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Abstract: Tumor microenvironment (TME) is composed of abnormal tumor vasculature, extracellular matrix
components, endothelial cells, pericytes, tumor associated fibroblasts, smooth muscle cells and immune cells,
which is characterized by hypoxia, acidosis and high interstitial fluid pressure. Hypoxia and acidosis within the
TME trigger an adjustment of the extracellular matrix (ECM), a response from neighbor stromal cells (e.g., fibroblasts)
and immune cells (lymphocytes and macrophages), inducing tumor growth, angiogenesis, and ultimately, resulting
in metastasis. What's more, the components of TME including abnormal tumor vasculature, rich composition of the
ECM, and abundant stroma cells impair tumoral distribution and penetration of the drugs. At the same time, this
stromal microenvironment plays a vital role in creating an immunosuppressive environment. Over the past years,
more and more researches focus on targeting and remolding TME to improve therapeutic effects against tumors.
Herein, we reviewed current strategies developed to target and remodel TME, including modulating tumor hypoxia,
tumor vasculature, tumor associated fibroblasts, extracellular matrix components, tumor associated macrophage
phenotypes and dendritic cells. Also, potential problems and future directions are pointed out in this review.
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T B8 #H < B 41 . (tumor associated macrophages,
TAMs). 4 BV T 40 g -2 (T helper-2, Th2) 2 g A 145
AR 870 4 T 4 A 5 SR 5 4% (natural killer, NK) 4f
f-M1 % TAMs. Th1 40 i Rl 788 4L AR, 4 e J Bl 70 12
o K OiRe b 2R FMER AR, TME BI 2 3 H ™ 5
TP HPIRAS, X2 T B S % 16 97 76 N 1) 2 F
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o 240 PR G 5 A4 B AR J o 4 L, [0 BT 95 e 8 4 (1)
BT A R AR B R 2R (A0 pH B U 18]S A
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i 6 I ) 45 K e T e S 5 BUR S IS TN,

JET{E 5] 5 & (interstitial fluid pressure, IFP) Ft /=, IFP
TE bR AT v 2 (5~40) mmHg, 78 3 L6555 451 o 5 %5
F = 2] (75~130) mmHg, 1 75 1E % H 4 AN (0~
3) mmHg"™. & IFP A5 45 il e 20 23 i i v v gk — 2P 32
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% U85 TME % Th2 £ A (Th1/Th2 “F #7522 1, Th2
YHHL LIRS ), AR B ATI ] 1 25052 T 48 i FR) 3% 473 i
JERE ST, (Rt TR A K . CAFs vl s L& LA
T CCL22 Al CCL28 3 14 4 55 7 i A U S 2 410 1) 4
il (myeloid-derived suppressor cells, MDSCs) F1 i 5
£ T 4} (regulatory T lymphocytes, Tregs), 3t — 5 1
SR AN TME. 241X 2540 il 3f A\ TME, CAFs 43 i
() TGF-B 55 241 Jfd 5+ RE 9% {2 F Tregs 9 14 o 1M 4170 ]
P G 92 41 AR BT 8 55 CAFs, AT IN 8 TME &5 4 41 21
TR Bilan, M2 A L 7 i C-X-C b B 1 Be 14
12 (CXCL12), i B 27 24 244 i B 25 5 Wos A o461

