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[(FZE] HM I ME K 5 (serum response factor, SRF) 1& K B, B # 1] 78 J5t -+ 41 Jifd
(mesenchymal stem cells,MSCs ) 734t 24 J§% 61 7 JJL 41 2 ( smooth muscle cells, SMCs ) H1 (1) 4 F F L] o
Jitk WhEED ;S 4 G MENE SD KB E-HE MSCs 5%t SMCs , i@ i Transwell /N2 M RE 337755 MSCs
I3 WA MSCs , MR 46 I s S5 AN [R] I 8] S 204 T 2021, T80 S 2 e B PCR AR 56 RE R 2L 1 5%
SRF MSCs A7 SMCs Fr 536 K 23k 5 i o Y 0 )5 5 9% T 31T ( chromatin immunoprecipitation assay , ChIP ) 58
it PCR FARKGN SMCs Al OCHE A R 2l X 418 11 S I AR B 21 25 1 25 Z BEAL i (histone deacetylase,
HDAC) Fll SRF &4, THREN (sodium butyrate, NaB) Tl 4b 3 MSCs J5 5 SMCs $L855% , 528670 1IE & 4L
B FE0] BRAHA NaB T 15120 , ChIP-qPCR X FUPIZH M2 28 FHE iR SRE B ARSI, 458  JLbh IR MSCs
H, «-SMA | Calponin A1 SM-MHC J [N 3K I, £EX SR 5 351X H3KO™  H3™ 1 HA™ B AL HHY
I (P<0.05) , []i} MSCs f HDACT 1l HDAC2 [l (P<0.05) . 55Xt HELIAIEL, NaB 154 SRF  H3K9™
A H4™ FAERI N (P<0.05), &5 SRF n[fEfE HDAC1 fil HDAC2 75 i@ id 45 & H3K9™ Fl
A $] SMCs LI % MR MSCs ] SMCs HI5HE.
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Serum response factor promotes differentiation of rat bone marrow mesenchymal

stem cells into smooth muscle cells via histone acetylation
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[ Abstract ] Objective To explore the role and mechanism of serum response factor ( SRF) in
differentiation of rat bone marrow mesenchymal stem cells (MSCs) into bladder smooth muscle cells (SMCs).
Methods Rat MSCs and SMCs were isolated respectively from the bone marrow and bladder of 4-week-old
female SD rats by adherent method, and then co-cultured together in a Transwell chamber. After the MSCs
were harvested at different time points, real-time PCR and immunofluorescense assay were used to detect the
expression of SMCs specific marker genes in co-cultured MSCs. Furthermore, the enrichment of histone
acetylation modification, histone deacetylase (HDAC) and SRF in the promoter of these genes were tested by
chromatin immunoprecipitation assay ( ChIP) q-PCR in co-cultured MSCs. Finally, ChIP-qPCR was used to
compare the histone acetylation modification and SRF enrichment in sodium butyrate ( NaB) pretreatment
group with control cells. Results The expression levels of «-SMA, Calponin and SM-MHC were increased in
MSCs co-cultured with SMCs. H3K9ace, H3ace and H4ace in the promoter of these genes were enriched ( P<
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0.05), and then, HDAC1 and HDAC2 in the induced MSCs were correspondingly decreased significantly
(P<0.05). The enrichment of SRF in the NaB pretreatment group shared the same increasing tendency with
H3K9ace and H4ace. Conclusion SRF may bind to H3K9ace and H4ace, through the regulation of HDAC1
and HDAC2 to control the expression of SMCs specific genes, and thus promote the differentiation from MSCs

