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Abstract: Glioma is the most common primary intracranial tumor, among which glioblastoma (GBM) is the
most malignant subtype. Because of its high heterogeneity and invasiveness, GBM can't be completely removed
by surgical resection and is also resistance to chemotherapy and radiotherapy. Even after a standard therapy, the
median survival time is only 14.6 months, the five-year survival rate is less than 10%, and the relapse of GBM is
common. Immunotherapy, a new treatment paradigm, treats cancer through regulating the autologous immune system
and the tumor microenvironment. As a promising method to improve the prognosis of GBM, immunotherapy has
attracted more and more attention. This paper gives a review to the difficulty, the mainly existing strategies and the
bottlenecks in GBM immunotherapy, aiming at providing new direction to improve the prognosis of GBM patients.
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GBM [ 6 S 2 F0 1) G P 58 3 2 e g 4 B L /N IR
JOT 44 L 5 4 B T 40 o R 8 Sk P 0 o) A2 4
(myeloid-derived suppressor cells, MDSCs) %5 41 i[>,
WA, B — Le g i K] 7 75 b 1 S S R R A
HEEH.
2.1.1  BRIEYEAE MR A0 Rk L 2 | A
T, R AT 2 R -HLAA 1 (programmed cell death-
ligand 1, PD-L1)SUFIE W i 2,3- XU 4B (indoleamine
2,3-dioxygenase, IDO)!, [F] i i ik 1 3 2240 2L 2%
"2 A5 W35 F (major histocompatibility complex,
MHC) HFRIE KD 5 & HR 3 £
2.1.2 NRERUBAE  /DNRBUAR R K GBMIR
9 ff, W] LA g3 WA Ak AR A Rl - B (transforming growth
factor-B, TGF-p) il a2 B o /N 4 i 3R Tt 3%
15 PD-L1 A T AHSC IR FBCAR (Fas BC &), il i S 2
A A LS S T 40 s VR B, I & S U T
0T, /N S5 4T i 34 & GBM ol 4 355 B 2 1 e R 3R
YN, J5 0K BAK R T PR R R T RE

2.1.3 PhiEMEXEE Y (tumor associated macro-
phage, TAM) TAM 12l R] Jn 38 5 95 1 33t i, 9 05
JEAEAERE ZE . TAM B A M1 AIM2 ()43 8. £ GBM
IR B, 2 P4l i R 4 9 R L 1 (colony
stimulating factor 1, CSF1). TGF-A1 Al 5 W 41 fg 171 i)
MM EF-1 (macrophages inhibit cytokine-1) 755 TAM
By M2 1Y, M2 B L 0 A o D e R B, [
I} 7 A/ 2 10 (interleukin-10, TL-10) 25 4 g ] 1410
i) T 240 Ji 364 5 I A T 40 i 6 v ™), 386 5 1 55 PR T 48 i
(regulatory T cell, Treg) I ZhHE, /= AE G e i 8T o
2.1.4 MDSCs MDSCs it i 5 B2 R L
il CAE R B ARSI A A A 5T 43 2IUESE . MDSCs A il
o — A B AT G PE S (reactive oxygen species,
ROS). ¥ % [ -2 1 TGF-p BH 1 T 40 A (1) 386 58 A1 35 1
R4 T 40 M v& 4L 71, MDSCs ik il 5 BERE4NiE  5 44
RGP (nature killer cell) A1 H 2R 5545 T4l i (nature
killer T cell) FIAH EAEHZ 5 % R .

