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A novel antimullerian gene mutation
In a woman with high antral follicle
count and extremely low serum
antimullerian hormone levels

Laura Melado, M.D., Ph.D.,® Barbara Lawrenz, M.D., Ph.D.,> Jonalyn Edades, B.S.,2 Ajay Kumar, Ph.D.,P
and Human Fatemi, M.D., Ph.D.?

@ ART Fertility Clinics, Abu Dhabi, United Arab Emirates; b Ansh Labs LLC, Medical Center Blvd, Webster, lowa; and
€ Reproductive Unit, UZ Gent., Gent, Belgium

Objective: To report a case with a distinct difference between the ovarian reserve parameters of antimiillerian hormone (AMH) levels,
antral follicle count (AFC), and follicle-stimulating hormone levels caused by a novel homozygous missense variant in the exon 1 of the
AMH gene [NM_000479.4:c259G>A, p.(Val87Met)].

Design: Case report.

Setting: Tertiary referral in vitro fertilization clinic.

Patients: A 33-year-old woman, G4P4AOEOL4, with a BMI of 25.33 kg/m?, high AFC, and repeated extremely low systemic AMH
levels, was detected and measured using multiple enzyme-linked immunosorbent assays.

Interventions: Antimiillerian hormone analysis with multiple assays, whole exome sequencing through next generation sequencing to
diagnose the missense variant, and inhibin B measurement.

Main Outcomes Measures: Genetic counseling and two subsequent ovarian stimulations for successful fertility preservation.
Results: Detection of the [NM_000479.4:c259G>A, p.(Val87Met)] variant in the AMH gene. Retrieval and cryopreservation of four
euploid blastocysts and 26 metaphase II oocytes.

Conclusions: AMH gene mutations can lead to the absence of systemic AMH levels and might be discordant to other ovarian reserve
markers like AFC, follicle-stimulating hormone, and inhibin B, without affecting the ovarian response to ovarian stimulation. Clinicians
should not rely exclusively on AMH levels for ovarian stimulation. When severely reduced AMH levels are found in patients with high
AFC, AMH variants should be suspected, and fertility treatments should be tailored adequately. (F S Rep® 2024;5:152-6. ©2024 by

American Society for Reproductive Medicine.)
Key Words: Antimullerian hormone, antral follicle count, gene mutations, ovarian markers

ntimillerian hormone (AMH) is
A a homodimeric glycoprotein

produced and secreted by the
granulosa cells of the preantral and
antral ovarian follicles. It belongs to
the transforming growth factor-8
(TGF-B) family and is coded by a five-
exon gene located on chromosome 19
(1). Within the ovary, AMH inhibits pri-
mordial follicle recruitment to follicle-
stimulating hormone (FSH)-stimulated

antral follicle development, like a
follicular gatekeeper. This action limits
follicle growth initiation and slows the
depletion of the ovarian reserve (2, 3).

Antral follicle count (AFC) and
AMH levels are considered the best
markers for functional ovarian reserve
assessment, showing a strong positive
correlation between them (4). Both
markers have shown similar fluctua-
tions throughout the menstrual cycle
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(5, 6), explained by the fact that small
growing follicles included in the AFC
are the main contributors to serum
AMH concentration (7). However, it is
not uncommon to identify cases where
AFC and AMH levels are discordant,
even though both measurements are
performed by highly trained profes-
sionals during the early follicular phase
in the same center (8) and cannot be ex-
plained by technical limitations or
assay variability (9). Furthermore, cases
with very low levels of circulating AMH
in women with high AFC have been
published (10, 11). In the case described
by Hoyos et al. (10), a genetic variant
with impaired serum AMH immunoac-
tivity was identified in a woman diag-
nosed with polycystic ovary syndrome
(PCOS), yet no ovarian stimulation
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was performed. Grbavac et al. (11) presented a case of unde-
tectable AMH serum levels and high AFC who developed
ovarian hyperstimulation syndrome (OHSS) during in vitro
fertilization using a high dose of recombinant FSH; however,
no genetic investigations were performed in this case. The
finding of unexpectedly discrepant ovarian reserve parame-
ters challenges the ovarian stimulation strategy with impor-
tant clinical significance. Moreover, new fertility drugs
have been developed and linked to AMH level only as a
parameter to consider for dose decisions (12).

