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RRBRTFIFRRETRESSZE/E O SERCA2a ByEE K EHLH

EBE,E W, REAH, XHAE, 0w A (400014 H PR, DR RE R~ Bt s L # 2 B0 ik B, L3 % 1
W5 2 A i S 2, LB R 7 B R [ AR [ PR S A ikt , JLAR o 3 R T B A SR 06 %)

[(WE] HIY HWTREEFILRREE TR ( - ) -epigallo-catechin-3-gallate , EGCG | i 1538

PRI £ CALEE 1 (histone deacetylase 1, HDACI) 2254/ UG IE SERCA2a [R3K . Jijth
24 H 16 i HEM: C57 BL/6 Z4/INREEYLELFE #1553 0 EGCG + 2441 [ ME i 1 5F 50 mg/ (kg - d)

1) EGCG ] \DMSO + ZAF 4] (M 15 T 5% ff EGCG [R5 5 iy — W 3L 00 ) A MR AL #2440, B4
8 H;3 HibMtk C57 BL/6 A /NRAE R H A (n =8), T-H1 8 JA, WL IE4 2, RT-PCR £l
Atp2a2 F HDACI f) mRNA Fik &, Western blot 51l SERCA2a )ik & . ChIP-Q-PCR &l Atp2a2 3
T X AcH3K9 /K & HDACT \GATA4 Mef2c 4550, 5% RT-PCR f Western blot 45538
B, 4/ NRODIE SERCA2a 7E mRNA K 2 /K- 5 F-AIK (P <0.05) ,HDACI 7E mRNA /KF-&ik T+
(P <0.05), ChIP-Q-PCR 520, Z 4 /NFUOIE Atp2a2 J5 8 F X HDACI 454 57, HE A
AcH3K9 /KRG, GATA4 Mef2c 45 AL (P <0.05) . EGCG i 8 Ji )5, Z4F/NFuL JF HDACL
238 5 S HAE Apa2 JH 37 X I Z5 A G, 418 11 AcH3K9 KT, GATA4 \Mef2c [ 454 4
J(P <0.05) ,EGCG 7 mRNA K8 /K F-Fhi 1T 2 4E /NG IE SERCA2a 33K (P <0.05) . &5
i HDACI /-S4l & 1 H3K9 ik £ 1t Ak 7] B 2 & 4F /N B0 IE SERCA2a 33k FEAIK 1Y C BEHLT 2 —,
EGCG il i P il ixX — i 2 T =y 2 4F /N IE SERCA2a 1335
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EGCG is involved in regulation of SERCA2a in aging mice hearts
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[ Abstract | Objective To investigate whether ( — )-epigallo-catechin-3-gallate ( EGCG) could
regulate the expression of sarcoplasmic reticulum Ca’* ATPase (SERCA2a) by inhibiting histone deacetylase
1 (HDAC1) in aging mice hearts. Methods A total of 24 16-month-old C57 BL/6 male aging mice were
randomly divided into EGCG group [50 mg/ (kg « d) EGCG], DMSO group and untreated old group (n =8
for each group), and another 8 3-month-old male mice were assigned as young group. The mice from the
EGCG group and DMSO group were treated with EGCG and DMSO by intraperitoneal injection for 8 weeks,
respectively. Then all the mice were sacrificed and the heart tissues were harvested from each group. RT-PCR
was used to measure the mRNA expression level of Atp2a2 and HDACI. Meanwhile, the protein level of
SERCA2a was detected by Western blotting. The binding levels of HDAC1, acetylated lysine 9 on histone H3
(AcH3K9) and transcription factors GATA4 and Mef2¢ near the proximal promoter region of Atp2a2 gene
were determined by ChIP-Q-PCR. Results The results of RT-PCR and Western blotting showed a significant
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decrease of SERCA2a in the aging hearts at both mRNA and protein levels (P <0.05), but the expression of
HDACT1 was increased at mRNA level in aging hearts (P <0.05). ChIP-Q-PCR demonstrated that the amount
of HDAC1 binding to proximal promoter region of Atp2a2 gene was significantly increased, but the binding
levels of AcH3K9, GATA4 and Mef2c were reduced in aging hearts (P <0.05). After intervention by EGCG

for 8 weeks, there were decreases in the expression and binding amount of HDACI, and rises in AcH3K9,

GATA4 and Mef2¢ binding levels near the proximal promoter region of Atp2a2 gene in aging hearts. EGCG

also increased the expression of Atp2a2 gene at both mRNA and protein levels in aging hearts (P <0.05).

