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Abstract Ghrelin is a peptide hormone produced in the
stomach and a range of other tissues, where it has
endocrine, paracrine and autocrine roles in both normal
and disease states. Ghrelin has been shown to be an
important growth factor for a number of tumours, including
prostate and breast cancers. In this study, we examined the
expression of the ghrelin axis (ghrelin and its receptor, the
growth hormone secretagogue receptor, GHSR) in endome-
trial cancer. Ghrelin is expressed in a range of endometrial
cancer tissues, while its cognate receptor, GHSRIa, is
expressed in a small subset of normal and cancer tissues.
Low to moderately invasive endometrial cancer cell lines
were examined by RT-PCR and immunoblotting, demon-
strating that ghrelin axis mRNA and protein expression
correlate with differentiation status of Ishikawa, HEC1B
and KLE endometrial cancer cell lines. Moreover, treatment
with ghrelin potently stimulated cell proliferation and
inhibited cell death. Taken together, these data indicate that
ghrelin promotes the progression of endometrial cancer
cells in vitro, and may contribute to endometrial cancer
pathogenesis and represent a novel treatment target.
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Introduction

Endometrial cancer is the fourth most frequent cancer
among women and is now the most common gynaecolog-
ical cancer in many developed countries. It is a significant
cause of morbidity and mortality in the advanced stages of
the disease [1]. Despite being a common malignancy,
treatment of endometrial cancer has changed little in the
last few decades [2]. Advances in molecular biology,
however, have led to the discovery and development of
more targeted therapeutics for the disease [3].

The human uterine endometrium, unlike most other
normal tissue, is specialised and undergoes sequential
phases of proliferative and secretory changes throughout
the female menstrual cycle in preparation for embryonic
implantation or shedding [4]. These processes of endome-
trial tissue remodelling are precisely controlled by various
growth factors and ovarian hormones [5]. While insulin-
like growth factors (IGFs) [6], oestrogen [7], progesterone
[8] and growth hormones (GH) [9, 10] are implicated in
normal endometrial development, it is highly likely that
ghrelin and its receptor are also involved [11-14].

The 28-amino-acid peptide hormone ghrelin is post-
translationally modified to give rise to a unique n-octanoylated
(acylated) peptide that is an endogenous ligand for the growth
hormone secretagogue receptor (GHSR1a) [15]. A GHSR
isoform, GHSR1b, generated by alternative splicing, has been
thought to be devoid of any endocrine activity due to its
inability to bind any growth hormone secretagogues, and its
functional role is yet to be fully elucidated [16]. Both ghrelin
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and its cognate receptor have been detected in a number of
peripheral tissues, including the lung, testis, ovary, breast,
prostate and endometrium [17, 18], suggesting that
co-localised ghrelin and GHSR has potential autocrine/para-
crine regulatory effect in these tissues. Recently, compelling
evidence has arisen demonstrating that ghrelin is also
involved in a range of reproductive processes, including
steroid hormone regulation, embryo implantation and endo-
metrial tissue remodelling [11, 13, 19]. Previous work from
our group demonstrated expression of ghrelin and GHSR in
human endometrium during the menstrual cycle [12]. Levels
of both ghrelin and receptor mRNA and protein were highest
in the secretory phase, where the endometrium is thickened,
while the lowest expression was seen in the menstrual phase,
where the endometrium is shedding. This suggests that the
ghrelin axis is potentially involved in the extensive cyclical
growth and development in endometrial tissues.

In addition to regulating the normal growth and
differentiation of tissues, ghrelin has been implicated in
the maintenance and progression of several human cancers.
Ghrelin and/or the expression of GHSR has been demon-
strated in a number of hormone-dependent cancers, includ-
ing breast [20], testicular [21] and prostate cancer [22],
suggesting a possible autocrine and/or paracrine role for
ghrelin in cancer cell growth. It has been reported that
exogenously applied ghrelin increases the rate of cell
growth in prostate [22, 23] and breast cancer cell lines [20].

As ghrelin is expressed in normal endometrial tissues
and ghrelin has functions in other endocrine-related
cancers, we hypothesised that a similar system could exist
in endometrial cancer. The aim of the present study was to
investigate the expression of ghrelin and GHSR in human
endometrial cancer and to investigate the ability of
exogenous ghrelin to alter proliferation and survival in
endometrial cancer cell lines.

