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£ 4. LR——7 w11k 5 AhR EE#EFFE 2nd AZV—=7

3. AhR 7 2% =X MEYEDBRGE & #FF DR

XRE L' R—¥—7 vt TREINZT ¥ T=X NOER % AhR OENBRERF
CYPIALl ORBICL o THRIEL Tz, 7 ¥ IR MEf SEEOEH LRSI OO E 41
BIZDWT 104 M O MCF-7 1IZmZ. €® 1 KRE#IZ 10nM @ TCDD & hA 728, S 51
24 R IR L7 RNAIZB W T CYP1AL ORBEEZFEBPCRICK DM@ L 7= (K5).
TR, 24 BRI, TCDD IZ& % CYP1A1 DRHEF#EZ, ALR7 ¥ T=Z b
CH-223191 SBEZFICHIHI L2 DI LT, 4BEOEHRS DS+ 2 FE TEE ORI
HNR SN,
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B
=5

&

140
120
100
80
60

2
0

No Treat TCOD TCDD+16 TCDD+48 TCDD+39 TCOD + CH-
223181

5. CYP1lAl ORBLBKIZEZ AR 7 ¥ T FDORE

AhR 7 >V T A NDIEABEFD—D &L LT, AhR OEBITHENREZ NS0, 7
> =2 MDY AhR BT EEEZ HONE S h2ME L7z, MCF-7 fiflaTid
TCDD 12 X% AhR EB4703HE T/ o 7208, AR AR PC3 12385\ T TCDD 12
K BEBITO AhR 7 > ¥ =X b CH-223191 IZ X BT ENRD 51172 (K 6).
4%, PC3filmzMAWT, ¥ > & =X bERHA ADR BITHEICI D AhR FHZHEE
TENERIETETH S,

TCDD treatment TCDD + CH-223191 treatment
TO-PRO-3 TO-PRO-3
merge merge

6. AhR 7> d=-Z M2k ? AhR EBITORE
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4. b FRIAMBICHT 5 AR REH DRt

MAARRIZIE, SAMRRICIA T, fha afZEfiiaz MmO EMBRNFEEL. A
BUNRBEZR L TW5, BRA13 WRBRVAMBICENT, 2AMBRENAREYD >
INERIZBIT S ADR OBRFEE. 97205 AhR BNEHE LI N TS Z LE2RNWELTWE
M. SENE. KBRAFERBREN SER L2857 4 VY %5 AhR Fiik CHRIEREBL /-
LA BAMBO IR, BEIUNAMBICEMT 2 >/ ERTHRNWERB L UOEBTA
woshz (|7,

Stage 1 (A 41k) Stage 2 (F44E)

7.  KBEBHEETO AhR OFHR

5. iTreg FHHEADIER DBRE

LEDEF RS DF A — T T RN 5O TGF-b #FE M iTreg D/MEFBRIZH T, XRE
VR=F =7 v A Ick> THESNZELERSHO AR ¥ T=A b (9,58) I3 iTreg
NOMEEFEL, F/- AR T Y TZZ b (8,26,27,28,29,39.48) X iTreg ~NDML%
BETHDBMHE L /Z(K 4, 3) FEEGHEYE T MR Treg) DFHEE MG T 5 HE A RMEE
Y DIEE 1.

HEL

ARFFETIE. 62 BEOES RS OFMN S, AhR EEEKZ, XRE L R—¥—7vt1 &
CYPIA1 BHY v A TAZ V=27 L, 4ABEOEFERID T T A MEREL T,
SHEEOMNNTY > I A MEfELTHRE SNz, INEO—FIL, T TIZHE SN
TWEHDHEFFEN. AFRATHRELEAZ ) —Z 0 TROMEREL TWD I ARSI N
7z AR 7 2% I= X MEMIL. TGF-BIZ XD iTreg HMLiFEEMH L72DT, Z0NH5D
ABR 1EBNSEREARIL, Treg IEHEOHIFIRE, 2HEICEEMNIC, 52 WIIEE Treg M7 L
27U TR, RABUNRE fENFIREORECHBERELEERBIIERATH S
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AREEAVRIR S 7z, T, ADR 7 I A MEAHIE  Treg FEMEEIZK 0. RIEEEKE
PHORBEREBOHREE 22N DH 5.

S, NS OMEE LERH RS D AhR fER® Treg MIFHER. &2 W AMBAD
ERDOBEDHEZRTOLENH S, £/2. AhR 2 EMT > MMP REFEIZLD, A
MAEDOBRTAREZRET 5 Z ENHESINTNAHD T, BNAMBEAEDREEEZ EADER
HRANTEFETH 5. BHICHROBNEHEMNCDNTIE, YURABBETFINEZRANT
invivo NRERFTT 5. . AEBICHAR LY vEA ZHWT, ARR BEBTHER L,
HEH RSO AhR (ERBFZHSNTT H0ENH S, 51T, BE,. BERD in vivo1
A=D 2T AFLERWT, ERNTARR EEZ TS —L T, BAOEFTVEBZE
& AhR OEFOBEBEZHASNIT S EEHIT, EHRSEGIZES AhR EERETN A
NTHREZIZOHN, BIZLTHIE EOREORE EORETHRSTNEVWNONRE,
KM E AR LW EE X TN 5,
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IV. BFFERRR DFIETH - Bkl
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ALH THTE SAEX WHR GERN SOSE

WEAT2 (B A AR 2010108 1

S EDAERICBIT DREREE DA

SRS D ABIBRTE I THL BADISHE - B - BBRZRET 2BENDS. NAKBBETSRERFICIDR
BN & REDE 8 LD AMIRE, DAEE - FIBY ) (E - S8 EORERRELEICERED AR
SEEE(C BV T REMI ORISR S DIEEERIC & D RENFREEREL, NPAEBZRESED. RIC,
Hi A ERHERS Y L RS EEERIR (EMT) D AR IS M - IIBIERDBRUVDAMIBKE TS D, BB PERICES
T3, DAMIELREME OB CHT 2 REHEE S SRR ORER S THRJEBIIFHICEDBENBDT, =
BRREDRRBAIC & DT LWLV D ABETE D/EREDRRED B IND.

