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The role of kisspeptin signalling in the
hypothalamic-pituitary-gonadal axis
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Abstract

Kisspeptin is a hypothalamic peptide
hormone, which plays a crucial role in
puberty and fertility control by stimulating
the release of gonadotrophin-releasing
hormone, which in turn stimulates the
release of luteinizing hormone and follicle
stimulating hormone. It also interacts with
neuropeptides neurokinin B and dynorphin
A, and is under negative and positive
feedback influences relayed by gonadal sex
steroids. Loss of kisspeptin signalling results
in hypogonadotrophic hypogonadism and
impaired puberty. Kisspeptin expression
and secretion is also affected by metabolic
status and stress. Several studies have
indicated a potential role for kisspeptin in
the treatment of disorders causing
hypogonadotrophic  hypogonadism. This
review aims to summarize the importance of
Kisspeptin and its role in the hypothalamic-
pituitary-gonadal axis.
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Introduction

Kisspeptin is a hypothalamic peptide
encoded by the KISS1 gene, which is found
on chromosome 1g32, and is a powerful
stimulator of the hypothalamic-pituitary-
gonadal (HPG) axis. It is involved in
puberty onset and fertility control,! and
appears to be important for sexual
development and differentiation in the early
postnatal period, possibly through regulation
of postnatal testosterone secretion.? It acts
upstream to gonadotrophin-releasing
hormone (GnRH) and is cleaved from a 145-
amino acid precursor peptide into a 54-
amino acid peptide, which can be further
cleaved into 14, 13 and 10-amino acid
peptides. These carboxy-terminal RF-amide
peptides are collectively called kisspeptins.?

Kisspeptin binds to the G-protein
coupled receptor 54 or KISS1 receptor
(KISS1IR in humans/Kisslr in rodents),
expressed on GnRH neurons (also widely
expressed  within  both  cortical and
subcortical regions and peripherally). It
stimulates the pulsatile secretion of GnRH
from GnRH neurons into the portal
circulation, which will then stimulate the
release of luteinizing hormone (LH) and
follicle stimulating hormone (FSH) from the
gonadotrophs in the anterior pituitary.!
Kisspeptin neurons and sexual
dimorphism

In humans, kisspeptin neurons reside in
the hypothalamic rostral preoptic area, in the
infudibular (arcuate) nucleus, in the anterior
parvocellular and magnocellular
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subdivisions of the paraventricular nucleus
and in the ventral and rostral periventricular
hypothalamic nucleus.® Infudibular and
rostral kisspeptin neurons are in close
apposition with GnRH neurons. Kisspeptin
neurons in the infudibular nucleus also
express neurokinin B and dynorphin A, and
are thus called KNDy neurons. Neurokinin
B and dynorphin A autosynaptically control
Kisspeptin pulsatile secretion and thus
GnRH release, by binding to the neurokinin
B receptor (stimulatory) and kappa opioid
peptide receptor (inhibitory) respectively,
which are found on KNDy cells. GnRH
neurons do not express the oestrogen,
progesterone or androgen receptors, which
are however found on KNDy neurons. This
suggests that KNDy neurons are responsible
for relaying sex hormone negative and
positive feedback, and thus regulating
pulsatile kisspeptin release.! The oestrogen
receptor alpha (ERa) is fundamental for
positive feedback, but was not found to be
important  for negative feedback on
GnRH/LH secretion in adult female mice.*
Females have appreciably more
Kisspeptin fibres and cell bodies in the
infudibular nucleus as well as a significantly
greater number of kisspeptin fibres in the
ventral periventricular area compared to
men. In addition, expression of kisspeptin
cell bodies in the rostral periventricular zone
is seen in females only.! This greater
number of kisspeptin neurons in females
will allow them to secrete more kisspeptin,
which will enable them to produce the LH
surge.?  Kisspeptin can reset the GnRH
pulse generator in men i.e. kisspeptin can
induce an LH pulse regardless of the timing
of previous endogenous pulses.! This is not
seen in women across the different
menstrual cycle phases, which could be due
to changes in the sex hormone levels along
the cycle. Different kisspeptin responses
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depending on the menstrual cycle phase
were noted in the study by Chan et al, and it
appeared that kisspeptin tone was greater in
the early follicular phase in contrast to the
rest of the cycle phases.®

