123 70:5/{/§:/'——0){%§§ Ju\%uniﬁl

BEBE DRLIZBIMIERD S JGOG F—F & o & —| WKHbEND Z Lty BEORE
TR, BERICRITENEMTRES, BFE/ = v, £ERD. ILTEERHEL
TITON, BELREE 3 ENLUTMBROMBE LT —F N—ADTFET 7€ 25 A ST I EE
BEZHHITE DEMD IGOG F—F o ¥ —DF —F _R—ATEEENE = L0, o =
X INTEFERRTERVES, FARBRA~ZMT 27-0I02ERE LTU T4
W4z itsn,

© DR DFEBRBE L LTI b (5B RS S CREE
I— FOFEITHRREN, EOILTERLORSERBTBRINDL T &,
(M%M%EEEW%K£:MT4$ F—Tp CAAREERERME ER SICL
LEBTIIR, MEBRAOEROMM COBEMNEE L1, )

© BERR - FEEDOANTEEOREEOREMEITS SR O b LT OREHIR &
DEL RN L,

© JGOG DIRREENSTONDHE, BERI T — FLEOIALFEEOMISEDSIEE
FOBELZITANS - &,

CAZUYNVNETRITAERIT. A3 -THE D <‘:7§>+1E'JT~E<Z>JE9 —H (XX L&
EIAC S IR

12.4 BEREAHEE D ES?

ﬁﬁ%u%%?éﬂ%ﬁi\%%@iékk@%@&b&mmbKﬁwfxﬁ&£M%@%
E BT B,

12,5 EEOHEFERE R HWHEEEER) RS

ARBRASOBIMIIR L Tl ARBREMHEER L UBE~ORAIE - AEEREMHR0
MEFELZES (BEELEZES) (RB : Institutional Review Board) T&ZE & 72 1 i 7e &
720,
IRB ARG ONIBE | BIEROMERFRELEM. BEEMD S TR —F 1 32—
5 imBﬁ BXED = V' —% JGOGEH A~ FAX %4+ 5, IRBAEAITE TR S RE .
—12JGOG FERE N IGOG F—F L 7 —NRE+ 3,

IRB #&FECEAS % (JGOG FHR)

FEFFERTEENEAN BAREMEE L SEETEERE S5

fERT + T162-0825 HUEDETE K1WIAR 6-22 /MR E L 4

FAX : 03-5206-1983 TEL : 03-5206-1982

12.6  IRB AR D EREH

FRBREMFEEL L UBRE~ORANEOS R GEELTEE <@Im3®%§ﬁ
REREHORIEIESMEROBEEIKES,

40 JGOG2043 Ver, 1.1




12.7 HBREMABEELEZFORY HKL

L EPEE RS B VIEEF OO ERIZ L BRRBRHEEZ B SARE IR ERFTEOLE
MU o d, TORBICIVKE - WETERMMLTROHE D, Fo, RBREHRFEE
DEFZY LRV ERBEDOBMERZEE/AETT X LE LTHICED D, TOESE -
DI|NEITEROBEY &35,

1) 2IE (amendment)
O© EH
HERICBINT 5 BE DR (risk) Z K S DFREEDCH S, b L ITFEERD primary
endpoint (& BHE 9 2 RERE M FHEE O HHILE,
@ ZEFIE
- BB EM B EANLEE LT L YRR O RAERE - IHEEB R, FEE
NAEBEBLIOICGOG F—F ¥ —ti#E L, RRERFEEWEEEETD
MENERET D, BRETHHS. WRARERE - FRFERIIEERREMEE &
ERL T %,
- FEEPAEBSFBRIVEEZBS ~EERRENFEEOHFE 2K L AR
- Z)
JEREKRE - WHREZ R JGOG 53’5‘};3 ZELTC, BARBREELZRS~EERR
%KE{W;@%Q%{K@L AGR
75 T S B T e BT D 7AGRR ﬂ‘?%%ﬂf_ﬁm\ JGOG EERIILZABROFERL A
EFEE~HE L, TERBAZESZRARITEEZES~WET D,
£ B ~OHE K & 20 5 ARBR I HE D2
- JGOG ??%%’ . RBREMGFEENRESNLE EEONEE R — LA— Uil
T2 L IGOGERE~—FA—NVEERFET D
- JGOG ?3%153 I A NR—_R= IR E N EEWE B (ERARFEEZE S DA
H) %50 L - A E AR ER T EE L YRR SR~ D,
@ ik IRB DA
iz IRB OFFE - RBEETD

2) ET (revision)
O ExE
RERIZS T B BE DMK (risk) # R I 2 AFEENR R, 2ORERO primary
endpoint (= b BB L 22V AR EEFHEE O IEE,
@ ZEEFIE
o RBREMEIEEWET AL &I L MBI OB NRERE - MIEEE L. FER
MAEBERBIVIGOG F—F v Z— L, RBREMHEEIGTERETD
IDENERET D, RETHEE, EARES - RFERIILEXREREEL
ERLT %,
- WFgefikE - WIEEB R JGOG FHEREE LT,
FEZBRICHET 5,
- FEEBAEBEZARIRBEMHEEYGT A EEZRE~ET 5,
@ £B~OEK & L ERBRENFIEE DX
- JGOG WAL, RBREMIENKTSNEE ETORNEEF— L=~ 8l
45 Lk JGOG RE~—F A —NVEIEET D,
- JGOG FHERIE A ANA—_R—= IR ER G EEWET A BRAREEZAES~OH
4= 1) A R L - S R BR M A E 2 SRR BN R ~ & D,

‘::pué.

ARABRE SR I URT 2 B AR

41 ‘ JGOG2043 Ver. 1.1




@D HEEk IRB DKER
b@rzﬂ IRB ’D%‘E ntu e %\ JL.L‘ ON)H—Q n {}L&j /E V)

3) AETVHFLIRAEE (memorandum)
Q EFE
ARREILFHEENEOEE TR, TEOMR EDIEb 0 2Hb Lz, BoES
FMAIC D% 0 B B THRIB O BRE ICH S 5 3B EmEHmE R R,
@ (ERLFIE
AT VT LFAEEPNLE L HE U SRR OTIE RS - UIREERIL. F
BERPAEESBIUVIGOGF— 4t —L @@L, AT504 AEZEEZE
T DB N ERET D BT 2B, @T FSEREE - MRBHERL N EIERT 5,
MEERERE - R EBERIIIGOCEFLERICAET V¥ AELZX DR 2 HET 5
Q@ SE~DHEIEE ATT X LB 2 EE DR
JGOG BERIT, AET U FAMRAEEMMERENEE L FOREE R— b
~ERT D & K JGOG LB ~—FA— LB EETH
JGOG FERIX 'fﬁﬁﬁiéﬂt/ BT UH AR AEE R B *"ﬂ“ﬁ?ﬁ%?)wﬁnv\ﬁfﬁ‘@o
@ Jfizk IRB D&
Mgk IRB @%E AT B TR OB ROIZHE D,

128 EK%@%F@%# EE"&IE/E&ETB#@ﬁEDX lRB g(un..\

AR PICIERRRFEZB 2 ORRE B TANEEGTEED U< TRE~0RATEDLL
B8 SIS SIE SV UFEEMF EER L OB T ERE RO KBEEEES (b
L <i% IRB) afkam\éi’bti TAEe 62, AEEENNE TIIR < WTOBAI., EHZD
EEEZBES (L L X IRB) DEBEARBEETDHHENITEIER DI et wé 9,

SENZ T D IRB ARG b2 86, BROMRIIZCELEN., ESEMH 5 3R
a—7 4 x—#%—3 IRB ifmxﬂa) av—% JGOG FEH R~ FAX %+ 5 (FAX .
03-5206-1983), IRB AR I EFAITHYELH D \VIIMER 2 —F 4 F— & —NEE . 2 1°—
2 JGOGFEERB LV IGOG F—Z v Z—NRET 5,

