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[(HE] BR WO )= (heart failure, HF) 41 f A, B 58 HOC2 A FLO UL AN ML o 5 Yo € 5 21 2 1
i N-H 3L %5 3 B 2 (euchromatic histone-lysine N-methyltransferase 2, EHMT2 8 G9a) it 2H & [ H3 45 9 (i i &
R & A= — H H 4k (Histone H3K9 dimethylation, H3K9me2) ¥ ¥ il U8 1 # 28 5 3% Al F (brain-derived neurotrophic
factor, BDNF) I % ik, 25 HF &4, A& it HOC2 K FLO L A0 M B 55 AL 40, I8 R 55 e | %08 31 % (oxygen
glucose deprivation, OGD) &b ¥, #4 7t HF 4t Il A5 7Y , 7 F 336 % 53 o o 2R 4 Tl 2 =R 7 988 B 50 2k 45 O 1 4 DU
OGD 42/ HF 4 i 180 f %) BZH 1 G9a mRNA B3R IE ;8 I OGD AL HF 4 i B & b @ik G9a /5§ BDNF
mRNA 9235880 HOC2 4+, 4 OGD 4B A HOC2 ., Bk GYa J5 4 OGD AFJE iy H3K9me2 By ik &,
FEER G9a i OGD kb B i 40 o A 0 225K A 5 3R G9a E KR Al Wl OGD Ab B S 59 HOC2 K B0 WL 41 i &% A
TN 5 B AR G9a 33 W14 BDNFE 3 31 7 89 H3K9me2 B4 F BDNF (932 15 ; i {& BDNF #4010 5 sh-G9a i
Ik T I R T 7 IR B AE 5l ORI O LA AR R T A B G . &5 HOC2 K RLOD AN HF B8 dr, G9a i 41
H3K9me2 % BDNF %35 ,2 5 HF B &, W] LIV IG IR HF 5 35 9 91 58 $2 it
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The relationship between G9a and BDNF levels and heart failure in heart
failure model of H9C2 rat cardiomyocyte
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LIU Zi-ning, BU Ji-qiang, ZHAO Teng-yue”
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Shijiazhuang 050000, China)

[Abstract] Objective To establish a heart failure (HF) cell model and to investigate the
role of euchromatic histone-lysine N-methyltransferase 2 (G9a) in the progression of HF by
regulating the expression of brain-derived neurotrophic factor (BDNF) through H3K9me2 in
cardiomyocytes of HIC2 rats. Methods H9C2 rat cardiomyocytes were cultured, passed, gene
transfected and oxygen glucose deprivation (OGD)-treated to establish the HF cell model. RT-
qPCR and Western blot were used to detect the expression of G9a mRNA in the OGD-treated HF
cell model and control group. The expression of BDNF mRNA in OGD-treated HF cell model
after G9a knockout was detected. The expression of OGD-treated H9C2 and OGD-treated
H3K9me2 after G9a knockout was detected in HOC2 cells. Results The expression of G9a was
up-regulated in OGD-treated cell models. The apoptosis and injury of H9C2 rat cardiomyocytes
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after OGD treatment were inhibited by G9a gene deletion. Silencing G9a promoted the expression
of BDNF by inhibiting H3K9me2 modification of BDNF promoter. Silencing BDNF partially

reversed sh-G9a by activating the TrkB signaling pathway to reduce cardiomyocyte apoptosis and

damage. Conclusion

In HF model of H9C2 rat cardiomyocytes, G9a regulates the expression of

BDNF through H3K9me2, and is involved in the development of HF, which can provide ideas for

