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Introduction

Malignant gliomas, such as glioblastoma multiforrags the most frequent type of
primary brain tumors. The standard approach otrreat is multimodal: surgical resection is
followed by adjuvant radiotherapy and chemotherapyith the alkylating agent
temozolomide. Malignant gliomas can be typified diffuse infiltration of the brain and
increased resistance to conventional cancer thesapfdespite notable advancements in
oncology, however, the early diagnosis and sucoksséatment of malignant gliomas
continues to present a great challenge.

Heat shock proteins (Hsp) are a ubiquitous grouproteins found in all living
organisms, that play an important role in cytopcbta and cell survival. Small Hsps (sHsp)
have a molecular weight ranging between 2-43 kOke bther Hsp, small stress proteins also
act as molecular chaperones and have also beed touhe expressed at higher levels in
different malignancies. Previously, our working gpoidentified and characterized a novel
small heat shock protein, Hsp 16.2. Preliminargigtsiindicated that Hsp16.2 is expressed in
neuroectodermal tumors. Therefore, we began to/shedexpression of Hsp 16.2 in different
types of brain tumors. Our aim was to examine wdretHspl6.2 plays a part in the
development of various types of brain tumors ancetiwr the level of its expression
correlates with the malignancy of the tumor.

Growth hormone-releasing hormone (GHRH) inducesvtirdhvormone (GH) secretion
after binding to pituitary-type GHRH receptors (pBH-R) in the anterior pituitary. The
insulin-like growth factor | (IGF-I) stimulated b¥H, plays an important role in the
mechanism of malignant transformation, metastast tamorigenesis in various cancers,
including brain cancers. GHRH antagonists have laggtied successfully for the treatment
of different types of experimental tumors, incluglimalignant gliomas. The effects of the
GHRH antagonists’ on cancer cell viability and cgljnaling pathways have not yet been
elucidated. In the present study, we investigatedmechanism of action of two new potent
GHRH antagonists: JMR-132 and MIA-602. Our goal weasxamine the signal transduction
and cellular response of brain tumor cells to treait with GHRH antagonists and to
investigate the effectiveness of GHRH antagonisA¥02 in vivo.

The inhibitory effects of GHRH antagonists on turgoswth, invasion and metastatic
ability of various cancers vivo have previously been investigated. In auwitro study in
three highly malignant cell lines including theaidlastoma cell line, DBTRG-05, it was our

goal to demonstrate how MIA-602 affects the crite®ps of malignant tumorigenesis, such



as cell proliferation, stimulation of angiogenesehancement of cell motility, cellular

invasion and the production of key proteins invdlve metastasis development.

Taken together, the_aims of my studyvere to determine the 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 varia8y1l, expressed in
glioblastoma cell lines?

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

5. Do GHRH antagonists have an effect on the cell algnyg 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 fior the treatment of

malignant gliomas?



General conclusions

. Hsp 16.2 was detected in different types and graddsrain tumors, however, the
level of expression varied according to the type @rade of the tumor. All ninety-one
tumor samples were labeled equally intra-nucleaHhgy varied in their cytoplasmic
labeling of Hsp 16.2.

. Hsp 16.2 could not be detected in a significaningjiain normal brain tissue, it was
only present in tumor cells in significant quantapd its level increased with the
increase of cell anaplasia. The cytoplasmic expes®f Hsp 16.2 correlates
directly with the grade of the different types ohin tumors. Based on our findings,
Hsp16.2 could become a valuable marker for printaayn tumor diagnosis and the

anti-apoptotic activity of sHsp16.2 could become tidrget of drug therapy.

. Both the pGHRH receptor and its main splice vari&ul, were detected on the two
glioblastoma cell lines,DBTRG-05 and U-87MG, pGHRHat 60 kDa and SV1 at
39.5 kDa.

. GHRH antagonists, JMR-132 and MIA-602, decreasesl déll viability of both
DBTRG-05 and U-87MG glioblastoma cancer cell lines.

. GHRH antagonists affect cell death through the ofelhg key pro-apoptotic

pathways: the reduction of phosphorylated Akt, GBIKAd ERK 1/2, the cleavage of
PARP and caspase-3 and through the intracellubarslocation of proteins AlF,

EndoG and cyt c.