12.9 BEREMET IR E{ERED 67

2006 3 8 31 H %'ra% mE ORE
20064 8 H 5 H EMFmE  TIRIER  Version 1.0
2006 8 H 318 JGOG BARABRELELZES HE Version 1.1

13. EZA2 )T, BEEBS X UVHEHE

131 EEZ 2 U D

AIEs el ) Our\”ﬁ,\hul HE > TERES N TV A0 2R T 5 B TELT
p I SR ,Eﬂﬂq:— 7). /ltﬁﬂu LTE2ENTOND, [VE S ED JTB—{%%J
BIFE 9) 2 ch AT — 4z ﬂﬂ:” JGOGFT —F b ¥ —T{ER SN AE=% 1) o 7L R— L.
VBB TR ﬂiﬂﬁa’ e CHETE SNAFBBROBNER~EEIND R, TOFEXLITOL
HITES D,
12 JGOG2043 Ver. 1.1




1311 E=Z42 YT DFIR

1) JGOG 7 — 5“12/5’~L:l WSk BR O FMETE B E D b EE CUE S HEFIER
e (L Q) EDTBAT —F ILESEERET=F Y VI UR—-EERL, E=F )7
FBE~WMET D,

%) F=H YLV IEREDA LA A=, FEEPAEBED A L 3— WIEARE - UIEFEER
TR ESNB, T4V v/ EBEITT=F Y VI EBEA TERPAZRERZERZKRV
FFFEENRAEBED A N—PHRNT 5,

3) UHHBROE=F Y LI EELERREL. TEAPAZELOBIC, Efle=4) V7 LR—
MzoEEE Mz, EME=FY 7 LR— FORNELHEET S,

WSt DE =4 ) VI EBAEREIR. PR - BEUFMEEESIZ JGOG FHEREmE L
TEME=Z ) 7 UR— b EEHT S, PR ZEEFMEZEARIIE=F ) T LR— |
Wt UCER - BRAH A HEAIIE. 2 BALNIZ, JGOG EFBREE L THET D,

4) JGOG FEBIL. 2R - BLMFTMEBRLOEKREL, EMt=4) /LR — % JGOG

R b= OBl D,

13.1.2 1EH

1) SEFIEERERUINR - B EE I — BRI, MR/ fER 5
9) EHME AR O FTRENED B B REG] « T/MER

3) RERENEHEEIRR D AARR T OB, LA THEE  F/ER
4) IR RE T - B

5) EENAERS  BIER

6) HERGIAEFRS It

7Y BRBR N B G TR D b BIEGI B B Te) ¢ BE/RR
8) SLEIHIIRIFONE - BE/MFR

9) AAENIRT . EREH

10) Fofh, REROUERELR SV B4 A RIS

13.2 SAERSEEETE it B

KIS FERRECEN - A OTRENRBREMEEOREIIE > TiThh o
72 % O & R ER FHEERN - T 5,

T Y LI LTHEL. BAlE LTFD JGOG F—& & & — LR EE M FES R
RCHRY RO —EDHEFAA B L HRMN GRROFREEOHHBE) LLTx=7
7 LR— MIBIE S, BHEEEER LU L — 7O ER T, LTOWT o
Ehd,

1) X (violation)

AL LT T OEHEIE B IC S+ A RREMGEEREN D OBIE NER] 15,
@ HBoOx o RRA > ORI EEE RIET
@ MR LER Rk B ER, SRICRR RS 5
@ #HEDL L ATBHEDY
@ famt Lo ERE LW
NER ) IR TARTABICERE L ONEE T 2,
<E D>
o SRR M E IR L O FLAS AKIRCOF A IE TR & OF B (BEH). ORI 4)

43 JGOG2043 Ver. 1.1
— 83 —




@ﬁ@%%ﬁﬁ%mmﬁﬁvﬁxy$n&5ﬁm§ﬁmbﬁmot
RIE72EBRE
2) 18K (deviation)
DOEFUS G, 3) OFFEINIC HERY LAV il
ﬁﬁ@ﬁmﬁ§<EE%E%@@%I&%@%K%&?éo
3) FFE#EH (acceptable deviation)
MR N—F b L 3R Es s b JGOG 7 =¥ & —RT, Mo s L
ITFHZMITRT TR SEAN ORI T =2 ) o T UR— MIBH LA,

13.3 fekEAfEEs

%E%Eéﬁ%@#é%Eﬁ%%ﬁﬁﬁ%ﬁmm%%%%LJ&&RB%%X%@ﬁ%\%
%@%X%@%ﬁ\EW%%%EA?w&&ﬁw?&@%éﬁﬁﬂ@E%W%%%%ﬁéé
é@ﬁbé%ﬁv:JTwK%ofﬁéo&B\%mﬁwﬁﬁﬁﬁﬁ\%ﬁ%ﬁ@%ﬁﬁ%%
&@%\%E%ﬁémméﬁ%én\%ﬂﬂ%hﬁ%ﬁé%ﬁﬁ@ﬁ% IHRELGND b D &
15,

14. AERBROFEFE

WIIEARE 1L, FFROEHERRE L OGRS s -, CCREFAETIREFLEN I EL S
LUNCHEFICTHRET B - LT 3,

WHERRIL, E7 B AFHT, FEERITERINAE T HRICHE LEMMEES DR
BT, HMESE IR T 5,

141 SWXFERICET 5 authorship Z (84 2 Yk o

FRAIE L TERRsHEICET 3 authorship IILLF @Y &35,

RBIERDARIHID 1st author HEFIBGFE AT b S0 > - R OELEIEYE G L <
fﬁ%ﬂﬁ%%%ﬁ@%ﬁ%®@ﬁﬁ\%@ﬁ%@ﬂ%ﬁiéoﬁﬁbﬂ%ﬁ%%@%%ﬁﬁi
MLICELRBIET2) 235, 2R LED authorship Z BT 250 & 9 H\ it Y%k @R
WL D, 2nd author 1ZIFFEf xS (BZRABRERFEEOREE - study chair)., 3rd author
ziMMG?~&%y&—®%ﬁm%@%@t@@%ﬁ%ﬁot%ﬁfwﬁ%%1%)&#&
%ﬂU%ﬂ\%X@ﬁ%ﬁEKiéﬁ@KﬁoT\ﬁﬁ#@%“ﬁﬁ%@%%ﬁ&f%oﬁﬂ
BEHPE O LD - 12 HEER DREE D 1st author & 55k L7Z5-B1E, st author (3HF5e{ 35
2nd author IMEBIBGFH M R b L h o IR ORESE 2725 0

7D%:ww§§§@%yﬂ~mﬁwfﬁ\%@ﬁ%%ﬁ%@%@%ﬂmmﬁﬁ\m%%ﬁ
DRI &, WHROIERL, BEIC T2 BEMEZEE LT author ¢ 5, +~_ToLzEE )y
ﬁﬁ%ﬁ%ﬁﬁ@%rmeL\%%W@Ké%bﬁ%@&kf%oM@G?*ﬁk>?~®
BYT—F w5 — D —|ohf4 B HEL acknowledgement T3,

?%%%@@ﬁ@i&gmﬁﬁﬁﬁb\LEWﬁﬁ@ﬁ%%%ﬁoﬁmﬂ@ﬁﬁﬁxlmﬁ
ERE. 3LUT. BREXSLVIEDIERAZE DEFLIEL TRFT 2252 5, o

44 L_ﬁgcx32043v@n1.1




15. Iz

ARG PRI IR AR SR SR B B & 03 VBRIRIFSEE 3 [ E M AR DI L5
EOWSNZET 21198 O—8]E LT 2 EA S EAVIREE (FEE - AR o8
WHEE - BRELe. RH—Rk, ZRNTIE, SOKEER, {h=, IRIESL, BE R, HE—HE
NEBMAE) D ORESNCHRBRERFEE 2 EI2, 5 AR BRI IET S
(Japanese Gynecologic Oncology Group (JGOG) HER : BFHE—EBR) OBRKMEEE LTITHY &
DET D,

