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(FZ] HMY BT FARDIEMEA 2T 40 (neural stem cells, NSCs) 736l GABA BEMIZETCIIIASNE IR 515,
MMRBAHEE ARG PR T, i1k WHRERE SR CSTBL/6 /)N L (B S2 i 17 £ ) A 5 >k 5 1) 1 40 i ( adipose-
derived stem cells, ADSCs) , i ZCAN AN 04T FE I 458 (CD45 .CD90 .CD105) M AR EM£F % & [ (fibronectin ) %58 I, 7E 014
JRET 4E 40 M Ak K R 7 ( basic fibroblast growth factor, bFGF) & iz 4= 1K [Fl -7~ ( epidermal growth factor, EGF) 2% B27 [ Neuro-
basal 1 725 i G0 NSCs o JH S CANM G (0,105 4T NSC RE MR 1) Nestin $EFH AE J3 BrdU A6 I , 51078 i A 2
P2 E IR T BIERER 2 )5, 4EP R (RA) i 300 v- 226 T IRAEM 20, I E4T HAREY) CABA UGN, &5R

S1 B 2L ADSCs CD90 ,CD105 ik fAE , CD4S kAP 1535 B9 T4 i3k 4 Nestin 2 BrdU %5784 NSCs, HEA
BRI TERE T s A T A0 LS &0 GABA SRt 2 M. 4518 AR EMEERETFIEMA T, ADSCs
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Differentiation of adipose-derived neural stem cells into GABAergic neurons in vitro

Ren Hongmiao, Wang Yinan, Chen Jichuan, Zhang Shichang ( Department of Otolaryngology, Head and Neck Surgery, Institute
of Surgery Research, Daping Hospital, Third Military Medical University, Chongqing, 400042, China)

[ Abstract | Objective To provide the seed cells for the repair of nervous system after cell transplan-
tation by studying how to induce the differentiation of adipose-derived neural stem cells (NSCs) into GABAergic
neurons in vitro. Methods ADSCs, isolated from the epididymal fat pads in C57BL/6 mouse, were adherently
cultured. After cell surface antigens ( CD45, CD90 and CD105) and ADSCs marker ( fibronectin) were
identified by flow cytometry, NSCs were induced from neurobasal medium containing basic fibroblast growth
factor (bFGF) , epidermal growth factor (EGF) and 2% B27. Nestin, a specific marker of NSC, and its self-
proliferation ability ( BrdU ) were detected with immunofluorescence staining. Differentiation of ADNSC into
GABAergic neurons was induced with retinoic acid ( RA) by adding neurotrophic factor and bone-formation
protein 2. Marker of GABAergic neurons was then detected. Results The CD90, CD105 and fibronectin were
positively expressed while the CD45 was negatively expressed in isolated and purified ADSCs. The stem cells,
identified as NSCs with nestin and BrdU, showed a potential of self-proliferation ability. The antibody to
GABAergic neurons was positively stained. Conclusion ADSCs-derived NSCs in vitro can differentiate into
GABAergic neurons under the action of specific nerve growth factors.
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HIREIE 2 B T A0 M AE RS AT DL i R 2 IR 2 ek
RO A . Nagase 670 Xu 2570440 85 B 97
ADSCs WIS M T ek, Xu 2 %
WAL A T S A T 40 434k o 82 GABA
REMZTE, MRERAESED Ttk 2" Bt & B BMP2
ST DI 3 25 45 AT R DX 2 T 40 B 1) GABA RE
ZILIT M

AR ALVATT IG5 1) T ) A A0 1 A= A7 2 4
P51 A AR Y T RO . RTSIRIR R ok U
(T AL HEAT RS AL IA T, 8 AT AR R LI 4 S 8
SN ABFSAE 20 B AE AR N 2 A 5 Il R AT AN i, 3K
TR RS RAR AR FIJEAT, ee HE ke SO 2 BLA
FEVATT BRI, A 25 3545 JR T Pl 251 0 i 431 S o 28
() GABA BERHZTLHHT RMIAYT , BIE—E L b3k
T REAIRTT R S (AT SRR R AR e v HE )
B SIABESE IS ADSCs e I 40 I 72 435 54>
167 GABA REHH 22 5T , B 7T 2 25 B HEVA IT IO 4 S
NREFE— 2 2 B b B AR AR TR U7 9 Ol 1 e 122 HEJx 7]
15,y ADSCs J2 HoA R GABA RERIZ TLR A IATT
FX A8 R SRR A T M e A S Ak B

