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Abstract:

Background: The risk of different cancers seems to be associated with obesity. Moreover, low ghrelin levels observed in obese peo-

ple may be implicated in cancer development and progression. The aim of this study was to examine the direct effects of both forms

of ghrelin (acylated and unacylated) and ghrelin receptor type 1a antagonist (D-Lys-GHRP-6) on the growth of murine colon cancer

MC38 and human prostate cancer DU145 cell lines in vitro.

Methods: The cells were cultured for 72 h in the presence of rat or human acylated ghrelin (rG, hG), human unacylated ghrelin (hUAG),

D-Lys-GHRP-6 (GHS-RA) applied either alone or jointly. The cell line growth was assessed by the colorimetric Mosmann method.

Results: hUAG (10�6, 10�7 and 10�10 M) inhibited MC38 cancer cell growth and, at some concentrations (10�8, 10�9, 10�10 M), en-

hanced the antineoplastic effect of GHS-RA (10�4M). In turn, GHS-RA evoked a biphasic effect on MC38 cancer growth: inhibitory

at 10�4 M and stimulatory at 10�5 and 10�6 M. Moreover, GHS-RA at the highest examined concentration (10�4 M) enhanced the cy-

tostatic effect of FU. Human acylated and unacylated ghrelin and GHS-RA inhibited DU145 cancer growth with moderate and dif-

ferent potencies. A dose-response effect was observed for the inhibitory action of hG together with the synergistic effect of hUAG

and GHS-RA.

Conclusion: The obtained results indicate an involvement of the ghrelin axis in the growth regulation of colon and prostate cancers

and may suggest new therapeutic options for these neoplasms.
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Abbreviations: DU146 – androgen-independent prostate cancer

cell line, FU – fluorouracil, G – acylated or octanoylated ghre-

lin, GH – growth hormone, GHRH – growth hormone releasing

hormone, GHS-R – growth hormone secretagogue receptor,

GHS-RA – ghrelin receptor type 1a antagonist (D-Lys-GHRP-6),

hG – human acylated ghrelin, hUAG – human unacylated

ghrelin, IGF-I – insulin like growth factor-I, MC38 – murine

colon 38 cells, PCa – prostate cancer, rG – rat acylated ghrelin,

UAG – unacylated or desoctanoylated or desacyl ghrelin

Introduction

Increased risk of the development of several cancers

including colon and prostate cancers, and the risk

of cancer-related mortality, seem to be connected

with obesity [16]. This unfavorable relationship is ob-

served in patients from the United States [4] and
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Europe [34]. It has been suggested that some hormonal

abnormalities present in obese people (e.g., low ghrelin

or high leptin levels) may be responsible for a predis-

position towards cancer development and growth.

Moreover, the unsatisfactory effectiveness of currently

available standard therapies for colon and androgen-

independent prostate cancers results in continuous

searching for new and more potent therapeutic options.

The incidence of colorectal cancer has demon-

strated an upward trend in many industrialized coun-

tries for more than 30 years [43]. Moreover, colon

cancer is usually diagnosed at advanced stages, when

it is usually fatal. For several years, fluorouracil (FU)

remains the drug of choice and the only chemothera-

peutic agent available for the treatment of advanced

stages of colorectal cancer [35]. During the last dec-

ade, several new drugs have been applied for the

treatment of metastatic colon cancer, among them two

monoclonal antibodies targeting VEGF and EGF re-

ceptors approved by FDA in 2004 [19, 36].

Prostate cancer (PCa) is currently the most com-

monly diagnosed malignancy, and the second cause of

cancer-related deaths in men from western industrial-

ized countries [30, 42]. While localized prostate can-

cer is usually curable by either radical prostatectomy

or radiotherapy, 20% of PCa patients with organ-

confined disease fail local therapy and develop incur-

able metastatic disease. Moreover, a further 15% of

PCa patients present with metastatic disease at time of

diagnosis [7]. Due to the androgen-dependent nature

of PCa, androgen deprivation therapy remains the

only systemic treatment option in advanced disease.

