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Abstract: Objective To investigate the role of cell-derived microparticles (MPs) in the differentiation of mesenchymal stem cells
(MSCs) into neural stem cells. Methods MPs were isolated from human cerebrospinal fluid and primary MSCs were isolated from
mouse bone marrow. After subculture, neural differentiation of MSCs was induced in a specialized medium with the presence of MPs.
The number and length of cell processes were observed, and Western blot was used to measure the change in the expression of neuron-
specific proteins. Results Compared with the neural induction medium group, the neural induction medium + MPs group had signifi-
cantly longer cell processes (5.7 £1.2 mm vs 2.2 £0.4 mm, P <0.01) and a significantly higher number of cell processes (178.2 +
32 vs 94 +12, P<0.01). The neural induction medium + MPs group had significantly higher expression of NSE, Nestin, and MAP-2
than the neural induction medium group (P <0.01). Conclusions MPs in cerebrospinal fluid can effectively promote the differentia-
tion of MSCs into neural stem cells, which may provide new thoughts for stem cell transplantation in the treatment of neurological de-
fects.

Key words: mesenchymal stem cell; neural differentiation; cell-derived microparticle; cerebrospinal fluid

200 M 9 A U AN M TE TS L SR B0 T R miRNA) | 3R] E S 40 1) 5 A AR X S A )
22 28 O AR R — 2 AR A T 100 ~ 1000 nm 3 1% 366 25 52 MR A0 I, 76 1F 22 2 B B 275 7 b 5
(OF VL SRS (R T iRTE SR LRIl U N ok /R =N (o =R N R (I R 1 I i )
AEPE A A5 22y 1 (AR 5t 2K H i DNA \mRNA (‘mesenchymal stem cells, MSCs ) > #i 19 fil 4 ¥ 7] 1]

ESIE 97 A BRI R (1y2015016)

e HEA:2017 - 12 - 21; /& E B §:2018 04 - 18

TEE R £V (1988 - ) , L (EREEEIT .

BASEE JEMUL(1964 - ) 3 Bt FATERIN, 2 ZENFN M E AT TAE . E-mail :31619461xj@ 163. com,,

- 293 -



Journal of International Neurology and Neurosurgery 2018 ,45(3)

THABHGBEE, KA, L2 EMEH
M 42 o B SEIE 2, IR A R A R K Y T e
LT AR I ST AR ST T 3 % I FE 5 T 40
TR A5 3 43 Ak R i 28 IR 48 L 1 52 T

1 #R5ERE

1.1 #Efig&

DMEM 3% 3% 3t | Jifi 4 1L 3 ( FBS ) | iR £k 2% v
W(PBS) Mot (HFHR + #EHR) MKED M
( Hyclone, 2 [ ); GAPDH — #i; CD34 CD45 .
CD29 .CD90 ,NSE  Nestin il MAP-2 — ¥ ( Sigma , 2
) 5 20 ffg 55 3= FE A ( NEST)

1.2 RERMEANSBESSL

AW BER 2016 4F 1 J 1 HZ 2016 4F 12 J]
31 H UL T 74 R B RE R 2 W B B pf 22 B B8 20
Bl . AWEFRAT G0 E R, BEH KA R
B WERHLABES oL N F R FHBEELOE
H,4°C & F,1550 g B0 20 min, 5.0 2 K, B
L A AR E 3 A5 0 TS T PBS R R LT W
4°C &4 F 50000 g B .0 60 min, S 150 pL LH
PBS 8 BT IE , B AR A5 i VR ok 2 9
1.3 ZELHE S (DLS) K18

KU E T AH PBS R E S E M WE, H
Nano-ZS ZEN 3600 %! 5fj 25 5t # 5 4% 43 #r ok K &
RiAZ
1.4 RMBEEEESRLE
BC10 pl 2 i PBS T B W I T B S 4 5
M b, =R E S min, U8 AW T 4R B 5 6 4 R T
1% B E5 TR 2 Yo W e £8, 3 min J5 I8 4K W T WRIK,
B 8K B i K9 5K 4 B T Hitachi HT7700 %Y 3% 5t
LIRS DU S (E BB 41 € R TR S N N
1.5 BRERRTHARS S

