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WFFER R OB (FE3) : Inter—individual differences in drug efficacy and toxicity are
often observed in cancer chemotherapy. Drug resistance is an especially difficult problem.
Therefore, understanding the mechanism of such variability in drug response is the key
to personalized drug therapy. This study found that DNA methylation plays a role in the
regulation of drug—metabolizing enzymes and can be associated with the variability in
drug response. DNA methylation is expected to provide useful information for cancer
chemotherapy.

AR R
(BAEHAT - 1)
[ERESE GiEEREEY & @t

2009 B 2, 300, 000 690, 000 2,990, 000
2010 B 600, 000 180, 000 780, 000
2011 FEHE 700, 000 210, 000 910, 000

R

R
%t 3, 600, 000 1,080, 000 4,680, 000

WFFE5y 8T - [ o
BUFZE O/ FL « ME - HEEEEE S - AR EEE
¥—U— R fE, 7 AREE, AN, YR T 47 R

GRFEA SN TR Y | BIEE~OIL AN R
SRhTWa, fIzIEZEXRY 7LD

1. WHFERR Y I DT &
VRIS (64 2 TR Tid, AT L

(R IGSENEEEZE LA ek
(T — T — A A REMIEH) BROBND,
P SEVEICEEREE AT HRIK E LTI,
27 v A P450 (CYP) =2 UDP /' /L2 v L
Bl (UGT) 72 & DM HIESEH 5\
T T AR—F —DBEIEFER DM

JEIEHEClE, CYP2D6 MR OB I5 2%
BINEH 2 E#HR E 72> Cus (J Pharm Sci.
96:2244 [2007]),
EONBFEBEBIIC ARSI THo7mE LT
b, EANMMEC L0 RMIRR SR & 72 255
L%V, TORKE LTt dumA oGS



RIEHEA LSO BE O itE . BEZEiE M DK
Tl I XD HEAEZMEDOIR TRE Z b
B, FEBRCHE 2 S Lo sk, 2o
X O REYERE IR D DK T D SRR
Nl I %5 (Clin Cancer Res. 6:4618
[2000]) . %€ > THUEE AN O Fa R Al Eh 3

B2 dIiE, R X9 AEBaErE DM,

RO ) OEERZE GBofErE)
LEELIIRENLEL RS, 128, BF D
CANZHEMEEZ DL (T 70 b b 3y Eh R
KO &l Lo e P Al & %
WG EEZRET D Z ETBR IR &
Th b,

BT - IR R T OE RN EVEH
ERCEHEEINDIIELEEEETDHE, 20K
) 7R EN e IR - D28l (BE) MhUE
FNREHFIDR LS EMT H 720121, 6
MNOEOMEERNNELEZ NS, £IT
2 TP AT TS OBE & LT, il
OMWETHD 77 ARLE IZER Lz,
BB D7 ) DARLZEICOKRAITIE, Yeta
KR Z EAl (chromosomal instability, CIN)
R~ A7 vt T T A EIARZEL

(Microsatellite instability, MSI). CpG
island 2 F /U L (CIMP) 23&% 5, HFIZ DNA A
F AL DEERIERAL T D 7 1 & — F —fEik
@ CpG island 1%, FHPEHRERLEBRT-NIC
LIFET D Z EBbnoTnD, T7hbbs
J AARLEMEER T HEMIEIE, DNA X F 1
b2 CCHRAEZHEORRD 70— %
A AR TRAOEZRELEDE TS
EEZDHTLHTE D, EEIZDNA A F Ak
A AVANNGYIN 11 QG RPN 1 NG E TR
FNZ X DIRIERRAED BAF T WA Z 0,
BEOGUEAZH T2 2L 0EERITZ Z
WH Y, Bl 21X 5-FU (Oncology 71:437
[2006]) <21 U /7 4> (Ann Sur Oncol.
14:1752 [2006]) & [AIRFICARH DL A T /1
{ERZOFHT 2 EIREDIRN U ET 255

W& %, TAVTREMILANTRE 2 S5 D AT,

DNA A F UL LD 7 ) ARLEEIRD 3]
BERIRICIHEA TWDL EEZX DL TE D,
DX ) ARZEEARD [FE] OHFNG,
BRI SRA R Z M1 B Do 5 3R ) B Re & (s
TR EOIIL, BUEAISE RGO 7= 0
BERRE LD 2 LN TE S,