15.1 BAZCHRES

i NBL MRS b SR IR DR ST (JGOG)
FEENAZRBS HBEBE W \EEH4E
FALKRZEEES  EmAR

T980-8574 EHEMAETHEXERNT 1-1
TEL : 022-717-7251  FAX : 022-717-7258

15.2 AERKE

BEZBRFEFR ERAR & K@
T 160-8582 HURHRHTiE KIFHET 35
TEL : 03-3353-1211 FAX : 03-3226-1667

15.3 MREHKD

BERBRFESS EmAR & s B 5T
T 160-8582 HURERH1E XKIF =T 35

TEL : 03-3353-1211 (PN : 63960) FAX : 03-3226-1667
e-malil : jgog2043@jgog.gr.jp

15.4 JGOG E#B

BEIEEFITENEAN BAREBEHIER LERETME &5 £3
T162-0825 FAENHTE KPEEK 6-22 /MAE L 4 BE

TEL : 03-5206-1982  FAX : 03-5206-1983

e—mail : info@jgog.gr.jp

15.5 JGOG &t 42— JGOG T—2 24—

FEEVEANACERTZERT  BRRIEEMIEET BRRARR = —F 4 2 —T7 1 7 EM
T108-8642 HEHHEX A& 5-9-1

TEL : 03-5791-6398 FAX : 03-5791-6399

e-mail : jgog-dc@kitasato—ctce.jp

JGOG #t v #— /JGOG 7 — & & ¥ —RKHE
FEEE N ICRIFZERT  ERREEENISERT BTk M IESA

45 JGOG2043 Ver. 1.1
— 85 —




15.6 #atigeT

157 F=R1) 45

wfE S

FCERZRFGIFIICR B FE SR
T108-8642 FIARMEK F4 5-9-1

TEL : 03-5791-6322 FAX : 03-3444-2546
e~malil : takahashifu@pharm kitasato—u.ac.jp

\!

ZB= [-hiK158]

15.8 BEEZER (UGOG) [l 1 28]

15.9 BRIREBRBEZE R (JGOG) [l 1 58]

1510 B -ZEMUFHHEEE R (JGOG) [—5liF 1 B8]

1511 o bra—I)LEES [—RF15E)

16. & #k

1.

e v w

®

10.

11.

12.

Randall ME, Filiaci VL, Muss H, et al : Randomized phase II trial of whole-abdominal
irradiation versus doxorubicin and cisplatin chemotherapy in advanced endometrial
carcinoma : A Gynecologic Oncology Group study. J Clin Oncol 24 (1) : 36-44, 2006.
Sagae S, Udagawa Y, Susumu N, et al : JGOG2033 : Randomized phase I trial of whole
pelvic radiotherapy vs cisplatin-based chemotherapy in patients with intermediate risk
endometrial carcinoma. Proc Am Soc Clin Oncol 23 (16s) : 455s, 2005 (abstr 5002) .
SRR A DS ADFFEIRIBLA R 23 A O #EF, 20083.

HAERB AR ERBARIESZBSWME © BEMRSSE 57(5) : 1011-1014, 2005,

AARERMS AR ERIG ARIEEZBSME  BEREE56(3) : 772-777, 2004.
AAERGANEREABIEEZBS®E © AERES57(5) : 1019, 2005.

Creasman WT, Odicino F, Maisonneuve P, et al : Carcinoma of the corpus uterl. J
Epidemiol Biostat 6(1) : 47-86, 2001.

1979~1996 4= [EIL23 Atz > & —h JuFhE (http © /Awww.nee.go.jp/jp/index.html) .

Podratz KC, O'Brien PC, Malkasian GD, et al : Effects of progestational agents in
treatment of endometrial carcinoma. Obstet Gynecol 66 : 106-110, 1985

Aalders JG, Abeler V, Kolstad P: Recurrent adenocarcinoma of the endometrium : a clinical
and histopathological study of 379 patients. Gynecol Oncol 17 : 85-103, 1984

e, FAKIE, A B, fth FEESADLEREE. EREEAE 69(5) : 595-603,
2002

iRz, WHEESL, BE) 58 FEES A, SA L{LFEE 29(8) @ 1371-1376, 2002

46 JGOG2043 Ver. 1.1




13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Turbow MM, Ballon SC, Sikic BI, et al : Cisplatin, doxorubicin, and cyclophosphamide
chemotherapy for advanced endometrial carcinoma. Cancer Treat Rep 69 : 465-467, 1985.
Hancock KC, Freedman RS, Edwards CL, et al : Use of cisplatin, doxorubicin and
cyclophosphamide to treat advanced and recurrent adenocarcinoma of the endometrium.
Cancer Treat Rep 70 : 789-791, 1986.

Trope C, Johnsson JE, Simonsen E, et al : Treatment of recurrent endometrial
adenocarcinoma with a combination of doxorubicin and cisplatin. Am J Obstet Gynecol
149 : 379-381, 1984.

Barrett RdJ, Blessing JA, Homesley HD, et al : Circadian-timed combination
doxorubicin—cisplatin chemotherapy for advanced endometrial carcinoma. A phase I
study of the Gynecplpgic Oncology Group. Am J Clin Oncol 16 : 494-496, 1993.

Seski JC, Edwards CL, Gershenson DM, et al : Doxorubicin and cyclophosphamide
chemotherapy for disseminated endometrial cancer. Obstet Gynecol 58 : 88-91, 1981.
Thigpen JT, Brady MF, Homesley HD, et al : Phase III trial of doxorubicin with or without
cisplatin in advanced endometrial carcinoma : a gynecologic oncology group study. J Clin
Oncol 22(19) : 3902-8, 2004

Aapro MS, van Wijk FH, Bolis G, et al : Doxorubicin versus doxorubicin and cisplatin in
endometrial carcinema : definitive results of a randomized study (55872) by the EORTC
Gynaecological Cancer Group. Ann Oncol 14 : 441-448, 2003.

Ball HG, Blessing JA, Lentz SS, et al : A phase II trial of paclitaxel in patients with
advanced or recurrent adenocarcinoma of the endometrium : a Gynecologic Oncology
Group study. Gynecol Oncol 62 : 278-281, 1996.

Price FV, Edwards RP, Kelley JL,, et al : A trial of outpatient paclitaxel and carboplatin for
advanced, recurrent, and histologic high-risk endometrial carcinoma : preliminary report.
Semin Oncol 24 (5, suppl 15) : S 15-78-S 15-82, 1997.

TR, KVEFEE, UARSCE, il FEERSAICKT S Paclitaxel - Carboplatin #f F A
DEHE. D3 EALFFRE 27(2) © 257-262, 2000.

Gordon AN, Hart DJ, et al : Phase II trial of docetaxel in recurrent or advanced
endometrial carcinoma. Ann Oncology 13 (suppl 5) : 109, 2002 (abstr 3940).

Fleming GF, Brunetto VL, Cella D, et al : Phase I trial of doxorubicin plus cisplatin with
or without paclitaxel plus filgrastim in advanced endometrial carcinoma : a Gynecologic
Oncology Group Study. J Clin Oncol. 2004 ; 22(11) : 2159-66.

Fleming GF, Filiaci VL, Bentley RC, et al : Phase III randomized trial of doxorubicin -+
cisplatin versus doxorubicin + 24-h paclitaxel + filgrastim in endometrial carcinoma :
a Gynecologic Oncology Group study. Ann Oncol 15(8) : 1173-8, 2004.

Weber B, Mayer I, Bougnoux P, et al : What is the best chemotherapy regimen in recurrent
or advanced endometrial carcinoma? Preliminary results. Proc Am Soc Clin Oncol 22 : 453,
2003 (abstr 1819).

Morrow CP, Bundy BN, Kurman RJ, et al : Relationship between surgical-pathological
risk factors and outcome in clinical stage I and II carcinoma of the endometrium : a
Gynecologic Oncology Group study. Gynecol Oncol 40(1) : 55-65, 1991.

