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Abstract: Objectives: Fetuin-A is a circulating calcification inhibitor that prevents coronary artery
calcification (CAC) by increasing calcium phosphate solubility and inhibiting VSMC differentiation
and apoptosis. In this study, we investigated the correlation between rs4918 and CAC in patients with
coronary artery disease (CAD). Methods: Forty-two healthy individuals and eighty-one CAD patients
were recruited in the present study. The CAC score (CACS) was measured by CT angiography
and the genotype analysis of rs4918 single-nucleotide polymorphism SNP was performed by the
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique. Results:
The CACS was significantly higher in CAD patients compared to healthy individuals (p < 0.001);
however, there was no significant difference between the mean CACS in the presence and absence of
rs4918 (p = 0.792). The mean calcium score of the left main coronary artery (LMCA) was significantly
lower in carriers of the rs4918 allele (p = 0.036). The frequency of rs4918 SNP was almost similar in
the control group and CAD patients (p = 0.846). Conclusions: in patients with CAD, we found no
significant association between rs4918 SNP and CACS, indicating that carriers of this allele are not at
increased risk of developing cardiovascular diseases compared with those without.
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1. Introduction

Coronary artery disease (CAD) is one of the major causes of mortality worldwide, and atherosclerosis
is the primary etiology [1]. Coronary artery calcification (CAC) is the characteristic feature of
atheroma plaque, and its extent is increased with the progression of the lesion. Calcified plaques are
associated with an almost 1.7-fold higher incidence of mortality, independent of other cardiovascular
risk factors [2]. Although traditional Framingham risk factors, including age, sex, hyperlipidemia,
hypertension, high body mass index, diabetes, and cigarette smoking, influence the severity of
atherosclerosis and the extent of CAC, these environmental factors account for only 40% of the
inter-individual variety, and more than 40% of the variations in the extent of CAC are due to genetic
factors [3].

It is believed that the transdifferentiation of VSMCs to the osteoblastic lineage and the loss of balance
between inhibitors and inducers of calcification are the prominent etiologies of ectopic calcification.
In this context, fetuin-A has been identified as an important inhibitor of ectopic calcification.
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Fetuin-A, also called alpha2-Heremans Schmid glycoprotein (AHSG), is a 62 kDa glycoprotein
and a member of the cystatin superfamily which is synthesized and secreted from the liver and is
present abundantly in the circulation and extracellular space [4]. It is a potent inhibitor of calcification;
nearly 50% of blood capacity to inhibit ectopic calcification is attributed to fetuin-A activity [5]. It inhibits
vascular calcification by binding to hydroxyapatite crystals and forming the fetuin mineral complex
(FMC) that enhances the calcium phosphate blood solubility [6]. Furthermore, it has anti-inflammatory
activity by preventing the production and release of tumor necrosis factor (TNF) α from activated
macrophages, which have a central role in the pathophysiology of CAD [7].

Several in vitro and in vivo studies have demonstrated its role in the pathogenesis of CAD.
Fetuin-A-deficient mice on a calcium- and vitamin D-rich diet developed ectopic calcification,
which clearly confirmed its role as a calcification inhibitor [8].

It was shown that fetuin-A is directly associated with the intimal–medial thickness (IMT),
a hallmark of subclinical atherosclerosis, which points to its atherogenic property [9]. In dialysis
and end-stage renal disease (ESRD) patients, the reduction in this protein has been reported to
correlate with the acceleration of vascular calcification and all-cause and cardiovascular death [10,11].
Genetic studies have demonstrated the impact of the AHSG gene variations on its serum level,
CVD complications, and morality [4,11]. The role of AHSG polymorphisms and haplotypes in the
progression of the calcified plaque was demonstrated in a group of European American diabetic
patients with subclinical atherosclerosis and without advanced renal dysfunction [12]. Higher mortality
rate, vascular calcification, and lower fetuin-A concentrations have been reported in ESRD patients
carrying rs4918 single-nucleotide polymorphism (SNP) [11]. Additionally, this allele has been shown
to be associated with arterial stiffness in patients with normal kidney function [13]. These data suggest
that genetic variations in the AHSG gene may influence the extent of CAC.

To our knowledge, no clinical study has evaluated the relationship between the rs4918 allele and
CAC in patients with CAD. In the present study, the correlation between the rs4918 polymorphism
and coronary artery calcification was evaluated, and its frequency in CAD participants and healthy
individuals was studied.

