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Abstract 

Background: Therapeutic strategies should be designed to transform aggressive prostate 

cancer phenotypes to a chronic situation. To evaluate the effects of the new growth 

hormone-releasing hormone receptor (GHRH-R) antagonists: MIA-602, MIA-606, and 

MIA-690 on processes associated with cancer progression as cell proliferation, adhesion, 

migration, and angiogenesis. 

Methods: We used three human prostate cell lines (RWPE-1, LNCaP, and PC3). We 

analyzed several molecules such as E-cadherin, β-catenin, Bcl2, Bax, p53, MMP2, MMP9, 

PCNA, and VEGF and signaling mechanisms that are involved on effects exerted by GHRH-

R antagonists. 

Results: GHRH-R antagonists decreased cell viability and provoked a reduction in 

proliferation in LNCaP and PC3 cells. Moreover, GHRH-R antagonists caused a time- 

dependent increase of cell adhesion in all three cell lines and retarded the wound closure 

with the highest value with MIA-690 in PC3 cells. GHRH-R antagonists also provoked a 

large number of cells in SubG0 phase revealing an increase in apoptotic cells in PC3 cell 

line. 

Conclusions: Taken all together, GHRH-R antagonists of the MIAMI series appear to be 

inhibitors of tumor progression in prostate cancer and should be considered for use in future 

therapeutic strategies on this malignancy. 

 

Keywords: antagonists, angiogenesis, cell adhesion, cell proliferation, GHRH-R, prostate 

cancer. 

 



1. Introduction 

One in nine men over the age of 65 will develop invasive prostate cancer (PC). Prostate cancer is 

the most common non-cutaneous cancer in men and an international health problem.1 The 

prognosis of PC varies greatly, being highly dependent on factors such as stage of diagnosis, race, 

and age. Treatment of PC includes prostatectomy, androgen deprivation, and radiation. However, 

metastatic prostate cancer usually acquires resistance to androgen deprivation therapy and current 

treatments are only palliative. In this regard, bone metastases, with an incidence of 85% in patients 

with advanced stages of the disease, is the most common cause of death.2 Therapeutic strategies 

should be designed to transform aggressive prostate cancer phenotypes to a chronic situation.3 

Growth hormone-releasing hormone (GHRH) is a neuropeptide secreted by the hypothalamus 

and, after binding to GHRH receptors in the pituitary gland (pGHRHR), stimulates the synthesis 

and release of GH. GH in turn induces the production of the insulin-like growth factor I, a known 

mitogen in many cell types, associated with malignant transformation, tumor progression and 

metastasis of various cancers.4 The expression of GHRH and its receptors has been detected in 

normal cells and many human tumor.5–8 In recent years, the group of one of us (AVS) has 

synthesized numerous GHRH-R antagonists that act directly on tumor cells inhibiting proliferation 

in vitro and in vivo.9,10 The combination of these analogues with cytotoxic compounds can 

potentiate inhibition of tumor growth.11 

The routes of intracellular signal transduction involved in the antiproliferative effects of 

GHRH-R antagonists have not been fully identified. Intracellular second messengers involved in 

signaling path- ways of GHRH-R analogs mediated by tumoral GHRH-R such as cAMP and Ca2+ 

activate specific isoforms of PKC, MAPK, PKA, Src, ADAMs, and the oncogenes c-fos and c-

jun.12–14 GHRH-R antagonists of the recent MIA series such as MIA-602, MIA-606, MIA-690 



show a high binding affinity to the pituitary type of GHRH receptors on tumors and their splice 

variant and exert potent inhibitory effects on various tumors including gastric cancer, pancreatic, 

and ovarian cancer at very low doses.  

Uncontrolled proliferation can be linked to a reduced apoptosis which promotes tumor 

progression.15 Both, apoptosis and proliferation processes, are connected by cell-cycle regulators. 

