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Abstract

Ghrelin and its endogenous antagonist liver-expressed antimicrobial peptide-2

(LEAP-2) are involved in GH secretion and glucose/lipids metabolism. LEAP-2

expression in conditions of metabolic impairment may be upregulated, usually

pairing with a concomitant reduction in ghrelin secretion. Adult growth hor-

mone deficiency (aGHD) is characterized by insulin resistance, weight gain,

and increased fat mass. Therefore, the primary endpoint of this cross-sectional

observational pilot study was to compare circulating LEAP-2 and ghrelin levels

in aGHD and healthy controls. Thirty patients were included in the study.

Group A included adult GHD: 15 patients, 8 females, and 7 males. Median and

interquartile range age of the group was 53 (41–57) years, while BMI was 27.1

(25–35) kg/m2. Group B was formed by 15 healthy controls (10 females and

5 males). Median and interquartile range age was 47 (36–57) years, while BMI

22.9 (20.8–33.1) kg/m2. They were evaluated for serum glucose and insulin,

HOMA-index, QUICKI-index, total/LDL/HDL cholesterol, triglycerides,

IGF-1, ghrelin, and LEAP-2. Ghrelin levels in the aGHD group were signifi-

cantly lower than in healthy controls. In contrast, LEAP-2 showed a trend

toward higher levels, although the differences were not significant. However,

the LEAP-2/Ghrelin ratio was significantly higher in aGHD. No significant

correlations between ghrelin and LEAP-2 with BMI and HOMA index were

found in aGHD population. However, a significant inverse correlation

(r2 = 0.15, p = .047) between BMI and ghrelin was evidenced when consider-

ing the whole population. Taken together, these results may suggest a body

adaptation to a metabolic scenario typical of aGHD. The decrease in ghrelin

production could prevent further weight gain and fat mass increase, although

losing its secretagogue effect.

Abbreviations: aGHD, adult growth hormone deficiency; GHRH, Growth Hormone-Releasing Hormone; GHS-R, Growth hormone secretagogue
receptor; HDL, High-density lipoprotein; IGF-1, Insulin-like growth factor-1; LEAP-2, Liver expressed antimicrobial peptide; LDL, Low-density
lipoprotein; r-hGH, Recombinant human GH.
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1 | INTRODUCTION

Adult growth hormone deficiency (aGHD) is defined as
the clinical expression of a reduced GH secretion caused
by congenital or acquired diseases affecting the hypothal-
amus or pituitary gland.1 Metabolic impairments are
among GHD most known features. An increase in vis-
ceral fat and reduction in lean mass closely related to
worse muscle strength and reduced exercise tolerance
has been described.2 Adult GHD patients, with higher or
normal BMI, are often affected by impaired glucose toler-
ance, insulin resistance, and a high risk of developing
type 2 diabetes mellitus.3 Finally, as regards the lipid pro-
file, GHD is characterized by an increase in total choles-
terol, low-density lipoprotein (LDL) cholesterol,
triglycerides, and a reduction in high-density lipoprotein
(HDL) cholesterol.4 All these features concur to the well-
known cardiovascular complications of this disease.5

GH secretion is modulated by several stimuli, among
which ghrelin plays a pivotal role. Ghrelin is a peptide
hormone produced by the oxyntic glands of the gastric
fundus which acts as endogenous ligand for growth hor-
mone secretagogue receptor (GHS-R) 1a, stimulating GH
release from the anterior pituitary gland.6 Among its
main functions: food intake and satiety control7–9; body
weight, adiposity, and glucose metabolism regulation10;
stimulation of gut motility and gastric acid secretion11,12;
modulation of stress, anxiety, taste, and reward seeking
behavior,13,14 and anti-sarcopenic action.15,16 In GHD
ghrelin levels tend to be lower than healthy controls with
no change after GH replacement therapy.17

Ghrelin physiological regulation has been enriched
with the recent discovery of liver-expressed antimicrobial
peptide-2 (LEAP-2),18 released in circulation after gastroin-
testinal secretion (with highest expression in the jejunum,
followed by duodenum, ileum and liver). LEAP-2 has been
originally described as antimicrobial peptide with hydrolyz-
ing properties.19 Its action on ghrelin axis has been recently
defined: LEAP-2 binds GHS-R1a and acts as a competitive
antagonist with slow dissociation from the receptor. It
blunts the magnitude of ghrelin activation binding GSH-
R1a, acting as a brake for all the ghrelin-related functions
above cited.20,21 It could also exert inverse agonist effects.22

