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Abstract

Ghrelin and peptide YY (PYY) are peptides generally produced by the gastrointestinal organs 

which are involved in appetite regulation via highly specialized centers in the brain. Abnormal 

plasma ghrelin and PYY levels compared with controls have been reported for subjects with 

Prader-Willi syndrome (PWS) which is characterized by infantile hypotonia, poor suck reflex and 

failure to thrive followed by hyperphagia and marked obesity in early childhood. We studied gene 

expression of ghrelin, peptide YY, and their receptors (i.e., GHS-R1a, GHS-R1b, and NPY2R) in 

six different brain regions (frontal cortex, temporal cortex, visual cortex, pons, medulla, and 

hypothalamus) obtained from three subjects with PWS, two individuals with Angelman syndrome, 

and six controls to determine if expression of these genes is detectable in different regions of the 

brain in subjects with and without PWS. In general, expression of these genes using RT-PCR was 

detected in all subjects and no obvious differences were seen in their pattern of expression 

between subjects with or without PWS. Additional studies including quantitative gene expression 

measurements will be required to further evaluate the role of these genes in the eating disorder 

seen in PWS.
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Introduction

Ghrelin is a growth hormone-releasing peptide which acts as an endogenous ligand of the 

growth hormone secretagogue receptors (GHS-Rs). Two transcriptional subtypes, generated 

by alternative splicing of a single gene have been described for GHS-R and known as 1a and 

1b. Specific functional differences of these two receptor subtypes are not known; however, it 

has been suggested that only the 1a subtype is biologically active (1–3). Gene expression 

studies using RT-PCR of rat testis suggested strong expression of mRNA for GHS-R1a from 

puberty onward, while in earlier stages of testicular development, GHS-R1b is 

predominantly expressed (4).
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Ghrelin has been reported to be expressed in the human and rat adrenal cortex (5–7). In 

addition, Carraro et al (3) studied expression of the GHS-R receptors in human adrenal 

specimens using cDNA as a template from two females and six males (age range, 39–80 

years old) previously diagnosed with kidney cancer. Expression of GHS-R1a was detected in 

the adrenal cortex from all eight subjects, while mRNA for GHS-R1b was observed only in 

six of the studied samples. No expression was found for GHS-R1a in the adrenal cortex 

obtained from two subjects (76- and 79-year-old males).

Fasting plasma ghrelin levels are reportedly high in subjects with Prader-Willi syndrome (8–

10) while peptide YY levels have been understudied (10). Both peptides are involved in 

eating behavior (i.e., ghrelin produced by the stomach stimulates eating while peptide YY 

produced by the intestine inhibits eating). The genes for ghrelin, GHS-Rs, peptide YY 

(PYY) and NPY2R (peptide YY receptor) are localized on chromosomes 3p26, 3q26, 17q21 

and 4q31, respectively.

Prader-Willi syndrome (PWS) is an imprinting disorder due to chromosome 15 

abnormalities, usually a paternal deletion of the 15q11-q13 region. It is considered the most 

common genetic cause of marked obesity in humans. Hyperphagia is a clinical feature of 

PWS in early childhood and gastric rupture is a relatively common cause of death (11). 

However, infantile hypotonia, poor suck reflex and failure to thrive are present before the 

onset of hyperphagia and subsequent obesity. Angelman syndrome (AS), a sister imprinting 

syndrome to PWS, has few overlapping features including obesity but due to lack of 

maternally expressed genes from the 15q11-q13 region.

Both ghrelin and peptide YY act at the brain level, particularly in the hypothalamus, 

although there is a paucity of gene expression data from the brain in the general population 

and no studies reported in subjects with eating disorders. We examined these genes and their 

receptors at the expression level in different brain regions including the hypothalamus and 

cortex from subjects with and without PWS.

