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[ Abstract]

Chimeric antigen receptor T cell (CAR-T) is a kind of genetically engineered T cells that

can express tumor-associated antigen (TAA) specific receptors on its surface. The modified T cells can be

used for cancer therapy by targeting its specific receptor and killing tumor cells with its cytotoxicity. CAR-

T has been successfully applied to treat many kind of hematological malignancies.

Recent clinical studies

have reported CAR-T cell therapy to glioblastoma. However, it can affect the enrichment and function of T

cells in glioblastoma.
of CAR-T cell immunotherapy for glioblastoma.
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In this review, we discuss the mechanism, research status, challenges and prospects

Review

This study was supported by the National Natural Science Fundation of China for Young Scientists

(No. 81802485).
Conflicts of interest: none declared

G J5R JRE 2 H R 2 AR G e LA R T
PR, R 2 d R B T R DD BR S LIRS T S5 b
WE T ZEIR YT, R O B TR AT T A A, L
T 32 A v 0 T B 240 LR AR R b 7 AR AR A
14.6 A H o BB P2 AR IT R IS S TFRTA
J7 BCEHR YT AR A TR R YT MR R T
B (TTF) IR 45 . R KA IO E X IR R
S0 o0 T T 9 AR BB R AT T RIS AR AT
KEMEA R REME BG4 . Mo REia
ST 19 oK, e w) HOZ 24l TR 7 B RE

doi:10.3969/j.issn.1672-6731.2020.02.006

AT H - G RBR S 4 TF AERE R AL A B (5 H g
5 :81802485)

PR BT : 100053 JbaT, 77 AR B BE R 2 & X s e i 22 AR

75 R AR SCAT [R] A TR

W IRAE & ARPE A, Email : lingingtang@126.com

Wil 5 BIF 5% 1) N T TR A 2 9T O S R OK R LA R S
8 AN [] 26 TR £ B 8 b sk 0, D0 LR i AR 4 G P R 32
KT 40 M (CAR-T) ¥4 2 g 0y, mT 3 3k fe 28 4 A o5 3
PR A A AT D T S B 1) B R U, A5 1 0
WGIT 7 A BN A T BT X R S5 R A T A BF 5
D5 T eSS S A A A ) T
Xof o 988 AH BT (TAA) R Bh 98 45 S5 M B DR g 7
CAR-T 20 L 55, H 55 1 0 28 40 30 1k I s 19 (357 K
A EG, CAR-T 20 BT 32 % fii Jie Joit 9 45 S 44 I 98 1) 97
AR SR, 2015 4 Brown 25 VT i X IR
J5 BE 20 M9 BB CAR-T 40 MG I7 09 45 &b i de 4
PEIEATLER , I 52 HL 0 Ao e S5 988 25 S AR iR BT B
R R IO Y A B A5 S T 1 A I TR 1 I R F
FEARAT IEME M I, AR SCHIHE CAR-T 240 M y7 ¥k 76 i
JOT B 240 M9 G B TR T TP R LR B ST Bk L Bk
i 5 S B R T A A



. 106 - o [ B A 22 805 2 A5 2020 4F 2 155 20 55 2 )

Chin J Contemp Neurol Neurosurg, February 2020, Vol. 20, No. 2

— (CAR-T 2} Kz AR FHAL

1. CAR-T 4 A At i o 35 PR T AR0 T bk 2 2
JEL CRATR faT B T 40 ) 5 4% 2 Bt i 19 i A D0 R A2 1
(CAR)MIZE & , B CAR-TAIE . CAR WA T @&
B, AL AN A0 BT DU I A5 R s 1 45 A SR
ML T A ML SR AR T R R TR
AR AE A A K R ) iR A DG BT R Y PR TR A B
(scFv) 5 T 4il il 1 %o 2% 52 0K i 2 W2 15 1k 3L 7
(ITAM) #4756 P F 21, DA A% Si s B 3002 9 2 Ok 28
AR A AN R I A B TR O T A0, AR TR
WY, CAR-T 40 M0 i & & nl 23 A AL .
55— 0 CAR-T 20 i fh BRBE Uik i BR & S X 5 4
PEE 2 R T 2 TR 0% 4K R P R 3%, 1SCRT 5 | kS A N ] Y
T 41 A 85 B R 5 A1 K S 14 40 R 43 3, e i 98 2
SRR 5 TR I B2 400 T A st 2 XM S A A, LT 4
JitL 3 B A AT DA T AE S RIS S S S, i
FEER AR CAR-T 41 L 1) 40 938 22 1A% i 420 1% 76 K 3L 7
g AR 7 1(CM1) 5 55 =A% CAR-T 41 i 51
AR 34 F eM 1 A eM2, Wi 2 v 4 i w1
bR B8 ST A7 SR AN PR TR 5 A
VU CAR-T 4 i 76 55 — QL fli b 78 0 2 % CAR %
KR i 3 (0 i, LR s LSRR AR ilE — P 1
53 X Il e A B ) R AR . IR, — B S TR
F4) S B b e A DG B D, DU AT A 2 R 1 R S
CAR-T 20 i, BP 6B 0% DL A 4K i A 25 1 4l i Bt )i
(HLA) (1 7 2035 5 77 25 5 AP0 oRg G958 B g - o

