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Abstract; Objective To construct nano-gene microspheres( PEG-PLGA-BDNF-NPs) with the
function of express nerve repair protein, and explore the effects of transfection on exogenous neural
stem cells (NSCs) on their biological functions. Methods PEG-PLGA nanoparticles transfected
with BDNF gene plasmids were prepared by double emulsion-solvent evaporation method. The
morphology of nanoparticles was observed by scanning electron microscopy and transmission electron
microscope. The particle size and Zeta potential of nanoparticles were measured by laser particle size
analyzer. The entrapment efficiency of PEG-PLGA nanoparticles and the drug loading of BDNF gene
plasmids were examined. The in vitro release plasmid of PEG-PLGA nanoparticle transfection
complex was tested. The biocompatibility of the nanoparticle transfection complex and the effect of
the nanoparticle complex on the morphology of NSCs were detected by CCK-8. The secretion of
neural stem cells after transfection of nanoparticles transfected complex was observed by inverted

fluorescence microscope. Western blot and quantitative RT-PCR were used to detect the secretion of
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BDNF. Results
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(1) The gene-loaded PEG-PLGA nanoparticles were prepared. The encapsulation

efficiency and drug loading were high, which had a certain sustained release effect. (2) The neural

stem cells with the ability to proliferate and express the nestin protein are isolated and cultured, and

can be induced to differentiate into neurons and glial cells. (3) PEG-PLGA nanoparticles containing

BDNF gene were highly transfected into neural stem cells, and transfection did not cause significant

cytotoxicity. Western-blot and RT-PCR showed that BDNF was abundantly expressed in these stem

cells. Conclusions

The rat neural stem cells were successfully extracted and cultured, and the

PEG-PLGA-BDNF-NPs were prepared. An exogenous neural stem cell line loaded with PEG-PLGA-

BDNF-NPs was first constructed to express BDNF protein with neurorestorative function.

Key words: nanoparticle ; neural stem cells; gene therapy; transfection

T AFE R WFFEAE 52, AN IR A 22 41 L (neural
stem cells ,NSCs) ] DL 75 B 26 58 P a1k A 5~ 1 5] &
AR FE ] GRS 2 AN X, JF A IEE AR
FIN S R, HAE i 240 07 46 42 FB AT VE R A
FPAE 9% v A A H B b A, KR DR A Y A1 DR P
NSCs ] L3 2 55 W07 R0 3 06 240 B A1 -, el 2
Ak 4 98 P S 5 MTIT B 38R 2 4R 1 S R T S Bt
FEPNIR YT AN AL ARG T RO AE T, A T2
PG 5eo SR, R R Y 3 PR A e Oy 1 B g
NSCs FEAETE 22 RIXE RN 2 o 3 35 % JL ] 5| A g2e
SRS, A SO | B RUBS: , BRI T A g B A
g X 1 290 4 e e RORRAR , HL AR I R PR
e ) s AN 5 Bl B Rl A TR A e, 4
MIBIE AR . PRI, ST 22 4 e A% Y 1 2 R A e A
FAE AR BT 5 A0 ot o sl
PE T BomEE T R & ZEEHB M R ELR B
F 2 B ILE Y [ poly (ethylene glycol ) -poly ( lactin-co-
glycolic acid) , PEG-PLGA ] il £ PEG-PLGA 4K {3
Bk (NPs) 1 8 ELA R 3K ph 2208 52 i 0% i 7 4o 22
77 [N T ( brain-derived neurotrophic factor, BDNF)
i) PEG-PLGA 4 >k 3 [H i ki, & 37 PEG-PLGA-
BDNF K BUR e S NSCs AR 1R R 5 IT K
MANIEME NSCs 2B K FE N 5 - ae 1. |
T8 A J5 G264 1% 55 4% PEG-PLGA-BDNF-NPs fi 41 5 1
NSCs i FH T2 B8 52, ndgle i 1 15 4= m £ 240
oA S AL RNR YT R IS gecdE . RS .