As a result of the extensive metabolic activities of the
two hormones, ghrelin/LEAP-2 interplay may be altered
under conditions of metabolic impairment.23–25 More-
over, there is a growing interest in the use of GSH-R ago-
nist or antagonist in several pathologies such as obesity,

anorexia, and sarcopenia to counteract the respective
complications.26

Since the identification of an altered ghrelin/LEAP-2
relationship may offer a possible therapeutic target for
counteracting metabolic deterioration in adult GHD and as
no studies are available in the literature that have analyzed
the behavior of LEAP-2 in this syndrome, we conducted a
cross-sectional observational pilot study, whose primary
objective has been the evaluation of circulating levels of
ghrelin and LEAP-2 in adults with GHD compared to
healthy controls, whose secondary objective has been to
define the possible correlations between these hormones
and the metabolic alterations in this clinical setting.

2 | MATERIALS AND METHODS

Subjects involved in this study were admitted to the Uni-
versity Hospital “Policlinico Gemelli” and were enrolled
after being given an explanation of purposes and nature
of the study, conducted in accordance with the Declara-
tion of Helsinki, as revised in 2013. The study protocol
was approved by the Institutional Board of our Hospital.
After being given a written consent, GHD untreated
patients and healthy controls, age-matched, of both sexes
were included in the study.

We included 30 patients divided in two groups:

• Group A, Adult GHD (15 patients, 8 females and
7 males). GHD was diagnosed with dynamic test using
Growth Hormone-Releasing Hormone (GHRH 50 μg
i.v. + arginine 0,5 g/Kg), with a peak GH response
<11 μg/L when BMI was <25 kg/m2, peak GH
response <8 μg/L when BMI was between 25 and
30 kg/m2 or < 4 μg/L when BMI was >30 kg/m2.1

Patients were tested accordingly to current guide-
lines1,27 or for a strong clinical suspicion as previously
reported.28 Etiologies of GHD were: 5 idiopathic empty
sellas, 1 pituitary cyst, 1 post-surgical hypopituitarism,
8 idiopathic with negative MRI pictures. GHRH+argi-
nine stimulation tests were repeated twice in idio-
pathic aGHD to confirm if they truly had aGHD.
Median and interquartile range age of the group was
53 (41–57) years, while BMI was 27.125–35 kg/m2, as
expected due to the features of the syndrome.

• Group B, Healthy Controls (15 patients, 10 females
and 5 males). Median and interquartile range age was
47 (36–57) years, while BMI 22.9 (20.8–33.1) kg/m2.
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Exclusion criteria were: age under 18 or over 70; obe-
sity of genetic origin or related to other endocrinopathies;
history of cranial hypertension or active cranial hyperten-
sion; decompensated type 1 or 2 diabetes mellitus; auto-
immune diseases under immunosuppressive treatment;
corticosteroid treatment (except for topic, inhaled and
oral hydrocortisone as replacement regimen); other dis-
eases characterized by low insulin-like growth factor-1
(IGF-1) such as liver disease, malabsorption, and malnu-
trition; active malignancy. No patients received GH ther-
apy at the study enrolment.

Blood samples were collected after an overnight fasting
into pyrogen-free tubes with heparin as anticoagulant. In
all patients, the following metabolic parameters were deter-
mined in plasma: glucose and insulin, total/HDL/LDL cho-
lesterol, triglycerides and uric acid, and IGF-1.

HOMA index was calculated according to the formula
{[fasting insulin (U/ml)] � [fasting glucose (mmol/l)]}/22.5.29

Insulin resistance was defined as a HOMA-index higher
than 2.5.

QUICKI index was calculated according to the for-
mula 1/log [fasting insulin (μUI/ml)] + log [fasting glu-
cose (mg/dl)].30

For plasma evaluation, the blood samples collected
into pyrogen-free tubes containing heparin were cen-
trifuged within 1 hr at 4,000 rpm for 15 min; separate
plasma aliquots were stored at �80�C until assayed.
Plasma concentrations of glucose, total cholesterol, HDL-
cholesterol, triglycerides, and uric acid were measured by
using enzymatic assays and on Olympus AU2700 chemis-
try analyzer (Olympus America Inc., Center Valley, PA).
The intra-and inter-assay coefficients of variation
(CV) for total cholesterol, triglycerides, and uric acid
were <1.5%, and <2.5%, respectively. The intra- and
inter-assay CV for HDL-cholesterol were <2.5%, and
<3.0%, respectively. LDL cholesterol was calculated by
the Friedewald's equation: LDL cholesterol = total
cholesterol � (HDL cholesterol + triglycerides/5).