Kisspeptin and the reproductive axis

Kisspeptin’s effect on LH secretion is
greater, often causing a 2 to 3-fold rise in
most circumstances with a robust increase in
both pulse frequency and amplitude, while
its effect on FSH release is of a lower
magnitude and less consistent.®® The
gonadotrophin secretory pattern difference
In response to kisspeptin could be due to
variations in the secretory pattern between
LH and FSH, being more constitutive for
FSH; differences in the effect of kisspeptins
on the GnRH secretory pattern, where
induction of high frequency GnRH pulses
will  preferentially stimulate LH; and
differences in regulatory influences of
gonadal peptides such as inhibins, which
regulate FSH release.®

Kisspeptin neurons in the infudibular
nucleus were found to  become
hypertrophied and harboured more KISS1
messenger ribonucleic acid (MRNA) in post-
menopausal women compared to pre-
menopausal women,**  with increased
expression of neurokinin B? and lack of
dynorphin A signalling.! In a recent study,
the number of Kkisspeptin-immunoreactive
neurons within the infudibular nucleus of
humans was found to be significantly higher
in the infant/prepubertal and elderly (58-90
year olds) periods rather than during the
adult period (22-44 year olds).*® This means
that oestrogen (or testosterone in males)
suppresses kisspeptin and neurokinin B
expression and release, whereas dynorphin
A would be upregulated through negative
feedback on the KNDy neurons, leading to a
reduction in tonic GnRH and gonadotrophin
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release, as occurs during the pre-ovulatory
follicular phase.! Only a partial inhibition of
KISS1 mRNA was noted in sheep following
progesterone replacement.©

A change to positive feedback, which is
associated with an increase in the oestrogen
levels, occurs in the late follicular phase to
induce the LH surge and ovulation.! Many
studies have shown that Kkisspeptin is
essential for the LH surge. KISS1 mRNA
increased in the anteroventral periventricular
(AVPV) nucleus of ovariectomized rats at
the time of the oestrogen and progesterone
induced LH surge.'* Exogenous Kisspeptin
induced oocyte maturation and an LH surge
during an FSH/GnRH antagonist in-vitro
fertilisation protocol.®® Moreover, KISS1
and Kisslr knock-out (KO) mice fail to
mount this pre-ovulatory LH surge.’® An
intrinsic  circadian  Kiss-clock in the
hypothalamic AVPV nucleus of female mice
acting in  combination  with  the
suprachiasmatic nucleus may be leading to a
circadian pattern of Kkisspeptin  gene
expression and neuronal activation in
females.!” However, this circadian activation
of Kkisspeptin neurons was found to rely on
the presence of oestrogen, indicating that the
LH surge is oestrogen dependent.?!’
Changes in neurokinin B and dynorphin A
levels may also contribute to the kisspeptin
mediated LH surge.! A recent study has
demonstrated that the positive feedback of
progesterone is likewise required for the
Kisspeptin neuronal activation and induction
of the LH surge.*®

KISS1 and KISS1R genes were noted
to be expressed in pituitary gonadotrophs,
while gonadotrophins (LH more than FSH)
were secreted from pituitary explants on
treatment with Kkisspeptin, indicating that
Kisspeptin may directly stimulate the release
of LH and FSH from gonadotrophs.®-%
However, the principal mechanism of
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gonadotrophin secretion still appears to be
through stimulation of GnRH.%

