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Anti-Müllerian hormone (AMH) is secreted by Sertoli cells in
the testes of men. The recent establishment of reference
range values for serum AMH in both boys and men could
enhance understanding of its physiological implications in
gonadal development and its variations during puberty.1,2

Interestingly, pediatric endocrinologists exploit blood
AMH levels to assess the presence and functionality of
testicular tissue in various pathological situations observed
in infants and children. Meanwhile, in adult men, physicians
specializing in male reproduction are investigating its po-
tential use as a marker of male fertility. However, there is
currently limited consideration given to the use of this
marker in male infertility. This review aims to explore the

utility of AMH as a biomarker of testicular function in
different situations of male infertility related to gonadal
disorders.

Role of AMH in Physiological Conditions

Biomolecular Characteristics
AMH is a dimeric glycoprotein that belongs to the trans-
forming growth factor-β superfamily. The AMH gene was
first sequenced and cloned in mammals in 1986.3,4 The AMH
gene shows remarkable conservation throughout evolution
and has been identified in nearly all mammals, as well as in
chickens, reptiles, marsupials, zebrafish, and amphibians.5
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Abstract Anti-Müllerian hormone (AMH) is secreted by Sertoli cells and is responsible for the
regression of Müllerian ducts in the male fetus as part of the sexual differentiation
process. Serum AMH concentrations are at their lowest levels in the first days after birth
but increase after the first week, likely reflecting active Sertoli cell proliferation. AMH
rises rapidly in concentration in boys during the first month, reaching a peak level at�6
months of age, and it remains high during childhood, then they will slowly decline
during puberty, falling to low levels in adulthood. Serum AMHmeasurement is used by
pediatric endocrinologist as a specific marker of immature Sertoli cell number and
function during childhood. After puberty, AMH is released especially by the apical pole
of the Sertoli cells toward the lumen of the seminiferous tubules, resulting in higher
levels in the seminal plasma than in the serum. Recently, AMH has received increasing
attention in research on male fertility–related disorders. This article reviews and
summarizes the potential contribution of serum AMH measurement in different male
fertility–related disorders.
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The human AMH gene is 2.8 kb long and is located on
chromosome 19p13.3. It contains five exons; the 3′ end of
the fifth exon encodes the bioactive C-terminal domain.4,6

AMH binds to its exclusive AMH type II receptor (AMH-
R2), which has been shown to interact with the type 1
receptor serine/threonine kinases ACVR1 (activin A receptor,
type 1), BMPR1A (bone morphogenetic protein receptor,
type 1A), and BMPR1B (bone morphogenetic protein recep-
tor, type 1B).3,7,8 Once AMH binds the complex formed by
AMH-R2, ACVR1, BMPR1A, and BMPR1B, it leads to the
phosphorylation of SMAD1/5/8 proteins, which are trans-

located to the nucleus and are involved in the regulation of
gene expression.9,10

AMH and Gonadal Differentiation
At the 7th week of gestation, the undifferentiated gonad
arising from the urogenital ridges differentiates into the
testicular parenchyma. This differentiation into the testicle
is determined by the 46,XY karyotype, the presence of SRY,
and other genetic factors, such as SOX9 and SF1 (►Fig. 1).

Once the gonad is differentiated, Sertoli cells (cells sup-
porting subsequent spermatogenesis) and Leydig cells (se-

