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Abstract

Background: To assess whether the C677T and A1298C mutations in the methylenetetrahydrofolate
reductase (MTHER) gene are associated with recurrent abortion (RA), we determined the frequencies
of the T677 and C1298 mutations in patients and controls.

Materials and Methods: Mutations were determined by a RFLP-PCR method in 53 patients and
61 matched controls.

Results: The frequencies of T alleles were 0.26 in patients and 0.29 in controls. The frequencies of
C/C, T/C and T/T genotypes were 34 (55.7%), 22 (36.1%) and 5 (8.2%) in patients, and 27 (50.9%),
21 (39.6%) and 5 (9.43%) in controls. The C allele frequencies were 0.38 in patients and controls.
C/C, A/C and A/A genotype distributions were 9 (14.8%), 28 (45.9%) and 24 (39.3%) in patients,
and 8 (15.1%), 24 (45.3%) and 21 (39.6%) in controls.

Conclusion: There were no significant differences between patients and controls concerning the
T677 and C1298 mutations.
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Introduction

The methylenetetrahydrofolate reductase (MTH-
FR) enzyme plays important roles in metabolism
of folates, remethylation of homocysteine to me-
thionine and reduces 5, 10-methylenetetrahydro-
folate to 5-methyltetrahydrofolate (1). It has been
established that MTHFR enzyme activity is associ-
ated with mutations within the MTHFR gene. The
two most defined mutations of the MTHFR gene
are missense mutations that include substitution
of cytosine to thymine at nucleotide 677 which re-
sults in the conversion of alanine to valine (2, 3).
Another mutation is the transversion of adenosine
to cytosine at nucleotide 1298 which results in the
conversion of glutamate to alanine (2, 3). The in-
fluence of theses mutations varies in degree from
mild to severe regarding the deficiency of MTHFR
enzyme activity. Folate, as a universal methyl do-
nor, contributes to the synthesis of nucleic acids,
repair and methylation, and gene expression (2, 4,
5). This function implies that gene-nutrient inter-
actions mainly influence the pattern of DNA poly-
morphisms (6, 7). MTHFR C677T and A1298C
SNPs have been associated with human disorders

such as neural tube defects (8-13), cancer (14,15),
cardiovascular and cerebrovascular disease (16-
18), psychiatric diseases (19, 20), arteriosclerosis
(2, 4, 21-23), male infertility (24), hyperhomo-
cysteinemia (2), recurrent pregnancy loss (RPL)
and related complications (25-29). Within our
population, no studies have addressed distribution
of the C677T and A1298C mutations in the MTH-
FR gene in patients with recurrent abortion (RA)
and healthy controls from the Iranian Azeri Turk-
ish. Therefore, we carried out the present study to
evaluate whether C677T and A1298C mutations
in the MTHFR gene are associated with a predis-
position for RA.

Materials and Methods

The Ethics Committee of Urmia University of
Medical Sciences approved the present study. A
minimum sample size of 45 patients in the case
groups had a statistical power of approximately
90% (two-tailed, a=0.05). Totally, 53 cases with
unexplained RA and 61 healthy controls voluntar-
ily entered into the present study. Cases had a his-
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tory of at least three consecutive fetal losses before
20 weeks of gestation from the same partner. Cases
were diagnosed and sequentially selected among pa-
tients referred to the Department of Genetics at Mo-
tahari Hospital (Urmia, West Azerbaijan, Iran), from
the Obstetrics and Gynecology Department at Ur-
mia University of Medical Sciences and other cent-
ers. The control group consisted of fertile females
from the general population who had at least one
uncomplicated pregnancy and no history of abor-
tion. Controls were randomly selected from the
same ethnic group among participants in genetic
counseling sessions which occurred in the Genetic
Center at Urmia University of Medical Sciences.
They were selected with regard to their past medi-
cal history and exclusion of any specific disorders
such as genetic, congenital diseases and history of
pregnancy loss. Patients and controls with vascu-
lar disease, obesity, chromosomal, hormonal, im-
munological and anatomical abnormalities as con-
founding factors were excluded. All individuals
(patients and controls) were matched for age, body
mass index (BMI), ethnicity and geographical re-
gion. Written informed consent was obtained from
patients and controls. DNA was isolated with the
standard method from 2-3 ml EDTA-blood of sam-
ples (30). MTHFR C677T alleles and genotypes
were determined by RFLP-PCR using primers 5'-
CAT CCC TAT TGG CAG GTT AC-3'and 5'-GAC
GGT GCG GTG AGA GTG-3". The reaction pro-
file was: denaturation at 94°C for 30 seconds, an-
nealing at 59°C for 30 seconds, extension at 72°C
for 30 seconds for 35 cycles and 72°C for 5 minute
(31). MTHFR A1298C alleles and genotypes were
determined by RFLP-PCR using primers 5'- ATG
TGG GGG GAG GAG CTG AC -3’ and 5'- GTC
TCC CAA CTT ACC CTT CTC CC-3' and their
reaction program was as follows: denaturation
at 94°C for 30 seconds, annealing at 51°C for 30
seconds, extension at 72°C for 30 seconds for 35
cycles and 72°C for 5 minute (32). Restriction di-
gestion with Hinfl (Fermentas Life Sciences, Ger-
many) and Mboll enzymes (Fermentas Life Sci-
ences, Germany) was used for MTHFR C677T and
A1298C genotyping, respectively. Digestion of

