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Spermatogenesis, the process that leads the production of male gametes, consists in the progression of 

mitotic spermatogonia toward meiosis and spermiogenesis in order to produce functional 

spermatozoa. This complex process requires a deep network among a wide set of endocrine, paracrine 

and autocrine factors exerting their activity at different levels along the hypothalamus-pituitary-gonad 

(HPG) axis. The upstream activity of hypothalamic Gonadotropin Releasing Hormone (GnRH) is 

followed by the secretion of pituitary gonadotropins [Follicle stimulating hormone (FSH) and 

Luteinizing Hormone (LH)] which in turn promote testosterone biosynthesis from the testis. Such an 

endocrine route is locally integrated by several local modulators that ensure the progression of the 

spermatogenesis through the fine communications among germ cells and somatic cells - interstitial 

Leydig cells and nurse Sertoli cells in the germinal epithelium-.  

In 1996 the discovery of KiSS1 gene as a metastasis suppressor gene followed by the characterization 

of a kisspeptin receptor Gpr54 not only added insights in cancer biology, but surprisingly opened a 

new scenario in the neuroendocrine and local control of reproduction [1]. At present, kisspeptin 

system has been characterized from fish to mammals and multiple kiss and Gpr54 genes have been 

detected in non mammalian vertebrates [2]. 

Kisspeptin family comprises a set of multifunctional peptides sharing a common RF-amide motif in 

their C-terminal region that have the ability to activate Gpr54, a typical G coupled receptor located on 

cell membrane. All Kisspeptins originate from the cleavage of a 145 precursors encoded by the gene 

kiss1 and are commonly known as kisspeptin-54, -13, -14 and -10 [Oakley et al. 2009]. Nowadays 

kisspeptin signalling via Gpr54 represents the main controller of HPG axis. In fact, it modulates the 

activity of GnRH neurons affecting gonadotropin secretion and steroid biosynthesis, and mediates sex 

steroid dependent feedback mechanisms [3]. Lifestyle and environmental cues positively or 

negatively modulate reproductive health affecting HPG axis. In this respect, many environmental (i.e 

photoperiodic), stressor and nutritional cues just convey on kisspeptin neurons located in the 

hypothalamic arcuate and anteroventral-periventricular nuclei in order to modulate GnRH activity and 

reproductive functions [3-4]. The key role of kisspeptin system in the modulation of HPG axis is 

confirmed by clinical studies in which impairment of kisspeptin signalling causes hypogonadotropic 

hypogonadism or, by contrast, its upregulation leads to precocious puberty [5-7]. Consistently, in 

mammalian and non mammalian vertebrates a wide set of studies confirmed the importance of 

kisspeptin signalling for the functionality of HPG axis, the timing of puberty onset and sex maturation 

[3, 8-9]. 

The exogenous administration of kisspeptin exerts different activity on reproduction, from testis 

degeneration [10] to stimulation or hyperstimulation of HPG axis [11-12], depending on kisspeptin 

dose, treatment duration and route of administration. However, all these effects were suggested to be 

centrally mediated. In spite of the well known kisspeptin activity in the hypothalamus, in the last 

months the importance of local kisspeptin activity also emerged. In fact, kisspeptin and Gpr54 

(mRNA or protein) have been detected also in the testis providing evidence of the requirement of their 

local activity to gain a successful spermatogenesis [13]. Morphological and molecular data address 

the presence of kisspeptin and/or Gpr54 primarily in Leydig and germ cells in vertebrates, with 
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differences related to age, species, and methodology [13]. Besides local kisspeptin activity, the 

secretion of kisspeptin produced by testis has been recently demonstrated in mouse [14]. However, 

beside the localization and the aforementioned observations, in testis explants and in immortalized or 

primary Leydig cell culture kisspeptin does not affect steroid biosynthesis [15-16]. By contrast, in 

rhesus monkey direct effect on testosterone biosynthesis has been demonstrated [17].  

New local functions of kisspeptin system recently came from studies conducted in a seasonal breeder 

with testis cystic organization, the anuran amphibian Pelophylax esculentus (previously knows as 

Rana esculenta), once again confirming the deep contribute of non mammalian vertebrates in the 

discovery of master systems in reproductive endocrinology [18]. In this seasonal breeder 

spermatogenesis starts during late winter-spring with mitotic division of spermatogonia and proceeds 

during summer with meiotic events; in autumn massive spermiogenesis occurs followed by the winter 

stasis in which the testis simply contains quiescent primary spermatogonia and newly formed 

spermatozoa attached to Sertoli cells. During the annual cycle of P. esculentus, Gpr54 fluctuates and 

is expressed in both Leydig cells and mitotic spermatogonia [19]. Furthermore, in spite no kiss gene 

has been cloned or characterized in this experimental model, kisspeptin signalling locally induces a 

wide set of events critical for the upsurge of spermatogenesis onset and the progression of 

spermatogenesis [20] (Figure 1). In fact, at the onset of a new reproductive cycle, Kp-10 

administration in ex vivo testis is accomplished by i) the increase of the number of tubules containing 

cysts of mitotic stages in parallel to the decrease of empty tubules containing quiescent spermatogonia 

and spermatozoa only [20]; ii) the increased expression of PCNA (Proliferating Cell Nuclear 

Antigen), a well known marker of DNA biosynthesis during cell cycle [20], iii) the increased 

expression of local GnRH/GnRH receptors and estrogen receptors (ER) α and ß [19-20], two master 

signalling systems strongly involved in the recruitment of quiescent spermatogonia for proliferation 

[21]. In addition, the existence of mutual enhancement between kisspeptin and estradiol may be 

suggested since Kp-10 increases the expression of ERα/ß and 17β-estradiol increases the expression 

rate of Gpr54 [19-20] (Figure 2). Similarly than frog, also in mouse the expression profile of kiss1 and 

ERα fully parallel during postnatal testis development [16]. Consistently, in hypothalamic GT1-7 cell 

lines kisspeptin induces the expression of ERα and ERβ, whereas estradiol induces that of Gpr54 [22]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1. In vitro effects of Kp-10 on frog spermatogenesis at the end of the winter stasis. 

 

 

 

 

 

Figure2. Mutual enhanced activity of Kp-10 and 17β-estradiol on the expression of ERα/β and Gpr54 

respectively in frog testis. 
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Lastly, the expression of kisspeptin system has also been reported in post meiotic germ cells 

[Meccariello 2013]. In particular, in human kisspeptin signalling affects sperm motility [23] and lower 

plasma levels of kisspeptin have been observed in infertile males as compared to fertile males [24-25]. 

Also mouse spermatozoa express Gpr54 in acrosomal region and Kp-10 treatment increases sperm 

intracellular concentration of Ca
2+

. Interestingly, kisspeptin signalling seems to modulate spermatozoa 

transit in male reproductive tract and kisspeptin antagonist Kp-234 impairs the fertilization capacity of 

spermatozoa in in vitro fertilization [26], once again confirming the importance of local kisspeptin 

signalling for reproduction.  

Taking in account the above considerations, kisspeptin locally modulates different aspect of male 

reproduction, from spermatogenesis progression to the aquisition of sperm functions. Hence, the 

discovery of impaired kisspeptin activity in infertile men, candidates this signalling system as a new 

therapeutic tool for the treatment of infertility. 
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