Kisspeptin may also have a role in
direct signalling on the ovary. This is
suggested by a study done in mice where
haplo-insufficiency of the Kisslr resulted in
a premature deterioration of the ovulatory
rate as well as progressive loss of pre-antral
and antral follicles and oocytes, resulting in
a decline in fertility, atrophic ovaries and a
state of premature ovarian failure. A
decrease in ovarian Kisslr mRNA
expression was noted in the absence of a
decline in gonadotrophins. FSH actually
increased due to follicular loss. On the other
hand, Kisslr null mice, which have arrested
follicular development and are anovulatory,
lacked normal ovulatory responses on
standard gonadotrophin priming.#
Moreover, KISS1 and KISS1IR mRNA have
been found to be expressed in human
gonads. Some studies in rats have shown
that ovarian KISS1 expression increases
during puberty and prior to ovulation under
the influence of gonadotrophins, with a
possible role of locally produced ovarian
kisspeptin in  ovulatory  regulation.°
Kisspeptin has also been shown to potentiate
the effect of human chorionic gonadotrophin
on testosterone release from the testes, and it
can increase spermatozoa motility and
fertilization capacity.?

Role of kisspeptin in puberty

Inactivating mutations or KO of
Kisspeptin or its receptor result in
hypogonadotrophic hypogonadism (HH) as
well as impaired puberty/sexual maturation
and infertility,2?+?®  while activating
mutations or administration of exogenous
kisspeptin result in precocious puberty.?6-28
Loss of Kisspeptin (or its receptor) is
responsible for approximately 2% of HH
cases in humans.?® In a study done in mice,
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there is an increase in the amount of GnRH
neurons which depolarise in response to
kisspeptin, from 27% in juvenile, to 44% in
prepubertal, to >90% in adult mice, which
means that GnRH neurons become more
sensitive to Kkisspeptin during puberty.
KISS1 mRNA increased from juvenile to
adult mice in the AVPV nucleus, suggesting
an increase in kisspeptin tone.*

Kisslr mRNA expression is also
increased,®* which may play an important
role in puberty by increasing the sensitivity
of GnRH neurons to kisspeptin. Increase in
Kisslr expression appears to occur earlier in
female than in male rats, providing a
possible explanation for earlier puberty in
females.?  Furthermore, during puberty,
there is an increase in the number of
Kisspeptin neurons and synaptic contacts
with  GnRH neurons.!® 32 In mice, the
activation of Kisspeptin expression during
puberty appears to be driven by oestrogen;
therefore, it appears that Kkisspeptin may
require some degree of ovarian activation,
which however, may not be the case in
humans.'® In a study by Guerriero et al, the
response of GnRH to kisspeptin was noted
to switch from ovarian steroid independent
(pre-pubertal) to dependent during puberty
in female rhesus monkeys.®® A recent study
has shown that the leptin - alpha-melanocyte
stimulating hormone - kisspeptin - GnRH
neuronal pathway in rodent models is
involved in the metabolic control of
puberty.3* Because of the greater amount of
adipose tissue present close to puberty, more
leptin - would be secreted leading to
kisspeptin release.®

Kisspeptin - link between reproduction
and metabolic status

Reproduction requires  sufficient
amount of energy stores as it is highly
metabolically demanding.®? Kisspeptin is
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regulated by metabolic signals (e.g leptin,
ghrelin and neuropeptide Y) and may sense
energy stores, which then influences the
pulsatile release of GnRH, thus providing a
connection between nutritional/metabolic
status and reproduction. Fasting and chronic
undernutrition are associated with reduced
kisspeptin and neurokinin B expression.! In
contrast, prepubertal rats given a high fat
diet, showed increased Kkisspeptin and
neurokinin B expression as well as LH
pulsatility, leading to precocious puberty.
Kisspeptin expression is decreased in leptin
deficiency or leptin receptor ablation, where
gonadotrophin levels improve upon leptin or
Kisspeptin administration respectively. This
suggests that leptin positively regulates
kisspeptin expression.®® Reduced kisspeptin
expression and secretion may also be
responsible for HH seen in patients with
obesity and type 2 diabetes.! This is
suggested by reduced hypothalamic KISS1
MRNA expression in a rat model of
diabetes, with resultant low levels in
gonadotrophins and sex hormones, which
were corrected with Kisspeptin
administration.3” Possible mechanisms for
reduced kisspeptin signalling in obesity and
diabetes include: a rise in oestrogen levels in
obesity, which then feeds back negatively on
Kisspeptin  secretion, leptin  resistance,
insulin resistance, hyperglycaemia as well as
increased inflammation seen in diabetes.!

