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IVADAS

Labiausiai paplites piktybinis smegeny navikas yra glioblastoma (GBM).
GBM sudaro apie 50 proc. visy piktybiniy centrinés nervy sistemos (CNS)
naviky [1, 2] ir apie 2 proc. vaiky, serganciy visy tipy smegeny navikais [3].
GBM apima pirminius (de novo) ir antrinius navikus, i8sivysciusius i§ zemo
laipsnio astrocitomos arba oligodendrogliomos potipiy. GBM gali atsirasti
bet kuriuo amziaus tarpsniu. Si liga daZniau nustatoma vyresnio amZiaus
zmonéms [4, 5], dazniau diagnozuojama vyrams [6]. Yra Zinomi su lytimi
susije i§gyvenamumo trukmés po GBM diagnozés skirtumai [7, 8]. Suaugu-
siyjy GBM sergamumas didZiausias yra 65—74 mety amziaus grupéje, viduti-
nis amzius — 65 metai, o bendras iSgyvenamumas po diagnozés nustatymo —
815 meénesiy [5, 9, 10]. Suaugusiyjy IV laipsnio (pagal PSO — Pasaulio
sveikatos organizacija), IDH (izocitrato dehidrogenaz¢) laukinio tipo GBM,
klasifikuojama kaip pirminé, dazniausia, agresyvi ir heterogeniné¢ smegeny
vezio forma, lemianti bloga prognoze, nes iki Siol néra sukurta veiksmingo
GBM gydymo.

Dabeartinis standartinis gydymo rezimas apima maksimaly naviko chirur-
ginj paSalinimg, papildoma gydyma temozolomidu (TMZ) ir radioterapija
[11-13]. TMZ 2005 m. registruotas naujai diagnozuotai GBM gydyti [14,
15]. Individualus TMZ veiksmingumas priklauso nuo atsparumo TMZ atsira-
dimo, kuris lemia GBM atkrytj ir blogg GBM prognoze [16]. Penkeriy mety
55—-64 amziaus GBM pacienty iSgyvenamumas yra apie 6 proc. [17]. Gydant
GBM po operacijos, TMZ pridéjimas kartu su radioterapija padidino bendra
iSgyvenamuma 2 ménesiais [18], o i§gyvenamumo be ligos progresavimo
trukmé — 6 ménesiai. Daugiau nei 50 proc. GBM serganciy pacienty TMZ
gydymas yra neveiksmingas [19, 20]; 70 proc. pacienty liga po gydymo prog-
resuoja per pirmuosius metus, o GBM 5 mety iSgyvenamumas yra vienas i$
trumpiausiy tarp visy vézio rasiy [15].

Individualizuoto GBM gydymo paZzanga yra glaudZiai susijusi su stan-
dartiniu gydymu, tiriamos naujos gydymo strategijos, pavyzdZziui, chemotera-
pija, naudojant vaistus, pritaikytus naviko molekulinéms ir metabolinéms
savybéms [21, 22]. Labai svarbu suprasti vaisty veikimo mechanizmg ir
atsparumo gydymui priezastis, padidinti GBM gydymo veiksminguma, verti-
nant vaisty poveikj vézio prognoziniy Zymeny pokyciams [16, 23].

Biitina sukurti kuo veiksmingesnius ir individualizuotus ikiklinikinius
modelius tiek standartiniams, tiek naujiems gydymo metodams taikyti dar iki
chemoterapijos paskyrimo [15]. Vaisty, kuriais gydant GBM pageré¢ja pa-
cienty iSgyvenamumas, farmakologinis poveikis yra susij¢s su naviko lasteliy
proliferacijos slopinimu [24]. Uzdegiminé GBM naviko mikroaplinka, kuriai



biidingas prouzdegiminiy citokiny ir chemokiny i$siskyrimas, taip pat uzde-
giminiy keliy aktyvinimas, skatina naviko piktybinj augima [25]. UZzdegimas
ir imuninis atsakas yra tiesiogiai susij¢ su GBM progresavimu, o jy regulia-
vimo sutrikimas susij¢s su GBM didesniu atsparumu gydymui ir blogesniais
rezultatais [26, 27]. NaVPA (natrio valproato) ir NaDCA (natrio dichloroace-
tato) derinys slopina uzdegiminius ir imuninius procesus, susijusius su GBM
atsiradimu [28, 29].

GBM Iasteléms budinga nuslopinta apoptozé ir lasteliy mirtis [30].
Pagrindinis vaisty poveikis GBM yra susij¢s su naviko lasteliy proliferacijos
slopinimu ir apoptozés aktyvinimu [24]. Biitina rasti biidy, kaip sumazinti
GBM lasteliy atsparumg gydymui. GBM lasteléms biidingas oksidacinis
fosforilinimas OKSFOS (angl. oxidative phosphorylation; OXPHOS), o
OKSFOS daznai yra vézio kamieniniy lgsteliy ir chemoterapijai atspariy
lasteliy pozymis. OKSFOS funkcijos slopinimas (in vitro ir in vivo tyrimai)
taip pat gali paveikti naviko Iasteliy i§gyvenamuma, naviko mikroaplinka,
sumazinant hipoksijg, ir pagerinti prieSnavikinj imuninj atsaka, o tai lemia
veiksmingg GBM gydyma [31, 32]. Aktyvinti glikolitiniai procesai biidingi
GBM lastelems [33]. GBM Iasteléms bidingas padidéjes piruvato
dehidrogenazés kinazes (PDK) raiskos lygis, didinantis glikolizés aktyvuma
[33-35]. Vienas i$ iy dieny GBM gydymo tiksly yra PDK aktyvumo slopi-
nimas, mazinantis su kancerogeneze susijusi glikolizés aktyvuma [36].

Eksperimentiniy NaVPA ir NaDCA derinio poveikio GBM raidai tyrimy
tikslas — nustatyti, ar Sis derinys turi sinerginj poveikj, ar leidzia sumazinti
vaisty dozg, palyginti su TMZ poveikiu GBM Iasteléms bei jy navikams,
suformuotus navikus tiriant CAM (vis¢iuko embriono chorioalantojinés
membranos) modeliu.

Darbo tikslas

Nustatyti natrio dichloroacetato (NaDCA) ir natrio valproato—NaDCA
derinio (NaVPA—NaDCA) poveiki glioblastomos (GBM) lasteliy linijy ir
pacienty GBM pirminiy lgsteliy naviky raidai in vivo ir jy lasteléms in vitro.

Darbo uzdaviniai

1. Nustatyti NaVPA-NaDCA poveiki naviky, suformuoty i§ GBM
U87 ir T98G lasteliy, augimui ant vis§¢iuko embriono chorioalanto-
jinés membranos (CAM), juy invazijai | CAM mezenchima, angioge-
nezei bei PLBA, p53 ir EZH2 raiSkai navike, palyginti su NaDCA
bei temozolomido (TMZ) poveikiu.
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2. Nustatyti ir palyginti NaDCA, TMZ, NaVPA-NaDCA poveikj
GBM U&7 ir T98G lasteliy SLC1242, SLCI12A45, SLC548, CDHI ir
CDH? raiskai in vitro.

3. Nustatyti NaVPA-NaDCA poveiki pacienty GBM pirminiy Iasteliy
navikams ant CAM, jy invazijai | CAM, angiogenezei bei GFRB,
PLBA, p53, EZH2 ir vimentino raiskai.

4. Nustatyti NaVPA—NaDCA poveikj paciento pirminiy GBM lasteliy,
SLC12A42, SLCI2A45, SLC5A48, CDHI ir CDH? raiSkai in vitro.

Darbo naujumas ir aktualumas

Darbe pateikti ikiklinikiniy NaVPA-NaDCA ir NaDCA poveikio tyrimy
kancerogenezei duomenys, palyginamas tiriamyjy vaistiniy preparaty
poveikis suaugusiyjy GBM U-87 MG (U87) ir T98G lasteliy SLC12A42 (Na-
K-2Cl nesiklis; NKCC1), SLC1245 (K-Cl nesiklis; KCC2), SLC548 (mono-
karboksilaty nesiklis; SLC5A8), CDHI (E-kadherinas) ir CDH2 (N-kadhe-
rinas) raiskai in vitro ir lasteliy suformuoty naviky augimui, neoangiogene-
zei, invazijai, taikant CAM modeli ir PLBA, p53, EZH2 Zymeny raiskai
suformuoto naviko ant CAM audinyje. NaVPA-NaDCA poveikio duomenys
yra palyginti su TMZ tyrimy duomenimis. Tyrimy duomenys rodo, kad
NaVPA-NaDCA keisdamas NKCCI1 ir KCC2 neSikliy geny raiSka, gali
veikti vidulasteling C1™ koncentracija ([C1]i), o $is poveikis yra individualus
ir skiriasi gydant U87 ir T98G lasteles. Derinio poveikis kai kuriais atvejais
yra veiksmingesnis nei NaDCA ar TMZ. Tyrimas parod¢, kad NaVPA—
NaDCA komponenty — NaVPA ir NaDCA — poveikis U87 ir T98G naviky
sukeltai neoangiogenezei, T98G naviky PLBA ir EZH2 raiskai buvo
sinerginis. Sinerginis poveikis gali biti susijes ir su tuo, kad U87 lastelése
VPA aktyvina DCA pernasa i lastele per demetilintg SLC548, kuris yra DCA
nesiklis i naviko lgstele. Toks sinergizmas gali biiti svarbus, nes leisty mazinti
DCA dozg¢ ir kartu — DCA nepageidaujamag poveikj. Nustatyti derinio povei-
kio pranasumai palyginant su TMZ poveikiu.

Pirma kartg tirtas NaVPA-NaDCA poveikis pirminéms zmogaus GBM
lasteléms in vitro ir i§ jy suformuotiems navikams ant CAM bei GFRB,
PLBA, p53, EZH2, vimentino zymeny raiskai juose. Pirminiy GBM naviky
lastelése NaVPA—-NaDCA slopina NKCCI1 ir aktyvina KCC2 nesikliy geny
raiSka, slopina GBM piktybisSkumo zymeny GFRB, PLBA, p53, EZH2 ir
vimentino raiska — ir §is atsakas j gydyma yra individualus.
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Atlikto ikiklinikinio tyrimo duomenimis, CAM modelis yra tinkamas
metodas tiriamojo vaisto veiksmingumui vertinti. Vaisto veiksmingumo
nustatymas, tiriant CAM modeliu ir nustatant poveiki GBM lasteliy geny
raiSkai, yra perspektyvus, nes gali padéti parinkti individualizuotag chemo-
terapija bei palyginti TMZ poveikj su naujai kuriamy tiriamyjy vaistiniy
preparaty poveikiu.
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1. LITERATUROS APZVALGA

1.1. Glioma

Apibrézimas. Glioma yra pirminis CNS navikas, kiles i§ neuroglijos
lasteliy (astrocitai, oligodendrocitai ir ependimocitai). Jie sudaro apie 26—
30 proc. visy smegeny naviky ir apie 80 proc. pirminiy piktybiniy CNS
naviky [37-39]. Sergamumas Europos regionuose skiriasi [38, 40], Europos
sajungos (ES) gliomos sergamumo daznumas yra nuo 5—6 atvejai 100 tukst.
gyventojy per metus [40, 41]. Glioma yra reta liga.

Etiologija. Tiksli gliomos atsiradimo prieZastis nezinoma. Zinomas
aplinkos rizikos veiksnys, susij¢s su naviko raida, yra jonizuojancios spin-
duliuotés poveikis [37, 42, 43]. Glioma gali pasireik$ti Zmonéms, turintiems
tam tikrus genetinius sindromus, kaip Mendelio liga, tuberoziné skleroze,
neurofibromatozé, Li-Fraumeni sindromas. Zmogaus genomo tyrimais (angl.
Genome-wide association studies; GWAS) nustatyti septyni genomo varian-
tai, kurie didina gliomos rizika [37, 38]. Epidemiologiniai tyrimai rodo, kad
tokios alerginés biklés kaip Sienligé, astma, egzema ar maisto alergija gali
biti susijusios su mazesne gliomos rizika [38].

Simptomai ir diagnozavimas. Gliomos gali suspausti smegeny sritis,
sukelti simptomus kaip nuovargis, galvos skausmas, pykinimas, vémimas,
eisenos pusiausvyros sutrikimai, traukuliai, vienos kiino pusés tirpimg ar
silpnuma, netikétai atsiradusius pazinimo funkcijy susilpnéjimg ar zidininius
neurologinius sutrikimus, kalbos sutrikimus, regos pokyc€ius, dirgluma,
Slapimo nelaikyma [37, 41, 42].

Diagnozei patvirtinti reikalinga magnetinio rezonanso tomografija
(MRT). Sis tyrimas svarbus nustatant smegeny auglio savybes, parenkant
chirurgijos strategija ir gydymo veiksmingumo stebéjimui. Vaizdinés diag-
nostikos metodai yra patvirtinami histopatologine analize, kurig papildo
molekuliniai tyrimai, siekiant parinkti tinkamesnj gydyma ir prognozuoti
gydymo veiksminguma [37, 44, 45]. Molekuliniai biozymenys yra svarbiis
nustatant papildoma gliomy diagnosting informacija. Dél to siekiant tiksliau
klasifikuoti CNS navikus, 2021 m. PSO klasifikacijoje jtraukta daug kliniko-
patologijos molekulinés struktiiros pozymiy [46]. Gliomos difuziniu biidu
invazuoja | smegenis, todél pilnai pasalinti navika chirurginiu biidu be neuro-
loginio deficito yra beveik nejmanoma. Gliomos daznai biina atsparios spin-
duliniam gydymui ir chemoterapijai, tod¢l daznai po gydymo ligos progresa-
vimas islieka, o veiksmingos chemoterapijos néra [37].

Klasifikacija. Gliomos klasifikuojamos pagal glijos lasteliy tipag ir
histologines bei genetines savybes, kurios leidzia prognozuoti ligos eigg ir
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parinkti veiksmingiausiag gydyma [37]. Glijos lastelés yra astrocitai, oligo-
dendrocitai, ependimocitai. Pagal tai gliomos klasifikuojamos j astrocitomas,
oligodendrogliomas ar ependimomas; $ios grupés turi naviky potipius, apibu-
dinamus skirtingu biologinio piktybiskumo laipsniu [47]. Gliomy klasifika-
cija keitési. ISskiriamos trys CNS naviky klasifikacijos: iki 2016 m., 2016 m.
PSO Kklasifikacija ir 2021 m. PSO klasifikacija [48].

Iki 2016 m. gliomos buvo klasifikuojamos pagal Bailey ir Cushing siste-
ma, kuri pagrjsta histologiniais fenotipais. Vertinant morfologiSkai, astrocito-
mos primena astrocitus, oligodendrogliomos — oligodendrocitus, o misrios
oligoastrocitomos — lasteliy derinj. Navikui piktybiskéjant, 13steliy morfolo-
gija keiciasi ir jos tampa maziau diferencijuotos. Histopatologiniai poZymiai,
kaip mitozes aktyvumas, atipija, anaplazija, neoangiogeneze, nekroze, nuro-
do difuzinés gliomos laipsnj (nuo II iki IV laipsnio), kai aukstesni laipsniai
atitinka nepalankig prognozg ir trumpesnj i§gyvenamuma [48].

PSO 2016 m. klasifikacija. Atradus difuziniy gliomy genetines mutaci-
jas, 2016 m. parengta PSO CNS naviky klasifikacija, paremta fenotipiniais ir
genotipiniais naviko rodikliais, pagal dviejy pagrindiniy naviky Zymeny
buvimg: IDH1 arba IDH2 mutacijos (koduojancios citoplazminj ir mitochon-
drinj IDH potipius, vadinamos IDH mutacijos (IDHm)), kurios jprastai nusta-
tomos imunohistocheminiu (IHC) biidu, surandant R132H mutacijg turintj
baltyma (dazniausia IDH mutacija) arba naujos kartos geny sekoskaitos biidu
[48]. Pagal tai skiriami du molekuliniai potipiai: IDH-mutacijg turin€ios glio-
mas (jskaitant astrocitomas ir oligodendrogliomas), jos dazniausiai nustato-
mos jauniems suaugusiesiems; ir IDH-laukinio tipo gliomos, dazniausiai GBM
(IV laipsnio), buidingos vyresnio amziaus zmonéms [38]. Pagal 2016 m. PSO
klasifikacija, histopatologiné analizé¢ visada turéty biti atlieckama kartu su
genetiniu tyrimu [47].

Pagal 2016 m. PSO CNS naviky klasifikacija, gliomos skirstomos j ketu-
rias kategorijas, vadinamas I-IV laipsniais, pagal histopatologija ir moleku-
linius Zymenis [47]:

I laipsnio navikai yra solidiniai, neinfiltruojantys (astrocitomos),
progresuoja létai [38, 47, 49].

II laipsnio gliomos vadinamos zemo laipsnio, difuzinés infiltruojancios
gliomos, progresuoja lé¢iau nei III-IV laipsnio gliomos [38, 47, 49].

III laipsnio gliomos (auks$to laipsnio, difuzinio infiltruojancio tipo)
greitai progresuoja, yra invazyvios, agresyvaus pobiidzio [47].

IV laipsnio gliomos (auksto laipsnio, difuzinés, infiltruojancios), kitas jy
terminas — GBM; tai dazniausiai pasitaikantys, blogos prognozés suaugusiyjy
CNS navikai [38, 47, 49]. Apie 90 proc. IV laipsnio GBM greitai iSsivysto
de novo kaip pirminés GBM, labai agresyviis navikai (dar vadinamos IDH-
laukinio tipo GBM). Antrinés GBM (10 proc.) atsiranda i$ buvusiy zemo
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laipsnio PSO II arba III laipsnio gliomy— i§ difuziniy ar anaplastiniy
astrocitomy, ir jos dazniausiai budingos jaunesniems pacientams (dar
vadinamos IDHm GBM). Antrinés glioblastomos yra susijusios su skirtingais
genetiniais ar epigenetiniais molekuliniais keliais [47, 48]. Pirminés GBM
yra daznesnés nei antrinés GBM: jy santykis yra apie 9:1 [48].

2021 m. PSO CNS Klasifikacija (5-toji laida). Sioje klasifikacijoje
pateikiami svarbis pakeitimai, kurie paremti molekulinés diagnostikos
svarba CNS naviky klasifikacijoje. Joje iSlieka pripazinti naviky diagnostikos
metodai kaip histologija ir IHC. Ivesta naujy naviky tipy ir potipiy, kai kurie
pagristi naujomis diagnostikos technologijomis (DNR metilinimo profilia-
vimas ir kt.), itraukiant homozigoting CDKN2A/B delecija, TERT promoto-
riaus mutacija, EGFR amplifikacija, +7/~10 chromosomy kombinacijg. Nuo
2021 m. IDH mutantinio tipo GBM vadinama IDH mutantinio tipo astroci-
toma, IV laipsnio pagal PSO, ir nebepriskiriama GBM [46].

1.2. Glioblastoma

GBM yra daZniausias ir agresyviausias, heterogeniskas CNS navikas,
astrocitoma (IDH laukinio tipo glioma), kuriai biidinga greita progresuojanti
piktybiné eiga, neoangiogeneze ir nekroze [46, 50, 51]. GBM sergamumas —
3-5 atvejai 100 000 gyventojy per metus [52], vidutinis iSgyvenamumas —
maziau nei 2 metai [53], 5-eriy mety iSgyvenamumas — apie 6 proc. [5, 13,
54]. Po GBM diagnozavimo ir taikant gydyma GBM atkrytis pasireiskia 6—
9 ménesiy laikotarpiu [55]. GBM dazZniausiai suserga vyresnio amziaus
(vidutinis amzius — 64 metai) zmonés [3], liga 1,6 karto dazniau nustatoma
vyrams [56], GBM serganciy motery vidutinio iSgyvenamumo trukme ilges-
né nei vyry [5].

Glioblastomos patogenezés mechanizmai. GBM raida dazniausiai yra
susijusi su naviky Zymeny raiSka, tokiy kaip, PLBA (proliferuojancios las-
telés branduolio antigenas), MGMT (metilguanino metiltransferazé), EZH2
(zeste homologo 2 stipriklis) NKCC1 (Na-K-CI nesiklis), KCC2 (K-CI
nesiklis), GFRB (glijos fibrilinis riigstinis baltymas), E- ir N-kadherinais,
vimentinu, RTK (tirozino kinazés receptoriai), 7P53, RB (retinoblastomos
baltymas) bei su jy GBM patogeneziniais ry$iais ir susijusiais keliais.

PLBA baltymy kompleksai dalyvauja PI3K/AKT kelio reguliavime [57].
PLBA slopinimas sukelia PI3K/AKT kelio pokycius, didina véZiniy lasteliy
apoptoze [57, 58]. NKCCI raiska teigiamai koreliuoja su vimentino ir N-
kadherino raiSka, skatina GBM lgsteliy invazijg ir migravima [59]. NKCCl1
slopinimas mazina N-kadherino, vimentino raiskg ir didina E-kadherino
raiSkg. NKCCI1 veikia RhoA ir Racl signalinius kelius ir skatina epitelinés—
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mezenchiminés transformacijos (angl. the epithelial-mesenchymal transi-
tion; EMT) procesus [60]. GBM lastelése NKCC1 aktyvumas padidéjes dél
kinaziy WNKI1 (angl. with no lysine (K) kinase 1) ir OSR1 (angl. oxidative
stress-responsive kinase 1) [61]. NKCC1 skatina GBM lasteliy migravimag
reguliuodamas Iastelés tiir] per WNK/SPAK ir Wnt/B-katenino kelig ir
skatina EMT [59, 62]. MGMT ir PLBA tarpusavio sgveika; p21, kuris turi
PLBA jungimosi domeng, konkuravimo btidu mazina PLBA jungimasi prie
MGMT, skatina MGMT transkripcijg ir baltymo raiska, taip didina gliomos
atsparuma TMZ [63].

GBM raida dazniausiai susijusi su RTK, 7P53 ir RB veiksniy patoge-
neziniais keliais [64—66]. RTK Seimai priskiriami EGFR, PDGFR, TGFR,
FGFR, MET ir VEGR. RTK aktyvinimas per PI3K/AKT/mTOR kelig skatina
GBM lasteliy proliferacija, migravima ir jy iSgyvenamuma [67, 68]. TP53/
MDM2/CDKN2A signalinio kelio reguliavimas sutrikgs 84 proc. GBM
pacienty [69]. TP53 inaktyvinimas dél mutacijy lemia geno naviko slopinimo
funkcijy praradima, skatina kancerogeneze. MDM?2 — p53 slopiklis, skatina
p53 degradacija, jo amplifikacija dazniausiai nustatoma kartu su 7P53
mutacija. TP53 kelio inaktyvinimas susijusi su homozigotinio CDKN2A dele-
cijos variantu, kuris nustatomas 22-35 proc. GBM ir susij¢s su trumpesniu
iSgyvenamumu [64, 69]. EZH2 reguliuoja SLC12A45 raiska, aktyvina WNK1-
OSRI-NKCCI1 kelig, skatina gliomos Igsteliy migravimg ir invazija bei
SLC1245 DNR metilinimg [70]. SLC12A45 aktyvumas slopina JAK-STAT3,
E2F ir MYC kelius, sumazéjes SLCI1245 aktyvumas koreliuoja su MMP9/
STAT3 aktyvumu [71]. MMP9 skatina GBM invazija ir augimg [72].
GABAerginis aktyvumas skatina naviko augimg per GABA-A receptoriy
depoliarizacija, o tai susije su mazesne SLCI245 raiska [73].

EZH2 sgveikauja su baltymu CDH4 (angl. chromatin helicase DNA-
binding protein 4) ir slopina GFRB raiska [74]. EZH2 skatina GBM kance-
rogeneze aktyvindamas glikolize per EAF2-HIF1a signaling asj [75], veikia
navika slopinan¢iy geny ir onkogeniniy molekuliy STAT3 (angl. signal
transducer and activator of transcription 3), mutantinio p53, c-Myc regulia-
vimg [76, 77].

GBM budingi EMT patogeneziniai mechanizmai, kurie susijes su pikty-
biSkumo raida ir GBM atsparumu chemoterapijai [78—-80]. EMT metu slopi-
nami epiteliniai Zymenys (E-kadherinas, citokeratinai) ir padidéja mezenchi-
miniy Zymeny N-kadherino, vimentino, fibronektino raiska [81, 82]. Pagrin-
diniy Zymeny rySys su GBM raida ir gydymu yra aptariami Zemiau (1.3 ir 1.4
skyreliuose). Tyrimai, atlikti siekiant nustatyti atsparumo gydymui priezastis,
leido giliau suprasti GBM patogenezés mechanizmus.

GBM gydymas temozolomidu; preparato neveiksmingumas ar
gydymo TMZ atsparumo atsiradimo mechanizmai. Dabartiniu metu
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suaugusiyjy GBM standartinis gydymas apima chirurginj maksimaly pasali-
nima, papildoma gydyma spinduline terapija ir chemoterapija TMZ [11-13].

TMZ Europoje buvo registruotas GBM gydymui 2000 m. [83], nuo
2005 m. naudojamas naujai diagnozuotai auksto laipsnio GBM gydyti [14,
15]. TMZ praeina kraujo-smegeny barjerg ir gali bati skiriamas per os. IS
kraujo tik apie 20 proc. TMZ patenka | smegenis. TMZ metabolitas sukelia
DNR pazaidas ir citotoksiskumg [83]; kaip alkilinantis preparatas, veikia
atskiry DNR grandiniy metilinimg adenino N3, guanino N7, ir guanino O6
pozicijose [84], dé¢l to atsiranda mutacijy, viengrandziy ir dvigrandziy DNR
luziy, kurie sustabdo Igsteliy cikla G2/M fazéje ir lemia GBM lasteliy apopto-
z¢ [15]. Gydant TMZ apie 15-20 proc. pacienty patiria sunkiag mielosupresija
arba infekcijas [85]. Nors Siandien TMZ tebéra pirmojo pasirinkimo gydymo
biidas, Siai chemoterapijai budingas didelis atsparumas gydymui TMZ ir labai
daznas ligos atsinaujinimas.

Gydymas TMZ kartu su spinduline terapija prailgino bendra iSgyvena-
mumg 2-2,5 ménesio [15, 18], vidutiné¢ bendro iSgyvenamumo trukmé —
15 ménesiy, o iSgyvenamumo be ligos progresavimo vidurkis — 6 ménesiai,
70 proc. pacienty ligos eiga progresuoja per pirmuosius metus [19, 20]. Nuo
gydymo pradzios TMZ yra neveiksmingas daugiau nei 50 proc. visy pacienty
del rezistentiSkumo gydymui [86]. GBM 5 mety iSgyvenamumas yra mazes-
nis nei S proc. ir yra vienas maziausiy tarp visy vézio rasiy [15]. Didelis GBM
pacienty mirtingumas yra susijes su naviko jgytu atsparumu chemoterapijai
temozolomidu [15, 87].

Gydymo TMZ rezistentiSkumas. GBM patogeneziniai mechanizmai
yra iSaiskinti gydant TMZ ir tyrin¢jant gydymo atsparumo TMZ mechaniz-
mus, nes norint pagerinti GBM gydymo veiksminguma, butina suprasti
mechanizmus, lemiancius atsparumo TMZ gydymui atsiradimg. Atsparumas
TMZ biina pirminis arba jgytas, atsirandantis po gydymo pradzios [87, 88].
Svarbu iSaiskinti nuo ko priklauso atsparumo gydymui TMZ raida, kuri lemia
GBM atsinaujinimg ir bloga GBM prognoze [16]. TMZ atsparumas pir-
miausia susijes su GBM kamieniniy Igsteliy populiacijomis [89]. GBM
kamieninés lgstelés yra atsparios gydymui TMZ ir manoma, kad Sios Igstelés
veikia kaip atkryti sukelian¢ios Igstelés, kurios yra atsakingos uz naviky
atsinaujinimg po gydymo TMZ [88]. Pripazinti gliomos kamieniniy lgsteliy
zymenys, susij¢ su GBM atsparumo TMZ molekuliniais mechanizmais, yra
ALDHI1A3, COX-2, CD15, CD44, CD70, CD133, S100A4, Nanog ir Nestin
[90]. Chemoterapija taip pat turéty buti nukreipta i GBM kamieniniy lgsteliy
zymenis, siekiant sumazinti GBM atkrycio tikimybe [88]. GBM kamieninés
lastelés sudaro apie 1 proc. visy naviko lasteliy, taciau jy geb¢jimas sukelti
naviko heterogeniSkumg lemia naviko atsinaujinimg [91]. PI3K/Akt akty-
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vinimas palaiko GBM kamieniniy lasteliy atsinaujinima, skatindama atspa-
rumg chemoterapijai ir ligos atsinaujinima [92]. PI3K/Akt signalinis kelias
lemia ijgyta GBM atsparumg gydant TMZ, o Sio kelio slopinimas atkuria
jautrumg chemoterapijai [93]. GBM biidingas PI3K/AKT signalinio kelio
sutrikimas, o §io kelio RTK daznai biina aktyvinta [94]. Viena i$ labiausiai
zinomy RTK mutacijy yra epidermio augimo veiksnio receptoriaus (angl.
epidermal growth factor receptor; EGFR) amplifikacija, kuri nustatoma apie
60 proc. pacienty [95]. EGFR raiSka yra susijusi su atsparumo TMZ mecha-
nizmais.

GBM atsparumg TMZ daZniausiai lemia padidé¢jusi MGMT raiska, kuri
keic¢ia metilinimg ir padeda islikti naviko lasteléms [96]. GBM, kuriy O6-
MGMT néra metilinta (padidéjes MGMT aktyvumas), jprastai yra atsparis
gydymui TMZ. Taigi, MGMT epigenetine bukl¢ yra svarbus atsparumo TMZ
zymuo [97]. MGMT raiskos sumazinimas yra pagrindinis gydymo poveikio
siekis, leidziantis panaikinti atsparumg TMZ. Taikant dideles TMZ dozes
MGMT aktyvumui sumazinti, pasireiSkia TMZ toksiSkumo problema [96,
98]. MGMT geno slopinimas metilinimu pasitaiko apie 35-50 proc. GBM
pacienty [99]. TMZ Kklinikinj veiksmingumg mazina trumpas preparato
pusinés eliminacijos periodas, nepakankamas TMZ patekimas per kraujo-
smegeny barjera i navika [100]. MGMT promotoriaus buklé laikoma svarbiu
prognoziniu GBM Zymenimi, nes didesnis MGMT promotoriaus metilinimo
lygis ir mazesné MGMT baltymo raiSka yra susij¢ su geresniu atsaku j
gydyma TMZ bei lemia ilgesnj pacienty iSgyvenamuma [101]. JAK/STAT
signaliniame kelyje padidéjes STAT3 aktyvumas taip pat susijes su MGMT
raiSkos padidéjimu, GBM US87 lastelése skatina atsparuma chemoterapijai
TMZ [102].

Poli(ADP-ribozés) polimerazé 1 (PARPI) yra susijusi su atsparumu
TMZ [103-105]. PARP1 slopinimas padidina jautrumg TMZ [106]. GBM
buidingas PI3K/AKT signalinio kelio sutrikimas, o $io kelio RTK daznai biina
aktyvinti [94]. AKT (serino/treonino kinaz¢) skatina GBM lasteliy atsparuma
chemoterapijai [107]. NF-kB branduolio veiksnys (angl. nuclear factor
kappa B) susijes su atsparumu TMZ [108]. Survivinas, priklausantis apopto-
z¢s inhibitoriy Seimai [109], blokuoja apoptozes poveikj, sukelta TMZ, dél to
atsiranda atsparumas TMZ, o specifiskai slopinant survivino gena, didé¢ja
jautrumas TMZ [110].

Gydant TMZ, aktyvinamas signalas Wnt/B-katenino kelio grandinéje
veikia GBM chemorezistentiSkumg [111]. Wnt/B-katenino signalino kelio
blokavimas GBM Iastelése padidino TMZ veiksmingumg [112]. Wnt/B-
katenino kelias yra svarbus atsparumo chemoterapijai raidai ir GBM progre-
savimui [111], jis dalyvauja EMT procese [113], kuris susijes su GBM
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atsparumu radioterapijai ir chemoterapijai [114]. Jrodyta, kad Wnt signalo
keitimas veikia EMT sukeléjy raiska [113, 115].

JAK/STAT kelias dalyvauja GBM kamieniniy lgsteliy stimuliacijoje, o
STAT3 aktyvinimas lemia GBM peréjimg | mezenchiminj potipj [116].
STAT3, veikdamas kaip transkripcijos veiksnys, veikia onkogeny, jskaitant
COX2 ir EZH2, raiska [117].

Identifikuoti kai kurie genai, kurie gali lemti GBM lasteliy atsparumag
gydymui TMZ: KDMAS, koduojantis histony demetilazg, biidingas TMZ
atsparioms GBM lasteléms [118]. HDAC6 skatina gliomos lasteliy prolife-
racijg ir suteikia joms atsparumg TMZ, daugiausia stabilizuodamas ir akty-
vindamas EGFR. HDAC6 slopinimas susij¢s su padidéjusiu MSH2 ir
MSH6 — pagrindiniy DNR atstatymo baltymy kiekiu bei sumazéjusia MGMT
raiSka [119, 120]. Tyrimai, skirti prognoziniams atsako } TMZ gydyma
zymenims, yra aktualiis [83, 121]. Anksciau pateikti duomenys rodo, kaip
aktualu sukurti tiek standartinius, tiek naujus GBM gydymo vaistais
ikiklinikinius ~ modelius, vertinant tirlamyjy  vaistiniy  preparaty
veiksminguma, kurie biity kuo labiau pritaikyti individualiai terapijai [122].
Naujy tiriamyjy vaisty, slopinanciy susijusius su atsparumu chemoterapijai

Cv v —

1.3. Glioblastomos imunohistocheminio tyrimo Zymenys

1.3.1. Glijos fibrilinis riigstinis baltymas (GFRB)

GFRB (angl. glial fibrillary acidic protein; GFAP) nustatomas zmogaus
astrocituose, GBM kamieninése Igstelése ir GBM lastelése. GFRB naudoja-
mas GBM histologiniam identifikavimui [123]. Jis taip pat randamas neturin-
giose mielino Svano lgstelése, Zarnyno glijoje (angl. enteric glia), kuri yra
unikali periferinés neuroglijos raisis, randama kartu su neuronais virskinimo
trakto zarnyno nervy sistemoje [124]. GFRB yra pagrindinis III tipo glijos
lasteliy tarpinis filamentinis baltymas, dalyvaujantis CNS lasteliy citoskeleto
persitvarkyme, susijes su GBM progresavimu. GFRB per lasteliy mito-
chondrijas dalyvauja reaguojant GBM lasteléms | proapoptozinj skatinantj
veiksnj [125, 126]. IHC tyrimai parod¢, kad GFRB raiska GBM navikuose
buvo susijusi su blogesniu iSgyvenamumu: suaugusiy GBM pacienty
GFRB > 75 proc. tur¢jo daug trumpesnj i§gyvenamuma, nepriklausomai nuo
O6-metilguanino-DNR metiltransferazés (angl. O6-methylguanine-DNA me-
thyltransferase; MGMT) promotoriaus metilinimo biiklés ar IDH1 mutacijy;
tyrimo duomeny pagrindu padaryta prielaida, kad kiekybinis IHC GFRB
vertinimas galéty biti naujas biologinis Zymuo, leidZiantis prognozuoti GBM
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pacienty iSgyvenamumga [127]. Kiti tyréjai teigia, kad néra stiprios korelia-
cijos tarp GFRB ir astrocitomos piktybiskumo, kad GFRB-teigiamy lasteliy
populiacijos yra labai heterogeniskos ir kad GFRB izoformy GFRBS ir
GFRBua diferencijavimas galéty pagerinti naviko piktybinio progresavimo
biikles jvertinimg [123]. GFRBd&/a santykinis pagauséjimas yra budingas
IV laipsnio astrocitomai ir yra astrocity brendimo, palyginti su piktybinio
naviko Igstelémis, zymuo [124, 128]. Gliomos lgstelés rodo skirtingg migra-
vimo dinamika, priklausomai nuo GFRB6 ir GFRBa raiskos lygiy [129].
GFRB kiekio padidéjimas lgsteléje yra aisSkus reaktyviy astrocity persitvar-
kymo pozymis. Reaktyviis astrocitai yra svarbiis uzdegimo reguliatoriai
gliomos raidos metu, formuojantys GBM mikroaplinkg. GBM astrocitai
aktyvinasi ir reguliuoja naviko mikroaplinkos Igsteles per lgsteliy tarpusavio
sgveika arba prouzdegiminiy citokiny, chemokiny ir kity aktyviy medziagy
sekrecijg [130]. StakiSaitis ir kt. nustaté, kad NaVPA-NaDCA mazina
uzdegima, slopindamas prouzdegiminius citokinus ir chemokinus [28, 29],
kurie gali neutralizuoti veikliyjy medziagy poveiki GBM mikroaplinkoje ir
pakeisti GFRB baltymy raiskg naviko lgstelése. Ezh2cKO peliy modelis rodo,
kad EZH2 issekimas (angl. depletion) astrocituose labai padidina GFRB
baltymo raiSka [131]. GFRB-teigiamy lasteliy skai¢iy interpretuojant kaip
astrocity proliferacijos pozymj, GFRB raiSkos tyrimas turéty biiti vertinamas
kartu su proliferacijos Zymenimis, tokiais kaip PLBA, Ki-67 ar kitais [130].

Gecys ir kt. nustaté, kad pirminiy GBM lasteliy GFRB raiska yra indi-
viduali: GBMS5-1F ir GBMS5-3F Iasteliy raiska yra didesné nei GBMS5-2F.
Gydymas NaVPA-NaDCA reikSmingai padidino GFRB raiska GBMS5-2F
lastelése, ja labai sumazino GBMS5-3F lastelése ir nesukélé poveikio geno
raiSkai GBMS5-1F lastelése, o TMZ nesukelé jokio poveikio tirty lasteliy
GFRB raiskai [132]. Pastebéta trumpesnio GBM pacienty iSgyvenamumo ir
padidéjusios GFRB transkripcijos aktyvumo koreliacija. Panasiai, tikro laiko
PGR (angl. real-time polymerase chain reaction; PCR) analizé atskleidé
tendencija, kad IV laipsnio astrocitomos pacientams, turintiems aukstesnius
GFRB mRNA raiskos lygius, bidinga trumpesnis i§gyvenamumo laikotarpis.
REMBRANDT bazés duomenys taip pat patvirtino ilgesnio gliomos pacienty
iSgyvenamumo ir sumaz¢jusios GFRB mRNR raiskos rysi. Taigi, GFRB
raiSka gali turéti kliniking reikSme, nes GFRB gali biti naudojamas kaip
gliomos prognozinis Zymuo [127, 133—-135].

1.3.2. Proliferuojanciy lasteliu branduoliy antigenas (PLBA)

PLBA (angl. proliferating cell nuclear antigen; PCNA) yra klasikinis
lasteliy proliferacijos Zymuo, butinas DNR replikacijai, lasteliy ciklo regu-
liavimui ir besidauginanciy lasteliy atstatymui [136]. Didelé PLBA raiska yra
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nustatoma jvairiy piktybiniy naviky audinyje, bet jos néra sveikuose audi-
niuose [137-140]. PLBA jprastai vertinamas naudojant IHC metoda naviko
audinyje ar ksenotransplantuose, siekiant kiekybiskai jvertinti naviko lasteliy
proliferacijg ir nustatyti jos sgsaja su agresyvumu ar reakcija i gydyma.
Zymens raiska daznai reik§mingai padidéja GBM naviko audinio Igstelése
[141]. PLBA iS pradziy buvo pripazintas kaip proliferuojanciy Igsteliy speci-
finis antigenas, nustatomas lgsteliy branduoliuose lasteliy ciklo S fazés metu;
velesni tyrimai ir sisteminé tyrimy apzvalga rodo, kad padidéjusi PLBA
raiSka naviko audinyje yra tiesiogiai susijusi su naviko piktybiSkumu, vélyva
GBM stadija, blogu iSgyvenamumu ir jo véziniy lasteliy proliferacija. Todel
Sis zymuo buvo pasitilytas kaip naudingas diagnostinis ar prognozinis biolo-
ginis rodiklis vertinant gydymo veiksminguma, t. y. kaip gliomos gydymo
taikinys. AukStas PLBA lygis koreliuoja su padidé¢jusia GBM proliferacija,
atsparumu gydymui. Atspariam gydymui arba atkrintan¢iam GBM navikui
biidinga mezenchiminiai poky¢iai su nuolatine proliferacija (PLBA-teigia-
mos lastelés) [141-144]. Vaiky ir suaugusiyjy metastazavusioms arba atkry-
¢io GBM bidinga didesné PLBA raiska [141, 145]. Uloza ir kt. nustaté, kad
zymens raiSka leidzia jvertinti véZzio gydymo veiksminguma tiriant CAM
modeliu [146]. Vertinant GBM pacienty klinikinés baigties ir GBM IHC
raiSkos bei apoptozés ry$i, buvo nustatyta, kad padid¢jes PLBA zymens
indeksas ir sumazgjes apoptozés indeksas buvo susij¢ tarpusavyje ir tiesiogiai
koreliavo su trumpesniu pacienty iSgyvenamumu [143]. PLBA susij¢ komp-
leksai yra glaudziai susije su p53 signaliniu keliu [147, 148].

Naujausi tyrimai parodé, kad GBM lIasteleés pavirSiuje gali biiti nustato-
mas PLBA (angl. cell-surface PCNA; csPLBA), o tai néra buidinga lasteléms,
kuriose PLBA yra daugiausia branduolyje. GBM pirminés i§ pacienty gautos
GBM lastelés rodo csPLBA raiska, kuri kolokalizuojasi arba koekspresuoja
su GBM kamieniniy Igsteliy Zymenimis (CD44, CD49f) ir imunosupresijos
zymenimis (PD-L1, TGF-BRII). Tai rodo, kad csPLBA gali biiti GBM
kamieniniy lasteliy ir imuninés sistemos slopinimo savybiy zymuo. csPLBA
yra galimas gydymo taikinys, ypa¢ natiiraliy zudiky (angl. natural killer cells;
NK) lasteliy imunoterapijai, nes ji gali atpazinti NK lasteles [149, 150].

PLBA daznai pasireiSkia kartu su EMT poZymiais agresyviose, prolife-
ruojanciose, mezenchiminio GBM potipio naviko lastelése; aukStas PLBA
lygis yra susijes su mezenchiminiy naviky lgsteliy proliferacija, o gydymas,
turintis jtakos EMT, gali paveikti PLBA raiska. GBM naviko lgsteliy EMT
metu Igstelés jgyja invaziSkumo, migravimo, ir gydymui atsparias savybes.
Sis pokytis susijes su TGF-p, NF-kB, Wnt/pkatenino, PI3K/Akt keliais ir
hipoksija, del kuriy padidéja mezenchiminiy Zymeny vimentino, N-kadhe-
rino, FN1, SNAI1/2, TWIST ir sumazéja epitelinio zymens E-kadherino
raiSka GBM lastelése [151, 152].
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Net po supramarginalinio naviko pasalinimo operacijos neiSvengiamai
lieka naviko lasteliy, kurios i$laiko tiek proliferacijos, tiek invaziSkumo savy-
bes, o tai pabrézia veiksmingos chemoterapijos svarba [153]. PLBA raiska
gali buti GBM imunoterapijos taikiniu [136, 140]. Kity tyrimai parode, kad
gydant U87 lasteles didelémis TMZ dozémis (IC50 >200 uM), preparatas
nesukele antiproliferacinio poveikio [154]. Damanskienés ir kt. tyrimai paro-
de, kad 5 mM ir 10 mM NaDCA dozés reikSmingai slopino vaiky GBM
PBT24 ir SF8628 Iasteliy naviky ant CAM PLBA raiska [155]. GBM mode-
liuose kamieniniy lgsteliy EMT procesas sutampa su PLBA didele raiska,
GBM piktybiSkumu, migravimu ir invazija, neoangiogeneze [151, 152].
Poveikis EMT skatinantiems keliams ar molekuléms (pvz., NAT10 slopini-
mas) sumazina mezenchiminés lastelés savybes (1 E-kadherinas, | N-kadhe-
rinas/vimentinas) ir PLBA raiska, o tai rodo jy saveika [156].

1.3.3.p53

pS3 yra TP53 geno produktas, skatinantis apoptoze, reguliuojantis
lasteliy ciklg ir Igsteliy sen¢jima [157]. Laukinio tipo p53 baltymas veikia
kaip naviko slopiklis, skatindamas véziniy lasteliy apoptoze [158, 159]. TP53
disfunkcija sutrikdo naviko lasteliy apoptozés sukélima, palaiko naviko
lasteliy gyvybinguma, skatina nekontroliuojama naviko lgsteliy proliferacija
ir imuningés sistemos slopinimg [69, 160]. Yra saveika tarp mutuoto p53 ir
laukinio tipo p53; mutaves p53 baltymas gali jgyti onkogeniniy funkcijy,
genas gali veikti kaip dominuojantis prie§ laukinio tipo p53, inhibuoti naviko
slopinimo ir apoptozés kelius GBM lastelése [161]. Bendras p53 mutacijy
daznumas GBM yra 30-50 proc. [162]; TP53 su EGFR ir PTEN yra dazniau-
siai mutuojantys genai GBM patogenezéje [163, 164]. ApraSytas naujas
EGFR vaidmuo slopinant laukinio tipo p53 aktyvuma. EGFR signalai stiprina
p53 jungimasi prie DNR priklausomo proteinkinazés katalizinio subvieneto
(angl. DNA-dependant protein kinase catalytic subunit; DNA-PKcs) ir
slopina laukinio tipo p53 aktyvuma [165]; p53 mutacijos atsiranda gliomos
ankstyvoje raidos stadijoje ir kaupiasi augant navikui [166]; p53 mutacijos
sukelia disfunkcinio p53 baltymo kaupimasi naviko audinyje, o nattiralus p53
yra sunaudojamas ir nesikaupia naviko audiniuose [158, 159].

Manoma, kad p53 baltymas reguliuoja MGMT [168]. Sumazejes MGMT
raiSkos lygis GBM yra susijes su laukinio tipo p53 aktyvinimu [86, 169].
Kuriant GBM gydymo metodus, vienas i$ taikiniy yra p53 [170], siekiant p53
funkcijos atkiirimo, t. y. reaktyvuoti p53 naviko slopinimo funkcija [166], ir
kuris biity nukreiptas | mutavusius p53 baltymus, tikslu slopinti iy baltymy
gamybg [159, 170-172].
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1.3.4. Zeste homologo 2 stipriklis (EZH2)

EZH2 (angl. enhancer of zeste homolog 2) yra fermentinis polikombinio
represinio komplekso 2 subvienetas, histono N-metiltransferaz¢, metilinanti
H3 lizing Zinduoliy lastelése, slopinanti transkripcijg [173, 174]. EZH2 gali
keisti geny raiska, prisijungdamas prie jy promotoriy ir paveikdamas metili-
nimo biikle. EZH2 sgveikauja su onkogenais (MYC, PTEN) ir veikia naviko
piktybinj pobiudj, aktyvindamas EMT sukelia GBM lasteliy invazija ir meta-
stazes [175]. EZH2 slopina genus, atsakingus uz karcinogenezés slopinima,
o EZH2 aktyvumo slopinimas gali sumazinti naviko augimg [176]. EZH2
slopinimas tiriamas kaip gydymo taikinys [175, 177, 178]. EZH2 yra galimas
gliomos pacienty prognozés rodiklis [179]. EZH2 raiskos nustatymas navi-
kuose naudojant CAM modelj gali biiti informatyvus metodas [180, 181].

Sesiy tyrimy metaanalizé parodé, kad padidinta EZH2 raigka yra susijusi
su auksto laipsnio vaiky ir suaugusiyjy gliomos bloga prognoze [182]. EZH2
aktyvumas yra susijes su slopinimu GBM naviko supresoriy ir tuo paciu
naviko progresavimu [183]. EZH2 sukelia TMZ atsparuma gliomai ir tai yra
susije su DNR pazeidimy atkiirimu [184, 185]. Gliomos kamienings 1gstelés
stiprina EZH2 raiSka, kad garantuoty savo progresavima [186], o EZH2 slo-
pinimas mazina GBM kamieniniy Igsteliy linijy proliferacija [187]. Ikiklini-
kiniai tyrimai in vivo ir in vitro parodeé, kad EZH2 inhibitorius GSK126
slopino pirminiy GBM lasteliy ir GBM kamieniniy lasteliy gyvybinguma,
silpnino agresyvy piktybinj fenotipa, lasteliy migravimg ir invazijg [188].
Mazy molekuliy EZH2 inhibitoriy taikymas slopina gliomos progresavima,
didindamas p16, kaip naviko slopinancio veiksnio, raiskos lygj [189]. CCl2-
teigiamy piktybiniy Igsteliy ir IL-10-teigiamy su naviku susijusiy makrofagy
saveika naviko mikroaplinkoje, kurig lemia EZH2-FOSL2-CCL2 aSis, yra
svarbi GBM mezenchiminés transformacijos EMT keliams [190]. Serganciy
COVID-19 ir pneumonija pacienty T limfocity tyrimai, atlikti StakiSaicio ir
kt., parod¢, kad NaVPA—-NaDCA labai sumazina chemokino CCL2 ir inter-
leukino IL-10 geno raiska T lastelése [29]. EZH2 inhibitoriy naudos tyrimai
GBM modeliuose reikalauja tolesniy tyrimy, nes EZH2 slopinimas taip pat
gali turéti prieSingg poveikj — ne tik slopinti kancerogeneze, bet ir paveikti
naviko supresoriy ir kity signaliniy keliy reguliavimg [191]; EZH2 inakty-
vuojancios mutacijos mieloproliferaciniy sutrikimy ar T lasteliy Gminés
limfoblastinés leukemijos atveju rodo naviko slopinancias funkcijas [192—
195].

23



1.3.5. Vimentinas

Vimentinas yra 57 kDa III tipo tarpinis filamentas randamas mezenchi-
minése lastelése. Smegenyse vimentinas yra randamas smegeny skilveliy
kraujagysliniame rezginyje, ependimocituose, smegeny dangaly lastelése.
Silpna vimentino raiska yra nustatoma endotelio Iastelése [196, 197]. Didzioji
dalis vimentino yra citoplazmoje, jis taip pat yra nustatomas lastelés bran-
duolyje, kur, manoma, reguliuoja geny, dalyvaujanciy lasteliy migravime,
raiska [198].

Palyginti su Zemo laipsnio glioma ir nepaZeistu smegeny audiniu, GBM
audinyje vimentino raiSka yra didesné [199]. RNR sekoskaitos duomenys
rodo, kad vimentinas yra nustatomas OXFOS atspariose vézio lgstelése, ypac
GBM audinio lastelése. Vimentinas susij¢s su vezio progresavimu, imuno-
terapijos poveikio slopinimu, naviko kamieniniy lasteliy atsparumu vaistams
nuo vézio [200]. Vimentinas yra pagrindinis EMT proceso zymuo, skatinantis
mezenchimos naviko fenotipg [201], susijes su naviko piktybiskumo progre-
savimu ir metastazavimu [202]. Vimentino tarpiniai filamentai apsaugo vézi-
nes lasteles nuo mechaninio streso jy migravimo metu, suteikdami joms joms
viskoelastinj pagrindg ir palaikydami organeliy padétj bei jy vientisumg EMT
metu [203]. Taciau tikslus vimentino veikimo mechanizmas, leidZiantis jam
atlikti Sias funkcijas, néra zinomas ir reikalauja tolesniy tyrimy [202]. EMT
procesui budinga padidéjusi vimentino raiska navike, tai susij¢ su lasteliy
adhezijos praradimu [204]. Yra hipoteze, kad EMT gali transformuoti neka-
mienines Igsteles 1 vézio kamienines lgsteles, kurios yra vimentinui-teigiamos
lastelés [205]. Vimentinas palaiko lasteliy migravimg ir ankstyva vézio
invazijg, reguliuvodamas jvairiy geny transkripcija ir aktyvindamas signali-
nius kelius, kaip RAB25 baltymo veikiama AKT/GSK-3/Snail, pro-migra-
vimo fermento AXL veikiamg ERK, integrino 4 veikiamg PI3K/AKT/MAPK
signalus ir PLAU/ERK1/2/PI3K arba PLAU veikiamg TGF-B1/MMPs geny
transkripcijos reguliavimg [202]. Kai kurie tyréjai nustaté TMZ atsparumo
gydymui ir vimentino raiskos rysj [206].

GBM patogenezés mechanizmai imituoja EMT ir yra susij¢ su padide-
jusia lasteliy invazija [207], o EMT procesas ne tik lemia GBM atsparuma
gydymui, bet ir palengvina naviko invazija [208]. GBM invazija susijusi per
naviko mikrotubuliy formavimasi, o vimentinas yra svarbus $iame procese.
GBM pacienty meéginiy GFRB ir vimentino imunofluorescencijos dazymas
parodé¢, kad vimentino raiSkos padidéjimas koreliuoja su aukstesnio laipsnio
GBM. Vimentinui-teigiamos lastelés buvo i§ dalies kolokalizuotos su GFRB-
teigiamomis lgstelémis, o tai rodo, kad GFRB-teigiamos ir vimentinui-teigia-
mos lastelés yra susijusios su GBM progresavimu ir gali turéti jtakos naviko
invazijai. GBM vimentino raiSka yra atvirksc¢iai proporcinga ligos prognozei
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[209]. Vimentinas yra jvairiy véZzio rusiy prognozinis ir diagnostinis Zymuo
[196]. Aukstas vimentino kiekis kraujo serume koreliuoja su GBM pacienty
trumpesniu vidutiniu i§gyvenamumu [210]. Vimentinas laikomas perspekty-
viu GBM terapiniu taikiniu [200, 211].

1.4. Su GBM raida susijusiy geny raiskos tyrimo Zymenys

1.4.1. NKCC1 nesiklis

Na-K-2Cl nesiklis 1 (NKCC1), kurj koduoja SLC1242, pernesa Na*, K*
ir CI” jonus | lastele [212, 213]. SLCI12A2 raiskos rySys su GBM yra gerai
dokumentuotas, visy pirma dél jo jtakos jony homeostazei, lastelés tiirio regu-
liavimui, migravimui ir gydymo atsparumui [59]. Na* ir CI™ naviko mikro-
aplinkoje dalyvauja vézio progresavime [214, 215]. Padidéjusi uZlgsteline
Na" koncentracija gali skatinti Igsteliy NKCC1 aktyvuma [216]. Nustatyta,
kad GBM lastelése CI™ koncentracija yra daug didesné, palyginti su Zemo
laipsnio gliomomis ir nepazeistomis smegeny zieves lastelemis [217]. GBM
lastelé kaupia CI™ iki lygio, kuris yra apie 10 karty didesnis nei neurony [218].
GBM lasteliy vidulagstelinés chlorido koncentracijos ([C17]i) homeostazés
sutrikimas susij¢s su padidéjusia NKCC1 raiska [219]. NKCC1 aktyvumas
yra tiesiogiai susijes su GBM lasteliy proliferacija [59, 215, 220]. Zmogaus
gliomos NKCC1 raiska teigiamai koreliuoja su GBM laipsniu [218]. Didelis
SLC1242/NKCCI1 raiskos lygis koreliuoja su blogesniu bendru GBM pacien-
ty iSgyvenamumu ir yra prognozinis zymuo [221, 222].

NKCCI1 skatina GBM naviko lasteliy migravima, reguliuvodamas lasteliy
tur] per WNK/SPAK signalinj kelig, ir palengvina EMT procesa [62]. Kai
lastelés migravimas baigiasi, NKCC1 kaupia CI™ lasteléje; lastelés tiiris padi-
déja ir pasiekia savo dydj, buvusj prie§ migravima — §is procesas vadinamas
reguliuojamuoju turio padidéjimu [223].

Farmakologinis NKCC1 slopinimas maZzina gliomos lgsteliy migravima
ir invazija [218, 224]. Naviko Igsteliy [C17]; yra svarbus vézio gydymo taiki-
nys; NKCC1 slopinimas gali stabdyti naviko lgsteliy proliferacija ir skatinti
apoptozeg. NKCC1 slopinimas sumazina [Cl ];; [C17]; gali turéti jitakos véziniy
lasteliy proliferacijai ir apoptozei [225, 226]. NKCC1 reguliuoja [Cl7]; ir
lgsteliy tiiri, veikdamas lgsteliy migravimg ir invazijg per citoskeleto veikima
(aktino dinamika sgveikaujant su kofilinu), EMT procesus (per RhoA/Racl
signalinimg) bei lasteliy adhezijos pokycius. Sutrikusi Cl- homeostaz¢ skati-
na peritumoring edemg ir galima epilepsija [221, 227].

TMZ didina NKCCI1 raiska gliomos lastelése ir reaktyviuose astrocituo-
se, prisidédamas prie atsparumo gydymui atsiradimo. Naujausi tyrimai sieja
NKCC1 disbalansg su pakitusiu GABAerginiu signalinimu (suzadina dél
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didelio vidulastelinio Cl- kiekio), o tai gali skatinti ligos progresavimg ir
atkrytj [221, 227]. Damanskiené ir kt. nustaté, kad TMZ in vitro labai padi-
dino SLC12A2 raiska vaiky GBM PBT24 ir SF8628 Iastelése [228].

Peliy gliomos modeliai, kuriais tirtas dviejy gliomos lasteliy linijy intra-
kranijinis persodinimas, parodé, kad NKCC1 raiSka padidéjo tiek gliomos
naviko lastelése, tiek su naviku susijusiuose reaktyviuose astrocituose, rea-
guojant | monoterapija TMZ. NKCCI1 slopinimas galéty sustiprinti gliomos
lasteliy apoptoz¢ ir sumazinti astrogliozg, o tai parodé galimg NKCCl1
inhibitoriy terapinj poveiki [221]. SLC12A2 aktyvinimas, kur] sukelia TMZ
glioblastomoje, priklauso nuo WNK kinazés baltymo fosforilinimo [229].
Zmogaus GBM lastelése pastebimas padidéjes NKCC1 ir dviejy kinaziy —
WNKI ir OSRI1 — aktyvumas. WNK1 arba OSRI1 raiskos slopinimas suma-
zina lastelés vidaus K* ir CI” koncentracija. TMZ gali aktyvinti WNK1/
OSRI/NKCC1 signalinj kelig ir sustiprinti gliomos Igsteliy migravima.
Farmakologinis NKCC1 slopinimas labai sumazina gliomos Igsteliy migrav-
ima po TMZ gydymo vaistais, kurie slopina WNK1/OSRI/NKCC1 kelia
[61]. Eksperimentiniai tyrimai parod¢, kad neSiklio inhibitorius — bumeta-
nidas, kuris beveik nepraeina kraujo-smegeny barjero, slopindamas NKCCl1,
stabdo gliomos lgsteliy migravimg ir invazijg in vitro [230].

NKCCI1 slopinimas mazina naviko proliferacija, invazijg ir augima peliy
gliomos modelivose (GL26, SB28); mazina reaktyviaja astrogliozg, atkuria
astrocity glutamato nesikliy aktyvuma (GLT-1/GLAST) [221, 222].

Valpro rugstis (VPA) gali reguliuoti SLC12A2 raiska GBM lasteliy linijy
lastelese (kai kada tai priklauso nuo lyties ar konkrecios linijos), o tai rodo
individualizuoto gydymo galimybes. Damanskien¢ ir kt. nustate, kad VPA
in vitro labai padidino SLC12A42 raiska vaiky GBM PBT24, bet ne SF8628
lastelése [231], o Jukneviciené ir kt. parodé, kad nesukeélé poveikio suaugusiy
GBM US87 lasteléms ir padidino T98G lasteliy SLC1242 raiska [232].
Juknevicieng ir kt. nustaté, kad VPA sumazino SLC/2A42 raiSka nekastruoty
ziurkiy patinéliy, bet ne pateliy timocituose [233].

Stanevicitté ir kt. nustaté, kad NaDCA mazina NKCCI raiska ziurkiy
timocituose [234, 235]. Damanskien¢ ir kt. parodé, kad NaDCA ar MgDCA
nesukele poveikio vaiky GBM PBT24 ir SF8628 SLCI12A2 raiSkai [155].
Gecys ir kt. nustaté, kad NaVPA-NaDCA, taip pat TMZ, in vitro nevienodai
veikeé SLC12A2 raiska zmogaus pirminése GBM lastelése (IDH-laukinio tipo
navikuose): NaVPA-NaDCA reikSmingai padidino GBM5-1F, GBMS5-2F ir
sumazino GBMS5-3F lasteliy SLC1242 raiska; TMZ sumazino GBM5-3F
lasteliy SLC12A42 raiSka, bet nesukeélé poveikio GBMS5-1F ir GBMS5-2F
lasteléms [132].

Iki 2026 m. pradzios yra atlikti tik ikiklinikiniai tyrimai; néra jokiy spe-
cialiy klinikiniy tyrimy duomeny, taikant NKCC1 inhibitorius GBM gydyti.
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1.4.2. KCC2 neSiklis

K-CI nesiklis (KCC2) yra nustatomas CNS Iastelése, jo genas koduo-
jamas SLCI12A5 [236, 237]. KCC2 iSnesa i§ lgstelés K™ ir CI™ jonus [238].
Apoptozés metu lastelés susitraukia, t. y. sumazéja jy turis, dél to, kad
sumazg¢ja lastelés vidaus K* ([K*];) ir [CI7]; koncentracijos [239, 240], ir tai
susije su kaspaziy ir apoptozés nukleaziy aktyvinimu [241].

KCC2 raiska GBM lastelése yra sumazejusi, o padidéjusi KCC2 raiska
GBM lastelése susijusi su GBM lasteliy proliferacijos slopinimu [242];
SLCI12A45 yra galimas gliomos progresavimo slopintojas [243]. SLC1245
raiSka susijusi su gliomos U251 MG lasteliy proliferacijos slopinimu; Sio
nesiklio aktyvinimas yra ankstyvas gliomos lasteliy apoptozés pozymis
[242]. KCC2 rodiklis buvo teigiamai susijes su navika infiltruojanciy makro-
fagy ir CD4" T lgsteliy kiekiu [244]. SLC12A5 susijes su bloga GBM progno-
ze ir geno raiSka GBM yra sumazéjusi. SLC1245 raiSkos sumazéjimas kore-
liuoja su padid¢jusiu smegeny tiriu dél edemos ir aktyvintu MMP9/STAT3
signaliniu keliu [71]: MMP9 yra gelatinaze, kuri gali skaidyti IV tipo kola-
geng pamatinéje membranoje ir skatinti GBM lasteliy metastazavima [245];
jrodyta, kad STAT3 reguliuoja MMP9 raiska [246].

Suaugusiy GBM pacienty, serganciy epilepsija, naviko aplinkos histolo-
giniuose meéginiuose nustatomas biidingas sumazéjes KCC2 raiskos lygis
[247, 248]. Sergantiesiems GBM, sutrikus NKCC1 ir KCC2 aktyvumo pu-
siausvyrai, gali susilpnéti gama aminosviesto rugsties (GABA) hiperpoliari-
zuojamasis poveikis neuronams, o tai gali turéti reikSmés epilepsijos atsira-
dimui. Epilepsijos priepuoliai pablogina GBM ligos eiga [249]. Aktyvinant
KCC2 GBM lastelése, vaisty poveikis gali garantuoti GABA A receptoriy
funkcionavima postsinapsiniuose neuronuose [237] ir taip padéty kontroliuoti
priepuoliy intensyvuma [249].

Damanskiené ir kt. bei Jukneviciené ir kt. nustaté, kad GBM U&7, PBT24
ir SF8628 lasteliy gydymas VPA reikSmingai padidino SLC12A45 raiska [231,
232]; parod¢, kad gydymas TMZ reikSmingai padidino SLC12A45 raiska vaiky
GBM PBT24 ir SF8628 lastelése [228]; nustate, kad 3 mM NaDCA arba
3 mM MgDCA nesukélé poveikio SLC1245 PBT24 ir SF8628 lasteliy raiskai
[155]. Gecys ir kt. parodé, kad NaVPA-NaDCA, taip pat TMZ, in vitro tur¢jo
skirtingg poveiki SLC12A45 raiSkai zmogaus pirminése GBM lastelése (IDH-
laukinio tipo navikuose); tyrimas parode, kad NaVPA-NaDCA gali turéti
poveikj neSikliui, taciau Sis poveikis yra individualus: NaVPA-NaDCA
reik§mingai padidino GBM5-1F, GBMS5-2F ir sumazino GBMS5-3F lasteliy
SLC12A5 raiska. TMZ nesukelé poveikio GBMS5-1F, GBMS-2F ir GBMS5-3F
lasteliy SLC12A5 raiskai [132].
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1.4.3. SLC5AS8 nesiklis

SLC5AS (taip pat Zinomas kaip SMCT1 arba su natriu susij¢s monokar-
boksilato nesiklis 1) yra suNa" ir CI” susijes monokarboksilaty nesiklis,
zmogaus ir eksperimentiniy gliomy slopiklis, kurio genas koduojamas
SLC5A8; nesiklio aktyvumas priklauso nuo Na* ir CI” koncentracijos Igsteléje
[250-252]. SLC5AS8 pirma karta buvo identifikuotas kaip galimas naviko
supresorius storosios Zarnos veézio atveju, o Sis neSiklio vaidmuo budingas ir
kity lokalizacijy naviky tipams, jskaitant gliomas [253]. SLC5AS8 pernesa
trumpagrandes riebigsias riigstis, acetata, butirata, valerata, piruvata, propio-
natg, nikotinata, B-hidroksibutirata, dichloroacetata (DCA) [250, 254, 255].
Atlikti tyrimai su ,laukinio-tipo* c/ebpd+/- ir c/ebpd-/- suaugusiais peliy
patinéliais parod¢, kad SLC5AS | lastele pernesa daugiausia trumpy grandi-
niy riebaly riagstis [256, 257]. SLC5A48 yra nustatomas daugelyje zmogaus
audiniy, taCiau pirminése gliomose geno raiska yra sumaz¢jusi arba neisreiks-
ta [251, 258]. SLC5A8 raiskos reguliavimas dar néra gerai iSnagrinétas, §io
geno promotoriaus seka [259] ir transkripcijos veiksnys identifikuoti [256],
taCiau triksta iSsamiy tyrimy, apibidinan¢iy reguliavimo mechanizmus.
Irodyta, kad mikroRNR miR-181a-5p, miR-182-5p ir miR-494-3p tiesiogiai
reguliuoja SLC5A48 raiska [258].

SLC5A48 raiskos sumazéjimas yra biidingas kancerogenezés poZymis
[260], 0o mazas baltymo kiekis Igsteléje yra blogos naviko prognozés pozymis
[261]. SLC5A48 raiskos padidéjimas gimdos kaklelio vézio lastelése susijes su
slopinama proliferacija ir aktyvesne apoptoze, kuri susijusi su prislopintu
Whnt signaliniu keliu [262]; SLC548 yra naviko supresorius gimdos kaklelio
vézio atveju [263].

SLC5AS saveikauja su survivinu, perkelia pastarajj i plazming membra-
ng ir sumazina survivino koncentracija branduolyje; taip pat slopina survivino
raiSka transkripcijos lygmenyje, slopindamas STAT3 fosforilinimg. Didelé
survivino raiSka yra naudinga vézinéms Igsteléms, nes skatina mitozg ir slopi-
na apoptozg. SLC5A8 sukeliami survivino lokalizacijos ir koncentracijos
poky¢iai lemia Igsteliy ciklo stabdyma, apoptozés sukélima ir didesnj jautru-
mg chemoterapijai [264]. Navikai, kuriuose SLC5A48 raiska yra normali arba
padidéjusi, geriau reaguoja i gydyma DCA [254], galbut dél padidéjusio
DCA jsisavinimo per §j transporterj [265]. SLC5A48 skatina apoptoze, palen-
gvindamas programuotg naviko lasteliy mirtj, tuo paciu slopindamas jy
proliferacijg ir taip stabdydamas naviko progresavima [266, 267]. SLC5AS8
aktyvumas Zziurkiy patiny dvylikapirStés zarnos enterocituose priklauso nuo
NKCCI1 aktyvumo [268].

