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A B S T R A C T

Hypogonadotropic hypogonadism (secondary hypogonadism), congenital or acquired, is a form of hypogonadism that is due to problems with either the hy-
pothalamus or pituitary gland affecting gonadotropin levels. Pulsatile secretion of gonadotropin-releasing hormone (GnRH) by hypothalamus is a primer step to
initiate the release of pituitary gonadotropins. Kisspeptin and gonadotropin-inhibitory hormone (GnIH) are accepted as two major players in the activation and
inhibition of GnRH regarding the neuroendocrine functioning of the hypothalamic pituitary gonadal axis. Kisspeptin is known as the most potent activator of GnRH.
Regarding the inhibition of GnRH, RF-amide-related peptide-3 (RFRP-3) is accepted as the mammalian orthologue of GnIH in avian species. RF9 (1-adamantane
carbonyl-Arg-Phe-NH2) is an antagonist of RFRP-3/GnIH receptor (neuropeptide FF receptor 1 (NPFFR1; also termed as GPR147). In recent years, several studies
have indicated that RF9 activates GnRH neurons and gonadotropins in a kisspeptin receptor (Kiss1r, formerly known as GPR54) dependent manner. These results
suggest that RF9 may have a bimodal function as both an RFRP-3 antagonist and a kisspeptin agonist or it may be a kiss1r agonist rather than an RFRP-3/GnIH
receptor antagonist. These interactions are possible because Kisspeptin and GnIH are members of the RF-amide family, and both possibilities are not far from
explaining the potent gonadotropin stimulating effects of RF9. Therefore, we hypothesize that RF9 may be a new therapeutic option for the hypogonadotropic
hypogonadism due to its potent GnRH stimulating effects. A constant or repeated administration of RF9 provides a sustained increase in plasma gonadotrophin levels.
However, applications in the same way with GnRH analogues and kisspeptin may result in desensitization of the gonadotropic axis. The reasons reported above
contribute to our hypothesis that RF9 may be a good option in the GnRH stimulating as a kisspeptin agonist. We suggest that further studies are needed to elucidate
the potential effects of RF9 in the treatment of the hypogonadotropic hypogonadism.

Introduction

Hypogonadism may arise from a primary gonadal failure (hy-
pergonadotropic hypogonadism) or may occur secondary to hypotha-
lamic-pituitary dysfunction (hypogonadotropic hypogonadism). It can
be congenital or acquired. Congenital hypogonadotropic hypogonadism
is divided into congenital normosmic idiopathic (or isolated) hypogo-
nadotropic hypogonadism and anosmic hypogonadotropic hypogo-
nadism (Kallmann syndrome). Acquired hypogonadotropic hypogo-
nadism may arise from traumatic brain injury, drugs, infectious or
infiltrative pituitary lesions, brain radiation, abusive alcohol or illicit
drug intake, and systemic [1] and metabolic [2] diseases.

In the hypogonadotropic hypogonadism, secretion of gonadotropin-
releasing hormone (GnRH) is absent or inadequate. Inadequate bio-
synthesis and isolated lack of production of luteinizing hormone (LH)
and follicle-stimulating hormone (FSH) may also result in the hypogo-
nadotropic hypogonadism [3]. Pulsatile secretion of GnRH by hy-
pothalamus is a primer step of the reproductive cascade, which initiates
the release of pituitary gonadotropins, gonadal secretion of sex steroids,
and gametogenesis [4].

During the last two decades, two major players have been involved
in the activation and inhibition of GnRH for the neuroendocrine func-
tioning of the hypothalamic pituitary gonadal axis. Regarding the ac-
tivation of GnRH, kisspeptin (formerly known as metastin) is encoded
by the metastasis suppressor gene KiSS-1 in humans (kiss-1 in animals).
This peptide is the endogenous ligand for the kisspeptin receptor
(KISS1R (kiss1r in animals), formerly called as GPR-54), a G protein-
coupled receptor, to regulate puberty onset and fertility [5,6]. Another
player is RF-amide-related peptide-3 (RFRP-3), which is accepted as the
mammalian orthologue of gonadotropin-inhibitory hormone (GnIH) in
avian species [7]. Many researchers have suggested that either central
or peripheral administration of RFRP-3/GnIH causes significant in-
hibition of gonadotropin secretion in hamsters [8], rats [9,10], sheep
[7], and human [11]. RF9 (1-adamantane carbonyl-Arg-Phe-NH2) is an
antagonist of RFRP-3/GnIH receptor (neuropeptide FF receptor 1
(NPFFR1; also termed GPR147) [12]. This antagonist has a potent role
on the gonadotropin secretion in mammals [13]. Moreover, RF9 acti-
vates GnRH neurons and gonadotropins in a Kiss1r dependent manner
[14–16]. In 2015, we defined that RF9 elicited significant elevations in
circulating LH levels and coadministration of RF9 with kisspeptin
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receptor antagonist p234 decreased LH levels significantly [15]. These
results indicate that RF9 exerts a gonadotropin stimulating function not
only as the RFRP-3 antagonist, but also as a kiss1r agonist.

