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A% fF 8 R 3% (tumor microenvironment, TME) & — A 78 B 8 & 4 & Bt 42 &, i b 7% 4 L 55 92 0 09 2 0% 20 8
A, mE. mphEifmgulFEERMRNERAEEE, RAHZE. BB, FRNERIELEA
(H,0,) K & . & 4Bt H Ik (glutathione, GSH)& &, VAR 2Bt F Kk FHAE. BHar, ETTME MR AWK K
(polymeric micelles, PMs){& 2 h 24 4y iy A v A R GE T 3 BB, 4K E £ 52 7 Mok £ 8 %%, TME
FPMs, 7 EF £ BERF (W) P RFEMEE, MBAMELAL R, TALRFH. FRBEE#HE. LFEEX
RS 3R A A ko ETMERY A B M, Bt Mg A8 WMt ), TAAEMEHALFNAERE £ A XEHHR
T I K TMER S PMs A X3t B, E B A4 T TME" SLPMs#y ¥ i B 86w SLAL A Fr ¥ ) S e, 7 5t 4o BE 5
WEFATHNEE 2 5, RELKRT &N KBRS RET L. FAELEM E, Hit T TME i PMs%E 8 /g2

7 E % o RR A

Keptinl

24 H, R 8k Ul A SIS fE BRI A i 14 3k
SRT, MR W ENRIT R NG B
& A XA TR AR A, LR M2 WA
AR & 5 R, Biisyr E 4 QK A
“REMEEE 22 R, IR RS R IZ W R YT & B —
ARTTRYRETE L. EAR BT T & 2 R R
KER G2, ABHAR NG AR W a7 b i s AT
32 PR TR [ AN TR 1 ARG YT RCRAELL K
s 0 T T R R AR T A DR, ey 4R
1o RIS T () [ A 2 R R AR R P g ) R —

FEIE R A2, FEFR X B bR = A 1 KR Bt
MIEWHL LA E, HAS B S KE— R
b, BAILA AT A e 148 A2 L, AR T g AR
L2 B4 I JRE f 3R 55 (tumor microenvironment, TME)D].

JiE N, KB R R, RA IR, I B, SRR B B

TME & 7E M Az & Ji ik R v s 200 el 8 4 A A AR
LTI B A — FhRRR A A BRIAEE, B 4l 5
RSP PEANB . FERAnf . 1A AN/ IE T R4y
W TR R, Ry Z AN S, IR
Pt E AL S (H,0,) W BE . = A e H K (glutathione,
GSH) & &, LA Bl 0 3 i Fa ik S8 A PR AR 125810
BiRiay T B, ey oy oA, elldp s
P g L DR )7, T U R A R SR R R 2
RIFFREEHZ B TMER) TR B, 72 FTMES IE
W LUABE I 2222 57 T e 0 Z2 o U e S A%
BRI O R NI R R I R AR

TERZ I T TMER BARHNAIT T R, B9k
HBHE 3 8GR 8T 25— Fi ) I WFSE I 0 A
TR, GO BHRTS 20 —4EAE TR R
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SF(1~100 nm), 3% EATIE A FEA BT B #4 BA #4
B kR A NSO . RO . R
SERLON W R RN A FR BRI S B AR R AR,
fEHAE F124. H2EL WEsR . R, S m 2 8
FRIR YT, TEAE R 2 A R B TR B
Gip=

HRIE AR AL AR TR, iKbb n] 20k 4 4ok
MR TCHLAKAE R A LA R FTE HL L2 ik
GUORMEL BILGORM R Gl B &Y
BRI S, TR Y R Z SIS S N &
FevE. Horp, BN N TMERY 2RS¥ I (polymeric mi-
celles, PMs) Ay AR5 /ALT7 24590 A I i s AR 4L T B4R
(R B AR TMEN)N PMs, 7 1F % A= SR8 (A ifi
WP RFERRE. Y HEHGE MR A2, FETMEHA]
KA A S A /W A R AR
Afk, SRR ETE . FHKME. R
iy B Wy T S A ks, SRR Ak
SR/ R N R R e H ), e R T
SO LY T RCR.

