b E R AE AT 24535 hitp://www.biother.org
Chin J Cancer Biother, Jul. 2017, Vol. 24, No. 7 © 693 -

DOI:10.3872/j.issn.1007-385x.2017.07.001
MBI A I A R R AT B S iR T IR S R R
BT AR GEMORS S — Bl MR P, 5k K& 130020

(@ Z] TP LT T 1 (programmed death 1, PD-1) AR 3 1) G2 46 B 2B 780045 I8 G028 v 7 8 19D 09 v FE, FL 36 1
ER O\ G P A0 Ve R a8 42 T LRI AT R e Y697 7715 [ It B2 7 R SR 35 70 0 1) el 389 i S e N B vh R P R BEAE A . Rk
ST G2 IS5 5 R R 855 2 T FA AR ELAE PR DL AR R AT BT 32 08 1 e 8 1897 7 B FRON AN R AGRE Wl R 9T B e R . A
AT 98 A AR 5 ] 2 ) G T2 N T A S TR G 5 TR T AT TR R, DA TR G g VR T B HB YR T R
[RSRIR] b o SR 5% 5 I8 G R VR T 5 SR e A 73 4

[FFE42S] R730.3; R730.51 [ZHkARIRAD] A [XEHS] 1007-385X(2017)07-0693-07

Analysis of present situation and future of cancer immunotherapy from the
perspective of tumor microenvironment

YU Yu, CUI Jiuwei (Cancer Center, the First Hospital of Jilin University, Changchun 130021, Jilin, China)

[Abstract] The studies of immune checkpoint represented by programmed death 1(PD-1) have pushed cancer im-
munotherapy to a climax, which implies that modulating the negative immune regulatory pathway could create an ef-
fective immunotherapy strategy. Meanwhile, the tumor microenvironment plays an important role in suppressing or
enhancing immune response. Therefore, it will provide new immunotherapy strategy, and make foundation for indi-
vidualized precision medicine, based on the mechanism of interation between immune response and tumor microen-
vironment. This review summarized the research progress of cancer immunotherapy from the perspective of how the
tumor microenvironment affects immune response, and aimed to propose a new strategy for cancer immunotherapy.
[Key words] tumor microenvironment; cancer immunotherapy; immune checkpoint

[Chin J Cancer Biother, 2017, 24(7): 693-699. DOI:10.3872/1.issn.1007-385X.2017.07.001]

BAR B EHEEN HL4AR
VL AEERAEE —ERBEEQ
MafEs, YEFRAEREY
ERNFLELERSEEEEZR B
EM BT FAAK P EES R EEE
Mo T MEEHN SR L LE
ReEFEPEEFANREF LTS
ZRAEREHSEREIREZ AL
b8 Rk E SR AL ALK F E I R AP 2 (CSCO)E =, #
BEFLMB ARG ENET A ERFEESENEA
MEBEHEDBEAGBRN ALV ERSERSE, £FM5M
ERHEHEAEEARAE I, EXAAELELTEL
TLERAOARFES4T, ER L ARG RE ST EH 3T, #
FHMAFHAFREARE 1 H ., & Blood, Leukemia , Mol
Cell Proteomics ,Clin Cancer Res % [E 7 ¥ 7| + & % SCI ¥ %
XERORE, ERFAREEAI, EFFAEE2H,

i 8 fe e T R B OB LR R R T A
BB E R —Fia T F R MERURRBREAN
BT BRI R R R T BR T AARENEHE,
H R IETT THE T i, {22 ME RIR TN
BRART o084, BFEREMAERERY, o

[(HEEWmB] HXAMRFFAREERDIH (No.81672275), H XK Pit%&
R B R BHEAT B R B Bh I H (No. 2016ZX-07-002) - Project
supported by the National Natural Science Foundation of China
(No0.81672275) , and the Technology Action Plan on Prevention and
Treatment of Major Diseases of the National Health and Family Planning
Commission of China(No0.2016ZX-07-002)

[MEZBIN] 51993, 55, 1A, 5 5 SR S bl ) B e g2
YRIT W, E-mail : yuyujlu@qq.com

[BIE1E&E] 4 A (CUI Jiuwei, corresponding author) , == 2 )\ 5 i 87
RIFHLI B2 a2 1697 B 9%, B-mail: cuijw@jlu.edu.cn

[ft5e% %] http://kns.cnki.net/kems/detail/31.1725..20170707.1510.002.
html

D



- 694 -

r [ iR A= AT 2, 2017, 24(7)

IR & R8T BT B8 K % 3 AR, R A E AT B
BRI IR R A R A % B9 4R X
Fpie Iy S R W Z A AT B A RO B R Y. R
I 47k B R R R R AR IR KR R R
B TT R BB T, RRAT R e T IR 5 R Ko

1 MRS EIFIMREEMERRERS R R

Jib T A PR B A vl R 2 B An RS B Y R
T 20 ML BT AR A8 R Y R AE R AR R R A 4 e
. (cancer associated fibroblast, CAF) 1 28 jf], 4} 3 Jit
S E AR, Ak s (R B Al R
BEE E R AE B AR T RO

