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Abstract

Growth hormone releasing hormone (GHRH) and its receptors are expressed in a wide variety of human tumours and established 
cancer cell lines and are involved in carcinogenesis. In addition, GHRH antagonists exert an antitumour activity in experimental cancer
models. Recent studies indicate that the mechanisms involved in the mediation of the effects of GHRH include the regulation of the
metabolism of the reactive oxygen species. This work demonstrates the expression of GHRH receptors and GHRH in the A549 human
lung cancer cell line and shows that the mitogenic effect of GHRH in these cells is dependent on the activation of the extracellular recep-
tor kinase (ERK)1/2 pathway. The action of GHRH can be suppressed by GHRH antagonist MZ-5–156 and mitogen activated protein
kinase (MAPK) inhibitor PD 098059. These results are reflected in the effect in the proliferating cell nuclear antigen. In addition, our
study shows that GHRH increases the expression of the inducible nitric oxide synthase, an enzyme which is strongly involved in vari-
ous human diseases, including cancer and augments key intracellular regulators of its expression, such as pNF (nuclear factor)�Bp50
and cyclooxygenase 2. GHRH antagonist MZ-5–156 counteracts the effects of GHRH in these studies, indicating that this class of 
peptide antagonists may be useful for the treatment of diseases related to increased oxidative and nitrosative stress.
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Introduction

Deregulation of cell cycle progression and differentiation con-
tributes to the malignant transformation. Growth factors such as
neuropeptide growth hormone releasing hormone (GHRH) are
involved in the maintenance of these phenomena, as was recently
shown by the knocking down of this hormone in breast, prostate
and lung cancer cell lines [1]. When the tumoral mitogenic signals
of GHRH were disrupted by specifically designed siRNA, the
growth of these cancers was rapidly suppressed. In an endeavour
to develop new anticancer agents, one of us (A.V.S.) synthesized

GHRH antagonists [2]. These compounds can antagonize the
mitogenic effects of GHRH in cancers, and thus possess strong
anticancer activity in diverse tumours [3]. The action of GHRH
antagonists is mediated through the pituitary GHRH receptor, as
well as its splice variant 1 (SV1), which can exert a ligand inde-
pendent activity [4, 5].

Recent study showed that GHRH and GHRH antagonists can
influence the reduction/oxidation (redox) status of LNCaP cancer
cells [6]. GHRH increased the production of the reactive oxygen
species (ROS) and enhanced the lipid and protein oxidation levels
of these cells. In contrast, GHRH antagonists showed anti-oxida-
tive activity and decreased the oxidation levels of these cells [6].
The ability of these compounds to reduce the metabolism of the
ROS is of major importance, because these species are strongly
involved in the initiation, promotion and progression of cancers
[7, 8]. Another oxidant species is the peroxynitrite, which results
from the reaction of nitric oxide and superoxide [9]. The chemistry
of nitric oxide and the related nitrogen oxygen species as well as
their endogenously production adds a new dimension to redox
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pathology and pathophysiology and increases the complexity of
the understanding of free radical biology [10].

Nitric oxide and nitric oxide derived reactive nitrogen
species are an essential part of the immunoresponse and phys-
iological signal transduction pathways [11–13]. They are also
involved in the pathogenesis of a broad variety of diseases
[14–19] through the induction of oxidative and nitrosative
stress [10, 20–22]. Nitric oxide is produced by the family of the
nitric oxide synthases. Inducible nitric oxide synthase (iNOS) is
one of the three isoforms of nitric oxide synthase, which catal-
yses the oxidative deamination of L-arginine to produce cit-
rulline and nitric oxide [23].

The iNOS expression in tumour cells is associated with cell
proliferation and enhancement of cancer migration and inva-
sion [24]. The importance of the nitric oxide expression in the
pathogenesis of various diseases including cancer is under-
lined by the fact that various nitric oxide inhibitors have been
developed [20] in order to modulate the intracellular levels of
this molecule [25].

The influence of GHRH and its antagonists on the expression
of the iNOS, which is strongly involved in tumour progression [16,
24, 26], has not been investigated so far. In the present study, we
report the expression of GHRH receptors and GHRH in A549 lung
cancer cells and show the activation of ERK1/2 by GHRH and the
suppression of this pathway by GHRH antagonist. We also meas-
ured the proliferation rate of these cells and demonstrated that it
is ERK1/2 dependent. GHRH increased the proliferation rate of
A549 cells whereas GHRH antagonist MZ-5–156 and a selective
ERK1/2 inhibitor (PD098059) decreased it. These results were
also reflected by the expression of the proliferating cell nuclear
antigen, a major proliferative marker.

