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5 PIGRE S L AL 11 SRAE B UG Y 48 ik

wE Hlem? mEH " ZEEY Lm#? L’ gEE

(1. A2 XFWEILAER, EiF 201102;
2. b ASB S EEEZRE, EiF 200032)

[HE] HM WEHAEALBFEREE (HATs) MAEN L CBHLEE (HDACs ) 72353 UESE (TOF )
%JWH‘J%@L‘%YR PRITLH B 1 LAk S OLRERAE TOF 9w ifEH. Ak TOF AL I LURASKIE T 46 4]
T TOF AR EIL, X RRALONIASWR AR T 16 BIRSMET- 27 KR & O BERTE AL . R e 4120
4%@@2&% TOF # F0xF B 2H v H3K9 . H3K18. H3K27 3 AM4H%E H LWL A7 25 i 2 B Ak /K F5 2R FH Real-
time PCR F A% TOF 20 5%} 200 LZH 2R 241 26 4 AL AR <8 HATs A HDACs B9 mRNA FKiksKF, 4
M S HE A LB AT ADCE 8558 ST HRALELEL, TOF 2H H3K9 03 55 1Y £ B AL /K - B .34 55 ( P=0.0165 );
I H3K18, H3K27 P a5 1) LR K B FAIG (3 P<0.05) o 439X 4 4~ HATSs 1 6 4 HDACs il & 21,
TOF 40 EP300 Fl CBP mRNA /K8 BB FHEr (1 P<0.05) 5 i HAl HATs A1 HDACs mRNA 2835 7K F-AE ]
RN ZE RG24 E X (¥ P>0.05) o MIEaHr iR, H3K9 ZEL/KF-5 EP300 Fl CBP mRNA AR B %
EARXE (4351 r=0.71, 072, ¥JP<0.01) . % H3K9 ZWefbsk 1= ml 68 5 EP300 il CBP mRNA 253k i

SEAESE, $22R EP300 #l CBP W] fE &t H4% H3K9 ZBELIR SO R E .
[ PEL{ILRIZE, 2013, 15 (10) : 817-821]
[k ] HAEALBL; HEACBERN; AEOLOBR,; JgupE; JLE

Histone acetylation and expression of acetylation-related enzymes in children with
tetralogy of Fallot
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Fudan University, Shanghai 201102, China (Huang G-Y, Email: gyhuang@shmu.edu.cn)

Abstract: Objective To study the expression of histone acetyltransferases (HATs) and histone deacetylases
(HDAC:S) in children with tetralogy of Fallot (TOF), and to investigate the role of histone acetylation and acetylation-
related enzymes in the pathogenesis of TOF. Methods Myocardial tissue samples in the TOF group were obtained
from 46 children with TOF who underwent radical operation, and myocardial tissue samples in the control group were
obtained from 16 children who suffered accidental deaths and had no cardiac anomalies as shown by autopsy. The
acetylation of H3K9, H3K 18 and H3K27 was evaluated by immunohistochemistry. The mRNA expression of HATs
and HDAC:s in the myocardium was measured by real-time PCR. The correlation between mRNA expression of HATs
and HDACs and histone acetylation was analyzed. Results Compared with the control group, the TOF group showed
significantly increased acetylation of H3K9 (P=0.0165) and significantly decreased acetylation of H3K18 (P=0.0048)
and H3K27 (P=0.0084). As to 4 HATs and 6 HDACs, the mRNA expression of EP300 and CBP was significantly higher
in the TOF group than in the control group (P=0.025; P=0.017), and there was no significant difference in the mRNA
expression of other HATs and HDACs between the two groups. The correlation analysis revealed a positive correlation
between H3K9 acetylation and mRNA expression of EP300 (=0.71, P<0.01) and CBP (+=0.72, P<0.01). Conclusions
Upregulated mRNA expression of EP300 and CBP may be associated with increased H3K9 acetylation, suggesting that
EP300 and CBP might affect cardiac development by regulating H3K9 acetylation.

