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Methylenetetrahydrofolate reductase gene C677T and A1298C
polymorphisms and susceptibility to recurrent pregnancy loss
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Abstract. Several studies have investigated the link between
two different polymorphisms (C677T and A1298T) of the
gene encoding methylenetetrahydrofolate reductase (MTHFR)
and the risk of recurrent pregnancy loss (RPL); however, the
results remain controversial. This study aimed to provide
greater insight into this debated topic. In the current study, two
groups of pregnant women (group A: RPL women; group B:
non-RPL women), each of which were subdivided further into
two subgroups based on their gestational age, were screened
for C677T and A1298T variants of the MTHFR gene. The
resulting data were analyzed using receiver operating char-
acteristic (ROC) curve and Z test methods to compare the
two groups. These ROC curve and Z test analyses indicated
that there were no differences between the groups regarding
C677T and A1298T expression. RPL is primarily caused by
mutations in prothrombin or factor V Leiden genes. However, a
low percentage of RPL cannot be attributed to these mutations.
In the last five years, research has focused on the MTHFR
gene, the two major variants of which (C677T and A1298T)
have been associated with an increased risk of cardiovascular
diseases (thrombotic events) in homozygous individuals. In
addition, these mutations may be related to an increased rate of
neural tube defects in fetuses. While a link between MTHFR
mutation and RPL may be expected based on previous find-
ings, the present study indicated the absence of an association
between the polymorphisms of the MTHFR gene and RPL
risk.

Introduction

In the last five years, several studies have evaluated whether a
correlation between the C677T and A1298C polymorphisms of
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the methylenetetrahydrofolate reductase (MTHFR) gene and a
higher risk of recurrent pregnant loss (RPL) exists (1,2). The
C677T and A1298C variants of the MTHFR gene, in certain
conditions, may lead to an increase in plasma homocysteine
(Hcy) and homocysteineemia, which can cause endothelial
damage in blood vessels (3). This may increase thromboem-
bolic risk, which in pregnant women can lead to an obstruction
of the placental vessels resulting in recurrent abortions. Thus,
hyperhomocysteinemia is considered a risk factor for recur-
rent pregnancy loss (RPL), and patients with RPL may exhibit
hyperhomocysteinemia; therefore, as part of routine check-up
for RPL, serum homocysteine should be measured. Once
diagnosed, treatment of hyperhomocysteinemia with folic acid
and vitamin B12 is able to markedly decrease homocysteine
levels (3).

Homocysteine (Hcy) is a non-essential, sulfur-containing,
non-proteinogenic amino acid. It is an intermediate metabolite
in the synthesis of methionine (remethylation reaction) and
in the synthesis of cysteine (transulfuration reaction) (3). The
enzymes involved in these metabolic pathways are: i) MTHFR,
the coenzyme for which is vitamin B9, also known as folic acid
(FA)/ folate or pteroyl-L-glutamate; ii) methionine synthetase
(MS), which uses vitamin B12 (cobalamin) as a cofactor; and
iii) cystathionin-f-synthetase (CBS), with vitamin B6 as its
coenzyme (3).

The active form of FA in an organism is derived from a
reduction reaction of FA into tethrahydrofolic acid (tethrahy-
drofolate, THF), with the latter being the true coenzyme of
MTHFR. MTHFR and MS are involved in the recycling of
Hcy into methionine (remethylation reactions), whereby Hcy
acquires a methyl group from 5-MTHF to form the methio-
nine (3). A mild or moderate form of hyperhomocysteinemia
can be caused by folate deficiency, a direct or indirect lack of
5-methilentethrahydrofolate, a functional defect in MTHFR,
MS, CBS orB9, or deficiencies in B12 and B6 vitamins (3).

MTHEFR catalyzes irreversible conversion of 5,10-methy-
lentethrahydrofolate to 5-methiltethrahydrofolate (CH3-THF).
The normal activity of MTHFR aids to maintain folate and
methionine in the bloodstream at constant levels, preventing
Hcy accumulation (3). Polymorphisms in the gene encoding
MTHFR may lower its enzymatic activity. The variant C677T
leads to a substitution of a cytosine into a thymine at posi-
tion 677 within exon 4 of the MTHFR gene. This genetic
variant leads to an amino acidic substitution in position 222
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at the protein level (p.Ala>Val) (3). Individuals carrying the
MTHFRA?222V variant in heterozygous form (genotype
Ala/Val) can exhibit a 35% reduction in enzymatic activity
relative to the basal activity level of non-carriers, while homo-
zygotes for the variant (genotype Val/Val) can exhibit a 30%
reduction in enzymatic activity relative to non-carriers (4). An
additional MTHFR polymorphism associated with a reduc-
tion in enzyme activity is the substitution of an adenine with
a cytosine in position 1,298 (A1298C) (5,6). This variation
leads to the substitution of a glutamate with an alanine in posi-
tion 429 at the protein level (p.429Glu>Ala) (7). It has been
demonstrated that the C677T and A1298C polymorphisms
in heterozygous form, along with a folate deficiency, lead to
increased levels of plasmatic Hey (7).

