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DIAGNOSIS KIT AND CHIP FOR BLADDER 
CANCER USING BLADDER CANCER 

SPECIFIC METHYLATION MARKER GENE 

TECHNICAL FIELD 

[0001] The present invention relates to a kit and nucleic 
acid chip for diagnosing bladder cancer using a bladder can 
cer-speci?c marker gene, and more particularly to a kit and 
nucleic acid chip for diagnosing bladder cancer, Which can 
detect the promoter methylation of a bladder cancer-speci?c 
gene, the promoter region of Which is methylated speci?cally 
in transformed cells of bladder cancer. 

BACKGROUND ART 

[0002] Bladder cancer is the most frequent cancer of the 
urinary system and Was found to be caused by many factors. 
It is knoWn that bladder cancer is mainly caused by smoking 
or various chemical substances (paints for leather, air pollut 
ants, arti?cial sWeetening agents, nitrates and the like) Which 
irritate the bladder Wall While they are excreted as urine after 
being absorbed in vivo. 
[0003] As conventional methods for diagnosing bladder 
cancer, a method of ?nding abnormal cells in urine is used, 
but has loW accuracy. Also, cystoscopy comprising inserting 
a catheter into the bladder and collecting suspected tissue 
from the bladder is an invasive method having relatively high 
accuracy. 
[0004] Generally, When bladder cancer is diagnosed at an 
early stage, the survival rate of bladder cancer patients is 
increased, but it is not easy to diagnose bladder cancer at an 
early stage. As a method for diagnosing bladder cancer, a 
method of incising part of the body is currently being used, 
but it has dif?culty in diagnosing bladder cancer at an early 
stage. 
[0005] Bladder cancers are classi?ed, according to invasion 
into the muscular layer of the bladder, into super?cial cancer 
and invasive cancer. Generally, about 30% of patients upon 
diagnosis of bladder cancer are invasive bladder cancer 
patients. 
[0006] Thus, in order to increase the survival period of 
patients, it is the best method to diagnose bladder cancer at 
early stage When the bladder cancer lesions are small. 
Accordingly, there is an urgent need to development a diag 
nostic method more ef?cient than various prior diagnostic 
methods for bladder cancer, that is, a bladder cancer-speci?c 
biomarker Which alloWs early diagnosis of bladder cancer, 
can treat a large amount of samples and has high sensitivity 
and speci?city. 
[0007] Recently, methods of diagnosing cancer through the 
measurement of DNA methylation have been suggested. 
DNA methylation occurs mainly on the cytosine of CpG 
islands in the promoter region of a speci?c gene to interfere 
With the binding of transcription factors, thus silencing the 
expression of the gene. Thus, detecting the methylation of 
CpG islands in the promoter of tumor inhibitory genes greatly 
assists in cancer research. Recently, an attempt has been 
actively made to determine promoter methylation, by meth 
ods such as methylation-speci?c PCR (hereinafter referred to 
as MSP) or automatic DNA sequencing, for the diagnosis and 
screening of cancer. 
[0008] Although there are disputes on Whether the methy 
lation of promoter CpG islands directly induces cancer devel 
opment or causes a secondary change after cancer develop 
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ment, it has been found that tumor suppressor genes, DNA 
repair genes, cell cycle regulatory genes and the line in several 
cancers are hyper-methylated, and thus the expression of 
these genes are silenced. Particularly, it is knoWn that the 
hyper-methylation of the promoter region of a speci?c gene 
occurs at an early stage of cancer development. 
[0009] Thus, the methylation of the promoter methylation 
of tumor-associated genes is an important indication of can 
cer and can be used in many applications, including the diag 
nosis and early diagnosis of cancer, the prediction of cancer 
development, the prediction of prognosis of cancer, folloW-up 
examination after treatment, and the prediction of responses 
to anticancer therapy. Recently, an actual attempt to examine 
the promoter methylation of tumor-as sociated genes in blood, 
sputum, saliva, feces and to use the examined results for 
diagnosis and treatment of various cancers has been actively 
made (Esteller, M. et al., Cancer Res., 59:67, 1999; Sanchez 
CespedeZ, M. et al., Cancer Res., 601892, 2000; Ahlquist, D. 
A. et al., GaslroenleroL, 11911219, 2000). 
[0010] Accordingly, the present inventors have made many 
efforts to develop a diagnostic kit capable of effectively diag 
nosing bladder cancer and, as a result, have found that bladder 
cancer can be diagnosed by measuring the methylation 
degree using as a biomarker the promoter of methylation 
associated genes Which are expressed speci?cally in bladder 
cancer cells, thereby completing the present invention. 

SUMMARY OF INVENTION 

[0011] It is, therefore, an object of the present invention to 
provide a kit for diagnosing bladder cancer, Which comprises 
the methylated promoter or exon region of a bladder cancer 
marker gene. 
[0012] Another object of the present invention is to provide 
a nucleic acid chip for diagnosing bladder cancer, Which 
comprises a probe capable of hybridizing With a fragment 
containing the CpG island of the bladder cancer-speci?c 
marker gene. 
[0013] Still another object of the present invention is to 
provide a method for measuring the methylation of the pro 
moter or exon region of a gene originated from a clinical 
sample. 
[0014] To achieve the above objects, the present invention 
provides a kit for diagnosing bladder cancer, Which comprises 
the methylated promoter or exon region of a bladder cancer 
marker gene selected from the group consisting of: (1) CDX2 
(N Mi001265)icaudal type homeobox transcription factor 
2; (2) CYP1B1 (NMi000104)4cytochrome P450, family 1, 
subfamily B, polypeptide 1; (3) VSXl (NMi199425)ivi 
sual system homeobox 1 homolog, CHXlO-like (Zebra?sh); 
(4) HOXA11 (NMi005523)ihomeobox A11; (5) T (NML 
003181)iT, brachyury homolog (mouse); (6) TBX5 (NMi 
080717)iT-box 5; (7) PENK (NMi00621 1)iproenkepha 
lin; (8) PAQR9 (N Mil 98504)iprogestin and adipoQ 
receptor family member IV; (9) LHX2 (N Mi004789)iLIM 
Homeobox 2; and (10) SIM2 (U80456)isingle-minded 
homog 2 (Drosophila). 
[0015] The present invention also provides a nucleic acid 
chip for diagnosing bladder cancer, Which comprises a probe 
capable of hybridiZing With a fragment containing the CpG 
island of the promoter or exon region of the bladder cancer 
marker gene selected from the group consisting of: (1) CDX2 
(N Mi001265)icaudal type homeobox transcription factor 
2; (2) CYP1B1 (NMi000104)4cytochrome P450, family 1, 
subfamily B, polypeptide 1; (3) VSXl (NMi199425)ivi 
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sual system homeobox 1 homolog, CHXlO-like (zebra?sh); 
(4) HOXA11 (N Mi005523)ihomeobox A11; (5) T (NMi 
003181)iT, brachyury homolog (mouse); (6) TBXS (NMi 
080717)iT-box 5; (7) PENK (N Mi00621 1)iproenkepha 
lin; (8) PAQR9 (NMi198504)iprogestin and adipoQ 
receptor family member IV; (9) LHX2 (N Mi004789)iLIM 
Homeobox 2; and (10) SIM2 (U80456)isingle-minded 
homog 2 (Drosophila). 
[0016] The present invention also provides a method for 
detecting the methylation of the promoter or exon region of a 
clinical sample-originated gene selected from the group con 
sisting of CDX2, CYP1B1, VSXl, HOXA11, T, TBXS, 
PENK, PAQR9, LHX2 and SIM2. 
[0017] Other features and embodiments of the present 
invention Will be more apparent from the folloWing detailed 
description and the appended claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0018] FIG. 1 is a schematic diagram shoWing a process of 
discovering a methylated biomarker for diagnosis of bladder 
cancer from the urinary cells of normal persons and bladder 
cancer patients through CpG micrroarray analysis. 
[0019] FIG. 2 quantitatively shoWs the methylation degree 
obtained through pyro sequencing of 10 methylation biomar 
kers in bladder cancer cell lines. 

[0020] FIG. 3 shoWs measurement results for the methyla 
tion indexes of 10 biomarker genes in clinical samples. FIG. 
3 shoWs measurement results for the methylation degrees of 
10 biomarker genes in the urinary cells of normal persons, 
Cystitis patients, hematuria patients and bladder cancer 
patients. 
[0021] FIG. 4 shoWs the results of receiver operating char 
acteristic (ROC) curve analysis conducted to measure the 
sensitivity and speci?city of each of 10 methylation biomar 
kers for diagnosis of bladder cancer. 
[0022] FIG. 5 shoWs the frequency of methylation in the 
urinary cells of normal persons and bladder cancer patients. 
[0023] FIG. 6 shoWs the methylation pro?le of an optimal 
panel of 6 biomarker genes for bladder cancer diagnosis, 
selected from among 10 biomarkers using logistic regression 
analysis, and shoWs the sensitivity and speci?city of the gene 
panel for diagnosis of bladder cancer. 
[0024] FIG. 7 shoWs the results of PCR performed using the 
methylated DNA-speci?c binding protein MBD in order to 
measure the methylation of the biomarker SIM2 gene for 
bladder cancer cell in bladder cancer cell lines. 