clinical research on HF markers.
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SO JIEAE SRy A AR S5 198 R 1 2 B8 B R SR, 0
BRI dfe AR A Ay R, A AR T o AR AL Wl 1R A A R
A MR M I A =W T 1) 2B L, Ay WL 4 it i
JRRE SRR =W 1 B N LRI s R e e 3
RE A P RS EENEM. AL,
TEGR A LT O LGN I 2 R 1R 24 5 & 1 sh 35
S T A A BRI IR T R T B NI SR O L
20 LR T T RO R 5 A N ) BE B kA L 0 )
(heart failure, HF) J& 2% 0> IE 45 #4) 51 1) 68 P %5
B B T B I D) BE 32 AR O I A R B
U BOA A R I IR YT HF S0 I8 9
UL ERPRERS Y, BEE 25 Wk R 1
A  HE 5932 Wrllok B B #3697 T Bot Ok £,
B2 HE /9 % A= L A B o0 5 22 E — 20 TR A BT
5. A WF 5% H H B # % Coxygen glucose
deprivation, OGD) &b ¥ HOC2 K B> UL 20 Jfd . #) 2
HF 4 d 2, 3k — 22 i 58 HOC2 K RLL UL 48 il
HE MM & R N-F 35 BB 2 (euchromatic
histone-lysine N-methyltransferase 2, EHMT2 &
G9a) W i 414 11 H3 55 9 o 2 R & E — W Sk
(Histone H3K9 dimethylation, H3K9me?2) & 5 ik
P PE #2838 I F (brain-derived neurotrophic
factor, BDNF) iRk . 2 5 HF #9 & EHLH .

1 85 7 &

1.0 SRl HIC2 KELO NLA L (CRL-1446)
s AR BV i 4 280 v 4 5 ok 10 UL 40 L L AS F 5
il I HOC2 K BLC ILA0 i I 1) 56 =] B 8 855 5% T
(Manassas, VA, USA) .

1.2 MG+

121 ZHMIALAC 7EIREE 37 'C.5% CO, W41
TOHEH 10% MG 4 g . 100 kU/L ¥ % R Al
100 g/ LAk % R 1) DMEM 85 37 3£ 55 3% HOC2 K i
LA

122 EHFY AHE ULEA 45 F g B4k 2000
HEYURF) Ak E M E ) sh-G9a,sh-BDNF il sh-NC
BEYe BB A K R A HOC2 KRR C UL 41 i

12 h J . T 5 o SRR 4 SR 1 5 Jk kB85 5724 b
JE T L. AL sh-G9a.sh-BDNF Al
BH AT B (sh-NC) Hy b 1 JE PR 1 2545 B /i3
1.2.3 OGD 4b# 23541 HIC2 4 7E 37 °C.
95% N, F1 5% CO, PR = il FH G Il i 35 77 55
Fig 6 h, SR 7E 37 “C &A1 10% i 4 1w 1 5%
CO, iy DMEM A=K 12 h, %FBEZH HOC2 41 g A~
ZIRANE B

1.3 Sk

1.3.1 Wi i 5t 8 & R G WG4 =X I (reverse
transcription-quantitative
reaction, RT-qPCR) BT 4 3] HOC2 KB O
JULZH B, ol R R 2 1 T AR S B B A R B
A IE /) Trizol WRHEAT 784321 % . P 1 75 Ik 2
RS R ERTHE 10 min fFH 7503
i, J5 % * 2= JOBE i = %5 0 48 (Eppendorf tube, EP
) 58 U SRS 5 KA 23 B T 100 gL S0 I i
EP & . ¥k% 10~15 s. ZIR FHF 15 min.4 C,
12 000 r/min B> 10 min, 8.0 5 1] WAE S 2343 H
3E. FEXEAK KM N RNA, T2 R H# 6HA HL
2L a2 & A DNA MEA BRI A GHS ;55
WBEDUVE : NSO LR il EP 48, DL WY i
RGBT R UTTERGR  WIR 2K 2 55—
1.5 mL JCff EP &, # i 500 L % B/ mL
Trizol A EE, % 10~15 s IRA], —20 CH#
30 min LIS INUCHE, T4 °C .12 000 r/min {5 #
B0 15 min, J5 0] WA R UTE . 2 F1 60 P BRI
B3k By SR A ED A RNA UUHE; RNA 2
Ve BB IA 1 mL WA R 75% 21 (DEPC
KERHD EEPE RNAL 42 1 F SRR % 80K 5 B0
Hl 4 °C .8 000 r/min B.L> 5 min, F %K LHWR, HE
WA /N T LW s T8 RNAZEF LA U
VEJG L EP B EIE 5 min, F 5 ABEF G b R
F 5~10 min, i 1558 4 £ BEAE K&, R A ad + 5 3%
RNA:JIIA 50 pL. DEPC /K¥% i JLIE RNA Wt
S EWRAT Al 2 58 4 s A BR A 2 p D 7 ok B35 M 4
JE R AR AT 434 5 A — 80 °C VKA IR AT .

