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[ Z] H?Uﬁ‘iQmﬂ@f“‘ﬁ(glioblastoma,GBM)XHL%%E‘)AV RR R N PR, A 40 5: TR 7 PEAE TRCAAR 1 (programmed death ligand
1, PD-L1D EEHLME MR G4 1 24957 (major histocompatibility complex class 1, MHC- 1 )73k 5% 47 (cluster of differentia-
tion 47, CDAT) A5 A R AH K 73 T-3RIE KV B ARRE , 1wk LA 78 73 485 7 L S e ik e AR ST HRBTHL A . AT ST T, GBM 4y ik i MY
W T IZ e 03T (R I R, 1B 5 FORH P JE B U A R 2 T RG2S R 42 5 DI RE O, 0435 B 15 R B IR a6 L IR THI 9 B L A 7
[ WA« B A e S 2 L A B At S5 S A IR . IR —HESRTR, “ G T LA R A TR R O e A B SRR TR A R A R A
REE I 23 BT AT A RGN R R AT B I D RE I R THRAS . 18 SCH A PD-L1.MHC- 1 CD47 A 40 ff1 b 2E
HAE GBM Hh il 423 1 G ERB IR 5l R G e ik 1 AN 3 A 3G B AL AR, I 0P AR 9 sh A B AR S WA & 167 4E R
AT ) PR HESRSLR , GBM RS HE S 16 7 0T F0 N p 25 2 AL A 1) 0 M v vy A2 R0 J A IR 2 B 060 2
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Post - translational modification - mediated regulation of membrane surface homeostasis
and immune visibility remodeling in glioblastoma

MENG Minghui, CHEN Zhengxin, WANG Huibo'

Department of Neurosurgery,the First Affiliated Hospital of Nanjing Medical University s Nanjing 210029, China

[Abstract] Glioblastoma (GBM) exhibits limited response to immunotherapy, and conventional explanations based on the expression
levels of immune-related molecules such as programmed death ligand 1 (PD-L1) , major histocompatibility complex class I (MHC-
I ), and cluster of differentiation 47 (CD47) have proven insufficient to fully elucidate its immune evasion and therapy resistance
mechanisms. Evidence indicates that GBM immune escape depends not only on the abundance of these molecules but also on their post
- translational modification (PTM) - mediated regulation of membrane surface homeostasis, including protein maturation, plasma
membrane delivery, surface retention, endocytic recycling, degradation, and extracellular vesicle (EV) export. Within this framework,
“immune visibility” can be defined as the functional surface state in which tumor cells and their released EVs are recognizable,
accessible, and susceptible to immune detection, engagement, killing, or phagocytosis in specific spatial and temporal contexts. This
review emphasizes the regulatory roles of PD-L1, MHC- I , CD47, and EVs in adaptive immune evasion, innate immune escape, and
distributed immunosuppression in GBM, and evaluates their translational potential as dynamic biomarkers and targets for combination
therapy. The proposed framework suggests that precision immunotherapy research in GBM should shift from static expression
assessment to integrated evaluation of membrane surface availability, PTM status, and EV-mediated output, while further addressing
upstream regulatory nodes that govern protein maturation, trafficking, stability, and vesicle release for mechanism-based therapeutic
interventions.

[Key words] glioblastomas; immune visibility; post - translational modification; membrane surface homeostasis regulation; immune
evasion; extracellular vesicle
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Jis2 5 5k 241 98 (glioblastoma, GBM) A2 i A F AKX
P22 22 Gt Wy L HLAR 28 M i o 0 TR R M S M i e
e R HHTARHEIR T DL K 22 4 B T BRI
B[R AT B4 B 8 S Jlie oy 2, J AR T
JEIANERAR, SR A, A A A IS A 12~18 1
Ao BT, G B s AR R PR AR T
21 il (chimeric antigen receptor T cell, CAR-T) 597
iR o A R R B M 2 IR SR T I T
GBM R i yr R R W B, Jufe Tl 46
GBM J& 5 T T4 MIEAL™ P FAH RAF TG 50
PR BT e B G ™, $e 7R GBM FdE 78 4
BRZ G BN T AR, 22 B R T i R 3RAT
RGBT )2 A AR 20, U B GBM S 18 9T
TRATIE A BE AL H Ao P2 s 8 B 2 BB — e S A A A
AL SRR . SRk A R BH W B A VR T A
GBM A 75 5 J&y 8 S i A A1 731 R 5 HLS AR
AR, 454 GBM H S 14k, GBM X} 4
PEIT VR IR T B 5 GBM K ) 5iR 5 922 410 1) S 3
B35 FPH TR A B 1 e o DAL - o 5 s/ i - o e 9 5
F% (blood-brain barrier/blood-brain tumor barrier, BBB/
BBTB) (A7 LS5 R 3R AT R

BEAE 0 GBM %R J7 It R 2 SR b T %
PER A R IL T PR IR AN T 40 iR I %2
B i 2% L e 2 00 o) 38 5 e 99 S J0 1 DA K% I i
i o R 1) 55 77 THT o 3 8 PRI R0 T B i GBM. 4 %2 41
il S A 458 B E B S, (H Al T K P L B
B ) v BH A ZE A 7 A, T HE DL AR
I3 AR G AR SR 73 T T BER S BRI B Z 8]
A=, CIREFPESET-ECAR 1 (programmed death li-
gand 1, PD-L1) . FEHLAFEE 54K 1 Ko ¥
(major histocompatibility complex class I, MHC-1 ).
3 W% 47 Celuster of differentiation 47, CD47) 4,
XL B 5 KA AR D Re , MR T 5&
PE/ N S NV S R4 = 5% N R = Y SR NV ST
pe N BT =N I N i & DR - $100)
AT B, HLENGES S TRIES
Hr GBM i ik itk , 3t — 4k Jig 22 A B SR I B 1
I T AR A A A L ThRe v T I R 1

FEIX —T1 5N, Ol ml UL w2 e Oy fib g
2 S HRE TR A0 B AN B AR R E I S RN, BE
8 0% G 28 2R G0 R 0 L F A | S A0 A R 1 T RE PR R
PR o WS AR T R Ai i) 7 5 FRIEKF, A
56 4 A5 [R) T A% 8 S B PR S e S A i B i
G 5 AR 5 B H 9 A 4 i 3 1T A 4 A/ 2 i v ) T