Conclusion  Hypoacetylation of AcH3K9 mediated by HDAC1 may play a critical role in low expression of
SERCA2a in aging hearts, and EGCG could inhibit the process and increase the expression of SERCA2a.
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SO JIEEF 5K T RE B A A2 — 2 A A H i DL O il
I DFFERWT O NEST 7K D RE R A5 1Y & LE R
AR W, 46 40% i1 (45 B E DL E)
AARRE R EFIKIIEES . A BT B, O UL
K Ca’* -ATP Jiff ( sarcoplasmic reticulum Ca’* ATPase,
SERCA2a) 7EAF 0 JIE H F 3B BEAIG, H 5.0 E T BB 1Y)
TRCR®HY ™ MAE A MBS 5 T 4% SER-
CA2a fy Atp2a2 JER YRR . WA TILEE
BETERES[ ( - ) -epigallo-catechin-3-gallate , EGCG ]
SR TSR TN — SE B AR W SR Y 1) 2 1 264
T AE R L2 2 AR W T P B s 0 a3, HAA B AL
NS B e X ] R e (o R il T SR i S e
EGCG ] HHAE M T O R G, A 800805 B A &7
S Ty il I A 1 BR800 UL /s SR & Ik Th BT o A
WF5EHGE , EGCG HA KWt AL s/ H , anip il DNA
HILAL ALl , OF BT Dam sk i) 1 2R a1 L Sk
AL (histone deacetylase, HDACs) 2 5 £t [K it 35 35 I
PEEE I IRAT BRI K B, AR/ LD E SER-
CA2a [ FRIK TR, HAE A 37 IX 28 ) AcH3K9 7K
SEREAR, T HDACT 235 f 25 & K Tt &, 278 B
HDACI 42 2H 1 H3KO IR Wikl g2 5 1T %
HE/NEULIE SERCA2a YRR 155 N Bl X — Bl 42k
Ui, AW FI ] EGCG vl LA 1 2RHE A X LBtk
fitgix —1E ok T 4/ B, LABHIESE EGCG R DLl
i HDACT 2 5 5 &7 5K T e B At 5¢ 2 25 ) ) 2 4F
O IE SERCA2a [ 3R35 5 8 1 PR H BARVE AL,
AT ARSI O JIEET TR D RE R A5 09 el B AL 1) SR i

1 #RE7mE

1.1 ##
L1 Seseshyiaess ordl 8 H3 Aol
et SPF 2 b ¥ C57 BL/6 /NEL% 24 H 16 A 4 fik

SPF it €57 BL/6 /NRR, AR (21 +2) g, ¥ T
HIRERIR g sh Wb, 24 216 A EF /N
BEALE 21570 L EGCG + Z4E2H \DMSO + Z4EZH LA
KR A, 4 8 HEGCG + ZH4145 T
EGCG[50 mg/ (kg « d ) [JEETESS, Z4F + DMSO 445
T DMSO( 5% EGCG 71t —B0) M ST, AR Ab 3
EAEHAN LG AR T30 IF LA 3 8 B/ BRUE N
HHEH(n =8), T8 JlJg, — S Abm B B4k 5L /)N
B, 73 B A /NG R, Y8 PBS VRS BT - 80 C
TAr# o

1.1.2  FEERH i es EGCG (2l 99% , Sell-
eck,ZE[H ), HL SERCA2a HiiAk ( Abcam, #i[H ) , B-actin
Hoi CPAZEMT, Jbat) |, Je a5 fo g% LT TE ( ChIP) 3
A& (Abcam, J& [5 ), ChIP 2% 4t HDACI $it 4 Ht
AcH3K9 47T f&, HL GATA4 Fi {K. 1T Mef 2¢ 47 £
( Abcam, J%[E ) ,SYBR Green i & (KAPA ,EH) , 5
Al B RNA 2GR & ( BioTeke , Jb ) |, 394 S5 i 5
& (Takara, H ), 48 1 32 PO ) & (KeyGEN, R
iU) ,SDS-PAGE Pt i 1051 & ( Beyotime, b ) , 8 7 i
14X ( Diagenode , L ABT) , 7¢ 5 7 PCR 4 ( Bio-Rad,