Although the majority of cases respond to androgen

ablation, the progression to androgen independence

eventually occurs in almost all PCa patients [30].

Moreover, the cases not cured by surgery become

androgen-independent, rendering anti-androgen ther-

apy ineffective and finally becoming untreatable with

current therapies [13]. Thus, the experimental and

clinical studies on new drugs for androgen-independ-

ent prostate cancer are presently performed but have

different results [14, 15, 33].

Ghrelin is a novel gut-brain peptide first isolated in

1999 from the stomach as an endogenous ligand for

growth hormone secretagogue receptor (GHS-R) [22].

Besides its strong stimulatory effect on growth hor-

mone (GH) release, ghrelin modulates the secretion of

other pituitary hormones, influences appetite and

weight gain, modulates some functions of the gastro-

intestinal tract and changes the growth processes of

neoplastic tissues (see [24] for review). Ghrelin exists

in the circulation in two molecular forms: acylated or

octanoylated ghrelin (G) and unacylated or desoc-

tanoylated or desacyl ghrelin (UAG). The latter form

predominates in circulation and, although it seems to

be inactive in the regulation of GH secretion [2], it is

active in other processes regulated by ghrelin, such as

adipogenesis [40] and neoplastic growth influencing

proliferation and apoptosis [1, 5, 21, 44]. Since the

first publication reporting the antiproliferative effect

of ghrelin, researchers have focused on the role of the

ghrelin-GHS-R system in several neoplasms. It was

found that some cancers possess binding sites for ra-

diolabeled ghrelin mostly other than GHS-R1a [1, 5,

6]. Moreover, several studies have found ghrelins to

have both antiproliferative [1, 5, 6] and proliferogenic

effects [12, 21, 44] on various cancer cell lines. Re-

cently, some interesting associations between ghrelin

and neoplastic diseases have been reported, such as

the increased ghrelin levels in patients with cancer as

compared with gender-matched noncancer controls

[17], ghrelin resistance in the treatment of anorexia in

tumor-bearing mice [41] and the involvement of ghre-

lin/GHS-R axis in invasiveness and migration of

some cancer cells [11, 12].

It is supposed that the increased risk of gastrointesti-

nal malignancies, especially colorectal cancer, is asso-

ciated with obesity, and seems to be related to environ-

mental, rather than genetic, factors. The mechanism ac-

companying obesity includes hyperinsulinemia or

insulin resistance along with elevated leptin and de-

creased ghrelin serum levels [4]. This is especially in-

teresting, since ghrelin is a potent regulator of the

GH/IGF-I axis, which is frequently implicated in the

development of several neoplasms, including colon

cancer [3]. We hypothesized that the changed levels

of leptin and ghrelin, acting as two main regulators of

energy homeostasis, are also likely to play a role in

carcinogenesis. Thus, the aim of our study was to ex-

amine the direct effects of both forms of ghrelin (G

and UAG) and the ghrelin receptor type 1a antagonist

(D-Lys-GHRP-6; GHS-RA), applied alone or jointly,

on the growth of colon and prostate cancer cell lines.

Materials and Methods

Murine Colon 38 (MC38, established from transplant-

able murine Colon 38 tumor, which was chemically

induced in C57BL/6 female mice and classified as
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a grade III adenocarcinoma before being adopted to

growth in vitro) [8] and human prostate DU145 (es-

tablished from a tumor removed from the metastatic

brain lesion of a 69-year-old man with androgen-

independent prostate carcinoma) [38] cancer cells

were used in the study.

