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what is already known about this topic
Ghrelin stimulates appetite and secretion of growth hormone, and induces a positive energy balance and leads to weight
central effects through the GLP-1 receptor in central nervous system reducing the rate of absorption of food into the bl
reducing the rate of gastric emptying and and inhibiting glucagon secretion.

what this study adds to the literature
We found no definite role for ghrelin and GLP-1 in the pathogenesis of PWS. There is only one study in whi
different between the BBS and control groups, and there is no study evaluating serum GLP-1 levels in BB
with larger series are needed.

Abstract
Objective: Prader-Willi Syndrome (PWS) and Bardet-Biedl syndrome (BBS) are common
investigate a possible role of ghrelin and glukagon-like peptid-1 (GLP-1) in pathophysiolo;
syndrome (BBS).
Methods: We recruited 12 subjects with PWS, 12 subjects with BBS, 13 obese controls (O eam‘eontrols (LC). Fasting serum ghrelin
and GLP-1 levels were measured by ELISA method.

Results: In PWS group, no significant difference was detected for ghrelin when
and 1.13 (0.84-1.29 ng/ml), respectively. Similarly, no significant difference
2.94),2.24 (1.62-2.78) and 2.06 (1.8-3.41) ng/ml, respectively.
In BBS group, no significant difference was detected for ghrelin whe

and LC; 0.96 (0.69-1.15), 0.92 (0.72-1.20)
LP-1 when compared with OC and LC; 1.86 (1.5-

2.24 (1.62-2.78) and 2.06 (1.8-3.41) ng/ml, respectively.
Conclusion: We found no definite role for ghrelin and GLP-1 obesity in PWS and BBS. However, similar studies with
larger series are needed.
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Introduction

Prader-Willi Syndrome ost common cause of pediatric syndromic obesity. The clinical characteristics of PWS consist of
hyperphagic obesity in decreased fetal movement, neonatal hypotonia, developmental delay, cognitive deficits, short stature, and
hypogonadotrop Subjects with PWS developed uncontrolled appetite resulting in weight gain after 2 years of age, although

o1n infancy. PWS is seen in all races regardless of sex with a frequency of approximately 1 in 10,000 to 1 in
mostly from the absence of functionally active paternal inheritance in 15q11.2-13 chromosome region (2, 3).
iedl syndrome (BBS) can be described as a genetically heterogeneous ciliopathy with an autosomal recessive

15,000 live b
On the other
inh The S
ogonadism, cognitive impairment, and genitourinary tract malformations and progressive renal dysfunction. Its prevalence is
00,000. Mutations in 24 different genes have been detected to date to be responsible for this phenotype (4).

inoacid peptide that is the natural ligand for the growth hormone secretagogue receptor (GHS-R) and produced mainly by

nd increases in fasting. Ghrelin stimulates appetite and secretion of growth hormone, and induces a positive energy balance and leads to

cagon-like peptide-1 (GLP-1) is synthesized mainly by L-cells in duodenum, small intestine and in small quantities by pancreas and
othalamus. Its secretion in gastrointestinal tract is influenced by glucose and fatty acids after food intake or as a result of stimulation of the
vagus nerve. The main mechanisms of action of GLP-1 include stimulating insulin secretion by B-cells in the islets of Langerhans and inhibiting
glucagon secretion by a-cells. GLP-1 also exerts its central effects through the GLP-1 receptor in central nervous system reducing the rate of
absorption of food into the blood via suppressing appetite, and reducing the rate of gastric emptying (8). The relationship between GLP-1 and
obesity is not certain and controversial in terms of underlying pathophysiology (9). There are only two studies evaluating fasting plasma GLP-1



levels; in the first one, fasting GLP-1 concentrations in adults with PWS were similar in individuals with obesity and lean control groups. In the
second one, fasting GLP-1 concentrations in adults with PWS were higher than obese control and lean control groups, but GLP-1 concentrations
in obese and lean group were found to be similar (10,11). However, there was no study evaluating fasting plasma GLP-1 levels in BBS patients.
In this study, we aimed to investigate the role of ghrelin and GLP-1 in the pathophysiology of syndromic obesity.