Materials and Methods
Endometrial Cancer Specimens

Endometrial tissue quantitative RT-PCR arrays were
purchased from OriGene (Rockville, MD, USA). This
array consisted of pathologist-verified samples from eight
normal endometrial tissues and 40 different endometrial
tumours (TissueScan Endometrial Cancer Tissue qPCR
Panel II; OriGene). Ages of tissue donors ranged from 31
to 86 years. In addition, four archival tissue specimens
were obtained from affiliated hospitals. Briefly, endome-
trial cancer biopsies (n=2) from stage I endometrioid
adenocarcinomas of the endometrium were collected from
patients undergoing hysterectomy at the Greenslopes
Private Hospital (Queensland, Australia). Normal endo-
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metrial tissue biopsies (n=2) were obtained from healthy
controls in patients undergoing surgery for uterine fibroids at
the gynaecological department of the West China Second
Hospital at Sichuan University. The tissue collection protocol
was approved by the associated human research ethics
committees. Written informed consent was obtained from
all patients on the study. All biopsies were examined and
verified by gynaecological pathologists. Tissues were snap-
frozen on dry ice and stored at —80°C until RNA extraction
was performed.

Cell Culture

The well-differentiated Ishikawa endometrial cancer cell
line, moderately differentiated line HEC1B cell line, and
poorly differentiated KLE cell line were obtained from the
American Type Culture Collection (Rockville, MD, USA).
All endometrial cancer cell lines were cultivated in DMEM/
F12 medium (Sigma-Aldrich, St. Louis, MO, USA)
containing 10% foetal bovine serum (Thermo Scientific
HyClone, Canada), 50 U/ml penicillin and 50 ug/ml
streptomycin (Invitrogen, Carlsbad, CA, USA), and grown
in a humidified atmosphere containing 5% CO, at 37°C.
All cell lines were tested to be free from Mycoplasma
contamination.

RNA Extraction and Reverse Transcriptase PCR (RT-PCR)

Total RNA was isolated from frozen tissues (post-liquid
nitrogen processing) and cell lines using a TRIzol Plus
RNA Purification kit (Invitrogen), and tissue was homoge-
nised by passing it through 26 gauge needles. Total RNA
(1 ng) was reverse transcribed in a 20-pl reaction using
iScript cDNA Synthesis kit (Bio-Rad Laboratories) accord-
ing to the manufacturer’s instructions. Negative controls
were prepared by omitting reverse transcriptase (no-RT
control) or by the substitution of water for the template.
Messenger RNA (mRNA) expression for ghrelin, GHSR/a
and GHSR1b was examined in endometrial cancer cell lines
and tissues using JumpStart 7ag DNA polymerase (Sigma)
and a conventional thermal cycler (Corbett Research,
Concorde, NSW, Australia) according to the manufacturer’s
instructions. For ghrelin and GHSRIb, the primers and
reaction conditions were as described previously [19, 24].
Briefly, thermal cycling consisted of 1 min at 94°C, 36
cycles of 10 s at 98°C, 30 s at 53°C, 45 s at 72°C (ghrelin)
or 35 cycles of 20 s at 98°C, 30 s at 58°C, 1 min at 72°C
(GHSR1b), followed by 10 min at 72°C. For GHSRIa,
primers were designed manually from the NCBI Reference
Sequence (NM_198407) and thermal cycling consisted of
1 min at 94°C, 40 cycles of 30 s at 94°C, 30 s at 61°C,
1 min at 72°C, followed by 10 min at 72°C. Additional no-
RT and no cDNA template (water) controls were included.
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The identity of all amplicons was confirmed by DNA
sequencing Briefly, RT-PCR products were purified for direct
sequencing using the MinElute PCR purification kit (QIA-
GEN, Hilden, Germany) and sequenced in both directions
(using the primers described earlier) by the Australian Genome
Research Facility (AGRF, Brisbane, Australia) using the ABI
PRISM BigDye Terminator Cycle Sequencing Kit v3.1
protocol (Applied Biosystems, AB, Foster City, CA, USA).