For serum evaluation, the blood samples collected
into vacutainer tube(s) containing no anticoagulant were
incubated in upright position at room temperature for
30–45 min (no longer than 60 min) to allow clotting and
then centrifuged at 2,500 rpm for 150 at 4�C without
brake. Supernatant (serum) was collected and stored at
�80�C until use.

Insulin (normal values 3–20 μUI/ml) and IGF-1 (nor-
mal values 80–330 ng/ml) were measured using
ChemoLuminescent Immunoassay (CLIA).

Plasma concentrations of ghrelin were measured by
an Elisa kit (Invitrogen, Thermo Fisher Scientific, Inc.,
USA; Cat. N. BMS2192) following the protocol provided
by the manufacturer. The anti-human ghrelin coating
antibody adsorbed onto microwells recognizes both

acylated and unacylated forms of ghrelin. The Elisa kit
limit of detection of human ghrelin is 11.8 pg/ml and the
calculated overall intra-assay and inter-assay coefficients
of variation are 6.0 and 8.5%, respectively. Plasma con-
centrations of LEAP-2 were measured by an EIA kit
(Phoenix Pharmaceuticals, Inc., USA; Cat. N. EK-075-40)
according to a slightly modified version of the manufac-
turer's protocol.31 The samples were diluted 1:25 in the
Elisa kit buffer. The EIA kit intra-assay coefficient of var-
iation is 6.4%.25

The statistical analysis was performed using Gra-
phPad Prism 7. The planned sample size of minimum
15 cases for each group was not based on formal power
estimates, due to the lack of any information on the size
of the minimal difference worth detecting for each of the
study parameters. Instead, the sample size was
established based on considerations of statistical practi-
cality (with 30 + 30 subjects a normal distribution of the
mean can be usually assumed) and feasibility, due to
the rarity of GHD disease. With this sample size, the
study has power >80% to detect any difference between
cases and controls that is as large or greater than 75% of
the standard deviation of that specific parameter. Consid-
ering that the comparison concerns differences between
diseased subjects and healthy controls in physiologic
parameters of molecules such as ghrelin and LEAP-2,
smaller differences are of little, if any, interest.

Data are expressed as medians and interquartile
ranges. According to Shapiro–Wilk test, the variables did
not follow normal distribution. The statistical analysis
was carried out using the Mann Whitney test to study the
differences between groups. Linear regression analysis
was also performed, with the calculation of the Spearman
coefficient. Linear correlation analyses were performed
to evaluate the correlation between variables. The level of
significance has been set at .05.

3 | RESULTS

Table 1 shows median and interquartile range of meta-
bolic and hormonal parameters in patients with GH defi-
ciency and controls. Regarding the metabolic parameters,
significantly increased insulin levels and HOMA-index
were observed in aGHD patients compared to healthy
controls. A trend to worse lipidic pattern (LDL choles-
terol and triglycerides) was observed in aGHD patients,
with significantly lower HDL cholesterol. Regarding hor-
monal parameters, IGF-1 levels were not significantly dif-
ferent in the two groups.

Figure 1 depicts ghrelin and LEAP-2 plasma concen-
trations and LEAP-2/ghrelin ratio in aGHD patients com-
pared to healthy controls. Ghrelin levels in the aGHD
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group were significantly lower than in controls (0.9 nM
[0.54–1.1 nM], n = 15, and 1.1 nM [0.95–1.2 nM], n = 15,
respectively; p < .01). In contrast, LEAP-2 plasma con-
centrations in aGHD patients and in healthy controls
were not significantly different (4.4 nM [3.9–5.7 nM],
n = 15, and 4.1 nM [3.5–5.0 nM], n = 15, respectively;
p = .32). However, the LEAP-2/ghrelin ratio was signifi-
cantly higher in aGHD patients than in the healthy con-
trols (6.2 [3.8–8.7], n = 15, and 3.9 [3.1–4.8], n = 15,
respectively; p < .05). In both groups, the linear correla-
tion analyses did not find any significant correlation
between ghrelin or LEAP-2 with BMI or HOMA index.
However, a significant inverse correlation (r2 = 0.15,
p = .047) between BMI and ghrelin was evidenced when
considering the whole population (Figure 2).