ME RN T, MR EA A TS K
&K AT R R I R ARSI R Rk kiR,
BTSRRI W R CAF B R m it % R
B OMEKE R G R R A0 4 R
KEIFHMLE AR S EREEE L T EY, M
I8 40 e EE R A Rk 48 B O AR B,
Bl P8 20 AL L ek 2 G S b A AL A,
FE BB BBR IR P 2 SL A 7 AL R R AR A, R R AL
PR R RSNy H A AR )3 At
11 I 0 L X e 88 Al 35 ) S

ik 983 401 L 3T T R e I R T O (R ok
Wik, BB IEREBYE ERBRS,
20 3R T B £ 4 A A M & A R -1(major histo-
compatibility complex- I, MHC- DD £ % F % ik T &
7 I AN = N R - U A 2 o
FAAZE RGP EENMEEETRE, R F®
% 1- A F -1 (programmed death-1, PD-1) & H B &
(programmed death-ligand-1,PD-L1) . % ff, # & T ik
B, 28 j, 48 = 0 J& -4 (cytotoxic T lymphocyte associated
antigen 4, CTLA-4) |k & 48 j 7& 1t 2 B -3 (lympho-
cyte activation gene 3,LAG-3) T 41 g %X 3 & & %
% A 3 (T cell immunoglobulin domain and mucin do-
main protein 3, Tim-3) f2 CD160 % , {# fif /& 13 B 3%
fi 8 37 JH Ak B 28 JE (tumor infiltrating lymphocyte,
TIL) o 6 % B ¥ #) , 3& o o0 %02 30 1 0%, B8 4
HELTE T DAE I AR o e T M,
1t & Kk # F B(transforming growth factor-B, TGF-B) «
& 48 ./ % 2 (interleukin-2, IL-2) IL-10 fL % 19 & 4
K B F (vascular endothelial growth factor, VEGF) | %
Jit 4 & & & B (matrix metalloproteinase , MMP) % , 3|
b2 S, 48 L DA 30 o L B 1R RO

G DB A W e e B €7

B RENEER, EFARABREEFTEARTER
B, RO ERE THER, AL G THE
BREARSZEWE, AT EHARRREENE
EFAHEHEGEBRRE WEEARARANE
RTHRFRGWEEEEE HEE ST T,
FEEE 4 BB, B Warburg 2 52U 7 RO oF R At
TR, e Tk BN e B RO 7 X T B e e g g R
FAENELEREEIFEFALEN LW RE
BRI P W A B R T SR Rk Z B
B AR, T 7= A R ECBR MRS, R Y R
5 110 ) b JE B e e A ok MR P % 4E e Y
Gk, T HENEEEA, BE T R B
TR FE A R R AR T FE B At AR ey F K
HP A aBE EAR . B4R BEAR. . R EA R H
FREAMNEARARERAGREXREEY, M
BARNRHABE, TR LR AERAEHZ &
R T S A R R R Ay e A . A, M E A
LB 53K 8 |k i 2, 3- W m . B (indoleamine 2,3-di-
oxyenase, IDO) i & & B R 4 IR & 8, T DL 5 T 40
FEREER T F L h e, o B AR AR H Y
fn3- 2 e, AL A A T T 4y B =
1.2 CAF X JitvJed e 5 1A 52 i

CAFZMBEERFYRFT N BHERS HEX
K HEAELZRELEB RN EBEA R, L3 T
BWAENN R ERXREZN, EFHIT R 4EH
M EFARNEREMN, B8, ENEEHY
JRITAE A, i E 40 B B i % A Al 1B F (IL-6 AT IL-
8 %) fie fF fiF B Bl B IE % &R 4 4 20 g % L CAF™,
kA 4 40 JiL 5 9E & A a(fibroblast activation protein
o, FAPo) % # # M % 3k 72 CAF £ @ 8y 317 , #83E 90%
bV B B R A FAPo & 3K FR £, FAPa B &
HEEfnfE T SR EEM, WHEMNE P RLE
At EAMRTIRER B EMRIBHIFRERK
AER BENEARSAEERNEEE N EHE
it % 5 TGF-B. VEGF- 2 i 40 47 4 [ -F -1 (stromal
cell derived factor-1, SDF-1) . i /N AT & 4 K F F
(platelet-derived growth factor, PDGF) a1 AT 41 1 A& K
& ¥ (hepatocyte growth factor, HGF) % 41 i, H F Y
FEES (RIMEAEK I #EEREE IH
Jiv & JB B S Y% 40 P o db A B TR A A0 3 U A& O R
Jib % 4 4 B ', CAF 7 FAPa B9 1E I T, 32 1 7% %
R Y W &y a0k €7
1.3 Jig i 57 485 1) S XoF e R Ao 55 11 52 i)

