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[ Abstract] Gliomas are the most common primary malignant tumors in the intracranial region,
among which glioblastoma (GBM), as the most aggressive primary brain tumor, is characterized by high
heterogeneity and an abnormally rapid proliferation capacity. Due to the presence of the blood-brain barrier
(BBB), traditional treatments such as surgery, radiotherapy, and chemotherapy have limited efficacy in
treating GBM. In recent years, immunotherapy has emerged as a cutting-edge strategy in cancer treatment,
showing tremendous potential. However, the immunosuppressive microenvironment of GBM and its complex
immune evasion mechanisms present significant challenges to the application of immunotherapy. Therefore,
in-depth research into the characteristics of the GBM microenvironment and its interactions with tumor cells
has become critical for improving therapeutic outcomes.This review focuses on the major cellular components of
the GBM microenvironment, including tumor cells, immune cells, and their interactions, as well as the roles
of key cytokines in tumor progression. Furthermore, it explores novel immunotherapeutic strategies, such as
chimeric antigen receptor T cell (CAR-T) therapy, immune checkpoint inhibitors, and other immunomodulatory
approaches, analyzing their challenges and potential advantages in clinical applications. Additionally, it
highlights new research directions and therapeutic concepts targeting non-tumor cellular components in the
microenvironment, such as the regulation of tumor-associated macrophages (TAMs) and T cells. A comprehensive
understanding of the complexity and dynamic changes within the GBM immune microenvironment will facilitate
the identification of more effective therapeutic targets, driving the development of personalized treatments
and significantly improving patient survival and quality of life. Future research should focus on the synergistic
interactions among different cell types within the microenvironment and their regulatory mechanisms to develop
more precise and efficient therapeutic strategies.

[Key words ] Glioma; Glioblastoma; Immune microenvironment; Immunotherapy



2T SR DA 20254F 1 H 20 HES 25 5% 1 Journal of Neuroscience and Mental Health, January 20, 2025, Vol.25, No.1 « 3.

Fund programs: National Natural Science Foundation of China (82192894) ; "Green Shoots" Plan Project
of Beijing Hospital Authority (QML20230507) ; Business Development Plan Project of Beijing Municipal Health

Commission (11000023T000002044300-5)

0 JRC T T A B LB R R R MR, 4
i TR R R M T B B 80%, R H E E
ZJe VA B30 R UM, AR AT R B 2,
WHEATE -EHFHTRMBERR ", HEk, 5
F A F BN B B 3 5 KOS AT R AR
BT ERRH, REERFINH B 2R KR TE
BT AR AT E 7 AR, 69T R R
1% % Pk, LB MM FENFER - FRHT
TR F AR BT AT BT PR, XBEER
{645 0 i 7098, A HE 2 R B BF 48 A 3 (glioblastoma,
GBM), & Tl Ja = i & fif 2 —. GBM & &
WHAEFEHRH14~18M A, SEEHFRTE
10% "), R it 4 RA FAREA L HOT I E K AU
FREmBETTERET — 23R, EHERIETH
RMATRWAE, H, IF R B89 FZH L4
Xl Fe L8 B R SCIE T R R R A T AL Y 4

R IBIT , B R AT I R A A R IR A 0 i
TR, TR M BT — REH, BT
Wi R, XM ERLHENLRE & % &
G, LI PR AE e B B R B B R IR, T S
B kA RIE S Z BT E AT R
B o, A T AR T M 8T % K 1(programmed death-1,
PD-1)/ #2 JF 14 311~ B 4K 1 (programmed death ligand-1,
PD-L1) ¢ 41 fii 2 T 4k & 48 fi 48 % 0 )& 4(cytotoxic T
lymphocyte-associated antigen-4, CTLA-4) % 4, 7% £
TEWNERNA, CHIEEERTEECRE., ED
B E G A EE LA R R AR ¥
WK AT, B E A A BLR R MR 5E B9 GBM,
% 6T B RCR M A A A IR, X £ E T E T GBM
PR AR WAFEREL RN R RRAENH, B
s, LR K2 T #HE R R, 4t E k&
I Jif GBM #5 CHECKMATE 143 '*', 4 3t 06- ¥ %
B vZ b _DNA ¥ # 4 %% B (06-methylguanine-DNA
methyltransferase, MGMT) j& 2 F & B JEAC 8y & &
it GBM 7 CHECKMATE 498 7', DL % 4t %t MGMT 2
B B v i R & MR GBM #y CHECKMATE 548",
B ARK BT 3697 B R

