R EFRTAAREMENHD, PD-1 KB~vT A
D, TUADRKICIVRRHFEHO B R
FEREBHRBETHIEND, PD-1 KIBIZLD
SIS E DOIEEIIZIE, PD-1 XBLSI OB
BROBBERPKEEELEIDHEEZD
N5, &iFEH % X, LAG-3 (Lymphocyte activa-
tion gene-3) &V IBIDRFEINHI S KA PD-1
WA B BB AR TWAZEE R
Lic, BAGREICBITLHURIL, Z2<D5HEH
COFRTHDTZ0, MAREIZRBVTE PD-1
& LAG-3 BRI EIKEE 2 bID, £ZC,
LAG-3 Z(IUoHELMO R 7T %
PD-1 L[FIRFICRRE 5281280, PD-1 FHEST
EICLDHUEE R A IR LGS LB IND,

B. #BF3EHIE
1) T ARAEARZ T B REARAT

I-Ad #RMEIC =T NI AT VT B RS
FR&Ri#k95 DO11.10 MR, -Bk fsikic
b —2n C HRATFRERFBTH
2B4.11 RSO T MbakE VT, BUREE
He T Vo BROTEME(LIZRTT5 PD-1 KT
LAG-3 Oz AL 7, BARRIITIL, &
ETHNTEZATDOMHC &R LT 25
JFRRAREE L TR, FURSTFRERTRS
& T MBasRERIM LT, RSB LA, 6~
24 B0 CHIBAEZEIL , ~/7a T LA
fEAT e O 7 a1 —Y A AN —fBAT B AT o7, Fe,
B BEREINL., IL2 DV A AV B ER
U7-, PURR RHIREE T MO &LHE HUH
RIFRORE ., RIBFRFFELEBSETL
W XORIFR DT E A2 2 THRET LT,

DO11.10 AR E 2B4. 11 HifEFRIL, EERIZ
PD-1 ZRBEL T\, FLREERMRIC
PD-1 UH U REBHIBBRIEHIEITED, PD-1
NTEDH FAHIEL 7=, Mlatked LAG-3 1%
{EE NIRRTV olzl=, Lhar AL

AR Z— AW TREIRBESE T, LAG3 4t
TEDH B HIEL 7=,
2) AT L AL DI BT

DO11.10 HEFEERE VT, 6 Sft (1) S,
(2)PD-1 & LAG-3 OATEELTOREK, (3)
PD-1 DHSTE T TORIEL, (4)LAG-3 DHSY
FETF TR, (5)PD-1 &£ LAG-3 W& NTET
TORIEL, (6)MHC 77X IZkt3 AMAEGLE
TEE FCORM) 2B DR EFRB A~
BT LA SRAT IS LR R R AT LTz, BREY
U, R BRAATS 12 e DRERUC T M D 7
ZEIXL, RNA ZfR#L, 7oL MO~ A2
a7 LA W TEB G TORRELE L,

3)E/7a—F A GiEO (R

~U A LAG-3 DHifas iz ek IgG @ Fe 18
WA SE X ATH L DGR RBTHTT
AIRARZ Z—ZAERIL | 293T HfaIZ—PEIC
BEREI RS, & EENSTeT A A &
T ra—R&FWTHEATZ I F 2 EILT,
BONT=XATE L B % LAG-3 K< TAIZ
T L, LT AN DY L RERE I L
TIza—<Hifakk SP2/o L& XH 7, LAG-3
IR H R B S - R IR A RS R FR
IRIZU T, HLLAG-3 FuiREE A MR 2157, 15
bz a— oW T, LAG-3 &9 556
BREL, MEREFLETE M E AR LT,

4) LR —Z— iR ER

RS BRI I0EHE b EZ 52808
AHIV TS NF-AT, NF k B, AP-1 ZD#3E A
FAREE T ARSI 2 1EHLVIIEREEES
# C EGFP . BFP . AmCyan . mCherry .
tdTomato, Crimson, Dimer2, dsRed, LacZ. &
HUNE CRE Mz BER D LBl E LI27T
AIRAR7Z—%AERLUT-, £/, CRE MLz B
RIZED EGFP 2B DS TAIN Y Z—%

.16-



ERIL 72, BRI T TAIN_ZZ—% DOI1.10
MIERRICE A L%, FrREARUREZ AW T
L, #Z R EOFRBEE LR E s
Id LacZ DEERTEMEEZEELT,

EROEERFREAEINIMZ, PD-1 <
LAG-3 IZX0REFEN BB SNLEE T
DEBFEERZHAWT, £V R—F—TFF
ZIREVERIL, Rt LT, BbNift RaEic,
RAVWAEREFEg RS, EEK%EHREL.
WEERAT,

C. Wttt
1) HURRIEIC L& BT ORBEFHFE T
9% PD-1 & LAG-3 Ol %h &

INETIZ, BAMAROREE EIZ PD-1 VA
RARBLL COAHAIZIE, #T PD-1 FHEHUAK
IBESREZ R T AR R VI EE R T
FERDBOLILTNBR, VBRI D A4 <
— = ZDWTIEAFEAE TSI TR,
FZT VRPN AT~ — T — DR E
AT,

FURHRIEIC XY BEOE RIS ER R S E T
LENBZENHBILTNDA, BAERIC PD-1
R LAG-3 BEINO-T B E, EDLHeF A
Y IT, ENLKDWORERTHIH 500, 1FE
AELTDISTWRN, 22T, HURBIEIC 5%
R TORAFEICHTL2EZEL BRI,
K IHZ B EOHRERNZENERFT LT,
DO11.10 FRAEERIZIR W TIE, HUERIEIC I %
BHEN 2 HFUEERU-BETORIT 2,358
EThoT, ZDHHD 1,465 EETIE, PD-1
2k 50% 2L B BEFESIHES T,
—J7, 406 EEFIL, PD-1 (XA IHIZREN
10% LA F Thotz, AL, IL-2 BEFIEPUR
I L REED 153 FIZHEINL T3,
PD-1 STTERFICIE 3.2 EOHINCEEED, K
85% DFRBLFHE | 1RSI, F/z, PD-1

..17-

TERFICIEBLED 4 FU ETIETHBE T
613 BinF. DO,

2)PD-1 (ZXDMHIREHIT D~ —H—D
7 3e

LR BRI LOEECEZ T H2 608
FHITVDNF-AT, NF « B, AP-1 Dz E[F
FHREE T ORI L2 A, FITIRE
ZPRBETHIEITRY | EECIEE 2RI
B CED5&ME R LA, PD-1 ([ZLAH0H]
BHEOHEIIIRE CH Tz,

EiR D@D, DO11.10 HAEERIZIB VT, FLE
PRI LB EDN 2 FUEERL, o,
PD-1128D 50% LA L, REFE I s 5&
fmF% 1,465 {8, PD-11Z X B3MHI 0528 10% L4
T OBEIsT% 406 . FELTWD, ZDHT,
PD-1 (2 X2 MR FRIC RO E ST K U5
WIBE T4 4 BRI, £ b0 R
I —= 7 LT R LT, £ ORR, Bis
T A OEEFEIEEE AW LR —&— (BT
LiR—Z—A) 25, PD-1 (Z kB &8It
HUEDZ L2 RHLE,

