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IVADAS

Glioblastoma (GBM) yra piktybinis smegeny navikas, kuris priskiriamas
retoms ligoms. GBM gali susirgti bet kurio amziaus Zmonés, taciau suserga
vyresni asmenys [1]. Pirminé GBM sudaro 80 proc. visy suaugusiy zmoniy
GBM naviky [2], dazniau nustatomy vyrams nei moterims [3]. Motery
iSgyvenamumo trukmé po GBM diagnozavimo yra ilgesné nei vyry [4], o po
pakartotinés GBM operacijos motery mirties rizika mazesné nei vyry [5].

Siuo metu néra veiksmingo auksto laipsnio GBM gydymo. Standartinis
GBM gydymas yra kompleksinis, t. y. chirurginé naviko rezekcija, po kurios
skiriamas spindulinis gydymas ir chemoterapija. Gydant GBM, pirmos eilés
vaistas yra temozolomidas (TMZ) [6, 7], ta¢iau dazniausiai jis tik nezymiai
prailgina ligonio iSgyvenamuma [8, 9]. Taikant standartinj gydyma, vidutinis
ligoniy iSgyvenamumas yra 12—15 ménesiy [3, 7]. Didelis GBM pacienty
mirtingumas yra susijes su naviko rezistentiSkumu chemoterapijai [10]. Nors
prognoz¢ yra nepalanki, taciau apie 7 proc. GBM pacienty iSgyvena 5 metus
[3, 11]. Vaistiniy preparaty poveikis pirmiausia siejamas su navikiniy lgsteliy
proliferacijos slopinimu ir apoptozés aktyvinimu [12]. TMZ neveiksmin-
gumas siejamas su rezistentiSkumu gydymui, tod¢l liga recidyvuoja, o tai
lemia bloga ligos prognoze [13]. RezistentiSkumg gydymui gali lemti pavel-
dimi veiksniai, susij¢ su didele naviko invazija [14].

GBM Iasteléms yra biidingas pakitgs metabolizmas — suaktyvéje glikoli-
ziniai procesai [15]. Vienas i$ Siandienos GBM gydymo taikiniy yra poveikis
piruvato dehidrogenezés kinazéms (PDK) slopinant jy aktyvuma. PDK yra
lasteliy mitochondrijose, o jy didelis glikolizinis aktyvumas siejamas su kan-
cerogeneze [16]. PDK selektyviai inhibuoja piruvato dehidrogenezés (PDH)
kompleksa, kuris yra svarbus glikolizés ir oksidacijos mechanizmams [15].

Naviko invazijg gali reguliuoti ir vienvalenciy jony nesikliy aktyvumas.
Na*, K" ir CI” jony nesikliai yra siejami su lastelés homeostaze, fiziologiniu
lastelés tiirio reguliavimu, proliferacija, lastelés iSgyvenamumu bei su Siais
mechanizmais siejamy geny raiska naviko Iastelése [10]. Naviko zymeny ty-
rimas padeda nuspéti atsaka i gydyma, nustatyti ankstyva vézio stadija, ligos
prognozg, parinkti tinkamesnj gydyma [17].

Nesant veiksmingo GBM gydymo, svarbu ieSkoti biidy kaip sumazinti
navikiniy lgsteliy rezistentiSkuma gydymui. Yra duomeny, kad natrio dichlo-
roacetatas (NaDCA) gali padidinti GBM lIasteliy jautrumg TMZ [18, 19].
NaDCA yra specifinis PDK inhibitorius, slopinantis pieno riigSties gamyba
[20, 21]. Naviko lastelése ir jo mikroaplinkoje [22] glikolizé [23, 24] ir PDK
raiSka yra suaktyvéje [24]. Gydymas NaDCA skatina navikiniy lgsteliy
apoptoze [25]. Kitas miisy tirtas vaistinis preparatas yra valpro ragstis (VPA).



VPA yra histony deacetilaziy (HDAC) inhibitorius [26], epigenetinis
moduliatorius per metilinimo mechanizmus galintis paveikti geny raiska,
slopinti lasteliy proliferacijg, stabdyti lgstelés cikla ir indukuoti apoptoze.
Gydant vézj, VPA skiriamas ir kaip imunomoduliatorius [27]. Yra duomeny,
kad VPA gali pagerinti DCA perneSimg | lastele per mitochondrinius
mechanizmus [28, 29].

Si disertacija skirta istirti VPA, DCA ir jy derinio (VPA-DCA) poveikj
ziurkéms, jy timocitams, suaugusiy zmoniy GBM lasteliy linijy lasteléms ir
paciento GBM pirminéms lasteléms in vitro, jy navikams in vivo taikant
eksperimentinj modelj. Tiriamy vaistiniy preparaty VPA ir DCA derinio
tyrimai skirti nustatyti, ar taikant $iy preparaty derinj yra sinerginis poveikis,
ar tai leidzia sumazinti vaistiniy preparaty doz¢ siekiant gydymo veiksmin-
gumo. Atliekant eksperimentinius tyrimus, siekta nustatyti gydymo tiriamais
vaistiniais preparatais poveikio skirtumus, nustatyti GBM U87 Iasteliy
(moters) linjjos ir T98G lasteliy (vyro) linijos Iasteliy atsako | gydyma
skirtumus, nustatyti magnio dichloroacetato (MgDCA) poveikj kancero-
genezes mechanizmams duomenis palyginant su TMZ poveikio duomenimis;
nustatyti VPA-MgDCA poveiki su proapoptoze susijusiy geny raiSkai
pirminése GBM lastelése.

Darbo tikslas

Nustatyti dichloroacetato, valpro riigsties ir valpro riigSties—dichloro-
acetato derinio farmakologinj poveikj ziurkéms, jy ¢iobrialiaukei, timocitams
ir suaugusio zmogaus glioblastomos raidai.

Darbo uzdaviniai

1. Nustatyti paros ir ilgalaikio gydymo VPA-NaDCA poveikj Ziur-
kéms, Na*, K*, Cl-, Ca?*, Mg?" i§siskyrimui su paros $lapimu, kraujo
gliukozés, testosterono koncentracijai, Ciobrialiaukei ir Hasalio
kiineliy skai¢iui joje, inkstams, timocity lastelés ciklui, timocity
Slc5a8, Slci2a2, Slcl2a5 raiskai ir su lytimi susijusiems
skirtumams.

2. Nustatyti VPA poveikj ziurkiy timocity Sic5a8, Slci2a2, Slci2a5
raiSkai ir U887 bei T98G lasteliy SLC548, SLC12A42, SLCI2A45,
CDH1, CDH?2 raiskai.

3. Nustatyti MgDCA, VPA-MgDCA ir TMZ poveikj glioblastomos
U87 ir T98G lasteliy naviko ant CAM raidai, EZH2, PLBA, p53
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raiSkai navike ir poveiki navikiniy lasteliy SLC548, SLCI12A42,
SLCI1245, CDHI, CDH? raiskai.

4. Istirti VPA-MgDCA poveikj paciento pirminiy GBM lasteliy
naviko ant CAM raidai, jo PLBA, EZH2, p53 raiskai, naviko lgsteliy
SLC5A48, SLCI1242, SLCI2A45, CDHI, CDH2 ir su proapoptoze
susijusiy geny raiskai.

Darbo naujumas ir aktualumas

Darbe yra pateikiami pirma kartg atlikty eksperimentiniy tyrimy VPA ar
VPA—-NaDCA poveikio ziurkéms, jy Ciobrialiaukei, timocitams ir gydymo
poveikio su lytimi susijusiy skirtumy duomenys. Nustatytas VPA-NaDCA
derinio poveikis abiejy ly¢iy ziurkiy kraujo serumo gliukozés koncentracijai.
Gydymas Siuo deriniu reik§mingai sumazina patiny testosterono koncentra-
cijg kraujo serume. Nustatytas tiriamo vaistinio preparato VPA-NaDCA
poveikis ziurkiy inkstams, paros diurezei ir Na*, K*, Cl-, Mg*" ir Ca?*
i8siskyrimui su paros Slapimu, gydymo VPA ar VPA-NaDCA poveikis
ziurkiy timocity SLC5A8, NKCC1 ir KCC2 nesikliy geny raiskai, jy raiskos
sasaja su lytimi ir lytiniais hormonais.

Darbe pateikiame suaugusiyjy GBM US87 ir T98G lasteliy gydymo VPA
poveiki SLC5A8, NKCC1, KCC2, E-kadherino ir N-kadherino geny raiskai
ir gydymo poveikio skirtumus bei poveikj priklausomai nuo VPA dozés.
VPA aktyvuoja SCL5A48 raiska per DNR demetilinimo mechanizmus. D¢l to
galima hipotetiskai teigti, kad VPA poveikis gali biiti susij¢s su didesniu
DCA pernesimu j lastele. Toks poveikio sinerginis mechanizmas leisty suma-
zinti DCA doze.

Pirmg kartg yra tirtas MgDCA, VPA-MgDCA poveikis suaugusiyjy
GBM lasteléms in vitro ir jy suformuotiems navikams in vivo taikant CAM
modelj, GBM Iasteliy naviky augimui, jy invazijai | CAM, neoangiogenezei,
PLBA, EZH2, p53 Zymeny raiSkai navike ant CAM. VPA-MgDCA tyrimy
duomenys yra palyginti su TMZ poveikio duomenimis. VPA-MgDCA gydy-
mas didina U87 lasteliy SLC5A48 raiska veiksmingiau nei gydant VPA mono-
terapija. Be to, VPA-MgDCA slopina NKCCI ir aktyvuoja KCC2 nesikliy
geny raiska ir $is poveikis skiriasi gydant U87 ir T98G lasteles. Pirmg karta
naujos kartos sekoskaitos metodu nustatytas VPA-MgDCA poveikis suaugu-
sio vyro pirminiy GBM lasteliy su proapoptoze susijusiy geny raiskai.
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1. LITERATUROS APZVALGA

1.1. Glioblastomos gydymo situacija

GBM pasizymi agresyvia eiga ir nepalankia prognoze. Siandien néra
veiksmingo GBM gydymo [30]. Standartinis GBM gydymas dazniausiai tik
nezymiai prailgina ligonio iS§gyvenamumga [31]. Neveiksmingas GBM gydy-
mas yra susij¢s su naviko bei jo mikroaplinkos heterogeniSkumu ir gali pri-
klausyti nuo gliomos kamieniniy lasteliy. Gliomos kamieninés Igsteles gali
atsinaujinti ir diferencijuotis ] lasteliy linijas, kurios yra rezistentiSkos cito-
toksiniam bei spinduliniam gydymui ir gali turéti didelj onkogeniSkuma [30].
GBM lasteléms budinga aktyvi proliferacija, kuri susijusi su prislopinta apop-
toze bei lasteliy zttimi. Onkogeny, naviko supresoriy ir DNR reparacinés sis-
temos geny raiskos poky¢iai lemia GBM genotipo ir fenotipo pokycius [17].

GBM pasizymi sudétinga, skatinancia naviko augimg mikroaplinka, slo-
pinanc¢ia imuning sistema ir lemiancia atsparumg gydymui. Pagrindiniai navi-
ko mikroaplinkos veiksniai yra citokinai: interleukinas-4 (IL-4), IL-6 ir IL-
13, CDA40. IL-4 ir IL-13 sukelia imunosupresing aplinka poliarizuodami su
naviku susijusius makrofagus i pronavikinj M2 fenotipg. IL-6 aktyvina JAK-
STATS3 kelia, didina navikiniy lasteliy iSgyvenamumg ir proliferacija. CD40
gali aktyvuoti naviko augima, angiogenezes ir lasteliy gyvybingumo palaiky-
mo kelius. Siy molekuliy tarpusavio poveikis didina GBM piktybiskuma. Gy-
dymo tikslas vienu metu veikiant IL-4, IL-6, IL-13 ir CD40 — yra sukurti gy-
dymo strategijas, kurios padéty nutraukti GBM navikg palaikancios aplinkos
veikima, slopinti naviko augima ir pagerinti pacienty gydymo rezultatus [32].

GBM piktybiskumas siejamas su navikiniy lasteliy genetiniais pokyciais,
susijusiais su svarbiy signaliniy keliy ir epigenetiniy mechanizmy disregu-
liacija, susijusia su proliferacijos, lasteliy augimo, iSgyvenamumo ir apop-
tozés mechanizmais. GBM prognostiniai pokyc¢iai siejami su PI3K/AKT,
p53, RTK, RAS, RB, STAT3, Z1P4, PI3K/AKT/mTOR (PAMT) ir IL-6
sutrikusia signaliniy keliy reguliacija, medZiagy apykaitos sutrikimu — gliko-
lize, epigenetinio reguliavimo geny raiskos pokyciais, svarbiais GBM lasteliy
augimui ir metabolizmui. Siekiant veiksmingo GBM gydymo, svarbu istirti
nukreipta i Siuos kelius tiriamy vaistiniy preparaty gydymo poveiki [33, 34].

Gydymo temozolomidu taikymas ir problemos. Europoje GBM gydy-
mui TMZ registruotas 2000 metais [31]. TMZ nuo 2005 m. TMZ vartojamas
naujai diagnozuotai GBM gydyti. TMZ pereina per kraujo—smegeny barjera
ir gali biiti vartojamas per os. Gydant GBM po operacijos ir prie spindulinés
terapijos pridejus gydyma TMZ, bendras iSgyvenamumas pailgejo 2 meénes-
iais [35]. Bendro iSgyvenamumo mediana yra 15 ménesiy, o iSgyvenamumas
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be ligos progresavimo — 6 ménesiai [36, 37]. GBM gydymo veiksmingumui
pagerinti svarbu suprasti TMZ poveikio ir atsparumo gydymui raidos me-
chanizmus. TMZ metabolitas pazeidzia DNR, lemia citotoksiSkuma [31, 38]
ir kaip monofunkcinis alkilinantis preparatas veikia atskiry DNR daliy metili-
nima guanino N7, adenino O3 ir guanino O6 padétyse [39]. Tai lemia muta-
cijas, viengrandés ir dvigrandés DNR triikius, dél kuriy Igstelés ciklas sustoja
ties G2/M faze, ir sukelia GBM lasteliy apoptoze [7].

Nors TMZ islieka pirmo pasirinkimo vaistiniu preparatu, taciau $i
chemoterapija yra susijusiu su labai daznu atsparumu gydymui ir ligos
atsinaujinimu. Daugiau kaip 50 proc. GBM pacienty gydymas TMZ yra
neveiksmingas — neturi poveikio. Tod¢l atsako 1 TMZ veiksmingumag ir
prognostiniy zymeny tyrimai iSlieka labai aktualtis [13, 31]. Atsparumas
TMZ gali biti pirminis, budingas tam tikriems navikams, arba jgytas —
pasireiskia po pradéto gydymo [40]. Atsparumas TMZ gydymui visada yra
kliniSkai reikSmingas [41].

Atsparumg TMZ pirmiausia lemia unikalios nediferencijuoty ir gliomos
kamieniniy lgsteliy populiacijos [42, 43]. Placiausiai su GBM atsparumo
TMZ molekuliniais mechanizmais susij¢ pripazinti gliomos kamieniniy Igs-
teliy Zymenys — CD133, CD44, CD15, CD70, S10044, ALDHI1A43, Nanog,
SOX-2 ir Nestin [41, 44]. Chemoterapija turéty biiti nukreipta ir i gliomos
kamieniniy lasteliy Zymenis, kad biity sumazinta ligos recidyvo tikimybé
[45]. Gliomos kamienings Igstelés sudaro iki 1 proc. GBM naviko lasteliy,
bet jy gebéjimas atkurti naviko heterogeniSkumg lemia naviko recidyvus
[46].

Navikai, pasiZymintys nemetilinta O6 metilguanino DNR metiltransfe-
raze (angl. O6-methylguanine-DNA methyltransferase, MGMT; padidéjes
MGMT aktyvumas), dazniausiai biina atspartis TMZ. Todél epigeneting
MGMT bikle yra svarbus pradinio atsparumo TMZ Zymuo [47]. Baziy eksci-
zijos reparacijos (angl. base excision repair) kelio [31, 39] kai kurie fermentai
yra susije su atsparumu TMZ [48]. Tai poli (ADP-ribozés) polimeraze 1
(PARPI) [49, 50]. PARPI inhibicija didina jautrumg TMZ [51], o aktyva-
vimas skatina DNR pazaidas, maZina nikotinamidadenindinukleotido (NAD™)
ir adenozintrifosfato (ATP) susidaryma [52, 53]. GBM budingi PI3K/AKT
kelio sutrikimai; Sio kelio tirozino kinazés (RTK) receptoriai daznai suakty-
véja [54]. Viena i§ labiausiai zinomy RTK aberacijy yra epidermio augimo
veiksnio receptoriaus (EGFR) amplifikacija, nustatoma ~60 proc. GBM
atvejy [55]. EGFR raiska yra susijusi su TMZ atsparumo mechanizmais.
AKT — serino/treonino kinaz¢ skatina GBM lIasteliy chemorezistentiSkuma
[56]. Nustatyta, kad keli AKT kelio taikiniai yra susij¢ su specifiniais atspa-
rumo TMZ mechanizmais: PDK1, hipoksija indukuojanciu veiksniu 1 (HIF-
1), FOXO3A ir branduolio veiksniu kB, apoptozés reguliavimu [45]. PDK1
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atlicka PDH inaktyvavimo funkcija fosforilindamas Eloa subvieneta,
inaktyvuodamas PDH kompleksa [57]. PDH inaktyvavima patvirtina
padidéjusi PDK1 raiska GBM lastelése [58], atsparumg chemoterapijai lemia
ne tik PDK, bet ir kartu padidinta EGFR raiska [57]. Mazas deguonies kiekis
navike stabilizuoja HIF-1, kuris moduliuoja keleto glikoliziniy geny raiska,
svarbig apoptozés mechanizmams [59]. HIF-1, HIF-1a ir HIF-1f aktyvuoja
kraujagysliy endotelio augimo veiksnio (VEGF) geng ir skatina angiogeneze.
D¢l padidéjusios VEGF raiskos GBM yra labai vaskuliarizuotas [60, 61].
VEGF yra taikinys, kuris biity naudingas gydant atsparius TMZ navikus [62].
HIF-1a skatina CXCLI2 raiska ir reguliuvoja CXCR4. CXCLI2/CXCR4
aktyvinimas skatina GBM lasteliy proliferacija ir invazyvuma [63].
CXCL12/CXCR4 asis yra perspektyvus taikinys siekiant sumazinti GBM
atsparumg gydymui [64].

GBM atveju, esant PI3K/AKT kelio sutrikimui, indukuojamas FOXO3A
[65]. Padidéjusi FOXO3A raiska koreliuoja su naviko progresavimu ir bloga
prognoze, taciau kiti nustaté prieSingus duomenis [66]. Svarbus taikinys yra
branduolio veiksnys kB [67], kuris yra gliomos onkogenas. Aktyvavus
RTK/PI3K/AKT kelig, branduolio veiksnio kB aktyvumas padidéja.
Branduolio veiksnys kB yra susij¢s su atsparumu TMZ [68]. Apoptozés inhi-
bitoriy Seimos narys survivinas [69] blokuoja TMZ sukeltos apoptozés
poveikj ir lemia atsparumg TMZ, o specifinis survivino geno slopinimas
didina jautrumga TMZ [70]. Wnt/B-katenino kelias svarbus GBM progresavi-
mui ir chemoterapijos rezistentiSkumo raidai [71]. Wnt signalinis kelias yra
susijes su GBM epiteline-mezenchimine transformacija (EMT) [72]. Si
transformacija yra susijusi su GBM atsparumu chemoterapijai ir radioterapi-
jai [73]. Wnt signaly moduliavimas pakeit¢ EMT aktyvatoriy raiska [72, 74].
JAK/STAT signalinis kelias yra susijes su glijos kamieniniy lgsteliy stimulia-
vimu; STAT3 aktyvavimas turi jtakos GBM peréjimui | mezenchiminj potipj
[75]. STAT3 veikia kaip transkripcijos veiksnys, moduliuojantis jvairiy
onkogeny — SOX2 ir zeste homologo 2 stipriklio (EZH2) — raiska [76].

GBM patogenezei svarbus 1L-6/Janus kinazes/STAT3 (IL-6/JAK/STAT3)
kelias. Dinamiska PI3K/AKT/branduolio veiksnio xB ir JAK/STAT
signalinio kelio saveikg iliustruoja branduolio veiksnio kB aktyvinimas,
lemiantis STAT3 raiSka [77]. STAT3 aktyvavimas siejamas su TMZ
chemorezistentiSkumu [78, 79]. IL-6 skatina imuniniy lasteliy infiltracijg i
navika ir stiprina STAT3 fosforilinima, didinantj naviko lasteliy antiapoptoze;
IL-6 hiperekspresija buvo nustatyta kaip GBM piktybiskumo Zymuo [80].
STATS3 raiSka skatina padidéjusi IL-6 sekrecija [81]. Naujy tiriamy preparaty,
slopinan¢iy su rezistentiSkumu chemoterapijai susijusius mechanizmus,
kurimas yra svarbus GBM farmakoterapijos uzdavinys.
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Veiksmingo glioblastomos gydymo paieSka. Siekiant veiksmingo
gydymo, ieSkomi chemosensibilizatoriai siekiant slopinti rezistentiSkumo
gydymui TMZ raidg ar sinergiskai sustiprinti TMZ veiksminguma [82, 83].

Klinikiniy tyrimy metu tirtas vaistiniy preparaty lomustino, karmustino
ar bevacizumabo poveikis, bet nebuvo nustatyta, kad Sie preparatai prailginty
iSgyvenamuma. Tiriant gyviiny modeliu jvairius GBM molekulinius kelius,
buvo nustatyti potencialiis gydymo taikiniai ir sukurta nauja GBM klasifi-
kavimo schema jtraukiant molekulinius Zymenis pagal histopatologinius
GBM duomenis [31]. GBM gydymui vis dazniau naudojami kombinuoti
gydymo metodai [84], siekiama taikyti imunoterapija, vartoti vakcinas [85],
viruso pagrindu modifikuotus preparatus [86] ar gydyma citokinais pagal
navikiniy lasteliy molekulinius zymenis [87, 88]. Gydant GBM, yra taikomi
jvairtis imunomoduliaciniai vaistiniai preparatai, vienas i$ jy — VPA [89, 90].
GBM ligoniams nustatyta specifiné uzkrii¢io liaukos involiucija. Nepriklau-
somai nuo ligonio amziaus, serganciyjy jvairiais smegeny navikais uzkrti¢io
liaukos involiucija lemia T limfocity gamybos ir paciy lgsteliy pokycius,
susijusius su imunosupresijos raida. Peliy gliomos modeliy tyrimai rodo, kad
su liga susijusi imunosupresija paveikia ne tik T limfocity diferenciacija
Ciobrialiaukéje, bet ir jy aktyvacija, dauginimasi ir periferiniy organy apripi-
nimg T limfocitais [91].

Epigenetiniai glioblastomos mechanizmai kaip gydymo taikinys.
HDAC fermentai yra susij¢ su naviky raida [92]. HDAC raiskos lygis kore-
liuoja su naviko progresavimu ir iS§gyvenamumu. HDAC1, HDAC2, HDAC3,
HDAC6, HDACS ir HDACO kiekis GBM lastelése yra padidéjes [93, 94].
Padidéjusi HDACI1 raiska GBM lastelése yra susijusi su proliferacija ir
invazija aktyvuojant PI3K/AKT ir MEK/ERK kelius [95]. GBM HDACG6
raiSkos slopinimas lemia sumazgjusiag Igsteliy migracija ir naviko augimg.
Manoma, kad tai vyksta aktyvinant prieSvézinj imuninj atsakg [96]. HDAC
slopinimas gali biiti vienas i§ budy iSvengti atsparumo TMZ [45]. Tai paska-
tino intensyviai tirti HDAC inhibitorius kaip vaistinius preparatus veéziui
gydyti [62, 97]. HDAC inhibitoriai sukelia véziniy lasteliy ziit] dél lasteliy
ciklo sustabdymo, poveikio diferenciacijai ir apoptozes mechanizmams, o jy
veiksmingumas padidéja, kai jie derinami su kitais gydymui taikomais
vaistiniais preparatais ar gydymo budais [98, 99]. Trys specifiniai HDAC
inhibitoriy vaistai — vorinostatas, romidepsinas ir VPA — buvo tirti ikiklini-
kiniy ir klinikiniy tyrimy metu aiskinant jy poveiki GBM [100, 101]. Chemo-
terapijos ir HDAC inhibitoriy sinerginis poveikis yra perspektyvus gydant
GBM ir iSvengiant rezistentiSkumo chemoterapijai [45].

Individualizuoto glioblastomos gydymo aktualumas. Chirurginis gy-
dymas ne visada btina veiksmingas naviko lgsteléms paplitus uz intraope-
raciniy riby [102, 103]. Individualaus gydymo strategija yra orientuota ]
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unikaliy paciento naviko savybiy nustatyma [104, 105]. Glioblastoma buvo
pirmasis vézys, kuriam atlikta iSsami genomo analizé Vézio genomo atlaso
projekte [106], per kurig sukaupti su GBM susijusiy geny ir molekuliniy
mechanizmy duomeny tyrimai [107, 108]. GBM pasizymi dideliu genomo
heterogeniskumu [104, 109]. Individualizuoto gydymo tikslas — taikyti gydy-
ma pagal navikui budingus specifinius Zymenis [110, 111]. Iki Siol daugumos
genetiniy zymeny funkciné, biologiné ir klinikiné reikSmes ligos raidai yra
nepakankamai istirtos [103].

Individualizuoto GBM gydymo progresas yra neatsiejamas nuo standar-
tinio gydymo, kuris tobulinamas ieskant naujy gydymo strategijy, chemote-
rapijai skiriant parinktus vaistinius preparatus pagal molekulines ir metaboli-
nes naviko savybes [112]. Mutacijomis pagristi diagnostiniai jrankiai gali
padéti nustatyti naviko specifines mutacijas ir pagerinti individualiai taikoma
gydyma [113]. Nurodoma, kad pries§ skiriant gydyma vaistiniu preparatu, jo
veiksmingumg tikslinga nustatyti sukuriant i§ paciento navikiniy lgsteliy
suformuotus organoidus [114]. Tokie organoidy modeliai gali biiti naudingi
vertinant naviko heterogeniskuma ir gydymo veiksminguma [115] ir galéty
padéti atrasti naujus veiksmingus vaistus. Naujos kartos sekoskaitos pritai-
kymas individualizuotai terapijai yra svarbus nustatant naviko genetines,
molekulines bei epigenetines savybes ir leisty parinkti veiksmingesnj
gydyma [116, 117].

Paskutiniais metais mokslininkai nurodo, kad perspektyvus vaistiniy pre-
paraty veiksmingumo tyrimy metodas in vivo yra vis¢iuko chorioalantojinés
membranos (CAM) modelis. Jis skirtas tirti i§ paciento gautg pirming naviko
medZziaga ir galéty biiti naudojamas kaip specifinis 3D naviko gydymo mode-
lis, siekiant jvertinti prieSvéZzinius vaistus iki juos skiriant pacientui [118].

Glioblastomos mitochondrinio metabolizmo sutrikimai bei gydymo
paieSka. Kancerogenezg¢ skatinanciy metaboliniy keliy ir jy mechanizmy su-
pratimas yra svarbus ieskant gydymo taikiniy ir veiksmingo gydymo. GBM
lastelés vartoja gliukoze kaip energijos Saltinj, bet gali panaudoti ir amino
ragsciy, riebaly ir kity Saltiniy priklausomai nuo naviko genetinés prigimties
ir mikroaplinkos. Gliukoz¢ gali biiti metabolizuojama i pieno riigstj aerobinés
glikolizes biidu arba gali biiti oksiduojama mitochondrijose per Krebso cikla
[119].

Warburgo efektas, dar zZinomas kaip aerobiné glikoliz¢, yra navikiniy
lasteliy medziagy apykaitos sutrikimas, kuriam biidingas padidéjes gliukozés
suvartojimas, tod¢l padidéja pieno riigsties gamyba [120]. Aerobiné glikolizé
gamina maziau energijos nei oksidacinis metabolizmas; tai svarbu naviko
lasteliy iSgyvenimui ir dauginimuisi hipoksijos salygomis [119]. Pieno rugs-
ties susidarymas lemia imunosupresinés mikroaplinkos raida, skatina naviki-
niy lgsteliy augimg ir jy invazijg [119, 121]. Naviko mikroaplinkoje aktyvi
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glikoliz¢ ir pieno riigsties perteklinis susidarymas sukelia metaboling acidoze
[122], aktyvina lgsteliy augima, inhibuoja apoptozés ir lasteliy Zzuties
mechanizmus [120]. Pieno rugstis indukuoja per endotelio lasteles angio-
geneze [123]. Slopinant pieno riigSties gamybga, svarbus taikinys yra PDK
[119]. PDKI1 yra svarbus GBM kamieniniy lgsteliy i§gyvenamumui. PDK1
slopina PDH aktyvuma, mazina acetil-CoA gamyba mitochondrijose
sumazindamas oksidacinj metabolizma [15]. DCA slopina PDK1 aktyvuma,
aktyvina mitochondrijy PDH ir didina piruvato patekimg j mitochondrijas, o
tai lemia membranos depoliarizacija, mitochondrijy deguonies aktyviyjy for-
my (angl. oxygen reactive species, ROS) gamybos padidéjimg ir galiausiai
apoptozes indukcijg [124].

1.2. Tiriamy vaistiniy preparaty prieSvéZiniai veikimo mechanizmai

Dichloroacetato prieSvézinis poveikis. DCA yra mazos 150 Da molek-
ulés tiriamas vaistinis preparatas. DCA yra vandenyje tirpi medziaga. Atlikti
klinikiniai tyrimai DCA skiriant gydyti iming ir jgimtg pieno rugsties acidoze
[125]. Eksperimentiniai in vivo tyrimai parode, kad gydymas DCA pasizymi
priesvéziniu poveikiu [126]. DCA 50-200 mg/kg/parai doz¢ yra siejama su
ivairaus tipo naviky masés, lasteliy proliferacijos ir metastaziy sumaz¢jimu
[120, 127]. Balb/c plikyjy peliy patingy modelio tyrimai parodé, kad DCA
monoterapija slopino GBM US87 lasteliy naviko augima poodyje [128].
Imunodeficitiniy peliy U87 naviko smegenyse tyrimy metu DCA mono-
terapijos teigiamo poveikio nenustatyta, nors DCA ir spindulinés terapijos
derinys padidino peliy iSgyvenamumag [124]. Kiti mokslininkai, tyr¢ DCA
poveikj Balb/c SCID peliy U87 navikui poodyje, poveikio nenustate, bet tyri-
mai parod¢ DCA gydymo slopinantj poveikj sferoidy augimui in vitro [129].

Priesvézinis DCA veiksmingumas siejamas su poveikiu navikiniy Igste-
liy metabolizmui [120]. DCA veikia navikines Igsteles pakeisdamas glikolize
1 oksidacinj fosforilinimg. PDK inhibicija aktyvina PDH [127], kas skatina
mitochondrijy piruvato oksidacija ir sutrikdo véziniy Igsteliy metabolizmga.
D¢l sumazéjusio pieno rugsties susidarymo pakinta naviko mikroaplinka
[120]. Piruvato patekimas | mitochondrijas sukelia organeliy remode-
liavimg — citochromo c ir kity apoptoze skatinanciy veiksniy iSskyrimg ir
ROS kiekio padidéjima ir taip slopina véziniy lasteliy gyvybinguma [130].
PDH Ela subvienetas yra lokalizuotas X chromosomoje; tai gali lemti su
lytimi susijusius skirtingus ligos pozymius. Zinomi PDH komplekso akty-
vumo bei raiskos skirtumai susij¢ su lytimi. Tai gali biiti siejama su moterisky
lytiniy hormony poveikiu glikolizei ar geny raiskai [126].

17



NaDCA geba jjautrinti TMZ rezistentiSkas navikines lasteles [18, 19].
DCA padidina navikiniy lgsteliy jautruma spindulinei terapijai. Tiriant GBM
gyviiny modelius, buvo nustatyta, kad DCA kartu su spinduline terapija
pagerina Balb/c peliy i§gyvenamuma [124]. Nors buvo atlikti DCA poveikio
serganciyjy GBM I fazés [131] ir II fazés [132] klinikiniai tyrimai, klinikiniy
duomeny apie jo priesvézinj veiksminguma nepakanka. Tyrimai parode¢, kad
DCA yra gerai toleruojamas preparatas [119]. DCA derinys su metforminu
reikSmingai slopino GBM augima ir padidino peliy iSgyvenamuma [133].
NaDCA veiksmingumo in vitro duomenys rodo skirtingg tyrimy prieSvézinj
veiksminguma [134]. Tokiy skirtumy viena priezasCiy yra ta, kad tiriant
NaDCA veiksminguma, tyr¢jai naudojo dideles NaDCA koncentracijas ter-
pése, kurios yra susijusios ir su hipernatremija [126]. Véziniy lasteliy
aplinkoje tyrimams naudojama skirtinga Na* koncentracija gali paveikti kan-
cerogeneze. Na', esantys naviko mikroaplinkoje, yra susij¢ su naviko
progresavimu [135, 136].

Viena i§ dazniausiy DCA nepageidaujamo poveikio reakcijy yra grjzta-
moji neuropatija. Klinikiniy tyrimy metu DCA kancerogeninio poveikio
nenustatyta [120].

Valpro riigsties prie§véZinis poveikis. VPA yra HDAC inhibitorius,
inhibuoja aerobing glikoliz¢ naviko lastelése slopindamas gliukozés paémi-
ma, pieno rugsties ir ATP gamybga, maZzindamas E2F transkripcijos veiksnio
1 kiekj; VPA veikia j E2F transkripcijos veiksnio 1 prisijungima prie gliko-
zilinty GPI ir PGKI promotoriy. Sis VPA poveikis glikolizei rodo nauja
gydymo strategija ieSkant VPA poveikio navikinéms Igsteléms [137].

VPA tiriamas kartu su chemoterapija ir radioterapija [138, 139] skiriant
pradzioje ar po chemoradioterapijos siekiant padidinti GBM pacienty chemo-
terapijos veiksminguma ir pagerinti bendro i§gyvenamumo mediang [140,
141]. Kity tyrimy duomenys tokio poveikio neparodé¢ [142, 143]. Suaugusiy
GBM pacienty gydymas su TMZ, radioterapija ir didele VPA doze parode
skirtinga poveikj proteominéms savybéms lyginant su gydyty TMZ ir
radioterapija duomenimis, taciau gydymas VPA neturéjo poveikio kliniki-
niams pozymiams [144]. VPA gydymas sumazino plikyjy Balb/c peliy GBM
naviko dydj poodyje [145]. VPA vienas ar derinyje su kitu gydymu pasizymi
inhibiciniu poveikiu gliomai in vivo ir in vitro [146]. Netoksin¢ VPA doze
padidina U87 ir T98G lasteliy jautrumg gefitinibui inhibuojant lasteliy augi-
ma ir aktyvinant autofagija per padidéjusi ROS susidarymg [139]. VPA
padidina radioterapijos veiksmingumg didindama GBM lasteliy jautruma
[138] ir aktyvindama spindulinés terapijos apoptozinj atsakg [147]. Trumpa-
laikis gydymas VPA suaktyvina MGMT metilinimo pokycius, galinCius
paveikti GBM lasteliy ir kamieniniy lasteliy jautrumg TMZ [148, 149].
Gydant TMZ, GBM kamieniniy lgsteliy diferenciacijos ir DNR metilinimo
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tyrimai rodo, kad jos elgiasi heterogeniskai [148]. VPA poveikis kamieniniy
lgsteliy iSgyvenamumui yra svarbus veiksmingam GBM gydymui [ 149].

Gydant GBM, VPA veiksmingumo duomenys yra prieStaraujantys.
Tiriant VPA poveikj derinyje su kitais vaistais, labai svarbu nustatyti vaisty
sgveika. VPA gali skatinti DNR demetilinima, kuris padidina Iasteliy
jautrumg VPA, bet ne TMZ [148, 149]. VPA gydytos GBM lastelés iSskyré
didelius amfiregulino kiekius, kuriy raiska teigiamai koreliavo su atskiry
GBM lasteliy rezistentiSkumu TMZ [150]. Damanskiené¢ E. ir kt. nustaté, kad
TMZ reik§mingai padidino PBT24 ir SF8628 Iasteliy NKCC1 raiska [151].
NKCC1 aktyvumas yra tiesiogiai susij¢s su GBM lasteliy proliferacija [152].
Padidéjusi Zzmogaus GBM NKCCI1 baltymo raiska koreliuoja su vézio stadija
[153]. NKCC1 aktyvacija priklauso nuo WNK kinazés baltymo fosforilinimo
[154]. Tikétina, kad VPA ir TMZ derinys gali sinergiskai aktyvinti NKCCl1
ir sumazinti gydymo veiksminguma.

Epilepsija serganciy ir gydyty VPA pacienty oksidacinio streso rodikliai
buvo padidéje [155]. VPA skatina ROS susidarymg ir slopina kai kuriy
véziniy lgsteliy linijy apoptozg [99]. ROS susidarymas lemia tiesiogine
lasteles DNR pazaida, gali pakeisti jprastus lastelés signalinius kelius [156].
ROS susidarymas gali priklausyti nuo lyties. Peliy pateliy lastelés pasizymi
silpnesniu oksidaciniu streso aktyvumu lyginant su patinais, t. y. patelés gali
buti geriau apsaugotos nuo ROS keliamy pazaidy. Peliy ovariektomija
suaktyvino ROS susidarymo rodiklius, o orchiektomija nepaveiké oksidaci-
nio streso [157]. Padid¢jgs ROS susidarymas slopino ziurkiy timocity proli-
feracijg [158]. VPA gali skatinti SLC5AS8 neSiklio aktyvuma, kuris svarbus
reguliuojant lgstelés metabolizma [137].

Magnio jony rysys su glioblastomos raida. Yra hipoteze, kad didesnis
Mg?* jsisavinimas su maistu gali sumazinti gliomos rizika, bet jai pagrjsti
reikalingi tolimesni tyrimai [159]. Tiriant ziurkiy patiny gliomos navika
smegenyse, buvo nustatytas padidéjes Mg?* kiekis lgstelése [160]. Mg?* yra
reikalingas mitochondrijy funkcijoms — ATP gamybai ir glikolizés proce-
sams [161]. PDH yra netiesiogiai stimuliuojama Mg?*, kuris aktyvina PDH
fosfatazg ir taip aktyvuoja PDH kompleksg [162]. Mg?* yra svarbus uzdegi-
mui, DNR replikacijai ir pazaidy reparacijai, lastelés proliferacijai ir signalo
perdavimui bei siejamas su oksidacinio streso, lgsteliy diferenciacijos ir
apoptozes reguliavimu [163, 164]. Mg?* trikumas siejamas su imuninio atsa-
ko sutrikimais, kurie gali biiti susije¢ su kancerogeneze [163]. Vidulastelinés
ir tarplgstelinés Mg?" koncentracijos svarba naviko raidai yra prieStaringa
[165, 166]. Mg?" ir kancerogenezés rySio ikiklinikiniy tyrimy duomeny
vertinimas gali biti svarbus aiSkinant Mg?" homeostazés sutrikimus [166].
Gliomos lgstelése Mg?" pernasa ir Mg?" suriS§imas yra sustipréje, o tai yra
rimtas pagrindas toliau tirti GBM dél pakitusios Mg?" homeostazés ir jony
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pernalos, kaip galimus terapinius taikinius [160]. Mitochondrijy Mg?* yra
biitinas elektrony pernasos grandinei palaikyti, metabolity kontrolei Krebso
ciklo metu ir Igsteliy glikolizei [167]. Mg?" mitochondrijose yra labai svarbus
lastelés atsparumui oksidacijai palaikyti ir jos gebéjimui iStaisyti oksidacing
pazaida arba uzkirsti jai kelig [168]. Smegeny navikams budingas padidéjes
laisvyjy Mg?" ir laisvojo ATP santykis lyginant su aplinkiniu sveiku audiniu
[169]. Sitlomas daugiaparametrinés paieskos algoritmas, skirtas jvertinti pH
verte ir Mg?* kiekj taikant 31P magnetinio rezonanso spektroskopija GBM
navikuose. RySys tarp vidulasteliniy pH ver¢iy ir Mg?* kiekio leidzia jvertinti
labiausiai tikétinus biocheminius parametrus [170].

Mg?* trikumas gali pakenkti DNR stabilumui ir yra glaudziai susijes su
naviky augimu, o Mg?" papildymas i§ dalies slopina naviky augimg [171].
Konkretiis mechanizmai, kuriais Mg?" slopina navikiniy lasteliy dauginimasi,
lieka neaiskiis. Tyrimai rodo, kad mitochondrijos gali biiti svarbios reguliuo-
jant naviko vystymasi, Mg?" pernasa, energijos apykaitg ir oksidacinius pro-
cesus, susijusius su naviko lgsteliy dauginimusi ir invazija [172]. Magnio
sulfatas gali apsaugoti mitochondrijy kvépavimo granding bei sumazinti ROS
ir uzdegimo veiksniy susidaryma [173].

MgDCA farmakologinis poveikis, gydant suaugusiyjy GBM in vitro ir
in vivo nebuvo tirtas. Damanskiené¢ E. ir kt. biomikroskopiniais ir histomorfo-
metriniais tyrimais nustatyta, kad pediatriniy GBM lIasteliy gydymas su
NaDCA ar MgDCA veiké skirtingai: tiriamo vaistinio preparato veiksmingu-
mas ksenografto augimui ant CAM, naviko invazijai | CAM ir angiogenezei
priklausé ne tik nuo lasteliy biologijos ir nuo DCA anijono koncentracijos,
bet ir nuo katijono tiriamo preparato druskoje [174]. Disertacijoje pristatomi
eksperimentiniy MgDCA poveikio tyrimy duomenys suaugusiyjy GBM
augimui ir galimiems mechanizmams, netiesiogiai susijusiems su Mg?*.

1.3. Kancerogenezé ir uZdegimas

Vézio ir uzdegiminiy ligy audiniy mikroaplinka yra panaSios: joms
biidinga audinio hipoksija ir padidéje¢ pieno rugsties kiekio pokyciai [175].
DaZnas GBM bruozas yra audinio nekroze, kurig lydi naviko mikroaplinkos
uzdegiminiai pokyc¢iai. Imunosupresinis uzdegimas kartu su nekroze yra
siejamas su didesniu GBM rezistentiSkumu gydymui ir bloga prognoze [176].
GBM lastelés ekspresuoja ir iSskiria chemokinus bei citokinus — IL-6, IL-10,
transformuojant] augimo veiksnj-B, galekting 1 ir prostaglanding-E — kurie
veikia navika infiltruojancias imunines lasteles. Uzdegimo mediatoriy lemti
imunosupresiniai pokyciai skatina GBM lasteliy proliferacija, migracija,
angiogenez¢ ir rezistentiSkuma gydymui [177]. Hipoksin¢ aplinka GBM
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kamieninése Igstelése suaktyvina uzdegiminio reparacinio atsako geny raiska
[178, 179]. Citokinai IL-1f ir transformuojantysis augimo veiksnys-§
saveikauja suaktyvindami uzdegime dalyvaujanciy geny raiska, skatinancia
lasteliy proliferacijg ir migracija [180].

Kartu su iSoriniais naviko veiksniais, lasteliniai naviko veiksniai gali
sukelti naviko augima skatinantj uzdegima [181]. Su kancerogeneze susijusio
uzdegimo veiksniai gali buti létiné infekcija ar autoimuninés reakcijos,
sen¢jimas, naviko ar gydymo sukeltas uzdegimas [182]. Senéjimas yra sieja-
mas su sisteminio zemo laipsnio uzdegimo mechanizmais, o tai gali buti
susije su daznesniu sergamumu véziu [183, 184]. Su senéjimu susije uzdegi-
miniai mechanizmai yra lemti senstanciy lasteliy sekretuojamais ir kancero-
geneze skatinanciais uzdegimo veiksniais — IL-6 ir IL-8 [185, 186]. Naviko
aplinkoje gaminasi uzdegimga skatinantys citokinai ir chemokinai, yra jtrauk-
iamos imuninés lgstelés ir indukuojama angiogeneze [187].

Nekrozinés naviko Igstelés iSskiria tarplastelinius komponentus, ty.
funkcinius uzdegiminius mediatorius (IL-1a, ATP ir didelio judrumo grupés
1 dézuté (angl. high mobility group box I protein), skatinancius naviko
progresavimg [182]. PrieSvéziniai vaistai ir spindulinis gydymas lemia
lasteliy mirtj, o naviko lasteliy liekanos arba iSsiskyrusios molekulés skatina
imunines lgsteles gaminti prouzdegiminius citokinus, palaikancius naviko
augima, angiogeneze ir metastazavima [ 188, 189]. Pavyzdziui, 5-fluoroura-
cilo vartojimas sukelia navikg skatinantj uzdegiminj atsaka, taciau citokino
IL-17A islaisvinimo inhibicija gerina atsakg j gydyma preparatu [182]. Cito-
toksinis vézio gydymas gali sustiprinti prieSnavikinj imuninj atsaka [190].
Pazymeétina, kad apoptozé ir autofagija yra maziau uzdegima skatinantys, o
nekroze ir nekroptoze yra stipresni uzdegimo induktoriai [191, 192].

Dichloroacetato poveikis uzdegimui. DCA yra tiriamas prieSvézinis
vaistinis preparatas: jo vartojimas gydymui yra saugus, pasizymi geru biolo-
giniu prieinamumu ir dél Siy savybiy DCA gali biti taikomas ir
uzdegiminéms ligoms gydyti [193]. PrieSuzdegiminis DCA poveikis [194]
buvo nustatytas tiriant peliy pateliy artrita [195]. Nustatytas DCA inhibicinis
poveikis T limfocity aktyvacijai esant bronchy astmai [196]. DCA gali
slopinti kraujagysliy uzdegima, paveikti aterosklerozinés ploksteleés forma-
vimasi inhibuodamas NLRP3 aktyvacija ir makrofagy IL-1p sekrecija
ploksteléje [197]. Peliy sepsio modeliu buvo nustatytas DCA poveikis lipidy
apykaitos ir mitochondrijy disfunkcijos keliams, kai gydant DCA slopinami
kad DCA gydymas sumazino ziurkiy patiny ¢iobrialiaukés svorj [199, 200]
ir padidino timocity kiekj Go—M ciklo bei sumazino G1—Go ciklo fazése [199],
DCA tur¢jo poveiki ir intaktiniy ziurkiy pateliy Ciobrialiaukés svoriui.
Nustatytas DCA poveikis intaktiniy patiny Hasalio kiineliy (HK) skai¢iui, jo
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sasaja su lytimi [200]. DCA gydymas lémé intaktiniy [200, 201] ir kastruoty
ziurkiy patiny timocity NKCC1 geno raiskos sumaz¢jima [200].

Valpro rugsties poveikis uzdegimui. GBM naviko uzdegiminé mikro-
aplinka, joje i§skiriami citokinai ir chemokinai bei uzdegimo keliy aktyvacija
skatina naviko piktybiskumg ir rezistentiSkuma gydymui [202]. Imunomo-
duliacinis ir prieSuzdegiminis VPA poveikis [89, 203] gali biiti susij¢s su nuo
lyties priklausanc¢iu VPA metabolizmu [204, 205].