. GHRH antagonists abolish mitochondrial membraneegrty, through the
depolarization of the mitochondrial membrane poténthus leading to the release of
pro-apoptotic signals from the mitochondrial inteembrane space.

. The treatment of experimental glioblastomavivo with the GHRH antagonist, MIA-
602, resulted in the considerable (69%) reductibtumor growth, demonstrating a
significant inhibitory effect of this GHRH antagshi



8. The new GHRH antagonist, MIA-602 decreased thefpration, migration, invasion
and MMP production in three cancer cell lines reprging three different cancers
(brain, ovarian, breast cancers) vitro. Exposure to MIA-602 upregulated the
expression of caveolin-1 and E-cadherin, and latiéqowerful downregulation @
catenin and NFeB.

9. The current investigation indicates that GHRH aotagfs, such as MIA-602, might
be useful for the treatment of patients sufferimgrf malignant brain cancer by the

reduction of tumor growth and through the inhibitiof cancer cell metastasis.



Bevezetés

A malignus glioméak, mint a glioblastoma multiforme leggyakrabban @&brduld
primer agydaganatok. A daganatok standard kezehéskimodalis: sebészi rezekcidt
koveten adjuvans sugarterapidban és leggyakrabban téonudealapl kemoterapidban
részesul a beteg. A malignus agydaganatokra jefleandiffaz infiltracio az agyszévetbe és
az emelkedett rezisztencia a hagyomanyos dagardgiidkkal szembenAz utdbbi években
elért jelends terapias fefldés ellenére a malignus gliomak korai diagnosZsalés sikeres
kezelése tovabbra is nagy kihivast jelent.

A Ho6 sokk fehérjék (Hsp), a fehérjék egy olyan spesiabikviter csoportjat képezik,
melyek a sejttulélésben jatszanak nagy szerepekisAmolekulasulyu & sokk fehérjek
molsulya 2-43 kDa és hasonléan a tdbbi Hsp-hezekatdris chaperone-ként tkddnek
valamint magas fokban expresszalédnak kulotbbomsszindulati daganatban. A
munkacsoportunk az elmult években fedezett febkmnmzett egy Uj kis molekulasulyd Hsp-t,
a Hsp 16.2-t. Mivel az é&tetes kisérletek arra utaltak, hogy a Hsp 16.2 ehmgk
neuroectodermdlis daganatokban, ezért megvizsgaliogy a Hsp 16.2 expressziojat
kilénb6ad tipusu agydaganatokban. Az volt a célunk, hogyerkidik, van-e szerepe a
Hspl6.2-nek a daganat kialakulasaban, illetve, hagfehérje expresszidja é€s a tumor
malignitasa k6zott van-e 6sszefligges.

A hypothalamusban terntelé ndvekedési hormont serkéritormon (GHRH) kdidik
a hypophysis-tipusi  GHRH receptorokhoz (pGHRH-R) résekedési hormon (GH)
szekreciot indit el a hypophysisben. A GH stimalag inzulin-tipusd névekedési faktor-I
(IGF-D)-et, mely utobbi fontos szerepet jatszik alignus transzformacio, metasztazis és
tumorigenezis folyamataiban kulonlozalaganatokban, beleértve az agydaganatokat is.
Sikeresen alkalmaztdk a GHRH antagonistakat kilénfiaganat modellekben, mint pl.
malignus gliomakban. A GHRH antagonistak hatasattdoan nem vizsgaltdk a daganat
sejttulélésre és a sejt jelatviteli atvonalaira.jeden tanulmanyban két U] potens GHRH
antagonista, a JMR-132 és MIA-602, hatdsmechaniatnissgaltuk meg. Célunk volt, hogy
megvizsgaljuk az agydaganat sejtek GHRH antagohkestalésre adott szignél transzdukcios
valaszat illetve, hogy felderitsiik a MIA-6@2vivo hatasossagat.

