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STRESZCZENIE

Wstep: Glejak wielopostaciowy (GBM) jest nowotworem, ktorego charakterystyczny
sposob wzrostu moze wywiera¢ wpltyw na tworzenie si¢ w jednym guzie réznych linii
komorkowych. GBM podczas naciekania zdrowych tkanek tworzy swego rodzaju dtu-
gie wypustki. Ograniczony dostep do sktadnikéw odzywczych i tlenu w niektorych
czesciach guza, wptywa na powstanie w guzie obszaré6w martwicy. W wyniku czego
W samym guzie powstaja roznigce si¢ od siebie struktury. Za udziatem receptorow
zaleznych od hormonéw plciowych w zmianie biologii komorek glejaka przemawia
fakt, iz wystepowanie tych nowotworow rozni si¢ istotnie pomiedzy ptciami. Znacznie
czesciej chorujg mezezyzni, a kobiety w wieku przed menopauzalnym charakteryzuja
si¢ wyzszg przezywalnoscig w stosunku do kobiet w wieku po menopauzalnym, czy
mezczyzn. Receptory zalezne od hormonéw piciowych pelnig istotng rolg w progres;ji
wielu nowotworow. Wptywaja na regulacje szlakow indukujacych proliferacje 1 mi-
gracje komorek glejaka wielopostaciowego.

Cel: Celem przeprowadzonych badan byto okreslenie ekspres;ji receptorow zaleznych
od hormonoéw ptciowych w poszczegdlnych strukturach guza GBM, a takze sprawdze-
nie wptywu warunkow panujgcych w guzie na ekspresje receptorow zaleznych od hor-
monow piciowych in vitro. Cele szczegdtowe obejmowaty: (1) Sprawdzenie ekspresji
genow 1 biatek oraz lokalizacji komorkowej bialek receptoréw zaleznych od hormo-
now piciowych (receptora androgenowego (AR), progesteronowego (PGR), estroge-
nowego a (ERa), estrogenowego B (ERB), prolaktynowego (PRLR), folikulotropo-
wego (FSHR)) w poszczegdlnych strukturach guza (rdzen, kora, obrzeze guza).
(2) Sprawdzenie roznic w ekspresji gendw i biatek receptorow zaleznych od hormo-
now piciowych (AR, PGR, ERaq, ERB, PRLR, FSHR) w poszczegdlnych strukturach
guza (rdzen, kora, obrzeze guza) u kobiet i mezczyzn. (3) Sprawdzenie ekspresji ge-
néw 1 biatek oraz lokalizacji komoérkowej biatek receptoréw zaleznych od hormonéw
ptciowych (AR, PGR, ERa, ERB, PRLR, FSHR) w réznych warunkach wystepuja-
cych w guzie (warunki nekrozy, hipoksji, niedoboru sktadnikow odzywczych) w mo-
delu in vitro z wykorzystaniem hodowli komoérek glioblastoma astrocytoma (U87).
Material i metody: W badaniu zastosowano dwa modele badawcze. Pierwszy wyko-

rzystywat materiat pochodzacy z réznych struktur guza GBM od pacjentow hospitali-



zowanych w Klinice Neurochirurgii PUM. Do projektu wtaczonych zostato 28 pacjen-
tow, w tym 16 mezczyzn i 12 kobiet, w wieku od 36 do 81 lat. Materiat stanowily
préby pobrane z trzech obszardw guza: niewzrastajacego rdzenia guza obejmujacego
gléwnie obszary martwicy, kory guza, czyli strefy guza rosngcego i obrzeza guza.
Drugi model badawczy, model in vitro, zostat stworzony w celu sprawdzenia, czy ana-
lizowane czynniki wptywaja na ekspresje badanych receptorow. Hodowle komorkowe
linii U87 poddano wptywowi warunkéw: nekrozy, hipoksji i niedoboru sktadnikow
odzywczych, imitujagcych warunki panujgce w guzie. W badanym materiale okreslono
ekspresje gendw badanych receptoréw metoda reakcji fancuchowej polimerazy w cza-
sie rzeczywistym (qRT-PCR). Ekspresje biatek badanych receptoréw okreslono przy
uzyciu testow immunoenzymatycznych. Obecno$¢ 1 lokalizacje bialek receptorow za-
leznych od hormonéw piciowych w badanym materiale dodatkowo wykazano meto-
dami mikroskopii konfokalnej (w komorkach linii U87) i analizy immunohistoche-
micznej (tkanki guza pochodzace od pacjentow).

