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Shenmai microspheres and its induction effects on differentiation of bone
marrow mesenchymal stem cell into neuronal cell under Wnt signaling pathway
LI Zhi-bin ,GUO Yu-hai ,XING Qing-jia,LIU Quan-feng
(The Second Clinical College ,Guangzhou University of Chinese Medicine ,Guangzhou 510000 , China)

[ Abstract] Objective To explore Shenmai microspheres and its induction effect under Wnt signaling pathway
on differentiation of bone marrow mesenchymal stem cell(BMSC) into neuronal cell. Methods BMSCs were identified
after isolation and subculture. The third-generation BMSCs were divided into blank group and induction group,receiving
induction by serum-free medium containing blank microspheres and serum-free medium containing Shenmai micro-
spheres ,respectively, 3 hours later, expression of neurofilament-M ( NF-M ) , neuron-specific enolase ( NSE ) , nestin,
microtubule-associated protein-2 ( MAP-2) | growth-associated protein-43 ( GAP-43) and glial fibrillary acidic protein
(GFAP) was detected in both groups. The third-generation BMSCs were divided into Wnt3a group, Wnt5a group and
control group, cultured using induction solution 1( containing Wnt3a and Shenmai microspheres) ,induction solution 2
(containing WntSa and Shenmai microspheres ), and simple inducer ( containing Shenmai microspheres alone ) ,
respectively. The levels of nestin,NSE and GFAP mRNAs were measured in the three groups after 2 weeks of culture.
Results The mean absorbance values of NF-M,nestin and GAP-43 | as well as the positive rates of NSE and MAP-2 ,in
the induction groups were higher than those in the blank group(all P <0.05). The relative expression levels of NSE and
GFAP mRNAs in the Wnt3a group were higher than those in the Wnt5a group and control group(all P <0.05) ,but
there was no statistically significant difference between the WntSa group and the control group in relative expression
level of NSE or GFAP mRNA (all P >0.05). Conclusion Shenmai microspheres can induce differentiation of BMSC
into neuronal cell ,which might be promoted by Wnt3a signaling pathway.
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Beiy RGBTS0 B 2 — o B () J5t T 40 i ( bone
marrow mesenchymal stem cell, BMSC) & — F 3 % 177
TET A R8P AR & I T 40, B A 5 4 O L
2 A A R R R 2 S S i R
EAh , BMSC Al 76 1 S A7 15 7 FLiR ek 3 5 ) | fi o B
AR HEEAT S SRR | SR e i PR ik, 7 S PR B A 25
o' o BMSC [ i 28 50 41 431 2 H R 4 7 34
Hz T g BMSC F44H B 864005 1 3h
YR, &3 A % BMSC RE % ) 4 28 5T 41 i 73
b, BAR S Sh W B BE D RETE — e R2 b AT DI
& ARFROE AT ES . ik, A AE Wit {5558
B, A T 25 BRI S BMSC [ #h 4 o0 40 i 431k,
BT