DETAILED DESCRIPTION OF THE INVENTION 
AND PREFERRED EMBODIMENTS 

[0025] In one aspect, the present invention relates to a kit 
for diagnosing bladder cancer, Which comprises the methy 
lated promoter or exon region of a bladder cancer marker 
gene. 
[0026] In another aspect, the present invention relates to a 
nucleic acid chip for diagnosing bladder cancer, Which com 
prises a probe capable of hybridizing With a fragment con 
taining the CpG island of the promoter or exon region of a 
bladder cancer marker gene. 

[0027] In the present invention, the promoter or exon region 
may contain at least one methylated CpG dinucleotide. Also, 
the promoter or exon region is any one of DNA sequences 
represented in SEQ ID NO: 31 to SEQ ID NO: 40. 
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[0028] In the present invention, the probe preferably has a 
size ranging from 10 by to 1 kb, and has a homology With a 
base sequence containing the CpG island of the promoter or 
exon region of a bladder cancer marker gene, such that it can 
hybridize With the base sequence. More preferably, the probe 
has a size of 10-100 bp, and has a homology With a base 
sequence containing the CpG island of the promoter or exon 
region of a bladder cancer marker gene, such that it can 
hybridize With the base sequence in strict conditions. If the 
size of the probe is less than 10 bp, non-speci?c hybridization 
Will occur, and if it is more than 1 kb, the binding betWeen the 
probes Will occur, thus making it dif?cult to read hybridiza 
tion results. 
[0029] A method for screening a methylation marker gene 
according to the present invention comprises the steps of: (a) 
isolating genomic DNAs from transformed cells and non 
transforrned cells; (b) reacting the isolated genomic DNAs to 
With a protein binding to methylated DNA and isolating 
methylated DNAs from the genomic DNAs; and (c) amplify 
ing the isolated methylated DNAs, hybridizing the ampli?ed 
DNAs to CpG microarrays, and selecting a methylation 
marker gene shoWing the greatest difference in methylation 
degree betWeen normal cells and cancer cells among from the 
hybridized genes. 
[0030] By the method for screening the methylation biom 
arker gene, it is possible to screen various genes, Which are 
methylated not only in bladder cancer, but also in various 
dysplasic stages Which progress to bladder cancer. The 
screened genes are also useful for blood cancer screening, 
risk assessment, prognosis, disease identi?cation, disease 
staging, and selection of therapeutic targets. 
[0031] The identi?cation of the methylated gene in bladder 
cancer and abnormalities at various stages enables early diag 
nosis of bladder cancer in an accurate and effective manner, 
and alloWs establishment of methylation data using multiple 
genes and identi?cation of neW therapeutic targets. Addition 
ally, methylation data according to the present invention 
enables establishment of a more accurate system for diagnos 
ing bladder cancer, When it is used together With a method for 
detecting other non-methylation-associated biomarkers. 
[0032] The inventive method enables diagnosis of bladder 
cancer progression at various stages by determining the 
methylation stage of at least one nucleic acid biomarker 
obtained from a sample. When the methylation stage of 
nucleic acid isolated from a sample at each stage of bladder 
cancer is compared With the methylation stage of at least one 
nucleic acid obtained from a sample having no abnormality in 
the cell proliferation of bladder tissue, a certain stage of 
bladder cancer in the sample can be determined. The methy 
lation stage may be hypermethylation. 
[0033] In one embodiment of the present invention, nucleic 
acid can be methylated in the regulatory region of a gene. In 
another embodiment, since methylation begins from the outer 
boundary of the regulatory region of a gene and then spreads 
inWard, detection of methylation at the outer boundary of the 
regulatory region enables early diagnosis of genes Which are 
involved in cell transformation. 
[0034] In still another embodiment of the present invention, 
the cell groWth abnormality (dysplasia) of bladder tissue can 
be diagnosed by detecting the methylation of at least one 
nucleic acid of the folloWing nucleic acids using a kit or a 
nucleic acid chip: CDX2 (N Mi001265, caudal type 
homeobox transcription factor 2); CYP1B1 (NMi000104, 
cytochrome P450, family 1, subfamily B, polypeptide 1); 
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VSXl (NMi199425, visual system homeobox 1 homolog, 
CHX10-like (Zebra?Sh)); HOXA11 (N Mi005523, 
homeobox A11); T (NMi003181, T, brachyury homolog 
(mouse)); TBX5 (NMi080717, T-box 5); PENK (NMi 
00621 1, proenkephalin); and PAQR9 (NMi198504, proges 
tin and adipoQ receptor family member IV); LHX2 (NMi 
004789) LIM Homeobox 2; SIM2 (U80456), single-minded 
homog 2 (Drosophila) gene and combination thereof. 
[0035] The use of the diagnostic kit or nucleic acid chip of 
the present invention can determine the cell growth abnor 
mality of bladder tissue in a sample. The method for deter 
mining the cell groWth abnormality of bladder tissue com 
prises determining the methylation of at least one nucleic acid 
isolated from a sample. In the method, the methylation stage 
of at least one nucleic acid is compared With the methylation 
stage of a nucleic acid isolated from a sample having no cell 
groWth abnormality (dysplasia). 
[0036] The examples of said nucleic acid are folloWs: 
CDX2 (NMi001265, caudal type homeobox transcription 
factor 2); CYP1B1 (NMi000104, cytochrome P450, family 
1, subfamily B, polypeptide 1);VSX1 (NMi199425, visual 
system homeobox 1 homolog, CHX10-like (Zebra?sh)); 
HOXA11 (NMi005523, homeobox A11); T (NMi003181, 
T, brachyury homolog (mouse)); TBX5 (N Mi080717, T-box 
5); PENK (NMi006211, proenkephalin); and PAQR9 
(NMi198504, progestin and adipoQ receptor family mem 
ber IV); LHX2 (N Mi004789) LIM Homeobox 2; SIM2 
(U80456), single-minded homog 2 (Drosophila) gene and 
combination thereof. 

[0037] In still another embodiment of the present invention, 
cells capable of forming bladder cancer can be diagnosed at 
an early stage using the methylation gene marker. When 
genes con?rmed to be methylated in cancer cells are methy 
lated in cells Which seem to be normal clinically or morpho 
logically, the cells that seem to be normal are cells, the car 
cinogenesis of Which is in progress. Thus, bladder cancer can 
be diagnosed at an early stage by detecting the methylation of 
bladder cancer-speci?c genes in the cells that seem to be 
normal. 
[0038] The use of the methylation marker gene of the 
present invention enables detection of the cell groWth abnor 
mality (dysplasia progression) of bladder tissue in a sample. 
The method for detecting the cell groWth abnormality (dys 
plasia progression) of bladder tissue comprises bringing at 
least one nucleic acid isolated from a sample into contact With 
an agent capable of determining the methylation status of the 
nucleic acid. The method comprises determining the methy 
lation status of at least one region in at least one nucleic acid, 
and the methylation status of the nucleic acid differs from the 
methylation status of the same region in a nucleic acid iso 
lated from a sample having no cell groWth abnormality (dys 
plasia progression) of bladder tissue. 
[0039] In still another embodiment of the present invention, 
transformed bladder cancer cells can be detected by examin 
ing the methylation of a marker gene using the above-de 
scribed kit or nucleic acid chip. 
[0040] In still another embodiment of the present invention, 
bladder cancer can be diagnosed by examining the methyla 
tion of a marker gene using the above-described kit or nucleic 
acid chip. 
[0041] In still another embodiment of the present invention, 
the likelihood of progression to bladder cancer can be diag 
nosed by examining the methylation of a marker gene With 
the above-described kit or nucleic acid chip in a sample 
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shoWing a normal phenotype. The sample may be solid or 
liquid tissue, cell, urine, serum or plasma. 
[0042] In still another aspect, the present invention relates 
to a method for detecting the promoter methylation of a 
clinical sample-originated gene. 
[0043] In the present invention, the method for measuring 
the promoter methylation of a clinical sample-originated 
gene may be selected from the group consisting of PCR, 
methylation speci?c PCR, real-time methylation speci?c 
PCR, PCR using a methylated DNA-speci?c binding protein, 
quantitative PCR, pyrosequencing and bisul?te sequencing, 
and the clinical sample is preferably a tissue, cell, blood or 
urine originated from patients suspected of cancer or subjects 
to be diagnosed. 
[0044] In the present invention, the method for detecting 
the promoter methylation of the gene comprises the steps of: 
(a) isolating a sample DNA from a clinical sample; (b) ampli 
fying the isolated DNA With primers capable of amplifying a 
fragment containing the promoter CpG island of a gene 
selected from the group consisting of CDX2, CYPlBl, 
VSXl, HOXA11, T, TBX5, PENK, PAQR9, LHX2 and 
SIM2; and (c) determining the promoter methylation of the 
DNA on the basis of Whether the DNA has been ampli?ed or 
not in step (b). 
[0045] In another embodiment of the present invention, the 
likelihood of development of tissue to bladder cancer can be 
evaluated by examining the methylation frequency of a gene 
Which is methylated speci?cally in bladder cancer and deter 
mining the methylation frequency of tissue having the likeli 
hood of progression to bladder cancer. 

