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Background: Leptin and adiponectin are the two key metabolic hormones secreted from adipocytes to control food intake and energy
expenditure. The action of both hormones in regulation of Gonadotropin Releasing Hormone (GnRH) secretion from the hypothalamus
is mediated through Kisspeptins. Kisspeptins are products of KiSS-1 gene. Leptin and adiponectin are modulators of KiSS-1 expression in the
hypothalamus. These peptides have also important roles in pancreatic -cells to control insulin synthesis and secretion and their receptors
are detected in Langerhans islets. We hypothesized that leptin and adiponectin might alter KiSS-1 and Kiss Receptor mRNA expression in
the islets.

Objectives: The aim of this study is to investigate any modulatory effect that leptin and adiponectin may have on the expression of Kiss-1
and KiSSR gene in Langerhans islets.

Materials and Methods: We isolated the islets from adult male rats by collagenase and cultured CRI-D2 cell lines to investigate the effect
of leptin and adiponectin. Then, we incubated them with different concentrations of leptin and adiponectin for 24 hours. After that, RNA
was extracted from the islets and CRI-D2 cells and transcripted to cDNA. KiSS-1and KissR expression levels were evaluated by real time PCR.
Results: In islet and CRI-D2 cells, leptin increased the KiSS-1 mRNA expression significantly, but adiponectin decreased it was expected.
Conclusions: These findings indicated the possibility that KiSS-1 mRNA expression is a mediator of leptin and adiponectin function in the

islets.
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1. Background

Leptin and adiponectin are adipokines which regulate
the insulin sensitivity and energy homeostasis (1). Leptin
decreases the insulin sensitivity, while adiponectin in-
creases it (2). The plasma level of leptin is proportional to
the body fat content and Body Mass Index (BMI) (3, 4). On
the other hand, unlike leptin, adiponectin systemic con-
centration is negatively related to adiposity (5).

Leptin has been known as a key regulator of food intake
and energy expenditure. This hormone transmits the sig-
nals of satiety and body fat stores to the brain, especially
hypothalamus (6, 7). Recent studies have also shown the
existence of adiponectin receptors Adipol and Adipo2 in
the hypothalamus and the involvement of adiponectin
in the central regulation of appetite and energy homeo-
stasis in rodents and humans (8).

Moreover, leptin seems to transmit the information of
metabolic status and energy stores of the body to the
hypothalamus to control reproduction. Uncontrolled

diabetes is associated with reproductive abnormalities
and hypogonadotropic hypogonadism is frequently ob-
served in models of experimental diabetes (9). However,
expression of leptin receptor in GnRH neurons is little or
zero (10); of course, there are some Kiss neurons in the hy-
pothalamus, which express KiSS-1 mRNA. The KiSS-1 gene
encodes 54, 14, 13, and 10 amino-acid peptides, known as
kisspeptins (11). Kisspeptins have been detected in vari-
ous tissues, such as placenta, pancreas, testes, and central
nervous system, and are known as a “molecular switch
for puberty”. About 75% of GnRH neurons coexpress KiSS-
1 (12). These hypothalamic Kiss-1 neurons also express
leptin receptor and have been suggested to modulate
the reproductive function by increasing or decreasing
GnRH secretion (9). Hypothalamic KiSS-1 mRNA expres-
sion is significantly reduced in ob/ob compared to wild-
type mice, while increased in ob/ob (leptin deficient)
mice treated with leptin (13). Moreover, administration of

Implication for health policy/practice/research/medical education:

Understanding the mechanisms that control gene transcription in islets and insulinoma cell line would be necessary to prevention of diabetes and other
pancreatic diseases.
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leptin increases hypothalamic KiSS-1 mRNA as well as LH
and testosterone concentrations in hypogonadotropic
diabetic male rats (13). Convincing evidence proposes
that leptin is able to modulate Kiss-1 expression in the hy-
pothalamus (9).

The effects of leptin are not restricted to the hypothala-
mus. Leptin receptor mRNA was also detected in rat islets
and pancreatic p-cell line (7, 14). The inhibitory effect of
leptin on insulin secretion of pancreatic p-cells has been
established in the previous studies (7, 15). Since pancre-
atic beta cells express KiSS-1 and kiss receptor (12), we hy-
pothesized that the modulatory impact of leptin might
be through Kiss-1 mRNA expression. To test this hypoth-
esis, we evaluated KiSS-1 transcription in rat islets of Lang-
erhans and CRI-D2 beta cell line after leptin treatment.

