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WE:  APUZAMEM T 408 (CAR-T) Sy 7 ik J 2 il iR S s i 7 S e LB S BT S 05 1 22—, 9028
(A RBIF T 45 SRR, a7 A kR 4 o CAR-T X Jihed 240 M0 1) A8 S8 1 pe it ish 52 By BO HASHORE T %
AR S AR BRBE 38 1 5T RS G A JUR R S 1 TR 091 AR 70 5L, 2 T 52 B0 A T 240 L 1) S P 28 4
2238 30 a (9, CAR-T © 22y 1 4 ACHRT, HF HARIR Y7 IR AR G0 IR 5 T U T R J4FK , CAR-T 78
SCORIMRG T 7 TR T IR e, D SR R A TR OB B ARG CAR-T Sy 7k Ae SR i
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A PR Z ARG M T 20 i ( chimeric antigen
receptor modified T cell, CAR-T ) f 8 y7 i 3&—Fh 4
M 7 ROR L E S o R R R E A S T 4
Ji, L R AR BOR i T 40 i, i R Gk aT LA
TR e 240 L EL W] mT DAYRTE T 4 M A ik 5 B A
W UGE S T 400 (RF CAR-T) Z AR50 14 )5 5 171
2 B E A i CAR-T 2 235 iP5
U e A0 L, [) B 380 T 9 15 i i, ff CAR-T
FEAR NI A0 BEFE AT S BGT IR &40 i 1% A S %
Pio AR [ 1989 4EH GROSS % i iy, &
S4T30 a kR, 2011 4EREEAY LG
K JUNE Z#2 A H] CAR-T K, DL CD19 435y
FEASURIIG AT TR Bk I A0 A i
HULIFEI T CAR-T IRS7 IR 42 0C* o 2017 4
8 H 30 H, EEMmZyME R (food and drug
administration, FDA) 1 YK 3t #E £ 42 A 7 1 CTLO19
( Kymriah) FI 697 JL 2 FIAR 52 0N 20 ok B 4 i
g, R4 10 7, & E FDA S A 1 Kite
Pharma 7\ 7] ¥} Yescarta ( axicabtagene ciloleucel ) |
7, IR 7 7 AR 8 R A ) N K B 4 ik 12
o IX TR EKEE 2 DR CAR-T J7 ik, X 2 Fh
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CAR-TYFHEfy i, bRk 2 1LV 2 90 Sk IR Y o7
P AVDECI P GaR

5T CAR-T G YT HARTE ML F GE 8% g G
ST T E KRR, P 2% 5K CAR-T R H 758
PRIIRE IR YT o R S AA RE  RE AR %, CAR-T
PEIT IR YT SR IR 7 380 MBI YT LR R 5%
P FiiRE — L BRAE  (ELR BRI 2 A BT ST IIE 52, CAR-
T o 0] DL T SE R B (93697 . A SCH CAR-T
GOPES T VR AR SR R 36 7 S8 ) AF 5% BCAR A7 &5
W&, I RS REA TRE

1 #xE&HESF( chimeric antigen receptor,
CAR) 4544

BRI CAR Z5A 4045 1 20 s 0 b 983 AH DG 4t
JRESE DX AR X 1 DB AT 1T A NTE S
X o 20 AR A ST IR, A DX — P 00 1] Fifr e A
KHL B 1 B 45 W] A8 R Bt (single chain variable
fragment ,scFv) , M scFv Pt T CAR-T 9 %: 514,
BORE X P A — ook IR T L g Bk RO
(immunoglobulin, Ig) G1 .IgG4 .IgD F1 CD8 43T B &
BEIX, HR/INVES IR schy YRGB IR IX — ik
B T 4y CD3¢.CD4 ,CD8 ,CD28 43Ty 5 IE X )7
Go MINAE S DX 2R TS 0E T 400, 5 Y
4y F R CD3¢, CD28 ., CD27.,4-1BB (CD137) , 0X40
(CD134) MM X ¥4, H 1989 4 GROSS
BT 1R CAR 2IBE, R E A T 4
RFHT . 26 1A CAR HAA 1 MRV S0 7, i
PR CD3E AN A BE, i Tt 2y 1,
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AN AL B 5 5 A IR, BRI, b Ay 200 1) R 495
BRI 348 . 55 2 AR CAR #5134
T, CD28 \4-1BB H1 OX40 %, iy T 7446 L A5
5, CAR-T 0] L7843 Ak, ik 35 42 w8 1 % 98 40
IZMIRE S . EAT, 5 2 48 CAR FEAR L nl DL 2 i
IRATE . 55 3 48 CAR 7255 2 1 CAR py5Eal B34 n
T 1UAIEE S, h FIRAN XA 2 ARG S
43, CAR FEAR P R4 3 58 B 7 FIXT e 240 B 1 2% 403
NXAFRN T8 m, 5 4 18 CAR 2785 3 14
CAR (W 3ERE_ 380 T 02 28 M 40 i B 7 8 2 38 4y
FIBCAA , T LA S5 fth 40 A A1 =328 1 78 R s
iR B S R , T2 T Se A R AT

