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Abstract

While Kisspeptin was initially found to function as a metastasis suppressor, after identification of 

its receptor KissR1 and their expression profile in tissues like the hypothalamus and adrenals, 

kisspeptin and Kiss1R were predominantly assigned endocrine functions, including regulating 

puberty and fertility through their actions on hypothalamic gonadotropin releasing hormone 

production. More recently, an alter ego for kisspeptin has emerged, with a significant role in 

regulating glucose homeostasis, insulin secretion, as well as food intake and body composition, 

with lack of kisspeptin signaling resulting in reduced locomotor activity and increased adiposity. 

This review will highlight these recent observations of kisspeptin's role in metabolism and the 

several key questions that have emerged and that need to be addressed in the future.
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Introduction

Screening to identify molecules responsible for suppressing metastasis, over 18 years ago, 

led to the initial isolation of a novel cDNA enriched in non-metastatic melanoma cells, 

named KISS1 (1). Its product, a 54 amino acid protein, was found to suppress metastatic 

potential and was named metastin (2). Subsequent studies described its metastasis-

suppressive activity in a variety of cancers, actions that it exerts through binding and 

activating a specific Gq/G11-protein-coupled receptor (GPCR) (3, 4). The GPCR GPR54 

(later renamed to kisspeptin1 receptor = KISS1R) was identified to bind and transmit the 

cellular action of secreted kisspeptins (5) that were then considered to be a promising new 

target in cancer therapy (3).

The Kiss1 cDNA encodes a 154 amino acid pre-propeptide that is C-terminally amidated 

and proteolytically processed, yielding not only kisspeptin-54 (KP54, = metastin) but also 

three C-terminal fragments, namely kisspeptin-14 (KP14), kisspeptin-13 (KP13) and 

kisspeptin-10 (KP10). All of these products share the same C-terminal 10 amino acid 
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amidated sequence and belong to the larger family of RF-amide peptides. The KP10 

sequence is sufficient to bind and activate KISS1R. Kisspeptin1 is the mammalian form of 

the peptide (KP54), which also occurs in non-mammalian organisms, where it is called 

Kisspeptin2 (6).

Kisspeptin and Kiss1r expression have been reported in a variety of tissues. The tissue 

distribution of Kiss1 and Kiss1r often localize to the same cells. In rodents Kiss1 and Kiss1r 

expression are highest in placenta and the central nervous system, where the highest levels 

are detected in the hypothalamus and pituitary but also in brainstem, cortex, and cerebellum 

(5, 7, 8). Expression of both Kiss1 and Kiss1r have been reported in rodent adipose tissue, 

pancreas, liver, small intestine, peripheral blood lymphocytes, testes, lymph nodes, as well 

as in in human aorta, coronary artery and umbilical vein (2, 8-10). These reports need to be 

taken with caution since the specificity of reagents used in some of these studies may be 

cross reacting with the large number of peptides with a C-terminally amidated motif (RF-

amide peptides).

Soon after the initial observations as a metastasis suppressor, kisspeptin's fate turned and its 

biological journey switched from cancer biology to an entirely different path. Kiss1R signals 

through stimulation of phospholipase C and plays a key role in the neuroendocrine control 

of the gonadotrophin axis. Kisspeptin stimulates the secretion of gonadotropins from the 

pituitary by stimulating the release of GnRH from the forebrain after the activation of 

Kiss1r, which is expressed by GnRH neurons. Kisspeptin is expressed abundantly in the 

arcuate nucleus (Arc) and the anteroventral periventricular nucleus (AVPV) of the forebrain. 

Both estradiol and testosterone regulate Kiss1 gene expression in Arc and AVPV; however, 

while estradiol and testosterone down-regulate Kiss1 mRNA in the Arc, they up-regulate 

Kiss1 expression in the AVPV. Thus, kisspeptin neurons in the Arc may participate in the 

negative feedback regulation of gonadotropin secretion, whereas kisspeptin neurons in the 

AVPV may contribute to generating the preovulatory gonadotropin surge in the female. 

