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KOMBIHOBAHWW BNJIUB CNEPMIHY
TA CUNIBIHIHY HA KJTITUHU

PAKY NEPEOAMIXYPOBOI 3AJ1I03U
3A YMOBU NPEBEHTUBHOIO
NMPUrHIYEHHSA KATABOJ1I3MY
CMNEPMIHY

Jlana poboma 3aeepuiye cepirto 00caiodicerb, NPUCGAHEHUX NOULYKY CHOAYK | Memo-
Ouunux nioxodie, wio CRPULIOMs peanrizauii UUMomoKCcU4HoOI ma nPpoanonmo-
muunoi 0ii cnepminy (Spn) na kaimunu paky nepedmixypogoi sarosu (PII3) in
vitro. Mema: po3pobka memody niocunenHs yumomokCcu4Hoi i npoanonmomut-
Hoi 0ii Spn, ineibimopa anvdezciodeziopocenasu (ALDH) cunibininy (Sil) ma ix
Kombinayii Ha kaimunu PII3 in vitro 3a paxynok npegeHmueHo20 npueHiueH-
Ha akmuenocmi cnepminokcudasu (SMOX) xaopeexcudunom (Clh). O6’°exkm
i memoodu: 06’ckm docnioncens — anopoeenuymausi kaimunu PI13 at00unu ainii
LNCaP ma anodpoeenpezucmenmui kaimunu ainii DU-145. Jlas npesenmue-
HO20 npueHiveHHs Kkamaboaizmy Spn suxopucmogysanu ineioimop SMOX xaop-
eexcudur. Tlooanrvwe Kyromugysanus kaimun idbyeanocs 3 Spn ma inei6imo-
pom ALDH cunibininom (Sil), 3 koxcrHum okpemo abo 3 ix komobinauicro. Konyenm-
pauii Sil i Spn dopisntosanu ionogionum 3nauennsm 1Csy, euznavenum npu 3a-
CMOCYBaHHI iX y MOHOpexcumi ma npu Komoinosaniii 0ii. Epexm enausy cnoayx
mecmyeanu 3a 3MIHAMU UICUBAHOCNI KAIMUH, IX YUMOMOPHOA0IMHUX 03HAK,
sminamu npointo ocnosuux noaiaminie (IIA) ma ix auemunrvosanux gopm
(N1-AcllA), gircysanu 3minu moasapHoeo cniesionoutenns cnepmioun/cnepmin
(Spd/Spn). Pezyavmamu: 015 Kaimun 000X AiHill 8U3HaAYeHI iHeiOYIOUl KOHYeHM -
pauii (1Csp): 0aa Clh y monopexcumi; nicas npesenmuegroeo npuenivents SMOX
onsa Sil i Spn sk okpemo, mak i 6 kombinauii. Ha mai npeseHmugHo2o npueHi-
yenns SMOX kaimunu LNCaP ne 3minroganu wymausocmi do Sil ma Spn npu
ix kKombiHOBAHOMY 8NAUBI Y NOPIGHAHHI 3 OIEH) KONCHOI 3 UX CNOAVK OKPeMO.
Knimunu DU-145 3nauno cunvhiuwe peaeysaau Ha Sil 6 npucymuocmi Spn,
Xoua demoHcmpysaniu cymmeeo suuiy cmiiikicmo Hine LNCaP 3a cmabinvhol
yymaugocmi 0o Spn. 3a ymosu npegenmueHo20 npueHiveHHs Kkamaooaizmy Spn
suxcusaricmo Kaimun ainitt LNCaP ma DU- 145 npu kombinosarnomy enausi Sil
i Spn smenwunacs (na 20,6 i na 57,5% 6i0nogiono), y nopieHsaHHi 3 ix 3acmo-
cyseanusm oe3 Clh. Ilpoghine 1A 6 kaimunax LNCaP ceiouue npo akmueauiio
cunmesy i cmumyaauiro npoyecie inmepkonaepcii npu 0ii komoinayii Sil ma Spn
Ha mai npesenmueHoeo npuetiverts akmuernocmi SMOX, wo niomeepoicysanocs
BHAYHUM 3DOCMAHHAM éMicmy auemuaboeanoi gopmu Spn. B kaimunax DU- 145
6 MuXx Jice ymogax 6iddyeanocst 00HouacHe NIOCUNEHHS NPAMO20 CUHmMe3Y | npu-
eHivenHs inmepkoneepcii I1A. Bucnosku: 3a ymosu npeseHmugHo20 npuHiveHHs
Kamabonizmy Spn iioeo kombinauis 3 Sil euxkaukana y kaimun LNCaP 6invu 6u-
paicenutl yumomokcuunuii, a y kaimun DU-145 — npoanonmomuunuil epexmu.
11i0 énausom Sil ma Spn y kaimunax LNCaP akmuegysanucs cunmes ma inmep-
xoHeepcis [1A, modi sk y kaimunax DU- 145 akmueauis cunme3y I1A cynposo-
oxcysanacs npueHineHHaM ix inmepkouneepcii. Pozbanrancysanns Kinyesoi ranku
0oMminy I1A 00600un0 echekmuericmov npeseHMUBHO20 NPUCHIUeHHS KamMaboaizmy
Spn neped nodanrvuum 11020 KoMOIHOBAHUM 3aCMOCY8AHHAM 3 Sil.

