RAETF BRI S (58 3R A

B HIE AT FEH )

SHAT SRS E

DNA A FNALD S FHEEE DB L OB A BV TARE L ENAHHEEFORE

MEnEE Rk B HURERKRESFAEWFHEE B#

MREEE

AR TIE, 7 2T A R AF AR LTV, BAIZEIT D DNA A F
MEDHEBIEBA LT A2 AMET D, AEETRBITBAREIC
BT D A F MR ORI ZITV. BRREE & OB 2 MREE L7
FEE. CIMP BBt RIGIRIEI IS EA 2 TERE (B y htZ—2) ZHLMNICL
7o TNETY ) MBREOTFETHEE LEAABESREFICEL T, K
i, BHRA. BREBRAICEBWNT, 202, NERSENIZEREL 7= H B
HOMR £V DNA A F AL E RIS 5 REHE L, B AOREE THRICHER
URAZ TR, EOE=2Y) > T ~ORANAENRIEZIT> T\ 5,

A. WHEER
AWFZETIL,. DNA A F AL ORBRBAIENTIZ LD
BBV ET I IHHRELEFEREL, BAfkicE
TAEENEHALNITAZEEHNET D, H2 &
EFE COMET, RBEPAICBITIERTFERL
DNA A F AL EE O BEE, microRNA (EL T miRNA)
BETFOZET o RT 4 v 7 REE, LBAIZBT
DEET 2 RT 4 v 7 RERDRIEEIT> TE,
AREET, FELEAFMEEDNALZE~DIG
HAEBRE Lz, XBIZKBRIBARED X FVALE
W X OMEREDS A @ miRNA B F DN 21T - 72,

B. #fEHE

MR DNA 2 FALMEHT % Methylated CpG
island amplification microarray (MCAM){EIZ & - TAT
- 72, DNA X F /v {kid Methylation-specific PCR
(MSP) ¥ | bisulfite sequencing £ 35 X U bisulfite
pyrosequencing EIZ L WV BEI Lz, BERFBLDT
microRNA ZE3 % microarray #5, RT-PCR EB IO
real-time PCR ¥AIZ & YV 4T L7,

(EE~DEE)

Rk 17 FEEASEE S RE 255 B TERRMZEIC
BE9 A MBS (e, MmEmE I Fe o B R L CHF
FTrED D, FHMEIOERSE OB X ORI A
WZoE, BEHHALXECRELZS, EETRE
b U TRIT ATV BEDT T AN — % B5F L
FLIRERI KR FZOMEBEZESDAR L/ THERT 2,

C. #FoesEs
(1) KIBHERIBER S D 2 F 1k

i E TH 4 I1E miR-34b/c. miR-1-1. SFRPI.
DKK2 OKGBANCBT AEHEERATFLERS
ML TERE, SEFELIZIINDDAF AL, K
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PETES ORIERBER > D bR TE R Z L2 L0
W2 U7z, HBERIINHREE TICEE % A Ak Tk
B9 52 L CHEIRLZ,

HIBEE T OBIEF A F bz, BEMEKER A
CHEBRENIBEREOM CHE LR, BEEXE
DABHFEOHBER DG LV & L1732 miR-34b/c B
L YSFRP1 D A F U LD e & 4172 (P < 0.001), ROC
FRAT D FE 5 . HIBER H 0 miR-34b/c D A F LAk L~L
XN A LB FHBE L72(AUC = 0.796), Zi
LOFERI Y, KIBHERBEET O 2 F I
LAOKBBRABETFR L AT ANEETEL LY
~LT,

(2) RIBIEBEOFRE & X F/ALERF ORE
KIBEBAZIZC O L 2EERON AT CpG
island methylator phenotype (CIMP)2SR.H405 Z &3
HHNTNWEN, CIMP & ERFRE & O RBE TR 2R
PRIEME N, KRBBAFRETNINCEBIT B A F ks
FEAT3 2 BT 122 BIOKIGHRIED 2 F Ak & ffhfr
L. WSS S X CBRREG & OBE 2 3EMIC R
U7z, KRIBEE Cid, JERAREEIC LSy FX
Z— U EPERERZHCER T Z LR LN
TW3, SEFL X, @BHEO Typell £y MIEEIL
BRRLH, ABICHWEZRROE Y hRZ — 023,
BRAF ZEGMEDD CIMP B0 RIREIZ X b
ODTREMIZAONDZ EEZRWEL, T % Type
[I-Open ¥ k &fpd Lic, ZOHRIL, o FREL
FEEDOFRBOBEREVEELHA LT H L &I,
CIMP [HMERRGHS A DRTERZ 2 N EAIZRE L 9
DM R D LB END,

(3) KRIEHIH ASRE DHBRER A F IALIRNT
—fRIZAFIALERBEIIRRAOBRICRET S L
ENTWBHN, ZOFEMIRBELRENS, KB



BANCEIT D CIMP OBRFEZHALICTEH2D, 16
FlOKIGIRIE, 14 BIOKIENE . 28 Bl D KIGH AM
A KB ERE A F AL 21T > T2, £ DOFER.
KIBIRIED —#EITT TIZ CIMP B2 #E L T\ 5
TEEHALMNMILE, ERERIBERBARIICATFL
{3+ BEMLF L LTKCNVIL, IGF2BP1 72 E & #7721
RIE LTz, SEIOMITHE. KIBHEPA O R OB
MCTEHOBLBFIATMEEFRREL TS
EBRHLNE RS, T DA TFAMLEFESORE
&@@ma@mfé & TRGN A D BHAZ W23 7]
RECTH DD, BEEL T TV 5D