Hypothalamic levels of Kiss1 and GPR54 mRNA increase dramatically at puberty, 

suggesting that kisspeptin signaling mediate the neuroendocrine events that trigger the onset 

of puberty (11). KISS1R was found to regulate puberty and fertility, and inactivating 

mutations in the KISS1R were found to be associated with reduced or absent fertility (12, 

13). Subsequently, inactivating mutations in Kiss1 were also described to be associated with 

a subfertile phenotype (14). Moreover, functionally activating mutations of KISS1R are 

associated with precocious puberty (15, 16). A number of recent reviews highlight exciting 

new findings on kisspeptin regulation of reproduction (3, 11, 17).

More recent work assigns kisspeptin roles in regulating glucose homeostasis, locomotor 

activity and body weight control (18, 19). The present article will discuss the recent 

surprising and exciting findings of kisspeptin in metabolism regulation, their potential 

implications in understanding disease and outline new questions that will direct the path of 

kisspeptin's ever continuing journey.
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Liver derived kisspeptin participates in islet hormone crosstalk

A long-standing question in pancreatic islet biology and regulation of insulin secretion has 

been whether and how the two principal islet hormones, insulin from ß-cells and glucagon 

from α-cells, may regulate each-others' secretion. Teleologic considerations of the opposing 

effects of each hormone on blood glucose levels would posit that 1) insulin might suppress 

glucagon secretion from α-cells and 2) that glucagon may suppress insulin secretion from ß-

cells.

In the first case, several convincing observations indicate that insulin exerts direct effects on 

glucagon secretion. The absence of insulin, as is seen in rodent models of type 1 diabetes 

(T1DM) and humans with T1DM is accompanied by very high levels of circulating 

glucagon (20). Further, treatment of insulin-deficient hyperglycemic mice with insulin, 

result in reversal of hyperglucagonemia, while simply reversing the hyperglycemic state in 

the absence of insulin replacement does not suppress glucagon secretion (21). Insulin 

receptors are present on glucagon-producing α-cells, and when these insulin receptors are 

selectively and conditionally ablated in mice using the CRE-loxP technology, 

hyperglucagonemia is observed (22). Collectively, these observations indicate that insulin 

may be acting directly via its receptor on α-cells to suppress glucagon secretion.

Conversely, whether glucagon directly influences insulin secretion from ß-cells has 

remained somewhat unclear. Subsets of humans with type 2 diabetes mellitus (T2DM) 

exhibit elevated glucagon levels and insufficient insulin secretion to control glucose levels. 

Moreover, individuals at high risk for developing T2DM exhibit elevated glucagon levels 

prior to being diagnosed with T2DM (23).

In an experimental system of chronic intravenous glucose infusions in rats, a compensatory 

increase in insulin secretion occurs to control glycemia. Remarkably however, after 

prolonged glucose infusion, insulin secretion wanes, coincident with increasing glucagon 

levels. Importantly, subsequent treatment of these mice with glucagon neutralizing 

antibodies is accompanied by a recovery of insulin secretion and normalization of glucose 

homeostasis, despite continued exogenous glucose infusions (24). At first sight these 

observations would indicate that glucagon might directly act on ß-cells to suppress insulin 

secretion. However, direct in vitro testing of glucagon action on isolated ß-cells has not 

provided conclusive evidence for a direct effect of glucagon on ß-cells. In vitro glucagon 

treatment of rat islets stimulates the inducible cyclic AMP element repressor (ICER) in ß-

cells, which theoretically would suppress insulin biosynthesis (25). However, conditional 

ablation of the glucagon receptor in ß-cells in mice would be the most direct approach to 

examine whether glucagon exerts any effects directly on ß-cells to influence insulin 

secretion in vivo. Such studies have not been reported thus far.