2. WHEOHM

KGR M x5 & LT, DNA XA F /L
{BIZ X 0 S BIASHIEE X 0 D H A Bh e B i
IRTZRE L, 7 AREED Y
OEH L BET 5 Al et 2 R 5, T D7z
DI 1) MBRREARNT. 38X 2) FrE O
PERICER LI, 2%+ 5, 1) Tidh
BRFD in vitro EFLE LTALFIHE
NTW5 Caco-2 BLNLSI80 Zkf5 & L,
BeadChip Z FAVWNT4 J L4{KD DNA A F /LAl

RHE 2 MR EAAAT 3 5, FEICTHTHENEME T DNA A
F AR RE DS B 7 2 S Eh REBE B A5 1
B &N EA 2L, DNA A F ki kv =
O OBAE T OFBLHIE S 4L, T FEH
JRZMEOEBFER & 72 5 AREMER EVY, 2) T
IZH5IZ CYP3A4 pathway IZEH L. FDO3RH
AN B 3o D R B AR R 7B 7 & 2 x4,
KIBERIFIZI31F B DNA R F b L O
TR 51T 5 . CYP3A T FE BB L O
BHERDEYN G - & HEZVEERIEMR
WL THDL L L HIT, B 28T
TERWERBOMGHESNRD D, £
< OFEAE CYP3M OFEBF LD 2 &b,
) AARZEIT I D EORBIEEEN %
O T 5 Z & IFPEANGRICE W TK
XREEID D,

3. e BHE (K1)

(1) DNA A F /AL THillfH = 4 2 3 EhE R
K1~ D FRA R R

KIGFERIN Caco—2 38 X 0N LS180 i L v
/7 ) 1 DNA ZHbH U, sodiumbisulfite SLFE
WCEVIEATF LY b DHREBT T
W EH L=, T O DNA & %t &I
HumanMethylation27 BeadChip (A /L X %k,
2) ZMWTH 27,578 CpG #BAL (14, 495
BiaT) TR 5 AF L~z
DOFRE (0~1) IZLVFHli L 7=, W<
HONEHRIE DN 0.5 LAk & 72D CpG #RAL G
fa+) % Cluster3. 0 ZWCHE L, %
DD Y B RERER O A2 L, 8
i D KAGFEAMA (Caco—2. Ls180., LoVo, HT29,
HCT116 . SW48 ., SW620. DLD1) % %} % IC
bisulfite sequencing ¥ X T COBRA
( combined bisulfite restriction
analysis) £I24 YD DNA X F AR EE 25~
776

(2) CYP3A4 pathway |27 H L 7= #5530 Ei K+

72 & DR

CpG Island Searcher

( http://epgislands. usc. edu/ ) 12 X 9
CYP3A4. pregnane X receptor (PXR). vitamin
D receptor (VDR) ¥ XL TN protein arginine
methyltransferase 1 (PRMT1) {23V T, CpG
island & L < 1% CpG rich 7B DIEENGE
Bl &i7e, 6 FEO K AIE (Caco—2, Ls180,
LoVo, HT29, HCT116, SW48) % &R IZ& &l
@ mRNA 3 EZ VU TV HX A L PCRIZEDY
HEST S EEBIZ, bisulfite sequencing 3
J OVCOBRA {12 & 1 DNA @ A F/VARIRRE % 7

~7z,

(3) i A FNALFHEHMNEIZ BT 2 B T- 5
= OfRT
6 T2 OO R s MR L i A T Ak
S5-aza—2  —deoxycytidine (DAC) 7% 72 HE[H]



WU L, %7/ A5 DNA B LU total RNA Z[R]IY
L7z, EFR). (2) OG- KEIZ DNA A
F L bE TN mRNA FEELE DT 21T > 7=,

(2)cYP3A4 pathwayl=&F B L1
BETF R AFILERRIT

CYP3A4, PXR. VDR, PRMT1 B {&¥F

(V)BERRHTIZEBDNAAF LE
REORETLBETORR

‘ * -_ 6 cell lines
% L5180, Caco-2, SW48
IR % HT29, LoVo, HCT116
DNA H

T tf‘/b??-f.‘-ﬂﬂ ) '- 5-aza-2’-deoxycytidine
s (DAC) 482
‘ K (B AFAAE)
llumina Infinium ] v
HumanMethylation27
= mRNA R B RHT
T—42# 4 (Cluster 3.0) > (Real-time PCR) |
Ad DNA AF L AL AR
Eﬁﬂ&fﬂ)ﬂﬂ (COBRAZ*)
F—4% validation *COBRA;

(1 LOb—HT 4, COBRAGE®) Combined bisulfite restriction analysis

1. T A

M L] 1 L ]
......... "
bead tpe 8 L]
3
Bisuttte 3
ONA | ")—‘° ONA | 3 < )
N5 N AN———5T ®

Methylated DNA locus Unmethylated DNA locus

e 8
Uamethytited —
S { e ety bted s |
o s
Binatne Butte
-y u cA 3 BNA \ M 13 €
- .

