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Abstract

Glioma, a tumour originating from glial cells, is the most common primary intracranial tumour. Sur-
gery is the most effective treatment for gliomas, but it often leaves residual tumour lesions after
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surgery, which inevitably leads to their recurrence. Recurrent tumours are frequently radiotherapy
and/or chemotherapy resistant, along with haematological side effects (including nausea and vom-
iting), dose-limiting drug toxicity and myelosuppressive side effects that are difficult to avoid with
postoperative oral chemotherapeutic agents. Faced with the dilemma of low survival rate, low sur-
gical success rate and poor quality of life of patients with glioma, immunotherapy has brought
change and hope to the survival of patients with glioma. However, the “cold” tumour environment
formed by the enrichment of immunosuppressive factors and the lack of cytotoxic T-lymphocytes
in the tumour microenvironment restricts the effect of immunotherapy on glioma. Nanomaterials,
due to their high uptake rate, high loading rate and high responsiveness, are preferred options for
immunotherapy, thus providing new ideas for the treatment of gliomas.
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1. &t

BTN DR £ A PR ORISR SR AN 2 TR SR [1]. DRI R IR SR i LR SR A Ak
AR R GU(CNS) MR, IR TR ANRIR - /> SR 40 e A/ 58 B R A g, vl AR 0 R 1R 2%
Ph. 2016 £, S PAM GG 1R )0 K057, RHR AL TP RIRFEI AL, AT i
SE T AEER2] (3] B, SREPER R BRI 08 U-IV 9, 45 2 VR B4R (GBM), —#h
IV FRTCALIR[4], 2 TR BRI B ) O R B R fo vy R ZRNE e (N SRIN fiRE 28 2, th i
FSCN I P 968 e 5 5 LR — o 249 90% FAY S 5 R R JRE g Jir A 1 e Jo Bk 440 e, i /0B P 3 4 3 e
R B IRE R e, AR 4k A M 5T BEAR R (5] [6]. 7EBKTEHIN, GBM BEFE 10 £T7A
FETS, B AR T k(7).

B SR AT A, REME B, BT ARMERAR, AR BB —Rr .
WX R Ak B AT PEAR 22 D RE SRR IR A AT AL 7 R AG AT 25 2 IR ) e PRAEIR (8] H RITVR T i ot
TR TT TR EEA TR, BT 9], TARIGIT B AT I6)T R ek £ 0 2, H T AR
JR RN IR DIBRANTE 20« TR L DR R BRI G (FF e« R B JRE ) S 45 o m L, AR A 21k
FAAERIR[10] [11], ARJGHALTT e — @R EREAC B B T, (ERAFAEAR G B 25 KA R4
Yo S B G MRIE), AR —E R RIS TR AR 12] [13]. H AT A SR R R iR
IR R K7 i, A i PR SR BRAE DR ER LU TR ST 2507, 3R 1 — S8 3, (Hl TA
VERSCRF BAFAE N[ 14], 380A RGBT kIR TREE S0 1 MM TR II6 )T BOR, BEia)r
JA R TEM FB2 J 0R F) £ e
2. SRRTT RS B 4RRE R R A

FE R TEh — BRI D G B PR e, S ity AN BE W I R R i R W S i o T
FE RN S B S R B A AR, AW TR SE IR R AR IR S R GER), IR H T A2 REREIE N KN (1 H il
R B U IR TR I S i 7 (4 D REU NI RIRE:16 T IR G PUR AR T 467 (CAR-T).
TR R IR T KR T[15]. WM AT AT LU b 7 R UK it B 40 ARS8 o 8 4 P s 73
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wWEAEGIEETT, FEORT R B S T R A B I A B . X RN U7 VE B AE S R SRR, T
BT R S JI[16] [17]. REEIRERSIESR & 7RG, FFRG] VR s RN RELRE. F2RaTiEe
S 1 B T BRI R R EEAT TR AT, e T LI I R AR A 5% AR 23 AR RIS 3R 1 B2 A s
RS, AN, JREFAH @I, W TLRs82 KRS EWRAA . 1E 9B, A0 R BE 4 i T LAek
T YU IR IR, Rk S REROA BT T e TRk, 70 BT A2 o RO 5 BE 440 R 32 Ui () —
e G EBJTE . AN B I SIS 2 {5 FH T 2 B8 ) 1R B SRk G i 28 14) 3 ARE[ 18], AH AR R AR 5
YBIT TR 2 R A BB T 00 B, WA R A EE(HS Vs) B Rl KR
RIREEMFRZIRFE[19] [20]. HR H AT HURTEIRTT ROR A EH I ARSI IR 18 S, VF 2 RN a7
ER AR LS 2], SR, SAF AL R 6.2 AN H A e T MUR R 2 — BRI [21]

