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Abstract

Background and objectives: Abortion is considered as one of the most important problems
in pregnancy and a multifactorial disease that both genetic and environmental factors
influence on it . There is no known reason for 50% of abortion cases. Factor 2 (Prothrombin)
is one of the 12 clotting proteins with important role in creating thrombophilia in women
with abortion. In this study, we investigate the association between gene polymorphisms like
C677T and A1298C of MTHFR gene and G20201A polymorphism of prothrombin gene as
probable abortion markers.

Methods: In this study, 235 women with a history of abortion as patient group and
250women with no history of abortion with at least 2 successful fertility as control group
were randomly selected. ARMS PCR was used to amplify gene areas containing the
polymorphisms of MTHFR and prothrombin genes using gene specific primers.

Results: The highest abortion rate was detected inpatients” group over 31 years old with
a frequency of 38/3% and the lowest number of abortions was seen in a group age under
20 years old patients with a frequency of 14/9 % .Evaluation of genotypes GG and GA
of G20201A polymorphism between the two groups was not statistically significant.
While the combination of T allele of C677T variant and G allele of G20201A variant
yielded statistically. Combination of Allele of A1298C variants and G allele of G20201A
variants were associated. This study showed that two A1298C and C677T polymorphisms
of MTHFR gene were associated with abortion while G20201A polymorphism has no
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Introduction

Fertility problems affect a large number of couples throughout the
world.One of the most common form of these problems is abortion.!?
Miscarriage is known as the termination of pregnancy before the
fetus development completes and be able to survive.> Abortions
are divided into induced abortions and spontaneous abortions
where abortion without medical or mechanical interventions for
uterine evacuation is carried out it is called spontaneous abortion.*
Spontaneous pregnancy loss is very common and identification of
those genetic polymorphisms associated with abortion for indication
of at risk people and risk assessment in genetic counseling can help
in early diagnosis and reduce the disease rate.’ Spontaneous abortion
may physically and emotionally affect couples especially when they
are faced with recurrent fetuses ‘loss. In couples where the women
are over 35 and men are over 40 years old, the risk of miscarriage
is the highest.® Numerous factors include genetic, immunological,
anatomical, infectious, environmental and endocrine factors, age
and hematological disorders provide abortion (Table 1) . Based on
reports, chromosomal abnormalities are involved in 50% to 80%
of the pregnancy loss cases and their influence depends on the
reproductive age and pregnancy age at abortion time.” Single-gene
disorders could be analyzed by family history study and achieving
particular hereditary pattern of an anomaly or a syndrome.> Although
abortion has a variety of reasons, but still more than 50% of cases
remain idiopathic which is a controversial issue for both patients
and clinicians? It was suggested that one of the possible reasons for

abortion is thrombophilia, a relatively common disorder.® The disease
inherits or acquires inhibitory proteins in the coagulation cascade
and subsequent occurrence of thrombosis or hypercoagulable due
to misplaced clots.” One of the factors that induce thrombophilia
is hereditary defect due to the presence of factor 2, 5 and 13
polymorphisms.® More than 50 important factors affect blood clotting,
some as coagulation materials which promote coagulation and some
as anticoagulant which inhibit coagulation. Among 12 proteins known
as coagulation factors, factor 2convertsprothrombin to thrombin
which in term converts fibrinogen into fibrin to form a clot (10). On
the other hand, Foliate one of the B vitamins, soluble in water and
in cell acts as a cofactor for pyrine and thymidine synthesis and the
synthesis of methionine from homocysteinemia. Foliate has a critical
mechanism for proper fetal growth and metabolism.! Lack of vitamin
B can lead to mild hyper homocysteinemia.'? Increased concentrations
of homocysteinemia are considered as a reason for failure in the
vascularization of chorionic villi."" Homocysteinemia is converted to
methionine and re-methylated using Foliate as a methyl donor (13).
When there are elevated levels of plasma homo cysteine, a risk factor
for deep vein thrombosis, hyper homocysteinemia or thrombophilia
occur.' Thrombophilia disorders during pregnancy significantly
increase the risk of venous thrombosis and induce susceptibility to
vascular complications during pregnancy and are good reasons for
serious obstetric complications including recurrent miscarriage, fetal
growth retardation, preeclampsia and placental in 1 to 5 percent of
women. '
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Table | The etiology of abortion?

