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Abstract

PURPOSE: To invesfigate the association between polymorphisms in genes that encode enzymes involved in folate- and
vitamin B 12-dependent homocysteine mefabolism and recurrent sponfaneous abortion (RSA). METHODS: We investigated the
C677T and A1298C polymorphisms of the methylenetetrahydrofalate reductase gene (MTHFR), the A2756G polymorphism
of the methionine synthase gene (MS) and the 844ins68 insertion of the cystathionine beta synthetase gene [CBS). The PCR
technique followed by RFLP was used o assess the polymorphisms; the serum levels of homocysteine, vitamin B, and folate were
invesfigated by chemiluminescence. The EPI Info Software version 6.04 was used for stafistical analysis. Parametric variables
were compared by Student's Hest and nonparametric variables by the VWilcoxon rank sum test. RESULTS: The frequencies of
gene polymorphisms in 89 women with a history of idiopathic recurrent miscarriage and 150 conirols were 19.1 and 19.6%
for the C67 7T, insertion, 20.8 and 26% for the A1298C insertion, 14.2 and 21.9% for the A2756G insertion, and 16.4 and
18% for the 844ins68 insertion, respectively. There were no significant differences between case and control groups in any of
the gene polymorphisms investigated. However, the frequency of the 844ins68 insertion in the CBS gene was higher among
women with a history of loss during the third frimester of pregnancy (p=0.003]. Serum homocysteine, vitamin B, , and folate levels
id not differ between the polymorphisms studied in the case and control groups. However, linear regression analysis showed a
dependence of serum folate levels on the maintenance of tHey levels. CONCLUSION: The investigated gene polymorphisms
and serum homocysteine, vitamin B, , and folate levels were not associated with idiopathic recurrent miscarrioge in the present
study. Further invesfigations are needed in order to confirm the role of the CBS 844ins68 insertion in recurrent miscarriage.

Resumo

OBJETIVO: Investigar a associagdo entre polimorfismos nos genes que codificam enzimas envolvidas no mefabolismo
da homocisteina dependente de folato e vitamina B12 e aborio esponidneo recorrente. METODOS: Investigamos os
polimorfismos C677T e A1298C no gene methilenotetrahidrofalato redutase (MTHFR); o polimorfismo A2756G no gene
metionina sinfase [MS] e a insercdo 844ins68 no gene da cisfationina befassintefase (CBS). A técnica de PCR seguido
por RFLP foi ufilizada para investigar os polimorfismos. Os niveis séricos de homocisteina, vitamina B12 e de folato foram
investigados pela técnica de quimioluminescéncia. O Software Epi Info versdo 6.04 foi utilizado para realizar a andlise
estafistica. As varidveis paramétricas foram comparadas pelo feste t de Student e as varidveis ndo paramétricas pelo teste
de Wilcoxon rank sum. RESULTADOS: As frequéncias dos polimorfismos génicos em 89 mulheres com histéria de aborio
recorrente idiopdtico e 150 confroles foram de 19,1 e 19,6% para o C6/7T, 20,8 e 26% para o A1298C; 14,2 e
21,9% para 0 A2756G e 16,4 e 18% para a insercdo 844ins68, respectivamente. Néo houve diferengas significantes
entre os grupos caso e controle em todos os polimorfismos dos genes investigados. No entanto, a frequéncia da insercdo
844ins68 no gene CBS foi maior entre mulher com histérico de perdas no terceiro frimestre da gravidez p=0.003). Os niveis
de homocisteina, vitamina B12 e folato séricos ndo foram diferentes enfre os polimorfismos estudados nos grupos casos e
controles. No enfanto, a andlise de regressdo linear mostrou dependéncia dos niveis séricos de folato na manutengdo dos
niveis de homocisteina. CONCLUSAQ: Os polimorfismos génicos invesfigados, assim como homocisteina, vitamina B12 e
os niveis séricos de folato néo foram associados com abortos recorrentes idiopdtico no presente estudo. Novas investigagdes
devem ser realizados a fim de confirmar o papel da insercdo 844ins68-CBS nos abortos recorrentes.

