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Progress on active tumor-targeting nano drug delivery systems for
improving tumor immunotherapy

YAN Wen-lu"?, LANG Tian-qun', YIN Qi", LI Ya-ping"*

(1. Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 201203, China;
2. School of Pharmacy, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In recent years, immunotherapy has made great progress in clinical cancer therapy. However, the
poor tumor specificity, low intra-tumoral penetration, and low cellular uptake in the systemic delivery of immuno-
therapeutic drugs lead to low efficacy and poor safety, limiting the development of immunotherapy. Active tumor-
targeting nano drug delivery systems (aNDDS) can enhance the concentration of drugs in target cells through the
interaction between surface-conjugated antibodies or ligands and the receptors on target cell membranes, providing
a viable strategy for specific and efficient drug delivery. In addition, some specific types of cell membranes with
the natural targeting ability have been exploited for the construction of biomimetic nanocarriers to improve the
drug delivery efficiency. In view of the many advantages of active tumor-targeting nanocarriers, researchers also
have designed a series of aNDDS for promoting antitumor immune responses and proved that they improved the
efficacy and safety of immunotherapy. In this review, we summarize the recent progress on aNDDS for improving
the tumor immunotherapy and look forward to the main challenges and future directions in this field.

Key words: neoplasm; immunotherapy; drug delivery system; nanomedicine; biomimetic material;, immune

response; tumor microenvironment

Wk 1390 2021-08-11; &1 F: 2021-09-03.

FGWH : E K F AR ARG EWTE (81871471); H EAL 27 Be kel BT 78 B 5 55 B0 H 5 ob [ 1 1 5 R 2 2 G BB E (2020M681428); b it 17 i 44 1
LEZBITE (2020495).

*JH IR Tel: 86-21-20231000-1515, Fax: 86-21-20231979, E-mail: ypli@simm.ac.cn; qyin@simm.ac.cn

DOI: 10.16438/j.0513-4870.2021-1172



P B A E A HE 16) R 1 A K 33 24 2R 8 50 IR S v T T <47

U %% R 40 B A % AL D Re, o7 BLR A0,
A FFER AN RN . 2T MR 5 % RS
EAER, W CLK b 1 3 R 4 A TE B P R =
BB FETE BRI B, G AR S8R0 IR B i g 4
JL; T — 6 SR A% (1% b e 4 A mT DAE NS T B B, Ak TG
AR E PARAS; e J, I8 4 AR ae ot 3R A1 928 i 4 A 3
55R B J5E Tf 52 36 3E o 2 M AR B % R A, IR S 0 R
S A ELAE F R 2 P4, B N RSB B o axX B, fi R
I B TT LA 730 G 58 0 ) R - 0 552 G 8 00 i 2 4 P 2
7 A 95 A P i 98 B8R 5 (tumor microenvironment,
TME), 3 — 2 $ 1l 51 /e G 8 N5, AT 3 S50 83 A
TSI AR, B A SE J A ArfE RR

b 56 o) iR AR R B B HL 5 e R G AR
F BRI IE, ST 12 BN kA% Geia 97 Tk ey
T G B TS SRS . B IR T R A
o, P28 1Y S AR B, 2 T A0 T o SR Y, s B B AL R
W0, 55 ) FH 38 38 40 1 2808 43~ B i 4 T b e
HIBE Bl S8 I (AN JE R T2 T 4B AR R PE ST
i 96 B 9% 2 1) Bl S S T VR (W), s R AL
TR T A2l Ik Y T SR 30 e ot R 928 B ) R s A
T K2 R SR PR S e e 7T . RS RIPEIRTT LA R
9N X P RE B A 7 mCAE, AH 2 G R P 4 i 5 28 4
K. WeAh, & A% 2 254 Ak I8 SR A 43 AT 5 B0
G A 9% R B B (immune-related adverse events,
irAE) 9 8 K PR ) FG 22 4 v AR PR R FH 9 731
Ik, 18 V) 7R BT R O e IR T 2509 N o A R S
W5 DA i 928 I 2 AR D irAEY

