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[HZE] B8 WEMZ T4 (NSCs) B A 44 K T (NGF) 4K SRS X APP/PS1 WU 3
RN BRAT R B Eh 58 fh 38 (SYP) BURE IR, F73k (RN R SRR ML 6 066 1 (EGFP) 3 /U
fiBi Sk I NSCs,24 H 12 A i APP/PS1 XU FER AD /NFUBEHLS> A NSCs BK& NGF 40K ki #5 R 41 ( NSCs+
NGF-NP 40 ) NSCs #4820 (NSCs 41 ) F1 AD XF P41 (AD 40) , 4540 8 H, S5k 8 R [R] A WAk B A /N AR
AT HEZH (WT 4H) . NSCs+NGF-NP 4171 NSCs 2043117 NSCs Bk A NGF 4 AR B A Il NSCs BA4H , HAx W
AT R BERRER LR sV (PBS) TEGT, BAHIRAT A UM 51X, BoAl 4 JUS , R Morris 7K 3K BRI 4 41/
S iRAZ e S 7 S A A A DU RS A AN A 19 3288 5 501K, Western blot 850U SYP R FI/K -, &R &
HNERIERE IR AN 2 ERF0K EGFP BHTE, S 55898 Y6 B R NSCs H: S VEAR &) Nestin FHIE, #2484 JA )5, 7T I
EGFP/RER ) NSCs FEE T i S RS AHFRALAE 1 I 10 EIGIA ¥8 T VR A Bk A, T4k L% B % (DCX)
FH M 2850 MO I 47 4R M 2 1 (GFAP) FHMEE B 20, 3 11] UL NSCs+NGF-NP ZHA7 3G 4l gl i i & | S 3¢
K, 2B DPURLZ , M DR A SEE T SYP K R, WT 41 NSCs 411 NSCs+NGF-NP 1 o SYP
JKF#E AD 2H B B3 55 (P<0.05) ,NSCs+NGF-NP 2H SYP #& 17K F-BH i i35 T NSCs 4H( P<0.05) , H 5 WT #H It
B ESTEHFE X (P>0.05) , KETHIN SR, 5 AD 4 b, WT 41 NSCs 4l NSCs+NGF-NP 4 7 F
5 5 PRS2 B ) 1) B2 258 5 YR B4 1 ( P<0.05) , NSCs+NGF-NP 4 25 1 4 B B OR T NSCs 4 ( P<0.05)
H5 WT 4l , 25 8242 L (P>0.05) , it NSCs BEA NGF 40Kk o B G YT vl REAR R RS HE 40
JLTE AR YA B sy, S T 5 fk , DORTERCEE AD /N 012 T RE .
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[ Abstract] Objective To observe the effect of transplanting neural stem cells (NSCs) and nerve growth
factor (NGF) nanoparticles on hippocampal synaptophysin (SYN) levels in APP/PS1 double-transgenic mice and on
their behavior. Methods NSCs from the brains of transgenic mouse fetuses were cultured in vitro. Twenty-four 12-
month-old male APP/PS1 mice with Alzhaimer’s disease (AD ) were randomly divided into an NSC combined with
NGF transplantation group ( NSCs+NGF-NP group) , an NSC transplantation group ( NSCs group) and an AD control
group (AD group) , each of 8. Another 8 healthy male counterparts formed a normal control group (WT group). The
rats in the NSCs+NGF-NP and NSCs groups had NSCs combined with NGF nanoparticles or NSCs alone injected into
their brains, while the bilateral hippocampi of the other two groups were injected with the same volume of phosphate
buffer. Four weeks later the Morris water maze test was used to quantify the rats’ learning and memory functioning.
The migration and differentiation of the transplanted cells were measured using fluorescence immunohistochemistry,
while the level of synaptophysin protein in the hippocampus was detected using western blotting. Results Neurosph-
eres cultured in vitro showed positive expression of enhanced green fluorescent protein( EGFP) and nestin, which are
specific markers of neural stem cells. Four weeks after the transplantation, cells traced using EGFP had survived and

migrated to the corpus callosum and deep into the hippocampus and dentate gyrus. Transplanted cells had differentia-
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ted into DCX-positive neurons and GFAP-positive glial cells. The samples from the NSCs+NGF-NP group showed a

larger number of viable cells with longer protrusions, and some had crossed the hippocampal granular layer. The aver-

age synaptophysin levels in the WT, NSCs and NSCs+NGF-NP groups were significantly higher than that of the AD

group. The average synaptophysin level of the NSCs+NGF-NP group was significantly higher than in the NSCs group

but not significantly different from the WT group’s average. The Morris water maze results showed that compared with

the AD group the time in the platform quadrant and the platform crossing times increased significantly in the WT,