WAEERRW, B — R R R A
GBM 77 & YA B 8 & IR M, ¥ fE 5 GBM B3 3%
o R R e R AR R & | e e I T R A DA R

RE#TREFRKAR. Wb, GBM fit & 40 L it 4%
Wt % P AL k8 R R AL, A B SR AT
Fl o F By Kk B3RP T 40 8 (regulatory T cells,
Tregs) Fa i 7 4% 28 . (myeloid-derived suppressor cells,
MDSCs), M T #t — 2 Hl 5 %% 36 7 3R, B ik,
RN AR5 98 e R R R o e R R 3 4 e T
EAEALA, 3t T 03T E he A % H A R R T R
EXEE,

— . CBM 3 3%

CNSEANGRELXWBE AR Z—, KA
& E B IEME T AT R KR, A
JBC R 48 B 1E A CNS By X520 i, XK HE & Ny 0 4
TREE R IFMRP B, B EWE
FE 968 W AR 40 ML o A 4 T 4 L 3 B Y R 4
il AN i el R
KA, AR AR, WML LR
FaEM O, B I R ROR A R T B B
KA R

ot f B I S R K4 e L 4 e e BT B 4
MR NELFREEN, BB RETHH
P 42 o ARG R 4L 4R 1R By A iR e, PR CNS & %
BEAEHRNEL ", EEBERAT, LR
e T RS A R 4% R 4 R A TR
RA. AT, £ GBMIAE R, X A 25 0y F L%
WREHA, mHFEEIAREERE, TELIA
AMEPTREE L A EMERAN, BEEAD
Fre. XMMRERENTEER AR UN S
AEFNE, AP REARRENEME N L EKE
F (vascular endothelial growth factor, VEGF) #1 %t Ji
4 B & @ B (matrix metalloproteinases, MMPs) 2l
VEGF 1 Jy % %8 0 1t 7 A R 45 [ F, AR 30 37 2
o R, TR 1T B i A B R A 4 e o i
FEER A, B, MMPs 38 3t #5420 f 40 3 R fn
KBRS, SRR R TR,

CNS ty %, % 195 40 ] 4% v [ 87 9o, 7% 2 o A 81 L 4
T dm fath F M. E, /NS 48 M1 B CNS By £
FEHRZEM, 5 FAE X E w40 (] 4
Jik 2 I\ An i B BV A L) — AR 2 R I A B
b FE N R R AT, A E S (A
5 B vk 40 M Ak B g e A Ok 4 e %) T O AT %



<4 - R SRR DA 20254F 1 H 20 HES 25855 1 1 Journal of Neuroscience and Mental Health, January 20, 2025, Vol.25, No.1

1t o B BE HE N CNS, 3B 3T & 22 09 40 40 18] 15 & W %
%5 f R,

1. 8 AH 2% B ¥4 28 1 (tumor-associated macrophages,
TAMs): TAMs /& GBM f 31 3% o 5% £ 2 0y 32 I 1
Tz —"" R &, TAMs B4 (% 3 5030 41
Fib B A KB e A A R, S fE Rk A B T AR
R AFRBUTEEEZ, #C-CEFEMEFE
1K 2(C-C motif chemokine ligand 2, CCL2) % # 1t A
FHER T, TAMs & i % F 8 K5, #F43
IL-6 ., %t & K [ F B (transforming growth factor- 3 ,
TGF-B) #1 VEGF % % # 40 j. B -F v & K B F & 2
b e ok R Az 2100, Bl AE, TAMSs B 4% 30 5 ALK By
R T R LA SR Bt M A AR AR, A R A K
KW TAMs + % 2 I M2 FER L AFAE, 5 3k CD206 fr
ARGl S FARED o

