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Abstract: Kisspeptin is a 54- amino acid peptide that acts as a ligand of a receptor called GPR54 which is basically a
transmembrane receptor that spins seven times across the cell membrane and coupled with G-protein. Kisspeptin
regulates the development of reproductive functions and the onset of puberty in human and other mammals by acting at
the brain, hypothalamus, pituitary and gonad levels of reproductive axis. Kisspeptin is also involved in regulation of
trophoblastic invasion during pregnancy, ovulation, and sperm hyperactivation. Inactivating mutations in human
kisspeptin gene (KISS/) cause idiopathic hypogonadotropic hypogonadism. Some mutations in human kisspeptin
receptor gene (KISSIR) make the receptor inactive which result in idiopathic hypogonadotropic hypogonadism. Some
mutations in human KISS/R gene make the receptor prematurely activated and result in the development of central
precocious puberty. Central precocious puberty is also caused by some mutations in human KISS/ gene that make the
kisspeptin resistant to degradation. This leads to an increased basal kisspeptin level and subsequently the development of
central precocious puberty. Higher kisspeptin level has been detected in the serum and plasma of central precocious
puberty patients, which suggest that serum or plasma kisspeptin level can be used as a marker for diagnosis of central

precocious puberty.
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INTRODUCTION

Kisspeptin (KP) is a peptide encoded by the gene, Kiss/,
which was initially known for its role in suppression of
cancer (Ohtaki et al., 2001). In humans, this gene (KISST)
encodes a 145 amino acids peptide known as
Preprokisspeptin which is proteolytically cleaved into
fragments of 54 (KP-54), 14 (KP-14), 13 (KP-13) and 10
(KP-10) amino acids that share Arginine-Phenylalnine-
NH2 (called RF-amide) at the C-terminus (Kotani et al.,
2001) (fig. 1). The long KP isoform, KP-54, is very
important biologically. The rest of the cleaved fragments
also possess biological activity (Kirby et al., 2010).

According to the Human Genome Organization Gene
Nomenclature Committee (HGNC), KISS! should be used
for human kisspeptin gene and Kiss! for non-human
Kisspeptin gene. The non-italicized versions of the gene
nomenclature should be used for the peptide product of
the genes e.g. KISS1 for human kisspeptin and Kiss1 for
non-human kisspeptin. Similarly, these committees
recommended the use of KISS/R for human Kisspeptin
receptor gene or mRNA, and Kiss/r for non-human
Kisspeptin receptor gene or mRNA. The non-italicized
version of this gene nomenclature represents the receptor
i.e., KISSIR (GPR54) in human and Kisslr (GPR54) in
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non-human species (Gottsch et al., 2009).

Originally the receptor for kisspeptin was identified in rat
brain as orphan receptor which shares 45% identity with
gelanin receptor and was named as GPR54 as this
receptor is coupled with G-protein (Lee et al., 1999).
Kisspeptin receptor, GPR54, spins seven times across the
cell membrane which has an intracellular -COOH
terminus and an extra cellular -NH, terminus (Ohtaki et
al., 2001; Gershengorn and Osman, 2001) (fig. 2). The
role of KP-GPR54 interaction was determined during
2003 when mutations were detected in the kisspeptin
receptor (GPR54) gene (KISSIR) in patients suffering
from idiopathic hypogonadotropic hypogonadism (IHH)
which was then confirmed in transgenic mice (Seminara
et al., 2003). Human KP gene (KISSI) localization is
chromosome 1q32 (West et al., 1998) and its expression
occurs in different parts of hypothalamus, superior
cervical ganglions and carotid body (Porzionato et al.,
2011), testes, intestine, liver, pancreas (Lee et al., 1996;
Muir et al., 2001; Ohtaki et al., 2001) and Kidney (Lee et
al., 1996). Recently, KISSI expression has also been
detected in female adipose tissues and spermatozoa
(Cockwell et al., 2012; Pinto et al., 2012). Human KP
receptor (GPR54) gene (KISSIR) localization is
chromosome 19 pl3.3 [Gene ID: 84634] and its
expression has been identified in the hypothalamus and
other brain parts (Lee et al, 1999, Muir et al., 2001),
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carotid body (Porzionato et al., 2011), spinal cord (Kotani
et al., 2001), intestine, liver (Lee et al., 1999), kidneys,
skeletal muscles, heart, pancreas (Clements et al., 2001)
and placenta (Clements et al., 2001; Bilban et al., 2004).
Recently Pinto et al. (2012) reported KISSI/R expression
in human spermatozoa.

