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Temporal regulation of transcription factor Mef2c¢ by histone acetylases during
cardiogenesis
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Abstract: Objective  To observe the temporal modification of transcription factor Mef2c¢ by histone acetylases
(HATs) P300, PCAF, and SRC1 during cardiogenesis and to provide a basis for investigating the pathogenesis of
congenital heart disease. Methods The normal heart tissues from embryonic mice (embryonic days 14.5 and 16.5)
and neonatal mice (postnatal days 0.5 and 7) were collected. The binding of P300, PCAF, and SRCI1 to Mef2c gene
and level of histone H3 acetylation in the promoter region of Mef2c were evaluated by chromatin immunoprecipitation
assays. Meanwhile, real-time PCR was used to measure the mRNA expression of Mef2c. Results P300, PCAF, SRC1
were involved in histone acetylation in the promoter region of Mef2¢ during cardiogenesis in mice, and binding of
P300, PCAF, and SRC1 to the promoter of Mef2c varied significantly in different stages of cardiogenesis (P<0.01).
The level of histone H3 acetylation and mRNA expression of Mef2c in the promoter region of Mef2c also varied
significantly in different stages of cardiac development (P<0.01). The levels of acetylated H3, Mef2c mRNA, and HATs
(P300, PCAF, SRC1) changed over time. They were highest on embryonic day 14.5 (P<0.01), decreased gradually
with cardiac development, and were maintained at low levels after birth. Conclusions The mRNA expression of
Mef2c varies during cardiogenesis in mice, which indicates that Mef2c plays an important role in the process of cardiac
development. Meanwhile, histone acetylation in the promoter region of Mef2c is regulated temporally by HATs P300,
PCAF, and SRCI. [Chin J Contemp Pediatr, 2014, 16(4): 418-423]

Key words: Histone acetylase; Cardiac development; Transcription factor; Temporal regulation; Mice

Wk HHH | 2013-09-15; [ #£32 H#H | 2014-02-22

FEWH ] FRARPAREIIIHE (81270234 ) ; HPRTHAIZEE SIS LA T mhmH
fEgfn ] 28, B, HEusd, EREm,

WEES ] BA, B, ##%.

— — o —

418 -



ERTECE RS P E S RILFEE Vol.16 No.4
2014 4F 4 A Chin J Contemp Pediatr Apr. 2014
P AR Ol , G L0 W B 1Y AR R AT PBS HEHEG B T -80°CUKFATRAEA .

4%0 ~10%0, HIBTEZFF i, o AN A B
BLSE 173 oAy, Fe RMO s ( DUF RS
g ) JEFRIE A Bk b B R WA, © U™
Al /s S L2 CON NI .35 <= E N e L1 T
A5G R A 2, A2 35 A% RIS I XU 2
AN AR & S BOZW I & 42, Bar A
5 TE T MARAS | fifp he ik —thE Sk i i, 2 ]
ZW R KA, BARE THIEROEET
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Ay IR E14.5 F1E16.5 922 R, kiR
FRBEALFE, 75% RGTH 8 B2 IR OF IR, B & A
R R ERR T8, R MR IR N5 43 2 o
K, TAZEA FIA PBS 22 vhyf i85 35 M whisk
FEAR AR T /NI IR BRI I, 2O
E14.5 24060 HJREL, & 20 HG BOIELE R —1
KribrAs, E16.5 1B 45 HAGR, A 15 HAGEO
AR R — AR A, PO.5 41K 30 HBr ki, &
10 Hg A B IEAE S — ARl AR A, P7 4R 21
FOErAE R, B 7 OB BUOEVE S — R bR AR
fif ) AR T o B AR U R, B A e RO

1.3 FEXFIRINE

Yot Jfi e e LT TE (ChIP) 357 & ( Millipore ,
[ ) , ChIP 9447 P300, #i PCAF FlHi SRC1 H
TEREHUA I [ Y5 [ abeam 23 F), ChIP 24470 2,k
LU A H3 (ac-H3) HLik (Millipore, FEH ) |
BURNA 2BURF & (BioTeke, dbaiH Z&va 944
ARABRZAF ) , SYBRI G it PCR IR & Flis
SR A0 H A TaKaRa A H], #85 EiRAYL
( diagenode, A ) , 26w PCR X ( Bio-Rad,
CFX96, M) .