(4) EBEDS A D miRNA B&TF A Tk

JEBENS A TEE L OBBTBERE A FNEZT
BT &, EBITRDT NS DR FIALBHIIC X ARER
A2 %ﬁ%ﬁf%é ERBEENTNS, L
UREREDS AZEBIT D miRNA BEFOZE Y = R T
4y7ﬁ£ﬁmowf@ﬂEbemf%éoﬁﬁ
REREAS A MIERRZ DNA A FNALBRZEH] 5-aza-dC
1 & OV HDAC BHZE# 4-phenylbutyric acid THLE L .
FEEHTD miRNA Z2~A 77 VAN LTZ, &
DOFER. miR-137, miR-124, miR-9 MMEREI AW
TEEEIZAFMELTWBZ EZHLNI LT,
5D miRNA BGEF D A FAAGITEER 2 A BE
DORFPLVESICHRHEFRETH Y . FIGIRE DR
FTIEATF L~V REREIZHEA L7, miRNA &
BT DA FNALBER RS A DRFZEICEAL 2 5
2, BREEEKET TV 5

D. &%
INFEFTHEIA~A 70T VABIONT ) LTUA
Rz e A R ASHfENT 238 U C. Z2HDERTD A
FIUALREZRE Lz, ZNbDXFALIE, KiE
FEIERIBER O 72 CIBREMIIBE LN D BE2LL D
¥ ATBETd o 7=, SFRP %° miR-34b/c EIxF1E. K
D AR CIIRBEOFRIZBEL O T EMAEIC AT
MMELTWBD A, FEIEHIBER CIXRERA DA &
DE LS ATF AR R Lin, T Va0 Rk
LT S EHEEROT R b= AEFMERFE LT
WAHLDEHERINT, T REBERDPARKICAF
MMET DEET. BLXOBERABSATAFALTD
miRNA BEF D A FAAIZ O TIE, EE~—h—
ELTOMEESEZ I BITHRIEL TWE T2V,

fk:A

KIBDABIIIRAET D AFNMEREEZRH L)
2L, KRIGIMEIZIB VDT CIMP BBt e vy b3y —
v OERENEREZ RV Lz, £72. KBRS
BERIZE £ D A F AT KGN A BB TH~—F
— L LTHEHRTHEZEEZHLNCILE, S5ITEE
BEBS A~ — T —fEE & L CHIFF C& %5 miRNA
Bt AFVEEZEE L,
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1. %S
Bk 2 86K R, BHE E. BAERE. EE
AR O FE, BRSO FIEICHN
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2011-203705. R 2349 A 16 H HFE.
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BAGBR IR EMIE (5 3 R ARaBISHT7EH3E)
SHETEREE

BEICBT LY =T 4 v 7 BEICESW L EREED AL TRIZE

e E  FERIAE B U 7 o ER KNS - FFIRNE #e
MEES

NIREEZ W B D 3B L U Stage I BIIEMD 50%LL L% 5 25 b E
ZEWT, ARENBEREZIZILDE LI-EBEERARBOBEEND &%
LW, — 5T, S%bLBPEONA YR ERBEMZHT2EELBRERD
FESINMATH D S DOREH4Tiddw, BE, EHICH L THRER
WX BRRBRICE SR, ARy VAERICLAFRERHOARATH D, Fx
X, BEEREFBENOEN LSBT HHEEHE L, 72bbE%
HRIEICE DBIETFEH CH D, BORBEEBEIIZ Y 2RXT 4 v IR
EORRESBEETHZ L ZBKRZH~ICH L, WBENAFALMITEIZ X
DB L2 EMEE T (MINT25, Sox17, miR34b/c, ACMG1) Z4F~—N
— & L, BIEERIZL Y EIR S 07 BRI B SED gDNA Z HW TR

FEZH, THRZES TE D TREtE 2 TBIc K v iERs L.

RILFRABR L ERTIZDH D,

A. BFEE®

WHNASERE - IRERICRAET D FIRIRBERD
5 gDNA Z i, #EEM 2 T ALRRITIC & 0 B &
&z (MINT25, Sox17, miR34b/c, ACMG1) %4y
Fe—Hh—L L., AiMEZHEFLERRBREZIT 2D
DY AT LEtERET D,

B. #FFEGE

1. TEAEROEM . EMR: Endoscopic mucosal
resection/ ESD: Endoscopic submucosal dissection 5
DG & 72D 40 JEFIOIBERHE (ERERTR KLU,
B 1 B % ONEEBLIER) 2 DRI L 7o BB
v, 4 SORMEETFZ AV, DNA 2 F 1k
fENT % BB IZEN 7 Bisufite-Pyrosequence 1512 T
179,

2. BUEERRE DRI EIT S Z &R HRER
BHBRRE ORETRB I OHIEZIT 9, £, kY
PR R~ DOIEH 2 RiE X 1o BisfREs KON
BRI 72 DNA FH R OB 21TV BEFOXZ5E Y —
EATHISHARETH D N & RitT D,

