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Introduction

Malignant gliomas, such as glioblastoma multiforrags the most frequent type of primary
brain tumors [1]. They can be typified by diffusdfiliration of the brain and increased
resistance to conventional cancer therapies [l $tandard approach of treatment is
multimodal: surgical resection is followed by adjnv radiotherapy and chemotherapy, with
the alkylating agent temozolomide [2]. Recent stadnvestigating the genetic alterations as
well as the disordered tumor proliferation signglipathways underlying glioma formation
may aid diagnosis and lead to the development aertalored therapies in non-responding
cases [3]. Antiangiogenic therapy with antivascutadothelial growth factor antibodies
(bevacizumab) is an example of targeted-therapyhtis been introduced for the treatment of
recurrent or progressive glioblastoma [4]. Despiigtable advancements in oncology,
however, the early diagnosis and successful tredtrae malignant gliomas continues to
present a great challenge [5].

Heat shock proteins (Hsp) are a ubiquitous grouproteins found in all living
organisms. They are expressed in response toditfeypes of stress including environmental
changes and the stages of development. Hsp alstidaras molecular chaperones aiding the
folding and assembly of proteins and their refajdor —in some cases- elimination, if the
damage done to the protein is irreversible. Hendsp play an important role in
cytoprotection and cell survival [6].

Small Hsps (sHsp) have a molecular weight rangietween 2-43 kDa. They
comprise a structurally divergent group characeeliby a conserved sequence of 80-100
amino acid residues called the alpha-crystallin @iomwhich is flanked by two extensions.
The N-terminal extension is poorly conserved andesponsible for oligomer construction
and chaperone activity, whereas the C-terminal igighly variable, flexible region
accountable for stabilizing the quartenary struetand enhancing protein/substrate complex
solubility. sHsp also contain a highly conservedirane, whose characterization was of
particular importance since the residues’ mutatias been found to contribute to some
diseases [7; 8.

Although the molecular mass of sHsps does not exd@kDa, they assemble into
large complexes up to 1 MDa. Beta-strands accowstlgnfor the secondary structure with
little alpha-helical content. Dimer formation isolight about by beta-sheets within the alpha-

crystallin domain [8; 9].



Like other Hsp, small stress proteins also act akecalar chaperones. They increase
the cells’ resistance to stress by suppressingatiggegation of denatured proteins or by
storing aggregation prone proteins. The amountispsin a cell and their localization inside
the cell differs according to the lack or preseatphysiological stressors, like heat, hypoxia
or cell development [7].

Our knowledge of sHsps is rather limited, howeVegirt apparently significant role
have made them a target for research recentlytwhenost studied sHsps have been alphaB-
crystallin and Hsp 27 [8; 9]. AlphaB-crystallin amajor soluble protein found in vertebrate
eye lenses, however it is present in other, nofaodissues (e.g. skeletal muscle, kidney,
heart muscle) as well. Hsp 27 was originally idesd in human MCF-7 cells and human
breast carcinomas as being identical with the 24pk@iein. Later Hsp 27 was found to be
expressed in other malignancies as well [10].

It follows, from the central role of sHsps, thaappropriate change in their structure
or function — due to mutation in their DNA- is lilketo lead to the damage of the cell and
finally, to the development of a disease. sHsp®he potential to guard cells from damage
and disease but when they are disturbed or areemgréis tumorous cells, they can foster
disease. Thus, sHsps have been linked to variomsh ilinesses [7].

It is particularly worthwhile to examine the rolésHsps in cancer. The discovery that
a positive correlation exists between the levels afghaB-crystallin and lymph node
involvement in breast cancer turned the attentibmesearchers towards the possibility of
sHsps being used as tumor markers [7].

Previously, while searching NCBI database, our kimgy group noticed a
homology between the amino acid sequences of C1DRRd alphaB-crystallin. Since small
heat shock proteins are homologous to alphaB-dliys{d 1], it raised the possibility that
C1ORF41 may have a physiological role similar tattbf small heat shock proteins. To
indicate this putative physiological role, we usbd name small heat shock protein 16.2
(Hsp16.2) for CLORFA41 further on. Consequent erpemis, such as the induction of its
synthesis to heat stress and its ATP-independegerbne activity, indicated that Hsp16.2 is
a novel small heat shock protein. Suppression pflER sensitized cells to apoptotic stimuli,
while over-expressing of Hsp16.2 protected cellsiregy HO, and taxol induced cell death.
Under stress conditions, Hsp16.2 inhibited theasdeof cytochrome ¢ from the mitochondria,
nuclear translocation of AIF and endonuclease @, @spase 3 activation by protecting the
integrity of mitochondrial membrane system. Fumhere, Hsp16.2 was found to bind to

Hsp90, thus Hspl6.2 mediated cytoprotection requlisp90 activation. Hspl16.2 over-



expression facilitated lipid rafts formation, andcreased Akt phosphorylation (ser-473)
supporting the idea that stabilization of lipidtsais essential to Akt activation [D48[he
inhibition of PI-3-kinase-Akt pathway by LY-29400@; wortmannin, significantly decreased
its protective effect. Taken together, these dadécated that one of the main mechanisms by
which Hsp16.2 inhibits cell death is the activatminHsp90 followed by activation of lipid
raft formation and by the activation of PI-3-kinas&kt cytoprotective pathway .

Preliminary studies indicated that Hsp16.2 is esped in neuroectodermal tumors.
Despite the number of recent findings, none of4Heps’ have yet been correlated with a
wide range of brain tumor types —only with astrocytic braencers- and none have shown the
exact correlation with theifferent grades of brain tumors (gradel,2,3 and 4).

Therefore, we began to study the expression of H&f in different types of brain
tumors including benign and malignant meningeomligodendroglioma, glioblastoma
multiforme, ependymoma and medulloblastoma. Our &gl to examine whether Hsp16.2
plays a part in the development of various typebrafn tumors and whether the level of its
expression correlates with the malignancy of timedu

Growth hormone-releasing hormone (GHRH) is a peptidrmone secreted by the
hypothalamus [12]. GHRH induces growth hormone (Gébretion after binding to pituitary-
type GHRH receptors (pGHRH-R) in the anterior pawy [13; 14; 15; 16]. The insulin-like
growth factor | (IGF-1) stimulated by GH, plays @amportant role in the mechanism of
malignant transformation, metastasis and tumorigisni@ various cancers, including brain
cancers [14; 17; 18]. The detection of mMRNA for GHR malignant gliomas indicates that
GHRH also plays a role in the pathogenesis ofttimsor [19; 20]. The presence of pPGHRH-R
and its splice variant with a high structural hoogy to pGHRH-R, SV1, on DBTRG-05
glioblastoma cancer cell line has also been preWodemonstrated [21]. GHRH antagonists
have been applied successfully for the treatmerdifeérent types of experimental tumors,
including malignant gliomas based on their abiliby block the secretion of GH, thereby
suppressing the hepatic production of IGF-I [12}. The efficacy of GHRH antagonists is
also due to the blocking of the binding of autoeri@HRH to receptors on tumor cells,
without an involvement of IGFs [13; 20]. GHRH artagsts could provide a potential
treatment for glioblastomas, since their passagesacthe blood-brain barrier and
accumulation in the brain have been proved [22].

The effects of the GHRH antagonists’ on cancer wilbility and cell signaling
pathways have not yet been elucidated. In the ptetedy, we investigated the mechanism

of action of two new potent GHRH antagonists: JME2-Band MIA-602. Our goal was to



examine the signal transduction and cellular respasf brain tumor cells to treatment with
GHRH antagonists and to investigate the effectissrad GHRH antagonist MIA-602 vivo.
The inhibitory effects of GHRH antagonists on turgoswth, invasion and metastatic
ability of various cancens vivo have previously been investigated [23; 24; 25)weer, the
actions of the new GHRH antagonist, MIA-602 on mtthc potential, and cellular
mechanisms affected, have not yet been descrilmedul in vitro study in three highly
malignant cell lines including the glioblastomaldale, DBTRG-05, it was our goal to
demonstrate how MIA-602 affects the critical stepsnalignant tumorigenesis, such as cell
proliferation, stimulation of angiogenesis, enhanest of cell motility, cellular invasion and

the production of key proteins involved in metastaevelopment.

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

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

2. Can a correlation be found between the expresdidtsp 16.2 and the grades of
different brain tumors?

3. Are the pGHRH receptor and its main splice variaBy1l, expressed in
glioblastoma cell lines?

4. Do GHRH antagonists have an effect on the cell igahof glioblastoma cell
lines?

5. Do GHRH antagonists have an effect on the cell algyyg pathways of
glioblastoma cell lines?

6. How do GHRH antagonists influence the mitochondnedmbrane potential of
glioblastoma cells?

7. Do GHRH antagonists decrease the rate of gliobtasttumor growth in a nude
mouse animal model?

8. Do GHRH antagonists have an effect on invasion raethstasis developmeint
vitro?

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

malignant gliomas?



Materials and Methods
(for the study regarding Hsp 16.2)

Tumor materials

Brain tumor samples from fifty-one patients wereailable for examination. All tumor tissue
specimens were provided by the Medical UniversityPécs, Department of Neurosurgery and
Pathology. Full ethical approval was given by theal Ethics Committee for the use of these samples.
Each type of tumor was identified according tordnsed WHO classification on Histological Typing
of the Tumors of the Central Nervous System [10].

Preparation of polyclonal antibodies against Hspl16.2.