Stress and its effect on kisspeptin

During stress and inflammation there is
reduced expression of kisspeptin and Kisslr
as well as a reduction in Kkisspeptin
responsiveness, leading to  reduced
gonadotrophin levels.  This is partially
mediated by the rise in corticotrophin
releasing hormone and glucocorticoids.
Moreover, stress during neonatal
period/early  stages of  reproductive
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development has been found to lead to
reduced KISS1 mRNA levels during puberty
with pubertal delay in rats, indicating that
the developing kisspeptin  system s
vulnerable to immune and metabolic
stressors.°

Kisspeptin in pregnancy and lactation
The levels of Kkisspeptin, secreted from
syncytiothrophoblast placental cells, are
elevated in pregnancy by 7000-fold. These
persistently high circulating levels can
possibly cause desensitization to the
Kisspeptin stimulatory effect on
gonadotrophin  secretion, resulting in
partially suppressed gonadotrophin levels
during pregnancy.'® Kisspeptin in gestation
may also be important for trophoblast
invasion, embryo implantation and
maintenance of pregnancy.> Moreover, a
reduction in responsiveness to kisspeptin
and repression of its expression was noted
during lactation, leading to an overall
suppression of the HPG axis in this phase.°

Therapeutic potential of kisspeptin

Given the effects of kisspeptin on the
HPG axis, it may potentially be considered
for the treatment of some conditions which
induce HH. When given in hypothalamic
amenorrhoea, Kkisspeptin can induce and
increase LH pulsatility, with an increase in
frequency and mass per pulse,® though it
has a lower effect on FSH.®2 Exogenous
Kisspeptin induced an increase in LH and
testosterone in type 2 diabetes patients
suffering from HH.® It also stimulated LH
secretion by 2.5-fold in patients with
neurokinin B system defects (who also
suffer from HH due to failure to stimulate
kisspeptin).” Kisspeptin plays a crucial role
in hyperprolactinaemic anovulation and the
resultant HH. This is because kisspeptin
neurons express prolactin receptors, leading
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to reduced Kisspeptin expression in
hyperprolactinaemia. Gonadotrophin
secretion and ovarian cyclicity is restored on
administration of kisspeptin.®® It can also be
used to stimulate oocyte maturation in
women at high risk of developing ovarian
hyperstimulation syndrome during in-vitro
fertilization therapy.*® On the other hand,
Kisspeptin can be used as antagonistic
therapy (high doses and continuous
infusions can cause KISS1R desensitisation)
to decrease GnRH and LH pulsatility in
polycystic ovary syndrome, early puberty
and menopause.*

Conclusion

It is evident that Kisspeptin-KISS1R
signalling is crucial to promote normal
pulsatile GnRH and  gonadotrophin
secretion. This is important for sexual
maturation and puberty as well as normal
reproductive function and fertility.2 %! It may
also have a potential role in the treatment of
certain disorders causing HH as described
above.

References:

1. Skorupskaite K, George JT, Anderson RA. The
kisspeptin-GnRH pathway in human reproductive
health and disease. Hum Reprod Update. 20. England:
The Author 2014. Published by Oxford University
Press on behalf of the European Society of Human
Reproduction and Embryology.; 2014. p. 485-500.

2. Kauffman AS. Coming of age in the kisspeptin era: sex
differences, development, and puberty. Mol Cell
Endocrinol. 324. Ireland: 2010 Elsevier Ireland Ltd;
2010. p. 51-63.