A
/\\/—u— ¥

2. HumanMethylation BeadChip £ R

TERCR

(1> DNA A F AL THIE S 12 KBRS E

(K7 DO FERIRR SR

AR T DNA A FOAARIRREIZZER H D
2,688 CpG #RNL (9.7%) MNREIEINT-, TD
HZiX Caco—2 FIEIZEB VT A F AL L)L
DI 2, 381CpG ERAZ (8. 6%) . 3L TNLSI80
HIEIZ BT A F AL L UL E Y 307 CpG
EROL (1.1%) NEFEN TV (K3), HKpyHE)
RePEHEA & L Cli. CYPIB1 X° UGTIAL 72 &
R E 7= (1% 4) . 8 FlEO KGN TIX
CYP1B1 &5+ D A F/LAkIL 2 fifa (Caco-2,
SW48) . UGT1Al E{m+ D A F L {kiT LS180 %
PR TR TR b (K5), BiA Tk
FIALBEIZ X 5 mRNA Z8LE X DNA X Fu{b %
BT LH5MEICENTOLTRD LN <E
N5 (X6), ZbDEIGFIEAF LI
STRIANVHEEINTND Z EMNFEHE a%
775

AFIAELRILD KN
Caco-2»> L5180 Caco-2<K L5180

Caco-2Tm A FILiE
2,381 (8.6%)
CpG &4z

LS180THE AF UL
307 (1.1%)
CpG #{ir

& D fEpT

3 Cluster 3.0 (Z

PR P RRPR Y ot B piocnons
*CYPIBI  TRUE  083155250.037692 cytochroms PASQ: family 1; subfamily B: polypeptide 1 288 2:38154099-38358196
* CYP1BL TRUE  0.96478470.125816 cytochrome PASD; famni ibfamily B; polypeptide 1 7 2:38154099-38158196
e s uoe it potpepi A prcure s
o s 212838 wop o ot AL e 247

VOR TRUE  0.028843 0.026471 vitamin O {1:25-dihwdroxyvitamin D3] receptor 499 12:46584561-46565906

VDR TRUE 0420673 0161039 vitamin O (1;25-dihydroxysitamin D3] receptor 158

VDR /2 negative control &L TS
CYP1B1 promoter

1206584551 46585808

UGT1A1 promoter

R ERRER

VDR promoter - +
= XFILAERRHT DI R
| CpG #p{i m— CpG island
= " CpG island searcher [~k S B

»

4 4. fhiH S 7=y B R s T
CYP1B1 VDR
5180 T8 180
i ' I \u [
‘\U‘muh W
‘ Ca';o»Z
! Hn i Wi ””h m\w M‘ \H
Forward sequence Reverse sequence
© P ~ © ~
so N Yo 8~NE o ~T s o N 5. S~F
FESFOLETE §8 § TSNS E
§55i§$§$ S8 FESEEISES

< Unmethylated allele < Methylated allele (1__:\ Methylation (+)

5. DNA A T /UALARRE DHERR

DAC RMEMAIZH T HmRNA KRB

24 11,65106

10 10 < 10
9 . CYP1B1 9 UGT1A1 & 9 VDR
8 ; v 8 % 8
7T ¥ 7 v 7
[ ! 6 | 6 =0 M
5 v 5 A H 5 u 0.5uM
4 i ' 4 T 4 5 uM
3 T 3 v n 3
2 ﬂ\ ; 2 ; 2
K
1 fl il eENELN
EE\EE%E §2§'§>:§ 83 §RgE
3 T S 3 z 3 9w 8 T =
984 L;; 958a § s @ E

L5180 Caco-2 SW48 HT29 L5180 Caco-2 SW48 HT29 15180 Caco-2 SWA48 HT29
e e T

DAC o o e o o
[“M’iii IiEi!! Eii 055 u,s;‘a,;sﬁ-uis 055 055 055 055

COBRA & 4 Unmelhylated allele qu;t;yla-t;E allele . Methylation (+)
6. MBiA T /ALIC L D mRNA FE BB AL

