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Research progress of drug delivery system with "gatekeeper""
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Fourth Hospital of Hebei Medical University, Shijiazhuang 050011, China)

Abstract: The drug delivery system with "gatekeeper" is designed to achieve a stable entrapment state of the
payload under normal physiological conditions through the gatekeepers. With tumor microenvironment or stimula-
tion of exogenous factors, the gatekeeper is detached or altered to promote the responsive release of the drug. In
this paper, we focus on applications of stimuli-responsive linkages and stimuli-responsive groups, and review
research progresses of drug delivery system with "gatekeeper" developed over the past 10 years.
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Figure 2 The delivery system based on mesoporous silica

nanoparticles (MSN) capped with polyethylene glycol (PEG)
chains via disulfide linkage
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Different stimuli-responsive linkages. ROS: Reactive oxygen species; GSH: Glutathione; PLGVR: Matrix metalloproteinase
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Figure 3  The pH-responsive delivery system based on MSNs
capped with Fe,O, nanoparticles via the boroester linker

Ik, Chen S50 25 /N 2 o0 R ) B gk
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. ABAEMIREERAL 51 AR N SON P /5 ROS (1 A= 40k
FETE . FEAIE ] ROS v A i e B i e 1 i A
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Figure 4 The delivery system based on mesoporous titanium
dioxide nanoparticle (MTN) capped with £-CD via the thioketal
linker
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B VU B 5) B T T R idiE RG. XM
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R QAW AE 25 A AE A B} L- 18 47 B (L-menthol,
LM) FJ5 s 43 °C.
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Figure 5 Multiple stimuli responsive drug delivery system with "gatekeeper”. A: Removal of PEG by matrix metalloproteinase (MMP)

and exposure RGD motifs; B: Near infrared (NIR) photothermal-triggered drug release
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G fEFZ AR #E 5 E LB TR, s )
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HODOX M RAYIIE AR . 12 MK RGN, BEH)
PRI B E 1) Tat Ik G T 8 /K ff o 78 M 20 2R
VSRR T, B (L-BER) B R EME DI R
Ak, T RSN DOX eI IE o« 4 AR Ak {3 Tat
JIR 2 e, AR TR A 4 P Ak o L S5 B3R 5T MSN 76
B - 56 Fe,0,@AU 9K KL, 4 W] B & 1 52 4% 1 1R
(bondable oligonucleotides, dsSDNA) H /£ MSN 5% [ £L,
BELT 77 o 38 NIR 't I #4O0UBE 74 dSDNA, A @ T 5%

LB FFFL I TR T DOX o
222 REY R (N-7 45 WD) [poly(N-iso-

propylacrylamide), PNIPAM] & #f 78 #ix % 1 4 B 5
FWZ . PNIPAM H) B B T R S W 1
TRV VR H 2 LR 380 BROR 1R B A8 o R AIG I 57 A T
J% (lower critical solution temperature, LCST) L i,
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PNIPAM 5 75 /K Vi T R R 2R LR, 24 f% =i 22 LCST
DA _E B, PNIPAM B 1T WA 4 RSB0 19 400 IR T 4 78 DRy Bk
AR o Li SEC ] 25 42 A #Aom B 3t 54 PNIPAM 1 LA
Fe O, A O B 48 K bir, FL 5 ) 90 K Ki 75 808 nm ¥
eSS T e Ak, M T R 22 60 °C (KT H LCST) UL
i, JEE W) R 2 R A oK, B AR KRR
P T RE T o