to SMCs.
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TN MR AR I TR T 55 D6 £ 8 P 55 A il i APk A
PERYI ] o ddle, N A R 20 S B AR T s ) PR PR
A% (stress urinary incontinence, SUI) , Bt 15 T — 2L
Witk BB FE T4 (mesenchymal stem
cells, MSCs) HAT 25 5 AR I Ay etk /N D B AN e A
B 1) A8 S5 G A, WA O 2 — b AL A B8 A T 4
H T ISR I I A VA s T 40 1 - L4
Jifl (smooth muscle cells, SMCs) 434k F2 b & ¥ 55 2 A4F
JH' 3 3o % SMCs Jid 815 DA T4 ok 1 21 28 11 165 1
SIRYT SMCs FRic HE R 2351 . ZIRFIE & B, iR
H& T 40 ( embryonic stem cells, ESCs) [5] SMCs 434k i3
Fi, SMCs AH G KL K 3 1 X B A mok 719 H3 il
H4 5 3L (H3™ 1 HA™ ) Z WAL . 4B 2 BEfk
e E R Z — , 2 HE A L ALHEE (histone acetyl-
transferase, HATs ) F1 2H 25 [ 2= £ Bt 1k B ( histone
deacetylase , HDACs ) i, HDACs 434 4 251, H
th—sE 55 SMCs fRicHE B i kA 06 . HDACI
I HDAC2 J& HDAC 1) I 28R 01, P SIATAE 85% HilfLh
P, 8 I IR A 4 M OG JE RA GKTTT S e Ak,
HDAC2 1] SMCs i SR ik

HDAC ji 2 4 57 2 25 1 R R S kAL, (o 3008
Yo T fif 3R, AR5 S R F45 45 31 DNA J3 2l 1 X 1 4
TRIFH , DA 3] 428 AH OC B R A 3k o il ¥ 2 g X+
('serum response factor, SRF) J& SMCs [ S48 %: 55 [ F
Z—, 5 SMCs #5755 [ 5 3 7 X %F 5k DNA J¥ 31
CArG box [ CC (A/T) 6GG | %54 i i& SMCs £t [K #%
ORI, AE MSCs [) SMCs 3L id #E e, SRE LI
LR SBEAC IR 8 R BB . AFSE
TEHEST ARSI T MSCs [1] SMCs 7L 3EAL T, MR
AR AR AR R PR H A3 AL, DU R 2H 2 AR A A
N R T SR HE SR AR

1 #RSH®

1.1 ## 5 A
SZUGFH 30 4 JEL S EPE 3 3 9 SD KRR, AR

60 g, W I Bl 4= 45 B R E 230 sh W vpols , ARV Al IR
SYXK (i) 20170002, {i 117 AT 35 SYXK (i) , 314
S B AT I 45 2 B R sh e BRI 2R O i E Y
6 0 i 47, DMEM/F12 K5 5% 56 H-DMEM K 5%
Fe HR4 I3 (fetal bovine serum, FBS) ) H Hyclone /3
A R M R PBS E-5E R R AU A Gibeo
N NS FRFERT I 3 Hyclone 23 7], Transwell /)N
W i Millipore 23] s 7R e FHENUILSIE F (o-SMA) |
PR BEG 1 8 F1 ( Caponin ) FIHT R B 15 LILER 8
HiE (SM-MHC) $ii /&5 B Abcam 2\ w], FITC #ric th
FHUR 1eG Tl [ Abcam 23 7] 5 7€ H PCR 125 &1
H TaKaRa /2] ; ChIP Z%31 K L HDACT $i{4, ChIP 2%
HLK B HDAC2 $i 4k, ChIP %4t K & B 5L 4 H
H3K9(H3K9™") Hi{A&, ChIP ¢ Hi K B & It 5 41 5
H4(H4™) HLiAH ChIP gt K 1gC Hrikl H Abcam
23], ChIP TR B AR 4 25 1 H3 (H3™) Tk Iy
B Millipore 2\ ], ChIP 2%t K Bl SRF $i{& ) B Santa
Cruz A7), ChIP &5 & W B Millipore 2\ &), T BR 4N
(sodium butyrate ,NaB) lJ H Sigma 2\ 7] .
L2 FHE LR T mien &35

B 1~2 H SD KW 8L AL IS , To I 0 3 K B
JBCE AR A, 10 mL 3 S v ok B B s PR O, e
VRS0 J5 AR A% %) 41 L 0 3E R FE DMEM/F12 85 5% 3
(7% 10 %FBS) B &, 4R TE 37 °C,5 % CO, HiF
MR RAR TR B AR . A IR B 80% ~ 90% I, JE
R ARWFFE T 256 3 REEE 4 4.
1.3 BERE-T iR ML i 3 3 7

MESR SD R B A JC T o M85 I, 2% Bk 2
FONEZ e e DAL (1= 0) AR S, W Bk i e 4
Jilo HFERTG 0 A ML TE % 10% FBS (1) H-DMEM % 5 5t
W, T 37 C,5 % CO, {1 AR B 55 3240 h B 5%
AR B2 TR B 80% ~90 %It AT 1A, AWFF P 3
REER 4 AT MSCs LR 3R
L4 BRI AT 005 1B e 7B L gm Rl k33 5

