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Introduction 

 

Malignant gliomas, such as glioblastoma multiforme, are the most frequent type of primary 

brain tumors [1]. They can be typified by diffuse infiltration of the brain and increased 

resistance to conventional cancer therapies [1]. The standard approach of treatment is 

multimodal: surgical resection is followed by adjuvant radiotherapy and chemotherapy, with 

the alkylating agent temozolomide [2]. Recent studies investigating the genetic alterations as 

well as the disordered tumor proliferation signaling pathways underlying glioma formation 

may aid diagnosis and lead to the development of more tailored therapies in non-responding 

cases [3]. Antiangiogenic therapy with antivascular endothelial growth factor antibodies 

(bevacizumab) is an example of targeted-therapy that has been introduced for the treatment of 

recurrent or progressive glioblastoma [4]. Despite notable advancements in oncology, 

however, the early diagnosis and successful treatment of malignant gliomas continues to 

present a great challenge [5]. 

Heat shock proteins (Hsp) are a ubiquitous group of proteins found in all living 

organisms. They are expressed in response to different types of stress including environmental 

changes and the stages of development. Hsp also function as molecular chaperones aiding the 

folding and assembly of proteins and their refolding or –in some cases- elimination, if the 

damage done to the protein is irreversible. Hence, Hsp play an important role in 

cytoprotection and cell survival [6]. 

Small Hsps (sHsp) have a molecular weight ranging between 2-43 kDa. They 

comprise a structurally divergent group characterized by a conserved sequence of 80-100 

amino acid residues called the alpha-crystallin domain, which is flanked by two extensions. 

The N-terminal extension is poorly conserved and is responsible for oligomer construction 

and chaperone activity, whereas the C-terminal is a highly variable, flexible region 

accountable for stabilizing the quartenary structure and enhancing protein/substrate complex 

solubility. sHsp also contain a highly conserved arginine, whose characterization was of 

particular importance since the residues’ mutation has been found to contribute to some 

diseases [7; 8]. 

Although the molecular mass of sHsps does not exceed 43 kDa, they assemble into 

large complexes up to 1 MDa. Beta-strands account mostly for the secondary structure with 

little alpha-helical content. Dimer formation is brought about by beta-sheets within the alpha-

crystallin domain [8; 9]. 
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Like other Hsp, small stress proteins also act as molecular chaperones. They increase 

the cells’ resistance to stress by suppressing the aggregation of denatured proteins or by 

storing aggregation prone proteins. The amount of sHsp in a cell and their localization inside 

the cell differs according to the lack or presence of physiological stressors, like heat, hypoxia 

or cell development [7]. 

Our knowledge of sHsps is rather limited, however their apparently significant role 

have made them a target for research recently. The two most studied sHsps have been alphaB-

crystallin and Hsp 27 [8; 9]. AlphaB-crystallin is a major soluble protein found in vertebrate 

eye lenses, however it is present in other, non-ocular tissues (e.g. skeletal muscle, kidney, 

heart muscle) as well.  Hsp 27 was originally identified in human MCF-7 cells and human 

breast carcinomas as being identical with the 24-kD protein. Later Hsp 27 was found to be 

expressed in other malignancies as well [10].  

It follows, from the central role of sHsps, that inappropriate change in their structure 

or function – due to mutation in their DNA- is likely to lead to the damage of the cell and 

finally, to the development of a disease. sHsps have the potential to guard cells from damage 

and disease but when they are disturbed or are present in tumorous cells, they can foster 

disease. Thus,  sHsps have been linked to various human illnesses [7].  

It is particularly worthwhile to examine the role of sHsps in cancer. The discovery that 

a positive correlation exists between the levels of alphaB-crystallin and lymph node 

involvement in breast cancer turned the attention of researchers towards the possibility of 

sHsps being used as tumor markers [7].  

 Previously, while searching NCBI database, our working group noticed a 

homology between the amino acid sequences of C1ORF41 and alphaB-crystallin. Since small 

heat shock proteins are homologous to alphaB-crystallin [11], it raised the possibility that 

C1ORF41 may have a physiological role similar to that of small heat shock proteins. To 

indicate this putative physiological role, we used the name small heat shock protein 16.2 

(Hsp16.2) for C1ORF41 further on. Consequent experiments, such as the induction of its 

synthesis to heat stress and its ATP-independent chaperone activity, indicated that Hsp16.2 is 

a novel small heat shock protein. Suppression of Hsp16.2 sensitized cells to apoptotic stimuli, 

while over-expressing of Hsp16.2 protected cells against H2O2 and taxol induced cell death. 

Under stress conditions, Hsp16.2 inhibited the release of cytochrome c from the mitochondria, 

nuclear translocation of AIF and endonuclease G, and caspase 3 activation by protecting the 

integrity of mitochondrial membrane system. Furthermore, Hsp16.2 was found to bind to 

Hsp90, thus Hsp16.2 mediated cytoprotection requires Hsp90 activation. Hsp16.2 over-
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expression facilitated lipid rafts formation, and increased Akt phosphorylation (ser-473) 

supporting the idea that stabilization of lipid rafts is essential to Akt activation [D48]. The 

inhibition of PI-3-kinase-Akt pathway by LY-294002, or wortmannin, significantly decreased 

its protective effect. Taken together, these data indicated that one of the main mechanisms by 

which Hsp16.2 inhibits cell death is the activation of Hsp90 followed by activation of lipid 

raft formation and by the activation of PI-3-kinase - Akt cytoprotective pathway .  

Preliminary studies indicated that Hsp16.2 is expressed in neuroectodermal tumors. 

Despite the number of recent findings, none of the sHsps’ have yet been correlated with a 

wide range of brain tumor types –only with astrocytic brain cancers- and none have shown the 

exact correlation with the different grades of brain tumors (grade1,2,3 and 4).  

Therefore, we began to study the expression of Hsp 16.2 in different types of brain 

tumors including benign and malignant meningeoma, oligodendroglioma, glioblastoma 

multiforme, ependymoma and medulloblastoma. Our aim was to examine whether Hsp16.2 

plays a part in the development of various types of brain tumors and whether the level of its 

expression correlates with the malignancy of the tumor. 

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

hypothalamus [12]. GHRH induces growth hormone (GH) secretion after binding to pituitary-

type GHRH receptors (pGHRH-R) in the anterior pituitary [13; 14; 15; 16]. The insulin-like 

growth factor I (IGF-I) stimulated by GH, plays an important role in the mechanism of 

malignant transformation, metastasis and tumorigenesis in various cancers, including brain 

cancers [14; 17; 18]. The detection of mRNA for GHRH in malignant gliomas indicates that 

GHRH also plays a role in the pathogenesis of this tumor [19; 20]. The presence of pGHRH-R 

and its splice variant with a high structural homology to pGHRH-R, SV1, on DBTRG-05 

glioblastoma cancer cell line has also been previously demonstrated [21]. GHRH antagonists 

have been applied successfully for the treatment of different types of experimental tumors, 

including malignant gliomas based on their ability to block the secretion of GH, thereby 

suppressing the hepatic production of IGF-I [12; 19]. The efficacy of GHRH antagonists is 

also due to the blocking of the binding of autocrine GHRH to receptors on tumor cells, 

without an involvement of IGFs [13; 20]. GHRH antagonists could provide a potential 

treatment for glioblastomas, since their passage across the blood-brain barrier and 

accumulation in the brain have been proved [22]. 

The effects of the GHRH antagonists’ on cancer cell viability and cell signaling 

pathways have not yet been elucidated. In the present study, we investigated the mechanism 

of action of two new potent GHRH antagonists: JMR-132 and MIA-602. Our goal was to 
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examine the signal transduction and cellular response of brain tumor cells to treatment with 

GHRH antagonists and to investigate the effectiveness of GHRH antagonist MIA-602 in vivo. 

The inhibitory effects of GHRH antagonists on tumor growth, invasion and metastatic 

ability of various cancers in vivo have previously been investigated [23; 24; 25]. However, the 

actions of the new GHRH antagonist, MIA-602 on metastatic potential, and cellular 

mechanisms affected, have not yet been described. In our in vitro study in three highly 

malignant cell lines including the glioblastoma cell line, DBTRG-05, it was our goal to 

demonstrate how MIA-602 affects the critical steps of malignant tumorigenesis, such as cell 

proliferation, stimulation of angiogenesis, enhancement of cell motility, cellular invasion and 

the production of key proteins involved in metastasis development.  

 

Taken together, the aims of my study were to determine the following: 

 

1. Is Hsp 16.2 present in different types of brain tumors? 

2. Can a correlation be found between the expression of Hsp 16.2 and the grades of 

different brain tumors? 

3. Are the pGHRH receptor and its main splice variant, SV1, expressed in 

glioblastoma cell lines? 

4. Do GHRH antagonists have an effect on the cell survival of glioblastoma cell 

lines? 

5. Do GHRH antagonists have an effect on the cell signalling pathways of 

glioblastoma cell lines? 

6. How do GHRH antagonists influence the mitochondrial membrane potential of 

glioblastoma cells? 

7. Do GHRH antagonists decrease the rate of glioblastoma tumor growth in a nude 

mouse animal model? 

8. Do GHRH antagonists have an effect on invasion and metastasis development in 

vitro? 

9. Could GHRH antagonists be a possible therapeutic tool for the treatment of 

malignant gliomas? 
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Materials and Methods 
 

 (for the study regarding Hsp 16.2) 
 
Tumor materials 
Brain tumor samples from fifty-one patients were available for examination. All tumor tissue 
specimens were provided by the Medical University of Pécs, Department of Neurosurgery and 
Pathology. Full ethical approval was given by the local Ethics Committee for the use of these samples. 
Each type of tumor was identified according to the revised WHO classification on Histological Typing 
of the Tumors of the Central Nervous System [10].  
 