Correspondence

Marilda Souza Gonealves

Gongalo Moniz Research Center/FIOCRUZ
Rua Waldemar Falcdo, 121 — Brotas

Tip code: 40295001

Salvador (BA), Brozil

Received
11/24/2014

Accepted with modifications
12/03/2014

DOI: 10.1590,/50100-720320140005223

Laboratério de Hematologia, Genética e Biologia Computacional, Centro de Pesquisas Gongalo Moniz, Fundagdio Oswaldo Cruz —
FIOCRUZ - Salvador (BA), Brazil.
'Cenfro de Pesquisas Gongalo Moniz, Fundagdo Oswaldo Cruz — FIOCRUZ — Salvador (BA), Brazil.

?Programa de Pés-graduagdo em Biotecnologia em Satde e Medicina Investigativa, Centro de Pesquisas Gongalo Moniz, Fundagdo

Oswaldo Cruz — FIOCRUZ - Salvador (BA), Brazil.

*Deparfamento de Ginecologia e Obstefricia, Universidade Federal da Bahia — UFBA — Salvador (BA), Brazil.
Conflict of interests: none.



72

Introduction

Folate is essential for normal DNA and RNA bio-
synthesis and it is required for homocysteine metabolism.
It appears obvious that folate is essential for normal fetal
development, and during pregnancy, women have an
increased physiological need for this vitamin'.

Homocysteine (tHcy) is a sulphur-containing in-
termediate in methionine metabolism, which can be
catabolized in the transsulphuration pathway (vitamin
B6-dependent) or remethylated to methionine (folate- and
cobalamin-dependent)’. Two main factors affect homocys-
teine concentration in humans: diet, specially the intake
of folate and vitamin B12, and polymorphism in genes
which encode enzymes or transport proteins involved in
the folate- and vitamin B12-dependent homocysteine
metabolism®*.

The dietary intake of essential micronutrients deter-
mines the efficiency of homocysteine metabolism in gen-
eral, and the reduction in the dietary intake of B complex
vitamins such as folate, B6 and B12 leads to an increase in
the levels of plasma homocysteine’®. The MTHFR gene
polymorphisms are commonly associated with hyperho-
mocysteinemia’®. The best characterized MTHFR gene
polymorphism consists of a 677C to T transition, which
results in an alanine to valine substitution in the predicted
catalytic domain of the enzyme. This is a risk factor for
neural tube defects and recurrent embryo loss in pregnant
women”'’. A second prevalent gene polymorphism which
is associated with the in-vitro decrease of the enzyme
activity is an A to C transversion at nucleotide 1298,
resulting in a glutamine to alanine substitution in the
enzyme molecule. Although it has been shown that the
A1298C gene polymorphism, in either heterozygousity or
homozygousity, is not associated with higher plasma tHcy
concentrations, combined heterozygousity of the C677T
and A1298C polymorphisms is associated with reduced
MTHER specific activity and higher tHcy concentrations
when compared with heterozygosity for either variant'!.
Other enzymes, such as methionine synthase (MS), also
play an important role in homocysteine metabolism; and
its activity reduction due to A2756G polymorphism or
inadequate cofactor (vitamin B12) concentrations may
result in elevated homocysteine levels'?. On the other
hand, the cystathionine beta-synthetase (CBS) catalyzes
the condensation of serine and homocysteine in order to
form cystationine, and abnormality in CBS activity is
manifested in two clinical conditions: hyperhomocys-
teinemia and homocystinuria'®. The 844ins68 insertion
of the CBS gene, apparently, does not cause a decrease of
enzyme activity, but the allele carriers have an impaired
gene transcription'®. Several complications in pregnancy
have been attributed to hyperhomocysteinemia, such as

neural tube defects, pre-eclampsia and recurrent preg-
nancy loss™'*".