Kmouosi cioBa: pax npocmamu, ainii knimun LNCaP ma DU- 145, xaopeek-
CUOUH, CNepMIH, CUNIOIHIH, YUMOMOPEOA02Is, NONIAMIHU.
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0.0. KneHos, 1.0. CymHikoBa, H.I. lOpyeHko, tO.B. SAHiw

PaK nepeaMixyposoi 3ano3u (PI13) € Haitmommupe-
HIillIMM 37105IKiCHUM HOBOYTBOPEHHSIM Y YOJIOBiKiB.
B YkpaiHi BiH ctaHoBUTb 14,5% Bin ycix BUIankiB
Takux 3axBopitoBaHb. CtaHoM Ha 2025 p. 3apeecTpo-
BaHi 61873 xBopux Ha PI13, 3 Hux Boepiie — 8390,
cMepTHicTh caruyiaa 2604 oci6 [1]. He3Baxatoun Ha
IHTEHCHUBHI JOCTiAXEHHS Ta BiiNpalloBaHHS METO-
MUK MiaTHOCTUKM i Teparllii, e(heKTUBHICTh JiKyBaH-
HSI TaKUX XBOPUX MOTPeOyeE MOMabIIOl ONTUMi3allii.
Bwmict moniaminis (ITA) B kimitnHax PI13, gk i B iHIIMX
MyXJIUHHUX KJiTUHAX, migBuiyeTbesa. [Ipore y psai
IOCIiIXXEeHb MOKa3aHo, 110 B KJIITHUHAX 3JI0SIKiCHUX
HOBOYTBOpPEHb nepeamixyponoi 3ano3u (I13) piBeHb
criepMiHy (Spn) cyTTEBO HUXYUI, HiXX B KJIIITUHAX
MPUJIETNIOT HOPpMabHOI TKAHUHU a00 J0OPOSIKiCHOIL
rinepmazii 13 [2, 3]. Lle sBulile cTtaso miarpyHTsIM
JUJTSL TOIIYKY LIIJISIXiB HOpMasizaiii BMicTy Spn y mmyx-
JIMHHUX KJIITUHAX i MOJaJbIIIOr0 BUBYECHHS BILUIUBY
Spn Ha ix picT. B ekcriepyMeHTax 3 aHAPOTeHYYTIMBU -
MM Ta aHAPOTeHPE3MCTEHTHUMHU KJIITUHAMU KYJIBTUBO-
BaHuXx JiHii PI13, axi moxoaaTe BiJ MyXJIMH 3 Pi3HOIO
arpecUBHICTIO POCTY, OYJI0 BCTAHOBJIEHO, 1110 3aCTOCO-
BaHUI1 y MOHOPEXUMi €eK30TeHHUI Spn JEeMOHCTPYBaB
He TiIbKU LIUTOTOKCUYHI BJIACTUBOCTI, ajie il CIIpUsB
anonTOTUYHIl 3arndeni kiituH [4]. KombiHoBaHa mist
Spn 3 iHridiTOpaMM aKTUBHOCTI aJIbAETiAIeTiApOrHa3u
(ALDH) npusBoauiaa 10 NOCUIECHHS LIUX €(EKTiB,
BOYEBU/Ib, 32 PAXyHOK MPUTHIYEHHS HUISIXiB 1€TOKCH -
Kallil aJIbIeTiiB, sIKi YTBOPIOBAJUCS MPU OKMCHEHHI
Spn i camoi ALDH, 110 otpuMano Ha3By mandemHo2o
anvoezionoeo woky [5]. JlocaimkeHHs BKa3aHUX SIBUIIL
OyJ10 TIPOJOBXKEHO 32 YMOBU MTPEBEHTUBHOTO TPUTHi-
YeHHsI KaTtaboJi3My Spn iHTiGITOPOM aKTUBHOCTI CIiep-
minokcupasu (SMOX) xnoprekcuanaom (Clh).

Clh sBasie 00010 aHTUCENTUYHUI OiaMia, IKUM
3a3BUYail BUKOPUCTOBYIOTh SIK OaKTEpULIMAHUI Ta
baktepiocratuuHuii 3aci6. INokaszano, mo Clh nie
K CUJIbHUI KOHKYPEHTHUH iHTiOiTOp (DepMeHTiB
Nl-anerminoniaminokcunasu (PAOX) i SMOX, sxi
O6epyTh yuacTh y Karabouizmi ITA [6]. Takox mpo-
JNIEMOHCTPOBAHUM TPSIMUNA TIPOTUNYXJIMHHUNA BILUIUB
Clh [7]. Ans psapy 3/10SIKiCHUX HOBOYTBOPEHb BUSIB-
JIeHa KOpeJsiiis MixXK XpOHIYHUM 3araJieHHSIM, BU-
HUKHEHHSIM Ta POCTOM TYyXJIMH i MiABUILIEHUM piB-
Hem SMOX [7]. 3B’s130K Mix ekcrpeciero SMOX Ta
nepebdiroM OHKOJOTiYHOTO 3aXBOPIOBAHHS 3yMOBUB
cnpoOu BIJIMBY Ha Lieil (pepMeHT 3 METOI MPUTHi-
YeHHS MyXJIMHHOTO POCTY.

CnoayKyu pOCAMHHOIO MOXOIXKEHHS MpUBepTa-
I0Th yBary CBO€I0 3aTHICTIO BIUIMBATU Ha TOB’A3aHi
3 PO3BUTKOM paKy CUTHaIbHI IUISIXU Ta IIUPOKUM
CTIIEKTPOM 0i0JIOTIYHOI i, IKWI BKJIIOUa€ aHTUOKCH -
JNIAHTHY i TpOTU3amnaibHy aKTUBHICTh, BIJIUB Ha PiCT,
iHBa3MBHICTh Ta amoITO3 MyXJIMHHUX KJIiTUH [8, 9].
Cepen TakKMX CIOJIYK BaXKJIMBE Miclie IOCialoTh (hJia-
BOHOIIM, Kjac MoJlihe HOJbHUX PEYOBUH, SIKi ITUPOKO
3yCTpivaloThes y pyKTax, OBoUax Ta JiKapChKUX pOC-
JIMHAX i MPaKTUYHO HETOKCUYHI.