¥ BALB/ C 4l 2 /N2 SR AL, F DL 75 % LR
WS min FEBRBGE . 208 R &R,
TE 2 AR B K 0 3 B F 0L o 25 B iR R UL A 4H
20, 5 K AL i A ZE P90 P00 A oG, 10 ml g
ar (ML 4.5 S5 k) M GE & % 10% FBS Y58 4
Bar s oh e m dE s B REh AR SR . IR T
TR 4.5 5B Sk SO AT B E A i R, T
AR B R R . 20 B AE 1000 tpm B 0> 5 min
Je WA A0 B AT B R R R 0 o K B AN R R
T2 mE) E 1. 082 [ E Percoll 41 il 43 25 W
B0 H,4C KM, & 500 g % FEH B .O
25 min, /NGO AR B0 IR T B L AR SR 0

A2, 0 A A5 5 TG I B 7 ik S 43 TR (500 ¢
B0 S min)2 K, E BiE, H 10% FBS 1y 85 57 5k &
T A0 M (0. 83 % S A i A0 W 21 40 0, 1% 77 MR
AiH) o BN AR, KB 106 x 107 /ml L) -5 B
PEATIEAR B 3%, 45 5 x 10°/ml ¥ i 45 B F 55 35 R
Hh, B A S ml L-DMEM 58 4 B 38 W) . 76 1A B
B 5% 1y CO, M 3TCHKM T IELHIR,3 d 5k
WEBRAEMGEEANAE, UG43 ~4 d B E MM 1K,
10 ~12 d 40 i 5 90% fl & £ W £ 40, 0. 25% Jik
AL AT, 45 2 x 10°/ml ~ 5 x 10°/ml % J& 7§ %
FRAL AR T OB B 15 FR 0 R o 2 A0 AR KT RS
JEB, RIAS 3 B B MSCs o AS 256 ] A9 MSCs 2 2y
3 ~5 ) MSCs,
1.6 EHERRTHEHENERE

B 3 04 KRS R UF Yy MSCs, 0. 25% Jigs fify
IHAL 40 g, 4°C % .0 (1000 pm, 5 min) , PBS (&
1% BSA) 3§ ¥k 3 W, 85 4 i 73 0 B4, 448 Ko
A B TLEHL A CD29 .CD90 .CD34 F11 CD45 | [A] i} 43
BT A BB IR BB IE A 30 min, FE ] PBS
VR 3 WK, L5 300 wl PBS B4, 2 40 g
ASCHSE I 43 A bR 0 TR Rk .
1.7 BEHERRTHBEMN LTSN

B A KORAS R IF A9 MSCs 4 R 7E 24 FLAH , 24
I Fl 5 BEIR B T0% ~80% , 4 4i il 3 Sy Xf B4
(e B 7R 2k ) RIS S0 20 o S 2 P o A B 22 A i
BERFIE (A 0.5 pmol/L 4z i 4 H B A1
20 ug/mL (5 FRAE) AE ] 24 b JE W M B R O
PBS ¥ 3 . Horp SE 4] 3 0 A - b 2 W 5
FH(MAMMIE TR IRE) MM ENH(FHE
W 40 pg/mL 30 %29 /9 M2 0 O 5 B R
AL B A e TR B Bl 5% 19 CO, A1 37C S
PER L IR, 6 B T 08, JF LA Tmage J
BAGTa EBH K
1.8 #HMAETHEWETE

Y B 9 I 1% A western blot 32 4 I #h 22 % 5 Fr
o 20 1 22 JC 4 S MEAR S W B 1 (nestin) | 1 28
JC F5 5 M 45 5 Ak B ( neuron specific enolase , NSE ) Al
PO AH 5 25 [ -2 ( microtuble - associated protein , MAP-
2) &KL,
1.9 mAAmR

] 4 Jf B i A CD34 | CD45 | CD29 Al
CDOO FIEREHLMAR (1:100) , E I FEF 30 min; &
DZBLZAPUA)G L PBS B M ; A5 —Fi A

- 294 .



[l P 4t 228 95 = M 22 A1 Bk 2% A AR

2018 4F 545 % 3 W

JE& XN et ARl —Ht (1:200),37 °C I H
30 min, PBS PEi% 5 min x 2 ¥ ; L 400 pL PBS & &
i, gt X 2 A AR I
1.10 FHitZEHH

B A S5 ¥ 2 /0 A U, P A S 0 00 SR
GraphPad Prism 6. 0 % 4 i 17 4¢ 31 73 #r JF il &1 5 &
g R P S + A5 #fE 2R (Mean + SEM ) Sk £
No WHZIBIRM ¢ Kl ; =4 K =4H P FRAH
K2 U7 22 73 B (( One-way-ANOVA ) ; 22 57 B 2% £ 1Y
K 56 K SEh P <0.05,

A B
1500 ¢

A 20 min, 4°C
16,500 g

R 20 min, 4°C
50,000 g

* 70 min, 4°C.