LAG-3 22T, HURRIBIC IR &S
2f&LL E ERL, 232, LAG-312XD 50%LL |,
REFENPMBISNIEEFE 1,431 &8,
LAG-3 \ZL 28RS 10% L T OB T4
428 fE, FEL TS, £DHF T, LAG-3 IZ&5
PHIZENERCRD 3 BET RO ERD 4
BETIZOWT, & 4 ORE R ERE R
L7c, ZDRER, LAR—4—B 23, LAG-3 I2&5
A SEI R LD ZEE R LT, —7,
UiR—#—C L, LAG-3 IZ LA EBRTLAEST
7otz £72, PD-1 LR —%—B 2L
7eD3 VAR —&—C IZHFRBEIZLIHIL 25
S7r, EBIT, LAG-3 1L R—&—A 2L
Mot

Fre, FRFHZEBO KM TRTT 572012,
BFP, AmCyan, mCherry, tdTomato, Crimson,



Dimer2, dsRed2 %, D # 2 "B 2 hgEt
L7=&ZA, EGFP, BFP, Crimson 3J T} Dimer2
DATEHOF N EFLFRRICHFEATZLICK
D, B RATEEHO M CTHIRR DR BE RIRHZET
AITEDIINT 0T,

3) FiPD-1 FHEHUAL A GBI LIZLDE
RENRAETRTIREIEOBRSE

THIVETIT 16 FEHDOHL~V A LAG-3 £/
—FNANFEEBLZLIZRBILTE, £D5. 6
TN HRBRE L~V C RGN EEEE
RUTz, ZDH9BHD—2ik, BEICTHEREILTD
Fifk (7 a—4 :COBTW) LHE LT, Atk
210 fFLL @<, BEEED K0S WD LN
ﬁm\éﬂfco

F72. ERLAG-3 1220\ Th, ZRETIZ 18 f&
HEOPIES LAG-3 &/ 70—FNAHiika852L
WL, O 7 a— o 38O L ETE A A

LTWHZLDHERS TE TN D,

D. B

FURUSE SRR Lo THL DB F IS FHR,
FELZITHN, FOETH PD-1 HHNIZ
LAG-3 (Z&o TH—IZHfSN DR TidlenZ
ERBABMEIR T, F, —EROBIEFIZOW
T, BERBLLAFEIN T, PD-1 12X
LRBFEMEDES RO E T 1R
AERIRIENROBE T, DLARBENFHFES
NoEEFEICERLTHITT22810k0,
PD-1 FREHUAIZ LD T Mk DIENE(LE LS
MOIEFEICE=F—CEDLRREMERH D, Th
(Z&Y, FLPD-1 FURIZ L ATEFR AT R VR O
BABEITBWT PD-1 BNEEIZEDfEERDE
DIOBRFEFHOMAL T, EDOREBIEL TWD
D3 ECEIVE, JVENRER FEOM
SAZHESL O EEBIT, KB RAG IR RO
BN BHL DO LHFFIND,

PR B AR L0IEME(LEZ T AT EN
HENTWAERER T DT V8Bl s % H
WTLR—F — DIERIE TR TS, FRITIE
REPNE NG TR, PD-1 FETFT ThLR—
BT DOFFOFREEHERSAL, PD-1 1285
W22 T oMz AR o BE T D2 LN R #E
Tholo, ZZ T, wA7ar A& W&
HIRHRRIT OFE R A FIZ, PD-1 KKV RELH
AR NI SN BAR T DR T I IR

ERWZEZA, PD-1ICEDH %52 10 -/l s
ZTTCWRWMREE, JVBAREICSBETEDLD
[AabadYy el

F7=, PD-1 &£ LAG-3 R BIFHE 2 MG T 58
BT OBENRERDZEERFAL, PD-1 KO
LAG-3 (Lol Z R TED L RAT LDORESE
BRI, BI5T A, B, C DERG AL, &
ORRLEOHENEAEREHANDZEIZLD, PD-1
ko THHIZZIT TS T U 3Bk (Alow,
Blow, Cint) . LAG-3 (Z&>THII &5 T\ 5
T U>738k (Ahigh, Blow, Chigh) . & L2580
&2 Ty T Ul 7VER (Ahigh, Bhigh,
Chigh) \ X OV E<HURRIEAE ST QNN T Y
> 73k (Alow, Blow, Clow) &4y B+ 52 257
BEL 72 o7, BB T, LR —4—C DOIEi#
FIHFIE 100% THDD, EILSNDE DITAE
FREDMEND | HITE DR E N FHFIZE->TiE
BT LEE<EN, 5%, BERICyAEEKNA

FTHATDITT., BPEEICIVER# S R x
B EXEDMERHDLEEDbND, 2, Eiko
MABHE T, PD-1 & LAG-3 OfiF|ZLo
THIHlZSZ T TV D Milaz R+ 5Z & Tx
2N Atk BIOBE T OB Ek
BT 2T ETHD,

E. &
Bt PD-1 FHEHRIL, BADIBEICHTLTHE
B2 525835, LL, it

.18.



PD-1 HURIZL DR RIL, EH T 203 AM
JARDBEEB IO~ ADRMICE > TREL
e En b, $L PD-1 [HEHUAIZES T Mk
DIEMELL NV Z B> DO IEfEICE=F—L,
BRI RETRTDHEEZRERBETHLEELIC,
ft PD-1 FHEHEDOR R E LV E DO DR RIEL
B TAZENEE THD,

F. fEEREfERIEHR
72l

G HroEFRx

1. FWCHER

1. Sugino Yoshio, Nishikawa Nobuyuki, Yo-
shimura Koji, Kuno Sadako, Hayashi
Yukio, Yoshimura Naoki, Okazaki Taku,
Kanematsu Akihiro, Ogawa Osamu.
BALB/c-Fcgr2bPdcdl mouse expressing
anti-urothelial antibody is a novel model of

autoimmune cystitis. Sci Rep. 2012;2:317.

2. Iwamoto Satoru, Kido Masahiro, Aoki
Nobuhiro, Nishiura Hisayo, Maruoka
Ryutaro, Ikeda Aki, Okazaki Taku, Chiba
Tsutomu, Watanabe Norihiko. IFN-y is re-
ciprocally involved in the concurrent de-
velopment of organ-specific autoimmunity
in the liver and stomach. Autoimmunity.
2012 Mar;45(2):186-198.

3. Hisako, Ueda Yoshiyasu, Sawa Yukihisa,
Jeon Seong Gyu, Ma Ji Su, Okumura Ryu,
Kubo Atsuko, Ishii Masaru, Okazaki Taku,
Murakami Masaaki, Yamamoto Masahiro,
Yagita Hideo, Takeda Kiyoshi. Intestinal
CX3C  chemokine receptor  lhigh
(CX3CR1high) myeloid cells prevent

_19.

1.

