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[HE] H R0 SRR HACE Pt O UL AH I 35 A ) e H3K9 RIAEME . Jiik LhC UL 20 i bk A
BFFESE4, 4y B A R (200,100 .50 mmol/L) 2% (16 12 .8 4 mmol/L) f1Z, (16 .12 .8 4 mmol/L) b3, 57
MTT 52565 6 1 4 & B K AR #) 1) T 1K B, Western blot #5020 85 11 H3K9 ZBEALAEH], SEI € & PCR A0 ER &
FAOCHED] GATA4 Mef2c [ ThxS mRNA ik 9781k, 850 MTT 2554 B/ Rk 220 50 mmol/L Z i 4 mmol/L Z 18 |
4 mmol/L. ZFRHYANAEE I3 5% BRA He A2 S gt it 3 SC(P > 0. 05) , AN O LA A 4% 58 5 @ vk B2 20 200 mmol/ L 2,
W 12 mmol/L £, |16 mmol/L Z Xt Lo LA 4R A ] 5 53331 A 31. 5% 36.0% \32. 1% M AN (P <0.05) o k¥
BE OB LR BIE A 8 H H3K9 LMEALK-FTHi 2.4 2.2 /%5 (P <0.05) o (Do JJEA B AH G HE N A W R 284k (P >
0.05) ; Bk FELH L1 LR ST EZH 11 H3K9 ZWEAL/K-F-THiE 5.3.5. 6 %, [l O JIE & 5 AH G HE Rl GATA4 Mef2c 3Rk
THEI, 5 %08 HE2H KRR ATV B2 4 LB A G722 5 (P < 0. 05) 5 SN JC IS ARk B3 /2 e iR BE X 4L 26 11 H3KO Lt Ak
IR S AE R KRBT R (P >0.05) o 2518w B 0y B SRS ™= Hpoxt.O A 4 M35 A S MVE T i 2 B X &
M2 FATHH A 1 H3KO SRIBAE T, AT RE ARG BUE O A LT 2 — o
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Ethanol and its metabolites induce cytotoxicity and H3K9 epimutation in cardiac

progenitor cells

Zhong Lilin', Zhu Jing®, Wu Xiaoyun', Chen Guozhen', Sun Huichao', Yang Xuefang', Tian Jie' (' Department of Cardi-
ology, *Pediatric Research Institute, Children’ s Hospital, Chongqing Medical University, Chongging, 400014, China)

[Abstract ] Objective To investigate the cytotoxicity and H3K9 epimutation induced by ethanol and
its metabolites to cardiac progenitor cells. Methods Cardiac progenitor cells (1 x 10°) were treated with etha-
nol at 200, 100 or 50 mmol/L respectively, and acetaldehyde or acetic acid at 16, 12, 8 or 4 mmol/L respec-
tively for 24 h. MTT assay was used to select the intervention concentrations, Western blot analysis to detect the
acetylation of histone H3K9, and real-time PCR to measure the expressions of heart development-related genes
GATA4, Mef2¢ and Thx5. Results MTT assay showed that low concentration groups [ 50 mmol/L ethanol
(0.368 £0.028) , 4 mmol/L acetaldehyde (0.336 £0.040) and 4 mmol/L acetic acid (0.359 +0.014) ]
had no effect on the proliferation of cells compared with control (0.358 +0.066, P >0.05), but high concen-
tration groups [ 200 mmol/L ethanol (0.245 +0.042), 12 mmol/L acetaldehyde (0.220 +0.017) and 16
mmol/L acetic acid (0.243 £0.024) | were greatly affected in the cell proliferation by 30% (P <0.05). Low
concentration groups of ethanol and acetic acid increased the acetylation of H3K9 by 2.4- and 2. 2-fold respec-
tively (P <0.05), but had no effect on the expressions of heart development-related genes (P >0.05). High
concentration groups of ethanol and acetic acid showed a 5. 3- and 5. 6-fold elevation in the acetylation of
H3K9, and the expression of GATA4 was increased to 1.767 £0.173 and 1.518 +0. 133 respectively, that of
Mef2c increased to 3.301 £0.465 and 1.875 +0. 587 as compared with control or the corresponding low con-
centration groups (P <0.05). Both 4 or 12 mmol/L acetaldehyde had no obvious effect on the acetylation of
H3K9 and the expressions of heart development-related genes (P >0.05). Conclusion High concentrations

of ethanol and its metabolites have a cytotoxicity effect on cardiac progenitor cells. Ethanol and acetic acid in-
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duce H3K9 epimutation, which may be one of the pathogenesis of congenital heart diseases caused by alcohol.
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1.1 FZRXANAMNE