Fig. 1 Development of internal and external genitalia in male and female fetuses. The reproductive tracts of both females and males originate
from the same embryonic tissues. The gonads and internal and external genitalia begin as bipotential tissue. (a) In male fetuses, under the action
of testosterone (produced by Leydig cells), the mesonephric ducts (Wolffian ducts) develop to form the primary male genital ducts. They give
rise to efferent ductules, the epididymis, vas deferens, and seminal vesicles. However, paramesonephric ducts (Müllerian ducts) degenerate in
the presence of AMH (produced by Sertoli cells in the testes). There are no Leydig cells in the female fetus that produce testosterone. In the
absence of testosterone, the Wolffian ducts degenerate. The absence of AMH permits the development of Müllerian ducts. The cranial part
becomes the fallopian tubes, the horizontal part becomes the fallopian tubes, and the caudal part fuses to form the uterus, cervix, and upper
one-third of the vagina. The lower two-thirds of the vagina are formed by the sinovaginal bulbs (derived from the pelvic part of the urogenital
sinus). (b) Mutations in AMH or its receptor AMHR2 gene lead to the absence or dysfunction of the AMH signaling pathway, which is responsible
for persistent Müllerian duct syndrome. Male patients with persistent Müllerian duct syndrome are born with a persistent Müllerian duct
derivative, revealed as undescended testes (cryptorchidism), and the presence of a small underdeveloped uterus. AR, androgen receptor;
AMHR2, AMH receptor.
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creting testosterone) appear. At the 8th week of gestation,
AMH is secreted by immature Sertoli cells and is responsible
for the regression of the Müllerian ducts in the male fetus
during the sexual differentiation process (►Fig. 1).5

Experimental studies inmice that induced overexpression
or disruption of the AMH pathway have contributed to the
understanding of the mechanisms underlying the regression
of the Müllerian ducts.

Overexpression of AMH in transgenic female mice was
associated with a lack of uterus and oviducts. Homozygous
knockout of the AMH gene, SOX9, or SF1-response elements
on the AMH promoter in male mice was associated with
persistentMüllerian derivatives, but with normalmaleWolf-
fian duct derivatives and external genitalia and sperm
production.

A preclinical study showed that Müllerian duct regression
requires activation of the β-catenin pathway inMüllerian duct
mesenchymal cells. The AMH signaling pathway activates the
expression ofmultipleWnt genes, which are implicated in the
regulation of β-catenin degradation. When Wnt binds to its
receptors, it inhibits the serine/threonine kinase GSK-3, lead-
ing to the accumulation of β-catenin and its translocation to
the nucleus. In the nucleus, β-catenin activates the expression
of Osterix genes, which are involved in apoptosis and Müller-
ian duct regression.11

During the initial stages of fetal development, AMH
expression is triggered by the SOX9 gene and enhanced
by SF1 and WT1, without being influenced by gonadotropic

regulation.12,13 The testosterone secreted by Leydig cells
and not AMH is involved in the development of both
external (masculinization of the genital ridges and urogeni-
tal sinuses) and internal (Wolffian duct structures) genital
organs (►Fig. 1).

AMH and Gonadal Maturation

Serum AMH Variations from Neonatal Period to the
Puberty
At birth, gonadotropin, testosterone, and AMH levels are
transiently low. Minipuberty consists of the neonatal activa-
tion of the hypothalamic–pituitary–gonadal (HPG) axis,
mainly in the first 6 months in boys (►Fig. 2a). An increase
in gonadotropins induces gonadal activation. Consequently,
testosterone levels rise in boys with peak levels at 1 to
3 months of age, resulting in penile and testicular growth.14

After the third month of age, serum testosterone concen-
trations declined following LH levels toward the age of
6 months. Subsequently, the HPG axis remains quiescent
until puberty by mechanisms that remain elusive.

The Sertoli cell–specific peptides inhibin B and AMH
increase from the first week of birth, likely reflecting active
Sertoli cell proliferation.15 The increase in serum AMH levels
is related to follicle-stimulating hormone (FSH)-induced
Sertoli cell proliferation and the activation of AMH gene
transcription through a pathwaymediated bycAMP.16 Serum
AMH concentration rises rapidly in boys during the first