1 #MREFE

L1 AR EEE (1) bRA Badin) s B ik I8
T 5 ZAE A B B TC AR BTSSR . R4 il
i 14 1 32 [E HyClone 24 w] (it : SH30087. 01) , JGliL
IR R B 7% 3£ (Dulbecco’ s modified Eagle
medium, DMEM ) -z ¥ 15 % 3 | /55 25 R 0% R 2%
iEL7E W ( phosphate buffered saline, PBS) ¥4Ity H 3¢
HyClone /% & (4t 5: SH30022. 01B, SH30010 ,
SH30256.01B) , )z %% 5157 & M PCR 57 & 24 1
H H 7 TaKaRa 2% & (4t 5 : RRO47A  HRR820A) .
Anti-CD11a $iif [ B E R 9¢ )G Z (fluorescein isothio-
cynate,FITC) ] . Anti-CD14 $u{4& [ 3 21 % 9 ( phycoery-
thrin,PE)/Cy5.5 ® ] Anti-CD29 ${{& ¥ H Abcam
o) (5. ab27387 | ab25390 ., ab78502 ) ., Wni3a,
Wnt5a 20 H R&D /A& (5 :5036-WN ,645-WN)
— P AL FE L £ 22 75 F1-M ( neurofilament-M , NF-M )
Uik | Pt #2480 57 55 PE 0 B 1k B8 ( neuron-specific
enolase , NSE) Hii&  $t 84 A PR PLiE G H A
( microtubule-associated protein, MAP) -2 HiifA | i 4= K
FH 3¢ & [ ( growth-associated protein, GAP )43 i {&
(EP890Y ) U J5i £ 4 i 14 2 14 (glial fibrillary acidic
protein, GFAP ) i {& 5 1§ H Abcam 2w (41t 5
ab24574 .ab53025 .ab6320 ,ab5392 .ab75810 ,abh7260) ; —.
PG RITN TgG H&L(HAR L A ALY ) il 25t
N IgG H&L( R i ALY ) Y904 H Abcam 2w
(£S5 : ab6759 ,ab6858 ) ., (2) % £ : MSH-R-20 A fif;
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it R H KEWLAB 23 W], SW-CJ-IF (D) # i i
TAEGB M A 7N 22 B A B2 7], TDL-80-2B AUA%
B AL A 5N 2 28R A BR A E], BDS200 74 {5
EOGA AN B IR M L R TR A 7], HERAcell
1501 AU 44t e 1 3 355 7246 W) F 28 R R B A
K2800 fait 430G EE T H AL 5Tl A ], Aceuri C6
Tl AL 3 BD A Al (3) 2450 2 ek
53 ek A B AR 2 5 B A R (it S
20140317b) . ¥ HEL W A 3€ [ FMC 24| (#t 5
131004) ,10% 22 Wi A 1E K& HEE 25251 A R A
) ([ 245 7. 233020021 ) , 56 BB [ 55 = YR
BABRA ] (5 :2011107) , 27 4t 40 A 2R K P+
(basic fibroblast growth factor, bFGF) i H R&D /A #]
(41t :233-FB)

1.2 BMSC &4 & 3% B L%

1.2.1 AEE¥sse. TE&AME TR, 50 mL 4 0.01%
JHFZ 1) PBS i BB REWL, LT IR G A B O,
1 500 r/min 20°C B.0> 20 min, 3 FiE MBI Z, H
DMEM F£531R 215 ULUE ; B 20 mL i B 252 2 i 3]
20 mL Ficoll I E 4043 Bk (3518 1. 077 x 10° g/L)
1,2 000 t/min 20°C 550> 30 min, Y & A% 41 E R ;
JAIC I3 DMEM V&% 7, 4351 1 500 r/min 2§ .05
10 min J5%% 1 x 10° P4/ em® 300 F 25 em® £33
N, ETF0.5% CO, RFFRH 37C FHi#;3 d )5
R EHRIE IR ,2 ~3 d SR 1R,

1.2.2 ARG FR 43 B 3557 10 d W RE 240 Jfd 422 30T il 5
JEHATAEARIE SR o TCRERAE T T 4 M35 5500 5
FEIHEEFRM, FH PBS VR4 1 ~2 ¥, A 1 mL &
Tl 240 LTS A TR AR, R R A R T JFG 5 o W A A
A 3TCHEFRA4H 2 ~ 3 min, 5247185 00 BE A K &R 40
YRR , T3 TR T LSS, X A B 40 5 1T
SEIEDRLR BT, A & 5 I (4 T £ DMEM L) 2%
1R AR VR, WS L WRCEICR DA T S i A
YRS G A4ME 3n mL(n AL AUREL) DMEM,, (K #
B LU 1) 5% A% 2208 1 15 5 0 b, A A B 3 5% 4
F 5% CO, AR 37C %,

1.2.3 %o HOE 3 AREEFR 4L, 43 1 3 4, A 2
Jve BE A 1 x 107 A4iA/100 pL, Hord A BE R 2
ST B 4 T CD29-PE Fi1 CD11a-FITC #:91, C 45 H
T CD14-FITC F1 CD29-PE BUARic ki, A 4 bR
UK, M 100 WL [ #, T %= EOCHE 20 min; B
B CAESBIMAMMNIUAE 5 w5, FiRELEE
20 min, &55fNA 500 wL PBS Y% 1 ¥k, 1 200 r/min
B0 5 min, 3 3%, 710, 2 mL PBS S5 , i
i 4l B A% 43 ) K i CD14-FITC | CD11a-FITC 1
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CD29-PE ({75 y688 B8 , LI 4M#F CD11a,CD14 f1 CD29
(R ZRIRNE N