Rabbits were immunized subcutaneously at multijtks svith 100 pg of recombinant Hsp16.2/GST
fusion protein in Freund's complete adjuvant. Feulisequent booster injectionsdaiveek intervals
were given with 5(¢g of protein in Freund's incomplete adjuvant. Blagas collected 10 days after
boosting, and the antiserums were stored at -29&s were affinity purified from the sera by protei
G-Sepharose chromatography according to the matouéais protocol.

I mmunohi stochemistry

Sections from the tumor tissue samples were fomyieded and paraffin-embedded. Subsequently,
they were incubated with polyclonal anti-Hsp16.3/plmnal antibody. Immunohistochemical staining

was carried out according to the streptavidin-bigteroxidase method with hydrogen peroxide/3-
amino-9-ethylcarbazole development using the Usadekit. Only secondary IgG was incubated with

the control sections. The evaluation of the slidas done with the help of an Olympus BX50 light

microscope with incorporated photography systenyrf@us Optical Co., Hamburg, Germany). Both

the presence and localization of positive staifiomgHsp16.2 was examined. Staining intensity was
recorded semiquantitatively as mild (+), moderate) (or strong (+++), following as it was described

before [9/24]. For internal positive control, thermal cerebral and vascular structures of the sasnpl

were used. Positive areas around necrotic fields wrcluded due to their probable stress related up
regulation.

Immunoblot analysis

Tumor tissue specimens were homogenized in chiflgd buffer of 0,5 mM sodiummetavanadate, 1
mM EDTA, and protease inhibitor mixture in phosghhtffered saline in a Teflon/glass
homogenizer, and centrifuged. Isolation of cytasad nuclear fractions were carried out by standard
lab protocols exactly as previously [9/23]. Thenples were equalized to 1 mg/ml total protein
concentration using Biuret's method and subjea@DS-PAGE. Proteins (20upg/lane) were separated
on 15%gels and then transferred to nitrocellulose menmdsaimhe membranegere blocked in 5%
low fat milk for 1 h at room temperatutben exposed to the primary anti-Hsp16,2 antilwdiet °C
overnightat a dilution of 1:2,000 in blocking solution. Appriate horseradigheroxidase-conjugated
secondary antibodies were used for athroom temperature and at 1:5,000 dilution. Pelase
labelingwas visualized with enhanced chemiluminescence JE@EHing anECL Western blotting
detection system (Amersham Bioscienc&he developed films were scanned, and the pixelmeb

of thebands were determined using NIH Image J softwalteexfperimentsvere repeated four times.

Satistical analysis
Difference in distribution of variables between gpe was tested using test. Values of p<0.01 were
considered to be significant.

(for experiments regarding the mechanism of actionf GHRH antagonists)

Peptides and chemicals
GHRH antagonists JMR-132 and MIA-602 were synthegsim our laboratory by
solid-phase method and purified by reversed-phdeCHas described previously(1®/ The



chemical structure of IMR-132 is [PHAEyr!, D-Arg?, Cp&, Ala®, Har, Tyr(Me)'®, His',
Abu®®, His® NIe”’, D-Arg®, HarflhGH-RH(1-29)NH, and the structure of MIA-602 is
[(PhAc-Adaf-Tyr!, D-Arg?, Fpa8, Ala°, Ha®, Tyr(Me)', His", Orn*3, Abu™, His®®, Orr?,
Nle?’, D-Arg?®, HarlhGH-RH(1-29)NH. Non-coded amino acids and acyl groups used in
the antagonists are abbreviated as follows: Aldaminobutyric acid; Ada, 12-
aminododecanoic acid; Cpaara-chlorophenylalanine; Fpab, pentafluoro-phenylalani
Har, homoarginine; Nle, norleucine; Orn, ornithifdtAc, phenylacetyl; Try(Me), O-methyl-
tyrosine. GHRH(1-29)NKHwas also synthesized in our laboratory. For dajgction, GHRH
antagonists were dissolved in 0.1% DMSO (Sigmd)J% aqueous propylene glycol (vehicle
solution). For in vitro experiments, GHRH(1-29)Nend 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) weobtained from American
Type Culture Collection (Manassas, VA, USA) andtundd at 37 °C in a humidified 95%
air/5% CO2 atmosphere. DBTRG-05 cells were culture®PMI-1640 supplemented with
antibiotics/antimycotics, 10% FBS and HEPES. U-&Nscwere cultured in EMEM and
NIH/3T3 cells in DMEM, supplemented with antibiaiantimycotics and 10% FBS. The
culture media were purchased from GIBCO (Carlskai),

Five- to 6-week-old male athymic nude mice (Mar/nu) were obtained from the
National Cancer Institute (Bethesda, MD). The afsnveere housed in sterile cages under
laminar flow hoods in a temperature-controlled roatith a 12-h light/12-h dark schedule.
They were fed autoclaved chow and water ad libitubonor mice were injected
subcutaneously with 1x%0glioblastoma DBTRG-05 cells. After 3 weeks, tuntimsue
grown in donor animals was minced and passed thraugire mesh. A suspension of 150 pl
was injected s.c. into experimental nude mice. &geriment was initiated when DBTRG-05
tumors had reached a volume of approximately 70°mice were divided into two
experimental groups of 10 animals each: group dtrob group 2, MIA-602 s.c. at a dose of
5 pg/day. Tumor volume (length x width x height %52B6) and body weight also were
measured weekly. The trial was ended 4 weeks digeinitiation of the treatment, mice were
killed under anesthesia, and necropsy was perfarii@eors and organs were removed and
weighed. All experiments were conducted in accoedanith the institutional guidelines for
the welfare of animals in experiments. The Instinél Animal Care and Use Committee of
the VA medical Center in Miami approved the protsco

Proliferation assay

Cells were seeded onto 96-well-plates at a stadergsity of 2500 cells/well, cultured
overnight, starved for 24 hours with medium contaymo FBS and then treated with GHRH
(2-29)NH, or GHRH antagonist in a medium containing 0.5% R8S48 hours. After the
treatment, the relative number of viable cells wesasured in comparison with the untreated
control and the solvent control using Cell Titer ®ueusus Assay (Promega) according to
the manufacturer's instructions at 490 nm in a arRtmultilabel counter (Perkin-Elmer,
Waltham, MD, USA). All experiments were done atskem quadruplate and repeated three
times. The percentage of cell survival was deteechiny comparing the absorbance value of
the vehicle control.

Isolation of subcellular fractions
Cells were pre-starved for 24 hours in serum fregliom, then treated with GHRH
antagonists or GHRH(1-29)NHat a concentration of 1 uM, for the time periods



demonstrated in the results section (5, 10, 30 temw6 and 24 hours, respectively). Cells
were harvested and centrifuged at low-speed, therpéllet was dispersed by vortexing in
lysis buffer (50mM Tris-HCI (pH8.0), 1% Triton X-100, 10% glycerol, 1mM EDTA,
250mM NaCl, 1mM dithiothreitol, 1mM phenylmethylsaylfluoride, 2mM sodium
vanadate, 100mM sodium fluoride, 10 mg/ml aprotirlii mg/ml leupeptin and 10 mg/ml
pepstatin) for 10 min at 4 °C. Isolation of cytqsaliclear and mitochondrial fractions was
carried out by standard lab protocols as describedously [26].

Western blot

Cells were washed with PBS, and directly lysedyisisl buffer. Cell lysates were
adjusted to equal protein concentrations (NanoDFephnologies, Inc., Wilmington, DE),
resuspended in 2X sample loading buffer contaiditgSDS, 20% glycerol, 120mM Tris and
bromophenol blue, and were boiled for 5 min. Proteamples were subjected to SDS-
polyacrylamide gel electrophoresis. Proteins ongeewere transferred onto nitrocellulose
membranes that were blocked with 50-50% Odyssefebaihd phosphate buffered saline
(PBS) for 1 h at room temperature. Afterwards, thembranes were incubated with the
indicated primary antibodies overnight at 4 °C. GHHR primary antibody was purchased
from Abcam, Cat. No.. ab28692 (Abcam Inc., Camleidd/A). p-AKT, p-ERK1/2,
pGSK33, phospho-p38, Poly(ADP-ribose) (PARP), caspasei8aved PARP, cleaved
caspase-3, cytochrom c (cyt c), apoptosis indufantpr (AIF) and endonuclease G (Endo G)
primary antibodies were purchased from Cell Sigmplo-tubulin primary antibody was
obtained from Calbiochem. After washing with PBSnteaning 0.1% Tween-20, the
membranes were incubated with the appropriate scgnantibody. The immunoreactive
bands were visualized with the Odyssey Infraredgimg System and V. 3.0 software was
used (LI-COR Biosciences, Lincoln, Nebraska).

Fluorescent microscopy

DBTRG-05 cells were seeded to cover slips. Aftdnjestting the cells to the treatment
indicated in the figure legends, live imaging byngsJC-1 dye was performed exactly as
described previously (18). The fluorescence microscope and software used wede by
Nikon Instruments Inc., Lewisville, TX and NIS-ELERANTS BR software.

Satistical analysis
Results are expressed as means + SE. Results srapared using Student’s t test, P
< 0.05 being accepted as statistically significant.