2.1.5 MERIERMAE A (tumor infiltrating lym-
phocyte, TIL) GBM 12l i) TIL £ & /b, B £7 1
IR TIL, 3% 46 TIL 2255 40 T 40 i 0 e 2R a1 IR 2R
1 35 & -3 (T-cell immunoglobulin and mucin-domain
containing-3, TIM-3) FH bk B 41 i 7% 4k 2% 5] -3 (lympho-
cyte-activation gene 3, LAG-3) 25 & & FE35 AH 5¢ 2 Tt
i, B2 2 GBM R 55 Hh A 248 1 1 15 2k 25 14 B AN
BUOSERE 70 DRI A ey 200 ) 1 e 2 24 R A
AR HU R IEAH SR, TIL W i H R /b F1 GBM HIG AL &
APAE—E KWK, 55 BC RIS, /0 P firk g s T 0 e o -
1-1% M 1 (sphingosine 1-phosphate receptor 1) 524 &,
S EUT 40 i BE AR B R, oA RO E A R
2.1.6 Treg#Af 1F GBM 3 5 {7 /£ CD4'FOXp3*
(X-linked transcription factor forkhead box P3) Treg 4l
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GBM it R 42 S 40 f A /8 B 5T 48 B L % SR 4
Jfi (dendrite cell, DC)- E 1 41 g K2 4 JH ik B2 45 o i bt
JRHE 240
230 NERBRHRE DR AR TR AR R R
(central nervous system, CNS) H 1] $& 2 7 J&i 45 ¥ 4f
CD8" T il (naive CD8* T)["l, {H GBM T34 55 T i
T/NB LA AR MHC TT 23820, I -5 B0/ i Joit 48 i
S PR IRE S T B, JEREIBOIL-10 BH 1k s R FE A 1
a (tumor necrosis factor-a) IR, fPLIR TLERE, T
B S KA
232 DC DCENLIAPLEIE L4 (antigen pre-
senting cell, APC), /& A f 1% A0 il 50 92 2 [8] 1) 61 2
1717, 3X SR AR T /N R 5T A i R 8 B 4 b I
P N RIS, B RN, £E GBM 12 APCEH]
(1) DC = H2 A8 K I Bl Rk 2 25 v 5 i e S5 92 2 AN
16 T A Th R4, SR, GBM i EA 55 m RE 410 ) Jie 78
IR E I DC R HE B R 42 2 AE W,
233 EREZAE B0 E GBM MM SR IE B 3
B MR. ERFEEDRA: PrE R R O %
T R P PR R T S R N o 7E GBM UGS (1
TAM KZ M2 8. R AR H TAM YA b i
$2 50 0 IR HEOR MR I S S B, {H 3R 5E Toll
FESZ A& (Toll-like receptor, TLR) [ LW 41 fi 7 A~ 25 43
WA A 4 2 1 (interleukin-1)+ [1 41 % 6 (interleukin-6)

SRR T . BRI EARRIAMHC I K51, H
T 3337 1 CD86.CD80 Al CD40 [ £ ik /b, B
Wk 41 B AT TE AT RIOBOR: T 40 B I G 38 2 21,

234 NEAMBLERIMERE  CNS 155
A FI kA1 JE B R A1 Ik B 45 Hh ) DC R S AT
PUESE R, BOGAME TA MM RN E . AT GBM &
B A R B A X G g% R R I, A 4 B G g D
HIRIM . GBM AT 1 Fe e SR AL 35 T 40 f CD4*
Y1 95 /D  Treg 4H 384 0 - A2 40 il 35 7 24088 \DC AN
346 N # DC (mature dendrite cell). 371, GBM
# R I8 CD14"HLA-DR""¢ (human leukocyte antigen-
DR expression) 2 54% 41 iy, {3 DC Jo 2 7046 il 34, IF
I T 200 P 1 G 8 B 2 2T,
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AR ER B35 2 5 . X T CSF, nl i ik gk %
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JEL (1) 256 T i HE 21 55 29 P 2 Jik A 4T 7R 2050 vk B 4, X ol
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7EECs LI # 54 MR, CNS A 48 K TR T .
ERREAE BN, TAUM AT B P ik & Btk [H 7 = AR F1
B2 oy A AL E o o 57 R dE N CNSPO-33, St
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24 ) 000 i B N K4, T 40 M Kk B 20 1 A
T K S, 2 o I 0 N R 4, SRS A I T L )
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TE gk X IS ik A, T 44 i ot 2 ot o A ) P R A, R
Je TR U I i R ) 5 B R ) APC JE 2 I B
IS A Joit R B N K S 52T T 2 i 3 ] A L A 3
K N, SR I B 35 ik 448 TS N = g 33 N i = v i 5
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Figure 1 T cells enter brain parenchyma. The entry of immune cells into CNS is tightly controlled by BBB and BCSFB in the choroid

plexus. Due to the special structure of the barriers of CNS, the entry of immune cells into the CNS parenchyma mainly involves two steps:

the migration of immune cells through BBB or BCSFB to the CSF drainage space of the CNS, and then through the glia limitans membrane

into the CNS parenchyma. a: T cells can enter the brain through BBB from subarachnoid vessels; b: There are perivascular spaces around the

parenchyma post-capillary venules. It contains APCs, including perivascular macrophages and dendritic cells; c: The capillaries of choroid

plexus are fenestrated capillaries, which are relatively easy for immune cells to pass, however, the specific mechanism of its crossing