T-cell-dependent colitis. Proc Natl Acad
Sci U S A. 2012 Mar ;109(13):5010-5015.
Satoru Iwamoto, Masahiro Kido, Nobuhiro
Aoki, Hisayo Nishiura, Ryutaro Maruoka,
Aki Tkeda, Taku Okazaki, Tsutomu Chiba,
Norihiko Watanabe, “TNF-o is essential in
the induction of fatal autoimmune hepatitis
in mice through upregulation of hepatic
CCL20 expression”, Clin Immunol, vol.
146, No. 1, pp.15-25, 2013

Taku Okazaki, Shunsuke Chikuma, Yoshi-
ko Iwai, Sidonia Fagarasan, Tasuku Honjo.,
A rheostat for immune responses: the
unique properties of PD-1 and their ad-
vantages for clinical application., Nat.
Immunol. 14(12):1212-1218, 2013

i 6. B CRIERBDT ) LT,
BREIBIFGY A= Ax ¥ 7 HiF.
201242 A 17 H

Taku Okazaki, Regulation of autoimmun-
ity by immuno-inhibitory receptors, New
horizons in immune system, Tokushima,

February 9th, 2012

W . aida <7 A% BW-E ORE
PR BB IS IR O fRAT . ET7E B Otk
B, B, 201247 H 7 H

Taku Okazaki, Immuno-inhibitory recep-
tors in the regulation of autoimmunity,
2013 SKKU International Symposium on
Molecular Medicine, Suwon, Korea, Feb-
ruary 28th, 2013



[ — 25 . IR, EfEinE . TRIRHE,
W . PD-1 KB~UREZHWZE D
SRR ) AT, 551 115 E 5
TA—Th, EAIEREETT 20124 6 A 9
H

MR ., RIS R I I AR
BORIE, F4m B - fEEKFENTE
FHEDEW, BA, 201247 H 27 H

II-mi Okazaki and Taku Okazaki, Genetic
reconstitution of autoimmunity in mice,
The Second Immunology Symposium at
the University of Tokushima, Tokushima,
January 25th, 2013

Taku Okazaki, Immuno-inhibitory recep-
tors in the regulation of autoimmunity, The
Second Immunclogy Symposium at the
University of Tokushima, Tokushima,

January 25th, 2013

Il-mi Okazaki, Daisuke Sugiura, Suzuka
Takahashi, Takeo Kajihara, Taku Okazaki,
Identification of new therapeutic targets by
genetic dissection and reconstitution of
autoimmune diseases in mice, JST-CREST

International Symposium, Tokyo, February

10.

11.

12.

12-13%, 2013

Taku Okazaki. Regulation of autoimmunity
by immuno-inhibitory receptors., The 3%
Bizan immunology symposium, Tokushi-
ma, February 14th, 2014

Daisuke Sugiura, Il-mi Okazaki, Taku
Okazaki. Molecular analyses of an inhibi-
tory co-receptor, LAG-3., The 3™ Bizan
immunology symposium, Tokushima, ,

February 14th, 2014

ARG, S Mfl AR LAG-3 128D
T AR RSP HIE s O fRAT, 55 12 (Al
WESRE T +—F 5, F)RIBRET,
201346 A 22 H

H. FIHIRFEERED HHRE - BRI (TEZ &
ie)
1.

FrRFELES 7oL

2. ERAFEREG 2L
3. FDfh 2L

-20-



BT BRI R A &
(BR - ABDREB ST OEROEA(LFFEEE)
(M) e S E

PD-1 KB~ 2% - S~ — T — R D B R R St

FERT: T LESE Bh#
FERT ELERFERA

MroirE MR B
WF3EH /1% RUI YUXIANG

WHREE

EhMH PD-1 HUREIRIL, DAICKHT 2 E D2 BRI E L L CENSN TR IR
ENEDLN TN, ZORBFEOBIERA L TREIVES, TUAX—0H CAaBERER
O, BEABRRFCEHBHEFREICT 2304~ — b — %25 5720, PD-1 RE~<Y
RICBEEIO B CHURE RS- L ., FRFE 5 CTHIRESICEET2IO0RRFERet L,
OFER. EETUREZ &R 5 Lz PD-1 REB~VAHEEKO~v a7 7—U0R, KIEET AN A
VTé% interleukin(IL)-6 Z REIZEAL, T4 T MFRIZEALCIL-17 2L T5EC
BOSHE T AREA~D AR IR ERNbI o7, MO RBEIERYEC, ZU2E
T (AT VT R) MAEDFHR F 1ROV ABEIZBN UL, BbREIfERE
Lo THIEEM B CaBEERNEIV S W FTREENRHY, ZD X572 BE ~D PD-1 [HEEKE
Bix, JVEEIATOLENHLZL, BCAEDOKELWHRIEMTLHv—H—EL T,

RN EAESND IL-6 DEEDA A THL RN RES N,

A. BFEERY

b PD-1 HUERIEIL, BACKTT58%
R EERIEEIEL L CEANS TR B
BARED DIV TS, PD-1 [HEICLH50E
HWHORERELT, —HMOBEIZIL, TV
NF—RE CRERERDBENLZEN T
HEH, BEEICE CREEBRDIkEERL
BRABNAT =N —%BHZ e HFNIX
HFHTHOHEEZOND, $T-, BEREER
DERETFEL T, BEOERERFZTT
724 BEERE BRGNS T RER
FHREZHND, ¥R TIL, REMEREED
RETH2, BEEOEETIR I ERMER
F LA REME %, PD-1 KRB~ 2Z AT
Bl

-21.

B. #FEHIE
BRERFIZLD H CRERISORE)

PD-1 RE~TVRIZ, FERIEEEM, HDH
IR L, < U ARI =Y 2R k)
H 7 F K (MOG35-55) ##% 5.1, EBRAY
B B EmEREZ (EAE) D3IEE 30 H
MBEL, RBEBEL, BIEICI-oTA
AL, FEELT-, /-, 5%, 8 B, 30
A®%O-URAIVTHREZREL, ZOTHE
Z[FR~D A0 g, BETY MOG35-55
THAKLZ, 5% EEEHEL, BD o
cytometric bead array 1EZHWT, FURFFR
e A NIA LV BEARRIE L, £, B A&
B~ R|Z, PD-1 K8 RAG2 R~V ADE
BER L OB AR CD4 BB T Ml BAEL .,
BV RERTOH PD-1 KB T D~ A% Ak



Bl ZZITRERIEE L MOG35-55 2 5 LT,
FEERAY EAE 2358 L1,

(RIEME T HIRLPEAREDFHE & AN =X LfiF
#r)

PD-1 KE~UABL OB AR~ 2 HEK
WHEERE LT, 7~8 BRI MEL R
L, e FERRETSMRELTHY, OTI
TCRINI VAV 2=y 7Y A< AD THEE
B EAHUR (OVA323-339) IZ CTHIBK L 7=, 3
HREE#%. T Mil@% Phorbol 12-Myristate
13-acetate 33 (N ionomycin T 6 FFfEHIEL |
HOEAEE CD4 BX O TCR Vo2 ik TRE
Qe i i Ui, ZOMIaE ., 4%/ XFHRNV LT
NTERBEER, 0.1% P R=%5Tp FACS
TRE TS, MIIRPICEA S IL-17 %,
BRI CRAL ., BEETRRLUIZMIE
O T HIRSAC B2 DEEBERFTLI, 1<
ONDOERTIL, BEEZR G LRV T R
o, BligMEEREL, v /arr— Y0k
EPUR THD CD11b R T MR —X
TR, VT =40 AUTO MACS CTHBEL
7o DBELTz~ruT7 7 —UIZiE, RBRENT
FEEAREL, Bl T Ml odtig® iz
Bz, - 'R 3 IL-6 LT X —
PUEZIINL, IL-6 OYERZHFFILIREET,
Th17 {bic 5 % B EE T L7,