CAFs il i RIAFE 7 PEAE T AL AR -1 (programmed
death-ligand 1, PD-L1) 1 PD-L2 H.#:4F F T T #k (2 40
Mo, 755 T 4 f 32 v HLP= A= )% i 52 . CAFs #i 4
B M TR E4IHE (cytotoxic T lymphocyte, CTL) HI3
PE, SERE AN AE ) R . L5 B RTIR, R s il
(%) CAFs 5 Ji 968 240 Jifa [ 3 2% %5 070, D] 0hbs s 4 3 1) g
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TME H 5 2 Rl 4 BiR i, b CTL R I
AA DR, T Tregs I8 55 208 T 40 B35 £, 2 1F TME [
G N . JEE M1 R EWEAN A 39 Th 40 i K1, &
FEAR 2 FNHURAE F, {2 TME i) TAMs Jy M2 8¢ 35
53 W Th2 4 i (R 3k 100785 A e R R 42 2% . 55 —Fh
RE 8% 215 05 i 988 1) 47 92 200 JfL —NKC 4 L, 3 3ok R JOBURE
it 1 27 L 3% 5 LA FE Fo BUZ AR 3 A4 40 86 1 40 i 25
PEAE F A ¥R 40 B2, {E7E TME & $11) TGF-p 2> 41
HAGIEYE . W40 (dendritic cell, DC) [FA#E £ %
FI) TME w2 S0R1 98 i B85 i, 1 95 F 40 5 2 2 0%
P . 1 MDSCs {3 TME 1 () % % 4% K &, fe %
V) T 40 A S0 0 22 b G 2 A M MEN Y DUTR A
1 P98 A D 5 200 i AR 5 AT
141 MEHEXERMEM RS EMET, B
Wk 411 P 4 R g i 8 A O [ Wk 200 M, A2 e R[] o 4
it 5 i 22 IO B, 249 5 A R AR B0 30% ~50% . R
W RER A, BRI KB M1 (4 35 4k
B W4 ) F1 M2 2 (B ARIE L E R AT ). MR S AL
A7 2K A AN [H, M2 B TAMs X %3 4 M2a. M2b Fll
M2c =R, M1 R SRR 2 5 JORE I8, 37 B A
P R AR, 25 PR S . T M2 B B A i B
PUAIE IR NE A& A5 1) Th e A2 3k ek 98 T B o 7 e
Jo TR BE R, TAMs — MR By M2 284 5 W0 40 i ) 4
fiE, FRABPU AV 40 M TR - 77 B 52 Ak I A B BRT -
A KT R ML E WG . X 2P 58 1 4
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2.1 MEMEZSMIMNE

Z A 2 B SRR (1 T REAE, 7 B R = 4
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Targeting tumor vasculature )

Targeting tumor
associated macrophages

Targeting extracellular
matrix (ECM)
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) Dendritic cells . NK cells 4@ MDSCs (@) Tregs

Figure 1 Strategies used to target tumor microenvironment for cancer therapy. NK cells: Natural killer cells; MDSCs: Myeloid derived

"\ ECM @ Cell grow factors
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HurfemMm AR S &R EGHM A —
A& 5T 5 4 (hyperbaric oxygen, HBO) B} j& Ifil 77 %
F 3432 O, 2 b s ZH 23N, H v s L R I v A
AR AL ER 155 R Bt Be A Ak iR s ik
AME (H,0,) 7 il 7= A4 O, M 21 iskik R 4, Bl in kT
TEAALE (MnO,) B AL S (catalase, CAT) [144
KR ik A 9 P9 IR M 1,0, 23 i A2 1 0,1
211 FO,BEZEMBAARNETHZE AR
FRIT R, HBO VR YT 88 V2 B T & i BARES T Y
WG TT, DA TR SE T & R AR IT G TR I
7 ST FGEN 69T BT A B HBO W AR B AL 1t
T RE VR 9T, AEAE N — Rl BhiG 77, HBO n] LA il
Jiggg B AR, HOSOAREUIR, & — M B AR ) 2 VR T T
e 40 Liu S0 g R A8 H HBO 3 5 4 928 K A o5 48
Pk (a-PD-1) HIHLMIR T 2%, BF 58 HALH] & 3 HBO i
I AR RS A T 1 Sz F 0, FE B a-PD-1 fid % 58K Y
2 JfL B 14 T bk 2 A48 B pe) 2 AN 4RE A S 8 1842, AT
il B I 52K

E N AR A, 20 40 A |1 Ifl 210 85 F1 (hemoglobin,
Hb) ¥ A Mz 26 B H AL 2. Rk, B2 g iEh
248 1% F2 45 0] A ) JRg 4H 2R AR 08 R 8 ) SR DA G =
o AR, LLANML )P RS AE 5~7 pm A, BRI 7
M5 BORE 7, PR AR e 0 04 IRg o 20 200 i T 45 S e
Jit Hb, —FiAF/E T b &R ED.
Uk, 75— SUR 7T A, {6 A Hb AR B 04080 . Hb ik O, 1
JR B AR FE A5 15 ML 3R IR 1 2 (AR e o 1Y)
J A S O AL B, JE e A 45 S 5 5K, SEEI O, i ik
YEM . Yang SR 1 — Foft 5] BN £if 8 Hb A4 M8 24
Wy % 2tk & (doxorubicin, DOX) ) £ Tt l5 Fi 14, %
13 58 48 AT DA 800 A AR IR L R I & MR A
JH I 2 A, 3 5E DOX BT 4E A