1.3 FHBIRT @F 75 0047 U m e 2
131 kg lfE: (1) rh 2ok 8 & 3% (v/v)
A 4%-80 (VR A A W FHRE 1B 125 LA 900 v/ min 4
10 min J5 , WS 3% V3 5 RN 2 mL & 10% 232 W
1 mL (RAW, 4kSE L) 900 r/min $5t4 10 min, B 5 il
A 2 mL 3% 52 R0 (T 287K F) LL 900 r/min
PiekE 10 min, B MA 3 mL 9 3% G445 (BT
Pt o/ L S WD R K = ol R K s K VA EIR I
95% Wik FZEME K Lh 6 000 r/min 4% [ B5.0> 15 min,
PRk, IR T K. (2) 28 Pk W R R &
A 3% (v/v) W] £-80 (1) W A& £ 8% DL 900 r/min fi
$F 10 min J5 , BLAGR N 3% g HEFR AH 2 mL 4k 2L LU
900 r/min $iF}: 10 min, 432058 5 i 25 fyERAA ] .
1.3.2 2k S BMSC 04 o i h 25 ok 5
25 60k 43 5 GBS DMEM 5% 4 55 55 3L 123 3 d,
VRIS 3 AR/ BMSC 43 b 25 (A Fifs 4l P4l
BMSC ¥ 2 x 10° 4~ i/ mL 27 1) 7 5 & A7 55 3%
6 FLAR A A MIC Fr, R A ik 80% Fil A 1T,
FEREFREE, A 10 pg/L bFGF 1 DMEM 5% 4> 15 53
FEWAE S 24 h, PBS PRk 3 W, & AU & %5 il
BRIJTCINTE DMEM 135236, 75 4l m A & Hh 25 5 ek
[ TC LG DMEM $% 3% 38, 25 [ ik A b 24 ek 7 3%
FRAEEM AR A1 mg/100 mL, P45 3 h,
FEb 15 min 5] B0 G5 M AN IUE S A8 1k o
1.3.3 R aUb Ak e 2o . 755 3 h
J& , R FH e 4l 2k 2 ik 5 SF MR R R At Sk
YIS A i kil 25 (41 FNi75 541 NF-M NSE 8148
FH .MAP-2 GAP-43 GFAP py#ik, PBS {EUEiAE S5
MIZEHE 2 R (2 min/IR) J5 ,4% Z R =T B
20 min; 0. 5% R £, . ¢ & 4K I ik ( Sigma /A ],
T9284) 2 i N 4b # 20 min;3% H,0, 2 i F Ab
15 min, DI bR—PBREE AT 2R H PBS B 3E 3 1K
(2 min/¥R) o fBAH & b 0y I B P, 37 C R
20 min 5 F B, N AR A —HT (1 = 200 5 B
XTHEH] PBS f8# —4i1) ,37CHEH 1 ~2 h 5 4°C it
& PBS R, 2 min/Y, 3 3 0, I AR &b i —
PU,37°CHFE 20 min; PBS 96,2 min/¥K, 33 ¥k, JiX
A SABC {2 & N 37°C % & 20 min; PBS % ¥k,
4 min/¥%, 3L 3 ¥ ,DAB B 2 ~ 10 min, H KPPk
IAREE YL 15 ~30 s, [ARAKPYE, B HFIE A, L5
T 3 K, f#iF] Image-Pro Plus 6.0 ¥} ( £[E Media
Cybernetics 23 F]) THE4 8 H A9 F WG (A H)
XFF NSE I MAP-2 {88 % 258, TH BH A%, FH

1001

PR (% ) = PH: 40 M B0 5 40 i 20 x 100% , BH 41
Jf1if i Image-Pro Plus 6. 0 {4 F P IR WL 8% k47 11
B, AR ARAAR B 43 52 th DAB G €8 5 2 €5 B A FH
P