4 | DISCUSSION

To the best knowledge of the authors, this is the first
description of LEAP-2 levels in adult GHD subjects,
while reports on ghrelin behavior in such condition are
scarce. The first dealing with this problem was the study
of Janssen et al.,17 who evidenced that aGHD patients
naïve to treatment tend to have lower circulating ghrelin
levels in comparison to healthy subjects. In the same
work, 1 year of GH replacement therapy did not alter
ghrelin levels, which remained lower than in controls.17

Engstrom et al.32 showed a 29% decrease of ghrelin circu-
lating levels after the administration of recombinant
human GH (r-hGH) for 9 months in aGHD patients,
suggesting a possible role of GH as an inhibitor of ghrelin
production through its effects on lipid mobilization and
glucose production. An opposite hypothesis was
suggested by Giavoli's group,33 which studied GHD
patients before and after short- and long-term (1 year)
administration of r-hGH. Ghrelin plasma levels were
lower in GHD patients at baseline, probably due to the
higher body fat percentage in these patients. Ghrelin
increased after long-term treatment, probably for a signif-
icant decrease in BMI, body fat, and insulin levels.

TABLE 1 Median and interquartile range of metabolic

parameters and hormonal parameters in subjects enrolled: Adult

GHD versus controls

aGHD Controls

Age (years) 53.0 (41–57) 47.0 (36–57)

BMI (kg/m2) 27.1 (25–35) 22.9 (20.8–33.1)

Glucose (mg/dl) 84.0 (79–95) 84.0 (76.5–88.5)

Insulin (μUI/ml) 10.1 (7.7–27.9)* 4.8 (4.0–7.8)

HOMA-IR 2.2 (1.5–3.2)* 1.0 (0.7–1.5)

QUICKI 0.34 (0.32–0.37) 0.38 (0.36–0.40)

Total cholesterol
(mg/dl)

168 (157–192) 182 (154–209)

LDL cholesterol
(mg/dl)

106 (94.0–123.0) 108 (75–125)

HDL cholesterol
(mg/dl)

47.0 (41.0–
53.0)*

54 (47–65)

Triglycerides (mg/dl) 111 (94.0–121.0) 107 (65–152)

Uric acid (mg/dl) 5.4 (4.2–7.3) 4.1 (3.5–4.7)

IGF-1 (ng/ml) 123.5 (97.0–
141.0)

127 (81–142)

*p < .05.

FIGURE 1 Box plot of ghrelin,

LEAP-2 levels and ratio in aGHD

population compared to

controls. *p <.05

FIGURE 2 BMI and ghrelin inverse correlation in the whole

population. p < .05, (R2 = 0.15)
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Conversely short-term r-hGH administration determined
a decrease in ghrelin production, suggesting a feedback
inhibitory role for GH and/or IGF-I on ghrelin release.33

The hypothesis of a negative feedback of GH on ghrelin
production has then been disowned by Tarantini et al.34

and nowadays GH is not considered as a regulator of
ghrelin secretion.24 Our data confirmed lower ghrelin
levels in aGHD, probably as a consequence of higher
BMI and insulin resistance related to GH deficiency con-
dition, even though no correlation between ghrelin and
BMI and ghrelin and insulin-resistance indexes has been
found in our aGHD cohort. Nevertheless, in the entire
population evaluated a significant inverse correlation
between ghrelin and BMI was detected. The absence of
this inverse correlation in aGHD group may suggest
other factors, related to the syndrome, influencing
ghrelin plasmatic levels, as also supported by the above
cited in treatment studies. This phenomenon may act as
an adaptation to condition of unfavorable metabolic pro-
file, where ghrelin may worsen complications due to its
effects on energy balance, overcoming the benefits
related to GH stimulation. Differently, in childhood
GHD, where hypostaturalism is predominant in compari-
son to cardio-metabolic impairment, ghrelin circulating
levels tend to be higher than in controls,35–37 suggesting a
prominent secretagogue boost to unlock the blunted GH
secretion.

