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Abstract: Tumor microenvironment (TME) is composed of endothelial cells, pericytes, immune cells, cancer-
associated fibroblasts (CAFs), cancer stem cells (CSCs), extracellular matrix (ECM) and other components of the
complex biological environment. TME interacts with the tumor cells through a large amount of signaling pathways,
participates in the process of tumor progression, invasion, and metastasis. Hence, TME has become a potential ther-
apeutic target for cancer treatment, exhibiting excellent therapeutic potential and research value in the field of can-
cer treatment. Currently, the novel nanotechnology has been widely applied in anticancer therapy, and nanotechnol-
ogy-mediated drug delivery system is being explored to apply in TME modulation to inhibit tumor progression.
Nanotechnology-mediated drug delivery has many advantages over traditional therapeutic modalities, including
longer circulation times, improved bioavailability, and reduced toxicity. This review summarized the research of
targeted nano-drug delivery based on TME regulation, including regulation strategies based on CSCs, CAFs,
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immune cells, ECM, tumor vascularization, exosomes, and microbiota. In addition, we summarized the advantages,

opportunities, and challenges of TME regulation strategy compared with traditional treatment strategy, which pro-

vides a reference for the application of nano-drug delivery system based on TME regulation strategy in tumor preci-

sion therapy.
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A2 DNA 8 JJ 55, o2 e e 7 A 58 1) 0 B IR
BRI I PR AR 558 3% B, A5 37 7% 0 78 K 22 0t R 2
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¥ %% W (O°-methylguanine-DNA methyltransferase,
MGMT) BRI, i% 8 F AT 3 B2 2 TMZ 5% () DNA
i, A5 i JRg 2 R A7 IS ol a4 B it MGMIT 171 i)
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CTX X 5 k988 40 B 2 B0 i 4 S P B 1), HL CTXA mT il
i 2 AR A 3 0 R A B2 I BT B (blood brain
barrier, BBB) 723 PEU), ¥4 8 (1) 40 oK 8 24 R 48 ] i )
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A Tumor microenvironment targeting and remodeling strategies
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Figure 1 Schematic illustration of the targeting and remodeling strategies of tumor microenvironment (TME) based on nanotechnology.