NSCs and NSCs+NGF-NP groups. The average platform crossing time of the NSCs+NGF-NP group was greater than

that of the NSCs group but not significantly different from the WT group’s average. Conclusion

Injecting NSCs

combined with NGF nanoparticles can promote the survival and maturation of the transplanted cells in vivo, increase

hippocampal synapses, and thus improve learning and memory, at least in AD mice.
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A EIF I GRAE L, IEAE RSN AT (i 05 A k1 4 g o1k
HRRZETE Y ARG R AR SR A S (OB R 1 (en-
hanced green fluorescent protein , EGFP ) 715 5 i) NSCs Ik
A NGF G RO, WLEE NSCs SER M, BTER
BIEHXT AD BUAT R 2% B it B 58 fit 2 ( synaptophysin,
SYP) 2, g AD B AR TR 2%

MRS 7%
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LSER s . 5 H i HEYE APP/PST # 3L AD /)
Bl 24 H (S5 30 A #6IES 44007200038817) , H )
KBTS oA SPF 4R 5 E 12 ;[ A
B T B A= /N B (willd type, WT) 8 L HH T M H R 24
KEFSL 0 B ) b oL 42 4 (F T IE 5 SCXK - 2013-
0034) ;] ¥z ik EGFP (1) C57TBL /6-55 KK /NEL (3
SOV H R K2R AR B 2 F 9 e (IF P HIE S
SCXK 75 2015-0001 ) , W[5 J5 32 i 7 A, 5256 v for ek
Y NSCs 2K 022 12.5~14.5 d I B

25056 FEIRF) . D-Hanks 47 $h 75 W 40 05 1k

fiti ( Accutase) \B27 s i) At [k B 35 5% 5 ( Dulbec-
co’s modified Eagle medium, DMEM/F12)  fh £ FLhli 5%
F74& (Neurobasal , Gibco A Fl) | -4% 5 2 ¥ 1 ( Sigma
ST 5 Bl AR AT 4E A AR K T (basic fibroblast
growth factor, bFGF ) | & J¢ 2 < [ (epidermal growth
factor, EGF) NGF i PeproTech 7 243t ; H Fedsf v i)
ROTPE-RIAME LR RS Y (MePEG-PLGA )
ISTEA DR BRA Fl St 5 LM (Sigma A H]) |
TR AT R (A A Al /N BT S 2R T ((Nes-
tin) PUAAR /N BRI 0 41 4k 12 1 25 1 (glial fibrillary a-
cidic portein, GFAP ) $L4& ( Abcam A F] ) ; S BT X i
Z (doublecortin, DCX) LA S Bt SYP HLiA (CST 2>
Al ) BRI E ALY ( Horseradish peroxidase , HRP ) B
LY % 1gG ( Affinity Bioscience 23 H]) EH/NE IgG-
Alexa Fluor 568 ' HT 7 IgG-Alexa Fluor 594 ( Thermo
Fisher 2y H])

— W

1. NGF g4 KA il % . 2 BRI AL LA b 5 e Oy
%1 Ll MePEG-PLGA 124 25 ¥ 4K , 4 il i 11 28 1
(bovine serum albumin, BSA ) ¥#¢ & °A7 200 mg/ml 5K &
TE-RILR R O FERRIL R Y (poly ethyleneglycol-poly
lactic-co-glycolic acid,PEG-PLGA )} 180 mg/ml R 2
7 ( polyvinyl alcohol, PVA) A 3% ; # 75 B [H] 7 min,
K AL 50 pL, NGF 5 pg., 4 NGF 44K ki
(nerve growth factor - nanoparticles, NGF-NP ) , 334 %
A 312.5 nm, SMBAEEL 0.221, KiAR 5 A 2 Ll il 28
BTG 4 CIREET R is .

