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Abstract

Introduction: Premature myocardial infarction (MI) is characterized by high re-infarction rates, the occurrence of severe heart fail-
ure and therefore significant cardiovascular long-term mortality at a young age. Previous studies demonstrated that one of the most 
important risk factors in younger patients is family history and genetic factors. This research was launched to assess the association 
of ACTA2 genetic variations with premature MI.

Materials and Methods: Out of eighty unrelated patients with premature MI referred to health center, patients with autosomal 
dominant premature MI were included in the study. Exclusion criteria included hypercholesterolemia, hyperlipidemia, diabetes and 
smoking. Genomic DNA was extracted from the whole peripheral blood. Eight exons and intron/exon boundaries of the ACTA2 gene 
were amplified, and all the amplicons were subject to Sanger sequencing.

Results: According to the criteria, 16 patients were included in our research. No mutations were found in ACTA2 gene in our pro-
bands.
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Introduction
Cardiovascular disease (CVD) is the leading cause of mortal-

ity worldwide [1-4], accounted for an estimated 44% of all global 
deaths due to non-communicable diseases (NCDs) in 2018. In Iran, 
CVDs are the most common causes of death [5]. Myocardial infarc-
tion (MI), as a heart attack happens when blood flow stops or de-
creases in one part of the heart, causing injury to the muscle of the 
heart [6,7]. Premature MI is characterized by high rates of re-in-
farction, severe heart failure incidence, and significant CV mortal-
ity in < 50 years old. The prevalence of AMI in Iran is high and has 
increased in recent years [5]. Premature MI prevalence was high in 
men, and smoking was the most common risk factor among young 
people [5]. The latest studies revealed that genetics and family his-
tory are major risk factors at a young age. Previous studies showed 
several genes are involved in the premature MI. Twenty-seven 
genetic variants have been found using Genome-wide association 
studies (GWAS) that are related to increased risk of MI. There are 
some genes associating with MI including PCSK9, SORT1, MIA3, 
WDR12, MRAS, PHACTR1, LPA, TCF21, MTHFDSL, ZC3HC1, CDKN2A, 
2B, ABO, PDGF0, APOA5, MNF1ASM283, COL4A1, HHIPC1, SMAD3, 
ADAMTS7, RAS1, SMG6, SNF8, LDLR, SLC5A3, MRPS6, and KCNE2.

The vascular smooth muscle cell (SMC)-specific isoform of a-ac-
tin (ACTA2) is a main element of the contractile apparatus in SMCs, 
placed in the artery system [8-10]. The contraction, in response to 
the tension induced by pulsatile blood flow, is the main function of 
SMC [8]. 

Recent studies showed that there is a mutation in the ACTA2 and 
β-myosin heavy chain (MYH11) genes in families with thoracic aor-
tic aneurysm and dissection (TAAD). These genes encode the SMC 
contractile protein that acts through ATP-fueled cyclic interaction 
of the myosin motor with actin filaments [11-13].

Early-onset coronary artery disease (CAD), TAA, stroke, aortic 
dissections, and moyamoya disease, as diverse and diffuse vascular 
diseases, are due to heterozygous missense mutations in the ACTA2 
[8,12], but fifty percent of the mutation carriers have an aortic 
disease, and the rate of penetrance is lower than that detected in 
genes, causing familial TAAD [8].

The ACTA2 mutations cause 14% of non-syndromic TAAD [12] 
and reports show that those variants are responsible for premature 

CAD [12,14]. Significant genetic heterogeneity in CVD and their in-
teractions with environmental and other factors, contribute to the 
disease pathogenesis, including diabetes mellitus, smoker, obesity, 
and hypertensive [15], leading to slow progress in the identifica-
tion of vascular disease genes [16]. 

Aim of the Study
The aim of this study was to determine the ACTA2 mutations in 

patients with early MI, referred to as Isfahan Health Centers. Deter-
mination of the role of ACTA2 gene mutations in the development 
of premature myocardial infarction. Help diagnose, determine the 
status of the carrier, the carrier of genetic counseling and preven-
tion in future generations.

Materials and Methods
Family characterization and sample collection

This investigation was approved by the Ethics Committee of the 
National Ethics Committee for Biomedical Research, Islamic Azad 
University, Science and Research Branch (Approval ID: IR.IAU.SRB.
REC.1397.106).