The G protein Gas-coupled glucagon receptor is expressed on hepatocytes, where its 

activation rapidly stimulates cyclic AMP (cAMP) production (26). Cyclic AMP signaling in 

turn binds to the regulatory subunit of the protein kinase A (PKA) holoenzyme, thereby 

releasing the PKA catalytic subunit (27), and activating the PKA signaling cascade and 

transcription of cyclic AMP response element binding protein (CREB) response genes. 
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Among these genes are the well-characterized genes of the gluconeogenesis program 

(28-30).

Thus, selective activation of liver PKA-dependent signaling stimulates gluconeogenesis, 

leading to hyperglycemia, which would be expected to stimulate insulin secretion from ß-

cells. Paradoxically however, when this experiment was initially conducted in transgenic 

mice over-expressing PKA catalytic subunit in hepatocytes, insulin secretion was suppressed 

(31).

In combination, the above-summarized observations suggest the possibility that glucagon 

may not be acting directly on ß-cells to regulate insulin secretion, but rather that glucagon 

may be acting indirectly via action on the liver, where activation of PKA-dependent 

signaling is relayed by a separate signal that reaches ß-cells and suppresses insulin secretion. 

The functional role for glucagon receptors on ß-cells thus remains unclear and will need 

further studies.

This possibility was tested by selectively ablating in vivo the PKA regulatory subunit 1a 

(Prkar1a) in the liver of adult mice- using the CRE-LoxP technology - with the aim of 

constitutively activating PKA catalytic activity. Mice harboring floxed prkar1a alleles were 

treated intravenously with adenovirus expressing CRE recombinase to ablate prkar1a and 

activate liver PKA signaling and the gluconeogenic program (= ΔL-Prkar1a mice) (18). This 

mouse model was compared to mice receiving exogenous intravenous glucose infusion to 

achieve similar levels of hyperglycemia (32). It is important to note that these studies were 

all performed after 4 days of hyperglycemia, thereby minimizing the possibility of so-called 

glucotoxic damage to beta cell function following prolonged exposure to high glucose 

levels.

Mice receiving intravenous glucose exhibited mildly impaired glucose tolerance and robust 

and significantly elevated insulin secretion in response to an intra-peritoneally administered 

glucose load (intraperitoneal tolerance test - ipGTT). In contrast, ΔL-Prkar1a mice 

exhibited, during an ipGTT, significantly impaired glucose tolerance, owing to significantly 

impaired insulin secretion. Most importantly, plasma from ΔL-Prkar1a suppressed insulin 

secretion from in vitro incubated wild-type mouse islets. Dilution of ΔL-Prkar1a plasma also 

reduced the suppression of insulin secretion (18). These observations clearly suggested that 

ΔL-Prkar1a mice harbor a circulating factor, which directly suppresses ß-cell response to 

glucose.

A gene expression array combined with bioinformatic analysis to identify secreted proteins 

in the liver of ΔL-Prkar1a mice and Prkar1a floxed controls was used in an attempt to 

identify this potential liver-secreted factor. Surprisingly, this approach yielded a single 

candidate gene, Kiss1, which was further confirmed by direct assessment of liver kisspeptin 

mRNA expression as well as protein levels by immunodetection to be stimulated in livers of 

ΔL-Prkar1a mice but not in Prkar1a floxed controls (18).

Consistent with the hypothesis that glucagon stimulates kisspeptin expression in the liver, in 

vitro treatment of primary hepatocytes with glucagon or by forskolin-induced increase in 

intracellular cAMP concentrations stimulated kisspeptin production. Further, in vivo 
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glucagon treatment stimulated liver kisspeptin production in control mice but not in mice 

lacking the glucagon receptor on the liver (ΔL-Gcgr mice). Endogenous stimulation of 

glucagon secretion by fasting also increased liver kisspeptin synthesis in control (Gcgr 

floxed) but not ΔL-Gcgr mice. Analysis of the immediate upstream elements of the Kiss1 

promoter reveals in mice two and in humans one cAMP response element binding protein 

(CREB) recognition site, and luciferase reporter constructs of the Kiss1 immediate upstream 

element respond to cAMP induction and CREB activation. Conversely, mutation and 

inactivation of the promoter CRE binding sites abolishes Kiss1 promoter activation by 

cAMP or during co-transfection of a dominant negative CREB expression vector in transient 

co-transfection studies (18).