(R ~DELE)

AL, R R FEEFHEROED L)
MEBREMEMR, BLORAKFEE ) ER
B8 &2 BESFL T o7z, £z, PD-1 KB~V
AV, fBAHEZ DNA e AV CTEHEh
TNDH728  FRNCIE R FEALA L2 DNA
EBREBRDAREBOZ TITo7z,

C. WroeitER
PD-1 RE~TRAZERIEE 2500y ~Y

el FFICRELZEOHET
&5, MOG35-55 1Zx LT, WA A
S, BAERI<Y RIS EAE CHELT
BHRIE, RIS RONATEN holz,
B AR XTI, R EDOREIEE 0Dy
< RA) T EAE AL -7, PD-1 K
BT AT ERNIEL, RBEN
OEFEERIZB VT, PD-1 KE~YVAT
I X MOG35-55 1253 D IL-17 DEANFHL
THY, PD-1 KRBV ATITRZEITH D
17 B~ 3—T flRE (Th-17) BLD505E i
PEFL TWDIENRIBENT,

RIZ, PD-1 R~V A& FEZIEEBEM T
BB LT ALY 8 BEICIEEMIaE B
L. v EFRETR MRS LT, FURR R
T A —T7 THilEZ bS5 EBREIToT,
FER EEEE AR PD-1 RE<-UX
OHURR MM, F52, CD11b 2RH 45~
a7 y—I%, BARICHAS FEIZELO
Th-17 Z53{LSEDERHALNER -T2, B
BTNT,PD-1 RE~VVAHFEDOvI/aT 57—
DEFEZFEE IR 58, BrAER < o
TV ERED IL-6 ZH 5T
el ZOIL-6 & Thl7 43{b TR
REFLD720, PD-1 RIBEIEHIRE
THURFFRD T Mz o bSEHEERIC
BT, IL-6&, ZOL v 72 —DfEE%IAE
T O EEAS Y2, ZOMEIL, ThlT 4y
L& PR ETUR DR RIS 7272
PD-1 RiE~vI/a77—Inb0 1L-6 EAD
Th-17 S {ETCEIZEEED D D> TNHIER
O oTz, £, BHBEEIZLS T,
~ a7 p—URE | VKRR TO A
PD-1 2RI THvVREER LIz, ZDL57%2
<A T, PD-1 #%B 530 ba— <
AT T, Th-17 BRSO TLEE D |
BRAIBMEBER O R EIRIE B L OEEL A 8

-22.



Bq2xhiz,

D. B

PD-1 R T TIE, w/a77—Uhb@E L
DD IL-6 EAENRID, BEKGE T
FRlZAERLC Th-17 MEfR% b S w5 AT HES
PIRBESHT, IL-6 13, PD-1 RIEB<UALEF
AR~ AT E R R BN EZN RS
NI-Ma—DH AT ALTHY, PD-1 Hilkls
BEBRIBIE DM E [L-6 ZRIETIUT, s
BEEORIEALLCOE CRBEREEBRE
ETHITCEAATREMEN DD,

2

Bt
=113

E. #

FRERERE, MVRRSEARZRIEL T, iR
RN DO IL-6 235 E T B1E AL DR
JFUR, BIOWERE OBRERF I, BEH
2 H B RS Th-17 D4 kb R J REME %
BoCWb, ZZIZPD-1 [HEZ{THOE, HEX
JoME Th-17 DIEME LA FEEL , BB ok
BERERETAARERDD, LoT, BF
BT D, REMERY RS OMAEMFHR
FiX, PD-1 FUAEIEOBRICEERICE=4Y
TENDLENRDD,

F. fERfERER
2L

G WfFEFER
1. BsCHE

B B AR {F  PD-10OHEE A8
AT TFEEROIRIR 2014 12(1) 51-56

Okazaki T, Chikuma S, Iwai Y, Fagara-
san S, Honjo T A rheostat for immune
responses: the unique properties of PD-1
and their advantages for clinical applica-

_23-

tion. Nat Immunol. 2013
Dec;14(12):1212-8

Stumpf M, Zhou X, Chikuma S, Blue-
stone JA Tyrosine 201 of the cyto-
plasmic tail of CTLA-4 critically affects
T regulatory cell suppressive function.
Eur. J. Immunol. 2014 Mar 20. [Epub
ahead of print]

Nguyen T, Xu J, Chikuma S, Hiai H, Ki-
noshita K, Moriya K, Koike K, Marcuzzi GP,
Pfister H, Honjo T, Kobayashi M Activa-
tion-induced cytidine deaminase is dispen-
sable for virus-mediated liver and skin tu-
mor development in mouse models. Int
Immunol. 2014 Mar 15. [Epub ahead of
print]

Rui Y, Honjo T, Chikuma S  Pro-
grammed cell death 1 inhibits inflamma-
tory helper T-cell development through

controlling the innate immune response.
P.N.A.S. 2013 Oct 1;110(40):16073-8.

ME B TRIM28ICLS B CAREME
THEOHIE EZR0HWH 2013
245(8):665-6 2013

Hara-Chikuma M, Chikuma S, Sugiyama Y,
Kabashima K, Verkman AS, Inoue 8§,
Miyachi Y. Chemokine-dependent T cell
migration requires aquaporin-3-mediated
hydrogen peroxide uptake. J Exp Med.
2012 Sep 24;209(10):1743-52

Chikuma S, Suita N, Okazaki IM, Shi-
bayama S, Honjo T.  TRIM28 prevents
autoinflammatory T cell development in
vivo. Nat. Immunol. 13:596-603,
2012.



Qin H, Suzuki K, Nakata M, Chikuma S et
al. “Activation-induced cytidine deaminase
expression in CD4+ T cells is associates
with a unique IL-10-producing subset and
increase with age.”PLos One vol.6, online
publication (€29141), 2011.

2. FRRE

Rui Y, Honjo T, Chikuma S. PD-1 inhib-
its inflammatory helper T cell development
through controlling the innate immune re-
sponse. H ARHEFE-FIES 2013
#£12 A 11-13 B

..24..

B BATH PD-1 HURICLADATEHE
£ BEDON AL —aF VISR
VIRDT L, fRE 2012411 A 21 AH.

" BN TEENRF TRIM28 (ZX5EE
KRIEME T MREOHIE ] ALEERFERE
FH R MEEHEES B ORE
BB RO RS | FLIR 20124 11 A 1
H.