Wyniki: W obrzezu guza GBM zaobserwowano wzrost ekspresji biatek AR, ERp,
PGR w stosunku do rdzenia guza, a takze wzrost biatka PGR w stosunku do kory guza.
W korze guza zauwazono natomiast wzrost biatka AR i mRNA ERS w stosunku do
rdzenia guza. Po uwzglednieniu podziatu na kobiety i m¢zczyzn w analizach zaobser-
wowano, ze guzy pochodzace od kobiet charakteryzowaty si¢ wzrostem biatek AR,
ERPB w obrzezu guza w stosunku do rdzenia guza. Guzy pozyskane od mezczyzn ce-
chowaly si¢ natomiast wzrostem mRNA ERP w korze guza w stosunku do rdzenia
guza. Zauwazono réwniez, ze guzy mezczyzn charakteryzowaty si¢ wzrostem biatka
PRLR w rdzeniu guza w stosunku do guzoéw kobiet. Nie zaobserwowano roéznic w eks-
presji PRLR, ERa, FSHR pomi¢dzy strukturami guza, a takze roznic w ekspresji ERa,
FSHR pomigdzy ptciami. Warunki niedoboru sktadnikéw odzywczych wywotaty
wzrost ekspresji mRNA AR i spadek ekspresji mRNA ERP. Warunki hipoksji spowo-
dowaty spadek ekspresji mRNA AR, ERB, PRLR i wzrost ekspresji mRNA ERa. Wa-
runki nekrotyczne nie wywotaty natomiast zmian w ekspresji badanych receptorow.
Whioski: Niewzrastajacy rdzen guza GBM, obejmujacy obszar martwicy, charaktery-
zowal si¢ obnizonym lub niezmienionym poziomem ekspresji badanych receptorow
zaleznych od hormonéw piciowych w poréwnaniu do strefy guza rosngcego (kora
guza) i1 obrzeza guza. Strefa silnego wzrostu guza (kora guza) GBM cechowala si¢

obnizonym lub niezmienionym poziomem ekspresji badanych receptorow zaleznych
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od hormonéw piciowych w porownaniu do obrzeza guza. Ekspresja badanych recep-
torow w poszczegdlnych strukturach guza nie roznita si¢ u kobiet i m¢zczyzn, z wy-
jatkiem ekspresji receptora PRLR w rdzeniu guza, ktora byla nizsza u kobiet. Mez-
czyzni charakteryzowali si¢ nizsza ekspresja mRNA receptora ERB w rdzeniu guza
w porownaniu do kory guza GBM. Kobiety cechowatly si¢ nizszg ekspresja biatka re-
ceptorow AR i ERP w rdzeniu guza w poroéwnaniu do obrzeza guza GBM. Warunki
panujace w guzie GBM (hipoksja i niedobdr sktadnikow odzywczych) byly czynni-
kami, ktore wywarty wptyw na zmiany w ekspresji badanych receptoréw w warunkach
in vitro. Za udziatem receptorow zaleznych od hormonéw pitciowych w zmianie bio-
logii komoérek glejaka wielopostaciowego mogg przemawiaé stwierdzone zmiany
w ekspresji badanych receptorow u kobiet 1 me¢zczyzn. Jednakze dostgpne dane nie
pozwalajg jednoznacznie okre$li¢ roli tych receptorow w progresji glejaka wielopo-

staciowego.



SUMMARY

Introduction: Glioblastoma multiforme (GBM) is a neoplasm whose characteristic way
of growth may influence the formation of different cell lines in one tumor. GBM, when
infiltrating healthy tissues, forms a kind of long protrusions. Limited access to nutrients
and oxygen in certain parts of the tumor results in the formation of areas of necrosis in
the tumor. As a result, different structures are formed in the tumor itself. The participation
of sex hormone-dependent receptors in changing the biology of GBM cells is supported
by the fact that the occurrence of these tumors differs significantly between sexes. Men
are affected much more often, and premenopausal women have a higher survival rate than
postmenopausal women or men. Sex hormone-dependent receptors play an important role
in the progression of many cancers. They affect the regulation of pathways inducing the
proliferation and migration of GBM cells.

