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Abstract Factor V Leiden (FVL) G1691A, methylenetet-
rahydrofolate reductase (MTHFR) C677T, and factor II
(FII) G20210A mutations are three important causes of
thrombophilia, the condition that might be related to
infertility and recurrent spontaneous abortion (RSA). In
this study we evaluated the presence of these three muta-
tions in 36 female patients with unexplained infertility, 65
female patients with unexplained RSA, and 62 healthy
fertile women as control group. DNA was extracted from
peripheral blood samples and PCR-RFLP was performed
for the molecular diagnosis of each mutation. In addition,
activated protein C resistance (APC-R) was also evaluated.
The frequencies of FVL, MTHFR, and FII mutations
(heterozygous and homozygous) in the control group were
0.0%, 38.7%, and 3.2%, respectively. The frequency of
FVL mutation in patients with infertility (30.6%) or RSA
(20.0%) was significantly higher than that of the control
group. A significantly higher MTHFR mutation rate was
also observed in patients with RSA (63.1%) as compared to
controls. However, the mutation rate of MTHFR in patients
with infertility (50.0%) was not statistically different from
that in controls. No significant difference was observed in
the frequencies of FII mutations between the patients and
controls. Decreased levels of APC-R were observed in
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25.0% of infertile patients and 18.9% of patients with RSA.
In conclusion, our results show a skew towards higher
mutation frequencies of FVL and MTHFR in patients that
may necessitate detection of such mutations in these
Iranian patients.

Keywords Factor V Leiden - Methylenetetrahydrofolate
reductase - Factor II - Thrombophilia - Recurrent
spontaneous abortion - Infertility

Introduction

Recurrent spontaneous abortion (RSA) is a clinical
problem that may have adverse effects on the emotional
and social aspects of infertile couples’ life that wish to have
a child. Recently, thrombophilias have been considered as a
possible cause [1]. In the recent decades different inherited
coagulation abnormalities, have been identified that predis-
pose patients to thrombophilia [2—4]. Of these inherited
abnormalities, a mutation in the factor V gene [5], a mu-
tation in the methylenetetrahydrofolate reductase (MTHFR)
gene [6], and a mutation in the prothrombin or factor II
(FII) gene [6] were identified that result in thrombophilia.

Factor V Leiden (FVL) mutation is the cause of more
than 95% of resistance to activated protein C (APC) [7, 8].
Resistance to APC is the most common genetic cause of
venous thrombosis [7, 8]. This mutation is resulted from a
G-to-A substitution at position 1691 in the coagulation
factor V gene [8]. MTHFR mutation is caused by the
change of C to T at position 677 and results in an increased
total plasma homocysteine (tHcy) that is a risk factor for
vascular disease [3, 4]. MTHFR gene has also been found
to be associated with pregnancy complications particularly
when it is homozygous or is concomitant with the factor V
Leiden allele [9]. The mutation in the FII gene is char-
acterized by a G-to-A substitution at position 20210 in the
3’ untranslated region and leads to elevated serum pro-
thrombin levels [10]. This elevation causes an increased
risk for venous thrombosis [11], arterial disease [12] and
RSA [13, 14].



FVL mutation is reported in 5% of the healthy white
population [15], 1% of the healthy black population [15]
and 0% to 14% of Asian minor population [16]. Hetero-
zygosity for the factor V Leiden mutation causes a 5-
10-fold increase in the risk of thrombosis, whereas
homozygosity confers a 50-100-fold increase in risk [5].
The prevalence of the MTHFR C677T mutation varies
widely with ethnicity. In Caucasians [17] and Japanese [18],
frequency of the mutant T allele is generally between 30
and 40% but it is much rarer in Africans [19]. FII
mutation has an allele frequency of 1.2% in the general U.S.
population and 3.0% in southern European populations
[10]. The FII mutation is very rare in Asia and Africa [10].

In this study, the frequency of these three mutations in
Iranian patients who suffered from unexplained infertility
or RSA was investigated and compared with control group.