Fig. 2 Regulation of testicular AMH production by follicle-stimulating hormone (FSH) and testosterone under physiological and pathological
conditions. FSH stimulates and testosterone inhibits AMH expression in Sertoli cells; however, basal AMH production is independent of the
action of gonadotropins or androgens. (a) In the fetal period and during minipuberty, the hypothalamic–gonadotrope axis is active. FSH
stimulates AMH expression, whereas testosterone cannot inhibit it, because Sertoli cells do not express the androgen receptor. (b) During
childhood, and in boys over 14 years of age with constitutional delay of puberty, the hypothalamic–gonadotrope is “quiescent,” resulting in
stable blood levels and basal AMH production. (c) In boys with normal or precocious puberty, the increase in intratesticular androgen
concentration inhibits AMH expression, which overrides FSH stimulation, resulting in a decrease in blood AMH levels. (d) Basal AMH production
was observed in individuals with hypogonadotropic hypogonadism, with no further FSH stimulation or testosterone inhibition. (e and f) In
patients with androgen insensitivity syndrome or with testosterone synthesis defects, we observed only the effect of FSH stimulation on AMH
expression, which cannot be antagonized by testosterone, resulting in high AMH production in infancy, pubertal age, and in adults. (g) In
individuals with a mutation in the AMH gene, there was no basal production of AMH, and there was no effect of FSH stimulation. AR, androgen
receptor; FSH-R, FSH receptor; LH-R, LH receptor; T, testosterone.
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month, reaching a peak level at �3 to 6 months of age
(►Fig. 2a).17 Notably, the increased levels of androgens in
the testes during the fetal period and early postnatal lifewere
unable to downregulate the expression of AMH because
Sertoli cells do not express the AR during that timeframe
(►Fig. 2a).

Subsequently, serum gonadotropin concentration
decreases again, resulting in a decrease in testicular testos-
terone secretion. Conversely, Sertoli cells remain intensely
active; they proliferate, resulting in an increase in testis size
from�0.5 cm3, in thefirst year of life, to 1.5 cm3 at 10 years of
age.18,19 Therefore, the circulating AMH levels remain high
during childhood. Interestingly, because AMH is exclusively
secreted into circulation by Sertoli cells, it is considered one
of the most useful markers for studying testicular function
during the prepubertal period in male children (►Fig. 2b).20

The onset of puberty triggers the progressive activation of
the HPG axis, leading to a rise in intratesticular testosterone
and a subsequent decrease in serum AMH levels.2 This
decrease was mediated by the expression of a functional
androgen receptor (AR) in human Sertoli cells (►Fig. 2c).21

The downregulation of AMH expression mediated by andro-
gens occurs concomitantly with the appearance of meiotic
germ cells in the seminiferous tubules, indicating Sertoli cell
maturation.22–24 Accordingly, serum AMH level is a good
marker of androgen action in the testis upon the onset of
puberty.

Interestingly, in patients with central precocious puberty
and in gonadotropin-independent precocious puberty, as
observed in boys with McCune-Albright syndrome, the in-
crease in androgen levels is clearly responsible for AMH
downregulation independent of gonadotropin levels
(►Fig. 2c).25 In fact, the decrease in blood AMH concentra-
tion reflects an increase in intratesticular and not necessarily
circulating serum testosterone levels, as observed in the
earliest stages of puberty.

On the contrary, in patients with untreated congenital
hypogonadotropic hypogonadism (HH), serum AMH levels
increased upon administration of recombinant FSH due to
the FSH-induced proliferation of Sertoli cells.26 However,
additional treatment with human chorionic gonadotropin
(hCG) results in a decline in AMH levels related to the hCG-
induced increase in testosterone levels, which inhibits AMH
that overrides FSH-initiated AMH transcription.26 Conversely,
the administration of exogenous testosterone did not result in
a decrease in AMH concentrations. This finding suggests that
intratesticular testosterone levels remain low.26

In Adults
In adult males, spermatogenesis is under the control of FSH
and LH. FSH acts directly on Sertoli cells, and LH induces
testosterone production after Leydig cell stimulation. Intra-
testicular testosterone acts through a paracrine mechanism
on AR expressed by target cells located in the seminiferous
tubules.12,13,15 In adults, Sertoli cells express AR and also
AMH-R 2, suggesting an autocrine effect of AMH. In cases of
infertility, in the absence of an androgen-inhibitory effect,
FSH can increase testicular AMH secretion in adult men.26

Additionally, paracrine effects of AMH on Leydig cells and
adult germ cells have been reported, as AMHdirectly inhibits
Leydig cell differentiation and steroidogenesis, and might be
involved in spermmotility.27AMH-R2 has also been detected
in the prostate, lungs,28,29 and several other organs, includ-
ing the brain and the pituitary.1,30,31 Recently, we reported
that AMH-R2 is expressed in human gonadotroph cells and
spermatozoa.1 This finding suggests that the biological
effects of AMH are much broader than previously thought.