H. IR EMED HFE - BRI (P EE S
i)

. Feeflufs 72l
2. RHAMBRES 2L
3. T 7L



. WFZERCRDOTUTICEE 50—



MIEERROTUTICE 5 —E*R

<SERY 23 FRE >

FRE KA LA ARV  ORERES BE | XU | RS
Yamamura S, Matsumura/The activated transforming gr| Int J Cancer. | 130 | 20-28 | 2012
IN, Mandai M, Huang Z.owth factor-beta signaling pat
Oura T, Baba T, Hamanihway in peritoneal metastases
shi J, Yamaguchi K, is a potential therapeutic tar
Kang HS, Okamoto T, |get in ovarian cancer.
Abiko K, Mori S,
Murphy SK, Konishi I.
Mandai M, Matsumura [OYarian clear cell carcinoma as| - Cancer Lett. | 210 [129-133| 2011
N, Baba T, Yamaguchi astress—responswe cancer: m-
K, Hamanishi J, fluence of the microenviron-
Konishi L ment on the carcinogenesis and

cancer.
Hamanishi J, Mandai M|\ (¢ comprehensive assessment | Clin Immunol. | 141 (338-347| 2011
Abiko K, Matsumura N,of local immune status of ovar-
Baba T, Yoshioka Y, ian cancer by the clustering of
Kosaka K, Konishi I multiple immune factors.
Efﬁgffﬁa\ ?E???FQE\ 95%%5@1%@@@&%&:5% EEIR AT DE 614251201-205| 2012
AR IFSRREL BEOBES FERREREL | e
BEE. DRER=. & MR EEORRE
FF. /NTEEAE
ARER. B £, r[ﬁ%j\? Ph/O Molecular | FERLLIR AR |783%1 8| 95-100 | 2011
o Biolo cancer stem cell |

HARTRREL, /AR &
FREL R ABBASRIERIEOBR | (BR==2—2| 19 | 13 | 2011

.25.




ERR24EE >

FFREKRA A LA MV FEFKE B | U | HRE
Abiko K, Mandai M, Hamanishi|t D-L'1 on tumor cellsis |- Clin Cancer Res. | 19(6) |1363-13| 2013
J, Yoshioka Y, Matsumura N, [induced in ascites and pro- 74
Baba T, Yamaguchi K, Muraka [Motes peritoneal dissemina-
mi R, Yamamoto A, Kharma B, [tion of ovarian cancer
Kosaka K, Konishi 1. through CTL dysfunction.
Huang RY, Chen GB, Matsumu Histotype-specific L BMC Med Ge- 2012
ra N, Lai HC, Mori S, Li J W [copy-number alterations in .
ong MK, Konishi I, Thiery Jp, [ovarian cancer. TOMES.
Goh L.
Matsumoto K, Katsumata N, SaiPhase II study of oral JPN J Clin Oncol }
to I, Shibata T, Konishi I, Fukuletoposide and intravenous 42(3) |222-225| 2012
da H, Kamura T. irinotecan for patients with
platinum-resistant and tax-
ane-pretreated ovarian can-
cer: Japan Clinical Oncolo-
gy Group Study 0503.
Horiuchi A, Hayashi T, Kikuchi [Hypoxia upregulates ovari- | IntJ Cancer. |131(8)|1755-67| 2012
z;\IV;aH’?yalzl;Li?ﬁi Piuseya C, Shio lay cancer invasiveness via
’ ' the binding of HIF-1a to a
hypoxia-induced, methyla-
tion-free hypoxia response
element of S100A4 gene.
Yoshioka Y, Ono M, Osaki M, [Differential effects of inhi- | EurJImmunol | 42(3)|749-59 | 2012

Konishi I, Sakaguchi S.

bition of bone morphogenic
protein (BMP) signalling on
T-cell activation and differ-

entiation.

-26-




< SERR25EEREE >

FKEEKA A SCEA VA FE BE | U | HRE
Koshiyama M, Matsumura N, Two cases of recurrent  |Cancer Biol Ther.| 15(1) | 22-25 | 2014
Baba T, Yamaguchi K, Yoshioka Y, |ovarian clear cell carci-

Konishi I. noma treated with soraf-
enib.
'Yamaguchi K, Huang Z, Matsum |[Epigenetic determinants Int J Cancer. 2013
ura N, Mandai M, Okamoto T, |ofovarian clear cell carci
Baba T, Konishi I, Berchuck A, [noma biology.
Murphy SK.
Okamoto T, Mandai M, Matsumu [Hepatocyte nuclear fac- Mol Carcinog. 2013
ra N, Yamaguchi K, Kondoh H, g 3
Amano Y, Baba T, Hamanishi J, for-1f3 (HINF-1j3) promotes
Abiko K, Kosaka K, Murphy SK,|glucose uptake and glyco-
Mori S, Konishi L lytic activity in ovarian
clear cell carcinoma.
Tan TZ, Miow QH, Huang RY, [Functional genomics iden- EMBO Mol Med.| 5(7) | 983-98 | 2013
Wong MK, Ye J, Lau JA, Wu  |:n.c five distinet molecu-
MC, Bin Abdul Hadi LH, Soong | = o o o moteet
R, Choolani M, Davidson B, lar subtypes with clinical
Nesland JM, Wang LZ, Matsumu
ra N, Mandai M, Konishi I, Goh relevance and pathways
BC, Chang JT, Thiery JP, Mori [for growth control in epi-
. thelial ovarian cancer.
Kharma B, Baba T, Mandai M, |Utilization of genomic IntJ Cancer  [133(9)2234-44 201
Matsumura N, Murphy SK, Kang [signatures to identify ©) ' 3
HS, Yamanoi K, Hamanishi J, high-efficacy candidate
'Yamaguchi K, Yoshioka Y, drugs for chemorefractory
Konishi 1. endometrial cancers.
ETE = INEREOES RETICIT| ERCBAR | 804)|510-512| 2013
L ELIERY R S BRIR D i
BT SRR G~ D EHERY
i
VETE = DAGREREORRRR | EREFEAR |[Volsl] No2 | 2014
FHE - EATIREA AT KT
3551 PD-1 Hufkz A
7= S SR A

.27.




IV. BFFERCROTHIIT - Bl



| B
| 2
i;. 0 .
3
o
5

IJC

International Journal of Cancer

The activated transforming growth factor-beta signaling
pathway in peritoneal metastases is a potential therapeutic

target in ovarian cancer

Shogo Yamamura®, Noriomi Matsumura®, Masaki Mandai®, Zhiging Huang?, Tomonori Oura®, Tsukasa Baba®,

Junzo Hamanishi®, Ken Yamaguchi®?, Hyun Sook Kang®, Takako Okamoto?, Kaoru Abiko®, Seiichi Mori%, Susan K. Murphy

and lkuo Konishi®

2

' Department of Gynecology and Obstetrics, Graduate School of Medicine, Kyoto University, Kyoto, Japan

2 Division of Gynecologic Oncology, Department of Obstetrics and Gynecology, Duke University Medical Center, Durham, NC
3 Department of Biostatistics, Graduate School of Public Health, Kyoto University, Kyoto, Japan

“Genomic Oncology Programme, Cancer Science Institute Singapore, National University of Singapore, Singapore

Ovarian cancer is the most lethal gynecologic cancer in the
Western world. Because of its absence of obvious symptoms,
the diagnosis of ovarian cancer is often made when the disease
is at an advanced stage, resulting in a survival rate of only 20~
30%." Peritoneal dissemination is the most frequent route of
spread and is the most significant prognostic factor in ovarian
cancer.” Although many efforts have been made to treat perito-
neal dissemination of ovarian cancer, such as debulking sur-
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gery and systemic or intraperitoneal chemotherapy, effective
eradication of peritoneal dissemination remains challenging.
Therefore, there is an urgent need to develop new treatment
modalities, especially targeted molecular therapies, through the
study of basic biology underlying peritoneal disease spread.

