectal Cancer-
Specific Patterns Different from Ovarian Cancer

[0091] Further, the present inventors selected genes show-
ing MCAO-specific expression patterns different from the
expression pattern of POMA based on the above results. The
sensitivity, specificity, positive predictive value and negative
predictive value of these selected genes are shown in the
following Table 3 through statistical calculations.

TABLE 3
Sensitivity (%)  Specificity (%) PPV (%) NVP (%)

CK7 0.83 091 0.94 0.74
CK20 0.66 0.91 0.93 0.59
CDX2 0.73 0.91 0.94 0.65
CEA 0.41 0.95 0.94 0.47
MUC2 0.51 1.00 1.00 0.52
MUCSAC 0.98 0.5 0.78 0.92
AMACR 0.56 0.82 0.85 0.5

PPV. positive predictive value: NPV. negative predictive value.

[0092] As a result, as shown in Table 3, the CK7, CK20,
CDX2, and MUC2 genes, among the genes showing colorec-
tal cancer-specific expression patterns, demonstrate excellent
sensitivity and specificity and high predictive values of
expressionineach colorectal cancer tissue. Thus, it was found

that the genes can be used as markers for diagnosing colorec-
tal cancer by distinguishing it from ovarian cancer.

Example 3

[0093] Analysis of Expression of Genes Showing Colorec-
tal Cancer-Specific Expression Patterns in Colorectal Cancer
and Ovarian Cancer

[0094] To compare the expression patterns of the CK7,
CK20, CX2, and MUC2 genes, which are colorectal cancer-
specific genes selected in Example 2, in MCAO tissue and
POMA tissue, immunohistochemical staining was performed
using antibodies for detecting the expression of the genes, i.e.,
antibodies against the CK7, CK20, CDX2, and MUC2 used in
Example 1.

[0095] Asaresult,as showninFIG.1,POMAs were diffuse
negative for CK7, and negative for CK20, CDX2, and MUC2
(i.e., almost no protein expression).

[0096] On the contrary, as shown in FIG. 2, MCAOs were
negative for CK7 and positive for CK20, CDX2, and MUC2.

[0097] Accordingly, from the above result, the present
inventors have found that, when the CK7, CK20, CDX2, and
MUC?2 genes selected in the present invention can be used as
diagnostic markers for distinguishing ovarian cancer from
colorectal cancer. In particular, if the CK20, CDX2, and
MUC?2 genes are simultaneously expressed and the CK7 gene
is not expressed, it can be found that the onset of colorectal
cancer or the progression of metastasis of colorectal cancer
can be predicted or diagnosed.

Example 4

[0098] Analysis of Cancer Diagnostic Rate Using Combi-
nations of Selected Genes

[0099] Further, the present inventors investigated gene
combinations for most correctly diagnosing the level of the
onset of colorectal cancer by analyzing the diagnostic rate for
each combination when the CK7, CK20, CDX2, and MUC2
genes for diagnosing colorectal cancer selected in the present
invention are used as markers. To this end, cancer samples
were taken from a total of 63 cancer tissues obtained in
Example 1, and combinations of genes are composed of a
total of 12 combinations as seen in the following Table 4. A
survey of diagnostic rates assessed by analyzing the expres-
sion patterns of the gene combinations in each cancer tissue
was performed according to the 2003 WHO guidelines as
described in Example 1. Also, the survey result is shown in the
following Table 4.
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TABLE 4
Correctly Misclassi- Indeterminate
classified (%)*  fied (%) (%)
Two markers (n = 63)
CK7/CK20 41 (65.1) 3(4.8) 19 (30.2)
CK7/CDX2 45 (71.4) 4(6.3) 14 (22.2)
CK7/MUC2 39 (61.9) 5(7.9) 19 (30.2)
CK20/CDX2 41 (65.1) 7 (11.1) 15(23.8)
CK20/MUC2 34 (54.0) 7 (11.1) 22 (34.9)
CDX2/MUC2 36 (57.1) 6(9.5) 21 (33.3)
Three markers (n = 63)
CK7/CK20/CDX2 51 (81.0) 4(6.3) 8 (12.7)
CK7/CK20/MUC2 50 (79.4) 3(4.8) 10 (15.9)
CK7/CDX2/MUC2 52 (82.5) 4(6.3) 7(11.1)
CK20/CDX2/MUC2 45 (71.4) 3(4.8) 15 (23.8)
Four markers (n = 63)
CK7/CK20/CDX2/MUC2 55 (87.3) 4(6.3) 4(6.3)
Seven markers (n = 63)
CK7/CK20/CDX2/CEA/ 47 (74.6) 4(6.3) 12 (19.0)
MUC5AC/AMACR

3Cases with expression of more than two colonic markers classified as metastatic colorectal
gdenocarcmomas (MCAOs) and cases without any colonic marker classified as POMAs.
Cases with expression of one colonic marker considered unclassifiable.

[0100] The result of the survey of the diagnostic rates of
MCAOs using one or more combinations of the genes
selected in the present invention is shown in Table 4. Of the
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two-gene combinations, CK7/CDX2 showed the highest
diagnostic rate of 71.4%. Among the three-gene combina-
tions, CK20/CDX2/MUC2 gave a higher diagnostic rate (82.
5%), compared to the other three-gene combinations. Among
all the gene combinations, the four-gene combination of
CK7/CK20/CDX2/MUC2 showed the highest diagnostic rate
(87%). In contrast, the gene combination using all seven
genes, ie., CK7/CK20/CDX2/CEA/MUC2/MUCSAC/
AMACR showed a lower diagnostic rate (74.6%) compared
to the four-gene combinations.

[0101] Accordingly, from the above result, the present
inventors have found that, when all of the four genes CK7/
CK20/CDX2/MUC2 genes selected in the present invention
are used, the onset of colorectal cancer can be effectively
predicted and diagnosed, and further have found that the
genes can be used as markers for distinguishing ovarian can-
cer from colorectal cancer.

