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pH SRR IR 2 T B KSR ROADER R ER M MR
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fE46 FIEIK Tat. R T =B ARG BAR L X T & @ 4h K BAR(PT-HSP). Bid & H w4, WRKEEL Zeta vz E AT H

F&. KRR Zeta WATHATRAE, 2 HPLC MA LB AL @3t F. 4 RE LB (paclitaxel, PTX)49 PT-HSP 24

3 pH 41+ (pH 7.4)5 A% pH £ (pH 6.5)F 9 EHITH. HR BEAFLRAY, PT-HSP £ ZHAA R E LM
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Preparation and Evaluation of Physicochemical Properties of pH Sensitive Nanocarriers Based on
Cage-like Heat Shock Proteins

WANG Yu'?, RAO Yuefeng®, YANG Huiqing', LUO Hongfei', ZHAO Ziming® (1. The Second Affiliated Hospital of
Zhejiang Chinese Medical University, Hangzhou 310005, China; 2.The First Affiliated Hospital, School of Medicine, Zhejiang
University, Hangzhou 310003, China; 3.Department of Pharmacy, Xuzhou Medical University, Xuzhou 221004, China)

ABSTRACT: OBJECTIVE To design and prepare a tumor-targeted pH-sensitive delivery system based on heat shock
proteins(HSP) nanocages, and to evaluate its physicochemical properties. METHODS Using HSP as the matrix, which were
prepared by total gene synthesis and protein recombination expression technology, HSP nanocages modified with cell-
penetrating peptides Tat and PEG(PT-HSP) were produced via the functionalization of surface groups. Morphology was
examined by TEM, particle size and Zeta potential were determined by nanometer particle size and zeta potential measuring
instrument. Encapsulation efficiency and loading capacity were determined by HPLC. The in vitro release behavior of
paclitaxel-loaded PT-HSP under pH 7.4 and pH 6.5 was investigated. RESULTS Morphological results showed that PT-HSP
presented uniform spherical with a typical two-layer structure, the average size of PT-HSP was (154.44+23.6)nm, Zeta potential
was (—2.6+£0.7)mV. Encapsulation efficiency and loading capacity of PT-HSP detected by HPLC were (75.3£3.6)% and
(7.0£0.2)%. The results of in vitro release test showed that the release rate of PT-HSP at pH 6.5 was faster than pH 7.4(P<0.01).
CONCLUSION The pH-sensitive intelligent HSP nanocages drug delivery system constructed in this study, is expected to
become a safe, effective and intelligent antitumor drug delivery carriers by its high loading capacity, good stability and
intelligent tumor-targeting.

KEYWORDS: heat shock proteins(HSP); PEG; Tat; pH-sensitive; nanocarriers
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LA W (paclitaxel, PTX)/E ML E A2 @ )4
A2 BRI = TR Bz B8 B — ol DR % 988 3 128
gr. HAEHAIMT B-IMEEALE, WHIGE M
Rk, MTuAmbI a0 AT 293 %, Nlim R R T B0 &
Jee PO FL R 0 — e 250, T2 N T . B
L B Sk RIE T AR PTX AR
RN Z, HAhEfaims . sha s ks
PegrE WP R, FRRBRE PTX 9K Ek ik,
BERT DA I IS B2, SRR N2 1B BT R
R PTX S e 40 M i) AR A AR L, I/ I 4
0RO NI =i cho L N 1] G A N o 07 Nk =
1 (small molecular heat shock protein, sHSP)& —#f
tH 24 AMAHRNEEER B BOIR BT 2 0851, HA
s i T LM EAZGEET Y E pH 5~11. H iR
70 CHAF MBS E, I H RSN
A Em arsmiAr S, Flenniken U0 —Fif
H e BR B (1) HSP(Mj-HSP) [ 445 & RGD-4C J&
KRBT CLEE M A = aVB3 RIAMA M, ¥
Mj-HSP 445 &1 CD4 Pl g vl LR 5 14 5
1] CD4 FHYEZIAL, 2B Mj-HSP 0] DLy —Fhal
0 2R S AP A ] B K R o A AT W 5T R R
Mj-HSP W B — L2 FE R 78 rU R A N & S AR
PR IR 5, T L oo B SR S R
2l B Z AN S5 A B Mj-HSP M Tat IR N —
T A 2 ik, &) 2 H T 241t s &4t
Moty Er UE S A G bE, [ 4E R N s A
[ 5rF, HERAZEN 200 nm Fg0KkEA, HAG|
AR, R e e
k. I SCIRF AU, fA N B RO (K pH (K
PO IEH AL 2R AR, R B BRI A oK B R FE 45 1 B
TR BBURK R, BEE SN I SO,
5 AT LUK AR Ak 2 1) W7 2R % o A s 1) R AT
BETT 51 AR BT A . H AT O B 12 S A TR
10 TR A ) B i g v e ) 4% D R PR BR T
ASHETE LA Mj-HSP Y BRERR, 45 28 AR Tat AN % 1
e/ O T RENIRIRILR B M B R E R, H %
B3 HA pH BURM HSP ST & A9k Ak, *t
OB RAR. Sk, BZGR . B R E IS
H A BT TRAE, Jy HSP )35 24 RS
FARBEARE .
1 XFR5HF

