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Regarding SDH deficient GIST, the promoter of the markers (PAX3, REC8 and P16)
are markedly methylated. So these markers should be used for either KIT mutated GIST or PDGFR mutated
GIST. From pathway analysis using illumina 450K array data, we found abnormally methylated genes among
SDH deficient GIST were enriched in PI3K/Akt signaling pathway, which are downstream of the KIT receptor.
It suggests that abnormal DNA methylations induced by SDH deficient cause development of GIST with
neither KIT mutations nor PDGFR mutations. Gene set analysis based on genome wide DNA methylation and
transcriptome profiling revealed the relationship between G protein-coupled receptors (GPCRs) and
malignant GIST.

GIST



B X C—19, F—19., Z—19 (GtaH)

1. WSO 5

GIST XYM 1T F A9 2 R P S CTKIT X
PDGFRa DERZBD L Z ENMEN T
5, BRIZBITDHED D WVIFURAED
GIST JEMIIE 1, 000~1,500 A 4F L #HEH &N
TW5b, L, %< dD GIST 73, HILED
FEIE T IESS & L CUIBR S N 7= % O MM A
WX TSN TBY ., IFRICEREEZ
720N GIST JEBIOEILN 2 D 2 &3 a
HITWD, F£70, WEMRHER] O H % 3HH
WRRE L7, FEAFRIZ B T mm @ GIST
FEBEEIGRDD EWVWIRERH D, LN
5T, GIST IZ1% KIT =2 PDGF-R o D4 e %38
WDHMN, B - R AE LAV KEMEE GIST
LR - IR AT D EEME GIST BNEAET
HEBZLNTWD, (REMEEE GIST 23, #x
BiREEL Lo ENEE GIST (/2 50
1-25& LTLOHDHENRH 2B+ Tidan
SEHICREBRICE > THEMEEDE VR
I DDHN, FOMEFFIZE L TOREIL 20
ST, WETE Y 2R T 4 7 AWFRDOFEREIC
X0, DNA B A TF ALy, BADOFRE - &
BICESEELTWASZ EDHLNE >
7oo F7o, DNA A FIALITIEFICLE L2k
PEMTHY, XA F~v—DT—L L THIER
INTWD, HFEHEIL, GIST ORI % %f
BT, ~A 70T LA &AW TR 72 DNA
AF AL 2 i T LT, T ORER. LIF
D EEPLMNZ LI, (1) @SEMEE GIST T
AR E GIST ICHiR LT < OB+ D
DNA A FAbZE &6, HEMARIZIZ DNA A F
IAEDIBE - L Tnb, (2) HHIkO GIST &/
ME D GIST TIX DNA A F b7 a7 ¥
ANPELRD, Q) THRTH~—I—L75D
AF AL H — 77 v M+ (PAX3, RECS,
P16) D[EE,

2. WHEOHM

GIST JIINRSEIC TREME TS & L CRBRR S
. ZTOREZOKRTIRIEFSERET D
EMEW, Fo, BERNEEE T 2R AR
(EUS-FNAB) Z X D #HARZWTC GIST &2
SNTIEFNT TS E B2 BN TWD, —
J5C, DABNEIREEIE & ST/ Sk
TR D% < 1% GIST THh V., Thbldis
BB OAREEI D TRWZ b bh
TW 3, TR EUS-FNAB 2 CHELER L 7-#Hi%
ZHWT GIST O#2Mia 35 Z LITAEETH
DN, BirEME OFF<> Mibl index Z W
72U R 72 EMEICT 5 2 S IXREETH
b, L L., DNA A FNAfb~—h—I3LZEL
Tk, EUS-FNAB T L H &R MBIATH
IEHE7R Rl N FTRECTH D, L7T=A - T, DNA
AF A~ — D —FfESLT D Z & TIHIRTIZ
EMEREmMEEAZND 2 &N TE, FifomE:
R OWEIZKREL FETH LN TE
5, EMETEBMEOH DV A7 HENLET
HDHZEERLTWVD, AIFFETIE, DNA A
F AL~ —H — DL 2+ 5H Z & T GIST @
MR ZRBSEDLZEEAHNET S,

