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Advances in the tumor microenvironment-responsive smart drug delivery

nanosystem
LIU Yanhong, ZHOU Jianping, HUO Meirong "
State Key Laboratory of Natural Medicines, Department of Pharmaceutics, China Pharmaceutical University, Nanjing 210009, China

Abstract With the rapid development of nanotechnology and in-depth understanding of tumor microenviron-
ment, stimuli-responsive smart drug delivery nanosystem based on tumor microenvironment ( TME) has received
extensive attention. TME-responsive smart delivery nanosystem can transport antitumor drug in circulation stably,
after arriving in tumor tissue or targeted cells, the structure of nanocarriers changes under the stimuli of TME.
Improved drug concentrations in targeted site significantly increase the antitumor efficiency and reduce the side
effects of drugs. The stimulating factors in the TME include pH, redox potential, enzyme, reactive oxygen species
(ROS), adenosine-5'-triphosphate ( ATP) and so on. This review mainly gives a comprehensive overview in the
latest research and new development in TME-responsive smart drug delivery nanosystems for efficient tumor
therapy, mainly based on pH response type, enzyme response, reduction response, ROS response, and ATP
response smart drug delivery nanosystems. Moreover, research directions in the future are pointed out in this review.
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FUAREA B K S , A 25 )88 58 R GEWEZE A I H]
T2 U, Hrp TR 40K 24 3k 1 ZR 4t (anti-
tumor nano drug delivery system, ATNDDS) 5% &,
JECA IR ABTS) F AR AR A o 5 AR SR IR i 5 A
He, ATNDDS HAT AR Z (34 - A5 B i 259
(EESWNLE S/ E LN S TE & L7 i DR S 0
e 2R E P, S LI WO 20 AN T B v 25 10 7
R0 i 3 I rm) sl S TR 4 e 3 A2 P A R R A
I ( enhanced permeability and retention effect,
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RS 5 () 5 IR i PR AVF 58 385 i 47 16 1) 2 245 i 24
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200 0 7 % e e 240 B P e B R T I, A R T 4 R
[ B ( matrix metalloproteinase 2, MMP-2 Flmatrix
metalloproteinase 9, MMP-9 ) | i§ i . o3 #5 it . 2H.
ZUE FI B( Cathepsin B, CaB) 25 ; @ Ji 967 41 it £k
KA A7 TE 1Y 155 K P15 14 48 (reactive oxygen spe-
cies, ROS) ; @I 20 JfL P 35 ¥ B2 308 J5E ) 5 s D i
B4 W R R & = W5 R IR 1 ( adenosine-5’ -triphos-
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Cytosol
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Tumor cell
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Wang 25 L Rt — 3L (DTDP) Jyik J5if
BGERRE B (PO MBI TR EREY RS Z
- (L-8 %12 ) (PEG-PLG) ()i /K PLG L, ]
& 1A A R ABURR R 4 T RTR 259 PEG-P (LG-
DTDP-Pt) , #1353, iZ I 3 4E 10 mmol/L GSH
FEAEM AT, i B W 24,40 h I i) R ik
ik 80% o YL B AE R /N BRSE IR B, S
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A R S A PR A R T

I 7 T 4 K AR IR T LS R R 2R 2 )
(1 e 240 JE0 P4 fi % B, Dong 45770 3 1 — 4 At
BIHE TR AR 2-H N HIR W &5 OB
(PDMAEMA) [BEXFRIER GV R L —HE-R O
TR (PEG-PCL) ()6 7K £ Bz I, H F 1 2k siRNA,
W 2B FE MR SRAE R IR AR TR 2 kA
B o I ) T IR AN, B R W 24, PD-
MAEMA/siRNA M PEG-PCL I it 7% , {2 o P9 i 14
et , FF A ORI siRNA

3 2ok 30 D R R S B ) ) £ 7 A IR B A% S8 K s
W, BN I 45 R R A W AR AR AR PN R A e 1 e
MBI REE . Zhang 25 ] 337 - AR AR
TNER (DPA) 1E 22 BRI, il 26 T —Fp ot F R
(g-"FIE-L-BZA MR g ) -b-7 Ml ( PBLG-b-dextran)
M FEACHRAN K I, Pl 85 K (DOX) 1) i 4
PP BRI . IR A AEA 0. 010 mol/L GSH 4%
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2T, DOX 7E 59. 5 h A BT 30% o A i w14 52
IS IZ R B B E W i HeLa F1 HepG2 fifJf
AR A K .
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TN BR TR R AR A R A R R, T SR AL
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B JEUR) R BERE (DTT) B2 T, 25 R R 2
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IR ANMESEES B, SRS PTX ARG it AR
SRR L | T2 AR I i SRR S AR AT 1 0 (e
TSR