Materials and methods

Materials

Three subjects with Prader-Willi syndrome (PWS) (1-year-old female with 15q11-q13 

deletion, 32-year-old female with 15q11-q13 deletion, and 32-year-old female with 15q11-

q13 deletion), two individuals with Angelman syndrome (AS) (4-year-old male with 15q11-

q13 deletion and 43-year-old female with 15q11-q13 deletion), and six controls (1-year-old 

female, 37-year-old male, 39-year-old female, 49-year-old male, 71-year-old female, and 72-

year-old male). Tissue from six brain regions (frontal cortex, temporal cortex, visual cortex, 

pons, medulla, and hypothalamus) were obtained from the subjects at the time of autopsy, 

frozen immediately and stored at −80°C. The tissue was obtained following informed 

consent from funded brain and tissue banks for developmental disorders [(University of 

Maryland, Baltimore, MD; University of Miami, Miami, FL; and University of California, 

Los Angeles (UCLA)]. cDNA from four control subjects were purchased from Invitrogen 

(Carlsbad, CA). All subjects were Caucasian.
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Methods

Total RNA was extracted using standard Trizol reagent (Invitrogen, Carlsbad, CA). cDNA 

was synthesized using 1 μg of total RNA, 2.5 μM random hexamers and 1st strand cDNA 

synthesis kits following manufacturer’s protocols (Roche, Indianapolis, IN). Gene specific 

primers were used to PCR amplify a fragment from the coding regions of ghrelin, GHS-Rs, 

PYY, and NPY2R. GAPDH, as a positive control, was also amplified from the studied 

tissues to verify the presence of RNA. SNRPN, a paternally expressed gene absent from the 

15q11-q13 region in subjects with PWS was used as a negative control. PCR products were 

analyzed by electrophoresis on a 2% agarose gel stained with ethidium bromide and 

visualized under UV light. The primer sequence and their annealing temperature are shown 

in Table I. The primers for ghrelin and GHS-R1b were synthesized according to the 

sequence reported by Carraro et al (3). For GHS-R1a, the primers used were reported by 

Korbonits et al (12). MacVector version 2.0 computer program was utilized to design 

primers for the PYY, NPY2R, SNRPN, and GAPDH genes and sequence data available from 

Genbank. The fragments were amplified at 40 PCR cycles and gene expression; if any, was 

recovered.

Results

The results from RT-PCR experiments are shown in Figs. 1–3. Fig. 1 represents RT-PCR gel 

images for expression of ghrelin, GHS-R1a, and GHS-R1b genes from six different brain 

regions obtained from subjects with PWS and AS, and for controls. Expression was detected 

for ghrelin and its two receptors from all samples (Fig. 1). PYY was amplified from brain 

regions for all subjects except for pons in two subjects (39-year-old control female and 32-

year-old PWS female) (Fig. 2). A detectable amplified product was observed for the peptide 

YY receptor (NPY2R) for all samples studied (Fig. 2). For validation purposes, a 

representative PCR amplified product from each gene was sequenced and the result matched 

the corresponding gene sequence. As anticipated, no RT-PCR signal was observed for the 

SNRPN gene in subjects with PWS while the correct size product was amplified from the 

subjects with AS or for controls (Fig. 3). Expression for the control gene (GAPDH) was 

detected in brain tissues for all subjects (data not shown).

Discussion

Appetite is controlled by several interconnected pathways in highly specialized centers in 

the brain influenced by neuropeptides produced by the gastrointestinal system. Food intake 

is regulated by the hypothalamus including the melanocortin and neuropeptide Y (NPY) 

systems in the arcuate nucleus (13). Furthermore, the involvement of ghrelin and peptide YY 

in stimulation or inhibiting of food intake has been very well documented. However, limited 

gene expression data are available for these neuropeptides and their receptors in any organ 

system.

Gene expression of ghrelin and the two growth hormone secretagogue receptors have been 

recently studied in tissues other than the brain such as human testis and testicular tumors (2), 

human adrenal cortex (3), and fetal thyroid and follicular tumors (14).
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Due to the lack of gene expression data for ghrelin, peptide YY, and their receptors in the 

brain, we attempted to identify the distribution pattern of these genes in different regions of 

the brain (frontal cortex, temporal cortex, visual cortex, pons, medulla, and hypothalamus) 

for three subjects with PWS (a genetic imprinting syndrome and eating disorder), two 

subjects with AS (a second imprinting syndrome but without an obesity disorder) and six 

controls. The results from our study confirm that expression was present for ghrelin, GHS-

R1a, GHS-R1b, PYY, and NPY2R in all six brain regions studied including the 

hypothalamus from subjects with PWS and AS, and for controls. However, PYY expression 

was not seen on reported assays in pons tissue from two subjects (one PWS and one 

control). For the rest of these genes, expression was present in all examined tissues.