AMH in Pathological Conditions

Clinical Phenotype of Male Individuals with Sex
Development Disorders Related to a Mutation in AMH
or Its Receptor AMH-R2 Gene
In males, genital differentiation is driven by two hormones,
testosterone and AMH, which are produced by fetal Leydig
and Sertoli cells, respectively. The expression of AMH is
responsible for the regression of fetal Müllerian ducts
(►Fig. 1). However, testosterone secretion maintains Wolf-
fian ducts and contributes to the virilization of the external
genitalia.32

Disorders of sex development in males may result from
defects in the signaling of AMH, testosterone, or both
hormones.

Mutations in AMH or its AMH-R2 gene lead to the absence
or dysfunction of the AMH signaling pathway, which is
responsible for persistent Müllerian duct syndrome (►Figs.

1b and 2g). Male patients with persistent Müllerian duct
syndrome are born with a persistent Müllerian duct deriva-
tive, revealed as undescended testes (cryptorchidism), and
the presence of a small underdeveloped uterus.33 Various
mutations in AMH and its receptor AMH-R2 have been
reported in �88% of male individuals with cryptorchidism
and persistent Müllerian duct syndrome.33

The absence of external genital ambiguity is the main
feature of male individuals with persistent Müllerian duct
syndrome that distinguishes it from mixed gonadal dysgen-
esis, which is an early-onset complete type of sex develop-
ment disorder with fetal hypogonadism resulting from
dysfunction of both Leydig and Sertoli cells.13

Infertility Related to Congenital Gonadal Disorders
AMH is a reliable biomarker that can be used from neonatal
age. Unlike serum inhibin B, which cannot discriminate
between ovarian and testicular tissues, serum AMH could
be very helpful for pediatric endocrinologists.

Serum AMH is useful for the following purposes:

• Detect the existence of testicular tissue in the event of a
rather high value.

• Distinguish between congenital disorders affecting whole
testicular differentiation (gonadal dysgenesis) and ovari-
an gonadal tissue differentiation in the event of a rather
low serum AMH value.

However, serum AMH cannot be used as the only biologi-
cal marker to assign a child with disorders of sex develop-
ment, but is used concomitantly with other markers, such as
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SRY research, karyotype, and blood testosterone concentra-
tions.34 In early childhood, the secretion of AMH by Sertoli
cells remains high and independent of gonadotropin stimu-
lation. Therefore, measuring gonadotropins may not provide
useful information. For boys with gonadal dysgenesis or
disorders of sex development, measuring serum AMH can
help assess the state of the testicular parenchyma, particu-
larly Sertoli cell function, during childhood, puberty, and
adulthood.

Reproduction of Adult Men with a History of
Cryptorchidism
The descent of the testis from a temporary intra-abdominal
site during fetal life to the permanent scrotal location after
birth is crucial for spermatogenesis in mature testes. The
etiology of undescended testis or cryptorchidism is still
surrounded by much controversy.35

Cryptorchidism is one of the most common congenital
malformations inmales, with a prevalence of 1.6 to 5.7%.36 In
patients with a history of cryptorchidism, the risk for infer-
tility and testicular cancer is highly increased.35,37,38 A
measurable value of AMH in a boy with bilateral cryptorchi-
dism is predictive of undescended testes, whereas an unde-
tectable value is strongly suggestive of anorchia.