PH AR [ 44 5 A5 4 S0 PN TR A 1 ok B 1 3 58
N RENE R AR R A, kT R T R T AR pH A BB R
TR B E 2/ L N BT . Banerjee 25301 FH 5 2K 2
¥ - T K [poly (styrene-co-maleic acid), SMA] /& 7
TR A . ZRAEWATHY R (5 HR) 4%
NERAY (KT pKy, AT ) 450 . M REN T B
JIE TR A TE SRR 2% 11 T FEV Al Bl R FL B, & T
AR . TS AR, 5w R T A A L,
SMA 5 (1 i3 52 A 2 0L H 1R L 1) 448 AR 25 12k, ] 7 45
Jigrges HT-29 £ i P A A0 b 326 3% 5 PR I e
223 REWNDTF HEAS T IENREEZE TR
A2 SR ST AP R, X R TR E R .
SRR SR . ILAE IR SRR b AR R A 24
YRR B, S 2E IR ERALIG, &6 R E & 4 b i
AR T RS 25 W R T

B 2K (azobenzene, Azo) Nz HLATAEY) W] BE4T AT 1%
S #EAE | 7F 300~380 nm Y IR 5 T /1 e R EE A NI
A, KT 400 nm i, 7 MR F . Azo 77
Ak A\ DNA 4 5] 2 DNA # G e 48, thmlid@ ik 5 5 4
FEAL B R 25V R Yuan 2RO JE 8 11K Azo 5
O\ DNA T A4 5 mi 5 4 MSN #8245 248 4 UV OB IE
S 51 R AR R K A R S A4 AR, DTG 7T 385 9 5 DNA KL
B LE R T AN R I . 1% RGAE AT WO A Y
TERAR N, 2 IA B4R Hh 2 75 Bl 0K 16 7 b
1k S FH 4 DNA f## e, MSN L 4T T BT 2459
Hou £ M4 71 BLUCNPs 9% 0, MSN 2R 52 1) 6, 45 1 4
= RN 6 ORI B A0 1 44 K ki, UCNPs A 07 i
N Azo ML 73 T NIRJGIES K Azo 0 T R 4E
R R B0, 9859 DOX 5 MSN 2 [ fif: J5¢ B 22 7] %5 3 1)
AHEAEH, (2t DOX B -

AR R AR B R & ) R IR R
A 1) 21 €0 B ST AL AR B 3% A8 . Singh S5 BRI TE IX Fh
G5 R B A AT AR I O A R, 5 500 e 7 A R O A 25 AR
SEA T RE T2 o BB TR 228 57 7K — 515 7K 3% 6t w512
DL IR . Liu S8 BOBETHAE MSN IR Z 5 A
UCNPs, H ik — D4 1 o 3503 € g ntk i, 55 7K 14 245 4
LW AT AT MSNEIE P .l NIR GG 51 &
WL IR 43 T B B K M o K M e e, e R S AR

T, B RGN R K 8.

.
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Figure 8 Spiropyran modified on mesoporous silica coated

upconvertion nanoparticles
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A TR FAS M 2R g KR AL 1, R 2 3 7R 3
RN . SR 45 SR IR, M s LR 4 RS R IR B
FR W) B AEAS pH B T A6 A it 11 B ] (COOH) B, B
RN MSN Z [HI it V& RIS U 254 . A, A Bt iy
] BRI % (1 A £ SiO, (PPY/mSiO,) 44k 52 & A kH
B WS (methotrexate, MTX). A7 8445 & 1 i@t
H % 5 mSiO, 45 & Mifi 5] A\ PPy/mSiO, #F % M. NIR
JGIEGT T, PPy T A RO R ' e H S ARE . iR FE T
A H BN, S ECA BEE T SRV, MTX AT H
mSiO, I FLIFRE -
232 BEEBEARN EHEERNHEINTE RS
B R IR 2 A AR AR 4 T a0 ATP L GSH i %) i 55
SR w g i G, 8 TR, BUELY)
BRI

Zhu SFVA Y v B T - ¥ bR A AR A A AR A
NPEMSN 9K RL R S8, 1E1% RS H, MSN 4L 1A
ATP & ARG 4 1) 4 N KoRL B B . L 35 4 PR B 4
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Figure 9  Dextran-gated mesoporous silica nanocarrier for

glucose-responsive drug release
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