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Abstract: Most of the conventional chemotherapeutic agents against cancer have poor targeting and
efficacy. With the development of nanomedicine, it is found that the stimulating response strategy based
on nanomaterials can promote the gather, ingest and release of chemotherapeutic drugs in tumors through
the response conditions of pH, redox, ROS and enzymes of the tumor microenvironment and external light,
magnetic and other response conditions, thereby improving the safety and killing eftect of the drug. This paper
reviews the common nanomaterial-based stimulation response strategies and their role in tumor therapy, to
provide some references for clinical application and future research.

Key words: Nanomedicine; Stimulation response; Tumor treatment

W OE: WTIEAEEENS T SRR ARG E . RRERESESFE, MAHRESHRETAL
Je, BFSE I T oy RATFH G R sl B R0k ST B A BF SR R 3L 09pH . BALIZJR . ROSH=B: ) 2 4
PEAB IR I B of B A PHR AL ST B BB M e AR . BRI, MMk & By e
Fo R AR . AR T F IR T PR AR 0GR Bd B R B I R R T P ROAE R, AL TG R

B ABK R R KR — R
KB RES; deas; MIEEIT
HETES: R730.5

SMERFRIRAD: A

0 35|

IR SR NISE T E LAz —, 7
SEIRITIRAE R FE ik — W2k oy
Do HATIERE A A W o3 A AR B R R e s, ki
WIEH A WA ER T T2y sE e T, 2
RENEOUT , A —/NER 3 25 ) 335 g o e 44
VERRY. 2 by 2yrxd o . MRS HA KN EERl
ERY. tesh, REHULTT 259 B kbt
e Pk 22 A R & ol 7 A 22 2 2 S A 4
R, TS EOMRE R k. I, mAEE R
B2 1% 2 G0 DL T IR el s T2 =5 Ra e

il

FEHHEE: 2019-03-12; {&ELHHEE: 2019-06-14

EE€MB: BEAAHFASL (81372480) 5 iTHh4
B KA A4 (BK20171148 ) ; L4 4 Tit & LA AR
# (H2018114)

EE AL 214002 L4, & F EAXFHE LT
AR A B A

BIE1EE: %#EM, B-mail: chendaozhen@163.com

EHER A 2o (1995-) , B, Mtilis, T2RF
o SR 9 5 6 B 5

FF R (RIR R 55)#RRE3(0SID) :

FEITRL, ST, DOREARE B Z 5
TRAERIZW AR, AT 20T A& ARy
FIZSAF . ATAEDIREAR AP RL, ALAR i B R YT
RIFAS . BEEOIRO G710, kBRI S
PR P50 245 Loy 25 i 80 0 L L R A
) K L i Je e 8 2 I 42 ) 25 W0 RO H RTAFAE Y
—MERPRE I, BRAZA DL T Z R
PR, FHERER 1 IR A sE (TME ) =k
Gl e i SR B A ORI, AR ) R
WGBS . SEGMR S YAREIAAALL, R
Wi S P A AR AT LU AR 25 W R R A
R IR AR PSS 2 Wk JEE DR A AN ] o AR S
BT ATAER T IR B A A A oK
PRI, B AR AN AT RERY K D5 1] o

1 G SRAFH ) 0 M oz 1 5
AN KA A SR P 7P SR W 2 MR A AN [
LR L YRR AORERE, BTSN TR B8 250 A A



* 842 . ADBBRG 38372019 F 5464555988 Cancer Res Prev Treat,2019,Vol.46,No.9

G ARAE LR TICHATL 28000 245 Wy ke 20 X6) I e 1) A A
Mo FES RE AN IR MO npH . A fbik
Ji . ROS . LA S 25 i Ly A % b PR 85 254
Qe . AR P S