Bt MSCs 5 SMCs 7E Transwell /g drdbdsgg o il
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FEABHHE AL SMCs J5, LA 1x 10" 4~/mL % B 3 b T
Transwell FJ&h2 1, iR AR B H £ MSCs J5 , [RIAE
PL1x10* A/ mL %5 FE 3 Ff T Transwell 9N % f, 78
0.24 .48 F1 72 h iR I35 57 1) MSCs 4Hi i, 1] F RT-
PCR 3¢ SMCs #r i = #3575 0,36 1 72 h g3t
Fi 3% MSCs, I T ChIP-qPCR #5235 5 L BEAL 2 4 |
HDAC #1 SRF 7t SMCs AR 5] )5 3 7 X & 5. 7>
B MSCs A 1. 0 mmol/L NaB Tii4b3 48 h J5, -5
SMCs & Transwell /NZE L% 72 h, JEE A B 1k
Wt MSCs 41 Jfd, 52 58 73 Dy %f B4 AN NaB - 504,
ChIP-qPCR Jy il 414 (B 1 i SRE B S
1.5 &k

MSCs SMCs 23555 72 h ) MSCs, D) 5x10° ~/mL
WA TE R IR P, ] 4% Z2 BB 5E 10 min,
KPR a-SMA  HT K B Calponin FIHE K B, SM-
MHC )—¥t,7E 4 CHEF 12 h, SRJ5R A FITC {1k
IgG —Pii%HE 30 min, 5K 4',6-diamidino-2-phe-
nylindole (DAPT) #£47 5 min F4NMIAZ YL, FATHOE
IR A BB T
1.6 %t EFREH4 R (qPCR)

1E0.24 48 72 h Wk 5514 1x10° 4~ MSCs,
v PBS P, $REUE RNA J5, 2T TaKaRa J 4% 5%
R G AT S o ] PrimeSeript 55 —4# ¢DNA &
W) &5 % cDNA, 3% JH SYBR Green PCR Master
Mix 12470 & b B, 38 5 52 i 8 2 97 5 &R 58 ( MxPro-
MX30000P) #1752 PCR, 3% E #1 cDNA #%
SKYIBREA Sy B-JILB 3 ( B-actin ) 2k 1155 5 R AH X
KXo 5IWFINZ IR 1, 1B KRR 60 T,
FAMEARR R 3 ST S g - {E

*1 535158 (qPCR)
e HEEAZRR 51915551

1 «-SMA  5'-GGGCATCCACGAAACCACCTAT-3' (iE[])
5'-CGCCGATCCAGACAGAATATTTG-3' (% [f])
2 Calponin ~ 5'-CCCACAATCACCACCCACACAAC-3'(iE[])

5'-CCTCGGCCTGATCTCCCCAAACT-3' (ST 1))
5'-GAGGAGGCGGTGCAGGAGTGTAG-3' ( iE [f])
5'-GGCGCTGGTGTCCTGCTCCTT-3' (S [i)

4 B-actin  5’-TGGTGGGAATGGGTCAGAAG-3' (iE[A])
5'-ACGCACGATTTCCCTCTCAG-3' ( JZ [i1)

3 SM-MHC

1.7 F &R % J& k% (chromatin immunoprecipitation,
ChIP)
760,36 F11 72 h iedE 1x10" 4355 5% MSCs DL K&
IR ILEE XS M4 AN NaB Fi4b T Fii 4l MSCs, £ =

I T 1% 2 R PR E 10 min, 8 o A AR B, R
SHK ) DNA B74] 2 200~ 500 bp (1. #f ChIP 2%
HURELHDACT ik (1 pg) (ChIP ZR 4K [ HDAC2
A (1 pg) (ChIP ZHTR R LML 5 H H3K9 Hifk
(5 pg) (ChIP HHUR L BEREA EE H3 HUA(S pe),
ChIP ZHiR B OBEREH & 1 HA HiR (S g) FI ChIP 4%
IR SRF HTiR (10 pg) HEFRBETIHELE 4 CREERH
EE S R, JF K IE H R B ChIP 247 K IR 1eG HL ik
(5 pg) RFEBIPER I FER I 52k 2 ) , ik DNA fif
1 qPCR BEATERINE . F1HFIZ 0K 2, 1B KRB
60 C . RAMERE T 3 AT I 1P