polymerase chain
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132 HPEENH (Western blotting, WB) 228 @
AU R DR AR BT 1~2 mL 23 g rh
BOIRFR AL 400 pLL 5B R T2 K s b E AT
SRR E T UK b R R WEE L L% 30 min
J& L Bl RS W A F R W e 2= 1.5 mL EP &,
4 °CF 12 000 r/min /&3 & OHLE L 10 min, B B
Hr% T 0.5 mL EP &, A 22 b Wi W oK &
10 min, Jf & T —20 CIKA R . OHE A B EE
it 7 O ) R U R R AR 2 5
S A AR IR B 708 1 SR VR 0 TG i A 3 2
JE LK < il B 10 Y0 43 B RN 5 o Wk AR I L SR R B
2 2 70 P SR AT T Y S 3 5 R VL Uk ke B U
F B I RE VBRI AR ) 3R bR iC 9 AR B O AR )
B EAE  maker 8 UM BESE — DL AL EAERh
10~20 pL,#EH marker FFE 3~5 pl, BLVk 4> B
I He i I I 3R Ok, Uk AR 1R B E O 1E TR
80 V,HLJk 50 min,fF# [ marker F 35 7 25 B 2 H
120 V HLJK 2 h EEH marker 2]k 4 B KRB , 15
kM. @ & A BB R R MR W
(polyvinylidene fluoride, PVDF) & . Bt ¥k 45 o )5 . fi
FHEE R WL UK A 7 4 °C L300 mA fE i 55 7F T L #%
150 min, ¥4 (5 ) PVDF I |-, @PVDF iKY
HHRPUIE LW H 8% PVDF BB A S 500
JE4F W3Ry TBST WP FiRIEE 1 h LIE MR E
MR FF 57 45 6 BT 9 PVDF B A — R Hi ik
[G9a 1:1 000,ab185050, Abcam, Cambridge, UK;
BDNF 1 : 2 000, GTX132621, GeneTex, Inc.,
AltonPkwy Irvine, CA, USA; H3K9me2 1:1 000,
GTX54102, GeneTex,; o F ¥ AL AL 3 8 H (o
smooth muscle actin, «-SMA ) 1 : 2 000,
GTX100034, GeneTex; FNI1 1:1 000, ab268020,
Abcam; p-1§ & B2 % B =% /& B (tyrosine kinase
receptor B, Trk B) 1:1 000, ab229908, Abcam;
TrkB 1:1 000, GTX54857, GeneTex; H il -3
oW A M
dehydrogenase, GAPDH) 1 : 10 000, ab181602,
Abcam J#i W (121 000 Fi B H) . ERMFH 2 h 5K
4 CH Uik s & )5 1 TBST WE 3 Ik,
10 min; ST A AR i % fk ¥ B Chorseradish
peroxidase, HRP)#RiC A Pk LI gk & — i ik
K HRP bRic B0 E 9 R BUR LU & 7+ b i
ZWMEE 2 h, fTA HRP #7ic i GAPDH 47 & 7T
[l i K GAPDH 5 4

1.3. 3 o 8 it e ¥ Ul 3 ( chromatin
immunoprecipitation sequencing, ChIP-seq) 43 ¥t

( glyceraldehyde-3-phosphate

Ko BDNF & 8l 5 i Bt 25 5 A O it — 20 ke
DREAIR G9a Xof SC S A7 s M AR T B A T X B A K
W an s 1% 0 A = IR A 10 min, JE AR
it SRR MR A% 1R — A 1 S IR 5 T P o R Y 52
W) e Bedb, # ge €0 J5n Fr BB 248 200~1 000 bp,
Wl B3 WL LA 4 “CLL 13 000 r/min B0 5 min, 78
4°CIHE R, L G9a(1:100, GTX129153) 8 1+
100,GeneTex) (1:100, GeneTex) fil 1gG(1:2 000,
ab172730, Abcam) fE Ay X BUHT A ; P9 DNA-IR
1B S5 0 AR 1 BT B AR AR / S B A B L0 5 90
Ja Fe 5 B SCHRAE 65 °C R ik i i s R/ 51
P HE 24k 10 A~ DNA R B fig 5 3 i 52 2¢
g = B A W 4% 2L X [ (real-time quantitative
polymerase chain reaction, qPCR) 43 #T 2= 38 Bk 4= A,
(") DNA ¥ BDNF Ji 8 T 1) R 0L