L1 PR ) )0 5 s
111 pHma b PSRN e 4 i i R 5 ) p A
(FmRtE, pH6.5~7.2) K FIEH AIZURM K (pH
7.4 ) HLIMTE 20 B N oS TR A R A B pHE— 25
A% (pH4.0~6.0) ™. R, W52 A BT pHI
N mS K 25, FEAEBEpH FARE, 2 a8 i
TEMASE Y pHAR AL & AR I I . 2% T H fof S % 584k
SRR AL DT TE I g 007 A S 1k R TS 4 2
Yy, X0 T 2VNE YT ORI BRI R
N o NATTHE 8 2 4 42 p HA) 07 Dy 241 2 B ) 2 4 oK
REW, WM pHm Y G2, 3- A ESE
PRI . 2R H O et . G RN R R . Brde .
Jekg | DR MG . 4RI . FTRRERET . £ 461 FER
AR . Hilt, LinZEU it T —Fh X p Hp
ZUREIKR R G, HRn] g i S 2 R A
(DOX) EFHAEWRR (HA) DIEERS
VIR 25 HA-DOX, [fiJ5 14 PHIS/R8481: B TE YN Kot
AR LATE BUHA-DOX/PHIS/R 84824 K- ik . 7 Miea
A BEpH6.5F, ROML-HAR (poly ( L-histi-
dine ) , PHIS) Hi BB AS R okokbk:, i
I fih 2 R84S I R il LA & H4 Sz VA 1 VR, Bl 7
ZypH5.5 ( NYI/EREHARPH ) FHA-DOXHJiEH
2, IR DOX LA K A M E R . X &
%5 ] LATE AN AN R 848 F- 44 DO XA ] 33 1% = 7L,
PsEs A M, DAY S 30 B 8 7 1 A 2 3 %o 2L AR
JE PPN o B AR p A IO 5% W 1T LA 3% 67 2%
2k 1% 2 IR SRR TR, EE TR 5 R e e
HAZ M pHARMA IR B2, HARZERIA
Ji g AT fiE HAT WSRO ] B pHIK - o A 15 A B )
JIF T A5 R 200 L PN A B 1) 45 b N R 25K, 4
Je I T BT B AURR ) 2 FpH I L SR A1)
1.1.2 A0 i o P i GSHUR Fi A5 22
o 2 R A H AR AR K, ARk R
() FE B AR G SHIZE g 4 o 5 v i
(2~10 mmol/L ) , #Ew FHAMMAIMNERE (2~20
umol/L ) , HMIRHLGSHIEZ L IE W HH mE
AARENS A AR AR T 5 e A4k
SRR, TEMRINFRE, I A MR 4N 5 S e TR
GSHIR JF sk, (A R Am Sk, it
B2t MaZEU g TR SR K MR 25
LA (DOX) Fg/KHZY L2 (PTX)

fb2fsgh G o T HPIEIERAE, Iyl fERUR A
YOKTTVE T 428 BTN, XT3 B iy 245 40
KT HLAT 89% 114 1 2440 171 2808 - AE A fL iR R 4%
AR B DOXMPTX . # i MDA-MB-231 |
MDA-MB-231/ADRFIMEFZ it £ H (1 40 36 77,
WLEE 1 FIE 25 9K ORL RE AT RIOR SE A L, e
PEHIL A /FMDA-MB-231/ADR . MEF4Jifi fh Tk =
AALR AT S . XUESE T R 25 98 Kok 7
I B At e 4 A A VR TAE T, (RAT DLk bk
A5 AT EAL R SR A s A L . B s LA
Ab o R S A i 7 b 2 i S R

N, URE H5E . BehrooziZE Y HRIE T —Fp LT
WISE M =i B LR Y 0 B T e e o), e
F AR A Ry SR AR i iU . AR TR
IK-B K BEREAL , T8 2o A A S S oy S AR 5 4 3
B, DNITTE MR A b A ORI 25 W . i R BiEE
5 7E /1N RGBS A 1 5 I S 3R I3 A K R AIG 7L A
FEMRAE R R R TE, B2, Mg IRERHIET
B2 B P T e 1 S e A S A 2 s . R
AT SR A 30 i f e o 4 2R A K AR SR )
B 2 e, A FR T 52 2% 0 A 1 R e 2
JL R S I, e LA S B T AR A SR A T ML Y
APEPE

