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ةايحوةحصىلعرثؤتةريطخةيملاعةلكشمةنمسلاتحبصأ:ثحبلافادهأ
ةدامهنإف،ايبصعاديتببنيتبيبسيكلانوكبناجىلإ.ملاعلاءاحنأعيمجيفسانلا
ىلإةساردلاهذهفدهت.مسجلانزووةقاطلانزاوتميظنتيفكراشتةمهمةينهد
نيتبيبسيكلاناكاذإامحيضوتوةنمسلايفنيتبيبسيكلليساسلأارودلاحيضوت
.ةطرفملاةنمسلانمنوناعينيذلاصاخشلأادنعينهدوأيبصعديتببكلمعي

ةلتكرشؤمبانيدبادرف١١٠هذهدهاوشلاوتلااحلاةساردتنمضت:ثحبلاقرط
مسجلاةلتكرشؤمبيعيبطنزوبادرف٨٤و٢م/مجك٣٣.٤٥�٠.٣٦مسجلا

�٣١.٥٦(اماع٤٥و٢١نيبمهرامعأحوارتت،٢م/مجك٢١.٣٥�٠.٢٤
٧٨-ةيراهظلاةلدعللطشنملاديتببلاونيتبيبسيكلازيكرتسايقمت.)اماع٠.٦٧

ديدحتمت.ميزنلإابطبترملايعانملازتمملاةسياقمةينقتمادختسابنيليرجلاو
.ةيراجتلاينوللاسايقلاتاينقتمادختسابنوهدلاةروصتاملعم

يف٧٨-ةيراهظلاةلدعللطشنملاديتببلاونيتبيبسيكلازيكارتتناك:جئاتنلا
نيتبيبسيك(ةنمسلانمنوناعينيذلاصاخشلأايفظوحلملكشبىلعأامزلابلا
نزولايوذلنيتبيبسيك،لم/مارغوكيب٤٣٧.٦٦�٣٤.٩٦:ةنمسلاىضرمل
٧٨-ةيراهظلاةلدعللطشنملاديتببلا،لم/مارغوكيب٢٥٠.١٠�١٦.١٦:يعيبطلا
ةلدعللطشنملاديتببلا،لم/مارغوكيب١٤٤.٨٠�٢٣.٩٤:ةنمسلاىضرمل
رهظأ.)لم/مارغوكيب٥٠.٩٧�٣.٩١:يعيبطلانزولايوذل٧٨-ةيراهظلا
ةنمسلانمنوناعينيذلاصاخشلأانيبيونعمقرفدوجومدعنيليرجلازيكرت
٣.٦٧�١.٨٤:ةنمسلاىضرملنيليرجلا(يعيبطلانزولايوذصاخشلأاو
تاملعمتفلتخأ.)١.٧٨�٠.١٤:يعيبطلانزولايوذلنيليرجلا،لم/مارغونان

نزولايوذصاخشلأابةنراقمةنمسلاىضرميفريبكلكشبنوهدلاةروص
.يعيبطلا
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Abstract

Objectives: Obesity is a serious global issue with a

massive impact on the health and life of people world-

wide. Besides being a neuropeptide, kisspeptin is an

important adipokine involved in regulating energy ho-

meostasis and body weight. This study aims to clarify the

underlying role of kisspeptin in obesity.

Methods: This case-control study included 110 obese in-

dividuals with BMI of 33.45 � 0.36 kg/m2 and 84 normal-

weight individuals with BMI 21.35 � 0.24 kg/m2. The

individuals’ ages ranged from 21 to 45 years (31.56 � 0.67

year). Kisspeptin, neutrophil epithelial activating peptide

(ENA-78), and ghrelin were determined using the

enzyme-linked immunosorbent assay (ELISA) technique.

Lipid profile parameters were determined using the

commercial colorimetric techniques.

