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Abstract

Background and Aims: Factor V Leiden mutation (G1691A) has been recognized to be the most prevalent
genetic risk factor for venous thrombosis. Other common risk factor for venous thrombosis is Prothrombin
20210 G-A alteration, which causes a gain of function in the coagulation system with an increase of prothrombin
levels, associated with an increased potential to form thrombin. Plasminogen activator inhibitor type 1
(PAI-1) 4G/5G polymorphism is the most frequently studied in thrombotic events. Aim of this study was to
investigate the relationship between these polymorphisms and arteriovenous fistula (AVF) thrombosis in
hemodialysis (HD) patients.

Methods: The study included 31 HD patients with AVF thrombosis and 51 HD patients without AVF thrombosis.
DNA was extracted from peripheral blood samples from the patient and control groups. Polymerase chain
reaction (PCR) and restriction fragment length polymorphism (RFLP) methods were used to identify the
polymorphisms.

Results: There were no significant differences between HD patients with and without AVF thrombosis in
terms of Factor V Leiden and Prothrombin G20210A mutations. PAI-1 4G allele in heterozygous state
have an effect on the thrombosis risk in HD patients (O.R= 4.271).

Conclusions: Only carrying PAI-1 4G/5G genotype had an additional risk for thrombosis in HD patients.
Keywords: Hemodialysis, Factor V Leiden mutation, Plasminogen Activator Inhibitor Type 1 4G/5G Polymor-
phism, Prothrombin G20210A Mutation
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(with prevalence varying between 5% and 19%)
(6). It has been found that an association between
the 20210A allele and elevated prothrombin levels,
which can be a risk factor for venous thrombosis (7).
Factor V Leiden, which changes Factor V activity,
and Prothrombin G20210A polymorphisms, which
enhance prothrombin accumulation, are independent
risk factors for thrombosis. These mutations conse-
quently promote blood coagulation and precipitate a
thromboembolic state (4).

Plasminogen activator inhibitor type 1 (PAI-1)
regulates the homeostasis of the fibrinolytic system
(8). The human PAI-1 gene is located on the long
arm of chromosome 7 and contains 9 exons and 8
introns (9). A few polymorphisms of the PAI-1 gene
have been discovered. The 4G/5G polymorphism in
the promoter region of the gene, 675 bp upstream of
the transcriptional start site, is the most frequently
studied in thrombotic events (10). Reduced fibrino-
lytic activity due to elevated plasma PAI-1 activity is
common in patients with venous thromboembolism
(11). It has been reported that plasma PAI-1 con-
centration in homozygous subjects for the 4G allele
(4G/4G genotype) was approximately 25% higher
than that of homozygous subjects for the 5G allele
(5G/5G genotype) (9).

Aim of this study was to investigate whether
the Prothrombin G20210A, Factor V G1691A, and
PAI-1 4G/5G genotypes influence the risk of throm-
bosis in hemodialysis (HD) patients with/without
arteriovenous fistula (AVF) thrombosis.

Materials and Methods

Thirty-one (20 male and 11 female) HD patients
with AVF thrombosis, who had no apparent cause
for thrombosis, were enrolled in this study. On the
other hand, 51 (22 male and 29 female) HD patients
without AVF thrombosis were selected as control
group. The study protocol was approved by the
local ethics committee. The study procedures were
approved by all patients. All patients were enrolled
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from Nephrology Department in Erciyes University
Medical School between 2007 and 2008 for this
study which was performed in Medical Genetics
Department in Erciyes University Medical School.

In both groups, genomic DNA was extracted from
peripheral blood by using DNA isolation machine
(Roche Magna Pure LC). We used polymerase chain
reaction (PCR) and restriction fragment length
polymorphism (RFLP) methods to determine all the
polymorphisms.