Molecules such us the proliferating cell nuclear antigen (PCNA), p53, p21, and anti- and pro-

apoptotic proteins, can be deregulated, provoking an unbalancing of proliferation and death cell.16–20 

On the other hand, cell adhesion is an essential capability for growth, migration, and differentiation 

in human cells.21–23 Cellular adhesion molecules (CAMs) play a pivotal role in the development of 

invasive and distant metastasis.24 E-cadherin is a member of CAM family, which mediates cell-cell 

contact and acts as an important suppressor of tumor cell invasiveness and metastasis. E-cadherin 

and β-catenin are involved in signal transduction mechanisms that regulate cell growth, migration, 

and differentiation.25–28 The release of β-catenin in the perinuclear region is associated with the 

transcription factor Lef/TCF (Lymphoid enhancer factor/T cell factor). The resulting complex is 

translocated into the nucleus to activate target gene transcription associated with tumor progression 

such as cyclin D1, CD44, c-myc, metalloproteinases (MMP), and vascular endothelial cell growth 

factor (VEGF).29 

In this study, we used three human prostate cell lines to evaluate the effects of the GHRH-R 

antagonists of the MIA series: MIA-602, MIA-606, and MIA-690 on cell proliferation, adhesion, 

migration, and angiogenesis, typically associated with cancer progression. Several other molecules 

and signaling mechanisms, which are involved in effects exerted by GHRH-R antagonists, were 

also analyzed. 

  



2. Materials and methods  

2.1. Peptides 

GHRH-R antagonists of the MIA series, MIA-602, MIA-606, and MIA-690 were synthesized by 

solid phase methods in the laboratories of one of us (AVS).30 

2.2. Cell culture 

Three human prostate cell lines were used. Non-neoplastic, immortalized adult human prostatic 

epithelial cells (RWPE-1) are androgen-responsive and show many normal cell characteristics. The 

two human prostate cancer cell lines used exhibit different features of prostate cancer progression 

from early stages to androgen independence stages. LNCaP is an androgen-responsive cancer cell 

line and PC3 is an androgen- unresponsive cell line that may be related to recurrent prostate cancers 

that have achieved androgen independence. Cell lines were obtained from the American Type 

Culture Collection. RWPE-1 cells were maintained in complete keratinocyte serum-free medium 

(K-SFM) containing bovine pituitary extract (50 µg/mL) and epidermal growth factor (5 ng/mL). 

LNCaP and PC3 cells were grown and maintained in RPMI-1640 medium supplemented with 10% 

fetal bovine serum (FBS, Invitrogen, Barcelona, Spain). All culture media were also supplemented 

with 1% penicillin/ streptomycin/amphotericin B (Life Technologies, Carlsbad, CA). The culture 

was performed in a humidified 5% CO2 environment at 37°C. After the cells reached 70-80% 

confluence, they were washed with PBS, detached with 0.25% trypsin/0.2% EDTA, and seeded at 

30 000-40 000 cells/cm2. The culture medium was changed every 3 days. 

2.3. Cell viability studies 

Cells were grown to 70-80% confluence, harvested with trypsin/EDTA solution and seeded at low 

concentration (50 000 cells per well) in 24-well plates for 24 h. The culture medium was then 



removed and replaced with RPMI-1640 medium containing 1% antibiotic/antimycotic 

(penicillin/streptomycin/amphotericin B) and 0% FBS for 24 h. Cells were treated for 24 h with 

0.1 μM GHRH-R antagonists. Cell viability was determined by tetrazolium assay, which measures 

the reduction of substrate MTT [3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide] to a 

dark blue formazan product by mitochondrial dehydrogenases in living cells. MTT (5 mg/mL) 

(Sigma–Aldrich, Alcobendas, Madrid, Spain) was added to each well and the mixture incubated 

for 3 h at 37°C in darkness. The medium was replaced and the dark blue formazan precipitate was 

dissolved with 0.2 N HCl in isopropanol. Absorbance was read at 570 nm in a plate reader (ELX 

800, Bio-Tek Instruments, Winooski, VT). Results were expressed as the relative percentage of 

absorbance compared with control cells. 