1.3 GEiteE ik R SPSS 22.0 Gt ¥4 43
Bl ITEFRCECR AT ¢ K R R Iy 20
Ml SNK-q #:56:. P<<0.05 WZEFAZKIT¥%E X,

2 % ES

2.1 GY9afE OGD bR h ik LA
OGD b3 HIC2 K ELC LA AL , #8 T HF 20 A
B S5XFIR A 40 g AH b, HE KR B0 UL i G9a
mRNA M H R BRI B E T &, Wk 1~2,
1.
F 1 OGD 4b2E /9 40 Fn A% B rh AN X BB 48 p
G9a mRNA Ky &%
Table 1 mRNA expression of G9a in OGD-treated cell

models and controls

(n=40,7 £5s)
205 G9a F£ik
X R 0.9240.07
OGD 41 6.72+0.58
t 1 10.638
P {H <<0.001
£ 2 WB#EAN OGD 4bIE &Y 40 Al 4% B4 Fn X B8 40
G9a IR X

Table 2 Expression of G9a in OGD-treated cell models and
controls detected by WB

(n=40,7 +5)
215 G9a F ik
Xf B4 0.3540.04
OGD #41 1.03+0.16
¢t i 8.428
P1{H <<0.001
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paity 0GD

(92 160 000

GAPDH 36 000

1 WB# i OGD 4b 28 iy 4 M B Fn 3t BR 42 G9a B R
i
Figure 1
controls detected by WB
2.2 A% G9a FENJE AT OGD AbHF iy HOC2
RO WA JA T-F04i 45 RT-qPCR 45 R KW .
Fe e sh-G9a J5 HOCZ K FLWLAN ML GYa mRNA
AIFRIKI R T, WL 3,

% 3 RT-gPCR # M ALK G9a /& OGD &b I 9.0 AIL 4R A e

G9amRNA Ky R i&
Table 3 RT-qPCR detection of G9a mRNA expression in

Expression of G9a in OGD-treated cell models and

OGD-treated cardiomyocytes after knocking down G9a

&4 WB 57 40 B BDNF #y5ki%
Table 4 Analysis of BDNF expression in cells by WB

(n=40,7 +5)
20 51 BDNF # ik &
Xf HE 40 0.75+0.07
HF @ 0.3840.04"
Sh-NG 4 0.3440.03"
Sh-G9a 4 0.56+0.06" 74
F i 22.476
P1{H 0.002

(n=40,x %5)
25 G9a Tk
xR 0.99+1.00
OGD 41 2.2942.13*
Sh-NG 41 2.0142.05*
Sh-G9a 4 1.46+1.48* #4
F i 28.657
P 1A <0.001
* P H<C0.05 S B4 tbde £ P {5<C0.05 5 OGD 4l b AP

{H<<0.05 5 sh-NG 4 b3 (SNK-¢q ¥ 56)

2.3 AR GYa @ if M il BDNF J& 3 + 1)
H3K9me2 Bififit 1 BDNF Ay £i5  FRpEEIC s
FW L HF KB 20 BDNF mRNA %35 &%
FEAR , MK G9a J5 2 Thir . L 4, W 2,

HIKIme2 Histone ChIP-seq of bipolar neuron fold change over control

pool folachg

HIKme2 Histone ChiP-seq Of DOHH2 fold change over control pool ENCSH4630

pool foldchg

pool foldchg

pool foldchg

* P {H<C0.05 SXTRE4ILLE £ P {H<0.05 5 HF ALK AP
{4<C0.05 55 sh-NG 41 L # (SNK-¢ #:56)

g
R & o o

2 WB il 4 47 48 B s BDNF B R3%
Figure 2 Analysis of BDNF expression in cells by WB

L5437 25 43 BT 5 (ChIP-seq) 7 : BDNF Jii &)
T EAH—4 H3K9me2 45406, WLIE 3.

e 5T e P DUUE R A B 4% =X i (chromatin
immunoprecipitation polymerase chain reactio,
ChIP-qPCRO) 6 I 45 2 7R : G9a MK J5 . G9a A
H3K9me2 f£ BDNF J& 3 ¥ L i & £ € J) W B [
iR, L3 5,6, WB A HOC2 K Bl L4 A
H3K9me2 [ RIBLRFM AE OGD 4b B HIC2
A0 b R R B T TTAE sh-G9a &b 38 A4 40 i b
HARK B EREM LR 7, 0LE 4, Bk G9a 1T LUl
i H3K9me2 M B il ] BDNF H: N %Kik,

