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With the aging of the world’s population, the incidence 

of coronary atherosclerotic disease (CAD) is gradually in-
creasing, which places a heavy burden on social develop-
ment.[1] Acute myocardial infarction (AMI) is the most se-
rious stage in the development of CAD and can lead to car-
diac arrest. Globally, the number of deaths due to ischemic 
heart disease has increased by 16.6% from 2005 to 2015, 
reaching 8.9 million deaths.[2] Diabetes mellitus (DM) is a 
high-risk factor for promoting CAD progression, conferring 
an approximate two-fold increase in the risk of AMI, and is 
one of the chronic diseases that seriously endangers human 
health.[3] Atrial fibrillation (AF) is a serious type of ar-
rhythmia that can cause significant clinical manifestations. 
The number of AF patients in the EU and the United States 
is approximately 7 million, and by 2050, that number is 
likely to increase by at least 2.5 times.[4] These diseases can 
be caused by genetic factors and acquired environmental 
factors. Gene dysfunction due to genetic variations can alter 
the function of a protein by affecting transcription and 
translation, thereby causing phenotypic changes. Therefore, 
mutations in susceptibility genes play a crucial role in the 
development and progression of human diseases.  

GATA binding protein 6 (GATA6) is a member of the 
GATA family, and its gene is located on chromosome 
18q11.1~18q11.2, encoding a total of 595 amino acids.[5] 
GATA6 regulates the growth and differentiation of cells in 
the human body and plays a vital role in the survival of cells 
and the maintenance of body functions. Mutations in the 
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GATA6 gene can cause pancreatic hypoplasia, resulting in 
neonatal diabetes, childhood onset diabetes, or adult-onset 
diabetes.[6] However, GATA6 is also involved in the cardiac 
conduction system (CCS) due to expression in the ductal 
cardiomyocytes, neural crest (NC) cells, and cardiac fibro-
blasts in the early development of the heart, and its genetic 
mutations can cause AF.[7] In this case report, we describe 
two novel GATA6 gene mutations in an adult patient with 
AMI, DM, and AF. 

The patient was a 63-year-old male who was sent to the 
hospital because of sudden pain in the anterior region and 
no relief after sublingual nitroglycerin. After a consultation 
with medical history, physical examination and related pro-
fessional examination, the patient’s admission diagnosis 
was acute inferior myocardial infarction, cardiac function 
level II (Killip classification), arrhythmia (sinus tachycardia, 
paroxysmal AF), high blood pressure (grade 3, high-risk 
group), type 2 diabetes (diabetic ketosis), and electrolyte 
imbalance (hypokalemia). The patient’s history of hyper-
tension and type 2 diabetes were 10 years and 24 years, re-
spectively. After he spent the dangerous period in the Car-
diac Care Unit (CCU), he was transferred to the general 
cardiology department to undergo coronary angiography to 
confirm the coronary lesions. The patient was diagnosed 
with three-vessel CAD, and the treatment plan was elective 
coronary artery bypass surgery (CABG). After effective 
symptomatic treatment with the drug, the patient recovered 
well and was discharged. 

Four milliliters of blood were taken from the patient’s 
elbow vein on an empty stomach in the morning. Genomic 
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DNA was extracted using a DNA extraction kit (QIAGEN). 
The study was approved by the Humanities and Ethics 
Committee of the Affiliated Hospital of Jining Medical 
University, Shandong, China (2016-FY-076), in accordance 
with the principles of the Helsinki Declaration. Transcrip-
tion initiation sites were selected approximately 2000 bases 
upstream of the GATA6 gene (NC_000018.10) as gene 
promoter regions for analysis. Primers with a length of 1173 
bp were designed using Primer 5 software. The specific 
sequences were GATA6-F: 5'-ACGCCTCTTGTCCTAAA 
GTCTC-3'; GATA6-R: 5'-CGAGCCCTAAACAAACAGC- 
3' and were sent to Shanghai Sheng-gong Biological Co., 
Ltd. for synthesis. The amplified target fragment was sent to 
Shanghai Sheng-gong Biological Co., Ltd., and the Sanger 
method was used for gene sequencing. In addition, se-
quencing results were analyzed using DNAMAN software. 
To further examine whether the variant site affects binding 
to other transcription factors, the JASPAR program (http:// 
jaspar.genereg.net/) was used to perform an alignment 
analysis of the variant sites of the GATA6 gene promoter 
region. 