1 #REFE

L1 ek 222 ] SD R 3 H(Bati el sh¥
1) ; PEG-PLGA ( Sigma-Aldrich /A7) ,BDNF bz (11
E4WY)) , 5 P 4% (dichloromethane , DCM , | i 7 &
AT BR 22 7)), Span-80 ([ 24 4R 1Ak~ 1l A7
PRy 7)), 2B & i % ( polyvinyl alcohol, PVA , average
M, =31 000; & [ Sigma-Aldrich &4 R 7)),

DMEM/F12 £% 3% 3t ( Life Technologies Corporation ) ,
B/l BDNF B 5 BT 14 (Abcam ) , 4T/l B-
Actin FLTEREHTIR (BTN IR B A= 9 AR R 03 A BR 2
Al)  HRP ARICARATILE 1eC —H (HUMBRRHA:= Y45
RIBABRAT)  HRP AR 405 1eG 3t (4L
MIRBHED AR A IRA A, bt/ R E A
(Nestin) Z 3T R4 ( Abcam ) , Hadi/M i, Class T B-
Tubulin(Tuj1) £ 58 BEHTAR (Abcam ) , G hi/IN UK BT
Y rEE A (glial fibrillary acidic protein, GFAP)
Z i ( Abcam ) . Western-Blot 35 2.8 4 RIPA
SR (T AT HELE D)) s SDS-PAGE 35 Ji e ] 1771
(IR ZEYE /R AW ) , Total RNA $2 BUK ) & |
(OMEGA) , RT-PCR 45l i%7%] £& ( Roche) .

1.2 Jrik
1.2.1 PEG-PLGA-BDNF-NPs 4 K 1R G AR 1

BEHBIE SR W/0/W 53-8 748 Rk il 4% 28
PR IR E A 1R . FREL 200 mg 3R 2 — FE &4
) PEG-PLGA ¥ T 2 mL — 4 W %% (DCM, 10% wt/
vol) AE g Wil AH, B — 5 & 19 BDNF J50 kL i
(1 000 ng/wL) VE R 7K A ZE T I ATHAR 76— %E 1)
P 2 vk 75 30 s, AR B RO ALK (W/0)
WIFL . MBIFLAER P INA 5% PVA WEH, LIAH TR Y
R DR KR 30 s, A5 RK Al ALK W/ 0/W
B, PR EFUEIA 20 mL 0.5% PVA /KIAWK
o AR T R RO, 2 T P b, B0 e
VR 3 W, A1 0. 22 pum 8RS T U8 BRI, Ok T i
TEo [kl PBS A4S FIiiek, i HHg
s 35 B o B LA AN A () B BRI AR, 2K SC 7890
L EE A3 M AN 2 9 KB ER (KA I Zeta HALA . 433
ZH AW, AR 3 K,

1.2.2  PEG-PLGA 47 #5717 ook A9 £ df 256 TRz
A RIS MRS 2.5 mg TR
PEG-PLGA-BDNF-NPs #37 % T 1.5 mL EP 4, Jin
A 500 L =S H B 2 58 A0 FIA 500 wL TE



I AP 225 A 7 2019 AR5 16 457 2 4]

ZE PR, 25 1R R % 30 min, 12 000 t/min B5.0>5 min,
BLE . AN A EEETHIE ik b DNA ¥ B
HRAE A5 BDNF QK fosk b ks & i S dt
1.2.3  #k BDNF BURi g Kb iR o 2 B 2%
TR I Bl Sy e 2 45 d N FEIR 259 BB
), RS MR AR . B3 A4~ 2 mL B0,
FENIA 1 mL 754 10 mg PEG-PLGA-BDNF-NPs
1Y PBS 0, A B R Z 6w N ,37 °C,50 r/min,, 43
MESE1d3d5d7d14d21d28d45d,N3 A4
AHCH,10 000 r/min B0 5 min, BTG F I WO
A =20 CLRAF; [RIEEF- ] 3 A4~ B5.048 % 58 PBS 2% v
W 1 mL, BDNF B fS , #F R 1 24 DA HIAX TR
MG A AN REAS R DNA ¥R JBE , 5878 454 it
] S5 BTk DNA Y+, 718 PEG-PLGA-BDNF-NPs
RiHRE 3 4.

