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Abstract. The neuropeptide growth hormone-releasing
hormone (GHRH) is secreted by the hypothalamus and upon
the binding to the receptors for GHRH on the pituitary gland
regulates the release of growth hormone. Substantial
evidence indicate that GHRH, in addition to its physiological
role as a hypophysiotrophic hormone, acts as a growth factor
in diverse tissues and various tumors. In this study we
evaluated the expression of GHRH and its receptors in a
variety of cancer and non-cancerous cell lines and studied the
effect of GHRH antagonists and agonists on the proliferative
cell nuclear antigen, cyclin D3, tumor suppressor protein p53
and carboxyl-terminal-binding protein (CtBP1). Our findings
show that GHRH agonist JI-38 downregulates wt-p53 and
upregulates the expression of PCNA. GHRH also upregulates
CtBP1 protein expression and its antagonists downregulate it
in LNCaP prostate cancer cells. Furthermore, GHRH and its
agonist JI-38 upregulates the expression of the proliferative
markers cyclin D3 and PCNA in A549 non-small cell lung
carcinoma and GHRH antagonist MZ-5-156 downregulates
it. Our results support previous findings on the mitogenic
role of GHRH in cancers and underline the importance of
GHRH antagonists as anticancer agents.

Introduction

Hypothalamic neuropeptide growth hormone-releasing
hormone (GHRH) is produced by the hypothalamus. Its full
biologic activity is retained by the NH,-terminal 29 amino
acid sequence (1). GHRH regulates the release of growth
hormone (GH) through binding to the GHRH receptors on
somatotrophs. In turn GH stimulates the production of insulin-
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like growth factor-I (IGF-1) (2). The receptor for GHRH
(GHRH-R) is a G-protein-coupled receptor which is predomi-
nately expressed in the anterior pituitary gland. Upon binding
of GHRH, GHRH-R increases the cellular second messenger
cAMP in the somatotroph cells (3).

The endocrine function of GHRH and its receptor is not
only limited to this hypophysiotrophic role. GHRH and its
receptor are expressed in extrapituitary tissues and in various
tumors, indicating a likely autocrine and paracrine role of
GHRH in cancers (4). A splice variant of GHRH-R (SV1)
was also recently identified and sequenced (2). Transfection
of breast cancer cells with the pGHRH-R stimulates the
baseline proliferation rate and responses to the mitogenic
signal (5). The binding of GHRH to its receptor activates the
mitogen-activated protein kinases pathway (MAPKs)
ERK1/2 (6) as well as the JAK2/STATS3 pathway (7).

Recent studies indicate that the SV1 receptor possesses a
ligand-independent activity (5,8) and can also activate the
ERK1/2 pathway in line with the pPGHRH-R (6). Furthermore,
the knocking down of the GHRH gene expression in lung,
breast and prostate cancer cell lines dramatically reduces
their proliferation rate (9), supporting the concept that GHRH
is a growth factor in cancers (10). Interestingly, GHRH can
influence the reduction/oxidation (redox) status of LNCaP
prostate cancer cell line, increasing the production of the
reactive oxygen species (ROS) (11).

This broad involvement of GHRH to a variety of malig-
nancies and diseases related to the abnormal oxidative status
of human cells, enhances the importance of the development
of the GHRH antagonists. These agents, which have been
developed by our group in the last decade, exert a strong
antitumorigenetic activity in various experimental cancer
models (12) and possess a strong antioxidant activity in a
prostate cancer cell line (11). The likely role of GHRH
antagonists as potential anticancer drugs is supported by the
fact that GHRH agonists have strong mitogenic activity
(13,14). No side-effects by GHRH antagonists have been
detected in any of the in vivo studies (12,15).

In our present study we demonstrated the expression of
GHRH receptor and its ligand in a series of tumor cells. We
evaluated the influence of GHRH antagonist MZ-5-156,
GHRH and GHRH agonist on the expression of important
proliferative markers such as proliferative cell nuclear antigen
(16), cyclin D3 (17) and the protein ‘guardian of the genome’
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p53 (18). In addition we showed the influence of the GHRH
and its antagonist on the expression of the co-repressor
carboxyl-terminal-binding protein (CtBP1) (19-21) which
plays a major role in tumor cell migration under hypoxic
stress by sensing cellular redox changes (21).

