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Background

Fragile X syndrome (FXS) is a condition of non-Mendelian nucleotide repeats, which is
due to the loss of function of the FMR1 gene (Fragile X Mental Retardation 1); it is
caused by the hypermethylation of the repetitions of CGG (cytosine-guanine-guanine
triple), expanded adjacent to exon 1 of the FMR1 gene; this mutation affects more than
98% of people with SXF.

Clinical Case

35-year-old patient. Consulted for primary infertility of 1 year of evolution, relevant
biochemical studies were requested, among which he highlighted the result of
Anti-Mullerian Hormone of 0.40 ng/mL. By age and diagnosis of low ovarian reserve, it is
decided to perform FMR1 mutation analysis in search of the cause of the probable
primary ovarian failure, resulting in a premutation with repetition of 49 CGG. It is
decided to perform a cycle of controlled ovarian stimulation, with menotropins 300 IU
every 24 hours + dydrogesterone 30mg orally to inhibit LH peak, as well as the use of
transdermal testosterone 50 mg every 24 hours to improve the ovarian response,
obtaining 2 MII oocytes, which are vitrified. It is decided to perform a 2nd cycle of
ovarian stimulation with menotropins 300 Units + GnRH antagonist to be able to make
embryo transfer. The use of 50mg of transdermal testosterone to improve the result,
obtaining 4MII, a total of 6 MII oocytes for the two cycles, ICSI (intracytoplasmic sperm
injection) is performed at the 6 oocytes of which 4 embryos were obtained in the
blastocyst stage, transferring 1 embryo in fresh, and vitrifying 3, quantification of hCG
beta-positive fraction is performed at 10 days post-transfer, obtaining a live newborn,
male with a weight of 4,010 kg, Size: 58 cm without complications.

Conclusions

FMR1 premutation is associated with a risk of reduced ovarian function and premature
ovarian failure with the early loss of fertility in 20% of carrier women due to the reduced
number of follicles in the ovaries. Transdermal pretreatment of testosterone seems to
increase pregnancy and the rates of live births in people considered deficient who
undergo ovarian stimulation for IVF.
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BACKGROUND

Fragile X syndrome (FXS) is a non-Mendelian nucleotide
repeat condition, which is due to the loss of function of
the FMR1 (Fragile X Mental Retardation 1) gene. The FMR1
gene is found on the Xq27.3 chromosome and encodes the
FMRP protein, which controls the translation of specific
messengers. The repetition of CGG triplets (> 200 repeti-
tions) and the promoter’s methylation lead to the gene’s si-
lencing. However, the biological mechanism responsible for
the presentation of the SXF is still unknown.!

This syndrome is caused by the hypermethylation of
CGG (cytosine-guanine triplet-guanine) repeats, expanded
adjacent to exon 1 of the FMR1 gene; this mutation affects
more than 98% of people with FXS.2 It is estimated that the
disorder affects 1/4,000 men and 1/8,000 women in the gen-
eral Caucasian population, with 60% of individuals with the
complete mutation also having autism spectrum disorders.3
Carriers of fragile X premutation (55-200 CGG repeats) are
relatively common in the general population.*

As mentioned above, the FMR1 gene is mapped on the
X chromosome at the q27.3 position and encompasses ap-
proximately 40 kb of genomic sequence. This gene contains
17 exons, and its mRNA is 4 kb long. Exons 12, 14, 15, and
17 can be spliced alternately, resulting in different mRNA
and protein isoforms.>

Fragile X premutation is associated with two clinical dis-
orders: fragile X-associated tremor/ataxia syndrome (FX-
TAS) and fragile X-associated primary ovarian insufficiency
disorder (FXPOI).6 Women who are carriers of premutation
may have a spectrum of ovarian dysfunction and may also
have normal menstruation with normal or high FSH but
with reduced fertility.”

CLINICAL CASE

35-year-old patient. Consulted for primary infertility of 1
year of evolution, relevant biochemical studies were re-
quested, among within the result of Anti-Mullerian Hor-
mone of 0.40 ng/mL, by age and diagnosis of low ovarian
reserve it is decided to perform FMR1 mutation analysis in
search of the cause of the probable primary ovarian failure,
resulting in a premutation with repetition of 49 CGG.