4= F AL iR (perfluorocarbon, PFC) & ik & L & W)
) U A R O TR A B 1, = o
TEWR TG TE I 3Z B A, AL 1 i AR e, (AN TK,
i L A A RTE R LN R R
file AR A% M S AR D AR, BT BAAE R O, Bl CO, iz 1% %K
s, L B A AR E W e AR A S HAR
YIIEE O,, SEIL O, 1B AE " . PFC BT HE =1
AL ORI ) AR B ) A W R 2 R T A R R i R AR A
LT 79 7 N o A2 i AT AN S 1 6 NS L2l
", Day S5O 4% 5 A0 B 4 K FL 7SR [7] B izt 48 <
A EGR, $2 5 7 )63 7197 ¥ (photodynamic therapy,
PDT) (97 3% Wu P 7 —Fh 3% f2 A K K7 D e
R R LR - Fe dk LR ILZEY) [poly(lactic-co-glycolic
acid), PLGA] 9Kk, L [F] 17 %5 5-360 K 1 g A1 PFC, H

T 45 B g (W B A1 VR 9T . 45 R R W] PRC @ i 1A bR
ik A SR R IR Z A 1R T AT 2 H R
ROR .
212 MEALRRMHBE BT MRHANNLE R
i, L 22 H5 8 20 A Ak T s e I A L, T R
BREAE . R, 8 O, 18 12% 28 JMRg 4H 23 A DAL
R Z B B I T VE R AT — € R BR . IR A
BN TIFR I AYIKIBIE RS, %Ik R A
Jif 988 PN HL,0, 23 i 7 AR O, AT & e IifRg A 23 1
S, S R 2 A

i S8 £ L D1 348 i ok PR AR U SR o 7 A R R
% (reactive oxygen species, ROS). H,0, /& ROS [ —
AN EL RSy, T H H,0, 7 fi# 2 A2 1K O, RE RS 4 v iR 21
LN A E, NS e = 95 . HEla kiR
T8, CAT®5E, MnO, ™ g K b ] 15 Ry A5, 75 5 il g
H LN H,0, 73 filt 7= A O, M TT 32 & g L 218 S i
B R = A B

Zhang %5 CAT W AN (IV)—1i 245 -1 i 14
Hi, R CAT@Pt (IV)- i 7 A, F T 338 5 g i 11 17—
BOTERAIRIT T . 4R R W, CAT #6212 g
RPN R, BB fl R o R 4 B 7 AR 1 HLO, 43 fif, AT 7E
HFAMIA S REMZ A . A RENE T CAT@Pt
AV)- R IT -7 B A TR BUR . Ik4h, CAT 4K
LA, T 3 I 5 O 85 = A A iR X PDT AR T
Wang %@ i J7 A7 [ R 58 R A 6 CAT #E47 2ok, B
MESO- Y (X #23 Z8 25 nhuik (THPP) Ay 82 165, ] 4%
T AL CAT YK IR ¥ (CAT-THPP-PEG). 45 %W,
CAT-THPP-PEG 94 KK AE B ik 3 56 5 30 H 3 2R 135
% 7 %8 (enhanced permeability and retention, EPR) %
JS2, fe % 8 1o Ak A iR P4 VR P H,0, 2 RN AU, R
HOER MR = . 7EJRBIGR THPP MfE A R, E— B 17E
W EAT PDT, UG T 3 Mg iR 97 AR . 4
ok, VI 2 Wt 5848 F MnO, 44 KR 7E Z 4 i 88 34 155
JEALAE R O,o Murphy S50 — Ak 5 94 K R (MnO,
NPs) £, 31 /£ PLGA 1, il % Fi #3 K. F K/ 9 116 nm,
zeta B4 4 +17 mV (PLGA-MnO, NPs). PLGA-MnO,
NPs = AL IR 412 H,O, FI A, NP E iR 5
F AL 3 ) MnO, NPs # L., PLGA-MnO, NPs H. 47 5 4f
() AR ) RE 28 PR RIS 30 RO R, TE 28 35 MR BR 5 53 i e
ZR, AR PR S T la RIE .
2.2 $BEELE