Cells exposed to GHRH expressed lower amounts of p53,
whereas those treated with MZ-5–156 increased the expression
of this tumour suppressor with anti-oxidative function. We also
demonstrated the induction of the expression of the iNOS by
GHRH and the inhibition of its expression by GHRH antagonist
MZ-5–156. Finally, GHRH was shown to activate the NF-�B
transcription factor as well as the cyclooxygenase 2 protein,
which are both involved in the regulation of the nitric oxide
synthase.

Material and methods

Peptides and chemicals
GHRH (1–29)NH2 and GHRH antagonist MZ-5–156[PhAc-Tyr1, D-Arg2,
Phe (4-CI)6, Abu15, Nle27 hGHRH (1–28)Agm, where Abu is �-aminobu-
tyric acid, Agm is agmatine, Nle is norleucine, PhAc is phenylacetyl, were
synthesized in our laboratory by solid phase methods [2]. GHRH(1–29)NH2

and GHRH antagonist MZ-5–156 were dissolved in dimethyl sulfoxide
(DMSO) and diluted with incubation media. The final concentration of
DMSO in medium was less than 0.1%. The selective ERK1/2 inhibitor
PD098059 was purchased from Sigma-Aldrich (St. Louis, MO, USA).

Cell culture

Prostate cancer cell line LNCaP, mouse fibroblasts 3T3 and lung cancer
cells A549 were obtained from American Type Culture Collection
(Manassas, VA, USA) and cultured at 37�C in a humidified 95% air/5%
CO2 atmosphere. LNCaP cells were cultured in RPMI-1640 medium sup-
plemented with 10% foetal bovine serum and 1% antibiotics/antimy-
cotics. The medium of 3T3, T47D and A549 cells was replaced 
with DMEM. All the cell culture reagents were purchased from GIBCO
(Carlsbad, CA, USA).

Protein isolation and Western blot assay

The proteins were isolated from the cells using CelyticM Lysis Reagent
(Sigma-Aldrich) according to manufacturer’s instructions. Protein matched
samples were separated by 12% sodium dodecyl sulphate Tris-HCl gels.
Wet transfer was used to transfer the proteins onto nitrocellulose mem-
branes (Biorad, Hercules, CA, USA). The membranes were incubated for 
1 hr in 5% non-fat dry milk in phosphate-buffered saline – 0.1% (v/v) Tween
20. The blots were then incubated at 4�C overnight with the appropriate
antibodies. The signal for the immunoreactive proteins was developed with
peroxidase-conjugated secondary antibodies (Santa Cruz, CA, USA; Cell
Signaling, Danvers, MA, USA) and visualized by exposure to chemilumi-
nescence substrate (Amersham Biotechnologies, Piscataway, NJ, USA).
The �-actin signal was used as a loading control unless otherwise stated.
The proliferating cell nuclear antigen (PCNA) (#2586), iNOS (# 2977), p53
(#9282), cyclooxygenase (COX)-2 (#4842) and phospho-MAPK (#9101)
antibodies were obtained from Cell Signaling, the GHRHR antibody 
(ab 28692–100) from Abcam (Cambridge, MA, USA) and the NFK50 
(sc-1191), pNFK50 (sc-33022), � actin (sc-47778), ERK2 (sc-81457) 
and growth hormone-releasing hormone receptor (GHRHR) (sc- 10280)
antibodies were from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

Activation of mitogen activated 
protein kinase pathway by GHRH

A549 human lung carcinoma cells were grown in DMEM with 10% foetal
bovine serum. Before this assay, the medium was replaced with DMEM
without foetal bovine serum and the cells were treated or not with 1 �M
GHRH (1–29)NH2 for 24 hrs in serum free media. The cells were harvested
in Cell Lysis Buffer (Sigma-Aldrich) containing proteinase inhibitor cock-
tail. The cell lysates (100 �l) were separated by electrophoresis according
to their molecular weight. The proteins were then transferred to nitrocellu-
lose membranes and probed for phospho-MAPK. The blots were stripped
(Restore Plus Western Blot Stripping Buffer, Thermo Scientific, Waltham,
MA, USA) and probed for ERK 2 and �-actin.