[0102] Although the invention has been described focusing
on the preferred embodiments, those skilled in the art will
appreciate that the invention may be carried out in modified
forms without departing from the essential characteristics of
the present invention. Therefore, the above embodiments
should be construed in all aspects as illustrative and not
restrictive. The scope of the invention should be determined
by the appended claims and their legal equivalents, not by the
above description, and all changes coming within the equiva-
lency range of the appended claims should be construed as
being embraced in the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 1753

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: keratin 7 cDNA sequence

<400> SEQUENCE: 1

cagcceegee cctacctgtyg gaageccage cgccegctee cgeggataaa aggegceggag 60
tgtcccegag gtcagegagt gegegetect cctegecege cgctaggtece ateceggece 120
agccaccatg tccatccact tcagetccee ggtattcace tegegetcag cegecttete 180

gggeegegge geccaggtge gectgagete cgetegecce ggeggecttyg geageageag 240

cctectacgge cteggegect cacggccegeg cgtggecgtg cgetcetgect atgggggece 300
ggtgggcgece ggcatccgeg aggtcaccat taaccagagce ctgctggeccce cgectgeggcet 360
ggacgccgac ccctecectee agegggtgeg ccaggaggag agcgagcaga tcaagaccct 420
caacaacaag tttgcctcct tcatcgacaa ggtgeggttt ctggagcage agaacaagct 480
gctggagacce aagtggacgc tgctgcagga gcagaagtcg gccaagagca gecgectecec 540
agacatcttt gaggcccaga ttgctggcct tcggggtcag cttgaggecac tgcaggtgga 600

tgggggcege ctggaggegg agetgcggag catgcaggat gtggtggagg acttcaagaa 660

taagtacgaa gatgaaatta accaccgcac agctgcetgag aatgagtttg tggtgetgaa 720

gaaggatgtg gatgctgect acatgagcaa ggtggagetyg gaggccaagg tggatgecect 780
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-continued
gaatgatgag atcaacttcc tcaggaccct caatgagacg gagttgacag agctgcagte 840
ccagatctee gacacatctg tggtgctgte catggacaac agtcgctcce tggacctgga 900
cggcatcatc gctgaggtca aggcgcagta tgaggagatg gccaaatgca gccgggctga 960

ggctgaagcee tggtaccaga ccaagtttga gaccctccag geccaggetyg ggaagcatgg 1020
ggacgaccte cggaataccce ggaatgagat ttcagagatg aaccgggcca tccagagget 1080
gcaggctgag atcgacaaca tcaagaacca gcgtgccaag ttggaggccg ccattgccga 1140
ggctgaggag cgtggggagce tggcgctcaa ggatgctcegt gccaagcagg aggagctgga 1200
agccgecctg cagcggggca agcaggatat ggcacggcag ctgcgtgagt accaggaact 1260
catgagcgtg aagctggcece tggacatcga gatcgccacc taccgcaagce tgctggaggyg 1320
cgaggagagc cggttggctg gagatggagt gggagccgtg aatatctctg tgatgaattce 1380
cactggtggc agtagcagtg gcggtggcat tgggctgacc ctcgggggaa ccatgggcag 1440
caatgccctg agcttctecca gcagtgeggg tcecctgggete ctgaaggett attccatcecg 1500
gaccgcatce gecagtegea ggagtgeceg cgactgagece gectcccace actccactece 1560
teccageccace acccacaatce acaagaagat tcccacccect gectceccatg cctggtecca 1620
agacagtgag acagtctgga aagtgatgtc agaatagctt ccaataaagc agcectcattce 1680
tgaggcctga gtgatccacyg tgaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1740
aaaaaaaaaa aaa 1753
<210> SEQ ID NO 2

<211> LENGTH: 1817

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: keratin 20 cDNA sequence

<400> SEQUENCE: 2

caaccatect gaagctacag gtgctccecte ctggaatcte caatggattt cagtcgcaga 60
agcttecaca gaagectgag ctectecttyg caggecectg tagtcagtac agtgggcatg 120
cagegecteg ggacgacace cagcegtttat gggggtgetg gaggecgggg catccgcatce 180
tccaactecca gacacacggt gaactatggg agcgatctca caggeggegg ggacctgttt 240
gttggcaatg agaaaatggc catgcagaac ctaaatgacc gtctagcgag ctacctagaa 300
aaggtgcgga ccctggagca gtccaactcce aaacttgaag tgcaaatcaa gcagtggtac 360
gaaaccaacg ccccgaggge tggtcegegac tacagtgcat attacagaca aattgaagag 420
ctgcgaagtc agattaagga tgctcaactyg caaaatgctc ggtgtgtcct gcaaattgat 480
aatgctaaac tggctgctga ggacttcaga ctgaagtatg agactgagag aggaatacgt 540
ctaacagtgg aagctgatct ccaaggcctg aataaggtet ttgatgacct aaccctacat 600
aaaacagatt tggagattca aattgaagaa ctgaataaag acctagctct cctcaaaaag 660
gagcatcagg aggaagtcga tggcctacac aagcatctgg gcaacactgt caatgtggag 720
gttgatgctg ctccaggect gaaccttgge gtcatcatga atgaaatgag gcagaagtat 780
gaagtcatgg cccagaagaa ccttcaagag gccaaagaac agtttgagag acagactgca 840
gttctgcage aacaggtcac agtgaatact gaagaattaa aaggaactga ggttcaacta 900

acggagctga gacgcaccte ccagagectt gagatagaac tccagtccca tcetcageatg 960
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-continued

