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WHRATE . KR TlbNbnOFEERT Rl
R EREDSANZBIT B DNA * FVALER & BRERIEE O
TEEMEIZ DWW TS T 5.

PATEDHS5N % DNA X FILELEE

DNA X FVALIZ CpG BAL (¥ b, 77 = v D
BF) DY N v Y S RBERFICAFVEIFINES NS
B& %9, DNA X FV{6id DNA X FVEEHBER
IZ& o THEF S D RBE), THEMLEIETH ), EE

FHEAORE T I BEO—DOTH B LEZLNTVAS.

THFLE D7/ 2 DNA Tlid2 CpG ERALD I H# 80% A%
AFMALENTWBY, CpG BALATE  FEAET 5 MBI
LINE, SINE 2 DL+ bTF VARV VHEDOMED K
LEEFITH D, Z OFEBIFET 5 CpG HRALIZAETRRYIZ
AFMMEEINTWE., T/, BETFIEE—F —HEBIC
2 CpG 74 5 ¥ FEIFENS CpG BRI 4 12 B
THEBAH Y, D CpG FALIFEFIIITA F VLS
NTWiW?, BEF7IE—F —EBIZCpG 71T
FOSEIES 5 BIEFI1E, Z OFEEO DNA X F )V {Likk
FREFOEELHB LTS,

AR BT B DNA X FVALRE 7 o &4k
DERXF VAL L B2 E A F VL] TH 5. LINE,
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SINE 7 E D0 B LEEFNIET / 2D 40% DLE% 5
B2, IS DEBIIFAICBWTE—RITEAF IV
1tERL, 7/ AE&BOBEAFMLIZEELTWE, 7
I BDERAFIVALIZERBARREEEERZL, ) Y 8E
% EDEBFERRET B, Tz, EEERFACS
W Met BZFD5E LR & Met 28 LINEL DK £
FAL & DEESEE SN2, 7 ASRICHEET
YR LEND A F NV LEE EFABERETHLD
BRIEES PR o TR\, —F, CpG 745V FD
B A FIVALIE T ICAIE S 4 pl6, MLH1, E-cadherin
% EERRANRBEFORRARTE2RT 20, HEi
DX A TRERBIICHIZEI TN T E 72, EFEME TS
BLTVWAREEFZEICAL L, ZOBEETFIIDVAILIC
B ) IZONTHE—F —FIHD A F VLB ERE SN,

OWIZIRBEFFTA LYy v 7EN5 (Fig. 1). 7°A
LIz ) M TIREE X F IR ER SN DS, WHE
ZHIICEE CEETFRIDEE Th 2RI AIREE (BT
ATREE ZBEB)NERET A . ¥V RAT A 7 A%
WERABEOBRKRD A1) v MEZ ORI AIREE T 35
L)AZEIEHDE. YA 7T LAZERHWET ) A

E K

FEIROMROMT T, EETRBICHES L WSAK
D DNA A FVALRE L TEA DDA THESIN TS
D9 DNA X FWVALEE ZREL LIS ADIEERBH,
U R BHB L OTREB I ORI A R EIHRET s hT

w3,

RIE LRI AICEH TS DNA X FILERE

R RS AICET 5 DNA X F VLR OfFTD
A& e ARERGTEHO 70 €~ 5 —BIBOMBHTIIE
0, BEFRE, BRE, THRLOBEISSHED»S
HEINTELZ, FIE, BHEERNTA(CS: Carc-
noma in situ) I BV T3, MBEMEESTFTH S E-cad-
herin ® 710 € — & —$HBATEHE 12 A F LS ER
FRBEPSET T 5. ZO#R, PAMBIEESITRAIC
FEEL, BRICRMBZ TR THL?. T2, E
HREERTRERL WS ABO BETIE, BERASAT
BREAREE AF D 2 0y M o TREINEE
L, 2N E CHRBARREZTTIIHBETE L2272 ABO
BEEFRBAEFTORRFHEHL PR -72% ZOHET
R CIRBEFRBEIIRN TS, B
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Fig. 1. Role of 5-Methylcytosine in Cancer.
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Fig. 2. (a) : Surpervised cluster analysis of bladder samples at 1,370(784 genes) using

