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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for determination of presence or absence of a cancer cell in a
biological sample. More specifically, the present invention relates to the method for determining presence or absence
of a cancer cell in a biological sample based on an analysis result obtained by analyzing methylation status of a CpG
site in a certain base sequence for a DNA extracted from the biological sample.
The present invention also relates to a molecular marker and a kit for determination which are used for the above method.

BACKGROUND ART

[0002] It has been known that chromosome DNAs of higher eukaryotes may undergo methylation at the 5-position of
C (cytosine) among other bases constituting DNAs. Such DNA methylation functions as a mechanism for suppression
of gene expression. For example, when a region rich in CpG sequences (also referred to as "CpG islands"), which often
exists in promoter regions of certain genes, is methylated, transcription of these genes may be suppressed. This phe-
nomenon is referred to as "gene silencing". On the other hand, when a CpG island is not methylated, a transcription
factor can bind to the promoter region and the gene can be transcribed.
[0003] Accordingly, DNA methylation is one of control mechanisms of gene expression. For this reason, DNA meth-
ylation plays important roles in various physiological and pathological phenomena such as early embryonic development,
expression of tissue specific genes, genomic imprinting and X chromosome inactivation which are characteristic to
mammals, stabilization of chromosomes, synchronization of DNA replication and the like.
[0004] Recently, it has also been revealed that abnormal DNA methylation, i.e. gene silencing due to DNA methylation
is involved in development and progress of diseases such as cancers. Accordingly, it has been attempted to diagnose
diseases such as cancers by analyzing methylation status of DNA for various genes. Patent Literature 1, for example,
discloses that genes such as NPTX2, SARP2 and CLDN5 and the like are not methylated in normal pancreatic cells
while they are methylated in pancreatic cancer cells, and describes a method for detection of pancreatic cancer by
analyzing methylation status of these genes. Patent Literature 2 discloses a method for detection of one type of breast
cancers, proliferative breast disease, by analyzing methylation status of genes such as BRCA2 and PCDH7 and the like.
[0005] As described above, many genes have been reported which are abnormally methylated in various cancers.
However, only few among them can be used as molecular markers for detection of cancers. Accordingly, there is a need
for further development of novel molecular markers useful to be used in a detection method of a cancer cell utilizing
gene methylation analysis.

Citation List

Patent Literature

[0006]

Patent Literature 1: Japanese Translation of PCT International Application No. 2007-524369 (corresponding to PCT
International Publication WO 2004/083399)
Patent Literature 2: Japanese Translation of PCT International Application No. 2008-506407 (corresponding to PCT
International Publication WO 2006/008128)

SUMMARY OF INVENTION

Technical Problem

[0007] An object of the present invention is to provide a method for determination of presence or absence of a cancer
cell based on an analysis result obtained by analyzing methylation status of DNA extracted from a biological sample
with novel molecular markers allowing determination of presence or absence of a cancer cell.
Another object of the present invention is to provide a molecular marker and a kit for determination which can be used
in the above method.

Solution to Problem

[0008] The present inventors analyzed methylation status of genomic DNA from cancer tissues and cancer cell lines
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and identified gene regions in which DNA methylation was found specifically for cancer tissues and cancer cell lines.
The present inventors further found that the analysis result obtained by analyzing methylation status for certain base
sequences in these gene regions allows highly accurate differentiation between samples containing a cancer cell and
the ones without a cancer cell, thereby completing the present invention.
[0009] Namely, the present invention provides a method for determination of presence or absence of a cancer cell in
a biological sample obtained from a subject comprising the steps of:

extracting DNA from the biological sample;
analyzing methylation status, for the DNA obtained in the extracting step, of at least one CpG site located in at least
one base sequence selected from base sequences SEQ ID NOs: 1 to 14; and
determining presence or absence of the cancer cell in the biological sample based on an analysis result obtained
in the analyzing step.

[0010] The present invention also provides a molecular marker for determination of presence of absence of a cancer
cell by analysis of methylation status which is at least one CpG site selected from CpG sites located in base sequences
SEQ ID NOs: 1 to 14.
[0011] The present invention further provides a kit for determination of presence or absence of a cancer cell in a
biological sample obtained from a subject comprising:

a non-methylated cytosine conversion agent that converts non-methylated cytosine in DNA extracted from the
biological sample to a different base; and
a primer set for determination of methylation status of at least one CpG site located in at least one base sequence
selected from base sequences SEQ ID NOs: 1 to 14 by methylation specific PCR.

Advantageous Effects of Invention

[0012] According to the present method for determination of presence or absence of a cancer cell in a biological
sample (hereinafter also referred to as "the present method"), presence or absence of a cancer cell in a biological sample
obtained from a subject can be determined by analyzing methylation status of the present molecular marker(s) for DNA
extracted from the biological sample.
The present invention can further provide the molecular markers and the kit which can be used for the method.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

Fig. 1 is a table showing methylation status of the 1st to 54th CpG sites from the 5’ end of the base sequence SEQ
ID NO: 1 in DNA obtained from 4 pancreatic cancer tissue samples and 5 normal pancreatic tissue samples;
Fig. 2 is a table showing methylation status of the 1st to 79th CpG sites from 5’ end of the base sequence SEQ ID
NO: 2 in DNA obtained from 5 pancreatic cancer tissue samples and 5 normal pancreatic tissue samples;
Fig. 3 is a table showing methylation status of the 1st to 12th CpG sites from 5’ end of the base sequence SEQ ID
NO: 3 in DNA obtained from 5 pancreatic cancer tissue samples and 4 normal pancreatic tissue samples;
Fig. 4 is a bar graph showing methylation frequency of CpG sites located in the respective base sequences SEQ
ID NOs: 1 to 3;
Fig. 5 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 15 in DNA obtained from pancreatic cancer tissue and normal tissue by a methylation specific
PCR (MSP) method;
Fig. 6 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 16 in DNA obtained from pancreatic cancer tissue and normal tissue by the MSP method;
Fig. 7 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 17 in DNA obtained from pancreatic cancer tissue and normal tissue by the MSP method;
Fig. 8 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 18 in DNA obtained from pancreatic cancer tissue and normal tissue by the MSP method;
Fig. 9 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 19 in DNA obtained from pancreatic cancer tissue and normal tissue by the MSP method;
Fig. 10 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 15 in DNA obtained from large intestinal tissue and mammary gland tissue by the MSP method;
Fig. 11 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
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sequence SEQ ID NO: 18 in DNA obtained from mammary gland tissue by the MSP method;
Fig. 12 is a table showing methylation status of the 1st to 52nd CpG sites from the 5’ end of the base sequence
SEQ ID NO: 7 in 6 samples of a breast cancer cell line MCF7 and 5 samples of a normal mammary gland epithelial
cell line HMEC;
Fig. 13 is a table showing methylation status of the 1st to 39th CpG sites from the 5’ end of the base sequence SEQ
ID NO: 8 in 4 MCF7 cell samples and 4 HMEC cell samples;
Fig. 14 is a table showing methylation status of the 1st to 23rd CpG sites from the 5’ end of the base sequence SEQ
ID NO: 9 in 6 MCF7 cell samples and 6 HMEC cell samples;
Fig. 15 is a table showing methylation status of the 1st to 10th CpG sites from the 5’ end of the base sequence SEQ
ID NO: 10 in 5 MCF7 cell samples and 5 HMEC cell samples;
Fig. 16 is a table showing methylation status of the 1st to 23rd CpG sites from the 5’ end of the base sequence SEQ
ID NO: 11 in 4 MCF7 cell samples and 4 HMEC cell samples;
Fig. 17 is a table showing methylation status of the 1st to 32nd CpG sites from the 5’ end of the base sequence
SEQ ID NO: 12 in 6 MCF7 cell samples and 6 HMEC cell samples;
Fig. 18 is a table showing methylation status of the 1st to 19th CpG sites from the 5’ end of the base sequence SEQ
ID NO: 13 in 5 MCF7 cell samples and 4 HMEC cell samples;
Fig. 19 is a table showing methylation status of the 1st to 24th CpG sites from the 5’ end of the base sequence SEQ
ID NO: 14 in 4 MCF7 cell samples and 4 HMEC cell samples;
Fig. 20 a bar graph showing methylation frequency of CpG sites located in the respective base sequences SEQ ID
NOs: 7 to 14;
Fig. 21 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 20 in DNA obtained from MCF7 cells and HMEC cells by the MSP method;
Fig. 22 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 21 in DNA obtained from MCF7 cells and HMEC cells by the MSP method;
Fig. 23 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 22 in DNA obtained from MCF7 cells and HMEC cells by the MSP method;
Fig. 24 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 23 in DNA obtained from MCF7 cells and HMEC cells by the MSP method;
Fig. 25 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 24 in DNA obtained from MCF7 cells and HMEC cells by the MSP method;
Fig. 26 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 25 in DNA obtained from MCF7 cells and HMEC cells by the MSP method;
Fig. 27 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 26 in DNA obtained from MCF7 cells and HMEC cells by the MSP method;
Fig. 28 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 27 in DNA obtained from MCF7 cells and HMEC cells by the MSP method;
Fig. 29 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 20 in DNA obtained from breast cancer tissue and normal mammary gland tissue by the
MSP method;
Fig. 30 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 21 in DNA obtained from breast cancer tissue and normal mammary gland tissue by the
MSP method;
Fig. 31 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 22 in DNA obtained from breast cancer tissue and normal mammary gland tissue by the
MSP method;
Fig. 32 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 23 in DNAs obtained from breast cancer tissue and normal mammary gland tissue by the
MSP method;
Fig. 33 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 24 in DNA obtained from breast cancer tissue and normal mammary gland tissue by the
MSP method;
Fig. 34 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 25 in DNA obtained from breast cancer tissue and normal mammary gland tissue by the
MSP method;
Fig. 35 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
sequence SEQ ID NO: 26 in DNA obtained from breast cancer tissue and normal mammary gland tissue by the
MSP method;
Fig. 36 is a bar graph showing fluorescence intensity of the bands of PCR products obtained by amplifying the base
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sequence SEQ ID NO: 27 in DNA obtained from breast cancer tissue and normal mammary gland tissue by the
MSP method;
Fig. 37 shows photographs obtained after agarose electrophoresis of reaction solutions resulting from amplification
of base sequences SEQ ID NOs: 17 to 19, 21, 22 and 25 to 27 in DNA obtained from colon cancer tissue and normal
large intestinal tissue by the MSP method; and
Fig. 38 shows photographs obtained after agarose electrophoresis of reaction solutions resulting from amplification
of base sequences SEQ ID NOs: 20 to 27 in DNA obtained from MCF7 cells, normal heart tissue, normal kidney
tissue, normal liver tissue, normal lung tissue and normal peripheral blood leukocytes by the MSP method.