TME Il % & 4t 7 % BHAS T MR 6 97 I RUR,
U, M5 IE A AN Ry — B E A& IR T % . R
LA I A AR TR 5 0 0T A A R R PR AN — B
SEOLME W EER R, PriE A sy
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WA TR AL (5 51 S RE, {6 P RE 39 AR I 5 8 A O
o Chen %5 It JEi& B 8 [—Fh R B AR KRl 52 44
(epidermal growth factor receptor, EGFR) [ 4 5 4 #f
AR A bR A IE R Ak, AT DA 35 9 5 0N GRS i
IR0 45 B M P e R R 200 o T R E DR AR
SEHLLE, LIRFE N 50 mg kg™ 1T & 8 AL 3140
/N BRI DT 82 9K AE iR AL R o A FIVBIE, B
FIRE T KRG ITIT R Ak, JEik B e i S
(1 Fof g8 1L A 1 A4 AT R — 2 T R o g i OA R, 1R
i 1 a-PD-L1 M8 % 697 3R .

EEOR e I8 I A A s 24 4 mT DA 1 TR T o 12 of
AR RS DR R I A A A ) TR RS 30 e e
I S ), T s PR I 7 e AR B A T
T AR IR A ) I A T A I A R e, T B
i, I A B BT, oSO IR e AR ROR R, A
I 470 P98 24 433k N 3] e 28 23 P 30, 488 i L AU M
TEAZ I (7] 5 N BB o 88 244 v A 35 O B B YR 97
SR BRI, M IE AL T O R LS i A 2
YIAIT AL R 6. KR B 48 A bt i
A R 2 DA AR 2 S B R I 3 R 4 /N, AT 46
R o SRR R A RR A bR I I A R,
BRI Wbk, e 0L A A R 24 40 R A A G 4 1 7 = AR 9T
WA e K L TE A
2.3 EE[E) B HE K AR AT 4 LR Al

CAFs /& Mgg H 23 = L FE R 40 e . 76 S e i
JE T R CAFs I & & 7] fg o5 M8 18] 52 1 50% 7
£V, CAFs MY Ge I 1 55 45 WA (1) 75 2 53 b 0K 2 4 il
IR 41 328 TP 980 40 B 10 335 A, 3 A 3 {12 34 40 P 1) 5 )
I TR L 1 A R R B 2 ) 55 5 P e AT A T
1228 F %% . CAFs 7] LA™ 4 ECM, A4 1A I11 8¢ Al
VR RE AR EE A . BT TSR T 2459
S AL GG IR 2P VT RS2 B PR ) 25 09 O 2 5 R
e R 110, 4% CAFs AT it i g 245 1 3 e it — iy
S B 77 v . CAFs O $E 1) 52 i F B0 5 L FE T #E
CAFs JZ IE# 1t CAFs.

2.3.1 EBR CAFs i Tk, 5 1EH BLF 48 20 i AH
Eb, CAFs i 2 Fh R (1 4 1A, IX SRR (4 ml A 72 24
TETERRERR . BT FAP 7E 46 K 2 B0 il gg 8] B K 2
Al 438 A T A A L R e R S kY, H R
75 B CAFs [ 30 [ 6 3% S 8 5 B EF X R T br B
FAP. Zhen %P MRIE T — Ff 2 T 90 KWL 14 % B 2 76
JT (nano-PIT) J7¥%. %7748 L FLVE RO 2%
A, JEK FAP H5 5 PR B85 1T A8 1 B (scFv) BBk B8k
FIRM . EGIRS T, nano-PIT B84 R HL Y K ik 8 th
(1] CAFs, R84 Ml Mg A4 . 12— 0 e FH ML