Quantitative Real-Time RT-PCR

Endometrial tissue panels supplied by OriGene were
interrogated by real-time RT-PCR using the AB 7000
sequence detection system (AB) in a total reaction volume
of 20 pl using Platinum Quantitative PCR SuperMix-UDG
w/ROX (Invitrogen) for ghrelin, while GHSRIa and the
housekeeping gene f3-actin were amplified using 2x SYBR
green master mix (AB). Primers for (3-actin were supplied
with the cDNA panel (OriGene), while the primers for
GHSRa are shown in Table 1. Primers and TagMan probes
for ghrelin (Hs01074051 gl, spanning the ghrelin-peptide
coding exons) were obtained from Applied Biosystems
(AB). Each gene was evaluated on separate, identical array
plates, which were loaded with equal amounts of cDNA per

well—as described by the manufacturer. Ghrelin was
normalised against 3-actin, and fold changes were quantified
as 2 (ACt samplemACt control) © ¢ Joseribed previously [25].
Real-time RT-PCR of endometrial cancer cell lines was
carried out using 2x SYBR green master mix (AB) using the
StepOne™ Real-Time PCR System (AB) according to the
manufacturer’s instructions. The primer sequences for ghrelin,
GHSRIa and GHSRIb are shown in Table 1. The experi-
ments were repeated three times and each experiment was
performed in triplicate and normalised against the reference
primer set (18S ribosomal RNA). Data was analysed using
2 (ACt sample=ACt control) o qoscribed above, and was
represented as fold-change, compared with the calibrator,
the well-differentiated Ishikawa endometrial cancer cell line.

Protein Extraction

Cultured cells (1x10”) were harvested and extracted in
500 pl lysis buffer (150 mM sodium chloride, 50 mM
Tris—HCI, 1% nonyl phenoxylpolyethoxylethanol and 1x
complete protease inhibitor; Roche Diagnostics, Germany)
and phosphatase inhibitors (10 nM sodium fluoride, 1 mM
sodium orthovanadate and 10 mM tetrasodium pyrophos-
phate) and cleared by 12,000xg centrifugation at 4°C.

Table 1 RT-PCR and quantita-

tive real-time RT-PCR primer Transcript Primer sequence T, (°C) Expected size (bp)
sequences, annealing tempera-
tures (7,) and expected amplicon RT-PCR
size Ghrelin®
sense 5-TGAGCCCTGAACACCAGAGAG-3’ 58 327
antisense 5'-AAAGCCAGATGAGCGCTTCTA-3'
GHSR1a
sense 5'-CTACTTCGCCATCTGCTTCC-3' 61 398
antisense 5'-GGATGAAGGCAAACACCACT-3'
GHSRI1b®
sense 5'-CTTGGGACACCAACGAGTG-3’ 53 262
antisense 5'-AGGACCCGCGAGAGAAAGC-3’

Quantitative real-time PCR
Ghrelin®
sense
antisense
GHSRI1a
sense
antisense
GHSR1b®
sense
antisense
18s rRNAY
sense

? Gualillo et al. [19]
® Takahashi et al. [24]

¢ Duxbury et al. [33] antisense

5'-GGGCAGAGGATGAACTGGAA-3'
5-CCTGGCTGTGCTGCTGGTA-3'

5'-AGTGGTGTTTGCCTTCATCC-3'
5'-TGATGGCAGCACTGAGGTAG-3’

5-TCGTGGGTGCCTCGCT-3'
5'-GCTGAGACCCACCCAGCA-3’

5'-TCGGAACTGAGGCCATGAT-3'
5'-CGAACCTCCGACTTTCGT-3’

d Jeffery et al. [20]
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Total protein concentration was measured using the BCA
assay kit (Pierce, IL, USA) and absorbance measured at
560 nm (Spectra Rainbow spectrophotometer, X-Read
Plus version 4.3).