2. Methods

2.1. Study Population

Eighty-one patients diagnosed with ischemic heart disease who fulfilled the inclusion and
exclusion criteria entered the study. The inclusion criteria included age above 35 years and the presence
of coronary artery disease, and the exclusion criteria involved disturbed calcium and phosphorus
homeostasis, acute or chronic kidney disease (CKD), malignancies, bone disorders, primary and
secondary hyperparathyroidism, and active infectious diseases.

The calcium score was measured in four main coronary arteries, including the left main coronary
artery (LMCA), right coronary artery (RCA), circumflex artery (CX), and left anterior descending artery
(LAD) using CT angiography.

The control group consisted of forty-two subjects free of any cardiovascular diseases (including
myocardial infarction, angina, stroke, transient ischemic attack, heart failure, having current
atrial fibrillation, taking nitroglycerin, or undergoing angioplasty, coronary artery bypass graft,
valve replacement, pacemaker or defibrillator implantation, or any surgery on the heart or arteries);
any chronic diseases; and CVD risk factors including age (above 50 years for women and 45 years
for men), sex, history of death due to CVD in the first-degree family, smoking, diabetes mellitus,
and hypertension. Additionally, all their biochemical measurements had to be in the normal range.

Clinical examinations, biochemical assays, calcium score measurements, and blood sampling
were conducted in the cardiology department of the Razavi hospital in Mashhad, Iran, from 2014 to
2018. Ethical approval was obtained from the university medical ethics committee. All the participants
signed written informed consent.
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Demographic and clinical data including age, sex, history of previous and current diseases
and medications, weight, height, smoking status, and family history of CVD were collected in a
questionnaire. Biochemical parameters of lipid profile (total cholesterol, triglycerides, high- and
low-density lipoprotein), and fasting blood sugar (FBS) were determined for all the participants by
standard laboratory protocols.

2.2. Genotype Analysis

Genomic DNA was extracted from whole blood samples obtained from study participants
using the FavorPerp blood genomic DNA extraction mini kit (Favorprep, South Korea) according
to the manufacturer’s protocol. DNA concentration and purity was determined using Nanodrop
spectrophotometer (Thermofisher Scientific, Waltham, MA, USA) and DNA extracts were stored at
−20 ◦C.

The amplification of the targeted gene (AHSG) and analysis of the polymorphism was performed
by the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique.
The 309 base pairs fragment of AHSG gene was amplified using forward primer 5′-TGTGAGG
AAATTGGGTGCCA-3′ and reverse primer 3′-GACCACACCCATGAAGGTGT-5′ (Bioneer, Daejeon,
South Korea).

The PCR reaction mixture contained 2 ng of DNA, 0.6 µM of each forward and reverse primer,
and 1× Taq DNA Polymerase 2×Master Mix Red (Ampliqon PCR enzymes and reagents, city, Denmark).
The cycling program for sequence amplification was the denaturation of DNA strands at 95 ◦C for
5 min, followed by 30 cycles of denaturation at 95 ◦C for 30 s, annealing at 55 ◦C for 25 s, and extension
at 72 ◦C for 20 s, with a final extension at 72 ◦C for 5 min, using the MyCycler thermocycler (Bio-Rad,
Hercules, CA, USA).

To identify the rs4918 single-nucleotide polymorphism (SNP), the amplified gene (PCR product)
was treated with the restriction enzyme Sac I (SstI) (Jena Bioscience, Hannover, Germany) for 1 h at
37 ◦C. The digested products were electrophoresed through loading on a 1.5% (w/v) agarose gel stained
with gel red (Biotium, Fremont, CA, USA), using TBE (1.1 mM Tris base, 900 mM boric acid, 25 mM
EDTA) as a running buffer, and visualized under UV light transillumination (Uvitec, Cambridge, UK).

2.3. Statistical Analysis

The comparison of the coronary artery calcium scores between different groups was performed
by an independent samples t-test. The difference in SNP frequency between different groups was
determined by chi-squared statistics. p values of 0.05 or less were considered statistically significant
for all tests. All the statistical analyses were performed using SPSS version 16.

3. Results

3.1. Patients Characteristics

Details of the study participants’ characteristics including age; family history of CVD; sex;
concomitant conventional CVD risk factors including hypertension, type two diabetes mellitus,
and dyslipidemia; biochemical profiles; calcium score; and genotype frequency are listed in Table 1.