2.4. Cell proliferation assays 

RWPE-1, LNCaP, and PC3 (2 × 105) cells were grown in six-well plates. After 24 h, the culture 

medium was removed and replaced with RPMI-1640 medium containing 0% FBS and 1% 

antibiotic/antimycotic (penicillin/streptomycin/amphotericin B) for 16 h. Then, cells were 

subjected for 24 h to different treatments. In the last 30 min of incubation, cells were pulsed with 

10 μM bromodeoxyuridine (BrdU). Thereafter, cells were washed with PBS, fixed with ice-cold 

absolute ethanol, and stored at −20°C for 30 min. Fixative was removed by centrifugation and the 

cell pellets were washed with PBS. DNA was partially denatured by incubation with 1 M HCl for 

30 min at room temperature and then the cells were washed three times with PBS containing 

0.05% Tween-20 (pH 7.4) and 0.1% BSA. Cells were incubated with 20 µl of anti-BrdU 

monoclonal antibody with FITC (BD Bioscience, San Agustin de Guadalix, Spain) in the dark for 

another 30 min period. In preparation for flow cytometry analysis, the cells were stained with 

propidium iodide (PI) staining solution: PI (50 µg/mL) and RNase (10 µg/mL) in PBS. The 



number of BrdU-positive cells was counted with the use of the Cyflogic program (Version 1.2.1.). 

2.5. Cell cycle assays 

PC-3 (2 × 105) cells were grown in six-well plates. After 24 h, the culture medium was removed 

and replaced with RPMI-1640 medium containing 0% FBS and 1% antibiotic/antimycotic 

(penicillin/ streptomycin/amphotericin B) for 16 h. After that, cells were subjected to the various 

treatments for 6 h. Then the cells were washed with PBS and detached with 0.25% trypsin/0.2% 

EDTA. The cells were centrifuged at 500 xg for 5 min at 4°C and the pellets were mixed with ice-

cold 70% ethanol and then kept at −20°C for 30 min. After removing the ethanol by centrifugation, 

the pellets were washed with PBS and centrifuged again. The supernatants were discarded and the 

pellets suspended in PBS, 0.2 mg/mL RNase A and 20 µg/mL PI before flow cytometry analysis 

with a FACSCalibur cytometer (Becton Dickinson, San Agustin de Guadalix, Spain). Results 

obtained were analyzed with the Cyflogic v 1.2.1 program. 

2.6. Cell adhesion assay 

Concentrated type-I collagen solution was diluted in 10 mM glacial acetic acid and coated onto 96-

well plates for 1 h at 37°C. Plates were washed twice with PBS (pH 7.4). Cells were harvested with 

0.25% trypsin/0.2% EDTA and collected by centrifugation. They were resuspended in RPMI 

medium/0.1% (w/v) BSA (pH 7.4) and treated with 0.1 μM GHRH(1-29)NH2 for 30 min. Then, 

cells plated at 2.5 × 104 cells per 100 μl. The assay was terminated at indicated time intervals (0-80 

min) by aspiration of the wells. Cell adhesion was quantified by adding MTT (1 mg/mL) followed 

by 1 h incubation. Isopropanol (50 μl) was added to each well to dissolve the formazan precipitates 

and absorbance at 540 nm with a reference wavelength at 630 nm was reported. 

 



2.7. Wound-healing assay 

RWPE-1 and PC3 cells were incubated in 24-well plates and a small wound area was made in the 

confluent monolayer with a scraper. Afterward, cells were incubated in the absence or presence of 

MIA-602, MIA-606, and MIA-690 (0.1 µM). Four representative fields of each wound were 

captured using a Nikon Diaphot 300 inverted microscopy at different times (0-24 h). Wound areas 

of untreated samples were averaged and assigned a value of 100%. 

2.8. Cell lysates isolation 

RWPE-1, LNCaP, and PC3 cells (1.5–3× 106 cells) were washed with ice-cold PBS and then 

harvested, scraped into ice-cold PBS, and pelleted by centrifugation at 500 xg for 5 min at 4°C. For 

preparation of cell lysates, cells were kept on ice for 30 min in a solution containing 20 mM Tris-

HCl (pH 7.5), 1 mM EDTA, 0.5 M NaCl, 1 mM EDTA, 2 mM PMSF, 5 μg/mL aprotinin, 5 μg/mL 

leupeptin, 5 μg/mL pepstatin. Thereafter, cells were pelleted by centrifugation at 4 000 xg for 5 min 

at 4°C. 