1.4 ChIP ;%2EX DNA

W 25 21 /0N B Ik 2H 20 A HR ) 59 8 R, TRR
PBS JEVESE IMA LR EE N 1% W IEACHE . MR
WEREAL ) E] DNA % 200~1000 bp Z 18], il A ChIP
g% P300, PCAF, SRCI il ac-H3 $i {£ 4 °C 4% JK 1t
WAUTTE DNA, 65C i 228k 8~10 h,  Zlifb A i
DNA. FH# R 8 (I A3 22 A260 nm/A280 nm
b fE, DA#f 2 ChIP 7 ¥ DNA 1Y 40 B Fk B,
T 20°CH%AF
1.5 ChIP-Real-Time-PCR 5| #1501 N B &

1E B Mef2c & A A1 & 5" 3fi 1 1000 bp /7
G, ERZE IR R Y. 51 Primer
Premier 5.0 ¥ % 11, M EEW A\ & M.
¥ Mef2e 5& (K 7= 9 iF 47 B6 B W B¢, 32 H Bio-
Rad CFX96 ¢ Yt 22 i PCR AL A" 48, 50 H A o il
2, 193 R2{E MY AL, Mef2e 51 ¥ 751
F: 5'-CACGCATCTCACCGCTTGACG-3', R:
5-CACCAGTGCCTTTCTGCTTCTCC-3', P K/:
172 bpo W 25A%: 95°C iAEM: 3 min; 95°CAS M
5s, 55C Bk 155, 68C %M 20, 45 MG,
JIr 45 %045 ] Bio-Rad CFX96 2¢ )€ i PCR X H 4F
(FET paffl A AT S5 S BT ko3 o
1.6 Real-Time PCR 5|91 F 5 #0iB N iR &

X Mef2e 3 K CDS #% .U 4 15 X 3% 11 45 5+
MW51¥r, 51% M Primer Premier 5.0 #X% 31, H
KW TS . B Mef2e JE K P2 4 R 17 B0 B A
P&, iz H Bio-Rad CFX96 % )t 52 f& PCR X" 14,
R AR ERT 2R, 53] R2 (AP WRE, Mef2e 5]
Y ¥ %: F: 5-AGCGCAGGGAATGGATACG-3',
R: 5-TGCCAGGTGGGATAAGAACG-3', = ¥
K/IN: 157 bpe N 252 95 °C i 48 4 30 s;
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5'-CCTTTATCGGTATGGAGTCTGCG-3', R: 5'-
CCTGACATGACGTTGTTGGCA-3', 7= ¥ K /.
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(AR A S i o A A A T 53T o
1.7 SiTESHR

Vi FH SPSS 21.0 SR x5 -4 7 48 124 4
Br, THE TR + bR (x2s) Fom, £
ZH B AR B R 2R Ty 2250 B, AL P 7 L sk
I LSD-¢ 55, P<0.05 WESAEGI¥E X,
2 %R
2.1 A %A Z 1k B P300. PCAF, SRC1 &
Mef2c ERE E 31 FXBHEETL

ChIP-Real-Time-PCR % 3 /R, ODHEA &
FH DG A% 0 7 5 TR F Mef2e Ji3 3l IX 58 2, Tt Ak il
P300. PCAF . SRC1 258 /K -3 BHAG —E (It EdE
FEA SR S 2, 418 A S BEfL A P300. PCAF F11
SRC1 7E Mef2c B[ 5 s+ XY R ik i LR 22 &7
IR G2 L (4359 F=31.17, 41.25 F128.29,
¥ P<0.001) ; HINTE E14.5 B FAKPiE, 5
HAbE S 4H (E16.5, P05, P7) Mk, 271
BG5S ($ P<0.01) o BEEONFR B BN,
Jir A AR O AL IR B W REAR, R 2
BARIKF B35 Hde P300 (3615 7E E16.5 B}
& T P7 (P<0.01) ; PCAF iy 3 ik & 7£ E16.5 Al
P7 B EF P05 (3 P<0.01) o WL 1~3,
2.2 Mef2c EFEzhFXIE ac-H3 HIshETWL

ChIP-Real-Time-PCR 4% 5 3% B, Mef2c 3 [#
o 3 F X 4 3 1 H3 2B K S A AR — S E /Y
WM. Mef2e 3 i 8l F X I8 ac-H3 7K - 78 45
Bf () 2 L B 22 3 A et o B L (F=273.26,
P<0.001) ; HTE E14.5 £ikKFEE, H5HAR
[ s 20 (E16.5, PO.5. P7) ML R0 G it
= (4 P<0.001) 5 1M E16.5 B ac-H3 /K31y