A AGE T TMENE WY PMs T I ks 1297 ik
T i AL AR ) SRS AE AT TMENR N PMs
R 7 SRR AN B 2 IR, A T WY T =
A FFERTE. BN TEMEH,0. M B . i i GSHANE ) il
1 B TR M 7 Fia 418 1) 8 2 P G LR, T LAFAY
MR ST R TR AS; )5, XFTMEN R PMsFH T
JREHESTT B JR B AR AR 52 7 1 AT T 43 3
S5 .

1 PMs

1.1 PMSsHifT

PMs2 PSR VAR B SR 0 BT R 00 o, A

NATIVAR =5z

A AYIRE

Bl 1 (R 0) R A IR BT L B LR T I

e JE 2 T LI BU AR (critical micelle concentration,
CMO)I T A 2AA ) LA 265388 26 F 5 P v
B2 ALK, PMsR ) 410~100 nm, H
A Bi-Fe AL, R4 T 20N E, PMsi]
PUBBRIR . PRtk BEHUIR. ARy 2R ZFIE.
PMsN A HH LR Yy vh iy sk &% Be A ik, A F T 28R 24
WIS, BT LL N RRRR o seas ! i g
P2 e SR 4 b SR K B B AL L T AL FEL 22 Y 72
R P VR SRR A% - S A SR i
BALRY TR R R P e sUK A BT T A48
W RER AR efeE BIRAS. TR B 22 4, PMs
ELGY R ) a8 SR ARG . diiEdsic. A
YL RS DL S A I 2 45 Jy TR 30 Hh e ke e 22 1 vy FH
e,

1.2 PMsIERHE

PMs R T 850 ALy 7 25 (4 ik iy, B
AL,

55—, PMsH] DI HAR IR 09 “R%-7c 454, il it 60
LI BE TN wiéééééﬁﬁfﬁﬁ”’i%“” ]
KR, k25 Pe AidE A I 3 g B 2= A
Sb, LI A R A

St —

55, PMsALHE 522 /K A S P A 4, I
/U FRRZ AT I 0 2R LRI L 2L U0 JB R A AR A e P £k

W —J7Th, B2 EAPEG) A K MR BT B A
HAT PR B hRER KT )R, RERCORAR s il
PHERER AR, AERIPMsHbBE G i, B S g AT
W 240 0 2R 9 P 9 2 R AR, (A PMs BAT B Y
PepaggERmt i)t 5 —J i, i R 2,3
BE TR FRIT(DMA) AR H, 7T L oy e PSR T ) i
P, A AR A F HE R 0, sl AR 2141
R A AT BRI, TR T AR B AE (AR N IR BRI ]
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Figure 1 (Color online) Schematic diagram of the formation mechanism of drug-loaded PMs
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(o B, I R AR T 2R 25 W ) 1 3 L A i e
TR P A DA 06 B HsF 0] L2 ) S8 v 8L ) 490 0K 245 0 i
T RGEIFARIE AR bR 4120 P oA R B E R

55 =, PMs AT LU B SCAAR IrvIga 114 1 15 185 M S BE 20
Jii(enhanced permeability and retention effect, EPR), 5
PR R 2 A B Sh AR . TF H ZH S A Y P B 1)
BB A5 5%, AR T o L 3t
TSR b A F o, A BE B e . S5 584
PE2E, FEUMBOIMRE BRI B, AR O Ko7 R
B A E A B . TPMsR ST/ T 10~100 nmZ
[FANF, 5% T35 375 -4 A T g 2 1 By s 1] g ',
TS T 2 24 o A% 5 25 ZB S e 4 ™),

5, Wi BTN, PMsHZEH AR & n i
PE. G5 ILIL)E B PMsRERS BN & FRIPABE (A8 4k, M
FERGE . JES. U5/ MR A1 . T i fnr S5 2 R R A AN
A5 M REAE L e A R B AR . A o i R 21 2R AR IR 1)
TME, il GEA L5 T, T PMsXTTMERH: IR
REFRE S, LATE— L4 TFPM s Irg s po 8 g e,
RHXFIER A0 HFRIVEA.