Human Ghrelin Enzyme Immunoassay (EIA)

Ghrelin levels in cell lysates were determined using a
ghrelin EIA kit (RayBiotech, Norcross, GA, USA)
according to the manufacturer’s protocol. The detection
limit was 161 pg/ml, with 15% inter-assay coefficient of
variation (CV) and 10% intra-assay CV. Briefly, cell
lysates (5 pg) or recombinant human ghrelin standard
peptide at different concentrations, 100 ul ghrelin poly-
clonal antibody and 10 ng/ml biotinylated ghrelin peptide
were added to each well. After 2.5 h of incubation, the
plates were washed and the immunoreactivity was
determined using the horseradish peroxidise (HRP)-strep-
tavidin—tetramethylbenzidine (TMB) detection system. The
reactions were stopped by addition of 50 pl 2 M sulphuric
acid and absorbance at 450 nm was determined using a
96-well plate reader (Spectra Rainbow spectrophotometer,
X-Read Plus version 4.3). Ghrelin concentration in the
samples was determined by comparing their absorbance to
the standard curve. All standards and samples were
analysed in triplicate.

Western Blotting

Cultured cell lysates (30 pg) were denatured at 95°C for
10 min in 2x sample buffer [250 mM Tris—Cl (pH 6.8),
2% sodium dodecyl sulfate, 10% glycerol, 20 mM
dithiothreitol and 0.01% bromophenol blue]. Proteins
were separated by 10% SDS-PAGE and electro-
transferred onto nitrocellulose membranes (Schleicher
and Schuell, Dassel, Germany). The membranes were
blocked for 1 h with 2.5% skim milk powder—Tris
buffered saline—Tween 20 (2.5% SMP-TBS-T) prior to
incubation with a polyclonal goat anti-human GHSRIla
primary antibody (1:1,000 in 2.5% SMP-TBS-T; Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA)
overnight at 4°C. Membranes were washed 3x10 min
in TBS-T and incubated for 1 h at room temperature with
donkey anti-goat HRP secondary antibody (1:2,000 in
2.5% SMP-TBS-T; Jackson ImmunoResearch, West
Grove, PA, USA) followed by detection with enhanced
chemiluminescence (Pierce) according to the manufac-
turer’s instructions. After Western blotting for GHSR1a,
membranes were stripped and re-probed with the
[-tubulin internal control antibody (1:500 in 2.5%
SMP-TBS-T; Abcam) to ensure equal protein loading
and allow semi-quantitative densitometry analysis on
scanned films using ImageJ software [26].
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Cell Proliferation Assay

Cells were seeded in 96-well plates at a density of 2x 10* cells
per well and cultured in presence or absence of human
n-octonylated (acylated) ghrelin (ProSpec—Tany Techno-
Gene Ltd., Rehovot, Israel) over a range of concentrations
between 0.1 and 1,000 nM. Medium was replaced every
24 h for both treated and untreated cells. After 24, 48 or
72 h, cells were incubated with CellTiter 96® AQcous One
Solution Reagent (Promega, Madison, WI, USA), which
contains tetrazolium compound [3-(4,5-dimethylthiazol2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
inner salt] (MTS), according to the manufacturer’s instruc-
tions. Cell proliferation was quantified by measuring
absorbance at 490 nm (Spectra Rainbow spectrophotom-
eter, X-Read Plus version 4.3) and expressed as percent-
age relative to untreated control. Each experiment
provided six replicates and the experiments were repeat-
ed four times.

Flow Cytometry

Cells were seeded in six-well plates at a density at 5x10°
cells per well. Cells were cultured in doxorubicin, a potent
inducer of apoptosis in cancer cell lines [27-29]. In order
to determine the effect of ghrelin treatment on cancer cell
apoptosis, cells were cultured in 10 nM doxorubicin alone
or in the presence of human n-octonylated (acylated)
ghrelin (0.1, 1 and 10 nM) or without ghrelin (control) for
72 h. Medium was replaced every 24 h for both treated
and untreated cells. The cell apoptosis assay was carried
out using the ApoTarget Annexin-V FITC Apoptosis Kit
(Invitrogen) according to manufacturer’s instructions.
Briefly, the cells were double stained with Annexin
V-FITC and propidium iodide (PI) and then analysed on
a flow cytometry (BD LSR II Analyser). Three popula-
tions of cells were distinguishable by the flow cytometry:
(1) non-apoptotic cells, which were Annexin-V negative
and PI negative; (2) early apoptotic cells (Annexin-V
positive and PI negative); and (3) late apoptotic/necrotic
cells (Annexin-V positive and PI positive). Cell apoptosis
was expressed as percentage relative to untreated control.
All experiments were performed three times with triplicate
cultures.