aaagagtctt tggagcacac tctagaggag accaaggccc gttacagcag ccagttagcce 1020
aacctccagt cgctgttgag ctctctggag gcccaactga tgcagattcg gagtaacatg 1080
gaacgccaga acaacgaata ccatatcctt cttgacataa agactcgact tgaacaggaa 1140
attgctactt accgeccgect tctggaagga gaagacgtaa aaactacaga atatcagtta 1200
agcaccctgg aagagagaga tataaagaaa accaggaaga ttaagacagt cgtgcaagaa 1260
gtagtggatg gcaaggtcgt gtcatctgaa gtcaaagagg tggaagaaaa tatctaaata 1320
gctaccagaa ggagatgctg ctgaggtttt gaaagaaatt tggctataat cttatctttg 1380
ctcectgcaa gaaatcagec ataagaaagce actattaata ctctgcagtg attagaaggg 1440
gtggggtggc gggaatccta tttatcagac tctgtaattg aatataaatg ttttactcag 1500
aggagctgca aattgcctgc aaaaatgaaa tccagtgagc actagaatat ttaaaacatc 1560
attactgcca tctttatcat gaagcacatc aattacaagc tgtagaccac ctaatatcaa 1620
tttgtaggta atgttcctga aaattgcaat acatttcaat tatactaaac ctcacaaagt 1680
agaggaatcc atgtaaattg caaataaacc actttctaat tttttcctgt ttctgaaaaa 1740
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1800
aaaaaaaaaa aaaaaaa 1817
<210> SEQ ID NO 3

<211> LENGTH: 2090

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: caudal type homeobox 2 (CDX2) cDNA sequence

<400> SEQUENCE: 3

gggaccgcct cggaggcaga agagccgcga ggagccagceg gagcaccgeg ggetggggeg 60
cagccaceeg cegetecteg agtccecteg ccectttece ttegtgecce ceggcagect 120
ccagegtegg tecccaggca gcatggtgag gtetgeteee ggaccctege caccatgtac 180
gtgagctacc tcctggacaa ggacgtgage atgtacccta geteegtgeg ccactetgge 240
ggcctcaace tggegecgea gaacttegte agecccccge agtaccegga ctacggeggt 300

taccacgtgg cggccgeage tgcageggca gcgaacttgg acagegegea gteccegggyg 360

ccatecctgge cggcagegta tggcgcccca ctecgggagg actggaatgg ctacgegecce 420
ggaggcgeceg cggcecgecge caacgecgtg gctcacggece tcaacggtgyg ctecceggec 480
gcagccatgg gctacagecag ccccgcagac taccatccge accaccacce gecatcaccac 540
ccgecaccace cggecgecge gecttectge gettetggge tgctgcaaac gctcaaccce 600
ggccctectyg ggecegecge caccgetgece gecgagcage tgtctecegg cggccagegg 660
cggaacctgt gegagtggat geggaagccg gegcageagt cecteggeag ccaagtgaaa 720
accaggacga aagacaaata tcgagtggtg tacacggacce accageggcet ggagctggag 780
aaggagtttc actacagtcg ctacatcacc atccggagga aagccgagcet agccgccacyg 840
ctggggetet ctgagaggca ggttaaaatce tggtttcaga accgcagage aaaggagagg 900
aaaatcaaca agaagaagtt gcagcagcaa cagcagcagce agccaccaca gccgectecg 960

cecgecaccac agecteccca gectcageca ggtectctga gaagtgtcce agageccettyg 1020

agtccggtgt cttceccctgeca agectcagtg cctggetetg tecectggggt tetggggeca 1080
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-continued

actggggggg tgctaaaccc caccgtcacc cagtgaccca ccgggttcectg cagecggcaga 1140
gcaattccag gctgagccat gaggagcgtg gactctgcta gactcctcag gagagacccce 1200
tccectecca cccacageca tagacctaca gacctggetce tcagaggaaa aatgggagcec 1260
aggagtaaga caagtgggat ttggggcctc aagaaatata ctctcecccaga tttttacttt 1320
ttcccatctg getttttetyg ccactgagga gacagaaage ctecgetggg cttcattccg 1380
gactggcaga agcattgcct ggactgacca caccaaccag gccttcatce tcctecccag 1440
ctcttetett cctagatctg caggctgcac ctctggctag agccgagggg agagagggac 1500
tcaagggaaa ggcaagcttg aggccaagat ggctgctgece tgctcatgge cctceggaggt 1560
ccagctggge ctcctgecte cgggcaggca aggtttacac tgcggaagec aaaggcagct 1620
aagatagaaa gctggactga ccaaagactg cagaaccccc aggtggcctg cgtetttttt 1680
ctcttecectt cccagaccag gaaaggcttg gctggtgtat gcacagggtg tggtatgagg 1740
gggtggttat tggactccag gcctgaccag ggggcccgaa cagggacttg tttagagagce 1800
ctgtcaccag agcttctctg ggctgaatgt atgtcagtgce tataaatgcc agagccaacc 1860
tggacttcet gtcattttca caatcttggg gctgatgaag aagggggtgg ggggagtttyg 1920
tgttgttgtt gctgetgttt gggttgttgg tctgtgtaac atccaagcca gagtttttaa 1980
agccttetgg atccatgggg ggagaagtga tatggtgaag ggaagtgggg agtatttgaa 2040
cacagttgaa ttttttctaa aaagaaaaag agataaatga gctttccaga 2090
<210> SEQ ID NO 4

<211> LENGTH: 15728

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: MUC2 cDNA sequence

<400> SEQUENCE: 4

caacccacac cgcccectgec agccaccatg gggcetgecac tageccgect ggeggetgtyg 60
tgcectggeee tgtetttgge agggggcteg gagcetccaga cagagggcag aacccgaaac 120
cacggccaca acgtctgcag cacctgggge aacttccact acaagacctt cgacggggac 180
gtctteeget tecceggect ctgegactac aacttcegect ccgactgecyg aggcetectac 240