The aim of this study was to investigate polymor-
phisms in genes that encode enzymes involved in folate-
and vitamin B12-dependent homocysteine metabolisms,
such as C677T and A1298C in the MTHFR gene, the
A2756G in the MS gene and the 844ins68 insertion in
CBS gene in a group of women with recurrent pregnancy
loss and in a group of women that comprised the controls,
investigating its association with serum levels of vitamin
B12, folate and homocysteine.

Methods

Subjects

We performed a case-control study in order to investigate
the association between polymorphisms in genes that encode
enzymes involved in folate- and vitamin B, -dependent
homocysteine metabolism and recurrent spontaneous abor-
tion (RSA). The study included 89 women with at least
two consecutive miscarriages in the first, second or third
trimester of gestation, without any successful pregnancy.
Abortion diagnoses were identified by hCG testing, ul-
trasound, and/or physical examination. The patients were
recruited at the Department of Obstetrics and Gynecology
of Maternidad Climério de Oliveira, in Salvador, Bahia,
Brazil. The cases were identified and selected when they
visited the above mentioned hospitals for investigation
of two or more consecutive unexplained terminations of
pregnancy. All patients underwent a complete diagnostic
work-up for RSA, including screening for hypertension,
chronic infections, anatomical disorders, antiphospholipid
syndrome, inherited thrombophilia, thyroid dysfunction
and diabetes mellitus. Of 89 cases, 90% of RSA women
were supplemented with folic acid (3 months before preg-
nancy and 3 months of pregnancy, 5 mg each day). RSA
patients who were over 40 years of age and had previous
live births were excluded from this study.

The control population consisted of 150 healthy
women of similar age to the patients’, with at least
one live born child and no history of pregnancy loss.
These women were selected during their post-partum
in the maternity ward of the Tsylla Balbino. The
Cases and controls came from a public hospital, so
that both groups had similar socioeconomic status
to search for genetic polymorphisms. Out of the 89
women with recurrent miscarriage, 46 of them were
tested for vitamin B12, folate and homocysteine levels
and compared with 47 controls. A questionnaire was
filled out by each patient to record the details of their
lifestyle, habits, and family history.

All participating subjects personally provided their
consent to participate in the study.
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Biochemical and Molecular analysis

Blood samples were drawn from women using sterile
tubes with anticoagulant (EDTA) and sterile tubes without
additive. Serum samples were separated and kept frozen
at -20°C until the analysis was performed.

The folate and vitamin B12 serum levels were measured
by immunochemiluminescence immunoassay, by Access
2 Immunoassay System (Beckman Couter, CA — USA)
device, according to manufacturer’s instructions. The
tHcy serum levels were measured by chemiluminescence
immunoassay by an automatic device, IMMULITE 2000,
according to manufacturer’s instructions.

The DNA was isolated from leukocytes using a Qiagen
DNA Mini Kit. Genotype analyses of the polymorphisms
were performed by PCR followed by RFLP analyses, ex-
cept for the CBS 844ins68 insertion — which was only
performed by PCR technique. The primers sequence
and PCR conditions used were as previously described
for MTHFR C677T polymorphism’; MTHFR A1298C
polymorphism''; MS A2756G polymorphism'® and CBS
844ins68 insertion'’.

Statistical Analysis

The EPI Info Software, version 6.04 was used for
the statistical analysis. Parametric variables were com-
pared by Student’s 7-test and nonparametric variables
by the Wilcoxon rank sum test. The Software SPSS,
version 9.0, was used for the linear regression analysis.
The tHcy serum level was considered as a dependent
variable and folate and vitamin B12 serum levels were
the independent variables. A p-value of >0.05 was con-
sidered statistically significant. The Hardy-Weinberg
equilibrium was applied in order to estimate the equi-
librium of gene polymorphisms frequency distributed
between cases and control groups.

Ethical Standards
The study was approved by the Human Ethics
Committee of Oswaldo Cruz Research Foundation. The
protocol and procedures presented in the project are in
accordance with the ethical standards of the responsible

committee on human subjects and the Helsinki Declaration
of 1964, as revised in 2008.