Aneuploidy
Somatic
Genetic causes Sex chromosome
Mendelian disorders
Multifactorial disorders
Parental chromosomal (sullivan et al.2004)
R Autoimmune causes (festin,etal.2007)
Immunologic causes .
Alloimmune causes (porter and scott 2000)
Uterine mullerian anomaly
Uterine septum (the anomaly most commonly
associated with pregnancy loss)
Hemiuterus (unicomuate uterus)
Anatomic causes Bicomuate uterus
Diethylstilbestrol-linked condition
Acquired defects (eg,asherman syndrome)
Incompetent cervix
Leiomyomas
Uterine polyps (saravelos and cocksedge 2010)
Listeria monocytogenes, toxoplasma
gondii, rubella, herpes simplex virus (hsv),
measles, cytomegalovirus and coxsackieviruses.
(ford and schust 2009)
Smoking
Excessive alcohol consumption
Caffeine ( vibeke 2003 )
Diabetes mellitus

Antithyroid antibodies

Luteal phase deficiency ( arredondo and noble
2006 )

Hematologic disorders Thrombophilia ( robertson et al. 2006 )

Infectious causes

Environmental

Endocrine factors

Wasim Almawi et al. 2002 determined the prevalence of the
G20210A genetic variant in factor 2 and G1691A genetic variant

Table 2 Patients’ demographic information’s
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in factor 5 was several times higher in women with a history of
abortion than those of control population with no miscarriage report.'®
Ti Zhang et al. 2013 in a meta-analysis examined the relationship
between five genetic variants in foliate pathway including C677T
in MTHFR gene, A1298C in MTHFR gene, A2756G in MTR gene,
A66G in MTRR gene, A80G in RFC1 gene and the risk of neural tube
defects (NTDs). In this study, significant associations between C677T
in MTHFR and A80G in RFC] variants with increased risk of NTDs
were observed, but other variants of Foliate pathway did not show
a significant association with the risk of NTDs.!” In another study,
HizemSondes et al. 2005 determined that the relationship between
G20201A polymorphism in factor 2gene and G1691A polymorphism
in factor 5 genes had unpleasant pregnancy consequences in
women with idiopathic abortion where G1691A polymorphism with
resistance to protein C is more prevalent.'” The aim of this study
was to investigate the relationship between the polymorphisms with
abortion as genetic risk factors for miscarriage. The results of this
study in larger population could be used in early diagnosis and timely
treatment of idiopathic abortion.

Material and methods
Sampling

In this case-control study, a population of 235 patients (women
with idiopathic abortions) with at least one consecutive abortion and
no record of live birth who were referred to women Kamali Hospital of
Karaj formed the case group. The control group included 250 women
with a history of no miscarriages, stillbirths and/or infertility with at
least one healthy child, with no experience of assisted reproductive
technology (ART). Demographic information of the individuals of
both group including family marriage, blood type, family history
of abortion, marriage age were considered to match the under study
groups (Table 2). The results of the genotyping of each polymorphism
were analyzed by SPSS software and Chi-square test.

Demographic information

Control Group (Percentage) number Patient group (Percentage)number

Family marriage (6%)15
Family history of abortion (18%)45
Abortion Number

Once -

Twice -

Three times -

Blood Type

A+ (12.77%)30
A- (34.04%)80
B+ (8.51%)20
B- -

AB+ (21.28%)50
AB- (8.51%)20
O+ (8.51%)20
O- (12.77%)30

(29.7%)70
(36.1%)85

80(%34.08)
140(%59.75)
15(%6.39)

(21.28%)50
(8.51%)20
(12.77%)30
(4.25%)10
(10.64%)25
(34.04%)80
(8.51%)20

DNA extraction

From each individual, 5 ml of peripheral blood was taken after
physical examination and review of clinical records and verification
of unknown to abortion. DNA was extracted using an extraction kit
(Cinagen, cat# DN8215C) according to manufacturer’s instructions.
For this purpose, first, all products of kit were warmed up to the room
temperature. Lysis buffer was located inside a 37 °C Hot Plate for 10
minutes. For each sample, 100ul of blood was transferred into a micro

tube, 700 ml of lysis buffer was added and placed in a term bloc, and
then vortexed for 15 seconds until sample was homogenized. Then,
we added 500 ml of precipitation buffer, vortexed and centrifuged
at 12000xg for 5 minutes. The supernatant was disposed, 100 ml of
washing buffer was added to the palate, vortexed and centrifuged (2
times) each time, we disposed the supernatant, kept the palate which
was placed inside the term bloc for 5 minute and finally the solvent
buffer was added to and centrifuged for 30 second. Finally, the
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supernatant containing DNA that was used for PCR and electrophoresis
analysis. All individuals of two groups gave written consent.

Primer design

Reference sequence of MTHFR and Prothrombin genes were
selected from the articles. The genes’ sequences containing C677T,
A1298C and G20201A polymorphisms were identified by NCBI
genome browser. The gene specific primers were selected from the
primer 3 website and confirmed by primer blast, NCBI, and then the
primers were ordered to be synthesized (Cinagen Company, Tehran-
Iran).