DF-2 SR QR i 1 & (L R P B
AR AT]); SB-100DT R AL (T8 2 £

-2114.
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BHEL A F]): RE-2000 JEfs 725 K a5 (i SR A 44X
#)7)s AB265-S BT RF(MERFEEI-EH] 2 A H]);
PB-21 pH it (#[F Sartorius A #]); MIKRO-200R
P A VR B O ML (R [E Hetttich 2 ®)); FD-1C-50 ¥
R T EHLAL B SR IR A ] )s F4500 2655
FeAETF(HAHAL); Nicomp 380/ZLS 44Kk & -
Zeta HLAZIEAX(ZEE PSS); SHZ-82 HIRIRE A
(i L BAAX 2% A 7) ;s UV-2450 45 4h-1] W4 Y66 B
T LC-20A & 8GR A G A (H A B E); HD-6 #E
1538 R T A (B P AT AR ).

A MI PR EH HSP( LA TAY TR
A, 5 207853); &L ZEE(PEG) 4000(4 Hr
afi, EZ54EH, #it5: T20110211); PEG 6000(%>
fral, FREEAAI AT, #5: 13020420087);
Tat BE( LA T, #t5: 103013); PTX(F4% RFF
AR AT, #15: 20140319); PEG 2000(73 Bt
af, #t5: 1207033) LR 4t fit5: 1204011)
B B VA A ] s B E (AT, fES
27960). FIEMIELEAE S : 20049862). =H L
BT : B142503 1) B LRl Hz T 377 A 7l s
] SR IR (Sephadex G-50, 32 [E Pharmacia A ],
L5 10031); AKAXEEAK; HARRKA A HHrat.
2 Hk
2.1 PEG/Tat L2 0 #44K v 58 % &5 3 49 K 204k
(PEG/Tat-heat shock protein, PT-HSP)[Jil] &

[ pH 9.0 HHI MR #h 22 vh W& o in A HSP
(1.0 mg) 0.25% & — B W (50 pL) 5 Tat Jik
(1.0 mg), 37 CHFXMN 6 h 5, I 1%HFIE
AR (20 uL), =F\EAEFE 1 he BT B4l
e T-HSP 50 % 15T 1%18 T-HSP, &
FES 2R LI 1

P Bt h
Tat-NH,+ A~ + HSP-NH, s Tt~ HSP

L h
Tatsq g~~~ HSP +NaBH}CNTC> Tat\ﬁx\/\/\ﬁ,HSP

1 T-HSP #y& iR R R & & K
Fig. 1 Schematic diagram of T-HSP synthetic reaction
FREX 40 mg REAZWELE, A 50 mL 248K,
FE SR N ZR A 1 mol-L™' ) NaOH ¥4 »
B AL SE AR . B 20 uL NIEEESIA T
10 mL THF H, B0 NRe i 0 0 Vi 40 SN 1 h,
g, BRSSO I B IE E UE (acryl
sulfadiazine, SDA). 737l FRH PEG 2000, 4000,
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6000 % 1, 2, 3 g, SN 15 mL 5 H e,
BEJE IO TGRS 30 pL, =EBEFEN 12 h,
50 CIRJEZ&BIEH G KB, Fe0EN, Bk
T AT AN TR AH KT 7 5 R 3R 4 R N M TR
(PEGA).

