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ABSTRACT 
 

Kisspeptin or GPR-54 is a product of KISS 1 gene regulating the production of gonadotropin 
releasing hormone (GnRH), luteinizing (LH) as well follicle stimulating hormone (FSH). Both LH 
and FSH are important hormones for reproduction in animals as well in humans. The recognition of 
Kisspeptin has a landmark bearing in reproductive biology. Few recent pilot studies have 
convincingly proven it to be a promising molecule in treating infertile couples especially those 
having hypogonadotropic hypogonadism not responding to conventional treatment. 
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1. INTRODUCTION 
 
Reproduction is essential for continuation of 
species, human as well as others. The 
endocrinology of human reproduction is complex 
and only partially understood. Until recently 

GnRH was supposed to be the main hormone 
regulating human reproduction through its Tropic 
hormones; LH and FSH. Onset of puberty, 
sexual maturation and reproduction are regulated 
by hypothalamic pituitary gonadal axis (HPG) 
whereby GnRH produced in preoptic 
hypothalamus stimulate pulsatile release of FSH 
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and LH from anterior pituitary which in turn 
stimulate gametogenesis and sex steroid 
production. Precise mechanism for reactivation 
of HPG axis characterized by pulsatile release 
GnRH which marks the onset of puberty is not 
known.  The recent studies however have 
identified near proteins identified as kisspeptin 
which of course plays a vital role in the upstream 
regulation of GnRH. 
 

1.1 Kisspeptin Synthesis and Secretion 
 

Kisspeptin is product of KISS1 gene located on 
long arm of chromosome 1. KISS 1 was named 
after the location where it was first discovered 
(home of Hershey’s Kisses). Kisspeptin is 
basically derived as a product of cleavage of 145 
amino acid chain into a smaller 54 amino acid 
long protein [1] known as kisseptin 54. There are 
other products of this protein in which parent 
protein consists of 13 and 14 amino acids and 
hence named accordingly kisspeptin13 and 
kisspeptin14. The carboxy terminal of these 
fragments consists of a highly conserved chain of 
10 amino acids [2] across species. In humans, 
kisspeptin has been found to be expressed in 
hypothalamus principally in the arcuate nucleus 
(ARC), the anteroventral periventricular nucleus 
(AVPV) and periventricular nucleus (PEN), apart 
from brain this is also expressed in placenta, 
ovaries, testes, pancreas and intestine [3,4,5]. 
 

2. MECHANISM OF ACTION  
 

Kisspeptin 
 

exerts function via its receptor 
GPR54 (Kiss1r),  a G protein coupled receptor 
initially described in the rodent hypothalamus 
predominantly in GnRH secreting neurons, 
similar findings have been confirmed among 
sheep and monkeys [6,7], in addition to 
hypothalamus these receptors are expressed on 
hippocampus, anterior pituitary, pancreas, liver 
and adipose tissues [3,4,5]. In both rats and 
humans, it exerts its action by activating the 
downstream pathways ERK1, ERK 2, 
arachidonic acid hydrolysis and Ca2+ 
mobilization. GnRH neurons are located in 
pituitary gland and other areas, they respond 
more briskly to inputs from kisspeptin as 
compared to pituitary gonadotropes [8]. 
Interaction of kisspeptin with its receptor at 
GnRH neurons not only causes depolarization 
but expression of kisspeptin genes in these 
neurons. It is the interaction between kisspeptin 
and GPR54 at GnRH neurons that plays a crucial 
role in puberty and reproduction along with tumor 
suppression. 
 

2.1 Regulation of Puberty 
 

Puberty onset is characterized by pulsatile 
release of GnRH with downstream effect on 
pituitary gonadotropin secreting cells via G-
protein-coupled receptor leading to pulsatile LH 
and FSH release. This GnRH pulse is regulated 
by various upstream signaling pathways among 
which role of KNDy system (Kisseptin, 
Neurokinin B and dynorphin) is pivotal. 
Kisspeptin considered the primary stimulator of 
GnRH with neurokinin B (stimulatory) and 
dynorphin (inhibitory) fine tuning its effect. 
 
2.2 Effect of Kisspeptin on Sex Steroids 
 
Kisspeptin directly stimulate the secretion of 
GnRH from anterior pituitary (Fig. 1), as GnRH 
can’t be directly measured in peripheral 
circulation hence LH pulse remains the surrogate 
marker of GnRH pulse as each GnRH pulse is 
associated with a LH and FSH pulse, LH being 
more closely related to GnRH secretion as 
compared to FSH [8]. Effect of Kisspeptin-54 on 
HPG axis was tested by administering 
Kisspeptin-54 in healthy men by via intravenous 
infusion at a dose of 0.023 mg/kg/min for 90 min, 
they found a robust and dose-dependent 
increase from 0.001 mg/kg/min to 0.07 mg/ 
kg/min in LH, and less marked rises in FSH and 
testosterone [9]. 

 
Although direct stimulation seems to be the 
principal mechanism of LH/FSH secretion studies 
have also proven that direct stimulation of 
gonadotrophs also takes place. The evidence 
has come from studies on pituitary explants 
expressing kiss1r secreting gonadotropins when 
treated with kisspeptin [10].   Navarrao et al 
showed that the kiss1 and kiss1r mRNA were 
remarkably increased in hypothalamus during 
puberty [11]. The GnRH neurons discharges 
were markedly increased at the onset of puberty 
in mice right from 25% (juvenile), to 50% 
(prepubertal) and >90% (pubertal) suggesting 
increasing sensitivity to kisspeptin

 
as the age 

[11].  
 