[0046] As used herein, “cell conversion” refers to the 
change in characteristics of a cell from one form to another 
such as from normal to abnormal, non-tumorous to tumorous, 
undifferentiated to differentiated, stem cell to non-stem cell. 
Further, the conversion may be recogniZed by morphology of 
the cell, phenotype of the cell, biochemical characteristics 
and so on. 

[0047] As used herein, the term “early diagnosis” of cancer 
refers to discovering the likelihood of cancer before metasta 
sis. Preferably, it refers to discovering the likelihood of cancer 
before a morphological change in a sample tissue or cell is 
observed. Additionally, the term “early diagnosis” of trans 
formation the high probability of a cell to undergo transfor 
mation in its early stages before the cell is morphologically 
designated as being transformed. 
[0048] As used herein, the term “hypermethylation” refers 
to the methylation of CpG islands. 
[0049] As used herein, the term “sample” or “biological 
sample” is referred to in its broadest sense, and includes any 
biological sample obtained from an individual, body ?uid, 
cell line, tissue culture or other sources, according to the type 
of analysis that is to be performed. Methods of obtaining body 
?uid and tissue biopsy from mammals are generally Widely 
knoWn. A preferred source is bladder biopsy. 

Screening for Methylation Regulated Biomarkers 

[0050] The present invention is directed to a method of 
determining biomarker genes that are methylated When the 
cell or tissue is converted or changed from one type of cell to 
another. As used herein, “converted” cell refers to the change 
in characteristics of a cell or tissue from one form to another 
such as from normal to abnormal, non-tumorous to tumorous, 
undifferentiated to differentiated and so on. 
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[0051] In one Example of the present invention, urinary 
cells Were isolated from the urine of normal persons and 
bladder cancer patients, and then genomic DNAs Were iso 
lated from the urinary cells. In order to obtain only methy 
lated DNAs from the genomic DNAs, the genomic DNAs 
Were alloWed to react With McrBt binding to methylated 
DNA, and then methylated DNAs binding to the McrBt pro 
tein Were isolated. The isolated methylated DNAs binding to 
the McrBt protein Were ampli?ed, and then the DNAs origi 
nated from the normal persons Were labeled With Cy3, and the 
DNAs originated from the bladder cancer patients Were 
labeled With Cy5. Then, the DNAs Were hybridiZed to human 
CpG-island microarrays, and 10 genes shoWing the greatest 
difference in methylation degree betWeen the normal persons 
and the bladder cancer patients Were selected as biomarkers. 
[0052] In the present invention, in order to further con?rm 
Whether the 10 biomarkers have been methylated, pyrose 
quencing Was performed. 
[0053] Speci?cally, total genomic DNA Was isolated from 
the bladder cell lines RT-4, J82, HTll97 and HT1376 and 
treated With bisul?te. The genomic DNA converted With 
bisul?te Was ampli?ed. Then, the ampli?ed PCR product Was 
subjected to pyrosequencing in order to measure the methy 
lation degree of the genes. As a result, it could be seen that the 
10 biomarkers Were all methylated. 

Biomarker for Bladder Cancer 

[0054] The present invention provides a biomarker for 
diagnosing bladder cancer. 
Biomarkers for Bladder CanceriUsing Cancer Cells for 
Comparison With Normal Cells 
[0055] In one embodiment of the present invention, it is 
understood that “normal” cells are those that do not shoW any 
abnormal morphological or cytological changes. “Tumor” 
cells mean cancer cells. “Non-tumor” cells are those cells that 
Were part of the diseased tissue but Were not considered to be 
the tumor portion. 
[0056] In one aspect, the present invention is based on the 
relationship betWeen bladder cancer and the hypermethyla 
tion of the promoter or exon region of the following 10 genes: 
CDX2 (NMi00l265, caudal type homeobox transcription 
factor 2); CYPl Bl (NMfOOOl 04, cytochrome P450, family 
1, subfamily B, polypeptide l); VSXl (NMil99425, visual 
system homeobox l homolog, CHXlO-like (Zebra?sh)); 
HOXAll (NMi005523, homeobox Al 1); T (NMi003 181 , 
T, brachyury homolog (mouse)); TBX5 (N Mi0807l7, T-box 
5); PENK (NMi0062l l, proenkephalin); and PAQR9 
(NMil 98504, progestin and adipoQ receptor family mem 
ber IV); LHX2 (N Mi004789)iLIM Homeobox 2; and 
SIM2 (U80456)isingle-minded homolog 2 (Drosophila); 
gene. 
[0057] With other applications of the diagnostic kit or 
nucleic acid chip of the present invention, the invention can 
diagnose a cellular proliferative disorder of bladder tissue in 
a subject by determining the state of methylation of one or 
more nucleic acids isolated from the subject, Wherein the state 
of methylation of one or more nucleic acids as compared With 
the state of methylation of one or more nucleic acids from a 
subject not having the cellular proliferative disorder of blad 
der tissue is indicative of a cellular proliferative disorder of 
bladder tissue in the subject. A preferred nucleic acid is a 
CpG-containing nucleic acid, such as a CpG island. 
[0058] With other applications of the diagnostic kit or 
nucleic acid chip of the present invention, the cell groWth 
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abnormality of bladder tissue in a subject can be diagnosed 
comprising determining the methylation of one or more 
nucleic acids isolated from the subject. Said nucleic acid is 
preferably encoding the folloWings: CDX2 (NMi00l265, 
caudal type homeobox transcription factor 2); CYPlBl 
(N Mi000l04, cytochrome P450, family 1, subfamily B, 
polypeptide l); VSXl (N Mil99425, visual system 
homeobox l homolog, CHXlO-like (Zebra?sh)); HOXAll 
(NMi005523, homeobox Al 1); T (NMi003l8l, T, 
brachyury homolog (mouse)); TBX5 (NMi0807l7, T-box 
5); PENK (N Mi0062l l, proenkephalin); and PAQR9 
(NMil98504, progestin and adipoQ receptor family mem 
ber IV); LHX2 (N Mi004789)iLIM Homeobox 2; and 
SIM2 (U80456)isingle-minded homolog 2 (Drosophila); 
gene and combinations thereof. The state of methylation of 
one or more nucleic acids as compared With the state of 
methylation of said nucleic acid from a subject not having a 
predisposition to the cellular proliferative disorder of bladder 
tissue is indicative of a cell proliferative disorder of bladder 
tissue in the subject. 
[0059] As used herein, “predisposition” refers to an 
increased likelihood that an individual Will have a disorder. 
Although a subject With a predisposition does not yet have the 
disorder, there exists an increased propensity to the disease. 
[0060] Another embodiment of the invention provides a 
method for diagnosing a cellular proliferative disorder of 
bladder tissue in a subject comprising contacting a nucleic 
acid-containing specimen from the subject With an agent that 
provides a determination of the methylation state of nucleic 
acids in the specimen, and identifying the methylation state of 
at least one region of at least one nucleic acid, Wherein the 
methylation state of at least one region of at least one nucleic 
acid that is different from the methylation state of the same 
region of the same nucleic acid in a subject not having the 
cellular proliferative disorder is indicative of a cellular pro 
liferative disorder of bladder tissue in the subject. 
[0061] The inventive method includes determining the state 
of methylation of one or more regions of one or more nucleic 
acids isolated from the subject. The phrases “nucleic acid” or 
“nucleic acid sequence” as used herein refer to an oligonucle 
otide, nucleotide, polynucleotide, or to a fragment of any of 
these, to DNA or RNA of genomic or synthetic origin Which 
may be single-stranded or double-stranded, to DNA or RNA 
of genomic or synthetic origin Which may represent a sense or 
antisense strand, peptide nucleic acid (PNA), or to any DNA 
like or RNA-like material of natural or synthetic origin. As 
Will be understood by those of skill in the art, When the nucleic 
acid is RNA, the deoXynucleotidesA, G, C, andT are replaced 
by ribonucleotides A, G, C, and U, respectively. 
[0062] The nucleic acid of interest can be any nucleic acid 
Where it is desirable to detect the presence of a differentially 
methylated CpG island. The CpG island is a CpG rich region 
of a nucleic acid sequence. 