The cells were cultured as monolayers in culture

flasks (Nunc Eas Y flask 25 cm2, NUNC) in RPMI

1640 medium (Sigma), supplemented with: Hepes

buffer (Sigma) – 25 mM for MC38 and 10 mM for

DU145; 100 U/ml penicillin and 100 µg/ml strepto-

mycin solution (Sigma); sodium bicarbonate (Sigma)

– 2 g/l for MC38 and 1.5 g/l for DU 145; fetal calf

serum (Biochrom) – 5% for MC38 and 10% for

DU145; L-glutamine (Sigma) – 4 mM for MC38 and

6 mM for DU145; and further for DU145 with: 0.1 mM

Non-essential amino acid solution (Sigma) and 1 mM

sodium pyruvate (Sigma). The cells were maintained

in a humidified atmosphere of 95% air and 5% CO2 at

37°C and harvested weekly after 3-min incubation at

37°C in the presence of trypsin-EDTA at concentra-

tions of 0.05% (MC38) and 0.02% (DU145), in

Hanks-balanced salt solution (Sigma). Thereafter, the

cells were collected, rinsed three times in culture

medium, centrifuged and seeded at a density of 2 ×

105 (MC38) or 1 × 105 (DU145) cells/5 ml fresh

medium. After one of the subsequent trypsinization

procedures, MC38 cells were plated at a density of

2 × 104 cells/ well and DU 145 at density of 1 × 104

cells/well into 96-well microplates (96 Cell Culture

Cluster Dish, Nunclon MicroWell Plates, NUNC) in

complete culture medium and preincubated for 24 h

(5% CO2, 37°C, 95% humidity). Following this, the

cells were cultured for a further 72 h in the presence

of various concentrations of the test substances,

applied either alone or jointly as follows:

1) for MC38 cells:

– rat acylated ghrelin (rG, BACHEM) at final concen-

trations of 10�5 – 10�10 M;

– human acylated ghrelin (hG, BACHEM) at final

concentrations of 10�5 – 10�10 M;

– human unacylated ghrelin (hUAG, BACHEM) at

final concentrations of 10�5 – 10�10 M;

– ghrelin receptor type 1a antagonist (GHS-RA; D-

Lys-GHRP-6; Sigma) at concentrations of 10�4 – 10�6 M;

– fluorouracil (FU, Roche) at a final concentration of

2.5 µg/ml;

2) for DU 145 cells:

– human acylated ghrelin (hG, BACHEM) at final

concentrations of 10�6 – 10�8 M;

– human unacylated ghrelin (hUAG, BACHEM) at fi-

nal concentrations of 10�5 and 10�7 M;

– ghrelin receptor antagonist (GHS-RA; D-Lys-

GHRP-6; Sigma) at a final concentration of 10�4 M.

The cell growth was assessed by the colorimetric

Mosmann method, using the EZ4Y kit (Easy for You,

The 4th Generation Non Radioactive Cell Proliferation

& Cytotoxity Assay, Biomedica Gruppe, Austria,

Bellco Biomedica, Poland) according to the manufac-

turer’s instructions. The absorbance (OD, optical den-

sity) of each sample was measured with an ELISA

reader at a wavelength of 450 nm.

Statistical analysis

The results are expressed as the average percentage of

the optical density of the control groups (not shown)

and represent mean values ± SEM of independent ex-

periments with 6 to 10 replicates per each group.

Comparisons of individual groups were evaluated by

analysis of variance (one-way ANOVA) following

LSD test (least significant differences). Differences

were considered significant if p < 0.05.

Results

The effect of ghrelin axis modulators on

the growth of murine MC38 colon cancer cells

D-Lys-GHRP-6, used as the ghrelin receptor type 1a

antagonist (GHS-RA), evoked biphasic effect on the

growth of the MC38 line: inhibitory at 10�4 M and

stimulatory at 10�5 and 10�6 M concentrations. At

a concentration of 10�4 M, GHS-RA caused the

strongest inhibitory effect of all of the examined sub-

stances, apart from fluorouracil (FU). The inhibitory

effect of GHS-RA was reproducible (in 5 different ex-

periments) and strong, with the inhibition of growth

by 26 to 39% as compared to controls. This concen-

tration of GHS-RA even enhanced the cytotoxic effect

of FU by 9%. However, at two other examined concen-

trations (10�5 and 10�6 M) GHS-RA slightly but signifi-

cantly increased the rate of MC38 cell growth by 14%

and 10%, respectively, as compared to the controls, but

did not change the cytotoxic effect of FU (Fig. 1).