I B R e A2 e ot S Dy e TR AR A 2 1 44
KB 25 R 4 (nano drug delivery systems, NDDS) A 5K
PR AE K 245 4 100 AT A I TR 38 56 26 1 7 i oed S8 467 1 5
T2 AIVE AR AR 32 e e 200 oot JHG 55 BRI 42 o) 245 W) R T 5
Z H Hbr, AP AR N 2 R R TR R, B
20 20 80 AR R LAK, M58 1172 3% 5 i ¥ (enhanced
permeability and retention, EPR) %% . — H.#% A N 42 44
DK AR B 0 245 40 7 e 8 35 57 23 A B BLARI™); SR, ARl
DI, S LY S AR SRS BN - S L (R 2 S e TE
PR B B 28 G ™ Jd I X KR AT AR A L S
S PR (A firh 98 4 PR B A % 4 TR ) T AR S 1 2 A4 A
g4 AT LA RBGR m R e 0, DRk, Kt 5T B0 L EPR
SR A 5 PR A 20 S 1) 2R 0 KR B e 2 50T 2 B A e Y
NDDS 1] 22 58 H peak!”.

O B8 24 AN B B 1) LK 20T, E B 1)
Jif 98T B 4K 3 24 R 4R (active tumor-targeting nano drug
delivery systems, aNDDS) AJ PA$E & V397 2R FE /b A
R, HEf, A 2 DU 7o & aNDDS T %%

TBIT, FRAE SRR B AR IR T R . AR SCH
M A J2E e e I8 2 25 1 s RO A 3 2 Bl B 1 A L
i, X AT JUAR FF A T 9% 9T 7 1) aNDDS 33 AT A
21, I H U R R AR R SR 1 A e 5 T

1 FhE Sz ki HO AL

PR G g L B I B S R TE K, TE
Kk R, B a0 g i G0 B SR 41 (dendritic
cells, DC) Bk 5 Wik 248 A 5 3K Jif 988 Pi S5, 9 % 32647
s B S, PG S 00 20 BT B8 28 9k O 48 B K R P 5 4
REEVIA T 40 IF5 5 04k, T2 AR08 T 240 fih e
R S M B 200N, T 248 B adE N 9 JA i 5 3 7% 3 i e 2H 2K,
PR I A7 0 P e 4 B RS, RORET 4B BB TS, I AR AR
Ji R R S 1 e AZ T AR SR, IR 7 B, i
o A RIE D BB A LA PR, AT 5% R 5
“ASH] I, 70,

I A1, e 24 e T AR A i B A, T DA A
PEFMHIE TME B)TE Y. %6, mE IKE REi ok
AR 78 A2 AR AR, T PRI A K R IR 4 i 2 TH AR R
FEA, SRR R, ERE T B ) A i
A5, Had it 4y WA NR A0 5 5 PD-L1 3R 1A #0928
RSO L b R A T P A AEURE I A 5 B TMEE 4%
fICHR) pH B AN 22 ) FUIR, R LA 1l e firh 83 2050 7 440 i 1
RAEAEVE" . F AN, T 4B 52 4R 1 20k F T R E
£ T 48 Jf S 2 1T 4 R 2 B Il A 5 PR ARG 2 TR FE o 110
T 28 AE 2L A R 3 2 4D e 8 4 i P98 IR

o S Jed 4 i 1 £ 1) SR R4, TME Hig i 1) S e 4t
TEMR R AR E . T T4EME (regulatory
T cells, Treg)-FEHEINHI4NAE (myeloid-derived suppressor
cells, MDSC)~M2 B [ 155 201 A1 N2 28 mp P s 4 il 45 2
Pk i s Jel™ s iy gt e A v, iR 4 i mT DA 43l
Go I8 F ] PR 7 n 1L P B2 AR KR 7 (vascular endothelial
growth factor, VEGF). #% . 4= & K - 8 (transforming
growth factor-f, TGF-f). M| W[tz 2,3- — I % (indole-
amine-2,3-dioxygenase, IDO) &5, F 48 5% Treg &5 G & 1
i) 4 1, PELRS 0 IR e 958 520

A4 i 75 14 T bk 02 48 B AH 5% 3 B 4 (cytotoxic T
lymphocyte-associated antigen-4, CTLA-4) 172 7 14 4t
252 4K 1 (programmed cell death 1, PD-1) N1 %
PR B R AT LA f 52 RV ) MR e 2 e R L A Y
CTLA-4 £iE T TH AR, 23 5 DC 3 [ 1) CD80
5 CD86 4 & J5, A T 4 i AL F2 1 7 S 155 5, AT
1 T 240 M P g G s &P, PD-1 & CD28 HE 5Kk
R FL 3 52 4k 2 —, a5 T 40 . B 41 i A58 2 40 g b
W E I B 5 R IA, PD-1 B & (programmed cell
death ligand 1, PD-L1) 7E#T J5 52 33 4H 0 L P9 2 40 i A0 b