3. Beymer M, Henningsen J, Bahougne T, Simonneaux V.
The role of kisspeptin and RFRP in the circadian
control of female reproduction. Mol Cell Endocrinol.
2016;438:89-99.

4. Dubois SL, Acosta-Martinez M, DeJoseph MR, Wolfe
A, Radovick S, Boehm U, et al. Positive, but not
negative feedback actions of estradiol in adult female
mice require estrogen receptor alpha in Kkisspeptin
neurons. Endocrinology. 2015;156(3):1111-20.

34



10.

11.

12.

13.

14.

15.

Malta Medical Journal

Review Article

Chan YM, Butler JP, Sidhoum VF, Pinnell NE,
Seminara SB. Kisspeptin administration to women: a
window into endogenous kisspeptin secretion and
GnRH responsiveness across the menstrual cycle. J
Clin Endocrinol Metab. 97. United States2012. p.
E1458-67.

George JT, Seminara SB. Kisspeptin and the
hypothalamic control of reproduction: lessons from the
human. Endocrinology. 153. United States2012. p.
5130-6.

Young J, George JT, Tello JA, Francou B, Bouligand J,
Guiochon-Mantel A, et al. Kisspeptin restores pulsatile
LH secretion in patients with neurokinin B signaling
deficiencies: physiological, pathophysiological and
therapeutic implications.  Neuroendocrinology. 97.
Switzerland: Basel.; 2013. p. 193-202.

Jayasena CN, Nijher GM, Chaudhri OB, Murphy KG,
Ranger A, Lim A, et al. Subcutaneous injection of
kisspeptin-54 acutely stimulates gonadotropin secretion
in women with hypothalamic amenorrhea, but chronic
administration causes tachyphylaxis. J Clin Endocrinol
Metab. 94. United States2009. p. 4315-23.

George JT, Veldhuis JD, Tena-Sempere M, Millar RP,
Anderson RA. Exploring the pathophysiology of
hypogonadism in men with type 2 diabetes: kisspeptin-
10 stimulates serum testosterone and LH secretion in
men with type 2 diabetes and mild biochemical
hypogonadism. Clin Endocrinol (Oxf). 2013;79(1):100-
4

Pinilla L, Aguilar E, Dieguez C, Millar RP, Tena-
Sempere M.  Kisspeptins and  reproduction:
physiological roles and regulatory mechanisms.
Physiol Rev. 92. United States2012. p. 1235-316.
Rometo AM, Krajewski SJ, Voytko ML, Rance NE.
Hypertrophy and increased kisspeptin gene expression
in the hypothalamic infundibular nucleus of
postmenopausal women and ovariectomized monkeys.
J Clin Endocrinol Metab. 92. United States2007. p.
2744-50.

Rance NE, Young WS, 3rd. Hypertrophy and increased
gene expression of neurons containing neurokinin-B
and substance-P messenger ribonucleic acids in the
hypothalami of postmenopausal women.
Endocrinology. 1991;128(5):2239-47.

Taziaux M, Staphorsius AS, Ghatei MA, Bloom SR,
Swaab DF, Bakker J. Kisspeptin Expression in the
Human Infundibular Nucleus in Relation to Sex,
Gender Identity, and Sexual Orientation. J Clin
Endocrinol Metab. 2016;101(6):2380-9.

Smith JT, Popa SM, Clifton DK, Hoffman GE, Steiner
RA. Kissl neurons in the forebrain as central
processors for generating the preovulatory luteinizing
hormone surge. J Neurosci. 26. United States2006. p.
6687-94.

Abbara A, Jayasena C, Comninos A, Nijher M,
Christopoulos G, 1zzi-Engbeaya C, et al. Kisspeptin: a
novel physiological trigger for oocyte maturation in in-
vitro fertilisation treatment. The Lancet. 2014;383.