the PCR products was performed at 37°C for two
hours. Separation of fragments was done by elec-
trophoresis on 3% agarose gel containing ethid-
ium bromide. Presence or absent of different frag-
ments were visualized under UV transilluminator.
The presence of T allele at nucleotide 677 of the
MTHFR gene naturally produces a restriction site
for the Hinfl enzyme. Individuals homozygous for
the T allele show two bands of 171 and 94 bp. In-
dividuals homozygous for the C allele show a sin-
gle un-cut band of 265 bp. Those heterozygous for
both the C and T alleles show three bands of 265,
171 and 94 bp (31).

The presence of A allele at nucleotide 1298 of the
MTHFR gene naturally produces a restriction site
for Mboll enzyme. Individuals homozygous for A
allele show two bands of 204 and 37 bp. Individu-
als homozygous for C allele show a single un-cut
band of 241 bp. Individuals heterozygous for C
and A alleles show three bands of 241, 204 and 37
bp (32). The frequencies of alleles and genotypes
of MTHFR gene were determined via direct count-
ing in the studied groups. Cases and healthy con-
trols were tested for their fit to the Hardy-Wein-
berg equilibrium regarding allelic and genotypic
frequencies. For every group, the expected values
were calculated and then data were compared to
the observed genotype frequencies. All frequen-
cies of the MTHFR gene in cases versus healthy
controls were compared using either the y* test or
Fisher’s exact test. For all statistical analysis, the *
and p value, odds ratio (OR) and 95% confidence
interval (CI) were calculated by SPSS v.16.0 and
Microsoft Excel 2003. Two-sided tests were per-
formed and for statistical analysis, a p value less
than 0.05 was considered significant.

Results

The general characteristics of the patients and con-
trols are presented in table 1.

The results of the present study are summarized in
tables 2 and 3.

Figure 1 shows the frequency (%) of MTHFR
C677T and A1298C genotypes and alleles fre-
quencies in cases and controls.

Table 1: Characteristics of patients and controls.

Patients Controls
Ethnicity Native Azeri Turkish ~ Native Azeri Turkish
No. of abortions (median) 32+1.1(3) 0
No. of successful live-births 0 at least two
Mean age (years) 283+£53 29.6 5.0
BMI* (kg/m?) 248+34 233+32

* y=0.9, df =4, p= 0.3>0.05
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Table 2: MTHFR C677T and A1298C genotypes and allele frequencies in cases and controls.

Genotype/allele  F (%F) F (%F) OR (95%CI) e P-value
cases controls
MTHFR C677T
T/T 5(8.197) 5(9.434) 0.86(0.23-3.14) 0.05425 0.816
T/C 22 (36.07) 21(39.62) 0.86(0.4-1.84) 0.15275 0.696
C/C 34 (55.74) 27(50.94) 1.21(0.58-2.54) 0.26203 0.609
T 32(26.23) 31(29.25) 0.86(0.48-1.54) 0.25797 0.612
C 90 (73.77) 75(70.75) 1.16 (0.65-2.08) 0.25797 0.612
MTHFR A1298C
C/C 9(14.75) 8(15.09) 0.97(0.35-2.73) 0.00259 0.959
A/C 28 (45.9) 24 (45.28) 1.03(0.49-2.15) 0.00437 0.947
A/A 24 (39.34) 21(39.62) 0.99(0.47-2.1)  0.00092 0.976
C 46 (37.7) 40(37.74) 1(0.58-1.71) 2.3E-05 0.996
A 76 (62.3) 66 (62.26) 1(0.59-1.71) 2.3E-05 0.996

Table 3: MTHFR C677T/A1298C combined genotype frequencies in cases and controls.