AAMNIZIERE & BIEETUEIESS 0 72 (iR R e & 7%
2. HESE v FAAMBICH T A REBIDEDOWEEL, £
ORI X BB ABMOTTREMZBIEL T 5. HRIERIR
1, BAMIEDHERE b B S h TE A2 EE
BARGEZROMEEL & LAWAMBORE - 78 % 2t
FTAHRWEANH LI L, T2, PAMRIZIEREE T RIERN
a2 18 L, e R S L, A
MBOERZRET L ERHL2 R TEL WKTR
SNBNATIY, DAMIE SHEREMR, B X OHHESFM
i % R Rl 2 & oo R RGHIIG & MR EAEFIC X Y, Bl
905 S RINA AT RE S & AT AHMLEL, UGS T HlfE A3l < h
BAREFRIRY o5, B 2 B —THIRA & SfFAET
BB E0, M REISE & o TEERAA MEH/N
BB WT, B 2 &S0 R EHH 5 S 4,
B - EBOREST TR, IERER EOBRICH TS
EHHEE D6 L TS, LzdoT, R0 2 BIERED
M5O 7201213, BAAEKIZ BT 2 REIHEIE O A 55
FHME MBI LT, ZOREEZHET A EPERREL
o TWh,

ARTIE, BAMIEORN - BB OMREICBS T 5 RER
HEIZO W TS B 2%, RIEFIH & &2 - B8 05 FHH I
WA A D S, REIHIFRE O M, FUIRES %0 2
AU BB e EBER 2T TR, BEENRBAMEO
ERIENC O RSB ENH 5.
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I . BRARERHMIEIC K DD AMEEE -
gz DleE

Ty (2 B3 5 i BRI A A MR O BERR I < 2 B R B
Twiedt, =727 % —THIROBREA BRI 2Tk HET
AWEDE VO LT, w7 a7 7 — IR OBE
@, LA FHRAREHMT S Z LA B LA Gl AR
RBMLTWAREELVE PAMBIRr €L/ OEEE
ALTY a7 7— VMR 2% & o F iR 2 w3 iz
LRSI EOMEMIE ) 2 V- T 5 ERLY
# 44 % TNF- a (tumor necrosis factor- a) % &O# 4 b
DA VR EH A V&, EHEIAAMINEORAEE LT RE
k@0, FRMEHEEFELNMLT PAORRZRETS.
7, RN FAMNBATE LT B RIS A b h A YL
RS R LT HERRMIN R &2 2 v— b L, A
HIRa S EA L 23 WU (pre-metastatic niche) % 4
BLT, 20BIHAMEIEET 2 TRED HES AT
61)"4)‘

1. AR RLBIZIC B BRI -
G o 0D R A

1. i AMEES & SE I DI E{ER IC K D RERE
24 DEBBIRIC BV TIE, BAFEMYA S, 2TAAE
E BRI & A SR RN, B X OV IS R B i E
R RBRAIE A EOMEME L OMEERIEZ Y, €O
BONRAORBEHHEIRE IR T, w77 7=V
% EOHEKEIERIT, BAOHRTIIEZL B LAMFAOH

-4




% %18 (immune-surveillance)

, % kRS (immune-elimination) i

%R (immune-editing) |

- : kB (immune-escape) | @ v Al

AR RERRCES
| R MBI A IR ODEE CRIR

HME1 HAERBIZTORERIMED AHIIOBRNIETE

| — .
RBEAMTRTAHEE RS | @ MEKR

@ rABAR
@D EMTH A#EE
@ I7xvs-THRE

BEFFEEHEEAMRE S LTEDOH ARG, ZORRBEICEVT, NKHRE > T #R75 & DSBS IC & 2 SR R (immune-surveillance)
1= & b B A MBS DEERS (immune-elimination) P 5eExk# (immune-escape) HET D, ZOBODAMEDORELNEENMRESNTVL (RERNK |

immune-editing).

BN A RE X225, FF 2T ¥ T — (NK) #illg=e TH
a7 & EEEMIELIE, 2% (immune-surveillance) (2
L0, 2AMNG % BEE (immune-elimination) 34 (H1).
Lo L, BEFARERE V) EREE L FONAMIRE, €
O BAR TR IRTME R IR 2 1S L, RAED BB =
F 0 P T (5= immune-escape), BRR T b1 s
DAL D, v ADLFEHEBAEFIIB VT, RESEY
Y AT AREOHMAR SN BA, BELLHPAMIR
FEBASTEH 2= 7 RTSBET B AAMINE & LR TRIEE
EHTHEIEHBEL TS, $hbb, HAREBRET
ISP AEI L TV B I L ZRLTE Y, REEIL
S AMINEASEIR 2 2 A fesesi# (immune-editing) &
EEh T3,

© T REARAIREN B &, EMICIREREY) Vi
7 EORIMASTED b, EHRCIE, BEEO AIDS B4
THBIND L2, HEUOMETFRYOBRM X D IET
LHEANMOBML O HNTWVAE, RERASRETEETD
EB (Epstein-Barr) 7 1 Vv ARl Y > /<53 R &=t TH
DO LT, Sl OBEBET B AEBRBRT S XIS,
% H R W T & B SR HRHUE R Se e 2 R L TH D,
v Th RIEREAR T o T A LiEE SRS, HAMLE
fho R E OB 2 T, 2SAMINE & RIEHIZ DM
AR ORERNOLEALE KT, 2 A BEER DS
FURGRM T L £ 7 & — %5560 THUR AT 22 5, Hulli T4
il (deletion) e RIS EE (anergy) 2% 5 Z &, 729t
N3gs S MR BE 2SR S 5 & L AR ER T B Y 7.

