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Introduction

Ghrelin represents an endogenous hormone, isolated
from the rat stomach by Kojima et al. (1999) [1]. Ghrelin
is a polypeptide of 28 amino acids, with serine in posi-
tion 3, and molecular weight of 3,314. To evoke its bio-
logical effect, ghrelin must be acylated at the serine 3
position with an octanoyl group. The human ghrelin gene
is located on chromosome 3 (3p25-26) and diverges from
the rat gene by two amino acids [2-5]. Expression of the
ghrelin gene and presence of its peptide has also been
detected in the hypophysis, hypothalamus, hippocampus,
cerebellum, liver, spleen, thymus, adrenal gland, prostate,
myocardium, adipose tissue, testes, placenta, kidneys and
in other organs [1, 2, 6-8]. A significant difference was
noted in serum ghrelin concentrations between males and
females [2].

Ghrelin represents an endogenous ligand of growth
hormone (GHS) receptor, which was detected in the
hypophysis and hypothalamus and cloned in 1996 [7].
Two subtypes of the receptor, GHS-R-1a and 1b were
identified. GHS-R-1a is a polypeptide of 366 amino
acids, containing seven transmembrane domains and
manifesting biological activity. The 1b subtype of the
polypeptide also contains 289 amino acids, includes five
transmembrane domains but exhibits no biological activ-
ity [9, 10].

The almost universal expression of ghrelin receptor
indicates that the peptide should exhibit a multiorgan and

multidirectional effect on cells, tissues and organs. Such
conclusion stems from the presence of GHS-R in the
hypophysis, hypothalamus, adrenal glands, ovaries,
testes, blood vessels, heart, lungs, liver, pancreas, skele-
tal muscles, kidneys, thyroid gland, adipose tissue,
uterus, skin, and lymph nodes [11-13]. The main role of
ghrelin involves GHS-R-1a-mediated stimulation of
secretion of growth hormone and other hormones, includ-
ing adrenocorticotropic hormone (ACTH) and prolactin
[14, 15]. Ghrelin also provides an important control agent
of energy homeostasis in the body [3, 4, 5, 8, 16, 17].
Moreover the peptide plays an important role in control
of neoplastic cell proliferation, in particular in such
hormone-dependent tumours as the prostate, mammary
gland, ovarian, endometrial tumours but also in neoplas-
tic lesions of the thyroid gland, intestines and pancreas
[18-24]. 

The preproghrelin gene codes also for obestatin, the
peptide of 23 amino acids [25, 26]. The biological activ-
ity of obestatin depends on amidation of its carboxyl ter-
minus. Originally, obestatin was thought to represent a
ligand of the GPR39 orphan receptor, belonging to the
family of ghrelin receptors [25] but recent studies failed
to confirm this [27-30]. At first, obestatin was suggested
to evoke effects reciprocal to those exerted by ghrelin
[25, 31]. However, recent studies did not corroborate the
role of obestatin in control of food uptake and body
weight, energy expenditure or secretion of growth hor-
mones [32]. The role of obestatin in the control of metab-
olism remains to be a matter of dispute. 

Ovary expression of both ghrelin and GHS-R-1a has
been described in normal human ovaries as well as in dif-
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ferent human metaplastic and neoplastic lesions [33, 34].
Manifestation of the receptor may suggest involvement of
ghrelin in the development of various ovarian tumours.
The available references contain no mention of ghrelin
and obestatin levels in women with ovarian tumours.
Therefore, peripheral blood levels of active ghrelin, total
ghrelin and obestatin were estimated in patients with
benign ovarian tumours or with ovarian cancer. 

Materials and Methods

The Ethics Committee of Poznan University of Medical Sci-
ences approved the study protocol. Before the study, every par-
ticipant signed an informed consent form.

The study included 32 women in the control group and 53
patients who underwent surgery at the Department of Oncology,
Medical University of Poznan due to a benign ovarian tumour
or ovarian cancer. The general characteristics of the women are
listed in Table 1. The control group was comprised of 32
women, 24 to 65 years of age (mean: 42.2 years). The study
group was divided into two subgroups: 22 patients subjected to
surgery due to benign ovarian tumours, aged 22 to 66 years
(mean 44.4 years) who were subjected to extirpation of the
tumour or to uni- or bilateral salpingo-oophorectomy or to hys-
terectomy plus salpingo-oophorectomy, depending on size,
location and type of the tumour and on patient age. In these
patients, postoperative histopathology disclosed an endometrial
ovarian cyst in seven cases, adult cystic teratoma in four cases,
serous ovarian cystadenoma in six cases, inflammatory cysts
(salpingitis and purulent oophoritis) in two cases, ovarian ade-
nofibroma, ovarian fibrothecoma, and ovarian serous cystitis in
a single case each. The other subgroup included 31 patients sub-
jected to surgery due to ovarian cancer, aged 31 to 78 years
(mean 55.4 years). Depending on stage of the neoplastic
process the surgery involved hysterectomy plus salpingo-
oophorectomy, omentectomy with/without lymphadenectomy
and with/without subsequent chemotherapy. In these patients,
postoperative histopathology disclosed mucinous ovarian carci-
noma in seven cases, serous ovarian adenocarcinoma in nine
cases, planoepithelial, partially keratinizing carcinoma in two
cases, borderline papillary serous cystadenoma in five cases,
endometrioid cystadenocarcinoma in five cases, a poorly differ-
entiated ovarian carcinoma and a partially serous, partially
clear-cell adenocarcinoma in a single case each.