B IR (LA) -t FH R i) 2 — i B A2 1k 1) Jie
o BRSNS A — D i, TR ik R )
5T DTT AERIR, A #8 —fm B 2 AR W 28, 731 ) 4 ik
SN BB BT ) a5, T T IR A 52k
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Y1 8 2 AT I8 S5 pH OB U R B W
W, FFHU bR 259 25 DOX 1 firk 88 440 Jfa Py bl o ¢
T MIEERR R i Gl DTT #EAT AL, B Ui 28
WRREH . DFFERIT TEAE AR T R AR e T R
4, AE 10 mmol/L DTT i PN 2544 PR i sg B,
It DOX A RERC, teAh, 78 pH 5. 0 14 A IR 4 R 1
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F IR B SR TR BOR

4 ROS i [z B 40 K 25 4 4

1% ME %A, (reactive oxygen species, ROS) 2 H A&
S P A B S TR 2R A B B
PR EREE EEAERT, & 32 A Py Lo (AT
W R N A M A o R TR TR, TE R O
TAYR ) ROS I 247 48 B )11 7K P
TI7E 22 R 10O LB PR IR R RE 2
YUy LRifA ROS /K3 K F 15 & 4%,
H A1 FE P A B ARGE A9 ROS SR K i 1 AL an
F A4 PR,

ROS AR ML OB FooA
ROS Jl : RAK-FK A BE(PIS-Bi k) (PPS)  PPS FEIEH 414U & BEH K , 76 SRS T 6 A8 Uik i 5% /K
FRBLRY XF ROS FlitJ5i57) GSH [R] i fURR, 76 ROS PRIEET , SEILB K 17 8K AU 5678
UL, Se-Se AL AL BOR JFER T LI 2 5) S A i 2
RBLE N HA pH F1 ROS WU BUSHE , He i it ROS UL , T S B /K [ 532K
B AR, G R AL B pH AU
ROS il i# - A i AR MG PSR ROS [ fife PR 3 S 4 K 38 AR i SIS, 2 A
AR IR Y ROS Jl#C T, JLJAISE i , S5 HA LA /NGBR3 A ) ROS SUBABHAT
Lo, RIS TR TR G R R AR A BT T
R e 3 H RSP BT BRI 3, A2 B B RIRR , BESE R, 1T 7E ROS
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ROS U F A 2 40 K o), T R AE 4 8L i /K
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M, BT I R SR (N - Ak ) (PPS) (N TE
IEH 2 B S R s K e AR ST
7 5 A SR K, DA S5 SSOBE SR 1) A A I 245 1) ) P
HURE TR

Cheng 2" 738 T — Fh 1 ROS, pH XU i
TR R 22 i B SR A 3R (k-2 ) (PEU) il B-
IWIRS (B-CD) 4 B 1 4 43 F 7K B8 e, T 3 2%
KNG K 2590, A] S8 2 e oF 24 W 1) R %
Horp 2 W% 2 i Be 3R Y PEU th PEG, — ¥ H
JEPIIR (DMPA) , — (1-E53E 24 ) —lifik ( DiSe)
FI R, SR 5 A 2 28 T8 BN oK e o, A 38 /K 25 )
I SE . ZIE R ) PEG £ B iE—45 5 B-CD
W 21 B 0 7K R B, A 3 R K A AL 25 1) % P A
B, RAMABE L S50 s, PEU 49 2K i 3R iy F [A]
B 77 78 pH HUE 45 #9 DMPA FlI ROS {0 J2¢ 25 1)
DiSe [fij HA5 ROS .pH XU M b ¢ 245 Fe Pk, 76 & vk
FER) H,0, F1 pH JF4 T , PEU 40K i o bR i & A=
fif A, 8 10 3 O/ 40 - 7K B8 i B i, DR HRE O
HIEK BLKZY) ,
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e 137 SRS WIS R o 12 I F B 7K A B Oy 56 B e i -
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ROS #5% H,0, BT, 7 FE 4 R N5 et i 28 B oK
DA HETI fih 2  K BE BEAR , JE TR AR, 412 0
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5 ATP MRz B g K 254 25 {4

ATP JEA: fir i 3l 9 BLIE BERE W T, 76 I 9 iR
SMER)ZATAE (B A (1 ~ 10 mmol/L) izt
TR T MM HSE ( <S5 mmol/L) , JuHAE A HHIE
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