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Opportunities and challenges of CAR-T cell for tumor therapy

YAO Chao, QIAN Cheng ( Biotherapy Center, Southwest Hospital Affiliated to Third Military Medical University,
Chongging 400038, China )

[ Abstract ] Currently, chimeric antigen receptor gene-modified T( CAR-T )cell as a viable medicine has achieved ex-
citing efficacy in therapies of blood cancers, which has been widely recognized as a new direction of tumor treatment by the
medical community. Throughout the development course of cellular immunotherapy technology, any novel therapy approach
needs a continuous improvement process from laboratory to clinical application, does as the CAR-T cell therapy technique.
Although it showed unprecedented efficacy in the therapy for hematologic malignancies: the CR rate of advanced recurent
relapsed refractory acute lymphoblastic leukemia ( ALL ) can reach 90% , and the CR rate of chronic lymphocytic leukemia
( CLL) and partial B-cell lymphoma can also reach more than 50% , some problems still exsist in the course of treating he-
matologic malignancies with the CAR-T, such as off-target effect, toxic side effects, short duration of in vivo, high rate of
recurrence and so on. It has been conformed that treatment of solid tumors with the CAR-T is safe and effective, but its ef-
ficacy remains to be improved. In view of the above problems, the author summarizes six strategies to improve the thera-
peutic efficacy of the CAR-T: ( 1 ) Overcoming defects of T cells in the patients; ( 2 ) Selecting optimal culture conditions
for the CAR-T cell; ( 3 ) Instituting Optimal program of target cell stimulation; ( 4 ) Confirming approach of pre-condition
by chemotherapy; (5 ) Achieving the humanized CAR; ( 6 ) Enhancing combination of co-stimulatory signals. This article
reviewed recent progresses of the CAR-T cytotherapy technique and urgently solved problems in this field.
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B 1985 4F LA %, % B [E ¢ T 4 #F % Bt ( National
Institutes of Health, NTH )%t 2 fF J&8 09 & 47 36 57 2| A
B8 456697 % M KR R, 2000 F 24T By B Fr i
HEMER ST EL MR EPETREE M H
W — AT KO T F 21 A
ERE AP BIT AT, 2011 £ B RAUR & &
CHEDE WG KA IE 2 ) Bl K k2 4 JE %
B AT 2 RIET WIS X E, R kA
MBI RERE A BT A Y EEN
Fl, EE(R )RR ERE I REBTAIE
2013 SFFERBUARERE —FL, AN LR ME B
FHEASEI A, 2015 ELEERBE ¥ F
2 K AT ASCO 4 J 3 4 22015 I R fiF 8 % 98 )
B R kAR Z R A 545 T( chimeric antigen re-
ceptor, CAR-T )40 il i 7 S A1 A LI E K M A
T R k. M, A E IR R A
742016 £+ A RBH A" , K EHEARRE T YT
SRR R R ok R KR T, ROBe T P4k
HRHBERLENF R AT T R-R
rETHERLEEE, ™ N, & HBBET
KH R CAR-T B 77 AR B & KN EE %46
WHRAENIT k2 —. £ CAR-T @B T
HA M ALE Fn Bk & & K CAR-T 40 B9 Il R
R v R IAT R A, IR R CAR-T 40 6 7 B
B K B A O BE R B ] RRE —

1 CAR-T gt &k BHIZ

1.1 CAR-T @ ettt

CAR-T 41 . 36 J7 2 38 33 ¥ 4 IR P A T % iH i
CAR 2 HE BN T 40 ¥ 4T 2 B 54 22 5 15 2|
F I H CAR B9 T 28 17, 4% 17 65 31X 36 40 Jg 1k S0 04
A5, B BHIHATHETE T %, CAR-T @
ML I H Kk By CAR #8455 5 VE MR B 3 145 B
2, B T ARV B Rk 4 6T o CAR #h gk %
TF L — A A B9 B8 AR 25 3 B ( tumor-associat-
ed antigen, TAA )% & X 38 % KR T % 5 B K G
B4 4 K3 8 scFv £ ( single-chain variable frag-
ment), — M EHERF - AE SRS LA F
Wik bR, FAEAETHM L, 4 CAR 3|4
FUHRERINETA T HBREENMES AT
MAGEMEHE T ZET IR T@RNEL AT
KET @R AR, HBEHRAE 8 EF X E
AT R F
1.2 CAR-T Zapety & & #2

