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ABSTRACT

5,10-methylenetetrahydrofolate reductase (MTHFR) is an important enzyme taking role in methionine-
homocysteine and folate metabolisms. This pathway has been associated with gene specific DNA hypo

and hypermethylation which results in gene switching on or off.

MTHFR C677T and A1298C gene polymorphisms are associated with folate metabolism disorders, that
results in impaired DNA methylation and chromosomal abnormalities, gene deficiencies and structural
anomalies. Here, we report two cases of compound heterozygote and homozygote MTHFR gene muta-

tions associated with genetical disorders during their pregnancies.
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Introduction

5, 10-methylenetetrahydrofolate reductase (MTHFR) is a
key enzyme, taking role in methionine-homocysteine and fo-
late metabolisms (Figure 1)1,2. MTHFR catalyzes the conver-
sion of 5,10 - methylenetetrahydrofolate to 5 - methyltetrahy-
drofolate, a co-substrate for re-methylation of homocysteine
to methionine. This pathway has been associated with gene
specific DNA hypo- and hyper-methylation, which results in
gene switching on or off 1-3.

MTHFR gene polymorphisms cause folate metabolism
disorders and it may result in an impaired DNA methylation.
DNA methylation abnormalities cause chromosomal anom-
alies, gene deficiencies and structural anomalies 4,5.

In this paper, we are reporting two cases. The first case is
with compound heterozygote for MTHFR C677T and A1298T
gene mutations with complex obstetrical history. Her first
pregnancy ended with a baby who had CHARGE syndrome
and the neonate died at about two years of age. Her second
pregnancy was terminated due to Turner Syndrome. Her third
and fourth pregnancies were uneventful. Fetuses were healthy,
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most likely due to the necessary precautions undertaken relacd
to folate metabolism disorders.

The second case was with “A1298T homozygote mutation”
at MTHFR gene, and she had a boy with Joubert Syndrome and
her second pregnancy was terminated due to anencephaly. In
her third pregnancy, she delivered a healthy baby boy under
treatment protocol. Our treatment protocol during pregnancy
consisted of low dose low molecular weight heparine, low dose
salisilic acid, methionine restricted diet and supplementation of
vitamins B1, B2, B3, Bs, Bi2 and folic acid.
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Figure 1: Methylenetetrahydrofolate reductase role in gene
regulation and methionine- homocysteine metabolism



First Case

A 38 year-old pregnant woman was admitted to our clinic
with vaginal bleeding at 11" gestational week. Her gravida
was two and parity was one. Her first baby was born at 35%
gestational week via cesarean section. The boy had coloboma,
bilateral nasal atresia, anal atresia, mental retardation and
deafness. It was thought that baby was with Charge syndrome
and he died after 19 months of age.

As mentioned above, she was admitted to our hospital dur-
ing the course of her second pregnancy with vaginal bleeding.
At obstetric sonography, there was no fetal cardiac activity.
The pregnancy was terminated after a cytogenetic finding of
fetal monosomy X (Turner Syndrome). There seemed to be no
risk factor other than advanced maternal age. She was then
tested for the C677T and C1298T variants in the MTHFR
gene, and polymorphisms were found in a compound het-
erozygous state. Necessary precautions were taken preconcep-
tionally and her third pregnancy started under our treatment
protocol as mentioned above. Amniocentesis was performed
at 18" gestational week and the result was normal fetal kary-
otype. There was no structural abnormality at detailed ultra-
sonography. Delivery occurred at 37" gestational week with
cesarean section. This baby is still alive and healthy. Her
fourth pregnancy was also under our medical control with nec-
essary precautions. Amniocentesis was performed at 18th ges-
tational week and determined as normal fetal karyotype. This
baby was also considered to be genetically normal. The last
two children are still alive and healthy without any medical
problem.

Second Case

A 31 year-old woman was admitted to our department with
bad obstetrical history. Her obstetric history was remarkable,
her gravida was two and parity was two. The first baby was
born at 37" gestational week with cesarean section. He had de-
layed development at 2 years of age. Cranial imaging showed
‘molar tooth sign’ and he was diagnosed with Joubert
Syndrome. At her second pregnancy, the fetus was anen-
cephalic. Second pregnancy was terminated immediately at
the 12 gestational week.

The couple had no consanguineous and there seemed to be
no other risk factor. She was then tested for MTHFR gene, and
a A1298T homozygote mutation of MTHFR gene was found.
She received folic acid, vitamin B supplementation and low
dose salisalicylic acid together with methionine restricted diet
preconceptionally. At the booking visit, serum levels of folic
acid, vitamin B12 and homocysteine levels were all within nor-
mal limits. During her last (third) pregnancy she received our
treatment protocol as mentioned above and followed carefully
within the framework of our antenatal care program. A healthy
baby without any genetical problem was delivered at the 37th
gestational week.
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Discussion

It is known that lack of DNA methylation may cause con-
genital abnormalities. MTHFR catalyzes the synthesis of 5-
methyltetrahydrofolate. Methionine is synthesized from ho-
mocysteine in Bi2-dependent re-methylation pathway. S-
adenosylmethionine (SAM) is the major cellular methyl donor
for DNA, RNA, protein, and phospholipid methylation and
methionin is SAM’s precursor. The decrease in the enzyme ac-
tivity associated with C677T MTHFR polymorphism necessi-
tated the dietary supplement for folic acid to provide normal
re-methylation of homocysteine to
Consequently, low folate level at the MTHFR polymorphism
results in an increase in homocysteine and a decrease in me-
thionine levels. Chronic elevation of the homocysteine levels

methionine.1

in the intracellular stage can cause a decrease in the ratio of
SAM to S-adenosylhomocysteine (SAH) that is associated
with inhibition of the DNA methyltransferase and DNA hy-
pomethylation.2

Meanwhile, methionine synthase deficiencies may also
play an active role in the occurrence of mentioned genetical
disorders (Because this enzyme plays an active role in the
same enzyme pathway).

CHARGE syndrome’s incidence is 5.8-6.7 per 100,000
live births. It is a highly variable, multiple congenital malfor-
mation syndrome, which can show clinical, overlap with other
syndromes. Mutations of the chromodomain helicase DNA-
binding protein gene CHD7 is reported to be a major cause of
CHARGE syndrome.6 Turner syndrome is caused by loss of
part or all of an X-chromosome. It is an important cause of
short stature and primary amenorrhea in girls.7 In our case,
both the patient and her husband had normal chromosomal
karyotypes. Our case had C677T and A1298T polymorphisms
in the MTHFR genes in a heterozygous state with a result of
defective folate metabolism. To conclude, in cases of choro-
mosomal abnormalities and congenital malformations, im-
paired DNA methylation should be kept in mind, and those pa-
tients should be tested for the genes involved in the folate me-
tabolism.4,5

Joubert syndrome is a disorder characterized by hypopla-
sia of the cerebellar vermis. 'Molar tooth sign,' is a character-
istic neuroradiologic imaging. Neurologic symptoms accom-
pany developmental delay and dysregulation of breathing pat-
tern.8 Anencephaly is a form of neural tube defect (NTD),
which has been associated with several genes and environ-
mental factors. The incidence of neural tube defects range
from 1.0 to 10.0 per 1,000 births. Folic acid deficiency is crit-
ical in NTD pathogenesis.9 Our second case was an another
example demonstrating the relationship of genetical disorders
(e.g. congenital malformations) and MTHFR gene polymor-
phisms going together with impaired DNA methylation.
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In conclusion, impaired DNA met hylation due to

MTHFR gene polymorphisms may be the result of fetal ge-
netical disorders and obstetrical complications.
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