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Abstract

Cardiac hypertrophy (CH) is an important pathological change before Heart failure (HF), and the
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study of its specific mechanism is of great significance for the treatment and prevention of Heart
failure. GATA4 is an important member of the GATA family of transcription factors, and it has been
confirmed that GATA4 plays an important role in the process of cardiac hypertrophy. This review
focuses on the regulatory mechanism of GATA4 in CH and HF processes.
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1. 518

LR JE (Cardiac hypertrophy, CH) & 8 /Co I i 37T SRR Co ik B8, FORPAEAE T 148
JL /N 3G AN O S BE (3G L[]0 CH S o IF 4E KR IE 5 CoNERCR AN RE & MM S b SR, KRR HF
SR EYE CH R A H M, FFnlfEH s — 0 & g 3300 7135 48 (Heart failure, HF) [2]. HF &2 ERIET:[1)
FEJRK, E A AR, R EMESE T ERINSEE f41[3]. R+ CH HLil
WA ERRE S, EARERE AT RN, CH 285N R, BRIk — N
Mol S e, MISEERTRESRIEN HE [4]. T B4FHh T ## CH AR R AN 0 ) 32 AR, BT AT
TEFE SR Tk e i R (Y R R RN ER (1 AT 36 T V2 M 9. B AT, CH A EARMLEIAD B 1 R B, (2R
ALY, HRE T GATA4 f£ CH B dEH CRIIER, 2 Pl 45 I 7 vl a4 ] B0 o
GATA4 [P TR S CH [IFFE[5]. A SOK Bl Sef s R 1 GATA4 A4 HLEIZE CH A HF 11
TER AT SRR
2. GATA4 5 GATA ik

GATA Zjfd—MEHEREANERE T, EENMOE RS ERSY, 2T, MY
MEFEH . ZXEH 6 MU (GATAL-6)AH M, FHFH 7 AATA, H—NIHAESE GATALR/3, F#
e AR A R G b Rik, W4 MH GATAALS6, FEAELME ZREih#ik[6]. Hd, GATA4
FEAE AT U U 200 6 (0,35 o JULEE P « 2 JBE DAY 2 0 PR U 550 2T 44 400 ) K 6 o R 1 - 2 GATAV A
FLGAF AN 5 5 KA O I K956 L AT #0562 [7] [8], AE CH Fh [RIRE th & 1 36 B 2 (1 fE I [5] - GATA4
B TAE CH "R PERISL, X DL A FPu 15 5 A RNER, B 08T
Yk % 2 (Doxorubicin, DOX)CoLAH L A B R, GATAS 13k Fak nr 3 i Co LA B 1 735 [5] . Utk
4b, GATA4 AT CNIANM - H T & Bel-2 FI3ik, FHPEE B 51220 40 A ez 75 S o/ B0 ik
St 0L/ PR A O R R A R [9]

3. GATA4 B BE R W EEIRIBT X CH #1 HF B9S2

GATAA 55 [ T RE mT DARE B e i 80 28 fe i AR AT 180, 7O UIER AN HE BAIE], O GATA4 il

JEB S R AR . HRYE B RIS AT LR W], GATAA (B 5B ds Z Bk . i, W LA

SUMO L4,
GATA4 LAk e WL — Mk 28 ik, T LLE IS 32 5 3 5 DNA 454 SR S Sl MR R
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CH, 4175 1 Z. BL#: #% B (histone acetyltransferase, HAT) p300 & H B #F 55 f 2 (145 5% CH (I IE [ 1 R 1,
‘BXF GATAA [ 2B % SR KIS . CH A HF & JE AT % 1[9] [10]. p300 AliEid 5 GATA4 1
WIFRAE i S E R BRI L 0 AL [11]. Takaya Z[1213@ AT AL T 4 DR BRVL (K311,
K318. K320. K322)5 p300 £ LML &, X 4 MRARFIN & ERA, wlff p300 51 GATA4
LA FEA R AR, T GATAS4 i RiAFH S 1) CH, XREIL T GATA4 ML jiG A A H
FBCNYARTT HF BT SIE[11] [12]. SA 7% P300/CBP Al fEMIE BRI L K313 - 2Btk GATA4, i
GATAA K E PR 35 [13] . Zhou SF[141F T K BLAE UL, P300 ml it i 15 48 [ H3K4,
H3K9 Al H3K27 ] GATA4 58l LIEAIKF, 7£ GATAA st B2 vh RAEA AT B AEH