3. #FFED L

HREEE L. AT /b ¥ —47 v Fiafs 1 (PAXS,
RECS, P16) ® 5 B 1 BIn+TH A F AL
LR DIREBNL., B4 BT CREB RO 24
BLIVbAERBREILEW AT — REkEa RT3 2L
ZAEH L72, 25 OEfs1 D DNA A F L1k,
NP % THNCHEZ TH S 0HiA & ak— b
WCTRFT 5, £, B ONTRIKCEETE O
Wik % T DNA A FUARIZ K % GIST D
MALIZEE T 2T %,

4. WFIERE

A & 24— MAFZEIE. 3 FEEEIRAFR
(AT NALEE 62%., FERA T IALEE 96%) . i
] «=0.05, WS 80%., BB 3HFEL L
CVBEREGIE % 2 BE 32 il & % % . &3 80 JE
B % P EERE L U CRRE LTz, [AS&ET4
RN KRB R R B R E R B S 0K
RBEH TSN,

EATIEICBEI L Cld, A my—7 = Rk
W2l LT < OWFSEEE TRENT FTEEZR Real
time MSP V£ % FNT- T 2 N2 U7, BN,
PAX3 & RECS (2B L T A F /LAl DNA (245 B
T T A~w—%fERK, U E— MEEFI (LINE1)
A UL Lz, B E/DBofE, &
M GIST, REEM: GIST DA Z VN THEHT.
NARrY—7 T REEOHBIL PAXS T
R2=0. 698, REC8 T R2=0.647 Th>7-, BEfF
ORIRZE AW G Cik, MILEDEE v
TMean®=2SD &4 v hA T L LTEEIT 5
oM e — I o ATOREE & FIREIC A
FNVACRE L FEA T IALBEZ 31T 5 2 L3 A]
BEThol,

FOR AW SRR B9~ 2 S e A 2
Hol=, KIT R PDGF-Ra DOZERZFBD2WN
GIST @ K¥4>C mitochondrial succinate
dehydrogenase (SDH) D 28 # |2 L 2 # e K 45
ERDOLHEVSTHMETH D, SDH DY Ky
BRI NRTH T ) =~ ETHHEN
& v SDH B R D IEBHIES 75 L Hiv T
Doy, BFFL TN X Z L 1L succinate/ «
~ketoglutarate MR H TET DIEMEIZEE < B
5. L. SDH OFEEERFRIZ X Y DNA D A F L1k
DR FEIND EORETH D, ZOHRE
1. ARBFFEICE b TERBICEET LD L
EZz, HREICRHNTILENS D & HE LT,

SDH F§HE /K8 GIST D DNA A F LAk D & — 4
v MERRETT 5728, GEO DA /L F 450K 7
LA DT —H ZHH L7 (GSE34387) , H AT
BT 0O 7 v — & — ik (TSS 2> 5 + 1kb LA
W) T CpG 74 7> RNITIFET D 7 et —
A —Z IR RS- 7 0 — 7 T ARSERIE
THELEbOREWT 0 —7 (B EOFESE
REN0.05 U E)D7Te—T%8IRN L., 75
AR — RN R AT L (K1), 7T AZ—
fiERTCIE, ERAE & SDH IEH GIST 2267
LHREE SDH RAH GIST 7B 72 HRED 2 BEICHA
el s T,



(R 1 :EFZ AN 7 TR Z—fEHT)

SDHR {8
GIST

SDHIEEGIST
IEEHHE

SDH K8 GIST OFETIZ DNA D A F AL NFEE
\CHEER & LD T- 8. SDH RIBEETD DNA A F
B =47y NEfa e Lz, £9. K
e D% —% > NBIE - TédH 5 PAX3, RECS,
P16 D7 1 E— & —fEID A F )AL Z i L
e ZDEXDON Y bATELTERBHRED
SEHEJ+3SD A VWD & BAEIXZZLE AL PAX3 T
1% 0. 278, REC8 Tl 0.447. P16 TlX 0.498
tlhhol-, ZTOHy FET7EH WS L, SDH
IEFETIE 23% TR, SDH REEFETIX 100%
THYE, EFHETIE 0% BBt Th - 72
(K2 ., ZofRI v, SDH [E% GIST TiX
TSN T-HEEDOBMERTH - 7273, SDH K
H GIST TIT T T OREFI TR L 720 . SDH
EH GIST OATTFHRTHO~—H—& LT
EHAARECTH D Z &R ENT,