Similar to observations made in genes of the gluconeogenic program, treatment of isolated 

mouse hepatocytes with glucagon stimulated kisspeptin production, while additional 

treatment with insulin dampened these effects of glucagon. Importantly however in vivo 

ablation of the liver insulin receptor (ΔL-Insr mice) did not result in an increase in Kiss1 

expression, suggesting that insulin resistance is not an important mechanism of increased in 

vivo liver kisspeptin production. Furthermore, treatment of mice with synthetic KP10 or 

KP54 intraperitoneally simultaneously with glucose administration during an intraperitoneal 

glucose tolerance test (ipGTT) resulted in impaired glucose tolerance owing to markedly 

reduced glucose stimulated insulin secretion (18).

Thus, the observations above suggest that liver glucagon receptor activation on one hand 

stimulates insulin secretion by increased hepatic glucose production (HGP) and 

hyperglycemia, while on the other hand, liver glucagon action may inhibit insulin secretion 

by stimulating kisspeptin production (Figure 1).

This idea was further tested by dissociating gluconeogenesis from kisspeptin production, in 

ΔL-Prkar1a mice. Adenovirus-mediated delivery of Kiss1-specific shRNA selectively 

inhibited of liver kisspeptin production while PKA activation of the hepatic glucose 

production remained elevated (18). However, ΔL-Prkar1a mice with kisspeptin knockdown 

showed - as compared to ΔL-Prkar1a mice treated with control adenovirus -improved 

glucose tolerance, owing to increased insulin secretion, indicating that in vivo subtraction of 

kisspeptin in mice with constitutively active HGP allows ß-cells to secrete more insulin in 

response to a glucose stimulus (18).

Functional kisspeptin1 receptor on pancreatic ß-cells

Kisspeptin and Kiss1R have both been described on pancreatic islet cells (33, 34). However, 

in the absence of appropriate cell specific Kiss1r ablated models, it has until recently been 

difficult to assess how kisspeptin may affect GSIS (see also below). Mouse islets express 

Kiss1r protein at high levels in ß-cells, whereas little Kiss1r immunoreactivity is found in α-

cells.

Kiss1r effects on islet cell function was interrogated using the CRE-loxP system to generate 

mice with selective ablation of pancreatic Kiss1r using the pancreas-specific PDX-1 CRE 

driver mouse and the Kiss1R floxed mouse (ΔPanc-Kiss1r mouse) (18). At baseline fasting 

conditions, ΔPanc-Kiss1r exhibit no obvious phenotype and defect in GSIS, except mildly 
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elevated fasting insulin levels. Conversely, intraperitoneal treatment with synthetic 10 nmol 

KP54 or KP10 suppressed GSIS in control mice but not from mice that lack pancreas 

Kiss1r. Consistent with these in vivo observations, kisspeptin (KP54) inhibits in a dose-

dependent manner GSIS in vitro from islets isolated from control mice, but not from islets 

isolated from ΔPanc-Kiss1r mice. Furthermore, kisspeptin (KP54) also inhibits in a dose-

dependent manner GSIS potentiation and cAMP production in islets that results from 

treatment with the potent incretin glucagon-like-peptide-1 receptor activator exendin-4 (18). 

These findings are consistent with the idea that Kiss1-Kiss1r action on ß-cells induces 

resistance to incretin action by suppressing cAMP synthesis in ß-cells - the latter effect is 

also seen when the galanin receptor, structurally closely related to Kiss1r - is activated on ß-

cells (35).

Liver kisspeptin and diabetes mellitus

Are the findings made in the above-described genetically defined animal models with cell-

specific gene manipulations, reflected in disease models of T2DM?