Preparation of polyclonal antibodies against Hsp16.2. 
Rabbits were immunized subcutaneously at multiple sites with 100 pg of recombinant Hsp16.2/GST 
fusion protein in Freund's complete adjuvant. Four subsequent booster injections at 4-week intervals 
were given with 50 pg of protein in Freund's incomplete adjuvant. Blood was collected 10 days after 
boosting, and the antiserums were stored at -20°C. IgGs were affinity purified from the sera by protein 
G-Sepharose chromatography according to the manufacturer’s protocol. 
 
Immunohistochemistry 
Sections from the tumor tissue samples were formalin-fixed and paraffin-embedded. Subsequently, 
they were incubated with polyclonal anti-Hsp16.2 polyclonal antibody. Immunohistochemical staining 
was carried out according to the streptavidin-biotin-peroxidase method with hydrogen peroxide/3-
amino-9-ethylcarbazole development using the Universal kit. Only secondary IgG was incubated with 
the control sections. The evaluation of the slides was done with the help of an Olympus BX50 light 
microscope with incorporated photography system (Olympus Optical Co., Hamburg, Germany). Both 
the presence and localization of positive staining for Hsp16.2 was examined. Staining intensity was 
recorded semiquantitatively as mild (+), moderate (++) or strong (+++), following as it was described 
before [9/24]. For internal positive control, the normal cerebral and vascular structures of the samples 
were used. Positive areas around necrotic fields were excluded due to their probable stress related up-
regulation.   
 
Immunoblot analysis 
Tumor tissue specimens were homogenized in chilled lysis buffer of 0,5 mM sodium metavanadate, 1 
mM EDTA, and protease inhibitor mixture in phosphate-buffered saline in a Teflon/glass 
homogenizer, and centrifuged. Isolation of cytosol and nuclear  fractions were carried out by standard 
lab protocols exactly as previously [9/23].  The samples were equalized to 1 mg/ml total protein 
concentration using Biuret’s method and subjected to SDS-PAGE. Proteins (20µg/lane) were separated 
on 15% gels and then transferred to nitrocellulose membranes. The membranes were blocked in 5% 
low fat milk for 1 h at room temperature, then exposed to the primary anti-Hsp16,2  antibodies at 4 °C 
overnight at a dilution of 1:2,000 in blocking solution. Appropriate horseradish peroxidase-conjugated 
secondary antibodies were used for 2 h at room temperature and at 1:5,000 dilution. Peroxidase 
labeling was visualized with enhanced chemiluminescence (ECL) using an ECL Western blotting 
detection system (Amersham Biosciences). The developed films were scanned, and the pixel volumes 
of the bands were determined using NIH Image J software. All experiments were repeated four times. 
 
Statistical analysis 
Difference in distribution of variables between groups was tested using χ2 test. Values of p<0.01 were 
considered to be significant. 
 

(for experiments regarding the mechanism of action of GHRH antagonists) 
 
Peptides and chemicals 

GHRH antagonists JMR-132 and MIA-602 were synthesized in our laboratory by 
solid-phase method and purified by reversed-phase HPLC as described previously(10/18). The 
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chemical structure of JMR-132 is [PhAc0-Tyr1, D-Arg2, Cpa6, Ala8, Har9, Tyr(Me)10, His11, 
Abu15, His20, Nle27, D-Arg28, Har29]hGH-RH(1-29)NH2, and the structure of MIA-602 is 
[(PhAc-Ada)0-Tyr1, D-Arg2, Fpa56, Ala8, Har9, Tyr(Me)10, His11, Orn12, Abu15, His20, Orn21, 
Nle27, D-Arg28, Har29]hGH-RH(1-29)NH2. Non-coded amino acids and acyl groups used in 
the antagonists are abbreviated as follows: Abu, α-aminobutyric acid; Ada, 12-
aminododecanoic acid; Cpa, para-chlorophenylalanine; Fpa5, pentafluoro-phenylalanine; 
Har, homoarginine; Nle, norleucine; Orn, ornithine; PhAc, phenylacetyl; Try(Me), O-methyl-
tyrosine. GHRH(1-29)NH2 was also synthesized in our laboratory. For daily injection, GHRH 
antagonists were dissolved in 0.1% DMSO (Sigma) in 10% aqueous propylene glycol (vehicle 
solution). For in vitro experiments, GHRH(1-29)NH2 and GHRH antagonists were dissolved 
in 0.1% DMSO and diluted with incubation media. 
 
Cell lines and animals  

The cell lines (DBTRG-05, U-87MG and NIH/3T3) were obtained from American 
Type Culture Collection (Manassas, VA, USA) and cultured at 37 ºC in a humidified 95% 
air/5% CO2 atmosphere. DBTRG-05 cells were cultured in RPMI-1640 supplemented with 
antibiotics/antimycotics, 10% FBS and HEPES. U-87 cells were cultured in EMEM and 
NIH/3T3 cells in DMEM, supplemented with antibiotics/antimycotics and 10% FBS. The 
culture media were purchased from GIBCO (Carlsbad, CA). 

Five- to 6-week-old male athymic nude mice (Ncr nu/nu) were obtained from the 
National Cancer Institute (Bethesda, MD). The animals were housed in sterile cages under 
laminar flow hoods in a temperature-controlled room with a 12-h light/12-h dark schedule. 
They were fed autoclaved chow and water ad libitum. Donor mice were injected 
subcutaneously with 1×106 glioblastoma DBTRG-05 cells.  After 3 weeks, tumor tissue 
grown in donor animals was minced and passed through a wire mesh. A suspension of 150 µl 
was injected s.c. into experimental nude mice. The experiment was initiated when DBTRG-05 
tumors had reached a volume of approximately 70 mm3. Mice were divided into two 
experimental groups of 10 animals each: group 1, control; group 2, MIA-602 s.c. at a dose of 
5 µg/day. Tumor volume (length × width × height × 0.5236) and body weight also were 
measured weekly. The trial was ended 4 weeks after the initiation of the treatment, mice were 
killed under anesthesia, and necropsy was performed. Tumors and organs were removed and 
weighed. All experiments were conducted in accordance with the institutional guidelines for 
the welfare of animals in experiments. The Institutional Animal Care and Use Committee of 
the VA medical Center in Miami approved the protocols.  
 
Proliferation assay 

Cells were seeded onto 96-well-plates at a starting density of 2500 cells/well, cultured 
overnight, starved for 24 hours with medium containing no FBS and then treated with GHRH 
(1-29)NH2 or GHRH antagonist in a medium containing 0.5% FBS for 48 hours. After the 
treatment, the relative number of viable cells was measured in comparison with the untreated 
control and the solvent control using Cell Titer 96 AQueusus Assay (Promega) according to 
the manufacturer's instructions at 490 nm in a Victor3 multilabel counter (Perkin-Elmer, 
Waltham, MD, USA). All experiments were done at least in quadruplate and repeated three 
times. The percentage of cell survival was determined by comparing the absorbance value of 
the vehicle control. 
 
 
Isolation of subcellular fractions 

Cells were pre-starved for 24 hours in serum free medium, then treated with GHRH 
antagonists or GHRH(1-29)NH2 at a concentration of 1 µM, for the time periods 
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demonstrated in the results section (5, 10, 30 minutes, 6 and 24 hours, respectively). Cells 
were harvested and centrifuged at low-speed, then the pellet was dispersed by vortexing in 
lysis buffer (50mM Tris-HCl (pH=8.0), 1% Triton X-100, 10% glycerol, 1mM EDTA, 
250mM NaCl, 1mM dithiothreitol, 1mM phenylmethylsulfonylfluoride, 2mM sodium 
vanadate, 100mM sodium fluoride, 10 mg/ml aprotinin, 10 mg/ml leupeptin and 10 mg/ml 
pepstatin) for 10 min at 4 °C. Isolation of cytosol, nuclear and mitochondrial fractions was 
carried out by standard lab protocols as described previously [26].  
 
Western blot 

Cells were washed with PBS, and directly lysed in lysis buffer. Cell lysates were 
adjusted to equal protein concentrations (NanoDrop Technologies, Inc., Wilmington, DE), 
resuspended in 2X sample loading buffer containing 4% SDS, 20% glycerol, 120mM Tris and 
bromophenol blue, and were boiled for 5 min. Protein samples were subjected to SDS-
polyacrylamide gel electrophoresis. Proteins on the gel were transferred onto nitrocellulose 
membranes that were blocked with 50-50% Odyssey buffer and phosphate buffered saline 
(PBS) for 1 h at room temperature. Afterwards, the membranes were incubated with the 
indicated primary antibodies overnight at 4 °C. GHRH-R primary antibody was purchased 
from Abcam, Cat. No.: ab28692 (Abcam Inc., Cambridge, MA). p-AKT, p-ERK1/2, 
pGSK3β, phospho-p38, Poly(ADP-ribose) (PARP), caspase-3, cleaved PARP, cleaved 
caspase-3, cytochrom c (cyt c), apoptosis inducing factor (AIF) and endonuclease G (Endo G) 
primary antibodies were purchased from Cell Signaling. α-tubulin primary antibody was 
obtained from Calbiochem. After washing with PBS containing 0.1% Tween-20, the 
membranes were incubated with the appropriate secondary antibody. The immunoreactive 
bands were visualized with the Odyssey Infrared Imaging System and V. 3.0 software was 
used (LI-COR Biosciences, Lincoln, Nebraska). 
 
Fluorescent microscopy 

DBTRG-05 cells were seeded to cover slips. After subjecting the cells to the treatment 
indicated in the figure legends, live imaging by using JC-1 dye was performed exactly as 
described previously (10/19). The fluorescence microscope and software used were made by 
Nikon Instruments Inc., Lewisville, TX and NIS-ELEMENTS BR software. 
 
Statistical analysis 

Results are expressed as means ± SE. Results were compared using Student’s t test, P 
< 0.05 being accepted as statistically significant. 