K I, nano-PIT il CXCL12 (1] 433#, 2 1850 T 40 g
B, A S ) R A K . Zhou FEUUNG 47 #K
ZnF16Pc 1) 288k 8 9K BB X scFv i) £ i oFAP-
Z@FRT 47630 13697 « WEFL K, aFAP-Z@FRT 't
BN 71367 0T LA SO B 8 HH (1 CAFs, FH7E 4T1 LR
/N R R B R T RGu R, A R i) T /N R
Ji A7 968 B 38 v 8 R AR A o B T X FAP, Chen 55544
T — Rl i FH K18 16 (9 Nav 44 2K fig 57 4% (FH-SSL-
Nav) ] F#R & CAFs, FH-SSL-Nav 5 % iA 7f CAFs #
THI 7] tenascin C 4 57 M 454, Nav =5 22 o 90 il $ 7
5 F BCL-2 #1 BCL-XL ()35 14 15 ‘5 CAFs 40 i T2, ik
M B3R TFP RT3 5 1 v 8 v, (2 3 22 22 bb 2 IR TR A 7
i K A4 R fi 8 40 21 1955 0
232 SK3ECAFs R CAFs iR al LI 986 97 24
Wrxot Jieggg 1) 2, I SO e R AR B, H SR
o RPE RN HIEHE A HEARRMN. Bk, K
2 [0 5 R 43 B0 T B AT RE PR TME RIS, 36 1 g
HBAR AR . sAh, G FUHRE, [ DNA
P # W 9oK 3% & 48 FH T CAFs 2 1a)3R 97, ] 51k
B9 [ SR P 43 F 10 43, 40 Wnt16, AT il 2 46577 i
24, V5 S bR gn i I ECC. [R Ik, # CAFs ik JFUoN R
PRAS B 7 I i 3 41 1) 9 TRY T e A B VR 9T T 1
TE iR 3 e i FE IR BT 4 2 A 22 P 4t
DRl 7350, /B9 s 400 e B HL A 255 57 440 P 43 ¥4 1) TGF-
BB B2 4E 48 i AE K Rl T (basic fibroblast growth
factor, bFGF). 4 4f 41 41 4= K Kl 7 . (1 4l g A 2 -1b. I
BB A AR K R MR AT AR AR K T (platelet-
derived growth factor, PDGF) Fl sonic hedgehog %",
DAl i, 38 0 245 ) 5P #8 F B R 1 PDGF . TGF-BbFGF
54 R T (1 7K ST 2 5 — Bl oA 1T 34 (1 B8 7] CAFs ¥ 5
W& o Hou 55 5UKe B 2 2 4k 245 0 8% B 1] 2% i oK 3L, 4%
FLi# 1% 22 CAFs, FH T 300 21 o 1 A5 14 28 6 3000 o % )
FIMIAEL . RG24 J5, MEGIK I 3 1P K CAFs
[, I3 0 B SR R A A 40 B B T 40 B 7E iR
YR, $E 5 Thl 40 1 F &K -y (IFN-y) [1945)
W B A TGE-B G H - CCL2 A1 41 fd /i 2 -6 (in-
terleukin-6, 1L-6) ]3¢ 1 3 5 i M /87 9 % ) . . Saha
SR ST 2R B, 20 nm 6 40 KRR (AuNPs) 7] DL#
ok 170 1) g A 200 e R0 i R 2 OIR 41 i (pancreas stellate
cells, PSCs) [ I AH ELAE F Tk FL o i 2R Y, 3L
H PDGF . TGF-5-bFGF ¥ 23 T~ 1. @i #| PSCs (1)
T A, T 0 PR A S5 T A R A . A, Bl
B — T 7R B, — AL (nitric oxide, NO) A L i
sGC-cGMP i%& 12 FH. I TGF-p # 51, NO 14k 11 25 fiq
Jii 4 (Lip-SNAP) i@ i #l il TGF-p B 1k J H N2
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LT AEANAT 5 e T R ) B0 (R R A, AT i T
BBk R U AR AR R B ). A, — L
fit TGF-B 4 77, anntt 3k e B LY2109761% - 11177
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9o L AR B, Rt — 2B M 1 T A 1 27 R P e ) % o
2.4 $REIZAMINERLE S
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TR R . AENECM B 3 B R o, IR A 1R 5
ECM 15 F ¥ 55 . Kato 255" 7E faf 87 /0N BR A4 P9 i ok v
ST SR I I, 9 2HL 2R ) R J5 % P RN TFP I, 15 T
Ji R A LE iR LU AR R . Murty Z5575E — 3508 i R
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JEME e B I TR . 24 gl B ) PR 4 4
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HAase {2 F HA [ 3%, i ECM 25 # B by, 3 5 S SRR
AT JC R ) B AR AE R AL B8, FEE A
a-PD-L1, SEIL T 547 I I S e VR T7 IR