A: Several anti-tumor targets in the tumor microenvironment; B: Several drug delivery vehicles
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Figure 2 Schematic illustration of the therapeutic approaches against tumor growth
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JTH0H] T MGMT [ 2 15 RLG 1, {f GBM 41 i % TMZ
TRk, ORI 5 1 % iR 24 1 GBM AT GBM 148 il 1) 7%
1573, FF T GBM6 JFAL 5 AL A8 /)N R A7 % 5T 1]
Shen Z5E"IF R T —Flt TME Wi N 9K 697 SR B, K 43
5 5 71 4 I SN 4E H R (all-trans-retinoic acid, ATRA)
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IS 7P FR) i 2 K A e [ A8 Oy 53 7K M 110 0 5 oK e
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ROS) /KF EFt, F 55 CPT AHE 140 % B W &, CPT
PR, i — PR MR A . S5 R i =
VAT 25D AE B, 344 175 350 R A iR 4 g ) I
1) S TT 1) 434k, ELREPERCN, SRR T SE AR 1R TT 3L
B o TS FH 20 M 2 M 25 W A SR e — LT ANMUAN R
BRI 251 CSC, B = METFH. 5 iE 32
VIR TT 25 S5 KRB & 7 P ROR . X R B
RARZ B KGR ST T BOM s ik 5 CSC A R b 97
i 245 VE B AL 1O WY B R JE AT 5%, $E 1) TME A 1) CSCs
KRG T SR A B 2 AT Re A .
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CAFs 2 g 18] o7 b 25 B b 3 & (240 ™, 2 5 )
JeA 2 B 1) AR R\ SE BE  R 2R NI A I R0, CAFs iE
AR 2 KR, AR R A AR K R - B (trans-
forming growth factor-f, TGF-8). i 4l jg A4 K [ 7. i
B W A K B F (vascular endothelial growth factor,
VEGF) % . {25 TME (¥ 3= 2 4L 53, ] CAFs 2
— i #H  TME, SKBLMRIIGIT HIVE/E T B . CAF AMY
Ay 2 i A L TR 2 R T e SO, 0 S
2 2 WL Dy RE, AT I J G 2 0 ) 44 TME, A2 3t ik e 2E
K, CAF I n] 5 % ECM, XJ 254 7= A Bt B 4 AP, R
HI CAFs A 936 97 #E o5, $E 17 4% CAFs 7 14 5 25 ) /£
AL B, IR 25U RO . CAFsIPEH 3%
ST B IR B R A, L[] ISt B A 4100 ) bR BRI RE
B TR = 4 8 B AR R B, P LR B — Fh 1]
BE X CAF fi i E AL (136 I7 77 5 2 BB R A1)
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PDGL-GEM, F§4 3 5 [ W 4 i) 7] % % 501 (chloro-
quine phosphate, CQ) A % [ig #%5 (calcium phosphate,
CAP) 3t ytie 5 £ i PDGL-GEM@CAP/CQ 48 Kk & &
Mo X ARGNKNESR 0 pH BBURK, 7ER I TME ' CAP
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RO TF A R e #
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PRI S 2 JR A1 TME Hh A7 AE R Bl e B IR 2R, 41
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FERT 5y A O fo 2 S R0 A i, i SR 48
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killer cell, NK). M1 3 % = I 40 Jfd (tumor associated
macrophages with M1 phenotype, M1 TAMs) &; @ %
955 0 o) 20 B, e R U ) 0 ) 1 28 M (myeloid-
derived suppressor cells, MDSCs). M2 3£ ! [ 0 41 Jify
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TAMs) 5% T 40 (regulatory T cells, Tregs) 5%,
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JiRE S 5 S B IR, DEC-205 52442 —Fif
WS4, AEE LI ) DCs B8 835 . Bonifaz
PR T — MR A R I DCs KIS 2 R 4, ¥4
NI i H 45 A\ 2 DEC-205 5244 1 8. 50 BEfT ik oy, Al
TS B 7 a-CD40 fi A, £ DCs il . 45 KW, 9
K 24 72 4t v] e B R) N A 32 AR 12 DCs BEA T
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I5 R R Pt R . CTLs i CDS™ T ik [ 41 i ol 24 £
Sk, XoF iR 1) e e v T R IE EEAE ™. BT CTLs I
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I8 240 R T R A R BT A 5 B LA AT i . S Ab,
CTLs i 1] 4p Wb 57 L35 5 40 ff 55 32 Sk — 20 R 4% g
WATYER . B DCs Al CTLs 4, i 77 7F — 28 Ho A Fih 25
(1 G2 TR A P, FERRE VR T R R FE E R A, g
BiPE T 403 (helper T cell, Th).NK.MI1 TAMs %%, Th
Y1 i A] £E 3 T 295 CD4, AS[A 265 Th1.Th2. Th17
AT 53 Ve AN 7] 1 40 B TR -7 R 0t 4 92 8 1 77 A s B
N QERER AR k2 AR PR Y =F )/ & I U1
K52 5 PR G TR, M1 TAMs 32 B A7 45 T 52
IR, BRI Bl R T, AR AT IR L5 1 2
O R DL e s A T 7R ARV 2 G g R
SR, AR [ = AR AR 2 ). B, A R 0 R
&, NK ¥ fiE 1 2% i 551k, TAMs 6 8 7 8 2 R 9
TME {78 4k 1 A8 4k 255
132 GIEINFIMEMAR  Tregs Al il it £ Fhidk 42 410
G JZ NG, 7 A 22 P G T2 | A 4 LKL 1, 1 5 R
5 RS, B 2 A CDAT AT CDS8' T bk B 40 i ) 39 4 3%
1k, FEHI 55 NK P43 0% Ak, Tregs i 2 R 1
DCs HI#% A ¥ «B (nuclear factor kappa-B, NF-xB) il i
PAAM 1) 0 R 3% 5 B2, 1 DCs S AL 5 5 58 I N A% 3
AN