HRRNTH OBt 2 A E A L OBAEERAE . 5 HAT fERM R, 418 A % ZBLEE (histone
deacetylases, HDACs) /20 i 1 25 Z WAk . — T 78 K K 2 45 CREB 454 4 F(CREB binding protein,
CBP)IL A e UTUE ) GATA4 JLT-#% HDACL i 5%, % B T HDACL "] i3k CBP /211 GATA4 LA,
T R4 22 2B AR FH[12]. Yamamura Z5[15]7E— T 95 Hh 1 vk R B0 25 2. e AL (Sirtuin, Sirt) 7 i@ 8
GATA4 FEAE KIS R B 365 1, (2t GATASL K12 LWL F3E30H] CH, Lys-311 J& GATA4 X Sirt7 22
AV - EERE N, B Sirt7 FTREEANH] CH M HF i — MSLEZG 3R A HAl, A% CBL & 2= 2%
T GATAL Fsg i VEIVE 2 PEAH RIS NLRIE RPN, AR AREERER, (H 354 CH Al HF (i
R EEAE X — R .

HE KRS T 1) GATAL Bi5ih 1t 5 GATAL BRI A EE VI KR, £ GATAL FEH AP AL
FERE RS R 38 (glycogen synthase kinase 38, GSK-38). 4l 4N 5 ik i 4 i (extracellular sig-
nal-regulated kinases, ERK)#1 p38 22 ¢ Ji7 53 £ 11 i (mitogen-activated protein kinase, MAPK)%% 7 /> g
B BRI AL 1 [10]. FEHE H ATHIFFF MAPK ZRIBCAE AN SR B S Ik R e 45 7 A8 SR i g
FI[16], MAPK 155 25 Bt nl il i B RERR AR 17 GATA4, 2%z 105 (serine 105, S105)/& GATA4 IR
PO AL . RO, S105 R 1k 32 Z52 ERK1/2 4% . MEK1-ERK1/2 {55 @ i@t S105
EEBRN GATAL, KR OUAMAE K AEKR > TiRE, MNmiiEss DNA 456 L EE[17]. fE—
T K447 GATAS S105 4% 1 A A R (GATA4S with a mutation at serine-105 to alanine, GATA4 S105A)
P/ NRARN BT, 33— R I GATAAL 150 LA BRI I B B, 2 R BAA N GATAS ISR 1L
XS ERKL/2 5 5 B AR SR Kt s 77 8 A7 g R T 5 A M R A2 b AN RT b [18] . Bdls A AT KB, 7E L
EEIKE 11 (Angiotensin I1, Angl) 753w LA, GATA4 S105 TR A R 2% AT 3 B0 M o 12 A0 25 IS
RO ThEERAEE, INIfTE— D I0IE GATAS BEERILAE CH IR I E E s Ak, M TR RILTC I 2L
RPN IE R B A O, (R 4EA BRI R RIBHKI T GATA4 S105 HIBERRIG[19]. IXUegh R TE
S105 17 i GATAS iR AT T 58 At e N O IE IR IR s B 43 G L2, A5 AT R ORI 3 CH YR T O
—NHT I 2 AR