We present the case of a nonobese woman with severely
reduced serum AMH levels and high AFC, its biochemical and
molecular investigations, including a novel mutation in the
AMH gene, fertility counseling, and family planning.

CASE REPORT

A 33-year-old woman, G4P4AOEOL4, BMI 25.33 kg/m?, was
referred to us in September 2022, seeking a second opinion
after being diagnosed with premature ovarian insufficiency
on the basis of her serum AMH levels. The AMH test result
was <0.07 ng/mL (Beckman Coulter AMH generation II),
performed in August 2022 and requested by her gynecolo-
gist in an external laboratory. Her past medical history was
unremarkable: no known allergies, no smoking, and no
parental consanguinity. She had menstrual irregularities
since menarche, having spontaneous periods every
3-4 months, and polycystic ovarian morphology (PCOM)
with an AFC of 20 per ovary (Fig. 1), although there were
no signs of clinical or biochemical hyperandrogenism.
She was married to her first-degree cousin and had four un-
assisted naturally conceived pregnancies followed by four
normal vaginal deliveries without complications, all of
them girls. The couple had a 7-month-old daughter who
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had been diagnosed with gross motor delay, hypotonia,
and bilateral foot eversion.

Her serum hormone measurements are depicted in
Table 1, along with her serum AMH levels measured with
different enzyme-linked immunosorbent assay (ELISA)
methods, which included antibodies mapped to different re-
gions of the AMH molecule (N-terminus, C-terminus, and N
and C-terminus). The patient had extremely reduced serum
AMH levels detected for her age, irrespective of the assay
methods used. Surprisingly, she presented a high circulating
inhibin B concentration.

Because of consanguinity of the couple, and having a
daughter with gross motor delay and hypotonia, a whole
exome sequencing for the couple through next generation
sequencing (Igenomix) was performed on DNA extracted
from the patient and husband’s blood. The couple was found
to be carriers of a pathogenic mutation in gene HBA (—«a3.7)
and a variant of uncertain significance in the SC5D gene
[NM_006918.4:c.418G>A, p.(Gly140Ser)]. Pathogenic vari-
ants in the SC5D gene are associated with lathosterolosis
with an autosomal recessive mode of inheritance. The couple
was referred to a clinical geneticist for further evaluation of
their daughter syndrome and the possible association with
this variant of uncertain significance, which was not identified
in the affected daughter. After discussing the results with the
genetic counselor, the couple decided not to proceed with pre-
implantation genetic testing of Mendelian disorders (for this
variant). Regarding the pathogenic mutation in gene HBA, a
couple has a 25% risk of having offspring with a —«3.7 variant
in a homozygous state. However, this condition does not pose a
risk for the severe form of a-thalassemia. Interestingly, the
woman presented also a homozygous missense variant in
exon 1 of the AMH gene [NM_000479.4:c259G >A, p.(Val87-
Met)] that replaced the amino acid valine with methionine at
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Transvaginal ultrasound images of patient’s ovaries. (A) Right ovary. (B) Left ovary.
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TABLE 1

Index woman serum hormone measurements.
Clinical and laboratory

characteristics Index woman

Basal E2 (pg/mL) 56.9

Basal FSH (mIU/mL) 7.66

Basal LH (mIU/mL) 23.48

Basal P4 (ng/mL) 0.05

TSH (ulU/mL) 1.39

PRL (ulU/mL) 127.30

DHEA-S (ug/dL) 152

TT (ng/dL) 37.5

Free T (calculated) (ng/dL) 0.005

Albumin (g/L) 42.8

SHBG (nmol/L) 105

Androstenedione (ng/mL) 1.08

AFC 40

Inhibin B (US InhB ELISA, Ansh Labs) 165.5
(pg/mL)

AMH Gen Il ELISA (Beckman Coulter) 0.07
(ng/mL)

AMH pro-mature Elecsys ELISA 0.084
(Roche) (ng/mL)

Pro-mature PicoAMH ELISA (Ansh 0.084
Labs)

Pro-mature US-AMH ELISA (Ansh 0.103
Labs) (ng/mL)

