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ABSTRACT
Objective: Thrombosis is a multifactorial cardiovascular disorder and its genetic background is controversial.
Some genetic variants may have an effect on the development of deep vein thrombosis and pulmonary thrombo-
embolism. We aimed to analyze the distribution of MTHFR C677T and A1298C, PAI-1 -675 4G/5G and ACE
I/D single nucleotide polymorphisms (SNP) in these conditions.
Material and Method: A total of 157 cases with deep vein thrombosis, 147 with pulmonary thromboembolism
and 140 healthy controls participated in this study. The DNAs obtained from peripheral blood samples were
screened for the aforementioned thrombophilic gene variants via reverse hybridization method (Strip Assay).
Results: There were significant differences between the cases of pulmonary thromboembolism and healthy
control group for the MTHFR A1298C SNP and C allelic frequency (p =0.02 and p =0.03). The frequency of
PAI-1 4G allele was higher in deep vein thrombosis and pulmonary thromboembolism patients than in the cont-
rol population (p =0.002 and p =0.015). MTHFR C677T and ACE I/D SNPs were not different in both diseases
compared to the controls.
Conclusion: It is likely that the MTHFR A1298C variant has an impact on the formation of pulmonary throm-
boembolism. The PAI-1 4G/5G polymorphism is significantly associated with the development of both deep
vein thrombosis and pulmonary thromboembolism. No significant correlation was found between the MTHFR
C677T and ACE I/D SNPs and these conditions.
Keywords: Deep Vein Thrombosis, Pulmonary Thromboembolism, Thrombophylic Gene, Polymorphism.

OZET

Amag: Tromboz, multifaktoriyel bir kardiyovaskiiler bozukluktur ve genetik arka plani tartismalidir. Bazi gene-
tik varyantlar derin ven trombozu ve pulmoner tromboemboli geligsiminde etkili olabilir. Biz bu rahatsizliklarda,
MTHFR C677T ve A1298C, PAI-1 -675 4G/5G ve ACE I/D tek niikleotid polimorfizmlerinin (SNP) dagilimini
analiz etmeyi amagladik.

Gereg ve Yontem: Bu calismaya toplam 157 derin ven trombozu, 147 pulmoner tromboemboli ve 140 saglikli
kontrol katildi. Periferik kan 6rneklerinden elde edilen DNA'lar ters hibridizasyon yontemi (Strip Assay) ile
yukarida belirtilen trombofilik gen varyantlar1 agisindan tarandi.
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Bulgular: MTHFR A1298C SNP ve C alelik frekansi agisindan pulmoner tromboemboli vakalar ile saglikli
kontrol grubu arasinda anlamli farkliliklar vardi (p =0,020 ve p =0,030). PAI-1 4G alel frekans: derin ven trom-
bozu ve pulmoner tromboemboli hastalarinda kontrol popiilasyonuna gore daha yiiksekti (p =0,002 ve
p =0,015). MTHFR C677T ve ACE I/D SNP'leri her iki hastalikta da kontrollere kiyasla farkli degildi.

Sonu¢: MTHFR A1298C varyantinin pulmoner tromboembolizm olugsumu {izerinde bir etkisi olmas1 muhtemel-
dir. PAI-1 4G/5G polimorfizmi hem derin ven trombozu hem de pulmoner tromboembolizm geligimi ile anlamli
sekilde iligkilidir. MTHFR C677T ve ACE I/D SNP'leri ile bu rahatsizliklar arasinda anlamli bir iliski buluna-

madi.

Anahtar Sozciikler: Derin Ven Trombozu, Pulmoner Tromboemboli, Trombofilik Gen, Polimorfizm.

T hrombosis is the presence of a blood clot in the
arteries or veins that may block the lumen (1), and
may cause serious conditions such as stroke, pul-
monary embolism, myocardial infarction, or ische-
mia of various organs and tissues (2). This pheno-
menon is one of the major health problems
worldwide and it is a multifactorial disorder that
also includes genetic problems in its pathogenesis.
Deep vein thrombosis (DVT) can be defined as the
development of a blood clot in the deep veins. It
usually occurs in the deep veins of the lower extre-
mities and abdomen, and may resolve spontaneo-
usly without being noticed (3). However, DVT is a
prevalent cardiovascular disease with an incidence
of about 1-2/1000 per year and and it can lead to a
large number of mortality or significant morbidity
(4). A blood clot in the venous system is not so
dangerous actually but if a piece of the blood clot
detaches from elsewhere and travels in the body
through the bloodstream, it can block up the main
artery of the lung or one of its branches. It is called
pulmonary thromboembolism (PTE). Thrombosis in
the venous system is the main cause of the deve-
lopment of pulmonary embolism (5). This condition
is a common life-threatening problem in the de-
partments of chest diseases and cardiology. Some
cases such as; immobilization, surgery, cancer,
trauma, oestroprogestative therapy, fractures, preg-
nancy and postpartum period have been declared as
a common risk factors for DVT. Pulmonary embo-
lism one of the significant causes of cardiovascular
death in the United States and is the third most
common cause of cardiovascular events after myo-
cardial infarction and stroke (6). Most patients with
pulmonary embolism also have signs of DVT.

