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Abstract Tumor immunotherapy is a therapeutic modality that uses immunological principles and methods to
activate and enhance the body’s immune system to generate immune response for the removal of tumour cells.
Many new immunotherapeutic agents have demonstrated effective anti-tumour capabilities, yet their clinical use
is challenging due to the complex mechanisms of tumour immune escape. Meanwhile, these drugs would accumu-
late in different tissues and organs in the human body and be unable to achieve precise and specific targeting
therapeutic effects, resulting in serious immune-related adverse effects, which greatly hinders the clinical poten-
tial of immunotherapy. Nanodrug delivery systems can deliver immunotherapeutic drugs to target tissues or spe-
cific immune cells precisely, thereby enhancing immune effects and reducing side effects. This paper reviews the
research progress of nanodrug delivery systems in tumour immunotherapy in recent years based on the regulatory
mechanism of the anti-tumour immune response, with a prospect of the challenges and development in this field.
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Figure 1 Mechanism of T cell - mediated antitumor immune response activation
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Figure 2 Schematic illustration of the nanovaccine targeting the STING pathway for personalized immunotherapy for cancer
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A: Fabrication of the nanovaccine; B:Schematic illustration of the nanovaccine boosting the STING pathway and augmenting the T-cell immune re-

sponse for improved cancer immunotherapy
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A: Preparation procedure of core-shell AM nanoparticles and the applications in acid/H,0,-responsive oxygen-boosted PDT; B:Therapeutic mechanism

of AM for multimodal imaging guided oxygen-boosted PDT

phages , TAMs ) J2 [ ff PR 15 v (14— 7ol 0 2 174 ) Jo
S 6L, F R IS R G, 43 ) X e 24 e 21 4 o]
s UEE R . MRS A i B R e R Tl
L4y 0 25 L 1) 4 E A1 PR 7, 3 3 412 1 e 400
IR BE N G J2 240 0 122 Y1) 3] ek S8 ok 2 5 v o 2R B8
T o M2 78[5 4 i 2 B R 4 T A A K IR 28
F R WVE R A 45 R A I e 200 B S0 T e PR
JEE I A2 1 ol A A B A B G % T o 40 4
PRI U, 38 2o 490 0K 24 3 3% 2R 8 015 TAMs, ¥ A5 )
TR AR G BE SN o AR IS AR 345
BT BEL VBT 5 v 200 i S 46, T P TAMs A7, of M2 7Y
TAMs 889 M1 B (5120, Han 2550 F#E 7 00
FLA AR T A 38K AR (A R B Hep K
() PLGA 44 K URL . 122 40 K ks ok — A 2 4 1
CpG R B, I H AR m LM & 1 T M2pep 1 a-pep
JHEC , A A 81 X B i) M2 75 TAM s 1493 750 40 oK
BEW . S50 BRIz gKE -G T A RO 1) M2
B TAMs, I 76 41 ffL N B ik CpG. CpG AR —Fhi e
PEREY , AT LK M2 28 TAMSs 3% g M1 5 TAMSs,

AT S5 20 2 9 b e T R 5% L 75 e 28 A VR Vi
i 958 448 43 20 2 ol ftl) 38 DXL 490 2 S W 4 R AR
F R (MCSF) , 0] LU g 40 i ) % S R 3
fitf CSF 321K 1 (CSF-1R) &5 &, FaM2 ik . Ak
RH Wt CSF-1R {55 % 38 i 7] DL M2 3% 76 8 98 31 M1
R, Liaw % 5'OR R A0 0 5 Wk e - e (PAMAM)
BEBCIR K43 4035 CSF-1R #1141 77 BLZ-945 , 15 %)
— PR 5.3 nm BYHUKAL, B TR KR R
/0N H I ) 2 T T R 2R Y R TR, TR Ut
AB 6% 28 2o 100 i 5% B, I 22 A7 76 0 b 14 /N JBE S5 248 P/
W5 20 B P, T I R A A ) S A . R
BLZ-945 4% M2 e AU YA 51 M1 AU, 390 i Jg e e 1
WEE P T MR BRI T RO .
3.2 TR G AE K b dm R

rh MR A R S R A O A G A L R
X PU A Py B (1) B B R S T e A M . A iR
r e PR A 9 i iR 2 2 Y G A Y
TR — B 43, B Ay Mo 9 A G rb M7 248 i (tumor-
associated neutrophils, TANs) . TANs Xf ffiJg 2. A5