1 MRS HE®

L1 ittt

CS7BL/6 /NI 15 ~ 16 g) Hh 55 =75 Rop RIF B
B B A MELIIESE i S g sl ) b SR A BRI SR IR T 40 IR A
CSTBL/6 /N ELSEALF M IG  #, DMEM/F12(1: 1) B5 35k i
A1 (FBS) | 1 AL Jie J5U G  Neurobasal 15 7% 4 | il 14 iU 2F 2 A=
KA F (basic fibroblast growth factor, bFGF) | 3 j 4 K A T
(epidermal growth factor, EGF) it Ji4: #4125 K -F ( brain derived
neurotrophic factor, BDNF) | figi 5 25 (Insulin) \B27 ¥RINFA 20 B
[ Gibeo A7), 8 R HEH R A HyClone A H], CD45,
CD90 .CD105 #i /&g F BD A wl. B B & 1 ( bone-formation
protein 2, BMP2) lJ B Roche /A7), /NERSEJR Fibronectin 44 |
Gk U 8L 1 (Nestin) BT A4 5'-JR JR W BE 4% 11 (5-bromode-
oxyuridine, BrdU) /N IR 5"-1R PR 85 BE ( BrdU ) HT 44, /N FOR
5 B %% # 11 ( microtubulinBprotein, B-tublin 1T ) Hii 44 | 4 oI5
W8 S 27 4R 1 2 13 (glial fibrillary acidic protein, GFAP) $ii{& 4
AP -2 HE T FR (2-aminobutyric acid, GABA) fiifik . £ R 4%
SULHFR(RA) 46— k23 SETE]E (4'6-Diamidino-2-pheny-
lindole dihydrochloride , DAPI) | 22 5 i & i 45 £ W) B 35 [ Sigma
AF. BIOCFMC TP HALRU RS A
1.2 %7
1.2.1  ADSCs ffill & F¥5 3¢ Bt C57BL/6 /)N FRTHR B8 Wi vk b
BEIG R JCTR 25 DI IF BB, 4 185 B S 2 v 1) g 17 B Ak i
T-0.01 mol/L iR £h 2% vh ¥k (PBS) W BT #E, 0. 15% JE J [
37 C P4k 30 min, 10% FBS & 1k ii4k. 1 000 r/min B0
10 min, %5 3%, F 5 ml 545 10% FBS ffy DMEM/F12( 575 %

# 100 U/ml + 75K 100 mg/L) $5 338 5,200 H i B 1%
PN BE R 1 x 10°/ml R0 T3R8 25 em® AR5 R0
BT 37 C 5%C0, 95% {BERFAE MG RERE % . 48 h J5 1 ki
WG RE2 ~3 R4 1 IR, 7 ~9 d 5 40 i i s B A
0. 25% JREFE AL E 1 1: 28 15 1.

1.2.2 ADSCs WyRBI M R AMANL, H4% e pie ¢
S A T AL Y S e R T . (2 26 3 48 ADSCs 4 0. 25% fififif}
W4k 3 ~5 min,1 000 r/min B.(> 10 min j5 0. 01 mol/L PBS i
VE2 YUEHRRELD 5 BIE, e PBA(PBS +2% BSA) , %%
AR 4B A CD90-FITC ,CD45-FITC ,CD105-PE #i {A, #E %
WEE 15 ~20 min, PBS Pk 2 ¥k, 374 13, PBS &G LAl
Uivalll

1.2.3 ADSCs 55 NSCs 1£2% 3 i ADSCs - 1§
J5,0.25% JEEFIE AL 3 ~5 min 5.0 £ W o A Neurobasal
BT ERIFIRE S KL 1 x 10°/L Fd T 6 FLAR, 7
Jin bFGF(20 ng/ml) \[EGF (20 ng/ml) \Insulin (100 pg/ml) 2%
B27, %3 RUSHH BI5GB RO 1 K, Ak E T ~ 8
PRI/

1.2.4 NSCs #5434kl GABA BEM 470 Bz E 5 3 4R
FJ NSCs FiE A 6 FLEFFRAR, 43 A1 A 10 ng/ml (¥ BMP2 41 iy
[KF .10 ng/ml BDNF.5 pmol/L f) RA, 5% FBS I B 55,2 ~
3 d IR, 7 ~ 8 d 5T LB AT i