Eighty unrelated families with premature MI were recruited 
and characterized referred to Chamran hospital, Isfahan. Prema-
ture MI is when MI occurs in men at age 55 or earlier and in women 
at age 65 or earlier. Demographic data and medical records related 
to vascular diseases and risk factors were obtained from all fam-
ily members. MI was validated based on documentation of a myo-
cardial infarct or 75% narrowing of one or more main coronary 
arteries distinguished during cardiac catheterization. The patients 
who had a positive family history, including personal history, clini-
cal examination, and family history for premature MI with auto-
somal dominant inheritance, were recruited. Pedigree data was 
drawing by Cyrillic.210 software (Cherwell. CO, Scientific publish-
ing, USA) (Figure 1). Serum total cholesterol (TC) and high-density 
lipoprotein cholesterol (HDLC), as well as triglycerides (TG), were 
measured enzymatically. Diabetes mellitus, a chronic illness char-
acterized by hyperglycemia, is typically diagnosed when fasting 
plasma glucose levels exceed 125 mg/dL. The patients with hyper-
cholesterolemia, hyperlipidemia, diabetes, and smoking habit were 
excluded from the study. After signing an informed consent form, 
about 5 mL of peripheral blood was collected in tubes containing 
EDTA (0.5M) from all patients. 
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DNA extraction

DNA extraction was performed using a DNA extraction kit (DE-
NAGIR, Tehran, Iran). The concentration and quality of DNA were 
checked with the Nano-drop spectrophotometer (Thermo Scien-
tific) and agarose gel electrophoresis (Figure 2).

Figure 1: The autosomal dominant pedigree pattern in probands.

Figure 2: Agarose gel electrophoresis of exons ACTA2 gene.

Mutation screening of ACTA2

The primers were designed using Oligo (version 6.7.1.0 National 
Biosciences Inc.) for all exons of ACTA2 gene to include exon-intron 

boundaries (Table 1). The exons were amplified using PCR Mas-
ter Mix (Biofact, Daejeon, Korea) by standard PCR programs. PCR 
products were investigated using agarose gel electrophoresis and 
sequenced bi-directionally using ABI 3130XL automated sequenc-
er (Applied Biosystems, Foster City, California, USA). After that, 
sequences were matched with the reference genomic sequence 
NG_011541.1 for variant detection using the SnapGene software 
(version® 3.2.1 GSL Biotech).

Template 
Size

(bp)

TM

(oC )
Primer

Exon 
Num-
ber

39060GGTGGGAGTTGTCAG-
GTAAG

ForwardExon2

59.5GGTTACATA-
ACTTCTGGGCAG

Reverse

39558TGTGGCTTGGCTGTA-
ATTG

ForwardExon3

59AGTTGAGCAATGT-
GAGCCAG

Reverse

26555.2AGCTTCTG-
GTCCCTTTTTG

ForwardExon4

59.5GTGCTG-
CATAGCCTCCTTC

Reverse

26059.5TCAACCAGGTGT-
GCTCTCC

ForwardExon5

58.4CCACGTGTTAACGAC-
CATTC

Reverse

32060.5AGGCTTCCCTCTACTT-
GTCC

ForwardExon6

58.4TCCTTGGATAGTGAG-
GATGG

Reverse

37360.5TCTTGAGGGAGAGA-
CTGCAG

ForwardExon7

58.4AACCGTCACTTGTCTC-
CATG

Reverse

38058.4TCCACTGCAAGAAT-
CATCCAG

ForwardExon8

57.3CCCACAATTGCATGT-
CACC

Reverse

43058.4ATGGTAGAACATCCAG-
GCTC

ForwardExon9

53.9AATTGCCATGTGCT-
CAGC

Reverse

Table 1: Primer sequences for PCR.
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Results
Smooth muscle cells (SMCs) contract to perform many physi-

ological functions, including regulation of blood flow and pressure 
in arteries, contraction of the pupils, peristalsis of the gut, and 
voiding of the bladder [10]. Previous studies reported mutations 
in ACTA2 gene causes a syndrome characterized by dysfunction of 
SMCs throughout the body, leading to Aortic and Cerebrovascular 
disease, Fixed dilated pupils, Hypotonic Bladder, Malrotation, and 
hypoperistalsis of the gut and pulmonary hypertension. According 
to the criteria, 16 pro-bands with premature MI were selected, and 
DNA was extracted. After amplification, all of 16 samples showed 
satisfactory results based on the results of Nano-drop spectropho-
tometer and agarose gel electrophoresis (Figure 2). 

The pathological and demographic features of the samples are 
shown (Table 2). All of the patients had a positive family history.