DESCRIPTION OF EMBODIMENTS

[0014] As used herein, the term "CpG site" means a site of a sequence in a base sequence in which cytosine (C) and
guanine (G) are adjacent in this order from 5’ to 3’. The letter "p" in "CpG" represents a phosphodiester bond between
cytosine and guanine.
[0015] As used herein, to "analyze methylation status" means to analyze presence or absence of methylation of a
CpG site located in a base sequence to be analyzed or methylation frequency of a CpG site(s) in the base sequence.
In this context, a base sequence to be analyzed is not specifically limited so long as it is a region comprising at least
one CpG site among at least one base sequence selected from the base sequences SEQ ID NOs: 1 to 14.
The term "presence or absence of methylation" means whether or not a cytosine residue in a CpG site located in a base
sequence to be analyzed is methylated.
The term "methylation frequency" means a ratio of the number of methylated CpG site(s) relative to the total number of
CpG site(s) located in a base sequence to be analyzed. According to the present invention, the position and number of
CpG site(s) located in each of the base sequences SEQ ID NOs: 1 to 14 are known. Accordingly, if the base sequence
to be analyzed is selected among the base sequences SEQ ID NOs: 1 to 14, the number of CpG site(s) located therein
can be understood beforehand. Therefore, the number of methylated CpG site(s) itself in the base sequence to be
analyzed can also be used as the methylation frequency.
[0016] According to the present method, DNA is first extracted from a biological sample obtained from a subject.
In this extracting step, the biological sample is not specifically limited so long as it contains DNA of a subject, and is
preferably a sample containing genomic DNA, e.g. a clinical specimen. The clinical specimen can specifically include
blood, serum, plasma, lymph fluid, urine, nipple discharge, tissue and cells obtained by operations and biopsies and the
like.
[0017] DNA can be extracted from a biological sample by well-known extraction methods. Extraction of DNA can be
carried out, for example, by mixing a biological sample with a treatment solution containing a surfactant for solubilization
of cells or tissues (e.g. sodium cholate, sodium dodecyl sulfate etc.), and subjecting the resulting mixture to physical
procedure (stirring, homogenization, ultrasonication etc.) to release DNA contained in the biological sample into the
mixture. In this case, it is preferable to centrifuge the mixture to precipitate cell debris, collect the supernatant containing
DNA and use the supernatant to the next step of analyzing. The obtained supernatant can be purified according to well-
known methods. DNA can also be extracted and purified from a biological sample by using commercially available kits.
[0018] The extracting step preferably further comprises a step of fragmenting the extracted DNA. According to this
step, DNA can be fragmented into appropriate lengths, allowing effective methylated DNA immunoprecipitation (MeDIP)
and non-methylated cytosine conversion being carried out.
Fragmentation of DNA can be carried out by ultrasonication, alkaline treatment, restriction enzyme treatment and the
like. When the alkaline treatment is carried out with sodium hydroxide, sodium hydroxide is added to a DNA solution to
the final concentration of 0.1 to 1.0N and the mixture is incubated at 10 to 40°C for 5 to 15 minutes to fragment the DNA.
In case of the restriction enzyme treatment, the restriction enzyme can appropriately be selected based on the base
sequence of DNA, which can be MseI or BamHI, for example.
[0019] Next, according to the present method, methylation status of at least one CpG site located in at least one base
sequence selected from the base sequences SEQ ID NOs: 1 to 14 is analyzed for the DNA extracted from the biological
sample.
[0020] All of the above base sequences SEQ ID NOs: 1 to 14 are partial regions of human genomic DNA. More
specifically, these base sequences are parts of gene regions described in Table 1 or base sequence regions in the
vicinity thereof. The base sequences per se are well-known and can be obtained from well-known databases such as
the one provided by the National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/gene/).
[0021]
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[0022] In the analyzing step, the CpG site to be analyzed is preferably selected from the followings:

the 1st, 3rd to 7th, 9th to 26th and 28th to 54th CpG sites from the 5’ end of the base sequence SEQ ID NO: 1;
the 1st to 11th, 13th to 23rd, 25th, 26th, 28th, 29th, 31st, 32nd, 34th, 35th, 38th, 40th to 44th, 46th to 49th, 51st to
57th, 59th to 66th, 68th, 70th to 73rd, 75th, 76th, 78th and 79th CpG sites from the 5’ end of the base sequence
SEQ ID NO: 2;
the 1st to 10the and 12th CpG sites from the 5’ end of the base sequence SEQ ID NO: 3;
the 1 st to 3rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 4;
the 1 st to 4th CpG sites from the 5’ end of the base sequence SEQ ID NO: 5;
the 1 st and 2nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 6;
the 1 st to 7th and 9th to 52nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 7;
the 1st to 16th, 18th to 25th and 27th to 39th CpG sites from the 5’ end of the base sequence SEQ ID NO: 8;
the 1 st, 2nd, 4th, 7th to 11 th and 13th to 23rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 9;
the 1st to 6th, 8th and 10th CpG sites from the 5’ end of the base sequence SEQ ID NO: 10;
the 1 st to 3rd, 5th to 11 th, 13th, 15th to 19th and 21st to 23rd CpG sites from the 5’ end of the base sequence
SEQ ID NO: 11;
the 1st to 6th, 8th, 10th to 22nd, 25th to 28th and 32nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 12;
the 1st to 3rd, 7th to 13th, 15th and 19th CpG sites from the 5’ end of the base sequence SEQ ID NO: 13; and
the 1st to 4th, 14th to 16th, 18th, 19th, 21st and 22nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 14.

[0023] The analyzing step can be a step of analyzing presence or absence of methylation of a CpG site located in the
base sequences SEQ ID NOs: 1 to 14.
In this case, one CpG site can be analyzed; however, in order to improve determination accuracy in the subsequent
determining step, more than one CpG site is preferably analyzed for presence or absence of methylation. More than
one CpG site can be selected from one base sequence or from each of multiple base sequences.
[0024] Alternatively, the analyzing step can be a step of analyzing methylation frequency of a CpG site(s) located in
the base sequences SEQ ID NOs: 1 to 14.
In this case, the base sequence to be analyzed can contain only one CpG site; however, in order to improve determination
accuracy in the subsequent determining step, it is preferable that the base sequence to be analyzed contains more than
one CpG site. The base sequence to be analyzed can be any one of the base sequences SEQ ID NOs: 1 to 14; however,
more than one base sequence among them is preferably analyzed.
[0025] Various methods are well-known as the method for analyzing methylation status. According to the present
method, it is not specifically limited as to which analysis method is used; however, the analysis method preferably
comprises differentiating between methylated DNA and non-methylated DNA, amplifying DNA and detecting methylated
DNA and/or non-methylated DNA.

[Table 1]

SEQ ID NO: Entrez gene ID Gene symbol Gene title

1 3205 HOXA9 Homeobox A9

2 55539 KCNQ1DN KCNQ1 downstream neighbor

3 5913 RAPSN Receptor-associated protein of the synapse

4 and 5 8326 FZD9 Frizzled homolog 9

6 64405 CDH22 Cadherin 22

7 85474 LBX2 Ladybird homeobox 2

8 5083 PAX9 Paired box 9

9 120 ADD3 Adducin 3

10 232933 CCDC61 Coiled coli domain containing 61

11 84107 ZIC4 Zic family member 4

12 94027 CGB7 Chorionic gonadotropin beta polypeptide 7

13 9760 TOX Thymocyte selection associated high mobility group box

14 7137 TNNI3 Troponin I type 3
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[0026] The step of differentiation between methylated DNA and non-methylated DNA can include a step of carrying
out methylation sensitive restriction enzyme treatment, a MeDIP method, non-methylated cytosine converting treatment
and the like.
The step of amplifying DNA can include a step of carrying out PCR amplification, quantitative PCR amplification, IVT
(in vitro transcription) amplification, SPIA™ amplification and the like methods.
The step of detecting methylated DNA and/or non-methylated DNA can include a step of carrying out electrophoresis,
sequence analysis, microarray analysis, mass spectrometry, Southern hybridization and the like.
[0027] The MeDIP method is the method in which methylated DNA in a biological sample is concentrated by immu-
noprecipitation using an anti-methylated cytosine antibody or an anti-methylated cytidine antibody, or an antibody which
specifically recognizes a methylated DNA-binding protein. According to the analyzing step of the present method, meth-
ylated DNA comprised in DNA obtained in the extracting step can be concentrated by the MeDIP method and methylation
status of the concentrated methylated DNA can be analyzed.
The methylated DNA concentrated by the MeDIP method can be amplified by e.g. IVT amplification and methylation
status of the obtained amplified products can be analyzed by using a microarray. These analysis procedures are referred
to as the MeDIP on chip method.
[0028] The non-methylated cytosine converting treatment is the one in which DNA extracted from a biological sample
is subjected to a reaction with a non-methylated cytosine conversion agent so as to convert non-methylated cytosine(s)
in the DNA to a different base (uracil, thymine, adenine or guanine).
In this context, the non-methylated cytosine conversion agent is a substance which can react with DNA and convert
non-methylated cytosine in the DNA to a different base (uracil, thymine, adenine or guanine). The non-methylated
cytosine conversion agent suitably used can be, for example, bisulfite such as sodium, potassium, calcium or magnesium
bisulfite.
In the treatment using bisulfite, non-methylated cytosine(s) in DNA is converted to uracil due to deamination reaction,
while a methylated cytosine does not undergo such a base conversion.
Thus, the difference in methylation status in DNA is converted to the difference in a base sequence (C and U) by the
non-methylated cytosine converting treatment using bisulfite. The non-methylated cytosine converting treatment using
bisulfite is referred to as bisulfite treatment.
[0029] When the bisulfite treatment is carried out, the amount added of bisulfite (concentration) is not specifically
limited so long as it can sufficiently convert non-methylated cytosine(s) in DNA, and corresponds to, for example, 1M
or higher, preferably 1 to 15M, more preferably 3 to 10M as the final concentration in the sample. The incubation conditions
(temperature and time) after the addition of bisulfite to a biological sample can be appropriately selected according to
the amount added of bisulfite, and for example, when bisulfite is added at the final concentration of 6M, the incubation
is carried out at 50 to 80°C for 10 to 90 minutes.
[0030] Methylation status of DNA can be analyzed by sequencing DNA after bisulfite treatment and detecting the
difference in base sequence from the original sequence. This process is referred to as a bisulfite sequencing method.
[0031] Methylation status of DNA can also be analyzed by amplifying DNA after bisulfite treatment by PCR using a
primer set described hereinafter and determining presence or absence of a PCR product. This analysis procedure is
referred to as a methylation specific PCR (MSP) method.
[0032] The MSP method utilizes a primer set which can amplify a base sequence in which cytosine in a CpG site to
be analyzed is methylated (i.e. cytosine is not converted to uracil) while which can not amplify a base sequence in which
cytosine in a CpG site is not methylated (i.e. cytosine is converted to uracil). According to the MSP method using such
a primer set, presence of the PCR product indicates methylation of the CpG site analyzed.
The MSP method can also be carried out by using a primer set which can not amplify a base sequence in which cytosine
in a CpG site to be analyzed is not converted to uracil, while which can amplify a base sequence in which cytosine in a
CpG site is converted to uracil. In this case, absence of the PCR product indicates methylation of the CpG site analyzed.
[0033] Each primer in the above primer sets can be appropriately designed by a person skilled in the art based on the
base sequence comprising a CpG site to be analyzed, and it is preferably designed so as to contain cytosine of the CpG
site to be analyzed at the 3’ end or in the vicinity thereof of the primer.
[0034] Methylation status can be analyzed with a microarray in the analyzing step of the present method. In this case,
the microarray for analysis can be prepared by immobilizing one or more nucleic probes complementary to the base
sequences SEQ ID NOs: 1 to 14 on a substrate. The microarray can be prepared according to well-known methods in
the art.
[0035] In the analysis using a microarray, DNA extracted from a biological sample is preferably labeled with a labeling
substance well-known in the art. Thus, the present method preferably further comprises a step of labeling the extracted
DNA. The labeling step is advantageously carried out after the amplifying step because all DNA in the biological sample
can be labeled. The labeling substance can include fluorescence substances, haptens such as biotin, radioactive sub-
stances and the like. The fluorescence substances can include Cy3, Cy5, Alexa Fluor™, FITC and the like.
Labeling of DNA facilitates measurement of a signal from a probe on a microarray. A method for labeling DNA with the
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labeling substance is well-known in the art.
[0036] The above signal can be any suitable signal according to the type of microarrays. For example, the signal can
be an electric signal generated when a DNA fragment hybridizes to a probe on the microarray, or a fluorescence or
luminescence signal generated from a labeling substance when DNA to be analyzed is labeled as described above.
Detection of signal can be carried out by using a scanner comprised in a conventional microarray analyzer. The scanner
can be, for example, GeneChip® Scanner3000 7G (Affymetrix) and the like.
[0037] In the present method, presence or absence of a cancer cell in a biological sample is determined based on the
analysis result obtained in the analyzing step.
In the determining step, when the result obtained in the analyzing step indicates that there is a methylated CpG site, it
can be determined that a cancer cell is present in a biological sample obtained from a subject. On the other hand, when
the result obtained indicates that there is no methylated CpG site, it can be determined that no cancer cell is present in
the biological sample.
The determination can be carried out based on the analysis result of one CpG site; however, in order to improve
determination accuracy, it is preferable that the determination is made based on the analysis result of more than one
CpG site.
[0038] In the determining step, when the result obtained in the analyzing step indicates that methylation frequency is
higher than a predetermined threshold, it can be determined that a cancer cell is present in a biological sample obtained
from a subject. On the other hand, when the result obtained indicates that methylation frequency is lower than a prede-
termined threshold, it can be determined that no cancer cell is present in a biological sample obtained from a subject.
The above threshold can be predetermined as follows. First, methylation frequency is analyzed for DNA extracted from
a biological sample which is confirmed to be devoid of cancer cells (normal tissue or normal cells) and a biological
sample containing a cancer cell. Next, based on the obtained analysis results, a threshold is determined within a range
which is higher than the methylation frequency of the biological sample devoid of cancer cells and lower than that of the
biological sample containing a cancer cell. Preferably, a threshold is determined as a value which can highly accurately
differentiate between the biological sample devoid of cancer cells and the biological sample containing a cancer cell.
[0039] The present invention also encompasses a molecular marker for determination of presence or absence of a
cancer cell which can be used for the present method (hereinafter also referred to as "the present molecular marker").
The present molecular marker is at least one selected from CpG sites located in the base sequences SEQ ID NOs: 1 to 14.
[0040] The present molecular marker is preferably selected from the following CpG sites:

the 1st, 3rd to 7th, 9th to 26th and 28th to 54th CpG sites from the 5’ end of the base sequence SEQ ID NO: 1;
the 1st to 11th, 13th to 23rd, 25th, 26th, 28th, 29th, 31st, 32nd, 34th, 35th, 38th, 40th to 44th, 46th to 49th, 51st to
57th, 59th to 66th, 68th, 70th to 73rd, 75th, 76th, 78th and 79th CpG sites from the 5’ end of the base sequence
SEQ ID NO: 2;
the 1st to 10th and 12th CpG sites from the 5’ end of the base sequence SEQ ID NO: 3;
the 1 st to 3rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 4;
the 1 st to 4th CpG sites from the 5’ end of the base sequence SEQ ID NO: 5;
the 1 st and 2nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 6;
the 1 st to 7th and 9th to 52nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 7;
the 1st to 16th, 18th to 25th and 27th to 39th CpG sites from the 5’ end of the base sequence SEQ ID NO: 8;
the 1 st, 2nd, 4th, 7th to 11 th and 13th to 23rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 9;
the 1st to 6th, 8th and 10th CpG sites from the 5’ end of the base sequence SEQ ID NO: 10;
the 1 st to 3rd, 5th to 11 th, 13th, 15th to 19th and 21st to 23rd CpG sites from the 5’ end of the base sequence
SEQ ID NO: 11;
the 1st to 6th, 8th, 10th to 22nd, 25th to 28th and 32nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 12;
the 1st to 3rd, 7th to 13th, 15th and 19th CpG sites from the 5’ end of the base sequence SEQ ID NO: 13; and
the 1st to 4th, 14th to 16th, 18th, 19th, 21st and 22nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 14.

[0041] The present invention also encompasses a kit for determination of presence or absence of a cancer cell in a
biological sample for implementing the present method (hereinafter also referred to as "the present kit").
The present kit comprises a non-methylated cytosine conversion agent and a primer set for determination of methylation
status of at least one CpG site located in the base sequence SEQ ID NOs: 1 to 14 by methylation specific PCR.
[0042] The non-methylated cytosine conversion agent comprised in the present kit is not specifically limited so long
as it can react with DNA extracted from a biological sample obtained from a subject and convert non-methylated cytosine
in the DNA to a different base (uracil, thymine, adenine or guanine), and is preferably bisulfite. The non-methylated
cytosine conversion agent can be in the form of a solution or in the form of a solid which can be dissolved in an appropriate
solvent before use to provide a solution.
[0043] When the present kit is used, a CpG site selected from the followings is preferably analyzed by the MSP method:
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the 1st, 3rd to 7th, 9th to 26th and 28th to 54th CpG sites from the 5’ end of the base sequence SEQ ID NO: 1;
the 1st to 11th, 13th to 23rd, 25th, 26th, 28th, 29th, 31st, 32nd, 34th, 35th, 38th, 40th to 44th, 46th to 49th, 51st to
57th, 59th to 66th, 68th, 70th to 73rd, 75th, 76th, 78th and 79th CpG sites from the 5’ end of the base sequence
SEQ ID NO: 2;
the 1st to 10th and 12th CpG sites from the 5’ end of the base sequence SEQ ID NO: 3;
the 1 st to 3rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 4;
the 1 st to 4th CpG sites from the 5’ end of the base sequence SEQ ID NO: 5;
the 1 st and 2nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 6;
the 1 st to 7th and 9th to 52nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 7;
the 1st to 16th, 18th to 25th and 27th to 39th CpG sites from the 5’ end of the base sequence SEQ ID NO: 8;
the 1 st, 2nd, 4th, 7th to 11 th and 13th to 23rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 9;
the 1st to 6th, 8th and 10th CpG sites from the 5’ end of the base sequence SEQ ID NO: 10;
the 1 st to 3rd, 5th to 11 th, 13th, 15th to 19th and 21st to 23rd CpG sites from the 5’ end of the base sequence
SEQ ID NO: 11;
the 1st to 6th, 8th, 10th to 22nd, 25th to 28th and 32nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 12;
the 1st to 3rd, 7th to 13th, 15th and 19th CpG sites from the 5’ end of the base sequence SEQ ID NO: 13; and
the 1st to 4th, 14th to 16th, 18th, 19th, 21st and 22nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 14.

[0044] More preferably, a CpG site selected from the followings is analyzed by the MSP method:

the 9th, 10th and 28th to 30th CpG sites from the 5’ end of the base sequence SEQ ID NO: 1;
the 4th to 7th CpG sites from the 5’ end of the base sequence SEQ ID NO: 2;
the 6th and 9th CpG sites from the 5’ end of the base sequence SEQ ID NO: 3;
the 3rd, 4th, 11th and 12th CpG sites from the 5’ end of the base sequence SEQ ID NO: 7;
the 8th, 9th and 14th to 16th CpG sites from the 5’ end of the base sequence SEQ ID NO: 8;
the 15th, 16th and 22nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 9;
the 2nd and 6th CpG sites from the 5’ end of the base sequence SEQ ID NO: 10
the 1st to 3rd and 10th CpG sites from the 5’ end of the base sequence SEQ ID NO: 11;
the 10th, 11 th and 16th to 19th CpG sites from the 5’ end of the base sequence SEQ ID NO: 12;
the 7th, 8th and 15th CpG sites from the 5’ end of the base sequence SEQ ID NO: 13; and
the 1st, 2nd and 4th CpG sites from the 5’ end of the base sequence SEQ ID NO: 14.

[0045] The primer set comprised in the present kit is preferably selected from the followings:

a primer set of the base sequences SEQ ID NO: 28 and SEQ ID NO: 29;
a primer set of the base sequences SEQ ID NO: 30 and SEQ ID NO: 31;
a primer set of the base sequences SEQ ID NO: 32 and SEQ ID NO: 33;
a primer set of the base sequences SEQ ID NO: 34 and SEQ ID NO: 35;
a primer set of the base sequences SEQ ID NO: 36 and SEQ ID NO: 37;
a primer set of the base sequences SEQ ID NO: 38 and SEQ ID NO: 39;
a primer set of the base sequences SEQ ID NO: 40 and SEQ ID NO: 41;
a primer set of the base sequences SEQ ID NO: 42 and SEQ ID NO: 43;
a primer set of the base sequences SEQ ID NO: 44 and SEQ ID NO: 45;
a primer set of the base sequences SEQ ID NO: 46 and SEQ ID NO: 47;
a primer set of the base sequences SEQ ID NO: 48 and SEQ ID NO: 49;
a primer set of the base sequences SEQ ID NO: 50 and SEQ ID NO: 51; and
a primer set of the base sequences SEQ ID NO: 52 and SEQ ID NO: 53.

[0046] The above primer set is suitably used when the present method is carried out by analyzing presence or absence
of methylation of a CpG site located in the base sequences SEQ ID NOs: 1 to 14 by the MSP method.
[0047] The present invention is hereinafter illustrated in further detail by means of examples, which do not limit the
present invention. Examples

Example 1: Identification of novel markers from genomic DNA of pancreatic cancer tissue

[0048] Genomic DNA from human pancreatic cancer tissue and human normal pancreatic tissue was analyzed by a
microarray to search gene regions which is specifically methylated in the genomic DNA from pancreatic cancer tissue.
Specific operation procedures carried out in Example 1 followed the instructions attached to the kits and reagents used.
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1. Preparation of methylated DNA by MeDIP method

[0049] Human pancreatic cancer tissue and human normal pancreatic tissue were used as biological samples from
which genomic DNA was extracted. The extracted genomic DNA (4 mg) was incubated with the restriction enzyme MseI
(NEB Inc.) at 37°C overnight to fragment the DNA into the sizes from 300 to 1000 bp. The reagents were then denatured
by heating at 95°C for 10 minutes followed by quenching to 4°C to obtain single-stranded DNA fragments.
The obtained single-stranded DNA fragments were diluted in a dilution buffer (302 ml) included in the Chromatin Immu-
noprecipitation assay kit (Upstate Biotechnology). The diluted solutions were then added with Protein G Sepharose
beads (68 ml: GE Healthcare), rotated at 4°C for an hour and centrifuged to remove proteins and the like which non-
specifically bound to the beads (this procedure is hereinafter also called as "pre-clear treatment"). The supernatants
were collected and then respectively divided into two aliquots in separate tubes, one of which was added with an anti-
methylated cytosine antibody BI-MECY-0500 (10 mg: Eurogentec) and the other with no antibody, serving as a test
sample and a control sample (Input), respectively. The respective test samples were rotated overnight at 4°C prior to
addition of Protein G Sepharose beads (68 ml: GE Healthcare) and rotation at 4°C for an additional hour. The samples
were then centrifuged, the supernatants were removed and the beads were collected. The obtained beads were washed
with a washing buffer included in the above kit, and added with an elution buffer (250 ml) to elute single-stranded DNA
fragments.
The obtained DNA solutions were incubated with Proteinase K (Sigma) before purification with the Qiaquick PCR puri-
fication kit (QIAGEN).
Quantitative PCR allowed confirming that methylated DNA in respective test samples was specifically concentrated.

2. Amplification and labeling of nucleic acid in samples

[0050] For the test samples and control samples respectively obtained from the human pancreatic cancer tissue and
human normal pancreatic tissue, DNA dephosphorylation was carried out with CIP (Calf intestine phosphatase) (New
England Biolab). DNA was then added with dATP at its 3’ end using Terminal transferase (ROCHE) and purified using
the MinElute purification kit (QIAGEN). The single-stranded DNA fragments in the samples were converted to double-
stranded DNA by using the GeneChip® One-Cycle Target Labeling kit (Affymetrix). The resulting double-stranded DNA
was used as a template and labeled with biotin by IVT amplification to obtain biotinylated cRNA from each sample. The
concentration of the obtained cRNA was determined by measuring the absorbance at 260 nm and 280 nm.
The cRNA from each sample was fragmented with the GeneChip® Sample Cleanup Module (Affymetrix) to obtain test
and control samples for microarray analysis.