Moreover, Adiponectin has a role in controlling the re-
productive system. Recently, the expression of adiponec-
tin and its receptors has been confirmed in rat ovary and
testis (16). Moreover, adiponectin considerably inhibited
GnRH secretion from GT1-7 hypothalamic GnRH neuron
cells (17). This hormone reduced the release of LH from
rat pituitary cells, as well (18). Recently, it has been shown
that adiponectin inhibits KiSS-1 gene transcription in the
hypothalamic GT1-7 neurons (19).

Adiponectin receptors (AdipoR1/2) have been identified
in the pancreatic islet cells (20); however, functional ef-
fect of adiponectin and involvement of other molecules
in adiponectin induced signaling are not completely un-
derstood.

2. Objectives

The main aim of the present study was to investigate
any modulatory effect that leptin and adiponectin may
have on the expression of KiSS-1 and KissR may have on
Langerhans islets.

3. Materials and Methods

3.1. Islets Isolation

In this study, adult Wistar male rats weighing 300-350
grams were maintained at 12 h light, 12 h dark condition
at 22- 24°C temperature with free access to pelleted food
and tap water.

All the animal experiments were approved by the De-
partmental Committee for Care and Use of Laboratory
Animals.

Rats were anesthetized with ketamine (100 mg/kg ip)
and islets of Langerhans were isolated by collagenase P
(Roche, Germany). Besides, pancreatic duct was cannu-
lated with PE50 tube (Becton Dickinson Company) and
collagenase P (15 mgin 15mL HBSS (Hank’s Balance Salt So-
lution)) was injected to the duct. The distended pancreas
was maintained at 37°C for 25 min. Then, the islets were

washed by medium A (HBSS, 1% HEPES (Sigma-Aldrich,
USA), 2%FBS) for 5 times and by means of Lymphoprep
(Axis-Shield, Norway), the islets were isolated and puri-
fied from exocrine cells. Islet size and purity were deter-
mined by microscopic sizing on a grid after staining with
1, 5-diphenylthiocarbazone (DTZ). Afterwards, the islets
were incubated in 5% CO, in RPMI 1640 (Sigma-Aldrich,
USA) supplemented with 10% fetal bovine serum and 1%
penicillin-streptomycin antibiotic (Invitrogen) at 37°C
for 24 h before use.

3.2. Cell Culture

We used rat islets of Langerhans to investigate whether
the transcription of KiSS-1 and KissR genes could be di-
rectly regulated by leptin and adiponectin. The experi-
ment was also repeated with CRI-D2 cells to confirm the
results.

CRI-D2 cell lines were supplied by national cell bank
of Iran (NCBI), Pasteur Institute (Tehran, Iran) and the
detailed profile is provided at http://hpacultures.org.uk.
The islets were seeded into 48-well plates at 100 islets per
well and CRI-D2 cell line was placed in 6-well plates at 105
cells per well and incubated at 37°C in an atmosphere of
5% CO, in RPMI supplemented with 10% fetal bovine se-
rum and 1% penicillin-streptomycin for 24 hours before
use.

3.3.Islets Treatment With Leptin and Adiponectin

After 24 hours of incubation, the medium was replaced
with medium alone or containing 3.125, 6.25, 12.5, 25, and
50 nmol/L leptin (Sigma-Aldrich, USA) or 2.5, 5, and 10 pg/
mlL adiponectin in each well and then incubated for 24
hours.

3.4. RNA Isolation and cDNA Synthesis

Total RNA was extracted from the islets and cell line by
RNA kit II (Invitek, Germany) according to the manufac-
turer’s instructions. The extracted RNA was quantitated
by 0D260/280 measurement. Extracted RNA (10 pg) was
reverse transcribed in a final volume of 20-uL with ran-
dom hexamer primers, using cDNA First Strand Synthesis
kit (Fermentas, Life Science, EU).