2.9. Western blot assays 

Proteins from cell lysates (30 μg) extracts were denatured by heating. Then, they were resolved by 

10% SDS-PAGE, and blotted onto a nitrocellulose membrane (BioTrace/NT, Quimigen, Madrid, 

Spain) overnight in 50 mM Tris-HCl, 380 mM glycin, 0.1% SDS, and 20% methanol. Anti-E-

cadherin (BD Biosciences Cat# 610181, RRID: AB_397580) and anti-β-catenin (BD Biosciences 

Cat# 610154, RRID: AB_397555), anti-Bcl2 (Santa Cruz Biotechnology, Santa Cruz, CA, Cat# 

sc-509, RRID: AB_626733) and anti-Bax (Santa Cruz Biotechnology Cat# sc-493, RRID: 

AB_2227995), anti-p53 (Sigma–Aldrich Cat# sc-126, RRID: AB_628082), anti-MMP2 (Abcam, 

Cambridge, UK, Cat# ab52756, RRID: AB_880701) and anti-MMP9 (Abcam Cat# ab76003, 



RRID: AB_1310463), and anti-PCNA (Innovative Research, Le-Perray-en-Yvelines, France, Cat# 

18-0110, RRID: AB_86659) antibodies were added followed by incubation for 1 h at room 

temperature. After treatment for 1 h at room temperature with the corresponding secondary 

antiserum (1:4,000 for anti-rabbit serum and for anti-mouse serum), the signals were detected with 

enhanced chemiluminescence reagent (Pierce, Rockford, IL) using β-actin antibody as loading 

control. 

2.10. RNA isolation and RT-PCR 

PC3 cells were placed in six-well plates (15 × 104 cells) and incubated with the different treatments 

in serum medium for different periods of time. Total RNA was isolated with Tri-Reagent (Sigma–

Aldrich) according to the instructions of the manufacturer. Two microgram of total RNA were 

reverse-transcribed using 6 µg of hexamer random primer and 200 U M-MLV RT (Life 

Technologies) in the buffer supplied with the enzyme, supplemented with 1.6 µg/mL oligo dT, 10 

nM dithiothreitol (DTT), 40 U RNasin (Promega, Madison, WI), and 0.5 mM 

deoxyribonucleotides (dNTPs). Two microliter of the RT reaction were used for each PCR 

amplification, with a primer set which amplifies cDNAs for human cysteine rich protein with 

CD44, Cyclin D1, c-Myc, MMP9 y MMP2, or β-actin. The corresponding sequences of 

oligonucleotide primers were as follows in Table 1. PCR-conditions were: denaturation at 94°C for 

5 min, followed by 26-40 cycles of 95°C for 1 min, 57°C for 1 min, 72°C for 1 min, and then a 

final cycle of 10 min at 72°C. The signals were normalized with the β-actin gene expression level. 

The PCR products were separated by electrophoresis and visualized in 2% agarose gels, stained 

with GelRedTM nucleic acid gel stain (Biotium, Hayward, CA) and visualized under ultraviolet 

light. 

  



2.11. Determination of VEGF 

VEGF levels in tumor homogenates (15 µg) were determined by using the human VEGF DuoSet 

(R&D Systems, Minneapolis, MN) according to the manufacturer's instructions. Data were 

normalized by the protein concentration in each sample. 

2.12. Gelatin zymography 

Zimography assays were carried out as described previously.31 Briefly, the samples (30 µg of 

protein) were subjected to 10% SDS-PAGE with 0.1% (w/v) gelatin (Sigma–Aldrich) as the 

substrate. After staining, the activity of MMP2 and MMP9 was semiquantitatively determined by 

densitometry. 

2.13. Data analysis 

Quantification of band densities was performed using Quantitive One Program (Bio-Rad, 

Alcobendas, Spain). Data were subjected to one-way ANOVA and differences were determined by 

Bonferroni's multiple comparison test. Each experiment was repeated at least three times. Data are 

shown as the means of individual experiments and presented as the mean ± SEM. P < 0.05 was 

considered statistically significant. 