3. Microarray analysis

(1) Contact of sample and microarray

[0051] The samples for microarray analysis were brought into contact with the microarray GeneChip® Human Promoter
1.0R Array (Affymetrix) to carry out hybridization with probes. One same type of microarray was used for each of the
test sample and the control sample. Staining, washing and scanning (measurement of a signal) after contacting with the
microarray were carried out according to the instruction provided by Affymetrix.

(2) Analysis of microarray data

[0052] The resulting microarray data was analyzed according to the following procedures. In this analysis, a conven-
tional computer was used comprising a central processing unit, a memory part, an input part such as a keyboard and
an output part such as a display.

(Step 1) The base sequences of all probes on the microarray, the base sequence of the genomic DNA and the
signal values measured as above were entered in the computer.
(Step 2) The base sequence of the genomic DNA was sectioned at the recognition sequence "TACC" of the restriction
enzyme MseI to obtain the base sequences of the resulting DNA fragments. Among these base sequences, the
base sequences of DNA fragments were extracted which have 300 bp or more in length and do not comprise the
sequence "CG". Accordingly, the base sequences of DNA fragments of 300 bp or more without the "CG" sequence
were obtained (hereinafter also referred to as "fragment sequences").
(Step 3) Among all probes on the microarray, probes which do not contain the "CG" sequence were extracted.
Probes which were complementary to the above fragment sequences among the extracted probes were selected
as corrective probes.
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(Step 4) Signal values obtained with the corrective probes were extracted from the measured signal values entered
and their statistically representative value (mode) was calculated. This value was used as the background value.
This procedure was carried out respectively for the test samples and the control samples.
(Step 5) The background value was subtracted from the respective measured signal values entered and the obtained
values served as corrected values. When a corrected value is negative, the corrected value was regarded as zero.
This procedure was also carried out respectively for the test samples and the control samples.
(Step 6) The Wilcoxon’s signed rank sum test was carried out for the corrected values of the test and control samples
to calculate the significance probability.

[0053] The obtained significance probability was visualized with a default browser IGB (Integrated Genome Browser;
IGB). The significance probability displayed in IGB is the one which has been converted with the formula: (converted
value) = -10 log10(significance probability). When the converted value is 20 or more, it is considered that a gene region
containing a CpG site which is specifically methylated in the genomic DNA of pancreatic cancer tissue could be significantly
detected.
As a result, the regions represented by the base sequences SEQ ID NOs: 15 to 19 were identified as the gene regions
which were specifically methylated in genomic DNA of pancreatic cancer tissue. The base sequences SEQ ID NOs: 15
to 19 are the gene regions or partial base sequence regions in the vicinity thereof of, respectively, HOXA9, KCNQ1DN,
RAPSN, FZD9 and CDH22 and the regions comprising the base sequences SEQ ID NOs: 1, 2, 3, 4 and 5 as well as 6,
respectively.
The correspondence relationship between the base sequences SEQ ID NOs: 15 to 19 and SEQ ID NOs: 1 to 6 and the
above genes is summarized in the following Table 2.
[0054]

Example 2: Analysis of methylation status by bisulfite sequencing

[0055] By using bisulfite sequencing, it was investigated whether CpG sites in the gene regions represented by the
base sequences SEQ ID NOs: 15 to 17 identified in Example 1 were methylated in genomic DNA from pancreatic cancer
tissue and human normal pancreatic tissue.

1. Bisulfite treatment

[0056] To genomic DNA (2 mg) extracted from human pancreatic cancer tissue and human normal pancreatic tissue
used in Example 1 was added 300 ml of a 0.3N sodium hydroxide solution prior to incubation at 37°C for 10 minutes in
order to denature the genomic DNA. To each DNA solution was added 300 ml of a 10M sodium bisulfite solution prior
to incubation at 80°C for 40 minutes for bisulfite treatment. DNA was purified from the solutions after bisulfite treatment
using the Qiaquick PCR purification kit (QIAGEN) to prepare analysis samples.

2. Sequence analysis

[0057] PCR was carried out with the following primer sets and DNA in the obtained analysis samples as a template.

(i) Preparation of PCR reaction solution

[0058] A reaction solution (15 ml) was prepared by mixing the following reagents.

[Table 2]

SEQ ID NO: Corresponding SEQ ID NO: Gene

15 1 HOXA9

16 2 KCNQ1DN

17 3 RAPSN

18 4 and 5 FZD9

19 6 CDH22

10 x Ex Taq® buffer (TAKARA Bio) 1.5 ml



EP 2 540 839 A1

12

5

10

15

20

25

30

35

40

45

50

55

(ii) Primer sequences and reaction conditions

[0059] (Primer sequences for amplifying the base sequence SEQ ID NO: 15)

F: 5’ - TAGTTAGGGATAAAGTGTGAGTGTTA -3’ (SEQ ID NO: 54)
R: 5’ - CAACTTATTAAATAACTATACTTCCCC -3’ (SEQ ID NO: 55)

(Reaction condition)

[0060]

1 cycle of 95°C for 4.5 minutes;
40 cycles of 95°C for 30 seconds, 55°C for 15 seconds and 72°C for 30 seconds;
1 cycle of 72°C for 7 minutes; and
keep at 4°C.

[0061] (Primer sequences for amplifying the base sequence SEQ ID NO: 16)

F: 5’- GGGATATTTGTTTTTTATATTTAATAAAGT -3’ (SEQ ID NO: 56)
R: 5’- ACCTCACAATAAAACTACTACAACC -3’ (SEQ ID NO: 57)

(Reaction condition)

[0062]

1 cycle of 95°C for 4.5 minutes;
40 cycles of 95°C for 30 seconds, 56°C for 15 seconds and 72°C for 40 seconds;
1 cycle of 72°C for 7 minutes; and
keep at 4°C.

[0063] (Primer sequences for amplifying the base sequence SEQ ID NO: 17)

F: 5’ - AGGTATTTATGGGGTAGGAATTATA -3’ (SEQ ID NO: 58)
R: 5’ - AAATCACTTAACTAAAATCCCACTA -3’ (SEQ ID NO: 59)

(Reaction condition)

[0064]

1 cycle at 95°C for 4.5 minutes;
40 cycles of 95°C for 30 seconds, 56°C for 15 seconds and 72°C for 40 seconds;
1 cycle of 72°C for 7 minutes; and
keep at 4°C.

[0065] The obtained PCR products were incorporated into the pCR® 2.1 vector included in the TA cloning kit (Invitrogen).
Competent cells (TOP10; Invitrogen) were transformed with the obtained plasmid constructs, and the plasmids were
extracted and purified from the transformants by using the GenElute Plasmid Miniprep kit (SIGMA). The base sequences

(continued)

dNTP mix (2.5 mM) 1.2 ml
F primer (10 mM) 0.6 ml
R primer (10 mM) 0.6 ml
Analysis sample (template) 1.0 ml
Ex Taq® polymerase (TAKARA Bio) 0.12 ml
Distilled water 9.98 ml

Total 15.0 ml
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of the PCR products included in the obtained plasmids were analyzed with the Applied Biosystems 3730x1 DNA Analyzer
(Applied Biosystems).
After the sequencing, methylation status of CpG sites in the base sequences of the above SEQ ID NOs was analyzed.
[0066] Methylation status of CpG sites located in the base sequences SEQ ID NOs: 1 to 3 which are respectively
included in the base sequences SEQ ID NOs: 15 to 17 is shown in the tables in Figs. 1 to 3, which is based on the
sequencing results described above. In the tables in these Figures, "d", "s" and "-" represent a methylated CpG site,
a non-methylated CpG site and an unanalyzable CpG site, respectively. In addition, "PT" and "PN" represent pancreatic
cancer tissue and normal pancreatic tissue, respectively.
In the tables in these Figures, the numbers in the rows correspond to the numbers representing the position of the CpG
sites from the 5’ end of the respective base sequences SEQ ID NOs: 1 to 3. The CpG site with the symbol "*" or "**" on
the number is the CpG site which tends to be methylated in the pancreatic cancer tissue samples compared to the
normal pancreatic tissue samples.
[0067] Figs. 1 to 3 show that in all base sequences SEQ ID NOs: 1 to 3, CpG sites tend to be methylated in pancreatic
cancer tissue but not in normal pancreatic tissue.
Based on these results, methylation frequency in each of the base sequences SEQ ID NOs: 1 to 3 was analyzed. For
example, in the case of the base sequence SEQ ID NO: 1, methylation frequency in pancreatic cancer tissue (PT) is
the value calculated by dividing the number of methylated CpG sites "d" in all clones (clones 1 to 4) by the sum of the
number of methylated CpG site "d" in all clones and the number of non-methylated CpG site "s" and converting the
solution into percentage. Similarly, methylation frequency in normal pancreatic tissue (PN) is the value calculated by
dividing the number of methylated CpG sites "d" in all clones (clones 1 to 5) by the sum of the number of methylated
CpG site "d" in all clones and the number of non-methylated CpG site "s" and converting the solution into percentage.
Methylation frequency in the respective base sequences obtained as above is represented as a bar graph in Fig. 4. This
graph shows the average values for the group of the pancreatic cancer tissue samples and the group of the normal
pancreatic tissues.
[0068] Fig. 4 shows that, when all CpG sites located in the base sequences SEQ ID NOs: 1 to 3 are used as targets
for analysis, a threshold for differentiating between the samples containing a cancer cell and those devoid of cancer
cells can be selected from the range of 20 to 60%, for example.
Accordingly, it was suggested that, when methylation frequency of a CpG site in the base sequence(s) SEQ ID NO(s):
1, 2 and/or 3 in DNA extracted from a biological sample obtained from a subject is higher than the above threshold, it
can be determined that a cancer cell is present in the biological sample.
[0069] As the present molecular marker for determination, a CpG site which tends to be methylated in cancer tissue
but not in normal tissue is suitable.
Accordingly, when presence or absence of a cancer cell in a sample is determined based on methylation frequency of
a CpG site in the base sequences SEQ ID NOs: 1 to 3, more accurate determination can be made when the CpG sites
(s) as the molecular marker(s) for determination is selected from preferably the CpG site(s) with "*" or "**" more preferably
the CpG site(s) with "**" in Figs. 1 to 3.
When presence or absence of a cancer cell in a sample is determined based on the analysis result on presence or
absence of methylation of a CpG site(s) in the base sequences SEQ ID NOs: 1 to 3 by methylation specific PCR, more
accurate determination can be made when primers are used which can amplify preferably the CpG site(s) with "*" or
"**", more preferably the CpG site(s) with "**" in Figs. 1 to 3.
[0070] Example 3: Analysis of methylation status by methylation specific PCR (MSP)
Methylation status of CpG sites located in the gene regions of SEQ ID NOs: 15 to 19 identified in Example 1 was studied.

1. Bisulfite treatment

[0071] Genomic DNA (2 mg each) obtained from human pancreatic cancer tissue, human normal pancreatic tissue,
human normal heart tissue, human normal kidney tissue, human normal liver tissue, human normal lung tissue and
human normal peripheral blood leukocytes was subjected to bisulfite treatment in the similar manner as Example 2.
DNA was purified from the solutions obtained after bisulfite treatment with the Qiaquick PCR purification kit (QIAGEN)
to obtain analysis samples.

