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Abstract. Background and aim.: Thrombomodulin (7HBD) gene plays an important role in activation and con-
trol of protein C. Regulation protein C levels as an important risk factor for cardiovascular disease. Mutations
in this gene can affect thrombomodulin levels. In this study, we aimed to investigate the role of rs1042579
SNP within 7HBD gene in patients with cardiovascular disease. Mezhods: The samples of this case-control
study consisted of 105 Iranian patients with cardiovascular disease and 95 controls who were free of CVD
events enrolled from March 2017 to December 2018 in this study. Demographic data, medical history, and
para-clinical were measured. Genotyping was carried out using ARMS-PCR technique and Sanger sequenc-
ing was used. Twenty percent of the samples were sequenced to confirm the result of the genotyping. Resu/s:
Data analysis revealed that the rs1042579 within 7HBD gene was associated with a risk of cardiovascular
disease. Molecular assay confirmed that T'T genotype is a factor associated with CVD in patients compared
to healthy controls. Conclusion: The results of this study showed that the rs1042579 was associated with an
increased risk of cardiovascular disease. (www.actabiomedica.it)
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Introduction

Cardiovascular disease (CVD) is currently one of
the most common diseases in Iran (1, 2), and its num-
ber has been increasing in recent decades (3). CVD is
caused by injury and obstruction of coronary arteries (4).
integral  glycopro-
tein of the endothelial cell membrane that binds
to thrombin in the presence of calcium ion and re-

Thrombomodulin is an

duces its specificity to fibrinogen. In addition, the
thrombin-Thrombomodulin ~ Ca*™

vates protein C. Protein C is a vitamin K-dependent

complex acti-

anticoagulant proenzyme that is made in the liver and
has a half-life of 2-5 hours. Protein C is activated in
the presence of the endothelial cell cofactor (Throm-
bomodulin) and activates protein C that has enzy-
matic activity. Activated protein C as an anticoagulant
disables the active forms of factor V and VIII. It also
increases fibrinolysis by deactivating the plasmino-
gen inhibitor (5, 6). S protein is a plasma glycoprotein
dependent on vitamin K, which is synthesized in the
liver and acts as a protein C cofactor (7). It is sup-

posed that the presence of common polymorphisms
in the THBD gene. The rs1042579 single nucleotide
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polymorphism (SNP) is related to a non-synonymous
amino acid (Ala473Val) and is in the sixth EGF-like
domain within this gene. The region responsible for
thrombin binding and activation of protein C (5). This
polymorphism has previously been linked to plasma
soluble Thrombomodulin levels and this has made it
functionally important in Cardiovascular patients (8).
Based on previous studies and what seems to be the
desired role of Thrombomodulin in our study, there
was no study in cardiovascular disease in the Iranian
population. We aimed to investigate this variant in the
Iranian population.

The aim of this study was to determine the fre-
quency of rs1042579 in the Iranian population, which
could determine the genetic factors affecting the
development of cardiovascular disease in Iran, as well as
provide epidemiological information for future studies.

Materials and Methods

Study Population: The data used in this investi-
gation was collected through the Selenegene study(9).
All subjects in this study were residents of the Isfahan
Province, Iran. Patients were recruited sequentially
during their angiography, myocardial revasculariza-
tion or coronary artery bypass grafting (CABG) in
the Chamran and Nour hospitals, which are tertiary
university hospitals in Isfahan. An intervention was
undertaken for recruitment which ran from March
2017 until the following December in 2018. Both
case and control study population were selected from
patients who had cardiac risk factors and were can-
didate for angiography. Subjects with confirmed ste-
nosis in one, two or three vessels with angiographical
documentation or who had history of invasive and
interventional cardiology such as Percutaneous Coro-
nary Intervention (PCI) or CABG consider as case
group, and control who were free of CVD events en-
rolled in the study.

Details of inclusion and exclusion criteria were
published elsewhere (9). The patients were inter-
viewed to obtain their medical histories and then
underwent laboratory assessments. Initial interviews
and laboratory assessments included a questionnaire
to collect demographic data, medical history and

detailed information for a nutritional profile includ-
ing diet, selenium intake, and biochemical laboratory
measurements. Information about age, sex, smoking
habits, nutritional habits, history of CVD and related
risk factors, along with the medication were collected
based on interview questionnaires. The body mass in-
dex (in kg/m2) was calculated. Diabetes mellitus was
defined as a plasma glucose > 126 mg/dL, a self-report
of a physician diagnosis of diabetes, or as the current
medication use.

Sample collection: Fresh blood (5 mL) was col-
lected from the antecubital vein of all subjects in the
fasting state. The blood samples were used for isolation
of DNA and extracted DNA was frozen and stored at
-70°C.

Genotyping analysis: DNA was isolated from pe-
ripheralbloodlymphocytesusing the standard salting out
method (10). Genotyping was carried out using ARMS-
PCR technique. The primer sequencing was forward
for C allele:5’- GCCCGACTCGGCCCTTGC-3, for
T allele: 5- GCCCGACTCGGCCCTTGT-3, re-
verse outer: 5'- GCCAAAAGCGCCACCACCAG-3.

