- 1016 - 2% %R Acta Pharmaceutica Sinica 2021, 56(4): 1016 —1024

B R T B R R A SR R

WIRE, WHER”, REEY
(L S EZGRR A AR 5 RSB, VEOF P 211198; 2. SZGRIRF 2522 e, VLI 1 211198)

FHE: MR HOAET (tumor microenvironment, TME) 2 FH G 28 4H M « 4% 1 20 1 i 988 4H OC R 41 4 40 ol it 77, 1A
TSR M R T A Ak D BT A B — AN B AR 25 A R G, VBN A (W AR A 3R 88, e SR i R A R B
REEIAA IS o R OA B5 0 s G G 55 TR 1 PR 5% IR & 9 1 4 (reactive oxygen species, ROS) J id Jif V9 i &
o RIS . 9B YRR BT R T IR 4 B 1) RS AR R T 25 ME I HH I ROS RAE SR VEY B B v
BT R KR G I R T e B R K R A . B 9ORBR (KA & R, RSk 8k 22 1) 4 KA R gk 3o n]
368 T R Y PR PR 5 TR S I ORIV ST o AN A BELRIR T KR R TR T IR SR B v (R BRBEUEE. (hydrogen-ion
concentration, pH). %< (oxygen, O,) & & \ROS ¥ B K 52 4 i 3 P4 77 TH] 1) Spe 8 B 9 b Je, 5 0o SR SR R F 55 7 Tl A
BT R,

SERRIR): AOKADRL; IR R B BRBRAE; 80 W MRS S

FEDES: RI43 XHRFRIREE: A X EHS: 0513-4870(2021)04-1016-09

Research progress in tumor microenvironmentally
modulating nanostructures

SUN Cai-xia', JU Yan-min*, DAI Jian-jun*?

(1. School of Life Science and Technology, China Pharmaceutical University, Nanjing 211198, China;
2. School of Pharmacy, China Pharmaceutical University, Nanjing 211198, China)

Abstract: Tumor microenvironment (TME) is a complex comprehensive system composed of immune cells,
inflammatory cells, tumor-associated fibroblasts, microvessels, and various cytokines and chemokines. As the
living environment of tumor cells, it's closely related to the occurrence, metastasis, and recurrence of tumors. The
characteristics of tumor microenvironment include: weakly acidic environment, low oxygen, high concentration of
reactive oxygen species (ROS) and reducing substances, immunosuppression, etc. A weakly acidic environment
favors metastasis of tumor cells, hypoxia is conducive to the emergence of drug resistance, high concentration of
ROS and reducing substances are beneficial for tumor treatment, and immunosuppressiveness facilitates immune
escape. With the rapid development of nanotechnology, more and more nanostructures have been reported to
achieve tumor treatment by regulating the tumor microenvironment. This review summarizes recent advances in
the nanostructures used to regulate tumor microenvironment through changing elements, including hydrogen-ion
concentration (pH), the concentration of oxygen (O,) and reactive oxygen species, and the activity of immune cells.
Moreover, research directions in the future are pointed out in this review.
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Table 1 Differences between normal cells and tumor cells in pH,
the concentration of oxygen, reactive oxygen species (ROS) and
reducing substances and immunosuppression. GSH: Glutathione;
VEGF: Vascular endothelial growth; VEGF-R: VEGF receptor

Sample Normal cell Tumor cell
pH ~7.4 6.5-6.9
Oxygen 2%-9% <2%
ROS 20 nmol-L* 10 mmol-L*
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Immunosuppression - VEGF overexpression, VEGF-R
activation and externalisation of