[Chin J Contemp Pediatr, 2013, 15(10): 817-821]
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V& DU BRAE ( Tetralogy of fallot, TOF ) & L) fiffi
Sifikiess . Bk . ZREE . Ao RE
h B FRRRAE Y T SRS AR DS (e )
RIFHR 30/10 J7, 2 LA A i UL e &2 4%
e V. B ETIAH TOF J& 2 5L R A4 P Bas ,
AR RHLHASTE 2

A ZH T IABT ST & B TOF B LAY Cx43™,
RXRAP| HIRAM SE LA AR 28748, X BE 2 AR ] 3
30 B A1 2 R PR K S i Bl R L A5 e
L, AR AR AL, 40 RXRA JE F 4% Sl ih
{7 15 F 3 1191 bp ARG 2878 —1191ASAG 5
AR AN 1/5008, Wb F ok, 3N A AR i R

/NERSY TOF YA IR o B T FE DR SR8 e 5 i

sk, 3501, B fesh, RMstE R &R
NS5 v, Rt LRI DNA JPAIR & A48
1k, (HIEPR AR H R A wOAE 3R AR J2 41 i Y
Bk i A5 £ 8 LA LAt RT3 45 9 I ok A i e A
XA AR 78 & A i o i 7 P e RS e 1 A
T ARG DNA H3EML . BB, Yt s
FAE A RNA P55 P 41 8 F 8 i i e e
R 25 F 05 Hoph R 4 B A SCAE ], TR R A
Fik, RWMPIRNRLE LR, W B g
W AEA B R R WAL B
, FELE AR 5 DNA 25 L Sk PR dk 52
K, fEAERE T SEPERERER . dEACBE
b BB R AR AR L, ZHEA OB
(histone acetyltransferases, HATs ) M#HEHZE L
kAL B (histone deacetylases, HDACs ) F:[]/EH .
HWF5E R, W% HATs & HDACs 59 23 S 800
U W5 2 114) A RN S o A BE R DR ) 38 S,
T E HATs EP300 7] fff 5500 55 5 3% 5 ] NKX2.5 .
GATA4, MEF2C £ " B—e0lE
I Thx1 Fik5% HATs MOZ 4%, MOZ 2875 /)N
FUAT B DiGeorge 25 A AEFER AL ( BILOEBRFE |
TR AN G R D RERE AR 45 ) ™5 S AniagbR HDACs
Hdac3 /)8 R B 2h ik 45 e . 58 4Pk K sl ik
B TOF FlA7 25 U 0 48 i JE 1 1540 HATs
hNAT1/mNAT2 FZRKIR T Ek. Mighk. LA
TR TR, R 12 35 DR I Pl R JFE 5 F
L E " E R BRI 4 Y R 4 A
LA S D E R T E YIS, SR, HEA L
R anfa] S E TOF Wi R 4E ., PRIk, A5 i 0L
%< HATs (EP300. CBP. MOZ. TIP60) & HDACs
( HDAC1. HDAC2. HDAC3, HDAC4. HDACS.
HDACI1) 7E TOF LRk, HOTdHER Lm
b J RS IEAE TOF &9 h BfE T

1 #ERSHE
1.1 HRITHK

PEH 2010 4F 2] 2012 4F 5 H K== (g JLRHE
bt 250 T A8 R A M SRR ARIE SE R TOF 19 46 14l
B RSR (TOF 4) , BLchlh2:1, F
IR 20 N H s IrA BJLE I EFIER, TG
WHAESE, X&KL B HESHE KA RE
WA I HAD EZAEAR WY ; TR RENA
FBULHE OIS, FIRETERE B RSE R
2R FR 16 B2 R R A B RH U IS 1 ) L 2E R AL
B O UL LU IR, 6 B R ) S AR i R
TOF 4VCHL ., AW LR B R~ Mg LB Bt
PR G dibie, A BB L el HL AR5 38 s ) 7
P AR

1.2 FHik

121 EZLEAXA Trizol 17 A0y 2H 1k
K ) 2006 [ 26 [ Invitrogen A 5 S 5
&5 SYBR Green Real-time PCR Master Mix W4 [ H
A Takara 2> 73 H3K9ac L& . H3K18ac L 14 I
H3K27ac Prik 4 i 95 [ Abcam 23 "4, PCR X
( Mastercycler nexus ) SHFEE Eppendof NP
Real-time PCR 1Y ( ABI-7900 ) 3% [ ABL A w77 4 .
122 SAEAZRAS K0 IEF- AR AT 1Y TOF
Y0 LA 20 S 7 R AR AT A % B A0 LA S AR R
AR E ISR A R 4 pm A EED) R, VIR &R
Hpisg KAk . PURBEIE, 250A H3K9ac Pk
(1:1400) . H3K18ac Hifk (1:1000) Fl H3K27ac
Prik (1:1200) B—PrF 37°CHEBFEAME 1 h,
e ACUKFIRAEI . IRH PBSEPE 3 IR, BRIK
5 min, JIA 3P0 37°CHFH 30 min; PBS JHE 3 X,
FFR S min; DAB e, 5 (05 280K 2 1k ) i,
IARRPN, WA HRE A, B0 ldg
LN 3 5k U1 R, Rk PI R THOUE T (10x40) B
HLEEE 10 AN HLET 75 b7 HLZH 214540 TF 5 19 DX, 0
%X TOF 2H 5%} i 4H H3K9ac. H3K18ac Fl1 H3K27ac
YRR S Ib S R HE - T RAR s
SRy BEPAE S 7 AR, AR R A S g B R R 43 R B
(=) FIBHME (+~5+) &