1.2.4  AhJEPE NSCs W2 HL B 58w K2
12 ~14 d 1) SD K RSUHERLFE AL SE 129 T 75% £
B B2 , SR EBUIR Bl VKA L3RR UK BRI 20 21
16 PBS ) i B A B, B0 212, I A el gk
FHIRFF Y BYRE  0RIT, A 1 mL JBREG i 4k, 37 °C
K S min, il DMEM 2 3F 7 4k ; 85200 J5 in NSCs 1%
FEHLHEE &, 400 H 4 A i f 9&, 1 000 r/min £ .0
5 min, SRR E R, AR, 3 d 2k
AR 1 IK,6 ~T d AT R BUGFR 25 3 U
4 d fgnaEk, =R T EA 1 hy it A—3( anti-Nestin
(1:200) ,4 Cit7d; PBS $E% 3 W&, A FITC (B¢
= H0(1:400), FRMEF 1 h; R J5 A DAPI
(0.5 we - mL_l) 10 min, PBS ¥t¥%%)5 o GE H
R FEDOE AR T IER

1.2.5 NSCs )b e BUEE3 MRS 4d 1
NSCs JH Ak BN SR, Tk T 9015 FH 22 3R 8 24 1R
B 12 LR, e A3 5 3 (DMEM/FI2 +
10% FBS)4kZE 7 d JEHU (R F 3 4010% 1113
ML3E EH ] 15 ming 23 50 A —4$T TuJ1 (1:1 000) |
GFAP(1:1 000) MOG(1:1000) ,4 °C 7% ; 35—¥i,
PBS k% 3 I, 485 40 A AAHRL FITC K Cy3 ik
M= H0 (1:400), =M HF 1 h J5, DAPL L {4
10 min, PBS Y% 3 W5, 9EGE Al & b, 1951
RN WS

1.2.6 PEG-PLGA-BDNF-NPs % 4 Jifg JE 75 Fl8 5 (1)
o HURSMEARRY NSCs FiAE 2] 12 fFLAR N, T
4 h JFEUE, IMA £ PEG-PLGA-BDNF-NPs 6 mg/mlL
15E 35 #3300 pl.,37 C 5% CO, ¥ F 3 d )5,
FHEE BB . BCR 3 ALY NSCs, 1546 A~
AUMLS , FIRE 75306 R % R 20 x 10° 4~/mL, A

111

96 fLHR ; BRI 27 4S8R fL, 730 3 4, AL 50 pL
(2910 NH) . W8 4 h FHEUHE S5 1 dinA &
BDNF 4K IR (6 mg/mL) 158 485 57 4k 50 wL, 55
2 HIMAEZS EANRIK (6 mg/mL) (58 4 5 37 4k
50 WL, %6 3 ZHANASE 3SR 50 WL, A RS S4B
B 1d3dS dEUE . BIRBHI3 NMELIA
10 wL CCK-8, 1% Al Loy FOGHIR T2 s il A
FHRMEE 4 h JEHUH 450 nm KA FLIIE
JE 5 WO B4 S R K ARUskoet NSCss FR3EFE AL
1.2.7 #5238 BDNF J [R50 4 K o Bk i) A1 958 1
NSCs 5 ae JI I B 3 AR5E 6 d 4 LB Al
AIRRZEER , T AL IR AT A B4 ML BRI, Fii T 1l e F 22
R AL 19 6 FLF AL (4 vk Ry 50 x 10%/
fL) o FHALIMAE 6 mg/mL 3 BDNF Jk [ 57 ki
(NE AT GFP JE[H) PEG-PLGA 44K
ERAGER F2 W 500 WL XFFEZH i A & 6 mg/mL £, #
PBS {) PEG-PLGA 44K 3K (9 15 9% ¥ 500 wlL, &
37.5 °C 5% CO, $EFRFah kst 3% 55 3 d U, F
96 W B R %%, SR ] Western-Blot 3% il %
BDNF £ 11, FE 2 1 48 B0 ) 6 B H A& 4 35 5 25
4 AR AR SR s BUE AR 10 L I TR EE
2, FISAE % 501 A SDS buffer, 3§ /K% 5 min,
TR 12 20 g, 47 10% SDS JENIEIEBER
HLK s SR PR T R V8 RN IR AT 4E R (NC) i,
FH 5% [R5, in A BDNF £ 5afdiiA (1:5 000)
il B-actin Z FEREHTIA(1:5 000) i &5 PBS PEik 3
i —H0h 1:5 000 R HAR 1 A AL B AR IC Y 1L A
ProBTA RN L S50/ BRBTAAR, 2 IR 5 60 min, PBS
PV S ) BCIP-NBT & T % i T 6Ot W o, 34 ]
BT L) B-actin /E NS IR, RATE & RT-
PCR #:]%E BDNF mRNA ; Jf] Trizol it %] & 425 RNA,
W5 0h <DNA, H] RT-PCR #4775 5537 o