Aim: The study aimed to determine the expression of sex hormone-dependent receptors
in individual structures of the GBM tumor, as well as to check the effect of the conditions
in the tumor on the expression of sex hormone-dependent receptors in vitro. Specific ob-
jectives included: (1) Checking gene and protein expression and cellular localization of
sex hormone-dependent receptor proteins (androgen receptor (AR), progesterone receptor
(PGR), estrogen a receptor (ERa), estrogen B receptor (ERB), prolactin receptor (PRLR),
follicle-stimulating receptor (FSHR)) in individual tumor structures (tumor core, enhanc-
ing tumor region, and peritumoral area). (2) Checking the differences in the expression
of genes and proteins of sex hormone-dependent receptors (AR, PGR, ERa, ERB, PRLR,
FSHR) in individual tumor structures (tumor core, enhancing tumor region, and peritu-
moral area) in women and men. (3) Checking gene and protein expression and cellular
localization of proteins of sex hormone-dependent receptors (AR, PGR, ERa, ERB,
PRLR, FSHR) in various tumor conditions (necrosis, hypoxia, nutrient deficiency condi-
tions) in in vitro model using a glioblastoma astrocytoma (U87) cell culture.

Material and methods: Two research models were used in the study. The first one used
material from various structures of the GBM tumor from patients hospitalized at the De-
partment of Neurosurgery, PUM. 28 patients were included in the project, including 16
men and 12 women, aged 36 to 81. The material consisted of samples taken from three
areas of the tumor: the non-growing tumor core, covering mainly areas of necrosis, the
enhancing tumor region, and the peritumoral area. The second research model, the in vitro
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model, was created to check whether the analyzed factors affect the expression of the
studied receptors. Cell cultures of the U87 line were exposed to the following conditions:
necrosis, hypoxia, and nutrient deficiency, imitating conditions in a tumor. The expres-
sion of genes of the tested receptors in the tested material was determined by real-time
polymerase chain reaction (QRT-PCR). Protein expression of the studied receptors was
determined using enzyme immunoassays. The presence and localization of sex hormone-
dependent receptor proteins in the examined material were additionally demonstrated by
confocal microscopy (in cells of the U87 line) and immunohistochemical analysis (tumor
tissues from patients).

Results: In the peritumoral area of the GBM tumor, an increase in the expression of AR,
ERp, and PGR proteins was observed in relation to the tumor core, as well as an increase
in the PGR protein in relation to the enhancing tumor region. In the enhancing tumor
region, however, an increase in the AR protein and ERp mRNA was observed in relation
to the tumor core. After considering the division into women and men in the analyses, it
was observed that tumors originating from women were characterized by an increase in
AR and ERJ proteins in the peritumoral area in relation to the tumor core. On the other
hand, tumors obtained from men were characterized by an increase in ERp mRNA in the
enhancing tumor region in relation to the tumor core. It was also noted that male tumors
were characterized by an increase in PRLR protein in the tumor core relative to female
tumors. There were no differences in the expression of PRLR, ERa, and FSHR between
tumor structures, and no differences in the expression of ERa, and FSHR between sexes.
Nutrient-deficient conditions increased AR mRNA expression and decreased ERp mRNA
expression. Hypoxic conditions resulted in a decrease in AR, ERf, and PRLR mRNA
expression and an increase in ERa mRNA expression. However, necrotic conditions did
not cause changes in the expression of the studied receptors.

Conclusions: The non-growing tumor core of the GBM, including the area of necrosis,
was characterized by a reduced or unchanged level of expression of the sex hormone-
dependent receptors tested in comparison to the enhancing tumor region and the peritu-
moral area. The zone of strong tumor growth (enhancing tumor region) of GBM was
characterized by a reduced or unchanged level of expression of the sex hormone-depend-
ent receptors studied compared to the peritumoral area. The expression of the studied

receptors in individual tumor structures did not differ between men and women, except



for PRLR expression in the tumor core, which was lower in women. Males were charac-
terized by a lower mRNA expression of ERp in the tumor core compared to the GBM-
enhancing tumor region. Women were characterized by lower AR and ERp protein ex-
pression in the tumor core compared to the GBM peritumoral area. The conditions pre-
vailing in the GBM tumor (hypoxia and nutrient deficiency) were the factors that influ-
enced the changes in the expression of the studied receptors in vitro. The participation of
sex hormone-dependent receptors in the change in the biology of glioblastoma multi-
forme cells may be supported by the observed changes in the expression of the studied
receptors in women and men. However, the available data do not allow to unambiguously

determine the role of these receptors in the progression of glioblastoma multiforme.