FIPE AT HZIE R T RERZS . AIIREJZ T, GBM
e Tl WA 226045 3 A IR IBR 4R H— 2
LLMHC- T A 550 52 22 A PD-L1 /15 T 4 2 11 1
AR B 3E ML g m] LA s 3L 202 DL CDAT (5 5
15 28 H a (signal regulatory protein o, SIRPa) Fili
2 5 A L /N T I 200 A Wt g AR ) S R B 2 T
DL s H =02 41 A %2 9 Cextracellular vesicle,
EV) 13197341 3 G 2 7T WA, B R 4 L 3 i 2
T R I EE L R T R R IS TR )
I 2 R MO SR EL A B

B JE & (post-translational modification, PTM)
Fe R A RIE R ARSI E R ER
Po /N2 RFEB YA 1E i (small ubiquitin-like
modifier modification, SUMOylation) f& X SUMO {12
Wi, SRERAL BER L 2 R A K2 R A LA A
R AL S5 A 1, 7T I R e e A S R A AT &
B BN B IS L EER AR E VE L ARG A e ) B
fif AN BE VAL A, B2 GBM 4 5 )% R 402 [A]
AR AR St b ok, B e B T A 3 A0 SR T
T A P2 AT SRR BT 70 S AR 5% 73 T RIS AFAE
{ELZhREA 2B e B A T i (BB i AT A B
FILAR, O A GBM S 167 Pt it 18 i o
HrHESE

BT BRI, SCE BRI R B T R
RMFEA VI, H A F8 PD-L1.MHC- [ .CD47 &
EV £ GBM %% w] W A% 5 58 b (4 Y, a3k — 28
Wt FLAE B A b5 35 WM 2 AL i) 5 ) R A iR T
LS D

1 NEERBIRRERSIEIE: REA IR

EEALERES

BT G ] WAENESE, SCE K o B AH SR
BN A A5 I FERE G S 4 B B Y 5T ) - e 2R A
HH IR A Jo TR K L A WS RR A BV B .
o6, X LLER FE N ot - i R B AR R G b S S 1 A
B 55 R U D S A S5 B T S A U AN 5 i) HL 45
g e, Wive 2 d A& e itiEne /1.
B85, BN % 2 o A T, AR IX — R b, AR
THI R R P IS 3 A 5 B W] i M L M) T 4 i
H 4R %45 (natural killer, NK) 4 fifg Ft 75 W5 2 fifg %) e
Je A0 M 1R PR 0 5 RS AR AR AR — B B Tk
AT DLk E B AE A b ) S A, AT R M FLAE 5T
JER T AL R i — 0 M, IX SRR R (AR A
Ja FEAEREBNTE BR T A 4R S8 A R WA A a2 4 i e
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5 73 et N A B B AP AR  TR) Zh 2147, I
1117 2 28 G B A A 0 1 K AT A DA R PR 2 )
THIDIRERS . R - T, 2R BUEit &
1 E N B 1 A 0 B A7 T 2592 3P U RT3 5 2
AR PR, AR B A T LA A 2 1 R B R M L sk
D LR BeAh, For—E a2 I A R
BB N EV TR R PR A B B R S
A GBM ) e EAM AN B J= BR T B0 AN iR 4 R 2%
T T A2 97 e 9 — Foft o A1 2R 38 3 3k o 5
BT X —HER, #J EUAS RLAAL AS
BRI » T SE S 4 AR D R 42 I B 1 A < E A7 [
Yoo B 5 R i At R SCBR AR S TR IR T, R P
i GBM G i) LA R K MG 7 S BT A B BN A

2 RERXREFERERSEES GBM &
AL EEE

G35 AT WA ) TR 1 AN I R T B 5 A 5% 4
THIRIE K, I AR T 1K 28 ) 1 RE 15 AEARF E I
5T LATh R M Q2 I T R 4l i R T B EV 3%
[fi. PD-L1.MHC- [ H1CD47 4 5483 T GBM & M
P G A PR B 52 R ) R 5 TR B g A R AR At
(OB A 1 F 1D EV U — 2P R B R TS
I 2 R A BRI A 53 . BRI L 7y 1A
S5, AT DR L RRCR JoT 3 1K | I TR BE B N
T [ WAC B AR 70U S 060 B 1 55 2 T A GBM B
AL S AS YR

Y IR, AR BB 2328 KAL) B AE 4 SR
AgeaFE. Hr, #o L Cf GBM A ZREA
JEAR M 2 Py R B PR AT 75 SR, AT AE A GBM
FH R UE 4 B A0 8 5 FB 20 LA 0 32 2Rk B 2 e T
7t AF GBM i e 452 7Y Bl B Al 2 1 R IS B AT, SO
K HAE 9 fiRe GBM e nT WL 38 3 F m] REATL 1) A1
RKWFTCTT o Ayt RALENZ AL, J5 SCAET 1% 7
TP X ) GBM ELEAIESS 5 /MEIENLHIES .
2.1 PD-LI 898 & & 42 25 A42 - 1 2 M Fo 9% 4 ) %
WS TR

PD-L1 /& GBM J& N 1% 4 8¢ 396 3% v ) F %2 41 7]
WHE 1. HIHN S TR R A PR T A 1
(programmed cell death protein 1, PD-1) %54, #] T
2T JH0 9 A 386 B B 2 L R, AT D 555 T R S
PE N o AR HIBFFE R BT, PD-L1 A& Bt | J 5
1% L A [T WA ) I i B A AR b ) A T R, BT
B A PR IR . AL G0 T R
VE 7 4L % 274 Ccluster of differentiation 274, CD274)

Fe R Kr B PD-L1 B RGE, H PD-L1 )58 fr b
eI e N IF AR 2SR T HREFE. RAEH
PD-L1 58 BAER I & B 12, I LAASE Horl 4
1B AFAE T IR A R R I, A AT 580 2 5
PD-1/PD-L1 /3 [ S #li . Atk PD-L1 & &
WP A O — > 52 JE 3 T A 2 R 42 SCIC A 3 2 B
R i, AR Al S R IA PR E
ML JZ 10 PD-L1 {14 G 2 30 2082 2 fr A
A S AT M, S8 (E T PD-L1 B R AR A 32
RS AE I 5 M o i R e AL A R . SCE X
PR 7 A P s — 2802 DURE LA L B IR 10 AN
2 RN R B R B 1, e, B SR AL mT g it
PD-L1 7E N J5i 9 v 8 IE B 47 & A iR B AR E 1, JF 5%
W) JFC ) 4 R P 32t 16 T 2 R AR Bz AL R 2
5 PD-L1 A% € VESE RF Lt B il A v il AR P22 i o
W AL U AT 20 PD-L1 R S 248 i A i
R THI R B BAZ AL Bl R A B T (I 3 s A8l 2
WAL 32, AT AR 58 26 A T 15 S B R AL B O F
et B 55— RME LR BT GTP A& &
1 2(developmentally regulated GTP-binding protein 2,
DRG2)™ | ¥ iz & [ UKL 5 A W0 W 2 4 (rafficking