FET FIROEA,  FIHIPMsHE EETMEN I 44 2K 386 1%
ARG T A BN, Y EASIREAT 2
7 FH A5

2 TMEN)»PMs

HH, 25486 1% 240 B TMEN Y SIS AT : pHIF B «
TEPES(ROS) AN « BRI N « GSHHR R « = 4000 b7 LA
T Sy AE B AR | 14 22 o i S,

2.1 pH"W)PMs

IEH AL TMER BRI A — 22 5. 1E
WA T M P A pHAET AL A, T AR A K. )
ZATPER R, I, Al SUABUECRET, &
Z AN BUR bR 2 A AT S 2, 7
EREFR. XSETMES S, pHYERE6.5~7.2
Z )P I X — e, T LS I PMs X 8 4 2R
S A ) A R T < R ) R e R

FEPMsHY T, A] LUl 7E TME R i P B RE A
R T AR TR AU Ak 2F BT 24 5 | RS Ji o L R AR
PR EPMSTE IR 20 ZUAb i SRR, 52 17 A P PMEs
NG BEIEF AMMEHNTT. AR LU S RRAEE T, b
& TACRE B B3 sk PR AU AL B T Y, SRR
T A B R PR B ok A E L T, 815 ) 9k s 2 R B, A
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LB T I AU AR S 5. BB 20
FH T S B R IS 1 TR AU A 2 SR AT I e B I - 7R
BEME s A, b BRI B ST A0 ) 22,3 H ik
DORMEE RS M mm R 12-RmH e
W TR RSO R — P SR e 4. T
AR, (i B- R I ME N 1 PMsTE A= BlpH A%
PFR3E H A DU, T B- R AL I M B A TMERR P15 o
ALK AR IS N ) AT AR )RR IR B R IR, A A &
KMz B F AT (E PMs B H A b DA ) £ iy e A Sy
SE:N i

XF FPMsE sUBERCBE), WIRTR LT SmE: (1)
MR A RETE IR A T BT R, B AN i 4
M52, (2) RREBURE REH T IR h & A B 1Ak,
SRR R AR BR BUK MR AR A, SR R K
RS, BERCUT, 3) MRBUBML IR IE SR T
WrEd, 5 R RACRBUK PRk, 51 e R s i sl fi 15,

Guo®i NP & T — il i} 171 4% 5155 Z (doxorubi-
cin, DOX)FIHLMA%E JE (Lapatinib, LAP)F R pHA L Bk
PR TG 5 R (DOX+LAP-M). DOXS&:—F) 12 i FH i i
2y, FEEM I AR AT DNA T3 AN AE T, LAPE
— o XU A R VI R 5, ELAT I 2 B AR I 2
A (epidermal growth factor receptor, EGFR)FI A 5%
A2 (human epidermal growth factor receptor 2, HER-2)f
TGV, CIEI X e A R B AR WA e IR,
TCHGE T B . LR (paclitaxel, PTX)Ek
PR BBTIR YT 5 W ) B B 1 LR R B4 I TR IR T
DOXHILAPRYER i 1A B 52 FHDOX B b 27U I
KB PHEBURBCR. R F, DOXil il T2
PRSI Ak ) ML B EAN (G T SRR R TSR PMs |, T
LAPII B W AR O . TESSIRYETME Y, R rh
RN S F e A Ak, SR SR 180 M A7 FL PR e A
TR, AT SR AN NG TN kRS, T
AR 20 M N R P R A A B 2L, BEDOX, [
TR R ORIR TR /K, ARk MR N, &A=
KRR BT 4L AP,  SEIHTE 25 I DOX HILAPH [l 4
FET, MRl AN G FE. 20 1) 3 24 RGN/ BRFLAR
TR RATIRA W WA PgsarER], el B A
AT 1R B A AU