SLC5A48 raiskos slopinimas susijes su DNR metilinimu ir bloga prognoze
[252]; SLC548 promotoriaus hipermetilinimas yra susijes su agresyvia
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papiline skydliaukés karcinoma [269]. Vézio lasteliy gydymas DNR demeti-
linimo preparatais padidina SLC548 raiska [254]. SLC5AS8 skatina lgsteliy
apoptoze slopindamas HDAC per piruvato priklausomg mechanizmg mito-
chondrijose [256]. VPA aktyvina genus, kuriy veikla reguliuoja DNR metili-
nimas [270, 271]; Jukneviiené ir kt. nustaté, kad VPA padidina SLC548
raiSkg U87, bet ne T98G lastelése [232, 251]. Damanskiené ir kt. nustate, kad
VPA padidino SLC548 raiska PBT24 ir SF8628 Iastelése [231], tadiau
NaDCA ar MgDCA nesukélé poveikio Siy lasteliy SLC548 raiSkai [155].
Jukneviciené ir kt. nustate, kad keturiy savaiciy gydymas 300 mg/kg per
dieng VPA sumazino Wistar kastruoty ir nekastruoty ziurkiy patineliy ir padi-
dino nekastruoty ziurkiy pateliy timocity Slc5a8 raiskg [272]. StakiSaitis ir
kt. nustaté, kad dviejy savai€iy gydymas 100 mg/kg per dieng NaDCA ir
150 mg/kg per dieng NaVPA deriniu padidino Balb/c peliy patinéliy timocity
Slc5a8 raisSka [28]. Jukneviciené nustaté, kad suaugusiy GBM US87 lasteliy
gydymas 2 mM NaVPA-1,5mM MgDCA ir 0,75 mM NaVPA-1,5 mM
MgDCA deriniais reikSmingai aktyvino SLC5A48 raiska, kuri kontroliniy
lasteliy buvo neisreiksta; tokio poveikio nenustatyta T98G lasteléms [273].
Damanskiené nustaté, kad, palyginus su kontrole, gydymas 4 mM NaVPA—
5 mM NaDCA reik§mingai padidino vaiky GBM PBT24 ir SF8628 lasteliy
SLC5A48 raiska [274].

1.4.4. E-kadherinas ir N-kadherinas

Kadherinai reguliuoja apoptoze, geny raiska, 1asteliy proliferacija, dife-
renciacijg ir migravima [275]. Genas CDH 1 koduoja lasteliy adhezijos balty-
mg E-kadhering, kuris yra naviko slopintojas [275], ir jo poky¢iai susij¢ su
tam tikry epiteliniy naviky raida [276]. E-kadherinas yra nuo kalcio priklau-
somas I tipo transmembraninis glikoproteinas, kuris garantuoja su Ca**
susijusig lasteliy tarpusavio adhezijg [277], gali slopinti naviko lasteliy inva-
zijg ir riboti lgsteliy judruma [278]. E-kadherinas svarbus palaikant lasteliy
adhezija, stabilizuojant citoskeleta ir iSsaugant normalig audiniy bei organy
morfologing struktiirag [279]. E-kadherinas reguliuoja daugelj signaliniy
keliy: skatina p27 raiska, slopindamas CDK cikliny aktyvuma, didina Egrl
raiSka, skatina PTEN transkripcija ir slopina PI3K/Akt signalinj kelig, taip
stabdydamas piktybing lasteliy proliferacija ir diferenciacijg [280, 281].
CDH1 raiSka yra susijusi su daugelio karcinomy, jskaitant storosios Zarnos,
skrandzio ir kiausidziy karcinomas, raida ir progresavimu [282-284]. CDH1
raiSkos sumaz¢jimas gali skatinti invazyvumg ir piktybiskumag [285-288].
Transkripcijos slopinimas gali sumazinti CDH1 raiSka ir paskatinti naviko
metastazavima [289-291]. Kai kurie tyrimai rodo, kad tam tikry vézio formy
ankstyvosiose stadijose gali jvykti kompensacinis CDH] raiSkos padidéjimas
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[292], galbut kaip veéziniy lasteliy prisitaikymo reakcija, skirta iSlaikyti tam
tikrg lasteliy adhezijos lygj, biidingg naviko mikroaplinkai [293]. E-kadhe-
rino raiSka GBM yra gana reta — dazniausiai neiSreiksta [115]. Gliomose
CDH1 raiska yra zema arba visai nenustatoma dé¢l hipermetilinimo ir maz¢ja
didéjant GBM stadijai [294-296].

N-kadherinas (koduojamas CDH?2) dalyvauja CNS vystymosi procesuo-
se [297], taciau navikuose jis stiprina lgsteliy geb¢jima migruoti ir jsiskverbti
1 aplinkinius audinius [298]. CDH?2 raiska GBM tiesiogiai koreliuoja su
naviko laipsniu [59, 275, 299]. IS GBM kilusiose lastelése buvo nustatytas
padidéjes CDH? raiskos lygis ir sumazejusi CDH/ raiska [300]. ISanalizavus
CDH? raiskag TCGA (angl. The Cancer Genome Atlas), CCGA (angl. The
Circulating Cell-free Genome Atlas) ir REMBRANDT naviky duomeny
bazése, buvo nustatyta CDH?2 raiskos koreliacija su GBM laipsniu. Padidéjusi
CDH? raiska taip pat buvo susijusi su trumpesniu iSgyvenamumu, o tai rodo,
kad CDH2 gali biiti agresyvaus naviko fenotipo pozymis [301]. Siuo metu N-
kadherinas yra vienas i§ galimy taikiniy, nes mazesnis $io baltymo kiekis
prailgina GBM pacienty iSgyvenamuma [300].

GBM progresavimas ir atsparumas gydymui yra susij¢ su GBM EMT
mechanizmais, kuriy metu sumazéja E-kadherino raiska, o N-kadherino rais-
ka padidé¢ja [302], dél to susidaro mezenchiminis potipis, kuris yra invazis-
kesnis ir atsparesnis gydymui [275, 299]. Sis poveikis GBM kamieninése
lastelese (angl. glioblastoma stem cells; GCS) lemia GCS gydymui radiore-
zistentinj fenotipa, kurj iSgyvenusiose lastelése sukelia y-spinduliuotg, ir Sis
rezultatas buvo jrodytas in vivo modelias [303]. Didesnis N-kadherino rais-
kos lygis susijes su GBM lasteliy antiapoptoziniu poveikiu. Wnt/B-katenino
kelio slopinimas lemia sulétéjusia proliferacija [303].

Juknevic¢ien¢ ir kt. nustaté, kad GBM U87 lasteliy gydymas VPA nesu-
kele poveikio CDHI raiskai; T98G kontroliniy lasteliy CDHI raiska buvo
neisreiksta (nenustatyta), o T98G lastelese CDHI buvo nustatoma po gydy-
mo 0,75 mM ir 1,5 mM VPA; 1,5 mM VPA padidino CDH?2 raiskag U87
lastelese, o 1,5 mM, 0,75 mM ir 0,5 mM VPA padidino CDH? raiska T98G
lastelése [232]. Damanskienés ir kt. tyrimai parodé, kad NaDCA arba
MgDCA nesukeélé poveikio CDHI raiSkai vaiky GBM PBT24 Iastelése ir
CDH? raiskai PBT24 bei SF8628 lastelése, taciau 1,5 mM MgDCA padidino
CDH] raiska SF8628 lastelése [155]; nustaté, kad gydymas 50 uM TMZ,
palyginti su kontroline grupe, nesukelé poveikio CDHI ir CDH?2 raiSkai
vaiky GBM PBT24 ir SF8628 Iastelése [228]. Jukneviciené ir kt. nustaté, kad
suaugusiy GBM U87 ir T98G kontroliniy lasteliy CDHI raiska buvo ne-
iSreiks$ta (nenustatyta), o gydymas 2 mM NaVPA—-1,5 mM MgDCA suakty-
vino U87 lasteliy CDH1 raiska. Palyginus U87 ir T98G kontroliniy lasteliy
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CDH? raiska su NaVPA-MgDCA gydyty grupiy raiska, statistiSkai reiks-
mingy skirtumy nenustatyta [273]. Damanskiené ir kt. nustaté, kad vaiky
GBM PBT24 Igsteliy gydymas 4 mM NaVPA—-5 mM NaDCA reikSmingai
padidino CDH1 ir CDH?2 raiska ir SF8628 lasteliy padidino tik CDH] raiska
[274].

1.5. Natrio dichloroacetato farmakologinis poveikis

GBM lasteliy gyvybinguma palaiko OKSFOS, kuris yra biidingas vézio
kamieniniy lasteliy ir chemoterapijai atspariy lasteliy pozymis. In vitro ir
in vivo tyrimai rodo, kad OKSFOS funkcijos slopinimas gali paveikti naviko
mikroaplinka, mazinti hipoksija audinyje ir stiprinti prieSnavikinj imuninj
atsaka, o tai svarbu ieSkant GBM gydymo galimybiy [31, 32, 35, 304]. GBM
lastelése pastebimas padidejes PDK raiSkos lygis, dél kurio sustipréeja gliko-
lizés procesai [33-35, 305]. PDK atrankiai slopina piruvato dehidrogenazés
(PDH) kompleksa, kuris yra biitinas glikolizes ir oksidacijos procesams [33].
PDH inaktyvacija skatina padidéjusi PDK1 raiSka GBM lastelése [306], kuri
susijusi su atsparumu chemoterapijai [305]. GBM turinciy pacienty, kuriy
HK?2 ir PKM?2 geny, susijusiy su glikolize, raiSka buvo didel¢, budingas
trumpesnis bendras iSgyvenamumo laikotarpis [307]. PDK slopinimas yra
GBM gydymo taikinys [36].

DCA yra specifinis PDK inhibitorius [308], taip aktyvina PDH [309],
palaiko gliukozés oksidacija mitochondrijose, padidéjusi reaktyviyjy deguo-
nies junginiy susidarymg navike ir jo mikroaplinkoje, slopina pieno rigsties
gamyba [310, 311] ir skatina naviko lasteliy apoptozg [304, 310-313].

NaDCA slopina GBM lasteliy sferoidy augima, bet U87 lasteliy sferoidai
pasirod¢ esg atspariis 10 mM NaDCA poveikiui [314]. NaDCA monoterapija
in vivo reikSmingai slopino U87 lasteliy naviko po oda augima, tiriant nude
(imunodeficitiniy) patineliy Balb/c peliy modeliu [315]. Kiti nenustatée DCA
monoterapijos poveikio U87 naviko augimui peliy smegenyse [316] ir
poodinio U87 naviko ksenotransplantui, tiriant be uzkrtucio liaukos nude
peliy pateliy modeliu [314]. Tyrimai, atlikti su imunodeficitiniy peliy
smegenyse jsodintais U87 navikais, parode¢, kad NaDCA ir radioterapijos
derinys pailgino peliy iSgyvenamuma [316]. I pacienty paimtose pirminése
kamieninése lastelése, panaSiose GBM lasteléms, DCA in vitro slopino jy
proliferacijg ir invazija, pieno rigsties gamyba [33]. Tai, kad gliomos nevie-
nodai reaguoja 1 DCA, greiciausiai lemia jy metabolinis nevienalytiSkumas
(gliomos kamieninése lgstelése GBM18, GBM27, GBM38, taip pat U87
lastelése) [317], ir tai gali paaiskinti skirtingg DCA veiksminguma [265].
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NaDCA veiksmingumo navikui in vitro ir in vivo tyrimy duomeny
skirtumai kelia tam tikry abejoniy dél in vitro tyrimams naudoto preparato
dozés [318], nes kai kuriy tyréjy in vitro tyrimai buvo atlikti naudojant dide-
les NaDCA dozes, neatsizvelgiant | susidariusiag Na* koncentracijg terpéje
[319]; bitina jvertinti, ar NaDCA koncentracija tyrimo terpé¢je nesukels
hipernatremijos; Na* koncentracija kraujo serume vir§ijanti 150 mM lemia
hipernatremija [320], o izotoninés komercinés terpés turi apie 136 mM Na*,
kas riboja NaDCA dozés poveikio tyrimus (tokiomis saglygomis galima tirti
ne > 12 mM DCA poveikj). Tyrimai rodo, kad naviko mikroaplinkoje
esantys Na® ir CI” veikia véZio progresavima [214].

DCA mazina pieno rtgsties susidarymg makrofaguose ir sudaro salygas
igimto imuninio atsako veikimui [321], neutralizuojant pieno rugsties suke-
liama imuninés sistemos slopinimg ir pagerinant T lasteliy funkcijas [322].
DCA sukeltas PDK slopinimas lemia hipoksija sukeliancio veiksnio 1 alfa
(angl. hypoxia-inducible factor I-alpha; HIF-1a) aktyvumo slopinimg ir
slopina neoangiogenez¢ nesmulkialgstelinio plauciy vézio AS549 lasteliy
navikuose, tiriant peliy modeliu [323]. DCA teigiamai reguliuoja p53, taip
stiprina naviko lasteliy apoptozg ir slopina lasteliy proliferacijg plauciy ade-
nokarcinomos A549, H1975 ir B lasteliy leukemijos EHEB, JVM-2, JVM-3
lastelése [324, 325]. Damanskienés ir kt. tyrimai parodé, kad 10 mM MgDCA
ir NaDCA preparatai reikSmingai sumazino vaiky GBM PBT24 ir SF8628
lasteliy naviky invazija i CAM, o 5 mM NaDCA sumazino tik SF8628 naviky
augima, invazijg; 5 mM MgDCA slopino PBT24 naviky, o0 5 mM ir 10 mM
NaDCA — SF8628 naviky, neoangiogeneze, tiriant CAM modeliu [155].
Juknevicienés ir kt. tyrimai parodeé, kad 5 mM ir 2,5 mM MgDCA dozés
reik§Smingai sumazino suaugusiyjy GBM U87 ir T98G naviky augima, inva-
zijos daznumg | CAM ir kraujagysliy skai¢iy mezenchimoje [273].

NaDCA gali padidinti GBM lasteliy jautrumg TMZ [326, 327]. 22 dieny
trukmés gydymas DCA doze 150 mg/kg/parai sumazino C57BL/6 peliy jso-
dinty GBM GL-261 lasteliy naviko tiirj, taciau neturéjo jtakos peliy iSgyve-
namumui [328]. Ortotopiniuose GBM GI261 ir CT2A C57Bl/6 peliy mode-
linose glikolizés ir riebiyjy riigsciy oksidacijos slopinimas DCA derinyje su
ranolazinu prailgino gyviny iSgyvenamuma [329]. DCA pries$navikinis po-
veikis GBM U251 Igsteléms labai sustiprejo, kai DCA poveikis tirtas kartu
su PX-478, HIF-1a inhibitoriumi [330].

[265]: NCT051202 IIA fazés klinikinis tyrimas; tiriamieji gydomi per os
DCA vieng savaite iki chirurginés operacijos, o kontroliné grupé — pacientai,
kurie nebus gydyti DCA prie§ operacija; visiems pacientams tiriami naviko
audinio biocheminiai GBM zymenys — vertinti DCA gydymo veiksminguma
po operacijos. NCTO1111097 tyrimo metu 15-ka pacienty, kuriems
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atsinaujino smegeny navikas (GBM ar kity lokalizacijy naviky smegeny
metastazes) buvo gydomi DCA 8-12, 5 mg/kg/ 2 k./d doze. Gydymas parode,
kad nebuvo nustatyta DCA toksinio poveikio ir nustatytas ligos stabiliza-
vimas astuoniems pacientams pirmomis keturiomis DCA gydymo savaitémis
[331, 332].

1.6. Valpro riigsties farmakologinis poveikis

Jau daugiau nei septynis deSimtmecius VPA vartojamas kaip priestrau-
kulinis vaistas [333]. VPA budinga palankus saugumo profilis ir maza vaisty
saveikos tikimybé vyresnio amZziaus pacientams, sergantiems epilepsija ir
vartojantiems daug vaisty [334]. Pastaruoju metu vis daugiau ikiklinikiniy
tyrimy rodo, kad VPA gali slopinti gliomos raidos mechanizmus didindamas
gliomos lasteliy jautruma chemoterapijai ar radioterapijai [335, 336]. VPA
atrankiai slopina histony deacetilaziy HDACI ir HDAC2 aktyvuma [88,
337]. GBM lasteléms budinga padidéjusi HDAC2 raiska. HDAC2 raiskos
slopinimas sukele GBM US87, U118, A172, LN229, T98G, LN18, U343 ir
U373 lasteliy ziitj bei, tiriant ortotopiniu U87 lasteliy naviko pelés modeliu,
slopino naviko augima, per miR-3189 raiska slopindamas GLUT3 mRNR
transkripcijg ir regulivodamas gliukozés metabolizma [338]. HDAC?2 slopi-
nimas stabdo GBM U87 ir A172 lasteliy proliferacija ir invazija [339], stebéta
GBM U251, U87, YH13, AM38 ir T98G lasteliy proliferacijos slopinimas
[340], ir tai susij¢ su glikogeno sintazés kinazés 3B slopinimu [341]; VPA
poveikis U87 ir U251 GBM lasteléms pasireisSke padidéjusia proapoptoziniy
baltymy Bad ir Bax ir sumaz¢jusia antiapoptozinio baltymo Bcl-2 koncen-
tracija, dél to sumazejo lasteliy gyvybingumas, proliferacija, padidéjo lasteliy
apoptozes raiSka [342]. VPA poveikis rodo, kad HDAC2 gali biti taikinys
gydant GBM [339].

VPA — epigenetinis reguliatorius, gali daryti jtaka geny raiskai, slopinti
lasteliy proliferacijg ir Igsteliy cikla bei sukelti apoptozg per demetilinimo
mechanizmus [343, 344]. Trijy HDAC inhibitoriy — vorinostato, romidepsino
ir VPA — poveikis GBM buvo tirtas ikiklinikiniy ir klinikiniy tyrimy metu
[345, 346]. Be to, 1/2 fazes klinikiniai tyrimai parodé¢ VPA sinerginj poveikj
vartojant kartu su prieSnavikiniais preparatais sergantiems storosios zarnos
veéziu ir atkrycio bei metastazine galvos ir kaklo plokscialgsteline karcinoma
[347-349]. VPA didina spindulinés terapijos veiksminguma, didina GBM
lasteliy jautruma [350] aktyvinant apoptozés reakcijg i radioterapija [351].
Netoksiskos VPA dozés didina U87 ir T98G lasteliy jautruma gefitinibui ir
slopina Igsteliy augima per autofagija [352]. VPA slopina aerobing glikolize,
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mazindamas E2F transkripcijos veiksnio 1 lygj, taip sumazindamas glikoli-
tiniy geny (gliukozés-6-fosfato izomerazes ir fosfoglicerato kinazés 1) raiska.
Sis VPA poveikis glikolizei gali biiti svarbus ieskant VPA poveikio naviko
lasteléms [353]. VPA slopino GBM US87 ir T98G lasteliy gyvybingumg ir
sukele Iasteliy ciklo stabdyma G0/G1 fazgje [354], sumazino GBM A172 ir
U251 lasteliy gyvybinguma, sustabdydamas lasteliy cikla G2/M fazéje [355,
356]. VPA sumazino U87 Igsteliy gyvybinguma, sukélé apoptoze ir sumazino
su proliferacija bei migravimu susijusio geno CTNNBI raiska [357], sukélé
GBM SF763, SF767, A172, U87 ir U251 MG lasteliy apoptoze per JAK/
STAT signalinj kelig [358], slopino U87 EMT procesa, per Smad4 raiskos
poky¢ius [359].

Kavaliauskaité ir kt. parod¢, kad 4 mM ir 8 mM VPA sumazino suau-
gusiy GBM U87 naviko invazijg | CAM bei p53 ir EZH2 raiSka navike [181].
Stakisaitis ir kt. nustaté, kad abiejy ly¢iy BALB/c peliy gonadektomija kartu
su VPA gydymu sumazino Ki-67 raiSka peliy plauciy adenokarcinomose
[360]. Dirziuviené ir kt. nustaté, kad VPA sumazino NCI-H146, A549 ir
Sk Lu 1 plau¢iy naviky invazija j CAM [361]. Slekiené ir kt. parodé, kad
priklausomai nuo dozés VPA sumazéjo pS53 ir EZH2 raiska NCI-H146
plauciy navikuose ant CAM [362]. VPA buvo tiriamas kartu su chemoterapija
ar radioterapija, pradedant gydyma prie§ arba po chemoradioterapijos,
siekiant padidinti chemoterapijos veiksminguma GBM pacientams, prailginti
pacienty vidutinj bendrg i§gyvenamuma [350, 352, 363, 364].

1.7. DCA-VPA farmakologinis poveikis

VPA ir DCA derinio taikymo GBM gydymui pagrindimas. VPA gali
pagerinti DCA pernaSa i lastele per demetilintg SLC548, kuris yra DCA
nesiklis i Iastele [254, 271]. NaVPA-NaDCA padidino SLC5A48 raiska tik kai
kuriose naviko lgstelése [365]. Toks sinergizmas gali biiti svarbus, nes jis
leisty sumazinti DCA dozg¢ ir nepageidaujamo DCA poveikio rizika. Pacienty
tyrimai parodé, kad SLC548 raiska buvo neiSreiksSta ar silpna daugumoje
prostatos vézio atvejy, ir Sis raiSkos sumazg¢jimas buvo atstatytas gydant
demetilinaniu preparatu [366]. Sis atradimas rodo, kad epigenetinis nutil-
dymas yra pagrindinis SLC548 inaktyvacijos mechanizmas navikuose. VPA
taip pat j lastelg perneSamas per SLC548 [367, 368], taciau preparato poveikis
nesikliui susijes ne kaip su substratu, o kaip iSoriniu poveikiu nesikliui [367,
368]. VPA sukelia DNR demetilinima, taip didindamas SLC5A48 raiSka [254,
270, 271]. SLC5A48 veikia kaip naviko slopiklis, kurio genas nutildomas
metilinimu [251].
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LSMU Histologijos ir embriologijos katedroje atlikti tyrimai, taikant
CAM modelj, parodé, kad 2 mM NaVPA-5 mM NaDCA, 4 mM NaVPA-
5 mM NaDCA ir 2 mM NaVPA-3 mM MgDCA deriniai reik§mingai slopi-
no vaiky GBM PBT24 naviko invazijos | CAM daznuma, sumazino CAM
stor] ir kraujagysliy skai¢iy membranoje po PBT24 naviku. Vaiky GBM
SF8628 navike tik 4 mM NaVPA-5 mM NaDCA reikSmingai sumazino
invazijos daznuma. NaVPA-DCA nesukelé poveikio CAM storiui ir krauja-
gysliy skaiciui po SF8628 naviku. NaVPA-DCA preparatai sumazino PBT24
ir SF8628 naviky PLBA raiska, reikSmingai sumazino PBT24 naviky p53 ir
survivino raiSka, bet nesukélé poveikio SF8628 naviky p53 raiskai. 2 mM
NaVPA-5 mM NaDCA, 4 mM NaVPA-5 mM NaDCA reikSmingai suma-
zino SF8628 naviky survivino raiskg. Derinys nesukélé poveikio PBT24
naviko EZH?2 raiskai, kurig SF8628 navike reik§mingai sumazino tik 4 mM
NaVPA-5 mM NaDCA derinys [274]. NaVPA-MgDCA reikSmingai suma-
zino GBM U87, bet ne T98G lasteliy naviky invazija i CAM, kraujagysliy
skai¢iy mezenchimoje po naviku, PLBA, p53 ir EZH2 raiska navike [273].
In vitro tyrimai parod¢, kad 2 mM NaVPA-3 mM NaDCA turéjo reikSminga
poveiki GBM motery pacienciy pirminiy lgsteliy £EZH2 raiskai: padidino
GBMS5-1F, GBMS5-2F raiska, o GBMS-3F lasteliy EZH?2 raiska sumazino
[132]. VPA ir DCA drusky derinio taikymas GBM gydymui LSMU moksli-
ninky yra patentuotas (Europos patenty biuro patentas — Derivative of
Valproic Acid and Dichloroacetate Used for the Treatment of Cancer,
paraiskos nr. 21168796.7, publikacijos nr. EP3895702, publikacijos data
2025-09-24, Int. CI. A61K 31/19, A61K 45/06, A61P 35/00) [369].

1.8. DCA ir VPA farmakokinetinis poveikis

DCA farmakokinetika. Specifinio PDK inhibitoriaus [308] DCA mole-
kuliné mas¢ yra 150 Da; tai vandenyje tirpi maza molekulé, kuri greitai absor-
buojama virSkinimo trakte, vartojama per burng pasiekia 100 proc. biologinj
prieinamuma [370], su §lapimu i$siskiria maziau nei 1 proc. suvartotos dozés
[371, 372]. DCA metabolizuojasi kepenyse ir atitinka paprastg vienos erdvés
farmakokinetini modeli (angl. the one-compartment pharmacokinetic model)
[371, 372]. DCA koncentracija serume greitai did¢ja preparatg suvartojus ir
biidingas trumpas pusinés eliminacijos laikotarpiu: po vienkartines 25 mg/kg
dozés didziausia DCA koncentracija buvo pasiekta vidutiniskai po 1 valandos
(mediana — 333 uM), o pusinés eliminacijos laikas buvo 92 minutés. Paly-
ginti su vienkartine doze, vartojimas 8 dienas i$ eilés léme 2 kartus didesne
maksimalig koncentracija kraujo serume, kuri buvo pasiekta mazdaug po
2 valandy. Maziausia koncentracija po 8 dieny DCA vartojimo taip pat buvo
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didesné nei po vienkartinés dozés [373]. Tai rodo, kad pakartotinis vaisto
vartojimas susijes su létesniu DCA pasiSalinimu i§ organizmo [309, 374].
Vidutinés didziausios koncentracijos po 15 dieny vartojimo buvo didesnés,
palyginti su 1 dienos [375]. Nors didziausios koncentracijos serume toliau
didéja, kai vaistas vartojamas pastoviai, pasiekiamas dinamiSkas stabilus
lygis [376, 377]. Maisto poveikis DCA absorbcijai néra zinomas [373]. DCA
metabolizmg lemia glutationo transferazés zeta 1/ maleilacetoacetato izome-
razés (GSTZ1/MAAI) genotipas. Asmenys, turintys bent vieng natiiralaus tipo
GSTZI haplotipa, DCA metabolizuoja greiciau ir todeél gali toleruoti didesnes
DCA dozes, o tai gali biiti susije su mazesne DCA Salutinio poveikio rizika:
GSTZI1*A aleliui budinga trumpesnis DCA pusinés eliminacijos periodas
[373]. Genetiniy DCA metabolizmo rySio tyrimy rezultatai rodo, kad DCA
dozg galima parinkti individualiai, remiantis genetiniu profiliavimu, nustatant
GSTZ1 genotipg [378].

VPA farmakokinetinés savybés. HDAC 1 ir HDAC 2 inhibitoriaus
VPA [88, 337] veiklioji medziaga i§ skrandyje neiriy minkstyjy kapsuliy
atpalaiduojama plonojoje Zarnoje ir absorbuojama. Bioprieinamumas yra
beveik 100 proc. Maksimali koncentracija kraujo plazmoje susidaro apytik-
riai per 2-3 valandas po vaistinio preparato pavartojimo. Maistas absorbcijai
itakos neturi. Pastovi koncentracija kraujo plazmoje pasiekiama po 2—4
dieny, priklausomai nuo intervaly tarp doziy. Yra Zinomas atskiry pacienty ir
ju grupiy didelis koncentracijos kraujo plazmoje svyravimas. Apie 80—
95 proc. valpro riigsties susijungia su kraujo plazmos baltymais. Valpro rugs-
tis metabolizuojama kepenyse, daugiausia sujungiant su gliukurono ragstimi.
Valproatas slopina citochromo P450 fermenty sistema. Didzioji valpro rags-
ties dalis iSsiskiria su Slapimu gliukuronidy pavidalu. Pusinis eliminacijos
laikas yra 1015 val.; jis daug trumpesnis vaikams — 6—10 val. [379].

1.9. DCA ir VPA praéjimas pro hematoencefalinj barjera:
palyginimas su kity GBM gydyti vaisty farmakokinetikos rodikliais

Europos vaisty kontrolés agentiira yra registravusi suaugusiyjy GBM
gydymui temozolomida, kuris taip pat skiriamas ir vaiky GBM gydymui. Kiti
registruoti vaistai gliomai gydyti yra lomustinas, karmustinas, trametinibas,
dabrafenibas.

Temozolomidas — skirtas gydyti suaugusiuosius, kuriems naujai diagno-
zuota GBM, kartu su spinduline terapija ir véliau kaip monoterapija; vaikus
nuo trejy mety amziaus, paauglius, sergancius piktybinémis gliomomis.

Lomustinas — gali biiti vartojamas atskirai arba kartu su kitais vaistais
gydyti smegeny navikus (pirminiai ir metastazes j smegenis). Skiriamas kaip
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monoterapija paliatyviam arba adjuvantiniam gydymui, dazniausiai vartoja-
mas kartu su spinduline terapija ir chirurginiu gydymu [380].

Karmustinas — terapinés indikacijos yra smegeny navikai (GBM, smege-
ny kamieno gliomos, meduloblastoma, astrocitoma ir ependimoma), metasta-
z¢&s | smegenis; skiriamas kaip paliatyvus gydymas, vartojamas atskirai arba
kombinuotoje terapijoje kartu su kitais patvirtintais chemoterapiniais vaistais
[381].

Trametinibas — kartu su dabrafenibu yra skirtas gydyti 1 mety ir vyres-
nius vaikus, sergancius Zemo laipsnio glioma su BRAF V600E mutacija,
kuriems reikalingas sisteminis gydymas; kartu su dabrafenibu, kuriems
anksciau buvo taikytas bent vienas spindulinis ir (arba) chemoterapinis gydy-
mas [382].

Dabrafenibas, vartojamas kartu su trametinibu, yra skirtas gydyti 1 mety
ir vyresnius vaikus, sergancius glioma su BRAF V600E mutacija, kuriems
reikalingas sisteminis gydymas; kartu su trametinibu, kuriems anksciau buvo
taikytas bent vienas spindulinis ir (arba) chemoterapinis gydymas [382].

Vaisty kiirimo procesui buidingas didelis nesékmiy lygis, kuri gali lemti
ir vaistinio preparato blogos farmakokinetinés savybés. Naujas pkCSM kom-
piuterinis metodas [383] gali padéti nustatyti tiriamyjy vaistiniy preparaty
farmakokinetinius profilius, apibiidinant jy absorbcijos, pasiskirstymo, meta-
bolizmo, i§siskyrimo ir toksiSkumo (angl. ADMET — absorption, distribution,
metabolism, excretion, toxicity;, APMIT) savybes, leidziantis palyginti su
kitais vaistais — pkCSM — prognozavimo modelis vaisty kiirimui, yra vienas
i§ geriausiy dabartiniy metody, taikomy apskaiciuoti farmakokinetines
preparato savybes (prieinamas: http://structure.bioc.cam.ac.uk/pkcsm). Ku-
riamo vaisto optimalus prisijungimas prie terapinio taikinio yra itin svarbus,
norint pradéti vaisto klinikinj taikyma, butina garantuoti, kad jis pasiekty
taikinio vietag pakankama koncentracija, kad saugiai sukelty farmakologinj
poveikj. Supratimas apie APMIT savybiy svarba paskatino jas jtraukti j
ankstyva vaisty kiirimo etapa, leidziant] sumazinti junginiy nesékminga
taikyma klinikiniams tyrimams.

1.9.1 pav. pateikti registruoty preparaty praéjimo pro hematoencefalinj
(kraujo-smegeny) barjera ir j smegenis rodikliai, palyginti su DCA ir VPA
praeinamumu, taikant pkCSM (rodikliy apskaic¢iavimai padaryti Gyvybés
centro doktoranto Ernesto Urnieziaus).
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Vaistinio Pr.eparato blz-ilfjlzlrit(;l;igfggﬁgs CNS pralaidzumas Rangas | Rangas
pavadinimas (logBB)! (logPS) (logBB) | (logPS)
VPA 0,232 —2,259 1 1
DCA -0,313 —2,661 4 3
Lomustinas —0,136 -3,009 2 4
Karmustinas -0,310 -3,060 3 6
Trametinibas -0,532 -2,423 5 2
Dabrafenibas -1,314 -3,016 6 5
T™Z —-1,332 -3,211 7 7

1.9.1 pav. Registruoty vaistiniy preparaty praeinamumo pro
hematoencefalinj barjerq ir j smegenis prognozuojami rodikliai, palyginti
Jjuos su atitinkamais DCA ir VPA rodikliais. Prognozuojami GBM skirty

gvdyti preparaty kraujo-smegeny barjero ir CNS pralaidumai apskaiciuoti
panaudojant pkCSM metodq [383]

"Hematoencefalinio barjero pralaidumas (logBB): logBB = log10(Csmegenys/Ckraujas).

logBB yra apibréziamas kaip vaistinio preparato koncentracijy (C) smegenyse ir kraujyje
santykio logaritmas. Jis apibiidina kokiu mastu junginys pasiskirsto smegenyse kraujo
atzvilgiu, todél labiau nusako bendra prasiskverbima j smegenis negu vien tik pernasos per
kraujo-smegeny barjerg greitis. logBB >0 — didesnis pralaidumas j smegenis (didesné
koncentracija smegenyse nei kraujyje), logBB <0 — silpnesnis pralaidumas j smegenis
(mazesne koncentracija smegenyse nei kraujyje).

2CNS pralaidumas (logPS): LOG logPS = log10(PxS).

logPS yra pralaidumo ir pavirSiaus ploto sandaugos logaritmas — farmakokinetinis paramet-
ras, apibudinantis, kaip greitai junginys pereina per kraujo-smegeny barjera. Jis atspindi
pernasos per endotelio barjera greitj, o ne galutinj junginio pasiskirstyma smegeny audinyje
pusiausvyros salygomis. Tai vaistinio preparato pralaidumo (P, cm/s) ir pavirSiaus ploto
(S, cm?) sandaugos logaritmas. Auk3tesné verté — didesnis prognozuojamas pralaidumas j
CNS, zemesn¢ (labiau neigiama) verté — mazesnis prognozuojamas pralaidumas j CNS .

Vaistiniy preparaty logBB ir logPS stulpeliy langeliai pateikti pagal spalvy gradienta: zalia —
didesnis prognozuojamas pralaidumas; geltona ir oranziné — vidutinis pralaidumas;
raudona — mazesnis prognozuojamas pralaidumas.

Pagal prognozuotas vertes, VPA biidingas didziausias hematoencefalinio
barjero pralaidumas (logBB), o i$ karto po jo seka lomustinas, karmustinas ir
DCA; visiems Siems junginiams prognozuojamas tam tikro laipsnio prasi-
skverbimas | smegenis. TMZ turi maziausig prognozuojamg logBB rodiklio
vert¢ Siame rinkinyje, o tai rodo silpniausig prognozuojama patekimag j sme-
genis. Vertinant CNS pralaiduma (logPS), VPA, trametinibui ir DCA budin-
ga palankiausi rodikliai, palyginti su kitais vaistiniais preparatais, tuo tarpu
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TMZ vel budinga neigiamiausia prognozuojama logPS verté. Tai rodo pras-
Ciausig prognozuojama CNS pralaiduma i§ analizuoty vaisty. Apibendrinant,
VPA ir DCA pagal pralaidumo rodikliy profilj yra panasis j gerai Zinomus
GBM gydymui taikomus vaistus, tokius kaip lomustinas, trametinibas ir
karmustinas, o dabrafenibui ir ypa¢ TMZ, palyginus su VPA ir DCA, biidingi
maziau palankiis hematoencefalinio barjero ir CNS pralaidumo profiliai.

1.10. Glioblastomos patogenezés rySys su uZdegimu

Uzdegimas yra svarbi gliomy raidos ir progresavimo procesy dalis, yra
lemiamas veiksnys, formuojantis naviko mikroaplinkg ir gydymo veiksmin-
gumui [384-387]. Senstant létinis silpnas uzdegimas pasireiskia padidéjusiu
IL-6 ir audiniy nekrozés veiksnio TNF-alfa kiekiu [388], o padidéje prouz-
degiminiy citokiny kiekiai kraujyje susij¢ su vézio raida [389—391]. Augantis
navikas lemia nuolatinj uzdegimo citokiny, kuriuos i$skiria smegeny imuni-
nés lastelés, kaip mikroglija ir makrofagai, gamybag [392, 393]. Citokinai
skatina neoangiogeneze, padidina kraujo-smegeny barjero pralaiduma ir tuo
paciu slopina imuniniy lgsteliy patekima i smegenis [393]. Be to, citokinai
skatina imuning sistemg slopinancios naviko mikroaplinkos susidaryma, o tai
slopina imuninés sistemos gebé¢jima sukelti veiksmingg prieSnavikinj atsaka
[27]. Uzdegimas naviko mikroaplinkoje yra aktyvesnés GBM kanceroge-
nezés pozymis, kuris yra susijes ir su GBM audinio nekroze [394]. Be to,
chemoterapiniai vaistai ir spinduliné terapija sukelia masin¢ nekroting lgste-
liy ziitj, o naviko lasteliy liekanos stimuliuoja imuniniy lasteliy prouzde-
giminiy citokiny gamyba, kas skatina angiogenezg, naviko augimg ir metasta-
zavimg [389], tai gali lemti atsparuma gydymui ir naviko atsinaujinimui [395,
396]. Uzdegimas veikia genetinius ir epigenetinius pokyc¢ius GBM lastelése
[397]. Uzdegimo signaliniai keliai aktyvina GBM onkogeneze, lemia DNR
pazeidimus bei mutacijas naviko lgstelése, yra svarbiis naviko progresavimo
mechanizmams [64, 94].

IL-1 ir IL-6 yra pagrindiniai GBM naviko Igsteliy mediatoriai uzdegimi-
néje mikroaplinkoje, kurie aktyvina uzdegimines signaly kaskadas, tokias
kaip HIF-1a, RAS, Wnt-1, NF-kB, NLRP3 ir STAT3 [397], t.y. naviko
lastelés imuninj atsakg pavercia létiniu uzdegimu [384, 385]. NF-kB yra
nuolat aktyvus GBM lasteliy branduolyje, skatina proliferacija, invazija,
uzdegima, imuninés sistemos slopinimg ir atsparumg gydymui [398]. NF-xkB
branduolyje veikia kaip transkripcijos veiksnys geny, dalyvaujanciy imuni-
niame ir uzdegimo atsake [399]. Citokinai, kaip TNFa, su audiniy nekrozés
veiksniu susijes apoptoze sukeliantis ligandas (angl. tumor necrosis factor-
related apoptosis-inducing Ligand; TRAIL), epidermio augimo veiksnys
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(angl. epidermal growth factor; EGF) ir kraujagysliy endotelio augimo
veiksnys (angl. vascular endothelial growth factor; VEGF), gali aktyvinti
NF-kB [400]. Rugstine ir hipoksiné GBM uzdegiminé mikroaplinka sukelia
TNF-a sukelta NF-kB aktyvavima, kuris skatina IL-6 gamyba [69, 400].
GBM U87 lastelés iSskiriamas IL-6 aktyvina STAT3 signalinj kelig astroci-
tuose, o tai stimuliuoja naviko lasteles; savo ruoztu Sios lastelés, priklausy-
damos nuo STATS3, iSskiria dar daugiau IL-6. Toks abipusis IL-6 ir STAT3
aktyvinimas sukelia létinj uzdegima, skatinantj naviko augima [401]. IL-6
skatina GBM U87 lasteliy invazijg ir augimg [402]. IL-11 (gaminamas peliy
GBM GL261 ir zmogaus GBM US87 lasteliy) skatina STAT3 priklausoma
TRAIL raiska astrocituose. Astrocity signaliniai keliai per STAT3 ir TRAIL
buvo susije su trumpesniu laikotarpiu iki ligos atsinaujinimo ir GBM pacienty
trumpesniu bendru iSgyvenamumu [403]. GBM U87 ir U251 Iastelés iSskiria
IL-1, IL-8 ir IL-33, kurie skatina GBM lasteliy proliferacija, migravimg ir
invazija [385, 397, 404]. IL-33 gali skatinti GBM naviko lasteliy proliferacija
[397, 404, 405]. Anecksinas A1 (AnxAl) slopina imuninj atsakg navike,
aktyvindamas NF-«kB (p65) ir didindamas IL-8 raiSka bei jo kieki GBM U87
ir U251 lastelése, o tai susij¢ su blogesniais iSgyvenamumo rodikliais [385].
IL-1B ir TGF-B didina uzdegimo veiksniy geny raisSka ir skatina GBM
kamieniniy lgsteliy prouzdegiminio fenotipo raida, skatina lasteliy prolife-
racija ir migravimg [406]. IFN-y padeda naviko mikroaplinkoje slopinti imu-
ninj atsakg: IFN-y aktyvina JAK/STAT signaly perdavimo kelig; tai lemia
IRF-1 aktyvinima, kuris skatina PD-L1 raiskg ortotopiniame peliy gliomos
GL261 lasteliy modelyje, taip slopina T Igsteliy prieSnavikinj veikimg ir
skatina jy ziitj [407].

Vaistiniy preparaty ikiklinikiniuose modeliuose poveikis | uzdegimo
mediatoriy CCL2/CCR2 asj, CSF1R ar IL-1f signalinius kelius rodo jy per-
spektyvy priesnavikinj veiksminguma [408, 409]. Su véziu susijusiy makro-
fagy (angl. tumor-associated macrophages; TAM) perprogramavimas i$
navika skatinan¢io M2 tipo fenotipo j navika slopinan¢io M1 tipo fenotipa
yra strategija, siekiant jveikti imuning sistema slopinanc¢ig naviko mikroaplin-
ka [410]. Kolonijas stimuliuojancio veiksnio 1 receptorius (angl. colony-
stimulating factor 1 receptor; CSF1R) skatina imuning sistema slopinanciy
makrofagy migravima | navika, taip prisidédamas prie imuning sistema
slopinancios mikroaplinkos susidarymo, kuri palengvina GBM progresavima
ir atsparumg gydymui. CSFIR blokavimas yra GBM gydymo strategija, nes
tai galéty slopinti makrofagy migravima, pakeisti imuning aplinkg ir poten-
cialiai padidinti kity gydymo biidy, pvz., imunoterapijos, veiksminguma
[409, 411]. Vaistiniais preparatais slopinant NF-kB, JAK/STAT, MAPK,
PI3K/Akt/mTOR ir TRAIL signalinius kelius, kurie aktyvinasi uzdegimo
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metu ir yra GBM onkogeniniai veiksniai, galima pasiekti geresnj prieSna-
vikinj veiksminguma [412].

1.11. DCA-VPA prieSuzdegiminis poveikis

NaDCA yra tiriamasis prieSnavikinis vaistas, kuriam budingas ir pries-
uzdegiminis poveikis [27, 413]. Tyrimai rodo, kad NaVPA taip pat turi
imunitetg veikiantj ir prieSuzdegiminj poveikj [414, 415]. StakiSaicio ir kt.
NaVPA-NaDCA priesuzdegiminio poveikio tyrimai parodé, kad derinys,
veikdamas ziurkiy Ciobrialiauke (in vivo) ir suaugusiyjy T limfocitus
(in vitro), slopino uzdegimo ir imuninius procesus [28, 29], kurie svarbiis
GBM patogenezei.

Uzkrucio liauka (lot. GI. thymus) yra pagrindinis limfoidinis organas,
kuriame bresta ir diferencijuojasi T limfocitai [416]. Zmogaus ir pelés
Gl. thymus gamina prouzdegiminius mediatorius net ir fiziologinémis saly-
gomis [417, 418]. Dél Gl Thymus esancio pastovaus uzdegiminio fono,
vyraujanc¢io organo audiniy mikroaplinkoje, kuris yra butinas T limfocity
gamybai ir iSskyrimui j krauja, uzkriicio liauka gali biiti naudojama kaip
modelis tirti tirlamyjy vaisty, slopinanciy uzdegima ir imuninj atsaka, povei-
ki, nustatant su uzdegimu ir imuniniu atsaku susijusiy geny raiskos pokycius
timocituose [28]. NaVPA-NaDCA derinys 2,1 karto padidino peliy patiny
timocity Slc5a8 raiSka: sinerginis mechanizmas pasireiSkia dél NaVPA
demetilinanc¢io poveikio, kuris pagerina Slc548 raiska ir DCA pernasa |
lastele, ir taip sustiprina DCA farmakologinj poveiki [28]. Tyrimai parodé
reikSmingg NaVPA-NaDCA poveikj uzdegimui svarbiy veiksniy geny
raiSkai timocituose, kai Balb/s peliy patinéliams 2 savaites buvo skiriamas
NaDCA (100 mg/kg/parg) ir NaVPA (150 mg/kg/parg) derinys; gydymas
reik§Smingai pakeité su uzdegimu susijusiy geny raiska: citokiny aktyvumo
signaliniame kelyje (angl. cytokine activity signaling pathway), uzdegiminio
atsako signaliniame kelyje (angl. inflammation response signaling pathway)
ir interleukino-17 (angl. interleukin-17 signaling pathway; 1L-17) signali-
niame kelyje. NaVPA-NaDCA reikSmingai paveiké 25-iy geny, susijusiy su
citokiny aktyvumo keliu, raiska: 11 geny (Ccl2, Ccl3, Csf3, Cxcll, Cxcl2,
Cxcl3, 11171, 1l6, Sppl, Tnfsfll, Vegfa) raiska reikSmingai sumaZzéjo, o
14 geny (Bmp4, Bmp7, Ccll9, Ccl25, Cx3cll, Cxcll2, Cxcll3, 112, 117, 1121,
1123a, 1127, 1133, Kitl) raiSka po gydymo reik§mingai padidéjo. NaDCA—
NaVPA gydymas reik§mingai pakeité 25-iy geny, susijusius su uzdegiminio
atsako keliu, raiska: 13 geny sutapo su citokiny aktyvumo keliu, i§ kuriy
7 geny raiska sumazéjo (Ccl2, Ccel3, Cxcll, Cxcl2, Cxcl3, 116, 1117f), 0 6 geny
raiSka padidéjo (Ccl19, Ccl25, Cx3cll, Cxcll3, 1123a, 1127); taip pat sumazgéjo
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6 geny raiska (Ccr5, 111rl, I118r1, Ptgs2, Rel, Thbsl) ir padidéjo 6 geny (C3,
Ciita, Cmkirl, Cxclll, Nos2, Pparg) raiSka. NaDCA-NaVPA gydymas
reikSmingai sumazino Ccl2, Cebpb, Csf3, Cxcll, Cxcl2, Cxcl3, 116, Il17f ir
Ptgs2 geny, kurie dalyvauja IL-17 signaliniame kelyje, raiska. Sie duomenys
rodo, kad NaVPA—NaDCA budingas prieSuzdegiminis poveikis, patiny peliy
timocituose slopina uzdegima skatinancius mechanizmus, t.y. slopina pro-
uzdegiminiy geny raiska ir aktyvina geny raiska, susijusiy su prieSuzdegi-
miniy chemokiny ir citokiny gamyba [28]. Uzkrtc¢io liaukos funkcija yra
susijusi su imunoterapijos rezultatais sergant kriities, plauciy, inksty véziu ir
melanoma [419], o liaukos atrofija skatina imuninés sistemos sen¢jimg ir
didina ligy rizika suaugusiesiems [420].

uzdegimu pacienty T limfocity in vitro 24 valandy ekspozicija2 mM NaVPA
ir 5 mM NaDCA terpéje tur¢jo prieSuzdegiminj poveikj. NaVPA-NaDCA
reikSmingai sumazino 40 geny, susijusiy su uzdegimu ir imuniniu atsaku,
raiSka: 22-jy geny, dalyvaujanciy citokiny aktyvumo signaliniame kelyje
(CCL22, CCL24, CSF1, CSF2, CSF3, CXCLI, CXCL2, CXCL3, CXCLS,
CXCL6, CXCL13, EBI3, IL1A, IL1B, ILIRN, IL6, IL10, IL19, IL24, IL27, LIF
ir OSM); 17 — chemokiny reguliuojamy signaly kelyje (angl. chemokine-
mediated signaling pathway) (ACKR3, CCL4, CCL22, CCL24, CCRI, CCR?2,
CCRL2, CMKLRI, CX3CRI, CXCLI, CXCL2, CXCL3, CXCL5, CXCL6,
CXCL13, CXCR2, CXCR3), 11-kos — neutrofily chemotaksio (angl. neutro-
phil chemotaxis) kelyje (CL4, CCL22, CCL24, CSF3R, CXCLI, CXCL2,
CXCL3, CXCLS5, CXCL6, CXCL13, ITGB2), 5-iy — limfocity chemotaksio
(angl. lymphocyte chemotaxis) kelyje (CCL4, CCL22, CCL24, CXCLI3,
CXCR3), ir 14-kos — T lasteliy proliferacijos reguliavime (angl. regulation of
T-cell proliferation) (CCR2, CD209, EBI3, ILI1A, ILIB, IL2RA, IL6, IL10,
ILI2RBI, IL234, IL27, IL27RA, JAK3, TNFRSF14) [344].

Citokiny aktyvumo kelio mechanizmai glioblastomoje yra ne tik uzdegi-
miniai — navikas juos naudoja, kad sukurty navikg palaikoma, imunologiskai
,salto naviko* nisa, kuri skatina GBM progresavimg. Gydymo poveikis Siems
mechanizmams, slopinant citokiny kelig (kartu su imunoterapija ar standar-
tiniu gydymu) yra aktyvi moksliniy tyrimy sritis, Zadanti perspektyvius rezul-
tatus [421].

Uzdegiminio atsako kelias GBM pasitelkiamas paverciant timinj uzde-
gimg létiniu, siekiant palaikyti ,,uzburtg létinio uzdegimo rata®, kuris skatina
naviko augima, piktybiSkuma ir progresavima, tod¢l Sio kelio slopinimas yra
perspektyvus, kaip daugialypis taikinys ieSkant naujy gydymo metody. Be to,
chemoterapija ir spinduliné terapija aktyvina uzdegima dar labiau, ir gali
prisidéti prie ligos atsinaujinimo [422].
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IL-17 signalinis kelias turi jtakos GBM progresavimui, skatina naviko
augima, svarbus jo skatinantis lgsteliy migravima, invazija, angiogenezg ir
gliomos kamieniniy lgsteliy palaikyma poveikis, kuris pasireiskia veikiant
uzdegiming naviko mikroaplinkg [423].

Chemokiny reguliuojamas signalinis kelias GBM apima lasteliy migra-
vima, bet jis palaiko naviko ekosistema, kuri glaudziai susijusi su citokiny
veikla ir letiniu uzdegimu. Gydymo poveikis Siam keliui, nukreiptas j domi-
nuojancias asis CCL2/CCR2 ir CXCLI12/CXCRA4, leisty Siuos ,,uzburtus
ratus“ nutraukti [393, 424]. NaDCA-NaVPA poveikio uzdegimui tyrimai
rodo, kad derinys slopina ank$¢iau nurodytus kelius.

NaVPA-NaDCA gydymas T limfocity SARS-CoV-2 infekcija ir pneu-
monija serganc¢iy motery labai slopino citokiny aktyvumo kelig, chemokiny
signalinj kelig bei neutrofily chemotaksio ir limfocity chemotaksio kelius,
taciau NaVPA-NaDCA priesuzdegiminis poveikis buvo stipresnis serganciy
SARS-CoV-2 infekcija ir pneumonija vyry T limfocituose nei motery [344].
Tolesnis GBM su lytimi susijusio dimorfizmo patogenezés tyrimas yra
svarbus siekiant pagerinti GBM pacienty gydyma, bendrag iSgyvenamuma,
uztikrinant, kad gydymo planai biity sudaromi taip, kad bttty vadovaujamasi
ir su lytimi susijusiy gydymo poveikio vertinimu, t. y. nustatant specifinius
GBM naviky molekulinius mechanizmus ir taikant individualizuota gydyma
[425].

DCA-VPA derinio taikymas gydant infekcijas ir uzdegimg yra LSMU
mokslininky patentuotas (LR valstybinis patenty biuras, paraiSkos Nr. 2023
532, patento Nr. 7129, Int. Cl. Nr. A61K 31/19 [426]; ES patento paraiska
Combination of sodium dichloroacetate and valproic acid salts for the
treatment of viral and bacterial infections and inflammatory diseases,
paraiSkos Nr. 24172667, publikacijos Nr. EP4512393 Al, Int. Cl. Nr.
A61K31/19 [427].

1.12. Vis¢iuko embriono chorioalantojinés
membranos (CAM) modelis

CAM modelis taikomas in vivo naviko augimo, angiogenezés, metasta-
ziy, imuninio atsako, vaisty poveikio ir atsparumo vaistams tyrimams [428—
434]. CAM modeliu tirti storosios Zarnos, prostatos, plauc¢iy, smegeny, skran-
dzio, kiausidziy, kepeny, kriities, galvos ir kaklo ir kity véZzio lokalizacijy
navikai [435], tyrimui naudojant lasteliy linijy lasteles [155, 228, 361, 435],
pacienty naviko audinj ar pirmines naviko lasteles [434, 436, 437], taip pat
cirkuliuojancias naviko lasteles (angl. circulating tumor cells) [438, 439].
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Imuniné sistema pradeda funkcionuoti po 10-12 vis¢iuko embriono
vystymosi paros (EVP) [440]. Dar néra issiaiskinta, kada vis¢iuko embriono
imuniné sistema pilnai subresta, kad galéty veikti prie§ ksenotransplanta
nukreipta imuninj atsaka [429], bet tyrimai rodo, kad imunitetas susiformuoja
apie EVP18 [434, 441, 442]. Kadangi CAM modelis iki 10EVP yra
imunodeficitinis, todél naviko lasteliy suformuoti navikai iki tol gali biiti
transplantuojami ant CAM nesant atmetimo rizikos [443]. Vis¢iuko embriono
imuniné sistema yra paprastesné, bet funkciSkai panasi | Zzmogaus [441].

Palyginamieji vaisty poveikio U87 lasteliy naviko ant CAM augimui ir
U87 sferoidy tyrimai nustate, kad sferoidy modelis neatspindi gydymo povei-
kio ar naviko progresavimo, stebimo tiriant CAM modeliu [444], nes sferoide
néra naviko mikroaplinkos [445]. CAM modelis yra s¢kmingesnis nustatant
paciento naviko ksenotransplanty atsakg | gydyma, palyginus su imunodefi-
citiniy grauziky modeliais [446]. Zinduoliy modeliuose naviko augimas
trunka iki 6 savaiciy, o tiriant CAM metodu tyrimo duomenys gaunami grei-
¢iau: 2 dienos po GBM lasteliy naviko transplantavimo ant CAM, navikas
yra vaskuliarizuojamas CAM kraujagysliy ir progresuoja priklausomai nuo
angiogenezés [447, 448].

Palyginus su peliy modeliu, tiriant CAM modeliu naviko augimo stebéji-
mo laikotarpis yra trumpesnis, bet negalima vertinti remisijos ar naviko
atkryCiy [429]. Vaistiniy preparaty skyrimas peliy ir CAM modeliuose yra
skirtingas: peléms vaistai gali biiti skiriami intraveniniu (i.v.), intraperito-
niniu (i.p.), per os budais, o tiriant CAM modeliu, tiriamasis preparatas
skiramas lokaliai (angl. topical). CAM modeliu taip pat taikoma i.v./i.p
vaistiniy preparaty skyrimas, tac¢iau gali buti embriono pazeidimas dél
nukraujavimo tikimybés [428, 429, 449]. CAM modelyje dozés, sukeliancios
farmakologinj atsaka, yra 2—10 karty mazesnés, palyginus su peliy modeliu,
ir nejmanoma tiksliai jvertinti jy atitikmens zmogaus dozémis [450]; taip pat,
naviko dydzio steb¢jimas yra ribotas, nes navikas invazuoja giliai i CAM ir
jo turis didéja be reikSmingy matomy ant CAM pavirSiaus skersmens
poky¢iy, naviko dydis gali biiti vertinamas histologiskai baigus tyrimag [429].
Todél tyr¢jai sitilo apvaisinto kiauSinio turinj aseptinémis saglygomis perkelti
1 sterily inda tolimesnei inkubacijai ir steb¢jimui [451]. Elektros Soku sukelto
skausmo tyrimas parodé, kad viS¢iuko embrionai iki EVP15 | skausma
nereaguoja [452], o juy elektroencefalogramoje iki EVP17 nestebima su
skausmo suvokimu susijusi veikla [453].

Tiriant peliy modeliais, tyrimas gali buti stabdomas dél greito naviko
did¢jimo: GBM U118 MG lasteliy ksenotransplanty Balb/c peliy modeliu
gydymo stebéjimas buvo vykdomas tik 7 dienas, po to pelés turéjo biti
eutanizuotos dél etiniy priezasciy [450]. Peliy modelyje naviko turio jverti-
nimas ir gydymo skyrimas grauzikams sukelia diskomfortg ir stresg [454].
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IS GBM naviko audinio suformuoti pirminiy lasteliy navikai ant CAM
iSlaiko genetiniy ir histologiniy Zymeny raiska, kuri nesiskiria nuo iSoperuoto
naviko audinio raiskos [455], §iuo modeliu tiriami i$ paciento GBM naviko
lasteliy suformuoti ksenotransplantai atspindi pirminj naviko piktybiSkuma ir
morfologija bei suteikia galimybe jvertinti galimg individualaus chemotera-
pinio gydymo veiksminguma [434, 445]. CAM modelis gali biiti naudojamas
jvertinti prieSnavikiniy vaisty veiksmingumga iki skiriant chemoterapija pa-
cientui [23], vertinant GBM gydymo veiksminguma ir atsaka j gydyma,
analizuojant naviko augima, vaskuliarizacija, invazijg ir vézio Zymeny raiska
histologiniu, IHC ir PGR metodais [456].
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2. METODIKA

2.1 paveiksle yra pateikta atlikty tyrimy schema.

U87 ir T98G GBM lastelés, penkiu GBM pacienty
naviky pirminés lgstelés

In vivo stereo-
mikroskopijos ir
fluorescentinis
tyrimas

Histologinis .,
naviko ant
CAM tyrimas

— . _

Invazija i CAM, CAM storis ir kraujagysliy skai¢ius CAM po naviku

Imunohistocheminis |
naviko ant ChE = Ny e

CAM tyrimas = AES ™, S CHE

AESS 5 M W '

o -_ —_—

PLBA, p53, EZH2 raiska U87 ir T98G lasteliy navikuose; GFRB,
PLBA, p53, EZH2, vimentino raiSka GBM pirminiy Igsteliy navikuose

In vitro geny raiskos SLC1242, SCL1245, SLC548, CDHI, CDH? raiska
tyrimas U87, T98G ir pirminése GBM lastelése

2.1 pav. Atlikty tyrimy schema

Trumpa rodyklé — navikas, ilga rodyklé — kraujagyslés, ChE — choriono epitelis, AE — alan-
tojaus epitelis, M — mezenchima, N — navikas, K — kraujagysleé.
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2.1. Glioblastomos lasteliy liniju tyrimai in vivo ir in vitro

2.1.1. Glioblastomos U87 ir T98G lasteliy in vivo tyrimo grupés ir
atlikti tyrimai

2.1.1.1 lentel¢je pateikti U87 ir T98G lasteliy naviky ant CAM grupiy
imtis ir atlikti tyrimai taikant CAM modelj: invazijos daznumas | CAM,
CAM storis po naviku, kraujagysliy skai¢iaus mezenchimoje po naviku ir
PLBA-, p53-, EZH2-teigiamy lasteliy raiSkos IHC analiz¢.

2.1.1.1 lentelé. Kontroliniy ir tiriamaisiais vaistiniais preparatais gydyty
US87 ir T98G naviky ant CAM grupés ir jy imtis

keauiagesti skaitias | PLBA | pS | Ezi

Tirtosgrupés ™ "yg7 | T9sG | UST | T98G | UST | T98G | US7 | T98G
Naviky ant CAM skaicius

Kontrolé 20 12 13 9 15 9 17 9

10 mM NaDCA 24 12 3] 1 2] 10| 3 10

5 mM NaDCA 25 16 4] 8 | 3] 8 | 12 8

3 mM NaDCA 20 12 18 10 [20] 11 | 19 11

S Nbea 10 2 |1w0] 8 | 10| 8 | 10 9

100 uM TMZ 15 11 7] 5 | 8] 5 8 5
50 uM TMZ 15 16 8 | 6 | 7] 7

2.1.2. Glioblastomos U87 ir T98G lasteliu in vitro tyrimo grupés
ir atlikti tyrimai

Tirta SLC1242, SCL12A45, SLC5A8, CDH1 ir CDH?2 raiska U87 ir T98G
lasteliy kontrolingje, 3 mM NaDCA, 1,5 mM NaDCA, 2 mM NaVPA-3 mM
NaDCA ir 50 uM TMZ grupése in vitro (n = 6 kiekvienoje grupéje).

2.2. GBM pacienty naviko pirminiy lasteliy tyrimai
in vivo ir in vitro

Kauno regioninis biomedicininiy tyrimy etikos komitetas iSdavé leidimag
atlikti biomedicininj tyrimg 2020 m. rugpjticio mén. 8 d., leidimo Nr. BE-2-
80. Visiems pacientams diagnozé buvo nustatyta pirma karta, o iki operacijos
pacientai nebuvo gave prieSnavikinio gydymo. Pacientai operuoti Vilniaus
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universiteto ligoninés Santaros kliniky Neurochirurgijos centre (Santaris-
kiy g. 2, LT-08410 Vilnius, Lietuva).

Tirti penkiy GBM pacienty ir vieno supratentorinés ependimomos pa-
ciento iSoperuoto naviko audiniai. Operacijos atliktos 2021-2022 m. Paciento
kodas, amzius, lytis ir diagnoz¢ nurodyti zemiau:

1. GBM2-2F, 48 m. moteris, glioblastoma (IV laipsnio pagal PSO)
IDH-laukinio tipo; stipri citoplazminé GFRB Zymens raiSka audi-
nyje;

2. GBM2-3F, 82 m. moteris, glioblastoma (IV laipsnio pagal PSO),
IDH-laukinio tipo; stipri citoplazminé GFRB Zymens raiska audi-
nyje;

3. GBM2-4M, 46 m. vyras; glioblastoma (IV laipsnio pagal PSO),
IDH-laukinio tipo; stipri citoplazminé GFRB Zymens raiska audi-
nyje;

4. GBM2-5F, 68 m. moteris, glioblastoma (IV laipsnio pagal PSO),
IDH-laukinio tipo; stipri citoplazminé GFRB Zymens raiska audi-
nyje;

5. GBM2-6M, 76 m. vyras, glioblastoma (IV laipsnio pagal PSO),
IDH-laukinio tipo; stipri citoplazminé GFRB Zymens raiska audi-
nyje;

6. EP2-1M, 62 m. vyras, supratentoriné ependimoma.

2.2.2. GBM pacienty pirminiy lasteliy naviky ant CAM tyrimo
grupés ir atlikti tyrimai

2.2.2.1 lentel¢je pateikti GBM pacienty naviky pirminiy Igsteliy naviky
ant CAM grupiy imtys ir atlikti tyrimai taikant CAM modelj: invazijos
daznumas 1 CAM, CAM storis po naviku, kraujagysliy skaiciaus
mezenchimoje po naviku ir GFRB-, PLBA-, p53-, EZH2-, vimentinui-
teigiamy lasteliy raiskos THC analizé.

2.2.2.1 lentelé. Kontroliniy ir tiriamuoju vaistiniu preparatu gydyty GBM
pirminiy lgsteliy naviky ant CAM tirtos grupés
Invazija, CAM storis, GFRB, PLBA, pS3,
kraujagysliy skaicius EZH2, vimentinas
GBMZ-ZF‘GBM2-3F ‘GBM2-4M GBM2-2F | GBM2-3F |GBM2-4M
Naviky ant CAM skaicius

Tirtos grupés

Kontrolé 8 10 7 4 6 4
2 mM NaVPA-
3 mM NaDCA 8 10 7 6 > >
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2.2.3. GBM pacienty pirminiy lasteliy genu raiSkos tyrimo
in vitro grupés ir atlikti tyrimai

Tirta SLC1242, SCL1245, SLC548, CDHI ir CDH?2 raiska GBM2-2F,
GBM2-4M, GBM2-5F ir GBM2-6M pirminiy lasteliy kontrolinéje ir 2 mM
NaVPA-3 mM NaDCA grupése in vitro (n = 6 kiekvienoje grupg¢je).

2.2.4. Ependimomos paciento pirminiy lasteliy in vivo ir in vitro
atlikti tyrimai

Ependimomos paciento EP2-1M pirminiy lgsteliy naviko ant CAM
kontrolinés (n = 8) ir gydytos 2 mM NaVPA-3 mM NaDCA (n = 7) grupiy
atlikti tyrimai: invazijos daznumas i} CAM, CAM storis po naviku,
kraujagysliy skai¢iaus mezenchimoje po naviku. IHC tyrimas neatliktas, nes
naviko ant CAM augimas netipisSkas — lastelés iSsisklaidé CAM pavirsiuje.

Tirta SLC1242, SCL1245, SLC5A48, CDHI ir CDH? raiska EP2-1M pir-
miniy lgsteliy kontrolinés ir 2 mM NaVPA-3 mM NaDCA grupése in vitro
(n = 6 kiekvienoje grupg¢je).

2.3. GBM lasteliy linijy lasteliy paruoSimas tyrimui

Tirta glioblastomos U87 (U87-MG; EACC kat. Nr. 89081402; 44 m.
amziaus moters) adhezyvi Igsteliy linija, padovanota LSMU MA MF Neuro-
moksly instituto, ir glioblastomos T98G (T98-G; ATCC kat. Nr. CRL-1690;
61 m. amZziaus vyro) adhezyvi linija, gauta i§ Navaros universiteto (Ispanija,
Pamplona). U87 lastelés kultivuotos terpéje Dulbecco’s modified eagles me-
dium (DMEM; Gibco, JK) su 10 proc. jaucio vaisiaus serumu (FBS; Gibco,
JAV), T98G kultivuotos Advanced minimum essential medium (AMEM;
Gibco, JAV) terpéje su 5 proc. FBS ir 2 mM I-glutamino (Glutamax; Gibco,
JK). DMEM ir AMEM terpés buvo papildytos 1 proc. penicilino (100 TV/ml)
ir streptomicino (100 pg/ml) tirpalu (P/S; Gibco, JAV). Lastelés augintos
inkubatoriuje (Hera cell vios 160i; Thermo Fisher Scientific, Vokietija)
37 °C temperatiiroje, esant 5 proc. CO,. Kultivuotos U87 Igstelés atlaisvintos
nuo indo, kuriame jos augintos, dugno naudojant 2,5 proc. tripsino tirpala
(Sigma Aldrich, Vokietija), o T98G lastelés —naudojant 0,25 proc. tripsino-
EDTA tirpala (Gibco, JK), esant 37 °C temperatiirai.
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2.4. Pirminiy GBM naviko lasteliy paruoSimas tyrimui

ISoperuoto naviko medziaga tyrimams paruosta pagal LSMU MA MF
Histologijos ir embriologijos katedros pirminiy GBM lasteliy paruosimo pro-
tokolg Nr. 2021-03-01. Po operacijos, iki audinio patekimo } laboratorija
pirminiy lasteliy suspensijos paruoSimui, GBM naviko audinys ne ilgiau
15 min. buvo laikomas DMEM terp¢je, neturin€ioje kalcio ir magnio jony
(Gibco, JAV) su 1 proc. penicilino (100 TV/ml) ir streptomicino (100 pg/ml)
tirpalu (P/S; Gibco, JAV). Laboratorijoje dalis audinio perkelta j formaling
fiksacijai ir jliejimui j parafing. Kita dalis perkelta j Petri 1¢kstele (Greiner
Bio-One, Vengrija) ir skalauta Dulbecco’s phosphate-buffered saline tirpalu
neturin¢iu kalcio ir magnio jony (DPBS; Gibco; JAV), naudojant 5 ml talpos
pipete siekiant sumazinti eritrocity kiekj. Matomas jungiamasis audinys buvo
pasalintas naudojant sterily pinceta. | Petri 1¢kstele buvo jlasinta 5 ml DMEM
be Ca?" ir Mg?* su P/S. Naviko audinys sterilioje aplinkoje laminaringje trau-
kos spintoje Petri 1¢kSteléje steriliais pincetais suardytas j smulkius gabalé-
lius. Susmulkinti GBM audinio gabaléliai pora minuciy pipetuoti konusi-
niame 50 ml talpos mégintuvélyje (Thermo Fisher Scientific, JAV) 37 °C
DMEM terpéje be Ca?* ir Mg?* su P/S ir taip gauta Igsteliy suspensija. Laste-
liy suspensija centrifuguota 3 min. 51 x g (angl. relative centrifugal force;
rcf), supernatantas nusiurbtas pipete ir 13stelés resuspenduotos 50 ml DMEM
be Ca?" ir Mg?* su P/S ir 10 proc. jaucio vaisiaus serumo (FBS; Gibco, JAV).
GBM serganciy pacienty lasteléms suteikti kodai GBM2-2F, GBM2-3F,
GBM2-4M, GBM2-5F, GBM2-6M ir EP2-1M. Trukmé nuo naviko audinio
gavimo iki lasteliy suspensijos paruoSimo — ne ilgiau 20 min. Lasteliy
suspensija 37 °C temperatiiroje i$ Vilniaus transportuota j Kaung, LSMU MA
MF Histologijos ir embriologijos katedros Iasteliy kultiiry laboratorija
tolesniems in vivo ir in vitro tyrimams.