aaggaatttyg ctgtgcacct gaageggggt ccgggecagg ctgaggecee cgecggggty 300

gagtccatce tgctgaccat caaggatgac accatctacce tcacccgeca cetggetgtg 360
cttaacgggg ccgtggtcag caccccgcac tacagecceg ggcetgcetcat tgagaagage 420
gatgcctaca ccaaagtcta ctceccgegece ggectcacce tcatgtggaa ccgggaggat 480
gcactcatge tggagctgga cactaagttc cggaaccaca cctgtggect ctgeggggac 540
tacaacggee tgcagagcta ttcagaatte ctetetgacg gegtgetett cagtccectyg 600
gagtttggga acatgcagaa gatcaaccag cccgatgtgg tgtgtgagga tcccgaggag 660
gaggtggcee ccgcatectg ctecgagecac cgegecgagt gtgagagget getgaccgece 720
gaggcctteg cggactgtea ggacctggtg ccegctggage cgtatctgeg cgectgecag 780
caggaccget gecggtgece gggcggtgac acctgegtet gecagcacegt ggecgagtte 840
tcecegecagt getceccacge cggeggecgyg cccgggaact ggaggaccge cacgetcetge 900

cccaagacct gecccgggaa cctggtgtac ctggagageg getegecctg catggacace 960
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tgctcacacc tggaggtgag cagcctgtgce gaggagcacc gcatggacgg ctgtttectge 1020
ccagaaggca ccgtatatga cgacatcggg gacagtggct gecgttcctgt gagccagtge 1080
cactgcaggc tgcacggaca cctgtacaca ccgggccagg agatcaccaa tgactgcgag 1140
cagtgtgtct gtaacgctgg ccgectgggtg tgcaaagacc tgccctgecce cggcacctgt 1200
gecectggaag gceggetcecca catcaccacce ttcgatggga agacgtacac cttccacggyg 1260
gactgctact atgtcctggce caagggtgac cacaacgatt cctacgctcect cctgggcgag 1320
ctggccceect gtggctecac agacaagcag acctgcctga agacggtggt gctgctgget 1380
gacaagaaga agaatgtggt ggtcttcaag tccgatggca gtgtactgcet caacgagctg 1440
caggtgaacc tgccccacgt gaccgcgage ttctcetgtet tecgcecccgte ttectaccac 1500
atcatggtga gcatggccat tggcgtccgg ctgcaggtge agctggcccce agtcatgcaa 1560
ctctttgtga cactggacca ggcctcccag gggcaggtge agggcctctg cgggaactte 1620
aacggcctgg aaggtgacga cttcaagacg gccageggge tggtggagge cacgggggec 1680
ggctttgcca acacctggaa ggcacagtca agctgccatg acaagctgga ctggttggac 1740
gatccectget ccecctgaacat cgagagcegec aactacgcecg agcactggtg ctcecectectg 1800
aagaagacag agaccccctt tggcaggtgce cactcggetg tggaccctge tgagtattac 1860
aagaggtgca aatatgacac gtgtaactgt cagaacaatg aggactgcct gtgcgccgec 1920
ctgtcctect acgcgegege ctgcaccgece aagggcgtca tgctgtgggg ctggcgggag 1980
catgtctgca acaaggatgt gggctcctge cccaactcege aggtcttect gtacaacctg 2040
accacctgcce agcagacctg ccgctcccte tccgaggccg acagccactg tctcecgaggge 2100
tttgcgectg tggacggctg cggctgccct gaccacacct tecctggacga gaagggccgce 2160
tgcgtaccce tggccaagtg ctcecctgttac caccgecggte tctacctgga ggcgggggat 2220
gtggtcgtca ggcaggaaga acgatgtgtg tgccgggatg ggcggctgca ctgtaggcag 2280
atccggetga tcggccagag ctgcacggcec ccaaagatcc acatggactg cagcaacctg 2340
actgcactgg ccacctcgaa gccccgagec ctcagetgec agacgctgge cgccggetat 2400
taccacacag agtgtgtcag tggctgtgtg tgcccecgacg ggctgatgga tgacggccegg 2460
ggtggctgeg tggtggagaa ggaatgccct tgcgtccata acaacgacct gtattcttcece 2520
ggcgccaaga tcaaggtgga ctgcaatacc tgcacctgca agagaggacg ctgggtgtge 2580
acccaggctg tgtgccatgg cacctgctec atttacggga gtggccacta catcaccttt 2640
gatgggaagt actacgactt tgacggacac tgctcctacg tggctgttca ggactactgce 2700
ggccagaact cctcactggg ctcattcage atcatcaccg agaacgtccce ctgtggcact 2760
acgggcgtca cctgctccaa ggccatcaag atcttcatgg ggaggacgga gctgaagttg 2820
gaagacaagc accgtgtggt gatccagegt gatgagggtc accacgtggce ctacaccacg 2880
cgggaggtgg gccagtacct ggtggtggag tccagcacgg gcatcatcegt catctgggac 2940
aagaggacca ccgtgttcat caagctggct ccctectaca agggcaccgt gtgtggectg 3000
tgtgggaact ttgaccaccg ctccaacaac gacttcacca cgcgggacca catggtggtg 3060
agcagcgagc tggacttcgg gaacagctgg aaggaggccc ccacctgeec agatgtgage 3120
accaaccccg agccctgcag cctgaaccceg caccgecget cctgggecga gaagcagtgce 3180