Material and methods

The patients with diagnosis of BBS and PWS between the ages of 3 and 18 years were selected among the patients followed in our pediatric
endocrinology and clinical genetics clinics. We recruited 12 subjects with PWS (all genetically confirmed) and 12 subjects with BBS (9
genetically confirmed, 3 clinically confirmed). The clinical diagnosis of BBS was made according to criteria published by Beales et al (12).
The control subjects matched for age, sex and puberty were selected from our pediatric clinics, and those with any endocrine (diabetes mellitus
hypothyroidism, and adrenal deficiency etc.), systemic or infectious diseases, and those taking any kind of medication were excluded. The
protocol was approved by the Local Institutional Review Board (no: 2022-164). Informed written consents from the subjects (> 8-year-old
their parents were obtained. The study was conducted according to the principles of the Declaration of Helsinki.
Anthropometric measurements

Body weight of subjects were measured using a pre-calibrated digital SECA scale. Height was measured with a 0.1 cm sensitivi
Stadiometer. The obesity was defined as a BMI-SDS greater or equal to 2 using national BMI data defined according to age ang
Pubertal developmental stage was evaluated using Marshall and Tanner's standards (14).

Assays

Venous blood samples were taken from the subjects in the morning after a 12-h fast. After centrifugation for 20 min a 2
were stored at —20 °C. Serum ghrelin and GLP-1 levels were measured by the ELISA method (Shanghai Korain Biotech AB) Co., Ltd.,
Shanghai, China). The detection range of ghrelin assay (by competitive inhibition method) was 0.05-10 ng/m| £0.01 ng/ml

coefficient of variation (CV) and intra-assay CV for both 2 assays was the same; <10% and <%S8, respectiV
Statistical analysis

The sample size calculation was performed using the DSS statistical software package (DSS
size calculations. It was calculated that a minimum of 12 participants in each group would be
for GLP-1 between the groups, with a power of 80% at the 5% significance level. The statistica ses were perfort sing SPSS 15.0 for

ance and if the differences were
significant, a post-hoc Tukeys test performed, and it was presented as the meanstandard d ¢ Kruskal-Wallis test was used for the
abnormally distributed continuous variables and it was presented as median and LQR C

Kruskal-Wallis test indicated statistically significant differences, the causes of
nominal variables were analyzed using the Pearson's chi-square or Fisher's exa
the number of cases. Statistical significance was set at p <0.05.

Results

were determined using a posthoc Dunn’s test. The
plicable. The categorical variables were presented as

is no statistically significant difference between PWS, BBS,
OC and LC in terms of age, gender and pubertal status (p>0.0
was lower than that of PWS, BBS and OC (p<0.001). Furthe
growth hormone, and one patient has been on L-thyroxine an
because of central hypothyroidism.
The median ghrelin level was 0.96 (0.69-1.15) in
no statistically significant difference between the
2.24 (1.62-2.78) in OC group, and 2.06 (1.8
(p>0.05), Figure 1.
The median ghrelin level was 1.05 (0.
no statistically significant difference
2.24 (1.62-2.78) in OC group, an
(p>0.05), Figure 1. Furthermore, w
difference was found betwg
Discussion
Early onset obesity and perphagla e the main characteristic features of PWS. In many studies, hyperghrelinemia has been reported in these
er M et al, hyperghrelinemia was detected in PWS patients and the authors linked obesity and hyperphagia
hand, several groups reported that total ghrelin levels were not elevated in young children with PWS
. g these studies, Haqq et al found that plasma ghrelin values are similar to the control group in a study with 33
er et al divided PWS patients into groups of patlents under and over 3 years of age, but they d1d not detect

roup, 3 patients have been on both L-thyroxine and recombinant
treatments. In BBS group, only one patient has been on L-thyroxine

-1.20) in OC group, and 1.13 (0.84-1.29) ng/ml in LC group. There was
0. 05) Additionally, medlan GLP 1 level was 1.86 (1.5-2.94) in PWS group,

up, 0.92 (0.72-1.20) in OC group, and 1.13 (0.84-1.29) ng/ml in LC group. There was
three groups (p>0.05). Additionally, the median GLP-1 level was 2.46 (1.91-4.17) in BBS group,
ml in LC group. There was no statistically significant difference between the three groups
groups were compared regarding ghrelin and GLP-1 levels, no statistically significant

s (p> 0.05). Clinical characteristics and laboratory data of the subjects are shown in Table 1.

to hyperghreh
compared to
infants with

¢ and hyperghrelinemia does not precede or coincide with the development of hyperphagia. An increased number of

cells in the stomach of PWS patients is supposed to cause ghrelin levels to rise (20). In our study, we did not find

n PWS compared to obese controls.). We found no definite role for ghrelin in the pathogenesis of obesity in PWS. This shows
ity in PWS patients may not be due to hyperghrelinemia. In contrast, in a study by Turkkahraman et al, it was found that the mean a-

in PWS group is significantly lower than in obese controls and therefore they suggested that obesity in PWS might be due to MC4R
am pathologies (21). As a result, in literature there is no consensus regarding the ghrelin levels especially in children with PWS.