2. MSP

[0072] MSP was carried out with the following primer sets and DNA in the obtained analysis samples as a template.
In this MSP, PCR products can be obtained when the template DNA contains a methylated CpG site. In this Example,
the CpG sites to be analyzed by MSP are the CpG sites with "**" in Figs. 1 to 3.
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(i) Preparation of PCR reaction solution

[0073] A reaction solution (25 ml) was prepared by mixing the following reagents.

The sample which contains distilled water instead of the template and the sample which did not contain the template
were used as negative controls.

(ii) Primer sequences and reaction conditions

[0074] (Primer sequences for amplifying the base sequence SEQ ID NO: 15)

F: 5’- CGTGGGTTTTAGTTAGGAGC -3’ (SEQ ID NO: 28)
R: 5’- ATCCAAAACGACGATATTTAACG -3’ (SEQ ID NO: 29)

[0075] This primer set analyses the 9th, 10th and 28th to 30th CpG sites from the 5’ end of the base sequence SEQ
ID NO: 15 (the same positions in the base sequence SEQ ID NO: 1).

(Reaction condition)

[0076]

1 cycle of 95°C for 9.5 minutes;
35 cycles of 95°C for 30 seconds, 54°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0077] (Primer sequences for amplifying the base sequence SEQ ID NO: 16)

F: 5’- CGTTTCGTTCGTATTTATAATAGACG -3’ (SEQ ID NO: 30)
R: 5’- AAAACCCATTCTTCCTAACTCCG -3’ (SEQ ID NO: 31)

This primer set analyses the 7th to 10th and 20th CpG sites from the 5’ end of the base sequence SEQ ID NO: 16 (the
4th to 7th and 17th CpG sites from the 5’ end of the base sequence SEQ ID NO: 2).

(Reaction condition)

[0078]

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 61°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0079] (Primer sequences for amplifying the base sequence SEQ ID NO: 17)

F: 5’- TGAGGAATGTTAGTAGTAAGGTTACGT -3’ (SEQ ID NO: 32)
R: 5’- CCTATATACTCAAAAAAACCACGTC -3’ (SEQ ID NO: 33)

This primer set analyses the 9th and 12th CpG sites from the 5’ end of the base sequence SEQ ID NO: 17 (the 6th and
9th CpG sites from the 5’ end of the base sequence SEQ ID NO: 3).

2 x FastStart Universal SYBR Green Master (ROX) (ROCHE) 12.5 ml
F primer (10 mM) 1.0 ml
R primer (10 mM) 1.0 ml
Analysis sample (template) 1.0 ml
Distilled water 9.5 ml

Total 25.0 ml
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(Reaction condition)

[0080]

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 62°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0081] (Primer sequences for amplifying the base sequence SEQ ID NO: 18)

F: 5’- GTTGGGTTATACGTCGTAGGGC -3’ (SEQ ID NO: 34)
R: 5’- GACAAACGAAAATAAACGTCGAA -3’ (SEQ ID NO: 35)

This primer set analyses the 21 st to 23rd and 36th to 39th CpG sites from the 5’ end of the base sequence SEQ ID NO:
18 (the 1 st to 3rd from the 5’ end of the base sequence SEQ ID NO: 4 and the 1st to 4th CpG sites from the 5’ end of
the base sequence SEQ ID NO: 5).

(Reaction condition)

[0082]

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 57°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0083] (Primer sequences for amplifying the base sequence SEQ ID NO: 19)

F: 5’- GATAGTTTTAGAGTCGGGGAAGC -3’ (SEQ ID NO: 36)
R: 5’- CCTAATCCTAACAAAATCTACCGAC -3’ (SEQ ID NO: 37)

This primer set analyses the 74th and 75th CpG sites from the 5’ end of the base sequence SEQ ID NO: 19 (the 1st
and 2nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 6).

(Reaction condition)

[0084]

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 60°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0085] After completion of PCR, the reaction solutions were subjected to electrophoresis on 2% agarose gels, and
presence of PCR products was determined based on the bands in the gels. The gels were photographed and the
photographs were analyzed with the Quantity One (Bio-Rad) software to quantitatively obtain fluorescence intensity of
the bands. The results are shown in Figs. 5 to 9. In these Figures, "-" "PN" and "PT" mean a negative control without
the template, normal pancreatic tissue, and pancreatic cancer tissue, respectively.
[0086] In MSP for the base sequences SEQ ID NOs: 15 and 16, almost no band was detected in normal tissues
(pancreas, heart, kidney, liver, lung and peripheral blood leukocytes), while a band having significantly high intensity
was detected for pancreatic cancer tissue (Figs. 5 and 6).
In MSP for the base sequence SEQ ID NO: 17, the intensity of the band detected was significantly in pancreatic cancer
tissue than in normal pancreatic tissue (Fig. 7).
In MSP for the base sequences SEQ ID NOs: 18 and 19, almost no band was detected in normal tissues (pancreas,
heart, kidney, liver and peripheral blood leukocytes), while a band having significantly high intensity was detected for
pancreatic cancer tissue (Figs. 8 and 9).
[0087] As described above, in MSP for the base sequences SEQ ID NOs: 15 to 19, a higher amount of PCR products
specific for pancreatic cancer tissue was obtained. This indicates that for genomic DNA from each tissue, MSP analysis
on presence or absence of a methylated CpG in the base sequences SEQ ID NOs: 15 to 19, i.e. the base sequences
SEQ ID NOs: 1, 2, 3, 4 and 5 and 6 allows differentiation between pancreatic cancer tissue and normal pancreatic tissue.



EP 2 540 839 A1

16

5

10

15

20

25

30

35

40

45

50

55

Accordingly, it is suggested that presence or absence of a cancer cell in a biological sample obtained from a subject
can be determined by analyzing presence or absence of methylation of a CpG site located in the present molecular
markers, the base sequences SEQ ID NOs: 1, 2, 3, 4, 5 and/or 6 by MSP for DNA extracted from a biological sample
obtained from a subject.

Example 4: Analysis of methylation status in other tissues by MSP

[0088] It was studied whether or not a methylated CpG site can be detected for DNA obtained from cancer tissues
other than pancreatic cancer tissue.

1. Bisulfite treatment

[0089] Genomic DNA (2 mg each) obtained from human breast cancer tissue, human normal mammary gland tissue,
human colon cancer tissue and human normal large intestinal tissue was subjected to bisulfite treatment in the similar
manner as Example 2. DNA was purified from the solutions obtained after bisulfite treatment with the Qiaquick PCR
purification kit (QIAGEN) to obtain analysis samples.

2. MSP

[0090] MSP was carried out with the primer sets having the base sequences SEQ ID NOs: 28 and 29 and SEQ ID
NOs: 34 and 35 as above and DNA in the obtained analysis samples as a template. MSP was carried out in the same
manner as Example 3.
After completion of PCR, the reaction solutions were subjected to electrophoresis on 2% agarose gels in the same
manner as Example 3, and fluorescence intensity of the bands appeared in the gels was quantitatively obtained. The
results are shown in Figs. 10 and 11. In these Figures, "-" means a negative control without the template, "PN1" and
"PN2" mean normal mammary gland tissues, "BT1" and "BT2" mean breast cancer tissues, "CN" means normal large
intestinal tissue and "CT1" and "CT2" mean colon cancer tissues.
[0091] In MSP for the base sequence SEQ ID NO: 15 using the primer set having the base sequences SEQ ID NOs:
28 and 29, almost no band was detected in normal mammary gland tissue and normal large intestinal tissue, while bands
having significantly high intensity were detected for breast cancer tissue and colon cancer tissue (Fig. 10).
In MSP for the base sequence SEQ ID NO: 18 using the primer set having the base sequences SEQ ID NOs: 34 and
35, the intensity of the band detected was significantly higher in breast cancer tissue than in normal mammary gland
tissue (Fig. 11).
[0092] As described above, in MSP for the base sequences SEQ ID NOs: 15 and 18, a higher amount of PCR products
specific for breast cancer tissue and colon cancer tissue was obtained. This indicates that for genomic DNA from each
tissue, MSP analysis on presence or absence of a methylated CpG in the base sequences SEQ ID NOs: 15 and 18, i.e.
the base sequences SEQ ID NOs: 1 and 4 and 5 allows differentiation between cancer tissue and normal tissue.
Accordingly, it is suggested that presence or absence of a cancer cell can be determined for tissues other than pancreas
tissue by analyzing presence or absence of methylation of a CpG site located in the present molecular markers identified
from pancreatic cancer tissue by MSP.

Example 5: Search for molecular markers for determination from breast cancer cell lines

[0093] By analyzing genomic DNA obtained from breast cancer cell lines and normal mammary gland epithelial cells
with microarrays, gene regions were searched which were methylated specifically in the genomic DNA of the cell lines
derived from breast cancer.
The specific procedures in Example 5 followed the instructions attached to the kits and reagents used.

1. Search for methylated genes by MeDIP on chip method

(1) Preparation of methylated DNA by MeDIP method

[0094] Genomic DNA was extracted and single-stranded DNA fragments were prepared in the similar manner as
Example 1 except that the breast cancer cell lines MCF7, MB-MDA231 and SK-BR-3 and the normal mammary gland
epithelial cell line HMEC were used as biological samples.
The obtained single-stranded DNA fragments were diluted in the similar manner as Example 1 followed by addition of
Protein G Sepharose beads (68 ml: GE Healthcare). Pre-clear treatment was then carried out in the similar manner as
Example 1. The supernatants were collected and then respectively divided into two aliquots in separate tubes, one of
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which was added with an anti-methylated cytosine antibody BI-MECY-0500 (10 mg: Eurogentec) and the other with a
normal mouse IgG antibody (4 mg: Santa Cruz), serving as a test sample and a control sample, respectively. These test
and control samples were subjected to immunoprecipitation in the similar manner as Example 1 to elute single-stranded
DNA fragments.
The obtained DNA solutions were incubated with Proteinase K (Sigma) before purification with the Qiaquick PCR puri-
fication kit (QIAGEN).
Quantitative PCR allowed confirming that methylated DNA in the test samples was specifically concentrated.

2. Amplification and labeling of nucleic acid in samples

[0095] DNA in the test and control samples respectively obtained from MCF-7, MB-MDA231 and SK-BR-3 and HMEC
cells was amplified on WT-Ovation™ Pico RNA Amplification System Version 1.0 (NuGEN). The concentration of the
amplified nucleic acid was determined by measuring the absorbance (260 nm and 280 nm) of the samples.
The nucleic acid contained in the above amplified test and controls samples was fragmented and biotinylated on FL-
Ovation™ cDNA Biotin Module V2 (NuGEN). The nucleic acid obtained from the samples served as the test and control
samples for microarray analysis.

3. Microarray analysis

(1) Contact of sample and microarray

[0096] The samples for microarray analysis were brought into contact with the GeneChip® Human Promoter 1.0R
Array (Affymetrix) to carry out hybridization with probes in the similar manner as Example 1. One same type of microarray
was used for each of the test sample and the control sample.

(2) Analysis of microarray data

[0097] The resulting microarray data was analyzed according to the similar procedures as in Example 1. As a result,
the regions represented by the base sequences SEQ ID NOs: 20 to 27 were identified as the gene regions which were
specifically methylated in genomic DNA of breast cancer cell lines. The base sequences SEQ ID NOs: 20 to 27 are the
gene regions or partial base sequence regions in the vicinity thereof of, respectively, LBX2, PAX9, ADD3, CCDC61,
ZIC4, CGB7, TOX and TNNI3 and the regions comprising the base sequences SEQ ID NOs: 7, 8, 9, 10, 11, 12, 13 and
14, respectively.
The correspondence relationship between the base sequences SEQ ID NOs: 20 to 27 and SEQ ID NOs: 7 to 14 and
the above genes is summarized in the following Table 3.
[0098]

Example 6: Analysis of methylation status by bisulfite sequencing

[0099] By using bisulfite sequencing, it was investigated whether CpG sites in the gene regions represented by SEQ
ID NOs: 20 to 27 identified in Example 5 were methylated in genomic DNA of a breast cancer cell line and a normal
mammary gland epithelial cell line.