Cunibinin (Sil) — npuponHuit (p1aBOHOMITHAH,
BUIICHUH 3 po3TOpomnili miasmMucToi (Silybum maria-
num L.). BiH Mae remaTtonpoTeKTOpHi, HeHpomnpo-
TEKTOPHi, TPOTUPAKOBI Ta iMyHOMOIY/IIOIOUi Bllac-
tuBocTi [10]. 3aBOsiIKM cBOIM MpoTHU3amaJibHUM,
AHTUOKCUIAHTHUM Ta aHTU(HIOPO3HUM BJIaCTUBOC-
TsiM Sil 3acTOCOBYETHCS 151 JTiIKYBaHHSI LIMPOKOTO
CMEKTpPY MATOJOTiil TTIeUiHKU, BKJIIIOYHO 3 XPOHIYHUMU
3aXBOPIOBAHHSMU, LIMPO30M Ta TeaTOLCIIOISIPHOIO
kapuuHoMolo [11]. Bin nmpogeMoHcTpyBaB iHTiOy-
I0Unil eeKT 1MOoM0 Pi3HUX MYyXJIMH, TAKUX SIK pakK
MOJIOUHOI 3aJI031, HUPOK, CEYOBOTO MiXypa, JIereHi,
TOBCTOI KMIIKM Ta MEYiHKU Y TOCHIIKEHHSX in Vitro
Ta in vivo [12].

Sil gie nuIsIXoM MPUTHIYEHHS TipoJiidpepaliii myx-
JIMHHUX KJIITMH, TaJlbMyBaHHS MeTacTa3yBaHHS Ta
iHmyK1ii anmomnTo3y. BiH TakoxX crpusie MiaBUILEHHIO
YYTIMBOCTI 3JI0IKiCHUX KJITUH J0 LIUTOTOKCUYHUX
XiMioTeparneBTUYHUX MpernapariB, 110 € OAHUM 3 TTif-
XOJIiB 10 MOM0JIaHHS JiKapChKOi pe3MCTEHTHOCTI, IKa
CTAaHOBUTB CEPiIIO3HY TepaneBTUUYHY Tpobaemy [13].
TakuM YMHOM, aHTUOKCUJAHTHI Ta MpOTU3analibHi
BJIACTUBOCTI Sil MOXYTb NMPOTUAISITU TTOOIUHUM e(PeK-
TaM XiMmioTeparii Ta MoKpalllyBaTy peakilito MmaiieH-
TiB Ha mikyBaHHs. Y Bunaaky PII3 Sil npurniuye
iHTErPUHHUI CUTHAJIILHUI LIJIAX, TUM CAMUM 3HHU-
KYIOUU iHIYKOBaHY (piOPOHEKTUHOM PYXJIMBICTh Ta
iHBa3uBHICTb KJIiTUH [14]. Bin cnpusie nerpagauii
AHIPOTEHHUX PELENTOPiB Yepe3 CUTHAIbHUMN IUISX
PI3K-Akt-Mdm?2, npuUrHidyo4uu picT MyXJaIMHHUX KJTi-
TUH Ta MiIBUILIYIOYM iMOBIipHICTh iX amonTo3y [15].
KniniyHi BUnmpoOyBaHHS 3 BUKOPUCTAHHSIM BHUCO-
kux 103 Sil mepen MpocTaTeKTOMi€0 IeMOHCTPYBaIU
3HUXKEHHS PiBHIB IMpOCTaTOCTIe U (PiYHOTO AaHTUTEHY
(PSA) Ta mokpaliieHHs TepaleBTUUHUX Pe3yIbTaTiB.
IToxazana pousb Sil B mMpUTHiIY€HHI OKMCHOTO CTpecy.
Moro 3axucHi BAaCTMBOCTI MOB’SI3YIOTh 3 AaHTHOKCH-
MaHTHOIO aKTHUBHICTIO Ta 3MaTHICTIO M0 iHAKTHBAlILii
BibHUX pagukaitis [16]. Takox Bimomo, 1o Sil Mmoxe
3HUXKYBaTH TpoJidepallito KIITUH IIISIXOM BHYTPIlII-
HBOKJIITHHHOTO HakonuuyeHHd ionis Ca2* [17].

ITA BusiBIEHO B KJIiTUHAX MPAKTUYHO BCiX OpraHi3-
MiB. [To3UTUBHI 3apsiau JO3BOJISIIOTH iM 3B’SI3yBaTUCS
3 JIHK, PHK, 6inkamu ta kucaumu docdoinigamu.
3aBasku UM B3aeMomdisaM [TA Moaya010Th YMCIIeHHI
KJIITMHHI QYHKLIT: picT, nmpomidepaniro, nudepeH-
lialiiro, Mirpaltito KJIiTHH, peryJsililo TeHiB, CUHTE3
OiJIKiB Ta HYKJIETHOBUX KMCJIOT, a TAKOX MiATPUMYIOTh
3arajibHUI OKUCHIOBAJIbHUIA TOMeOocTa3 KIiTuH [18].
ITpu xaTabonizmi ITA poayKyOThCS TOKCUYHI allb-
Jerinu, 30KpeMa 3-aMiHOIpoIiaHalb i HEeHaCUYeHU M
anpaerin akpoisein. [3opopmu ALDH kartanisyioTb
OKMCHEHHS albIeTidiB 10 MEHII TOKCUYHUX Kap-
06oHOBUX KucaoT [19]. ¥V Bumagkax paky 3 HU3bKOIO
excripeciero ALDH edexTuBHUMU € TpaauLiiiHi Xi-
Mio- Ta mpoMeHeBa Teparis. OmHaK BUCOKA eKCIIpecist
ALDH 3ymoBi10o€ pe3aucTEHTHICTb A0 TaKMX METO/IB
JiKyBaHHS, ToMy iHrioyBanHs ALDH y moenHaHHi 3
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TpaguLiiHUMU TeparieBTUMHUMHI 3aCO00aMU O4iKyBa-
HO BUJAETHCS nepcreKTuBHUM [20].