&2 5|4 51%1% (ChIP-gPCR)

¥y REARK ElkZkgdl
1 a-SMA 5'-CCGCAGTTACAGTGATTC-3' (iE[i] )
5'-GCTAAGGGCTTGAGATGA-3' (JZ [i] )
2 Calponin 5'-CAGTCAGCTCCCAATACAA-3" (1L [A))
5'-TTCCAAGCCTGTCCCATT-3' ( JZ [i1])
3 SM-MHC 5'-CAGATCCGTACAGGGCTAA-3' (iE [i])

5'-TGCCTGGGACCAATAAC-3'( [ Ia])

1.8 %itF o

{#i ] GraphPad Prism 5. 0 #7805, 045 LA &+
G, ZULA SR R R T7 22 004, ALIA) 1L
BORH ¢ K.

2 #R

2.1 EBHRRFE TR B LT 0B AL Ky I
7 L4 R
h TS5 MSCs 43462 SMCs BRI A7 G R
e, BT Transwell /N B MSCs 5 SMCs 55357
72 h, R A RT-PCRAGI A [ i 1] 5503755 1) MSCs
SMCs Frab Bl 280k, 2 RAEILIE IR MSCs Hf o-SMA,
Calponin( P<0. 05) 1 SM-MHC ( P<0. 01 ) FRikE B &
B & TA) 5 Al A 3 52 G BRI 3 40 fifg o
a-SMA Calponin 1 SM-MHC %5 [ 323k, 45 X s B
TEILREFRIY MSCs ik 5m (& 1B)
2.2 MSCs %357 /6 R F B 1) % SMCs 4= & A B 4%
& TEBEAAS A
TR S A AR BB S5 T MSCs 1)
SMCs #1434k, i F§ ChIP-qPCR 45 MSCs H o-SMA |
Calponin 1 SM-MHC J3 3} T [X i) H3K9*", H3™* FI
H4™ BAEN O, K2 Bx, 7L 3% 72 h I}, MSCs
(1) SMCs #5a HEAE 2h X 1) H3K9™ (H3* F1 H4™*
AR B EM(P<0.05) , RA S8 .
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2.5+ 2.5 1 4 = b
a
= 2.0 I 2.0 4 i
":‘é 1.5 {i& 1.5 w®
£ 1.0 -E 1.0 S I
< 1.U1 s 107 T
& S =

24 48 72
Fif[a]/h

a-SMA

HLRE 3% MSCs

0 24 48 72

Calponin

72
Hsf 1) /h HsJ ] /h A

SM-MHC

25 pm
—l B

A:RT-PCR M| & R F] i} 4] & 332 & MSCs %9 o-SMA | Calponin fo SM-MHC % B % £ % (n=3,%+s) a:P<0.05, b:P<0.01,%5
Oh s B: i 544 MSCs,SMCs o k32 & MSCs % o-SMA _Calponin 4= SM-MHC & & £.i&

B 1 #i55% MSCs f o-SMA fREERE M FRIX

2.3 HDACI #= HDAC2 %X MSCs 5 SMCs H-iLegit 4z
BT HE—HAE A E B LR SMCs FE R #3A

il

I=2A
7

i, FAT 1R Al ChIP-qPCR A AN [7] i ] 13 5 5

MSCs H* HDAC1 #1 HDAC2 [ & 4., 4557 E£M, B S
[ MSCs H1 HDAC1 1 HDAC2 7£ SMCs A7 ik 3 8 5 3
F XA E f a0 E AR, A5t L (P<0.05, P<
0.01, P<0.001,[& 3).