Results: Plasma concentrations of kisspeptin and ENA-78

were significantly higher in obese subjects (kisspeptine of

obese: 437.66� 34.96 pg/ml; kisspeptine of normal-weight:

250.10 � 16.16 pg/ml, p< 0.0001; ENA-78 of obese:

144.80 � 23.94 pg/ml; ENA-78 of normal-weight:

50.97 � 3.91 pg/ml, p< 0.001). Ghrelin concentrations

showedno significant difference betweenobeseandnormal-
y. This is an open access article under the CC BY-NC-ND license

016/j.jtumed.2021.07.010

mailto:Suzanne.j@uokerbala.edu.iq
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtumed.2021.07.010&domain=pdf
www.sciencedirect.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jtumed.2021.07.010
https://doi.org/10.1016/j.jtumed.2021.07.010
https://doi.org/10.1016/j.jtumed.2021.07.010


S.J. Abbas et al.46
weight subjects. The lipid profile parameters significantly

differed between obese and normal-weight subjects.

Conclusion: Kisspeptin is associated with obesity. An

increased mass of adipose tissue could be responsible not

only for increased kisspeptin secretion but also for the

increased ENA-78 secretion. Kisspeptin may act as an

adipokine more than a neuropeptide in obese population.

Further studies on humans are required to establish the

underlying role of kisspeptin in adipocyte differentiation

and lipogenesis.

Keywords: Adipose tissue; ENA-78; Ghrelin; Kisspeptin;

Obesity

� 2021 The Authors.
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NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Obesity is a serious global issue affecting the health and

life of people around the world. Positive energy balance (also
called energy homeostasis) and accumulation of white adi-
pose tissue are linked to obesity.1 Adipose tissue plays a

central role in regulating the whole-body energy. It stores
energy in the form of lipid and controls the lipid
mobilization and distribution in the body. Positive energy
balance means that energy intake exceeds energy

expenditure and it is the main driver of weight gain.2

Adipokines are mediators that participate in many
biological processes. They play a pivotal role in the

physiology of many pathological conditions such as
cardiovascular diseases,3 rheumatoid arthritis, and
metabolic disorders such as obesity.4 The secretion of

adipokines from the adipose tissue is regulated by various
factors including the endocrine hormones and central
nerves system (CNS) signals.2

Kisspeptin is a neuropeptide encoded by the KISS1 gene.
It is known for regulating the reproductive system as well as
metabolism.5 It functions through a G-protein coupled
receptor (GPR54). Kisspeptin and its receptor are

expressed in the hypothalamus, placenta, liver, kidney,
pancreas, and adipose tissue. The expression of GPR54 in
the adipose tissue indicates the role of kisspeptin in medi-

ating CNS signals which affect both the amount of adipose
and the secretion of adipose tissue-related factors. On the
other hand, adipose tissue is one of the major means of

circulating kisspeptin in humans, indicating the paracrine/
autocrine function of kisspeptin as an adipokine.4,6

Kisspeptin and its receptor are also expressed in human
monocytes and macrophages, therefore it is believed that it

is implicated in the inflammation processes.3

Neutrophil epithelial activating peptide (ENA-78) or
CXCL5 is a cytokine and a member of the family of che-

mokines that is involved in the chemotaxis of the inflam-
matory cells. ENA-78 is secreted from the macrophages that
reside in the adipose tissue,7 and it functions as an adipokine
by activating the Jak2/Stat5 pathway, which reduces the
insulin signalling and promotes obesity.8 Increased white

adipose tissue in obese individuals causes a chronic
systemic inflammatory response. This inflammation is
associated with increased macrophages infiltration, which

in turn, causes increased secretion of the adipose tissue
along with derived factors such as kisspeptin and ENA-78.9

