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Abstract

About 10%–15% of conceptions are lost spontaneously prior to 20 weeks. Apart from the
clinical problems, genetic variations have also been proposed as a susceptibility factor to
miscarriage. Glutathione peroxidase 1 (GPX1) and catalase (CAT) encode two antioxidant
enzymes that detoxify H2O2 and protect the cells from oxidative damage. A functional
polymorphism at codon 198 of the GPX1 gene causes a C/T substitution in exon 2, which
encodes for either proline or leucine (Pro198Leu). The CAT gene has a polymorphic site in the
promoter region at position !262 (C-262T) which alters the expression and enzyme blood
levels, leading to some pathological clinical conditions. In this study, we evaluated the
association of these two polymorphisms with the risk of spontaneous abortion. Genomic DNA
from 105 cases with spontaneous abortion and 90 healthy women were genotyped using
allele-specific PCR (AS-PCR) and polymerase chain reaction - restriction fragment length
polymorphism (PCR-RFLP). The genetic distributions for GPX1 did not differ significantly
between cases and controls (p¼ 0.680). However, C-262T polymorphism was significantly
associated with the risk of the disease (OR, 5.50; 95% CI, 1.43–21.09; p¼ 0.012). In conclusion,
this study indicates that CAT !262T/T genotype confers less susceptibility to spontaneous
abortion, while GPX1 Pro198Leu polymorphism may not be correlated with the disease.

Abbreviations: CAT: catalase; GPX1: glutathione peroxidase 1; AS-PCR: allele specific-
polymerase chain reaction; RFLP: restriction fragment length polymorphism; ROS: reactive
oxygen species; SNP: single nucleotide polymorphism; BMI: body mass index; ETS: exposure to
environmental tobacco smoke
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Introduction

The balance between oxidant and antioxidant forces has a
pivotal role in the maintenance of physiological conditions as
in normal pregnancy. However, damage from reactive oxygen
species (ROS) including hydroxyl radicals, superoxide anion,
hydrogen peroxide, and nitric oxide in the absence of efficient
antioxidant defenses leads to a variety of pathological and
clinical conditions such as pregnancy complications [Wang
et al. 1991].

Spontaneous abortion is defined as the pregnancy termin-
ation before 20 weeks of gestation, with an incidence up to
10%–15%. The true incidence is not well known because
many abortions occur before pregnancy is clinically recog-
nized [Tummers et al. 2003]. Fetal chromosomal

abnormalities, increased maternal age, and some maternal
diseases such as uterine structural abnormalities, diabetes,
infections, endocrine and immune disorders, as well as
environmental factors like cigarette smoking and radiation
exposure are associated with pregnancy loss [Clifford et al.
1994; Fretts et al. 1995]. Apart from these factors, it has been
proposed that the imbalance between ROS production and
antioxidant defense is also involved in spontaneous abortion
[Lagod et al. 2001].

There are two antioxidant enzymes, namely glutathione
peroxidase 1 (GPX1) and catalase (CAT), which protect the
cells against ROS by controlling hydrogen peroxide concen-
trations through its conversion to water and oxygen [Rohrdanz
and Kahl 1998]. Glutathione peroxidase 1 is a cytosolic
selenium-dependent enzyme, whose gene is located on
chromosome 3p21 and is comprised of two exons [Flohe
1988; Kiss et al. 1997]. Among several single nucleotide
polymorphisms (SNPs) that have been accounted for this
gene, a functional SNP at codon 198 in exon 2 alters the
protein coding region due to substitution of proline with
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leucine (Pro198Leu, rs1050450) [Foster et al. 2006; Moscow
et al. 1994]. Studies have shown that the Leu variant is less
responsive to increased selenium levels than the Pro allele,
making it responsible for some diseases [Hu and Diamond
2003]. Todorova et al. [2005] found that diabetic patients with
spontaneous abortion have increased GPX expression but
reduced selenium levels, suggesting that weak antioxidant
defenses may lead to spontaneous abortion [Todorova et al.
2005].