F 54 EH 1

RUFBLL, 45 - e T YK 25073 16 A ) B8 G e 18 P SR s 5 11

SUEEAE R, BRI gd (N1 EBE ) AR g 3% Pk (N2
WAE) o N1 TANs 38 28 542 2398 16 PR A4k
1% 20 B P S B R S B BT i e 9 v T N2-
TANs 38 123 384 568 b3 48 L % B IR 2 I 4 A B AR
32 1 B 92 200 B A5 ML s AR A bR A A 1
FHE S DRGSR FH 94 K 285 4 5 s T v P b 4 i
B ATIRE , A VR G r 1 i T e A &2 g
PEALZ W R T —FIA 1 5 RIR YT AR )
e 20 BRI =0, PR O A 4N
P 0 A AE NGRS I I OB SR e B8 o il ik
TV I 20 A ) A KR, T LA ) e e 2
LA 4 11 =) PR G RS T 1 o Tang 55l £ T
A WA 5-E A (5-HT) R i R (FLIR-B 2 —
i) - (4 ) AW (PLGA-PEG-bis-5HT) , £,
G AER HPPH A1 5- 18 4804k B30 1 71 Zileuton , 15
FNVRIT D K25 . AR B 3K R 41 4
TE 15 2235 W A o AR P Bl (MPO) AL T, W LR
LRSI L GNIEIPS -5 SN oy
TSR R . TLLAMEIR R G0N HPPH 7
Az PDT, 51 e 2otE RAE , (i 2F #  v-PAr 240 L 17 40
KZGYTE AT i v (9 B BRI B, 7 A8t o e
A . W B A K0 KR I S R i
Zileuton , Pl T 1 = 0 A R B RH R T b
LA T Bl
3.3 e 5 AR K AR AT dm e

i 922 e A 358 v 9 A O BT 4 41 L (cancer-
associated fibroblasts, CAFs) i i3 5 95 40 1 A9 21 Jifw
AR AS T, % s B R b fE o [RIE CAFs ]
DI 343 200 400 A A 5 (ECM ) 258 1 04 i 8 52 )
Py 3R B, BELAS 20 DK 24 W) 16 T Jed 20 800N 1935 3
P, 1055 ek e v T P O T 40 L (TILs ) B9 . Ik
Ab, CAFs G i 43I 4 i DX 7, 375 5 S RE i 32 (1R 7k
BRI, CAFs /F h— Rl 7 16 7 L 5 A5 51
T Z ST . ARSI CAFs BT A 31 bR
CAFs  FE ¥ CAFs 55 50 WE U035 25 1) (1) 3B IR R0 RN %
fiff G S A o) 8 ) 1 BT PR S T IR B Y .
Panagi %7 R R 4 Wb B (R R EIR ) LR
Y1 (PEG-PBLG) 5 i J& wIHE [ 2H 348 B0 K o
i e A RE A — R P AT 4R 1L 259 , BT LA a0 i
TGF-B 55 it , A FIE 8 CAFs B9 H 1. 243kl
JE FVRRI AR B AR 5 a2 P iR A i L T 40 e
TE Il IR 20 22 %3 10 B S 1 () P A A R B

JiEE e SR o AR M, 55— T 5 R B e 4
Jif0 5450 7 ZE TR780 &1 1) i I 4y KA 1T, 7581 —
Tt 2 Ty R 1) B 490 K UK SF- 15 (M/IR NPs) , FH T3
#% PD-1/PD-L1 #] %) BMS202, % 44 >k ik 38 3o
[vi] 58 48 1o AT o) 2810308 D 2 o 9 N e B o kL I AE I
S R 55 w7 RS i BMS202., — T T BMS202
SR T R A O ) S A UAE S IR R
T 240 0 G g2 LA o e ) AR K RN EE S 5 o — T
20 K Rt B I8 AR T PR (R BE Y CAFs, 388
T TILAE R LU BB R .

4 EETHI0E & kiR E

i g8 O 35 T A AR A R o ) e e S
T R AT A Bl e 5 i 9k EL 4 i T S R
ik 2 Bl 40 8 A AT 45, U PD-1/PD-11 \ LAG-3 . TIM3
FITIGIT 45240 il 0 S5 A4 5 1 T 240 M 0 30 ,
Bl o ges S 0 G e kit o e A, TR 200 R 1 A
PEP AT 43T, A0 TGF-B) 5| W iz 2, 3- XU 48, it
(indoleamine 2, 3-dioxygenase, IDO) "' 4§ , A L B
1B T 4 A D AE 6 2 S 2OM R 8 T 40 B RE S
FEVE 1 T 423 & A DIRe S, o™ AR 4R M A
FH TR Bs e % 25 7 7= A= 0 B Jeg 40 Bt R 4n 12
TNFa %687, S BUMNIE S0 )T BRI,
B, RGBT GK 245 38 1% 2R Gt BH T i e £ 92 6
TR B, T ARG PR e N