2. TR B 40 0. CD4* Fn CD8* T 4 Jia & Jik i 5 B
WA EFNEEZ N EREAE, AR EEA
40 B (CDAS 40 ) B %ty 5% 7, 5 Rir B A
% (isocitrate dehydrogenase, IDH) % % A g Jit /& 48
te, IDH % £ ) GBM W 8 T 40 38 E 8 B %,
SRT, MR T M AL T mRs, £ 2
VA R R S 8 MR LR Rk, ARSB BT MR I
REWNh G R, ARG TR AL T,
PLK % #5234 M % R PD-1, CTLA-Y) By % & b
AL Ak, % 4] B CDA'CD25 FoxP3" Tregs 1 77
fEdt—F Bl T GBM  ty e R AL RN T
25 J, B EL R R B R Bk R A R s R, B T R
EREAQT LA AR R EERNE, &
A CBM MR % % 2| R E 47,

3R PERABEANEENERE
I ML, 5 B3 B g8 MR BRI 70% , 2 GBM 3t
B BAER WAL ER P, ERBNE, bk
L S B AT A R g L T ) PR e B A
K, W R NLA; (B E MR, ik T R %
WIRIFAE T R A T B, 4% TR S b 2 Al g e
I R, PR R
AT R BN W %, BILBER S M E F IR &
K ML R, S E SR R

4. B4 B4 AR GBM By %, % 48 i B o b 1
BN, AEAE R R A G T KB A EEAER P,
GBM ™ By B 40 jfl £ B4, 45 B % 5 30 41 o 4k 84 98
FHBEBA GG RATHREANTEZHBA
B2 B 4w T 4 W IL-10 B TGF-B % & %
Yo A | A o B A R, A7 T 48 B fe B 48 R 45 (natural

killer, NK) %8 76 1 , 1% 9 B35 & & A g (2 221,
[ &, B 40 f 3% 2 3 VEGF . CXCL12 #2 CXCL13 % {&
oA A AR B T, R EOE A YR, b Mg R
FRE A TH,

5. NK 40 /. NK 40 ff 2 5 B 48 K W %% 40 1
JTEZ AT GBM I d, Bk H % 2 B ¥
|20, R g MR T % EALEE S NK 40 M3 B
AR, BT RA T AN REAT kL, 5%
NK %8 B T 3% 4 3038 B A0 0 B e 4 s b4t
Jib 8 R 3% P By 9% 914 B F (e TGF- B An 1L-10)
BE— 5 IR B NK 20 j 78 1, R 38 ek, R
T X BBk, NK 28 M B 2 B0 50 B R
B, BB 4R A I B X6 T B A ST B GBM T4
=il M R e NS R R Il D D o e
290 Ao A e A,

6. MDSCs: MDSCs & — £ % # 10 8y & ok 2 %
Z AR, fh 5 T & F LG ) S 2% R e e
Wtk B & W, GBM B 3ty i i An f g 41 48 o
MDSCs 4B 2 % 7 &, MDSCs# 3t % # #L 4
RAEEKTELE, BF 2R BRETF ALK E
F ] S Sk BT 4 ML ME DL R HE A A R &
EAT &, MDSCs 7 # 3T ¥ 7E 15 5 4% 5 fn bk &
K F 3(signal transducer and activator of transcription,
STAT3) 15 & 3 % 2 9 1L-6, 1% 3t fiF J& 20 f 3 78 Fn 12
2210, 4h, MDSCs 3 3t _F 38 PD-L1 2 3 47 | NK 20
HaAn T 40 fo 38 M, B — o fn B JiR 8 BN 3E 09 gk
Wk AT

TN L NIR 4B REE I CNS i £ &
EAezai, A BRATEFHIRSAEN
AW HSBCR A, Y8 2w E R, MNRR
MRREEMHRAERSFER, NTHATRE R
HLF T o e, A R R E T, N IR 4 M
ECCL2F#MEFHAMERTEmITH ZENF
WAL, WL WS EF A KEF(IL-6.
TGF- B #1 VEGF) (% 3 i th 7 8k 3 sk 2 10,

e J T8 0 R O IE A, &P A 4 L 2 T
By A AR R AR T B R AR R & L
TAMs 3 3t 2 3k 40 j B F (40 TGF- B A1 1L-10), %
0] 2 B M T 40 FEL B 5 E , R BE Tregs BY 35 78, M
T —ANEZEWEEMEFE L, 5ikE R,
TAMs 3 3 5 3k %% fo & 5 5 F (0 PD-L1), H #4
H T 2 Mo B9 oh R VE M. B Ah, TAMS Fn i 8 28 B 4 9%
BRI ME E S mB T TR RA, #—F
M55 T kg e R A R R B B ok ik



