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By Fid AR 5 AV Z UK B T (REST) #8%H, F7ik ¥A CNTE #-F C2C12 494, HVARA #-F
C2C12 £Ah 245t @it i A%, @Mk E KA, AX MK, Western blot F 3 K3t % \4&&;&@
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CNTF combined with RA induces differentiation of myoblasts into
neural like cells and its correlation with REST*

Yu-jia Qiu, Yi-yong Ma, Guan-gran Li, Si-teng Duan, Yu Li, Wei Wang
(The First Affiliated Hospital, Jinzhou Medical University, Jinzhou Liaoning 121000, China)

Abstract: Objective To investigate methodological application of ciliary neurotrophic factor (CNTF) plus
retinoic acid (RA) in neural like differentiation of myoblasts and its potential correlation with neuron restrictive
silencing factor (REST). Methods Differentiation of C2C12 was induced by CNTF followed by neural like
differentiation induced by RA. Cell morphology, immunofluorescence, flow cytometry analysis and Western blot
were utilized to identify cellular type. Expression of REST pre and post neuronal differentiation was measured.
Results Cells gathered as “neurospheres” after induction. Immunofluorescence staining showed expression of neural
markers such as NSE, Sox1 and GFAP. Neural like cells grew well after dispersed from “neurospheres” with high
expression of nestin which is a neural stem cell biomarker. Western blot showed decreased expression of myoblast
related markers such as Myogenin, P21, Desmin and REST post CNTF induction.Expression of neural associated
markers including NSE, Sox1, GFAP was significantly increased. Flow cytometry data supported the upregulated
expression of NSE in differentiated cells and NSE positive cell in differentiation group was about 84%. Conclusion

CNTF combined with RA can induce differentiation of myoblasts into neural like cells, which is probably mediated
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THRERERT ARG, AR RN A 21— OB " 4
ZUTRE S AR r BOR B & SRkt IR AR, O Je Fl
MBI BRGY PR R A . UYL R IOR T
. SEFHAE SR B TH R . UL . AR
TCAE FRRR ] AR S HE T S5O0 0 2852 06 1 P B
WFFERM], LA I REAE W R M 22 B 3R 1 (ciliary
neurotrophic factor, CNTF ) IRIMBE SR, HES
WL BB S B AL P TR ( retinoic acid, RA ) /5L
HAMASRAANE ", HET, CTRMZEMEmr
FEKZ, (HRRARHLE ARG, MR
BRIAF (neuron—restrictive silencer factor, REST ) 7Ef#
SR R T oI B AR E SRR, BE S REEEA
RS g s A2 704k T s REST 526m22)
WAFTEEREIIR R, HHT AR ARSI . AT R
FH CNTF Bk RA 5 iAok, I10020
itz S REST M REAEAEIISE R .
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1.1 FEMRSNEE

C2C12 4Hffkk (35 ATCC A6, I 1T FBS
( 35 Sera Pro /A 7] ), DMEM/F12, JHE H . ik
=z (EH Hy Clone /NF] ), Neurobasal 35553 . B27
( 3£ Gibco AH] ), KLAEKKFF EGF . WPkt 4k
A T bEGF . CNTF ( 3 Pepro Tech A ] ),
B AN RA DAPLYUEK 5[ Sigma 28 7] ), IFZR( PBS
7 ), St NSE Z se PR, St SOX1 £ maEhiiA,
Pt GFAP Z i BEHIIAR, Sabl Desmin Z Pk, H
Bt Myogenin Z 5w EPUIR, RPT P21 Z Pk, it
actin Z FEEHUAR (& E ABCAM A F]), 1Pt —
Pt (L[ Earthox A1) ), EEREUAHE . HEHcEE