MerTor0 gocaiaKeHHs Oyjia po3poOKa METOLY ITii-
CUJICHHST IMTOTOKCUYHOI i MPOANONTOTUYHOI [ii criep-
MiHy, iHTi6iTopa ALDH cuni6ininy ta ix koM06iHaLii
Ha kyituHu PI13 in vitro 3a paxyHOK MPEeBEHTUBHOTO
MPUTHIYEHHSI aKTUBHOCTI CIIEpMiHOKCUIA3U XJIOP-
TeKCUINHOM.

OB’EKT TA METOAU AOCIOXEHHSA

B sixocTi TecT-00’€KTIiB BUKOPHUCTOBYBAIU KYJBTYPHU
xiitnH PI13 noguHu — aHApOTeHUYYTIMBI KIIITUHU
niHii LNCaP Ta anaporeHpe3ucTeHTHI KJIITUHU JIiHii
DU-145, orpumaHni 3 baHKy KIIITUHHUX JiHii 3 TKAHUH
monuuu ta TBapuH [ETTOP im. P.€. KaBeubkoro HAH
VYkpainu. YMoBU KyJbTUBYBaHHS KJIITUH, METOIU OLIiH-
KM TTOKA3HMKIB iX BUDKMBAHOCTI Ta OOYMCIEHHS iHAEKCY
nuroTokcuyHocTi I1Csy moknamgHo onucadi B [5]. I1pu
MPOBENEeHHI TOCTiIKEeHHS KIITUHU MPOTATOM MepIIoi
00U KyJBTUBYBAJIM B IpUcyTHOCTI % ICs, iHTiOiTOpa
SMOX Clh, micjist 4oro XXUBUIIbHE CEPEIOBUIIE 3aMi-
HIOBaJIY i TToIabIlle KyJbTUBYBaHHS BimOyBagocs 3 Spn
Ta iHrioitopom ALDH pocnuaHoro noxomkeHHs Sil,
3 KOXKHUM OKpeMo abo 3 iXx KomOiHauien. KoHieHT-
pariii Sil i Spn mopiBHIOBaIM BiANOBITHUM 3HAYCHHSIM
ICsp, BU3HaUEHUM SIK AJIS1 BUTIA/KiB 3aCTOCYBAHHSI 1X
Y MOHOPEXUMi, TakK i Ip¥ KOMOIHOBAaHOMY BILJIMBI.
Bumipu mpoBoauian y 4oTHphoX MoBTOpax. BB mito-
YUX CMOJIYK TECTYBaIU 32 MOP(POIOTIUHUMU 3MiHAMU
(3abapBieHHs (hiKCOBaHUMX MpernapaTiB TeMaTOKCUITi-
HOM i €03MHOM); 3a 3MiHaMu Mpo@iao ocHoBHUX [TA
Ta ix anetunboBaHux ¢popm (NI1-AclTA). IIpodins
ocHoBHuUX 1A Ta ix aueTunboBaHuX (GopM BU3HAYAIU
METOAOM BUCOKOE(hEKTUBHOI PiAMHHOI XpomaTorpa-
¢ii (BEPX) [21]. Takox ¢ikcyBanu 3MiHA MOJIIPHOTO
crniBBimHomeHHs Spd/Spn, sKe € MOKa3HUKOM PiB-
He TIpoiidepallii, OCKiJIbKM TIepIINi BigmoBigae 3a
npoJiipepaTuBHY aKTUBHICTb MyXJIMHHUX KJIITUH, a
Ipyruit — 3a ix gudepeHuiroBaHHsg. CTaTUCTUUHY 00-
POOKY OTPUMAHUX PE3YJIBTaTiB IPOBOAMUIN METOIAMU
BapialliifHOI CTaTUCTUKHU 3 BUKOPUCTAHHSM Iporpam
STATISTICA 6, Microsoft Excel. [locTroBipHUMU BBa-
Kanucs pos6ixkHocTi, 6inbii 3a 5% (p < 0,05).

PE3YJIbTATU TA IX OGFOBOPEHHS

Jnst 060X KIITUHHUX JIiHil BU3HAUYeHi iHTiOyl0-
yi koHueHTtpatii (1Csy) mocmimKyBaHUX CITOJYK i iX
3MiHU B 3aJIEXKHOCTI Bif cCrtoco0y BUKopucTaHHs. Pe-
3yJAbTaTU HaBelneHi y maoba. 1.

TakuMm YMHOM TiATBEpAMIACS MPOJOHTOBaHAa [isl
npeBeHTUBHOro BUukopuctaHHs Clh, micas sikoro 1Cs,
i Sil, i Spn y Kom0iHalii 3MeHIIUAKUCS y 2—4 pas3u y
MOPIBHSIHHI 3 iX KOMOiHOBaHUM BILUIMBOM 0€3 Tore-
penHboro iHrioysanHs SMOX [5].