The objective of our study was to investigate the presence or absence of the specific gene 

products involved in eating behavior in subjects with hyperphagia and obesity (i.e., PWS) 

and controls. The study was not carried out as a quantitative experiment for gene expression 

analysis; however, an equal amount of template (cDNA) was used from different sources 

under the same PCR condition (including cycle number). If the intensity of bands would be 

considered as a measurement for a relative quantitation of gene products, possible 

differences can be seen at the expression level between different sources. For example, a 

higher expression of the GHS-Ra1 mRNA can be seen in the hypothalamus from the one-

year-old subject with PWS compared with the gene product from the age/sex matched 

control in repeated assays (Fig. 1). A preliminary quantitative RT-PCR was performed to 

evaluate this observation (data not shown) following the protocols reported previously (15). 

In agreement with the RT-PCR results, this quantitative RT-PCR assay suggested a higher 

expression of the GHS-R1a mRNA in the hypothalamus of the one-year-old PWS subject 

compared with the same age and sex control.

Changes in the balance of expression between the two alternative splicing growth hormone 

secretagogue receptors (i.e., GHS-R1a and GHS-R1b) have been reported for the rat testis at 

different developmental stages (4). In our study, mRNA from both GHS-R receptors were 

detected in all the studied tissues from the brain and no specific pattern was noticed in 

comparison between their amplified products considering age.

In summary, we report the gene expression pattern of ghrelin, peptide YY and their receptors 

in six brain regions in subjects with PWS using RT-PCR and comparison with AS and 

controls. No obvious or consistent differences in expression were detected in comparison 

with subjects without PWS. However, a detailed quantitative comparison of these genes 

involved in appetite-regulating pathways will require further experimentation to gain a better 

understanding of the role of these genes in PWS and its eating disorder.
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Figure 1. 
Ethidium bromide stained 2% agarose gel showing RT-PCR amplified fragments of human 

ghrelin, GHS-R1a and GHS-R1b genes using specific primers with RNA isolated from 

different brain regions of patients with Prader-Willi and Angelman syndromes and control 

subjects. The expected size for each amplified fragment is shown to the right of each gel 

image.

TALEBIZADEH et al. Page 6

Int J Mol Med. Author manuscript; available in PMC 2017 June 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Ethidium bromide stained 2% agarose gel showing RT-PCR amplified fragments of human 

PYY and NPY2R genes using specific primers with RNA isolated from different brain 

regions of patients with Prader-Willi and Angelman syndromes and control subjects. The 

expected size for each amplifier fragment is shown to the right of each gel image.
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Figure 3. 
Ethidium bromide stained 2% agarose gel showing an RT-PCR amplified fragment of human 

SNRPN gene using specific primers with RNA isolated from frontal cortex of patients with 

Prader-Willi and Angelman syndromes and control subjects. The amplified gene fragment is 

818 bp. As expected, the amplified fragment of this imprinted gene was not present in the 

patients with Prader-Willi syndrome.
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Table I

The primers used for the RT-PCR in our study.

Gene Primer’s sequence Product size (bp) Annealing temprature (°C)

Ghrelina 5′-AGCCTCCTGCTCCTCGGCAT-3′ 339 62

5′-TGTGGGCGATCACTTGTCGGCT-3′

GHS-R1ab 5′-TCGTGGGTGCCTCGCT-3′   65 59

5′-CACCACTACAGCCAGCATTTTC-3′

GHS-R1ba 5′-TGGAGCACGAGAACGGCA-3′ 304 62

5′-AGGCACAGGGAGAGGATAGGA-3′

PYY 5′-GGACAGGCTTCTTTCCAAAACG-3′ 158 62

5′-TTCTGGGGTCGGGAGTGCGTATGC-3′

NPY2R 5′-GCTGGCTAATCATCGGACAGAC-3′ 140 60

5′-GCACCTATTGGACCCATTTTCAG-3′

SNRPN 5′-CGCTTACACCTGAGACGAACTACAG-3′ 818 58

5′-TGGAGCCTGGTTTTTGCTTG-3′

GAPDH 5′-TGACAACTTTGGTATCGTGGAAGG-3′ 130 58

5′-AGGGATGATGTTCTGGAGAGCC-3′

a
The primers for ghrelin and GHS-R1b were synthesized according to the sequence reported by Carraro et al. (3).

b
The primers for GHS-R1awere synthesized according to the sequence reported by Korbonits et al (12). The primers for the other genes were 

designed using sequence data available from Genbank.
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