 
(for experiments regarding the reduction of invasion- and metastasis- potential of 

cancer cells by GHRH antagonists) 
 
 

Peptides and chemicals 
GHRH antagonist MIA-602 was synthesized in our laboratory by solid-phase method 

and purified by reversed-phase HPLC as described previously [27]. The chemical structure of 
MIA-602 is [(PhAc-Ada)0-Tyr1, D-Arg2, Fpa56, Ala8, Har9, Tyr(Me)10, His11, Orn12, Abu15, 
His20, Orn21, Nle27, D-Arg28, Har29]hGH-RH(1-29)NH2. Non-coded amino acids and acyl 
groups used in the antagonists are abbreviated as follows: Abu, α-aminobutyric acid; Ada, 12-
aminododecanoic acid; Fpa5, pentafluoro-phenylalanine; Har, homoarginine; Nle, norleucine; 
Orn, ornithine; PhAc, phenylacetyl; Try(Me), O-methyl-tyrosine. For the experiments the 
GHRH antagonist was dissolved in 0.1% DMSO and diluted with incubation media. 
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Cell lines  
The human cell lines (DBTRG-05 glioblastoma, MDA-MB-468 estrogen independent 

breast cancer, and ES-2 clear cell ovarian cancer) were obtained from American Type Culture 
Collection (Manassas, VA, USA) and cultured at 37 ºC in a humidified 95% air/5% CO2 
atmosphere. DBTRG-05 cells were cultured in RPMI-1640 supplemented with 
antibiotics/antimycotics, 10% FBS and HEPES. MDA-MB-468 cells were cultured in DMEM 
and ES-2 cells in McCoy’s 5A, supplemented with antibiotics/antimycotics and 10% FBS. 
The culture media were purchased from GIBCO (Carlsbad, CA). 

 
Proliferation assay 

Cells were seeded onto 96-well-plates at a starting density of 2500 cells/well, cultured 
overnight, starved for 24 hours with medium containing no FBS and then treated with 1 µM 
GHRH antagonist MIA-602 for 48 hours. After the treatment the relative number of viable 
cells were measured in comparison with the untreated control and the solvent control using 
Cell Titer 96 AQueusus Assay (Promega) according to the manufacturer's instructions at 490 
nm in a Victor3 multilabel counter (Perkin-Elmer, Waltham, MD, USA). All experiments 
were run at least in quadruplicate and repeated three times. The percentage of cell survival 
was determined by comparing the absorbance value of the vehicle control. 

 
Adhesion assay 
The adhesion assay was performed by MTT assay. All three cell lines were starved for 24 
hours with medium containing no FBS. Then monolayers of the cell lines (1×105) were 
incubated with or without 1 µM GHRH antagonist MIA-602 for 24 hours. Subsequently, the 
cells were planted into the fibronectin-precoated (10 µg/ml) and matrigel-precoated (100 
µg/ml) 96-well plate in triplicate. The groups of cells were washed at 30 min, 60 min and 90 
min, respectively, to remove the non-adherent cells. After washing, the adhered cells were 
measured by MTT assay at 490 nm. The OD values of washed groups compared with those of 
non-washing groups reflect the proportion of cells adhered to the fibronectin and matrigel-
coated 96-well plate. 
 
 
Gelatin zymography 
DBTRG-05, MDA-MB-468, and ES-2 cell lines were starved for 24 hours with medium 
containing no FBS. Subsequently, the cells in media containing 0.5% FBS were stimulated 
with 1 µM GHRH antagonist MIA-602 for different time periods and then, the supernatants 
were collected. The samples were analyzed with gelatin zymography, (0.1% w/v) gelatin 
(Sigma) as the substrate. Each lane was loaded with a total protein concentration of 3µg and 
subjected to SDS-PAGE electrophoresis at 48 °C. Gels were washed twice in 50 mM Tris (pH 
7.4) containing 2.5% (v/v) Triton X-100 for 1 hr, followed by two 10-min rinses in 50 mM 
Tris (pH 7.4). After SDS removal, the gels were incubated overnight in 50 mM Tris (pH 7.5) 
containing 10 mM CaCl2, 0.15 M NaCl, 0.1% (v/v) Triton X-100, and 0.02% sodium azide at 
37°C under constant gentle shaking. After incubation, the gels were stained with 0.25% 
Coomassie brilliant blue R-250 (Sigma) and destained in 7.5% acetic acid with 20%methanol. 
The gelatinase bands appeared white on a blue background. The activity of metalloproteinases 
MMP-2 and MMP-9 was determined semiquantitatively by densitometry. Gelatin 
zymography standards for enzymes and proenzymes of human MMP-2 and human MMP-9 
(Chemicon International, Temecula, CA) were used. 
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Isolation of subcellular fractions 
Cells were harvested and low-speed centrifuged, then the pellet was dispersed by 

vortexing in lysis buffer (50mM Tris-HCl (pH¼8.0), 1% Triton X-100, 10% glycerol, 1mM 
EDTA, 250mM NaCl, 1mM dithiothreitol, 1mM phenylmethylsulfonylfluoride, 2mM sodium 
vanadate, 100mM sodium fluoride, 10 mg/ml aprotinin, 10 mg/ml leupeptin and 10 mg/ml 
pepstatin) for 10 min at 4 °C. Isolation of cytosol, nuclear and mitochondrial fractions was 
carried out by standard lab protocols exactly as described previously [26].  

 
Western blot 

Cells were washed with PBS, and directly lysed in lysis buffer. Cell lysates were 
adjusted to equal protein concentrations (NanoDrop Technologies, Inc., Wilmington, DE), 
resuspended in 2X sample loading buffer containing 4% SDS, 20% glycerol, 120mM Tris and 
bromophenol blue, and were boiled for 5 min. Protein samples were subjected to SDS-
polyacrylamide gel electrophoresis. Proteins on the gel were transferred onto nitrocellulose 
membranes that were blocked with 50-50% Odyssey buffer and phosphate buffered saline 
(PBS) for 1 h at room temperature. Afterwards, the membranes were incubated with the 
indicated primary antibodies overnight at 4 °C. Primary antibody for GHRH-R was purchased 
from Abcam (ab28692, Abcam Inc., Cambridge, MA). E-cadherin, caveolin-1, β-catenin 
primary antibodies were purchased from Cell Signaling. NF-κB and MMP-2 primary 
antibodies were purchased from Santa Cruz Biotechnology,Inc.. Alpha-tubulin primary 
antibody was obtained from Calbiochem. After being washed with PBS containing 0.1% 
Tween-20, the membranes were incubated with the appropriate secondary antibody. The 
immunoreactive bands were visualized with the Odyssey Infrared Imaging System (LI-COR 
Biosciences, Lincoln, Nebraska). 
 
Wound migration assay 

 DBTRG-05, MDA-MB-468, and ES-2 cells (2 × 105) were seeded into six-well plates 
and grown to 100% confluency. After starvation of the cells, the confluent cells were 
carefully wounded with sterile polished pasteur pipette tips and any cellular debris were 
removed by washing with PBS. The wounded monolayers were then incubated in the 
presence of 1 µM MIA-602 for 6 h and 24 h and digitally photographed. The distance 
between the wound edges was measured using Adobe Photoshop 6.0. 
 
Migration assay 
Cell migration assays were performed according to the manufacturer’s protocol. The BD 
Falcon Cell Culture Insert System containing PET (polyethylene terephthalate) membranes 
with 8 µm pores (BD Biosciences Discovery Labware Franklin Lakes, NJ) was utilized in the 
assay. DBTRG-05, MDA-MB-468, and ES-2 cells were harvested, after a 24 hour starving 
period, and resuspended into serum-free medium containing 1.0 µM GHRH antagonist or the 
vehicle. The upper chamber of the insert was filled with 500 µl of the cell and drug 
suspension (1 × 105 cells) and 1.5 ml of fibroblast-conditioned medium (FCM) was added to 
the lower chamber. FCM served as the chemoattractant. The conditioned medium was 
collected from NIH/3T3 cells grown in serum-free DMEM after 24 hours. The plate was 
incubated in a humidified environment at 37°C with 5% CO2 for 24 hours. Cells were allowed 
to migrate or invade for 24 h. Cells that had not penetrated the filters were removed by 
scrubbing with cotton swabs. Chambers were fixed in 100% methanol for 10 min, stained in 
0.5% crystal violet for 10 min, rinsed in PBS and examined under a bright-field microscope. 
Values for invasion and migration were obtained by counting five fields per membrane. Our 
results represent the average of three independent experiments performed over multiple days.  
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Data Analysis 
Quantification of band density was performed using the Odyssey Infrared Imaging 

System (LI-COR Biosciences, Lincoln, Nebraska). Data shown in the figures are 
representative of at least three different experiments. The results are expressed as the 
mean±SEM and were statistically treated by following the Bonferroni’s test for multiple 
comparisons after one- or two-way analysis of variance (ANOVA). The level of significance 
was set at P<0.05. 

 
 

Results 

 (for the study regarding Hsp 16.2) 

 

Expression and intracellular localization of Hsp16.2 in different brain tumors by 

immunohistochemistry 

 
Ninety-one samples of different brain tumors were evaluated in the present study 

(Table 1.): 5 schwannomas (grade 1), 6 pilocytic astrocytomas ( grade 1), 6 meningothelial 

meningeomas (grade 1), 5 fibrous meningeomas (grade 1), 8 diffuse astrocytomas (grade 2), 5 

oligodendrogliomas (grade 2), 6 ependymomas (grade 2), 5 atypical meningeomas (grade 2), 

6 malignant meningeomas (grade 3), 5 anaplastic astrocytomas (grade 3), 5 anaplastic 

oligodendrogliomas (grade 3), 9 glioblastomas (grade 4),  5 giant cell glioblastomas (grade 4), 

8 medulloblastomas (grade 4) and 7 PNETs (primitive neuroectodermal tumor) (grade 4) . 

 

Table 1 - Immunohistochemical analysis of Hsp16.2 in 51 human brain tumors.  
 