phosphatidylserine
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Figure 1 The scheme of the mechanism of effect of tumor micro-
environmentally modulated nanostructures. PDT: Photodynamic
therapy; CDT: Chemodynamic therapy; TAMs: Tumor-associated
macrophages; MDSCs: Myeloid derived suppressor cells; APCs:
Antigen-presenting cells
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Figure 2 a: The changes in pH of HT1080 tumor model following
treatment with nano-CaCO,. (Adapted from Ref. 15 with permis-
sion. Copyright © 2016 The Royal Society of Chemistry); b: The
mechanism of effect of cationic lipid nanoparticles. (Adapted from
Ref. 18 with permission. Copyright © 2019 American Chemical
Society). LDHA: Lactate dehydrogenase A; MCT4: Monocar-
boxylate transporter 4; siLdha: sSiRNAs against Ldha; IFN-y: Inter-
feron y
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Figure 3 a: The changes of O, concentrations in phosphate buffered saline (PBS) after treatment of oxygen-presaturated water, artificial
natural killer cells (aNK), aNK(O,) and aNK(O,) +glucose. (Adapted from Ref. 20 with permission. Copyright © 2019 Wiley); b: The
scheme of the mechanism of effect of HAOP. (Adapted from Ref. 22 with permission. Copyright © 2015 American Chemical Society).
¢(RGDfK): Tumor targeting ligand; BHQ-3: Black hole quencher-3; MB: Methylene blue; *O,: Singlet oxygen
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Figure 4 a: The scheme of fabrication of bMSN(CpG/Ce6)-neoantigen and mechanism of bMSN(CpG/Ce6)-neoantigen nanovaccines for
cancer immunotherapy; b: The yield of 'O, after treatment of bMSN, free Ce6 and bMSN(Ce6). (Adapted from Ref. 26 with permission.

Copyright © 2019 American Chemical Society). bMSN: Biodegradable mesoporous silica nanoparticles; Ce6: Chlorin e6; CpG ODN: CpG

oligodeoxynucleotide; PET: Positron emission tomography; SOSG: Singlet oxygen sensor green
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Figure 5 a: The scheme of the mechanism of effect of AIO RNAI. (Adapted from Ref. 30 with permission. Copyright © 2017 Wiley); b:
The scheme of the mechanism of effect of MS@MnO,. (Adapted from Ref. 32 with permission. Copyright © 2018 Wiley). AIO: Amorphous
iron oxide; EPR: Enhanced permeability and retention effect; ADS: Antioxidant defense system; GSSG: Glutathione disulfide; MRI: Nuclear

magnetic resonance imaging
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R AL 9 ML B, e 4 i a2 2040 ) (1 6d). BR T2
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FEAE S MR IT A R Tl J5 4 5K, Tian UM 2 1 i



INEERSE R OB R 1 KA R} AT 7 2k Jié

+ 1021 -

o
<o) Qg} N A b
60
§ ¢ "
. i A ‘o e
= —_— = 3
ooy 8 G 401
I\M\ = E
uaLocK 2 g
tee) ég)." =8 2 201
o o
@ remswnn
’ ’ @ MLy
\$F'Hﬂﬂﬁnvn&n
i e L —
c i d
50T5pEs Saine Freo GOX
20004+ DLNP j ETETY
-~ DLNP+aCD8

1000+

Day 10

T 0 13 16 18 22 25

Time / day

FITC-CO88
EA T

APC-CO206
T T

B

Figure 6 a: The scheme of the mechanism of effect of DLNP; b: The concentrations of CD8* T cell in the tumors by flow cytometry analysis

after treatment of different samples; c: The changes of tumor volume after treatment of different samples. (Adapted from Ref. 36 with
permission. Copyright © 2019 American Chemical Society); d: The concentrations of M1 cells and M2 cells after treatment of different
samples, F4/80*CD86* represent M1 macrophages and F4/80*CD206* represent M2 macrophages. (Adapted from Ref. 43 with permission.
Copyright © 2020 Wiley). DLNP: Dual-locking nanoparticles; Cas13a: CRISPR-associated enzyme; PEI: Polyethyleneimine; DOX:
Doxorubicin; D-LCA: Low molecular weight heparin-chrysin nanodrug (LCY) with DSPE-PEG-anisamide decoration; GLnano: Gemini-