CAR-THfth I EHREEH 20 LE 7

Sy MEREFMERITAEFEN LR, CAR-T 4
Mo It B ARET K ENHERE. F—R
CAR RE—NMHAE 5 4 % CD3L :# FeyRI 2
FOOmTFRARE —AFEEHE, B E R
BlRETWN TAREEMR DN EIE T2, W
Fre KN T &Y S sk
P AR B R, BT DA S 3% R BUAR AR B BY I R OY
FRE CAR ERE A&y ah F3INT —/AN 3
3% 4 F , 4 CD28 \4-1BB0X40 = 1COS 7', X H Yy
DEMABRE LR ET E—R CAR AR, A
W T EA T 4 N 8 INK . ERK \NF-B % 5 &
B R LA BT 40 A B 3 7 4 T DA A IL-
2EEBPET AW, FHREN BRT E_F&
S7HE MR CAR %82 % — R CAR LR H R HEF
LT CAR-T 40 f e R N By 2 i 8] B4 A, 215
PriEampde 1 E . T ¥ —F i CAR-T 4
By 4 R o R B N R R L R R A R
CARMy it EFEBR T —RFH W eEEREES 2
F, 41 CD27.CD134 %, AT K B2 & = R A 5 1K,
B CAR, I THE=RME WMKE CAR £H ¥ E 5
EFL, MW ELSNAMEF, ERNNEERNE
AL T E TR AER BN LEL K, B
AAELRFENE R RS RAESNKRATE =
X CAR-T 20} 36 97 B K o

2 CAR-T HERIEERFRIERE

2.1 CAR-T @@ e fE dn ik Bt 95 06 97 P 89 BF s R

CAR-T 41 e B A H o7 £ fL 7% fiF 8 B 36 97 F &
GRETERRS, MHEERFR " BT, B
S CD19 4 F B CAR-T( CD19-CAR-T ) 4
HBMEE BT B AT M E(CDI9 2T
ERFAM), BEE R EEENB AWMk HEE
11 5% ( B-acute lymphoblastic leukemia, B-ALL )
ME 28 fE A i & ( chronic lymphocytic leukemia,
CLL)#2 B 2 fg #k & & ( B-cell lymphomas ). # %t
R o g A K M ALL BB T B R
K1k %] 90% , %t CLL #2654 B 48 0 ik 58 B9 A 3%
£ >50%" 10y A AR

2012 4, % [# [E 1 J& 48 #F % Ar( National Cancer
Institute, NCI )33 7 {# F CD19-CAR-T 41 i 7557 8
fl B-ALL B8 %7 A H 6 FIkE T R4 %M,
CRKT5% . W WS N, 27l 4 MR /AN A3
AT7 20 %l fu ik % % % CAR-T 40 g 36 97, 12 &
H BB 2014 £ 2 5, H B B % W
FrR R E A, I E CAR-T 40 M6 97 J5 th 4 R A
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27 il RAZ A, CR K 90% ; ¥4 6 M H i £ 7 2
(DFS) W 67% , K % 7 % & 78% . 2015 4 Rosen-
berg 5 HAF 55 /N4 1 3k #E T CD19-CAR-T 48 g 36
JT A ALL.CLL Fn ik B 78 o = f kom0 $03E . 7
BT EABKEEEE T H4 AIHET
CR,EHF 3 BIKETH2EME PRI ~22
H),BiH 6 GlIEMEB @l EHAEFAMERT CR =X
PR,4 ] CLL B % 3 Bl 3K T FHLHH CR. 20
Bl ALL B2 % ,8 ] & 3 78 Bl iy 2 A 4 % 3t 1R
o F 48 R, B B 14 ) B R R, R OB &R K
70% , i L 12 F] B2 3k 2| T b 7 E 9 % ( minimal
residual disease, MRD ) A 14 iy 2 & .