BCSFB has not been fully clarified; d: For glioblastoma (GBM) patients, their BBB is partially destroyed, and T cells can enter the brain
through the broken blood-brain barrier. CNS: Central nervous system; CSF: Cerebro-spinal fluid; BBB: Blood-brain barrier; BCSFB: Blood-

cerebrospinal fluid barrier; APCs: Antigen presenting cell
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GBM #5752 2 1% 2 B o 1f fs B B 100 i 65 ¥
[ (blood-cerebrospinal fluid barrier, BCSFB) 1k ¥ flx
3 I A IR A KR 0 8 2R 08 2 [R) 9 ol A2 460 (1) B e o ki
T A P B2 7 ~F PR L i e o A L0 I 5 8 5 #6ke 4) 32 B2
T o 06 57 P b A7 LE N R 4 B 55 B 4 TR B ) A B
57 B DA B 52 3 A AN S L 1) T 1l 11 7 32 g I, BEL AR
RZHLWN T

Yot S AT e I A A o O o i B R — a2 4
55 iz, BRI NPEAS N R 4l 2 18] 585 — R PS40 i d%
g, HEZW RV E S N R AR . 78 5E B I i R
b, SRR I AR AE S FLOC R, PTG AR 1
A 0T AN 0 ) 55 A 2 T PN R A i ) b LV N T
%5 24 0 3 A% 2 K 2 313 i AN 3038 e R AL
T pL ] 3 B T4 EEBOK HR MR PR
IR R M BT, W0 R A R s iR e 1
TN T HIFEIZ (carrier-mediated transport, CMT). Ji
Bygiid Z AN 30 R G IS /EH (receptor-mediated
transcytosis, RMT) S 411 g 75 375 ok af ik W B A 5 O
12 /E M (adsorptive-mediated transcytosis, AMT)*!],
FERMT H, #5 oK 7> 7R 5 40 i i b s e 2 1k
A5l KRN FER; /£ AMT 9, W 75 20+ FA7FfE it
HIE AT, SRS S A S ARG SRS
s A H, R T 24 4 1 B AN ST A A SR,
25 5 i P R A R e B e S AL I R, n gy
Ha ff A SR IR 1 S5 ), SR et s o TR A 5 T
T I B B, KT 400 Da F1 2 T 8 AN AU 4 Tl
AN REE N ML B BEES), R 2 H A R e ol
I i 5% B A Ak 2 e 1, B S 2 IR EE A R A R BE T
& LT RNA T 259 F0 B RR T7 76 N BT A K 5
T2 98% 1) /1N 73 1 H A el ik 1 o B Bl T
Xof T fie e I i R R ) 431, I B R s e o A HE
Bz EAWMP-FEE QS EIE MK RAT. XKLL F
IS B AR Z A& (5T E BT
[¥160% LA L), Jf2 5 B 514,

T F BT B 98 B 2503858 Rt 2 N H ik
KRS, 25w o i R R . AR S AT 2 B
W% 22 0 iR AR IR F, G F B R H N 1R IR
PEGEA TR I 1 5T o 0 VAR BT g s T S PR S 2
V2 i FR kS 2, (H BT LB B O R BRI, O
375 3k L 5 B, 4 4 R ARR )

g5 b, I i i B P A A R TR S5 IR ) YR T T R T AR
R PRAE, G ey 485 G 3 7 3ok v A2 T B 3 A R 4 410

i) 700 S5 N 2 TR S A P — A
3 DBRKRITE

LA 1 FH T GBM W S8 97 VR A I8 1 TR o B8 9702
JE R G YU 2 4R T 40 (chimeric antigen receptor
T-cell, CAR-T) % % J7 % o B & £ 55 70 1 400 i) 771
% (E2).
3.1 BEREITE

VIR BT VA O B R T E G R R R 4
P4 3 AR A AR, DR BB R 40 B, ELAE 1S s
PUE AT DA B U i B2 5 o 1 ELJp 2 548 1T LA 39 SR
HH G 43 5 ARSI ) 52 AR O S 8 R 48, WiE
I TLR &5 52 A0 W6 4 JfL; 49 B0 (0 158 25 40 i ] DA
SO T 4B E IR 2 2k (iR A . Ak, — Le
BN CNS A R 1 ) M, mT DLE I i ik 25 24 335 1 1
A7 95 o8 I i 5 e, a1 S5 2 ) R PR ORI A /N e
IR FS . PR, R BT VR — N IR
Jile GBM 4 92 0 il S A 58 1) T ¥ o