2 ERMEEE S RYIERE

CAR-T AT S A i 83 T80 166 11 7 28 Bk A 4 A
4R . BRAT B 2 A B R A i e T Rk, i
TEHABLN M P AN 23k, CAR-T 78 I 7 2 48 3% b
JRYT RIS TR R BRAR A R AR EE A LA 2
— 2 MLV 9ed 40 LA S M R B AL, i CD19 437
SAA e IeA 20 B e P A D, H R P A S AR e
o B S TE e A b SRR AR B (TR TR R
Hitd A ik, CAR-T 75 % 43 it 98 40 i 4 ] b, A ]
G 20 TE A0 A AR AT o SR TR, OR
Z I B SRR A £ CAR-T JF i &1 e, OF
BT — TR ZHANG %5 il f 1 4 X s R i
J& ( carcino-embryonic antigen, CEA ) ) CAR-T, %} 10
1] CEA BAMERY 25 B e £ TS AN [] 37 i 19 CAR-
T, Horb 7 i E R T AR E , 2 BB I A e
W 30 Ji,2 i bR (R AR 4l . WA
38 3 ) UM R 421 Al ( disialoganglioside,
GD2) &7 i fie Jo 78 R b 25 B 24 R £ % . MOUNT
SR T EEX GD2 [y CAR-T, PRoh 9290 i B 1 ]
DA A9 M J52 T3 38 240 L, /0N B P AT AR I A e ot
Te 20 M, 3X SR IR T il R B R B AR T — OB T
LOUIS 2SR Hi#H i GD2 iy CAR-T 3477 19 il i
R R 2,8 1 A i PRAEARAS LG i, 3 ) i
HIGRAER L P38 758 2% . AHMED %57 1
NF A K AT 324K (human epidermal growth factor
receptor, Her)2 Jy#8 i 1697 19 1] Her2 BH 1 PA I8 A&
&3 PR R 58 T 2%, 4 11 B i PRAE AR A5 5]
et , BAE W AL A AR E T 10.3 A
BROWN 211 1| i #0 17] 9 40 B A 2 (interleukin,
IL)-13 Z /& o 1Y) CAR-T 1§ IRTE B E IR NTERR 1 #h
B o WA, 3 A B R J R IR

T L H T CDT70 3 Sk S5 W 9 G
JesRg e M g 2 R A K T 32 4K (epidermal
growth factor receptor, EGFR) V& ¥7 AE /> 21 fitd fili 9 Al
P Je 5 0 g kA e W I UL R
3T AN ML T A AT CAR-T 3R 7 SE A MR
SRS TR T IR R G0 0 TR 1 8O — e 2
BOEEATHIRCSE ST CAR-T IGY7 SR I
(R o