2.5. CAM modelio taikymas GBM lasteliy
suformuotiems naviky tyrimams

KiauSinio paruoSimas tyrimams. Pagal ES ir Lietuvos teisés aktus,
Bioetikos komiteto leidimas taikant CAM modelj tyrimams nereikalaujamas.

Tyrimui naudoti Cobb 500 veislés visty apvaisinti kiauSiniai, gauti i§
Rumsiskiy paukstyno (Dovainonys, Lietuva). Prie§ tyrimg kiauSiniai buvo
dezinfekuoti 70 proc. etanolio tirpalu ir patalpinti | Mini Pro 147-200 DU
(Maino, Italija) inkubatoriy, kuriame buvo palaikoma pastovi 37,7 °C tempe-
ratiira ir 60 proc. santykiné oro drégme. Pirmasias 72 inkubacijos valandas
buvo jjungtas automatinis kiauSiniy vartymo rezimas (1 kartas per valanda).
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Po 72 valandy (3EVP) kiausiniy vartymo rezimas i§jungtas. Paruosiant kiau-
Sinius langeliy atidarymui lukste, kiauSiniai dezinfekuoti etanolio tirpalu ir
langelis buvo suformuojamas naudojant automatinj grazta (Hobby Drill,
Vokietija): bukajame kiauSinio gale iSgr¢Zta apie 1 mm skersmens ertmé, pro
ja steriliu 5 ml talpos Svirkstu su adata (Neomedic, JK) istraukta apie 2,5 ml
kiauginio baltymo, po to ertmé uzklijuojama steriliu pleistru (Mefix, Svedija).
Taip CAM buvo atkabinama nuo vidinés kiauSinio lukSto pusés. Po to
kiausSinio lukste graZtu padaromas apie 1,2 cm? ploto langelis, pro kurj galima
jvertinti embriono gyvybinguma (kraujagysliy tinkla, matoma pulsuojanti
Sirdis). Langelis uzklijuojamas sterilia Parafilm plévele (Bemis, JAV), kad
biity palaikomas sterilumas ir drégmé. Po to kiauSiniai patalpinami atgal j
inkubatoriy su i§jungtu vartymo rezimu iki EVP12.

GBM lasteliy naviky in vivo tyrimo eiga. 7-t3ja embriono vystymosi
para (7EVP) buvo formuojami U87, T98G ar pirminiy glioblastomos naviko
lasteliy navikai ir uzdedami ant CAM. 1 x 10%U87 ar T98G lgsteliy; pirminiy
glioblastomos lasteliy sumaisyta su I tipo ziurkés uodegos kolagenu (Gibco,
JAV) (kontrolinés grupés) ir tirlamyjy vaistiniy preparaty grupés, pridéjus
tiriamaji vaistinj preparata: NaDCA ar NaVPA-NaDCA (Sigma Aldrich,
Vokietija) ar TMZ (Sigma Aldrich, JAV), bendras suspensijos tliris vienam
atvejui — 20 pl. NaDCA; NaVPA buvo istirpintas mitybingje terpéje, TMZ —
DMSO (Sigma Aldrich, JAV), galutiné DMSO koncentracija buvo mazesné
nei 0,1 proc. [457]. 20 ul suspensija buvo uzlaSinta ant 2 x 2 x 2 mm dydzio
zelatininés Surgispon kempinelés (AegisLifesciences, Indija) ir taip sufor-
muotas navikas perkeltas ant CAM netoli stambiausiy kraujagysliy (EVP7).

Struktiiriniai naviky pasikeitimai buvo stebimi in vivo stereomikroskopu
(SZX2-RFA16; Olympus, Japonija) ir fotografuojami fotokamera (DP92;
Olympus, Japonija) 5% padidinimu EVP9 ir EVP12 su kompiuterine progra-
ma CellSens Dimension, versija 1.9. 12-tajag embriono vystymosi parg j stam-
0,2 ml 5 mg/ml fluoresceino izotiocianato dekstrano tirpalo (PKH67; Sigma
Aldrich, Vokietija), po to ant CAM uzlaSinta 2 ml 10 proc. formalino tirpalo
(Sigma Aldrich, Vokietija). CAM su naviku iSkirpta ir patalpinta j Petri
lekstele su 5 ml 10 proc. formalino tirpalo, nufotografuota 5x padidinimu i§
abiejy pusiy stereomikroskopu su kamera dienos $viesoje ir naudojant GFP
filtrg su UV apsvita (/20PC Q series;, XCite, JAV). CAM su naviku buvo
fiksuotos 10 proc. formaline 24 val.
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2.6. Histologiniy ir imunohistocheminiy preparaty paruoSimas

Po 24 valandy fiksacijos formaline, CAM su naviku buvo jlieti j parafina.
Automatiniu rotaciniu mikrotomu (Leica RM2155; Leica, Vokietija) buvo
nupjauti pjuviai, kuriy storis — 3 um. H-E dazymui pjuviai buvo uzdéti ant
objektiniy stikleliy (Biosigma, Italija), o IHC dazymui — ant dengty poli-L-
lizinu stikleliy (Thermo Fisher Scientific, JAV). Pjuviy tiesinimui naudota
vandens vonel¢ (Leica HI 1210; Leica, Vokietija). Preparatai buvo dziovinti
24 val. 37 °C temperatiiroje termostate (LSIS-B2V-EC55; Ecocell, Vokietija),
po to nudazyti H-E (Sigma Aldrich, Vokietija) ar IHC metodais.

IHC dazymo metu nustatyta GFRB, PLBA, p53, EZH2 ir vimentino
zymeny raiSka navikuose ant CAM. CAM preparatai buvo deparafinuoti ir
rehidratuoti maz¢jancios koncentracijos etanolio tirpaluose. Atliktas karSciu
suzadinto antigeno iSlaisvinimas — preparatai kaitinti sléginiame inde (DC12-
220-0121; Biocare Medical, JAV) 20 min. 95 °C temp. GFRB, PLBA, p53 ir
EZH2 Zymeny nustatymui kaitinimo metu naudotas pH9 tirpalas (EnVision
FLEX Target Retrieval Solution K8004, Dako, Danija), o vimentino — pH6
tirpalas (Low pH EnVision FLEX Target Retrieval Solution K8005; Dako,
Danija). Dazymas atliktas naudojant ranking Shandon CoverPlate dazymo
sistemq (Thermo Fisher Scientific, JAV). Endogeninés peroksidazés aktyvu-
mas uzblokuotas preparatus inkubuojant 10 min. kambario temp. su peroksi-
dazés blokavimo tirpalu (EnVision FLEX Peroxidase Blocking Reagent
SM801; Dako, Danija). PLBA, p53 ir EZH2 Zymeny raiSkai nustatyti prepara-
tai buvo 30 min. inkubuoti su pirminiais antiktinais kambario temp., GFRB ir
vimentino — 12 val. 4 °C temp. (skiedimo santykis — 1:100). Naudoti antiki-
nai: monokloninis anti-GFRB (klonas EPR1034Y; ab68428; Abcam, JK),
monokloninis anti-PLBA (klonas PC10; MA511355; Thermo Fisher Scienti-
fic, JAV), monokloninis anti-p53 (aa 211-220, klonas 240; CBL404; Merck,
Vokietija) (atpazjsta ir mutantinj, ir laukinj denatiiruota p53) polikloninis
anti-KMT6/EZH2 (fosfo S21; ab84989, Abcam, JK), ir monokloninis anti-
vimentinas (klonas V9; M0725; Dako, Danija). Antikiiny skiedimui buvo
naudotas skiedimo tirpalas (S3022; Dako, Danija). Kaip neigiama kontrolé
naudotas CAM su naviku preparatas, kuriam nenaudotas pirminis antikiinas,
teigiama kontrol¢ — kiekvieno IHC dazymo CAM su naviku preparatas. IHC
reakcija iSryskinta naudojant polimerg dekstrang, Zyméta krieny peroksidazes
fermentu ir konjuguota su antriniu pelés antikiinu su jungikliu (SM802 ir
SM804; Dako, Danija) (inkubacijos trukmé — 30 min. kambario temp.). Tei-
giama IHC reakcija vizualizuota kaip chromogena naudojant 3,3'-diamino-
benziding (DAB; DM827; Dako, Danija). Po kiekvieno etapo Tween-20 tris-
buferinis tirpalas (DM831; Dako, Danija) naudotas plovimui (inkubacijos
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trukmé — 5 min.). Mayer hematoksilinas (Sigma Aldrich, Vokietija) buvo
naudotas kontrastiniam dazymui.

2.7. GBM lasteliy naviky invazijos i CAM, CAM storio,
kraujagysliy skai¢iaus CAM po naviku ir
Zymeny imunohistocheminis vertinimas

H-E ar IHC dazyti preparatai buvo vertinami ir fotografuojami naudojant
Sviesinj mikroskopa (BX40F4; Olympus, Japonija) su skaitmenine kamera
(XC30; Olympus, Japonija) ir kompiutering programg CellSens Dimension,
versija 1.9.

Invazijos | CAM daznumas vertintas H-E preparatuose 4%, 10x ir 40x
padidinimais. Invazija apibtuidinta kaip — buvo pazeistas choriono epitelio
vientisumas, suardyta choriono epitelio pamatiné membrana, navikings laste-
lés lokalizuotos CAM mezenchimoje ir navike nustatytos kraujagyslés su
vis¢iuko embriono eritrocitais. Navikas be invazijos | CAM — buvo lokali-
zuotas ant choriono epitelio ir choriono epitelio pazeidimas nenustatytas.

CAM storio ir kraujagysliy skai¢iaus vertinimas atliktas H-E preparaty
4x padidinimo 1792 pm plocio regé¢jimo lauko nuotraukose membranoje po
naviku. Buvo pasirinkta deSimt atsitiktiniy viety ir jose iSmatuotas CAM
storis (um), apskaiciuotas CAM storio vidurkis. Suskaiciuotos didesnés nei
10 um skersmens kraujagyslés regejimo lauke; kraujagyslés jvertintos pagal
matomas kraujagysliy endotelio lasteles arba eritrocitus kraujagyslés spin-
dyje.

Vertinant IHC zZymeny rai$ka navike, PLBA, p53 ir EZH2 raiSka nusta-
tyta Igstelés branduoliuose, GFRB ir vimentino — citoplazmoje (ruda spalva).
Kiekviename navike buvo pasirinkti du atsitiktiniai 40x padidinimo regéjimo
laukai (plotas — 23 863,74 um?) ir juose suskaiiuotos visos ir Zymeniui-
teigiamos lastelés. Apskaiciuota procentiné Zymeniui-teigiamy lasteliy dalis
navike.

US87 ir TGI98 lasteliy linijy grupése histomorfometriniai matavimai
(CAM storio ir kraujagysliy skaiciaus po naviku) H-E preparatuose ir Zymeny
vertinimas (p53, PLBA ir EZH2) buvo atlikti viename H-E ar IHC preparato
pjuvyje. Pirminiy GBM lasteliy grupése histomorfometriniai matavimai ir
zymeny (GFRB, PLBA, p53, EZH2 ir vimentino) vertinimas buvo atlikti
dviejuose H-E ir IHC pjuviuose.
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2.8. GBM lasteliy vaistinio preparato poveikio
in vitro geny raiskos tyrimai

US87 ir T98G lastelés tiriamuoju vaistiniu preparatu buvo veikiamos
24 valandas mitybinéje terpéje (U887 — DMEM turin¢ioje 1 proc. P/S ir
10 proc. FBS terp¢je; T98G — AMEM turincioje 1 proc. P/S, 5 proc. FBS ir
2 mM l-glutamino terpéje). Kontrolinés grupés lasteles kultivuotos atitinka-
mai mitybingje terp¢je be vaistinio preparato. Po 24 valandy inkubacijos i$
0,5 x 10 U87 lgsteliy ir 0,7 x 10° T98G lagsteliy i§skirta bendroji (angl. total)
RNR, naudojant 7RIzol Plus RNR iSskyrimo rinkinj (Life Technologies,
JAV).

Pirminés GBM naviko Igstelés tiriamuoju vaistiniu preparatu buvo vei-
kiamos 48 valandas DMEM be Ca®* ir Mg?* turin&ioje 1 proc. P/S ir 10 proc.
FBS terp¢je. RNR iSgryninta naudojant miRNeasyMicro gryninimo rinkinj
(Qiagen, Vokietija) veikiant Pure Link DNziy reagentu (Invitrogen, JAV).

Bekiuvetis spektrofotometras (NanoDrop2000; Thermo Fisher Scien-
tific, JAV) buvo naudotas nustatyti GBM lasteliy RNR méginiy RNR kon-
centracijai ir Svarumui. RNR kokyb¢ ir kiekybé¢ nustatyti naudojant bioana-
lizatoriy (Agilent 2100; Agilent Technologies, Vokietija) ir reagenty rinkinj
RNA 6000 Nano Kit (Agilent Technologies, Vokietija) pagal gamintojo
rekomendacijas. Naudotas integralumo rodiklis RIN (angl. RNA integrity
number) buvo > 8. Vadovaujantis iSmatuotomis RNR méginiy koncentraci-
jomis buvo pagaminti darbiniai tirpalai, kuriy koncentracijos atitinka gamin-
tojo metodiky rekomendacijas.

Atlikta atvirkstinés transkripcijos reakcija termocikleryje (Biometra T
Advanced; Analytik Jena AG, Vokietija) 20 pl turio — 100 ng RNR, naudojant
reagenty rinkinj High-Capacity cDNA Reverse Transcription Kit and RNase
Inhibitor (Applied Biosystems, Lietuva).

Tikro laiko polimerazés grandininés reakcijos metodu (Fast Real-Time
PCR System 7900, Applied Biosystems, JAV) ir TagMan zondais (Applied
Biosystems, JAV) tirta geny raiska: SLC1242 (Hs00169032 ml), SLCI1245
(Hs00221168 m1), SLC548 (Hs00377618 ml), CDHI (Hs01023894 ml),
CDH?2 (Hs00983056 ml), GAPDH (Hs02786624 gl). Reakcijos atliktos
kiekvieno méginio tyrima kartojant tris kartus pagal gamintojo rekomenda-
cijas. Tikro laiko PGR reakcijos salygos: 95 °C temperatiiroje 10 minuciy,
40 cikly 95 °C temperatiroje 15 sekundziy ir 60 °C temperatiiroje 1 minute.
Santykiné geny raiSka jvertinta pagal Livak 2-44¢T metodg [458]. Slenkstiné
> 35 ciklo CT reikSmé (angl. threshold cycle) vertinta kaip Zymens raiskos
nebuvimas.
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2.9. Statistiné analizé

Statistiné duomeny analiz¢ ir grafinis duomeny vaizdavimas atlikti su
GraphPad Prism programos 10-3ja versija ir statistinio programinio paketo
IBM SPSS 23-igja versija. Normalumo hipotez¢ patikrinta su Shapiro-Wilk
testu. Kokybiniai duomenys pateikti procentine dalimi grup¢je, o kieky-
biniai — mediana, didziausia ir maziausia reikSmémis arba vidurkiu ir standar-
tiniu nuokrypiu. Dviejy grupiy duomeny palyginimui kiekybiné duomeny
analizé vertinta naudojant Mann-Whitney U kriterijy. Kokybiniy duomeny
ry$io stiprumas jvertintas pagal chi kvadrato (y?) kriterijy. Duomenys vertinti
statistiSkai reikSmingi, kai p < 0,05.

55



3. TYRIMU REZULTATAI

3.1. Skirtingy NaDCA doziy poveikio U87 ir T98G lasteliy
navikams ant CAM tyrimy duomenys

3.1.1. U87 ir T98G lasteliy naviky ant CAM stereomikroskopijos
duomeny vertinimas

Tirty U87 lasteliy naviky ant CAM stereomikroskopijos (EVP9 ir
EVP12) ir H-E histologijos nuotraukos tirtose grupése pateiktos 3.1.1.1 pav.
EVP9 navikas matomas po dviejy pary nuo transplantacijos ant CAM,
EVPI12 — po penkiy. Tirtos U87 Iasteliy naviky grupés: kontroliné ir gydyty
10 mM NaDCA, 5 mM NaDCA ir 3 mM NaDCA.

EVP12 U87-kontrolinés grupés navikas yra be aiskiy riby ir vizualiai
mazesnis nei EVP9, nes EVP12 ant CAM matoma tik jo dalis — navikas inva-
zaves 1 CAM mezenchimg. EVP12 aplink U87-kontrolinj navika matoma
kraujagysliy tinklas (,,stipininis ratas‘), kuris EVP9 néra susiformaves. Inva-
zija matoma H-E tyrimo nuotraukoje — suardytas choriono epitelis, navike
matoma kraujagyslés.

EVP9 ir EVP12 U87-10 mM NaDCA ir U87-3 mM NaDCA grupése
naviko dydis nepakites, H-E preparate matomas paZeistas choriono epitelio
vientisumas. U87-5 mM NaDCA navikas auga ant CAM pavirSiaus, H-E
preparate — nepazeistas choriono epitelio vientisumas.

Tirty T98G lasteliy naviky ant CAM grupiy stereomikroskopijos (EVP9
ir EVP12) ir H-E histologijos nuotraukos pateiktos 3.1.1.2 paveiksle. EVP9
navikas — po dviejy pary nuo transplantacijos ant CAM, EVP12 — po penkiy
pary. T98G navikai tirti grupése: kontroliné, gydyti 10 mM NaDCA, 5 mM
NaDCA ir 3 mM NaDCA dozémis.
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U87-kontrolé

U87-10 mM
NaDCA

U87-5 mM
NaDCA

U87-3 mM
NaDCA

3.1.1.1 pav. Tirty US7 lgsteliy naviky ant CAM grupiy stereomikroskopijos
(EVPY ir EVPI12) ir H-E histologijos nuotraukos

Trumpa rodyklé nurodo navikg ant CAM, ilga rodyklé — kraujagysle, punktyriné linija —

choriono epitelio suardyma, rodyklés smaigalys — pazeista choriono epitelj. ChE — choriono

epitelis, AE — alantojaus epitelis, M — mezenchima, N — navikas, K — kraujagysl¢. EVP9,
EVP12 skalé — I mm, H-E — 200 pm.
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T98G-10 mM
NaDCA |

T98G-5mM |
NaDCA |

T98G-3 mM
NaDCA

3.1.1.2 pav. Tirty T98G lgsteliy naviky ant CAM grupiy
stereomikroskopijos (EVP9 ir EVP12) ir H-E histologijos nuotraukos
Trumpa rodyklé nurodo navika ant CAM, ilga rodyklé — kraujagysle, punktyriné linija —
choriono epitelio suardyma, rodyklés smaigalys — pazeistg choriono epitelj. ChE — choriono
epitelis, AE — alantojaus epitelis, M — mezenchima, N — navikas, K — kraujagysl¢. EVP9,
EVP12 skal¢ — 1 mm, H-E — 200 pm.

T98G-kontrolinés grupés navikas EVP9 ant CAM turi aiSkias ribas, ne-
invazaves | CAM mezenchimg, EVP12 navikas turi kraujagysliy tinklg ir yra
be aiskiy riby — invazaves 1 CAM. EVP9 ir EVP12 T98G-5 mM NaDCA ir
T98G-3 mM NaDCA naviky kontarai aiSkiis, EVP12 nuotraukose aplink
navikus matoma kraujagysliy tinklas, H-E nuotraukose — matyti choriono
epitelio vientisumo pazeidimas. T98G-kontrolino ir T98G-3 mM NaDCA
naviky H-E nuotraukose matomos kraujagyslés navike. T98G-10 mM NaDCA
EVP9 ir EVP12 naviky kontiirai aiSkiis, H-E nuotraukoje — navikas ant mem-
branos pavirsiaus, néra choriono epitelio vientisumo pazeidimo.
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3.1.2. U87 ir T98G lasteliy naviky invazijos daznumo j CAM ir
CAM storio po naviku vertinimas

Tirty U87 ir T98G lasteliy naviky grupiy invazijos | CAM daznumo ir
CAM storio po naviku duomenys pateikti 3.1.2.1 lenteléje; 3.1.2.1 paveiksle

pateiktas tirty naviky invazijos daznumas j mezenchimg.

3.1.2.1 lentelé. US7 ir T98G lgsteliy naviky invazijos j CAM daznumas ir
CAM storio po naviku duomenys tirtose grupése

Tirtos grupés n Invazijos daznumas, CAM storis., pm
proc. (mediana (ribos))
U87-kontrolé 20 80,00 197,80 (65,21-387,90)
U87-10 mM NaDCA 24 45,837 219,20 (65,41-1139,45)&h
U87-5 mM NaDCA 25 20,00%¢ 149,20 (49,99-452,50)
U87-3 mM NaDCA 20 50,009 115,00 (46,61-276,30)*
T98G-kontrolé 12 83,00 248,10 (60,11-968,20)
T98G-10 mM NaDCA | 22 36,36° 200,40 (1958-456,30)!
T98G-5 mM NaDCA 16 62,50° 144,30 (50,99-349,50y
T98G-3 mM NaDCA 12 58,33 292,00 (52,46-508,60)

2 p=0,02, palyginus su U87-kontrole; ® p < 0,0001, palyginus su U87-kontrole; ¢ p = 0,03,
palyginus su U87-3 mM NaDCA; ¢p=0,047, palyginus su U87-kontrole; ¢p=0,01,
palyginus su T98G-kontrole; fp=0,02, palyginus su T98G-100 uM TMZ; ¢p = 0,02,
palyginus su U87-5 mM NaDCA; " p = 0,003, palyginus su U87-3 mM NaDCA; ! p = 0,007,

palyginus su T98G-kontrole; I p = 0,002, palyginus su T98G-kontrole.
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3.1.2.1 pav. US7 (A) ir T98G (B) Igsteliy naviky invazijos
§ CAM daznumas tirtose grupése

Gydymas 10 mM NaDCA, 5 mM NaDCA ir 3 mM NaDCA dozémis
reikSmingai sumazino U87 lasteliy naviky invazijos i chorioalantojing mem-
brang daznuma. U87-5 mM NaDCA naviky invazijos daznumas buvo reiks-
mingai mazesnis nei U87-3 mM NaDCA naviky. U87-10 mM NaDCA navi-
ky invazijos daznumas | CAM nesiskyré nuo gydyty 5 mM ar 3 mM NaDCA
U87 naviky.

CAM storis po U87-kontroliniais bei gydytais 10 mM ir 5 mM NaDCA
navikais nesiskyré. Palyginus su U87-kontroline grupe, gydymas 3 mM
NaDCA doze reikSmingai sumazino CAM storj po naviku. U87-10 mM
NaDCA naviky CAM storis buvo didZiausias, ir reikSmingas skirtumas nusta-
tytas palyginus su membranos storiu po U87-5 mM NaDCA ir U87-3 mM
NaDCA navikais. Palyginus U87-5 mM NaDCA ir U87-3 mM NaDCA
grupiy CAM storj po naviku, reikSmingo CAM storio poky¢iy skirtumo nenu-
statyta.
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Palyginus T98G-kontrolinius su NaDCA gydytais navikais, 10 mM
NaDCA reikSmingai sumazino invazijos 1 CAM daznumg. Palyginus su
kontroline grupe, gydymas mazesnémis NaDCA dozémis nesukelé reiks-
mingo poveikio T98G naviky invazijos | CAM daznumui. Palyginus skirtin-
gomis NaDCA dozémis gydytas naviky grupes, reikSmingy invazijos daznu-
mo skirtumy nenustatéme.

Palyginus su T98G-kontroline grupe, CAM storis po naviku buvo reiks-
mingai mazesnis T98G-10 mM NaDCA ir T98G-5 mM NaDCA grupiy. Gy-
dyty skirtingomis NaDCA dozémis naviky grupiy CAM storis po naviku
nesiskyre.

Palyginus skirtingy NaDCA doziy poveikj U87 ir T98G naviky invazijai,
nustatyta, kad U87 navikuose invazija sumazino 10 mM, 5 mM ir 3 mM
NaDCA dozés, o T98G naviky grupése reikSmingg poveikj naviko invazijai
1 CAM tur¢jo tik 10 mM NaDCA dozé. CAM storj po U87 naviku reikSmin-
gai sumazino 3 mM NaDCA doz¢, o po T98G naviku— 10 mM ir 5 mM
NaDCA dozés.

3.1.3. U87 ir T98G lasteliy naviky neoangiogenezés ir
kraujagysliy skai¢iaus CAM po naviku vertinimas

Tirty U87 lasteliy naviky grupiy EVP12 iSkirptos membranos su naviku
ex ovo ir kraujagysliy nuotraukos, | CAM kraujagysle susvirkstus fluorescen-
cinio dekstrano, pateiktos 3.1.3.1 paveiksle. CAM ex ovo nuotraukos rodo
apating iSkirptos membranos pus¢ su naviku. Tirti U87 lasteliy navikai:
kontroling, gydyty 10 mM NaDCA, 5 mM NaDCA ar 3 mM NaDCA grupés.
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CAM ex ovo CAM ex ovo fluorescencija
— A

U87-kontrolé

U87-10 mM
NaDCA

U87-5 mM
NaDCA

/
s;'
<

U87-3 mM |
NaDCA |
!

3

3.1.3.1 pav. US7 lgsteliy naviky neoangiogenezé EVP12 tirtose grupése
(ex ovo CAM su naviku ir fluorescencijos nuotraukos)

Trumpa rodyklé nurodo navika ant CAM, ilga rodyklé — kraujagysle. Skalé — I mm.

U87-kontrolinio ant CAM ex ovo ir naviko fluorescencijos nuotraukose
matomas navikas, apsuptas radialiai susiformavusio kraujagysliy tinklo —
,»stipininio rato®. Palyginus su kontroline grupe, 10 mM NaDCA ir 3 mM
NaDCA U87 naviky nuotraukose kraujagysliy tinklas silpniau susiformavgs,
5 mM NaDCA - silpniausiai. Tai rodo, kad gydymas tiriamaisiais vaistais
slopino neoangiogenezg.
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Tirty T98G Iasteliy naviky grupiy EVP12 i8kirptos membranos su naviku
ex ovo ir kraujagysliy nuotraukos, po fluorescencinio dekstrano susvirkstimo
1 CAM kraujagysle, pateiktos 3.1.3.2 paveiksle. Tirtos T98G lasteliy naviky
grupés: kontroling, gydyty 10 mM NaDCA, 5 mM NaDCA ar 3 mM NaDCA
navikai.

CAM ex ovo CAM ex ovo fluorescencija

-
5 A L}

T98G-kontrolé

T98G-10 mM
NaDCA

T9I8G-5 mM !
NaDCA |

T98G-3mM | #
NaDCA =

3.1.3.2 pav. T98G lgsteliy naviky neoangiogenezé EVP12 tirtose grupése
(ex ovo CAM su naviku ir fluorescencijos nuotraukos)

Trumpa rodyklé nurodo navika ant CAM, ilga rodyklé — kraujagysle. Skalé — I mm.
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T98G-kontroliniy, T98-5 mM NaDCA ir T98G-3 mM NaDCA naviky
ant CAM ex ovo ir jy fluorescencijos nuotraukose matomas kraujagysliy
tinklas, aplink navika pritrauktos kraujagyslés. Gydymas 10 mM NaDCA
slopino neoangiogenezg — kraujagysliy tinklas, palyginus su T98G-
kontroline grupe, silpniau susiformaves.

3.1.3.1 lenteléje pateiktas kraujagysliy skaicius chorioalantojinéje mem-
branoje po tirtais U87 ir T98G lasteliy navikais.

3.1.3.1 lentelé. Tirty US7 ir T98G lgsteliy naviky grupiy kraujagysliy
skaicius CAM po naviku

X . Kraujagysliy skaiius (mediana (ribos))
Tirtos grupés
n us87 n TI8G
Kontrolé 20 23,5 (9-63)* 12 28 (345)
10 mM NaDCA 24 22 (4-61) 22 19,5 (543)
5 mM NaDCA 25 10 (2-40) 16 31 (10-70)
3 mM NaDCA 20 16,5 (4-44)° 12 31 (8-63)°

2 p=0,0006, palyginus su U87-5mM NaDCA; *p=0,02, palyginus su U87-kontrole;
¢ p= 10,04, palyginus su T98G-10 mM NaDCA.

Palyginus su U87-kontroline grupe, kraujagysliy skaicius chorioalantoji-
néje membranoje po naviku buvo reik§mingai mazesnis U87-5 mM NaDCA
ir U87-3 mM NaDCA grupése. Palyginus U87-kontrolinés ir U87-10 mM
NaDCA grupiy kraujagysliy skaiciy po naviku, reikSmingo kraujagysliy skai-
Ciaus pokycio nenustatyta. Palyginus skirtingomis NaDCA dozémis gydytus
navikus reikSmingy kraujagysliy skaiciaus skirtumy nenustatéme.

T98G-kontroliniy ir skirtingomis NaDCA dozé¢mis gydyty T98G naviky
grupiy kraujagysliy skai¢ius chorioalantojinéje membranoje po naviku nesi-
skyré. Kraujagysliy skai¢ius buvo reikSmingai mazesnis T98G-3 mM NaDCA
grupés nei T98G-10 mM NaDCA. Palyginus su T98G-5 mM NaDCA, T98G-
10 mM NaDCA ir T98G-3 mM NaDCA naviky grupes kraujagysliy skai-
Ciaus skirtumo membranoje po naviku nenustatyta.

Nustatyta skirtingy NaDCA doziy poveikio U87 ir T98G naviky neoan-
giogenezei skirtumai: U87 naviky CAM kraujagysliy tinklo raiskg po naviku
slopino 3 mM ir 5 mM NaDCA dozés, o T98G naviky grupése reikSminga
poveikj neoangiogenezei turéjo tik 10 mM NaDCA dozé.
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3.2. NaDCA poveikio U87 ir T98G lasteliy naviky
PLBA, p53 ir EZH2 raiSkai tyrimy duomenys
3.2.1. U87 ir T98G lasteliy naviky ant CAM PLBA raiska
Tirty U87 ir T98G lasteliy naviky ant CAM grupiy PLBA-teigiamy
lasteliy raiskos duomenys pateikti 3.2.1.1 lenteléje ir 3.2.1.1 paveiksle.

3.2.1.1 lentelée. US7 ir T98G lgsteliy naviky PLBA-teigiamy lgsteliy raiskos
duomenys tirtose grupése

. ) PLBA-teigiamos lastelés, proc. (mediana (ribos))
Tirtos grupés
n u87 n TI8G
Kontrolé 13 72,12 (15,44-92,73) 9 68,95 (16,41-98,04)
10 mM NaDCA 13 24,70 (1,55-53,89)° 11 41,29 (0,98-98,51)
5 mM NaDCA 14 17,43 (7,63-30,99)° ¢ 8 61,25 (15,38-91,32)
3 mM NaDCA 18 51,95 (6,67-91,67) 10 66,03 (35,43-100,0)

2 p=0,0002, palyginus su U87-kontrole; ° p = 0,0006, palyginus su U87-3 mM NaDCA;
¢ p <0,0001, palyginus su U87-kontrole; ¢ p < 0,0001, palyginus su U87-3 mM NaDCA.

Palyginus su U87-kontroline grupe, gydymas 10 mM NaDCA ir 5 mM
NaDCA reikSmingai sumazino PLBA-teigiamy lasteliy skaic¢iy U87 navikuo-
se. Palyginus U87-kontrolinius ir U87-3 mM NaDCA navikus, PLBA-teigia-
my lasteliy skaiCiaus skirtumy nenustatyta. U87-10 mM NaDCA ir U87-
5 mM NaDCA naviky grupiy PLBA-teigiamy lasteliy skaicius buvo reiks-
mingai mazesnis nei U87-3 mM NaDCA. U87-10 mM NaDCA ir U87-5 mM
NaDCA naviky PLBA raiSka nesiskyré.

T98G-kontroliniy, T98G-10 mM NaDCA, T98G-5 mM NaDCA ir T98G-
3 mM NaDCA naviky grupiy PLBA-teigiamy lgsteliy raiska nesiskyreé.

Palyginus skirtingy NaDCA doziy poveikj U87 ir T98G naviky PLBA
raiSkai nustatyta, kad U87 naviky PLBA-teigiamy lasteliy skai¢iy sumazino
10 mM NaDCA ir 5 mM NaDCA dozés, o gydymas skirtingomis NaDCA
dozémis reik§mingo poveikio T98G naviky PLBA raiskai nesukelé.

65



A B
Kontrolé
y »<0,0001 p<0,0001
g 100 5 P=0:0002_p=0,0006
m.‘ _(I)_ 1T o_l_o
. o
T 809798 8
10 mM 2 olols
NaDCA 2 © NI
5 40 - o0¢©
5o ° |
§ 209 4 %8 q
< O o O = -
5 mM 5 0 0= . :
NaDCA = F F F T
& & & P
& v@ <
(\I
&S
N ; .
ARSI
R R
3mM
NaDCA |

Tha o vl S R e
3.2.1.1 pav. US7 ir T98G lgsteliy naviky ant CAM PLBA raiska tirtose grupése
A —rudos spalvos branduoliai rodo PLBA-teigiamas lasteles. Skal¢ — 20 um; B — procentiné
PLBA-teigiamy lasteliy raiska U87 navikuose.

3.2.2. U87 ir T98G lasteliy naviky ant CAM p53 raiska
Tirty U87 ir T98G lasteliy naviky grupiy p53-teigiamy lasteliy raiskos
duomenys pateikti 3.2.2.1 lenteléje, 3.2.2.1 ir 3.2.2.2 paveiksluose.

3.2.2.1 lentelé. US7 ir T98G lgsteliy naviky ant CAM p53-teigiamy lgsteliy
raiskos duomenys tirtose grupése

. . p53-teigiamos lgstelés, proc. (mediana (ribos))
Tirtos grupés
n uUs7 n TISG
Kontrolé 15 63,58 (1,81-83,44) 9 84,52 (47,57-94,23)
10 mM NaDCA 12 9,73 (0,93-44,19)>¢ 10 18,19 (2,77-55,29)4 ™
5 mM NaDCA 13 11,73 (2,54-25,23)> 1 8 38,10 (7,74-75,27)°
3 mM NaDCA 20 57,04 (27,48-84,39) 11 82,42 (12,75-95,21)

b p=0,0008, palyginus su U87-kontrole; € p < 0,0001, palyginus su U87-3 mM NaDCA;
¢ p=0,0004, palyginus su U87-kontrole; f p <0,0001, palyginus su U87-3 mM NaDCA;
'p <0,0001, palyginus su T98G-kontrole; ™ p = 0,01, palyginus su T98G-3 mM NaDCA;
P p=0,008, palyginus su T98G-kontrole.
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Kontrolé

10 mM
NaDCA

5 mM
NaDCA

3mM
NaDCA

3.2.2.1 pav. US7 ir T98G lgsteliy naviky ant CAM
p33 raiska tirtose grupése

Rudos spalvos branduoliai nurodo p53-teigiamas Igsteles. Skalé — 20 pm.
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3.2.2.2 pav. US7(A) ir T98G (B) lgsteliy naviky procentiné
p33-teigiamy lgsteliy raiska tirtose grupése

Palyginus su U87-kontroline grupe, gydymas 10 mM NaDCA ir 5 mM
NaDCA reikSmingai sumazino U87 naviky p53-teigiamy lasteliy skaiciy, o
gydymas 3 mM NaDCA poveikio raiskai nesukélé. U87-10 mM NaDCA ir
U87-5 mM NaDCA naviky grupiy p53-teigiamy lasteliy skai¢ius buvo reiks-
mingai maZzesnis nei U87-3 mM NaDCA. U87-10 mM NaDCA ir U87-5 mM
NaDCA naviky p53 raiSka nesiskyre.

Palyginus su T98G-kontroline grupe, gydymas 10 mM NaDCA ir 5 mM
NaDCA reikSmingai sumazino p53-teigiamy lasteliy skaiciy T98G lasteliy
navikuose, o gydymas 3 mM NaDCA poveikio raiSkai nesukele. T98G-
10 mM NaDCA naviky p53-teigiamy lasteliy skaic¢ius buvo reikSmingai
mazesnis nei T98G-3 mM NaDCA. Palyginus naviky T98G-5 mM NaDCA
ir T98G-3 mM NaDCA grupes, p53 raiskos skirtumy nenustatyta.

Palyginus skirtingy NaDCA doziy poveikj U87 ir T98G naviky p53
raiSkai nustatyta, kad U87 ir T98G naviky p53-teigiamy lasteliy skaiciy
sumazino 10 mM NaDCA ir 5 mM NaDCA dozés, o 3 mM NaDCA reiks-
mingo poveikio p53 raiSkai nesukéle.
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3.2.3. U87 ir T98G lasteliy naviky EZH2 raiska

Tirty U87 ir T98G lasteliy naviky ant CAM grupiy EZH2-teigiamy
lasteliy raiskos duomenys pateikti 3.2.3.1 lenteléje, 3.2.3.1 ir 3.2.3.2 paveiks-
luose.

3.2.3.1 lentelé. US7 ir T98G lgsteliy naviky EZH2-teigiamy lgsteliy raiskos
duomenys tirtose grupése

. . EZH2-teigiamos lastelés, proc. (mediana (ribos))
Tirtos grupés
n Us87 n TI8G
Kontrolé 17 69,57 (5,34-94,06) 9 66,47 (25,74-97,65)
10 mM NaDCA 13 26,49 (1,88-74,11)>¢ 10 15,16 (4,73-30,94)™"
5 mM NaDCA 12 8,40 (2,15-92,17)"¢ 8 16,79 (4,73-88,34)°
3 mM NaDCA 19 47,23 (26,98-85,05) 11 73,59 (18,90-97,35)°

®p=0,002, palyginus su U87-kontrole; ©p=0,02, palyginus su U87-3 mM NaDCA;
fp=10,0004, palyginus su U87-kontrole; & p =0,0003, palyginus su U87-3 mM NaDCA;
™ p <0,0001, palyginus su T98G-kontrole; " p = 0,0003, palyginus su T98G-3 mM NaDCA;
° p=0,03, palyginus su T98G-kontrole; * p = 0,02, palyginus su T98G-5 mM NaDCA.
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us7 TISG

Kontrolé

10 mM
NaDCA

S mM
NaDCA

3mM
NaDCA

3.2.3.1 pav. US7 ir T98G lgsteliy naviky ant CAM EZH?2 raiska
tirtose grupese

Rudos spalvos branduoliai nurodo EZH2-teigiamas lasteles. Skal¢ — 20 um.
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Palyginus su U87-kontroline grupe, gydymas 10 mM NaDCA ir 5 mM
NaDCA reikSmingai sumazino U87 naviky EZH2-teigiamy lasteliy skaiciy,
o gydymas 3 mM NaDCA poveikio EZH2 raiskai nesukele. U87-10 mM
NaDCA ir U87-5 mM NaDCA naviky grupiy EZH2-teigiamy lasteliy
skaiCius buvo reikSmingai maZzesnis nei U§7-3 mM NaDCA. U87-10 mM
NaDCA ir U87-5 mM NaDCA naviky EZH2 raiska nesiskyré.

Palyginus su T98G-kontroline grupe, gydymas 10 mM NaDCA ir 5 mM
NaDCA reikSmingai sumazino EZH2-teigiamy lasteliy skaic¢iy T98G lasteliy
navikuose. T98G-10 mM NaDCA ir T98G-5 mM NaDCA naviky EZH2
raiSka nesiskyré. T98G-kontroliniy ir T98G-3 mM NaDCA naviky EZH2
raiSka nesiskyre. T98G-10 mM NaDCA ir T98G-5 mM NaDCA naviky
EZH2-teigiamy Igsteliy skaiCius buvo reik§mingai mazesnis nei T98G-3 mM
NaDCA.

Palyginus skirtingy NaDCA doziy poveikj U87 ir T98G naviky EZH2
raiSkai, nustatyta, kad U87 ir T98G naviky atsakas j gydymg skirtingomis
NaDCA dozémis buvo panasus.
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3.3. NaVPA-NaDCA ir TMZ poveikio U87 ir T98G lasteliy navikams
ant CAM palyginamyjy tyrimy duomenys

3.3.1. U87 ir T98G lasteliy naviky ant CAM stereomikroskopijos
duomeny vertinimas

Tirty U87 Iasteliy naviky ant CAM kontrolinés ir gydyty 3 mM NaDCA,
2 mM NaVPA-3 mM NaDCA, 100 uM TMZ ir 50 uM TMZ grupiy stereo-
mikroskopijos (EVP9 ir EVP12) ir H-E histologijos nuotraukos pateiktos
3.3.1.1 paveiksle. EVP9 navikas matomas po dviejy pary nuo transplantacijos
ant CAM, EVP12 — po penkiy, o H-E tyrimas atliktas po 5 pary (EVP12) nuo
transplantacijos.

US87-kontrolinés grupés naviko stereomikroskopijos nuotraukos rodo
invazyvy naviko augimg — EVP12 navikas vizualiai mazesnis nei EVP9,
invazavgs | CAM mezenchima, aplink navika susiformaves kraujagysliy
,stipininis ratas®; H-E nuotraukoje matoma suardytas choriono epitelio
vientisumas ir kraujagyslés navike.

EVP9 ir EVP12 U87-3 mM NaDCA naviko dydis nepakitgs, H-E
nuotraukoje matomas choriono epitelio vientisumo pazeidimas. U87-2 mM
NaVPA-3 mM NaDCA grup¢je navikas auga ant CAM pavirSiaus, H-E
preparate — choriono epitelis nepazeistas.

EVP9 ir EVPI12 nuotraukose U87-100 uM TMZ ir U87-50 uM TMZ
grupiy naviky dydis panasus, néra choriono epitelio vientisumo pazeidimo.

T98G naviky ant CAM kontrolinés ir gydyty 3 mM NaDCA, 2 mM
NaVPA-3 mM NaDCA, 100 uM TMZ ir 50 uM TMZ grupiy stereomikro-
skopijos (EVP9 ir EVP12) ir H-E histologijos nuotraukos pateiktos
3.3.1.2 paveiksle.
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3.3.1.1 pav. Tirty US7 lgsteliy naviky ant CAM grupiy stereomikroskopijos
(EVPY ir EVPI12) ir H-E histologijos nuotraukos

Trumpa rodyklé nurodo navikg ant CAM, ilga rodyklé — kraujagyslg, punktyriné linija —

choriono epitelio suardyma, rodyklés smaigalys — pazeistg choriono epitelj. ChE — choriono

epitelis, AE — alantojaus epitelis, M — mezenchima, N — navikas, K — kraujagysl¢. EVP9,
EVP12 skalé — I mm, H-E — 200 pm.
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T98G-kontrolé

T98G-3 mM
NaDCA

T9I8G-
2 mM NaVPA-
3 mM NaDCA

T98G-100 pM
TMZ

T9I8G-50 pM
TMZ

3.3.1.2 pav. Tirty T98G lgsteliy naviky ant CAM grupiy
stereomikroskopijos (EVP9 ir EVP12) ir H-E histologijos nuotraukos

Trumpa rodyklé nurodo navikg ant CAM, ilga rodyklé — kraujagysle, punktyriné linija —
choriono epitelio suardyma, rodyklés smaigalys — pazeista choriono epitelj. ChE — choriono
epitelis, AE — alantojaus epitelis, M — mezenchima, N — navikas, K — kraujagysl¢. EVP9,
EVP12 skalé — I mm, H-E — 200 pm.

Palyginus T98G-kontrolinés grupés EVP9 ir EVP12 navika, EVP12
navikas ant CAM pavirSiaus mazesnis, dalis jo invazavusi | CAM mezen-
chimg, matomas kraujagysliy tinklas, H-E nuotraukoje — matomos kraujagys-
1és navike ir suardytas choriono epitelis.
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EVP9-EVP12 laikotarpiu T98G-3 mM NaDCA ir T98G-2 mM NaVPA—
3 mM NaDCA grupiy naviky dydis nekito, EVP12 matoma apie navikus
radialiai susiformaves kraujagysliy tinklas, H-E nuotraukose — choriono
epitelio vientisumo pazeidimas ir kraujagyslés navike.

100 uM TMZ ir 50 uM TMZ dozés slopino T98G naviko ant chorioalan-
tojinés membranos augima: EVP9 ir EVP12 stereomikroskopijos nuotrau-
kose naviko dydis nekito, H-E nuotraukose navikai matomi ant CAM pavir-
Siaus, choriono epitelis nepazeistas.

3.3.2. U87 ir T98G lasteliy naviky invazijos daZznumo ir CAM
storio duomenys

Tirty U87 ir T98G lasteliy naviky kontroliniy, gydyty 3 mM NaDCA,
2 mM NaVPA-3 mM NaDCA, 100 uM TMZ ir 50 uM TMZ grupiy
invazijos | CAM daznumo ir CAM storio po naviku duomenys pateikti
3.3.2.1 lenteléje; 3.3.2.1 paveiksle pateikti tirty lasteliy naviky grupiy
invazijos | CAM duomenys.

3.3.2.1 lentelé. Tirty grupiy US87 ir T98G lgsteliy naviky invazijos j CAM
daznumas ir CAM storio po naviku duomenys

Tirtos grupés n VInvazijos CAM storis., pm
daZnumas, proc. (mediana (ribos))
U87-kontrolé 20 80,00 197,80 (65,21-387,90)
U87-3 mM NaDCA 20 50,00* 115,00 (46,61-276,30)!
U87-2 mM NaVPA—-3 mM NaDCA 10 20,00P 113,10 (64,25-317,10)
U87-100 uM TMZ 15 6,67%¢ 71,18 (46,99-243,80)
U87-50 uM TMZ 15 26,67° 120,20 (44,47-393,90)
T98G-kontrolé 12 83,00 248,10 (60,11-968,20)
T98G-3 mM NaDCA 12 58,33 292,00 (52,46-508,60)
T98G-2 mM NaVPA-3 mM NaDCA | 12 50,00 171,70 (48,26-518,70)F
T98G-100 uM TMZ 11 18,18%¢ 168,60 (57,74-359,90)!
T98G-50 uM TMZ 16 43,75" 219,60 (48,73-776,00)

2 p = 0,047, palyginus su U87-kontrole;® p = 0,01, palyginus su U87-kontrole; ¢ p < 0,0001,
palyginus su U87-kontrole; ¢ p=0,006, palyginus su U87-3 mM NaDCA; ¢ p = 0,002,
palyginus su U87-kontrole; f p = 0,002, palyginus su T98G-kontrole; € p = 0,049, palyginus
su T98G-3 mM NaDCA; " p = 0,03, palyginus su T98G-kontrole; ' p = 0,02, palyginus su
U87-kontrole; | p = 0,0002, palyginus su U87-kontrole; ¥ p = 0,04, palyginus su T98G-kont-
role; ! p = 0,02, palyginus su T98G-kontrole.
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3.3.2.1 pav. US7 (A) ir T98G (B) Igsteliy naviky invazijos j CAM
dazZnumas tirtose grupése

Gydymas 3 mM NaDCA ir 2 mM NaVPA-3 mM NaDCA reik§mingai
sumazino U87 naviky invazijos i chorioalantojing membrang daznuma. U87-
3 mM NaDCA naviky invazijos daznumas ] CAM nesiskyré nuo gydyty
2 mM NaVPA-3 mM NaDCA naviky.

Maziausias U87 naviky invazijos daznumas (6,67 proc.) buvo 100 uM
TMZ gydytoje grupg¢je; jis buvo reikSmingai mazesnis nei kontroliniy ir
gydyty 3 mM NaDCA U87 naviky. Gydymas 50 pM TMZ doze reikSmingai
sumazino U87 naviko invazijos 1 CAM daznumg. U87-50 uM TMZ naviky
invazijos daznumas | CAM nesiskyré nuo gydyty 3 mM NaDCA US87 naviky
invazijos. TMZ gydyty U87 naviky invazijos daznumas nesiskyré nuo gydyty
2 mM NaVPA-3 mM NaDCA naviky. Gydyty skirtingomis TMZ dozémis
U87 naviky invazijos daznumas nesiskyreé.

Gydymas 3 mM NaDCA ir 2 mM NaVPA-3 mM NaDCA nesukélé
reikSmingo poveikio T98G naviky invazijos daznumui. T98G-3 mM NaDCA
naviky invazijos daznumas } CAM nesiskyré nuo T98G-2 mM NaVPA—
3 mM NaDCA naviky.
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Gydymas 100 uM TMZ ir 50 uM TMZ dozémis reikSmingai sumazino
T98G naviky invazijos | CAM daznumg. T98G-50 uM TMZ naviky invazi-
jos daznumas j CAM nesiskyré nuo gydyty 3 mM NaDCA T98G naviky.
Palyginus T98G-3 mM NaDCA grupe su gydyty 100 uM TMZ doze T98G
naviky grupe, invazijos i CAM daznumas buvo reik§mingai mazesnis gydyty
TMZ grupéje. TMZ gydyty T98G naviky invazijos daznumas nesiskyré nuo
gydyty 2 mM NaVPA-3 mM NaDCA naviky. Palygine gydytas skirtingomis
TMZ dozémis T98G naviky grupes, reikSmingy invazijos daznumo skirtumy
nenustatéme .

Palyginus NaVPA-NaDCA ir skirtingy TMZ doziy poveikj U87 ir T98G
naviky invazijai, nustatyta, kad U87 naviky invazija sumazino 2 mM
NaVPA-3 mM NaDCA, 100 pM TMZ ir 50 uM TMZ dozes, o T98G naviky
grupése reikSmingg poveiki naviko invazijai | CAM tur¢jo tik 100 uM TMZ
ir 50 uM TMZ dozés.

Palyginus su U87-kontroline grupe, gydymas 3 mM NaDCA doze reiks-
mingai sumazino CAM storj po naviku. CAM storis po U87-kontroliniais ir
gydytais 2 mM NaVPA-3 mM NaDCA navikais nesiskyré. Palyginus U87-
3 mM NaDCA ir U87-2 mM NaVPA-3 mM NaDCA grupiy CAM storj po
naviku, CAM storio poky¢iy skirtumo nenustatyta.

Gydymas 100 uM TMZ doze reikSmingai sumazino CAM storj po U87
navikais, o0 CAM storis po U87-kontroliniais ir gydytais 50 uM TMZ navi-
kais nesiskyré. Palyginus su U87-kontroline grupe, TMZ gydyty U87 naviky
CAM storis nesiskyré nuo 3 mM NaDCA ir 2 mM NaVPA-3 mM NaDCA
gydyty naviky membranos storio. Palyginus U87-100 uM TMZ ir U87-
50 uM TMZ grupiy CAM storj po naviku, reik§mingo pokyc€iy skirtumo
nenustatyta.

CAM storis po T98G-kontroliniais ir gydytais 3 mM NaDCA navikais
nesiskyré. Gydymas 2 mM NaVPA-3 mM NaDCA reikSmingai sumazino
CAM storj po T98G navikais. Palyginus T98G-3 mM NaDCA ir T98G-
2 mM NaVPA-3 mM NaDCA grupiy CAM stori po naviku, reikSmingo
poky¢iy skirtumo nenustatyta.

Palyginus su T98G-kontroline grupe, CAM storis po naviku buvo reiks-
mingai mazesnis T98G-100 uM TMZ naviky grupés. CAM storis po T98G-
kontroliniais ir gydytais 50 uM TMZ navikais nesiskyré. Skirtingomis TMZ
dozémis gydyty T98G naviky CAM storis nesiskyré nuo CAM storio po
3 mM NaDCA ir 2 mM NaVPA-3 mM NaDCA gydytais navikais. Palygi-
nus TMZ gydytas T98G naviky grupes reikSmingy CAM storio po naviku
skirtumy nenustatyta.

CAM storj po U87 naviku reikSmingai sumazino 100 pM TMZ doz¢, o
po T98G naviku — gydymas 2 mM NaVPA-3 mM NaDCA ir 100 uM TMZ.
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3.3.3. U87 ir T98G lasteliy naviky neoangiogenezés ir kraujagysliy
skai¢iaus CAM po naviku duomenys

Tirty U87 lasteliy naviky kontrolinés, gydyty 3 mM NaDCA, 2 mM
NaVPA-3 mMNaDCA, 100 uM TMZ ir 50 uM TMZ grupiy ex ovo iskirptos
membranos su naviku apatinés pusés ir kraujagysliy tinklo apie navika
nuotraukos (EVP12), ar i CAM kraujagysle susvirkStus fluorescencinio
dekstrano kraujagysliy tinklo nuotraukos, pateiktos 3.3.3.1 paveiksle.

CAM ex ovo CAM ex ovo fluorescencija

U87-kontrolé | e »

U87-3 mM
NaDCA

U87-
2 mM NaVPA-
3 mM NaDCA

U87-100 pM |
T™Z |

U87-50 pM
TMZ

3.3.3.1 pav. US7 lgsteliy naviky neoangiogenezé EVP12 tirtose grupése
(ex ovo CAM su naviku ir fluorescencijos nuotraukos)

Trumpa rodyklé nurodo navika ant CAM, ilga rodyklé — kraujagysle. Skalé — I mm.
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Ex ovo U87-kontrolinio naviko ant CAM ir fluorescencijos nuotraukose
matomas navikas apsuptas radialiai susiformavusio kraujagysliy tinklo.
Palyginus su kontroline grupe, U87-3 mM NaDCA ir 2 mM NaVPA-3 mM
NaDCA grupiy naviky nuotraukose kraujagysliy tinklas susiformaves
silpniau.

Palyginus su kontroline grupe, ex ovo U87-100 uM TMZ ir U87-50 uM
TMZ naviky ir fluorescencijos nuotraukose kraujagysliy tinklas yra susi-
formaves silpnai, tai rodo, kad gydymas TMZ slopino kraujagysliy tinklo
aplink U87 navikus formavimasi.

Tirty T98G lasteliy naviky kontrolinés, gydyty 3 mM NaDCA, 2 mM
NaVPA-3 mM NaDCA, 100 uM TMZ ir 50 uM TMZ grupiy EVP12 ex ovo
apatinés membranos pusés ir kraujagysliy nuotraukos ir po fluorescencinio
dekstrano susvirkstimo § CAM kraujagysle pateiktos 3.3.3.2 paveiksle.
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CAM ex ovo CAM ex ovo fluorescencija

T98G-kontrole & -

T98G-3 mM
NaDCA

TI8G-
2 mM NaVPA-
3 mM NaDCA

TMZ |

T98G-100 pM /
TN

T9I8G-50 p.M

TMZ /

3.3.3.2 pav. T98G lgsteliy naviky neoangiogenezé EVPI1?2 tirtose grupése
(ex ovo CAM su naviku ir fluorescencijos nuotraukos)

Trumpa rodyklé nurodo navika ant CAM, ilga rodyklé — kraujagysle. Skalé — I mm.

80



Ex ovo T98G-kontrolinio ir T98G-3 mM NaDCA naviky ant CAM ir
fluorescencijos nuotraukose matomas aplink navika susiformaves kraujagys-
liy tinklas, kuris T98G-2 mM NaVPA-3 mM NaDCA grupéje susiformaves
silpniau.

Palyginus su T98G-kontroline grupe, temozolomidu gydyty naviky
ex ovo ir fluorescencijos nuotraukose néra link naviky pritraukty kraujagysliy
ir radialiai besiformuojancio kraujagysliy tinklo. Tai rodo, kad T98G lasteliy
gydymas 100 pM ir 50 uM TMZ dozémis slopino neoangiogenezg.

3.3.3.1 lenteléje ir 3.3.3.3 paveiksle pateiktas kraujagysliy skaicius
CAM po tirtais U87 ir T98G lasteliy navikais.

3.3.3.1 lentelé. US7 ir T98G lgsteliy naviky kraujagysliy skaicius CAM po
naviku tirtose grupése

. . Kraujagysliy skai¢ius (mediana (ribos))
Tirtos grupés
n u87 n TISG
Kontrolé 20 23,5 (9-63)* 12 28 (3-45)¢
3 mM NaDCA 20 16,5 (4-44)>¢ 12 31 (8-63)™1
2 mM NaVPA-3 mM NaDCA 10 6,5 (3-11)¢4 12 10 (4-18)
100 uM TMZ 15 7 (1-21)%¢ 11 11 (2-18)!
50 uM TMZ 15 13 (2-29)* 16 12 (5-18)

2 p=0,0004, palyginus su U87-50 uM TMZ; ®p=0,02, palyginus su US87-kontrole;
¢ p=10,002, palyginus su U87-2 mM NaVPA-3 mM NaDCA; ¢p <0,0001, palyginus su
U87-kontrole; ¢ p = 0,01, palyginus su U87-3 mM NaDCA; fp = 0,03, palyginus su U87-
2 mM NaVPA-3 mM NaDCA; ¢ p = 0,001, palyginus su T98G-50 uM TMZ; ® p = 0,0006,
palyginus su T98G-50 uM TMZ; ! p = 0,001, palyginus su T98G-2 mM NaVPA-3 mM
NaDCA; p = 0,003, palyginus su T98G-kontrole; ¥ p = 0,002, palyginus su T98G-kontrole;
'p=0,0007, palyginus su T98G-3 mM NaDCA.
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3.3.3.3 pav. US7 (A) ir T98G (B) lgsteliy naviky kraujagysliy skaicius
CAM po naviku tirtose grupése

Palyginus su U87-kontroline grupe, U87-3 mM NaDCA ir U87-2 mM
NaVPA-3 mM NaDCA grupiy kraujagysliy skaiius chorioalantojinéje
membranoje po naviku buvo reikSmingai mazesnis. Kraujagysliy skaicius
buvo reikSmingai maZesnis U87-2 mM NaVPA-3 mM NaDCA grupés nei
U87-3 mM NaDCA — tai rodo sinerginj NaVPA ir NaDCA poveik].

Palyginus su U87-kontroline grupe, U87-100 uM TMZ ir U87-50 uM
TMZ grupiy kraujagysliy skai¢ius CAM po naviku buvo reik§mingai maZes-
nis. U87-3 mM NaDCA grupés kraujagysliy skaicius buvo reikSmingai ma-
zesnis nei U87-100 pM TMZ grupés. Palyginus U87-3 mM NaDCA ir U87-
50 uM TMZ grupes, nenustatyta kraujagysliy skai¢iaus pokyciy. Kraujagys-
liy skai¢ius buvo reik§mingai mazesnis U87-2 mM NaVPA-3 mM NaDCA
grupés nei U87-50 uM TMZ, o U87-2 mM NaVPA-3 mM NaDCA ir U87-
100 uM TMZ kraujagysliy skai€ius nesiskyre. U87-100 uM TMZ ir U87-
50 uM TMZ naviky grupiy kraujagysliy skai¢ius CAM po naviku nesiskyre.
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T98G-kontrolinés ir T98G-3 mM NaDCA naviky grupiy kraujagysliy
skai¢ius CAM po naviku nesiskyre. Kraujagysliy skaicius buvo reikSmingai
mazesnis T98G-2 mM NaVPA-3 mM NaDCA grupés nei T98G-kontroli-
nés. Kraujagysliy skaicius buvo reik§mingai mazesnis T98G-2 mM NaVPA—
3 mM NaDCA nei T98G-3 mM NaDCA grupés — tai rodo sinerginj NaVPA
ir NaDCA poveikj.

Palyginus su T98G-kontroline grupe, kraujagysliy skai¢ius CAM po
naviku buvo reikSmingai mazesnis T98G-100 uM ir T98G-50 uM TMZ
grupése. Palyginus su T98G-3 mM NaDCA, kraujagysliy skaiCius buvo
reik§Smingai mazesnis T98G-100 uM ir T98G-50 uM TMZ grupése. 2 mM
NaVPA-3 mM NaDCA ir TMZ gydyty T98G lasteliy grupiy kraujagysliy
skai¢ius membranoje po naviku nesiskyré. Palyginus skirtingomis TMZ
dozémis gydytas T98G naviky grupes, reikSmingy kraujagysliy skaicius
CAM po naviku skirtumy nenustatyta.

Nustatytas NaVPA-NaDCA ir skirtingy TMZ doziy poveikio U87 ir
T98G naviky neoangiogenezei panasumas: U87 ir T98G grupiy kraujagysliy
tinklo raiskg CAM po naviku slopino 2 mM NaVPA-3 mM NaDCA, 100 uM
TMZ ir 50 uM dozes. U87 ir T98G naviky gydymas 2 mM NaVPA-3 mM
NaDCA deriniu reik§mingai sumazino kraujagysliy skai¢iy CAM po naviku,
bet tokio poveikio nesukélé 3 mM NaDCA — tai rodo sinerginj NaVPA ir
NaDCA poveikj. Skirtingy TMZ doziy poveikis kraujagysliy tinklo raiskai
po U87 ir T98G navikais nesiskyrée. TMZ poveikis kraujagysliy skaiciui
CAM po U87 ir T98G navikais nesiskyré nuo NaVPA-NaDCA poveikio.
Kraujagysliy skaicius buvo reikSmingai mazesnis U87-2 mM NaVPA-3 mM
NaDCA nei U87-50 uM TMZ, tai rodo derinio geresnj veiksminguma nei
TMZ, gydant U87 navikus ant CAM.
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3.4. NaVPA-NaDCA ir TMZ poveikio U87 ir T98G lasteliy naviky
PLBA, p53 ir EZH2 raisSkai tyrimy duomenys

3.4.1. NaVPA-NaDCA ir TMZ poveikio U87 ir T98G lasteliu
naviky PLBA raiSkai duomenys

Tirty U87 ir T98G lasteliy naviky ant CAM kontroliniy, gydyty 3 mM
NaDCA, 2 mM NaVPA-3 mM NaDCA, 100 uM TMZ ir 50 uM TMZ grupiy
PLBA-teigiamy lasteliy raiSkos duomenys pateikti 3.4.1.1 lenteléje, 3.4.1.1
ir 3.4.1.2 paveiksluose.

3.4.1.1 lentelé. Tirty US7 ir T98G lgsteliy naviky grupiy PLBA-teigiamy
lgsteliy raiskos duomenys

. ) PLBA-teigiamos Igstelés, proc. (mediana (ribos))
Tirtos grupés
n us7 n TI8G

Kontrolé 13 72,12 (15,44-92,73) 9 68,95 (16,41-98,04)
3 mM NaDCA 18 51,95 (6,67-91,67) 10 66,03 (35,43-100,0)
2 mM NaVPA- a B oh
3 mM NaDCA 10 69,71 (6,73-87,18) 8 23,63 (7,34-80,75)
100 uM TMZ 7 9,33 (5,22-26,32)~ > 5 11,22 (7,44-20,83)"3
50 uM TMZ 8 20,89 (10,59-32,13) = f 6 9,43 (3,17-12,77)kLm

2 p=0,02, palyginus su U87-50 uM TMZ; ® p = 0,003, palyginus su U87-2 mM NaVPA—
3 mM NaDCA; ¢ p =0,0001, palyginus su U87-kontrole; ¢ p = 0,0002, palyginus su U87-
3 mM NaDCA; ¢ p =0,0009, palyginus su U87-kontrole; p =0,001, palyginus su U87-
3 mM NaDCA; £ p=0,01, palyginus su T98G-kontrole; " p = 0,003, palyginus su T98G-
3 mM NaDCA; ! p = 0,002, palyginus su T98G-kontrole; I p = 0,0007, palyginus su T98G-
3 mM NaDCA; ¥ p = 0,0004, palyginus su T98G-kontrole; ' p = 0,0002, palyginus su T98G-
3 mM NaDCA; ™ p = 0,03, palyginus su T98G-2 mM NaVPA-3 mM NaDCA.
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Kontrolé

3 mM NaDCA

2 mM NAVPA-
3 mM NaDCA

100 pM TMZ

50 pM TMZ

3.4.1.1 pav. US7 ir T98G lgsteliy naviky PLBA raiska tirtose grupése
Rudos spalvos branduoliai nurodo PLBA-teigiamas lasteles. Skalé — 20 pm.
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3.4.1.2 pav. US7 (A) ir T98G (B) lgsteliy naviky ant CAM procentiné
PLBA-teigiamy lgsteliy raiska tirtose grupése

U87-kontrolinés, U87-3 mM NaDCA ir U87-2 mM NaVPA-3 mM
NaDCA grupiy naviky PLBA-teigiamy lasteliy skaicius nesiskyré.

Palyginus su U87-kontroline grupe, PLBA-teigiamy lasteliy skai¢ius
buvo reikSmingai mazesnis U87-100 uM TMZ ir U87-50 uM TMZ grupése;
ir Zymens raiSka buvo reik§mingai mazesné¢ 100 uM ir 50 uM TMZ gydyty
naviky nei U87-3 mM NaDCA ir U87-2 mM NaVPA-3 mM NaDCA. Paly-
ginus U87-100 uM TMZ ir U87-50 uM TMZ navikus, nustatyta, kad PLBA-
teigiamy lasteliy raiska buvo reikSmingai mazesné naviky, gydyty 100 uM
T™MZ.

T98G-kontroliniy ir T98G-3 mM NaDCA naviky PLBA-teigiamy
lasteliy raiSka nesiskyré. PLBA-teigiamy lasteliy skaicius buvo reikSmingai
mazesnis T98G-2 mM NaVPA-3 mM NaDCA grupés nei T98G-kontrolinés.
PLBA-teigiamy lasteliy skaicius buvo reik§mingai mazesnis T98G-2 mM
NaVPA-3 mM NaDCA nei T98G-3 mM NaDCA.
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Palyginus su T98G-kontroline grupe, PLBA-teigiamy Iasteliy skaiCius
buvo reik§mingai mazesnis T98G-100 uM ir T98G-50 uM TMZ navikuose.
Palyginus su T98G-3 mM NaDCA, PLBA-teigiamy lgsteliy skaicius buvo
reikSmingai mazesnis T98G-100 uM ir T98G-50 uM TMZ grupése. TI8G-
2mM NaVPA-3 mM NaDCA navikuose nustatyta reikSmingai didesné
PLBA raiska nei T98G-50 uM TMZ. T98G-2 mM NaVPA-3 mM NaDCA
ir T98G-100 uM TMZ naviky PLBA raiSka nesiskyre. Palyginus skirtin-
gomis TMZ dozémis gydytas T98G naviky grupes, reikSmingy PLBA raiSkos
skirtumy nenustatyta.

Nustatyti NaVPA-NaDCA ir TMZ poveikio U87 ir T98G naviky PLBA
raiSkai skirtumai: U87 naviky PLBA-teigiamy lasteliy skaiciy slopino abi
tirtos TMZ dozées, T98G naviky — 2 mM NaVPA-3 mM NaDCA, 100 uM
TMZ ir 50 uM TMZ. T98G naviky gydymas 2 mM NaVPA-3 mM NaDCA
deriniu reikSmingai sumazino PLBA raiSka, bet tokio poveikio nesukélé
3 mM NaDCA — tai rodo sinerginj NaVPA ir NaDCA poveikj. Skirtingy
TMZ doziy poveikis PLBA-teigiamy lasteliy skai¢iui T98G navikuose
nesiskyre.