The reaction details are as follows: total valume of
20 ul, containing 10ul PCR master mix 2X, 0.5 pmol
for each primer, 1.5 ug genomic DNA and 7.5ul H20.
PCR amplification was carried out by denaturation
at 95°C for 5 min, followed by 32 cycles of 95°C for
30 secs, 67°C for 30 secs and 72°C for 15 secs with a
final extension at 72°C for 1 min. PCR products were
analyzed by 2% agarose gel electrophoresis. Then 20%
of the patients were sequenced bidirectionally using
ABI 3130XL automated sequencer (Applied Biosys-
tems, Foster City, California, USA).

Biochemical Analysis: Total cholesterol, tri-
glyceride, and HDL cholesterol were measured
with the use of a Hitachi 902 Analyzer and using
standard enzymatic kits (Parsazmun, Tehran, Iran).
LDL-cholesterol concentrations were calculated using
the Friedewald formula (11).

Statistical analysis: Test of normality for distribu-
tion of variables was performed using a Kolmogorov—
Smirnov test. Data were presented as mean * SD.
Differences between the groups were tested using the
one-way ANOVA test or the Kruskal-Wallis test for
continuous variables. The strength of association was
presented as odds ratio (OR (95% confidence interval))
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by using a logistic regression model. P < 0.05 was con-
sidered statistically significant.

Results

In this case-control study After analyzing the
data, it was found that the rs1042579 SNP within
THBD gene is associated with the risk of coronary
heart disease. Table 1. displays the demographic char-
acteristics of CAD positive and negative patients. No

significant differences were observed between either
group with regard to age (57.3 + 7.85 vs. 55.6 = 8.01
P = 0.14), but a significant difference has been found
with regards to gender prevalence (P = 0.006). Fast-
ing blood sugar was higher among subjects with CAD
(P=0.002).Triglyceride level was higher among subjects
with CAD (175.7+£83.2 vs. 1145.7457.339.1 £ 86.5,
P = 0.007). Also, Systolic blood pressure was higher
among subjects with CAD (P = 0.053). In CAD posi-
tive subjects heart disease familial history was higher
than CAD negative subjects (P=0.002).

Table 1. Demographic and para clinical characteristics of study participants.

CAD Positive CAD Negative
Variable parameter (total no.=92) (total no.=92) p-value
Age 57.317.85 55.6+8.01 0.14
Sex(female) 34(36.9) 48(52.2) 0.006
Level of Education
Illiterate 24(26.8) 18(19.5)
Primary school 54(58.7) 42(45.6) 0.10
Secondary school 9(9.8) 19(20.6)
University education 18(19.5) 12(13)
Body Max Index(Kg/m2) 28.3+3.39 28.8+4.94 0.38
Round abdominal size 102.1+10.9 99.2+11.2 0.07
Abdominal to hip ratio 0.98+0.08 0.96+0.07 0.08
TG (mg/dL) 175.7+£83.2 145.7+57.3 0.007
HDL_C (mg/dL) 42.9+11.9 44.8+9.42 0.24
FBS (mg/dL) 129.94£60.4 111.8+30.4 0.01
Chol (mg/dL) 172.9+41.6 175.1+39.0 0.71
LDL (mg/dL) 94.9+36.6 101.2+35.6 0.25
Systolic blood pressure 131.4v18.5 125.5+18.6 0.03
Diastolic blood pressure 77.4+£11.7 76.5+9.93 0.53
Metabolic syndrome 56(60.8) 38(41.3) 0.11
Diabetes 36(39.1) 28(30.4) 0.88
blood pressure 71(77.1) 50(54.3) 0.07
Residential area 91(98.9) 83(90.2) 0.29
Heart disease familial history 43(46.7) 18(19.6) 0.002
Life style
Smoking 14(15.2) 16(17.4) 0.43
Using statin 67 (72.8) 61 (66.3) 0.35

Continuous variables are reported as mean * SD. Classification variables are reported as absolute numbers (percentages).
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In figure 1. Genotypes Frequency was demon- ~ CC homozygous, heterozygous CT and homozygous
strated based on CAD positive and negative patients, ~ TT genotypes. Figure 2. represented the chromato-
and sex. Sequencing results confirmed the presence of ~ gram of three types of genotypes identified in samples
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Figure 1. A.CC, TC and TT genotypes in CAD positive and negative patients. B. CC, TC and TT Genotypes Frequency by sex
(Male and Female).
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Figure 2. Chromatograms of variants represented CC, CT, T'T genotype, respectively.
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Table 2. The rs1042579 SNP Frequency in CAD positive and CAD negative subjects.