(2) CYP3A4 pathway

72 8 ORENT

6 FEDO KGR MALIX, CYP3A4, PXR, VDR ®
E BB 1D mRNA FEE 8 D & WO AR AL (LS180,
LoVo) 5 X UMERWAHHAERE (Caco-2, HT29,
HCT116, SW48) Ty &y (K 7), BATF
JAEFIRLERIZ XV CYP3A4 38 LY PXR E{x+
@ mRNA BEN EHTHZEnb, Z2nbo
BIRFORIILDNA A F /U Ic L vl Eh
TWBZ ENRFEH SN, Z DA FAALH
ALERIZ X5 mRNA FEBLEO RH (BE) 1%,
IERFEBMILZ BN TOHRTRD Bz (K 8),
MEHIAUAE O R C DNA A FALIREEDS B2 2 D
1L PXR &L 70— X —FHI DA TH - 7=

(F1), Z0F ﬂm PCR EY) % pCR4-TOPO ~°
F A3 b«ﬁ& \ZHRHIAZ-, TOP10 KA EE K
A LD/ a—= T EIT, Y a—
T & @D DNA A FUALIRTE 2 B4 L 72, mRNA 3§
HELOMHBERL - EHRIBEOHLNTZD

(2 B LR B R



IZ. PXR 7 E— & — TATA 7R v 7 2T EE
D CpG HHL D A 7’“/1/“:1&)07‘_ (9 7).
mRNA F 5L _EH-AAEIZ 3517 2 [F] CpG FRAL D it A
F VAL, HpyCHATV il PRI SR Gk 2 F1)
L 7= COBRA 11T iof%ﬁ%ﬁﬁéﬂt(. X9 £),
PLEDORER XV | KIGEMIEIZEIT 5 CYP3A4
FRRBEOLEEFER L LTiL, ZFOREEMHL
KT Th 5 PXR D7 1 E—F —FEEKD DNA A
F LR 5T B A REEN R I e (X
10).

AWFZEIL. DNA A F AL HURE SRS M2
OEBE/RIFRE L 2B AlaetE 2~ Lz, 5%
IXFEVRIE O I 72 &% F 1 T O MR IC
BT, DNA A F AL SRAI RSz 1 O A B 5
ELTCHAREBEL 2D Z ERHfFESN
Do

High
expregssion Ls180fAREIZ 9 5 mRNA REFE L
T . PXR exon 5-6 - . PXR exon 1a-2
' Low
/_expression

CYP3A4

R
@A"é"'\?’"‘?
FIFELESF

7. CYP3A4 pathway @ mRNA & ELfRAT

FILE(OuM)BRIZH T 5 mRNA BRI ac 3 astm

High expression Low expression B5 um

10
L5180

el 0 -
PXR VDR CYP3A4 PXR VDR CYP3A4 PXR VDR CYP3A4

107
| LoVo

;;1-_1-_1

(=it L < = =
PXR VDR CYP3A4 PXR VDR CYP3A4 PXR VDR CYP3A4

swa4s

CEREERLT |

X 8. FiAFAKIZ X D mRNA FELEZ L

PXR CYP3A4 VDR PRMT1

Promoter Exon 3 5'UTR  promoter promoter
h{LSlEO ;’ + -+
e LoVo + -+
Caco-2 + + -+
HT29 + + -+
HCT116 | + + -+
lswag |+ + -+
EMEM L+ [ - -+
R e S + -+

-; unmethylated, +; methylated, -+; partially methylated

3 1. CYP3A4 pathway @ DNA X F/LAbikfE

DAC
(um)

L5180 LoVo HT29 |
0 0 0

0.5 505 S'NC g FrLltoRE
(cOBRAZ)

e

SHIT -
iiiii HCT116 Sw48 DACABE(- LS
il

il

o

< | hylated allele «methylated allele

- Me!hylated CpG N, E¥{@& c EAe

9. 7 v —=U TIZ 8D AF IALEBNLFE
& COBRA JEIZ & 2 i A F /AL DS

?
A, s ad, RMEW )
'me\/“ 4 P( PRMT1 ( &=

""" PXR Ee"e m RXR) voa! Rxn)
.‘“" vou CYP344gene

CYP3AA 5635 - RBIEBDET L

5. TR L
(WHFEEE . WFZEoHE M OSBRI ZEE 12
ER 7Y

UEEams) (BR 12 10)

@D Ozawa S, Gamou T, Habano W, Inoue K,
Yoshida M, Nishikawa A, Nemoto K,
Degawa M. Altered expression of GADD45
genes during the development of
chemical-mediated liver hypertrophy
and liver tumor promotion in rats. J
Toxicol Sci. 2011;36(5):613-23

@ Nemoto K, Tanaka T, Tkeda A, Ito S,
Mizukami M, Hikida T, Gamou T, Habano
W, Ozawa S, Inoue K, Yoshida M,
Nishikawa A, Degawa M. Super—induced

gene expression of the
N-methyl-D-aspartate  receptor  2C
subunit in chemical—induced

hypertrophic liver in rats. J Toxicol
Sci. 2011;36(5) :507-14.