Fib 8 A R R — B A AR, R S A



JNTE A IR RS #1 BE AT B8 S ety T IR 5 AR

* 695 -

W Rl kR R R, AR
BHLE, S MEZHE T, ik E1F T B F (hypoxia
inducible factor, HIF) % , ¥ 5| & VEGF % { i % & ik
Bl F &3k, B B E ot & o 3 ™, Mg 3 &
mEBERAANLSTE TR ER,AERPA
S o iR L E B B AR T b 3 B P L
BLFEL, A R 0y o A BE R B o R AN 3 R B
4 41 A J2 7% & Cinterstitial fluid pressure, IFP) 7 &
Jib 8 448 o R P — X B R YRR A K
pH . & IFP iy 0 fif B 135 . (RECR AT L b
VAR o 4 A K B T8 HIF- 103 3 36 (2 3 fiF 8 i 4 1Y
DI R Rl G el I i (i =
AR It K M E Y H R Y, K pH M A BR M
PR35, #6418 ST P IL-2 W9 7= A T w8 0 T 48
(T regulatory cell, Treg) #y 7 1t Fn & J& M 47 %) 28 A
(myeloid-derived suppressor cell, MDSC) By &% j& , #1
2R T 28 B WY S8 IR E 9E 3 R T, DL R (R
JE A K B v 40 4 koK B 40 A TR (R S R A e
£ P, 5 IFP fk [ % 0% 3% RL 40 B3k B b g 41 41
TR GG T SRR, B E
IFP S B B o8 G4 A E A 23 K, 86 4% R AE iF 5
MMFHNKEE, R R EE
Fap™,

2 PhEREMERY S B

BrE MBI MR E - A A
WA BT WEARAR Y B E RS, R
Ji% A K G 2 S A A2 3 A i R AR BT B B 2
AR TG R AR KR RIE B 6T Y BT
FHHEMEMAEAETIRAR, R ET M E
SRR R R R JE R BT MR — KRR, B
[ : 2 B €7 2 N LR o N R N D
V8 R V% B RN A A RAR R

MEHTERERR S FERET 2% L, &
Joe B 3L R o BT 2 RO % LR o X 3L CAF By
SEREG , WRNEGEE BT i
IFP, M85 (b7 25 4 o ok 5 %% 40 e W 08 12 0 o
T A, AR KA R R AR W B A
RAHMELEN RS, A, BREZ—HZ
R E, AR TFAERED I E X K RE
FEARNING R R R KL
RKEFWERE/NTHAM S oG8 wifE%.
Kashiwagi 2 f| 2 8 % J& 40 Ji 2 7| 347 /N AL A An
ETEM ERRIAFAT RN G % EE

TR T, B2 E N AR DN B G A
B A K 2B RLIROK B AR R TR, (B
EEEHRRD, Bk, EZAARETIRY,F
B RS T ER R ET N
" o

Pk 96 S AR P R B S R LA R
Elf ez RA, HRRAELZEMEZND
ui ©l, Chevrier %7 & 4 & 5 40 I A7 g i R\ 4
AL TEEWAME AT LR BTREEEL, K
I B B 2 I8 0k g MR R AR K R R
Mo T HA RO B A fe 0k 4 AL T B 4R R R
ML R RN B R TR, I
W& E R B R R B E R, HOR, R B R
FErREN e R A XA ERN ., KB HE
A LA TIL h E , 182 DU B 7 1R 5k B % 1 B 78 2 DA
E w2 iz 8 o8 £, E R IR T €% 12 A CD40
B [ AR T LA AR 3R T HE K BB O Y
SR IS OO i NGl e o b A
GEABAELEERE N T RE., £ HEEHE
LA % R A, X s g i B DL A R B
R E R, R AR RN E LR E
EAemEzERY BT HEHIE P %ok i
5 UM, Chen % VAR 3 B 7 B Bl 4. 9% 40 ML 0 A 1R L
B R B IE L HIANERE () R RIELRA .
JE 32 CD4 Fu CD8'T 48 j, Fn 3 4% 4 iy, [ B 22 )R
FE LA EREMM; QO REHLER. ST AR
T FEFEME LR, AEETERY;(3) oxiE
EEWENERRERFTARARD, HF, &
oo HE W 5k AR f i T R AR T DA 0 R Rk
RIERAE, ZEF KBIFHEET FH IR+
FEABN RS, R TATUETE T AR EAK
KE R MIRE N R, A E S AR T i
TR B A

3 BT MBERIMER R RIATT REG

i 98 S 300 AR I B R AR M AR R R 3 A
TR HRE, FRA REIET TR ERNE
BRE JER, RRAE W R R A
B RT M AL, A R A T R
KERRE BT M E R, F RS T A
i 8 BRI IR S RR UM R R BN R R R %
BTG RIETIY E, F BRSO, REFHAITH T
BRAGTRMEFE, B, ML E R ERK S
BT R R MR R T BN E BT



+ 696 -

r [ iR A= AT 2, 2017, 24(7)

3.1 DA A T O A ) S e 1 T S

S R 2 B ] R BE R TE AL R T B Y R
XRKERBHAENEEFE, BW, AT
BANE KB G R BT R R T B H PR
L | P B2 i 2l B 375 PD-1/PD-L1 # 57, [ 37 & An 4t CT-
LA-4 3514, B 48 4k 4 FDA WK B | B A Hbof 5 T 2
BEE I mEE BB ERES., ERES
A REE BEAT B I R R B R I, I F 1 PD-1 Fi iR
nivolumab 75 57 7[5 % M BF 98 89 B W B 2R 48 =R
KB F N 32%, B 4 HLIE K 29%, 3 /N 40 je B
K 17% 8 33%, 3 8598 12%)™5 36 97 L 5 I g
B Eh U LA AR 13.3%5, o A A A 30 4 R
BIHHE ZE TR E i, N EEATIL FA W
W OLT A B KRR, B b, B8 %0 R B 7 M
S5TILW 2 % EALEKX R, Teng FPIRHE TIL
APD-L1 & 3k 5t B WO E 34T T 20 B, 505K il
kA A LTA L PD-L1 M, H TIL, %k W 4F 4
PD-1/PD-L1 By % & A6 25 28 30 1 7| ik FEL W B 88 2 B By
& R M A 3K A AL PD-L1 PR % , 9% & TIL, % ¥ 3x
KB A fe 5l AR R RN, BT T R A TR £ 1T
APD-L1 M, EHTIL, KA EEREHRETHA
T AT A AT R A A BB BT TV A PD-L1
M, A TIL, & WA 77 48 2 0 & . 0% it % A2 1 R o S
A, TR R T R kA RS
(ITE B8 ), T4 6 72 B 08 SR 5 o 51 AR 0 Bk
e FORL, B M it B M AT AT TR B
BRE, LR BE BT K, X B E R
42 97 KA LU FUN 47 PD-1/PD-L1 24 4 B9 B 5 4. 9% 3
7973, I ik MERAER A B T BRI T SRk D,