other hand, there are only two studies in literature investigating serum GLP-1 levels in PWS patients. In the first adult study, fasting GLP-1
entrations in PWS subjects were similar in individuals with obesity and lean control groups (10). In the second adult study, fasting GLP-1
ncentrations in PWS were higher than obese control and lean control groups, but GLP-1 concentrations in obese and lean group were found to
be similar (11). Our results consistent with the results of the first study. In the present study, we did not find a statistically significant difference in
GLP-1 concentrations in subjects with PWS compared to control groups, and in obese controls compared to lean controls. Similarly, in literature
there is no consensus regarding GLP-1 levels especially in children with PWS.




The BBSome is a critical regulator of cilia function. Primary cilia are important signaling organelles including neuronal trafficking (22). Deng-Fu
Guo et al. showed that selective disruption of BBSome via BBS1 gene deletion leads to a significant increase in body weight and adiposity and its
lead to leptin resistance and hyperleptinemia (23). In literature, there is only one study in which the plasma ghrelin levels are not different between
the BBS and control groups (7). On the other hand, there was no study evaluating serum GLP-1 levels in BBS patients. In the present study, we
compared both ghrelin and GLP-1 concentrations of BBS patients with control groups, and we found no definite role for ghrelin and GLP-1 in the
pathogenesis of obesity in BBS. The possible limitation of our study is the small number of PWS and BBS patients.

In conclusion, there are conflicting results regarding ghrelin levels, and no enough data for GLP-1 levels in children with PWS. Similarly, there
are no enough data regarding ghrelin and GLP-1 levels in BBS patients. Even though we could not detect any relation between the ghrelin and
GLP-1 levels and these two syndromes, we hopefully think that our study will contribute to the pathogenesis of PWS and BBS. However, muléi
center studies with larger patient groups are needed.

Acknowledgements

We gratefully thank Dr. Hasan Ali Inal for statistical analysis, and the study participants for their contribution.

Conflict of interest

The authors declare that they have no competing interests.

Authors’ contributions

Concept and design: DT, ST, MG Data collection or Processing: ST, Analysis and Interpretation: GA, ST, MG Literature
Writing: DT, ST, MG, GA. All authors critically revised the manuscript and approved the final version.
Funding

The study was funded by the University of Health Science, Antalya Training and Research Hospital. Project number: 20!
References
1. Muscogiuri G, Barrea L, Faggiano F, Maiorino MI, Parrillo M, Pugliese G, et al. Obesity in Prade
mechanisms, nutritional and pharmacological approaches. J Endocrinol Invest. 2021; 44(10): 2057-70.
2. Butler MG. Prader-Willi syndrome: obesity due to genomic imprinting Curr Genomics. 2011; 12
3. Angulo MA, Butler MG, Cataletto ME. Prader—Willi syndrome: A review of clidiéa i
Endocrinological Investigation. 2015; 38(12): 1249-63

4. Best S, Lord J, Roche M, Watson CM, Poulter JA, Bevers RPJ, et al. Molecular di formations caused by
ciliopathies cohort of the 100,000 Genomes Project. J Med Genet. 2021; 29: 108065

5. Cummings DE, Foster-Schubert KE, Overduin J. Ghrelin and energy balance: ontroversies. Curr Drug Targets 2005;
6:153.

6. Cummings DE, Clement K, Purnell JQ, Vaisse C, Foster KE, Frayo ¢ agina ghrelin levels in Prader—Willi
syndrome. Nature Medicine. 2002; 8(7): 643—4

7. Biischer AK, Cetiner M, Biischer R, Wingen AM, Hauffa BP, Hoy
appetite-regulating hormones. Pediatr Nephrol 2012; 27: 206571
8. Kanoski SE, Fortin SM, Arnold M, Grill HJ, Hayes MR.
effects of peripherally administered GLP-1 receptor agonists, liraglutide docrinology 2011; 152: 3103-12.

9. Radwan H. Ahmed, Hasniza Zaman Huri, Sekaran modi, Boshra Al-absi, et al. Altered circulating
concentrations of active glucagon-like peptide (GLP-1) and di
resistance, Clinical Biochemistry, 2017; 50; 13—14;746-49
10. Purtell L, Sze L, Loughnan G, Smith E, Herzog H,

1llo S, Giménez-Palop O, Torrents-Rodas D, et al. Hunger and Satiety
Syndrome J Clin Med. 2021; 10(21): 5170.