2T SR DA 20254F 1 H 20 HES 25 5% 1 Journal of Neuroscience and Mental Health, January 20, 2025, Vol.25, No.1 <5

L%, PD-1/PD-L1 #1 %A 2 — Ao ®fE, &
HHAT, WEaRALE KA PD-LL, 5T
Y0 B R T B PD-1 4 A, T %1 T 28 B by 78 b 5 o
B, XMEAFNEHETHRINBEERS, LR
EHHT RE AL SR, kAN,
i S8 S PRI By R ) B F (40 TGF- B L 1L-10) BA
K, 9% 30 4] 28 B (4n TAMs F2 Tregs) ¥ — 5 3 58 7
PD-1/PD-L1 % 8y 16 A, Ok T —NE 22T & B %
P e I 452,

Z GBM IR EAT K 00 4 F A2

CBMMH R R - NEEELMERSRA, B E
A g 2k AL o F A MR, X R B E Ay
A EAER W ERE M E A K 2R URIET
KR

1. % A B : GBM DL B 3 8y ofn % {b AR AE 7
Mo B JE 4 MR A 40 VEGF %18 o & 4 R E F,
FRHAEMEL K, Uik EhEEAIFENE R
EIRMER . 7EGBM BRI AR B, X B0y LA A KA
T FEE VEGF R R A fa &K BT, ffa
f &K B f/NRAT A & K B F L TGF- B . MMPs
Ao A R 3K S B T o vk KPR B T
WE 8 2 o gk B K A/ B B IR R By R 4
7 kB R A 4 e e A K B F % Rk (fibroblast
growth factor receptor, FGFR) 1 3¢ % W & 40 jg 3T
A A A R P RIERBEER . FGFRE %
Witk e Bt LB -3- B/ R A BB/ AL E
& & & B 15 5 (PIBK/AKT/mTOR) 15 5 # % 5
GBM 41 ji. 77 7& fn i & & . Wb, FGF1, FGF2 #n
FGFR i 7 3 7% ¢-JUN/p38-MAPK 71 STAT3/NF- k B
FEREE, X2 FEHECBMW B A L. AR
gk | IF A A A R A kO

2. 48 fg b £ (extracellular matrix, ECM) & # .
ECM1E y — NE 2ty K F W 4%, #R T GBM 43¢
BEWEEH S, 5EWKALAL, GBMEECM £
Ik 2 B 4 AR AE, X R AR PEGR R T RO By o A
B B2 AR A Y, GBM B ECM % % 4.4 b
TRERD: ARELSFEH EFEEHERZE-C)
Sl i e N -
Mot de 5 S B G a3 TR LB M A AL
7 245 M S i e A 0 Fu # T Fibulin-3 &
% 3k # 7 Notch #1 NF- « B 15 538 B (% 3 e g ot &0
7 A TR A 9 E B 5 A R R e e L e et
FER, BRI KT HEHEEEEAE,

3R ESHE: CBMBRH E4 2 5 L A& %
IIF 2 A SV AR W %, il 0 iR
FHAEF AR A R) T EE KT HIRE
pHME . I BREMEHAEFTWRERRABRA,
X A BR M TR IF I A 2 R T 48 B A NK 48 i 3,
iR B 4 7 30 A 1 28 (A Tregs Fn MDSCs) 8 7% 4 ,
A F T om0, TAMs 3 3 4 3 1L-10 A
TGF-B % & F % v GBM 41 i 1y R 42 42, 38 vE v
A R, WG REREH T FR
K, AR iR 2 B FL R RS R AT DL E R
W, A BRSO XFEBERXEAEA
(X-ray repair cross-complementing protein 1, XRCC1)
BB AT R MFDNABGE e, ATT#E
GBM st b7 th R b 1930 o, K3t B (e )
-2, 3- W4 B, IDO) WKk 5§ E & B 0T
(4 PD-L1) %k 3£ B A8 X%, 14 R AP 4 %k hak oy &
ZALH