1.1.3  ROSHi R MM ROSIEFE i A1y
—RERAEAEY R, Ut A (HO,)
LER ('0,) , ALY (0,) FMEIEAH
3 (HO) . ROSH] LLif #f — FR 41 2 i N —FIE
BIAR ] 5 —MIE AR, SR AYROS S n4n i
DNAZEAS AR, 35X -5 22 20 Jf 11 2F Jre 2 D)
SEBN R 4  Ab TR AR EORAS , Bt £
ROS, i H 25 PR ™, ROSH S : 5 s 2 fdi 44
K2 R G5 Mg A P ROS LB, — Jy T 5K
PR e P, 5 — T T AT BRI 5 P ROS UK
-, GREIE L RIRITRCR . LIPS & T —FROS
e oy PE B R A, LA e A B A N R AR K
¥ ( VEGF) siRNA# IR FALiE, M5
SIRNAZF| Mg FIHVEGE, 774 B &4 sS4
AR FE AT ] A 3 g A= AR o Shim 25445 i
T ROSH L P R AR 4 R ( PATK ) PASZELRTS
BRIEE AN N A . SRR L, HERET
A i 92 240 M v B =5 7K S ROSH, DNA/PATK A&
BP0 SO A R, 20 i R DNA ) 200 i P R
W PRI, FPEAESE 19 AR T REfL IR OS
M) o 4 PAT KR Ji i 0 o) S PR B a6 22 4, A A I
ARIEMEER A, tAh, XuEPE R Jf &



AYEBRH 3832019 F 55464555988 Cancer Res Prev Treat,2019,Vol.46,No.9 * 843

— T A RO S 7 1 16 28 325 1 22 HT A 245 ) A
KV-E, HTFMEEGT . 4. (1) "Ll
I ROS D fiik A& B Jik 58 #0697 73 F I Z T 25 A% 5
(2) RO B (PEG) Fbse LLIEK M ARG 5 5
(3) KM NILRGD (iRGD ) LAY 8 e
A NS . X EEROSH Y HENPSTEAR SN I
PR E4 S 7 R T s A B A B S S B . AR N
TTAEROS I 7 35 s Sk ) 22 A 1 8 Rtk g, 1
AP — S SCHE ) BT Sk . 5, MR O
“TCIETERY”, R ROSTE (a5 20 it H 2 sh 257 1)
HAROSIK- U T R 256 B il g KUK 2,
K, ROSH R PR} R A 3 56 F Bl RO Sk i
T B R — AP 0P, XX T A ASIAE =
o, TR B R B OCEEER .

114 g o PESEm e A ) i Ao AR ke
HEEEH, MERIEERFEMITE BiF25m (4
TR ) AR B LA BT ) P R Ay o 7 [ 2
CIRC N it/ B TR 7/ (0B vive £ i I RA o BONEd LR A4
2P KumarfE P & TR F AL A fb ik
2K ki ( mesoporous silica nanoparticle, MSN )
(R AR, T AR S g itk . Al
JNRGRE (—Fh KRR G REW ) 1ERE
i)z, TEMSNArhfLEIE N R4 25, TR G
AN A EAE B A S, MSNER I B iy 94
KFTURE R . MSNAL 45 1 S A 5% B 485 W i %o JIK
IR LI A T AR A ) I Ak T RS R 2 W . i
A A T AR A0 2 I SRR 25 W FEAR S 4

FEANM R P R B R PTG R
RGAE B B = BB ILAS N R I 2
SERM TR . AN, ZhangZE Pk T —
T 7 k) 1 PEG AR 381 24 R IR AR R 43 -3
P55 ( Dendrimer-GEM ) JEZIK AR, H:
T SRR N e 2SS T = R U Ak ( GFLG )
YE R o] B D)), BEAS TE iR 20 ik P 55 Hh o P b
B2y, S v sat, RO
SR VAT RO A AR A B H 41 2122 40 R L S
FIW A RV . AR 3R £ Bk IR 58
SERL AT AR 16 TT 1 & 2 RN AN K 2540 3 3%
AR, SR, M Y R G IAE A TE A A 2R A
22 Y BRI T E AT AR

1.2 AR o 4 5 s

1.2.1 StmnitEsgemg R 2B, W HAE M
K B SEIERFH F o A RO AR AR L R OR
HGER R A VI BOKBERE , Y & A 25 T I
K, 20k 0 A 23l 1 % SO U A 5, R