2. RBEEIC K DD AARBRHER D AT RENE
IO X3, T TR A S B L 72 h¢ AR,

52 VIED AL T B RBERERFEL T B EBEI
# LT, &7z U CRIBHEIC L D AR OBERATTHETH
BOh. BOE, #E%THIE (Treg) % & o il Hia
bR S B ) v SERIIMILE R % B0 S8 2 B M B HLR
§7 © ORLE I, ARG TR A5 T 28T
GEREOBRRBII BV T, FREBE L RHOLTINER
flfilzx LT b, RECIST (response evaluation criteria in
solid tumors) #:H# T, RMAELEH LT & 5 CR (complete
response, Z2ER) PlEEL72%DEHEFFELLTY
58 =552, HilETHRL Sy —HizFEL a4
N ATHALRERREMY 235k % W72 T RESHE T,
EMEEMZET TR, $REB 2 ROETHEBRANMIC L
THHOFMBR RSB ONTB Y, M S REHBIC X
D, Vol AR LB L TE L FRAMIRIN
LThREIC L DHA TR THE ZLARENATVE Y.
—H, AT 2 F e £ O BE RN THSRIE RS
MY BRI RIEE TR I 2+ A SE LT
w10 e g 22 kb KRS IR o SUl T HETE
RN K& T, MEERALRP CH L 7 HUNE T MR 1 R
EIHFBEO - DI128—7 4 1) YR 7T YHFA 2 EORM
B i B4 43 F % Bl 4% IFN- p (interferon- y ) % &0
£ M H A4 vOEEIMET L, HICHIEL v i EORED
s hTwa. BNAMIRA D % T U REHARE b B
WMEND DT, BIEHETIIBH RS IR L 222 AMIR
OFRMGIDESPHE IR T B, BERBEElTIE, €0
E3 TV any MEETHEBHER7F FI 7 F VIS
& o THRAY M A I PUIESS THIREAS N L T Bl d b b
¥, Wif4E S, HLA (human leukocyte antigen) 147
RET AVAMBEIERET 2EANBO LN TBY, $TIC

171

e R A



[T A ol am)
EEEE, R,
FIW¥E=ZL FUTRT7 BT

-[EIERERHER (MSC)
- G EIFIHBER (Treg, MDSC)
*I7z72—#KE(CTL Th)

—

[ AR S U INSEISHAT 3|
SAHHIEF] ‘
RGN A AL
- % & HI%I#BRE (Treg, MDSC)
- H A MARE

(O PhE o I71v%-TH

@ ranElE | © HEETER (Treg)
(@ EMTOAM| (@ BMERSLHHIEE(MDSC)

@ HERSEN {fﬁ S IR AER (DCrog)
@ Eman

WE2 HTARSEHREIC ST 2 SRk
BRTROSNZHATIE, FMMREMIAIMIET ~EnAEM, AIBT i
DRBENDEFMY >/ 85, FMBAEY—F5-THIRNERICFET S
BEZLED, FMBREGECEEIAMBRIRCSNT, AR
Rl S ZOMOMKEMIBE DREMERMICKD, BAftESc2EHEDRIINEIR
EHHMEEND.

REMY TRIRSI NV AMILIE, PBTHoTHMYI
WBRIEHRTE 2D TR AV LM I TV 512,
L7225 T, IR TR SN2 BAMBO GRIEERYE - FiE
PO MRS T M 2 AL C, 2OREEZHBTS
Z LA, AARNE, JRCRIENEORBICE o TEELE 2
LILTwa,

. b M AMIOSREER -
RN B e 5 T SIS

FICEHPERIC LY, RERTYER RN 2 FodA
HIRLASHERE L R 3w & %, NKAIE THIIE AT A MR
EBZHHT LI EARENT VA, BAMBEO FEER
P IR L T R IEEB IR TRV
OO0, i HIE - SFRlDERE ShTwa (F2) 97

v AR AAINE TIZHES PR ° HLA 72 £ O HUFRALE R 12
Mb250TREFED LN, THROZMA SENS Z L 28
bb TOFTEMIZHTH 2, EMEGAETIZL 23
ryuryu7) YRIETFERIZEAZHLAY 5 A 1 04 %EH

172

LIZLIEAGH, ZoEBEIZHEL <, hoBEatErvEs 2
2 Lo, Mi/h#lEA A TIRIFN- pI2X 3, fLAAR
RIS A Cid HDAC BHEHIC & 25 L~V TO R A
BHHNTHEY, HLAZHE B % 0F A L 722 Sl it ik » 1
ffah Tz, 5612, PAMMIXTGE- § (transforming
growth factor- ), IL-10, VEGF (vascular endothelial
growth factor), IL-6, MICA/B (MHC class I chain
related A, B) % EDREWHFF2SW LY, B7T-H1
(PD-L1) ®# FasL % CD200 R ILT7L 7 & o> 5 6 30 ] % I8
FFERBLEZY, PIT 77 Y REPLRBEDF X L
K THIRSBEREZ B3 2 MU 7~ 7 7 o ARHRESH
IDO (indoleamine 2,3-dioxygenase) <, oyl iEE%
# D PGE2 (prostaglandin E2) @ # 4 |2 |4 > 5 COX-2
(cyclooxygenase-2) & K OMLNEERE % BB L T, R
MENEHE 2 R 219720 T PAMRERGRS TR
f&4rF % 4 LT, Treg, ‘B fifi i sk %92 ¥ M1 A2 (myeloid
derived suppressor cell : MDSC), M~ a7 7 —
¥ (tumor associated macrophage : TAM), M2~ 7 1
77—, RN (regulatory DC4 DCreg), JEH




i i g

BT
TAXF—F
PSR . S
GEE33 00 - . b 5 b
T Y ’:‘:

4

I BWE  mEMt
T meliEr  BPREEE
1 4 4088 J_
EMT i
COX-2 4 |
b Hh o —
Wi

WEF-VTFIVRE
-MAPK (BRAF, Ras)
-STAT3 L

@ | AT

< Ul b
<L pux=l]