KH) .
1.2 Fik
1.2.1 L RNA $2HUK RT-PCR BB L E O AL

20 5 RNA, SR FI % R 28 (1 s A 5 D (260)/
D(280) FLfh e 24 RNA ¥ Bf, LA 800 ng RNA #% 7
Takara 3 %% 53 3 50 &5 45 7 Ud WK RNA 30 5% 5% o8
c¢DNA 3T - 20 C1%4%. iz FH Primer Premier 5. 0 %
HEEXT Atp2a2 J HDACT FE[H CDS .0 g ity X 1T
FRUES Y, B R T A TR A FRA 7 A o
Atp2a2 JEHE MRS : EiiF 5'-TCGACCAGTCAATTCT-
TACAGG-3', Fii# 5' - CAGGGACAGGGTCAGTATGC-
3" NS LA B-actin Bl F 1. 7 5'-CACACCCGC-
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CACCAGTTCG-3", F i 5'-GTCCTTCTGACCCATTC-
CCACC-3’, HDAC1 A 51 % F . b i 5'-AT-
GAGCTGCCCTACAACGAC-3', N it 5'-GACGCTGCTT-
GATCTTCTCC-3' . [ 554 :95 °C A8 4 2 min,95 °C
PE10 5,60 CilR 2k 30 5,40 PME ., B HS2 541
iR H Bio-Rad CFX96 #¢ 5 ft PCR Y {45 i 3 T
pfaffl J5T 3 A0 E SR o BT A A A T 20 o
1.2.2 Western blot WERALEOIHASEN,
10% SDS-PAGE B¢/ 555 1, PVDF JREE RIS 5% i
BEAFIEA 1 h, 43 51 ABT SERCA2a HiifA& (1: 1 000)
FNZE P B-actin HLAK(1:2 000) ,4 CHEF 14 ~
16 h, TBST V&I 3 ¥k, &% 10 min; 2R J5 il A HRP #7
AP/ N ZH0(1:5 000 ) , TEB AR IR T 5 0
A2 h,TBST PR 3 K, Bk 10 min, AIA B EAF )5,
iz [l Bio-Rad &3 ArAGHEAT MG A4, SR T Quantity
Oned. 4 HAFUEAT K EAH 04T, DA SERCA2a 5 B-actin
KB Z e Fos SERCA2a (FHXT R B H .
1.2.3  geto i g 2T 3E (ChIP) A LE DAL
HA IR B A%, FHFY PBS 35 %k 3 G In ALKk
JE 1% () P BEACHR . HTRE A BB A B ) DNA, {5 DNA
Fr B EEAE 200 ~ 1 000 bp Z (8], 735! Ji] ChIP 47t
HDACI $i & Hit AcH3K9 Hip 14§t GATA4 Hi & | #t
MEF2c Htf #7551 S e St ve , W It alifk DNA
J& L URAET -20°C & .
1.2.4 ChIP-Q-PCR EHL Atp2a2 FLRAME T 5 v
Hii 1 000 bp J#%1,1z F Primer Premier5. O E4f, 51 %HZ
NIRRT ), B A T AR TR A B
NG . Atpa2 B JE B X1 )P B S -
AGCCAAGGACACCAGTGC-3', Fiit5'-GGGATAGAGC-
GCGGAGTT-3', FJi £4:95 C HZS ¥ 2 min, 95 °C
A5 10 5,63 “CIB K 15 5,68 CHEAH 20 5,45 PMEHE .,
JIF A B S 5 804 >R ] Bio-Rad CFX96 ¢ i i PCR
ACE A ) 3 T plaffl J5 38 04 AH X5 8 508 43 B B
I3HT o
1.3 “%it5oH

A 0 S35 B8040 X R T SPSS 22. 0 Gk k4T
Gt Aot B & + s FOR AR L BCR IR R
520

2 HR

2.1 EGCG # &£ & I Atp2a2 % B mRNA #
ik
RT-PCR 5 2R R, AR/ U0 JIE Atp2a2 B [H 7
mRNA JKFRYZRIRFRAC, 55 FA L, 257 A 5T
FE (P <0.05) ;EGCG T 1 24/ NEULIE Atp2a2

FERFE mRNA KEFIE (P <0.05) . EGCG + E4F
HEHFHR, EZR5¥E L, WK1,
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n
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®

M:Marker #7;1: F 402 2 F20,;3.DMSO + £ 541,
4.EGCG +ZF4
A:RT-PCR ZR;B . T EoHM LR
ki (n=8, x £s)