Total Allele/genotype frequency | CAD positive | CAD negative P-value

Genotype frequency

CC 72(69.5) 77(82.7)

TC 28(26.7) 15(16.3) 0.027

TT 4(2.8) 0(0)

Allele frequency

C allele 174(82.9) 169(91.8)

T allele 26(17.1) 15(0.08) ]
Female

Genotype frequency

CC 24(70.6) 29(81.2)

TC 9(26.4) 9(18.8) 0.32

TT 1(2.9) 0(0.0)

Allele frequency

C allele 57(82.8) 87(82.8)

T allele 11(16.2) 18(17.2) ]
Male

Genotype frequency

CC 49(69.0) 28(86.4)

TC 19(26.8) 6(12.6) 0.07

TT 2(4.2) 0(0)

Allele frequency

C allele 117(82.3) 82(92.0)

T allele 25(17.6) 6(0.07) ]

Table 3. Risk ratio in patients compared to healthy individuals
based on CT genotype compared to CC genotype.

healthy controls. According to Table 3, the variance of

Model OR (95% CI) p-value
Crude 1.97 (1.66-2.32) <0.001
Model 1 2.01 (1.74-2.46) <0.001
Model 2 2.28 (1.86-2.78) <0.001
Model 3 2.40 (1.96-2.94) <0.001

Model 1: Adjusted based on Age & Sex; Model 1: Further Adjusted
based on Waist to Hip Ratio, Hypertension & Family History of CVD;
Model 3: Further Adjusted based on TG & FBS

that were sequenced to confirm the result. There was
also a significant difference in genotypic frequency be-
tween two groups of cardiovascular and control patients
(p-value <0.027) and variance also appeared (Table 2).
TT has a risk associated with patients compared to

CT seems to be a risk factor in patients compared to
healthy individuals (OR: 1.97 (1.66-2.32)). This sig-
nificance is modified in models based on 1- age and
sex, 2- blood pressure and family history. Triglycerides
and fasting blood glucose were also observed (p-value
<0.001), indicating a risk ratio in patients with T allele
in healthy subjects compared to the C allele (Table 4).
According to the tablel, there is a significant correla-
tion between the independent and dependent variables
(OR: 1.97 (1.66-2.32)). In other words, the T allele
can be considered as a factor associated with coronary
artery disease (p-value <0.001). This significance is
also observed in models adjusted for 1- age and sex,
2- hypertension and family history 3- triglyceride and
fasting blood sugar (p-value <0.001).
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Table 4. Risk ratio in sick people compared to healthy individ-
uals based on T allele to C allele.

Model OR (95% CI) p-value
Crude 1.09 (1.07-1.10) <0.001
Model 1 1.09 (1.07-1.11) <0.001
Model 2 1.10 (1.08-1.12) <0.001
Model 3 1.11 (1.01-1.13) <0.001

Model 1: Adjusted based on Age & Sex; Model 1: Further Adjusted
based on Waist to Hip Ratio, Hypertension & Family History of CVD;
Model 3: Further Adjusted based on TG & FBS

Discussion

To the best of our knowledge, this is the first
study to investigate the role of rs1042579 SNP in
THBD gene in patients with cardiovascular disease
in Iranian population. An important finding from
this prospective case-control study is that having
CT mutation in 7HBD gene. The transition vari-
ant ¢.1418C>T (NM_000361.2; NP_000352.1)
which convert Alanine 473 to Valine. This muta-
tion increases the risk of CVD by 2.4-fold in Iranian
population. Thrombomodulin is an integral glycopro-
tein of the endothelial cell membrane that binds to
thrombin and inhibits the function of blood coagu-
lation factors. This same function has made throm-
bomodulin an important physiological anticoagulant
(5). Okura et al. (1996) suggested that the 7HBD
gene acts as a blood clotting inhibitor gene (12). The
function of this gene was first reported in 1992 by
Siang et al. (13). Other studies have suggested that
the thrombomodulin plays an important role in the
risk of cardiovascular disease along with other coagu-
lation markers (14).

The rs1042579 and rs3176123 SNPs were iden-
tified and analyzed in the study by Aero et al. These
two SNPs have previously been reported as imbal-
ances in polymorphisms (15). In this study, they
stated that neither mono-nucleotide polymorphisms
nor THBD gene haplotypes show any association
with the risk of cardiovascular disease or mortality.
Contrary to the results of the study by Aero et al,,
The results of our study confirmed the association
between rs1042579 and susceptibility to coronary
heart disease.

Results by Nan et al. showed rs1042579 poly-
morphism of the 7HBD gene increased the risk of
hypertension. They evaluated 95 hypertensive pa-
tients and found the significant relationship between
this SNP and the prognosis of the cardiovascular
disease (16). But in our study the level of systolic
and diastolic blood pressure was normal because all
patients were candidate for angiography and used
antihypertensive drugs such as thiazide diuret-
ics, calcium channel blockers, ACE inhibitors, an-

giotensin II receptor antagonists (ARBs), and beta
blockers.

Limitations

This study is limited to the small sample size and
coronary heart disease, so caution should be exercised
when generalizing the results to other diseases.

Conclusion

The results of this study showed that the
rs1042579 SNP was associated with an increased
risk of cardiovascular disease. It is recommended
that future research use other methods, such as
protein and docking studies, to complement the
data and increase their validity. To generalize the
results, repeat the study in other cities in Iran, as
well as groups other than coronary heart disease. It
is recommended that further studies increase the
volume of healthy and patient specimens to help us
validate the results and analyze the results more ac-
curately. Further research should be done on other
cardiac patients.
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