Intracytoplasmic 
labeling 

Intranuclear 
labeling Histological diagnosis No. of cases Tumor grade 

 -       +     ++  +++  -      +     ++  +++ 

Schwannoma 5 1 5       5 

Pilocytic astrocytoma 6 1 3 3      6 

Meningothelial 
meningioma 

6 1 4 2      6 

Fibrous meningeoma 5 1 2 3      5 

Diffuse astrocytoma 8 2 3 5      8 

Oligodendroglioma 5 2 1 4      5 

Ependymoma 6 2  1 5    1 5 
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Atypical meningeoma 5 2  1 4     5 

Malignant 
meningeoma 

6 3   6     6 

Anaplastic 
astrocytoma 

5 3   5     5 

Anaplastic 
oligodendroglioma 

5 3   5     5 

Glioblastoma 9 4   2 7    9 

Giant cell glioblastoma 5 4    5    5 

Medulloblastoma 8 4    8    8 

PNET 7 4    7    7 

 
Staining intensity: (+) mild, (++) moderate, (+++) strong 
 
 

Hsp16.2 immunoreactivity was found both in the nucleus and in some cases in the 

cytoplasm in tumor tissues (Fig.1). Since intranuclear labeling was present in all tumor 

samples in large quantities, cytoplasmic Hsp16.2 immunoreactivity could be used for 

differential diagnostic purposes. Cytoplasmic labeling varied considerably among the 

different histological types and grades of tumors. Low grade tumors (grades 1-2) showed 

weak or no staining (+/-) in the cytoplasm (Fig.1. A, B). There was no detectable Hsp16.2 in 

the cytoplasm of the benign schwannoma (Fig.1.A) and one pilocytic- (Fig1.B) and two 

diffuse astrocytomas. The remaining low grade tumors stained weakly (Fig.1. C, E), excepting 

ependymomas (Fig.1.G) and atypical meningeomas, which stained moderately (++). 

Grade 3 tumors, including malignant meningeomas (Fig.1.F), anaplastic astrocytomas 

(Fig1.D) and oligodendrogliomas (Fig.1.H), displayed moderate cytoplasmic 

immunoreactivity for Hsp16.2. (++). High grade tumors (grade 4) such as glioblastomas 

(Fig.1.I), medulloblastomas and PNETs (Fig.1.J) exhibited strong Hsp16.2 positivity in the 

cytoplasm. (+++) 
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Figure 1 - Expression and intracellular distribution of Hsp16.2 in different human 
tumors of the nervous system. 
Immunohistochemistry utilizing anti-Hsp16.2 primary antibody was performed on 91 brain 
tumor samples. A. Schwannoma. Intensive intranuclear Hsp16.2 immunoreactivity, whereas 
no immunoreactivity in the cytoplasm. B. Pilocytic astrocytoma. Strong intranuclear 
immunopositivity but no intracytoplasmic staining was detected. C. Grade 2 astrocytoma 
shows intensive intranuclear labeling as well as mild cytoplasmic staining. D. Grade 3 
astrocytoma exhibits strong Hsp 16.2 positivity intranuclearly and moderate Hsp16.2 
positivity in the cytoplasm. E. Grade 1 meningeoma showing high expression of Hsp16.2 
intranuclearly and mild expression in the cytoplasm. F. Grade 3 meningeoma displayed strong 
intranuclear and moderate cytoplasmic staining for Hsp16.2. G. Grade 2 ependymoma with 
strong intranuclear and moderate cytoplasmic immunopositivity. H. Grade 3 
oligodendroglioma exhibiting intensive intranuclear and moderate cytoplasmic 
immunoreactivity. I . Grade 4 glioblastoma showing strong Hsp16.2 positivity intranuclearly 
and intracytoplasmically alike. J. Grade 4 PNET with intensive staining in the nucleus as well 
as in the cytoplasm. 
 

Table 2. shows the correlation between the cytoplasmic staining and the histological 

grades of different brain tumors.  

Table 2 - Correlation of Hsp16.2 cytoplasmic expression and histological grade of brain 
cancer.  
 

Hsp16.2 
expression 

Grade 1 
n (%) 

Grade 2 
n (%) 

Grade 3 
n (%) 

Grade 4 
n (%) 

Total 
n (%) 

P Value 

- 14 (63.6) 4 (16.6)      18 (19.8) 
+   8 (36.4) 11(45.8)     19 (20.8) 
++   9 (37.6) 16 (100) 2 (6.9)   27 (29.7) 

+++    27 (93.1)   27 (29.7) 

<0.01 

Total 22 (100) 24 (100) 16 (100) 29 (100)  91 (100)  

 
Staining intensity: (+) mild, (++) moderate, (+++) strong 
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There was no cytoplasmic expression in 63.6% and mild expression in 36.4% of Grade 

1 cancers. 16.6 % showed no, 45.8% exhibited mild and 37.6% of the samples displayed 

moderate staining in Grade 2 cancers. All (100%) Grade 3 cancers demonstrated moderate 

staining. Only 6.9% of Grade 4 tumor samples revealed moderate immunoreactivity, while 

93.1% proved to be intensively stained. These results clearly demonstrate that the Hsp16.2 

staining of the cytoplasm is directly correlated with the histological grade of the brain tumors. 

 

Detection of Hsp16.2 expression by Western-blot 

 

After subcellular fractionation, the expression of Hsp16.2 was determined from both 

the cytosolic (Fig. 2.) and the nuclear fraction by immunoblotting. Thirty samples were 

studied including three from normal brain tissue, and three samples from nine different types 

of brain tumors. The intranuclear expression of Hsp16.2 was approximately the same level in 

the different samples (data not shown). Three samples from different parts of the brain were 

tumor-free, serving as a negative control for the experiment, which contained a minimal 

amount of nuclear and cytoplasmic Hsp16.2 (lane 1). Low cytoplasmic expressions of the 

protein were visible in grade 1 meningeomas, pilocytic astrocytomas (lane 2, 3). The 

expression was stronger in the Grade 2 diffuse astrocytomas and ependymomas (lane 4, 5). 

Higher cytoplasmic expressions of Hsp16.2 were observed in grade 3 tumors such as 

anaplastic astrocytomas and malignant meningeomas (6, 7). The strongest bands appeared in 

the cytoplasmic samples of medulloblastomas, PNETs and glioblastomas (8-10). In 

conclusion, the observed Hsp16.2 labeling correlated with the results gained by the 

immunohistochemistry method. 

 

 

Figure 2 - Cytoplasmic expression of Hsp16.2 in different human brain tumors. 
Endogenous cytoplasmic expression levels of Hsp16.2 were assessed by Western blotting 
utilizing a custom made polyclonal anti-Hsp16.2 primary antibody. 30 samples were used 
including three from normal brain tissue and 18 samples from nine different types of brain 
cancer, two samples from each type. The subcellulare fractionation was confirmed by probing 
with antibodies recognizing nuclear H3 histone, cytoplasmic actin and equal loading was 
confirmed by a second incubation with anti-GAPDH antibody (data not shown). 1: normal 
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brain, 2: Pilocytic astrocytoma (Grade 1), 3: Meningothelial meningioma (Grade1) 4: Diffuse 
astrocytoma (Grade 2), 5: Ependymoma (Grade 2), 6: Malignant meningioma (Grade 3), 7: 
Anaplastic astrocytoma (Grade 3), 8: Medulloblastoma (Grade 4), 9: Giant cell glioblastoma 
(Grade 4), 10: PNET (Grade 4) 
 
 

 

(for experiments regarding the mechanism of action of GHRH antagonists) 

 

The presence of pituitary GHRH receptor and its splice variant, SV1 on DBTRG-05 and U-

87MG glioblastoma cell lines 

We investigated whether pGHRH-R and SV1 are present on both cell lines using 

Western blot method. SV1 of GHRH-R has the greatest structural similarity to the pGHRH-R 

and is considered the main truncated splice variant [28]. For the detection, we used polyclonal 

antiserum against the polypeptide segment, found in both pGHRH and SV1 receptors. Both 

types of receptors were detected on the two glioblastoma cell lines, pGHRH-R at 60 kDa and 

SV1 at 39.5 kDa. pGHRH-R was expressed at a significantly higher level than SV1 in both 

cell lines. (Fig.  1) Our results correspond to earlier findings on pGHRH-R and SV1 detection 

[21; 28]. NIH/3T3 cells were used as a negative control since they express neither pGHRH 

nor SV1 receptors [19; 29].  
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FIGURE 1 – Western blot analysis of pGHRH-R and SV1, with α-tubulin as control in 

samples from NIH/3T3, DBTRG-05 and U-87MG cell lines. All immunoreactive signals were 

detected with a commercial polyclonal antiserum against a polypeptide segment that is 

present in both SV1 and pGHRH receptors. The molecular masses are shown. 

 

 

The inhibitory effect of GHRH antagonists JMR-132 and MIA-602 on glioblastoma cell 

viability 

DBTRG-05 and U-87MG cancer cell lines, were exposed to GHRH antagonists JMR-

132 and MIA-602 at 0.1, 1, 5 and 10 µM concentrations for 48 hours. The untreated cells 

served as negative controls. The GHRH antagonists inhibited cell proliferation in all 

concentrations. The concentration, at which cellular growth was inhibited by 30% (IC 30), 

was 1 µM. Consequently, we used this concentration in our experiments. After treatment with 

1 µM JMR-132 and MIA-602 the cell viability decreased significantly, by 32% and 34%, 

respectively in DBTRG-05 cells and by 31 % and 32%, respectively in U-87MG cells (Fig. 

2a, b). In contrast, GHRH(1-29)NH2 at a concentration of 1 µM stimulated the proliferation of 

DBTRG-05 and U-87MG cells (Fig. 2c). GHRH antagonists at the same concentration 

inhibited cell proliferation and abolished the effect of exogenous GHRH(1-29)NH2 (Fig. 2c).  
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FIGURE 2 – The inhibitory effect of GHRH antagonists, JMR-132 and MIA-602 at different 

concentrations on (a) DBTRG-05 and (b) U-87MG in different concentrations. (c)  The effect 

(c) of GHRH(1-29)NH2  (GHRH) alone and in combination with the GHRH antagonist 

(GHRHA), MIA-602 at a concentration of 1 µM, on DBTRG-05 and U-87MG cell lines. The 

combination of GHRH(1-29)NH2  with JMR-132 gave similar results. (Data not shown) Cell 

viabilities were measured by an MTT (methylthiazolydiphenyl-tetrazolium bromide) assay 
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and were expressed as percentage of untreated cells. The results are mean ±SEM of three 

independent experiments performed at least in quadruplicate. *P< 0.05. 