2.NSCs P 5% K 2 HA212.5~14.5d
1) EGFP e3P /N B Wr SAb B, 75% 5 45 T8 5 5 I
Jift B, ¥ D-Hanks ~F-# 5 %5 1 HIBCHE iR Bk A 540
ik 15 R i 4 R 5 5 i 2 25 e AU R IR R
FWATZPAIRAS T LA 2L 28 200 H JC i 8 M 1
JE B0 5 min YA (1000 r/min, B5.02F4210 em) ,



P AR P A4 5 A 4 2020 4F 8 A5 42 555 8 ] Chin J Phys Med Rehabil, August 2020, Vol. 42, No.8 + 675 -

DMEM/F12 £ 38 WG TE 1 Wk, & L35 A NSCs ¥ 55
K773 (DMEM/F12 LAtk 35 37 W +2% B27+20 ng/ml
EGF+20 ng/ml bFGF+1% 7 -85 8 R IF W) H, 1A
ANIEH E A 1x10°/ml, i A BB 32309, LA 37 <C
5%CO, ¥EFfA ISR, MR AERRE 2~3 4k
IR ,5~6 d AR, AR BUR IE y P1 P2 AR,
I P2 AR ERIEAT NSCs Fr 57 PEAR 4 Nestin Yo h,
HARBAEITR

P2 Rk B LR M T 2 R E R
24 fLAR P, PR BRI BE A [E1 1T Nestin Yo a4
[ 5% 73 B 2L W R R 2% WP ( phosphate buffer, PBS) 15 1t
J& 4% 22 B W RV W 25 R 11 22 15 min, A5 R W] 41
LY R e e g o (BRI B2 BRAN ), — 3T /N R BT
Nestin U4, 4", 6- 7 ok He-2- 28 FL 5[ (47 6-diamidino-
2-phenylindole , DAPI);{%@ 15 mln,/%()ﬁ'ﬁﬁ%%ﬁﬁ@%
AR,

3L W 4 M NSCs B 4H: 24 H 12 7 #8 i 1
APP/PS1 W% JE K AD /N B3 B BIL 0 = vk o0 R
NSCs ¥k & NGF 44 KR # A 2H ( NSCs+NGF-NP 41) |
NSCs #Hi4H (NSCs 2H) 1 AD %t HB2H (AD 4H) , 44H 8
H 55 8 LR i e B A= AU /N BRVE Ay e B o R 24
(WT ), P2 fRINZERZ: Accutase BEIH 1L A 20 fif
Ja  EE—l, o 2 B, — & PBS AN, 5 —
4 H] PBS IR NGF 40 K b 2 (2 NGF 44
Kok B IR BE 50 ng/ml) EAEANML . 0.4% 5 By i i 1
BE N AR IR NI A 1% 107/l NSCs 4 1
NSCs+NGF-NP 443 I A 5 wl B E AL B A9 NSCs &
T NGF 4K ki B Y NSCs &3, AD 4181 WT 2143
S ST Y PBS s B AR B A ST S5 X AR /)N B
i N7 AR AL L KU TR S5 457 55 A AT XIS 2.06 mm, 55
FF 1.85 mm , HEEFEREE R 2.50 mm, F-ARJF 97N BT
TSR, B RHEEYOK,

4. Morris 7K 2B A 24 2] 212 D1 6E . T 40 e 5 A
4 JEJE K1 Morris 7K 2 B XF 8% 26/ g 4724 2 1012
hEe e, BT F Morris 7K 3K B S H A 120 em . &
50 em P EIE K, KR PRFFTE (2242) °C it /K TH T
25 1.5 em WA B EEFG , K s 6 4 S HE R
SR, 4 DGBRNEA AN FETE R E Y, R4 R 5T
A0 /N TR AS K M N B s A T

SENIIUAT LR DI 5 d, A H/N R 43 AR TR]
1) 5 IS T ) b B A K, R 43 BT 344 T 26 12 3/ BRUEE
60 s WIYIBITHLIR , A /NEUFE 60 s PR 2 BR 78 7K
TS FFETF G =2 s, WSRRF 147 60 s N
KRILEPEG, WPE/NRIE S| V- 5158 10 s, 5 Bh H
725 R, SR bk v AR 0 S 60 s, B H/NER
BER A BB AR R 4 G B bkt v AR 309 04 - 204