K % 47 %F PD-1/PD-L1 % 7% 4 25 5 20 4 72 P
T it T PR R I, T RECE KB I R % a B
AHMEEAT RNA AT EE #H LR KE, R
B EAF AN LR A A A PEAT IE R IR
Boro AR #F % & W, 41 PD-1/PD-L1 #0 f& Bf & 1% F
CTLA-4 #1141 7 xt B 31 2 6 & 78 09 W JR B 45 5 gk 48
T+ E 40%72 A7, X 3t I KA T F] R A R BT
7 EREERATNEGT L. EAr,PD-1/PD-L1 41
#7715 CTLA-4 1 #| 7 B¢ & A 8y & B3 5 % 2 M
o EZEH T HY, 54, 1 PD-1/PD-L1 ik 5 H
o R B A £ R . Fourcade ™ &
#, Tim-3 5 PD-1 # £ [7] £ CD8'#y TIL k% 3k, y Bt
AT R T BRI, H AT, X T Tim-3 A1 PD-1
BoAWH M ERKBEEAEEEF
(NCT02608268) . [ # %, & o & & #F % By & # &

N, EAE W RIS RTINS BT R
RGFRT D HHEET E.
3.2 Ik T R A S e R B R 5 1 S VR T
Feng

i 3 B E AR R TR E E ORI R
Hl bR R AR, H A, I F IDO K 4 | Ay
TR R IET AR T BE R B, 4 A IDO
Wy 254 £ B2 H B4 5 IDO JE M R AT & A B %
## , 4n epacadostat; 3 F # 1T T4 & A B #1535 K
F7 T 3t 2, B BR t T AR AR F A0 T 20 B o B B 30 R0 1B R
i indoximod. T X T 3X P F 2K Al 2 4y oy % 4 M An
AT XA ERELNEARARBFHETH
FN, EE R E AR AR P RENEAR
AL R B AT R T Fr ey k. IDO 7
epacadostat 7 471, PD-1 1 1& pembrolizumab Fx & J ,
EHRRREFETHEREFONTRRELL2HE, 4518
T 19 Bl B R A KW B8 B R R R E
79%, BT MAE R H T WA A AW, FT
DL H IDO 37 41 7| 5 %o, % A 2 5 40 ) 7| B B A B
WEB B, 54, o1 T IDO 474 F| wy ik o, 5 b
FHREAX LA LR R TR K, i,
A & Bt B B 0 %] Al CB- 839 Bk A& F ¥ fb
(NCT02861300) 2 # x4 nivolumab(NCT02771626) 74
TR A R R EAAEE T

B E KA R PR IE A R RS R
Wy —Ab Sk, A R F B2 HIF-1a 89 K E A
H BR EZN-2968 36 J7 W 3] L 108 B 4 B I KX 3 o
B R w1 R 0 3K D T H o0 YT R B 2 4 BT 3%,
{8 77 7 /N B 4 B XV T B AW, e A Rt R B
w FLER AR Y I R R e K I, LR R 4 AR 4R AR B
T A L A B0 ) R AT-101 46 38 & 30 BB
R Me M #EI 8 ARRERE W ERR
H3E F 11 4 7 AZD3965 t I JK R 5 b I A 48 35
(NCT01791595) .
3.3 R TR oSO IR T PR 58 1) G 28 YR T SRS

B B 9T BE AR G A Y B 38 9T AR A % B
Eo AR ST 254 7T LAE 3 1 [ 3R 4R O R
Z(DHEREREEMEGABA T AL S-AR
w5 we (5-fluorouracil , 5-Fu) « B0 Al 40 %, () H B 1E
T RERD AR E N R MR EYE
FEWEE Q) EERAT RZ I el Tt
G k% S-Fu IS BE R LD Al 40 4. 74,
T b Bk 1 T (R R AL B 8 0 R K 3k 3 e ROHT R
By 7= A B T 2 A I A PR A A T R Y,



JNTE A IR RS #1 BE AT B8 S ety T IR 5 AR

© 697 -

LR NEE N I QT S -
EAXARBME A, EHEMTEFREBEREN
TR BEE SN RN A, REWITRN R
B FAR A BAr, KT M Rz by B A BT
iy e B AL B R A 25 I R R e b AR T AR AT e
S, [ M, BR A BRI IT AR RN BE ST Y R B A
DA I E OO A ORE H  R R e ek
28 [0 B AT TR DR B R R ORI R ALY, 5] R A S
R 9% BLAE SRR B 9B 9T T
3.4 I U T 3 5 AR G 5 PR R 5 1 S R T
S