3. YR 234FE 4 AX v A7 2 BIEL LT
& iR L FRBRERIT D72 O OB IR &R LV
ERIRERBR T 1 ERR. RiflinE, BERETFRERIC
B4 3 BDL AT ARIEET S,

22

AT & 25

(fE I ~DEE)

MR ERREITEEHEIN D BIRERER
ThY, REEREMMEZES~DEEEIToTZ
%, BEBE~D+HRA T —b Rarvr b0
L ERBEBEEMNIOAERINSE LD TH D,
T, REHZOW T, EEREEA LTV, E
EREWRERZ FE LT 5,

A

1T Z

C. WrsEiEF

1. REEFT T, 40 EFNC X 2 FliEABRESEY
BT L, 4 BT (MINT25, Sox17, miR34b/c,
ACMG]1) % AV /= DNA A FNALEBBIT 21T > T2,
FER. EBIOK 8 BINNERATIZI W TE A F k%
AU, BEBIZZEDATF UL RXVICERRIET %
R LT, Fie. NESHIEFR%Z OB EN ekt
B W THIRRIETRESIE & 72 o 72 REFI Tk, 1BE#% D
BRE LTAF ML RETE TR T
TWRNWZ EE2TFRIT D 2 & 23K D FTREME S R
Nz,

2. BEEEEREDIRLEIT L, 250mL &
HAEBELZER L, EEA L LTOFEHBRA 25,

3. ALEE R ERFDER AL & L2 hgk 3t
[RIEkER 7 L — (SGIST: Sapporo GI Study Team) IZ
LB REZT, B~V 7 o FERREHELE -
AR, HERFHE(LENE, LREARPEE R
B, FLiREEE v & — Rkt fbasm & —,



FLIRAERIR B M L, FRBRC2MRbEH SR
v F—, BAESLRREENR, MERE SR
PeiHibasft, MMERSHEEHELSENFL FESBR
T RE R LERR A Mmbh . BEE R AT 2
PAREEIBIRAE G 300 SEF] & X RITIBRATR . 1 F~5
FRETHRERRZEIN L, BRETARK 075
LOERZ B E LCHIM ERAREZ G L, BE
1EHRBETTH D,

D. B
WHEONRERERFICHEE L TV 5 8 RiFREK
RV, mEV=RT v 7 REEEZINOSAT
HIENEHTHAZ EPEARIN, IBICE
BT (MINT25, Sox17, miR34b/c, ACMG1) %
W TCHTA & ZHEREERRBR 21T 5 Z & T, BAREH
NENT T RER—HR LR D AREERE 2 DT,

E. #&wm
BREREZRA WD e 2T 4 v 72T, 4
FTIERWVWERNLOBRBIETH DT T, #
WREINIEREMAT S, BEEOEEIEND
H-RBREEL LTHERICAETHY ., AL
HERRRER (14FH) Efl=r r)—Hizhb s,

F. Wrsisk

L.imLFEFR

AR HFET R VSRS BED B D

1.  Watanabe Y, Oishi Y, Yoshida Y, Sato Y, Hiraishi
T, Oikawa R, Maehata T, Suzuki H, Toyota M,
Niwa H, Suzuki M and Itoh F. Hypermethylation of
Sox17 gene is useful as a molecular diagnostic
application in early gastric cancer. Tumour Biol,
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Gastric Wash-Based Molecular Testing for
Antibiotic Resistance in Helicobacter pylori.
Digestion, 84: 299-305, 2011.
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AACR2012 Chicago, April, 2012.

Hama R, Watanabe Y, Itoh F. AACR2012 Chicago,
April, 2012.

Watanabe Y, Toyota M, Itoh F. DDW2011 Chicago,
March, 2011.
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March, 2011.
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JEA T BRI R MBS (5 3 RS ARG ISt =)
SRS E
D3 AKIRE DNA A F LAk B o IR AR A
WrstsyiaE  IUHERE  FEEKRS: PS MIRRAFZTET  FrEHLARER

WREE

ABFFETIE iPS MBNGPSOERELIN 2T 5 2 & T, BAMEn= e
7 ABREORBERBIOVERZVFALMCTIZLEZENE LTWDS, MEE
EE TOMRIZBNT, RIEERBRIEEDOET LV ThHD Apc Min ¥ 7 A
DORBIEFEMIEIZ L b oA VRAEANTIUF 4 RT2BEREIE5 2
& T, iPSC ZHEMEL L= HIA(T-iPSC #HII ARSI Lz, LU,
T-iPSC I T2 vk SN Mla D~ — B —CTdH D Nanog D3,
DHEREINT, BEHE ORI LER1ro Tz,

KREFEIL, FRIYA 27 ) U BEIZL LT 4 RFRFETRETH S (4]
HLATRE~ 7 2 | Z W T dpc Min ~ 7 A KIBIEEMB O 220814
Hig L7-, WIHMLATRE~ T R CRAE L KBEEMEIC Res Y1270 v
ERAOWCHMLRTF2RESE 5 Z & T, ES M A Nanog BinF & %
B DM EE D 2 & DS HI K7 (reprogrammed tumor cells; RT #ifd), 3L
EELH A 285312 C, RT Ml T, bIic BB R i 5 K 1 O R S
NEEIN, HIRMEOFBENTRETH D Z EIWRB SN, TFx MER
L7z bRIRE~ T A2 Wiz ) /5 3 v 7 S EHo kO RIE, IEEH
fAlZB T 2=s ) AEBEORR, BREMBFTTH2OICFGRARY —L L