AR R LI ETE 5 d BIE N T I 0045 3 Fifi
RIS 5, 767 6 X G2 B /N B [l BE AK , iE
S/NEUIE 60 s P ZEERT- 15 BB LA B AE B ARG B (R
5 TSR B ) 15 Sl s ]

SAREEDOCH ALYt . T AN R RN 4 4T M 2F
K2 J5 , R 4 FUNRL, X452/ RO S R4 T 60 0%
PRI, /NERZ 19 IR B FE - BRRIBE I, S A A B
ERAHET: 5 TS 4% 1) 22 5 VR 7 [ 2, 7Sk B
T K I L 2VE T 4% 1Y 22 I BSOS 852 (4 ¢,
W) RIG  BIAE 10% 20% 30% (R ERH VS W Hh A i
Wik, FEcAEY] AR BE (optimal cutting temperature
OCT) A 35 51 A 34 i 20 2 A 11 S el R Yl |, A
J& 30 wm, A SR 206 T i 7 i A T e e o a4k
gufn . HAAEAEWMT,

PBS %t 3 ¥X (5 min/¥X),0.3% Triton X-100 = &
EE 15 min, PBS ¥ 3 ¥ (5 min/IK) ;5% ) BSA %
M 2 h, W3 BSA J5 ELE A GFAP 1 DCX —$1 T.
YEW(1 = 300) FTFhRic I R 40 i FAf 220, 4 CHFH
IS8, U H B Z AR 30 min, PBS ¥ 3 X (10 min/
W) IMAR R ZE e Bt TAEW (1 2 500) , =G H
1.5 h(Ja2eE TRt ) , PBS % 3 (10 min/¥K) |, I
RN e R B BRI (B DAPL) |, & R 5 RE RS
LT MR, St A N AR

6. Western Blot 25 AR . TR0 4 AT M
SEREIN 2 05 AR A 4 FUINER SIHE B F R AR BE /N R,
PR S B | 43 20 5 IR RS R A, il A Al
BEAWRE , AL RS, A7 T-80 C kA4
FH o QO 2N W B iz 6 Jse v Tk ——F2 BEC )y i 1) 10%
Ay TSI 5% e 4 W, 45 28 BUA5E 2 B 11 RE A A HL Tk
Rk 4 I RE AL, 80 V HL K 120 min Z2 47 ; Q%%
[E—— 8 (BT PVDF 1,276 mA 18 37, 75
100 min ; @FE N ——5% TS ks B0 1~2 h, F
THVEE A SYP —HT TAEWR ,4 CHEIRM & 1% I H
VRIS A HRP Hite —9i, EIRFE | h, Yol 3 K
(10 min/IR) ; Db 852 MR —I% PVDF JE4%H 7
Mo ylmi b, mA BRR (RESH) BRA
GeneGnome Ji{ 1553 R GuA il 85 FH 45717 o

= Gtk

i SPSS 16.0 WGt it A4f %t B A5 Bl i 17 48 11
ST AL B 28 TE S R 22 SRR, PR E ]
FLAR ST REAS ¢ K 56, 22 4 Y5 850 1) L 458 R FH B
BT, I Y B E 22 (745 ) 2/, P<0.05
INNZEFAGITFE X,

# X

— EGFP [AE NSCs B4 55155 J S8 8
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RSN B R SR 9263k EGFP (9 NSCs, 5535 2 d i),
A D AN O A A B B PEAE RS SRR P 3 d B, BF
(20 B A B G 22 A8 K55~ 6 d I BRI 1 40 i [
2, LSRRG, et ai , 20 it A1 3 6l T Il BH S 1) 4
ViR 2, 56 B e T WSS S 4l ffg A1 72 R ik 1
R R A, L P2 AR BRIEAT NSCs FR 5 1 iC
Nestin Jef, | 1] UL 28 BR 3% 35 Nestin FHPE (£0€2) il
EGFP [HYE (&) Kl 1 iR,

o B AL R IRSMNE SRR P28k, ik EGFP BHE (&) A
A2 IRPZ R F K Nestin FHPE (Z040) ;8 A3 78 EGFP (44 {6) 5
Nestin( 2168 fil & K15 5 18] A4 7R 4AMEA% DAPT( 85 (1) +EGFP ( 4%
@,)+Nestin(él@)§ﬂ/ﬁ‘|z§”%; Hﬁﬁﬂﬁ(svﬂle bar)= 100 pm