HE3 HAMNRBICST D%

\, | A1 2 4 — R DIE
|

o & Z DRI
HAMBROBGET - YT IVRER,
h TGF- B 15 £ DS IEREMF S T O
| EECHIEE TR (Treg) BEDS K
: 1SRRI MRl BB LT, HR

“Wnt/B-Hh7=> f
‘NF-k B

| SRNHHT
‘mTOR TGF-B, IL-10, VEGF, PGE2
-Snail (EMT) PD-L1, ILT7L% &

MR KR (plasmacytoid DC : pDC), # 4 7 I NKT
MR, e EIHIE y /A TN % & £ 8k RIS 2
Foflue s 4 227, 2612, PAMIKRLIECCL21 %
CCL22iz o Eh A vy 2iEAL, FNLENCCR7 X CCR4
7 B ST 5 RIEIIHIMINE 2 A% A B NRENS ) 7 v —
N A, Sl SO SRIE A I L 9 B RIEAIR D, A
S NELBEL B\ T SR & e > T L E D P2
EHA AT, HAMI % RS & L THRBORIENH A
24— RASWEDY L, Sy diBRsidsia s (M3). M,
DEAMNEASHE A $ A TGE- p RIL-10 1%, EHMIZ Treg % i
MF %753 T {, DCreg D il % /v L TTreg & iy 2.
72, IEHIEI A N A A EAAMIEA ST TR, A
5L B 3 2 S <o B BN A & b BEAE S, %
%A AT O TGE- g R IL-10 08 & FHA R & DF
MWASED BN TWA. RS DRIEMHIHT A M A A »id,
ABETFREZLICE DHEAFICTELAY 7 VEMLT
SN0, RN VP VEERIR Y 7T VGTFO
RNAIIZ X V), 2O F o B3 Gl a5 o i 4 & [
MET 2 EATES. FlaE, b MEEEMICEEEL
BN bl BRAFIZ X 5 MAPK ¥ 7+ Viti, H5 W
12 STAT3 M 75l % RNAI R fHEH TR 5 &, IL-10, VEGF,
IL-6 7 & OB OBHRMINRIES 1 b A 4 > OELD R
ICRRE S Y MR Z 21D, SRS O RIEIEHIE T A
N4 i, BRI R MDSC 28T STAT3 & it (L S ¢
B ricky, Rt oMiIcE LS Es. Lo T,

e = RRICRBNHRREZRET 5.
HAMRERRE LT, HAHEY
EMT b A $ERS I S il P s it

, z . B )
) [CR5T 2. Ff HLAPHARERD

HEPHREEREESCED, DA
ABORBERMEIMESENS. TN
S ORBDFIFEDFEIE D AIRE D
MHICHDEDD.
STAT3 B AN DS AAINE D & DREIHES 4 + 24~ D
ARMTIEES T TRL, SHIREMRICHIEMLTE
ORHEF IR X7, REIHIEA R~ OB E BT 5
Cric Xy, M AIER A 2 T 2 EAE R, KEO
Zb— T, 48 STAT3 B HeHulifig T HlfaifHz i o
FIEAERELTWAY, HEH S, STAT3Z T T%L
MAPK, NF- k B, B -5 =¥ %&b 2 AHINL O RAINH &
PG T 52 L, AAMINIC X o THEEZ RENGEBE
BHRR LI EEFRWELTEY, RS L ICREZH#EE
(LI OLEMEIEZ G, F, ThoDY 7T
VAT AL OKIGE - B - R RICIEENS T AEE LD
D, BEMEAANBIWETE 5. Bk, BEO/LFMER
T, EHEN TR T — 7 LR R
SLOAWESNTVS. FlzE, FAY 5 ¥ IEMDSCH
MOBEEMEM, 7 FFH4 70 >R aesFlE s AH
BETHAAOHINVLF 4 F2) YRAZHHL, 0L LT
 — % Fo BB~ O M OB Y AR & 2 FiliE
Sdls iHUASHE ST B Y, [LERMERIR 7T HEB’JJM)%
SERBE R AR S hTwa 29730

V. hiASRERT > L RIRSEREIRN AR
| mIRE S R

Z R AMBRAOH T, JEE, LESEMETHA
BROBEC % 2 P ASRMBOFEEAWRE ST, REHEKIC
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LB IN TV A, fE LI, b RES ML T
P & 2T EEED B 5 SOX6 FUE & 57521 CTL (cytotoxic
T cell) R L7225, —H, PABMIITEEEIETH 5
WAL EZTwA, SRIEBI L FOETEERAME TH
FETHILZ F 22T REMREIC X 2 E2EMEIC, HED
LTS LR R AR L2203 ABITIE B LA
MBI MRS PLIR S HLA S BE L THB Y, HABHIRED K
1A A KR AR IR T, S R R DRI L, B
FETLIHBEERDBELTEESZELONL £2T, &
I M B 6 JE RIS A S SP (side population) & Tilé#i L, %
BRI ANOLEBHINE DM T b MBI % R LB
B sAIa koM (SP4H) OfIEIREE R Lz L
Z A, non-SP4H & i L T, 1EHALNKHIRRIC & B45EI
EHETH Y, ZORFE L LTNKMREL 7% —O&ilsF
BRHA S THOBRTOMS AR SR £z, € FHFA
BB WTIE, TGF- g b 7+ 7 7 R 1IDO %
BREATHZ LI ) REIHIFEEI RV L OHEDLH BT
Bt 2R 2B ENRESINTEY, ¢ PASARMRORH
EDFEL L TR WHFR T, fimrmohTuin,
bRz R #¥dzif (epithelial mesenchymal transition : EMT)
i3, B-# FAY) OIS X 5 LA S OB, HIfan
BED LR 3 BARHEOTI LD, HAORY - i
BICHS 52 EAHIBH L TWA. 4% 5, TGF- f -Snail
FHAEEMT 2B W T, AL EAOBRBEED T
T, TGF- g, IL-10, TSP-1 (thrombospondin-1) 7 & ® %%
PRI A N h 4 CEAEADTHE L T, DCO THIREHLEED
K F % il 760 8 R A (DCreg) ¥, & HIZTGF- 4 %
TSP-1 XA, 5\ idDCreg # 4t LT Treg ikl L T,
BOICSRIER T 2 2 L 2 RW2Z LY. < v AM#ET
JV T, Snail siRNA 2HiTSP-1 ¥k 2 Ik 535 &, DC
i ESR Tregid & & I, Hullilf— 7 = 7 & —THillgA
FY SN TNEBERAIH S N, BEIWI L. T4bb,
TGF- f -Snail ¥tk EMT T3, 2SAMBLOBEHRETTEITMZ

T, REIHIEEOMRIC LY, BEIMEE S NS T LA

L7z F7z2, <o ABEEREANICBWT, TGF- § -Snail iF#M
@O EMT AS AN, BUIGHS THIMEIC & 2 &0 s 2 o
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Tz & MAA TR, EMT &S L Ad AR DA
MiaL 25 L LRESNTHY, HARMAILL EMTHIIES,
DAMBLRROTC, Bt R —H L L Tk
BRBERICRES LT NS 5.