[Table 3]

SEQ ID NO: Corresponding SEQ ID NO: Gene

20 7 LBX2

21 8 PAX9

22 9 ADD3

23 10 CCDC61

24 11 ZIC4

25 12 CGB7

26 13 TOX

27 14 TNNI3
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1. Bisulfite treatment

[0100] Genomic DNA (2 mg) extracted from the breast cancer cell line MCF7 and the normal mammary gland epithelial
cell line HMEC used in Example 5 was subjected to bisulfite treatment in the same manner as Example 2. DNA was
purified from the solutions after bisulfite treatment using the Qiaquick PCR purification kit (QIAGEN) to prepare analysis
samples.

2. Sequence analysis

[0101] PCR was carried out with the following primer sets and DNA in the obtained analysis samples as a template.

(i) Preparation of PCR reaction solution

[0102] A reaction solution (15 ml) was prepared by mixing the same reagents as Example 2.

(ii) Primer sequences and reaction conditions

[0103] (Primer sequences for amplifying the base sequence SEQ ID NO: 20)

F: 5’- GGAAGAGGTTTAAGTGGATTTTTTT -3’ (SEQ ID NO: 60)
R: 5’- TTTTCTTTCCAAACCCAACCTA -3’ (SEQ ID NO: 61)

(Reaction condition)

[0104]

1 cycle of 95°C for 4.5 minutes;
40 cycles of 95°C for 30 seconds, 62°C for 15 seconds and 72°C for 30 seconds;
1 cycle of 72°C for 7 minutes; and
keep at 4°C.

[0105] (Primer sequences for amplifying the base sequence SEQ ID NO: 21)

F: 5’- AGTTAGGATTGTGTAATATTAGTTTT -3’ (SEQ ID NO: 62)
R: 5’- CACTATACAACCATCAACTACAAC -3’ (SEQ ID NO: 63)

(Reaction condition)

[0106]

1 cycle of 95°C for 4.5 minutes;
40 cycles of 95°C for 30 seconds, 55.5°C for 15 seconds and 72°C for 40 seconds;
1 cycle of 72°C for 7 minutes; and
keep at 4°C.

[0107] (Primer sequences for amplifying the base sequence SEQ ID NO: 22)

F: 5’- GTATATTTTTAGGGAGGAGGGGGG -3’ (SEQ ID NO: 64)
R: 5’- CAACCCCTACTTCACCTCCACATA -3’ (SEQ ID NO: 65)

(Reaction condition)

[0108]

1 cycle of 95°C for 4.5 minutes;
40 cycles of 95°C for 30 seconds, 65.1°C for 15 seconds and 72°C for 30 seconds;
1 cycle of 72°C for 7 minutes; and
keep at 4°C.
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[0109] (Primer sequences for amplifying the base sequence SEQ ID NO: 23)

F: 5’- TTATTAGGATGAGTTATTGGTTATTT -3’ (SEQ ID NO: 66)
R: 5’- ACCTCCCTAACCCCAACTAC -3’ (SEQ ID NO: 67)

(Reaction condition)

[0110]

1 cycle of 95°C for 4.5 minutes;
40 cycles of 95°C for 30 seconds, 56.8°C for 15 seconds and 72°C for 40 seconds;
1 cycle of 72°C for 7 minutes; and
keep at 4°C.

[0111] (Primer sequences for amplifying the base sequence SEQ ID NO: 24)

F: 5’- GTTTGGGTAGTTTATTGGTT -3’ (SEQ ID NO: 68)
R: 5’- CTAAAAATTTCTCAACTCCTAACTC -3’ (SEQ ID NO: 69)

(Reaction condition)

[0112]

1 cycle of 95°C for 4.5 minutes;
40 cycles of 95°C for 30 seconds, 55.7°C for 15 seconds and 72°C for 30 seconds;
1 cycle of 72°C for 7 minutes; and
keep at 4°C.

[0113] (Primer sequences for amplifying the base sequence SEQ ID NO: 25)

F: 5’- GAGGTGATATTAAGGATTTTTGGGT -3’ (SEQ ID NO: 70)
R: 5’- TACAACTCAACTCCAATAACCACAC -3’ (SEQ ID NO: 71)

(Reaction condition)

[0114]

1 cycle of 95°C for 4.5 minutes;
40 cycles of 95°C for 30 seconds, 61.5°C for 15 seconds and 72°C for 40 seconds;
1 cycle of 72°C for 7 minutes; and
keep at 4°C.

[0115] (Primer sequences for amplifying the base sequence SEQ ID NO: 26)

F: 5’- AATAAGATTTGTTTAGTTTTATTGTTAAAA -3’ (SEQ ID NO: 72)
R: 5’- TCTACCTAATACTCACAACCCCTACA -3’ (SEQ ID NO: 73)

(Reaction condition)

[0116]

1 cycle at 95°C for 4.5 minutes;
40 cycles of 95°C for 30 seconds, 60°C for 15 seconds and 72°C for 30 seconds;
1 cycle of 72°C for 7 minutes; and
keep at 4°C.

[0117] (Primer sequences for amplifying the base sequence SEQ ID NO: 27)
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F: 5’- GTAGTAGTAGAGTTTGTAGAGGGGTG -3’ (SEQ ID NO: 74)
R: 5’- ATAAAAAATACCTATCCAAAAAAAA -3’ (SEQ ID NO: 75)

(Reaction condition)

[0118]

1 cycle at 95°C for 4.5 minutes;
40 cycles of 95°C for 30 seconds, 50.9°C for 15 seconds and 72°C for 30 seconds;
1 cycle of 72°C for 7 minutes; and
keep at 4°C.

[0119] After the completion of PCR, plasmid constructs containing each of the PCR products were prepared in the
similar manner as Example 2 and the constructs were sequenced.
After sequencing, methylation status of CpG sites in the base sequences of the above SEQ ID NOs was analyzed.
[0120] Methylation status of CpG sites located in the base sequences SEQ ID NOs: 7 to 14 which are respectively
included in the base sequences SEQ ID NOs: 20 to 27 is shown in the tables in Figs. 12 to 19 based on the results of
sequencing described above. In the tables in these Figures, "d", "s" and "-" represent a methylated CpG site, a non-
methylated CpG site and an unanalyzable CpG site, respectively.
In the tables in these Figures, the numbers in the rows correspond to the numbers representing the position of the CpG
sites from the 5’ end of the respective base sequences SEQ ID NOs: 7 to 14. The CpG site with the symbol "*" or "**"
on the number is the CpG site which tends to be methylated in the MCF7 cell samples compared to the HMEC cell samples.
[0121] Figs. 12 to 19 show that in all base sequences SEQ ID NOs: 7 to 14, CpG sites tend to be methylated in MCF7
cells but not in HMEC cells.
Based on these results, methylation frequency in each of the base sequences SEQ ID NOs: 7 to 14 was analyzed.
Methylation frequency was calculated in the similar manner as Example 2.
The obtained methylation frequency is shown in the bar graph of Fig. 20. This graph shows the average values for the
group of MCF7 cell samples and the group of HMEC cell samples.
[0122] Fig. 20 shows that, when all CpG sites located in the base sequences SEQ ID NOs: 7 to 14 are used as targets
for analysis, a threshold for differentiating between the samples containing a cancer cell and those devoid of cancer
cells can be selected from the range of 15 to 35%, for example.
Accordingly, it was suggested that, when methylation frequency of a CpG site in the base sequence(s) SEQ ID NO(s):
7, 8, 9, 10, 11, 12, 13 and/or 14 in DNA extracted from a biological sample obtained from a subject is higher than the
above threshold, it can be determined that a cancer cell is present in the biological sample.
[0123] As the present molecular marker for determination, a CpG site which tends to be methylated in cancer cell lines
but not in normal cell lines is suitable.
Accordingly, when presence or absence of a cancer cell in a sample is determined based on methylation frequency of
a CpG site in the base sequences SEQ ID NOs: 7 to 14, more accurate determination can be made when the CpG site
(s) as the molecular marker(s) for determination is selected from preferably the CpG site(s) with "*" or "**", more preferably
the CpG site(s) with "**" in Figs. 12 to 19.
When presence or absence of a cancer cell in a sample is determined based on the analysis result on presence or
absence of methylation of a CpG site(s) in the base sequences SEQ ID NOs: 7 to 14 by methylation specific PCR, more
accurate determination can be made when primers are used which can amplify preferably the CpG site(s) with "*" or
"**", more preferably the CpG site(s) with "**" in Figs. 12 to 19.

Example 7: Analysis of methylation status by MSP

[0124] Methylation status of CpG sites located in the gene regions of SEQ ID NOs: 20 to 27 identified in Example 5
was analyzed by MSP for genomic DNA of a breast cancer cell line and a normal mammary gland epithelial cell line.

1. Bisulfite treatment

[0125] Genomic DNA (2 mg each) obtained from the breast cancer cell line MCF7 and the normal mammary gland
epithelial cell line HMEC was subjected to bisulfite treatment in the similar manner as Example 2. DNA was purified from
the solutions obtained after bisulfite treatment with the Qiaquick PCR purification kit (QIAGEN) to obtain analysis samples.
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2. MSP

[0126] MSP was carried out with the following primer sets and DNA in the obtained analysis samples as a template.
In this Example, the CpG sites analyzed by MSP are the CpG sites with "**" in Figs. 12 to 19. The preparation of the
PCR reaction solution was carried out in the similar manner as Example 3.
Primer sequences and reaction conditions are as described hereinbelow.

(Primer sequences for amplifying the base sequence SEQ ID NO: 20)

[0127]

F: 5’- TTTTAGAGTTTAGGATTGGCGGC -3’ (SEQ ID NO: 38)
R: 5’- TACAACTTAACACTACCCGAAAACG -3’ (SEQ ID NO: 39)

[0128] This primer set analyses the 3rd, 4th, 11th and 12th CpG sites from the 5’ end of the base sequence SEQ ID
NO: 20 (the same positions in the base sequence SEQ ID NO: 7).

(Reaction condition)

[0129]

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 62°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0130] (Primer sequences for amplifying the base sequence SEQ ID NO: 21)

F: 5’- ATAGGTTGGAAACGTAGTTTTTCG -3’ (SEQ ID NO: 40)
R: 5’- CTATAACGTCTAACGAATCCTCGC -3’ (SEQ ID NO: 41)

This primer set analyses the 8th, 9th and 14th to 16th CpG sites from the 5’ end of the base sequence SEQ ID NO: 21
(the same positions in the base sequence SEQ ID NO: 8).

(Reaction condition)

[0131]

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 62°C for 30 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0132] (Primer sequences for amplifying the base sequence SEQ ID NO: 22)

F: 5’- TGTTGTAAAGTTTGTTCGGTTTCGT -3’ (SEQ ID NO: 42)
R: 5’- TTCTACTTCATTTAAACCCCTCGAA -3’ (SEQ ID NO: 43)

This primer set analyses the 15th, 16th and 22nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 22 (the
same positions in the base sequence SEQ ID NO: 9).

(Reaction condition)

[0133]

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 60°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0134] (Primer sequences for amplifying the base sequence SEQ ID NO: 23)
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F: 5’- TGTGTGGAGTAGAATTTTGAGTAAATATGC -3’ (SEQ ID NO: 44)
R: 5’- AATTTAAAAACAAAAAAACAACCGCA -3’ (SEQ ID NO: 45)

This primer set analyses the 7th and 11th CpG sites from the 5’ end of the base sequence SEQ ID NO: 23 (the 2nd and
6th CpG sites from the 5’ end of the base sequence SEQ ID NO: 10).