4. GATA4-NKX2-5 W EERE T /Mo FHYREEETHR CH f HF fR0g

NKX2-5 5T GATAA4 [l — N REEAIBIA 7, GATA4 Al NKX2-5 H HAFE T2 45K Rl CH
WA, X CH IFIS A 45 %5 B2 (17 L. Kinnunen Z5[2013% FH3E T H BUI ik . 2524 B1HE & 0
5 i DRSS B[R FH S5 F FE VR /Ny PR BEAT iRk . S ML, B8 T 4 MV TR
W, EATTRT LR FE P B 0 GATAA-NKX2-5 [ thRIE A, Hp i /s s v
(N-4-(diethylamino)phenyl)-5-methyl-3phenylisoxazole-4-carboxamide, 414 3 A4 A 3i-1000, iX—/~p
T AW AT LL AR AR #5177 S0 AN ] GATAA-NKX2-5 (% 35 1 [f/E I [20] . 78 %5 — T0 S 56 o At i TKf
3i-1000 T o LR ML P 453495 0 s /78 47 A £ SEE B AR RS v, W o= AR AR A, R IAE ML JE /N B
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3i-1000 X /= 0> =5 5 1ML 73 %5 (left ventricular ejection fraction, L\VEF) A% 14545 2 (fractional shortening, FS) £
B R MBCERR, W T OUERAISAE. £ Angll A S0 L5 KBRS sb At %0 &k st
TREBOIIRE. tbAh, H 3i-1000 4338 i LA B K 35 8 3i-1000 FACBURLFI A oK BkL, 35
A/ ER o JTURE S5 0 53 SR 0L 75 5 (10 O 5k DR RS 1) 9, UE B 1 #E 1) GATAG-NKX2-5 #H ELAE F 1/ 7
TRAEALHE MU RIEALCo 457 ) 0o IUIE 205 T By B 1[21] . 540 80T GATAA-NKX2-5
AR —2, RO IRS, X2/ T4 G T Y SR M K2 % -1 (endothelin-1, ET-1)FIZK Y |
Ji# & (phenylephrine, PE)i%-S -0 384 PR Ik (Atrial natriuretic peptide, ANP)FIixi4#fik(brain natriuretic peptide,
BNP)JE Rk, o, HfIHEAAY) 3i-1000 18 w] 53 BARM UM E R AR S R IR KA K, 7E 0 Lan i
b LA R /N A DL R AU A 4 S 8 e ANP T BNP mRNA ZK-F 39 0[10], 8 7B % CH it
TR RE ARG B . Ak, AATIE R IR AEAR S AR N, 3i-1000 BT DOX Lk #314[22],
AN S 2 CRAP O E VR F o ZE BRI 1 — J5URIE 72 PR ABAT TR AL &) 3i-1000 A1E FATAEA) 3i-1103 AR 0
5 A0 2 22 e M B R R IA B T R, B R R, X —AER SR T GATA4-NKX2-5
AP 1) — A B LI R A S5 A6 8 ) SE 2R ] (R O S LR K T J . AT 1385 BiolD (Biotin
identification) 73 #T T GATA4 Fl NKX2-5 HJ& M EAEA, KL GATA4 FIRZ5HIEE [ 4 (bromodo-
main-containing protein 4, BRD4) X [AJf£7E] vz BIAH ELAEA[23]; 7ERtAEAS F, H 31-1000 A1 BET (bromo-
domain and extraterminal domain) sk #1181 751 (+)-JQ1 AH £ & AL FE () 3 R /3 4l 75, IESE T GATA4 Al BRD4
P[] A 0 = )R e R R R IA (23] BA B ZE SRR, /N Aot i B ) 1 T GATA4-NKX2-5 [)4H |
Ve R AE LR B OO ) Wi D e A STy 1 oL AS R RS D7 TR A% T B 2R -, v HF Friay7 7 IR
AT BB .