1.4 Wnt3a #= WntSa # F /)5 £ % & NSE #= GFAP
mRNA 4§ Fx B o 45 3 48 BMSC 4f L) 2 x 10°
A/mL BF T 6 FLAR T, % Wnt3a, WntSa 4} %
RBZH, Wnt3a 20 F1 WntSa 0 SR A B S W 1
(DMEM 100 pg/mL bFGF 50 wg/L Wnt3a 23 Wik
Bk) M S W 2 (DMEM 100 wg/mL bFGF 50 pe/L
WntSa S22 W EK) #1715 6 AU I Wit 43+
ifii B4R FH 5 7 (DMEM 100 pg/mL bFGF %%
WK AR G 9%, 8597 2 FA S AR 4 i, ok
PCR 0 8 % 4 \NSE Fil GFAP mRNA )3k 1E 0 .
PCR PR (1) &L RNA B4 5. fi H] TRIzol 7] £ 42
BREL 075 5 19 BMSC A9 5. RNA, 78 s it 40 e 6
THIE RNA B K i i, (2) eDNA 1 & i B
2 pg B RNA i s 7 s aaloml &, >R PR 20 32 3 B
cDNA £ H, /™ % 4% B ) & 0d B 45 28 47 #1E.
(3)PCR JZ i : 7% PCR 50 &G vt B 5 75 ik b 47
1E, LAF]— ¢DNA S5tz , 78 20 pL WK R N33,
PLH i 3-8 12 B & i ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) i N Z:, 51 FF WLFE 1, X
MR : cDNA (ke 3 £%5)5.0 pls BS54 0.5 pl,
TSI 4 0.5 wl; SYBR ® Premix Ex Taq™ ( Tli
RNaseH Plus) (2 x )10 wL;dH,04.0 pL, S 5544
95°C A M 30 5,95°C 3 5,60°C 34 s, JEH 45 Ik, 5L
W 4 K. EJa R VAT B4 4 B B8,
L2449 H 5L mRNA (AR k5

=1 519F5
S HFE JP3I(5'-3")
Nestin Nestin-F CTGCTACCCTTGAGACACCTG
Nestin-R GGGCTCTGATCTCTGCATCTAC
NSE NSE-F AGCCTCTACGGGCATCTATGA
NSE-R TTCTCAGTCCCATCCAACTCC
GFAP GFAP-F AGGTCCATGTGGAGCTTGAC
GFAP-R GCCATTGCCTCATACTGCGT
GAPDH GAPDH-F  ACAACTTTGGTATCGTGGAAGG
GAPDH-R GCCATCACGCCACAGTTTC

L5 sitsaar N SPSS 17.0 Bkt s geitaao
Bro THEBURILL (v £5) FoR, 48] UBSR SR 2R 7
Zo3 ek K, LA P <0.05 AZESA G L.

2 # X

2.1 BMSC #4H3iahi%x B R ILE 310
BMSC KRk K M Z A, AL, WK1,
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FiA AN A LE S %, CD11a fI CD14 ARic 43 R B
PE(BHMERR3518 0. 465% ,0) , CD29 #5ic ¥k FHPE
(BAMEZR R 98. 7% ) , 47 5 35 57 1 BMSC 41 Jif 3k 5|
98% VI L, n] LA T e 2k ny 5L 5 o

Bl OB T By BMSC( x250)
=2 WARMEEANLKNIERIER (x +5)
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2.2 BMHZEFEFHINMZAMBGETLER F
T4 NF-M | 85 H . GAP43 (1)} A {H L J NSE |
MAP-2 FHMERE & T2 A (3 P <0.05) , 4 Y
GFAP ¥ A i F LG22 E L (P >0.05), I
%22,

2.3 Wnt3a #= Wni5a i F )5 £ % § NSE F= GFAP
mRNA ¢9 R AU 3 HANEHEEH mRNA 270
Giit 2 X (P >0.05); Wni3a 411 NSE il GFAP
mRNA AHX} FRE K358 FHABPIAL (¥ P <0.05) ,
M WntSa dH 5% A M EZR B LR ITHE X
(¥ P>0.05), W33,

2 51 n NF-M NSE(% ) HEN MAP-2(% ) GAP-43 GFAP
gl 3 2.5+0.5 2.27 £0.64 2.13£0.15 1.67 £0.47 1.83 £0.55 2.83 £0.61
FHedl 3 21.67 £1.75 70.33 +5.51 27.43 £0.91 49.67 +4.51 15.9+1.77 3.03 £0.49
i 26.383 24.059 41.407 18.061 11.828 2.000
PE 0.001 0. 002 0.001 0.003 0.007 0.184

%£3 3 AFMEERNSE
GFAP mRNA H9#E33 RikKFELLE (v +5)

A n HEA NSE GFAP
YREZH 4 1.171 £0.826  1.047 £0.336 1.012 +0. 181
Wnt3a 2] 4 1.434 £0.008 8.711 £0.207*" 2.015 £0.070*"
Wnt5a 4l 4 1.037+0.071 1.007 £0.026  0.963 +0.048
F {8 0.712 1512.918 105. 381
P{H 0.516 <0.001 <0.001