3.4.2. NaVPA-NaDCA ir TMZ poveikio U87 ir T98G lasteliu
naviky p53 rai§kai duomenys

Tirty U87 ir T98G lasteliy naviky ant CAM kontroliniy, gydyty 3 mM
NaDCA, 2 mM NaVPA-3 mM NaDCA, 100 uM TMZ ir 50 uM TMZ gru-
piy p53-teigiamy lasteliy raiSkos duomenys pateikti 3.4.2.1 lentel¢je, 3.4.2.1
ir 3.4.2.2 paveiksluose.

3.4.2.1 lentelé. Tirty US7 ir T98G lgsteliy naviky grupiy p53-teigiamy lgste-
liy raiskos duomenys

Tirtos grupés p53-teigiamos lastelés, proc. (mediana (ribos))
n Us87 n TISG

Kontrolé 15 63,58 (1,81-83,44)* 9 84,52 (47,57-94,23)f
3 mM NaDCA 20 57,04 (27,48-84,39)° 11 82,42 (12,75-95,21)8
2 mM NaVPA- .

3 mM NaDCA 10 50,70 (11,41-88,89)*¢ 8 64,21 (25,29-94,59)"
100 uM TMZ 8 8,29 (1,14-40,00) 5 22,90 (12,64-34,10)!
50 uM TMZ 7 13,07 (10,40-23,17)%¢ 7 50,53 (34,09-83,38)

2 p = 0,003, palyginus su U87-100 pM TMZ; ® p < 0,0001, palyginus su U87-100 pM TMZ;
¢ p=0,01, palyginus su U87-50 uM TMZ; ¢ p < 0,0001, palyginus su U87-3 mM NaDCA;
¢ p=0,009, palyginus su U87-kontrole; fp =0,0004, palyginus su T98G-100 pM TMZ;
¢ p =0,02, palyginus su T98G-100 uM TMZ; " p = 0,003, palyginus su T98G-100 pM TMZ;
i p=0,005, palyginus su T98G-50 uM TMZ; | p = 0,02, palyginus su T98G-kontrole.

87



TISG

U87
o - -
o - -
2 mM NaVPA-
3 mM NaDCA
o - -
o - -

3.4.2.1 pav. US7 ir T98G lgsteliy naviky p53 raiska tirtose grupése

Rudos spalvos branduoliai nurodo p53-teigiamas Igsteles. Skalé — 20 pm.
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3.4.2.2 pav. US7 (A) ir T98G (B) Igsteliy naviky ant CAM procentiné
p33-teigiamy lgsteliy raiska tirtose grupése

U87-kontrolinés, U87-3 mM NaDCA ir U87-2 mM NaVPA-3 mM
NaDCA grupiy p53-teigiamy Igsteliy skai¢ius nesiskyre.

Palyginus su U87-kontroline grupe, p53-teigiamy lasteliy skaicius buvo
reik§mingai mazesnis U87-100 uM TMZ ir U87-50 uM TMZ naviky grupiy;
zymens raiSka buvo reikSmingai mazesné 100 uM ir 50 pM TMZ gydyty U87
naviky nei U87-3 mM NaDCA ir U87-2 mM NaVPA-3 mM NaDCA. Paly-
ginus skirtingomis TMZ dozémis gydytas U87 naviky grupes, reikSmingy
p53 raiskos skirtumy nenustatyta.

T98G-kontrolinés, T98G-3 mM NaDCA ir T98G-2 mM NaVPA-3 mM
NaDCA grupiy p53-teigiamy Igsteliy skaicius nesiskyre.

Palyginus su T98G-kontroline grupe, pS53-teigiamy lasteliy skaiCius
buvo reikSmingai mazesnis U87-100 uM TMZ ir U87-50 uM TMZ grupése;
zymens raiska buvo reikSmingai mazesn¢ 100 pM gydyty T98G naviky nei
T98G-3 mM NaDCA ir T98G-2 mM NaVPA-3 mM NaDCA. Palyginus
T98G-100 uM TMZ ir T98G-50 uM TMZ navikus, nustatyta, kad p53-
teigiamy lasteliy raiska buvo reikSmingai mazesné naviky, gydyty 100 uM
T™MZ.
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Palyginus U87 ir T98G naviky ant CAM p53 raiSka po gydymo tiria-
maisiais preparatais, nustatyta gydymo poveikio priklausomybé nuo lasteliy
linijos: U87 ir T98G naviky raiska slopino abi tirtos TMZ dozés, bet 2 mM
NaVPA-3 mM NaDCA tokio poveikio U87 navikams nesukélé, o T98G
naviky gydymo poveikis 50 pM TMZ p53-teigiamy lasteliy skai¢iui nesisky-
ré nuo gydyty NaVPA-NaDCA deriniu.

3.4.3. NaVPA-NaDCA ir TMZ poveikio U87 ir T98G lasteliu
naviky EZH2 raiSkai duomenys

Tirty U87 ir T98G lasteliy naviky ant CAM kontroliniy, gydyty 3 mM
NaDCA, 2 mM NaVPA-3 mM NaDCA, 100 uM TMZ ir 50 uM TMZ grupiy
EZH2-teigiamy lasteliy raiSkos duomenys pateikti 3.4.3.1 lentel¢je, 3.4.3.1 ir
3.4.3.2 paveiksluose.

3.4.3.1 lentelé. Tirty US7 ir T98G lgsteliy naviky grupiy EZH2-teigiamy
lgsteliy raiskos duomenys

. ) EZH2-teigiamos lastelés, proc. (mediana (ribos))
Tirtos grupés
n Us7 n TI8G

Kontrolé 17 69,57 (5,34-94,06)* 9 66,47 (25,74-97,65)"
3 mM NaDCA 19 47,23 (26,98-85,05) 11 73,59 (18,90-97,35)"¢
2 mM NaVPA- b
3 mM NaDCA 10 55,07 (14,62-87,96) 9 2,60 (0,98-92,23)
100 uM TMZ 8 3,36 (1,23-26,26)° 5 1,04 (0,99-3,59)!
50 uM TMZ 8 12,55 (2,84-68,12)%¢ 7 2,02 (1,31-9,59)

2 p <0,0001, palyginus su U87-100 uM TMZ; ° p = 0,02, palyginus su U87-50 pM TMZ;
¢ p=0,0002, palyginus su U87-2 mM NaVPA-3 mM NaDCA; ¢ p = 0,002, palyginus su
U87-kontrole; ¢ p = 0,003, palyginus su U87-3 mM NaDCA; { p = 0,04, palyginus su T98G-
2 mM NaVPA-3 mM NaDCA; ¢ p < 0,0001, palyginus su T98G-50 uM TMZ; " p = 0,001,
palyginus su T98G-kontrole; ' p = 0,0005, palyginus su T98G-3 mM NaDCA; J p = 0,0002,
palyginus su T98G-kontrole.
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3.4.3.1 pav. US7 ir T98G lgsteliy naviky EZH? raiska tirtose grupése

Rudos spalvos branduoliai nurodo EZH2-teigiamas lasteles. Skal¢ — 20 um.
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3.4.3.2 pav. US7 (A) ir T98G (B) lgsteliy naviky ant CAM procentiné
EZH?2-teigiamy lgsteliy raiska tirtose grupése

U87-kontroliniy, U87-3 mM NaDCA ir U87-2 mM NaVPA-3 mM
NaDCA naviky EZH2-teigiamy Iasteliy skai¢ius nesiskyre.

Palyginus su U87-kontroline grupe, U87-100 uM TMZ ir U87-50 uM
TMZ naviky grupiy EZH2-teigiamy lasteliy skaiCius buvo reikSmingai
mazesnis; zymens raiSka buvo reik§mingai mazesné 100 uM ir 50 uM TMZ
gydyty U87 naviky nei U87-3 mM NaDCA ir U87-2 mM NaVPA-3 mM
NaDCA naviky grupiy. Palyginus skirtingomis TMZ dozémis gydytas U87
lasteliy naviky grupes, reikSmingy EZH?2 raiSkos skirtumy nenustatyta.

T98G-kontroliniy ir T98G-3 mM NaDCA naviky EZH2-teigiamy laste-
liy raiska nesiskyré. EZH2-teigiamy Igsteliy skaicius buvo reikSmingai ma-
zesnis T98G-2 mM NaVPA-3 mM NaDCA grupés nei T98G-kontrolinés.
EZH2-teigiamy lasteliy skaiCius buvo reik§mingai mazesnis T98G-2 mM
NaVPA-3 mM NaDCA nei T98G-3 mM NaDCA.

Palyginus su T98G-kontroline grupe, EZH2-teigiamy lgsteliy skaicius
buvo reikSmingai mazesnis T98G-100 uM ir T98G-50 uM TMZ grupése;
zymens raiska buvo reikSmingai mazesné 100 uM ir 50 uM TMZ gydyty
T98G naviky nei T98G-3 mM NaDCA. TMZ gydyty T98G naviky ir T98G-
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2 mM NaVPA-3 mM NaDCA EZH2 raiska nesiskyre. Palyginus skirtin-
gomis TMZ dozémis gydytas T98G naviky grupes, reikSmingy EZH2 raiSkos
skirtumy nenustatyta.

Nustatyti NaVPA-NaDCA ir tirty TMZ doziy poveikio U87 ir T98G las-
teliy naviky EZH?2 raiskai skirtumai: U87 naviky EZH2-teigiamy lasteliy
skaiciy slopino abi TMZ dozés, T98G naviky — 2 mM NaVPA-3 mM NaDCA,
100 uM TMZ ir 50 uM TMZ. T98G naviky gydymas 2 mM NaVPA-3 mM
NaDCA deriniu reikSmingai sumazino EZH2 raiska, bet tokio poveikio
nesukélé 3 mM NaDCA — tai rodo sinergini NaVPA ir NaDCA poveik].
Skirtingy TMZ doziy poveikis EZH2-teigiamy lasteliy skai¢iui T98G ir U87
navikuose nesiskyre.

3.5. NaDCA, NaVPA-NaDCA ir TMZ poveikis U87 ir T98G lasteliy
geny raiskai: in vitro palyginamyjy tyrimy duomenys

3.5.1. Tirty vaistiniy preparatu poveikis U87 ir T98G lasteliy
SLCI12A2 raiSkai

Tirty U87 ir T98G lasteliy kontroliniy, gydyty 3 mM NaDCA, 1,5 mM
NaDCA, 2 mM NaVPA-3 mM NaDCA ir 50 uM TMZ grupiy SLCI242 ir
GAPDH raiskos duomenys yra pateikti 3.5.1.1 lenteléje ir 3.5.1.1 paveiksle.

3.5.1.1 lentelée. Tirty US7 ir T98G lgsteliy grupiy SLCI2A2 ir GAPDH
raiskos duomenys

Rodiklis, vidurkis £ SN
Tirtos grupés n CT ACT AACT | 2724cT
SLC1242 | GAPDH
U87-kontrolé 6]22,07+123]18,14+ 1,41| 393+0,64
U87-3mM NaDCA |6 [23,13+0,33]1892+1,51| 421+1,22* | 029 | 0,82
U87-1,5mM NaDCA | 6 [22,12+0,68|17,58 1,57 4,54+1,92 | 0,61 | 0,66
E%I‘\% gﬁVPA_ 6122,71+£031|18,85+020| 3,86+027 | -0,07 | 1,05
U87-50 uM TMZ 6]21,67=0,18[17,2140,19| 446+030 | 0,53 | 0,69
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3.5.1.1 lentelés tegsinys

Rodiklis, vidurkis £ SN
Tirtos grupés n CT ACT AACT | 2784cT
SLCI1242 | GAPDH
T98G-kontrolé 6[21,63+0,60(19,87+0,23] 1,76 +0,60°
T98G-3 mM NaDCA | 6 |22,01 £0,65|18,78 0,63 | 3,230,154 | 147 | 0,36
T98G-1,5 mM NaDCA | 6 [21,72 £0,35( 19,27+ 0,74| 2,45+0,72¢ | 0,69 | 0,62
gﬁ'ﬁg]‘)ﬁéﬁwp‘“‘ 6 (20,99 +0,49|18,35£0,24| 2,64+0,58%¢ | 0,88 | 0,54
T98G-50 uYM TMZ | 6 22,84 +0,80(21,18 + 1,16 | 1,66+ 0,400+ | —0,10 | 1,07

4p=0,03, palyginus su T98G-3 mM NaDCA; °p=0,002, palyginus su U87-kontrole;
¢ p=0,002, palyginus su T98G-kontrole; ¢ p = 0,009, palyginus su T98G-1,5 mM NaDCA;
¢ p=0,03, palyginus su U87-1,5 mM NaDCA; { p = 0,004, palyginus su U87-2 mM NaVPA—
3 mM NaDCA; ¢ p = 0,03, palyginus su T98G-kontrole; " p = 0,002, palyginus su T98G-
3 mM NaDCA; ! p = 0,009, palyginus su T98G-2 mM NaVPA-3 mM NaDCA; J p = 0,002,
palyginus su U§7-50 uM TMZ.

U87 lasteliy kontrolinés grupés SLC12A42 raiSka buvo reikSmingai ma-
zesné nei T98G lasteliy kontrolings.

U87-kontrolinés, U87-3 mM NaDCA, U87-1,5 mM NaDCA ir U87-
2 mM NaVPA-3 mM NaDCA grupiy SLC12A42 raiSka nesiskyre.

U87-kontrolinés ir U87-50 uM TMZ grupiy SLC12A42 raiSka nesiskyre.

94




A B
4 < -
P =
= ‘s
331 S
K S
S %
& = 14 *
S z
3 H *
7]
0 T T T T T 72 T T T T
S S AR S
& & F&S ¢ & ST &
§ S S
¥ $\$ %\é %%%Q N S S
SENPSRNE S & S s
Q7 2 5SS > 5 & G
SR 3 NV a S
SNC A SRR g &

3.5.1.1 pav. Tirty T98G lgsteliy grupiy SLC12A42 raiska

A — tirty T98G lasteliy SLCI242 raiska, B — gydyty T98G lasteliy grupiy santykiné
SLCI12A2 raiska (log2(2-24€T); ilgas horizontalus briksnys — mediana, trumpos horizontalios
linijos — ribos.

SLCI12A2 raiska buvo reikSmingai mazesn¢ T98G-3 mM NaDCA ir
T98G-2 mM NaVPA-3 mM NaDCA grupiy nei T98G-kontrolinés. T98G-
3 mM NaDCA ir T98G-2 mM NaVPA-3 mM NaDCA grupiy SLCI242 rais$-
ka nesiskyré. Palyginus T98G-3 mM NaDCA ir T98G-1,5 mM NaDCA gru-
pes, nustatyta, kad SLC72A42 raiSka buvo reik§mingai mazesné¢ lasteliy, gydy-
ty 3 mM NaDCA.

T98G-kontrolinés ir T98G-50 uM TMZ grupiy SLC12A2 raiSka nesisky-
ré; Zymens raiSka buvo reikSmingai mazesn¢ 3 mM NaDCA ir 2 mM
NaVPA-3 mM gydyty T98G lasteliy nei T98G-50 uM TMZ.

Palyginus U87 ir T98G lasteliy SLC12A2 raiska po gydymo tiriamaisiais
preparatais, nustatyta gydymo poveikio priklausomybé nuo lasteliy linijos.
Tirty U87 lasteliy grupiy SLC12A42 raiska buvo reikSmingai mazesné nei
atitinkamy T98G lasteliy grupiy: T98G-3 mM NaDCA, T98G-1,5 mM
NaDCA, T98G-2 mM NaVPA-3 mM NaDCA ir T98G-50 uM TMZ.
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3.5.2. Tirty vaistiniy preparaty poveikis U87 ir T98G lasteliu
SLCI2A5 raiSkai

Tirty U87 ir T98G lasteliy kontroliniy, gydyty 3 mM NaDCA, 1,5 mM
NaDCA, 2 mM NaVPA-3 mM NaDCA ir 50 uM TMZ grupiy SLCI245 ir
GAPDH raisSkos duomenys yra pateikti 3.5.2.1 lenteléje ir 3.5.2.1 paveiksle.

3.5.2.1 lentelé. Tirty US7 lgsteliy grupiy SLCI12A45 ir GAPDH raiskos duo-

menys

Rodiklis, vidurkis £ SN
Tirtos grupés | n CT ACT AACT | 2784CT
SLCI2AS GAPDH

U87-kontrolé 6 | 3379121 | 1625+026 | 17.54+ 1,07
U87-3 mM .
NI, 6 | 33934155 | 1670066 | 17234098 | —031 | 1,55
U87-1.5 mM .
NI 6 | 34024100 | 1592104 | 181041822 | 057 | 131
U87-2 mM
NaVPA— 6 | 31424022 | 1631089 | 15124087 | 242 | 6,79
3 mM NaDCA
U87-50 uM 6 | 32414015 | 15214016 | 17204025 | —033 | 128
T™Z
T98G-kontrole | 6 | 37.31+0.46 | 17.41+022 -
T98G-3 mM
Nobea 6 | 37144024 | 16.63+0.63 _ _ _
T98G-1,5 mM
NoDeA 6 | 37594087 | 16.90+0.71 _ _ _
T98G-2 mM
NaVPA— 6 | 33504036 | 16.80+2.00 | 1670212 | - _
3 mM NaDCA
T98G-50 uM
oty 6 | 37534005 | 19.16+239 _ _ _

2 p = 0,004, palyginus su U87-2 mM NaVPA-3 mM NaDCA; " p = 0,002, palyginus su U87-
2 mM NaVPA-3 mM NaDCA.
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3.5.2.1 pav. Tirty US7 lgsteliy grupiy SLC12A5 raiska

A — tirty U87 lasteliy SLC12A45 raiska, B — gydyty U87 lasteliy grupiy santykiné SLCI1245
raiska (log2(222CT); ilgas horizontalus briik§nys — mediana, trumpos horizontalios linijos —
ribos.

U87-kontrolinés, U87-3 mM NaDCA ir U87-1,5 mM NaDCA grupiy
SLC1245 raisSka nesiskyre. SLCI12A5 raiSka buvo reikSmingai didesné U87-
2 mM NaVPA-3 mM NaDCA grupés nei U87-kontrolinés. Palyginus gydyty
NaDCA U87 lasteliy grupes su U87-2 mM NaVPA-3 mM NaDCA lastele-
mis, nustatyta, kad SLC12A45 raiSka buvo reikSmingai didesné l1asteliy, gydyty
deriniu.

U87-kontrolings ir U87-50 uM TMZ grupiy SLC1245 raiska nesiskyré;
zymens geno raiSka buvo reikSmingai didesné¢ 2 mM NaVPA-3 mM NaDCA
gydyty U87 lasteliy nei U87-50 uM TMZ.

Tirty T98G-kontroliniy, gydyty skirtingomis NaDCA dozémis ir 50 uM
TMZ lasteliy SLC12A45 raiSkos nenustatyta. SLC1245 raiSka nustatyta tik
T98G-2 mM NaVPA-3 mM NaDCA grupés lgstelése — gydymas deriniu
aktyvino geno raiskg.

Palyginus U87 ir T98G lasteliy SLC12A45 raisSka po gydymo tiriamaisiais
preparatais, nustatyta gydymo poveikio priklausomybé nuo Igsteliy linijos.
SLC12A5 raiska buvo nustatyta U87-kontroliniy, U87-3 mM NaDCA, U87-
1,5 mM NaDCA ir U87-50 uM TMZ lasteliy grupiy, o atitinkamos T98G
lasteliy grupés SLC12A45 raiskos buvo nenustatyta (raiSka neisSreiksta). Paly-
ginus gydyty 2 mM NaVPA-3 mM NaDCA U87 Igsteliy raiska su atitinkama
T98G lasteliy grupe, SLC12A45 raiska buvo didesné U87 lasteliy.
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3.5.3. Tirty vaistiniy preparatu poveikis U87 ir T98G lasteliy
SLC5A48 raiskai

Tirty U87 ir T98G lasteliy kontroliniy, gydyty 3 mM NaDCA, 1,5 mM
NaDCA, 2 mM NaVPA-3 mM NaDCA ir 50 uM TMZ grupiy SLC5A48 ir
GAPDH raiSkos duomenys yra pateikti 3.5.3.1 lentel¢je.

3.5.3.1 lentelé. Tirty US7 ir TISG lgsteliy grupiy SLC5A8 ir GAPDH raiskos

duomenys
Rodiklis, vidurkis £ SN
Tirt ¢ CT
irtos grupés ACT AACT | 2act
n SLC5A48 GAPDH

U87-kontrolé 6 | raiSkosnéra | 16,25+ 0,26 —

U87-3 mM . .

NaDCA 6 | raiSkosnéra | 16,70 + 0,66 - — -
U87-1,5 mM . .

NaDCA 6 | raiSkosnéra | 15,92+ 1,04 - — —
U87-2 mM

NaVPA- 6 | 33,39+0,36 | 16,31 +£0,89 | 17,09 +0,95 - -
3 mM NaDCA

U87-50 uM TMZ 6 | raiSkosnéra | 15,21 +0,16 - — —
T98G-kontrolé 6 | raiSkosnéra | 17,41 £0,22 —

T98G-3 mM . .

NaDCA 6 | raiSkosnéra | 16,63 + 0,63 - — -
T98G-1,5 mM . .

NaDCA 6 | raiSkosnéra | 16,90+ 0,71 - - -
T98G-2 mM

NaVPA- 6 | 3599+0,76 | 16,80=2,00 - - -
3 mM NaDCA

T98G-50 yM TMZ | 6 | raiskos néra | 19,16 +2,39 - — —

U87-kontroliniy, U87-3 mM NaDCA, US87-1,5 mM NaDCA ir US87-
50 uM TMZ lasteliy SLC548 raiska buvo neiSreikSta (buvo nenustatyta).
SLC5A48 raiska nustatyta tik U87-2 mM NaVPA-3 mM NaDCA grupés

lastelése — gydymas deriniu aktyvino geno raiska.

T98G-kontroliniy ir gydyty NaDCA, NaVPA-NaDCA ar TMZ lasteliy
SLC5A8 geno raiskos nebuvo — genas buvo neaktyvus.
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3.5.4. Tirty vaistiniy preparaty poveikis U87 ir T98G lasteliu
CDHI] raiskai

Tirty U87 ir T98G lasteliy kontroliniy, gydyty 3 mM NaDCA, 1,5 mM
NaDCA, 2 mM NaVPA-3 mM NaDCA ir 50 uM TMZ grupiy CDHI ir
GAPDH raiskos duomenys yra pateikti 3.5.4.1 lenteléje.

3.5.4.1 lenteleé. Tirty US7 ir T98G lgsteliy grupiy CDHI ir GAPDH raiskos
duomenys

Tirtos grupés Rodiklis, vidurkis + SN
CT ACT AACT 2-AACT

CDH1 GAPDH
U87-kontrolé 36,21 £0,49 16,25 £ 0,26 —
U87-3 mM
NaDCA 36,99 + 0,04 16,70 = 0,66 — - -
U87-1,5 mM
NaDCA 37,90 £ 0,72 15,92 = 1,04 — - —
U87-2 mM
NaVPA- 35,37+0,79 16,31 £ 0,89 — - -
3 mM NaDCA
U87-50 uM
TMZ 35,93 £ 0,60 15,21 +£0,16 - - -
T98G-kontrolé raiSkos néra 17,41 £0,22 -
T98G-3 mM
NaDCA 35,04 £0,27 16,63 + 0,63 — - -
T98G-1,5 mM
NaDCA 35,31+0,35 16,90 £ 0,71 — - —
T98G-2 mM
NaVPA- 34,27 +0,43 16,80 2,00 |17,04 +2,49 - -
3 mM NaDCA
T98G-50 uM » )
TMZ raiSkos néra 19,16 + 2,39 - — -

Tirty U87-kontroliniy, gydyty skirtingomis NaDCA dozémis ir 50 uM
TMZ lasteliy CDHI raiskos nenustatyta. Po gydymo deriniu, daliai U87
lasteliy nustatyta CDH 1 raiska: is Sesiy tirty atvejy, keturiais atvejais CT > 35
(raiskos néra), o dviejy méginiy raiska buvo nustatoma— CT <35 (CT =
34,23 ir CT = 34,39) — tai rodo tendencija, kad gydymas deriniu gali aktyvinti
geng.

Tirty T98G-kontroliniy, gydyty 50 pM TMZ lasteliy CDHI raiSkos
nenustatyta. T98G lasteles paveikus 3 mM NaDCA, nustatytas poveikis
CDH] raiskai: i$ SeSiy tirty atvejy, trijy atvejy CT > 35 (néra raiskos), o trijy
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raiSka nustatoma — CT < 35 (CT = 34,68, CT = 34,80 ir CT = 34,92); T98G
lasteles paveikus 1,5 mM NaDCA, i§ SesSiy tirty atvejy, penkiy atvejy
CT > 35 (néra raiskos), o vieno méginio raiska buvo nustatoma — CT < 35
(CT =34,80). CDHI raiska nustatyta T98G-2 mM NaVPA-3 mM NaDCA
grupés lastelése — gydymas deriniu aktyvino geno raiska.

3.5.5. Tirty vaistiniy preparaty poveikis U87 ir T98G lasteliu
CDH? raiskai

Tirty U87 ir T98G lasteliy kontroliniy, gydyty 3 mM NaDCA, 1,5 mM
NaDCA, 2 mM NaVPA-3 mM NaDCA ir 50 uM TMZ grupiy CDH?2 ir
GAPDH raisSkos duomenys yra pateikti 3.5.5.1 lenteléje ir 3.5.5.1 paveiksle.

3.5.5.1 lentelé. Tirty US7 ir T98G lgsteliy grupiy CDH?2 ir GAPDH raiskos
duomenys

Rodiklis, vidurkis £ SN
Tirtos grupés | n CT ACT AACT | 2784CT
CDH?2 GAPDH

U87-kontrolé 6 | 23,83+0,72 | 18,14+ 1,41 5,68 + 1,26%

U87-3 mM

NaDCA 6 | 23,53+0,82 | 18,92+ 1,51 4,62+ 0,71 -1,07 2,09
U87-1,5 mM

NaDCA 6 | 23,74+1,37 | 17,58 £1,57 6,16 + 1,46 0,47 0,72
U87-2mM

NaVPA- 6 | 23,88+0,28 | 18,85+ 0,20 5,03 +£0,31 —-0,66 1,58
3 mM NaDCA
U87-50 uM 6 | 22,52+0,13 | 17,21+0,19 | 532+028 | 0,37 | 1,29
T™Z

T98G-kontrolé | 6 | 23,64 +0,22 | 19,87 +0,23 3,78+ 0,30

T98G-3 mM -
NaDCA 6 | 2429+0,59 | 18,78+ 0,63 | 5,51 +0,20 1,73 0,30
T98G-1,5 mM o
NaDCA 6 | 24,57+0,57 | 19,27+0,74 | 5,29 +0,20 1,51 0,35
T98G-2 mM
NaVPA— 6 | 23,13+045 | 1835024 | 477+032%%4| 1,00 | 0,50
3 mM NaDCA

%9\?;}-50 MM 6 | 24314046 | 2118+ 1,16 | 313+075 | 0,65 | 1.57

ap=0,002, palyginus su T98G-kontrole; °p = 0,002, palyginus su T98G-50 pM TMZ;
¢p=0,009, palyginus su T98G-2 mM NaVPA-3 mM NaDCA; p =0,004, palyginus su
T98G-3 mM NaDCA.
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U87 lasteliy kontrolinés grupés CDH? raiska buvo reikSmingai mazesné
nei T98G Iasteliy kontrolines.

U87-kontrolinés, U87-3 mM NaDCA, U87-1,5 mM NaDCA, U87-2 mM
NaVPA-3 mM NaDCA ir U87-50 uM TMZ grupiy CDH? raiska nesiskyre,
t. y. gydymas tiriamaisiais preparatais nesukelé poveikio U87 lasteliy CDH?2
raiSkai.

A p=0,002 B
1
p=0,002
»=0,002
' p=0,002
L p=0,004 '
p=0,002
61 »=0,009 {-
p=0,002 <
- o3 o 2
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3.5.5.1 pav. Tirty T98G lgsteliy grupiy CDH? raiska
A — tirty T98G lasteliy CDH?2 raiska, B — gydyty T98G lasteliy grupiy santykineé CDH2

raiska (log2(222CT); ilgas horizontalus brikk§nys — mediana, trumpos horizontalios linijos —
ribos.
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CDH? raiska buvo reikSmingai mazesné¢ T98G-3 mM NaDCA, T98G-
1,5 mM NaDCA ir 2 mM NaVPA-3 mM NaDCA gydyty grupiy nei T98G-
kontrolinés grupés lgsteliy. T98G-3 mM NaDCA ir T98G-1,5 mM NaDCA
grupiy CDH?2 raiSka nesiskyre. Palyginus T98G NaDCA gydytas ir T98G-
2 mM NaVPA-3 mM NaDCA lasteles, nustatyta, kad CDH?2 raiska buvo
reikSmingai didesné Iasteliy, gydyty 2 mM NaVPA-3 mM NaDCA.

T98G-kontrolings ir T98G-50 uM TMZ grupiy CDH? raiska nesiskyr¢;
zymens raiska buvo reikSmingai mazesn¢ 3 mM NaDCA, 1,5 mM NaDCA ir
2 mM NaVPA-3 mM NaDCA gydyty T98G lasteliy nei T98G-50 uM TMZ.

Palyginus U87 ir T98G lasteliy CDH?2 raiSka po gydymo tiriamaisiais
vaistiniais preparatais, nustatyta, kad U87-50 uM TMZ grupés CDH? raiSka
buvo reikSmingai mazesné nei T98G-50 uM TMZ grupés. U87 lastelése
gydymas tiriamaisiais preparatais nesukélé poveikio CDH?2 raiskai, o T98G
lastelése CDH?2 raiska sumazino abi tirtos NaDCA dozés ir NaVPA-NaDCA
derinys.

3.6. NaVPA-NaDCA poveikio pacienty pirminiy glioblastomos
lasteliy navikams ant CAM tyrimy duomenys

3.6.1. Pirminiy glioblastomos lasteliy naviky ant CAM
stereomikroskopijos duomeny vertinimas

GBM2-2F glioblastomos paciento pirminiy lgsteliy naviky ant CAM
stereomikroskopijos (EVP9 ir EVPI12), iskirptos membranos su naviku
ex ovo ir H-E histologijos nuotraukos tirtose grupése pateiktos 3.6.1.1 pa-
veiksle. EVP9 navikas matomas po dviejy pary, EVP12 — po penkiy pary nuo
transplantacijos ant CAM. Tirtos GBM2-2F paciento Igsteliy naviky grupes:
kontrolin¢ ir gydyty 2 mM NaVPA-3 mM NaDCA.
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Kontrolé 2 mM NaVPA-3 mM NaDCA

EVP9

EVP12

CAM ex ovo

3.6.1.1 pav. Tirty GBM2-2F paciento pirminiy lgsteliy naviky
ant CAM grupiy stereomikroskopijos (EVP9 ir EVP12),
ex ovo CAM su naviku ir H-E histologijos nuotraukos

Trumpa rodyklé nurodo navikg ant CAM, ilga rodyklé — kraujagyslg, punktyriné linija —
choriono epitelio suardyma. ChE — choriono epitelis, AE — alantojaus epitelis, M — mezen-
chima, N — navikas, K — kraujagyslé. EVP9, EVP12, CAM ex ovo skal¢ — 1 mm, H-E —
200 pm.
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Palyginus GBM2-2F paciento pirminiy lasteliy kontrolinj EVP9 ir
EVP12 navika, EVP12 navikas ant CAM pavirSiaus vizualiai mazesnis
(pavirSiuje yra tik neinvazavusi naviko dalis), invazaves | CAM mezenchima,
matomas kraujagysliy tinklas (,,stipininis ratas). Invazija matoma H-E
nuotraukoje — pazeistas choriono epitelio vientisumas, CAM po naviku
sustoréjusi, joje gausu kraujagysliy.

2 mM NaVPA-3 mM NaDCA slopino GBM2-2F naviko ant CAM augi-
ma: EVP9 ir EVP12 nuotraukose naviko dydis nekito, kraujagysliy tinklas
nesusiformaves, H-E nuotraukoje navikas matomas ant CAM pavirSiaus,
choriono epitelis nepazeistas.

GBM2-3F glioblastomos paciento pirminiy lgsteliy naviky ant CAM
stereomikroskopijos (EVP9 ir EVPI12), iskirptos membranos su naviku
ex ovo ir H-E histologijos nuotraukos tirtose grupése pateiktos 3.6.1.2 pa-
veiksle. EVP9 navikas (po dviejy pary nuo transplantacijos ant CAM), o
EVP12 —po penkiy pary. GBM2-3F navikai tirti grupése: kontroliné ir gydyti
2 mM NaVPA-3 mM NaDCA.
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Kontrolé 2 mM NaVPA-3 mM NaDCA

EVP9

EVP12

CAM ex ovo

H-E |

3.6.1.2 pav. Tirty GBM2-3F paciento pirminiy lgsteliy naviky
ant CAM grupiy stereomikroskopijos (EVP9 ir EVP12),
ex ovo CAM su naviku ir H-E histologijos nuotraukos

s

Trumpa rodyklé nurodo navikg ant CAM, ilga rodyklé — kraujagyslg, punktyriné linija —
choriono epitelio suardyma, rodyklés smaigalys — pazeistg choriono epitelj. ChE — choriono
epitelis, AE — alantojaus epitelis, M — mezenchima, N — navikas, K — kraujagysl¢. EVP9,
EVP12, CAM ex ovo skalé¢ — 1 mm, H-E — 200 pum.
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GBM2-3F paciento kontrolinio pirminiy lasteliy naviko stereomikrosko-
pijos nuotraukose matomas invazyvus naviko augimas — EVP12 navikas
vizualiai mazesnis nei EVP9, aplink navika — ,,stipininis ratas“. H-E nuotrau-
koje CAM po naviku sustoréjusi, navikas invazaves | CAM mezenchima.

EVP9 GBM2-3F-2 mM NaVPA-3 mM NaDCA navikas turi aiskias
ribas, kurios sumazéje EVP12, H-E nuotraukoje matoma choriono epitelio
sustoréjimas ir pazeistas vientisumas.

GBM2-4M glioblastomos paciento pirminiy lasteliy naviky ant CAM
stereomikroskopijos (EVP9 ir EVPI12), iskirptos membranos su naviku
ex ovo ir H-E histologijos nuotraukos tirtose grupése pateiktos 3.6.1.3 pa-
veiksle. EVP9 navikas matomas po dviejy pary nuo transplantacijos ant
CAM, EVPI12 - po penkiy. Tirtos GBM2-4M paciento lgsteliy naviky
grupés: kontroling ir gydyty 2 mM NaVPA-3 mM NaDCA.
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Kontrolé 2 mM NaVPA-3 mM NaDCA

EVP9

EVP12

CAM ex ovo

H-E

3.6.1.3 pav. Tirty GBM2-4M paciento pirminiy lgsteliy naviky
ant CAM grupiy stereomikroskopijos (EVP9 ir EVP12),
ex ovo CAM su naviku ir H-E histologijos nuotraukos

Trumpa rodyklé nurodo navika ant CAM, ilga rodykle — kraujagsyle, punktyriné linija —
choriono epitelio suardyma, ChE — choriono epitelis, AE — alantojaus epitelis, M —
mezenchima, N — navikas, K — kraujagyslé. EVP9, EVP12, CAM ex ovo skalé — 1 mm, H-
E—-200 um.
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EVP9 GBM2-4M paciento pirminiy lgsteliy kontrolinis navikas vizualiai
didesnis nei EVP12, nes 12-tg parg invazaves | CAM mezenchima, tik dalis
naviko matoma ant CAM pavirSiaus, aplink navika — kraujagysliy tinklas.
H-E nuotraukoje matoma naviko invazija, navikas apsuptas CAM mezen-
chimos.

2 mM NaVPA-3 mM NaDCA slopino GBM2-4M naviko invazija:
navikas matomas ant CAM pavirSiaus, kraujagysliy tinklas nesusiformaves;
H-E nuotraukoje — choriono epitelis vientisas.

3.6.2. Pirminiy glioblastomos lasteliy naviky invazijos f CAM

daznumo, CAM storio po naviku ir neoangiogenezés vertinimas

Tirty GBM2-2F, GBM2-3F ir GBM2-4M pacienty pirminiy lasteliy
naviky grupiy invazijos | CAM daznumo, CAM storio ir kraujagysliy skai-
¢iaus CAM po naviku duomenys pateikti 3.6.2.1 lentel¢je; 3.6.2.1 paveikslas
rodo tirty naviky invazijos daznumg j mezenchima.

3.6.2.1 lentelé. GBM2-2F, GBM?2-3F ir GBM2-4M pacienty pirminiy lgsteliy
naviky invazijos j CAM daznumas, CAM storio ir kraujagysliy skaiciaus po
naviku duomenys tirtose grupése

Invazijos CAM storis, Kraujagysliuy
Tirtos grupés n daZnumas, pm skaitius
proc. mediana (ribos)

GBM2-2F
Kontrolé 16 75,00 201,8 (47,32-677,70) 21,5 (7-65)
2 mM NaVPA- a
3 mM NaDCA 16 37,50 403,10 (150,30-672,20) 16,5 (4-33)
GBM2-3F
Kontrolé 20 60,00 398,6 (98,00-675,60) 34 (8-68)
2 mM NaVPA-
3 mM NaDCA 20 60,00 422,70 (100,05-782,40) 16,5 (10-29)
GBM2-4M
Kontrolé 14 71,43 201,3 (44,77-350,10)° 14 (5-17)
2 mM NaVPA- b R d, e f x g
3 mM NaDCA 14 28,57 171,4 (120,1-356,5) 8 (2-21)

@ p = 0,033, palyginus su GBM2-2F kontrole; ® p = 0,005, palyginus su GBM2-4M kontrole;
¢ p=0,003, palyginus su GBM2-3F kontrole; ¢ p = 0,037, palyginus su GBM2-4M kontrole;
¢ p=0,0003, palyginus su GBM2-2F-2 mM NaVPA-3 mM NaDCA; f p = 0,005, palyginus
su GBM2-3F-2 mM NaVPA-3 mM NaDCA; ¢ p =0,0002, palyginus su GBM2-3F-2 mM
NaVPA-3 mM NaDCA.
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GBM2-2F GBM2-3F GBM2-4M
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3.6.2.1 pav. GBM pirminiy lgsteliy naviky invazijos
i CAM daznumas tirtose grupése

GBM2-2F, GBM2-3F ir GBM2-4M kontroliniy grupiy invazijos | CAM
daznumas nesiskyre.

Gydymas 2 mM NaVPA-3 mM NaDCA reik§mingai sumazino GBM2-
2F ir GBM2-4M pirminiy lgsteliy naviky invazijos | CAM daznuma. Gy-
dymas 2 mM NaVPA-3 mM NaDCA nesukél¢ poveikio GBM2-3F naviky
invazijai ] CAM.

CAM storis GBM2-4M paciento pirminiy lasteliy kontroliniy naviky
buvo reik§mingai mazesnis nei GBM2-3F-kontroliniy. Palyginus NaVPA—
NaDCA gydytas grupes, CAM storis po naviku GBM2-4M-2 mM NaVPA-
3 mM NaDCA naviky buvo reikSmingai maZesnis nei deriniu gydyty
GBM2-2F ir GBM2-3F naviky.

CAM storis po kontroliniais ir gydytais NaVPA-NaDCA deriniu
GBM2-2F ir GBM2-3F navikais nesiskyré. Palyginus su GBM2-4M kontro-
line grupe, gydymas 2 mM NaVPA-3 mM NaDCA reik§mingai sumazino
CAM storj po naviku.

Kraujagysliy skaicius kontroliniy GBM2-2F, GBM2-3F ir GBM2-4M
naviky grupiy nesiskyré. Kraujagysliy skaicius buvo reikSmingai mazesnis
GBM2-4M-2 mM NaVPA-3 mM NaDCA grupés nei GBM2-3F-2 mM
NaVPA-3 mM NaDCA.
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Kontroliniy ir 2 mM NaVPA-3 mM NaDCA deriniu gydyty GBM2-2F,
GBM2-3F ir GBM2-4M grupiy kraujagysliy skaiCius chorioalantojin¢je
membranoje po naviku nesiskyrée, skai¢iuojant kraujagysles, kuriy skersmuo
10 um ir didesnis.

Tirty GBM2-2F, GBM2-3F ir GBM2-4M pacienty pirminiy lasteliy
naviky grupiy EVP12 kraujagysliy nuotraukos, po fluorescencinio dekstrano
susvirkstimo | CAM kraujagysle, pateiktos 3.6.2.2 paveiksle. Tirtos GBM2-
2F, GBM2-3F ir GBM2-4M pacienty pirminiy lasteliy naviky grupés: kontro-
liniy ir gydyty 2 mM NaVPA-3 mM NaDCA.

Kontrolé 2 mM NaVPA-3 mM NaDCA

”

GBM2-2F

GBM2-3F

GBM2-4M

3.6.2.2 pav. Tirty grupiy GBM pirminiy lgsteliy naviky kraujagysliy
neoangiogenezés EVPI2 fluorescencijos nuotraukos

Trumpa rodyklé nurodo navika ant CAM, ilga rodyklé — kraujagysle. Skalé — I mm.

Kontroliniy ir 2 mM NaVPA-3 mM NaDCA gydyty GBM2-2F, GBM2-
3F ir GBM2-4M grupiy fluorescencijos nuotraukose dekstranas isryskino
navika ir ji supant] kraujagysliy tinkla. Palyginus su atitinkama kontroline
grupe, gydymas NaVPA-NaDCA deriniu slopino angiogenez¢ — kraujagys-
liy tinklas po gydymo buvo silpniau susiformaves.
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3.7. NaVPA-NaDCA poveikio pacienty pirminiy glioblastomos
Iasteliy naviky GFRB, PLBA, p53, EZH2 ir vimentino raiSkai
tyrimy duomenys

3.7.1. GBM pirminiy lasteliy naviky ant CAM GFRB raiska

Tirty GBM2-2F, GBM2-3F, GBM2-4M pacienty poopreacinio naviko
audinio ir pirminiy lgsteliy suformuoty naviky ant CAM GFRB-teigiamy
lasteliy raiskos duomenys pateikti 3.7.1.1 lenteléje, 3.7.1.1 ir 3.7.1.2 paveiks-
luose.

3.7.1.1 lentelé. GBM naviko audinio (paciento naviko audinys) ir tirty GBM
pirminiy lgsteliy GBM2-2F, GBM?2-3F, GBM2-4M naviky ant CAM grupiy
(kontroliniy ir gydyty deriniu) GFRB-teigiamy lgsteliy raiskos duomenys

Tirtos grupés n GFRB-tIflleg(ll?::l(;s (L?;t(fsl; S proc.

GBM2-2F

GBM naviko audinys 10 93,89 (72,56-100,00)
Kontrolé 8 80,24 (23,61-97,45)
2 mM NaVPA-3 mM NaDCA 12 55,83 (10,10-93,60)
GBM2-3F

GBM naviko audinys 10 89,44 (83,56-95,65)
Kontrolé 12 82,63 (75,05-90,63)
2 mM NaVPA-3 mM NaDCA 10 4438 (8,00-68,65)*
GBM2-4M

GBM naviko audinys 10 85,88 (76,00—100,00)
Kontrolé 8 76,00 (69,06-89,00)
2 mM NaVPA-3 mM NaDCA 10 39,92 (32,00-76,00)°

4 p <0,0001, palyginus su GBM2-3F kontrole; ° p = 0,001, palyginus su GBM2-4M kon-
trole.
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GBM2-2F GBM2-3F GBM2-4M

GBM paciento
naviko audinys

GBM navikas
ant CAM
(kontrolé)

2 mM NaVPA- &
3 mM NaDCA

3.7.1.1 pav. GBM naviko audmlo ir tirty grupiy GBM pirminiy Ilgsteliy
naviky ant CAM GFRB raiska

Rudos spalvos citoplazma nurodo GFRB-teigiamas Igsteles. Skalé — 20 pm.
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3.7.1.2 pav. GBM2-2F, GBM2-3F ir GBM2-4M naviko audinio ir tirty
grupiy pirminiy lgsteliy naviky procentiné GFRB-teigiamy lgsteliy raiska
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Histologinés analiz¢ neparodé iSoperuoto GBM naviko audinio ir i§ to
pacio GBM audinio suformuoty naviky ant CAM GFRB raiskos skirtumy.
Imunohistocheminé analiz¢ parodé¢, kad GFRB-teigiamy lasteliy daznumas
iSoperuoto GBM naviko audinyje ir i§ to pacio GBM audinio suformuotame
navike ant CAM nesiskyrée (p > 0,05). Tai rodo, kad pirminiy Igsteliy naviky
ant CAM histologinés savybés atspindi GBM pacienty naviky, i§ kuriy buvo
suformuoti navikai, savybes ir patvirtina CAM tyrimo metodikos patiki-
muma.

Naviky ant CAM GFRB-teigiamy Igsteliy daznumas kontrolinés
GBM2-2F grupés buvo 80,24 proc., GBM2-3F — 82,63 proc., GBM2-4M —
76,00 proc. Palyginus su kontroline grupe, gydymas 2 mM NaVPA-3 mM
NaDCA deriniu reikSmingai sumazino GBM2-3F ir GBM2-4M naviky
GFRB-teigiamy lasteliy skai¢iy. NaVPA-NaDCA nesukélé reikSmingo
poveikio GBM2-2F naviky GFRB raiskai.

3.7.2. GBM pirminiy lasteliy naviky ant CAM PLBA raiska

Tirty GBM2-2F, GBM2-3F, GBM2-4M pacienty pirminiy lgsteliy
suformuoty naviky ant CAM grupiy PLBA-teigiamy lasteliy raiSkos duome-
nys pateikti 3.7.2.1 lentel¢je, 3.7.2.1 ir 3.7.2.2 paveiksluose.

3.7.2.1 lentelé. Tirty GBM pacienty pirminiy lgsteliy naviky ant CAM grupiy
PLBA-teigiamy lgsteliy raiskos duomenys

Tirtos grupés n PLBA-t::eg(il?::;s (lfi;ts:fs’ proc.
GBM2-2F
Kontrolé 8 88,88 (54,60-97,30)
2 mM NaVPA-3 mM NaDCA 12 59,95 (34,31-93,20)*
GBM2-3F
Kontrolé 12 90,95 (24,00-98,00)
2 mM NaVPA-3 mM NaDCA 10 30,35 (18,00-56,91)>¢
GBM2-4M
Kontrolé 8 49,00 (24,43-53,00)%¢
2 mM NaVPA-3 mM NaDCA 10 18,79 (3,00-31,10)5 "

4 p=10,02, palyginus su GBM2-2F kontrole;® p = 0,0008, palyginus su GBM2-3F kontrole;
¢ p=0,002, palyginus su GBM2-2F-2 mM NaVPA-3 mM NaDCA; ¢ p = 0,0002, palyginus
su GBM2-2F kontrole; ¢ p = 0,007, palyginus su GBM2-3F kontrole; { p = 0,0009, palyginus
su GBM2-4M kontrole; ¢ p <0,0001, palyginus su GBM2-2F-2 mM NaVPA-3 mM
NaDCA; " p = 0,02, palyginus su GBM2-3F-2 mM NaVPA-3 mM NaDCA.
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3.7.2.2 pav. GBM2-2F, GBM2-3F ir GBM2-4M tirty grupiy pirminiy
lgsteliy naviky ant CAM procentiné PLBA-teigiamy lgsteliy raiska
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Naviky ant CAM PLBA-teigiamy lasteliy daznumas kontrolinés GBM2-
2F grupés buvo 88,88 proc., GBM2-3F — 90,95 proc., GBM2-4M — 49 proc.
Palyginus su atitinkama kontroline grupe, PLBA-teigiamy lasteliy skaiCius
buvo reikSmingai mazesnis 2 mM NaVPA-3 mM NaDCA gydyty GBM2-
2F, GBM2-3F ir GBM2-4M naviky.

GBM2-4M-kontrolinés grupés PLBA-teigiamy lasteliy skaiCius buvo
reik§Smingai mazesnis nei GBM2-2F- ar GBM2-3F-kontrolinés. GBM2-2F-
2 mM NaVPA-3 mM NaDCA grupés PLBA-teigiamy lasteliy raiSka buvo
didZiausia, palyginus su deriniu gydyty GBM2-3F ir GBM2-4M naviky.
GBM2-4M-2 mM NaVPA-3 mM NaDCA naviky PLBA raiska buvo
reik§mingai mazesné nei deriniu gydyty GBM2-3F naviky.

3.7.3. GBM pirminiy lasteliy naviky ant CAM p53 raiska

Tirty GBM2-2F, GBM2-3F, GBM2-4M pacienty pirminiy lasteliy sufor-
muoty naviky ant CAM grupiy p53-teigiamy lasteliy raiSkos duomenys
pateikti 3.7.3.1 lenteléje, 3.7.3.1 ir 3.7.3.2 paveiksluose.

3.7.3.1 lentelé. Tirty GBM pacienty pirminiy lgsteliy naviky ant CAM grupiy
pI3-teigiamy lgsteliy raiskos duomenys

Tirtos grupés n p53-te;g::11il;(:lsalz(!:it§:)ess), proc.

GBM2-2F

Kontrolé 8 50,13 (18,23-94,54)

2 mM NaVPA-3 mM NaDCA 12 29,54 (2,01-60,32)*
GBM2-3F

Kontrolé 12 62,34 (8,60-93,33)

2 mM NaVPA-3 mM NaDCA 10 23,93 (1,73-43,05)°
GBM2-4M

Kontrolé 8 56,58 (22,19-66,00)

2 mM NaVPA-3 mM NaDCA 10 24,00 (3,00-32,19)°

4 p=0,031, palyginus su GBM2-2F kontrole; ® p = 0,002, palyginus su GBM2-3F kontrole;
¢ p = 0,006, palyginus su GBM2-4M kontrole.
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3.7.3.2 pav. GBM2-2F, GBM2-3F ir GBM2-4M tirty grupiy pirminiy
lgsteliy naviky ant CAM procentiné p53-teigiamy lgsteliy raiska
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Naviky ant CAM p53-teigiamy Igsteliy daznumas kontrolines GBM2-2F
grupés buvo 50,13 proc., GBM2-3F — 62,34 proc., GBM2-4M — 56,58 proc.
Kontroliniy GBM2-2F, GBM2-3F ir GBM2-4M pacienty pirminiy lasteliy
naviky p53 raiSka nesiskyré. Palyginus su atitinkama kontroline grupe, p53-
teigiamy lgsteliy skaicius buvo reikSmingai mazesnis 2 mM NaVPA-3 mM
NaDCA gydyty GBM2-2F, GBM2-3F ir GBM2-4M naviky. 2 mM NaVPA-
3 mM NaDCA gydyty GBM2-2F, GBM2-3F ir GBM2-4M grupiy p53 raiSka
nesiskyre.

3.7.4. GBM pirminiy lasteliy naviky ant CAM EZH2 raiSka

Tirty GBM2-2F, GBM2-3F, GBM2-4M pacienty pirminiy lasteliy navi-
ky ant CAM grupiy EZH2-teigiamy lasteliy raiSkos duomenys pateikti
3.7.4.1 lenteléje, 3.7.4.1 ir 3.7.4.2 paveiksluose.

3.7.4.1 lentelé. Tirty GBM pirminiy Igsteliy naviky ant CAM grupiy EZH2-
teigiamy lgsteliy raiskos duomenys

Tirtos grupés n EZHZ-t;E(ii?::;s (lfi;tsgs’ proc.
GBM2-2F
Kontrolé 8 73,48 (54,52-96,08)
2 mM NaVPA-3 mM NaDCA 12 48,73 (15,21-96,40)
GBM2-3F
Kontrolé 12 91,11 (79,90-96,22)>¢
2 mM NaVPA—3 mM NaDCA 10 62,50 (2,00-92,17)
GBM2-4M
Kontrolé 8 58,11 (39,00-65,00)
2 mM NaVPA-3 mM NaDCA 10 36,00 (16,00—43,36)% ¢

4 p=0,047, palyginus su GBM2-2F kontrole; * p = 0,01, palyginus su GBM2-2F kontrole;
¢ p <0,0001, palyginus su GBM2-4M kontrole; ¢ p = 0,0004, palyginus su GBM2-3F kont-
role; € p = 0,0005, palyginus su GBM2-4M kontrole; fp = 0,04, palyginus su GBM2-2F-
2 mM NaVPA-3 mM NaDCA; ¢ p = 0,02, palyginus su GBM2-3F-2 mM NaVPA-3 mM
NaDCA.
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3.7.4.1 pav. Tirty grupiy GBM pacienty pirminiy lgsteliy naviky
ant CAM EZH? raiska

Rudos spalvos branduoliai nurodo EZH2-teigiamas lasteles. Skal¢ — 20 um.
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3.7.4.2 pav. GBM2-2F, GBM2-3F ir GBM2-4M tirty grupiy pirminiy
lgsteliy naviky ant CAM procentiné EZH?2-teigiamy lgsteliy raiska
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Kontroliniy GBM2-2F naviky EZH2-teigiamy lasteliy daznumas buvo
73,48 proc., GBM2-3F — 91,11 proc., GBM2-4M — 58,11 proc. GBM2-3F
kontrolinés grupés EZH2-teigiamy lasteliy skaicius buvo reik§mingai dides-
nis nei GBM2-2F- ar GBM2-4M-kontrolinés. Palyginus su atitinkama kont-
roline grupe, EZH2-teigiamy lasteliy skaiCius buvo reik§mingai maZesnis
2 mM NaVPA-3 mM NaDCA gydyty GBM2-2F, GBM2-3F ir GBM2-4M
naviky. GBM2-4M-2 mM NaVPA-3 mM NaDCA grupés EZH2-teigiamy
lasteliy skaiCius buvo reikSmingai maZzesnis nei deriniu gydyty GBM2-2F ar
GBM2-3F naviky.

3.7.5. GBM pirminiy lasteliy naviky ant CAM vimentino raiska

Tirty GBM2-2F, GBM2-3F, GBM2-4M pacienty pirminiy lasteliy sufor-
muoty naviky ant CAM grupiy vimentinui-teigiamy lasteliy raiSkos duome-
nys pateikti 3.7.5.1 lentel¢je, 3.7.5.1 ir 3.7.5.2 paveiksluose.

3.7.5.1 lentelé. Tirty GBM pirminiy lgsteliy naviky ant CAM grupiy vimen-
tinui-teigiamy lgsteliy raiskos duomenys

Tirtos grupés n Vimentinﬁzgii%iiﬁiigiz;elés, proc.

GBM2-2F

Kontrolé 8 45,85 (19,20-76,45)

2 mM NaVPA-3 mM NaDCA 12 13,94 (2,02-56,02)*
GBM2-3F

Kontrolé 12 26,91 (2,15-91,00)

2 mM NaVPA-3 mM NaDCA 10 5,14 (1,18-31,25)°
GBM2-4M

Kontrolé 8 79,00 (35,38-89,00)" ¢

2 mM NaVPA-3 mM NaDCA 10 49,50 (29,00-70,72) ¢

4 p=0,002, palyginus su GBM2-2F kontrole; ® p = 0,043, palyginus su GBM2-3F kontrole;
¢ p=10,04, palyginus su GBM2-2F kontrole; ¢ p = 0,03, palyginus su GBM2-3F kontrole;
¢p=0,03, palyginus su GBM2-4M kontrole; fp = 0,001, palyginus su GBM2-2F-2 mM
NaVPA-3 mM NaDCA; ¢ p < 0,0001, palyginus su GBM2-3F-2 mM NaVPA-3 mM NaDCA.
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Kontroliniy GBM2-2F naviky ant CAM vimentinui-teigiamy lasteliy
daznumas buvo 48,45 proc., GBM2-3F — 26,91 proc., GBM2-4M — 79,00
proc. GBM2-4M-kontrolinés grupés vimentinui-teigiamy lasteliy skaicius
buvo reik§Smingai didesnis nei GBM2-2F- ar GBM2-3F-kontrolinés.
Palyginus su atitinkama kontroline grupe, vimentinui-teigiamy lasteliy skai-
¢ius buvo reik§Smingai mazesnis 2 mM NaVPA-3 mM NaDCA gydyty GBM2-
2F, GBM2-3F ir GBM2-4M naviky. GBM2-4M-2 mM NaVPA-3 mM
NaDCA grupés vimentinui-teigiamy lgsteliy raiSka buvo didziausia, palygi-
nus su deriniu gydyty GBM2-2F ir GBM2-3F naviky.

3.8. NaVPA-NaDCA poveikio pacienty pirminiu glioblastomos
lasteliy geny raiskai: in vitro tyrimy duomenys

3.8.1. NaVPA-NaDCA poveikis pacienty pirminiy glioblastomos

lasteliu SLC12A42 raiSkai

Tirty GBM2-2F, GBM2-4M, GBM2-5F ir GBM2-6M pacienty pirminiy
lasteliy kontroliniy ir gydyty 2 mM NaVPA—-3 mM NaDCA grupiy SLC1242
ir GAPDH raiskos duomenys yra pateikti 3.8.1.1 lenteléje ir 3.8.1.1 pa-
veiksle.

3.8.1.1 lentelé. Tirty pacienty pirminiy glioblastomos lgsteliy grupiy
SLCI12A42 ir GAPDH raiskos duomenys

Rodiklis, viduris +£ SN

Tirtos grupés | n CT ACT AACT | 2784cT
SLCI242 | GAPDH
GBM2-2F
Kontrolé 6| 2742+073 | 27,15£047 | 027+0,96
2 mM NaVPA-
M NaDCA | 6| 28462092 | 2872147 | -027£075 | 054 | 145
GBM2-4M
Kontrolé 6| 2445047 | 2221+033 | 2,24+030°
2 mM NaVPA- e
M NaDCA | 6] 2499019 | 2228026 |2,71£0250¢| 047 | 0,72
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3.8.1.1 lentelés tegsinys

Rodiklis, viduris +£ SN
Tirtos grupés | n ACT AACT | 2724cT
SLCI1242 GAPDH
GBM2-5F
Kontrolé 6| 21,73+0,29 19,17 +£0,31 2,56 +0,51°
2 mM NaVPA— y
3 mM NaDCA 6| 21,94+0,73 20,17+0,18 | 1,77+0,70 -0,79 | 1,72
GBM2-6M
Kontrolé 6| 24,76 +0,30 21,61 £0,54 |3,15+0,31*¢
2 mM NaVPA— o
3 mM NaDCA 6| 25,06+0,24 22,86 £0,24 | 2,20+ 0,46 -0,95 | 1,93

4 p=0,002, palyginus su GBM2-2F kontrole; ® p = 0,02, palyginus su GBM2-4M kontrole;
¢ p=0,002, palyginus su GBM2-2F-2 mM NaVPA-3 mM NaDCA; ¢ p = 0,04, palyginus su
GBM2-5F kontrole; € p = 0,004, palyginus su GBM2-4M kontrole; f p = 0,002, palyginus su

GBM2-6M kontrole.
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3.8.1.1 pav. Tirty pacienty pirminiy glioblastomos lgsteliy kontroliniy
ir gydyty NaVPA-NaDCA deriniu grupiy SLC12A2 raiska:
GBM?2-2F, GBM2-4M, GBM2-5F ir GBM2-6M

Horizontalus briik§nys — mediana, trumpos horizontalios linijos — ribos.
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Palyginus su atitinkama kontroline grupe, SLC/242 raiska buvo reiks-
mingai mazesné¢ 2 mM NaVPA-3 mM NaDCA gydyty GBM2-4M lasteliy;
SLC12A2 raiska buvo reikSmingai didesn¢é GBM2-5F-2 mM NaVPA-3 mM
NaDCA ir GBM2-6M-2 mM NaVPA-3 mM NaDCA Iasteliy nei atitinka-
mos kontrolinés grupés. NaVPA-NaDCA nesukélé reikSmingo poveikio
GBM2-2F paciento lasteliy SLC12A42 raiskai.

SLC12A42 raiSka buvo reikSmingai didesné GBM2-2F kontroliniy Igsteliy
nei GBM2-4M, GBM2-5F ir GBM2-6M kontroliniy. SLC12A42 raiska buvo
reik§mingai mazesné GBM2-6M kontroliniy lasteliy nei GBM2-4M kontro-
liniy. Deriniu gydyty Iasteliy grupiy geno raiska buvo nustatyta tokia: GBM2-
2F > GBM2-5F = GBM2-6M = GBM2-4M (> — skirtumai reik§mingi).

3.8.2. NaVPA-NaDCA poveikis pacienty pirminiy glioblastomos
lasteliu SLC12A45 raiSkai

Tirty GBM2-2F, GBM2-4M, GBM2-5F ir GBM2-6M pacienty pirminiy
lasteliy kontroliniy ir gydyty 2 mM NaVPA-3 mM NaDCA grupiy SLC1245
ir GAPDH raiskos duomenys yra pateikti 3.8.2.1 lentel¢je.

3.8.2.1 lentelé. Tirty pacienty pirminiy glioblastomos lgsteliy grupiy
SLC12A45 ir GAPDH raiskos duomenys

Rodiklis, vidurkis £ SN

Tirtos grupés | n CT ACT AACT | 2784CT
SLCI245 | GAPDH
GBM2-2F
Kontrol¢ 6 | 37,61+£032 | 27,15+ 047 -
2 mM NaVPA-
M NaDCA | 6 | 3907£107 | 28724147 - - -
GBM2-4M
Kontrol¢ 6 | 37,00+0,56 | 22,21+0,33 -
2 mM NaVPA-
M NaDCA | 6 | 3466+024 | 2228+026 | 1238£022 | - -
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3.8.2.1 lentelés tegsinys

Rodiklis, vidurkis + SN

Tirtos grupés | n CT ACT AACT | 27284CT
SLCI2A45 GAPDH
GBM2-5F
Kontrolé 6 | 30,85+0,07 | 19,17+0,31 11,68 = 0,30
2 mM NaVPA— b
3 mM NaDCA 6 | 29,74+0,18 | 20,17+0,18 | 9,58+0,15 -2,10 | 4,29
GBM2-6M
Kontrolé 6 | 36,25+0,52 | 21,61 +0,54 -
2 mM NaVPA— be
3 mM NaDCA 6 | 33,48+0,32 | 22,86+0,24 | 10,62 + 0,52 —4,02 | 16,23

4 p=10,002, palyginus su GBM2-5F kontrole; ° p = 0,002, palyginus su GBM2-4M-2 mM
NaVPA-3 mM NaDCA; ¢ p = 0,002, palyginus su GBM2-5F-2 mM NaVPA-3 mM NaDCA.

GBM2-2F, GBM2-4M ir GBM2-6M kontroliniy ir GBM2-2F-2 mM-
NaVPA-3 mM NaDCA lasteliy SLC1245 raiska buvo neisreiksta (raiskos
néra). SLC12A45 raiska nustatyta GBM2-4M-2 mM NaVPA-3 mM NaDCA
ir GBM2-6M-2 mM NaVPA-3 mM NaDCA lastelése — gydymas deriniu
aktyvino geno raiSka. SLCI1245 raiska buvo reikSmingai didesn¢ 2 mM
NaVPA-3 mM NaDCA gydyty GBM2-5F lasteliy nei GBM2-5F kontroliniy.

Palyginus deriniu gydyty lasteliy SLC12A45 raiSka, nustatyti jos skirtumai
grupése: GBM2-5F > GBM2-6M > GBM2-4M (skirtumai buvo reik§mingi).

3.8.3. NaVPA-NaDCA poveikis pacienty pirminiy glioblastomos
lasteliu SLC5A48 raiskai

Tirty GBM2-2F, GBM2-4M, GBM2-5F ir GBM2-6M pacienty pirminiy
lasteliy kontroliniy ir gydyty 2 mM NaVPA-3 mM NaDCA grupiy SLC548
ir GAPDH raiskos duomenys yra pateikti 3.8.3.1 lentel¢je.
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3.8.3.1 lentelé. Tirty pacienty pirminiy glioblastomos lgsteliy grupiy
SLC5A8 ir GAPDH raiskos duomenys
Rodiklis, vidurkis £ SN
Tirtos grupés n CT ACT AACT 2-aCT
SLC548 | GAPDH

GBM2-2F

Kontrolé raiSkos néra 27,15+0,47 -

2 mM NaVPA- . .

3 mM NaDCA raiSkos néra 28,72 £ 1,47 - - —
GBM2-4M

Kontrolé raiSkos néra 22,21 +0,33 -

2 mM NaVPA-

3 mM NaDCA 39,26 + 0,55 22,28 +0,26 - - -
GBM2-5F

Kontrolé 39,67+ 0,43 19,17 £ 0,31 -

2 mM NaVPA-

3 mM NaDCA 38,08 £ 0,91 20,17+ 0,18 - - —
GBM2-6M

Kontrolé 39,49+ 0,10 21,61 £ 0,54 —

2 mM NaVPA-

3 mM NaDCA 38,61 +1,13 22,86 +£ 0,24 - - -

GBM2-2F, GBM2-4M, GBM2-5F ir GBM2-6M kontrolinése ir gydy-
tose 2 mM NaVPA-3 mM NaDCA lastelése SLC5AS8 raiskos nebuvo (Igste-
lése raiSka nenustatyta).
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3.8.4. NaVPA-NaDCA poveikis pacienty pirminiy glioblastomos
lasteliu CDH1 raiskai

Tirty GBM2-2F, GBM2-4M, GBM2-5F ir GBM2-6M pacienty pirminiy
lasteliy kontroliniy ir gydyty 2 mM NaVPA-3 mM NaDCA grupiy CDH] ir
GAPDH raiskos duomenys yra pateikti 3.8.4.1 lenteléje ir 3.8.4.1 paveiksle.

3.8.4.1 lentelé. Tirty pacienty pirminiy glioblastomos lgsteliy grupiy CDH1
ir GAPDH raiskos duomenys

Rodiklis, vidurkis £ SN
Tirtos grupés | n CT ACT AACT | 2784CT
CDH1 GAPDH
GBM2-2F
Kontrolé 6 |37,09+0,72 | 27,15+£047 —
2 mM NaVPA-
3 mM NaDCA 6 | 38,060,838 | 28,72 £ 1,47 — — —
GBM2-4M
Kontrolé 6 |33.69+041 | 2221033 | 11,48+0,31
2 mM NaVPA— N
o INADCA | 6 | 3255+032 ] 22285026 [ 1027£0,550 | 1,21 | 231
GBM2-5F
Kontrolé 6 |29,62+021 | 19,17 0,31 | 10,45 +0,44¢
2 mM NaVPA— b
3 mM NaDCA 6 |29,87+0,13 | 20,17+0,18 | 9,70+ 0,20 —0,75 1,68
GBM2-6M
Kontrolé 6 | 34,12+042 | 21,61 £0,54 | 12,51 +0,22°
2 mM NaVPA- c
3 mM NaDCA 6 | 34,50+£0,23 | 22,86 £0,24 | 11,64 +0,35 -0,87 1,83

4 p=10,002, palyginus su GBM2-4M kontrole; ® p = 0,002, palyginus su GBM2-6M-2 mM
4p=0,004, paly-
ginus su GBM2-5F kontrole; ©p=0,04, palyginus su GBM2-4M-2 mM NaVPA-3 mM

NaVPA-3 mM NaDCA; € p = 0,002, palyginus su GBM2-6M kontrole;

NaDCA.
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3.8.4.1 pav. Tirty pacienty pirminiy glioblastomos Igsteliy
kontroliniy ir gydyty NaVPA—NaDCA deriniu grupiy CDHI raiska:
GBM?2-2F, GBM2-5F ir GBM2-6M

Horizontalus briik§nys — mediana, trumpos horizontalios linijos — ribos.

GBM2-2F-kontroliniy lasteliy CDHI raiSka buvo neiSreiksta (buvo
nenustatyta), gydymas 2 mM NaVPA-3 mM NaDCA nesukélé poveikio
geno raiSkai (CDH1 raiSka nenustatyta). Kontroliniy GBM2-4M, GBM2-5F
ir GBM2-6M lasteliy CDH1 raiska buvo nustatoma, kuri po gydymo 2 mM
NaVPA-3 mM NaDCA buvo reikSmingai didesn¢ gydyty GBM2-4M,
GBM2-5F ir GBM2-6M lasteliy.