Results

Demographic data

The median age of the 89 women in the study group
was 29.4 (£5.4) years of age, ranging from 17 to 40 years
old, and the control group aged 23 (£5.5) years old. The
median abortion number in the study group was 3.2 (£1.9),
ranging from 2 to 13 abortions, in which 41 (47%) women
had two spontaneous abortions; 25 (29%) of them had three
spontaneous abortions, and 21 (24%) of them had more
than three abortions.

The gestational age, when the abortions occurred, was
divided into first, second or third trimester and mixed when
there were intersessions between them. Our data show that in
29 (33%) women, the abortion occurred in the first trimester;
22 (25%) of them in the second trimester; 8 (9%) of them
in the third trimester, and 28 (32%) women were included
in the mixed abortion group, because they presented these
events at different times during their pregnancies.

Obstetric complications presented in the study
group included 4 women with pre-eclampsia (8.5%);
7 with high blood pressure (16%) and 5 with cervical
incompetence (10.6%). In the control group, there were
8 women (5.6%) who had a pre-eclampsia event.

The frequency of smoking in the study group was 2%
(1/47),and 42.6% (20/47) had drunk some alcoholic beverage
once a week when they were not pregnant. The frequency
of smoking in the controls group was higher than in the
study group, 12.6% (19/150), showing statistical differ-
ence (p=0.02). Twenty six (17%) women in the control
group drank some alcoholic beverages during pregnancy.

Fifty-nine percent (28/47) of the women who comprised
the case group had three daily meals. The most frequent
combination of food was rice, beans and meat in 59.6%
(28/47) of the cases. The ingestion of food-containing fat
was observed in 74.5% (35/47) of this group. However,
a salad was included in the meal of 89.4% (42/47) of
women, varying from 1 to 4 times a week.

Gene polymorphisms distribution
We determined the MTHFR C677T and A1298C
genotypes in 89 women with recurrent spontaneous abor-
tions and 150 controls (Table 1). The frequencies of the

Table 1. Frequencies of the polymorphisms of the enzymes MTHFR, MS and (BS gene between women with recurrent miscarriage and controls

Wild Type Heterozygous Homozygous Total
Study Control Study Control Study Control
Study Control

n (%) n (%) n (%) n (%) n (%) n (%)
C677T — MTHFR 59 (66.3) /CC 97 (85) /CC 26 (29) /a1 47 31 /a 4(45) /m 6 (4) /10 89 150
A1298C—-MTHFR 57 (64) /M 80 (53.4) /AA 27 (30.4) /AC 41) /AC 5(5.6) /CC 8 (5.3) /(C 89 150
A2756G - MS 65 (74) /M 92 (61.4) /M 21 (24) / h6 33) /A6 2(2.3) /66 8 (5.3) /66 89 150
844ins68 — (BS 62 (70.5) /WW 103 (69) /WW 23 (26) /WI 26.6) /WI 3N 74NN 89 150

W: Wild type; I: Inserfion.
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Table 2. Distribution of the (BS 844ins68 insertion in the case group and gestational age
when the miscarriages occurred

T allele of the C677T genotype were 19 and 19.6 in case
and control groups, respectively; and the C allele of the
A1298C genotype was 21 and 26% in case and control

844ins68 insertion genotype

f;:'""°""l Wild type Heterozygous ~ Homozygous  Total groups, respectively. There was no statistical difference
— i) n %) %) among the allele distribution and the genotype frequen-
;o ::::::: fz gg)S) : g;)“ g ;2 cies between case and control groups (p>0.05). A double
2 Timester 5 (62.5) 1025 2 (25 ] heterozygoFe, 677CT/1298AC, was found in this study
Mixed 1960 5 85) 165 " at frequencies of8 and 10% in case and control groups.
Total 6202 N 045) 35) " The frequencies of the MS A2756G and CBS 844ins68

x?=13.53; p=0.03.