5 M1 TAMs A 7], M2 TAMs 7E TME 1 & 8 4
P AT I, 2 88 0 TME h 2 R s R 1 2 7 5
&, e FECTME T bk B 40 M 2 28, it il f 92 410 61
PE TME, B 475 g 1) 66 710%. [R1 ik, 76 B0 A e 11
Yo IR T T T PR M2 TAMs 308 . TAMs £ %f TME
O3 T IR AR (8 S, G AT IR T R TR
B ON R AR, B R ar 8. Bk, KB
i 338 Ji 8 2B K 1 M2 TAMSs B 46 R B %493 ik g g
(11 M1 TAMs A £ 9 ¥6 7 e I T 7E SR o SR, X Fh
A RARRE R, B S84 5 %6, B Zhang
EPMERE R T — PO 2 5] 980 RO HL AT 4 M1 R
i) % S IR F FO AR AP S () mRNA . 76 B0 8L L BB R
980 0 o B 2 R B B b AN B Rt TR R R T
5 B mRNA & H 300 35§ kappa B #10 i K ¥ 0 B
(inhibitor of kappa B kinase 8, IKKS) F 44 K Hi i K i
% TAMSs 0 T M8 1) SCHRRE ORI B B it v B
B8 25 )R B, (i AR I8
1.4 ECMEREPKBEAZRS

ECM J& — Pl A7 16 T4t i 8 [ 1) = 4 = 7+ B 4%
W &%, A A 3Rt 2 TR SCHERY, IR R AR B B
RWEERERAMA 4 EREASRT UK. ECM

W R 2 A I T A (R 4 A [ 1 A 3R
P, DT R T 25 b 40 i ) A B AR . ECM AMUE R
2 A 1) 5 A7 A, 2R % TME FR 2 31 85 Z{E A . Sen-
thebane 25" i # 2 — 4 41 P A AL UE B T ECM RE HI
S50 24 00T R 4 PR ) 4 PR ) H B B 1R R e,
2= %F 4R (cisplating CDDP). 5- 480 J% 15 g F1 3% L bb 22
(epirubicin, EPI) F= A0 251 o[RBT, ECM 1 (1) R i 2
[ F113% W] i iR (hyaluronic acid, HA) %5 i 73 7] 78 fif J8
LM I BB, I BELAG 245 4 1w P g 2HL 2R 9 92 0
WeAb, M RGNS 5w AE AR AL 2 B 2 AR
B, 2 et ECM 1T s F i AR, ez, Bifoded 30 46 1)
ECM XA BT G 2 300 1) X 4 () R 22, 38T T s P D) 5%
w3 U R 4 R R R A DR T B R 4 Tk
e R, X o I 508 B AN A B g S B P, I
A BEL L 24 WA ORI fie 98 4 B 20 i SR ZERO4T . E kT
1, [ R A B ECM H ) HA B i 8 2 — Fil
JRg vE T A BT B

141 [BERERARBROAKELRE HAZECMT
H BB 7y, o —Fhir A SR BRI RS 2 0, T2 0
i T BRI T R . HA TR R 2R A i R
1k, TERUBREC S ECM, w467 25 WRR SR, (R 3 hn
Ji 983 8] J5i WA JE /7 (interstitial fluid pressures, IFP)™,
XK T S0 ik 2 eg 40 23 ek AT 251 R AR, G
TEVBIE N BUE 1) R 4H 23, BEAS 259 v) BE VR 2 IR 1
HITRCRKAT 4. Rk, HA //E N — AN A Bt
Yo LW 6, I B AR HA SRIESEALTT AW B IE, T
Iy RARATT 250 B I g A 3R o Chen &7 & 1F —
Fi&s W] RS (hyaluronidase, HAase) 1%k EPI [ 44K
L, 18T B AE ECM P (19 HA {2 3 30 24 90 KORLTE S 47 B
AL P B @Y, RIESS N EPLZFEIRE, 456
YKIE L RG AR G B A pH BURIE MR 2L, RV R
S ) ) s 8 5 of A P S A 98 A K IR