3. Results  

3.1. Effect of GHRH-R antagonists on cell viability and proliferation in RWPE-1, LNCaP, and PC3 

cells 

The effect of GHRH-R antagonists, 0.1 μM MIA-602, MIA-606, and MIA-690 on the cell viability 

and proliferation of RWPE-1, LNCaP, and PC3 cells were assessed by MTT and BrdU 

incorporation assays, respectively (Figures 1A and 1B). Incubation of cells with 0.1 μM GHRH-R 

antagonists significantly decreased (P < 0.001) cell viability (27-44% vs control). 



The treatment with GHRH-R antagonists showed a different behavior on the proliferation of 

each cell line (Figure 1B). In RWPE-1 cells, only MIA-602 antagonist caused a 42% reduction (P < 

0.01) on cell proliferation. However, all antagonists studied provoked a reduction in proliferation in 

LNCaP and PC3 cells. Interestingly, GHRH-R antagonist MIA-690 caused a significant decrease (P 

< 0.001) of up to 40-50% compared to its control value. 

To determine whether GHRH-R antagonists modified the expression of the molecule involved 

on cell proliferation, PCNA, we treated the three cell lines with MIA-602, MIA-606, and MIA-

690. Treatment with GHRH-R antagonists significantly reduced PCNA expression in both RWPE-

1 cells (MIA-606 and MIA-690, up to 36 and 22%, respectively) and in LNCaP cells (MIA-602 

and MIA-690, up to 24 and 39%, respectively) (Figure 1C). In PC3 cells, all of the antagonists of 

the MIA series caused significant changes (P < 0.001) in PCNA expression levels, where the 

biggest decline was reached after treatment with MIA-690 (49%). 

3.2. Effect of GHRH-R antagonists on cell cycle in PC3 cells 

This procedure to analyze cell cycle is based in cellular DNA content. It reveals distribution of 

cells in three major phases of the cycle and makes possible to detect apoptotic cells with fractional 

DNA content. Thus SubGo phase determines whether DNA has been damaged and the genetic 

material is hypodiploid (< 2n). PC3 cells were treated for 8 h with 0.1 µM GHRH-R antagonists. 

After treatment with GHRH-R antagonists, there was a large number of cells in SubG0 phase 

revealing an increase in apoptotic cells (Figure 2A). Moreover, GHRH-R antagonists caused a 

very notorious increase of cells in S-phase as well as a corresponding decrease of those in the G1 

and G2/M phases which induced S-phase arrest. 

Changes in cell cycle by GHRH-R antagonists may be due to variations on the expression of 

molecules involved in cell cycle. Therefore, the levels of p53, p21, Bax, and Bcl2 were analyzed 



after appropriate treatment in PC3 cells. GHRH-R antagonists significantly increased (P < 0.01) 

both p53 mRNA and protein expression at 30 and 45 min, respectively (Figures 2B and 2C). 

Furthermore, after 2 h-treatment with MIA-690 antagonist mRNA levels for p21 were 

significantly increased by 50% (P < 0.001) (Figure 2D). On the other hand, treatment with GHRH-

R antagonists (Figure 2E) provoked a decrease in expression of Bcl2 and increased Bax levels, 

resulting in augmenting of the Bax/Bcl2 ratio value, which indicates a rise in cell apoptosis. 

3.3. Effect of GHRH-R antagonists on cell adhesion in RWPE-1, LNCaP, and PC3 cells  

The effects of GHRH-R antagonists (MIA-602, MIA-606, and MIA-690) on cell adhesion of 

RWPE-1, LNCaP, and PC3 cells were assessed by assays of collagen adhesion. Cells were 

suspended and incubated for 30 min with 1 µM GHRH-R antagonists. Then, cells were placed in 

96-well plates with collagen and removed at different times (Figure 3A). Thereafter, the cells were 

incubated with MTT and measured by cell adhesion assay. The results show that treatment with 

GHRH-R antagonists caused a time-dependent significant increase (P < 0.001) of cell adhesion in 

all three cell lines, with the highest value with MIA-690 at 80 min in PC3 cells (83%). 