DMEM 5 4 5% 9% 3 ( Thermo 23w, J2 ) 5 I 24 1L 37 ( PAA
ONE]LBROCHFIE ) s 4t H3K9 FRL 2 SE B B Ak (abeam, ab61231, 3%
E); TAEMREE 1:1 000; 4T B-actin FR R 58 [ HT & (abcam,
ab6276 , B [H) s TAEHE 1:2 000; L1 2F40 5 S 1l 2E 40/ B
HRP 712/ 1gG (A E A2 S =B ARG BR A R ) s 4% 5 14
BUR ) £ (ActiveMotif 2% &, 35 [H ), BCA #& 11 52 ik 7l &
(Pierce 23, 36 ) ,RNA £EBGLH & (AL H R e A A
BRI 5308 8 ) £ (TaKaRa, A AR) | 2t PCRARH &
(FARAABHE A IR s MTT( Ameresco A, 5[ ) s K2
P ,40% 2,1 , KB R XS Ry 43 B st ( BCARTBH e Ak T3 ) 5 il
FRAX (Thermo /A, 35 H) .

O UAEL 20 PR R 3 [ 2 0 BF R 2=l M o+ A sk e
o
1.2 w7 AR Rk 3 (MTT) ) & 52 3

B0 WUAEL 40 530 3 P M 8 1 x 10°/ml, 4541 200 pul 4%
T 96 fLtk ,24 h J5 B 4 LW LB LR R FR U,
AN 4 AR AL, BRI 200,100 .50 mmol/L,
CBE K 2 BRI AT R 16,12 .8 4 mmol/L, X HEZH A Jin
2514 10% Jif 25 135 i) DMEM =i 52 2k, gk 235 95 24 h, i
J& 4 h BFLIA 20 pwl MTT(5 mg/ml) ,37 °C 5% CO, ¥ 548
WEE 4 h,3F FZWR, AL 150 wl —HEA, PR3 10 min
J& , FHBEFRGIAE 490 nm BSE% A [ D(490) . RAHARIT

T,
1.3 S UAR 2 R3S I R AL 22

D WIAH AN AE 2 10% BG 2R 10 3E i) DMEM (= Hf 15 77 5 355
I% , R E M6 RIS 80% A, LA 1: 3L BAEAR. AR IR AT
NSRS R LIRS IO LA 40 B4 5 Y SO mmol/L Z,
B 4 mmol/L ZJ 4 mmol/L Z B2 A KHE EEAH , LT LA 48
M3 412 H 30% 2245 1 200 mmol/L Z,fi% .12 mmol/L Z, 7% .16
mmol/L &, Jy R FE AL, T L0 AR AR 24 h, X B2 R AR
27 10% JIG A4 ML I 3G 7R LG 7% 24 h,

1.4 Western blot #n]

O HAR 2 Fab A TE 24 h 5 $2EU 2 1, BCA
JEIN 5 5 AL RN 100 wg, 48 15% SDS-58 D s Tk i s el
VG55 PYDF i I, —$0(1: 1 000 FBe) HAJS 4 Cibd, —
Pi(1:2 000 F#8E) ZIREE 90 min [FILFKEMIR, DL 2B
H3K9/B-actin(JK B ) 1F A HR AR Rk 7
1.5 w2 % PCR #%&m

O IAHAN 22 b YR A B 24 h 5 T B2 RNA 5 B0 306 5
SEASH] cDNA VRN IR EA T 52 8 /i PCR, Ui & B A SC 3L
7|9 Z % N : GATA4 | . 5'-CCCTCCCGCACGATTTCT-3', T
Ui : 5'-AGAGGCCCAACTCGCTCAAS3', 7= ¥ K B 7 133 bp,
Mef2c |- Jii#: 5'-GCGCAGGGAATGGATACGG-3', F ¥if: 5'-TGC-
CAGGTGGGATAAGACG-3', P~ i f 156 bp, Thx5 I JiF:5'-
CCAAAGACAGGTCTTGCGATTCG-3', F ¥i#: 5'-TTCTCCTCCCT-
GCCTTGGTGAT-3', 7= 4 K- i S 192 bp, B-actin [ §if: 5'-CA-
CACCCGCCACCAGTTCG-3", F iif: 5'-GTCCTTCTG ACCCATTC-
CCACC3', PeMy KBl 174 bp, DA_EIERAGY 38 413k 95 °C
2 min J5,725 95 °C 10 s,1B %k 60 C 15 s, #iE{# 68 C 20 s, 3k
40 IMEFR 65 °C 5595 CHEfif. LL2722“4F 2k RNA BALEUE,