©48 24554 Acta Pharmaceutica Sinica 2022, 57(1): 46 —63

968 240 0 55 22 Bl S L (V) 20 i b 0K AT A A R B T
400 (cytotoxic T lymphocytes, CTL) 18 51, M 1 26 8 #
P2 MR AR R I L g R A1, TR 40 L s 2R 0 1
CD47 34 ] DL 6 5 40 Jf 2 1 145 5 8 15 2 o (signal
regulatory protein o, SIRPa) #HELAFEH, LA ik 05 41 A
A VRN (1 AR T G R A TE BT g
R RIVER], S IF & 1 — & 51 %X CTLA-4.PD-1/
PD-L1 1 CDA47 () 5 5e B BT A4 2454, 38 ik BEL 1K 4 2 A6 7
R, FETBOE PR S BB, SR AR P R b s
JTIER,

2 FEnhERE BRI AKIEZS RS (aNDDS)

I B AR, gk R T LD 25 i AR
RS, BMZAIAERE N B, IR mIRIT R A
PR O 38 3 3 T A B TG A -5 4 00 i R 52 A A
HAERNFH T, aNDDS et 5 = 25 ) 7E 5L 40 ig i
(AR FERT . R4 e 200 PR FEE b S 2 o 0K ) 52 AR B
EEPUE, HITC2F K — R BA &R 55 e
FNTTRIBCAAR PO Bk B ERRE IR AE M (1 4R oK A
), e Bk A AT DA A R e i e i 245 firk e 4 i B
RIS E A ERAESG A, NFAMTIN D, Sykes
P T — RYIRSFRIAK KL, 4y Al R 2
(polyethylene glycol, PEG) %2k & & 1M, K IR
£ 60 nm /e A7 I, Bk B B I 9 RORED (T2 348 7))
B PEG BRI 9K R (B h BB 1) 1 5, B A 5 PR i
I8 B R R (PR S %) RN B v R N IR B (7 2 ) Bt
CD47 B 42 1 1 28 A0 2k 48 Kb 438 1F BH W DL a3k fige i
e 240 RLGT 5 PR At Y PR B H, R AT 254 1) A B B
PERU RS 2B - H 2 - R A2 K (RGD) =ik 4 ik B
AT DL [ iR L R0 R A A R T B ) S 5 o3
BB m AR IEBCRDY . BRER FRECAARSL, BEk
BC ARt 52 21 9, 5140, 3% B B R (hyaluronic acid, HA)
& — MR UL CD44 Z /R 55 5 VE 45 A B S G SR B, mT
DA 13F CD44 1 22 125 11 83 4 B vk 245 1) i) 38 B o itk
A, RS2 AR AE 22 T i 78 4 B o s R A, 22 TOURIE 9 IE 5K
I 122 1 T LA 38 56 490 K 245 47 1) 3 32 R R N 22 A P
A T 9 S 7 R I T AR A T DA 25 5 e 8 4 B 3 T AR S
(248, # FARBAE G oK IE P & B nT DA F 2591
o R B T

B 17 N ARG B BCAR S, ey e 28 B 4 i PR
2% IR VA SR AL b KA P 55 R 7 T AR R 7 AE 1
243 16 AR, R e B B O A R ) 4 B S I S g oK
Bk G, CeIFRE— R BA RIFAEV I
k7K T IR S B AR K 250 g, JiIe A
JESHT DA FH T 40 KR 1) 2% T D) e Ak, AT T 7 G [R] 9
B ) R BE 77, SETL MR R S 1 I 25 a0kt FE LA,