KP-GPR54 interaction

KP binding to its receptor (GPR54) in the hypothalamus
stimulates the release of gonadotrophin releasing hormone
(GnRH), which in turn stimulates gonadotrophin release
i.e., follicle stimulating hormone (FSH) and luteinizing
hormone (LH). In the hypothalamus, the neurons that
release GnRH, express the KP-receptor, GPR54. In
mouse, expression of GPR54 mRNA has been detected in
90 percent of the GnRH secreting neurons (Han et al.,
2005). In primates and rodents, GnRH secreting neurons
have been observed very close to KP neurons in the
hypothalamus (Ramaswamy et al., 2009). Pompolo et al.
(2006) reported that KP neurons colocalize to large
number of GnRH- immunoreactive cells in the ovine
preoptic area. The binding of the KP to GPR54 results in
the activation of phospholipase-C through a pathway
mediated by the G-protein (Liu et al, 2008). The
Phospholipase-C activation causes the hydrolysis of
phosphatidylinositol 4, 5-bisphosphate into inositol
triphosphate and diacylglycerol. Inositol triphosphate
causes the release of Ca®" from the intracellular Ca®"
stores, whereas the diacylglycerol activates the protein
kinase-C (Constantin ef al., 2009). According to Zhang et
al. (2008), the diacylglycerol and or Ca®" activate
transient receptor potential canonical - like channels and
inhibit inwardly directed K channels which ultimately
result in the release of GnRH. GnRH hormone is
responsible for the secretion of gonadotropins i.e., LH and
FSH in the anterior pituitary (Li et al., 1999). The LH and
FSH promote follicle cells production, the synthesis of
sex steroid hormones, spermatogenesis and ovulation
(Ramaswamy and Weinbauer (2014).

GnRH is secreted both in pulse and surge modes. Pulse
mode of GnRH secretion is essential for the development
of reproductive system and onset of puberty (Millar ef al.,
2004). The pulse mode of GnRH secretion stimulates LH
and FSH secretions which drives steroidogenesis,
folliculogenesis, and spermatogenesis (Maeda et al.,
2010), while the surge mode induces the pre-ovulatory
gonadotropin  discharge  that initiates ovulation
(Tsukamura and Maeda, 2011). Smith et al. (2010)
studied the expression of KP mRNA in the hypothalamus
of adult female rhesus monkey. They observed expression
of KP mRNA in the caudal arcuate nucleus and pre-optic
area of hypothalamus. Higher expression of KISS/ gene
was observed during the late follicular phase of menstrual
cycle which prompts a surge-like pattern of GnRH release
prior to ovulation (Smith et al., 2010).

Role of KP-GPR54 interaction in activation of
reproductive axis in human

KP-54 administration has a stimulatory effect on human
male gonadotrophins release (Dhillo et al., 2005). In
women, subcutaneous injection of KP-54 causes increase
in plasma LH level, with greatest effect before ovulation,
which provides a mechanism for the manipulation of the
female reproductive axis through administration of KP
(Dhillo et al., 2007). In healthy men, intravenous
injections of KP-10 at doses ranging from 0.01 pg/kg
body weight to 3.0 pg/kg body weight elicited LH
secretion and continuous administration of KP resulted in
increased frequency and size of LH pulse and
consequently increased testosterone level (George et al.,
2011). Jayasena et al. (2012) reported a striking sexual
dimorphism in the effects of KP-10 in humans. KP-10
stimulated gonadotrophin release in men and pre-
ovulatory women, but failed to stimulate gonadotrophin
release in follicular phase women. Thus KP has the
potential to stimulate gonadotrophin release in humans
and therefore represents a potential therapy for disorders
of reproductive system. Recently, the expression of
GPR54 mRNA has been detected in the head and neck of
human spermatozoa (Pinto et al. (2012). Pinto et al.
(2012) exposed the human spermatozoa to KP which
caused an increase in the intracellular Ca** concentration,
transient sperm hyperactivation and modulated sperm
motility. This indicate the existence of KP-GPR54
interaction in spermatozoa of human. The findings of
Pinto et al. (2012) represent the influence of KP in the
control of fertility in male (Pinto et al., 2012).