CDH] raiska buvo reikSmingai didesné GBM2-5F-kontroliniy Igsteliy
nei kontroliniy GBM2-4M ir GBM2-6M. CDH1 raiska buvo reikSmingai
didesne GBM2-4M-kontroliniy lasteliy nei GBM2-6M-kontroliniy. Palygi-
nus deriniu gydyty lasteliy CDH1 raiska, jos dydis pasiskirst¢: GBM2-5F >
GBM2-4M > GBM2-6M (skirtumai buvo reik§mingi).
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3.8.5. NaVPA-NaDCA poveikis pacienty pirminiy glioblastomos
lasteliu CDH?2 raiskai

Tirty GBM2-2F, GBM2-4M, GBM2-5F ir GBM2-6M pacienty pirminiy
lasteliy kontroliniy ir gydyty 2 mM NaVPA-3 mM NaDCA grupiy CDH? ir
GAPDH raisSkos duomenys yra pateikti 3.8.5.1 lenteléje ir 3.8.5.1 paveiksle.

3.8.5.1 lentelé. Tirty pacienty pirminiy glioblastomos lgsteliy grupiy CDH?2
ir GAPDH raiskos duomenys

Rodiklis, vidurkis £ SN

Tirtos grupés | n ACT AACT | 2784CT
CDH2 GAPDH
GBM2-2F
Kontrolé 6 | 2528+022 | 27,5047 | —1,87 +0,48°
2 mM NaVPA- b
3 mM NaDCA 6 | 26,66+ 1,10 | 28,72+ 1,47 | —-2,07+0,55 -0,20 | 1,15
GBM2-4M
Kontrolé 6 | 22,76+0,39 | 22,21+0,33 0,55+ 0,20
2 mM NaVPA- a
3 mM NaDCA 6 | 24,15+0,15 | 22,28+0,26 1,87+ 0,29 1,32 0,40
GBM2-5F
Kontrolé 6 | 19,25+0,07 | 19,17+0,31 | 0,07 +0,33%¢
2 mM NaVPA— o
3 mM NaDCA 6 | 1997+0,10 | 20,17+0,18 | —0,19+0,13 -0,27 | 1,20
GBM2-6M
Kontrolé 6 | 21,85+ 0,10 | 21,61 40,54 | 024 +0,44°
2 mM NaVPA— bde
3 mM NaDCA 6 | 23,46+0,21 | 22,86+ 0,24 | 0,60 £ 0,44 0,36 0,78

4p=0,002, palyginus su GBM2-4M kontrole; ®p=0,002, palyginus su GBM2-4M-
2 mM NaVPA-3 mM NaDCA; ¢ p =0,002, palyginus su GBM2-2F kontrole; ¢ p = 0,002,
palyginus su GBM2-2F-2 mM NaVPA-3 mM NaDCA; ¢ p = 0,002, palyginus su GBM2-
5F-2 mM NaVPA-3 mM NaDCA.
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3.8.5.1 pav. Tirty pacienty pirminiy glioblastomos Igsteliy
kontroliniy ir gydyty NaVPA—-NaDCA deriniu grupiy CDH? raiska:
GBM?2-2F, GBM2-4M, GBM2-5F ir GBM2-6M

Horizontalus briik§nys — mediana, trumpos horizontalios linijos — ribos.
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Palyginus su kontroline grupe, CDH?2 raiSka buvo reik§mingai maZzesné
2 mM NaVPA-3 mM NaDCA gydyty GBM2-4M lgsteliy. NaVPA-NaDCA
nesukele reikSmingo poveikio GBM2-2F, GBM2-5F ir GBM2-6M lasteliy
CDH? raiskai.

CDH? raiSka buvo reik§mingai didesn¢é GBM2-2F-kontroliniy lasteliy
nei kontroliniy GBM2-4M, GBM2-5F ir GBM2-6M. CDH?2 raiska buvo
reik§mingai mazesn¢ GBM2-4M-kontroliniy Igsteliy nei GBM2-5F-kontro-
liniy. Palyginus tirty deriniu gydyty lasteliy grupiy CDH? raiskos dydj, raiSka
pasiskirste: GBM2-2F > GBM2-5F > GBM2-6M > GBM2-4M (skirtumai
buvo reikSmingi).

3.9. NaVPA-NaDCA poveikio pirminiy ependimomos lasteliu
navikams ant CAM ir lasteliy geny raiSkai tyrimy duomenys

3.9.1. NaVPA-NaDCA poveikis pirminiy ependimomos lasteliy
navikams ant CAM

Tirto EP2-1M ependimomos paciento pirminiy Igsteliy naviky ant CAM
grupiy stereomikroskopijos EVP12, iskirptos membranos su naviku ex ovo ir
H-E histologijos nuotraukos pateiktos 3.9.1.1 paveiksle. EVP12 navikas ma-
tomas po penkiy pary nuo transplantacijos ant CAM. Tirtos EP2-1M paciento
lgsteliy naviky kontrolings ir gydyty 2 mM NaVPA-3 mM NaDCA grupés.

EVP12 CAM ex ovo

Kontrolé

2 mM NaVPA-
3 mM NaDCA

| -
3.9.1.1 pav. EP2-1IM paciento pirminiy lgsteliy naviky
ant CAM grupiy stereomikroskopijos, ex ovo CAM su naviku
ir H-E histologijos EVPI12 nuotraukos
Trumpa rodyklé — navikas, ilga rodyklé — apie kraujagysle issisklaidgs navikas, punktyriné

linija — suardytas choriono epitelis, ChE — choriono epitelis, AE — alantojaus epitelis, M —
mezenchima, N — navikas. EVP12, CAM ex ovo skalé — 1 mm, H-E — 200 pm.
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Ant CAM transplantuoti astuoni EP2-1M kontroliniai ir septyni
NaVPA-NaDCA gydyti navikai neprigijo ir iSsisklaid¢ CAM pavirsiuje.
Susiformavo tik vienas i$ aStuoniy kontroliniy naviky (kontrole, EVP12 ir H-
E nuotraukos). EP2-1M-2 mM NaVPA-3 mM NaDCA ependimomos
paciento pirminiy lasteliy navikas EVP12 nuotraukoje matomas iSsisklaides
CAM pavirsiuje pagal kraujagysles (rodyklé). H-E preparatuose naviko vieta
buvo nustatyta pagal CAM sustor¢jimg ir naviko Igsteles ant choriono epitelio
(2 mM NaVPA-3 mM NaDCA, H-E).

Tirto EP2-1M naviko grupiy invazijos ] CAM daznumo, CAM storio ir
kraujagysliy skai¢iaus CAM po naviku duomenys pateikti 3.9.1.1 lentel¢je.

3.9.1.1 lentelé. EP2-1M pirminiy lgsteliy naviky invazijos | CAM daznumas,
CAM storio ir kraujagysliy skaiciaus po naviku duomenys

Invazijos CAM storis, Kraujagysliu
Tirtos grupés n daZnumas, pm skaicius
proc. mediana (ribos)
Kontrolé 16 22,22 251,40 (176,50-503,00) 9,5 (6-19)
2 mM NaVPA- a b
3 mM NaDCA 14 14,29 202,90 (110,60-244,60) 4,5 (1-25)

4 p=0,01, palyginus su EP2-1M kontrole; * p = 0,001, palyginus su EP2-1M kontrole.

Naviky ant CAM invazijos daznumas kontrolinés EP2-1M grupés buvo
22,22 proc., EP2-1M-2 mM NaVPA-3 mM NaDCA — 14,29 proc. Gydymas
2 mM NaVPA-3 mM NaDCA nesukelé reik§mingo poveikio EP2-1M navi-
ko invazijai j CAM. Palyginus su EP2-1M kontroline grupe, gydymas 2 mM
NaVPA-3 mM NaDCA reikSmingai sumazino CAM storj ir kraujagysliy
skai¢iy po naviku.

Tirto EP2-1M paciento poopreacinio naviko audinio ir pirminiy Igsteliy
suformuoto naviko ant CAM GFRB-teigiamy lasteliy raiSkos paveikslai
pateikti 3.9.1.2 paveiksle.

133



[r——— ¥ ’ £ e

3.9.1.2 pav. Ependimomos naviko audinio (A) ir ependimomos pirminiy
lgsteliy kontrolinio naviko ant CAM (B) GFRB raiska

Rudos spalvos citoplazma nurodo GFRB-teigiamas Igsteles. Skal¢ — 20 um.

Imunohistocheminés analizés metu nustatyta EP2-1M naviko audinio ir
i$ to pacio ependimomos audinio suformuoto kontrolinio naviko ant CAM
silpnai teigiama citoplazminé GFRB raiska. EP2-1M naviko audinio (n = 10)
GFRB-teigiamy lasteliy kiekio mediana — 59,23 proc., ribos 51,45-79,01
proc., kontrolinio naviko ant CAM (n = 1) — 47,27 proc. (48,21-52,32). Ant
CAM transplantuoti ependimomos audinio navikai nesusiformavo, iSsi-
sklaid¢e CAM pavirsiuje, dé¢l to imunohistocheminis tyrimas neatliktas.

3.9.2. NaVPA-NaDCA poveikis pirminiy ependimomos lasteliy
SLCI12A42, SLCI2A45, SLC5A8, CDH1 ir CDH? raiskai

EP2-1M paciento pirminiy ependimomos lasteliy kontrolinés ir gydyty
2 mM NaVPA-3 mM NaDCA grupiy SLCI1242, SLCI2A45, SLC548, CDH|,
CDH?2 ir GAPDH raiskos duomenys yra pateikti 3.9.2.1 lentel¢je ir 3.9.2.1 pa-
veiksle.
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3.9.2.1 lentelé. EP2-IM paciento pirminiy ependimomos lgsteliy grupiy
SLCI1242, SLC1245, SCL5A8, CDHI, CDH?2 ir GAPDH raiskos duomenys

Rodiklis, vidurkis £ SN
Tirtos grupés | n AACT | 2784CT
CT ACT

SLCI1242 GAPDH

Kontrolé 6 | 2737143 | 21,29+1,29 | 6,08 £0,33

2 mM NaVPA-

3 mM NaDCA 6 | 26,78+1,07 | 20,73 +£0,66 | 6,05+ 1,69 —-0,04 1,03
SLCI245 GAPDH

Kontrolé 6 | 37,50+ 1,24 | 21,29+ 1,29 —

2 mM NaVPA-

3 mM NaDCA 6 | 36,76 1,08 | 20,73 £0,66 - - -
SLC5A48 GAPDH

Kontrolé 6 | 36,65+1,21 | 21,29+ 1,29 —

2 mM NaVPA-

3 mM NaDCA 6 | 36,51 +£0,89 | 20,73 £0,66 - - -

CDH1 GAPDH

Kontrolé 6 | 38,01+£0,74 | 21,29+ 1,29 —

2 mM NaVPA-

3 mM NaDCA 6 | 37,68 £0,46 | 20,73 £0,66 - - -

CDH2 GAPDH

Kontrolé 6 | 2427+0,86 | 21,29+1,29 | 2,99+0,63

2 mM NaVPA- a

3 mM NaDCA 6 | 2537+1,08 | 20,73 +£0,66 | 4,64 +0,56 1,66 0,32

* p = 0,04, palyginus su EP2-1M kontrole.
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3.9.2.2 pav. EP2-1M pirminiy ependimomos lgsteliy kontrolinés ir gydyty
NaVPA-NaDCA deriniu grupiy SLC12A42 (A) ir CDH2 (B) raiska

Horizontalus briik§nys — mediana, trumpos horizontalios linijos — ribos.

NaVPA—-NaDCA nesukelé reikSmingo poveikio EP2-1M paciento laste-
liy SLC1242 raiSkai. EP2-1M kontroliniy lasteliy SLC1245, SLC5A48 ir
CDHI geny raiSkos nenustatyta (raiSkos néra). Gydymas 2 mM NaVPA-
3 mM NaDCA nesukélé poveikio SLC12A45, SLC5A8 ir CDH1 raiskai (raiska
nenustatyta). Palyginus su kontroline grupe, CDH?2 raiska buvo reikSmingai
mazesné 2 mM NaVPA-3 mM NaDCA gydyty EP2-1M lasteliy.
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4. REZULTATU APTARIMAS

GBM serganciy pacienty didelis mirtingumas yra susijes su TMZ ne-
veiksmingumu arba naviko jgytu atsparumu chemoterapijai [15, 87], lemian-
Cio atkrycius ir bloga prognoze [16]. Tad svarbu ieSkoti veiksmingesniy
GBM gydymo budy. Taikant GBM terapija reikalingas individualizuotas po-
pries paskiriant chemoterapija [459, 460]. GBM lasteliy pobidis arba su
gydymu susijes poveikis lasteliy glikolizés pokyciams gali biti vienas i8
vézio gydymo metody [35, 304, 461]. In vivo, kombinuotas eksperimentinis
gydymas DCA ir radioterapija pagerino peliy, serganciy ortotopine glio-
blastoma, iSgyvenamuma, parodé, kad DCA gali padidinti GBM lasteliy jaut-
rumg radioterapijai, veikdamas naviko lasteliy metabolizma [316]. Pazanga
individualizuoto GBM gydymo srityje yra glaudziai susijusi su standartiniu
gydymu. Todél tiriamos naujos gydymo strategijos, jskaitant chemoterapija
vaistais, kurie veikia naviko metabolines ir molekulines savybes. Poveikio
naviko mitochondrinio metabolizmo mechanizmams taikymas yra galima
veézio gydymo strategija.

NaDCA yra specifinis PDK inhibitorius, slopinantis pieno riig§ties ga-
myba [310, 311] ir skatinantis naviko Iasteliy apoptoze [312]. PDK atrankiai
slopina PDH kompleksa, kuris reguliuoja glikolizés ir oksidacijos mechaniz-
mus [33]. PDH inaktyvacija palaiko GBM lasteliy padid¢jes PDK1 aktyvu-
mas [306], kuris yra susijes su atsparumu chemoterapijai [305]. In vivo ekspe-
rimentiniy modeliy NaDCA poveikio tyrimai rodo prieSnavikinj preparato
poveikj [319]. Taikant Balb/c neturin¢iy uzkrii¢io liaukos nude peliy patiné-
liy modelj, NaDCA labai slopino U87 Iasteliy poodiniy naviky augima [315].
Kiti tyr¢jai nenustaté DCA poveikio U87 naviko, implantuoto neturinéiy uz-
krii¢io liauky nude pateliy peliy smegenyse, augimui [316] ar neturinciy uz-
krii¢io liaukos nude peléms poodyje implantuoto U87 lasteliy ksenotrans-
planto augimui [314]. U87 Iasteliy sferoidai buvo atspariis 10 mM NaDCA
gydymui [314].

PrieSnavikinis VPA poveikis yra susijes su I ir I klasiy HDAC slopinimu
[337]. VPA poveikis buvo tiriamas kartu su chemoterapija ir radioterapija
[350, 352], chemoradioterapijos pradzioje arba po jos, siekiant padidinti che-
moterapijos veiksminguma GBM pacientams ir pagerinti jy bendra vidutinj
iSgyvenamuma [363, 364]. VPA gerina radioterapijos veiksminguma, didin-
damas GBM lasteliy jautruma [350], ir aktyvina apoptozinj atsaka j radio-
terapijg [351]. Ikiklinikiniai tyrimai rodo NaDCA sinerginj poveikj kartu su
chemoterapija gydant jvairias vézio formas [319]. NaDCA derinio su kitais
vaistais ikiklinikinis terapijos metodas suteikia galimybe daryti prielaida, kad
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ji galima buty taikyti klinikiniams tyrimams [312, 314, 315]. Chemoterapijos
ir HDAC inhibitoriaus VPA sinerginis poveikis yra perspektyvus GBM
gydymo ir chemoterapijos atsparumo prevencijai metodas [88, 462].

Disertacinio darbo hipotezé — VPA gali sustiprinti DCA pernasa i Iastele
per demetilinta SLC548 — VPA aktyvinant DCA neSiklio SLC548 [254,271].
Toks sinergizmas gali biiti svarbus, nes jis leidzia sumazinti DCA doze ir
DCA dazniausiai sukelian¢io nepageidaujamo poveikio — periferinés neuro-
patijos — rizika, kuri, gydant suaugusiuosius, susijusi su didesnémis NaDCA
dozémis. Grjztamosios neuropatijos, kaip nepageidaujamo vaisto poveikio
pasireiskimas, priklauso nuo amziaus (dél su amziumi susijusio létesnio DCA
metabolizmo), ir prieSingai — NaDCA doz¢ galima didinti vaikams be reiks-
mingo Salutinio poveikio rizikos [35, 463].

Norint patvirtinti GBM gydymo veiksminguma, biitina suprasti vaisty
veikimo ir atsparumo vaistams raidos mechanizmus, taip pat jvertinti vaisty
poveikj vézio prognoziniy Zymeny pokyc¢iams [464, 465].

Disertaciniame darbe NaVPA-NaDCA prieSnavikinis poveikis pa-
kuriais buvo vertinamas vaisto poveikis naviko augimui, neoangiogenezei,
naviko invazijai ir naviko audinio Zymeny raiskai. Sie duomenys palyginti su
NaDCA ar TMZ poveikiu, atliekant histologing ir [IHC GBM analizg. Diserta-
cinio darbo tyrimo duomenys rodo, kad CAM modelis yra vertinga priemoneé
tirlamojo vaisto in vivo veiksmingumui vertinti. Taikant CAM modelj, sek-
mingas transplantuoto suformuoto naviko isitvirtinimas garantuojamas neo-
vaskuliarizacija, kuri garantuoja ksenotransplanto iSgyvenimg [466—469].
Tyrimais jrodéme, kad papildomi kriterijai, leidZiantys jvertinti ksenotrans-
planto piktybinj pobidi, yra naviko invazija j CAM, CAM sustoréjimas. Sie
poky¢iai yra tiesiogiai susij¢ su suaktyvéjusia neoangiogeneze CAM mezen-
chimoje, taip pat su kancerogeneze susijusiy Zymeny poky¢iais naviko audi-
nyje, taikant gydyma ne tik in vivo (vertinant su GBM susijusiy Zymeny
raiska), bet kartu vertinant tiriamyjy vaisty poveikj navikinéms Igsteléms
in vitro tyrimais. Ikiklinikiniy tyrimy duomenys gali buti svarbiis parenkant
individualizuota chemoterapijg ir vertinant galimag jos veiksminguma gydant
GBM, palyginant tiriamyjy vaisty poveikj su TMZ poveikiu [132, 365, 455].
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4.1. Tiriamyju vaistiniy preparaty poveikis U87 ir T98G navikams
ant CAM bei U87 ir T98G lasteléms

U87 ir T98G kontroliniy naviky bei kontroliniy (negydyty) lasteliy
palyginimas. U87 ir T98G kontroliniy grupiy naviky invazijos | CAM daznu-
mas, CAM storis ir neoangiogenezés raiSka CAM mezenchimoje po naviku
ar naviky PLBA ir EZH?2 raiska nesiskyré. U87-kontrolinés grupés naviky
pS3-teigiamy lgsteliy skaicius buvo reikSmingai mazesnis nei T98G naviky
ant CAM. Negydyti U87 ir T98G navikai léme reik§mingg CAM sustor¢jima.

SLC5A48 ir CDHI (genas, koduojantis E-kadherino baltyma) raiSka U87
ir T98G-kontrolinése lastelése buvo nepamatuojami (geno raiskos néra).
T98G lastelés gali biiti piktybiskesnés nei U87 Iastelés, nes SLC12A42 (genas,
koduojantis Na-K-2Cl nesikli (NKCC1)) raiSka buvo reikSmingai didesné
T98G nei U87 lasteliy, o SLC12A45 (genas, koduojantis K-ClI nesiklj (KCC2))
raiSka buvo iSreiksta U87 lastelése; bet jos nebuvo galima aptikti T98G laste-
lése. CDH?2 (genas, koduojantis N-kadherino baltyma) raiska buvo reikSmin-
gai didesné T98G-kontroliniy lgsteliy nei U87 lasteliy [365].

Tiriamyjuy vaistiniy preparaty poveikio U87 ir T98G navikams paly-
ginimas. Gydymo NaDCA, NaVPA-NaDCA arba TMZ poveikis priklause
nuo tiriamojo vaisto ir lasteliy linijos. Tai leido mums stebéti galimus skir-
tumus arba panaSumus ir palyginti tiriamyjy vaistiniy medziagy poveikj U87
ir T98G lasteliy naviky karcinogenezei.

U87 naviky tyrimas rodo, kad gydymas NaDCA (10 mM, 5 mM ar 3 mM
doz¢) reikSmingai sumazino U87 naviko invazijos ]| CAM daznumg [308,
310], kaip ir gydymas 2 mM NaVPA-3 mM NaDCA (toliau — NaVPA-
NaDCA), 100 uM TMZ arba 50 uM TMZ. 5 mM NaDCA ir 100 uM TMZ
gydymo poveikis U87 naviky invazijai buvo reikSmingai didesnis nei 3 mM
NaDCA. T98G naviko invazija | CAM reik§mingai sumazino tik 10 mM
NaDCA, 100 uM TMZ arba 50 uM TMZ. 100 uM TMZ gydymo poveikis
T98G naviky invazijai buvo reikSmingai didesnis nei 3 mM NaDCA.

Ksenotransplantas sukelia uzdegiminj atsaka CAM mezenchimoje [471—
473]. Kontrolei naudojamas PBS tirpalas neaktyvino membranos, taciau
hiperosmoliariniai tirpalai lémé CAM sustor¢jima [474]. U87-kontroliniy
CAM storis nesiskyré nuo gydyty 10 mM NaDCA membranos storio po navi-
ku. CAM storj po U87 naviku reik§mingai sumazino 3 mM NaDCA ir
100 uM TMZ dozés. CAM storj po T98G naviku reik§mingai sumazino
gydymas 10 mM ir 5 mM NaDCA, 2 mM NaVPA-3 mM NaDCA ir 100 uM
TMZ [365]. LSMU Histologijos ir embriologijos katedros mokslininky tyri-
mas rodo, kad 10 mM dichloracetato aniono koncentracijos poveikis CAM
sustor¢jimui priklauso nuo preparato katijono (10 mM NaDCA ir 5 mM
MgDCA): U87 naviky CAM storj reikSmingai daugiau sumazino 5 mM
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MgDCA dozé [470]. CAM sustor¢jimas yra neatsiejamas nuo neoangio-
genezeés [475]: navikas ant CAM skatina angiogeneze, kurios aktyvumas
tiesiogiai susij¢s su membranos mezenchimos storiu [471, 474].

Po 5 dieny, kai U87 ar T98G navikas buvo persodintas ant CAM, aplink
ksenotransplantg susiformavo kraujagysliy tinklas. CAM angiogenez¢ apibii-
dinama kaip padidéjes kraujo kapiliary tankumas aplink transplantuota navi-
ka; neoplazinés Iastelés iSskiria specifinius endotelio augimo veiksnius,
citokinus ir chemokinus, skatinanc¢ius naujy kraujagysliy susiformavima
[466—468,476—478]. U87 naviky tyrimas rodo, kad gydymas 5 mM NaDCA,
3 mM NaDCA, NaVPA-NaDCA, 100 uM TMZ arba 50 pM TMZ reikSmin-
gai sumazino kraujagysliy skai¢iy CAM mezenchimoje. Kiti tyréjai taip pat
nurodo, kad NaDCA slopino angiogeneze in vivo [312]. NaVPA-NaDCA
gydymo poveikis U87 naviky sukeltai neoangiogenezei buvo reikSmingai
didesnis nei 3 mM NaDCA ir 50 uM TMZ, o 100 uM TMZ poveikis neoan-
giogenezei mezenchimoje nesiskyré nuo NaVPA-NaDCA poveikio ir buvo
reikSmingai didesnis nei 3 mM NaDCA. NaDCA monoterapija nesukélé po-
veikio neoangiogenezei gydant T98G navikus. Neoangiogeneze¢ buvo vieno-
dai reikSmingai slopinama gydant T98G navikus 100 pM TMZ, 50 uM TMZ
arba NaVPA—NaDCA [365].

Sinerginis derinio poveikis nustatytas U87 ir T98G lasteliy navikuose:
kraujagysliy skaic¢ius buvo reikSmingai mazesnis U87-NaVPA-NaDCA
grupés nei U87-3 mM NaDCA grupés ir T98G-NaVPA-NaDCA grupés nei
T98G-3 mM NaDCA grupés — tai rodo sinerginj NaVPA ir NaDCA poveik].

PLBA i§ pradziy buvo pripazintas kaip proliferuojanciy lasteliy specifi-
nis antigenas, nustatomas lasteliy branduoliuose lgsteliy ciklo S fazés metu.
Vélesni tyrimai ir sisteminé apzvalga rodo, kad padidéjusi PLBA raiska yra
tiesiogiai susijusi su naviko piktybiskumu, vélyva GBM stadija, trumpu iSgy-
venamumu. Todél §is Zymuo buvo pasiiilytas kaip naudingas diagnostikos ar
prognozés rodiklis, vertinant GBM gydymo veiksminguma [141]. 10 mM
NaDCA ir 5 mM NaDCA, bet ne 3 mM NaDCA gydymas, sumazino U87
naviky PLBA raiska. 10 mM NaDCA ir 5 mM NaDCA gydymo poveikis
U87 naviky PLBA raiskai buvo daug didesnis nei 3 mM NaDCA. Daman-
skien¢ ir kt. nustaté, kad 10 mM ir 5 mM NaDCA dozés labai slopino PLBA
raiSka pediatriniy GBM PBT24 ir SF8628 Iasteliy navikuose ant CAM [155].
Disertaciniame darbe pateikti tyrimai rodo, kad tik 100 pM TMZ ir 50 uM
TMZ gydymas reikSmingai sumazino PLBA-teigiamy lasteliy skaiciy U87
navike ant CAM. U87 naviky TMZ gydymo poveikis PLBA raisSkai buvo
daug didesnis nei 3 mM NaDCA ar NaVPA-NaDCA. Kiti tyréjai nurodo,
kad TMZ, vartojamas didelémis dozémis (IC50 > 200 uM), nesukele U87
lasteléms antiproliferacinio poveikio [154]. NaDCA monoterapija nesukélé
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poveikio T98G naviky PLBA raiSkai. Vertinant gydymo poveikj PLBA rais-
kai, NaVPA-NaDCA poveikis T98G navikui ant CAM yra apibiidinamas
sinerginiu kombinuoty komponenty poveikiu: NaVPA-NaDCA poveikis
PLBA raiskai buvo daug didesnis nei 3 mM NaDCA. PLBA-teigiamy lasteliy
daznumas buvo reikSmingai mazesnis tuose T98G navikuose, kurie buvo
gydyti 100 uM TMZ, 50 uM TMZ arba NaVPA-NaDCA, o 3 mM NaDCA
nesukele poveikio T98G naviky PLBA raiskai. T98G naviky TMZ gydymo
poveikis PLBA raiskai buvo daug didesnis nei 3 mM NaDCA.

TMZ chemoterapijos neveiksmingumas yra susijes su daugiau nei
50 proc. GBM serganciy pacienty atsparumu TMZ [86], daZzniausiai dél
MGMT aktyvumo, kuris susij¢s su metilinimu ir apsaugo naviko lasteles [96,
167]. MGMT raiSkos mazinimas yra pagrindinis veiksnys, padedantis panai-
kinti gydymo TMZ atsparuma. Didelés TMZ dozes, skirtos MGMT aktyvu-
mui mazinti, yra susijusios su doz¢ ribojanciu preparato toksiSkumu [96, 98].
Irodyta, kad MGMT reguliavimas apima 7P53 geno koduojama p53 baltyma
(p53), kuris yra vienas i$ iSsamiausiai iStirty GBM taikiniy [168]. Sumazéjusi
MGMT raiska yra susijusi su p53 aktyvinimu [86, 169]. Palyginti su U87-
kontrolinés grupés navikais, 10 mM ir 5 mM NaDCA, 100 uM TMZ ir
50 uM TMZ gydymas reikSmingai sumazino p53-teigiamy lasteliy skaiciy
U87 navikuose, bet poveikio nesukéle 3 mM NaDCA. U87 naviky TMZ
gydymo poveikis p53 raiskai buvo reikSmingai didesnis nei 3 mM NaDCA
ar NaVPA-NaDCA. Gydymas 10 mM ir 5 mM NaDCA reik§mingai suma-
zino p53-teigiamy lasteliy raiska T98G navikuose, 0 3 mM NaDCA nesukéle
poveikio. T98G-100 uM TMZ ir T98G-50 uM TMZ navikuose buvo reiks-
mingai sumazéjes pS3-teigiamy lasteliy skaicius. Palyginti gydytos NaVPA—
NaDCA ir kontrolinés grupés duomenys — T98G-p53-teigiamy lasteliy daz-
numas navikuose nesiskyré. T98G naviky 100 uM TMZ gydymo poveikis
p53 raiskai buvo daug didesnis nei 3 mM NaDCA ar NaVPA-NaDCA.

EZH?2 yra polikombinio represinio komplekso 2 subvienetas, histono N-
metiltransferaze, metilinanti H3 lizing Zinduoliy lastelése ir slopinanti trans-
kripcija [173, 174]. EZH2 slopina genus, atsakingus uz karcinogenezés slopi-
nima, o EZH2 aktyvumo slopinimas gali sumazinti naviko augima [176].
EZH2 yra prieSnavikiniy vaisty taikinys [178]. EZH2 raiskos nustatymas
navikuose, naudojant CAM modelj, yra informatyvus metodas [180, 181].
Gydymas 10 mM ir 5 mM NaDCA reikSmingai sumazino U87 naviky EZH2
raiSka, o 3 mM NaDCA poveikio raiSkai nesukélé. Miisy tyrimo duomenimis,
gydymas 100 uM TMZ ir 50 uM TMZ reikSmingai sumazino EZH2-teigia-
my lasteliy skai¢iy U87 navike, o gydymas 3 mM NaDCA arba NaVPA—
NaDCA nesukele poveikio EZH2 raiSkai. Kita vertus, EZH2-teigiamy
lasteliy skaic¢ius T98G navikuose buvo reikSmingai panaSiai sumazgejgs po
gydymo 100 uM TMZ, 50 uM TMZ arba NaVPA-NaDCA. NaVPA-NaDCA

141



ir TMZ gydymo poveikis T98G naviky EZH2 raiskai buvo daug didesnis nei
3 mM NaDCA.

PLBA- ir EZH2-teigiamy lasteliy skai¢ius buvo reikSmingai mazesnis
T98G-NaVPA-NaDCA grupés nei T98G-3 mM NaDCA — tai rodo sinerginj
NaVPA ir NaDCA poveikij, gydant T98G navikus ant CAM.

Tiriamyjy vaistiniy preparaty poveikio U87 ir T98G lasteliuy tirty
geny raiskai palyginimas. Na-K-Cl nesiklis (NKCC1) pernesa Na*, K* ir
CI" i lastelg; NKCC1 koduoja SLC12A2 genas [212, 213]. NKCC1 aktyvu-
mas yra tiesiogiai susijes su GBM lasteliy proliferacija, kuri yra tiesiogiai
susijusi su NKCC1 baltymo raiska zmogaus GBM audinyje [59, 215, 220].
Gydant vézj, naviko vidulgsteliné CI™ koncentracija ([Cl];) yra gydymo
taikinys: NKCCI slopinimas, t. y. [Cl ] maz¢jimas, gali slopinti naviko laste-
liy proliferacija ir skatinti apoptoze [225, 226]. Tiriamieji vaistiniai preparatai
nesukelé poveikio SLC12A2 raiskai tirtose U87 lasteliy grupése. Gydymas
3 mM NaDCA ir NaVPA-NaDCA labai sumazino T98G lasteliy SLC1242
raiSka, o 1,5 mM NaDCA ir 50 uM TMZ nesuk¢lé poveikio geno raiskai.
T98G lasteliy 3 mM NaDCA gydymo poveikis SLCI2A2 raiskai buvo reiks-
mingai didesnis nei 1,5 mM NaDCA.

GBM lasteliy [CI']i homeostazés sutrikimas yra susijes su padidéjusiu
NKCCI1 aktyvumu [219]. Galima NKCC1 funkcija yra dalyvavimas gliomos
Igsteliy proliferacijoje, kai yra didelé NKCCI raiska [215]. Padidéjusi Na*
koncentracija kraujyje gali aktyvinti NKCC1 [216]. Na® ir C1” jonai naviko
mikroaplinkoje susij¢ su vézio progresavimu [214, 215].

KCC2 yra nustatomas CNS lastelése; jo genas koduojamas SLCI1245
[236, 237]. KCC2 i$nesa K* ir CI™ jonus i§ Igstelés [238]. KCC2 raiska yra
sumazejusi GBM lastelése; padidéjusi KCC2 raiska GBM lastelése slopina
GBM Igsteliy proliferacijg. KCC2 yra gliomos slopintojas [242]. Miusy
tyrimai parod¢, kad NaVPA-NaDCA gydymas padidino SLCI245 raiSka
US87 ir T98G lastelése, o 3 mM NaDCA, 1,5 mM NaDCA arba 50 uM TMZ
netur¢jo jtakos SLC12A45 raiskai tirtose lastelése. Tai rodo NaVPA-NaDCA
pranasuma prie§ TMZ [232]. SLC12A45 raiska susijusi su gliomos U251 MG
lasteliy proliferacijos slopinimu, o genas yra galimas GBM prognozinis Zy-
muo; SLC12AS5 aktyvinimas yra ankstyvas lasteliy apoptozés pozymis [242].

Monokarboksilaty nesiklis (SLC5A8) yra Zzmogaus ir eksperimentiniy
gliomy slopintojas, koduojamas SLC5A48, jo aktyvumas priklauso nuo
vidulastelinés Na* ir C1~ koncentracijos [250, 251]. Ziurkiy patiny dvylika-
pirStés zarnos enterocity SLC5AS8 aktyvinimas yra susijes su NKCCI1
aktyvumu [268]. SLC5AS aktyvina zmogaus gaubtinés zarnos vézio SW620
lasteliy apoptozg per piruvato priklausomg HDAC slopinimg [254]. Tyrimai
su suaugusiy peliy patinéliy laukinio tipo c/ebpd+/- ir c/ebpd-/- parode, kad
SLC5AS8 pernesa trumpyjy grandiniy riebaly riigstis 1 inksty proksimaliniy
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vingiuotyjy kanaléliy epitelio lastele [256, 257]. Nesiklis pernesa pieno
rugsti, piruvata, acetata, propionata, valerata, butiratg ir DCA 1 lasteles [250,
254]. Misy tyrimai parodé, kad SLC5A48 raiSka neisreikSta (nenustatyta)
kontrolinése U87 ir T98G Iastelése. 3 mM NaDCA, 1,5 mM NaDCA arba
50 uM TMZ netur¢jo jtakos geno raiskai Siose lastelése. Gydymas
2 mM NaVPA-3 mM NaDCA padidino SLC548 raiska U87 lastelése, bet
nesukelé poveikio T98G lasteliy geno raiskai. SLC548 slopinimas yra susijes
su DNR metilinimu [252]; naviky lasteliy gydymas DNR demetilinimo pre-
paratais padidina SLC5A48 raiska [254]. VPA aktyvina genus, reguliuojamus
DNR metilinimu [270, 271]; VPA padidino SLC548 raiska U87, bet ne T98G
lastelese [232, 251].

Kadherinai reguliuoja apoptoze, lasteliy proliferacija, diferenciacijg ir
migravimg [275]. CDHI nebuvo nustatytas (raiSka neisreiksta) U87 ir T98G
lastelése [365]. CDHI koduoja lasteliy adhezijos baltymg E-kadhering, kuris
yra naviko slopintojas [275], jo poky¢iai susij¢ su specifiniy epiteliniy naviky
raida [276]. Gliomose CDHI raiska yra maza arba raiSka daZzniausiai
nenustatoma dél hipermetilinimo ir maz¢ja did¢jant GBM stadijai [295, 296].
N-kadherino genas (CDH?2) yra nustatomas GBM ir tiesiogiai koreliuoja su
naviko laipsniu [59, 275, 299]. Disertaciniame darbe pateikta, kad gydymo
poveikis tirtais vaistiniais preparatais turéjo skirtinga poveikj geny raiskai,
kuris priklausé nuo lasteliy linijos: nesukélé poveikio U87 lasteliy CDHI ir
CDH? raiskai. Gydymas NaVPA-NaDCA padidino CDHI raiska T98G
lastelése, 0 NaDCA ir 50 uM TMZ netur¢jo jtakos geno raiSkai. Gydymas
3 mM NaDCA, 1,5 mM NaDCA ir NaVPA-NaDCA labai sumazino T98G
lasteliy CDH? raiska; T98G lasteliy, gydyty NaVPA-NaDCA, CDH? raiska
buvo reikSmingai mazesné nei TMZ gydyty lasteliy.

Disertacinio darbo lasteliy linijy tyrimo ribotumas — tirtos tik dviejy
GBM lasteliy linijy lastelés. Taciau duomenys rodo, kad tiriamyjy vaistiniy
preparaty poveikis tirtoms U87 ir T98G lasteléms skiriasi. Vaisto veiksmin-
gumo nustatymas, naudojant lasteliy linijy ksenotransplantus ant CAM, yra
ribotas, nes komercinés GBM lastelés tiksliai neatspindi GBM genetinio ir
biologinio heterogeniSkumo [302]. Literatiiroje nurodoma, kad GBM ant
CAM modeliu tirtos pirminés GBM lastelés iSlaiko pacienty naviko histolo-
gines ir genetines savybes, o CAM modelis gali leisti prognozuoti pacienty
gydymo klinikinius rezultatus [456] — tai skatina tirti tiriamyjy vaisty poveik],
naudojant pirmines paciento GBM lasteles.
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4.2. NaVPA-NaDCA individualaus poveikio pacientu
pirminiy GBM lasteliy navikams ant CAM ir GBM pirminéms
lasteléms in vitro tyrimo duomeny palyginimas

Tirty GBM pacienty pirminiy lasteliy kontroliniy naviky ant CAM
ir pirminiy GBM lasteliy (negydyty) palyginimas. IS viso tirti 5 GBM
sergantys pacientai: GBM2-2F (48 m. moteris), GBM2-3F (82 m. moteris) ir
GBM2-4M (46 m. vyras), GBM2-5F (68 m. moteris) ir GBM2-6M (76 m.
vyras). Visy pacienty GBM pagal PSO klasifikacijg buvo IV laipsnio, IDH-
laukinio tipo, visais atvejais buvo stipri naviko audinio citoplazminé GFRB
raiSka. Visiems pacientams diagnoz¢ buvo nustatyta pirma karta, o iki
operacijos pacientai nebuvo gave prieSnavikinio gydymo. GBM2-2F, GBM2-
3F ir GBM2-4M lastelés (trijy GBM pacienty) tirtos CAM modeliu; GBM2-
2F, GBM2-4M, GBM2-5F ir GBM2-6M (keturiy pacienty) pirminiy Iasteliy
SLC1242, SLCI245, SLC5A48, CDHI ir CDH? raiSka tirta in vitro.

Tirty kontroliniy grupiy naviky ant CAM histologinés ir IHC analizés
duomenimis, nustatyti suformuoty naviky kai kurie morfologiniai skirtumai:
GBM2-2F, GBM2-3F ir GBM2-4M kontroliniy naviky grupiy invazijos i
CAM daznumas ir neoangiogenezés raiSka CAM mezenchimoje po naviku
bei GFRB ir p53 raiSka nesiskyré, o GBM2-3F kontrolinés grupés CAM
storis, PLBA ir EZH?2 raiska buvo reik§mingai didesni nei GBM2-4M kontro-
linés — tai galéty rodyti GBM2-3F didesni piktybiskuma.

Pagal tirty geny raiSka, GBM2-2F lastelés gali pasizyméti didesniu
piktybiskumo potencialu nei GBM2-4M, GBM2-5F ir GBM2-6M lastelés,
nes SLC12A2 ir CDH? raiska buvo reikSmingai didesné GBM2-2F lasteliy
nei GBM2-4M, GBM2-5F ar GBM2-6M lasteliy, o GBM2-2F Iasteliy
SLCI245, SLC5A48 ir CDHI raiska buvo neisSreiksta (nenustatyta). GBM2-
6M lastelés gali biti piktybiskesnés nei GBM2-5F lastelés, nes GBM2-6M
lasteliy SLC12A5 raiSka buvo nenustatyta, o CDH/ raiska buvo reikSmingai
didesn¢ GBM2-5F lasteliy. Kaip nurodyta auksc¢iau ir Literatiiros apzvalgos
1.4 skyriuje, padidéjusi SLC12A42 ir CDH? raiska susijusi su naviko lasteliy
proliferacija, migracija, o padidéjusi SLC1245, SLC548, CDHI raiska — su
naviko augimo slopinimu ir apoptoze.

NaVPA-NaDCA poveikio pacienty pirminiu GBM lasteliy navi-
kams palyginimas. Tiriamas NaVPA-NaDCA poveikis pacienty GBM pir-
miniy lasteliy formuoty naviky augimui ant CAM, naviko audinio GFRB,
PLBA, p53, EZH2, vimentino raiskai, naviko lasteliy SLC1242, SLC1245,
SLC5A48, CDHI, CDH?2 raiskai buvo individualus [455].

Gydymas NaVPA-NaDCA reikSmingai sumazino GBM2-2F ir GBM2-
4M pirminiy lasteliy naviky invazijos i CAM daznuma, bet nesukélé poveikio
GBM2-3F naviky invazijai ] CAM.
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Gydymas NaVPA-NaDCA nesukélé poveikio GBM2-2F ir GBM2-3F
naviky CAM storiui, bet reikSmingai sumazino GBM2-4M membranos storj.

Gydymas NaVPA-NaDCA nesukélé poveikio GBM2-2F, GBM2-3F ir
GBM2-4M naviky kraujagysliy skai¢iui CAM po naviku, skai¢iuojant
kraujagysles, kuriy skersmuo 10 um ir didesnis. Taciau neoangiogeneze
slopinantis derinio poveikis stebétas visais atvejais, tiriant kraujagysliy tinklo
raiSka CAM aplink navikg fluorescenciniu dekstranu.

GFRB yra nustatomas zmogaus GBM lastelése ir GBM kamieninése
lastelése, ir vertinamas kaip GBM histologinio identifikavimo zymuo [123].
Palyginta GFRB-teigiamy lasteliy procentin¢ dalis paciento GBM naviko
audinyje ir navike, suformuotame i§ to paties paciento naviko Igsteliy ant
CAM. Nenustatyta zZymens raiSkos skirtumo. GFRB teigiamy lasteliy
daznumas nesiskyré palyginus GBM2-2F, GBM2-3F ir GBM-4M naviko
audiniy GFRB raiska. Tai rodo, kad GBM kontroliniai navikai, suformuoti i§
pacienty pirminiy GBM lasteliy ant CAM, iSlaiko naviko imunohistocheming
GFRB raiska, kuri biidinga paciento naviko audiniui.

GFRB baltymas dalyvauja citoskeleto pertvarkymo procesuose, jo vaid-
muo svarbus GBM lasteliy mitochondrijoms reaguojant | proapoptozinj
signalg, susij¢s su GBM progresavimu [126]. IHC tyrimai parodé, kad GFRB
raiSkos lygis GBM navikuose buvo susij¢s su blogesniu iSgyvenamumu:
suaugusiy GBM serganciy pacienty tyrimy duomenimis, GFRB > 75 proc.
léme daug blogesnj iSgyvenamuma, neatsizvelgiant | MGMT promotoriaus
(pradininko) metilinimo bukle ar /DHI mutacijas. Todé¢l buvo padaryta
prielaida, kad kiekybinis IHC GFRB vertinimas galéty biiti naujas biologinis
zymuo, leidziantis prognozuoti GBM pacienty iSgyvenamumg [127]. Kiti
tyr¢jai teigia: néra stiprios koreliacijos tarp GFRB ir astrocitomos auglio
piktybiskumo; GFRB-teigiamos naviko populiacijos yra labai heterogeniskos
ir GFRB izoformy GFRB6 ir GFRBa diferencijavimas galéty pagerinti
piktybinio naviko biiklés vertinimg [123].

GFRB kiekio padid¢jimas yra aiSkus reaktyviyjy astrocity persitvarkymo
pozymis. Reaktyvieji astrocitai yra pagrindiniai uzdegimo reguliatoriai glio-
mos raidos metu, formuojantys GBM mikroaplinkg. GBM astrocitai aktyvi-
nasi ir reguliuoja naviko mikroaplinkos lgsteles per Igsteliy tarpusavio sgvei-
ka arba prouzdegiminiy citokiny, chemokiny ir kity aktyviy medziagy
sekrecija [130]. NaVPA-NaDCA mazina uzdegima, slopindamas prouzdegi-
minius citokinus ir chemokinus [28, 29], gali neutralizuoti veikliyjy me-
dziagy poveikj GBM mikroaplinkoje ir pakeisti GFRB baltymo raiska naviko
lastelése. 2 mM NaVPA-3 mM NaDCA gydymas labai sumazino GFRB-
teigiamy Igsteliy skai¢iy GBM2-3F ir GBM2-4M navikuose ant CAM, ta¢iau
nesukele poveikio GBM2-2F naviko zymens raiskai. Naudojant Ezh2cKO
peliy modelj nustatyta, kad EZH2 iSsekimas (angl. depletion) astrocituose
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reikSmingai padidina GFRB raiska [131]. GFRB-teigiamy Iasteliy skaiciy
vertinant kaip astrocity proliferacijos pozymj, GFRB raiSkos tyrimas turéty
biiti vertinamas kartu su proliferacijos zymenimis, tokiais kaip PLBA, Ki-67
ar kitais [130].

LSMU Histologijos ir embriologijos katedros ir Kardiologijos instituto
tyréjy duomenimis, GFRB geno raiska skiriasi palyginus pirmines GBM
lasteles: GBMS5-1F ir GBMS5-3F rodo didesng GFRB raiska nei GBMS5-2F.
Gydymas NaVPA-NaDCA labai padidino GFRB geno raiska GBMS5-2F
lastelese, ja labai sumazino GBMS5-3F lastelése ir nesukélé poveikio geno
raiSkai GBMS5-1F lgstelése, o TMZ neturéjo poveikio visy tirty lasteliy GFRB
raiSkai [132]. Kiti tyréjai nurodo pacienty, serganciy IV laipsnio GBM,
trumpesnio iSgyvenamumo koreliacijg su padidéjusios GFRB transkripcijos
aktyvumu. PanaSiai PGR analizé parodé tendencija, kad pacienty, serganciy
IV laipsnio astrocitoma, trumpesnis i§gyvenamumas yra susijes su didesne
GFRB mRNA raiska. REMBRANDT duomeny baze taip pat patvirtino rysj
tarp ilgesnio gliomos pacienty iSgyvenamumo ir sumazéjusios GFRB mRNR
raiSkos. Taigi GFRB raiskos tyrimai gali turéti kliniking reik§me, nes GFRB
gali biiti naudojamas kaip gliomos prognozinis zymuo [127, 133].

PLBA tyrimai rodo, kad padidéjusi PLBA raiSka yra susijusi su pikty-
biniy naviky savybémis, didesniu GBM laipsniu ir bloga prognoze. Be to,
PLBA pokyc¢iai naviko gydymo metu gali rodyti gydymo veiksminguma
[141-143]. Po naviko operacijos, net supramarginalinés rezekcijos atveju, ne-
iSvengiamai lieka naviko Igsteliy. Likusios GBM lastelés iSlaiko proliferaci-
jos, invazines savybes, o tai rodo veiksmingos chemoterapijos svarbg slopi-
nant naviko progresavima [153]. Kontroliniy grupiy palyginimas parodeé, kad
GBM2-4M turi daug mazesn¢ PLBA-teigiamy lasteliy raiska nei GBM2-2F
ir GBM2-3F. Gydymas 2 mM NaVPA-3 mM NaDCA labai sumazino
PLBA-teigiamy lasteliy skai¢iy visuose tirtuose GBM pirminiy lgsteliy ant
CAM navikuose. Po gydymo deriniu PLBA-teigiamy lasteliy daznumas buvo
daug didesnis GBM2-2F navikuose nei GBM2-3F ir GBM2-4M navikuose,
o Zymens raiSka buvo daug mazesn¢ GBM2-4M naviky, palyginti su GBM2-
3F navikais.

PLBA nustatomas tik besidauginanciose lastelése, o zymens raiska didé-
ja kartu su GBM laipsniu [141]. Mokslininkai nustaté, kad suaugusiy pacien-
ty gliomose PLBA yra nepriklausomas prognozinis pozymis, o padidéjusi jo
raiSka navike koreliavo su sumazéjusiu pacienty iSgyvenamumu [ 141]. Vaiky
ir suaugusiyjy metastazinéms arba recidyvuojan¢ioms auksto laipsnio
gliomoms budinga didesn¢ PLBA raiska [141, 145], kurios nustatymas
leidzia jvertinti vézio gydymo veiksminguma, tiriant CAM modeliu [146].

Kaip pateikta anks¢iau, NaVPA-NaDCA poveikis PLBA raiskai T98G
lasteliy navikuose ant CAM yra sinerginis: PLBA-teigiamy Iasteliy kiekis
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buvo labai sumazéjes navikuose, gydytuose NaVPA-NaDCA, o 3 mM
NaDCA netur¢jo jtakos zZymens raiskai; NaVPA-NaDCA ir 50 uM TMZ
poveikis T98G navikams buvo panasus [365]. PLBA susije¢ kompleksai ir p53
aktyvumo reguliavimas yra glaudziai susij¢ per p53 signalinj kelig [147, 148].

p53 mutacijos sukelia disfunkcinio p53 baltymo kaupimasi GBM audi-
nyje, o nattralus (laukinis) p53 yra sunaudojamas ir nesikaupia naviko audi-
niuose [158, 159]. IHC metodas atskleidé p53-teigiamas lasteles GBM2-2F,
GBM2-3F ir GBM2-4M kontroliniuose navikuose, taciau, palyginus jy
zymens raiSka, nenustatyta skirtumy. Mutaves pS3 baltymas gali jgyti onko-
geniniy savybiy ir veikti kaip dominuojantis nattiralaus tipo p53 naviko
slopiklis ir apoptozés keliy inhibitorius GBM lastelése [161]. Rengiant vézio
gydymo strategijas, svarbu apsvarstyti terapijas, nukreiptas j mutavusius p53
baltymus naviko audinyje [159, 170-172]. 2 mM NaVPA-3 mM NaDCA
labai sumazino p53-teigiamy lasteliy daznumg GBM2-2F, GBM2-3F ir
GBM2-4M navikuose ant CAM, be jokio skirtumo palyginus gydyty naviky
grupes. Remiantis ank$¢iau aprasyty misy tyrimy duomenimis, 3 mM
NaDCA ir 2 mM NaVPA-3 mM NaDCA nesukélé poveikio p53 raiskai U87
ir T98G lasteliy navikuose ant CAM; gydymas 50 uM TMZ labai sumazino
pS3-teigiamy lasteliy skaiCiy tirtose naviky grupése, o p53 raiska T98G
lastelése nesiskyré palyginus 50 uM TMZ ir 2 mM NaVPA-3 mM NaDCA
gydyty grupiy [365].

EZH?2 raiska GBM lastelése koreliuoja su auksto laipsnio GBM, kuri
susijusi su blogesniu paciento iSgyvenamumu [179, 479]. EZH2 aktyvumas
susij¢s su GBM naviko supresoriy slopinimu ir naviko progresavimu [183].
EZH2-teigiamy lasteliy daznumas tirty GBM2-2F, GBM2-3F ir GBM2-4M
kontrolinése naviky grupése svyravo tarp 58,11 proc.—91,11 proc. Gydymas
2 mM NaVPA-3 mM NaDCA labai sumazino EZH2-teigiamy lasteliy skai-
¢iy GBM2-2F, GBM2-3F ir GBM2-4M navikuose ant CAM. EZH2 slopi-
in vitro nustatyta, kad EZH2 inhibitorius GSK 126 slopino pirminiy ir kamie-
niniy GBM lasteliy gyvybinguma, silpnino agresyvy piktybinj fenotipa, 1aste-
liy migravimg ir invazijg [188]. CCI2" piktybiniy lgsteliy ir IL-10" su naviku
susijusiy makrofagy saveika naviko mikroaplinkoje per EZH2-FOSL2-CCL2
a8j, yra svarbi GBM mezenchiminés transformacijos keliams [190]. LSMU
Histologijos ir embriologijos katedra ir Kardiologijos institutas atliko SARS-
CoV-19 ir pneumonija serganciy pacienty T limfocity tyrimus. Nustatyta, kad
NaVPA—-NaDCA labai sumazina chemokino CCL2 ir IL-10 geno raiska
T lastelése [29]. EZH2 inhibitoriy taikymg GBM modeliams biitina toliau
tirti, nes EZH2 slopinimas taip pat gali paveikti naviko slopikliy ir kity
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signaliniy keliy reguliavima [191]. EZH2 saveikauja su MYC, PTEN onko-
genais ir veikia piktybinj naviko pobiidj — aktyvina lasteliy EMT procesa,
sukelia GBM lasteliy invazijg ir metastazes [175].

CAM modelis yra tinkamas tiriamyjy vaisty, skirty slopinti EZH2 vézio
raidos molekulines grandis, tyrimams [180, 181]. EZH2 slopina genus,
sukeliancius navikus, o EZH2 aktyvumo slopinimas gali sumazinti naviko
augima [176]. EZH2 raiskos slopinimas buvo didziausias U87 naviko, gydyto
5 mM MgDCA. Vertinant pagal EZH2 raiSka, suaugusiyjy U87 lasteliy
navikas yra jautresnis gydymui MgDCA nei vaiky PBT24 lgsteliy navikas
[470]. Sesiy tyrimy metaanalizé parodé, kad EZH2 padidéjusi raiska yra susi-
jusi su bloga auksto laipsnio vaiky ir suaugusiyjy gliomos prognoze [182].

RNR sekoskaitos duomenimis, vimentino raiSka OKSFOS atspariose
GBM lastelése yra didelé ir vimentinas svarbus naviko progresavimui, daly-
vauja imunoterapijos slopinimo procesuose, reguliuoja vézio kamieniniy
lasteliy savybes ir susijes su atsparumo vaistams raida [200]. Vimentino
raiSkos GBM naviky ant CAM duomenimis, nustatytas didelis kintamumas:
vimentinui-teigiamy lgsteliy daznumas — 45,85 proc. GBM2-2F, 26,91 proc.
GBM2-3F ir 79,00 proc. GBM2-4M kontroliniuose navikuose. 2 mM
NaVPA-3 mM NaDCA reik§mingai sumazino vimentinui-teigiamy lgsteliy
skaiCiy tirtuose navikuose ant CAM. Vimentinas yra pagrindinis EMT
proceso Zymuo, skatinantis mezenchiminj naviko fenotipg [201]. Vimentino
raiSkos padidé¢jimas navikuose yra susijes su EMT, kuriam buidingas Iasteliy
adhezijos praradimas [204]. Kai kuriais tyrimais nustatytas gydymo TMZ
atsparumo ir vimentino raiSkos rySys [206]. EMT procesas ne tik sukelia
GBM atsparumg vaistams, bet ir didina naviko invazijg [208]. GBM ser-
ganciy pacienty GFRB ir vimentino imunofluorescencijos tyrimas parodé
progresyvy vimentino raiSkos padidéjima, kuris koreliuoja su aukstesniu
naviko laipsniu. Vimentinui-teigiamos lastelés buvo i§ dalies kolokalizuotos
su GFRB-teigiamomis lgstelémis. Vadinasi, GFRB-teigiamos ir vimentinui-
teigiamos lastelés yra susijusios su GBM progresavimu ir gali turéti jtakos
naviko invazijai. Vimentino raiSka yra atvirk§¢iai proporcinga glioma sergan-
¢iy pacienty biiklés prognozei [209]. Gydant GBM, vimentinas laikomas
perspektyviu terapiniu taikiniu [200, 211].

NaVPA-NaDCA poveikio pacienty pirminiy GBM Iasteliy tirty
geny raiskai in vitro palyginimas. Tirty GBM2-2F, GBM2-4M, GBM2-5F
ir GBM2-6M pacienty pirminiy lasteliy kontroliniy grupiy SLCI1242 geno
raiSkos lygis skyrési. Palyginus tirty lasteliy grupiy SLC1242 reikSmes
nustatyti skirtumai: GBM2-2F > GBM2-5F = GBM2-4M > GBM2-6M
(> — skirtumas reikSmingas ).

Gydymas 2 mM NaVPA-3 mM NaDCA reikSmingai sumazino SLC1242
raiSka tik GBM2-4M lasteliy, o gydymas deriniu reikSmingai padidino
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GBM2-5F ir GBM2-6M lasteliy SLC12A2 raiska. NaVPA-NaDCA nesukele
poveikio GBM2-2F lasteliy SLCI12A42 raiSkai. Palyginus tirtas lasteles,
deriniu gydyty lasteliy SLC1242 raiska skyrési: GBM2-2F > GBM2-5F =
GBM2-6M = GBM2-4M (> — skirtumas reikSmingas ).

Damanskiené ir kt. in vitro tyrimais nustaté¢, kad TMZ labai padidino
pediatriniy PBT24 ir SF8628 GBM lasteliy SLC12A42 raiska [228]. TMZ gali
aktyvinti GBM lasteliy SLC12A42 raiska, kuri susijusi su WNK kinazés
baltymo fosforilinimu, ir tai yra individualus poveikis [229]. Zmogaus GBM
lasteléms budingas padidéjgs NKCC1 ir neSikli reguliuojanciy dviejy
kinazy — WNKI1 ir OSR1 — aktyvumas. WNK1 arba OSR1 slopinimas suma-
zina vidulasteling K ir CI” koncentracija. TMZ gali aktyvinti WNK1/OSR1/
NKCCI1 kelig ir taip sustiprinti gliomos Igsteliy migravima. Farmakologinis
NKCCI nesiklio slopinimas inhibitoriais, slopinant WNK1/OSR1/NKCC1
signalinj kelig, labai sumazina gliomos lgsteliy migravima gydant TMZ [61,
218, 224]; specifinis NKCC1 inhibitorius bumetanidas slopina gliomos
lasteliy migravimg ir invazijg [230].

NaDCA mazina NKCC1 geno raiska Ziurkiy timocituose [234]. Zmo-
gaus GBM lasteles kaupia CI™ anijonus: [Cl]; koncentracija yra apie 10 karty
didesné uz vidutine anijono koncentracija neurony lastelése. Zmogaus glio-
mos lgsteliy NKCC1 baltymo raiska tiesiogiai koreliuoja su naviko laipsniu
[218].

Kontroliniy GBM2-2F, GBM2-4M ir GBM2-6M grupiy lasteliy
SLC12A45 raiska buvo neiSreiksta (nenustatyta), o GBM2-5F lastelése geno
raiSka buvo nustatoma. Gydymas deriniu aktyvino GBM2-4M, GBM2-5F,
GBM2-6M lasteliy geno raiska, o GBM2-2F lasteliy geno raiskai poveikio
neturéjo. Po gydymo deriniu tirty lgsteliy grupiy geno raiSka reikSmingai
skyrési: GBM2-5F > GBM2-6M > GBM2-4M.

Kaip buvo raSyta, KCC2 nesiklio aktyvumas tiesiogiai yra susijes su
lasteliy apoptoze. Be to, suaugusiy GBM pacienty, serganciy epilepsija,
histologiniuose méginiuose naviko aplinkoje yra sumaz¢jes KCC2 raiskos
lygis [247, 248]. NKCC1 ir KCC2 aktyvumo pusiausvyros sutrikimai gali
sumazinti GABA hiperpoliarizuojamajj poveikj. Tai gali buti susij¢ su GBM
pacienty epilepsijos zidiniy aktyvinimu: epilepsijos priepuoliai blogina GBM
ligos eiga [480]. Vaistai, aktyvinantys GBM lasteliy KCC2, gali didinti
GABA A receptoriy funkcinj aktyvumag [237] ir taip padéti kontroliuoti
traukuliy priepuolius, jy intensyvumg [249].

SLC5A8 raiska GBM2-2F, GBM2-4M, GBM2-5F ir GBM2-6M kontro-
linése lastelése nebuvo nustatoma. Gydymas deriniu nesukélé poveikio tirty
lasteliy SLC5AS raiskai.

GBM2-2F kontroliniy lasteliy CDHI raiska buvo neiSreikSta (nenu-
statyta), o palyginus tarpusavyje GBM2-2F, GBM2-4M, GBM2-5F ir
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GBM2-6M kontroliniy grupiy lasteliy CDHI raiSkos lygj, jis skyrési
reikSmingai: GBM2-5F > GBM2-4M > GBM2-6M.

Gydymas deriniu reikSmingai padidino CDHI raiska GBM2-4M,
GBM2-5F ir GBM2-6M lasteliy, o GBM2-2F lasteliy geno raiskai poveikio
neturéjo (iSliko neisreiksta). Palyginus deriniu gydytas Igsteles, tirty lasteliy
grupiy geno raiska reikSmingai skyrési: GBM2-5F > GBM2-4M > GBM2-
6M.

GBM progresavimas ir atsparumas gydymui yra susije su GBM lasteliy
EMT mechanizmais, kur E-kadherino raiska yra sumazéjusi, o N-kadherino
raiSka yra padidéjusi [302], todé¢l jgyjamas mezenchiminis naviko potipis,
kuris yra labiau invaziSkesnis ir atsparesnis gydymui [275, 299]. Miisy tyrimo
duomenimis, NaVPA-NaDCA reik§mingai padidino CDHI raiska GBM2-
4M, GBM2-5F ir GBM2-6M lastelése, t. y. didino naviko slopiklio CDH1
aktyvuma, ir toks poveikis susijgs su EMT progresavimo slopinu.

Visy tirty GBM pacienty kontroliniy lasteliy CDH2 raiska buvo
nustatoma; ji skyresi lyginant tirtas kontrolines grupes: GBM2-2F > GBM2-
6M = GBM2-4M > GBM2-5F (> — skirtumas reik§mingas).

Gydymas deriniu reikSmingai sumazino CDH?2 raiska GBM2-4M laste-
liy, bet nesukéelé poveikio GBM2-2F, GBM2-5F ir GBM2-6M pacienty
lasteliy CDH? raiskai. Deriniu gydyty lasteliy CDH?2 raiska, palyginus tirtas
grupes, rodé reikSmingus skirtumus: GBM2-2F > GBM2-5F > GBM2-6M >
GBM2-4M.

Svarbu aptarti CAM modelio pranasumus, palyginti su tradiciniais
paciento naviko ksenotransplanto PNK (angl. patient-derived xenograft;
PDX) modeliais, kuriuose pacienty naviko lastelés ar naviko fragmentai
implantuojami imunodeficita turinioms peléms. Pastarieji modeliai yra
pagrindinis ikiklinikinio ir klinikinio vaisty vertinimo biidas, nes geriau nei
lasteliy linijos ar genetiSkai modifikuotos pelés iSsaugo pagrindines pirminio
naviko histopatologines ir genetines savybes [481]. Svarbi tyrimy klititis yra
ribotas grauziky modeliy naudojimas persodinant PNK, nes i$ pacienty
paimtos pirminés naviko lgstelés daznai neauga Siuose gyvinuose [122]. Be
techniskai sudétingo ortotopinio smegeny augliy modelio, zmogaus gliomos
fragmenty prigijimas peléms yra labai mazas. Pakartotiniai audiniy perkeli-
mai | peles gali pakeisti zmogaus auglio mikroaplinkg pelés komponentais, o
tai gali pakeisti reakcijg | vaistus [482, 483]. Pazymétina, kad vimentino
raiSka neatitinka pacienty meéginiy su peléms persodintais navikais [209].
Sékmingas GBM implantacijos ant CAM rodiklis buvo 98,3 proc. [456], o
heterotopiniuose peliy PNK gliomos modeliuose s¢ékmés rodikliai svyravo
tarp 38—69 proc. [302, 484]. Ortotopinio smegeny naviko modelio seékmés
rodiklis buvo 76-90 proc. [485, 486]. Taciau ilgalaiké problema — GBM-
PNK modeliy kiirimas, nes jie yra beveik visiskai nes¢kmingi implantuojant
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IDH 1 mutacijy turin¢ius méginius peléms [484, 487]. PrieSingai, PNK-CAM
metodas beveik visada yra tinkamas, neatsizvelgiant | gliomos /DH statuso
biikle [456, 466]; pacienty ksenotransplantai beveik visada gerai prigyja ant
CAM [456]. PNK-CAM rezultatai gaunami per savaitg, o PNK tyrimai su
grauzikais trunka kelis kartus ilgiau. Tyrimai rodo CAM modelio pranasu-
mus, palyginti su grauziky modeliais. LSMU Histologijos ir embriologijos
katedroje atlikti tyrimai rodo, kad CAM modelio ir tiriamyjy vaisty poveikio
GBM lasteliy geny raiSkai tyrimy derinimas yra tinkamas biidas vertinti
vaisto veiksminguma. Tyrimo rezultatai rodo individualizuoto vaisty povei-
kio vertinimo svarbg ir biitinybe atlikti tolesnius tyrimus su GBM pacienty
pirminémis lastelémis, vykdant individualizuotus tyrimus, siekiant veiksmin-
go GBM gydymo.

Pazanga individualizuoto GBM gydymo srityje yra glaudZziai susijusi su
standartiniu gydymu. Tod¢l tiriamos naujos gydymo strategijos, jskaitant
chemoterapijg vaistais, kurie veikia naviko metabolines ir molekulines savy-
bes. Norint patvirtinti GBM gydymo veiksminguma, bitina suprasti vaisty
veikimo mechanizmus ir atsparuma vaistams, taip pat jvertinti vaisty poveiki
vézio prognoziniy zymeny pokyc¢iams [464, 465].
duomenimis, gautais i§ in vivo CAM modelio tyrimy. Jy metu, atliekant
histologing ir IHC analizg, buvo vertinamas vaisto poveikis naviko augimui,
vaskuliarizacijai, invazijai ir naviko audinio Zymeny raiSkai. Disertacijos
duomenys rodo, kad CAM modelis yra vertinga priemoné tiriamojo vaisto
in vivo veiksmingumui vertinti.

Chemoterapijos ir HDAC inhibitoriaus VPA sinerginis poveikis yra
perspektyvus gydant GBM ir chemoterapijos atsparumo prevencijai [88,
462]. Sio tyrimo naujumas — VPA gali sustiprinti NaDCA poveikj ar DCA
pernasa i lastele per demetilintg SLC548, DCA nesikli [254, 271]. Toks
sinergizmas gali biiti svarbus, nes jis gali leisti sumazinti DCA doz¢ ir
nepageidaujamo poveikio rizika.

Tyrimo ribotumas yra — tirti tik trys GBM sergantys pacientai ir jy
pirminiy Iasteliy navikai ant CAM. Taciau naviky ant CAM tyrimai ir naviko
lasteliy geny raiskos tyrimai parodé, kad NaVPA-NaDCA derinys slopina
GBM karcinogeneze. Kitas svarbus aspektas — reikia atlikti tolesnius GBM
pirminiy Igsteliy tyrimus, siekiant nustatyti §io derinio poveikj imuniniams ir
uzdegiminiams procesams, kurie yra svarbiis GBM progresavimui.
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ISVADOS

Nustatytas NaVPA-NaDCA slopinantis poveikis U87 naviko invazijai,

neoangiogenezei, o T98G naviko — neoangiogenezei, PLBA ir EZH2

raiSkai. Derinys neturéjo poveikio tirty naviky p53 raiskai. Derinio po-

veikis neoangiogenezei bei T98G naviko PLBA ir EZH2 raiskai nusta-

tytas stipresnis nei NaDCA — tai rodo VPA ir DCA sinerginj poveikj.

1.1. Nustatytas NaDCA slopinantis poveikis U87 ir T98G naviky inva-
zijai, p53 ir EZH2 raiskai, ir U87 naviko neoangiogenezei bei
PLBA raiskai.

1.2. Nustatytas stipresnis TMZ poveikis nei derinio U87 ir T98G navi-
ky PLBA ir p53 raiskai, ir U87 naviko neoangiogenezei bei EZH2
raiSkai.