Some genetic determinants may have a significant
role in the pathogenesis of DVT and PTE (7). Inhe-
rited thrombophilias can be considered as risk fac-
tors for pulmonary embolism, with or without DVT
(8). Methylenetetrahydrofolate reductase (MTHFR)
is an enzyme involved in the metabolism of ho-
mocysteine and folate by catalyzing the conversion
of 5,10-methylenetetrahydrofolate to 5-
methyltetrahydrofolate.  (9). MTHFR variants
(C677T and A1298C) reduce enzyme activity to
some extent. These polymorphisms may be associa-
ted with the development of thrombosis due to inc-
reased homocysteine levels. MTHFR 677TT variant
causes a moderate increase in homocysteine levels
which may have a significance in venous thrombo-
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sis and other similar conditions (10). Machado et al.
declared that a combined mutation of the MTHFR
gene as heterozygous for C677T and A1298C is
associated with venous thromboembolism indepen-
dent of hyperhomocysteinemia (11). The plasmino-
gen activator inhibitor-1 (PAI-1) gene -675 4G/5G
polymorphism is linked with PAI-1 level, and the
4G allele may pose a risk for DVT with increased
PAI-1 activity (12). Some researchers claimed that
people with 4G/4G genotype of PAI-1 have a higher
risk of venous thromboembolism (13). On the other
hand, angiotensin converting enzyme (ACE) trans-
forms angiotensin-1 to angiotensin-11 (14) and the
ACE gene on chromosome 17q comprises an inser-
tion/deletion (I/D) polymorphism that affects ACE
activity (15). There may be a synergistic effect
between angiotensin-converting enzyme (ACE) DD
genotype and the thrombophilic elements and this
position supports the multicausality of recurrent
venous thromboembolism (VTE) (16).

We aimed to analyze the association of four gene
polymorphisms (MTHFR C677T and A1298C,
PAI-1 4G/5G and ACE I/D) with DVT and PTE in
this study.

MATERIAL AND METHOD

Study Population

This study was conducted at the Department of
Medical Genetics, Faculty of Medicine, Sivas Cum-
huriyet University. It was approved by the Cumhu-
riyet University ethics committee. Study groups
were composed of 444 individuals (157 cases of
DVT, 147 PTE patients and 140 healthy control
subjects). While DVT patients were roughly defined
by physical examination and Doppler ultrasonog-
raphy, pulmonary embolism cases were diagnosed
on the basis of clinical examination and radiologic
signs obtained from computed tomography and
pulmonary angiography. Ages and genders of the
patients and controls were recorded. Patients who
have Factor V G1691A (Leiden) and Protrombin
G20210A mutations, protein C or S deficiency,
structural heart diseases, body mass index (BMI)
over 30 kg/m?, diabetes, hypertension and the other
systemic diseases were excluded. Cigarette smokers
and women receiving estrogen hormone therapy
were also not allowed to participate in this study.
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Controls were selected from the healthy individuals
without any systemic disease.

Laboratory analysis

All venous blood samples were obtained with ED-
TA tube. Peripheral blood specimens taken from the
patients and healthy controls were used for genoty-
ping of thrombophilic genes. The DNAs of patients
and controls were isolated using an appropriate
DNA isolation kit (Invitek Invisorb Spin Blood Kit,
Germany). Obtained DNA samples were analyzed
for the gene variants by reverse hybridization met-
hod. (Vienna Lab, Strip Assay, Austria). The rele-
vant genes were amplified simultaneously through a
single multiplex amplification process labelled with
biotin. The amplification steps were adjusted as: 2
min at 95°C for pre-PCR, followed by 35 cycles of
(15 s at 95°C for denaturation, 30 s at 56°C for
annealing, 30 s at 72°C for extension) and 7 min at
72°C as final elongation. Amplified materials were
incubated to the strips, containing oligonucleotide
probes. The procedure was completed with color
development and determination of signals in an
automatic incubator (Auto-LIPA, Innogenetics).