& . SDS-PAGE BECIAH & (L3 = RAEYH:
ARAEMRAF ), #HH Maker ( 3E[E Thermo Fisher A F] ).
AN FEF6( EE Thermo Fisher ), #81 TAE G (1
IRONT]), FEIEMZE BHEE ( HA Olympus 24H] ), %€
MY IEIEEETT (Bt Tecan /AT ), 296 (i
Leica 2N ), 4> H 8 KA ( 2 Bio-Rad 2AH] ), B
g 750 (5E[E Bio-Rad A ).
1.2 FHik
121 mgmie ko R £4r 2iF 5o #H5x10°
A fml $EFP C2C12 THEFRI0L, LIS LA A A K4 35 i
( DMEM/F12 5373 +10% FR4E IME +1% Wt ) Kt
R BN 70% A BT RTESo30 175307 2 IR
122 @B EFIE  HlTiESE 0. 3.5, 8
Ko 11 R A5 R 22 0 B N B A L Al B e . T
AL AERRGAFA AL, 0k IERER F .
123 @ik R AT FFEahmie  4IHELL PBS
TV 3 R ERIG IR, 4% 2R PR E IR EE 15 min
J& PBS ¥k 3 7%, 0.1% Triton—100 25 I i i3 i i
10 min, 1% 4~ 1134 A A = EE ] 60 min, ARG
f—HLNSE (1 : 500), Sox1 (1 : 500), GFAP(1 :
500) 4CHFE IR (18 ~ 20h), —Hi (1 : 500) =
IR E 2h, DAPT YRl (10 wg/ml) Y4 5 min, %%
BRI B o LA PBS AR — VR A B X HE A
TG WA TSI RAER R ik M e
BR, BUKAAS 11 d Brh 2 BRE0ME LB 1L 5 4T
B BTRANNG, LA KRR +29% FBS HigF
1 d, Frguangee s 3 LI T 40 bR 5 nestin (1 ¢
100 ) ZOCYALEE
1.2.4  Western blot ¥l 45 F- & G kik K-F B
ZH AN A SRR 30 min 5, DLESC2FAZ 3 em,
12000 r/min #.0> 30 min, B, BCA MG a
JE A HE B R SR, AL EFE30 g, 4 10% SDS-

Mk BALEREHESNESHR

BT AL AU PRI 7] /d
JeorfbrEFE AL MR FR AL 450 ng/ml CNTF SR A= 3
AU RS T AR FRHE +RA (2 pmol/L) Fh oL B 2
Mg E R R AL e R AL Fhp A AR AR B B 3

e 1) 2ok gRdt: DMEM/F12 85353 +2% SIiiE +1% WPt 2) dged K aedk: M ILnliki 29L (Neurobasal® Medium ) +
B27 (1% ) + AABM (0.5 mmol/L) +EGF (20 ng/ml) +bFGF (10 ng/ml) +0.2% JFZ; 3) £/MMUBVEL 12 h R IE AL
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PAGE BRI HL KGR 2 PVDF I, 19%BSA #4] 1 h,
Jin A TBST i B — $t NSE (1 : 500), Soxl (1 :
1000), GFAP (1 1000 ), Desmin (1 1 000 ).
1000 ), P21 (1 : 500), REST (1 :
500 ), B-actin(1 : 5000) 4°Cid7%, TBST ¥EAE 3 1K,
IIAZHT (1 @ 1000) ZEHMH 2h, TBST P 3 K,
ECL & 8 B2 4m .
125 AX@RSHHFIE ke FREEE LB
B T AL I ) A R, R A R
1 500 t/min &0 Smin, 7+ FIEWE, 4% 2R 4°CLH
%€ 30 min, 0.1% Triton-100 %R % 10 min, WA
FUFHY—BT (NSE, 1 @ 500), XA IAX B T—
BURIE R LR 30 1eG, BHRWATIRS), 4°CIER 2h,
A PBS BRI PR 2 AR ARG & R
AR DO R R/ CH) Pt (1 1 100), WATIRA],
4CHFH 30 min, #EE. ¥ PBS B.OUERIEEERE T
500 w1 PBS H, %), EALAI
1.3 SZitERZE

