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Abstract. Inflammation and genetics have key roles in the
pathogenesis of atherosclerosis, and the etiology of myocardial
infarction (MI). Recent studies have indicated that lower serum
levels of fetuin-A may accelerate the vascular mineralization
process, which leads to pathophysiological conditions, such as
coronary heart disease and chronic renal failure. The aim of the
present study was to evaluate the association between specific
fetuin-A polymorphisms (742 and 766) that are associated with
circulating serum levels, and MI cases. The study consisted of
292 participants; 146 healthy control subjects and 146 patients
with MI. The patient group was divided into two subgroups:
56 MI=<40 years and 90 MI=40 years. The genotype distribu-
tion of fetuin 742 (C/T) and fetuin 766 (C/G) were determined
by restriction enzyme digestion of polymerase chain reaction
products. A significant difference was determined between
the patients with MI and the control subjects with regards to
fetuin-A 742 C/T gene polymorphism (P=0.028), regardless
of age. Genotype distributions of fetuin-A 742 (C/G, P=0.004)
and 766 (C/T, P=0.017) were statistically different in the older
patients with MI (MI=40 years old), as compared with the
healthy controls; however, there were no significant differences
between the younger patients with MI and the controls, with
regards to fetuin-A 742 C/T (P=0.519) and 766 C/G (P=0.653)
gene polymorphisms. In addition, an association was observed
between the presence of fetuin-A 742 T and 766 G alleles, and
MI cases. The present study demonstrates that fetuin-A 742
(C/T) and 766 (C/G) genotypes may be risk factors for MI in
patients older than 40 years of age.
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Introduction

Myocardial infarction (MI) is the rapid development of
myocardial necrosis, which is caused by a critical imbalance
between oxygen supply and demand of the myocardium (1).
MI is caused by interruption of the blood supply to the heart
caused by atherosclerosis (2). Atherosclerosis is a series of
consecutively developed stages that is initiated by endothelial
dysfunction, followed by the generation of foam cells and fatty
streaks, plaque formation, plaque rupture and thrombosis (3).
A common feature of coronary atherosclerosis is intimal
plaque calcification, which is followed by the generation of
smooth muscle cell layer calcification. During calcification
calcium (Ca*") and phosphate (PO,) ions precipitate inside
the coronary artery wall (4). Various calcification inhibitors,
which are present in the circulating blood stream and at
locally, are responsible for the prevention of mineralization.
The balance between Ca** and P ions can be altered due to
deficiencies of these inhibitors, leading to unwanted precipita-
tion inside vessel walls (5). An important calcification inhibitor
is fetuin-A, which acts as a central regulator extracellularly
and in the circulation (6).

a-2 Heremans Schmid glycoprotein (AHSG), also termed
human fetuin, is a major serum glycoprotein that was initially
identified in 1944 (7). AHSG/fetuin-A is a 46 kDa serum
glycoprotein that is commonly synthesized by hepatocytes,
and consists of two polypeptide chains. Following digestion,
these chains are linked by disulfide bonds (8). Until recently
the exact function of this abundant serum protein remained
unclear; however, there is now more knowledge regarding its
multifunctional roles. Fetuin-A has been shown to remodel
skeletal bones by capturing Ca** ions in the circulation, and
depositing them in the extracellular region of bone marrow (9).
Furthermore, fetuin-A inhibits the effects of insulin recep-
tors, by auto-phosphorylation and tyrosine kinase activity
destruction (10). Besides the potential effects of fetuin-A on
insulin signaling, it has also been shown to hinder insulin
action on adipocytes, by adiponectin production (11). Like
albumin, fetuin-A is considered to be a negative acute phase
reactant protein (12). In addition, it has been reported that
knocking down fetuin-A (AHSG™) expression led to organ
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calcification and myocardial dysfunction in mice transgenic
models (13).