(X2 PAX3, REC8 P16 @ A F/1L1L)

SDH IEEFRE 23% 10/44
PAX3
REC8
P16

SDH K4EEE  100%  25/25

PAX3
REC8
P16

1B 8 0% 0/17

PAX3
REC8
P16

% 7=, SDH K48 GIST T A F /L %30 5 idElsF
BE% gene set analysis Z T U 2 a5t
L7, 2O & ZIE g CRER o g i) &
IGFDOBEEBEZIZLT, BEMN 0.2 T4
AFAb LEEFK LTz, Lz~ T SDH IE
W GIST & IEH )& C BB 0. 2 LA R 2>2 SDH
RHR GIST THE (p-value<0. 01) I B EAHE
MLTWDEDERNGERTREE LTz, /3K
T A FENTTIE G 2 R RS
(q-value=1. 74e—06) & PI3K / Akt v 7}
{57 % (q—value=8. 85e—06) 23 &= T L7 iz
HiFbii-, HLITHEEE OEENENRTH

BHH, PI3K / Akt ¥ 7 FIVRERIT KIT @
T TH Y, KIT ZRAEFEH 72\ GIST D HENE
[LOEL LTEZOND,

A s a U—fEHTClE, developmental
process (qg-value=4. 13e-19) . cell adhesion
(g—value=1.08e-12). cell motility
(qg—value=2. 15e-10), cell proliferation
(q-value=1. 52e-08) 25 _EALIZ A HALWT 4L
HEMAGICEEENL O TH Y . 2 bk
FDAF AL EMAIZEE L TWNDH T &
DIRIB X NT,

RIZ PAX3. REC8, P16 CHEMEENEWEZ
Wr X415 GIST TOEMAL O & REtd 5
7= 8 expression array (GSE47911) OF — X%
PERHLT, FTU A2 U7 N— MR & i
1T Lize~— 1 —Fatk: GIST TRME 0. 2 LAF.
< — 7 — PGt GIST THE (p-value<0. 01) 12
AFALH BAE 0. 1 LLEHIM L TV 5 i8{a 1
FEORBUTIER L, 2 b OB DREN
U TmRmWD D& T R4 GIST, FBEUK T2

BEINDHLDOETFHRARGIST E05E LT,
2 FER CH & (p-value<0. 05) |2 mRNA DIEELIZ
BEODODDEMLFREAZEINL ., gene set
analysis ZMifT L7z, /SA T AT TILG
22N AR AR AR B D3 K
(p-value: 8.15e-05" 3.26e—-03) % L T WNT,
MAP ¥ F—B7R ERHEEL b - CRIES
7o F v ba P —fETTIT cell
adhesion (p—value=3. 06e-05) Nt o & HAH
BEThol,

AifmE & AREBRIZEE L CIL, batch effect & &%
IMET B 7280 BIROBENTIX R iE T4 5
DINEE LW, fREDOHFEHIMN Tl
THZLNTE o7, L., WF5EELE
FRIZEE L TV Zehyo 7=, SDH K38 GIST 234
Bl C~v—h—BtEE b LITEbOTH
ETHDH, VIENTE LT, KIT B2, PDGFR
Rt GIST Z R4 Lot &7 9 MERH
5. Fiz. DNA ATk & GIST IZB L T,
SDH /K48 GIST TKIT @ Fiii CTd 5 PI3K / Akt
VT FIGIER S DNA A F AV ORERYIC 72 -
TV Z & d SDH RARIZ L 0 Fijid 4% DNA
AT IALDOZFEREDS GIST ORAICES5T5 2
EEEMTDEREEZOND, VTR
U 7 b — AN CTIEARBFIE C T AR GIST
ETPRENDRETGC X oy I /KD
FEHLHS . SDH K48 GIST D A F L b Z —4 » |
AT & [FARICIRIE Sz 2 ik, &b Tl
ROV IR E Bbisd, ¢ ¥ o X7 His
B E GIST OBEIZRE L CTix4S % O
e LTRSS BFT 2 TFETH S,