Boronow RC, Morrow CP, Creasman WT, et al : Surgical staging in endometrial cancer :
clinical-pathologic findings of a prospective study. Obstet Gynecol 63 (6) : 825-32, 1984.
Mariani A, Webb MJ, Keeney GL, et al : Endometorial cancer : predictors of peritoneal
failure. Gynecol Oncol 2003 ; 89(2) : 236-42.

National Comprehensive Cancer Network : Clinical practice guideline in oncology. Uterine
cancers. Version 1.2005

47 JGOG2043 Ver. 1.1
— 87 —




31.
32.
33.
34.

35.

36.

37.

38.

39.

40.

41.

(http /lwww.neen.ovg/professionals/physician_gls/PDF futerine.pdfffsearch = 'NCCN %
20practice %20guidelines% 20for% 20endometrial % 20carcinoma%20Teng") .
AFRERRARTERARIEREZEA9E - BEREE 56(1) : 89, 2004
AAERRARZFRBAREESSL5E - HEEMES 56(3) @ 775, 2004.
38 EFEBANES : ER LBAR 66(9) : 1173-1200, 1999

D AHIPFRRIEIC BT 2 MEBORBE) BRI P ATIFLRURF L
(FEEDPALAPEE. EESEREEHRIRI A —A—

(http : /~vww.mhlw.go.jp/shingi/2004/05/s0521-51. htm])
EL)IR, FRAE, BERES, fh: T8 HRBEMIES D SRS RE AT 5 s
doxorubicin/cisplatin LR E (AP BIE) O feasibiligy study. AEENRES 58(2) : 608,
2006 (abstr P2-50).

WROARICET DR T 17 FE MEBEDE. EIERERRIE RIS — L
NS

(http : //www.info.pmda.go jp/shinyaku/r05/0401/67060500_20900AMY00 170_A100_2.pdf)

(D ARICET 5 B8, Tk 17 FE BEWERE. EXELERESERELLE— L
0 S

(http : /Mwww.info.pmda.go.jp/shinyaku/r05/070 1/78006900_20800AMY10113_A100_1.pdDH
Go RS and Adjei AA : Review of the comparative pharmacology and clinical activity of
cisplatin and carboplatin. J Clin Oncol 17(1) : 409-422, 1999.
Ozols RF, Bundy BN, Greer BE, et al : Phase II trial of carboplatin and paclitaxel
compared with cisplatin and paclitaxel in patients with optimally resected stage II
ovarian cancer : a Gynecologic Oncology Group study. J Clin Oncol 21(17) : 3194-3200,
2003.
du Bois A, Luck HJ, Meier W, et al : A randomized clinical trial of cisplatin/paclitaxel
versus carboplatin/paclitaxel as first-line treatment of ovarian cancer. J Natl Cancer Inst
95(17) : 1320-1329, 2003.
NeijTCP, Engelholm SA, Tuxen MK, et al : Exploratory phase Il study of paclitaxel and
cisplatin versus paclitaxel and carboplatin in advanced ovarian cancer. J Clin Oncol
18(17) : 3084-3092, 2000.

48 JGOG2043 Ver. 1.1




WRBEOFUTICET 2 —ER

REREKAL FXFZA R4 R EE4 B N— RS
Banno K., Yanokura M., |Relationship of the aberrant |Oncol. Rep. 16(6) |1189-1196 | 2006
Susumu N., Kawaguchi |DNA hypermethylation of
M., Hirao N., Hirasawa |cancer-related genes with
A., Tsukazaki K., Aoki |carcinogenesis of
D. endometrial cancer
Yanokura M., Banno |Relationship of aberrant |Oncol. Rep. 17(1) 41-48 2007
K., Kawaguchi M., |DNA hypermethylation of
Hirao N., Hirasawa A., |CHFR with sensitivity to
Susumu N., Tsukazaki [taxanes in endometrial
K., Aoki D. cancer
Todo Y., Okamoto K., |A validation study of a |Gynecol. Oncol. | 104(3) | 623-628 | 2007
Hayashi M., Minobe S., |scoring system to estimate
Nomura E., Keira M., |the risk of lymph node
Hareyama H., Ebina Y., |metastasis for patients with
Watari H., Sakuragi N. |endometrial cancer for

tailoring the indication of

lymphadenectomy
Saito S., Ito K., Nagase |Progesterone receptor |Cancer Sci. 97(12) 11308-1314 | 2006
S., Suzuki T., Akahira |isoforms as a prognostic
J., Okamura K., |marker in human
Yaegashi N., Sasano H. |endometrial carcinoma
KE B, ko—m, [ BAAWitEoNg Fe i v B )T 70| 344) 73-85 2006
FIMEESE, $5K [E, |(Themoreversible gelation |[EFRIRFEHERS
INEBE—, RAJII &, |polymer; TGP)% H§FA:47
g - AW T AR ST

% PrEE AR R
AKO—fK, NPT, |FERBOMRD - M RS ARE | 61(2) | 120-125 | 2007
B+ E i
Watanabe Y., Aoki D., |Status of surgical treatment |Gynecol. Oncol. |in press 2007
Sagae S., Kitagawa T., |procedures for endometrial
Takeuchi S., Sakuragi |cancer in Japan: Results of
N., Yaegashi N. Japanese Gynecologic

Oncology Group Survey
RIF=, T &8 |GCIG £AR & 4 EiE AR 50-52 | 2006

B E R
FRIE T SRR AR

TE H, ME#He, [EITFEEEICRT 20 B o bFFEE | 33(11) |1589-1593 | 2006
HES 72, AL, | Doxorubicin/Cisplatin
HeEE ), B &), 3F (AP LFREORBAE
KTFET, REES, |HEOWE
RIS




ONCOLOGY REPORTS 16: 1189-1196, 2006

Relationship of the aberrant DNA hypermethylation of
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Abstract. Epigenetic abnormalities including the aberrant
DNA hypermethylation of the promoter CpG islands play a
key role in the mechanism of gene inactivation in cell carcino-
genesis. To identify the genes associated with aberrant DNA
hypermethylation in endometrial carcinogenesis, we studied
the hypermethylation of the promoter regions of five genes:
hMLHI, APC, E-cadherin, RAR-f3 and pI6. The frequencies
of aberrant hypermethylation were 40.4% (21/52) in hMLH],
22% (11/50) in APC, 14% (7/50) in E-cadherin, and 2.3%
(1/44) in RAR-f3 in endometrial cancer specimens. No aberrant
DNA methylation was found in pl6. In atypical endometrial
hyperplasia, the frequencies of aberrant methylation were
14.3% (2/14) in hMLHI and 73% (1/14) in APC, whereas
normal endometrial cells showed no aberrant hypermethylation
of any of the five genes. The high frequencies of the aberrant
DNA hypermethylation of AMLHI, APC and E-cadherin
suggest that the methylation of the DNA mismatch repair and
Wnt signal-related genes may be associated with endometrial
carcinogenesis.

Introduction

The relationship of cellular oncogenic transformation with
aberrant DNA hypermethylation in promoter regions (i.e.,
epigenetic changes) is an area of growing interest. Genes
ranging from tumor suppressors to DNA mismatch repair and
cell cycle-related genes are known to be inactivated by
aberrant DNA methylation in cancer. The DNA mismatch
repair genes human Mutl homolog-1 (AMLHI) and human
MutS homolog (hMSH2) function in the repair of base-pair
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mismatches that occur in gene amplification during cell
division. The characteristic seen in cancer cells when the DNA
mismatch repair system breaks down is referred to as micro-
satellite instability (MSI). Microsatellites are repeated DNA
sequences of ~1 to 5 bases, and DNA replication errors occur
frequently at these sites upon the inactivation of the DNA
mismatch repair genes. MSI is detected in ~40% of patients
with endometrial cancer (1,2), suggesting that mutations of the
DNA mismatch repair genes are associated with endometrial
carcinogenesis. Therefore, in this study we examined the
aberrant DNA methylation of hMLH]I, a leading candidate in
the DNA mismatch repair gene group regarding the production
of MSI.