CD19-CAR-T 41 fig i /7 Mo il % MR R 7 & B
FERGZUARBBERE rE BRI EF 6 A
iy DFS 7 50% VA b, 7T DLt 2 Mok B R R 697 &
B E KRB B AT AT R % M R B E AL
B FE,CAR-T ARG T AT REE AR,
it TaARBE T AR ELFRA, ST
B, B2 R 3k o i R B — R
2.2 CAR-T @l e SR8 ¥ 69 BF R 30 &

CAR-T 40 it 3 57 5= R4 K 29 )\ 2006 £ FF 44, %
E NIH t Grover %2 JF 45 82 11 FR-o [ P 69 10
9P 2% B CAR-T 40 J8 36 97 I JR XK 56, 77 2 89 Lamers
£IBIFF & T 80w CAIX P Mty 12 6] B 40 f s i
CAR-T 40 i34 97 W R R 36, 35 & L T 3% A 4 24
MESWE — R CAR, BT BRI FHEE (BL 4
MR E, HILEH CAR-T BIER TR E,FRE
MR T — R 7| 4 3t 52 K8 %0 8 8 CAR-T 40 Jig 76
7, % 5 4 CEA \HER2 .GD2 .EGFR .GPC3 % fit /5
xR, FAEAT & K% =R CAR-T, 7l
ANT EH M E S CD28 1 CD137 &, K K# 5 T
CAR-T 41 i 9 3¢ 78 . 77 7% #n X 15 #6 /1. 2015 4
Brown 41 45 1 th 45 B % 69 CAR-T 557 P &y 8
BT B, U 1] BT ORI R R R A
FE(SD ). Ahmed %'»' 4R 3 8y HER2 [0 W /4 &
CAR-T 397 H ,17 Bl M 7 i B &, A 15 ] &
HRWBATM A AR R(PD), 2 HlEHKE T
SD.

I M “2016 T — K CAR-T&TCR-T #f 3
27 o PR B, 4 3T EGFR . GPC3 [H 14 fik 5
CAR-THMATF U0 BHRENAEEFRBFT
CR = PR, & # CR f# PR L 5 SR B MK, H % R E

ZHEBMTZATARNEMER, XEBERAR
AA R CAR-T 467 SR 2 X2 H W, EE
WREAETRE . PO, B A48 CAR-T 4/
BRHNHARAEETEE T EWTES CAR-T 4/
TR, F K CAR-T 40 i & B 3 K ) By 77 7% it
B, 3% An CAR-T 40 fg &y )3 £ i 1 &£, I K a7 #F
FIVBGE S, NI kR B F % R ( CXCR2
%) EF(IL-12 % ) ey CAR-T 40 e B9 ik 8 %
itk hEHERE. B4, BARERR ZIFH A,
#n PD-1 30 %] 7|, 3CHk A ¥ 1 PD-1 A0 fif 8 A6 X 90 R
B CAR-T M BT R ECHHERE Y,

3 CAR-T AT HARNMLE

TE 3T 4k 7 57 3 ( adoptive immunotherapy ) By 38
B REQHATTHSNRR, R EEFHE
# 2 15 ( lymphokine activated killer, LAK ) % jf
DC \CIK %8 fg #5 % 1 % Jie J o S ie 7 F B, (2%
T U B &M eIy 7 ik e Z A R R B TAA fu
oK% 5 E b R LR B R A, E R b IR R EAR T
WHT . MBI T E, CAR-T 40 3% 57 78 330
M fR o IE T PR T AR F B0 R RO, X AR
B R R R R U — AT F R L EL RN,
G2 T B £ -2 R FIR, A
HRET KT 5 KA R oy ## . CAR-T 4 fg 4 2
WET T @67 7 XAFAE U THh % :(1)CAR-
T @B 1EF A F % MHC 8 IR&;(2) 4 TR %
Pib 758 2 g, 2 34 A B B PoE O R, B A 3 — A R E
ity CAR 2 A 7 — B S8, 7 B 2 A A
(3)CAR BE7 LA A B 8 & & B4 8, X7 A B
feRAEEm RALRE, ¥ AT MR 0B R T
(ABRTHERAEH ahamima ez R AR E;(5)
CAR-T 4 g B iRz sk, T UK AR N F
o