=T P05 F P7 4H (34 P<0.01) o 327K ac-H3 fifi
5D & B R IR KB EAL, B
HE KT B FEL, WA 4,
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B 1 P300 #ifk ChiP iftiE /g Mef2c EE & 3hFXiH
P300 RiXE & P300 A4l T a A E145 4
Lk, P<0.01; b5 E16.5 4, P<0.01 (n=3) . FEINHL
A BE B e HL K 8l; M marker; 1: E14.5; 2. E16.5; 3: P0.5;
4: P7; —: BIPEXTHE CIE % R 1eG SR DLUE S5 1) DNA 734 )
+: PAPEXTIR (RNA Z 306 T Beliien i DNA §738 )
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100 PCAF

B 2 PCAF #ifk ChiP i/ Mef2c EEE 3 FXi
PCAF RiEE2 KN PCAF FikGiT K, F: a 5 E145
4B, P<0.01; b 5 E16.5 41 b4, P<0.01; ¢ b5 P05 4
e, P<0.01 (n=3) . TE AR B IKIE; M: marker;
1: E14.5; 2: E16.5; 3: P0.5; 4: P7; —: FAMEXIIE (IR L TG
T PETUHEST ) DNA P73 ) 5+ PHPEXTIE (RNA Z506 T %800
VEJG I DNA 7319 )

420~



ERTECE RS P E S RILFLE Vol.16 No.4
2014 4 4 A Chin J Contemp Pediatr Apr. 2014
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iﬂ Bl X8 ac-H3 B2 fba H A — 2, B AR i
% EERIL, MEOERF R, BAERHEE
= KT RET. WE S
1.5 q
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3 SRC1 #L & ChIP it iE & Mef2c & & /& 3h F
X i3 SRC1 RiZ = [ 2 SRC1 Rk G Kl i aly
5 E145 4k, P<0.01 (n=3) o & Ry B N5 Wi EE 15 e vk I
M: marker; 1: E14.5; 2: E16.5; 3: P0.5; 4: P7; —. BHPEXIHE
CIE3 B 1eG I TTTES 1 DNA 9714 ) 5+ FHEEXTIR (RNA £
REG T e DTTE 5 /9 DNA 74 )
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4 ac-H3 HEk ChiIP iniE /G Mef2c EE B FX
ﬁf, ac-H3 %ﬁi\']qu FE N ac-H3 kG iHE; iF: a5
E14.5 41t %, P<0.01; b A 5 E16.5 41 F %, P<0.01 (n=3) .,
N & A 3 NG b RE I B YK Bl ; M marker; 1: E14.5; 2: E16.5;
3: P0.5; 4: P7; —: BHPEXTHE (IEH B 1eG SR8 ULTE 5 ) DNA
PHE) 5 o+ PHMEXTHR (RNA 250 0 Ui 5 1) DNA 748 )
2.3 ILEA B TRt Mefoc mRNA BIEhAsFRIE
Real-Time-PCR 258 /x, 7E/NRUOAER B
4 A REIHE] A (E14.5, E16.5, P05, P7) 6k
KoM B0 & B A G KA Mef2e mRNA 1951k, H
X RH/ S E L (F=32.14, P<0.001) ., Mef2c
mRNA A M E G JEAE E14.5, 5 HART R 2520
(E16.5. P05, P7) Milt, ZRAGITHE XL ()
P<0.01) ; H E16.5 B} Mef2c mRNA )34 7K P

Mef2c HEF mRNA FHXS#E ik &

E14.5 E16.5

Mef2e mRNA

& 5 Real-Time-PCR #&ill/Mi O E &R & A= B i8] &
Mef2c mMRNA BIRIZKF  FEH Mef2e mRNA #3558 3H&);
H: a N HE145 4, P<0.01; b A5 E16.5 41 HE, P<0.01(n=3 ),
T Sk Bl R B E L YK Bl M marker; 1: E14.5; 2: E16.5;
3: P0.5; 4: P7,