The hypothesis

In light of the fact that RF9 stimulates GnRH and gonadotropins, we
hypothesize that RF9 may be a new therapeutic option for hypogona-
dotropic hypogonadism (Fig. 1).

Evaluation of the hypothesis

Since the discovery of mammalian GnRH at the beginning of the
seventies, many new neuropeptides and neurotransmitters have been
described in the neuroendocrine regulation of reproductive axis, but
none of them has had such a dramatic role as kisspeptin [17,18]. GnRH
neurons have been shown to express kiss1r [19], through which kis-
speptin activate GnRH secretion [20]. Actually, kisspeptin or kis-
speptins are the common names of the structurally related peptides
(kisspeptin-54, 14, 13 and 10) according to the number of amino acids
in length, and the decapeptide kisspeptin-10, which is shared by all the
members of kisspeptin family, is required for the physiological activity
[21]. In 2003, it was reported that loss-of-function mutations in kiss1/
kiss1r signaling are associated with hypogonadotropic hypogonadism
both in humans [5,6] and rodents [22]. In the experimental studies,
kisspeptin [23] or kiss1r knockout mice [20] were found to be infertile.
Moreover, there is a case report that indicates an activating mutation of
the KISS1R in a patient with central precocious puberty [24]. The same
result is true for central treatment by kisspeptin. There are several
studies that intracerebroventricular injection of this peptide to im-
mature female rats induces premature activation of the gonadotropic
axis [15,25]. In vitro studies also provide evidence that kisspeptin

directly stimulates GnRH neurons [26,27]. Therefore, kisspeptin might
be accepted as the most potent activator of HPG axis known to date
[28].

Unlike kisspeptin, RFRP-3 inhibits gonadotropin secretion in
mammals [7,9]. It is interesting that these two hormones, which are
opposite regarding their effects but have common points in terms of
sequence properties, belong to the same family, known as the RF-amide
neuropeptide family [29]. This family is characterized by a common
carboxy-terminal motif that consists of an arginine (R) and an amidated
phenylalanine (F). RF-amide family, which are also present in other
organisms including humans, are divided into five subgroups: neuro-
peptide FF (NPFF and NPAF), GnIH (RFRP-1 (NPSF) and RFRP-3
(NPVF), 26RFa, prolactin releasing peptide (PrRP) and kisspeptin/kis-
speptins. As related to our hypothesis, RF9 has a bimodal function as
both an RFRP-3 antagonist and a kisspeptin agonist, and its effects are
based on the biological characteristics of the RF-amide family because
these two endogenous hormones are members of the mentioned family.
Therefore, although RF9 was developed as an antagonist of NPFFRs
(particularly GPR147 and partly GPR74), which are activated by RFRP-
3 and many other neuropeptides, studies also demonstrated that ad-
ministration of RF9 augmented the gonadotropins in a kisspeptin re-
ceptor dependent mechanism [14–16]. As expected, RFRP-3 antag-
onism induced by RF9 may result in an increase in the gonadotropin
secretion. This is an indirect effect of the RF9 on GnRH or gonado-
tropins. The interesting point is the direct effects of the RF9 on GnRH
via the kisspeptin-mediated mechanism. In 2006, Simonin et al. re-
ported [12] that RF9 may be structurally related to BIBP3226 (NPY
receptor subtype Y1 antagonist). Since BIBP3226 has structural simi-
larity to RFamide-derived peptides and it can bind to NPFFR subtypes,
this assay was also carried out for RF9. Thus, they aimed to evaluate the
binding activity of RF9 to human NPY receptor subtype Y1, three re-
ceptors of three RFamide neuropeptide families (GPR10, GPR54 and