VPA pasizymi prieSvirusinémis savybémis [206, 207]. PrieSvirusinis
gydymas gali apimti vaistus, kurie keicia energijos gamyba mitochondrijose
ir aktyvina prieSuzdegiminius procesus [208]. VPA yra riebaly riig§¢iy beta
oksidacijos kelio substratas ir jo metabolitai mazina nuo piruvato priklau-
somg oksidacinj fosforilinimg mitochondrijose [137]. Imunomoduliacinis
VPA poveikis yra susijes su inhibicija I ir II klasés HDAC, aktyvinan¢iomis
H2, H3 ir H4 histony acetilinimg ir kei¢ian¢iomis imuniniy Igsteliy geny
raiSkg [209]. VPA slopina branduolio veiksnio kB, IL-6 ir auglio nekrozés
veiksnio a susidaryma [210]. PrieSuzdegiminés imuninés lastelés sukuria
daugiausia energijos i$ aerobinés glikolizés [211]. Gydymas VPA mazina
gliukozeés kiekj gyviiny ir Zzmoniy kraujyje [212, 213]. Tyrimai parode, kad
VPA slopina T limfocity proliferacija in vitro [214], slopina limfocity proli-
feracijg [215, 216] ir aktyvina limfocity apoptozg [217, 218]. VPA slopina
Thl ir Th17 Igsteles ir susijusius citokinus [219], indukuoja M1 makrofagy
transformacija 1 M2 fenotipa [220]. Valanciutés A. ir kt. tyrimy duomenimis
gydymas VPA slopino kastruoty Wistar ziurkiy patiny timocity proliferacija,
sumazino Ciobrialiaukés mase ir indukavo ciobrialiaukés Serdinés dalies
epitelioretikuliniy lasteliy diferenciacija 1 HK [221]. Taip pat asStuoniy
savai¢iy gydymas VPA sumazino bluznies ir limfmazgiy mase¢ bei organy
lastelingumg palyginus su MRL/Ipr(-/-) peliy pateliy kontrole [216].
Prenatalinis VPA skyrimas sumazino naujagimiy ziurkiy patiny, bet ne
pateliy Ciobrialiaukés mase [222].

1.4. Valpro ragsties ir dichloroacetato derinio tyrimy duomenys

Intaktiniy ziurkiy patiny pakaitinis gydymas DCA ir VPA sumazino
Ciobrialiaukés mase, $is sumaz¢jimas buvo mazesnis nei tik DCA gydyty
ziurkiy. Tokio poveikio kastruoty gyviiny Ciobrialiaukei nenustatyta [199].

LSMU Histologijos ir embriologijos katedroje atlikti peliy, dvi savaites
gydyty VPA-NaDCA, patiny timocity tyrimai parodé prieSuzdegiminj derinio
poveikj. Vaistinis preparatas poveikio peliy kiino ir ¢iobrialiaukés maséms bei
HK skaiciui netur¢jo. Gydymas padidino timocity Slc5a8 raiska, o tas jrodo
VPA poveikj DCA nesikliui. Tyrimo metu derinys reikSmingai paveiké su
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uzdegimu ir imuniniu atsaku susijusiy geny raiska: slopino 19 geny (Ccl2,
Ccl3, Cers, Cdknla, Cebpb, Csf3, Cxcll, Cxcl2, Cxcl3, 11171, 111871, Il1rl1,
116, Ptgs2, Rel, Sppl, Thbsl, Tnfsfll, Vegfa) ir aktyvino 20 geny raiska
(Bmp4, Bmp7, C3, Ccll9, Ccl25, Ciita, Cmkilrl, Cx3cll, Cxclll, Cxcli2,
Cxcll3, 112, 117, 1121, 1123a, 1127, 1133, Kitl, Nos2, Pparg). VPA-—NaDCA
slopino 11 geny ir aktyvino 14 geny, dalyvaujanciy citokiny aktyvumo kely-
je, padidino 25 uzdegiminio atsako kelyje dalyvaujanciy geny raiska ir inhi-
bavo 9 geny raiska IL-17 perdavimo kelyje. Vadinasi, VPA-NaDCA
pasizymi prieSuzdegiminiu poveikiu, inhibuodamas uzdegiminius mechaniz-
mus peliy patiny timocituose, t. y. slopindamas uzdegimg aktyvinanciy geny
ir indukuodamas priesuzdegiminiy chemokiny bei citokiny geny raiska [223].

StakiSaitis D. ir kt. nustaté, kad VPA-NaDCA turi prieSuzdegiminj
poveikj T limfocitams ir tai yra susij¢ su lytimi. Vyry, serganciy SARS-CoV-
2 infekcija ir pneumonija, T limfocity gydymas deriniu reik§mingai sumazino
40 geny, susijusiy su uzdegiminiu ir imuniniu atsaku, raiSka: 22 geny
dalyvaujanc¢iy citokiny aktyvumo (CCL22, CCL24, CSF1, CSF2, CSF3,
CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCLI13, EBI3, ILIA, ILIB,
ILIRN, IL6, IL10, IL19, IL24, IL27, LIF, OSM); 17 geny— chemokiny
perdavimo (CKR3, CCL4,CCL22, CCL24,CCRI1, CCR2, CCRL2, CMKLRI,
CX3CRI1, CXCLI, CXCL2, CXCL3, CXCLS5, CXCL6, CXCL13, CXCR2,
CXCR3); 11 geny — neutrofily (CCL4, CCL22, CCL24, CSF3R, CXCLI,
CXCL2, CXCL3, CXCL5, CXCL6, CXCL13, ITGB2) ir 5 geny — limfocity
chemotaksio (CCL4, CCL22, CCL24, CXCLI3, CXCR3); T limfocity
proliferacijos valdymo keliuose (CCR2, CD209, EBI3, ILIA, ILIB, IL2RA,
IL6, IL10, ILI2RBI, IL234, IL27, IL27RA, JAK3, TNFRSF14). Serganciy
motery T limfocity gydymas deriniu reik§mingai indukavo 10 geny ir inhi-
bavo 11 geny raiSka, dalyvaujanciy uzdegiminiame ir imuniniame atsakuose.
Citokiny aktyvumo kelyje VPA-DCA slopino CSF3 raiska ir aktyvino
BMP6, CCL20, CXCL2, CXCLS, IL11, ILIA, ILIB, IL234, IL24, NODAL
raiSkg. Derinys slopino T limfocity ACKR3, CCL2, CCL24, CCL7, CCRI,
CCR3, CXCLI, CXCL5, CXCL6, CXCR?2 raiska chemokiny perdavimo
kelyje. Po gydymo neutrofily chemotaksio kelio CCL2, CCL24, CCL7,
CSF3R, CXCLI, CXCL5, CXCL6, CXCR?2 raiska buvo uzslopinta. VPA—
DCA slopino limfocity chemotaksio kelio CCL2, CCL7, CCL24 raiska T
limfocituose. Derinio poveikis buvo stipresnis SARS-CoV-2 infekcija ir
pneumonija sergantiems vyrams nei moterims [224]. Nustatytas poveikis
uzdegimo patogeneziniams keliams ir geny raiSkai rodo, kad VPA-DCA
derinys lemia pokycius geny, kurie svarbils ir kancerogenezei. I$siaiSkinti su
lytimi susijusius GBM dimorfizmo ir gydymo veiksmingumo skirtumus
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svarbu, nes taip galima pagerinti gydymo veiksminguma ir pacienty iSgyve-
namuma taikant individualy GBM gydyma, pagrista su lytimi susijusiais
specifiniais molekuliniais mechanizmais [225].

1.5. Vézio Zymeny tyrimai — individualizuotos terapijos pagrindas

PLBA rySys su véZiu. Proliferuojancios lastelés branduolio antigenas
(PLBA) —baltymas atsakingas uz DNR replikacija, atitaisyma ir pazaidy tole-
ravimg bei chromatino remodeliavima. Tyrimai rodo, kad PLBA yra susijes
su apoptozes ir lasteliy signalo perdavimo keliais ir sgveikauja su daugiau nei
600 baltymy [226]. PLBA yra nustatomas tik proliferuojanciy lasteliy bran-
duoliuose ir jo raiska did¢ja kartu su GBM sunkumo stadija. PLBA suaugusiy
GBM pacienty navikuose yra prognostinis veiksnys ir jo padidéjusi raiSka
koreliuoja su pacienty mazesniu i§gyvenamumu [227, 228]. Zymuo svarbus
prognozuojant ligos recidyvo tikimybe ir piktybiSkumg [229]. PLBA raiska
leidzia vertinti naviko gydymo veiksminguma tiriant CAM modeliu [230].

EZH2 rysys su véziu. EZH2 yra polikombo slopinantis komplekso 2
katalizinis subvienetas (angl. enzymatic subunit of polycomb repressive com-
plex 2), histony N-metiltransferaze, kuri metilina H3 lizing zinduoliy Iastelése
ir slopina transkripcija [231, 232]. EZH2 inhibuoja genus atsakingus uz kan-
cerogenezes slopinimg, o EZH2 aktyvumo slopinimas gali maZzinti naviko
augima [233]. Didelé¢ EZH2 raiSka nustatoma piktybiniy naviky kamieninése
lastelése [234]. EZH2 svarbus gliomos, kriities ir prostatos vézio raidai bei
naviko metastazavimui [232]. Seseriy tyrimy metaanalizé parode, kad padi-
deéjusi EZH2 raiska yra susijusi su bloga GBM prognoze [235]. EZH2 svarbus
kamieniniy lasteliy atsinaujinimo, jy vystymosi, imuninio atsako ir lasteliy
sené¢jimo procesams [236]. EZH2 sagveikaudamas su onkogenais (MYC,
PTEN) daro jtaka naviko piktybiSkumui aktyvindamas EMT mechanizma,
inicijuoja GBM lasteliy invazijg ir metastazavima [237]. EZH2 yra priesvé-
ziniy vaisty taikinys [238]: tiriant vaisty poveiki kancerogenezei, EZH2 rais-
kos nustatymas navike CAM modeliu yra informatyvus metodas [239, 240].

P53 rySys su véziu. 7P53 genas koduoja p53 baltyma, veikiant] kaip
transkripcijos veiksnys. Normaliose somatinése lgstelése p53 raiska yra Zema
[241]. p53 palaiko lgstelés homeostaze, yra atsakingas uz lasteliy prolifera-
cijg, iSgyvenamuma, funkcionuoja kaip transkripcijos veiksnys, aktyvina
lastelés ciklo stabdyma ir apoptoze [242]. TP53 raiska daugelyje navikiniy
susirgimy yra sutrikusi ir jo mutacijos yra susijusios su GBM progresavimu
ir p53 inaktyvacija, koreliuojancia su padidéjusiu naviko invazyvumu [241],
prislopinta apoptoze, su aktyvesnés proliferacijos naviko fenotipu [1].
Mutantinio p53 kiekis koreliuoja su bloga vézio prognoze ir trumpesniu
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GBM ligonio iS§gyvenamumu. Mutantinio p53 daznis priklauso nuo GBM
molekulinio potipio [241].

E-kadherino ir N-kadherino rysys su glioblastomos raida. Kadherinai
priklauso adhezijos molekuliy Seimai, reguliuojanciai apoptoze, geny raiska,
lasteliy proliferacijg, diferenciacijg ir migracijg [243]. Gliomos progresavi-
mas ir rezistentiSkumas gydymui yra susij¢ su Igsteliniais EMT mechaniz-
mais. EMT metu lgstelés jgyja mezenchiminj potipj ir suaktyvéja lasteliy
migracijos savybés [243, 244]. GBM mezenchiminé transformacija yra nus-
tatoma navikui atsinaujinant arba esant rezistentiSkumui ] TMZ gydyma.
Mezenchiminis GBM potipis yra invazyvesnis ir rezistentiSkesnis gydymui
[243]. EMT metu E-kadherino raiSka sumazéja ir padidéja N-kadherino
raiSka [245].

CDH1 koduoja lasteliy adhezijos baltyma E-kadhering. CDH1 yra navi-
ko supresorius [243]. E-kadherino poky¢iai yra susij¢ su specifiniy epitelinés
kilmeés naviky vystymusi, bet reti CDHI variantai gali sukelti ir neuroepi-
telinés ar epitelinés kilmés smegeny navikus, t. y. Wnt/p katenino signalinis
kelias siejamas su E-kadherino paveikty naviky raida [246]. Gliomy
E-kadherino genas yra neaktyvus arba geno raiska yra Zema d¢l hiper-
metilinimo GBM audinyje ir maz¢ja su smegeny naviko stadija [247, 248].
Taciau N-kadherino genas (CDH2) yra aktyvus GBM audinyje ir yra
siejamas su gliomos progresavimu [153, 244]. N-kadherino raiska tiesiogiai
koreliuoja su gliomos laipsniu ir su Ki-67 zymens raiska [243]. Spindulinei
terapijai rezistentiSky gliomos kamieniniy lasteliy populiacijoje N-kadherino
raiska yra didelé [249].

NKCC1 nesiklio svarba naviko progresavimui. Na-K-Cl nesSiklis
(NKCC) pernesa Na*, K" ir C1™j lastelés vidy. Nesiklis turi dvi izoformas:
NKCCI1 ir NKCC2. NKCC1 yra koduojamas SLCI2A2 ir randamas jvairiy
tipy audiniuose, o NKCC2 — aktyvus inkstuose. NKCC aktyvumas priklauso
nuo fosforilinimo, aktyvinanc¢io abi izoformas [250, 251]. NKCC1 pernesa
vieng Na“, vieng K" ir du CI” jonus ir yra atsakingas uz Cl~ kaupimasi
lasteleje [251]. Navikinés lastelés kaupdamos CI7, didina lastelés turi. Farma-
kologiné NKCC1 inhibicija bumetanidu slopina gliomos lasteliy migracijg ir
invazijg [252]. NKCCI1 aktyvumo poky¢iai gali pakeisti mitochondrijy funk-
cija. Fibroblastuose, gydytuose NKCC1 inhibitoriumi bumetanidu, nustatomi
suaktyvéje mitochondrijy oksidaciniai procesai [253].

Na* ir CI” koncentracija svarbi naviko mikroaplinkai, nes $ie jonai yra
susij¢ su vézio progresavimo mechanizmais [135, 136]. NKCCI1 svarbus
naviko Igsteliy proliferacijos ir apoptozés mechanizmams [153]. Tai biidinga
navikinéms lasteléms, pasizymincioms didelio aktyvumo NKCCI raiSka
[152, 254]. Naviko vidulgsteliné CI~ koncentracija yra vienas i§ svarbiy
prieSvézinés terapijos taikiniy, todél vidulastelinio ClI” koncentracijos
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reguliavimas per NKCC1 aktyvumga gali stiprinti prieSvéziniy vaisty poveikj
[255, 256]. Damanskien¢ E. ir kt. nustaté, kad VPA gydymas padidino
pediatriniy GBM lasteliy NKCC1 geno raiska in vitro, bet Sis poveikis
priklausé nuo Igsteliy linijos [257].

NaDCA inhibuoja Na*-K*-2CI™ nesiklj [201]. NKCC1 inhibicija maZina
vidulgstelinio Cl™ kiekj, galintj paveikti navikiniy lasteliy proliferacijg ir
apoptoze [255, 256]. NKCCI1 aktyvumas ziurkiy timocituose yra jautrus
NKCC inhibitoriui furozemidui [258, 259]. NKCC1 gali buti aktyvinamas
lastelese, kurioms trikksta C1™ [260]. NKCC1 stimuliacija Iastelés G ciklo
fazés metu yra bitina tam tikry lasteliy proliferacijai [261].

NKCCI1 raiska intaktiniy ziurkiy timocituose priklauso nuo lyties —
NKCC1 daugiau aktyvus patiny nei pateliy timocituose [200]. Gimimo dieng
NKCC1 mRNR kiekis buvo didesnis ziurkiy pateliy, o ne patiny smegeny
pogumburio lgstelése; bendrasis NKCC1 baltymo kiekis buvo didesnis
ziurkiy patiny, o ne pateliy vaisiaus pogumburyje [262]. Palyginus zmogaus
ir ziurkiy lasteles, nustatytas NKCCI1 aktyvumo skirtumas: Zmogaus
neuronuose NKCC1 pernesamo Cl™ aktyvumas buvo 61,7 proc. Zemesnis nei
ziurkiy neuronuose [263]. Eritrocity vidutinis Na*™-K*-2CI™ nesiklio baltymo
kiekis buvo nuo 26 proc. iki 46 proc. didesnis vyry nei motery [264, 265].

Laisvieji radikalai ir tirozino baltymo nitrinimas gali paveikti NKCC
strukttirg ir funkcinius pokycius [266, 267].

KCC2 nesiklio svarba naviko progresavimui. K-Cl nesiklis (KCC)
priklauso katijono-chlorido nesikliy Seimai ir jis gali buti 4 tipy. Visi 4 neSik-
liai yra panasis savo struktiira ir funkcija, bet KCC2 nustatomas centrinés
nervy sistemos lgstelése [268]. KCC2 nesiklis i$nesa K* ir CI™ i lgstelés ir
yra koduojamas SLCI12A45 [269]. KCC2 yra aktyvus nerviniame audinyje ir
smegeny zievéje [270]. KCC2 yra gliomos naviko supresorius. KCC2 raiska
yra sumaze¢jusi GBM lastelese. Padidejusi KCC2 raiska GBM lastelése slopi-
na GBM proliferacijg [271]. VPA padidina KCC2 geno raiska pediatriniy
GBM lastelése, taip pat aktyvina K* ir C1™ i$¢jimg i$ lastelés, bet poveikis
priklauso nuo GBM lasteliy [257]; preparato poveikis nesusijes su DNR
metilinimu [271]. KCC2 yra GBM prognostinis zymuo. KCC2 yra susijes su
naviko imuninio atsako reguliavimu ir reguliuoja lgsteliy proliferacija bei
migracija [272].

Histologiniuose preparatuose buvo nustatyta, kad suaugusiy GBM ir epi-
lepsija serganciy pacienty KCC2 raiska buvo sumazejusi [273, 274]. NKCC1
ir KCC2 aktyvumo balanso sutrikimai gali sumazinti hiperpoliarizuojantj
y-aminosviesto rugsties (angl. y-aminobutyric acid; GABA) poveikij ir gali
veikti epilepsijos pasireiSkimg GBM pacientams. Esant epilepsijai, traukuliai
blogina GBM ligos eiga [275]. Tinkamas KCC2 aktyvumas uztikrina
postsinapsiniy neurony GABA A receptoriy funkcionavima [269]. Epilepsija,
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atsirandanti sergant GBM, yra siejama su sumaz¢jusiu KCC2 aktyvumu
naviko aplinkoje. Aktyvuojant KCC2, galima paveikti vidulgstelinio CI
homeostazg ir taip galéty padéti sukontroliuoti traukuliy daznj ir intensyvuma
[276]. Aktyvuojan¢iy KCC2 vaisty poveikis GBM Iastelése nesikli daro
potencialiu prie§véziniu Zymeniu.

SLC5AS8 nesiklis, jo reik§mé dichloroacetato perneSimui ir naviko
progresavimui. Su Na“ susijes monokarboksilaty ne$iklis (SLC5A8) yra
koduojamas SLC5A48 ir priklauso nuo Na* [277]. Nesiklis pernesa | lastele
pieno riigstj, piruvata, acetata, propionata, valerata, butiratag, monokarboksi-
lato vaistus (DCA, nikoting ir kitus) ir ketonus [28, 277]. Nesiklio aktyvumas
priklauso nuo vidulgstelinio Na* ir CI™ kiekio. Suaugusiy patiny laukinio tipo
c/ebpd+/— ir c/ebpd—/— peliy tyrimai parodé¢, kad SLC5A8 daugiausia pernesa
trumpasias riebaly riig§¢iy grandines | Iastele [278, 279]. Jei neSiklis néra
aktyvus, lastelé¢je substratas gali nesikaupti. Trumposios riebaly rtgstys,
patekusios i imuninés kilmeés lgstele per SLC5SAS8 pakeicia HDAC aktyvuma
sukeldamos imunomoduliuojanti poveiki: slopina dendritiniy lgsteliy vysty-
masi, citokiny i§skyrimg ir aktyvina T limfocity apoptozg; tai rodo SLC5A8
svarbg uzdegimo mechanizmams [280, 281]. SLC5AS8 aktyvina lastelés
apoptoze per nuo piruvato priklausomg HDAC supresija [28].

SLC5AS8 yra pirminiy zmogaus ir eksperimentiniy gyviny gliomy augi-
mo supresorius, svarbus kancerogenezei, susijusiai su epigenetiniais mecha-
nizmais [277, 282]. SLC5A8 raiskos slopinimas yra siejamas su DNR metili-
nimu, o naviko Igsteliy gydymas su DNR demetilinan¢iomis medziagomis
padidina SLC548 raiska [28]. VPA gali aktyvuoti genus, reguliuojamus DNR
metilinimu [29, 283]. SLC5A8 aktyvumas ziurkiy patiny dvylikapirStés
zarnos enterocituose priklauso nuo NKCC1 nesiklio aktyvumo [284].

SLC5AS8 raiska gyviiny T limfocituose gali paveikti imuninj atsaka ir
biiti susijusi su virusiniy ligy progresavimu [285]. Zema SLC5AS raiska yra
susijusi su papilloma viruso paveiktu naviko vystymusi [286]. SLC5A48 raiska
navikinése lastelése yra uzslopinta hipermetilinimo ir toks geny uztildymas
yra susijes su prasta prognoze [287]. VPA gali padidinti SLC548 raiska GBM
lastelese [257, 283]. HDAC inhibicija sukelia lasteliy apoptozg per SLC5A8
[28, 288].

1.6. Eksperimentiniai modeliai, taikyti tyrimams

Ciobrialiaukés modelio taikymas véZio tyrimams. Ciobrialiauké pri-
klauso centriniams imunings sistemos organams, kur T limfocitai formuojasi,
bresta ir diferencijuojasi i§ timocity [289]. Zinduoliy iobrialiauké yra
padalinta j Zievine ir $erdine dalis. Zievingje dalyje yra daugiau limfocity nei
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Serdingje [290]. Nesubrend¢ CD4 CD8™ ir CD4"CD8" timocitai yra ¢iobria-
liaukeés zievinéje dalyje, o labiau subrende CD4"CD8™ ar CD4 CD8" timoci-
tai yra Serdin¢je liaukos dalyje [291]. Timocitai sgveikauja su Ciobrialiaukes
epitelioretikulinémis lgstelémis, suaktyvinanciomis timocity diferenciacija |
subrendusius CD4" ir CD8" [292]. Vidulasteliné Cl” koncentracija yra vienas
svarbiausiy rodikliy lastelés proliferacijos ir diferenciacijos procesuose
[293]. Uz Na" ir Cl™ patekima j timocitus yra atsakingas NKCC1 nesiklis
[258]. Serdinés dalies HK atspindi galutine iobrialiaukés epitelioretikuliniy
lasteliy diferenciacijos stadija ir dalyvauja timocity atsinaujinimo ar
brendimo bei apoptozes procesuose [292]. HK formavimasis yra siejamas su
nuo amziaus priklausoma liaukos atrofija ir sumaZzéjusia interferono o
gamyba, t.y. susij¢s su sumazéjusiy uzdegiminiy signaly perdavimu ir
sutrikusiu timocity vystymusi [294].

Dél netinkamos mitybos ar infekcijos Ciobrialiauke yra linkusi atrofuotis
mazéjant zievinés dalies audiniui bei timocity kiekiui liaukoje [291]. Be to,
Ciobrialiauké su amziumi regresuoja. Sumazejes Ciobrialiaukes dydis ir
funkcija lemia sumazéjusia T limfocity cirkuliacija periferijoje. Sie liaukos
funkcijos poky¢iai gali padidinti autoimuniniy ligy, bakterijy, virusiniy infek-
cijy ir neoplazmy rizikg [289].

Tyrimai rodo, kad nuo amziaus priklausoma ¢iobrialiaukés involiucija
priklauso nuo lytiniy hormony [295]. Seny rezus makaky patiny gydymas
testosteronu padidino naiviy T limfocity kiekj kraujyje, o kartu padidéjo ir
Ciobrialiauké [296]. Timocitai ir epitelioretikulinés lgstelés turi androgeny
receptorius [297]. Su lytimi susij¢ imuninio atsako skirtumai priklauso nuo
mitochondrijy dimorfinés populiacijos ir lytiniy hormony [298].

Tiriant vaistus, svarbu nustatyti vaistinio preparato poveikj ¢iobrialiau-
kés masei ir jos struktiiros poky¢iams. Ciobrialiauké yra vertingas eksperi-
mentiniy tyrimy modelis, kurio taikymas leidzia vertinti vaistiniy preparaty
poveikj liaukai ir timocity proliferacijai.

U87 ir T98G lasteliy linijy lasteliy tyrimai taikant glioblastomos
eksperimentinius modelius. Eksperimentiniams tyrimams buvo naudotos
dvi GBM U-87 MG (U87; ECACC 89081402) ir T98G (ATCC Nr.
CRL-1690™) lasteliy linijy lastelés. U87 lasteliy linija iSskirta i§ 44 mety
amziaus moters navikinio smegeny audinio (glioblastomos astrocitomos)
[299]. Kartu su U87 Iastelémis yra nustatoma CD133" lasteliy populiacija,
padedanti U87 Igsteléms formuoti neurosferas, kurios gali biiti naudojamos
GBM tyrimams [300]. U87 linijos lastelés turi TERT, ATRX, PTEN mutacijas
ir metilinta MGMT, bet U87 lastelés neturi izocitrato dehidrogenazés 1
mutacijos [301, 302]. Peliy modeliy U87 navikai smegenyse yra apsupami
aktyvuoty astrocity be infiltracijos pozymiy. Taip pat U87 lasteliy atsakas
spindulinei terapijai priklauso nuo spinduliuotés dozes [303].
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T98G lasteliy linija iSskirta i§ 61 mety amziaus vyro daugiaformés
glioblastomos naviko [304]. Palyginus su U87 lastelémis, T98G lastelés
geriau atspindi GBM navikams biidingg proliferacinj ir invazinj fenotipa
tiriant ex vivo, in vitro ir in vivo modeliais. T98G lgsteliy invazija koreliuoja
su proliferacija ir kamieniniy lgsteliy savybémis [305].

US87 ir T98G lastelés skiriasi atsaku | TMZ gydyma: U87 yra jautrios
gydymui, o T98G lastelés yra rezistentiSkesnés, todél joms citotoksiska TMZ
doze yra didesné. T98G turi aktyvy MGMT ir alkilpurino DNR N glikozilazés
(angl. alkylpurine-DNA-N-glycosylase) baltyma, kurie dalyvauja DNR
reparacijos procesuose [13].

Abi lagsteliy linijy lgstelés yra naudojamos tiriant in vivo ir in vitro
modeliais, nes gali atkartoti zmogaus pirminés GBM histopatologinius poky-
¢ius. Dél panasumo j zmogaus GBM pirmines lasteles, Siy lasteliy tyrimai
ksenografto CAM modeliu padeda istirti navikui specifinius patogenezés
kelius — naviko augimo, apoptozés ir angiogenezes mechanizmus [303].

CAM modelio taikymas vézZio tyrimams. CAM modelis yra taikomas
tirti naviko gydymo galimybes analizuojant naviko augima, invazijg ir angio-
geneze [239, 306]. Suformuoti i§ GBM lasteliy navikai ant CAM atspindi
pirminj naviko piktybiskumg. CAM modeliu tiriami i§ paciento naviko
suformuoti ksenograftai suteikia galimybe jvertinti galimg individualios
chemoterapijos gydymo veiksminguma [307]. CAM modelis yra tinkamesnis
prognozuojant i$ paciento suformuoto naviko ksenografto gydymo prognoze
bei padeda tirti navika. Sis metodas leidzia gauti tyrimo duomenis grei¢iau
nei taikant grauziky imunodeficitinius modelius [308]. CAM modelis iki
desimtos vis¢iuko embriono vystymosi dienos yra imunodeficitinis modelis
[306, 309]. Ksenograftas sukelia uzdegiminius procesus CAM srityje [306].
Krities vézio navikiniy lasteliy linijy histomorfologiniy ir imunohistochemi-
niy tyrimy rezultatai, naudojant CAM modelj, buvo panasus i peliy modelio
ir paciento naviko audinio tyrimy rezultatus [310]. Palyginamieji vaistiniy
preparaty poveikio U87 naviko augimui ant CAM ir U87 sferoidams tyrimai
parodé, kad sferoidy tyrimy modelis neatspinti naviko progresavimo ar gydy-
mo poveikio navikui, kas yra nustatoma taikant CAM modelj [311]. Taikant
CAM modelj, galima analizuoti papildomus rodiklius, padedancius vertinti
ksenografto piktybiskuma ir CAM mezenchimos storio kitimg po naviku; kas
yra tiesiogiai susij¢ su padidéjusiu kraujagysliy skai¢iumi mezenchimoje po
naviku [312, 313]. GBM yra indukuojantis neoangiogenez¢ navikas [314], o
CAM modelis padeda nustatyti tiriamo vaistinio preparato poveikj neoangio-
genezei.
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2. TIRTA MEDZIAGA IR TYRIMU METODAI

Atlikty tyrimy schema yra pateikta 2.1 paveiksle.

Abiejy ly€iy intaktiniy Ziurkiy vienos paros ir ilgalaikio (28 pary)
VPA-NaDCA gydymo poveikio tyrimai

Slapimo tyrimai: paros diurezé, Na*, K*, Cl', Ca?*, Mg?* i§siskyrimas, kreatinino
koncentracija, pH paros $lapime

Kraujo tyrimai: Na*, K*, Cl, Ca?, Mg*, gliukozés, §lapalo, kreatinino
koncentracija; testosterono koncentracija patiny kraujo serume

Organy morfometriniai tyrimai: bluznies, inksto ir ¢iobrialiaukés maseé.
Histologiniai tyrimai: inksto TAL aukstis ir HK skai¢ius ¢iobrialiaukéje.
Timocity tyrimai: Sle5a8, Slcl12a2, Slci2a$5 raiSkos nustatymas.
Timocity pasiskirstymo pagal lastelés ciklo fazg tyrimas.

Ilgalaikio (28 paru) VPA gydymo poveikio intaktiniy ir kastruoty abiejy ly¢iuy
ziurkiy timocity Slc5a8, Slc12a2 ir Slc12a$5 raiSkai tyrimai

VPA, MgDCA, VPA-MgDCA ir TMZ poveikio U87 ir T98G lasteléms
ir ju navikams ant CAM tyrimai

. Histologinis naviko ant CAM tyrimas: invazija ] CAM, CAM storis, kraujagysliy
skaicius po naviku

—>| Naviko ant CAM imunohistocheminis PLBA, EZH2, pS3 Zymeny raiskos tyrimas

GBM lasteliy SLC548, SLC12A42, SLC1245, CDHI, CDH?2 raiskos tyrimas
in vitro

—>|

VPA-MgDCA poveikio paciento pirminiy GBM lasteliy navikui
ant CAM ir lasteléms tyrimai

Histologinis naviko ant CAM tyrimas: invazija ] CAM, CAM storis, kraujagysliy
skaicius po naviku

>

—>| Naviko ant CAM imunohistocheminis PLBA, EZH2, p53 Zymeny raiskos tyrimas |

Pirminiy lasteliy SLC548, SLC12A42, SLC1245, CDH1, CDH? raiskos nustatymas
in vitro

>

—>| Su proapoptoze susijusiy geny raiskos tyrimai in vitro

2.1 pav. Atlikty tyrimy schema
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2.1. Ziurkiy tyrimo medZiaga ir atlikti tyrimai

Vienos paros ir ilgalaikio (28 pary) VPA-NaDCA gydymo (150 mg/kg/
parai VPA ir 100 mg/kg/parai NaDCA derinio doz¢) poveikiui jvertinti buvo
tirtos abiejy lyCiy 5-6 savaiCiy amziaus intaktinés Wistar ziurkes. Tirtos
ziurkiy grupés ir jy imtys pateiktos 2.1.1 lenteléje (i$ viso tirti 24 gyviinai).

2.1.1 lentelé. VPA-NaDCA gydytos Ziurkiy grupés ir jy imtis

Tirtos grupés
Patinai Patelés n
Kontrolé Kontrolé 6
Gydyti VPA-NaDCA 6 Gydytos VPA-NaDCA 6

Ziurkéms buvo atlikti §ie tyrimai:

kiino masés morfometriniai matavimai pirma, 14 ir 28 tyrimo diena;
inksto, bluznies ir ¢iobrialiaukés masés morfometriniai matavimai
tyrimo pabaigoje (po 28 pary gydymo);

vienos VPA-NaDCA paros poveikio §lapimo paros diurezei, Na“,
K*, CI-, Ca*", Mg?" i8siskyrimui, kreatinino koncentracijai ir paros
Slapimo pH tyrimai,

ilgalaikio VPA-NaDCA gydymo poveikio tyrimai (9-10 savaiciy
amziaus ziurkeés):

1)
2)

3)

4)

a)

b)

c)

d)

e)
f)

28 paros $lapimo diureze, paros Slapimo Na*, K*, CI-, Ca?,
Mg?* i8siskyrimui, kreatinino koncentracija ir S§lapimo pH
tyrimai;

kraujo tyrimai: gliukozés, Na*, K*, ClI-, Ca*", Mg**, $lapalo,
kreatinino koncentracija; patiny testosterono kraujo serume
koncentracija po gydymo;

inksto storosios kylanciosios Henlés kilpos dalies (angl. thick
ascending limb, TAL) epiteliocity aukscio histomorfometriniai
matavimai;

HK skaiciaus vertinimas Ciobrialiaukés histologiniuose prepa-
ratuose;

timocity santykinés Slc5a8, Slc12a?2 ir Slc12a5 raisSkos tyrimas;
timocity pasiskirstymo pagal lastelés ciklo faz¢ tyrimas.

VPA (300 mg/kg/parai) 28 pary gydymo poveikiui Slc5a8, Slci2a2 ir
Slci12a5 raiSkai nustatyti, tirtos 4—5 savai¢iy amziaus abiejy ly¢iy Wistar
ziurkiy grupés (tyrimas atliktas po gydymo 8-9 savai¢iy amziaus Ziurkéms)
yra pateiktos 2.1.2 lenteléje.
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2.1.2 lentelé. VPA gydytos ziurkiy grupés ir jy imtis

Tirtos grupés
Intaktiniai patinai n Kastruoti patinai n
Kontrolé 6 Kontrolé 6
Gydyti VPA 6 Gydyti VPA 6
Intaktinés patelés Kastruotos patelés
Kontrolé 6 Kontrolé 6
Gydytos VPA 6 Gydytos VPA 5

2.1.1. Wistar Ziurkiy prieZiiira ir gydymas

Eksperimentiniam tyrimui su gyviinais buvo gautas Lietuvos maisto ir
veterinarijos tarnybos leidimas (2019-01-09; Nr. G2-98). Ziurkés laikytos
kolonijiniuose narvelivose (/500 U Standart 1V S, Techniplast, Italija) po
6 gyviinus. Ziurkés jsigytos i§ Lietuvos sveikatos moksly universiteto
(toliau — LSMU) Veterinarijos akademijos vivariumo. Tyrimas vykdytas
LSMU Veterinarijos akademijos Biologiniy tyrimy centre. Iki eksperimento
pradzios, aklimatizacijos tikslu 5 paras gyviinai laikyti LSMU Veterinarijos
akademijos Biologiniy tyrimy centre. Tyrimas truko 28 paras. Ziurkés ertos
specialiu grauziky granulivotu paSaru (Joniskio griidai, Lietuva) ad libitum.
Kontrolés ziurkeés girdytos ad [libitum S$vieziu vandentiekio vandeniu, o
gydytos VPA-NaDCA vandeniniu tirpalu (150 mg/kg/parai VPA (Sigma-
Aldrich GmbH, Vokietija) ir 100 mg/kg/parai NaDCA (Sigma-Aldrich GmbH,
Vokietija). Patalpoje, kurioje laikytos ziurkés, visg tyrimo laikotarpi
palaikytos pastovios aplinkos salygos: temperatira 22 +1°C, drégmé
~60 proc., paros Sviesos/tamsos rezimas — 12/12 valandy.

2.1.2. Ziurkiy $lapimo tyrimai

Pradéjus tyrima, tikslu surinkti paros §lapima, 24 valandas ziurkés laiky-
tos po vieng metaboliniame narvelyje (370/M081, Techniplast, Italija). Nar-
velyje ziurkés laikytos be maisto, bet su laisva prieiga prie vandens arba
VPA-NaDCA vandeninio tirpalo. Slapimo analizé atlikta automatizuotu
analizatoriumi (Iris iQ200, Iris Diagnostics, JAV). Paros Slapimo pH
nustatytas analizatoriumi (AUTION ELEVEN-4020, Arkray, Japonija). Tikslu
nustatyti ilgalaikio gydymo VPA-NaDCA poveikj paros Slapimo tirtiems
rodikliams, 27 tyrimo parg ziurkés vél buvo patalpintos 24 valandoms i
metabolinius narvelius ir surinktas paros §lapimas. Paros diurezé ir Slapimo
jony koncentracija buvo apskaiciuojama 100 g gyviino kiino maseés.
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2.1.3. Ziurkiy kraujo serumo tyrimai

Ziurkiy kraujo serumo tirty rodikliy poky¢iams nustatyti 28 para buvo
paimtas kraujas (metodika nurodyta 2.1.4 skyriuje). Kraujas centrifuguotas
1200xg grei¢iu 15 min. 4 °C temperatiiroje (HERAEUS Megafuge S8R,
Thermo Scientific, Vokietija) ir tyrimui buvo nusiurbtas serumas. Kraujo ana-
liciy serumo analiz¢ atlikta automatizuotu klinikinés chemijos analizatoriumi
(Olympus AUG680, Beckman Coulter/Olymus, JAV). Patiny testosterono
koncentracija kraujo serume nustatyta kiekybiniu imunofermentiniu ELISA
metodu (Sigma-Aldrich, Vokietija).

2.14. Ziurkiq paruoSimo tolesniems tyrimams ir
tékmés citometrijos metodikos

Po 28 pary ziurkés buvo pasvertos svarstyklémis (KERN 440-2IN,
KERN & Sohn Gmbh, Vokietija) ir i pilvapléve suleista po 100 ul bromo-
deoksiuridino tirpalo (BD Pharmingen, JAV), kuris, inkorporuodamasis ]
lastelés DNR granding, fluorescuoja ir taip padeda aptikti proliferuojancias
lasteles tekmes citometrijos metodu. Suleidus bromodeoksiuridino tirpala,
buvo laukiama dvi valandas. Po to gyviinai uzmigdyti 70 proc. CO; kame-
roje. Giliai imigus gyviinui, bet dar plakant jo Sirdziai, ziurké nukraujinta —
perkirpus miego arterijg ir aorta, siekiant maksimaliai sumazinti eritrocity
kiekj ziurkes Ciobrialiaukéje. Tyrimams buvo paimti ir pasverti ziurkés desSi-
nysis inkstas, ¢iobrialiauke ir bluznis. Kairioji Ciobrialiaukés skiltis, inkstas
(vienas pjuvis inksta dalino iSilgai piramidés ir iSilgai inksto j dvi dalis, t. y.
per vartus link Zievés) ir bluznis tris paras buvo fiksuoti 10 proc. formalino
buferiniame tirpale (Merck KGaA, Vokietija) ir naudoti histologiniams tyri-
mams. Kraujo likuciai nuo deSinés Ciobrialiaukes skilties nuplauti Roswell
Park Memorial Institute 1640 (RPMI-1640) mitybine terpe (Sigma-Aldrich
GmbH, Vokietija). Ciobrialiaukés skiltis mechaniskai susmulkinta 37 °C
temperatiiros RPMI-1640 terpéje pipetuojant automatine pipete (Eppendorf
Research, Eppendorf AG, Vokietija). Siekiant pasalinti jungiamojo audinio
liku€ius, timocity suspensija buvo perkosta per du sterilios neaustinés ser-
vetéles sluoksnius (Mesoft, Molnlycke, Svedija). Suspensija dar karta buvo
centrifuguota, kad pasalintume eritrocitus. Timocity suspensija naudota
tekmes citometrijos, Slc5a8, Slc12a?2 ir Slc12a5 raiskos tyrimams.

Timocity pasiskirstymo pagal lastelés ciklo faz¢ vertinimui buvo naudo-
tas APC BrdU tékmeés rinkinys (angl. APC BrdU flow kit; BD Pharmingen™,
BD Bioscience Pharmingen, JAV) pagal gamintojo rekomendacijas. Paruos-
tos lastelés buvo analizuojamos tékmés citometru (aFCSLyric, Becton
Dickinson, JAV).
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2.1.5. Ziurkiy inksto, ¢iobrialiaukeés histologiniy preparaty
paruos§imas ir imunohistocheminis daZymas

Po fiksacijos tirta medziaga buvo sudéta | biopsines kasetes (Carl Roth
GmbH+Co. KG, Vokietija) ir plauta 4 valandas po tekancio vandens srove
fiksatoriui pasalinti. Tada tirta medziaga buvo dehidratuota, kietinta ir
impregnuota. Po impregnavimo 64 °C termostate (Ecocell, Vokietija), nau-
dojant liejimo formas (BioOtica, Italija), tirta medZiaga buvo jlieta j parafino
blokus. Parafino blokai buvo Saldyti ant —10 °C temperatiiros Saldymo ploks-
tés (Pfm medical AG, Vokietija), tada 3 pm storio pjiiviais supjaustyti rotaci-
niu mikrotomu (RM2155, Leica microsystems, Vokietija). Pjuviai buvo
iStiesinti 37 °C temperatiiros vandens vonel¢je (HI 1210, Leica microsystems,
Vokietija) ir buvo sudéti ant slifuotais krastais objektinio stiklelio (Duran
group, Vokietija). Nupjauti preparatai laikyti ant Sildymo plokstés (13801,
Medax, Vokietija). Prie§ dazyma nupjauti preparatai tris paras dziovinti 37 °C
temperatiiroje termostate (LSIS-B2V/EC55, Ecocell, Vokietija) ir deparafi-
nuoti ksilenu (Merck KGaA, Vokietija).

Inksto ir ¢iobrialiaukés preparatai dazyti hematoksilino ir eozino (H-E)
dazais. Imunohistocheminis (IHC) dazymo metodas naudotas didelio mole-
kulinio svorio citokeratinams (citokeratino monokloninis antikiinas, klonas
34BE12; Dako A/S, Vokietija) iSryskinti Ciobrialiaukéje.

2.1.6. Ziurkiy TAL auks¢io inkste ir HK skai¢iaus Ciobrialiaukéje
tyrimo metodikos

Histomorfometrin¢ analiz¢ atlikta naudojant Sviesinio mikroskopo foto-
kamera (OLYMPUS BX40F4, Olympus Life Science Europa GMBH, Vo-
kietija) ir CellSens Dimention 1.9 skaitmening vaizdavimo programing jranga
(Olympus Corporation of America, JAV).

Histologiniai inksto pjiiviai buvo dazyti H-E. Keturiuose regéjimo lau-
kuose (fotografuota 40x padidinimu) matuotas po 10 kubiniy epiteliocity is-
klojan¢iy TAL aukstis (um) kiekvienam tirtam atvejui, apskaiciuotas vidur-
kis.

Ciobrialiauké buvo jlieta taip, kad atlickant histologinius pjavius liauka
biity pjaunama isilgai. Kiekvienu atveju buvo pjaunama 16 pjuviy: 8 dazomi
H-E, kiti 8 — IHC dazais. IHC dazymui buvo naudotas EnVisionPlus-HRP
rinkinys (Dako, Danija). 100 karty padidinti preparaty vaizdai fotografuoti su
skaitmenine kamera (U-CMAD3, Olympus, Japonija) ir skenuojanciu mikro-
skopu (OLYMPUS BX40F4, Olympus Opticae co. LTD., Japonija). Naudojant
Image-Pro Plus 7 versijos programing iranga (MediaCybernetics, JAV),
kiekviename preparate buvo matuojamas bendras Ciobrialiaukés ir Serdinés
dalies plotas (mm?) ir apskai¢iuojamas kiekvieno tiriamo atvejo ploto
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vidurkis. Serdin¢je dalyje buvo skai¢iuojamas HK skai¢ius ir jy vidurkis
kiekvienam tiriamam atvejui.

2.1.7. RNR iSskyrimas, kiekio ir kokybés nustatymas, santykinés
geny raiskos analizé

Bendrosios (angl. fotal/) RNR i$skyrimui i§ ziurkés Ciobrialiaukés buvo
naudotas TRIzol Plus RNR gryninimo rinkinys (Life Technologies, JAV).

RNR buvo iSskiriama i§ timocity suspensijos (ziuréti 2.1.4 skyriy) ar
8-9 savaiciy amziaus kastruoty ir intaktiniy abiejy ly¢iy ziurkiy kontroliy bei
gydyty 4 savaites 300 mg/kg/parai VPA ziurkiy Cciobrialiaukés audinio
(n=47; Valstybinés maisto ir veterinarijos tarnybos leidimo Nr. G2-53;
2017-01-02). SvieZias kairiosios ¢iobrialiaukés skilties audinys buvo patal-
pintas 1 RNR stabilizuojanti reagenta (RNAlaterRNA, Qiagen, Vokietija) ir
laikytas —80 °C temperatiiroje iki RNR gryninimo.

Timocity suspensija buvo homogenizuota ja pipetuojant su 7RIzol
reagentu. UzSaldytas Ciobrialiaukés audinys homogenizuotas trinant skysta-
me azote (Gaschema, Lietuva). Gryninant geneting medziagg vadovautasi
gamintojo rekomendacijomis. Koncentracija bei §varumas nustatyti naudo-
jant bekiuvet] spektrofotometrg (NanoDrop 2000, Thermo Scientific, JAV),
ir po to buvo uzSaldyti —80 °C temperattiroje iki tolimesnio naudojimo.
Atsizvelgiant | iSmatuoty meginiy koncentracijas, buvo pagaminti darbiniai
tirpalai, kuriy koncentracijos atitiko gamintojo metodikos rekomenduojamas.

RNR kokybei bei kiekybei nustatyti taikyta integralumo analizé naudo-
jant RNR 6000 nano rinkinj (4gilent Technologies, Vokietija). RNR méginiy
analiz¢ atlikta bioanalizatoriumi (4gilent 2100, Agilent Technologies, Vokie-
tija) pagal gamintojo rekomendacijas. Visi tirti ziurkiy meéginiai atitiko tikro
laiko polimerazés grandininés reakcijos tyrimui rekomenduojama kokybe
[315].

Santykinei geny raiskai nustatyti buvo atlikta atvirkstinés transkripcijos
reakcija naudojant aukstos kokybés kopijinés DNR atvirkstinés transkripcijos
rinkinj su ribonukleaziy inhibitoriumi (4ppliedBiosystems, Lietuva) ir geny
raiSka vertinta tikro laiko polimerazés grandininés reakcijos metodu (7900
Fast Real-Time PCR System, Applied Bio-Systems, JAV) naudojant TagMan
zondus (2.1.7.1 lentel¢) [316, 317]. Tyrimas buvo atliktas méginius kartojant
tris kartus pagal gamintojo rekomendacijas. Tikro laiko polimerazés
grandininés reakcijos nustatymai buvo 95 °C 10 min., 40 ciklai 95 °C 15 s ir
60 °C 1 min. Santykinei geny raiSkai vertinti pasirinktas 2724¢T (Livak)
metodas [318]. Slenkstinio ciklo (angl. threshold cycle, CT) > 35 reikSmé
buvo vertinama kaip raiskos nebuvimas ir nejtraukta j skai¢iavimus.
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2.1.7.1 lentelé. Genai ir atitinkami TagMan zondai naudoti santykinei geny

raiskai nustatyti

Pavadinimas

Genas

Zzmogus (lasteliy linija)

Ziurké

Referentinis genas

GAPDH (Hs02786624 gl)

Gapdh (Rn01775763_gl)

SLCSAS

SLC548 (Hs00377618_m1l)

Slc5a8 (Rn01503812_ml)

NKCC1

SLCI1242 (Hs00169032 ml)

Slc12a2 (Rn00582505_m1)

KCC2

SLCI1245 (Hs00221168 ml)

Slc12a5 (Rn00592624 m1)

E-kadherinas

CDHI (Hs01023894 m1)

N-kadherinas

CDH?2 (Hs00983056_m1)

o TagMan zondai nenaudoti.

2.2. Glioblastomos lasteliy naviky tyrimo
in vivo ir in vitro medzZiaga ir atlikti tyrimai

US87 ir T98G lasteliy naviky invazijos daznis i CAM, CAM storis,
kraujagysliy skaicius po naviku ir naviko Zymeny raiskos IHC analizé buvo
atlikta grupéms, nurodytoms 2.2.1 lentel¢je.