Materials and methods

Peptides and chemicals. GHRH antagonists JMR-132
[PhACc®, DArg?, Phe (4-C)°, Ala®, Har®, Tyr (Me)'°, His'!,
Abu®>, His®, Nle?¥, D-Arg?®, Har*] GHRH (1-29)NH,, MZ-
5-156 [PhAc-Tyr!, D-Arg?, Phe (4-CI)®, Abu'5, Nle?’ hGHRH
(1-28)Agm], where Abu is a-aminobutyric acid, Agm is
agmatine, Har is homoarginine, Nle is norleucine, PhAc is
phenylacetyl and Tyr(Me) is O-methyltyrosine, were synthe-
sized in our laboratory by solid phase methods (1,19). GHRH
(1-29)NH, and GHRH antagonists were dissolved in 0.1%
DMSO and diluted with incubation media. GHRH agonist
JI-38 was also synthesized in our laboratories as described
previously (13).

Cell culture. All cancer cell lines were obtained from
American Type Culture Collection (Manassas, VA) and
cultured at 37°C in a humidified 95% air/5% CO,
atmosphere. Breast cancer cell lines MCF7, MDA-MB-468,
MDA-MB-435s, T47D, A549 and UMCI11 non-small cell
lung carcinomas (NSCLC), HeLa cervical cancer cell line,
3T3 mouse fibroblast cells, SKOV3 ovarian cancer cell line
and WPMY-1 prostate stromal cell line were cultured in
DMEM supplemented with antibiotics/antimycotics and 10%
FBS. Prostate cancer cell line (LNCaP) was cultured in
RPMI-1640 supplemented with antibiotics/antimycotics and
10% fetal bovine serum (FBS). Benign prostatic hyperplasia
cell line BPH-1 was provided by Dr S.W. Hayward and
cultured as previously described (22). All the culture reagents
were purchased from Gibco (Carlsbad, CA).

Protein isolation and Western blot assay. The proteins were
isolated from the cells using CelyticM lysis reagent (Sigma,
St. Louis, MO) and the concentration of the isolated proteins
was determined by Quickstart Bradford protein assay (Bio-
Rad, Hercules, CA) according to the manufacturer's
instructions. Protein-matched samples (15 pg/lane) were
separated by electrophoresis using 12% sodium dodecyl
sulfate SDS-PAGE Tris-HCI gels. Wet transfer was used to
transfer the proteins onto nitrocellulose membranes (Bio-
Rad). The membranes were incubated for 1 h at room
temperature in 5% non-fat dry milk in phosphate-buffered
saline (PBS)-0.1% (v/v) Tween-20. The blots were then
incubated overnight at 4°C with the appropriate primary
antibody. The signal for the immunoreactive proteins was
developed with peroxidase-conjugated secondary antibodies
(Santa Cruz and Cell Signaling, Danvers, MA) and visualized
by exposure to chemiluminescence substrate (Amersham
Biotechnologies, Piscataway, NJ). The B-actin signal
(1:1000, Santa Cruz) was used as control. The primary
monoclonal antibodies raised against PCNA (no. 2586),
cyclin D3 (no. 2936) and p53 (no. 9282) were purchased
from Cell Signaling. The antibody raised against GHRH-R
was purchased from Abcam (ab 28962-100). The antibodies
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Figure 1. (a) Western blot analysis of expression of GHRH in UMCI1 lung
cancer cells. MCF7 breast cancer cell line was used as negative and LNCaP,
T47D cells as positive controls. (b) Western blot analysis of expression of
GHRH in WPMY-1 and 3T3 cell lines. MDA-MB-435s, MDA-MB-468,
T47D breast and LNCaP prostate cancer cells were used as positive and
HeLa cells as negative controls.

against B-actin (sc: 47778), GHRH (V-17) (sc: 10280) and
Ct-BP1 (sc: 5961) were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA).

Quantitative analysis of the immunoblots. The protein band
signals were quantified by Adobe Photoshop and normalized
to the B-actin signal. The intensity of the bands was equal to
their mean value multiplied by their pixel value (absolute
intensity). Relative intensity (RI) of each band was calculated
by dividing its absolute intensity by the absolute intensity of
the control band (B-actin).