,,,,, B-actin ©
1.6 %tz

K HH SPSS 16.0 G 4R A TG 24T, B DA & = s

I, 4L ) EE AR FH B R 3 07 22 00T, P LE SR T Dunnett £ 75

2 #R

2.1  TEER RS PR S ILAR 4a B3 58 64 % v
A D(490) /R 40835 77, 2,185 200 100 mmol/L ZH 311 41
HETE (P <0.01) , H:H 200 mmol/L i1 4 31. 5% ,50 mmol/L
AESTRA K ZER LHEITHEL(P>0.05), LEEWERETE
16 .12 .8 mmol/L W4l 4 L 3 %8 ( P < 0.01) , 12 mmol/L B Xt
YRR ANHIF R 36. 0% ,4 mmol/L e 8 i Xof 241 Jfd 344 58 JC 1] b
M (P>0.05) , ZRWEAE 16128 mmol/L A 11 i 41 i 14
B (P <0.05) ,4 mmol/L K 4 il 45 B B 52 (P >0.05) ,
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Forp 16 mmol/L I X AR AN A 32. 1% . BRI 1,
®1 ZERERBFYEREABMAETEE (x£5)

4153 D(490) fH
popiE:d] 0.358 +0.066
n:-viss k)

200 mmol/L 0.245 £0.042?
100 mmol/L 0.271 £0. 023

50 mmol/L 0.368 +0.028
AL IR

16 mmol/L 0.138 +0.036°

12 mmol/L 0.220 £0.017*

8 mmol/L 0.276 £0.030*
4 mmol/L 0.336 +0.040
LRAb P
16 mmol/L 0.243 £0.024*
12 mmol/L 0.286 £0.019*
8 mmol/L 0.307 £0.019"
4 mmol/L 0.359 +0.014

a: P<0.01, b: P<0.05, 5 2@ 0 rb4x

2.2 %G LBALK-F T AL

MG BE4H 50 mmol/L Z RN 4 mmol/L Z, &84y Hi a0y JLAH
AL H3K9 R KT 2.4 5 2.2 £5 (P <
0.05) ;4 mmol/L ZEENI ARG H3K9 Z Bk -2 As , 5%} iR
HILE, ZR TG L(P>0.05) , WWE 1A, =ik EEZH 200
mmol/L Z & F1 16 mmol/L Z, F& 43 5l {di .0> L 4H 40 s 46 55
H3K9 Z, WAk /KT 5.3 F5H1 5.6 £ (P <0.05) ;12 mmol/L

ZEEN AT & A H3KO Z Bk Ko, 56 B4 Lt #k,
ZRICGITERE L (P >0.05) , WL 1B,
1 2 3 4
Buactin 43x10° — I —
H3K9 17x10° — = T e W
1 2 3 4
e

HEKO 17107 —» o — —— | )

A AR ELR 1. %8848 2, 50 mmol/L 28 ; 3: 4 mmol/L Z#;
4. 4mol/L TEE; B: Sk .34, 2: 200 mmol/L Z 5%,
3: 12 mmol/L Z&; 4. 16 mol/L T &%

El 1 Western blot #&ill Z B2 & E i 7= 4 %0 L 46 248 s H3K9

Z B K TR B

4 L5 ¢
- I!-ﬁO mmol/L .
3 3} =200 mmol/L 2
I & 1.0

2
= < 0.5
Z 1 =
i =z

0 0 Hi 1

GAT A4 Mefz( Ths GATA4 Mef2¢

A 4 mmol/L. @ 12 mmol/L 3.0

2.3 WSHEXFAEAEE GATA4 Mef2c . Thx5 mRNA
9 R A
50 mmol/L Z BEXT 0> I & H AH G SR GATA4  Mef2c , Thx5
mRNA %35 JC B B 20 (P > 0.05) , {8 200 mmol/L Z, B fdi
GATA4(1.767 £0.173) Mef2¢(3.301 £0.465) Thx5(2.123 =
0.492) mRNA /KFEF+5 (P <0.01), WL 2A;4 mmol/L J% 12
mmol/L. ZFEHIXF O IF & B AHOE KL GATA4 Mef2e \Thx5 JEH
BN (P>0.05), W& 2B;4 mmol/L Z %} Thx5 (0. 576 =
0. 102) F# Mk VEF (P <0.01) ,{HXF GATA4 (0. 848 0. 050) .
Mef2¢(0.777 £0.049) J& B M (P >0.05) ,16 mmol/L Z.
%F Thx5(0. 846 + 0. 181) JoHH B4 (P > 0.05) , {B{f GATA4
(1.518 0. 133) Mef2c (1. 875 +0.587) mRNA KFEF+55 (P <
0.05), WL 2C,

3 it

IG5 T8 T e e S5 i RO At B P 0, 2 i I
W R B L, Tf"éé’]ﬁli‘%ﬁmﬂlfﬁmﬂ& SR
KERPOE IERASBE TR . SRR IR
T35 S R 0 e T e o AR T e 8 B AS 232
TR . KRR I, Wk A ML
% DNA H LAk 48 BG5S, 52 J8 B R BE R R 15
W20 DRI, 2 L i 4 LA F PR 58 DR 28 RO DR 3 5k
S Z AR T — BRI R o PRBE PN 2T 5E o AR
(1) 2 38 14 A P i 2 5k PR 1) 638, 96 98748 ((epimuta-
tion) , JE M FE LT AL AP 2% ENCLE &
fiF e Mok EaLE" .