A, VEZ AN T AT DL ECM 3Rk,
4-H B A F B (4-methylumbelliferone, 4-MU) W] H, %
6] HA (1) & B, Kohli £ 4-MU #ij 245 (4-MU-p) %
BNIR B AR, DL/ BB ECM, #5255 A4 15 firb g
WL oA o TEFLIRMR AR h ) 4 £ 3 4-MU-p I IR
A4 55 Doxil Bk & 14 PT . 35 98022 AR AR K, SE K/
BUAE A7 I

WG AN, e Ji A8 1 s R DA o3 24 40 A iR R A 1Y) 3
1% . Raeesi V] F 4 9 K 1 e #0 RN A fit ) AR

P SERF U, 5 R A E R R T L, LYK
FE (50 F1 120 nm) 7 728 M Jig Ji 28 5w 1R 97 #5026 20 ol 2
1 145 H121 £%,
2.5 FBE BRIEHE oK B R 2 Al

TAMs FH 2 P 40 i 2H B, A4 02 28 (M1 B (Hi iR
% FE B IFN-y WO At 28 1 M2 B (H IL-4.IL-13 B¢
IL-10 3#7%). M1 TAMs B A7 51 205 e b7, 38 50 bt
Ji I8 2% B BE F7; M2 B TAMSs ) 2 B0 e i 983 {2 1F 1)
RE, CLFE 75 T IR 1007 A= B DA R 00 ) 8 e 8 I 8L 5
B 5 2 W F TAMSs H8T S A AL i ygs M1 AL 2 — Fif
A A IR TT SRS, AT PR G g% SN, 0 iR
A M A RN RS Y. AR T AR AR
K75 H 2 0k M B 4E H T 48 5 TAMs )% 16 72
JFEO R, A8 B /N4 iR R RNA H % TAMs 3R 2
& — P 0 G 9% R YT SR, T DA B B E At B
(AN B AT G B A A s 1 00T VR 55 B A T
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Toll ¥ 5z #& (Toll-like receptor, TLR) J& — Ff 51 5
WU B2, TE 5 R G B B BOE TR B G 2R .
Rodell Z°74iE B R848 42 TLR 3577, Hxt TLR %
TG BB 5 T G g% IO, A W A s ) R 5% 1 ML
KA N T CHEIETAMSs, 1 & 1F FH B- PR MRS 6 3k
R848 il % il FL A5 TAMSs I 1] Ty 5% 1) B-H1 R K 40 K i
(CDNP-R848). 1F—Fh §1 24775, CDNP-R848 7£ /)\
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iR 5 42V R, A 51 R B R ez . 7 Ak, Shi 5P
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F . MiJE, NHHCO, = £ CO, Fl NH, i 8 7% g 4, B¢
JCE 41 H 57 P ICG A1 TiO, 1 T 41 40 % HE 5 R
42 ROS, % Th 8B WAk TAMs &5 JioRg 400 1) 2 M1 % 5,
“HE U7 5 1 TAMSs 23k CTL i 3542, FH 1891012 T4
JiL G i 98 B A A% S o 2% SR W T DA R0 AR ok M
R, HiE— B H LR R, S R AE S
REVRITIRAE T BRI S
2.6 ELERISELHAR

DC & & N f 5% 1 Pt I 32 2 40 i (antigen pre-
senting cell, APC), .75 iR oy b B F E EI/EF .
A 5T HAh APC, DC BEfg i S0 9 )% [ vi, LRETS
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T R RRIN S| 710 SR, BH—FP PR 5] S Sk
SN BRI, R Z MR PR . Min 256 F)]
T HURIE SR K KL (AC-NPs), 7 LLE it 22 Ff b s 4
SRR VR S (TDPA), BL35 5 74 AR 3t
e AH ELAE AR AN B K- B K AH BLAE A . IX 28 TDPA
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Table 1