Ghrelin is a stomach-derived peptide that promotes energy

conservation by increasing appetite.10 Ghrelin acts as a ligand
for the growth hormone secretagogues receptor by stimulating
growth hormone secretion.11 A neuroanatomical study
approved the existence of a neuronal bridge between

kisspeptin and ghrelin in growth hormone release.12 Another
pharmacological study illustrated that in rats treated with
kisspeptin, ghrelin secretion was inhibited, suggesting an

anorexigenic role for kisspeptin through the ghrelin pathway.13

Kisspeptine is an important neuropeptide, and at the
same time, it is an adipokine.4e6 Previous studies have shown

that kisspeptin, as a neuropeptide, is associated with obesity
either due to direct signalling to metabolism pathways and
the adipose tissue,5,14 or because of performing an
anorexigenic role through the ghrelin pathway. In both

cases, kisspeptin level decreased in obese subjects.13

Meanwhile, other studies have illustrated that the increased
kisspeptin acts as an adipokine, and is associated with

obesity.7,9 The purpose of this study was to find out the
exact role of kisspeptin in obesity, and figure out if it
would act as an anorexigenic neuropeptide and increase the

ghrelin level in obese individuals, or would act as
adipokine and be secreted in large amounts along with
other adipokines such as ENA-78 in response to the

increased mass of adipose tissue.

Material and Methods

All the participants were healthy volunteers who had no
systemic, diabetic, or reproductive issues. The study subjects
were males, aged between 21 and 45 years. The case group

included 110 obese individuals with body mass index (BMI)
33.45 � 0.36 kg/m2, while the control group included 84
normal weight individuals with BMI 21.35 � 0.24 kg/m2.

Blood samples were obtained by venepuncture after
overnight fasting from 8 pm to 12 noon. The samples were
left to clot; the sera were isolated and stored at �80 �C until
used for clinical analysis. Serum kisspeptin, ENA-78, and

ghrelin were determined using ELISA kits (Elabscience,
USA). Lipid profile parameters (cholesterol, triglycerides,
LDL, VLDL, and HDL) were determined using commercial

kits based on colorimetric technique (LiNEAR, Spain).
The statistical analysis was done using Statistical Package

for the Social Sciences (SPSS) version 25 (IBM SPSS statistic,

NY, USA). T-test was used to determine the mean and stan-
dard error of the mean; P<0.05 was considered as statistically
significant. Pearson correlation was used to analyse the cor-
relation between the study parameters. All the figures were

drawn usingGraphPad Prism version 8.3.0 (California, USA).

Results

The plasma concentrations of kisspeptin and ENA-78
were significantly higher in obese compared to normal-

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1: Mean comparison of a) kisspeptin, b) ENA-78, and c) ghrelin in obese and normal weight subjects. ****: significant at P>

0.0001, **: significant at P> 0.01, ns: non-significant.

Table 1: Mean comparison of age, BMI and lipid profile parameters between the obese and normal-weight groups.

Parameter Obese (n ¼ 110) Mean � SEM Normal weight (n ¼ 84) Mean � SEM P-value

Age (year) 31.56 � 0.67 31.35 � 0.58 0.81

BMI (Kg/m2) 33.45 � 0.36 21.35 � 0.24 0.0001

Kisspeptin (pg/ml) 437.66 � 34.96 250.10 � 16.16 0.0001

ENA-78 (pg/ml) 144.80 � 23.94 50.97 � 3.91 0.001

Ghrelin (ng/ml) 3.67 � 1.84 1.78 � 0.14 0.373

Total cholesterol (mg/dl) 180.43 � 1.68 157.14 � 0.96 0.0001

Triglyceride (mg/dl) 173.43 � 3.0 100.92 � 2.23 0.0001

LDL (mg/dl) 102.25 � 1.87 80.81 � 1.20 0.0001

VLDL (mg/dl) 34.68 � 0.60 20.18 � 0.44 0.0001

HDL (mg/dl) 43.49 � 0.76 56.14 � 0.48 0.0001

BMI: Body mass index, SEM: Standard error of mean. ENA-78: Neutrophil epithelial activating peptide. LDL: Low density lipoprotein.