)[30]‘—‘*

protein particle complex subunit 4, TRAPPC4 Z
iE WA A A BAE A B A 1A 58 8 E Chuntingtin-
interacting protein 1 - related protein, HIP1R) B I
CKLF # MARVEL §5 i £5 #J 3% 5 5 6 (CKLF - like
MARVEL transmembrane domain-containing protein 6,
CMTM6) > = AR I M A e 32 5 7 e PR 7
T 4 PR T % PD-L 7 Jof B 495 2R N 4R
ik AR 22 18] (R0 B0 25 A 3 1 s Vi) JH B S 1wl A A
TN ThEE . HE AL, PD-L1 D REIR S 2 #
PR L i PN 70 146 R 53 T A L R A 45
Fo XM UCH] PD-L1 X G5 40 S ] BE 0 5299
BB T AR AR, mARRAR S E A
FHE.

{E GBM 1, PD-L1 {93} & i 4% B A RE R 3o
GBM 2 Jifl £7 /£ X 2 7 ok, iR 1k IR 97 IS A
WOABEAS 5 8 AT R0 PD-L1 ARG G IR E. 2
AT R, 40 M 18] &G B 23T 1 Gntercellular adhe-
sion molecule 1, ICAM1) . Wnt {5 5 i 2% (Wnt signal-
ing pathway) & 7 42 K [ 7 52 4K (epidermal growth
factor receptor, EGFR) « B-% 3 & [ (B-catenin) J2 &
F1¥EE B (protein kinase B, AKT) #1545 5 nl it {¢
HE CD274 e 535 B 248 475 J50 J5 R 1 4 I e 2 4100 1)
R, B PD-L1 JF M S5 MR T A S . X4
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7, £ GBM 1 PD-L1 A A2 S 8 fi 70+, ]
RESE MR T B0 (5 5 A G I OS2 (Rl A2
T . eAh, GBM A ik rlid s EV & PD-L1, i
H A A AN F3 = PR T s 4 B JBE 22 1, 17 A2
P 2 R A 58 e e R B R I AR PR 4R 1K
Bl EV-PD-L1 A OGRSk — 2 30, PD-L1 (1) S 2
T SR [R] B MR T AT P PR R B A A 2 T
BT

TSR 2, PD-L1 ML 2 R AL kb
T PN 3 Y 4 ) DR B LR BE A7) 32 2ok B2
BIE GBM Y, JLAE GBM A [ Bl S 14 R V6 7 A
KUEAS T — 25k . Kk, 7E3F 18 GBM #1 PD-L1
F0) J 2 T R A R 2 I 07 T B 44 JHC At e 8 A5 284 v (1)
MU B 4% 7 T GBM SAESZLH] . AR5 2
BLTE GBM AL K28 5 ARG & s i i v, ]
Al PD-L1 sk 2 IR 1 PD-L1 B3 5 2 1R
BAEV-PD-L1 /KF, LLE# AR 2 9013 505
TBIT RN Z A9 B o AR L A4S PD-L1 337K
S, IX P 2 4 FE VPl BE T BE R B GBM A B S 1) S g
0 47055, FF NPT PD-1/PD-L1 VAT BEA RESEAL 72
FAL BN R (RSO 4% SR e B AR AR
2.2 MHC-I 898 & @~ Wi 55 R R 2 X8

MHC- T 52 ¥R & I 5 40 M 58 75 4% CD8 T 4H g 11
AR Co BT B 5 531, 7 38 S P f s m] LA () ik
il FL1f . 5 PD-L1 3= B4 S 2T e T 40 i 8
ANIE], MHC- T S35 m] A5 firl 788 4 £ S 28 1R 0 % 2 11
LB R 6 3R G g% WS . T AR AR T B A A HE
MHC- T $70 5 58 52 380 12 7 5 2 iR e 92 06 6 AR 47 928
YBIT TN 32 B B EALH 2 —, H 7w v R AT s
T kFE#EGMHC- | EAYietE R H#E Y
T 40 52 AR AH BLAE FHAE 2 AN 2 5, Bitk, MHC- 1
) g% 2 B UANAE T H Rk K-, A T Hofg
Y Bots g M IK-MHC- T 254, H LLnT 4% T 46
SN EW T MEARELm. %5
W MHC- T F23A B AN 0 8 45 6] T D Re 1L 47t
JRIE R R,

MHC- T ()T REE B 1 T WA 2 N 230
1, BFEPUREIN T MHC- T S5 5 R2-FERE 1AL
PR R 2 P 5T - R A e i L IR T A E 11 A
Jo T 41 M 52 A4 (T cell receptor, TCR) A 42301 14+,
=T RAERE, YRS 8RR 2 hRe T R,
Btz S BV B I RIS R A1, BEFEAK . SUMO 1k s i
PR O3 B 3 DB 5 R 3 B ] 52 MHC- T 25
VIR R 2 B AT R PR TR AT 1 o R e R T BB

LY G e Rl M - A NS SIS K W B Sy
¥ (human leukocyte antigen class 1 , HLA- I ) 5%t
AR B A 2 32 AR B A AR S, A MHC- T RIE A7 7E
T UM, AT REAL T DI RESZ BRARES . X — B
GAR7R, MHC- [ AH I G2 7] DA ISR 153 20k ik
— R R B 15 H A TR | AT R A O T4
NI DIRERAS