Bl TR SPSS 19.0 Geit#tt, kL
PP = bri2E (x=s) o, RA RS, P<0.05 %
ERBGIHE L,

Myogenin (1 :

EAIDS

]
Jeal it g, HLAOEHe 0 s BRI A 4R AT

Xt HR 4L Induced £
Myogenin
e —— 34 kD
P21 S s 21kD
B -actin  <ET— ———— 2 kD
CNTF - +

EIRPN

AL RS S AR BT RR

2 #R

TR BT TR

HE TN 2 KRTE S NDE 5 55 3d
J&, HRAERRES RAF, R AMERETE VS 5 55
S 5dE, HRAMBEIOLERN, BERK ; iFS
8d ity , WA AT in AL AR ARG, B 1S
FERFAIZER:, FASH 11 KA, WAk n] &2
B K, R R R ULE 1,
2.2 CNTFiFESRKAAMmES

CNTF 5 S UL 3 d J5, Western blot 61 2%
7R, CNTF 75535 VLA 2 fE AH 5C 8 1 Myogenin
K P21 F ik B MK F % B4 (1 =6.811 il 6.665, P =
0.002 F110.003 ). M CNTF J§3hi7 S VL40 i 25501k,
AREER G AN 3", WA 2,
2.3 HEERRAETIFESHERK

XTI AR5 M G BRAT e Bt e i, mI L
5 2L 40 I 1 00 4 A 20 AN I S 4 S bR A NSE
SOX1, GFAP #ric, HMZERMRS LIRS, X
MR R WA BRI 1,  HANMABER SRR e (I
Bl 3), PzeBR e SR SR A KRS AT, 4N

2.1

EBIDN

( x100)
WAL T A EREY) nestin ( LI 4).

g 10 1.0
=1 S
; 081 —T- % 08 1T
a 06 ; 506
=}
z 0.4 2 04 )
= - =02 8
= 0 . 0 .
XHHRZ  Induced Z4H XTHEZH Induced 2H

SR AR, P <0.01
B2 CNTFiESERINARSEEXESTH (n=3)
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T 5XFHRLL RS, P <0.05

Bl 5 HEAFSEHARMERREREYRARAEBRERIEZL

24 BEFSEHEMESRERREY KA ALH
R EYIRIETL

XG5 S5 I 23K T Western blot K51, 4%
BB, BEASIRAM GFAP, SOX1, NSE £k
TXFRRZH (1=5.192, 3.401 F16.303, P =0.007, 0.003
F10.003 ), H AL KR EY) Desmin 235 1% T ]
4 (1=3.646, P=0.022), ULEHERA 1SS 400 b oL
SIS ) P R A S Ak . DLIET 5.
25 HBEFSEHRTAHEBENER

XTI 5 I 1 240 L O =X 240 B ASL o B 3R 1 A

(n=3)

HYNSE, 2558 BoRA1E T 5 2Ot hRiC FHE 40 5
ik 84%, WAL TR IRAE (¢ =45.81, P =0.000 ).
UL 6.
2.6 HXAFSE REST EAKETL

G5 T 5 AT ZERTT Western blot A5 45 5
N, BEESE A0 REST kKA T XA (1=
4.110, P=0.015). REST /&2 544k & HE%E
PHHEEELA, REST 7KV BARA 40 i ) i 22 4 2 0
£ FR I T A5 1A A5 R UL A R 2 b 28 43k T
REJE il L T 1 REST FEH M FRA A8k s, ULIK 7,

FITC-A- FITC-A+ 250 Frrea FITC-A+
300 1 99.9% 0.100% N 84.0% 100 7 +
2001 %0 -
200 A ] S
150 S 60 A
z
100 |
100 ~ = 40 4
ol =
50 20 4
0 T T T 0 T
10 100 100 100 10° 10* 0
X HAZH Induced 2
Xif AR Induced 2H
A B
T GXIREELLEL, P <0.001
6 BEEFSEHRAXMEBRENER (n=3)
1.0 7
S
X IR Neurosphere 2H % 0.8
<
z 0.6 7
WS T :
g 0.4 7
i =
e = 0
XT AR Neurosphere £