VLDL: Very low density lipoprotein. HDL: High density lipoprotein.
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Figure 2: Correlations between kisspeptin and ENA-78 (figure a) and kisspeptin and ghrelin (figure b). The correlations between BMI and

kisspeptin, ENA-78, and ghrelin each are shown in figures c, d, and e respectively. The solid lines represent the mean while the dashed lines

represent the 95% confidence interval. r represents Pearson correlation and P-value represents the significance of correlation.
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weight subjects (kisspeptine of obese: 437.66 � 34.96 pg/ml;
kisspeptine of normal-weight: 250.10 � 16.16 pg/ml, P<
0.0001; ENA-78 of obese: 144.80 � 23.94 pg/ml; ENA-78 of

normal-weight: 50.97 � 3.91 pg/ml, P< 0.001; Figure 1).
Ghrelin concentration showed no significant difference
between obese and normal-weight subjects (ghrelin of
obese: 3.67 � 1.84 ng/ml; ghrelin of normal weight:
1.78 � 0.14 ng/ml, P ¼ 0.373; Figure 1). The plasma

cholesterol, triglycerides, LDL and, VLDL were
significantly elevated in obese subjects compared to
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normal-weight subjects, whereas plasma HDL was signifi-
cantly elevated in normal-weight subjects (Table 1). There

was a weak positive correlation between kisspeptin and
both ENA-78 as well as ghrelin (Figure 2). Weak positive
correlations were also found between BMI and kisspeptin,

ENA-78, and ghrelin each (Figure 2).

Discussion

Even though previous studies have illustrated the role of

kisspeptin in human metabolism, there is a persistent need to
further investigate the impact of kisspeptin in obesity. This
study was conducted to investigate this role.

The current study found that serum kisspeptin is signifi-
cantly elevated in obese individuals (P<0.0001, Figure 1).
Serum ENA-78 concentration was also significantly

elevated in obese individuals (P<0.001, Figure 1); this
elevation could be due to the increased mass of adipose
tissue and chronic inflammation caused by obesity. A weak

positive correlation was found between the kisspeptin and
ENA-78 (r ¼ 0.291, P<0.0001, Figure 2). The results of
this study disagree with the results of existing animal
studies which illustrated that reduced kisspeptin signalling

leads to obesity and vice versa.5,15 This disagreement could
have been due to the fact that kisspeptin takes on different
roles, as a neuropeptide and as an adipokine, and each role

has a distinct effect, as will be seen later.
While cholesterol, LDL, VLDL, and triglyceride were

significantly elevated in obese subjects (Table 1), there was

no significant difference in serum ghrelin between obese
and normal-weight subjects (P ¼ 0.373, Figure 1). Ghrelin
is a systemic orexigenic peptide hormone, and its level
differs depending on factors such as energy intake, stress,

and food behaviour.16 Serum ghrelin fluctuates based on
meals. It falls after food intake, especially in lean
individuals; this indicates a short-term regulation of its

secretion by the stomach and duodenum.17 Most obese
subjects (except PradereWilli syndrome patients) exhibit
lower serum ghrelin concentration. The reduced ghrelin

levels caused by obesity can be reversed through caloric re-
striction.18 In this study, it has been found that ghrelin
concentration of the obese subjects does not significantly

differ from that of the normal-weight subjects. There are
studies agree with us and other studies do not agree with our
finding. This could be due to the low postprandial suppres-
sion of ghrelin in the obese subjects as compared to the non-

obese subjects, which makes the obese individuals feel a
greater sense of hunger after food consumption.19

This study found that there is a very weak positive cor-

relation between kisspeptin and ghrelin (r¼ 0.118, P¼ 0.098,
Figure 2). This could indicate that kisspeptin, despite its
significant elevation in obese subjects, has no effect on

ghrelin and it is not likely to act as an anorexigenic
neuropeptide especially through the ghrelin pathway. A
previous experimental animal study,13 reported that

kisspeptin acts as an anorexigenic neuropeptide, and
ghrelin levels in the rats decreased after they were injected
with kisspeptin. This result disagrees with the results of the
current study. The disagreement could be due to the fact
that the kisspeptin injections in the previous study were
given via third cerebral ventricle, and thus kisspeptin could

have spread from the brain to the blood, that is, kisspeptin
worked as a neuropeptide.