XSSP P SERENI £/ i E S
%24k (Ultraviolet ray, UV ) | 0] WOEFINTLL
#b ( Near infra-red, NIR ) G H TG00 1 44 K 2844
AR o b, A B A Y DGR 7R 45 e DL IR
ARG R AESGA AR, R A AL SR
SEP s 7 AR FARE A A R I I B
JEL, DA S b oA s A8 2R s BIR ST H Y,
BRIk R B J177 kY (Photodynamic
therapy, PDT ) F15t:#7 7% ( Photothermal therapy,
PTT) . 2B 7R OGO ik B SOk
HESRPDT IR R REAN KL T, ] Wk SRR
b I Y B BB AR R AOR R R R
EPIAREERG T, B A EAAR R IE AL K R
T LI 2o A PR S 1) P A, S e kR
162X TR i1 R DO S LR S AR D7 = 2 €l
FOKPERDGAL ERRE N, XA B TR SR iz
ORI AN PDT IR, 5RO ZS A 1 —
SEAAIRL (B gKRL, -, BRIk
WKL), AUVE 258k, T HAE D RERE 4 BE
T B G B EGR I ZOEGR], T [E]
PSSR BT 3 B G AR] AT DL 4
NIRX IR HYEHE (700~950 nm ) HEATA BT
DA 3 IR B0, 3 o o 2 87 A Pl I8 8 7 19 1 A
AL AT ARG IR YT TS SE M &R T Y TR 202, M
MR KEE FHIBTT IR, WA RN . A L2
R ARG K URL [R) I HAT Y68 12 # RO, TR
PDTHIPTTL A H T RIAOGF T3 T A A 15
AWFERY], BREEPTTRUN BB IS 40 N PSYk i
FHER IR A, SPTTIALA il AR R4 = PDT
HOR, RJGEPTTIMEPD TR, Lok, ix st
AN K IORE R 22 H0n] FIAVEZEOE MUGR) I A
EUZR 51 097 a7 Mo vh R R AR . 45 b
FFik , 22 D RE G 7 1 48 KL B2 5 f s DAL
T EAERRTE Sy, [R aDRHERE G T R A B
SR FEAR o

1.2.2 WG P S m o e SR 32 1
e L e FRSAR g P U 1 SR A L
BT LB MR T R A, SRR ) ZH U0
STE 2R 251 R SR W R R IR S Ak k4
Kk (superparamagnetic iron oxide nanoparticles,
SPIONs ) , — i bk, U4 M =8k J HiAth
BREURA R, BATRR /N BE AR R ™, R
SPIONs& hi /K1, 5 kAL, HIEHER MM
PEG, PEIFIZ Z 4845 LUB AL VAR 2 v
SunfE IR LT 4 i 4 11 (EDB-FN) ¢ 5k



« 844 - AbyERn 6 3120194 5546555983 Cancer Res Prev Treat,2019,Vol.46,No.9

ik CAPTEDB ) 345 £4 52 B B RGP S84k 2k 4
K4ik; ( APTEDB-TCL-SPIONs ) 2k £ 22 Lk &
(Dox ) JE i Dox@APTEDB-TCL-SPIONs, jii
o 1 IR MG i 5 24 ) A7 356 300 3L s T A PR 24
Wi, HE# A Dox @ TCL-SPIONAH L, Dox @
APTEDB-TCL-SPIONGEE S B 47 & b s Dox i 1%
2R, XFBCSCIME 7 A B 25 i A= Rl .
Shevtsov U 2% Ak 5t TR bl - i RO R8I0 1
PEYN KR F (CS-DX-SPIONs ) 57 B4 40 1k
HY OB AR LG, 6T 52 R 9K BRI AEUST, C6
P 22 58 T JRE AT H e La it B b iy AL 3G 5 o 49 K JkE
PR PR B folF g FRTAZO0T b B S 2 1 i, [ T2
ERRE, R B R 0K AN AT LS Bk fh 2
RT3 2% B g AL, T FLIE T LA TG
AR (MRI) Rz W (] b g s e Pk
A, SPIONSsAJ LIk i A& 7 A A L4 4% 4 g 24
Jal", TayZ5" g T —ANRE % (MPL) 236
&, HrpE stMPIENGR (G #7 AT A BT B 4
DX 3k, fie SRR BE s/ T % IR B (1~2 em
PR ) MZHEU o R e oy M 5 1Y) 35 2 )
FEATY X DASRE S it i st B E F R R
61 FH 2B 0y 22 4 T e 7 P G s 20 KR Rk 2K 380 6T g
YA TR MEFRRE HETRTT A IR KW A SR 7