2. CAR-T 4 JfL 7 12 78 I Jot B 4t 9o S 236 97
MIFE R LE  CAR-T 4 YT 2236 97 S 04 ik g 17 3k
AR JE L G g A o R AN IR BE SRR Y 4
A I 98 R DG T IS — 2R 9 R 9 B
F R A AR DR - A 5 i 9 4 L BR BE 1 5 R e
FEAN LSS B, B 2R A0 (D C) 38 3k 4 3 vk 98 A SE Bt
JEU, FE AR 26k TR 7 ) 1 R o 347 82, 3 A bk 4
S v T 2 G ST B D R S A M g
JO7 25, AT 3 S50 M 5 40 JE B0 T 5 R Ak R 400 i
80 3B N AR D 3k ShE HIL A4 B 0 FR G 0 N
TR Tioh g e 3 ek R AR S O bk S 4 R R i
G S5 A0 S P 0L IR 400 S N o R ) e 5 4 L )
TRE, Hoh A FE A SR A M o R 58 4 R B 2%
R A0 L TG 3k A S S HE T 40 M, T 5 R T 40 i
e TR A T SO IR AH OGP R T A fo S i A%
i 928 240 M 3 3 ek 55 e e B S A RN R BT Y R &
PUIFE A A8 S 44, LA 3k 3k 4 1 A T IR 1) B 2 4 i R

SIS CAR-T 2 i E i 98 AR 6 TR 1R B O R
PGS 5 AR A0 B ) BE I 4 5 L WO 32 E R SN A
P A (MHC) 2635 T I 52 ) , B, i 2 1 1k
CAR S5 A6 FORE F7 4515, il 2 FL A 6 90 240 M 2 v HLAS
4 i T3 G 2 0 AL T B2 W CAR-T 40

T CCAR-T 20 M6 97 i 52 J52 968 1) I DR A 52

20 tH20 90 4FE AR, T 4Bl T REAE N S y7 L IR AR
B2 B O S AS WA 256 5 B AT R L I SC
Bk 3E , 2 21 22 %0, CAR-T 40 MG ¥ 32 78 Ifs PRk 16
HEROCRS EE RS Y AR I R BT S, IR
G 0 B TR CAR-T 4N A 35 1 B 25 9 & Z A 35
A E-13 Z R a2(1L-13Ra2) A\ E A K EHF
Z &2 (HER2) F1 & 2 A K I F =2 k28 K T
(EGFRvII) "5,

1.IL-13Ra2 F# 5 1 CAR-T 40 i 1L-13Ra2 /&
— R RN ) 0 R TE 2 TL-13 3248 36 759% ) I
JFCEE A0 R 5 A TL-13R a2 7o 7E 2 G e
JOT R 240 1 3R T AR ) 2 AR S UTL-13Ra2 S ] 58
Jo A 5 B TR A 06 3R d o 9 U, 2 W L 5 ) o 4 i Y
I R E S L AP AT 56 A I RT B 5 e R R R
B 5EFR B A 26 . IL-13R a2 78 VR T 40 i
(TSCs) 43 b A B 205 vy %) S0 P ok 9 200 M . i 93 A G
05 20 ML (T AMs ) A1 (B 1 58 KI5 40 1) 48 L (MDSC)
W Ak EFE IE W 2 4P i R R R Y
BN R & CAR-T 28 Y7 vk i 38 408 o . X T
Jo /I BB Y A UL 8 7R, CAR-T 41 M 97 32 ] A2 /)N
BRI P9 7 A AT AR B I R G g B Y i R ok
Z G R B E o LI PR 3 56 TF 52 88 1] TL-13R 2 1
i 58 2 YA T S B 4 M R A 4 L 32 PR R4
2015 4F, Brown 28 V95 WA AL H A X & K R R 4
JiL9es B EAT I 56 — AR IL-13R a2 F5 52 7 CAR-T 4
J0 22 4 Pk RN T AW B A5 L L i U 5E AL A8 A 3 i) AR
HL BN A 3 N M E RS PO KR
R, KPS 343 ¥ > 70 43 5 F f5 N 2 R OAE [R) R) E
[(10~100) x 10° 4 M/ ] 58 ) 1L-13Ra2 1Y 1L-13
(E13Y)-Zetakine CD8" 4l #: 7 T 4 ML (CTL) , J7 2
ST HAp 1L 2 4SO EERIGIT 3R
] BRI, A 56 103 R0 S KR, 56 3 (TRl 1) Fi s S
B UEA T RO SR, 45 R Bow 3 B R & A AE ok
HAAVEFREREAD 1440 KRG Rm 88
PEB 22 D) e B SE R RN R G VR YT S U L 1 B
i 968 2 20 P9 TL- 13R a2 32 35 7K 7 B R A L 1 1) 3k 35
MRT {735 78 53308007 b 988 SR PR AR B K = iy



e B A 2 B 24 2020 4E 2 A 45 20 55 2 )