Methylation 

[0063] Any nucleic acid sample, in puri?ed or nonpuri?ed 
form, can be utiliZed in accordance With the present inven 
tion, provided it contains or is suspected of containing, a 
nucleic acid sequence containing a target locus (e.g., CpG 
containing nucleic acid). One nucleic acid region capable of 
being differentially methylated is a CpG island, a sequence of 
nucleic acid With an increased density relative to other nucleic 
acid regions of the dinucleotide CpG. The CpG doublet 
occurs in vertebrate DNA at only about 20% of the frequency 
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that Would be expected from the proportion of G*C base 
pairs. In certain regions, the density of CpG doublets reaches 
the predicted value; it is increased by ten fold relative to the 
rest of the genome. CpG islands have an average G*C content 
of about 60%, and general DNA have an average G*C con 
tents of about 40%. The islands take the form of stretches of 
DNA typically about one to tWo kilobases long. There are 
about 45,000 such islands in the human genome. 
[0064] In many genes, the CpG islands begin just upstream 
of a promoter and extend doWnstream into the transcribed 
region. Methylation of a CpG island at a promoter usually 
prevents expression of the gene. The islands can also sur 
round the 5' region of the coding region of the gene as Well as 
the 3' region of the coding region. Thus, CpG islands can be 
found in multiple regions of a nucleic acid sequence including 
upstream of coding sequences in a regulatory region includ 
ing a promoter region, in the coding regions (e. g., exons), in 
doWnstream of coding regions, for example, enhancer 
regions, and in introns. 
[0065] In general, the CpG-containing nucleic acid is 
DNA. HoWever, invention methods may employ, for 
example, samples that contain DNA, or DNA and RNA, 
including messenger RNA, Wherein DNA or RNA may be 
single stranded or double stranded, or a DNA-RNA hybrid 
may be included in the sample. 
[0066] A mixture of nucleic acids may also be employed. 
The speci?c nucleic acid sequence to be detected may be a 
fraction of a larger molecule or can be present initially as a 
discrete molecule, so that the speci?c sequence constitutes 
the entire nucleic acid. It is not necessary that the nucleic acid 
sequence is present initially in a pure form, the nucleic acid 
may be a minor fraction of a complex mixture, such as con 
tained in Whole human DNA. The nucleic acid-containing 
sample used for determination of the state of methylation of 
nucleic acids contained in the sample or detection of methy 
lated CpG islands may be extracted by a variety of techniques 
such as that described by Sambrook, et al. (Molecular Clon 
ing: A Laboratory Manual, Cold Spring Harbor, N.Y., 1989; 
incorporated in its entirety herein by reference). 
[0067] Anucleic acid can containaregulatory region Which 
is a region of DNA that encodes information or controls 
transcription of the nucleic acid. Regulatory regions include 
at least one promoter. A “promoter” is a minimal sequence 
suf?cient to direct transcription, to render promoter-depen 
dent gene expression controllable for cell-type speci?c, tis 
sue-speci?c, or inducible by external signals or agents. Pro 
moters may be located in the 5' or 3' regions of the gene. 
Promoter regions, in Whole or in part, of a number of nucleic 
acids can be examined for sites of CpG-island methylation. 
Moreover, it is generally recogniZed that methylation of the 
target gene promoter proceeds naturally from the outer 
boundary inWard. Therefore, early stage of cell conversion 
can be detected by assaying for methylation in these outer 
areas of the promoter region. 
[0068] Nucleic acids isolated from a subject are obtained in 
a biological specimen from the subject. If it is desired to 
detect bladder cancer or stages of bladder cancer progression, 
the nucleic acid may be isolated from bladder tissue by scrap 
ing or taking a biopsy. These specimens may be obtained by 
various medical procedures knoWn to those of skill in the art. 
[0069] In one aspect of the invention, the state of methyla 
tion in nucleic acids of the sample obtained from a subject is 
hypermethylation compared With the same regions of the 
nucleic acid in a subject not having the cellular proliferative 
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disorder of bladder tissue. Hypermethylation, as used herein, 
is the presence of methylated alleles in one or more nucleic 
acids. Nucleic acids from a subject not having a cellular 
proliferative disorder of bladder tissues contain no detectable 
methylated alleles When the same nucleic acids are examined. 

Sample 

[0070] The present invention describes early diagnosis of 
bladder cancer and utiliZes the methylation of bladder cancer 
speci?c genes. The methylation of bladder cancer-speci?c 
genes also occurred in tissue near tumor sites. Therefore, in 
the method for early diagnosis of bladder cancer, the methy 
lation of bladder cancer-speci?c genes can be detected by 
examining all samples including liquid or solid tissue. The 
samples include, but are not limited to, tissue, cell, urine, 
serum or plasma. 

Individual Genes and Panel 

[0071] It is understood that the present invention may be 
practiced using each gene separately as a diagnostic or prog 
nostic marker, or a feW marker genes combined into a panel 
display format so that several marker genes may be detected 
to increase reliability and e?iciency. Further, any of the genes 
identi?ed in the present application may be used individually 
or as a set of genes in any combination With any of the other 
genes that are recited in the application. Also, genes may be 
ranked and Weighted according to their importance together 
With the number of genes that are methylated, and a level of 
likelihood of development to cancer can be assigned. Such 
algorithms are Within the scope of the present invention. 

Methylation Detection Methods 

Methylation Speci?c PCR 

[0072] When genomic DNA is treated With bisul?te, the 
methylated cytosine in the 5'-CpG'-3 region remains Without 
changes, and unmethylated cytosine is changed to uracil. 
Thus, for a base sequence modi?ed by bisul?te treatment, 
PCR primers corresponding to regions in Which a 5'-CpG-3' 
base sequence is present Were constructed. Herein, tWo kinds 
of primers corresponding to the methylated case and the 
unmethylated case Were constructed. When genomic DNA is 
modi?ed With bisul?te and then subjected to PCR using the 
tWo kinds of primers, in the case in Which the DNA is methy 
lated, a PCR product is made from the DNA in Which the 
primers corresponding to the methylated base sequence are 
used. In contrast, in the case in Which the gene is unmethy 
lated, a PCR product is made from the DNA in Which the 
primers corresponding to the unmethylated base sequence are 
used. The methylation of DNA can be qualitatively analyZed 
using agarose gel electrophoresis. 
[0073] Real-Time Methylation-Speci?c PCR 
[0074] Real-time methylation-speci?c PCR is a real-time 
measurement method modi?ed from methylation-speci?c 
PCR, and comprises treating genomic DNA With bisul?te, 
designing PCR primers corresponding to the methylated case 
and performing real-time PCR using the primers. Herein, 
methods of detecting methylation include tWo methods: a 
method of performing detection using a TanMan probe 
complementary to the ampli?ed base sequence, and a method 
of performing detection using Sybergreen. Thus, real-time 
methylation-speci?c PCR selectively quantitatively analyZe 
only DNA. Herein, a standard curve Was prepared using an in 
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vitro methylated DNA sample, and for standardization, a 
gene having no 5'-CpG-3' sequence in the base sequence Was 
also ampli?ed as a negative control group and Was quantita 
tively analyzed for the methylation degree. 

Pyro sequencing 

[0075] Pyrosequencing is a real-time sequencing method 
modi?ed from a bisul?te sequencing method. In the same 
manner as bisul?te sequencing, genomic DNA Was modi?ed 
by bisul?te treatment, and then primers corresponding to a 
region having no 5'-CpG-3' base sequence Were constructed. 
After the genomic DNA had been treated With bisul?te, it Was 
ampli?ed With the PCR primers, and then subjected to real 
time sequence analysis using sequencing primers. The 
amounts of cytosine and thymine in the 5'-CpG-3' region Were 
quantitatively analyZed, and the methylation degree Was 
expressed as a methylation index. 