From all studied forms of ghrelin (rG, hG and

hUAG) only human unacylated ghrelin significantly
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decreased the growth of MC38 cells. None of the ex-

amined concentrations of rat or human acylated ghre-

lin applied alone influenced the growth of the MC38

line (Figs. 2 and 3). Rat acylated ghrelin did not

modulate the effects of FU or GHS-RA (10�4 M)

(Fig. 2). In turn, hUAG at concentrations of 10�6, 10�7

and 10�10 M inhibited MC38 cell growth and at some

concentrations (10�8 – 10�10 M) enhanced the inhibi-

tory effect of ghrelin receptor antagonist (GHS-RA at

10�4 M) by 12, 9 and 7%, respectively. However,

hUAG did not influence the cytotoxic effect of FU

(Fig. 4). In an earlier study, 2.5 µg/ml FU, the value

used in this study, was found to evoke the strongest

oncostatic effect on MC38 colon cancer cells out

of the 3 concentrations examined (25, 2.5 and 0.25

µg/ml). FU at a concentration of 2.5 µg/ml inhibited

the growth of MC38 in 5 performed cultures by

61–69% as compared to the controls (Figs. 1–4).
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Fig. 1. The effect of ghrelin receptor
antagonist (GHS-RA) applied alone or
jointly with fluorouracil (FU) on the
growth of Colon 38 cancer cells, % of
Control (the mean ± SEM), *p < 0.05
vs. C, ^ p < 0.05 vs. FU 2.5 µg/ml

Fig. 2. The effect of rat ghrelin (rG) applied alone or jointly with fluorouracil (FU) or ghrelin receptor antagonist (GHS-RA) on the growth of Colon
38 cancer cells, % of Control (the mean ± SEM), * p < 0.05 vs. C



The effect of ghrelin axis modulators

on the growth of human DU145 prostate

cancer cells

All the members of the ghrelin axis and its modulator

(hG, hUAG, GHS-RA) inhibited DU145 prostate can-

cer cell growth with moderate and varied potencies.

For the inhibitory action of hG, a dose-response effect

was observed (10�6 – 10�8 M), with the strongest inhi-

bition evoked by the lowest examined concentration

(14% of growth inhibition). hUAG at concentrations

of 10�5 and 10�7 M, and GHS-RA at a concentration of

10�4 M significantly decreased DU145 cell growth,

determined as 10% growth inhibition for hUAG both

concentrations and 14% growth inhibition for GHS-

RA. Moreover, hUAG and GHS-RA (10�4 M) applied

together acted synergistically and evoked the strong-

est inhibitory effect, estimated as the inhibition of

DU145 cell growth by 17 and 20% by GHS-RA plus

10�5 M of hUAG and by GHS-RA plus 10�7 M of

hUAG, respectively (Fig. 5).
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Fig. 3. The effect of acylated ghrelin
(hG) on the growth of Colon 38 cancer
cells, % of Control (the mean ± SEM)

Fig. 4. The effect of desoctanoylated ghrelin (hUAG) applied alone or jointly with fluorouracil (FU) or ghrelin receptor antagonist (GHS-RA) on
the growth of Colon 38 cancer cells, % of Control (the mean ± SEM), * p < 0.05 vs. C, ^ p < 0.05 vs. GHS-RA



Since D-Lys-GHRP-6 used as the growth hormone

secretagogue receptor type 1a antagonist did not mod-

ify the action of acylated ghrelin (rat and human), it

should not be treated as an antagonist, at least in this

experimental conditions. However unexpectedly, this

substance enhanced the inhibitory effect of hUAG in

both examined cancer cell lines.