 

 

The effect of GHRH antagonists JMR-132 and MIA-602 on cell signaling pathways in 

glioblastomas 

In order to examine whether GHRH antagonists JMR-132 and MIA-602 can diminish 

the levels of anti-apoptotic proteins, levels of phospho-AKT, phospho-GSK3beta and 

phospho-ERK1/2 were determined at 0, 5, 10, and 30 minutes following exposure of both 

glioblastoma cell lines to 1 µM of JMR-132, MIA-602 and GHRH(1-29)NH2. Western blots 

were used to asses the results. Treatment with the GHRH antagonists resulted in a significant 

decrease in the expression of p-AKT and pGSK3β at 5 minutes, an even greater decrease at 

10 minutes, but an increase to their initial, “0” minute, level at 30 minutes (Fig. 3a, b). 

Following treatment with the GHRH antagonists, p-ERK1/2 expression levels also fell 

significantly at 5 minutes, remained low at 10 minutes then rose at 30 minutes (Fig. 3c). The 

agonist-treated cells showed an elevation in the levels of p-AKT, p-GSK3β and p-ERK1/2 at 

5 minutes, a greater elevation at 10 minutes, and eventually returned to their original 

phosphorylated state at 30 minutes (Fig. 3a, b, c) The intensity of pro-apoptotic protein 

phospho-p38 expression was determined at “0” time point, which served as a control, and 

after 24 hours of treatment. Cells treated with GHRH antagonists displayed a major activation 

of p38 MAP kinase phosphorylation (Fig. 3d). A slight increase of phospho-p38 was 

demonstrated in GHRH(1-29)NH2 treated cells (Fig. 3d). Similar results were obtained in the 

DBTRG-05 and U-87MG cell lines (data not shown). MIA-602 caused a slightly greater 

change in the levels of the above-mentioned proteins, but the difference between the two 

GHRH antagonists was not significant. 
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FIGURE 3 – The effect of GHRH antagonists, JMR-132 (J) and MIA-602 (M) and GHRH(1-

29)NH2 (G) on the activation of (a) Akt (b) GSK3β (c) ERK 1/2 and (d) p38 MAP kinases in 

samples from DBTRG-05 cells at 0, 5, 10 and 30 minutes as demonstrated by immuno-

blotting utilizing phosphorylation specific primary antibodies against the given kinase. 

Similar results were obtained when the experiments were repeated with samples from U-
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87MG cells (data not shown). α-tubulin immunoreactivity was used to show even loading. 

Representative blots of three independent experiments are presented. *P< 0.05. 

 

 

The effect of GHRH antagonists JMR-132 and MIA-602 on the key executioners of apoptosis 

DBTRG-05 and U-87 were treated with JMR-132 and MIA-602 at 1 µM concentration 

for 6 and 24 hours. Western blot analysis of the samples showed the appearance of cleaved 

caspase-3 after 6 hours of treatment, followed by its intense expression after 24 hours of 

treatment (Fig. 4b). A similar result was found when changes in the cleaved PARP levels 

were examined. Although the presence of cleaved PARP was examined at an additional time 

point (at 4 hours), cleaved PARP could only be detected after 6 hours and 24 hours of 

treatment, with higher levels observed at the later time point (Figure 4a). Treatment with 10 

µM did not result in cleavage of PARP or of caspase-3 (Fig. 4a, b). No major differences 

between the effects of the two GHRH antagonists on protein cleavage could be identified. 

Western blot analyses of both glioblastoma cell lines provided similar results. 



 21 

 

 

FIGURE 4 – The effect of GHRH antagonists, JMR-132 (J) and MIA-602 (M) and GHRH(1-

29)NH2 (G) on the expression of cleaved (a) PARP and (b) caspase-3 at (a) 0, 6 and 24 hours 

and (b) 0, 4, 6 and 24 hours in samples from DBTRG-05 cells  displayed by Western blot 

using appropriate primary antibodies. Similar results were obtained when the experiments 

were repeated with U-87MG cells (data not shown). α-tubulin immunoreactivity was used to 
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show even loading. Representative blots of three independent experiments are presented.  (c) 

Immuno-blot analysis of the pro-apoptotic mitochondrial proteins Endo G, AIF and cyt c 

detected in the nuclear and cytosolic fractions of the DBTRG-05 cells following treatment 

with GHRH antagonists, JMR-132 (J) and MIA-602 (M) and GHRH(1-29)NH2 (G). Cells not 

treated served as controls (C). Similar results were gained when the experiments were 

repeated with samples from U-87MG cells (data not shown). Loading was checked by 

specific markers, the mitochondrial marker VDAC1/porin (VDAC1), cytosol marker α-tubulin 

and the nuclear marker Histon H1 (Histon H1). Representative blots of three independent 

experiments are presented. 

 

 

The effect of GHRH antagonists JMR-132 and MIA-602 on the release of pro-apoptotic 

proteins 

Following a variety of apoptotic stimuli and the collapse of mitochondrial membrane 

potential, pro-apoptotic proteins; AIF, Endo G and cyt c are released from the mitochondria. 

Subsequent to treatment for 24 hours with GHRH(1-29)NH2  and GHRH antagonists at 1 µM 

concentration, the localization of these proteins was detected by Western blot method. 

Treatment with GHRH(1-29)NH2 did not change the intracellular localization of the above-

mentioned proteins (Fig. 4). After treatment with 1µM of GHRH antagonists JMR-132 and 

MIA-602, the release of cyt c from the mitochondria to the cytosol as well as the nuclear 

translocation of AIF and Endo G was observed (Fig. 4c).  

 

 

The effect of GHRH antagonists JMR-132 and MIA-602 on the mitochondrial membrane 

potential 

The membrane potential sensitive dye, JC-1 and fluorescence microscopy were used 

to visualize the depolarization of the mitochondria. Red fluorescence (590 nm) can be seen 

when mitochondria are intact, while green fluorescence (530 nm) becomes visible when the 

mitochondrial membrane potential is decreased. Green fluorescence occurs when cells are 

undergoing apoptosis. A 6 hour and 24 hour treatment with 1 µM JMR-132 (Fig 5 b,c) and 

MIA-602 (Fig. 5 e,f), completely abolished the red fluorescence at 24 h, and the mitochondria 

were visible as intense green spots. Untreated cells (Fig. 5 a) as well as those treated with 

GHRH(1-29)NH2 (Fig. 5d) displayed an even red fluorescence indicating an unchanged 

mitochondrial membrane potential.  
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FIGURE 5 - Effect of treatment with JMR-132, MIA-602 or GHRH(1-29)NH2 on the 

mitochondrial membrane potential of DBTRG-05 cells. Green and red fluorescence images 

were merged and used to demonstrate the integrity of the mitochondrial membrane potential 

in JC-1 loaded control (a) DBTRG cells. The cells were treated with 1 µM JMR-132 (6h: b, 

24h: c) and MIA-602 (6h: e, 24h: f) for 6 and 24 hours to induce mitochondrial membrane 

damage before washing, loading and imaging. The 24 hour treatment (d) with GHRH(1-

29)NH2 had no effect on mitochondrial membrane visualized by JC-1. Representative images 

of three independent experiments are presented.  
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The effect of GHRH antagonist MIA-602 on the growth of DBTRG-05 human glioblastoma, in 

vivo 

Treatment with GHRH antagonist MIA-602 at the dose of 5 µg/day was initiated after 

the tumors reached a volume of approximately 70 mm3 and continued for 35 days. A 

significant tumor growth reduction at the end of the second week of treatment was observed 

in the treated group, but the greatest suppression (p<0.001) in the tumor volume compared 

with controls was found from weeks 2 to 5 of therapy (Fig. 6). After treatment with MIA-602, 

the tumor growth reduction rate (p<0.001 versus controls) was 68.98 % and the treatment 

significantly (P< 0.05) extended tumor doubling time as compared with controls (Table I).  
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FIGURE 6 - Effect of treatment with GHRH antagonists, MIA-602 and JMR-132, given s.c. 

at a dose of 5µg/day on the tumor growth of DBTRG-05 human glioblastoma cancer 

xenografted s.c. into nude mice. Vertical bars indicate SE. *, P< 0.001 vs. control; **, P< 0.05 

MIA-602 vs. JMR-132. 
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Table 1.  Effect of therapy with GHRH antagonists MIA-602 and JMR-132 on the growth of 
DBTRG-05 human glioblastoma cancer xenografted into nude mice 
 
 
                    

 
Treatment 

              
Initial tumor 
volume, mm3 

Final tumor 
volume, mm3 
(%inhibition) 

Tumor 
weight, mg  

Tumor 
doubling 
time, days 

Body 
weight on 
day 34, g 

Control 74.2 ±5.2 1673±232 1780.3±32 7.2±0.4 25.3±1.2 
MIA-602 5µg/day 72.3±5.8 519.4±63 

(69)* 
 902±132* 11±0.3** 24.2±1.3 

JMR-132 5µg/day 69.4±4.5 764±42  
(55)* 

 1098±97* 9.8±0.3** 24.9±1.7 

* P < 0.05, **P<0.01 vs. control. 