3.5. Quantitative Real Time PCR

At first, 5 ug of cDNA was added to taqg man master mix
(Takara, Takara Shuzo., Otsu, Japan). The final volume of
the PCR was 20 pL:10 uL Master Mix, 0.6 uL of each primer,
0.6 pL probe, 0.4 uL reference dye, and 2.8 uL dH,0. PCR
amplification was performed by Step One Plus (ABI prism
7500, step one plus) real time PCR detection system un-
der the following conditions: 10 minutes at 95°C and 10
seconds at 95°C and 30 seconds at 60°C for 40 cycles. The
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primers and probes for real-time PCR were designed us-
ing rat genomic sequences as templates through NCBI
(http://[www.ncbi.nlm.nih.gov/pubmed) and Allele ID
programs. Furthermore, GAPDH was selected as the en-
dogenous control and the transcription of Kisspeptin
and Kiss receptor was checked relative to GAPDH by using
the Relative quantification method as follows:
ACt=(Ct target gene, treatment- Ct GAPDH, treatment)-

(Cttarget gene, control - Ct GAPDH, control)

RQ=244Ct

Each experiment was repeated 3 times. The sequences of
the primers and probes are listed in Table 1.

3.6. Statistical Analysis

The data are shown as mean * SD. For evaluation of each
gene transcription, 3-5 test groups were compared to the
controls and each experiment was repeated 3 times. Dif-
ferent groups were compared through one-way ANOVA
followed by Tukey’s test for pair wise comparison. P val-
ue < 0.05 was considered as statistically significant. The
statistical analyses and design of the graphs were per-
formed using the Graph Pad Prism 5 software, by Califor-
nia corporation).

4.Results

4.1. The Effect of Leptin on KiSS-1 and KissR mRNA
Level in Rat Islets of Langerhans and CRI-D2 Cell
Line

To determine the effect of leptin, first we investigated
its effect on rat islets of Langerhans. Leptin (12.5 nmol/L)
significantly elevated the transcription of Kiss-1 com-
pared to the control group (P value < 0.01); however, no
considerable change was observed in KissR transcription
(Figure1a,b).

We also studied the effect of leptin treatment on CRI-D2
cells on the transcription of KiSS-1 and KissR genes. Ac-
cording to the results, 6.25 nmol/L leptin increased the
transcription of kiss-1in comparison to the control group
(P value < 0.05). In addition, the transcription of KissR
was considerably reduced after the incubation of CRI-D2
cells with 3.25, 6.25, 12.5, and 25 nmol/L leptin (P value <

0.05) (Figure1c, d).

4.2. The Effect of Adiponectin on KiSS-1 and KissR
mRNA Expression in Rat Islets of Langerhans and
CRI-D2 Cells

Low doses of adiponectin (2.5, 5 pg/mL) decreased the
KiSS-1 transcription significantly (P-value < 0.05), while
its higher dose (10 pg/mL) did not alter KiSS-1 mRNA level
in the islet cells. On the other hand, the transcription of
KissR significantly decreased in all the concentrations of
adiponectin (Figure 2 e, f).

Furthermore, treatment of CRI-D2 cells with adiponec-
tin significantly decreased both KiSS-1 (P value < 0.05)
and KissR (P value < 0.01) transcription (Figure 2 g, h).

5. Discussion

In this study, we investigated the effect of leptin on gene
expression in islets of Langerhans. It has been reported
that leptin inhibits insulin biosynthesis and secretion in
pancreatic p-cells (21). In addition, the expression of long
isoform of leptin receptor (ObRb) in rat islet cells was
demonstrated and it proves the function of leptin in the
pancreatic islets (7). Recently, involvement of leptin in
regulation of Kiss-1 and KissR expression in the hypothal-
amus was elucidated (22). According to these documents,
we proposed the possibility that leptin effect on the pan-
creatic islets might be mediated by KiSS-1 and its receptor
mRNA expression. Therefore, we investigated the role of
leptin on Kiss-1and KissR mRNA expression in rat islets of
Langerhans and CRI-D2 cell line. In the present study, we
showed that leptin increased Kiss-1 mRNA expression in
the islets and CRI-D2 cells. Previously, it was shown that
KiSS-1 expression in leptin-deficient objob mice was low-
er than the normal mice (23) and central leptin infusion
corrected reduced KiSS-1 expression observed in strepto-
zotocin-induced diabetic male rats. Moreover, KiSS-1 and
KissR expression in cultured human fetal GnRH-secreting
neuroblasts was increased by adding leptin (24). Addi-
tionally, leptin stimulated KiSS-1 mRNA expression in the
mouse hypothalamic cell line N6 (25). In this experiment,
leptin decreased KissR mRNA in CRI-D2 cell line, which
might have resulted from a negative feedback.