H BT 08 8 397 V5 R A A —Fh 3 B K
SE 995 BE 0B 5 14 b 7 SR A M N 3, — D R R OB
JHRE 4B . Desjardins Z514817E 2018 E#3E 1 76 T Wik
PRAR I 1) FH A i 2R T 98 008 B - B8 SRR S IR T 2
R GBM [k J, JHL A FH X e 448 ot 1) 326 306 DA SIS e 8
PR iy R e R I i o o ) B o TR A T —
E [R5 o) — o W 95 5 R A0 2 A 45 A I R A BT
V5, I EE R R 24 B MR A S, 28 3 TR 4 A 199
BRI TR N 8 40 A, LR DR 7R 40 B R SR
S8 BRI T TR 2590, % H 7 A R0 AR 7= )
(Z NIZE TR, T8 4+ . Philbrick
ZEMETE T 3% PR 56 5 % Toca FC Al Toca 511 4
S5 ITIE, Toca 511 (FARR EANDIBR ) & —FdE
VAN AR T8 B Sy 1 O R A A, Tk T S M e g S
S, TR AR 259 Toca FC (W] 38 1 1L fiki 57 b % 4k,
BRI S-TRUR I E o N I o vk 1) 2 11 R 4
AR AR B T 2K . FH I AR PR S 2 P %
iR 5 4 1 L, A2 BB 2 51 RS I &R G 1 P R A
955 I NE (R AE FHEOL,
3.2 EHE

28 P R P Y A R I VR S A SR SR AL A 1 S
JRRE e PR g% SN, W] 4y N IR AN DC R BT PRI
oA 2% e e 5 A S A e R R S R B 1K A,
SR 175 LA = A R S 1 P SO, R S AR R AR
A7 52 AR 8 98 25 /& (EGFR variant 11, EGFRvII)®!,
H T GBM JR PR 508 14 o S o e, o = 3 ) B AR
PEBT R Rk, B — o JoA 2 1 AR M A ML A % K BT A i
JR A A, R 22 AN TR 41 AT R AT DL A AT R
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Figure 2 Current 1mmun0theraples for glioblastoma include: (1) oncolytic viral therapy, (2) vaccine, (3) CAR-T therapy, (4) the immune-

checkpoint inhibitors. CAR-T: Chimeric antigen receptor T-cell; CTL: Cytotoxic T lymphocyte; EGFRVIII: EGFR variant II1

Migliorini %278 T/ 11 HIm AR RS, 1% FH IMA950 (9 F
MHC [ 264312 MHC IT 2653 ¥ IR 5 40) 1 ik
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SEE AR P P A R R O T 40 R OBE, B T — S K
K. DCE v IEI R B B AR AR AE AP IR
PR A DC, FEOEAHR IR SR . X DCHIEAN
PPy R I P 5 AR A, R A RS R 1 (1 CTL
BEGE, AR e B M AL ATt R R 5 1, DL 2
AR E M. N GBM IR PR Z 5, W2
KR 2R S A3 DC.  H AT O T AR50
I A R 2R AR BT B SRR 200 2 T (DC Vax™-L)
PRAEIRIT WS W IR 5T BRI Y, i A B s i)
AT YRR 2 A, IFAE — R LR T A 1 A
3.3 CAR-T®RIETE

T 40 g 7T DL i 2 R 45 48 BOR TN iR & PR %
. CAR & CAR-T (4% 03 4F, 8T T 41 fis MHC 3E
WA 7 3Rl R R I RE ), XA 40d CAR Big&
F T 40 M AR T R PR T 40 i A % AR B8 T2 1 H s
Ty Ab, e TR g B8, T 40 D AT [ I 0k — S 3Ly
451 DU Bl CAR-T 4 0 5 A b Jed A 0 455 v 1 4 %
FHEIPER 2R . AR BT Y, CAR-T 4 i 4 o 12 22 2
JK2 J5 98 T v 0k 1Y EGERVITIAT (A Ay 313 524K 02 W80

Bro B B RIS AR A 035 O35 B 5 I AR AT
L, EAE—AS T I R 58 o052 21 CAR-T 4t /£
e 9 5 A (40 9= T RN S Ak, X bR R — @ B R A
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