EGFR 5 AV 22 SR g Lo A B afly ) 2
Bro EGFR J&—F ] VZAFTE T AR Bz 41 i F1 ik 5t
20 L P R T R TR T P T PR SR T A A, R
FEA+E Herl (EGFR) \Her2 ,Her3 1 Herd 4 4~ %
o HHT, Her3 TR AB Y v 16 7 8 45 32 Bk
Mg H B Herd ZEZLRRIE /NN i
I A B R BUE DR B B AR D S 2 b
MRS R b Y 2R 4 F R g AR A Rl
KRS SR & R, Her3 BN
S —AMIEHE IR 2 AN R T A B R
PRI P , M0 Her2 JCRCAASS &, — 35 25 Hof
ARG ST L — AR A RE A AR AT, e Her3/
Her2 53 — B AJE Her KIEMG T 1% 3 R8T IR iy —
SRR, AT DA bR 40 i) 22 228 )0 A AR O S
5 (N A T LI -3 -t/ 22 5 R A, 1 Yt e
SR 2T P i A R R R Y )
INF, i FHAE ) Her2 2591 EATI0YT I, 227 W6 41 i
(1) Her3 3235 b, BF 58 4 B, >4 i 988 20 J XoF 382 1]
Her2 [ 2597 A= i 2 16, B 48 [0] Her3 G971
LSEMR 2 20 o ZU0 45 iR A T )
Her3 ) CAR-T, % CAR-T "] 5|4t Her3 BHPER
IS FLIRIE AN SK-BR-3 I BT-474 , RE A 45 Her3
FIR T PAF Her3 F1 14 #4072 CAR-T 78 #R FUA
AT L& | SK-BR-3 A8 i 1 A K, A RURE KA
TR B AR 2 0E 5T 0 Her3 FHAE R IG Y7 1R 11
TR B AHT T

3 SERBNEHIIAE (tumor microenvironment,
TME )

TME H77AE R S 118 e 95 4 e 2 Sy 4 il 23 1
O i D& N O S i g (MRS |
TR L 10 5 F S e H AR P 2462 o TME o (g 4
)P G % 200 G 9 P T 20 R 0 ) 4
( myeloid derived suppressor cells, MDSC ) F1 i85 #H 5
[ %21 J# ( tumor-associated macrophages, TAM ) 25 /3
WA R -4 TL4 (TL-10 (TL-33 b AE K7 B
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( transforming growth factor B, TGF-B) %' | i3 s 4
Ji R L WA ) A0 B DR 5 TME v i) B 8 3R e ek T
it 52 RA, -] CAR-T ¥R /E /. 3 4%,
SRR A v 2 3K R T M A I AT T A2 AR AR 1
( programmed death-ligand 1, PD-L1) , 3# 33 #2 7 14 21
MIFE T 3% 11 ( programmed cell death 1, PD-1)/PD-
L1 A5 S g T 40 003 1, 7 A e e ik ik, T
Ui A A e % N B A3 Wy T HE R (interferon
gamma , IFN-y) , T} TFN-y ] 75 5 g 40 s PD-L1 11y
IR, A, CAR-T 75 & FEA 3 By RE i A 7] S
Y22 3 PD-1/PD-L1 {55 @ B A0 ] o

CAR-T &7 SEAAR b8 BF, G fef o Al S 82 410 61 4
TME [Tt i 187 i 120 200t 1) ), WF 58 A1
AT T 2R, g R AR TG R TGF-B
AR, SE IR TCF-B {55 3 fH X f 98 2 17 1) 490+
JH/ 53 st 36 3 3k L0 4 5 e 4 CDAOL 1 4-
IBBL, ¥ 22 CAR-T #& fy M\ T W % B 22 410 ] 1%
TME" 1645 5 Pk 1L-12, 38 1 S0 [ 4%
ANMLBE SR CAR-T R A5 DB 5 $ 1) 1 4R % 143 400
TEAEHESZ 1A NKG2D AR oy 300 ) 14 200 i 32 35 114
NKG2D Ffk, &A% TME Py MDSC K 351 T 41 it
FAY L )12 5 3 s R 2 M- e 2 L e 3 R 3 R T
( granulocyte-macrophage colony stimulating factor,
GM-CSF) H #1 sz s/ MDSC ZE4E , 5470 i fe %
A HE AR CAR-T HUMOBITE L™ 53l 8 31 PD-
1-CD28 %7352 P Sy L4 i g IX Sy 1L-7 i
P 20 7 P S P A 5 T A
PEGE 5o BEAD TR 8 1 B0 3 A 0 AR BEL BT S B 4 A
ST PD-1 s RE T 9k E 40 AR ST 4 A4
HIFEHT, et — 2 15 CAR-T fHT R hak ™ o