BT ENTRRENT,

A. BFREEM

DNA AFNMEAFIZRRINHD=ET ) LEF
32 OBAICBE S, BBAIREN &S %
BELTWABZEBHLNERSTWS, L,
NAKIIZ BT 55 ) LB ORRLHEN A
BT HERIZOWTIEL, REFHABRANELL, LV
ShERMI 2R FEOBRRICIT. PAMBIZEBIT A=
vy ARFEORR, HEZFEHTALERD D,

iPS AHAR(PSC)VERLZ B 72 WA LI 7 D FEELIE,
TS MREEOUREEZFTFE L, ZRetki ML
WZE D, RAFSETILiPSC fERE T2 =7/ 281k
EHETAY— L ELTIRA, BEEMECS ) LR
WETOEFEIL, TV RT 4 v ZEMIREBICH
W2 B b 2HET D 2 LT, DAMBO= s
LEFEOERBIVEREZHALNICITHIEEEW
L L,

FEEEEE COMFIEIZ LV . FERMERGIRIEE D€
FNAYTATHD Apc Min/+~ 7 A KGR
o iPS MfEER D T-iPSC KA Z BISL TX 5 2 & 238
bnsZ2ol2b D@, T-iPSC HRMIIIZIX, Nanog &
EFR LRI~ — D —IZRALTE LT,
R s &2 bnik, RFETE. £
T~ U AKRBESMEOE22MEEZ B E L
7
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B. WFgEHIE

RE¥ A7 ) X PBRTFRAREFAL
CTUHFRFERE 2 br—VTEDLT VAV RT
Lw Wz, Rosa26 7' v €—& —HlHITFIZ M2rTA
#IE L., Collal BILFEIZBNWT tet A XL—F
— TIZ 2A polypeptide TiEEfE S 7 IUF 4EWFA2FHT
% THHbrlRe~ D 2 | ZAERL L, SFFRICHW T,
VIEEFIRE~ 7 2% Apc Min = U RIZRBELL, 87
RRKBENSA T ET—F—Th D dextran sodium
sulfate (DSS)* #5952 L TCRIGEEZEE 21T
7o 78R~ U7 AIZDSS (%)% 1 EEHSARES L,
BEKRTH 4 BRICBERL, KBEHHL, P
YA 7V L U ERFHE TR e KIGIEE %
Bz, RBRENTRI YA 27V v 2FMT52 L
T, KGEEMEICHEER -2 BB IE, 2R
IR B ATz, B U= E b AmAE 2. IEE AN
HRTHDZ LEHERTDEDIC, Adpc BIEFD
LOH %, PCR-RFLP i THE L7z,

BfNL S 7o iR D SE2 72 ML DOFHiIL, Nanog
EEF D real-time PCR |2 & 2 BT IZ TIT- 77,
F - O SMEREDORENT. ~ U AFTHIRA~
DAy a il L OBE L,



(B E~DELE)

ETOMYERIT, BEREmKEEE (REHKE
iPS MRAHFIERT) OB EREZEROARE R, B
WBHEOREMICEE L., 3R I8 TERZ T L,

C. WHE#ER

HIEME AT R~ & A ZF A U 7= RIBIESE AR 2 #])
LR T 23FEST 5 Z & T, FPEIZEEESMAIC
O U Makk 2 8555 2 LB HEE, Ape Eis
F @ LOH ATz £ v . 5 b7z Mlaik T LOH 234
BEh, ERICEEMAERTH S Z LRI
Tmo ZREMEERMANIZERLL Lz MARERIZ. s\ T vl
U 74 A7 7 Z—PEEERDL, LieEmiiaicE
BLLEMEEZAETDHZ RS oT, BT, BE
VI D~ —H— & UTHEM &4 5 Nanog EinFD
HHEPHRIN, TORHAL~LE ES Mgl i3iE
FETHD LN hotz, EEMIEDEERTIH
{ERFRETH D Z & IRB ENT,

RAZF 4 13RSI L 7= reprogrammed tumor cells (RT
M) DERBIZ DWW TR LT, MEEEE TIZV B
A VA YRR U7z iPSC AR OFENT 2> . KIG
HEBEH KD iPSC FRAIA IR~ {3 5 Flge
PEDRIE SN TV, AR L S RT fifaiz s
T, BWESMEEZHESONEBRE L, Sy
LRGN THEET S L RT METIIRESGICEE
REBERTTHD Cd2 BETFOREAP LA Z L%
MER LIz, &5, KIBEEHD RT Mz~ v X
PIFRIZ~ A 7l P=2rarTh2 8T, K
MEREE S RT Afa2 s fagfk~L ka2 &0
e S 7o, MR o (b U 7o RABRE S /i ok
RT MR, AERR RO 8 FH D e E Rk & XA mTRE
ThHo ., FEEBERBERRCOELZZ EPRES
i,

D. &%

AMEOBRKANTHIZE Y 2R T 4 v I &
fif B E ORIER L OB EMEAIIL. BEMEDOTEE
IREMENMETH D, LrLanb, EEMED
SEERMPHIIRETH D Z ERRBIN TN,
ARFRIZLD . PIHEAIRE~ Y X2 W5 Z & T,
Dia b —HOEEMRICE2RABEFFET
E DLW hote, SRIIBISL SN Nanog BBE
RT#ifaZ AT, =5 AMENTZED L TETH
R

ke oA Rz k0 ERLE 7z iPSC AR T
. Ve UL NV AHEKOAKRBLRFOY — 7 HE,
BINTW, ARKEBEFORRIZLY, =V
RT 4 7 AMEMRBOENFHFEIND ATEEN B
D, KFFEDBERDOTZODOEEEL 725 Z BT

225.