L SXTIRAAMLEL, * P<0.05;5 WniSa 41AHLL,# P <0.05,
RIS i N

BMSC 2 —FhZ /LA T4, 2000 4F Woodbury
B UARAE TT LUK BMSC i T b st 28t 4 e 45
I I A X 52 6 2 R T R U)K BMSC 1] #h 28 ST 4
M5 S . FE BRI sL g, S
LA BMSC WG BERE 24 R FE A Brg or e (H 2
W 5 P S SR 6 ) 4 22 1, BMISC i M 28 T 20 i 431
fBE I BT TR, AN A T

B I B th NS A A S LA, AR TR
TOERBKIE) 521K, B A 5 2 0 9k
A 5 ST A R ST I B Sk, T A 2 T
WG FE , 45 SR IR P 25 HoA Il 4 e s 1
et R R AR R T AR O DR I HL T LA Rk
3 BMSC AN T3 2 i A, R IR AT S 3

PEEPIHIVE T 25 2 REER , FLF- R0 S 4. 226 pum,
iR B A, B, PR 2. 12% , &
SAXTRRE BRI A AN AT AT R i 25 R 2

CD29 JEA™ 40 5 20 g A0 32 o 266 B 1 e 22
Sy, BN g & BMSC i EhRaE 4™, i CD11a,
CD14 3 I+ 40 M S bmic ™ o A BFSTK BMSC
AT 8 S AL AR B 35, B B B SR (A L T 12 3k
CD29, K31k CD11a fil CD14, 13 BH A< 5256 7 43 25 15
FE I A MO B T3 1 R 4 A, & BMSC, FRATTREH
55 3 4% BMSC, FH 2525 A Bl Bk B Hh 24 1ok (%) G ol 335 5%
FRIEA B HEATE S, ARG KT NF-M | NSE | #2511,
MAP-2 GAP43 GFAP )£k, HHHEERRMLT
AR IR bR IC, NSE J2& 1 28 40 g /9 45 2 A i, i
GFAP J&: i[5t 20 Jid ) 5 S5 P A i, NF-MJ2 A8 B #ft 28
211 it i 28 v 1] 22 (1 26 1 5, GAP43 J& — b 55 20 it &%
HABEKEBTAXMNEAZ —, ] ZHAETHET
Yiffl, 5 B, 5 T4l NF-M, 18 [ . GAP43 (1)
] AELL 2 NSE MAP-2 [HM R & F25 34l
(¥ P<0.05) ,$&RSEMERE A BMSC J5 1] LU S
BMSC [ 4 2 e i ok o

Wnt JE R SR 08 03 5L [ Wingless /)N FRFL
BgE i Int-1 SEP G IRk fr 44 19, HORRAE b & A
22 ~24 AMRSFRLP SR A%, B O A NI Al
HORBUA 19 B Wt FE R, Wnt 38 %430 28 fURIE 26
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BLFRR, o WnBa 54 Mg R, Z i) Wit
AR XFR Wt/ B-EXRE FUE S8 5, B Wnt 251 5
JEEAZ AR J0L 0T A 1 L A% PN I SR DR LT R R R A A
B AE Wat f55F, Wnt 305 HBS B2 AR, 93500
L% e R ERCRL AR 1, % A B ARL B 1 OB A B
i 52 A A A, BH R X B-3% R AR A R i, i
B B-EAE ATEMI PR R B A A, S
PN S5 DR - — bk B B4 i DR /T 4 i R Bl TR
PO T IR D ) ik . BURIFRETE Wit B H{E S
R 28 SRR R 25 TR 5 5 BMSC, 4R 5 K 8 2
F \NSE Fil GFAP mRNA [#3ik, 455 /R, Wnt3a 4]
) NSE il GFAP mRNA H % 2 35 7K - 35 e F oAt 4
H (¥ P <0.05) 1 WntSa 1% NSE il GFAP mRNA
FAXT FR B K- 5 X A iR 22 R ¥ gt #m X
(¥ P>0.05), iX#ER Wnt3a X BMSC 4 iy [ #i 2%
JU ML A A W S A 5 AR, T WntSa - 30A I
EHS

Zx L rd , M H T 252 2 54k 5 BMSC 1454,
Al 5 5 BMSC [ #f 28 JC A M 75 ) 434k, Wni3a {5
5 3E BN AT R A . (HAE R PN BMSC RE 75 B
VoAb B A SR 54k A 22 200 it A el 2 o 4 A, D)
AT L5
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