142 PATHREZEANNRKEANRSE REEARL
ECM W EE A B oy 2 —, & NARA ZU R I 28
PR S ERFEEMNELRS . ECM R
JR R A MR e R R T R B, A KEIR
Ji 2 1 TME BT 48 8 20 23 5 5 9 3R 40 b o, A
JoH SRR S R W . S A IRE S E B TME
AT A g B % ) 52 A4 B O A4, 40 148 B AH G Fe e Bk
HIAFESZAR 1 (leukocyte-associated immunoglobulin-like
receptor-1, LAIR-1), W52 4R 12 Rk TG % 41 i 3R 1,
T MAERZEMBE BT REN RER AR 4
LAIR-1 5 R ¥ G5 W IR 45 & o, 2 B % % 1 45
5, AN R T 4 M ) IE 5 D RE, b 2 H ] NK S BA
4 i \DCs 55 o 2 40 i i) 0E AN IE 5 Thig . thAb, IR
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% 15 TGF-B WA 1E F ol 48 TME #4468 — A~ o 2 41
il 1 BR 455525 Horn 260 RE 1 48 1m] #1111 LAIR-1 3
FH 7 TGF-p 5 41 i 72 5 14 8 T - e 44 1 (programmed
cell death 1 ligand 1, PD-L1) #1454 (197 7%, I T i
Jo LI, K 5R T BRI JE R CD8' T 4 B S Ak, IR
I, 5k 4 o S A A, A 285 i i R L T ) /N GRS Y o
SEIL T R A R HA I R R e PR LR
1.5 MEERMBKELRSG

I AE R ) R AR VR R S R I AR R AR AN AT
BRER 1 AE F, o 24 R 8 440 i ) 1 AR TR B AR R 2
Pl PRI, 0475 TR LR AR R A Ak 8 K 5 3 A 20 2 1)
(A2 A . TE B IR I 9 2 p s oA L A 35 50 43 A
Gy IZ AR, FEAR I AR AR - B A A K PR 1 [R] £
BNAS P HT R 7 0 ML RS, I 5 4k 9 4 i 3R AT IE
W RS e I T B 2 e A o A I S
fif P9 A LSE e P9 R 4 B A BT AR I A S
A 4N IE AR, TE IE F AR LA R AR 2 0. BRI,
SRl 2 TR AR T SR, bR I I AR R T AR HL R
A7, S EL S T VA BRI, BOK BRI T g%
ERPR SRR e /1Y e i AR R i ik
JEE 2R 5 UM IR B A 1A A ORGP HL R
FEEEME, e 2 AF bR 178 X 45 A4S A LG B . iR I
A BT I I B AN A, 4 i [ 3% A I, 3
o3 20 i BE R = P B A M, (AL A4 T V2 G R 4 I
BB R LS I IR RO 1R 1 1%~ 10%,
ML G548 S H 5 B TME Sk S BEVE AN AN TFP T ™

Vascular endothelial
growth factor

A, MR 20 S il o 77 AR KRR HY, i TME 2 3
ICE 77 K pH R EVIR A o X LB R 38— J7 10 2 {12 4 i
JeE A adE — P3G, AR50 eoRg i 5 — 7 T4
P70 IRE 245 4 1e i e ZEL A ) ik FNBE 2 T, BRI T
A9 RO T R, B E 7 AR T 24 AN A 0
HAFERENZ, MR AL ER KT 2 mm B, 8= &
TEF MUE T S RE /7, 5 A4 B8 DL SR B A2 A7 A
R B TR T R AL AN B AN BT 32 U Y
R AE AR S i A g 1Y) 3 RN i B At T R
1A, PR, e i AR R B 3 TMEE A2 it 988 B8 1)
TBIT TR ) g 22— (B13).