After the detection of the target gene, we found two 

variant sites (g.22168944G>A and g.22169265G>A) in the 
GATA6 gene promoter region of the patient. In addition, 
these two variant sites were identified as two single nucleo-
tide polymorphisms (SNPs) (rs144923558 and rs146748749) 
after a search in the dbSNP database. The gene locus of the 
two SNPs is shown in Figure 1A. At the same time, the DNA 
sequencing chromatograms of the two SNPs are shown in 
Figure 1B. To confirm the presence of linkage disequilib-
rium between the two SNPs (rs144923558 and rs146748749) 
in the patient’s GATA6 gene promoter region, we used the 
online browser of the vertebrate genome Ensembl (http:// 
www.ensembl.org/index.html) for linkage disequilibrium 
analysis. The results (in the Han population of Beijing, 
China) showed that the two SNPs were in complete linkage 
disequilibrium (D’ = 1.000, r2 = 1.000). As summarized in 
Table 1, the two SNPs identified in the patient may abolish 
and create the putative binding sites for transcription factors. 
The SNP [g.22168944G>A (rs144923558)] may abolish the 
binding sites for MGA and NEUROD2, and create the 
binding sites for DLX6, ISL2, BSX and GSX1. The SNP 
[g.22169265G>A (rs146748749)] may abolish the binding 
site for MZF1 and create the binding site ESRRA. 

 

Figure 1.  Gene locus and DNA sequencing chromatograms of two SNPs. (A): The two SNPs were named according to their locations 
in the GATA6 genomic sequences (NCBI: NC_000018.10); and (B): all sequence orientations of the two SNPs are forward. Top panels 
show wild-type and bottom panels heterozygous SNPs, which are marked with arrows. GATA6: GATA binding protein 6; SNPs: single 
nucleotide polymorphisms. 
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Table 1.  Predicted binding sites for transcription factors 
affected by the two SNPs. 

SNPs Mode of action Transcription factors 

abolish 
MGA 

NEUROD2 

g.22168944G>A 

(rs144923558) 
create 

DLX6 

ISL2 

BSX 

GSX1 

abolish MZF1 g.22169265G>A 

(rs146748749) create ESRRA 

BSX: brain specific homeobox; DLX6: distal-less homeobox 6; ESRRA: 

estrogen related receptor alpha; GSX1: GS homeobox 1; ISL2: ISL LIM 

homeobox 2; MGA: MAX dimerization protein MGA; MZF1: myeloid 

zinc finger 1; NEUROD2: neuronal differentiation 2; SNPs: single nucleo-

tide polymorphisms. 

 
The occurrence and development of many human dis-

eases are affected by the dysregulation of gene expression 
programs, such as cardiovascular disease, diabetes and in-
flammation. Gene mutations play a crucial role in the initia-
tion of the dysregulation of gene expression programs. To 
date, relevant studies have shown that polymorphisms in 
single or multiple genes have a direct impact on the onset of 
AMI.[8,9] However, the GATA6 gene not only regulates early 
differentiation and development of the heart, but also par-
ticipates in the development, differentiation and apoptosis of 
vascular smooth muscle cells.[10] Therefore, mutations in the 
promoter region of the GATA6 gene may affect the tran-
scriptional activity of the gene or affect its binding to other 
transcription factors, leading to changes in cardiac structure 
and dysfunction of vascular smooth muscle, and thus may 
be a risk factor for the development of AMI. At the same 
time, epidemiological studies have shown that the incidence 
of CAD in patients with congenital heart disease (CHD) is 
significantly higher than that in healthy people.[11,12] The 
results of these findings suggest that dysregulation of car-
diac developmental genes may contribute to the pathogene-
sis of CAD. Of course, this still requires basic and clinical 
research for verification. In addition, since the GATA6 gene 
is also involved in the CCS, its sequence variation can cause 
abnormal gene function and arrhythmia, such as the occur-
rence of AF. The GATA6 gene also plays an important role 
in the development of the human pancreas. DM can be trig-
gered by genetic mutations that affect the normal function 
of the pancreas in adults. However, specific molecular ge-
netic mechanisms still need to be explored and studied. 