1.2.5 ADSCs NSCs . GABA fEfH & TG HIE K E %3
WALl ADSCs (NSCs Jz GABA RE M 25 70 HE 17 40 i 35 750 4
E, ADSCs GABA B i £ 7 J Wl 56 Ak B 1) NSCs (NSCs J¢ 55
BrdU 34457 24 h (%) NSCs #:F0 B W Se i A 2 R R 55 A
F) 3¢ Fik . PBS BE2 UG 4% 2 R HE & 5E 30 min, PBS 5 3
WK, AR 5 min, 25 IR BT ( BrdU %52 1 NSCs 75 2 nmol/L HCI
ZIEAEFT 30 min, PBS % 3 ¥, 457K 5 min) . 0.3% Triton X-100
12030 min, PBS 3 3 I, &R 5 min, 10% 11 =F i3 (#6 & T
PBS) Z ] 20 min , {51 2 L 1037 B 20 Pk . ADSCs Hrif
Jn—$i /N R P Fibronectin HT {4 ( Sigma 23 ] ) ; NSCs H {ik Jin
1: 800 #5545 11 ( Nestin ) HL 44 ( Sigma 23 w]) F1 1: 1 000 /)5
BRR IR 5’ -1R PR WS IE ( BrdU) Hi 4 (Sigma 24 H]) o 535040 M
RN 12400 G R i I T 2F AE B 1H: 45 191 ( GFAP) 7144 ( Sigma 23
A]) \1: 800 /NEROR R B 4 & [ (B-tublin 1) Hi A ( Sigma 24
A]) FRKUR v-2 2 T R (GABA) Hi{k (Sigma A F] ) o 4 CUKFH
. 37 °C & 60 min PBS ¥ 3 ¥k, K S min, %I04
1:100 ¢ 6948} FITC Aric tl2EHi/N R 1eG Hiik Ch A2 &/ A
A]) AP 1: 100 B FFFRIE LB 1eG Sk (Ch A2 &R A
A]) \1:100 &EY4kt FITC ARic L 2Ehi e 1gG Pk (P2 &R A
A]) \1:100 ZPHARIC L EHT/N R 1gG $ifk . PBS #i Bt e = il
TEEEMEEF 60 min, PBS ¥k 3 ¥k, &YX 5 min DAPI (4'-6-
Diamidino-2-phenylindoledihydrochloride , 4", 6- . b J- 7% J 15| W 5
Sigma /3 7]) Y% 20 min, B 5, OGR4 W (LeicaTCS
SP2, 8 ) TWIEE .
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2.1 ADSCs ¥4
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ML — KRBT AR AL, A R = I8 B PRI 20
J, I rERLr S ~ 7 dJE TR AR (1) .

1 FEREERETAREERE BRIENE

2.2 ADSCs %2

T %2 R ADSCs R [fi 43 F CD90.CD105 £ FH
PEZ ik, CD45 5 A4 3k (CD105:95. 22% , CD45:0. 34% ,
CD90: 99.48% ), Fibronectin Hi A% E FHME (& 2) , #2 N
ADSCs,

A:ADSCs #§ Fibronectin #uik &, 8 ; B: ADSCs DAPI #7472 @ it 4% ;
C:HALHB®MAERE
B2 ADSCs RERNKETER

2.3 NSCs % ¥ 45

P5'% ADSC JE IR A9 NSCs K/ B AN 25, T8 28 K00, 41 it
HEG B 2 BRI A Kb, Itk (B 3A) o 5538 40 gk
A LR A BrdU g 5 e o FRE (B 3C) , R s & T4
M EA BRI B RE ) o S D6 R X AL Nestin J2
IR (& 3D E) , 8 H B A th & T A
2.4 GABA #e#2 Lo F F oA LT E N

FHEA AT AIMTE 2 ~3 d 5, ¥R & T 40 fu sk -
B EE BN A /0 B R S, 24 h R R A i Bk
WRE A K SRR T BB AN N, IS BUR AR 7 ~ 8 d &
M2t K (1 3B) B AT JE47 B-tublin 1 ,GFAP GABA
R o FBE D G S R AR B LT U A W BE 43 Ak A B 2 5 B
B-tublin 1Al GABA 5t FHYEZNH (] 3F ~ H) , b —HESE T 5
) NSCs FERSMrk - GABA fEMIZ TG, 1 GFAP FHME:4N
JL (B 3G) B, BIVA3- b i 0 4 L 57 A J3t) 200 A s o 240

3 Tt

ADSCs 15 R 20 036 97 5 41 23 T/ 1 F 5~ 200 Jfd
THORVE T O B ARSM 3425 5 AR S itk H A
AT G RE VAT DRE AT SR G R T 40 2 7 A 1Y
A8 B VL0 % P R AR HE R RO, B AR T
it IR ET7 P B AT o ADSCs HAT#:

A:d ADSCs #% % 7 % 69 NSCs; B: NSCs 1k & 44k 2m fi; C: NSCs
BrdU 4tk 4 & A (4£ &) ;D:NSCs Nestin ik e &, a4 (40 6) ;
E: B C.D #4 & B ;F:ADSCs 5 % #) NSCs # 3 51L& B-tublin Il
etk (4E) ;G ADSCs k& iR 49 NSCs %5 41L& GFAP 4t
R &t ( 4 E)GABA fE4h 2 U GABA #uk &M (4 &),
H:ADSCs %k /% #) NSCs i5$ 5 1L/6 GABA ik & ralt(4 &)

