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Abstract

A 19 years old patient with primary amenorrhea was referred to our center.
Based on discrepancy between high follicle stimulating hormone (FSH) level
and normal ovarian reserve parameters, follicle stimulating hormone receptor
(FSHR) mutation was screened. The patient was homozygous in exon 6 of the
FSHR gene for the new variant c.479T > C and predicted to result in an ami-
noacid substitution p.Ile160Thr. One year later, her anti-miillerian hormone
(AMH) level inexplicably decreased. Oocyte vitrification was thus offered for
fertility preservation. After 17 days of recombinant follicle stimulating hor-
mone (recFSH) (900 IU daily), no follicular growth was seen and estradiol le-
vels remained low. /nn vitro maturation (IVM) was then suggested. Ten oo-
cytes were successfully vitrified.
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1. Introduction

Primary ovarian insufficiency patients represent a major challenge for obstetri-
cians and gynecologist in terms of fertility management. Even if it is rare, when
POI is combined with a FSHR mutation, helping patient in her family planning

looks almost impossible. If POI is most often of unknown etiology, the incidence
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of family-related cases can achieve a percentage from 4% to 31%, suggesting a
genetic etiology in a large proportion of patients [1] [2].

In 1995, Aittomaki ef al observed a particular Finnish population presenting
with elevated gonadotropin levels and primary amenorrhea but a normal karyo-
type, ending in a POI [3]. Associated with streaks ovaries, this condition is called
ovarian dysgenesis (ODG). Actually, Aittomaki et a/ linked for the first time the
ODG to a special FSH receptor (FSHR) mutation. They reported that a C566T
transition in exon 7 of FSHR, predicting an Ala to Val substitution at residue 189
in the extracellular ligand-binding domain, was congruent with the ovarian dys-
genesis observed in the Finnish population for homozygous women. More pre-
cisely, the locus segregating the disease can be mapped on chromosome number
2p, which corresponds to the locus for both FSHR and luteinizing hormone re-
ceptor (LHR) [4]. Other research in the western countries couldn’t find the same
mutation in women with the same phenotype, suggesting that the finish case was
very peculiar [5]. Beau ef a/ yet, identified another FSHR mutation in a woman
with a secondary amenorrhea, elevated gonadotropins, a subnormal estrogenic
activity and normal ovaries, a different phenotype than the ODG [6]. Since then,
a few FSHR mutation studies were reported in the literature, and most of them
highlight the link between FSHR mutation or polymorphism and an ovarian
dysfunction that could present under different forms [4] [7].

To date, when such a mutation was suspected, ovarian biopsy was often sug-
gested as the diagnostic tool and virtually no fertility treatment could be offered,

but we now seem to have more to offer to these patients.

2. Case Presentation

A 19 years old patient with primary amenorrhea was referred to our center. She
measured 166cm and weighed 57 kgs (body mass index 21.8). She had mod-
erately developed secondary sex characteristics interesting particularly breasts,
and diminished sized ovaries and uterus. She had normal axillary and pelvic
hair, and had no morphotypic abnormalities. At this time, the antral follicular
count (AFC) was 16 (8 + 8) and the anti-miillerian hormone (AMH) was 1.59
ng/ml.

Based on a discrepancy between high early follicular phase FSH level (72.5
IU/L) (ref. range 3.1 - 7.9 IU/L) and normal other ovarian reserve parameters,
such as AMH levels and AFC, a FSHR mutation was suspected and searched for.
A genetic screening was also performed for Fragile X Mental Retardation 1 gene
(FMR1) premutation and for her karyotype. We furthermore completed an in-
vestigation of the classic auto-immune and endocrinologic causes of POF.

We found no FMR1 mutation or premutation and the karyotype was 46XX.
The biological investigations were all normal. However, the patient was homo-
zygous in exon 6 of the FSHR gene for a variant defined as ¢.479T > C and pre-
dicted to result in the amino acid substitution p.Ile160Thr. Her parents were

non-consanguineous French Canadians and were carrying the same mutation.
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They were healthy and the mother had no complications during her pregnancy
or delivery.