Ghrelin action is influenced by LEAP-2, an endoge-
nous GHS-R1a antagonist.23 In rodents, the functions of
this peptide are well described: decrease of adiposity,
food intake, and body weight, decrease of GH production
and gluconeogenesis through the inhibiting effect on
ghrelin action. Its levels are higher in obese models and
streptozotocin-induced type 1 diabetes mellitus with a
direct correlation with fat mass and body weight. Hyper-
glycemia and oral glucose administration induce LEAP-2
plasmatic increase, whether fasting and weight loss exert
the opposite effect.25 In humans, studies are still scarce
and controversial,23 yet no data are reported on aGHD.
Mani et al.25 showed that plasma LEAP-2 levels are regu-
lated by metabolic status, with a direct correlation with
BMI, fat mass, HOMA index, triglycerides, and
glycaemia, while they decreased with fasting and bariat-
ric surgery. LEAP-2 role on innate immune response has
arisen its interest even in other fields, such as rheumatoid
arthritis where LEAP-2 levels were significantly
increased, correlating with inflammatory parameters.38

Notably, patients enrolled in the last cited study exhibited
overweight trend. In our cohort, aGHD patients showed
similar plasma LEAP-2 levels with controls, with no cor-
relation with BMI and HOMA index. While the lack of
any correlations with BMI and HOMA index may be due
to the numerosity of the cohort here represented, another

element could be the different pattern of low-grade
inflammation expressed in aGHD in comparison with
metabolic syndrome, according to our previous
reports.39–41

Another novelty presented in this study is the evalua-
tion of LEAP-2/total ghrelin molar ratio. Mani et al.25

recently reported LEAP-2/acyl ghrelin molar ratio as
higher in obese mice than in lean ones. Moreover, the
ratio appeared to be lower after fasting.25 It is known that
ghrelin can be found in circulation as acyl ghrelin, as a
result of post-translational acylation mediated by ghrelin-
O-acyltransferase and capable of high-affinity bind to
GSH-R1a, and desacyl ghrelin with GHS-R1a indepen-
dent biological activity.42–46 However, the group of
Blatnik hypothesized that des-acyl ghrelin in human
plasma could be a mere artefact of sample handling and
acyl ghrelin could correspond to total ghrelin.47

According to this evidence, we sought to analyze LEAP-2
and its molar ratio with total ghrelin levels. Patients
affected by aGHD presented higher LEAP-2/ghrelin
molar ratio than healthy controls, thus indicating a
reduced receptor activation by ghrelin. In ligand-binding
assays, acylated ghrelin and LEAP-2 displace biolumines-
cent ghrelin or LEAP-2 from GHS-R1a with IC50s of
approximately 3.5–3.7 nM and 5.2–5.4 nM, respectively.21

Thus, both peptides bind competitively to the orthosteric
site of GSH-R1a with similar affinities, but LEAP-2 disso-
ciates much more slowly from receptors than ghrelin
(dissociation half-lives of �15 and 1 min, respectively).21

In cAMP response-element-controlled reporter assay and
calcium mobilization assay, ghrelin EC50s were approxi-
mately 0.78–0.98 nM.21 We measured median ghrelin
and LEAP-2 plasma concentrations of 1.1 and 4.1 nM,
respectively, with a median LEAP-2/ghrelin concentra-
tion ratio of 3.9 in healthy controls. Thus, median plasma
concentrations of LEAP-2 are close to the reported IC50s
and the median plasma concentrations of ghrelin are
close to the reported EC50s. From a pharmacological
point of view, this is an ideal condition in which small
variations in the plasma concentrations of one or the
other ligand can finely regulate the activation of GSH-
R1a. In GHD patients, the LEAP-2/ghrelin concentration
ratio is approximately 1.6 times that observed in healthy
controls. Therefore, considering also the much lower
receptor dissociation rate of LEAP-2 compared to ghrelin,
a significant reduction of ghrelin-induced effects can be
expected in these patients.

Taken all data together, while therapeutic perspec-
tives about LEAP-2 employment in obesity and metabolic
disorders have been hypothesized,23 our data do not sup-
port any eventual use in aGHD.

In spite of all precautions, our study may be still sub-
ject to certain biases, and some main potential
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restrictions should be considered. The number of subjects
in the two groups is slightly small, due to the rarity of this
condition, so the statistical power of the study is limited;
consequently, our findings will need to be confirmed in a
larger population and will help to delineate the impact of
ghrelin/LEAP-2 in GHD. Therefore, the study design and
the power analysis cannot draw a cause-effect relation-
ship. Moreover, the moment of the disease history in
which the patient is evaluated may affect ghrelin and
LEAP-2 production. Another possible bias may be due to
the adoption of HOMA index, commonly used as index
of insulin resistance in large epidemiological studies, in a
small population. Anyhow, the role of ghrelin and
LEAP-2 in adult GHD merit further studies to develop
targeted personalized therapy.
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