Tang % AP H2,3- 7 1 3 2 S R T (dimethylmaleic
anhydride, DMA). HZ —[E(polyethylene glycol,
PEG)-[(1,4- T ZI)- —NIAIRINE-b-5-2 5 1- 117



(PDHA )itk Bt R Y FIEE 475 W % (polyethyleneimine,
PED)-PDHA fix Bt M RS B iy gt 7 —Fh 5 P T X
X pH )i PMs(dual-pH sensitive micelle, DPM), H T i
JERIRYY. FEDPMESHA T, PEG AT ZEK: Ji sR7E I3 1)
PEERETIE], DMAT] R RCRER LG AL far, sE Sl iF 5 24
ZUNEE; MPEITEMR M F5 /4 T 2 —Fh 2R P B - LA T,
oA IE L. 4DPMUEARRZHZYS, B TFDMA
PR SRR PG i S T 24 A I PTG I T4k, (A R 1
7 IE FLpeF, SR R A MR . T ZEDPMAE N A A
JAAINLS, PDHAREBGIE &A1k, 7k H BiK
PEREAS Fy SR, SCERDPM A 25 Rl T 4824 4 1) bkt
i, #EDPMAESFY T, DMASRMER TMEN B
7%, BT DPMAE R 4120 Hh 7 5k B2 AR % e 4
AN AR I, LS pHfl & A 25 s B AR SS &, (i
TRIZEZN R GAEAT Vg /N B s 5 Dy B 3 A e
PR, A RS A PR RS TR YT . DPMAE
K —ZB R TMEN W PMs, K RIS/ T 25976 1E 7 40
ZUR 34, 3 TRk S RIE BRI 259

WAk, ZRRFAEARRI R EREE T & A AR T A
7 5 | 5 2 2 AR o et 2 07 P 68 T 11 245 90 3 326 5 s
Zhu® NP I A M T W R EZ kP14
(AAAAFFFHHHGRGD), %2 Ik ELAT Hi (A e #0 [
PEFIpHAEANE. RGD HBERT LS EE RTS8 2R
FRIETT LU INP LARK A B /K Rk 2 i, 1 20 2208 mT LA
PE R P 14K p HAUREA: . 2 S0 P e 235 4 v 55 A7 el
S, AR RS T EACRAT L, I A S RR T TME
IR T 0 e g PN R R 2 s, BRI A A T
Fe 4T IE fLfer, FR I A F e HE R B B3k, b
(L2 NERS A NEE B SRy iU Vit N S
MZYDOXFERL, M & e i FLIR I8 40 M CF-7
AT Sl DOXAM L, £k 2y ik RIEIRIN L
rh B HE T SR A 410 o e 4 A RN £ A AR R TR
HEJ].

FE_ER3AEFh, WFTE N GRS A R BURR B e
A )R 5 | & B ROR R K TR AR L, Fes R
R AR 125 SR SR ) B R ) ) R e 2 e 1) 7 24
o | 5 R 53 K P 728 A DT fh i i o Bk 8 e 2
AN VLR, X TME F 555 15 P B 455 A e e 4
PR I RIS, PR SR K M B RN g K P B
KRR e AT B, g P Wk
N N 5 N & S 8 ¥ AW L
A R IR AR L 25 T R U 2R Y

U 25 S I P R e B RN 2 W R TI; A T ( FE AR R PE f
JEAL AR SR K A B I PR 28 s /K R 4, 7ETME
SRR B T, KA R A T, BB
PMsEBK AL, KAETIK, 51 & 25PREL.