We performed a PCR procedure in a total vol-
ume of 50 pl using 5 pl genomic DNA, 10xPCR
Buffer, dNTP (2,5mM), MgCI2 (1,5mM), Taq
DNA polymerase (1U/ml, Sigma), 5’- TCTA-
GAAACAGTTGCCTGGC-3’ forward primer and
5’- ATAGCACTGGGAGCATTGAAGC-3’ reverse
primer (10 pmol primer concentration was used) to
detect the Prothrombin G20210A mutation. PCR was
subjected to 35 cycles at 94°C for 5 min in denatura-
tion period, 94°C for 1 min, 56°C for 1 min and 72 °C
for 1 min with 35 cycles, the final extension step at
72 °C was extended by 1 min. PCR product was 345
bp and detected by 2% agarose. Hind III restriction
enzyme was used. The enzymatic digestion gener-
ates one fragment of 345 bp from the normal allele
and two fragments of 322 bp and 23 bp from the
mutant allele. We analyzed the fragments by using
3% agarose gel electrophoresis.

5’-  TCTAGAAACAGTTGCCTGGC-3* for-
ward primer and 5’-ATAGCACTGGGAGCATT-
GAAGC-3’reverse primer were used to detect Factor
V Leiden (G1691A) mutation. A PCR mix has been
prepared as previously described in Prothrombin
mutation detection. PCR product was 223 bp and de-
tected by 2% agarose. After amplification, the PCR
product was digested overnight at 37 °C with Mnl I
restriction enzyme and analyzed by 3% agarose gel

electrophoresis.

PAI-1  4G/5G  polymorphism  was  per-
formed with forward primer 5°- CACA-
GAGAGAGTCTGGCCACGT-3’ and
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Table 1. Genotype and allele frequencies for the Factor V Leiden G1691A in patients with AVF thrombosis

and those without AVF thrombosis.

Factor-V G1691A Patients with AVF Patients without AVF OR (CI 95%) P value
Genotype thrombosis thrombosis

(n: 31) (n: 51)
G1691G 22 (71%) 36 (70.6%) 1.019 (0.382-2.719) 0.588
G1691A 9 (29%) 15 (29.4%) 0.982 (0.368-2.621) 0.588
A1691A - - - -
G allele 53 (85.5%) 87 (85.3%) 1.015 (0.415-2.483) 0.582
A allele 9 (14.5%) 15 (14.7%) 0.985 (0.403-2.408) 0.582

AVF, arteriovenous fistula; OR, odds ratio; CI, confidence interval.

5’- CCAACAGAGGACTCTTGGTCT-3’
primer. Amplification was performed for 30 cycles

Ireverse

with denaturation temperature of 94°C for 3 min,
94°C for 30 sec, 60°C for 30 sec and 72 °C for 30
sec, the final extension step at 72 °C was extended
by 1 min. Amplified 98 bp product was digested
overnight with Bsl I at 55°C and subjected to 4%
agarose gel electrophoresis.

Statistics:

The Chi-square test and Fisher’s exact test were
used to compare the distributions of Prothrombin,
Factor V Leiden and PAI-1 genotypes and allele
frequencies between the patients and control groups.
The results were expressed as Odds ratio (OR) and
95% confidence intervals (CI 95%) (11, 12). OR and
95% CI were calculated in terms of the relative risk
of venous thromboembolism (VTE) in the presence
of the mutations in homozygous, heterozygous and
normal states, compared to that in their absence.
A p value <0.05 was accepted as statistically

significant.

Results

None of the subjects were found to have pro-
thrombin G20210A mutation (heterozygous and
homozygous form was not detected) in both groups.

The allele frequency of the Factor V Leiden
G1691A and the distribution of the Factor V Leiden
G1691A genotypes in 31 patients with AVF throm-
bosis were compared with 51 patients without AVF
thrombosis (Table I). Factor V G1691A mutation
with homozygous genotype was not detected in both
groups. There were no significant differences be-
tween HD patients with and without AVF thrombosis
in terms of the distribution of Factor V. G1691A
mutation and G and A allele frequencies (p>0.05).