The gene that encodes fetuin-A is localized to human
chromosome 3q27 position (14), and the genomic structure
consists of seven exons and six introns (15). The fetuin-A gene
is highly polymorphic and various single nucleotide poly-
morphisms (SNPs) have been identified. One of these SNPs
is a C/T alteration at the 742 position (rs4917), which leads
to a missense mutation (T248 M). Another SNP within the
fetuin-A gene is a 766 C/G substitution (rs4918) that results in
a Thr256Ser missense mutation (16). Furthermore, it has been
reported that fetuin-A serum levels are correlated with certain
SNPs within the AHSG gene; and the fetuin-A 766 C/G SNP
is associated with decreased circulating levels of fetuin-A (17).
Previous studies have hypothesized that mortality due to
cardiovascular disease and MI may be correlated with plasma
levels of fetuin-A (18-20). Risk analyses have evaluated the
association between fetuin-A polymorphisms and progression
of MI in Western populations (21); however, further investiga-
tion is required to determine the potential role of fetuin-A (742
and 766) gene polymorphisms on MI, with regards to age, in
Eastern populations. The present study aimed to determine the
association between fetuin-A 742 C/T and 766 C/G polymor-
phisms and MI with regards to age onset.

Materials and methods

Subjects. A total of 146 patients with MI and 146 healthy
controls were enrolled in the present study. MI was defined
using the standard CHS criteria (22), which includes: History
of chest pain, cardiac enzyme levels and characteristic changes
on serial electrocardiograms. The control subjects were
recruited from patients visiting the Siyami Ersek Chest, Heart
and Vessel Education and Research Hospital due to chest pain
or for a general health check-up. Patients with the following
characteristics were excluded from the study: Pregnancy, a
previous clinical history for vascular heart disease, atrial fibril-
lation, acute or chronic infections, immunological conditions,
malignancies, neoplasm, coagulation disorders or chronic
renal failure. All patients and healthy controls were informed
prior to their involvement in the study.

Ethical approval. The present study was approved by the
Ethics Committee of Marmara University (Istanbul, Turkey).
The human rights of the subjects were protected and any neces-
sary approval was secured from the Ethics Committee. All
experiments performed on human subjects were conducted in
accordance with the Declaration of Helsinki. All procedures
were conducted with adequate understanding and written
consent from all of the subjects.

Risk factor assessment. Age, gender and smoking habits of the
subjects were obtained using a questionnaire form. Weight and
height were measured, and body mass index was calculated
from these measurements. Systolic and diastolic blood pres-
sure was measured. The presence of diabetes mellitus (DM)
was defined by a repeated fasting glucose level >126 mg/dl,
the use of antidiabetic drugs or both. Total cholesterol, and
high and low density lipoprotein cholesterol levels were deter-
mined enzymatically, and were also measured enzymatically
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following dextrane sulfate magnesium precipitation (23).
Fibrinogen and C-reactive protein (CRP) were measured at
the Biochemistry Laboratory of the Siyami Ersek Chest, Heart
and Vessel Education and Research Hospital using ELISA
kits [Fibronectin Human ELISA Kit, abl08847; CRP Human
SimpleStep ELISA™ Kit, ab181416; Abcam, Cambridge, MA,
USA] according to the manufacturer's instructions.

Genotyping. All patients and healthy controls enrolled in the
present study provided 2-3 ml venous blood samples. All blood
samples were added to EDTA blood collection tubes containing
1.8 mg/ml EDTA and stored at -20°C. Genomic DNA was then
isolated from nucleated cells through harvesting using the
ammonium acetate salting out method (24). Fetuin 742 C/T and
766 C/G polymorphisms were genotyped according to restric-
tion enzyme digestions of polymerase chain reaction (PCR)
products. The fetuin 742 C/T and 766 C/G genotypes were deter-
mined using PCR, followed by restriction digestion with Sacl
and Nlalll enzymes respectively. The following PCR primers
were used: Forward: 5'-CCTCCCAAGCAGAAAC-3' and
reverse: 5“-TGATGATTCCGCATACCC-3' for the Fetuin 742
region; and forward: 5'-GTCACCCCTCCTTGTAAC-3' and
reverse: 5'-CCCCAATGAGACCAC-3' for fetuin including the
766 C/G SNP. All primer sequences were designed by the
authors and synthesized by fontek Company localized in
Istanbul Technical University Techno-Park (istanbul, Turkey)
The PCR reaction volume was 25 ul, containing 500 ng
DNA, 2.5 uM forward and reverse primer, 0.2 uM dNTP
(Thermo Fisher Scientific, Waltham, MA, USA), 0.2 Units
Taq DNA Polymerase (18038-042; Thermo Fisher Scientific)
and 2.5 mM of MgCl, (Thermo Fisher Scientific). The PCR
protocol included an initial denaturation step at 94°C for
3 min, followed by 30 cycles of 30 sec denaturation at 94°C,
30 sec annealing at 59°C and 45 sec elongation at 72°C,
followed by a final elongation step at 72°C for 10 min. Each
10 ul PCR product was digested using 5 units Sacl (FD1133;
Thermo Fisher Scientific) and Nlalll (FD1834; Thermo Fisher
Scientific) enzymes overnight at 37°C. The digestion products
were then subjected to 3% agarose gel electrophoresis.