Liver from high fat diet (HFD) fed obese and glucose intolerant mice as well as a mouse 

model of T2DM (db/db mice) - when compared to controls exhibit increased liver kisspeptin 

expression as well as increased circulating plasma kisspeptin concentrations (18) In 

addition, liver biopsies taken from humans diagnosed with T2DM exhibit higher kisspeptin 

production, when compared to liver tissue from humans not diagnosed with T2DM. 

Accordingly, circulating kisspeptin levels in humans with T2DM are higher than in those 

free of T2DM. It is important to note, however, that liver kisspeptin expression in humans 

diagnosed with T2DM can be variable, even when samples are examined from donors not 

being treated with insulin or metformin. At this point, it remains unclear whether there exists 

a subgroup among humans with T2DM that exhibits elevated kisspeptin expression, and 

how this subgroup may be further characterized.

Both HFD-fed and db/db mice exhibit increased circulating glucagon levels, and treatment 

with a glucagon receptor antagonist in these mice reduces liver kisspeptin production and 

improved glucose homeostasis (18) Moreover, shRNA-mediated kisspeptin knockdown in 

the liver in HFD-fed and in db/db mice results in improved glucose tolerance owing to 

increased insulin secretion.

These findings collectively suggest that in T2DM, kisspeptin production is elevated in the 

liver, and that this increased kisspeptin production is likely secondary to increased glucagon 

levels. Furthermore, reducing liver kisspeptin production by shRNA mediated knockdown in 

rodent models mimicking T2DM de-represses insulin secretion.

The enigma of circulating kisspeptin concentrations

Previous attempts to assess a role for kisspeptin on insulin secretion have yielded conflicting 

results. While some investigators have reported that kisspeptin stimulates GSIS (9), others 

have reported the opposite (33, 34). A careful assessment of these diverging reports reveals 

that the concentrations for kisspeptin used in the various studies have been vastly different. 
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In general, kisspeptin concentrations in the nanomolar range have been reported to suppress 

GSIS, while micromolar kisspeptin concentrations stimulate GSIS.

To directly address this controversy, islets from control (Kiss1r fl/fl) and islets from ΔPanc-

Kiss1R mice were treated with different concentrations of KP10 or KP54. Consistent with 

previous observations, kisspeptin at nanomolar concentrations suppressed GSIS from 

control islets but not from islets lacking Kiss1R. In contrast, kisspeptin at micromolar 

concentrations stimulated GSIS even in the absence of Kiss1r (ΔPanc-Kiss1r islets) (18).

Based on these studies, it appears that at nanomolar concentrations kisspeptin -induced GSIS 

suppression is mediated by the known KISS1R. However at concentrations in the 

micromolar range, which appear supraphysiologic, kisspeptin stimulates GSIS 

independently of KISS1R. These studies suggest that at micromolar concentrations, 

kisspeptin action may occur through alternate receptors but not through the known bona fide 

Kiss1R. This possibility is further supported by a recent finding that kisspeptin action in the 

arcuate nucleus can be mediated by Kiss1r and, in the absence of Kiss1r, by the 

neuropeptide FF receptor (36).

The measurement of circulating kisspeptin concentrations in rodents and humans using 

commercially available methods has not been very reliable, due to large variations in the 

assay methods, their ranges of detection, and uncertainty about which forms of kisspeptin 

(i.e. KP10, KP15, KP54) are detected (4, 37, 38). Improved assays for measuring the 

different fragments of kisspeptin in biological fluids will be required to advance the field of 

kisspeptin-related studies in humans.

Because of these limitations, a bioassay of insulin secretion from isolated islets that are 

exposed to plasma samples from rodents and from humans was developed to assess GSIS 

suppression by circulating factors (18). This bioassay assesses functional kisspeptin activity 

on insulin secretion rather than kisspeptin concentrations. Using synthetic KP54 or KP10 as 

standards in this bioassay, reveals that high kisspeptin levels in biological samples from 

humans and experimental mice lie in the nanomolar range and not in the micromolar range 

(18).