Fib 78 PR35 o ol AR B R 0 B R o S
RI . (R M8 fL 4 IE % b Fn | 55 CAF o 86 2 R 3
HRHEBHEE YR ETBOE RS EREFHR,
FEAK B 3 S R (2 B f ) W R 4T, HH KA
MGz A TR E ol BT FEFHREIHN
11 8 A T3 e JR 3K 36 B B, 36 271 3 4 9 I R 9T
B, 8 E T JALE 6 T o sk IR T BR A R R B9 I K
PAES S, B4, A B 5 R B 1 R E CAF 3
R KREREME RS, Bl R4 CAF £ &
45 5 M 90 B FAPa B A JE AL 2 5% [£ 401K sibrotuzumab
KU E A i TSI, MH EEE . 2
T B A By BE R, PR IR X e KR By oM R AR
JH o A 4% b JH sibrotuzumab By T 2 11 87 e JK 2%
i o O D BB 3 T R AR R R R R R B R T
BIW W R B AR, 2T BB A H % BT R
K ET MAH I —FHE & RO6874281 24 H IL-
2 7 SR Fu 4t 3t FAPo By SRR AR . IL-2 % R 1R
5 CD25 Treg % & M T Pk 3 % 72 47 4 78 4, T
A X 3t ¥ 1 FAPa, A X BE 46 38 3 42 & P8 R 36 1L-
2EERAFWRE AR A, A I
W7 FAPo & #0112 3¢ 8 S 3R 50 09 B fE . BT
K T 2 B4k b B9 I AR AR 38 (NCT02627274) Fr ik
A 9% 98 9T 8 I R IR 3 (NCT03063762) 4 IE 78
BEEF, oM ma R LA SR, Bk, ME%
PR35 3L 5 2 B9 A8 K B RS R AR SR O, DL A
FH R HE R R 0 AR, O 8 MR
BRABTREFTNRFRE,
4 B 2

TEARBEE TR, B THENEE o
W ASRFRAE ST HH R MM ERTEN SRR
Mok AT R RN LR, BAEN %
B EREE R E - R AR T LR ER

B o B W B BUR B R B R T TR
R—ANSHAH HEMEENHETHES SR
35 W 2% TR SO R AN S AT R T B R R
V38 5% 3Ll 7 T AL R BLRE T T R B
M, B G ET SERKRRBAET . TR
A MEBTIE  2£ SF M, P R U8 T R A BE
B BE B WOT IR R RO A B e T XL B A
TER GBI, R RN R G H I8 7 7 % o B &
B, EEE A AN G 8T R RS E
EET AR,

[& % 3 #]

[1] WHITESIDE T L, DEMARIA S, RODRIGUEZ-RUIZ M E, et al.
Emerging opportunities and challenges in cancer immunotherapy
[J]. Clin Cancer Res, 2016, 22(8): 1845-1855. DOI: 10.1158/1078-
0432.ccr-16-0049.

[2] TANG H, QIAO J, FU Y X. Immunotherapy and tumor microenvi-
ronment [J]. Cancer Lett, 2016, 370(1): 85-90. DOI: 10.1016/j.can-
1et.2015.10.009.

[3] KLEMM F, JOYCE J A. Microenvironmental regulation of therapeu-
tic response in cancer[J/OL]. Trends Cell Biol, 2015, 25(4): 198-
213 [2017-05-10]. http://www.cell.com/trends/cell-biology/abstract/
S0962-8924(14)00199-8. DOI: 10.1016/j.tcb.2014.11.006.

[4] SWARTZ M A, IIDA N, ROBERTS E W, et al. Tumor microenviron-
ment complexity: emerging roles in cancer therapy[J/OL]. Cancer
Res, 2012, 72(10): 2473-2480 [2017-05-10]. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC3653596. DOI:10.1158/0008- 5472. can-
12-0122.

[5] JUNTTILA M R, DE SAUVAGE F J. Influence of tumour micro-en-
vironment heterogeneity on therapeutic response [J]. Nature, 2013,
501(7467): 346-354. DOI: 10.1038/nature12626.

[6] MUNN D H, BRONTE V. Immune suppressive mechanisms in the
tumor microenvironment[J/OL]. Curr Opin Immunol, 2016, 39: 1-6
[2017-05-10]. http://www.sciencedirect.com/science/article/pii/S095
2791515001466. DOI: 10.1016/j.c01.2015.10.009.

[71 WHERRY E J. T cell exhaustion [J]. Nat Immunol, 2011, 12(6): 492-
499. PMID: 21739672.

[8] CHEN L, FLIES D B. Molecular mechanisms of T cell co-stimulation
and co- inhibition[J/OL]. Nat Rev Immunol, 2013, 13(4): 227- 242
[2017- 05- 10]. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC378
6574. DOL: 10.1038/nri3405.

[91 BEATTY G L, GLADNEY W L. Immune escape mechanisms as a
guide for cancer immunotherapy[J/OL]. Clin Cancer Res, 2015, 21
(4): 687-692[2017-05-10]. https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC4334715. DOI: 10.1158/1078-0432.ccr-14-1860.

[10] WARBURG O. On respiratory impairment in cancer cells[J]. Sci-
ence, 1956, 124(3215): 269-270. PMID: 133516309.