Catalase is an ubiquitous antioxidant enzyme which is
most abundantly found in the liver, kidney, and erythrocytes
[Deisseroth and Dounce 1970]. The CAT gene is located on
chromosome 11p13 and consists of 13 exons. Its transcription
start site is preceded by a GC-rich, TATA-less promoter
containing several Sp1 binding sites [Quan et al. 1986].
A functional SNP in the promoter region of the CAT gene
results from C/T substitution at position !262 (C-262T,
rs1001179). It has been demonstrated that the T allele has a
significantly higher transcriptional activity than the C variant,
leading to higher catalase levels in the T/T genotype
[Forsberg et al. 2001]. Since there is more protection against
H2O2 accumulation in cells with high catalase expression, it is
possible that the variability associated with this polymorph-
ism plays a role in response to oxidative stress [Chang et al.
1999]. Thus, in this study we investigated the role of GPX1
Pro198Leu and CAT C-262T polymorphisms on the risk of
spontaneous abortion in northern Iran.

Results and Discussion

The characteristics of the subject population are summarized
in Table 1. The range of each characteristic are presented and
means are presented in parenthesis. There was no significant
difference in body mass index (BMI), exposure to environ-
mental tobacco smoke (ETS), and age distributions between
cases and controls. Table 2 shows the effect of GPX1
Pro198Leu and CAT C-262T polymorphisms on the risk of
spontaneous abortion. The size of PCR products for both
CAT alleles was 340 bp (Figure 1A). Similarly, as shown in
Figure 1(B), samples homozygote for the GPX1 Leu/Leu
genotype revealed a 314 bp fragment. Individuals carrying the
Pro/Leu genotype produced 314, 237, and 77 bp fragments

upon restriction digestion with ApaI. The Pro/Pro homozy-
gotes yielded 237 and 77 bp fragments (Figure 1B). For
GPX1, genotype frequencies were 11.4% for Pro/Pro, 82.9%
for Pro/Leu, and 5.7% for Leu/Leu among women
with abortion, and 10.0% for Pro/Pro, 86.7% for Pro/Leu,
and 3.3% for Leu/Leu in the control group. We found no
significant difference in genotype distributions of GPX1
between cases and controls (p¼ 0.680). The allele frequencies
also revealed no significant difference between the two
groups (p¼ 0.993).

For CAT, genotype frequencies were 4.8% for T/T, 74.3%
for C/T, and 20.9% for C/C among cases, and 11.1% for T/T,

Table 1. Characteristics of the samples.

Characteristics
Women with abortion

(n¼ 105)
Controls
(n¼ 90)

Maternal Age (mean) 18–44 (28.8) 20–40 (27.4)
BMIa (mean) 18.4–29.3 (23.5) 19.0–27.6 (24.0)
Daily ETSb (%) 17 (16.1) 13 (14.4)
Number of abortion (%)

1 51 (48.6) –
2 24 (22.8) –
#3 30 (28.6) –

Number of live births (%)
0 58 (55.2) –
1 38 (36.1) 29 (32.2)
2 9 (8.5) 45 (50.0)
#3 – 16 (17.7)

aBMI: Body Mass Index (kg/m2), bETS: Exposure to Environmental
Tobacco Smoke

Table 2. Genotype and allele distributions of GPX1Pro198Leu and CAT
C-262T.

Controls (%) Cases (%) OR (95% CI) p Value

GPX1 Pro198Leu
Pro/Pro 9 (10.0) 12 (11.4) 1.00 (Ref)
Pro/Leu 78 (86.7) 87 (82.9) 0.83 (0.33–2.09) 0.702
Leu/Leu 3 (3.3) 6 (5.7) 1.50 (0.29–7.68) 0.626
Pro 96 (53.3) 111 (52.9) 1.00 (Ref)
Leu 84 (46.7) 99 (47.1) 1.01 (0.68–1.51) 0.925

CAT C-262T
T/T 10 (11.1) 5 (4.8) 1.00 (Ref)
C/T 72 (80.0) 78 (74.3) 2.16 (0.70–6.64) 0.176
C/C 8 (8.9) 22 (20.9) 5.50 (1.43–21.09) 0.012
T 92 (51.1) 88 (41.9) 1.00 (Ref)
C 88 (48.9) 122 (58.1) 1.44 (0.97–2.16) 0.069

GPX1: glutathione peroxidase 1; Pro/Leu: proline/leucine; CAT:
catalase.