5. GATA4 B T REREY CH M HF R

18 HF AR, Guth)on B 9 S50 TR M S M o3 o Rl G (0 B A B U8 A CH Ry rh i 457G L
EH, X5 —se et 5 iR T K1 56 [24]. Mehte S5 [25] 1 Fi i IHL B4 €4 22987 40 A A /)N IR B85 T2 AH O 2 Sk [A]
F (Microphthalmia-Associated Transcription Factor, MITF) 5 SWI/SNF (switching defective/sucrose
non-fermenting) 4t J5i 55 %8 55 & A% O AL T R (BRGL) A HLAE L, AT E 53 MITF $P 5L (1) 22 Mhifi PRax
— RIS B TN, E RO LI MITF A1 SWI/SNF & & 14 BRGL B 7 2 [A] 1)
FEAEH, KIAERROUGEN S, =M B R R %R T GATA4 ERIL. Si— 5O
B S IR T GATAS AH LA WS O T 3 PR 3% 1) Y €2 )5 1A 15 [ - /& Baf60c (BRG1/BRM-associated factor
60c) [26] [27]. Baf60c & ATP &A1 SWI/SNF Ye i )i #3385 A1) 0NERs S %, Xin Sun Z5[28]i8 1
SFAPVERRAN R R B B B/ UG O AT AR 5 o liE ) Baf6Oc, i ' 743 5% W7 5 43 48 (Optical pro-
jection tomography, OPT) &1 M %221 Baf60c i 2k 11 /) BV AG (0o I B AR AR RS 45 B A R ARAMELC 3 i A
A TR Hob S BEAR S, B X IR AR O IE AR DT 2R T HE 35, S35 B AU EE Baf6Oc kA
1/ BREAG O RERE DT HE Geta BoR O VIR, 055 (B B k51 DA S /N AR, b O E A 2R 4T
Ki67 e tofarill 3 Baf60c k25 /N BTG O I Hh 39 B Co J L2 B LU B AR AR e/ 6 R AR S 1R /0N BROBEAT A R
DLALFEA [FIBY Br Baf60c ik i)/ B fIE 5 B AR RO LE B T 3K, AHZ% BoRIE =479k, Masson =
et ] Baf60c G2k /N EC L Z K OIVLIE BT AR 4E4, DL EIXEERIMEN] T Baf60c 7E.0 L0 i s
BA MR B A R A R A AR AR, 6T P U R 40 JULAH AR Ty R AR P P R DR 3R
AR ASTT . A, AWTFREY, Wnt/g-catenin/ TCF7L2 0% S804 S A Qe (i 1 n, I35
S T--7 BEEE 1 2 (Transcription factor-7 like 2, TCF7L2) %548 32 4> AR A R 53] B9 o JIRE e S P 8 4 i )
X, MImHESIRERIE R ER, it R GATA4 ZERUH Wnt/g-catenin/ TCF7L2 s K45 T
TEHT, X RO N O RS S I 4R O R B [29] -
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6. HESRE

RMIMEZ, ERNOIEF, #3%HT GATA4 LIRIAFEEMARE, 56 O UL 45 84 R ) BE 1) 2
A%, St CH R HF (R R R 5 AR I o 1% —1F B I SERUAE A3 02 i GATAS A B sl 5 e O IF %
N Z A B ARSI HAl, SFFix s F 2 i se i, B T — @& MR, HEERKRE
AR E . AR AR ERIA O IEER T, EATNE AR - A FUE EAE AR RS
R EREBENAEA, R A AR KA /RO R EERIT S 2 —, B, &4
RILEIHIH] GATAL FI NKX2-5 J: K| Hr [R1E0E 1A V0iE 1 /N7 E 4 3i-1000, 1T RS ot — 2 &
BIT O IR T . B FEFA TR THRIRI, GATA4L M2 RMLE CH R s 7R+
HEWIER, A1 p300 X GATA4 1] LIk AT 755 GATAAL 12 RIS T DNA 4iATEH,
FE CH, b4, 4 GATA4 ZRASZRHHINT BEEHIH] PE 155 (100 WLAH LA K R BL[30]. Bl A ZERL AT
FEE— SR8, LR R TR SR AR R B, Ay 82 LAMCA Atk BT TF R (1038 B4 245 4 1%
Bl i, MR TREA BIS 4 CH, 238 HF B s R B AHUE .
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[1] Liu, Y., Zhang, Q., Yang, L., et al. (2022) Metformin Attenuates Cardiac Hypertrophy via the HIF-1a/PPAR-y Signal-
ing Pathway in High-Fat Diet Rats. Frontiers in Pharmacology, 13, Article 1D: 919202.
https://doi.org/10.3389/fphar.2022.919202