Statistical analysis

The data were analyzed with SPSS version 22 (Chi-
cago, IL, USA). While the t-test was used to compa-
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re the mean ages and BMIs of the patients and cont-
rols, the Chi-square test was preferred to evaluate
the allele and genotype frequencies. The odds ratios
for the relationship between allelic frequency and
the risk of both DVT and PTE formation were cal-
culated at 95% confidence interval, and a P value
less than 0.05 was accepted statistically significant.

RESULTS

The related thrombotic gene variations were detec-
ted in DVT and PTE patients and compared with the
healthy controls from the same ethnicity. The pati-
ents were composed of 82 males (52.2%) and 75
females (47.8%) in DVT and 78 males (53%) and
69 females (47%) in PTE. The mean age of the
patients was 55.45 + 9.58 years (38 to 74 years) in
DVT and 55.66 £ 9.45 years (40 to 76 years) in
PTE. The healthy controls included 73 males
(52.1%) and 67 females (47.9%). The mean age of
the control group subjects was 54.88 + 10.39 years
(34 to 73 years). There was no significant difference
between the patients and control group in terms of
the age and sex. However, in the context of body
mass index, both PTE and DVT patients were
overweight compared with the healthy population
(p =0.001) (Table 1).

Table 1. The characteristics of DVT & PTE patients and the control group.

Characteristics DVT (n: 157) PTE (n: 147) Control (n: 140) p value
Mean age 55.45+9.58 55.66+9.45 54.88+10.39 NS
Male 82 (52.2%) 78 (53%) 73 (52.1%) NS
Female 75 (47.8%) 69 (47%) 67 (47.9%)

BMI 25.64+4.02 25.84+3.89 24.22+3.38 0.01

NS: Nonsignificant.

Although the ratios of 677TT/1298CC genotypes
and 677T/1298C alleles in DVT patients were high-
er (17.8%, 17.8% and 35%, 39.8%, respectively)
than in controls, there was no any significant differ-
ence in the distribution of MTHFR C677T
(p =0.056) and MTHFR A1298C polymorphisms
(p =0.536) and allelic frequencies for the DVT pa-
tients and controls. While, an association between
the MTHFR C677T SNP and the formation of PTE
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was not detected (p =0.688), the distribution of
MTHFR A1298C SNP and C allelic frequencies
were significant in PTE cases compared with con-
trols (p =0.020 and p =0.030). The ratios of
MTHFR A1298C AC and CC genotypes and C
allelic frequency in PTE patients (57.2%, 15.6% and
44.2%, respectively) were higher than in controls
(Table 2).
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Table 2. Distribution of MTHFR C677T and A1298C polymorphisms and allele frequencies in DVT & PTE

cases and control group.

MTHFR C677T _ _
Genotypes & Alleles DVT/PTE n: 157/147 Control n: 140 p value

cC 75 (47.8%)/66 (44.9%) 70 (50%) B

cT 54 (34.4%)/67 (45.6%) 58 (41.4%) P= 8'222 P :8'82
TT 28 (17.8%)/14 (9.5%) 12 (8.6%) p=0.000p >0,

C 204 (65%)/199 (67.7%) 198 (70.7%) p=0.135 p >0.05
T 110 (35%)/95 (32.3%) 82 (29.3%) p= 0.432 p >0.05
Odds ratios 0.768 (0.54-1.09) %95 Cl & 0.868 ((0.61-1.24) %95 Cl

MTHFR A1298C

Genotypes & Alleles

AA 60 (38.2%)/40 (27.2%) 60 (42.8%) _

AC 69 (44%)/84 (57.2%) 61 (43.6%) PO
cc 28 (17.8%)/23 (15.6%) 19 (13.6%) p=0020p <0
A 189 (60.2%)/164 (55.8%) 181 (64.6%) 0= 0.264 p >0.05
c 125 (39.8%)/130 (44.2%) 99 (35.4%) p=0.030 p <0.05
Odds ratios 0.827 (0.59-1.15) %95 Cl & 0.690 (0.49-0.96) %95 Cl

The comparison of DVT cases and control group
was significant in relation to the distribution of PAI-
1 4G/5G SNP (p =0.003). The 4G/4G genotype
ratio and 4G allelic frequency in DVT patients
(31.8% and 57.3%, respectively) were statistically
higher than in healthy controls. PAI-1 4G/5G SNP
was also associated with PTE. The differences

between PTE patients and healthy controls in rela-
tion to PAI-1 4G/5G polymorphism and 4G allelic
frequency were significant (p =0.020 and p =0.015).
The PAI-1 4G/AG genotype ratio and 4G allelic
frequency in patients with PTE (23.8% and 54.8%,
respectively) were higher than in healthy controls
(Table 3).