BigmMiHHOCTI MixX IBOMa KIIITUHHUMU JiHisIMU
(pi3HMMM 3a YYTJIIMBICTIO O TOPMOHIB) MOJSTAIN Yy
TOMY, 1110 Ha TJIi MPEeBEHTUBHOTO NTpUrHideHHs SMOX
3a gonomoroio Clh y konuenrpatii % [Csy (y MOHO-
pexuMi) anaporeHuyTiuBi kaituHu LNCaP He 3Mmi-
HIOBaJIM CBOIO BilIOBiAb HA KOMOiHOBaHUA BIiuB Sil
Ta Spn MOPiBHSIHHO 3 JIi€10 KOXKHOI CIIOTYKU OKPEMO.
HarowmicTtbk annporeHpesucteHTHi Kinitnau DU-145 3a
aHAJIOTIYHUX YMOB BUSIBUIMCSI 3HAYHO UYTIUBIILIUMU
no Sil B mpucytHocTi Spn. BogHouac ix 4yTauBicThb
JIO BIacHe Spn 3a/uianacs Takolo X CTabiJbHOIO, SIK
iy kniTun LNCaP. IIpore cTiiikicTh 10 Spn KIiTUH
DU-145 6yna cyrTeBo Buiolo. BigomMo, 1110 BHyTpilI-
HBOKJIITMHHI aHaporeHHi peuentopu (AR; NR3C4)
PETYII0I0Th eKCIPECilo TeHIB IIJISIXOM B3aeEMOIii 3
JAHK, ax ¢akropu Tpanckpunuii [22]. ImoBipHO, y
HallloMy BUIMAaAKy BOHM 3axuinanau kiituau LNCaP
BiJ HeraTMBHOTO BILUIMBY Sil, meBHa yacTKa SIKOro BU-
Tpayayiacs Ha 3B’SI3yBaHHS 3 LIMMU PEeLIENITOPAMU.

3minu Mmopdomnorii kiaitua LNCaP i DU-145 nipo-
JNIEMOHCTPYBAJIM BiAMiHHOCTI iX peakliiii Ha KOMOiHO-
BaHy #ito Sil Ta Spn 3a yMOBU NMPEBEHTUBHOTO MPU-
THiYeHHs KaTabomizmy octaHHboro. Y kiituH LNCaP
Bim3HavaBCs OifbIl BUPAKEHUN IHIUTOTOKCUYHUN
(puc. 1, 2), ay xkaitud DU-145 — npoanonToTuyHut
(puc. 3, 4) edexTu.

Knitunum ninii LNCaP B iHTakKTHOMY KOHTpPOJTi
MaJIv TepeBaKHO TMOJiroHaabHy (OopMy 3 pO3BUHE-
HUMU TICEBAOMNOMIsIMU, BEJIUKi OKpyrIi saapa 3 1—4
SAePUSIMU, TeKOHACHCOBAHUM €yXpOMAaTHH, i y CBOIiil
OITBIIOCTI MepedyBanu B iHTepdasi, 30epiraroun BU-
COKY TPAHCKPUMLIiiHY aKTUBHICTb (IUB. puc. I).

Knitnam ninii LNCaP nipu KyabTUBYBaHHiI 32 KOM-
o6inoBaHoro BruiuBy Sil (125 MmxM) i Spn (300 MxM)
MmicJs TPEBEHTUBHOTO MPUTHIYEeHHSI aKTUBHOCTI
SMOX 3a nonomoroto Clh y xoHuenTpaiii % 1Csq
(5,0 MmxM), BTpauanu xapaktepHy ¢opmy. Crocre-
piraau BakyoJi3alilo LIUTOIMIa3MU, KapiomikKHO3,
KOHIIeHCallil0o XpOMaTUHY, X04a 3HaYyHa JacTKa siaep
e 30epirana mo 2—5 4iTKO Bi3yayli30oBaHUX SIAEPIIS.
B nanomy BuMITanKy mepeBakKHO MPOSIBISIACS LIUTO-
TOKCUYHA MIisl 3aCTOCOBAaHUX CITOJYK (IUB. puc. 2).

Knitnau DU-145 B iHTaKTHOMY KOHTPOJIi Maiu
MpUTaMaHHY 1Iiil JiHil BepeTeHOIMOMiOHY, a TaKOX

Tabnuus 1
3minu inriyroumnx konuentpauin (ICsq) Clh, Sil i Spn B 3anexXHocTi Bifi peXumy iX 3acTocyBaHHs
IC5o pocnipxyBaHux cnonyk, MM
JliHif KniTUH
Clh y moHopexumi Sil nicns gii 1/, 1C5q Clh Spn nicna Aii '/, IC5q Clh Sil + Spn nicns gii 1/, 1C5q Clh
LNCaP 10 125 300 125 (Sil) + 300 (Spn)
DU-145 15 500 500 125 (Sil) + 500 (Spn)
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Puc. 1. Mopdonorig kinitun ainii LNCaP, iHTakTHuit
KOHTpOJIb. 3a0apBiIeHHsI reMaTOKCUJIIHOM Ta €0-
3uHOM. 36. X400

noJiiroHanbHy opmy. Dinonoxnii Ta TOHKI LIMTOILIA3-
MaTUYHI BiIPOCTKY CIPUSIINA MIXKKTITHHHUM KOHTaK-
Ttam. Benuki simpa manu nmo 2—3 9iTKo BUpaKeHi siaep-
s (ouB. puc. 3).