The fB-catenin gene codes for a cell adhesion molecule
that plays a key role in the Wnt signaling pathway and is
generally localized in the cell membrane, where it binds to
E-cadherin, an adhesion molecule. Free 3-catenin forms a
complex with adenomatous polyposis coli (APC) and axin is
phosphorylated by GSK-38 and degraded via the proteosome
pathway. The mutation of the f3-catenin gene increases the level
of undegraded f3-catenin in the cells and causes the transition
of f3-catenin into the nucleus, which induces the activation of
the Wnt signaling pathway and enhances the transcriptional
activity of target genes including cyclin D, leading to cell cycle
aberrations. The activation of the Wnt signaling pathway is
also thought to be important in endometrial carcinogenesis
(3), and therefore E-cadherin and APC, which are components
of the Wnt signaling pathway, are also candidate genes for
aberrant DNA methylation in endometrial cancer.

pl16 is a tumor suppressor gene that codes for a protein
that binds to CDK4 and CDKG6 and inhibits the phosphor-
ylation of the RB/E2F complex by the CDK-Cyclin D. pl6-
knockout mice develop multiple cancers in different organs,
and therefore p/6 inactivation is thought to play an important
role in cell carcinogenesis. The frequencies of p/6 mutation
and deletion in endometrial cancer are only 5-6% and 3%,
respectively (4,5), but reduced protein levels have been found
in 19% of cases (5), and this may be associated with aberrant
DNA methylation.

Type I endometrial cancer is also estrogen-dependent;
estrogen increases the risk of endometrial cancer through a
mechanism that has yet to be fully explained. Estrogen acts
in a receptor-specific manner as a molecular switch to
regulate transcription factor function. Estrogen receptors
have highly differentiated structures, and aberrant methylation
of the estrogen recepror (ER) gene in endometrial cancer has
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Table I. Primer sequences used in MSP analysis and RT-PCR.
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Gene PCR analysis Sense Antisense Size Ann*
name (bp) temp
O

hMLHI Methylated ~ ACGTAGACGTTTTATTAGGGTCGC CCTCATCGTAACTACCCGCG 112 60
Unmethylated TTTTGATGTAGATGTTTTATTAGGGTTGT ACCACCTCATCATAACTACCCACA 124 60

APC  Methylated TATTGCGGAGTGCGGGTC TCGACGAACTCCCGACGA 100 68
Unmethylated GTGTTTTATTGTGGAGTGTGGGTT CCAATCAACAAACTCCCAACAA 110 67

RAR- Methylated  GGTTAGTAGTTCGGGTAGGGTTTATC CCGAATCCTACCCCGACG 235 59
Unmethylated TTAGTAGTTTGGGTAGGGTTTATT CCAAATCCTACCCCAACA 233 59

pl6 Methylated ~ TTATTAGAGGGTGGGGCGGATCGC GACCCCGAACCGCGACCGTAA 150 67
Unmethylated TTATTAGAGGGTGGGGTGGATTGT CAACCCCAAACCACAACCATAA 151 66

*Annealing temperature.

been reported (6). The ER protein shares a common fold with
glucocorticoid and retinoic acid receptors (these receptors all
belong to the nuclear receptor superfamily), but the frequency
of the aberrant methylation of the retinoic acid receptor-f§
(RAR-f3) gene in endometrial cancer has not been determined.
However, studies of cancers in other organs (7,8) suggest a
relationship between those cancers and the aberrant DNA
methylation of RAR-f3.

To identify genes associated with aberrant DNA methyl-
ation in endometrial carcinogenesis, we studied the aberrant
DNA methylation of the promoter regions of five genes
(hMLHI, APC, E-cadherin, RAR-f§ and pl6) that show high
frequencies of aberrant DNA methylation in different cancers
and may be important in endometrial carcinogenesis.

Materials and methods

Clinical specimens. The subjects were 93 patients who gave
informed consent to the collection of endometrial specimens
(27 normal endometria, 14 atypical endometrial hyperplasia,
and 52 endometrial cancers). The cells obtained from the
tissue specimens were examined by liquid-based cytology
using the ThinPrep system (Cytyc Corporation, Boxborough,
MA, USA) with preservation fluid (PreservCyt Solution, Cytyc
Corporation) (9). A pathological diagnosis of the endometrial
tissue was consistent with the cytology results for all the 93
subjects. Of the 27 patients with a normal endometrium, 16
were in the secretory phase and 11 were in the proliferative
phase. Of the 52 patients with endometrial cancer, 44 had
ovarian endometrioid adenocarcinoma (G1, 24; G2, 10; G3, 10)
and 8 had adenosquamous carcinoma. The grade of histological
differentiation (G1 to G3) and the cancer stage at surgery
were determined based on the Guidelines for Endometrial
Cancer published by the Japan Society of Obstetrics and
Gynecology. ‘

DNA extraction and methylation-specific PCR (MSP)
analysis. DNA was extracted from 93 endometrial specimens
using liquid-based cytology with a Get Pure DNA kit (Dojindo
Molecular Technologies Inc., Kumamoto, Japan). Distilied

water was added to 1 pg of the extracted DNA up to a volume
of 50 ul, 5.5 u1 3 N NaOH solution was added, and, after
mixing, the solution was incubated at 37°C for 15 min.
Following this, 520 xl 3 M sodium bisulfite (Sigma, St.
Louis, MO, USA), which was prepared at pH 5.5 with 30 u!
10 mM hydroquinone (Sigma) and 10 N NaOH, was added to
the solution. After mixing in an upturned position to prevent
vaporization, the solution was overlaid with mineral oil
and incubated at 50°C overnight. Next, | ml clean-up resin
(Promega Corporation, Madison, WI, USA) was added to the
lower layer, and the resulting solution was mixed in an
upturned position and then injected into a column. After rinsing
with 2 ml 80% isopropanol, the column was centrifuged at
15,000 rpm for 3 min to remove the isopropanol completely,
after which 50 1 distilled water (70°C) was added directly to
the column, and the column was centrifuged at 15,000 rpm for
2 min to extract the DNA adsorbed in the column. Then, 5.5 I
2 N NaOH was added to the resulting DNA solution, and,
after mixing, the solution was incubated at 37°C for 20 min,
after which 66 xl 5 N ammonium acetate solution and 243 ul
95% ethanol were added, and the solution was incubated at
80°C for 1 h and centrifuged at 15,000 rpm for 30 min to
precipitate the DNA. Approximately 50 pl of the supernatant
was left in the tube, and the rest of the supernatant was
collected, mixed with 1 ml 70% ethanol, and then centrifuged
at 15,000 rpm for 30 min to rinse the DNA. The precipitated
DNA was air-dried and dissolved in 20 p1 distilled water; 2 ul
of this solution was used as the MSP template solution.
AmpliTaq Gold & 10X PCR buffer/MgCl, with dNTP
(Applied Biosystems, Foster City, CA, USA) was used in
the PCR analysis, and the DNA was analyzed using a
GeneAmp PCR 9700 system (Applied Biosystems). A CpG
WIZ E-cadherin amplification kit (Chemicon, Temecula,
CA, USA) was used as the MSP for the E-cadherin gene.
The PCR conditions and primer sequences for the other
genes are shown in Table .