Table 3. Comparison of PAI-1 4G/5G genotypes and allele frequencies between DVT & PTE cases and control

group.

gﬁrllz)lt;p(gfgcj Alleles DVT/PTE n: 157/147 Control n: 140 p value

5G/5G 27 (17.2%)/21 (14.3%) 37 (26.4%)

4G/5G 80 (51%)/91 (61.9%) 81 (57.9%) p=0.003p<0.05
p=0.020 p <0.05

4G/AG 50 (31.8%)/35 (23.8%) 22 (15.7%)

5G 134 (42.7%)/133 (45.2%) 155 (55.4%) p= 0.002 p <0.05

4G 180 (57.3%)/161 (54.8%) 125 (44.6%) p=0.015p <0.05

Odds ratios 0.600 (0.43-0.83) %95 Cl & 0.666 (0.48-0.92) %95 Cl

The distributions of ACE I/D SNP in DVT cases
and control group were similar. Although the ratios
of ACE DD genotypes and D allelic frequency were
higher in the cases with DVT (32.5% and 60.5%,
respectively) than in controls, no significant diffe-
rences were found between DVT patients and cont-
rols in terms of ACE I/D SNP and D allelic frequ-
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ency (p =0.278 and p =0.148). Likewise, while the
number of ACE DD genotype and D allelic frequ-
ency were higher in the patients with PTE (35.4%
and 60.2%, respectively) than in controls, these data
were not statistically significant (p =0.150 and
p =0.178) (Table 4).
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Table 4. Comparison of ACE I/D genotypes and allele frequencies between DVT & PTE cases and control

group.

ACE (I/D)
Genotypes&Alleles

DVT/PTE n: 157/147

Control n: 140 p value

I 18 (11.5%)/22 (15%)
88 (56%)/73 (49.6%)
51 (32.5%)/52 (35.4%)

ID
DD

22 (15.7%)
83 (59.3%)
35 (25%)

p=0.278 p >0.05
p=0.150 p >0.05

| 124 (39.5%)/117 (39.8%)
D 190 (60.5%)/177 (60.2%)

127 (45.4%)
153 (54.6%)

p=0.148 p >0.05
p=0.178 p >0.05

Odds ratios

0.786 (0.56-1.09) %95 ClI & 0.796 (0.57-1.10) %95 CI

DISCUSSION

Deep vein thrombosis and pulmonary embolism are
significant morbidity and mortality problems.
Thrombophilic disorders may be congenital or acqu-
ired and just about 40% of cases with thrombosis
are inherited (17). Congenital thrombophilia may
result from the overactivity of coagulation factors
through different mutations. Hereditary thrombophi-
lia is a condition associated with the formation of
thrombosis in the venous system. Some thrombop-
hilic markers (FV G1691A, FlI G20210A, XIlI
V34L, MTHFR C677T and A1298C, PAI-1 -675
4G/5G, etc.) may be effective in the pathogenesis of
both DVT and PTE. The aim of this current study
was to analyze the possible association of four
thrombotic gene polymorphisms (MTHFR C677T
and A1298C, PAI-1 -675 4G/5G, ACE 1/D) with the
development of DVT and PTE.