4. 40 JEL AN 2 B R GBM 48 j8 5 B35 o
W R Z AT WA T EFELE %
th 78 R 28, TL-6 A IL-10 1% 3 Bk 78 40 J, 3 78 Fn 7
&, T TGF- B Fn IL-10 38 3t 47 4| 8 5L T 28 A 75 1 3
9 Tregs 7 #6170 40 ML 40 B v AP LK PR ) E B Y
FEREFBE, B E A, IEFMRNA L T2
VB A 2 BRAT o AN B RS A By PD-L1 & R 30
FRFEERHTAREMRA, AHALEEE
B K A B BB MO, R R Y 0

5.8 E RN ;B E R R GBM & AR IR B E
B, BHEALHT, 8% %7 B FH%EH A
AR EL, RBEFASHEAK ., LEE KX
Fuk A BT AE 5 T B IR R R T
AL A0 NK 20 g 78 P, 8] B (2 9 Tregs #1 MDSCs 47 2,
B —F fim B S I ER A

= GBM W ¥ 1 B 8 BN IE B 3BT 7

L& E WA frhE i s Barn
R TR XTRANEAT 2 F, A T4
HREFANTHIH L & ok, EEFEEL
BT, XU TFHEEAWZ, RP AR LT RE
ARG AT, FEREE T, IR 40 A X A
25 o G WAL, AN T A0 A B R R R,
FEMEEWMGEAE KA TRELTH Sy, A
T FRL W Ao 785 4 AL ] A 2 k3 4 e W AL AL
B, EHHETHRNIREE S XEHTHER
HERGPRE AT EFLETEH, ELZMHEET,
FEREENFAALTEEETR, L EREEE
B N NmRE EEME. BRENET T,



<6 R SRR DA 20254F 1 H 20 HES 25855 1 1 Journal of Neuroscience and Mental Health, January 20, 2025, Vol.25, No.1

CTLA-4 (CD152) 7% % 1 AN % # & 7 f 4 [ 7%
FHEBEM N EERN G RESEELT, Bk
&K T B AR T4k W 8 CTLA-4# % 5§ 1R
2 3% 4 M & 3k B9 BE AR CD8O 2 CDS86 4 &, M i 17
HTHRAE R REFHERHES, ECBMHF, &
CTLA-4 Fu AR e B4 by T H s KK 36 8 7R, (FIC 3
1 Bk A F B (Temozolomide , TMZ) 78 37 sk #ig e 8
BTMZ 6 7 % ke K3k %, PD-1ETH Mk E
F ik, PD-140 PD-L1 ty 2 & 86 96 3 % 7 1 40 o &
T ok B 40 B9 75 Ak, T T X 40 A Y 40 e = 0
WD KM m g H T A, CBMA R T
PD-LI W& kit 5 AE W RRFEA RO, 4%
RE B F kR R CD47 7 GBM # 3 it 5 SIRP o
A B i E AL, R A R B,
8 15 CDAT y Fu R F T FLWr CD47/SIRP o $r, DAY
5% GBM By 370 ik 8 R RL, R 2 — 31 CD4AT 37 3 Y
BAMW, €5 f&mE LM FIKAERTELE
5 2 GBM BT o B R, (7 3 4 % R 3R 0R
s, THRE M %R E | B E B 37 GBM
i CD4 f1CD8" T4l gk ik, it kik 5§ i E %
WA E AR, R oh GBM B BT B F G447 7%
Elit, IDOth it kKb 5CBMBE FR A X, R&
IDO 7 A7 S i & 0 F, B H A0 %] 40 o & 14
T B 2 A NK 48 3 60 4 x4 IDO #h 32 14 34
7, A LRk A e fnd BB B R R AT
R, B EEH#T ST KA R, ITHEE 5 HOT .
97 BPD-1 44| A & B 70 T b
R AN, 43X B R E R I KRS EAR
W, HAHARERELEN%R 1,

ST, Ko A A 304 I GBM F 87
BAER, EERHEHFUTIUNFTH. &%, GBM
BN R AT, AR E AR F
HE A 2 B (A B A 4 ) 2 R Fm M2 B v 2 ), X

20 Jfg, 98 3t 4 W TL-10 A0 TGF- B 4 % 7% 91 41 B 7 4
59T 40 0 0y UE M, AT A By R KR, HK,
GBM By R & 7 K, R B E 2 R E L
J, M LLBOE R 1 B R B ek ROBL, kS, o
i W AR B — IR T A E R AN
Pk ORI, AT IR T 254 09 38 97 R