Role of KP-GPR54 interaction in activation of
reproductive axis in other mammals

The critical role of KP in activation of reproductive axis
and onset of puberty has been investigated in a range of
mammals (Navarro et al., 2005; Castellano et al., 2006;
Keen et al., 2008). Now it is a well-known fact that KP
activates reproductive axis through eliciting the pubertal
resurgence of pulsatile secretion of GnRH. Significant
increase in KP-54 has been observed in the stalk-median
eminence of female rhesus monkeys during puberty
which correlated with increase in LH-releasing hormone-
1 (also called gonadotrophin releasing hormone-1) release
(Keen et al., 2008). In rats, central administration of KP
stimulated LH secretion and it was concluded that the
effect of KP on hypothalamic pituitary gonadal axis is
mediated by LH-releasing hormone (Navarro et al.,
2005). KP and GPR54 mRNAs have been detected in
adult rat ovary along estrous cycle (Castellano et al.,
2006). Rat ovarian KP mRNA rises with pre-ovulatory
gonadotropin (LH) surge before ovulation, which
suggests the role of ovarian KP in the regulation of
ovulation (Castellano et al., 2006). Direct administration
of KP-54 and KP-10 into the mice lateral cerebral
ventricle stimulated LH and FSH secretions which
reflected the role of KP-GPR54 interaction in activation
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of mice reproductive axis (Gottsch et al., 2004). KP
mutant mice fails to reach sexual maturation and possess
small sized gonads and insufficient levels of circulating
gonadotropin and sex steroid hormones (de Tassigny et
al., 2007). In musk shrew (Suncus murinus), KP mediates
mating-induced ovulation (Inoue ef al., 2011). Exogenous
Suncus KP administration in Suncus murinus mimicked
the stimulus of mating that resulted in the maturation of
ovarian follicles and subsequently in ovulation (Inoue et
al., 2011). The role of KP in the reproductive function
regulation has also been explored in ungulates. For
example, Redmond et al. (2011) reported that intravenous
administration of KP result in the elevation of frequency
and amplitude of LH pulses and blood progesterone level.
Suzuki et al. (2008) studied the direct effect of KP-10
invitro on the release of LH from the cells of anterior
pituitary gland of bovine and porcine. The direct
application of KP-10 in concentration range of 1000 nM-
10,000 nM on anterior pituitary cells of bovine and
porcine resulted in the release of LH. It was concluded
that KP-10 also acts directly on the anterior pituitary
gland cells in bovine and porcine but its stimulating effect
on anterior pituitary is far weak than the stimulating effect
of GnRH on anterior pituitary cells. The role of KP in the
stimulation of reproductive system has also been reported
in equine (Magee et al., 2009). Intravenous rodent KP-10
administration in diestrous mare resulted in elevated
serum LH and FSH levels (Magee et al., 2009).

Role of KP-GPR54 interaction in seasonal regulation of
reproductive activity

Kisspeptin plays important role in regulation of
reproduction in seasonally breeding species. Syrian
hamster becomes active sexually during summer long
days. In this mammal, Kiss/ expression is significantly
higher during long days as compared to short days (Revel
et al., 2007). In sheep, breeding is seasonal which is under
the influence of light duration. In sheep, KP mRNA
activity is significantly higher during short days (its
breeding season) as compared to long days (Smith et al,,
2008). During non-breeding season, KP administration in
ewe induces the release of ova from the ovary (Caraty et
al., 2007). According to De Bond et al. (2013), the
introduction of a novel male sheep to seasonal anestrus
female sheep results in the stimulation of reproductive
axis, maturation of ovarian follicles and ovulation. They
observed significantly higher expression of KP mRNA in
the rostral and mid arcuate nucleus of anestrous female
sheep after exposure to novel male and it was concluded
that introduction of male sheep to seasonally anestrous
female sheep activates KP neurons and other cells in the
hypothalamus, leading to increased GnRH/LH secretion.
Thus KP play important role in the activation of
reproductive axis in seasonal breeders.

Tkram Ilahi and Tagweem Ul Haq

Mutation in human KP-GPR54 system and Idiopathic
hypogonadotropic hypogonadism (IHH)

Inactivating mutations in human KI/SS/ gene cause HH
(Nimri et al., 2011). Recently Topaloglu et al. (2012)
described an inactivating mutation in KISS/ that caused
IHH in human. IHH is characterized by absent puberty,
infertility and low serum gonadotrophins in the absence of
a pituitary tumor (Seminara et al., 1998). Impaired GnRH
release, action or gonadotrophin release result in the
development of IHH (Iovane et al., 2004). IHH may be
with anosmia called Kallman syndrome or without
anosmia called isolated THH (Bouloux et al., 2002).
Mutations in genes such as Kal-I (responsible for
encoding Anosmin-1) and FGFR-I(responsible for
encoding fibroblast growth factor receptor- 1) that result
in impaired GnRH and olfactory neurons migration from
the olfactory placode to the hypothalamus during
embryonic development cause anosmic IHH (Kallman
syndrome) (Bhagavath and Layman, 2007). Mutations in
several other genes have also been linked with Kallman
syndrome and IHH (Miura et al., 2004; Pitteloud et al.,
2006; Falardeau et al., 2008; Bouligand et al 2009).