(for experiments regarding the reduction of invasio- and metastasis- potential of
cancer cells by GHRH antagonists)

Peptides and chemicals

GHRH antagonist MIA-602 was synthesized in our tabary by solid-phase method
and purified by reversed-phase HPLC as describexqursly [27]. The chemical structure of
MIA-602 is [(PhAc-Adaj-Tyr!, D-Arg?, Fpa8, Ala, Har, Tyr(Me)', His'*, O, Abu®,
His?®, orrf!, Nle*’, D-Arg®®, HarlhGH-RH(1-29)NH. Non-coded amino acids and acyl
groups used in the antagonists are abbreviatedllas/é: Abu,a-aminobutyric acid; Ada, 12-
aminododecanoic acid; Fpa5, pentafluoro-phenylaigrtar, homoarginine; Nle, norleucine;
Orn, ornithine; PhAc, phenylacetyl; Try(Me), O-mgttyrosine. For the experiments the
GHRH antagonist was dissolved in 0.1% DMSO andedwvith incubation media.



Cdll lines

The human cell lines (DBTRG-05 glioblastoma, MDA-MB8 estrogen independent
breast cancer, and ES-2 clear cell ovarian camgeng obtained from American Type Culture
Collection (Manassas, VA, USA) and cultured at 87if a humidified 95% air/5% CO2
atmosphere. DBTRG-05 cells were cultured in RPMA6 supplemented with
antibiotics/antimycotics, 10% FBS and HEPES. MDA-MB8 cells were cultured in DMEM
and ES-2 cells in McCoy’'s 5A, supplemented withilaatics/antimycotics and 10% FBS.
The culture media were purchased from GIBCO (CadsiA).

Proliferation assay

Cells were seeded onto 96-well-plates at a staderggity of 2500 cells/well, cultured
overnight, starved for 24 hours with medium contajmo FBS and then treated with 1 pM
GHRH antagonist MIA-602 for 48 hours. After theaiment the relative number of viable
cells were measured in comparison with the untdeatatrol and the solvent control using
Cell Titer 96 AQueusus Assay (Promega) accordindpeéomanufacturer's instructions at 490
nm in a Victor3 multilabel counter (Perkin-Elmer,altham, MD, USA). All experiments
were run at least in quadruplicate and repeateskttimes. The percentage of cell survival
was determined by comparing the absorbance valtheeofehicle control.

Adhesion assay

The adhesion assay was performed by MTT assaythide cell lines were starved for 24
hours with medium containing no FBS. Then monolsyef the cell lines (1x105) were
incubated with or without 1 uM GHRH antagonist M&&2 for 24 hours. Subsequently, the
cells were planted into the fibronectin-precoatéd (g/ml) and matrigel-precoated (100
ug/ml) 96-well plate in triplicate. The groups ofllsevere washed at 30 min, 60 min and 90
min, respectively, to remove the non-adherent célfter washing, the adhered cells were
measured by MTT assay at 490 nm. The OD valuesashed groups compared with those of
non-washing groups reflect the proportion of celfhered to the fibronectin and matrigel-
coated 96-well plate.

Gelatin zymography

DBTRG-05, MDA-MB-468, and ES-2 cell lines were s&at for 24 hours with medium
containing no FBS. Subsequently, the cells in mediataining 0.5% FBS were stimulated
with 1 uM GHRH antagonist MIA-602 for different terperiods and then, the supernatants
were collected. The samples were analyzed withtigelaymography, (0.1% wi/v) gelatin
(Sigma) as the substrate. Each lane was loadedantitkal protein concentration ofi@ and
subjected to SDS-PAGE electrophoresis at 48 °Cs @ete washed twice in 50 mM Tris (pH
7.4) containing 2.5% (v/v) Triton X-100 for 1 hgliowed by two 10-min rinses in 50 mM
Tris (pH 7.4). After SDS removal, the gels wereuipated overnight in 50 mM Tris (pH 7.5)
containing 10 mM CaGJ 0.15 M NacCl, 0.1% (v/v) Triton X-100, and 0.02%dsum azide at
37°C under constant gentle shaking. After inculmatihe gels were stained with 0.25%
Coomassie brilliant blue R-250 (Sigma) and desthine’.5% acetic acid with 20%methanol.
The gelatinase bands appeared white on a blue tmacid) The activity of metalloproteinases
MMP-2 and MMP-9 was determined semiquantitatively llensitometry. Gelatin
zymography standards for enzymes and proenzymésirmaen 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) the pellet was dispersed by
vortexing in lysis buffer (50mM Tris-HCI (pH%28.0)% Triton X-100, 10% glycerol, 1mM
EDTA, 250mM NacCl, 1mM dithiothreitol, 1mM phenylnmgtsulfonylfluoride, 2mM sodium
vanadate, 100mM sodium fluoride, 10 mg/ml aprotirlii mg/ml leupeptin and 10 mg/ml
pepstatin) for 10 min at 4 °C. Isolation of cytqsaliclear and mitochondrial fractions was
carried out by standard lab protocols exactly asdleed previously [26].

Western blot

Cells were washed with PBS, and directly lysedyisisl buffer. Cell lysates were
adjusted to equal protein concentrations (NanoDFephnologies, Inc., Wilmington, DE),
resuspended in 2X sample loading buffer contaidfitgSDS, 20% glycerol, 120mM Tris and
bromophenol blue, and were boiled for 5 min. Proteamples were subjected to SDS-
polyacrylamide gel electrophoresis. Proteins ongeewere transferred onto nitrocellulose
membranes that were blocked with 50-50% Odyssefebaind phosphate buffered saline
(PBS) for 1 h at room temperature. Afterwards, thembranes were incubated with the
indicated primary antibodies overnight at 4 °Cniny antibody for GHRH-R was purchased
from Abcam (ab28692, Abcam Inc., Cambridge, MA)cdgetherin, caveolin-1f-catenin
primary antibodies were purchased from Cell SigmpliNFxB and MMP-2 primary
antibodies were purchased from Santa Cruz Biotdolggdnc.. Alpha-tubulin primary
antibody was obtained from Calbiochem. After beimgshed with PBS containing 0.1%
Tween-20, the membranes were incubated with theopppte secondary antibody. The
immunoreactive bands were visualized with the Oelydsafrared Imaging System (LI-COR
Biosciences, Lincoln, Nebraska).

Wound migration assay

DBTRG-05, MDA-MB-468, and ES-2 cells (2 x°)@vere seeded into six-well plates
and grown to 100% confluency. After starvation be tcells, the confluent cells were
carefully wounded with sterile polished pasteureti@ tips and any cellular debris were
removed by washing with PBS. The wounded monolayeese then incubated in the
presence of uM MIA-602 for 6 h and 24 h and digitally photograggh The distance
between the wound edges was measured using Adateshbp 6.0.

Migration assay

Cell migration assays were performed accordinght® manufacturer’'s protocol. The BD
Falcon Cell Culture Insert System containing PE®l\gthylene terephthalate) membranes
with 8 um pores (BD Biosciences Discovery Labware Frankékes, NJ) was utilized in the
assay. DBTRG-05, MDA-MB-468, and ES-2 cells werevhated, after a 24 hour starving
period, and resuspended into serum-free mediunarong 1.0uM GHRH antagonist or the
vehicle. The upper chamber of the insert was filledh 500 ul of the cell and drug
suspension (1 x ®@ells) and 1.5 ml of fibroblast-conditioned medigRCM) was added to
the lower chamber. FCM served as the chemoatttacidre conditioned medium was
collected from NIH/3T3 cells grown in serum-free BEM after 24 hours. The plate was
incubated in a humidified environment at 37°C via#h CQ, for 24 hours. Cells were allowed
to migrate or invade for 24 h. Cells that had nehegirated the filters were removed by
scrubbing with cotton swabs. Chambers were fixetl08% methanol for 10 min, stained in
0.5% crystal violet for 10 min, rinsed in PBS andmined under a bright-field microscope.
Values for invasion and migration were obtainedcbynting five fields per membrane. Our
results represent the average of three indeperagetiments performed over multiple days.
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Data Analysis

Quantification of band density was performed using Odyssey Infrared Imaging
System (LI-COR Biosciences, Lincoln, Nebraska). eDbathown in the figures are
representative of at least three different expemisieThe results are expressed as the
meaxrSEM and were statistically treated by following tBenferroni’s test for multiple
comparisons after one- or two-way analysis of vem@a(ANOVA). The level of significance
was set at P<0.05.

Results
(for the study regarding Hsp 16.2)

Expression and intracellular localization of Hspl6.2 in different brain tumors by

immunohistochemistry

Ninety-one samples of different brain tumors weval@ated in the present study
(Table 1.): 5 schwannomas (grade 1), 6 pilocyticoagtomas ( grade 1), 6 meningothelial
meningeomas (grade 1), 5 fibrous meningeomas (dradediffuse astrocytomas (grade 2), 5
oligodendrogliomas (grade 2), 6 ependymomas (g2ad8é atypical meningeomas (grade 2),
6 malignant meningeomas (grade 3), 5 anaplastim@sbmas (grade 3), 5 anaplastic
oligodendrogliomas (grade 3), 9 glioblastomas (gr4d 5 giant cell glioblastomas (grade 4),
8 medulloblastomas (grade 4) and 7 PNETSs (primitimeroectodermal tumor) (grade 4) .

Table 1 - Immunohistochemical analysis of Hsp16.2i51 human brain tumors.