Bl 500

AT, € A AR O RABRGE & REIHITEO ML
B & O RL S THIF, E72, PAES L OB - F#E
WZME OV TRALL. EELE, & MRARRORE
ZM9PERE 1 oD BEE LTHIEE LTV 525 TOBE IR
L 7 B EH A AR I B ORI & RIER ORI, 2
AR ORI L HEEOMEL LBAERLTEY, &
o DBIRIC X 2 B ADOBITELHHHEOMEIMFTE 5.

- PROFILE

e
W ERERBACRESR SCMERZHNRT MEaNRmITard 8k
B R

M E-malil - yutakawa@sc.itc.keio.ac.jp
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Abstract Cancer-induced immunosuppression is a major
problem as it reduces the anti-tumor effects of immuno-
therapies. In cancer tissues, cancer cells, immune cells, and
other stromal cells interact and create an immunosuppres-
sive microenvironment through a variety of immunosup-
pressive factors. Some cancer subpopulations such as
cancer cells undergoing epithelial-mesenchymal transition
and cancer stem-like cells have immunosuppressive and
immunoresistant properties. The production of immuno-
suppressive factors by cancer cells is mechanistically
attributed to oncogenic signals frequently activated in
cancer cells, including the STAT3, MAPK, NF-xB, and
Whnt/f-catenin signals, which are upstream events leading
to immunosuppressive cascades. Moreover, some of these
signals are also activated in immunosuppressive immune
cells stimulated by cancer-derived factors and contribute to
their immunosuppressive activities. Therefore, targeting
these signals both in cancer cells and immunosuppressive
immune cells may result in the restoration of immuno-
competence in cancer patients and improve current
immunotherapy.
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1 Introduction

Immunoescape via immunosuppression and immunore-
sistance is one of the major malignant phenotypes of
cancer cells as well as altered proliferation, survival, and
invasion/metastasis. During the tumorigenesis, cancer
cells interact with various immune cells and other stro-
mal cells. It has recently been shown that these immune
cells sometimes promote cancer cell proliferation and
invasion during tumor development. In addition, cancer
cells are shown to be eliminated by immune system in
mouse tumor models (immunosurveillance). However,
selective growth of cancer cells which acquired immu-
nosuppressive and immunoresistant abilities due to their
genetic instability occurs. The process is called cancer
immunoediting. Finally, clinically apparent cancer cells
are believed to have acquired immunoresistant features
through a variety of mechanisms such as reduced
immunogenecities and inducing immunosuppressive
molecules and cells (Fig. 1). In fact, many immuno-
therapies such as cancer vaccines often showed insuffi-
cient anti-tumor effects partly because of these
immunoescaping mechanisms in patients [1], although T
cell-based adoptive immunotherapies following lymph-
odepletive treatment, which is believed to reduce
immunosuppressive conditions, had dramatic impacts on
the advanced large tumors [2, 3]. In this mini-review, we
discuss the mechanisms involved in the cancer cell-
induced immunosuppression and possible strategies to
overcome it.
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Fig. 1 In cancer tissues, cancer cells, immune cells, and other
stromal cells interact with each other and built an immunosuppressive
microenvironment through the production of immunosuppressive
molecules and the induction of immunosuppressive immune
cells. Cancer cells directly escape from T cell recognition by loss
of tumor antigens and MHC. Some cancer subpopulations such as
EMT-undergoing cancer cells or cancer stem-like cells have

2 Problems in the processing and presentation of tumor
antigens

Cancer cells escape from T cell recognition by various
mechanisms, including loss of tumor antigens, human
leukocyte antigen (HLA), and other antigen-processing
molecules such as TAP (transporter associated with antigen
processing). Because cancer cells generally express mul-
tiple tumor antigens, the loss of some tumor antigens dose
not result in loss of antigenicity. The molecules associated
with tumor survival and growth can be ideal tumor antigens
because antigenic modulation (down-regulation) rarely
occurs. The causes of HLA down-regulation include gene
defects or mutations of HLA heavy chain and f2-micro-
globulin, their low transcription, and the dysfunction of
antigen-processing molecules. In human melanoma, loss of
all HLA class I often occurs due to mutations of f2-
microglobulin [4]. Although recovery of HLA expression
is difficult in the cases with the mutational changes, HLA
down-regulation via epigenetic changes observed in breast
and prostate cancers can be reversed with pharmacologic
agents such as histone deacetylase (HDAC) inhibitors.

3 Immunosuppressive and immunoresistant
properties of cancer cell subpopulations

Cancer tissues consist of heterogenous cancer subpopula-
tions. From the immunological aspects, we have been
particularly interested in cancer stem cells (CSCs) and
EMT (epithelial-mesenchymal transition)-undergoing

immunosuppressive and immunoresistant properties. Some oncogenic
signals are activated and contribute to immunosuppressive activities
both in cancer cells and in immunosuppressive immune cells. Thus,
these signaling pathways are ideal targets for restoration of immu-
nocompetence of cancer patients. TCR T cell receptor, Ag antigen,
MHC major histocompatibility complex