Mutations in human KISS/R gene that make the receptor
inactive also result in IHH. De Roux et al. (2003) detected
homozygous deletion in a family in which five siblings
were affected with IHH. The deletion was identified in
part of exon 5 and splicing acceptor site at the junction of
intron 4 and exon 5 which resulted in truncated GPR54.
Such truncated receptor was inefficient in stimulating the
G-protein mediated signaling pathway and thus resulted
in IHH (Gether, 2000). Lack of puberty in members of a
consanguineous family was due to mutation in KISSIR
that resulted in substitution of serine at the place of
normal leucine at position 148 (Seminara et al., 2003).
This mutation was responsible for impaired signaling of
the GPR54 which was the cause of IHH. During 2005, a
homozygous sequence variation in KISS/R was identified
that caused an increase of 43 amino acids in the
intracellular domain of GPR54 in which proline residues
was maximum. Such mutant GPR54 was not able to
stimulate the G-protein mediated signaling pathway
which was the reason of IHH male (Lanfranco et al.,
2005). Another homozygous mutation in KISS/R gene
was identified in which Thymine to Cytosine changeover
was detected at nucleotide 305, exon 2 (Tenenbaum-
Rakover et al., 2007). The mutation resulted in
substitution of leucine with proline in the first extra
cellular loop of GPR54. The substitution of leucine with
proline resulted in IHH patients during 2007
(Tenenbaum-Rakover et al., 2007). This substitution
completely inhibited GPR54 signaling that resulted in
delayed puberty (Tenenbaum-Rakover et al., 2007).
Recently Nimri et al. (2011) detected homozygous
mutation in KISS/R gene in six individuals who were
suffering from normosmic IHH. The patients were
belonging to two families of Isracli Muslim of Arab
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origin. The mutation caused the substitution of
phenylalanine with serine that resulted in inhibition of
KP-GPR54 signaling pathway and consequently in IHH
(Nimri et al., 2011). Semple et al. (2005) reported an IHH
patient who was compound heterozygote for two
missense mutations in KISS/R where one mutation
resulted in the substitution of cysteine with arginine at
position 223 in the fifth transmembrane helix, while the
second mutation caused the substitution of arginine with
leucine at position 297 in the third extra cellular loop.
During 2012, Topaloglu et al. (2012) for the first time
described an inactivating mutation in KISS/R in a large
consanguineous family that resulted in failure of pubertal
development and concluded that an inactivating mutation
of KISSIR caused complete isolated ITHH.

Mutation in human KP-GPR54 system and precocious
puberty

Precocious puberty (PP) is characterized by the
development of secondary sexual characteristics before
the age of 8 years in girls and 9 years in boys
(Papathanasiou and Hadjiathanasiou, 2006). If PP is
driven by premature activation of GnRH secretion, then
the phenomenon is called central precocious puberty
(CPP). CPP has a predominance among girls, and most of
these cases are idiopathic (Papathanasiou and
Hadjiathanasiou, 2006). Mutations in K/SS/R that make
the receptor prematurely activated cause central
precocious puberty. For example, Teles et al. (2008)
reported dominant mutation in KISS/R gene at nucleotide
position 1157 in exon 5 in a girl with idiopathic CPP that
resulted in the substitution of proline for arginine at
position 386 (Arg386Pro) in the carboxy-terminus of
GPR54. The CPP in girl was linked with the activation of
G-protein mediated signaling pathway for abnormally
long time in response to KISS1 (Teles et al., 2008).
Silveira et al. (2010) identified two novel missense
mutations in the KISS/ gene during a study in three
unrelated children with CPP. One mutation was detected
in heterozygous state in a boy of one year age who was
suffering from CPP. This mutation resulted in the
substitution of proline with serine at position 74 of
prepro-kisspeptin. This mutation made the KP resistant to
degradation which resulted in an increased basal KP level
and consequently in CPP. The second mutation was
detected in the homozygous state in two unrelated girls
with sporadic CPP. This mutation resulted in the
substitution of a histidine by an aspartic acid at position
90 of prepro-kisspeptin which was the cause of sporadic
CPP. In each case, the mutation was detected in the -NH2
terminal region of mature KP-54 (Silveira et al., 2010).
Higher serum KP level has been reported in Korean girl
with CPP and it was suggested that serum KP level can be
used as a marker of CPP (Rhie et al., 2011). Demirbilek et
al. (2012) measured the plasma KP level of 28 girls
suffering from CPP and compared it to that of 13 years
age-matched pre-pubertal controls. They found high KP