Qi NP T —Fh & s i R 2 — - B AL IR
=i B AL R Y R (PEG-DiHyd-PLA PMs)jith 245 245,
FEPPEIRIE IR 25 R GAEAAE, MAES IR TME K 4
NG, TR, PMsitss, 12 B sk
fIDOX, LAARFEMCF-TFIHepG-2 411, %% 2514k 2 B A
A BT IR I A B TR G A 2 Ak

DominskiZE A P* ] 44 8 2, — - b- BER TR TE - b- 5
H[R]-3-}23 T R (PEG-PKPC-oPHB)PMs ] T # [i1] 326
%DOX. 8-F2 H M- %5 i (8HQ-Glu) i Ik 4 X 8- %%
FEmspR - 2L (SHQ-Ga) (R Ek Y. 552 PETMES | & PMs
HH (1R 457 Bl 35 AT K g R A FR 3, 380 T R A R
ORSEKEE, FRURREIK, MBI, v
MR LA IR (MTT) SR 25 R W], IR A B %400
B, MY 5 AR A 25 B 4 ZRHCT-116 87 H
B AR ASCR, S T pHmE N B AT R 25 IR %
pHI R P PM s A 38 3 e 08 ) R 24 48 s boasa 25 1 A=
Wye Ak, A3 ER R AT 24 11 i TR ) 2K

2.2 AJENER PMs

I =% IF W 40 A0 3 BR v G SH Y Mk 2 R
2~20 pmol/L, 1Ty dn i ry th 5, TMEHGSH
[k BER AN, T 350.5~10 mmol/LP”. ek, i
i PN G SH ) i J35 s J2 1 4 40 PN G SHIYR 2 1y 4~ 74314,
IESRFETIEH VR 2 P GSHE I K2 5+,
— Z G S 5 T PM s A DAL A, JF-7E 2P 1) 386 2%
75 TS 3 1. A S R PMs Hh T 1 S AR 2
S TR AT A (S-S) N s (Se—Se) 4. #EIF
HWHL LM, GSHIKEERAR, S-SHEFISe—Sett Ak
A Wi, 1 EPMsRRUEAATE; MRk AR L2, &
GSHE i S-SukSe-Se L A= Wi, #Eifin| & i 4l
PRk, SCELRT A2 A TR L.

SunZ A\ i S—SHRS 5 K PE T E K (heparo-
san, HEP)5 i /KM AR (deoxycholic acid, DA)fH
IBTE B G SHI o7 75 PR S M R AR IR (HSD). A 22 A%
RS, HSDREMS ZF 75 A MH B IR 1 s 240 il 32 (FaDu 4l
) EIANAERE, FEEEX MR 25 DOX. FEHSDAE
o E P HL A AT R O HEP B 25 PEG I “BR e
Fibk, A AR AR A8 S I 3 S K 25 9 4 1 TR R s
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[E]. [AlE, HEPATLAE & 4S8 1 (clathrin) /- S N A7
VE S S e Rk g A B et . R SRR i AR
HEA IR A0 N BRI ST, TR 25 4 S—SEE Y i vk
GSHfil & Wi, BT 8K 258, BRI
Y. HSDE HAE RIS I R IR Y7 h B AH 2 R
.

BehrooziZs AN HRIE T —Fh L T e 5 2, -
ROWNEE-R O B = ix Bt L R Y [PCL-(Se-Se-
mPEQG), | R AT A, T ik M 254
PTX. A T35 Ktk B AG K 1 B 22 ] f) Se—Sef A
Sy ARG A R B GSHARAE I ] % A= 24 A 5 |
R ATk, PRI SEBE TME A 3B P TX.
AN, WFSEE IR BRI T IS PMs 3R, il H S
AT 1L 968 A0 M 3k 2% 308 I 1R 32 1R o) R S M 205 5 1 i
PMs/E MR S 1 &= 5. ZEPM B B 1A Al
“TMEWH BRI RN SRS AHSS &, A6/ INERUIE S P v 5
Ji R A FLAR M ISR, IR EA AR A IE
WL