Summary of strategies for targeting and remodeling tumor microenvironment (TME). PLGA: Poly(lactic-co-glycolic acid);

CAT@Pt (IV)-liposome: Catalase (CAT) is encapsulated inside liposomes constituted by cisplatin (IV)-prodrug-conjugated phospholipid;

CAT-THPP-PEG: CAT is modified by in-situ free radical polymerization, using meso-tetra(p-hydroxyphenyl) porphine (THPP) as the cross-

linker to enable condensed grafting of short polyethylene glycol (PEG) chains on the protein surface as a permeable brush-like safeguard;
PLGA-MnO, NPs: Manganese dioxide nanoparticles (MnO, NPs) were encapsulated into PLGA; CAFs: Cancer associated fibroblasts;

oFAP-Z@FRT: ZnF16Pc-loaded and fibroblast-activation protein (FAP)-specific single chain variable fragment (scFv)-conjugated apoferritin
nanoparticles; FH-SSL-Nav: Navitoclax (Nav)-loaded nanoliposomes modified with peptide FH; CXCL12: CXC chemokine ligand 12;

DEX-HAase nanoparticles: Hyaluronidase (HAase) is modified by a biocompatible polymer, dextran (DEX), via a pH-responsive traceless

linker; TAMs: Tumor associated macrophages; DCs: Dendritic cells; LCP NPs: Lipid-coated calcium phosphate nanoparticles; CTLs: Cyto-

toxic T lymphocytes; Fe,0,-OVA nanocomposites: A new type of nanocomposite is engineered by combining ultra-small iron oxide nanopar-

ticles (Fe,0, NPs) and ovalbumin (OVA); AC-NPs: Antigen-capturing nanoparticles; TDPAs: Tumor-derived protein antigens

Strategy Nanocarrier Active drug Result Reference
Hyperbaric oxygen - O, and a-PD-1 Resume the extracellular matrix's components, promote [16]
a-PD-1 delivery and T cells infiltration
Blood substitute Liposomes Hemoglobin and Reverse hypoxia-induced chemoresistance, promote [17]
doxorubicin cytotoxicity of doxorubicin
Perfluorocarbon O, and porphyrin Simultaneously deliver oxygen and photosensitizer, [20]
nanoemulsions enhance the efficacy of photodynamic therapy
Epidermal growth factor 0, and 5-fluorouracil Relieve tumor hypoxia, enhance the efficacy of [21]
functionalized PLGA S-fluorouracil
nanoparticles
Supply O, in situ CAT@Pt (IV)-liposome CAT and Pt (IV) Relieve tumor hypoxia, improve the efficacy of [24]
CAT@Pt (IV)-liposome
CAT-THPP-PEG CAT and THPP Relieve tumor hypoxia, enhance the efficacy of [25]
photodynamic therapy
PLGA-MnO, nanoparticles MnO, Reduce hypoxia and decrease the expression of [26]
hypoxia-induced factor la
Vasculature - Erlotinib Increase accumulation and penetration of drugs, alter the [27]
normalization immunosuppressive TME into immunosupportive
Depletation CAFs  aFAP-Z@FRT ZnF Pc Eliminate CAFs, improve antitumor efficacy [33]
FH-SSL-Nav Nav Eradicate CAFs, improve tumor growth inhibition [34]
Inactivate CAFs Nanoemulsions Fraxinellone Reduce the amount of CAFs and extracellular matrix [38]
deposition, enhance the anti-tumor immune response
Gold nanoparticles Gold Reduce activation of pancreatic stellate cell and matrix [39]
deposition, enhance angiogenesis, inhibit tumor growth
Liposomes S-Nitroso-N- Inhibit the expression of TGF-$ and the production of [40]
acetylpenicillamine dense stroma, improve the tumor penetration ability of
liposomes
Cell penetrating peptide siCXCL12 Inactive CAFs by down-regulating the expression of [49]
modified nanoparticles CXCL12, reshape the TME
Targeting - Type I collagenase Decrease interstitial fluid pressure, improve the [51]
extracellular matrix accumulation of drugs
Gold nanoparticles Collagenase Improve the delivery efficiency of drugs in tumor [52]
DEX-HAase nanoparticles ~HAase Loose the structure of extracellular matrix, enhance the [53]
penetration of oxygen and liposomes
Liposomes 4-Methylumbelliferone  Reduce tumor extracellular matrix and improve the [54]
distribution of liposomes
Gold nanorods Gold Increase the diffusion rate of inorganic nanoparticles [55]
Reshaping TAMs  f-Cyclodextrin R848 Alter the immune microenvironment towards an M1 [57]
nanoparticles phenotype, improve a-PD-1 immunotherapy response rates
Mannose-modified Indocyanine green, Reprogram TAMs, promote the recruitment of CTLs and [58]
PEGylated PLGA titanium dioxide and enhance the anti-tumor response of memory T cell
nanoparticles ammonium bicarbonate
Targeting DCs LCP NPs BRAFY*"* peptide Drive DCs maturation for antigen presentation, produce [59]
IFN-y
Fe,0,-OVA Fe,0, NPs and OVA Stimulate DCs maturation, activate T cells [60]
nanocomposites
AC-NPs TDPAs Expand CD8" cytotoxic T cells, increase both CD4" T/Treg ~ [61]