Illumina GodenGate methylation assay. N (n=11) represents normal tissue from patients without urothe-
lial cancer (UC), CN (n=34) represents corresponding normal-appearing tissue from UC patients, Ta-T1
(n=49) represents NMIBC, and T2-T4 (n=38) represents MIBC. Seven embryonic stem cells (ES) were
used for reference. No methylation is shown in black with increasing DNA methylation is shown in white.
(b): Venn diagram of the overlap of hypermethylated and hypomethylated loci. The hypermethylated and
hypomethyated cancer-specific loci were determined using three separate comparisons of tissue from UC
patients (CN, NMIBC, and MIBC) to 11 N samples (5% FDR, Wilcoxon test).
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FEBAC BT DNA X 5 )V E % B 5% (DNMT : DNA
methyltransferase) DD LR LY, EETFREEED
ATEXRE T D DNA X FIVEREFER S, $2RE
FREPADEE) A2 & L TOBYE L RUNX3 DE X F
WAL DB E DS SN2, S0 X ) ICRBERSA
IZB1F7 % DNA X FIVALEE IZIREFEDTRIR TEE
9 5% conventional 2 H L % 5 FEWFERICHE T 5 HE
BREEWY — )L k72 o7z,

PREE LR DS A IR O S U MER DS BR D
BHEChDH. NHRENEIECTIHETRE 2 IEME R B IR
A A (NMIBC : Non muscle invasive bladder cancer)
WEHEEICEREL, —EEfEREEs A (MIBC)~E
BT 57 0BELEBBENLETHS. TO—HEL
THPARE EEICDASE O FE# (Field effect)" A%
FEE B L2 5TV 5. Field effect IZHIATAIRAE

WCHE L, BICAFVEREFREDOOND LEZLNA.

bNUbIIIEERE EEN), HARE B (CN) &
RGEE ORI A (T)FH136 %~ F Vv axtg & LT, I
lumina GoldenGate assay % i\ 7-&7 / LEBOHERE
By A F VALIRAT 24T o 72 (Rig. 2a) . X gtk % R\ 7:
1370 AFFD CpG EMLDH B, N L L TTIZBWT
BHEICE A F VL ER L7z CpG ERALIZ NMIBC : 132 %
BT, MIBC:526 7T Cdh o7z, —7F, &AFVLERD
7z CpG #BAZI1E NMIBC : 488 % Ff, MIBC : 311 #FT CT&H
o7z, CNIZBWTIE 169 #ETIZE X F)V1k, 19 HFTIC
& A F )Wk CpG &R % R /2. NMIBC & MIBC O ik
Tl&, MNIBC IZFB® 728 A F- WALFEISIZ MIBC I BV T
b BICFRD 7z, F 72,308 B FTd CpG FHALix MIBC
2D HRERXAF VAL E B D, 217 7 B @ CpG AL T

B XK

NMIBC 12D A& A F Vb % 8B 72 (Fig. 2b). Zh b0
RIS, HISARKE EFICEBRICERTAICEL S
DNA A FIVALEEPELTB Y, BEHSARIABREIC
BUIFAHIYY 2T 4 v 7 field effect B8 & L7z,
NMIBC & MIBC D&E¥ X FVLEBS B2 2 2 55,
W& DEPAIERER o 7L BETFOVEET5 2 LOTRE
S,

DNA X FIL L& REE U R EERH AZE

R EEASAICEL 5 DNA A FVLRE 2 SABKT
WIBAT2RA DL, & CITRE BB AR PR
ML LT AR DS AR OMBESFE L, 7
NS OO DNA 2SR (i F 72 13 3%H L
TFEETHEEZONL 0, RE B 7AREEE LS
EORBFTHESNLTYS.