Table 1. The Sequence of Primers and Probes

Forward Primer

Reverse Primer

Probe

GAPDH 5'GGCTCTCTGCTCCTCCCTGTTC3'
KiSS-1 5'ATGATCTCGCTGGCTTCTTGG3'
kissR 5'TTTCCTTCTGTGCTGCGTACC3'

5'CGGCCAAATCCGTTCACACCGA3'
5'GGTTCAGGGTTCACCACAGG3'
5'CGAGACCTGCTGGATGTAGTTG3'

5'GCCGCATCTTCTTGTGCAGTGCCAGCC3'
5'TGCTGCTTCTCCTCTGTGTGGCCT3'
5'CGCTCCTCTATCCGCTGCCCACCT3'
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Figure 1. The Effect of Different Concentrations of leptin Treatment (3.125, 6.25,12.5, 25 and 50 nmol/L) for 24 Hours on Gene Transcription
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a) The effect of leptin on KiSS-1 transcription in rat islets of Langerhans, b) Leptin effect on KissR transcription in rat islets of Langerhans, c) Effect of leptin
on KiSS-1 transcription in CRI-D2 cells, d) Effect of leptin on KissR transcription in CRI-D2 cells. Results are shown as relative fold change in the Kiss-1 and

KissR expression with respect to the control (untreated). * P < 0.05. **P < 0.01

Current studies have also illustrated the involvement of
adiponectin in altering energy expenditure (26) and re-
productive function (27). It has also been demonstrated
that adiponectin inhibited GnRH secretion from GTi1-7
hypothalamic GnRH secreting neurons. Recently, the ef-
fect of adiponectin on hypothalamic KiSS-1 gene tran-
scription, which is the upstream signal of GnRH, has
been studied (19). These findings showed that similar to
leptin, adiponectin has also a modulatory effect on KiSS-
1 expression in GT1-7 neurons in the hypothalamus (19).
In addition to its important central roles, adiponectin is
functionally active in rodents (20) and humans islets of
Langerhans (28). Further evidence for a physiological link
between adiponectin and glucose homeostasis resulted
from some observations which showed that adiponectin
increased insulin secretion (29) and regulated beta-cell
viability as well as gene expression (30). Although KiSS-1
and its receptor GPR54 were identified in the pancre-

atic islets before, the physiological factors affecting its
transcription are not fully understood. In this study, we
investigated the role of adiponectin in transcriptional
control of KiSS-1and KissR in islets and CRI-D2 cells. To the
best of our knowledge, the current study is the first one,
which showed that adiponectin inhibited the transcrip-
tion of these two genes. Therefore, those opposite effects
of leptin and adiponectin observed in insulin secretion
and glucose homeostasis were found in this study as well.
Of course, further confirmation of these primary results
need the application of western blotting assay. The study
findings for the first time characterized the functional
relevance of putative key mediators, leptin and adiponec-
tin, on KiSS-1 and KissR mRNA expression in the rat islets
of Langerhans and CRI-D2 cells. Therefore, these genes
expression might be the target for new treatment strat-
egies for metabolic disorders like obesity and diabetes
mellitus.
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Figure 2. The Effect of Different Concentrations of Adiponectin Treatment (2.5, 5 and 10 ug/mL) for 24 Hours on KiSS-1 and KissR Gene Transcription
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A) The effect of adiponectin on KiSS-1 transcription in rat islets of Langerhans, B) Adiponectin effect on KissR transcription in rat islets of Langerhans, C)
Effect of adiponectin on KiSS-1 transcription in CRI-D2 cells, D) Effect of adiponectin on KissR transcription in CRI-D2. Results are shown as relative fold
change in the Kiss-1 and KissR expression with respect to the control (untreated). *P < 0.05. **P < 0.01

Acknowledgements

None Declared.

