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Abstract: The male gonadotropic axis consists of the hypothalamus, pituitary gland and testes. Testosterone is

produced by the Leydig cells in the presence of pituitary luteinizing hormone (LH). LH and FSH (follicle stimulating
hormone) are themselves regulated by gonadotropin-releasing hormone or GnRH, released in pulses by the anterior

hypothalamic neurons.

The embryonic migration of GnRH neurons, which is a critical step in this process, is now better understood thanks to
the identification of new genes that are involved. The regulation of the gonadotropic function has itself been illuminated
by the identification of new peptide regulatory factors which include kisspeptins.

This review traces the physiology of male gonadotrope axis based on new knowledge relating to its establishment, its
operation and its regulation, allowing a better understanding of the congenital hypogonadotropic hypogonadism.

Keywords: Male gonadotrope axis, regulation of the gonadotropic axis, migration of GnRH, kisspeptines,

congenital hypogonadotropic hypogonadism.

INTRODUCTION

The function of the male gonadotropic axis can be
divided into three stages: the hypothalamic explants
which  provide pulsatile secretion of GnRH
(Gonadotropin Releasing Hormone), the release of
FSH (follicle stimulating hormone) and LH (luteinising
hormone or lutropin) which act on the testes and trigger
the production of spermatogenesis and testosterone.

The various structures of the gonadotropic axis
communicate via rhythmic and pulsatile signals which
are its unique feature; and any disruption in production
or function of one of the hormones involved is
responsible for endocrine disruption leading to the
various clinical pictures of gonadotropin deficiency.

This review aims to shed light on the physiology of
the Hypothalamic-Pituitary-Testicular Complex and its
admittedly poorly understood regulatory processes,
which have recently been clarified by new research
including the description of the role of kisspeptin and its
receptor GPR54 in the regulation of GnRH secretion
from the hypothalamus.
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HYPOTHALAMIC STAGE

GnRH Neurons

In humans, GnRH neurons are located mainly in the
arcuate nucleus of the medio-basal hypothalamus and
the preoptic area of the anterior hypothalamus.

In fact, their origin is not in the brain. These neurons
migrate during embryonic development from the
olfactory epithelium and reach their normal position by
the 9" week of gestation.

This migration of GnRH neurons, together with the
olfactory neurons, is a unique model for neurons. It
seems that it is controlled by both chemical and
mechanical actions.

An abnormal migration of these neurons results in
Kallman's syndrome, a genetic disease associated with
hypogonadotropic hypogonadism with anosmia or
hyposmia. Hypogonadism is related to a deficiency of
GnRH, and the lack of a sense of smell to an aplasia or
hypoplasia of the olfactory bulbs and tracts [1].

Anosmin is a glycoprotein involved in the migration
of GnRH neurons and is found in the olfactory bulbs,
which implies it is also involved in the early stages of
morphogenesis and the migration route taken into the
brain [2].
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Many genes involved in the migration have been
identified. Their mutation results in different
phenotypical variations of Kallmann's syndrome: the
Kal1 gene coding for anosmin [3], the Kal2 gene coding
for FGFR1 (fibroblast growth factor receptor 1), a
membrane receptor that is involved in signalling
anosmin [4] the KAL3 and KAL4 genes, identified in
2006, coding respectively for Prokineticin Receptor-2
(PROKR2) and Prokineticine 2 (PROK2) that play a
part in the function of anosmine-1 and FGFR1 [5].

More recently, the NELF gene (Nasal embryonic
LHRH factor) [6] the FGF8 gene, which is a ligand of
FGFR1, [7] and the WDR11 gene [8] have all been
identified.

The cell bodies are located in the hypothalamic
nuclei, whereas their axons terminate in contact with
the capillary network behind the anterior pituitary gland,
at the level of the pituitary stem, where GnRH is
released [9].

Characteristics of GnRH

GnRH  (gonadotropin-releasing  hormone) or
Gonadotropin is a decapeptide synthesised and
released within the hypothalamus [1]. Its precursor,
prepro-GnRH is composed of 92 amino acids (aa) and
contains:

- 23 aa at the N-terminal
- 10 aa from the GnRH decapeptide
- A Glycine-Lysine—Arginine sequence

- A final DE56 aa sequence, the GnRH associated
peptide (GAP) is cosecreted with GnRH

Proteolytic cleavage of the precursor gives rise to
the GnRH peptide and GAP, a process which is poorly
understood.

GnRH is transported along axons then released into
the hypothalamic-pituitary portal system at the median
eminence.

It is secreted in a pulsatie manner, which is
necessary for its action on the gonadotropic cells of the
anterior pituitary. This has been clearly demonstrated
experimentally in both animals [10] and humans [11].

The origin of this pulsatility, which has been
controversial for a long time, seems to have been
discovered, after a study of GT1 cells. These are the

cells that secrete GnRH in a pulsatiie manner,
confirming the intrinsic ability of this isolated secretion
[12].