11. Bueno M, Boixadera-Planas E, Blanco
Peptides: Is There a Pattern to Classify Patients
12. Beales PL, Elcioglu N, Woolf A
population survey. J Med Genet 1999; 36;
13. Neyzi O, Bundak R, Goke an A, Darendeliler F et al Reference values for weight, height, head circumference and
i i i ediatr Endocrinol 2015; 7(4): 280-93

attern of pubertal changes in girls. Arch Dis Child 1969; 44(235): 291-303

as C, Faye S, Nicolino M et al. “Elevated ratio of acylated to unacylated ghrelin in children
e.” Endocrine vol. 50,3 (2015): 633-42.

olinas C, Valette M, Beauloye V. Prader-Willi syndrome: A model for understanding the ghrelin
28.

ehlbauer M, Newgard CB, Svetkey LP, Carrel AL et al. Ghrelin concentrations in Prader-Willi syndrome
ring development. Clin Endocrinol (Oxf) 2008; 69: 911 — 20

14. Marshall WA, Tanner
15. Kuppens R J, Diéne G,

and young adults with Prade i
16.

18. asma obestatin and ghrelin levels in subjects with Prader-Willi syndrome. 4m J Med Genet A 2007; 143: 415
-21
19. Holm VA, Kelly PC, Frayo RS, Cummings DE. "Ghrelin levels in young children with Prader-Willi syndrome." The

49.2: 199-204.

ng SY, Paik K-H, Oh YJ, Chu SH, Yeo SH et al, Increased density of ghrelin-expressing cells in the gastric fundus and
illi Syndrome J Clin Endocrinol Metab 2005; 90: 5441-45

raman, D., Sirazi, E.C. & Aykal, G. Serum alpha-melanocyte-stimulating hormone (a-MSH), brain-derived neurotrophic factor
and agouti-related protein (AGRP) levels in children with Prader-Willi or Bardet-Biedl syndromes. J Endocrinol Invest 2022; 45: 1031—

Guo DF, Rahmouni K. Molecular basis of the obesity associated with Bardet-Biedl syndrome. Trends Endocrinol Metab 2011; 22:

Guo DF, Lin Z, Wu Y, Searby C, Thedens DR, Richerson GB, et al. The BBSome in POMC and AgRP Neurons Is Necessary for Body
eight Regulation and Sorting of Metabolic Receptors. Diabetes. 2019; 68(8): 1591-603.



5,000

4,000

3,000

Ghrelin

2,000

1,000

0,000

LC OC

20,0004

15,0007

|
A4 10,0007

5,000

N

_ T

e oc BES WS

1g 1. Box-plot presentation of serum ghrelin (ng/ml) and GLP-1 (ng/ml) levels in subjects with Prader-Willi syndrome (PWS) and Bardet-Biedl
syndrome (BBS), and in obese controls (OC) and lean controls (LC). The lower and upper limits of the boxes represent 25" and 75™ percentiles,
and middle lines in each box represent 50" percentile, while the bottom and top end of the whiskers represent the min. and max. values,
respectively. Dots represent the outlier data.



Table 1 Clinical characteristics and laboratory findings of the patients and the control subjects

PWS (n=12) BBS (n=12) OC (n=13) LC (n=12)
Age (Years) 10.6 +4.8 10.3+4.7 11.1+3.8 10.9+4.2
(Min-max) (3-17.6) (5.3-19) (6.8-17.2) (2.8-16.4)
Female/male 6/6 4/8 6/7 8/4
Pubertal/prepubertal 4/8 6/6 4/8 6/6
BMI-SDS 2.7£1.6° 3.13+0.5° 2.81+0.5* 1.184+0.9%b¢
Ghrelin (ng/ml) 0.96 (0.69-1.15) 1.05 (0.87-1.51) 0.92 (0.72-1.20) 1.13(0.84-1.29)

GLP-1 (ng/ml)

1.86 (1.5-2.94)

246 (1.91-4.17)

224 (1.62-2.78)

2.06(1.8-3.41)

PWS; Prader-Willi Syndrome, BBS; Bardet-Biedl Syndrome, OC; obese controls, LC; lean controls
Laboratory data were given as median for ghrelin and GLP-1 (inter-quartile range, 25"-75™ percentile). One-w:

for the age and BMI-SDS, Kruskal Wallis was used for the rest.

a:OCvsLC p<0.05
b: BBS vs LC p<0.05
c: PWSvsLC p<0.05

N

gan + SD) was used