Authors’ Contribution

Study concept and design, acquisition of data, analysis
and interpretation of data, drafting of the manuscript,
statistical analysis: Mandana Mahmoodzadeh Sagheb.
Critical revision of the manuscript for important intel-
lectual content, administrative, technical, and material
support, study supervision: Negar Azarpira and Ramin
Yaghobi.

Financial Disclosure

All authors declared no conflict of interest.

Int ] Endocrinol Metab. 2014;12(2):e15297

Funding/Support

Financial and material support by Transplant Research
Center, Shiraz University of Medical Sciences.

References

1. KlausS.Adipose tissue as a regulator of energy balance. Curr Drug
Targets. 2004;5(3):241-50.

2. Ahima RS, Lazar MA. Adipokines and the peripheral and neural
control of energy balance. Mol Endocrinol. 2008;22(5):1023-31.

3. Bandaru P, Shankar A. Association between plasma leptin levels
and diabetes mellitus. Metab Syndr Relat Disord. 2011;9(1):19-23.

4. Kiess W, Anil M, Blum WF, Englaro P, Juul A, Attanasio A, et al.
Serum leptin levels in children and adolescents with insulin-de-
pendent diabetes mellitus in relation to metabolic control and
body mass index. Eur ] Endocrinol. 1998;138(5):501-9.

5. Swarbrick MM, Havel PJ. Physiological, pharmacological, and nu-
tritional regulation of circulating adiponectin concentrations



Mahmoodzadeh Sagheb M et al.

11.

12.

14.

15.

16.

17.

in humans. Metab Syndr Relat Disord. 2008;6(2):87-102.

Havel P]. Role of adipose tissue in body-weight regulation: mech-
anisms regulating leptin production and energy balance. Proc
Nutr Soc.2000;59(3):359-71.

Seufert J. Leptin effects on pancreatic beta-cell gene expression
and function. Diabetes. 2004;53 Suppl 1:5152-8.

Kos K, Harte AL, da Silva NF, Tonchev A, Chaldakov G, James S, et al.
Adiponectin and resistin in human cerebrospinal fluid and ex-
pression of adiponectin receptors in the human hypothalamus.
J Clin Endocrinol Metab. 2007;92(3):1129-36.

Castellano JM, Navarro VM, Roa |, Pineda R, Sanchez-Garrido MA,
Garcia-Galiano D, et al. Alterations in hypothalamic KiSS-1system
in experimental diabetes: early changes and functional conse-
quences. Endocrinology. 2009;150(2):784-94.

Finn PD, Cunningham MJ, Pau KY, Spies HG, Clifton DK, Steiner
RA. The stimulatory effect of leptin on the neuroendocrine re-
productive axis of the monkey. Endocrinology. 1998;139(11):4652-
62.

Dungan HM, Clifton DK, Steiner RA. Minireview: kisspeptin neu-
rons as central processors in the regulation of gonadotropin-
releasing hormone secretion. Endocrinology. 2006;147(3):1154-8.
Mead EJ, Maguire ]], Kuc RE, Davenport AP. Kisspeptins: a multi-
functional peptide system with a role in reproduction, cancer
and the cardiovascular system. Br | Pharmacol. 2007;151(8):1143-
53.

Castellano JM, Navarro VM, Fernandez-Fernandez R, Roa |, Vigo E,
PinedaR, et al. Expression of hypothalamic KiSS-1 system and res-
cue of defective gonadotropic responses by kisspeptin in strep-
tozotocin-induced diabetic male rats. Diabetes. 2006;55(9):2602-
10.

Marroqui L, Gonzalez A, Neco P, Caballero-Garrido E, Vieira E, Ri-
poll C, et al. Role of leptin in the pancreatic beta-cell: effects and
signaling pathways. ] Mol Endocrinol. 2012;49(1):R9-17.

Seufert |, Kieffer T], Leech CA, Holz GG, Moritz W, Ricordi C, et
al. Leptin suppression of insulin secretion and gene expres-
sion in human pancreatic islets: implications for the develop-
ment of adipogenic diabetes mellitus. J Clin Endocrinol Metab.
1999;84(2):670-6.