The frequency of the PAI-1 4G allele and the
distribution of PAI-1 4G/5G genotypes in 31 pa-
tients with AVF thrombosis were compared with 51
patients without AVF thrombosis (Table II). Pres-
ence of PAI-1 5G/5G genotype was significantly
lower in patients with AVF thrombosis compared to
those without AVF thrombosis (16.1% vs. 37.3%,
p=0.035). On the other hand, presence of PAI-1
4G/5G genotype was significantly higher in patients
with AVF thrombosis compared to those without
AVF thrombosis (83.9% vs. 54.9%, p=0.006). There
was no meaningfully difference between two groups
in terms of 4G/4G genotype (p > 0.05). Genotype
4G/AG was not detected in the patients with AVF
thrombosis. However, it was detected in 4 of the
patients without AVF thrombosis. There was no

meaningful difference between two groups in terms
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Table 2. Genotype and allele frequencies for the PAI-1 4G/5G polymorphism in patients with AVF thrombosis

and those without AVF thrombosis.

PAI-1 Genotype Patients with AVF Patients without AVF OR (CI 95%) P
thrombosis thrombosis value
(n: 31) (n: 51)
PAI-1 5G/5G 5(16.1%) 19 (% 37.3) 0.324 (0.106-0.986)  0.035
PAI-14G/5G 26 (83.9%) 28 (% 54.9) 1.415-12.892))4.271  0.006
PAI-1 4G/4G - 4 (% 7.8) 1.660 (1.386-1.987)  0.143
PAI-1 4G allele 26 (41.9%) 36 (% 35.3) 1.324 (0.693-2.530)  0.246

PAI-1, Plasminogen Activator Inhibitor Type 1; AVF, Arteriovenous Fistula; OR, Odds

Ratio; CI, Confidence Interval.

of 4G allele, although its frequency was higher in
patients with AVF thrombosis compared to those
without AVF thrombosis (p > 0.05).

Discussion

Cardiovascular disease is the most cause of the
mortality in dialysis patients (13-15). In the fibrino-
lytic system there are two important enzymes; tissue
plasminogen activator (t-PA) and PAI (16). In HD
patients, the thrombotic events are higher because of
t-PA and PAI-1 balance is altered. Vascular throm-
bosis is one of the most important complications in
HD patients (17). PAI-1 enzyme levels are higher in
chronic renal failure patients than in healthy persons.
Therefore thrombogenesis and thrombotic events are
more frequent in these patients (18).

Segui et al detected that PAI-1 polymorphism af-
fects PAI-1 levels. PAI-1 4G genotype increases the
PAI-1 level and also increases the thrombosis risk
in thrombophilic patients (19). PAI-1 4G allele car-
riers potentially decrease fibrinolytic activity (20).
However, some studies revealed that PAI-1 4G allele
in homozygous or heterozygous state does not af-
fect thrombosis risk (21-23). In our study, presence
of PAI-1 normal genotype is significantly lower in

patients with AVF thrombosis compared to those

without AVF thrombosis while PAI-1 heterozygous
genotype was significantly prevalent in patients with
AVF thrombosis than those without AVF thrombosis.
In our study, we observed that carrying the 4G allele
in heterozygous state have an effect on the thrombotic
risk. Also PAI-1 in homozygous state has an effect
on the thrombosis risk between groups. In addition,
carrying 4G allele increases this risk. According to
this data thrombosis risk seemed to be increased. Our
results and those from the other some studies (19,
24) are in contrast with the study was performed by
Irish et al They found that there was no significant
difference in the patients with chronic renal disease
not requiring dialysis and healthy controls (23).

Another study was performed by Visanji et al
in 99 patients with Factor V Leiden carriers and 99
controls and it was found that PAI-1 4G allele is more
prevalent in patients than in controls (11). Similarly,
in our study 4G allele frequency was found more
prevalent in patients with AVF thrombosis than in
controls without AVF thrombosis.