Unilateral cryptorchidism is associated with increased
risk of infertility in adulthood. Up to 30% of men with a
medical history of surgery in childhood for unilateral crypt-
orchidism are likely to be subfertile later in life. Furthermore,
the prevalence of infertility is more important and close to
54% in cases of surgery’s history for bilateral cryptorchi-
dism.20,39,40 Several studies have reported that serum AMH
concentrations are lower in healthy boys with cryptorchi-
dism than in their age-matched counterparts with palpable
testes.41–43 In men with a history of operated or persistent
cryptorchidism, serum AMH values were positively correlat-
ed with testicular volume and sperm parameters and nega-
tively correlated with serum FSH levels. Accordingly, this
biological marker can be used as a measure of the number
and functionality of Sertoli cells.44 However, to date, there is
no evidence that serum AMHmeasurement can help predict
a positive result for fertility assessment (by ejaculation or
surgical exploration) in these conditions, except for AMH or
AMH-R2 gene mutations.

Reproduction in Adult Men with a History of Isolated
Hypospadias or a More Marked Variation in Genital
Development
Hypospadias observed at birth may be an indicator of a
gonadal dysfunction, especially if it is “severe” (i.e., middle
or posterior) or if it is associated with other abnormalities of
genital development (cryptorchidism, small penis size,
anomaly of the internal genital organs.) Therefore, male
reproductive abnormalities can be observed in adulthood,
with gonadal dysfunction.

In the case of hypospadias, the findings in adulthood on
reproductive parameters are the same if the hypospadias are
isolated or associated with a more severe variation in genital
development during childhood.45,46

Currently, none of the above studies have evaluated or
used AMH levels as a male reproductive marker. We suppose
that if these clinical situations are related to gonadal dys-
function, then serum AMH values in this population, such as
serum FSH levels and sperm parameters, may be altered.
However, this remains to be confirmed. Monitoring serum
AMH levels in these boys during childhood and puberty
makes it possible to inform and guide young people at the
end of puberty on whether they wish to explore or even
preserve fertility.

Discriminating Congenital Hypogonadotropic
Hypogonadism from Pubertal Delays
Constitutional pubertal delay and congenital HH share simi-
lar clinical phenotypes of delayed sexual maturation in
prepubertal boys. Gonadotropin and testosterone serum
concentrations are very low in prepubertal childhood and
hence have little clinical significance. However, AMH, which
is a good marker of Sertoli cells, is of great importance in the
differential diagnosis of congenital HH and constitutional
pubertal delay.34

Congenital HH affects the development of Sertoli cells, as
severe gonadotropin deficiency leads to a decreased number
of Sertoli cells and, therefore, low serum AMH and inhibin B
levels.47–49

The early pubertal increase in serum inhibin B concentra-
tion is tightly associatedwith a decrease in serumAMH levels
and, therefore, may reflect the differentiation of Sertoli cells
mediated by the increase in intratesticular androgen con-
centrations. Therefore, the assessment of AMH levels may
predict the clinical onset of puberty.

Interestingly, low serum AMH levels and prepubertal
testicular volume in patients may be of clinical value in
the early diagnosis of congenital HH. Very low serum AMH
levels in childrenwith profound congenital HHare associated
with impaired Sertoli cell population development.47,48

Childhood with constitutional delay of puberty had an
eugonadal state of Sertoli cells, and serum AMH levels were
within the normal range for prepubertal boys.48

In untreated patients with HH, recombinant FSH treat-
ment induces a progressive increase in serum AMH levels,
whereas the addition of hCG treatment induces a decrease in
serum AMH concentrations owing to the hCG-induced in-
crease in intratesticular testosterone levels, which induces
the inhibition of AMH transcription. However, the adminis-
tration of exogenous testosterone did not result in a decrease
in serum AMH concentration, which may be related to the
low intratesticular testosterone levels in patients with con-
genital HH.26

Secretory or Nonobstructive Azoospermia
Azoospermia is a major cause of male infertility with a
prevalence of �1% in the male population. It is defined as
the complete absence of spermatozoa in the ejaculate.

Nonobstructive azoospermia (NOA) is defined as the
absence of sperm in the ejaculate due to failure of spermato-
genesis, and is themost severe formofmale infertility. NOA is
diagnosed in �10% of infertile men. The etiology of NOA is
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either intrinsic testicular impairment or inadequate gonad-
otropin production.