 
 

 

 

(for experiments regarding the reduction of invasion- and metastasis- potential of 

cancer cells by GHRH antagonists) 

 

The presence of pGHRH-R and its splice variant, SV1 on DBTRG-05, MDA-MB-468 and ES-

2 cell lines 

We investigated whether pGHRH-R and SV1 are present on all three cell lines using 

Western blot method. SV1 of GHRH-R has the greatest structural similarity to the pGHRH-R 

and is considered the main truncated splice variant [28]. For the detection, we used polyclonal 

antiserum against the polypeptide segment, found in both pGHRH and SV1 receptors. Both 

types of receptors were detected on all three cancer cell lines, pGHRH-R at 60 kDa and SV1 

at 39.5 kDa, although both receptors were expressed at the highest level in MDA-MB-468 

cells, and at a lesser extent in the other two cell lines. pGHRH-R was expressed at a 

significantly higher level than SV1 in all three cell lines. (Fig.  1) Our results correspond to 

earlier findings on pGHRH-R and SV1 detection [21; 30]. NIH/3T3 cells were used as a 

negative control since they express neither pGHRH nor SV1 receptors [29].  
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Fig. 1. Western blot analysis of pGHRH-R and SV1, with α-tubulin as control in samples 

from NIH/3T3, DBTRG-05, MDA-MB-468 and ES-2 cell lines. All immunoreactive signals 

were detected with a commercial polyclonal antiserum against a polypeptide segment that is 

present in both SV1 and pGHRH receptors. The molecular masses are shown 
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The inhibitory effect of GHRH antagonist MIA-602 on cell proliferation 

DBTRG-05, MDA-MB-468 and ES-2 cancer cell lines, were exposed to GHRH 

antagonist, MIA-602 at 0.1, 1, 5 and 10 µM concentrations for 48 hours. The untreated cells 

served as negative controls. MIA-602 inhibited cell proliferation at all concentrations. Since 

the concentration, at which cellular growth was inhibited by 30% (IC 30), was 1 µM, we used 

this concentration in our experiments further on in our study. After treatment with 1 µM MIA-

602 the cell viabilities decreased significantly, by 34% in DBTRG-05 cells, by 30 % in MDA-

MB-468 cells and by 32% in ES-2 cells (Fig. 2).  
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Fig. 2. The inhibitory effect of GHRH antagonist MIA-602 on cell viability of DBTRG-05, 

MDA-MB-468 and ES-2 in different concentrations. Cell viabilities were measured by an 

methylthiazolydiphenyl-tetrazolium bromide MTT assay and were expressed as percentage of 

untreated cells of three independent experiments performed at least in quadruplicate. Vertical 

bars represent SEM. *P< 0.05. 
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Inhibitory effects of MIA-602 on cancer cell adhesion 

 

 The increased cell adhesion to the extracellular matrix (ECM) is considered an 

important step in the acquisition of metastatic properties in cancer cells. Cell adhesion assays 

were used to determine the ability of the tumor cells to bind ECM components. All three cell 

lines were treated with the GHRH antagonist then added to fibronectin precoated plates and 

allowed to adhere for 30, 60 and 90 minutes. Compared to the controls, all three cells showed 

significantly decreased attachment to fibronectin. At 90 minutes the adhesion ratio of 

DBTRG-05, MDA-MB-468 and ES-2 decreased significantly, by 30%, 34 % and 54% 

respectively (Fig. 3a). Following the treatment, when the tumor cells were added to matrigel 

precoated plates, similar results were observed. The adhesion ratio to matrigel diminished in 

DBTRG-05 cells by 34 %, in MDA-MD-468 cells by 31% and in ES-2 cells by 51% (Fig. 

3b). 
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Fig. 3. The effect of GHRH antagonist MIA-602 on the adhesion of DBTRG-05, MDA-MB-

468 and ES-2. Cells were incubated with or without 1 µM MIA-602 and seeded onto 96-well 

plates precoated with (A) fibronectin or (B) matrigel. The remaining cells per well were 

measured after 30, 60 and 90 minutes. Data were representative of three separate experiments. 

Vertical bars represent SEM.  *P< 0.05. 
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Inhibition of tumor cell invasion by MIA-602 

 

 A major issue of metastasis development is the invasion of tumor cells into 

surrounding tissues. Invasion chambers with matrigel-coated membranes were used to 

investigate the invasive properties of untreated (control) and GHRH antagonist treated cells. 

The average invasion rate of all three cancer cell lines (DBTRG-05, MDA-MB-468 and ES-2) 

decreased significantly after 24 hours of exposure to MIA-602 compared to untreated cells 

(Fig. 4). ES-2 cells showed the greatest reduction in their invasion rate following treatment, 

compared to the other two cell lines. 

 

Fig. 4. The effect of GHRH antagonist MIA-602 on the invasion of DBTRG-05, MDA-MB-

468 and ES-2 in vitro. (A) Photomicrographs show the invasion of the cells through the layer 
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of membrane and images were taken under 40x magnification. (B) Migration of cells through 

8 µm Matrigel-coated polycarbonate pores was determined by the Boyden chamber model. 

Cells not exposed to MIA-602 were used as a control. Vertical bars represent SEM.  *P< 0.05. 

 

Inhibition of cell motility by MIA-602 

 

 Another measure of the metastatic potential of cancer cells is their increased motility. 

In order to examine, whether exposure to GHRH antagonist, MIA-602 affected the motile 

ability of the cells, we performed wound-healing assays. Wound closure was examined at 12 

and 24 hours following treatment. The control cells migrated into the wound area by 24 hours 

to an extent that the wound edges were undistinguishable (Fig. 5a). However, cells, from all 

three cell lines, treated with the GHRH antagonist, displayed significantly slower wound 

closure at both time points, never completely closing the wound area (Fig. 5b). The motility 

of ES-2 cells was inhibited most by the GHRH antagonist, compared to the other two cell 

lines. 
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Fig. 5. The effect of GHRH antagonist MIA-602 on the cell motility of DBTRG-05, MDA-

MB-468 and ES-2 demonstrated by wound-healing assays. Confluent cells cultured in six-

well dishes were wounded with a sterile pipette tip and then incubated with or without 1 µM 

MIA-602 for 0 h, 12 h and 24 h (C: control; T: treated). Photographs were taken with inverted 

microscope (Olympus CKX41) under 40x magnification and measurements were made with 

Adobe photoshop 6.0.  Representative monolayer images are shown. Vertical bars represent 

SEM.  *P< 0.05. 

 

 

The effect of MIA-602 on the expression of adhesion, proliferation and invasion-associated 

molecules 
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We used immunoblotting to determine the expression of cell adherens junction proteins (1), 

caveolin-1, E-cadherin and β-catenin following 6, 24 and 48 hours of MIA-602 treatment. 

Following 6 hours of treatment the levels of caveolin-1 and E-cadherin were significantly 

elevated and steadily rose, peaking at 24 hours in all three cancer cell lines (DBTRG-05, 

MDA-MB-468 and ES-2) (Fig. 6 a). On the other hand, β-catenin levels were dramatically 

reduced after MIA-602 treatment, reaching their lowest level at 24 hours (Fig. 6b). The 

expression of NF-κB, a protein involved in the regulation of cellular survival, proliferation 

and carcinogenesis [31], was examined in the cell, cytosol and nuclear lysate of the three 

cancer cells after exposure to MIA-602. The GHRH antagonist treated cells showed decreased 

NF-κB nuclear translocation and increased cytosolic expression, which indicates the potent 

inhibition of NF-κB activation by MIA-602. One of the important downstream effectors of 

NF-κB, MMP-2, [31; 32] plays a pivotal role in tumor invasion [33]. Using Western blot 

analysis, we detected the significant reduction of MMP-2 expression in MIA-602 treated cells 

(Fig. 6c). Results were similar in all three cell lines.  
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Fig. 6. The effect of GHRH antagonist MIA-602 on the activation of E-cadherin, caveolin-1 

and inhibition of β-catenin, NF-κB and MMP-2 activity on (A) DBTRG-05 (B) MDA-MB-

468 and (C) ES-2 cell lines. The cells were collected at the indicated time points after being 

treated with 1 µM MIA-602 and were analyzed by Western blot. The protein levels of NF-κB 
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were analyzed in whole lysates, cytosol and nucleus by immunoblot to confirm the 

translocation. α-tubulin immunoreactivity was used to show even loading. Representative 

blots of three independent experiments are presented.  

 

 

The inhibitory effect of MIA-602 on MMP-2 and MMP-9 expression 

 

 MMP-2 and MMP-9 are extracellular metalloproteinases which influence cell motility 

and invasion and are often upregulated in cancers [34]. The activity of these two matrix-

metalloproteinases was investigated using gelatin zymography. Cells were treated with MIA-

602 for 6, 12, 24 and 48 hours, then their supernatants were collected and the MMP activity 

measured. A gradual decrease in the activities of both MMP-2 and MMP-9 was observed 

from the first time point (6 hours), and was the lowest after 48 hours of treatment in all three 

cell lines (DBTRG-05, MDA-MB-468 and ES-2) indicating the potent inhibitory effect of 

MIA-602 (Fig. 7) 
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Fig. 7. The effect of GHRH antagonist MIA-602 on the enzymatic activities of MMP-2 and 

MMP-9 in (A) DBTRG-05 (B) MDA-MB-468 and (C) ES-2 cell lines. The activities of 

MMPs were determined by gelatinase zymography after exposure to 1 µM MIA-602 with cell 

supernatants at the indicated time points. The densitometric analysis of MMPs is shown. Each 

bar represents mean ± SEM from three independent experiments. *P< 0.05. 
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Discussion 
 

Most malignant neoplasms in the brain already carry a dismal prognosis when they are 

diagnosed.  Therefore, the treatment of human brain tumors possesses a continuous challenge 

for oncological research. Although several brain tumor markers have been investigated as 

possible prognostic factors, further research is needed to reveal the complex mechanism of 

tumor genesis, thus helping to discover the most appropriate tumor markers for 

prognosticating the neoplasm.  

A number of recent studies have been concerned with the possible role of small heat 

shock proteins in the progression of brain tumors. Small stress proteins are a group of heat 

shock proteins that share an evolutionary conserved C-terminal region, called the alpha-

crystallin domain, and whose molecular weight ranges between 15 and 43 kDas[7; 9; 11]. 

They are known to play a part in cell differentiation and in counteracting apoptosis [35]. Due 

to the anti-apoptotic activity of sHsps, tumor cells expressing the protein highly may become 

increasingly resistant to chemo- or radiotherapy [7; 36]. 