Mature-Mature AMH ELISA (Ansh 0.047
Labs) (ng/mL)

PCOCheck AMH ELISA (Ansh Labs) 0.122

(ng/mL)

Note: AFC = antral follicle count; AMH = antimdillerian hormone; DHEA-S = dehydroepian-
drosterone Sulfate; E2 = estradiol; Free T = free testosterone; FSH = follicle-stimulating hor-
mone; LH = luteinizing hormone; P4 = progesterone; PRL = prolactin (reference values: 86—
324 plU/mL); SHBG = sex hormone binding globulin; TSH = thyroid-stimulating hormone; TT
= testosterone total (reference values: 8-60 ng/dL).
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codon 87. Preimplantation genetic testing of Mendelian disor-
ders was not indicated because the patient was homozygous for
this variant and all her offspring will be carriers. The patient
signed the informed consent related to the case to be reported
in a medical publication.

On the basis of the genetic conditions and the wife’s risk
of possible early oocyte depletion, the couple decided to un-
dergo two ovarian stimulation cycles for fertility preserva-
tion: one cycle for in vitro fertilization and
intracytoplasmic sperm injection and one cycle for oocyte
vitrification. First ovarian stimulation was performed with
antagonist protocol using 225-150 IU of HP-HMG (Meno-
pur, Ferring, Kiel, Germany) for 10 days and cetrorelix (Ce-
trotide, Merck, Darmstadt, Germany) for 7 days. As soon
as three follicles reached >17 mm, dual trigger for final
oocyte maturation was performed with 2,500 IU subcutane-
ous of hCG (Choriomon, IBSA, Lugano, Switzerland) and 0.3
mg subcutaneous of triptorelin (Decapeptyl, IPSEN, Signes,
France). Serum oestradiol levels were 3,604 pg/mL and
serum progesterone levels were 1.06 ng/mL on the day of
trigger. Oocyte pick-up was performed under sedation 36
hours later, and 38 cumulus-oocyte-complexes were
collected and 22 were metaphase II oocytes. On day 6, five
blastocysts were biopsied for preimplantation genetic
testing for aneuploidy, and four euploid embryos were vitri-
fied. On the couple’s request, after one menstrual cycle, a

second ovarian stimulation was performed following the
same protocol. Serum oestradiol levels were 4,411 pg/mL,
and serum progesterone levels were 1.10 ng/mL on the day
of the trigger. A total of 32 cumulus-oocyte complexes
were retrieved, and 26 oocytes were vitrified. No signs or
symptoms related to OHSS were observed during her
follow-up after the oocyte retrievals.

DISCUSSION

Here, we present a case of a patient who was diagnosed
mistakenly with premature ovarian insufficiency because of
extremely low AMH levels. The patient presented extremely
low serum AMH levels detected using multiple ELISA
methods, high AFC, and normal levels of inhibin B and
FSH. Further genetic analysis revealed a novel missense
variant in exon 1 of the AMH gene [NM_000479.4:c259G>A,
p.(Val87Met)], presented in homozygosis in this young fertile
woman. The herein described variant had not been reported in
the literature or population databases and was classified as a
variant of uncertain significance according to the American
College of Medical Genetics and Genomics guidelines (13).
This missense variant severely impaired the circulating
AMH immunodetection using different assay methods, yet
further functional analysis was not performed to investigate
the normal biologic function of the AMH variant. The patient
successfully completed two cycles of ovarian stimulation for
fertility preservation.

Mutations inactivating AMH or affecting the AMH recep-
tor type 2 (AMHR?2) are responsible for 90% of cases of persis-
tent miillerian duct syndrome, defined as the persistence of
miillerian derivates in otherwise healthy 46,XY men (1). It is
transmitted as an autosomal recessive trait, with a high prev-
alence in consanguine families with known mutations.
Although consanguinity is highly prevalent in the Middle
East region, the index woman did not present parental con-
sanguinity (14). Subjects with a single mutated allele or ho-
mozygous allele are phenotypically healthy (15). Women
with homozygous mutations have a normal phenotype as
well, but it has been suggested that they may undergo prema-
ture menopause because AMH normally inhibits primordial
follicular recruitment (2) and does not fulfill this function
because of the mutation.