BUA GBM B e 28 53 Ji S5 et 7t & 7 » MHC- 1/
HLA ARG 1 N B HE W, e Be S E TG
B R ARG . 8 BRI AT RO
5T T0AT B 5 MR 412U MHC- T /HLA MG 1
Ak, I A1 kR 4 1 MHC- T 3 5% . CD8 T 48
P YR 14 0 B 8 43 SR G T s B aX e
RULHT, MHC- T AN 7 J5 523 B 1 4 R 0
AT B 2 AT 24 W 4 ) SR T LT . B4,
B2-T Bk & EE N MHC- | & &R 1) B 240 jii 4y
FE GBM Hid v] B 45 15 e 40 AR A A 5
R AR G BRI R LS 5 S e i TR s 2R,
$E75 MHC- T AH 5l i 4 F OF A R IR T 28 i 47 it
&

fEFER M/, MHC- | B AL GBM H1A] i A
AXWE GG R . — 71, MHC- | R 3RiE 5T
Re pMHC- 1 E &40k 221155 CD8'T 4 g iR i1,
N AR 1 3 7 1 e e iR 3 s 55 — 718D, MHC- 1 (1)
Bl 2 ST B fik 2 NK 4T ) “missing -self” 15 51 5o
BEAh, MHC- T 812K J5 (5058 25 i ROE Bk T =y i
A0 S RS A ACIE R i % . S IR 5
S A iR B Y BF 78 B, AE TCR S 5 & 2RIk
MHC- T 544 b 96 2 sl G At 3 4 o 2 0T 1) 2%
T, CD8"T 41 g 7 ] i ot NK 4 g 2 J%% /i 572 D (natural
killer group 2 member D, NKG2D) - NK 4 it 2 jie i%
51 D it /& (natural killer group 2 member D ligand,
NKG2DL) il i3 575 45 MHC- T B 42 fie e 40 =
Xt —BHRIR, MHC- T SR 1 2 27 5 AU
¥R 4 R T LR SR A IE Bk T CD8'T
21 M3 AR A  NK/NKG2D AH G R IE 6 o 157 8%
WCAR RIS I Sy R AR 26 . H e m] WL, MHC- T AH
I W] WA R AR ] B “ R IA A T0 7 1) R, T A2
Lot JR 2 5 G 2 AT 3% A IR 25 0 AR A 1R S L
OEIRNNE A3 SO N 8

HHT, GBM Ho% T MHC- | R AR M0 E
PR AR Z A0 5T FEHT HLA/MHC- 1
B KT L BV A AR T B R AL A B R R AT 03
BT, B[RS X 43 8 MHC- T LT MHC- T g
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PE pMHC- [ 2 &4 5 TCR v I PE o H 54 i 2 e
AT 2 G A B A B A T 2 1 B§/kexin 9 7 (proprotein
convertase subtilisin/kexin type 9, PCSK9) /5 [ fiff «
SUMO b B ] 47 J5 52 52 S5 AL i) B 28 O B A MHC- 1
et v WAL SR AL 7 B 2R, (H b4 32k
H 2 0% JE GBM A5 AL il 40 % 7 0 5T, L AE GBM
R — B RIE . PR, AR T R4 & K R
F2H 5 G e IR 2 2 ) 2 s A RN Dy e A28 T 4 i 1R
SSRGS AER VR Al GBM h MHC- T [T REIRA .
23 CDATWEABMARSIAE  ARLAZTLNES
it FKAT

CD47 f& GBM 56 K Ay ] LA F) 5 B 47 17 1 4%
43 ¥ . 5 PD-LIFMIMHC- | 285 T 40800 5
38 N G N B AN ], CD47 W B A - B g
PRI /N J2 I 20 <5 8 A 2 A i, FL i i 5 4
LRI/ Ji 50 44 0 2 T ) SIR Pl & , A5 3 1 8 Wk A5
7, AT 6 R A0 A S R A S R 5
MHC- I A1 PD-L1 = ZE520 T 4H S R 5 S RS A
7], CD47 52 B4 ok 5E o Jeg 4 0 5 B 2 4 M e =
HHNGWRTERRIEF . B, R 3 MHC- T 5209
i 96 4 L BE 75 B CD8 T 4R R 31, PD-L1 520 T 41 i
RS BE T YERF, A4 CDAT W) 3 %2 v 5 b8 4 fifd i 7
B3k R A AN AN R S A 3 R S8 R A R R

CDAT R0 W5 L B AR A FL 2 T e 14 32 4
gh e M K SR A WAE 5 Z (A P4 . RS
B M B 3 B A U 4 1F CDAT R THIAS E 1L A
ZHLH] . Bn, EGFR 0 AT 4 55 41 i 71 Sre MR 2R
P (cellular Sre tyrosine kinase, c-Sre) 5 CD47 fAH
AR, I3 CDAT Ry & AL rIBERR AL, AT A1) =
&5 K35 85 [ 21 (tripartite motif-containing protein 21,
TRIM21) 45 HiZ 21 A AT B, e 2439 55 CDAT A2
PE R IR DR . X — LI UL, CD4T (1 %)%
1 RA R A FOR e soKE T 4 R I8 5 AR
2 i 5 THT 119 R 28 R B A0 e e e R 85 DD A OG . e
5, CDAT BER AR HIEM R T GBM e k%2
o2 Wb 1Y) L Oy 1 R

£ GBM ', CDA7 5 iR ¥7 38 B A Qi 22 2 R ATk
AN R EMR . AR, BYTY % GBM 7]
KA HBE T i m) A D B2 SR 4K (fatty acid oxidation,
FAO) FIA e e, I D7 R 8L 7= AR K Z It A 7T
{3t A% K1k B p65 .2 Rel A (nuclear factor kappa B
p65 subunit RelA, RelA/p65) Z W4t , 3E 1134 55 CD47
S IR AN BV B A DY Ak, BREVIRES T
GBM W] I R Sh A R B AR AR KR A & A 2

(insulin-like growth factor-binding protein 2, IGFBP2)
fiE 3k CD47 R i% , JE K hypoxia-EV-IGFBP2-CD47 i,
BB TR E VR A AR AR X LR R AR,
CD47 e 80m 5 5 BB 5 181 TRy R AR
ARASAEV I8 W 58 R Sy n] WAk TSR A .