NCSR1750V0 — ENCIF043nCT

= ENCFF134HFT

HIK9BO2 HiSTONE CnIP-50a Of GM23248 fO1d Change OVer control poo Eﬁ 32OAVY = ENCFFO4SKCC

HIKIMe2 HiSTONe CnIP-Seq Of GM23I338 fO1d Change over control poo ﬁ 700VCN - ENCFF347HIL

M B LA g i A L | A 5.

nip

H3Kme2 Histone ChIP

H3KOne2 Histone CnIP-sea of neural cell fold o

pool foldchg

b .

over control pd

HIKOBe2 M ISTOr IP-5eq of OCI-LY1 f0ld chang
H3K9me2 Histone ChIP-seq of PC-3 fold change over control pool P43L2ZX - ENCFF138PTS

pool foldchg
fibos HIK9Me2 HiSTONe CNIP-5eq Of SK-N-SH fO)d chnange Over Control poo [R423U0T - ENCFF 745118

t folachg
H3K9me2 Histone ChiP-seq of SU-DHL-6 fOld change over control poo| ENCERO1SLUP - ENCFF8160SG

poo1 folachg

GENCOOE V39 (4 items filitered out)
EE e

E1528846 /prom
E1528849 /prom
E1528851 /prom

ENCODE Candidate Cis-Regulatory Elements (CCRES) combined from All-co tudes (14 items filtered out)

3 H &A% i (ChiP-seq) 7 BDNF /831 F L& H3KIme2 B & 1E
Figure 3 ChIP-seq showing H3K9me2 enrichment peaks on BDNF promoter
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% 5 ChIP-gPCR # il 5 gG9a = & BDNF B 31 F
Table 5 Detection of BDNF promoter enriched by
anti-G9a by ChIP-qPCR

(n=40,x %5)
20 51 G9a Eik
sh-NC 21 6.424-0.56
sh-G9a 41 2.1540.19
t i 9.973
P <<0.001

£ 6 ChIP-gPCR # il T hH3K9me2 E & ) BDNF B Eh F
Table 6 Detection of BDNF promoter enriched by
anti-H3K9me2 by ChIP-qPCR

(n=40,7 £t5s)
21 51 G9a Fik g
sh-NC 241 3.6440.31
sh-G9a 21 1.134+0.08
¢t {8 8.043
P 1A <<0.001

F7 WBKNEHETR HIKImMe2 BYRIE
Table 7 The expression of H3K9me2 in cells by WB

(n=40,7 *5)
28 51 H3K9me2 k&
Xif BE 4 0.3240.03
HF 41 0.6340.07"
Sh-NG 41 0.6640.06 "
Sh-G9a 41 0.4340.04* %4
F 14 43.097
P1{H <<0.001

x P {H<C0.05 HXFMRAIbE =P {H<<0.05 5 OGD 4lb% AP
{l<C0.05 5 sh-NG 4 Fb# (SNK-¢q ¥:56)
© &

-
NS & & &

— S WS e

H3K9me2

B 4 WB # il 40 i B H3K9Ime2 K 3R IX
Figure 4 The expression of H3K9me2 in cells by WB

3 i@

HF &4 Flue BEZS 4 sl D) RE PE B 3 300 =
F0 2 B S5 I T i A 8L S I 0 e ™ EE A [ B
LRI R I, HE B30T A2 O 1L 5 95 0 45 88k 1)
KPR, HE & 4 FE NI R AL 50% , ) &E HF
BE 1 AENRIEFR R IR 50 %0, B RO I B S
AAHEE B R g I o I R A L e
g O L FRAR S5 06 25 34 AT 3 8 HE, HF &
J L RS S Z R L A0 AT A 28 VT — A Bk

el A i T N 1 0 R = BT o N = R AV
%5 HF BUIHC0 . A& AW AR Ga
TEMAL A E A H3 8 9 A7 A R & k3
RN IR G K B W A R rh R AR
U AR RS, G9a £ i i T 40 Y 43
ek E B R #EEREEMEM. I H Ga 7] LI
P T AU b AT aet 1 SRR R
16, G9a T UE 5238 2o 300 1l i I JE 66 FA1 2 3 o0 O AT
JB . AR FE HOC2 KB LA i, 24 OGD 4b
P A RO LA I Y HF BER E— D B9E . ABF
SR, HE KO G9a mRNA Fl#E H &
KPR E TR, @t RT-qPCR, WB 25 %, A #f
FEI TR > AR GOa Jk PR AT 58 2o B4 0 20 B A7 T R Lk
PR TR % OGD S 19 HOC2 40 45 43 .