Nustatytas NaVPA-NaDCA poveikis T98G lasteliy geny raiskai: suma-

7¢jo SLC12A2 ir CDH?2 ir padidéjo CDH1 raiska; nustatytas U87 ir T98G

lasteliy SLC12A45 raiskos padidé¢jimas. Derinys padidino tik U87 Iasteliy

SLC5A8 raiska.

2.1. Nustatytas NaDCA slopinantis poveikis T98G lasteliy SLC12A42 ir
CDH? raiskai ir sinerginis derinio poveikis U87 lasteliy SLC1245
raiSkai; NaDCA neturéjo poveikio U87 Igsteliy tirty geny raiskai.

2.2. TMZ netur¢jo poveikio U87 ir T98G lasteliy tirty geny raiskai, o
derinio poveikis geny raiSkai yra pranaSesnis nei TMZ.

Nustatytas NaVPA-NaDCA slopinantis poveikis GBM2-2F ir GBM2-
4M naviky invazijai, GFRB raiskai GBM2-3F ir GBM2-4M navikuose,
ir visy tirty naviky PLBA, p53, EZH2 ir vimentino raiskai. Derinys
netur¢jo poveikio GBM2-3F naviko invazijai ir GFRB raiskai GBM2-2F
navike.

NaVPA—-NaDCA poveikis GBM pirminiy lgsteliy tirty geny raiSkai buvo
individualus: nustatytas NaVPA-NaDCA lemtas GBM2-4M lasteliy
SLC12A2 raiSkos sumazéjimas, 0 GBM2-5F ir GBM2-6M lastelése — jos
padidéjimas; SLC12A45 ir CDH] raiskos padidéjimas nustatytas GBM2-
4M, GBM2-5F ir GBM2-6M lastelése ir CDH?2 raiskos sumazgjimas
GBM2-4M lastelése. Tirtos kontrolinés ir gydytos GBM pirminés 1aste-
lés SLC5A48 raiskos neturé¢jo — derinio poveikio geno raiskai nenustatyta.
Derinys neturéjo poveikio GBM2-2F lasteliy SLC1242, SLCI2A4S5,
CDH1 ir CDH2, GBM-5F ir GBM2-6M lasteliy CDH? raiskai.
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Glioblastoma (GBM) is the most common malignant brain tumor,
accounting for approximately 50% of all malignant central nervous system
(CNS) tumors [1, 2] and about 2% of brain tumors of all types in children [3].
GBM includes both primary (de novo) tumors and secondary tumors that arise
from lower-grade astrocytoma or oligodendroglioma subtypes. GBM may
occur at any age; however, it is more frequent among older individuals [4, 5].
It is diagnosed more often in men [6], and sex-related differences in survival

SUMMARY

ABBREVIATIONS

chick embryo chorioallantoic membrane
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male patient

glyceraldehyde-3-phosphate dehydrogenase gene
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1. INTRODUCTION
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following GBM diagnosis have been reported [7, 8]. In adults, the highest
morbidity of GBM is in the 65-74-year age group, with a median age of
65 years, and overall survival after diagnosis ranges from 8 to 15 months [5,
9, 10]. Adult GBM is classified as primary grade IV according to the World
Health Organization classification (WHO), isocitrate dehydrogenase (IDH)
wild-type and represents the most common, highly aggressive, and heteroge-
neous form of brain cancer with poor prognosis. Despite extensive multi-
disciplinary research efforts, effective treatment for GBM has not been deve-
loped yet.

The current standard treatment consists of maximal surgical tumor resec-
tion followed by adjuvant temozolomide (TMZ) chemotherapy and radio-
therapy [11-13]. TMZ was approved for the treatment of newly diagnosed
GBM in 2005 [14, 15]. The individual therapeutic efficacy of TMZ largely
depends on the development of TMZ resistance, which contributes to tumor
recurrence and poor outcomes [16]. The five-year survival rate among GBM
patients aged 55—64 years is approximately 6% [17]. In postoperative GBM
treatment, the addition of TMZ with radiotherapy increased overall survival
by approximately two months [18], and progression-free survival by about
six months. However, TMZ treatment is ineffective in more than 50% of
GBM patients [19, 20]; in approximately 70% of patients, disease progression
occurs within the first year after treatment, and the five-year survival rate for
GBM remains among the lowest of all cancer types [15].

Advances in personalized GBM treatment are closely linked to the
standard therapies and the novel treatment strategies are being explored,
including chemotherapy using agents tailored to the molecular and metabolic
characteristics of tumors [21, 22]. Understanding the mechanisms of drug
action and the development of resistance to treatment is important for
improving the effectiveness of GBM therapy and evaluating drug-induced
changes in cancer prognostic markers [16, 23].

The development of effective and individualized preclinical models is
essential to the application both for standard and novel therapeutic
approaches prior to the initiation of chemotherapy [15]. The pharmacological
effect of drugs that improve GBM patient survival are primarily associated
with the inhibition of tumor cell proliferation [24]. The inflammatory tumor
microenvironment in GBM promotes malignant tumor growth and is
characterized by the release of pro-inflammatory cytokines and chemokines
as well as the activation of inflammatory signaling pathways [25]. Inflam-
mation and immune responses are directly associated with GBM progression,
and dysregulation of these processes is linked to increased resistance to
therapy and poor treatment effect [26, 27]. The combination of sodium
valproate (NaVPA) and sodium dichloroacetate (NaDCA) has been shown to
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suppress inflammatory and immune processes associated with GBM deve-
lopment [28, 29].

GBM cells are characterized by suppressed apoptosis and cell death [30].
The therapeutic effect of anticancer drugs in GBM is mainly associated with
the inhibition of tumor cell proliferation and the activation of apoptotic
pathways [24]. It is important to identify the strategies that reduce the GBM
cell resistance to therapy. GBM cells exhibit oxidative phosphorylation
(OXPHOS), which is often a characteristic feature of cancer stem cells and
chemotherapy-resistant cells. Inhibition of OXPHOS function may influence
tumor cell survival and the tumor microenvironment by reducing hypoxia and
enhancing antitumor immune responses, demonstrating considerable poten-
tial for both in vitro and in vivo GBM studies [31, 32]. Activated glycolytic
processes are also characteristic of GBM cells [33]. GBM cells exhibit
increased expression of pyruvate dehydrogenase kinase (PDK), which contri-
butes to enhanced glycolytic activity [33—35]. One of the current therapeutic
GBM strategies is the inhibition of PDK activity, which reduces glycolysis
associated with carcinogenesis [36].

The aim of our experimental studies investigating the effects of the
NaVPA and NaDCA combination (NaVPA-NaDCA) on GBM development
was to determine whether this combination had a synergistic effect or allowed
dose reduction compared with the effect of TMZ on GBM cells and their
tumors formed using the chick embryo chorioallantoic membrane (CAM)
model.

2. THE AIM AND OBJECTIVES OF THE WORK
Aim
To determine the effect of NaDCA and NaVPA—-NaDCA combination

on the growth of tumors formed from GBM cell lines and patients’ GBM
primary cells in vivo, as well as on these cells in vitro.

Objectives

1. To determine the effect of NaVPA-NaDCA on the growth of GBM
U87 and T98G cell tumors on the CAM, their invasion into the CAM
mesenchyme, angiogenesis, and expression of PCNA, p53, and
EZH2, in comparison with NaDCA and TMZ.

2. To determine the effect of NaDCA, TMZ, and NaVPA-NaDCA on
SLCI1242, SLCI1245, SLC548, CDHI, and CDH?2 expression in
GBM US87 and T98G cells.
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3. To determine the effect of NaVPA-NaDCA on patients’ GBM
primary cell tumors on the CAM, their invasion into the CAM,
angiogenesis, and expression of GFAP, PCNA, p53, EZH2, and
vimentin.

4. To determine the effect of NaVPA-NaDCA on SLC12A42, SLCI12A435,
SLC5A48, CDHI1, and CDH?2 expression in patients’ GBM primary
cells in vitro.

Novelty and relevance of the work

The study presents preclinical data on the effects of NaVPA-NaDCA
and NaDCA on carcinogenesis, comparing the effect of investigated drugs on
the SLC12A42 (Na-K-2Cl transporter; NKCC1), SLC1245 (K-Cl transporter;
KCC2), SLC548 (monocarboxylate transporter; SLC5A8), CDHI (E-
cadherin), and CDH2 (N-cadherin) expression in adult GBM U-87 MG (U87)
and T98G cells in vitro, as well as on the tumor growth, neoangiogenesis, and
invasion using the CAM model, along with the expression of PCNA, p53,
and EZH2 markers in the tissues of tumor on the CAM. The effects of
NaVPA-NaDCA were compared with those of TMZ. The data indicate that
NaVPA-NaDCA altered the expression of NKCC1 and KCC2 carrier genes
and may influence intracellular CI” concentration ([Cl];), and this effect is
individual and varies between U87 and T98G cells. The effect of combination
is stronger than that of NaDCA and TMZ alone. The study demonstrated that
the effects of NaVPA-NaDCA components —NaVPA and NaDCA —on U87-
and T98G-induced neoangionenesis, T98G tumor PCNA and EZH2
expression were synergistic. Synergistic effect may also be related to the
activation by VPA in U87 of DCA transport into the cell via demethylated
SLC5A8, which serves as a DCA carries into the tumor cell. Such synergy
may be important as it allows for reducing the DCA dose and its adverse
effects. The advantages of the combination compared with TMZ were
demonstrated.

For the first time, the effects of NaVPA-NaDCA were investigated on
primary human GBM cells in vitro and on tumors formed from these cells on
the CAM, including the expression of GFAP, PCNA, p53, EZH2, and vimen-
tin markers in the tumor on the CAM. In primary GBM tumor cells, NaVPA—
NaDCA suppressed NKCC1 and activated KCC2 carrier gene expression,
inhibited the expression of GBM malignancy markers such as GFAP, PCNA,
p53, EZH2, and vimentin, and the response to the treatment was individual.

Preclinical data from this study have demonstrated that the CAM model
is a suitable method for evaluating the efficacy of the investigated drug.
Assessing drug efficacy using the CAM model and determining its impact on

156



GBM cell gene expression is promising as it may help in selecting indivi-
dualized chemotherapy and in comparing the effects of TMZ with those of
newly developed investigational drugs.

3. MATERIALS AND METHODS

3.1. Materials and methods used in GBM cell line studies
in vivo and in vitro

The U87 and T98G tumor groups specified in Table 3.1.1 were investi-
gated in vivo for tumor growth, invasion into the CAM, number of blood
vessels in the CAM, sub-tumoral thickening of the CAM, and the expression
of IHC markers PCNA, p53, and EZH?2.

Table 3.1.1. The study groups of control and treated tumors on the CAM and
their sample sizes

Invasion, CAM
thickness, number of PCNA p53 EZH2
Study groups blood vessels
U87 TISG U87 | T98G | U87 | T98G | U87 | TISG
Number of tumors on CAM

Control 20 12 13 9 15 9 17 9
10 mM NaDCA 24 12 13 11 12 10 13 10
5 mM NaDCA 25 16 14 8 13 8 12 8
3 mM NaDCA 20 12 18 10 20 11 19 11
2 mM NaVPA-
3 mM NaDCA 10 12 10 8 10 8 10 9
100 uM TMZ 15 11 7 5 8 5 8 5
50 uM TMZ 15 16 8

U87 and T98G cells were investigated in vitro for SLC1242, SLC12A45,
SLC5A48, CDHI1, and CDH?2 genes in the control group and groups treated
with 3 mM NaDCA, 1.5 mM NaDCA, 2 mM NaVPA-3 mM NaDCA, and
50 uM TMZ for 24 h (n = 6 per group).
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3.2. Materials and methods used in GBM primary cell studies
in vivo and in vitro

Kaunas Regional Biomedical Research Ethics Committee granted autho-
rization to conduct biomedical research on 8 August 2020 (permit No. BE-2-
80). All the patients were diagnosed for the first time, and no prior anticancer
treatment was administered before surgery. They underwent surgery at the
Neurosurgery Clinic of Vilnius University Santaros Hospital (Santariskiy 2,
LT-08410 Vilnius, Lithuania).

Tissue samples were obtained from five GBM patients and one supraten-
torial ependymoma patient who underwent surgery, and their details are
provided below: GBM2-2F, a 48-year-old female; GBM2-3F, an 82-year-old
female; GBM2-4M, a 46-year-old male; GBM2-5F, a 68-year-old female;
GBM2-6M, a 76-year-old male, glioblastoma WHO Grade IV, IDH wild-
type, strong positive cytoplasmic reaction in GFAP tumor cells. EP2-1M, 62-
year-old male, supratentorial ependymoma. All surgeries were performed in
2021-2022.

In the GBM tumor groups, tumor growth, frequency of invasion into the
CAM, number of blood vessels in the CAM, CAM thickening, GFAP, PCNA,
p53, EZH2, and vimentin IHC markers were studied. Cells were treated with
2 mM NaVPA-3 mM NaDCA, and the group sample sizes are presented in
Table 3.2.1.

Table 3.2.1. The study groups of GBM tumors on the CAM and their sample
sizes

Invasion, CAM thickness, GFAP, PCNA, p53, EZH2,
number of blood vessels vimentin

GBM2-2F | GBM2-3F |GBM2-4M | GBM2-2F | GBM2-3F |GBM2-4M

Study groups

Number of tumors on CAM

Control 8 10 7 4 6 4
2 mM NaVPA-
3 mM NaDCA 8 10 7 6 > >

GBM2-2F, GBM2-4M, GBM2-5F, and GBM2-6M primary cells were
investigated in vitro for SLC12A42, SLC12A45, SLC5A48, CDHI, and CDH?2
genes in the control group and the groups treated with 2 NaVPA-3 mM
NaDCA for 48 h (n = 6 per group).

CAM studies were also performed on supratentory ependymoma patient
EP2-1M primary cells in control (» = 8) and 2 mM NaVPA-3 mM NaDCA-
treated (n=7) groups. The following parameters were evaluated: tumor
growth, invasion into the CAM, number of blood vessels in the CAM, and
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sub-tumoral thickening of the CAM. IHC was not performed due to atypical
tumor growth on the CAM, as the cells were dispersed across the CAM
surface. EP2-1M primary cells were investigated in vitro for SLCI12A2,
SLC12A45, SLC548, CDHI, and CDH?2 genes in the control group and 2 mM
NaVPA-3 mM NaDCA-treated groups for 48 h (n = 6 per group).

3.3. Cell lines, culture conditions, and preparation
of GBM primary cell suspension

U87 (U87-MG; EACC 89081402; a 44-year-old female) and T98G
(T98-G; ATCC CRL-1690; a 61-year-old male) adhesive cell lines were used
for the study and cultured as described by us previously [365, 470].

Patients’ GBM2-2F, GBM2-3F, GBM2-4M, GBM2-5F, GBM2-6M, and
EP2-1M primary cell suspension was acquired as described by us previously
[455].

3.4. Application of the CAM model for GBM cell lines
and GBM primary cell studies

In compliance with the European Union and Lithuanian legal
frameworks, the use of the CAM model in research does not necessitate prior
approval from an ethics committee. Freshly fertilized chicken eggs (breed
Cobb-500) were acquired from Rumsiskés hatchery (Dovainonys, Lithuania).
Preparation of eggs for the study, tumor formation from U87, T98G, and
GBM primary cells and transplantation onto the CAM, and biomicroscopy
in vivo for the assessment of the tested drug effect on tumor growth and
neoangiogenesis were performed as described by us previously [365, 455,
470].

3.5. Histological and immunohistochemical study of the tumor

Histological examination (invasion into the CAM, number of blood
vessels in the CAM, and sub-tumoral thickening of the CAM) of U87 and
T98G tumor [365, 470] and GBM primary cell tumor [455] was performed
in H-E slides as reported by us previously.

The expression of GFAP, PCNA, p53, EZH2, and vimentin was determi-
ned by IHC as described by us previously [365, 455].
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3.6. Gene expression analysis

U87 and T98G cells were treated with 3 mM NaDCA, 1.5 mM NaDCA,
50 uM TMZ, and 2 mM NaVPA-3 mM NaDCA for 24 h in vitro as reported
by us previously [365]. Cells of control groups were grown in a cell culture
medium based on the cell line.

GBM2-2F, GBM2-4M, GBM2-5F, and GBM2-6M primary cells were
treated with 2 mM NaVPA-3 mM NaDCA for 48 h in vitro.

The determination of relative SLC12A42, SLC12A45, SLC5A8, CDH1, and
CDH? gene expression is described in [365].

3.7. Statistical analysis

Statistical analysis and visualization of data were performed using IBM
SPSS Statistics version 23 and GraphPad Prism version 9. The Shapiro-Wilk
test was applied to test the normality of data distribution. The frequency of
tumor invasion into the CAM is presented as a percentage (%), and
comparisons between study groups were performed using the chi-square test.
Histomorphometric data (number of blood vessels, CAM sub-tumoral thick-
ness) and IHC marker expression are presented as medians with corre-
sponding minimum and maximum values. The nonparametric Mann-Whitney
U test was used to assess differences between the two independent groups.
The CT threshold cycle value was normalized to the control house-keeping
GAPDH gene for gene expression analysis, and the ACT value was calculated
accordingly. The Livak (2722¢T) method [458] was used to calculate the
expression ratio between the control and treated groups of the tested GAPDH,
SLCI1242, SLCI1245, SCL5A8, CDHI, and CDH2 genes. CT values > 35
were not used for calculations. A p value of <0.05 was considered
statistically significant.

4. RESULTS

4.1. The effect of investigated drugs on U87 and T98G tumors
on the CAM and U87 and T98G cells

Comparison of U87 and T98G control tumors on the CAM and U87
and T98G cells. The study of U87 and T98G control tumors did not reveal
any differences in the frequency of invasion into the CAM, CAM thickness
and the expression of neoangiogenesis in the CAM mesenchyme under the
tumor, or the expression of PCNA and EZH2 in the tumor. The number of
pS3-positive cells was significantly lower in U87 control tumors than T98G
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control. The non-treated U87 and T98G xenografts induced the CAM
thickening similarly.

SLC5A48 and CDH|1 expression in U87 and T98G control cells was muted
(not expressed). T98G cells may be more malignant than U87 cells because
SLC12A2 expression was significantly higher in T98G cells than U87 cells,
and SLC1245 expression was expressed in U87 cells; it was undetectable in
TI98G cells, and CDH?2 expression was significantly higher in T98G control
cells than in U87 cells.

Comparison of the effect of investigational medicines on U87 and
T98G tumors on CAM. This study showed that the effect of treatment with
NaDCA, NaVPA-NaDCA or TMZ depended on the test drug and the cell
line. The study allowed us to see possible differences or similarities in the
effects of the investigated agents on the carcinogenesis of the investigated
cell tumors.

The study of U87 tumors on the CAM showed that treatment with
NaDCA (at a dose of 10 mM, 5 mM, or 3 mM) monotherapy, 2 mM NaVPA-
3 mM NaDCA (hereinafter referred to as NaVPA-NaDCA), 100 uM TMZ,
or 50 uM TMZ significantly reduced the incidence of U87 tumor invasion
into the CAM. The effect of treatment with 5 mM NaDCA and 100 uM TMZ
on invasion was significantly greater than that of 3 mM NaDCA. In T98G
tumor treatment with 10 mM NaDCA, 100 uM TMZ and 50 uM TMZ
significantly reduced tumor invasion into the CAM. The effect of
100 uM TMZ treatment on T98G tumor invasion was significantly greater
than that of 3 mM NaDCA.

The CAM thickness under U87 control tumors and 10 mM NaDCA-
treated tumors did not differ. Treatment with 3 mM NaDCA and 100 uM
TMZ significantly reduced the thickness of CAM under U87 tumors. Treat-
ment with 10 mM and 5 mM NaDCA, NaVPA-NaDCA, and 100 uM TMZ
significantly reduced the CAM thickness under T98G tumors.

Treatment with 5 mM NaDCA, 3 mM NaDCA, NaVPA-NaDCA,
100 uM TMZ, or 50 uM TMZ significantly reduced the number of blood
vessels in the CAM under the tumor. The effect of NaVPA-NaDCA treat-
ment on U87 tumor-induced neoangiogenesis was significantly greater than
that of 3 mM NaDCA and 50 uM TMZ, while the effect of 100 uM TMZ on
neoangiogenesis in the mesenchyme did not differ from that of NaVPA—
NaDCA and was significantly greater than that of 3 mM NaDCA. NaDCA
monotherapy had no effect on neoangiogenesis when treating T98G tumors.
Neoangiogenesis was suppressed similarly when T98G tumors were treated
with 100 uM TMZ, 50 uM TMZ, or NaVPA-NaDCA.

A synergistic effect of combination components was observed in U87
and T98G cell tumors: the number of blood vessels was significantly lower
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in the U87-NaVPA-NaDCA group than in the U87-3 mM NaDCA group,
and in the T98G-NaVPA-NaDCA group than in the T98G-3 mM NaDCA
group, indicating a synergistic effect of NaVPA and NaDCA.

Compared to U87-control, treatment with 10 mM or 5 mM NaDCA, but
not 3 mM NaDCA, significantly reduced the expression of PCNA-positive
cells in U87 tumors. The effect of 10 mM NaDCA and 5 mM NaDCA treat-
ment on PCNA expression in U87 tumors was significantly greater than that
of 3 mM NaDCA. The results presented in the doctoral dissertation show that
only treatment with 100 uM TMZ and 50 uM TMZ significantly reduced the
number of PCNA-positive cells in U87 tumors on the CAM. The effect of
TMZ treatment on PCNA expression in U87 tumors was significantly greater
than that of 3 mM NaDCA or NaVPA-NaDCA.

NaDCA monotherapy had no effect on PCNA expression in T98G
tumors. When evaluating treatment effects on PCNA expression, the effect
of NaVPA-NaDCA on T98G tumors on the CAM was characterized by a
synergistic effect of the combination components: the effect of NaVPA—
NaDCA on PCNA expression was significantly greater than that of 3 mM
NaDCA. The frequency of PCNA-positive cells was significantly lower in
T98G tumors treated with 100 uM TMZ, 50 uM TMZ, or NaVPA-NaDCA,
whereas 3 mM NaDCA had no effect on PCNA expression in T98G tumors.
The effect of TMZ treatment on PCNA expression in T98G tumors was
significantly greater than that of 3 mM NaDCA.

Treatment with 10 mM and 5 mM NaDCA, as well as 100 uM TMZ and
50 uM TMZ, significantly reduced the number of p53-positive cells in U87
tumors as compared with U87 control tumors, whereas 3 mM NaDCA had no
effect. The effect of TMZ treatment on p53 expression in U87 tumors was
significantly greater than that of 3 mM NaDCA or NaVPA-NaDCA. Treat-
ment with 10 mM and 5 mM NaDCA significantly decreased the expression
of p53-positive cells in T98G tumors, while 3 mM NaDCA had no effect. A
significant reduction in the number of p53-positive cells was also observed
in T98G tumors treated with 100 pM TMZ and 50 uM TMZ. No difference
in the frequency of p53-positive cells in T98G tumors was observed between
the NaVPA-NaDCA-treated and control groups. The effect of 100 uM TMZ
treatment on p53 expression in T98G tumors was significantly greater than
that of 3 mM NaDCA or NaVPA-NaDCA.

Treatment with 10 mM and 5 mM NaDCA significantly reduced EZH2
expression in U87 tumors, whereas 3 mM NaDCA had no effect on expres-
sion. Our data showed that treatment with 100 pM TMZ and 50 uM TMZ
significantly decreased the number of EZH2-positive cells in U87 tumors,
while treatment with 3 mM NaDCA or NaVPA-NaDCA had no effect on
EZH?2 expression. In contrast, the number of EZH2-positive cells in T98G
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tumors was significantly and similarly reduced following treatment with
100 uM TMZ, 50 uM TMZ, or NaVPA-NaDCA. The effects of treatment
with NaVPA-NaDCA and TMZ on EZH2 expression in T98G tumors were
significantly greater than those of 3 mM NaDCA.

The numbers of PCNA- and EZH2-positive cells were significantly
lower in the T98G—NaVPA-NaDCA group compared with the T98G—3 mM
NaDCA group, indicating a synergistic effect of NaVPA and NaDCA in the
treatment of T98G tumors on the CAM.

Comparison of the effect of investigated drugs on gene expression in
U87 and T98G cells. The investigated medicinal preparations had no effect
on SLCI2A2 expression in the U87 cell groups. Treatment with 3 mM
NaDCA and NaVPA-NaDCA significantly reduced SLC1242 expression in
T98G cells, whereas 1.5 mM NaDCA and 50 uM TMZ had no effect on gene
expression. The effect of treatment with 3 mM NaDCA on SLCI2A2 expres-
sion in T98G cells was significantly greater than that of 1.5 mM NaDCA.

Our results showed that NaVPA-NaDCA treatment increased SLC1245
expression in both U87 and T98G cells, whereas 3 mM NaDCA, 1.5 mM
NaDCA, or 50 uM TMZ had no effect on SLCI1245 expression in the
examined cells. These findings indicate an advantage of NaVPA-NaDCA
over TMZ.

Our study also demonstrated that SLC548 expression was undetectable
in control U87 and T98G cells. Treatment with 3 mM NaDCA, 1.5 mM
NaDCA, or 50 uM TMZ had no effect on gene expression in these cells.
Treatment with 2 mM NaVPA-3 mM NaDCA increased SLC5A8 expression
in U87 cells but had no effect on gene expression in T98G cells.

CDH|1 was not detected in U87 and T98G cells. It was demonstrated that
treatment with the investigated drugs had different effects on gene expression
depending on the cell line. No effect was observed on CDHI and CDH?2
expression in U87 cells. NaVPA-NaDCA treatment increased CDH1 expres-
sion in T98G cells, whereas 3 mM NaDCA, 1.5 mM NaDCA, and 50 uM
TMZ had no effect on gene expression. Treatment with 3 mM NaDCA,
1.5 mM NaDCA, and NaVPA-NaDCA significantly reduced CDH?2 expres-
sion in T98G cells; CDH?2 expression in T98G cells treated with NaVPA—
NaDCA was significantly lower than in TMZ-treated cells.
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4.2. The individual effect of NaVPA-NaDCA on
patients’ primary GBM cell tumors on
the CAM and GBM primary cells in vitro

Comparison of patients’ primary GBM cell control tumors on the
CAM and GBM primary cells (untreated). In total, five GBM patients
were investigated: GBM2-2F (a 48-year-old female), GBM2-3F (an 82-year-
old female), GBM2-4M (a 46-year-old male), GBM2-5F (a 68-year-old
female), and GBM2-6M (a 76-year-old male). According to the WHO
classification, all tumors were grade IV, IDH wild-type, and in all cases
strong cytoplasmic GFAP expression was detected in tumor tissues. All
patients were newly diagnosed, and none had received anticancer treatment
prior to surgery. Cells from GBM2-2F, GBM2-3F, and GBM2-4M (three
GBM patients) were analyzed using the CAM model; the expression of
SLCI12A42, SLCI1245, SLC548, CDHI1, and CDH?2 in GBM2-2F, GBM2-4M,
GBM2-5F, and GBM2-6M (four patients) primary cells was determined
in vitro.

The histological and immunohistochemical analysis of control tumors on
the CAM revealed certain morphological differences among the formed
GBM tumors: the frequency of invasion into the CAM and the expression of
neoangiogenesis in the CAM mesenchyme beneath the tumor as well as
GFAP and p53 expression did not differ among the GBM2-2F, GBM2-3F,
and GBM2-4M control tumor groups. However, CAM thickness, PCNA, and
EZH?2 expression was significantly higher in the GBM2-3F control tumors
compared to the GBM2-4M controls, which may indicate a greater
malignancy of GBM2-3F.

Based on the expression of the investigated genes, GBM2-2F cells may
be more malignant than GBM2-4M, GBM2-5F, and GBM2-6M cells, as
SLC12A42 and CDH?2 expression was significantly higher in GBM2-2F cells
than GBM2-4M, GBM2-5F, and GBM2-6M cells, while GBM2-2F cells
showed no expression of SLC1245, SLC548, or CDHI. GBM2-6M cells may
be more malignant than GBM2-5F cells, as GBM2-6M cells did not have
SLC12A45 expression, whereas CDHI expression was significantly higher in
GBM2-5F cells. As reported by us previously, increased expression of
SLCI242 and CDH?2 is associated with tumor cell proliferation and
migration, whereas increased expression of SLC12A45, SCL5A8, and CDH1 is
associated with suppression of tumor growth and apoptosis [365].

Comparison of NaVPA-NaDCA effect on patients’ GBM primary
cell tumors on the CAM. The effect of NaVPA-NaDCA on the growth of
tumors formed by patients’ GBM primary cells on the CAM as well as on the
expression of GFAP, PCNA, p53, EZH2, and vimentin in tumors on the CAM
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and SLC1242, SLC12A45, SLC548, CDHI, and CDH2 in tumor cells, was
individual.

Treatment with NaVPA-NaDCA significantly reduced the frequency of
GBM2-2F and GBM2-4M primary cell tumor invasion into the CAM but had
no effect on GBM2-3F tumor invasion into the CAM.

Treatment with NaVPA-NaDCA had no effect on CAM thickness in
GBM2-2F and GBM2-3F tumors but significantly reduced membrane thick-
ness in GBM2-4M.

Treatment with NaVPA—NaDCA had no effect on the number of blood
vessels in the CAM beneath GBM2-2F, GBM2-3F, and GBM2-4M tumors
when vessels with a diameter of 10 pm or greater were counted; however, an
anti-neoangiogenic effect of NaVPA—-NaDCA was observed in all cases when
vascular network expression in the CAM surrounding the tumor was assessed
using fluorescent dextran.

No difference in marker expression was observed when comparing the
percentage of GFAP-positive cells in a patient’s GBM tumor tissue and in the
tumor formed on the CAM from the same patient’s tumor cells. The
frequency of GFAP-positive cells did not differ when comparing GFAP
expression in GBM2-2F, GBM2-3F, and GBM2-4M tumors on the CAM.
This indicates that control GBM tumors formed from patients’ GBM primary
cells on the CAM retained the immunohistochemical GFAP expression
characteristic of the patient’s original tumor tissue. Treatment with
2 mM NaVPA-3 mM NaDCA significantly reduced the number of GFAP-
positive cells in GBM2-3F and GBM2-4M tumors on the CAM but had no
effect on marker expression in GBM2-2F tumors.

Comparison of the control groups showed that GBM2-4M exhibited
significantly lower expression of PCNA-positive cells than GBM2-2F and
GBM2-3F. Treatment with 2 mM NaVPA-3 mM NaDCA significantly
reduced the number of PCNA-positive cells in all examined tumors on the
CAM formed from GBM primary cells. After combination treatment, the
frequency of PCNA-positive cells was significantly higher in GBM2-2F
tumors than GBM2-3F and GBM2-4M tumors, while marker expression was
significantly lower in GBM2-4M tumors compared with GBM2-3F tumors.

Immunohistochemical analysis revealed p53-positive cells in GBM2-2F,
GBM2-3F, and GBM2-4M control tumors, but the comparison of marker
expression among control tumors showed no differences. Treatment with
2 mM NaVPA-3 mM NaDCA significantly reduced the frequency of p53-
positive cells in GBM2-2F, GBM2-3F, and GBM2-4M tumors on the CAM,
with no differences observed when comparing the treated tumor groups.

The frequency of EZH2-positive cells in the control tumor groups of
GBM2-2F, GBM2-3F, and GBM2-4M ranged from 58.11% to 91.11%.
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Treatment with 2 mM NaVPA-3 mM NaDCA significantly reduced the
number of EZH2-positive cells in GBM2-2F, GBM2-3F, and GBM2-4M
tumors on the CAM.

Data on vimentin expression in GBM tumors on the CAM showed high
variability: the frequency of vimentin-positive cells was 45.85% in GBM2-
2F; 26.91%, in GBM2-3F; and 79.00%, in GBM2-4M control tumors.
Treatment with 2 mM NaVPA-3 mM NaDCA significantly reduced the
number of vimentin-positive cells in the examined tumors on the CAM.

Comparison of the effect of NaVPA-NaDCA on gene expression in
patients’ GBM primary cells. The expression level of the SLC/242 gene in
the GBM2-2F, GBM2-4M, GBM2-5F, and GBM2-6M patients’ primary cell
control groups differed, with the following significant differences observed
in the groups: GBM2-2F > GBM2-5F= GBM2-4M > GBM2-6M
(> indicates a significant difference).

Treatment with 2 mM NaVPA-3 mM NaDCA significantly reduced
SLC12A42 expression only in GBM2-4M cells and significantly increased
SLC12A42 expression in GBM2-5F and GBM2-6M cells. NaVPA-NaDCA
had no effect on SLC1242 expression in GBM2-2F cells. Comparison of the
examined cells showed differences in SLCI242 expression in the
combination-treated cells: GBM2-2F > GBM2-5F = GBM2-6M = GBM2-
4M (> indicates a significant difference).

GBM2-2F, GBM2-4M, and GBM2-6M control cells showed no SLC1245
expression, while the gene was expressed in GBM2-5F cells. Combination
treatment activated SLCI245 expression in GBM2-4M, GBM2-5F, and
GBM2-6M cells, but had no effect on GBM2-2F cells. After combination
treatment, gene expression differed significantly in the examined cell groups:
GBM2-5F > GBM2-6M > GBM2-4M.

SLC5A8 expression was not detected (not expressed) in GBM2-2F,
GBM2-4M, GBM2-5F, and GBM2-6M control cells. Combination treatment
had no effect on SLC548 expression in the examined cells.

Control GBM2-2F cells showed no active CDHI gene, and comparison
of CDH1 expression levels among control GBM2-2F, GBM2-4M, GBM2-
SF, and GBM2-6M cells revealed significant differences: GBM2-5F >
GBM2-4M > GBM2-6M.

Treatment with the combination significantly increased CDHI expres-
sion in GBM2-4M, GBM2-5F, and GBM2-6M cells, but it had no effect on
CDH] expression in GBM2-2F cells (remained undetectable). Among the
treatment groups, gene expression levels differed significantly as follows:
GBM2-5F > GBM2-4M > GBM2-6M.

CDH?2 expression was detected in control cells from all investigated
patients’ GBM samples, and it also differed among the control groups:
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GBM2-2F > GBM2-6M = GBM2-4M > GBM2-5F (> indicates a significant
difference).

Treatment with the combination significantly decreased CDH2 expres-
sion in GBM2-4M cells but had no effect on CDH2 expression in GBM2-2F,
GBM2-5F, and GBM2-6M cells. Based on gene expression levels, CDH2
expression in combination-treated cells showed significant differences
among groups as follows: GBM2-2F > GBM2-5F > GBM2-6M > GBM2-4M.

4.3. The effect of NaVPA-NaDCA on patients’ primary ependymoma
cell tumors on the CAM and ependymoma primary cells in vitro

The effect of NaVPA-NaDCA on primary ependymoma cell tumors
on the CAM. Transplanted onto the CAM, EP2-1M control (n=8) and
NaVPA-NaDCA-treated (n = 7) tumors did not form and dispersed across
the CAM surface. Only one out of eight control tumors formed. In H-E
sections the tumor site was identified by thickening of the CAM and the
presence of tumor cells on the chorionic epithelium.

NaVPA—-NaDCA treatment did not have a significant effect on EP2-1M
tumor invasion into the CAM. Compared with EP2-1M control, treatment
with 2 mM NaVPA-3 mM NaDCA significantly reduced CAM thickness
and the number of blood vessels beneath the tumor. IHC analysis revealed
weakly positive cytoplasmic GFAP expression in EP2-1M tumor tissue
(n=10) and in control tumor (n = 1) formed on the CAM from the same
ependymoma tissue. As the EP2-1M primary cell tumors did not form when
transplanted onto the CAM, IHC analysis was not performed.

The effect of NaVPA-NaDCA on gene expression in primary
ependymoma cells. NaVPA-NaDCA did not have a significant effect on
SLC12A2 expression in EP2-1M primary cells. The expression of SLC12435,
SLC5A48, CDHI was not detected in control and NaDCA—NaVPA-treated
cells. Compared with control, CDH2 expression was significantly lower in
EP2-1M cells treated with 2 mM NaVPA—-3 mM NaDCA.
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CONCLUSIONS

NaVPA-NaDCA combination inhibited U87 tumor invasion and
neoangiogenesis, and T98G tumor neoangiogenesis, PCNA and EZH2
expression. The combination had no effect on p53 expression in the
studied tumors. The effect of NaVPA—-NaDCA on neoangiogenesis in the
studied tumors and on PCNA and EZH2 expression in the T98G tumor
was significantly greater than that of NaDCA - this indicates a
synergistic effect of DCA and VPA.

1.1. An inhibitory effect of NaDCA on invasion, p53 and EZH2
expression in U87 and T98G tumors was observed, as well as on
neoangiogenesis and PCNA expression in the U87 tumor.

1.2. TMZ had a stronger effect than the combination on PCNA and p53
expression in U87 and T98G tumors as well as on neoangiogenesis
and EZH2 expression in the U§7 tumor.

The effect of NaVPA-NaDCA on gene expression in T98G cells was

observed: it reduced SLC1242, CDH?2 expression and increased CDH 1

expression; SLC12A45 expression was increased in U87 and T98G cells.

The combination increased SLC548 expression only in U87 cells.

2.1. Aninhibitory effect of NaDCA on SLC12A42 and CDH?2 expression
in T98G cells, and a synergistic effect of the combination on
SLC1245 expression in U87 cells, were observed; NaDCA had no
effect on gene expression in U87 cells.

2.2. TMZ treatment of U87 and T98G cells had no effect on gene
expression. The effect of the combination on gene expression
indicates its superiority over TMZ.

An inhibitory effect of NaVPA—NaDCA on invasion in GBM2-2F and
GBM2-4M tumors as well as on GFAP expression in GBM2-3F and
GBM2-4M tumors, and on PCNA, p53, EZH2, and vimentin expression
in all tumors was observed. The combination had no effect on invasion
in the GBM2-3F tumor and on GFAP expression in the GBM2-2F tumor.
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The effect of NaVPA—NaDCA on gene expression in GBM primary cells
was individual: NaVPA-NaDCA reduced SLCI242 expression in
GBM2-4M cells, while it increased gene expression in GBM2-5F and
GBM2-6M cells; the combination increased SLCI1245 and CDHI
expression in GBM2-4M, GBM2-5F, and GBM2-6M cells; the reduced
CDH? expression was observed in GBM2-4M cells. The studied control
and treated GBM primary cells showed no SLC548 expression — no
effect of the combination on gene expression was observed. The
combination had no effect on SLCI12A42, SLCI12A5, CDH1, and CDH?2
expression in GBM2-2F cells as well as on CDH?2 expression in GBM2-
5F and GBM2-6M cells.
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Abstract

The study’s aim was to investigate the effectiveness of sodium dichloroacetate (NaDCA) or magnesium dichloroacetate (MgDCA)
on adult U87 MG and pediatric PBT24 cell lines glioblastoma (GB) xenografts in a chicken chorioallantoic membrane (CAM)
model. The study groups were: treated with 10 mM, 5 mM of NaDCA, and 5 mM, 2.5 mM of MgDCA, and controls. The U87 MG
and PBT24 xenografts growth, frequency of tumor invasion into CAM, CAM thickening, and the number of blood vessels in CAM
differed depending on the dichloroacetate salt treatment. NaDCA impact on U87 MG and PBT24 tumor on proliferating cell
nunclear antigen (PCNA) and enhancer of zeste homolog 2 (EZH2) expression in the tumor was different, depending on the
NaDCA dose. The 5 mM MgDCA impact was more potent and had similar effects on U87 MG and PBT24 tumors, and its impact
was also reflected in changes in PCNA and EZH2 expression in tumor cells. The U87 MG and PBT24 tumor response variations to
treatment with different NaDCA concentration on tumor growth or a contrast between NaDCA and MgDCA effectiveness may

reflect some differences in U87 MG and PBT24 cell biology.

Keywords

glioblastoma, dichloroacetate, magnesium, sodium, PCNA, EZH2, chicken embryo chorioallantoic membrane model

Introduction

The most widespread brain tumor is glioblastoma (GB); this
tumor accounts for 80 % of all primary malignant central ner-
vous system tumors.? GB includes primary (de novo) and
secondary tumors developed from lower-grade astrocytoma
or oligodendroglioma subtypes. Primary GB accounts for
80 % of all GB adult patients, and about 3 % among children
with all brain tumors.’

The impact of therapy on high-grade GB is limited, as the
overall outcome remains unaffected, with an adult patient med-
ian survival of 12-15 months.* Five-year survival in pediatric
GB patients is less than 20 %,” and the survival in patients aged
55-64 is 6 %° The pharmacological effects of medicines with
which GB treatment improves patient survival are related to the
inhibition of tumor cell proliferation.” The standard therapy
for GB in adults is surgical resection, radiotherapy, and che-
motherapy with temozolomide (TMZ).* No standard GB
chemotherapy approach has been developed for pediatric
patients. Following the progress of TMZ in adults, the treatment
has similarly exercised the use of TMZ with radiotherapy for GB

pediatric patients.’ Individual TMZ effectiveness depends on
the development of resistance to TMZ, and this would lead to
GB recurrence and a worse GB prognosis.”

The usage of sodium dichloroacetate (NaDCA) for sensitizing
TMZ-resistant cells has been proposed.'®!! The pharmacological
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NaDCA mechanisms include the inhibition of pyruvate dehydro-
genase kinases maintaining the mitochondrial oxidation of glu-
cose, and reduction of lactic acid generation,lz‘13 and a rise in
reactive oxygen species generation in the tumor and microenvir-
onment.'* Glycolytic processes are upregulated,'>™'” and expres-
sion of pyruvate dehydrogenase kinase is increased in glioma
cells.'”'® NaDCA treatment enhances cancer cell apoptosis.'®
A recent study reported that NaDCA works as a Na ™K "-2CI~
cotransporter (NKCC1) inhibitor, and induces NKCC1 RNA
expression suppression.”” The NKCC1 inhibition reduces the
intracellular chloride level ([C1™]i); a [C1™]i could have an impact
on cancer cell proliferation and apoptosis.>'**

The unequal anticancer efficacy of NaDCA in in vitro and
in vivo studies raises some questions about the effectiveness of
the medicine used in the research.”® The NaDCA effectiveness
problem may arise as some investigators do not consider the
Na™ concentration state using high NaDCA doses in in vitro
studies“; it is essential to assess whether the NaDCA concen-
tration in the assay medium will not result in a hypernatraemic
state. In humans, a level higher than the 150 mM level of Na™ in
the blood serum represents hypernatraemia.>> Furthermore,
researchers have shown that sodium and chloride ions in a tumor
microenvironment are involved in cancer progression.”® Thus,
different concentrations of Na™* in the environment of cancer
cells under investigation may also modify cancerogenesis.

The chicken chorioallantoic membrane (CAM) model is an
alternative model for studying cancer treatment approaches for
tumor growth, invasion, angiogenesis, and is one which helps
elucidate target medicines for human cancer treatment.””-*
The formed human cancer cell tumor on CAM reflects the
primary tumor malignancy. DeBord et al. show that the CAM
model is a helpful tool providing a biologically efficient
patient-derived xenograft platform to achieve practical per-
sonal potential chemotherapy goals.”> A CAM model is more
successful in predicting patients-derived xenografted tumor
treatment prognosis as compared with rodent immunodeficient
models.* A study comparing the effect of the drug on U87 MG
tumor growth on CAM with data on medicine exposure to U87
MG spheroids showed that the spheroid model did not reflect
the tumor progression or treatment effect on the tumor
observed in the CAM model.*"

The present study aimed to examine differences between a
44-year-old woman high-grade U87 MG cell line*® xenograft
(U87) and a 13-year-old boy high-grade PBT24 cell line**
xenograft (PBT24) studied in vivo using the CAM model; to
examine these tumors’ response to treatment with NaDCA or
magnesium dichloroacetate (MgDCA) preparations as well as
their effect on proliferating cell nuclear antigen (PCNA) and
enhancer of zeste homolog 2 (EZH2) expression in tumor cells.

Material and Methods

Cell Lines and Cell Culturing

A Caucasian adult female’s high-grade glioblastoma U87 MG
cell line cells, provided by Dr. Artinas Kazlauskas (Laboratory

of Neuro-Oncology and Genetics, Neuroscience Institute,
Lithuanian University of Health Sciences, LT-50009 Kaunas,
Lithuania) and a pediatric Caucasian 13-year-old boy’s
high-grade glioblastoma PBT24 cell line cells, donated by Prof.
Marta M. Alonso (University of Navarra, Spain), were studied.
The U87 MG cells were cultivated in Dulbecco’s Modified
Eagle Medium (DMEM) medium (Sigma Aldrich, USA), while
the PBT24 cells were cultivated in Roswell Park Memorial
Institute 1640 (RPMI-1640) medium (Sigma Aldrich, USA).
The media were supplemented with a 10 % fetal bovine serum
(FBS; Sigma Aldrich, USA) containing 100 TU/mL of penicil-
lin and 100 pg/mL of streptomycin (P/S; Sigma Aldrich, USA).
Cells were incubated at 37 °C in a humidified 5 % CO,
atmosphere.

The CAM Model

According to the legislation in force in the EU and Lithuania,
no approval for studies using the CAM model is needed from
the Ethics Committee. Cobb 500 fertilized chicken eggs were
obtained from a local hatchery (Rumsiskés, Lithuania), kept in
the incubator (Maino incubators, Italy) at 37 °C temperature
and 60 % relative air humidity. The eggs were rolled automat-
ically once per hour until the third embryo development day
(EDD3).

The CAM was detached from the shell of the egg at EDD3;
eggshells were cleaned with 70 % ethanol, a small round hole
was drilled in the location of the air chamber, and approxi-
mately 2 ml of the egg white was aspirated. A window of about
1 cm? in the eggshell was drilled and sealed with sterile trans-
parent plastic tape. The eggs were kept in the incubator without
rotation until GB cell tumor grafting on CAM at the EDD7.

The Tumor Study Design

Justification for selection of the NaDCA and MgDCA dose. The
molecular formula of NaDCA [Cl,CHCOONa] indicates that
in the solution of 10 mM of NaDCA, there is 10 mM of the
2,2-dichloroacetate anion (DCA) and in the solution of 5 mM
of MgDCA [(CI,CHCOO),Mg], there is also 10 mM of the
DCA.*3 Respectively, 5 mM concentrations of active sub-
stance will be achieved with 5 mM NaDCA and 2.5 mM
MgDCA solutions. The concentration of 10 mM NaDCA will
not form a hypernatremic state in the used media; the Na™*
concentration in DMEM medium is 146.4 mM/I and for the
RPMI-1640 it is 147.98 mM/I. Other investigators have used a
10 mM of NaDCA dose for cancer cell studies in vitro.>*’

The U87 and PBT24 tumor study groups. The growth and invasion
into CAM of formatted U87 MG cell, as well as of PBT24 cell
lines xenografts, were investigated in the 10 groups. The study
groups were as follows: the U87-control (the non-treated
group, n = 20), the U87 tumors treated with 10 mM of NaDCA
(U87-10 mM NaDCA; n = 24), U87-5 mM NaDCA (n = 25),
U87-5 mM MgDCA (n = 14), and U87-2.5 mM MgDCA
(n=11). The studied PBT24 tumor groups were the following:
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PBT24-control (n = 13), PBT24-10 mM NaDCA (n = 12),
PBT24-5 mM NaDCA (n = 13), PBT24-5 mM MgDCA group
(n = 11), and PBT24-2.5 mM MgDCA (n = 11). When U87
tumors were found to be more sensitive to 5 mM NaDCA than
to 10 mM NaDCA, larger groups were tested accordingly to
ensure that this was not a random phenomenon.

Biomicroscopy in vivo and histological analysis of invasion,
the thickness of CAM, and the number of vessels in CAM
under the tumor were performed.

The immunohistochemical (IHC) expression of PCNA in
the tumor was studied in the following groups: U87-control
(n = 8), U87-10 mM NaDCA (n = 8), U87-5 mM NaDCA
(n = 8), U87-5 mM MgDCA (n = 8), U87-2.5 mM
MgDCA (n = 8); PBT24-control (n = 9), PBT24-10 mM
NaDCA (n = 8), PBT24-5 mM NaDCA (n = 6), PBT24-5
mM MgDCA (n = 6), and PBT24-2.5 mM MgDCA (n = 7).

The expression of EZH2 was investigated in the following:
U87 tumors control (n = 12), U87-10 mM NaDCA (n = 13),
U87-5mM NaDCA (n = 12), U87-5 mM MgDCA (n = 7), and
U87-2.5 mM MgDCA (n = 8); PBT24-control (n = 6),
PBT24-10 mM NaDCA (n = 7), PBT24-5 mM NaDCA
(n = 6), PBT24-5 mM MgDCA (n = 7), and PBT24-2.5 mM
MgDCA (n = 7).

Biomicroscopy Data to Assess Tumor Growth
and Drug Efficacy

The biomicroscopy of xenografts on CAM at embryo develop-
ment from 9 to 12 days (EDD9-12) in vivo is suitable to eval-
uate the tumor growth characteristics, its malignancy, and to
detect the disparities among different cell line tumors and the
sensitivity to treatment. One kind of tumor malignancy and
growth progression signs is a relatively rapid formation of
vasculature around the tumor—a “spoked-wheel” consisting
of tumor-attracted small blood vessels, and formed by neoan-
giogenesis new blood vessels. The tumor size, its border
clarity, and changes of the “spoked-wheel” expression may
serve as features of the drug effect on tumorigenesis.

Tumor Grafting on CAM In Vivo

An absorbable gelatin surgical sponge (Surgispon, Aegis Life-
sciences, India) was cut manually with a blade into pieces of
9mm?> (3 x 3 x 1mm). The 1 x 10° cells were resuspended in
20 pl of the rat tail collagen, type I (Gibco, USA) (in the control
group), and MgDCA or NaDCA salt (Sigma-Aldrich GmbH,
Germany) dissolved in a medium (investigational medicine-
treated groups). A 20 ul liquid mixture of tumor cells was
pipetted onto a piece of a sponge. The NaDCA- or MgDCA-
treated tumor groups and their controls were formed. At the
EDD?7, the tumor was grafted onto CAM among significant
blood vessels. Its structural changes were observed with a
stereomicroscope (SZX2-RFA16, Olympus, Japan) in vivo
during the EDD9-12 period. The tumor images were acquired
using a digital camera (DP92, Olympus, Japan) and CellSens
Dimension 1.9 Digital Imaging Software.

Histological Study of the Tumor

At EDDI2, the specimens were harvested, fixed in a buffered
10 % formalin solution for 24 hours and embedded into the
paraffin wax. The tumor sample was cut with a microtome
(Leica, Germany) into 3 um thickness sections. The sections
were stained with hematoxylin and eosin (H-E) and by IHC
methods. Visualization and photographing of H-E and IHC
stained tumor slides were performed using a light microscope
(BX40F4, Olympus, Japan) and a digital camera (XC30, Olym-
pus, Japan) equipped with CellSens Dimension 1.9 software.

H-E stained tumors were divided into 2 types: invasive and
non-invasive. The tumor invasion into CAM was categorized
as the destruction of the chorionic epithelium (ChE) or/and
tumor cell invasion into the CAM mesenchyme. The tumor not
invaded into mesenchyme was located on the surface of the
CAM, and the integrity of the chorionic epithelium was not
disrupted. The tumor invasion was examined in H-E slides at
20 x and 40 x magnifications.

Assessment of the CAM Thickness and the
Number of Blood Vessels in CAM

The CAM thickness (width) was evaluated by photographing
H-E stained CAM at 4 x magnification directly under the
tumor. The thickness of CAM was measured (um) in 10 areas.
The median CAM thickness was calculated in the area under
the tumor. In the CAM without tumor group, 3 random places
of CAM were selected and measured accordingly.

The number of blood vessels was assessed by photographing
the H-E stained CAM at 4 x magnification directly under the
tumor. In the CAM without tumor group, one random vision
field was selected. Blood vessels bigger than 10 um were
counted in the same length of the CAM (1792 pum).

Immunohistochemical Study

The expression of the PCNA and EZH2 markers was deter-
mined in tumor cells by immunohistochemistry. Primary anti-
bodies to the PCNA (PC10, Thermo Fisher Scientific, USA)
and the KMT6/EZH2 (phospho S21, ab84989, Abcam, UK)
were used to detect PCNA- and EZH2-positively stained tumor
cells. Thin CAM sections of 3 um were mounted onto adhesion
slides (Thermo Fisher Scientific, USA), deparaffinized, and
rehydrated by standard techniques. The heat-induced antigen
retrieval was performed using a Tris/EDTA buffer at pH 9
(K8002, Dako, Denmark) and a pressure cooker at 95 °C for
20 minutes (Thermo Fisher Scientific, USA). The Shandon
CoverPlate System (Thermo Fisher Scientific, USA) was used
for staining. Endogenous peroxidase was blocked with the Per-
oxidase Blocking Reagent (SM801, Dako, Denmark). The slides
were treated with primary antibodies (1:100) for 30 minutes at
room temperature. The primary antibody and antigen complex
was determined using the horseradish peroxidase-labeled poly-
mer dextran conjugated with a secondary mouse antibody and a
linker (SM802 and SM804, respectively; Dako, Denmark) for
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30 min. at room temperature. Positive reactions were visualized
using the 3,3’-diaminobenzidine-containing chromogen (DAB,
DMB827, Dako, Denmark), which gives the brown color to the
site of the target antigen recognized by the primary antibody.
After each step, a tris-buffered saline solution containing
Tween 20 (DM831, Dako, Denmark) was used as a wash
buffer. Slides were counterstained with the Mayer hematoxylin
solution (Sigma Aldrich, Germany), dehydrated, cleared, and
mounted.

For assessment of the tumor PCNA and EZH2 protein expres-
sion, 2 random vision fields (plot area 23863.74 um?) of the
immunohistochemically stained tumor were photographed at
40 x magnification. All cells, and the PCNA-, EZH2-positively
stained cells were calculated in selected vision fields, and the
percentages of PCNA-and EZH2-positive cells were counted in
each tumor.

Statistical Analysis

The statistical analysis was performed using the Statistical
Package for Social Sciences, version 23.0 for Windows (IBM
SPSS Statistics V23.0). The frequency of invasion into CAM is
expressed as a percentage (%), and the chi-square test was used
to compare tumor invasion into CAM frequency between the
study groups. The Shapiro-Wilk test was used to verify the
normality assumption. Data of PCNA- and EZH2-positive
stained cells, the number of blood vessels, and the thickness
of the CAM are expressed as median and range (minimum and
maximum values). The difference between the 2 independent
groups was evaluated using the nonparametric Mann-Whitney
U test. The Spearman rank correlation coefficient (r) was used
to assess the relationship between the CAM thickness and the
number of blood vessels. Differences at the value of P < 0.05
were considered significant.

Results
The Biomicroscopy of U87 Xenograft on CAM

Figure 1 shows the biomicroscopy data dynamics of
U87-control and tumor treated with 10 mM, 5 mM of NaDCA,
and with 5 mM or 2.5 mM of MgDCA doses, from EDD9 to
EDDI12, and the harvested CAM with tumor at EDD12. The
U87-control tumor has distinct edges at EDDY; its size
diminishes at EDD12; the smaller size of the non-treated tumor
at EDDI12 is associated with its invasion into CAM mesench-
yme (Figure 1-A), the vessels plexus is weakly expressed at
EDD?Y; a dense vessels network is formed in the direction of the
tumor at EDD12: a manifested “spoked-wheel” pattern is seen
5 days after tumor grafting on CAM. The apparent network of
vessels around the non-treated tumor is displayed in harvested
CAM with a tumor at EDD12 (Figure 1-A).

Figure 1-B shows U87-10 mM NaDCA tumor growth dur-
ing EDD9-12; the tumor visually appears to be larger in vivo
and ex ovo compared with the U87-control at EDD9 and
EDDI12 because the tumor grows more on the CAM surface;

a “spoked-wheel” at EDD12 is less expressed as compared with
the control. The effect of 10 mM dichloroacetate anion of
different salts on U87 tumor (Figure 1-B, and C) was different;
it can be seen that MgDCA salt inhibits tumor growth signif-
icantly more: both tumors grow on the CAM surface, but
treated with 5 mM MgDCA, the tumor is smaller with no
visible vascular network around the tumor. U87 tumor growth
was more strongly affected by 5 mM of NaDCA than by
10 mM of NaDCA (Figure 1-B, and D). The ‘spoked-wheel”
development around the U87-2.5 mM MgDCA tumor
(Figure 1-E, EDDI12, and CAM ex ovo) indicates that tumor
growth suppression is limited.

The Biomicroscopy of PBT24 Xenograft on CAM

Figure 2 shows the data dynamics of PBT24-control and treated
tumor studied groups from EDD9 to EDD12 as well as the
harvested CAM preparation with a tumor at EDD12. The con-
trol xenograft has precise contours on EDDY, but they are less
clear on EDD12 and the tumor size is slightly reduced
(Figure 2-A) because the tumor has partially invaded into the
mesenchyme; its apex is visible on the surface of a chorionic
epithelium, and around the tumor is the expressed
“spoked-wheel” (Figure 2-A, EDD12, and CAM ex ovo).

Compared with the control, the PBT24 treatment with
10 mM of NaDCA and with 5 mM of MgDCA suppresses the
tumor growth and vascular network development, with tumor
edges visible, indicating tumor growth on the CAM surface
(Figure 2-B, and C). The PBT24-5 mM NaDCA tumor growth
is poorly inhibited, the tumor grows more on the CAM surface,
and the “spoked-wheel” is visible (Figure 2-D). Compared with
the control, the xenograft-treated with 2.5 mM of MgDCA was
partially invasive (its edges unclear) with only partially inhib-
ited development of the vascular network at EDDI2
(Figure 2-E).

The Biomicroscopically Determined Differences
Among U87 and PBT24 Tumors

The data indicate that U87 and PBT24 tumors show different
sensitivity to treatment with the sodium salt of dichloroacetate
(Figures 1 and 2). A 10 mM dose of NaDCA was less effective
in the treatment of the U87 tumor as compared with 5 mM of
NaDCA, but a 10 mM dose was effective in treating the PBT24
tumor. The PBT24 tumor was quite insensitive to treatment
with 5 mM NaDCA (Figure 2). The 5 mM MgDCA dose
(10 mM of dichloroacetate anion) was similarly effective in
U87 and PBT24 tumor treatment.

Histological Tumor Data in Evaluating the Effectiveness
of the Treatment
The histological examination provides a more detailed expla-

nation of the response of U87 and PBT24 to the treatment
applied, assessing the tumor growth, tumor invasion into CAM
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Figure |. Biomicroscopy of U87 tumor on CAM in vivo and the chorioallantoic membrane with tumor ex ovo of the study groups (A, B, C, D, E).
The EDD? pictures represent the tumor 2 days after the xenograft transplantation, and EDD | 2—after 5 days of transplantation on CAM. The ex
ovo photos represent the harvested CAM with a tumor on EDDI2. A short arrow shows the tumor, a longer arrow—the vessel of the
“spoked-wheel” in the U87-control (A, EDD 12, and CAM ex ovo); it is a reduced expression in the treated tumor (B, E, EDD 12, and CAM ex ovo)

or suppressed the development of vascular network (C, D, EDD12, and CAM ex ovo). Scale bar—| mm.

mesenchyme frequency, and a thickening of the CAM beneath
the xenograft in the study groups (Figure 3). The CAM thickness
is related to the activation of neoangiogenesis, assessed by the
number of blood vessels in CAM under the tumor (Figure 3;
Tables 1 and 2). Immunohistochemical study of the PCNA
and EZH?2 expression in the xenograft cells at EDD12 enabled
the evaluation of the features of tumorigenesis, as well as
differences in the treatment effect with dichloroacetate salts
among U87 MG and PBT24 cell line tumors (Figure 4;
Tables 3 and 4).

The U87 Growth, Invasion Into CAM Frequency, the CAM
Thickness and the Number of Blood Vessels in CAM
Under the Tumor of the Study Groups

Figure 3 shows the treatment efficacy in the inhibition of tumor
growth, and the effect of the research medicine on inhibiting
tumor adhesion to CAM (Figure 3, U87 tumors, D, and E).
Histomorphometric data show that the U87 tumor invasion into
CAM frequency was found to depend on the dichloroacetate
anion concentration, as well as on the dichloroacetate salt. Tumor
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Figure 2. Biomicroscopy of PBT24 tumor in vivo and chorioallantoic membrane with tumor ex ovo of the study groups (A, B, C, D, E). The
EDDS pictures show the tumor 2 days after, and the EDD |2—5 days after its transplantation on CAM. Ex ovo pictures represent the harvested
tumor with CAM at EDD12. A short arrow shows the tumor, a more extended indicator—a “spoked-wheel” around the tumor at EDD 12 and

in respectively ex ovo preparations (A, D, and E). Scale bar—I mm.

invasion frequency in the study groups was as follows:
U87-control was 80.0 %, U87-10 mM NaDCA—45.83 %,
U87-5 mM MgDCA—14.29 %, U87-5 mM NaDCA—20.0 %,
and U87-2.5 mM MgDCA—36.36 % (-Table 1). Compared with
the U87-control, the applied treatment significantly reduced
the tumor invasion in all study groups (P < 0.05). Comparing the
frequency of invasion into CAM of U87-10 mM NaDCA, the
inhibition of tumor invasion was found significantly higher in
U87-5 mM MgDCA (P = 0.048) and U87-5 mM NaDCA
(P = 0.044) groups (-Table 1). No difference in invasion fre-
quency was found between U87-5 mM NaDCA and U87-5 mM
MgDCA groups (P > 0.05).

The CAM thickness of the matched control without a
grafted tumor was 42.57 um with the range being from 35.68
to 51.19 um (n = 10). In the U87-control group, it was
4.7-times more than the CAM thickness without a grafted
tumor (P < 0.001). Significantly increased CAM thickness of
the U87-10 mM NaDCA was found when compared with
U87-5 mM MgDCA (P = 0.02). CAM thickness was signifi-
cantly different between U87-control and U87-5 mM MgDCA
(P = 0.047), and between the U87-5 mM NaDCA and U87-10
mM NaDCA (P = 0.02) groups (Table 1).

The number of blood vessels in the CAM under the tumor
did not differ between the U87-control and U87-10 mM
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Figure 3. The histologic images of CAM, tumor growth, and its invasion into the CAM frequency in the U87 and PBT24 study groups. A—CAM
of a fertilized chicken egg without tumor, B—control tumor, C—I0 mM NaDCA, D—5 mM MgDCA, E—5 mM NaDCA tumor, F—2.5 mM
MgDCA. Arrowhead indicates the destruction of the chorionic epithelium; shorter arrow shows blood vessels formed around the tumor.
ChE—chorionic epithelium, AE—allantoic epithelium, M—mesenchyme, BV—blood vessel, T—tumor. Scale bar—200 pm.

NaDCA group (P > 0.05), but it was significantly decreased in
U87-5 mM NaDCA (P = 0.0006), when treated with 5 mM of
MgDCA (P = 0.009), and when treated with 2.5 mM of
MgDCA (P = 0.036) groups (Table 1).

The significant correlation () between CAM thickness and
the number of blood vessels in CAM was determined in the
following U87 study groups: 0.80 in U87-10 mM NaDCA
(P <0.0001), 0.45 in U87-5 mM NaDCA (P = 0.02), and no
such significant correlation was found in other groups.

The PBT24 Growth, Its Invasion Into CAM Frequency,
the Thickness of CAM and the Number of Blood Vessels
in CAM Under the Tumor of the Study Groups

Figure 3 gives images of H-E-stained slides of CAM, and the
characteristic changes of the PBT24 tumor’s size, formed blood
vessels in the CAM under the tumor, and the CAM thickness
changes in the PBT24-control and PBT24-treated groups. The
chorionic epithelium under the xenograft is destroyed, and the
tumor invasion into the CAM mesenchyme is evident in
the PBT24-control and PBT24-5 mM NaDCA (Figure 3, PBT24
tumors, B, and E). The chorionic epithelium is intact in 10 mM
NaDCA and 5 mM MgDCA, and the tumor is distributed on
the CAM surface (Figure 3, PBT24 tumors, C, and D).

In PBT24-control the incidence of tumor invasion to CAM
was 76.92 %, in the PBT24-10 mM NaDCA—16.67 %,
PBT24-5 mM MgDCA—18.18 %, PBT24-5 mM NaDCA—
53.85 %, and in PBT24-2.5 mM MgDCA—45.45 %
(Table 2). Comparing the incidence of tumor invasion into
CAM of the PBT24-control with treated groups, significantly
suppressed invasion frequency was found in treatment with
10 mM of NaDCA (P = 0.003) and 5 mM of MgDCA groups
(P = 0.004). In the PBT24-10 mM NaDCA, the incidence of
invasion was statistically less frequent than in the PBT24-5 mM
NaDCA group (P = 0.04). Treatment with 5 mM of MgDCA
effectively inhibited the invasion more than therapy with 5 mM
of NaDCA (P = 0.049).

The non-treated PBT24 xenograft induces the thickening of
CAM mesenchyme (Table 2). The CAM thickness in the
PBT24-control was 7-times more than the width of control with-
out a grafted tumor (P < 0.001). Comparing the CAM thickness
of PBT24-control with that of treated study groups shows a
significant CAM thickness decrease only in the PBT24-5 mM
MgDCA group (P = 0.013), and in the PBT24-2.5 mM MgDCA
group (P = 0.041).

The PBT24-control and PBT24-5 mM NaDCA tumors are
vascularized; blood vessels are visible (Figure 3, PBT24
tumors, B, and E). PBT24 tumors treated with 10 mM NaDCA
and 5 mM MgDCA are not vascularized (Figure 3, PBT24
tumors, C, and D). Compared to the PBT24-control, the num-
ber of blood vessels in CAM was significantly reduced only in
the PBT24-5 mM MgDCA group (P = 0.018).

The significant correlation () between CAM thickness and the
number of blood vessels in CAM of PBT24 study groups was as
follows: 0.69 (P = 0.01) in the PBT24-control, 0.69 (P =0.01) in
PBT24-5 mM NaDCA, 0.74 in PBT24-5 mM MgDCA group
(P = 0.009), and 0.77 (P = 0.005) in PBT24-2.5 mM MgDCA
group.

The PCNA Expression in U87 Tumor

The PCNA protein expression was observed in the nucleus of the
GB cell, in the nucleus of chorionic, and in the allantoic epithe-
lium and CAM mesenchyme cells. The PCNA expression in
tumor tissue is shown in the images, which represent the mean
expression of the marker in the studied group (Figure 4-a). The
highest expression of PCNA was found in the U87-control,
where PCNA-positive cells percentage comprises 67.73 %. The
rate of PCNA-positive cells among treated groups was found to
depend on the applied treatment: it comprises 25.70 % in U87-10
mM NaDCA, 28.53 % in U87-5mM MgDCA, 15.25 % in U87-5
mM NaDCA, and 44.18 % in U87-2.5-MgDCA group (Table 3).
Compared with the U87-control, PCNA expression was signif-
icantly lower in U87-10 mM NaDCA (P = 0.04), U87-5 mM
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Table I. The U87 Tumor Invasion Into CAM Frequency, the Thickness of CAM and the Number of a Blood Vessel in CAM Under the Tumor of

the Study Groups.

CAM thickness

(um) Number of blood vessels
Study group n Invasion (%) median (range) median (range)
U87-control 20 80.00 197.80 (65.20—387.94) 23.50 (9—-63)
U87-10 mM NaDCA 24 45.83° 219.20 (65.41—1139.45)% 22.0 (4-61)
U87-5 mM MgDCA 14 14.29°¢ 105.16 (35.87-579.59)" 18.0 (6-35)'
U87-5 mM NaDCA 25 20.00%¢ 149.20 (49.99—452.53)' 10.0 (2—40)*
U87-2.5 mM MgDCA 1 36.36 142.51 (49.44—-378.32) 20.0 (6—32)'

P = 0.02, compared with U87-control.

P = 0.0008, compared with U87-control.

P = 0.048, compared with U87-10 mM NaDCA.
9P < 0.0001, compared with U87-control.

°P = 0.044, compared with U87-10 mM NaDCA.
P = 0.015, compared with U87-control.