Statistical Analyses

Data are expressed as mean=standard error of mean (SEM).
Statistical significance was determined using one-way
analysis of variance with Tukey’s post hoc analysis, with
a P value <0.05 considered to be statistically significant.
Analyses were conducted by GraphPad Prism software
(Prism 5; GraphPad Software, La Jolla, CA, USA).
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Fig. 1 Relative expression
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Results

Expression of the Ghrelin Axis in Normal and Tumour
Endometrial Tissue

We examined the expression of ghrelin and its functional
receptor, GHSRIa, in a range of clinical endometrial
samples. Quantitative real-time RT-PCR of tissue from
normal endometrium (eight samples) and various stages of
endometrial cancer (40 samples) demonstrated that ghrelin
is expressed in normal endometrium and highly expressed
in a range of endometrial cancers, although no correlation
could be discerned between cancer stage and gene
expression (Fig. 1). In contrast, the known ghrelin
receptor, GHSR1a, was expressed at a low level in most
of samples with high expression in a small number of the
normal and cancer endometrial specimens tested (data not
shown).

Ghrelin and GHSR Expression in Cultured Endometrial
Cancer Cells

Having confirmed that ghrelin mRNA is expressed in
normal endometrium and in endometrial cancer, we
examined the expression of the ghrelin axis in an in vitro
cell culture system. RT-PCR analysis demonstrated the
expression of ghrelin, GHSRIa and GHSR1b mRNA in the
three endometrial cancer cell lines examined (Fig. 2).
Next, we examined the expression of the ghrelin axis in
three endometrial cancer cell lines by quantitative real-time
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RT-PCR and Western blot analyses. Ghrelin, GHSR/a and
GHSRIb mRNA expression was the highest in the poorly
differentiated KLE cell line (Fig. 3). Ghrelin mRNA
expression in the KLE cell line was significantly higher than
in the moderately differentiated HECIB cell line (P<0.05;
Fig. 3a). KLE cells displayed a 2.6-fold increase in ghrelin
mRNA compared to the well-differentiated Ishikawa endo-
metrial cancer cell line, but this was not statistically
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Fig. 2 Representative ethidium bromide stained agarose gels showing
RT-PCR products of the expected length for a ghrelin, b GHSRIa and
¢ GHSR1b mRNA, which are expressed in the Ishikawa, HEC1B and
KLE endometrial cancer cell lines, in normal endometrial tissue and in
endometrial cancer tissue. M marker (GeneRuler™ 50 bp DNA
ladder; Fermentas). Positive controls were performed using human
stomach cDNA for ghrelin and GHSR/a and MDA-MB-231 breast
cancer cell line for GHSRIb. Negative controls were performed by
omitting cDNA (no template) in the PCR mixture
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Fig. 3 Quantitative RT-PCR analysis of mRNA expression for
ghrelin, GHSRIa and GHSR1b in Ishikawa, HEC1B and KLE human
endometrial cancer cell lines. The fold change in a ghrelin, b GHSRIa
and ¢ GHSR1b mRNA expression after normalization with the internal
control, 18S rRNA, and relative to the calibrator Ishikawa cell line.
Data represent the mean+SEM (n=3, **P<0.01, *P<0.05)

significant (Fig. 3a). Moreover, mRNA expression of both
receptor isoforms was strongly correlated with the differen-
tiation status of the cell lines. KLE cells expressed 4-fold (P<
0.01) higher GHSRIa mRNA levels, compared to the
Ishikawa cell line, and 2.5-fold (P<0.05) higher than the
HECI1B cell line (Fig. 3b). A similar pattern was observed for
GHSRI1b gene expression. KLE cells expressed 3.6-fold (P<
0.01) higher GHSR1b mRNA than the Ishikawa cell line and

2.4-fold (P<0.05) higher than the HEC1B cell line (Fig. 3c).