4 MBEEF ML S 1E ( cytokine release
syndrome, CRS)

CAR-T 7 A% 47 /it 783 200 e 1) [7]) i 486 i 240 fe A1 1
DASG SR BTIIR 1 T, A7 7605 A 4 PR XU (19 7T e
B4R M K] 7 & ik 22 5 1iE ( eytokine release syndrome,
CRS) . 7EN ] CAR-T ¥7 i i), LK 25 B ik TL-1
IL-2 IL-6 , IL-8 | IL-10 , GM-CSF | it i 3R 3E [l F-«
(tumor necrosis factor alpha, TNF-a) \IFN-y 55 Z Fi 4f]
LR, 185 i I e A AR SR, T
PR PRIXE P 5 00 | 22 2 B D R R U AR AR,
FHT . KT CRS PR RIHLE Ao 2
H A3 Ay, CAR-T TR g8 248 i 5 2 05 55 01
5 038 20 M A 5 4L (B P B ) YL 53

CRS, S5 W2 fe 92 41 JEL 9k 385305 i 8 ke R 2 4 it IR
T, = IL-6, IL-10 1 IFN-y J2 4% .0 21 il 3 F,
IFN-y 7] DL 850 3 0 & 0 R R SR S = A
P57 o TFN-y L AT LLJBONT At S92 20 i, 3L vp e o
B EAN M, 15 Tk ) I A i 7 A K i
F, 0 IL-6 \TNF-o F1 IL-10 28, TNF-o 7] DL S5 R
HH IR E B R . TL-6 7F CRS & E R JE
R EOCHAE T, 78 CRS B3 A/ BUBTAL 2 ]
WEER TL-6 JKFRFEETH R, i /K-F- 1 TL-6 A DL 3
FBE BB AN B U R MABEROE AR O A
PRI o AR RE AN P Y P R 4 I AL S T B
R I ¥ I A s 22 0t A 4 i A PR T 2K O T
X 2 R R T AT 5 R R B AN A B
Ui A I RN I 2 e A 45 ™ E o 1T DL P BB
FET-o [RIET, PN B 40 G Al ml A=A TL-6, 14
1 A CAR-T JRY7AET 83 B R K, P9 BZ 200 i 43 0
(1= K7 IL-6 7] BEJ& 5| 2 ™ 5 CRS 1) £ 2 A,
CRS S8 T BEMIET o W48 H AT BT I,
FEFH CAR-T R Y7 A% B i) i R b, RS
CRS %7} Jo ikt e, (H A DURH TL-6 37 14 BHLIBT 771 46
REAHTRIWE K T R R ik AT T390, )™ E B ] R
FIMBLBT AT ™ o CAR-T 3677 52 A M3 4 1 B
A R BB R, 0 A 8 7 P R R 45 A IE S
P, Q] 78 CAR-T 3130 2 1 #2 & CAR-T (1%
A B R PR E b ek 55 S5 2 L I 4 R XU () 5
JE A G I R B T M 2 —