Patients carrying the C677T polymorphism of MTHFR
in homozygous form (TT), leading to a thermolabile MTHFR
variant, exhibit decreased formation of CH3-THF under
conditions of folate deficiency: This leads to lower production
of S-adenosylmethionine and subsequently lower availability
of methyl groups (-CH3) required for methylation events,
including the methylation of DNA (8.,9). Additionally, the lower
availability of CH3-THF results in reduced remethylation of
Hcy, followed by an increase in plasmatic Hey (hyperhomocys-
teinemia) (8). Conversely, wild-type individuals for the C677T
genotype (CC) are not influenced by folate deficiency, and
thus CH3-THF synthesis for the methylation reaction and for
the conversion of Hcy in methionine is preserved. Regarding
these processes, the C677T and A1298C genotypes should not
affect the availability of CH3-THF under an adequate supply
of folate (9). However, current methods are unable to delineate
a direct correlation between the aforementioned variants of the
MTHFR gene and thromboembolic risk, and in turn, risk of
RPL in pregnant women. The aim of the present study was
to investigate the putative association between the C677T and
A1298C variants and RPL risk.

Subjects and methods

Subjects. A total of 767 pregnant women (mean age,
30+1.2 years) who visited the Unit of Cytogenetic and
Molecular Genetics, ‘Madonna delle Grazie’ Hospital (Matera,
Italy) from January 2010 to July 2016 to undergo molecular
tests for the detection of the C677T and A1298C variants of
the MTHFR gene were enrolled. The pregnant women were
divided into two groups (group A and group B) based on
miscarriage history. The present study protocol was approved
by the Ethics Committee of Basilicata University (Potenza,
Italy) and all participants provided written informed consent.
Pregnant women belonging to group A (n=380) had positive
anamnesis of at least two miscarriage events. These women
exhibited negative responses to antithrombin deficiency, anti-
coagulant C protein and protein S tests, exhibited no increased
resistance to activated C protein, had neither the A20210G
mutation in prothrombin gene nor the G1691A mutation in
Leiden factor V gene (p.Arg506GlIn). They also had a negative
response to antiphospholipid antibodies. The pregnant women
belonging to group B (n=387) were experiencing their second or
third pregnancy and had negative anamnesis for miscarriage, as
well as negative results in the aforementioned clinical tests. All
enrolled patients and their partners carried a normal karyotype.
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Figure 1. Receiver operating characteristic curve for C677T genotype in
the first trimester of pregnancy. The point m with coordinates (0.56, 0.47)
together with the coordinate points (0,0), (1,1) and (1,0) defines a quadrilat-
eral. The latter area was given by: A = Ysspecificity+ Yssensitivity; A =0.45
(95% confidence interval, 0.30-0.56). An area under the curve value of <0.5
(diagonal line) indicates that the outcome measure was not responsive. m,
mid-point.
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Figure 2. Receiver operating characteristic curve for C677T genotype in the
second trimester of pregnancy. The point m with coordinates (0.54,0.47)
together with the coordinate points (0,0), (1,1) and (1,0) defines a quadrilat-
eral. The latter area was given by: A = laspecificity+ Yssensitivity; A =0.46
(95% confidence interval, 0.37-0.67). An area under the curve value of <0.5
(diagonal line) indicates that the outcome measure was not responsive. m,
mid-point.

Groups A and B were further divided into two subgroups
based on gestational age [first trimester (<13 weeks of gesta-
tion) and second trimester (from 17 weeks and 4 days to 26
weeks and 2 days of gestation)]. Thus, the 380 women in group
A were partitioned as those who had a miscarriage during
the first trimester of pregnancy (343/380) and those who had
a miscarriage in the second trimester of pregnancy (37/380).
The 387 women in group B (control group) were partitioned
as those subjected to molecular testing in the first trimester of
pregnancy (244/387) and those subjected to molecular testing
in the second trimester of pregnancy (143/387).

Groups A and B were subjected to preconception
prophylaxis (at least one month prior to conception) with
oral administration of 400 mcg (6S)-5-methyltetrahydrofolic
acid glucosamine salt, 1.75 g myo-inositol, 250 mg
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Figure 3. Receiver operating characteristic curve for A1298C genotype in
the first trimester of pregnancy. The point m with coordinates (0.48,0.52)
together with the coordinate points (0,0), (1,1) and (1,0) defines a quadrilat-
eral. The latter area was given by: A = Ysspecificity+ Y2sensitivity; A =0.51
(95% confidence interval, 0.40-0.67). An area under the curve value of <0.5
(diagonal line) indicates that the outcome measure was not responsive. m,
mid-point.
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Figure 4. Receiver operating characteristic curve for A1298C genotype in
the second trimester of pregnancy. The point m with coordinates (0.46,0.52)
together with the coordinate points (0,0), (1,1) and (1,0) defines a quadrilat-
eral. The latter area was given by: A = aspecificity+ Ysensitivity; A =0.52
(95% confidence interval, 0.44-0.67). An area under the curve value of <0.5
(diagonal line) indicates that the outcome measure was not responsive. m,
mid-point.