PCR or Quantitative PCR Using Methylated DNA-Speci?c 
Binding Protein and DNA Chip 

[0076] In a PCR or DNA chip method using a methylated 
DNA-speci?c binding protein, When a protein binding spe 
ci?cally only to methylated DNA is mixed With DNA, the 
protein binds speci?cally only to methylated DNA, and thus 
only methylated DNA can be isolated. In the present inven 
tion, genomic DNA Was mixed With a methylated DNA 
speci?c binding protein, and then only methylated DNA Was 
selectively isolated. The isolated DNA Was ampli?ed using 
PCR primers corresponding to the promoter region thereof, 
and then the methylation of the DNA Was measured by aga 
rose gel electrophoresis. 
[0077] In addition, the methylation of DNA can also be 
measured by a quantitative PCR method. Speci?cally, methy 
lated DNA isolated using a methylated DNA-speci?c binding 
protein can be labeled With a ?uorescent dye and hybridiZed 
to a DNA chip in Which complementary probes are integrated, 
thus measuring the methylation of the DNA. Herein, the 
methylated DNA-speci?c binding protein is not limited to 
McrBt. 

Detection of Differential Methylation-Methylation Sensitive 
Restriction Endonuclease 

[0078] Detection of differential methylation can be accom 
plished by contacting a nucleic acid sample With a methyla 
tion sensitive restriction endonuclease that cleaves only unm 
ethylated CpG sites under conditions and for a time to alloW 
cleavage of unmethylated nucleic acid. 
[0079] In a separate reaction, the sample is further con 
tacted With an isoschiZomer of the methylation sensitive 
restriction endonuclease that cleaves both methylated and 
unmethylated CpG-sites under conditions and for a time to 
alloW cleavage of methylated nucleic acid. 
[0080] Speci?c primers are added to the nucleic acid 
sample under conditions and for a time to alloW nucleic acid 
ampli?cation to occur by conventional methods. The pres 
ence of ampli?ed product in the sample digested With methy 
lation sensitive restriction endonuclease but absence of an 
ampli?ed product in sample digested With an isoschiZomer of 
the methylation sensitive restriction enZyme endonuclease 
that cleaves both methylated and unmethylated CpG-sites 
indicates that methylation has occurred at the nucleic acid 
region being assayed. HoWever, lack of ampli?ed product in 
the sample digested With methylation sensitive restriction 
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endonuclease together With lack of an ampli?ed product in 
the sample digested With an isoschiZomer of the methylation 
sensitive restriction enZyme endonuclease that cleaves both 
methylated and unmethylated CpG-sites indicates that 
methylation has not occurred at the nucleic acid region being 
assayed. 
[0081] As used herein, a “methylation sensitive restriction 
endonuclease” is a restriction endonuclease that includes CG 
as part of its recognition site and has altered activity When the 
C is methylated as compared to When the C is not methylated 
(e.g., Sma I). Non-limiting examples of methylation sensitive 
restriction endonucleases include MspI, HpaII, BssHII, 
BstUI and Nod. Such enZymes can be used alone or in com 
bination. Other methylation sensitive restriction endonu 
cleases such as SacII and EagI may be applied to the present 
invention, but are not limited to these enZymes. 
[0082] An “isoschiZomer” of a methylation sensitive 
restriction endonuclease is a restriction endonuclease that 
recogniZes the same recognition site as a methylation sensi 
tive restriction endonuclease but cleaves both methylated 
CGs and unmethylated CGs, such as for example, MspI. 
[0083] Primers of the invention are designed to be “sub 
stantially” complementary to each strand of the locus to be 
ampli?ed and include the appropriate G or C nucleotides as 
discussed above. This means that the primers must be su?i 
ciently complementary to hybridiZe With their respective 
strands under conditions that alloW the agent for polymeriZa 
tion to perform. Primers of the invention are employed in the 
ampli?cation process, Which is an enZymatic chain reaction 
that produces exponentially increasing quantities of target 
locus relative to the number of reaction steps involved (e. g., 
polymerase chain reaction (PCR)). Typically, one primer is 
complementary to the negative (—) strand of the locus (anti 
sense primer) and the other is complementary to the positive 
(+) strand (sense primer). Annealing the primers to denatured 
nucleic acid folloWed by extension With an enZyme, such as 
the large fragment of DNA Polymerase I (KlenoW) and nucle 
otides, results in neWly synthesiZed + and — strands contain 
ing the target locus sequence. Because these neWly synthe 
siZed sequences are also templates, repeated cycles of 
denaturing, primer annealing, and extension results in expo 
nential production of the region (i.e., the target locus 
sequence) de?ned by the primer. The product of the chain 
reaction is a discrete nucleic acid duplex With termini corre 
sponding to the ends of the speci?c primers employed. 
[0084] Preferably, the method of amplifying is by PCR, as 
described herein and as is commonly used by those of ordi 
nary skill in the art. HoWever, alternative methods of ampli 
?cation have been described and can also be employed such 
as real time PCR or linear ampli?cation using isothermal 
enZyme. Multiplex ampli?cation reactions may also be used. 

Detection of Differential Methylation-Biful?te Sequencing 
Method 

[0085] Another method for detecting a methylated CpG 
containing nucleic acid includes contacting a nucleic acid 
containing specimen With an agent that modi?es unmethy 
lated cytosine, amplifying the CpG-containing nucleic acid in 
the specimen by means of CpG-speci?c oligonucleotide 
primers, Wherein the oligonucleotide primers distinguish 
betWeen modi?ed methylated and non-methylated nucleic 
acid and detecting the methylated nucleic acid. The ampli? 
cation step is optional and although desirable, is not essential. 
The method relies on the PCR reaction itself to distinguish 
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between modi?ed (e. g., chemically modi?ed) methylated and 
unmethylated DNA. Such methods are described in US. Pat. 
No. 5,786,146, the contents of Which are incorporated herein 
in their entirety especially as they relate to the bisul?te 
sequencing method for detection of methylated nucleic acid. 

Substrates 

[0086] Once the target nucleic acid region is ampli?ed, the 
nucleic acid can be hybridized to a knoWn gene probe immo 
bilized on a solid support to detect the presence of the nucleic 
acid sequence. 

[0087] As used herein, “substrate,” When used in reference 
to a substance, structure, surface or material, means a com 
position comprising a nonbiological, synthetic, nonliving, 
planar, spherical or ?at surface that is not heretofore knoWn to 
comprise a speci?c binding, hybridization or catalytic recog 
nition site or a plurality of different recognition sites or a 
number of different recognition sites Which exceeds the num 
ber of different molecular species comprising the surface, 
structure or material. The substrate may include, for example 
and Without limitation, semiconductors, synthetic (organic) 
metals, synthetic semiconductors, insulators and dopants; 
metals, alloys, elements, compounds and minerals; synthetic, 
cleaved, etched, lithographed, printed, machined and micro 
fabricated slides, devices, structures and surfaces; industrial 
polymers, plastics, membranes; silicon, silicates, glass, met 
als and ceramics; Wood, paper, cardboard, cotton, Wool, cloth, 
Woven and nonWoven ?bers, materials and fabrics. 

[0088] Several types of membranes are knoWn to one of 
skill in the art for adhesion of nucleic acid sequences. Speci?c 
non-limiting examples of these membranes include nitrocel 
lulose or other membranes used for detection of gene expres 
sion such as polyvinylchloride, diazotized paper and other 
commercially available membranes such as GENE 
SCREENTM, ZETAPROBETM (Biorad), and NYTRANTM. 
Beads, glass, Wafer and metal substrates are included. Meth 
ods for attaching nucleic acids to these objects are Well knoWn 
to one of skill in the art. Alternatively, screening can be done 
in liquid phase. 

Hybridization Conditions 

[0089] In nucleic acid hybridization reactions, the condi 
tions used to achieve a particular level of stringency Will vary, 
depending on the nature of the nucleic acids being hybridized. 
For example, the length, degree of homology, nucleotide 
sequence composition (e.g., GC/AT content), and nucleic 
acid type (e.g., RNA, DNA) of the hybridizing regions of the 
nucleic acids can be considered in selecting hybridization 
conditions. An additional consideration is Whether one of the 
nucleic acids is immobilized, for example, on a ?lter. 

[0090] An example of progressively higher stringency con 
ditions is as folloWs: 2><SSC/0.1% SDS at about room tem 

perature (hybridization conditions); 0.2><SSC/0.1% SDS at 
about room temperature (loW stringency conditions); 0.2x 
SSC/0.1% SDS at about 42° C. (moderate stringency condi 
tions); and 0.1><SSC at about 68° C. (high stringency condi 
tions). Washing can be carried out using only one of these 
conditions, e.g., high stringency conditions, or each of the 
conditions can be used, e.g., for 10-15 minutes each, in the 
order listed above, repeating any or all of the steps listed. 
HoWever, as mentioned above, optimal conditions Will vary, 
depending on the particular hybridization reaction involved, 
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and can be determined empirically. In general, conditions of 
high stringency are used for the hybridization of the probe of 
interest. 