BDNF J& T4 8 =K K%, )2 4010 T
LWy ) R RN A1 JE g R G 6 2 e A KL 4
b AEWE RIS fil AT SRR R AR E EE MR TEN . B
i BDNF 760 104 % 7 | sl & 7 7z i 5%
BDNF 5 H R S Pk & 55 i ) 32 4K TrkB 4553806 T
e — P8 5 3 I, 4% 3 B0 i A R PR .
BDNF & 5 H ) g 30 1 2 5 22 FiCo 1 455905 4n 5 1
JE B0 ks B R A L0 A O R RO LA B8 45 1Y) R A R
J&''', TrkB # BDNF #09% J5 . H MLy 2 A g (R
BRI KA B Sh B R AL, TS T S S i R R
Vg s vk . Ml g ] AR e A KR F A TR
FETE DM RGPt 2 ¥ T EEM/EH™ . BDNF
LR VR B B R A M L WLER A 0 BN R
TP RESEAR RN, 5l A F s R, R
Az R AT S ORI S o H3K9me2 k1,
BDNF ik /b, X £ BDNF F£ik 5 H G 31
H3K9me2 & 1fii Z [8] A 8 £ 7E < BE ., BDNF i@ i
TrkB 454l &% )12 W /EH . BDNF/TrkB 18 #%
5 HF %0 10058 5290 1 TG 2% V1A o6, stk 3h
Jik 9 8 & 1M 3% BDNF 7K 7 B 8 i F % B g1,
Ak A 52 % B BDNF #45 HF /) BLIE 301 25
ME BB E A AR . B, AR BER T G9a
TE HF KA OGD Ay HIC2 K FLC WL4H M b i 1
FHLA & G9a 55 BDNF Z Al A% £ .

AWFFE R A OGD 4b# HOC2 K O WL4H i
Fyet T HF 400 B B, % 305 %F BR4E A L, OGD 4
G9a mRNA S & A X3R5 /& B 2 & » i BDNF
M H3K9me2 mRNA I £ [ AH X R ik & L, A&
WFFEXRT OGD 41 K B0 WLAR MO 9 47 %5 G, @K G9a
Ja &M, 5 sh-NG 41 H kb . G9a mRNA K & H A XF
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F ik BB, i BDNF mRNA K & A X 2235 =+
s H3K9me2 mRNA J 8 1A X 335 & AL, A&
5 1 38 3 45 & 7 453 B 78 BDNF J5 8+ 1
A —A> H3kK9me2 %54 W, 38 i Yo 60 5 S 9 UL vE
B4 B BE RN A I G9a B AR S H3K9me2 7E
BDNF Jgsh+ L s £ IR 2R A58
M, @K G9a W] BE @ i 40 #l BDNF Jg 8 F 11
H3K9me2 &4 {2 #F BDNF %352 5 HF ik
4=

Barcena-Varela 5020 % 3, 76 /N BUIF 2 4K 40 g
WO R R AR GOa B0 T R R AN i §5 4E
AR BL 9N . B Y, G9a 41 i R
I B S L B A AR L L B e i 2k ) b AR A i 3R
K TEGR IO WL 52 20tk O WURE B8 35245 1 A 5 T
ZAEPY . Gupta-Agarwal S5 & B, L J=
GYa IHMER F IG5 T CA1 X H3K9me2., 5 B4
R dRidfZ i3 COMT s FULE ., A W5
S B AR S i O R B R 4R T b it 3R Gk
GY9a Ji s H3K9me2 7E BDNF J& 3 F X 19 & & K F
K5, BDNF /K-F-REAR, R BB #f & oo 32 40, 2% il
fCRE SRR,

(&% k]
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