Intracytoplasmic Intranuclear

Histological diagnosis No. of cases Tumor grade labeling labeling

+ o+ + 4+t
Schwannoma 5 1 5 b
Pilocytic astrocytoma 6 1 3 3 6
Men!ng_othellal 6 1 4l 2
meningioma
Fibrous meningeoma 5 1 2 3 5
Diffuse astrocytoma 8 2 3 5 8
Oligodendroglioma 5 2 I 5
Ependymoma 6 2 1 5 1l b
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Atypical meningeoma 5 2 1 4 5
Mahgnant 6 3 6 6
meningeoma

Anaplastic 5 3 5 5
astrocytoma

Ar_1ap|ast|c _ 5 3 5 5
oligodendroglioma

Glioblastoma 9 4 2 7 q
Giant cell glioblastoma 5 4 5 o
Medulloblastoma 8 4 8 8
PNET 7 4 7 7

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

Hspl16.2 immunoreactivity was found both in the rusl and in some cases in the
cytoplasm in tumor tissues (Fig.1). Since intragacllabeling was present in all tumor
samples in large quantities, cytoplasmic Hspl6.2Znumoreactivity could be used for
differential diagnostic purposes. Cytoplasmic laigel varied considerably among the
different histological types and grades of tumdmsw grade tumors (grades 1-2) showed
weak or no staining (+/-) in the cytoplasm (FigAl.B). There was no detectable Hsp16.2 in
the cytoplasm of the benign schwannoma (Fig.1.AJ ane pilocytic- (Figl.B) and two
diffuse astrocytomas. The remaining low grade tisstained weakly (Fig.1. C, E), excepting
ependymomas (Fig.1.G) and atypical meningeomashndtained moderately (++).

Grade 3 tumors, including malignant meningeomagy.{Hr), anaplastic astrocytomas
(Figl.D) and oligodendrogliomas (Fig.1.H), displdye moderate cytoplasmic
immunoreactivity for Hsp16.2. (++). High grade tudgrade 4) such as glioblastomas
(Fig.1.1), medulloblastomas and PNETs (Fig.1.J)ileixéd strong Hspl16.2 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 primaamgtibody was performed on 91 brain
tumor samplesA. Schwannoma. Intensive intranuclear Hsp16.2 immeaudivity, whereas
no immunoreactivity in the cytoplasnB. Pilocytic astrocytoma. Strong intranuclear
immunopositivity but no intracytoplasmic stainingasvdetectedC. Grade 2 astrocytoma
shows intensive intranuclear labeling as well asd naytoplasmic stainingD. Grade 3
astrocytoma exhibits strong Hsp 16.2 positivityranuclearly and moderate Hspl6.2
positivity in the cytoplasmE. Grade 1 meningeoma showing high expression of 61&pl
intranuclearly and mild expression in the cytoplaBntGrade 3 meningeoma displayed strong
intranuclear and moderate cytoplasmic stainingHsp16.2.G. Grade 2 ependymoma with
strong intranuclear and moderate cytoplasmic imrposiivity. H. Grade 3
oligodendroglioma exhibiting intensive intranucleaand moderate cytoplasmic
immunoreactivity.l. Grade 4 glioblastoma showing strong Hsp16.2 piyitintranuclearly
and intracytoplasmically alikd. Grade 4 PNET with intensive staining in the nuslas well
as in the cytoplasm.

Table 2. shows the correlation between the cytopilastaining and the histological
grades of different brain tumors.

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

Hspl6.2 Grade 1 Grade 2 Grade 3 Grade 4 Total P Value
expression n (%) n (%) n (%) n (%) n (%)
- 14 (63.6) 4 (16.6) 18 (19.8)
+ 8 (36.4) 11(45.8) 19 (20.8) <001
++ 9 (37.6) 16 (100) 2 (6.9) 27 (29.7) '
+++ 27 (93.1) 27 (29.7
Total 22 (100) 24 (100) 16 (100) 29 (100) 91 (100)

Staining intensity: (+) mild, (++) moderate, (++stjong
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There was naytoplasmic expression in 63.6% and mild expressid@6.4% of Grade
1 cancers. 16.6 % showed no, 45.8% exhibited midl 37.6% of the samples displayed
moderate staining in Grade 2 cancers. All (100%9dér3 cancers demonstrated moderate
staining. Only 6.9% of Grade 4 tumor samples reagkahoderate immunoreactivity, while
93.1% proved to be intensively stained. These teslkarly demonstrate that the Hsp16.2
staining of the cytoplasm is directly correlatedhathe histological grade of the brain tumors.

Detection of Hgp16.2 expression by Western-blot

After subcellular fractionation, the expressionH#p16.2 was determined from both
the cytosolic (Fig. 2.) and the nuclear fraction inymunoblotting. Thirty samples were
studied including three from normal brain tissuaj shree samples from nine different types
of brain tumors. The intranuclear expression of Hsp was approximately the same level in
the different samples (data not shown). Three sasnfpbm different parts of the brain were
tumor-free, serving as a negative control for tlxeeeiment, which contained a minimal
amount of nuclear and cytoplasmic Hspl6.2 (laneLayv cytoplasmic expressions of the
protein were visible in grade 1 meningeomas, piiccystrocytomas (lane 2, 3). The
expression was stronger in the Grade 2 diffuseagtmmas and ependymomas (lane 4, 5).
Higher cytoplasmic expressions of Hspl6.2 were mfese in grade 3 tumors such as
anaplastic astrocytomas and malignant meningeofag).(The strongest bands appeared in
the cytoplasmic samples of medulloblastomas, PNERsl glioblastomas (8-10). In
conclusion, the observed Hspl6.2 labeling corrdlatgth the results gained by the

immunohistochemistry method.

1 2 3 4 5 6 7 8 9 10

Figure 2 - Cytoplasmic expression of Hspl6.2 in ddrent human brain tumors.
Endogenous cytoplasmic expression levels of Hspi@® assessed by Western blotting
utilizing a custom made polyclonal anti-Hspl16.2nmary antibody. 30 samples were used
including three from normal brain tissue and 18 @as from nine different types of brain
cancer, two samples from each type. The subcedidifactionation was confirmed by probing
with antibodies recognizing nuclear H3 histone,opldsmic actin and equal loading was
confirmed by a second incubation with anti-GAPDHilamdy (data not shown). 1: normal
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brain, 2: Pilocytic astrocytoma (Grade 1), 3: M@athelial meningioma (Gradel) 4: Diffuse
astrocytoma (Grade 2), 5. Ependymoma (Grade 2)Maignant meningioma (Grade 3), 7:
Anaplastic astrocytoma (Grade 3), 8: Medulloblasiqi@rade 4), 9: Giant cell glioblastoma
(Grade 4), 10: PNET (Grade 4)

(for experiments regarding the mechanism of actionf 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 presanboth cell lines using
Western blot method. SV1 of GHRH-R has the greatesttural similarity to the pGHRH-R
and is considered the main truncated splice vaj8jt For the detection, we used polyclonal
antiserum against the polypeptide segment, founlsbth pGHRH and SV1 receptors. Both
types of receptors were detected on the two glgtbraa cell lines, pPGHRH-R at 60 kDa and
SV1 at 39.5 kDa. pGHRH-R was expressed at a sugmifiy higher level than SV1 in both
cell lines. (Fig. 1) Our results correspond tdieafindings on pGHRH-R and SV1 detection
[21; 28]. NIH/3T3 cells were used as a negativetrabrsince they express neither pGHRH
nor SV1 receptors [19; 29].

Figure 1

5
™M
& & &
§ 9 >
60 kDa o — s | pGHRH-R

39.5kDa ; : sv1

a -tubulin
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FIGURE 1 — Western blot analysis of pGHRH-R and SV1, wattubulin as control in
samples from NIH/3T3, DBTRG-05 and U-87MG cell Bnéll immunoreactive signals were
detected with a commercial polyclonal antiserumirsgaa polypeptide segment that is

present in both SV1 and pGHRH receptors. The mtdecnasses 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 expdse@HRH antagonists JMR-
132 and MIA-602 at 0.1, 1, 5 and 10 uM concentretifor 48 hours. The untreated cells
served as negative controls. The GHRH antagonistsbited cell proliferation in all
concentrations. The concentration, at which callgl@wth was inhibited by 30% (IC 30),
was 1 uM. Consequently, we used this concentrati@ur experiments. After treatment with
1 uM IJMR-132 and MIA-602 the cell viability decredssignificantly, by 32% and 34%,
respectively in DBTRG-05 cells and by 31 % and 32éspectively in U-87MG cells (Fig.
2a, b). In contrast, GHRH(1-29)Nf&t a concentration of 1 uM stimulated the prolifieraof
DBTRG-05 and U-87MG cells (Fig.ck GHRH antagonists at the same concentration
inhibited cell proliferation and abolished the effef exogenous GHRH(1-29)NHFig. X).
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Figure 2
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FIGURE 2 — The inhibitory effect of GHRH antagonists, JMB2land MIA-602 at different
concentrations on (a) DBTRG-05 and (b) U-87MG iffiedent concentrations. (c) The effect
(c) of GHRH(1-29)NH (GHRH) alone and in combination with the GHRH goataist
(GHRHA), MIA-602 at a concentration of 1 uM, on DBG-05 and U-87MG cell lines. The
combination of GHRH(1-29)NHwith JMR-132 gave similar results. (Data not sho@e)l

viabilities were measured by an MTT (methylthiazlpphenyl-tetrazolium bromide) assay
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and were expressed as percentage of untreated Thésresults are mean +SEM of three