Chin J Contemp Neurol Neurosurg, February 2020, Vol. 20, No. 2 . 107 -

U A ¥R IL-13Ra2 CAR-T 40 M 3545 i 2h , I3
T E T R G A R R A0 R R R
I PR S8 1), 36 97 W 18] LA 3R 97 I & X CAR-T 41
HeL TR A7 B 47 [, AT DU 2% 51 CAR-T 41 il i H1 e
JO IR SUNE A TR 5T B A PN B TL- 13 R 5 5
PE CAR-T 40 36 7 e 5 5 20 M 88 £ 44 1 I IR 42 56
AT AT E 5. 2016 4, Brown &5 24k 41 dE 4155 — AR
IL-13Ra2 £ 5 P CAR-T 4 M (I AR 56 - 77 06 T
P IRE 2 x 10° A2 M, P 033 56 D08 22 1 x 10° >4
JiL s SR U5 T LA T x 1041 i/ y i) 3] 2 7 AN = 2R
g, LS 10 K ¥R YT IR 133 K MRI B R T B &
Fit A R TR X TR i A VRS I 4 L R R A
JE ML K ST T 3R I R S B P YRR SR 24 7.5 A
AL BRI MR B EREE IR EARFH,
AR TL-13R a2 F5 5 M CAR-T 240 il 56 1 o5 — 28
R, R T PET S8 W0 2 CAR-T 4 i 7E i 41 21
(45 38 : Keu 2 ™K F "F-FHBG PET Xf & ik 1 R
4098 95 0 0% - M 9 (HSV 1-tk) A9 IL-13R a2 5 57
PE CAR-T 40 it 76 f50 N 14 56 B 1 38 7 WL 8%, & L3R ik
HSV1-tk 9 CTL 40 il 4% B RE 7 2 2% 58 T 5200 T 40
JfL o ESRAZ IR 5 B REAS SR AR N R L 45 AT R
IL-13Ra2 F¢ 52 M CAR-T 40 My 7 i & 4 I 17,

2. HER2 ## 5 ME CAR-T 418 HER2 & — Fi 1E
Z2 i I 96 440 i v S o 3R R Y 7 IR T S TR U, Lk
TA A 2 5 5 B 440 R L ) C AR ) AR 98 A D& Bt
JE S A T T N DL R 2 e O R AR AR
HER2 5§ 51 CAR-T 4t i 106 A5 8 5 me il 55 25 W) 3R I
HER2 PH Y 2 I8 B 20 B 988 0 F 52, 9 F 2017 4 5 A
T 1 G AR B0 45 R - 17 B B 3 T DA KR 28 —
& HER2 5 5 7% CAR-T 41 M , 45 W i 142 (1 ~ 100) x
10° /20, F 6 J8 5 #4797 ROTAL , 35 9% 3Ly L
I 6 A SR T ZAHR IR 12 A G
A HBOE I A2 R A WEAE SN (qPCR) &G I 45 S 1y
SR, HAR N HER2 5P CAR-T 40 it 5 BH 4, e &
HO TR R A 12 A H K s Bl R E IR T
Ji 3 /INESE A JE o 240 A K BBk (R K 2 143 5 T
BTG VR 2 JH R VEAE A 7 B 8 E RIS 6 AT AT
1 1ML % bR A oK 0 21 HER2 4% 55+ 1 CAR-T 41 i, Ik
Jei I 25 e R 2 T B R 2 BRI O 12 A A AR AT
R 2] CAR-T FHYEANML, 18 /> A J5 B A B & 4M ) i
R I ¥ 56 B, 3% B HER2 ¢ 5+ 1 CAR-T 20 i 78 /B 3
AR P AR 7= A 7 4 R (AT DA 2k R AR K A7 A 14
176 eb 1 BIBE TS 16 BT FE BB T S A 1R 4y

GRRFFELo M AL T B IE R E s &2 29 A,
H A s Bl A Pr ik Jg > Z I 58 SR FH A AR
HER2 ¢ 5 M CAR-T 4 f2 3697 HER2 BH M e ot £ 48
096 S5 2 ) SR, R R T OIS BE RE S kT 4 i v
CAR [ 3235, R 8 55 50 T 4 i 2 CAR RE % 42
AR T 14 47 ek 98 i g, AFLAE R SR T 40 A2 1k 5 &l
P S0 A (APC) 32 2 VB AR s b R 45 5 J5
A 2 B8 Y A AL 2 b, DU R 2R T
Il A 2 36 Fir 2R Fi Y CAR-T 24 B8 LA R 96 2 . EB 5 75
(EBV) 5¢ B 4l i1 95 5 (CMV) i 8R4 , 7 4 CAR-T 2
WL 3A 7 B 17 ) FR 3 TR T R 2 R I 38 AT R R
B VEB W RE AR S ME T AN, ol ek B & i T
M (HSCs) BB TE L > A, DL B % B i
T J I PR30 45 A v A L 45 1 (A 2 2 E 5
I3 B B S ME CAR-T 248 A ¥4 7 e Joi & 20 M &g T 47 B
Zh  RE CAR-T A1 AR BE 76 B E R i 3, (H 4
AR A N B