Volume 29 Issue 03 2017

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Clarkson J, d'Anglemont de Tassigny X, Moreno AS,
Colledge WH, Herbison AE. Kisspeptin-GPR54
signaling is essential for preovulatory gonadotropin-
releasing hormone neuron activation and the luteinizing
hormone surge. J Neurosci. 28. United States2008. p.
8691-7.

Chassard D, Bur I, Poirel VJ, Mendoza J, Simonneaux
V. Evidence for a Putative Circadian Kiss-Clock in the
Hypothalamic AVPV in Female Mice. Endocrinology.
2015;156(8):2999-3011.

Stephens SB, Tolson KP, Rouse ML, Jr., Poling MC,
Hashimoto-Partyka MK, Mellon PL, et al. Absent
Progesterone Signaling in Kisspeptin Neurons Disrupts
the LH Surge and Impairs Fertility in Female Mice.
Endocrinology. 2015;156(9):3091-7.

Gutierrez-Pascual E, Martinez-Fuentes AJ, Pinilla L,
Tena-Sempere M, Malagon MM, Castano JP. Direct
pituitary effects of kisspeptin: activation of
gonadotrophs and somatotrophs and stimulation of
luteinising hormone and growth hormone secretion. J
Neuroendocrinol. 19. England2007. p. 521-30.

Navarro VM, Castellano JM, Fernandez-Fernandez R,
Tovar S, Roa J, Mayen A, et al. Characterization of the
potent luteinizing hormone-releasing activity of KiSS-1
peptide, the natural ligand of GPR54. Endocrinology.
146. United States2005. p. 156-63.

Smith JT, Rao A, Pereira A, Caraty A, Millar RP,
Clarke 1J. Kisspeptin is present in ovine hypophysial
portal blood but does not increase during the
preovulatory luteinizing hormone surge: evidence that
gonadotropes are not direct targets of kisspeptin in
vivo. Endocrinology. 149. United States2008. p. 1951-
9.

Gaytan F, Garcia-Galiano D, Dorfman MD, Manfredi-
Lozano M, Castellano JM, Dissen GA, et al. Kisspeptin
receptor haplo-insufficiency causes premature ovarian
failure despite preserved gonadotropin secretion.
Endocrinology. 2014;155(8):3088-97.

Clarke H, Dhillo WS, Jayasena CN. Comprehensive
Review on Kisspeptin and Its Role in Reproductive
Disorders. Endocrinol Metab (Seoul). 2015;30(2):124-
41.

de Roux N, Genin E, Carel JC, Matsuda F, Chaussain
JL, Milgrom E. Hypogonadotropic hypogonadism due
to loss of function of the KiSS1-derived peptide
receptor GPR54. Proc Natl Acad Sci U S A. 100.
United States2003. p. 10972-6.

Seminara SB, Messager S, Chatzidaki EE, Thresher
RR, Acierno JS, Jr., Shagoury JK, et al. The GPR54
gene as a regulator of puberty. N Engl J Med. 349.
United States: 2003 Massachusetts Medical Society;
2003. p. 1614-27.

Silveira LG, Noel SD, Silveira-Neto AP, Abreu AP,
Brito VN, Santos MG, et al. Mutations of the KISS1
gene in disorders of puberty. J Clin Endocrinol Metab.
95. United States2010. p. 2276-80.

Teles MG, Bianco SD, Brito VN, Trarbach EB,
Kuohung W, Xu S, et al. A GPR54-activating mutation
in a patient with central precocious puberty. N Engl J
Med. 358. United States: 2008 Massachusetts Medical
Society.; 2008. p. 709-15.

35



28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Malta Medical Journal

Review Article

Navarro VM, Fernandez-Fernandez R, Castellano JM,
Roa J, Mayen A, Barreiro ML, et al. Advanced vaginal
opening and precocious activation of the reproductive
axis by KiSS-1 peptide, the endogenous ligand of
GPR54. J Physiol. 561. England2004. p. 379-86.
Francou B, Paul C, Amazit L, Cartes A, Bouvattier C,
Albarel F, et al. Prevalence of KISS1 Receptor
mutations in a series of 603 patients with normosmic
congenital hypogonadotrophic hypogonadism and
characterization of novel mutations: a single-centre
study. Hum Reprod. 2016;31(6):1363-74.