We decide on high-complexity treatment (IVF/ICSI) to
increase the chances of pregnancy, using menotropins 300
IU every 24 hours plus dihydrogesterone 30mg orally, as
well as the use of testosterone 50 mg transdermal every
24 hours to improve the ovarian response starting from 3td
day of the menstrual cycle. An endocavitary ultrasound was
performed on day 11 of the cycle (IMAGE 1). Subsequently,
a serum sample of estradiol and progesterone was taken,
resulting in 1010.14 pg/ml and 0.63 ng/ml, respectively. Fi-
nal oocyte maturation was performed with hCG 10,000 IU.
Oocyte capture is carried out at 34 hours after day 13 of the
cycle, obtaining 4 oocytes being 2 MII; due to the poor re-
sponse, vitrification of the oocytes obtained was proposed
(IMAGE 2), and carrying out from another cycle of ovarian
stimulation controlled to obtain more mature oocytes and
perform ICSI.

IMAGE 1. Endocavitary ultrasound on day 11 of the
cycle. A) endometrial thickness 8 mm with a trilaminar
appearance, B) Right ovary with a 20 mm follicle, C)
Right ovary with a 17 mm follicle, D) Left ovary with a
follicle larger than 10 mm.

IMAGE 2. Mature oocytes obtained (300X)

The use of testosterone 50 mg transdermal every 24
hours was continued without suspending it for 2 months,
during which the ovarian stimulation cycles were per-
formed, a change of controlled ovarian stimulation was de-
cided because of the patient’s desire and reasons she had
to leave the country, a fresh transfer was decided, a second
controlled ovarian stimulation was performed with flexi-
ble GnRH antagonist protocol, starting on the 3'd day of
the cycle using menotropins 300 IU every 24 hours, with
GnRH antagonist to inhibit LH peak starting on day 7 of
the cycle, on day 10 of the cycle, estradiol and progesterone
were taken with the following result Estradiol: 878.82 pg/
ml Progesterone: 0.71 ng/ml. Oocyte maturation with hCG
10,000 IU, oocyte capture was carried out on the 14th of the
cycle, 34 hours after the trigger, obtaining 4 oocytes being
the 4 MII, ICSI was carried out to 6 oocytes in total MII and
developing 4 embryos in blastocyst stage (IMAGE 3 and 4),
complying with the criteria of Gardner’s classification ac-
cording to which a fresh embryo transfer of 1 embryo with
BHi AA quality was carried out (IMAGE 5), vitrifying 3 em-
bryos, 2 with BHi AA quality and one embryo with BHi BA
quality (TABLE 1).

Quantification of hCG beta fraction 10 days after embryo
transfer, which was 50 mIU/mL, 3 weeks after, endovaginal
ultrasound was performed, finding a fetal heart rate of 170
beats per minute. Fetal DNA at 10 weeks of gestation re-
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IMAGE 3. A) hatching blastocyst. B) Cavited blastocyst
of the devitrified oocyte cycle (300X)

IMAGE 4. Fresh cycle vitrified cavitated blastocyst (300
X)

IMAGE 5. Hatching blastocyst transferred from fresh
cycle (300X)

sults negative for chromosomal alterations such as trisomy
21, 18, and 13, reporting male sex.

The first-trimester ultrasound was performed by a ma-
ternal-fetal doctor, with a screening report for structural
alterations without pathological findings; the calculation
of risks for chromosomopathies (T.21, T.18, T.13) was con-
sidered out of range by caudal skull length (CN) >84 mm.
Emerging markers were evaluated, finding them normal,
the calculation of risk of placental ischemic syndrome
(preeclampsia 1:516, fetal growth restriction 1:587) was
considered low, risk of preterm birth of 1:2.965 before the
34 weeks, the calculation of risks of gestational diabetes
was counted at 1:24, so from the 24- 28 weeks it was rec-
ommended to perform an oral glucose tolerance curve of 75
(CTOG 75). Likewise, organ structural ultrasound was per-
formed by a maternal-fetal doctor at 22 weeks, finding ex-
posed in TABLE 2.

The pregnancy was resolved by cesarean section at 39
weeks of gestation. This resulted in a live male newborn
weighing 4,010 kg and a height of 58 cm. Apgar was born on
9/9 without complications.