Materials and methods
Patients

Hundred and one patients with unexplained infertility or
RSA, all admitted in Avesina Infertility Clinic (Tehran,
Iran) during six months (2004) and 62 healthy fertile
women as control group were evaluated for the presence of
FVL G1691A, MTHFR C677T, and FII G20210A mu-
tations. Patients were not selected based on the activated
protein C resistance (APC-R) level. However, some of the
patients were checked for APC-R level using staclot APCR
kit according to the manufacturer’s instruction (Diagnos-
tica Stago, Asniéres, France). Informed consent was ob-
tained and the study was approved by the ethics committee
of'the Avesina Research Institute. Three or more pregnancy
losses in the first or second trimester were considered as
RSA. We obtained medical histories, performed physical
examinations, routine laboratory tests, endocrinologic ex-
aminations, and immunologic tests for autoantibodies for
all patients.

Fig. 1 Electrophoretic pattern A 1 2
of thrombophilic mutations after
PCR-RFLP. (a) FVL,

(b) MTHFR, (c¢) FIIL. 1: normal,
2: heterozygous, 3: homozygous
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Exclusion criteria were: anatomic abnormalities, endo-
crinologic dysfunction, autoimmune disease, liver function
abnormalities, urogenital infection and inflammatory pel-
vic disease.

Genotype screening

Peripheral blood samples were collected and DNA was
extracted by a standard salting out method using proteinase
K [20]. PCR was performed using FVL [21], MTHFR [17],
and FII [10] primers as explained previously. PCR ampli-
fication was confirmed by electrophoresing PCR products
on 1.5% agarose gel. PCR products of FVL, MTHFR, and
FII genes were digested by restriction enzymes Mnll,
Hinfl, and HindllI respectively [10, 17, 21].

PCR product of coagulation factor V gene with 140
nucleotides has two restriction sites for Mn/l enzyme
yielding three fragments (69 bp, 36 bp, and 35 bp) after
enzyme digestion. In the mutant allele restriction site
between fragments 35 bp and 36 bp disappears.

In MTHEFR gene PCR product has a length of 198 bp and
lacks any restriction site for Hinfl enzyme but the mutation
creates a restriction site in the PCR product that produces
two fragments (175 bp and 23 bp) after enzyme digestion.

For the amplification of FII gene a mutagenic primer was
used to introduce a nucleotide substitution in the PCR
product. This PCR product that has a length of 345 bp has
no restriction site for HindIIl enzyme but the combination
of nucleotide substitution and genetic abnormality creates
the HindlIIl enzyme cleavage site that cleaves the amplicon
into two fragments (322 bp and 23 bp).

Digested products were analyzed by polyacrylamide gel
electrophoresis (PAGE) and standard method of silver
staining [20]. According to the number and size of bands
on polyacrylamide gel, patients were classified as normal,
heterozygote or homozygote for each gene (Fig. 1).
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Table 1 Frequency of mutations (heterozygous plus homozygous) in control group and patients as well as frequency of abnormal APC-R

level
FVL MTHFR FII decreased APC-R
f % P f % P f % P f %
Inf 11/36 30.6 <0.001 18/36 50.0 0.276 1/36 2.8 1.000 6/24 25.0
RSA 13/65 20.0 <0.001 41/65 63.1 0.006 3/65 4.6 1.000 10/53 189
Cont 0/62 0.0 - 24/62 38.7 - 2/62 32 - ND ND

Inf: infertility, RSA: recurrent spontaneous abortion, Cont: control group, FVL: factor V Leiden, MTHFR: methylenetetrahydrofolate

reductase, FII: factor II, f; frequency, P: P value, ND: not done

Statistical analysis

Data was processed with SPSS 11.0 software. The mu-
tation frequencies in FVL, MTHFR, and FII genes between
patient groups and the control group were analyzed using
the Chi-square test. P-values of <0.05 were taken as
statistically significant.