H RTRIFST 2% B O BERR S R 22 P Af ff S 41 2 v 4l B
1 H3K9 9 Z WA 7K - Tt , andAe o 3% 35 19 K BRI
A R I A Rk B 4L R
TR PR ) 4 (LT 5 JUE AR S 40 i Y 21
[ H3K9 LA KT T itk — 2052 i 55 X i) 2 58
TIRTERE . ARSLIGLE R R 50 mmol/L Z FEKEd.00 il
FHAA R H3K9 kA /K- T 5 2. 4 4% ,200 mmol/L

LB COBEALK - RE— 2 Th R 2 5.3 47, AR ™4
CIRWARMNE s S N RS IR E A &

Wt ALK T B TR OO 2%, i 2 B g — AR

‘A4 mmol/L. w16 mmol/L

2-BAG

mRNA
S

"I gj A

Thx5 GATA4 Mef2¢ Thx5

A LB BiLEs; Co L
a:P<0.01; b: P<0.05, 53R c: P<0.01, d: P<0.05, 5 x5 B AR 2413
E2 TEKEZE. ZEMZBRIOELFHXEE GATA4 Mef2e ThxS FRixEHHI
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PN T TTS 2 IR R 340 2 i R P 35 %0 JLAHL 40 B G
AT EE T, $2 R B AR = 1 LB A 5 |l
PYZH A 1 H3K9 Z Ak 7KF- s h OF A L #84E T, i
Hitk— A=) 1R T BEAS T AR .

98 F AR O 2 B 1 1) BB A Y €0 5 ) 245
Fag BT 35 PR SR i i Y e HE 4 8 1 HBKO 19 2
BEAL A A 2 R AL i — ARG o ABFSE R
M () 2 5 | #4125 11 H3K9 Z Bk Ak K- T, 3
O NEA B HHICHEH GATA4 Mef2e \Thx5 ik KFFF A
KR | 4 2 T B 3G i E] 200 mmol/L i, i — 2
Fhiss 48 1 A K, [F B BE & E A O 3k B
GATA4 Mef2c Thx5 Fik /K P-4, FARE ™Y £
WA R RIE, B — =Y TG 2
VU 3 2 e Yk X ILAEL A0 B 1) 2 AR 7K B
WEA B AT R GATA4 Mef2c \Thx5 9635 TC I i 5%
Mo AR SEE S8 SR ml LA ) 21 S AR = 4 3t
JULREL AT i 20 2 1 2L TE AR AT B 52 i 5 O IR % 75 4
KL AR — B0, DR e R ATT 4 I 2 1 A LA G gt
FEYIRT B RO WUAH 40 A 21 25 1 H3K9 2, Tk Ak 7K OF- 3%
T T AT REAE OO T A DG SE PR ek & A s B |
i H3K9 FABMEH . XA EH A — & Mk
TPk, 24 2R AR = LR i TR B — e AR BRI
i LB AL AT 3 i 21— s R, X0 JIE & & A OGS
KRB A H 7

ONEE R R— R HE MR, e Rk
B 2 R AR 22 DR R AS [ () 12 )L 4 IBTOA A
ik Ry — AN SR S5 AR 0T R S BT O I &
Mo A K RERE I IR] U U R B A G PR DI 3%
HERKEEEREOIN R T WM,
GATA4 Mef2c Thx5 2.0 E R A & h i EZ M 3 4
SRR, —HREUE N R E IS FECOIERTIE . K
BT S HAAEE M AR, BT
VEZ LW L, vl 68 DL A R i B R i 25 O ik b
V2N T IEMEL EOEET SR
GATA4 Mef2c Thx5 ik & U8, Al BE 235 0 32 &
AT T U 3 PR ) 2 AR AR 2 A e AT T L Oy
I 2 1 3 R 2 DR ) I R 0 3, e 4T R S B0
ORI &

o TR JRE (1) 2 T B AR 7= 4 i JULAEL 440 e A=
K, RN AR TEVE T, FRATHEN AT 58 55 v B
PR T A L AT RN R R RS
HE|RA 4 E A H3K9 LB /K m A L7 Wi it
— W5 o
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