2.2.1 lentelé. Kontrolés ir gydyty naviky ant CAM grupés ir jy imtis

Naviky ant
Tirtos grupés CAM sll(!aiéius PLBA EZH2 pS3
U87 | T98G | U87 | T98G | U887 | T98G | U87 | TISG
Kontrolé 20 12 8 9 12 9 12 9
5 mmol MgDCA 14 15 8 9 10 7 8
2,5 mmol MgDCA 11 15 8 8 8 12 8

2 mmol VPA —
3 mmol MgDCA

15 15 15 8

13 9 14 9

100 umol TMZ

15 11 7 5

5 8 5

50 umol TMZ

15 16 8 6

24 valandas gydyty vaistiniais preparatais U87 ir T98G lasteliy tyrimy
in vitro grupiy imtis, taikyta dozé ir tirty geny raiSkos tyrimy grupiy
duomenys yra pateikti 2.2.2 lentel¢je.
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2.2.2 lentelé. Kontrolés ir gydyty lgsteliy grupés in vitro ir jy imtis

SLC548 | SLCI242 | SLCI245 | CDHI CDH2
Tirtos grupés

U87 | T98G | U87 |T98G| US7 | T98G|US7|T98G|US7 | T9SG
Kontrolé 6 6 6 | 6| 6| 66| 6 16] 6
1,5 mmol MgDCA | 6 6 6 | 6| 6| 6 |6| 66| 6
0,75 mmol MgDCA| 6 6 6 | 6| 6| 6 |6| 66| 6
ig‘g{‘ﬁo\ﬁg bca | 6 6 6 6 | 6| 66| 6 |6] 6
?:;Smr?nrﬁﬂv};%% A | 6 6 6 6 | 6| 66| 6 |6] 6
1,5 mmol VPA 5 5 s | s | 5] 5|55 |5]s
0,75 mmol VPA 6 6 6 | 6| 6| 6 |6| 6 |6] 6
0,5 mmol VPA 6 6 6 | 6| 6| 6 |6| 6 |6] 6
50 umol TMZ 6 6 6 | 6| 6| 6 |6| 6 |6] 6

48 mety amziaus pacientés GBM 22-SANTA-2F lasteliy naviko (G4
pagal PSO) invazijos daznio | CAM, CAM storio ir kraujagysliy skaiciaus
CAM po juo tirty grupiy duomenys yra pateikti 2.2.3 lentel¢je.

2.2.3 lentelé. Kontroleés ir gydyty paciento naviky ant CAM grupés ir jy imtis

. . Naviky ant
Tirtos grupés CAM skaidius PLBA EZH2 p53
Kontrolé 16 8 8 8
2 mmol VPA-1,5 mmol MgDCA 6

Po 48 valandy gydymo VPA-MgDCA in vitro buvo atlikti SLC548,
SLCI12A42, SLCI1245, CDHI ir CDH?2 raiskos tyrimai. Tirtos grupés: gydyta
2 mmol VPA-1,5 mmol MgDCA ir kontrolé (n = 6 grupé¢je).

46 mety amziaus paciento GBM naviko (G4 pagal PSO) 22-SANTA-4F
lastelés buvo gydytos 48 valandas VPA-MgDCA in vitro. Atlikti su proapop-
toze susijusiy geny raiSkos tyrimai. Tirtos grupés: gydyta 2 mmol VPA-—
1,5 mmol MgDCA ir kontrolé (n = 3 grupg¢je).

2.2.1. Lasteliy linijos ir jy paruoSimas tyrimui

Eksperimentui buvo naudotos dvi komercinés glioblastomos U-87 MG
(U87; ECACC 89081402) ir T98G (ATCC Nr. CRL-1690™) Iasteliy linijos
[319].

U87 lasteliy linija buvo gauta i§ LSMU Neuromoksly instituto [299].
Adhezyvios U87 lastelés augintos Dulbecco’s modified eagles medium
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(DMEM) terpéje (Gibco, JK) su 10 proc. jaucio vaisiaus serumu (Sigma-
Aldrich, Vokietija) bei 1 proc. 100 IU/ml penicilino ir 0,1 mg/ml streptomi-
cino misiniu (Lonza/biowhittaker, JAV). Lasteliy atkabinimui nuo auginimo
indo dugno naudotas tripsino (Sigma-Aldrich, Vokietija) ir fosfato buferinio
tirpalo miSinys (2,5 proc. tripsino tirpalas praskiestas su fosfato buferiniu
tirpalu, santykiu 1:9).

Komercinés T98G Igsteliy linijos Igstelés buvo padovanotos prof. M. M.
Alonso (Navaros universitetas, Pamplona, Ispanija) [304]. Adhezyvios laste-
1és augintos Advanced minimum essential medium (AMEM) sumazinto seru-
mo mitybinéje terp¢je (Gibco, JK) su 5 proc. jaucio vaisiaus serumu (Gibco,
JK), 2 proc. glutamino glutamax (100x) papildu (Gibco, JK) bei 1 proc.
100 TU/ml penicilino ir 0,1 mg/ml streptomicino misiniu. Lasteliy atkabini-
mui nuo auginimo indo dugno naudotas 0,25 proc. tripsino-EDTA (1x)
tirpalas (Gibco, JK).

Lastelés augintos inkubatoriuje (Hera cell vios 160i, Thermo Scientific,
JAV), pastovioje 37 °C temperatiiroje, 95 proc. Oz ir 5 proc. CO; koncent-
racijy aplinkoje.

2.2.2. Pirminiy glioblastomos naviko lasteliu suspensijos
paruosimas

Pirminés GBM lastelés buvo iSgaunamos pagal LSMU Histologijos ir
embriologijos katedros parengtus ,,Zmogaus GBM naviko lasteliy suspensi-
jos paruosimo* protokolus (Nr. 2021-03-01 (GB1) ir Nr. 2021-10-05 (GB3)).
Tyrimams atlikti buvo gautas Regioninio biomedicininiy tyrimy etikos komi-
teto leidimas (Nr. BE-2-80, 2020-08-31). Paciento naviko audinys po opera-
cijos buvo gautas i§ Vilniaus universiteto ligoninés Santaros kliniky
Neurochirurgijos centro. Paimtas GBM navikas 15 minuéiy po operacijos
jdétas | mégintuvélj su DMEM be Ca®* (Thermo Scientific, JAV) bei 1 proc.
100 IU/ml penicilino ir 0,1 mg/ml streptomicino miSiniu. Tuomet GBM audi-
nio gabalélis steriliais pincetais buvo suardytas j smulkias daleles sterilioje
Petri 1éksteléje (Greiner bio-one, Vengrija) su DMEM be Ca®" bei 1 proc.
100 IU/ml penicilino ir 0,1 mg/ml streptomicino miSiniu. Lasteliy suspensija
gauta susmulkinus GBM audinj su terpe pipetuojant apie 5 minutes. Nuo
GBM audinio gavimo laiko, suspensijos paruosimo trukmeé buvo 20 minuciy.
Suspensija buvo centrifuguota 800 rpm 3 min. Po to, nusiurbus supernatanta,
Iastelés uzpiltos 37 °C temperatiros DMEM be Ca?*, turin¢io 10 proc. jaucio
vaisiaus serumo bei 1 proc. 100 IU/ml penicilino ir 0,1 mg/ml streptomicino
misSinio. Gautoms GBM lasteléms suteikti 22-SANTA-2F ar 22-SANTA-4F
kodai. Lastelés naudotos naviko ant CAM ir in vitro tyrimams. Laikotarpio
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trukmé nuo naviko audinio gavimo, lasteliy suspensijos parengimo ir jy uzdé-
jimo ant CAM buvo apie 1,5 valandos.

2.2.3. CAM modelio taikymas U87, T98G ar 22-SANTA-2F
lasteliy naviky tyrimui

CAM modelio tyrimams pagal Lietuvos ir Europos teisés aktus, Bioeti-
kos komiteto leidimas nereikalaujamas. Eksperimente naudoti apvaisinti
Cobb500 veislés vistos kiausiniai, gauti i§ Rumsiskiy paukstyno (Lietuva).
Atsivezti kiauSiniai buvo dezinfekuoti 70 proc. etilo alkoholiu ir sudéti j inku-
batoriy (MiniPro 147/200 DU, Maino Incubatrici S.R.L, Italija), kur verti-
kalioje pozicijoje vartyti automatiniu budu vieng kartg per valandg. Inku-
batoriuje palaikyta pastovi 37,7 °C temperatiira ir 60 proc. santykiné oro
drégmeé. 3-i3jg embriono vystymosi para (EVP) automatinis vartymas i§jung-
tas ir kiauSiniy lukSte buvo padaryti langeliai. Prie§ atidarant langelj, kiausi-
nio pavirSius dezinfekuotas 70 proc. etilo alkoholiu ir bukajame kiauSinio
luksto gale automatiniu graztu (HobbyDrill, Vokietija) pragr¢zta ertmé. Tuomet
steriliu $virksStu (Neoject, Neomedic, JK) nusiurbta apie 2 ml baltymo, kad
CAM atkibty nuo kiauSinyje esancios plévés. Ertmeé uzklijuota pleistru
(Mefix, Molnlycke, Svedija), kad i§vengti baltymo i$tekéjimo. Tada kiauginio
lukste pragreztas apie 1 cm? dydZio langelis. Atvérus langelj buvo vertinamas
embriono gyvybingumas, t. y. ar matoma plakanti embriono Sirdis. Nustacius
gyvybinga embriong langelis uzklijuotas sterilia plévele (Parafilm, Bemis,
JAV) tinkamai drégmei bei sterilumui palaikyti. KiauSiniai toliau inkubuoti
vertikalioje padétyje, jy nevartant iki EVP12.

2.2.4. Lasteliy liniju U87, T98G ar 22-SANTA-2F lasteliy naviky
formavimas, ju uZsodinimas ant CAM, in vivo biomikroskopija ir
CAM su naviku paémimas

EVP7 suformuotas U87, T98G ar 22-SANTA-2F navikas buvo uzsodi-
namas ant CAM. U87, T98G (1 mln.) ar 22-SANTA-2F (0,2 mln.) Igsteliy
suspensija buvo sumaiSoma su ziurkés uodegos I tipo kolagenu (Gibco, JAV)
ir atitinkamomis vaistiniy preparaty koncentracijomis, kurios istirpintos
mitybingje terp¢je (bendras suformuoto naviko tiiris vienam atvejui 20 pl).
20 pl suspensija buvo uzlainama ant 9 mm?® (3 x 3 x 1 mm) absorbuojanc¢ios
hemostatinés zelatininés kempinélés (SURGISPON, Aegis Lifesciences,
Indija). Suformuotas navikas buvo uzdedamas ant CAM S$alia stambiausios
kraujagyslés, po to langelis buvo uzdengiamas plévele. EVP9-12 navikai
buvo stebimi ir 3,2x bei 5x padidinimais fotografuojami stereomikroskopu
su skaitmenine fotokamera (OLYMPUS 31S8ZX16, Olympus Life Science
Europa GMBH, Vokietija) naudojant CellSens Dimension kompiuterinés
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programos 1.9 versija. EVP12 insulininiu Svirk§tu (ONICAM 100, BRAUN,
Vokietija) buvo suSvirkstas 20 pl fluoresceino izotiocianato dekstrano
tirpalas (PKH67, Sigma, Vokietija) | CAM kraujagysle. Palaukus apie
1 minutg, kol fluoresceino izotiocianato dekstranas tolygiai pasiskirstys CAM
kraujagyslése, ant CAM uzpilta 2 ml 10 proc. formalino buferinio tirpalo.
Tada CAM su naviku buvo iSkirpta ir patalpinta j Petri 1¢kstele su formalino
buferiniu tirpalu. CAM vaizdas buvo fiksuojamas i$ abiejy pusiy 3,2x ir 5x
padidinimais stereomikroskopo skaitmenine fotokamera, ja fotografuojant
dienos Sviesoje ar panaudojant Zaliai fluorescuojantj proteino filtrg su ultra-
violetine spinduliuote generuojanciu filtru. ISkirptos CAM buvo paliekamos
fiksuotis formalino buferiniame tirpale 24 valandas, véliau jlietos j parafino
blokelius ir naudotos histologiniams bei IHC tyrimams [320].

2.2.5. Lasteliy linijy U87, T98G ar pirminiy glioblastomos
naviko lasteliy vaistinio preparato poveikio in vitro tyrimas

US87 ir T98G lastelés 24 valandas buvo veikiamos vaistiniu preparatu
in vitro, jas kultivuojant jprastomis saglygomis inkubatoriuje (metodika nuro-
dyta 2.2.1 skyriuje) su atitinkamu vaistiniu preparatu ir jo koncentracija mi-
tybingje terpéje.

Pirminiy GBM naviko Igsteliy santykiné geny ir su proapoptoze susijusiy
geny raiskos buvo vertintos po 48 valandy gydymo in vitro, lasteles kultivuo-
jant pastovioje 37 °C temperatiiroje, 95 proc. Oz ir 5 proc. CO2 koncentracijy
aplinkoje inkubatoriuje.

RNR buvo gryninama i§ navikiniy Igsteliy suspensijos. RNR gryninimui
i§ pirminiy GBM naviko lgsteliy naudotas miRNeasy Micro gryninimo rin-
kinys (Qiagen, Vokietija). Genetinés medziagos gryninimo i§ Iasteliy linijy,
koncentracijos matavimo, kokybés nustatymo, atvirkstinés transkripcijos bei
santykinés SLC5A48, SLC12A42, SLC12A45, CDHI ir CDH? raiskos vertinimo
metodiky aprasSymas pateiktas 2.1.7 skyriuje. RNR grynino metu méginiai
buvo veikti PureLink DNaziy rinkiniu (/nvitrogen, JAV). Tikro laiko polime-
razés grandininés reakcijos nustatymai buvo: 95 °C 10 min., 45 ciklai 95 °C
15 sir 60 °C 1 min. [319].

2.2.6. Lasteliy linijy U87, T98G ar pirminiy glioblastomos

lasteliu naviky invazijos j CAM, CAM storio kraujagysliu

skaiciaus ir véZio Zymeny imunohistocheminis vertinimas

H-E dazytuose CAM preparatuose buvo vertinamas invazijos daznis
pagal Siuos pokycius: navikineés lgstelés suardé choriono epitelio pamating
membrang ir/arba buvo matomos CAM mezenchimoje; matoma naviko inva-
zija CAM mezenchimoje; navike vir§ choriono epitelio nustatytos vis¢iuko
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kraujagyslés su eritrocitais. Navikas be invazijos i CAM mezenchimg lokali-
zavosi ant CAM pavirSiaus ir nepazeidé choriono epitelio. Invazija buvo
vertinama 4x, 10x ir 40x padidinimais.

CAM storis ir kraujagysliy skaiCius po naviku buvo vertinamas H-E
dazytuose preparatuose 4x padidinimu. Reg¢jimo lauke fiksuota vieta, kurio-
je matyti CAM su ant jos esanciu naviku. CAM storis (um) matuotas 10 atsi-
tiktiniy CAM viety, 1§ kuriy apskaiciuotas vidurkis. Kraujagysliy skaiciaus
vertinimui buvo pasirinktos didesnés nei 10 um diametro kraujagyslés,
esan¢ios CAM po naviku.

IHC metodu naviky lasteliy branduoliai iSrySkinti PLBA (monokloninis
antiktinas, klonas PC10, Thermo Fisher Scientific, JAV), KMT6/EZH2 (poli-
kloninis antikiinas, phospho S21, ab84989, Abcam, JK) ir p53 (monokloninis
antiktinas, aa 211-220, klonas 240, CBL404; Merck, Vokietija) Zymenimis
[320]. Navikuose buvo vertinama PLBA, EZH?2 ir p53 vézio Zymeny raiska.
Pirmiausia vertinta ar antikiinas sureagavo i CAM choriono epiteli ir ji nu-
dazé (ruda spalva). Tuomet, kiekviename navike pasirinkti du atsitiktiniai
regéjimo laukai ir fotografuoti 40x padidinimu. Rege¢jimo laukuose buvo
skai¢iuojamos visos matomos ir Zymeniui-teigiamos lastelés (lasteliy bran-
duolys dazesi rudai). Véliau buvo skaiciuotas teigiama raiska turinciy lasteliy
ir visy lasteliy santykis regé¢jimo laukuose, t. y. teigiamy lasteliy procentine
dalis (proc.) navike.

2.2.7. Pirminiy glioblastomos lasteliy RNR méginiy ruosSimas
sekoskaitai

RNR sekoskaitai pasirinktas //lumina naujos kartos sekvenavimo meto-
das paremtas sinteze. Sekoskaitai pasirinkti RNR méginiai, kuriy RNR inte-
gralumo numeris (RIN) > 8 [321]. RNR méginiy bibliotekos paruostos pagal
gamintojo rekomendacijas naudojant Q/4seq taikininés RNR rinkinj skirta
nustatyti apoptozés ir Igstelés ziities zymenis (QIAGEN, USA) bei sekvena-
toriy (NextSeq 550 v2.5, Illumina, USA). IS viso buvo sekvenuoti 264 genai.
Sekoskaitos parametrai: 150 cikly, vieno galo nuskaitymas, 151 bp ilgio
fragmentai, 8 bp abiejy galy indeksai.

2.2.8. Sekoskaitos duomeny analizé

Duomeny kokybé¢ jvertinta naudojant MultiQC v1.13 [322]. Adapteriy 3'
nukleotidy sekos bei sekos, kuriy ilgis mazesnis nei 15 nukleotidy, o kokybés
balas maZesnis nei 25, pasalintos naudojant Cutadapt v1.9.1 [323]. Zmogaus
genomas (GRCh38.p13) parsisiystas i§ Ensembl duomeny bazés [324].
Likusios sekos prilygiuotos prie zmogaus genomo STAR 2.1.3 jrankiu [325].
Geny raiSkos matrica gauta naudojant FeatureCounts v3.15 [326]. Seky
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raiSka normalizuota virSutinio kvartilio metodu, paSalinti genai, kuriy suminé
raiSka tarp méginiy mazesné nei 50. Diferencialiné geny raiSkos analizé
atlikta su DESeq2 v3.15 [327], p reikSmés koreguotos naudojant Benjamin-
Hochberg metoda. Raiskos biologiniy keliy praturtinimo analizé atlikta
naudojantis DAVID serverj [328, 329].

2.3. Statistiné analizé

Statistiné duomeny analizé ir grafinis duomeny vaizdavimas atlikti nau-
dojant statistinius programinius paketus: /BM SPSS programos 23.0 versija
arba GraphPad Prism programos 7 versija. Sapiro-Vilko (angl. Shapiro-
Wilk) testas buvo taikytas normalumo hipotezei patikrinti. Kiekybiniai
duomenys pateikti mediana ir ribomis arba vidurkiu ir standartiniu
nuokrypiu, o kokybiniai — procentine dalimi grupéje (proc.). Kiekybinei
duomeny analizei atlikti taikytas Mano—Vitnio U (angl. Mann-Whitney U)
kriterijus dviem grupéms palyginti. Kokybiniy duomeny rysio stiprumui
jvertinti buvo taikytas Chi kvadrato (y?) kriterijus. Duomenys laikyti
statistiSkai reikSmingais, jeigu p < 0,05.
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3. TYRIMU REZULTATAI

3.1. VPA-NaDCA vienos paros gydymo ir ilgalaikio gydymo
poveikio intaktinéms Ziurkéms tyrimo rezultatai

3.1.1. Tirty Ziurkiy grupiuy kiino masés, bluZnies, inksto ir
Ciobrialiaukés masés vertinimas

Abiejy ly¢iy ziurkiy kontrolés ir gydyty 150 mg/kg/parai VPA ir
100 mg/kg/parai NaDCA derinio doze kiino masés pokyciai tyrimo metu yra
pateikti 3.1.1.1 paveiksle.

3001 %gigﬂ %;’5%
200 ﬁgé& %%*

100+

Ziurkiy kiino masé (g)

v

Patiny Patinai gydyti Pateliy Patelés gydytos
kontrol¢ =~ VPA-NaDCA  kontrolé = VPA-NaDCA
O Eksperimento pradzia @ Po 14 pary gydymo @ Po 28 pary gydymo

3.1.1.1 pav. Tirty Ziurkiy grupiy kiino masé eksperimento pradzioje,
po 14 pary ir po 28 pary gydymo

Ilgas horizontalus briikk§nys — mediana, trumpos horizontalios linijos — ribos.

Tyrimo pradzioje 5—6 savaiciy amziaus ziurkiy patiny kontrolés grupés
kiino masés vidurkis buvo 307,20 + 14,77 g, grupés prie§ gydyma
150 mg/kg/parai  VPA ir 100 mg/kg/parai NaDCA derinio doze —
305,80 + 20,65 g; pateliy kontrolés grupes — 199,80 + 15,59 g ir grupés pries
gydymg VPA-NaDCA- 200,00 + 12,98 g. Statistiskai reikSmingo gydymo
VPA-NaDCA poveikio gyviny kiino masés augimui nenustatyta.
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Palyginus su patiny kontrole, viso tyrimo metu pateliy kontrolés grupés
kiino masé buvo reik§mingai mazesné (p = 0,002).

Tirty ziurkiy Ciobrialiaukés, bluznies ir inksto masés duomenys yra
pateikti 3.1.1.1 lenteléje.

3.1.1.1 lentelé. Tirty Ziurkiy grupiy bluznies, inksto ir ciobrialiaukés masés
duomenys po 28 pary gydymo

Tirty organy masé, g (mediana (ribos))

Tirtos grupés n . ; T —
bluznis ‘ inkstas ‘ Ciobrialiauké

Patinai
Kontrolé 6| 0,59(0,51-0,64) | 1,12(1,08-1,28) | 0,49 (0,44-0,66)
Gydyti VPA-NaDCA 6| 0,65(0,59-0,70) | 1,38 (1,31-1,64)* | 0,42 (0,31-0,46)
Patelés
Kontrolé 6 | 0,40 (0,34-0,45)* | 0,71 (0,64-0,78)° | 0,36 (0,34-0,43)¢
Gydytos VPA-NaDCA | 6 | 0,45 (0,38-0,50) | 0,87 (0,83—1,00)°| 0,35(0,30-0,41)
4p=0,002, palyginus su patiny kontrole; °p =0,002, palyginus su patiny kontrole;
¢p=0,002, palyginus su patiny kontrole; ¢p=0,002, palyginus su patiny kontrole;
¢p = 0,002, palyginus su pateliy kontrole.

Patiny kontrolés grupés bluznies masé¢ buvo statistiSkai reikSmingai
1,5 karto didesné¢ nei pateliy kontrolés grupés. Palyginus su atitinkama
kontrole, 28 pary gydymas VPA-NaDCA poveikio patiny ir pateliy bluznies
masei neturéjo.

Patiny kontrolés grupés inksto mase buvo reikSmingai 1,6 karto didesné
nei pateliy kontrolés. Palyginus su atitinkama kontrole, 28 pary gydymas
VPA-NaDCA reik$mingai padidino patiny ir pateliy inksto masg.

Ziurkiy pateliy kontrolés grupés iobrialiaukés masé buvo reik§mingai
mazesné nei patiny kontrolés. Palyginus su kontrole, 28 pary gydymas VPA—
NaDCA netur¢jo poveikio pateliy ir patiny ¢iobrialiaukés masei.

3.1.2. Tirty Ziurkiy grupiy paros §lapimo vertinimas

Tirty ziurkiy grupiy pirmos paros (po 24 valandy gydymo) ir po 28 pary
gydymo paros diurezes ir atlikty paros Slapimo tyrimy duomenys yra pateikti
3.1.2.1 lenteléje.
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3.1.2.1 lentelé. Tirty Ziurkiy paros diurezé, paros Slapimo pH ir kreatinino
koncentracijos duomenys po vienos paros gydymo ir gydymo po 28 pary

Po vienos paros gydymo Po 28 paruy gydymo
paros paros
Tirtos n diurezé, H kreatininas, | diurezé, H kreatininas,
grupés mi/100g | P mmoll | my1oog | P mmol/l
kiino masés kiino masés
mediana (ribos)
Patinai
Kontrole |6 3,91 6,5 9,17 2,83 6,5 10,35
(2,61-7,43)|(6,0-6,5)*| (4,47-11,72)|(0,95-4,30) | (6,5-6,5) |(5,80-23,51)
S{,‘X’“ 6l 386 6,5 8,89 3,95 6,5 9,42
_ " 5 8 > . B 8
NaDCA (2,15-5,46)| (6,5-6,5) | (6,79-13,47) |(3,20-5,74)"| (6,5-7,0) |(7,56—-11,52)
Patelés
Kontrole | 6 3,96 7,0 10,69 2,42 6,5 12,29
(1,60-7,27)| (7,0-8,0) | (4,70-15,78) | (1,52—4,00) | (6,0-6,5) |(8,06-23,40)
Sﬁy_t"s | 373 6,5 9,13 3,61 6,5 10,66
NaDCA (2,46-5,95)| (6,0-7,5) | (5,66—10,88)|(2,26-5,80) | (6,0-6,5) |(7,15-13,08)

@ p=0,002, palyginus su pateliy kontrole; ® p = 0,04, palyginus su patiny kontrole; ¢ p = 0,04,
palyginus su pateliy kontrole.

Palyginus su atitinkama kontrole, nenustatyta reik§mingo pirmy 24 va-
landy gydymo deriniu poveikio paros diurezei patiny ir pateliy grupése, o po
28 pary VPA-NaDCA dozavimo paros diurez¢ buvo reikSmingai padidéjusi
tik gydyty patiny grupéje. Pateléms 28 pary gydymo poveikis paros diurezei
nenustatytas.

Vienos ir 28 pary gydymas VPA-NaDCA netur¢jo poveikio ziurkiy
paros Slapimo pH. Po vienos paros tyrimo, pateliy kontrolés §lapimo pH buvo
reikSmingai didesnis uz patiny kontrolés, bet po 28 pary gydymo skirtumy
nenustatyta.

Po vienos ir 28 pary tyrimo palyginus patiny ir pateliy kontrolés grupiy
kreatinino kiekj Slapime, skirtumy nenustatyta. Vienos paros gydymas VPA—
NaDCA reikSmingai sumazino tik pateliy kreatinino kiekj paros Slapime, o
po 28 pary gydymo, palyginus tirtas ziurkiy grupes, poveikio nenustatyta.

Kontrolés ir 24 valandas gydyty tiriamu preparatu ziurkiy paros Slapimo
jony kiekio, apskai¢iuoto 100 g ziurkiy kiino masés, duomenys yra pateikti
3.1.2.2 lentel¢je.
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3.1.2.2 lentelé. Tirty Ziurkiy grupiy paros Slapimo jony kiekio duomenys po
vienos paros gydymo

. . Jonuy kiekis, mmol/100 g kiino masés (mediana (ribos))

Tirtos grupés | n " - P P
K | N | o | ca* | Mg

Patinai
Kontrold 6 0,46 0,31 0,24 0,01 0,09
ontrote (0,35-0,79)*| (0,16-0,59) | (0,16-0,46) |(0,004-0,03)| (0,06-0,17)
Gydyti 6 0,49 0,36 0,23 0,01 0,09
VPA-NaDCA (0,43-0,61) | (0,15-0,65) | (0,09-0,40) |(0,004-0,02)| (0,08-0,12)
Patelés
Kontrolé 6 0,30 0,36 0,22 0,01 0,04

N (0,22-0,44) | (0,15-0,65) | (0,09-0,40) |(0,004-0,02)| (0,01-0,08)
Gydytos 6 0,33 0,34 0,21 0,01 0,06
VPA-NaDCA (0,23-0,55) | (0,23-0,53) | (0,14-0,33) |(0,004-0,03)| (0,01-0,07)

*p =0,01, palyginus su pateliy kontrole.

Palyginus pateliy ir patiny kontroles, nustatytas reik§mingas K* kiekio
skirtumas: jono kiekis pateliy paros Slapime buvo reikSmingai maZesnis nei
patiny. Palyginus vieng para deriniu gydyty patiny ir pateliy ziurkiy grupes
su atitinkama kontrole, statistiSkai reik§mingy K*, Na®, CI-, Ca** ir Mg?*
kiekio poky¢iy paros Slapime nenustatyta.

Kontrolés ir 28 paras gydyty ziurkiy paros jony issiskyrimo su Slapimu
100 g kiino masés duomenys yra pateikti 3.1.2.3 lentel¢je.

3.1.2.3 lentelé. Tirty Ziurkiy grupiy paros Slapimo jony issiskyrimo duomenys
po 28 pary gydymo

. . Jony kiekis, mmol/100 g kiino masés (mediana (ribos))
Tirtos grupés | n n - ™ P
K | N | a | ca | Mg
Patinai
Kontrol: 6 0,37 0,28 0,18 0,01 0,07
ontrote (0,32-0,47) | (0,10-0,39) | (0,06-0,25) |(0,003-0,02)| (0,03-0,07)
Gydyti 6 0,47 0,38 0,24 0,01 0,07
VPA-NaDCA (0,39-0,64) | (0,30-0,53)| (0,20-0,34)° | (0,004-0,02)| (0,02-0,12)
Patelés
Kontrolc ‘ 0,28 0,23 0,14 0,01 0,06
ontrote (0,19-0,52) | (0,15-0,38) | (0,10-0,24) |(0,008-0,03)| (0,04-0,10)
Gydytos 6 0,37 0,35 0,23 0,02 0,09
VPA-NaDCA (0,26-0,44) | (0,21-0,53) | (0,14-0,35) | (0,02-0,04) |(0,08-0,12)¢

4 p = 0,04, palyginus su patiny kontrole; ® p = 0,04, palyginus su patiny kontrole; ¢ p = 0,03,
palyginus su patiny kontrole; ¢ p = 0,03, palyginus su pateliy kontrole.
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28 pary gydymas deriniu reik§mingai padidino K*, Na* ir CI~ iSsiskyrima
tik ziurkiy patiny paros Slapime. Palyginus su kontrole, gydyty pateliy paros
Slapimo Mg?" iSsiskyrimas buvo reik§mingai padidéjes, bet tokio poveikio
nenustatyta patineliams.

3.1.3. Tirty Ziurkiy grupiy kraujo serumo vertinimas

Kraujo serumo §lapalo koncentracija patiny kontrolés grupés buvo 4,95
(3,60-5,60) mmol/l, gydyty VPA—NaDCA — 5,75 (4,80-8,90) mmol/l; pate-
liy kontrolés — 5,15 (4,80-5,80) mmol/l ir gydyty VPA-NaDCA - 7,00 (4,10—
7,90) mmol/l. Palyginus tirtas grupes, reikSmingy kraujo Slapalo koncent-
racijos skirtumy nenustatyta.

Kraujo serumo kreatinino koncentracija patiny kontrolés grupés buvo 58,00
(46,00-72,00) umol/l, gydyty VPA-NaDCA - 58,50 (47,00-78,00) umol/l;
pateliy kontrolés — 62,50 (49,00-72,00) umol/l, gydyty VPA—NaDCA pate-
liy — 59,50 (45,00-80,00) umol/l. Palyginus tirtas grupes, reikSmingy kraujo
kreatinino koncentracijos skirtumy nenustatyta.

Kontrolés ir gydyty 28 paras ziurkiy kraujo serumo jony koncentracijos
tyrimo duomenys yra pateikti 3.1.3.1 lentel¢je.

3.1.3.1 lentelé. Ziurkiy grupiy kraujo serumo tirty jony kiekio duomenys po
28 pary gydymo

Tirtos n Jony kiekis, mmol/l (mediana (ribos))

grupés K | Nat | cr | ca* | g

Patinai

Kontrolé | 6 5,45 139,00 97,00 2,47 1,14
(4,90-8,40) |(136,00-142,00)| (93,00-103,00) | (2,23-2,59) | (1,08-1,35)

S{,‘iy_“ 6 6,20 139,50 100,50 2,36 1,08

NaDCA (5,50-12,20) | (135,00-142,00)| (93,00-106,00) | (2,17-2,50)| (0,98-1,50)

Patelés

Kontrolé | 6 | . % 139,00 102,50 2,35 1,09
(5,30-7,60) |(138,00-148,00)| (97,00-106,00) | (2,28-2,56) | (0,98-1,39)

Sﬁy_t"s s | 620 139,00 98,50 2,46 L1

NaDCA (5,40-10,50) | (134,00-142,00)| (95,00-106,00) | (2,26-2.,64) | (0,85-1,34)

Palyginus tirtas Zziurkiy grupes, reikSmingy K*, Na*, CI-, Ca®" ir Mg?**
koncentracijos kraujo serume skirtumy nenustatyta.

Kontrolés ir 28 paras gydyty ziurkiy grupiy gliukozés koncentracijos
kraujo serume duomenys yra pateikti 3.1.3.1 paveiksle.
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3.1.3.1 pav. Tirty ziurkiy grupiy gliukozés koncentracija
kraujo serume po 28 pary gydymo

Ilgas horizontalus briikk§nys — mediana, trumpos horizontalios linijos — ribos.

Palyginus su atitinkama kontrole, nustatyta, kad 28 pary gydymas VPA—
NaDCA reikSmingai sumazino gliukozés koncentracijg patiny ir pateliy
kraujo serume. Kontrolés grupés patiny ir pateliy gliukozés koncentracija
serume nesiskyre.

Kontrolés ir 28 paras gydyty patiny grupiy testosterono koncentracijos
serume duomenys yra pateikti 3.1.3.2 paveiksle.
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3.1.3.2 pav. Tirty patiny grupiy testosterono koncentracija
kraujo serume po 28 pary gydymo

Ilgas horizontalus briikk§nys — mediana, trumpos horizontalios linijos — ribos.

Palyginus su negydyty patiny duomenimis, gydymas tiriamu preparatu
reikSmingai, du kartus, sumazino testosterono koncentracijg patiny kraujo
serume.
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3.1.4. Tirty Ziurkiy histologinio tyrimo rezultatai

3.1.4.1. Tirty Ziurkiy grupiy inksty TAL auksc¢io vertinimas

Kontrolés ir 28 paras gydyty ziurkiy grupiy TAL aukscio duomenys yra
pateikti 3.1.4.1.1 paveiksle.

C

8,51

TAL aukStis (um)
o0
2
°
.

7,51

7,0 T T T T
Patinai Patelés

O Kontrol¢ @ Gydyti VPA-NaDCA
3.1.4.1.1 pav. Tirty Ziurkiy grupiy inksty TAL aukstis po 28 pary gydymo

A — pateliy kontrolés ir B — pateliy, gydyty VPA-NaDCA, inksto Serdinés dalies TAL
epiteliniy lasteliy histologinis vaizdas. Rodykl¢ rodo TAL kanalélj isklojancios lastelés
branduol;j. Skalé — 20 pm.; C —tirty ziurkiy grupiy TAL epiteliniy lgsteliy aukstis (um). [1gas
horizontalus briksnys — mediana, trumpos horizontalios linijos — ribos.

Palyginus su atitinkama kontrole, ilgalaikis ziurkiy gydymas VPA-
NaDCA reikSmingai sumazino TAL aukst] pateliy inkstuose, bet toks

poveikis nenustatytas patinéliams.

49



3.1.4.2. Tirty Ziurkiy ¢iobrialiaukés Hasalio kiineliy skaiciaus

vertinimas

Tirty ziurkiy Ciobrialiaukés Serdinés dalies HK skaiciaus duomenys po
28 dieny gydymo yra pateikti 3.1.4.2.1 paveiksle.
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p=0,004 P

2 12

T E

gE

o.g 1,0+

=50

-]

8 =

T 0,5- %
0,0

Patinai Patelés
o Kontrolée @ Gydyti VPA-NaDCA

3.1.4.2.1 pav. Tirty ziurkiy ciobrialiaukés serdinés dalies
HK skaicius po 28 dieny gydymo

Ilgas horizontalus briikk§nys — mediana, trumpos horizontalios linijos — ribos.

Palyginus abiejy lyC¢iy ziurkiy kontroles, reikSmingy HK skaiciaus
skirtumy nenustatyta. HK skaicius Serdinéje dalyje buvo reikSmingai didesnis
gydyty patiny grupés nei patiny kontrolés grupés. 28 pary gydymas VPA—
NaDCA poveikio pateliy HK skai¢iui neturéjo.

Ziurkiy patiny Giobrialiaukés ir Hasalio kineliy vaizdai $erdinéje dalyje
yra pateikti 3.1.4.2.2 paveiksle.
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3.1.4.2.2 pav. Gydyty patiny ciobrialiaukés ir HK imunohistocheminis ir
histologinis vaizdas
A ir B — ¢giobrialiaukés Zieviné (Z) ir Serdiné (S) dalys. Skalé — 200 pm; C ir D — $erdiné
dalis (HK nematyti). Skalé — 200 um; E ir F — HK (pazyméta rodykle) Serdinéje dalyje.
Skalé — 20 um; A, C, E — dazyta IHC, zyméta citokeratino monokloniniu antiktinu (klonas
34BE12); B, D, F — dazyta H-E.



3.1.5. Tirty Ziurkiy grupiy timocity Iastelés ciklo vertinimas

Tirty ziurkiy grupiy timocity pasiskirstymo pagal lastelés ciklo fazes
tyrimo duomenys po 28 pary gydymo yra pateikti 3.1.5.1 lentel¢je.

3.1.5.1 lentelé. Tirty ziurkiy grupiy timocity kiekio duomenys pagal lgstelés
ciklo faze po 28 pary gydymo

X . Lastelés ciklo fazé, proc. (mediana (ribos))
Tirtos grupés | n
S ‘ G-M ‘ G1—-Go ‘ pre-G
Patinai
Kontrolé 6 5,23 6,01 85,56 2,28
(3,82-6,30) (4,02-11,17) | (82,63-89,87) | (1,13-2,62)
Gydyti 6 6,08 6,27 84,52 2,56
VPA-NaDCA (2,76-7,24) (2,48-11,95) | (77,98-89,79) | (0,49-6,45)
Patelés
Kontrolé 6 6,24 10,59 83,06 1,42
(4,93-6,62) (3,31-12,99) | (79,45-89,59) | (0,48-1,78)
Gydytos 6 6,21 11,33 79,92 1,38
VPA-NaDCA (4,67-7,48) (5,91-15,87) | (76,24-85,99) | (0,62-5,63)

Tirty ziurkiy grupiy timocity pasiskirstymo pagal lgstelés ciklo fazg
skirtumy po 28 pary gydymo nenustatyta.

3.2. llgalaikio VPA gydymo poveikio tirty Ziurkiy grupiy timocity
santykinei Slc5a8, Sic12a2 ir Sic12a5 raiskai vertinimas

Kontrolés ir 28 paras gydyty 300 mg/kg/parai VPA ziurkiy grupiy
Slc5a8 ir Gapdh raiSkos duomenys yra pateikti 3.2.1 lenteléje ir 3.2.1 pavei-

ksle.

3.2.1 lentelé. Kontrolés ir gydyty VPA Ziurkiy grupiy timocity Slc5a8 ir
Gapdh raiskos duomenys

Rodiklis, vidurkis £ SN
Tirtos CT
grupés | ACT AACT 2-2aCT
Slc5a8 Gapdh
Intaktiniai patinai
Kontrolé 6 |2945+1,69|2291+0,64 | 6,55+1,62*| 0,00+ 1,62 | 1,09+ 0,59
S%iytl 6 |33,56+2,65|22,98+0,62 |10,58+3,50°| 4,03+3,50 | 0,06+0,36
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3.2.1 lentelés tesinys

Rodiklis, vidurkis + SN
Tirtos CT
grupés | p ACT AACT P
Sic5a8 ‘ Gapdh

Intaktinés patelés
Kontrolé | 6 |33,41+0,61|23,53+0,38 | 9,88+ 1,55 | 0,00+ 1,55 | 1,09+ 1,79
%y,‘gt"s 6 |30,25+ 1,15 23,08+041 | 7,17+ 1,09 | -2,71 + 1,09 | 6,54 + 4,62
Kastruoti patinai
Kontrole | 6 |29,65+0,87 | 2544 +2,02 | 421 +2,46% | 0,00+2,46 | 1,24 +0,72
%yfg“ 6 | 31,08+2,82 | 22,32£0,49 | 8,76 £3,59° | 4,55+3,59 | 0,04+ 0,34
Kastruotos patelés
Kontrole | 6 |29,40+2,85 | 22,68 +2,17 | 6,73 +3,09° | 0,00+3,00 | 1,06+ 2,39
%y,‘i’“’s 5 131,60+2,32 | 24,83+1,06 | 6,77+227 | 0,05+2,27 | 0,97 +1,78

4p = 0,004, palyginus su intaktiniy pateliy kontrole; ® p = 0,02, palyginus su intaktiniy patiny
kontrole; ¢p = 0,03, palyginus su intaktiniy pateliy kontrole; ¢p = 0,03, palyginus su intak-
tiniy patiny kontrole; ®p = 0,03, palyginus su kastruoty patiny kontrole; fp = 0,04, palyginus
su intaktiniy pateliy kontrole.
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Intaktiniai Kastruoti Intaktiniai Kastruoti
© Patiny kontrole A Pateliy kontrole | Patinai gydyti VPA
@ Patinai gydyti VPA 4 Patelés gydytos VPA O Pateleés gydytos VPA

3.2.1 pav. Tirty Ziurkiy grupiy timocity Slc5a8 raiska

A — Slc5a8 raiska. * p <0,05, ** p <0,01; B— gydyty intaktiniy ir kastruoty ziurkiy grupiy
santykiné Slc5a8 raiska (log2(2722CT)). * p < 0,05, palyginus su atitinkama kontrole; ilgas
horizontalus briikk§nys — mediana, trumpos horizontalios linijos — ribos.
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Intaktiniy patiny kontrolés grupés Slc5a8 raiska timocituose buvo reiks-
mingai didesné nei intaktiniy pateliy kontrolés. Intaktiniy patiny ir pateliy
kontrolés grupiy ACT reikSmés buvo statistiSkai reikSmingai didesnés nei
atitinkamy kastruoty abiejy lyciy ziurkiy kontrolés grupiy.

Gydymas VPA (28 paras 300 mg/kg/parai) reikSmingai sumaZzino intak-
tiniy ir kastruoty patiny grupiy timocity santyking Slc5a8 raiskg (244¢T), kuri
buvo lygi 0,06 ir 0,04, atitinkamai. PrieSingai intaktiniy gydyty patiny grupés
raiSkai, intaktiniy pateliy gydymas VPA aktyvino SLC5A8 nesiklj koduo-
janc¢io geno rai$kg, santykiné raiSka (244CT) buvo lygi 6,54. Gydymas VPA
poveikio kastruoty pateliy grupés timocity geno raiskai neturéjo.

Tirty ziurkiy grupiy timocity Slc/2a2 ir Gapdh raiskos duomenys yra
pateikti 3.2.2 lentel¢je ir 3.2.2 paveiksle.

3.2.2 lentelé. Kontroles ir gydyty VPA Ziurkiy grupiy timocity Slc12a2 ir
Gapdh raiskos duomenys

Rodiklis, vidurkis + SN
Tirtos grupés | n CT ACT AACT 5-aacT
Slc12a2 Gapdh

Intaktiniai patinai

Kontrolé 6 |29,13+0,39 | 22,91 +0,44 16,23 +0,13% 0,00+ 0,13 0,97 +0,10
Gydyti VPA 32,312,223 | 22,98+ 0,57 9,33 +2,66% 3,10 £ 2,66 0,35 = 2,92
Intaktinés patelés

Kontrolé 6 [31,13+0,38 | 23,53 +0,97 |7,60+1,35/0,00+1,35|1,01 £1,14
Gydytos VPA 29,43 +£0,94 | 23,08 +0,41 |6,34+0,8111,26 +0,81(2,69 + 0,89
Kastruoti patinai

Kontrolé 6 |3031+1,60| 24,71 +1,47 |5,59+1,12{0,00+1,12 (1,09 = 1,63
Gydyti VPA 6 |29,65+2,09 | 22,32+0,48 |7,33 +£2,421,74+2,42|0,30+2,71
Kastruotos patelés

Kontrolé 6 |30,12+325| 22,68 +2,17 |7,44 +2,86|0,00 +2,86|1,06+2,19
Gydytos VPA | 5 |30,93+2,09 | 24,83+1,06 6,10+ 1,73}-1,34 + 1,73|2,53 + 1,94

4p = 0,04, palyginus su intaktiniy pateliy kontrole; ® p = 0,02, palyginus su intaktiniy patiny

kontrole.
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© Patiny kontrole A Pateliy kontrole | Patinai gydyti VPA
@ Patinai gydyti VPA 4 Patelés gydytos VPA O Patelés gydytos VPA

3.2.2 pav. Tirty Ziurkiy grupiy timocity Slc12a?2 raiska

A — Slci2a2 raiska; B — gydyty intaktiniy ir kastruoty ziurkiy grupiy santykine Slc/2a2
raiska (log2(2724¢T)). * p <0,05, palyginus su atitinkama kontrole; ilgas horizontalus
briksnys — mediana, trumpos horizontalios linijos — ribos.

Palyginus tirty intaktiniy ziurkiy kontroliy grupiy raiska, nustatytas sta-
tistiSkai reikSmingas su lytimi susij¢s Slc/2a?2 raiskos skirtumas — Sic/2a2
raiSka buvo didesné patiny grupéje. Gydymas VPA (28 paras 300 mg/kg/parai)
reikSmingai sumazino timocity NKCCI1 neSiklj koduojancio geno raiSka
intaktiniy patiny grupéje, santykiné raiska (2-24T) buvo lygi 0,35. Kastruoty
gyviiny grupiy ir intaktiniy pateliy grupés timocity Slc/2a2 raiSkai gydymas
VPA poveikio netur¢jo.

Tirty Ziurkiy grupiy timocity Slci/2a5 ir Gapdh raiSkos duomenys yra
pateikti 3.2.3 lentel¢je ir 3.2.3 paveiksle.

3.2.3 lentelé. Kontroles ir gydyty VPA Ziurkiy grupiy timocity Slc12a5 ir
Gapdh raiskos duomenys

Rodiklis, vidurkis £ SN
Tirtos grupés| n CT ACT AACT 5 aaCT
Sicl12a5 Gapdh

Intaktiniai patinai

Kontrolé 6 (31,39+0,18|21,03+0,49|10,37+0,56| 0,00 £ 0,56 | 1,08 + 0,52
Gydyti VPA 6 [3435+1,27|21,16+0,35|13,19+ 1,26| 2,83 + 1,26 | 0,14 + 1,30
Intaktinés patelés

Kontrolé 6 |34,85+1,24|21,72+1,28 13,13+ 1,77| 0,00+ 1,77 | 1,13 £ 1,45
Gydytos VPA | 6 |32,31+1,28|21,27+0,50 11,03 + 1,61*-2,10+ 1,61 | 4,29 + 1,63
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3.2.3 lentelés tesinys

Rodiklis, vidurkis £ SN

Tirt ¢ CT
irtos grupés| n ACT AACT 5 aact
Sicl12a5 Gapdh

Kastruoti patinai
Kontrolé 6 [33,00+1,70|23,00+2,08{10,00=+0,98]| 0,00+ 0,98 | 1,05+0,91
Gydyti VPA 6 |33,49+2,66 (20,61 +0,40 [12,89 +3,04° 2,89 +3,04 | 0,14 £ 3,10
Kastruotos patelés
Kontrolé 6 |32,49+3,17|21,06+1,89 (11,43 +2,84| 0,00+2,68 | 1,05+ 1,13
Gydytos VPA | 5 |34,19+1,73|21,70+0,70 12,49 +1,97| 1,14+ 1,97 | 0,48 £2,20

4p = 0,04, palyginus su intaktiniy pateliy kontrole; °p = 0,03, palyginus su kastruoty patiny
kontrole.
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O Patiny kontrolé A Pateliy kontrolé | Patinai gydyti VPA
® Patinai gydyti VPA 4 Patelés gydytos VPA O Patelés gydytos VPA

3.2.3 pav. Tirty Ziurkiy timocity Slc12a5 raiska

A — Slci2a5 raiska; B — gydyty intaktiniy ir kastruoty ziurkiy grupiy santykine Slcl2a5
raiSka. Duomenys pateikti log2(224€T). * p < 0,05, palyginus su atitinkama kontrole; ilgas
horizontalus briikk§nys — mediana, trumpos horizontalios linijos — ribos.