For the patient in this case, we developed an effective 
treatment plan centered on saving patients’ lives in clinical 
treatment. After initial diagnosis, we performed antithrom-
botic and anti-myocardial ischemia procedures, improved 

circulation, maintained homeostasis, controlled heart rate to 
correct arrhythmia, lowered blood sugar to correct diabetic 
complications, and administered lipid-lowering and anti-in-
fection treatment. After excluding the surgical contraindica-
tions, the patient underwent coronary angiography to deter-
mine the coronary vascular disease to develop the best 
treatment. Finally, we chose CABG for this patient. Fortu-
nately, our effective combination of drug therapy and sur-
gical treatment not only relieved the patient’s life-threat-
ening risk from AMI, but also improved the patient’s qual-
ity of life in the future. Perhaps, for similar cardiovascular 
diseases, the main treatments in the world are still drug 
maintenance and symptomatic treatment, coronary interven-
tion or surgical bypass surgery and health management 
education. However, with the rapid development of tech-
nology, gene sequencing detection and gene editing tech-
nology have been continuously developed and improved. 
For example, methods for genome-wide association studies 
are widely used throughout the world, and CRISPR/Case9 
technology has also been used as a molecular biology tool 
for genome editing.[13] 

In such an era of advocating precision medicine and in-
dividualized treatment, the rapid development of genetic 
diagnosis and gene therapy can not only greatly contribute 
to the improvement of medical standards in the world, but 
also reduce the physical trauma and economic burden caused 
by surgery. In this case, we report two SNPs (rs144923558 
and rs146748749) present in the promoter region of the 
GATA6 gene in this patient. These results provide not only 
case support for understanding the relationship between 
genes and human disease phenotypes, but also a genetic 
basis for future studies on the molecular mechanisms of 
gene dysfunction. At the same time, they can also promote 
the genetic diagnosis and individualized gene therapy era of 
related diseases in the future. 

Acknowledgments 

This study was supported by the National Natural Sci-
ence Foundation of China (No.81670341 & No.81870279). 
All authors had no conflicts of interest to disclose. 

 
References 

1  Dalen JE, Alpert JS, Goldberg RJ, et al. The epidemic of the 
20(th) century: coronary heart disease. Am J Med 2014; 127: 
807–812. 

2  van der Harst P, Verweij N. Identification of 64 novel genetic 
loci provides an expanded view on the genetic architecture of 
coronary artery disease. Circ Res 2018; 122: 433–443. 

3  Gholap NN, Achana FA, Davies MJ, et al. Long-term mor-



788 SUN ZQ, et al. Two novel GATA6 mutations in an adult with AMI, DM and AF 

 

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com 

tality after acute myocardial infarction among individuals with 
and without diabetes: a systematic review and meta-analysis 
of studies in the post-reperfusion era. Diabetes Obes Metab 
2017; 19: 364–374. 

4  Kallistratos MS, Poulimenos LE, Manolis AJ. Atrial fibri-
llation and arterial hypertension. Pharmacol Res 2018; 128: 
322–326. 

5  Suzuki E, Evans T, Lowry J, et al. The human GATA-6 gene: 
structure, chromosomal location, and regulation of expression 
by tissue-specific and mitogen-responsive signals. Genomics 
1996; 38: 283–290. 

6  Yau D, De Franco E, Flanagan SE, et al. Case report: ma-
ternal mosaicism resulting in inheritance of a novel GATA6 
mutation causing pancreatic agenesis and neonatal diabetes 
mellitus. Diagn Pathol 2017; 12: 1. 

7  Tucker NR, Mahida S, Ye J, et al. Gain-of-function mutations 
in GATA6 lead to atrial fibrillation. Heart Rhythm 2017; 14: 
284–291. 

8  Assimes TL, Roberts R. Genetics: implications for prevention 
and management of coronary artery disease. J Am Coll Cardiol 
2016; 68: 2797–2818. 

9  McPherson R, Tybjaerg-Hansen A. Genetics of coronary 
artery disease. Circ Res 2016; 118: 564–578. 

10  Tan NY, Li JM, Stocker R, et al. Angiotensin II-inducible 
smooth muscle cell apoptosis involves the angiotensin II type 
2 receptor, GATA-6 activation, and FasL-Fas engagement. 
Circ Res 2009; 105: 422–430. 

11  Fedchenko M, Mandalenakis Z, Rosengren A, et al. Ischemic 
heart disease in children and young adults with congenital 
heart disease in Sweden. Int J Cardiol 2017; 248: 143–148. 

12  Olsen M, Marino B, Kaltman J, et al. Myocardial infarction in 
adults with congenital heart disease. Am J Cardiol 2017; 120: 
2272–2277. 

13  Liu H, Wang L, Luo Y. Blossom of CRISPR technologies and 
applications in disease treatment. Synth Syst Biotechnol 2018; 
3: 217–228. 

 