Recently, the roles of the transforming growth factor
(TGF)-beta signaling pathway in cancer have been studied in
great depth, particularly in the progression of cancer and me-
tastasis.™ In the early phases of cancer development, TGF-
is thought to suppress the proliferation of tumor cells. In the
advanced phases, however, TGF-B may promote cancer
progression. Inhibition of TGF-B2 production by antisense
oligonucleotides (AP12009) is a promising therapeutic strat-
egy against glioma® and a phase III clinical trial is currently
underway. However, little is known about the role of the
TGF-f signaling pathway in ovarian cancer.

In our study, we performed gene expression microarray
analysis and revealed that the TGF-f signaling pathway is
activated in omental metastases of ovarian cancer. Activated
TGF-p signaling promoted metastatic properties of ovarian
cancer cells, including adhesion to extracellular matrix, cell
motility and invasiveness. In addition, we examined the
potential efficacy of A-83-01, a small molecule inhibitor of
TGFBRI kinase activity, in the treatment of ovarian cancer
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metastases, both in vitro and in vivo. This report describes
for the first time that the activated TGF-f signaling pathway
in omental metastases of ovarian cancer is a potential thera-
peutic target.

Material and Methods

Cell line

The OV2944-HM-1 (HM-1) mouse ovarian cancer cell line,
purchased from the RIKEN BioResource Center (Tsukuba,
Japan), was cultured as previously described.® The culture
medium consists of minimum essential medium (MEM)
alpha (Invitrogen, Carlsbad) supplemented with 10% heat-
inactivated fetal bovine serum (v/v; Biowest, France) and
penicillin-streptomycin (100 IU/ml penicillin, 100 pg/ml
streptomycin; Nacalai Tesque, Kyoto, Japan). SK-OV-3
human ovarian cancer cell line was purchased from the
ATCC (Rockville, MD) and cultured in RPMI1640 (Nikken
Biomedical Laboratory, Kyoto, Japan) supplemented with the
same reagents as MEM alpha.

Reagents

A-83-01, a small molecule inhibitor of TGF-f receptor type I
kinase activity, was purchased from Sigma-Aldrich (St. Louis,
MO). Recombinant human TGF-Pl1 was purchased from
Peprotech (Rock Hill, NJ).

Microarray analysis

HM-1 cells were treated with A-83-01 (1 pM) or vehicle di-
methyl sulfoxide (DMSO) for 2 hr followed by the addition
of TGF-B1 (1 ng/ml) or vehicle phosphate buffered saline
(PBS). Four hours later, HM-1 cells were harvested, and
RNA was extracted using the RNeasy Mini Kit (Qiagen).
Gene expression data were generated at Singapore University
as previously described.” We used 200 ng total RNA per sam-
ple on Affymetrix Mouse ST v1.0 GeneChips containing
probes for over 28,000 well-annotated genes.

Microarray datasets were obtained from the Gene Expres-
sion Ommnibus website (http://www.ncbinlm.nih.gov/geo/).
Serous ovarian cancer samples (primary; n = 88, omental
metastasis; n = 38) in GSE2109 were used for the analysis.
Of these, 15 cases had received chemotherapy prior to the
operation. Samples used in the study are listed in Supporting
Information Table 1.

Bioinformatics analyses
Normalization. Data with the MAS5 format were used for
binary regression analyses, whereas other analyses were per-
formed using robust multi-array average (RMA)-normalized
data. R version 2.8.2 was used for the normalization.®

Genes differentially expressed between control and TGE-
Bl-treated samples were identified using significance analysis
of microarrays (SAM).” Gene probes with FDR q <0.25 were
selected for further analyses.

Binary regression was performed as previously describe
This is a tool to determine the probability of gene signature for

d 10-12
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individual samples to examine pathway activity. Training set
had been developed by overexpression of oncogenes (Src, Myc,
Ras, B-catenin and E2F3) or addition of cytokines (tumor necro-
sis factor (TNF)-alpha and TGF-B1) onto cultured human cells.
Differentially expressed genes by the treatment were identified
and designated as the gene signature. Probabilities of the gene
signature can be determined for individual samples in external
datasets. In this research, we determined gene signature proba-
bilities for the serous ovarian cancer samples (Figs. 1 and 2a).

Gene set enrichment analysis (GSEA) was conducted as previ-
ously reported.”® We used C2 curated gene sets of the MSigDB
(http://www.broadinstitute.org/gsea/msigdb/) to determine the
enriched pathways in omental metastases of ovarian cancer.
Briefly, we performed the GSEA analysis to compare between pri-
mary sites (1 = 88) versus omental metastases (n = 38) of
GSE2109. At first, we applied all the C2 curated gene sets (n =
1892) with the following parameters; “Number of permutations =
10” and “Permutation type = phenotype.” All other parameters
were default. As a result, 657 gene sets showed statistically signifi-
cant (FDR g value <0.25) enrichment among the omental metas-
tases. To analyze selected gene sets relevant to the TGF-f§ pathway
more accurately, we downloaded several gene sets (that appears in
the Results section) from the MSigDB and analyzed individually
with the following parameters; “Number of permutations = 1000”
and “Permutation type = phenotype”. Genes upregulated by
TGF-B1 (n = 173) in HM-1 cells (Supporting Information Table
2) were also used to generate a gene set for a GSEA analysis.
Genes downregulated by TGE-B1 (n = 12) were not used for
this purpose because this gene set did not meet the gene set size
threshold (>15) to run the GSEA software.

An average-linkage hierarchical clustering analysis was
performed using Cluster 3.0 available from http://rana.lbl.
gov/EisenSoftware.htm. Java TreeView (http://jtreeview.source
forge.net/) was used to visualize the heat map.

Immunohistochemical staining

Ovarian cancer specimens taken from women who received
primary tumor resection at the Department of Gynecology
and Obstetrics of Kyoto University Hospital from 2003
through 2006 were used for immunohistochemical staining.
Prior written informed consent from all the patients was
received, and approval was given by the Kyoto University
Graduate School and Faculty of Medicine Ethics Committee.
For our study, we used only serous ovarian cancer samples
with no prior treatment. Immunohistochemical staining of
TGFBR2 was carried out using the streptavidin-biotin-perox-
idase method. Briefly, formalin-fixed paraffin-embedded tis-
sue sections were deparaffinized and antigen retrieval was
performed in 10 mM sodium citrate buffer (pH 6.0) at 120°C
for 5 min. The slides were incubated with primary anti-
TGFBR2 antibody at a 1:100 dilution (Abcam, Cambridge,
MA) overnight at 4°C, followed by incubation with biotinyl-
ated goat anti-rabbit secondary antibodies (Nichirei). For
staining of phosphorylated SMAD2 (pSMAD?2), anti-pSmad?2
antibody (Novus Bio, Littleton, CO) was used at a 1:100
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Figure 1. Activities of signaling pathways in primary sites and metastatic sites of ovarian cancer. Activities of seven signaling pathways
including TGF-B, TNF-alpha, Src, Ras, Myc, E2F3 and B-catenin were analyzed using binary regression in the GSE2109 dataset. In each
scatter diagram, individual dots show the activity of the signaling pathway for 88 primary sites (left) and 38 omental metastases (right) of

ovarian cancers. Y axis; signature probabilities. n.s.; not significant.

dilution with the same subsequent procedure as TGFBR2.
Two independent gynecological pathologists examined the
immunohistochemistry slides without any prior information
about the clinical history of the patients. TGFBR2 and
pSMAD2 expression was evaluated according to staining in-
tensity and was scored as follows: 0, negative, no staining in
cancer cells (same or weaker than the cancer stroma); 0.5,
weakly positive (staining of the cancer cells is slightly stron-
ger than that of the cancer stroma); 1, positive (staining of
the cancer cells is stronger than that of the cancer stroma); 2,
strongly positive (staining of the cancer cells is much stron-
ger than that of the cancer stroma).