2.4k A HUE Z KT (chimeric antigen receptor T,
CAR-T) 48 .34 77 : CAR-T 48 .37 3k 1F  — A 1 3 iy
FEBIT TR, BB EFE S TERHATHRET
Tk ik, 3k T 45 R B R B kA R
R, BXPR A AR B THEE CAR-T 40 AL A6 4% R 41
MAME SRR, BB R R G EHME, £
GBM By 3657 %, #F 5 A R4 3 % /N i A 09 B 7 R
BEFTRT —27 KK, A EEFHRLEE
T, B%k2,

Mk B 45 B K &, CAR-T 4 L)Y 3% 72 GBM ¥ 1y
BRBRMAZR, REB2EH LT 0%
(partial remission, PR) E}Z%é\é)ﬁﬁ@(complete remission,
CR), & # fi % 4 77 ¥ (median overall survival, mOS) &
i & A (4 EGFRy Il % 8~ A, HER2 % 11.1 4 A),
KWt GBM Wy & B 12 22 M R 3B 97 W 2 AT
REIBT N EERA, WA, K Z BRI 0y B &
AR (8 EGFRy X 1] PR, GD21X 2 i PR), # — %
% U CAR-T 40 Js 7 3% 72 GBM 9 %, J% 40 4| 1% 37 4%
PHREIE D EREG, X RN RIEZ —ET
GBM A& & &I & L oy ik B = iU, & %6, GBM &
I AR R R, &AL By 3 R AE A AR
F A R A X — LR 85 CAR-T 40 Jg J7 3 T I
P, fib 28 e PT DL AT T R B R K B AR kB
AR, R, GBM By & % #1345 ' 4 MDSCs
A1 Tregs , 3X 24 47 ffg 18 14 97 %] CAR-T 20 g 0y & 1 B 3%
HI 59 g o 2 Mo b A, ofn R BRI FE O A 3E BE IR PR
% CAR-T 2 fL 3 N\ A i & 30 4, B4 CAR-T 4 A

R R S TR AR IR Se A A s AR 71l AR

R 5 R A I AR 8 9 B Jieg 2 7
NCT02658981  #i LAG-3 Bifdi Fl J2 5 Nivolumab BE-A i HIVAYT & 5 Ve e o 540 M Jeg I 52 RN TR 2
NCT03961971  #T Tim-3 547 PD-1 F1 SRS BEA-AYT 4 & M e Btk 201 Mo o I 52 RV B 4 R
NCT03277638  HOGIRIBTHAYT (LITT) HeA R sS 3 RIA YT 5 & e I ot Bk 40 s T/ T8 BERMERTTRAE
NCT04145115  — TSt i 5875 671 fif 52 P S e e 4 e 14 T BN PR , 38 3 6 fefT 7 o 11 44 52 MR TR 20 ML

G RERGAE AR (B DT BB AN R BAHT) SRR 5 Sy R GEXT R i e e o
NCT03661723 i FH IR M BB T AN P AIOIT IR Y7 52 K P S St R 4T AEeE 14 T Bl PR I ] 52 R ANE I R A R
NCT04396860 HFFT FLAL T FIFIAYT SR : (LM BUTEC A B BRI 7 2, A HOP R G oieko s T/ T30 R M o 1400 fa 8

S AR5 DS LT AN L) 7 58

T B ks ClinicalTrials.gov B



2T SR DA 20254F 1 H 20 HES 25 5% 1 Journal of Neuroscience and Mental Health, January 20, 2025, Vol.25, No.1 <7

T2 RE USSR T AR I RE AR IR N PR 1

) RIS B
s AR
A GBI #2575
EGFRvIT'™ 18 10 #keE  moS: 81 ; 14 PR

IL13Ra2! T4y 3 EMNAZ 1BICRIFLET.S A

R

HER2 ™! I 17 #hkETE  moS:11.140A; 14PR
B7-H3 ™" LI 12 JREEAZS SRR 41.7%
GD2 7! I8 11 Fk+%N 2HIPR

1 EGFR E A K T324K; ILI3R « 2 [N £ -13 24K

a2 WK HER2 A% i 4B K I F-32 4K 2; B7-H3 B7 [A) I 2> 1 3;
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