level in patient with CPP and suggested that plasma
KP levels can be used as a marker for diagnosis of CPP.
Akinct et al. (2012) reported higher plasma KP and
prolactin levels in girls with premature thelarche. Their
results indicated a positive correlation between plasma
prolactin and KP levels and suggested that premature
thelarche may result from the temporary activation of
central stimulants.

Role of Kisspeptin-GPR54 signaling in pregnancy

KP plays very important role in pregnancy. Trophoblast
invasion in the uterine extra cellular matrix is under the
control of KP. In human, developing placenta shows
significantly higher expression level of KISSI and
KISSIR than in mature placenta (Bilban et al., 2004).
Pregnant females have significantly higher plasma KP
level as compared to male and non-pregnant female
(Horikoshi et al., 2003). KP inhibits the trophoblast cells
migration and invasion during pregnancy (Reynolds ef al.,
2009). Bilban et al. (2004) identified KP-10 in
conditioned medium of first trimester human trophoblasts
and reported that KP-10 increases the intracellular Ca*"
level in isolated first trimester trophoblasts and inhibits
trophoblasts migration in an explant as well as transwell
assay without affecting proliferation. They identified Kp-
10 as a novel paracrine/endocrine regulator in fine-tuning
trophoblast invasion generated by the trophoblast itself.
This indicates that during human pregnancy, there occurs
a controlled invasiveness of trophoblasts due to
significantly higher level of KP. There appear striking
similarity between trophoblasts invasion and cancer cells
invasion (Murray and Lessey, 1999; Bilban et al., 2000;
Bischof and Campana, 2000). KP regulates trophoblasts
invasion by mechanism which is operating in suppression
of cancer. For example, KP regulates trophoblasts
invasion during pregnancy through induction of focal
adhesion, formation of stress fiber (Kotani ez al., 2001,
Ohtaki et al, 2001), and phosphorylation of two
important proteins i.e., focal adhesion kinase and paxillin
that associate with integrin proteins to prevent migration
of cells (Ohtaki et al., 2001). Kisspeptin is also involved
in the inhibition of matrix metaloprotease-9 gene
expressions by binding reduced nuclear factor kappa-
light-chain-enhancer of activated B cells to the promotor
of MMP9 gene that is the basis of inhibition of cell
migration (Yan et al., 2001). During pregnancy, the LH
concentration in circulation is not raised, though the level
of KP in circulation is higher. The cause may be the
decreased sensitivity of GPR54 receptor on GnRH
neurons to KP (Tony and Ramaswamy 2009), or higher
level of progesterone because of which GnRH neurons
cannot respond to KP (Reynolds et al., 2009). In rats, LH
response to higher KP level during pregnancy is preserved
as evident from significantly higher LH and FSH levels
(Roa et al.,, 2006). Gaytan et al. (2007) identified Kiss/
gene expression in the oviduct of rat and suggested the
role of KP in the prevention of ectopic pregnancy.
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Fig. 1: Human prepro-kisspeptin and the cleaved fragments. Arg-Phe-NH2 represents RF-amide motif of kisspeptin.
[fig. based on concept presented by Kirby et al. (2010) @Pharmacological Reviews].
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Fig. 2: Human kisspeptin receptor (GPR54), a polypeptide that spanning seven times through cell membrane lipid bilayer and has
extracellular -NH, group and intracellular —-COOH group. [Figure based on concept presented by Kirby et al. (2010)

@Pharmacological Reviews].

CONCLUSION

Kisspeptin regulates reproductive functions at various
levels of reproductive axis. Kisspeptin plays crucial role
in the onset of puberty. Mutations in the kisspeptin gene
(KISSI) or kisspeptin receptor (GPR54) gene (KISSIR)
result in idiopathic hypogonadotropic hypogonadism, or
central precocious puberty. Kisspeptin is also involved in
regulation of trophoblastic invasion during pregnancy,
ovulation and sperm hyperactivation.
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