Stengel et al, in their experiments, found that mice injec-

ted with kisspeptin in their lateral brain ventricle exhibited
low appetite post injection; kisspeptin inhibited food intake
at certain levels.19 They concluded that kisspeptin acts as an

anorexigenic factor only when it is secreted as a neuropeptide
from the brain. Drawing from this and based on the
significant elevation of kisspeptin in the obese group in the
current study, it became possible to conclude that

kisspeptin does not act as an anorexigenic factor when it is
secreted from the adipose tissue. Rather, it acts as an
adipose tissue-related factor (adipokine) and is largely

secreted in consequence to the increased mass of adipose
tissue in obese individuals.

ENA-78, like other adipokines such as leptin, adiponectin,

and other cytokines, is expressed in white adipose tissue. It is
mainly expressed in the macrophages that reside in the white
adipose tissue.8 Its role is responsible for the local
inflammation that characterises the white adipose tissue,

and it also regulates insulin secretion and body weight.20

Our results showed a significant elevation of ENA-78 in
obese subjects compared to normal-weight subjects indicating

that the increased inflammatory macrophages infiltration are
caused by obesity. This result is consistent with Chavey et al
who illustrated that the secretion of ENA-78 from the mac-

rophages that reside in white adipose tissue was dramatically
high in obese individuals as compared to lean individuals.
They also concluded that the increased secretion of ENA-78

from the macrophages of white adipose tissue represents a
link between obesity and inflammation.9 Our results also
agree with an animal study done by Nunemaker et al, who
found that the increased concentration of serum ENA-78 is

associatedwith obesity and it is a very sensitivemarker for the
inflammation that leads to diabetes mellitus in mice.21

Obesity alters the expression of kisspeptin and its recep-

tor, and kisspeptin in turn regulates the glucose homeostasis
and alters the body weight.22,23 Wang et al, in their
experiments on mice, found that the expression of GPR54

is higher in mice fed on a high fat diet. They also
illustrated that the mice deficient in GPR54 have less
adipose tissue mass and smaller adipocyte size. This

indicates a reduced secretion of kisspeptin due to the
reduced mass of adipose tissue in these mice.24 Although
theirs was an animal study, our results agree with Wang et al.

The study is limited since it detected only one adipokine

(ENA-78) in addition to kisspeptin. Further research should
focus on other adipokines such as leptin.

Conclusion

Increased mass of adipose tissue is responsible for
increased kisspeptin. Kisspeptin could act more as an adi-

pokine in obese people than as a neuropeptide. Further
studies on humans are required to establish the underlying
role of kisspeptin in adipocyte differentiation and

lipogenesis.
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Recommendation

The authors recommend that future research should focus

on leptin and use a larger sample size.
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Teyssier J, et al. CXC ligand 5 is an adipose-tissue derived

factor that links obesity to insulin resistance. Cell Metabol 2009;

9(4): 339e349. https://doi.org/10.1016/j.cmet.2009.03.002.

10. Zigman JM, Bouret SG, Andrews ZB. Obesity impairs the ac-

tion of the neuroendocrine ghrelin system. Trends Endocrinol

Metabol 2016; 27(1): 54e63. https://doi.org/10.1016/

j.tem.2015.09.010.

11. Cheyuo C, Wu R, Zhou M, Jacob A, Coppa G, Wang P.

Ghrelin suppresses inflammation and neuronal nitric oxide

synthase in focal cerebral ischemia via the vagus nerve. Shock

2011; 35(3): 258e265. https://doi.org/10.1097/

SHK.0b013e3181f48a37.

12. Foradori CD, Whitlock BK, Daniel JA, Zimmerman AD,

JonesMA,ReadCC, et al. Kisspeptin stimulates growth hormone

release by utilizing neuropeptide Y pathways and is dependent on

the presence of ghrelin in the Ewe. Endocrinology 2017; 158(10):

3526e3539. https://doi.org/10.1210/en.2017-00303.

13. Sadeghzadeh A, Bayrami A, Mahmoudi F, Khazali H, Asadi A.

The effects of interaction of Dopaminergic and Kisspeptin

neural pathways on Ghrelin secretion in rats. Arch Adv Biosci

2018; 9(1): 29e35. https://doi.org/10.22037/jps.v9i1.17721.

14. Stengel A, Wang L, Goebel-Stengel M, Taché Y. Centrally
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