3. EGFRv T £ 53 CAR-T 4l EGFRv Il & 4h
B2 ~ 7 HE N B BT B, J& NS o b B L Y
EGFR 3 RS S AR 25 25 40 % 19397 %2 J68 Jo 1 40 it 9
BERNAEAE EGFR IR Y 1, Horp, 29 50% & 4 41
AR IS P A EUEAE EGFRy I 2 e 5 B 40 it i iR
HH BRI (0S) B, R el i g 45 R B OR
EGFRvII FAME B M5 5 EGFRIEH Y1 B H L B
FHEF " I EGFRy 5 A8 7= A: (1) 2 3 R 1 5 15
Hh T 1R 8 A8 B AR BT I H AR AR L, RT A
EGFR JfL &Ml 25 b Jed 5 S v A S i i & . H
i EBF ] 4% EGFRy 42 15 A1 CAR-T 40 B , 1E
TESEAT I T W0 K 3K 568 1k X EGFRy T 45 57 4%
CAR-T 4t (4 22 4 Pk AT N A3 10 91 52 % it Jox
BE 20 M98 RR 25 i KRG VR VAR T R R 1 EGFRy T AR
SPE CAR-T 40 i, °F- 450 5 -7 500 x 10° 4~ 41}l , °F
BI697 4 AR, T — i) % A= g LA AM i) 2 4 R
ol 20 R B 2 A AR N T IR I I,
FEARIR T A RE , BRI AR 5 VA 9T S R R S
B AE DA B AR (A A R, i T xR e g
A 10 B 58 & v 9 1k Z2 kM ), FL BT AT 7R A TE
A GO 82 27 3 AN ) R B 1 24 0 Ak 9 SOk 3R
J7 A CAR-T 4 LI MGMT J5 3 1 XL ok & A= H
FeAb, BUBRTUS B 25 . BARIZIR I A QL B3R 7
Ji A0 & 1 4 0] K 2 EGFRy 4% S0 CAR-T 40,
H A AR BE B I AR T 6 1% AH (W] 4- 1 BB il 38 38 1
CD19 F5 5+ ¥ CAR-T 4l I8 ™, 7€ 7 9] 4% #h CAR-T 4



. 108 - o AR b 22 0 2 3 2020 48 2 JT 55 20 55 2 )

Chin J Contemp Neurol Neurosurg, February 2020, Vol. 20, No. 2

W5 2 52 ph 2 AN EEF R I R L 2 6 F 2 A DD BR
PN R L IS CAR-T 41 i iz iy S H: Al 25 %0027 28
FE SR AT, B2 ik 20 2 h EGFRy 47 57 CAR-T
4% H B 2 & AN M, PCR 43 H1 27, il 41 41
1 EGFRy I 45 5 CAR-T DNA J3 8143 51 & 41 A
I 3 % A1 100 1% , $& 78 CAR-T 240 B B2 Fh 5 7T A7 20
i I 7E HOE S X JE A 4 . #E B EGFRy
I 4F 5 M CAR-T 20 M EL A ik 9 21 23 i 2 g 1 [l
B, I8 18 X EGFRy I 32 35 7K V- Fl % Fl CAR-T 48
LI P9 Je 98 G 328 T PR B R A T 0 B SR R L BR
Ab 1B E MR I CAR-T 415 36 A [ L 41 21
HR R A I 1) C AR-T 200 L (2R 3 28 g 0 e gt e )
o o B3 F Al 1 IR E 9 EGFRy I % 2k 5 36
KR RAE AT TSR HERR EGFRy I K FEAR AT
AE5 CAR-T 4 L7 1 USR8 06, (L BE A F 5%
EIESE EGFRy I 36 15 45 4k 5L A 25 A 52 Pk 20 S5
W95 45 KN, & CAR-T iR T o , 46 K 2 8
EGFRv T FH ¥ i 5 B 4 i 58 /8 & 4 8 o i
EGFRv I £k ¥ A T FEE 2K, 28R EGFRyv Il £
g Al BB 5 CAR-T 40 MY 8 2 8 7] EGF Ry I FH 44 i
AN RAT 5 L RS R, CAR-T 4 Jfd §E 7]
EGFRv I BH P o988 4 it T 76 b 96 1 R 5% (TME) Hh i
S ARV S R B o R R O T RTS BOU
ZH 2R 1) 1 B, A 5 M Ry F e 98 G B S5 A A 0 e AR
Ak I fif P B J5L S5 M, o] BB B T Rl EGFRy I4F
S CAR-T 20 75 15 5 Bk 240 983 v i) 97 %0