The pulsatility can be determined by measuring
plasma GnRH levels. Its half-life is very short. It can be
accurately determined by studying the pulsatility of LH
or the a subunit.

The appearance of GnRH pulsatile secretion after
foetal and perinatal activation follows a period of
dormancy and marks the beginning of puberty [13].

The mechanism triggering the pulsatility remains
unclear. It could be the result of a cessation of the
negative feedback control on the GnRH neurons or
because of a change in the gonadostat function with
respect to the negative feedback of gonadal steroids
[13, 14].

This pulsatile release is primarily nocturnal. In the
male it results in the synthesis of LH becoming greater
than that of FSH. Any anomaly in this reactivation
shows the clinical picture of non-syndromic congenital
hypogonadotropic hypogonadism which may be
evident both at birth, with the appearance of a
micropenis or cryptorchidism, or later, as delayed
puberty or infertility, when the deficiency is not so
severe [15].

PITUITARY STAGE

The GnRH Receptor

In the pituitary gonadotrope, GnRH binds
specifically to a membrane receptor and belongs to the
seven-transmembrane, G-protein (Gqg/G11) coupled
receptor family.

This receptor is a protein with 327 aa, seven
transmembrane domains, one extracellular domain and
three intracellular loops.

The binding of GnRH to its receptor takes place in
the extracellular domain. It is accompanied by
dissociation of the G protein and an activation of
phospholipase C.

Phospholipase C hydrolyzes phosphatidylinositol
4.5 bisphosphate to form inositol triphosphate (IP3) and
diacylglycerol (DAG). This is followed by the activation
of intracellular calcium, which in turn activates protein
kinase C [16].
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This action requires microaggregation of the GnRH
receptor, required to stimulate the synthesis of the FSH
and LH a and B subunits.

Pulsatile secretion of GnRH also has the effect of
increasing its receptor mRNA, whereas continuous
stimulation reduces both the volume and sensitivity [9].

Many mutations of the GnRH receptor have been
described in humans since 1997. These mutations lead
to a more or less complete lack of the gonadotropic
function, which can lead to the clinical picture of fertile
eunuchs in cases of partial deficiency [17, 18].

Advances in genetics have helped to highlight the
involvement of new genes in normosmic congenital
hypogonadotropic  hypogonadism, including the
inactivating mutation of the GPR54 gene [15].

The family-based gene mapping method has led to
the localisation of a candidate region on chromosome
19 (19p3.3). Where the GPR54 gene is localised the
loss of function of the GPR54 gene is associated with
gonadotropic deficiency [19].

GPR54 is a G protein-coupled receptor. Analysis by
PCR or in situ hybridisation shows that this receptor is
expressed in many tissues of the body including the
hypothalamus [20] and the pituitary gland gonadotropic
cells [21].

The Kiss1 gene was identified in 1996. The protein
expressed by this gene is a metastasis suppressor in
tumour cells [22]. A peptide with 54 aa called
Kisspeptin 54 (Kp54) capable of activating GPR54 has
been detected.

It has been shown that activation of GPR54 by
kisspeptins was a modulator of the gonadotropic axis
without interfering with the other axes during the life of
the foetus, or even at puberty and adulthood, and that
the inactivating mutation of GPR54 was associated
with isolated gonadotropin deficiency [23, 24].

The Structure of Gonadotropins

Gonadotrophins, LH (luteinizing) and FSH
(folliculotropic), as well as TSH and HCG, belong to the
family of glycoprotein hormones.

FSH and LH are heterodimers formed by the
noncovalent association of a and 8 subunits:

- The a subunit is common to the four hormones
in this species and is made up of 92 aa in
humans.

- The B subunit differs from one hormone to
another. It is this subunit which confers biological
specificity. It consists of 111 aa for FSH and 117
aa for LH.

Each subunit is glycosylated on asparagine
residues, and has a large number of disulfure bridges,
which maintains the structure of the molecule.

These subunits are not active in the free state. They
need to combine to carry out their biological activity,
which is due to chains of oligosaccharides [25].

The heterogeneity of the gonadotropins is related to
changes in the peptide and oligosaccharide structures.
In the case of the a subunit, the heterogeneity is
related to a deletion of one to four residues in the N-
terminal, while for the B subunit, it is in the N and
Carboxyl-C terminals [26].

Isoforms of FSH and LH differ in their isoelectric
properties, their bioactivity and plasma half-life, which
also makes them very difficult to study.

The Synthesis and Secretion of Gonadotropins

LH and FSH are synthesised by gonadotroph cells
which make up 15-20% of all anterior pituitary cells.

The gene for the a-subunit (chromosome 6g21g23)
and B subunit (chromosome 11p11) are transcribed
into mMRNA with a predominance of the a subunit over
the B subunit.

