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e Dynamic mutation extracted and treated with sodium bisulfite. The FMRI gene is located on X
e Trinucleotide repeat chromosome and one allele is methylated by X-inactivation. As a result, the
expansion methylation-specific polymerase chain reaction (MS-PCR) was performed using two
e Fragile X-associated pairs of specific primers for methylated and non-methylated DNA yelding the products
primary ovarian of 108+3n and 168+3n bp, respectively. Following clinical evaluations, 20 sporadic
insufficiency patients and two families with at least two patients were studied.
e Methylation-specific Results. The mean level of follicle-stimulating hormone was 85.45+44.73UI/L in
polymerase chain sporadic and 75.72+33.61UI/L in familial cases. Ultrasound examinations reported
reaction atrophic ovaries in sporadic and familial cases by 80% and 75%, respectively. The

evaluation of the trinucleotide repeat expansions on agarose gels showed that two
sporadic patients were carriers of FMRI intermediate alleles (10%). No cases of pre-
mutation or full mutation were observed in other sporadic or familial cases and the
trinucleotide repeat expansions were estimated between 15 and 35.

Conclusion. Due to the role of the FMRI gene trinucleotide repeat expansion in women
with premature ovarian insufficiency, a fast and cost-effective molecular detection
method is of particular importance. This test will be beneficial not only in ovarian
dysfunction, but also to identify pre-mutations that may expand in next generations
leading to fragile X syndrome.

Practical Implications. In young women, the detection of expanded CGG trinucleotide
repeats in the 5'-untranslated region of the FMRI gene along with genetic counseling
will provide them to plan reproductive life.
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Extended Abstract

Background

Fragile = X-associated = premature  ovarian
insufficiency (POI) is clinically defined as a early
ovarian failure with irregular menstrual cycles,
increased follicle-stimulating hormone (FSH),
premature menopause, and infertility. Genetically,
the CGG trinucleotide repeat expansion in the 5'-
untranslated region of the FMRI gene is recognized
as a causative factor. The numbers of CGG repeats
less than 54 are considered normal with an average
of 29 in healthy individuals. Expansion of the repeats
between 55 and 199 is known as pre-mutation,
which leads to POI in women. In more detailed
classifications, 41-54 repeats are considered as gray
or intermediate zone. Studies on the carriers of the
intermediate alleles showed an increased risk of POL
It has been reported that one third of these patients
experience premature menstruation at the age of 30.
The aim of this study was to standardize molecular
detection methods and estimation of the repeats
among patients with POL

Methods

A total of 20 women with POI (sporadic cases)
and two families with at least two affected
individuals were selected. The inclusion criteria were
primary or secondary amenorrhea before the age of
40 with normal karyotype and two FSH test results
above 25 IU/I. Five ml peripheral blood was collected
in ethylenediaminetetraacetic acid solution from
patients and their family members. Genomic DNA
was extracted by salting out method and treated with
sodium bisulfite. In this study, we used two different
methods of bisulfite treatment in the standardization
stages of the methylation-specific polymerase chain
reaction (MS-PCR). The FMRI gene is located on X
chromosome and one allele is methylated by X-
inactivation. As a result, the MS-PCR reactions were
performed using two pairs of specific primers for
methylated and non-methylated DNA yielding the
products of 108+3n and 168+3n bp, respectively.
Initial study of assay optimization was provided by
control samples as follows: 1) treated DNA of a
normal woman previously confirmed by clinical
molecular tests, 2) sample of a pre-mutation carrier

woman previously confirmed by clinical molecular
tests, and 3) untreated DNA sample of a normal
female. Amplification of PCR fragments and their
sizes were checked on 1% agarose gel in comparison
with 50 bp DNA marker and pre-mutation carrier
control sample. Demographic and clinical data of
patients were collected using questionnaires and
medical records, and descriptive statistics including
mean, standard deviation, and frequency were
calculated using SPSS version 16.

Results

The mean level of FSH was 85.45+44.73UI/L in
sporadic and 75.72+33.61UI/L in familial cases.
Ultrasound examinations reported atrophic ovaries
in sporadic and familial cases by 80% and 75%,
respectively. The accuracy of two bisulfite treatment
methods was confirmed and no difference was
observed between the two procedures. In normal
women, the evaluation of the FMRI gene
trinucleotide repeat expansions on agarose gels
showed methylated-PCR and non-methylated-PCR
products in the range of 126-273bp and 186-333bp,
respectively. ~ We  estimated these normal
trinucleotide repeat expansions between 15 and 35
repeats. Our results indicated two carriers of FMRI
intermediate alleles (10%) in sporadic patients. The
MS-PCR of the first patient revealed 45-47 repeats in
both alleles. Clinical investigations showed that a 23-
year-old woman suffered from secondary
amenorrhea since the age of 17. The FSH and anti-
mullerian hormone (AMH) levels were reported as
46.6 UI/L and 0.8 UI/L, respectively. In ultrasound,
the patient's ovaries were found to be smaller than
normal. The second patient was a 24-year-old
woman who had normal menstruation at the age of
13. After a few years, she experienced menstrual
irregularities and finally secondary amenorrhea at
the age of 20, and was diagnosed with POL The test
results showed that the patient's FSH increased
above 50UI/L and the AMH level was reported at
0.01 UI/L. Sonographic examinations showed that
both ovaries had degrees of atrophy and were smaller
than normal size. The results of MS-PCR gel
electrophoresis of this patient showed alleles of the
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20 and 54 repeats. Further analysis confirmed
skewed X-inactivation of the intermediate allele,
since methylated-PCR led to a unique band of 54
repeats and non-methylated-PCR led to a unique
band of 20. In other sporadic or familial samples, no
cases of pre-mutation or full mutation were
observed.

Conclusion

Pre-mutation of CGG repeats in the promoter
regions of FMRI gene, with an incidence of 1: 200
women, is known as the most significant genetic
factor associated with POI, which is seen in about 8%

of sporadic and up to 13% of familial cases. Due to
these evidences, a fast and cost-effective molecular
detection method is of particular importance. The
test will be beneficial not only in ovarian
dysfunction, but also to identify pre-mutations that
may expand in next generations leading to fragile X
syndrome. In young women, the detection of
expanded CGG trinucleotide repeats in the 5'-
untranslated region of the FMRI gene along with
genetic counseling will provide them to plan
reproductive life.
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