Fig. 1. Physiological control of the HPG axis by kisspeptin and RFRP-3 and possible stimulating effects of the RF9 on GnRH, gonadotropins and gonadal activity. Blue
solid arrows indicate the physiological regulation of the HPG axis by kisspeptin and RFRP-3. Kisspeptin has a stimulating effect on GnRH, resulting in the secretion of
both gonadotropins and testosterone or estrogen. However, RFRP-3 has an inhibitory effect on GnRH. Dashed arrows signify possible stimulating effects of the RF9 on
GnRH neurons, gonadotropins and testosterone or estrogen. Green dashed arrows define a stimulatory effect of the RF9 on GnRH neurons by kisspeptin receptor like
a kisspeptin agonist and red dashed arrows represent an inhibitory effect of the RF9 on GnRH neurons by RFRP-3/GnIH receptors as an RFRP-3 antagonist. RF9 can
increase gonadotropin secretion and gonadal activity by stimulating GnRH neurons directly via KISS1R (Green dashed arrows). It is also possible that since RF9 is an
RFRP-3 antagonist, it can indirectly increase gonadotropin secretion and gonadal activity by eliminating the inhibitory effect of RFRP-3/GnIH on GnRH neurons (Red
dashed arrows). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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GPR103), and opioid (μ, δ, κ) receptors. It was stated that RF9 did not
show any affinity on these mentioned receptors at doses up to 10 μM
except for its weak competition to opioid μ and κ receptors. However,
the bioactivity of NPFFR ligands for kiss1r has been shown to have an
opposite cross reactivity because kisspeptin receptor ligands can exhibit
cross-reactivity for NPFFR [30], which indicate that RF9 may have
direct effects on kiss1r. In 2015, we tried to explore whether kiss1r
antagonism affects the reproductive responses to RF9. In our experi-
ment, p234 inhibited advancement of puberty caused by RF9, which
was the same response as to kisspeptin-induced pubertal acceleration
[15]. In the same year, Min et al. reported [16] that RF9 acts as a
KISS1R agonist both in vivo and in vitro conditions. They performed an
in vitro experiment using KISS1R-transfected Chinese Hamster Ovary
cells and noticed that RF9 binds specifically to kisspeptin receptor and
stimulates an increase in intracellular calcium and inositol phosphate
activity. They also reported RF9 stimulated a robust LH increase in
Npffr1−/− mice, similar to that in wild-type littermates, whereas the
stimulatory effects of RF9 were markedly reduced in Kiss1r−/− and
double Kiss1r−/−/Npffr1−/− mice. These results are important to show
that RF9 is a kisspeptin receptor agonist rather than an RFRP-3 an-
tagonist.

Consequences of the hypothesis and discussion

If our hypothesis is correct, it would have an impact on contributing
to the treatment of hypogonadotropic hypogonadism, which is one of
the important causes of infertility problems in humans. However, there
are important considerations to be emphasized. One of them is that the
use of RF9 in treatment would not be applicable in cases associated
with the anomaly in embryonic development of GnRH neurons (an-
osmic hypogonadotropic hypogonadism or Kallmann syndrome). Apart
from this exception, RF9 may have a high therapeutic potential in
congenital and acquired hypogonadism cases. As a second important
point, although RF9 is a kisspeptin-mediated treatment option in the
hypogonadism, data on possible other effects on the body are quite
limited. However, these obscurities cannot be a justification for ig-
noring the potential of RF9 as a new therapeutic agent.

In addition to the effects of kisspeptin on puberty, reproductive
function and suppression of metastasis, there are also data indicating
that it has an essential function on the regulation of energy balance in
the body [2,31–33]. An important concern is that metabolic signals
reflecting the energy balance of the body are important in the physio-
logical regulation of puberty and reproductive function. Therefore,
dysregulation of energy balance (energy insufficiency or obesity) may
lead to reproductive disorders [31]. It has been suggested that a de-
crease in the endogenous kisspeptin secretion can be an important
pathway associated with metabolic and endocrine factors in the pa-
thophysiology of hypogonadism in men due to obesity and type 2
diabetes [2]. All these results are important reasons for the therapeutic
use of kisspeptin or agonists in such disorders. Continuous or repeated
stimulation of the gonadotropic axis with pharmacological boluses of
GnRH or its agonists is a well-known phenomenon leading to desensi-
tization [34]. The same phenomenon may also be valid to kisspeptin or
its agonists because increased evidence suggests that continuous ex-
posure to kisspeptins may cause desensitization to their potent gona-
dotropin-releasing effects [35–37]. On the other hand, there are dif-
ferent results particularly in females [38,39]. Peripheral administration
of RF9 as a bolus and as a constant intravenous infusion to ewes induces
a sustained increase in plasma gonadotrophin concentrations [40].

These reasons reported above contribute to our hypothesis that RF9
has a potent GnRH stimulating effect as a kisspeptin agonist feature.
Further studies are needed to expose the potential effects of RF9 be-
cause all the discussions in light of evidence indicate that RF9 may be
clinical significance for the treatment of the hypogonadotropic hypo-
gonadism.
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