agcatcctca aaagcagcgt gttcagcatc tgccacagca aggtggaccce caagccectte 3240
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tacgaggcct gtgtgcacga ctcecgtgctce tgtgacacgg gtggggactg tgagtgcecttce 3300
tgctctgeceg tggcctecta cgcccaggag tgtaccaaag agggggcctg cgtgttetgg 3360
aggacgccgg acctgtgcecce catattctge gactactaca accctccgca tgagtgtgag 3420
tggcactatg agccatgtgg gaaccggagce ttcgagacct gcaggaccat caacggcatc 3480
cactccaaca tctcegtgte ctacctggag ggctgctacc ceceggtgecc caaggacagg 3540
cccatctatg aggaggatct gaagaagtgt gtcactgcag acaagtgtgg ctgctatgtce 3600
gaggacaccc actacccacc tggagcatcg gttcccaccg aggagacctg caagtcctge 3660
gtgtgtacca actcctceccca agtcecgtectge aggccggagg aaggaaagat tcttaaccag 3720
acccaggatg gecgecttetg ctactgggag atctgtggec ccaacgggac ggtggagaag 3780
cacttcaaca tctgttccat tacgacacgc ccgtccaccce tgaccacctt caccaccatc 3840
accctececcca ccacccccac caccttcacce actaccacca ccaccaccac cccgacctcece 3900
agcacagttt tatcaacaac tccgaagctg tgctgcectcect ggtctgactg gatcaatgag 3960
gaccacccca gcagtggcag cgacgacggt gaccgagaaa catttgatgg ggtctgceggg 4020
gccecectgagg acatcgagtg caggtcecggtce aaggatcccce acctcagett ggagcagcta 4080
ggccagaagg tgcagtgtga tgtctcetgtt gggttcattt gcaagaatga agaccagttt 4140
ggaaatggac catttggact gtgttacgac tacaagatac gtgtcaattg ttgctggccce 4200
atggataagt gtatcaccac tcccagccct ccaactacca ctcccagcecce tccaccaacce 4260
agcacgacca cccttccacc aaccaccacc cccagccctc caaccaccac cacaaccacce 4320
cctccaccaa ccaccacccece cagccctcca ataaccacca cgaccaccece tccaccaacc 4380
accactccca gccctccaat aagcaccaca accacccctc caccaaccac cactcccagce 4440

cctecaacca ccactcccag cectccaace accactecca gecctccaac aaccaccaca 4500

accaccccte caccaaccac cactcccage cctccaacga ctacgcccat cactccacca 4560
gccagcacta ccacccttce accaaccacc actcccagec ctccaacaac caccacaacce 4620
accccteccac caaccaccac tcccagtcct ccaacgacta cgeccatcac tccaccaacce 4680

agcactacta cecttecace aaccaccact cccageccte caccaaccac cacaaccace 4740
cctccaccaa ccaccactce cagcectcca acaaccacca cteccagtece tcecaacaate 4800
accacaacca cccctecace aaccaccact cccageccte caacaacgac cacaaccace 4860
cctccaccaa ccaccactce cagcectcca acgactacac ccatcactece accaaccage 4920
actaccaccce ttccaccaac caccactcece ageccctccac caaccaccac aaccacccect 4980
ccaccaacca ccactcccag ccctecaaca accaccacte ccagecctec aataaccace 5040

acaaccacce cteccaccaac caccactcce agetctecaa taaccaccac tcccagecect 5100

ccaacaacca ccatgaccac cccttcacca accaccacce ccagctctec aataaccacce 5160
acaaccaccc cttcctcaac taccactccce agccctecac caaccaccat gaccacccect 5220
tcaccaacca ccactcccag ccctccaaca accaccatga ccacccttec accaaccacce 5280

acttccagec ctctaacaac tactcctcta cctcecatcaa taactcectcee tacattttca 5340
ccattctcaa cgacaacccece tactacccca tgcgtgcecte tcectgcaattg gactggctgg 5400
ctggattctg gaaaacccaa ctttcacaaa ccaggtggag acacagaatt gattggagac 5460

gtctgtggac caggctgggce agctaacatce tcttgcagag ccaccatgta tcectgatgtt 5520
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cccattggac agcttggaca aacagtggtg tgtgatgtct ctgtgggget gatatgcaaa 5580
aatgaagacc aaaagccagg tggggtcatc cctatggcct tcectgectcaa ctacgagatc 5640
aacgttcagt gctgtgagtg tgtcacccaa cccaccacca tgacaaccac caccacagag 5700
aacccaactc cgccaaccac gacacccatce accaccacca ctacggtgac cccaacccca 5760
acacccaccg gcacacagac cccaaccacg acacccatca ccaccaccac tacggtgacce 5820
ccaaccccaa cacccaccgg cacacagacc ccaaccacga cacccatcac caccaccact 5880
acggtgaccc caaccccaac acccaccggc acacagaccc caaccacgac acccatcacce 5940
accaccacta cggtgaccce aaccccaaca cccaccggca cacagacccc aaccacgaca 6000
cccatcacca ccaccactac ggtgacccca accccaacac ccaccggcac acagacccca 6060
accacgacac ccatcaccac caccactacg gtgaccccaa ccccaacacc caccggcaca 6120

cagaccccaa ccacgacace catcaccacce accactacgg tgaccccaac cccaacacce 6180

accggcacac agaccccaac cacgacaccce atcaccacca ccactacggt gaccccaacc 6240
ccaacaccca ccggcacaca gaccccaacc acgacaccca tcaccaccac cactacggtg 6300
accccaaccc caacacccac cggcacacag accccaacca cgacacccat caccaccacce 6360

actacggtga ccccaaccce aacacccace ggcacacaga ccccaaccac gacacceate 6420
accaccacca ctacggtgac cccaacccca acacccaceg gcacacagac cccaaccacyg 6480
acacccatca ccaccaccac tacggtgacce ccaaccccaa cacccaccgg cacacagace 6540
ccaaccacga cacccatcac caccaccact acggtgacce caaccccaac acccacegge 6600
acacagaccc caaccacgac acccatcacce accaccacta cggtgaccece aaccccaaca 6660
cccaccggea cacagacccce aaccacgaca cccatcacca ccaccactac ggtgacccca 6720

accccaacac ccaccggcac acagacccca accacgacac ccatcaccac caccactacyg 6780

gtgaccccaa ccccaacacc caccggcaca cagaccccaa ccacgacacc catcaccacce 6840
accactacgg tgaccccaac cccaacaccc accggcacac agaccccaac cacgacaccce 6900
atcaccacca ccactacggt gaccccaacc ccaacaccca ccggcacaca gaccccaacce 6960

acgacaccca tcaccaccac cactacggtg accccaacee caacacccac cggcacacag 7020
accccaacca cgacacccat caccaccace actacggtga ccccaaccece aacacceace 7080
ggcacacaga ccccaaccac gacacccatce accaccacca ctacggtgac cccaacccca 7140
acacccaccg gecacacagac cccaaccacg acacccatca ccaccaccac tacggtgace 7200
ccaaccccaa cacccaccgg cacacagacce ccaaccacga cacccatcac caccaccact 7260
acggtgaccc caaccccaac acccaccgge acacagacce caaccacgac acccatcace 7320