B 1 NSCs B35 3% & T 4 M5k Nestin %852 (e e e Yt
f4,,x200)

— EGFP A% NSCs 7£ AD BUIK N HIAE 1% ST 7%
otk

oAt 4 JHJ, A7 WL EGFP PHME NSCs 773% , 7)1z
TEA IR TRER I T Ktk tR (v I T R S W
U S YR R DG AR TET 328, I A L 400 1] 66 JES S A 2 %
AR AR AT 4346 N GFAP BHM: i 5 40 i ( 181 2B, i 3k
FrR) A1 DCX FHPEM 20 (K] 2C, #isk Frn) , NSCs+
NGF-NP 20 i 40 i /715 Kk NSCs 4 (F 2) , HAlif
TERBCNES:, B R KR, 5 2 Pk 2
AN B A 5 22 2 0L Rl 32 0T 41 B TE 2S5 19 NSC,
NSCs 41 Fil NSCs+NGF-NP 21 F% i 40 I 75 14 Y (19 4H %
FEEECNE 3 Fis

= NSCs B 3% NGF 40Kk LA X APP/PS1 ¥
LR AT Ry 24 52 )

LB A ALAT SE I 2% 2 /N B 0k st v AR I A7 32 ¥
grimia s Y5 5 KRIE, WT 20 NSCs 41 1 NSCs +
NGF-NP 4111 3k 75 (R 2 B 3540 F AD 41, 2 7 A 450
5 X (P<0.05) , K 4 B,

NSCs# NSCs+NGF-NP#A

B A RS AE A 1 A TG BGE RS O R B AR AL RS
FEAN M 534k h GFAP BHH: B o 41 i 155 0 ( & Sk Jr 7R A EGFP BH
+GFAP [HTE) s C /R B AE 40 i 431k >0 DCX FRME B 22 T 1%
B (Fi3k Fi7R A EGFP BHM+DCX B ) 5 LR A 200 wm; &
a 7S b AR IFIRAR ¢ 7RI B2 BT, d 7 IR T e 7 143 R T
2 Rk B2

B 2 EGFP FEAH 40 il ( & €0 ) 76 1 P9 B A7 08 S i 8 o 1k
(HIEDIEYea,x100)

0.8 =

o
-3
1

EGFPF M 48 B HART 77 35 4
;‘Z
1

o
o
1

0 4 T
NSCs#H NSCs+NGF-NP#A
. 5 NSCs 41 H#,* P<0.05
3 %M 4 J5 NSCs 41H1 NSCs+NGF-NP £ Y EGFP B[4 40
JLAE X A L AL
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B4 440N D L
2. 25 [ BRR LG . AD 2/ BUTFIK B2 R BN
ML, HAy 3 R AR AR XS SE v A 5 TR

NSCs+NGF-NP4A

P

B 5 o5 RERERRER 4L Bk s 7

WT 4 NSCs F& 4 20 1 NSCs+NGF-NP 41 /)N FL 1)
TSR B 5 2 T AD 41 (P<0.05) ; NSCs +
NGF-NP ZH /) B2 MOF- 5 i BUIR BH B 22 T NSCs #H
(P<0.05) ,H5 WT Al th#:, 2R LSl E L (P>
0.05) .

ab

)
E b
o I
by —
2 a
R ——

T T

NSCs+
WTH AD#H NSCs#4 NGF-NP#

1. 5 NSCs 4 H#:,*P<0.05 ;5 AD #H i, *P<0.05
B 6 HA/NREET 5 REL

P4 NSCs B NGF GKRKIALAEXT SYP Y51

AU SYP E A R, 12 A # Ay APP/
PS1 #5354 AD BV 5 b SYP /K S B B X ( P<
0.05) ;NSCs FHH J NSCs A NGF-NP A RE L e
HEE L SYP (9335, NSCs+NGF-NP 41 SYP & /K F
BT NSC 4H (P<0.05) , HS5 WT 4 Ib#, 273
GiiteEE X (P>0.05) . HEWE T,

SYP -38 kD
e
NSCs+
WT AD NSC
4 4 B NGF.NP4
15 -
ab
|
K
" b
.‘k_(’ pr——
z
a
%)
[
>
w2
1
NSCs+
WT AD NSC
4 4 B NGF.NP4