2 ZERHE R SR AR

UFTATIA, A B — SR O P A7 AN [ ) X
PASERRIG BT . Bl FAR AR ES, A58 A G4
AN TR) B4 S 7 5 21 5 T G 22 S 38 7 S s L
HREE, REERE R 28R AR . Lin5
£ T —FhPHFN G SHULI L7 14 20 K 28 A4 FH 4 ) 2
VLR (DTX) FIRUB (— R4 i) I 140
ML mIR-34305 7] ) 1697 SR BEpiME (TXR) Hig
g o 38 LK DTX A 8 B pHie b, — N k2 5 2
fiz ( DIPAE) FIGSH L RUBHT 22 A I A H
Hethl B DTXP-RUB ( DTX /P-RUB) JiZ 5.,
H 3 DTX/P-RUBJE R AE RSN R B R AT A FR e
P, H AT LGS R s aE AR B (EPR) 4K
JoE AT R 1) MR o e R A R N E RS
T DIPAERY i T L MIGSHIE S/ i i 2%, &
FR R A DTXFIRUB, IAFRUB FiE 40
M miR-34a, 2S5 kPt & R
K, DT s 4 X DTX BRI — I I TXR
Jirgeg 1 o R P OOU T g o7 S, T DA %
HoAth g KM 259 TR AEIRYT . LiuZEPIH L T —
Tl Y T £ 1A R pHm )i 2 F o SR - D s b ik

JREA A SR REIREE R (2 2% ) (CMC-rGO/
CHO-PEG ) 7K#EE, CMC-rGOK &Mt AN
M3 T 3D/KEEE P IrGO4M T, A B TR CMC-
rGO/CHO-PEG/K&EIE e ERE, A DOX ]
DIERRYEFREE (pH=6.5) FAMB L. Kk, X&h
rGOZ LI PEG/K BERAE R T4 G Ak e iy
(R BL25REICOT- 5 AT EL RS . A, Se-fiat
i o g - SR A OB | 4R AR JE-ROS A
i g V45 2 Tl 22 S0 80 7 SR s T & k. 48 1
R bR S NG b A A S = I 4]
SCHREF 4 AL — SR O A AE B R R, RSB LS EA
MOFERT, XA nSeiE . Bae. — RSN 2 b
FHRITIRIE I, HATE KMTERE.

3 BEMRE

B8 3 2 K BRI 23 1 bR A 19 A 1B K
J& BT AR A S0 S ) 1 SR A BRI T Y
BEFE MR A . AMIAHpH, ALt ROS
TR0 S5 TP R Tl P 5 R iy 1z LA R SR IR O L S
Py B0 e T IR, St . 2 D RERY A
M IO SRE I, P o] R L OB BB 325 W), B2
BT AROR, DD T ARTT 25N IR R LA i
AR RE R FH DA T 8 5 o J R AR S RO o (L
TR A A0 L S W A N PR B4 P R AT A
VFZ AR B Rl . (1) fnfa 4 iffhan ok
UKL AR B B SR B I | i R A2 5] K S
PESFZE AR (2) A sk S A K BT I WA
b BRI W LL  B IR L 1 2 AR RIS W)
ML (3) anfar g m i fE T2t R
i AR R R AR AER HTAE A . R
Z, RTMREIRTT, BATLIE B9 KR T
s M AL 2 RR AR (AR R/ TEAS L AT
P, RRENE . R REAL AR A Y AR A B
) LR 52 2 B R k. (A ILBAE 35 |
MAESNE . MRS . AIRREEC AN S A
W 7 S A PR S SR ) o AR B IR 2 A
AR R 2 T GHUR TR, BRI SIEB6 R R A 5 A AN
Wi gl 45 DL R A AU F R B D e, A B
S [ SR AT LA I Wi, IR A IR G 44 K
A N7 SR W 17 P 1 A

S -

(1] fats, Wi, a2, S5, B g DT 0 G REEE hg b7 AR G
AR AFZIRT]. IR BA TS, 2018, 45(11): 913-916. [He
Y, Yang RF, Zhou YY, et al. Effect of aprepitant on chemotherapy-

induced adverse reactions in gynecological malignancy



AYBBRH 3832019 F 55464555988 Cancer Res Prev Treat,2019,Vol.46,No.9

- 845 -

[2]