Bl AR fied s s
;B AR M EA SR E;C A RMER LT 4425 H;D.:DLS A

EAEARMERy BT
ERABRBEBKRSER,

2.2 BHEERTHAMIEFMERE

4385 /0N BRCE B TR 7 5T T 4 M, S 3 B T W
£, 0] DL 24 h 5 B BE AR B OR B B A% A
0 B AR, A Y DA 2% AN U BE A IR BB AR . B
7836 h ~48 h J5 0 BE R 5AZ 40 ML X H TR 1 2,
BIRETRERTE . L AA)G , 40 M H 0 R, 240 i
B RISk - B 40 M (18 2A S5 5R &2

| ’ ’I
1y i\ |
J[Q\\ ‘“ ‘\ S\ !

J /;\\ DBN \K\\ W

/1
f // l’ l” // \\{) \.u

2 HBR
2.1 MERMEONSBEMNEE

2 T 0 5 WO AR A e, B T PBS
BT, 2 B T S B UL B RUZ A R (K
TA), R/N{E B & 100 ~ 1000 nm, H H 450 ~
550 nm (Y BUZ LS e 2 (& 1B) o 3 240 e 23 A
(E1C) Mg &6t 4 28 (B 1D) R, B0 5
5 (0 UL HERL AR 23 A Y B2 T 100 ~ 1000 nm, £F 45
Dol S8 30 PR RE AR 0 A1, 2% AR BT 5 0 B T 45 9 D05 R
i A 9o 20 9

D

60
485 + 100 nm

LAl (%)
=

553
(=]

100200 300 400 500 600 700 800 900 1000

Az (nm)
5% %

S A0 W BE A P A ) o U 2K 40 MRS ) L RE 4
Jifl 3% I 4% & # CD34 _CD45  CD29 1 CD9O, 45 % %
P, WG OBE 40 M 26 35 CD29 (96. 7% ) F CD9O
(99.2% ), T JLF A F i35 CD34 (0. 2% ) F1 CD45
(0.1% ) (B 2B) o LA 255 Bow, 15 i 0 B 20 iy
Sy B () 70 5T T 200 i

CD34 CD45

0.2% 800 0.1%
— 600
=

£ 400
“ 200

0 10° 10° 10° 10°
CD90

L B IR
0 10 10° 10* 10°
CD29

96.7% 99.2%

Count
L NOYI00
OOOOSSDS

OSSESESSSSS

Ty

10° 10° 10* 10° 0 10 10° 10* 10°

BA AR T mie g

2
ELALHE ZRNA ﬁ)ﬁ’rm@ﬂﬁ@#vﬂu%&B:méxémawﬁymr 1) 7 R T fm Re ki AR E M R A

- 295 -



Journal of International Neurology and Neurosurgery 2018 ,45(3)

2.3 BHEATRTHBEHBEZHSLFS

LM S WA 5 d J5 , MSCs B 25 3% i
WS, 2 A AR R SR S O B 2 A ) Y
JETFE il 10 d A1 15 d B, 40 2 B BLIR G s
W, IF 5 0GR 4 KA E. AL
(0.4 mm x0.4 mm) , 54 225 T K 4 40 g 58
KEN2.2+0.4)mm, ZERNE (94 £12) 14,
T A 28 Pt 222 35 5 TR0 s 6 Rl 48 Y0 755 1) 400 M b 4
MWREFK(5.7«1.2)mm, A HWHE £ (178.2 +
32), ZFAEAESIFEE (P <0.01), WK 3,