Table 3. Homocysteine serum levels among women with recurrent miscarriage, according
to genotypes of each polymorphism

. Genotypes
Polymorphisms .
Wild type Heterozygous Homozygous  p-valve
MTHFR
co771 (35/46) 4.9+1.5  (9/46) 4.8£25  (2/46) 4.6£091  0.96*

A1298C (27/46) 4.8+1.1  (15/46) 5.242.0  (4/46) 3.810.76  0.23**
MS

A27566 (37/46)4.9+1.6  (8/46) 4.55+0.9 (1/46) 6.2 0.45*
(BS

844ins68  (39/46) 4.9+1.5  (7/46) 4.35%1.1 - 0.44*

*Kruskal\Wallis; **Anova.

Table 4. Homocysteine serum levels of control group according to genotypes of each

polymorphism
. Genotypes
Polymorphisms .
Wild type Heterozygous Homozygous  p-value
MTHFR
Co771 (29/47) 6.242.4  (17/4D) 5721 (1/47) 1.2 0.22*

A1298C (31/47) 61423 (14/47) 6.3+2.6 (2/47)5.6+2.2  0.89*
Mms
A27566 (32/47) 6.24+2.5  (14/47) 6.242.2 (1/47) 3.7 0.35*
(BS
844ins68  (29/47) 6.01£2.2  (16/47) 6.3+2.4 (2/47)7.2456  0.86*
*Kruskal\Wallis.
12
10
g b
£
4
g ' ' 3
Folic Acid
—— Qbserved —— Linear

Figure 1. Linear regression analysis of folate (ng/mL) and tHcy (umol/L)
serum levels of the study and control groups, p=0.03
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insertion genotypes between case and control groups are
shown in Table 1. There were no significant differences
in the frequency of the genotypes between the studied
groups (p>0.05). However, when we analyzed both the
mutant heterozygous and homozygous genotypes together,
we found a higher frequency of the mutant genotype of
the MS gene in the control group (p=0.04).

All gene polymorphisms frequencies were in
Hardy-Weinberg equilibrium.

The CBS 844ins68 insertion was more frequent in
women with recurrent pregnancy loss in the third trimester.
The polymorphism investigated was associated with the
gestational age when the abortion occurred. There was a
significant difference in the distribution of the homozygous
genotype between the women with recurrent pregnancy
loss (Table 2), which suggested that the homozygous
844ins68 was a risk factor for the occurrence of abortion
in the third trimester (p=0.03).

Homocysteine, vitamin B12 and folate serum levels
did not differ between the different polymorphism geno-
types. Serum from 47 women with recurrent abortion and
47 control ones were tested for homocysteine. The levels
were not different between all genotypes investigated, as
shown in Tables 3 and 4, respectively.

The relationship between vitamin B12 and folate
was also examined in the cases, but there was no associa-
tion with the gene polymorphisms genotypes (Table 4).

The linear regression analysis of the tHcy and folate
serum levels from both groups showed a negative cor-
relation between those variables (p=0.03) (Figure 1). The
same analysis developed between the vitamin B12 and
tHcy serum concentration was not significant (p=0.58).

Discussion

This is the first study comparing CBS 844ins68
insertion and recurrent abortion. We observed a higher
frequency of this insertion among homozygous women
and spontaneous recurrent abortion within the third tri-
mester of pregnancy. The most common type of inherited
homocystinuria is an autossomal recessive trait related
to a genetic deficiency of CBS'®, and there are no reports
which associate this change with fetal loss. The analysis




of the C677T and A1298C MTHFR genotypes and the
A2756G MS genotype did not show a statistical associa-
tion with recurrent abortion and gestational age, but we
observed a trend related to the A1298C. This indicates
the need for additional research involving a larger num-
ber of women, once'? it was observed the association of
MTHFR A1298C polymorphism (but not of MTHFR
C677T) with elevated homocysteine levels and placental
vasculopathies.