Different AMH coding mutations have been described
previously, some in patients with PCOS, coding different
areas of the AMH molecule and affecting protein processing
and/or bioactivity. Normally, granulosa cells primarily
release AMH as a nonactive prohormone, which forms a sta-
ble active complex (AMHy ¢) after cleavage by proteinases
(16). Circulating AMH is a mixture of AMH as a nonactive
prohormone, which does not appear to activate AMHR2
but is important in AMH synthesis and extracellular trans-
port, and AMHy ¢, the mature bioactive form, which binds
and activates the receptor (17). This processing exposes
new antigenic sites, which may affect measurements using
conventional ELISA methods (18). Blood samples from the
patient were measured using six different AMH assay
methods: Beckman Coulter Gen II assay, automated Roche
Elecsys assay, Ansh Labs picoAMH assay, US-AMH assay,
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Mature-Mature AMH assay, and the PCOCheckTM AMH
assay. Antimillerian hormone showed extremely low levels
regardless of the assay performed, suggesting a lack of circu-
lating AMH immunodetection using different commercially
available assays. Interestingly, bioactive inhibin B (bio-
InhB) levels were high (165.5 pg/mL). Inhibin B is produced
by granulosa cells of antral follicles and is correlated with
oocyte yield after ovarian stimulation (19). Hence, high
bio-InhB levels were concordant with the AFC and corre-
sponded to granulosa cell activity. It is important to differ-
entiate between the immunoactivity and the bioactivity of
the AMH protein. For that purpose, a functional analysis
of the variant should be performed. Hoyos et al. (10) recently
published a homozygous mutation in exon 5 in a woman
with PCOS that modified the circulating AMH molecule im-
munoactivity, impairing AMH antibody-epitope recognition
by a commercial picoAMH ELISA assay (10). In addition,
Meng et al. (20) described the functional analysis of other
variants in women with PCOS.

Although neither biochemical nor clinical signs of hy-
perandrogenism were presented, oligomenorrhea, AFC,
bio-InhB, and the patient’s elevated levels of luteinizing hor-
mone were in line with possible PCOS (19, 21). Hence, the
ovarian stimulation protocol and dosage were planned for
an expected high responder. The ovarian response to stimu-
lation confirmed a high number of growing follicles with
adequate steroid production, obtaining a high number of
mature oocytes in both stimulation cycles. Frequent moni-
toring was performed during and after ovarian stimulation,
and no OHSS occurred. Although AMH level is a very useful
tool for ovarian reserve assessment and ovarian stimulation,
the case herein demonstrates that it should not be used as an
independent ovarian reserve marker because the risk of se-
vere OHSS and complications like ovarian torsion and
bleeding may be high (11) and the wrong dosage of gonad-
otropins would have been administered. Moreover, the
recently introduced fertility drug, follitropin delta, has
been advised to be linked to systemic AMH only, which
would have been unsafe for the current patient. Any discrep-
ancies between laboratory findings and clinical condition
should be cautiously considered during the ovarian stimula-
tion planning.

In previous publications, including cases with discor-
dant levels of AMH and AFC, index patients have been
described and compared with typical cases of PCOS. How-
ever, it has been demonstrated in murine models that
AMH prevents early depletion of the follicle pool in the
ovary by inhibiting initial follicle recruitment (22). As
shown in AMH-null mice, in the absence of AMH, more pri-
mordial follicles are recruited into the growing pool, and, as
a result, ovaries are depleted of their primordial follicles
significantly earlier (23). Although the same data have not
been published yet in humans, it is important to keep in
mind that subjects with homozygous mutated alleles for
either AMH or AMHR2 may experience premature meno-
pause, and close clinical observation of these patients
should be visible. Adequate counseling including family
planning and fertility preservation, should be provided to
the patients.

F S Rep®

CONCLUSION

A novel mutation in the AMH gene is described, together with
fertility treatment and fertility preservation. The AMH gene
mutations can significantly impair serum AMH levels and
might be discordant to other ovarian reserve markers without
affecting ovarian response during ovarian stimulation.
Caution should be taken when undetectable or severely
reduced serum AMH levels are found in patients with high
AFC. AMH variants should be suspected, and fertility treat-
ments should be tailored adequately.
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