= Bk

CAR-T 4 B 7 15 7€ B 20 H 11 i o R0 bk B2 980 A
B YA 7 E S B R L, (R0 i 598 AR 9T AL
ZE N X F R H T P RO 28 R G R Y i 9
TR L CAR-T 41 At #E LA 31 3k o 95 358 07 L 40 Bt J A9
SRS

1R OB CAR-T iy 35 A F e o 6 4
JiL IR T 2 T A PR 0 ) B 2 — | R B o A B
— H CAR-T 20 i 31 35 Jib 9 38 07, i 83 A B 45 B 7 A=
T 22 B A, Q0 e A AT AR Y AT DR 4 i
DR 410 o 2 A0 i % B AR i e A A
Jie S5 B 240 e B PR B b0 A R T 4 S AU A
Hi R R E2(PGE2) 1L-6.1L-10 Fl % b A K K -8
(TGF-B) , X L& 4ff Jify P 4 0] 4100 i T 240 A 15 78 71 2%
N g I Y 5B R, CAR-T 41 i 59 97 55038 37 fif
Je L P A 5 e, O I R R I T R A R Y
FERAE, HA e Mk, B Rz 2

Ji2 T 240 60 988 A PR B A BT RRAE T T4 T
LI e A B LT 58 4 AR A8, DR 4 b =
F14) JE T < 241 988 0B 45 v, LR 1 T 4 i 5 1S n b
TR BSORTOBE 1% 7% L S 49 T 41 B 338 7 R o g 0

2. Mg S TP BT B G TR S R R i
B 2 96 Tif 24 A AR A S TR, AT BB 2 B CAR-T 48
LT 3 38 W T A R e K 22— . TL-13Ra2
FEGFRy 45 5% CAR-T 40 M (1) % 38 28 4k, 78 i it
BRI R 2 ) R N AR SRR
O’Rourke %5 ™ 18 1 %F 1 6 4 Fh EGFRv I 45 5 1
CAR-T 40 i i) e ot B 20 Bt 3 f8 3 S [R]85 35 06 1)
S S22 SRTE A UE S, % () S M kT A B A T Y
i, iR A ) X 38 EGF Ry T 3% 5 7K P 7R A7 76 58K
255 BEOR CAR-T 40 i 76 Mg 1 A W] 358 47 2 AT AN [
FEEE MY 2. A X F EGFRy NEE 5% CAR-T 4
6L P9 BIF 5 247 4 HE — A R () R, B B AN TR 1 A
Ty A i 8 0] R A5 B A6 Sy HF A Y I R 3K 4 5 s
63 BE A5 B /N 9 i PRS2 W, X BT CAR-T 4
JL T % AE Ao B R BE b S R AN fE) R 1 A
() filh & B s /R ALY 1L .t CAR-T 20 M 355 5 19
Xof 988 A DG BL I A PN ISP D8 Al I S N, TIT RE &
AETE CAR-T 20 S A I 5 fif 92 4400 b O 53 i ol 3 e
240 e DR 5 7T S B0 5 T A A B S i R R G 4t
JELEE P R I R BT E5E SR EGFRy TR 5
PE CAR-T 40 M A7 AE 5T B4 80 vl R ' (R 3L 7E A28
G P SN Y A EORE JEE o AN A A IR OR R A
U H, W5 K5 IR A DG B St LB [a] 13z Xof i
I S Bk

TG TE SHe At B T8 AL CAR-T 4
JitL AT 7E RBE IR N 3, OH 25 2 3R AR O F AN A 48
M 240 8l Iy 2 L i an 7 iV R S T
BRI CAR-T 4 8 BP AT 75 S 48 252 1 e Jie 978 4 922
SN 23 AR S SR i e BsF U075 AE A L o 4 3
T 40, 25 B0 4G R0 T 20 M/ vk e 4 EL B S T R
PR WU AR Ak . SR, S A bR A% A1 JE I I
AN EAE RGBT, BOA R08 CAR-T 4 i ) &, DA
Ko gy 2505 2 A (Bl B 0] o DL E . AR R,
A EGFRy I 4% 5% CAR-T 41 i J5 1 ~ 2 J& 75 fisi 41
21T R 2 1Y EGFRy T FH 1 CAR-T 41 il 14 {5 5 4
JA) I f e R A 0 AR A R oy BB B R EGFR T
G CAR-T U RS 2 ~ 3 N T AT A 7 MR 41 21
K %) EGFRv N BHYE CAR-T 41 e, A bt 32— 4>
) 150, B A2 ki E CAR-T 40 I B 75 2 80T 40 i



rp B 2 B 24 8 2020 4E 2 A 45 20 55 2 )