BENTW, KEEOIFEIZELD, ARERTOD
FEENR N2 OWOIHCEEOS BN TE =2 &
b, SBOTS ) AMEFICERZRY =N B T
ERHIFEND,

KAGHESE 5k > RT #RED> & FEREEME IR AR AR R~
DS EBE ., EERECT+SRERFEREZAT
A TH - ThbT Y =2 RT 1 v ZEMIRERS
THEBEEMEICET A L 2RETS, =y
J LHEIEARER L LT BABERDO Y2 R TR
LEZBNE,

E. &%

KIGHEEAIIE S Nanog BEMEN DI KEIRT D
— 7 DR NIECRE A CX 7, EEMEDSE
EIRTEERARETH D Z LR I T, FEEM
oy ez I/ BolkoRiT, BAMRIC
Bz vs A BEORK, BIOBERZMHAT
HE0ICFRRETNVEEZONS,

F. %R

Lim 3 FE R
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and Yoshida [in gastric cancer. basic science and 199
T. clinical applications
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Chapter 10

Field Cancerization in Gastric Cancer

Toshikazu Ushijima and Takeichi Yoshida

Abstract

Frequent occurrence of multiple gastric cancers became clear as their endoscopic
resection became popular. As an important mechanism, accumulation of aberrant DNA
methylation of various genes, both driver and passenger genes, in "normal-appearing"
gastric mucosae has been revealed.

Aberrant DNA methylation is induced by inflammation caused by Helicobacter
pylori infection, a major causative agent of gastric cancers, and consists of permanent and
temporary components that will remain and disappear, respectively, after discontinuance
’ ' of Helicobacter pylori infection. Permanent methylation is almost absent in gastric
mucosae of healthy individuals, and is present at low levels in gastric mucosae of patients
with a single gastric cancer and at high levels in those of patients with multiple gastric
cancers.

The presence of microsatellite instability in gastric cancers, mostly due to MLHI
methylation, is also known to be associated with multiple gastric cancers. Accumulation
of aberrant DNA methylation in gastric mucosae constitutes the major mechanism of
field defect for gastric cancers.

10.1. Introduction

Gastric cancer is a major cause of cancer deaths world-wide [1]. Its incidence has
markedly declined in the last century in the US and Europe [2], as shown by its crude
mortality rate in Caucasian males at 33/100,000 in the early 20th century and at 5 in the late
20th century. However, gastric cancer incidence is still high in many Asian countries and
Russia [1]. Histologically, gastric cancers are classified into intestinal and diffuse types,

: established’b*y Lauren, in Western countries, and these two types largely correspond to
differentiated and undifferentiated types in Japanese classification [3].

. Early gastric cancers used to be treated by gastrectomy (total and partial gastrectomy),
’but now early intestinal-type gastric cancers are treated by endoscopic resection (ER),
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including endoscopic mucosal resection and endoscopic submucosal dissection [4,5]. ER
conserves a much larger part of gastric mucosae than partial gastrectomy, and brought a
dramatic improvement of quality of life after treatment. At the same time, it became clear that
metachronous gastric cancers occur in 8.5-14.0 % of patients after ER [6,7], which was much
higher than the incidence after partial gastrectomy (1.8 — 2.4 %) [8,9]. Also, patients with
multiple gastric cancers are known to have a higher risk of developing another gastric cancer
than patients with a single gastric cancer [10,11]. The very high incidence of metachronous
gastric cancers and high risk of gastric cancer patients with multiple gastric cancers strongly
indicate that "field cancerization" or "field defect” is involved in gastric carcinogenesis. As its
molecular basis, accumulation of aberrant DNA methylation in "normal-appearing" gastric
mucosae is now recognized to be deeply involved [12,13]. The aberrant DNA methylation is
induced by H. pylori infection, a major etiologic factor for gastric cancers [14], mainly
through inflammation [12,15]. In this chapter, we will describe both epigenetic and genetic
field defects, placing emphasis on the epigenetic field defect.

10.2. Conventional Changes Indicative of the
Presence of Field Defect

The presence of individuals with high risk of gastric cancers has been known for a long
time, and suggested that a field defect for gastric cancers is present. Conventionally, the
presence of gastric atrophy and/or intestinal metaplasia in the stomach of gastric cancer
patients has been well known [16]. Recently, much effort has been made to develop serum
and other molecular markers to detect individuals with high risk of gastric cancers.