A recent report of in vivo treatment of cynomongolous monkeys showed that a bolus dose of 

kisspeptin potentiates GSIS, rather than suppression of insulin secretion (39). No circulating 

kisspeptin concentrations are available from these studies and it remains unclear what the 

mechanism of increased kisspeptin-induced GSIS may be in this animal model. Further, 

intravenous glucagon administration followed by measurement of extent of C-peptide 

elevation is an established clinical test to assess insulin secretion reserve from pancreatic 

beta-cells (40). The underlying mechanism of glucagon on stimulating insulin secretion 

during this clinical test is unclear, and has been presumed to be secondary to increased 

circulating glucose levels caused by glucagon action on hepatic glucose output (i.e. 

glycogenolysis and gluconeogenesis). Whether kisspeptin - also stimulated by glucagon – 

may in fact dampen overall insulin secretion during such tests remains at present unclear.
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Kisspeptin receptor ablation results in obesity and glucose intolerance in 

female mice

The studies described above have clearly delineated an important role for KISS1 signaling in 

the regulation of insulin secretion from the pancreatic islets. Evidence for a broader role for 

Kiss1r signaling in the regulation of metabolism comes from detailed analysis of the Kiss1r 

knock-out (KO) mouse (19). These studies confirmed Kiss1R mediated signaling is essential 

for regulating reproductive function, but reported dramatic differences in weight, body 

composition and glucose metabolism. In addition, there were striking differences in the 

phenotype observed between males and females that raise a host of new questions (Figure 

2).

Previous studies had not noted a difference in body weight between Kiss1 and Kiss1r KO 

mice and WT controls (19). However, these studies had only monitored body weight until 7 

weeks of life. Measuring the weights beyond 7 weeks revealed a significant gain in weight 

by female mice beginning at 8 weeks that grew more pronounced as the mice aged (Kiss1r 

KO mice were 30% heavier than controls;). Tolson et al. reported that while both males and 

females exhibited an increase in body fat percentage, only females were found to have 

significant weight gain and impaired glucose tolerance (19). Additional metabolic testing 

needs to be performed to ascertain why increased adiposity in male Kiss1r KO males, 

relative to controls, was not associated with impaired glucose tolerance as it was for females

To further understand the underlying mechanism contributing to this metabolic profile in 

female KO mice, comprehensive lab animal phenotyping (CLAMS) was performed and 

demonstrated that the female mice were not hyperphagic, and in fact they ate less than 

control mice. However, energy expenditure was greatly reduced. While the reduced energy 

expenditure was attributed in large part to dramatically reduced locomotor activity (19), 

thyroid hormone activation of basal metabolic rate could also contribute to increased energy 

expenditure. However, circulating thryoxine (T4) levels did not differ between Kiss1r KO 

and control mice. Other potential sources of decreased energy expenditure, including 

impaired thyoroxine deiodination to active T3, autonomic regulation of brown adipose tissue 

have not yet been fully explored.

Because of the well-established obesity observed in estrogen-deficient females (41-44) the 

authors sought to determine whether weight gain in Kiss1r KO mice was related to low 

estradiol (E2) levels resulting from impaired Kiss1 signaling in GnRH neurons, or due to 

impaired Kiss1 signaling independently of E2 production. Ovariectomized - and thus E2 

deficient - Kiss1r KO female mice continued to exhibit reduced energy expenditure, 

increased weight gain, fat mass accumulation and impaired glucose homeostasis relative to 

ovariectomized controls (19). Thus, lack of Kiss1R signaling, independently of changes in 

E2 levels, contributes to satiety regulation and energy homeostasis. Interestingly, 

gonadectomized (GNX) male Kiss1r KO mice did not exhibit increased fat mass relative to 

controls, as was seen in gonad intact males, suggesting that the effects on fat accumulation 

in males may be secondary to reduced testosterone levels (19).
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While the sources and targets of Kiss1 contributing to locomotion and satiety regulation 

were not revealed by these studies, they do suggest that new avenues of exploration are 

required to understand how kisspeptin signaling contributes to regulation of body 

composition and to the sex-specific differences that are observed in Kiss1r KO mice. Further 

studies also need to be performed to determine whether there are sex differences in 

kisspeptin action at the level of the ß-cell since the data reported in Song et al. (18) were 

exclusively reported for male mice.