Gonadotropins are stored in dimeric form or as free
a subunits in secretory granules.

They are released as a result of pulsatie GnRH-
stimulated exocytosis. The half-life of LH is about 30
minutes and that of FSH between 100 and 200
minutes.

Mutations in genes coded for LH present the clinical
picture of congenital hypogonadism that seems less
common in men than in women and are associated
with more or less severe alterations in spermato-
genesis [27]. A reported case of the mutation of B-LH
associated with preserved spermatogenesis could be
explained by the existence of a low residual activity of
LH, responsible for a local testosterone production
compatible with normal spermatogenesis [28].

Mutation of the B-FSH in humans is associated with
varying degrees of impaired spermatogenesis possibly
with no loss of fertility [29].
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TESTICULAR STAGE

Gonadotropin Receptors

In humans, the LH receptor is located in the Leydig
cells and the FSH receptor in the Sertoli cells.

These receptors belong to the family of 7-
transmembrane receptors coupled to G proteins. They
are characterised by a large extracellular domain
involved in hormone recognition and binding.

Transmembrane and intracellular domains are
primarily involved in the transmission of the hormonal
signal [30].

Inactivating mutations of the FSH receptor is
associated with oligoasthenospermia [31].

Testicular Function

The testicle has two functions: spermatogenesis
and testosterone production, which are interrelated and
controlled by the pituitary gonadotropins.

LH binds to its receptor in the Leydig cell that
controls the synthesis of testosterone from cholesterol.
FSH acts directly on the seminiferous epithelium in the
Sertoli cell, which produces inhibin and activin.

Both FSH and intratesticular testosterone, linked to
ABP (Androgen Binding Protein), is required for normal
spermatogenesis.

Sertoli cells are the site of synthesis of many growth
factors involved in different stages of spermatogenesis.

REGULATION OF THE GONADOTROPIC AXIS

Regulation of the male gonadal axis is very
complex. Beyond the classic relationship between
negative feedback of testosterone and gonadotropins,
and gonadal peptides (activin and inhibin), the role of
other peptide and environmental regulatory factors,
such as kisspeptin, has been studied recently [32].

The production of GnRH in the hypothalamus is
controlled by negative feedback of the sex steroids that
slows down the frequency of pulses.

Feedback is also provided by both testosterone and
dihydrotestosterone (DHT), either by direct action on
the steroid receptors in the hypothalamus or via a
neural system.

Several factors are involved in the secretion of
gonadotropins:

GnRH

The frequency of GnRH pulses is a key factor which
determines whether FSH or LH is synthesised. A rapid
frequency of pulses favours the synthesis of mMRNA
from the LH a and B subunits. A slow frequency
favours the synthesis of mRNA from the FSH -
subunit.

The Sex Steroids

Testosterone is the primary regulator of the
hypothalamus-pituitary-adrenal axis in humans.

By acting directly on sex steroid receptors in the
gonadotropic cells, testosterone inhibits the synthesis
of mRNA in the LH a and B subunits.

In the pituitary, its inhibitory effect comes about
mainly through estradiol derived from the aromatisation
of testosterone. Testosterone also decreases the
pituitary response to GnRH by reducing the number of
receptors.

Inhibin and Activin

These two glycoproteins are synthesised by the
Sertoli cells and play a part in the feedback control of
FSH. Inhibin reduces FSH synthesis, whereas activin
stimulates it.

The Kkisspeptins, discussed above, are powerful
stimulators of FSH and LH. This has been
demonstrated in animal and human studies [33-35].
Their action is hypothalamic in humans [36].

The involvement of other peptides has also been
suggested. Leptin is a peptide hormone secreted from
adipocytes which acts, by means of a receptor
belonging to the family of cytokines, on body fat by a
hypothalamic anorectic effect.

A mutation which deactivates the leptin gene or its
receptor is associated with severe obesity associated
with  CHH (congenital hypogonadotropic hypogona-
dism) hypogonadismes hypogonadotrophiques
congénitaux [37]. The administration of leptin in
animals with mutations of the leptin gene restores
fertility [38, 39]. Moreover, the role of leptin in the
regulation of the kisspeptin/GPR54 system is
suggested by the decrease in KiSS1 production in the
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arcuate nucleus of the obese, non-diabetic, leptin-
deficient ob/ob mouse [40].

NeurokininB (NKB) is a substance expressed in
hypothalamic neurons and which appears to play a key
role in regulating the secretion of GnRH. TAC3 and
TACR3 mutations, which respectively code neurokinin
B (NKB) and its receptor (NKBR) have recently been
reported in several rare cases of CHH [41].

CONCLUSION

Advances in molecular genetics have identified
mutations in many genes involved in the function of the
gonadotropic axis and which define CHH more
accurately.

The characterisation of the role of the
kisspeptin/GPR54 system in neuroendocrine regulation
of the gonadotropic axis represents a major advance in
reproduction research.
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