Immunohistochemical analysis of endometrial cancer tissues.
Twenty surgical endometrial specimens from 52 patients
were examined using liquid-based cytology. Formalin-fixed,



ONCOLOGY REPORTS 16: 1189-1196, 2006

1191

M PC NC EC3 EC4 EC15 EC17 EC19
methylated | 12bp
hMLH1 <«—124b
unmethylated P

M PC NC EC15 EC17 EC19 EC20 EC21

E-cadherin 0 - - . -—
methylated 206bp
E-cadherin 4__212bp
unmethylated ,

Figure 1. MSP analysis of the AMLH! and E-cadherin genes in endometrial cancer specimens. MSP analysis was conducted using DNA extracted from
endometrial cancer specimens. The results for hMMLHI and E-cadherin are shown in the upper and lower panels, respectively. For hMLH] the aberrant
methylation band is shown in lanes EC4 and EC17, and for E-cadherin this band is shown in lanes EC20 and EC21. M, marker; PC, positive control; NC,

negative control; EC, endometrial cancer.

paraffin-embedded specimens were prepared and the slices
were stained in a silane-coated slide using a Vectastain
ABC kit (Vector Laboratories, Burlingame, CA, USA). After
deparaffinizing, the slides were heated in 10 mM citric acid
buffer solution (pH 7.0) at 120°C for 10 min in an autoclave
for antigen retrieval. After allowing the slides to cool to room
temperature, intrinsic peroxidase activity was eliminated by
treating the slides with 3% H,O, in phosphate-buffered saline
(PBS) for S min. The slides were rinsed twice with PBS and
blocked with normal goat serum, and then rinsed twice again
with PBS and diluted with 1% bovine serum albumin (BSA) in
PBS and incubated with the primary antibody at 4°C overnight.
The primary antibodies were the 50-fold diluted anti-hMLH]
antibody (BD Bioscience Pharmingen, San Diego, CA, USA)
and the 500-fold diluted anti-E-cadherin antibody (Takara,
Tokyo, Japan). After rinsing three times with PBS, the slides
were incubated with the secondary antibody (biotin-labeled
anti-mouse 1gG) at room temperature for 30 min. After rinsing
three more times with PBS, the slides were incubated with
ABC (avidin-biotin peroxidase) complex at room temperature
for 30 min. After further rinsing three times with PBS, the
slides were treated with 0.2 mg/m! diaminobenzidine (DAB)
for about 5 min for coloring. After rinsing twice with PBS,
the slides were treated with hematoxylin solution for nuclear
staining, and then dehydrated and observed microscopically.
For judging the immunohistochemical staining intensity of the
hMLH]I protein, the nuclei of endometrial stromal cells were
used as an internal control; if the nuclei of the tumor cells
containing the protein showed a stronger staining intensity
than the control nuclei, the specimen was considered
positive, whereas a specimen was considered negative if the
tumor cell nuclei showed a lower staining intensity than the
control nuclei (10). Regarding the E-cadherin staining, the
protein is localized in the cell membrane in normal epithelial
cells, and the immunohistochemical analysis was conducted
in accordance with the criteria of Wu ez al: Specimens with
225% of the tumor cells that stained for E-cadherin in the

cell membrane were considered positive, and specimens with
<25% of the tumor cells giving this staining result were
considered negative (11).

Statistical analysis. The correlation of the aberrant DNA
methylation of the hWMLHI, APC and E-cadherin genes with the
clinicopathological factors, grade of histological differentiation
and cancer stage at surgery was analyzed using Mann-
Whitney tests. The correlation of the aberrant DNA methyl-
ation of each of these genes with the patients' age was also
examined, after confirming that the groups of patients with
and without aberrant methylation showed a normal age
distribution based on a normal distribution test. An F test was
used to confirm that the population variances of the two
independent groups were equal to each other, and then the
differences in the population means were examined using the
Student's t-test. The correlation of the aberrant DNA
methylation level of hMLHI with those of APC, E-cadherin
and RAR-f, respectively, was calculated using Fisher's exact
test, and the correlations of the aberrant DNA methylation of
hMLHI and E-cadherin with the immunohistochemical
staining data were also examined using Fisher's exact test.

Results

Aberrant DNA methylation of cancer-related genes in
endometrial specimens. Fig. 1 shows partial results of the MSP
analysis of the endometrial cancer cells obtained using liquid-
based cytology. A band due to the aberrant methylation of
the hMLH]I gene was present in samples EC4 and EC17
(size, 112 bp), and bands due to the aberrant methylation of
E-cadherin were found in samples EC20 and EC21 (206 bp).
MSP analysis of the endometrial cancer specimens indicated
that the frequencies of the aberrant methylation of the promoter
regions were 40.4% (21/52) for hkMLHI, 22% (11/50) for APC,
14% (7/50) for E-cadherin, and 2.3% (1/44) for RAR-f3. No
aberrant methylation was found in the promoter region of the
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E-cadherin
RAR-5
plé
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Figure 2. Frequencies of aberrant methylation of cancer-related genes in specimens from normal endometria, atypical endometrial hyperplasia and
endometrial cancer. In the endometrial cancer specimens, AMLH 1 exhibited the highest frequency of aberrant methylation, followed by APC and E-cadherin.
Aberrant methylation of hMLH] was also found in atypical endometrial hyperplasia, whereas normal endometrial cells showed no aberrant methylation of the
five genes. NE, normal endometrium; AEH, atypical endometrial hyperplasia; EC, endometrial cancer.

Cancar | Dieren Gancer | Diered-
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Figure 3. Aberrant methylation of the promoter regions of cancer-related genes in endometrial cancer. G1, well-differentiated; G2, moderately differentiated;

G3, poorly differentiated; EC, endometrial cancer; E-cad, E-cadherin.

pl6 gene. In the atypical endometrial hyperplasia samples, the
frequencies of the aberrant methylation of the promoter regions
were 14.3% (2/14) for hMLH] and 7.3% (1/14) for APC.

Normal endometrial cells in the proliferative and secretory
phases showed no aberrant methylation of the promoter
regions of the five examined genes (Figs. 2-4).
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Case|Age T;j;:e hMLH1| Ecad | APC |RARB| p16 | [Case | Age|hMLH1| Ecad | APC | RARB| p16
NEt | 37 | sec AEHT | 34

NE2 | 43 | sec AEH2 | 30

NE3 | 51 sec AEH3 | 32

NE4 | 35 | sec AEH4 | 35

NES | 39 sec AEHS | 35

NE6 | 41 sec AEHG | 46

NET | 47 | sec AEHT | 41

NEB | 40 | sec

NES | 38 sec AEHE | 83

NE10] 49 | sec AEHS | 41

NET1] 51 | sec AEH10] 50

NE12] 52 | sec AEH!T) 45

NE13] 44 | sec AEH12} 47

NE14] 47 | sec AEH13| 45

NE15] 23 | sec AEH14] 33

NE16] 34 sec

NETT| & pro :Unmethylated
NE18] 37 pro

NE19] 81 | pro Not done
NE20| 49 pro

NE21} 43 pro

NE22| 36 pro

NE23| 43 pro

NE24) 42 pro

NE25] 27 pro

NE26]| 44 pro

NE27| 32 pro

Figure 4. Aberrant methylation of the promoter regions of cancer-related genes in atypical endometrial hyperplasia. AEH, atypical endometrial hyperplasia; £-cad,

E-cadherin.

Immunohistochemical analysis of hMLHI and E-cadherin
protein expression. The relationship of the aberrant DNA
methylation of the promoter regions of the hMLHI and
E-cadherin genes with protein expression was determined
immunohistochemically. Of the 20 surgical specimens of
endometrial cancer showing aberrant methylation, most
showed negative protein staining (hkMLHI, p<0.01; E-
cadherin, p<0.05) (Fig. 5) (Table II).

Correlation of aberrant DNA methylation of cancer-relared
genes with clinicopathological factors. The correlations of the
aberrant DNA methylation of the promoter regions of AMLHI,
APC and E-cadherin with the clinicopathological factors
were examined in endometrial cancer patients. For the AMLHI,
APC and E-cadherin genes, no correlation was found
between aberrant methylation and the grade of histological
differentiation or with cancer stage at surgery. Aberrant DNA
methylation is generally thought to increase with age, but no
.significant difference was found in the mean age between
patients with and without aberrant methylation of hMLHI,
APC and E-cadherin, respectively. Therefore, these data do
not indicate that aberrant methylation occurs more frequently
in elderly patients with endometrial cancer (Table IV).

The relationship of the aberrant methylation of the
promoter region of hMLHI, which showed the highest
frequency in thc endometrial cancer samples, was also

examined with that of other genes, but no correlation was
found with the methylation of APC, E-cadherin or RAR-f3.