SR R, P <0.05

7 BEHESERESTERAKELZNK (n=3)
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BEE RS ZRE A Z I ", IEI TR 4
P8 2 G ok Bz 206 . TR SRR Tk
52, DABRIG 20 A 3] 45 R TR ) B A 40 e P 35
Zhe T MM B2 T o RAF IR I FT S
B2 BRI BEAEAEAS AR, BRI . BUbt
e, JER RS, HAEANGEE N 502
RBZEZ AR, I SE s 2 i Ay Gy 7
AR BE PR A b B, LA R B L
T AL IS RERYAIMT, 1961 4E 1 MUAOR 1 R T itk
HRRNEF b s ok ™ Ui AT 2 m s fkidne ™
BHE (8, YEFEAE S5 . 2 FHEFR . KA. A
AT FRRR ) B I e HE R A ™, 4
IRITTEM 2018 2 U T
BTSRRI, B AE S MR CNTF FFEH]
TREE IR B EMMOIRE ", HARILAN I RE S b/ N+
AW reversine 155 0L E 8% RA 5 T h2ph g
FELHARL Y. RA REASIE 15 & A eI i3k, 7Els
T A B SRR 7 5T OCPER, gz
N T4 o i itg v v ARBFSER F CNTF
A RA IE SIS 22504k, iXERTS SIL20
M 2 A AR T . WFIT4S R, CNTF fghg
BRI SR ANIE 250k, BRA RA b2 A K AR
BeJa LA BE WS TE nph 2R BRBE S5 #, JF63K NSE
SOX1. GFAP, HWAHMIARZEY) Desmin FIAFFAR,
VEIHBCA A SR AR AN B A A, A e Fh LR
YRGS AP AR AR . BT R BR B U HE R PRI
KA SR IR 2T AU AR nestin, BEHTT5 S5 4
FERFEE , T B AR nestin PHTERIE TR AN SE
a3, AIRER R E B S PR A B T Re ALk
ANFZERIBHZRELNN 5 LLAL, TS5 T S A
BV REREREYE, wRe SRS I0IC A & ™, Rk
— T LRSS TR T REVS I NTERLE, B
REST AE A I8 5 44 28 4 i 43 Ak i) i B 5 S i 48 R - —
B LIRASZHTE, WATANABE 2544 REST-VP16 H4
SRR i C2C12 RIS M 4o R H HAA HL A
FEVG S AU4IM ™ 5 GOPALAKRISHNAN %55 i 1% )7 20
FE/INE NI A R AL R A IR AR 2200 ™
WA GRS 3 J LA T 13 i) #ft 22 B3R (1) REST
FERIATREM AT, R BRE TR R s ZER S
X REZH b4 REST 35 T, Uil REST 25 il 4ni
FI o et B2, AT RERZIS R TR ALS 2 —

T R R iy ST AR R A, (A
O IR SR P A, (ARG R A2 BB AT . A
TFFE AR Sk DR 4 0 A2 LA Ay 2 b 2 20 ff ¢
by op U AR I =y U R ) 0SS 7y e W i 5
A i aok e e O I Y 2 AR BN B X IR 45 REST
FRMEY ™, ERELME AT REST ik 50
15 o 20 200 7 Sy e 2 A0 L 200 o s 2 T e
2N, KRB T BERE G AR I L R PR T
FIA, WK 2B 1R YT T A I PR A A
TRYT BN PR T PR

gE Bk, ARBFREHIAAESS CNTF BEA RA 1]
S Ak, AR TR R T ALY
PERRR LR A2 IR HRIA S AT iR
REST Ji#=47 3¢, I F — L5 B B i Fh 40 i
PRAL KA 1) .
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