® Hatakeyama S, Mikami T, Habano W,
Takeda Y. Expression of connexins and
the effect of retinoic acid in oral
keratinocytes. J Oral Sci.
2011;53(3) :327-32.

@ Onodera S, Chiba T, Sugai T, Habano W.
A genetic association between
B3—-aderenoceptor and  cholinergic
receptor muscarinic 3 polymorphisms in
irritable bowel syndrome.
Hepatogastroenterology.
2011;58(110-111) :1474-8.

(® Terashima J, Habano W, Gamou T, Ozawa



(%K)

@

S. Induction of CYP1 family members
under low—glucose conditions requires
AhR expression and occurs through the
nuclear translocation of AhR. Drug
Metab Pharmacokinet

2011;26(6) :577-83

Habano W, Gamo T, Terashima J, Sugai T,
Otsuka K, Wakabayashi G, Ozawa S.
Involvement of promoter methylation in
the regulation of Pregnane X receptor
in colon cancer cells. BMC Cancer

2011;11:81.

Tomita K, Chiba T, Sugai T, Habano W.
Association between tumor necrosis
factor-alpha and Fc—gamma receptor

polymorphisms with infliximab in
Crohn’ s disease.
Hepatogastroenterology.
2010;57(99-100) :535-9.
Sato H, Nakamura S, Habano W,
Wakabayashi G, Adachi Y. Human

intestinal spirochaetosis in northern
Japan. J Med Microbiol. 2010;59 (Pt
7) :791-6.

Sugai T, Habano W, Endoh M, Konishi Y,
Akasaka R, Toyota M, Yamano H, Koeda
K, Wakabayashi G, Suzuki K. Molecular
analysis of gastric
differentiated—type intramucosal and
submucosal cancers. Int J Cancer.
20105127 (11) :2500-9

Sugai T, Habano W, Jiao YF, Toyota M,
Suzuki H, Tsukahara M, Koizuka H,
Akasaka R, Koeda K, Wakabayashi G,
Suzuki K. Molecular analysis of single
isolated glands in gastric cancers and
their surrounding gastric intestinal
metaplastic  mucosa. Oncol  Rep

2010;23(1) :25-33

Nakai K, Oyanagi M, Hitomi J, Ogasawara
K, Inoue T, Kobayashi M, Nakai K,
Suwabe A, Habano W, Baba T, Yoshida H,
Ogawa  A. Screening the single
nucleotide polymorphisms in patients
with internal carotid artery stenosis
by oligonucleotide—based custom DNA
array. Bioinform Biol Insights

2009;1:63-9.

Habano W, Gamo T, Sugai T, Otsuka K,
Wakabayashi G, Ozawa S. CYP1B1, but not
CYP1A1l, is downregulated by promoter
methylation in colorectal cancers. Int

J Oncol. 2009;34(4):1085-91.

Gt i)
Habano W, Gamou T, Terashima J, Ozawa
S. Global DNA methylation analysis in

Caco—2 and LS180 colon cancer cells.
H A BhIE A5 26 BIES. Pk 23
£ 11 H 16 H. K.

Habano W, Gamou T, Terashima J, Sugai T,
Ozawa. Involvement of promoter
methylation in the regulation of
Pregnane X receptor in colon cancer
cells. HARIEMEHREFSRE 25 [RIFR.
VR 22410 H 8 H. Wiz £,
Habano W, Gamou T, Terashima J, Sugai
T, Ozawa. Methylation of PXR, VDR, and
PRMT1 genes and their roles in the
regulation of CYP3A4 expression in

colon cancer cells
W5 24 [A4ES. ERE 21 4E 11 H 27 H.
#B.

(XE) G ofh)

(PE &R PEAE]
ORI (G0 )

L5
T
MR
FYE -
&
HEEFEH B -
EWNF DR

ORI (G0 1)

L5
T
MR
FHAA
&
BASHH A
E NS DRI -

(ZFDfth)
TR B A
AV

6. WFFERHRK

(1) WFgefks

ma%F ¥ (HABANO WATARU)

A TFERKT - 3 - HEHER
e 35 50332979

(2) W7 s
EAYdP

(3) HEHENFIT
B

HAS R