B xmitTuHax, siki OyJM KyJIbTMBOBAaHUX 32 YMOB KOM-
6inoBaHoro BruBy Sil (125 MxM) i Spn (500 MxM)
MicJis TPEBEHTUBHOTO MPUTHIYEeHHSI aKTUBHOCTI
SMOX 3a nonomorot Clh y koHueHTpaiii % 1Cs
(7,5 mxM), BinOyBanacst KOHIEHCAIlisI XpOMaTUHY,
BOHU BTpavajau GpopMmy i pyiiHYBaJUCs, AEMOHCTPYIO-
YK XapaKTepHi 03HAKM allONTOTUYHOI 3arudesi (1uB.
puc. 4).

Puc. 3. Mopdounorist knitul ainii DU-145, iHTakTHUI
KOHTpOJIb. 3a0apBIeHHsI reMaTOKCUJIIHOM Ta €0-
3uHOM. 36. X400

Puc. 2. 3minu Mmopdosnorii kiitun ainHii LNCaP 3a kom6i-
HoBaHoro BruBy Sil (125 MkM) i Spn (300 MxM)
Micysl MPeBEeHTUBHOTO MPUTHIUEHHS KaTaboJi3zMy
Spn 3a nomomoroto Clh y koHuentparii % 1Cs,
(5,0 MxM). 3abapBiieHHST TeMATOKCUITIHOM Ta €03U-
HoM. 306. X400

I1pu Bu3HaueHHi npoginto [TA B aHaporeHYyTIN -
Bux kiitnHax JiHii LNCaP He BusiBiIeHO #1010 CyTTE-
BUX 3MiH 32 YMOB KyJbTUBYBaHHS 3 Clh B KOHIIEHT-
pauii %1Cs, (5,0 MkM). Cnioctepiranu He3HauHe (Ha
6%) nminBuILeHHS PiBHSI Spn, OYEBUIHO 3a PaXyHOK
ranbMyBaHHs akTuBHOCTI SMOX. Takox 3agikco-
BaHO HeicToTHe (Ha 9%, p > 0,05) minBuiLleHHS PiBHS
cnepMinuny (Spd). OctaHHe Moxke OyTH OOyMOBJIEHE
akTuBalie crnepminuacunTtasu (SPDSY), ska 3a-
oesreuye yrBopeHHs Spd 3 myTtpecuuny (Put), BMicT
SIKOTO TakKoxX 30inbinyBaBcs (Ha 8,3%, p > 0,05) nig
prumuBoM Clh. Pisenb N!-AcSpd npakrnaHo nepexpu-

Puc. 4. 3minu mopdodorii kiiTuH niHii DU-145 3a koM0i-
HoBaHoro BruBy Sil (125 MkM) i Spn (500 MxM)
MicJsl MPeBEHTUBHOTO MPUTHIUEHHS KaTaboJi3my
Spn 3a nomomoroto Clh B koHueHTtparii % [Cs,
(7,5 MxM). 3abapBreHHs TeMaTOKCUTIHOM Ta €03M-
HoM. 30. X 400
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BaBCH 3 KOHTPOJILHUMU 3HaYeHHAMU, BMicT N!-AcSpn
3poctaB Ha 41,4%, moxnuBo 4yepe3 Te, 1o Clh ctu-
MYJIIOBaB aKTUBHICTb Spd/Spn-anetunrpancdepasu
(SSAT). Monsapue cniBBigHomeHHs Spd/Spn (1o-
Ka3HUK npoJjiidepaliii) 3anuinanocs: Ha piBHI KOHTP-
OJIbHUX 3HaueHb (maba. 2). KynbTUByBaHHS KJIITUH
LNCaP 3 Sil micnst mpeBeHTUBHOTO MPUTHIYEHHS
SMOX Bukiukano 36inpienHa pisHg N'-AcSpn
OinbLI HiX B 4 pasu, a Spd — Ha 45,5%. Pisenn N!-
AcSpn 3pocTaB 0inbl cTpiMKo, HixX mig BrumuBoM Clh
y MOHOpexuMi; BogHouac BMmicT N!-AcSpd nocrosip-
HO 3HUKyBaBcs Ha 20,4% (nuB. maba. 2).

3 omrsany Ha te, mwo Clh e inribitopom Takox N!-
anetunnoniaminokcunasu (PAOX) ta yTpynHIO€E iH-
tepkoHBepcito I1A, Taki pe3yabraTy MiATBEPIAUIN
3po0JieHe BMILEC MPUITYIIEHHS PO CTUMYJISIIiIO aK-
tuBHOCTiI SSAT nin BrmmBom Clh, mpuyomy 3pocTaH-
H# KiJibKocTi cyoctpaty SSAT (Spn) 3a yMOBU ITPUTHi-
yeHHs1 SMOX 0OyJo 3aikcoBaHe Ha HETOCTOBIpHOMY
(MmeHIe 5%) piBHI came TOMY, 11O alleTUIyBaHHs Spn
B cuctemi Clh/Sil BinOyBasocst IBUAILIE HiX i BILIM-
BoM Clh, 3acTOCOBAHOTO B MOHOPEXMMi. 3pOCTaHHS
BMicTy Spd HaBOAUTH Ha AYMKY, 1110 BIUIMB iHTi0ITO-
pa ALDH (Sil) micns nmpeBeHTUBHOTO MPUTHIYEHHS
SMOX ctuMyJtoe akTUBHICTb (pepMeHTIB cuHTe3y [1A
3arajloM: y JaHOMY BUMNaAKy 301IbIUMBCS HE TUJIbKU
piBeHb Spd, aine i1 piBeHb lioro nmomnepenHuka Put (Ha
25%), 10 BKa3yBajo Ha akTuBaliio sk SPDSY, rax i
KJIIOUOBOTO (hepMeHTy cuHTe3y [TA — opHiTUHaEKap-
o6okcunazu (ODC). Brimus Sil Ha TJ1i TpeBEeHTUBHOTO
npurHidueHHss SMOX 3a nonomoroto Clh BuUK/IuKaB
3POCTaHHS MOJISIPHOTO CIiBBimHOIIeHHS Spd/Spn Ha
39%. TeopeTUYHO 1ie CBiIUMIIO PO KOMIIEHCATOPHE
MiABUILIEHHS MPOJichepaTUBHOTO MOTEHIiay KJIITUH
i y3romxyBayiocs 3i 3HAYHUM 3pOCTaHHSM Iyay Spd,
SIKUI CTIPUSIE 1X POCTY.