MATERIALS AND METHODS

A search was carried out in the Medline database via
PubMed using the following terms: “Ovarian insufficiency,”
“FXPOI,” “FMR1”, “Female reproductive health,” and “CGG
repeat.” The following filters limited the search: “Case Re-
ports,” “Review,” “Systematic Reviews”, and “Books and
Documents,” “Spanish and English”, from 1981 to 2021, in
total 1,978 studies were found, editorials, reviews, dupli-
cate articles were excluded, and 33 studies were selected
that included women with primary ovarian insufficiency as-
sociated with the premutation of the FMR1 gene.

DISCUSSION

Transcriptional silencing of FMR1 results in the loss of the
fragile mental retard protein X (FMRP), which is necessary
for neuronal development and cognition. Carriers of FMR1
premutation also have disorders associated with ovarian
function, including loss of fertility and hypoestrogenic (FX-
POI), as well as neurodegeneration with associated memory
loss and general Parkinsonism (FXTAS).8

BIOLOGICAL BASES OF FRAGILE X SYNDROME

The exact biological mechanism responsible for the presen-
tation of SXF is unknown; however, it is known to lie in the
ability of the FMRP protein to bind to RNA and proteins.
Specifically, FMRP joins ribosomes and is present in the
synaptic compartments, which control the translation of
specific messengers. The loss of FMRP causes alterations in
synaptic connectivity in neurons, translating into the spe-
cific symptoms of SXF. These synaptic connectivity alter-
ations manifest in the brain with the decrease in the num-
ber of dendrites and spines in the neurons of patients with
Fxs.1

Journal of IVF-Worldwide 3


https://jivfww.scholasticahq.com/article/117352-patient-with-primary-ovarian-failure-due-to-intermediate-premutation-of-the-fmr1-gene-using-transdermal-testosterone-in-ivf-treatment-case-report-and/attachment/228270.png
https://jivfww.scholasticahq.com/article/117352-patient-with-primary-ovarian-failure-due-to-intermediate-premutation-of-the-fmr1-gene-using-transdermal-testosterone-in-ivf-treatment-case-report-and/attachment/228272.png
https://jivfww.scholasticahq.com/article/117352-patient-with-primary-ovarian-failure-due-to-intermediate-premutation-of-the-fmr1-gene-using-transdermal-testosterone-in-ivf-treatment-case-report-and/attachment/228273.png

PATIENT WITH PRIMARY OVARIAN FAILURE DUE TO INTERMEDIATE PREMUTATION OF THE FMR1 GEN...

Table 1. Morphological description of the blastocyst.

INNER CELL MASS

TROPHOECTODERM

A: Compact, with many cells and well defined

A: complete, made up of many cells

B: Several cells grouped together and with a loose appearance

B: incomplete presents some liner zone

C:afewcells

C: made up of afew cells

D: absent or degraded

D: with degenerated cells.

TABLE 2. ORGANOSTRUCTURAL ULTRASOUND RESULTS

PARAMETER MEASURE WEEKS
BD 5.51cm 22.6sdg

HC 19.97 cm 22.1sdg

AC 17.66 cm 22.4 sdg

FL 3.89cm 22.3sdg

TIB 3.44cm 22.6sdg

HL 3.69cm 22.6sdg

RAD 3.14cm 22.3sdg

EFW 509.61¢g 22.2sdgp.26

Single live fetus.

Ultrasonographic evaluation was performed with Vino E.35 equipment gith volumetric transducer, finding the following findings:

Skull Presence of midline, cavum septum pellucidum, separated thalami, without third ventricle dilation. Lateral
ventricles with normal characteristics, with left atrium (posterior) measurement of 5.4 mm. Posterior fossa
without alterations.

Cerebellum with normal characteristics of 26.0 mm.

Face Integrity of the midline and upper lip is observed, with the presence of orbital lenses. Nasal bone present of 7.2
mm.

Chest Symetrical with four-chamber section with heart in levocardia, levoapex, AV and VA concordance, perforated
mode, normal AV valve offset, integrity of the interventrcular septum. Outflow tracts without alterations, with
crossover of the great vessels without alterations. Section of three normal vessels and three normal trachea
vessels. Normal aortic arch in sagittal assessment.

Abdomen Abdominal situs solitus is found, adequate closure of the abdominal wall. It is noted presence of gastric chamber.
Renal pelvises within normal ranges. Two umbilical arteries and two renal arteries are observed. Bladder present,
with normal characteristics.

Spine integrates, without alterations.

Extremities Whole, symetrical, with normal motility. 12 tubular bones of dimensions according to gestational age. Complete
finger count.