In order to know whether variations of cell adhesion caused by GHRH-R antagonists affected 

to adhesion molecules, we evaluated E-cadherin protein levels after treatment with 0.1 μM GHRH-

R antagonists for 8 h by Western blot analysis. The results show that E-cadherin protein levels were 

significantly increased (P < 0.01- P < 0.001) in prostate cancer cell lines being higher with MIA-

690. However, no changes were observed in RWPE-1 cells (Figure 3B).  

3.4. Effect of GHRH-R antagonists on the expression levels of β-catenin. 

In addition to their adhesive functions, the E-cadherin/β-catenin complex also plays a key role in 

modulating Wnt signaling, both processes involved in cancer progression. E-cadherin/β-catenin 

complex maintains integrity of epithelial cell-cell contact and keeps Wnt/β-catenin signals in 



check. Levels of β-catenin were analyzed by Western blotting after treatment with MIA 

antagonists in LNCaP and PC3 cells since both showed changes in E-cadherin expression (Figure 

4A). Expression levels of β-catenin were significantly reduced at 8 h in the presence of GHRH-R 

antagonists. PC3 cells show a greater reduction (44-48%) as compared to that in LNCaP cells (17-

20%). These effects were correlated with the increase produced in E-cadherin by GHRH-R 

antagonists. 

Subcellular distribution of β-catenin is important in the Wnt signaling pathway. Therefore, we 

assessed its expression in cytosols and nuclei after treatment with GHRH-R antagonists MIA-602, 

MIA-606, and MIA-690. For this purpose, the PC3 cell line was selected since it was where a 

further decrease in the expression of β-catenin occurred after treatment with GHRH-R antagonists. 

The expression of cytosolic β-catenin significantly increased and the nuclear expression decreased, 

after 2 h of treatment with GHRH-R antagonists (Figure 4B). 

The increase of β-catenin protein levels in the nucleus of PC3 cells could induce transcription 

of target genes such as CD44, c-myc, and cyclin D1. Therefore, mRNA levels of these genes were 

analyzed by RT-PCR assays after treatment with 0.1 μM GHRH-R antagonists in PC3 cells (Figure 

4C). GHRH-R antagonists significantly reduced mRNA levels of the three target genes. MIA-690 

antagonist was the most effective because it provoked a decline of the three genes by 52-78% as 

compared with control values. 

3.5. Effect of GHRH-R antagonists on cell migration in RWPE-1 and PC3 cells 

Cancer cells begin to migrate to other tissues after the loss of cell adhesion. We evaluated by means 

of wound-healing assay the migratory capability of RWPE-1 and PC3 cells after treatment with 

GHRH-R antagonists (MIA-602, MIA-606, and MIA-690). Results show that GHRH-R 

antagonists retarded the wound closure in both cells lines (Figure 5). The greatest retardation effect 



was observed in PC3 cells after the treatment with GHRH-R antagonists (Figure 5B). 

In order to analyze the molecules involved in migration process, we assessed mRNA levels and 

gelatinolytic activity of metalloproteinases 2 and 9 (MMP2 and MMP9) at 45 min and 2 h, 

respectively. Levels of mRNA of both metalloproteases were decreased at 45 min after treatment 

with GHRH-R antagonists (Figure 6A). Antagonist MIA-690 was the most effective agent since 

mRNA levels of MMPs were significantly reduced by 60% (P < 0.001). The gelatinolytic activity 

(Figure 6B) of both pro-MMP2 and −9 was reduced after 2 h of treatment with antagonists. MIA-

690 caused the greatest reduction in both pro-MMPs (by 78% for pro-MMP2 and 54% for pro-

MMP9). 

3.6. Effect of GHRH-R antagonists on VEGF secretion in PC3 cells 

VEGF is the main pro-angiogenic factors involved in tumor progression and it is related to 

molecules involved in migration and adhesion as β-catenin or MMP9. Levels of VEGF125 

released by the cells to the extracellular medium after 24 h-treatment with GHRH-R antagonists 

were assessed by ELISA. VEGF protein levels were decreased by 31% after treatment with 

GHRH-R antagonists as compared to those in the control (Figure 6C). 

4. Discussion  

Currently, PC is the most frequent non-cutaneous cancer among men and the second leading cause 

of cancer related deaths. Various reports have demonstrated the anti-tumor activity of GHRH-R 

antagonists against several cancer types.5,8–14 In the current study, we investigated the effect of 

three GHRH-R antagonists, MIA-602, MIA-606, and MIA-690, in human non-tumoral prostate 

cells and in prostate tumors on processes associated with cancer progression. 