Fasting blood was taken in all women from the cubital vein,
mixed with EDTA, centrifuged and the plasma was frozen at -
80°C. Active ghrelin and total ghrelin levels were estimated
using commercial immunoenzymatic tests (Linco Research,
Inc., St. Charles, MO, USA, EZGRA-88K and EZGRT-89K,
respectively). Parameters of the test for total ghrelin were as
follows: specificity for active ghrelin: 80%, for des-octanoyl
human ghrelin: 100%, sensitivity: 5 pg/ml, intra-assay repro-
ducibility of the test: CV 0.9- 1.9%, inter-assay reproducibility
of the test: CV 5.2-7.8%. Parameters of the test for active
ghrelin were: specificity for active ghrelin: 100%, for des-
octanoyl human ghrelin: 0%, sensitivity: 8 pg/ ml, intra-assay
reproducibility: CV 0.9-3.6%, inter-assay reproducibility:
CV3.6-13.0%.

Determination of obestatin levels in the above samples took
advantage of the tests made by Peninsula Laboratories (Penin-
sula Laboratories, San Carlos, CA; S-1284.0001) manifesting
the following parameters: sensitivity: 1.3 ng/ml, specificity for
human obestatin: 100%. Individual stages of the estimation
were conducted as recommended by the manufacturer.

Absorbance was measured using a photometer with microplate
reading attachment (Multiscan, Labsystem) at the wavelengths
of 450 nm and 620 nm.

Data are expressed as the mean ± SEM and the statistical
comparison was done by the unpaired Student’s t-test.

Results

As indicated in Table 1, body weight of patients with benign
ovarian tumours did not differ from body weight of women in
the control group. Patients with ovarian cancer clearly mani-
fested much higher body mass index (BMI) values and a higher
body fat percentage. Both patients with benign ovarian tumours
and those with ovarian cancer had higher concentrations of
active ghrelin and obestatin in the peripheral blood than those
in the control group (Figure 1). In the respective groups of
patients concentration of active ghrelin amounted to 90 ± 4, 84
± 4 and 56 ± 9 pg/ml and concentration of obestatin was 660 ±
36, 630 ± 30 and 538 ± 31 ng/ml (x ± SE). In contrast, the total
ghrelin concentration in blood was similar in the three groups
of patients. Due to such alterations, the ratio of active ghrelin to
total ghrelin in peripheral blood was increased in patients with
benign ovarian tumours or with ovarian cancer (0.79 ± 0.02 and
0.93 ± 0.05, respectively, vs 0.58 ± 0.02 in the control group)
while concentration ratios of active ghrelin to obestatin and
total ghrelin to obestatin did not differ from those in the control
group (Figure 2).

Discussion

The human ghrelin gene can generate multiple active
molecules by alternative splicing and/or post-transla-
tional modifications [4, 35, 36]. These molecules are
classified into three groups: ghrelin and analogs, C-
ghrelin and obestatin. The major active product of the
ghrelin gene is a 28 amino acid peptide acylated at the
serine 3 position with an octanoyl group while the non-
modified des-n-octanoyl form of ghrelin, designated as
des-acyl ghrelin, is probably an inactive form [4, 37, 38].
Numerous molecular forms of ghrelin are present in
plasma and the concentration of the unacylated form of
ghrelin is higher than that of active ghrelin. Of interest is
that in humans, plasma RIA-immunoreactive obestatin
accounted for 5.21% of the ghrelin concentration, which
indicates that in peripheral blood the ghrelin concentra-
tion is around 20-fold higher than that of obestatin [39]. 

Table 1. — Basic clinical data of the studied women with
benign ovarian neoplasms, ovarian cancer, and the control
group.

Group Age Body wieght Height BMI BF%
(years) (kg) (cm)

Control
(n = 32) 42 ± 2 62 ± 2 163 ± 1 23.37 ± 0.66 32.16 ± 1.19

Benign 
ovarian 
neoplasms 
(n = 22) 45 ± 3 63 ± 2 162 ± 1 24.18 ± 0.94 33.91 ± 1.55

Ovarian 
cancer 
(n = 31) 57 ± 2** 70 ± 2* 161 ± 1 27.11 ± 0.77* 40.36 ± 1.18**

BMI - body mass index [kg/m2], BF% - body fat percentage. The results are means ± SE.
Number of studied persons is shown in brackets. Statistical significance of differences
in relation to the control group was evaluated using the unpaired Student’s t-test: * p <
0.05; ** p < 0.001.