OIEE B B—AE MR, R Mg
WEAREHZS S5 TR, DO T
(AT T 5 TE A 2Rk 2 2 o 58 S8 O IE i AR 1 2
et o AT N AR AR PTRES | ONE R & 53
SHEELE L, BAZSHOIEIE R & B RE
HEHZ A Kk, dE—2 00 0E & B H 5
HE PR A st 2 ek AR B R s [ 26 LA AR
3 o DR & B bR 2 B8 a2, b
ZEFRIBAL R, EEAREF B, &
BEALIE IS . SCIRARAE, O & B AHDCHEN Gatad
B SRR MFEIME R4S 2 ek . T 3E(E . SUMO 1k
BT, O IR B A A% O e S T Mef2e
LA B A B 32 3 £ B AR Y 18 4 e He 52 3|
R 7, WAL 0 PR H BT ARTE RS, LAE O E
K i AR P 2 B AR IR K S B AN [ Y e
23 WA H A B R
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U, A3 o B BOE # /N BUG IE & & LA
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SRS B) AR RS B TR B, SN RO IE R
RO IR B A IE R Mef2e J3 3T X312
e ALK SF 7532 3 P300. PCAF 1 SRC1 4% L
ik e 7 ok At 1 8 9 2 A5 BT B P, AR 43
BT Mef2e JA 31 XA 1 H3 SBEALKF A2 16 K
Mef2c mRNA Fik K-8 L, M FRMLSAL 1) 48T
A BT Mef2e JE R S35 18 b 1) kAR 6T o0
MERBWIER, Rt — BB A5 N 2 S 85000
W& B 5 DL RO R BRSO e it EE
SR . /N BURIG OWE & & 10 A B B
BURR E A 5 10 I NG SRR RS B 4%, H AT
FEREZ O ME K B A% O SR I E 2 Nkx2.5,
Gatad, Mef2c, Thx5 % ™, Ko uEse, A1
ST PR T2 O JIE & B A A [] B 30 KA [R] 35 o7 ] g 2
BAERTRIVER . Mef2e 235574 T R A Co I (4 1L
R B T EUNRRIGTE B9.5 8T Y Gatad 3
PR G 0 S 00 LR BN BRI P TR AR gt
i3] Gatad LR GG SECOMETIRE FFE ", Thxs .
Nkx2.5 il Gatad FEPH 5 AR T2 11 FLAY 5 ] B i
1, Thx5 M55 FRiBIA W T3 Holt-Oram ZEH1E,
Nkx2.5 &7 B IR SR 3k A E 00 D IR, %
FE R 58 A e ) 25 B3 e R HROR 4%
AT SR PR -0 N [5) 18 B3 BOAS [R) 1 38 67 349 & 4
AT BE

R R, O NER A D Sk R FBR T
Z ) H R AR AN, MR AL B
RAETEEAEMN ", AE A CBLREE R B
B A SR B B VB S R Fak g 11
FE PR G S s ARS8 5 HR s XSk d 2R A
LK BB, HE A LB T Ll T
PE A 56 JE D 31 X e 2R 1 2 Ak KO- 4
FERR IR P RIE . AR RB, IR TG
A Mef2e 767N BRC JIE & 8 1 LA G HEE A ] 5
HIEH LB AR —E, 78 E14.5 i Z Bk
i, A /NROIER B RGA, LUG BB,
AR RIREE, BAERTE Mef2e FEH G 3h
FIXAEA H3 WO B 2R A
ST IESE, Mef2e HEA ) mRNA 235 K F )&
AT R SR, AR ZERFE, S4EA H3
LKA A — 5, SRAE A O
A T BE S 455 Mef2e 52K ik i — D HEH
Fo XA 2 {9 A G R E A — 2

HZHE A ZAATE T DNA |, % H 2k
e R R B 2, Rk, IEARREM AT R
/2 AL S 5 T Mef2e AL IEM, 5 T
JRA ARG SCRk R E 7RO E Rk A B Lk
fiti 3= 3£ 4 P300. PCAF. SRC1. CBP. GCN5'"",
iz JH P300. PCAF. SRC1 =40 % (1 Z Bk Ak il
(1) ChIP ZLHT AT Yo €8 0T Ho 92 3 DT 0 F — 25 W
Mef2c %% 55 K F 53 8 1 X 38 41 26 (1 2 Bk Ak 181 %
FIMPLE L 3 H LWL B PR, R EEA —%
PRSP, SEER S SR R B 8 H 2 WAL P300 .
PCAF. SRC1 ¥JZ 57T Mef2c FEH MR 31 FIX I L
FeAb AR, HHE KA B8 AR
P300. PCAF. SRCI 7£ E14.5 i 5 Mef2c K J3 3
FIXIRREE A, LUGREE OIER & T R,
HEs AW R, AR OB A1
RIPEEA K BA G222 L, H OB 1>
WEARLZE 5 7K AR Ak a4 5 41 85 H H3 19 Sk 1k
K FEA M —2, X$E/R P300, PCAF, SRCI —
M OWALBE YT RES 5 T 0 ME & B A O S 7
Mef2c () £ AL 45 . (H 245 A4S 2 Bk AR il 22 [R] 2
4 HA P REH DL ik A HAL R R S 5B
Mef2c Bk, XA — P B UESL

ODHER EB RS, Wik, A
ST AR T A5 FE AR O E & BN 0 Y e ik
R SO BRI AL, A RE N HIE 5 S E et
PO NE AT S B R R, e o i i — ™
AR BRG] A I PR3 VR T SO ik
KBTI ML
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