KAy A6 18] 70 0T 40 M AN 2% 38 & oT S 1
WY, M &P WIS 5, AT western blot 7]
iz I ) NSE | Nestin F1 MAP-2 5 [ 4 3 35 , #H Xf K
EET M MN0.8+0.06.0.71 £0.05 fi10.74 +
0.03( 5 4A K 4B) . HEZEMZ, ALK 40
e/ mL (1 1 5 VR B 3 S, TR) S R T 40 i 48t &
%S5 AN g F NSE | Nestin F1 MAP-2 3% 3K 7K - ik
— B M K EEAE 2y 3 0.91 £0.07 (1. 12
+0.06 F11.24 +0.04 , B 8 & T EWIH T4,
ZRAAGEITFEL(P<0.01) (K 4A & 4B),
DL b g5 SO B i Tk 0 9 T i 3 1) S 5 T 4 e
I 1t 25 40 i 43 4K o

B3 MART@RAEZEFEO@ENS
E:A B Coxrm@as5d.10d.15d;D . E F. 42§
&5 d. 10 d 15 d;G . H I Eaa5 d 10 d,
15d,

3 TiE

6 G0 15 2 7 B IR M 2 5, 0 AR i &
F YR AT PRSI (M 4 A% s A 0 A8 5 0 A5 ) B AR
Mg R G5 (i A5 0 R A BE B ) o L AR
ok, A5 R G i N (] 75 5% 408 AE P T 40 i

A B

i z
=
IR IRBE
2 R =2 &
S 5 5 L
% o
4 | A
ORI EE R
2 R B
S o =5 L
AR R IE
s = = =
:

B D B
4;@@ @3&&.&%@}\
ﬁﬂ“ &

R B B B
SV S ¥
¢ %@% R

S
4 8 KR T mfAb 2% 3 )5 K& NSE Nestin = MAP-2
S

7E : A:western blot #- | 8] &, Jit -F 48 ieL4% 2 i 5 )5 NSE  Nestin
Fo MAP-2 &4 % ik 7K F ; B: western blot A8 3 & FEAL, * K A%
ZiF SR A 04 NSE Z ik K-P s P <0.01; x =
HAh %k F &k 4 Fo % V20 Nestin 2 MAP-2 % 35 K- 1t
#,P<0.01,

LR BF RIS T4 ANERAE" ., HEEH
W58 B, 1 22 1 40 A% A 22 8 4 0 X0 T
A0 w2 T A L B 5 A0 M % b 5 o A i
M A A T S O R R T e G A T T
AR s g FUgsEsh R . HAT, BLA R4 T A
i 73 A Dy R 1) 1) 7S T T A0 N A i 2 A L A
FUR AN ORI . Pl A B, B b 22 T A
SEARTE— A AF R AT LR A o M 2250 L 2B IR 4R
I B /A0 % SR 400 L 5 1 S A £ B T A
FE T3 200 i R 2 T A 40 R A T i 4 2 4t 4 3
9 5 56k I K 19 25 441 A A U X RE AR TR N AT BE L 5
Ji R A0 4 e M 2 T REAB A .

A7 2 0 R B AT 23 B R SR BE IR I, B K
S BRAR 22 TU AT LA 00 0 M 30 o MR 0 M R 28 I TR
200 10 AT LA I8 e B 3 Ok S B BT B B R A S Y
o T LA b 28 T B TR R RS LR AL
M5 518 3 RS0 e S AL R R B o 40 i ok
TR A T AT LA a1 A 22 O R T A0 M Y b
B 5 e e 5% Mk 2 T O b R 2RI RN A 22 G AF
T a A B R R S5 A M 1YY o ¥ T R 2
Wi 2 0 (9 A 16, I8 J5 240 1 T L9 o At o 222 15 o
240 1 1) 22 A W AR L, 0 R R TS RAE BN
I H 280 B 5 s M . L5 BT BT e
HRK 22 2R G PN F M 0 R R 5 AR S 2 T
R B AW R T HEE

BB IR) 78 5T T 40 e A 2 4 A AR R S
O3 i — SE 20 0 X R A A G H BARBL A
et I o AR T ] UK, AT A 1 20 i
e £ B AL 3 J7 s B R P AR RN T VA I 1



[ B b 225 2 22 40 B 2 i

2018 4F  #H45 % 3 W

/N G35 HE 0 305 Pk 0 Jo 14 2 WA RIVRE o 53 8k, 40 Y
Z 1] AT 3 e 266 B S B B ST JE P RO S AL 3
AR R o FoB B ST R W, B T RE R A0 i 2 1)
e S E s B R Bk, SR, WA
HR R ol 9 X 18] 70 5 40 1A R 2 i e A i
EHZESPRAEE