[2] Nakamura, M. and Sadoshima, J. (2018) Mechanisms of Physiological and Pathological Cardiac Hypertrophy. Nature
Reviews Cardiology, 15, 387-407. https://doi.org/10.1038/s41569-018-0007-y

[3] Tsao, C.W., Aday, AW., Almarzooq, Z.1., et al. (2022) Heart Disease and Stroke Statistics-2022 Update: A Report
from the American Heart Association. Circulation, 145, e153-e639. https://doi.org/10.1161/CIR.0000000000001052

[4] Kim, G.H., Uriel, N. and Burkhoff, D. (2018) Reverse Remodelling and Myocardial Recovery in Heart Failure. Nature
Reviews Cardiology, 15, 83-96. https://doi.org/10.1038/nrcardio.2017.139

[5] Whitcomb, J., Gharibeh, L. and Nemer, M. (2019) From Embryogenesis to Adulthood: Critical Role for GATA Factors
in Heart Development and Function. IUBMB Life, 72, 53-67. https://doi.org/10.1002/iub.2163

[6] Lentjes, M.H., Niessen, H., Akiyama, Y., et al. (2016) The Emerging Role of GATA Transcription Factors in Devel-
opment and Disease. Expert Reviews in Molecular Medicine, 18, e3. https://doi.org/10.1017/erm.2016.2

[7] Floriani, M.A., Glaeser, A.B., Dorfman, L.E., et al. (2021) GATA 4 Deletions Associated with Congenital Heart Dis-
eases in South Brazil. Journal of Pediatric Genetics, 10, 92-97. https://doi.org/10.1055/s-0040-1714691

[8] Tong, Y.-F. (2016) Mutations of NKX2.5 and GATA4 Genes in the Development of Congenital Heart Disease. Gene,
588, 86-94. https://doi.org/10.1016/j.gene.2016.04.061

[9] Katanasaka, Y., Suzuki, H., Sunagawa, Y., et al. (2016) Regulation of Cardiac Transcription Factor GATA4 by
Post-Translational Modification in Cardiomyocyte Hypertrophy and Heart Failure. International Heart Journal, 57,
672-675. https://doi.org/10.1536/ihj.16-404

[10] Valimaki, M.J. and Ruskoaho, H.J. (2020) Targeting GATAA4 for Cardiac Repair. IUBMB Life, 72, 68-79.
https://doi.org/10.1002/iub.2150

[11] Zhou, P., He, A. and Pu, W.T. (2012) Regulation of GATA4 Transcriptional Activity in Cardiovascular Development
and Disease. Current Topics in Developmental Biology, 100, 143-1609.
https://doi.org/10.1016/B978-0-12-387786-4.00005-1

[12] Takaya, T., Kawamura, T., Morimoto, T., et al. (2008) Identification of p300-Targeted Acetylated Residues in GATA4
during Hypertrophic Responses in Cardiac Myocytes. Journal of Biological Chemistry, 283, 9828-9835.
https://doi.org/10.1074/jbc.M707391200

[13] You, W., Song, L. and Wang, K. (2018) Acetylation of GATAA4 on Lysine Residue K313 Promotes Osteoblastic Cells
Growth. Cellular Physiology and Biochemistry, 46, 269-278. https://doi.org/10.1159/000488428

[14] Zhou, W., Jiang, D., Tian, J., et al. (2018) Acetylation of H3K4, H3K9, and H3K27 Mediated by p300 Regulates the
Expression of GATA4 in Cardiocytes. Genes and Diseases, 6, 318-325. https://doi.org/10.1016/j.gendis.2018.10.002

[15] Yamamura, S., Izumiya, Y., Araki, S., et al. (2020) Cardiomyocyte Sirt (Sirtuin) 7 Ameliorates Stress-Induced Cardiac
Hypertrophy by Interacting with and Deacetylating GATA4. Hypertension, 75, 98-108.