and CD8" T/Treg ratios
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Table 2 Clinical trials currently investigating TME targeting strategies. VEGF: Vascular endothelial growth factor; VEGFR: Vascular endo-

thelial growth factor receptor

Clinical trial

Strategy . . Study drug Phase Cancer type
identifier
Hypoxia-activated prodrug NCTO01144455 Gemcitabine, TH-302 Phase II Locally advanced or metastatic pancreatic cancer
NCTO01037556 PR104 Phase I/l  Refractory/relapsed acute myeloid leukemia and
acute lymphoblastic leukemia
Targeting VEGF/VEGFR NCT00945139 Bevacizumab, liposomal Phase II Platinum- and taxane-resistant ovarian cancer
therapeutic agent and doxorubicin
NCT00846612
NCT03048877 Bevacizumab Phase 111 Thyroid cancer
NCT03278717 Olaparib, cediranib Phase I1I Ovarian cancer
EudraCT Sorafenib, docetaxel Phase 11 Metastatic breast cancer
(2008-001090-15)
NCTO02898077 Ramucirumab, paclitaxel Phase II1 Gastric adenocarcinoma
NCT03172299 Aflibercept Phase 111 Ocular melanoma
NCT01206764 Everolimus Phase IV Renal cell carcinoma
Targeting CAF mediated NCT03277209 Plerixafor Phase I Pancreatic cancer
immunosuppression NCT02826486 BL-8040, pembrolizumab ~ Phase II Pancreatic cancer
- S-3304 Phase [ Advanced and refractory solid tumors
- Bevacizumab Phase 111 Pleural mesothelioma
- Ruxolitinib, capecitabine Phase II Metastatic pancreatic cancer
Targeting stromal depletion ~ NCT02715804 PEGPH20, gemcitabine, Phase 111 Pancreatic cancer
nab-paclitaxel
NCT02910882 PEGPH20, gemcitabine, Phase 11 Pancreatic cancer
radiation
NCT03481920 PEGPH20, avelumab Phase I Pancreatic cancer
Targeting TAM mediated NCTO01804530 PXL7486 Phase I Advanced solid tumors
immunosuppression NCT02829723 BLZ945 Phase I/l Advanced solid tumors
NCT02880371 ARRY-382 Phase 11 Advanced solid tumors
NCT02890368 TTI-621 Phase I Relapsed and refractory solid tumors
NCT03013218 ALX148 Phase | Metastatic cancer, solid tumor, advanced cancer,
or non-Hodgkin's lymphoma
NCT00319748 852A Phase 11 Breast, ovarian, endometrial and cervical cancers
NCT02781805 Alendronate Phase 1 Breast neoplasms
Natural DC vaccination NCT02993315 gp100, tyrosinase, Phase III, Melanoma stage I1IB-C, melanoma stage 111
and NY-ESO-1, MAGE-C2, Phase I/II
NCT02574377 MAGE-A3
NCT01690377 Gp100, tyrosinase Phase [ Melanoma stage IV
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