AT R A B, I I I T A e o R
i 16a) 70 Joi = 4 1) Ao 22 A0 A, R R DR 1Y
22 IR 20 G T AP R R R AR G I T RE L A
T 3 1 40 M B8 A8 G 7 1 22 D) RE i 40 PR AL T — R
8% o e A, AR I ST BT 4 T B A i A A D)
fE o AR, fol 2 960 3 I o] Ao ik A 42 2 ] 5 o 1 40 Y
T 1 22 40 7 A AT S S AR 0 A A B 1) X (]
It 2 FR AT — 2 WS O 1]

2 % X M

[1] Mause SF, Weber C. Microparticles : protagonists of a novel
communication network for intercellular information exchange
[J]. Circ Res, 2010, 107(9): 1047-1057.

[2] Kanada M, Bachmann MH, Hardy JW, et al. Differential

fates of biomolecules delivered to target cells via extracellular

vesicles [ J ]. Proc Nati Acad Sei U S A, 2015, 112

(12): E1433-E1442.

Phinney DG, Giuseppe MD, Njah J, et al. Mesenchymal

stem cells use extracellular vesicles to outsource mitophagy and

shuttle micrornas [ J ]. Nat Commun, 2015, 6 (8472) .
8472.

(4] fE, B AR, m il () 58 5T 40 M 95 1 28 10 i
W TR R REEEIWERET]. R
202 TREBFSE, 2015, 19(41) : 6706-6710.

[5] Hfh, EKE, ZHE,F AFHFHERTHRER
RELA MR 2B ()], o E ERE K
4R, 2011, 40(8): 696-698.

(6] ZFEZW, ILIRA. Sh IR AL 31 o AR i 2 2R 48 2 40 o

ROWE I HE R [T ] B bR w22 0 2 b 22 40 B 2 e

2016, 43(6): 602-604.

Mrvar-Brecko A, Sustar V, Jansa V, et al. Isolated mi-

crovesicles from peripheral blood and body fluids as observed

by scanning electron microscope [ J ]. Blood cells Mol Dis,

2010, 44(4):307-312.

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

- 297 -

Piccin A, Murphy WG, Smith OP. Circulating microparti-
cles ; pathophysiology and clinical implications [ J ]. Blood
Rev, 2007, 21(3): 157-171.

W, A, AR, S B SR BT 40 e T R
WMWK M LT RS BERE (BT
fR), 2011, 6(4) . 41-44.

PR, By, B, 5. BB ST BT T A MR T
KRG 2L O [ T]. PAREERE,
2007, 87(3): 184-189.

[C - S N S N = & LTI Wit R D R N < K £
Gl TR OGRS Sl ES 1 AR 7 S 3
2005, 27(2): 215-220.

PR, ZE e, BN, SF B R ST BT A R M &
SrAbrh Ry FTHL BER RGE[T]. 5 = F B K% %40,
2016, 38(19):2121-2127.

<G TESL L, BE UK, %L OSL MR E 1) A RS R M 2 T
e TN R G v - - W L Y S
YUTRB5E, 2016, 20(10) : 1446-1451.

Faure J, Lachenal G, Court M, et al. Exosomes are released
by cultured cortical neurones [ J ]. Mol Cell Neurosci,
2006, 31(4): 642-648.

Wang S, Cesca F, Loers G, et al. Synapsin I is an oligo-
mannose - carrying glycoprotein , acts as an oligomannose - bind-
ing lectin, and promotes neurite outgrowth and neuronal sur-
vival when released via glia-derived exosomes[ J]. J Neuros-
ci, 2011, 31(20) : 7275.

Turola E, Furlan R, Bianco F, et al. Microglial Microvesicle
Secretion and Intercellular Signaling [ J ]. Fron Physiol,
2012, 3 149.

Scherlinger M, Sisirak V, Richez C, et al. New Insights on
Platelets and Platelet - Derived Microparticles in Systemic Lupus
Erythematosus [ J ]. Cur Rheumatol Reports, 2017, 19
(8):48.

Finkielsztein A. Isolation and Characterization of Neutrophil -
Derived Microparticles for Functional Studies[ J]. J Vis Exp,
2018, 133.

Cosenza S, Ruiz M, Toupet K, et al. Mesenchymal stem
cells derived exosomes and microparticles protect cartilage and
bone from degradation in osteoarthritis[ J ] . Sei Rep, 2017,

7(1): 16214,