Results

Female patients (n=101) with unexplained infertility or
RSA were evaluated for the presence of FVL, MTHFR, and
FII mutations and APC-R level as well. An APC-R less
than 120 seconds was considered as abnormal or decreased
level. 36 patients (35.6%) suffered from infertility and 65
patients (64.4%) suffered from RSA. Details about muta-
tion frequencies are shown in Table 1. Among the patients
with FVL mutation, only one patient was homozygote and
the rest of the patients (n=23) were heterozygote. 49 of the
patients were heterozygote and 10 of them were homozy-
gote for MTHFR mutation. All of the patients with FII
mutation (n=4) were heterozygote.

62 healthy fertile women were also checked for these
three mutations. None of them had FVL mutation, 38.7%
had MTHFR mutation and 3.2% had FII mutation
(Table 1).

Twenty five percent and 18.9% of the patients with
infertility and RSA had low levels of APC-R, respectively
(Table 1). Seventy five percent of decreased APC-R levels
(12 out of 16) were detected in patients with FVL mutation
and 70.6% of FVL mutations (12 out of 17) were as-
sociated with decreased APC-R level (P<0.05). Mean
APC-R level in patients with FVL mutation was 103.5+
43.2 seconds; whereas, the mean APC-R level in patients
without this mutation was 160.4+32.6 seconds.

Discussion

The discovery of the FVL G1691A, MTHFR C677T, and
FII G20210A mutations has revolutionized the diagnostic
work-up of patients with thrombophilia [2—4, 6].

In this study we evaluated these three mutations in 101
patients with unexplained infertility or RSA and 62 healthy
fertile women. Some of the patients were tested for
alteration in APC-R level. Results are shown in Table 1.

Frequency of FVL mutation in patients with infertility
(30.6%) and RSA (20.0%) was significantly higher than
that in the control group (0.0%) (P<0.05) (Table 1).
Frequency of FVL mutation in Iranian population is 5.5%
[22] that is lower than the frequency in our patients group.
Souza et al. reported that 7.1% of Brazilian patients with
RSA had FVL mutation compared with 1.6% of the normal
people [23]. This relation was 17% vs. 2% in the United
States [24]. In another study, none of the 52 Japanese
women with RSA carried FVL mutation [25]. Our data
supported that the frequency of FVL mutation in Iranian
patients with infertility (30.6%) or RSA (20.0%) is higher
than that in these countries. However, the rate of this
mutation in Iranian normal population (5.5%) [22], control
group (0.0%), and Asian population (0% to 14%) [16] is
lower than the frequency of the mutation in these countries,
therefore, it is important to note that possibly in a normal
population with low frequency of FVL mutation the as-
sociation of the mutation with infertility or RSA is more
significant.

This study showed that the frequency of MTHFR C677T
mutation in patients with RSA is significantly higher than
control group (63.1% vs. 38.7%, P<0.05) but it was not
higher in patients with infertility (Table 1). Frequency of
MTHFR mutation in 271 postmenopausal Iranian women
was reported to be 39.8% [26] that was lower than the
results of this study.

The frequency of FII G20210A mutation in Iranian
population is 3.1% [22]. In this study the frequency of FII
mutation in patients with infertility (2.8%) and RSA (4.6%)
was not statistically higher than control group (3.2%)
(P>0.05) (Table 1).

In general, it may be concluded that FVL mutation might
play a role in infertility and RSA but MTHFR mutation
may only act as a causative factor in RSA. This study did
not show any relation between FII mutation and infertility
or RSA.

In this study 75.0% of the patients with decreased APC-
R level had FVL mutation and 25.0% did not (P<0.05), but
Major et al. reported that more than 95% of all people with
APC resistance have FVL mutation [8]. This difference
indicates that other causes of increasing APC-R level are
probably more common in Iran.

Diagnosis of mutations that are involved in unexplained
infertility and RSA and using an appropriate treatment plan
helps couples to conceive. Therefore, it is necessary for the



patients with infertility problem especially RSA to undergo
screening tests for mutations related to thrombophilia.

This study is one of the first studies that have been
performed about thrombophilia in Iranian patients with
infertility or RSA and more investigations should be done
for other associated mutations in the future.
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