[3]

(4]

(3]

[l

(7

(8]

(91

[10]

(1

[12]

[13]

[14]

[15]

[16]

[17]

patients[J]. Zhong Liu Fang Zhi Yan Jiu, 2018, 45(11): 913-916.]
Pérez-Herrero E, Fernandez-Medarde A. Advanced targeted
therapies in cancer: Drug nanocarriers, the future of
chemotherapy[J]. Eur J Pharm Biopharm, 2015, 93: 52-79.
Narvekar M, Xue HY, Eoh JY, et al. Nanocarrier for poorly water-
soluble anticancer drugs-barriers of translation and solutions[J].
AAPS PharmSciTech, 2014, 15(4): 822-833.

Jackson HJ, Rafiq S, Brentjens RJ. Driving car t-cells forward[J].
Nat Rev Clin Oncol, 2016, 13(6): 370-383.

Tian X, Zhang L, Yang M, et al. Functional magnetic hybrid
nanomaterials for biomedical diagnosis and treatment[J]. Wiley
Interdiscip Rev Nanomed Nanobiotechnol, 2018, 10(1).

Kataoka K, Itaka K, Nishiyama N, ef a/. Smart polymeric micelles
as nanocarriers for oligonucleotides and sirna delivery[J]. Nucleic
Acids Symp Ser(Oxf), 2005, (49): 17-18.

Edgar JYC, Wang H. Introduction for design of nanoparticle
based drug delivery systems[J]. Curr Pharm Des, 2017, 23(14):
2108-2112.

Petros RA, DeSimone JM. Strategies in the design of nanoparticles
for therapeutic applications[J]. Nat Rev Drug Discov, 2010, 9(8):
615-627.

Zong H, Thomas TP, Lee KH, et al. Bifunctional pamam
dendrimer conjugates of folic acid and methotrexate with defined
ratio[J]. Biomacromolecules, 2012, 13(4): 982-991.

Jeon SJ, Hauser AW, Hayward RC. Shape-morphing materials
from stimuli-responsive hydrogel hybrids[J]. Acc Chem Res,
2017, 50(2): 161-169.

Barile L, Vassalli G. Exosomes: Therapy delivery tools and
biomarkers of diseases[J]. Pharmacol Ther, 2017,174: 63-78.
Wang H, Wu J, Xu L, et al. Albumin nanoparticle encapsulation
of potent cytotoxic therapeutics shows sustained drug release and
alleviates cancer drug toxicity[J]. Chem Commun (Camb), 2017,
53(17): 2618-2621.

Zou J, Zhang F, Zhang S, et al. Poly(ethylene oxide)-block-
polyphosphoester-graft- paclitaxel conjugates with acid-labile
linkages as a ph-sensitive and functional nanoscopic platform for
paclitaxel delivery[J]. Adv Healthc Mater, 2014, 3(3): 441-448.
Liu Y, Qiao L, Zhang S, et al. Dual ph-responsive multifunctional
nanoparticles for targeted treatment of breast cancer by combining
immunotherapy and chemotherapy[J]. Acta Biomater, 2018, 66:
310-324.

Thambi T, Park JH, Lee DS. Stimuli-responsive polymersomes
for cancer therapy[J]. Biomater Sci, 2016, 4(1): 55-69.

Choi KY, Saravanakumar G, Park JH, et al. Hyaluronic acid-based
nanocarriers for intracellular targeting: Interfacial interactions
with proteins in cancer[J]. Colloids Surf B Biointerfaces, 2012,
99: 82-94.

Gaspar VM, Baril P, Costa EC, et al. Bioreducible poly(2-ethyl-2-
oxazoline)-pla-pei- ss triblock copolymer micelles for co-delivery
of DNA minicircles and doxorubicin[J]. J Control Release, 2015,
213:175-191.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Ma X, Ozliseli E, Zhang Y, et al. Fabrication of redox-
responsive doxorubicin and paclitaxel prodrug nanoparticles with
microfluidics for selective cancer therapy[J]. Biomater Sci, 2019,
7(2): 634-644.