(Reaction condition)

[0135]

1 cycle of 95°C for 9.5 minutes;
35 cycles of 95°C for 30 seconds, 61°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0136] (Primer sequences for amplifying the base sequence SEQ ID NO: 24)

F: 5’- GTAGTTTATTGGTTCGCGGTC -3’ (SEQ ID NO: 46)
R: 5’- AAAAAAAATATATAAAAAAATAACGAT -3’ (SEQ ID NO: 47)

This primer set analyses the 1 st to 3rd and 10th CpG sites from the 5’ end of the base sequence SEQ ID NO: 24 (the
same positions in the base sequence SEQ ID NO: 11).

(Reaction condition)

[0137]

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 51°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0138] (Primer sequences for amplifying the base sequence SEQ ID NO: 25)

F: 5’- AGAGTTCGGTTTATTTGGGATAGAATC -3’ (SEQ ID NO: 48)
R: 5’- GACCGAAACGTCCTAAACCG -3’ (SEQ ID NO: 49)

This primer set analyses the 10th, 11 th and 16th to 19th CpG sites from the 5’ end of the base sequence SEQ ID NO:
25 (the same positions in the base sequence SEQ ID NO: 12).

(Reaction condition)

[0139]

1 cycle of 95°C for 9.5 minutes;
35 cycles of 95°C for 30 seconds, 62°C for 30 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0140] (Primer sequences for amplifying the base sequence SEQ ID NO: 26)

F: 5’- TATTGTTTAAGATTCGGAGTTGCGA -3’ (SEQ ID NO: 50)
R: 5’- CTCCCAACATTTACCTAATAACGAA -3’ (SEQ ID NO: 51)

This primer set analyses the 9th, 10th and 17th CpG sites from the 5’ end of the base sequence SEQ ID NO: 26 (the
7th, 8th and 15th CpG sites from the 5’ end of the base sequence SEQ ID NO: 13).

(Reaction condition)

[0141]
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1 cycle of 95°C for 9.5 minutes;
30 cycles of 95°C for 30 seconds, 61°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0142] (Primer sequences for amplifying the base sequence SEQ ID NO: 27)

F: 5’- GGGAGGGAAGCGTAGTTTATTC -3’ (SEQ ID NO: 52)
R: 5’- CTAAAAAATTTAAAAAAACAAAAACGAT -3’ (SEQ ID NO: 53)

This primer set analyses the 1st, 2nd and 4th CpG sites from the 5’ end of the base sequence SEQ ID NO: 27 (the same
positions in the base sequence SEQ ID NO: 14).

(Reaction condition)

[0143]

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 54°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0144] After completion of PCR, the reaction solutions were subjected to electrophoresis on 2% agarose gels in the
same manner as Example 3, and fluorescence intensity of the bands appeared in the gels was quantitatively obtained.
The results are shown in Figs. 21 to 28. In these Figures, "-" means a negative control without the template.
In MSP for each of the base sequences SEQ ID NOs: 20 to 27, bands having significantly higher intensity were detected
for MCF7 cells than for HMEC cells (see Figs. 21 to 28).
[0145] As described above, in MSP for the base sequences SEQ ID NOs: 20 to 27, a higher amount of PCR products
specific for breast cancer cells was obtained. This indicates that for genomic DNA from each cell line, MSP analysis on
presence or absence of a methylated CpG in the base sequences SEQ ID NOs: 20 to 27, i.e. the base sequences SEQ
ID NOs: 7 to 14 allows differentiation between breast cancer cells and normal mammary gland epithelial cells.
Accordingly, it is suggested that presence or absence of a cancer cell can be determined by analyzing presence or
absence of methylation of a CpG site located in the present molecular marker(s) for determination, i.e. the base sequence
(s) SEQ ID NO(s): 7, 8, 9, 10, 11, 12, 13 and/or 14 by MSP for DNA extracted from a biological sample obtained from
a subject.

Example 8: Analysis of methylation status of genomic DNA from breast cancer tissue and normal mammary gland tissue 
by MSP

[0146] By using MSP, it was investigated whether a methylated CpG site could be detected located in the gene regions
represented by the base sequences SEQ ID NOs: 20 to 27 for not only a breast cancer cell line but also for breast cancer
tissue.

1. Bisulfite treatment

[0147] Genomic DNA (2 mg each) obtained from human breast cancer tissue and human normal mammary gland
tissue was subjected to bisulfite treatment in the same manner as Example 2. DNA was purified from the solutions after
bisulfite treatment using the Qiaquick PCR purification kit (QIAGEN) to obtain analysis samples.

2. MSP

[0148] MSP was carried out with the primer sets having the base sequences SEQ ID NOs: 38 to 53 as above and
DNA in the obtained analysis samples as a template. The PCR reaction solution was prepared in the similar manner as
Example 3, and the reaction conditions of MSP using the above primer sets are the same as Example 7.
After completion of PCR, the reaction solutions were subjected to electrophoresis on 2% agarose gels in the same
manner as Example 3, and fluorescence intensity of the bands appeared in the gels was quantitatively obtained. The
results are shown in Figs. 29 to 36. In these Figures, "-" means a negative control without the template.
[0149] In MSP for the base sequences SEQ ID NOs: 20 to 27 using the primer sets as above, almost no band was
detected in normal mammary gland tissue, while bands having significantly high intensity were detected for breast cancer
tissue (see Figs. 29 to 36).
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As described above, in MSP for the base sequences SEQ ID NOs: 20 to 27, a higher amount of PCR products specific
for breast cancer tissue was obtained. This indicates that for genomic DNA from each tissue, MSP analysis on presence
or absence of a methylated CpG in the base sequences SEQ ID NOs: 20 to 27 i.e., the base sequences SEQ ID NOs:
7 to 14 allows differentiation between breast cancer tissue and normal mammary gland tissue.
Accordingly, it is suggested that presence or absence of a cancer cell in tissue obtained from a subject can be determined
by analyzing presence or absence of methylation of a CpG site located in the present molecular markers for determination.

Example 9: Analysis of methylation status of genomic DNA from colon cancer tissue and normal large intestinal tissue 
by MSP

[0150] Methylation status of CpG sites located in the gene regions represented by the base sequences SEQ ID NOs:
17 to 19, 21, 22 and 25 to 27 was studied for genomic DNA of colon cancer tissue and normal large intestinal tissue by MSP.

1. Bisulfite treatment

[0151] Genomic DNA of human colon cancer tissue and human normal large intestinal tissue (2 mg each: BioChain)
was subjected to bisulfite treatment in the similar manner as Example 2. DNA was purified from the solutions obtained
after bisulfite treatment with the Qiaquick PCR purification kit (QIAGEN) to obtain analysis samples.

2. MSP

[0152] MSP was carried out with the primer sets represented by the above SEQ ID NOs: 32 to 37, 40 to 43 and 48th
to 53rd and DNA in the obtained analysis samples as a template. PCR reaction solutions were prepared as follows.

(i) Preparation of PCR reaction solution

[0153] A reaction solution (25 ml) was prepared by mixing the following reagents.

[0154] The reaction conditions of MSP using the above respective primer sets are as follows.

(Reaction condition of MSP using the primer set (SEQ ID NOs: 32 and 33) amplifying the base sequence SEQ ID NO: 17)

[0155]

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 62°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0156] (Reaction condition of MSP using the primer set (SEQ ID NOs: 34 and 35) amplifying the base sequence SEQ
ID NO: 18)

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 58°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0157] (Reaction condition of MSP using the primer set (SEQ ID NOs: 36 and 37) amplifying the base sequence SEQ
ID NO: 19)

1 cycle of 95°C for 9.5 minutes;

2 x FastStart Universal SYBR Green Master (ROX) (ROCHE) 12.5 ml
F primer (10 mM) 1.0 ml
R primer (10 mM) 1.0 ml
Analysis sample (template) 1.0 ml

Distilled water 9.5 ml

Total 25.0 ml
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35 cycles of 95°C for 30 seconds, 60°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0158] (Reaction condition of MSP using the primer set (SEQ ID NOs: 40 and 41) amplifying the base sequence SEQ
ID NO: 21)

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 62°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0159] (Reaction condition of MSP using the primer set (SEQ ID NOs: 42 and 43) amplifying the base sequence SEQ
ID NO: 22)

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 61°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0160] (Reaction condition of MSP using the primer set (SEQ ID NOs: 48 and 49) amplifying the base sequence SEQ
ID NO: 25)

1 cycle of 95°C for 9.5 minutes;
35 cycles of 95°C for 30 seconds, 61°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0161] (Reaction condition of MSP using the primer set (SEQ ID NOs: 50 and 51) amplifying the base sequence SEQ
ID NO: 26)

1 cycle of 95°C for 9.5 minutes;
35 cycles of 95°C for 30 seconds, 60°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0162] (Reaction condition of MSP using the primer set (SEQ ID NOs: 52 and 53) amplifying the base sequence SEQ
ID NO: 27)

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 53°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0163] After completion of PCR, the reaction solutions were subjected to electrophoresis on 2% agarose gels, and
the presence or absence of the bands for the PCR products was determined. The result is shown in Fig. 37. In this
Figure, "CN" and "CT" mean normal large intestinal tissue and colon cancer tissue, respectively.
[0164] Fig. 37 shows that in MSP for the base sequences SEQ ID NOs: 17 to 19, 21, 22 and 25 to 27 using the above
primer sets, no band was detected for normal large intestinal tissue, and the bands were detected only for colon cancer
tissue.
As described above, in MSP for the base sequences SEQ ID NOs: 17 to 19, 21, 22 and 25 to 27, PCR products specific
for colon cancer tissue were obtained. This indicates that for genomic DNA from each tissue, MSP analysis on presence
or absence of a methylated CpG in the base sequences SEQ ID NOs: 17 to 19, 21, 22 and 25 to 27, i.e. the base
sequences SEQ ID NOs: 3 to 6, 8, 9 and 12 to 14 allows differentiation between colon cancer tissue and normal large
intestinal tissue.
Accordingly, it is suggested that presence or absence of a cancer cell in tissue other than pancreas tissue and mammary
gland tissue can be determined by analyzing presence or absence of methylation of a CpG site located in the present
molecular markers identified from pancreatic cancer tissue and breast cancer cell lines by MSP.

Example 10: Analysis of methylation status of genomic DNA from various types of normal tissue by MSP

[0165] Methylation status of CpG sites located in the gene regions represented by the base sequences SEQ ID NOs:
20 to 27 was studied for genomic DNA from various types of normal tissue.
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1. Bisulfite treatment

[0166] Genomic DNA (2 mg each: BioChain) from human normal heart tissue, human normal kidney tissue, human
normal liver tissue, human normal lung tissue and human normal peripheral blood leukocytes was subjected to bisulfite
treatment in the similar manner as Example 2. DNA was purified from the solutions obtained after bisulfite treatment
with the Qiaquick PCR purification kit (QIAGEN) to obtain analysis samples. Genomic DNA from the breast cancer cell
line MCF7 was treated in the similar manner as described for the above normal tissues to obtain a positive control sample.

2. MSP

[0167] MSP was carried out with the primer sets represented by SEQ ID NOs: 38 to 53 as above and DNA in the
obtained analysis samples and the positive control sample as a template. PCR reaction solutions were prepared in the
similar manner as Example 9.
The reaction conditions of MSP using the above respective primer sets are as follows.