3 NSCs B GABA §:#ZTEELER

SR AR EH R M Z ik Re . AR T B
FE) ADSCs 858 3 B4t , H Fibronectin 2215 fH4EHIE
S2T ADSCs J2 HCAHRE (A= 4024 F5 0. gt ADSCs FEAT
Yl NSCs $£ 28 J& GABA HE M 22 TC Y 0 Y5 40 i 1l %
S AP

PAERY GABA #h £ LR AHIA YT I GABA fEM £
J65 R A IR TR BR G Bk IR TR X sl 8 R
LN R 37 1 NSCs, HAE B AR 0 A7 06 I 40 1k hy
GABA M0, R 7 ik AU R S AR (Pl 2
T2 AE A B v nl a3 Ak o Z R A 4 50) 1 H
FEHER N R BRI R, I, 1T 2 FH 5
ADSCs 75l NSCs FyR U5 LA R s/ B 3 ) j i)
A, ADSCs PRI ECAR 5 g JE 1 L LA S8 V81 45 R e T
VE R MRS RETA YT 1O b 40 i LA T A B R R T %
Kang Z&1"" FERF 58 vh & 3 ADSCs 7%l NSCs, A
WE5E K o3 25 8% 5% ADSCs 1 D% 5 iR A 28 1 41 Jifd
P Xu AL E S EE S AT
AL IR CABA REMIZ T, A 2 H TS 45
i ADSCs S Il 2 BR BA R F i 2 RS IR AE
TEASZHG Hh , ADSCs 2k U5 B Fh 28 T 41 U 1E 4 58 AL 27 175
SHIIVER T iS40 10 19 GABA RE M 2 5T AL RERF
RLAFE AN RS AR IR T P 0 e e HE R RN, 7 — i R
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- B0 BSR4 L P A3 R R AE T B ) i L B DA
GABA RERRZTTAIIRY T WAR & T B 40 i oAk i ml
0, DT (5 40 B B2 AR 0 e 5 vk ORI,
ADSCs KR #f 2 T 400175 5 70 fb 1) GABA BERI &
TUNA G AT IR e HE R RO RS AR 7 R T n] &g
HT 12 B4 U5

BDNF #1 BMP2 7E NSCs 5] GABA fEfi 2 105 S
srfbrle EEAE R . BDNF J& 288 35 I K%
B, B L Leibrock 257 MRS I b 2> BS 9F sE e T
BDNF #HJ /) ¢cDNA, Rage %"/ 3ft—2545 i BDNF %}
GABA FEMZEICHY P FRAE F, SO pl AR A 15 1 it
TS 5K . BMP2 25 T i8R 1 K i)
J% 5, Sailer %“ﬂ MR A 1 ~10 ng/ml ¥ FER
BMP2 #£2# 16 d KM B2 2 & B Hh 2 e B AR 4y
BN, BMP2 AP SE AR S 53 85 15 5 10 8T B )2 p
ZHTRZI L S TT R k. A BFSE S B R
BMP2 %% NSCs 15347 fb 1 GABA REfH 47T, AL
Kl ADSCs 3 R0CR 1915 5 4 NSCs Ji5 78 BDNF J¢
BMP2 45 [H W4 HI T K NSCs 535316 GABA fig
P2 T S X2 TT BT AR\ GABA g TR
SEPEAR PR I G0 58 64 & B ADSCs e U5 1) fit
2T T 05 BE 34k 5 LT 438 4 b i GABA R
e, R WA I A IETE . 5 AR 7% 1w
25T A0 MG RE S AR AR AR B, ASBIFSE 43 AL TF R F
225w 0N Ul s o A N SO 7 ] T
PRS2 R sl R , 7 A B ML 28 ke . [l
A3 AT BB P 28 T 1 P 5 R B A A B 32 SRR A 2
Rz M T . RSN SR ADSCs S R Y 22
T4 A i B Ty iR S e W RE S AR T 1) A
KR JUT A AR y-2 T BRREM &0t
W/ 2 30 LTV o 401, 3 ] BE 2 F A 58 v ) 4 i
PR 1T 8 3 o 5 7 A1 v NAE B TR 1 4k o 4 R
FUeE TR UG T A0 RSN AL RE AN o A AR K

Wil A A 2 e 2= A TR 2E Rk
J&& ,ADSCs [IFFE 2SR A 23 . 3 FF ADSCs 4=
KA A B AT A=) TR, BEAELAR PO R B 15 190 200 it 41 3k
5 ADSCs 1] GABA #122501% S04k, T GABA fig#
LU T FARA T AR R M B 2 B 0 TR
HLT , SR T 4 AR REAS S0 A b 28 2R 49 v T 2 2 1)
THIREE , B AE AN A v RERA G T 12 2 19 GABA R &
YU Ak, T AR 7 28 4 M 8 S5 il 2R AT MR 4
KB A
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