 Aoyama et al. reported increased expression of alphaB-crystallin in human glial 

tumors such as astrocytomas and glioblastoma multiforme [37].  Astrocytic neoplasms were 

examined for Hsp27 immunoreactivity also. While normal astrocytes showed no Hsp27 

immunoreactivity, low Hsp27 expression was found in benign astrocytomas and elevated 

levels of Hsp27 found in poorly differentiated tumors. There are data indicating the direct 

correlation between Hsp27 expression and the histologic grade of astrocytic tumors [38]. The 

prognostic significance of Hsp27, Hsp 70, and Hsp90 in medulloblastomas was examined 

with equivocally positive results [39].  

Previously, we reported the existence of a novel small stress protein, sHsp16.2 and its 

high levels of expression in neuroectodermal cancers [26]. This finding turned our attention to 

examining sHsp16.2 expression in brain tumors differing in their grade and type. Since all 

ninety-one tumors were labeled equally intra-nuclearly, and they varied in their cytoplasmic 

labeling, it became apparent that the various tumors differed in the distribution and density of 

sHsp16.2 in the cell cytoplasm. In accordance with earlier studies, astrocytomas (grade 1-2) 

as well as other benign brain tumors, such as meningothelial meningeoma, and 

oligodendroglioma (grade 1-2) exhibited low expression (+) of Hsp16.2. In fact, certain 

benign brain tumors, like schwannoma and fibrous meningeoma showed no immunoreactivity 

at all. However, the increase of anaplasia in the tumor cells resulted in moderate (++) 
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expression (atypical meningeoma, malignant meningeoma, anaplastic astrocytoma, anaplastic 

oligodendroglioma) and high (+++) expression (glioblastoma, medulloblastoma, PNET) of 

the protein. Thus, it became evident that there is a direct correlation between the intensity of 

the staining and the histological grade of the brain tumor. Western blot analysis of thirty 

tumor samples gave similar results. It was observed, that no Hsp16.2 was found in normal 

brain tissue, while high Hsp16.2 labeling was observed in samples from medulloblastoma and 

glioblastoma. The observation that low levels were seen in Grade 1 meningeomas, pilocytic 

astrocytomas, moderate levels in grade 2 diffuse astrocytomas and ependynoma, stronger in 

grade 3 anaplastic astrocytomas and malignant melanoma, and elevated levels of Hsp16.2 in 

grade 4 neoplasms indicate, that Hsp16.2 protein levels increase with the grade of the tumor. 

Thus, according to our findings, Hsp16.2 could be a marker whose cytoplasmic expression 

increases as the tumor progresses.  

Current treatment modalities for malignant glioblastomas including surgery, 

radiotherapy and chemotherapy and their combinations are being applied with limited success 

[40; 41]. In order to improve the survival of brain cancer patients and to decrease the toxicity 

associated with systemic chemotherapy, GHRH antagonists have been developed [14; 30; 42]. 

Their beneficial effect in experimental cancer treatment are due to suppression of the pituitary 

hepatic IGF axis and the direct inhibition by the GHRH antagonists’ binding to pGHRH 

receptors and their splice variants present on tumors [20; 24; 25; 27; 28; 43; 44; 45; 46]. 

Among the splice variants (SV) of pituitary GHRH receptors been detected in various human 

cancer cell lines, SV1 is thought to be the main functional receptor responsible for mediating 

the effects of GHRH and GHRH antagonists in tumors [21; 25]. 

The presence of both pGHRH receptors and SV1 on glioblastoma cell lines DBTRG-

05 and U-87MG cell lines was demonstrated using Western blot method. Our results which 

showed intensive pGHRH-R expression at 47.5 kDa and less intensive SV1 expression at 39.5 

in both cell lines corresponded to earlier investigations [17; 21]. In accordance with a 

previous study, which reported improved cell survival following treatment with GHRH [47], 

we also observed the enhancement of glioblastoma cell viability after exposure to GHRH(1-

29)NH2. As expected, a significant decrease in cell survival was found 48 hours after 

treatment with GHRH antagonists, with a slightly larger reduction with MIA-602, than with 

JMR-132 [47]. These findings support the view that GHRH is a growth factor in brain tumors 

as previously found in other tumors [27]. The diminished cell viability following GHRH 

treatment was caused by a rise in the number of cell deaths, which led us to investigate the 

apoptotic pathways. The identification of critical signaling effectors of tumor cells is of 
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particular importance in delineating the mechanisms of tumorigenesis that can be 

therapeutically targeted. Several attempts to elucidate the pathways that are triggered by 

GHRH and GHRH antagonists have been made. Previously, it was demonstrated that GHRH 

stimulates p44/42 (ERK 1/2) mitogen-activated protein kinase (MAPK) activity in 

somatotroph cells and in a stably transfected cell line with pGHRH receptor overexpression 

[48]. Furthermore, the promotion of p38 MAPK phophorylation and the activation of the 

transcription factors CHOP and CREB by GHRH were reported [49; 50]. It was also found 

that the proliferative actions of GHRH involve ERK 1/2 and Elk-1 activation [51]. According 

to an earlier investigation, the modulation of p21expression mediates the effects of GHRH 

analogs on cell proliferation [49]. The mechanisms of action of GHRH antagonists have 

likewise been investigated but the intracellular signaling mechanisms underlying their pro-

apoptotic activity remain elusive. It has been demonstrated however that the GHRH 

antagonist-induced intracellular Ca2+ activation and cAMP signaling [17]. 

In our study using Western blot, we examined the effect of new GHRH antagonists, 

JMR-132 and MIA-602 on the main apoptotic pathways in DBTRG-05 and U-87MG 

glioblastoma cell lines. The Akt signaling pathway, which is activated by growth factors and 

is frequently overexpressed in cancer cells, is one of the major anti-apoptotic pathways in 

cells [52; 53]. We found that phosphorylation of Akt was significantly decreased in a time-

dependent manner following treatment with GHRH antagonists JMR-132 and MIA-602. Akt 

regulates its anti-apoptotic effect by phosphorylating various effector proteins, including the 

glycogen synthase kinase3β [54]. Accordingly, GSK3β phosphorylation was decreased after 5 

and 10 minutes of treatment and returned to its initial level after 30 minutes. As in previous 

studies, a time-dependent reduction of ERK 1/2 phosphorylation was observed after treatment 

with GHRH antagonists and an opposite effect was detected upon treatment with GHRH(1-

29)NH2 [51]. Although, p38 MAPK was also activated by the addition of GHRH(1-29)NH2 to 

the cells, the p38 phosphorylation found after 24 hours of treatment with the GHRH 

antagonists was double its initial intensity.  

PARP plays a central role in apoptosis as it is required for the translocation of 

apoptosis inducing factor from mitochondria to the nucleus [55]. The release of AIF, an 

inductor of chromatin condensation during apoptosis, may also be a caspase dependent 

process, emphasizing the relevance of caspase cleavage [56]. In accord with a previous 

investigation, we found that GHRH antagonists caused the cleavage of PARP and caspase-3, 

peaking at 24hours in glioblastoma cells at 24 hours, whereas the addition of GHRH(1-

29)NH2 kept them in their uncleaved form [57]. The integrity of the mitochondrial membrane 
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system embodies a major factor against stress induced damage [58]. In order to establish 

whether mitochondrial mechanisms are involved in the pro-apoptotic effect of GHRH 

antagonists, we stained DBTRG-05 cells that were treated with GHRH(1-29)NH2 or GHRH 

antagonists with the membrane potential dependent mitochondrial dye, JC-1. An intense green 

color and the abolition of the red fluorescence component clearly demonstrated the key role of 

the GHRH antagonists in the demolishing of mitochondrial membrane integrity. The exposure 

of glioblastoma cells to GHRH(1-29)NH2 resulted in the retention of the red fluorescence 

component, indicating a preservation of the mitochondrial membrane potential. Previously, it 

has been shown, that the depolarization of the mitochondrial membrane results in the release 

of pro-apoptotic signals from the mitochondrial inter-membrane space [59]. Thus, upon 

exposure to GHRH antagonists we observed the release of cyt c to the cytosol and the nuclear 

translocation of EndoG and AIF. GHRH(1-29)NH2 treatment did not alter the intracellular 

localization of these proteins. The changes in the release of pro-apoptotic proteins were 

reflected in the afore-mentioned caspase-3 activities. These findings provide compelling 

evidence, that GHRH antagonists affect cell death through the following key pro-apoptotic 

pathways: the reduction of phosphorylated Akt, GSK3β and ERK 1/2, the cleavage of PARP 

and caspase-3 and by destabilizing the mitochondrial membrane, which in turn leads to the 

intracellular translocation of proteins AIF, EndoG and cyt c. 

We also investigated the effect of the novel GHRH antagonist, MIA-602 on DBTRG-

05 glioblastoma brain tumor in vivo. A considerable reduction of tumor growth by MIA-602 

of 69 % was found, demonstrating a significant inhibitory effect of this potent GHRH 

antagonist.  

As we previously noted, the treatment of glioblastoma multiforme poses a formidable 

challenge for current cancer therapy [60],  since curative surgical resection is often not 

attainable due to the invasivity of the tumor [60] while the efficacy of chemotherapy is 

impeded by the expression of multidrug resistance genes [61] and the use of chemotherapy is 

limited by the systemic toxicity. Doxorubicin is a highly efficacious chemotherapeutic agent 

in malignant glioma in vivo and in vitro [62; 63; 64]. However, due to the toxicity of 

doxorubicin in the traditional systemic delivery [63; 64; 65], this substance has not been an 

effective agent for patients with brain cancer [66]. New therapeutic strategies involve the 

development of drugs that reach a higher concentration at the site of the tumor, thus 

minimizing the systemic side-effect of the chemotherapeutic agent [63; 64; 65; 66; 67]. 