1.5 NSC 41 4%, 2 P<0.05; 5 AD 41 148, P<0.05
B7 K4/NEIESX SYP EAKA

i

FHRGETE H, AD BLRLE AR 14 H 85 5 Ml 00 i U
ARG e A AR S BT AR OO R PN AN g 3 B
NGF A fie i NSCs #4531k S 3% AD 2= > ic 12 B
F17°0 )NGF-NP RSN BAT KA 0 A= 24 16 v, ml iR b
S PC12 A Moo i ™, A5 R H
NSCs Bt A NGF GKRIFE A, MELEL & B h NSCs 1T
KAk amis , UL s AD B S SYP B H 52 il
12 RE TR

ARG, B BAIG)T 4 A5, EGFP BH¥E NSCs
FRERGFOTEN, AN NSCs BEMSTEIG , | 2T/
FI 7 5, DGR AR 5 | T 5 P R ) 78 Atk e iR
W2 ML (HIF A WL B R LR AT, /R T8
IR P4l ) NSCs, 18 & NSCs B S NGF 4Kkt ,
FEBEAG X LIPS i IR0 R b 28T 1 25 2 7= A B IR 40
JORACAER . (EARBESE o, NSCs B6 A NGF 44K ki F%
L LH AN AAT 15 BB NSCs M4l o 22, g 45 b
F 0, 5 A R A UKL 2 A0 20 i T 25 2 01T R i
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BAIMIEAS , B — K ORI i e T N R 2 1
Hg A LR B 22 2R 4UR M it AFEAT
SCRRFRIE , PNV B AR NSCs FOFE 16 AL Z AD
oG P4 9 B B B B A B 0 AR 9 P, NSCs BE A
NGF 44 K hr #% #, 7T GE 38 13 44 K ki 2% 12 B il NGF,
NGF # 2 fil A vty 5 M, W6 A 755 i3 A& ot i, T
XF R AT A f & #4737 RN OR3P VR T, 412 14 R A 440 i 2 g
FAESE, HAN, NGF if n] 68 ph 2 B2 A8 40 i 10 R
55 WS AE AN S 2 5 b AR R

T T 2 fio P 08 4 B 35 S i i LA R o 22 8 1) 25 2%
5 AD BEFICIZRE I3 UM G, SYP J&—Fh 5 58 fi
AT S 2 DA O R 5% fi 48 o 25 1, SYP 366 PR B /N
SR AT A2, BoReE TR G FCAZ R Y AW
LN, PR NGF 25 U145 il B K 5t AR ik 5E 28 i %% B
i H e A RSS! NGF figfie ¥E AD BRI fl2 230
TZRE IR RN Ty N S i s A MR T
Rl 4 JJG R W RN RS HE NSCs B 42 4h 75 5L IS Aiy v 41
MFSe ABAT R A AT & B, NSCs B- A NGF 40K ki fe
Fi2E 2012 68 J1 A T 8l NSCs B fl, Ik, 17
RGN A GG T 45 21 /0N BB 5 SYP K
FIFERE I, 4551 WoR, AD ¥ L B SYP 85 /K F
AR, NSCs T4H LL Kz NSCs 4 NGF 40K ki B 4t nf LA
WER L SYP K, HECG NGF 490Kk
FEASCSR B AT T ER 2 NSC Bt , Ui .S 4 NGF
YK 2H W] g i 18 BRI NGF , B4 N R NGF 1)
LB R AR 7 (T E2 DT o O (1 (s ALY LS aa R0
A3 J B R e AR R N A TG AD B
INFIIRE

25 LT, >R H EGFP BHE NSCs HELA XU
FEHENY NSCs BEWS 771 | 1B F5 IF 401k #2850 K I I
Y, FANRE B AN T HL IR B AN H AR RE #h 28T IR 2 K
NSCs Hk& NGF 99K bi # M v] figid i NGF 44 Kk 2212
P NGF i HEREHE NSCs £73 5 i, 178 1M 28 fff A 245
b7, s AD /NREE S ICIZ I,
R DR PR R K IR B I 255 A o 5 5 S
RIS R AR 18 S0 PSR 4 38 R, 0T SO 8 e o g
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