ARIEZEC, mimERBRixEe 7952 &
IXTERDPSTEN, SR BIESNEERET D,
BIRHIZRFR-E L LT /=, DNA D A FLfk &
TR B\ B 2 WF AR T 72 T B A A3 R E
=i,

<5 3Tk >
(D Oncogenic SDH mutation underlies
global epigenomic instability in



gastrointestinal stromal tumor
Killian JK et.al, Cancer Discov 2013
Jun;3(6) :648-57

Gene expression sighatures in gastric
gastrointestinal stromal tumors
(GISTs) Lee EJ et al. PLoS One
2013;8(10) :e77219

. ERRRWIE
(e, BRI K OSBRI I

ESN )

UfEssams) G 12 1)
@ Hori Y, Hayashi K, Yoshida M, Naitoh I,

Nakazawa T, Miyabe K, Shimizu S, Kondo
H, Nishi Y, Umemura S, Kato A, Ohara H,
Joh T.

New concept of traction force applied
to biliary self—-expandable metallic
stents. Endoscopy. 2016May;48 (5) :472-6
doi:10.1055/s-0041-111566 #Hif ¥
Kondo H, Naitoh I, Okumura F, Nakazawa
T, Hayashi K, Miyabe K, Shimizu S,
Nishi Y, Yoshida M, Umemura S, Hori Y,
Kato A, Ohara H, Joh T. Clinical
features of acute obstructive
suppurative pancreatic ductitis: a
retrospective review of 20 cases. J
Gastroenterol Hepatol. 2016 Feb 3 Epub
doi: 10.1111/jgh. 13304 &EFHHE Y
Naitoh I, Nakazawa T, Kato A, Hayashi
K, Miyabe K, Shimizu S, Kondo H, Nishi
Y, Yoshida M, Umemura S, Hori Y, Kuno
T, Takahashi S, Ohara H, Joh T.
Predictive factors for positive
diagnosis of malignant biliary
strictures by transpapillary brush
cytology and forceps biopsy.

J Dig Dis. 2016 Jan;17(1):44-51
doi:10.1111/1751-2980. # A
Naitoh I, Nakazawa T, Okumura F, Takada
H, Hirano A, Hayashi K, Miyabe K,
Shimizu S, Kondo H, Nishi Y, Yoshida M,

Umemura S, Hori Y, Kato A, Yamashita H,

Sano H, Ohara H, Joh T. Endoscopic
retrograde cholangiopancreatography
related adverse events in patients
with type 1 autoimmune pancreatitis
Pancreatology. 2016 Feb;16(1) :78-82
doi: 10.1016/j. pan.2015.10. 011. &t
Y

Kato A, Naiki—-Ito A, Nakazawa T,
Hayashi K, Naitoh I, Miyabe K, Shimizu
S, Kondo H, Nishi Y, Yoshida M, Umemura
S, Hori Y, Mori T, Tsutsumi M, Kuno T,
Suzuki S, Kato H, Ohara H, Joh T,
Takahashi S Chemopreventive effect
of resveratrol and apocynin on
pancreatic carcinogenesis via
modulation of nuclear phosphorylated
GSK3 8 and ERK1/2. Oncotarget. 2015
Dec 15;6(40) : 42963-75

doi: 10.18632/oncotarget. 5981. #r @t
Y

Hori Y, Miyabe K, Yoshida M, Nakazawa
T, Hayashi K, Naitoh I, Shimizu S,
Kondo H, Nishi Y, Umemura S, Kato A,
Ohara H, Inagaki H, Joh T
TP53 codon 72 and MDMZ2 SNP 309

Impact of

polymorphisms in pancreatic ductal
adenocarcinoma.