AR LA S iR A R R R 1) R, — FROR i, i
Jed I8 4 A2 32 VEGE 51, Rk, VEGF 55 R4t
FCA TR 2 HT LS A B2 P B . Li S5 A i /)
HIE (platelet membrane, PM) ¥ JZ /1 FL - EH AL B 4K
#i (mesoporous silica nanoparticle, MSN) Bt & 1% T
M4 W 3R 77 5 3 B VT A4 (combretastatin A4, CA4) Fl
Pu AL AR 25 W) BT i ¥ JE (apatinib, Apa), ZH %E B
MSN@PM-C-A 44K 25 R G0 CA4L KI5 M P i
R iyeg L8 A 2, 15 3 4k P LA T s >R FHL 7 ot i
JoE B E FR AL . 1T Apa T 3E I 3 2 M A AR OB N B AR
K [H 7 %2 4k -2 (VEGFR-2) % & B2 W 6 , >k o5 15
VEGFR-2 5 JL 52 4[] (1) A8 TLAE L, #0810 ek 988 387 28 i
ARSI W RIS N PMOG R I
AL ) SR B 5] BE ), 3 — 5 1 9 N KR E i R
LR A R . 7E MHCC-97H JiF fil 98 5 84 S 46 v

Characteristics:
o Symmetrical distribution
o Stratified

— e - e— - o e - e = e— ey
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Therapeutic strategy:
1.Inhibit vascular endothelial
growth factor.
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3.Prevent new blood vessel

formation.

Figure 3 Schematic illustration of the differences between normal vasculature and tumor vasculature
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MSN@PM-C-A # 1E 55 58 A7 2430 1 i I8 3508 457 119 1L 55 2
P, S35 B PR AR

W7 5, I ik T E i B R i A ) 7 SNE K, kil
T 5 75 IR A1 A K N B2 200 L Hp s SRk 11 1 38 A B 25 52
s, AL g BR AR RN SR R A KR T R -2 R
P R 52 A (Tie2) 25 YIAH 1 B ik e 52, 10
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Figure 4 Schematic of Mn®" induced M1 macrophages polarization and the synergistic anticancer effect of M1 macrophage exosomes (M1

Exo) engineered with anti-CD47 antibody (aCD47) and anti-signal-regulatory protein alpha antibody (aSIRP«). Adapted from Ref. 87 with

permission. Copyright © 2019 Angewandte Chemie
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Table 1
Glioblastomas; GSCs: Glioblastomas stem-like cells; TMZ: Temozolomide; ATRA: All-trans-retinoic acid; CPT: Camptothecin; GEM: Gem-
citabine; CQ: Chloroquine phosphate; MMP-2: Matrix Metallopeptidase 2; MCT: Macitentan; OVA: Ovalbumin; DCs: Dendritic cells;

Summary of various nanostructures to deliver therapeutic agents target TME for anti-tumor therapy. CTX: Chlorotoxin; GBMs:

IRFS: Interferon regulatory factor 5; IKK/: Inhibitor of kappa B kinase #; EPI: Epirubicin; HAase: Hyaluronidase; PD-L1: Programmed cell
death protein 1; PM: Platelet membrane; CA4: Combretastatin A4; Apa: Apatinib; VEGFR-2: Vascular endothelial growth factor receptor-2;
T4: NLLMAAS; Tie2: Tyrosine kinase with immunoglobulin and epidermal growth factor homology-2; ANG: Angiopoietin; cRGD: Cyclic
RGD peptide; VE: cRGD-folate-heparin nanoparticles; DDP: Cisplatin; Pro: Protamine; SKOV3-Luc: SKOV3-luciferase; VEGF: Vascular
endothelial growth factor; ELANE: Neutrophil elastase; cDCls: Type one conventional DCs; TNBC: Triple-negative breast cancer; SLC:
Solute carriers; eSLC-CD47nb: Synchronized lysis circuit CD47 nanobody; EDV: Endothelium-dependent vessel; VM: Vasculogenic mimicry