5 CAR-T HRERiE

H AT, B0 S I BIG 9T  ik FEA TG
I7 AL IR T OIS iR 9T R WG 9T 4 oy 2K,
CAR-T J7 k8 TR MG By —Fh o AR fb27iR
I7 JIEHG T B A CAR-T & R M IR 16 97 #O BT OR
W&o 45 CAR-T f FEAR M 4H iR P2 H B B
B T 4 (HF B R T 4l 45 CAR-T (77
BMAAEARR . TR L= 6T SO a YT
Jo , WILAR N 4B 00 T 28 AT A 50 A J2 B2 RE B
15, B FIAR T 28R 430 S R g CAR-T )] 1]
1 MR SR 2% 0y, X Se I H A e CAR-T B3R YT
B, fE2EK CAR-T b i E Sk A Al AFFE A Dl
Pt T 4 il ] %5 CAR-T fig e 1 3% — [ B,
2016 4F W S 23w E AT 5 Cellectis 2y w45 7E #F %2
CAR-T 5, Cellectis /v v = 2P @AM T 41
M. 2016 4 2 H, Baxalta 4> @] 45 Precision
Bioscience /3 Rl A /EFF & 36 T AL E T 40 L (487
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R AL CAR-T Rl TR iaYT . 2017 43 7, [E PR
4 E % ALDERTON # 3% 75 { Nature Reviews
Cancer) & FRIFI8 , 45 tH N FHAEHE T 41 i 5 3 ]
R CAR-T f5 232 CAR-T AR KB Jy 11 2 —
H T R T 240 i X T A T R [ A S A
L, PR ok A X 7 [ o S A 200 S ) 92 e
BN J2 i B R TR A O B ], 2017 4E, QASIM
2851 PR SRS DR R ST 0 A R i AR K
HZUE4HT )R (human leukocyte antigen, HLA ) AN AI£F
EHEREE T AR CDS2 73 7-F1 T 40 it st 2 14
(T cell receptor, TCR) JE Kl il B, 325 107 2403 e 42 )
CD19 43793 1% CAR-T, %f 2 i 20 B ik 40
J i 2 LI TR YT 2 L ECRIA AL, (HAE R
BEI W] PS5 . REN 255 i CRISPR/Cas9 [d] i
FFR TCR A1 HLA 128707443 1l % CAR-T, M
AT LAIS G BT S R 40 0 2B ) S HE e B
[ 15 R KB YIPUE B . EIRUIRE R T
A CAR-T X g TR P RCR , IX O 4 J5 i
fhit FH R CAR-T #2488t T4k ¥5 .

6 RE

UTAER , CAR-T 3657 52 (AR i 983 1 i PR 16 70 H
BESEIN, LP AR EBUE K. 30 a Wf AN, CAR-T
BEST I ML & B T LR B AR 1 07 3, UL
CAR-T ey s ik A I 3 2 G0 8 PR IR IR 7 Hh U
AR NS, LE AT 1) 1 9008 0o e 46 6 Tl i g
M B, BIR, CAR-T 1E S MR R 67 S 1 F e
PESRAART GG 077 SR AN AL 7R G008 1 g 2
A EUR S CAR-T 367 9 AR 5 b He R —
B BT R — KA K I A e A 51312 ) 1
S BT B, CAR-T 65 HA 7 15 107 SR R s 2
JEARRN KRS . CAR-T IGY7 IR Mg R4 4
VRIXE  (ERRATS (EL A I 15 o B AR I BIE 5 R0R H
B, CAR-T 37 SR 3 toRe A R T B 't o

5% UK.

[1] GROSS G,WAKS T,ESHHAR Z. Expression of immunoglobulin-
T-cell receptor chimeric molecules as functional receptors with
antibody-type specificity [ J ]. Proc Natl Acad Sci USA, 1989, 86
(24) :10024-10028.

[2] PORTER D L,LEVINE B L,KALOS M, et al. Chimeric antigen
receptor-modified T cells in chronic lymphoid leukemia[ J]. N
Engl J Med ,2011,365(8) :725-733.

[3] LEYFMAN Y. Chimeric antigen receptors: unleashing a new stage
of anti-cancer therapy[ J]. Cancer Cell Int,2018 ,18:182.

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[(17]

[18]

[19]

(20]

