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Pathophysiological and clinical aspects of anti-
Miillerian hormone (AMH)

AMH is a dimeric glycoprotein and a member of the
transforming growth factor B (TGF-B) family of growth
and differentiation factors (1), and its receptors (AMHR1
and AMHR?2) are located in many organs and tissues,
including in the hypothalamic neurons (2). The availability
of its measurement in the blood, which currently has
high values of sensitivity and specificity, has considerably
modified our knowledge of processes related to fertility
processes, particularly in the diagnostic workup of the
polycystic ovary syndrome (PCOS) (2). Its main actions are
related to the development of a highly sensitive assay for
measuring AMH in serum, although international reference
values for the female population are not yet available. In
any case, the release of AMH from the ovaries leads to an
adequate quantity in the serum, proportional to the number
of ovarian follicles (3). It should be emphasized there is
a certain variability in AMH blood levels, depending on
ovarian number of follicles and androgen levels, ethnicity,
hormonal contraceptive use, and, probably, excess weight
or obesity (3). Physiologically, available data support the
concept that follicular AMH is a gatekeeper limiting follicle
growth and estradiol (E2) production. In addition, it has
been suggested that AMH may not only be a biomarker of
ovarian follicle function and count in diagnosing PCOS
but also in the assessment of hyperandrogenemia (4).
Intriguingly, there is evidence that some important changes
exist in the dynamics of circulating AMH throughout the

© Annals of Translational Medicine. All rights reserved.

lifespan. In fact, after a peak at birth, there is a subsequent
constant reduction of AMH values at least until the early
adolescent years after which, with the advent of mature
age, there is a new phase of increase in AMH that persists
throughout the fertile age, with a constant decline of its
values in the menopause years (2). AMH can also play a role
in evaluating ovarian reserve in healthy women. At present,
the role of AMH in predicting fertility has been investigated
in relatively few studies. Among these, prospective studies
of adult women highlighted that those with low AMH
had a significantly reduced chance of fecundability, which
in turn was not altered in women with low-normal AMH
levels (5,6). Conversely, the probability of conceiving has
been found to be reduced in women with high AMH levels,
which suggests overt or mitigated conditions of anovulation.
Undoubtedly, the true AMH values according to age may
be considered to be predictive of ovarian function with
increasing age (2). In any case, it should be emphasized that
the ovarian reserve status throughout the lifespan requires
much more long-term investigation during the age-related
fertile window before menopause.

AMH and its putative role in the pathophysiology
of PCOS

Serum AMH is usually higher in women with PCOS
compared to healthy women, and it has been suggested that
it may reflect the increased number of antral follicles, where
high AMH production is increased (7). Increased AMH
blood levels have been found in the follicular fluid of women
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with PCOS (8); however, its cause is still relatively unknown,
although high androgen production has been suggested as
playing a potential role, since a positive correlation between
androgens and AMH has been reported (9). Notably, AMH
significantly decreases both the gonadotropin-induced
aromatase expression in granulosa cells and the activity of
the ovary-specific aromatase promoter II, which in turn
favor a significant decrease in E2 production (10). The fact
that AMH inhibits factors required for follicle growth agrees
with the response of high AMH levels in PCOS. Moreover,
luteinizing hormone (LH) was found to reduce AMHR2
expression in granulosa luteal cells obtained from ovulatory
women with PCOS whereas it did not produce similar
effects in women with anovulatory PCOS (11). Therefore,
it could be suggested that levels of AMH in these ovarian
follicles would be sufficient to inhibit follicle-stimulating
hormone (FSH)-stimulated aromatase expression, therefore
preventing the inhibitory effect of E2 on AMH production.
Definitely, these data support the concept that AMH may
contribute to anovulation in women with PCOS.

Recently it has been proposed that detection of AMH
levels could be included in the diagnosis of polycystic
ovarian morphology (PCOm), due to the very high
significant relationship between AMH levels and follicle
count on ultrasound in PCOS patients, a finding that
has been specifically confirmed by the recent use of
advanced technologies which make it possible to count
very small follicles (1-2 mm) (12). Since evaluation of
ovarian morphology, particularly follicle count, is mainly
operator-dependent, the potential combination of AMH
measurement with appropriate morphological evaluation
by ultrasound promises to produce some benefit in the
evaluation of PCOm, therefore expanding what was
suggested by the Rotterdam criteria (13). Moreover, the
significant correlation between androgen and AMH excess
might support the concept that, by itself, AMH excess
might be considered a biomarker of hyperandrogenemia.

The role of AMH on the hypothalamic-pituitary-
gonadal (HPG) axis: lessons from animal models