Western blot analyses of protein extracts from the
endometrial cancer cell lines revealed GHSR1a expression
at approximately 44 kDa (Fig. 4a, b). As shown in Fig. 4c,
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Fig. 4 Western blot analysis showing GHSR1a protein expression in
endometrial cancer cell lysates. a A 44-kDa immuno-reactive band,
the expected size of the GHSR1a, is observed in all of the cell lines.
MDA-MB-435 breast cancer cell lysate was used as positive control. b
Total protein loading was assessed by blotting with [-tubulin
antibody. ¢ Densitometry, corrected for protein loading, was used to
compare the level of expression compared to GHSR1a expression in
the Ishikawa cell line (n=3, *P<0.05). Data represent the mean+SEM

GHSR1a protein expression (compared to the internal
control) was found to be significantly associated with the
differentiation status of the cell lines. The poorly differen-
tiated KLE endometrial cancer cell line showed 2.8-fold
higher GHSR1a expression compared to the well-
differentiated Ishikawa cell line (P<0.05) and 2.5-fold higher
levels than moderately differentiated HEC1B endometrial
cancer cell line (P<0.05). Next, ghrelin content of endome-
trial cancer cell lysates were measured by enzyme immuno-
assay (EIA). Mean ghrelin levels were the highest in KLE
endometrial cancer cell lines (386.34+35.3 ng/ml) compared
with Ishikawa (222.74+22.3 ng/ml; P<0.05) and HEC1B cell
lines (185.1+37.4 ng/ml; P<0.05) as shown in Fig. 5.

Stimulation of Endometrial Cancer Cell Proliferation
by Ghrelin

The Ishikawa, HEC1B and KLE endometrial cancer cell
lines were cultured in vitro and exposed to various
concentrations of acylated ghrelin (0.1-1,000 nM) for 24,
48 and 72 h, and the effect of ghrelin treatment on cell
proliferation was examined using an MTS assay. Ghrelin
promoted cell proliferation in a dose- and time-dependent
manner. Incubation with a range of ghrelin concentrations
did not significantly affect cell proliferation at the 24- or
48-h time point (data not shown). A significant increase in
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Fig. 5 Ghrelin expression in endometrial cancer cell line lysates was
quantified by EIA. The absorbance from cell lysates was compared the
absorbance of the samples to the standard curve. Data represent the
mean+SEM (n=3, *P<0.05). The fold difference in ghrelin concen-
tration compared to the Ishikawa cell line was also determined

cell proliferation of 19-30% above control was observed
after 72 h of treatment (Fig. 6) even at 1 nM concentrations of
ghrelin treatment for Ishikawa and KLE cells (Fig. 6a, c).
The peak stimulatory effect was at 100 nM ghrelin, which
significantly increased cell proliferation by 25% in Ishikawa
cells (P<0.01; Fig. 6a) by 28% in HECIB cells (P<0.01;
Fig. 6b) and by 30% in the KLE endometrial cancer cell line
(P<0.01; Fig. 6¢) compared to the untreated controls.

Ghrelin Protects Endometrial Cancer Cells
from Doxorubicin-Induced Cell Death

To further investigate the stimulatory effect of ghrelin on
endometrial cancer cell growth, we examined apoptosis in
the cell lines after ghrelin treatment by flow cytometry.
Doxorubicin (10 nM) significantly induced early apoptosis
in the Ishikawa and HECI1B cell lines (P<0.05; data not
shown) and late apoptosis/necrosis in all the cell lines,
compared to the no-treatment controls (P<0.05; Fig. 7b—d).
Ghrelin treatment at various concentrations did not prevent
early apoptosis, while 10 nM ghrelin significantly sup-
pressed doxorubicin-induced late apoptosis/necrosis from
198.3+£14.4% to 156.0+5.9% of control in Ishikawa cell
line (P<0.05; Fig. 7b). A similar pattern was observed in
HECIB and KLE cell lines. The addition of 0.1 and 1 nM
ghrelin protected HEC1B cells against doxorubicin-induced
late apoptosis/necrosis. The anti-apoptotic effect was
maximal at 0.1 nM and decreased apoptosis from 149.1+
7.4% to 113.4£5.0% of control (P<0.05; Fig. 7c). Simi-
larly, 0.1-10 nM ghrelin protected KLE cells against late
apoptosis/necrosis induced by doxorubicin and was most
effective at 10 nM ghrelin, which decreased apoptosis from
212.7+28.7% to 93+£13.8% of control (P<0.01; Fig. 7d).
These results show that ghrelin treatment had a dose-
dependent, anti-apoptotic effect on the human endometrial
cancer cell lines treated with doxorubicin.