Label 

[0091] The probe of interest can be detectably labeled, for 
example, With a radioisotope, a ?uorescent compound, a 
bioluminescent compound, a chemiluminescent compound, a 
metal chelator, or an enzyme. Those of ordinary skill in the art 
Will knoW of other suitable labels for binding to the probe, or 
Will be able to ascertain such, using routine experimentation. 

Kit 

[0092] In accordance With the present invention, there is 
provided a kit useful for the detection of a cellular prolifera 
tive disorder in a subject. Kits according to the present inven 
tion include a carrier means compartmentalized to receive a 
sample therein, one or more containers comprising a ?rst 
container containing a reagent Which sensitively cleaves 
unmethylated cytosine, a second container containing prim 
ers for ampli?cation of a CpG-containing nucleic acid, and a 
third container containing a means to detect the presence of 
cleaved or uncleaved nucleic acid. Primers contemplated for 
use in accordance With the invention include those set forth in 
SEQ ID NOS: 1-20, and any functional combination and 
fragments thereof. Functional combination or fragment refers 
to its ability to be used as a primer to detect Whether methy 
lation has occurred on the region of the genome sought to be 
detected. 
[0093] Carrier means are suited for containing one or more 
container means such as vials, tubes, and the like, each of the 
container means comprising one of the separate elements to 
be used in the method. In vieW of the description provided 
herein of invention methods, those of skill in the art can 
readily determine the apportionment of the necessary 
reagents among the container means. For example, one of the 
container means can comprise a container containing methy 
lation sensitive restriction endonuclease. One or more con 
tainer means can also be included comprising a primer 
complementary to the nucleic acid locus of interest. In addi 
tion, one or more container means can also be included con 

taining an isoschizomer of the methylation sensitive restric 
tion enzyme. 

EXAMPLES 

[0094] Hereinafter, the present invention Will be described 
in further detail With reference to examples. It is to be under 
stood, hoWever, that these examples are for illustrative pur 
poses only and are not to be construed to limit the scope of the 
present invention. 

Example 1 

Discovery of Bladder Cancer-Speci?c Methylated 
Genes 

[0095] In order to screen biomarkers Which are methylated 
speci?cally in bladder cancer, about 20 ml of the urine of each 
of 10 bladder cancer patients and 10 normal persons Was 
centrifuged in a centrifuge (Hanil Science Industrial Co., 
Ltd., Korea) at 4,200><g for 10 minutes to isolate urinary cells. 
The supernatant Was discarded, and the cell precipitate Was 
Washed tWice With 5 ml of PBS. Genomic DNA Was isolated 
from the cell precipitate using the QIAamp DNA Mini kit 
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(QIAGEN, USA). 500 ng of the isolated genomic DNA Was 
sonicated (Vibra Cell, SONICS), thus constructing about 
200-300-bp-genomic DNA fragments. 
[0096] To obtain only methylated DNA from the genomic 
DNA, a methyl binding domain (MBD) knoWn to bind to 
methylated DNA (Fraga et al., Nucleic Acid Res., 31:1765 
1774, 2003) Was used. Speci?cally, 2 pg of 6><His-tagged 
MBD Was pre-incubated With 500 ng of the genomic DNA of 
E. coli JM110 (No. 2638, Biological Resource Center, Korea 
Research Institute of Bioscience & Biotechnology), and then 
bound to Ni-NTA magnetic beads (Qiagen, USA). 500 ng of 
the sonicated genomic DNA isolated from the urinary cells of 
the normal persons and the bladder cancer patients Was 
alloWed to react With the beads in the presence of binding 
buffer solution (10 mM Tris-HCl (pH 7.5), 50 mM NaCl, 1 
mM EDTA, 1 mM DTT, 3 mM MgCl2, 0.1% Triton-X100, 
5% glycerol, 25 mg/ml BSA) at 40 C. for 20 minutes. Then, 
the beads Were Washed three times With 500 pL of a binding 
buffer solution containing 700 mM NaCl, and then methy 
lated DNA bound to the MBD Was isolated using the 
QiaQuick PCR puri?cation kit (QIAGEN, USA). 
[0097] Then, the methylated DNAs bound to the MBD 
Were ampli?ed using a genomic DNA ampli?cation kit 
(Sigma, USA, Cat. No. WGA2), and 4 pg of the ampli?ed 
DNAs Were labeled With Cy3 for the normal person-origi 
nated DNA and With Cy5 for the bladder cancer patient 
originated DNA using the BioPrime Total Genomic Labeling 
system I (Invitrogen Corp., USA). The DNA of the normal 
persons and the DNA of the bladder patients Were mixed With 
each other, and then hybridized to 244K human CpG microar 
rays (Agilent, USA) (FIG. 1). After the hybridization, the 
DNA mixture Was subjected to a series of Washing processes, 
and then scanned using anAgilent scanner. The calculation of 
signal values from the microarray images Was performed by 
calculating the relative difference in signal strength betWeen 
the normal person sample and the bladder cancer patient 
sample using Feature Extraction program V. 9.5 .3 .1 (Agilent). 
[0098] In order to select unmethylated spots from the nor 
mal sample, the Whole Cy3 signal values Were averaged, and 
then spots having a signal value of less than 10% of the 
averaged value Were regarded as those unmethylated in the 
samples of the normal persons. As a result, 41,674 spots 
having a Cy3 signal value of less than 65 Were selected. 
[0099] In order to select the methylated spots in the samples 
of the bladder cancer patients from among the 41 ,674 spots, 
spots having a Cy5 signal value of more than 130 Were 
regarded as the methylated spots in bladder cancer. As a 
result, 631 spots having a Cy5 signal value of more than 130 
Were selected. From these spots, 227 genes corresponding to 
the promoter region Were secured as bladder cancer-speci?c 
methylated genes. 
[0100] From the genes, 10 genes (CDX2, CYP1B1, 
VSX16, HOXA11, T, TBX5, PENK, PAQR9, LHX2, and 
SIM2) shoWing the greatest relative difference betWeen 
methylation degree of the normal persons and that of the 
bladder cancer patients Were selected, and the presence of 
CpG islands in the promoter region of the 10 genes Was 
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con?rmed using MethPrimer (http:// itsa.ucsf.edu/~urolab/ 30 
methprimer/index1.html). The 10 genes Were secured as 
methylation biomarkers for diagnosis of bladder cancer. The 
list of the 10 genes and the relative methylation degree thereof 
in the urinary cells of the bladder patients relative to those of 
the normal persons are shoWn in Table 1 beloW. 

TABLE 1 

10 methylation biomarkers for diaQno i ofbladder cancer 

Biomarker 
for bladder GenBank Relative 
cancer No. Description methylation“ 

CDX2 NMi001265 caudal type homeobox 11.0 
transcription factor 2 

CYP 1B1 NMi000104 cytochrome P450, family 1, 14. 6 
subfamily B, polypeptide 1 

VSXl NMi199425 visual system homeobox 1 33.4 
homolog, CHXlO-like 
(zebra?sh) 

HOXAll NMi005523 homeobox All 14.2 
T NMi003181 T, brachyury homolog 51.4 

(mouse) 
TBX5 NMi080717 T-box 5 18.7 
PENK NMi00621 1 Proenkephalin 12.7 
PAQR9 NMi198504 progestin and adipoQ receptor 4.1 

family member IX 
LHX2 NMi004789 LIM Homeobox 2 5.8 
SIM2 U80456 Single-minded homolog 2 9.5 

(Drosophila) 

“Relative methylation degree between the normal sample and the bladder patient sample, 
calculated by dividing the average signal (Cy5) value in the bladder cancer patient sample in 
CpG microarrays by the average signal (Cy5) value in the normal person sample. 

Example 2 

Measurement of Methylation of Biomarker Genes in 
Cancer Cell Lines 

[0101] In order to further determine the methylation status 
of the 10 genes, bisul?te sequencing for each promoter Was 
performed. 
[0102] In order to modify unmethylated cytosine to uracil 
using bisul?te, total genomic DNA Was isolated from the 
bladder cancer cell lines RT-4 (Korean Cell Line Bank 
(KCLB 30002), J82 (KCLB 30001), HT1197 (KCLB 21473) 
and HT1376 (KCLB 21472), and 200 ng of the genomic DNA 
Was treated With bisul?te using the EZ DNA methylation 
gold kit (Zymo Research, USA). When DNA is treated With 
bisul?te, unmethylated cytosine is modi?ed to uracil, and the 
methylated cytosine remains Without changes. The DNA 
treated With bisul?te Was eluted in 20 ul of sterile distilled 
Water and subjected to pyrosequencing. 
[0103] PCR and sequencing primers for performing 
pyrosequencing for the 10 genes Were designed using the 
PSQ assay design program (Biotage, USA). The PCR and 
sequencing primers for measuring the methylation of each 
gene are shoWn in Tables 2 and 3 beloW. 