Factor V G1691A mutation is one of the most
common mutations reported in the Turkish popula-
tion (25). It was revealed that Factor V G1691A has
significant effect on the development of thrombosis
(12). Giirgey et al studied with Factor V G1691A
and Prothrombin G20210A mutations in thrombosis

International Journal of Nephrology & Urology, 2010; 2(2):314-319



318 I PT, FVL and PAI-1 Gene Polymorphisms in HD Patients

patients. They found 45 patients with G1691A muta-
tion and 10 patients with G20210A mutation. Ac-
cording to their results thrombosis was determined
an important genetic risk factor for Turkish popula-
tion (26). But in our study no Prothrombin G20210A
mutation was detected among the patient groups who
were similar for carrying Factor V G1691A mutation.
No difference was found between the groups for
normal genotype. Also homozygous genotype was
not found. There was also no difference for Factor V
G1691A mutation between heterozygous and normal
genotypes in the groups. This result contrasts with
Girgey et al. Therefore we are not sure that there
is an increased risk factor for thrombosis in chronic
renal failure patients with/without Factor V Leiden
and Prothrombin mutations. We conclude that large
groups must be studied to provide more significant
and conclusive data.

In this study we did not find any relationship be-
tween thrombosis and the mutations of Prothrombin
or Factor V Leiden in hemodialysis patients with/
without AVF thrombosis. Only carrying PAI-14G/5G
genotype had an additional risk for thrombosis. We
also conclude that in future researches PAI-1 4G/5G
polymorphism must be studied as a risk factor for

thrombosis.

Conflict of Interest

None declared.

References

1.  Rosendaal FR. Risk factors for venous thrombosis: preva-
lence, risk, and interaction. Semin Hematol. 1997;34:171-
87.

2. Dahlback B. Inherited thrombophilia: resistance to acti-
vated protein C as a pathogenic factor of venous throm-
boembolism. Blood. 1995:85:607-14.

3. Arsov T, Miladinova D, Spiroski M. Factor V Leiden is
associated with higher risk of deep venous thrombosis of
large blood vessels. Croat Med J. 2006;47:433-9.

4.  Almawi WY, Keleshian SH, Borgi L, et al. Varied

International Journal of Nephrology & Urology, 2010; 2(2):314-319

12.

13.

14.

prevalence of factor V. G1691A (Leiden) and prothrombin
G20210A single nucleotide polymorphisms among Arabs.
J Thromb Thrombolysis. 2005;20:163-8.

Cattanco M, Chantarangkul V, Taioli E, Santos JH,
Tagliabue L. The G20210A mutation of the prothrombin
gene in patients with previous first episodes of deep-vein
thrombosis: prevalence and association with factor V
G1691A, methylenetetrahydrofolate reductase C677T and
plasma prothrombin levels. Thromb Res. 1999;93:1-8.
Jebeleanu G, Procopciuc L. G20210A prothrombin gene
mutation identified in patients with venous leg ulcers. J
Cell Mol Med. 2001;5:397-401.

Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A
common genetic variation in the 3’-untranslated region of
the prothrombin gene is associated with elevated plasma
prothrombin levels and an increase in venous thrombosis.
Blood. 1996;88:3698-703.

Henry M, Chomiki N, Scarabin PY, et al. Five frequent
polymorphisms of the PAI-1 gene: lack of association
between genotypes, PAI activity, and triglyceride levels
in a healthy population. Arterioscler Thromb Vasc Biol.
1997;17:851-8.

Ruiz-Quezada S, Vazquez-Del Mercado M, Parra-Rojas
I, et al. Genotype and allele frequency of PAI-1 promoter
polymorphism in healthy subjects from the west of
Mexico. Association with biochemical and hematological
parameters. Ann Genet. 2004;47:155-62.

Kohler HP, Grant PJ.
tor type 1 and coronary artery disease. N Engl J Med.
2000;342:1792-801.

Visanji JM, Seargent J, Tahri D, et al. Influence of the -675

4G/5G dimorphism of the plasminogen activator inhibitor

Plasminogen-activator inhibi-

1 promoter on thrombotic risk in patients with factor V
Leiden. Br J Haematol. 2000;110:135-8.