AMH plays an important role in sexual differentiation
and ovarian functions. On the other hand, until recently,
little was known about the potential role of AMH in
regulating the HPG axis and whether a dysregulation of
gonadotropin secretion is associated with infertility in
women, particularly in those with PCOS with various
human fertility disorders, particularly PCOS. Similarly, we
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had limited knowledge concerning the mechanisms and
factors responsible, although it has long been known that
women with PCOS are characterized by high-frequency
pulse and low FSH secretion (14). More recent studies
have opened an important window on the potential role of
AMH in this context. It was known that, outside the gonads,
the expression of AMHR?2 has also been described in the
endometrium, breast, and cervix in human females, and in
the developing brain and fetal lungs in mice (15). Recently,
Cimino and colleagues (15) expanded these findings and
reported that, based on neuroanatomical data, AMHR?2 in
humans is expressed in several adult brain regions including
areas of the hippocampus, cortex and hypothalamus. The
same authors (15) also found that AMHR? is expressed in a
significant subset of hypothalamic gonadotropin-releasing
hormone (GnRH) neurons, not only in mice but also in
humans. This is of importance, since a previous study
had shown that approximately 12% of the GnRH-neuron
population was required for pulsatile gonadotropin secretion
and puberty onset, whereas slightly higher numbers of
GnRH-neurons were suggested to be required for cyclical
control in adult female mice (16). Using a preclinical murine
model of PCOS, Cimino and co-workers (15) reported a
positive correlation between AMH and LH levels, which
parallels what was found in some clinical studies reporting
a positive correlation between AMH and LH (but not
between AMH and FSH) response dose in PCOS patients
with anovulatory infertility and normal gonadotropins (4,17).
Undoubtedly, these findings support the hypothesis that
elevated AMH blood levels might contribute to the endocrine
alterations observed in PCOS, such as the significant rise
in LH pulsatile secretion, which are closely related to the
increased ovarian androgen production by theca cells.
Interestingly, previous clinical studies (18,19) had shown
normal gonadotropin profiles, but significantly elevated
AMH levels in pre- and peri-pubertal daughters of women
with PCOS and that most of them are characterized by an
early development of reproductive, hormonal and metabolic
alterations, antecedents to the expression of PCOS in adult
age (20). Definitely, the available data support the hypothesis
that AMH may play an important role in the regulation
of GnRH release, which, in turn, could be involved in the
pathophysiology of infertility in women with PCOS.

Elevated prenatal AMH reprograms the fetus and
induces PCOS in adulthood

In the last few years it has been clearly demonstrated

atm.amegroups.com Ann Transl Med 2018;6(Suppl 2):S94



Annals of Translational Medicine, Vol 6, Suppl 2 December 2018

that the pathophysiology of PCOS implies, among other
things, an increase in AMH combined with a hypothalamic
dysregulation, as most women with PCOS are characterized
by elevated LH levels and altered high-frequency GnRH
secretion (20). Recent evidence has also shown that exogenous
AMH markedly increases GnRH neuron firing and GnRH
release, at least in murine living tissue explants (15).
Whether in-utero AMH may affect the development of
the female fetus is relatively unknown, particularly in
pregnant women with PCOS, who are characterized by
high LH levels, heightened GnRH release, and high AMH.
Very convincing data on the potential role of elevated
prenatal AMH in reprogramming the fetus and favoring
the development of PCOS in adulthood recently emerged
from a paper by Tata and co-workers published in Nature
Medicine (21). First, they confirmed that high AMH levels
during pregnancy are present in PCOS women with respect
to controls, therefore suggesting that excess AMH in utero
might affect the development of the female fetus. Moreover,
they reported that high AMH levels during pregnancy were
higher only in normal-weight PCOS but not in those with
overweight or obesity and, additionally, that AMH was
significantly higher only in hyperandrogenic normal-weight
women than in their normoandrogenic counterpart, whereas
no difference was detected in hyperandrogenic obese
PCOS compared to their normoandrogenic counterparts.
They then moved to experimental research activities in the
laboratory, using animal models. To determine whether the
elevation of AMH in pregnant PCOS women is a bystander
effect or a driver of the condition in the offspring, they
modeled the findings observed in women with PCOS, they
experimentally treated pregnant mice with AMH, and they
investigated the neuroendocrine phenotype of their female
progeny postnatally. They found that AMH treatment led
to an increase in the maternal neuroendocrine-driven T
excess and reduced the placental conversion of T to E2,
which resulted in a male type phenotype of the exposed
female fetus and a PCOS-like phenotype in adulthood.
They also reported that the affected female animals were
characterized by a persistence of the activity of GnRH
neurons and, most importantly, that treatment with
cetrorelix, a GnRH antagonist, in the adult female offspring
restored their neuroendocrine phenotype to a normal state.
Collectively, these findings support the concept that in-
utero exposure to excess AMH may permanently alter the
GnRH neuronal afferent network and its activity in the
offspring and that high AMH may have a programming
effect, leading to gestational and perinatal androgen excess
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and subsequent changes in the HPG axis and hormone
levels of the progeny. Intriguingly, these findings appear
to fit very well with previous studies demonstrating that
gestational hyperandrogenism in monkeys, either occurring
naturally or driven by T treatment, may induce a PCOS-
like reproductive and metabolic trait in adulthood (22).

Overall, these findings highlight a hypothetical role
for excess prenatal AMH exposure in the neuroendocrine
dysfunctions of PCOS. Whether these findings are
confirmed or not, there is no doubt that they may offer
a new potential therapeutic strategy for the treatment of
PCOS not only in adult women, but also in hyperandrogenic
adolescent girls, who are often characterized by different
phenotypes that resemble PCOS.

Conclusive remarks

The increasing interest in the pathophysiological aspects
related to the role of AMH in PCOS opens new perspectives
both in the definition of the various phenotypes but also
in possible therapeutic developments. Until now, the
diagnostic aspects have been given considerable importance,
especially as regards the interpretation of ovarian
morphology. In the future, it is likely that the measurement
of AMH may favor a more informed understanding of
the PCOS pathophysiological mechanisms whose clinical
expression is often heterogeneous, which partially justifies
the different diagnostic assessment of the currently available
criteria (13) by gynaecologists and endocrinologists (23,24).
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