TABLE 2 

Primers and condit ions 

SEQ ID CpG Amplicon 
Gene Primer Sequence (5 ‘ —>3 ‘) NO: position“ size 

CDX2 forward TGGTGTTTGTGTTATTATTAATAG 1 —l3 8 , —l2 9 , l2 9 bp 

reverse Biotin-CACCTCCTTCCCACTAAACTA 2 
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TABLE 2 —continued 

Primers and conditions 

SEQ ID CpG Amplicon 
Gene Primer Sequence (5 ‘ —>3 ‘) NO: position“ size 

CYP1B1 forward GTAAGGGTATGGGAATTGA 3 +73 , +83 , 90 bp 

reverse Biotin-CCCTTAAAAACCTAACAAAATC 4 +105 

VSXl forward GGAGTGGGATTGAGGAGATTT 5 —1121, —1114 , 89 bp 

reverse Biotin-AAACCCAACCAACCCTCAT 6 —1104 , 1100 

HOXAll forward AGTAAGTTTATGGGAGGGGGATT '7 —415, —405, 243 bp 
reverse Biotin- 8 —388 

CCCCCATACAACATACTTATACTCA 

T forward GGAGGAATGTTATTGTTTAAAGAGAT 9 —95, —89 , 326 bp 

reverse Biotin-CAACCCCTTCTAAAAAATATCC 10 —76 , —71 , —69 

TBX5 forward GGGTTTGGAGTTAGGTTATG 11 —645, —643 , 95 bp 

reverse Biotin-AAATCTAAACTTACCCCCAACT 12 —628, —621 

PENK forward ATATTTTATTGTATGGGTTTTTTAATAG 13 —150, —148, 322 bp 
reverse Biotin-ACAACCTCAACAAAAAATC 14 —139, —135, 54 bp 

—133, 

PAQR9 forward Biotin-AGATAGGGGATAATTTTAT 15 —480, —475, 54 bp 
reverse CCTCCCAAACTAAAATTT 16 —4'71, —469 

LHX2 forward GTAGAAGGGAAATAAGGTTGAAA 1'7 +5093 , 233 bp 

reverse Biotin-ACTAAAACCCCAATACTCCCA 18 +5102 , 

+5113, 
+5125, +5127 

SID/l2 forward Biotin-GTGGATTTAGATTAGGATTTTGTl9 —6776 , —6774 , 205 bp 

reverse CACCCTCCCCAAATTCTT 20 —6 747, —6744 , 

—6 743 

“distances (nucleotides) from the transcription initiation site (+1) : the positions of CpG regions 
on the genomic DNA used in the measurement of methylation 

TABLE 3 

Sequences of sequencing primers 
for meth lation marker qenes 

dNTP (Solgent, Korea), and 2 [1.1 (10 pmole/ul) of PCR prim 
ers) Was used, and the PCR reaction Was performed in the 
following conditions: predenaturation at 95° C. for 5 min, and 
then 45 cycles of denaturation at 950 C. for 40 sec, annealing 
at 60° C. for 45 sec and extension at 72° C. for 40 sec, 
folloWed by ?nal extension at 72° C. for 5 min. The ampli? 
cation of the PCR product Was con?rmed by electrophoresis 
on 2.0% agarose gel. 
[0105] The ampli?ed PCR product Was treated With 
PyroGold reagents (Biotage, USA), and then subjected to 
pyrosequencing using the PSQ96MA system (Biotage, 
USA). After the pyrosequencing, the methylation degree of 
the DNA Was measured by calculating the methylation index. 
The methylation index Was calculated by determining the 
average rate of cytosine binding to each CpG island. 
[0106] FIG. 2 quantitatively shoWs the methylation degree 
of the 10 biomarkers in the bladder cancer cell lines, mea 
sured using the pyrosequencing method. As a result, it Was 
shoWn that the 10 biomarkers Were all methylated at high 
levels in at least one of the cell lines. Table 4 beloW shoWs the 
promoter sequences of the 10 genes. 

TABLE 4 

Gene Sequence (5‘ ——> 3‘) SEQ ID NO: 

CDX2 ATT AAT AGA GTT TTG TAA ATA T 21 

CYPlBl AAG GGT ATG GGA ATT G 22 

vsxl TTT GGG ATT GGG AAG 23 

HOXAll TAG TTT AGG GTA TTT TTT ATT TAT 24 

T GTG AAA GTA ATG ATA TAG TAG AAA 25 

TBX5 TTT GGG GGT TGG GGA 26 

PENK GGG TGT TTTAGG TAG TT 27 

PAQR9 ccT ccc AAA cTA AAA TTT c 28 

LHX2 TGG GGG TAG AGG AGA 29 

SIM2 ccT ccc cAA ATT cTT c 30 

[0104] 20 ng of the genomic DNA modi?ed With bisul?te 
Was ampli?ed by PCR. In the PCR ampli?cation, a PCR 
reaction solution (20 ng of the genomic DNA modi?ed With 
bisul?te, 5 [1.1 of 10><PCR buffer (EnZynomics, Korea), 5 units 
of Taq polymerase (EnZynomics, Korea), 4 [1.1 of 2.5 mM 

Promoter sequences of methylation marker genes 

Gene SEQ ID NO: 

CDX2 31 
CYPl B1 32 
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TABLE 4-continued 

Promoter sequences of methylation marker genes 

Gene SEQ ID NO: 

VSXl 33 
HOXAll 34 
T 35 
TBX5 36 
PENK 37 

PAQR9 38 
LHX2 39 
SIM2 40 

Example 3 

Measurement of Methylation of Biomarker Genes in 
Urinary Cells of Bladder Cancer Patients 

[0107] In order to verify Whether the 10 genes can be used 
as biomarkers for diagnosis of bladder cancer, about 20 ml of 
the urine of each of 20 normal persons and 19 bladder cancer 
patients Was centrifuged in a centrifuge (Hanil Science Indus 
trial Co., Ltd., Korea) at 4,200><g for 10 minutes to isolate 
cells. The supernatant Was discarded, and the cell precipitate 
Was Washed tWice With 5 ml of PBS. Genomic DNA Was 
isolated from the Washed cells using the QIAamp DNA Mini 
kit (QIAGEN, USA), and 200 ng of the isolated genomic 
DNA Was treated With bisul?te using the EZ DNA methyla 
tion-Gold kit (Zymo Research, USA). Then, the DNA Was 
eluted in 20 [1.1 of sterile distilled Water and subjected to 
pyrosequencing. 
[0108] 20 ng of the genomic DNA converted With bisul?te 
Was ampli?ed by PCR. In the PCR ampli?cation, a PCR 
reaction solution (20 ng of the genomic DNA modi?ed With 
bisul?te, 5 [1.1 of 10><PCR buffer (EnZynomics, Korea), 5 units 
of Taq polymerase (EnZynomics, Korea), 4 pL of 2.5 mM 
dNTP (Solgent, Korea), and 2 [1.1 (10 pmole/ul) of PCR prim 
ers) Was used, and the PCR reaction Was performed in the 
folloWing conditions: predenaturation at 950 C. for 5 min, and 
then 45 cycles of denaturation at 950 C. for 40 sec, annealing 
at 60° C. for 45 sec and extension at 720 C. for 40 sec, 
folloWed by ?nal extension at 720 C. for 5 min. The ampli? 
cation of the PCR product Was con?rmed by electrophoresis 
on 2.0% agarose gel. 
[0109] The ampli?ed PCR product Was treated With 
PyroGold reagents (Biotage, USA), and then subjected to 
pyrosequencing using the PSQ96MA system (Biotage, 
USA). After the pyrosequencing, the methylation degree of 
the DNA Was measured by calculating the methylation index 
thereof. The methylation index Was calculated by determin 
ing the average rate of cytosine binding to each CpG region. 
After the methylation index of DNA in the urinary cells of the 
normal persons and the bladder cancer patients has been 
measured, a methylation index cut-off value for diagnosis of 
bladder cancer patients Was determined through receiver 
operating characteristic (ROC) curve analysis. 
[0110] FIG. 3 shoWs measurement results for the methyla 
tion of the 10 biomarker genes in urinary cells. As can be seen 
in FIG. 3, the methylation degree of the genes Was higher in 
the sample of the bladder cancerpatients than in the sample of 
the normal persons. Meanwhile, the methylation index in the 
cystitis patients and the hematuria patients Was similar to that 
in the normal control group or Was rarely higher than that in 
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the normal control group. FIG. 4 shoWs ROC analysis results 
for determining cut-off values for diagnosis of bladder can 
cer. Also, methylation index cut-off values for the 10 biom 
arkers, calculated based on the ROC curve analysis results, 
are shoWn in Table 5 beloW. 