Behroozi F, Abdkhodaie MJ, Abandansari HS, et al. Engineering
folate-targeting diselenide-containing triblock copolymer as a
redox-responsive shell-sheddable micelle for antitumor therapy in
vivo[J]. Acta Biomater, 2018, 76: 239-256.

Panieri E, Santoro MM. Ros signaling and redox biology in
endothelial cells[J]. Cell Mol Life Sci, 2015, 72(17): 3281-3303.
Trachootham D, Alexandre J, Huang P. Targeting cancer cells by
ros-mediated mechanisms: A radical therapeutic approach?[J]. Nat
Rev Drug Discov, 2009, 8(7): 579-591.

Zorov DB, Juhaszova M, Sollott SJ. Mitochondrial reactive
oxygen species (ros) and ros-induced ros release[J]. Physiol Rev,
2014, 94(3): 909-950.

Li Y, Bai H, Wang H, et al. Reactive oxygen species (ros)-
responsive nanomedicine for rnai-based cancer therapy[J].
Nanoscale, 2017, 10(1): 203-214.

Shim MS, Xia Y. A reactive oxygen species (ros)-responsive
polymer for safe, efficient, and targeted gene delivery in cancer
cells[J]. Angew Chem Int Ed Engl, 2013, 52(27): 6926-6929.

Xu X, Saw PE, Tao W, et al. Ros-responsive polyprodrug
nanoparticles for triggered drug delivery and effective cancer
therapy[J]. Adv Mater, 2017, 29(33).

Moloney JN, Cotter TG. Ros signalling in the biology of cancer [J].
Semin Cell Dev Biol, 2018, 80: 50-64.

Lee MR, Baek KH, Jin HJ, et al. Targeted enzyme-responsive
drug carriers: Studies on the delivery of a combination of drugs[J].
Angew Chem Int Ed Engl, 2004, 43(13): 1675-1678.

de la Rica R, Aili D, Stevens MM. Enzyme-responsive
nanoparticles for drug release and diagnostics[J]. Adv Drug Deliv
Rev, 2012, 64(11): 967-978.

Kumar B, Kulanthaivel S, Mondal A, et al. Mesoporous silica
nanoparticle based enzyme responsive system for colon specific
drug delivery through guar gum capping[J]. Colloids Surf B
Biointerfaces, 2017, 150: 352-361.

Zhang C, Pan D, Li J, ef al. Enzyme-responsive peptide
dendrimer-gemcitabine conjugate as a controlled-release drug
delivery vehicle with enhanced antitumor efficacy[J]. Acta
Biomater, 2017, 55: 153-162.

Fouladi F, Steffen KJ, Mallik S. Enzyme-responsive liposomes for
the delivery of anticancer drugs[J]. Bioconjug Chem, 2017, 28(4):
857-868.

Xie J, Lee S, Chen X. Nanoparticle-based theranostic agents[J].
Adv Drug Deliv Rev, 2010, 62(11): 1064-1079.

Zhao P, Xu Q, Tao J, et al. Near infrared quantum dots in
biomedical applications: Current status and future perspective[J].
Wiley Interdiscip Rev Nanomed Nanobiotechnol, 2018, 10(3):
e1483.

SCRETE SGF J1I7 X/ BB AN itk T A4 A A AR P B



- 846

ADBBRH 38372019 F 5464555988 Cancer Res Prev Treat,2019,Vol.46,No.9

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

R VE FA[I]. MIRIB 15 F5T, 2014, 41(8): 861-865. [Wen LY.
Anti-tumor effects of photodynamic therapy on mouse B cell
lymphoma in vitro and in vivo[J]. Zhong Liu Fang Zhi Yan Jiu,
2014, 41(8): 861-865.]

Chen JX, Wang HY, Li C, et al. Construction of surfactant-like
tetra-tail amphiphilic peptide with rgd ligand for encapsulation of
porphyrin for photodynamic therapy[J]. Biomaterials, 2011, 32(6):
1678-1684.

Abbas M, Zou Q, Li S, et al. Self-assembled peptide- and
protein-based nanomaterials for antitumor photodynamic and
photothermal therapy[J]. Adv Mater, 2017, 29(12).

Zeng JY, Zou MZ, Zhang M, et al. n-extended benzoporphyrin-
based metal-organic framework for inhibition of tumor
metastasis[J]. ACS Nano, 2018, 12(5): 4630-4640.