3.2. Comparison of Coronary Artery Calcium Score between Different Groups

The coronary artery calcium score was significantly higher in CAD patients compared to healthy
individuals (p < 0.001); however, no significant difference was observed in the CACS in the presence
and absence of rs4918 SNP (p = 0.792).
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Table 1. Characteristics of the study participants.

Characteristics Patients (n = 81) Control (n = 42)

Male, % 72.84 35.71
Age (Year) 57.08 ± 10.54 34.47 ± 10.46

Hypertension, % 48.14 0
Dyslipidemia, % 62.96 0

Diabetes mellitus type II, % 18.51 0
Smoking status, % 30.86 0
Family history, % 45.67 0

rs4918 SNP, % frequency 38.27 35.71
Calcium score (mean ± STD) 348.29 ± 588.7 56.3 ± 26.62

CX: circumflex; LAD: left anterior descending; LMCA: left main coronary artery; RCA: right coronary artery; SNP:
single-nucleotide polymorphism; Std: standard. Values are the mean calcium score of four main coronary arteries.
Independent samples t-test was used for the analysis.

3.3. Comparison between Calcium Scores of the Main Coronary Arteries in the Presence and Absence of
rs4918 SNP

The calcium score of four main coronary arteries was measured; the highest CACS was observed
in the LAD artery, and the LMCA had the lowest CACS (Table 2).

Table 2. Calcium scores of the main coronary arteries in the presence and absence of rs4918 SNP.

Mean Calcium Score
(SNP +) ± Std. Error

Mean Calcium Score
(SNP −) ± Std. Error p Value

LAD 2.7111E+02 ± 108.12 1.3879E+02 ± 41.76 0.180
CX 30.38 ± 17.07 47.51 ± 22.66 0.612

LMCA 0.14 ± 0.14 27.04 ± 12.18 0.036
RCA 64.58 ± 35.03 63.24 ± 18.06 0.970

p values in bold indicate statistically significant—that is, p ≤ 0.05. CACS indicates coronary artery calcium score;
SNP, single-nucleotide polymorphism. The frequency of genotype was expressed as a percentage.

The calcium score of the LMCA was significantly lower in carriers of the rs4918 allele
(p = 0.036) compared with the CACS of LMCA in individuals without this allele; on the other
hand, an insignificantly higher CACS was observed in the LAD artery in the presence of this SNP
compared with the CACS in its absence (p = 0.120) (Figure 1).

Figure 1. Comparison between the calcium scores of the main coronary arteries in the presence and
absence of rs4918 SNP. Independent samples t-test was used for the analysis. * indicates a significant
difference in the mean calcium score. CX: circumflex; LAD: left anterior descending; LMCA: left main
coronary artery; RCA: right coronary artery; SNP: single-nucleotide polymorphism.

3.4. Frequency of rs4918 SNP in Different Groups

The frequency of rs4918 SNP was similar in the control group and CAD patients (p = 0.846).
The frequency of the rs4918 SNP in different calcium score groups was assessed and is presented in
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Table 3. Individuals were divided into three groups according to their coronary artery calcium score.
Individuals with a CACS between 0 and 100 were assigned to group 1, with one between 101 and
400 were assigned to group 2, and with a CACS above 400 were assigned to group 3. There was no
significant difference in the frequency of this SNP in these groups (p > 0.05).

Table 3. Comparison of the frequency of the rs4918 SNP between different calcium groups.

Calcium Group CACS Frequency of the rs4918 SNP p Value

Group 1 0–100 37.66
0.9Group 2 101–400 36.36

Group 3 >400 34.78

Chi-squared statistic was used for the analysis. p ≤ 0.05 indicates statistically significant difference.

4. Discussion and Conclusions

Coronary artery calcification has been considered as a non-traditional risk factor of cardiovascular
disorders and events.

In the present study, the coronary calcium score was measured by the noninvasive and quantifiable
CT angiography technique, and the correlation between the obtained coronary calcium score and the
AHSG genotype was assessed. According to the results, the calcium score was significantly higher in
CAD patients compared to healthy individuals, and no difference was observed between the mean
calcium scores in the presence and absence of the rs4918 polymorphism.