Figure 1. Agarose gel electrophoresis of CAT and GPX1 PCR products.
The PCR-products were visualized following ethidium bromide staining.
(A) Allele-specific polymerase chain reaction amplification of CAT
using one reveres and two forward allele-specific primers. Lanes: (M),
100 bp DNA marker; (1), (2), and (3) show the CAT C/C, C/T, and T/T
genotypes, respectively. (B) GPX1 fragments generated by PCR after
digestion with ApaI. Lanse: (M), 50 bp DNA marker; (1), fragments
presenting homozygote Leu/Leu genotype; (2), fragments indicating
heterozygote Pro/Leu genotype; (3), fragments showing homozygote
Pro/Pro genotype. CAT: catalase; GPX1: glutathione peroxidase 1; PCR:
polymerase chain reaction.
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80.0% for C/T, and 8.9% for C/C among controls. There was a
significant association between C/C genotype and the
increased risk of spontaneous abortion (OR, 5.50; 95% CI,
1.43–21.09; p¼ 0.012,). The allele frequencies showed no
significant difference between cases and controls, but there
was an increased risk of spontaneous abortion among women
carrying the C allele (OR, 1.44; 95% CI, 0.97–2.16;
p¼ 0.069, Table 2).

Placental structure has an important role in maintaining
the embryo during pregnancy, and its high metabolic rate
leads to an increased generation of ROS [Safronova et al.
2003]. The elevated oxidative stress along with inefficient
antioxidant status in placenta impairs its function and may
result in fetal abnormalities or miscarriage [Jauniaux et al.
2000]. In spite of considerable progress in identifying the
causes of spontaneous abortion, the etiology remains unclear
in about 40% of the cases [Hempstock et al. 2003]. In recent
years, there has been an increasing interest in gene
polymorphisms as a susceptibility factor. It is possible that
the balance of oxidants and antioxidants is affected by
numerous genetic variants, as well as endogenous and
exogenous factors [Sata et al. 2003; Shin et al. 2010]. Allele
substitutions in antioxidant enzymes may cause functional
changes and play an important role in host response to
oxidative stress. In this study, we evaluated functional
polymorphisms of GPX1 and CAT to determine their role in
spontaneous abortion. This is the first study, to our
knowledge, which attempts to detect such an association.

Glutathione peroxidase 1 is the main antioxidant enzyme
to reduce hydrogen peroxide in normal conditions while CAT
protects against severe oxidative stress [Kinnula et al. 1992].
Qanungo and Mukherjea [2000] observed enhanced CAT
activities in placental and fetal tissues against ROS toxicity in
the feto-placenal system. The best known polymorphism of
GPX1 is Pro198Leu, with the Leu allele being less responsive
to the stimulation of enzyme activity during selenium
supplementation [Moscow et al. 1994]. The most widely
studied polymorphism of CAT results from C/T substitution at
position !262. Forsberg et al. [2001] reported that the T
variant causes an increased basal expression in different cell
types and has a higher enzyme activity in red blood cells.

As the above-cited function of CAT, it is supposed that in
severe oxidative stress conditions present in placenta, the
role of this enzyme is more significant. Thus, any change
in gene expression that enhances CAT activity, as the case in
T/T genotype, may lead to efficient detoxification and
prevention of spontaneous abortion [Forsberg et al. 2001].
Consistent with this hypothesis, our results demonstrated
that the risk of spontaneous abortion had increased in
women with C/C genotype. Reduced risk of the T allele has
also been reported in patients with type 1 diabetes
[Chistiakov et al. 2004], hypertension [Jiang et al. 2001],
and breast cancer [Ambrosone et al. 2005]. Overdominant
selection favoring heterozygotes and associative overdomi-
nance can lead to excess of heterozygote observed in the
results.