accaccacta cggtgaccec aaccccaaca cccaccggea cacagacccee aaccacgaca 7380

cccatcacca ccaccactac ggtgacccca accccaacac ccaccggcac acagacccca 7440
accacgacac ccatcaccac caccactacg gtgaccccaa ccccaacacc caccggcaca 7500
cagaccccaa ccacgacacc catcaccacc accactacgg tgaccccaac cccaacaccce 7560

accggcacac agaccccaac cacgacaccce atcaccacca ccactacggt gaccccaace 7620
ccaacaccca ceggcacaca gaccecaacce acgacacccea tcaccaccac cactacggtyg 7680
accccaacce caacacccac cggcacacag accccaacca cgacacccat caccaccace 7740

actacggtga ccccaacccce aacacccacce ggcacacaga ccccaaccac gacacceate 7800
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accaccacca ctacggtgac cccaacccca acacccaccg gcacacagac cccaaccacyg 7860
acacccatca ccaccaccac tacggtgacc ccaaccccaa cacccaccgg cacacagace 7920
ccaaccacga cacccatcac caccaccact acggtgaccce caaccccaac acccaccgge 7980
acacagaccce caaccacgac acccatcacce accaccacta cggtgacccc aaccccaaca 8040
cccacecggea cacagaccce aaccacgaca cccatcacca ccaccactac ggtgacecca 8100
accccaacac ccaccggcac acagacccca accacgacac ccatcaccac caccactacyg 8160
gtgaccccaa ccccaacace caccggeaca cagaccccaa ccacgacacce catcaccace 8220
accactacgg tgaccccaac cccaacaccce accggcacac agaccccaac cacgacacec 8280
atcaccacca ccactacggt gaccccaacce ccaacaccca ccggcacaca gaccccaace 8340
acgacaccca tcaccaccac cactacggtg accccaacce caacacccac cggcacacag 8400

accccaacca cgacacccat caccaccacce actacggtga ccccaacccee aacacccace 8460

ggcacacaga ccccaaccac gacacccatc accaccacca ctacggtgac cccaacccca 8520
acacccaccg gcacacagac cccaaccacg acacccatca ccaccaccac tacggtgacce 8580
ccaaccccaa cacccaccgg cacacagacc ccaaccacga cacccatcac caccaccact 8640

acggtgacce caaccccaac acccaccgge acacagaccee caaccacgac acccatcace 8700
accaccacta cggtgaccce aaccccaaca cccaccggea cacagaccee aaccacgaca 8760
ccecatcacca ccaccactac ggtgacccca accccaacac ccaccggeac acagaccecca 8820
accacgacac ccatcaccac caccactacg gtgaccccaa ccccaacace caccggeaca 8880
cagaccccaa ccacgacacce catcaccacce accactacgg tgaccccaac cccaacacece 8940
accggcacac agaccccaac cacgacaccce atcaccacca ccactacggt gaccccaace 9000

ccaacaccca ccggcacaca gaccccaacce acgacaccca tcaccaccac cactacggty 9060

accccaaccce caacacccac cggcacacag accccaacca cgacacccat caccaccacce 9120
actacggtga ccccaacccce aacacccacc ggcacacaga ccccaaccac gacacccatce 9180
accaccacca ctacggtgac cccaacccca acacccaccg gcacacagac cccaaccacg 9240

acacccatca ccaccaccac tacggtgace ccaaccccaa cacccacegg cacacagace 9300
ccaaccacga cacccatcac caccaccact acggtgacce caaccccaac acccacegge 9360
acacagaccc caaccacgac acccatcacce accaccacta cggtgaccece aaccccaaca 9420
cccaccggea cacagacccce aaccacgaca cccatcacca ccaccactac ggtgacccca 9480
accccaacac ccaccggcac acagacccca accacgacac ccatcaccac caccactacyg 9540
gtgaccccaa ccccaacace caccggeaca cagaccccaa ccacgacacce catcaccace 9600

accactacgg tgaccccaac cccaacaccce accggcacac agaccccaac cacgacacce 9660

atcaccacca ccactacggt gaccccaacc ccaacaccca ccggcacaca gaccccaacce 9720
acgacaccca tcaccaccac cactacggtg accccaaccc caacacccac cggcacacag 9780
accccaacca cgacacccat caccaccacc actacggtga ccccaaccec aacacccacce 9840

ggcacacaga ccccaaccac gacacccatce accaccacca ctacggtgac cccaacccca 9900
acacccaccg gcacacagac cccaaccacg acacccatca ccaccaccac tacggtgace 9960
ccaaccccaa cacccaccgg cacacagacc ccaaccacga cacccatcac caccaccact 10020