123 mRNA #9R R 4% R Trizol i
FEPUE mRNA B 0RO WL 2O R0 R e AR R
T Trizol 213, Tdiie e 2240 5 A &5k
A VLA B o B0 JEBOUKAH, A S N BT
RNA; FFIIA 75% CWEF YL, THEH 56°C
TR . AN RGN E mRNA Ji i I i,
Fi 30 SR & (Takara ) FRAE A0 B8 300 6 55 A
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cDNA, 84T -80°CUkAE & .

124 3146 H =y 1 L5, L5l
TR, REBIRAIEIEABNEETEA M, %
fift i £ ok B, SRR R S, A R
FEEY R, A SIS 1,

% 1 Real-time PCR 3|#1
5191551 J B
IR (5—3) (bp)
HIEHE BT % (HDACs )
HDAC1-F TGGTGACGGCGTGGAA 155
HDAC1-R CGTCTCGGAGCGGGTAGT
HDAC2-F TGTGGTGCAGACTCATTATCT 122
HDAC2-R CCTCCTCCAAGCATCAGTAA
HDAC3-F TACTTTGCCCCAGACTTCACA 120
HDAC3-R GTTCAGCATCTTCAGGTTTTCA
HDAC4-F GGCTGTGGGCTGCGTGGTAG
HDAC4-R GCCACGGCCACGGAGTTGAA 144
HDACS5-F GCCCTGGAGGGAGGCCATGACTT 140
HDAC5-R AGCGTGGCCACTGCGTTGATGT
HDACI11-F GCGGACATCACGCTCGCCAT 196
HDAC11-R GCCTGATGGCCTGCTTGGC
HIEN LIRS 14 (HATS )
EP300-F AGGCTGTATCAGAGCGTATTGT 197
EP300-R TGTGCTTTCATTGCTGGTGT
CBP-F TGACGGCGTGGATGTCTGCTT 142
CBP-R AACGGCTGTGCGGAGGCAAC
MOZ-F CTTCCGTCGTTTGTCTTCGC 183
MOZ-R GGTGTGGATGTATCTGGCTCA
TIP60-F ATTTACCGCAAGGGCACCAT 196
TIP60-R CCTTGGAGAAGTAGCCCACG
L)
B2M-F TGGAGGCTATCCAGCGTACT
B2M-R TGTCGGATGGATGAAACCCAG 11
GAPDH-F CACCCACTCCTCCACCTTTG 108
GAPDH-R ACCACCCTGTTGCTGTAGCC

1.2.5 Real-time PCR 4-#7 FIH SYBR Green 4
BHFE Real-time PCR S I A I 5 P () R 3k 7KK,
MAAZRIE 10 pL: Hi ERIES Y4 0.5 ul, cDNA
2 uL, H,0 2 pL, SYBR Green Real-time PCR Master
Mix 5 uLo B 444 95°CHiIAYE 30s; 95°C 5 s,
60°C 34 s, P34 40 MEF, RN EE, AR
A S T 5 sttt Co (8, B AR AR Y 1 3
A, WO SRR A IR B LRE
WILERIAZ S, A Ct=Ct ( HFYFEER ) -Ct (N
ZHMH), AAC=AC(HEIL)-ACt(XHIE),
AR CHMEEAR ) 278 (A ) BRI
FEXT IR
1.3 FitESH

K] SPSS 16.0 GEit A0 Bllm it AT G 124>

Bro TR TORIDIEIEL + AR (x+s) TR, MW

H A LR ¢ K s S vkl R Mann-Whitney
Db AT Hedss s AHOCPERRFSE R Pearson A4,
P<0.05 WESAGIEE X