Chin J Contemp Neurol Neurosurg, February 2020, Vol. 20, No. 2

109

TE I8 FRAL A 35 A4

ILURgFES <
SV CAR-T 4 36 7 15 5 B 20 I 1) PR i

Ab R A B B, HUR B BIE S 45 R EIESE CAR-T 4
L7 vk BLAT AT P AN 2 4, O HLAR A0 20 97 Ak
R R T I Bk AR 22, 191 G CAR-T 4 i 1) 352 9 A
JE LA 45 24 70) B RO A R S s 4 ] R B A
Lo m]RE fr E B S B R JCRE A0 MR P 1 SR B

P o

IL-13Ra2.EGFRv I VA &% HER2 & 1 K % &

CAR-T 40 M4 J7 58 o 15 40 B 983 19 CAR ¥ 45, H R

A B AE U IE A TR R CAR BE W B , 1 f

j&#ﬂ}ﬁﬂ:?\{o

F %

L

Z % x Wt

Suryadevara CM, Verla T, Sanchez- Perez L, Reap EA, Choi
BD, Fecci PE, Sampson JH. Immunotherapy for malignant
gliomal JJ. Surg Neurol Int, 2015, 6:68-77.

Wei SC, Duffy CR, Allison JP. Fundamental mechanisms of
immune checkpoint blockade therapy[J]. Cancer Discov, 2018,
8:1069-1086.

Lu YC, Jia L, Zheng Z, Tran E, Robbins PF, Rosenberg SA.
Single - cell transcriptome analysis reveals gene signatures
associated with T-cell persistence following adoptive cell therapy
[J]. Cancer Immunol Res, 2019, 7:1824-1836.

Gross G, Eshhar Z. Therapeutic potential of T cell chimeric
antigen receptors (CARs) in cancer treatment: counteracting off-
tumor toxicities for safe CAR T cell therapy [J]. Annu Rev
Pharmacol Toxicol, 2016, 56:59-83.

Brown CE, Badie B, Barish ME, Weng L, Ostberg JR, Chang
WC, Naranjo A, Starr R, Wagner J, Wright C, Zhai Y, Bading
JR, Ressler JA, Portnow J, D’Apuzzo M, Forman SJ, Jensen
MC. Bioactivity and safety of IL13R a 2 - redirected chimeric
antigen receptor CD8 + T cells in patients with recurrent
glioblastomal J]. Clin Cancer Res, 2015, 21:4062-4072.

M, Dey M. CART
development, success, and translation to malignant gliomas and
other solid tumors[ J]. Front Oncol, 2018, 8:453.

Srivastava S, Riddell SR. Engineering CAR - T cells: design
(’oncepts[.]]. Trends Immunol, 2015, 36:494-502.

Eshhar Z, Waks T, Bendavid A, Schindler DG. Functional
expression of chimeric receptor genes in human T cells[J]. J
Immunol Methods, 2001, 248:67-76.

Adelain M, Brentjens R, Rivibre I. The promise and potential

Filley AC, Henriquez immunotherapy:

pitfalls of chimeric antigen receptors [J]. Curr Opin Immunol,
2009, 21:215-223.

Jensen MC, Riddell SR. Designing chimeric antigen receptors
to effectively and safely target tumors[J]. Curr Opin ITmmunol,
2015, 33:9-15.

Chen D, Yang J. Development of novel antigen receptors for
CAR T -cell therapy directed toward solid malignancies [J].
Transl Res, 2017, 187:11-21.

Jansen T, Tyler B, Mankowski JL, Recinos VR, Pradilla G,
Legnani F, Laterra J, Olivi A. FasLgene knock - down therapy
enhances the antiglioma immune response [J]. Neuro Oncol,

2010, 12:82-489.

[13]

[25]

[26]

ButteM J, Keir ME, Phamduy TB, Sharpe AH, Freeman GJ.
Programmed death-1 ligand 1 interacts specifically with the B7-
1 costimulatory molecule to inhibit T cell responses [J].
Immunity, 2007, 27:111-122.

Loontz R. Breakthrough of the year 2013 [J]. Science, 2013,
342:1442.

Ahmed N, Salsman VS, Kew Y, Shaffer D, Powell S, Zhang Y],
Grossman RG, Heslop HE, Gottschalk S. HER2-specific T cells
target primary glioblastoma stem cells and induce regression of
autologous experimental tumors[J]. Clin Cancer Res, 2010, 16:
474-485.

Sampson JH, Choi BD, Sanchez - Perez L, Suryadevara CM,
Snyder DJ, Flores CT, Schmittling RJ, Nair SK, Reap EA,
Norberg PK, Herndon JE 2nd, CT, Morgan RA,
Rosenberg SA, Johnson LA. EGFRv Il mCAR -modified T-cell

therapy cures mice with established intracerebral glioma and

Kuan

generates host immunity against tumor - antigen loss [J]. Clin
Cancer Res, 2014, 20:972-984.