GBM AH 5% Bif Il PR A 52 A LA BIF 55 3 W, FHL
CD47-SIRPofl B A CDA7 3R ] 4% i 5 105 241 it %
2 J55 J6d 210 R JE J5 98 T 4 L P e Mk 5 00 o) e g
JEBT IR CDAT BE AR 7 A T A8 B A 1 ol
AR o BR1M, CDAT7 I AE IR e 5 1 43 7, HAE
2120 i 55 T 2 i b A Rk, R G M BE T AT e
3T M55 on-target/off-tumor 7 4. [F] I}, CD47 $1t
PSR R A3 F 250 CE GBM Hhide T I i g J57 e A0 1 fig
iy o o PR 1], JC JFE A 0 IR W A2 5 R0 o B A ) 56
X 35k, 254 2 55 A 2 vT REHI 951697 RCR . S—T07
[, GBM H AT . 35 7% 8] 7 Jod 1% , AN [] Jif g 4 i V.
X CDA7 HAAE FE AN [|] 20 B8 CD47-SIRPofE 5 1
i ok, 0 W A2 15 L I R AR AT R W 4 ) s
JoT 2 3 AR ES AR WS 5 0 B B R e
L2 e

(Rl I, CD47 $E 17176 97 75 GBM H B 3&E A 1E A Bk
EIRIT G o, AR R 2GR mE o JE TR AR
WA ALA KRR AT LA Z A R T LA CD47 AH 2k
Tot: He—, WA AU Pl BT 3 U I S HIl S5 FAO-
RelA ZIAL-CDAT #i /v S VR IT R PU A IOR A&
L A BT BV EV-IGFBP2 AH 5638 %, [k CD47
NG 0o A BT =, 456 58 R 40 5 4
T2 SRS, 3R MR BR CDA7-SIRPafs 5 5 1) S b 75 1
BN FLDY , R JR3 0 326 3 4 oK 126 B ot i o 5% 1)
PSR mE , LR i N 25 3 B IR BRI R Gi B 1. HH
It , CD47 7 GBM H AN B A 4 B i R — AN\l g Ak
BEL BT 1) 7 Mk A 5 R, T A AR ISR TR AR AS
Je R ALk T AP S I R GE D
2.4 EVASF8 5 X R aH 5 3h & B M i

EV /& GBM %% 0] UL 4 H J=) 38 24t i 5 5 T 97 e
Z2 Jh 88 TUOHR B AN A 8 BRI B AR . AR G R
2K £V A0 2 i 1)@ TR 55 2 W 2 A4, (H R
AR A AR, A ek & s 1 &
B 707 IR AR AH SC IR AN 2 R B2 1, WK IR
AR PR T R 4 B SR i ) e R S R B A
] G 28 41 PR i 988 A B o B A O R A IR
R, EV AN E CBM RN EES S
HL I ER TR E AR Kk,
EV A2 it Je8 248 J RS TR Bl =400, 7] fE & GBM
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%1 PD-L1.MHC- I #1CD47 §fR R M2 FE
Table1 Membrane surface homeostasis regulation of PD-L1, MHC- I , and CD47
Immune
Molecule Main regulatory mechanism Functional consequence

visibility dimension

PD-L1  Adaptive immune sup- PTM regulates its folding, stability, degradation,
pression and localization
Membrane transport and Intracellular transport and sorting regulatory fac-
recycling tors regulate the trafficking of PD - L1 between
the plasma membrane, endosomes, and lysosomes
Tumor stemness and tra- ICAM1/B-catenin, Wnt, EGFR, and other signals
nscriptional regulation ~ promote CD274 transcription or maintain the im-
mune suppressive phenotype of GSCs
MHC- 1  Antigen presentation vi- MHC- [ assembled in the endoplasmic reticu-
sibility lum and then delivered to the cell surface via the
Golgi apparatus
Functional surface exp- Abnormal glycosphingolipids, SPPL3 - B3GNT5
osure axis, and others can affect the surface accessibility
of HLA- [
T cell/NK cell recogni- MHC - I downregulation weakens CD8 " T cell
tion balance recognition but may trigger NK cell “missing -
self” recognition
CDh47 Innate immune visibility CD47 binds to macrophage/microglial cell SIRPa,

Protein stability and deg-

radation

Therapeutic adaptation
and microenvironment

reprogramming

transmitting the “don’t eat me” signal
EGFR/c-Src mediates CD47 phosphorylation, in-
hibiting TRIM21 - mediated ubiquitination and

degradation

Radiation resistance; FAO metabolic switch,
RelA acetylation, and the hypoxia - exosome

IGFBP2 axis collectively upregulate or stabilize
CDh47

Determines whether PD-L1 can stably exist
on the plasma membrane and inhibit T cell
function

Impacting PD-L1 surface availability and re-
sponse to anti-PD-1 therapy

Enhancing the ability of GBM cells to inhibit

T cell responses

Determines whether GBM cells can be effec-

tively recognized by CD8" T cells

Even if MHC- I is present on the membrane,
its function may be limited due to spatial oc-
clusion

GBM may selectively maintain MHC- T lev-
els to balance T cell escape and NK cell es-
cape

Inhibits phagocytosis, aiding GBM in evad-
ing innate immune clearance

Enhances CD47 surface stability and anti -
phagocytic capacity

Promotes anti - phagocytic state, recurrence,

and immune escape following radiotherapy

S ST 53 A7 2 A SRR I 4% ) 5 R B

EV {22 AN G2 73 10600 Je N A - N A - 22 i AR
(multivesicular body, MVB) &% WK ik iz 8 &
& (endosomal sorting complex required for transport,
ESCRT) #H GBI LA K r i 3 9% IR 156 2 (neutral
sphingomyelinase 2, nSMase2) "™ Ras # ¢ & [ Rab-
27A (Ras-related protein Rab-27A, Rab27a)"" L A Y
R E A2 A iR B S e
S B )R IR R A B YRR TSR 32 4k 4 i
TG, BUR EV I R R T RE . BRIR AL BE 2R AL
SUMO b S SR n] 2 54552 25 FT S RNA B
WIENEV [EFE e . 0, L RNA S &R
FIE RS PRI /N RNA (microRNA, miRNA) 2%

B, WA AT Y EV 5 SR 2R Re T, ]
PASZ MR SR HE N EV 20T, SUMO fb B 7T g
55 55 S I P RS TR 35 7
GBM E#AH KW Tt LR, IR IE EV 7]
755 G A ] 1 R 2 R R AR Y . TFN -y
F 5 )5 (Y] GBM 4 Jifg nl e 8 HL G e I PE R EV,
FEAEBE EV 1 PD-L1 RIS W% 2, 3- XUIH g 1 G-
doleamine 2, 3-dioxygenase 1, IDO1) 3% Jil1, M T 3% 55
X B A%/ 2% 240 L R e P A ) A TR e
R GBM-EV 1] 4 o S R S A0 g 45, 4 3k
R € B PD-L1 RIE, BB InEIR T A S el
AR SRS XKLL TEIIR, EV /IEIRT
AN GERERI N A FE TR » ol AL AT 4 ) 368 R 28R
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[FJ I GBM R ik f R SEUIR A 3k — 2D M 58 1 EV
N FH I INH Y . GBM 41 hypoxia-EV-IGFBP2-
CD47 %1 &2 71 » AR S AN AT I 1L HIF A 5% A5 5 (g ik
IGFBP2 %3k , i 7] B4 i IGFBP2" EV B Ji(; iX 26 EV
e — It A 2 R E BEEUE (focal adhesion ki-
nase, FAKD 15 5 ¥ 5 I %% 5 U B 1 3 (signal
transducer and activator of transcription 3, STAT3) %
{5 5 WY 5 CD47 R Ik, JFH0H] EL v g i A ™. 1%
HLEPR EV AT 1970 A1 2 S R 75 5 CD4T /i 310
5o R G e IR B AR, Y] EV IR AR 4l iz K
— RBGLW), 1T L BE W AE B A JBUT RN SAE P4 15 o
B EMREINEIE S . HILR W, EV A [E 2 51&
82 A% G B A 56 K e e B IR ANVR T U5 5 S K B
91, 7% GBM % ] WAk RGN P B o