Western blot analysis

A-83-01 (1 or 10 uM) or vehicle (DMSO) control were added
to HM-1 cells followed by TGF-B1 (1 or 10 ng/ml) or vehicle
control 30 min later. Cells were harvested 60 min later and
lysed in radio-immunoprecipitation assay (RIPA) buffer
(Thermo Fisher Scientific, Waltham, MA) with a protease
inhibitor cocktail (EMD, Madison, WI) and a phosphatase
inhibitor cocktail (Nacalai Tesque). Protein was quantified
using the DC Protein Assay Kit (Bio-Rad, Hercules, CA).

_30...

Twenty micrograms of sodium dodecyl sulfate (SDS)-treated
protein was loaded onto a 10% SDS-PAGE (polyacrylamide
gel electrophoresis) gel (Ready Gels J, Bio-Rad). Gels were
electroblotted onto polyvinylidene fluoride (PVDF) mem-
branes (Bio-Rad). Nonspecific binding of the antibody was
blocked by incubating for 30 min at room temperature in
Blocking One-P (Nacalai Tesque). The membranes were incu-
bated overnight at 4°C with antiphosphorylated Smad3 anti-
body (1:1,000, pSmad3 Rabbit mAb, Immuno-Biology Labora-
tories, Japan), which reacts with both human and mouse
protein. After washing in tris-buffered saline (TBS)-T, the
blots were incubated with the appropriate peroxidase-coupled
secondary antibody (1:10,000; Anti-rabbit HRP, GE Health-
care Life Sciences, Uppsala, Sweden). An anti-human B-actin
antibody (1:5,000; Rabbit mAb, Abcam) were used for the en-
dogenous controls. Specific proteins were detected using ECL
Plus Western Blotting Reagent (GE Healthcare Life Sciences).

Cell proliferation assay

HM-1 cells were seeded into a 96-well plate (Asahi Glass,
Japan) and were incubated for 18 hr. A-83-01 (1 uM) or
vehicle were then added for 12 hr followed by the addition of

Int. J. Cancer: 130, 20-28 (2012) © 2011 UICC
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Figure 2. TGFBR2 expression and TGF-B pathway activity in primary ov:

arian carcinomas and omental metastases. (a) Expression of TGFBR2

(208944_at) is positively correlated with TGF-B signature probabilities in the GSE2109 dataset. TGF-B signature probability for the
individual tumor sample was determined as previously described.? (b) Expression of TGFBR2 (208944_at) was significantly higher among

the omental metastases in the GSE2109 dataset. (c) Immunohistoche
the paired samples. (d) Immunohistochemical expression and scatter

mical expression of TGFBR2. Scatter diagram shows staining scores of
diagram of pSMAD2. The sections of TGFBR2 and pSMAD?2 are serial

sections. (e) Representative figures of TGFBR2 and pSMAD2 expression in the invasive front (red arrows).

TGF-B1 (1 ng/ml) or vehicle for 60 hr. The number of viable
cells in each well was examined using the WST-1 assay
(Takara Bio) following the manufacturer’s instructions.

Cell adhesion assay

HM-1 cells were treated with A-83-01 (1 uM) or vehicle for
12 hr followed by treatment with TGF-B1 (1 ng/ml) or vehicle
for 8 hr. Next, 10° cells were seeded into each well of collagen
IV-coated 96-well plates (Asahi Glass) and incubated for 2 hr.

Int. J. Cancer: 130, 20-28 (2012) © 2011 UICC

After that, wells were washed twice with PBS, and the number
of attached cells was evaluated using the WST-1 assay.

Cell migration assay

HM-1 cells were seeded onto 10 cm tissue culture dishes
(Greiner bio-one, Monroe, NC) and incubated until cells
were confluent. Next, scratch lines (1000-1200 pm width)
were introduced using a plastic tip and A-83-01 (1 uM) or
vehicle was added. Six hours later, TGF-pl (1 ng/ml) or
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vehicle was added. The widths of the gaps in the cell mono-
layers were measured 20 hr after scratch introduction.

Cell invasion assay

HM-1 cells were treated with 1 uM of A-83-01 for 12 hr fol-
lowed by treatment with 1 ng/ml of TGF-B1 for 8 hr. Next, 10°
cells were seeded into Boyden chambers with 8.0 pm pore PET
membranes (Becton Dickinson, Franklin Lakes, NJ) coated
with Matrigel. After 20 hr, membranes of the Boyden chambers
were fixed with 99% methanol and stained in hematoxylin. The
number of cells that invaded through the membrane were visu-
ally counted in five high power fields (200x) and averaged. To
confirm the effect of TGF-1 and A83-01 on human ovarian
cancer cell lines, we did invasion assay with SK-OV-3 cells.

ELISA assay of TGF-p1

Ascites were retrieved from the abdominal cavity of mice 10
days after inoculation with 1 x 10° HM-1 cells. The concentra-
tion of TGF-B1 in ascites was determined with the Quantikine
human TGEF-B1 immunoassay kit (R&D Systems, Minneapolis,
MN) following manufacturer’s instructions. The optical density
of each well was read with an Emax microplate reader (Molec-
ular Devices, Silicon Valley, CA).

In vivo experiments

Female B6C3F1 mice used for the in vivo studies were pur-
chased from CLEA Japan (Tokyo, Japan) and maintained
under specific pathogen-free conditions. All animal experi-
ments were approved by the Kyoto University Animal
Research Committee. To evaluate the effect of A-83-01 on
the survival of mice bearing peritoneal dissemination, HM-1
cells (1 x 10° were injected into the abdominal cavity via
the left flank of the mouse. Starting the next day, A-83-01
(150 pg/body) or vehicles (PBS with 0.5% DMSO) were
injected into the abdominal cavity three times per week.
Mice were euthanized before reaching the moribund state.

Statistical analysis

All statistical analyses were performed using Prism 4.0b.
Student’s -test was used unless indicated in the text. p value
< 0.05 was considered statistically significant.

Results

Identification of the TGF- activated signaling pathway

in the omental metastases of ovarian cancer by gene
expression profiling analysis

To investigate signaling pathways that may differ between the
primary site and the omental metastases of ovarian cancer,
we conducted gene expression microarray analysis using the
publically available dataset GSE2109. Based on the previously
reported gene signatures of seven signaling pathways (Src,
Myc, Ras, TNF-alpha, B-catenin, TGF-p and E2F3),1%12 we
evaluated signature probabilities on behalf of each pathway
in this data. Among the seven pathways, only the TGF-B
signaling pathway was more active in the omental metastases

.32-
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than the primary sites (Fig. 1, p < 0.0001). In contrast, the
Myc and E2F3 pathways were more activated in the primary
sites (p < 0.007 and p < 0.003, respectively).