£P = 0.02, compared with U87-5 mM MgDCA.
hp = 0.047, compared with U87-control.

'P = 0.02, compared with U87-10 mM NaDCA.
IP = 0.009, compared with U87-control.

“p = 0.0006, compared with U87-control.

'P = 0.036, compared with U87-control.

CAM: chorioalantoic membrane; NaDCA: sodium dichloroacetate; MgDCA: magnesium dichloroacetate.

Table 2. The Frequency of PBT24 Tumor Invasion Into CAM, the CAM Thickness, and Blood Vessel Number in CAM Under the Tumor in the

Study Groups.

CAM thickness (um) Number of blood vessels

Study group N Invasion (%) median (range) median (range)
PBT24-control 13 76.92 300.88 (65.23-700.87) 15 (6-28)
PBT24-10 mM NaDCA 12 16.67* 199.23 (54.44-627.55) 11.5 (3-25)
PBT24-5 mM MgDCA 1 18.18° 96.53 (36.28-591.91)° 7 (2-27)8
PBT24-5 mM NaDCA 13 53.85%¢ 236.02 (31.27-484.44) 12 (5-29)
PBT24-2.5 mM MgDCA 1 45.45 138.60 (21.34-384.022)' 9 (2-23)

P = 0.003, compared with PBT24-control.

5P = 0.004, compared with PBT24- control.

P = 0.04, compared with PBT24-10 mM NaDCA.
9P = 0.049, compared with PBT24-5 mM MgDCA.
°P = 0.013, compared with PBT24-contol.

P= 0.041, compared with PBT24-contol.

2P = 0.018, compared with PBT24-control.

CAM: chorioalantoic membrane; NaDCA: sodium dichloroacetate; MgDCA: magnesium dichloroacetate.

MgDCA (P = 0.049), U87-5 mM NaDCA (P = 0.047). No
significant difference in PCNA expression was found among
those treated with 10 mM of NaDCA, 5 mM MgDCA and
5 mM of NaDCA groups (P > 0.05). There was a significant
difference between U87-5 mM NaDCA and U87-2.5 mM
MgDCA groups (P = 0.01).

The EZH2 Expression in U87 Tumor

EZH2 protein is expressed in tumor cell nuclei. The appearance
of the marker in the tumor is shown in the images, which
corresponds to the mean of the EZH2-positive cells of the study
group (Figure 4-b). The highest EZH2 expression was in the
U87-control where it comprises 69.42 %; 26.49 % in U87-10

mM NaDCA, 3.39 % in U87-5 mM MgDCA, 8.4 % in U87-5
mM NaDCA, and 43.99 % in U87-2.5 mM MgDCA (Table 3).
Compared with the control, EZH2 expression was significantly
reduced in all treated groups (P < 0.05), with the exception of
the U87-2.5 mM MgDCA group (P > 0.05). When comparing
the treated groups, the difference in marker expression was
significant between the U87-5 mM MgDCA and U87-5 mM
NaDCA (P = 0.009), and between U87-2.5 mM MgDCA and
U87-5 mM NaDCA groups (P = 0.007).

The PCNA Expression in PBT24 Tumor

Figure 4-a presents images of the PCNA expression in tumor
tissue of the PBT24 studied groups. The percentage of
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Figure 4. PCNA- and EZH2-positive stained tumor of the U87 and PBT24 study groups. a. PCNA-positive stained tumor of the U87 and PBT24
study groups. A—control, B—10 mM NaDCA, C—5 mM MgDCA, D—5 mM NaDCA, and E—2.5 mM MgDCA treated tumors. Red arrowhead
indicates positively stained cells. Scale bar—20 pm. b. EZH2-stained cells in the U87 and PBT24 study groups. A—control, B—10 mM NaDCA,
C—5 mM MgDCA, D—5 mM NaDCA, and E—2.5 mM MgDCA tumor. Red arrowhead indicates EZH2-positive cells. Scale bar—20 pm.

PCNA-positive cells was as follows: 63.78 % in the
PBT24-control, 10.46 % in PBT24-10 mM NaDCA, 20.70 %
in PBT24-5 mM MgDCA, 14.97 % in PBT24-5 mM NaDCA,
and 43.12 % in PBT24-2.5 mM MgDCA group (Table 4). Com-
pared to the PBT24-control, the PCNA expression was signif-
icantly reduced in the PBT24-10 mM NaDCA group
(P <0.0001), PBT24-5 mM NaDCA (P = 0.0004), PBT24-5
mM MgDCA (P = 0.0004), and no significant treatment effect
was found in the PBT24-2.5 mM MgDCA group (P > 0.05).
The treatment effect of 5 mM of NaDCA was higher than that
of 2.5 mM MgDCA treatment (P = 0.0047). The effectiveness
of 2.5 mM MgDCA treatment was significantly lower than
that of 5 mM MgDCA (P = 0.022), and of 10 mM NaDCA
(P = 0.0006) (Table 4).

The EZH2 Expression in PBT24 Tumor

The EZH2-positive cells percentage in PBT24-control com-
prises 71.0 % (Table 4). Compared with the control, a signif-
icant diminishing of the EZH2-positive cells when treated with
the dichloroacetate preparation groups was determined: in
PBT24-10 mM NaDCA 19.59 % (P = 0.002), PBT24-5 mM

MgDCA 17.93 % (P = 0.002), PBT24-5 mM NaDCA 18.83 %
(P = 0.04), and in PBT24-2.5 mM MgDCA 44.7 % (P > 0.05).
No significant difference in EZH2 expression was found
among those treated with 10 mM of NaDCA, 5 mM MgDCA
and 5 mM of NaDCA (P > 0.05), but there was a significant
difference when comparing the expression in PBT24-2.5 mM
MgDCA with PBT24-10 mM NaDCA (P = 0.0262) and with
PBT24-5 mM NaDCA (P = 0.022). The treatment with 5 mM
MgDCA significantly reduced EZH2 expression more than
treatment with 2.5 mM MgDCA dose (P = 0.007) (Table 4).

Histological Differences Among U87 and PBT24 Tumors

There was no difference in the incidence of tumor invasion into
CAM in U87- and PBT24-controls. The treatment of tumors
with 5 mM of NaDCA significantly reduced the U87 tumor
invasion into CAM but had no apparent effect on the PBT24
tumor (Tables 1 and 2). Significant differences in CAM width
as the effect of different doses of NaDCA were found on U87,
but no such difference was found in the PBT24-treated groups
(Tables 1 and 2). No difference in the number of blood vessels
in the U87- and PBT24-control was found, but MgDCA with a
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Table 3. The Percentage of PCNA- and EZH2-Positive Cells in U87 Tumor of the Study Groups.

PCNA-positive cells (%) EZH2-positive cells (%)

Study group n median (range) n median (range)
U87-control 8 67.73 (15.44-92.73) 12 69.42 (5.34-94.06)
U87-10 mM NaDCA 8 25.70 (1.55-53.89)* 13 26.49 (1.88-74.11)°
U87-5 mM MgDCA 8 28.53 (3.12-74.99)° 7 3.39 (1.14-57.02)"¢
U87-5 mM NaDCA 8 15.25 (7.69-30.97) 12 8.40 (2.15-92.17)™
U87-2.5 mM MgDCA 8 44.18 (17.14-87.98) 8 43.99 (14.59-94.77)

P = 0.04, compared with U87-control.

bp — 0.049, compared with U87-control.

P = 0.047, compared with U87-control.

4P = 0.01, compared with U87-2.5 mM MgDCA.
°P = 0.02, compared with U87-control.

P = 0.04, compared with U87-control.

2P = 0.009, compared with U87-5 mM NaDCA.
"P = 0.003, compared with U87-control.

'P = 0.007, compared with U87-2.5 mM MgDCA.

PCNA: proliferating cell nuclear antigen; EZH2: enhancer of zeste homolog 2; NaDCA: sodium dichloroacetate; MgDCA: magnesium dichloroacetate.

Table 4. The Percentage of PCNA- and EZH2-Positive Cells in PBT24 Tumor of the Study Groups.

PCNA-positive cells (%)

EZH2-positive cells (%)

Study group

El

median (range)

>

median (range)

PBT24-control
PBT24-10 mM NaDCA
PBT24-5 mM MgDCA
PBT24-5 mM NaDCA
PBT24-2.5 mM MgDCA

N oo

63.78 (34.87-80.95)
10.46 (2.38-24.34)*°
20.70 (16.40-31.68)¢
14.97 (9.99-31.06)*
43.12 (19.47-93.54)

71.00 (42.63-78.70)
19.59 (14.89-44.58)5"
17.93 (2.78-44.44)"
18.83 (9.84-78.70)"
44.70 (21.51-94.76)

NOoO NN

P < 0.0001, compared with PBT24-control.

5P = 0.0006, compared with PBT24-2.5 mM MgDCA.
P = 0.0004, compared with PBT24-control.

9P = 0.0221, compared with PBT24-2.5 mM MgDCA.
€P = 0.0004, compared with PBT24-control.

P = 0.0047, compared with PBT24-2.5 mM MgDCA.
2P = 0.002, compared with PBT24-control.

"P = 0.0262, compared with PBT24-2.5 mM MgDCA.
'P = 0.002, compared with PBT24-control.

IP = 0.007, compared with PBT24-2.5 mM MgDCA.
“P = 0.0221, compared with PBT24-2.5 mM MgDCA.
'P = 0.04, compared with PBT24-control.

PCNA: proliferating cell nuclear antigen; EZH2: enhancer of zeste homolog 2; NaDCA: sodium dichloroacetate; MgDCA: magnesium dichloroacetate.

dose-dependent effect significantly reduced their number only
in the U87 tumor groups. Compared with the corresponding
controls, PCNA expression in U87 tumors was mainly reduced
by 5 mM NaDCA (4.4-fold) and in PBT24 by 10 mM NaDCA
(6.1-fold). The EZH2-positive cell number in the U87 tumor
decreased the most with 5 mM NaDCA and 5 mM MgDCA
treatment by 8.3- and 20.5-fold, respectively, while in the
PBT24 tumor by 3.8- and 4.0-fold, respectively.

Discussion

Pediatric high-grade GB is less common in the general popu-
lation when compared to just adults. The genomic data has
improved our knowledge and showed that the nature of

pediatric GB is distinct from that seen in adults.>>* The search
for more effective adult and pediatric GB treatment has met
with unsatisfactory progress for decades.*®*° GB therapy
requires a personalized approach with determining tumor treat-
ment sensitivity in the preclinical stage.*”*” The nature of the
GB cells or treatment-related effects on cell glycolytic track
changes, can be one approach for cancer therapy.'”'®*! The
monotherapy with NaDCA, as a mitochondrial regulator, illus-
trates antitumor effects in in vivo models.**

The study of U87 and PBT24 tumors control peculiarities
indicate their similar malignancy. The biomicroscopic, histo-
morphological analysis revealed that U87 and PBT24 tumors
exhibit different sensitivity between treatment with NaDCA
and MgDCA; that the efficacy of investigational medicines for

217



Stakisaitis et al

xenograft growth, invasion into CAM, angiogenesis depends
not only on the dichloroacetate anion concentration but also on
the cation in the salt.

NaDCA monotherapy in vivo significantly inhibited U87
MG cells subcutaneous tumor growth in the male Balb/c nude
mouse model.*? Others did not find a monotherapy effect on
the U87 MG tumor in mouse brain growth in the athymic nude
female mice model,** and in the subcutaneous U87
MG-derived xenograft in the athymic nude female mice.>®
U87 MG cell spheroids showed resistance to 10 mM of NaDCA
treatment.>® No studies of NaDCA anticancer efficacy on
pediatric PBT24 cell line tumors were found in the literature.
The pediatric U373 and U373VIII cell line GB tumors, formed
by being intracranially injected into female athymic nude mice,
are sensitive to NaDCA treatment, and it decreased the pyru-
vate dehydrogenase kinase 1 expression in the tumors.'®
NaDCA significantly inhibited several pediatric high-grade
gliomas cells’ viability."”

The pharmacological effect of the difference between
NaDCA and MgDCA in cancer treatment was not previously
studied. Differences between the effect of NaDCA and
MgDCA on tumor growth indicate that the impact of dichlor-
oacetate depends on interference with the Na™ or Mg " effect;
on the other hand, these characteristics may indirectly reflect
some variations in U87 MG and PBT24 cells biology.

NaDCA decreases NKCC1 expression in rat thymocytes.>”
GB cell accumulates [CI]; to levels ~10-fold higher than
average.** GB cell [C1 ]i homeostasis disruption is related to
upregulated NKCC1.** A potential NKCC1 role is a participa-
tion in cell proliferation in tumors with high NKCC1 expres-
sion, such as glioma.*® In human glioma, NKCC1 protein
expression positively correlates with tumor grade.** Pharma-
cological inhibition of NKCC1 reduces glioma cell migration
and invasion.***” Differences in the effect of 10 mM and 5 mM
NaDCA on U87 MG and PBT24 cells may be due to the force
of Na™ ions. Increased Na™ concentration may induce activa-
tion of NKCCI1 as well as cause metabolic changes in U87 MG
and PBT24 tumor cells differently. Increased extracellular Na™
concentration can stimulate cell NKCC1 activity.*® That would
be consistent with the Na* replacement with Mg>* in the
dichloroacetate salt; MgDCA acts equally on U87 and PBT24
tumor growth. Na™ and CI” ions in a tumor microenvironment
are involved in cancer progression.”®*°

This study indicates that an additional criterion for assessing
malignancy of xenograft is the thickening of the CAM, and
these changes are directly related to an increased number of
blood vessels in CAM mesenchyme. The non-treated U87 and
PBT24 xenografts induced the CAM thickening similarly.
Others reported that xenograft induces an inflammatory
response in the CAM region.**>! The PBS solution used as a
control does not activate, but hyperosmolar solutions enable
membrane thickening.>> CAM membrane thickening is inse-
parable from neoangiogenesis.®> A tumor on CAM induces
angiogenesis with the increased thickness of membrane
mesenchyme.**>> The vessel plexus was manifested around
the xenograft after 5 days of U87 or PBT24 tumor grafted on

CAM. The CAM thickness was insignificantly increased in the
U87 tumor that was treated with 10 mM of NaDCA compared
to the control. The opposite effect of 10 mM NaDCA was
found in the PBT24 tumor compared to the control, with a
suppression of the CAM thickness and vascular number. Others
reported that NaDCA therapy suppressed angiogenesis
in vivo.' This study shows that the effect of 10 mM dichlor-
oacetate anion concentration on CAM thickening is dependent
on the cation in the preparation (10 mM NaDCA and 5 mM
MgDCA).

Patients with GB are defined by hypomagnesemia.>* Mg*"
is required in mitochondrial function and glycolysis pro-
cesses.> The relevance of intracellular and extracellular Mg*"
concentration to tumorigenesis has been shown to be associated
with contradictory data.*®>’ Elucidation of the relationship
between Mg”* and tumorigenesis by preclinical data could
be significant in the clarification of Mg?* homeostasis
disorders.”®

This study shows that the PCNA-positive cells percentage in
U87 and PBT24 control tumors were comparable. PCNA is a
nuclear marker of cell proliferation occurring only in prolifer-
ating cells, and its expression increases with GB grade.>® Both
5 mM of NaDCA and 5 mM of MgDCA treatment decreased
PCNA expression in U87 and PBT24 tumors similarly.
Researchers have reported that PCNA in the glioma of adult
patients showed PCNA as an independent prognostic indicator,
and its increased expression correlated with decreased patient
survival.’® Pediatric and adult metastatic or relapsed
high-grade gliomas have a higher PCNA appearance.’®’ Its
expression permits evaluation of the efficacy of cancer treat-
ment in a CAM model.*’

A CAM model is relevant in testing investigational medi-
cine designed to interfere with EZH2 molecular pathways in
cancer.”*! EZH2 inhibits genes accountable for suppressing
tumorigenesis, and inhibiting EZH2 activity may reduce tumor
growth.®? This study shows that EZH2 expression in U87 and
PBT24 control tumors were similar. The treatment with
NaDCA, as well as MgDCA preparation, significantly
decreased EZH2 appearance in the U87 and PBT24 tumors.
The EZH2 appearance suppression was highest in the U87
tumor treated with 5 mM of NaDCA and 5 mM of MgDCA,
sequentially 8.3- and 20.5-times, while in the PBT24 tumor the
preparations reduced EZH2 expression by 3.8- and 4.0-times,
respectively. This would mean that the cancer of the adult U87
cell line in terms of EZH2 appearance is more sensitive to the
treatment with MgDCA than the pediatric PBT24 cell line
tumor. A meta-analysis of 6 studies showed that EZH2 over-
expression is associated with poor prognosis of high-grade
pediatric and adult glioma.®® EZH2 is an anticancer drug
target.{’4

Furthermore, preclinical studies show a synergistic effect of
NaDCA with the chemotherapy applied in various cancers.”*
The preclinical therapeutic approach of NaDCA combination
with other medications suggested it could be incorporated into
clinical trials.'®*®? The risk of peripheral neuropathy restricts
the treatment with NaDCA in adults. This adverse drug reaction
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is age-dependent, and the NaDCA dose can be escalated in
pediatric patients without significant side effects.'”®>

The targeting of tumor mitochondrial metabolism is a poten-
tial cancer treatment strategy. The U87 MG and PBT24 cell
line tumors study shows the effect the U87 and PBT24 tumor
differences have on the impact of varying NaDCA concentra-
tions on tumor growth, and on the PCNA and EZH2 expression
in the tumor cell. The variations between NaDCA and MgDCA
efficacy on tumorigenesis may reflect differences in some U87
MG and PBT24 cell biology.

Conclusion

The human glioblastoma U87 MG and PBT24 cell line tumors
response variations to treatment with different sodium dichlor-
oacetate concentration on tumor growth or a contrast between
sodium dichloroacetate and magnesium dichloroacetate effec-
tiveness may reflect some differences in U87 MG and PBT24
cell biology.
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Abstract

To date, there is no effective treatment for glioblastoma (GBM). This study aimed to
compare the effectiveness of sodium dichloroacetate (NaDCA), a valproic acid and NaDCA
combination (VPA-NaDCA), or temozolomide (TMZ) on U87 and T98G cell tumors on the
chick embryo chorioallantoic membrane (CAM), and on the expression of proliferating
cell nuclear antigen (PCNA), polycomb inhibitory complex catalytic subunit 2 (EZH2),
and TP53 gene-encoded p53 protein (p53) in tumors on the CAM, and SLC12A2 (gene
encoding Na*-K*-2C1~ (NKCC1) co-tarnsporter), SLCI2A5 (gene encoding K*-C1~ (KCC2)
co-transporter), SLC5A8 (gene encoding Na*-dependent monocarboxylate transporter) and
CDH1 (gene encoding the E-cadherin protein) and CDH2 (gene encoding the N-cadherin
protein) in cells. VPA-NaDCA and TMZ reduced the invasion of U87 and T98G tumors,
as well as the expression of PCNA and EZH2 in the tumor. TMZ reduced p53 expression
in tumors from both cell lines, whereas VPA-NaDCA did not affect the expression of this
marker. VPA-NaDCA, but not TMZ, reduced SLC12A2 expression in T98G cells. However,
VPA-NaDCA and TMZ did not affect SLC12A2 expression in U87 cells. VPA-NaDCA
increased SLC5A8 expression only in U87 cells, and TMZ did not affect gene expression
in either cell line. Only VPA-NaDCA increased CDH1 expression and decreased CDH2
expression in T98G cells, whereas TMZ had no effect on gene expression in the study
cells. This study demonstrated that VPA-NaDCA exhibits a more effective anticancer effect
than NaDCA. The data suggest that VPA-NaDCA has a more effective impact than TMZ;
however, the effect of investigational medicines on carcinogenesis varies depending on
the cell line. The study of the efficacy of drugs used to treat tumors on the CAM and cells
demonstrates that it is essential to assess the effectiveness of treatment, which should be
personalized, before administering chemotherapy.

Keywords: glioblastoma; dichloroacetate-valproic acid combination; temozolomide; cancer
markers; chicken embryo chorioallantoic membrane model

1. Introduction

Glioblastoma (GBM) can occur at any age. The disease is more common in the
elderly [1,2], is more frequently diagnosed in men [3], and there are known sex-related
differences in survival time after GBM diagnosis [4,5].
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Temozolomide (TMZ) has been used to treat newly diagnosed GBM since 2005 [6,7].
In treating GBM after surgery, the addition of TMZ to radiotherapy has increased overall
survival (OS) by 2 months [8], with a median OS of 15 months and a progression-free
survival of 6 months [9,10]. In over 50% of GBM patients, TMZ treatment is ineffective.

GBM cells are characterized by suppressed apoptosis and cell death [11]. The main
effect of drugs on GBM is associated with inhibiting tumor cell proliferation and activating
apoptosis [12]. Activated glycolytic processes characterize GBM cells [13]. One of today’s
targets for treating GBM is the inhibition of pyruvate dehydrogenase kinase (PDK) activity,
which results in reduced glycolytic activity associated with carcinogenesis [14]. PDK
expression is activated in tumor cells [15,16].

It is essential to find ways to reduce the resistance of GBM cells to treatment. Sodium
dichloroacetate (NaDCA) may increase the sensitivity of GBM cells to TMZ [17,18]. Studies
in the Balb/c nude mouse model showed that NaDCA monotherapy inhibited tumor
growth of GBM U87 cells in the subcutaneous tissue [19]. Research on the U87 tumor in the
brain of immunodeficient mice showed that the combination of NaDCA and radiotherapy
increased the survival of mice [20]. NaDCA has an inhibitory effect on the growth of GMB
cell spheroids [21].

One of the most common adverse reactions to NaDCAs in patients is reversible
neuropathy [22]. Research findings support the view that sodium valproate (VPA) can be
used to treat neuropathies in cancer patients [23,24]. VPA is a histone deacetylase (HDAC)
inhibitor that inhibits the development of chemotherapy-related neuropathy. HDAC
inhibition increases neuronal survival through mitophagy and autophagy mechanisms,
while maintaining neuronal metabolism intact [25,26]. VPA, an epigenetic modulator, can
affect gene expression, inhibit cell proliferation and the cell cycle, and induce apoptosis
via demethylation mechanisms [27,28]. Three specific HDAC inhibitor drugs, vorinostat,
romidepsin, and VPA, have been investigated in pre-clinical and clinical trials to elucidate
their effects on GBM [29,30]. VPA may improve the intracellular delivery of dichloroacetate
anions via mitochondrial mechanisms [31,32]. The synergistic effect of chemotherapy and
HDAC inhibitors is promising for treating GBM to avoid chemotherapy resistance [33]. VPA
alone or combined with other therapies inhibits glioma growth in vivo and in vitro [34].
Non-toxic doses of VPA increase the sensitivity of U87 and T98G cells to gefitinib by
inhibiting cell growth through the activation of autophagy [35]. VPA acts by binding E2F
transcription factor 1 to the glycosylated GPI and PGK1 promoter. This effect of VPA
on glycolysis suggests a new therapeutic strategy in the search for VPA effects on tumor
cells [36].

The inflammatory microenvironment of the GBM tumor, characterized by the release
of pro-inflammatory cytokines and chemokines, as well as the activation of inflammatory
pathways, promotes tumor malignancy [37]. The tissue microenvironments of cancer and
inflammatory diseases share similarities: they are characterized by tissue hypoxia, accom-
panied by elevated lactic acid levels [38]. A common feature of GBM is tissue necrosis
accompanied by inflammatory changes in the tumor microenvironment. In combination
with necrosis, immunosuppressive inflammation is associated with higher resistance of
GBM to treatment [39]. NaDCA is an investigational anti-tumor drug and, due to its
properties, also has an anti-inflammatory effect [40]. VPA’s immunomodulatory and anti-
inflammatory effects are also known [41,42]. A valproic acid and NaDCA combination
(VPA-NaDCA) treatment increased the expression of Slc5a8 in mice thymocytes, indi-
cating an effect of VPA on the dichloroacetate anion carrier, and significantly affected
the expression of genes related to inflammation and the immune response, suggesting
that VPA-NaDCA exerts an anti-inflammatory effect by inhibiting the pro-inflammatory
mechanisms in the thymocytes of male mice, i.e., by suppressing the expression of genes
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involved in the inflammation and by inducing the expression of genes for the production
of anti-inflammatory chemokines and cytokines [43].

The progress of individualized GBM treatment is closely tied to standard treatment,
with new treatment strategies being explored, such as chemotherapy using drugs tailored
to the molecular and metabolic characteristics of the tumor [44,45]. Understanding the
mechanisms of drugs and the development of treatment resistance is crucial for enhancing
the efficacy of GBM treatment by evaluating the impact of medications on changes in cancer
prognostic markers [46,47].

Researchers point to the chick chorioallantoic membrane (CAM) model as a promising
approach for in vivo efficacy studies. It can be used as a 3D tumor treatment model to
evaluate anticancer drugs before administering them to the patient [48]. Xenografts formed
from GBM cells in the CAM model provide an opportunity to assess the potential efficacy
of individual chemotherapy treatment [49].

The purpose of studying the VPA and NaDCA combination is to determine whether it
has a synergistic effect or results in a reduction in the dose of the medicines. The exper-
imental studies were designed to determine differences in the impact of treatment with
the investigational drugs; determine differences in the response of GBM U87 and T98G
cells and their tumors on the CAM; evaluate the effect of NaDCA or the VPA-NaDCA
combination on the cancer markers proliferating cell nuclear antigen (PCNA), polycomb
inhibitory complex catalytic subunit 2 (EZH2), and TP53 gene-encoded p53 protein (p53)
expression in tumors on the CAM; evaluate the expression of the carcinogenesis-associated
co-transporters NKCC1, KCC2, SLC5A8, and E-cadherin and N-cadherin genes; and com-
pare the data with the effects of TMZ.

2. Results

2.1. Stereomicroscopic and Histologic Images of U87 and T98G Tumors In Vivo on the CAM, the
Tumor Ex Ovo, and H-E Histological Images

Figure 1 shows the biomicroscopy images of the U87 and T98G tumors on the chick
embryo chorioallantoic membrane (CAM) in the tested groups at the day 9 of embryo
development (EDD9) and EDD12, the ex ovo excised tumor with the CAM, and the tumors’
hematoxylin and eosin (H-E) histological images.

In the stereomicroscope image, the control U87 tumor is visually smaller at EDD12
than at EDD9Y, as the tumor had invaded the CAM mesenchyme by day 12, and part of
the tumor is located on the CAM. In the ex ovo image of the control tumor, the vascular
network (a “spoked wheel”) is visible. Compared to the control, treatment with 3 mM
NaDCA, 50 uM TMZ, and 2 mM VPA-3 mM NaDCA inhibited tumor growth and the
formation of a vascular network around the tumor. Compared to U87-control EDD12
in vivo and ex ovo, the respective tumors of U87-3 mM NaDCA, U87-50 uM TMZ, and
U87-2 VPA-3 mM NaDCA are visually larger as they are located on the surface of the
CAM, the “spoked wheel” is not expressed, and H-E histology shows that the membrane
chorionic epithelium is intact.

The stereomicroscopy image of the T98G control tumor shows precise contours in
EDD9, while in EDD12, the tumor is reduced in size and expression due to partial inva-
sion into the CAM, the ex ovo image shows a prominent “spoked wheel”, and the H-E
preparation shows disrupted chorionic epithelial integrity and invasion of the tumor into
the CAM. In vivo and ex ovo images of T98G-3 mM NaDCA and T98G-2 mM VPA-3 mM
NaDCA tumors show a vascular network forming around the tumor; the H-E slides show
disrupted integrity of the membrane chorionic epithelium and the CAM is thickened under
the tumor. Treatment with 50 uM temozolomide (TMZ) inhibited the growth of the T98G
tumor: in EDD9 and EDD12, the tumor grows on the CAM; ex ovo, the vascular network
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around the tumor is absent, and the H-E image shows that the TMZ-treated tumor did not
damage the membrane chorionic epithelium integrity.

(a)

LHT-cuntrol

UBT-3 M Nabda

L8750 uM TMZ

UST-2 mM VPA-3 mM
NaDCA

(b)

TIRG-contral

TISG-3 mM NaDCA
e ./
o ﬁ -
THRG-2 MM VPA-3 mM
NaDCA

Figure 1. Stereomicroscopic U87 (a) and T98G (b) tumors on the CAM, the ex ovo tumor with the
CAM, and the tumor histologic images stained with H-E at 4x and 10x magnifications. Arrows
indicate the “spoked wheel”; dotted line—disruption of chorionic epithelium; asterisk—the enlarged
region in H-E 10x pictures; arrowhead—intact chorionic epithelium. CAM—chick embryo chorioal-
lantoic membrane; EDD—day of embryo development; H-E—hematoxylin and eosin. EDD9, EDD12,
CAM ex ovo scale bar is 1 mm; H-E 4 x preparation scale bar is 200 um, 10x magnification—50 pm.

2.2. U87 and T98G Tumor Growth, Rate of Tumor Invasion into the CAM

Table Al and Figure 2 show the invasion rates of U87 and T98G tumors on the CAM
in the study groups.

Compared to the U87-control, treatment with 3 mM NaDCA, 50 uM TMZ, or 2 mM
VPA-3 mM NaDCA significantly reduced the incidence of the U87 tumor’s invasion
into the CAM. Compared to the T98G tumor control, only treatment with 50 uM TMZ
significantly reduced the incidence of invasion. No effect on T98G tumor invasion was
found in treatment with 3 mM NaDCA or 2 mM VPA-3 mM NaDCA.

225



Int. J. Mol. Sci. 2025, 26, 6784

50f28

(@ (b)
_ 100+ = 2760 : _ 1o
é n_m-.P = !”_,j p=003
2 s 2 a0
: :
; Hi- g il
¢ an g 0
4 2 a0
= 2
3 20 ’—‘ 3 20
] v - : 0-
o - P - > o . .
& & & & & & 5
£ o & ot & & & i
~ & &% & & & & &
£ » a & z
< 7 & N &
& ¥ &
L o

Us?
tumor

TI8G
tumor

Figure 2. Invasion rate of U87 (a) and T98G (b) tumors into the CAM.

2.3. The IMP Impact on Neo-Angiogenesis in the CAM and on CAM Thickness Under the Tumor

Figure 3 shows the fluorescent stereomicroscopic images of U87 and T98G tumors on
the CAM in the tested groups at EDD12.

Dextran highlighted the vascular network formed around U87 and T98G tumors.
Compared to the U87-control, images of U87-3 mM NaDCA, U87-50 uM TMZ, and U87-
2 mM VPA-3 mM NaDCA tumors showed a reduced vascular network (blunted neo-
angiogenesis). Compared to the T98G-control, the vascular network around the tumor is

reduced in T98G-3 mM NaDCA, T98G-50 uM TMZ, and T98G-2 mM VPA-3 mM NaDCA
tumor images.

Control 3 mM NaDCA 50 pM TMZ 2 mM VPA-3 mM

NaDCA

Figure 3. Fluorescent stereomicroscopic images of U87 and T98G tumors. The scale bar—1 mm.

Table A2 and Figure 4 show the histomorphometric data for the number of vessels in
the CAM under the studied U87 and T98G tumors.

Compared to the U87-control, 3 mM NaDCA or 50 uM TMZ and 2 mM VPA-3 mM
NaDCA significantly reduced the number of blood vessels in the CAM. The effect of 2 mM
VPA-3 mM NaDCA treatment on neo-angiogenesis was considerably more significant
than that of 3 mM NaDCA and 50 uM TMZ in the U87 tumor. Treatment with 3 mM
NaDCA did not affect the number of blood vessels in the CAM under the T98G tumor.
Neo-angiogenesis was significantly blunted by treatment in the T98G-50 uM TMZ and
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T98G-2 mM VPA-3 mM NaDCA groups. Compared to T98G-3 mM NaDCA, treatment
with 50 uM TMZ or T98G-2 mM VPA-3 mM NaDCA significantly reduced the number of
vessels in the CAM, with an equal effect on the latter.
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Figure 4. The number of blood vessels in the CAM under the U87 (a) and T98G (b) study tumors.
Table A3 and Figure 5 show the histomorphometric data on the sub-tumor CAM
thickness in the U87 and T98G tumors.
Treatment with 3 mM NaDCA significantly reduced the CAM thickness under the
U87 tumor. The CAM thickness under the tumor was significantly lower in the T98G-2 mM
VPA-3 mM NaDCA group than in the T98G-control.
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Figure 5. The CAM thickness under the U87 (a) and T98G (b) control and treated groups.

2.4. The Data of Immunohistochemical Examination of PCNA, p53, and EZH2 Marker Expression
in the Tumors

The data for the proliferating cell nuclear antigen (PCNA), TP53 gene-encoded p53
protein (p53), and polycomb inhibitory complex catalytic subunit 2 (EZH2) markers tested
in the tumor are presented in Tables A4-A6 in Appendix A.
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2.4.1. The PCNA Expression of U87 and T98G in Control and Treated Tumors

Table A4 and Figure 6 show the PCNA expression data for the U87 and T98G tu-
mor groups.

The frequency of PCNA-positive cells was similar to that of U87 and T98G control
tumors. Compared to U87-control, U87-3 mM NaDCA, and U87-2 mM VPA-3 mM NaDCA
tumors, there were no significant differences in PCNA expression, and treatment with
50 uM TMZ significantly reduced the number of PCNA-positive cells in the U87 tumor.

The frequency of PCNA-positive cells was significantly lower in T98G tumors treated
with 50 uM TMZ or 2 mM VPA-3 mM NaDCA compared to the T98G-control, and treatment
with 3 mM NaDCA did not affect PCNA expression.

Control 3 mM NaDCA 50 uM TMZ, 2mM VPA-3 mM
I NaDCA

UBT
tumor
(PCNA)

PCNA-positive cells (%)
g & g2 B
D:| &3
2
‘ B
PCNA-positive cells (%)
F 2 3 % 3
I 1
- 2

Figure 6. The PCNA expression in the groups of U87 and T98G control and treated tumors. (I) Dark
brown nuclei indicate a PCNA-positive cell. Scale bar—20 um. (IT) The percentage of PCNA-positive
cells in U87 (a) and T98G (b) tumors. PCNA—proliferating cell nuclear antigen.

2.4.2. The p53 Expression of U87 and T98G in Control and Treated Tumors

Table A5 and Figure 7 show the p53 expression data for the U87 and T98G tu-
mor groups.

No significant differences in p53 expression were found when comparing the U87-
control, U87-3 mM NaDCA, and U87-2 mM VPA-3 mM NaDCA groups. However,
treatment with 50 uM TMZ significantly reduced the number of p53-positive cells in
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the U87 tumor, and this number was considerably lower than in the U87-2 mM VPA-3 mM
NaDCA group.

The number of p53-positive cells was significantly lower in the tumors treated with
50 uM TMZ compared with the T98G-control, and treatment with 3 mM NaDCA or 2 mM
VPA-3 mM NaDCA did not affect the expression of p53 in the T98G tumor compared to
the control. The expression of p53-positive T98G cells in the tumor did not differ between
the TMZ-treated and 2 mM VPA-3 mM NaDCA groups.

1 Contral 3 mM NaDCA 50 M TMZ 2 mM VPA-3 mM
NaDCA

uUsT
tumor
(p53)
WSS TSR
T98G I".'i‘fg_"#‘%‘s.? :‘;2 "."
wumor I..%.-’:,-i. N e k
P aTo .t "-'.' g | - -.0 - = ? . * =4
oy P | L g s § é"-ﬂs ok St eo
el o T R DNt STt
I
(a) (b) &
100 ) - tioan ol e 100 £
sl
g 3 g 0
% &l % fll
g 2
E 40 g\ 0
g g _—

Figure 7. The p53 expression in the U87 and T98G control and treated tumors. (I) Dark brown nuclei
indicate a p53-positive cell. Scale bar—20 um. (II) The percentage of p53-positive cells in U87 (a) and
T98G (b) tumors. p53—TP53 gene-encoded p53 protein.

2.4.3. The EZH2 Expression in Studied U87 and T98G Tumors

Table A6 and Figure 8 show the EZH2 expression data for the U87 and T98G tu-
mor groups.

No significant differences in EZH2 expression were found between the U87-control,
U87-3 mM NaDCA, and U87-2 mM VPA-3 mM NaDCA groups. Treatment with 50 uM
TMZ significantly reduced the number of EZH2-positive cells in the U87 tumor, and this
effect was substantially more significant than that of the combination.

Compared to the T98G-control, the number of EZH2-positive cells was significantly
lower in tumors treated with 50 uM TMZ or 2 mM VPA-3 mM NaDCA (no significant
difference was found when comparing the latter groups). The treatment with 3 mM NaDCA
did not affect EZH2 expression in the T98G tumor.
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Figure 8. The EZH2 expression in the U87 and T98G control and treated tumors. (I) Dark brown
nuclei indicate an EZH2-positive cell. Scale bar—20 um. (IT) The percentage of EZH2-positive cells in
U87 (a) and T98G (b) tumors. EZH2—polycomb inhibitory complex catalytic subunit 2.

2.5. The Data of SLC12A2, SLC12A5, SLC5A8, CHD1, and CHD?2 Expression in Tested U87 and
T98G Cell Groups

Expression data for SLC12A2 (gene encoding Na*-K*-2Cl~ (NKCC1) co-tarnsporter),
SLC12A5 (gene encoding K*-C1~ (KCC2) co-transporter), and CHD?2 (gene encoding the
N-cadherin protein) in the U87 and T98G control and treatment groups are shown in
Tables A7-A9 of Appendix A.

2.5.1. SLC12A2 Expression in U87 and T98G Cells

Table A7 and Figure 9 show the SLC12A2 expression data for the U87- and T98G-
control and treatment cells.

T98G cells expressed significantly higher SLC12A2 expression than U87 cells. No
significant differences in SLC12A2 expression were found when comparing the U87-control,
U87-3 mM NaDCA, U87-50 uM TMZ, and U87-2 mM VPA-3 mM NaDCA groups with
the U87-control. Compared to the T98G-control, treatment with 3 mM NaDCA and 2 mM
VPA-3 mM NaDCA significantly reduced SLC12A2 expression, whereas 50 uM TMZ did
not affect gene expression.
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Figure 9. The SLCI2A2 expression in the T98G cells tested: relative SLC12A2 expression
(Loga(2~2ACT)) of the T98G cell groups tested. SLC12A2—gene encoding Na*-K*-2C1~ (NKCC1)
co-tarnsporter. * p < 0.05, compared to the control.

2.5.2. SLC12A5 Expression in U87 and T98G Cells

Table A8 and Figure 10 show the SLC12A5 expression data for the U87- and T98G-
control and treated cell groups.

Compared to the U87-control, treatment with 2 mM VPA-3 mM NaDCA significantly
increased SLC12A5 expression in U87 cells. Compared to the U87-control, treatment with
3 mM NaDCA or 50 uM TMZ did not affect the expression of SLC12A5 in U87 cells. No
expression of SLC12A5 was detected in the T98G-control, T98G-3 mM NaDCA, and T98G-
50 uM TMZ groups. Treatment with 2 mM VPA-3 mM NaDCA upregulated SLC12A5
expression in T98G cells.

Relative SLC12A5 expression

b2
&

Figure 10. The SLCI2A5 expression in the U87 cells tested: relative SLCI12A5 expression
(Logz(Z’AACT)) of the U87 cell groups. SLC12A5—gene encoding K+-Cl- (KCC2) co-transporter.
*p <0.05, compared to the control.
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2.5.3. SLC5A8 Expression in U87 and T98G Cells

SLC5A8 (gene encoding Na*-dependent monocarboxylate transporter) expression was
not detected in U87- (1 = 6) and T98G-control cells (1 = 6 in each group). Treatment with
3 mM NaDCA and 50 uM TMZ did not affect SLC5A8 expression in U87 cells, while 2 mM
VPA-3 mM NaDCA upregulated gene expression in U87 cells (CT of SLC5A8—33.39 + 0.56,
CT of GAPDH—16.31 + 0.89; ACT 17.09 + 0.95). Treatment with 3 mM NaDCA, 50 uM
TMZ, and 2 mM VPA-3 mM NaDCA did not affect SLC5A8 expression in T98G cells.

2.5.4. CDH1 and CDH2 Expression in U87 and T98G Cells

CDH]1 (gene encoding the E-cadherin protein) was undetectable (silencing) in U87
and T98G cells (1 = 6 in each group). Treatment with 3 mM NaDCA, 50 uM TMZ, and
2 mM VPA-3 mM NaDCA did not affect CDH1 expression in U87 cells. Treatment with
3 mM NaDCA and 50 uM TMZ did not affect CDH1 expression in T98G cells. Treatment
with 2 mM VPA-3 mM NaDCA upregulated CDH1 expression in T98G cells (CT of CDHI—
34.27 £ 0.43, CT of GAPDH—16.80 £ 2.00; ACT 17.04 + 2.49).

Table A9 and Figure 11 show the CDH2 expression data for the U87- and T98G-control
and treated cell groups. The CDH2 expression of U87 cells was lower than T98G cells.
No significant differences in CDH2 expression were found when comparing the U87-
control, U87-3 mM NaDCA, U87-50 uM TMZ, and U87-2 mM VPA-3 mM NaDCA groups.
Compared to the T98G-control, treatment with 3 mM NaDCA and 2 mM VPA-3 mM
NaDCA significantly reduced CDH2 expression in T98G cells. T98G cells treated with
2 mM VPA-3 mM NaDCA showed significantly higher CDH2 expression than those treated
with 3 mM NaDCA.

0.0

-L

-1.5

Relative ({2 cxpression

3
-2.0 T
s
‘v’ﬁ
o /,.:65‘
n‘bol QT
&7 @
&f-\
Figure 11. The CDH?2 expression in the T98G cells tested: relative CDH2 expression (Logy(2724€T))

of the tested T98G cells. CDH2—gene encoding the N-cadherin protein. * p < 0.05, compared to
the control.

3. Discussion

The high mortality in glioblastoma (GBM) patients is related to the tumor’s acquired re-
sistance to chemotherapy with temozolomide (TMZ) [7,50], which results in recurrence and
poor prognosis [46], thus highlighting the importance of finding more effective treatments
for GBM.
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Sodium dichloroacetate (NaDCA) is a specific pyruvate dehydrogenase kinase (PDK)
inhibitor that inhibits lactic acid production [51,52] and promotes tumor cell apoptosis [53].
PDKs selectively inhibit the pyruvate dehydrogenase (PDH) complex, which is essential
for glycolysis and oxidation mechanisms [13]. PDH inactivation is supported by increased
PDK1 expression in GBM cells [54], which is associated with chemotherapy resistance [55].

The anticancer effect of valproic acid (VPA) is associated with inhibition of class I
and IT histone deacetylases (HDAC) [56]. VPA has been investigated in combination with
chemotherapy and radiotherapy [35,57], either at the beginning or after chemoradiotherapy,
aiming to increase the efficacy of chemotherapy in GBM patients and improve median
overall survival (OS) [58,59]. VPA enhances the efficacy of radiotherapy by increasing the
sensitivity of GBM cells [57] and activating the apoptotic response to radiotherapy [60].

The study of U87 and T98G control tumors did not reveal any differences in the
frequency of invasion into the chick embryo chorioallantoic membrane (CAM), the expres-
sion of neo-angiogenesis in the CAM mesenchyme beneath the tumor, or the expression
of proliferating cell nuclear antigen (PCNA) and polycomb inhibitory complex catalytic
subunit 2 (EZH?2) in the tumor. SLC5A8 (gene encoding Na*-dependent monocarboxylate
transporter) and CDH1 (gene encoding the E-cadherin protein) expression in U87 and T98G
control cells was muted (not expressed). T98G cells may be more malignant than U87 cells
because SLC12A2 (gene encoding Na*-K*-2C1~ (NKCC1) co-tarnsporter) expression was
significantly higher in T98G cells than in U87 cells, and SLC12A5 (gene encoding K*-C1~
(KCC2) co-transporter) expression was expressed in U87 cells; it was undetectable in T98G
cells, and CDH2 (gene encoding the N-cadherin protein) expression was significantly higher
in T98G control cells than in U87 cells. This study showed that the effect of treatment with
NaDCA, valproic acid and NaDCA combination (VPA-NaDCA), or TMZ depended on the
test drug and the cell line; this study allowed us to see possible differences or similarities in
the effects of the investigated agents on the carcinogenesis of the investigated cell tumors.

The study of U87 tumors on the CAM shows that treatment with 3 mM NaDCA, 2 mM
VPA-3 mM NaDCA (hereinafter referred to as VPA-NaDCA), or 50 uM TMZ significantly
reduced the incidence of the U87 tumor’s invasion into the CAM and reduced the number
of blood vessels in CAM mesenchyme, and the effect of VPA-NaDCA treatment on neo-
angiogenesis was significantly greater than that of 3 mM NaDCA and 50 uM TMZ. However,
only T98G tumor treatment with 50 uM TMZ significantly reduced the tumor invasion
into the CAM. At the same time, neo-angiogenesis was equally blunted by treatment with
50 uM TMZ or VPA-NaDCA of the T98G tumor.

PCNA was initially recognized as a proliferating cell-specific antigen expressed in
cell nuclei during the S phase of the cell cycle; later studies and a systematic review show
that increased PCNA expression is directly associated with malignancy, poor survival,
and advanced GBM stage, and the marker has been proposed as a useful diagnostic or
prognostic biomarker or an effective therapeutic target in glioma [61]. Only 50 uM TMZ
treatment significantly reduced the number of PCNA-positive cells in the U87 tumor on the
CAM. Others reported that TMZ in U87 MG cells at doses (ICsp > 200 uM) administered
alone exhibited no antiproliferative activity [62]. Regarding the effect of the treatment
on PCNA expression, the impact of VPA-NaDCA on the T98G tumor on the CAM is
characterized by a synergistic effect of the combination components: the frequency of
PCNA-positive cells was lowered considerably in those treated with 50 uM TMZ or VPA-
NaDCA tumors, while 3 mM NaDCA did not affect PCNA expression in T98G tumors.
Higher doses of 5 mM and 10 mM NaDCA significantly inhibited the PCNA expression in
GBM pediatric PBT24 and SF8628 cell tumors on CAM [63].

The unsatisfactory chemotherapeutic effect of TMZ is due to more than 50% of GBM pa-
tients being resistant to TMZ [64], mainly due to the high expression of O-6-methylguanine-
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DNA methyltransferase (MGMT), which alters methylation and preserves tumor cells [65].
Reducing MGMT expression is a key factor in reversing TMZ resistance. The use of high
doses of TMZ to reduce MGMT activity still raises the problem of dose-limiting toxic-
ity [65,66]. MGMT regulation has been shown to involve TP53 gene-encoded p53 protein
(p53), which is one of the most comprehensively studied GBM targets [67]. Reduced MGMT
expression is associated with p53 activation [64,68]. Compared to the U87 control tumors,
only 50 uM TMZ significantly reduced the number of p53-positive cells in the U87 tumor;
T98G-50 uM TMZ tumors expressed a significantly decreased p53-positive cell number,
while the frequency of p53-positive T98G cells in the tumor did not differ between 2 mM
VPA-3 mM NaDCA-treated and control groups.

EZH2 is the enzymatic subunit of polycomb repressive complex 2, a histone
N-methyltransferase methylating H3 lysine in mammalian cells, inhibiting transcrip-
tion [69,70]. EZH2 inhibits genes responsible for suppressing carcinogenesis, and in-
hibition of EZH2 activity can reduce tumor growth [71]. EZH2 is a target for anticancer
drugs [72]; detecting EZH2 expression in tumors using a CAM model is an informative
approach [73,74]. Our data showed that treatment with 50 uM TMZ significantly reduced
the number of EZH2-positive cells in the U87 tumor, while 3 mM NaDCA or VPA-NaDCA
treatment had no effect on EZH2 expression. Otherwise, the number of EZH2-positive cells
in tumors was significantly similarly lowered with 50 uM TMZ or VPA-NaDCA treatment,
while 3 mM NaDCA did not affect EZH2 expression in the T98G tumor. A meta-analysis of
six studies showed that increased EZH2 expression is associated with a poor prognosis in
GBM [75]. EZH2 interacts with oncogenes (MYC, PTEN) to influence tumor malignancy by
activating the EMT mechanism, initiating GBM cell invasion and metastasis [76].

The Na-K-2Cl co-transporter (NKCC1) carries Na*, K*, and CI~ into the cell; NKCC1
is encoded by the SLC12A2 gene [77,78]. The activity of NKCC1 is directly related to
GBM cell proliferation [79], which is directly related to the NKCC1 protein expression
in human GBM [79-81]. Tumor intracellular CI~ concentration is an essential target for
anticancer therapy; NKCC1 inhibition can suppress tumor cell proliferation and promote
apoptosis [82,83]. The tested IMPs did not change the SLC12A2 expression in the U87
investigated groups. At the same time, the treatment with 3 mM NaDCA and VPA-
NaDCA significantly reduced SLC12A2 expression in T98G cells, whereas 50 uM TMZ did
not affect gene expression. Damanskiené et al. found that TMZ significantly increased
the expression of SLC12A2 in the pediatric GBM cells PBT24 and SF8628 in vitro [84].
Activation of SLC12A2 by TMZ in GBM is dependent on phosphorylation of the WNK
kinase protein [85]. Human GBM cells exhibit increased activation of NKCC1 and its
two upstream regulatory kinases, WNK1 and OSR1. Knockdown of WNK1 or OSR1
decreases intracellular K* and C1~ levels. TMZ may activate the WNK1/OSR1/NKCC1
signaling pathway and enhance glioma cell migration. Pharmacological inhibition of
NKCC1 significantly reduces glioma cell migration after TMZ treatment with drugs that
inhibit elements of the WNK1/OSR1/NKCC1 signaling pathway [86]. Inhibition of NKCC1
by bumetanide suppresses glioma cell migration and invasion [87].

A K-CI co-transporter (KCC2) is identified in central nervous system cells, encoded by
SLC12A5[88,89]. KCC2 carries K* and C1~ out of the cell [90]. KCC2 expression is reduced
in GBM cells; increased KCC2 expression in GBM cells inhibits GBM cell proliferation,
i.e.,, KCC2 is a glioma suppressor [91] and is a prognostic marker for GBM. We showed
that VPA-NaDCA treatment increased SLC12A5 expression in U87 and T98G cells, while
3 mM NaDCA or 50 uM TMZ did not affect SLC12A5 expression in the cells studied.
This indicates the superiority of VPA-NaDCA over TMZ. The effect may be due to the
synergistic action of VPA, since VPA upregulated the expression of the gene in U87 but not
in T98G cells [92]. SLC12A5 expression inhibits the proliferation of glioma U251 MG cells,

234



Int. J. Mol. Sci. 2025, 26, 6784

14 of 28

and the gene is a potential prognostic marker for GBM; activation of the co-transporter is
an early sign of cell apoptosis [91]. Adult GBM patients with epilepsy have reduced KCC2
expression in histological specimens in the tumor environment [93,94]. Disturbances in
the balance between NKCC1 and KCC2 activity may reduce the hyperpolarizing effects
of gamma-aminobutyric acid (GABA), which may influence the occurrence of epilepsy in
GBM patients. Seizures worsen the course of GBM disease [95]. By activating KCC2 in GBM
cells, the effect of drugs may ensure the functioning of GABA A receptors in postsynaptic
neurons [89] and could thus help control the intensity of seizures [96].

The monocarboxylate co-transporter (SLC5A8) is an oncosuppressor of human and
experimental gliomas, encoded by SLC5A8, and its activity depends on the intracellular
Na* and Cl~ content [97,98]. SLC5A8 activity in male rat duodenal enterocytes depends
on NKCC1 activity [99]. SLC5A8 activates cell apoptosis via pyruvate-dependent HDAC
suppression [31]. Studies in adult male wild-type c¢/ebpd+/- and c/ebpd-/- mice have
shown that SLC5A8 mainly transports short fatty acid chains into the cell [100,101]. The
co-transporter carries lactic acid, pyruvate, acetate, propionate, valerate, butyrate, and
dichloroacetate (DCA) into the cell [31,97]. We show that SLC5A8 expression was not
detected in U87- and T98G-control cells, and 3 mM NaDCA or 50 uM TMZ did not affect
gene expression in these cells. Treatment with 2 mM VPA-3 mM NaDCA upregulated
SLC5A8 expression in U87 cells but not T98G cells. Silencing of SLC5A8 is associated with
DNA methylation [102]; treating tumor cells with DNA demethylating agents increases
SLC5A8 expression [31]. VPA activates genes regulated by DNA methylation [32,103]; VPA
increases SLC5A8 expression in U87 but not T98G cells [92,98].

Cadherins regulate apoptosis, gene expression, cell proliferation, differentiation, and
migration [104]. CDH1 was undetectable (silencing) in U87 and T98G cells. CDHI encodes
the cell adhesion protein E-cadherin, which is a tumor suppressor [104], and its alterations
have been linked to the development of specific epithelial tumors [105]. The N-cadherin
gene (CDH2) is expressed in GBM and directly correlates with tumor grade [80,104,106]. In
gliomas, CDH1 expression is low or unexpressed due to hypermethylation and decreases
with increasing GBM stage [107,108]. This study’s treatment with IMPs did not affect
CDH1 and CDH2 expression in U87 cells. Treatment with VPA-NaDCA upregulated CDH1
expression in T98G cells, while 50 uM TMZ did not affect gene expression. The treatment
with 3 mM NaDCA and VPA-NaDCA significantly reduced T98G cell’'s CDH2 expression;
T98G cells treated with VPA-NaDCA showed significantly lower CDH2 expression than
those treated with TMZ. GBM progression and treatment resistance are linked to the GBM
cellular epithelial-mesenchymal transition (EMT) mechanisms, where E-cadherin expres-
sion is reduced and N-cadherin expression is increased [109], resulting in the acquisition of
a mesenchymal subtype that is more invasive and treatment resistant [104,106].

The limitation of this study is that it only tests cells from two GBM cell lines. Still, data
have shown differences in the effects of the investigational medicinal products between
the different cell lines. Determining drug efficacy using cell line xenografts on the CAM
is limited because commercial GBM cell lines do not accurately represent the genetic and
biological heterogeneity of the GBM [109]. It was reported that GBM on the CAM is a model
that replicates the histological and genetic features of the patients’ tumor, and the CAM
model may enable the prediction of patient clinical outcomes [110]. Therefore, it is essential
to research investigational medicines using primary GBM cells. Research shows the advan-
tages of the CAM model. The success rate of GBM on CAM engraftment was 98.3% [110],
38-69% in heterotopic mouse models of patient-derived xenograft gliomas [109,111], and
76-90% in an orthotopic mouse model of a brain tumor [109,112]; however, the problem is
that IDH1-mutated transplanted specimens almost entirely fail in mice [111,113,114], and
in contrast, patient-derived xenografts on the CAM are practically always successful [110].

235



Int. J. Mol. Sci. 2025, 26, 6784

15 of 28

Our study suggests that combining the CAM model with the effects of the study drugs on
the gene expression of GBM cells would be an approach to evaluating the effectiveness
of a drug. The study’s findings underscore the importance of individualized assessment
of drug effects and the need for further studies on primary cells from GBM patients to
personalize research for effective GBM treatment.

4. Materials and Methods
4.1. Cell Lines and Culture Conditions

Adult high-grade glioblastoma (GBM) cell lines were investigated: (1) female Cau-
casian 44-year-old U87 (U-87 MG; ECACC number 89081402), donated by Dr. Ar@inas
Kazlauskas (Neuro-Oncology and Genetics Laboratory, Institute of Neuroscience, Lithua-
nian University of Health Sciences, Kaunas, Lithuania), and (2) male Caucasian 61-year-old
T98G (T98G; ATTC CRL-1690), donated by Prof. M. M. Alonso (University of Navarra, Pam-
plona, Spain). The U87 cells were maintained using Dulbecco’s Modified Eagle Medium
(DMEM,; Gibco, Paisley, UK) supplemented with 10% fetal bovine serum (FBS; Gibco,
Paisley, UK), as reported [115]. T98G cells were grown in Advanced Minimum Essential
Medium (AMEM; Gibco, Grand Island, NY, USA) supplemented with 2 mM L-glutamine
(Glutamax; Gibco, Paisley, UK) and 5% FBS, as described in the product sheet [116]. Media
were supplemented with penicillin (1% 100 IU/mL) and streptomycin (100 ug/mL) (P/S;
Gibco, Grand Island, NY, USA). Cells were cultured at 37 °C in a humid atmosphere with
5% COs.

4.2. U87 and T98G Tumors in the CAM Study Groups

In the U87 and T98G tumor groups, tumor growth and invasion into the chick embryo
chorioallantoic membrane (CAM), the number of blood vessels in the CAM, sub-tumoral
thickening of the CAM, and the expression of immunohistochemical markers PCNA (pro-
liferating cell nuclear antigen), p53 (TP53 gene-encoded p53 protein), and EZH2 (polycomb
inhibitory complex catalytic subunit 2) were investigated. Cells were treated with 3 mM
NaDCA, 50 pM TMZ, or 2 mM VPA-3 mM NaDCA. The group sample sizes are shown in
Table 1.

Table 1. Sample size of U87 and T98G tumors on the CAM and tumor IHC marker expression in the
groups studied.

Invasion,
. PCNA p53 EZH2
Control and Treated No. of Vessels, CAM Thickness
Study Group n
uUs7 T9I8G us7 T98G Us7 T98G uUs7 T98G
Control 20 12 13 9 15 9 17 9
3 mM NaDCA 20 12 18 10 20 11 19 11
50 uM TMZ 15 16 8 6 7 7 8 7
2mM VPA-3 mM 10 12 10 8 10 8 10 9

NaDCA

U87 and T98G cells were investigated for SLC12A2 (gene encoding Na*-K*-2Cl~
(NKCC1) co-tarnsporter), SLCI12A5 (gene encoding K*-Cl~ (KCC2) co-transporter), SLC5A8
(gene encoding Na*-dependent monocarboxylate transporter), CDH1 (gene encoding the
E-cadherin protein), and CDH2 (gene encoding the N-cadherin protein) genes in the control
group and groups treated with 3 mM NaDCA, 50 uM TMZ, and 2 mM VPA-3 mM NaDCA
for 24 h (n = 6 per group).
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4.3. The CAM Model

According to Lithuanian and EU legislation, no approval from the Ethics Committee
is required for studies using the CAM model. Fertilized chicken eggs Cobb 500 (Rumsiskes
hatchery, Rumsiskés, Lithuania) were incubated for 3 days at 37 °C and 60% air humidity
in an egg incubator (Maino Incubators, Oltrona di San Mamette, Como, Italy). Eggs were
rolled every hour until day 3 of the embryo development (EDD3). At EDD3, the developing
CAM was separated from the eggshell; 2 mL of egg white was aspirated from the blunt
end of the egg. A 1 cm? window was drilled in the shell and covered with sterile parafilm.
The eggs were re-incubated until GBM cell tumor transplantation on the CAM at EDD?.

U87 or T98G cells were resuspended in 20 pL of type I rat tail collagen (Gibco, New
York, NY, USA) (in the control group), and sodium dicholoacetate (NaDCA), combination
of valproic acid and NaDCA (VPA-NaDCA), or temozolomide (TMZ) solutions (investi-
gational medicine-treated groups) per 1 x 10° cells. Pieces of an absorbable hemostatic
gelatin sponge (Surgispon, Aegis Lifesciences, Gujarat, India) having a size of 9 mm?
(3 x 3 x 1 mm) were formed using a blade. A quantity of 20 uL of cell suspension mixture
was pipetted onto each piece of sponge. As stated by Ribatti, the gelatin sponge is suitable
for the delivery of tumor cell suspensions onto a CAM surface [117]. At the EDD7, the
formed tumors were transplanted on the CAM near the largest blood vessels. The tumor’s
structural changes were monitored in vivo using a stereomicroscope (SZX2-RFA16, Olym-
pus, Tokyo, Japan) during the period of EDD9-12. Images of the tumors were captured
with a digital camera (DP 92, Olympus, Tokyo, Japan) and CellSens Dimension 1.9 Imag-
ing Software. At EDD12, the CAM blood vessel was injected with 0.2 mL of fluorescein
isothiocyanate-dextran (Sigma-Aldrich, St. Louis, MO, USA) at 5 mg/mL. The tumors
with the CAM were harvested and photographed in daylight and with a green fluorescent
protein (GFP) filter exposed to UV light using the software.

4.4. Investigational Medicinal Products

The investigational medicinal preparations used for the study were sodium dichloroac-
etate (NaDCA; Sigma-Aldrich, Steinheim, Germany), sodium valproate (VPA; Sigma-
Aldrich, Steinheim, Germany), and temozolomide (TMZ; Sigma-Aldrich, St. Louis, MO,
USA). The investigational medicinal product combines NaDCA and VPA. The combination
of these products is our filed patent that covers VPA-NaDCA as a novel medicinal product
for treating cancer (Official bulletin of the State Patent Bureau of the Republic of Lithuania,
number 6874, filed on 17 April 2020) [118]; a European patent application was submitted
(European patent application number 21168796.7, filed on 16 April 2021) [119]. The doses
of NaDCA or VPA were chosen as previously reported, using investigational drugs for
monotherapy [73,115,120]. A 50 uM TMZ dose correlates with the mean TMZ plasma
concentration in TMZ-treated patients [121].

4.5. Histological and Immunohistochemical Examination of the Tumor

At EDD12, the tumors with the CAM were harvested, fixed in 10% neutral-buffered
formalin for 24 h, and embedded in paraffin. The Obtained 3 um sections were stained
using the hematoxylin and eosin (H-E) method (Sigma-Aldrich, Darmstadt, Germany)
and immunohistochemically (IHC) for PCNA, p53, and EZH2 markers. Sections were
mounted on glass slides coated with poly-L-lysine (Thermo Fisher Scientific, Branchburg,
NJ, USA). Deparaffinization of sections in xylene and rehydration in progressive alcohol
concentrations were followed by heat-induced antigen retrieval with EnVision FLEX Target
Retrieval Solution (K8002, Dako, Glostrup, Denmark) (95 °C, 20 min, pH 9). The Shandon
Coverplate Technology (Thermo Fisher Scientific, Branchburg, NJ, USA) was used for the
staining. Endogenous peroxidase blocking was performed using EnVision FLEX Peroxidase
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Blocking Reagent (SM 801, Dako, Glostrup, Denmark) for 10 min. The preparations were
incubated with primary antibodies (dilution 1:100) for 30 min at room temperature. Primary
antibodies to PCNA (PC10, Thermo Fisher Scientific, Branchburg, NJ, USA), p53 (aa 211-220,
clone 240, CBL 404, Merck, Darmstadt, Germany), and KMT6/EZH2 (phospho 521, ab 84989,
Abcam, Cambridge, UK) were applied to detect PCNA-, p53-, and EZH2-positive cells in the
tumor tissue. Each array of slides was used as the positive control; the primary antibody was
omitted to achieve a negative control. The IHC reaction was revealed using polymer dextran
labeled with horseradish peroxidase and conjugated to a secondary antibody (mouse) and
a linker (SM 802 and SM 804, respectively; Dako, Glostrup, Denmark) for 30 min at room
temperature. Positive reactions were visualized using 3,3'-diaminobenzidine-containing
chromogen (DAB, DM827, Dako, Glostrup, Denmark). After each stage, Tween 20 containing
tris-buffered saline (DM 831, Dako, Glostrup, Denmark) was used as a wash buffer. Slides
were counterstained with hematoxylin (Sigma-Aldrich, Taufkirchen, Germany).

H-E-stained and IHC-stained slides were visualized and captured by a light micro-
scope (BX 40F4, Olympus, Tokyo, Japan) and a digital camera (XC 30, Olympus, Tokyo,
Japan) with Cell Sens Dimension 1.9 software.

Tumors stained with H-E were divided into invasive and non-invasive. The tumor
invasion into the CAM was classified as destroying the chorionic epithelium (ChE) or/and
the migration of tumor cells into the mesenchyme of the CAM. The non-invasive tumor
was located on top of the CAM, and the integrity of the CAM chorionic epithelium was
intact. The tumor invasion was studied using H-E slides at 10x and 40x magnifications.

The CAM thickening and the number of vessels were assessed by capturing the CAM
stained with H-E at 4x magnification in the location under the tumor. The thickness of the
CAM was measured in ten areas (um), and the mean thickness of the CAM was calculated;
blood vessels with a larger diameter than 10 um were counted. All calculations were
performed in the same length of CAM (1792 um).

To assess the PCNA, p53, and EZH2 expression in the tumor, 2 vision fields were
selected randomly (plot area—23,863.74 um?) in the IHC-stained tumor and were captured
at 40x magnification. All cells and cells positive with the studied marker were counted,
and the percentage (%) of marker-positive cells in each tumor was calculated.

4.6. Gene Expression Analysis

U87 and T98G cells were treated with 3 mM NaDCA, 50 uM TMZ, and 2 mM VPA-
3 mM NaDCA for 24 h. Control cell groups were cultivated in cell culture medium
according to the cell line. A TRIzol Plus RNA Purification Kit (Life Technologies, Carls-
bad, CA, USA) was used for total RNA extraction. Purity of total RNA and concen-
tration were measured with a NanoDrop 2000 spectrophotometer (Thermo Scientific,
Branchburg, NJ, USA). The integrity of total RNA (RIN) was evaluated with an Agi-
lent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) using the Agilent
RNA 6000 Nano Kit (Agilent Technologies, Santa Clara, CA, USA). RNA expression
was investigated for genes SLC12A2 (Hs00169032_m1; 97 bp), SLC12A5 (Hs00221168_m1;
80 bp), SLC5A8 (Hs00377618_m1; 88 bp), CDH1 (Hs01023894_m1; 61 bp), and CDH2
(Hs00983056_m1; 66 bp). The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene
was used (Hs02786624_g1; 157 bp) as a reference gene. The CT cut-off value was set at 35.
Following the manufacturer’s instructions, total RNA reverse transcription was performed
using 100 ng of RNA in a 20 puL reaction volume on a Biometra T Advanced thermal cycler
(Analytik Jena AG, Jena, Germany) with the High-Capacity cDNA Reverse Transcription
Kit and RNase Inhibitor (Applied Biosystems, Waltham, MA, USA). Real-time polymerase
chain reaction (PCR) was performed on an Applied Biosystems 7900 Fast Real-Time PCR
System (Applied BioSystems, Waltham, MA, USA) with TagMan assays (Applied Biosys-
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tems, Pleasanton, CA, USA) according to the manufacturer’s instructions. The reactions
were run in triplicate with 4 uL. of cDNA template in a reaction volume of 20 uL (Tag-
Man Universal Master Mix II—10 pL, no UNG (Applied Biosystems, Vilnius, Lithuania),
TagMan Gene Expression Assay 20x—1 uL (Applied Biosystems, Pleasanton, CA, USA),
and nuclease-free water—>5 pL (Invitrogen, Paisley, UK); the program was set at 95 °C for
10 min, then 45 cycles of 95 °C for 15 s, followed by 60 °C for 1 min.

4.7. Statistical Analysis

Statistical analysis was conducted and graphs generated using Graph Pad Prism 9
software (Graph Pad Software, Inc., San Diego, CA, USA). The CT threshold cycle value
was normalized to the control GAPDH for gene expression analysis, and the ACT value
was calculated accordingly. The Livak (2~22CT) method [122] was used to calculate the
expression ratio between the control and treated groups of the tested genes. The frequency
of tumor invasion into the CAM is expressed as a percentage (%), and the chi-square test
was used to compare the frequency of tumor invasion into the CAM between the tested
groups. The Shapiro-Wilk test was used to verify the assumption of normality. Data
on immunohistochemical markers, the number of vessels in the CAM, and sub-tumoral
thickening of the CAM are presented as median and range (values of minimum and
maximum). The difference between the two groups was evaluated using the nonparametric
Mann-Whitney U test. Statistical significance was defined as p <0.05.

5. Conclusions

This study showed similarities and differences in the effects of NaDCA, VPA-NaDCA,
and TMZ on growth, neo-angiogenesis, and PCNA, EZH2, and p53 expression in the
tumor tissue of U87 and T98G tumors on the CAM, and that these effects were cell line
dependent. The combined VPA and NaDCA components act synergistically. The effects
of VPA-NaDCA and TMZ on the expression of SLC12A2, SLC12A5, SLC5A8, CDH1, and
CDH2 in U87 and T98G cells were cell line dependent, and the efficacy data indicate a
superior effect of VPA-NaDCA compared to TMZ.