SCHMIDTS A,MAUS M V. Making CAR T cells a solid option for
solid tumors[ J]. Front Immunol,2018,9 :2593.
AVANZI M P,YEKU O, LI X, et al. Engineered tumor-targeted T
cells mediated enhanced anti-tumor efficacy both directly and
through activation of the endogenous immune system[ J]. Cell Rep,
2018,23(7) :2130-2141.
ZHANG C,WANG Z,YANG Z,et al. Phase [ escalating-dose trial
of CAR-T therapy targeting CEA * metastatic colorectal cancers
[J]. Mol Ther,2017,25(5) :1248-1258.
MOUNT C W, MAJZNER R G,SUNDARESH S, et al. Potent
antitumor efficacy of anti-GD2 CAR-T cells in H3-K27M * diffuse
midline gliomas[ J]. Nat Med 2018 ,24(5) :572-579.
LOUIS C U,SAVOLDO B,DOTTI G,et al. Antitumor activity and
long-term fate of chimeric antigen receptor-positive T cells in
patients with neuroblastoma [ J]. Blood, 2011, 118 (23 ) : 6050-
6056.
AHMED N,BRAWLEY V S,HEGDE M, et al. Human epidermal
growth factor receptor 2 ( HER2 )-specific chimeric antigen
receptor-modified T cells for the immunotherapy of HER2-positive
sarcomal J]. J Clin Oncol ,2015,33(15) :1688-1696.
BROWN C E, ALIZADEH D, STARR R, et al. Regression of
glioblastoma after chimeric antigen receptor T-cell therapy[ J]. N
Engl J Med ,2016,375(26) :2561-2569.
BEATTY G L,0'HARA M H,LACEY S F, et al. Activity of
mesothelin-specific chimeric antigen receptor T cells against
pancreatic carcinoma metastases in phase 1 trial [ J].
Gastroenterology ,2018 ,55 (1) :29-32.
HE J,ZHANG Z,LV S, et al. Engineered CAR T cells targeting
mesothelin by piggyBac transposon system for the treatment of
pancreatic cancer[ J]. Cell Immunol,2018,329 :31-40.
PARK Y P,JIN L, BENNETT K B, et al. CD70 as a target for
chimeric antigen receptor T cells in head and neck squamous cell
carcinomal J]. Oral Oncol ,2018,78 :145-150.
JIN L,GE H,LONG Y et al. CD70,a novel target of CAR-T cell
therapy for gliomas[ J]. Neuro Oncol ,2018,20(1) :55-65.
LI H,HUANG Y,JIANG D Q,et al. Antitumor activity of EGFR-
specific CAR T cells against non-small-cell lung cancer cells in
vitro and in mice[ J]. Cell Death Dis,2018,9(2) :177.
JIANG H, GAO H, KONG J, et al. Selective targeting of
glioblastoma with EGFRVIII/EGFR bitargeted chimeric antigen
receptor T cell [ J]. Cancer Immunol Res,2018,6 (11).1314-
1326.
PAN Z,DI S, SHI B, et al. Increased antitumor activities of
glypican-3-specific chimeric antigen receptor-modified T cells by
coexpression of a soluble PD1-CH3 fusion protein [ J]. Cancer
Immunol Immunother,2018 ,67(10) :1621-1634.
KARACHALIOU N,LAZZARI C,VERLICCHI A ,et al. Her3 as a
therapeutic target in cancer[ J]. Bio Drugs,2017,31(1) :63-73.
KAWAKAMI H, YONESAKA K. Her3 and its ligand, heregulin,
as targets for cancer therapy [ J]. Recent Pat Anticancer Drug
Discov,2016,11(3) :267-274.
BASELGA J,SWAIN S M. Novel anticancer targets: revisiting



$2 4

FE Mg, 55 A TR S A T 240G 7 28 i BT SR

- 105 -

[21]

[22]

[23]

[24]

[25]

[26]

[29]

[30]

[31]

[32]

ERBB2 and discovering ERBB3 [ J]. Nat Rev Cancer,2009,9
(7) :463475.

MOTA J M, COLLIER K A, BARROS COSTA R L,et al. A
comprehensive review of heregulins, HER3, and HER4 as
potential therapeutic targets in cancer [ J]. Oncotarget,2017,8
(51) :89284-89306.

KOL A, TERWISSCHA VAN SCHELTINGA A G,TIMMER-
BOSSCHA H, et al. Her3, serious partner in crime: therapeutic
approaches and potential biomarkers for effect of Her3-targeting
[ J]. Pharmacol Ther,2014,143(1) :1-11.

ARTEAGA C L,ENGELMAN ] A. ERBB receptors: from oncogene
discovery to basic science to mechanism-based cancer therapeutics
[J]. Cancer Cell 2014 ,25(3) :282-303.

MA J,LYU H, HUANG ], et al. Targeting of erbB3 receptors to
overcome resistance in cancer treatment[ J ]. Mol Cancer,2014
13:105.

ZUO B L,YAN B,ZHENG G X, et al. Targeting and suppression
of HER3-positive breast cancer by T lymphocytes expressing a
heregulin chimeric antigen receptor [ J ]. Cancer Immunol
Immunother ,2018 ,67(3) :393401.

JOYCE J A,FEARON D T. T cell exclusion,immune privilege,
and the tumor microenvironment[ J]. Science,2015,348 (6230) :
74-80.