FRKEX 100.0 mg SDA, H pH 9.0 [ NaOH ¥
VAR, ML RSN 15.6 mg, BRI T A
THREREH 15.6 mg, 60 CHEFEMM 1h; BEEHRN
480.0 mg PEGA, k&4t B 1 ho BEBENT
KA SR, RT3 3] SDA 5 PEGA L
EYI(PSPA).

# T-HSP ¥fi# T PBS(pH 7.4, 0.15 mol-L™")
o, FEMREESREL 101, 1:2, 1:3 /A PSPA,
37 CHFERRPL 2 ho HEREIE ENT AL L5 2
PT-HSP )R &
2.2 # PTX I T-HSP 5% PTX [] PT-HSP [l %

¥ 5.0 mg T-HSP ¥ f# T 5 mL =5 2, ¥4
1.0 mg PTX & T SmL 4, WEREGEBES,
FL TR ZE 5 TE o B Bk 5 250 i, B 5
A 10 mL /] pH 7.4 PBS, i8S, RHK
kAH A G 30 min BT E 413, RERS
0.45 pm TUALIEM IS I8, 19 20%k PTX [ T-HSP 44
KRB

% PTX [ T-HSP R & - i\ — & Eu ol (1)
PSPA, 37 CHif: 2 h, ERBEZEHH 515 E
# PTX [ PT-HSP 4 KR &, WHE 2.

.P'l'.X: \
O--o

Hsp / T-HSP

e

WPTXIAT-HSP, PEG

SD||

- TipspA

+ . ———

IR Tatfik Fm A Tatih X — 1%
=0 =

WPTXIIPT-HSP
2 # PTX # PT-HSP &% % 7~ &
Fig. 2 Preparation schematic of PTX-loaded PT-HSP

23 HAERWE

FEERRE —E BN PTX, FEEEMH 5% s
TR 85 T o H— 5 S b 1 it 4 VU FH PR R 1) % 30,
20, 10, 5.0, 2.0, 1.0 pg'mL ™" ) PTX ARaEIE R
AR HEGHFE 3 R, ICRIETM 4, LL4 N
PABKR, PTX M A A by 2 ) b il 42
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X PEG 6000, HSP 5 PSPA LL#il(H : P)~y
112 %% PTX ) PT-HSP J& 5, B 0.4 mL jin
BT, 1 000 rmin”' 550 5 min, 4k4E
287K 04 mL, 1000 rmin”' B4 2 min, 4%
B SEE A, W 2 RN, T S mL &
AN EEES, 0.22 um JEMEITIE, HPLC MI5E
W RLZEM PTX 490K E C; 5L 0.4 mL # PTX
) PT-HSP V=¥, HEHHEERZE S mL, @
7510 min, 0.22 pm JEMREESE, HPLC #EFE, e
PT-HSP ' PTX SKEE Cp. 1% FRIFHAEE
(encapsulation efficiency, EE), #X#j & (loading
capacity, LC):

EE(%)=C/Cyx100%

LC(%)=CxV/(CxV+W)x100%

C: WEEM AL Co:  PTX ) PT-HSP
RBP4 Rk E; V. 3% PT-HSP 4K E
WEARAR, W #0245 PT-HSP 99K I8 B PT-HSP
FOPSY5i=
2.4 PT-HSP Ak 5 1) %5 5%

24.1 kiftlY5 Zeta AL ¥ HSP.T-HSP.PT-HSP
TR B ) FH 2 B K & M M B, A Nicomp
380/ZLS FIGNKKIEE Zeta HL AL & A 52 4K
Kifkife s Zeta WAL, H453 7% %2 PSPA 1 PEG
AHXT 4 F 5 & 43 99 2000, 4000, 6000 L& HSP
W5 PSPA#EEI L N1 21,1 2,1 & 3% PT-HSP
g oK b AE K R AL I RS . b SR RO SR
PT-HSP £ f 411t PEG 6000, H : P=1: 2.
2.42 JEEZEWES K HSP. T-HSP. PT-HSP &
B B FOKIE U, WTHEME, B
RIS, ES R, MRS,