13-1583-28 - Elevated blood plasma:1583/28 - Elevated blood plasma  07/09/09  08:31  Pagina 519
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The applied kits of Linco in the study permitted the
determination of blood concentrations of total human
ghrelin (both intact and des-octanoyl forms) and of active
ghrelin (specific for the biologically active form of ghrelin
with the octanoyl group). Both in patients with benign
ovarian neoplasms and those with ovarian cancer blood
concentrations of active ghrelin and obestatin were higher
than those in the control group while concentrations of
total ghrelin remained unchanged. Thus, both benign
ovarian neoplasms and ovarian cancers were accompanied
by elevated levels of active ghrelin and obestatin. It is dif-
ficult to speculate which factors are responsible for such
alterations. It has been recognised that two-thirds of cir-
culating ghrelin is secreted by oxyntic mucosa of the
stomach while the remaining part is secreted by the small
intestine [7] and in this situation the potential for secretion
of active ghrelin and obestatin by neoplastically altered
ovaries can hardly be taken into account. In view of the
unchanged concentrations of total ghrelin it seems more
probable that a mechanism other than increased secretion
must be responsible for the increase in active ghrelin and
obestatin levels in patients with ovarian neoplasms [40].
In women with benign ovarian tumours and those with
ovarian cancer such changes led to elevated ratios of
active to total ghrelin in the peripheral blood while ratios
of active ghrelin to obestatin and total ghrelin to obestatin
remain unchanged. Elevated ghrelin levels in serum have
also been reported in patients with cachexia of various
origins, i.e., in cachexia associated with chronic heart
failure, in cancer cachexia, in chronic liver disease and in
uterine myomata [40-46]. This means that elevated active
ghrelin levels in the serum are specific neither for
cachexia nor for ovarian neoplasms.

Only a few reports have dealt with obestatin levels in
human blood [39, 47-49]. Obestatin levels are signifi-
cantly lower in obese than in normal weight and anorec-
tic women and in obese and anorectic patients increased
total ghrelin to obestatin ratio has been observed [47, 50].
In contrast to obesity our study demonstrated augmented
blood obestatin levels in cases of benign ovarian neo-
plasms and ovarian cancers. Similarly to the case of
ghrelin, the effect seems non-specific for the studied type
of the ovarian disease.

Using the QPCR technique, expression of the ghrelin
gene and its receptor gene, GHS-R-1b, but not GHS-R-
1a, can be noted in a normal human ovary [51, 52]. Nev-
ertheless, recent studies have shown that both 1a and 1b
isoforms of the GHS-R are expressed in human granu-
losa-lutein cells and in vitro, acting through GHS-R-1a,
ghrelin inhibits their steroidogenesis [53]. In contrast to
the data originating from PCR studies, immunocyto-
chemical studies of normal human ovaries and different
metaplastic and neoplastic lesions of the human ovary
have documented the expression of both ghrelin and
GHS-R-1a in various structural elements of the ovary
[24, 33, 34]. However, the role of ghrelin in the control
of ovarian function remains to be fully clarified. GHS-R-
1a expression detected in the ovary by immunohisto-
chemistry has not been confirmed by PCR techniques.
Employing immunohistochemistry, expression of GHS-
R-1a has been detected, i.e., in the surface of ovarian
epithelium but malignant tumours which derive from this
source have shown weak or no GHS-R-1a immunoreac-
tivity. These observations fail to support a potential role
of ghrelin in promotion or development of benign
tumours or cancers of the ovary. 

Figure 1. — Blood plasma concentrations of active [pg/ml] and total [pg/ml] ghrelin and obestatin [pg/ml] in women with benign
ovarian neoplasms (n = 22), ovarian cancer (n = 31) and in controls (n = 32). Bars represent means ± SE. Statistical significance of
differences in relation to the control group was evaluated using the unpaired Student’s t-test: * p < 0.05; ** p < 0.01. 

Figure 2. — Ratios of circulating active ghrelin [pg/ml]/total ghrelin [pg/ml], active ghrelin [pg/ml]/obestatin [µg/ml], and total
ghrelin [pg/ml]/obestatin [µg/ml] in women with benign ovarian neoplasms (n = 22), ovarian cancer (n = 31) and in controls (n =
32). Bars are means ± SE. Statistical significance of differences in relation to the control group was evaluated using the unpaired
Student’s t-test: ** p < 0.01; *** p < 0.001.

Fig. 1 Fig. 2
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Summing up, the present experiments have docu-
mented elevated concentrations of active ghrelin and
obestatin in the blood of patients with benign ovarian
neoplasms or ovarian cancer while levels of total ghrelin
resembled that of the control group. Such changes in the
peripheral blood of patients with benign ovarian tumours
or ovarian cancer have resulted in an elevated ratio of
active ghrelin to total ghrelin concentrations. Due to the
lack of convincing proof for the presence of a functional
GHS-R-1a ghrelin receptor in the human ovary, the
observed elevated levels of active ghrelin and obestatin
do not seem to be directly linked to the development of
ovarian tumours.
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