WF9E 2, 5 S-S5 fiE268 kJ/mol)#f [, Se—Seft:
FAAHERAEEAE(172 kI/mol), [HHEE 5168 JF 3R Es
R AR [E e 5 A S-S AL A AT
b, 5 Se-Sefb AWk hEr=EROS, M= b &6
PR AR U R 30 SR A T e
P, YEE T Se-SeS& 1 114 Ji i [ PMs 4 B AR 3 101

Ak, SRR B R PMs I B 1
i, Cao% NPOithils T —F S mim R £ — B 5k
BRANE- 2, —F(PEG-PUTe-PEG)PMs, 1E h 2458 %
Ak,

bR T R R SRR 2, Bt B R S AR
M50 R EURPMs il 75, s GSHA R #VE
SCILTMENA LY. EAR—FE 02, TRk s A ALE R
AR S EER ", It AR R SR A T
R A R B 2 PR T AT R

2.3 A4k R PMs

154 (reactive oxygen species, ROS)&—ZHA
B EALRE I BT, A WA A AR A KSR R
PR, I BRI 5 1 S AR Py S B A
M. AR ARIROS T EAIEH,0,. LERA(C0,)-
M A HIELCO, ) AL A (- OH)Fl— 4 LA (NO)
452 H,0, & I ROS, TMEHH,0, & 40

100 pmol/L, HIF #4040 4 i 2 100451220 [ i,
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H,O, & f 1 B fb 22 S TR SRy s 144 i S Ak 1 PMs (14
RIS,

TMEH YROS AT 51 &AL, 1 B 2E. 3R
E W F A5 T 5 ]G ik 3 A AT LU T PMs A Ak T 7
P, PR R AL i ] 4 SR A A S K P T ARRITR R, 39 T 4
PMsIIZERPE, DA 8080 3 ik BEIL R P eMC
K, BT kA, INIMREZY, 2Rl 3 iR A il
Bk AR Xiao%E A PE i B 20— N I IR T
(PEGDA)FII,2-Z, —HiBE(EDT) SR A B - R A, 3K
FEAEA RS R A 19PMs. ik S5 F 7E TME H i
ARSI R AR /K, B2 BUR A
B e BB FRPMsIZ O, S8 R AL AT il &
PMsFE BB B 2. s M) S8 Ak fih 42 i B Bk L A1,
{HPEG-EDTA H ] TROSW N PEZ5 8% . Lidg A\
LU i BEL R Y PEG-PUTe-PEG(PU SR 2 iR ) A 24K,
SR IR 25 WA ) SR AR SR, Lius A8
TR A AT Bk B 5 2R K R R SR B B A R
AL R A Y (dendrimer). T B K PTG E LS /E TME
HR AL A SR KPR AR S AR 3, 3 dendrimerfE
IR L A4k e A R S e A B, EITRE2Y, 454 Arifife
YIRENS ISR S RE N 2, [l = A= o A, E—4
HEBE T W HeLaZi i (1 25 Vi Bk

B L S EEOC R YA SN, ROSIRIFERT LA
F5ELINERER K%L, Dong A\ 7EPEGHIPTX [l 4
AR B ROS IR FEMIFR R 124, 3R T
FEPEG-B-PTX M EPER BIL R Y. 1 %R & 4
FRbRALET, e A ROSSEAL S SN BRER, ol
4, BEPTX. AR B R 23 & 26 1LA-TH R
7 A FICRE, T A S R 2 T AR R 0 P A GSH, 1 —
X025 1 N 598 9 20 i FIMCF-7 2L i 20 .