2.4 SRF %3 MSCs % SMCs 41t

T E MSCs [1) SMCs 40 fbJ 75 % SRF J##%,
AT E IR FE 5 MSCs 1) SMCs briBFE NG 31 1 X
SRF fi & SEAE 00, I 4 57 Bt 25 36 35 % 1) ) () 2B K
SRF 7E o-SMA F1 SM-MHC %t A 55 4 & 5 2 1
(P<0.05) .,
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5 a-SMA Calponin SM-MHC
a 10 = 3=
oy 44 W 8 A " 2
g E a &
® 3. iy & 2"
= ® 6 =
= = =
24 =z s
& e 41 g,
- > 2
= 14 g 24 Z
0- 0- 0
0 36 72 0 36 72 0 36 72
i [E]/h NN R[] /h
31 a 4 - 1.5
a
i 0 3] a i
&2 X 1.0
o 17 & & 0.5
s T 14 s
0- 0= 0-
0 36 72 0 36 72 0 36 72
i [fl/h i ] /b IR [ /h
15 7 2.5 20
a
a
a 2.0 i
i I g 15
X 107 &) X
X & 1.5 ®
B = = 101
z = 101 =
51 g ! §
! 3 T os-
0.5
0- 0- 0-
0 36 72 0 36 72 0 36 72

A A /h s ] /h 5] /b
a:P<0.05,5 0 h rbix
2 ChIP-qPCR 43 #r#t1E 3 MSCs HAEH BB  (n=3,%+s)

a-SMA Calponin SM-MHC
1.5 = 1.5 1.5+
iy 104 i i 1.07
Z 2 Z
S 054 S S 0.5+
= T =
0- 0
3 0 36 72
it [ /b i i) /h
1.51 1.5 1.5
& 10" & 107 %
N b i< =
) ) )
2 051 205 2
a a a
T == c =
0- 0- .
0 36 72 0 36 72 0 0 36 72
A A /h A A /h if ] /h

a: P<0.05,b:P<0.01,c:P<0.001,5 0 h }b#&
3 HiE3EA9 MSCs F1 SMCs R EEE HDACL #1 HDAC2 E&E  (n=3,%+s)
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a-SMA Calponin SM-MHC
2.5 1.5 1.5 1 a
a
i 20 i 1
X < 1.0 <) 1.0
K15 & #®
= = b
=< o =
104 = =
; ; 0.5 ; 0.5
0.5 ’ ’
() = O - 0 =
0 36 72 0 36 72 0 36 72
isf 6] /h s ) /h 1] /h
a: P<0.05,%5 0 h rik
4 HIEFHEA MSCs 1) SMCs FrEERE S SRF EE  (n=3,1%s)
a-SMA Calponin SM-MHC a-SMA
31 1.5 7 -
b . .
iz iz i -
B 21 1.0 ® )
"DT{ - iy 3 #
= = =
z m = B
<= n
g 4 g 2 a
@ 1 @ 0.5+ a =
o o ) 5}
= o = 11
0- . _ .
XHRAL Tl XHRAL T O SFeal Tl XFHRZL T
Calponin
20 1 1.57 1.5+ 159 F

a

;051 ¢ 0.5 = 0.5

H3* Fx 3k
o wn = Iys

H3* MX ik
(e}

H3 FEX) ik i
- 5

SRF Hixf ik
° o

x4l gl CxmRAl TRl uHRAL T YRR T
SM-MHC

054

Ha Ff ek i
o ~
Ha» A% ek

=

L
Ha» Ax ek
S = =
S N
SRF AX ik

— (S)

0- n o = 0- . 0- .
e O fmal  Twdl IS X Twial B
a: P<0.05,b: P<0.01,c: P<0.001,5 720 b4
A: 20 SMCs 475 L B % H3K9™ H3" fo HA™ 4% £ B 741 SMCs 475 & % SRF & £%

5 NaB BN £EFEAZTRTHEBHPAZR ZBHALEIGT SRF ZEELMHM  (n=3,xxs5)

A

2.5 %G LB T Ak i@ iE SRF 423t MSCs 446 A%, SM-MHC JE[H ff H3K9™ 1 H4™ & £ m W W& T
SMCs XJ IR (P<0. 05, [8] SA) ; SRF 71 Fil4H v 52 BAH [R] 1
WF5ER AT 1.0 mmol/L NaB $2i HAMLUK Y-, 9 wtadh, 22 R BA G278 L (P<0.05, & 5B) . #f
A NaB A PET T2 50 IRAH B 4H 2R B S WAL B i /2, 2 NaB T340 H3™ 2% F X% 41 ( P<0. 05,
FISRF BAEE L. 459 /R : NaB FHI4] «-SMA Rl g 5A)
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3 atig