acggtgaccce caaccccaac acccaccggce acacagaccce caaccacgac acccatcacc 10080
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accaccacta cggtgacccc aaccccaaca cccaccggca cacagacccce aaccacgaca 10140
cccatcacca ccaccactac ggtgacccca accccaacac ccaccggcac acagacccca 10200
accacgacac ccatcaccac caccactacg gtgaccccaa ccccaacacc caccggcaca 10260
cagaccccaa ccacgacacc catcaccacce accactacgg tgaccccaac cccaacaccce 10320
accggcacac agaccccaac cacgacaccce atcaccacca ccactacggt gaccccaacce 10380
ccaacaccca ccggcacaca gaccccaacc acgacaccca tcaccaccac cactacggtg 10440
accccaaccce caacacccac cggcacacag accccaacca cgacacccat caccaccacc 10500
actacggtga ccccaaccec aacacccacc ggcacacaga ccccaaccac gacacccatc 10560
accaccacca ctacggtgac cccaacccca acacccaccg gcacacagac cccaaccacg 10620
acacccatca ccaccaccac tacggtgacc ccaaccccaa cacccaccgg cacacagacc 10680
ccaaccacga cacccatcac caccaccact acggtgaccc caaccccaac acccaccggce 10740
acacagaccc caaccacgac acccatcacc accaccacta cggtgacccc aaccccaaca 10800
cccaccggca cacagacccec aaccacgaca cccatcacca ccaccactac ggtgacccca 10860
accccaacac ccaccggcac acagacccca accacgacac ccatcaccac caccactacg 10920
gtgaccccaa ccccaacacc caccggcaca cagaccccaa ccacgacacc catcaccacc 10980
accactacgg tgaccccaac cccaacaccc accggcacac agaccccaac cacgacaccce 11040
atcaccacca ccactacggt gaccccaacc ccaacaccca ccggcacaca gaccccaacce 11100
acgacaccca tcaccaccac cactacggtg accccaaccc caacacccac cggcacacag 11160
accccaacca cgacacccat caccaccacce actacggtga ccccaacccce aacacccacce 11220
ggcacacaga ccccaaccac gacacccatc accaccacca ctacggtgac cccaacccca 11280
acacccaccg gcacacagac cccaaccacg acacccatca ccaccaccac tacggtgacc 11340
ccaaccccaa cacccaccgg cacacagacce ccaaccacga cacccatcac caccaccact 11400
acggtgaccc caaccccaac acccaccggce acacagaccc caaccacgac acccatcacc 11460
accaccacta cggtgaccecce aaccccaaca cccaccggca cacagacccce aaccacgaca 11520
cccatcacca ccaccactac ggtgacccca accccaacac ccaccggcac acagacccca 11580
accacgacac ccatcaccac caccactacg gtgaccccaa ccccaacacc caccggcaca 11640
cagaccccaa ccacgacacc catcaccacc accactacgg tgaccccaac cccaacaccce 11700
accggcacac agaccccaac cacgacaccce atcaccacca ccactacggt gaccccaacce 11760
ccaacaccca ccggcacaca gaccccaacce acgacaccca tcaccaccac cactacggtg 11820
accccaaccc caacacccac cggcacacag accccaacca cgacacccat caccaccacce 11880
actacggtga ccccaacccc aacacccacce ggcacacaga ccccaaccac gacacccatc 11940
accaccacca ctacggtgac cccaacccca acacccaccg gcacacagac cccaaccacg 12000
acacccatca ccaccaccac tacggtgacc ccaaccccaa cacccaccgg cacacagacc 12060
ccaaccacga cacccatcac caccaccact acggtgaccc caaccccaac acccaccgge 12120
acacagaccc caaccacgac acccatcacc accaccacta cggtgacccc aaccccaaca 12180
cccaccggcea cacagacccec aaccacgaca cccatcacca ccaccactac ggtgacccca 12240
accccaacac ccaccggcac acagacccca accacgacac ccatcaccac caccactacg 12300

gtgaccccaa ccccaacacce caccggcaca cagaccccaa ccacgacacce catcaccacce 12360
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accactacgg tgaccccaac cccaacaccce accggcacac agaccccaac cacgacaccce 12420