Two independent groups identified ‘inactivating’ 
point mutations and deletions in kiss1r that were 
associated with impaired pubertal development 
in some patients with hypogonadotropic 
hypogonadism [12,13]. Seminara and Roux          
also noticed that the family members with 
idiopathic hypogonadotrophic hypogonadism 
(IHH) had mutation in kiss1r. They created a
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Fig. 1. Depicting energy balance and reproduction by kisspeptin and GnRH neurons: 
kisspeptin neurons stimulate GnRH neurons which in turn stimulate secretion of FSH/LH 
Sex steroids (estrogen/ progesterone/ testosterone) have negative feedback control on kisspeptin neurons, 

Kisspeptin neurons are also affected by leptin and insulin (excitatory) and Ghrelin and adiponectin (inhibitory). 
Green and red are excitatory and Inhibitory inputs respectively. (ARC- Arcuate Nucleus) 

 
mouse model deficient in kiss1r and noticed their 
phenotype, it was noticed that they were not 
different from IHH, male mice had small testis 
and female mice had small ovaries as well as 
absent follicular maturation and small vaginal 
opening. When challenged with exogenous 
GnRH a phenotypic reversal to normal was seen 
in this model. These findings not only proved that 
kiss1r exerts a powerful effect on the 

reproductive milieu but also established that 
kisspeptin, which has a strong affinity to this 
receptor was established as a powerful 
determinant of puberty. Their findings were 
further strengthened by Gottsch et al. who 
injected kisspeptin directly into the lateral 
ventricle in mouse and observed a profound 
increase in LH and FSH [14]. Furthermore, 
administration of a GnRH antagonist (acyclin) 
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prevented kisspeptin’s stimulatory effect, proving 
that kisspeptin works through GnRH neurons. In 
a prospective, randomized, double-blinded, 
parallel design study conducted on females of 
hypothalamic amenorrhea [15], they received 
twice-daily S/C injections of kisspeptin (6.4 
nmol/kg) or 0.9% saline (n = 5 per group) for 2 
weeks. Parameters for response were 
gonadotropin level, LH pulsatility and estradiol 
level. It was found that administration of 
kisspeptin acutely increased the LH/FSH 
concentration, this effect however was duration 
dependent and weaned off by 14

th
 day of the 

trial. However, they remained responsive to 
GnRH stimulation on day 14th even. There was 
however no effect on LH pulsatility and 
ultrasound assessment of reproduction in 
subjects.  
 

Similarly, 6 males diagnosed with IHH when 
injected with kisspeptin and GnRH showed 
remarkable increase in LH and spontaneous LH 
pulsatility, those who had sustained reversal (4 
out of 6) responded to exogenous kisspeptin, 
whereas those who had relapse (2 out of 6) were 
those who did not respond to kisspeptin [16].

  

 

3. EFFECT OF GONADOTROPINS ON 
KISSPEPTIN/GNRH 

 
Estradiol (Fig. 1) exerts a potent differential effect 
on kiss1 mRNA in both arcuate nucleus (ARC) 
and rostral periventricular region of the third 
ventricle (RP3V). The kisspeptin neurons were 
stimulated in RP3V and inhibited in ARC [16], 
simultaneous expression of the neuropeptides 
neurokinin B (NKB) and dynorphin (Dyn) within 
ARC kisspeptin neurons and control of these 
neurons (KND is responsible for inhibition. 
Animal model (sheep) support the KNDy 
hypothesis as NKB receptor antagonists reduces 
LH pulse frequency [17,18] and NKB or 
dynorphin receptor antagonists increase LH 
pulses.  
  

4. EFFECT OF METABOLIC STATUS ON 
KISSPEPTIN/GNRH 

 

Relation between pre-adolescent weight gain 
and age of pubertal onset has been known since 
long ago. Kisspeptin signaling and cascade 
downstream is extremely sensitive to metabolic 
status. Animal studies done in mouse have 
depicted positive effect of leptin, insulin, 
melanocortin and glucagon like peptide 1 with 
reversal of reduced kiss1 mRNA level in short-
term fasted prepubertal rats with leptin 

administration [19]. On the contrary increased 
levels of adiponectin and ghrelin seen in fasting 
states have been found to be associated with 
decreased expression of kisspeptin-GnRH 
signaling (Fig. 1).  
 

5. CONCLUSIONS 
 
Puberty, a major developmental milestone, is 
characterized by complete activation of gonadal 
axis brought about by GnRH pulse generation 
which is central HPG axis. Kisspeptin is the 
neurohormonal factor controlling the upstream 
activation of this axis during puberty with 
abnormalities in Kiss1-GPR54 signaling 
implicated various forms of infertility (delayed 
puberty, idiopathic hypogonadotropic 
hypogonadism). Regulation of Kisspeptin 
pathway with various activators and inhibitors is 
being studied presently. Most of these studies 
regarding leptin, ghrelin, insulin and adiponectin 
has been done on non-human primates and their 
role in human development is still unclear. 
Further studies are needed to delineate the exact 
pathway and its translation into management of 
pubertal disorders and infertility. 
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