D-chiro-inositolo, 120 mg vitamin C; 100 mg methylsulfonyl-
methane and 12.5 mg zinc (Logus Pharma Srl, San Marino,
Italy; cat. no. SM22015 47849).

DNA extraction and molecular analysis. For all subjects,
molecular testing was performed on venous blood samples
(in EDTA-K3) according to the following steps: i) DNA was
isolated from 25 ul venous blood using a DNA extraction kit
obtained from Nuclear Laser Medicine Srl (Settala, Italy; cat.
no. AA1001); ii) to study the C677T and A1298C variants of
the MTHFR gene, the target genomic area was amplified by
polymerase chain reaction (PCR) using two commercial kits
provided by Nuclear Laser Medicine Stl [cat. nos. AA901
(C677T) and AA902 (A1298C)]. Following kit protocols, this
enabled the detection of single nucleotide polymorphisms
using a Rotor-Gene Q MDx (Qiagen Srl, Milan, Italy) using
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fluorescent oligos annealed to specific DNA target sequences
in the gene of interest, and the PCR products were quantified
using the Fluorescent Resonance Energy Transfer method (10);
iii) the variants of the target sequences were measured from
melting curves.

Statistical analysis. The results were compared through
receiver operating characteristic (ROC) curve using JMP soft-
ware version 2 (https:/www.jmp.com/it_it/home.html). The
ROC curve permits assessment of the accuracy of a diagnostic
test. Analysis of a ROC curve is based on the evaluation of the
area under the curve (AUC): This expresses the probability
that the parameter of an individual randomly selected from
the test population is higher than the parameter of an indi-
vidual randomly selected from the control sample. In reality, it
considers appropriate tests with an AUC =80%. The statistical
indicators used to define this graph are specificity (Sp) and
sensitivity (Se). The Sp of a diagnostic test indicates the ability
of the test to correctly separate, in the studied population,
healthy individuals from individuals carrying the medical
condition of interest (11).

Results and Discussion

MTHFR polymorphism genotypes. Of the 380 pregnant women
in group A, 86 heterozygotes and 74 homozygotes for C677T
were identified, while 54 heterozygotes and 32 homozygotes
for A1298C were identified. A total of 103 were compound
heterozygotes, and31 were devoid of mutation.

Of the 387 pregnant women in group B, 100 heterozy-
gotes and 90 homozygotes for C677T were identified. For the
A1298C variant, 35 were heterozygous and 32 were homozy-
gous. A total of 110 subjects were compound heterozygotes
and 20 lacked mutation.

Comparison of polymorphism genotypes in the first and second
trimesters of pregnancy. C677T and A1298C genotype data
were compared between the women in groups A and B in their
first trimester of pregnancy. Additionally, C677T and A1289C
genotype data were compared between the women in groups A
and B in their second trimester of pregnancy. The results were
compared through ROC curve and Z-score statistics.

On ROC curve analysis of all pregnant women in their
first trimester of pregnancy based on the presence of C677T
in MTHFR, an AUC of 0.45 area units (au) with 95% confi-
dence interval (CI) 0.30-0.56 was derived (Fig. 1). From a
statistical point of view, the area under the reference line is
equal to 0.5 au: This value is associated with a diagnostic test
without discriminatory qualities, and thus is null. From this
data, it may be inferred that there was no association between
MTHFR C677T and RPL; therefore, the C677T variant in
the considered sample was not useful regarding diagnostic
value. The probability of identifying an individual carrying
the C677T mutation in the analyzed population was random.
These findings were confirmed by the same analysis (C677T
vs. WT) performed in the pregnant women in their second
trimester of pregnancy. The AUC was 0.46 au with 95% CI
0.37-0.67 (Fig. 2).

Analysis of the A1298C variant in MTHFR was subse-
quently performed. The molecular screening of all women
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in their first trimester obtained an AUC of 0.51 au (95% CI:
0.40-0.67; Fig. 3). In this case, the results indicated that this
screening test was not useful. The negative diagnostic applica-
tion of this molecular screening of A1298C was confirmed
by the same analysis in the women in their second trimester:
The AUC was 0.52 au (95% CI: 0.44-0.67; Fig. 4), indicating
the random effect that an individual carrying this mutation
belonged to the study population rather than the control. This
indicated that there was no association between the A1298C
variant and RLP risk.

In conclusion, based on the present findings, to carry the
C677T and A1298C variants of the MTHFR gene does not
appear to influence predisposition to miscarriage in the first or
second trimester of pregnancy. Thus, it may be unadvantageous
to analyze them for diagnostic aims. However, daily intake of
folic acid remains an important therapeutic practice for preg-
nant women in order to reduce the risk of congenital defects
among other complications (12-14). Regarding MTHFR and
RPL risk, interaction with other genetic variants has also been
speculated (15) and requires investigation.
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