4 CAR-T ZHREE 77 Bh s i BBk &%

4.1 CAR-T & 77 iz I¥ J& 69 #8020

B4k, CAR-T 40 i 76 97 7 L 3% B 08 F B 8 A
TR E BT R KA E e & B (1 )CAR-T
WE TR TR RAENER N, EEE
CAR-T i fe#t N B H KA TR 2 K15 KK\
J7 B BB 2, T EL A4 b 3 2 B RE R 3K B 1 LR
AR IE® 4 s 4 A 8% B AT S, T R &
BHEBETE R, 482010 £ 4 4 — L ERBB2
7 &k B E B AT CAR-T 4 M6 97 B, 20
EfiESdEFRT, ThEOMEETF AR KK
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HMERETMZE S HH x> wREFTLE LT
RAEMER R E 2T, T2t AR E# 44
PRI TR 8 B K &, 3 74
BN WM EREELQFEHNLEREREE DN, B
W, IR EETHEARETNEREL) FEH
5 CAR-T WG HARENEEES, (2)FE
YER B 7= % o CAR-T 40 3697 T2 F 7 6 & H A
- FEEH R AR ER.Z AN
RE I LE A AT E 4 #F M serious neurotoxicity ,
SNT ). fib J8 2 47 4% & 4E ( tumorlysis syndrome,
TLS ). % fg, B F B 7 % & 1E ( cytokine release syn-
drome, CRS)% ., 24 Ak ER . Z hE AL 5
REMEABER TS, M CRS FELR TR EE
FabyY . B AT B AR ey Mok 8 B CAR-T 48 M 3%
AP HEAT AEAELEN CRS R, L EEFE
Bl B # i 47 CAR-T 4080 5 , R W #9 IL-6 \TNF-a
IL-1 \IL-12 . IFN-o \GM-CSF % % jf1, B F A& P
FE|RMA GRS NP, ®E M CRS KT
o o BB N A A, T kA T IE 7 3F RO AL FE
CRS ZEAERAMRA, HWAEKKRBLAEST
K Z ok B IL-6 4 57 M o S 5 B R ) R 3
7= # Hy CRS( severe CRS, sCRS )R &' ', (3)
FERAE KM RL, R % B AT A6 RO 5
BB, FRELEFF, ERE-—BRHNEREREE
K, EBEHTH# S CAR-T Ak W E it 8 &
Ko (A)EFWNERZRMEL FEHF S D20t
F—FWoTHR Tt rEER. ¥RATAE
Wi KB A B F AR AT BB L 3T, B R R
AEFWNEZFNLF EBFEREER So K
F 4t CAR-T 40 1.
4.2 CAR-T @a i J7 524k 78 o IR X

AT CAR-T 40 i 36 97 iR & 40 b 8 4 A3k
Y 2, CAR-T 40 i 76 97 521K 08 B 20 R B w7 0 3%
HA LA, 4% 45 B AT CAR-T 4 i 76 97
BEPFENESEE, (1) FEERERENE
BTk, ERAAEEL LA T w CEA HER2 %
8808 8 R AR K 77 7 T 98 38 B B U8, BT DA 3 38
—ANEmERNTE S TRESERENARE K,
(2 )CAR-T #0 j B9 3 £ 6t 77 : CAR-T 40 Jl B 2| 3k B
P, v EEF s 2 T ( extracellular ma-
trix, ECM ), # 56 IR % % 3 % 2R 52, BT LA % CAR-T 40
MEAMEHAR G, HERRBETHREZEATH
LT RCR AR LA B A T B AR, PR, 4R
BCART A I EMBHANE I L E—NEE
9B % 7 . Caruana %V HF % & H, 1 CAR-T 4