Demographic
Age Male (<45 years old)

Female (<50years old)
Sex Male (n = 60) Total = 80

Female (n = 20)
Patient history

Family history of CAD 91.25%
History of hypertention 6.25%

Diabet mellitus 32.5%
Atherosclerosis 43.75%

Prior cardiac surgery (any) 93.75%
Hypercholesterolemia / 

hyperlipidemia
22.5%

Smoking 75%
Obesity 3%

Table 2: History and Demographics of Patients With initial and 
recurrent myocardial infarction.

Sequencing results for the ACTA2 gene

Sequencing analysis of 8 exons and splice junctions of the ACTA2 
gene did not reveal any pathogenic variants (Figure 3).

Figure 3: Sequencing analysis of 8 exons and splice junctions of 
the ACTA2 gene.

Discussion
Non-communicable diseases kill 41 million people each year, 

equivalent to 71% of all deaths globally. CVDs as the heart and 
blood vessel disorders include coronary heart, rheumatic heart 
and cerebrovascular disease, accounted for an estimated 44% of all 
global deaths due to non-communicable diseases (NCDs) in 2018 
[6]. The first study at the University of Texas Health Science Center 
in 2007 Families with multiple members with TAAD who did not 
have a known genetic syndrome was recruited carried out a muta-
tional analysis of ACTA2 gene by bidirectional direct sequencing of 
amplified genomic DNA fragments with intron-based, exon specific 
primers. N117T and R118Q in exon 4, R149C and Y135H in exon 5, 
V154A in exon 6, R258H and R258C in exon 7, R292G in exon 8 and 
T353N in exon 9 identified in ACTA2 gene as pathogenic mutation 
[12].

Guo., et al. also in 2009, identified ACTA2 gene mutations includ-
ing P72Q in exon 3, G160D in exon 6, R39H in exon 2, R118Q in 

63

Citation: Masoumeh Sadeghi, Laleh Shariati,., et al. “ACTA2 Mutations and Risk of Premature Myocardial Infarction”. Acta Scientific  Nutritional Health 4.8 
(2020): 60-66.

ACTA2 Mutations and Risk of Premature Myocardial Infarction



exon 4, R185Q in exon 6, R149C in exon 5, R258C and R258H in 
exon 7, in related with Coronary Artery Disease, Stroke, and Moy-
amoya Disease, Along with Thoracic Aortic Disease [8]. However, 
they suggested Heterozygous missense mutations in ACTA2 cause 
diffuse and diverse vascular diseases, including thoracic aortic an-
eurysms, aortic dissections, early-onset coronary artery disease, 
stroke, and Moyamoya disease, but only half of the mutation car-
riers have Aortic disease, a penetrance lower than that typically 
observed for genes leading to familial TAAD [8,12].

Also in another study, Morisaki., et al. identified three mutations 
in ACTA2 gene, which two novel p.G152_T205del and p.R212Q, 
and a novel mutation Y145C of ACTA2 as sporadic mutation, each 
of which is considered to be causative for TAAD [15]. Three novel 
mutations in the ACTA2 gene identified in German patients with 
thoracic aortic aneurysms and dissections in 2011. Two mutations 
affect residues within (M49V) or adjacent to (R39C), the DNase-
I-binding loop within subdomain 2 of alpha-actin. They were ob-
served in families with recurrent aortic aneurysm (R39C) or aortic 
dissection (M49V). The third mutation causes an exchange in the 
vicinity of the ATP-binding site (G304R) in a patient thought to have 
isolated TAAD [17]. Munot., et al. showed a novel distinctive cere-
brovascular phenotype is associated with heterozygous Arg179 
ACTA2 mutations [18]. Five mutations in the familial TAAD group 
in other study were identified that were absent in controls. The 
known p.Arg149Cys and the novel p.Asp82Glu, p.Glu243Lys, and 
p.Val45Leu mutations affected evolutionarily conserved residues. 
The IVS4+1G>A mutation was novel [19]. Tortoraa., et al. recruit-
ed 20 patients who underwent surgery for BAV and TAA; Clinical 
genetic evaluation and ACTA2 mutation analysis were performed 
on each patient, along with next-generation sequencing analysis 
of BAV-related genes [27]. No mutations were found in ACTA2 or 
in BAV-related genes in pro-bands nor any common clinical signs 
possibly related to their heart disease. Results of previous studies 
ACTA2 mutations were found in 14-21% of familial cases, but only 
2.5 - 3.8% of sporadic TAAD [15]. None of the mutations identified 
is fully penetrant for any of these vascular diseases [10].

In none of the previous studies, did not say anything about the 
relation between ACTA2 mutations and premature mi, directly.

Risk factors of cardiovascular diseases included hypercholes-
terolemia, hyperlipidemia, diabetes, and smoking. The generation 
of higher cholesterol blood levels is proposed as a possible link be-
tween chronic periodontal inflammation and Atherosclerosis [20]. 