Statistical analysis. For comparison of the groups according to
MI risk factors Mann-Whitney U and y” tests were used. Allele
and genotype frequencies among the patients with MI and the
control subjects were compared with Hardy-Weinberg predic-
tions, using Fisher y*-analysis. The results were expressed as
odds ratio and 95% confidence intervals. P<0.05 (2-sided) was
considered to indicate a statistically significant difference.
SPSS version 13.0 software (SPSS Inc., Chicago, IL, USA) was
used for all statistical analyses.

Results

Clinical characteristics. The clinical characteristics of the
subjects from all of the groups are presented in Table I. There
was a significant difference between the patients with MI and
the control subjects, with regards to gender, smoking habits,
and CRP and fibrinogen levels. Fetuin-A 742 T allele was
determined by 165 and 201 bp digestion products, whereas the
C allele remained undigested. Fetuin-A 766 G allele yielded
193 and 212 bp fragments, whereas the C allele remained
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Table I. Baseline characteristics of the patients with MI and the control subjects.

Characteristic Control (n=146) MI (n=146) MI (=40) (n=56) MI (=40) (n=90)
Age (years) 52.849.1 54.7+9.6 38.9+7.5° 59.349.1
Gender (%) male 40 72° 69° 76°
BMI (kg/m?) 28.2+3.5 28.5+3.8 28.2+3.1 28.7+3.8
SBP (mmHg) 132.1x174 140.7x£15.9 138.5+16.1 142.5+17.0
DBP (mmHg) 78.5+12.3 86.6+10.2 86.4+10.1 88.5+11.2
DM (%) 10.7 12.7 12.1 12.9
Smoker/former smoker 23 51* 48* 52¢
HDL (mg/dl) 40.8+4.9 42.1+4 4 41.9+4.6 43152
LDL (mg/dl) 128.7+28.3 142.3+22.1 1424422 .8 142.1£22.5
TC (mg/dl) 195+37.9 206.2+35.7 203.9+32.6 208+38.2
CRP (mg/L) 1.1 3.5° 320 3.8
Fibrinogen (mg/dl) 348.8+79.2 410.6+76 4° 408.7+80.2* 411.1£75.3*

P<0.05; "P<0.001. MI, myocardial infarction; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; DM,
diabetes mellitus; HDL, high density lipoprotein; LDL, low density lipoprotein; TC, total cholesterol; CRP, C-reactive protein.

Table II. Genotype distribution and allele frequencies of Fetuin 742 C/T and Fetuin 766 C/G single nucleotide polymorphisms

between patients with MI and control subjects.

Variable MI (n=146) Controls (n=146) P-value OR at 95% CI
Fetuin 742
CcC 81 (55.5%) 102 (69.9%)
CT 57 (39.0%) 36 (24.7%) 0.028 0.025-0.032
TT 8 (5.5%) 8 (5.5%)
Allele C 0.75 0.822 0.034 0.650 [0.435-0.969]
Allele T 0.25 0.178 0.810 [0.685-0.976]
Fetuin 766
CC 80 (54.8%) 95 (65.1%)
CG 58 (39.7%) 43 (29.5%) 0.172 0.169-0.184
GG 8 (5.5%) 8 (5.5%)
Allele C 0.747 0.798 0.139 0.868 [0.726-1.039]
Allele G 0.253 0.202 0.746 [0.506-1.101]

MI, myocardial infarction; OR, odds ratio; CI, confidence interval.

undigested by Sacl restriction enzyme (Fig. 1). The genotype
distributions and allele frequencies of fetuin-A 742 C/T and
766 C/G SNPs within the MI and control groups are presented
in Table II. Only fetuin-A 742 C/T genotype distribution was
significantly different between the MI and control groups
(P=0.028). Conversely, there was no significant difference
between the genotype distribution of fetuin-A 766 C/G in the
MI and control groups (P=0.172). The fetuin-A 742 and 766
alleles were compared between the MI and control subjects,
and only the 742 C allele was shown to be associated with a
high risk of MI (P=0.034; Table II).