TR R S AR i J— R RE RN, 2 B gk
I B 2> 4R 2 B IR R A, X 8 AR 7 N G AE F s 4
JH Y 2 L 5 78 A0 K 245 LASRAS: 32 B A [ Ji e £ e
OV A B P2 52, 26 T B A%/ 5 200 i BSR4 i
R 2241 1) NDD'S 0] DS f 70 M98 245 470 1) 3ef 2% 28
RO Ah I /NBR AT DA A ER R 40K (circulating
tumor cells, CTC) b )b Bt 43 ¥ 40 P-1% 4% 2 e f4 AH B
PE R, AT A T 74 8 3058 ) CTC 1) 245 4 34 1% 1
12 T 5 2 R 2H 2R 2R T A AR R DU T
YK 259 SR 1) e ) e
3 aNDDS B EMME RENE

BT %I RG] 1z, B A B2 A %
SN R AR, FE S IR YT T, I A B 25 2 SR A DA
T A 0 A B b R PR A 2 B 7 AR AN A R O BRUBCR
fEA, Wi 51— &5 irAE. F) F JiJ8g 51 m) 8 40 K >
B IR I VR IT 250, T LA R S 2 A o
A F A, S IRG T A S R 1) 45 2, R TR 9T AR
(B 1). 1E#F ¥R HE aNDDS B0 Pt e Ha g% BLE AL
10 BAT F) SN BEAT 73 2K ik
3.1 EsERhEEAR S R R M

Jie 98 70 Do 2 T PR R R S e 3 B R 1 B EE AL ) 2
—, iR 4 G T R R PR A R T
2H ZUAH 25 1% BT B T (major histocompatibility antigen T,
MHC T) 7K1 F1 HIl §§ Bt J5 52 356 Dy e R b 28k e 928 5% 4 (1)
A FIH aNDDS ¥ 25 W5 S 11 i3 1% %2 b 988 24 i,
HE R E R IE T, 2 5 UM A KPR
(tumor-associated antigen, TAA) RS, HE 1M 4% e 1% 44
JL AR, T L e R g B
3.1.1 FSERBEMMMET MR ERE T
29 T BT A5 3 N AT DU A G TR 1 4 D AE
T~ (immunogenic cell death, ICD), B/l TAA 5 {540 5%
7 F A3 (damage associated molecule pattern, DAMP),
ARV b IR B A R T R, I S 5 A L TR URE N IR
T, AR, fid R B R G g R AN FT LA 5
Sk PR A K, IR T DURAEZE b SN, AR AT B 4 .

FFIC 25 19 52 44 A2 (EphA2) 75 35/ il g« A9
LR e 45 bR 48 1 3% 1 1 %6 9%, Drummond 4] PAH
UE ST R Z 32 AR I A4 B AT AR Xy B (seFv) /31
F B FE [F) AT DL 22 PR At 8 T AR I 2504k N Oy AT
MU N ZFIERE T . 2 VA IEv] DATS 3 I 4 i = R IA
509 2 (AT MHC-I, 525 425 1 CDS8' T 40l /- 8%
st 5 ek A U RIS A8 I, £ EMT-6
/I BRCFL R B AR ] T 93% R AR AR o T U S T
% VAt FETC 10 2 T AL 2 5 91 PD-1 Bk i BC &
BT, WA R R AR N R R A AR A . kT A,



P B A E A HE 16) R 1 A K 33 24 2R 8 50 IR S v T T <49 -

B
Ligand modified -
TN %
} 1 : Lymph node |, OF*
Cell membrane coated : 3 )
Al (il NIDIDS Antigen presentation and T cells activation
l Target T \
Promoting activation of immune cells| '
) 2 \ | ()
. N~ N\ / o el -
Lymph node R 2 Antigens stimulating 4 T cells proliferation and
immature DCs G trafficking to tumor
Or @ o Active targeting NDDS
DC T cell Tumor cell TAM Otl}'er cells
e Inducing cell death Enhancing killing effect
< @ @ 3 (anti-PD-1/PD-L], inhibiting IDO)
G-

Immature DC  Mature DC Inducing inflammatory death of
Facilitating maturation of DCs  tumor cells to release antigens

— s — {é}
M2-TAM Ml
Reprogramming TAMs

Promoting activation and
proliferation of T cells

/

/ Tumor tissue  /* *;
(@ 6508,

Releasing tumor antigens

Recognition and killing of tumor cells by T cells

Figure 1 Nano drug delivery systems (NDDS) with the active targeting ability promoting anti-tumor immune responses. A: Ligand/anti-

body-modified or cell membrane-coated NDDS can actively target lymph nodes or tumor tissues to activate anti-tumor immune responses;