Discussion

Of the five endometrial cancer-related genes examined, the
aberrant methylation of AMLHI, a DNA mismatch repair
gene, was found most frequently (40.4%). The frequencies of
the aberrant methylation of hMLHI have been reported as
14% to 26% in gastric cancer (12,13) and 7% to 32% in lung
cancer (14,15); therefore, the frequency of the aberrant
methylation of this gene in endometrial cancer is higher than
in other cancers. After A LH 1, the second most likely genes
to show aberrant methylation were APC and E-cadherin,
which are Wnt-related genes. Collectively, these data suggest
that abnormal DNA mismatch repair and aberrant Wnt
signaling are associated with endometrial carcinogenesis.
However, patients with an aberrant methylation of AMLH!
rarely corresponded to those with an aberrant methylation of
E-cadherin, and therefore carcinogenesis due to the aberrant
methylation of these respective genes may occur through
independent mechanisms.

The aberrant methylation of AMLH [ may cause a reduced
protein expression that leads to abnormal DNA mismatch
repair and MSI. However, although MSI has been found in
~40% of patients with endometrial cancer, the hMLH I
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Figure 5. (A and B) Immunohistochemical analysis of the endometrial cancer specimens using the anti-hMLH] antibody. (A) In patients with an unmethylated
hMLH1 gene (EC23), the nuclei of the cancer cells were strongly stained. (B) In patients with aberrant methylation of hMLH I (EC31), the cell nuclei were
less strongly stained. (C and D) Immunohistochemical analysis of the endometrial cancer specimens using the anti-E-cadherin antibody. (C) In patients with
unmethylated E-cadherin (EC29), the cell membranes of the cancer cells were strongly stained. (D) In patients with aberrant methylation of £-cadherin

(ECS), the cell membranes were less strongly stained. EC, endometrial cancer.

Table I1. Relationship of the aberrant DNA methylation of the
hMLH]I and E-cadherin genes with reduced protein expression.

Expressed Not
expressed
hMLH]
methylated 3 9 p<0.01
unmethylated 8 0
E-cadherin
methylated 2 2 p<0.05
unmethylated 15 1

mutation frequency in MSI-positive endometrial cancer
patients is extremely low (16,17), suggesting that MST may
occur due to the aberrant methylation of the promoter regions,
and not due to the AMLHI mutation. Furthermore, the aberrant
methylation of AMLHI has been found in atypical endometrial
hyperplasia, but is not observed in the normal endometrium;

Table III. Correlation of the aberrant DNA methylation of
cancer-related genes with the grade of histological differ-
entiation and clinical stage at surgery.

Gl G2 G3 Stage

I II I 1v

hMILH]I
M 12 6 3 11 4 5 1
U 15 6 10 19 4 8 0
E-cadherin
M 4 1 2 3 3 0
U 22 11 10 24 5 13 1
APC
M 5 2 4 7 2 2 0
U 21 10 8 20 6 12 1

G1, well-differentiated; G2, moderately differentiated; G3, poorly
differentiated; M, methylated; U, unmethylated.
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Table IV. Correlation of the aberrant DNA methylation of cancer-related genes with the mean onset age of endometrial cancer.

hMLHI E-cadherin APC RAR-f3
Methylated 533x1146 59.6+13.78 5078937 55
J NS ] NS NS
Unmethylated 55.7+12.78 — 549+ 10.84 543+11.57 — 56.26+9.76

NS, not significant.

therefore, aberrant methylation occurs in the early stage of
carcinogenesis. Since such aberrant methylation can be
detected in a small amount of cytological material by using
minimally invasive procedures, the determination of the
methylation levels of genes such as AMLH]I is a potential
supplementary diagnostic method for endometrial cancer.

An accumulation of f-catenin in the nucleus, which
indicates aberrant Wnt-signaling, has been observed in
23.8% of patients with endometrial cancer (18), and is thought
to be one of the causes of endometrial cancer. In contrast, the
f-catenin mutation frequency is only 11%, significantly lower
than the frequency of the accumulation of f-catenin in the
nucleus (18). Furthermore, the accumulation of f3-catenin in
the nucleus has been observed in patients without S-catenin
mutations; therefore, the transition and accumulation of
JB-catenin in the nucleus are dependent on a mechanism other
than gene mutation. The aberrant methylation of the promoter
region of E-cadherin, which codes for a scaffolding protein
that binds to §-catenin and is present in the cell membrane as
a cell adhesion molecule, was found in 14% of the patients
with endometrial cancer in our patient population. Reduced
levels of the E-cadherin protein were frequently observed
in the patients with aberrant methylation of E-cadherin,
suggesting that the inactivation of E-cadherin by aberrant
methylation could be associated with changes in the
localization of f-catenin in endometrial cancer. The aberrant
methylation of E-cadherin has also been found in G3
adenocarcinoma (19), but no correlation with the localization
of fi-catenin has been investigated. The aberrant methylation of
E-cadherin was not detected in the patients with atypical
endometrial hyperplasia, which is considered pathologically
to be Stage 0 endometrial cancer, but was found in the
patients with Stage Ia or higher endometrial cancer. This
suggests that the aberrant methylation of E-cadherin is not
involved in early-stage carcinogenesis, in contrast to AMLH ] .

Similar to the aberrant methylation of the "MLHI gene,
the aberrant methylation of APC, a component of the Wnt
signaling pathway, was observed in 7.3% of the patients with
atypical endometrial hyperplasia and 22% of the patients
with endometrial cancer; however, no reduction in the levels
of the APC protein was observed. Therefore, our results
indicate that there is no relationship between the inactivation
of APC by aberrant methylation and the onset of endometrial
cancer.

The frequencies of the aberrant methylation of RAR-f and
pl6 were 2.3% and 0% in the endometrial cancer patients,
respectively, which are significantly lower than those in

cancers of other organs. These results suggest that the type
and frequency of genes undergoing aberrant methylation in
endometrial cancer are specific and differ from those in other
cancers. The aberrant methylation of the promoter region of
pl6 has been reported in 20% of non-Japanese patients with
endometrial cancer (20); the difference between this result
and our study suggests that the frequencies of aberrant DNA
methylation in endometrial cancer may also vary between
races. Furthermore, aging is generally thought to be an
important factor for aberrant DNA methylation, but we found
no tendency for increased aberrant methylation in elderly
patients with endometrial cancer. The mechanism of the
induction of aberrant DNA methylation may also differ widely
between organs and tissues (21), and this may account for the
differences in results between the studies.
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Abstract. The relationship of aberrant DNA hypermethylation
of cell cycle checkpoint genes with the sensitivity of cancer
cells to anticancer drugs is a question of current interest. In
this study, we investigated the relationship between aberrant
hypermethylation of the CHFR (checkpoint with forkhead-
associated and ring finger) mitotic checkpoint gene and sensi-
tivity to taxanes in endometrial cancer. Methylation-specific
PCR (MSP) indicated aberrant hypermethylation of CHFR in
12.0% (6/50) of endometrial cancer specimens, and suggested
that aberrant hypermethylation is significantly more frequent
in poorly differentiated adenocarcinoma (G3) (p<0.05). Of
six culture cell lines, SNG-II and HEC108 cells showed
aberrant hypermethylation and reduced expression of CHFR.
These cells had high sensitivity to taxanes but became resistant
after demethylation. Cancer specimens with aberrant hyper-
methylation of CHFR also exhibited high sensitivity to taxanes.
To our knowledge, this study is the first to examine aberrant
hypermethylation of CHFR in endometrial cancer, and our
results suggest that the methylation status of CHFR may be a
new molecular index that will allow design of personalized
treatment in endometrial cancer. This may be particularly
important in poorly differentiated adenocarcinoma (G3), which
is known to have a poor prognosis.