10.2.1. Histological Changes Associated with Increased Risk

Gastric atrophy is characterized by loss of gastric glandular cells, and appearance of
fibrous tissue. Intestinal metaplasia is characterized by the appearance of intestinal-type
epithelia in the stomach, and is considered as an abnormal differentiation. Gastric atrophy and
intestinal metaplasia are produced as a result of chronic inflammation due to H. pylori
infection. A prospective study involving 5,373 subjects for more than 10 years revealed that
subjects with moderate atrophy at the baseline had a hazard ratio of 2.22 to develop gastric
cancers [17].

10.2.2. Serum and Molecular Markers for Increased Risk

Most serum markers to detect individuals at high risk for gastric cancers are related to
atrophy of gastric mucosae [18]. Among these, the pepsinogen concentrations are most
widely used. Pepsinogen I is produced in chief and mucous neck cells, and Pepsinogen II is
produced in not only chief and mucous neck cells but also in cardiac, pyloric, and duodenal
Brunner gland cells. Since gastric atrophy advances from the pyloric glands towards the
cardiac glands, the level of pepsinogen I and the ratio of pepsinogen I/Il decrease with the

iy
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advancement [19]. If individuals are classified according to H. pylori infection status and the
presence of atrophy, gastric cancer risk increases in the order of Group A (H. pylori-negative,
atrophy-negative), Group B (H. pylori-positive, atrophy-negative), Group C (H. pylori-
positive, atrophy-positive), and then Group D (H. pylori-negative, atrophy-positive) [20].
Groups B, C, and D have hazard ratios of 3.0, 3.7, and 32 compared with Group A [20,21].

Molecular risk markers that can be assessed in gastric biopsy specimens are still analyzed
for research purpose, and their clinical usefulness has not been established. For example,
expression of brain-type glycogen phosphorylase in non-cancerous gastric mucosae has been
reported to be useful to predict occurrence of another gastric cancer [22]. CDX2 is known as a
master regulator of the intestinal phenotype, and is expressed in intestinal metaplasia.
However, its expression has been shown to progressively decrease from intestinal metaplasia,
dysplasia, and then cancers [23].

10.3. Epigenetic Field for Cancerization

Epigenetic mechanisms are deeply involved in gastric cancers because tumor-suppressor
genes that can be inactivated by genetic or epigenetic mechanisms are more frequently
inactivated by epigenetic mechanisms in gastric cancers [24]. Now, the deep involvement is
underlain by a mechanism, induction of aberrant DNA methylation by H. pylori infection in
gastric mucosae and formation of "epigenetic field defect".

10.3.1. Epigenetic Alterations

Epigenetic modifications are characterized by their inheritance upon somatic cell
division, and represented by DNA methylation and histone modifications. They control
development, cellular differentiation, and reprogramming by establishing gene usage patterns.
DNA methylation of a promoter CpG island (CGI) is known to cause silencing of its
downstream gene (figure 10-1) [25].

l » Transcription

Transcription

Figure 10.1. Silencing effect of DNA methylation of a CGI in promoter region. Most CGls in gene
- promoter regions lack DNA methylation, and no nucleosome is formed. Therefore, transcription factors
and RNA polymerase can have access to DNA, and the gene is transcribed. In contrast, if the CGI is
methylated, a nucleosome is formed. Therefore, transcription machinery does not have access to DNA,
and the gene is silenced. -
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When a promoter CGIs of a tumor-suppressor gene is aberrantly methylated, it leads to
inactivation of the gene and can be causally involved in cancer development [26,27,28].
Therefore, aberrant methylation of promoter CGIs is considered to be equivalent to point
mutations and chromosomal deletions.

Recent genome-wide studies on aberrant DNA methylation in cancers revealed that a
large number of genes are methylated in their promoter CGIs in a single cancer cell
[29,30,31]. Methylation of some genes, such as CDKN2A4, CDHI, MLHI, RUNX3, LOX, and
MiR-124a, is considered to be causally involved in cancer development [24,32,33], and these
genes are designated as drivers. Methylation of other genes, such as HANDI, FLNc, and
THBD, are unlikely to be involved in cancer development considering their low expression in
normal gastric mucosae and known functions [12], and these genes are designated as
passengers. The distinction between the drivers and passengers is just as in mutations.

10.3.2. Epigenetic Field for Cancerization, or Epigenetic Field Defect

Aberrant methylation of some genes, especially that of passenger genes, is accumulated
in a large fraction of epithelial cells of the stomach, reaching up to several tens % [12,13,15].
The accumulation levels of methylation of specific passenger genes correlate with those of
methylation of driver genes, and can be quantified more precisely because their methylation
levels are high (figure 10-2).

Healthy people without H. pylori infection have very low methylation levels in their
gastric mucosae, but gastric cancer patients without H. pylori infection have 5- to 300-fold

higher methylation levels in their non-cancerous gastric mucosae (not in cancer tissues)
(figure 10-2) [12].
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Figure 10.2. DNA methylation levels of CDKN24 and THBD in gastric mucosae of healthy people and
cancer patients with and without H. pylori infection. Modified from Maekita et al [12]. Among healthy
people, methylation levels were high in individuals with H. pylori infection, suggesting that H. pylori
infection induce aberrant DNA methylation. Among individuals without H. pylori infection, gastric
cancer patients showed higher methylation levels than healthy people, indicating that accumulation of
aberrant DNA methylation is involved in formation of field defect.

e e et e e

i

e



Field Cancerization in Gastric Cancer 191

Further, among individuals without H. pylori infection, patients with multiple gastric
cancers have higher methylation levels in their non-cancerous gastric mucosae than those
with a single gastric cancer, showing methylation levels in gastric mucosae are correlated
with gastric cancer risk [13]. This shows that accumulation of aberrant DNA methylation of
various genes in non-cancerous gastric mucosae forms an epigenetic field for cancerization,
or epigenetic field defect.