WAL EFE , BV Ab TS5 i Ay +
P X e —J7 1, BV AT HENSNE AR, JEAE
RIS A IR AR AAHE R, R AR
N br BV J1 . 5 B R A LT R A
EC, FEFR EV A I 5 3 5 3 4 S i 9T 1 AR GBM
G P A 1) DA B SR  TR A B BV i AR A .
EV-PD-L1.EV-IGFBP2 Jz HAth 6 S5 1 425 B2 4 7l i A
9 D G R T RN B R R, BRI T 5 5 e P B
AR .y —Jy i, 4B A EV AR AR R
e PR TR A, T B ) 95 GBM B 70 A1 3 A
0] R 225, 4 SR G VR T ROR

SR E , EV AL GBM 5% 7] WAL A PR R T
I JeA 4 B T T A 7 D T A PR A B AR Ak
A AL 3% 0 0 A NS RN 45 . i T EV AT
155 7 AU A L B R B A TR R AR SR T,
FH 2R 70 Tt oy sl a5 PRl GBM S 4 IR 32
LT ITEE T o 2RI, BV 75 GBM 9 [RIAF 78473 TH i
TP ITEAGE— (EV LAY E LUK 1 1) 52 L R
FKIFEV 5 3E M8 RIR BV #E LLATE 4 X 43 AN [F) el
-5 Z B AT EEEAS R A5 ) . s R AE AN R Ao
M7 57N, EVAS T I8 7 e 52 2 M%7 B e 6 s
TRITIRAS A4 B SORE S NS5 R ZRBEm . PRIk, EV AR
AT R br B IR T T TS ) B AR AL i
18, 5 75 MR AR AE AL 70 B A L R US4 58 | B 3830 7y
H AR IE P D e Be bk — P WA (R 2) .

3 BEERERSEMGES T RESEEERES
&8 TT ARG

BIIAR PD-L1.MHC- 1 .CD47 } EV #8 J5iF #5 4

327~ , GBM H i Wb it 3 F5 A 58 A L T i — 4
PEAH I T B A R IE KR, 17 S L T ix g 4y 1
TE R A RN B S A5 1  J5 R aafs 326 8 2 T 0 B
PN [T B8R AR O % B Y i R O R R ) B AR
Ao GBM X HPEEIRIT RIA R ERH 2 —, IE2H
A R 23 JZ A0 T WO S 2L 2R 27 4R b, T R e 78
3 Fi8 E Jeb T8 4 T % T R A A B A I 1] 5 ) )
BNASE IS B IX—INH, GBM iR YT
AT T S B A 0 TS FH R AS R IA A I 0 AR
AR A VAL, It “ B — 2 T FHIr 3 — P R RN
BT B A RS R e MR YRR | R AR 2 R 2R
PR b PR 421 s L 5 ) T Tl 1 AR I
o0 31 AR 2 A& G 2R R B bR BV AN AE, 117 A2 58 1
FOFR B S R T AT A B S B IRAS VEV Hr
AR S P 4R B D RRARAS A 45 &, 4 fie B M S Ak
GBM . y% B 3% 1) Zh A FFAIE

TEVEAS 2 1, GBM 7 [A] 53 s MEANYR YT 5 5
IR P g T B R A ST A M LA 4 T S R G 8 4 )
BAf o AN () PR DX 35 LE 928 240 V2 i) R 98 T 24
MRS B EFRFE V09T IR ) KRR T 7 RS 5
J5 TH S5 AT A7 AE B IR 225 57t T80T S B Sk Ak g7 VR A
BT B BE VR T AN B AT RE 50 il R A B L
WA IR M EV f B RE, (5897 7T S bR S
BB R AR Uk, 250 50 B Ar o T R
O G B R T s LT B AR A L g A B2 A
P& 097 3R &, AR I PD-L1.MHC- T B¢ CD47
MRIBATREIFA RS . A B 7 E AR R N [F] Bf
Y N G P8 AH O 43 - IR R SR T T P B R A
R VEV il AR J 5 R 0 S 9% 48 R 38 2 1)
MRHR.

A e I8 A0k, 3 BABIF 9 A1 BH A R T O R AR b
BYIIRB S, DU U GBM & = M S ) #4
RIS BV B R A E, SHRY) A
KEUAR LG, JEIR EV EAT SR A B2 I AN e
YBIT IR R A RS AR A BT 11, W N AU
D) EAN 7R BV AT HE A R U AN R B R
Yo B 7 554> T AR AR U AH 9% T 4, IR 4
B AMXA] R S BRI I8 A7 AT, 340 AT R s R firh T8 4 g
R FEAS RER R 7 M MRS R 3 &2
B2, EV-PD-L1.EV-IGFBP2 J H:Ath EV A 5% 4
PERYE S, T REA BT OB GBM ey 411 i) 474 o
YRIT 53 B AN RO, A — A
2 4 9% 2H 2346 % GGmmunohistochemistry, IHC) , EV
AR AS I T3 A N ah 25 E S 2 45 B 10 e % 1
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Table 2 Mechanisms of EV-mediated distributed immune suppression in GBM
Regulatory hierarchy ~ Key molecule/Processes Main mechanism Immunological consequence