Palyginus abiejy ly¢iy kontroliy SLC12AS5 neSiklio geno raiska, skir-
tumy nenustatyta. Gydymas VPA poveikio tirty timocity Slc/2a5 raiskai
intaktiniy patiny grupéje netur¢jo, o intaktiniy pateliy gydymas VPA reiks-
mingai suaktyvino Slcl2a5 raiSka. Gydyty pateliy santykine Slc/2a5 raiSka
(2724€T) buvo 4,29 karto didesné nei pateliy kontrolés. Raiska palyginus su
atitinkamomis kontrolémis, kastruoty ziurkiy gydymas VPA (28 paras
gydyty 300 mg/kg/parai) timocity santyking Slc/2a5 raiska slopino reikSmin-
gai tik patiny grupéje, santykiné raiska (222¢T) buvo lygi 0,14.
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3.3. llgalaikio VPA-NaDCA gydymo poveikio tirty Ziurkiy grupiy
timocity santykinei Slc5a8, Slc12a2 ir Slc12a5 raiskai vertinimas

Kontrolés ir gydyty 28 paras 150 mg/kg/parai VPA bei 100 mg/kg/parai
NaDCA derinio doze Ziurkiy grupiy timocity Slc5a8 ir Gapdh raiskos duome-
nys yra pateikti 3.3.1 lenteléje.

3.3.1 lentelé. Tirty Ziurkiy grupiy timocity Slc5a8 ir Gapdh raiskos duomenys

Rodiklis, vidurkis +£ SN

Tirtos grupés n CT ACT AACT 5-8ACT

Slc5a8 ‘ Gapdh
Patinai
Kontrolé 6 [33,43+0,64(24,52+0,60| 891 +0,95|0,00+0,95| 1,08 +1,13
Gydyti
VPA-NaDCA 6 [33,43+0,85(24,15+0,60| 9,29 +0,66 | 0,38 + 0,66 | 0,77 + 0,49
Patelés
Kontrolé 6 [33,67+1,06(24,34+0,73|9,33+1,17| 0,00+ 1,17 | 1,05+ 1,04
Gydytos
VPA-NaDCA 6 [32,55+2,07(24,47+0,56| 8,08 +1,69 |-1,25+1,69| 2,37 + 4,34

Palyginus tirtas ziurkiy grupes, statistiSkai reikSmingo Slc5a8 raiSkos

poky¢io po gydymo nenustatyta.

Kontrolés ir gydyty VPA-NaDCA ziurkiy grupiy timocity Slc/2a2 ir
Slc12a$5 raiskos duomenys po 28 pary gydymo yra pateikti 3.3.1 paveiksle.
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3.3.1 pav. Tirty Ziurkiy timocity geny raiska

A — Slci2a?2 raiska; B — Slci2a5 raiska. Ilgas horizontalus briikSnys — mediana, trumpos
horizontalios linijos — ribos.
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3.4. MgDCA, VPA-MgDCA ir TMZ poveikio U87 ir
TI8G lasteliy navikams ant CAM tyrimo rezultatai

3.4.1. Tirty U87 ir T98G naviky ant CAM stereomikroskopijos
vertinimas

US87 naviko ant CAM tirty grupiy biomikroskopijos EVP9, EVP12 ir
H-E histologijos nuotraukos yra pateiktos 3.4.1.1 paveiksle.

EVP9 EVP12 ~ H-E

U87-kontrolé

U87-5 mmol
MgDCA

U87-2,5 mmol
MgDCA

U87-2 mmol VPA-
3 mmol MgDCA

U87-100 pmol

3.4.1.1 pav. Tirty US7 naviky grupiy biomikroskopijos
EVP9, EVPI12 ir H-E histologijos nuotraukos

EVP9 rodo navika po dviejy pary ir EVP12 —po 5 pary po transplantacijos ant CAM. Navikai
buvo tirti kontrolés ir gydyty 5 mmol MgDCA, 2,5 mmol MgDCA, 2 mmol VPA—3 mmol
MgDCA, 100 umol TMZ arba 50 pmol TMZ dozémis grupése. EVP9 ir EVP12 nuotrauky
skalé¢ — 1 mm; H-E preparaty skalé — 200 um.
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U87-kontrolés navikas EVP9 ant CAM yra vizualiai didesnis uz EVP12,
nes EVP12 navikas yra invazaves | CAM mezenchimag ir tik jo dalis matoma
vir§ CAM. Invazija patvirtinta H-E histologiniu tyrimu — choriono epitelio
vientisumas paZzeistas, matoma naviko invazija ir vis¢iuko kraujagyslés
navike. EVP9 ir EVP12 U87-2,5 mmol MgDCA naviko dydis nekito, H-E
preparate matyti pazeistas choriono epitelis su naviko invazija i CAM. EVP9
ir EVP12 U87-5 mmol MgDCA ir U87-2 mmol VPA-3 mmol MgDCA
navikai auga ant CAM pavirSiaus, o H-E nuotraukoje choriono epitelis yra
vientisas.

EVP9 bei EVP12 nuotraukose 100 pmol TMZ ir 50 umol TMZ navikai
yra panaSaus dydzio, o H-E nuotraukose matyti, kad jie auga ant CAM
pavirSiaus, choriono epitelis yra nepaZeistas.

T98G naviko ant CAM tirty grupiy biomikroskopijos EVP9, EVP12 ir
H-E histologijos nuotraukos yra pateiktos 3.4.1.2 paveiksle.

Palyginus su T98G EVP9 naviku, EVP12 T98G kontrolés ir 2 mmol
VPA-3 mmol MgDCA navikai ant CAM yra mazesni, nes naviko dalis yra
invazavusi ] chorioalantojing membrang. EVP9 U87-2,5 mmol MgDCA
navikas nezymiai mazesnis nei EVP12. Kontrolés ir gydyty 2,5 mmol
MgDCA, 2 mmol VPA-3 mmol MgDCA naviky H-E nuotraukose matomas
membranos epitelio vientisumo pazeidimas. T98G-kontrolés naviko H-E
nuotraukoje matyti vis¢iuko kraujagyslés navike. 5 mmol MgDCA navikas
EVP9-12 nekito, o H-E nuotraukoje matomas navikas ant CAM membranos
pavirSiaus ir nepaZzeistas choriono epitelis. T98G kontrolés, T98G-2,5 mmol,
T98G-2 mmol VPA-3 mmol MgDCA naviky EVP9 ir EVP12 biomikro-
skopijos nuotraukose matyti pritrauktos link naviko kraujagyslés.

Abi TMZ dozés slopino T98G naviko ant CAM augima. H-E vaizdas
rodo, kad TMZ gydyti navikai nepazeidé choriono epitelio vientisumo ir augo
ant CAM pavirSiaus.
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T98G-kontrolé

T98G-5 mmol
MgDCA

T98G-2,5 mmol
MgDCA

T98G-2 mmol VPA—-
3 mmol MgDCA

T98G-100 pmol
T™Z

T98G-50 pmol
TMZ

3.4.1.2 pav. Tirty T9SG navqu grupiy blomlkroskopljos
EVP9, EVPI2 ir H-E histologijos nuotraukos

EVP9 rodo navika po dviejy pary ir EVP12 —po 5 pary po transplantacijos ant CAM. Navikai
buvo tirti kontrolés ir gydyty 5 mmol MgDCA, 2,5 mmol MgDCA, 2 mmol VPA—3 mmol
MgDCA, 100 pmol TMZ arba 50 pmol TMZ dozémis grupése. EVP9 ir EVP12 nuotrauky
skalé¢ — 1 mm; H-E preparaty skalé — 200 um.

3.4.2. Tirty U87 ir T98G naviky invazijos i CAM dazZnio ir CAM
storio po naviku vertinimas

Tirty U87 naviky grupiy invazijos daznio j CAM duomenys yra pateikti
3.4.2.1 lenteléje ir 3.4.2.1 paveiksle.
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3.4.2.1 lentelé. Tirty US7 naviky grupiy invazijos daznio j CAM ir CAM

storio po naviku duomenys

Tirtos grupés n | Invazijos daZnis, proc. CAM storis., um
(mediana (ribos))
US7-kontrolé 20 80,00 197,80 (65,20-387,94)
U87-5 mmol MgDCA | 14 14,29° 105,16 (35,87-579,59)"¢
U87-2,5 mmol MgDCA | 11 36,36 142,51 (49,44378 32)°
gijﬁoinﬁ‘;g\cli‘*‘ 15 46,67° 256,76 (66,82-749,99)¢
U87-100 pmol TMZ 15 6,67"11 71,18 (46,99-243,78)"
U87-50 pmol TMZ 15 20,00™ 120,19 (44,47-393,93)"

ap = 10,0008, palyginus su U87-kontrole; ® p = 0,047, palyginus su U87-kontrole; ¢p = 0,003,
palyginus su U87-2 mmol VPA-3 mmol MgDCA; ¢p = 0,02, palyginus su U87-kontrole;
°p=0,046, palyginus su U87-100 umol TMZ; fp=0,03, palyginus su U87-kontrole;
¢p=10,03, palyginus su U87-2,5 mmol MgDCA; " p <0,0001, palyginus su U87-kontrole;
ip=0,04, palyginus su U87-2,5 mmol MgDCA; 1 p = 0,01, palyginus su U87-2 mmol VPA—
3 mmol MgDCA; ¥p < 0,001, palyginus su U87-kontrole; !p < 0,001, palyginus su U87-
2 mmol VPA-3 mmol MgDCA; ™p=0,0004, palyginus su U87-kontrole; "p = 0,004,
palyginus su U87-2 mmol VPA-3 mmol MgDCA.
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3.4.2.1 pav. Tirty US7 naviko grupiy invazijos daznis j CAM

Naviko invazijos 1 CAM daznis buvo tirtas kontrolés ir gydyty 5 mmol MgDCA, 2,5 mmol
MgDCA, 2 mmol VPA-3 mmol MgDCA, 100 pmol TMZ arba 50 pmol TMZ dozémis
grupése. * p < 0,05, ** p < 0,001, *** p <0,0001.
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U87 naviky gydymas 5 mmol MgDCA, 2,5 mmol MgDCA ir 2 mmol
VPA-3 mmol MgDCA dozémis reikSmingai sumazino naviko invazijos
daznj | CAM. Palyginus gydytas MgDCA ir deriniu grupes, reikSmingy
skirtumy nenustatyta.

US87 naviko invazijos daznis buvo maziausias gydytoje 100 umol TMZ
naviko grupéje ir buvo reikSmingai maZesnis nei kontrolés, 2 mmol VPA—
3 mmol MgDCA ir 2,5 mmol MgDCA naviky grupése. Palyginus su
US87-kontrolés grupés invazijos dazniu, 50 pmol TMZ dozé reikSmingai
sumazino naviko invazija j CAM. ReikSmingo U87 naviko invazijos daznio
skirtumo, palyginus dvi TMZ dozes, nesustatyta.

CAM storis po U87 kontrolés grupés navikais ir navikais, gydytais
2,5 mmol MgDCA, 2 mmol VPA-3 mmol MgDCA dozémis, reikSmingai
nesiskyre. Palyginus su kontrole, U87 naviky gydymas 5 mmol MgDCA
reikSmingai sumazino CAM storj po naviku. CAM storis buvo didZiausias
U87-2 mmol VPA-3 mmol MgDCA naviko grupés ir reikSmingas skirtumas
nustatytas §ig grupe palyginus su U87-5 mmol MgDCA, U87-2,5 mmol
MgDCA naviky grupémis (3.4.2.1 lentelé¢).

CAM storis po U87 naviko kontrolés ir gydyto 50 umol TMZ doze,
nesiskyre. Palyginus su kontrole, U87 naviky gydymas 100 umol TMZ reiks-
mingai sumazino CAM storj po naviku. CAM storis po U87-100 umol TMZ
naviko grupe buvo reikSmingai mazesnis nei po U87-2,5 mmol MgDCA ir
U87-2 mmol VPA-3 mmol MgDCA naviko grupémis. CAM storis po
U87-50 pumol TMZ grupés navikais buvo mazesnis nei po U87-2 mmol
VPA-3 mmol MgDCA grupés navikais. Palyginus tirtas TMZ grupes,
skirtumy nenustatyta (3.4.2.1 lentele).

Tirty T98G naviky grupiy invazijos daznio ] CAM duomenys yra pateikti
3.4.2.2 lenteléje ir 3.4.2.2 paveiksle.
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3.4.2.2 lentelé. Tirty T98G naviky grupiy invazijos daznio j CAM ir CAM
storio po naviku duomenys

Tirtos grupés n Invazijos daznis, CAM storis., pm

proc. (mediana (ribos))
T98G-kontrolé 12 83,33 248,15 (60,11-968,15)
T98G-5 mmol MgDCA 15 13,33 131,47 (66,11-282,07)°
T98G-2,5 mmol MgDCA 15 46,674 152,24 (36,58-380,23)¢
gﬁj l\n/}Igjl]()ﬂCXPA_ 15 60,00 223,56 (55,89-409,76)¢
T98G-100 pmol TMZ 11 18,180 i) 168,64 (57,74-359,90)k
T98G-50 pumol TMZ 16 43,75 219,64 (48,73-775,97)"

ap= 0,0003, palyginus su T98G-kontrole; °p < 0,001, palyginus su T98G-kontrole;
°p = 0,049, palyginus su T98G-kontrole; ¢p = 0,03, palyginus su T98G-5 mmol MgDCA;
¢ p=0,01, palyginus su T98G-kontrole; f p = 0,008, palyginus su T98G-5 mmol MgDCA;
¢p=10,02, palyginus su T98G-5 mmol MgDCA; "p = 0,002, palyginus su T98G-kontrole;
ip=0,03, palyginus su T98G-2,5 mmol MgDCA;p = 0,03, palyginus su T98G-2 mmol
VPA-3 mmol MgDCA; ¥p = 0,049, palyginus su T98G-kontrole; ' p = 0,03, palyginus su
T98G-kontrole; ™ p = 0,04, palyginus su T98G-5 mmol MgDCA.

*
T ** 1
1007 | *
%
* k
g 80 —
*
2 60- o
=
T 40-
>
=
= 204
0- 2 3 N N N
N S S / S S
§ SosoTs sy
$ o 8s8s8s K
O & Sy § G (&
F & & & S
< S &S
> ™~
&

3.4.2.2 pav. Tirty T98G naviko grupiy invazijos daznis j CAM

Naviko invazijos | CAM daznis buvo tirtas kontrolés ir gydyty 5 mmol MgDCA, 2,5 mmol
MgDCA, 2 mmol VPA-3 mmol MgDCA, 100 pmol TMZ arba 50 pmol TMZ dozémis
grupése. * p < 0,05, ** p <0,01, *** p <0,001.
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Invazijos daznis po T98G-2 mmol VPA-3 mmol MgDCA ir T98G-kont-
rolés grupiy navikais reikSmingai nesiskyré. Palyginus su kontrole, gydymas
5 mmol MgDCA ir 2,5 mmol MgDCA reik§mingai sumazino T98G naviko
invazijos daznj | CAM. Palyginus su 2,5 mmol MgDCA ir 2 mmol VPA-
3 mmol MgDCA gydytomis grupémis, 5 mmol MgDCA doz¢ veiksmingiau-
siai sumazino invazijos daznj ir jis buvo reikSmingai maziausias §ioje grupé-
je. Palyginus 2,5 mmol MgDCA ir 2 mmol VPA-3 mmol MgDCA naviky
grupes, reikSmingo invazijos daznio skirtumo nenustatyta.

T98G naviko gydymas 100 umol ir 50 pmol TMZ dozémis reikSmingai
sumazino invazijos daznj 1 CAM. T98G-100 umol TMZ grupés invazijos
daznis buvo reik§mingai maZesnis nei naviky, gydyty 2 mmol VPA—3 mmol
ir 2,5 mmol MgDCA dozémis grupése. Gydyty 100 pmol ir 50 pmol TMZ
dozémis T98G naviky invazijos daznis nesiskyreé.

CAM storis po T98G kontrolés ir 2 mmol VPA-3 mmol MgDCA grupiy
navikais nesiskyré. Gydymas MgDCA CAM storj reikSmingai sumazino po
T98G-5 mmol MgDCA ir T98G-2,5 mmol MgDCA grupiy navikais. CAM
storis po T98G-5 mmol MgDCA grupés navikais buvo reik§mingai mazesnis
nei po T98G-2 mmol VPA-3 mmol MgDCA grupés navikais. CAM storis po
2,5 mmol MgDCA ir 2 mmol VPA-3 mmol MgDCA T98G navikais nesisky-
ré (3.4.2.2 lentele).

Gydymas TMZ CAM storj reikSmingai sumazino po T98G-100 umol
TMZ grupés navikais, bet ne po T98G-50 pmol TMZ grupés navikais. CAM
storis po T98G-5 mmol MgDCA grupés navikais buvo reik§mingai mazesnis
nei po T98G-50 umol TMZ grupés navikais. CAM storis po T98G navikais,
gydytais 100 umol ir 50 umol dozémis, nesiskyré (3.4.2.2 lentele).

3.4.3. MgDCA, VPA-MgDCA ir TMZ poveikio neoangiogenezei
ir kraujagysliy skai¢iui CAM po U87 ir T98G lasteliy navikais
vertinimas

US87 naviko ant CAM tirty grupiy EVP12 ex ovo i8kirpto naviko su
membrana ir kraujagysliy fluorescencijos su dekstranu nuotraukos yra pateik-
tos 3.4.3.1 paveiksle.

64



CAM ex ovo
CAM ex ovo fluorescencija

ST

U87-kontrolé

U87-5 mmol
MgDCA

U87-2,5 mmol
MgDCA

U87-100 pmol
T™MZ

U87-50 pmol
T™MZ

3.4.3.1 pav. Tirty US7 naviko grupiy neoangiogenezes raiska CAM
su naviku ex ovo ir kraujagysliy fluorescencijos nuotraukose

CAM ex ovo nuotraukoje matoma iskirpta membrana (apatiné pus¢) su naviku. Navikai buvo
tirti kontrolés ir gydyty 5 mmol MgDCA, 2,5 mmol MgDCA, 2 mmol VPA-3 mmol
MgDCA, 100 umol TMZ arba 50 pmol TMZ dozémis grupése. CAM ex ovo ir kraujagysliy
fluorescencijos nuotrauky skalé¢ — 1 mm.

Kontrolés naviko ex ovo ir jo fluorescencijos nuotraukose apie navika
matomas gerai iSreikStas kraujagysliy tinklas — ,,stipininis ratas“. Palyginus
su kontrole, kraujagysliy tinklas apie U87-5 mmol MgDCA ir U87-2 mmol
VPA-3 mmol MgDCA navikus yra silpniau iSreikstas. Fluorescencijos nuot-
raukose kraujagysliy tinklas aplink deriniu gydyta navika buvo silpniausiai
iSreikstas.
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CAM ex ovo ir jos fluorescencijos nuotraukose apie navikus, gydytus
100 pmol ir 50 umol TMZ, kraujagysliy tinklas yra silpniau iSreikStas nei
kontrolés, tai rodo gydymo slopinanti poveiki neoangiogenezei.

T98G naviko ant CAM tirty grupiy EVP12 ex ovo i8kirpto naviko su
membrana ir jo fluorescencijos su dekstranu nuotraukos yra pateiktos
3.4.3.2 paveiksle.

CAM ex ovo
CAMexovo  fluorescencija

T98G-kontrolé EyS T
'F\‘,}; .

T98G-5 mmol
MgDCA

T98G-2,5 mmol
MgDCA

T98G-2 mmol VPA-
3 mmol MgDCA

T98G-100 pmol
T™Z

T98G-50 pmol
TMZ

==

3.4.3.2 pav. Tirty T98G naviko grupiy neoangiogenezés raiska CAM su
naviku ex ovo ir kraujagysliy fluorescencijos nuotraukose

CAM ex ovo nuotraukoje matoma iSkirpta membrana (apatiné pus¢) su naviku. Navikai buvo
tirti kontrolés ir gydyty 5 mmol MgDCA, 2,5 mmol MgDCA, 2 mmol VPA-3 mmol
MgDCA, 100 umol TMZ arba 50 pmol TMZ dozémis grupése. CAM ex ovo ir kraujagysliy
fluorescencijos nuotrauky skal¢ — 1 mm.
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T98G-kontrolés ir T98G-2 mmol VPA-3 mmol MgDCA naviky CAM
ex ovo ir fluorescencijos nuotraukose matyti, pritrauktos link naviko krauja-
gyslés ir ,,stipininis ratas“. Palyginus su kontrole, kraujagysliy tinklo raiSka
aplink T98G-2,5 mmol MgDCA ir T98G-5 mmol MgDCA navikus silpniau
iSreiksta, o tai rodo, kad gydymas slopino neoangiogenezg. CAM ex ovo fluo-
rescencijos nuotraukose matyti aplink gydytus 2,5 mmol ir 5 mmol MgDCA
navikus sumazejusi kraujagyslinio tinklo raiSka nei kontrolés ir 2 mmol
VPA-3 mmol MgDCA naviky nuotraukose.

Gydymas 100 umol ir 50 umol TMZ dozémis slopino kraujagysliy tink-
lo formavimasi aplink T98G navikus. Ex ovo nuotraukose kraujagysliy pri-
traukimo link T98G-100 umol TMZ ir T98G-50 umol TMZ naviky nematyti
ir kraujagysliy tinklas silpniau iSreik$tas nei kontrolés grupés.

Kraujagysliy skaic¢ius CAM po tirtais U87 ir T98G navikais yra pateiktas
3.4.3.1 lentel¢je.

3.4.3.1 lentelé. Tirty US7 ir T98G naviky ant CAM grupiy kraujagysliy
skaicius po naviku

. . Kraujagysliy skaicius (mediana (ribos))
Tirtos grupés
n us87 n TI8G
Kontrolé 20 23,5 (9-63) 12 28 (3-45)
5 mmol MgDCA 14 18 (6-35)* 15 12 (5-19)°
2,5 mmol MgDCA 11 20 (6-32)° 15 8,5 (4-24)d¢
2 mmol VPA-3 mmol MgDCA 15 16 (7-35)" 15 30 (7-55)%
100 umol TMZ 15 7 (1-21)h5k 11 11 (2-18)Lm
50 pmol TMZ 15 13 (2-29)" 16 12 (5-18)*°

ap =0,009, palyginus su U87-kontrole; ®p = 0,02, palyginus su T98G-kontrole; ¢p = 0,04,
palyginus su U87-kontrole; ¢p = 0,001, palyginus su T98G-kontrole; ¢p < 0,001, palyginus
su T98G-2 mmol VPA-3 mmol MgDCA; ‘p = 0,02, palyginus su U87-kontrole; ¢p < 0,001,
palyginus su T98G-5 mmol MgDCA; "p < 0,001, palyginus su U87-kontrole; p = 0,02,
palyginus su U87-2,5 mmol MgDCA;J p = 0,003, palyginus su U87-2 mmol VPA-3 mmol
MgDCA; *p=10,04, palyginus su U87-5mmol MgDCA; 'p=0,002, palyginus su
T98G-kontrole; ™ p <0,001, palyginus su T98G-2 mmol VPA-3 mmol MgDCA;
"p<0,001, palyginus su U87-kontrole; °p=0,007, palyginus su T98G-kontrole;
P p<0,001, palyginus su T98G-2 mmol VPA—3 mmol MgDCA.
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Palyginus su U87-kontrole, naviko gydymas tiriamu vaistiniu preparatu
sumazino kraujagysliy skai¢iy CAM mezenchimoje po U87-5 mmol
MgDCA, U87-2,5 mmol MgDCA ir U87-2 mmol VPA-3 mmol MgDCA
grupiy navikais. Palyginus 5 mmol MgDCA, 2,5 mmol MgDCA ir 2 mmol
VPA-3 mmol MgDCA naviky grupes, reikSmingo kraujagysliy skaiciaus
skirtumo nenustatyta.

Palyginus su U87-kontrole, naviko gydymas TMZ kraujagysliy skaiciy
CAM mezenchimoje sumazino po U87-100 pmol TMZ ir U87-50 umol
TMZ grupiy navikais. Kraujagysliy skaicius po U87-100 umol TMZ grupés
navikais CAM mezenchimoje buvo maziausias ir buvo reikSmingai mazesné
nei U87-5 mmol MgDCA, U87-2,5 mmol MgDCA ir U87-2 mmol VPA—
3 mmol MgDCA naviky grupiy. U87-50 umol TMZ grupés kraujagysliy
skaiCius nesiskyré nuo U87-5 mmol MgDCA, U87-2,5 mmol MgDCA ir
U87-2 mmol VPA-3 mmol MgDCA naviky grupiy. Kraujagysliy skai¢iaus
skirtumo po U87-100 umol TMZ ir U87-50 umol TMZ grupiy navikais
nenustatyta.

Kraujagysliy skai¢ius po T98G navikais, gydytais 2 mmol VPA—3 mmol
MgDCA doze, ir po kontrolés grupes, nesiskyre. Kraujagysliy skai¢ius CAM
mezenchimoje po T98G-2,5 mmol MgDCA ir T98G-5 mmol MgDCA grupiy
navikais buvo reikSmingai maZzesnis nei po kontrolés. Deriniu gydyty T98G
naviky grupés kraujagysliy skai¢ius CAM buvo reikSmingai didesnis nei
T98G-5 mmol MgDCA ir T98G-2,5 mmol MgDCA naviky grupiy.

Gydymas TMZ reikSmingai sumazino kraujagysliy skai¢iy CAM po
T98G-100 pmol TMZ ir T98G-50 umol TMZ grupiy navikais. T98G-2 mmol
VPA-3 mmol MgDCA grupés kraujagysliy skai¢ius po naviku buvo didziau-
sias ir §ig grupe palyginus su T98G-100 umol TMZ ir T98G-50 umol TMZ
naviky grupémis, buvo nustatytas reikSmingas skirtumas. T98G naviky,
gydyty 100 pumol ir 50 pumol TMZ dozémis, kraujagysliy skai¢ius nesiskyré
nuo T98G-5 mmol MgDCA ir T98G-2,5 mmol MgDCA naviky grupiy.
Kraujagysliy skai¢ius po T98G-100 umol TMZ ir T98G-50 pmol TMZ grupiy
navikais nesiskyre.
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3.4.4. Tirty U87 ir T98G naviky ant CAM PLBA raiSkos
vertinimas

Tirty U87 ir T98G naviky grupiy PLBA-teigiamy lasteliy skaicius yra
pateiktas 3.4.4.1, 3.4.4.2 paveiksluose ir 3.4.4.1 lentel¢je.

us7 TI8G

Kontrolé

5 mmol MgDCA

2,5 mmol MgDCA

2 mmol VPA—
3 mmol MgDCA

100 pmol TMZ

50 pmol TMZ

3.4.4.1 pav. Tirty US7 ir T98G naviky grupiy PLBA raiska

Ruda spalva nusidazg¢ lasteliy branduoliai rodo PLBA-teigiamas lasteles (raudonos rodyk-
1és). IHC preparatai Zyméti monokloniniu antikiinu (klonas PC10). Skalé¢ — 20 pm.
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3.4.4.2 pav. Tirty US7 ir T98G naviky grupiy PLBA-teigiamy lgsteliy raiska

A — tirtos U87 naviko grupés; B — tirtos T98G naviko grupés. Raiska naviko Igstelése buvo
tirta kontrolés ir gydyty 5 mmol MgDCA, 2,5 mmol MgDCA, 2 mmol VPA-3 mmol
MgDCA, 100 umol TMZ arba 50 pmol TMZ dozémis grupése. Ilgas horizontalus bruks-
nys — mediana, trumpos horizontalios linijos — ribos. * p < 0,05, ** p <0,01, *** p <0,001.

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

. . PLBA-teigiamos lastelés, proc. (mediana (ribos))
Tirtos grupés
n us87 n TISG
Kontrolé 8| 67,73(15,44-92,73) |9 | 68,95 (16,41-98,04)
5 mmol MgDCA 8| 28,53(3,12-74,99)*° |9 | 20,67 (14,01-49,41)°
2,5 mmol MgDCA 8| 44,18 (17,14-87,98)%¢ | 8 | 17,91 (1,52-47,79)"
2 mmol VPA-3 mmol MgDCA |15| 24,46 (8,76-74,41)2h | 8 | 52,43 (3,20-97,67)
100 umol TMZ 7 9,33 (5,22-26,32)! 5| 11,22(7,44-20,83)
50 pmol TMZ 8| 20,89 (10,59-32,13)%! | 6 |9,43 (3,17-12,77)™™°

ap = 0,049, palyginus su U87-kontrole; ® p = 0,02, palyginus su U87-100 pmol TMZ; ¢ p = 0,003,
palyginus su T98G-kontrole; ¢ p = 0,04, palyginus su U87-50 umol TMZ; ¢p < 0,001, palyginus
su U87-100 pmol TMZ; fp = 0,001, palyginus su T98G-kontrole; ¢ p = 0,04, palyginus su U87-
kontrole; "p = 0,01, palyginus su U87-100 pmol TMZ; ' p < 0,001, palyginus su U87-kontrole;
i p < 0,001, palyginus su T98G-kontrole; ¥ p = 0,008, palyginus su U87-kontrole; ' p = 0,02, paly-
ginus su U87-100 umol TMZ; ™ p < 0,001, palyginus su T98G-kontrole; " p < 0,001, palyginus su
T98G-2 mmol VPA-3 mmol MgDCA; °p < 0,001, palyginus su T98G-5 mmol MgDCA.
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PLBA-teigiamy lasteliy skaicius U87-kontrolés ir U§7-2,5 mmol MgDCA
naviky grupése nesiskyré. Palyginus su US87-kontrole, naviky gydymas
5 mmol MgDCA ir 2 mmol VPA-3 mmol MgDCA dozémis reikSmingai
sumazino PLBA-teigiamy lasteliy skai¢iy U87 navike. Palyginus su U87-
2,5 mmol MgDCA, U87-5 mmol MgDCA ir U87-2 mmol VPA-3 mmol
MgDCA grupiy PLBA-teigiamy lasteliy skai¢ius nesiskyré.

U87 naviko gydymas 100 umol ir 50 pmol TMZ dozémis reikSmingai
sumazino PLBA-teigiamy lasteliy skai¢iy navike. U87-100 pmol TMZ
grupés PLBA-teigiamy lasteliy raiSka buvo reikSmingai mazesné nei U87-
5mmol MgDCA, U87-2,5 mmol MgDCA ir U87-2 mmol VPA-3 mmol
MgDCA naviky grupiy. U87-50 umol TMZ grupés PLBA-teigiamy lasteliy
skaiCius navike buvo reikSmingai mazesnis nei U§7-2,5 mmol MgDCA grupés.
U87-50 umol TMZ grupés naviky PLBA-teigiamy lasteliy skaicius nesiskyré
nuo U87-5 mmol MgDCA ir U87-2 mmol VPA-3 mmol MgDCA naviky
grupiy. Palyginus 100 pmol ir 50 umol TMZ gydyty U87 naviky grupes,
PLBA-teigiamy lasteliy raiska U87-100 pmol TMZ grupés navike buvo
reik§mingai mazesné.

T98G-kontrolés ir T98G-2 mmol VPA-3 mmol MgDCA grupiy PLBA-
teigiamy lasteliy navike skaiCius nesiskyré. Palyginus su kontrole, T98G
naviky gydymas 5 mmol ir 2,5 mmol MgDCA reikSmingai sumazino PLBA-
teigiamy lasteliy skai¢iy navike. PLBA-teigiamy lasteliy skaicius MgDCA
dozémis gydytuose navikuose nesiskyré¢ nuo T98G-2 mmol VPA-3 mmol
MgDCA naviko grupés. Palyginus PLBA raiska T98G-5 mmol ir T98G-
2,5 mmol MgDCA naviky grupiy, reikSmingo PLBA-teigiamy lgsteliy skai-
¢iaus skirtumo nenustatyta.

Palyginus su T98G kontrole, 100 pmol ir 50 pmol TMZ dozés reikSmin-
gai sumazino PLBA-teigiamy lgsteliy skai¢iy T98G navikuose. PLBA-teigia-
my Iasteliy skaicius buvo reikSmingai didesnis T98G-2 mmol VPA-3 mmol
MgDCA naviko grupés nei T98G-50 pmol TMZ grupés. T98G naviky, gydy-
ty 100 pmol TMZ doze, ir T98G-5 mmol MgDCA, T98G-2,5 mmol MgDCA
bei T98G-2 mmol VPA-3 mmol MgDCA naviky grupiy, PLBA-teigiamy
lasteliy skaicius nesiskyré. T98G-50 umol TMZ ir T98G-2,5 mmol MgDCA
naviky grupiy PLBA-teigiamy lasteliy skaicius nesiskyré, o T98G-5 mmol
MgDCA grupés naviky teigiamy lasteliy skaic¢ius buvo reikSmingai didesnis
nei TMZ naviko.

3.4.5. Tirty U87 ir T98G naviky ant CAM EZH2 raiSkos vertinimas

Tirty U87 ir T98G naviky grupiy EZH2-teigiamy lasteliy raiSkos duome-
nys yra pateikti 3.4.5.1, 3.4.5.2 paveiksluose ir 3.4.5.1 lenteléje.

71



Us87 TISG

Kontrolé

5 mmol MgDCA

2,5 mmol MgDCA

2 mmol VPA-
3 mmol MgDCA

100 pmol TMZ

50 pmol TMZ

3.4.5.1 pav. Tirty US7 ir T98G naviky grupiy EZH?2 raiska

Ruda spalva nusidaze lasteliy branduoliai rodo EZH2-teigiamas lasteles (raudonos rodyklés).
IHC preparatai zyméti polikloniniu antikinu (phospho S21). Skal¢ — 20 um.
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3.4.5.2 pav. Tirty US7 ir T98G naviky grupiy EZH2-teigiamy lgsteliy raiska

A —tirtos U87 naviko grupés; B — tirtos T98G naviko grupés. Raiska naviko lastelése buvo tirta
kontrolés ir gydyty 5 mmol MgDCA, 2,5 mmol MgDCA, 2 mmol VPA-3 mmol MgDCA,
100 pmol TMZ arba 50 pmol TMZ dozémis grupése. Ilgas horizontalus briksnys — mediana,
trumpos horizontalios linijos — ribos. * p < 0,05, ** p < 0,01, *** p <0,001.

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

. . EZH2-teigiamos lastelés, proc. (mediana (ribos))
Tirtos grupés
n U87 n TI8G

Kontrolé 12| 69,48 (5,34-94,00) 91 67,09 (19,37-93,03)
5 mmol MgDCA 7 3,39 (1,14-57,02) 10| 45,66 (1,36-93,31)>¢
2,5 mmol MgDCA 8 | 43,99 (14,59-94,77)¢ | 8 | 39,15(3,05-97,56)%f
2 mmol VPA-3 mmol MgDCA | 13| 27,72 (13,46-80,86)%" | 9 | 86,08 (3,60-96,40)")
100 umol TMZ 8 3,36 (1,23-26,26) 5 1,04 (1,00-3,59)!
50 pmol TMZ 8 12,55 (2,84-68,12)™ | 7 1,99 (1,31-9,59)"

@ p = 0,04, palyginus su U87-kontrole; ® p = 0,003, palyginus su T98G-100 pmol TMZ;
¢ p= 0,005, palyginus su T98G-50 pmol TMZ; ¢ p = 0,003, palyginus su U87-100 umol TMZ;
¢p=0,007, palyginus su T98G-100 umol TMZ; fp = 0,01, palyginus su T98G-50 umol
TMZ; & p = 0,03, palyginus su U87-kontrole; " p = 0,02, palyginus su U87-100 pmol TMZ;
ip<0,001, palyginus su T98G-100 umol TMZ; Ip < 0,001, palyginus su T98G-50 umol
TMZ; ¥ p <0,001, palyginus su U87-kontrole; 'p < 0,001, palyginus su T98G-kontrole;
™ p = 0,04, palyginus su U87-kontrole; " p < 0,001, palyginus su T98G-kontrole.
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U87-kontrolés ir naviky, gydyty 2,5 mmol MgDCA doze, EZH2-teigia-
my lgsteliy skaicius nesiskyré. EZH2-teigiamy lgsteliy skai¢ius buvo reiks-
mingai didesnis U87-kontrolés grupés nei U87-5 mmol MgDCA ir U87-
2 mmol VPA-3 mmol MgDCA naviky grupiy. Palyginus su U87-2 mmol
VPA-3 mmol MgDCA, U87-5 mmol MgDCA ir U87-2,5 mmol MgDCA
grupiy EZH2-teigiamy lasteliy skaicius nesiskyre.

Palyginus su kontrole, U87 naviky gydymas 100 umol ir 50 pmol TMZ
dozémis reikSmingai sumazino EZH2-teigiamy lasteliy skai¢iy navike. Paly-
ginus U87-100 umol TMZ ir U87-50 pmol TMZ grupiy EZH2 raiska, reiks-
mingo skirtumo nenustatyta. U87-100 umol TMZ grupés naviky EZH2-tei-
giamy lasteliy skaiCius buvo reikSmingai maZesnis nei U87-2,5 mmol
MgDCA ir U87-2 mmol VPA-3 mmol MgDCA naviky grupiy.

EZH2-teigiamy lasteliy skaicius T98G-kontrolés ir T98G-5 mmol
MgDCA, T98G-2,5 mmol MgDCA, T98G-2 mmol VPA-3 mmol MgDCA
grupiy nesiskyre.

Palyginus su T98G-kontrole, naviky gydymas 100 pmol ir 50 umol
TMZ dozémis reikSmingai sumazino EZH2-teigiamy lasteliy skai¢iy. EZH2-
teigiamy lasteliy skai¢ius T98G-50 pmol TMZ grupés nesiskyré nuo T98G-
100 pmol TMZ grupés. T98G naviky EZH2-teigiamy lasteliy skaiCius
abejose TMZ gydytose grupése buvo reikSmingai mazesnis nei T98G-
5 mmol MgDCA, T98G-2,5 mmol MgDCA ir T98G-2 mmol VPA-3 mmol
MgDCA grupiy.

3.4.6. Tirty U87 ir T98G naviky ant CAM p53 raiSkos vertinimas

Tirty U87 ir T98G naviky grupiy p53-teigiamy lasteliy raiSkos duomenys
yra pateikti 3.4.6.1, 3.4.6.2 paveiksluose ir 3.4.6.1 lenteléje.
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Kontrolé

5 mmol MgDCA

2,5 mmol MgDCA

2 mmol VPA-
3 mmol MgDCA

100 pmol TMZ

50 pmol TMZ

3.4.6.1 pav. Tirty US7 ir T98G naviky grupiy p53 raiska

Ruda spalva nusidazg lasteliy branduoliai rodo p53-teigiamas lgsteles (raudonos rodyklés).
IHC preparatai zyméti monokloniniu antiktinu (aa 211-220, klonas 240, CBL404). Skale —
20 um.
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3.4.6.2 pav. Tirty US7 ir T98G naviky grupiy p53-teigiamy lgsteliy raiska

A — tirtos U87 naviko grupés; B — tirtos T98G naviko grupés. RaiSka naviko lastelése buvo
tirta kontrolés ir gydyty 5 mmol MgDCA, 2,5 mmol MgDCA, 2 mmol VPA-3 mmol MgDCA,
100 pmol TMZ arba 50 pmol TMZ dozémis grupése. llgas horizontalus brikSnys — mediana,
trumpos horizontalios linijos — ribos. * p < 0,05, ** p < 0,01, *** p <0,001.

3.4.6.1 lentelé. Tirty US7 ir T98G naviky grupiy p53-teigiamy lgsteliy raiskos
duomenys

. ] p53-teigiamos lastelés, proc. (mediana (ribos))
Tirtos grupés a Us7 N T98G

Kontrolé 12| 72,51 (14,72-83,44) | 9| 84,52 (47,57-94,23)
5 mmol MgDCA 715,62 (1,92-27,26)*° | 8 | 51,77 (42,73-69,60)>¢
2,5 mmol MgDCA 12| 11,96 (4,17-31,62)° | 8 | 51,55 (15,76-99,41)"
2 mmol VPA-3 mmol MgDCA  |14|31,27 (4,48-78,60)"| 9 | 89,60 (45,47-98,54)"J
100 umol TMZ 8 | 8,29 (1,14-40,00)< ' | 522,90 (12,64-34,10)™™°
50 pmol TMZ 713,07 (10,39-23,17)*| 7| 50,53 (34,09-83,38)"*

4 p <0,001, palyginus su U87-kontrole; ° p = 0,048, palyginus su U87-2 mmol VPA-3 mmol
MgDCA; ¢p = 0,01, palyginus su T98G-kontrole; ¢ p = 0,005, palyginus su T98G-2 mmol
VPA-3 mmol MgDCA; ¢p < 0,001, palyginus su U87-kontrole; fp = 0,04, palyginus su
T98G-2 mmol VPA-3 mmol MgDCA; ¢p = 0,01, palyginus su U87-kontrole; "p = 0,03,
palyginus su U87-2,5 mmol MgDCA; p=0,001, palyginus su T98G-100 pmol TMZ;
i p=0,009, palyginus su T98G-50 umol TMZ; *p < 0,001, palyginus su U87-kontrole;
'p=10,02, palyginus su U87-2 mmol VPA-3 mmol MgDCA; ™p = 0,004, palyginus su
T98G-kontrole; " p = 0,002, palyginus su T98G-5 mmol MgDCA; ° p = 0,03, palyginus su
T98G-2,5 mmol MgDCA; Pp < 0,001, palyginus su U87-kontrole; "p = 0,02, palyginus su
T98G-kontrole; * p = 0,005, palyginus su T98G-100 pmol TMZ.
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Palyginus su U87-kontrole, p53-teigiamy lasteliy skaiCius buvo reiks-
mingai mazesnis U87 naviky, gydyty 5 mmol, 2,5 mmol MgDCA ir 2 mmol
VPA-3 mmol MgDCA dozémis. U87-5 mmol MgDCA ir U87-2,5 mmol
MgDCA grupiy naviky p53-teigiamy lgsteliy skai¢ius buvo mazesnis nei
U87-2 mmol VPA-3 mmol MgDCA grupés. ReikSmingy p53-teigiamy
lasteliy skaiciaus skirtumy U87-2,5 mmol MgDCA ir U87-5 mmol MgDCA
grupiy navikuose nenustatyta.

U87 naviky gydymas 100 umol ir 50 pmol TMZ dozémis reikSmingai
sumazino p53-teigiamy lgsteliy skaic¢iy navikuose. Palyginus U87-100 umol
TMZ ir U87-50 umol TMZ grupiy p53 raiSka su U87-5 mmol MgDCA ir
U87-2,5 mmol MgDCA grupémis, reikSmingy skirtumy nenustatyta. Deriniu
gydytos grupés p53-teigiamy lasteliy skaicius buvo reikSmingai didesnis nei
U87-100 umol TMZ grupes, bet palyginus deriniu ir 50 umol TMZ doze
gydytas grupes, skirtumy nenustatyta.

Palyginus su T98G-kontrole, T98G-2,5 mmol MgDCA ir T98G-2 mmol
VPA-3 mmol MgDCA grupése reik§mingo poveikio p53 raiskai nenustatyta.
T98G-5 mmol MgDCA grupés p53-teigiamy lasteliy skaicius buvo reikSmin-
gai mazesnis nei kontroles. T98G-2 mmol VPA—-3 mmol MgDCA grupés p53
raiSka buvo didziausia ir reikSmingai skyrési palyginus su MgDCA gydyto-
mis grupémis.

T98G naviky gydymas TMZ dozémis reikSmingai sumazino p53-teigia-
my lasteliy skaiciy navikuose. T98G-2 mmol VPA-3 mmol MgDCA grupés
pS3-teigiamy lgsteliy skai¢ius buvo reikSmingai didesnis nei T98G-100 pmol
TMZ ir T98G-50 umol TMZ grupiy. 100 pmol TMZ doze gydyty naviky
pS3-teigiamy lasteliy skaicius buvo reikSmingai mazesnis nei T98G-5 mmol
MgDCA ir T98G-2,5 mmol MgDCA naviky grupiy. Gydymo 50 pmol TMZ,
5 mmol MgDCA ir 2,5 mmol MgDCA doziy poveikis p53-teigiamy lasteliy
skai¢iui T98G navikuose nesiskyré. Rastas TMZ poveikio p53 raiskai skirtu-
mas navikuose: T98G-100 pmol TMZ naviky Zymens raiska buvo reikSmin-
gai mazesné nei T98G-50 pmol TMZ naviky.

3.5. VPA poveikio U87 ir T98G lasteléms in vitro tyrimo rezultatai

U87 ir T98G kontrolés Iagsteliy SLC548 raiska nenustatyta. Gydymas
1,5 mmol VPA doze suaktyvino U87 lasteliy SLC548 raiska (CT vidurkis —
34,87+ 0,49, ACT — 18,15+ 0,57). U87 lasteliy gydymas 0,75 mmol ir
0,5 mmol VPA dozémis nelémeé SLC5A48 raiskos pokyc€iy — geno raiska buvo
nenustatyta. T98G lasteliy gydymas skirtingomis VPA dozémis poveikio
SLC5A8 raiSkai netur¢jo ir geno raiska buvo nenustatyta.

71



Tirty U87 lasteliy grupiy SLCI1242 ir GAPDH raiskos duomenys yra
pateikti 3.5.1 lenteléje.

3.5.1 lentele. Tirty US7 lgsteliy grupiy SLC12A2 ir GAPDH raiskos duomenys

Rodiklis, vidurkis £ SN
Tirt : CT
frios grupes ACT AACT | zmct
SLCI2A2 | GAPDH

U87-kontrolé 22,07+ 1,12 | 18,14+ 1,41 | 3,93+0,64| 0,00+ 0,64 | 1,08+ 0,46
318,7A'1’5 mmol | 5| 5 622036 | 18,76 0.93 | 3.87+ 083|006+ 0.83| 1,20 + 0,61
318,7A'0’75 mmol | ¢ 25 40+0.33 | 18,524+ 1,25 | 3,88+ 1,15 |-0,05 % 1.15| 1,28 0,71
318,7A'0’5 mmol | ¢ 23 4940.99 | 19,72+ 1,87 | 3,77+ 1,16 |-0,16 % 1,16] 1,36 £ 0,70

Palyginus tirtas U87 lasteliy grupes, reikSmingy SLCI2A42 raiSkos
skirtumy nenustatyta — gydymas VPA netur¢jo poveikio geno raiskai.

Tirty T98G lasteliy grupiy SLCI2A42 raiskos duomenys yra pateikti
3.5.1 paveiksle.
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3.5.1 pav. Tirty T98G lgsteliy grupiy SLC12A2 raiska

A — tirty T98G lasteliy grupiy SLCI12A42 raiska: * p <0,05, ** p <0,01; B — gydyty T98G
lasteliy grupiy santykiné SLC1242 raiska (log2(222°T)): * p = 0,02, palyginus su kontrole;
ilgas horizontalus briik§nys — mediana, trumpos horizontalios linijos — ribos.
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TI98G lasteliy, gydyty 0,75 mmol VPA doze, SLCI2A42 raiska buvo
reikSmingai didesné nei kontrolés. T98G-0,75 mmol VPA grupés lasteliy
santykiné SLC12A2 raiSka (2722¢T) buvo 1,71 karto didesné nei T98G-kont-
rolés. T98G-0,5 mmol VPA ir T98G-1,5 mmol VPA grupiy lasteliy SLC1242
raiSka reik§mingai nesiskyré nuo T98G-kontrolés grupés. SLC12A42 raiSka
buvo didesn¢ T98G-1,5 mmol VPA (p =0,004) ir T98G-0,75 mmol VPA
(p = 0,002) Iasteliy grupiy nei T98G-0,5 mmol VPA grupés.

Palyginus U87-kontrolés ir T98G-kontrolés grupiy SLC12A42 raiska, ji
buvo reikSmingai didesn¢ T98G lasteliy (p = 0,002). Gydyty 1,5 mmol
(» =0,008), 0,75 mmol (p =0,002) ar 0,5 mmol (p =0,02) VPA dozémis
lasteliy SLC12A42 raiska buvo reikSmingai didesné T98G lasteliy grupiy nei
atitinkamy U87 lasteliy grupiy.