MEmkr B TR TELRENED. (3)
B WA E T U R m k. AR B
7, fiF B PR35 o By Bl 78 i T 48 88 ( mesenchymal
stem cells, MSC )T ¥ B H 47 4%| CAR-T &8 g ¥ 35 #¢
AoiE Ve, B CAR-T 40 g %5 N3 & 38 IL-12 7 Lo i
Pk 8 G PRI XE CAR-T 40 Ji B9 30 41 1E AL, A T 3% 3% 96
TR (4B e i fn e M. LW
M, ARAS KRBT EZER, B
NEEEMENE S B RIEEEY, B R
AWGER P EEREAREERRERTE
P, B R % Ff T 3R AL BE 8 48 e B CAR-T 4 e
MR RREERET @ (5)HT 4 M cancer
stem cell, CSC B HF 7% :CSC & — B LA B &R F#.
L de AR M OE I, CSC B 5 ME
B M A KB R Z P, CSC
A, He B B TR 2 A0 DL Ay k8, A
2, %16 CSC Hy CAR-T 40 ffL 36 77 | = AR IR b f# 5
B E RN R, THEXER By HE L
7 CSC 8y #F X F &, X I NANOG [ £ 20 g B &
CSC Wy HRAE ™ A2 5 &, £ % 5% B K
&7 — e CSC Ay AF 5 M B o 0k, 32X iR
HULRAEF G L BT o FARE M o2 s T e
MLFT I T AR A B CSC W4 3 Mk,
PLRE % EEAE T & By B CSC By CAR-T 40 JiL 36 77
A

5 125 CAR-T AR TTRAI RIS

EHREENRE CAR-T 77 R R (1)
TREFEARS T WM E (2 )% % CAR-T 4/
W ERER A (3G @ mR R R EF £
(4)# 2T AW 7 %£5(5)523 CAR AR
56 ) aE R e 5 W4 A,

FHF L6 7 TR, 44t CAR-T 40 36 7
W— R XERY , EH AN EEMET CAR
MrE&EPTFEMmBBdREEE, BRI TX
H #k 4 CD28 .CD137.CD27 % % 1= 5 th # — 1% CAR
AF, 3 B R 3 % K CD19.CD20 . Her2 .CEA . GPC3
& CAR-T 4 e % . DL CEA #2 CD19 4 # X &
BARMERED > ARNERBRESAS, THE
JEF| %A 8] AL, E 1% 1T T Caspase9 B R FEH kK
MBS F CAR #&, H 7 E4F F B AE W4
WIEER  EHXB LT - EANEFETE, UKL
WA CAR-T 2 f ey RF M E 4, K, LR
FAMERES T R CAR-T HMIEFR T £,
WL HELH CMP A B R EAF AR, ARBAE
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B B CD19-CAR-T 4 jifl fu ¥ 7] CEA # CAR-T
MILE ZHNE %ﬁ%*wmﬂﬁﬁ%y%ﬁT%
il G Mg 45 B R B e R BT . E 10 ] ¥
WAk e & e B H A 9 f kéd T CR; 7 i fk iy
10 Bl Bl AT 4 % B & & 9 B35 SD A0 1 ] ik
PD, R, AHXFCHMEZLF LT PD-1 1K
fE 5 # 5t CEA %1% CAR-T #K, I5 K T #F X &
REZERTHAHEN—. = . =R CAR-T # K, F X
F#ES T WK % CAR-T 40 L #] %+ K, £ CAR-T
HEERARBR T EHNEGHEE S, 2L FRIALN
B3R RA T U N e et T AT
2m fa( memory stem cell-like T cell, Tscm ), ﬁéjééiﬂﬂ/@
5 fob 8 gm B ROBL AL AR A E B R E K

i E R ARFFE B N CAR-T 4 £ & é&]ﬂ@ﬂlﬂéﬁ
7 22 50% DLk
6 E =2

CAR-T %} 76 97 & % & 40 Ji w6 7 S P 1y &
B RE AR AR IR 3R B R ST R, H
EWEFFANEMELTY ﬁﬁﬁTwm@ff

W m e, FERARKTIFE CAR-T HH BT
I R X 36 B9 B K, 7 2010 45 DART, 23R F M8 CAR-
T 403697 Ie KR & & £ E; £ 2011 4, K
M4 TF 468 CAR-T 40 34 97 I R 7 5 & 2013 4
A, E 4 CAR-T 40 J 36 57 09 s K £ A, 7 H &
CAR-T 4 % 97 W R AR 30 %k E %%ﬁﬁ‘%iﬁé%‘
BB R ARE — KF K CAR-T 47557 5 R
RIWE X, REWH CAR-T AR BETFHEBEAK
Es ARSI, EE A RRVEHR A ELT
HBRESERFER, PRnARLERFH BERE
AR R I = 7 Wy 2R R S, # L K Y AR R
b 36 97 AR DL R — R P A R R AL B, A K
E CAR-T 47 Ji. 36 97 B e IR BL ] o B & &
%I B E R
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