KynbruByBanus kinitud LNCaP 3 Spn micnsg npe-
BeHTUBHOTO npurHiueHHss SMOX 3a nonomoroio Clh
B KOoHI1IeHTpallii ¥ [Csy BUKJIMKaNO MiIBUILIEHHS PiB-
Hs1 Spn Ha 22,0%, 04eBUIHO 32 pPaXyHOK €K30I€HHOI
CIIOJIYKM Ta iHTi0yBaHHS akTUBHOCTI SMOX 11ip BIijin-
BoM Clh. PiBenb Put mepeBuiryBaB KOHTPOJIbHI 3Ha-

yeHHs Ha 26,7%, a piBeHb Spd HeCYyTTEBO 3pOCTaB
MOPiBHSAHO 3 KOHTposieM (Ha 7,7%) i MpaKTUYHO J0-
piBHIOBaB 3HaueHHSIM Tipu 3actocyBaHHi Clh okpe-
Mo. Sk Hacligok, mokasHuk Spd/Spn 3HUXyBaBCs
BiIHOCHO KOHTPOJIbHOrO 3HauyeHHs Ha 11,4% (auB.
maba. 2).

IIpu xom6iHoBaHoMy BruiuBi Sil Ta Spn Ha Ti
MPEBEHTUBHOIO MPUTHIYeHHS akKTUBHOCTI SMOX 3a
nonomoroto Clh B koHneHTpatii % 1Cs, cnocrepira-
Jlacs mojasiblla TeHACHIIisI HAaKOMUYeHHs myay Put B
krituHax LNCaP. Moro piBeHb 36inblyBaBcs Maiike
BIBiUi MOPiBHSHO 3 KOHTPOJIbHUMMU MOKA3HMUKAMU,
11O MOTJIO CBIMUMUTH IPO IMiABUIIEHHS aKTUBHOCTI
ODC came 3a paxyHoK BIuIMBY Sil BomHouac 3 iHTi0y-
BaHHsiM PAOX mig nponoHrosaHoio nieto Clh. Takox
BinMivanu 3poctaHHs piBHg N!-AcSpn: 6ibin Hix
BIBiUi MOPIBHSIHO 3 KOHTpoJieM, ajie Ha 45,9% meHiie,
Hix ripu aii Sil okpemo; piBHi Spd Ta Spn MpakTUYHO
MoBepTaINCs 10 KOHTPOJIbHUX 3HaueHb. BHacmimok
1IbOTO MOJISIpHE cIiBBigHOImEeHHS Spd/Spn Takox
MpakTUUYHO HOopMaizyBajocs (IuB. maba. 2).

Takum UyMHOM, B KJIiTUHAX aHIPOTEHYYTJIMBOI JiHil
LNCaP in vitro, nicng npeBeHTUBHOTO MPUTHIYEH-
Hs akTuBHOCTIi SMOX 3a paXyHOK MpPOJIOHTOBAHOI
nii Clh, He TiIbKM YIOBiJIbHIOBaBCS KaTabomi3M Spn
i BigOyBaJiocst 10ro HaKOIMMWYEHHs, aJie i1 MPUCKOPIO-
Bajocs alleTUIIyBaHHS HasiBHOTO Spn. [Ipore, mpurHi-
yeHHs akTuBHOCTI PAOX 3HUXXyBaj0 iHTEHCUBHICTb
MPOILIeCiB iHTEPKOHBEPCIMHOTO BiZHOBJIEHHS MYJiB
Spd ta Put. Hatomicts nig Sil, 3acTtocoBaHOro micis
nonepenHboro BruiuBy Clh, cipusiyia mpsiMOMYy CUH-
te3y ITA gk 3aBAsIKM CTUMYJIIOBAaHHIO yTBOpeHHSs Put
3 OpPHITMHY, TaK i 3a paxyHoK cuHTe3y Spd 3 Put —
3a YMOBM aKTuBalii BignosigHux ¢pepmentis, ODC
ta SPDSY. IIpu kom6iHoBaHoMy BruBi Sil i Spn
HopMaJi3ailis piBHS Spn, SKUii CTAaHOBUTH TOJIOBHUIA
iHTepec MaHOTO MOCHiAXeHHs, BimOyBasacs 3aBas-
KM Mepexoay MeBHOI MOro 4acTKM B alleTUJIbOBaHY
¢dopMy, 3pocTaHHS BMICTY SIKOi i1 Oyno 3adikcoBaHe.
Ile cBimuuao Mpo aKTUBAILlilO0 iIHTEPKOHBEPCIHHOTO
BinHoBIeHHs 11yay ITA, 3okpema Spn. 3a 3miHaMu
MOJISIDHOTO cHiBBimHOIIEeHHsT Spd/Spn MoXHa Tpu-

Tabnuus 2

Bnnus Clh B KoHLeHTpauii '/, IC5q (B MoHopexumi), Sil, Spn Ta ix kom6iHauii
nicns npeBeHTUBHOro NpurHivyeHHs aktusHocTi SMOX Ha npocpinb MA B anaporenyytnuBux knituiax LNCaP (nM/wmr 6inka)