[11] WALLS J, SINCLAIR L, FINLAY D. Nutrient sensing, signal trans-
duction and immune responses[J/OL]. Semin Immunol, 2016, 28
(5): 396-407[2017-05-10]. https://linkinghub.elsevier.com/retrieve/



698

T B A= PR T 2R, 2017, 24(7)

pii/S1044-5323(16)30090-2. DOI: 10.1016/j.smim.2016.09.001.

[12] LI Z, ZHANG H. Reprogramming of glucose, fatty acid and amino
acid metabolism for cancer progression[J/OL]. Cell Mol Life Sci,
2016, 73(2): 377-392[2017-05-10]. https:/link.springer.com/article/
10.1007%2Fs00018-015-2070-4. DOI: 10.1007/s00018-015-2070-4.

[13] FALLARINO F, GROHMANN U, VACCA C, et al. T cell apopto-
sis by tryptophan catabolism[J]. Cell Death Differ, 2002, 9(10):
1069-1077. DOI: 10.1038/sj.cdd.4401073.

[14] KALLURI R, ZEISBERG M. Fibroblasts in cancer[J]. Nat Rev
Cancer, 2006, 6(5): 392-401. DOI: 10.1038/nrc1877.

[15] XING F, SAIDOU J, WATABE K. Cancer associated fibroblasts
(CAFs) in tumor microenvironment[J]. Front Biosci (Landmark
Ed), 2010, 15:166-179. PMCID: PMC2905156.

[16] KRAMAN M, BAMBROUGH P J, ARNOLD J N, et al. Suppres-
sion of antitumor immunity by stromal cells expressing fibroblast
activation protein- alpha[J]. Science, 2010, 330(6005): 827- 830.
DOI: 10.1126/science.1195300.

[17] SHIMODA M, MELLODY K T, ORIMO A. Carcinoma-associated
fibroblasts are a rate-limiting determinant for tumour progression[J/
OL]. Semin Cell Dev Biol, 2010, 21(1): 19-25[2017-05-10]. https://
www.ncbi.nlm.nih.gov/pme/articles/PMC2828545. DOIL: 10.1016/j.
semcdb.2009.10.002.

[18] JAIN R K. Normalization of tumor vasculature: an emerging con-
cept in antiangiogenic therapy[J]. Science, 2005, 307(5706): 58-62.
DOL: 10.1126/science.1104819.

[19] SPAN P N, BUSSINK J. Biology of hypoxia [J]. Semin Nucl Med,
2015, 45(2): 101-109. DOI: 10.1053/j.semnuclmed.2014.10.002.
[20] BRAHIMI-HORN M C, CHICHE J, POUYSSEGUR J. Hypoxia
and cancer[J/OL]. J Mol Med (Berl), 2007, 85(12): 1301- 1307
[2017-05-10]. https://link.springer.com/article/10.1007% 2Fs00109-

007-0281-3. DOI: 10.1007/500109-007-0281-3.

[21] WU M Z, TSAI'Y P, YANG M H, et al. Interplay between HDAC3
and WDRS is essential for hypoxia-induced epithelial- mesenchy-
mal transition[J]. Mol Cell, 2011, 43(5): 811-822. DOI: 10.1016/].
molcel.2011.07.012.

[22] CALCINOTTO A, FILIPAZZI P, GRIONI M, et al. Modulation of
microenvironment acidity reverses anergy in human and murine tu-
mor- infiltrating T lymphocytes[J/OL]. Cancer Res, 2012, 72(11):
2746-2756[2017- 05- 10]. http://cancerres.aacrjournals.org/content/
72/11/2746. DOL: 10.1158/0008-5472.can-11-1272.

[23] ROFSTAD E K, GALAPPATHI K, MATHIESEN B S. Tumor inter-
stitial fluid pressure-a link between tumor hypoxia, microvascular
density, and lymph node metastasis[J]. Neoplasia, 2014, 16(7): 586-
594. DOLI: 10.1016/j.ne0.2014.07.003.

[24] KASHIWAGTI S, IZUMI Y, GOHONGI T, et al. NO mediates mural
cell recruitment and vessel morphogenesis in murine melanomas
and tissue-engineered blood vessels[J/OL]. J Clin Invest, 2005, 115
(7): 1816-1827[2017-05-10]. https://www.ncbi.nlm.nih.gov/pmc/ar-
ticles/PMC1143589. DOI: 10.1172/jci24015.

[25] BALDEWIINS M M, THIJSSEN V L, VAN DEN EYNDEN G G,
et al. High-grade clear cell renal cell carcinoma has a higher angio-

genic activity than low-grade renal cell carcinoma based on histo-

morphological quantification and qRT-PCR mRNA expression pro-
file[J/JOL]. Br J Cancer, 2007, 96(12): 1888- 1895[2017- 05- 10].
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2359956. DOI: 10.
1038/sj.bjc.6603796.

[26] CHEVRIER S, LEVINE J H, ZANOTELLI V R T, et al. An im-
mune atlas of clear cell renal cell carcinoma[J/OL]. Cell, 2017, 169
(4): 736- 749. el18[2017- 05- 10]. http://dx.doi.org/10.1016/j.cell.
2017.04.016. DOI:10.1016/j.cell.2017.04.016.