1.3 Giit2egiik H SPSS16. 0 #4741t 41
Bro SEHAG IS IS EL = ArifE2E (x 25) TR, 4
[ B BRI B R T 2650175 P < 0. 05 hy 22 5%
AGEFEE o K prismS ARG

2 5 R

2.1 YUKBEokE SRR AR EERAES B
B TRt 3k A BDNF ki) PEG-PLGA 20Kk
R ORINI BRI | R H DG 528, KN A 3
— BRGSO UL B e
(B 1) o BEOGHRLEE 53 A4S0 5 #5717 BORL Y 29 K ek
Bokr #2 R (217. 60 + 5. 40) nm, Zeta i {7 Ky
( —26.33 +0.24)mV ;19 PBS M40 Kk 1 pi 2



112

A(216.70 £ 5. 30) nm, Zeta Fg i Ry ( —27. 23 +

0.74) mV s 3 H R R , PLGA A0k 52 B 63 v 4o

@ 100 nm

200 nm

J Clin Neurosurg, April 2019, Vol. 16,No. 2

PR, K122 2% 0.9 nm, PDI 3% (0. 071 =+
0.036) F1(0.081 £0.053) ,

A B EGHBIE; C.D- IR EER
1 PEG-PLGA #RHEKe0E SR EMARBEE

2.2 YORMORE GIRMA IR R B @it
I -3 rh ORI B, THER AR ORGSR A A 5
135 PLGA 4K SR (4L 388 (83 £3)% (n =
6) ;1 mg PLGA 4K A7 ik (1.38 £0.02) pg.
2.3 H:3f BDNF L[N (998 K ok 52 S AR i AR &b 22
BRI 2. (RAMERELIAL AR v ) BB E
FLFR, LARHE] AR AR . 455 iR, PLGA fBR7E
IR B A BN, B RS e 1 524 b
PLGA %5t BDNF JL P f2: (s B hinbie, 1 8] J5 Rk
FEEACE G128 d BB IAE] 80% .

2.4 }i3E NSCs WUIE & M Nestin 235 HEHUH Y
NSCs FE%E A7 TC ML T 55 97 3 0 35 7200 b 47 85 5%,
TEAR) B s T WS E] NSCs RERIE BIFA K, 1%
Fr s R | 240 A B A Bk K, Nestin (& H (7]

50 um

50 um

2275 1) J& NSCs Whn e M ¥ 2 255 3 UE
4 d ) NSCs 17 Nestin HT 4 5252 28 S G €8, 1 7 BH
Tk (MAERA W B AOC) o LI 3,

100
90 -
80
70
60 -
50
40 -
30
20 1
10

Cumulative release rate(%)

T T
5 10 15 20 25 30 35 40 45 50
time(d)

2 PEG-PLGA #K{3k# BDNF £ E a5 E AR

50 um 50 pm

50 pm 50 pm

AHESR 2 d INMAERRIEA ; B RESR 4 d INFHABRIBAS; Co 1555 6 d ITIPABRIBAS ; D: DAPLHUIRYL (A ; E: Nestin HTfAZYL (5 F:D Al E 5 ( x200)
3 5 NSCs ISR RRITHRE

2.5 NSCs /e mmpanimis FiEnzas 3 R
54 d 19 NSCs A 10% a4 3G 135 5758, 4ks:
B2 7 d Jm, 48 NSCs Rl Zp Ak Rl 2800 /D 58 i ot 4
L RAT BT, Ko A S B 4R AT TUJL MOG
GFAP gt geta,, fi NSCs -zt AR
A A B A A W S Ot R (T 4) o