independent experiments performed at least in gydidate. *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-d13d MIA-602 can diminish
the levels of anti-apoptotic proteins, levels ofogbho-AKT, phospho-GSK3beta and
phospho-ERK1/2 were determined at 0, 5, 10, ananBlutes following exposure of both
glioblastoma cell lines to 1 pM of JMR-132, MIA-6@Ad GHRH(1-29)NKl Western blots
were used to asses the results. Treatment witlbHRH antagonists resulted in a significant
decrease in the expression of p-AKT and pGBlaB5 minutes, an even greater decrease at
10 minutes, but an increase to their initial, “Oinote, level at 30 minutes (Figa3b).
Following treatment with the GHRH antagonists, pkKER2 expression levels also fell
significantly at 5 minutes, remained low at 10 ni@suthen rose at 30 minutes (Fig).3The
agonist-treated cells showed an elevation in thel$eof p-AKT, p-GSKB and p-ERK1/2 at
5 minutes, a greater elevation at 10 minutes, arghtaally returned to their original
phosphorylated state at 30 minutes (Fig, B, ¢) The intensity of pro-apoptotic protein
phospho-p38 expression was determined at “0” timi@tpwhich served as a control, and
after 24 hours of treatment. Cells treated with GHhtagonists displayed a major activation
of p38 MAP kinase phosphorylation (Figd)3 A slight increase of phospho-p38 was
demonstrated in GHRH(1-29)NHreated cells (Fig.d. Similar results were obtained in the
DBTRG-05 and U-87MG cell lines (data not shown).AMI02 caused a slightly greater
change in the levels of the above-mentioned prstdint the difference between the two

GHRH antagonists was not significant.
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Figure 3

a 0 5 10 30 (min)

J ad -

p-AKT M -

GC Eamaai oot
a -tubulin =t e
b

0 5 10 30 (min)
J ST iy e WY
200
g 180
p-GSK M o 160
« 140
3 120 0 JMR-132
. i 100 | |\ MIA-602
G - 3 £ gg B B GHRH
) a0 |
; 20
a -tubulin = — — — o
(min)

C

J

p-ERK 1/2 M

0 5 10 30 (min)

e s ——

—_— e — ——

OJMR-132

® MIA602
G o — — o & GHRH
a -tubulin
(min)

d 24 h
400
c J M G by
o ¥
p-p38 e P and z ﬁ
g 150
a -tubulin 10
50

o

FIGURE 3 — The effect of GHRH antagonists, JMR-132 (J) and4@02 (M) and GHRH(1-

29)NH; (G) on the activation of (a) Akt (b) GSK3c) ERK 1/2 and (d) p38 MAP kinases in
samples from DBTRG-05 cells at 0, 5, 10 and 30 meitas demonstrated by immuno-
blotting utilizing phosphorylation specific primargntibodies against the given kinase.

Similar results were obtained when the experimevdse repeated with samples from U-
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87MG cells (data not showng-tubulin immunoreactivity was used to show everdiong.

Representative blots of three independent expetsrae presented. *P< 0.05.

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

DBTRG-05 and U-87 were treated with IMR-132 and MIZ2 at 1 uM concentration
for 6 and 24 hours. Western blot analysis of tha@as showed the appearance of cleaved
caspase-3 after 6 hours of treatment, followed tbyiritense expression after 24 hours of
treatment (Fig. B). A similar result was found when changes in tleaved PARP levels
were examined. Although the presence of cleavedPPARs examined at an additional time
point (at 4 hours), cleaved PARP could only be dete after 6 hours and 24 hours of
treatment, with higher levels observed at the latee point (Figure 4). Treatment with 10
MM did not result in cleavage of PARP or of casgag€ig. 4, b). No major differences
between the effects of the two GHRH antagonistpmmtein cleavage could be identified.
Western blot analyses of both glioblastoma ceéidiprovided similar results.
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Figure 4
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FIGURE 4 — Theeffect of GHRH antagonists, JMR-132 (J) and MIA-§8D and GHRH(1-
29)NH; (G) on the expression of cleaved (a) PARP anddbpase-3 at (a) 0, 6 and 24 hours
and (b) 0, 4, 6 and 24 hours in samples from DBTWGzells displayed by Western blot
using appropriate primary antibodies. Similar resswere obtained when the experiments

were repeated with U-87MG cells (data not showrtubulin immunoreactivity was used to
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show even loading. Representative blots of thrdependent experiments are presented. (c)
Immuno-blot analysis of the pro-apoptotic mitochoaldproteins Endo G, AIF and cyt ¢
detected in the nuclear and cytosolic fractionghef DBTRG-05 cells following treatment
with GHRH antagonists, JMR-132 (J) and MIA-602 (dM)d GHRH(1-29)NH(G). Cells not
treated served as controls (C). Similar resultsewgained when the experiments were
repeated with samples from U-87MG cells (data roaws1). Loading was checked by
specific markersthe mitochondrial marke¢? DAC1/porin (VDACL1), cytosol markea-tubulin

and the nuclear marker Histon H1 (Histon HBepresentative 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 thellapse of mitochondrial membrane
potential, pro-apoptotic proteins; AlF, Endo G ayi ¢ are released from the mitochondria.
Subsequent to treatment for 24 hours with GHRH(INEB and GHRH antagonists at 1 uM
concentration, the localization of these proteinaswletected by Western blot method.
Treatment with GHRH(1-29)Njdid not change the intracellular localization bé tabove-
mentioned proteins (Fig. 4). After treatment withM of GHRH antagonists JMR-132 and
MIA-602, the release of cyt ¢ from the mitochondiiathe cytosol as well as the nuclear

translocation of AIF and Endo G was observed (#}.

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

The membrane potential sensitive dye, JC-1 anddka@nce microscopy were used
to visualize the depolarization of the mitochondfaed fluorescence (590 nm) can be seen
when mitochondria are intact, while green fluoresee(530 nm) becomes visible when the
mitochondrial membrane potential is decreased. iGfemrescence occurs when cells are
undergoing apoptosis. A 6 hour and 24 hour treatméth 1 uM JMR-132 (Fig %,c) and
MIA-602 (Fig. 5ef), completely abolished the red fluorescence &t,2#hd the mitochondria
were visible as intense green spots. Untreated ¢(Eiy. 5a) as well as those treated with
GHRH(1-29)NH (Fig. =) displayed an even red fluorescence indicatinguachanged

mitochondrial membrane potential.
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Figure 5

FIGURE 5 - Effect of treatment withIMR-132, MIA-602 or GHRH(1-29)NKon the
mitochondrial membrane potential of DBTRG-05 ceflseen and red fluorescence images
were merged and used to demonstrate the intedritiyeomitochondrial membrane potential
in JC-1 loaded control (a) DBTRG cells. The cellsravtreated with LM JMR-132 (6hb,
24h: c) and MIA-602 (6h:e, 24h:f) for 6 and 24 hours to induce mitochondrial meméran
damage before washing, loading and imaging. Theh@4r treatmentd) with GHRH(1-
29)NH, had no effect on mitochondrial membrane visualizgdC-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 do§& pg/day was initiated after
the tumors reached a volume of approximately 70°namd continued for 35 days. A
significant tumor growth reduction at the end o #econd week of treatment was observed
in the treated group, but the greatest suppregg©0.001) in the tumor volume compared
with controls was found from weeks 2 to 5 of ther@pig. 6). After treatment with MIA-602,
the tumor growth reduction rate (p<0.001 versustrots) was 68.98 % and the treatment

significantly (P< 0.05) extended tumor doublingdias compared with controls (Table ).
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Figure 6
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FIGURE 6 - Effect of treatment with GHRH antagonists, MIA-682d JMR-132, given s.c.
at a dose of /m/day on the tumor growth of DBTRG-05 human glishtena cancer
xenografted s.c. into nude mice. Vertical barsaath SE. *, P< 0.001 vs. control; **, P< 0.05
MIA-602 vs. IMR-132.
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Table 1. Effect of therapy with GHRH antagonists\M602 and JMR-132 on the growth of
DBTRG-05 human glioblastoma cancer xenografted moie mice

Final tumor  Tumor Tumor Body
Initial tumor ~ volume, mni  weight, mg  doubling weight on
Treatment volume, mni  (%inhibition) time, days day 34, g
Control 74.2 £5.2 1673+232 1780.3t32  7.2+0.4 25.3+1
MIA-602 5ug/day  72.345.8 519.4+63 902+132*  11+40.3** 24.2+1.3
(69)*
JMR-132 uig/day  69.4+4.5 764142 1098+97*  9.8+0.3** 24.9+1.7
(55)*

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

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

cancer cells by GHRH antagonists)

The presence of pPGHRH-R and its splice variant, SV1 on DBTRG-05, MDA-MB-468 and ES-
2 cdl lines