ZHANG E,GU J,XU H. Prospects for chimeric antigen receptor-
modified T cell therapy for solid tumors[ J]. Mol Cancer,2018,17
(1):7.

ABIKO K, MATSUMURA N, HAMANISHI J, et al. IFN-y from
lymphocytes induces PD-LI expression and promotes progression
of ovarian cancer[ J]. Br J Cancer,2015,112(9) :1501-1509.
FOSTER A E,DOTTI G,LU A, et al. Antitumor activity of EBV-
specific T lymphocytes transduced with a dominant negative TGF-
B receptor[ J]. J Immunother,2008 ,31(5) :500-505.

LONG A H,HASO W M,SHERN J F,et al.4-1BB costimulation
ameliorates T cell exhaustion induced by tonic signaling of
chimeric antigen receptors[ J]. Nat Med ,2015,21(6) :581-590.
PEGRAM H J,LEE J C,HAYMAN E G,et al. Tumor-targeted T
cells modified to secrete IL-12 eradicate systemic tumors without
need for prior conditioning [ J]. Blood, 2012, 119 (8) : 4133-
4141.

ZHANG T,SENTMAN C L. Cancer immunotherapy using a
bispecific NK receptor fusion protein that engages both T cells
and tumor cells[ J]. Cancer Res,2011,71(6) :2066-2076.

[33]

[34]

[37]

[38]

[41]

[42]

[43]

[44]

BURGA R A, THORN M, POINT G R, et al. Liver myeloid-
derived suppressor cells expand in response to liver metastases in
mice and inhibit the anti-tumor efficacy of anti-CEA CAR-T[J].
Cancer Immunol Immunother ,2015 ,64(7) :817-829.

PROSSER M E,BROWN C E,SHAMI A F,et al. Tumor PD-L1
co-stimulates primary human CD8 * cytotoxic T cells modified to
express a PD1:CD28 chimeric receptor[ J]. Mol Immunol ,2012,
51(3/4) :263-272.

LEEN A M,SUKUMARAN S, WATANABE N, et al. Reversal of
tumor immune inhibition using a chimeric cytokine receptor[ J].
Mol Ther,2014,22(6) :1211-1220.

JOHN L B, KERSHAW M H, DARCY P K. Blockade of PD-1

CAR  T-cell therapy [ J ].

immunosuppression  boosts
Oncoimmunology ,2013,2(10) :e26286.

MORGAN R A, YANG J C,KITANO M, et al. Case report of a
serious adverse event following the administration of T cells
transduced with a chimeric antigen receptor recognizing ERBB2
[1]. Mol Ther,2010,18(4) :843-851.
SHIMABUKURO-VORNHAGEN A, GODEL P,SUBKLEWE M,
et al. Cytokine release syndrome[ J]. J Immunother Cancer,2018 ,
6(1):56.

HUNTER C A,JONES S A.IL-6 as a keystone cytokine in health
and disease[ J]. Nat Immunol ,2015,16(5) :448-457.

HAY K A,HANAFI L A,LI D, et al. Kinetics and biomarkers of
severe cytokine release syndrome after CD19 chimeric antigen
receptor-modified T cell therapy [ J ]. Blood, 2017,130 (21) .
2295-2306.

OBSTFELD A E,FREY N V,MANSFIELD K, et al. Cytokine
release syndrome associated with chimeric-antigen receptor T-cell
therapy : clinicopathological insights[ J 1. Blood,2017,130(23) ;
2569-2572.

ALDERTON G K. Immunotherapy : engineered T cells for all[ J].
Nai Rev Cancer 2017 ,17(4) :206-207.

QASIM W,ZHANG H, SAMARASINHE S, et al. Molecular
remission of infant B-ALL after infusion of universal TALEN
gene-edited CAR-T cells[ J]. Sci Transl Med ,2017,9(374) ;pii:
eaaj2013. DOI;10. 1126/ scitranslmed. aaj2013.

REN J, LIU X, FANG C, et al. Multiplex genome editing to
generate universal CAR-T cells resistant to PD1 inhibition[ J].
Clin Cancer Res,2017,23(9) :2255-2266.

(AX%HE:47 1#)