TABLE 5 

Cut-oifvalues for bladder cancer diagnosis of 10 biomarker 

[0111] In the analysis of the methylation of the 10 biomar 
kers, the methylation index of each biomarker in the clinical 
sample Was calculated. The case in Which the calculated 
methylation index for diagnosis of bladder cancer Was higher 
than the cut-off value obtained through receiver operating 
characteristic (ROC) analysis Was judged to be methylation 
positive, and the case in Which the calculated methylation 
index Was loWer than the cut-off value Was judged to be 
methylation-negative. 
[0112] As shoWn in Table 6 beloW and FIG. 5, When judged 
on the basis of the cut-off value obtained by ROC curve 
analysis, the urinary cells of the normal persons Were methy 
lation-negative for all the 10 biomarkers, but 12.5-62.5% of 
the samples of the bladder cancer patients Were methylation 
positive for the 10 biomarkers. Also, statistical analysis Was 
performed and, as a result, it could be seen that 9 of the 
samples of the bladder cancer samples Were methylation 
positive for 9 of the 10 biomarkers at a signi?cant level 
(p<0.01) compared to the normal person group. This suggests 
that 9 of the 10 methylation markers are statistically signi? 
cantly methylated speci?cally in bladder cancer and are 
highly useful for diagnosing bladder cancer. 

TABLE 6 

Frequency of methylation-positive samples for 10 biomarkers 

No. of methylation-positive 
samples/No. of 

total samples % a 

Gene Normal bladder cancer patient P valuel7 

CDX2 0/31 (0) 9/32 (28.1) 0.002 
CYP1B1 0/31 (0) 16/32 (50.0) <0.001 
VSX1 0/31 (0) 14/32 (45.2) <0.001 
HOXA11 0/31 (0) 17/32 (53.1) <0.001 
T 0/31 (0) 15/32 (46.9) <0.001 
TBX5 0/31 (0) 20/32 (62.5) <0.001 
PENK 0/31 (0) 19/32 (59.4) <0.001 
PAQR9 0/31 (0) 4/32 (12.5) 0.113 
LHX2 0/17 (0) 13/24 (54.2) <0.001 
SIM2 0/17 (0) 15/24 (62.5)0 <0.001 

“frequency of methylation-positive samples; and 
bp values obtained through the Chi-Square test 
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Example 4 

Evaluation of the Ability of 6 Biomarker Panel 
Genes to Diagnose Bladder Cancer 

[0113] Using the 10 methylation biomarkers, logistic 
regression analysis Was performed. As a result, an optimal 
panel of 6 genes for diagnosing bladder cancer Was estab 
lished. FIG. 6A shoWs the methylation status of the 6 biom 
arkers (CYP1B1, HOXA11, SIM2, PENK, LHX2 and 
TBX5). Whether samples Were methylation-positive or 
methylation-negative for the 6 genes Was judged according to 
the method described in Example 3. As a result, it could be 
seen that all the normal samples Were methylation-negative 
for the 6 genes, and only the bladder cancer samples Were 
methylation-positive for the 6 genes. Particularly, early blad 
der cancer samples Were also methylation-positive for the 6 
genes at a high frequency, suggesting that the 6 genes are 
highly useful for early diagnosis of bladder cancer. When the 
methylation of at least one gene of the gene panel consisting 
of the six genes Was diagnosed as bladder cancer, the sensi 
tivity and speci?city of the gene panel for early bladder can 
cer Were as extremely high as 84.0% and 100%, respectively 
(FIG. 6B). Also, the sensitivity and speci?city of the gene 
panel for advanced bladder cancer Were measured to be 
85.7% and 100%, respectively (FIG. 6B). In addition, the 
sensitivity and speci?city of the gene panel for all early and 
advanced bladder cancers Were measured to be 84.4% and 
100%, respectively. This suggests that the methylation of the 
6 genes is highly useful for early diagnosis of bladder cancer. 

Example 5 

Measurement Of Methylation Of Biomarker Genes 
Using Methylated DNA-Speci?c Binding Protein 

[0114] In order to measure the methylation of biomarkers 
Which are methylated speci?cally in bladder cancer, 100 ng of 
the genomic DNA of each of the bladder cancer cell lines 
RT24 and HT1 197 Was sonicated (V1bra Cell, SONICS), thus 
obtaining about 200-400-bp genomic DNA fragments. 
[0115] To obtain only methylated DNA from the genomic 
DNA, MBD knoWn to bind to methylated DNA Was used. 
Speci?cally, 2 pg of 6><His-tagged MBD Was pre-incubated 
With 500 ng ofthe genomic DNA ofE. coli JMl 10 (No. 2638, 
Biological Resource Center, Korea Research Institute of Bio 
science & Biotechnology), and then bound to Ni-NTA mag 
netic beads (Qiagen, USA). 100 ng of the sonicated genomic 
DNA Was alloWed to react With the beads in the presence of 
binding buffer solution (10 mM Tris-HCl (pH 7.5), 50 mM 
NaCl, 1 mM EDTA, 1 mM DTT, 3 mM MgCl2, 0.1% Triton 
X100, 5% glycerol, 25 mg/ml BSA) at 4° C. for 20 minutes. 
Then, the beads Were Washed three times With 500 [1.1 of a 
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binding buffer solution containing 700 mM NaCl, and then 
methylated DNA bound to the MBD Was isolated using the 
QiaQuick PCR puri?cation kit (QIAGEN, USA). 
[01 1 6] Then, the DNA methylated DNA bound to the MBD 
Was ampli?ed by PCR using primers of SEQ ID NOS: 41 and 
42 corresponding to the promoter region (from —6842 to 
—6775 bp) ofthe SIM2 gene. 

SEQ ID NO: 41: 
5 ‘ —TTC TTA TTC TCA CCA GAC ATC TCA ACA CCC-3 ‘ 

SEQ ID NO: 42 : 

5 ‘ —ATC TCC CAT CCT CCC TCC CAC TCT C-3 ‘ 

[0117] The PCR reaction Was performed in the folloWing 
condition: predenaturation at 94° C. for 5 min, and then 40 
cycles of denaturation at 94° C. for 30 sec, annealing at 62° C. 
for 30 sec and extension at 72° C. for 30 sec, folloWed by ?nal 
extension at 72° C. for 5 min. The ampli?cation of the PCR 
product Was con?rmed by electrophoresis on 2% agarose gel. 

[0118] As a result, it Was seen that, for the SIM2 gene, a 
168-bp ampli?ed product Was detected only in the genomic 
DNA of the RT24 cell line, suggesting that the gene Was 
methylated, Whereas no ampli?ed product Was detected in the 
HT1197 cell line, suggesting that the gene Was not methy 
lated in the HT1197 cell line (FIG. 7). Such results Were 
consistent With the methylation measurement results 
obtained by the pyrosequencing method. Also, such results 
indicate that the use of MBD enables detection of methylated 
DNA. 

INDUSTRIAL APPLICABILITY 

[0119] As described above in detail, the present invention 
provides a kit and nucleic acid chip for diagnosing bladder 
cancer, Which can detect the methylation of CpG islands of 
bladder cancer-speci?c marker genes. It is possible to diag 
nose bladder cancer at an early stage of transformation using 
the diagnostic kit or nucleic acid chip of the present invention, 
thus enabling early diagnosis of bladder cancer, and the diag 
nostic kit or nucleic acid chip can diagnose bladder cancer in 
a more accurate and rapid manner compared to a conventional 
method. 

[0120] Although the present invention has been described 
in detail With reference to the speci?c features, it Will be 
apparent to those skilled in the art that this description is only 
for a preferred embodiment and does not limit the scope of the 
present invention. Thus, the substantial scope of the present 
invention Will be de?ned by the appended claims and equiva 
lents thereof. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 42 

<2ll> LENGTH: 24 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic Construct 
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<400> SEQUENCE: 1 

tggtgtttgt gttattatta atag 

<211> LENGTH: 21 

<2l2> TYPE: DNA 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 2 

cacctccttc ccactaaact a 

<211> LENGTH: 19 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 3 

gtaagggtat gggaattga 

<211> LENGTH: 22 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 4 

cccttaaaaa cctaacaaaa tC 

<211> LENGTH: 21 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 5 

ggagtgggat tgaggagatt t 

<211> LENGTH: 19 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 6 

aaacccaacc aaccctcat 

<211> LENGTH: 23 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: '7 

agtaagttta tgggaggggg att 

24 

21 

19 

22 

21 

19 

23 






