DOI: 10.12677/acm.2022.1281089 7550 Il R 125 23k i


https://doi.org/10.12677/acm.2022.1281089
https://doi.org/10.3389/fphar.2022.919202
https://doi.org/10.1038/s41569-018-0007-y
https://doi.org/10.1161/CIR.0000000000001052
https://doi.org/10.1038/nrcardio.2017.139
https://doi.org/10.1002/iub.2163
https://doi.org/10.1017/erm.2016.2
https://doi.org/10.1055/s-0040-1714691
https://doi.org/10.1016/j.gene.2016.04.061
https://doi.org/10.1536/ihj.16-404
https://doi.org/10.1002/iub.2150
https://doi.org/10.1016/B978-0-12-387786-4.00005-1
https://doi.org/10.1074/jbc.M707391200
https://doi.org/10.1159/000488428
https://doi.org/10.1016/j.gendis.2018.10.002

1

SRR,

B
p
®

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

https://doi.org/10.1161/HYPERTENSIONAHA.119.13357

Rose, B.A., Force, T. and Wang, Y. (2010) Mitogen-Activated Protein Kinase Signaling in the Heart: Angels versus
Demons in a Heart-Breaking Tale. Physiological Reviews, 90, 1507-1546. https://doi.org/10.1152/physrev.00054.2009

Liang, Q., Wiese, R.J., Bueno, O.F,, et al. (2001) The Transcription Factor GATA4 Is Activated by Extracellular Sig-
nal-Regulated Kinase 1- and 2-Mediated Phosphorylation of Serine 105 in Cardiomyocytes. Molecular and Cellular
Biology, 21, 7460-7469. https://doi.org/10.1128/MCB.21.21.7460-7469.2001

Berlo, J., Elrod, J.W., Aronow, B.J., et al. (2011) Serine 105 Phosphorylation of Transcription Factor GATA4 Is Ne-
cessary for Stress-Induced Cardiac Hypertrophy in Vivo. Proceedings of the National Academy of Sciences of the
United States of America, 108, 12331-12336. https://doi.org/10.1073/pnas.1104499108

Acosta, A.J., Rysa, J., Szaho, Z., et al. (2020) Phosphorylation of GATAA4 at Serine 105 Is Required for Left Ventricu-
lar Remodelling Process in Angiotensin Il-Induced Hypertension in Rats. Basic & Clinical Pharmacology & Toxicol-
ogy, 127, 178-195. https://doi.org/10.1111/bcpt.13398

Valimaki, M.J., Tolli, M.A., Kinnunen, S.M., et al. (2017) Discovery of Small Molecules Targeting the Synergy of
Cardiac Transcription Factors GATA4 and NKX2-5. Journal of Medicinal Chemistry, 60, 7781-7798.
https://doi.org/10.1021/acs.jmedchem.7b00816

Kinnunen, S.M., Tolli, M., Valimaki, M.J., et al. (2018) Cardiac Actions of a Small Molecule Inhibitor Targeting
GATA4-NKX2-5 Interaction. Scientific Reports, 8, Article No. 4611. https://doi.org/10.1038/s41598-018-22830-8

Karhu, S.T., Kinnunen, S.M., Tlli, M., et al. (2020) GATAA4-Targeted Compound Exhibits Cardioprotective Actions
against Doxorubicin-Induced Toxicity in Vitro and in Vivo: Establishment of a Chronic Cardiotoxicity Model Using
Human iPSC-Derived Cardiomyocytes. Archives of Toxicology, 94, 2113-2130.
https://doi.org/10.1007/s00204-020-02711-8

Vlimki, M.J., Leigh, R.S., Kinnunen, S., et al. (2021) GATA-Targeted Compounds Modulate Cardiac Subtype Cell
Differentiation in Dual Reporter Stem Cell Line. Stem Cell Research & Therapy, 12, 190.
https://doi.org/10.1186/513287-021-02259-z