Individuals in the control group were free of apparent coronary vasculopathy and CVD risk
factors, on the other hand, while participants in the patients’ group were diagnosed with coronary
artery disease and had undergone either percutaneous coronary intervention (PCI) or coronary artery
bypass graft (CABG) intervention or had myocardial infarction (MI). Higher CACS in this group is a
representative of the association of calcification with atheroma plaque. Moreover, patients had at least
one CVD risk factor, including hypertension, diabetes, dyslipidemia, cigarette smoking, and positive
family history, which triggered the formation and progression of a plaque and subsequent calcified
lesion by damaging the endothelial layer.

In this project, the role of rs4918 polymorphism in the inter-individual variability of atherosclerotic
calcification was studied; therefore the correlation between the rs4918 polymorphism and the coronary
artery calcium score in CAD patients and healthy individuals was assessed.

Our results indicate that the rs4918 allele is distributed equally between the healthy individuals
and group of CAD patients, which indicates that carriers of this allele are not at risk of developing
cardiovascular diseases. Cozzolino et al. reported a similar frequency of this allele among Italian
hemodialysis patients and a healthy population [14]. Moreover, we found no correlation between this
SNP and coronary artery calcified plaque. This is in agreement with the results of the Lehtinen group,
who analyzed 11 polymorphisms in the AHSG gene and found no association between the rs4918 allele
and coronary artery calcified plaque, diabetes mellitus, BMI, and fetuin-A serum levels in a group
of American diabetic patients [12]. In another study, Bellia et al. reported the association of fetuin-A
levels with serum calcium and rs4918 polymorphism but not with coronary artery calcification in
individuals with a low risk for developing CAD and without apparent coronary vasculopathy [15].

Although in animal studies AHSG-deficient mice developed widespread ectopic calcification of soft
tissue and vasculature, which clearly confirmed its role as a calcification inhibitor [8], clinical findings
regarding the impact of AHSG genotypes on CAC are still a matter of debate, and there are inconsistencies
in the literature concerning the role of fetuin and its genotypes in the pathogenesis of CVD and CAC.

Fetuin-A has been studied widely in end-stage renal disease and dialysis patients, where CVD
and vascular calcification are common complications and the main cause of death in these patients.
Low plasma levels of fetuin-A have been reported in these patients. Furthermore, carriers of
the rs4918 polymorphism had lower fetuin-A levels and were more liable to develop vascular
calcification, particularly in the presence of chronic inflammation [11]. In another study, Verdujin et al.
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showed that, although serine allele carriers were predisposed to lower serum fetuin-A concentrations,
which were associated with increased mortality risk, the Thr256Ser polymorphism had a minor effect
on mortality [16].

In the general population and non-dialyzed patients, however, conflicting data are available
regarding the genetic contribution of AHSG in CVD and CAC. Fisher et al. reported that AHSG
polymorphisms were positively correlated with fetuin-A levels and the elevated concentration increased
the risk of MI. In addition, the rs4917 allele was particularly associated with the incidence of MI [4].
In contrast, Roos et al. observed that fetuin-A levels were inversely associated with arterial stiffness,
but the SerSer genotype of rs4918 SNP was significantly associated with arterial stiffness in male
patients with normal renal function [13]. On the other hand, others reported no significant association
between the AHSG polymorphisms and its levels and coronary artery calcification [12,17].

Analyzing the calcium score of cardiac arteries of CAD patients, the CACS of LMCA was
significantly lower in carriers of the rs4918 allele compared to individuals without this allele. In contrast,
an insignificant higher CACS was observed in the presence of this SNP in LAD artery compared with
the mean CACS in its absence. To explain these findings, differences in ethnicity and small sample size
should be taken into account.

The protein-coding rs4918 allele, also known as Thr256Ser, is situated in the coding region of
the AHSG gene in exon 7 that encodes Thr256Ser amino acid substitution [18]. This protein-coding
polymorphism determines the required amino acids for protein synthesis. It should be noted that it is
the regulatory or promoter region of a DNA that determines the expression of mRNA and the quantity
of translated protein, and the coding region determines the properties and structure of a protein and
not its concentration.

However, according to the obtained reports either the structure of the protein, concentration or
both can be affected by this allele especially in ESRD and dialysis patients. The transcription of AHSG
gene is mediated by C/EBP and NF-1 transcription factors [19] and pro-inflammatory cytokines cause
loss of transcriptional domain of C/EBP in acute inflammation, which ultimately leads to reduced serum
fetuin-A concentration [20]. Furthermore, the expression of the AHSG gene can be mediated by cytokine
stimulation. In vitro studies showed that TNFα [21], IL-1, and IL-6 [22] down-regulate its mRNA level
in the rat and human hepatoma cell line, respectively. Chronic inflammation has been well-documented
in the setting of end-stage renal disease. Low levels of fetuin-A have been reported to be associated
with rs4918 SNP, increased mortality, and vascular calcification [11]. Therefore inflammation may
influence the expression of mRNA and subsequently the protein level, and the mentioned mechanism
may be most outstanding in the presence of this SNP, which can be an explanation for that observed in
ESRD and dialysis patients.