ARMS PCR

Genetic variant analysis was performed as following: For C677T
polymorphism, two reactions were used for each sample where
primer C as forward primer (5’TGC TGT TGG AAG GTG CAA
GAT3’) and primer N as the reverse primer (5’GCG TGA TGATGA
AAT CGG3’) were used in the first reaction. In the second reactions,
forward primer was used together with primer M asthereverse primer
(5°GCG TGA TGATGA AAT CGA3’). For A1298C polymorphism

Table 3 Primer sequence used in this study
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detection, primer C (5’CCT TTG GGG AGC TGA AGG ACT ACT
AC3’), primer N (5’CAA AGG ACT TCA AAG ACA GTC3’) and
primer M (5°GGT AAA GAA CAA AGA CTT CAA AGA CAC
TGT G3’) were used. For amplification of the gene region containing
G20201Apolymorphism (5’TCT AGA AAC AGT TGC CTG ACA
G3”), (5°GCA CTG GGA GCA TTG AGG ATC3’), (5°GCA CTG
GGA GCA TTG AGG ATT3’) oligonucleotides were used as primer
C, primer N and primer M to amplify the target region containing
the polymorphisms (Table 3).Each reaction contained100ng template
DNA, 200mM of each primer, 9ul master mix (Taq DNA Polymerase,
PCR Reaction Buffer, and 2Mm Mgcl2) with a total volume of
25ul. Reactions were performed using diagnostic kit (Cinagen, cat#
PR8251C) to predict genetic variants based on the protocol. PCR
program was as following: The first denaturationat96°C for2 minutes,
and then 30 cycles of denaturing at 96°C for 30 seconds, annealing
at 63°C for 1 min, extension at 72°C for 1 min., and a final extension
at 72°C for 30 second, respectively. To check the quality of extracted
DNAs and desired PCR products, we used agarose gel electrophoresis
(BIORAD) and spectrophotometry. The results were analyzed by
SPSS (version 19 (and statistical tests such as Fisher-exact test and
Chi-Squaretest.

Polymorphism Type and sequence of primers

Annealing temperature  Sequence length

MTHFR Frw:5-TGCTGTTGG AAG GTG CAA GAT-3 Recommended: CIT:
(C677T) Rev(W): 5-GCG TGA TGATGA AAT CGG-3 63 W#:226 bp
C>T Rev( M ):5-GCG TGA TGATGA AAT CGA-3 60 M*:226 bp
MTHFR Frw:5-CCTTTG GGG AGCTGAAGGACTACTAC-3 Recommended: AIC:
(A1298C) Rev(W): 5-CAA AGG ACT TCA AAG ACA GTC-3 65 W : 120 bp
A>C Rev(M):5-GGT AAA GAA CAAAGA CTT CAAAGA CACTGT G-3 6l M : 127 bp
Prothrombin Frw:5-TCT AGAAACAGTTGC CTGACA G-3 Recommended: G/A :
(G20201A) Rev(W): 5-GCA CTG GGA GCATTGAGG ATC-3 60 W :320 bp
G>A Rev( M ):5-GCA CTG GGA GCATTGAGGATT-3 55 M :320 bp

W*: wild genotype
M*: Mutant genotype

Results

To calculate the frequency of polymorphic genotypes, samples
were classified into two groups. The results of each group were
separately analyzed by Chi-Square test and their significance level
was determined. The results indicated a significant association
between C677T polymorphisms and abortion.CC, CT, TT genotypes
respectively had 0, 0026/0 , 004/0 P-value (Table 4). A1298C
polymorphism also was associated with abortion. AA, AC, CC

Table 4 The results of genotypic C677T polymorphism in patients and controls

genotypes respectively indicated 0, 00025/0 , 0/039 P-value (Table
5). The genotype frequency of G20201Apolymorphism, showed no
significant relationship to abortion. GG, GA genotypes had 0/071,
0/072 P-value (Table 6).In order to classify patients, total of 4 groups
was identified. According to survey, the lowest number of abortions
was found to be in the age group fewer than 20 with frequency of
14.9 percent and the highest number of abortions was found in the age
group over 31 years old with frequency of 38.3 percent.