Amniotic Qualitatively normal, maximum pool of 5.13 cc.

fluid

Placenta Anterior body grade I. With mean IP of uterine arteries of 1.3 (1.4 MoM) without data of placental resistance.
With central cord insert.

Cervix: Closed 44 mm long, without funneling or sludge data.

Pregnancy of 22.6 weeks by LMP — BD: Biparietal diameter, HC: Head circumference, AC: Abdominal circumference, FL: Femoral length, TIB: tibia, LH: Humerus length, RAD: ra-

dius, EFW: Estimated fetal weight

The lack of FMRP in neurons leads to an exacerbated
expression of glutamate receptors, both metabotropic
(mGluRS5) and ionotropic (AMPA and NMDA).? The synthe-
sis, degradation, and transport proteins of g-aminobutyric
acid (GABA) and GABA receptors are also reduced.l0 It is
not known exactly how these changes in neurotransmit-
ter systems affect the morphology of dendrites and spines
in neurons, but it is suspected that they are related. The
role of the FMRP protein in glial cells is less known, but
it is known that in FXS, the FMRP protein regulates the
translation of mGluR5 into astrocytes!! and the production

of myelin in oligodendrocytes.12 During prenatal develop-
ment, radial glial cells contain FMRP, which is involved
in the active transport of mRNA along the glial fiber.13 A
change in any of these mechanisms can contribute to the
development of cognitive disorders in patients with SXF.
Expanded CGG repetitions are common, intermediate,
premutation, and complete mutation alleles. The common
alleles in the general population generally contain 6 to 40
repetitions of CGG that are stable and generally do not
expand in the transmission from the parents to the off-
spring. Intermediate alleles containing 41-60 CGG repeats
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have variable expansion risks, while premutation alleles
(i.e., 55-199 CGG repeats) are generally not methylated.14
Repetition can become unstable after maternal transmis-
sion, which usually results in the expansion of repetition in
the next generation. When repetition expands and ranges
between 55 and 200, individuals are considered carriers of
premutation. In patients with FXS, the repetition of CGG
has expanded to more than 200 units.!>

The mechanism underlying the increase in transcrip-
tional activity of the alleles of the premutation range is un-
known. However, a recent study reported the differential
use of transcriptional initiation sites and polyadenylation
sites in FMR1 premutation alleles, leading to different ex-
pressions in expanded premutation alleles compared to
normal alleles.16

PRIMARY OVARIAN INSUFFICIENCY (POI) IN PATIENTS
WITH FMR1 GENE MUTATION

Only 1% of women experience menopause before the age
of 40, called POI. This is the “final stage” of continuous
ovarian dysfunction, and despite its clinical importance,
the etiology of the POI is often not identified. Women with
premutation are at risk of premature ovarian insufficiency
(primary ovarian insufficiency associated with fragile X;
FXPOI). It has been shown that women with a certain pre-
mutation through families with FXS have a POI rate of up
to 23% and, as a group, experience a previous menopause
in approximately 5 years.17 Currently, there is no consensus
on estimating the absolute risk of POI when a woman has
normal or high intermediate repetition alleles. Several
studies have been estimated at between 15% and 27% in
premutation carriers, compared to a background risk of
1%.18

Regardless of the cause, in women with established POI,
the opportunity to preserve fertility is lost due to the loss
of most of the reproductive material. In this case, recent
guidelines still report oocyte donation as the only realistic
option for pregnancy.!®

This type of treatment must also be cryopreserved to
preserve a couple’s or a woman’s fertility. If premature
ovarian insufficiency is predicted long before the onset of
early menopause, patients at risk of this condition could
benefit from the preservation of fertility due to cryopreser-
vation of reproductive material.20

A pre-implantation genetic diagnosis should be sug-
gested to prevent the birth of offspring affected by the com-
plete FMR1 mutation. In this case, PGT-M is the preferred
method for selecting and cryopreserving suitable embryos
or using them in IVF programs.20

CLINICAL PRESENTATION OF PATIENTS AFFECTED WITH
COMPLETE MUTATION OF THE FMR1 GENE

Patients affected by the complete mutation of the FMR1
gene have special phenotypic characteristics, including an
elongated face, large and prominent ears, joint hypermobil-
ity, and macroorchidism.2!