One year later, her AMH level decreased from 1.59 to 0.62 ng/ml and her AFC
from 16 to 9 for unexplained reason, so that a fertility preservation using oocyte
vitrification was offered. Being aware of the FSHr mutation, we started with a
stimulated cycle nonetheless. After 17 days of 900 IU daily doses of recombinant
FSH (recFSH), no follicular growth was seen and estradiol levels remained low.
Therefore an in vitro maturation (IVM) was done, with the use of subcutaneous
hCG (10.000 IU) 34 hours before the ovarian function.

Three Further IVM cycles were carried out to maximize the number of vitri-
fied mature oocytes. She firstly underwent five days of stimulation with daily
doses of recFSH (300 IU) and recombinant luteinizing hormone (recLH) (300
IU) before the ovulation induction.

In vitro maturation was carried out using the following technique: follicular
fluid was aspirated from small follicles (between 3 mm and 8 mm), the fluid was
assessed by the embryologist using a 22 pm filter to maximise oocyte retention.
Once the oocyte collection was completed, immature oocytes were washed using
Global Total (IVFonline, Canada) and then transferred into the prepared IVM
media. IVM media was made up on the morning of the oocyte collection, one 75
IU ampoule of Repronex (Ferring, Canada) was diluted and using to produce a
0.75 IU solution for the oocyte culture.

Immature oocytes were cultured for 25 hours in the maturation media and
then assessed for cumulus expansion and extrusion of the first polar body; this
was facilitated by sliding the oocyte. Sliding refers to visualizing the oocyte in a
very thin layer of media created by tipping the dish gently to the side leaving the
oocyte to flatten in the dish. Oocytes judged to be mature were denuded of their
cumulus cells using recombinant hyaluronidase (Cumulase, Origio) and sub-
jected to ICSI. Immature oocytes were further cultured for an additional 24
hours and assessed for maturation at which time they were denuded and ICSI
was performed. Following ICSI, oocytes were transferred into our standard cul-
ture media system (Global, IVFonline, Canada).

In this 19 years old patient with a hypergonadotropic hypogonadism and a
primary amenorrhea, we retained the diagnostic of FSHr-linked POI, taking in
account the sudden diminution of her ovarian reserve.

With the fertility cryopreservation by oocyte vitrification, a total of 8 meta-
phase II oocytes (24 hours post IVM) and 2 metaphase I oocytes (post oocyte re-
trieval) were successfully vitrified and cryopreserved. A total of 3 IVM cycles

were necessary for the obtention of a total of 10 oocytes.

3. Discussion

To our knowledge, this is the first reported successful fertility preservation by
combining oocyte-IVM and vitrification for a POI patient. The main purpose of

our case report is thus to suggest an opportunity for fertility preservation using
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IVM in the management of patients with confirmed POI in the frame of a FSHR
mutation. Grynberg et al. already mentioned that there is a place for IVM in pa-
tients with ovarian resistance to FSH. They reported two cases of live birth after
IVM in such a patient [8]. Even if their FSHR status was not specified, these
successes are another argument in favor of IVM for POI patients with FSHR
mutations. Our enthusiasm should probably be tempered by the fact that our
patient is still far from delivery, but considering the number of cryopreserved
eggs (a total of 10 eggs) and her young age, her predicted probability of having
one child is over 60%, based on the work of Doyle et al [9].

Being able to obtain mature oocytes in this clinical context is not a surprise.
The pathway that prevents germinal vesicle (GV) and oocyte maturation is well
characterized to comprise signaling from the granulosa cells (GC) that ultimate-
ly keeps cAMP high in the oocyte until communication with the GC is lost. In
vivo this loss of communication normally happens because of the LH surge. But
physical removal of GV oocytes from the follicle, as in our situation, has the
same effect, lowering oocyte cAMP, and thus triggering oocyte maturation. This
approach is used routinely experimentally to trigger oocyte maturation in many
mammalian systems. Thus, it is no surprise that, even in the context of altered
FSH signaling, any oocytes that managed to make it to a threshold size were ca-
pable of resuming meiosis [10] [11] [12].