We investigated whether pGHRH-R and SV1 are preserdll three cell lines using
Western blot method. SV1 of GHRH-R has the greatesttural similarity to the pGHRH-R
and is considered the main truncated splice vaj8jt For the detection, we used polyclonal
antiserum against the polypeptide segment, fourabth pGHRH and SV1 receptors. Both
types of receptors were detected on all three caredelines, pPGHRH-R at 60 kDa and SV1
at 39.5 kDa, although both receptors were expreasélde highest level in MDA-MB-468
cells, and at a lesser extent in the other two ledls. pGHRH-R was expressed at a
significantly higher level than SV1 in all threelldenes. (Fig. 1) Our results correspond to
earlier findings on pGHRH-R and SV1 detection [3D]. NIH/3T3 cells were used as a
negative control since they express neither pGHBHIV1 receptors [29].
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Figure 1
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Fig. 1. Western blot analysis of pPGHRH-R and SV1, wittubulin as control in samples
from NIH/3T3, DBTRG-05, MDA-MB-468 and ES-2 celhks. All immunoreactive signals
were detected with a commercial polyclonal antiseagainst a polypeptide segment that is

present in both SV1 and pGHRH receptors. The mtdecnasses 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, reveexposed to GHRH
antagonist, MIA-602 at 0.1, 1, 5 and 10 uM congidns for 48 hours. The untreated cells
served as negative controls. MIA-602 inhibited qebliferation at all concentrations. Since
the concentration, at which cellular growth washitked by 30% (IC 30), was 1 uM, we used
this concentration in our experiments further ooum study. After treatment with 1 pM MIA-
602 the cell viabilities decreased significantly,3%% in DBTRG-05 cells, by 30 % in MDA-
MB-468 cells and by 32% in ES-2 cells (Fig. 2).
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Figure 2
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Fig. 2. The inhibitory effect of GHRH antagonist MIA

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

methylthiazolydiphenyl-tetrazolium bromide MTT agsad were expressed as percentage of

untreated cells of three independent experimentenpeed 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 extracellulatrisn (ECM) is considered an
important step in the acquisition of metastaticoerties in cancer cells. Cell adhesion assays
were used to determine the ability of the tumofsciel bind ECM components. All three cell
lines were treated with the GHRH antagonist theteddo fibronectin precoated plates and
allowed to adhere for 30, 60 and 90 minutes. Coetp&r the controls, all three cells showed
significantly decreased attachment to fibronecti. 90 minutes the adhesion ratio of
DBTRG-05, MDA-MB-468 and ES-2 decreased signifitgnby 30%, 34 % and 54%
respectively (Fig. 3a). Following the treatment,enftthe tumor cells were added to matrigel
precoated plates, similar results were observed.adtesion ratio to matrigel diminished in
DBTRG-05 cells by 34 %, in MDA-MD-468 cells by 31&hd in ES-2 cells by 51% (Fig.
3b).
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Figure 3
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Fig. 3. The effect of GHRH antagonist MIA-602 on the adbeof DBTRG-05, MDA-MB-
468 and ES-2. Cells were incubated with or withbyitM MIA-602 and seeded onto 96-well
plates precoated with (A) fibronectin or (B) ma#ligThe remaining cells per well were
measured after 30, 60 and 90 minutes. Data weregeptative 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 theasion of tumor cells into
surrounding tissues. Invasion chambers with mdtdgated membranes were used to
investigate the invasive properties of untreatemhifol) and GHRH antagonist treated cells.
The average invasion rate of all three cancerlioels (DBTRG-05, MDA-MB-468 and ES-2)
decreased significantly after 24 hours of exposar&1A-602 compared to untreated cells
(Fig. 4). ES-2 cells showed the greatest redudtiotineir invasion rate following treatment,
compared to the other two cell lines.

Figure 4
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Fig. 4. The effect of GHRH antagonist MIA-602 on the ineasof DBTRG-05, MDA-MB-
468 and ES-2 in vitro. (A) Photomicrographs show ithvasion of the cells through the layer
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of membrane and images were taken under 40x megtidn. (B) Migration of cells through
8 um Matrigel-coated polycarbonate pores was détexanby the Boyden chamber model.
Cells not exposed to MIA-602 were used as a carteitical bars represent SEM. *P< 0.05.

Inhibition of cell matility by MIA-602

Another measure of the metastatic potential otengells is their increased motility.
In order to examine, whether exposure to GHRH amtist; MIA-602 affected the motile
ability of the cells, we performed wound-healingas. Wound closure was examined at 12
and 24 hours following treatment. The control celigrated into the wound area by 24 hours
to an extent that the wound edges were undistihgbis (Fig. 5a). However, cells, from all
three cell lines, treated with the GHRH antagonisplayed significantly slower wound
closure at both time points, never completely clgghe wound area (Fig. 5b). The motility
of ES-2 cells was inhibited most by the GHRH antagfp compared to the other two cell

lines.
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Figure 5
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Fig. 5. The effect of GHRH antagonist MIA-602 on the aalbtility of DBTRG-05, MDA-
MB-468 and ES-2 demonstrated by wound-healing assagnfluent cells cultured in six-
well dishes were wounded with a sterile pipetteatnol then incubated with or without 1 pM
MIA-602 for O h, 12 h and 24 h (C: control; T: tted). Photographs were taken with inverted
microscope (Olympus CKX41) under 40x magnificataomd measurements were made with

Adobe photoshop 6.0. Representative monolayeresiage 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 expressiocell adherens junction proteins (1),
caveolin-1, E-cadherin an@tcatenin following 6, 24 and 48 hours of MIA-6024dtment.
Following 6 hours of treatment the levels of cauedl and E-cadherin were significantly
elevated and steadily rose, peaking at 24 houmllithree cancer cell lines (DBTRG-05,
MDA-MB-468 and ES-2) (Fig. 6 a). On the other hafidatenin levels were dramatically
reduced after MIA-602 treatment, reaching their dstvlevel at 24 hours (Fig. 6b). The
expression of NkeB, a protein involved in the regulation of celluksuirvival, proliferation
and carcinogenesis [31], was examined in the cgthsol and nuclear lysate of the three
cancer cells after exposure to MIA-602. The GHRIthganist treated cells showed decreased
NF-xB nuclear translocation and increased cytosoliaesgion, which indicates the potent
inhibition of NF«B activation by MIA-602. One of the important downesm effectors of
NF-«xB, MMP-2, [31; 32] plays a pivotal role in tumorvesion [33]. Using Western blot
analysis, we detected the significant reductioMdP-2 expression in MIA-602 treated cells
(Fig. 6¢). Results were similar in all three calkks.
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Fig. 6. The effect of GHRH antagonist MIA-602 on the aation of E-cadherin, caveolin-1
and inhibition off-catenin, NF<B and MMP-2 activity on (A) DBTRG-05 (B) MDA-MB-
468 and (C) ES-2 cell lines. The cells were coldcat the indicated time points after being
treated with 1 pM MIA-602 and were analyzed by Wastlot. The protein levels of NéB
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were analyzed in whole lysates, cytosol and nuclbysimmunoblot to confirm the
translocation.a-tubulin immunoreactivity was used to show evending. Representative

blots of three independent experiments are predente

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

MMP-2 and MMP-9 are extracellular metalloproteggmsvhich influence cell motility
and invasion and are often upregulated in canc@k [The activity of these two matrix-
metalloproteinases was investigated using gelatmography. Cells were treated with MIA-
602 for 6, 12, 24 and 48 hours, then their supamsatwere collected and the MMP activity
measured. A gradual decrease in the activitiesoti MMP-2 and MMP-9 was observed
from the first time point (6 hours), and was thevdst after 48 hours of treatment in all three
cell lines (DBTRG-05, MDA-MB-468 and ES-2) indicagj the potent inhibitory effect of
MIA-602 (Fig. 7)
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Figure 7
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Fig. 7. The effect of GHRH antagonist MIA-602 on the enayim activities of MMP-2 and
MMP-9 in (A) DBTRG-05 (B) MDA-MB-468 and (C) ES-2ett lines. The activities of
MMPs were determined by gelatinase zymography aktposure to 1 uM MIA-602 with cell
supernatants at the indicated time points. Theittenstric analysis of MMPs is shown. Each

bar represents mean + SEM from three independgarenents. *P< 0.05.
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Discussion

Most malignant neoplasms in the brain already camysmal prognosis when they are
diagnosed. Therefore, the treatment of human lamors possesses a continuous challenge
for oncological research. Although several braimau markers have been investigated as
possible prognostic factors, further research eded to reveal the complex mechanism of
tumor genesis, thus helping to discover the mospraguiate tumor markers for
prognosticating the neoplasm.

A number of recent studies have been concernedthgtlpossible role of small heat
shock proteins in the progression of brain tum&mall stress proteins are a group of heat
shock proteins that share an evolutionary conse@ddrminal region, called the alpha-
crystallin domain, and whose molecular weight rangetween 15 and 43 kDas[7; 9; 11].
They are known to play a part in cell differentiatiand in counteracting apoptosis [35]. Due
to the anti-apoptotic activity of sHsps, tumor seadkpressing the protein highly may become
increasingly resistant to chemo- or radiotherapydg.

Aoyama et al. reported increased expression dfia@pcrystallin in human glial
tumors such as astrocytomas and glioblastoma mowtté [37]. Astrocytic neoplasms were
examined for Hsp27 immunoreactivity also. While mal astrocytes showed no Hsp27
immunoreactivity, low Hsp27 expression was foundbemign astrocytomas and elevated
levels of Hsp27 found in poorly differentiated tursiloThere are data indicating the direct
correlation between Hsp27 expression and the bgitowlgrade of astrocytic tumors [38]. The
prognostic significance of Hsp27, Hsp 70, and HspB®nedulloblastomas was examined
with equivocally positive results [39].