In conclusion, the current study indicates that CAT
!262C/C genotype significantly increases the risk of
spontaneous abortion but the GPX1 Pro198Leu polymorph-
ism may not be associated with this susceptibility. However,

larger population-based studies are needed to clarify the
results.

Materials and Methods

Sampling

In this study, 105 women with spontaneous abortion and
90 women with normal pregnancy history were investigated.
All the participants resided in Guilan province and attended
the study between September 2011 and March 2012. Clinical
data including age at abortion, number of abortions, history of
medications, and disease backgrounds as well as other factors
were recorded for all the samples. Excluded criteria were:
chromosomal abnormalities, reproductive diseases, maternal
endocrine and immune disorders, maternal coagulation
defects, hormonal treatment, irregular menstrual cycle,
thrombophilia, antiphospholipid syndrome, rhesus incompati-
bility, and anti-inflammatory drugs. This research was
approved by the local institutional review board. Informed
consent was obtained from all participants and ethical
principles of the Helsinki Declaration were followed.

DNA extraction

For each sample, 2 ml blood was collected by venipuncture
and drawn into EDTA-K3 coated tubes (Venoject, Belgium).
Genomic DNAs were extracted from peripheral leukocytes
using DNG-plus kit (CinnaGen, Iran) following standard
procedures. Extracted DNAs were stored at !20$C until
further analysis.

Genotyping

The GPX1 Pro198Leu and CAT C-262T genotypes were
determined by polymerase chain reaction - restriction frag-
ment length polymorphism (PCR-RFLP) and allele-specific
PCR (AS-PCR), respectively. PCR amplifications were
carried out in a total volume of 25 ml containing 30 ng
genomic DNA, 1x PCR buffer, 1.5 mM MgCl2, 0.2 mM
dNTP, 0.5 mM each primer, and 1.5 U of super Taq DNA
polymerase (Gen Fanavaran, Iran). Primer sequences were
as follows: for GPX1, 50-GTGTGCCCCTACGCAGGTA-30

(forward) and 50-CACACAGTTCTGCTGACACC-30

(reverse); for CAT, 50-GCCCTGGGTTCGGCTATC-30 (for-
ward C allele), 50-GCCCTGGGTTCGGCTATT-30 (forward T
allele) and 50-GGTTTGCTGTGCAGAACACT-30 (common
reverse). The thermal profile started with initial denaturation
at 95$C for 5 min, followed by 35 cycles of denaturation at
95$C for 45 s, annealing at 54$C for GPX1 and 56$C for CAT
for 45 s, extension at 72$C for 45 s, and completed with a final
extension at 72$C for 5 min. The size of PCR products for
both CAT alleles was 340 bp.

For genotyping GPX1, 314 bp PCR products were digested
in a total volume of 32 ml containing 0.1 mg DNA, 1x Buffer,
and 10 U of ApaI (Fermentas, USA) at 37$C overnight. The
digested products were separated on 3% agarose gel stained
with ethidium bromide and visualized under UV light.
Samples homozygote for Leu/Leu genotype revealed a
314 bp fragment. Individuals carrying the Pro/Leu genotype
produced 314, 237, and 77 bp fragments. The Pro/Pro
homozygotes yielded 237 and 77 bp fragments.
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Statistical analysis

Genotype and allele frequencies were calculated in each
group. The differences in genetic distributions between
patients and controls were estimated by chi-square (!2) test.
Odds ratios (OR) and 95% confidence intervals (95% CI)
were calculated for each genotype. A value of p50.05 was
considered statistically significant. All statistical analyses
were conducted by MedCalc statistical software (Version
12.1, Belgium).
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