Tu M, Wange W, Cai L, Zhu P, Gao Z, Zheng W. IL- 13
receptor a2 stimulates human glioma cell growth and metastasis
through the Sr¢/PI3K/Akt/mTOR signaling pathway[J]. Tumour
Biol, 2016, 37:14701-14709.

Brown CE, Starr R, Aguilar B, Shami AF, Martinez C,
D’Apuzzo M, Barish ME, Forman SJ, Jensen MC. Stem like
tumor - initiating cells isolated from IL13Ralpha2 expressing
gliomas are targeted and killed by IL13-zetakine-redirected T
cells[ J]. Clin Cancer Res, 2012, 18:2099-2190.

Brown CE, Warden CD, Starr R, Deng X, Badie B, Yuan YC,
Forman SJ, Barish ME. Glioma ILI3R « 2 is associated with

mesenchymal signature gene expression and poor patient
prognosis[ J]. PLoS One, 2013, 8:E77769.
Jarboe JS, Johnson KR, Choi Y, Lonser RR, Park JK.

Expression of interleukin - 13 receptor alpha2 in glioblastoma
multiforme: implications for targeted therapies[J]. Cancer Res,
2007, 67:7983-7986.

Brown CE, Alizadeh D, Starr R, Weng L, Wagner JR, Naranjo
A, Ostberg JR, Blanchard MS, Kilpatrick J, Simpson J, Kurien
A, Priceman SJ, Wang X, Harshbarger TL, D’Apuzzo M,
Ressler JA, Jensen MC, Barish ME, Chen M, Portnow J,
Forman SJ, Badie B. Regression of glioblastoma after chimeric
antigen receptor T-cell therapy[J]. N Engl J Med, 2016, 375:
2561-2569.

Keu KV, Witney TH, Yaghoubi S, Rosenberg J, Kurien A,
Magnusson R, Willisam J, Habte F, Wagner JR, Forman S,
Brown C, Gambhir SS. Reporter gene imaging of targeted T cell
immunotherapy in recurrent gliomal J]. Sci Transl Med, 2017, 9:
eaag2196.

Brown MP, Ebert LM, Gargett T. Clinical chimeric antigen
receptor-T cell therapy: a new and promising treatment modality
for glioblastomal J]. Clin Transl Immunology, 2019, 8:E1050.
Ahmed N, Brawley V, Hegde M, Bielamowicz K, Kalra M,
Landi D, Robertson C, Gray TL, Diouf O, Wakefield A, Ghazi
A, Gerken C, Yi Z, Ashoori A, Wu MF, Liu H, Rooney C, Dotti
G, Gee A, Su J, Kew Y, Baskin D, Zhang YJ, New P, Grilley B,
Stojakovic M, Hicks J, Powell SZ, Brenner MK, Heslop HE,
Grossman R, Wels WS, Gottschalk S. HER2 -specific chimeric
antigen receptor-modified virus-specific T cells for progressive
glioblastoma: a phase 1 dose-escalation trial[J]. JAMA Oncol,
2017, 3:1094-1101.

Bagley SJ, Desai AS, Linette GP, June CH, O“Rourke DM.
CAR T-cell therapy for glioblastoma: recent clinical advances
and future challenges[J]. Neuro Oncol, 2018, 20:1429-1438.

Li G, Wong AJ. EGF receptor variant Il as a target antigen for



1o - i BB 2 0 2 A5 2020 4F 2 JT 45 20 B4 2.

Chin J Contemp Neurol Neurosurg, February 2020, Vol. 20, No. 2

tumor immunotherapy [J]. Expert Rev Vaccines, 2008, 7:977 -
985.

[27] Morgan RA, Johnson LA, Davis JL, Zheng Z, Woolard KD,
Reap EA, Feldman SA, Chinnasamy N, Kuan CT, Song H,
Zhang W, Fine HA, Rosenberg SA. Recognition of glioma stem
cells by genetically modified T cells targeting EGFRv Il and
development of adoptive cell therapy for gliomal[J]. Hum Gene
Ther, 2012, 23:1043-1053.

[28] Weller M, Butowski N, Tran DD, Recht LD, Lim M, Hirte H,
Ashby L, Mechtler L, Goldlust SA, Iwamoto F, Drappatz J,
O’Rourke DM, Wong M, Hamilton MG, Finocchiaro G, Perry J,
Wick W, Green J, He Y, Turner CD, Yellin MJ, Keler T, Davis
TA, Stupp R, Sampson JH; ACT IV Trial Investigators.
Rindopepimut with temozolomide for patients with newly
diagnosed, EGFRv Il - expressing glioblastoma (ACT IV): a
randomised, double-blind, international phase 3 trial[J]. Lancet
Oncol, 2017, 18:1373-1385.

[29] O’Rourke DM, Nasrallah MP, Desai A, Melenhorst JJ,
Mansfield K, Morrissette JJ, Martinez-Lage M, Brem S, Maloney
E, Shen A, Isaacs R, Mohan S, Plesa G, Lacey SF, Navenot JM,
Zheng 7, Levine BL, Okada H, June CH, Brogdon JL, Maus
MV. A single dose of peripherally infused EGFRv Il - directed
CAR T cells mediates antigen loss and induces adaptive
resistance in patients with recurrent glioblastoma[J]. Sci Transl
Med, 2017, 9:aaa0984.