E2 H FIR R S5 V0 97 B B JCiE ke ) B B 2 S e s e A B B a2 [22],  deedln BRI PR 9 45
R, CRRT S E T LR (FN-) AR L T kA2 16T B R bR &, T 43R
T R FLAE BRI ORI 8 A, W RE SRS G2y T VR T R(23]. ie 4 Nk, Besl N B 7= BE
IR A 2 R AR EEPE T WREYHAPUR 4 (CTLA4)RI PD1 HIHUE. KEZE SR ILH T 7
CTLA-4 F1 PD-1 i _[[24]-[26]. T 4iiflidF*iE CTLA-4 A1 PD-1 530448 3 K IHoAh A 2 # i Fraid
Y, XEHFLEUMRE/ERGER A 2%, CTLA-4 F1 PD-1/40iA 5 A BRI G P47, N AOE R, FF
S A P 20 M ) S R RE, AR FURE TR CD4+F1 CDS+ T 48 b (1) PD-1 ik EFE6 N, i PD-1 7£
JHRIIZ I T 4 LR ais, Rl T 4UM R0 TS, (H2 GL261 iR 433 TFN-y [IZIEEI D> PD-1 )
Fik[27]. FTLLH AT KRR 7T S 3 0 E T3k IEN-y /3835 CTLA-4 1 PD-1 %1, SZELHUIIR B K
R, WA ARG R 5256 25— AR R IV TT RO 2 T3R5 — DU 7 75 ZE T K A 3008 SCRF(28]
[29]-

A PURSZAR T 4UHIR YT (CAR-T) &2 T TREEARM T AU Fik e 0K e PR ik & bR 52 7k
(CARs), 4 CAR EEAHHAMXYIRSE &G, et T S S5, R T 40RO & 140 i 5
T PRI, RHEAAS IR A R AR FH 300 4% 9 G P B8 (19R 7, O% T CAR-T 4H L I PR S 50
T L, EEEPLEAI ANRZAE KA T 4K 2 (HER2). EGFRVIIL ATH AL 2-13 321K o2 (IL-13r02),
AL J 5 968 G 25 400 o PR Jn e S PR 5 AT SR B okl LR A E R (3170 A A iR 4R S 4l M R i B A7 e —
PN 2 (B (S 5, H T2 0 RAIT BT PD-L1 K&t CTLA-4 525%)(32]. T AR
) PD-L1 S5 4nfu ki PD-L1 456, SECTIF PIBK/AKT 15 58 B 1 ik i N8 Bd-2 FHEH
M5, —J7HEE4E M T AR CTL M T:, 55— J7 4 CTL 40t 40 s 1, -4t
. MIEIRIE -0 FTEA N 3R-2. CTLA-4 It 5Lk CD86 Hil CD80 14 &, Fa g+ i) CD28 ik
W, SECT GHME A, B R AR A, (AR SCERROE R IR SR BRI 33]-[35] .

PR YT RN R BB IR I © A HE IR AR I B B [36] [37] A7 SCHRHRIE [B1 i 8 M Bt S5 1 B AR
SR P (dendretic cell, DC)H DC % Fri & sy 1 Wit BF 20 By 2B 2 1 FL AR AR A7 38 . M ALMRT 928 1 (person-
alized cancer vaccines, PCV) CL 48 FH T~ I Ji 5 788 P e g v 97, L3RR 22 M A/ B 5 W « 97 3 T o TR 5
PET WRESGRM, ARIAE T ARk ELAH RS AT NP 4 . SRR R ARG, [RITTAELE . $0f] F- AR i i 8 1)
R JEK B E I AAFIA[38] [39]. M #4098 1 (tumor lysate vaccines, TLVs)A& K FH 28 T AR 8IS AL 3R
B0 b Iga 1) £ B AR N BU IR B PCV, A I PR FUIE SE i 5 2 A P05 2 B AR 9% T Re A2 R J5 I K AR
PIAEAEIA[40] 0 (R BT B = s 20 0 e i, A REBUR A B os eBe S, MO B AR LI G s e
A, R IR TT AR . (F B R I PR R A FR R = A8 280 AR A B2 H AR TT R 5T B4 MR
PR 2 —, NSEBAMAIL BTG TT W B T RLFF[41]0 AZREIEHR BRAR AT SR 2 1 22 15 G FH ) St i
AMAA S P AE I R TT R i A2 TS R 32 PR
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URPBE T A S B i SR IDCR . R s e B, A5 SH L 5 o R L 0 5 o ) £ 8038 fe 8
B, HATKEGURETE R DI REAL AR B, BIAK B Rk RIS HERL VAT [42], AT SEEL
R 73 WA AT 1) P 988 A1 3 a3 JEL 0 ) S e A A R R o DRI b ik J S 88 e B T T AR KA 5 A ok
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Figure 1. Current immunotherapy modalities for the treatment of glioblastoma
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GORAEL, FERRYURIRL, IETEAENIETE T IE A THIIT, LUNsExt GBM (8 R 8 25 Pk ik
[43] AR 1 42K E] 1000 GHKANEE G KIOR ] F T 25981k DAAMO A R H i, A4S B E Az .
H ATA77E 2 MR BIGRRL, BEATHRIER . K/, B i FIThRE S A o] DUEFH — R 51 H AR