Somatostatin is a hypothalamic hormonal neuropeptide that inhibits the release of a variety of 

hormones, including growth hormone, gastrin, glucagon, insulin and pancreatic exocrine 
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secretion [68; 69]. Since somatostatin has a short half-life in the circulation, more stable 

octapeptide analogs were synthesized, such as Sandostatin by Sandoz [70] and RC-160 

(vaproetide), which was developed in our laboratory [69; 71]. Five somatostatin receptor 

subtypes (SSTR) have been discovered [72] and the presence of SSTR2 and/or SSTR5 on 

various malignancies, including brain tumors [69; 73; 74; 75; 76; 77; 78; 79; 80], suggested 

they play a potential role in cancer therapy [73; 74; 75; 76; 77; 78; 81; 82; 83; 84; 85]. Several 

targeted cytotoxic hormone analogues have been synthesized in our laboratory that are 

hybrids of a hormonal analogue and doxorubicin [15; 86]. These cytotoxic analogues, are less 

toxic and more effective than free cytotoxic compounds [87].  AN-162, which is a 

doxorubicin linked to a somatostatin analogue, RC-160, showed promising results in 

experimental breast and non-small cell lung cancers [88; 89]. There is much evidence that 

somatostatin octapeptide analogs including the analog RC-121 the carrier of RC-160, can 

penetrate the blood-brain barrier. Based on these findings we determined the effect of AN-162 

on DBTRG-05 glioblastoma cell line, and tested its efficacy in experimental brain tumors. We 

detected the expression of mRNA for somatostatin receptor (SSTR) subtypes 2 and 3 in 

DBTRG-05 cells with RT-PCR. Using ligand competition assay, specific high affinity 

receptors for somatostatin were detected. When nude mice were xenografted with DBTRG-05 

glioblastoma tumors we found that AN-162 significantly inhibited tumor growth compared 

with the control group and the groups treated with equimolar doses of doxorubicin, 

somatostatin analogue RC-160 or the unconjugated mixture of doxorubicin plus RC-160. The 

tumor doubling time in the group of animals treated with AN-162 was extended and was 

significantly different from doubling times in the control group and in the other treatment 

groups. Our study clearly demonstrated a potent inhibitory effect of AN-162 in experimental 

glioblastoma, thus suggesting the possibility of its utilization in patients suffering from 

malignant brain cancer. 

The prognosis of cancer patients is strongly correlated with the stage of the cancer at 

the initial diagnosis. Patients afflicted by advanced stage ovarian or breast cancer have poor 

prognosis and a low survival rate, since these tumors show increased invasiveness and 

metastatic ability [90; 91]. Malignant glioblastomas are particularly aggressive, highly 

angiogenic and considered to be incurable [40; 92; 93]. We conducted a set of experiments 

with representative cell lines from malignant glioma, breast and ovarian cancer: DBTRG-05 

glioblastoma, MDA-MB-468 estrogen-independent breast cancer and ES-2 clear cell ovarian 

cancer cell lines.  
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GHRH antagonists have been found to be effective in the treatment of a variety of 

experimental tumors xenografted into nude mice [13; 14; 19; 20; 25; 43; 46; 94; 95; 96]. 

Some studies evaluated the inhibitory effect of earlier GHRH antagonists on the development 

of metastases in vivo [23; 24; 25]. We felt that it was of interest to investigate whether a new 

GHRH antagonist, MIA-602 is able to inhibit the invasive and metastatic activity of DBTRG-

05, MDA-MB-468 and ES-2 cancer cell lines. The presence of both pGHRH receptors and 

SV1 on all three cancer cell lines was demonstrated using Western blot method. Our results 

showed an intensive pGHRH-R expression at 60 kDa and less marked SV1 expression at 39.5 

in all three cell lines. The data obtained with DBTRG-05 and MDA-MB-468 cell lines 

corresponded to earlier investigations [21; 30]. MDA-MB-468 expressed both receptors at the 

highest level compared to the other two cell lines. We also demonstrated for the first time the 

presence of pGHRH receptors and SV1 on ES-2 ovarian cancer cells.  

The process of tumor cell metastasis is a complex cascade of events, which involves 

numerous steps such as proliferation, separation of cells from the primary tumor, adherence of 

the cells to a new location, angiogenesis, the migration of cancer cells into the stroma and the 

proteolysis of the matrix [31; 90; 97]. It has been reported, that the impediment of local cell 

proliferation is the critical step in the control of metastases [97]. Previously, improved cell 

survival following treatment with GHRH has been demonstrated [47]. Accordingly, we 

investigated the inhibitory effect of MIA-602 on cell proliferation in DBTRG-05, MDA-MB-

468 and ES-2 cancer cell lines. After 48 hours of treatment, 1 µM MIA-602 decreased cell 

viability significantly, with similar results in all three cancer cell lines.  

Tumor invasion requires both tumor cell migration and the degradation of the extracellular 

matrix [33]. Cell motility is one of the pivotal points of metastasis which is necessary for the 

tumor cell to move through the matrix and enter the circulation so that it can travel to a distant 

site [90]. In our study, we demonstrated that MIA-602 significantly reduces the chemotaxis of 

cells across a membrane toward a chemoattractant, like matrigel. Wound-healing assays 

showed a slower wound-closure following MIA-602 treatment, indicating decreased cancer 

cell motility. Cancer cell adhesion to fibronectin and matrigel was also significantly decreased 

after treatment with the GHRH antagonist. We also found that ES-2 showed the greatest 

reduction in cell adhesion and motility after treatment with MIA-602 compared to DBTRG-05 

and MDA-MB-468 cell lines.  

Besides the alteration of cell adhesion, tumor cell migration involves the disruption of cell-

cell connections [31]. E-cadherin, the main component of intercellular adhesion, interacts 

with cytoskeletal proteins through the catenin complex to preserve the normal function of 
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epithelia [31; 33; 98; 99]. The downregulation or loss of E-cadherin in cancer cells, 

contributes to increased cell adhesion, cell migration and higher tumorigenicity [100; 101]. 

On the other hand, β-catenin released at the disruption of adherens junctions upregulates the 

transactivation of β-catenin-responsive genes, which has been observed in various types of 

cancers [102; 103].  We showed that treatment with GHRH antagonist MIA-602 resulted in 

the increased expression of E-cadherin and the decreased expression of β-catenin, indicating 

diminished tumor cell invasion. Different tumors have been reported to express caveolin-1, a 

constituent of caveolar membrane coats, at a lower level than normal cells [104; 105; 106]. 

When we exposed cancer cells to 1 µM MIA-602, the level of caveolin-1 rose dramatically.  

NF-κB is a transcriptional factor, which translocates to the nucleus to induce the transcription 

of proliferation, cell survival and carcinogenesis-associated genes [107; 108]. The 

translocation of NF-κB to the nucleus was successfully inhibited after treatment with the 

GHRH antagonist, and NF-κB showed no activation. A downstream target of NF-κB is MMP-

2. MMPs are required for the proteolysis of the extracellular matrix, facilitating the migration 

of cancer cells through the basal membrane [90; 109]. They constitute a family of proteases 

and are able to cleave different substrates of the extracellular matrix [110]. MMPs are 

secreted in a latent (pro-MMP) form and must be activated to reach their full proteolytic 

capacity [110]. The overproduction of MMP-s has been associated with tumor growth and 

metastasis [111; 112]. To reveal the effect of MIA-602 on cancer cell metastasis, the activity 

of MMP-2 and MMP-9 proteins was investigated by gelatin zymography. Originally high 

MMP-2 and MMP-9 activities were visible in the untreated cancer cells’ supernatants. After 

GHRH antagonist treatment, however, their activities diminished significantly in a time-

dependent manner. The results found using gelatin zymography were supported by the 

findings obtained with Western blot. The expression of MMP-2 was significantly reduced 

after the cells were treated with MIA-602. Taken together, the findings that the GHRH 

antagonist, MIA-602 decreases the proliferation, migration, invasion and MMP production in 

three cancer cell lines representing three different cancers in vitro, indicates its possible role 

as a potent tool against cancer cell metastasis. 

 

 

Conclusions 

 

1. Hsp 16.2 was detected in different types and grades of brain tumors, 

however, the level of expression varied according to the type and grade 
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of the tumor. All ninety-one tumor samples were labeled equally intra-

nuclearly; they varied in their cytoplasmic labeling of Hsp 16.2.  

 

2. Hsp 16.2 could not be detected in a significant quantity in normal brain 

tissue, it was only present in tumor cells in significant quantity and its 

level increased with the increase of cell anaplasia. The cytoplasmic 

expression of Hsp 16.2 correlates directly with the grade of the different 

types of brain tumors. Based on our findings, Hsp16.2 could become a 

valuable marker for primary brain tumor diagnosis and the anti-

apoptotic activity of sHsp16.2 could become the target of drug therapy. 

 

3.  Both the pGHRH receptor and its main splice variant, SV1, were 

detected on the two glioblastoma cell lines,DBTRG-05 and U-87MG, 

pGHRH-R at 60 kDa and SV1 at 39.5 kDa. 

4. GHRH antagonists, JMR-132 and MIA-602, decreased the cell viability 

of both DBTRG-05 and U-87MG glioblastoma cancer cell lines. 

 

5. GHRH antagonists affect cell death through the following key pro-

apoptotic pathways: the reduction of phosphorylated Akt, GSK3β and 

ERK 1/2, the cleavage of PARP and caspase-3 and through the 

intracellular translocation of proteins AIF, EndoG and cyt c. 

 

6. GHRH antagonists abolish mitochondrial membrane integrity, through 

the depolarization of the mitochondrial potential, thus leading to the 

release of pro-apoptotic signals from the mitochondrial inter-membrane 

space. 

 

7.  The treatment of experimental glioblastoma in vivo with the GHRH 

antagonist, MIA-602, resulted in the considerable (69%) reduction of 

tumor growth, demonstrating a significant inhibitory effect of this 

GHRH antagonist. 

 

8.  The new GHRH antagonist, MIA-602 decreased the proliferation, 

migration, invasion and MMP production in three cancer cell lines 
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representing three different cancers (brain, ovarian, breast cancers) in 

vitro. Exposure to MIA-602 upregulated the expression of caveolin-1 

and E-cadherin, and led to the powerful downregulation of β-catenin 

and NF-κB.  

 

 9.  The current investigation indicates that GHRH antagonists, such as 

MIA-602, might be useful for the treatment of patients suffering from 

malignant brain cancer by the reduction of tumor growth and through 

the inhibition of cancer cell metastasis.  
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