like nanodrugs
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- S A P A ) — R AT SR A D RE ) 4H B, 5
IR R A T B g% 1 A SR8, MDSCs 1] 43 N P KR
L4 o IE B (granulocytic myeloid-derived suppressor
cells, G-MDSCs) F1 5. 4% 4 ffd V. # (monocytic myeloid-
derived suppressor cells, M-MDSCs). #f 7 iE ¥, G-
MDSCs 7] i& i 4% % 1 4 25 AL 10 T8 1 2 2 i g %
B, Long MM 4& R T KW ER (phenylboronic acid,
PBA) 1&1ffi . 1, DOX ¢ a-F AL £ 1k i (a-galacto-
sylceramide, aGC) ] PLT/DOX/aGC 44 K i, 41 &l 7a
FT7, 12 GRK AT 3 ik % K M R 43 411 G-MDSCs 1)
HM5, BH I G-MDSCs 7E /i (1 LS4 L K PR 43
] 1) R 42 8 £ -9 (matrix metalloproteinase-9,
MMP-9) 1] 73 i, 75 W5 & 3L [F/E H T #0047 1 AR 35
ST . AW 7T 27, MDSCs Al i it % 5 Treg 40 i
AR AR T4 M) T Re, R HE S 9% 0 AR L
MDSCs &I 1] B 2RI 18 K 32 14 17 v % B I 2 1 0 7
SR AN 1524, Plebanek ZEM81JE 11X — R A 2 1 25

B E R R ARk, Il S B RTEE R L 1 E R
A7 18] MDSCs, 1) oy P, ok 55 S e H0AE H
44 MEEBAME  HrlE 2L (antigen-presenting
cells, APCs) it B A BT 5236 Ty e R LA 7 A= Ho g2 e
N7 ) Db L 25 A, APCs i 1 A L SR b bt Jo 1) B L 4 5
M) 4 958 2 82 H 4 LB 1 T A U2 4 i g B 00, 2 LR
GGG 52346 1) 470 SR 11 B D WU 2 PR AR 7 1R S8 R B
LA 2209, 7E TME 71 APCs I3 s BE Y,y
T HE IR APCs $ i, Chang 552081 F 40 Kk 4 i
s i iR (HSP70-chaperoned polypeptides, HCP) J% {4
71 J i HCP+CpG@NPs-CD80 Ab (18] 7b), % 4K Hi ]
'R 7 PEFE 7] APCs, ZEK APCs H %% 56 ) I A7 (£ I
(), VG KB T 4, F= AR i B ) S g% ] L. B PR i
) 22 il I VG NN BRAR 9 R 3EAE L, Liu S8 50E ik
24 MR Tk 22 2 R B £ P8 32 ik DR R 52 4% (stimulator
of interferon genes, STING) i zh 77l {1 3% T F2 1% JIg J52 47k,
ALIEE RN T G 2. LYK IR T A4 o] #E ] APCs, i3E
N5 B STING sl 57, B0k STING {5 5 il i ™
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Figure 7 a: The scheme of the mechanism of effect of PLT/DOX/aGC NPs. (Adapted from Ref. 47 with permission. Copyright © 2020
American Chemical Society); b: The scheme of the mechanism of effect of HCP+CpG@NPs-CD80 Ab. (Adapted from Ref. 52 with
permission. Copyright © 2019 Wilely). PLT/DOX/aGC NPs: Phenylboronic acid-modified and doxorubicin/a-galactosylceramide-coloaded

nanoparticles; HCP+CpG@NPs-CD80 Ab: Nanoparticles loaded with HSP70-chaperoned polypeptides and oligodeoxynucleotides containing

demethylated CpG motifs and modified by antibody against CD80; LMWH: Low molecular weight heparin; TOS: Tocopherol succinate

nanoparticle; IL-10: Interleukin-10; LT NP: Low molecular weight heparin-tocopherol succinate nanoparticle; PCL-Hyd-PEG: Poly (e-capro-

lactone)-block-poly (ethylene glycol); IL-12: Interleukin-12; TNF-a: Tumor necrosis factor-a; TLR9: Toll-like receptor 9
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