[30] Del Vecchio CA, Giacomini CP, Vogel H, Jensen KC, Florio T,
Merio A, Pollack JR, Wong AJ. EGFRv Il gene rearrangement
is an early event in glioblastoma tumorigenesis and expression
defines a hierarchy modulated by epigenetic mechanisms [J].
Oncogene, 2013, 32:2670-2681.

[31] Felsberg J, Hentschel B, Kaulich K, Gramatzki D, Zacher A,
Malzkorn B, Kamp M, Sabel M, Simon M, Westphal M,

Schackert G, Tonn JC, Pietsch T, von Deimling A, Loeffler M,
Reifenberger G, Weller M; German Glioma Network. Prognostic
role of epidermal growth factor receptor variant Il (EGFRv III)
positivity in  EGFR - amplified primary and recurrent
gliohlast()mas[ﬂ. Clin Cancer Res, 2017, 23:6846-6855.

[32] Newick K, O’Brien S, Moon E, Albelda SM. CAR T cell
therapy for solid tumors[J]. Annu Rev Med, 2017, 68:139-152.

[33] Mirzaei R, Sarkar S, Yong VW. T cell exhaustion in
glioblastoma: intricacies of immune checkpoints [J]. Trends
Immunol, 2017, 38:104-115.

[34] Hao C, Parney IF, Roa WH, Turner J, Petruk KC, Ramsay DA.
Cytokine and cytokine receptor mRNA expression in human
glioblastomas: evidence of Thl, Th2 and Th3 cytokine
dysregulation[ J]. Acta Neuropathol, 2002, 103:171-178.

[35] Wei ], Wu A, Kong LY, Fuller G, Fokt I, Melillo G, Priebe W,
Heimberger AB. Hypoxia potentiates glioma - mediated
immun()supprcssi()n[ﬂ. PLoS One, 2011, 6:E16195.

[36] Qazi MA, Vora P, Venugopal C, Sidhu SS, Moffat J, Swanton C,
Singh SK. Intratumoral heterogeneity: pathways to treatment
resistance and relapse in human glioblastoma [J]. Ann Oncol,
2017, 28:1448-1456.

[37] Aubry M, Tayrac MD, Etcheverry A, Clavreul A, Saikali S,
Menei P, Mosser J. From the core to beyond the margin: a
genomic picture of glioblastoma intratumor heterogeneity [J].
Oncotarget, 2015, 6:12094-12109.

[38] Drent E, Groen RW, Noort WA, Themeli M, Lammerts van
Bueren JJ, Parren PW, Kuball J, Sebestyen Z, Yuan H, de
Bruijn J, van de Donk NW, Martens AC, Lokhorst HM, Mutis
T. Pre - clinical evaluation of CD38 chimeric antigen receptor
engineered T cells for the treatment of multiple myeloma[J].
Haematologica, 2016, 101:616-625.

(et H 499 2020-02-12)

3Rt R & REIC (=)

ol 2 Fif g S I BEARY
Response Assessment in Neuro-Oncology(RANO)
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Immunotherapy Response Assessment in Neuro-Oncology
(iRANO)

HARKME  growth hormone(GH)
SRR ST RO Ak v

response evaluation criteria in solid tumors(RECIST)
LR EIE B TF 13  stimulated by retinoic acid 13(STRA13)
I B BEE B L7 plaque-forming unit(PFU)
ZIEPAMMEF  infected cell protein(ICP)
SR T R AR UL 324K 1

receptor tyrosine kinase-like orphan receptor 1(ROR1)
PIER MM dendritic cells(DC)
MR GE 22 2 120 paired helical filament 20( PHF20)
PTG 23 45

damaged-associated molecular patterns(DAMP)

B2 5 8 3 % i 1 B R SR SR TR 1 32 4

glucocorticoid-induced tumor necrosis factor receptor(GITR)

W

I T3 F% ol 0 TR s T2 PN T R A2 O8I 1
glycolytic enzyme phosphoenolpyruvate carboxykinase 1

(PCK1)
RE AR aspartate aminotransferase( AST)
WA HEB A regulatory B cell(Breg)
P ETHML  regulatory T cell(Treg)
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phosphatase and tensin homologue( PTEN)
PR A “F-fluoro-2-deoxy-D-glucose(*F-FDG)

A A A A 240
peripheral blood mononuclear cell(PBMC)

T EAAFM  progression free survival(PFS)

AMAEFE P PESE T
programmed cell death protein 1(PD1)

2 MO PSR T R AR 1
programmed cell death protein ligand 1(PDL1)
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cytotoxic T lymphocyte-associated antigen 4(CTLA-4)

A B 5> 7 intercellular adhesion molecular(ICAM)