More than 90% of affected children have developmental
delays, and approximately 50-60% are diagnosed with

Autism Spectrum Disorder (ASD).22 Throughout their lives,
both men and women have behavioral alterations com-
monly associated with the syndrome, usually beginning
during childhood: anxiety and attention and hyperactivity
disorder (ADHD) are the most prevalent. However, com-
pulsive disorders such as hyperphagia and aggressiveness
are also common. Some characteristics reported in patients
with a complete mutation of the FMR1 gene are summa-
rized in TABLE 3.

USE OF ANDROGENS IN PATIENTS WITH LOW RESPONSE
UNDERGOING IN VITRO FERTILIZATION

The poor ovarian response results from inadequate ovarian
stimulation, generally defined by a low number of recovered
oocytes or a low number of developing follicles and a low
concentration of estradiol in a previous or functioning IVF
cycle.23

It has been suggested that the accumulation of andro-
gens in the microenvironment of the ovary plays a funda-
mental role in early follicular development and the prolif-
eration of granulosa cells.24 Excess androgens have been
shown to stimulate the early stages of follicular growth2>
and increase the number of preantral and antral follicles.26
In addition, the increase in the intraovarian concentration
of androgens seems to increase the expression of the fol-
licle-stimulating hormone (FSH) receptor in the granulosa
cells2? and, therefore, potentially lead to a greater response
of the ovaries to FSH.28

Low ovarian reserve is considered one of the most fre-
quent causes of infertility and is considered one of the
main challenges in reproductive medicine. Numerous stud-
ies have suggested that androgens (dehydroepiandros-
terone and testosterone) play an important role in follicular
development by increasing the number of oocytes, thus in-
creasing the pregnancy rate. Testosterone is a sex steroid
hormone that originates from cholesterol and is considered
a precursor of estradiol biosynthesis.2?

Previous treatment with transdermal testosterone has
been suggested as a safe and effective way to increase the
intraovarian concentration of androgens.30

Recently published randomized controlled trials (RCTs)
have evaluated transdermal testosterone3! or the pre-treat-
ment of DHEA.32 In people with poor response who un-
dergo ovarian stimulation for IVF, with inconclusive results
and others with notable benefits in a number of oocytes,
embryo development, and pregnancy rates.

CONCLUSIONS

FMR1 premutation is associated with the risk of reduced
ovarian function and premature ovarian failure with early
loss of fertility in 20% of women carriers due to the reduced
number of follicles in the ovaries.

Patients with POI have lower levels of E2 and lower lev-
els of AMH and undergo menopause, on average, 5 years
earlier than non-carrier women. Suppose an early diagnosis
of a genetic alteration related to POI is made. In that case,
precise genetic advice is required for the patient and her
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TABLE 3. Clinical characteristics of the patients with complete mutation of the FMR1 gene?2

PHYSICAL

Long face

Macrocephaly

Prominent ears

Prominent jaw

Flatfoot

Joint hypermobility

PSYCHOLOGICAL

ASD

AHD

Anxiety

Aggressiveness

DEVELOPMENT Intellectual disability
Language deficit
OTHERS Squint

Recurrent Otitis

Gastrointestinal disorders

Obesity

Seizures

AHD: Attention and hyperactivity disorder, ASD: Autism spectrum disorders.

family, as well as an evaluation for the preservation of fer-
tility, as soon as possible.

It is necessary to consider specific clinical and ethical
issues regarding the possible association with syndromic
clinical conditions, as well as the different mechanisms that
led to a poor ovarian response, which increases the com-
plexity of choosing the most appropriate fertility preserva-
tion techniques.

In this case, the patient did not want to carry out a pre-
implantation genetic study due to the low risk of aneu-
ploidy according to age; she does not accept PGTm either.
It is considered to make a fresh transfer since its hormonal
levels allow an adequate endometrial thickness.

According to the limited available evidence, transdermal
testosterone pretreatment seems to increase pregnancy
and the rates of live births in people considered as low re-
sponders who undergo ovarian stimulation for IVF. We con-
sider that having been with greater exposure to transder-
mal testosterone before and during the second controlled
ovarian stimulation can improve the number of mature
oocytes obtained in the second cycle and thus increase the
chances of having embryos developed for embryo transfer.
Although several studies suggest the use of testosterone as
a safe treatment to increase the number of mature oocytes
in fertility treatments, more studies are required to validate
the effectiveness and safety of this treatment.
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