As we did not measure the fetuin-A serum level and inflammatory proteins, the judgment is
difficult and we are not sure that whether patients with rs4918 polymorphism necessarily had a lower
fetuin-A serum level. The rs4918 SNP may not affect protein levels, structure, or function, and no
association was observed between this SNP and the incidence of CAD and CAC in our results.

Another possible explanation for the observed inconsistency in the role of rs4918 can be attributable
to the post-translational modifications and different roles of fetuin-A in CAD and CAC pathology.
This protein behaves differently in the presence of various risk factors, so with a similar genotype and
whatever the phenotype might be, different biological responses may be observed.

It is considered as an atherogenic protein as it inhibits the insulin receptor, which leads to insulin
resistance, diabetes, metabolic syndrome, key promoters of atherosclerosis, and CAC. On the other
hand, it inhibits vascular calcification by enhancing the calcium phosphate blood solubility and
preventing apoptosis and VSMCs differentiation. Furthermore, it has anti-inflammatory activity by
preventing the production and release of TNFα from activated macrophages [7], which has a central
role in the occurrence of CAD. Hence it can be considered a protective protein. Thereby, its contribution
to the pathogenesis of CAD may be dependent on the underlying pathologies and risk factors involved.
Consistent with this explanation, in ischemic heart disease, high fetuin-A levels were associated with
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a lower risk of mortality only in patients with acute coronary syndrome where the exacerbation of
inflammatory response is prevalent [23] and no association between baseline fetuin-A and CVD events
was found in patients with stable angina [17]. Apart from its anti-inflammatory role and inhibition of
calcification, fetuin-A inhibits insulin receptors. Jensen et al. reported that, while there was an inverse
association between fetuin-A levels and the incidence of CVD among non-diabetics, an insignificant
direct relation was observed in diabetic patients [24]. In another study, high concentrations of fetuin
were directly correlated with the higher risk of CVD death only in older diabetic adults, whereas an
inverse association was observed among non-diabetic individuals independent of CVD risk factors
and renal function [25]. Consistent with these data, Chen et al. found that an inverse relation
between fetuin-A and CVD, and all-cause mortality was limited to CAD non-diabetic patients only
and disappeared in patients with diabetes mellitus [23].

These findings suggest that the protective effect of fetuin-A could be masked by its insulin receptor
inhibitory activity [24], or excessive fetuin-A levels may result in metabolic syndrome and insulin
resistance [25], leading to a positive or no association between fetuin-A levels and CVD in diabetic
patients [24].

There are limitations in this study that should be considered. The number of subjects who
participated in this project was limited, which reduces the statistical power. Second, because of
practical and economical reasons, we did not measure the fetuin-A levels, which made it quite difficult
to interpret the results and explain the observations. In addition, CRP and other inflammatory markers
were not evaluated in this study. Inflammation is a major inducer of vascular calcification [26], and an
inverse relationship between fetuin-A levels and inflammatory markers such as CRP in patients with
CAD has been reported, which points to its anti-inflammatory activity and its role in attenuating
atherosclerosis and calcification development [23]. However, it is not clear whether inflammatory
factors have an impact on the transcription of a particular genotype and consequent fetuin quantity
or not. Therefore, including these factors could give better insight into the activity of the rs4918
genotype specifically in situations where a flare of inflammatory response exists, such as acute coronary
syndrome and MI. Finally, fetuin-A has a dual role in the pathophysiology of CVD and coronary
calcification, and risk factors can influence its activity and quantity. However, in our study individuals
in the control group were free of CVD and coronary risk factors, hence it would be beneficial to change
the criteria for the selection of the control group and include individuals without CVD who share
similar risk factors to the case group.

In conclusion, there was no association between the rs4918 SNP and the coronary artery calcification
score in patients with CAD, and its frequency was almost similar in healthy individuals and CAD
patients, indicating that the carriers of this allele are not at increased risk of developing cardiovascular
diseases as compared with those without.
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