atcaccacca ccactacggt gaccccaacce ccaacaccea cecggcacaca gaccccaacce 12480

acgacaccca tcaccaccac cactacggtg accccaaccc caacacccac cggcacacag 12540

accccaacca cgacacccat caccaccacce actacggtga ccccaacccce aacacccacce 12600

ggcacacaga ccgggcccce cacccacaca agcacagcac cgattgctga gttgaccaca 12660

tccaatecte cgectgagte ctcaaccect cagacctcete ggtecaccete ttecectete 12720

acggagtcaa ccacccttet gagtacccta ccacctgcca ttgagatgac cagcacggec 12780

ccaccctecca cacccacggce acccacgacce acgagcggag gccacacact gtctccaccg 12840

cccagcacca ccacgtccec tccaggcacce cccactcecgeg gtaccacgac cgggtcatct 12900

tcagccecca ceccccagcac tgtgcagacg accaccacca gtgcctggac cccaacgecg 12960

accccactet ccacacccag catcatcagg accacaggcc tgaggcccta cccttectet 13020

gtgcttatcet gctgtgtect gaacgacacc tactacgcac caggtgagga ggtgtacaac 13080

ggcacatacg gagacacctg ttatttcgtc aactgctcac tgagctgtac gttggagtte 13140

tataactggt cctgcccatc cacgccctcee ccaacaccca cgccctceccaa gtcgacgecce 13200

acgcctteca agecategte cacgecctee aagecgacge ceggcaccaa geccccegag 13260

tgcccagact ttgatcctec cagacaggag aacgagactt ggtggctgtg cgactgcttce 13320

atggccacgt gcaagtacaa caacacggtg gagatcgtga aggtggagtg tgagccgecg 13380

cccatgecca cctgectcecaa cggectceccaa ccegtgegeg tcgaggacce cgacggcectge 13440

tgctggcact gggagtgcga ctgctactge acgggcectggg gcgacccgca ctatgtcacce 13500

ttcgacggac tctactacag ctaccagggc aactgcacct acgtgctggt ggaggagatc 13560

agceccecteeg tggacaactt cggagtttac atcgacaact accactgcga tcccaacgac 13620

aaggtgtcct gtcceccgcac cctcategtg cgccacgaga cccaggaggt gctgatcaag 13680

accgtgcata tgatgcccat gcaggtgcag gtgcaggtga acaggcaggce ggtggcactg 13740

ccctacaaga agtacgggct ggaggtgtac cagtctggca tcaactacgt ggtggacatc 13800

ccecgagetgg gtgtectegt ctoctacaat ggectgtect tcetecgtecag getgecctac 13860

caccggtttyg geaacaacac caagggccag tgtggcaccet geaccaacac caccteegac 13920

gactgcattc tgcccagegg ggagatcgte tccaactgtg aggctgegge tgaccagtgg 13980

ctggtgaacg acccctccaa gccacactge ccccacagca gctccacgac caagcecgeccg 14040

gcecgtcactg tgcceggggg cggtaaaacg accccacaca aggactgcac cccatctcecce 14100

ctctgeccage tcatcaagga cagectgttt gecccagtgec acgcactggt geccccecgcag 14160

cactactacg atgcctgegt gttcgacage tgcttcatge cgggctcgag cctggagtge 14220

gccagtcectge aggcctacge agccctectgt gceccagcaga acatctgect cgactggcegg 14280

aaccacacgc atggggcctg cttggtggag tgcccatctc acagggagta ccaggcctgt 14340

ggcectgcag aagagcccac gtgcaaatcc agctectceece agcagaacaa cacagtcectg 14400

gtggaaggct gcttcectgtec tgagggcacce atgaactacg ctcecctggcett tgatgtctge 14460
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-continued
gtgaagacct gcggctgtgt gggacctgac aatgtgccca gagagtttgg ggagcacttce 14520
gagttcgact gcaagaactg tgtctgcctg gagggtggaa gtggcatcat ctgccaaccce 14580
aagaggtgca gccagaagcc cgttacccac tgcgtggaag acggcaccta cctcgccacg 14640
gaggtcaacc ctgccgacac ctgctgcaac attaccgtcet gcaagtgcaa caccagectg 14700
tgcaaagaga agccctcegt gtgcccgetg ggattcgaag tgaagagcaa gatggtgcct 14760
ggaaggtgct gtcctttcta ctggtgtgag tccaaggggg tgtgtgttca cgggaatget 14820
gagtaccagc ccggttctec agtttattcce tccaagtgece aggactgcgt gtgcacggac 14880
aaggtggaca acaacaccct gctcaacgtce atcgcctgca cccacgtgec ctgcaacacce 14940
tcectgecagee ctggcttega actcatggag gccccegggg agtgctgtaa gaagtgtgaa 15000
cagacgcact gtatcatcaa acggcccgac aaccagcacg tcatcctgaa gcccggggac 15060
ttcaagagcg acccgaagaa caactgcaca ttcttcaget gecgtgaagat ccacaaccag 15120
ctcatctecgt ccgtctccaa catcacctge cccaactttg atgccagcat ttgcatcccg 15180
ggctccatca cattcatgce caatggatgc tgcaagacct gcacccctcg caatgagacc 15240
agggtgcccet gectceccaccegt cccecgtcace acggaggttt cgtacgecgg ctgcaccaag 15300
accgtectca tgaatcattg cteccgggtece tgcgggacat ttgtcatgta ctecggccaag 15360
gcccaggcecec tggaccacag ctgctectge tgcaaagagg agaaaaccag ccagcgtgag 15420
gtggtcctga gctgeccccaa tggcggecteg ctgacacaca cctacaccca catcgagage 15480
tgccagtgece aggacaccgt ctgcgggetce cccaccggca cctccegecg ggcccggege 15540
tcecectagge atctggggag cgggtgageg gggtgggcac agcecccectte actgcecteg 15600
acagctttac ctcceccecgga ccctcectgage cteoctaaget cggcttecte tettcagata 15660
tttattgtct gagtctttgt tcagtccttg ctttccaata ataaactcag ggggacatgce 15720
taaaaaaa 15728

What is claimed is:

1. A composition for diagnosing colorectal cancer or ova-
rian cancer, comprising an agent measuring mRNA or protein
levels of two or more genes selected from the group consist-
ing of CK7 (cytokeratin 7), CK20 (cytokeratin 20), CDX2
(caudal type homeobox transcription factor 2), and MUC2
(mucin 2).

2. The composition of claim 1, comprising an agent mea-
suring mRNA or protein levels of a combination of genes
selected from the group consisting of 1 to 8 listed in the
following table:

gene combination

CK7/MUC2

CK20/MUC2

CDX2/MUC2

CK7/CK20/MUC2

CK7/CDX2/MUC2

CK20/CDX2/MUC2

CK7/CK20/CDX2/MUC2
CK7/CK20/CDX2/CEA/MUC2/MUCSAC/AMACR

[ R N N S

3. The composition of claim 1, wherein the agent measur-
ing mRNA levels of the genes is a primer or probe specifically
binding to a gene selected from the group consisting of CK7,
CK20, CDX2, and MUC2.

4. The composition of claim 1, wherein the agent measur-
ing protein levels is an antibody specific to a protein selected
from the group consisting of CK7, CK20, CDX2, and MUC2.

5. A kit for diagnosing colorectal cancer or ovarian cancer,
comprising the composition of any of claim 1.

6. The kit of claim 5, wherein the kit is an RT-PCR kit, a
DNA chip kit, or a protein chip kit.

7. A method for predicting and diagnosing colorectal can-
cer or ovarian cancer, comprising the steps of:

(a) measuring expression of two or more genes or proteins
selected from the group consisting of CK7, CK20,
CDX2, and MUC2 present in a biological sample; and

(b) comparing the measurement result in the step (a) with
the expression of genes or proteins of normal control
samples.

8. The method of claim 7, wherein the biological sample is
selected from the group consisting of tissues, cells, whole
blood, serum, plasma, saliva, and urine.

9. The method of claim 7, wherein the measurement is
selected from the group consisting of reverse transcriptase-



US 2011/0281277 Al

polymerase chain reaction, real time-polymerase chain reac-
tion, Western blot, Northern blot, ELISA (enzyme linked
immunosorbent assay), RIA (radioimmunoassay), radioim-
munodiffusion, immunohistochemistry, and immunoprecipi-
tation assay.

10. The method of claim 7, wherein, if the expression of the
CK7 gene or protein is increased compared to the normal
control samples and the expression of the CK20, CDX2, and
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MUC2 genes or proteins is decreased compared to the normal
control samples, the onset of ovarian cancer is determined.
11. The method of claim 7, wherein, if the expression of the
CK7 gene or protein is decreased compared to the normal
control samples and the expression of the CK20, CDX2, and
MUC?2 genes or proteins is increased compared to the normal
control samples, the onset of colorectal cancer is determined.

Ed sk sk Ed Ed
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