Distribution of polymorphisms between patient groups.
The present study also investigated the distribution of the

polymorphic sites between subgroups of the MI group, as
compared with the control group. The most significant subgroup
was age-related case distribution. A cut-off value of 40 years old
was applied to the MI group, and the patients were divided into
two groups: MI=<40 years old or MI=40 years old. The genotype
distributions and allele frequencies of fetuin-A 742 and 766
gene polymorphisms in the younger and older MI groups and
the healthy controls are presented in Table IIT and I'V. Neither
fetuin-A 742 C/T (P=0.519) nor fetuin-A 766 C/G (P=0.653)
genotype distributions were significantly different between
the young patients with MI and the healthy control subjects.
Similar to this result, the allele frequencies of fetuin-A [742
(C/T) and 766 (G/C)] were not significantly different between
the young patients with MI and the control subjects (P=0.259
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Table III. Genotype distribution and allele frequencies of Fetuin 742 C/T and 766 C/G single nucleotide polymorphisms between

young patients with MI and control subjects.

Variable MI =40 (n=56) Controls (n=146) P-value OR at 95% CI
Fetuin 742

CcC 35 (62.5%) 102 (69.9%)

CT 16 (28.6%) 36 (24.7%) 0.519 0.508-0.528

TT 5 (8.9%) 8 (5.5%)

Allele C 0.768 0.822 0.259 0.719 [0.550-1.137]

Allele T 0.232 0.178 0.716 [0.422-1.219]
Fetuin 766

CC 36 (64.3 %) 95 (65.1%)

CG 15 (26.8 %) 43 (29.5%) 0.653 0.672-0.690

GG 5 (8.9 %) 8 (5.5%)

Allele C 0.777 0.798 0.639 0.919[0.628- 1.328]

Allele G 0.223 0.202 0.882 [0.519-1.495]

MI, myocardial infarction; OR, odds ratio; CI, confidence interval.

Table IV. Genotype distributions and allele frequencies of Fetuin 742 C/T and 766 C/G single nucleotide polymorphisms between

older patients with MI and control subjects.

Variable MI =40 (n=90) Controls (n=146) P-value OR at 95% CI
Fetuin 742

CC 46 (51.1%) 102 (69.9%)

CT 41 (45.6%) 36 (24.7%) 0.004 0.002-0.005

TT 3(3.3%) 8 (5.5%)

Allele C 0.738 0.822 0.036 0.752 [0.586-0.963]

Allele T 0.262 0.178 0.613 [0.392-0.962]
Fetuin 766

CC 44 (48.9%) 95 (65.1%)

CG 43 (47.8%) 43 (29.5%) 0.017 0.012-0.017

GG 3(3.3%) 8 (5.5%)

Allele C 0.728 0.798 0.078 0.793 [0.618-1.017]

Allele G 0.272 0.202 0.677 [0.433-1.046]

MI, myocardial infarction; OR, odds ratio; CI, confidence interval.

and 0.639, respectively; Table III). However, fetuin-A (742 and
766) gene polymorphisms had a significantly increased pres-
ence in the older patients with M1, as compared with control
subjects (P=0.004 and P=0.017, respectively). However, in the
older patient subgroup, fetuin-A 742 (C/T) allele frequency
was significantly higher, as compared with the control group
(P=0.036), yet fetuin-A 766 (C/T) was not (P=0.078; Table I'V).

Carrier status for the C allele at exon 6 or 7 of fetuin-A 742
or 766 respectively was associated with susceptibility to
MI [allele carrier frequencies; MI=57.5%, controls=77.4%
(P=0.0003)]. The lack of two C alleles in the fetuin-A gene
was significantly more likely in the older patients with MI.
However, the absence of C alleles was shown to increase the
risk of MI at a young age (OR=1.902, 95% CI=0.998-2.444,
P=0.0579).