In our study, GHRH-R antagonists MIA-606 and MIA-690 reduced proliferation only in two 

tumor lines, but MIA-602 decreased proliferation of three cell lines studied. Similar inhibition has 



been described by the group of one of us (AVS).11,30,32 In this regard, the lower-proliferation 

induced by GHRH-R antagonists of the MIA series was accompanied by a reduction on PCNA 

levels. This fact could decrease the processivity of DNA polymerase blocking the initiation cell 

replication. In this regard, a previous antagonist JMR-132, from which the MIA series proceeded, 

reduced the expression of PCNA in human benign prostatic hyperplasia cells.33 Our results show 

that GHRH-R antagonists of the latest MIA series increased apoptotic cells and arrested cell cycle 

in S phase in more aggressive prostate cancer cell line, which could explain that both cell viability 

and proliferation decreased. Similar effects of JMR-132 were reported in colon cancer cells.32 These 

antagonists provoke DNA damage, which mediates cell cycle arrest and apoptosis through the 

activation of p53, p21, and Bax, as well as the suppression of the antiapoptotic protein Bcl-2.34 

Present results indicate that the effects of GHRH-R antagonists on the cell cycle could be due to 

both a decrease of p21, p53, and Bax and a rise of Bcl-2. Consequently, the increased ratio of 

proapoptotic/antiapoptotic molecules may activate the process of programmed cell death. 

Epithelial-to-mesenchymal transition represents one major mechanism in cancer cell 

metastasis.28 Epithelial molecule E-cadherin regulates cell-to-cell contact and its aberrant or 

decreased expression is considered as one of the biomarkers for poor prognosis in PC.35 These facts 

support the relevance of the increased E-cadherin protein levels induced by GHRH-R antagonists of 

the MIA series in prostate cancer cells. Similar results have been described in breast cancer cells 

after treatment with MIA-602 antagonist.36 In epithelial cells, E-cadherin-β- catenin association 

prevents the release of β-catenin to the cytoplasm and subsequent translocation to the nucleus, 

where it activates the transcription of genes that promote tumor progression.37 In our study, GHRH-

R antagonists reduced β-catenin levels in the nucleus. Comparable outcomes have been obtained in 

glioblastoma cells, breast cancer, and ovarian cancer in the presence of the antagonist MIA-602.36 



The lower presence of nuclear β-catenin would prevent the activation of transcription of target 

genes, c-myc, cyclin D1, and CD44 as was observed in our in vitro experiments. The importance of 

GRHR-R antagonists on the reduction of c-myc, cyclin D1, and CD44 Levels lies in the capability 

of such molecules to prevent cell cycle progression, reduce cell adhesion, and increase tumor 

proliferation.38–40 

When tumor cells lose their adherence ability, they are able to migrate to other tissues. In this 

process, degradation of the extracellular matrix is produced by proteolytic enzymes, mainly 

MMP9 and MMP2, which are highly expressed in prostate tumor tissue in advanced stage.41 Our 

results indicate that GHRH-R antagonists reduced both cell motility in the prostate and MMPs 

levels in prostate cancer cells. This fact would block steps of the metastatic process, preventing the 

invasion of blood vessels, and colonization of other tissues. Similar results have been described by 

dealing with MIA-602 cells from breast cancer, ovarian cancer, and glioblastoma.36 In addition, 

GHRH-R antagonists reduced levels of the major pro-angiogenic molecule, VEGF, by stablishing 

an anti-angiogenic role for the novel MIA-series antagonists. The effects of MZ-J-7-118 and RC-

3940-II antagonists in advanced PC cells have been described validating the current results.42 