Discussion

The superiority of non-cytotoxic targeting strategies

over traditional chemotherapy is widely discussed

nowadays and seems to be a promising option for the

therapy of advanced stages for several cancers. Al-

though colorectal cancer does not belong to hormone-

dependent neoplasms, experimental evidence shows

that its growth is modified via several hormones or

hormone receptor modulators such as gastrin and its

analogs, gastrin/cholecystokinin receptor (CCK-A

and CCK-B) antagonist [25, 26, 37], somatostatin and

its analogs [28, 29], melatonin [29], estrogens and se-

lective estrogen receptor modulators [25, 26, 31, 32]

or GHRH antagonists [39]. Moreover, some of these

substances enhanced even the cytotoxic effect of FU

on colon cancer growth [25, 26, 28, 31]. Similar find-

ings concerning the effects of non-cytotoxic therapy

have been observed for androgen-independent pros-

tate cancer cells [5, 14, 15].

This is the first study demonstrating the antineo-

plastic effect of unacylated ghrelin and the biphasic

activity of D-Lys-GHRP-6 (strong inhibition and

weak stimulation) on the growth of MC38 colon can-

cer cells in vitro. D-Lys-GHRP-6 was found to have

a strong inhibitory effect at a concentration of 10�4 M,

with the effect on the cell line growth estimated as

61–74% of the controls, and confirmed in 5 separate

experiments. Taking into account that D-Lys-GHRP-6

is only a biomodulator but not a cytotoxic agent, its

inhibitory effect seems to be very potent, especially so

when compared to the most effective cytostatic con-

centration of FU, which inhibited MC38 colon cancer

cell growth to 21–29% of the controls. Moreover, it is

worth mentioning that D-Lys-GHRP-6 administered

at a concentration of 10�4 M together with FU even

enhanced the cytostatic effect of the latter, and ap-

plied together with UAG at concentrations of

10�8,�9,�10 M, caused the inhibition of cancer cell

growth by up to 49% of the controls’ growth (the

strongest inhibitory effect evoked by the members or

modulators of ghrelin axis). The inhibitory activity of

UAG noticed in our study was rather weak (it was

found to inhibit of MC38 cells growth by 8 or 10% as

compared to the controls) but reproducible and statis-

tically significant. The effectiveness of the selected

hUAG concentrations (10�6,�7,�10 M and inactivity of

10�8,�9 M) towards MC38 cancer cells may be ex-

plained by the existence of two different binding sites

mediating its effects. The lack of any growth inhibi-
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Fig. 5. The effect of human ghrelin
(hG) and desoctanoylated ghrelin
(hUAG) applied alone or jointly with
ghrelin receptor antagonist (GHS-RA)
on the growth of human DU145 pros-
tate cancer cells, % of Control
(the mean ± SEM), * p < 0.05 vs. C,#p < 0.05 vs. hG 10�6M, ##p < 0.05 vs.

hG 10�6 & hG 10�7 M, V p < 0.05 vs.

GHS-RA, ^ p < 0.05 vs. hUAG 10�5 M,
^^ p < 0.05 vs. hUAG 10�7 M



tory effect associated with human and rat acylated

ghrelin on the MC38 line observed in our study is in-

consistent with the recently published results of He et

al., who found that a ghrelin dose dependently inhib-

ited FU-induced apoptosis in HT-29 cells [18]. How-

ever, in this study, the effect of UAG neither D-Lys-

GHRP-6 on HT-29 line was not examined.

Moreover, the probable role of ghrelin axis distur-

bances in colon carcinogenesis was suggested much

earlier in an elegant study performed on gastrin knock-

out mice. In this experimental model, increased vis-

ceral adiposity observed at an early age resulted in ab-

dominal obesity accompanied by increased leptin and

decreased ghrelin plasma levels in mutant mice at 7-

months old (as in obese people). These hormonal

changes were suggested by the authors to contribute to

increased colon carcinogenesis in response to carcino-

gen, azoxymethane [9]. This data are in accordance

with our working hypothesis and partially with our re-

sults demonstrating the inhibitory effect of UAG on

colon cancer cell growth in an in vitro model. In addi-

tion, it agrees with the findings of our earlier studies

which have shown that leptin promotes the growth of

MC38 cancer cells and, surprisingly, enhances the in-

hibitory effect of FU applied at lower doses [27].