Folate and vitamin B12 play an important role in
the homocysteine metabolism; participating in the more
frequent pathway, the remetilation. The dietary intake
of essential micronutrients determines the efficiency of
homocysteine metabolism in general’. The intake of these
vitamins is essential during pregnancy, and it has been
suggested that a greater reduction in risk of pregnancy
complications may occur if a combination of folate and
vitamin B12 is given®.

We investigated the serum levels of folate and vitamin
B12 in women with recurrent miscarriage and control
groups. The normal value for folate is >3 ng/mL and for
vitamin B12 is 223 to 1132 pg/mL. Our data show that
there was no vitamin deficiency in either group, even
when it was categorized into different genotypes of the
polymorphisms investigated. However, the analysis of
linear regression showed a dependence of folate serum
levels in the maintenance of the levels of tHcy, as pre-
viously described®. As the fetal loss is a multifactorial
problem, supplementation of folate and vitamin B12
will reduce the risk of abortion caused by the deficiency
of these micronutrients.

Risk factors such as socioeconomic status, age par-
ity, maternal birth weight, past obstetric outcomes, race,
nutrition, smoking, and drug use are thought to be key
determinants of the adverse outcome of pregnancy?'.
Our study was undertaken in a public hospital and was
comprised of women of low social economic status. The
linear correlation between folate and homocysteine levels
indicates an involvement of the nutritional status among
the studied group. This fact should be considered in that
previous work has suggested an association between poor
nutritional intake and recurrent miscarriage®?. The finding
of a possible role of the cystathionine beta synthetase gene
in the fetal-loss group emphasizes a possible contribution
of this and other molecules and nutritional status in the
homocysteine metabolism and abortion.

The information that the homozygous for C677T
transition in the MTHFR gene is associated with the fast
increment of plasma tHcy is well known”. Interestingly,
in this study, such association was not shown. This could be
due to lack of vitamin deficiency in both groups. In spite
of that, the C677T thermolabile variant of the MTHFR

is an important genetic determinant of tHcy metabolism.
Individuals homozygous for the mutant T allele exhibit
increase elevations of the amino acid in their blood in
comparison with other genotypes only under conditions
of lower folate status®”’. This shows that B-vitamin status
modifies the relationship between the MTHFR C677T
mutation and tHcy serum levels. However®!, in a cross-
sectional study, the folate-dependent relation between the
MTHEFR C677T genotype and plasma tHcy concentration
by gender was examined, which showed that, among young
women, the MTHFR genotype is not a strong predictor
of tHcy levels under diverse conditions of folate status.
This data were not confirmed among men.

In the present study, tHcy serum levels were similar
between the two groups investigated.

Previous studies had demonstrated a higher frequency
of homozygous to the MTHFR C677T genotype and higher
tHcy serum levels in women with recurrent miscarriage
than in control groups'>??. However, Creus et al.® and
Pihuschet al.” did not demonstrate such association.

In our study, the frequency of genetic polymorphisms
that encode enzymes involved in folate- and vitamin
B12-dependent homocysteine metabolism, the MTHFR
C677T and A1298C; MS A2756G and CBS 844ins68
insertion, did not show differences in a group of women
with recurrent miscarriage and a control group. This is
in agreement with Puri et al.”” and Zonouzi et al. that
investigated the MTHFR polymorphisms in North India
and Iran respectively. In contrast, other studies described
the relationship between the gene polymorphisms:
MTHFR*?; MS* and recurrent abortion.

However, in the study group, there was an association
with a presence of CBS 844ins68 insertion and recurrent
abortion in the third trimester. As we are the first to relate
the association of the CBS 844ins68 insertion and recur-
rent abortion, further studies are needed to confirm this
finding, as well as its influence in the vitamin-intake levels
and fetal loss in different populations with a larger sample.

On the other hand, the inconsistent results between
our data and other studies may be attributed to the dif-
ference of gestational weeks used to define RSA in each
study, the differences in the populations, or due to the
small sample size our results weren’t able to reach sta-
tistical significance.
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