E 1 RT-PCR &M AAELR Atp2a2 EF mRNA HRiEKFE

a: P<0.05,)%5 %4

2.2 EGCG &% 4 & v ik SERCA2a 4 £ ik

Western blot 455 2 0] | % 4E /N B0 JIF SERCA2a
MFRE TR, SEFAMIL, 2R A BEE(P <
0.05);EGCG Ei#IF i % 1 &4 /N0 JIE SERCA2a
FIFIK(P <0.05), EGCC + ZFH 5 HFA I,
JomEER . WK 2,

1 2 3 4

SERCA2a— W S s S—
Broctin— G a— c— ()

R
®

215
1. F 4202, % F40,3.DMSO + 2 £41;4. EGCG + % %4
A:Western blot Z£ % ;B: T 50 4E&E a: P<0.05,5%
Faabi(n=8, x £s)
2 Western blot #:0:fLZA 2R SERCA2a {3 iEKFE

a
<8 124

% 1.0L

W 0.8}

2.3 EGCG 75| 41% & % LB AL E HDAC] 49 mRNA
KRB A Atp2a2 KB BT K654
2: RT-PCR K, %47 /N R0 IE HDACT 1) mRNA
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FIBKFETHE (P <0.05) ; ChIP-Q-PCR 25 R % W], &
/NGO IE Atp2a2 BETH S 3l F X HDACT 9254 &t
(P <0.05),EGCG T Hi)5, %4 /N0 ik HDACL
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F (P<0.05), WK 3,4,
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B3 RT-PCR #7l0AlZA4 HDACL B F mRNA f&iLKkE

a: P<0.05,5 %4

M 1 2 3 4

600 bp—
500 bp—
400 bp—

300 bp—]
200 bp—|
100 bp—
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1.4
L 12

B
X 1.0F
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o 04F
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AIRFEME R kR B RS MER

Faki(n=8, x £s)

E 4 ChIP-Q-PCR &L ALALR Atp2a2 EEFBIFX
HDAC1 4 & 7KF

a: P<0.05,5%

2.4 EGCG FF& £ 4 Rou i Atp2a2 £ K B3 F X
1% 8 AcH3K9 K-F

ChIP-Q-PCR 45 R B 7w, B4 /NGO IE Ap2a2 5

K S 2 F X 4 288 11 AcH3K9 /K F B B R Ik (P <

0.05) ,EGCG T+ T Z4E/NEUOIE Atp2a2 JE R 3 3
TIX LA AcH3K9 /KFE(P<0.05), WA S,

M 1 2 3 4

®

a
I 2 I 3 I 4
415

M:Marker 47  ;1: F 402 2 5 20,;3.DMSO + £ 541,

4.EGCG + & F4

A IRREHE R R 4R B E S HATER

HFpki(n=8, x £s)

E 5 ChIP-Q-PCR &L ALAL Atp2a2 EEE3IFXA
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a: P<005,5%—

2.5 EGCG 3§ Aotz s # F B T GATA4 Mef2c f£
Atp2a2 KB B3 F R LS
ChIP-Q-PCR 25 /R, ZAE/NEUOIE Atp2a2 FE A
JAEhFIX GATA4 Mef2c ()45 A REFRK (¥ P <0.05),
EGCG 11T GATA4 Mef2c 7EZ4E/NEUIE Atp2a2 %t
Ha sl ¥ IXmgia (3 P <0.05), WLKE6,7,
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M:Marker 47 ;1. FH 5402 £ F20,3.DMSO + % 541,
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AR KRB R ML R

SFarki(n=8, x+s)

6 ChIP-Q-PCR #:il::ALZAZR Atp2a2 EEFEHFX
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a: P<0.05,5%
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2 3 4
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M:Marker 474 ;1: F 5202 £ 5 20,3. DMSO + % 541,

4.EGCG + 24

A IR KRB R FSMER a: P<0.05, 5%

FHER(n=8, x+s)