Li F, DuY, Liu J, et al. Responsive assembly of upconversion
nanoparticles for ph-activated and near-infrared-triggered
photodynamic therapy of deep tumors[J]. Adv Mater, 2018,
30(35): €1802808.

Chen WH, Luo GF, Zhang XZ. Recent advances in subcellular
targeted cancer therapy based on functional materials[J]. Adv
Mater, 2019, 31(3): ¢1802725.

Guo W, Guo C, Zheng N, et al. Csx wo3 nanorods coated with
polyelectrolyte multilayers as a multifunctional nanomaterial
for bimodal imaging-guided photothermal/photodynamic cancer
treatment[J]. Adv Mater, 2017, 29(4).

Vijayaraghavan P, Liu CH, Vankayala R, et al. Designing multi-
branched gold nanoechinus for nir light activated dual modal
photodynamic and photothermal therapy in the second biological
window[J]. Adv Mater, 2014, 26(39): 6689-6695.

An FF, Zhang XH. Strategies for preparing albumin-based
nanoparticles for multifunctional bioimaging and drug delivery[J].
Theranostics, 2017, 7(15): 3667-3689.

Akbarzadeh A, Samiei M, Davaran S. Magnetic nanoparticles:
preparation, physical properties, and applications in
biomedicine[J]. Nanoscale Res Lett, 2012, 7(1): 144.

Santhosh PB, Ulrih NP. Multifunctional superparamagnetic iron
oxide nanoparticles: Promising tools in cancer theranostics[J].
Cancer Lett, 2013, 336(1): 8-17.

Sun Y, Kim HS, Kang S, et al. Magnetic resonance imaging-

guided drug delivery to breast cancer stem-like cells[J]. Adv

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Healthc Mater, 2018, 7(21): e1800266.

Shevtsov M, Nikolaev B, Marchenko Y, et al. Targeting
experimental orthotopic glioblastoma with chitosan-based
superparamagnetic iron oxide nanoparticles (cs-dx-spions)[J]. Int
J Nanomedicine, 2018, 13: 1471-1482.

Saldivar-Ramirez MM, Sanchez-Torres CG, Cortés-Hernandez
DA, et al. Study on the efficiency of nanosized magnetite and
mixed ferrites in magnetic hyperthermia[J]. J Mater Sci Mater
Med, 2014, 25(10): 2229-2236.

Tay ZW, Chandrasekharan P, Chiu-Lam A, et al. Magnetic particle
imaging-guided heating in vivo using gradient fields for arbitrary
localization of magnetic hyperthermia therapy[J]. ACS Nano,
2018, 12(4): 3699-3713.

Mao BH, Tsai JC, Chen CW, et al. Mechanisms of silver
nanoparticle-induced toxicity and important role of autophagy[J].
Nanotoxicology, 2016, 10(8): 1021-1040.

Lin F, Wen D, Wang X, et al. Dual responsive micelles capable
of modulating mirna-34a to combat taxane resistance in prostate
cancer[J]. Biomaterials, 2019, 192: 95-108.

Liu W, Zhang X, Zhou L, ef al. Reduced graphene oxide (rgo)
hybridized hydrogel as a near-infrared (nir)/ph dual-responsive
platform for combined chemo-photothermal therapy[J]. J Colloid
Interface Sci, 2019, 536: 160-170.

Fakayode OJ, Kruger CA, Songca SP, ef al. Photodynamic therapy
evaluation of methoxypolyethyleneglycol-thiol-spions-gold-meso-
tetrakis(4-hydroxyphenyl) porphyr in conjugate against breast
cancer cells[J]. Mater Sci Eng C Mater Biol Appl, 2018, 92:
737-744.

Licciardi M, Scialabba C, Puleio R, ez al. Smart copolymer coated
spions for colon cancer chemotherapy[J]. Int J Pharm, 2019, 556:
57-67.

Chen D, Zhang G, Li R, et al. Biodegradable, hydrogen peroxide,
and glutathione dual responsive nanoparticles for potential
programmable paclitaxel release[J]. J Am Chem Soc, 2018,
140(24): 7373-7376.

(R XX #RXF: 454E]

fEE Ik
REl. AE: #XBEE5E®

FREE. BRIEMI:

I FAL