Han SK, Gottsch ML, Lee KJ, Popa SM, Smith JT,
Jakawich SK, et al. Activation of gonadotropin-
releasing hormone neurons by Kkisspeptin as a
neuroendocrine switch for the onset of puberty. J
Neurosci. 25. United States2005. p. 11349-56.

Navarro VM, Castellano JM, Fernandez-Fernandez R,
Barreiro ML, Roa J, Sanchez-Criado JE, et al.
Developmental and hormonally regulated messenger
ribonucleic acid expression of KiSS-1 and its putative
receptor, GPR54, in rat hypothalamus and potent
luteinizing hormone-releasing activity of KiSS-1
peptide. Endocrinology. 145. United States2004. p.
4565-74.

Kaur KK, Allahbadia G, Singh M. Kisspeptins in
human reproduction-future therapeutic potential. J
Assist Reprod Genet. 2012;29(10):999-1011.

Guerriero KA, Keen KL, Millar RP, Terasawa E.
Developmental changes in GnRH release in response to
kisspeptin agonist and antagonist in female rhesus
monkeys (Macaca mulatta): implication for the
mechanism of puberty. Endocrinology. 153. United
States2012. p. 825-36.

Manfredi-Lozano M, Roa J, Ruiz-Pino F, Piet R,
Garcia-Galiano D, Pineda R, et al. Defining a novel
leptin-melanocortin-kisspeptin pathway involved in the
metabolic  control of puberty. Mol Metab.
2016;5(10):844-57.

Cortes ME, Carrera B, Rioseco H, Pablo del Rio J,
Vigil P. The Role of Kisspeptin in the Onset of Puberty
and in the Owvulatory Mechanism: A Mini-review. J
Pediatr Adolesc Gynecol. 2015;28(5):286-91.

Navarro VM, Kaiser UB. Metabolic influences on
neuroendocrine regulation of reproduction. Curr Opin
Endocrinol Diabetes Obes. 20. England2013. p. 335-41.
Castellano JM, Navarro VM, Fernandez-Fernandez R,
Roa J, Vigo E, Pineda R, et al. Expression of
hypothalamic KiSS-1 system and rescue of defective
gonadotropic responses by kisspeptin in streptozotocin-
induced diabetic male rats. Diabetes. 55. United
States2006. p. 2602-10.

Jayasena CN, Abbara A, Veldhuis JD, Comninos AN,
Ratnasabapathy R, De Silva A, et al. Increasing LH
pulsatility in women with hypothalamic amenorrhoea
using intravenous infusion of Kisspeptin-54. J Clin
Endocrinol Metab. 2014;99(6):E953-61.

Sonigo C, Bouilly J, Carre N, Tolle V, Caraty A, Tello
J, et al. Hyperprolactinemia-induced ovarian acyclicity
is reversed by kisspeptin administration. J Clin Invest.
2012;122(10):3791-5.

Volume 29 Issue 03 2017

40.

41.

Abbara A, Jayasena CN, Christopoulos G,
Narayanaswamy S, lzzi-Engbeaya C, Nijher GM, et al.
Efficacy of Kisspeptin-54 to Trigger Oocyte Maturation
in Women at High Risk of Ovarian Hyperstimulation
Syndrome (OHSS) During In Vitro Fertilization (IVF)
Therapy. J Clin Endocrinol Metab. 2015;100(9):3322-
3L

Novaira HJ, Sonko ML, Hoffman G, Koo Y, Ko C,
Wolfe A, et al. Disrupted kisspeptin signaling in GnRH
neurons leads to hypogonadotrophic hypogonadism.
Mol Endocrinol. 2014;28(2):225-38.

36