7 ChIP-Q-PCR #:il.:AZAZR Atp2a2 EEFFFX
Mef2¢ K4 &K F

3 I

O I8 HHTE B — DR BRIER AL TR fERR
(AL, FLFE 53 A0 25 5 I DD RE T B e i P o0 ) 5
Ui LA R0 28 T 5K 0 78 8RB T e T AR 10 23 R )
SR ) TE VR 3 SR S AFAH SC 100 JIE 3 22 0 5 T oK
Pt Fy e A S R ) R SRR R A B S Il
B0 113205 (heart failure with preserved ejection frac-
tion, HFpEF) "', 4i& A 413 , 3¢ [ 25 500 J5 .0 71
W E T, A R R E B2 W B A HEpEF, H.
1L 90% 1) HEpEF AR #Eat 60 2210 Kk
ARl DR 24 i R B VA 7 W e 0 ) R I Y B HE A
NEVTIE ot o & L NPAE =3 LI by &/ SN E|
HA DG A AH G 1 &F 7 2 R [ 5 1 & A LR 18 AN T
R AP DGR R A 1 21 5R Al W DO IR R BTG
VEg [y Tk/ e RN s

EGCG 1R LA R P A Yis Ml W) ot , By
E N AN =l E A 4 10X e (Y E R i <
W A B, EGCG m] LAAT 280k 38 A T 9K £ RE B e 1)
BR8] 00 UL /N BRLRG &F Sk Sh BB . A IR g 4,
EGCG HAFMs L EEAE ], ndm ] DNA B B {4
FEWt , o H AT LLmad ] T 2418 A & S BAL R Chis-
tone deacetylase, HDACs ) & 5 L [H (1) & & F1
B R WA B A A 2 O AL 1Y 35
77 3, S A 24 8 1 25 S A R £ T A i

LRI 2R 25 SR AL T AT (5 Y €20 S5 119 25 [R] 2544
AR M T RFF R 1 R E A LB
A AT LIRS IE [ InppSf, KLF4 fy 32351 | [F]
INf, O IERE S H - GATAS K Mef2c Ho7E KL ek P84
ol B o R, MR 43R B 2 2 AL 1Y
KA g A B T 3k R0 e SR B O UL )
Ca’* -ATP fiff SERCA2a .00 Ik 7 2 (1 T B 25 11, 760
DIRe AR FoR s h i 5 mEAE M. PR R, 24
DERIZIRE T R 5 SERCA2a fEZAR DR I FRE T
MR R RANTATIIRT ST KB, AR/ R
[k SERCA2a fli3 ik TR, 47l SERCA2a [y Atp2a2 3
W 8h FIXAFEAE A Bk s /e, 4R & E
LB 625 T Z4F /NGO IE SERCA2a )3
R . AW R, EAE/N RO IE HDACL ) mRNA
F23K K SEFF & 5 [W i, ChIP-Q-PCR 45 5 3 0, HDACI
TEEAE/NFUDIE Ap2a2 JEH o F X 145 &K
T, L8 F AcH3K9 /KRG, GATA4 UL J Mef2c
M 2E A 7K S FEA ; 38 3 RT-PCR il Western blot #& ,
ZAENELLE SERCA2a 7E mRNA F17E 1 7K 2235 )
HFREAIG, 3X 22 Bt HDACT A 3L G 3 F XL S
Ak A R A W] BB 76 & 4F /N RO IE SERCA2a 11 23k
RS PR AV E . EGCG T4 M, EGCG
A LA HDACT mRNA Y361k & HAE Atp2a2 JER I
TG, 1R M A 8 H AcH3K9 7KF-, [m] B 3
GATA4 1 Mef2c 45 &5, E T 55 3% 4 SERCA2a
7E mRNA FIE K31k, 2 5 SERCA2a (1 ¥
H ot Al O, AR/ NERUO IE SERCA2a FREREAIN 1] BEJ2:
HDACI 4S8 RS 8+ X 4 & 1 H3KO ik 2 Bt fk
A5, 1 EGCG A LU o )1 il HDACL (1) &35
g4, EERER G 30 7 X A4 E H AcH3K9 7K 7t
E3F 55 B4/ IE SERCA2a [,

25 b prig , B HDACL A2 8 11 H3K9 K £k
LRI BB & 40 JIE SERCA2a 2235 FEAIK 1) SC BEAIL ] 2
— TR 2 BRI ST T2 R A 3 PR AT I O 2Ok B
SERCA2a Ik, HA — i i M B R XU 4 5 A< B
S UG I SR AR B TS R B4 EGCG AR kT iy =X
A B £ Ak A8 1 R T 0 2 A A DG 1Y SER-
CA2a [WRIK , B AE A S ET Tk D RE R AR (R Y7 $R 11t
TR
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