Discussion

There is emerging evidence which suggests that ghrelin is
an autocrine/paracrine growth factor in some cancers.
Ghrelin expression has been detected in a number of
different cancers, including breast [20], testicular [21],
prostate [22] and colorectal cancers [30]. Human endome-
trium is an unusual adult tissue as it undergoes extensive
remodelling throughout the reproductive cycle. Both ghrelin
and GHSR mRNA and protein are expressed in the
proliferative, secretory and menstrual phases of the human
endometrium [12]. Maximal levels are expressed during the
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Fig. 6 Effect of exogenous ghrelin on a Ishikawa, b HECIB and ¢
KLE human endometrial cancer cell proliferation, measured using the
MTS proliferation assay. Cells were incubated with ghrelin treatment
(0-1,000 nM) for 72 h. Absorbance readings for each treatment were
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Fig. 7 Anti-apoptotic effect of ghrelin on a—b Ishikawa, ¢ HEC1B and
d KLE endometrial cancer cells. Cells were incubated with 10 nM
doxorubicin alone or in presence of ghrelin treatment (0.1-10 nM) for
72 h. a The dot plots show Ishikawa cell line incubated with no
treatment, apoptosis inducer or 10 nM ghrelin treatment. Three
populations of cells were distinguishable by the flow cytometry. Q1
non-apoptotic cells: Annexin-V negative and PI negative; Q2 early

secretory phase, where the endometrium is receptive to
implantation [12]. This suggests that ghrelin regulates
endometrial growth and differentiation, and that various
pathophysiological conditions may result from an imbalance
of ghrelin peptide hormone levels. Therefore, in the present
study we examined the expression and function of the
ghrelin axis in endometrial cancer.

Our data show that ghrelin mRNA is expressed in
normal endometrial tissues and highly expressed in a range
of endometrial cancer tissues, although this does not appear
to correlate with the clinical stage of the samples examined.
A recent immunoassay-based study showed that ghrelin is
expressed in proliferative endometrium, while very low
levels were found in stage 2 endometrial adenocarcinoma
tissues [31]. Interestingly, from all the cell lines examined
in our study, this is consistent with the lowest ghrelin
mRNA and protein levels observed in the HEC1B cell line,
which is derived from grade 2 human endometrial
adenocarcinoma [32]. Further studies are warranted to
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apoptotic cells: Annexin-V positive and PI negative; O3 late apoptotic/
necrotic cells: Annexin-V positive and PI positive. The bar graphs
show the percentage changes of b—d late apoptotic/necrotic cells of
controls. Data are derived from three experiments with triplicates per
condition and represented as the mean+=SEM (¥**P<0.001; **P<0.01;
*P<0.05)

determine if the up-regulation of ghrelin expression is
restricted to a specific subset of endometrial tumours.
However, we found that the mRNA expression levels of
GHSR1a and GHSRI1b correlate with the differentiation
status of the endometrial cell lines studied, with higher
levels expressed in the less-differentiated cell lines. Further
studies are needed to investigate if the ghrelin axis plays a
role in the regulation of cell differentiation in endometrial
cancer.

To investigate the function of ghrelin in endometrial
cancer, we examined the effect of ghrelin treatment on cell
proliferation in vitro and demonstrated that ghrelin
increases proliferation in endometrial cancer cell lines,
regardless of their differentiation status. This suggests that
ghrelin plays an autocrine role in endometrial cancer. These
data are consistent with the previous studies showing that
exogenous ghrelin stimulates proliferation in breast [20],
prostate [23], pancreatic [33], adrenal cortical [34] and liver
cancer cell lines [35] as well as a number of normal cell
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lines [36-38]. We also found that the proliferative effect of
ghrelin may be dose dependent, with a peak effect
occurring at 100 nM. Moreover, 1,000 nM ghrelin inhibited
proliferation, suggestive of cytotoxic effects or receptor
desensitisation. This observation is consistent with previous
studies in other cancer cell lines where ghrelin-induced cell
proliferation was inhibited at high concentrations of the
peptide [20, 23, 33].