Caminos JE, Nogueiras R, Gaytan F, Pineda R, Gonzalez CR, Bar-
reiro ML, et al. Novel expression and direct effects of adiponectin
in the rat testis. Endocrinology. 2008;149(7):3390-402.

Cheng XB, Wen P, Yang |, Yang Y, Ning G, Li XY. GnRH secretion
is inhibited by adiponectin through activation of AMP-activated
protein kinase and extracellular signal-regulated kinase. Endo-
crine. 2011;39(1):6-12.

Rodriguez-Pacheco F, Martinez-Fuentes AJ, Tovar S, Pinilla L, Tena-
Sempere M, Dieguez C, et al. Regulation of pituitary cell function

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

by adiponectin. Endocrinology. 2007;148(1):401-10.

Wen JP, Liu C, Bi WK, Hu YT, Chen Q, Huang H, et al. Adiponec-
tin inhibits KISS1 gene transcription through AMPK and speci-
ficity protein-1 in the hypothalamic GT1-7 neurons. | Endocrinol.
2012;214(2):177-89.

Winzell MS, Nogueiras R, Dieguez C, Ahren B. Dual action of adi-
ponectin on insulin secretion in insulin-resistant mice. Biochem
Biophys Res Commun. 2004;321(1):154-60.

Pallett AL, Morton NM, Cawthorne MA, Emilsson V. Leptin in-
hibits insulin secretion and reduces insulin mRNA levels in
rat isolated pancreatic islets. Biochem Biophys Res Commun.
1997;238(1):267-70.

Iwasa T, Matsuzaki T, Murakami M, Kinouchi R, Gereltsetseg
G, Fujisawa S, et al. Sensitivities of mRNA expression levels of
Kiss1 and its receptor, Kisslr, to nutritional status are changed
during the developmental period in female rats. ] Endocrinol.
2010;207(2):195-202.

Castellano JM, Roa |, Luque RM, Dieguez C, Aguilar E, Pinilla L, et
al. KiSS-1/kisspeptins and the metabolic control of reproduction:
physiologic roles and putative physiopathological implications.
Peptides. 2009;30(1):139-45.

Morelli A,Marini M, Mancina R, Luconi M, Vignozzi L, Fibbi B, et al.
Sex steroids and leptin regulate the "first Kiss" (KiSS 1/G-protein-
coupled receptor 54 system) in human gonadotropin-releasing-
hormone-secreting neuroblasts. | Sex Med. 2008;5(5):1097-113.
Luque RM, Kineman RD, Tena-Sempere M. Regulation of hypo-
thalamic expression of KiSS-1and GPR54 genes by metabolic fac-
tors: analyses using mouse models and a cell line. Endocrinology.
2007;148(10):4601-11.

Qi Y, Takahashi N, Hileman SM, Patel HR, Berg AH, Pajvani UB, et
al. Adiponectin acts in the brain to decrease body weight. Nat
Med. 2004;10(5):524-9.

Wahab F, Bano R, Jabeen S, Irfan S, Shahab M. Effect of peripheral
kisspeptin administration on adiponectin, leptin, and resistin
secretion under fed and fasting conditions in the adult male rhe-
sus monkey (Macaca mulatta). Horm Metab Res. 2010;42(8):570-4.
Staiger K, Stefan N, Staiger H, Brendel MD, Brandhorst D, Bretzel
RG, et al. Adiponectin is functionally active in human islets but
does not affect insulin secretory function or beta-cell lipoapop-
tosis. J Clin Endocrinol Metab. 2005;90(12):6707-13.

Gu W, Li X, Liu C, Yang ], Ye L, Tang ], et al. Globular adiponectin
augments insulin secretion from pancreatic islet beta cells at
high glucose concentrations. Endocrine. 2006;30(2):217-21.
Brown JE, Conner AC, Digby JE, Ward KL, Ramanjaneya M,
Randeva HS, et al. Regulation of beta-cell viability and gene ex-
pression by distinct agonist fragments of adiponectin. Peptides.
2010;31(5):944-9.

Int ] Endocrinol Metab. 2014;12(2):e15297