Z~—A—L LTDF—7 v PILT LI EETFHR
FHITIXEE L WATAREREMED DNA X2 F WV EREICE
EENnBZ b\, Table 1 ICERI A F VLR %
FAWTITbIREERRT. PAMBZNRIC L2HE
T 1 BEFOXTFIVERED O HREEOHERIES
nTwa, —%F, Renge L-RETRERE, 55
BEZELZDICIERO~ —H — DM AEHLEINE
Lk, Fly =7y VERETI-EDRBEEHELV

CNBRFAR OIS ICHEETH LR R LTS,

JRH DNA 3f&E T 5 LICkA Zlifana >y ¥ I 3
= aviENbOHMBERD S OVHFEL, FRE
HIZE BEMZELT S, DNA A F ALY =2 — 3D A
BN L2 MM TTEETH 575, DNA * FV{LIdBREE
RFRHIEETHAE LA THM R TH LT L, Mk

Table 1. Key studies inquantitative DNA methylation-based detection of bladder cancer

Genes Sensitivity Specificity Method References
Tissue DAPK1 74% 100% QMSP 12
Tissue IGFBPI 66% 100% QMSP 12
Tissue APC, GSTPI1, TIGI 80% 93% QMSP 13
Urine BCL2, DAPK, TERT 78.4% 100% QMSP 14
Urine CDKN24, GATP1, MGMY, p14*** 82% 96% Methlight 15
Urine TWISTI, NID2 90% 93% QMSP 16
Urine CCNAI 57% 100% QMSP 17
Urine MINTI 31% 100% QMSP 17
Urine CRBP 39% 96% QMSP 17
Urine CCND2 33% 100% QMSP 17
Urine PGP9.5 41% 100% QMSP 17
Urine CALCA 28% 88% QMSP 17
Urine AIMI 54% 100% QMSP 17

QMSP.: Quantitative methylation specific PCR



RE LR 8 A2 BT 5 DNA X FIVLEE & BSAZH~ DS H (139)

BRI A F VLIRSS E L 5 2 &b, TANFERN R
AFMEE BT A5 EPREECR L L V) VLV
H5.

bibhII NG DR EZ BT 57201 —BEORFZE
®TFVA v LI-(Fig. 3). ToedBeBaicn, £
A?EF?@ Bias # ERE L, #iyt 2 & E ikt mge e L

. E—BRRIIRTR OMBREENT I X BRI LR AT AR
%%;mmx%wﬂéibé@G%ﬁwﬁ%T%W
Z DRERD S 23 BIEF LD 30 BT D CpG EBAL % EH L
7z(Table 2). Z N5 DFEETHIIRE LEATAICB VT

FINFTAFMEEBEOREN R VWEBETHTH - 72,

Identification of UC specific

15t Step methylated CpG sites by Beads array

136 tissues (N:11 CN:34 T:91)

\

Validation of diagnostic accuracy
2nd Step using tissue samples by PSQ
99 tissues (N:21 CN:25 T:53)

\

Validation of diagnostic accuracy
3rd Step using urine samples by PSQ
91 urines (NU:18 TU:73)

\

Validation of diagnostic accuracy
4% Step for prognostification using

before and after TUR urine samples by PSQ
92 urines (consecutive urine samples)

HE2BMCTRELLY YT IVEy b % HWT Pyrose-
quence I & 5 5H CpG MU D EEMIT2ITo72. &
CpG ERRLDO A FIVALBEEIC v b 7fEZRE L. &
DFA My MIBWTEBRETHMTI, BE (83.2%-
94.4%), HFEE (84.4%-100%), AUC(0.85-0.97) D IEHE
S THEMSABMIPTETH o7z, SHIZINEDMA
EhEHNWTEANT A %ER L (Fig. 4a). 2Dk
ANT T A% HWT 13 BIZFH 7 AFTEL Lo CpG Fhiz
TREAFNMEERBO DML AL HRET S LBRE
94.3%, YRR 97.8% DIEHE S TR A BT RET
B o 7z (FEAEZED . FRICHOBEETFORARDLE TR