[27] LAVIN Y, KOBAYASHI S, LEADER A, et al. Innate immune land-
scape in early lung adenocarcinoma by paired single-cell analyses
[J]. Cell, 2017, 169(4): 750-765.e17. DOI:10.1016/j.cell.2017.04.
014.

[28] MIELGO A, SCHMID M C. Impact of tumour associated macro-
phages in pancreatic cancer[J]. BMB Rep, 2013, 46(3): 131-138.
PMCID: PMC4133870.

[29] BEATTY G L, CHIOREAN E G, FISHMAN M P, et al. CD40 ago-
nists alter tumor stroma and show efficacy against pancreatic carci-
noma in mice and humans[J]. Science, 2011, 331(6024): 1612-
1616. DOI: 10.1126/science.1198443.

[30] TOSOLINI M, KIRILOVSKY A, MLECNIK B, et al. Clinical im-
pact of different classes of infiltrating T cytotoxic and helper cells
(Thl, th2, treg, th17) in patients with colorectal cancer[J/OL]. Can-
cer Res, 2011, 71(4): 1263-1271[2017-05-10]. http://cancerres.aacr-
journals.org/content/71/4/1263. DOI: 10.1158/0008- 5472.can- 10-
2907.

[31] CHEN D S, MELLMAN 1. Elements of cancer immunity and the
cancer- immune set point[J]. Nature, 2017, 541(7637): 321- 330.
DOI: 10.1038/nature21349.

[32] LEDFORD H. Cocktails for cancer with a measure of immunothera-
py[J]. Nature, 2016, 532(7598): 162-164. DOI: 10.1038/532162a.

[33] GUNTURI A, MCDERMOTT D F. Nivolumab for the treatment of
cancer[J/OL]. Expert Opin Investig Drugs, 2015, 24(2): 253-260.
DOI: 10.1517/13543784. 2015.991819.

[34] FERRIS R L, BLUMENSCHEIN G, J R, FAYETTE J, et al. Niv-
olumab for recurrent squamous-cell crcinoma of the head and neck
[J/OL]. N Engl J Med, 2016, 375(19): 1856-1867[2017-05-10]. http:
/lwww.nejm.org/doi/full/10.1056/NEJMoal602252. DOI: 10.1056/
NEJMoal602252.

[35] TENG M W, NGIOW S F, RIBAS A, et al. Classifying cancers
based on T-cell infiltration and PD-L1 [J]. Cancer Res, 2015, 75
(11): 2139-2145. DOLI: 10.1158/0008-5472.can-15-0255.

[36] SMYTH M J, NGIOW S F, RIBAS A, et al. Combination cancer im-
munotherapies tailored to the tumour microenvironment[J/OL]. Nat
Rev Clin Oncol, 2016, 13(3): 143-158[2017-05-10]. https://www.
nature.com/nrclinonc/journal/v13/n3/full/nrclinonc.2015.209.html.
DOI: 10.1038/nrclinonc.2015.209.

[37] BAUMEISTER S H, FREEMAN G J, DRANOFF G, et al. Coinhib-
itory pathways in immunotherapy for cancer[J/OL]. Annu Rev Im-
munol, 2016, 34: 539-573[2017-05- 10].http://www.annualreviews.
org/doi/full/10.1146/annurev- immunol- 032414- 112049. DOI: 10.
1146/annurev-immunol-032414-112049.

[38] BOUTROS C, TARHINI A, ROUTIER E, et al. Safety profiles of



JNTE A IR RS #1 BE AT B8 S ety T IR 5 AR

699

anti-CTLA-4 and anti-PD-1 antibodies alone and in combination[J/
OL]. Nat Rev Clin Oncol, 2016, 13(8): 473-486[2017-05-10]. https:
//www.nature.com/nrclinonc/journal/v13/n8/full/nrclinonc.2016.58.
html. DOI: 10.1038/nrclinonc.2016.58.

[39] FOURCADE J, SUN Z, PAGLIANO O, et al. PD-1 and Tim-3 regu-
late the expansion of tumor antigen- specific CD8(+) T cells in-
duced by melanoma vaccines[J/OL]. Cancer Res, 2014, 74(4):
1045- 1055[2017- 05- 10]. https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PM(C3952491. DOI: 10.1158/0008-5472.can-13-2908.

[40] BEATTY G L, ODWYER P J, CLARK J, et al. First- in- human
phase I study of the oral inhibitor of indoleamine 2,3-dioxygenase-
1 epacadostat (INCB024360) in patients with advanced solid malig-
nancies[J/OL]. Clin Cancer Res, 2017, 2017[2017- 05- 10]. http://
clincancerres.aacrjournals.org/content/early/2017/04/03/1078- 0432.
CCR-16-2272. DOI: 10.1158/1078-0432.ccr-16-2272.

[41] SOLIMAN H H, MINTON S E, HAN H S, et al. A phase I study of
indoximod in patients with advanced malignancies[J]. Oncotarget,
2016, 7(16): 22928-22938. DOI: 10.18632/oncotarget.8216.

[42] GIBNEY G, HAMID O, LUTZKY 17, et al. 511 Updated results
from a phase 1/2 study of epacadostat (INCB024360) in combina-
tion with ipilimumab in patients with metastatic melanoma[J/OL].
Eur J Cancer, 2015, 51: S106-S107[2017-05-10]. http://www.ejcan-
cer.com/article/S0959- 8049(16)30312-4/pdf. DOI: 10.1016/S0959-
8049(16)30312-4.