The potential role of ghrelin in prostate cancer

pathogenesis is discussed in the literature [24]. The

results of our study concerning the effect of ghrelin

peptides on DU145 prostate cancer cells growth are in

agreement with or complete other authors’ observa-

tions. Cassoni et al. [5] and Jeffery et al. [20] demon-

strated the expression of GHS-R 1a and 1b mRNAs

on DU145 cells. Moreover, immunohistochemical

staining for the GHS-R 1a and ghrelin was positive in

the four prostate cancer cell lines, including DU145

[20]. It is worth mentioning that the normal prostate

cDNA library expressed GHS-R1a, but not the 1b iso-

form or ghrelin [20]. Our results are concordant with

those of Casoni et al. [5], who observed that acylated

ghrelin and desacyl (unacylated) ghrelin inhibited

DU145 cell proliferation.

However, studies performed on other prostate can-

cer lines showed contradictory results. Jeffery et al.

[20] and Yeh et al. [44] noted that PC3 (androgen-

independent line) and LNCaP (androgen-dependent)

cell proliferation was stimulated by ghrelin. The ef-

fect of D-Lys-GHRP-6 on prostate cancer growth was

not examined in these studies. Hence, our results

showing the biphasic effect of D-Lys-GHRP-6 on

DU145 cancer cells growth, complements the previ-

ous data concerning the role of the ghrelin axis in

prostate cancer proliferation.

Since UAG does not bind to GHS-R1a, it might be

speculated that the anti-growth effect of this form of

ghrelin seems to be mediated via another receptor sub-

type than GHS-R1a. In addition, it cannot be excluded

that the biphasic effect of D-Lys-GHRP-6 is mediated

through GHS-R1a and another type of receptor.

Since in our study the growth of both cancer cell

lines was determined by the modified Mosmann’s

method, reflecting the number of viable and metaboli-

cally active cells, the cellular growth inhibition re-

vealed by this method should be interpreted as the in-

hibition of cell proliferation, or enhancement of cell

apoptosis, or changes in both of these processes.

Based on the results of ours and other studies, FU in-

deed inhibited the growth of the colon cancer line

through both mechanisms, induction of apoptosis and

inhibition of proliferation [10, 28].

Summing up, the different members of the ghrelin

axis, and D-Lys-GHRP-6 used as the ghrelin receptor

type 1a antagonist, affect the growth of MC38 colon

cancer and DU145 PCa cell lines with diverse poten-

cies. Their effect depends on the type of the cancer

cell line, the applied substance and the concentration

used. The inhibitory effect of human UAG on the

growth of both cancer lines seems to be mediated via

another type of GHS-R than type 1a, because this

form of ghrelin does not bind to this receptor subtype.

D-Lys-GHRP-6 used in this study as a growth hor-

mone secretagogue receptor type 1a antagonist caused

rather unexpected effects and did not modify the ac-

tion of acylated ghrelin of rat or human in an antago-

nistic way. Thus, under these experimental conditions,

D-Lys-GHRP-6 should not be treated as an antago-

nist. Surprisingly, D-Lys-GHRP-6-enhanced the in-

hibitory effect of hUAG in both examined cancer cell

lines. However, the interpretation of our and other

data concerning ghrelins effects on the growth of can-

cer cell lines in vitro is rather difficult due to the fact

that ghrelin and its receptor are present in some can-

cer lines including DU145 [20].

Taken together, these results suggest that ghrelin

system plays a role in the control of the growth of co-

lon and prostate androgen-independent cancers, and

hint the possibility of targeting its activity in the fu-

ture therapy of these neoplasms.
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