Han, P., Hang, C.T., Yang, J., et al. (2011) Chromatin Remodeling in Cardiovascular Development and Physiology.
Circulation Research, 108, 378-396. https://doi.org/10.1161/CIRCRESAHA.110.224287

Mehta, G., Kumarasamy, S., Wu, J., et al. (2015) MITF Interacts with the SWI/SNF Subunit, BRG1, to Promote
GATAA4 Expression in Cardiac Hypertrophy. Journal of Molecular and Cellular Cardiology, 88, 101-110.
https://doi.org/10.1016/j.yjmcc.2015.09.010

Van Berlo, J.H. (2015) Chromatin Remodeling Permits Cardiac Hypertrophy to Develop. Journal of Molecular and
Cellular Cardiology, 89, 119-121. https://doi.org/10.1016/j.yjmcc.2015.10.033

Hota, S.K., Johnson, J.R., Verschueren, E., et al. (2019) Dynamic BAF Chromatin Remodeling Complex Subunit In-
clusion Promotes Temporally Distinct Gene Expression Programs in Cardiogenesis. Development, 146, dev174086.
https://doi.org/10.1242/dev.174086

Sun, X., Hota, S.K., Zhou, Y.Q., et al. (2018) Cardiac-Enriched BAF Chromatin-Remodeling Complex Subunit Baf60c
Regulates Gene Expression Programs Essential for Heart Development and Function. Biology Open, 7, bio.029512.
https://doi.org/10.1242/bi0.029512

lyer, L.M., Nagarajan, S., Woelfer, M., et al. (2018) A Context-Specific Cardiac Beta-Catenin and GATA4 Interaction
Influences TCF7L2 Occupancy and Remodels Chromatin Driving Disease Progression in the Adult Heart. Nucleic Ac-
ids Research, 46, 2850-2867. https://doi.org/10.1093/nar/gky049

Shimizu, S., Sunagawa, Y., Hajika, N., et al. (2022) Multimerization of the GATA4 Transcription Factor Regulates
Transcriptional Activity and Cardiomyocyte Hypertrophic Response. International Journal of Biological Sciences, 18,
1079-1095. https://doi.org/10.7150/ijbs.65664

DOI: 10.12677/acm.2022.1281089 7551 Il R 125 23k i


https://doi.org/10.12677/acm.2022.1281089
https://doi.org/10.1161/HYPERTENSIONAHA.119.13357
https://doi.org/10.1152/physrev.00054.2009
https://doi.org/10.1128/MCB.21.21.7460-7469.2001
https://doi.org/10.1073/pnas.1104499108
https://doi.org/10.1111/bcpt.13398
https://doi.org/10.1021/acs.jmedchem.7b00816
https://doi.org/10.1038/s41598-018-22830-8
https://doi.org/10.1007/s00204-020-02711-8
https://doi.org/10.1186/s13287-021-02259-z
https://doi.org/10.1161/CIRCRESAHA.110.224287
https://doi.org/10.1016/j.yjmcc.2015.09.010
https://doi.org/10.1016/j.yjmcc.2015.10.033
https://doi.org/10.1242/dev.174086
https://doi.org/10.1242/bio.029512
https://doi.org/10.1093/nar/gky049
https://doi.org/10.7150/ijbs.65664

	GATA4基因表达调控在心肌肥厚和心力衰竭中的研究进展
	摘  要
	关键词
	Research Progress on the Correlation and Molecular Mechanism of GATA4 Gene Expression Regulation and Heart Failure
	Abstract
	Keywords
	1. 引言
	2. GATA4与GATA家族
	3. GATA4通过翻译后化学修饰调节对CH和HF的影响
	4. GATA4-NKX2-5的相互作用通过小分子物质靶向调节对CH和HF的影响
	5. GATA4通过调节染色质重塑CH和HF的影响
	6. 结语与展望
	参考文献