I P 2N A A 9 52 30T 40 Ml IR g R
1T MSCs RERE 701k L 22 Fl 4 i, TR 9l A Ay S — b
W FLR IV RE R T4 . fARSME SR, MSCs A 38 1
R AN T 0 SMCs T R (A
VA, () 0 T A4 28 R T % e S 286 6 3 4 T
SIA NI e T LR A o FRAT TR BIE Y ke Bk g
J5 MSCs 1t SMCs A7 i 3L PR 22 5k B4, 13 B AR S Tran-
swell /NaE JLHE FRRE NS 5 T MSCs 1] SMCs 431k, iX K
T4 M2 17 534k TR B — A O R IR R

MSCs [1] SMCs 43k A L 16 AN 8 28 o S i i it
TR, HEALBALBIS 5 T SMCs 14362
T4 2 B S A A3, T 7E 4346 ) 1) SMCs
SMCs F7 2 HE PR A H3™ #1 H4™ Th'™ . 51—
ALK I, SMCs bRl BEH v H3™ Fi HA™ ['H
£E7E MSCs 1] SMC J3 b TH i, X Bk & H3™
H4™ g MSCs s fbad B a3l T A G KL R 3Rk . MC-
DONALD"® 4% o-SMA #1 SM-MHC fij H3K9"™* T}75 .
AT & 434k 1y MSCs Ht a-SMA , Calponin FI SM-
MHC (1) H3K9™* W2 & T AR /0 Ak 1) MSCs, X L5045
FRUIAE MSCs 43468 SMCs Hr, H3KO™ J{i ~F- 18 AR
R RIE . T A5 R R, HE 0 BB e
MSCs 434k SMCs A #E1EH

HHEH O BEEARAS B HAT F1 HDAC 9875, 7E
HDAC i, HDAC1 Fi1 HDAC2 {54541 [7] (1) 85% %
G, g Sk W) A7 AE IF 5 R SR B R A,
HDAC2 il i 45 45 Ha 26 SMCs 5 57 M 55 53 IR Fe 3 il
SMCs Fra LR iy 2252 0 RATHIRTFE 45 £ W,
Bt L1 5 i A 4 4 |, HDACT Fl HDAC2 7E SMCs
bricdk R b ) s SRR B 35 AR, i B HDACT Al
HDAC2 il T MSC [n] SMC 43k H SMCs Fric 3 H 11
ik,

2H 2R P06 A 30 e SR DR T R S TR KT
SRF J& SMCs 5 1 FE PR 32 35 1 G B A sk IR F 2 —
MCDONALD'® 44 3 SRF 5 H4 Z. Wk Ak 454 ] )45 41
SMCs 4531k EABFFEH, T AT R IAE MSCs ZrfLrh,
SRF 7£ SMCs 5L A 80 7 X S g in , fig iff MSCs
o1 SMCs ARt R ik . iE—2 , FA i 1. 0 mmol/L
NaB 25 48 11 S WAL B M K F, JE K T SRE 1Y &
EMAFEABMNEI. SRR, 53 RAML,
NaB Tzl SMCs JE[H 7 87 X H3"™ &4 & B E R,
JEPI AT RE R T4 55 SRR I T H3 ZBAE 5 1A
it , SRF  H3K9™ F1 H4™ B 3 T} &5, $277% H3K9™ Al
H4™ n]HEHE A SRF fieiF MSCs 1) SMCs Frii kR ZR1K

N S LB UR VA LN B 1 N - b N 2 =
LA B 7E MSCs 1] SMCs 3tk R ig/E R . BSR4
R AL S B E MSCs [ SMCs Fm i 3
P23k, 9 H NaB $&55 Z LB 15 SRF 5 HA A
[F) 34 e a3, SR SRE 540 56 AL 4 8 1 1) i 45
B H LRI, AR, I H iR E AR AL
MO LS HDACT #1/8 HDAC2 Z [A]45 5 X AW
TEJG S5 it — L

M RS Transwell /N2 L RE SR 1R RGBS 53
MSCs 7346 i SMCs . 7243 kit #2 v, H3K9™ (H3* Al
H4*° Al figZ: HDAC1 F1 HDAC2 J8%% £ 3 SMCs tr&
L Y 2235, H3KO™ il H4™ n] fE 4 & SRF = 5
SMCs Fr i 3 [ 9 1R i 5%
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