A GHRH antagonistakin vivo daganat novekedésre, invazio és metasztazis
képadeésre kifejtett gatlo hatasat korabbi tanulmanyaomyitottak. In vitro kisérletekkel
vizsgaltuk a MIA-602 hatasat a sejt proliferacioraptilitasra, invaziora, angiogenezisre



valamint metasztazis kéfaessel jaro fehérje expressziora harom tumor segten, példaul

a DBTRG-05 glioblastoma sejteken.

A vizsgalatok céljai a kovetkesk kideritése volt:

1. Jelen van-e a Hsp 16.2 a kilénbdpusu agydaganatokban?

2. Van-e ¢sszefliggés a Hsp 16.2 expresszidja és dagayatok gradusa kozott?

3. Kifejezodik-e a pGHRH receptor é$ fplice variansa, az SV1, a glioblastoma
sejtvonalakon?

4. Milyen modon befolyasoljak a sejttulélést a GHRHagonistak?

5. Van-e hatdsuk a GHRH antagonistaknak gfatviteli Utvonalakra a glioblastoma
sejtvonalakon?

6. Miként befolyasoljak a GHRH antagonistak a gliobdasa sejtek mitokondrialis
membran potenciéljat?

7. Csokkentik-e a GHRH antagonistak a glioblastomadagndvekedését kisérletes
allatmodellben?

8. Van-e a GHRH antagonistaknak in vitro hatasuk azaiid és metasztazis
képzdésre?

9. Alkalmasak lehetnek-e a GHRH antagonistak maliggliasnak kezelésére?

Eredmények és konklaziok

1. Hsp 16.2 kifeje#dést talaltunk a kilonféle agydaganatokban, azessgid
mértéke azonban kilénbdzoétt a daganat tipusa ésigaédszerint. Mind a 91
tumor mintaban kdzel azonos intranukleéris jeldéls lathato, a kilénbség a

citoplazmatikus festdésben mutatkozott.

2. A Hsp 16.2 csak a daganat sejtekben volt jskignifikans mennyiségben, ép

V4

mértékével. A citoplazmatikus Hsp 16.2 expressziértéke egyenesen

aranyos a kulonféle daganatok gradusaval. Erednmdagdapjan a Hsp 16.2



ertékes markerként szolgalhat a primér agydaganatialignosztikajaban
valamint a Hsp 16.2 antiapototikus aktivitdsa dadglienes terapias célpontja
is lehet.

A pGHRH receptor é$fsplice variansa, az SV1, is megtalalhatéak a DBTRG
05 és U-87TMG glioblastoma sejtvonalakon. A pGHRHF6® az SV1 39,5
kDa-nal.

A GHRH antagonistak, JMR-132 és MIA-602, csokkdek a sejttalélést

mindkét glioblastoma sejtvonalon.

A GHRH antagonistak sejthalalt a kovetkegroapoptotikus Gtvonalakon
indukalnak: a foszforilalt Akt, GSKB és ERK 1/2 csotkkentése, a PARP és
kaszpaz-3 hasitasa és az intracellularis fehérjg-, (&£ndoG és Cyt C)

transzlokacioja réven.

A GHRH antagonistdk megszintetik a mitokondsidtiembran integritasat,
mivel a mitokondrialis membran depolarizaciojatezsiltal a proapoptotikus

jelatvivé molekulak intermembran tésbtorténs kiszabadulasat segitikéel

In vivo, GHRH antagonista kezelésre a kisérletes gliainast jelenbsen
megkisebbedett (69%), mely a GHRH antagonista basagat bizonyitja.

Az Uj GHRH antagonista, MIA-602 csokkentette gjtek proliferaciojat,
migrécidjat, invaziéjat és MMP produkciéjat 3 kibiizs daganatos
sejtvonalnal (agy, petefészek és édalganat). MIA-602 kezelés hatasara
megrétt a caveolin-1 és E-cadherin expresszidja, meng@sen csokkent A-

catenin és NkeB szintje.

A kapott eredmények arra utalnak, hogy a GHRtdgonistak, mint példaul a
MIA-602, a malignus agydaganatban szerbkeel a daganatellenes terapia
része lehet, mivel daganatndvekedés gatl6 hatasésk, gatoljadk az
attétképadést.
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