10.3.3. Temporal Profile of Formation of Epigenetic Field Defect

Individuals with H. pylori infection have a very high methylation level irrespective of
their cancer status and cancer risk. Since the vast majority of gastric cancer patients without
current A. pylori infection are known to have had this infection in their past [14], the very
high methylation level in individuals with H. pylori infection is expected to decrease when /.
pylori infection discontinues. Temporal analysis of methylation levels in individuals who
underwent eradication therapy for H. pylori confirmed that methylation levels decrease after
eradication [34,35]. In other words, a methylation level in gastric mucosae is composed of
two components — a temporary component that disappears when H. pylori infection
discontinues and a permanent component that persists even after H. pylori infection
discontinues.

H. pylori(-) —

Current infection

Past infection,

Methylation level

Figure 10.3. Induction of temporary and permanent components of methylation by H. pylori infection,
and correlation between the permanent component and gastric cancer risk. Almost no methylation is
present in gastric mucosae of individuals without any H. pylori infection. In gastric mucosae of
individuals with H. pylori infection, very high levels of aberrant DNA methylation is induced,
consisting of temporary and permanent components. When H. pylori infection discontinues by
eradication or progression of atrophy, the temporary component, which is likely to be methylation in
progenitor or differentiated cells, will disappear. In contrast, the permanent component, which is likely
to be methylation in stem cells, will remain, and its level correlates with gastric cancer risk.

Based on these findings, a methylation level in gastric mucosae in one's life can be
inferred to be very low before H. pylori infection takes place, to be very high while H. pylori
infection is present, and to decrease when H. pylori infection discontinues (figure 10-3). If
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one's methylation level decreases to a low level, this indicates that his gastric mucosa has
limited epigenetic damage in stem cells and has a low risk for gastric cancers. If one's
methylation level shows little decrease, this indicates that his gastric mucosa has already
accumulated a lot of epigenetic damage in stem cells and has a high risk for gastric cancers.

10.3.4. Mechanisms of Methylation Induction by H. Pylori Infection

The observations in humans described above strongly indicate that H. pylori infection
induces aberrant methylation in gastric mucosae, but lack demonstration of a causal
relationship.

Now, the causal role of H pylori infection in methylation induction has been
demonstrated by use of Mongolian gerbils. Infection of gerbils with H. pylori induced
aberrant methylation in gastric mucosae while little methylation was induced in non-infected
age-matched gerbils [15].

Mechanisms how H. pylori infection induces aberrant DNA methylation were also
unclear in humans. H. pylori has endogenous methyltransferases and the type IV secretion
system that allows its endogenous proteins to infect epithelial cells [36,37], and there was a
possibility that bacterial methyltransferase was directly involved in methylation induction.

However, such a direct role was excluded since suppression of inflammation without
decreasing number of H. pylori in the stomach markedly suppressed methylation induction
[15]. It is still unknown what component of inflammation induced by H. pylori is responsible
for methylation induction.

10.3.5. Gene Specificity in Methylation Induction

Gastric mucosae

Healthy people Gastric cancer patients
H. pylori intection ) *) ] *
Individual 1 - 1112 - 2223 - 33 34 - 44

Susceptible

Figure 10.4. The presence of target gene specificity in methylation induction. Modified from Nakajima
et al [38]. The presence of aberrant DNA methylation was analyzed by a high-sensitivity method,
methylation-specific PCR, in gastric mucosae of healthy people and gastric cancer patients with and
without H. pylori infection. Filled box, high levels of methylation detected; hatched box, low levels of
methylation detected; and open box, no methylation detected. Some genes were easily methylated by H.
pylori infection, and their methylation persisted in gastric cancer patients. The other genes were
resistant to methylation induction.
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Both driver and passenger genes are methylated in gastric mucosae, but there is a gene
specificity in methylation induction [38]. A panel of genes was analyzed for methylation
induction in gastric mucosae of individuals with and without H. pylori infection, and it was
found that only a fraction of the genes were methylated in individuals with H. pylori infection
(figure 10-4).

Similar target gene specificity has been found in esophageal mucosae of tobacco smokers
[39]. Target genes for methylation induction are known to be determined by low
transcription, the presence of a specific histone modification (trimethylation of lysine 27 of
histone H3), and the lack of stalled RNA polymerase II [40,41].

10.4. Genetic Changes in Gastric and Other
Tissues Associated with Gastric Cancers

Germline mutations and genetic polymorphisms are known to be associated with
increased inborn risk of gastric cancers, and thus can be considered to be involved in the
formation of "genetic field defect" of gastric cancers. Germline mutations have high
penetrance and odds ratios, but are very rare. In contrast, genetic polymorphisms are
commonly observed in general populations, but their effects on gastric cancer susceptibility
are very weak.