PLoS One. 2015;10(4) :e0126295

doi:10. 1371/ journal. pone. 0118829. &
A

Hori Y, Naitoh I, Ban T, Narita K,
Nakazawa T, Hayashi K, Miyabe K,
Shimizu S, Kondo H, Nishi Y, Yoshida M,
Umemura S, Kato A, Yamada T, Ando T, Joh
T. Stent under—expansion on the
procedure day, a predictive factor for
poor oral intake after metallic
stenting for gastric outlet
obstruction. J Gastroenterol

Hepatol. 2015 Aug;30(8) :1246-51



doi: 10.1111/jgh. 12933 ZHiA Y
Okamoto Y, Shinjo K, Shimizu Y, Sano T,
Yamao K, Gao W, Fujii M, Osada H, Sekido
Y, Murakami S, Tanaka Y, Joh T, Sato S,
Takahashi S, Wakita T, Zhu J, Issa JP,
Kondo Y :

Hepatitis virus infection affects DNA
methylation in mice with humanized
Gastroenterology. 146:
562-572, 2014

doi:10. 1053/ j. gastro. 2013. 10. 056
HHAY

Kishida Y, Natsume A, Kondo Y, Takeuchi
I, An B, Okamoto Y, Shinjo K, Saito K,
Ando H, Ohka F, Sekido Y, Wakabayashi

livers.

T : Epigenetic subclassification of
meningiomas based on genome-wide DNA
methylation analyses.

Carcinogenesis. 33:1277-85. 2012
doi: 10.1093/carcin/bgr260 #&FHiA 1
Shinjo K, Okamoto Y, An B, Yokoyama T,
Takeuchi I, Fujii M, Osada H, Usami N,
Hasegawa Y, Ito H, Hida T, Fujimoto N,
Kishimoto T, Sekido Y, Kondo Y :
Integrated analysis of genetic and
epigenetic alterations reveals CpG
island methylator phenotype
associated with distinct clinical
characters of lung adenocarcinoma.
Carcinogenesis. 33:1277-85. 2012
doi: 10.1093/carcin/bgslb4 HFHiAH Y
Okamoto Y, Sawaki A, Ito S, Nishida T,
Takahashi T, Toyota M, Suzuki H,
Shinomura Y, Takeuchi I, Shinjo K, An
B, Ito H, Yamao K, Fujii M, Murakami H,
Osada H, Kataoka H, Joh T, Sekido Y,
Kondo Y : Aberrant DNA methylation
associated with aggressiveness of
gastrointestinal stromal tumor. Gut.

61: 392-401. 2012

®

(ERRE)

o)

(XF) G

)

doi:10. 1136/gut. 2011. 241034 A Y
MARZR=E, R, TS . 8BRS
UNGY SN YV Ep S

B L 47:1983-88, 2012

DOI: http://dx.doi.org/10.11477/mf. 1
403113679 A/ L

Gt 2#)
An siRNA screen identifies CHD4 as a
target for epigenetic therapy

Yasuyuki Okamoto, Jumpei Yamazaki,

Takahiro Sato,
Woonbok Chung,

Matteo Cesaroni,
Judith Garriga,
Jaroslav Jelinek, Richard A. Katz,
Jean—Pierre J. Issa, AACR2014
Discovering therapeutic epigenetic
targets using whole genome siRNA

screening

Yasuyuki Okamoto, Woonbok Chung

Judith Garriga, Jaroslav Jelinek and
AACR2015

Jean—Pierre J. Issa

1 14)

Yasuyuki Okamoto, Yutaka kondo
Genetic and Epigenetic Alterations in
Inflammation—Related Cancers —
General Mechanisms of Cancers

From Inflammation to Cancer: pp. 29-48
DOT: 10.1142/9789814343602_0003

(PEEIA PEHE)
OiiRPt Gt o)

OBtsiRPt Gt 0 )

(£ Dfth)

AN A -

L

6. WFITHERE

(1) W
A< Z&3E (okamoto yasuyuki)
Ao ETSIRY EFER WBiBhE

Fges &5 : 60444973

(2) H7eor 38

R

*HH (hayashi katsuki)

HARINIRY: EEER B


http://dx.doi.org/10.11477/mf.1403113679
http://dx.doi.org/10.11477/mf.1403113679

Wrged 25 00405200

(3) EEEMFTEE

O (sawada takeshi )

SIRKT EEREFREVER R
WR#EHZ S . 60345626