B: The cancer-immunity cycle and the role of active targeting NDDS. DC: Dendritic cell; TAM: Tumor-associated macrophage; IDO: Indole-

amine 2,3-dioxygenase
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Figure 2 A dual-drug-loaded HA-decorated enzyme-sensitive nanoparticle for chemo-immune therapy of breast cancer. A: Schematic
illustration for the self-assembly process of the cascade-targeting enzyme-sensitive hierarchical nanoplatform; B: Schematic illustration of
the combinational effects of chemotherapy with the anti-PD-L1 therapy for activating the immune system; C: Ex vivo fluorescence
distribution of different tissues; D: Quantitative analysis of tumor tissues after administration with phosphate buffered saline (PBS),
triphenylphosphonium derivative nanoparticle (TPT)/doxorubicin (DOX), and DOX and lonidamine (LND)-loaded TPT (DLTPT) for 24 and
36 hin 4T1 tumor model mice; E: Relative tumor volumes of mice with PBS, DOX, DOX-loaded TPT (DTPT), DLTPT, and DLTPT + anti-
PD-L1 formulations at the end of each treatment. n =6, x £ 5. "P < 0.05, ""P < 0.001 vs DLTPT + anti-PD-L1; F: CD11c¢" CD80" cells in the
lymph node; G: CD11¢” CD86" cells in the lymph node; H: CD11¢” CD80" cells in the spleen; I: CD11c" CD86" cells in the spleen; J: CD4" T
cells; K: CD8" T cells; L: The ratio of (CD8" T and CD4" T cells) and CD4" Foxp3 T cells (Treg); M: Treg in tumors. n =3, x £ 5. P < 0.05,
“P<0.01. LTPT: LND-loaded TPT; CTL: Cytotoxic T lymphocytes; Treg: Regulatory T cell; HAase: Hyaluronidase; GSH: Glutathione; ATP:
Adenosine triphosphate. (Adapted from Ref. 50 with permission. Copyright © 2021 American Association for the Advancement of Science)
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Figure 3 Magnetic nanoparticles camouflaged with platelet membranes triggered ferroptosis for enhancing immunotherapy. A: Preparation

of sulfasalazine (SAS)-loaded mesoporous magnetic nanoparticles (Fe,0,) and platelet (PLT) membrane camouflage (Fe,0,-SAS@PLT); B:

Representative confocal laser scanning microscope images of 4T1 cells stained with 2,7-dichlorodi-hydrofluorescein diacetate (DCFH-DA)
in different groups [SAS, Fe,0,, Fe,0,-SAS, Fe,0,-SAS@PLT, Fe,0,-SAS@PLT + ferrostatin-1 (Fer-1), and Fe,0,-SAS@PLT + deferox-
amine (DFO)]; C: Schematic illustration of dosing regimens of Fe,O,-SAS@PLT in 4T1 metastatic tumor-bearing mice; D: Quantification of

mature DC (CD86/CD80", gated on CD11c" cells) in the lymph nodes of 4T1 metastatic tumor-bearing mice at 24 h after mice received
different treatments including @ untreated 4T1 cells, @ SAS, ® Fe,O,, @ Fe,0,-SAS, ® Fe,0,-SAS@PLT, ® Fe,0,-SAS@PLT + Fer-1,
and @ Fe,0,-SAS@PLT + DFO. n=5,x+s. P <0.001. (Adapted from Ref. 51 with permission. Copyright © 2020 WILEY-VCH)
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Figure 4 Engineering magnetosomes with the active targeting ability promoted DC maturation. A: Fabrication process of cancer-cell-mem-
brane-coated CpG-ODN-loaded Fe,O, magnetic nanoclusters (MNC) with anti-CD205 decoration (A/M/C-MNC); B: Transmission electron
microscope images of MNC and cancer-cell-membrane-coated CpG-ODN-loaded MNC (M/C-MNC). The space between the red lines indi-

cates the cancer cell membrane; C: Illustration of A/M/C-MNC-mediated cellular immune responses eliciting CTLs and memory T cells (T,

cells) for cancer immunotherapy; D: Analysis of DC maturation markers CD40 and CD86, MHC-II, and the cross-presentation marker