Previously, we reported the existence of a novelllsstress protein, sHspl16.2 and its
high levels of expression in neuroectodermal canf@§]. This finding turned our attention to
examining sHspl16.2 expression in brain tumors diifgein their grade and type. Since all
ninety-one tumors were labeled equally intra-nutyeand they varied in their cytoplasmic
labeling, it became apparent that the various tsnddfered in the distribution and density of
sHsp16.2 in the cell cytoplasm. In accordance wdHier studies, astrocytomas (grade 1-2)
as well as other benign brain tumors, such as rgethelial meningeoma, and
oligodendroglioma (grade 1-2) exhibited low expr@ss(+) of Hspl6.2. In fact, certain
benign brain tumors, like schwannoma and fibrousingeoma showed no immunoreactivity

at all. However, the increase of anaplasia in tmaor cells resulted in moderate (++)
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expression (atypical meningeoma, malignant menimge@naplastic astrocytoma, anaplastic
oligodendroglioma) and high (+++) expression (désboma, medulloblastoma, PNET) of

the protein. Thus, it became evident that them asrect correlation between the intensity of
the staining and the histological grade of the rbtaimor. Western blot analysis of thirty

tumor samples gave similar results. It was obsertleat no Hsp16.2 was found in normal

brain tissue, while high Hsp16.2 labeling was obseérin samples from medulloblastoma and
glioblastoma. The observation that low levels waten in Grade 1 meningeomas, pilocytic
astrocytomas, moderate levels in grade 2 diffusm@gomas and ependynoma, stronger in
grade 3 anaplastic astrocytomas and malignant melanand elevated levels of Hsp16.2 in
grade 4 neoplasms indicate, that Hsp16.2 protegldancrease with the grade of the tumor.
Thus, according to our findings, Hsp16.2 could bmarker whose cytoplasmic expression
increases as the tumor progresses.

Current treatment modalities for malignant gliobdasas including surgery,
radiotherapy and chemotherapy and their combinsit@wa being applied with limited success
[40; 41]. In order to improve the survival of braiancer patients and to decrease the toxicity
associated with systemic chemotherapy, GHRH antatgolnave been developed [14; 30; 42].
Their beneficial effect in experimental cancer tmeent are due to suppression of the pituitary
hepatic IGF axis and the direct inhibition by thélRH antagonists’ binding to pGHRH
receptors and their splice variants present on tarfR0; 24; 25; 27; 28; 43; 44; 45; 46].
Among the splice variants (SV) of pituitary GHRHeptors been detected in various human
cancer cell lines, SV1 is thought to be the maircfional receptor responsible for mediating
the effects of GHRH and GHRH antagonists in tunjdis 25].

The presence of both pGHRH receptors and SV1 ablgktoma cell lines DBTRG-
05 and U-87MG cell lines was demonstrated usingt@&edlot method. Our results which
showed intensive pGHRH-R expression at 47.5 kDaeswlintensive SV1 expression at 39.5
in both cell lines corresponded to earlier invedimns [17; 21]. In accordance with a
previous study, which reported improved cell suaVifollowing treatment with GHRH [47],
we also observed the enhancement of glioblastomaiability after exposure to GHRH(1-
29)NH,. As expected, a significant decrease in cell saivivas found 48 hours after
treatment with GHRH antagonists, with a slightlygker reduction with MIA-602, than with
JMR-132 [47]. These findings support the view B&RH is a growth factor in brain tumors
as previously found in other tumors [27]. The diisinted cell viability following GHRH
treatment was caused by a rise in the number bddeakths, which led us to investigate the

apoptotic pathways. The identification of criticeignaling effectors of tumor cells is of
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particular importance in delineating the mechanisofs tumorigenesis that can be
therapeutically targeted. Several attempts to é@htei the pathways that are triggered by
GHRH and GHRH antagonists have been made. Preyjatistas demonstrated that GHRH
stimulates p44/42 (ERK 1/2) mitogen-activated prot&kinase (MAPK) activity in
somatotroph cells and in a stably transfected locedl with pGHRH receptor overexpression
[48]. Furthermore, the promotion of p38 MAPK phopHation and the activation of the
transcription factors CHOP and CREB by GHRH wenorted [49; 50]. It was also found
that the proliferative actions of GHRH involve ERKR and EIk-1 activation [51]. According
to an earlier investigation, the modulation of pgdression mediates the effects of GHRH
analogs on cell proliferation [49]. The mechanisofisaction of GHRH antagonists have
likewise been investigated but the intracellulaynaling mechanisms underlying their pro-
apoptotic activity remain elusive. It has been dest@ated however that the GHRH
antagonist-induced intracellular €activation and cAMP signaling [17].

In our study using Western blot, we examined tHecefof new GHRH antagonists,
JMR-132 and MIA-602 on the main apoptotic pathwaysDBTRG-05 and U-87MG
glioblastoma cell lines. The Akt signaling pathwasich is activated by growth factors and
is frequently overexpressed in cancer cells, is @inthe major anti-apoptotic pathways in
cells [52; 53]. We found that phosphorylation oftAkas significantly decreased in a time-
dependent manner following treatment with GHRH goiésts JMR-132 and MIA-602. Akt
regulates its anti-apoptotic effect by phosphomtatarious effector proteins, including the
glycogen synthase kinagefb4]. Accordingly, GSKB phosphorylation was decreased after 5
and 10 minutes of treatment and returned to itsalnevel after 30 minutes. As in previous
studies, a time-dependent reduction of ERK 1/2 phosylation was observed after treatment
with GHRH antagonists and an opposite effect wdsatled upon treatment with GHRH(1-
29)NH, [51]. Although, p38 MAPK was also activated by #ddition of GHRH(1-29)Nkito
the cells, the p38 phosphorylation found after 23urk of treatment with the GHRH
antagonists was double its initial intensity.

PARP plays a central role in apoptosis as it isuireg for the translocation of
apoptosis inducing factor from mitochondria to tmécleus [55]. The release of AIF, an
inductor of chromatin condensation during apoptosisly also be a caspase dependent
process, emphasizing the relevance of caspaseageab6]. In accord with a previous
investigation, we found that GHRH antagonists cduke cleavage of PARP and caspase-3,
peaking at 24hours in glioblastoma cells at 24 sowhereas the addition of GHRH(1-
29)NH, kept them in their uncleaved form [57]. The intggof the mitochondrial membrane
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system embodies a major factor against stress @sddamage [58]In order to establish
whether mitochondrial mechanisms are involved ie thro-apoptotic effect of GHRH
antagonists, we stained DBTRG-05 cells that weratéd with GHRH(1-29)Npor GHRH
antagonists with the membrane potential dependé@othondrial dye, JC-1. An intense green
color and the abolition of the red fluorescence pgonent clearly demonstrated the key role of
the GHRH antagonists in the demolishing of mitoch@al membrane integrity. The exposure
of glioblastoma cells to GHRH(1-29)NHesulted in the retention of the red fluorescence
component, indicating a preservation of the mitochi@l membrane potential. Previously, it
has been shown, that the depolarization of theamdtodrial membrane results in the release
of pro-apoptotic signals from the mitochondrialeintnembrane space [59]. Thus, upon
exposure to GHRH antagonists we observed the eeldasyt ¢ to the cytosol and the nuclear
translocation of EndoG and AlF. GHRH(1-29)NHeatment did not alter the intracellular
localization of these proteins. The changes in ridease of pro-apoptotic proteins were
reflected in the afore-mentioned caspase-3 adsitiThese findings provide compelling
evidence, that GHRH antagonists affect cell deatbugh the following key pro-apoptotic
pathways: the reduction of phosphorylated Akt, GBK&d ERK 1/2, the cleavage of PARP
and caspase-3 and by destabilizing the mitochdnarembrane, which in turn leads to the
intracellular translocation of proteins AlF, Enda@d cyt c.

We also investigated the effect of the novel GHRithgonist, MIA-602 on DBTRG-
05 glioblastoma brain tumaon vivo. A considerable reduction of tumor growth by MIAZ%
of 69 % was found, demonstrating a significant litory effect of this potent GHRH
antagonist.

As we previously noted, the treatment of glioblastomultiforme poses a formidable
challenge for current cancer therapy [60], sinoeative surgical resection is often not
attainable due to the invasivity of the tumor [6@hile the efficacy of chemotherapy is
impeded by the expression of multidrug resistareseeg [61] and the use of chemotherapy is
limited by the systemic toxicity. Doxorubicin ishaghly efficacious chemotherapeutic agent
in malignant gliomain vivo and in vitro [62; 63; 64]. However, due to the toxicity of
doxorubicin in the traditional systemic delivery3[664; 65], this substance has not been an
effective agent for patients with brain cancer [68pw therapeutic strategies involve the
development of drugs that reach a higher conceémbraat the site of the tumor, thus
minimizing the systemic side-effect of the chemadpeutic agent [63; 64; 65; 66; 67].
Somatostatin is a hypothalamic hormonal neuropephdt inhibits the release of a variety of