Results

Expression of GHRH in cancer cell lines and a benign
prostate hyperplasia cell line. The expression of GHRH was
examined by Western blots in UMCI11 lung cancer cell line,
with LNCaP prostate cancer cell line and T47D breast cancer
cell lines as positive and MCF7 breast cancer cells as
negative controls (9). UMCI11 cells express this hormone.
The results are shown in Fig. la. In addition, we examined
the expression of GHRH by WPMY-1 prostate stromal cell
line, BPH-1 benign prostate hyperplasia cell line and 3T3
mouse fibroblast cell line, using LNCaP prostate cancer cell
line, MDA-MB-435s, MDA-MB-468 and T47D breast cancer
cells as positive (9) and HeLa cervical cancer cells as
negative controls (23). WPMY-1 and BPH-1 cells express
GHRH. The results are shown in Fig. 1b.

Expression of GHRH receptor in cancer cell lines and a
benign prostate hyperplasia (BPH) cell line. The expression
of growth hormone-releasing hormone receptor (GHRH-R)
was examined by Western blot in A549 human lung
carcinoma, using 3T3 mouse fibroblast line and HeLa
cervical cancer cell line as negative control. NSCLC A549
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Figure 2. (a) Western blot analysis of expression of GHRH-R in A549
NSCLC lung cancer cell line. 3T3 mouse fibroblast line and HeLa cervical
cancer cells were used as negative controls. (b) Western blot analysis of
expression of GHRH-R in SKOV3 ovarian cancer cells. BPH-1 cells were
used as positive and 3T3 cells as negative controls.
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Figure 3. Western blot analysis of the effect of 0.1 and 1 M GHRH agonist
JI-38 on the expression of the PCNA in LNCaP cancer cells; n=2.

cells expressed GHRH-R and the results are shown in Fig. 2a.
SKOV3 ovarian cancer cell line was also positive for the
expression of this receptor. BPH-1 cell line was used as
positive and 3T3 cells as negative control (8). The results are
shown in Fig. 2b.

Expression of proliferative cell nuclear antigen after treat-
ment of LNCaP prostate cancer cells with GHRH agonist.
The expression of PCNA in LNCaP cells was increased after
treatment of these cells with GHRH agonist JI-38 at the
concentrations of 0.1 and 1 M with the relative intensity
being 1.459 and 1.305, respectively. The relative intensity of
the control cells was 0.544. The results are shown in Fig. 3.

Expression of proliferative cell nuclear antigen and cyclin
D3 in NSCLC A547 cells after treatment with GHRH or
GHRH antagonist. A549 cancer cells cultured in vitro were
exposed to two concentrations of GHRH, GHRH agonist
JI-38 and GHRH antagonist MZ-5-156. GHRH antagonist at
0.1 and 1 #M decreased the expression of PCNA (RI: 0.669,
0.633) compared to the control cells (RI: 0.857). The results
are shown in Fig. 4Aa. GHRH at concentrations of 0.1 and
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Figure 4. (Aa) Effect of 0.1 and 1 M GHRH antagonist MZ-5-156 on the
expression of PCNA in A549 cancer cells; n=2. (Ab) Effect of 0.1 and 1 uM
GHRH on the expression of PCNA in A549 cancer cells; n=2. (B) Effects of
0.1 and 1 uM GHRH (1-29)NH,, JI-38 and MZ-5-156 on the expression of
cyclin D3 in A549 cancer cells; n=2.

1 uM, increased the expression of this marker. The relative
intensity of PCNA after treatment with 0.1 and 1 xM GHRH
was increased to 0.493 and 0.6, respectively. The RI of the
control cells was 0.449. The results are shown in Fig. 4Ab.

The expression of the cyclin D3 was also measured in the
A549 NSCLC cells after exposure to GHRH, GHRH agonist
JI-38 or GHRH antagonist MZ-5-156 at concentrations 0.1
and 1 yM. The expression of this marker was increased
after exposure to GHRH (1-29)NH, (RI: 1.02, 1.11) or JI-38
(RI: 1.12, 1.28) and reduced after incubation of these cells
with MZ-5-156 (RI: 0.98, 0.749) compared to the control
cells (RI: 0.99). The results are shown in Fig. 4B.

Effect of GHRH (1-29)NH, and GHRH agonist JI-38 on the
expression on wild-type p53 tumor suppressor protein in
LNCaP prostate cancer cells in vitro. LNCaP prostate cancer
cells cultured in vitro were exposed to JI-38 and the
expression level of wild-type p53 was measured by Western
blot. P53 protein expression was lower in cells exposed to
0.1 and 1 M JI-38 (RI: 0.453, 0.259) compared to the
control cells (RI: 0.59). The results are shown in Fig. 5.