cancer cells. CSCs or cancer-initiating cells are small
subpopulations which have the strong ability to initiate
tumor by self-renewal and the multi-lineage differentiation
ability [5]. CSCs are thought to be resistant to chemo-
therapies partly due to expression of ABC transporters
which pump out the chemotherapeutic agents. Thus, pos-
sibility of immunotherapy to eliminate CSCs has been
exploited. Cytotoxic T lymphocytes (CTLs) specific for
SOX2, which is reported to be expressed in CSCs, may
eliminate SOX2-positive cancer stem-like cells in patients
with monoclonal gammopathy of undetermined signifi-
cance (MGUS), a precursor lesion to multiple myeloma
[6]. We have identified that SOX6 might be expressed in
human glioma stem-like cells enriched by sphere forming
methods, which had high tumor-initiating ability and dif-
ferentiation ability to both glial cells and neurons, and
SOX6-specific CTL could lyse the glioma stem-like cells
[7]. However, CSCs may also have immunoresistant
property in some cases. We had experienced a patient with
malignant melanoma who suffered from repeated recur-
rences even after complete remission by T cell-based
immunotherapies over a decade [8]. In this case, dormant
cancer stem-like cells might be resistant to the immuno-
therapy and repeatedly relapsed. We also found that some
cancer stem-like cells enriched by the side population
method defined by Hoechst dye exclusion showed high
tumorigenicity in immunodeficient and relatively strong
resistance to CTLs.

Recently, human breast cancers under EMT were
reported to have the similar phenotypes to CSCs [9]. EMT
is involved in cancer cell invasion and metastasis through
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loss of E-cadherin-dependent cell-cell adhesion and
increased invasion ability induced by EMT-related tran-
scriptional factors such as Snail, Slug, Twist, and ZEB. We
then evaluated immunologic properties of snail-induced
EMT cancer cells and found that EMT melanoma were
relatively resistant to CTLs [10]. In addition, the snail-
induced EMT cancer cells induced immunosuppression via
multiple mechanisms, including the production of immu-
nosuppressive cytokines such as TGF-f, IL10, and TSP-1,
impairment of dendritic cells (DCs), and induction of
regulatory T cells (Treg). Intratumoral administration of
Snail-1-specific siRNA or anti-TSP-1 Ab resulted in tumor
growth inhibition accompanied by the recovery of DC
function, the reduction of Tregs, and the induction of
tumor-specific CTL. These observations suggest that can-
cer cell subpopulations, CSC, and EMT-undergoing cancer
cells have immunoresistant and immunosuppressive prop-
erties and that we may need additional interventions to
eliminate these cancer subpopulations.

4 Expression of immunosuppressive
molecules by cancer cells

4.1 Immunosuppressive molecules expressed
by cancer cells

Cancer cells express a variety of immunosuppressive
cytokines and chemokines such as TGF-f, IL6, IL10, and
VEGEF, which directly suppress DCs or effector T cells [11].
Moreover, cytokines such as TGF-$ and IL10 can induce
immunosuppressive immune cells such as regulatory DCs
(DCregs) and Tregs. DCregs can also induce Tregs, which
amplifies the loop cascade in building an immunosuppres-
sive cancer microenvironment. These immunosuppressive
cytokines and chemokines are produced not only by cancer
cells but also by tumor-infiltrating immune cells. Soluble
MICA/B (MHC class I chain-related A, B), a membrane
ligand of NKG2D, are shed from some cancer cells, down-
regulate NKG2D expression on NK cells and T cells and
suppress their functions [12]. A variety of human cancers
ectopically express inhibitory B7 family members, PD-L1
and B7-H4, and inhibit anti-tumor T cells [13]. A clinical
trial using MDX-1106, a humanized antibody against PD-1,
a receptor for PD-L1, was conducted for patients with
various cancers, and some partial response (PR) and com-
plete response (CR) cases were observed [14].

Ectopic expression of indolamine 2,3-dioxygenase (IDO)
which suppresses the T cell function through catabolizing
tryptophan, an essential amino acid for T cell proliferation
and differentiation, has been reported in various cancers and
the tumor-infiltrating DCs. Administration of IDO inhibi-
tors, methyl-tryptophan (1-MT) and methylthiohydantoin-
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tryptophan (MTH-Trp) [11], combined with paclitaxel
induced the regression of mouse breast carcinomas, and a
phase I clinical trial using 1-MT is currently being carried
out. Arginase (ARG), an enzyme catabolizing arginine
important for immune cell function, is also over-expressed
in cancer microenvironment by cancer cells and tumor-
infiltrating myeloid-derived suppressor cells (MDSCs) and
tumor-associated macrophages (TAMs) and is involved in
immunosuppression.

Expression of CD200, a type-1 membrane glycoprotein,
which was reported to have multiple immunosuppressive
abilities, including reduction of Thl cytokine production
and T cell activation, and induction of DCregs and Tregs
[15], has been found in several human cancer cells,
including ovarian cancers, melanoma, and leukemia.
CD200 is implicated as a prognostic factor in multiple
myeloma [15] and acute myeloid leukemia [16]. Since
CD200 is expressed in hair follicle bulge stem cells [17]
and embryonic stem cells [18], and possibly in cancer stem
cells of prostate, breast, brain, and colon cancers [19],
CD200 may be involved in immune evasion mechanisms
of cancer stem cells.

4.2 Oncogenic signals inducing production
of immunosuppressive molecules

Recently, we and others have reported that the production of
immunosuppressive molecules such as TGF-f, IL10,
VEGEF, and IL6 were induced by constitutively activated
oncogenic signals in human cancer cells and that inhibition
of these signals by small molecule inhibitors or specific
RNAI could reduce the production of multiple immuno-
suppressive cytokines simultaneously [20, 21]. MAPK
signals, which are frequently activated by mutated
BRAFY*E in human melanoma, were involved in the
production of IL6, IL10, and VEGF, and treatment of
BRAFY®"E_gpecific RNAi or MEK inhibitors inhibited
these cytokine productions [20]. Immunization with MEK-
depleted cancer cells could induce anti-tumor cytotoxic T
cells in vivo compared with control cancer cells in the
mouse tumor model. CD200 has been reported to be
induced by the activated MAPK signal in human mela-
noma, and it may be one of the immunosuppressive effector
molecules in the MAPK-activated cancer cells [22].
Inhibition of STAT3, which are frequently activated in
various human cancers, also showed reduced immunosup-
pressive cytokine productions [20, 21]. Systemic adminis-
tration of STAT3 inhibitors not only inhibited tumor
growth and the production of immunosuppressive cyto-
kines but also induced the production of inflammatory
cytokines and chemokines, leading to augmentation of DC
function and CTL induction [23]. We found that Wnt/f-
catenin signal was frequently activated in human
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melanoma and involved in the production of immunosup-
pressive cytokines (Yaguchi et al., manuscript in submis-
sion). In human glioma, PI3K/Akt signal is involved in
PD-L1 expression [24]. To identify signaling pathways
associated with the production of immunosuppressive
molecules in human cancer cells, we performed a com-
prehensive screening using RNAIi libraries and found a
novel kinase involved in TGF-f§ and IL10 production. New
potential signaling targets for restoring immunocompe-
tence may be identified by this technique.