Tirty U87 lasteliy grupiy SLCI2A45 raiSkos duomenys yra pateikti
3.5.2 paveiksle.
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3.5.2 pav. Tirty US87 lgsteliy grupiy SLC12A5 raiska

A — tirty U87 lasteliy grupiy SLC1245 raiska: * p <0,01; B — gydyty U87 lasteliy grupiy
santykiné SLC1245 raiska (log2(2724€T)): * p < 0,05, palyginus su kontrole; ilgas horizon-
talus briksSnys — mediana, trumpos horizontalios linijos — ribos.
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US87-kontrolés grupés SLC12A45 raiSka buvo aktyvus, o T98G-kontrolés
grupes tirto geno raiSka nenustatyta. US87 lasteliy gydymas 1,5 mmol
(» =0,002), 0,75 mmol (p =0,002) ir 0,5 mmol (p =0,009) VPA dozémis
reikSmingai padidino SLCI12A5 neSiklio geno raiska. U87-1,5 mmol VPA,
U87-0,75 mmol VPA ir U87-0,5 mmol VPA grupiy santykine SLCI245
raiSka (222€T) buvo atitinkamai 5,97, 4,40 ir 4,54 karto didesné nei kontrolés.
Palyginus U87-1,5 mmol VPA, U87-0,75 mmol VPA ir U§87-0,5 mmol VPA
grupiy ACT reikSmes, reik§mingo skirtumo nenustatyta.

Tirty T98G lasteliy SLC12A45 raiska nenustatyta, VPA gydymas poveikio
nesikli koduojan¢iam genui neturéjo.

CDH1 buvo neaktyvus U87 kontrolés lastelése ir gydymas skirtingomis
VPA dozémis nepaveiké CDH]I raiskos (geno raiSka nenustatyta).

CDH]I raiska buvo nustatyta T98G lasteleése, gydytose 1,5 mmol ir
0,75 mmol VPA (CT vidurkis— 34,89 +0,38 ir 34,87+0,38, ACT -
16,81 £0,57 ir 16,27 + 0,47, atitinkamai), o T98G kontrolés ir gydyty 0,5
mmol VPA doze grupés lastelése CDH raiska nenustatyta.

Tirty U87 ir T98G lasteliy grupiy CDH?2 raiskos duomenys yra pateikti
3.5.3 paveiksle.
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3.5.3 pav. Tirty US7 ir T98G lgsteliy grupiy CDH?2 raiska

A —tirty U87 ir T98G lasteliy grupiy CDH?2 raiska: * p < 0,05, ** p <0,01; B — gydyty U87
ir T98G lasteliy grupiy santykiné CDH?2 raiska (log2(2724¢T)): * p < 0,05, palyginus su
kontrole; ilgas horizontalus brik$nys — mediana, trumpos horizontalios linijos — ribos.
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T98G kontrolés lgsteliy CDH?2 raiska buvo didesné nei U87 kontrolés
lasteliy (p = 0,002). Palyginus su U87-kontrole, U87-1,5 mmol VPA grupés
CDH? raiska buvo reik§mingai didesné (p = 0,02), santykiné raiska (2-24CT)
buvo lygi 3,41. CDH?2 raiskos skirtumy palyginus U87-kontrolés, U87-
0,75 mmol VPA ir U87-0,5 mmol VPA grupes nenustatyta. U87-1,5 mmol
VPA grupés lasteliy CDH?2 raiska buvo didesné nei U87-0,75 mmol VPA
grupés lasteliy (p = 0,02). U87 lasteliy, gydyty 1,5 mmol ir 0,5 mmol VPA
dozémis, CDH? raiska nesiskyré.

Palyginus su kontrole, visos VPA dozés reikSmingai padidino T98G lasteliy
CDH? rai8ka: santykiné T98G-1,5 mmol VPA grupés geno raiska (2724¢T) buvo
2,34 karto (p = 0,004), T98G-0,75 mmol grupés — 2,11 karto (p =0,002) ir
T98G-0,5 mmol VPA grupés — 1,73 karto (p = 0,04) didesné nei kontrolés.
Palyginus VPA gydyty T98G lasteliy CDH?2 raiska, skirtumy nenustatyta.

Palyginus U87 ir T98G lasteliy CDH?2 raiska nustatyta, kad T98G-
1,5 mmol VPA (p=0,008), T98G-0,75 mmol VPA (p =0,002) ir T98G-
0,5 mmol VPA (p = 0,04) grupiy lasteliy raiska buvo didesné nei atitinkamy
U87 lasteliy grupiy.

3.6. MgDCA, VPA-MgDCA ir TMZ poveikio
U87 ir T98G lasteléms in vitro vertinimas

U87-kontrolés, U87-1,5 mmol MgDCA, U87-0,75 mmol MgDCA ir
U87-50 pmol TMZ grupiy SLC5A48 raiska nenustatyta. U87 lasteliy gydymas
deriniais suaktyvino SLC5A48 raiska: 2 mmol VPA—-1,5 mmol MgDCA (CT
vidurkis — 32,80 = 0,24, ACT — 17,23 £ 0,16) ir 0,75 mmol VPA-1,5 mmol
MgDCA (CT vidurkis — 33,52 + 0,52, ACT — 17,72 + 0,25).

Tirty T98G kontrolés lasteliy SLC5A48 raiska nenustatyta. T98G lasteliy
gydymas skirtingomis VPA-MgDCA dozémis ar TMZ poveikio SLC548
neturé¢jo — genas buvo neaktyvus.

Tirty U87 lasteliy grupiy SLC1242 ir GAPDH raiskos duomenys yra
pateikti 3.6.1 lenteléje.

3.6.1 lentele. Tirty US7 lgsteliy grupiy SLC12A2 ir GAPDH raiskos duomenys
Rodiklis, vidurkis £ SN

Tirt ¢ CT
irtos grupés n ACT AACT 2-AACT
SLCI12A42 GAPDH
U87-kontrolé 6 (22,07+1,23|18,14+1,41|3,93 £0,64|0,00 +0,64(1,08 + 0,46
U87-1,5 mmol
MgDCA 6 (22,74+0,71|18,64 +£1,25|4,10+0,60{0,18 + 0,60{0,94 + 0,31
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3.6.1 lentelés tesinys

Rodiklis, vidurkis £ SN
Tirt ¢ CT
irtos grupés n ACT AACT 5-aaCT
SLCI12A42 GAPDH
U87-0,75 mmol
MgDCA 6 [22,83+0,74]18,70+1,65 (4,13 +£1,00{0,20 + 1,00|1,04 + 0,60
U87-2 mmol VPA-
1,5 mmol MgDCA 6 (22,33+0,33|17,98+0,50 (4,36 +0,33(0,43 +0,33/0,76 + 0,18
U87-0,75 mmol
VPA-1,5 mmol 6 (22,46+0,58]18,23+0,70(4,23 +£0,25(0,30 +0,25/0,82 + 0,14
MgDCA
U87-50 umol TMZ | 6 |21,67+0,18|17,20+0,19 (4,46 £ 0,30|0,53 +0,30(0,70 £ 0,14

Palyginus su U87-kontrole, visy tirty U87 lasteliy grupiy, gydyty tiria-
maisiais vaistiniais preparatais, SLC12A42 raiSka nesiskyre.
Tirty T98G lasteliy grupiy SLCI2A42 raiskas yra pateikta 3.6.1 paveiksle.
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3.6.1 pav. Tirty T98G lgsteliy grupiy SLC12A2 raiska

A — tirty T98G lasteliy SLC1242 raiska: * p=0,02, ** p <0,01; B — gydyty T98G lasteliy
grupiy santykiné SLCI242 raisSka (log2(224°T)): * p < 0,05, palyginus su kontrole; ilgas
horizontalus briikk§nys — mediana, trumpos horizontalios linijos — ribos.
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Palyginus su T98G-kontrole, T98G-1,5 mmol MgDCA (p =0,002) ir
T98G-0,75 mmol MgDCA (p = 0,002) lasteliy grupiy SLC1242 raiska buvo
reikSmingai mazesné. Palyginus MgDCA gydytas T98G lasteliy grupes,
SLC12A2 raiskos skirtumy nenustatyta.

T98G-0,75 mmol VPA-1,5 mmol MgDCA (p = 0,009) ir T98G-2 mmol
VPA-1,5 mmol MgDCA (p = 0,004) lasteliy grupiy SLC12A42 raiSka buvo
reikSmingai mazesné nei kontrolés. SLC12A2 raiskos skirtumo palyginus
skirtingais dviem deriniais gydytas T98G lasteliy grupes, nenustatyta.
Palyginus su T98G-1,5 mmol MgDCA, SLCI242 raiSka T98G-2 mmol
VPA-1,5 mmol MgDCA ir T98G-0,75 mmol VPA-1,5 mmol MgDCA
(»p =0,002) lasteliy grupiy buvo reikSmingai didesné. T98G-0,75 mmol
MgDCA lasteliy grupés SLCI2A2 raiska buvo reikSmingai mazesné uz
T98G-0,75 mmol VPA-1,5 mmol MgDCA lasteliy grupés.

T98G-50 umol TMZ lasteliy grupés SLC12A42 raiska nesiskyré nuo kont-
rolés. Palyginus su T98G-50 pmol TMZ lasteliy grupe, SLCI2A42 raiska
T98G-1,5 mmol MgDCA (p=0,002), T98G-0,75 mmol MgDCA
(p =0,002), T98G-2 mmol VPA-1,5 mmol MgDCA (p =0,002) ir T98G-
0,75 mmol VPA-1,5 mmol MgDCA (p=0,002) lasteliy grupése buvo
reik§mingai maZesne.

T98G-kontrolés grupés lasteliy SLCI2A42 raiska buvo reikSmingai
didesn¢ uz U87-kontrolés lasteliy (p = 0,002). Tirty TI98G lasteliy grupiy
SLC12A42 raiska buvo reikSmingai didesné nei atitinkamai tirty U87 lasteliy:
U87-50 umol TMZ (p =0,002), U87-2 mmol VPA-1,5 mmol MgDCA
(p =0,002) ir U87-0,75 mmol VPA—-1,5 mmol MgDCA (p = 0,002) grupiy.

Tirty U87 lasteliy grupiy SLCI2A5 raiSka yra pateikta 3.6.2 paveiksle.
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3.6.2 pav. Tirty US7 grupiy SLC12A45 raiska
A — tirty U7 lasteliy SLC1245 raiska: * p = 0,04, ** p=0,002; B — gydyty U87 lasteliy

grupiy santykiné CDH? raiska (log2(224€T)): * p = 0,002, palyginus su kontrole; ilgas hori-
zontalus bruksnys — mediana, trumpos horizontalios linijos — ribos

U87-1,5 mmol MgDCA ir U87-0,75 mmol MgDCA lasteliy grupiy
SLCI245 raiska nesiskyré nuo kontrolés. U87 lasteliy gydymas deriniais
reik§Smingai padidino SLC12A45 raiska. Palyginus deriniais gydytas U87 laste-
liy grupes, reikSmingy skirtumy nenustatyta. MgDCA gydyty U87 lasteliy
grupiy raiSka buvo reikSmingai mazesné nei deriniais gydyty lasteliy grupiy.

U87 lasteliy gydymas TMZ reikSmingo poveikio SLCI2A45 raiskai
netur¢jo. Palyginus su U87-50 pmol TMZ, SLC12A45 raisSka buvo reikSmingai
didesn¢ U87-2 mmol VPA-1,5 mmol MgDCA ir U87-0,75 mmol VPA—
1,5 mmol MgDCA lasteliy grupiy. TMZ ir skirtingomis MgDCA dozémis
gydyty grupiy raiSka nesiskyre.

Tirty T98G kontrolés ir gydytos skirtingomis MgDCA dozémis,
0,75 mmol VPA—-1,5 mmol MgDCA ir TMZ lastelés SLC12A5 raiSkos netu-
réjo. Aktyvi SLC1245 raiSka nustatyta tik T98G-2 mmol VPA-1,5 mmol
MgDCA grupés lastelése (CT vidurkis — 34,82 + 1,21, ACT — 17,89 + 1,03).

SLC12A45 raiska buvo nustatyta U87-kontrolés, U87-1,5 mmol MgDCA,
U87-0,75 mmol MgDCA, U87-0,75 mmol VPA—-1,5 mmol MgDCA ir U87-
50 umol TMZ lasteliy grupiy, o atitinkamy T98G lasteliy grupés raiSkos
neturéjo. Palyginus gydyty U87-2 mmol VPA—-1,5 mmol MgDCA lasteliy
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grupiy SLCI245 raiska su atitinkamomis T98G lastelémis, reikSmingai
mazesné¢ raiSka buvo nustatyta T98G lastelése (p = 0,004).

U87-kontrolés, U87-1,5 mmol MgDCA, U87-0,75 mmol MgDCA, U87-
0,75 mmol VPA-1,5 mmol MgDCA ir U87-50 umol TMZ grupiy lasteliy
CDH1 raiska nenustatyta. Gydymas 2 mmol VPA—-1,5 mmol MgDCA su-
aktyvino CDH1 raiskg U87 lagstelése (CT vidurkis — 34,82 + 0,64, ACT —
19,24 +0,62).

CDH]1 raiska nenustatyta T98G kontrolés Iasteliy ir Iasteliy, gydyty skir-
tingomis MgDCA, derinio dozémis ar TMZ.

Tirty U87 lasteliy grupiy CDH?2 ir GAPDH raiskos duomenys yra pateik-
ti 3.6.2 lenteléje.

3.6.2 lentelé. Tirty US7 lgsteliy grupiy CDH?2 ir GAPDH raiskos duomenys
Rodiklis, vidurkis £ SN

Tirtos grupés | n CT

CDH2 GAPDH
U87-kontrolé 6123,82+0,72|18,14+ 1,41 | 5,68 £ 1,26 | 0,00 + 1,26 | 1,01 + 0,82
U87-1,5 mmol
MgDCA
U87-0,75 mmol
MgDCA

U87-2 mmol
VPA-1,5 mmol | 623,40+ 0,67 |17,98 £ 0,50 | 5,42 = 0,40° | -0,26 = 0,40 | 1,23 + 0,30
MgDCA
U87-0,75 mmol
VPA-1,5 mmol | 6 |23,34+0,75|18,23 +0,70| 5,12+ 0,26 {-0,56£0,26| 1,50 £ 0,25
MgDCA
U87-50 umol
T™Z

2 p=0,03, palyginus su U87-0,75 mmol MgDCA; ® p = 0,03, palyginus su U87-0,75 mmol
MgDCA; ¢p = 0,03, palyginus su U87-0,75 mmol MgDCA.

ACT AACT 27AACT

6124,01+1,16|18,64+1,25(5,37+0,14* | -0,31+£0,14| 1,24+ 0,11

6123,44+1,38|18,70+1,65| 4,74 +0,41 |-0,95+0,41| 1,99 + 0,46

6122,52+0,12|17,20+0,19 5,32+ 0,28°|-0,37 £ 0,28 | 1,31 £ 0,22

Palyginus U87 kontrolés Iasteliy CDH?2 raiska su gydyty grupiy lasteliy
raiSka, statistiSkai reik§mingy skirtumy nenustatyta. U87-0,75 mmol MgDCA
grupés lasteliy raiska buvo reikSmingai didesné nei U87-1,5 mmol MgDCA,
U87-2 mmol VPA-1,5 mmol MgDCA ir U§7-50 umol TMZ grupiy Iasteliy.
Palyginus deriniais gydytas grupes, CDH?2 raiskos skirtumy nenustatyta.

TI98G lasteliy grupiy CDH?2 raiSkos duomenys yra pateikti 3.6.3 pa-
veiksle.
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3.6.3 pav. Tirty T98G lgsteliy grupiy CDH?2 raiska
A — tirty T98G lasteliy CDH?2 raiska: * p=0,04, ** p =0,002; B — gydyty T98G lasteliy

grupiy santyking CDH? rai$ka (log2(224CT)): * p < 0,05, palyginus su kontrole; ilgas hori-
zontalus brikSnys — mediana, trumpos horizontalios linijos — ribos.

T98G-kontroleés grupés CDH?2 raiska buvo reikSmingai didesné nei T98G-
1,5 mmol MgDCA ir T98G-0,75 mmol MgDCA grupiy, santykiné geno
(2724€T) raigka buvo lygi 0,34 ir 0,35, atitinkamai. Palyginus su kontrole,
T98G lasteliy gydymas 2 mmol VPA—-1,5 mmol MgDCA, 0,75 mmol VPA—
1,5 mmol MgDCA ar 50 umol TMZ dozémis poveikio CDH?2 raiSkai netu-
réjo. Gydyty MgDCA lasteliy grupiy CDH?2 raiska buvo reikSmingai maZes-
né nei T98G lasteliy, gydyty 2 mmol VPA—-1,5 mmol MgDCA, 0,75 mmol
VPA-1,5 mmol MgDCA ir 50 umol TMZ dozémis. Palyginus deriniais gy-
dytas grupes, CDH?2 raiSkos skirtumy nenustatyta. T98G-50 umol TMZ
grupés CDH? raiska buvo reikSmingai didesné nei T98G-0,75 mmol VPA—
1,5 mmol MgDCA lasteliy grupés.

Palyginus tirty U87 ir T98G grupiy CDH?2 raiska, U87-kontrolés
(» =0,002), U87-0,75 mmol MgDCA (p=0,03), U87-2 mmol VPA-
1,5 mmol MgDCA (p =0,002), U87-0,75 mmol VPA-1,5 mmol MgDCA
(p =0,002) ir U87-50 pmol TMZ (p = 0,002) lasteliy grupiy raiSka buvo
mazesne¢ nei atitinkamy T98G lasteliy grupiy.
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3.7. VPA-MgDCA poveikio paciento pirminiy glioblastomos
22-SANTA-2F lasteliy navikui ant CAM ir in vitro tyrimo rezultatai

3.7.1. Pirminiy glioblastomos lasteliy naviky invazijos i CAM
daznio, CAM storio ir kraujagysliy skaiciaus po naviku vertinimas

48 mety GBM pacientés (galvos smegeny GBM, G4 pagal PSO) tirto
22-SANTA-2F naviko grupiy ant CAM biomikroskopijos EVP9 ir EVP12
vaizdai, naviko ex ovo su CAM, naviko fluorescencijos ir histologiniai H-E
vaizdai yra pateikti 3.7.1.1 paveiksle.

CAM ex ovo

EVP9 EVP12 CAM ex ovo fluorescencija H-E
22-SANTA-2F- ; }
kontrolé AP =
22-SANTA-2F- E | i
2 mmol VPA- 40 /
1,5 mmol 3
MgDCA e &

3.7.1.1 pav. Tirto 22-SANTA-2F naviko grupiy ant CAM
biomikroskopijos in vivo, iskirptos CAM su naviku ex ovo,
naviko fluorescencijos ir H-E histologijos nuotraukos

EVP9, EVP12, CAM ex ovo skalé¢ — | mm, H-E — 200 pm.

Palyginus su EVP9 kontrolés naviku, EVP12 22-SANTA-2F-kontrolés
navikas yra invazaves | CAM mezenchimg, H-E nuotraukoje matomas su-
ardytas choriono epitelio vientisumas ir naviko invazija | CAM mezenchima,
po naviku CAM sustoréjusi, joje gausu kraujagysliy. EVP12 kontrolés ex ovo
nuotraukoje matyti iSreikStas kraujagysliy tinklas (,,stipininis ratas®), kuris
aiSkiai matomas po fluorescuojancio dekstrano susvirkstimo j CAM krauja-
gysle. Palyginus EVP9 22-SANTA-2F-2 mmol VPA-1,5 mmol MgDCA
navikg su EVP12, naviko dydis iSliko panasus. Palyginus EVP12 ex ovo kont-
rolés navikg su 22-SANTA-2F naviku gydytu 2 mmol VPA-1,5 mmol MgDCA,
matyti, kad gydymas slopino naviko augimg ir kraujagysliy tinklo formavi-
masi apie navikg. 22-SANTA-2F-2 mmol VPA-1,5 mmol MgDCA naviko
H-E nuotraukoje matyti, kad choriono epitelis nepazeistas ir navikas auga ant
CAM pavirsiaus.

22-SANTA-2F naviko tirty grupiy invazijos | CAM daznio, CAM storio
ir kraujagysliy skai¢iaus CAM po naviku histomorfometriniai duomenys yra
pateikti 3.7.1.1 lenteléje.
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3.7.1.1 lentelé. 22-SANTA-2F naviko invazijos j CAM daznis, CAM storis ir
kraujagysliy skaiciaus CAM po naviku duomenys

. CAM storis Kraujagysliy
Invazija (um) skaicius

Tirtos grupés " | (proc.)

mediana (ribos)
22-SANTA-2F-kontrolé 16 | 75,00 | 201,80 (47,32-677,70) | 21,5 (7-65)

22-SANTA-2F-2 mmol VPA—-
1,5 mmol MgDCA

6 | 33,33 | 157,40 (89,75-225,20) | 20,5 (13-23)

Gydymas neturéjo poveikio 22-SANTA-2F paciento naviky invazijos
dazniui | CAM, CAM storiui po naviku ir kraujagysliy skai¢iui.

3.7.2. 22-SANTA-2F naviko ant CAM PLBA, EZH?2 ir p53 raiskos
vertinimas

Tirto 22-SANTA-2F naviko grupiy PLBA, EZH2 ir p53 raiSkos duome-
nys yra pateikti 3.7.2.1 lentel¢je ir 3.7.2.1 paveiksle.

3.7.2.1 lentelé. Tirto 22-SANTA-2F naviko PLBA-, EZH2- ir p53-teigiamy
lgsteliy raiskos navike duomenys

Rodiklis, proc. (mediana (ribos))

Tirtos grupés PLBA-teigiamos EZH2-teigiamos p53-teigiamos

n > n > n .

Iastelés Iastelés Iastelés

22-SANTA-2F- ] 88,88 ] 73,48 3 50,13
kontrolé (54,60-97,30) (54,52-96,08) (18,23-94,54)

SANTT . 38,24 A 56,61 A 27,90

_ . a - b

1,5 mmol MgDCA (15,22-62,54) (45,20-70,30) (12,20-45,006)

4p = 0,049, palyginus su 22-SANTA-2F-kontrole; ® p = 0,049, palyginus su 22-SANTA-2F-
kontrole.
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0 22-SANTA-2F-kontrolé @ 22-SANTA-2F-2 mmol VPA-1,5 mmol MgDCA

3.7.2.1 pav. Tirto 22-SANTA-2F naviko lgsteliy véZio Zymeny raiska

A — PLBA-teigiamy lasteliy raiska; B — EZH2- teigiamy lasteliy raiska; C — p53-teigiamy
lasteliy raiska. Ilgas horizontalus briikSnys — mediana, trumpos horizontalios linijos — ribos.

Palyginus su 22-SANTA-2F-kontrole, gydymas 2 mmol VPA—-1,5 mmol
MgDCA doze reikSmingai sumazino PLBA- ir EZH2-teigiamy lasteliy
skai¢iy 22-SANTA-2F navikuose, bet netur¢jo reikSmingo poveikio p53
raiSkai (matoma Zymens raiSkos sumaz¢jimo tendencija).

3.7.3. 22-SANTA-2F lasteliy SLC12A42, SLC5A8, SLC12A5, CDH|1,
CDH_? ir GAPDH raiskos in vitro vertinimas

22-SANTA-2F kontrolés lasteles neturéjo aktyviy SLC548, SLCI2A5 ir
CDH1 bei gydymas 2 mmol VPA—-1,5 mmol MgDCA netur¢jo poveikio $iy
geny raiskai (raiSka nenustatyta).

22-SANTA-2F lasteliy SLCI1242, CDH2 ir GAPDH geny raiskos
duomenys yra pateikti 3.7.3.1 lentel¢je.

3.7.3.1 lentelé. 22-SANTA-2F lgsteliy tirty grupiy SLC12A2, CDH?2 ir GAPDH
raiskos duomenys

Rodiklis, vidurkis + SN
Tirt ¢ CT
irtos grupés | n ACT AACT 5-8ACT
SLCI242 | GAPDH
ZZ'SANTA'zF' 6127,42+0,73(27,15+0,47| 0,27+0,96 | 0,00+ 0,96 | 1,09 + 0,78
kontrolé
22-SANTA-2F-
2 mmol VPA= | 5o 6o 1 11]27.06 +3.86| 2,62+ 2.86 | 2.36 = 2.86 | 0.65 = 0,78
1,5 mmol
MgDCA

89



3.7.3.1 lentelés tegsinys

Rodiklis, vidurkis £ SN
Tirt : CT
irtos grupés | n ACT AACT e
CDH2 | GAPDH

iz'SANTA'zF' 6 (2528 +£0.22(27,15+ 0,47 |-1,87+ 0,48 | 0,00+ 048 | 1,05+ 037

ontrolé
22-SANTA-2F-
2mmol VPA= 1 1 55 76 4 0802706 £ 3.86| 0.73 3,08 | 2.60=3.08 | 0,60+ 0,67
1,5 mmol
MgDCA

Gydymas 2 mmol VPA—-1,5 mmol MgDCA doze netur¢jo reikSmingo
poveikio 22-SANTA-2F paciento lasteliy SLC1242 ir CDH?2 raiSkai.

3.8. VPA-MgDCA poveikio pirminiy glioblastomos lasteliy genuy,
susijusiy su apoptozés indukcija (proapoptozinis poveikis), raiskai
vertinimas: sekoskaitos tyrimo duomenys

Paciento 22-SANTA-4F Iasteliy RNR sekoskaitos duomeny analizés
metu buvo iSrinktas 81 su proapoptoze susijes genas. Palyginus su 22-
SANTA-4F lasteliy kontrole, po gydymo VPA-MgDCA nustatyti 33 geny
raiSkos reikSmingi pokyciai, siejami su proapoptoze (3.8.1 lentel¢ ir
3.8.1 paveikslas).

3.8.1 lentelé. 22-SANTA-4F lgsteliy kontrolés ir gydyty 2 mmol VPA—
1,5 mmol MgDCA su proapoptoze susijusiy geny sekoskaitos tyrimo duomenys

Genas RaiSka (.10g2 vidurkis) | Geno raifkos | Raikos p reiksmé
kontrolé | gydytos | Ppokytis, log pokytis

ABLI 11,76 11,14 0,64 ! 9,68 x 10”7
AIFMI 10,95 12,56 1,61 1 6,39 x 1043
BBC3 11,23 12,06 0,84 ) 3,39 x 107!
BCLI0 10,54 10,96 0.42 1 0,01
BIK 4,60 7,82 3,05 1 1,78 x 1077
BMF 9.49 10,46 1,00 1 2,06 x 105
CASPI 11,03 11,40 037 1 0,008
CASP2 11,89 12,12 0,23 ) 0,02
CASP6 10,94 1127 0,34 1 0,005
CASPS 1021 10,92 0,67 1 0,0003
CD28 3.85 6.26 2.87 1 0.006
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3.8.1 lentelés tesinys

Genas RaiSka (.10g2 vidurkis) | Geno raifkos | Raikos p reiksmé
kontrolé | gydytos | Pokytis, log pokytis

CDKNIA 14,04 15.12 1,09 1 320 % 102
CYCsS 15,16 14,74 0,58 1 7,32 x 1078
DFFA 11,72 1237 0,65 1 9,12 % 10
FAF1 12,24 12,70 0,46 1 214 % 10
FAS 11,03 10,37 0,67 | 2,00 x 10
FEMIB 12,52 12,94 0,41 1 9,36 x 10°3
FOX03 13,76 14,01 0,30 i 2,63 x 107
HIPK?2 12,42 12,63 022 1 0,046
ILIB 12,79 12,36 -0,44 l 1,77 x 107
1124 2.39 5.81 493 1 0,002
LTBR 9,73 8,21 -1,52 l 0,0004
NODI 8,44 7,61 -0,86 l 0,01
PIDD1 8,75 7,96 —0,80 l 0,02
PRKCD 9,84 9,42 0,89 1 0,02
RIPK1 11,83 11,10 -0,73 l 2,15 %107
SPN 7,20 8,38 1,28 1 0,001
TNF 12,65 1327 0,63 1 2,76 x 10°5
TNFRSFI0B | 11,73 10,99 0,73 | 838 x 1010
TP53 12,11 11,34 -0,76 l 2,43 x 107
TP53BP2 11,26 10,48 -0,79 l 7,53 x 10710
TRADD 9.46 9.00 0,47 | 0,047
TRAF?2 8,39 7,45 -0,97 l 0,03

1 — geno raiska po gydymo reikSmingai padidéjusi; | — geno raiska po gydymo reik§mingai
sumazejusi.
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LTBR A
TRAF2
NODI +
PIDDI

TP53BP2 A
TP53 A
TNFRSF10B
RIPK]I A

FAS A

ABLI A
TRADD A

IL1B H
HIPK?2 +
CASP2 +

FOXO03
CASP6
CASPI

FEMIB
BCLI10 A

FAFI A

CYCS A

TNF A

DFFA
CASPS
BBC3 A

PRKCD +
BMF +
CDKNI4
SPN
AIFM1
CD28 +
BIK
1124 A

Genas

-2 0 2 4 6
Geno raiskos pokytis, log,

3.8.1 pav. VPA-MgDCA gydymo poveikio 22-SANTA-4F lgsteliy
su proapoptoze susijusiy geny raiskai

Raiskos pokycio log: duomenys su proapoptoze susijusiy geny, kuriy raiska po gydymo
VPA-MgDCA buvo reikSmingai slopinta arba buvo reikSmingai padidéjusi.

Paciento 22-SANTA-4F lasteliy 21 geno (HIPK2, CASP2, FOXO3,
CASP6, CASPI, FEMIB, BCL10, FAF1, CYCS, TNF, DFFA, CASPS, BBC3,
PRKCD, BMF, CDKNIA, SPN, AIFMI1, CD28, BIK, IL24) raiska buvo
reikSmingai padidéjusi. VPA-MgDCA gydymas reikSmingai sumazino 22-
SANTA-4F lgsteliy 12 geny raiska (LTBR, TRAF2, NODI, PIDDI,
TP53BP2, TP53, TNFRSF10B, RIPKI, FAS, ABL1, TRADD, ILIB).
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4. REZULTATU APTARIMAS

Iki Siol veiksmingo GBM gydymo néra [330, 331]. Siekiant pagerinti
GBM gydymo s¢kmeg yra svarbiis tyrimai, kurie leisty nustatyti individualy
naviko jautrumg gydymui, o gydymo veiksmingumas turéty biiti nustatomas
ikiklinikiniais tyrimais prie§ pradedant chemoterapija [330, 332]. Biomole-
kuliniy keliy tyrimai gali padéti numatyti GBM lasteliy ir jy naviky prigimties
ry$i su gydymo veiksmingumu [24, 333]. Naviko rezistentiSkumas gydymui
yra siejamas su sutrikusia mitochondrijy funkcija; Siy funkcijy atstatymas gali
biiti vienas 1§ vézio gydymo biidy [334]. Veiksmingo gydymo paieska, vaisty
veikimo mechanizmy tyrimai, pagristi vézio Zymeny, naviko lgsteliy geny
analize, veiksmingo gydymo svarbiy kancerogenezés molekuliniy keliy
iSaiSkinimas ir tuo pagrindu naujy vaisty kiirimas racionaliai projektuojant
vaistus ar zinomy vaisty derinius gydymui yra svarbiis [335]. Kancerogenezé
yra neatsiejama nuo uzdegimo, koreliuojancio su naviko piktybiSkumu ir
prognoze. D¢l to svarbiis gydymo uzdaviniai yra kurti daugiatiksles terapines
strategijas, kurios taip pat padéty nutraukti GBM navika palaikancios uzde-
gimo aplinkos veikima ir slopinti prouzdegiminiy-pronavikiniy imuniniy
lasteliy aktyvuma [32].

Zmogaus ir zinduoliy uzkrii¢io liauka (Giobrialiauké) yra pirminis lim-
foidinis organas, gaminantis prouzdegiminius mediatorius net fiziologinémis
salygomis [336, 337]. Todél Ciobrialiaukés audinys turi pastovy mikro-
aplinkos toninio uzdegimo fona, kuris svarbus imuniniy lgsteliy formavimui-
si. Ciobrialiauké gali biiti naudojama kaip modelis tiriamy vaisty poveikio
prieSuzdegiminiy ir su uzdegimu bei imuniniu atsaku susijusiy geny raiskos
poky¢iams timocituose tirti. Ciobrialiaukéje T limfocitai bresta ir diferenci-
juojasi vykstant imuniniam atsakui. Liauka yra atsakinga uz T limfocity
formavimasi ir jos pokyciai ypac jautriai reaguoja j uzdegimo, infekcijos bei
vézinius procesus [91, 291]. Misy tyrimas apima tiriamy vaistiniy preparaty
poveikio gyviny Cciobrialiaukei, timocitams ir GBM lasteléms bei jy
navikams ant CAM tyrimus, kurie lyginami su TMZ poveikiu.

4.1. Gydymo VPA-NaDCA ar VPA poveikis Ziurkéms,
¢iobrialiaukei, timocitams

Vienos paros ir 28 pary VPA-NaDCA gydymo poveikis Ziurkéms.
Atliekant vaisty tyrimus, ne maziau svarbu nustatyti tiriamo vaistinio prepa-
rato poveikj gyviino kiino ir ¢iobrialiaukés masei bei liaukos struktiiriniams
poky€iams. Misy tyrimy duomenys rodo, kad 28 pary gydymas
150 mg/kg/parai VPA ir 100 mg/kg/parai NaDCA deriniu 5-6 savaiciy
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amziaus Wistar patiny ir pateliy ziurkiy kiino masei poveikio netur¢jo.
StakiSai¢io D. ir kt. atlikti tyrimai taip pat neparodé dvi savaites gydyty 6—
7 savai¢iy amziaus Balb/c peliy patiny tokia pat derinio paros doze poveikio
savaic¢iy 200 mg/kg/parai NaDCA monoterapijos 9-10 savaiCiy amziaus
intaktiniy patiny kiino masé reikSmingai sumazéjo [201]; taip pat Si
mokslininky grupé nustate, kad keturiy savaiciy gydymas, pradétas ta pacia
NaDCA doze iki lytinio brendimo, 5 savai¢iy amziaus intaktiniy patiny kiino
mas¢ reikSmingai sumazino [199]. Kito tyrimo metu keturiy savaiciy
gydymas 200 mg/kg/parai NaDCA doze 4-5 savai¢iy amziaus intaktiniy
patiny ir pateliy ziurkiy poveikio kiino masei netur¢jo, bet keturias savaites
tokia pat NaDCA doze parai gydyty 4-5 savai¢iy amziaus abiejy lyCiy
kastruoty ziurkiy kiino masé¢ sumazgjo [200]. Valancittés A. ir kt. tyrimas
parod¢, kad ilgalaikis gydymas 300 mg/kg/parai VPA doze 8 savaiiy
amziaus Wistar abiejy ly¢iy intaktiniy ir kastruoty ziurkiy gyviino kiino masei
poveikio neturéjo [221]. Analizuojant literatiiroje esan¢ius duomenis, matyti,
kad DCA, VPA poveikis ziurkiy kiino masei, diurezei, jony iSsiskyrimui su
Slapimu ir Ciobrialiaukei priklauso ne tik nuo vaistinio preparato dozes,
gydymo trukmés, bet ir nuo lyties bei pradéto gydymo — ar jis gyviinams
pradétas iki lytinio brendimo ar lytiskai subrendusiems, taip pat yra nustatomi
poveikio skirtumai kastruotiems gyvinams.

Masy tyrime keturiy savai¢iy gydymas VPA-NaDCA deriniu reik§min-
J. ir kt. tyrimas parode, kad keturias savaites taikyta 200 mg/kg/parai NaDCA
monoterapija poveikio 5—6 savai¢iy amziaus intaktiniy ziurkiy patiny inksto
masei neturéjo [201].

Nustatéme, kad vienos paros gydymas VPA-NaDCA abiejy lyciy
Ziurkiy pirmos paros diurezei ir K*, Na*, CI-, Ca**, Mg?" iSsiskyrimui su paros
Slapimu poveikio netur¢jo. Keturiy savai¢iy gydymas deriniu lémé reikSmin-
gai padidéjusia patiny paros diureze ir K*, Na*, C1 i$siskyrima su paros $lapi-
mu, bet tai nebiidinga pateléms. Keturiy savai¢iy gydymas VPA-NaDCA
padidino pateliy Mg?* kiekio i$siskyrima paros $lapime, bet tai nebiidinga
patinams.
reik§mingai padidino Ziurkiy patiny paros diureze ir CI-, Ca**, Mg?" i8sisky-
rimg su paros Slapimu, o 28 pary gydymas Sia doze poveikio diurezei neture-
jo, bet padidino Na*, Cl-, Mg?* iSsiskyrimg su paros $lapimu [201]. Kity
tyrimai parodé, kad gydymas viena 300 mg/kg/parai VPA doze lytiskai
subrendusiy 13—14 savaic¢iy amziaus Wistar ziurkiy skatina abiejy ly¢iy paros
diureze ir Cl-, K* i8siskyrimg su paros $lapimu [338]. Na*, K*, Cl-, Mg** yra
reabsorbuojami inksty Serdinés dalies TAL epiteliocity Henlés kilpoje.
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Poveikis Slapimo vienvalenciy ir dvivalenciy jony iSsiskyrimui siejamas su
NKCC2 nesiklio inhibicija ziurkiy inkstuose [339, 340]. Didesnis NKCC2
aktyvumas yra nustatomas ziurkiy patiny inkstuose nei pateliy [341]. Ziurkiy
su lytimi susijes vaisty diurezinis poveikis gali biiti sietinas ir su didesniu
patiny kiino vandens kiekiu [342].

Masy tyrimas rodo, kad ilgalaikis gydymas VPA-NaDCA reikSmingai
sumazino gliukozés koncentracijg patiny ir pateliy kraujo serume. Qin H. ir
kt. nustate, kad DCA padidino gliukozés panaudojimg ir sumaZzino pieno
rugsties susidaryma vézinése lastelése [343]. Stacpoole P. ir kt. tyrimas paro-
de, kad diabetu serganciy Ziurkiy dviejy savaiciy gydymas 100 mg/kg/parai
DCA sumazino gliukozés kiekj kraujo serume ir pakeité riebaly rugsciy
metabolizmg [344, 345]; Avery L. ir kt. nustaté, kad 89 savaiiy amziaus
ob/ob peliy gydymas dvi savaites 0,26 proc. VPA koncentracijos tirpalu
sumazino gliukozés kiekj kraujyje, riebaly kaupimasi riebaliniame audinyje
bei kepenyse [346]. VPA inhibuoja I ir [1a klasiy HDAC, kurios yra susijusios
su gliukoneogenezés ir insulino gamybos mechanizmais [347]. Tiriamy
vaistiniy preparaty poveikis, mazinantis gliukozés kiekj kraujo serume, yra
svarbus slopinant uzdegima, nes prouzdegimés imuninés lastelés daugiausia
energijos pagamina i aerobines glikolizés [348, 349].

Ilgalaikis gydymas VPA-NaDCA sumazino testosterono koncentracija
miisy tirty patiny kraujo serume. Alsemeh A. ir kt. nustate, kad astuoniy sa-
vai¢iy amziaus ziurkiy astuoniy dieny gydymas 100, 300 ar 500 mg/kg VPA
sumazino kraujo testosterono koncentracija, spermos kokybe, s¢klidziy mase,
padidino seklidés audiniy pazaidas, o poveikis buvo priklausomas nuo dozés
[350]. Didelés DCA dozés pasizymi toksisku poveikiu séklidés audiniams
taip pat [126]; del Leidigo Iasteliy degeneracijos sumazéja testosterono ga-
myba [163]. Cirkuliuojantis testosterono kiekis yra susijes su GBM prognoze,
nes pacienty, kuriems triikksta androgeny, prognoz¢ yra geresné nei ty, kuriy
androgeny kiekis normalus [351]. Ziurkiy Giobrialiaukés involiucija (atrofija)
turi jtakos T limfocity susidarymui ir migracijai  periferinius organus, taip
paveikia T limfocity jvairove organizme. Taciau mechanizmai, lemiantys
Ciobrialiaukés atrofija, néra iki galo iSaiskinti. Chirurginé kastracija reikSmin-
gai sumazino apoptoze bei padidino CD4 CD8", CD4°CD8", CD4"CDS§ ir
CD4 CDS8" timocity iSgyvenamumg. Chirurginiu bidu kastruotoms Ziurkéms
skyrus testosterono, timocity proliferacija isliko nepakitusi, tac¢iau CD4 CDS§",
CD4*CDS8*, CD4*CDS8™ ir CD4 CD8" timocity apoptozé reik§mingai padidé-
jo. Kastruotoms ziurkéms Ciobrialiaukés atsakas j kortikosterong reikSmingai
sumazéjo, o gliukokortikoidy receptoriy signalinio kelio blokavimas reiks-
mingai sumazino timocity apoptoze. Taigi testosteronas reguliuoja ¢iobria-
liaukés persitvarkyma darydamas jtakg kortikosterono sintezei timocituose,
kuri skatina timocity apoptoze [352]. Sie tyrimai rodo kaip svarbu nustatyti
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tirlamy vaistiniy preparaty poveikj ciobrialiaukés masei, jos struktiirai,
timocitams ir galimg poveikj imuniniam atsakui.

Ciobrialiaukés atrofija ir su ja susijes liaukos Zievinés ir Serdinés daliy
santykio sumaz¢jimas gali biiti naudingas kaip kiekybinis objektyvus para-
metras, t. y. netiesioginis Zymuo vertinant vaistinio preparato poveikj [353].
Liaukos Serdin¢je dalyje yra randama unikali struktiira, vadinama Hasalio
kiineliais. HK struktiira yra galutinis Aire+ linijos diferenciacijos etapas [354,
355]. HK dydis ir skai¢ius mazéja vykstant liaukos involiucijai [356].

Misy tyrimo metu ilgalaikio derinio poveikio ziurkiy patiny ir pateliy
300 mg/kg/parai VPA ir 200 mg/kg/parai NaDCA gydant po dvi savaites
5 savai¢iy amziaus ziurkiy timocity ciklui poveikio nebuvo nustatyta, o
ilgalaiké 200 mg/kg/parai DCA monoterapija padidino timocity kieki G>—M
ciklo bei sumazino G1—Go ciklo fazés metu [199].

Maisy tyrimas neparodé derinio poveikio abiejy ly¢iy ziurkiy ¢iobrialiau-
kés masei, liaukos Zievinés ir Serdinés daliy santykiui, bet gydymas VPA—
NaDCA lémé¢ ciobrialiaukés Serdin¢je dalyje HK skaiciaus padidéjima tik
patiny grupg¢je.

.....

vt —

kurivos 5 savai¢iy amziaus ziurkéms buvo taikytas pakaitinis
300 mg/kg/parai VPA ir 200 mg/kg/parai NaDCA gydymas, sumazino intak-
tiniy patiny Ciobrialiaukés masg ir $is sumazejimas buvo reikSmingai mazes-
nis lyginant su keturiy savaiciy 200 mg/kg/parai NaDCA monoterapijos po-
veikiu [199]; taip pat DCA monoterapija reikSmingai sumazino intaktiniy
patiny ir pateliy Ciobrialiaukés mase, o gydymas NaDCA sukelé Ciobria-
liaukés HK skaiCiaus pokycius tik intaktiniams patinams, bet ne Zziurkiy
pateléms [200]. Valanciiité A. ir kt. keturiy savai¢iy gydymo 300 mg/kg/parai
VPA sukelto poveikio abiejy ly€iy intaktiniy ziurkiy ¢iobrialiaukés masei
nenustate, bet gydymas lémé abiejy ly€iy ziurkiy Ciobrialiaukés Serdinés
dalies HK skai¢iaus padidéjima. Ziurkiy kastracija yra susijusi su padidéjusia
timocity proliferacija, ¢iobrialiaukés hiperplazija ir HK skaiciaus padidéjimu
liaukoje [221].

Patvirtinta, kad Ciobrialiaukés Serdinés dalies epitelioretikulinés Iastelés
ir HK dalyvauja indukuojant permanenting prouzdegiming mikroaplinka liau-
koje; tiriant Aire KO peles, kuriose néra post-Aire lasteliy [357], sumazéja
uzdegimo mediatoriy raiska [294]. Manoma, kad HK gali biiti bitini ¢iobria-
liaukés audinio mikroaplinkai biidingam toniniam uzdegimui. HK ekspresuo-
ja liaukos stromos limfopoeting, kuris gali paskatinti normalius T limfocitus
tapti T reguliaciniais limfocitais [358, 359]. Manoma, kad HK susidarymas
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yra susij¢s su sen¢jimo liaukos atrofijos fenotipu, kai sumazéja interferono o
gamyba, o tai rodo, kad uzdegimo signalo trilkumas lemia sutrikusj timocity
vystymasi [294]. [rodzius, kad epitelioretikulinés lastelés ir HK yra toninés
(persistuojancios) prouzdegiminés mikroaplinkos uzkrti¢io liaukoje indukto-
riai [360], iSrySkéja tiriamy vaisty poveikio nustatant geny, dalyvaujanciy ti-
mocity uzdegimo ir imuninio atsako procesuose, raiska tyrimy svarba. Staki-
Saicio D. ir kity tyrimo duomenys rodo, kad tiriant vaisto poveikj ¢iobrialiau-
kei, galima vertinti ir vaistinio preparato poveikj uzdegimui, ir su uzdegimu
susijusiy timocity geny raiskai, nes Ciobrialiauké yra svarbus uzdegimo
modelis [223].

Ilgalaikio VPA ir VPA-NaDCA gydymo poveikis tirty Ziurkiy timo-
city santykinei genu raiskai. Keturias savaites 300 mg/kg/parai gydyty iki
lytinio brendimo 4-5 savai¢iy amziaus intaktiniy ziurkiy pateliy timocity
Slc5a8 raiSka buvo reikSmingai padidéjusi, o VPA poveikio kastruoty pateliy
Slc5a8 raisSkai neturéejo [316, 317]. VPA gydyty intaktiniy ir kastruoty patiny
grupiy Slc5a8 raiska buvo sumazéjusi [316]. Kity tyrimai parodé, kad VPA
aktyvina DNR demetilinimg ir padidina SLC5AS8 raiska [361, 362]; per
mitochondrijas paveikia imuniniy lasteliy metabolizmg ir uzdegiminius pro-
cesus [363], inhibuoja oksidacinj fosforilinimg mitochondrijose ir taip slo-
pina energijos gamyba mitochondrijose [364]. SLC5A8 ir NKCCI neSikliy
aktyvumas lasteléje yra susijes su Na®ir Cl- pernesimu j lastele. Siy jony
vidulgstelin¢é koncentracija priklauso nuo lyties [365] ir yra svarbi uzdegimo
ir glikolizés procesams [135]. Mitochondrijose VPA inhibuoja HDAC
aktyvumg [366] ir taip pakeicia raiSka geny, susijusiy su lastelés diferen-
ciacija ir apoptoze [367, 368].

Keturiy savai¢iy gydymas 300 mg/kg/parai VPA doze iki lytinio bren-
dimo sumazino intaktiniy Ziurkiy patiny timocity Slc/2a2 raiska ir neturéjo
poveikio kastruoty patiny ir intaktiniy bei kastruoty pateliy timocitams. Miisy
tyrimy duomenimis silpnesnis VPA gydymo poveikis Slc/2a2 raiskai buvo
kastruoty ziurkiy patiny timocitams nei intaktiniy patiny [317]. Tai galéty
biiti susije su galimu sinerginiu VPA ir testosterono poveikiu. Ciobrialiaukés
lastelés turi androgeny receptorius [297]. Androgenai mazina NZB peliy
Ciobrialiaukés mase [369]. Ziurkiy patiny chirurginé ir cheminé kastracija
sukelé Ciobrialiaukés regeneracija [370]. Sprague—Dawley ziurkiy kastracija
padidino cCiobrialiaukés mase¢, o gydymas lytiniais hormonais sumaZzino
kastracijos sukelta ¢iobrialiaukés hiperplazija [371]. Misy tyrimas neparodé
reikSmingo VPA poveikio Slc/2a2 raiSkai intaktiniy ir kastruoty pateliy
timocitams [317].

Nustatéme, kad intaktiniy ziurkiy pateliy ilgalaikis gydymas
300 mg/kg/parai VPA reikSmingai padidino S/c/2a5 raisSka, o kastruoty pati-
ny reikSmingai sumazino. Gydymas VPA poveikio tirty intaktiniy ziurkiy
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patiny ir kastruoty pateliy grupiy timocity Slc/2a5 raiSkai neturéjo. Lastelés
tirio sumazéjimas yra ankstyvas apoptozés bruozas dél vidulastelinio K™ ir
CI" netekimo [271], kuris yra siejamas su kaspaziy aktyvinimu ir su
kaspazémis susijusiais apoptoziniais mechanizmais [372].