D Institution 1
Institution 2
[7] Institution 3
Institution 4

Flg 3. Design of establishing DNA methylation indicators for UC diagnosis. N:normal urothelia, CN: correspond

: ing normal urothelia from UC patient, T: tumor, PSQ: pyrosequencing, NU: normal urine, TU: urine from
UC patient, TUR: trans uretheral resection. Institution 1: Dept. of urology, Norris comprehensive cancer

center, University of southern California. Institution2: Urology division, National cancer center hospital,

"4 Tokyo. Institution 3: Dept of urology, Nara Medical University. Institution 4: Dept. of urology, Tochigi

Cancer Center Hospital.
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Table 2. Thirty candidate indicators from 23 genes based on DNA methylation for UC diagnosis

Gene Annotation

Hypermethylation

TJP2 Tight junction protein 2

MYODI Myogenic differentiation 1

HOXA9 Homeo box A9

SOX1 Sex determining region Y box1

CDH13 Cadherin 13

EYA4 Eyes absent homolog 4

CYPIB Cytochrome P450 family 1

IRAK3 Interleukin-1 receptor-associated kinase 3

NPY Neuropeptide Y

IPFI Insulin promoter factor 1

GALRI Galanin receptor 1

DLK1 Delta-like 1

RIPK3 Receptor-interacting serine-threonine kinase 3
Hypomethylation

CEACAM1I Carcinoembryonic antigen-related cell adhesion molecule 1
CAPGP Capping protein

HLADPAI Major histocompatibility complex, class II, DP alpha 1
VAMPS Vesicle-associated membrane protein 8

SPP1 Secreted phosphoprotein 1

CASP8 Caspase 8

IFNGI Interferon gamma receptor 1

NOS3 Nitric oxide synthase 3

CLDN4 Claudin 4

NBLI Neuroblastoma suppression of tumorigenicity 1

JREE 76.0%, B BAE 100% O IERE S CTIEWRE LRz & )
AREE LR ZRBITEETH o 72 () X 72 H) (Fig. 4b).
B3 BEIIRE LRSAERET 2 BBEREBEEEREH
W T, O FEBM OBEMETRHEY W CORE
94.4%, B EE 100% D IERE & TREE LA A % WAk
T 72 (Fig. 4c).
ZDEIIRELREITAIWCEL S DNA X FIVLEE
R 6 S EHEEICHRHTTRETH LS. L Lad o KE,
HRELDICHECEZHEREZMA7-0I10T 13 #ET
PILBETHo72. CAMSITART L) ILlL D~ —
B — % BT B & FRAPAS AR O BB 13 A% ALK &
DIXBPIET 5. BITE, 564 BB LTRSS ARE

BIOMBARRFH IR & B & (SBT3 HHFFE 2 D T WA,

ZNBDODNA X F VL= = —DBEFITTLH
FABERETHL LI, EROBRISHZEELSL
IZERRIEF 2R, MNEEE LT A ERRTHLT
BULENRDH L.

b W) I

RRE TR ADBUEEHILT 572015 F~
— 71— D) FENTAKE V.DNA X F IV AR
& U205 FEYFENELO—TEICT 2 WA, PAICS
JARRA RREICHEEL, BEICT Tu-FT5E %R
FERO—DOTHA. LEIV 3T 4 7 ADOMITEIIEE
HEATLTBY, BRRRIGERSNAE RV EED
nas.
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Fig. 4. Histogram showing the number of indicators satisfying the criteria based on the each cut-off value (data
not shown). (@) Based on this histogram, if the numbers of positive indicator are 7 or more, they are diag-
nosed as Tumor. Based on these criteria, the sensitivity and specificity in this cohort were 94.3% and
97.8% respectively (T vs.N/CN). (b) CN vs. N. 76.0% of sensitivity, 100% of specificity. (c) TU vs. NU.
94.4% of sensitivity, 100% of specificity.
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