Smoking enhances the risk of Atherosclerosis, like Ischemic stroke 
and Myocardial infarction [21]. Type 2 diabetes exacerbates mech-
anisms underlying Atherosclerosis and heart failure [22]. Previous 
contrary studies, in our study, patients with hypercholesterolemia, 
hyperlipidemia, diabetes, and smoking habit were excluded from 
genetic examination. Epigenetic mechanisms, including CpG sites 
methylation, histone modification, and miRNA-mediated gene reg-
ulation, take apart in controlling gene expression of common dis-
eases such as Atherosclerosis [23]. MicroRNAs are a vital player in 
a different range of biological processes; thus, their expression lev-
el is regulated in pathophysiological conditions [23]. Accumulating 
evidence has revealed microRNAs as fine-tuners of gene expres-
sion, regulation of signaling, and lipid homeostasis pathways which 
could affect atherosclerotic plaque destiny [24]. Overexpression of 
microRNA-21 (miR-21) decreases myocardial infarction area [25], 
and miR-1 and mir-206 are up-regulated in myocardial infarction 
[26], with miR-1 also being a potential biomarker for acute myo-
cardial infarction [27]. miR-29 is a repressor of myocardial fibrosis 
after infarction, as well as miR-24, which modulates myocardial 
fibroblast functions after infarction via the furin-TGF-β pathway 
[28]. MiR-208b was down-regulated in hearts of model rats (P < 
0.01). Overexpressing miR-208b improved myocardial functions, 
such as reducing the infarction area (P < 0.05) and promoting LVEF 
and LVFS (P < 0.01), and inhibited COL1 and ACTA2 (P < 0.01). 
Luciferase reporter assay proved Gata4 to be the direct target of 
miR-208b, with the target sequence in the 3′UTR. Inhibiting GATA4 
resulted in the down-regulation of COL1 and ACTA2, suggesting 
that the role of miR-208b was achieved via regulating GATA4 [27]. 
In a recent study, the comparison of DNA methylation profile of 
atherosclerotic and healthy individuals revealed different miRNAs 
expression patterns while at the same time, the similarity of miR-
NA cluster expression recognized among the same tissues of dif-
ferent subjects [28]. A substantial portion of heritable atheroscle-
rosis risk has not been identified by established approaches that, 
in general, leave a troublesome gap between genetics and clinical 
phenotype. The abnormal gene expression pattern may comprise 
associated with a heritable risk of cardiovascular disease such as 
premature MI.

Nevertheless, there is no biomarker to predict the type of com-
plications that CV patients may develop, such as familial cases of 
MI. Detection of gene mutations and other biomarkers [2], in fami-
lies with CAD leads to earlier diagnosis of premature MI in high-
risk members of the family. Deep insight into the molecular mech-
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anisms of disease can help in personalizing and optimizing the 
follow-up for individual patients [30], besides, reduces the health-
related costs [31]. The most mutated gene in the familial TAAD is 
the ACTA2 that may be related to premature MI [32]; therefore, this 
investigation was designed to determine if the ACTA2 variants do 
contribute significantly to the common phenotype of premature MI 
in a cohort of 16 consecutive premature MI patients our data did 
not any change in pathogenic variant in the ACTA2 in 16 premature 
MI prob-ands. 

Leisure development made in recognizing vascular disease 
genes is felt to be due to significant genetic heterogeneity in these 
diseases, along with the complex interactions between genes and 
environmental factors that contribute to the disease pathogenesis, 
including smoker, diabetes mellitus, obesity, and hypertensive [16].

Perhaps, the presence of pathogenic variations in the promoter 
regions of the ACTA2 has been associated with early MI in patients 
residing in Isfahan, while other areas have not been involved in this 
study.

The different effects of the environment on the genes in differ-
ent ethnic groups, which are indicative of epigenetic issues, and 
other genes involved in the pathogenesis of premature MI also in-
fluence the pathogenesis of this disease.

Conclusion
Based on the high prevalence of premature MI in our popula-

tion, and reports on ACTA2-related familial TAAD, and only very 
rare mutation-positive individuals presented with premature MI, 
the results of this pilot study seems to justify the conclusion that 
the ACTA2 does not play a significant role in the pathogenesis of 
premature MI. The genetic mechanism involved in the pathogen-
esis of CAD remains to be explored. The promising tools to identify 
the novel causative genes are array comparative genomic hybrid-
ization (CGH) and exome sequencing or whole-genome sequenc-
ing.
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