Combined F (%F) F (%F) OR (95%CI) e P-value
C677T/ A1298C  cases controls

AC/AC 10 (16.39) 7(13.21) 1.289(0.45-3.66) 0.227 0.634
AC/CC 16 (26.23) 14 (26.42) 0.99 (0.43-2.28)  5E-04 0.982
AC/CT 10 (16.39) 10(18.87) 0.843(0.32-2.22) 0.12 0.729
AC/AT 11 (18.03) 10(18.87) 0.946 (0.37-2.44) 0.013 0.909
AT/CT 2(3.279) 0(0) - 1.769 0.184
cc/cc 8(13.11) 6(11.32) 1.182(0.38 -3.66) 0.085 0.771
AT/AT 3(4918) 4(7.547) 0.634(0.14-297) 0.34 0.56
CC/CT 1(1.639) 1(1.887) 0.867(0.05-14.2) 0.01 0.92
CT/CT 0(0) 1(1.887) 0 1.161 0.281
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Fig 1: Frequency of MTHFR C677T and A1298C genotype
and allele frequencies in cases and controls.
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Fig 2: Frequency and percentage of frequency of MTHFR
C677T/A1298C combined genotype in cases and controls.

The frequencies of C and T alleles were 0.74
and 0.26 in the patient group and 0.71 and 0.29
in healthy controls, respectively. The frequencies
of C/C, T/C and T/T genotypes were 34 (55.7%),
22 (36.1%) and 5 (8.2%) in patients, whereas they
were 27 (50.9%), 21 (39.6%) and 5 (9.43%) in
healthy controls. The C and A allele frequencies
were 0.38 and 0.62 in patients, and 0.38 and 0.62
in healthy controls. C/C, A/C and A/A genotypic
distributions among patients were 9 (14.8%), 28
(45.9%) and 24 (39.3%), whereas they were 8
(15.1%), 24(45.3%) and 21(39.6%) in healthy
controls, respectively. Alleles and genotypes were
consistent with the Hardy-Weinberg equilibrium
in patients (C677T: ¢*=0.28, df=2, p=0.86; and
A1298C: ¥*=0.03, df=2, p=0.98) and healthy con-
trols (C677T: ¥*=0.09, df=2, p=0.95; and A1298C:
v*=0.07, df=2, p=0.96). Graph 2 shows the fre-
quency and percentage of the MTHFR C677T/
A1298C combined genotype among cases and
controls. The compound genotype (haplotype) fre-
quencies of the A1298C and C677T mutations in
the MTHFR gene in patients versus healthy con-
trols were: AC/AC [10 (16.39%) vs. 7 (13.21%)],
AC/CC[16(26.23%) vs. 14 (26.42%)], AC/CT[10
(16.39%) vs. 10 (18.87%)], AC/AT [11 (18.03%)
vs. 10 (18.87%)], AT/CT [2 (3.279%) vs. 0 (0%)],
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CC/CC [8 (13.11%) vs. 6 (11.32%)], AT/AT [3
(4.918%) vs. 4 (7.547%)], CC/CT [1 (1.639%) vs.
1 (1.887%)] and CT/CT [0 (0%) vs. 1 (1.887%)],
respectively. The comparisons of the alleles, gen-
otypes and haplotype frequencies of MTHFR,
C677T and A1298C mutations between the pa-
tients and the healthy controls imply that there are
no statistically significant differences. Figures 3
and 4 are representative images of the gels.

1 2 3 4 5 6
250p @) @D @D o® e

171bp g -

94 bp -

MTHFR C677

Fig 3: Eight samples were analyzed for MTHFR C677T
mutation using Hinf I based RFLP-PCR by electrophore-
sis on a 3% agarose gel. C/C: homozygous for wild allele;
C/T: heterozygous for wild allele and mutant allele; T/T:
homozygous for mutant allele). (Lane 10: Marker, 100 bp
DNA ladder; Lanes 3, 4, 5, 6, 8, 9: C/C genotype-[265-bp
un-cutf; Lanes 1, 2: C/T genotype-(265,171,94-bp); Lane 7:
T/T genotype-(94-bp).