U988 T A S5 v S R G A s B v A BT A
Je S8 1k 3%, 1T L DRI 12 30 fE T LA 494 s AL A PN U
PUIIRE G E BN o I AIF A 2 BH SR FH 2 A6 4 4
550 BELIT PD-1/PD-11 15 538 [ , ] 39 % G e f
il e 8 TR B, PR ST 240 R e e i e 14 5 o
SR TIEIRIT Y o Gao FE & T TN B R HE B 2R
(BEJE ) (PAMAM) AR K 535, IF-4 H AP AE G40
KRLT- RN, U AR o 2% 40 KA 3 F A £
FH5 PD-1 siRNA (siPD-DFE AR Z A8, AT 0L
BRT 40 b Y PD-1 LA RS BT IR D BE . Yang
Sl 3k F PEIBH &5 A5 5t 44 oK R 42 48 PD-L1-
siRNA FI13 J A K 32 (K EGFR A BRPE 1, AT
T 3 B )7 9 1 5 X EGFR 28788 B4 AF /)N 240 i i
PP RE T o SEHG 25 FF BIZ AR 0k v] LA
BT IR A549 95 40 1L 2% 1T Y PD-L1 K PR E T 4
FeL A e e 6 2 TR Bt 8 0 T CD8 T 41 i 11 77 Ak
FNI



12 ‘? @ & # X # *# fit Journal of China Pharmaceutical University 2023,54(1):5 - 14

54 %

SR T AL AS BEL W7 5P — 1 B 93 6 38 {5 58
%, AN R DL S BRI S e AN . FGLL/
LAG-3 52—l 19 fo i kAL ) , 5 PD-1/PD-L1
A AL, X T 40 L E AT 2 A R R AR
FH9 g at X FGL1/LAG-3 1 PD-1/PD-L1 {5 5 18
SEE% 110 L B BEL AT, 445 W R e 2 2 T 40 ) feb 9 400 B 1)
RUIHE T . Wan S5 DL BH B F 4 6L 3R 461 & R
(PLL) A48, SE40F2AE 1 ROS U [ i 4 i A1
% S i . A2 R AT LI A A A B AR S
FGL1 siRNA F1 PD-L1 siRNA & 40 % ki, R
W H 5 40 B 2 35 K iRGD [R5 2, 1R (i KL X 24
o i IR L 4 A T Rg A0 v 2638 1 ROS AR
T, GKUR A B FGL1 siRNA Fil PD-L1 siR-
NA, T4 FGL1 F1 PD-L1 85 [ 19 35 |, i B fe g 4
il . RN S PEM & B FGL1/LAG-3 1 PD-1/PD-
L1 15 53 % 1) XU BELIBT , A7 B T ek 32 ek g o 5 41
IR S AL E 25 50 T 40 A S 28 17 255, [ i,

siFGL1

siPD-L1

iRGD

T cell

Tumor cell

CPT-NPs

» ® & »

B T &N CD4T T 248 il F1 CD8 T 248 Jfd 1) 4= 91
DO J&—Ff & A% i 2T 2 1) S Ak B il , ] L (5
R AR R IR R o KR 2R 1T B2 90 i 40 g
BEPE T 0k B AN ) T E , FE 1G5 Treg 1 M, K5
FEMHRIROVE I, PRI, IDO A S o 2 R AR
SRR R g b i 1) FE L IR 2R 3 ad A1 TDO
A L 3RE A IR SRR BT T T 400 M B 7 I 3R
R [ B E TR . Mei Z550R FH IR AR AE b 40
AR, T 338 5% 10D 75577 K 6 R A IDO-1
I 7 v e B SR X S AR A ALY - S R Bk
BT o WFFT 4 JUE 52 R TR AE CT26 25 i i
/N BB R B R U T IDO-1 3k, TG e ki
B, FEDREDIOR TORFEEBRA 0 ICD R . [F]
B 28 AR & T 5 A e SN, IR T
Foxp3" Treg H&C i , 38 I i LR ARSI . & 1Y
o Z2 Ge AN M il T e 48 K i EL B S A K e
S8 /N A A7

, —

Tumor Penetra

We == ooliPr

/, "_\‘k,:_\) &’
ST SESY PR effect

Figure 4 Schematic of co-delivering siFGL1 and siPD-L1 with ROS-sensitive nanoparticles facilitated by tumor-penetrating peptide iRGD for effi-
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