Before aiming for fertility preservation, one should first obtain the correct di-
agnosis of POI and, possibly, more precisely the rare condition of FSHR muta-
tion in order to anticipate an ulterior ovarian failure in these unusual patients
with amenorrhea. As for our patient, the diagnosis of POI was first suspected
when a primary amenorrhea was associated with a hypergonadotropic hypogo-
nadism, a normal AFC and a normal AMH. Such situations were formerly in-
vestigated with invasive techniques like an ovarian biopsy [13], in the certainty
of a negative screening for FMR1 mutation or permutation [14] and a normal
karyotype [15], trying to characterize a histological anomaly that could explain
the clinical presentation. Of course, the possibility of genetic testing and the po-
tential association of genetic mutation with POI open a new window of oppor-
tunity in the diagnosis and the support of these patients [16] [17]. In our case,
no ovarian biopsies were available, thus no correlation was possible between the
mutated receptor function and the ovarian histology.

Beau et al have already and for the first time mentioned the reported mis-
sense mutation of our patient in 1998. It has to be clarified that their patient was
found to carry a compound heterozygotic mutation affecting the FSHr gene and
resulting in an Ilel60Thr and an Arg573Cys substitutions. These substitutions
were located, respectively, in the extracellular domain and in the third intracel-
lular loop of the receptor. Their patient presented with another phenotype as she
had secondary amenorrhea and normal sized ovaries [6] [18]. Also, Binder et al.
[19] found that heterozygotic mutation Ile160Thr was carrying in 5.6% - 6.1% of
infertile patients. But our patient is the first reported case of a homozygosity for
the variant c.479T > C, suggesting that this condition could also lead to a POL.
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Of course, amenorrhea or even POI are not obligatorily caused by a FSHR
mutation. Achrekar ef al screened the entire FSHR gene in a population of In-
dian women with primary amenorrhea and found none of the known mutations.
They identified a particular polymorphism that was more often present in
women with elevated gonadotropins [20].

More recently, Desai et al summarized the known FSHR mutation, their ef-
fect on the receptor function and the repercussion on the reproductive system
for the affected woman [4]. This work suggests that the mutations are activating
or inactivating. Inactivating mutations impair either the extracellular domain of
the FSHR, resulting in the diminution of its expression at the ovarian cell sur-
face, its ability to bind the ligand being not affected, or the affinity of the recep-
tor to the ligand [4] [21]. In both situations, the formation of the receptor-ligand
complex or the FSH signals transduction pathway would be altered ending to a
diminution of the FSH induced cAMP production. But, in case of a diminished
affinity, a higher gonadotropin concentration could partially solve the problem,
which is not the case if the expression itself is impaired. If activating, the muta-
tion was related to OHSS or even spontaneous OHSS.

Being convinced that IVM is worth considering as fertility preservation in
young patients with POI, another interesting approach suggested by Suzuki et al.
deserves attention. They report ovarian tissue cryopreservation by vitrification,
followed by in vitro activation (IVA) of dormant follicles in POI patients with
residual ovarian follicles. After activation, pieces of ovarian tissue are grafted
back in the mesosalpinx and stimulated to obtain mature follicles. Out of their
initial 37 patients, 20 had residual follicles. 9 of the 20 showed a follicular growth
as a response to the post graft stimulation, and 24 oocytes were collected from 6

patients. Finally, 2 term pregnancies were obtained from these oocytes [22].

4. Conclusion

POI patients secondary to FSHR mutation are probably underdiagnosed due to
the lack of readily available testing. FSHR mutation should be considered in pa-
tients with normal-high ovarian reserve (AMH and AFC) and discrepant FSH/LH
results. We suggest that genetic analysis and further diagnosis precision should
be more often investigated in these situations.

New hope is arising for patients carrying the FSHR gene mutation with POI,
since we and others are showing encouraging results of fertility preservation for
these patients. Being the first to report a case of successful oocyte vitrification
following IVM in a patient with FSHr mutation, we call for further studies to as-

sess this original approach and improve its success.
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