Akar N, Yilmaz E, Akar E, Avcu F, Yalcin A, Cin S. Effect
of plasminogen activator inhibitor-1 4G/5G polymorphism
in Turkish deep vein thrombotic patients with and without
FV1691 G-A. Thromb Res. 2000;97:227-30.

Di Paolo N, Capotondo L, Rossi P, Gaggiotti E, Pula G,
Fanetti G. Bleeding tendency of chronic uremia improved
by vascular factor. Nephron. 1989;52:268-72.

Lin JJ, Parton L, Bereket G, Wadhwa NK. Plasminogen
activator inhibitor-1 and peritoneal transport in diabetic
and non-diabetic peritoneal dialysis patients. Clin Nephrol.
1995;44:310-5.

AssouadM, EknoyanG.Doesthechoiceofrenal replacement

therapy adversely affect the hypercoagulability associated



16.

17.

18.

19.

20.

with renal disease? Am J Nephrol. 1998;18:175-8.

Pfeffer MA, Braunwald E, Moye LA, et al. Effect of cap-
topril on mortality and morbidity in patients with left ven-
tricular dysfunction after myocardial infarction. Results of
the survival and ventricular enlargement trial. The SAVE
Investigators. N Engl J Med. 1992;327:669-77.

Molino D, De Santo NG, Marotta R, Anastasio P, Mosavat
M, De Lucia D. Plasma levels of plasminogen activator
inhibitor type 1, factor VIII, prothrombin activation frag-
ment 1+2, anticardiolipin, and antiprothrombin antibodies
are risk factors for thrombosis in hemodialysis patients.
Semin Nephrol. 2004;24:495-501.

Tomura S, Nakamura Y, Doi M, et al. Fibrinogen, coagula-
tion factor VII, tissue plasminogen activator, plasminogen
activator inhibitor-1, and lipid as cardiovascular risk factors
in chronic hemodialysis and continuous ambulatory perito-
neal dialysis patients. Am J Kidney Dis. 1996;27:848-54.
Segui R, Estelles A, Mira Y, et al. PAI-1 promoter 4G/5G
genotype as an additional risk factor for venous thrombosis
in subjects with genetic thrombophilic defects. Br J Hae-
matol. 2000;111:122-8.

Stegnar M, Uhrin P, Peternel P, et al. The 4G/5G sequence
polymorphism in the promoter of plasminogen activator
inhibitor-1 (PAI-1) gene: relationship to plasma PAI-1

level in venous thromboembolism. Thromb Haemost.

21.

22.

23.

24.

25.

26.

International Journal of Nephrology & Urology, 2010; 2(2):314-319

Elif Funda Emirogullari et al I 319

1998;79:975-9.

YILMAZ E, Akar E, Akar N. Effect of plasminogen activa-
tor inhibitor-1 4G/5G polymorphism in Turkish deep vein
thromboembolic patients with and without prothrombin
20210 GA. Turk J Haematol. 2004;21:83-6.

Vaziri ND, Gonzales EC, Wang J, Said S. Blood co-
agulation, fibrinolytic, and inhibitory proteins in end-stage
renal disease: effect of hemodialysis. Am J Kidney Dis.
1994;23:828-35.

Irish AB. Plasminogen activator inhibitor-1 activ-
ity in chronic renal disease and dialysis. Metabolism.
1997;46:36-40.

Zoller B, Garcia de Frutos P, Dahlback B. A common
4G allele in the promoter of the plasminogen activator
inhibitor-1 (PAI-1) gene as a risk factor for pulmonary
embolism and arterial thrombosis in hereditary protein S
deficiency. Thromb Haemost. 1998;79:802-7.

Akar N, Akar E, Dalgin G, Sozuoz A, Omurlu K, Cin S.
Frequency of Factor V (1691 G --> A) mutation in Turkish
population. Thromb Haemost. 1997;78:1527-8.

Gurgey A, Haznedaroglu IC, Egesel T, et al. Two com-
mon genetic thrombotic risk factors: factor V Leiden
and prothrombin G20210A in adult Turkish patients with
thrombosis. Am J Hematol. 2001;67:107-11.