Klinefelter Syndrome (47,XXY)
Klinefelter syndrome is a primary hypogonadal disorder of
genetic origin, and it is characterized by the presence of an X-
chromosome polysomy in male patients. Klinefelter syn-
drome is characterized by accelerated germ cell depletion
and occurs in �10 to 12% of NOA men.50 In boys with
Klinefelter syndrome, circulating AMH concentrations are
within the reference range until mid-puberty, when severe
impairment is observed with a decrease in serum AMH
concentrations much lower than that in healthy boys,51,52

and serum AMH levels decline to subnormal concentrations
in adults. Therefore, reduction in serum AMH levels appears
to be a specific feature of testicular failure associated with
Klinefelter syndrome.51,53 Furthermore, we previously
reported that the serum concentration of AMH could be
predictive of sperm retrieval results in testicular sperm
extraction in a small cohort of nonmosaic KS patients.54

Varicocele
Varicocele is the abnormal dilation of the veins of the
pampiniform plexus resulting from altered venous drainage.
It is a common pathology in the general population (15–20%
of men) and is considered one of the main causes of male
infertility.55 The impact of varicocele on spermatogenesis is
progressive, and consequently decreases male fertility over
time. Varicocele impairs testicular blood supply, resulting in
a reduction in oxygenated blood and nutrient supply to the
local testis, which causes a decline in the quality and quantity
of spermatogenesis. In addition, expansion of the veins
induces dysfunction of the testicular nervous plexus, which
regulates testicular temperature. Higher temperatures can
contribute to testicular atrophy and infertility.56

AMH serum levels were reported to be higher in prepu-
bertal boys (Tanner 1 Stage) with varicocele than in controls.
A similar profilewas observed during puberty (Tanner stages
III, IV, and V). Likewise, inhibin B serum concentrations were
higher in pubertal boys with varicocele than in controls.57

Alteration of gonadal hormonal serum profiles in boys with
varicocele may reveal an early abnormality in the regulation
of Sertoli cell function. AMH serum concentration levels in
adult subfertile men with varicocele were reported to be
lower, as were serum inhibin concentrations, comparedwith
control individuals.58,59 These data are consistent with other
studies showing elevated serum FSH levels in adult menwith
varicocele.42 These modifications are a reflection of Sertoli
cell alteration and dysfunction, contributing to sperm
alterations.

Iatrogenic Impact on Fertility after Cancer Treatment
Current data show that both radiotherapy and chemotherapy
primarily affect germ cells of the testis, whereas Leydig cells
are less affected.60,61Wepreviously reported that serum levels
of both the Sertoli cell markers AMH and inhibin Bwere lower
in individuals with cytotoxic spermatogenic failure (related to
radiotherapy or chemotherapy). Furthermore, we observed

that these individuals had a low sperm retrieval rate during
testicular sperm extraction.54 A few clinical studies have
explored the direct effects of cancer treatments on Sertoli
cell function. Two studies, including a few patients treated
withpolychemotherapyorhematopoietic cell transplantation,
showed that serum AMH levels were below normal with
age.62,63

Obstructive Azoospermia
Obstructive azoospermia (OA) is associated with mechanical
obstruction of the seminal tract, which may be congenital or
may be caused by infection or trauma. Usually, spermato-
genesis is largely preserved in OA patients. We previously
reported that serumAMH concentrations in individuals with
OAwere similar to those in healthymen.54 In addition, some
previous studies have reported that no significant differ-
ences in serum AMH levels were found in cases of oligosper-
mia and OA compared with infertile individuals with normal
sperm concentrations.64,65

AMH and Sperm Parameters

The association between serum AMH concentrations and
semen quality has been addressed previously in both pre-
clinical studies and in humans, but the results are conflicting.