Some signaling pathways mentioned above are also
activated in immunosuppressive immune cells. Cancer-
derived factors present in cancer tissue microenvironment
such as VEGF, IL6, and IL10 activate STAT3 in tumor-
infiltrating DC and MDSC, and induced their immuno-
suppressive functions [21]. Inhibition of STAT3 in these
immune cells renders them resistant to cancer-derived
factors as well as enhancing production of cytokines such
as IL12 due to blockade of negative feedback mechanism
of cytokine production by DC (Iwata et al., manuscript in
revision). Wnt/f-catenin is also reported to be involved in
the generation of DCregs [25] and the enhancement of Treg
survivals [26]. Thus, targeting STAT3 or Wnt/f-catenin
both in cancer cells and these immunosuppressive immune
cells may result in restoration of immunocompetence of
cancer patients. These observations indicate that inhibitors
on these signaling molecules upstream of immunosup-
pressive cascades may be useful for improving current
immunotherapies by simultaneous inhibition of multiple
immunosuppressive mechanisms, in addition to their direct
inhibiting effects on cancer cells (Fig. 1).

When signal inhibitors are used for cancer treatment,
their adverse effects on normal cells including T cells need
to be considered. For example, as MAPK signal is also
utilized by T cell proliferation, the MAPK signal inhibition
may also reduce the anti-tumor immune T cell responses.
However, cancer cells harboring BRAFY°E are more
depending on MAPK signaling than normal cells, and more
sensitive to MEK inhibitors [27], indicating possible use of
appropriate dose of MAPK inhibitors without inhibiting
anti-T cell responses. In addition, new BRAF inhibitors
such as PLX4032 and GSK2118436 which have higher
inhibitory activity on the mutant BRAFVS*E over wild-
type BRAF have recently been developed, and their
administration demonstrated significant anti-tumor activity
on patients with the mutant BRAFV*%E in clinical trials
[28, 29]. Thus, the mutant BRAF-selective inhibitors are
attractive reagents for combined use with immunotherapy.
Administration of multi-kinase inhibitor, sunitinib, which
has direct anti-tumor effects on RCC cancer cells, has
shown to induce Th1 responses accompanied by reduction
of MDSC and Treg [30, 31]. Therefore, signal inhibitors
may be useful for reversal of cancer-induced

immunosuppressive condition without inhibiting anti-
tumor T cell responses.

5 Cells responsible for immunosuppression
in cancer microenvironment

5.1 Immunosuppressive immune cells

A variety of immunosuppressive immune cells, including
Tregs, MDSCs, TAMs, and DCregs, are involved in gen-
eration of cancer microenvironment [11]. Tregs include
CD4+ CD25+ FOXP3+ Tregs, which are divided into two
groups, natural occurring Tregs and peripherally induced
Tregs, IL10-producing Trl cells, and TGF-f-producing
Th3 cells. In both mouse experiments and cancer patients,
Tregs increased in tumor tissues, draining lymph nodes,
and peripheral blood. High ratio of FOXP3+ Tregs versus
CD8+ effector T cells in tumor tissues was reported to be
correlated with poor prognosis of cancer patients [32].
TGF-f and IL10 produced by cancer cells and DCregs
induce Tregs. We observed that Treg is involved in the
immunosuppression during snail-induced EMT [10] and
that depletion of Treg is important for DC-based immu-
notherapy [33]. Depletion of Tregs or inhibition of their
suppressive activity has been attempted by targeting cell
surface molecules predominantly expressed in Tregs, such
as CD25, CTLA4, GITR, and OX40 [34]. Recently, it has
been showed in a phase III clinical study that patients with
metastatic melanoma who received an antibody to CTLA-4
(Ipilimumab) with or without a gpl00 vaccine survived
nearly 4 months longer than those who received the gp100
vaccine alone [35]. CCL22 produced by cancer cells and
macrophages plays an important role in the recruitment of
CCR4-expressing Tregs [36]. A humanized anti-CCR4 Ab
has recently been developed and shown anti-tumor effects
on CCR4-expressing ATL (adult T cell leukemia) in clin-
ical trials [37]. Considering that CCR4 is also expressed on
Tregs and Th2 cells, both of which have negative impacts
on anti-tumor immune responses, we are currently evalu-
ating whether the anti-CCR4 Ab is useful for reversal of
immunosuppressive condition in tumor-bearing hosts.
The MDSCs are heterogeneous populations of the cells
derived from immature myeloid cells and show abilities to
suppress the T cell function. In mice, MDSCs are identified
as Grl+ CD11b+ cells. But, in humans, specific markers
have not been identified, and combinations of several
markers are suggested, such as Lin— HLA-DR— CD33+
or CD14— CD11b+ CD33+ [38]. MDSCs are induced in
peripheral blood, spleens, and tumor tissues in both cancer
patients and tumor-bearing mice. T cell dysfunction is
induced by MDSCs via various molecules, including IL10,
TGF-p, reactive oxygen species (ROS), arginase, and
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nitric-oxide synthase (NOS). We observed that STAT3 and
NF-kB contribute to MDSC’s expansion and immunosup-
pressive function (Nishio et al., manuscript in preparation;
Iwata et al., manuscript in preparation). Administration of a
NF-kB inhibitor to tumor-bearing mice inhibited the
immunosuppressive function of MDSC. A variety of ther-
apeutic strategies to reduce immunosuppression by MDSC
are currently explored. The mechanisms of the MDSCs
depletion include promoting myeloid-cell differentiation,
inhibiting MDSC expansion, and inhibiting MDSC func-
tion using diverse reagents including all-frans retinoic acid
(ATRA), vitamin D3, anti-VEGF Ab, chemotherapies such
as gemcitabine and doxorubicin, COX-2 inhibitor, sunitinib
(tyrosine kinase inhibitor), and sidenafil (phosphodiester-
ase-5) [38].