28 dienas ziurkiy gydymas VPA-NaDCA reik§mingo poveikio Slc5as,
Slci2a$5 ir Slcl2a?2 raiskai neturéjo. StakiSaitis D. ir kt. nustate, kad dviejy
savaiCiy peliy patiny gydymas deriniu reikSmingai padidino Slc5a8 raiSka
200 mg/kg/parai NaDCA monoterapija sumazino timocity NKCCI geno
raiskag [201].

4.2. U87 ir T98G lasteliu, ju naviky ant CAM
ir gydymo poveikio ypatumai

U87 ir T98G lgsteliu skirtumai. U87 ir T98G kontrolés naviky inva-
zijos | CAM mezenchimg daznis ir kraujagysliy skaicius po naviku, taip pat
PLBA-teigiamy, EZH2-teigiamy ir p53-teigiamy lasteliy daznis ant CAM
nesiskyre. SLC548 ir CDHI raiSka abejose kontrolés lgstelése neaptikta.
Misy tyrimai parodé U87 ir T98G kontrolés lasteliy ir jy kontrolés naviky ant
CAM savybiy skirtumus. CAM storis po T98G-kontrolés navikais buvo
reikSmingai 1,3 karto didesnis nei po U87-kontrolés navikais. SLC12A42 raiska
T98G lasteliy buvo reikSmingai 1,8 karto didesné nei U87 lasteliy. SLC1245
raiSka buvo aktyvi US87 lastelése, o Sio geno raiska T98G lastelése
nenustatyta. CDH2 raiska T98G kontrolés lasteliy buvo reikSmingai 1,5 karto
didesn¢ nei U87 lasteliy. Nustatyti lasteliy ir jy naviky skirtumai rodo, kad
T98G lastelés gali buti piktybiskesnés nei U87 lastelés [319].

GBM lasteliy vidulastelinio CI- homeostazés sutrikimai yra susije su
padidéjusiu NKCCI1 nesiklio aktyvumu ir raiska, taip pat su KCC2 nesiklio
sumazejusiu aktyvumu ir raiska naviko lastelése [273, 373]. Auksto laipsnio
GBM Iasteliy vidutine Cl™ koncentracija gali biiti 10 karty didesné nei 11
stadijos gliomos navikuose ir smegeny Zievinés dalies Igstelése. Zmogaus
gliomos lasteliy NKCCI1 baltymo raiska koreliuoja su naviko laipsniu [374]
ir tiesiogiai koreliuoja su lasteliy proliferacija [152]. Sun H. ir kt. analizé
parod¢, kad didelé gliomos NKCCI1 raiska yra susijusi su MAPK ir transfor-
muojanciojo augimo veiksnio B keliais bei EMT reguliavimu, o mezenchi-
minio GBM potipio naviko neSiklio raiSka buvo susijusi su ligos blogesne
prognoze ir trumpesniu ligonio i§gyvenamumo laikotarpiu [153]. Na* ir CI
koncentracija naviko mikroaplinkoje yra susijusi su naviko progresavimu
[135, 152]. Padidéjusi tarplasteliné Na* koncentracija gali aktyvinti NKCC1
[375]. Siuo aspektu ¢ia paminétas nustatytas VPA poveikis Ziurkiy diurezei
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ir Na* bei Cl i8siskyrimui su $lapimu gali bati reikSmingas, nes gali veikti
$iy jony koncentracijg ne tik lastelés viduje, bet ir audinio mikroaplinkoje
[135, 136, 153]. U87 ir T98G lasteliy ir jy naviky ant CAM gydymo tyrimai
parod¢ tiriamy vaistiniy preparaty poveikio skirtumus.

Gydymo VPA poveikio U87 ir T98G lasteliy geny raiskai skirtumai.
24 valandy gydymas 1,5 mmol, 0,75 mmol ir 0,5 mmol VPA dozémis netu-
réjo poveikio U87 lasteliy SLC12A2 raiskai, bet 0,75 mmol VPA doz¢ padi-
dino T98G lasteliy SLC12A2 raiska. Kaip irodyta, U87 kontrolés lgsteliy
SLCI1242 raiska buvo reikSmingai mazesné¢ nei T98G kontrolés lasteliy
[319]. Damanskien¢ E. ir kt. nustate skirtinga VPA poveikj pediatriniy GBM
lasteliy SLC12A2 raiskai: padidino PBT24 lasteliy, bet neturé¢jo poveikio
SF8628 lasteliy geno raiskai [257]. SLC12A42 raiskos padidéjimas gydymo
metu gali biiti vertinamas kaip nepageidaujamas vaistinio preparato poveikis.
NKCCI1 svarbus naviko lasteliy proliferacijos ir apoptozés mechanizmams
[153], o tai tiesiogiai siejama su stipriai iSreikSta NKCCl1 raiSka [152, 254].

Misy tyrimo duomenimis U87 lgsteliy gydymas VPA reik§mingai padi-
dino SLC1245 raiska, bet skirtingos VPA dozés neleme U87 lgsteliy geno
raiSkos skirtumy. T98G lasteliy gydymas VPA poveikio SLC12A45 raiskai ne-
turéjo [319]. Damanskiené E. ir kt. nustaté, kad pediatriniy PBT24 ir SF8628
lasteliy gydymas VPA reikSmingai padidino SLC7245 raiska, bet PBT24
lasteliy raiska padidéjo daug daugiau [257]. Padidéjusi SLCI1245 raiska
inhibuoja gliomos U251 MG lasteliy proliferacijg ir SLC12A5 yra potencialus
GBM prognostinis zymuo; $io neSiklio aktyvavimas yra vienas i§ ankstyvy
lasteliy apoptozés pozymiy [271]. KCC2 teigiamai koreliuoja su navika
infiltruojanciais makrofagais ir CD4" T limfocitais. Tai rodo, kad KCC2 yra
atsakingas uz vézio imuninj atsaka ir 1asteliy migracijg [272].

Nustatéme, kad U87 lgsteliy gydymas 1,5 mmol VPA aktyvino SLC548
raiSka, bet T98G lasteliy gydymas VPA reikSmingo poveikio Sio geno raiskai
neturéjo [319]. SLC5AS nesiklio funkcija yra svarbi, nes Sis neSiklis pernesa
DCA | lastelg ir VPA aktyvindamas neSiklio funkcijg gali gerinti DCA perne-
Simg | GBM lasteles [376, 377]. Gyviiny ir Zmogaus pirminiy gliomy eksperi-
mentiniai modeliai parodé, kad SLC5AS8 yra naviko augimo supresorius,
kuris dalyvauja onkogenezéje ir yra uzslopintas epigenetiniais mechanizmais.
SLC5A8 yra aktyvus sveikose smegeny lastelése, bet jo raiska reikSmingai
sumazéja daugumoje zmogaus pirminiy gliomos lasteliy ir GBM lasteliy
linijy Igsteliy, ypac kai CpG salelése vyksta metilinimas [282]. SLC5A48 rais-
ka siejama su gliomos lasteliy linijy kolonijy formavimosi slopinimu, t.y.
slopina GBM augima in vitro [282]. SLC5AS skatina lasteliy apoptoze per
nuo piruvato priklausomg HDAC inhibicija [378]. Hipermetilinimas
uzslopina SLC5A48 raiska navikinése lastelése ir tai siejama su bloga vézio
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prognoze [287]. VPA demetilinantis poveikis epigenetiniais mechanizmais
gali padidinti SLC5A48 raiskag GBM lastelése [257, 283].

Masy tyrimai parode, kad CDHI buvo neaktyvus U87 ir T98G kontrolés
lastelése [319]. CDHI raiska dazniausiai nenustatoma GBM lastelése dél
hipermetilintos buklés arba ji mazéja priklausomai nuo smegeny naviko
stadijos [247, 248]. Misy tyrimo duomenimis U87 lasteliy gydymas VPA
poveikio CDH] raiskai netur¢jo ir genas liko neaktyvus; VPA gydyty T98G
lasteliy CDH1 raiska buvo suaktyvinta.

CDH? raiSka U87 lastelese padidino tik gydymas 1,5 mmol VPA doze,
o T98G lasteliy CDH?2 raiska reikSmingai padidino visos tirtos VPA dozés.
VPA gydyty T98G lasteliy CDH?2 raiSka buvo didesné nei gydyty U87 laste-
liy [319]. CDHI ir CDH?2 svarbiis kancerogenezés ir EMT mechanizmams:
EMT metu CDH] raiska maze¢ja, o CDH2 — didé¢ja [247]. Mezenchiminio
GBM potipio lasteliy CDH?2 yra siejamas su NKCC1 aktyvumu, kuris taip
pat svarbus EMT [247, 379].

Gydymo TMZ arba MgDCA poveikio U87 ir T98G lasteliy navi-
kams ant CAM ir GBM lasteléms palyginimas. TMZ poveikio eksperi-
mentiniai tyrimai GBM navikams ir jy lasteléms yra placiai atliekami, o
MgDCA poveikio tyrimais buvo atlikti pirma karta, todél Siy preparaty
poveikio palyginimas nurodo tyrimo naujumg. Gydymas 50 pmol ir 100 pmol
TMZ dozémis reikSmingai sumazino U87 ir T98G naviky invazijos daznj |
CAM, neoangiogenez¢ CAM mezenchimoje po jais ir tik 100 umol TMZ
doz¢ buvo veiksminga slopinant CAM storj po U87 ir T98G navikais.
Gydymas 5 mmol MgDCA ir 2,5 mmol MgDCA dozémis panasiai reikSmin-
gai slopino U87 ir T98G naviky ant CAM invazijos daznj ir neoangiogenez¢
po jais. 2,5 mmol MgDCA dozé neveiké CAM storio po U87 navikais, bet
T98G naviky atveju abi MgDCA dozés sumazino CAM storj. Vadinasi, TMZ
ir MgDCA poveikis U87 ir T98G naviky invazijai | CAM mezenchimg ir
slopinant neoangiogenezg¢ yra panasus.

Ribatti D. ir kt. tyrimai parodé, kad ksenograftas sukelia uzdegiminius
procesus CAM srityje [312, 380]. Navikas ant CAM aktyvina neoangioge-
neze kartu ir CAM mezenchimos sustor¢jimg [312, 313].

TMZ abi tirtos dozés reikSmingai slopino U87 ir T98G naviky EZH2,
p53 ir PLBA baltymy raiska navike. Gydymas 5 mmol MgDCA doze veiks-
mingai slopino PLBA raiskag U87 ir T98G navikuose, bet 2,5 mmol dozé
reik§mingai ja slopino tik T98G naviko lgsteles. Tik 5 mmol MgDCA dozé
U87 navikuose paveiké EZH2-teigiamy lgsteliy raiska, o T98G navikuose abi
MgDCA dozés poveikio netur¢jo. Gydyty 5 mmol MgDCA doze U87 ir
T98G naviky p53 baltymo raiska buvo reikSmingai sumaz¢jusi, o 2,5 mmol
doz¢ ja sumazino tik U87 navike.
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Damanskienés E. ir kt. nurodo, kad TMZ poveikis pediatriniy GBM
PBT24 ir SF8628 lagsteliy navikams priklausé¢ nuo lasteliy linijos ir dozes:
100 pmol TMZ dozé reikSmingai slopino PBT24 naviko invazijos daznj,
mazino kraujagysliy skai¢iy CAM mezenchimoje ir CAM storj, bet neturéjo
poveikio SF8628 navikams [151]; gydymas MgDCA sumazino CAM storj ir
kraujagysliy skai¢iy tik po PBT24 navikais [174]. Misy tyrimas parodé
panaSy MgDCA poveikj U87 ir PBT24 naviky augimui ant CAM [320].

Tyrimai jrode, kad serganciyjy GBM gydymas TMZ chemoterapija
padidina bendrg vyresniy pacienty iSgyvenamumo trukme, taciau Sis poveikis
buvo mazesnis jaunesniems pacientams [381]. U87 ir T98G lasteliy rezisten-
tiSkumo TMZ gydymui raidos skirtumai priklauso nuo TMZ dozés [13]. Tyri-
my duomeny apzvalga parodé, kad PLBA raiska navike reikSmingai kore-
liuoja su pazengusia naviko stadija ir blogu ligonio 5 mety iSgyvenamu, todeél
jis gali biiti prognostinis ir diagnostinis zymuo [227]. Slopinantys PLBA
raiSka naviko lgstelése vaistiniai preparatai turi platesnj prieSvézinj poveikj
nei preparatai, veikiantys specifinius signalinius baltymus [382]. GBM p53
aktyvumas yra susijes su rezistentiSkumo chemoterapiniams preparatams
raida [241]. Todel p53 raiskos tyrimai gali padéti nustatyti GBM rezistentis-
kumga vaistams [383]. GBM lasteliy EZH2 raiska yra didesné nei astrocity, o
GBM pacienty biopsijos audinio EZH?2 raiska yra siejama su naviko laipsniu
[384]. TMZ chemoterapijai rezistentiSky GBM lasteliy EZH?2 inhibicija slo-
pina jy augima [385], priklausanti nuo vaistinio preparato dozés [386].

Misy 50 umol TMZ dozés poveikio U87 ir T98G lasteliy SLC5A4S,
SLCI1242, SLCI245, CDHI ir CDH?2 raiskai tyrimai in vitro neparod¢.
SLC12A42 ir CDH? raiSka buvo didesnés TMZ gydyty T98G lasteliy nei ati-
tinkamy U87 lasteliy. TMZ gydytose U87 lastelése SLC12A45 buvo aktyvus,
o T98G lasteliy geno raiska buvo uZzslopinta. Tq galima bty sieti su galimai
aktyvesne TMZ gydyty T98G lasteliy proliferacija.

Gydymas MgDCA netur¢jo poveikio U87 lasteliy SLC5A48, SLC12A42,
SLC1245, CDHI, CDH?2 raiskai ir T98G lasteliy SLC548, SLC1245, CDH1
raiSkai. MgDCA reikSmingai sumazino T98G lasteliy SLCI1242 ir CDH2
raiska.

Damanskiené E. ir kt. nustate, kad gydymas TMZ padidino PBT24 ir
SF8628 lIasteliy SLC12A42 raiska [151]. NKCCI1 inhibicija bumetanidu padi-
dina TMZ sukelta GBM lasteliy apoptoze sumazéjus K, ClI™ koncentracijai
lasteléje ir lastelés tiriui [387]. Zema CDH2 raiska koreliuoja su geresniu
atsaku ] TMZ gydymag ir pagerina pacienty iSgyvenamumga [388]. Farmako-
logineé NKCCI1 inhibicija sumazina gliomos lgsteliy migracijg ir invazija
[374, 389]. DCA slopina suaktyvéjusia navikiniy Iasteliy glikolize, nes taip
sutrikdoma proliferacija ir navikinés Igstelés tampa jautresnés apoptozes
signalams [390].
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U87 ir T98G naviky ir ju lasteliy atsako | VPA-MgDCA ar TMZ
gydymga palyginimas. ReikSmingas 2 mmol VPA-3 mmol MgDCA povei-
kis buvo U87 naviko invazijos | CAM dazniui ir kraujagysliy skaiciui po
navikais, bet Sio poveikio T98G navikams nenustatéme; pazymétina, kad
palyginus derinio poveikj su 50 umol TMZ dozés poveikiu U87 ir T98G
invazijai bei kraujagysliy skaiciui po U87 navikais, reikSmingo skirtumo
nenustatéme.

Derinys netur¢jo reikSmingo poveikio CAM storiui po U87 ir T98G
navikais. Gydymas VPA-MgDCA reikSmingai sumazino PLBA-teigiamy,
EZH2-teigiamy ir p53-teigiamy lasteliy daznj U87 naviko Iastelése, bet T98G
lasteléms poveikio nebuvo. U87 ir T98G naviky, gydyty 100 pmol TMZ
doze, invazijos daznis buvo mazesnis nei gydyty deriniu, o CAM storis po
TMZ ir deriniu gydytais T98G navikais nesiskyré.

Pazymétina, kad didesniu toksiSkumu pasizyminti 100 pmol TMZ doze,
pasizyméjo ir didesniu poveikiu kraujagysliy skaic¢iui po U87 ir T98G
navikais. U87 naviky, gydyty 100 umol TMZ doze, PLBA-teigiamy lasteliy
skaiius buvo mazesnis nei gydyty deriniu. T98G naviky, gydyty deriniu,
PLBA-teigiamy lasteliy skai¢ius buvo didesnis nei gydyty 50 umol TMZ
doze. Gydymas abiem TMZ dozémis veiksmingiau slopino EZH2-teigiamy
ir p53-teigiamy lasteliy skai¢iy T98G navikuose negu derinys. US87
navikuose 100 umol TMZ doz¢ buvo veiksmingesné nei derinys slopinant
EZH2-teigiamy ir p53-teigiamy lasteliy skaiciy.

US87 lasteliy gydymas VPA-MgDCA deriniais reikSmingai padidino
SLC5A8 raiska ir $is poveikis nepriklausé nuo VPA dozés derinyje; prieSin-
gai, gydymas T98G Iasteliy deriniais netur¢jo jtakos geno raiskai, kuri isliko
uzslopinta. Gydymas TMZ netur¢jo jtakos SLC5A48 raiskai.

VPA-MgDCA netur¢jo itakos U87 lgsteliy SLC12A42 raiskai, o gydymas
deriniu reikSmingai sumazino T98G lasteliy SLC1242 raiska. Gydymas
TI98G lasteliy 50 umol TMZ neturé¢jo itakos SLC12A2 raiskai.

Gydymas VPA-MgDCA deriniais reikSmingai padidino U87 lasteliy
SLC12A45 raiska, o TMZ netur¢jo itakos $iy Iasteliy SLC12A45 raiskai. T98G
lasteliy gydymas 0,75 mmol VPA-1,5 mmol MgDCA ir 50 pmol TMZ gydy-
tose T98G lastelese SLCI245 raiskai poveikio netur¢jo, o jy gydymas
2 mmol VPA-1,5 mmol MgDCA padidino T98G Iasteliy SLC1245 raiska.

Gydymas 2 mmol VPA—-1,5 mmol MgDCA reikSmingai padidino U87
lasteliy CDH1 raiska, o T98G lastelése Sio geno raiska nebuvo nustatyta.
CDH? raiskai U87 ir T98G lastelése gydymas deriniais ir TMZ jtakos
netur¢jo.

VPA-MgDCA deriniy poveikio tyrimai parodeé, kad prieSingai nei
MgDCA monoterapija, yra rySkus sinerginis dviejy vaistiniy preparaty povei-
kis geny, kurie yra svarbiis GBM raidai, raikai. Sis sinergizmas leidzia
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mazinti DCA dozg ir tai gali biiti svarbu vengiant nepageidaujamo vaistinio
preparato poveikio.

VPA-DCA ir kity tiriamy vaistiniy preparaty poveikio GBM lasteléms
ir navikams tyrimai parode¢, kad gydymo poveikis skiriasi priklausomai nuo
GBM lasteliy ir taikytos dozés. Miisy tyrimo rezultatai jrodo individuali-
zuotos gydymo strategijos svarbg gydant GBM.

4.3. VPA-MgDCA poveikis 22-SANTA lasteléms
ir navikui ant CAM

Pirminiy GBM lasteliy 22-SANTA-2F gydymas 2 mmol VPA-
1,5 mmol MgDCA preparatu poveikio naviko invazijos dazniui, CAM sto-
riui, kraujagysliy ir pS3-teigiamy lgsteliy skaiciui netur¢jo. Gydymas deriniu
reik§Smingai sumazino PLBA-teigiamy ir EZH2-teigiamy lasteliy skaiciy 22-
SANTA-2F naviko lasteléese ant CAM. VPA-MgDCA reikSmingo poveikio
SLC12A2 ir CDH?2 raiskos poky¢iams neturéjo, 0 SLC5A48, SLC1245, CDHI
ir kontrolés, ir gydytose 22-SANTA-2F lgstelése buvo neaktyvis.

Po gydymo VPA-MgDCA nustatéme su proapoptoze susijusiy 33 geny
raiSkos pokyc€ius 22-SANTA-4F lastelése. Gydymas deriniu suaktyvino HIPK?,
CASP2, FOXO03, CASP6, CASP1, FEMIB, BCL10, FAF1, CYCS, TNF, DFFA,
CASPS8, BBC3, PRKCD, BMF, CDKNI1A, SPN, AIFM1, CD28, BIK, IL24 (21
geno) raiska ir slopino LTBR, TRAF2, NODI, PIDDI, TP53BP2, TP53,
TNFRSFI10B, RIPK1, FAS, ABL1, TRADD, ILIB (12 geny) raiska.

Disertacijoje pateikiami duomenys jrod¢ VPA-NaDCA poveikj ziur-
kéms, Ciobrialiaukei, timocitams ir gydymo poveikio ry$j su lytimi. Nusta-
téme skirtinga VPA monoterapijos ir VPA-NaDCA poveikj timocity geny
raiSkai. Atlikti tyrimai parodé U87 ir T98G naviky ant CAM bei jy lasteliy
gydymo tiriamais vaistiniais preparatais— MgDCA ir VPA-MgDCA
poveikio skirtumus. Tyrimai parod¢, kad VPA aktyvina DCA neSiklj
SLC5AS. D¢l to VPA ir DCA derinys gali leisti mazinti DCA doz¢ derinyje
ir gali sumazinti nepageidaujamo DCA poveikio rizika. U87 ir T98G lasteliy
geny raiskos in vitro tyrimai rodo galimg sinerginj sudedamyjy derinio daliy
poveikij, priklausanti ir nuo naviko lgsteliy linijos. Paciento lasteliy, gydyty
VPA-MgDCA, sekoskaitos tyrimas parodé¢ tiriamo preparato veiksminguma
proapoptoziniy geny raiskai. Sie tyrimai tvirtina, jog siekiant veiksmingo
GBM gydymo, turi biiti taikomas individualizuotas GBM gydymas.
Preliminarus gydymo veiksmingumas galéty biiti nustatomas iki pradedant
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ISvados

Nustatyta, kad 28 pary gydymas VPA-NaDCA lémé¢ abiejy ly¢iy ziurkiy
inksto mases reikSminga padidéjima, paros diurezés ir jony iSsiskyrimo
su paros Slapimu pokycius, susijusius su lytimi, sumazino patiny ir pa-
teliy kraujo serumo gliukozés koncentracija ir testosterono koncentracija
patiny kraujyje. VPA-NaDCA netur¢jo poveikio Ciobrialiaukés masei,
bet reikSmingai padidino patiny Ciobrialiaukés Serdinés dalies Hasalio
kiineliy skai¢iy. Gydymas netur¢jo poveikio timocity Slc5a8, Slci2a2,
Slc12a5 raiskai ir timocity pasiskirstymui pagal Iasteles ciklo fazg.

VPA reikSmingas poveikis Ziurkiy timocity Slc5a8, Slci2a2, Slcl2a5
raiSkai priklausé nuo lyties, nuo lytiniy hormony — nustatyti intaktiniy ir
kastruoty gyviiny gydymo poveikio timocity geny raiskai skirtumai.
Nustatyti U87 ir T98G lasteliy kontrolés SLC5A48, SLC12A42, SLC12A435,
CDH1, CDH?2 raiskos ir VPA poveikio tirty Iasteliy geny raiskai skirtu-
mai; gydymo poveikis Igsteléms priklaus¢ nuo VPA dozés.

Nustatyti tirty vaistiniy preparaty poveikio skirtumai navikams ant CAM

ir jy lasteléms:

3.1. Gydymas MgDCA reik§mingai sumazino U87 ir T98G naviky inva-
zijos daznj 1 CAM, CAM stor] po naviku, kraujagysliy skaiciy
mezenchimoje, PLBA, EZH2, p53 raiskag U87 navikuose ir slopino
T98G naviky PLBA, p53 raiska, o preparato poveikis priklausé nuo
MgDCA dozes. MgDCA poveikio U87 lasteliy tirty geny raiskai
neturéjo, bet T98G lastelése reikSmingai sumazino SLC12A42 ir CDH?2
raiska.

3.2. VPA-MgDCA reikSmingai sumazino U87 naviky invazijos daznj,
kraujagysliy skai¢iy mezenchimoje po naviku, PLBA, EZH2 ir p53
raiSka navike. VPA-MgDCA suaktyvino U87 lasteliy SLC5A48 ir
padidino SLCI1245, CDHI raiska. VPA-MgDCA sumazino T98G
lasteliy SLC12A2 ir suaktyvino SLC12A4)5 raiska.

3.3. TMZ reikSmingai sumazino U87 ir T98G naviky invazijos daznj i
CAM, CAM storj ir kraujagysliy skai¢iy po naviku, PLBA, EZH2 ir
p53 raiska navike. TMZ poveikio U87 ir T98G lasteliy SLC548,
SLCI1242, SLC12A45, CDHI ir CDH? raiskai neturéjo.

VPA-MgDCA sumazino paciento 22-SANTA-2F naviko lasteliy PLBA,
EZH2 raiska ir netur¢jo poveikio p53 raiSkai bei lgsteliy SLC548,
SLCI1242, SLC1245, CDHI, CDH?2 raiskai. Geny sekoskaitos tyrimas
parodé¢, kad VPA-MgDCA padidino paciento 22-SANTA-4F Iasteliy su
proapoptoze susijusiy 21 ir sumazino 12 geny raiska.
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SUMMARY

ABBREVIATIONS
22-SANTA-2F — glioblastoma primary cells of a female patient
22-SANTA-4F — glioblastoma primary cells of a male patient
CAM — chorioallantoic membrane of the chick embryo
CDH1 — E-cadherin-coding gene
CDH2 — N-cadherin-coding gene
DCA — dichloroacetate
EZH2 — enhancer of zeste homolog 2
GAPDH — glyceraldehyde-3-phosphate dehydrogenase gene
GBM — glioblastoma
H-E — hematoxylin and eosin
IHC — immunohistochemistry
MgDCA — magnesium dichloroacetate
NaDCA — sodium dichloroacetate
PDK — pyruvate dehydrogenase kinase
PCNA — proliferating cell nuclear antigen
SLC1242 — Na"-K*-2CI" cotransporter (NKCC1)-coding gene
SLC1245 — K*-CI" cotransporter (KCC2)-coding gene
SLC5A48 — Na" coupled monocarboxylate transporter (SLC5A8)-coding gene
T98G — male glioblastoma cell line
T™Z — temozolomide
uUs7 — U-87 MG female glioblastoma cell line
VPA — valproic acid
VPA-DCA — combination of valproic acid and dichloroacetate

1. INTRODUCTION

Glioblastoma (GBM) is a brain tumor classified as a rare disease. People
of any age can develop GBM, but it is more common in older individuals [1].
Primary GBM constitutes 80 % of all adult GBM tumors [2]. GBM is more
frequently diagnosed in men than women [3]. Women have a longer survival
duration after GBM diagnosis compared to men [4], and following recurrent
GBM surgery, women have a lower risk of death than men [5].

Currently, there is no effective treatment for high-grade GBM. Typically,
standard GBM treatment is combined, involving surgical tumor resection
followed by radiation therapy and chemotherapy. The first-line drug for trea-
ting GBM is temozolomide (TMZ) [6, 7]. However, TMZ treatment usually
only extends the patient’s survival [8]. The high mortality rate of GBM pa-
tients is associated with tumor resistance to treatment and disease recurrence
[10]. With standard treatment, the average patient’s survival is 12—15 months
[3, 7]. Despite poor prognosis, about 7 % of GBM patients survive for 5 years
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[3, 7]. The main effects of pharmaceutical preparations are linked to the
inhibition of tumor cell proliferation and the activation of apoptosis [12].

The ineffectiveness of TMZ is associated with emerging treatment resis-
tance, leading to disease recurrence and poor prognosis [ 13]. Treatment resis-
tance may be due to inherited factors related to high tumor invasiveness [14].

GBM cells are characterized by altered metabolism, i.e. enhanced glyco-
lytic processes [15]. One of the current treatment targets for GBM is pyruvate
dehydrogenase kinases (PDK), acting by inhibiting their activity. PDK is in
cell mitochondria, and its high glycolytic activity is associated with carcino-
genesis [16]. PDK selectively inhibits the pyruvate dehydrogenase complex,
which is important for glycolysis and oxidation mechanisms [15].

The invasion of tumor can also be regulated by the activity of monovalent
ion transporters. Na*, K, and CI™ transporters are associated with cell homeo-
stasis, physiological regulation of cell volume, proliferation, survival, and
gene expression in tumor cells [10]. Tumor cells or normal cells, in response
to the tumor, produce proteins known as tumor markers. The study of these
markers helps predict tumor risk and response to treatment, determine the
early stage of cancer, disease prognosis, and select more appropriate treat-
ment [17].

In the absence of effective GBM treatment, it is important to seek treat-
ment strategies to reduce tumor cell resistance to therapy. There is evidence
that sodium dichloroacetate (NaDCA) can increase the sensitivity of GBM
cells to TMZ [18, 19]. NaDCA is a specific PDK inhibitor that inhibits lactic
acid production [20, 21] in the tumor and its microenvironment. Glycolytic
processes [23, 24] and PDK expression [24] are activated in GBM cells.
NaDCA treatment promotes apoptosis in tumor cells [25]. Another investiga-
tional drug we studied is valproic acid (VPA). VPA is a histone deacetylase
inhibitor [26] that can affect gene expression through methylation mecha-
nisms, inhibit cell proliferation, arrest the cell cycle, and induce apoptosis.
VPA can also act as an epigenetic modulator. In cancer treatment, VPA is
used as an immunomodulator [27]. There is evidence that VPA can improve
DCA transport into the cell via mitochondrial mechanisms [28, 29].

This dissertation aimed to investigate the effects of VPA and dichloro-
acetate (DCA) and their combination (VPA-DCA) on rats, their thymocytes,
adult GBM cell lines, and GBM primary cells from patients in vitro and their
tumors using an experimental model in vivo. The studies on investigational
drugs VPA, DCA, and their combination aimed to determine whether the
combination of these drugs has a synergistic effect, allowing for a reduction
in drug dosage to achieve the desired treatment efficacy. Experimental studies
sought to determine gender-related differences in the response to treatment
with investigational drugs, to identify differences in the response to treatment
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between the GBM U87 cell line (female) and the T98G cell line (male), both
in vivo and in vitro, and to determine the effect of magnesium dichloroacetate
(MgDCA) on carcinogenesis mechanisms; to determine the effect of VPA—
MgDCA on the expression of pro-apoptotic genes in GBM primary cells.

2. THE AIM AND OBJECTIVES OF THE WORK

The aim

To determine the effect of dichloroacetate, valproic acid, and the valproic
acid—dichloroacetate combination on rats, their thymus, thymocytes, and the
development of adult human glioblastoma.

The objectives

1. To determine the effects of single-dose and long-term treatment with
VPA-NaDCA on rats, the excretion of Na*, K*, CI-, Ca*", Mg?" in
24-hour urine, concentration of glucose, testosterone in blood, the
thymus and number of Hassall’s corpuscle in it, kidneys, thymocytes
cell cycle, the expression of Sic5a8, Slci2a2, and Slcl2a5 in the
thymocyte, and gender-related differences.

2. To determine the effects of VPA on the expression of Sicias,
Slci2a2, and Slci2a5 in rat thymocytes and the expression of
SLC5A48, SLC1242, SLC1245, CDHI, and CDH?2 in U87 and T98G
cells in vitro.

3. To determine the effects of MgDCA, VPA-MgDCA, and TMZ on
tumor progression in U87 and T98G glioblastoma cell lines on the
CAM, expression of EZH2, PCNA, p53 in vivo, and expression of
SLC5A8, SLC1242, SLC12A45, CDHI, and CDH?2 in tumor cells in
vitro.

4. To investigate the effect of VPA-MgDCA on tumor development
from patient’s GBM primary cells on the CAM, expression of
PCNA, EZH2, p53, and expression of SLC5A48, SLCI2A42,
SLCI1245, CDHI, and CDH?2 as well as pro-apoptotic genes.

Novelty and relevance of work

The work presents data from experimental studies conducted for the first
time on the effects of VPA or the VPA-NaDCA combination on rats, their
thymus, thymocytes, and gender-related differences in treatment effects. It
was found that the VPA-NaDCA combination affects the blood serum
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glucose concentration in both male and female rats. The combination treat-
ment significantly reduces the blood serum testosterone concentration in
males. The study also determined the effects of the investigational drug VPA—
NaDCA on the kidneys of rats, daily diuresis, and the excretion of Na*, K*,
Cl-, Mg?*, and Ca®" in 24-hour urine, as well as the effects of VPA or VPA-
NaDCA on the expression of Slc5a8, Slc12a2, and Slc12a5 in rat thymocytes,
and the association of their expression with gender and sex hormones.

The work includes data on the effects of VPA treatment on the expression
of SLC548,SLC12A42,SLC1245, CDHI, and CDH?2 in adult GBM cells U87
and T98G, showing differences in treatment effects depending on the VPA
dose. VPA activates SCL5A8 expression through DNA demethylation mecha-
nisms, allowing for the hypothetical assertion that VPA effect may be
associated with increased DCA transport into the cell. Such a synergistic
mechanism of action could allow for a reduced DCA dose.

For the first time, the effects of MgDCA and VPA-MgDCA on adult
GBM cells in vitro and their formed tumors in vivo were studied using the
CAM model, focusing on GBM cell tumor growth, their invasion into the
chick chorioallantoic membrane (CAM), neoangiogenesis, and the expres-
sion of markers PCNA, EZH2, and p53 in the tumor on the CAM. The data
from the VPA-MgDCA studies were compared with the data on the effects
of TMZ. VPA-MgDCA treatment increased SLC5A48 expression in U87 cells
more effectively than VPA monotherapy. Additionally, VPA-MgDCA
inhibited SLC1242 and activated SLCI12A45 expression, with this effect dif-
fering between U87 and T98G cells. For the first time, next-generation se-
quencing was used to determine the effect of VPA-MgDCA on the expression
of pro-apoptotic genes in GBM primary cells from an adult male.

3. MATERIALS AND METHODS
3.1. Materials and methods used for rat studies

To evaluate the effects of single-day and long-term (4 weeks) treatment
of VPA-NaDCA (a combination dose of 150 mg/kg/day VPA and
100 mg/kg/day NaDCA), both male and female intact Wistar rats aged 5—
6 weeks were examined (the State Food and Veterinary Service of Lithuania
No. G2-98, dated January 9, 2019). The study groups were control and VPA—
NaDCA-treated groups (n = 6 per group). Rats in treated groups were given
aqueous VPA—NaDCA solution.

To evaluate the impact of 300 mg/kg/day VPA treatment on the
expression of Slcl2a2, Sic5a8, and Sici2a5, 4-to-5-weeks-old Wistar rats
were used. Treatment duration was 4 weeks. The study obtained permission
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from the State Food and Veterinary Service of Lithuania to use experimental
animals for research (No. G2-53, dated January 2, 2017). The study groups
were gonad-intact and gonadectomized controls, as well as VPA-treated
groups of both genders (n=6 per group). One ovariectomized female rat
treated with VPA had to be excluded from the study due to the formation of
a fistula after the operation [316, 317].

3.1.1. Analysis of diuresis and ion levels in urine and blood serum

At the beginning of the study, to collect 24-hour urine samples, the rats
were individually housed in metabolic cages with free access to water or a
VPA-NaDCA aqueous solution without food. On the 27" day of the study,
to assess the long-term effects of VPA—NaDCA treatment, the rats were once
again placed in metabolic cages for 24 hours, and their daily urine was collec-
ted. The following indices were examined in 24-hour urine: daily urine diu-
resis, excretion of Na*, K*, Cl-, Ca**, Mg?', creatinine concentration, and
urine pH. The concentration of urine ions was calculated per 100 g of the
animal’s body weight.

To assess changes in the concentration of serum glucose, Na*, K*, CI,

Ca®*, Mg?", urea, and creatinine, blood samples from rats were taken on the
28" day.

3.1.2. Preparation of rat kidney and gl. thymus for gene expression,
flow cytometry, histological and immunohistological investigation

After 4 weeks, the animals were euthanized in a 70 % CO, chamber. The
thymocyte suspension was performed and was used for flow cytometry and
expression analysis of Slc12a2, Slc5a8, and Slc12a5 [316, 317].

Histological kidney sections were stained with hematoxylin and eosin
(H-E). In 4 fields of view, the height (um) of 10 cuboidal epithelial cells
lining the thick ascending limb of Henle loop was measured for each case,
and an average was calculated.

The gl. thymus was embedded in paraffin so that histological sections
would be sliced longitudinally. In each case, 8 slides were stained with H-E,
and the other 8 were stained using immunohistochemistry (IHC) staining with
a monoclonal antibody against high-molecular-weight cytokeratin. The total
area of the gl. thymus, the medulla region (mm?), and the number of Hassall’s
corpuscles in each slide was measured, and the average area for each case
was calculated.
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3.2. Materials and methods used for GBM cells tumors
in vivo and in vitro studies

Analysis of the frequency of U87 and T98G tumor invasion into the
CAM, CAM thickness, number of blood vessels under the tumor, and
expression of tumor markers by IHC was performed for the groups specified
in Table 3.2.1.

Table 3.2.1. Control and treated tumors groups on CAM and sample size

Number of

Study groups tumors on CAM PCNA EZH2 p53

U87 T98G | U87 | T98G | U887 | T98G | U87 | TI8G

Control 20 12 8 9 12 9 12 9
5 mmol MgDCA 14 15 9 10 7 8
2.5 mmol MgDCA 11 15 8 8 8 8 12 8
2 mmol VPA- 15 15 15 8 13 9 14 9
3 mmol MgDCA

100 umol TMZ 15 11 7 5 8 5 8

50 pmol TMZ 15 16 8 6 8 7 7 7

The study groups of in vitro studies of U87 and T98G cells treated with
preparations for 24 hours were as follows: control, 1.5 mmol MgDCA,
0.75 mmol MgDCA, 2 mmol VPA-1.5 mmol MgDCA, 0.75 mmol VPA-
1.5 mmol MgDCA, 0.75 mmol VPA, 0.5 mmol VPA, 50 umol TMZ (n=6
per group), and 1.5 mmol VPA (n =5 per group).

Analysis of the frequency of invasion of 22-SANTA-2F tumor cells,
obtained from a 48-year-old patient with GBM (Grade 4 according to the
WHO), into the CAM, CAM thickness, number of blood vessels under the
tumor, and expression of tumor markers by IHC was performed for the groups
specified in Table 3.2.2.

Table 3.2.2. Control and treated patient tumors groups on CAM and sample
size

Study groups Tumor on CAM number | EZH2 | PCNA | pS3
Control 16 8 8 8
2 mmol VPA-1.5 mmol MgDCA 6 4 4 4

After 48-hour treatment of 22-SANTA-2F cells with VPA-MgDCA in
vitro, relative expressions of SLC1242, SLC5A48, SLC1245, CDHI, and
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CDH?2 were determined. The following groups were studied: treated with
2 mmol VPA—-1.5 mmol MgDCA and control (n = 6 per group).

22-SANTA-4F cells from a 46-year-old patient’s GBM (G4 according to
the WHO) were treated for 48 hours with VPA-MgDCA in vitro. Studies on
the expression of pro-apoptotic genes were conducted. The groups studied
were as follows: treated with 2 mmol VPA-1.5 mmol MgDCA and control
(n = 3 per group).

3.2.1. Cell lines, cell culturing and preparation of GBM primary
cell suspension

Two commercial glioblastoma cell lines — U-87 MG (U87; ECACC
89081402) and T98G (ATCC No. CRL-1690™) — were used for the experi-
ment. Cells were cultured in media depending on the cell line as described by
us previously [319, 320].

GBM primary cells were extracted following the protocols “Preparation
of Human GBM Tumor Cell Suspension” developed by the Department of
Histology and Embryology at the Lithuanian University of Health Sciences
(Protocol No. 2021-03-01 (GB1) and No. 2021-10-05 (GB3)). The study was
conducted with the approval of the Regional Biomedical Research Ethics
Committee (Approval No. BE-2-80, dated August 31, 2020). Patient tumor
tissue obtained after surgery was obtained from the Center of Neurosurgery,
Vilnius University Hospital Santaros Klinikos. The GBM tumor was placed
in a vial containing DMEM without Ca** and a mixture of 1 % penicillin
(100 IU/mL) and 0.1 mg/mL streptomycin within 15 min after the surgery. A
piece of GBM tissue was minced into smaller pieces. Cell suspension was
obtained by pipetting the GBM tissue with the medium for about 5 min. The
duration of suspension preparation after obtaining the GBM tissue was
20 min. The suspension was centrifuged, and the cells were resuspended in
DMEM without Ca?*, containing 10 % fetal bovine serum, 1 % penicillin
(100 IU/mL), and 0.1 mg/mL streptomycin at 37 °C. The obtained GBM cells
from the female and male patient were assigned the codes 22-SANTA-2F and
22-SANTA-4F, respectively. These cells were used for both tumors on the
CAM and in vitro studies. The entire process from tumor tissue collection to
cell suspension preparation and their application on the CAM took approxi-
mately 1.5 hour.

3.2.2. Application of CAM model for the studies of U87, T98G and
22-SANTA-2F tumor

For studies involving the CAM model, according to Lithuanian and
European regulations, bioethical approval is not required. Fertilized eggs
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from Cobb500 breed chickens were used in the experiment, obtained from
Rumsiskés Poultry Farm (Lithuania). Tumors formed from U87, T98G
(1 million), or 22-SANTA-2F (0.2 million) cells were placed on the CAM.
The effect of drug on tumor growth and neoangiogenesis was assessed with
biomicroscopy in vivo. Histological examination of tumor invasion, thickness
of the CAM and the blood vessel number in mesenchyme were performed in
H-E-stained slides as described by us previously [320].

PCNA, p53 and EZH2 markers were identified by IHC method as
described by us previously [320]. Then, two random fields of view in each
tumor were selected and photographed at 40x magnification. All visible and
marker-positive (cell nuclei stained brown) cells were counted in the fields of
view. The ratio of cells with positive expression to all cells in the visual fields
was calculated, i.e. percentage (%) of positive cells in the tumor.

3.2.3. Determination of relative SLC12A42, SLC5A48, SLC12A5
expression in U87, T98G and 22-SANTA-2F cells

U87 and T98G cells were treated with VPA, MgDCA, VPA-MgDCA,
and TMZ for 24 hours in vitro as described in [319].

The relative gene expression in 22-SANTA-2F cells was examined after
48-hours treatment with VPA-MgDCA in vitro.

The determination of relative SLC1242, SLC5A8, SLC1245, CDH1, and
CDH? expression is described in [319].

3.2.4. Sequencing and data analysis of pro-apoptotic genes
in 22-SANTA-4F cells

High-quality RNA samples with an RNA integrity number > 8 were
selected for sequencing [321]. RNA sample libraries were prepared according
to the manufacturer’s recommendations using the QIAseq Target RNA Kit
for Apoptosis and Cell Death Markers and an Illumina sequencer with
parameters: 150 cycles, single-end read, 151 bp fragments, 8 bp both-end
indexes. A total of 264 genes were sequenced.

The 3' nucleotide sequences of adapters and sequences with a length of
less than 15 nucleotides and a quality score of less than 25 were removed.
The human genome (GRCh38.p13) was downloaded. Sequence expression
was normalized using the upper quartile method, genes with cumulative
expression between samples less than 50 were removed and differential gene
expression analysis was performed. p values were corrected using the
Benjamin-Hochberg method.
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3.3. Statistical analysis

Statistical analysis and graphical representation of data were performed
using statistical software packages: IBM SPSS version 23.0 or GraphPad
Prism program version 7. The Shapiro-Wilk test was used to test the norma-
lity hypothesis. Quantitative data are presented as median with range or
average with standard deviation. Qualitative data are presented as percen-
tages in the group (%). For quantitative data analysis, the Mann-Whitney U
test was used to compare two groups. The chi-square (%) test was used to
assess the strength of the relationship between qualitative data. The relative
GAPDH, SLC1242, SLC1245, SLC5A48, CDHI, and CDH?2 expression was
analyzed using the 222¢T (Livak) method [318]. GAPDH was used as a
house-keeping gene to normalize the target gene expression. Cut-offs of CT
values were determined and the values of >35 were not used for any
calculations. Data were considered statistically significant if p < 0.05.

4. RESULTS

4.1. The effect of VPA-NaDCA on rat the body weight,
spleen, kidney, and thymus

There was no impact of VPA-NaDCA treatment on the body weight
growth of the animals. Compared to the male control group, the body weight
of the female control group was significantly lower throughout the study.

The spleen, kidney and thymus weight of the male control group was
significantly higher than the female control group. Compared to the respec-
tive controls, 28-day treatment with VPA-NaDCA had no impact on the
spleen and thymus weight of either males or females but increased the kidney
weight of both males and females. Compared to the respective control,
28 days of treatment with VPA-NaDCA significantly reduced the height of
the thick ascending limb in the kidneys of female rats, but such an impact was
not observed in males.

Comparing the controls of both genders of rats, no differences in the
number of Hassall’s corpuscles were found. The number of Hassall’s
corpuscles in the medullary region was significantly higher only in the treated
male group than in the male control group. Comparing the studied control
and treated rat groups, no differences in thymocyte distribution by cell cycle
phase were found.
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4.2. The effect on rats’ daily urine after single-day
and long-term treatment with VPA-NaDCA

Compared to the respective controls, there was no impact of the
combination treatment on daily diuresis in male and female groups during the
first 24 hours. However, after 28 days of VPA-NaDCA treatment, daily
diuresis was significantly increased only in the treated male group.

One-day treatment with VPA—-NaDCA significantly reduced the creati-
nine levels in the daily urine of females only, but no effect was observed in
the studied rat groups after 28 days of treatment.

Comparing the groups of males and females treated with the combination
for one day with their respective controls, no changes were found in the levels
of K*, Na*, CI-, Ca**, or Mg?" in the daily urine. The K* level in the daily
urine of female control was significantly lower than that of males.

Combination treatment for 28 days significantly increased the excretion
of K*, Na*, and CI" only in the daily urine of male rats. Compared to the
control, the daily urine excretion of Mg?* was significantly increased in trea-
ted females, but this effect was not observed in males.

4.3. The effect on rat blood serum after 28-days treatment

Comparison of the studied groups showed no differences in blood urea,
creatinine, K*, Na*, CI-, Ca**, or Mg?" concentrations.

Compared to the respective controls, 28 days of treatment with VPA—
NaDCA significantly reduced the glucose concentration in the blood serum
of both males and females. The glucose concentration in the serum of the
control groups did not differ between males and females.

Compared to untreated male data, 28-days treatment with the investiga-
tional drug significantly reduced testosterone concentration in the blood
serum of males.

4.4. The effect of long-term VPA and VPA-NaDCA
treatment on the relative expression of Sic5a8, Sic12a2,
and S/c12a5 in rat thymocytes

The expression of Slc5a8 and Slcl2a2 in thymocytes of the 8—9-week-
old gonad-intact male control group was significantly higher than that of the
gonad-intact female control group. The ACT values of Slc5a8 in the intact
male and female control groups were statistically significantly higher than
those of the corresponding castrated control groups of both genders.

Treatment with VPA significantly reduced the relative expression of
Slc5a8 in thymocytes of both the intact and castrated male groups. In contrast
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to the treated intact male group, VPA treatment increased the expression of
Slc5a8 in the intact female group. VPA treatment had no effect on the gene
expression in thymocytes of the castrated female group.

Treatment with VPA significantly reduced the expression of Slc/2a2 in
thymocytes of the intact male group. VPA treatment had no effect on the
expression of Slc/2a2 in thymocytes of the castrated animal groups and the
intact female group.

VPA treatment had no effect on Slc/2a5 expression in thymocytes of the
intact male group, but significantly increased Slc/2a5 expression in the intact
female group. Compared to the respective controls, VPA treatment suppres-
sed the relative expression of Slc/2a5 in thymocytes of the castrated rat
groups, significantly only in the male group.

Comparing the expression of Slc/2a5 and Slci2a2 in the control groups
of both genders (9-10-week-old rats), the male control group had higher
expression of the studied genes. Comparing the studied rat groups, no change
in Slc5a8, Slci2a2, and Slci2a5 expression after treatment with VPA—
NaDCA was found.