MHC-I in the lymph nodes after vaccination with different formulations: PBS, 4T1 cancer cell membrane fragments (MF), MNC with

membranes camouflaging (M/MNC), M/C-MNC, A/M/C-MNC, A/M/C

-MNC with magnetic retention [A/M/C-MNC (m)]. n =3, x = s; E:

Carboxyfluorescein-succinimidyl-aminoester (CFSE)-based flow cytometry of CD8" T cell proliferation in vivo after different treatments; F:

CTL proliferation percent at 4 weeks after vaccination with different formulations. n = 3, x + s. MRI: Magnetic resonance imaging. (Adapted

from Ref. 53 with permission. Copyright © 2019 American Chemical Society)
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Figure 5 Targeting peptide-decorated nanocarriers delivered drugs for specifically reprogramming TAMs. A: Schematic illustration of a
PEG-sheddable nanodrug targeting M2-like TAMs for anti-tumor immunotherapy; B: Morphology and size of the inhibitor of IKK/ siRNA
(Si)-loaded M2-targeting micelle coating a sheddable PEG corona (ST-Si) (N/P = 15) at pH 7.4 and pH 6.8 under transmission electron
microscope; C: Representative flow cytometric analysis displaying the absolute percentage of the tumor-infiltrating M2-like macrophages,
M1-like macrophages in the tumors following various treatments [PBS, M2-targeting micelle coating a sheddable PEG corona (ST), AS-
loaded M2-targeting micelle coating a sheddable PEG corona (ST-AS), ST-Si, AS&Si-coloaded M2-targeting micelle coating a sheddable
PEG corona (ST-AS&Si)]; D, E: Amounts of M2- or M1-like macrophages in the lung and liver were analyzed by immunohistochemical
assays to explore the inflammatory reaction. CD206-positive cells (M2) and CD80-positive cells (M1) counted in the lung (D) and liver (E)
after different treatments [PBS, ST-AS&Si, AS&Si-coloaded M2-targeting micelle coating a nonsheddable PEG corona (NT-AS&Si),
AS&Si-coloaded M2-targeting micelle (T-AS&Si)]. n =3, x £ 5. "P <0.05, ""P < 0.001. siRNA dose: 250 ug-kg"'; AS dose: 60 pg-kg'. Thl
cells: Type 1 T helper cells. (Adapted from Ref. 57 with permission. Copyright © 2020 American Chemical Society)
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Figure 6 HA-decorated gold nanoparticles achieved photothermally controlled cytosolic antigen delivery for effective immunotherapy. A:

Strategic illustration of the HA and ovalbumin (OVA)-decorated gold nanoparticle (AuNPs) (HA-OVA-AuNPs) complex as a nanovaccine;

B: Cellular uptake images of fluorescein isothiocyanate (FITC)-labeled OVA-AuNPs with or without HA coating; C: The proportion of

OVA-specific CD8" T cells in the spleen determined by flow cytometry; D, E: Tumor volumes (D) and mice survival rates (E) during the
treatment period. n = 3-5, x £ 5. "P < 0.01, ""P < 0.001; the Hashtag symbols indicated that differences between HA-OVA-AuNPs under
laser irradiation and the other groups, “P < 0.05. (Adapted from Ref. 69 with permission. Copyright © 2018 WILEY-VCH)
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Figure 7 T-cell-membrane-coated nanoparticles achieved anti-tumor immunotherapy. A: Preparation of T-cell-membrane-coated nanoparti-
cles (TCMNPs) and anti-cancer drug-loaded TCMNPs; B: Proposed therapeutic mechanisms of TCMNPs: I) TCMNPs actively targeted the
tumor by interactions between lymphocyte function associated antigen (LFA)-1 on TCMNPs and intercellular cell adhesion molecule
(ICAM)-1 on inflamed endothelium in tumor tissues; II) Anti-cancer drugs released from TCMNPs; III) Fas ligand (FasL) on TCMNPs
directly killed cancer cells. Unlike CTLs, TCMNPs were not influenced by immunosuppressive factors in TME and could avoid immunosup-
pressive molecule-mediated inhibition of anti-tumoral functions of CTLs. TCMNPs could: IV) block the PD-1/PD-L1 signal and V) scavenge
TGF-A1; C: Transmission electron microscopy images of PLGA nanoparticles and TCMNPs; D: The percentages of CD3" T cells, regulatory
T cells (Treg, CD3" CD4" Foxp3"), CD8" T cells, and the ratio of CD8" T cells to Treg in the tumor tissues following various treatments.
n =3-6,x £ s; E: Representative ex vivo images and the quantification data of fluorescent signals in the major organs and tumors of mice at
24 h after intravenous injection of various Cy5.5-labeled nanoparticles or antibodies (n = 3, x + s), which demonstrated LFA-1-mediated
tumor-targeting of TCMNPs. Lb-TCMNP: LFA-1-blocked TCMNP; trTCMNP: Trypsin-pretreated TCMNP; aPD-L1: Anti-PD-L1 antibody.
The volumes (F) and mass (G) of tumors retrieved on day 10 after the first injection (n = 4). Data were represented as mean + SD. Tumor
growth data were mean + SEM. "P < 0.05 vs PBS; "P < 0.05 vs PLGA: *P < 0.05 vs aPD-L1; P < 0.05 vs aPD-L1 (positive control); "P <