2.6 PEG-PLGA-BDNF-NPs % 4l o 25 Fi s 5 1) 5%
i PEG-PLGA-BDNF-NPs 5 NSCs 4£353% 3 d J5,
FH] s WL I, NSCs i ERAE K, T B #h £

BOEASAE KM S . PEO6 R MEE s R,
TR PEG-PLGA #% YL 41 40 g T WLk .90k, hi 28
PEG-PLGA i IAR4] Fl 53 [ XF B4R WLk 4758, &
BT GFP 3 [H () ORI D 7% A NSCs, T BE ik 4k
5 1 (K 5A B), CCK-8 P45l BDNF-NPs
PBS-NPs X 4l it 3 58 19 52 1), 25 5 {7 BDNF-NPs Xif
NSCs 7E55 1 d 3 d B Edbsiss, 7655 5 d il
B 5 HARXS 3456 22 K T 80% ; PBS-NPs 7E25 3 d Shi#%
FEMRIIEAE 265 5 d WoR W I () 50) o



I AP 225 A 7 2019 AR5 16 457 2 4]

A:GFAP HLiRIOEYL AR, o I BUANL ( x200) 5 B:MOG $irfk
YO IANE, DRI BN ( x 100) 5 C:TUJL HLik
PR EIAYE, AHZIE( x200)

B 4 NSCs LA 3 MAMRNERRLLBLERE

Il PBS-NBs

1 4- T BDNF-NPs
1.2
0.8 =
0.64
0.4
[
0- I I I C
1d 3d 5d

Cell viability(%)
5
1

A B LY NSCs ik GFP (RPN, x 100) ;
C:BDNF-NPs £ 1 PBS-NPs 4] NSCs {3451 /1
B 5 % NSCs i) GFP Rik R I&3EIE S

2.7 E:Yu NSCs 1) BDNF & 43k  Western-Blot
i 45 5 5%, 3% BDNF 35K PEG-PLGA-NPs 335
F74H NSCs 7 28 kDa Kb 1] W, — 5 Wi 5547 , K B B
T 25 PEG-PLGA # M4 20 Al 25 (%t BRZH (P <
0.01), 3RH] BDNF %[ - Bt sl D 4« A NSCs, Jf:
REF A HA AW iE R BDNF &1, WK 6,
2.8 #EYuf5 NSCs [ BDNF mRNA 235 RT-PCR
K 2% 5 7, 3050k PEG-PLGA % Yt 20 41 Jifd iy
BDNF mRNA 3% 3k 7K - B &b 8 F 25 11 % B4 =3
PEG-PLGA AL (P <0.05) . B G 4t jfd
£ 4N BDNF mRNA ik, WLE 7.

303 i

ULAFSRATFEUE ] NSCs HA 27 IfiL-iki 57 B hiE 11 Al
i RS Z RO AU AR, T LALEAE BT 40
AT AR AR I 7 B8 R, A Dy 34 as 1 JE 9 24

113
NSCs PBS-NPs BDNF-NPs Marker
BDNF — - — 28 kDa
B-actin — — — 45 kDa
)
2_0— ‘\A/J
3%k
g
2 154
a
B
[a) 1.0
m
o
.2
£ 05
=4
7D\
0 (B)

NSC PBS-NPs BDNF-NPs
A : Western-Blot #:1] BDNF 2 |93 3k ; B:3 414H/if1 ) BDNF 25 [ %35
KR ( * * BDNF-NPs 44 5 PBS-NPs 26 [t #% P <0.01)

6 3 AMAaA) BDNF & HRIAKFLLER

5 . *
s ‘
@ 4
/
o
E=
(=}
£ 4]
(o}
£
5 2
2
(5}
cn
2 1
=
[5}
&~

0_

NSCs PBS-NPs BDNF-NPs

E7 3 4 BDNF mRNA FRikkFHLEE
( *BDNF-NPs 45z A3t RALLE P =0.044)