Dendritic cells are professional antigen-presenting cells
that are indispensable for the induction of antigen-specific
anti-tumor immune responses. But DCs become function-
ally defective both in tumor sites and peripheral blood due
to tumor-derived immunosuppressive factors such as IL6,
1L10, VEGF, TGF-f#, and PGE2. Moreover, we and others
found that DCs showing immunosuppressive phenotypes
including Treg induction are induced in tumor-bearing
hosts, such as high IL10-producing DCs, IDO-expressing
DCs, and PD-L1-expressing DCs [10, 11]. As for plasma-
cytoid DCs (pDCs), they also show immunosuppressive
phenotypes in tumor sites, such as low Type I interferon
(IFN) production and the ability to induce Treg. We found
that ILT-7 ligands expressed on human cancer cells sup-
pressed the pDC function to produce type I IFN [39].

5.2 Other immunosuppressive stromal cells

Tumor tissues consist of cancer cells and a variety of
stromal cells including immune cells, fibroblasts, adipo-
cytes, vascular endothelial cells, and mesenchymal stem
cells. These cancer-associated stromal cells may contribute
to the malignant phenotypes of cancer cells, such as
transformation, tumor growth and survival, invasion, and
immunosuppression. Major stromal cells other than
immune cells in cancer microenvironment are fibroblasts
and mesenchymal stem cells (MSCs), which originate from
surrounding normal tissues and bone marrow [40, 41]. The
fibroblasts from tumor tissues show activated phenotypes
similar to fibroblasts involved in wound healing and have
been termed cancer-associated fibroblasts (CAFs). TGF-p,
PDGF, and FGF2 secreted from cancer cells activate
fibroblasts, which have generally been considered as the
major source of CAFs [42].

The CAFs produce a variety of soluble factors, including
classical growth factors such as HGF, EGF, and TGF-f and
angiogenesis stimulators such as VEGF, FGF, and CTFG,
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all of which directly and indirectly enhance the ability of
tumor progression [40, 43]. Recently, CAFs are reported to
produce chemokines such as CXCL12 (SDF-1) [44] or
CXCL14 [45], which recruit bone marrow-derived endo-
thelial precursor cells or macrophages to cancer tissues.
Additionally, it has recently been reported that CAFs
themselves harbored gene mutations in p53 [46]. Alto-
gether, through production of these molecules, CAFs have
strong influences on building cancer microenvironment.
Considering CAFs produce immunosuppressive molecules
such as TGF-f and VEGF, CAFs may also be associated
with cancer immunoescape. Actually, CAF depletion by a
DNA vaccination targeted to fibroblast activation protein
resulted in a shift of the immune microenvironment from a
Th2 to Thl polarization accompanied by up-regulation of
IL2 and IL7 and decrease of MDSCs, TAMs, and Tregs
[47]. However, the molecular mechanism leading to CAF-
induced immune suppression still remains to be elucidated.

Mesenchymal stem cells are heterogeneous subsets of
stromal stem cells that can differentiate into a variety of
mesenchymal cells such as adipocytes, chondrocytes, and
osteocytes. Although the major source of the MSCs is a
bone marrow, MSCs can be isolated from many adult
tissues and can be recruited at sites of injury and
inflammation, where they contribute to tissue remodeling.
Recently, MSCs are reported to migrate into tumor tissues
from bone marrow and can be one of the major sources of
CAF [48-50]. A variety of growth factors, cytokines, and
chemokines in cancer microenvironment such as EGF,
HGF, bFGF, PDGF, VEGF, and IL-8 can recruit MSC
into tumors [51]. When incorporated into tumor tissues,
MSCs have anti-apoptotic effects on cancer cells, promote
tumor vascularization by producing VEGF [51], and pro-
mote their invasion and metastases by producing CCL5
[52]. Moreover, MSCs may also be involved in immu-
nosuppression during the tumor development. By pro-
ducing immunosuppressive molecules such as TGF-§,
IDO, IL10, IL6, and prostaglandin E2, MSCs show
immunosuppressive effects on a variety of immune cells,
including inhibition of T cell proliferation, dendritic cell
maturation, NK cell activation, and induction of Tregs
[53]. Clinical trials of MSC administration for patients
with steroid-resistant severe graft-versus-host disease
(GVHD) after allogeneic bone marrow transplantation
have been performed, and it reduced occurrence of GVHD
[54]. Co-injection of MSC cell lines allowed cancer cells
grow in allogeneic recipients along with the inhibition of
lymphocyte infiltration into the tumor tissues [55]. We
have also confirmed the MSC infiltration into tumor tis-
sues and are currently investigating the molecular mech-
anisms for the MSC-induced immunosuppression in tumor
microenvironments.
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6 Concluding remarks

Immunoescaping ability of cancer cells is now believed to
be one of the important malignant phenotypes of cancer
cells. Correction of the immunosuppressive microenvi-
ronment of cancer patients may lead to better anti-tumor
effects of cancer treatment, particularly immunotherapy.
Modification of anti-tumor immune responses in patients
by targeting the immunoregulatory molecules, including
CTLA-4, PD-1, and IDO, has recently been in progress,
and some promising results have already been observed.
Therefore, appropriate combination of immunotherapy and
the modification of immunosuppressive condition is a
really promising strategy. In addition, personalized
immunotherapies may also be ideal where appropriate
combinations can be chosen for each patient because of the
differentials mechanisms of immunosuppression among
patients. Further understanding of the mechanisms for the
cancer-induced immunosuppression and development of
methods to overcome them is critical to improve current
cancer treatment.
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