EV biogenesis

EV structure and mar-

kers

Immune checkpoint

outsourcing

Inflammation - induced

EV reprogramming

Radiotherapy - induced
EV effects

Hypoxia-EV-CD47

axis

PTM regulation of car-

go sorting

Liquid biopsy

MVB, ESCRT, nSMase2,
Rab27a

CD9, CD63, CD81

EV-PD-L1

IFN-vy, PD-L1,1IDO1

Post - radiotherapy GBM -
EV, macrophage PD-L1

HIF-1a/HIF-20t,
RAB3A, IGFBP2 * EV,

CD47
Phosphorylation,  glyco-

sylation, SUMOylation

Plasma EV, EV-PD-L1,
EV-IGFBP2, EV nucleic

acids/metabolic cargo

EV is mainly generated through endosome -
multivesicular body-related pathways and de-

pend on cargo sorting and release programs

EVs are enriched in typical tetraspanins and
endosome - related proteins and can carry

membrane proteins from source cells

PD-L1 can be incorporated into EV through

endocytosis-endosome-MVB-related processes

IFN-vy exposure promotes the release of more

immunosuppressive GBM-EV

Post-radiotherapy GBM-EVs can be taken up
by TME cells and promote PD-L1 expression
in specific macrophage populations

Hypoxia promotes IGFBP2 expression and
EV release, thereby enhancing CD47 expres-
sion and inhibiting phagocytosis

PTM influences the selective loading of miR-

NAs, membrane proteins, and other cargo in-

to EV
EV can enter circulation and carry membrane
proteins, nucleic acids, and metabolic infor-

mation from the source cells

Extends local tumor cell mem-
brane signals into the extracellu-

lar space

Reflects the origin, composition,

and functional state of EV

Extends PD-LI-mediated T cell
suppression beyond the tumor
cell surface

Enhances immunosuppressive re-
programming of monocytes/my-

eloid cells

Exacerbates post - treatment im-
munosuppression and therapeu-
tic resistance

Amplifies CD47-mediated innate

immune escape

Altered immunoregulatory capac-
ity and pro-invasive potential of
EV

Characterizes tumor status, im-

munosuppressive  burden, and

therapeutic response

DU 0%, B I PR S AT AR A s A0 73 B IR A
KRS 5E G — R T & AT HE P 56HIE

TEF T TH , R AR S W HEZL 427K, GBM
G BEVETT AN DA A5 BE T BHL BT 3 — & R BN 431, T
I 3E — 5 SV P s e Tl e 2 TR A 1Y) b e i 4%
i FE. H—, &% PD-L1, A] 7 PD-1/PD-L1 FH K 24tk
R VRN A U E A P T T A e A
i, A 2R AR JHG 65 3 1w A 1k B s v o7 B M s H
L ERXIMHC- T, ATiE S R TR I TS5 R B
3% pMHC- 1 ¥ i $2 R th nT #2014, 1458 CD8" T
HMIIRS] s o=, £ CD47, AT A AR -1 B -EV
T8 % BEL W B R AR A Pt EE g R, DA B 5 AR B CD47-
SIRPafF 5 J5 I S BR A W 2N s FL DU, £F X EV, AT R
FANH) Gz J0 1 EV RS FH W R e Bt H 3R E ek
THLEV B 58 5 40 B3 5, AT HI 55 GBM 1 73471 28
G PR 2%

XM RS 2 G IR OC AR T, F R B ) IR R

AR w7 5T 1 B 7 X Rk . i
1, 2 B KA EV-PD-L1 {HH 2 PD-L1 &iA A
Fasg, WAL 75 BT BV H RIS 2 5 0] 6 A
i 2 N MHC- [ RIEAFAEH T et pMHC- T 5L T
SRR AL, W REAR 5 25 R 3G i iR R 2 Bl
JIE5 2 T AT L s A7 CDAT R IA R B S R 4
W THREAR R, U B4 BELIT CDA7 Al BEAS L, T Bk & B
220 i L g A A T 0 o R SEAH 9% EV-IGFBP2
Fh &, MIFE 7R A] BEAFAE EV-CD47 A1 < 1 70 Al 205 W
BT EH UL, FRE R TR AR S PEAG A2 B 2l 338 A DU
fabr, RN T T FERH G IHRIT IR

R IX —FEAHE SR HLA B R34, Holm R v
PTG 2 EP iR . B, BRI AR S A1 PTM AR ZS K
TG A T s HEA IR AR, JE R W IR A 2 2 Ah B
PR X S54SR A rh 1 5 828 T S AL AT A7
TERABR M . U, EV AL B AR B & 274 I
71, (BT 52 3 53 B8 J5 1 ORI 48 T8 VEV 3 5 5
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I & — Bk DL it oG 5 5 52 0 45 TR 2 PR 1 o
FHR, GBM 22 8] 53 Jot P AR 97 75 3 AL 7 e 3 2L
AL — I ) AR T 5 SRR R R TR E RSN AL 2
(NN GIDNEO R ARIIE LA & R A LT b BN E D
ARESZ I I H AR AR AR A AR RS, R s e ek i
FEAEAIN I R AT 7 RGP

£ b, GBM G HE S IR T (R — 20 R N =)
PR T4k 8 RARTE Z AR SN, T N AL SR T A
SWERZ WS T HU5 % AERI 2 T, MR 2 2R
HR AR T £ S PTM B MRS S EV 20 A0 2 8] S 5 2
REIRAS B Al ok s £E VBT JZ T, ROARE AN [R]85 1)
i 2 ] Rl A& S AR 5 B A LT LR R
HE5 R A 0 AR BR VEV I BT ORISR 41
I P 55 AL SR

4 ZERERE-FEFREGENSHERERTSMN
R ImREEILE T

g5 b, GBM B 16 3% AN B B LR N A T 4
PERT A U TR 2 T R W RIAME R,
T4 T 03 i A 1 A 5 ) I 5 T A A 1 4 X
&bl . PD-L1.MHC- [ .CD47 & EV 3f3E
FH BN ) 4 9% 4% R 3%, T A2 40 0 A3 7 1
P PR B 2] L e R G g R R
o3 A A I 5 2 1, LA 25 GBM Fe i nl
PERIZIAS EH I . H RS DR A I T % 5%
AKCF B R T I A2 B R B AL B
B4k 72 F Ak WAk SUMO AL, Jo JIE 33 326 | ikt 3%
T35 B o A B B A 20 3 % BV Jin HE 55 0 R 1
LR