7 8 9 1011 12 13 Marker

241 bp—s -
204bp—

CC AA AA AA (C AC AC AC
MIHFR A1298C

Fig 4: Thirteen samples were analyzed for MTHFR A1298C
mutation using Mboll based RFLP-PCR by electrophore-
sis on a 3% agarose gel. (A/A: homozygous for wild allele;
C/A: heterozygous for wild allele and mutant allele; C/C, ho-
mozygous for mutant allele). (Lane 14: Marker, 100 bp DNA
ladder; Lanes 1, 5, 10, 13: C/C genotype-(241-bp); Lanes 6,
7, 8, 9, 12: C/A genotype-(241,204-bp); Lane 2, 3, 4, 11: A/A
genotype-(204-bp).

Discussion

Low levels of nutrients such as folate have been
associated with abnormal epigenetic features and
methylation of DNA, which leads to susceptibility
and the development of human diseases (33). In
the present study, we determined both the allelic
and genotypic frequencies of MTHFR, C677T and
A1298C polymorphisms in a control group (fer-
tile females) and patients with unexplained RA in
the Iranian Azeri Turkish (Urmia, Iran). MTHFR
enzyme activity in the homozygote T/T and het-
erozygote C/T at position 677 MTHFR gene was
30% and 65% of the homozygote CC genotype,
respectively. Interestingly, MTHFR enzyme ac-
tivity in the compound heterozygote genotype for
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MTHFR (C677T/A1298C) is less than carriers
for 677T or the 1298C alleles in the MTHFR gene
(3, 34). It has been documented that the defective
form of MTHFR enzyme is a predisposal factor
for RA via increased levels of homocysteine (35).
Several studies have examined the association be-
tween MTHFR SNPs and risk of predisposition to
RA. Some have described an association between
MTHEFR SNPs at positions 677 (T allele) and 1298
(C allele) and unexplained RPL (25-29). Our find-
ing shows that differences of MTHFR C677T and
A1298C alleles, genotypes and haplotype frequen-
cies between patients with RA and healthy controls
were not statistically significant. These results fail
to suggest that the C677T and A1298C mutations in
the MTHFR gene play a role in RA predisposition.
Our analysis has also shown that carriers for 677T
or 1298C alleles and individuals who are com-
pound heterozygous for MTHFR C677T/A1298C
genotypes in the MTHFR gene were more frequent
in our population. In our studied groups, the fre-
quencies of AT/CT, CC/CT and CT/CT haplotypes
in MTHFR gene were fewer than other haplotypes
and their distributions equaled each other. In the
case of CC/CC and AT/AT haplotype frequencies
in the MTHFR gene, no differences were found.
Several investigations have reported no associa-
tion between the C677T and A1298C mutations
in the MTHFR gene and unexplained RA (36-45).
Behjati et al. (2006), in a study on patients with
infertility and recurrent spontaneous abortion re-
ported that the MTHFR 677T mutation frequency
was more frequent among recurrent spontaneous
abortion patients compared to controls (63.1% vs.
38.7%) and the MTHFR 677T mutation in patients
with infertility was not statistically different from
those of controls (50.0% vs. 38.7%) (46).

Yenicesu et al. analyzed 12 thrombophilic gene
mutations including FV Leiden, factor V H1299R,
factor II prothrombin G20210A, F XIII V34L,
beta-fibrinogen -455G>A, plasminogen activa-
tor inhibitor-1, GPIlla L33P (HPA-1 a/b L33P),
MTHEFR C677T, MTHFR A1298C, ACE I/D, Apo
B R3500Q and Apo E in Turkish couples with
RPL and reported that heterozygous mutations
of FV Leiden, FXIII V34L, GPIlla L33P, Apo E4
and prothrombin G20210A, and homozygous mu-
tations of PAI-land MTHFR C677T were associ-
ated with RPL (47). According to their research,
no association with RPL was noted with factor
V HI1299R, beta-fibrinogen -455G>A, MTHFR
A1298C, ACE I/D and Apo B R3500Q (47). The
etiology of RA is still unclear (48), therefore con-
troversial findings may be the results of ethnic dif-
ferences in populations (49). The role of genetic



and environmental factors in susceptibility and
predisposition to RA is individual-specific which
can be related to genetic polymorphisms. To the
best of our knowledge, the present study is the first
study on MTHFR SNPs at positions C677T and
A1298C as well as allelic, genotypic and haplo-
typic frequencies in women with normal fertility
and those with unexplained RA in Iranian Azeri
Turkish.

Conclusion

Our results imply that MTHFR C677T and A1298C
SNPs have not been associated with fetal loss in
the tested group.
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