The coordination and balance between cell proliferation
and apoptosis is crucial for normal development. Cancer
results when clones of mutated cells survive and proliferate
inappropriately, disrupting this balance [39]. We have
demonstrated that ghrelin protects against doxorubicin-
induced apoptosis in the endometrial cell lines examined.
Other studies have demonstrated that ghrelin treatment
stimulates the anti-apoptotic pathways in human adrenocor-
tical tumour cells [34] and an oesophageal adenocarcinoma
cell line [40]. Ghrelin is anti-apoptotic in human islet cells
[41] and endothelial cells [42] and also in a range of rodent
cell types including cardiomyocytes [43], pancreatic beta
cells [41, 44-46], adipocytes [47], neuronal cells [48, 49]
and osteoblastic cells [37].

While the cause of endometrial cancer is unknown, it is
well known that changes in hormone balance in women at
menopause increase the risk of endometrial cancer. A recent
study demonstrated that serum ghrelin levels are markedly
higher in the women at peri-menopause compared to both
pre-menopausal and post-menopausal stages [50]. Interest-
ingly, increased plasma acylated ghrelin levels have been
reported in women with uterine leiomyoma [51]. As we
have demonstrated that ghrelin increases proliferation and
inhibits apoptosis in endometrial cancer cell lines, we
suggest that increased circulating ghrelin in women
undergoing menopause may be an important factor in the
development, maintenance and progression of human
endometrial cancer. Clinical studies determining serum
ghrelin levels are, therefore, required to evaluate its
potential role as a diagnostic and/or prognostic marker for
endometrial cancer.

To date, two growth hormone secretagogue receptors
(generated by alternative splicing) have been cloned in
humans: the full-length type GHSRI1a and the truncated
GHSR1b receptor [52]. The GHSR1a is a seven transmem-
brane domain, G protein-coupled receptor with high-
affinity ghrelin binding and signal transduction capacity.
In contrast, GHSR1b has only five transmembrane domains
and does not bind any growth hormone secretagogues [16].
Our data show that ghrelin is expressed in endometrial
cancer tissue and cell lines. GHSR1a is expressed by the
three endometrial cancer cell lines examined, but only
expressed at high levels in a small number of normal
endometrial and endometrial cancer specimens. The limited
expression of GHSR1a in clinical samples suggests that the

co-expression of ghrelin and GHSR1a may only contribute
to the promotion of tumour growth in particular cancer
subtypes. Ghrelin could promote endometrial cancer pro-
gression by alternative, not yet identified receptor(s).
Indeed, there is strong evidence that orphan receptor(s)
can bind un-acylated (des-ghrelin), (acylated) ghrelin or
both forms of ghrelin [43, 53-59].

We also demonstrated that GHSR1b mRNA is expressed
by the three endometrial cancer cell lines examined and
expression levels were higher in the less-differentiated cell
lines. GHSR1Db is not activated by ghrelin, but paradoxi-
cally, is expressed in many tumours, including breast,
prostate, adrenal and lung cancers, where it is often
expressed at higher levels than the GHSR1a isoform [18,
20, 22, 24, 60]. As GHSRI1b does not bind ghrelin, its
primary role may be as a modulator of other G protein-
coupled receptors (GPCRs) by increasing internalisation of
GHSR1a [61-63] and by forming novel GPCR combina-
tions by heterodimerisation [24]. Deducing the receptor(s)
and signalling pathways for ghrelin as well as the role of
GHSRI1b in endometrial cancer are most important future
studies.

In conclusion, this study has described the expression of
the ghrelin axis in endometrial cancer tissues and cell lines,
and provides functional evidence that ghrelin promotes
proliferation and inhibits apoptosis in endometrial cancer
cell lines. Ghrelin is expressed in endometrial cancer and
may, therefore, play a role in several processes related to
endometrial cancer progression. This suggests that antago-
nists of this peptide may have therapeutic value in the
treatment of endometrial cancer.
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