0.05 vs trTCMNPs. (Adapted from Ref. 80 with permission. Copyright © 2020 Wiley-VCH)
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Figure 8 A nanoparticle modified with a targeting peptide inhibited the indoleamine 2,3-dioxygenase (IDO) pathway for cancer immuno-

therapy. A: Schematic illustration of the modular design and self-assembly of NLG919 (NLG)-RGD and the proposed mechanism of combi-

natorial normalization immunotherapy by concurrent blocking IDO and PD-L1 using NLG-RGD NI and the anti-PD-L1 antibody (aPD-L1);

B: The transmission electron microscope image of NLG-RGD NI at pH 7.4. Scale bar = 200 nm; C: Hydrodynamic size and ¢ potential of
NLG-RGD NI after equilibrium at pH 7.4, 6.5, or 5.0 for 2 h. n = 3, x + s; D: The kynurenine (Kyn)/tryptophan (Trp) ratios in tumors. n = 4,
x+s "P<0.01, P <0.001; E: Tumor growth curves. n = 4, x+s. "P<0.01, P <0.001; F: The photograph of excised tumors. Scale
bar = 1 cm. NLG-RAD NI: NLG-arginyl-alanyl-aspartic acid (RAD) nanoinhibitor. (Adapted from Ref. 81 with permission. Copyright ©

2020, American Chemical Society)
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Figure 9 A Nanocomplex with HA-mediated active targeting ability promoted photo-immunotherapy of cancer. A: Schematic illustration
of the supramolecular prodrug nanoparticles fabricated by complexing f-cyclodextrin-grafted hydronic acid (HA-CD) with the reduction-
activatable heterodimer of adamantine-conjugated heterodimers of pyropheophorbide a (PPa) (AD-SS-PPa) and adamantine-conjugated
heterodimers of JQ1 (AD-SS-JQ1) (HCISP) prepared via the host-guest interaction between HA-CD and AD-SS-JQ1 and AD-SS-PPa; B, C:
Transmission electron microscope images and dynamic light scattering-identified size distribution of HCISP without (B) and with 10 mmol-L"
GSH (C) treatment; D: Proposed mechanisms of HCJSP-based combinatory immunotherapy of pancreatic tumor by eliciting immunogenicity
and overcoming adaptive immune resistance; E-G: Semi-quantitative analysis of the expression of c-Myc (E), hexokinase-1I (HK-2, F) and
lactate dehydrogenase A (LDHA, G) after treated with 0.5, 1.0 or 2.0 pmol-L™ of JQ1 for 24 h; H: Lactate secretion in the cell culture super-
P<0.001; L J:

whx

natant derived from Panc02 cells incubated with different concentrations of JQ1 for 24 h. n =3, x+s. 'P<0.05"P<0.01,
Confocal laser scanning microscope examination of PDT-induced surface calreticulin (CRT) expression (I) and nuclear high mobility group
box 1 (HMGBI) efflux (J) in the Panc02 cells in vitro (scale bar = 50 pm). BRD4: Bromodomain and extraterminal protein 4; DAPI: 4',6-
Diamidino-2-phenylindole; HCP: A PPa-loaded supramolecular nanoparticle fabricated by host-guest interaction between HA-CD and
AD-SS-PPa. (Adapted from Ref. 91 with permission. Copyright © 2021, Wiley-VCH)
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