2.4.3 pHHURME | pH 5.0, pH 6.0 FIBSER &2
ZZW, pH 6.5. pH 7.0~ pH 7.4. pH 8.0 (AR
R pH 9.0 HIBINER 35 2 A WL (5 1 5
¥4 0.15 mol-L™"), ¥ T-HSP 1 PT-HSP £/ 4> 5
WETANE pH 22t , ik 0.5 h [F9KkL
FEAG 5E R A% KN, 383 PT-HSP Ri4% 28 1k % 42
HAKG N ZE BAME pH Buskit.

244 RAMFEREMESLE ECH PBS(pH 7.4,
0.15mol LYWl 5 & 45% 41 A EA
(bovine serum albumin, BSA)[f] PBS(pH 7.4,
0.15 mol-L™")Z2 i (5 Ly 1 2R (IR B B230T)
SHIFE0, 2, 4, 6, 8, 12, 24 h I & kife K/,
% %2 T-HSP 5 PT-HSP 7E 2% /il -5 A F0 R H 1 £
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e
2.4.5 #Z§ PT-HSP BRI B 6.5 mL
# PTX ) PT-HSP 44K i i & Vi 3 N & i 4%
(MWCO: 1000), 7 7 & 1244 50 mL PBS(pH 6.5,
0.15 mol-L™")¥ ¥ Al PBS(pH 7.4, 0.15 mol-L ™)
TG, B A 3 AR 10 mL —SUH I,
TREFIEE T, %F4T 3 . K 6 DMEEHEFENTEN
bt B TERIRE AT, 37 °C, 100 rrmin”', %%
HBBAT N 5F 05, 1, 2, 4, 6, 8, 12,
16, 24 h W HY 1 mL & FHEEE A, RIS A 72 %%
AR b 45 CleZ8 B v 7 g ) H i
W, MW EESR S mL, HEIICEETHE
227 nm FIEWIEE, HHEABBERE»E, &
R T 2K
2.5 Gl

FT A S2 36 504 L X £ 5 Fox, FIF SPSS 13.0
HAT R R T 200, A5 KHER «=0.05 #
E, P<0.05 AERBAGI R
3 HR55H
3.1 hifr5 Zeta WAL

K YKL -Zeta FLALIN 2 4RI HSP.
T-HSP 5 PT-HSP W24 5 Zeta AL, S5
7~, HSP RIHMEM Tat F1 PSPA i 40 K Hi kL 1%
Fl Zeta 5 WM, 5 HSP AL, T-HSP K&
B A A AT (<9.3+1.5)mV # A8 A IE HL A
(9.7+0.8)mV, XM T Tat A B 7 IF f fapid
;5 T-HSP #HEL, PSPA W& Hifii15 PT-HSP3
(PEG 6000, H : P=1 : 2)[#)3R I FL 47 7 X i 1F F A
BEONME A 7L AT (—2.6+£0.7)mV, JRAH 2 5. OF
MR N O ) PSPA B EHER S
T-HSP &4, MM 7 T-HSP HIEHf; @H
PT-HSP RHFF/EM PEG /K KA M. &
Tat Al PSPA 1&1fiff] T-HSP ¢ PT-HSP, kifz4) %
M (18.242.0)nm 3 1 25 (71.5+12.7)nm I (154.4+
23.6)nm. PT-HSP [FJ¥if2kfi PSPA H PEG #HX} 4>
TR I WS B K . HSP R 3 5 PSPA (450K}
ELxbRi iR AN B R . 45 R 1,
32 EEFA

T8 7 G FLEE A A AT 3 1] 3B H T-HSP 44
KKL 2% Tat W& fa 2 I FUECH RO (1 BRRFOR 5
K 3C B PT-HSP 4l Kok B [ 2R “TEE =
HE AW B AE QR RLR T PEG SRk KHE. 4558
LK 3.
.2116-
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R1 HSPEAG @M MEKEE Zeta WAL(n=3)
Tab. 1 Particle size and Zeta potential of HSP and its
functionalized products(n=3)