Cell proliferation rate assay

The rate of cell proliferation was calculated by seeding 10,000 cells in six-
well plates and after incubation for 72 hrs counting them under light micro-
scope. Trypan blue assay was used in order to distinguish the alive from
the dead cells.
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Quantitative analysis of the immunoblot assay

The protein band signals were quantified by Adobe Photoshop and normal-
ized to �-actin signal. In the case of the ERK1/2 and NF�Bp50 activation,
the bands were normalized to ERK2 and NF-�B50, respectively. The inten-
sity of the bands was equal to their mean value multiplied by their pixel
value (absolute intensity). Relative intensity (R.I.) of each band was calcu-
lated by dividing its absolute intensity by the absolute intensity of the con-
trol band (�-actin, ERK2 or NF�Bp50).

Statistical analysis

The data are expressed as the mean � S.E. Statistical evaluation of 
the results was performed with a one way ANOVA followed by the least 
significant difference test. The differences were considered significant at 
P � 0.05.

Results

Expression of GHRH Receptors and GHRH 
in A549 human lung cancer cell line

The expression of GHRH receptors was examined by Western blot
in A549 human lung cancer cells, using 3T3 mouse fibroblast line
as a negative [4, 27] and LNCaP as a positive control [1]. The

antibody used recognized both type of GHRH receptors (pGHRHR
and SV1). Figure 1B also shows the lack of GHRH-R(s) expres-
sion in 3T3 cells. T47D cells which express both types of GHRH
receptors [1, 28] were used as positive control. In addition, we
detected the expression of the GHRH in A549 cells, using LNCaP
and T47D cancer cells as positive controls [1]. The results are
shown in Figure 1C.

Activation of the ERK1/2 pathway 
by GHRH in A549 lung cancer cells

We investigated whether GHRH (1–29)NH2 at 0.1 �M and 1 �M
concentrations can activate the ERK1/2 pathway in A549 cells.
The results show that this hypothalamic hormone activates this
pathway at both concentrations, with the R.I. being 0.926 and
1.081, respectively. We also examined the effect of the GHRH
antagonist MZ-5–156 on this pathway. GHRH antagonist sup-
pressed the activation of this pathway at 0.1 �M and 1 �M
concentrations with the R.I. being 0.379 and 0.339, respec-
tively. The R.I. of the control cells was 0.706. The results are
shown in Figure 2.

Effect of GHRH(1–29)NH2, GHRH antagonist 
MZ-5–156 and ERK1/2 inhibitor on the 
proliferation of A549 cells and 3T3 cells in vitro

A549 lung cancer cell line cultured in vitro was exposed to two
concentrations of GHRH(1–29)NH2, GHRH antagonist MZ-5–156
as well as in 10 �M ERK1/2 inhibitor. At the dose of 0.1 and 1 �M,
GHRH(1–29)NH2 increased the proliferation rate of the cells by
30.6% and 44.5%, respectively. GHRH antagonist MZ-5–156 at
the dose of 0.1 or 1 �M decreased the proliferation rate of A549
cells by 16.1% and 28.4%, respectively. In addition, the ERK1/2
inhibitor in 10 �M final concentration suppressed the proliferation
of these cells by 30.6%. The results are shown in Figure 3A. The
proliferation of the 3T3 cells, which do not express GHRH recep-
tors, was not influenced by GHRH, MZ-1–156 or the ERK inhibitor.
The results are shown in Figure 3B.

Fig. 1 (A) Western blot analysis of the expression of GHRH receptor(s) in
A549 lung cancer, LNCaP prostate cancer cell line and 3T3 mouse fibrob-
last cell line. LNCaP and 3T3 cells were used as positive and negative con-
trols, respectively. (B) Western blot analysis of the expression of GHRH
receptor(s) in T47D breast cancer cells and 3T3 mouse fibroblast cell line.
T47D cells were used as positive control. (C) Western blot analysis of the
expression of GHRH in LNCaP, A549 and T47D cancer cell lines. LNCaP
and T47D cells were used as positive controls.