Interestingly, blood AMH concentrationswere found to be
positively correlated to sperm concentration, total sperm
count, and progressive spermmotility.1,44,66,67Nevertheless,
some authors do not find a significant correlation between
blood AMH levels and semen characteristics.68–71 A negative
association between serum AMH levels and total sperm
motility and progressive motility was observed in dogs.72

Previous studies evaluating seminal plasma AMH have
described a significant positive relationship between semi-
nal plasma AMH levels and sperm concentration, total sperm
count, and progressive spermmotility.67,71,73,74However, no
correlation was observed in other studies.75,76

The mechanisms underlying the role of AMH in the
regulation of sperm motility are unknown. After puberty,
AMH is secreted bidirectionally by Sertoli cells, apically into
the lumen of the seminiferous tubules, and basally into blood
circulation. The seminal fluid concentrations of AMH can be
up to 10 times higher than the serum levels.76,77

Interestingly, two studies reported that AMH can improve
human sperm motility.78,79 The expression of AMH-R2 in
human spermatozoa, which we recently documented, may
support this hypothesis. AMH-R2 was found to be highly
expressed in the middle piece of human ejaculated sperma-
tozoa (►Fig. 3),1 which is responsible for the initiation of
sperm motility.

Two previous studies have reported interesting observa-
tions. In a previous study, the authors examined the effects of
recombinant human AMH on fresh and cryopreserved sper-
matozoa and found significantly higher motility in both fresh
and cryopreserved spermatozoa after 5 and 22hours of
incubation with AMH. However, the effects of AMH are
suppressed by co-incubation with anti-AMH antibodies.78

In another study, seminal plasma concentrations of AMH
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were suggested as predictive markers for sperm motility
recovery after cryopreservation in asthenozoospermic
men.79 However, these two studies had some limitations,
such as the lownumber of individuals included and the use of
visual evaluation to study sperm motility.

Testicular Senescence

Testicular aging is associated with loss of germ cells and
impaired spermatogenesis. Additionally, the spermatogene-
sis microenvironment, composed of Sertoli and Leydig cells,
displays significant alterations with age, such as decreased
number, morphological variations, organelle aging, abnor-
mal hormone secretion, and blood–testicular barrier
defects.80 Serum AMH concentrations were reported to be
reduced with increasing age2,81,82 and were negatively cor-
related with serum FSH and LH levels, which suggests that

decreased serum AMH levels represent an age-related reduc-
tion in Sertoli cell function.

Conclusions

AMH is a key factor indispensable for the normal develop-
ment of male genitals. Serum AMH determination is used by
pediatric endocrinologists as a specific marker of immature
Sertoli cell number and function during childhood. A mea-
surable value of AMH in a boy with bilateral cryptorchidism
is predictive of undescended testes,whereas an undetectable
value is highly suggestive of anorchia, testicular dysgenesis,
or ovaries. In adult men, physicians specializing in male
reproduction try to understand its potential use as a marker
of male fertility.

Our recent research highlights a new potential physiolog-
ical function of blood-circulating AMH in the negative

Fig. 3 Immunolocalization of anti-Müllerian hormone type II receptor (AMH-R2) with α-tubulin in human ejaculated spermatozoa. (a) In human
ejaculated spermatozoa, AMH-R2 (red; anti-AMH-R2 antibody) is highly expressed in the middle α-tubulin (green) is expressed in the
middle piece, and tail. (b) Absence of staining without primary antibodies. Only secondary antibodies and 4,6-diaminopyrimidine,
2-pyrolylindole nuclear counterstaining (blue) were used. Scale bars¼ 5 μm.
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feedback regulation of FSH secretion, probably through the
modulation of gonadotropic cell activity in the pituitary
gland. In addition, the expression of AMH-R2 in human
spermatozoa could be indicative of the potential role of
seminal AMH in the regulation of sperm motility. However,
further studies are required to confirm these hypotheses.

Unlike serum inhibin B, serumAMHmeasurement could be
a good indicator of testicular failure for both exocrine and
endocrine functions, which can help practitioners monitor
testicular functionandassist indecision-making regarding the
time to explore fertility or perform testicular spermextraction
in young adult menwith amedical or surgical history that can
cause testicular damage and affect their function.
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