hormones, including growth hormone, gastrin, glacgginsulin and pancreatic exocrine
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secretion [68; 69]. Since somatostatin has a dhalftlife in the circulation, more stable
octapeptide analogs were synthesized, such as §atidoby Sandoz [70] and RC-160
(vaproetide), which was developed in our laborat@¥; 71]. Five somatostatin receptor
subtypes (SSTR) have been discovered [72] and bgepce of SSTR2 and/or SSTR5 on
various malignancies, including brain tumors [69; 74; 75; 76; 77; 78; 79; 80], suggested
they play a potential role in cancer therapy [/B;75; 76; 77; 78; 81, 82; 83; 84, 85]. Several
targeted cytotoxic hormone analogues have beerhesiaed in our laboratory that are
hybrids of a hormonal analogue and doxorubicin B&; These cytotoxic analogues, are less
toxic and more effective than free cytotoxic compas [87]. AN-162, which is a
doxorubicin linked to a somatostatin analogue, RO;1showed promising results in
experimental breast and non-small cell lung canf&8s 89]. There is much evidence that
somatostatin octapeptide analogs including theogn&®C-121 the carrier of RC-160, can
penetrate the blood-brain barrier. Based on thesénfjs we determined the effect of AN-162
on DBTRG-05 glioblastoma cell line, and testeceifscacy in experimental brain tumors. We
detected the expression of mRNA for somatostataeptr (SSTR) subtypes 2 and 3 in
DBTRG-05 cells with RT-PCR. Using ligand competiti@assay, specific high affinity
receptors for somatostatin were detected. When mide were xenografted with DBTRG-05
glioblastoma tumors we found that AN-162 signifitgrinhibited tumor growth compared
with the control group and the groups treated waluimolar doses of doxorubicin,
somatostatin analogue RC-160 or the unconjugat&tlrei of doxorubicin plus RC-160. The
tumor doubling time in the group of animals treateith AN-162 was extended and was
significantly different from doubling times in theontrol group and in the other treatment
groups. Our study clearly demonstrated a potenbitany effect of AN-162 in experimental
glioblastoma, thus suggesting the possibility & uttilization in patients suffering from
malignant brain cancer.

The prognosis of cancer patients is strongly cateel with the stage of the cancer at
the initial diagnosis. Patients afflicted by advedistage ovarian or breast cancer have poor
prognosis and a low survival rate, since these tansow increased invasiveness and
metastatic ability [90; 91]. Malignant glioblastosnare particularly aggressive, highly
angiogenic and considered to be incurable [40;982; We conducted a set of experiments
with representative cell lines from malignant glentreast and ovarian cancer: DBTRG-05
glioblastoma, MDA-MB-468 estrogen-independent breasicer and ES-2 clear cell ovarian

cancer cell lines.



44

GHRH antagonists have been found to be effectivethm treatment of a variety of
experimental tumors xenografted into nude mice [148; 19; 20; 25; 43; 46; 94; 95; 96].
Some studies evaluated the inhibitory effect ofi@aGHRH antagonists on the development
of metastasem vivo [23; 24; 25]. We felt that it was of interest tovéstigate whether a new
GHRH antagonist, MIA-602 is able to inhibit the asive and metastatic activity of DBTRG-
05, MDA-MB-468 and ES-2 cancer cell lines. The pree of both pGHRH receptors and
SV1 on all three cancer cell lines was demonstrasidg Western blot method. Our results
showed an intensive pGHRH-R expression at 60 kDldess marked SV1 expression at 39.5
in all three cell lines. The data obtained with H3-05 and MDA-MB-468 cell lines
corresponded to earlier investigations [21; 30]. MMB-468 expressed both receptors at the
highest level compared to the other two cell lindg also demonstrated for the first time the
presence of pPGHRH receptors and SV1 on ES-2 ovasanoer cells.

The process of tumor cell metastasis is a compkscade of events, which involves
numerous steps such as proliferation, separaticelts from the primary tumor, adherence of
the cells to a new location, angiogenesis, the atiign of cancer cells into the stroma and the
proteolysis of the matrix [31; 90; 97]. It has beeported, that the impediment of local cell
proliferation is the critical step in the contrdl metastases [97]. Previously, improved cell
survival following treatment with GHRH has been dmstrated [47]. Accordingly, we
investigated the inhibitory effect of MIA-602 onlicproliferation in DBTRG-05, MDA-MB-
468 and ES-2 cancer cell lines. After 48 hoursredtment, 1 M MIA-602 decreased cell
viability significantly, with similar results in bthree cancer cell lines.

Tumor invasion requires both tumor cell migratiordahe degradation of the extracellular
matrix [33]. Cell motility is one of the pivotal pds of metastasis which is necessary for the
tumor cell to move through the matrix and enterdineulation so that it can travel to a distant
site [90]. In our study, we demonstrated that Mi@2&ignificantly reduces the chemotaxis of
cells across a membrane toward a chemoattractéet,matrigel. Wound-healing assays
showed a slower wound-closure following MIA-602att@ent, indicating decreased cancer
cell motility. Cancer cell adhesion to fibronecéind matrigel was also significantly decreased
after treatment with the GHRH antagonist. We algontfl that ES-2 showed the greatest
reduction in cell adhesion and motility after traant with MIA-602 compared to DBTRG-05
and MDA-MB-468 cell lines.

Besides the alteration of cell adhesion, tumor gegration involves the disruption of cell-
cell connections [31]. E-cadherin, the main compbna intercellular adhesion, interacts

with cytoskeletal proteins through the catenin ctexgo preserve the normal function of
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epithelia [31; 33; 98; 99]. The downregulation asd of E-cadherin in cancer cells,
contributes to increased cell adhesion, cell mignatnd higher tumorigenicity [100; 101].
On the other hand-catenin released at the disruption of adherenstiums upregulates the
transactivation of}-catenin-responsive genes, which has been obsénvedrious types of
cancers [102; 103]. We showed that treatment @itRH antagonist MIA-602 resulted in
the increased expression of E-cadherin and theedsed expression @fcatenin, indicating
diminished tumor cell invasion. Different tumorsvhaeen reported to express caveolin-1, a
constituent of caveolar membrane coats, at a ldewel than normal cells [104; 105; 106].
When we exposed cancer cells to 1 uM MIA-602, éwell of caveolin-1 rose dramatically.
NF-xB is a transcriptional factor, which translocateshe nucleus to induce the transcription
of proliferation, cell survival and carcinogeneassociated genes [107; 108]. The
translocation of NReB to the nucleus was successfully inhibited afteatment with the
GHRH antagonist, and N&B showed no activation. A downstream target of ¥iHs MMP-

2. MMPs are required for the proteolysis of the@oellular matrix, facilitating the migration
of cancer cells through the basal membrane [90]. 0%y constitute a family of proteases
and are able to cleave different substrates of exieacellular matrix [110]. MMPs are
secreted in a latent (pro-MMP) form and must bevatgd to reach their full proteolytic
capacity [110]. The overproduction of MMP-s hasrbessociated with tumor growth and
metastasis [111; 112]. To reveal the effect of Mi@2 on cancer cell metastasis, the activity
of MMP-2 and MMP-9 proteins was investigated byagjal zymography. Originally high
MMP-2 and MMP-9 activities were visible in the wdted cancer cells’ supernatants. After
GHRH antagonist treatment, however, their actigittiminished significantly in a time-
dependent manner. The results found using gelatmography were supported by the
findings obtained with Western blot. The expressatdrMMP-2 was significantly reduced
after the cells were treated with MIA-602. Takemdther, the findings that the GHRH
antagonist, MIA-602 decreases the proliferatiorgration, invasion and MMP production in
three cancer cell lines representing three diffecamcerdn vitro, indicates its possible role

as a potent tool against cancer cell metastasis.

Conclusions

1. Hsp 16.2 was detected in different types and graddsain tumors,

however, the level of expression varied accordmthe type and grade
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of the tumor. All ninety-one tumor samples wereelad equally intra-

nuclearly; they varied in their cytoplasmic labgliof Hsp 16.2.

Hsp 16.2 could not be detected in a significarantity in normal brain
tissue, it was only present in tumor cells in digant quantity and its
level increased with the increase of cell anapladiae cytoplasmic
expression of Hsp 16.2 correlates directly withghede of the different
types of brain tumors. Based on our findings, HspI®uld become a
valuable marker for primary brain tumor diagnosisd athe anti-

apoptotic activity of sHsp16.2 could become thgeaof drug therapy.

Both the pGHRH receptor and its main spliceiardr SV1, were
detected on the two glioblastoma cell lines,DBTR&ehd U-87MG,
pGHRH-R at 60 kDa and SV1 at 39.5 kDa.

GHRH antagonists, JMR-132 and MIA-602, decredkectell viability
of both DBTRG-05 and U-87MG glioblastoma cancel loeés.

GHRH antagonists affect cell death through tbkowing key pro-
apoptotic pathways: the reduction of phosphorylai&ti GSK33 and
ERK 1/2, the cleavage of PARP and caspase-3 amuughr the
intracellular translocation of proteins AlF, Enda@d cyt c.

GHRH antagonists abolish mitochondrial membriawegrity, through
the depolarization of the mitochondrial potentidlys leading to the
release of pro-apoptotic signals from the mitochi@hdnter-membrane

space.

The treatment of experimental glioblastomavivo with the GHRH
antagonist, MIA-602, resulted in the consideralii8%) reduction of
tumor growth, demonstrating a significant inhibytoeffect of this
GHRH antagonist.

The new GHRH antagonist, MIA-602 decreased pheliferation,

migration, invasion and MMP production in three @ancell lines
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representing three different cancers (brain, omariaeast cancersih
vitro. Exposure to MIA-602 upregulated the expressiorcafeolin-1
and E-cadherin, and led to the powerful downregutabf 3-catenin
and NF«B.

9. The current investigation indicates that GHRHRtagonists, such as
MIA-602, might be useful for the treatment of pate suffering from
malignant brain cancer by the reduction of tumawgh and through

the inhibition of cancer cell metastasis.
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