MM E T, “ Gy vl WAL BT GBM H
I3 IR I8 L G g% B IR L S K A BB IR R EV A
() G 2 M L A 4 A . MHC- T 4 5E i B B RE 15
PLIHREME SR 245 CD8* T4, PD-L1 540 L 1k
(1 T 29 38507 A 75 52 4 I], CDA7 D3 42 firb 8 240
L5 W 240 6/ /0 sz 40 o 2 ik S ) A R T R S R
EV [P A7 15 3E — 5 =) 35 I8 22 1 5 32 R 425 45 5 e
BN iR A0 M 2 S, B R R R A B K A JE
I, T B A A B F M N 4 . PRk, GBM 3% i)
WAEAR R —ANEA ST EME, M2 m R E A RS,
TR IE T 77 9258 240 G PR 25 R0 2 v Jy ) 3 7] 98 3 11

MEAL Z T , X HESLHE 7R GBM RS HE S )% VR T
W 58 75 B 58 O AN 7 W) A8 o Ho—, TE 2 TRl 4y
JETT T, B B ARG I 2 5 RAR e ) AN

“ORTEAET T REPE T FRAS”, BRI B I SG A B R AT
FHE TS P R B 2 B WA 25 G 1 L PTM A& A
IR K EV MR EE ., o, iR T Wit 5,
N FH B — 2 R - BEL T A [m) L) 5 1) R BB T
R PR E S % A G T R 1 R Rk B L B E
YEFE MR TR FE IR A H A B R A A XA
() 55 8 A5 B2 PD-1/PD- 11 FH BT 40 5 42 5 189 0
CD47 - SIRPo il fifE 5% - il 52 40 o 25 2 722 A £V 38 i
TG 9 BN EE B SR IT IR R .

5 SR (1)2 , MHTZME R AT AE 2 T T )R
M. %%, GBM F15F PD-L1.MHC- [ .CD47 ) EV
(1) 356 43 B R T A &S A ALHIY = Z ok Bz JE
GBM #5 78 5L it 41 M A= ) 7 W 7, 000 ke e
7575 GBM 4121\ JR AR S5 8% 1 M sh A 2l v
BB IRAE (R 3) . HR, B B T4 e 22 Ml
SRR EARE SR H AR, MRS X
SREAVRERmEA LR A PTM &1
REMEVEHEZ RN ZES . FIK, BERERE.
PTM RSN EV AH G 52 £ 00 o M A A 1o AR A AL
FLI R v] B AP | A 1) 43 AR RN ) B DA AT
AR

AR R TR G = ATy gk — P . 5 —,
N5 37 GBM B 4z UE 4 5 AMEYE LS UE 3 (1) 73 24
T M0 G 2 R R R B R P L BRI A
HNGBMAFFMELGL. &, NREEGRTEAY
5 G IR ZH 2 2 ) 2H 2 L BB YRR I R T /i 1
P55 SLUG IR 22 4 FE VP AL S &, DA SE HE A Hb %) E GBM
G 8 T WL B S R . B =, MR AT RE M IR
PRASE 2 FUATL i) B A (1) B B 0k 2R rp B E B R T AR S
AL T8 A 5 F IR T OB BRI Je A A7 4
Z AR R, FRHE s TE B B ALK HE B A T
7 % .

B, BRSBTS I B 2R T e A T 4% N 4%
NELfR GBM g b i f2 it 7 — AN E SR IA 5
TS A o IZHESLKS PD-L1.MHC- [ .CD47
MIEV & 50 Bt 76 R Rk, A B T B GBM
T IR IT I N A BRI 3 23 HL, IF 9 3l & A Wb
BEWIF I B Z AL S W B G IR T SR At
MHE S SR . BEAE GBM L H2E 45 A A 2 R0 4G I 7
AR AR HE A HEHE, [l 58 J5 2% THD Ao 2 A 42 B 9 4o 0%
AL, AT g BN R R GBM HE HE 1236 97 1F 72 1
HET I .
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Table 3 Evidence levels and applicability boundaries of membrane surface homeostasis mechanisms related to immune visi-

bility in GBM
Mechanism/Axis  Immune visibility role Representative GBM evidence Level Key limitation
PD - L1 regula- Adaptive immune sup- GBM-related evidence links PD-L1 to GSC B/C Most PTM mechanisms are extrapo-

tion

EV-PD-L1 out-
put
MHC - I anti-

gen presentation

MHC - 1

face accessibili-

sur-

ty
CD47-SIRPa

axis

CD47 stabiliza-

tion and adapta-

tion

GBM - EV im-
mune repro-
gramming

pression

Distributed  adaptive

immunosuppression

Functional antigen -

presentation visibility

Functional membrane

visibility

Innate immune visibi -

lity

Therapy - adaptive in-

nate immune escape

Distributed  immune
suppression and moni-

toring

states, 3-catenin signaling and EV

IFN-+y and radiotherapy can enhance immu-
nosuppressive GBM-EV involving PD-L1/
IDO1 and macrophage PD-L1 modulation

MHC- I /HLA downregulation has been re-
ported in GBM/high-grade glioma and may

relate to prognosis or recurrence

Direct GBM evidence remains limited for
glycosphingolipid shielding, SUMOylation,
and PCSKO9-related regulation

Blocking or reducing CD47 enhances mac-
rophage phagocytosis in GBM models and
can suppress tumor growth

GBM-related evidence supports FAO-RelA
acetylation-CD47 and hypoxia/EV-1GFBP2-
CDA47 links; EGFR/c - Src - CD47 stabiliza-
tion is mechanistically relevant

GBM-EV can carry PD-L1, IDO1, IGFBP2,
nucleic acids, and metabolic cargo and reg-

ulate myeloid phenotypes

PTM -driven EV Remote transfer of mem - Direct GBM evidence is insufficient for PTM-

cargo sorting

brane-associated signals driven EV cargo sorting

A/B

A/B

A/B

lated from other tumors

Requires standardized EV isolation,
tumor-source attribution, and EV-PD-

L1 quantification

Total MHC- I , membrane MHC-1,
functional pMHC- I , and T-cell rec-
ognition should be distinguished

Mechanistic insight from non-GBM
studies; not established as GBM-spe-

cific regulation

Translation is limited by BBB/BBTB
delivery, hematologic toxicity, het-
erogeneity, and myeloid-cell state

Dependence may vary by GBM sub-
type, treatment stage, metabolic state,

and hypoxic niche

Tumor - derived EV must be distin-
guished from non - tumor EV; pro-
spective clinical validation is requ -
ired

Mainly from general EV biology or
non - GBM models; suitable as a fu-

ture research direction

A: direct GBM evidence from tissue samples, primary cells, animal models; or clinical studies; level B: high-grade glioma or partial GBM-related

evidence requiring further validation; level C: evidence mainly from pan-cancer, non-GBM, or basic cell biology studies.
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