4.5. Comparison of GBM U87 and T98G cells
and their tumors on the CAM

Comparing the frequency of U87 and T98G tumor control invasion into
the CAM, CAM thickness under the tumors, the number of blood vessels in
mesenchyme, we found no differences. The expression of the PCNA, EZH2,
and p53 markers of the U87 and T98G tumor control cells on the CAM was
similar.

U87 and T98G control cells do not express SLC548 and CDHI. The
expressions of SLC1242 and CDH?2 in U87-control cells were significantly
lower than in T98G-control cells. SLC1245 was expressed in U87-controls
and SLC12A5 was not expressed in T98G cells.

4.6. The effect of TMZ on U87 and T98G tumors
in vivo and in vitro

The frequency of U87 tumor invasion was lowest in the group treated
with 100 pumol TMZ. The invasion frequency, number of blood vessels in
mesenchyme, the expression of PCNA-positive cells of TMZ-treated groups
was significantly lower than in the control group. The CAM thickness under
U87 control tumors and 50 pmol TMZ-treated tumors did not differ, but treat-
ment with 100 pmol TMZ significantly reduced the CAM thickness under the
U87 tumors. Comparing the groups of U87 tumors treated with TMZ, the
expression of PCNA-positive cells was significantly lower in the U87-
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100 pmol TMZ group tumors. Compared to control, treatment of U87 tumors
with TMZ doses significantly reduced the frequency of EZH2- and p53-
positive cells in the tumors.

Treatment of the T98G tumor with TMZ significantly reduced the fre-
quency of invasion into the CAM and the number of blood vessels in the
CAM under TMZ-treated tumor groups. Treatment with TMZ significantly
reduced CAM thickness under T98G-100 pmol TMZ tumors. Compared to
T98G-control, TMZ significantly reduced the expression of PCNA-, EZH2-,
and p53-positive cells in T98G tumors. A significant difference in p53
expression due to TMZ treatment was found: the expression in T98G-
100 pmol TMZ tumors was significantly lower than in T98G-50 pmol TMZ
tumors.

The expression of SLC548 and CDHI was silent in the U87-TMZ cell
group. Compared to the U87-control cells, there were no differences in
SLCI1242,SLCI12A45, and CDH?2 expressions of U87 cells treated with TMZ.

SLC5A48, SLCI245, and CDHI expressions were not detected in TMZ-
treated T98G cells. The expressions of SLC1242 and CDH?2 in TMZ-treated
T98G cells did not differ from control cells.

The expression of SLC12A42 and CDH?2 was significantly higher in TMZ-
treated T98G cells than in the corresponding TMZ-treated U87 cells.

4.7. The effect of MgDCA on U87 and T98G tumors
in vivo and in vitro

Treatment of U87 tumors with MgDCA significantly reduced the fre-
quency of tumor invasion into the CAM and blood vessels in the CAM me-
senchyme under tumors treated with MgDCA. Compared to control, treat-
ment of U87 tumors with 5 mmol MgDCA significantly reduced the CAM
thickness under the tumor and reduced the number of PCNA- and EZH2-
positive cells in U87 tumors. Compared to U87-control, the number of p53-
positive cells was significantly lower in U87 tumors treated with both
MgDCA doses.

Compared to T98G-control, treatment with MgDCA significantly reduced
the frequency of invasion of the T98G tumor into the CAM, CAM thickness
under tumors and blood vessels in CAM mesenchyme under MgDCA-treated
tumor groups. Compared to the 2.5 mmol MgDCA treated group, the dose of
5 mmol MgDCA was more effective in reducing the frequency of invasion.
Compared to control, treatment of T98G tumors with MgDCA significantly
reduced the number of PCNA-positive cells in the tumors. The number of
EZH2-positive cells did not differ between T98G-control and T98G tumors
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treated with MgDCA. The number of p53-positive cells in T98G-5 mmol
MgDCA group tumors was significantly lower than in control.

SLC548 and CDHI expression was silent in the MgDCA-treated U87
cells. Compared to U87-control, there was no difference in the expressions of
SLCI1242, SLCI1245, and CDH?2 in MgDCA-treated U87 cells. The expres-
sion of CDH2 in the U87-0.75 mmol MgDCA group was significantly higher
than that of the U87-1.5 mmol MgDCA group.

SLC5A48, SLC1245, and CDH1I expression was not detected in T98G
cells with treated MgDCA. Compared to T98G-control, T98G cells treated
with MgDCA showed significantly lower expression of SLC12A42, but there
was no difference in expression. The T98G-control group had significantly
higher CDH?2 expression than the T98G-MgDCA -treated groups.

Comparison of CDH?2 expression between the U87 and T98G groups
revealed that the expression of this marker was lower in U87-0.75 mmol
MgDCA cell groups than in the corresponding T98G cell groups.

4.8. The effect of VPA on U87 and T98G cells in vitro

Treatment of cells with 1.5 mmol VPA induced SLC548 expression in
U87 cells, but this expression was low. VPA at 0.75 mmol and 0.5 mmol had
no effect on the expression of SLC548 in U87 cells and no gene expression
was observed. Treatment of T98G cells with different doses of VPA had no
effect on SLC5A48 expression.

VPA treatment did not affect SLC1242 expression in U87 cells. The
T98G cells treated with 0.75 mmol VPA had significantly higher expression
of SLC1242 than control cells. The expression of SLCI1242 in the T98G-
1.5 mmol VPA and T98G-0.5 mmol VPA groups was not different from that
of the T98G-control group. The expression of this marker in the T98G-
0.5 mmol VPA group was significantly lower than that of the T98G-
0.75 mmol VPA and the T98G-1.5 mmol VPA groups. The T98G cell groups
treated with VPA had significantly higher expression of SLC/242 than the
respective U87 cell groups.

Treatment of U87 cells with VPA significantly increased SLC1245
expression. No difference was found when comparing the gene expression in
the U87 groups treated with different doses of VPA. No expression of
SLC12A45 was detected in T98G control cells and in VPA-treated cell groups.

Treatment of U87 cells with VPA had no effect on CDHI expression,
and expression was not detected. CDH I expression was detectable in T98G-
1.5 mmol VPA and T98G-0.75 mmol VPA cells, whereas cells in the T98G-
control and T98G-0.5 mmol VPA groups did not express the CDH1 gene.
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Compared to U87 control cells, CDH2 expression was significantly
higher in the U87-1.5 mmol group. There was no difference in CDH?2 expres-
sion between U87 control cells and treated with 0.75 mmol or 0.5 mmol VPA.
U87-1.5 mmol VPA cells showed significantly higher expression of CDH?2
than U87-0.75 mmol VPA cells. CDH?2 expression in U87 cells treated with
1.5 mmol and 0.5 mmol VPA did not differ. Compared to controls, all doses
of VPA significantly increased CDH?2 expression in T98G cells. Comparison
of the VPA-treated T98G groups showed no difference in CDH2 expression.
Comparison of CDH?2 expression between U87 and T98G cells showed that
T98G cells treated with VPA had higher gene expression than the corre-
sponding U87 cells.

4.9. The effect of VPA-MgDCA on U87 and T98G tumors in vivo
and in vitro. Comparison with the effect of MgDCA and TMZ

Treatment of U87 tumors with VPA-MgDCA significantly reduced the
frequency of tumor invasion into the CAM and the number of blood vessels
in CAM mesenchyme under VPA-MgDCA-treated tumor groups. No signi-
ficant differences in invasion frequency were found when comparing the
MgDCA-, and VPA-DCA-treated U87 groups. The frequency of U87 tumor
invasion in the group treated with 100 umol TMZ was significantly lower
than in the VPA-MgDCA-treated group. The CAM thickness was greatest in
the U87 VPA-MgDCA-treated tumor group, with a significant difference
observed when compared to the MgDCA-treated tumor groups. The CAM
thickness in the TMZ-treated U87 tumor groups was significantly lower than
in the VPA-MgDCA-treated tumor group. When comparing U87 groups
treated with MgDCA- and VPA-MgDCA-treated tumors, no significant
difference in the number of blood vessels was found. The number of blood
vessels under U87-100 umol TMZ tumor group in CAM mesenchyme was
lower than in the U87 VPA-MgDCA-treated tumor group. Compared to U87-
control, treatment of tumors with VPA-MgDCA significantly reduced the
number of PCNA-, EZH2-, and p53-positive cells in U87 tumors. The
expression of PCNA- and EZH2-positive cells in U87-100 pmol TMZ group
was significantly lower compared to U87-VPA-MgDCA tumor group.
Comparison among U87 tumor VPA-MgDCA- and MgDCA-treated groups
showed no significant difference in the number of EZH2-positive cells. The
number of p53-positive cells in U87-MgDCA-treated groups was lower than
in the U87-VPA-MgDCA group. The VPA-MgDCA-treated group had a
significantly higher number of p53-positive cells compared to the U87-
100 pmol TMZ group.
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The frequency of invasion into the CAM, the CAM thickness under
tumors and the number of blood vessels under T98G tumors were not signi-
ficantly different between the VPA-MgDCA-treated and control groups.
Compared to the VPA-MgDCA-treated group, the dose of 5 mmol MgDCA
was more effective in reducing the frequency of invasion. The invasion
frequency in the T98G-100 pmol TMZ group was significantly lower than in
the group treated with VPA-MgDCA. The CAM thickness under T98G-
5 mmol MgDCA tumors was significantly lower than under VPA-MgDCA-
treated T98G tumors. In the VPA-MgDCA-treated T98G tumor groups, the
number of blood vessels in the CAM was significantly higher compared to
the MgDCA- and TMZ-treated tumor groups. The number of PCNA-positive
cells in T98G-control and T98G tumors VPA-MgDCA-treated group did not
differ. The number of PCNA-, EZH2-, and p53-positive cells in tumors
treated with MgDCA doses did not differ from the T98G-VPA-MgDCA tumor
group. The number of PCNA-positive cells was significantly higher in T98G-
VPA-MgDCA tumors compared to T98G-50 pmol TMZ group tumors. The
number of EZH2-positive cells in both TMZ-treated T98G groups was signi-
ficantly lower than in the T98G-VPA-MgDCA tumor group. The expression
of p53 in the T98G-VPA-MgDCA tumor group was highest and significantly
different compared to the MgDCA- and TMZ-treated groups.

Treatment of U87 cells with both VPA-MgDCA combinations upregu-
lated SLC5A48 and SLCI12A45 expression, and no differences were observed
when comparing to the VPA-MgDCA-treated cell groups. Compared to U87-
control, there was no difference in SLC/2A42 expression among all groups of
U8 cells treated with investigational preparations. The SLC12A45 expression
of the MgDCA-treated U87 cell group was significantly lower than that of
the combination-treated cell groups. Compared to the U87-50 umol TMZ
group, SLC12A45 expression was significantly higher in the U§7-VPA-MgDCA
cell groups. No CDHI expression was detected in cells from the U87-
0.75 mmol VPA-1.5 mmol MgDCA group. Treatment with 2 mmol VPA—
1.5 mmol MgDCA activated CDH1 expression in U87 cells. CDH2 expres-
sion was not significantly different among the U87 controls and cells treated
with VPA-MgDCA. The expression of CDH?2 in the U87-0.75 mmol MgDCA
group was significantly higher than that of cells of the U§7-2 mmol VPA-
1.5 mmol MgDCA group.

SLC5A48 and CDHI expression was not detected in T98G cells treated
with VPA-MgDCA. The expression of SLCI242 in the T98G-VPA-
MgDCA groups was significantly lower than that of the control, but there was
no difference of expression in treated groups. Compared to the T98G-
1.5 mmol MgDCA group, SLCI12A2 expression was significantly higher in
T98G cells treated with VPA-MgDCA. The expression of SLCI2A42 in the
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T98G-0.75 mmol MgDCA cell group was significantly lower than in the
T98G-0.75 mmol VPA-1.5 mmol MgDCA cell group. Compared to the
T98G-50 umol TMZ group, SLC12A2 expression was significantly lower in
the T98G-VPA-MgDCA groups. No expression was detected in T98G cells
treated with 0.75 mmol VPA—-1.5 mmol MgDCA. Treatment with 2 mmol
VPA-1.5 mmol MgDCA activated SLCI1245 expression in T98G cells.
Compared to control, treatment of T98G cells with VPA-MgDCA had no
effect on CDH2 expression. MgDCA-treated T98G cells had significantly
lower expression of CDH?2 than T98G cells treated with VPA-MgDCA. No
differences in CDH?2 expression were found when comparing the VPA-
MgDCA-treated T98G groups. The T98G-50 pmol TMZ group had signifi-
cantly higher CDH?2 expression than the T98G-0.75 mmol VPA-1.5 mmol
MgDCA cell group.

The expression of SLC1242 and CDH?2 was significantly higher in the
T98G-VPA-MgDCA cell groups than in the corresponding U87-VPA—
MgDCA groups. Comparison of SLCI245 expression between U87 and
T98G cells treated with 2 mmol VPA-1.5 mmol MgDCA showed a
significantly lower expression of SLC12A45 in T98G cells.

4.10. The effect of VPA-MgDCA on patient’s GBM primary cell tumor
on the CAM in vivo and cells in vitro

The treatment did not affect the frequency of invasion into the CAM, the
CAM thickness under tumors, or the number of blood vessels in the CAM
under the 22-SANTA-2F tumors.

Compared with the 22-SANTA-2F control, treatment with VPA—
MgDCA significantly reduced the number of PCNA- and EZH2-positive
cells in 22-SANTA-2F tumors but had no effect on p53 expression.

Sequencing analysis was performed for 81 pro-apoptotic genes.
Compared with 22-SANTA-4F cell control, after treatment with VPA-—
MgDCA, significant changes were observed in the expression of 33 pro-
apoptotic genes: the expression of HIPK2, CASP2, FOXO3, CASP6, CASPI,
FEMIB, BCL10, FAF1, CYCS, TNF, DFFA, CASPS8, BBC3, PRKCD, BMF,
CDKNIA, SPN, AIFM1, CD28, BIK, and IL24 was significantly increased;
VPA-MgDCA treatment significantly reduced the expression of L7BR,
TRAF2, NODI, PIDD1, TP53BP2, TP53, TNFRSF10B, RIPK1, FAS, ABLI,
TRADD, and IL1B.
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5. CONCLUSIONS

It was found that 28-day treatment with VPA-NaDCA resulted in a
significant increase in kidney weight in rats of both genders, changes in
daily diuresis and ion excretion in the daily urine, which were gender-
related, a decrease in serum glucose levels in males and females, and a
reduction in the concentration of testosterone in the blood of males.
VPA-NaDCA did not affect the weight of the thymus, but significantly
increased the number of Hassall’s corpuscles in the medulla of the male
thymus. The treatment did not affect the expression of Sic5a8, Sicl2a2,
and Slci2a5 in thymocytes or the distribution of thymocytes according
to the cell cycle phase.

The significant effect of VPA on the expression of Slc5a8, Slc12a2, and
Slc12a5 in rats depended on gender and sex hormones — differences were
found in the effect of treatment on the expression of thymocyte genes in
gonad-intact and castrated animals. Differences were found in the
expressions of SLC5A8, SLCI1242, SLCI245, CDHI, and CDH?2
between control and VPA-treated U87 and T98G cells; the effect of
treatment on cells depended on the VPA dose.

Differences in the effects of the studied medicinal preparations on tumors

on the CAM and their cells were found:

3.1. MgDCA significantly reduced the frequency of U87 and T98G
tumor invasion into the CAM, the number of blood vessels in the
mesenchyme, expression of PCNA, EZH2, and p53 in U87 tumors
and reduced the expression of PCNA and p53 in T98G tumors; the
effect was depended on the MgDCA dose. MgDCA had no effect on
expression of the studied genes in U87 cells, but in T98G cells, it
significantly reduced the expression of SLC/242 and CDH?2.

3.2. VPA-MgDCA significantly reduced the frequency of U87 tumor
invasion, the number of blood vessels in the mesenchyme under the
tumor, and the expression of PCNA, EZH2, and p53 in the tumor.
VPA-MgDCA activated the expression of SLC548 and increased
the expression of SLC1245 and CDH1 in U87 cells. In T98G cells,
VPA-MgDCA reduced the expression of SLC/242 and activated
the expression of SLCI2A435.

3.3. TMZ significantly reduced the invasion frequency of U87 and T98G
tumors, CAM thickness, the number of blood vessels under the
tumor, and expression of PCNA, EZH2, and p53 in the tumor. TMZ
had no effect on the expression of SLC548, SLCI12A2, SLCI2435,
CDH1, and CDH?2 in U87 and T98G cells.
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Treatment with VPA-MgDCA reduced the expression of PCNA and
EZH?2 in patient’s 22-SANTA-2F tumor cells and had no effect on p53
expression in the tumor, as well as on the expression of SLC5A4S,
SLC1242,SLCI1245,CDHI,and CDH?2. Gene sequencing analysis showed
that VPA-MgDCA increased the expression of 21 and reduced the ex-
pression of 12 pro-apoptotic genes in patient’s 22-SANTA-4F cells.
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Abstract: Valproic acid (VPA) has anticancer, anti-inflammatory, and epigenetic effects. The study
aimed to determine the expression of carcinogenesis-related SLC5A8, SLC12A2, SLC12A5, CDHI,
and CDH2 in adult glioblastoma U87 MG and T98G cells and the effects of 0.5 mM, 0.75 mM, and
1.5 mM doses of VPA. RNA gene expression was determined by RT-PCR. GAPDH was used as a
control. U87 and T98G control cells do not express SLC5A8 or CDH1. SLC12A5 was expressed in U87
control but not in T98G control cells. The SLC12A2 expression in the U87 control was significantly
lower than in the T98G control. T98G control cells showed significantly higher CDH2 expression
than U87 control cells. VPA treatment did not affect SLC12A2 expression in U87 cells, whereas
treatment dose-dependently increased SLC12A2 expression in T98G cells. Treatment with 1.5 mM
VPA induced SLC5A8 expression in U87 cells, while treatment of T98G cells with VPA did not affect
SLC5A8 expression. Treatment of U87 cells with VPA significantly increased SLCI12A5 expression.
VPA increases CDH1 expression depending on the VPA dose. CDH2 expression was significantly
increased only in the U87 1.5 mM VPA group. Tested VPA doses significantly increased CDH2
expression in T98G cells. When approaching treatment tactics, assessing the cell’s sensitivity to the
agent is essential.

Keywords: valproic acid; adult glioblastoma; U87 MG cell; T98G cell; SLC5A8; NKCC1; KCC2; CDHI;
CDH?2

1. Introduction

Glioblastoma (GBM) has a poor prognosis due to treatment resistance, high relapse
rates, and mortality [1]. Valproic acid (VPA) is being investigated as an adjuvant for GBM
in combination with chemotherapy and radiotherapy [2,3]. Studies examining the potential
of VPA at the beginning of chemoradiotherapy or after chemoradiotherapy to enhance the
antineoplastic activity of chemotherapy in GBM patients have shown conflicting results,
with the inclusion of VPA in the regimen improving median overall survival [4,5]. In
contrast, other data have shown no effect [6,7]. The combination of temozolomide (TMZ),
radiotherapy, and high doses of VPA (25 mg/kg/day) treatment in the adult GBM patient
population revealed groups with different proteomic characteristics compared to those
treated with TMZ and radiotherapy. At the same time, clinical factors showed no association
with the effect of the VPA combination [8].
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The effects of VPA on GBM cells are consistent with biological mechanisms: It is an
inhibitor of HDACs [9] and induces apoptosis [10]. Non-toxic concentrations of VPA sensi-
tized U87 and T98G glioma cells to gefitinib, inhibiting cell growth and inducing autophagy
through increased formation of intracellular reactive oxygen species [3]. VPA increases the
effectiveness of radiotherapy by sensitizing GBM cells [2] and inducing apoptotic responses
to irradiation [11]. Short-term treatment with VPA induced a change in the methylation status
of O6-methylguanine-DNA methyl-transferase (MGMT), which can be used to sensitize GBM
cells and glioblastoma stem cells to TMZ [12,13]. The heterogeneous behavior of GBM stem
cell lines in terms of pro-differentiation capacity and changes in DNA methylation during
TMZ treatment reflects the heterogeneity of GBM [12]. The effect of VPA on eradicating the
stem cell subpopulation is vital for the effective treatment of GBM. Differentiation-promoting
and epigenetic therapies are promising approaches to overcome GBM [13]. The inflammatory
microenvironment of the GBM tumor, the released cytokines and chemokines, and the acti-
vation of inflammatory signaling pathways promote tumor aggressiveness and resistance to
treatment. New data on the GBM inflammatory microenvironment are essential for a prospec-
tive approach to GBM treatment [14]. VPA has immunomodulatory and anti-inflammatory
effects in exposure [15] that may also be related to sex-related differences in VPA metabolism
in animals and humans [16,17]. Elucidating the evolution of GBM sex-linked dimorphism and
the efficacy of treatments will be essential to improve the effectiveness of treatment and patient
survival, and ensuring that personalized treatment based on specific molecular mechanisms of
GBM is an essential challenge for further research [18]. Treatment with a combination of VPA
and dichloroacetate significantly increased Slc5a8 gene expression and showed a significant
anti-inflammatory effect on thymocytes from male mice [19], and treatment of T lymphocytes
from males and females with this combination showed a significant anti-inflammatory effect
and gender-related differences [20]. It was reported that different VPA effect the expression of
the SLC12A2 (NKCC1) and SLC12A5 (KCC2) co-transporter genes in pediatric glioblastoma
PBT24 (boys) and SF8628 (girls) cells [21]. The molecular and clinical role of cation-chloride
co-transporters illustrates the significant association of KCC2 and NKCC1 with tumorigen-
esis. It may be necessary for molecular diagnostics and new treatment strategies for cancer
patients [22].

When investigating the efficacy of VPA in combination with other drugs, it is also
essential to consider potential drug—-drug interactions. The results of studies on the effec-
tiveness of VPA are contradictory. VPA can induce a genomic DNA methylation profile that
increases susceptibility to VPA but not TMZ [12,13]. VPA-treated GBM cells secreted high
amphiregulin levels, whose expression was positively correlated with resistance to TMZ
of different GBM cells [23]. VPA induces the activation of the Na*-K*-2Cl~ co-transporter
(NKCC1), significantly increasing the expression of the NKCC1 gene (SLC12A2) in PBT24
but not affecting SF8628 cells [21]. The TMZ caused significantly increased RNA expression
of the SLC12A2 in both PBT24 and SF8628 cell types [24]. NKCC1 activity is directly related
to GBM cell proliferation [25], and increased NKCC1 protein expression in human GBM
is associated with tumor grade [26]. The NKCC1 activation is associated with protein
phosphorylation of WNK kinases [27,28]. Thus, it is plausible that combining VPA with
TMZ could synergistically activate NKCC1 and reduce treatment efficacy.

K-CI co-transporter (SLC12A5; KCC2), whose expression is reduced in GBM cells,
is associated with intracellular ions” balance. Increased expression of SLC12A5 inhibits
GBM cell proliferation [29]. VPA significantly increases the expression of the SLC12A5
gene (SLC12A5) in GBM cells; i.e., it promotes the efflux of K* and CI~ ions from the cell,
but this effect depends on different GBM cells [21] and does not have an association with
DNA methylation [29]. Thus, SLC12A5 may become an important new GBM biomarker of
prognostic significance.

Solute carrier family 5 member A8 (SLC5A8) is a sodium (Na*) and chloride (CI7)
ion-dependent and Na*-coupled monocarboxylate co-transporter [30], the activity of which
may therefore be dependent on the intracellular Na* and CI~ levels. SLC5A8 is a tumor
growth suppressor in primary human and experimental animal gliomas that contributes to
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carcinogenesis and is repressed by epigenetic mechanisms [31]. The expression of SLC5A8
in cancer cells is silenced by hypermethylation, and the gene silencing of SLC5A8 by
hypermethylation is associated with poor prognosis [30]. VPA can increase the SLC5A8
expression in GBM cells [21,32]. SLC5A8 induces cell apoptosis via mitochondrial pyruvate-
dependent HDAC inhibition [33]. Studies on the co-activity and interaction of the SLC5A8
co-transporter with NKCC1 and KCC2 and their activity may indicate a link between
changes in intracellular Na*, K*, and CI~ ion concentrations in GBM cells and the treatment
effect of the drug on GBM cell ion homeostasis. There are almost no studies on the
relationship between SLC5A8 co-transporter activity and the regulation of intracellular
Na't, K*, and CI~ levels.

Cadherin E (CDH1) and cadherin N (CDH2) are significant contributors to tumor
development: a form of metaplasia known as epithelial-mesenchymal transition (EMT) [34].
During EMT, epithelial CDH1 expression is reduced in exchange for increased mesenchymal
CDH?2 expression [35]. CDHI expression is rare or absent in gliomas, and expression
decreases with brain tumor grade [35,36]. CDH2 is expressed in brain GBM and plays an
important role with NKCC1 in glioma genesis [34,37].

There is significant evidence that the expression of specific genes is altered after VPA
treatment. However, the relationship between differentially expressed mRNA and protein
of the same gene is inconsistent. On a genome-wide scale, the correlation between mRNA
and protein is low [38—40]. Therefore, it is justified to limit gene expression studies to
determining expression only. This study aimed to investigate the effect of VPA on the
expression of the NKCC1, KCC2, and SLC5AS8 co-transporters genes and the CDH1 and
CDH2 genes in adult glioblastoma U87 MG (female) and T98G (male) cells. The studies
showed differences in the effect of VPA on the expression of the genes studied in U87 MG
and T98G cells, and this effect was dose-dependent.

2. Materials and Methods
2.1. Glioblastoma Cells and The Tested Groups

The glioblastoma cell line cells of an adult Caucasian 44-year-old female’s high-grade
glioblastoma U87 MG cell line (U87; ECACC 89081402), donated by Dr. Artinas Kazlauskas
(Laboratory of Neuro-Oncology and Genetics, Neuroscience Institute, Lithuanian University
of Health Sciences, LT-50009 Kaunas, Lithuania), and an adult Caucasian 61-year-old male’s
high-grade glioblastoma T98G cell line cells (product code ATTC-CRL-1690), donated by Prof.
M.M. Alonso (University of Navarra, Pamplona, Spain), for the study were used.

The U87 cells were cultivated in Dulbecco’s Modified Eagle Medium (DMEM,; Gibco,
Paisley, UK) supplemented with 10% fetal bovine serum (FBS; Gibco, Paisley, UK) and 1%
100 TU/mL of penicillin and 100 pg/mL of streptomycin (P/S; Gibco, Grand Island, NY, USA),
as reported [41]. The T98G cells were cultivated in Advanced Minimum Essential Medium
(AMEM,; Gibco, Grand Island, NY, USA) and supplemented with 5% FBS, 4 mM of L-glutamine
(Glutamax; Gibco, Paisley, UK) and 1% P/S, as described in the product sheet [42].

Then, 10 pL of the tested cells suspension mixed with 10 pL trypan blue solution
(Sigma-Aldrich, Irvine, UK) was used to count the cells number in a Neubauer hemocy-
tometer chamber (Brand GmbH + CO KG, Wertheim, Germany). Next, 0.5 x 10 U87
and 0.7 x 10° T98G cells were seeded in 75 cm? vented culture flasks (ThermoScientific,
Rochester, NY, USA) with 15 mL of culture media at 37 °C in a 95% O, and 5% CO, atmo-
sphere. After a 24 h incubation, the culture media were changed to media containing VPA
(for the groups treated with 0.5 mM or 0.75 mM or 1.5 mM VPA) and or media without VPA
(control groups). U87 and T98G cells were treated for 24 h. There were eight tested groups:
(1) U87 control (n = 6), (2) U87 treated with 0.5 mM VPA (n = 6), (3) U87 treated with
0.75 mM VPA (n = 6), and (4) U87 treated with 1.5 mM VPA (n = 5) and (5) T98G control
(n=6), (6) T98G treated with 0.5 mM VPA (n = 6), (7) T98G treated with 0.75 mM VPA
(n = 6), and (8) T98G treated with 1.5 mM VPA (n = 5). The effect of VPA on the cells was
assessed by comparing the control with the treatment with three different concentrations of
VPA (Sigma Aldrich, St. Louis, MO, USA) in the medium.
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2.2. RNA Extraction and Quantitative Real-Time PCR Analysis

Total RNA was extracted with TRIzol Plus RNA Purification Kit (Life Technologies,
Carlsbad, CA, USA). The RNA purity and concentration were assessed using a Nan-
0Drop2000 spectrophotometer (Thermo Scientific, Branchburg, NJ, USA). The RNA in-
tegrity was analyzed using an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara,
CA, USA) with an Agilent RNA 6000 Nano Kit (Agilent Technologies, Santa Clara, CA,
USA). Reverse transcription was performed with 100 ng RNA using Biometra TAdvanced
thermal cycler (Analytik Jena AG, Jena, Germany) with the High-Capacity cDNA Reverse
Transcription Kit with RNase Inhibitor (Applied Biosystems, Waltham, MA, USA), accord-
ing to manufacture instructions. The relative RNA expression assay was performed using
Applied Biosystems 7900 Fast Real-Time PCR System (Applied Bio-Systems, Waltham,
MA, USA) with TagMan assays (Applied Biosystems, Pleasanton, CA, USA), according
to the manufacturer’s recommendations. The reactions were run in triplicates with 4 uL
of cDNA template in a 20 pL reaction volume (10 pL of TagMan Universal Master Mix
II, no UNG (Applied Biosystems, Vilnius, Lithuania), 1 pL of TagMan Gene Expression
Assay 20x (Applied Biosystems, Pleasanton, CA, USA), and 5 uL of nuclease-free water
(Invitrogen, Paisley, UK) with the program running at 95 °C for 10 min, followed by
45 cycles of 95 °C for 15 s and 60 °C for 1 min. The investigated genes were SLC12A5
(Hs00221168_m1; 80 bp), SLC12A2 (Hs00169032_m1; 97 bp), SLC5A8 (Hs00377618_m1;
88 bp), CDH1 (Hs01023894_m1; 61 bp), and CDH2 (Hs00983056_m1; 66 bp). As a control,
we used the GAPDH (Hs02786624_g1; 157 bp) gene [43,44]. We used CT cut-off at 35 values
as described by the others [45], and these values were not used for calculations.

2.3. Statistical Analysis

The statistical analysis was performed using IBM SPSS Statistics 29 software. For the
relative gene expression study, the Livak (2~22CT) method [46] was used to calculate the
expression between the VPA-treated (test) and control groups of the target genes. The
Shapiro-Wilk test was used to verify the normality assumption. The difference between
the two independent groups was evaluated using the nonparametric Mann-Whitney U
test. Significant differences were considered at the value of p < 0.05.

3. Results
3.1. VPA Treatment Effect on SLC5A8 Expression in U87 and T98G Cells

Table 1 shows the SLC5A8 and GAPDH expression data for the U87- and T98G-cell
controls and the VPA-treated tested cell groups.

Table 1. The SLC5A8 and GAPDH expression data from U87- and T98G-cell controls and VPA-treated groups.

Indicator, Mean + SD

Study Group n CT
SLC5A8 GAPDH act
U87 control 6 3731 +151 16.25 + 1.26 -
U87 1.5 mM VPA 5 34.88 + 0.54 16.73 £+ 0.29 18.15 + 0.57
U87 0.75 mM VPA 6 35.39 +1.19 1641 +£1.21 -
U87 0.5 mM VPA 6 36.51 & 0.61 17.87 £1.77 -
T98G control 6 not detected 1741 £ 0.22 -
T98G 1.5 mM VPA 5 36.31 +0.82 18.07 + 0.77 -
T98G 0.75 mM VPA 6 37.16 + 0.36 18.60 + 0.37 -
T98G 0.5 mM VPA 6 not detected 17.93 +£0.76 -

“~" no gene expression.
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U87 and T98G control cells do not express SLC5A8. Treatment of cells with 1.5 mM
VPA induced SLC5A8 expression in U87 cells, but this expression was low. VPA at 0.75 mM
and 0.5 mM did not affect the expression of SLC5A8 in U87 cells, and no gene expression
was observed. Treatment of T98G cells with different doses of VPA did not affect SLC5A8
expression—the gene was not expressed. VPA treatment did not affect the expression
of GAPDH.

3.2. VPA Treatment Effect on SLC12A2 Expression in U87 and T98G Cells

Table 2 shows the SLC12A2 and GAPDH expression data for the tested U87- and
T98G-cell groups.

Table 2. The SLC12A2 and GAPDH expression data in the U87- and T98G-cell study groups.

Indicator, Mean + SD

Study Group n CT
SLC12A2 GAPDH act aacT 2aner
US7 control 6 22,07 + 1.23 18.14 + 141 393 + 0.64 0.00 + 0.64 1.08 £ 0.46
U87 1.5 mM VPA 5 22,62 + 036 18.76 + 0.93 3.87 +0.83 —0.06 + 0.83 1.20 + 0.54
U87 0.75 mM VPA 6 22.40 % 0.36 1852 +£1.25 388+ 1.15 —0.05+£1.14 1.28 + 0.71
US7 0.5 mM VPA 6 23.49 £ 1.09 19.72 + 1.87 377 +1.16 016 £1.16 1.36 4 0.70
T98G control 6 21.63 % 0.60 19.87 + 023 1.76 4 0.60 2 0.00 % 0.60 1.07 £ 0.19
T98G 1.5 mM VPA 5 21.37 £ 055 2050 4 0.31 0.87 £ 0.50° —0.89 % 0.50 1.94 £ 0.61
T98G 0.75 mM VPA 6 21.83 +0.16 2081£020  1.02+£030%4  —075+ 030 1714035
T98G 0.5 mM VPA 6 22.00 £ 0.26 1983+£074 21740538 0414053 079 +0.23

2 p =0.002, compared with U87 control; ® p = 0.008, compared with U87 1.5 mM VPA; € p = 0.02, compared with
T98G control; ¢ p =0.002, compared with U87 0.75 mM VPA; ¢ p = 0.002, compared with T98G 0.75 mM VPA;
fp = 0.02, compared with U87 0.5 mM VPA; & p = 0.004, compared with T98G 1.5 mM VPA.

In all cell groups tested, the expression of GAPDH was not different between con-
trol and cells treated with different doses of VPA; i.e., VPA treatment did not affect the
expression of the control gene.

The SLC12A2 expression in U87 control cells was significantly lower than in T98G
control cells. VPA treatment did not affect SLC12A2 expression in U87 cells; no significant
differences in SLC12A2 expression were found when comparing the U87-cell groups tested.

The T98G cells treated with 0.75 mM VPA had significantly higher SLC12A2 expression
than controls, and the relative expression of SLCI12A2 was 1.71-fold higher than that of
T98G controls. The SLC12A2 expression of the T98G 0.5 mM VPA group was not different
from that of the T98G control group and was significantly lower than that of the T98G
0.75 mM VPA group and the T98G 1.5 mM VPA group.

The T98G-cell groups treated with 1.5 mM, 0.75 mM, or 0.5 mM VPA had significantly
higher SLC12A2 expression than the respective U87-cell groups.

3.3. The VPA Treatment Effect on SLC12A5 Expression in U87 and T98G Cells

Table 3 shows the SLCI2A5 and GAPDH expression data for the U87- and T98G-
cell groups.

SLC12A5 was expressed in U87 controls, and SLC12A5 was not expressed in T98G
cells. Treatment of U87 cells with 1.5 mM, 0.75 mM, or 0.5 mM VPA significantly increased
SLC12A5 expression, and the relative expression of SLC12A5 was 5.97-, 4.40-, and 4.54-
fold higher than that of controls, respectively. No significant difference was found when
comparing the gene expression of the U87 groups treated with different doses of VPA.

No expression of SLC12A5 was detected in T98G control cells and T98G 1.5 mM VPA,
T98G 0.75 mM VPA, and T98G 0.5 mM VPA cell groups.
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Table 3. The SLC12A5 and GAPDH expression data of the studied U87- and T98G-cell groups.

Indicator, mean + SD

Study Group n CT
SLCI2A5 GAPDH act aact aaner
U87 control 6 33.79 + 121 16.25 + 1.26 17.54 + 1.07 0.00 + 1.07 1.05 £ 126
US7 1.5 mM VPA 5 31.89 + 0.66 1673+029  1516+0752 238075 597 +3.18
U870.75 mM VPA 6 32.00 + 0.63 16414121  1559+£073b  —195+073 440 +2.39
US7 0.5 mM VPA 6 3328+ 1.35 1787 +177  1541+045°  —2.12+045 454+ 1.18
T98G control 6 3731 + 0.46 1741 + 022 - - -
T98G 1.5 mM VPA 5 36.46 % 0.60 18.07 = 0.77 - - -
T98G 0.75 mM VPA 6 37.10 + 0.46 18.60 + 0.37 - - -
T98G 0.5 mM VPA 6 36.79 £ 0.70 17.93 = 076 - - -

“~" no gene expression; * p = 0.002, compared with U87 control; ® p = 0.002, compared with U87 control; € p = 0.009,
compared with U87 control.

3.4. The VPA Treatment Effect on CDH1 Expression in U87 and T98G Cells
Table 4 shows the CDH1 and GAPDH expression data for the U87- and T98G-cell groups.

Table 4. The CDH1 and GAPDH expression data of the studied U87- and T98G-cell groups.

Indicator, Mean + SD

Study Group n CT
CDH1 GAPDH act
U87 control 6 36.21 + 049 16.25 + 1.26 -
U87 1.5 mM VPA 5 35.86 + 0.60 16.73 £ 0.29 -
U870.75 mM VPA 6 36.41 + 0.61 16.41 £1.21 -
U87 0.5 mM VPA 6 36.12 + 0.56 17.87 £1.77 -
T98G control 6 not detected 17.41 £0.22 -
T98G 1.5 mM VPA 5 34.89 +0.38 18.07 £ 0.77 16.81 + 0.57
T98G 0.75 mM VPA 6 34.87 +0.38 18.60 + 0.37 16.27 + 047
T98G 0.5 mM VPA 6 35.08 + 0.83 17.93 £0.76 -

“~" no gene expression.

CDH]1 was inactive in U87 control cells, and VPA treatment of U87 cells did not affect
CDH1 expression.

CDH1 expression was detectable in T98G 1.5 mM VPA and T98G 0.75 mM VPA cells,
whereas T98G control and T98G 0.5 mM VPA groups did not express the CDHI gene.

3.5. The VPA Treatment Effect on CDH2 Expression in U87 and T98G Cells

Table 5 shows the CDH2 and GAPDH expression data for the U87- and T98G-cell groups.

T98G control cells showed significantly higher CDH2 expression than U87 control
cells. Compared to U87 control cells, CDH2 expression was significantly higher in the
U87 1.5 mM group with a relative expression of 3.41. There was no difference in CDH2
expression among control U87, U87 0.75 mM VPA, and U87 0.5 mM VPA groups. U87
1.5 mM VPA cells showed significantly higher CDH2 expression than U87 0.75 mM VPA
cells. U87 cells treated with 1.5 mM and 0.5 mM VPA did not differ in expression.

Compared to controls, all doses of VPA significantly increased CDH2 expression in
T98G cells: There was 2.34-fold higher expression in the T98G 1.5 mM VPA group, 2.11-fold
higher expression in the T98G 0.75 mM group, and 1.73-fold higher expression in the T98G
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0.5 mM VPA group than in control. A comparison of the VPA-treated T98G groups showed
no difference in CDH2 expression.

A comparison of CDH2 expression between U87 and T98G cells showed that T98G
1.5 mM VPA, T98G 0.75 mM VPA, and T98G 0.5 mM VPA cells had higher gene expression
than the corresponding U87 cells.

Table 5. The CDH2 and GAPDH expression data of studied U87- and T98G-cell groups.

Indicator, Mean + SD

Study Group n CT
CDH2 GAPDH act aACT 2anet
US7 control 6 23.82 +0.72 18.14 + 1.41 568+ 1.26 0.00 +1.26 1.01 +0.82
US87 1.5 mM VPA 5 2074+ 144 18.76 £ 0.93 398 +052° —1.70 + 0.52 341+ 116
US7 0.75 mM VPA 6 23.60 + 0.68 1852 + 125 507 +0.64° —0.61 + 0.64 1.64 + 0.62
US87 0.5 mM VPA 6 2410 + 146 19.72 + 1.87 438 + 1.11 ~1.30 £ 1.11 3.06 +1.93
T98G control 6 23.64 +0.22 19.87 + 023 3.78 £030° 0.00 £ 0.30 1.02 £0.17
T98G 1.5 mM VPA 5 23.11 + 0.46 2050 £031  261+£0459%  —1174045 234 +0.74
T98G 0.75 mM VPA 6 2352+ 0.31 2081+020 27140228  —1.06+022 2114033
T98G 0.5 mM VPA 6 22.90 + 0.31 1983 +£074  307+055M  —071+055 173+ 0.55

2 p = 0.02, compared with U87 control; ® p = 0.02, compared with U87 1.5 mM VPA; ¢ p = 0.002, compared with
U87 control; 4 p = 0.008, compared with U87 1.5 mM VPA; € p = 0.004, compared with T98G control; f p=0.002,
compared with T98Gcontrol; & p = 0.002, compared with U87 0.75 mM VPA; ! p = 0.04, compared with T98G
control; ' p = 0.04, compared with U87 0.5 mM VPA.

4. Discussion

The application of integrative approaches that combine data from multiple mech-
anisms enables us to understand disease pathogenesis and develop diagnostic tools to
predict brain cancer’s progression or its treatment’s effectiveness [47]. Elucidating the func-
tions of biomolecules and their interrelationships can help interpret the course of disease.
In this study, the gene expression of NKCC1, KCC2, SLC5A8, CDH1, and CDH2 genes
in GBM cells and the possible effect of VPA on their gene expression were determined.
The data allowed us to address the potential interrelationship between the expression of
studied specific markers.

A comprehensive study found that KCC2 and NKCC1 co-transporters have opposing
cancer-regulatory mechanisms [22]. High-grade GBM cells are associated with increased
intracellular chloride [Cl1~]i level [26], which is associated with increased Na*-K*-CI~
co-transporter-1 (NKCC1, encoded by SLC12A2) and decreased K*-Cl~ co-transporter
(KCC2, encoded SLC12A5) activity [48,49]. The [C]™]i content of high-grade GBM cells is
significantly higher than the average in grade II glioma and normal cortical cells [26].

DNA methylation is an essential epigenetic mechanism that regulates gene expression.
Decreased DNA methylation in gene promoters usually leads to the activation of gene
transcription, while increased methylation often inhibits gene expression [50]. Phospho-
rylation has emerged as a key means to rapidly and reversibly modulate the intrinsic
transport activity of NKCC1 and KCC2 as a potential therapeutic effect by regulating [C1™ ]i
levels [51,52]. The activity of NKCC1 is precisely regulated by protein phosphorylation and
dephosphorylation, where several kinases have been proposed to regulate NKCC1 expres-
sion and activity through phosphorylation determined by the balance between kinase and
protein phosphatase activities in the neuronal cells [25,50]. VPA has been shown to induce
acetylation and demethylation in the test system, and VPA-induced histone acetylation and
DNA demethylation have been shown to activate gene expression [32].

Our study showed that the SLCI2A2 expression in U87 control cells was significantly
lower than in T98G control cells. VPA treatment did not affect SLCI2A2 expression in U87
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cells, whereas VPA treatment increased SLC12A2 expression in T98G cells dose-dependently.
The T98G-cell groups treated with 1.5 mM, 0.75 mM, and 0.5 mM VPA had significantly
higher SLC12A2 expression than the respective U87-cell groups. The differential VPA effect
on SLCI2A2 expression in pediatric GBM cells was reported also [21].

NKCC1 was shown to be highly expressed in gliomas, and a higher glioma grade
directly correlated with NKCC1 expression [37]. NKCC1 is one of the most important
transporters of Cl~ into cells and regulates cell volume expansion [53]. Increased NKCC1
protein expression in human GBM attenuates cancer cell proliferation and migration, and
inhibition of NKCC1 activity impairs tumor invasion and cell apoptosis [25-27,54-56].
Bioinformatic analysis showed that high glioma NKCC1 expression is associated with
MAPK signaling pathways, TGF-beta signaling, and epithelial-mesenchymal transition
regulation, and its expression in mesenchymal GBMs was associated with GBM patients’
shorter survival and worse prognosis [37].

Our study data show that the SLC12A5 was expressed in U87 controls and not in
T98G cells. Treatment of U87 cells with VPA significantly increased SLCI2A5 expression,
but there was no association with the doses of VPA tested. No expression of SLCI2A5
was detected in the T98G control and T98G VPA-treated cells. Recently, it was reported
that VPA differentially but significantly increased SLC12A5 expression in pediatric GBM
cells [21].

The different effects of VPA on KCC2 gene expression in GBM cells that we have
identified may be significant in several respects. Cell volume reduction is an early sign
of apoptosis associated with the loss of intracellular K* and CI~ anions [29,57], which is
associated with caspase activation and caspase cascade-related apoptotic mechanisms [58].
KCC2 positively correlated with the levels of tumor-infiltrating macrophages and CD4*
T cells [22]. Bioinformatics analysis suggests that overexpression of SLC12A5 inhibits the
proliferation of glioma U25IMG cells, and SLC12A5 may be a novel effective biomarker of
GBM with prognostic significance [29].

Furthermore, in neurons, the regulation of [Cl1™ i is mediated by NKCC1 and KCC2
transporters: NKCC1 increases, while KCC2 decreases [CI™]i. Histologically reduced
neuronal KCC2 staining was reported in adult patients with GBM and epilepsy [49,59].
Alterations in the balance of NKCC1 and KCC2 activity may decrease the hyperpolarizing
effects of y-aminobutyric acid (GABA), contributing to epileptogenesis in human GBM.
Associated seizures worsen the prognosis of GBM patients [60,61]. Proper KCC2 activity
ensures the functioning of neuronal postsynaptic GABAA receptors by acting as a neuron-
specific K* and C1~ extruder, using the K* gradient to maintain low [CI™]i levels. The
excitatory effects of GABAA are dependent on relatively high [C1™]i levels [62]. The
mechanisms of GBM-associated epilepsy are linked to the reduction of KCC2 activity in
the peritumoral region, leading to impaired GABAergic inhibition, and they suggest that
modulating [C1™ ]i homeostasis by activating KCC2 may help control seizures [63]. The
drug’s effect on activating the KCC2 function in GBM cells makes it relevant as a potential
new anticancer therapeutic target.

The study showed that U87 and T98G control cells do not express SLC5A8. Treatment
with 1.5 mM VPA induced SLC5A8 expression in U87 cells, while treatment of T98G cells
with VPA did not affect SLC5A8 expression. SLC5A8 co-transporter is a sodium (Na*) and
chloride (C1™) ion-dependent and Na*-coupled monocarboxylate co-transporter [31,64].
Thus, the activity may depend on the intracellular Na* and Cl~ concentration. SLC5A8
is a tumor growth suppressor in experimental animals and primary human gliomas that
contributes to carcinogenesis and is repressed by epigenetic mechanisms [31].

The SLC5A8 is expressed in normal brain cells but is significantly reduced in most
human glioma primary cells and cell lines, especially when the associated CpG islands
were aberrantly methylated [31]. Hypermethylation silences the expression of SLC5A8 in
cancer cells, and gene silencing of SLC5A8 by hypermethylation was associated with poor
prognosis [30]. The reduced expression of SLC5A8 in the absence of aberrant methylation
in a few primary tumors suggests that SLC5A8 may not be affected by multiple epigenetic
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mechanisms. Ectopic expression of SLC5A8 strongly inhibits colony formation in glioma
cell lines, indicating that it suppresses glioma growth in vitro [31]. SLC5A8 induces cell
apoptosis via mitochondrial pyruvate-dependent HDAC inhibition [33]. VPA can increase
the expression of SLC5A8 in GBM cells [21,32].

SLC5AS8 is a transporter that moves short-chain fatty acids and other monocarboxylic
acids or drugs, such as pyruvate, butyrate, or dichloroacetate, in a Na*-dependent man-
ner [64,65]. Thus, this leads to the hypothesis that SLC5A8-mediated tumor growth in-
hibition is associated with transposing antiproliferative molecules into the cells, thereby
improving mitochondrial function.

A limitation of our study is that we could not show the interdependence of the studied
co-transporters activity. The activity of all co-transporters is attributable to [C1~]i, which
can be seen as a signaling pathway. Therefore, it would be meaningful to investigate
further the effect of VPA on the mechanisms of [C]™ i regulation in glioblastoma and the
malignancy of GBM cells.