W RAEFEDIET WIVE . T H FT X NSCs 1 3 A 2%
TREGZ RGBT S NIR IR R AR 2 THE
MR RS . Hoh s 2w g ik A
JENR AN NSCs (13 R EE B ORI, R AR
TE B BN N A K R T b, AR B O B
A —E AT, R T R,

YK ITORL L PR 5 32 AR Ry 3 4 2 JR R R 1) — i
BRSNS R, Z 8 T Ok Z AT A 1Y
Fl, PLCA VEN R AWM A bt Bt 2 — thF
Hon s b 08 B, ORI D), DGR M B
HOREURE 11 T B A BRA B 32 R . PLGA
YORFEH TR AR/, 38 B 7 ik A4, AT
B, A B B R Y RE )1 FLRIA PLGA 44
KR e AN NSCs B8 & e T 2 DI Re LT, 4N
Z AL IR R B Rk bRic 55 I AT i — 20 s AL PR
NSCs B9 B 5 2 AR FRLAE A9 56 e kH R . PEG-
PLGA 54519 PLGA #H Hb ek 3% T 3R /K ME A B2 B 4
P B IR K P B 258 43 (APT) | BE Bl A 0
f3H1E PEG-PLGA gk kb ™)

BDNF =% iy #2870 77 A=, TE s A AU L 7
FH 2, HAERS B 1k b 2 o028 40 AR oo A K e fe



114

M 28 T [R5 2 fish JE 5 R Ao 22388 1 ) A=, I il
R TR T S e AR 2 R GE AR 3 T LA i
RVEP AR SR b il 3 (b 2 p A
Kt sg phzpe g™

AT R FL-I R L A ok
Tk TR X NSCs 2 25 F13 51 52 ) 5 56 87w , 2%
BDNF 4K BR % NSCs 1911 JC B & 5, 256 ¢
J&& BDNF ZKGERAAESS 5 d WA AR X B (R A
FIF R B AR KT 80% o i 7 A K HE B ) NSCs Hh
T Z A BDNF JE A B0k 4 449 K 5k 5% 4% BDNF
FER DG B N MK R, 850k PEG-PLGA
SR YL YRR T WEREA O, %S PLGA R4 F1zs
XTREAAR WaR O, G5 REM, B AL Bk sl
i A\ NSCs, R R iR G (09 8 11, i@ RT-PCR,
Western-Blot #:iM J5 B:31F 3L, 544 A NSCs 1) BDNF %t
R EERS K 2k HA AR YTG P () BDNF 251 .

ZE L TR, AW 5E B )OI 8 AR T KR
NSCs, il £ H 9 4= 28 3% ) PEG-PLGA-BDNF 4§ 3 3%
DRURE ; 5 14 K T %% 2% PEG-PLGA-BDNF-NPs
1, e s B A th 218 2 Ui g i BDNF (1% 51 5 P
NSCs & . 453K LUG I 3% 2% BDNF fy PEG-
PLGA KBk % YL 1) NSCs [ FH 4 28 40 43 1 95
IR, AR I I A i B BRR T AR 2EE T
FEhily; I M E— 20 AR IR NSCs 32 28 5 X i pE
BEYL ST AR 2 2 40 2 2 S B, T80 S B
UG NSCs AURIFFE S AL T JEAH 5256 2040 o

(& % x &)

[1] Imitola J, Raddassi K, Park KI,et al. Directed migration of neural
stem cells to sites of CNS injury by the stromal cell-derived factor
lalpha/CXC chemokine receptor 4 pathway [ J]. Proc Natl Acad
Sci U S A,2004,101:18117.

[2] Cheng Y, Zhang J, Deng L, et al. Intravenously delivered neural
stem cells migrate into ischemic brain, differentiate and improve
functional recovery after transient ischemicstroke in adult rats[J].
Int J Clin Exp Pathol ,2015,8:2928.

[3] Chang DJ, Lee N, Choi C, et al. Therapeutic effect of BDNF-
overexpressing human neural stem cells (HB1. F3. BDNF) in a rodent
model of middle cerebral artery occlusion[ J]. Cell Transplant,2013,
22.1441.