FEdh Ko /nm i%;f Zeta Hifi/mV

HSP 18.24+2.0 0.18 -9.3+1.5
T-HSP 71.5+12.7 0.18 9.7+0.8
PT-HSP 1 117.7£16.9 0.14 3.8+1.1
PT-HSP 2 122.9+£29.2 0.23 1.6+£0.7
PT-HSP 3 154.4+£23.6 0.12 -2.6+£0.7
PT-HSP 4 149.4+30.3 0.14 3.7£1.0
PT-HSP 5 157.8+36.2 0.19 -2.9+0.8

7E: PT-HSP 1[PEG 2000, HSP 4 PSPA LLffI(H : P)=1 : 2], PT-HSP
2(PEG 4000, H : P=1 : 2), PT-HSP 3(PEG 6000, H : P=1 : 2), PT-HSP
4(PEG 6000, H : P=1:1), PT-HSP 5(PEG 6000, H : P=1 : 3),
Note: PT-HSP 1[PEG 2000, ratio of HPS to PSPA(H : P)=1 @ 2],
PT-HSP 2(PEG 4000, H : P=1 : 2), PT-HSP 3(PEG 6000, H : P=1 : 2),
PT-HSP 4(PEG 6000, H : P=1 : 1), PT-HSP 5(PEG 6000, H : P=1 : 3).

L

3 HSP REATEM A KR F 4 b 57

A-HSP; B-T-HSP; C-PT-HSP.

Fig.3 TEM images of HSP and its derivative nanocarriers
A-HSP; B-T-HSP; C-PT-HSP.

3.3 LC fl EE fl &
@) LC M EE W&, ME 3 it
PT-HSP IR 2R M & M FK, 4R NEK 2,

K2 # PTX th PT-HSP th £ 25 8 R & 3 & (n=3)
Tab. 2 Drug loading and encapsulation rate of PTX-loaded
PT-HSP(n=3)

Ff i WU PRE%  @EE% FHE%
1 6.7 71.4
2 7.0 7.0+£0.2 74.4 75.3+£3.6
3 7.2 80.1

3.4 pH U

T-HSP 7£ pH 5.0~9.0 N, FiffEEALRERFRE -
PT-HSP 7£ pH=7.0 I}, $i42 2] 140 nm; 24 pH<6.5
i, RARRARIE/NEL) 69 nm. 45 R WL 4.
3.5 ESMRE MR

T-HSP 7E A& BSA [ PBS 221, fE7E 24 h
WAIRERRRE, TFES 4.5% BSA K PBS /1, iz
T HE I [R] Y 2RI AR K T B A & UTTE . PT-HSP 753
i M 4.5% BSA [f) PBS FR IR T BlF it Fa e
PE, 24 h HRWAARNREERBSE. 455 W0E
5~6.
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£
£
S 1001
S
E\\
}:'_
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4 T-HSP 5 PT-HSP £ ] pH {f & o i o &9 b 12 & AL

Fig. 4 Particle size change of T-HSP and PT-HSP in
different pH buffer

74 80 9.0

2007 - T-HSP
- ]
_ 1504 " I % PT-HSP
£
XE
= 1007
= 3
\}__‘ <>\§/§~§/Iﬁ ¢ b4
T 504
0 T T T T T 1
0 4 8 12 16 20 24

t/h

5 T-HSP 5 PT-HSP 7 PBS & Wi FHy# E I (pH 7.4,
0.15 mol-L™")

Fig. 5 Stability of T-HSP and PT-HSP in PBS buffer(pH 7.4,
0.15 mol-L™")

30004
—&— T-HSP
-& PT-HSP
—i —
T T T 1
12 16 20 24

E 6 T-HSP 5 PT-HSP % 4.5% BSA V&K 5 09 # 2 Pk (pH
7.4, 0.15mol-L ™Y

Fig. 6 Stability of T-HSP and PT-HSP in 4.5% BSA(pH 7.4,
0.15 mol-L™")