EEAT, BIRGOKUTIEE . ABIE RN RIEBOCZNE . EHPUKTTIEE, AIR AT AR A=A
PN ) SR R 18 TR IR K R, ISR LR (PLA). AL - 3L - ZWMR(PLGA)FIZE N BR(PCL), iX
SE A R AT i G 29 A, AR S I ThREARAR B 5, T SO K 1 R K N 2459 90 1 ) e s
AU [44] [45]0 ATTTG KB, IR, K Fr SRR T R FE He R IFE AT, 9 K0 ] LA
D FELC A SV EIVER, RE VA ANSENE, DRI 250 oS B AL 2 B A

WHARE, B BT B AR, A9 IR Y B2 R G0(RES) RIFREL, AT AE 5 2, — A,
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(PAMAM)ZE FLARK IR R G 9K kL S CREKA BEILHE. AT R B, 5 AR B I QK BURAH B,
IXUE PEG (LKL K T AR N IEIRESR], BEKT PAMAM A #0E, JHERERANZIE GBM 44
[46].

GORATREF T TR G 5 ¥R 9T IR SCIRE ) LA B AERUE RS K o 1t AR K% Jing Zhang %5 AR K —Hh
1 RS SR BR K B N 25 e, DASL A58 CXCL10 A1 THINR KE0RE, 51 A2/ LA 4 72 AR s S5
PEAIMAE T, T ARG IR TR A7 BRI [47], Chen 28 N R FRE SR A PR 2 A (CAR) B g 41 i/
/NS A0 BB S T G KON SR AT I R YR T, R P S A PR T R A I R AR A B R A
SEIAN it 9% 52 4 [48] . Feihu Wang HIBAFF —Ff 1 AL S BE(PTX) K22 (PF)NKKEERL, & R
E WG AH M A 1) e OB, FH 5 R P s o 5 4 B 9B 1) JR 06 97 (491« Jing Kuang 55 A iRGD &4
KALF DOX@MSN-SS-iIRGD&IMT, H T KAy 254 (Fil 55 2, DOX) A G ek 25 s 4l 7 (1-FH L L R
IMT)[F] A 336 326 28] JEAS Jise Jo g v, S0 e o R JL 7 ST 4 M 35 - DS+ T 9k 20 400 e o ek g 400 P [ 1
IFNa/B+ IFN-y. TNF. IL-17. STING FI GrzB [f13&ik [, #0fi i J5 i 4 KR 25501, Wang il % ik
(Pep-DEH PTX Kk F(PNP PTX) M E2 EEAZIG Y CpG 4Kkl F(MNPCPG), #H AT PLGA
1750-PEG 1500-PLGA 1750 iR Bk EEHELE H, #57 PNP PTX &MNP CpG @Gel ZZRZMi51% R %, M
T SISO 0 e 2B BRI 85 1] BRAEATY A R B FU SR e a3 VR 97 8RR I AN W 3 2% 33
TR S HARR A Ak, WREHUMR SR, N S I TR R R
4, 545

ICN=A

5SROI SR A LE, GBM S5 ki i 8 £ T 52 00 5 B RO RZ R, YR T HERERE K. O T SOk
3o M A 5 0 R A SR R AR HE R, AT S BOEPAG T B AT LR 25 R G T GBM K144
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