[4] Doeppner TR, Ewert TA,Toenges LA et al. Transduction of neural
precursor cells with TAT-Heat shock protein 70 chaperone:
therapeutic potential against ischemic stroke after intrastriatal and
systemic transplantation[ J]. Stem Cells,2012,30:1297.

[5] Kawashima Y, Yamamoto H, Takeuchi H, et al. Properties of a
peptide containing DL-lactide/glycolide copolymer nanospheres
prepared by novel emulsion solvent diffusion methods[J]. Eur J

Pharm Biopharm,1998 ,45:41.

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

J Clin Neurosurg, April 2019, Vol. 16,No. 2

Csoka I, Eros 1. Stability of multiple emulsions. 1. Determination of
factors influencing multiple drop breakdown [ J]. Int J Pharm,
1997,156.00206.

Muller FJ, Loring JF. Gene therapy: can neural stem cells deliver?
[J]. Nat Rev Neurosci,2006,7 :75.

Wu X,Li Y, Crise B, et al. Transcription start regions in the human
genome are favoredtargets for MLV integration[ J ]. Science 2003,
300.1749.

Schott DH, Cureton DK, Whelan SP,et al. An antiviral role for the
RNA interferencemachinery in Caenorhabditis elegans [ J ]. Proc
Natl Acad Sci U S A,2005,102 :18420.

Morrissey DV, Lockridge JA ,Shaw L, et al. Potent and persistent in
vivo anti-HBV activity of chemically modified siRNAs[J]. Nat
Biotechnol ,2005 ,23 . 1002.

Allen TM, Cullis PR. Drug delivery
mainstream| J ] . Science ,2004,303 :1818.

systems: Entering the

Xiang SD, Selomulya C,Ho J,et al. Delivery of DNA vaccines: an
overview on the useof biodegradable polymeric and magnetic
nanoparticles[ J ]. Wiley Interdiscip Rev Nanomed Nanobiotechnol ,
2010,2:205.

Kumari AK, Yadav SC. Biodegradable polymeric nanoparticles
based drugdelivery systems [ J]. Colloids Surf B Biointerfaces,
2010,75.1.

Li X, Tzeng SY,Liu X, et al. Nanoparticle-mediated transcriptional
modificationenhances neuronal differentiation of human neural stem
cells following transplantation inrat brain[ J ]. Biomaterials, 2016,
84.157.

Gratton SE, Ropp PA |, Pohlhaus PD, et al. The effect of particle
design on cellularinternalization pathways[ J]. Proc Natl Acad Sci
U S A,2008,105:11613.

Wang Z, Zhang R, Wang Z, et al. Bioinspired nanocomplex for
spatiotemporal ofsequential  mRNA
differentiating neural stem cells[ J]. ACS Nano,2014,8 .12386.

imaging expression  in
Shah S, Solanki A, Lee KB. Nanotechnology-based approaches for
guiding neural regeneration[ J]. Acc Chem Res,2016,49.17.
Colzani B, Speranza G, Dorati R, et al. Design of smart GE11-
PLGA/PEG-PLGA blendnanoparticulate platforms for parenteral
administration of hydrophilic macromoleculardrugs: synthesis,
preparation and in vitro/ex vivo characterization[ J |. Int J Pharm,
2016,511.1112.

Almoustafa HA , Alshawsh A, Chik Z. Technical aspects of preparing
PEG-PLGAnanoparticles as carrier for chemotherapeutic agents by
nanoprecipitation method[ J]. IntJ Pharm,2017,533:275.

Blum R, Kafitz KW, Konnerth A. Neurotrophin-evoked depolarization
requires thesodium channel Na(V)1.9. [ J]. Nature ,2002,419.687.
Fouda AY,Alhusban A, Ishrat T, et al. Brain-derived neurotrophic
factor knockdown blocks the angiogenic and protective effects of
angiotensin modulation after experimental stroke [ J ]. Mol
Neurobiol ,2017 ,54 :661.

Eley JG,Mathew P. Preparation and release characteristics of insulin
and insulin-likegrowth factor-one from polymer nanoparticles[ J]. J
Microencapsul ,2007 ,24 .225.

(ks 2018 =12 -09  f&m] 2018 —12 —-31)