Moreover, it has been found that under hypoxic conditions, such as inside tumor mass, an increase 

occurs of MMP2 and 9, and in turn upregulates VEGF levels.41,43 

Conclusion 

In conclusion, GHRH-R antagonists of the MIA series could be defined as inhibitors of tumor 

progression in prostate cancer and should be considered for use in future therapeutic strategies. 
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 Table 1. Oligonucleotide primers used in RT-PCR analysis for p53, p21, CD44, c-myc, cyclin D1, MMP9, MMP2, and β-actin expression in human 

prostate PC3 cells. Primers were chosen with the assistance of the computer program Primer Express (Perkin Elmer Applied Biosystems). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

mRNA Primer Sequence (5’→ 3’) 

p53 sense 

antisense 

AGGCCTTGGAACTCAAGG  

TGAGTCAGGCCTTCTGTCT 

p21 sense 

antisense 

AGGTGAGGGGACTCCAAAGT 

ATGAAATTCACCCCCTTTCC 

CD44 sense 

antisense 

AAGGTGGAGCAAACACAACC 

ACTGCAATGCAAACTGCAAG 

c-myc sense 

antisense 

AGCGACTCTGAGGAGGAACA 

CTCTGACCTTTTGCCAGGAG 

cyiclin D1 sense 

antisense 

TTCGGGATGATTGGAATAGC 

TGTGAGCTGGTTCATTGAG 

MMP9 sense 

antisense 

TGGGCTACGTGACCTATGACA 

TGTGGCAGCACCAGGGCAGC 

MMP2 sense 

antisense 

ACCTGGATGCCGTCGTGGAC  

TGTGGCAGCACCAGGGCAGC  

β-actin sense 

antisense 

AGAAGGATTCCTATGTGGGCG 

CATGTCGTCCCAGTTGGTGAC 



Figure legends 

Figure 1. Effect of 0.1 μM GHRH-R antagonists of the MIA series: MIA-602, MIA-606, and 

MIA-690 on cell viability (A), cell proliferation (B), and PCNA expression (C) assessed by 

MTT (A), BrdU incorporation (B) and Western blot (C) assays in RWPE-1, LNCaP, and PC3 

cells. Results are expressed as percentage of control value. Data are mean ± SEM of 10 

independent experiments; *, P < 0.05; **, P < 0.01; ***, P < 0.001. 

Figure 2. Effect of 0.1 μM GHRH-R antagonists of the MIA series: MIA-602, MIA-606, and 

MIA-690 on cell cycle (A) and on expression levels of p53 (mRNA, B and protein, C), p21 

(mRNA, D), and Bax/Bcl2 (protein, E) in PC3 cells. The study was performed by cell cycle 

(A), RT-PCR (B and D) and Western blot (C and E) assays. Results are expressed as percentage 

of control value. Data are mean ± SEM of four independent experiments; **, P < 0.01; ***, P < 

0.001. 

Figure 3. Effect of 0.1 μM GHRH-R antagonists, MIA-602, MIA-606, and MIA-690 on cell 

adhesion as assessed by collagen adhesion (A) and on the expression of E-cadherin as measured 

by Western blotting (B), in RWPE-1, LNCaP, and PC3 cell lines. Results are expressed as 

percentage relative to its corresponding control. Data are mean ± SEM of five independent 

experiments; **, P < 0.01; ***, P < 0.001. 

Figure 4. Effect of 0.1 μM GHRH-R antagonists, MIA-602, MIA-606, and MIA-690 on the 

expression of β-catenin (A) in LNCaP and PC3 cells and on the location of β-catenin (B) and the 

expression of CD44, c-myc, and cyclin D1 (C) in PC3 cell line. The studies are performed using 

Western blot (A) and RT-PCR (B) assays. Results are expressed as a percentage relative to its 

corresponding control value. Data are mean ± SEM of three independent experiments; *, P < 0.05; 

**, P < 0.01; ***, P < 0.001. 



Figure 5. Effect of 0.1 μM GHRH-R antagonists, MIA-602, MIA-606, and MIA-690 on cell 

migration in RWPE-1 (A) and PC3 (B) cells at different times (0-24 h) by means of wound-healing 

assays. Images are representatives of five independent experiments. 

Figure 6. Effect of 0.1 μM GHRH-R antagonists, MIA-602, MIA-606, and MIA-690 on the 

expression of mRNA (A) and gelatinolitic activities of MMP9 and MMP2 (B), and the VEGF125 

secretion (C) in PC3 cells. The studies are performed using RT-PCR (A), Western blot (B), and 

ELISA (C) assays. Results are expressed as a percentage relative to cells untreated. Data are mean 

± SEM of three independent experiments; *, P < 0.05; **, P < 0.01; ***, P < 0.001, versus the 

corresponding control. 
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