Effect of GHRH (1-29)NH, and GHRH antagonist JMR-132
on the expression of the carboxyl-terminal-binding protein



1288

CONTROL

JI-38
0.1puM

1um

P53

B actin

Figure 5. Western blot analysis of expression of wild-type p53 tumor
suppressor protein in LNCaP cancer cells after 72 h exposure to 0.1 and 1 yM
JI-38.
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Figure 6. Western blot analysis of expression of CTBP1 in LNCaP cancer
cells after 72 h exposure to 0.1 and 1 xM GHRH (1-29)NH, or GHRH
antagonist JMR-132.

(CtBP1) in LNCaP prostate cancer cell line in vitro. LNCaP
prostate cancer cell line cultured in vitro was exposed to
1 M GHRH antagonist JMR-132 and GHRH (1-29)NH,.
The expression levels of the CtBP1 were detected by Western
blot. The CtBP1 protein expression was downregulated in the
cells cultured with GHRH antagonist JMR-132 (RI: 0.381),
while the exposure to GHRH (1-29)NH, upregulated its
expression (RI: 0.987) as compared to controls (RI: 0.049).
The results are shown in Fig. 6.

Discussion

GHRH and its receptor have been shown to play a crucial
role in the proliferation of a variety of established cell lines.
In this study, we investigated by Western blots the expres-
sion of GHRH and GHRH-R in cancerous and non-cancerous
cells. Positive and negative controls were used in all our
experiments. The expression of GHRH was detected in the
UMCI11 lung cancer cell line, WPMY-1 human prostate
stromal cell line, 3T3 mouse fibroblast cell line and benign
prostate cell line BPH-1. These results further extend
previous findings on the autocrine and paracrine action of
GHRH in cancer cells. The GHRH-R receptor was expressed
in SKOV3 ovarian cancer cell line and A549 lung cancer cell
line.
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We exposed LNCaP prostate cancer cells to the GHRH
agonist JI-38 and detected the expression of the major
proliferative marker PCNA. These cells were previously
shown to respond to GHRH (1-29)NH,, by increasing their
proliferation rate as well as the expression of PCNA (11).
Our results show for the first time that JI-38 can strongly
increase the expression of this proliferation marker.

NSCLC A549 cells, which express GHRH-R, were incuba-
ted with GHRH, GHRH agonist JI-38 and GHRH antagonist
MZ-5-156. GHRH and JI-38 increased and MZ-5-156
decreased proliferative markers such as cyclin D3 and PCNA.
Cyclin D3, a D-type cyclin, plays a prominent role in diffe-
rentiation and proliferation (24) and is highly expressed in
various cancers (25,26). Furthermore, this cyclin is considered
a major therapeutic target for cancer (26). GHRH antagonist
strongly suppressed the expression of this cyclin, shedding
light on the mechanisms of action of these compounds. In
contrast, GHRH and JI-38 upregulated the expression of this
protein which contributes to their mitogenic effects. Prolife-
rative cell nuclear antigen, a factor of DNA polymerases that
encircles DNA and orchestrates genome duplication and
reproduction (16), was also downregulated by MZ-5-156 and
upregulated by GHRH. These molecular events underline the
strong influence of these peptide analogs in cancers.

We also exposed the prostate cancer cell line LNCaP
which expresses GHRH-R (11) and wt-p53 (27,28) to GHRH
agonist JI-38 in order to study the effect of this compound on
the p53 tumor suppressor protein. JI-38 strongly suppressed
the expression of p53, in accord with previous results which
reported downregulation of this protein by GHRH (11). Tumor
suppressor protein p53, which suppresses the promoter of
PCNA (29), plays a crucial role in cancer, since the loss of its
functionality occurs during the development of most tumor
types (30). PCNA also plays a critical role in regulating the
stability of p53, since its inactivation of PCNA can induce
the stabilization of p53 (31). In addition, we examined the
expression of the C-terminal-binding protein 1 (CtBP1),
which is involved in the promotion of tumorigenesis under
hypoxic stress by sensing cellular redox changes (21) and
which is activated by a decrease in NAD*/NADH ratio (32).
The expression of CtBP1 was downregulated after exposure
to GHRH antagonist and upregulated after culturing with
GHRH.

Collectively, our data support previous findings on the
role of GHRH in carcinogenesis and underline the impor-
tance of GHRH antagonists as prospective anticancer agents.
The applications of GHRH antagonists in diseases related to
oxidative stress cannot be excluded, since the dysregulation
of the metabolism of reactive oxygen and nitrogen species is
involved in a variety of conditions related to increased
oxidative stress (33).
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