The SLC5A8 expression may also be linked to the activity of the NKCC1 and KCC2 co-
transporters function, which, by regulating the Na* and C1~ intracellular levels, may also
regulate the Na* and Cl~ dependent SLC5A8 co-transporter function. The transport func-
tion of SLC5A8 is particularly significant in brain tumors, as butyrate and dichloroacetate
are currently being investigated for treating human gliomas [66,67].

The data show that CDHI was inactive in U87 control and U87 VPA-treated cells. The
CDH1 gene was not expressed in the T98G control and T98G 0.5 mM VPA groups, whereas
CDH1 expression was detectable in T98G 1.5 mM VPA and T98G-0.75 mM VPA cells. The
researchers report that CDHI expression decreases with brain tumor grade [35]. CDH1
expression is rare or absent in gliomas; CDH1 hypermethylation was found in 39.4% of GBM
samples [36]. During EMT, epithelial CDH1 expression decreases and mesenchymal CDH2
expression increases [35]. Our data on CDH2 expression showed that CDH2 expression
was significantly higher in T98G control cells than in control U87 cells. CDH2 expression
was significantly increased only in the U87 1.5 mM VPA group. All doses of VPA studied
significantly increased CDH2 expression in T98G cells, whereas CDH2 expression did not
differ. Comparison of CDH2 expression between U87 and T98G cells showed that T98G
cells treated with VPA had significantly higher gene expression than the corresponding
U87 cells. In mesenchymal GBMs, CDH?2 is associated with NKCC1 activity and a form of
metaplasia, which is termed EMT [34,37].

The study showed that the GBM cells tested have different expressions of the genes
tested and different effects of VPA on them, which may be an essential avenue for more
extensive future studies.

5. Conclusions

The expression of SLC12A2, SLC12A5, and CDH2 in adult glioblastoma U87 MG
and T98G control cells differs significantly. These differences could potentially serve as
indicators for assessing tumor malignancy. The studies also revealed distinct responses of
the tested cells to VPA treatment, suggesting that the differences in cell marker expression
could influence treatment outcomes. This underscores the need for further preclinical and
clinical studies on the effect of VPA on tumor cell marker expression, which could open up
new approaches for more personalized and effective treatment.
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Abstract

Background: Valproic acid (VPA) pharmacological mechanisms are related to the anti-inflammatory and anti-viral effects.
VPA is a histone deacetylases inhibitor and serves a role in its imnmunomodulatory impacts. VPA has complex effects on
immune cell’s mitochondrial metabolism. The SLC5A8 transporter of short fatty acids has an active role in regulating
mitochondrial metabolism. The study aimed to investigate whether SLC5A8 expresses the sex-related difference and how
SLC5A8 expression depends on gonadal hormones, VPA treatment, and NKCCI expression in rat thymocytes.

Methods: Control groups and VPA-treated gonad-intact and gonadectomized Wistar male and female rats were in-
vestigated (n = 6 in a group). The VPA 300 mg/kg/day in drinking water was given for 4 weeks. The SLC5A8 (Slc5a8 gene)
and NKCCI (Slc/2a2 gene) RNA expressions were determined by the RT-PCR method.

Results: The higher Slc5a8 expression was found in the gonad-intact males than respective females (p = 0.004). VPA
treatment decreased the Slc5a8 expression in gonad-intact and castrated males (p = 0.02 and p = 0.03, respectively), and
increased in gonad-intact female rats compared to their control (p = 0.03). No significant difference in the Sic5a8 ex-
pression between the ovariectomized female control and VPA-treated females was determined (p > 0.05). VPA treatment
alters the correlation between Slc5a8 and Slcl12a2 gene expression in thymocytes of gonad-intact rats.

Conclusion: VPA effect on the Slc5a8 expression in rat thymocytes is gender- and gonadal hormone-dependent.

Keywords
valproic acid, SLC5A8, thymocyte, sex-related difference
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Introduction

VPA is one of the most frequently prescribed anti-epileptic
drugs." VPA is an inhibitor of histone deacetylases (HDACs).>
Studies raise the possibility of the therapeutic anti-viral po-
tential of VPA.>* The virus replication and survival depend
on the produced mitochondrial energy; thus, the anti-viral
therapy tactics may involve medicine preparations that
change energetic mitochondrial functions and activate anti-
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inflammatory mechanisms.” As a simple fatty acid, VPA is
a substrate for the fatty acid B -oxidation pathway.® VPA
bioactivation directs the metabolite 4-ene-VPA into the
mitochondria, forming the 2,4-diene-VPA-CoA ester by
B-oxidation.” VPA metabolites induce the significant de-
crease of pyruvate-driven oxidative phosphorylation in
mitochondria by conflict with pyruvate transport.® Such
VPA effect could interfere with the short fatty acid
transporter SLC5AS8 (Solute carrier family-5 member-8)
activity. The SLC5AS, transporting short fatty acids as a
substrate for the f-oxidation pathway in mitochondria, has
a vital role in regulating cell metabolism.

SLC5AS acts as electrogenic sodium (Na*) and chloride
(CI™)-dependent sodium-coupled transporter, transporting
into the cell lactate, pyruvate, acetate, propionate, valerate,
butyrate, and monocarboxylate drugs (dichloroacetate,
nicotinate, salicylate, and 5-aminosalicylate) and ketone
bodies.® '? Research of adult male wild-type ¢/ebpd™ and
c/ebpd”~ mice shows that the SLC5A8 physiologic
function operates an essential role in the short-chain fatty
acids transport into the cell.'*'* If the transporter is not
expressed, cells may not accumulate a substrate. Short fatty
acids transported into immune cells through the SLC5AS8
change the HDAC activity, exerting immunomodulatory
effects: blockade of dendritic cell development, releasing
cytokines and inducing T cell apoptosis, emphasizing the
importance of SLC5AS in the immune homeostasis, and
suppression of inflammation.'>'® SLC5AS8 triggers cell
apoptosis by pyruvate-dependent repression of HDACs.'”
The silencing of the SLC5A48 gene is related to DNA
methylation, and treating cancer cells with DNA-demethylating
agents increases the SLC5A8 expression.'> VPA could
activate genes regulated by DNA methylation, and the VPA
effect may be trigged to active DNA demethylation in
cancer cells."!"” The SLC5A8 activity in the male rat
duodenum enterocytes depends on Na™-K"-2CI~ cotransporter
(NKCC1) activity.® Changes in the NKCC1 activity might
lead to mitochondrial function changes. In fibroblasts
treated with NKCCI1 inhibitor bumetanide, the increase in
maximal respiration suggests enhanced substrate avail-
ability and mitochondrial oxidation.”' VPA reduces
NKCCI RNA expression in males but not in female rat
thymocytes.>” Pro-inflammation-immune cells derive most
of their energy from aerobic glycolysis rather than mito-
chondrial oxidation to generate more energy and support
their intensified activity.”® Sex differences in the immune
response depending on the sexually dimorphic populations
of mitochondria and gonadal hormones.**

The present study aimed at the following questions: (1)
whether SLC5AS8 transporter expresses the sex-related
difference in rat thymocytes? (2) does VPA treatment
change the SLC5AS8 expression in thymocytes? (3) how
SLCS5A8 expression depends on gonadal hormones, VPA
treatment, and NKCC1 expression in thymocytes? The

answers to these questions are significant in dealing with
personalized VPA therapy purposes.

Methods

Animals and treatment

Permission of the study was obtained from the State Food
and Veterinary Service of Lithuania to use experimental
animals for research (2017-01-02 No. G2-53). The pre-
clinical and clinical research of pharmaceuticals regulatory
guidelines indicates the importance of evaluating sex
differences, stressing that medicine development should
provide adequate information about the drug effects in both
genders.”® The VPA treatment effect on the thymus was
started in the 4-to-5-weeks old Wistar rats: gonad-intact
and gonadectomized controls and VPA-treated groups of
both genders (n = 6 each). The animals were housed in
standard colony cages with free entrance to food in the state
of constant temperature (21°C + 1°C), light/dark cycle (12-
h/12-h), and humidity. Rats got a commercial pellet diet ad
libitum. The orchidectomy and ovariectomy were per-
formed at 28 + 2 days of age (in the peripubertal period).
Male gonadectomy was performed by orchiectomy using
the scrotal approach, and female ovariectomy was per-
formed by midline laparotomy. The following preparations
for anesthesia were used for gonadectomy: Sedator 1 mg/
kg intramuscular injection (i.m.) (Eurovet Animal Health
B.V,, Bladel, the Netherlands), Bioketan 75 mg/kg i.m.
(Vetoquinol Biowet, Gorzow, Poland), and Atipam 2 mg/
kg i.m. as an antidote of Sedator (Eurovet Animal Health
B.V.). The accommodation period after the castration was
1 week. After the accommodation, animals were treated for
28 days with VPA 300 mg/kg/day in the drinking water as
reported.”” The only source of drinking for treated groups
was the VPA solution, and the fresh tap water for the
control groups was provided. One ovariectomized VPA-
treated female was eliminated from the study due to a
fistula formed after the operation.

Thymus preparation

After treatment, the animals were euthanized in a 70% CO,
camera. The carotid arteries and the aorta were cut, and the
animals exsanguinated to minimize the thymus contami-
nation with red blood cells. After the euthanasia of the
animals, their thymus was harvested, and the contami-
nating blood was removed by rinsing with Roswell Park
Memorial Institute 1640 (RPMI-1640) medium (Biological
Industries, Israel). The thymus surrounding connective
tissue was removed, and the left lobe samples were stored
in the RNAlaterRNA stabilization reagent (Qiagen, Ger-
many) at —80°C until further RNA extraction and analysis.
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Extraction of RNA from the thymus

The frozen tissue was ground in liquid nitrogen. According
to the manufacturer’s instruction, the total RNA was
extracted using the TRIzol Plus RNA Purification Kit (Life
Technologies, USA). The RNA quality and concentration
were assessed using a NanoDrop2000 spectrophotometer
(Thermo Scientific, USA). The total RNA integrity was
analyzed using the Agilent 2100 Bioanalyzer system
(Agilent Technologies, CA) with an Agilent RNA 6000
Nano kit (Agilent Technologies, CA). RNA samples had
the RNA integrity number (RIN) higher than 5. The
samples of RNA were stored at —80°C until further
analysis.

Determination of the Slc5a8 and Slcl2a2 genes
expression in thymocytes

RNA expression assays were performed for Sic5a8
(Rn01503812_m1), Slci2a2 (Rn00582505_ml), and
Gapdh (Rn01775763 gl) genes. According to the man-
ufacturer’s instruction, the reverse transcription was per-
formed with High-Capacity cDNA Reverse Transcription
Kit with RNase Inhibitor (Applied Biosystems, USA) in
20 pL reaction volume containing 50 ng RNA using Bi-
ometra TAdvanced thermal cycler (Analytik Jena AG,
Germany). The synthesized copy DNA (¢cDNA) was stored
at 4°C until use or at —20°C for a longer time. Real-time
polymerase chain reaction (PCR) was performed using an
Applied Biosystems 7900 Fast Real-Time PCR System
(Applied Biosystems, USA). The reactions were run in
triplicate with 4 pL of cDNA template in a 20 pL reaction
volume (10 pL of TagMan Universal Master Mix I, no
UNG (Applied Biosystems, USA), 1 uL of TagMan Gene
Expression Assay 20x (Applied Biosystems, USA), 5 uL of
nuclease-free water (Invitrogen, USA) with the program
running at 95°C for 10 min, followed by 40 cycles of 95°C
for 15 s and 60°C for 1 min. The amplification efficiency
was about 100%. The amplicon length of TagMan assays
was 60 bp for the Sic5a8 gene, Slcl12a2—67 bp, and
Gapdh—174 bp.

Statistical analysis

The statistical analysis was performed using the Statistical
Package for the Social Sciences, version 23.0 for Windows
(IBM SPSS Statistics 23.0). The figures were performed
using GraphPad Prism 7 and IBM SPSS Statistics 23.0
software. The normality assumption was conducted by the
Shapiro-Wilk test. Differences between the two indepen-
dent groups were evaluated using the nonparametric
Mann—Whitney U test. To investigate the SLC5A8 (Slc5a8
gene) and NKCC1 (Sic12a2 gene) RNA expression changes
in the VPA-treated and control groups, the threshold cycle
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(CT) value was normalized with the control Gapdh gene,
and ACT value was obtained. For the gene expression
study, the AACT (27**“T) Livak method was used to
calculate the expression level between the VPA-treated
(test) and the control conditions of the target gene when
compared to the reference gene.”® The Spearman’s rank
correlation coefficient (r) was used to assess relationships
between the Slc5a8 and Slc12a2 genes (ACT values were
used). R linear was estimated by performing correlation
plots. Differences at the value of p < 0.05 were considered
significant.

Results

The VPA effect on Slc5a8 and Sicl2a2 RNA
expression in rat thymocytes

The Slc5a8 gene expression differences in gonad-intact and
gonadectomized VPA-treated and control groups of both
genders are considered in the ACT value (Table 1 and
Figure 1(a)). A significantly 1.5-fold higher RNA ex-
pression was found in the gonad-intact male control than in
the female control. The VPA treatment caused a statistically
significantly decreased RNA gene expression in gonad-
intact males and increased in gonad-intact female rats
compared with their controls (Table 1 and Figure 1(a)).
Comparing the thymocytes Slc5a8 gene expression of
the gonad-intact of both sexes of rats with the expression in
the respective gonadectomized animal groups, there is a
clear increase trend: castration is associated with the in-
creased gene expression in ovariectomized female (1.5-

Table I. RNA expression of SLC5A8 cotransporter in the
thymus of study groups.

CT mean
Study group  Gapdh Slc5a8 ACT  AACT  2724¢T
Gonad-intact female
Control 23.530 33406 9.876 —2.708 6.534
VPA-treated 23.083 30.251  7.168°
Gonad-intact male
Control 22905 29.452  6.547°  4.034 0.06]
VPA-treated 22.982 33.563 10.581¢
Gonadectomized female
Control 22,675 29403 6.728 0.046 0.969
VPA-treated 24.831 31.604 6.774
Gonadectomized male
Control 25436 29.649 4213 4.545 0.043
VPA-treated 22319 31.077 8758°

?p = 0.03, significant compared with the gonad-intact female control.
®b = 0.004, significant compared with the gonad-intact female control.
“p = 0.02, significant compared with the gonad-intact male control.

dp = 0.03, significant compared with the castrated male control.
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fold) and male (1.6-fold) groups; still, the difference is
statistically insignificant. In castrated VPA-treated males, a
statistically significant decrease of the Sic5a8 gene ex-
pression in thymocytes was found compared with their
control rats. Data showed no significant effects of VPA
treatment on the gene expression level of the ovariecto-
mized females (Table 1 and Figure 1(a)). The relative
Slc5a8 gene expression is shown in Table 1 and
Supplemental material Figure 1(a).

The RNA expression of the Sic/2a2 gene was found
significantly higher in the gonad-intact males than the
gonad-intact females. The comparison showed signifi-
cantly increased Slc/2a2 gene expression in gonad-intact
VPA-treated females as compared with the control group.
The Slci2a2 expression level in the gonad-intact VPA-
treated males was significantly decreased as compared with
the control group. Compared with the controls, there were
no significant Slc/2a2 gene expression changes in the
gonadectomized female and male VPA-treated groups
(Figure 1(b) and Table 2). The relative Slc/2a2 gene ex-
pression is shown in Supplemental material Figure 1(b).

The VPA effect on the correlation between Slc5a8
and Slcl2a2 RNA expression in rat thymocytes of
study groups

The Slc12a2 gene expression, the correlation (r) between
Slc5a8 and Slc12a2 RNA expression in thymocytes of
gonad-intact, and gonadectomized VPA-treated and their
control groups of both genders are shown in Figure 2 and
Table 2.

The gonad-intact females’ thymocytes showed a sig-
nificantly strong correlation between Slc5a8 and Sicl2a2
genes. The gonad-intact VPA-treated female thymocytes
did not express this relationship. R’ linear value in the
VPA-treated female decreases in the VPA-treated female
group compared with the control (Table 2).

Ovariectomized VPA-treated females showed a signif-
icant correlation between Slc5a8 and Slc12a2 genes. Study
data did not establish a substantial relationship between
Slc5a8 and Sicl12a2 in thymocytes of tested male groups
(Table 2 and Figure 2).

Discussion

Pharmacological impacts of VPA show the association with
the therapeutic anti-viral?’*® and anti-inflammatory
pathogenic mechanisms.”’ The immunomodulatory ef-
fect of VPA is related to the inhibition of class I and class 1T
HDACsS, which drives an increase in the acetylation of
histones H2, H3, and H4, altering the gene expression
related to immune cells activation.**=* VPA represses the
generation of pro-inflammatory factors such as NF-kB, IL-

@ <
B)
520
o0 p=0.004
3 0.03
s -0.02 P00
5] P r
S s
= =003
P | —|
<
T
=3
CE
5 = o
=
2 s
S
o0
%
3
=
3 -
Gonad-intact Gonadectomized
b) =
15 p=0.02
B
3
s
5y
S
=
= =004
v £ 10 —
23
E .
=g
1]
gE g T .
s 5
© o
£
3
=
3
o
o
3
=~ Gonad-intact Gonadectomized
O Female control O Male control
® Female VPA-treated B Male VPA-treated

Figure 1. Slc5a8 (a) and Sic/2a2 (b) genes expression in
thymocytes of both gender gonad-intact and gonadectomized
rats. Data after normalization with Galph gene. Delta threshold
cycle (ACT) values were used for the graph (the horizontal bars
represent the median; the short horizontal lines show the
minimal and maximal values).

6, and TNF-a and prevents macrophages migration.>* Our
previous work reported that the 4 weeks of VPA treatment
did not significantly impact thymus weight in the study
gonad-intact and gonadectomized rat groups of both
genders.”? Others noted that the 8 weeks VPA treatment
significantly reduced the lymph node and spleen weight
and cellularity compared to control in MRL/Ipr(—/—) mice
females.>> VPA suppresses T cell proliferation in vitro™
and induces apoptosis of the lymphocyte.*® Rat gonad-
ectomy induces thymus hyperplasia by increased thymo-
cyte proliferation.’” In male rats, age-related thymus
involution depends on testosterone.>® Supplementation of
testosterone in aged rhesus macaque males increases the
number of naive T cells by raising thymic output.*

The present study of the VPA effect on rat thymocyte
SLC5A8 transporter expression identified differences
concerning gender, sex hormones, and NKCC1 expression
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Table 2. Delta threshold cycle (ACT) values correlation (r) between Slc5a8 and Slc/ 2a2 (NKCC) genes, R? linear in the study groups.

Gonadectomized

Gonad-intact female Gonad-intact male female Gonadectomized male
Index Control  VPA-treated Control VPA-treated Control VPA-treated Control VPA-treated
ACT Slcl2a2 7.600" 6.344 6.229 9.332° 7.440 6.100 5.593 7.327
Spearman correlation (r)  0.941°¢ 0 0.029 0.800 0.600 19 0.700 0.800
R? linear 0.872 0.656 0.097 0.966 0.959 0.997 0.676 0.958

p = 0.04, significant compared with gonad-intact male control.
bp = 0.02, significant compared with gonad-intact male control.

p = 0.02, significant ACT values correlation between Slc5a8 and Slc/2a2 genes in the study group.
9p = 0.02, significant ACT values correlation between Slc5a8 and Slc/2a2 genes in the study group.

Female

Male

Gonad-intact
ACT SleSa8

ACT Sle5a8

4 1
ACT Slel2a2

Gonadectimized
ACT SlcSa%

&
ACT SlelZal

Eha

ACT SleSa8

ACT Slel2a2

Figure 2. Correlation plots of the Slc5a8 and Slc/2a2 (NKCCI) genes in the study rat groups. Black color represents control group,

blue—VPA-treated group.

potential VPA gender-related effects on cell function. Our
study revealed that gonad-intact male rat thymocytes ex-
press a significantly higher SLCSA8 RNA level than
gonad-intact females; the research shows an insignificant
increase of SLC5A8 RNA expression in gonadectomized
males and female rat controls, with no sex-related differ-
ence. The VPA treatment caused an opposite effect on the
SLCS5A8 RNA gene expression in female and male rats’
thymocytes. In gonad-intact females, the VPA treatment
increased 2.7-fold of Slc5a8 gene expression while did not
effect on ovariectomized female thymocytes. In VPA-

165

treated gonad-intact and castrated males, the thymocyte
Sle5a8 gene expression was decreased.

The SLC5AS transporter function depends on NKCC1
cotransporter activity; its inhibition increases SLC5A8
activity and activates the mitochondrial function.”’' The
NKCC1 RNA expression in the gonad-intact male rat
thymocytes is higher than in females. VPA downregulates
NKCCI expression in gonad-intact male rat thymocytes,
and no VPA effect on the NKCC1 was found in castrated
male, gonad-intact, and ovariectomized female rat thy-
mocytes.””> Our study shows the natural gender-related
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differences in the NKCC1 and SLC5AS8 gene expression
correlation in thymocytes. Such a biological gender-related
relationship between SLC5A8 and NKCCI1 gene expres-
sion differences disappeared in VPA-treated animals.

The SLCS5AS8 is a Na'-coupled and electrogenic
transporter, able to concentrate short fatty acids into the
cell: with a Na* and substrate stoichiometry between 4:1
and 2:1.%° The activity and expression of SLC5A8 and
NKCC1 in the cell are related to the Na* and CI~ ions
transport into the cell; their intracellular and extracellular
concentrations, which are sex—dependent,“ and essential
for immune-inflammatory, glycolytic processes.*> A mice
study shows that NKCC1 performs a novel role in acute
lung inflammatory responses: a specific NKCC1 inhibition
could benefit sepsis treatment.**

By mitochondrial mechanisms, VPA inhibits HDACs
activity,”" inducing DNA demethylation and increase the
SLC548 gene expression.'>'™!?  Pro-inflammatory-
immune cells derive most of their energy from aerobic
glycolysis rather than mitochondrial oxidation to generate
higher energy and maintain their enhanced activity.”> The
virus-activated T cells starting accelerated growth and
proliferation need glucose uptake and glycolysis.** * VPA
treatment decreases glucose blood concentration in animals
and humans.*”**

VPA inhibits Thl and Th17 cells and related pro-
inflammatory cytokines.** VPA polarizes macrophages
from M1 to M2 phenotype, which cannot induce naive
CD4" T cells differentiation into a Th1 profile, favoring a
Th2 phenotype®® by mitochondria affected immune cell
metabolism changing from the down TCA cycle to
B-oxidation.”" VPA does not affect the viability and the
activation of CD8" T lymphocytes exposed to viral pep-
tides,30 increased CD4" T cell level with no change in
CDS8" Teell level. > HDACs inhibition by VPA alters the gene
expression related to cell differentiation and apoptosis.***
In females, aging does not lead to T cell dysfunction, and
older females generate strong T cell immunity; men aging
leads to T cell dysfunction.*

VPA inhibits the aerobic glycolysis in tumor cells by
reducing glucose uptake and decreasing lactate and ATP
production via lowering the levels of E2F transcription
factor 1; VPA affects E2F1 binding to the promoter of
glycolytic genes GPI and PGK1.>* Such VPA impact on
glycolysis shows a new therapeutic strategy in researching
the VPA effect on immune cells. The expression of
SLC5AS in T cells may likely affect the immune response
and be related to the viral disease progression. It is known
that the decreased SLC5AS expression is the risk factor for
Helicobacter pylori infection in children®; the low
SLC5A8 expression is related to papillomavirus-related
cancerogenesis.”® The limitation of the study is that the
influence of sex hormones on thymocytes SLC5A8 ex-
pression has not been studied. Further studies are needed to

determine the role of SLC5AS transporter expression with
sex-specific risk mechanisms for disease progression.

Conclusions

Gonad-intact male rat thymocytes express a higher
SLC5A8 RNA level than gonad-intact females. The effect
of VPA treatment on the SLC548 RNA gene expression in
rat thymocytes depends on gender and gonadal hormones.
The VPA treatment caused an oppositive effect on the
SLC5A48 gene expression in gonad-intact female and male
rats thymocytes. In gonadectomized rats, VPA decreases
the Slc5a8 expression in castrated males, with no effect in
ovariectomized female rat thymocytes.
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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 proliferatiou7 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"3 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"-2C1~
cotransporter (NKCC1) inhibitor, and induces NKCC1 RNA
expression suppression.”’ The NKCC1 inhibition reduces the
intracellular chloride level ([C1]i); a [Cl™ 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 ef 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 U887 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 IU/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 (Rumsiskes, 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 em? 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 [(Cl,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/l 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 (THC) 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),
U87-5 mM 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 1 mm). 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 pl 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
EDD7, 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 pm thickness sections. The sections
were stained with hematoxylin and eosin (H-E) and by IHC
methods. Visualization and photographing of H-E and THC
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 (pm) 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 pm were
counted in the same length of the CAM (1792 pm).

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 pm 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,
DMS827, 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 pm?) 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 EDD9; 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?9; 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
EDDI2 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 EDD9, but they are less
clear on EDDI12 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 EDD12
(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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NaDCA
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MgDCA
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MgDCA
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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 EDDS9 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—I| 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 EZH2 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
EDD? 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 EDD|2. 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 pm with the range being from 35.68
to 51.19 pm (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—I10 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 (r) 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 (r) 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 U87-5 mM 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

(nm) 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.
"P = 0.047, compared with U87-control.

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

kp = 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) 1.5 (3-25)
PBT24-5 mM MgDCA I 18.18° 96.53 (36.28-591.91)° 7 (2-27)%
PBT24-5 mM NaDCA K] 53.85%¢ 236.02 (31.27-484.44) 12 (5-29)
PBT24-2.5 mM MgDCA I 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 =0.04 |, 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 pum. 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 pum.

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

177



10

Dose-Response: An International Journal

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.

5P = 0.049, compared with U87-control.

P = 0.047, compared with U87-control.

9P = 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 n

median (range)

E]

median (range)

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

No o™

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)2"
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.

P = 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.
iP = 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
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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 [C] 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.44 Pharma-
cological inhibition of NKCCI 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 NKCC1 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

Objective: The NKCCI is a recognized tumorigenesis marker as it is important for tumor cell proliferation, differentiation,
apoptosis, and tumor progression. The study aim was to investigate the effect of sodium valproate (VPA) on thymus NKCC| RNA
expression.

Material and Methods: Wistar rats, age 4 to 5 weeks, were investigated in the control and VPA-treated male and female gonad-
intact and castrated groups. The treatment duration with VPA 300 mg/kg/d was 4 weeks. Rat thymus was weighted; its lobe was
taken for the expression of NKCCI| RNA determined by the real-time polymerase chain reaction method.

Results: The RNA expression of the Slc/ 2a2 gene was found to be significantly higher in the gonad-intact male control compared
with the gonad-intact female control (P = .04). There was a gender-related VPA treatment effect on NKCC| RNA expression in
thymus: The Sic/ 2a2 gene RNA expression level was found to be decreased in VPA-treated gonad-intact males (P = .015), and no
significant VPA effects were found in the castrated males and in the gonad-intact and castrated females compared with the
respective controls (P > .05).

Conclusions: The study showed a gender-related difference in the NKCC| RNA expression in rat thymus. The VPA decreases
the NKCCI expression in the thymus only in gonad-intact male rats. The NKCC| RNA expression downregulation by VPA could
be important for further VPA pharmacological studies in oncology.

Keywords
valproic acid, thymus, NKCCI, gender, rat

Introduction

The valproic acid (VPA) is a histone deacetylase inhibitor."
The VPA alters the expression of genes, suppresses cell pro-
liferation, inhibits cell growth through cell-cycle arrest, and
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increases apoptosis?"' It belongs to a class of potent epigenetic
modulators, acts as an immunomodulator, and is a potential
investigational product for cancer treatment: The nonclinical
data suggest that the VPA could be used in combination with
several hormonal, cytotoxic and immunotherapeutic agents,
and radiation therapy as an adjunctive product and with the
existing therapies to increase the treatment effectiveness,
disease-free survival, and to decrease resistance emergence in
the cancer therapy.”® The VPA was approved by the Compe-
tent Authorities as an investigational medicinal product for 84
clinical trials treating different cancers.’
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The valproic acid suppresses proliferation in vitro of T
cells,' reduces lymphoproliferation,'" and activates the lym-
phocyte apoptosis.'? The VPA treatment for 8 weeks signifi-
cantly reduces the spleen and lymph node weight and
cellularity compared to control in MRL/Ipr(—/—) mice
females."! Thymus weight reduction was induced after VPA
prenatal exposure in male but not in female newborn rats.'®
Age-related thymus involution depends on sex hormones.'*
The VPA decreases the rat thymus weight concomitantly with
increasing in thymus the number of Hassall’s corpuscles, which
is gonad hormone dependent.'® Hassall’s corpuscles represent
the terminal stage of thymic medullary epithelial cell differen-
tiation'®!” and participate in the removal of apoptotic or the
maturation of thymocytes.'®!° Thymocytes and thymic epithe-
lial cells possess functional androgen receptors.”’ Many
aspects of the VPA treatment significance in gender-related
pathophysiological processes have not been elucidated.

The experimental data indicate that VPA has aquaretic and
saluretic effects in rats: Alongside its diuretic effect, VPA
enhances Na™, C1~, and K™ excretion with 24-hour urine.?'*?
Also, VPA significantly increases the urinary excretion of mag-
nesium ions.”* The abovedescribed saluretic effects of VPA on
urinary ion excretion could be characteristic for the Na-K-2Cl
(NKCC?2) inhibition in rat kidney because NKCC2 inhibitors
increase urinary monovalent as well as divalent cation excre-
tion.”* The NKCC1 is responsible for sodium and chloride
(C17) influx into thymocytes.® The intracellular C1~ concen-
tration would be one of the critical messengers in cell prolif-
eration and differentiation processes.?®?’

The abovedescribed facts induce the aim to test the VPA
pharmacological effect on NKCC1 RNA expression in the rat
thymus. The article presents data on the pharmacological
VPA effect as the inhibition of NKCC1 RNA expression in
rat thymocytes after the repeated VPA dosage treatment that
is gender related.

Materials and Methods
Study Design

The effect of the VPA treatment on the thymus was investi-
gated in the following 8 groups of age-matched Wistar rats of
both genders: gonad-intact and castrated male and female con-
trols and in respective male and female VPA-treated groups.
The permission was obtained from the State Food and Veter-
inary Service of Lithuania to use experimental animals for
research (2015-05-18 No. G2-28). The animals were purchased
from the Animals Facility of the Veterinary Academy at the
Lithuanian University of Health Sciences (Kaunas, Lithuania).
The experiment was carried out at the Animal Research Center
at the Lithuanian University of Health Sciences (Kaunas,
Lithuania). The animals were housed in standard colony cages
with free access to food, in the conditions of constant tempera-
ture (21°C [1°C]), humidity, and the light/dark cycle (12-hour/
12-hour). A commercial pellet diet was provided ad libitum.
The experiments were performed in compliance with the

relevant laws and institutional guidelines for animal care in
order to avoid any unnecessary animal distress.

For the experiment, 4 to 5 weeks aged Wistar rats were
selected with the same animal number (n = 6) in the groups;
there was no difference in rat weight among the formed
groups. In the animal groups selected for castration, the male
orchidectomy and female ovariectomy operations were per-
formed. The castration was performed at the age of 28 (2)
days (in the peripubertal period of animals). The accommo-
dation period after the castration was 1 week. After the
accommodation period, the treatment of gonad-intact and
castrated animals was started. At the end of the experiment,
one castrated VPA-treated female was eliminated from the
study due to a fistula formed after the operation and signif-
icant weight loss.

Treatment with VPA aqueous solutions (300 mg/kg/d) in
drinking water was used. The only source of drinking was
the VPA solution for treated groups, and fresh tap water was
provided for the control groups; VPA solution and water
were offered to animals ad libitum. The treatment duration
was 4 weeks.

Thymus Preparation

Completing the experiment, the animals were killed in a 70%
CO; camera. To minimize the thymus contamination with red
blood cells, the carotid arteries and the aorta were cut, and the
animals exsanguinated. Upon killing the animals, their thymus
was harvested and the contaminating blood was removed by
rinsing with RPMI-1640 (Biological Industries, Israel). The
weight of the thymus was evaluated, and the left rat thymus
lobe samples of the study groups after thymus surrounding
connective tissue were removed and the thymus lobe was
stored in the RNA/aterRNA stabilization reagent (Qiagen, Ger-
many) at —80°C until further RNA extraction and analysis.

Extraction of RNA From the Thymus

Rat thymus samples of all study groups were stored in RNA-
laterRNA stabilization reagent (Qiagen) at —80°C until fur-
ther RNA extraction. The frozen tissue was ground in liquid
nitrogen. Total RNA was extracted using the TRIzol Plus
RNA purification kit (Life Technologies, Carlsbad, CA)
according to the manufacturer’s instruction. The integrity
of the total RNA was analyzed using the Agilent 2100 Bioa-
nalyzer system (Agilent Technologies, Santa Clara, CA) with
an Agilent RNA 6000 Nano kit (Agilent Technologies, Santa
Clara, CA). All RNA samples had the RNA integrity number
(RIN) higher than 5. The quantity and quality of RNA sam-
ples were measured with a NanoDrop2000 spectrophotometer
(Thermo Scientific, Waltham, MA). Only the RNA samples
with the 260:280 ratio between 1.9 and 2.1 and the 260:230
ratio greater than 2.0 were used for the downstream analysis.
The extracted RNA samples were stored at —80°C until
further analysis.
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Determination of the NKCCI Expression in Thymus

RNA expression assay was performed for Slci2a2
(Rn00582505_m1) and Glpdh (Rn01775763_gl) genes.
High-capacity complementary DNA (cDNA) reverse transcrip-
tion kit with RNase inhibitor (Applied Biosystems, Carlsbad,
CA) was used for reverse transcription reaction in 20 pL reac-
tion volume containing 50 ng of total RNA incubated at 25°C for
10 minutes, transcripted at 37°C for 120 minutes, and terminated
by heating at 85°C for 5 minutes using Biometra TAdvanced
thermocycler (Analytik Jena AG, Germany). The synthesized
c¢DNA was stored at 4°C until use or at —20°C for a longer time.
The real-time polymerase chain reaction (PCR) was run in tri-
plicate with 4 pL of cDNA template in a 20 pL reaction volume
(10 pL of TagMan Universal Master Mix II, no UNG (Applied
Biosystems, Carlsbad, CA), 1 pL of TagMan gene expression
assay 20x (Applied Biosystems, Carlsbad, CA), 5 uL of
nuclease-free water (Invitrogen, Carlsbad, CA) with the pro-
gram running at 95°C for 10 minutes, followed by 40 cycles
of 95°C for 15 seconds and 60°C for 1 minute. The reaction was
performed using an Applied Biosystems 7900 Fast real-time PCR
system (Applied Biosystems, Carlsbad, CA).

Statistical Analysis

The statistical analysis was performed using the Statistical
Package (IBM SPSS Statistics v22.0) for Windows. The nor-
mality assumption was verified by the Kolmogorov-Smirnov
test. The animal weight data are expressed as the mean (stan-
dard deviation) values. The thymus weight data are presented
as the median and the range (minimum and maximum values).
Differences between 2 independent groups were evaluated
using the nonparametric the Mann-Whitney U test. The le-
way analysis of variance was used to determine significance
among the groups, and post hoc tests with Fisher least signif-
icant difference were used for comparison among the individ-
ual groups. To investigate the NKCCI (Slc12a2) RNA
expression changes in the VPA-treated group, the threshold
cycle (CT) values were normalized with the control Glpdh
gene; for the gene expression study, the delta delta threshold
cycle 2724y method was used to calculate the expression
ratio between the VPA-treated (test) and control conditions of
the target gene compared with the reference gene. Spearman
rank correlation coefficient () was used to assess the relation-
ship between thymus weight and ACT value. Differences at the
value of P <.05 were considered significant.

Results

VPA Impact on Rat Thymus Weight

No statistically significant difference was found in thymus
weight between the male and female control groups and the
castrated male and female rat controls (P > .05). Comparing
gonad-intact and castrated rats, the thymus weight in castrated
rats of both genders was found increased: The gonad-intact and
the castrated controls of both gender groups indicated a

Table I. Rat Thymus Weight Data in Male and Female Study Groups.

Thymus Weight (g), Median (Min-Max)

Study Group Males Females

Gonad-intact rats

Control 0.639 (0.483-0.823) 0.496 (0.495-0.508)

VPA treated 0.596 (0.551-0.624) 0.447 (0.3760.468)
Castrated rats

Control 0.793 (0.682-0.982)*  0.808 (0.625-1.172)°

VPA treated 0.775 (0.669-0.887) 0.857 (0.364-1.185)

Abbreviation: VPA, valproic acid.
P — significant compared with the gonad-intact male control.
5P — significant compared with the gonad-intact female control.

significant thymus weight increase in castrated males (P =
.02) and females (P = .001). The thymus weight of gonad-
intact control male and female rat groups was higher than in
respective male and female rats treated for 4 weeks with 300
mg/kg VPA, although the difference was not significant (P >
.05); a comparison of the thymus weight of castrated rats and
castrated VPA-treated rats of both genders showed a thymus
weight loss after VPA treatment, although no statistically sig-
nificant difference was found (P > .05; Table 1).

The VPA Impact on the NKCC| RNA Expression
in the Rat Thymus

The expression difference in the Slc/2a2 and Glpdh genes
comparing the VPA-treated and the control groups as well as
the data of male and female controls is considered as the ACT
value. The Slc/2a2 RNA expression in the thymus after nor-
malization with the Glpdh gene in analyzed rats groups is
shown in Figure 1.

The significant difference was found between the ACT val-
ues of the gonad-intact male control and gonad-intact female
control groups (P = .04). In the gonad-intact male group,
the Slc12a2 gene expression after normalization with Glpdh
gene was found a significant difference between the VPA-
treated and the control groups (P = .015). The difference
between the ACT of a target and reference genes as expressed
by the AACT is shown in Table 2. The RNA expression level
(2722CT) in the gonad-intact VPA-treated males was 0.116-
fold lower compared with the control. This means the 88%
downregulation of expression as the expression level is
decreased by 88% to the level of 12% under control condi-
tions. The significant difference between the ACT values of
gonad-intact VPA-treated female and male groups was found
(P = .032). Also, there was a nonsignificant Slc/2a2 gene
expression change in the castrated male VPA-treated group
compared with its control: Its expression level was found to be
decreased by 70% in VPA-treated animals (P = .471). There
was no statistical significance in the RNA expression analysis
when comparing the control and the VPA-treated groups in
both gonad-intact and castrated female rats (P > .05; Table 2
and Figure 1).

185



Dose-Response: An International Journal

4
2= 003
159 p= hOLE
104
=
=
E]
Z
=
3 '
a b
i T
L T T T T
Gonad-intact Castrated
[ Female control B Male control
O Female VP A-treated Bl Male VPA-treated

Figure 1. Slc/2a2 RNA levels in the rats after normalization with
Glpdh gene. Delta threshold cycle (ACT) method was used for this
analysis (the horizontal bars represent the mean, the minimal and
maximal values are shown with short horizontal lines).

Table 2. RNA Expression of NKCCI1 in Thymus of the Study Groups.

CT Mean
Study Group Glpdh Slci2a2  ACT  AACT 2724¢T
Gonad-intact female
Control 23.530 31.130 7.600 —1.256 2.389
VPA treated 23.083 29.427 6.344°
Gonad-intact male
Control 22905 29.134 6229° 3.103 0.116
VPA treated 22982 32314 9.332°
Castrated female
Control 22,675 30.115 7440 —1.340 2531
VPA treated 24831 30931 6.100
Castrated male
Control 24712 30.305 5.593 1.734 0301
VPA treated 22319 29.646 7.327

Abbreviations: CT, threshold cycle; VPA, valproic acid.

?P — significant compared with the gonad-intact VPA-treated male.
°P — significant compared with the gonad-intact female control.

P — significant compared with the gonad-intact male control.

No significant correlations between thymus weight and
ACT values were found in the study groups (data are not
shown).

Discussion

Three decades ago, researchers suggested that the anticonvul-
sant medicine VPA induces anticancer effect, inhibiting pro-
liferation, inducing the differentiation, and immunogenicity
of glioblastoma cells in vitro.?® In 2001, VPA was reported to
be the histone deacetylase (HDAC) inhibitor, and by this
mechanism, it induces cancer cell proliferation, inhibition,
and differentiation®”; cell-cycle arrest; and apoptosis.® The

VPA is a selective inhibitor of class I and Ila HDAC isoforms,
with the highest selectivity for HDAC2.3%3! The VPA
increases the turnover of §-aminobutyric acid (GABA) in
neurons.’? The GABA A receptor subunits form a functional
chloride channel,** which is expressed in rat kidney and other
tissue cells.**3¢

The new VPA effect was observed: The VPA diuretic effect
and its relation to Na*, K*, C1~ and Mg>" 24-hour urinary
excretion; the total 24-hour diuresis and the 24-hour diuresis
per 100 g of body weight were found to be significantly higher
in VPA-treated rats of both genders than in the control groups
with gender-related differences.?!** These data support the
possible NKCC2 inhibition by VPA, as the increased diuresis
and increased saluretic effect accompanied by an increase in
divalent ions in the urine is characteristic of the NKCC2 inhi-
bition in kidneys.?**” A gender difference in the NKCC2 in rat
kidneys is known: The lower abundance of NKCC2 was
observed in females compared with males.*® It was supposed
that the gender-related diuretic effect of medicines in rats could
be due to males’ larger body water content than in females.*’

NKCC belongs to the C1~ cotransporter family; there are 2
NKCC isoforms: NKCCI and NKCC2. NKCCl is distributed
in various tissue types, and NKCC2 is expressed in the kid-
ney.*’ The NKCC activity is controlled by phosphorylation; the
phosphoacceptor sites are highly preserved in both NKCC1 and
NKCC2, and these isoforms are activated in a similar phos-
phorylation manner of the N-terminus.***! NKCCI is
expressed in most tissues, it transports 1 Na*, 1 K™ and 2 CI~
ions into a cell and plays a major role in CI~ accumulation.**?
By accumulating C1~, migrating cancer cells can utilize the
electrochemical driving force for Cl™ efflux to osmotically
release cytoplasmic water, thus modulating the cellular volume
and cell migration: Pharmacological inhibition of NKCC1 with
bumetanide reduces glioma cell migration and invasion.*?

The NKCC1 activity in rat thymocytes was found to be
related with the Cl™ influx, which is sensitive to the NKCC
inhibitor furosemide.”>** NKCC1 is an important biomarker of
the cell ion homeostasis regulation; it participates in the cell
regulatory volume increase and can be activated in chloride
depleted cells.*> NKCC1 stimulation in the G, phase is essen-
tial for the proliferation of certain cell types via cell-cycle
progression by modulating cell volume.*’

The thymus is a valuable model in experimental research for
evaluating the impact of medicinal products on thymocyte pro-
liferation. The study results show that the NKCC1 RNR expres-
sion in the gonad-intact rat thymocytes is gender dependent: It
was significantly more expressed in male rats compared with
females. We did not find respective data concerning thymo-
cytes in the literature, but there are data about gender-related
differences in the NKCC function activity or its protein expres-
sion. On the day of birth, the NKCC1 messenger RNA (mRNA)
level was higher in male than in female rat hypothalamus, and
the total NKCC1 protein level was higher in the male than in
female hypothalamus of rat fetuses.*® The mean value of the
Na'/K"/2Cl~ cotransport protein in red blood cells was by
26% to 46% higher in men than that in women.*’*8 The
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NKCCI cotransport activity was found to be lower in women
erythrocytes during the follicular phase*’: The lowest in ovu-
latory women and the highest in men.>® Other authors have
shown that NKCC1 activity is unchanged during the menstrual
cycle in female erythrocytes.’ There is a difference in the
activity of NKCC1 comparing human and rat cells: In human
neurons, the rate of the C1™ transport via NKCC1 was smaller
than that in rat neurons by 61.7%.%

The study results show a gender-related repeated-dosage
VPA treatment effect on the expression of NKCCI in the rat
thymus. The VPA was found as a significantly downregulated
NKCCI1 RNA expression in gonad-intact male thymocytes
(expression level is decreased by 88% to the level of 12%),
and nonsignificantly (decreased by 70% to the level of 30%) in
the castrated VPA-treated male rats was observed. The ten-
dency for VPA effect is clear and the lack of confidence pos-
sibly is related only with a small sample size. No significant
VPA effect on the NKCC1 RNA expression in thymocytes was
found in the gonad-intact and castrated female rats.

The study limitation is that the mRNA expression of
NKCCI is necessary to complete represents the transporter
per se. Thus, further investigation of VPA effect on the trans-
porter activity in relationship with gender and gonad hormone
impact on the transporter protein level and NKCC1 function is
necessary.

The NKCC activity in different cell types is regulated by
oxidation and nitration; the oxidative/nitrosative stress effects
on the NKCC activity may depend on the levels of free radicals
or nitric oxide donors. Free radicals and protein tyrosine nitra-
tion can affect the NKCC structure and result in changes in its
function.’*>* The NKCCI activity inhibition was found in
endothelial cells exposed to the oxidant tertbutylhydroperox-
ide.>* Oxidative stress parameters were elevated in VPA-
treated patients with epilepsy as compared with the nontreated
control.>® The reactive oxygen species (ROS) production can
cause direct damage to cellular DNA, protein, lipids, and can
alter normal cell signaling pathways.”® The VPA has been
shown to increase ROS production and induce apoptosis in
several cancer cell lines.”” There are data on gender-related
difference in ROS production. Female mice have a lower oxi-
dative stress activity compared with males, so females may be
better protected against the ROS damage. Ovariectomy
enhanced the ROS production parameters, whereas an orchi-
dectomy did not modify the oxidative stress in mice.”® The
male rats showed higher production of hydrogen peroxide in
cardiac mitochondria compared to females.>® The rat thymo-
cytes proliferation was inhibited by the increased formation of
ROS production.®

The study results show that castration significantly
increased the thymus weight of both genders, and this was
accompanied by the tendency to increase NKCC1 RNA. Cas-
tration induces an increased rat thymocyte proliferation with
thymus hyperplasia.'* The VPA treatment effect of decreased
NKCC1 RNA expression in the castrated male rats was lower
compared with the gonad-intact males, indicating a possible
synergistic VPA effect with testosterone. Thymus cells have

functional androgen receptors>’; androgens induce a decline of
thymus weight in NZB mice®'; the surgical and chemical
castration of male rats caused regeneration of thymus,** and
castration of Sprague-Dawley rat enhanced thymic weight
while gender hormones reduced the castration-induced thy-
mus hypertrophy.63 The study results show that the testoster-
one level declined after castration is related to vanishing the
NKCC1 RNA expression gender difference noted among
gonad-intact rats of both genders.

The study presents the gender-related VPA effect on the
NKCC1 RNA expression in rat thymocytes. This imposes the
necessity to evaluate the gender differences of VPA pharma-
cological efficacy in preclinical studies. The regulatory guide-
line for the study and evaluation of gender differences in the
research of pharmaceuticals stresses the growing concerns that
the investigational medicinal product development should pro-
vide adequate information about the effects of medicinal prod-
ucts in both genders.64

The researchers reviewed the importance of Na* and C1~
ions in a tumor microenvironment as they are involved in can-
cer progression mechanisms.®> NKCC regulating the urine
excretion of Na' and Cl™, as well as their intracellular and
extracellular levels, increases its importance in cancerogenesis.
NKCCI plays an important role in cancer cell proliferation,
apoptosis, and tumor progression,*>2® especially in cancer cells
with a high NKCC1 expression.®®®” The tumors’ intracellular
CI™ concentration could be one of the keys for anticancer ther-
apy targets, and the regulation of the intracellular C1™ concen-
tration by NKCC1 activity would enhance the antitumor effect
of anticancer medicines.**®®

Conclusions

The study showed a gender-related difference in the NKCC1
RNA expression in rat thymus, which is gonad hormone depen-
dent. The VPA decreases the NKCC1 expression in the thymus
of gonad-intact males, but it has no significant effect in gonad-
intact female rats. The NKCC1 RNA expression downregula-
tion by VPA as the antitumor effect could be one of the keys for
anticancer therapy targets, especially in the personalized treat-
ment of cancer with NKCC1 overexpression in cells.
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