AT RAE B, 18P th 2 S EWUAH ALY
NROSTF i, A AL [0 37 FY) 55 W A7 A 0 2o 2% g

[58~60]

\

1=
b

aob>

2.4 [P PMs

TMEHVAETE— L) B RIA R lg, AN 4 s 2 1
fif(matrix metalloproteinase, MMP). ARG E
A2(secreted phospholipase A2, sPLA2). if5Hm iR
(hyaluronidase, HAase)%. X5 & 23K AY i n] /E A HE
W FFIC, FHRAA LB N PMs, SEEE AR AN 254
A S 6.

Liu% A 06 4 i 2 KK LAK L 40 25 3 ik



TAT. L34 J8 8 P2 (MMP2) R Tk -5 2, — s Ee
PR BENE N BCIR R G PI(PAMAM) |, il 4575 31| PA-
MAM-PKT-S-PEGIHERY), MM EE T IHR.
gh¥grh, PEGEEA AT 1) PR R LB HEPR
BN 2) FRE R A 3) PRITKLAKKTE IE #2144k
o2 WERAATE; 4) 3R L FRL A LA SRR IV A RS [
H. ZETMEH, MMP2 U KB =5 v B i MMP2 D)1, fiih
KPEGHEEMIMiER, FEURHR AT/ S KLAKFITAT
(2R R . RUST Il INAT ) o ) e R R 2 458, I HL
TAT A AEAEAE RS AR /I8 Jise o388 o R 2 375 AP A VE
SEIRARIE NI AN, R NAL)E, KLAK WA R
RLAARIE, M R 75 5 5 K 1 s B 4 IR U 8 717
T2, BN EPMIEERE ). SIEMMP2EUEPAMAM-
PKT-PEG PMs#H ., PAMAM-PKT-S-PEG PMs/&/x
TR AR . AR R SEERE ) AR
(14 200 PN 3 6 M R S B IR Thak. 5 224, Chen%%:
NP5 Biotin-PEG-b-PLL(Mal)-peptide-DOX A K
M 107 s 200 Ao 5330 ) 2 T EMIMEP-2, i 28 iy 275
T GPLGIAGQHY W 2 j o F- 4510 T 5L, SRR 2Y
Y E .

SunZ AR T —Fhar w2 4 2 A 1L
B -a(FAP-a) L HL G W) BRI M A0 K 38 2% R &
PCP@R848/DOX. PCPHAH 3N [F DI RERY FBedi
i PD-L1¥E[H BKFF%IPPA-1. FAP-a(fibroblast activa-
tion protein-o)Mi i Y GPAKLL K PD-1454
PL120131. WizEMEPD-1/PD-L 1K EAA T ik — 45 Hha 25
AL 25 DOXFN Tol IR 32 1A 31371 B PH 57 (R 848),
Sy I I I | S A 2=
PCP@R848/DOXEik MR LA, HILGAKREEH )
FRIA IKEEZE A B FAP-a ) B IR 53-fif, PD-1454 K% PD-
LU [ BRAS ARSI, M ITBELIBTPD-L13E %, 45 240 i
PETIH A5 1. DOXHIR848E i 4H £ rp /i
e, DOXfil& Sy A AE T (immunogenic  cell
death, ICD), £ 7573 s 20 At 0 [RIR, F5 frfvded 4 B  A
R G T A AU A UM o N 2 R848
AT DLAZS B I R A 00 o) 40 B 2 £ S D i 8 AT A,
RERINEMIL 2 A, - Ariid A DG 5 4 i (tumor-
associated macrophage, TAM)MM2AIEEAF S gM1AY, D)
F A T R Y B SNz R, PCP@R848/DOX &
— A S AR AR TR A4 TMIE R 37 114 i 24 499 K it
ki, 7EPD-1/PD-L 1WA A ZS G 14 [F] I ES ICD I 2l
ASTAMP R, INIMAA RS K& 5m ZU 4 BB e fa s