Introduction

Recent studies have shown that aberrant DNA hypermethy-
lation of cell cycle checkpoint genes in cancer cells has a
major effect on specific anticancer drugs (1,2). The CHFR
(checkpoint with forkhead-associated and ring finger) mitotic
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checkpoint gene is located in 12q24.33 and has the function
of delaying chromatin condensation and progression to the
mitotic phase (3). The CHFR protein has a forkhead-associated
domain in the N-terminal region and a finger domain in the
central region; these two domains act as a sensor for mitotic
stress and therefore function as a cell cycle M phase check-
point. Upon detection of mitotic stress in a cell, CHFR action
causes arrest of the cell cycle in G2 phase to allow repair of
damaged DNA (G2 arrest).

Taxanes are anticancer agents that act in M phase as
microtubule depolymerization inhibitors. Upon administration
of a taxane to cancer cells, those cells with normal CHFR
develop G2 arrest and repair damaged DNA, thereby exhibiting
resistance to taxanes. In contrast, cells with inactivated CHFR
due to aberrant hypermethylation proceed with the cell cycle
due to failed detection of damaged DNA and subsequently
cannot go on to normal cell division, leading to mitotic
catastrophe and cell death; i.e., these cells show high sensi-
tivity to taxanes. Given this background, the methylation status
of CHFR is likely to be a highly sensitive molecular index
for taxane sensitivity of cancer cells.

A relationship between aberrant hypermethylation of
CHFR and sensitivity to taxanes has been reported in colon
and gastric cancer cells in culture (2,4), but not in endo-
metrial cancer. Therefore, we investigated this relationship in
endometrial cancer, with the goal of establishing a molecular
index that might lead to personalized treatment strategies for
endometrial cancer.

Materials and methods

Subjects and specimens for biopsy. The subjects were 69
patients who gave informed consent for collection of endo-
metrial specimens (9 of normal endometrium, 10 of atypical
endometrial hyperplasia and 50 of endometrial cancer). Cells
obtained from the tissue specimens were examined by liquid-
based cytology using the ThinPrep System (Cytyc Corp.,
Boxborough, MA) with preservation fluid (PreservCyt
Solution, Cytyc Corp.) (5). A pathological diagnosis of the
endometrial tissue was consistent with cytology results for
all 69 subjects. Of the 9 patients with a normal endometrium,
5 were in the secretory phase and 4 were in the proliferative
phase, and of the 50 patients with endometrial cancer, 42 had
ovarian endometrioid adenocarcinoma (G1, 20; G2, 12; G3, 10)
and 8 had adenosquamous carcinoma. The grade of histo-
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Table I. Primer sequences used in MSP and RT-PCR analyses.

Gene PCR Sense Antisense Size Annealing
name analysis (bp) temperature ("C)
CHFR Methylated GTCGGGTCGGGGTTC CCCAAAACTACGACGACG 150 60
Unmethylated ATATAATATGGTGTTGATT TCAACTAATCCACAAAACA 206 53
CHFR RT-PCR TGGAACAGTGATTAACAAGC AGGTATCTTTGGTCCCATGG 206 55
fB-actin  RT-PCR TTATTTGAGCTTTGGTTCTG CTCCTTAATGTCACGCACGATTTC 303 50

logical differentiation (G1-G3) and the cancer stage at surgery
were determined based on the Guidelines for Endometrial
Cancer published by the Japan Society of Obstetrics and
Gynecology.

Culture cell lines. Six cell strains were used: HEC108 (a
human endometrial cancer-derived culture cell line supplied
by Dr Hiroyuki Kuramoto), HOOUA and HHUA (supplied
by Dr Isamu Ishiwata) and SNG-II1, HEC1B and KLE. KLE
cells were cultured in a DMEM/F12 (1:1) medium (Gibco
BRL, Rockville, MD, USA) supplemented with 10% fetal
bovine serum (FBS) (Sanko Junyaku Co., Ltd., Tokyo, Japan),
and the other cells were cultured in 10% FBS-supplemented
F12 medium (Sigma, St. Louis, MO, USA). The cells were
incubated in a 10-cm dish under 5% CO, at 37°C.

DNA extraction and methylation-specific PCR (MSP) analysis
of CHFR. DNA was extracted from 69 endometrial speci-
mens and 6 endometrial cancer-derived cell lines using liquid-
based cytology with a GetPure DNA Kit (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan). Distilled water was
added to 1 pg of the extracted DNA up to a volume of 50 pl,
5.5 ul of 3 N NaOH solution was added, and after mixing the
solution was incubated at 37°C for 15 min. Following this,
520 pl of 3 M sodium bisulfate (Sigma), which was prepared
at pH 5.5 with 30 pl of 10 mM hydroquinone (Sigma) and
10 N NaOH, was added to the solution. After mixing in an
upturned position to prevent vaporization, the solution was
overlaid with mineral oil and incubated at 50°C overnight.
Next, I ml of clean-up resin (Promega Corp., Madison, WI,
USA) was added to the lower layer, and the resulting solution
was mixed in an upturned position and then injected into a
column. After rinsing with 2 ul of 80% isopropanol, the
column was centrifuged at 15,000 rpm for 3 min to remove
isopropanol completely, after which 50 ul of distilled water
(70°C) was added directly to the column, and the column was
centrifuged at 15,000 rpm for 2 min to extract DNA adsorbed
on the column. Then, 5.5 il of 2 N NaOH was added to the
resulting DNA solution, and after mixing the solution was
incubated at 37°C for 20 min, after which 66 ul of 5 N
ammonium acetate and 243 ul of 95% ethanol were added.
The solution was then incubated at -80°C for 1 h and centri-
fuged at 15,000 rpm for 30 min to precipitate DNA. Approxi-
mately, 50 pl of the supernatant was left in the tube, and the
rest of the supernatant was collected, mixed with 1 ml of 70%
ethanol, and then centrifuged at 15,000 rpm for 30 min to rinse

the DNA.. The precipitated DNA was air-dried and dissolved
in 20 u] of distilled water; 2 ul of this solution was used as the
MSP template solution. AmpliTaq Gold and 10X PCR buffer/
MgCl, with dNTP (Applied Biosystems, Foster City, CA,
USA) was used in the PCR analysis, and DNA was analyzed
using a GeneAmp PCR System 9700 (Applied Biosystems).
The PCR conditions for other genes and primer sequences
are shown in Table 1. DNA extracted from the culture cell lines
was also used in MSP analysis of CHFR.

Statistical analysis. Correlations of aberrant DNA hyper-
methylation of CHFR with the grade of histological differen-
tiation and the cancer stage at surgery were analyzed using
the %* test and Mann-Whitney test, respectively. Correlation
of aberrant DNA hypermethylation of CHFR with patient age
was also examined, after establishing that the groups of patients
with and without aberrant hypermethylation had a normal age
distribution. The Mann-Whitney test was used to examine
whether the population medians of the two independent groups
differed significantly.

RNA extraction and expression analysis of CHFR using
RT-PCR. Total-RNA was extracted from 6 endometrial cancer-
derived cell lines using a RNeasy mini-Kit (Qiagen, Valencia,
CA, USA). cDNA was synthesized with 1 pg of total- RNA
using a SuperScript II Reverse Transcriptase kit (Invitrogen,
Carlsbad, CA, USA). Synthesized 1st strand cDNA (1 pl)
was used as a template solution in RT-PCR analysis of CHFR
expression. AmpliTaq Gold and 10X PCR buffer/MgCl, with
dNTP (Applied Biosystems) was used in the PCR analysis, and
DNA was analyzed using a GeneAmp PCR System 9700
(Applied Biosystems). The PCR conditions and primer
sequences are shown in Table 1.

Demethylation. SNG-II cells, which are endometrial cancer-
derived cells with aberrant hypermethylation of CHFR, were
plated on a 10-cm dish at 106 cells/dish and incubated for 72 h.
A demethylating agent, 5-aza-dC (Sigma), was then added
until its final concentration in the culture medium was 1 pM.
Forty-eight hours after the first addition 5-aza-dC was added
again, and DNA and RNA were extracted 24 and 72 h after
the second addition, respectively.

Cell cycle analysis using flow cytometry. SNG-II and KLE
cells, which are both endometrial cancer-derived cell lines,
were plated on a 10-cm dish at 5x10° cell/dish and incubated