Discussion

Cardiovascular disease (CVD) is the most common cause of
mortality worldwide (25). Although CVD-associated mortality
rates have declined in Western countries due to preventative
strategies, there are increasing numbers of high-risk groups for
CVD in developing countries (26). There are various clinical
outcomes of CVD, such as stroke, angina pectoris and MI.
CVD is a multifactorial polygenic disease that is controlled
by genetic and environmental risk factors (26). According
to various case-control studies, age, gender (male), smoking,
family history, obesity, hypertension and DM are all known
risk factors for MI (27).

The etiology of MI is atherosclerosis of the coronary
arteries. Atherosclerosis is a chronic inflammatory disease of
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Table V. Concominant carrier status of Fetuin 742 C and 766 C alleles in patients with MI.

Allele T (742) + Allele G (766)

Carriers (%)

Non-carriers (%)

Panel A
MI patients (n=146)
Controls (n=146)

Panel B
MI at <40 years old (n=56)
Controls (n=146)

Panel C
MI at =40 years old (n=90)
Controls (n=146)

84 (57.5) 62 (42.5)
113 (77.4) 33 (22.6)
36 (64.3) 20 (35.7)
113 (77.4) 33 (22.6)
48 (53.3) 42 (46.7)
113 (77.4) 33 (22.6)

Panel A represents the statistical analysis (allele frequencies) fetuin 742 and fetuin 766 C carrier vs. C non-carriers: ¥*=13.12, df=1, P=0.0003;
RR-1.531; [95% CI: (1.230-1.905)], OR=2.527; [95% Cl=(1.521-4.201)]. Panel B represents the statistical analysis (allele frequencies)
fetuin 742 and fetuin 766 C carrier vs. C non-carriers: ¥’=3.595, df=1, P=0.0579; RR=1.562; [95% CI=(0.9980-2.444)], OR=1.902; [95%
CI=(0.9731-3.719)]. Panel C represents the statistical analysis (allele frequencies) fetuin 742 and fetuin 766 C carrier vs. C non-carriers:
y’=14.87, df=1, P=0.0001; RR=1.878; [95% Cl=(1.377-2.562)], OR=2.996; [95% Cl=(1.699-5.285)] CI, confidence interval.

Figure 1. Genotyping of fetuin-A polymorphisms. (A) Genotyping of fetuin-A (+766 C/G) gene polymorphism. M, 1 kb DNA Marker; lane 2, homozygous for
allele C (405 bp); lane 3, heterozygous for allele C and allele G (405 bp, 212 bp and 193 bp); lane 4, homozygous for allele G (212 bp and 193 bp). (B) Genotyping
of fetuin-A (+742 C/T) gene polymorphism. Lane 1 (M), 1 kb DNA Marker; lane 2, homozygous for allele C (366 bp); lane 3, is heterozygous for allele C and
allele T (366 bp, 201 bp and 165 bp); lane 4, homozygous for allele T (201 bp and 165 bp).

the arterial wall that is characterized by an accumulation of
inflammatory cytokines and cells, which migrate across the
arterial wall. Migration of various inflammatory cells, such as
T-lymphocytes and macrophages, into the intermediate layer of
the artery wall due to epithelial dysfunction, occurs in the initia-
tion of atherosclerosis (3). Following cell migration the cells,
particularly macrophages, engulf oxidized LDL and become
foam cells. An accumulation of foam cells and activation of
inflammatory cells leads to the release of pro-inflammatory
cytokines, such as interleukin (IL)-1 and tumor necrosis factor
(TNF), which leads to plaque formation (28). Plaque enlarge-
ment through the artery lumen causes shear stress and plaque
instability (29). Plaque diameter, localization on the artery as
well as plaque rupture or thrombosis may result in clinical
symptoms, including coronary artery disease, angina pectoris
or MI (30). According to coronary angiographic morphologies