3.6 #24 PT-HSP B25%5 1wt 7t

WRAEbRAE N2, 25, DA 8] SO B AR AR,
PTX (1) RAVBE I E 70 AP AR, iRt 2k .
RGN, 3 PTX ) PT-HSP 44KKi7E pH 6.5 i
PR 2SRRGB R, /£ 2, 8, 24 h
) 2R T A 7 % 5 Al N (33.3£3.3)%,  (60.0+
1.7)%#11(80.5+2.0)%. TMIfE pH 7.4 B, % PTX [

PR E IR 2524 2019 4E 9 H 4 36 545 17 )

PT-HSP 40K ALAE R B[] 5 (1) SR AR Tl 0 %640
°8(10.442.2)%, (28.0+3.3)%A1(41.7+5.0)%, &
18T pH 6.5 I RHGE R (P<0.01). Z5F LK 7,
1007 —— pH6.5
80- - pH 74
60

404

BRI 5 5/%

20

0

0 2I Ai 6I ;3 1I01I21I41I61I822)2I2 2I4
t/h

7 AF pH 4 1FT PT-HSP % i 4
Fig. 7 In vitro release of PT-HSP under different pH
4 Zig

AT TR T X e pH BUR ) PT-HSP
BREAK L 2 Bk, H S ZE PSPA il HAH B
1EH 5 T-HSP 45 &, 159 2|12 1fii Tat/PSPA ) PT-HSP.
T4 A B SEALIY pH L IE 4 ZUBS K, PT-HSP
TEMREGSRR 5% 1F T Z AL, PEG KEENLTE 2R
4 Tat, 3858 HSP g9 KRi7E MR 2 4UHBE BE 715
TEAEH pH 2614 T AL, PEG KEEHE &5 Tat (9%
JEAEF, A0 H A 2 9 A B, Sl 17 0 e 1
eSS O 5, NITECD T PTX 7E IR H 2K
ANRRRBL @ Xl pH UK AR -K BRI,
{5 Tat JIKLE 1F ¥ 2H 245 4 25 177 76 b 788 4 23 05 B2 =
SCHLCRER” (R S m] 4 . T-HSP [ T35 ki AR N
(71.5+12.7)nm, % HSP BRI, Zeta HLALN
(9.7£0.8)mV ; PT-HSP [ “F ¥J ki 42 K (154.4+
23.6)nm, Zeta HL7N(-2.6+0.7)mV. %5 AT
THMTHL L ER 2] PT-HSP 2B 1) “TEE =" - 49K
Wi EEACRE PT-HSP 7EA A pH R RIRLAREM, iE
BIHAE pH 6.5 ML KAGR-LAKMEAE,
PT-HSP 7£ pH 7.4 f] PBS % 4.5% BSA ff] PBS
HS R FE T B AR E T, 3R PSPA B2 IR
] DUE PT-HSP %52 I 85 IR B « H AT T
) PTX FEAGKRF PTX HIELEAE 22 Bk
F, SR FH 16 SRR D B AR F B8k 254, TRk PTX
BOHMNBEBEGAKR RN . HEBIKRLT
TR AR P, B EAKEE EPR RN shidk N iR
M, (ML R IR AL B ;s RIS FAE 2 0
AR A A, AR PTX X IER HLAMAR
SN TTHRCRAGE o AW TR B HSP S HHA
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JHURE P 0 66 A A - B AH B AR PR, R A ot o AR A K
PTX, A UME R 24 BHEE AN, FR
% T HSP &AM SRR PSPA BK)Z
(PIREAG, PTX 750 A I 25 B 47 40 RE TS0 (5400 1L v
WED)ECNZNE, 24 h VR 40% /45, RHAE
I B4 A st 3 4D EE A

g BTk, PT-HSP 9K &k BA R14F pH B
R A R B e e, TR IR T PTX RPN
R, WD T AR, AR R B
Jeq 25 2 AR

REFERENCE

[11 YUANSF,ZHU L J, ZHENG W E, et al. Effect of baicalein
combined paclitaxel on proliferation of human lung carcinoma
cell [J]. Chin J Mod Appl Pharm(H [E BB FH 245 2%), 2013,
30(12): 1306-1310.

[2] WANG T, ZHAO Y N, WANG X T, et al. Preparation,
characterization, and in vitro cytoxicity of docetaxel
nanoparticles with a novel codendrimer as stabilizer [J]. Drug
Eval Res(Zi¥iFN i 40), 2016, 39(5): 741-746.