10.4.1. Germline Mutations Associated with Gastric Cancers

Germline mutations of CDHI (E-cadherin) were first found in a large family from New
Zealand in which diffuse-type gastric cancers took place at an early age [42,43]. CDHI
germline mutations are very rare, but have been found in other areas in the world [44]. An
individual with a CDHI germline mutation starts to accumulate a number of small foci of
signet ring cells, most of which have methylation of the wild-type allele, and a small fraction
of the foci develop into diffuse type cancers [45].

Since the penetrance of CDH/I germline mutations is very high, prophylactic gastrectomy
is a treatment option [42].

In families with hereditary nonpolyposis colorectal cancer (HNPCC), caused by germline
mutations of mismatch repair genes, such as MLH1, MSH?2, and MSHG6, there used to be cases
of gastric cancers. The gastric manifestation used to be common in older generations of
HNPCC families [46], and is common in Asian populations who have high incidence of
gastric cancers[47]. Patients with familial adenomatous polyposis, which is caused by APC
germline mutations, often present gastric polyps, and also have increased risk for gastric
cancers [48]. ‘

10.4.2. Genetic Polymorphisms Associated with Gastric Cancer

Genes whose genetic polymorphisms are most widely analyzed are pro-inflammatory
cytokine, IL1b, and its receptor antagonist, J/LIRN. It was initially reported that a single
nucleotide polymorphism (SNP) in the /L75 promoter was associated with approximately 10-



194 Toshikazu Ushijima and Takeichi Yoshida

fold higher risk of gastric atrophy and 2- to 3-fold higher risk of gastric cancers [49]. A SNP
in ILIRN was also associated with increased gastric cancer risk. Many studies followed this
initial study, and a meta-analysis reports that overall gastric cancer risk associated with IL/b
and ILIRN are 1.26 and 1.20 folds, respectively [50].

It is noteworthy that /L/b is one of the candidate cytokines involved in methylation
induction [15], and that frequent methylation in gastric cancers (CGI methylator phenotype;
CIMP) was associated with a SNP in /L1b [51]. Taken together, the SNPs in cytokines can be
involved in the susceptibility in methylation induction, and thus in gastric cancer
susceptibility.

A SNP in the first exon of PSCA was identified by a large-scale genome-wide association
study, and was associated with 1.62-fold increased risk of diffuse-type gastric cancers [52]. A
meta-analysis showed that a SNP in EGFR is associated with 1.54-fold increased risk of
gastric cancers [53].

Another meta-analysis supported that there is 1.42-fold increased risk for a SNP in folate
metabolizing enzyme, MTHFR [54]. SNPs in IL8, IL10, and TPS53 might be risk factors for
gastric cancer, but definitive conclusions cannot be made [55,56,57].

10.4.3. Somatic Genetic Changes Associated with Field Defect

Microsatellite instability (MSI) is caused by inactivation of mismatch repair genes, such
as MLHI and MSH2. Bspecially, MLHI is known to be inactivated by its promoter
methylation, and one of the important drivers involved in epigenetic field defect. By analysis
of cancer tissues, cancers of patients with multiple gastric cancers have been reported to
exhibit a higher incidence of MSI than cancers of patients with a single gastric cancer [58].
Since the major mechanism of MLH! inactivation is its promoter methylation [24], the
presence of MSI in cancer tissues indicates that the patient has high levels of methylation and
thus epigenetic field defect. It is difficult to analyze the presence of MSI in non-cancerous
gastric mucosae since the fraction of cells with MSI is expected to be very small, and
individual gastric glands with MSI are expected to have different types of microsatellite
mutation. However, MLHI methylation can be detected using a sensitive method,
methylation-specific PCR (MSP), and was shown to be present in non-cancerous gastric
mucosae of gastric cancer patients with MSI [59].

Activation-induced cytidine deaminase (AID) is a member of the cytidine-deaminase
family that acts as a DNA- and RNA-editing enzyme. Infection of gastric epithelial cells with
H. pylori is known to induce aberrant expression of AID via the IkB kinase-dependent
nuclear factor-kB activation pathway. Upregulation of AID is reported to lead to increased
TP53 mutations in gastric epithelial cells in vitro, and it seems to contribute to formation of
field defect for gastric cancers [60].
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Conclusion

Gastric cancer is closely associated with A pylori infection. It induces aberrant
methylation of various but specific genes in gastric mucosae mainly through inflammation,
and produces an epigenetic field defect (figure 10-5).

Methylation levels of some genes are correlated with gastric cancer risk, and are
promising cancer risk markers. H. pylori infection can also induce AID expression, which
leads to induction of mutations in gastric epithelial cells. Germline mutations of CDHI,
MLH]I, and APC are involved in gastric cancer susceptibility, but all these are very rare. In
contrast, SNPs of some cytokines, such as /L/b and ILIRN, are common but only weakly
associated with gastric cancer risk. These could be involved in the differential responses to .
pylori infection and thus in how "efficiently" epigenetic field defect is formed.
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Figure 10.5. Formation of epigenetic field defect and cancer development. If a normal tissue is exposed
to an inducer of aberrant DNA methylation, such as A. pylori infection, methylation of various but
specific genes is induced (non-cancerous predisposed tissue). Both driver and passenger genes (genes
A, B, and C) are methylated, but driver genes usually have very low methylation levels. Ifa
predisposed cell harbors an additional hit (e. g. methylation of gene E), a cancer is considered to
develop.
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