Consistent with the result from the binary regression, GSEA
revealed that “TGF_BETA_SIGNALING_PATHWAY” was
enriched in the omental metastases (FDR g value = 0.03). Fur-
thermore, the characteristic in vitro effects of TGF-B on cancer
cells"*™*¢ such as “CELL_MOTILITY,” (FDR g < 0.001) “CELL_
ADHESION” (FDR g <0.001) and “MATRIX _METALLOPRO-
TEINASES” (FDR g = 0.006) were also enriched in the omental
metastases (data not shown).

Comparison of TGFBR2 and pSMAD2 expression in paired
samples of primary site and omental metastases by
immunohistochemistry

Among the core components of the TGF-f signaling pathway,
TGFBR2 (208944 _at) showed a significant positive correlation
with ‘TGF-B signature probability scores (r = 0.53, p <
0.0001, Pearson’s correlation) (Fig. 2a). In addition, TGFBR2
expression was significantly upregulated in the omental metas-
tases compared to primary sites (p = 0.0026; Fig. 2b).

We next examined expression of TGFBR2 and phospho-
rylated SMAD2 (pSMAD?2) in ovarian cancer tissue samples
by immunohistochemistry. We used samples for which both
primary and omental metastasis sites were available (n = 14),
and we compared their expression using paired analysis.
Both TGFBR2 and pSMAD?2 were upregulated in the omental
metastases (p = 0.0068 and p = 0.040, respectively, Figs. 2c
and 24d). In addition, among the cancer tissues, expression of
both TGFBR2 and pSMAD2 tended to be stronger at the
invasive front and in the small cancer nests rather than the
center of tumor nodules (Fig. 2¢).

Effect of TGF-f1 and the TGF-§ pathway inhibitor A-83-01

on the in vitro metastatic properties of ovarian cancer cells
The in vitro effects of recombinant TGE-B1 or the TGF-B
pathway inhibitor A-83-01 were examined using the HM-1
mouse ovarian cancer cell line.® First, we examined the
expression of phosphorylated Smad3 (pSmad3) by Western
blotting. As expected, expression of pSmad3 was increased by
the addition of TGF-B1, and the effects of TGF-Bl were
inhibited by A-83-01 (Fig. 3).

Addition of TGF-B1 or A-83-01 did not alter proliferation
of HM-1 cells (Fig. 4a). Thus, we next examined the influ-
ence of TGF-B1 or A-83-01 on cell motility, adhesion and
invasion. TGF-B1 increased cell motility, adhesion and inva-
sion, while A-83-01 decreased these behaviors (Figs. 4b, ¢
and d). When only A-83-01 was added, cell motility, adhe-
sion and invasion were decreased (Figs. 4b, ¢ and d). This
appears to be a consequence of inhibition of autocrine/para-
crine TGF-B signaling in HM-1 cells because the concentra-
tion of TGF-B1 in the culture medium (1,260 * 17 pg/ml)
increased after HM-1 cells were cultured for 18 hr (3,395 *
15 pg/ml; data not shown).

Int. J. Cancer: 130, 20-28 (2012) ® 2011 UICC
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Figure 3. Transcriptional changes of HM-1 cells with TGF-B1 and/or
A-83-01. Western blotting for pSMAD3 of HM-1 cells in reaction to
TGF-B1 (1 or 10 ng/ml) and/or A-83-01(1 or 10 uM).
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Figure 4. In vitro treatment of HM-1 cells and SK-OV-3 cells with
TGF-B1 and/or A-83-01. (@) WST-1 assay of HM-1 cells to analyze
proliferation of cells 60 hr after treatment (7 = 12 each). (b) WST-
1 assay of HM-1 cells to analyze the adhesion of cells onto
collagen type IV-coated dishes, 150 min post-treatment (n = 20
each). () Wound healing assay of HM-1 cells to analyze cell
motility (n = 12 each). The y axis indicates the distance of
migration 20 hr post-treatment. (d) Boyden chamber assay of HM-1
cells to analyze cell invasion. Invaded cells were counted 20 hr
post-treatment (n = 12 each). Y axis indicates the average of
invading cell numbers in high power fields (200x). (e) Boyden
chamber assay of SK-OV-3 cells to analyze cell invasion.

As to invasion assay, SK-OV-3 cells, human ovarian can-
cer cells, showed same tendency as HM-1 cells with addition
of TGF-B1 or A-83-01 (Fig. 4e).
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Identification of genes that are regulated by TGF-$

We next conducted microarray analysis using HM-1 cells to
compare gene expression among vehicle (n = 3), TGF-B1
(n = 3), TGF-B1 + A-83-01 (n = 3) or A-83-01 treatments
(n = 1). Differentially expressed genes between vehicle and
TGF-B1-treated samples were identified using SAM. A cut-
off of FDR g < 0.25 identified 241 probes, including 218
probes (173 genes) upregulated and 23 probes (12 genes)
downregulated by TGF-B1 (Supporting Information Table 1).

An average-linkage hierarchical analysis of the 10 HM-1
samples using the above 241 probes was performed. As
expected, these genes were found to distinguish TGEF-B1-
treated samples from the other samples (Fig. 5). The similar-
ity of the TGF-B1 + A-83-01 group with vehicle and not the
TGF-B1 group indicates that A-83-01 efficiently reversed
gene expression changes induced by TGF-f1.

The 173 upregulated genes were used in a GSEA analysis
to determine if they were differentially expressed between
primary sites and the omental metastases of ovarian cancer
in the GSE2109 dataset. These genes were significantly
enriched among the omental metastases (FDR g value =
0.086 <0.25).

Therapeutic effects of A-83-01 in a mouse model

of peritoneal dissemination of ovarian cancer

We first examined side effects of A-83-01 in B6C3F1 mice.
Peritoneal injection of A-83-01 twice a week for 4 weeks at
doses of 50, 150 and 500 pg did not influence body weight
or neurobehavioral appearances. No change was found in the
histolopathological appearance of lung, heart, liver or kidney
(data not shown).

We then investigated the therapeutic potential of A-83-01
in a mouse model of peritoneal dissemination of ovarian
cancer. Intraperitoneal injection of 1 x 10° HM-1 cells into
B6C3F1 mice led to ascites accumulation with diffuse disse-
minated tumors on the peritoneum within 2 weeks (Fig. 6a).
The ascites contained abundant TGF-B (26.993 * 0.068 ng/
ml, data not shown). A-83-01 was injected into the peritoneal
cavity (150 pg/mouse x 3 times/week) starting 1 day postin-
jection of HM-1 cells. Formation of ascites tended to be
slower in the A-83-01-treated group (Supporting Information
Fig. 1), and A-83-01 significantly improved survival of the
mice (Fig. 6b, p = 0.0148).

Discussion

Ovarian cancer is the most lethal malignancy among the
gynecological cancers because most cases are diagnosed only
after the disease has reached an advanced stage. Peritoneal
dissemination, which frequently involves the omentum, is the
most typical mode of spread of ovarian cancer.” To clarify
the molecular mechanisms underlying the metastasis of ovar-
ian cancer, we compared the primary site and omental me-
tastases of ovarian cancer. We have recently used bioinfor-
matics approaches such as binary regression to elucidate
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