Fig. 2 Western blot analysis of the pERK1/2 after incubation of the A549
cells with GHRH antagonist MZ-5–156 and GHRH. The protein levels were
normalized to ERK2 signal (loading control). The blot is representative of
two independent experiments.
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Expression of proliferating cell nuclear antigen in
A549 and 3T3 cells after treatment with GHRH or
GHRH antagonist

A549 cancer cells cultured in vitro were exposed to two concen-
trations of GHRH and GHRH antagonist MZ-5–156. GHRH
antagonist at 0.1 and 1 �M decreased the expression of PCNA,
(R.I.: 0.53, 0.48) compared to the control cells. The results are
shown in Figure 4 (upper panel). GHRH at concentrations of 0.1
and 1 �M, increased the expression of this marker (R.I.: 0.75,

0.85). The relative intensity of the control cells was 0.68. The
expression of this proliferative marker in 3T3 cells was not
influenced by the peptides. The results are shown in Figure 4
(lower panel).

Expression of wild-type P53 in A549 cells after
treatment with GHRH or GHRH antagonist

The expression of the wild-type P53 was measured in the A549
lung cancer cells after exposure to 0.1 �M and 1 �M GHRH or

Fig. 3 (A) Proliferation rate of the A549
cells exposed to 0.1 �M and 1 �M
GHRH (1–29)NH2 and MZ-5–156 as
well as 10 �M MAPK inhibitor. *P �

0.01 versus control cells **P � 0.001
versus control cells. NS: non-signifi-
cant. (B) Proliferation rate of the 3T3
cells exposed to 0.1 �M and 1 �M
GHRH (1–29)NH2 and MZ-5–156 as
well as 10 �M MAPK inhibitor. NS:
non–significant.
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GHRH antagonist MZ-5–156. The expression of this marker was
reduced after exposure to GHRH (1–29)NH2 (R.I.: 0.95, 0.94),
respectively, and increased after incubation of these cells with 
0.1 �M MZ-5–156 (R.I.:1.55) compared to the control cells (R.I.:
1.34). The results are shown in Figure 5.

Effect of GHRH (1–29)NH2 and GHRH antagonist
MZ-5–156 on the expression on iNOS in A549
lung cancer cells in vitro

A549 lung cancer cells cultured in vitro were exposed to GHRH and
GHRH antagonist MZ-5–156 and the expression levels of iNOS
were detected by Western blot. iNOS protein expression was lower
in cells exposed to 0.1 �M and 1 �M MZ-5–156 (R.I.: 0.097,
0.086) compared to the control cells (R.I.: 0.149).Treatment of
A549 cells with two concentrations of GHRH (0.1 �M and 1 �M)
resulted to an increase of the expression of this enzyme, with the
relative intensity being (R.I.: 0.164 and 0.196). The results are
shown in Figure 6. We also incubated 3T3 cells with 0.1 and 1 �M
GHRH and the results indicate that this hormone did not apprecia-
bly influence the expression of this enzyme.

Effect of GHRH (1–29)NH2 and GHRH antagonist
MZ-5–156 on the expression of COX-2 and the
activation of the NF-�Bp50 in A549 lung cancer
cells in vitro

A549 lung cancer cells cultured in vitro were exposed to 1 �M of
GHRH (1–29)NH2 and 1 �M antagonist MZ-5–156. The expres-
sion levels of COX-2, NF�Bp50 and phosphorylated NF�Bp50
were detected by Western blot. The results are shown in Figure 7.
The expression of COX-2 and phosphorylated NF�Bp50 was

Fig. 4 Expression of PCNA by A549 (top) or 3T3 (bottom) cells after exposure
to 0.1 �M or 1 �M GHRH (1–29)NH2 and 0.1 �M or 1 �M GHRH antagonist
MZ-5–156. Protein levels were normalized to � actin signal (loading control).
The blot is representative of two independent experiments.

Fig. 6 (A) Expression of iNOS by A549 cells after exposure to 0.1 �M or 
1 �M GHRH (1–29)NH2 and 0.1 �M GHRH antagonist MZ-5–156. Protein
levels were normalized to � actin signal (loading control). The blot is rep-
resentative of two independent experiments (B) Expression of iNOS by 3T3
cells after exposure to 0.1 �M or 1 �M GHRH (1–29)NH2. Protein levels
were normalized to � actin signal (loading control). The blot is representa-
tive of two independent experiments,

Fig. 7 Effect of GHRH and MZ-5–156 on the expression of the COX-2
(upper panel) and the activation of the NF-�Bp50 (lower panel) in A549
cells. The blot is representative of two independent experiments.

Fig. 5 Expression of P53 by A549 cells after exposure to 0.1 �M or 1 �M
GHRH (1–29)NH2 and 0.1 �M GHRH antagonist MZ-5–156. Protein levels
were normalized to � actin signal (loading control). The blot is representa-
tive of two independent experiments.
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higher in the cells exposed to the GHRH (R.I.: 1.54, 3.63) and
lower to the cells exposed to MZ-5–156 (R.I.: 0.65 and 1.96) as
compared to the controls (R.I.: 0.98 and 2.44).