Genotype Control Group (Percentage) number Patient group (Percentage) number P-Value Odd ratio
cC 190 (%76) 100 (42%) 000/0 (44/0-12/0)
CcT 35 (%14) 75 (32%) 0026/0 (19/6-35/1)
TT 25 (10%) 60(26%) 004/0 (37/7-3111)
Total 250 235

Table 5 The results of genotypic A1298C polymorphism in patients and controls
Genotype Control Group (Percentage) number Patient group (Percentage) number P-Value Odd ratio
AA 175 (%70) 85 (%36) 000/0
AC 60 (%24) 115 (%49) 00025/0 (81/5-59/1)
CcC 15 (%6) 35 (%15) 0/039 (34/8-93/0)
Total 250 235
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Table 6 The results of genotypic G20201A polymorphism in patients and controls

Genotype Control group (percentage) number Patient group (percentage) number P-value Odd ratio
GG 240(96%) 210 (%90) 0/071 (25/0-09/0)
GA 10(%4) 25 (0%1) 0/072 (14/11-79/0)
AA - - - -
Total 250 235
Discussion Yunlei Cao and colleagues in 2014 investigated the relationship

One of the major problems of pregnancy is miscarriage or RPL
(Recurrent Pregnancy Loss).The most common types of abortion is
spontaneous miscarriage with two or more sequential fetus loss. So
far, several factors such as genetic disorders, hormonal, anatomical,
oxidative stress, and environmental factors have been identified that are
introduced as decisive and influential recurrent miscarriage reasons.!
Among genetic variants involved in abortion, alterations in blood
coagulation factors are reported to be important.'? In this study, the most
common variant of coagulation factor 2 that is called Prothrombin and
frequently reported genetic variant of the MTHFR gene were studied.
G20201A genetic variant of coagulation factor 2 causes a defect in
blood coagulation pathway which causes clots or thrombosis in the
veins.!? Following to the change in the protein and as the miscarriage,
while there are other reports that reject the relationship between this
polymorphism and abortions.'*!® Indeed, controversies in different
studies could be related to the differences in the number of studied
patients, differences in selective criterias and/or race of the target
population.?® GihanGawish et al . in 2013 their molecular analysis of
G1691A and G20210Agenetic variants in Saudi Arabia was performed
on 72 patients with abortion history and 70 subjects as control group.
Their result indicated G20210A genetic variant was found to be
comparable to G1691A genetic variant in the patient group; both
variants were more frequent in patient group than in the control group.
Also the frequency of G1691A genetic variant in patients with preterm
abortions and the frequency of G20210A variant were higher in patients
with late-onset abortions (19). However, the results of our study
showed that there was no significant relationship between G20201A
polymorphism and abortion. Another study which was conducted by
Rai and colleagues in 2006, they checked three genetic variants in
thrombophilia include Prothrombin (G20201A), MTHFR (C677T)
and Leiden (G1691A) among 357 Caucasian couples with RM and
68 parous Caucasian couples with no history of miscarriage. They
confirmed that the frequency of each variant alone in patient and
control groups was almost the same, but presence of 3 genetic variants
at the same time in patient group increases risk of miscarriage.”’ The
results of our study were somewhat similar to their results. Folic acid
and homocysteinemia are one-carbon molecules of foliate metabolism
that maintain pregnancy.”® Foliate is required for DNA synthesis and
cell division, so foliate is a key factor for rapid growth of tissues
such as placenta.”? Pregnancy itself is a risk factor for thrombotic,
so when it is combined with hyper homocysteinemia, an important
risk for thromboembolic events forms.**There is growing evidence to
suggest that infertility could be the result of mothers vitamin B to
be set.” S Jill James et al. in 1999 studied the C677T polymorphism
of MTHFR gene in 57 mothers of children with Down syndrome
and also in 50 age-matched mothers as control group. The ratio of
plasma homocysteinemia to methionine and toxicity of methotrexate
lymphocytes were measured as the function of foliate status indication.
The study showed that foliate metabolism in mothers of children
with Down syndrome was abnormal and this may be due to a genetic
variant in MTHFR gene [2 1 ]. The results of our study also indicated
the association between C677T polymorphism and abortion.

between polymorphisms of genes involved in folic acid metabolism
and abortion. In their case-control study, C677T and A1298C
polymorphisms of MTHFR gene, A66G polymorphism in methionine
syntheses reeducates gene, G80A and C696T polymorphisms
of SLCI9A4Igene in 82 women with abortion and 166 healthy
women were studied. They recognized significant associations
between A1298C polymorphism of MTHFR gene and abortion [2 2 ].
Haplotype analysis indicated that combinations of allele C677T
of MTHFR gene and A1298C allele of MTHFR gene is associated with
abortion. Also, they showed that the combinations of allele A1298C
of MTHFR and allele C677T of the same gene and 80G SLC19A1 and
696C SLC19A1 in patients with abortion have less frequencies [2 2 ].
The results of our study was contrary to their results. In our study, the
presence of two polymorphisms (A1298C, C677T) simultaneously in
one patient indicated significant associations with abortion. Given the
high incidence of these polymorphisms in abortion, we may probably
able to use the three above mentioned polymorphisms as molecular
markers for early detection and timely treatment of patients prone to
miscarriage. However, to be able to report the genetic variants as new
markers for abortion, a larger study population is needed to repeat the
experience.?
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