S

BRIz Ab, F R TME g5 B o R i =5 22 38 R
HeZ NS 1y AT L[] CD44 1 % W B R A S HA-
DOX I AJ § [a] 22 BRI LTPT. LND B AR Y K Fik:
N AZ L B A R ) 49 K R S WA DLTPT.  DLTPT
P g U1 SR R 37 BH R R iy 1) £ Ly, T AE
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Figure 2 (Color online) The design idea, possible application purpose and direction of TME in response to PMs

F 1 TMEMRPMsHE i 5B B4
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The tumor microenvironment (TME) constitutes a unique biological environment comprising tumor cells, infiltrating
immune cells, stromal cells, blood vessels, extracellular matrix, and secreted factors during tumor growth and
development. Various essential physiological characteristics are present in the TME, such as hypoxia, slight acidity, a high
concentration of endogenous hydrogen peroxide (H,O,), excess levels of glutathione (GSH), and overexpression of certain
enzymes. TME-responsive nanomedicine delivery systems offer promising methods for precise drug delivery, gaining
increasing attention in nanomedicine research. Among these nanomedicine systems, TME-responsive polymeric micelles
(PMs) have emerged as a potential successful option for cancer diagnosis and therapy. These micelles exhibit remarkable
biocompatibility, improved permeability, minimal toxicity to healthy cells, and the ability to dissolve various drugs in their
micellar core. Due to their nano-size, they can accumulate in the TME and passively target tumor cells via the enhanced
permeability and retention (EPR) effect. Consequently, TME-responsive PMs loaded with drugs hold significant potential
for tumor diagnosis and treatment.

Currently, TME-responsive strategies for drug delivery systems include pH responsiveness, reactive oxygen species
(ROS) responsiveness, enzyme responsiveness, GSH responsiveness, hypoxia responsiveness, and dual/multiple
responsiveness, which combine different responsiveness modes. This section introduces several examples of PMs in
each TME-responsive strategy, analyzing their design ideas, responsive mechanisms, and targeting strategies. TME-
responsive polymeric micelles remain stable in the normal physiological environment, such as blood. However, upon
reaching the tumor tissue, they undergo physicochemical changes like protonation, surface electrical transformation, and/or
chemical bond hydrolysis, thus enhancing their targeting ability to tumor cells and achieving high enrichment in tumor
tissues or drug release. Design ideas for TME-responsive PMs encompass the type of TME responsiveness, the
corresponding TME-sensitive chemical structure, and further categorize responsive mechanisms into six approaches: Size
change, surface electrical transformation, break of micelle main structurees, switch between hydrophilicity and
hydrophobicity, electrical inversion of micelles, and ligand exposure.

TME-responsive PMs undergo specific physicochemical changes in tumor tissue (e.g., size, morphology, surface charge,
aggregation state) to improve drug targeting and enhance therapeutic effects. Besides carrying antitumor drugs, these PMs
can accommodate various functional molecules like optical probes, imaging contrast agents, immune stimulators, or DNA/
siRNA, enabling high-performance tumor imaging, targeted therapy, immunotherapy, gene therapy, photothermal therapy,
or efficacy monitoring. With advancements in tumor diagnosis technology and research on various new tumor-targeting
probes, TME-responsive PMs can achieve multi-module integration and multiple responsiveness. This enables loading
diagnostic probes and therapeutic drugs together, constructing an integrated platform for tumor diagnosis and treatment,
facilitating image-guided therapy, and significantly advancing related tertiary prevention for tumors.

Presently, most TME-responsive PMs are still in the research stage. pH-responsive PMs NC-6300, which have
undergone clinical trials, demonstrated satisfactory experimental results. For further clinical application, researchers will
explore more targeted structural designs to address the trade-off between the protective barrier of hydrophilic layers and
tumor-targeted recognition, as well as between passive enrichment and deep infiltration. Additionally, further research
efforts will focus on improving the internal circulation stability and tumor enrichment efficiency of PMs while reducing the
toxicity of dissociated products.

tumor microenvironment, nanodelivery system, polymeric micelles, tumor targeting, environment responsive
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