2 #R

21 TOF EJLOANAEZEH ZELKFETK
T HL 5 ] %t B4 A 10 6] TOF 24500 WLZH 2 b
AFEATHE A CBEALK R, Sy 41 Ak S 5 25
RN, H3K9 5 & BE ALK 7E TOF 4.0 fILHh
B T4 (U=5.0, P=0.0165) ; H3KI8
LA AT B0 BRAH A ( U=1.5, P=0.0048 ) ;
5 H3K18 # [A], TOF & JL i .0 WL i 18 2 21
H3K27 £ Bk Ak 7K St %8 % B 4 B 1% (U=3.0,
P=0.0084 ) , Z5FEIR TOF LU L 4
H LB AIE A S5 . LA 1.
2.2 HATSs #1 HDACs 7 TOF AL AEB R hiRIE
EP300 FI CBP J&— X} HA W E/EH Y HATs,

Real-time PCR # &Z B{, TOF 24 EP300 mRNA %
IRK AT IRAH THiE (P=0.025) , HipEIVEF
F CBP mRNA 3 ik /K V-7 TOF 4175 5 F X% B4l

(P=0.017) ; 1fii HATs MOZ F1 TIP60 mRNA % ik
HAEFE P E] 22 2 TG 1243 L (3 P>0.05)

(F£2) . KDPLHEEAH HDACs HDACT
HDAC2. HDAC3. HDAC4. HDAC5 fl HDAC11
f mRNA #3ik7KF; 6 4~ HDACs mRNA ik /K F
FEMZ R 22 TG 22 L (P>0.05) o W3 3.
2.3 TOF &JL EP300 % CBP mRNA Riz5 0l
HEH B K FREEED T

X 9 ] TOF £ A1 5 15 %} BR 26 .0> UL 2H 22 EP300

J% CBP mRNA 335 5.0 WL & A £ WAk K - 3F
17 Pearson AH 0 Hr gt R W ox, JGie Ll GAPDH it
J& B2M N2, HEEH H3K9 LB E/KES EP300
mRNA 23k ¥ 52 1E A ¢ (4000 =071, 0.66; ¥
P<0.05) ; 5 CBP mRNA FiAIRERIEMX (415
r=0.72. 0.72; ¥ P<0.01) (K 2) ., LIB2M NN
Zit, A H3KI8 b /KF5 EP300 K CBP
mRNA &35 2 7 A0 26 (091 =-0.60. -0.60;
) P<0.05) ; {H/Z L) GAPDH NN 20}, HEH
H3K18 Z kK F 5 EP300 A2 CBP mRNA ik
Te A 56 M (43 91 r=—0.39, -0.42; 7 P>0.05) .
JCi8 UL GAPDH it & B2M A N2, 4145 [ H3K27
ALK 5 EP300 mRNA # A JCHI 6 (43
5 r=—0.08. -0.25; #J P>0.05) ; 5 CBP mRNA
KR INH TG A & (430 r=-0.08, -0.19;
P>0.05)
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H3K18 Z Ak H3K27 Z. Btk

TSRS reT SN B T
s 3N ; : S A
A ¢ ‘ NN s.‘\‘:‘
LIS

XfHRZH

‘Ao A

2
>
~
-
1)
.
-

TOF 21

B ks MBS ILOIAE A ZBAL AT REALBTAR RAKEE, x400)  TOF 4L H3KO Z

KT BRI T1 w5 T H3K18 il H3K27 Z WAL K- X exl BREH B AR, ZBEAR IS 20 TR, Aot G ok
PR

K2 WMALAEQZEBESE mMRNAKFLLE  (xzxs)

15 EP300 CBP MOZ TIP60
X HAZH 0.74 + 0.31(n=16) 0.82 + 0.31(n=15) 1.31 +0.56(n=17) 0.40 + 0.28(1=9)
TOF 41 0.98 + 0.37(n=45) 1.17 + 0.71(n=46) 1.65 + 2.88(n=37) 0.36 + 0.32(1=24)
i 2378 2473 0.477 0.372
P 0.025 0.017 0.634 0.712

* 3 WMHEAERAEZEHLE MRNAKELLER  (xxs)