Discussion

GHRH has been shown to possess a growth factor activity in a
variety of experimental cancers and established cancer cell lines.
This activity is exerted through the binding to GHRH receptor(s)
[29]. However, the signalling pathways which mediate these
effects are not completely understood. We have recently demon-
strated in transfected cancer cells that the SV1 receptor can acti-
vate the ERK1/2 pathway [30], similar to the pituitary type
GHRH-R[2], and that the pituitary type receptor can activate the
JAK/STAT pathway [31]. GHRH antagonists can counteract these
effects.

In addition to the endocrine related pathways, GHRH can also
increase the redox status of the LNCaP prostate cancer cell lines
through an increase in the metabolism of the ROS [6]. These
species have been shown to influence various human diseases
and malignancies [32–35]. The reactive nitrogen species can also
contribute to protein and lipid modifications as well as deregulate
intracellular signalling pathways [36, 37]. The influence of GHRH
on the expression of iNOS has not been investigated before.

In the present study, we demonstrated by Western blot the
expression of the GHRH-R, SV1 receptor and GHRH in A549 lung
cancer cells. When we incubated these cells with GHRH and its
antagonists, GHRH activated the ERK1/2 pathway, whereas GHRH
antagonist suppressed it. We also measured the in vitro prolifera-
tion of these cells after incubation with GHRH, GHRH antagonist
and ERK1/2 inhibitor.

We showed that the proliferation of these cells depends on the
activation of the ERK1/2 pathway, because a selective MAPK
inhibitor and the GHRH antagonist MZ-5–156 suppressed it. In
contrast, GHRH, by activating this pathway [38], can increase the
proliferation of these cells. These results were also reflected by the
expression of the proliferating cell nuclear antigen, a major prolif-
erative marker, with GHRH increasing its expression and the
antagonist reducing it. In order to show the specificity of these
effects, we treated 3T3 cells, which do not express GHRH recep-
tors, with GHRH and its antagonist. These cells were not influ-
enced by these peptides or by the MAPK inhibitor, as shown not
only by their proliferation rate, but also by the expression of the
PCNA. Previous studies reported that MAPKs are important regu-
lators of iNOS-nitric oxide expression and that activation of the
ERK pathway augments the expression of the iNOS [39, 40]. 
In vivo studies showed a reduced expression of PCNA and iNOS in
animal models after anti-oxidant therapy [41].

We have also detected by Western blots the expression of the
wild-type p53 and demonstrated that cells treated with MZ-5–156
show higher expression of this tumour suppressor, whereas cells
exposed to GHRH expressed lower amount of p53. These results
are consistent with our previous results in LNCaP prostate cell line
[6]. It has been previously demonstrated that a balance between
p53 and MAPK pathways is critical for preventing or promoting
initiation of tumours [42] and that P53 can trigger strong anti-
oxidative intracellular mechanisms [43, 44], which involve a down-
regulation of inducible nitric oxide and cyclooxygenase 2 [45].

The expression of the iNOS was strongly increased by GHRH
in the A549 cells, whereas GHRH antagonist MZ-5–156 reduced it.
The activation of ERK1/2, which occurred upon the binding of
GHRH to its receptors [30], has been previously shown to
increase the expression of the iNOS [46–50] and nitric oxide [12,
21]. GHRH did not influence the expression of iNOS in 3T3 cells,
which do not respond to GHRH or its antagonists.

GHRH also stimulated the NF-�B transcription factor, which is
not only known to activate angiogenic factors [51] but also the
expression of genes involved in encoding enzymes in the
prostaglandin-synthesis pathway such as COX-2 and the iNOS
[52]. A direct up-regulation of iNOS by COX-2 has also been pro-
posed [53] as well as a model of direct interaction among these
proteins [54]. In addition the activation of NF-�B induces the iNOS
expression [23, 55–57].

Previous studies have demonstrated the role of nitric oxide in
tumour promotion and progression by mediating critical
processes, including angiogenesis, tumour cell growth and
invasion [21]. Our study shows for the first time that GHRH can
activate the iNOS expression and that GHRH antagonists inhibit it;
thus GHRH antagonist might be useful for the treatment of
diseases related to increased oxidative and nitrosative stress.
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