6. Patents

The combination of VPA and NaDCA products is for the treatment of cancer (Official
Bulletin of the State Patent Bureau of the Republic of Lithuania, No. 6874, filing date:
17 April 2020). A European patent application has been submitted (European Patent
Application No. 21168796.7, filing date: 16 April 2021).

Author Contributions: Conceptualization, D.S. and 1.B.; methodology, R.S., A.V. and LB,; software, R.S.;
validation, R.S. and L.B.; formal analysis, R.S.; investigation, R.S.; resources, D.S. and 1.B.; data curation,
RS.; writing—original draft preparation, R.S., D.S. and I.B.; writing—review and editing, R.S., D.S., A.V.
and L.B.; visualization, R.S.; supervision, I.B.; project administration, D.S. and L.B.; funding acquisition,
D.S. and L.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Research Council of Lithuania, grant number P-MIP-20-36.

Institutional Review Board Statement: No approval is required from the Ethics Committee for
studies using the CAM model.

Informed Consent Statement: Not applicable.
Data Availability Statement: Data will be made available upon request.

Acknowledgments: The authors acknowledge the Lithuanian Research Council, grant number P-
MIP-20-36. The authors thank M. M. Alonso (University of Navarra, Pamplona, Spain) for her help in
donating the T98G cells.

239



Int. J. Mol. Sci. 2025, 26, 6784

19 of 28

Conflicts of Interest: The authors declare that they have no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

AMEM Advanced Minimum Essential Medium for cell culture
CAM Chick embryo chorioallantoic membrane

CDH1 Gene encoding the E-cadherin protein

CDH2 Gene encoding the N-cadherin protein

CT Threshold cycle

DMEM Dulbecco’s Modified Eagle Medium for cell culture
DMSO Dimethyl sulfoxide

EDD Day of embryo development

EZH2 Polycomb inhibitory complex catalytic subunit 2

FBS Fetal bovine serum

GABA Gamma-aminobutyric acid

GAPDH Gene encoding glyceraldehyde-3-phosphate dehydrogenase protein
GBM Glioblastoma

HDAC Histone deacetylase

H-E Hematoxylin and eosin

THC Immunohistochemistry

MGMT O-6-methylguanine-DNA methyltransferase

NaDCA Sodium dichloroacetate

0os Overall survival

PCNA Proliferating cell nuclear antigen

PDH Pyruvate dehydrogenase

PDK Pyruvate dehydrogenase kinase

p53 TP53 gene-encoded p53 protein

P/s Penicillin and streptomycin

SLC12A2 Gene encoding Na*-K*-2Cl~ (NKCC1) co-transporter
SLC12A5 Gene encoding K*-C1~ (KCC2) co-transporter
SLC5A8 Gene encoding Na*-dependent monocarboxylate transporter
T™™Z Temozolomide

T98G Male glioblastoma cell line

us7 U87-MG female glioblastoma cell line

VPA Valproic acid

VPA-NaDCA  Combination of valproic acid and dichloroacetate
Appendix A

Table Al. The frequency of invasion into the CAM of U87 and T98G tumors. CAM—chick embryo
chorioallantoic membrane.

Study Group n Invasion Frequency (%)
U87-control 20 80.00
U87-3 mM NaDCA 20 50.00 @
U87-50 uM TMZ 15 26.67°
U87-2 mM VPA-3 mM NaDCA 10 20.00 ©
T98G-control 12 83.33
T98G-3 mM NaDCA 12 58.33
T98G-50 uM TMZ 16 43754
T98G-2 mM VPA-3 mM NaDCA 12 50.00

2 p = 0.047, compared with U87-control; © p = 0.002, compared with U87-control; ¢ p = 0.01, compared with
U87-control; 4 p = 0.03, compared with T98G-control.
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Table A2. The number of blood vessels in the CAM of U87 and T98G tumors.

Study Group n No. of Vessels,

Median (Range)
23.5
U87-control 20 (9-63) @
16.5
U87-3 mM NaDCA 20 (4-44) b
U87-50 uM TMZ 15 13
w (2-29) 4
6.5
U87-2 mM VPA-3 mM NaDCA 10 (3-11)¢©
28
T98G-control 12 (3-45)f
T98G-3 mM NaDCA 12 31
mM Na (8-63) &h
T98G-50 uM TMZ 16 12
u (5-18)
10
T98G-2 mM VPA-3 mM NaDCA 12 (4-18)

@ p =0.0004, compared with U87-50 uM TMZ; bp=0.02, compared with U87-control; © p = 0.002, compared with
U87-2 mM VPA-3 mM NaDCA; 4 p = 0.03, compared with U87-2 mM VPA-3 mM NaDCA,; € p < 0.0001, compared
with U87-control; f p = 0.001, compared with T98G-50 uM TMZ; & p = 0.0006, compared with T98G-50 uM TMZ;
h p = 0.001, compared with T98G-2 mM VPA-3 mM NaDCA; ! p = 0.003, compared with T98G-control.

Table A3. The thickness of the CAM under the U87 and T98G tumors.

Study Group "  Medion Renge)
U87-control 20 (65.2119—752(;.90)
U87-3 mM NaDCA 20 (46.613;? 30)
US87-50 uM TMZ 15 (44;729529%‘90)
U$7-2 mM VPA-3 mM NaDCA 10 (64,2151_3511(;‘10)
T98G-control 12 (60.12;1116%‘20)
T98G-3 mM NaDCA 12 (52.:2—25.3%%‘60)
T98G-50 uM TMZ 16 (48.7231—9%67200)
T98G-2 mM VPA-3 mM NaDCA 12 (48422;17;70) b

2 p = 0.02, compared with U87-control; ® p = 0.04, compared with T98G-control.
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Table A4. The PCNA-positive cell percentage in U87 and T98G tumors. PCNA—proliferating cell
nuclear antigen.

PCNA-Positive Cells (%),

Study Group n Median (Range)
U87-control 13 1 5_475;19:;73)
U87-3 mM NaDCA 18 (6.65;1—'35. 67)
U87-50 uM TMZ 8 (10,592_%3913) ab
U87-2 mM VPA-3 mM NaDCA 10 (6_736_95;_113) c
T98G-control 9 (16_465;99;04)
T98G-3 mM NaDCA 10 (35_463?;%0,0)
T98G-50 uM TMZ 6 (3,17_?'24, ;7) def
T98G-2 mM VPA-3 mM NaDCA 8 o

(7.34-80.75) 8h

2 p =0.001, compared with U87-3 mM NaDCA; ® p = 0.0009, compared with U87-control; ¢ p = 0.02, compared with
U87-50 uM TMZ; ¢ p = 0.0004, compared with T98G-control; € p = 0.0002, compared with T98G-3 mM NaDCA;
£ p =0.03, compared with T98G-2 mM VPA-3 mM NaDCA; 8 p = 0.01, compared with T98G- control; h p=10.003,
compared with T98G-3 mM NaDCA.

Table A5. The percentage of p53-positive cells in U87 and T98G tumors. p53—TP53 gene-encoded

P53 protein.

Study Group n Psls/;goDin:‘lile(fiealrlngS/O)’
U87-control 15 (1_861%8533 44)
U87-3 mM NaDCA 20 (27_455;%239)
U87-50 uM TMZ 7 (10.4(552?17) ab
U87-2 mM VPA-3 mM NaDCA 10 (11.4??‘37; 89) ©
T98G-control 9 (47.58;1;59%1.23)
T98G-3 mM NaDCA 11 (12?525;25.21)
T98G-50 uM TMZ 7 (34.039553%38) d
T98G-2 mM VPA-3 mM NaDCA 8 o

(25.29-94.59)

2 p <0.0001, compared with U87-3 mM NaDCA; ? p = 0.009, compared with U87-control; ¢ p = 0.01, compared
with U87-50 uM TMZ; d p =0.02, compared with T98G-control.
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Table A6. The percentage of EZH2-positive cells in U87 and T98G tumors. EZH2—polycomb

Inhibitory Complex Catalytic Subunit 2.

EZH2-Positive Cell

s (%),

Study Group n Median (Range)
U87-control 17 (5.3?39547.06)
U87-3 mM NaDCA 19 (zegg;goa
U87-50 uM TMZ 8 (2_84143552) ab
U87-2 mM VPA-3 mM NaDCA 10 (14‘532907?%) <
T98G-control 9 (25,74(1)?.9477,65) d
T98G-3 mM NaDCA 1 (18.9(@;35) de
T98G-50 uM TMZ 7 (1.312;8.259) f
T98G-2 mM VPA-3 mM NaDCA 9 (0_95;22_23)

2 p = 0.002, compared with U87-control; ® p = 0.003, compared with U87-3 mM NaDCA; ¢ p = 0.02, compared
with U87-50 uM TMZ; ¢ p = 0.04, compared with T98G-2 mM VPA-3 mM NaDCA; ¢ p < 0.0001, compared with

T98G-50 uM TMZ; p =0.0002, compared with T98G-control.

Table A7. The SLC12A2 and GAPDH expression data from U87 and T98G tested cells. SLC12A2—
gene encoding Na*-K*-2C1~ (NKCC1) co-tarnsporter; GAPDH—gene encoding glyceraldehyde-3-

phosphate dehydrogenase protein.

Indicator, Mean + SD

Study Groups n CcT
~aACT
SLC12A2 GAPDH act AacT 2

U87-control 6 22,07 £1.23 18.14 =141 3.93 £ 0.64

U87-3 mM NaDCA 6 2313 +0.33 18.92 + 1.51 421+122 0.29 0.82
U87-50 uM TMZ 6 21.67 +0.18 1721 £0.19 446 £030° 0.53 0.69
U87-2 mM VPA-3 mM NaDCA 6 22.71 £0.31 18.85 4 0.20 3.86 = 0.27 —0.07 1.05
T98G-control 6 21.63 £ 0.60 19.87 £ 0.23 1.76 + 0.60 ®

T98G-3 mM NaDCA 6 22.01 + 0.65 18.78 + 0.63 32340.15¢ 147 0.36
T98G-50 uM TMZ 6 22.84 +0.80 21.18 = 1.16 1.66 £ 0.40 4¢ —0.10 1.07
T98G-2 mM VPA-3 mM NaDCA 6 20.99 £0.49 18.35 +0.24 2.64 + 0581 0.88 0.54

2 p =0.004, compared with U87-2 mM VPA-3 mM NaDCA; b p = 0.002, compared with U87-control; € p = 0.002,
compared with T98G-control; ¢ p = 0.002, compared with T98G-3 mM NaDCA; ¢ p = 0.009, compared with T98G-2

mM VPA-3 mM NaDCA; f p =0.03, compared with T98G-control.

Table A8. SLC12A5 and GAPDH expression data from U87 and T98G cell control and treated groups.

SLC12A5—gene encoding K+-Cl- (KCC2) co-transporter.

Indicator, Mean + SD

Study Groups n CcT c
—AACT
SLC12A5 GAPDH act aacT 2

U87-control 6 33.79 £1.21 16.25 4+ 0.26 17.54 £1.072
U87-3 mM NaDCA 6 33.93 £1.55 16.70 & 0.66 17.23 +0.98? —0.31 1.55
U87-50 uM TMZ 6 3241 +£0.15 1521 + 0.16 17.20 +0.25° —-0.33 128
U87-2 mM VPA-3 mM NaDCA 6 3142 +£0.22 16.31 + 0.89 15.12 £ 0.87 —2.42 6.79
T98G-control 6 37.31 £0.46 17414+ 0.22 -
T98G-3 mM NaDCA 6 37.14 £ 0.24 16.63 4 0.63 - - -
T98G-50 uM TMZ 6 37.53 + 0.05 19.16 +2.39 - - -
T98G-2 mM VPA-3 mM NaDCA 6 33.50 £ 0.36 16.80 & 2.00 16.70 = 2.12 - -

2 p =0.004, compared with U87-2 mM VPA-3 mM NaDCA; ® p = 0.002, compared with U87-2 mM VPA-3 mM NaDCA.
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Table A9. CDH2 and GAPDH expression data from U87 and T98G cell control and treated groups.
CDH2—gene encoding the N-cadherin protein.

Indicator, Mean + SD

Study Groups n CT AACT
CDH2 GAPDH act AACT 2

U87-control 6 23.83 £0.72 18.14 + 1.41 5.68 +1.26 2

U87-3 mM NaDCA 6 23.53 £ 0.82 18.92 +1.51 4.62 +0.71 -1.07 2.09
U87-50 uM TMZ 6 2252+ 0.13 17.21 £0.19 5.32+0.28 —0.37 1.29
U87-2 mM VPA-3 mM NaDCA 6 23.88 +0.28 18.85 + 0.20 5.03 £ 0.31 —0.66 1.58
T98G-control 6 23.64 +0.22 19.87 +0.23 3.78 +0.30

T98G-3 mM NaDCA 6 2429 +0.59 18.78 £ 0.63 5.51 + 0.20 &P 173 0.30
T98G-50 uM TMZ 6 24.31 +0.46 21.18 £1.16 3.13 +£0.75 —0.65 1.57
T98G-2 mM VPA-3 mM NaDCA 6 23.13 + 045 18.35 4 0.24 477 4 0.32 2b< 1.00 0.50

2 p = 0.002, compared with T98G-control; ° p = 0.002, compared with T98G-50 uM TMZ; € p = 0.004, compared
with T98G-3 mM NaDCA.
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Abstract

Background/Objectives: The ineffectiveness of current treatments for glioblastoma un-

derscores the urgent need for effective alternatives. This study aimed to investigate the

effectiveness of sodium dichloroacetate (NaDCA) and a sodium valproate NaDCA com-

bination (NaVPA-NaDCA) on formed patients’ primary cell tumors on the chick embryo

chorioallantoic membrane (CAM). Methods: Glioblastoma tissue samples were obtained

from three patients during tumor surgery. WHO grade IV, IDH wild-type, and a strong

positive cytoplasmic GFAP reaction in tumor cells characterized the investigated glioblas-

toma cases. The tumor cells GBM2-2F, GBM2-3F, and GBM-4M from the patients were

examined. Histological examination of tumor invasion into CAM, angiogenesis, and im-

munohistochemical expression of GFAP-, PCNA-, p53-, EZH2- and vimentin-positive cells

were examined. Results: No difference in GFAP expression was observed between the

patient’s GBM tumor tissue and the tumor formed on CAM from the same patient’s tumor

L IREEERETE cells. There were no significant differences in invasion or in the frequency of GFAP- and
Academic Editors: Hassan Bousbaa p53-positive cells among the study control groups. The expression of PCNA-, EZH2-,
and Zhiwei Hu and vimentin-positive cells in control tumors varied significantly. Treatment significantly
Received: 19 November 2025 reduced the incidence of tumor invasion in GBM2-2F and GBM2-4M and did not affect
Revised: 17 December 2025 GBM2-3F tumors; treatment also significantly reduced GFAP expression in GBM2-3F and
Accepted: 23 December 2025 GBM2-4M and did not affect GBM2-2F tumors. The treatment with NaVPA-NaDCA sig-

Published: 30 December 2025 nificantly reduced the expression of PCNA, p53, EZH2 and vimentin in the tested tumors.
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OPYTIE ¥ the authors. Conclusions: Data demonstrated an antitumor effect of NaVPA-NaDCA in an in vivo
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o ) model of a patient’s primary glioblastoma cells.
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1. Introduction

Adult glioblastoma (GBM), as WHO Grade IV, IDH wild-type, is classified as primary,
the most frequent, highly aggressive, and heterogeneous brain cancer with a poor prognosis,
as there is no effective treatment despite multidisciplinary research efforts. The incidence
of adult GBM peaks between the ages of 65-74 years, with an average age of 65 years and
an overall survival (OS) of 8 months [1,2]. The current treatment regimen consists of tumor
maximal surgical resection, adjuvant treatment with temozolomide (TMZ) chemotherapy
and radiotherapy [3,4]. TMZ was authorized 20 years ago for the treatment of newly
diagnosed GBM [5,6]. The addition of TMZ to radiotherapy prolonged OS by 2.5 months [6],
progression-free survival (PFS) is 6 months, and TMZ is ineffective in more than 50% of
patients; with standard multimodality therapy, 70% of patients progress within the first
year. The GBM 5-year survival rate is less than 5% and is among the lowest of all cancers [6].
It is essential to develop preclinical models for both standard and novel therapies that are
as effective and personalized as possible [7].

GBM cells require oxidative phosphorylation (OXPHOS) to survive, and OXPHOS
is often a hallmark of cancer stem cells and cells resistant to chemotherapy. Inhibition
of OXPHOS function may also effect the tumor microenvironment by reducing hypoxia
and improving the anti-tumor immune response, with great potential in GBM in both
in vitro and in vivo studies [8,9]. GBM cells exhibit increased expression of pyruvate
dehydrogenase kinases (PDK), resulting in enhanced glycolytic activity [10-12]. PDK
inhibition is a target for GBM treatment [13]. Dichloroacetate (DCA) has a selective effect on
cancer cells by inhibiting PDK [14], thereby activating pyruvate dehydrogenase (PDH) [15].
DCA inhibits the growth of U87 MG and PBT24 xenografts on CAM, reduces tumor
invasion, and decreases the number of blood vessels in the CAM model, impacting the
expression of PCNA and EZH2 in tumor tissue cells [16]. In studies of immunodeficient
orthotopic U87 glioblastoma-bearing mice, the combination of DCA and radiotherapy
increased animal survival [17].

Valproic acid (VPA) is a histone deacetylase (HDAC) inhibitor that, alone or in com-
bination with other therapies, suppresses glioma growth both in vivo and in vitro [18].
Non-toxic doses of VPA increase the sensitivity of U87 and T98G cells to gefitinib and
inhibit cell growth via autophagy [19]. VPA suppresses aerobic glycolysis by reducing
the levels of the E2F transcription factor 1, thereby reducing the expression of glycolytic
genes, such as glucose-6-phosphate isomerase and phosphoglycerate kinase 1 [20]. VPA
may enhance the transport of DCA into the cell through mitochondrial pathways [21,22].
The synergistic action of combining chemotherapy and HDAC inhibitors shows promise
for treating GBM and preventing chemotherapy resistance [23]. VPA and DCA are drugs
whose pharmacokinetics, blood levels and safety are well known.

It was reported that VPA [24], DCA, the combination of sodium dichloroacetate and
sodium valproate (NaVPA-NaDCA), and TMZ have a cell line-dependent effect on the
growth, neo-angiogenesis, and expression of proliferating cell nuclear antigen (PCNA),
enhancer of zeste homolog 2 (EZH2), and tumor protein p53 (p53) in tumor tissues of adult
GBM U87 and T98G cells tumors on CAM. In combination, VPA and DCA act synergistically.
The effects in vitro of NaVPA-NaDCA and TMZ on SLC12A2 (Na-K-2Cl cotransporter;
NKCC1), SLC12A5 (K-CI cotransporter; KCC2), SLC5A8 (a Na+-coupled high-affinity
transporter for short-chain fatty acids), CDH1 (E-cadherin) and CDH2 (N-cadherin) gene
expression in U87 or T98G cells were cell line-dependent, with efficacy data indicating a
superior impact of NaVPA-NaDCA compared with TMZ [25].

Inflammation and immune response pathways are directly linked to GBM progres-
sion, and their dysregulation is associated with greater treatment resistance and poorer
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outcomes [26,27]. NaVPA-NaDCA inhibits inflammatory and immune pathways relevant
in the genesis of GBM [28,29].

The Chicken Embryo Chorioallantoic Membrane (CAM) model is used to assess
approaches to treating GBM, and drug response is evaluated by examining tumor growth,
vascularization, invasion, and tumor marker expression via histological analysis [25,30].
The relevance of using patient-derived xenograft (PDX) models for translational oncology
research is highlighted in GBM. These models more accurately reflect the genetic and
molecular heterogeneity of tumors, which facilitates the development of personalized
treatment approaches [7,30,31].

The study aimed to determine differences in the response of GBM IDH-wild-type
patients’ derived primary cell xenograft (PDX) on the CAM model to treatment with a
NaVPA-NaDCA in terms of tumor growth, invasion, angiogenesis, and the expression
of glioma markers such as GFAP, PCNA, p53, EZH2 and vimentin in the tumor tissue
on CAM.

GFAP is expressed in human astrocytes, GBM cancer stem cells, and GBM cells and
is used for histological identification of GBM [32]. GFAP is a key intermediate filament
protein of glial cells, involved in cytoskeleton remodeling and linked to GBM progression,
with a functional role in intercellular mitochondrial transfer between GBM cells in response
to proapoptotic stimuli [33]. Immunohistochemical analysis of GBM has shown that the
GFAP value is associated with worse survival, independent of the methylation status of the
O6-methylguanine-DNA methyltransferase (MGMT) promoter [34].

The proliferation of cancer cells correlates with a high degree of tumor malignancy, as
assessed by PCNA protein expression [35]. In assessing the association between clinical
outcome and GBM immunohistochemical expression and apoptosis in GBM patients, it
was found that increased PCNA labelling index and decreased apoptosis index were
associated with shorter patient survival [36]. PCNA-associated complexes influence p53
regulators [37].

The tumor marker p53 is a target in the context of developing cancer treatment
strategies [38]. There is an interaction between the p53 mutation and wild-type p53;
the mutated p53 protein acts as a dominant-negative inhibitor of wild-type p53 tumor
suppressor programs and can acquire oncogenic functions [39]. The wild-type, normal p53
protein acts as a tumor suppressor, promoting apoptosis in cancer cells. Mutations in p53
lead to the accumulation of the dysfunctional protein in tumor tissue, while wild-type p53
does not accumulate [40,41]. Drug treatment must target the p53 mutant proteins [40,42,43].

EZH2 is overexpressed in gliomas, correlates with high-grade GBM, and is associated
with poorer survival outcomes [44,45]. Its activity contributes to GBM progression by
silencing tumor-suppressor genes [46]. The importance of EZH?2 inhibition has attracted
interest as a therapeutic target [47]. The use of EZH2 inhibitors in GBM models warrants
further investigation, as EZH2 inhibition may also have downstream effects on tumor
suppressors and other signaling pathways [48].

RNA sequencing data show that vimentin is highly expressed in OXPHOS-resistant
cancer cells, particularly in GBM cells. Vimentin plays a vital role in cancer progression,
immunotherapy suppression, the development of cancer stem cell properties, and the
emergence of drug resistance [49]. The epithelial-mesenchymal transition (EMT) process is
characterized by increased vimentin expression in the tumor, which is also associated with
loss of cell adhesion [50]. Some studies have reported a link between TMZ resistance and
the EMT factor vimentin [51]. Providing new insights into vimentin as a target for GBM
treatment strategies [49], considering it as a prospective GBM therapeutic target [52].

The study demonstrates the anticancer effect of NaVPA-NaDCA, reducing PCNA,
EZH2, p53, and vimentin expression in GBM IDH-wild-type primary cells GBM2-2F, GBM2-
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3F, and GBM2-4M tumors on CAM, while the impact on GFAP expression and invasion in
CAM has individual effects.

2. Materials and Methods
2.1. GBM Patient Clinical Data

GBM tissue samples were obtained from three patients who underwent surgery, and
their details are provided below. GBM2-2F, 48-year-old female, glioblastoma (WHO Grade
1V), IDH wild-type; strong positive cytoplasmic reaction in GFAP tumor cells (surgery
4 October 2021); GBM2-3F, 82-year-old female, glioblastoma (WHO Grade IV), IDH wild-
type; strong positive cytoplasmic reaction in GFAP tumor cells (surgery 28 November
2024); GBM2-4M, 46-year-old male; glioblastoma (WHO Grade IV), IDH wild-type; strong
positive cytoplasmic reaction in GFAP tumor cells (surgery 1 March 2021). All patients had
been diagnosed with GBM for the first time before surgery and had not received any prior
anticancer treatment.

The Kaunas Regional Biomedical Research Ethics Committee granted authorization to
conduct biomedical research on 8 August 2020, authorization No. BE 2-80. Patients were
not given anticancer treatment before surgery. They were operated on at the Neurosurgery
Clinic of Vilnius University Santaros Hospital (Santariskiu St. 2, Vilnius, Lithuania).

2.2. GBM Patient Study Groups

In the GBM tumor groups, tumor growth, the frequency of invasion into the CAM,
sub-tumoral changes in the CAM (thickening), PCNA, p53, EZH2, vimentin and GFAP
immunohistochemical markers were studied. Cells were treated with 2 mM NaVPA-3 mM
NaDCA and the group sample sizes are presented in Table 1.

Table 1. Sample size of GBM tumors on CAM and tumor marker expression in the studied groups.

Invasion, GFAP, PCNA, p53, EZH2,
CAM Thickness Vimentin
Patient Number of Tumors on CAM
Study Group
GBM2 GBM2 GBM2 GBM2 GBM2- GBM2
-2F -3F -4M -2F 3F -4M

Control 8 10 7 4 6 4
2 mM NaVPA-3 mM 8 10 7 6 5 5

NaDCA-treated

2.3. Investigational Medicinal Preparations

A 2 mM concentration of sodium valproate (NaVPA; Sigma-Aldrich, Steinheim, Ger-
many) and a 3 mM concentration of sodium dichloroacetate (NaDCA; Sigma-Aldrich,
Steinheim, Germany) were used in the NaVPA-NaDCA combination. The combination of
these therapeutic agents is patented, which recognizes NaVPA-NaDCA as a novel phar-
maceutical formulation for treating cancer: National patent—the combination of VPA and
NaDCA products is for the treatment of cancer/Valpro ragsties ir dichloroacetato druskuy
derinio taikymas vézio gydymui (Official Bulletin of the State Patent Bureau of the Republic
of Lithuania, Patent No. 6874, Int. Cl. A61K 31/00) [53]; European Patent—derivative of val-
proic acid and dichloroacetate used for the treatment of cancer (Application No. 21168796.7,
Publication No. EP3895702, publication date 24 September 2025, Int. Cl. A61K 31/19, A61K
45/06, A61P 35/00 [54]. The doses of NaDCA and VPA were selected based on previously
published studies that employed these investigational agents as monotherapies [16,24,55].
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2.4. The CAM Model

Fresh surgically resected glioblastoma tumor tissue was placed in DMEM medium
without Ca?* (Gibco, Grand Island, NY, USA) with 1% 100 IU/mL of penicillin and
100 pg/mL streptomycin (P/S; Gibco, Grand Island, NY, USA). Part of the tissue was
fixed in formalin for paraffin embedding. The other part was placed in a Petri dish (Greiner
Bio-One, Mosonmagyarévar, Hungary) and washed repeatedly with Dulbecco’s Phosphate-
Buffered Saline (DPBS) without Ca?* and Mg?* (Gibco, Grand Island, NY, USA) to reduce
the amount of red blood cells. Any visible connective tissue was removed using sterile
tweezers. DMEM with P/S was then added to a Petri dish, and the tissue was minced into
small pieces using sterile tweezers within a laminar airflow cabinet under sterile conditions.
A cell suspension was acquired by smoothly pipetting a dissected GBM sample in 37 °C
DMEM with P/S and 10% fetal bovine serum (FBS; Gibco, Paisley, UK) in a 50 mL conical
tube (Thermo Fisher Scientific, Rochester, NY, USA) for 5 min. The time between sample
collection and cell suspension acquisition is no more than 20 min.

In compliance with European Union and Lithuanian legal frameworks, the use of the
CAM model in research does not necessitate prior approval from an Ethics Committee.
Rumsiskes hatchery (Rumsiskés, Lithuania) supplied Cobb-500 freshly fertilized chicken
eggs, which were placed in an incubator (Maino Incubators, Oltrona di San Mamette, Como,
Italy) for 3 consecutive days at 37 °C under humid conditions (60% relative humidity).
Eggs were automatically turned hourly and turning was discontinued on day 3 of embryo
development (EDD3). At EDD3, ~2.5 mL of egg white was withdrawn from the blunt end
of each egg using a sterile syringe to facilitate detachment of the CAM from the shell. A
1 cm? window was then carefully drilled in the shell and sealed with sterile, transparent
film. The eggs were returned to the incubator for GBM patient tumor cell transplantation
on CAM at EDD?7.

The GBM cell suspension was centrifuged at 800 rpm for 3 min and the supernatant
was discarded. The cells in DMEM were resuspended in rat tail collagen, type I (Gibco,
New York, NY, USA) (group—control), and in a mixture of collagen, 2 mM NaVPA and
3 mM NaDCA in DMEM (treated group), total volume of preparation for single tumor
formation—20 uL. A 20 uL of GBM cell suspension mixture was pipetted onto a 4 mm?®
piece (1 mm x 2 mm x 2 mm) of a hemostatic, absorbable gelatin sponge (Surgispon, Aegis
Lifesciences, Gujarat, India). The gelatin sponge serves as a suitable scaffold for delivering
tumor cell suspensions onto the CAM surface, as previously reported by Ribatti [56]. At the
EDD?, the tumor-bearing sponge was transplanted on the CAM in proximity to major blood
vessels. Structural changes in the tumor were monitored in vivo with a stereomicroscope
(SZX2RFA16, Olympus, Tokyo, Japan) from EDD 9 to 12. Tumor images were acquired with
a DP92 digital camera connected to CellSens Dimension 1.9 imaging software (Olympus,
Tokyo, Japan).

On EDD12, 0.25 mL of fluorescein isothiocyanate-dextran (5 mg/mL; Sigma-Aldrich,
St. Louis, MO, USA) was injected into a major CAM blood vessel using an insulin syringe
(Chirana T. Injecta, Stara Tura, Slovakia). The tumor and surrounding CAM were harvested
and photographed under natural light and ultraviolet illumination using a green fluores-
cent protein (GFP) filter (Olympus, Tokyo, Japan), as visualized with the aforementioned
imaging software (version 1.9).

2.5. Histological and Immunohistochemical Study of the Tumor

Harvested CAM specimens and part of the postoperatively obtained GBM tumor
tissue were fixed in 10% neutral and buffered formalin solution for approximately 24 h.
Following fixation, samples were embedded in paraffin wax and sectioned at a thickness
of 3 um using a microtome (Leica, Wetzlar, Germany). Hematoxylin and eosin (H-E) and
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immunohistochemical (IHC) staining methods were performed, as reported [16]. Capturing
and visualization of slides stained with H-E and IHC were performed using a microscope
(BX 40F4, Olympus, Tokyo, Japan) and a digital camera (XC30, Olympus, Tokyo, Japan),
with CellSens Dimension 1.9 software.

Each tumor was evaluated for invasiveness into the CAM using 10x and 40x mag-
nifications in two H-E sections. The invasion was defined as either disruption of the
chorionic epithelium (ChE) and/or the presence of tumor cells infiltrating the underlying
CAM mesenchyme. In non-invasive cases, the tumor remained localized on the surface
of the chorionic epithelium, which retained its structural integrity. Two H-E sections of
the CAM region beneath each tumor were captured at 4 x magnification for analysis. The
average CAM thickness was determined by measuring at 10 distinct points (in um). All
measurements were conducted over a standardized CAM length of 1792 um.

THC was performed to detect GFAP, PCNA, p53, EZH2, and vimentin expression.
Tissue sections (3 um thick) were mounted on poly-L-lysine-coated slides (Thermo Fisher
Scientific, Branchburg, NJ, USA). Antigen retrieval was performed using the heat-induced
epitope retrieval method for 20 min at 95 °C. High pH EnVision FLEX Target Retrieval So-
lution (pH 9, K8004, Dako, Glostrup, Denmark) was used for GFAP, PCNA, p53, and EZH2,
while Low pH EnVision FLEX Target Retrieval Solution (pH 6, K8005, Dako, Glostrup,
Denmark) was used for vimentin. Staining was performed using the Shandon CoverPlate
System (Thermo Fisher Scientific, Branchburg, NJ, USA). Endogenous peroxidase activity
was blocked for 10 min using EnVision FLEX Peroxidase Blocking Reagent (SM801, Dako,
Glostrup, Denmark). Primary antibodies were applied at a 1:100 dilution: for PCNA,
p53 and EZH2, incubation was conducted for 30 min at room temperature; for GFAP
and vimentin, incubation was conducted overnight at 4 °C. The primary antibodies used
were: anti-GFAP (EPR1034Y, ab68428, Abcam, Cambridge, UK), anti-PCNA (PC10, Thermo
Fisher Scientific, Branchburg, NJ, USA), anti-p53 (aa 211-220, clone PAb240, CBL404),
recognizes both mutant and denatured wild-type p53 (Merck, Darmstadt, Germany), anti-
KMT6/EZH2 (phospho S21, ab84989, Abcam, Cambridge, UK), and anti-vimentin (V9,
MQ0725, Dako, Glostrup, Denmark). To achieve negative control, the primary antibody was
omitted; for positive control, each slide array was used. Detection of immunoreactivity
was achieved using a horseradish peroxidase-conjugated polymer dextran system labeled
with a mouse antibody (secondary) and a linker (respectively, SM802 and SM804; Dako,
Glostrup, Denmark) for 30 min at room temperature. Visualization was completed us-
ing 3,3/-diaminobenzidine (DAB, DM827, Dako, Glostrup, Denmark) as the chromogen.
For a wash buffer, a Tween 20-containing Tris-buffered saline solution (DM831, Dako,
Glostrup, Denmark) was used. Counterstaining was performed with Mayer’s hematoxylin
(Sigma-Aldrich, Taufkirchen, Germany). Protein expression of the investigated markers
was evaluated by selecting two randomly chosen vision fields (each with a plot area of
23,863.7 um?) within two histological sections of THC-stained tumor and capturing them at
40x magnification. The marker-positive stained cells and total tumor cells were counted,
and the percentage of marker-positive cells was calculated in each histological section.

In Tables 2 and A1-AS5, n represents the number of histological sections analyzed. For
each tumor on CAM, two sections were assessed for histomorphometry measurements
(invasion and CAM thickness) and for immunohistochemical evaluation (GFAP, PCNA, p53,
EZH2 and vimentin). For each GBM patient tumor tissue sample, a total of 10 sections were
analyzed. Histological and histomorphometric analyses were performed by an operator
blinded to the experimental groups.
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Table 2. The invasion into CAM frequency and the CAM thickness data of the tested tumors.

Patient Invasion CAM Thickness (um),
Study Group " Frequency (%) Median (Range)
GBM2-2F
201.80
Control 16 75.00 (47.32-677.70)
2 mM NaVPA-3 mM NaDCA-treated 16 37.502 40310
: (150.30-672.20)
GBM2-3F
398.6 0
Control 20 60.00 (98.00-675.60)
2 mM NaVPA-3 mM NaDCA-treated 20 60.00 422.70
cate : (100.05-782.40)
GBM2-4M
201.30
Control 14 71.43 (44.77-350.10)
b 171.40
2 mM NaVPA-3 mM NaDCA-treated 14 28.57

(120.10-356.50) ©

2 p = 0.033, compared with control; ® p = 0.005, compared with control; € p = 0.037, compared with control.

2.6. Statistical Analysis

Statistical analysis and visualization were performed using IBM SPSS Statistics version
23.0 (IBM SPSS, Armonk, NY, USA) and GraphPad Prism version 9 (GraphPad Software
Inc., San Diego, CA, USA). The frequency of tumor invasion into the CAM was expressed
as a percentage (%), and comparisons between study groups were performed using the chi-
square test. The Shapiro-Wilk test was applied to assess the normality of data distribution.
CAM sub-tumoral thickness and IHC marker expression are presented as medians with
corresponding minimum and maximum values. The nonparametric Mann-Whitney U test
was used to assess differences between the two independent groups. A p-value of <0.05
was considered statistically significant.

3. Results

3.1. Stereomicroscopic and Histologic Images of Tested Tumors on the CAM In Vivo, the Tumor Ex
Owo, and Their H-E Histological Images

Figure 1 shows stereomicroscopic and histologic images of GBM2-2F, GBM2-3F and
GBM2-4M tumors on the CAM.

Figure 1a shows the GBM2-2F biomicroscopy images of tumors on the CAM at the EDD9
and EDD12, the ex ovo tumor with CAM, and the histological H-E images. Comparison of
the control tumor EDD9 with EDDI12 reveals tumor invasion into the CAM. The H-E image
shows damaged chorionic epithelial integrity and tumor invasion into the CAM, with the CAM
beneath the tumor appearing thickened and containing multiple vessels. Ex ovo control images
show blood vessels around the tumor. Treatment with 2 mM NaVPA-3 mM NaDCA inhibited
tumor growth and the formation of a vascular network around the tumor, as evidenced by the
absence of a vascular network and no chorionic epithelial damage on H-E images.

Figure 1b shows the biomicroscopy images of the GBM2-3F tumor at EDD9 and EDD12,
the excised tumor with the CAM, and the H-E histological images of the tumor on the CAM.
GBM2-3F control at EDD9 and 2 mM NaVPA-3 mM NaDCA tumors on CAM have clear
boundaries. The control tumor at EDD12 is reduced due to tumor invasion into the CAM
mesenchyme. The control ex ovo image shows a pronounced vascular network around the
tumor, and the H-E preparation shows compromised chorionic epithelial integrity, tumor
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invasion, and CAM thickening. Compared to the control, treatment with 2 mM NaVPA-3
mM NaDCA in the H-E image of the tumor reveals CAM thickening beneath the tumor,
indicating damage to chorionic epithelial integrity.

(a) GBM2-2F
EDD12 CAM ex ovo H-E 4x H-E 10

2 mM NaVPA-
3mM NaDCA-
treated

(b) GRM2-3F
Control

2 mM NaVPA-
3 mM NaDCA-
treated

(c) GBM2-4M

Control

2mM NaVPA-
3 mM NaDCa.—

Figure 1. Stereomicroscopic and histologic images of GBM2-2F (a), GBM2-3F (b) and GBM2-4M
(c) tumors in vivo on the CAM at EDD9, EDD12, ex ovo at EDD12 (scale bar—1 mm), and H-E
stained histologically (4x scale bar—200 pm, 10x—50 pm). Arrows indicate the “spoked wheel”;
dotted line —disruption of chorionic epithelium; asterisk—the enlarged region in H-E 10x pictures;

arrowhead—intact chorionic epithelium.

Figure 1c shows the biomicroscopy of the GBM2-4M tumor images at EDD9 and
EDD12 on the CAM, the tumor ex ovo with the CAM, and the histological H-E images of
the tumor in the control and treatment groups.

The GBM2-4M control tumor at EDD9 is visually larger than the tumor at EDD12, as
it has penetrated the CAM mesenchyme on day 12, and only part of the tumor is visible
on the CAM surface. The histological section of the control H-E tumor shows extensive
tumor invasion and is surrounded by CAM mesenchyme. The control ex ovo image
shows a vascular network surrounding the tumor. Treatment with 2 mM NaVPA-3 mM
NaDCA inhibited tumor invasion (where the tumor is located on the CAM surface) and the
formation of a vascular network around the tumor. No lesions of the chorionic epithelium
are seen on the H-E image of the treated tumor at EDD12.

3.2. GBM2-2F, GBM2-3F and GBM2-4M Tumors’ Growth, Tumor Invasion Rate into CAM, the
IMP Impact on Neo-Angiogenesis and CAM Thickness Under the Tumor

Table 2 and Figure 2 present the histomorphometric data on the incidence of tumor invasion
into the CAM and the thickness of the CAM beneath the tumor in the studied groups.
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Figure 2. The frequency of tumor invasion into CAM in the study tumor in the CAM groups:
GBM2-2F, GBM2-3F, and GBM2-4M.

There were no significant differences in invasion among the GBM2-2F, GBM2-3F, and
GBM2-4M control groups. Compared to matched controls, treatment with 2 mM NaVPA-3
mM NaDCA significantly reduced the incidence of tumor invasion into the CAM in patients
GBM2-2F and GBM2-4M. The 2 mM NaVPA-3 mM NaDCA did not affect the invasion of
GBM2-3F tumors.

Treatment did not affect the sub-tumor CAM thickness of GBM2-2F and GBM2-3F
tumors. Compared to the GBM2-4M control, 2 mM NaVPA-3 mM NaDCA significantly
reduced the thickness of the CAM under the tumor. CAM thickness was significantly
lower in the GBM2-4M control group than in the GBM2-3F control (p = 0.003). Among the
treated groups, CAM thickness in GBM2-4M was significantly lower compared to GBM2-2F
(p = 0.0003) and GBM2-3F (p = 0.005).

Figure 3 shows fluorescence stereo-microscopy images after injecting fluorescent
dextran into a CAM vessel. Dextran highlighted the vascular network around the tested
tumor. Compared to controls, images of 2 mM NaVPA-3 mM NaDCA-treated GBM2-2F,
GBM2-3F and GBM2-4M tumors showed blunted neoangiogenesis.

2 mM NaVPA-3 mM
NaDCA-treated

Control

GBM2I-2F

GBM2-IF

GRM2-4M

Figure 3. Fluorescent stereomicroscopic images of GBM (glioblastoma) patient tumors (fluorescent
dextran highlights the tumor and surrounding blood vessels). Scale bar—1 mm.
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3.3. GBM2-2F, GBM2-3F and GBM2-4M Immunohistochemical Examination of GEAP, PCNA,
p53, EZH2 and Vimentin Markers Expression in the Tested Tumors on CAM
3.3.1. The GFAP Expression in GBM-Resected Tumor Tissue of Studied Patients and
Tumors Formed by Tumor Cells on CAM
Figure 4 and Appendix A, Table A1 present the GFAP expression data in the operated

tumor tissue of GBM patients and the GFAP expression in GBM-formed tumors on CAM
in control and 2 mM NaVPA-3 mM NaDCA-treated groups.

(@)

GBM2-2F GBM2-4M

GBM2-3F

Fl

GEM patient
tumor tissue

5 i
o
2mM NaVPA- e

3mM NaDCA-
treated

o -

Koo g g
£ 80 - 80 ]
El E Kl
g 60 g 60 g o
£ £ £
E. 40 §_ 40 §. 40
: A &
i g =
< o <

-

OCIN & & s & S & &
F& &5 £ F& S & F& &£ &
RS S T 2§ S
e @“‘"&v‘?@ < & @“"&&“@ N E e >
\d \ad 2
S& o & Qg & é’&;
N S
'\0§ '\‘& "0&

Figure 4. Immunohistochemical GFAP expression in the GBM patient tumor tissue and the
GBM tumors on CAM formed from the corresponding patient’s tumor cells in control and 2 mM
NaVPA-3 mM NaDCA-treated groups. (a) Brown cytoplasm shows GFAP-positive cells. Scale
bar—20 um; (b) The percentage of GFAP-positive cells.

Histological analysis revealed no differences in GFAP expression between the tumor
tissue removed from patients and the control tumor formed by the same tumor cells on
CAM (p > 0.05). Immunohistochemical analysis showed that the frequency of GFAP-
positive cells in the GBM patient tumor tissue and the frequency of GFAP-positive cells in
the tumor on the CAM formed from the corresponding patient’s tumor cells (at EDD12)
were not significantly different, indicating that the formatted tumors on the CAM are
consistent with the histological characteristics of the patient’s tumor.

The frequency of GFAP-positive cells in the control GBM2-2F tumor was 80.24%, in the
GBM2-3F tumor, 82.63%, and in the GBM2-4M tumor, 76.00%. Compared with the control,
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2 mM NaVPA-3 mM NaDCA significantly reduced the number of GFAP-positive cells in
GBM2-3F and GBM2-4M tumors and had no significant effect on GFAP expression in the
GBM2-2F tumor on CAM. The frequency of GFAP-positive cells did not differ significantly
among the GBM2-2F, GBM2-3F, and GBM2-4M treated groups.

3.3.2. The PCNA Expression of GBM Tumors in Control and Treated Groups

Figure 5 and Appendix A, Table A2 present PCNA expression data from tumors studied
on CAM. The frequency of PCNA-positive cells in control tumors—GBM2-2F—88.88%,
GBM2-3F—90.95%, and GBM2-4M—was 49.00%.
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Figure 5. Inmunohistochemical PCNA expression in the GBM tumors on CAM. (a) Brown nucleus
shows PCNA-positive cells in control and 2 mM NaVPA-3 mM NaDCA-treated tumors on CAM.
Scale—20 um; (b) The percentage of PCNA-positive cells.

Compared to the respective control, 2 mM NaVPA-3 mM NaDCA significantly re-
duced the number of PCNA-positive cells in GBM2-2F, GBM2-3F, and GBM2-4M tumors on
CAM. Comparison of control groups showed that GBM2-4M had a significantly lower fre-
quency of PCNA-positive cells than GBM2-2F (p = 0.0002) or GBM2-3F (p = 0.007). Among
the treatment groups, GBM2-2F showed the highest frequency of PCNA-positive cells,
when compared with GBM2-3F (p = 0.002) and GBM2-4M (p < 0.0001). GBM2-4M showed
a significantly lower frequency of PCNA-positive cells compared with GBM2-3F (p = 0.02).
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3.3.3. The p53 Expression of GBM Tumors in Control and Treated Groups

Figure 6 and Appendix A, Table A3 display p53 expression data from the tumors of
the GBM tumor-on-CAM model.
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Figure 6. Immunohistochemical p53 expression in the GBM tumors on CAM. (a) Brown nucleus
shows p53-positive cells in control and 2 mM NaVPA-3 mM NaDCA-treated tumors on CAM.
Scale—20 um; (b) The percentage of p53-positive cells.

The frequency of p53-positive cells in the GBM2-2F control tumor was 50.13%, 62.34%
in GBM2-3F, and 56.58% in GBM2-4M. Compared to the control, 2 mM NaVPA-3 mM
NaDCA significantly reduced the frequency of p53-positive cells in GBM2-2F, GBM2-3F, and
GBM2-4M tumors on CAM. The frequency of p53-positive cells did not differ significantly
among GBM2-2F, GBM2-3F, and GBM2-4M in either control or treated groups.

3.3.4. The EZH2 Expression of GBM Tumors in Control and Treated Groups

Figure 7 and Appendix A, Table A4 present the EZH2 expression data for the tumors
studied on CAM. The frequency of EZH2-positive cells was 73.48% in the control of GBM2-
2F, 91.11% in GBM2-3F, and 58.11% in GBM2-4M.
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Figure 7. Inmunohistochemical EZH2 expression in the GBM tumors on CAM. (a) Brown nucleus
shows EZH2-positive cells in control and 2 mM NaVPA-3 mM NaDCA-treated tumors on CAM.
Scale—20 um; (b) The percentage of EZH2-positive cells.

In the control groups, GBM2-3F had a significantly higher frequency of EZH2-positive
cells than GBM2-2F (p = 0.01) and GBM2-4M (p < 0.0001). In the treatment groups, GBM2-
4M had the lowest frequency of EZH2-positive cells, when compared with GBM2-2F
(p = 0.04) and GBM2-3F (p = 0.02). Compared to the control, 2 mM NaVPA-3 mM NaDCA
significantly reduced the number of EZH2-positive cells in GBM2-2F, GBM2-3F, and GBM2-
4M tumors on CAM.

3.3.5. The Vimentin Expression in the Studied GBM Tumors in the Control and
Treated Groups

Figure 8 and Appendix A, Table A5 show the vimentin expression data of the inves-
tigated GBM tumors on CAM. The frequency of vimentin-positive cells in the GBM2-2F
control tumor was 45.85%, 26.91% in GBM2-3F, and 79.00% in GBM2-4M.
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Figure 8. Immunohistochemical vimentin expression in the GBM tumors on CAM. (a) Brown
cytoplasm shows vimentin-positive cells in control and 2 mM NaVPA-3 mM NaDCA-treated tumors
on CAM. Scale—20 um; (b) The percentage of vimentin-positive cells.

GBM2-4M had a significantly higher frequency of vimentin-positive cells than GBM2-
2F (p = 0.04) and GBM2-3F (p = 0.03) in the control groups. Compared to the control, 2 mM
NaVPA-3 mM NaDCA significantly reduced the number of vimentin-positive cells in
GBM2-2F, GBM2-3F and GBM2-4M tumors on CAM. GBM2-4M had a significantly higher
frequency of vimentin-positive cells than GBM2-2F (p = 0.001) and GBM2-3F (p < 0.0001) in
the treatment groups.

4. Discussion

Advances in personalized GBM treatment are closely linked to standard treatment,
and new treatment strategies are being explored, including chemotherapy with medicines
that target the tumor’s metabolic and molecular properties. Understanding the mechanisms
of drug action and drug resistance, while assessing the effect of drugs on changes in cancer
prognostic markers, is essential for confirming the effectiveness of GBM treatment [57,58].
The anticancer effect of NaVPA-NaDCA is supported by non-clinical data from in vivo
CAM model studies that evaluated the drug’s effects on tumor growth, vascularization,
invasion, and tumor tissue marker expression via histological analysis. The data from this
study suggest that the CAM model is a valuable tool for evaluating the in vivo efficacy

https:/ /doi.org/10.3390/pharmaceutics18010052

263



Pharmaceutics 2026, 18, 52

15 of 25

of the investigational drug. The absence of a mature immune response and a capillary
network characterizes the CAM. Successful engraftment of transplanted tissue on the
CAM requires neovascularization to ensure graft survival. Host capillaries from the chick
embryo grow vertically into the implanted GBM tissue [59-62]. Angiogenesis in the CAM
is characterized by increased blood vessel density around the transplanted and invading
tumor. Neoplastic cells secrete specific endothelial cell growth factors, cytokines and
chemokines that stimulate the growth of recipient blood vessels. Histological changes in
CAM located under tumor grafts include increased membrane thickness [59-61,63-65]. The
angiostatic response to NaVPA-NaDCA manifests as a decrease in blood vessel density,
which can also be attributed to its proinflammatory and immune-suppressive effects [28,29].
The impact of NaVPA-NaDCA on membrane thickness under the tumors was individual:
it did not impact the CAM thickness in GBM2-2F and GBM2-3F tumors. NaVPA-NaDCA
significantly reduced the thickness of the CAM of GBM2-4M.

NaVPA-NaDCA, as well as TMZ, in vitro had individual effects on the SLC12A2,
SLC12A5, CDH1, CDH2, EZH2 and GFAP gene expressions in human primary cells of
GBM (IDH-wild-type tumors), and it was found that NaVPA-NaDCA could have a greater
impact, and that may be more effective than TMZ, but the effect is individual [66]. This
study investigated the impact of NaVPA-NaDCA on the cancer markers of patient-derived
GBM primary cell-formed tumors on CAM under treatment.

GFAP is expressed in human GBM cells and GBM stem cells, serving as a marker
for the histological identification of GBM [32]. When comparing the percentage of GFAP-
positive cells in the patient’s GBM tumor tissue and in the tumor formed on CAM from
the same patient’s tumor cells, IHC evaluation showed no difference. The frequency of
GFAP-positive cells did not differ among GBM2-2F, GBM2-3F, and GBM-4M tumor tissues,
nor did it differ among the corresponding tumors formed on CAM from the tested patient
tumor, demonstrating that GBM control tumors formed from patients” primary GBM cells
on CAM retain tumor immunohistochemical GFAP expression.

The protein GFAP participates in cytoskeletal remodeling, plays a functional role
among GBM cell mitochondria in response to a proapoptotic stimulus, and is associated
with GBM progression [33]. It was reported that IHC showed that GFAP levels in GBM
tumors were linked to worse survival: studies of adult GBM patients showed that the
GFAP > 75% had significantly poorer survival, regardless of MGMT promoter methylation
status or isocitrate dehydrogenase 1 (IDH1) mutations, leading to the suggestion that
quantitative immunohistochemical GFAP assessment could be a new biological marker
for predicting survival in GBM patients [34]. Other researchers concluded that there is
no strong correlation between GFAP and astrocytoma malignancy, that GFAP-positive
populations are highly heterogeneous, and that differentiation between GFAP isoforms
GFAPS and GFAP« could improve the assessment of tumor malignancy status [32].

An increase in GFAP content is a strong indication of reactive astrocyte remodeling.
Reactive astrocytes are key regulators of inflammation during glioma genesis, shaping the
GBM microenvironment. In the GBM, astrocytes are activated and regulate tumor microen-
vironment cells through cell—cell contact or the secretion of proinflammatory cytokines,
chemokines and other active substances [67]. NaVPA-NaDCA reduces inflammation by
inhibiting proinflammatory cytokines and chemokines [28,29], which may counteract the
effects of active substances in the GBM microenvironment and alter GFAP protein expres-
sion in tumor cells. The 2 mM NaVPA-3 mM NaDCA treatment significantly reduced
the number of GFAP-positive cells in GBM2-3F and GBM2-4M tumors on CAM, but did
not affect the expression of the GBM2-2F tumor. The Ezh2cKO mouse model shows that
Ezh2 depletion in astrocytes significantly increases GFAP expression [68]. Interpreting
GFAP-positive cell counts as indicative of astrocyte proliferation, GFAP immunofixation
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should be evaluated in conjunction with proliferation markers such as PCNA, Ki-67, or
other relevant markers [67].

It was reported that GFAP gene expression varies among primary GBM cells, with
GBMB5-1F and GBM5-3F exhibiting higher expression than GBM5-2F. Treatment with
NaVPA-NaDCA significantly upregulated GFAP gene expression in GBM5-2F cells, signifi-
cantly downregulated it in GBM5-3F cells, and had no effect on gene expression in GBM5-1F
cells, while TMZ did not affect GFAP expression in the tested cells [66]. A correlation was
observed between shorter survival in patients with grade IV GBM and increased GFAP
transcription activity. Similarly, gRT-PCR analysis revealed a trend toward shorter survival
with higher GFAP mRNA levels in patients with grade IV astrocytoma. The REMBRANDT
dataset also confirmed the association between more prolonged survival in glioma patients
and decreased GFAP mRNA expression. Thus, GFAP expression studies may have clinical
relevance, as GFAP can be used as a prognostic marker for glioma [34,69].

PCNA studies indicate that increased PCNA expression is associated with malignant
tumor characteristics, advanced stage, higher GBM grade, and poor prognosis. Further-
more, alterations in PCNA during tumor treatment may indicate the effectiveness of
therapy [35,36,70]. After tumor removal, even supramarginal resection inevitably leaves
some tumor cells behind. The remaining GBM cells retain both proliferative and inva-
sive properties, underscoring the importance of effective chemotherapy during tumor
progression [71]. Comparison of control groups showed that GBM2-4M has significantly
lower PCNA-positive cell expression than GBM2-2F and GBM2-3F. Treatment with 2 mM
NaVPA-3 mM NaDCA significantly reduced the number of PCNA-positive cells in all
tested tumors on CAM. After treatment with the combination, the frequency of PCNA-
positive cells was significantly higher in GBM2-2F tumors than in GBM2-3F and GBM2-4M
tumors, and the expression of the marker was significantly lower in GBM2-4M compared
to GBM2-3F tumors. It has been reported that the effect of NaVPA-NaDCA on PCNA
expression in T98G cells tumors on CAM is synergistic: the frequency of PCNA-positive
cells was significantly reduced in those treated with NaVPA-NaDCA, while 3 mM NaDCA
did not affect marker expression; the effect of NaVPA-NaDCA and 50 uM TMZ on T98G
tumors was comparable [25]. PCNA-associated complexes and p53 activity regulation are
closely linked through the p53 signaling pathway [37,72].

P53 mutations cause the accumulation of dysfunctional p53 protein in tumor tissue,
while natural p53 is consumed and does not accumulate in tumor tissue [40,41]. The
immunochemistry method revealed p53-positive cells in GBM2-2F, GBM2-3F, and GBM2-
4M control tumors, with no difference in marker expression among them. The mutated
P53 protein can acquire oncogenic functions and act as a dominant inhibitor of the wild-
type p53 tumor suppressor and apoptosis pathways in GBM cells [39]. When developing
cancer treatment strategies, therapies targeting mutated p53 proteins in tumor tissue should
be considered [38,40,42,43]. The 2 mM NaVPA-3 mM NaDCA significantly reduced the
frequency of p53-positive cells in GBM2-2F, GBM2-3F and GBM2-4M tumors on CAM,
with no difference in marker expression among the treated tumor groups. It was reported
that 3 mM NaDCA or 2 mM NaVPA-3 mM NaDCA had no effect on the expression of
p53-positive cells in U87 or T98G cell tumors on CAM, while treatment with 50 pM TMZ
significantly reduced the number of p53-positive cells in the tumor groups studied, and the
expression of p53-positive T98G cells did not differ between the TMZ- and 2 mM NaVPA-3
mM NaDCA-treated groups [25]. The unsatisfactory efficacy of TMZ chemotherapy in
treating GBM is associated with high levels of O-6-methylguanine-DNA methyltransferase
(MGMT) expression [73]. High doses of TMZ to reduce MGMT activity are limited by
toxicity issues [73,74]. The p53 protein is reported to regulate MGMT [75]. Reduced MGMT
expression levels in GBM are associated with p53 activation [76,77]. VPA may induce
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methylation of the MGMT promoter, reduce MGMT expression in GBM cells, and increase
the sensitivity of temozolomide-resistant glioma cells and GBM stem cells [78,79]. In vivo,
combined treatment with dichloroacetate and radiotherapy improved survival in mice with
orthotopic glioblastoma, demonstrating that DCA can increase the sensitivity of GBM cells
to radiotherapy by modulating tumor cell metabolism [17].

EZH2 expression in GBM cells correlates with high-grade GBM, which is associated
with poorer survival outcomes [44,45]. EZH2 activity is related to the suppression of
GBM tumor suppressors and tumor progression [46]. The frequency of EZH2-positive
cells in the study’s GBM primary cell control groups ranged from 58.11% to 91.11%. A
2 mM NaVPA-3 mM NaDCA treatment significantly reduced the number of EZH2-positive
cells in GBM2-2F, GBM2-3F, and GBM2-4M tumors on CAM. EZH2 inhibition is being
investigated as a therapeutic target [47]. Preclinical studies, both in vivo and in vitro,
demonstrated that EZH2 inhibitor GSK126 inhibited the viability of primary GBM cells
and GBM stem cells, weakened the aggressive malignant phenotype, cell migration and
invasion [80]. Interactions between CCI2+ malignant cells and IL-10+ tumor-associated
macrophages in the tumor microenvironment, mediated by the EZH2-FOSL2-CCL2 axis,
are significant for GBM mesenchymal transition pathways [81]. Studies of T lymphocytes
in patients with COVID-19 pneumonia have shown that NaVPA-NaDCA significantly
downregulates the expression of the chemokine CCL2 and the IL-10 gene in T cells [28]. The
use of EZH2 inhibitors in GBM models warrants further investigation, as EZH2 inhibition
may also affect the regulation of tumor suppressors and other signaling pathways [48].

RNA sequencing data indicate that vimentin is highly expressed in OXPHOS-resistant
GBM cells and plays a crucial role in tumor progression, immunotherapy suppression, can-
cer stem cell properties, and the development of drug resistance [49]. Vimentin expression
data from the study investigating GBM tumors on CAM showed significant variability:
the frequency of vimentin-positive cells was 45.85% in GBM2-2F, 26.91% in GBM2-3F and
79.00% in the GBM2-4M control tumors. The 2 mM NaVPA-3 mM NaDCA significantly
reduced the number of vimentin-positive cells in the study tumors on CAM. Vimentin is
a key marker of the EMT process, promoting a mesodermal tumor phenotype [82]. An
increase in vimentin expression in tumors is associated with EMT, characterized by a loss of
cell adhesion [50]. Some studies have reported a link between TMZ resistance and vimentin
expression [51]. The EMT process not only causes drug resistance in GBM but also facilitates
tumor invasion [83]. GBM can hijack brain communication for tumor invasion through tu-
mor microtubule formation, and vimentin plays an essential role in this process. In clinical
GBM patients, immunofluorescence staining for GFAP and vimentin showed a progressive
increase in vimentin expression, correlating with higher tumor grade. Vimentin-positive
cells were partially colocalized with GFAP-positive cells, suggesting that GFAP-positive,
vimentin-positive cells are associated with GBM progression and may influence tumor
invasion [84]. Vimentin expression is inversely correlated with the prognosis of glioma
patients [84]. Vimentin is considered a promising therapeutic target for GBM [49,52].

It would also be essential to discuss the advantages of the CAM model compared to
conventional PDX models that involve implanting patient tumor cells or tumor fragments
into immunodeficient mice. They are the mainstay of preclinical and clinical drug evalu-
ation, as they preserve key histopathological and genetic features of the primary tumor
better than cell lines or genetically modified mice [31]. A significant research hurdle is the
limited use of PDXs in rodents, as patient-derived tumor cells often fail to grow in these
animals [7]. Without a technically complex orthotopic model of brain tumors, the adherence
of human glioma fragments in mice is very low. Repeated tissue transfers into mice can
replace the human tumor microenvironment with mouse components, potentially altering
drug response [85,86]. Notably, there is a discrepancy in vimentin expression between
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patient samples and tumor xenografts in mice [84]. The successful engraftment rate for
GBM on CAM was 98.3% [30], and in heterotopic mouse PDX glioma models, success rates
ranged from 38% to 69% [87,88]. The orthotopic brain tumor model had a success rate
of 76-90% [89,90]; however, a long-standing problem in developing GBM PDX models
is the almost complete failure to engraft IDH1-mutant samples when transplanted into
mice [87,91]. In contrast, PDX-CAM is practically always successful regardless of glioma
IDH status [30,59]. PDX-CAM results are available within a week, whereas PDXs in rodents
take a few times longer.

The synergistic action of chemotherapy and the HDAC inhibitor VPA is promising for
treating GBM and preventing chemotherapy resistance. [23,92]. The novelty of the study
lies in the finding that VPA may enhance DCA transport into the cell via demethylated
SLC5AS8, the DCA transporter [21,22]. Such synergism may be relevant because it could
allow a reduction in the DCA dose and the risk of its undesirable effects.

The limitation of the study is that only three patients with GBM primary cell tumors on
CAM were studied. However, studies have shown that the NaVPA-NaDCA combination is
effective in inhibiting GBM carcinogenesis. Another important aspect is that further studies
on GBM primary cells are needed to determine the effect of the combination on immune
and inflammatory pathways important for GBM progression.

5. Conclusions

1. Glioblastoma tumors formed from patients’ primary cells on CAM retain tumor GFAP
expression, indicating that the CAM model is reliable for studying the properties of
the tumor.

2. Preclinical in vivo studies using the CAM model indicate that NaVPA-NaDCA has an
anticancer effect on GFAP, p53, PCNA, EZH2, and vimentin GBM markers expression,
which is important for carcinogenesis.

3. The CAM model is informative for assessing the efficacy of the investigational drug
in glioma primary cell tumors and may be a relevant tool for evaluating the potential
effectiveness of chemotherapy; however, the expected effect of the drug should be
assessed individually.

6. Patents

National patent—the combination of NaVPA and NaDCA products is for the treat-
ment of cancer/Valpro rigsties ir dichloroacetato drusku derinio taikymas vézio gydymui
(Official Bulletin of the State Patent Bureau of the Republic of Lithuania, Patent No. 6874,
Int. Cl. A61K 31/00) [53]; European Patent—derivative of valproic acid and dichloroacetate
used for the treatment of cancer (Application No. 21168796.7, Publication No. EP3895702,
publication date 24 September 2025, Int. Cl. A61K 31/19, A61K 45/06, A61P 35/00 [54].
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Abbreviations

The following abbreviations are used in this manuscript:

CAM Chick embryo chorioallantoic membrane

DCA Dichloroacetate

DMEM Dulbecco’s Modified Eagle Medium for cell culture

EDD Day of embryo development

EZH2 Polycomb inhibitory complex catalytic subunit 2

FBS Fetal bovine serum

GABA Gamma-aminobutyric acid

GBM Glioblastoma

GFAP Glial fibrillary acidic protein

HDAC Histone deacetylase

H-E Hematoxylin and eosin

IDH Isocitrate dehydrogenase

THC Immunohistochemistry

NaDCA Sodium dichloroacetate

NaVPA-NaDCA  Combination of sodium dichloroacetate and sodium valproate

OXPHOS Oxidative phosphorylation

PCNA Proliferating cell nuclear antigen

PDH Pyruvate dehydrogenase

PDK Pyruvate dehydrogenase kinase

PDX Patient-derived xenograft model

p53 TP53 gene-encoded p53 protein

P/s Penicillin and streptomycin

T™Z Temozolomide

VPA Valproic acid

Appendix A

Table A1. Percentage of GFAP-positive cells in the GBM patient tumors on CAM.
Patient . GFAP-Positive Cells (%),
Study Group Median (Range)
GBM2-2F
GBM patient tumor tissue 10 93.70 (72.56-100.00)
Control tumor on CAM 8 80.24 (23.61-97.45)
2 mM NaVPA-3 mM NaDCA-treated 12 55.83 (10.10-93.60)
GBM2-3F
GBM patient tumor tissue 10 89.44 (83.56-95.65)
Control tumor on CAM 12 82.63 (75.05-90.63)
2 mM NaVPA-3 mM NaDCA-treated 10 44.38 (8.00-68.65)
GBM2-4M
GBM patient tumor tissue 10 85.88 (76.00-100.00)
Control tumor on CAM 8 76.00 (69.06-89.00)
2 mM NaVPA-3 mM NaDCA-treated 10 39.92 (32.00-76.00) P

2 p <0.0001, compared with control; ® p = 0.001, compared with control.
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Table A2. Percentage of PCNA-positive cells in the GBM patient tumors on CAM.

Patient PCNA-Positive Cells (%),
Study Group " Median (Range)
GBM2-2F

Control 8 88.88 (54.60-97.30)
2 mM NaVPA-3 mM NaDCA-treated 12 59.95 (34.31-93.20) @
GBM2-3F

Control 12 90.95 (24.00-98.00)
2 mM NaVPA-3 mM NaDCA-treated 10 30.35 (18.00-56.91) P
GBM2-4M

Control 8 49.00 (24.43-53.00)
2 mM NaVPA-3 mM NaDCA-treated 10 18.79 (3.00-31.10) ©

@ p =0.02, compared with control; b p =0.0008, compared with control; € p = 0.0009, compared with control.

Table A3. Percentage of p53-positive cells in the GBM patient tumors on CAM.

Patient p53-Positive Cells (%),
Study Group " Median (Range)
GBM2-2F

Control 8 50.13 (18.23-94.54)
2 mM NaVPA-3 mM NaDCA-treated 12 29.54 (2.01-60.32) @
GBM2-3F

Control 12 62.34 (8.60-93.33)
2 mM NaVPA-3 mM NaDCA-treated 10 23.93 (1.73-43.05)
GBM2-4M

Control 8 56.58 (22.19-66.00)
2 mM NaVPA-3 mM NaDCA-treated 10 24.00 (3.00-32.19) ©

@ p =0.031, compared with control; b p =0.002, compared with control; ¢ p = 0.006, compared with control.

Table A4. Percentage of EZH2-positive cells in the GBM patient tumors on CAM.

Patient EZH2-Positive Cells (%),
Study Group " Median (Range)
GBM2-2F

Control 8 73.48 (54.52-96.08)
2 mM NaVPA-3 mM NaDCA-treated 12 48.73 (15.21-96.40)
GBM2-3F

Control 12 91.11 (79.90-96.22)
2 mM NaVPA-3 mM NaDCA-treated 10 62.50 (2.00-92.17) ®
GBM2-4M

Control 8 58.11 (39.00-65.00)
2 mM NaVPA-3 mM NaDCA-treated 10 36.00 (16.00-43.36) ©

@ p =0.047, compared with control; b p =0.0004, compared with control; ¢ p = 0.0005, compared with control.
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Table A5. Percentage of vimentin-positive cells in the GBM patient tumors on CAM.

Patient Vimentin-Positive Cells (%),
Study Group " Median (Range)
GBM2-2F

Control 8 45.85 (19.20-76.45)
2 mM NaVPA-3 mM NaDCA-treated 12 13.94 (2.02-56.02) @
GBM2-3F

Control 12 26.91 (2.15-91.00)
2 mM NaVPA-3 mM NaDCA-treated 10 5.14 (1.18-31.25) b
GBM2-4M

Control 8 79.00 (35.38-89.00)
2 mM NaVPA-3 mM NaDCA-treated 10 49.50 (29.00-70.72) ©

@ p =0.002, compared with control; b p=0.043, compared with control; € p = 0.03, compared with control.
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