Targeting Type of

Active drug Tumor model Therapeutic efficacy Ref.
type nanostructures
Cancer stem Iron oxide CTX and Glioblastomas Enhance the killing effect of drug-resistant GBMs and GSCs as [15]
cells nanoparticle siMGMT compared to TMZ alone, significantly extend the survival of mice
bearing GBM6 orthotopic xenografts
Micelle ATRA and CPT MCF-7 breast cancer Reduce stemness-related drug resistance, enhance the chemothera-  [17]
peutic response, suppress the tumor growth and metastasis
Fibroblasts  Micelle GEM and CQ  Pancreatic cancer Suppress tumor fibrosis and down-regulate MMP-2 by inhibiting [23]
autophagy, inhibit tumor growth and metastasis, reshape TME and
enhance the effect of chemotherapy
Dendrimer MCT 4T1 breast cancer Inhibit the production of exosomes produced by cancer cells, regu-  [24]
late the distribution of T cell subsets in TME, and prevent the pro-
gression of fibrosis
Immune - OVA and a- B16 melanoma Better harnessing the immunizing functions of DCs, antibody- [28]
regulation CD40 antibody mediated antigen targeting via the DEC-205 receptor increases the
efficiency of vaccination for T cell immunity
Polymer IRF5 and IKKf Ovarian cancer, mela-  Reverse the immunosuppressive microenvironment and transform  [37]
noma, and glioblastoma tumor-associated macrophages into anti-tumor M1 subtypes
Extracellular Micelle EPI and HAase HepG2 hepatoma Show a better accumulation and deeper tumor penetration in [50]
matrix carcinoma HepG2 tumors, inhibit tumor proliferation with minor side effects
- Bintrafusp alfa, Colon and breast cancer Remould the tumor collagen matrix, enhances tumor infiltration [51]
NC410 and PD- and activation of CD8" T cells, realize macrophage repolarization,
L1 and achieves high cure rate and long-term tumor specific protection
Anti- Silica PM, CA4 and MHCC-97H liver Damage the tumor vascular endothelium to interfere with the inter- [64]
angiogenesis nanoparticle Apa cancer action between VEGFR-2 and its receptor, thereby inhibiting tumor
angiogenesis and expansion
Polymeric T4 4TI breast cancer Expand in acidic TME, and then release T4 on macrophages and [66]
nanoparticle endothelial cells to interact with Tie2 and ANG/Tie2 signaling path-
way, thereby inhibiting angiogenesis and tumor cell migration
Self-assembled DDP, cRGD SKOV3-Luc ovarian Bind to integrin avf3 or a541 to reduce MMP-2/VEGF expression  [72]
VE-DDP-Pro  peptide and cancer and epithelial-mesenchymal transformation, resulting in a self-resis-
nanoparticle folate tant EDV and VM capacity
Exosomes  Exosome aCD47 and 4T1 breast cancer Repolarize the pro-tumoral M2 to anti-tumoral M1, inhibit tumor  [87]
aSIRP a growth
Exosome ELANE and MDA-MB-231 breast ~ Promote the activation of cDC1s, improve the tumor-reactive CD8" [89]
hiltonol cancer T cell responses, enhance the immunogenicity of TNBC cells,
inhibit tumor growth
Microbiota - SLC strain HeLa cervical cancer ~ Lead to a notable reduction of tumor activity [107]
- eSLC-CD47nb  A20 B cell lymphoma  Prevent the metastasis of tumor cells and degenerate the distal unin- [108]
cancer, 4T1 breast can- jected tumors
cer, B16-F10 melanoma
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