[43] JEONG W, RAPISARDA A, PARK S R, et al. Pilot trial of EZN-
2968, an antisense oligonucleotide inhibitor of hypoxia- inducible
factor-1 alpha (HIF-1alpha), in patients with refractory solid tumors
[J/OL]. Cancer Chemother Pharmacol, 2014, 73(2): 343-348[2017-
05- 10]. https://link.springer.com/article/10.1007% 2Fs00280- 013-
2362-z. DOI: 10.1007/s00280-013-2362-z.

[44] SCHELMAN W R, MOHAMMED T A, TRAYNOR A M, et al. A
phase I study of AT-101 with cisplatin and etoposide in patients
with advanced solid tumors with an expanded cohort in extensive-
stage small cell lung cancer[J/OL]. Invest New Drugs, 2014, 32(2):
295-302[2017- 05- 10]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3895103. DOI: 10.1007/s10637-013-9999-7.

[45] GALLUZZI L, ZITVOGEL L, KROEMER G. Immunological
mechanisms underneath the efficacy of cancer therapy[J]. Cancer
Immunol Res, 2016, 4(11): 895-902. DOI: 10.1158/2326-6066.cir-
16-0197.

[46] ZENG J, SEE A P, PHALLEN J, et al. Anti-PD-1 blockade and ste-
reotactic radiation produce long-term survival in mice with intracra-
nial gliomas[J/OL]. Int J Radiat Oncol Biol Phys, 2013, 86(2): 343-
349[2017- 05- 10]. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC
3963403. DOI: 10.1016/j.ijrobp.2012.12.025.

FEE

$

! (P B A7 4 6 77 7
&

4

“or

[47] KALBASI A, JUNE C H, HAAS N, et al. Radiation and immuno-
therapy: a synergistic combination[J/OL]. J Clin Invest, 2013, 123
(7): 2756-2763[2017-05-10]. https://www.ncbi.nlm.nih.gov/pmc/ar-
ticles/PMC4101987. DOI: 10.1172/j¢169219.

[48] WERSALL P J, BLOMGREN H, PISA P, et al. Regression of non-
irradiated metastases after extracranial stereotactic radiotherapy in
metastatic renal cell carcinoma[J]. Acta Oncol, 2006, 45(4): 493-
497. DOLI: 10.1080/02841860600604611.

[49] DEMARIA S, GOLDEN E B, FORMENTI S C. Role of local radia-
tion therapy in cancer immunotherapy[J]. JAMA Oncol, 2015, 1(9):
1325-1332. DOI: 10.1001/jamaoncol.2015.2756.

[50] SHARABI A B, LIM M, DEWEESE T L, et al. Radiation and
checkpoint blockade immunotherapy: radiosensitisation and poten-
tial mechanisms of synergy[J/OL]. Lancet Oncol, 2015, 16(13):
e498- 509[2017- 05- 10]. http://www.thelancet.com/journals/lanouc/
article/PIIS1470- 2045(15)00007- 8/fulltext. DOI: 10.1016/s1470-
2045(15)00007-8.

[51] JAIN R K. Normalizing tumor vasculature with anti- angiogenic
therapy: a new paradigm for combination therapy[J]. Nat Med,
2001, 7(9): 987-989.DOI: 10.1038/nm0901-987.

[52] MELICHAR B, BRACARDA S, MATVEEV V, et al. A multination-
al phase II trial of bevacizumab with low-dose interferon-alpha2a
as first-line treatment of metastatic renal cell carcinoma: BEVLIN
[J/OL]. Ann Oncol, 2013, 24(9): 2396-2402[2017-05-10]. https://ac-
ademic.oup.com/annonc/article-lookup/doi/10.1093/annonc/mdt228.
DOI:10.1093/annonc/mdt228.

[53] RINI B I, BELLMUNT J, CLANCY J, et al. Randomized phase 111
trial of temsirolimus and bevacizumab versus interferon alfa and be-
vacizumab in metastatic renal cell carcinoma: intoracT trial[J/OL].
J Clin Oncol, 2014, 32(8): 752-759[2017-05-10]. http://ascopubs.
org/doi/abs/10.1200/JC0O.2013.50.5305. DOI:10.1200/jc0.2013.50.
5305.

[54] SCOTT A M, WISEMAN G, WELT S, et al. A phase I dose-escala-
tion study of sibrotuzumab in patients with advanced or metastatic
fibroblast activation protein- positive cancer [J]. Clin Cancer Res,
2003, 9(5): 1639-1647.

[55] HOFHEINZ R D, AL-BATRAN S E, HARTMANN F, et al. Stro-
mal antigen targeting by a humanised monoclonal antibody: an ear-
ly phase 1II trial of sibrotuzumab in patients with metastatic colorec-
tal cancer[J]. Onkologie, 2003, 26(1): 44-48. DOI: 10.1159/0000
69863.

[Wis BEA] 2017-06-15
[ARSTHREE] AR

[f&EIHHA] 2017-06-28

B B B BT R B B B BT R B B BB R B B R R B B B R R B B B R R B B B R RE B B B R R B B B R R B B

3

YR % A5 G | 2k % 1T 1F]

G e, e, e, e,