coronary artery plaque lesions can be classified into four types:
Concentric, type I eccentric, type II eccentric and multiple
irregular lesions. Among these categories, type II eccentric
lesions are clinically detected in angina pectoris and MI (31).
Dobherty er al (32), suggested that coronary artery calcification, a
major result of Ca** ion deposits within the coronary artery wall,
is a protective process against the rupture of vulnerable plaques.
Non- or mildly-calcified coronary arteries are observed in MI,
whereas extremely calcified plaques are generally observed in
cases of stable angina. The amount of coronary calcification has
been shown to increase with age, and is more common in males
of all ages (33). According to previous electron-beam computed
tomography results, coronary artery plaque calcification was
reported as an important scale for MI progression (34). The
clinical outcome of MI is determined according to degree and
time course of obstruction, collateral blood flow, and myocardial
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oxygen demand following thrombosis of the disrupted coronary
plaques; however, coronary artery calcification is the most
common symptom of MI regardless of age and gender (35).
Fetuin-A is a circulating protein that inhibits calcification
by binding CaXPO, ions and preventing precipitation (36).
Knock out of fetuin-A expression in mice led to vascular
calcification, due to increased transforming growth factor-f3,
collagen and fibronectin expression levels in cardiac cells (37).
In vivo fetuin-A has been shown to induce the expression
of pro-inflammatory cytokines, including IL-6 and TNF,
in adipose tissues when liver fat accumulation has been
observed (38). Furthermore, increased fetuin-A expression was
previously shown to cause insulin resistance by suppressing
insulin receptor autophosphorylation and tyrosine kinase
activity (10). Fetuin-A is associated with various metabolic
syndromes, including atherosclerosis. The role of fetuin-A on
atherosclerosis is suggested to be linked with the deactivation
of macrophages, by inhibition of pro-inflammatory cytokine
expression, due to its Ca** binding potential (2). Therefore,
the association between plasma fetuin-A levels and MI
risk has been investigated in certain studies (36). However,
contradictory results have been obtained from these studies.
Ketteler er al (39) demonstrated that low levels of plasma
fetuin-A were correlated with cardiovascular-associated
mortality in hemodialysis patients. Furthermore, low fetuin-A
levels were shown to be linked with mitral and aortic calcifica-
tion and stenosis, in Western European countries (18-21,40-42).
In the Turkish population, decreased fetuin-A levels were
determined in patients with acute coronary syndrome, as
compared with healthy controls (42). Conversely, coronary
artery calcification has been shown to be associated with
increased plasma fetuin-A levels in diabetic nephropathy (19).
Increased plasma levels of fetuin-A were also established in
patients with MI, regardless of MI-associated risk factors,
such as age, smoking habit and CRP levels (18). In addition,
fetuin-A has been indicated as a predictor of mortality, in
ST-elevated MI cases (20). These results suggest that serum
plasma fetuin-A levels may be a predictor of coronary artery
calcification, or MI-associated mortality. As serum protein
levels may differ according to disease stage, time of measure-
ment or other metabolic syndrome involvement, investigation
of the association between MI and fetuin-A levels may be a
potential diagnostic tool. Fetuin-A is encoded by the ASHG
gene localized at the 3q27 chromosome region, and is highly
polymorphic (14,15). A total of 30 SNPs have been identified
in the fetuin-A gene, and the most frequently observed SNPs
that are linked with fetuin-A levels were 742 C/T and 766 C/G
SNPs (16). It has previously been reported that fetuin-A 766
Ser allele carriers have lower fetuin-A levels, as compared
with Thr allele carriers (17). Recently, the EPIC-Postdam
study showed that fetuin-A 742 C (rs4917) allele is associated
with high plasma fetuin-A levels and MI risk (21). According
to these findings, although fetuin-A SNPs may determine
fetuin-A plasma levels, the levels could also change due to
renal disease, diabetes mellitus or ethnic origin. Instead of
measuring fetuin-A plasma levels in MI risk determination,
SNPs within the fetuin-A gene may have potential in the
determination of MI risk. The present study determined that
fetuin-A 742 C/T and 766 C/G genotypes were associated
with MI in older patients. The results of the present study
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demonstrated that fetuin-A 742 T allele is linked with MI
susceptibility and older patients with MI were more likely to
carry both 742 T and 766 G alleles. This is the first report, to
the best of out knowledge, to demonstrate that carriage of two
alleles in both fetuin-A 742 C/T and 766 C/G SNPs may be a
genetic marker for the susceptibility to MI at an older age.
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