21 5 HDAC1 HDAC2 HDAC3 HDAC4 HDAC5 HDAC11
oyl 1.0 £ 0.5(n="7) 1.5 + 1.7(n=8) 1.6 + 1.4(n=6) 0.7 + 0.4(n=5) 1.4 £ 1.0(n=6) 1.0 £ 0.5(n=5)
TOF 41 1.1£090n=20) 14+08n=23) 17x13n=24) 08+0.7(n=25) 2.0+2.00=24) 0.9+ 0.5(n=25)
HE 0.888 0.322 0.131 0.446 0.670 0.077
Py 0.383 0.750 0.897 0.645 0.508 0.939
47 - EP300-GAPDH 67 -~ CBP-GAPDH
- ° -+ EP300-B2M e -+ CBP-B2M
Z 37 =
= z M
! ~
8 2 g
(=W
& g 2
Mool Teappr=0.71 Teappn=0.72
75om=0.66 7pon=0.72
0 . 0 : .
0 2 4 6 A 0 1 2 3 4 5
H3K9ac H3K9ac

B2 £HEAHIKI ZELKTF 5 EP300 mRNA( A )1 CBP mRNA( B )Ri& KT/ Pearson tHX 5341 (n=14)

3 it TSR A WITRA, AN B2 R 57 9 AN BESE
SffRE TOF B %A= [, 23RS iy list

|

HATIAA, KREHCCOHREIERE, %  fBUUEnTReR TOF Ky 2 m R R 1,
AL N AR ST N SR IL [0 . B X R 4= HEH OB H = AR 2 —,
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e IR & B i AR p A AR L AR A
TOF B ILIA & A L BEARE 5% A A 2 57,
TEEER) 3 M, H3K9 Z Ak dex B 26 B
FhiEn, T H3K18 M H3K27 Z Pk Abdse vt REZH i 22 1
%o ZBEALARZS (A 22 22232 HATs K HDACs 1)
W, i, ABFES#E—2L0E T 4 > HATs #1 6
A~ HDACs 7E TOF &L 8 0 WL mRNA ik
150, &P EP300 F1 CBP mRNA ik T , i H.
EP300 1 CBP mRNA %3k 5 H3K9 Z b 2 &
LM TEA G, #2278 H3K9 2 kAL 75 1 Rk 57 3
EP300 Il CBP {345 ", (HASHE 78 & & PLRE % i
B H3K18 Fll H3K27 L IRALRFARI R, 75 ik —
AR IE -

A SCHR IR IE HDACs 5.0 HE M) % & % 1)
AR O ML A A 98 R 7E TOF (LA = i il i
O L% P HDACs 3% 3548 1k, HDAC1. HDAC2.
HDAC3. HDAC4. HDAC5 #l HDAC11 mRNA %3k
XA AR e 22 S g b2 B L, IR AT BE
PI'F =AM, —/& HDACs ik oA 254k,
AR R R 2R DL IT AN BE 58 4 I WU iR & B 0T
FeR M T, B HDACs 5y 32 AN R B R &
WHIAEERZE (R, RIPE%) Em, A
J& TOF — Z2 51 (4 141G 24 A48 1k S A AL A B i ek A ]
g2y 1dE HDACs MyRiAE 1L, #ES TG & & W
(18 S U = T 1 R 2 R X R T
M, TASHE ST R T AR AL, AR P Y
Mz,

AT 5 A AE A T () A v 7 DR ARSI LA
R, &G, ABEXT SR AR Y TOF LG
WL L, A B  WIRIG & B B A ) 238 57
w, HETCEAIW, FFEAEG L TOF O AL itk —
AE; Hwk, T TOF fJLH A5 63 &
AR, MUK RS s, A5 23521 EP300 A1
CBP mRNA By 33k, (3 i EP300 A1 CBP mRNA
FORWASJE TOF B/ “H” B2 “/” , X—
S ETTMELHT, 7R — 2D A A S g ek
EP300 1 CBP X0 Wb . 95 . dERESF A2
T3 A4 ) RSS2 A 5 R i & 78 S ) A o i o
SR ok 5t b R IR iR & B g o, 3
T RGN AR R L WL 20 R O L R ik K
AT DAAE— 2 B R B IG & B EI AE OL,
HAEENSHEM. AR RIER EP300 Fl
CBP ] REJ2 18 3 145 H3K9 ZBEALAR S BEma O e &
B, XATRESE TOF A 9% Y B EALH 2 —, Fit—
SRV 1 B S TOF &R e R4t T8
BSH TR,
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