(Reaction condition of MSP using the primer set (SEQ ID NOs: 38 and 39) amplifying the base sequence SEQ ID NO: 20)

[0168]

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 62°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0169] (Reaction condition of MSP using the primer set (SEQ ID NOs: 40 and 41) amplifying the base sequence SEQ
ID NO: 21)

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 62°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0170] (Reaction condition of MSP using the primer set (SEQ ID NOs: 42 and 43) amplifying the base sequence SEQ
ID NO: 22)

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 61°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0171] (Reaction condition of MSP using the primer set (SEQ ID NOs: 44 and 45) amplifying the base sequence SEQ
ID NO: 23)

1 cycle of 95°C for 9.5 minutes;
35 cycles of 95°C for 30 seconds, 60°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0172] (Reaction condition of MSP using the primer set (SEQ ID NOs: 46 and 47) amplifying the base sequence SEQ
ID NO: 24)

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 50°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0173] (Reaction condition of MSP using the primer set (SEQ ID NOs: 48 and 49) amplifying the base sequence SEQ
ID NO: 25)

1 cycle of 95°C for 9.5 minutes;
35 cycles of 95°C for 30 seconds, 61°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.
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[0174] (Reaction condition of MSP using the primer set (SEQ ID NOs: 50 and 51) amplifying the base sequence SEQ
ID NO: 26)

1 cycle of 95°C for 9.5 minutes;
35 cycles of 95°C for 30 seconds, 60°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0175] (Reaction condition of MSP using the primer set (SEQ ID NOs: 52 and 53) amplifying the base sequence SEQ
ID NO: 27)

1 cycle of 95°C for 9.5 minutes;
40 cycles of 95°C for 30 seconds, 53°C for 15 seconds and 72°C for 30 seconds; and
keep at 4°C.

[0176] After completion of PCR, the reaction solutions were subjected to electrophoresis on 2% agarose gels, and
the presence or absence of the PCR products was determined. The result is shown in Fig. 38. In this Figure, "MCF7"
means the breast cancer cell line MCF7, "H" means the normal heart tissue, "K" means the normal kidney tissue, "Li"
means the normal liver tissue, "Lu" means the normal lung tissue and "Phe" means the normal peripheral blood leukocytes.
[0177] Fig. 38 shows that in MSP for the base sequences SEQ ID NOs: 20 to 27 using the above primer sets, no band
was detected for all normal tissues. The above MSP reaction conditions are the ones which sufficiently allow the detection
of a band when the positive control sample prepared from genomic DNA of the MCF7 cells was used as a template.
As described above, in MSP for the base sequences SEQ ID NOs: 20 to 27, no PCR product was obtained for various
types of normal tissue. This indicates that by MSP analysis of genomic DNA of the normal tissues, methylation of CpG
sites located in the base sequences SEQ ID NOs: 20 to 27, i.e. SEQ ID NOs: 7 to 14 is not detected.
Accordingly, it is suggested that analysis of presence or absence of methylation of the CpG site(s) located in the present
molecular marker for determination allows determination of absence of a cancer cell in various types of normal tissue.
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Claims

1. A method for determining presence or absence of a cancer cell in a biological sample obtained from a subject
comprising the steps of:

extracting DNA from the biological sample;
analyzing methylation status, for the DNA obtained in the extracting step, of at least one CpG site located in at
least one base sequence selected from base sequences SEQ ID NOs: 1 to 14; and
determining presence or absence of the cancer cell in the biological sample based on an analysis result obtained
in the analyzing step.

2. The method according to claim 1, wherein the CpG site is selected from:

the 1st, 3rd to 7th, 9th to 26th and 28th to 54th CpG sites from the 5’ end of the base sequence SEQ ID NO: 1;
the 1st to 11th, 13th to 23rd, 25th, 26th, 28th, 29th, 31st, 32nd, 34th, 35th, 38th, 40th to 44th, 46th to 49th, 51st
to 57th, 59th to 66th, 68th, 70th to 73rd, 75th, 76th, 78th and 79th CpG sites from the 5’ end of the base sequence
SEQ ID NO: 2;
the 1st to 10th and 12th CpG sites from the 5’ end of the base sequence SEQ ID NO: 3;
the 1 st to 3rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 4;
the 1 st to 4th CpG sites from the 5’ end of the base sequence SEQ ID NO: 5;
the 1 st and 2nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 6;
the 1 st to 7th and 9th to 52nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 7;
the 1st to 16th, 18th to 25th and 27th to 39th CpG sites from the 5’ end of the base sequence SEQ ID NO: 8;
the 1 st, 2nd, 4th, 7th to 11 th and 13th to 23rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 9;
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the 1st to 6th, 8th and 10th CpG sites from the 5’ end of the base sequence SEQ ID NO: 10;
the 1 st to 3rd, 5th to 11 th, 13th, 15th to 19th and 21st to 23rd CpG sites from the 5’ end of the base sequence
SEQ ID NO: 11;
the 1st to 6th, 8th, 10th to 22nd, 25th to 28th and 32nd CpG sites from the 5’ end of the base sequence SEQ
ID NO: 12;
the 1st to 3rd, 7th to 13th, 15th and 19th CpG sites from the 5’ end of the base sequence SEQ ID NO: 13; and
the 1st to 4th, 14th to 16th, 18th, 19th, 21st and 22nd CpG sites from the 5’ end of the base sequence SEQ ID
NO: 14.

3. The method according to claim 1 or 2, wherein the analyzing step is a step of analyzing methylation status of more
than one CpG site.

4. The method according to any one of claims 1 to 3, wherein the analyzing step is a step of analyzing presence or
absence of methylation of the CpG site.

5. The method according to claim 4, wherein in the determining step, it is determined that the cancer cell is present in
the biological sample when the result obtained in the analyzing step indicates that there is a methylated CpG site.

6. The method according to any one of claims 1 to 3, wherein the analyzing step is a step of analyzing methylation
frequency of the CpG site.

7. The method according to claim 6, wherein in the determining step, it is determined that the cancer cell is present in
the biological sample when the result obtained in the analyzing step indicates that the methylation frequency is
higher than a predetermined threshold.

8. The method according to any one of claims 1 to 7, wherein the analyzing step comprises concentrating methylated
DNA contained in the DNA obtained from the extracting step by immunoprecipitation and analyzing methylation
status of the concentrated methylated DNA.

9. A molecular marker for determination of presence of absence of a cancer cell by analysis of methylation status
which is at least one CpG site selected from CpG sites located in base sequences SEQ ID NOs: 1 to 14.

10. The molecular marker for determination according to claim 9, wherein the CpG site is selected from:

the 1st, 3rd to 7th, 9th to 26th and 28th to 54th CpG sites from the 5’ end of the base sequence SEQ ID NO: 1;
the 1st to 11th, 13th to 23rd, 25th, 26th, 28th, 29th, 31st, 32nd, 34th, 35th, 38th, 40th to 44th, 46th to 49th, 51st
to 57th, 59th to 66th, 68th, 70th to 73rd, 75th, 76th, 78th and 79th CpG sites from the 5’ end of the base sequence
SEQ ID NO: 2;
the 1st to 10th and 12th CpG sites from the 5’ end of the base sequence SEQ ID NO: 3;
the 1 st to 3rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 4;
the 1 st to 4th CpG sites from the 5’ end of the base sequence SEQ ID NO: 5;
the 1 st and 2nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 6;
the 1 st to 7th and 9th to 52nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 7;
the 1st to 16th, 18th to 25th and 27th to 39th CpG sites from the 5’ end of the base sequence SEQ ID NO: 8;
the 1 st, 2nd, 4th, 7th to 11 th and 13th to 23rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 9;
the 1st to 6th, 8th and 10th CpG sites from the 5’ end of the base sequence SEQ ID NO: 10;
the 1 st to 3rd, 5th to 11 th, 13th, 15th to 19th and 21st to 23rd CpG sites from the 5’ end of the base sequence
SEQ ID NO: 11;
the 1st to 6th, 8th, 10th to 22nd, 25th to 28th and 32nd CpG sites from the 5’ end of the base sequence SEQ
ID NO: 12;
the 1st to 3rd, 7th to 13th, 15th and 19th CpG sites from the 5’ end of the base sequence SEQ ID NO: 13; and
the 1st to 4th, 14th to 16th, 18th, 19th, 21st and 22nd CpG sites from the 5’ end of the base sequence SEQ ID
NO: 14.

11. A kit for determination of presence or absence of a cancer cell in a biological sample obtained from a subject
comprising:

a non-methylated cytosine conversion agent that converts non-methylated cytosine in DNA extracted from the
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biological sample to a different base; and
a primer set for determination of methylation status of at least one CpG site located in base sequences SEQ
ID NOs: 1 to 14 by methylation specific PCR.

12. The kit for determination according to claim 11, wherein the CpG site is selected from:

the 1st, 3rd to 7th, 9th to 26th and 28th to 54th CpG sites from the 5’ end of the base sequence SEQ ID NO: 1;
the 1st to 11th, 13th to 23rd, 25th, 26th, 28th, 29th, 31st, 32nd, 34th, 35th, 38th, 40th to 44th, 46th to 49th, 51st
to 57th, 59th to 66th, 68th, 70th to 73rd, 75th, 76th, 78th and 79th CpG sites from the 5’ end of the base sequence
SEQ ID NO: 2;
the 1st to 10th and 12th CpG sites from the 5’ end of the base sequence SEQ ID NO: 3;
the 1 st to 3rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 4;
the 1 st to 4th CpG sites from the 5’ end of the base sequence SEQ ID NO: 5;
the 1 st and 2nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 6;
the 1 st to 7th and 9th to 52nd CpG sites from the 5’ end of the base sequence SEQ ID NO: 7;
the 1st to 16th, 18th to 25th and 27th to 39th CpG sites from the 5’ end of the base sequence SEQ ID NO: 8;
the 1 st, 2nd, 4th, 7th to 11 th and 13th to 23rd CpG sites from the 5’ end of the base sequence SEQ ID NO: 9;
the 1st to 6th, 8th and 10th CpG sites from the 5’ end of the base sequence SEQ ID NO: 10;
the 1 st to 3rd, 5th to 11 th, 13th, 15th to 19th and 21st to 23rd CpG sites from the 5’ end of the base sequence
SEQ ID NO: 11;
the 1st to 6th, 8th, 10th to 22nd, 25th to 28th and 32nd CpG sites from the 5’ end of the base sequence SEQ
ID NO: 12;
the 1st to 3rd, 7th to 13th, 15th and 19th CpG sites from the 5’ end of the base sequence SEQ ID NO: 13; and
the 1st to 4th, 14th to 16th, 18th, 19th, 21st and 22nd CpG sites from the 5’ end of the base sequence SEQ ID
NO: 14.

13. The kit for determination according to claim 11 or 12, wherein the primer set is at least one selected from:

a primer set of the base sequences SEQ ID NO: 28 and SEQ ID NO: 29;
a primer set of the base sequences SEQ ID NO: 30 and SEQ ID NO: 31;
a primer set of the base sequences SEQ ID NO: 32 and SEQ ID NO: 33;
a primer set of the base sequences SEQ ID NO: 34 and SEQ ID NO: 35;
a primer set of the base sequences SEQ ID NO: 36 and SEQ ID NO: 37;
a primer set of the base sequences SEQ ID NO: 38 and SEQ ID NO: 39;
a primer set of the base sequences SEQ ID NO: 40 and SEQ ID NO: 41;
a primer set of the base sequences SEQ ID NO: 42 and SEQ ID NO: 43;
a primer set of the base sequences SEQ ID NO: 44 and SEQ ID NO: 45;
a primer set of the base sequences SEQ ID NO: 46 and SEQ ID NO: 47;
a primer set of the base sequences SEQ ID NO: 48 and SEQ ID NO: 49;
a primer set of the base sequences SEQ ID NO: 50 and SEQ ID NO: 51; and
a primer set of the base sequences SEQ ID NO: 52 and SEQ ID NO: 53.
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