MTHFR is the enzyme that contributes to the con-
version of homocysteine to methionine in homocys-
teine metabolism. MTHFR variants cause an increa-
se in homocysteine levels by reducing enzyme acti-
vity. High homocysteine level poses a significant
risk for vascular thrombosis. There are conflicting
results for the relation between MTHFR gene poly-
morphisms and thromboembolic disorders in the
literature. Guzman et al. detected a significant diffe-
rence between DVT cases and healthy controls in
terms of the MTHFR C677T polymorphism (18). In
a study by Ghaznavi et al. (19) the MTHFR C677T
SNP was not significantly associated with the deve-
lopment of DVVT. On the other hand, a case-control
study asserted no association between the MTHFR
A1298C mutation and DVT (20). Basol et al. (21)
claimed that despite no relation between MTHFR
gene polymorphisms (C677T and A1298C) and
pulmonary embolism, there was an association
between combined mutations of MTHFR C677T-
MTHFR A1298C and pulmonary embolism in Tur-
kish population. According to Ekim et al. (22) the
MTHFR C677T gene polymorphism in the ho-
mozygous state can be considered as a risk factor
for thrombosis especially when combined with other
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thrombophilic elements. Bezgin et al. (23) stated
that the MTHFR A1298C mutation rate was higher
in PTE cases compared with DVT patients and
control group. In our analysis, the allelic frequen-
cies of both MTHFR C677T and MTHFR A1298C
SNPs in DVT patients were not significant in com-
parison with controls. There was no association of
the MTHFR C677T SNP with PTE patients but the
data obtained suggest that the MTHFR A1298C is
effective in the formation of PTE. We expected the
C677T variant to be more effective than the
A1298C in both conditions. However, MTHFR
A1298C polymorphism alone was found to be asso-
ciated only with pulmonary thromboembolism.
PAI-1 can be roughly defined as one of the serine
proteinase inhibitors with a molecular weight of
approximately 50 kD (24). It is the major suppressor
of both tissue-type and urokinase-type plasminogen
activator. The PAI-1 4G/5G polymorphism influen-
ces gene expression and the 4G/4G variant has an
association with high levels of PAI-1 leading to a
hypofibrinolytic condition and therefore an increa-
sed thrombosis risk (25). While there are some
studies linking the 4G/5G SNP of the PAI-1 gene to
the risk of thrombosis, the basic role of this variant
for the development of thrombotic diseases is still
controversial. Bezgin and his colleagues emphasi-
zed that high levels of PAI-1 cause a disruption in
the fibrinolytic system and thereby increase the risk
of thrombotic events (23). A correlation was found
between the 4G/5G SNP of PAI-1 gene and the
occurrence of pulmonary thromboembolism in a
Chinese population (26). Conversely, Oguzulgen et
al. could not find any relationship between this
polymorphism and PTE (27). Kaya et al. (28) did
not find any significant relationship between the
4G/5G SNP of PAI-1 and the formation of venous
thromboembolism. Our study suggests that there is a
strong link between the PAI-1 4G/5G variant and
both DVT and PTE. The PAI 1 4G allele is very
likely to be effective in the formation of DVT and
PTE. We know that this polymorphism is also asso-
ciated with recurrent miscarriages.

ACE is a dipeptidyl carboxypeptidase responsible
for the transformation of angiotensin | to angioten-
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sin 11, a significant vasopressor (29) and it is the
main component of the renin-angiotensin system. A
possible correlation between insertion/deletion
polymorphism of the ACE gene and the risk of
venous thrombosis is not clear in the literature. Ay
et al. suggest that although the ACE I/D is a SNP
associated with ACE level, D/D variant does not
contribute deep venous thrombosis and thromboem-
bolism (30). In a multivariate analysis by von Dep-
ka et al. (31) the DD genotype of ACE was evalua-
ted as an intermediate risk of hereditary thrombop-
hilia. The prevalence of this genotype was higher in
cases with venous thromboembolism than the cont-
rol group. Some investigators state that the D/D
genotype poses a risk in terms of cardiovascular
pathology because of increased ACE plasma levels
and enhances the likelihood of venous thromboem-
bolism in thrombogenic conditions. (32). Our study
does not support the contribution of ACE DD ge-
notype to the formation of DVT or venous thrombo-
embolism.

Clinical surveillance of cases with thrombosis or
clinical suspicion of thrombophilia involves a com-
bined assessment of genetic and other relevant risk
factors, as thrombosis is a multifactorial condition.
On the other hand, standard guidelines are used for
the treatment of venous and arterial thrombosis.
Treatment protocols for thrombophilia may compri-
se low molecular weight heparin injections and low
dose acetylsalicylic acid (33). In the case of a pul-
monary embolism, adjusting its treatment may be
somewhat complicated. Although non-surgical
approaches (anticoagulation or systemic thromboly-
sis etc.) have replaced surgery as the primary treat-
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ment, surgical pulmonary embolectomy remains an
important alternative for selected patients (34).
Conclusions

In conclusion, we detected a strong association
between the 4G/5G polymorphism of PAI-1 and
both DVT and PTE. The 4G/4G variant is likely to
be involved in the development of these diseases.
We also suggest that the A1298C polymorphism of
MTHFR may be effective in the development of
PTE. Screening of these polymorphisms for
prophylaxis may be useful in risk groups (obesity,
malignancy, congestive heart failure, immobility
etc.) and in cases with a family history of PTE and
DVT. Our research is limited to a certain region.
More studies should be done to strengthen these
findings.
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