Concluding remarks

A variety of roles for kisspeptin have been assigned in cancer metastasis, fertility and 

puberty regulation and most recently in regulating insulin secretion and glycemia as well as 

control of feeding behavior, locomotor activity and energy expenditure. In addition 

functions for kisspeptin are described in ovarian follicular maturation, embryo implantation, 

sperm capacitation, and placentation (45-48). These different functions of kisspeptin, at 

present appear at best only loosely connected. How the various functions of kisspeptin are 

functionally interconnected and how in aggregate they serve an individual organism to 

maintain homeostasis still remains to be fully understood, require several key questions to 

be addressed (see Outstanding Questions Box) and will require extensive additional 

studies.
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Trends Box

1. Kisspeptin and its Class I G-protein coupled receptor Kiss1R regulate a) puberty 

and fertility but also b) glucose homeostasis, locomotor activity and body 

weight control

2. Glucagon stimulates liver kisspeptin production. Kisspeptin inhibits insulin 

secretion via activating Kiss1R located on pancreatic beta-cells.

3. In the absence of Kiss1R signaling, locomotor activity is profoundly reduced 

accompanied by slight reduction in food intake and energy expenditure, leading 

to adiposity

4. Absence of Kiss1R signaling results in increased body weight and impaired 

glucose homeostasis in female but not male mice.
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Outstanding questions

1. Does peripherally produced kisspeptin regulate hypothalamic gonadotropin 

releasing hormone production, puberty onset or fertility?

2. Does centrally produced kisspeptin circulate and influence insulin secretion?

3. Does kisspeptin signaling in the central nervous system influence locomotor 

activity and satiety regulation and by which neuronal circuitry?

4. Does peripheral nutritional status via kisspeptin influence fertility regulation in 

the central nervous system. How does this mechanism interplay with leptin's 

regulation of fertility?

5. Which assay will most reliably allow measurement of circulating kisspeptin 

levels?

6. Are the observations made in experimental rodent models reflected in humans 

and is there a role for kisspeptin antagonist treatment for diabetes mellitus?

7. Which neuronal and peripheral Kiss1R-mediated actions modulate satiety and 

energy homeostasis. What is the basis for the sexual dimorphic effects of Kiss1R 

ablation on body weight control?

8. What is the metabolic role of kisspeptin that is produced in the placenta during 

gestation?
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Figure 1. The tri-hormonal endocrine circuit between the islet and liver and its interplay in 
glucose regulation
Glucagon - produced from alpha-cells in the Islets of Langerhans - stimulates in the liver 

cAMP - PKA signaling, which up-regulates transcription of the gluconeogenic gene 

program and of Kiss1. This leads to increased hepatic glucose production and hepatic 

glucose output and also to kisspeptin1 production. Glucose stimulates insulin secretion, 

whereas kisspeptin1 inhibits insulin secretion from pancreatic beta-cells. (Reprinted with 

permission from Song et al. 2014).
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Figure 2. Kisspeptin receptor knockout mice reveal a regulatory role for Kiss1R signaling in 
activity and body composition
Top panel: Kisspeptin receptor-defective mice exhibit infertility and increased fat mass but 

show sexual dimorphism with respect to total body weight, lean body mass and glucose 

tolerance. Female Kiss1R KO mice show more pronounced metabolic dysfunction with 

obesity and glucose intolerance.

Bottom panel: Increased weight gain in female Kiss1R KO mice results from profoundly 

reduced locomotor activity in the face of slightly reduced food intake and reduced energy 

expenditure while thyroid hormone production is not disturbed. (Summarized from Tolson 

et al. 2014)
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