[3] NEGISHI T, KOIZUMI F, UCHINO H, et al. NKI105, a
paclitaxel-incorporating micellar nanoparticle, is a more potent
radiosensitising agent compared to free paclitaxel [J]. Br J
Cancer, 2006, 95(5): 601-606.

[4] ALI I, RAHIS-UDDIN, SALIM K, et al. Advances in nano
drugs for cancer chemotherapy [J]. Curr Cancer Drug Targets,
2011, 11(2): 135-146.

[ST YOU J O, AUGUSTE D T. Feedback-regulated paclitaxel
delivery based on poly(N, N-dimethylaminoethyl methacrylate-
co-2-hydroxyethyl methacrylate) nanoparticles [J]. Biomaterials,
2008, 29(12): 1950-1957.

[6] ZHENG Y, HUANG H, FU C X. Paclitaxel/MPEG-PCL
nanoparticles: preparation, characterization and in vitro release

[7]. Chin J Mod Appl Pharm(H EHLICRFH 242%), 2014, 31(9):

1093-1097.

[71 GUAN X, CHANG Y, SUN J, et al. Engineered Hsp Protein
Nanocages for siRNA Delivery [J]. Macromol Biosci, 2018,
18(5): €1800013.

-2118- Chin J Mod Appl Pharm, 2019 September, Vol.36 No.17

(8]

]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

KIM R, LAI L H, LEE H H, et al. On the mechanism of
chaperone activity of the small heat-shock protein of
Methanococcus jannaschii [J]. Proc Natl Acad Sci USA, 2003,
100(14): 8151-8155.
FLENNIKEN M L, WILLITS D A, BRUMFIELD 8, et al.
The small heat shock protein cage from Methanococcus
jannaschiiis a versatile nanoscale platform for genetic and
chemical modification [J]. Nano Lett, 2003, 3(11): 1573-1576.
FLENNIKEN M L, WILLITS D A, HARMSEN A L, et al.
Melanoma and lymphocyte cell-specific targeting incorporated
into a heat shock protein cage architecture [J]. Chem Biol,
2006, 13(2): 161-170.
FLENNIKEN M L, LIEPOLD L O, CROWLEY B E, et al.
Selective attachment and release of a chemotherapeutic agent
from the interior of a protein cage architecture [J]. Chem
Commun(Camb), 2005(4): 447-449.
HU Y, PATEL S. Thermodynamics of cell-penetrating HIV1
TAT peptide insertion into PC/PS/CHOL model bilayers
through transmembrane pores: the roles of cholesterol and
anionic lipids [J]. Soft Matter, 2016, 12(32): 6716-6727.
FUTAKI S. Membrane permeable peptide vectors: chemistry
and functional design for the therapeutic applications [J]. Adv
Drug Deliv Rev, 2008, 60(4/5): 447.
LI S, WU W, XIU K M, et al. Doxorubicin loaded
pH-responsive micelles capable of rapid intracellular drug
release for potential tumor therapy [J]. J Biomed Nanotechnol,
2014, 10(8): 1480-1489.
LIU D, HU HY, ZHANG J, et al. Drug pH-sensitive release in
vitro and targeting ability of polyamidoamine dendrimer
complexes for tumor cells [J]. Chem Pharm Bull, 2011, 59(1):
63-71.
DING Y, SUN D, WANG G L, et al. An efficient PEGylated
liposomal nanocarrier containing cell-penetrating peptide and
pH-sensitive hydrazone bond for enhancing tumor-targeted
drug delivery [J]. Int J Nanomedicine, 2015(10): 6199-6214.
CHEN W, JIN M J, GAO Z G, et al. Preparation and in vitro
evaluation of pH-sensitive TAT peptide conjugated micelles
[J]. Acta Pharm Sin, 2011, 46(5): 599-604.
SETHURAMAN V A, LEE M C. A biodegradable
pH-sensitive micelle system for targeting acidic solid tumors
[J]. Pharm Res, 2008, 25(3): 657-666.

Wk H 399 2018-11-06

(K514 : ZHETT)

PR E AR 2524 2019 £ 9 H 5 36 545 17 1)