" Compons | oo | CEOML | Chisu. | ch (0 o125 o)
Put 240+25 26,0 £ 2,4 30,0 +1,8* 30,4 +3,5* 44,0 + 4,0*

Spd 1496,8 + 139,0 | 1631,6 + 117,8 | 2177,8 + 248,6* | 1612,6 + 127,8 1397,9 + 114,9

Spn 1421,6 + 147,5 | 1506,9 + 219,7 | 1490, 6 + 217,9 | 1733,7 £ 220,8* 1445,9 + 115,6
N1-AcSpd 7668,4 + 680,5 | 6617,9 + 588,4 | 6104,4 + 479,2* | 6476,4 + 674,8 6600,1 + 658,4
N1-AcSpn 290,4 + 30,6 410,6 + 48,4* | 1319,8 + 124,7* | 430,9 + 354* 715,2 + 79,3*
Spd/Spn 1,05+ 0,06 1,08 £ 0,04 1,46 + 0,08* 0,93 + 0,06 0,97 + 0,05
BuXnBaHicTb KNiTuH, % 97,0 £1,6 63,0 +2,0* 72,0 +2,5* 68,4 +1,6* 54,0+2,8*

lMpumitka: * p < 0,05 BiAHOCHO KOHTPONIO.
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Tabnuus 3

Bnnue Clh B KoHueHTpauii 1/, IC5q (B MoHopexumi), Sil, Spn Ta ix kombiHauii
nicns npeBeHTMBHOro npurHiveHHs aktuHocTi SMOX Ha npochinb A B aHaporeHpe3ucTeHTHUX KnituHax DU-145 (nM/mr 6inka)

" omons | onrswn | ShOSwA | chs. oS o2t
Put 1050,2 + 84,0 |1459,8 + 175,2* | 10149+ 91,3 | 1779,0 £ 249,1* 2270,8 + 227,1*

Spd 7573,4 +£530,1 | 8147,8 £ 977,7 | 5678,4 + 511,1* | 9713,6 + 945,3* 8734,9 + 960,8

Spn 3689,6 + 379,5 | 4097,9 + 614,7 | 2722,3 + 227,4* | 8828,9 + 790,8* 8091,0 + 725,6*
N1-AcSpd 1854,2 + 176,5 | 1947,2 + 208,4 | 2973,8 + 279,2* | 1778,0 + 174,8 2270,8 + 226,8*
N1-AcSpn 938,8 + 87,6 430,7 + 46,5* 738,3 + 84,8* 1102,0 + 135,4 667,4 +72,9*
Spd/Spn 2,05+ 0,08 1,98 + 0,05 2,09 + 0,08 1,10 £ 0,04 1,08 + 0,06
BuxnsaHictb KniTuH, % 98,0+1,5 79,0 + 2,5* 68,0 + 1,9* 62,0 +2,0* 45,0 +1,5*

lMpumitka: * p < 0,05 BIGHOCHO KOHTPONIO.

MyCTUTH, 10 iHriditop ALDH Sil, 3acTrocoBanuii y mo-
HOPEXUMI ITiC/Ist TPeBEHTUBHOTO MpUTHiYeHHsSs SMOX
3a nonomoroto Clh, cTumynoBaB npoiidepaTuBHUM
noteHuian kiuituH JniHii LNCaP (nuB. maba. 2).

B angporeHpe3ucTeHTHUX KJiTuHax JiHii DU-145
BU3HayeHu nipodinb [TA mokasas, 1110 MTpeBEHTUBHE
kynsTuByBaHH 3 Clh B koHLeHTpailii %2 [Cs, (7,5 MKM)
BUKJIMKAJIO TOCTOBipHEe 3pocTaHHs nyay Put (Ha
39%, p < 0,05) i piske 3HMXeHHs y1y N!-AcSpn (Ha
54,2%, p < 0,05) nopsia 3 HE3BHAYHKUM ITiABUILEHHSIM
Bmicty Spn (Ha 11,1%). Cxoxe, BogHo4ac Oyja 3a-
6nokoBaHa akTuBHIcTE i PAOX, i SSAT, 1110 npusBo-
U0 1o KoMmrieHcatopHoi aktuBaiii ODC. MonspHe
cniBBimHomeHHs Spd/Spn HEICTOTHO 3HMXKYBaIOCs
(maba. 3).

KynbsruByBanHs kiaitud DU-145 3 Sil micasa npe-
BeHTUBHOTO npurHiyeHHs SMOX 3a nonomoroio Clh
B KoHueHTpauii % 1Csy (7,5 MKkM) mpu3BoauIo 10
MOBEPHEHHS 10 KOHTPOJLHUX 3HaueHb piBHS Put i
JIOCTOBIpHOTO 3HMXeHHs BMicTy Spd, Spni N1-AcSpn
(BimmosinHo Ha 25,0; 26,2 Ta 21,4%, p < 0,05). B Toit
xe yac piBeHb N!'-AcSpd 3pocras Ha 60,4%. Mox-
nMBO, 3aBagku Aii Sil BinOyBanocs po30JOKYBaHHS
SSAT Ha erani auerunyBaHHs came Spd, i migBuie-
HUi 3aBasiku niposioHroBaHiii aii Clh myn Put 6yB Bu-
TpadyeHUI Ha 1ei npouec. MonsipHe CITiBBiIHOIIEHHS
Spd/Spn HeicToTHO 3pocTajo Ha 5,4%.

KynsruByBanns kiitud DU-145 3i Spn micnst nipe-
BeHTUBHOTO BIuMBY Clh BUKJIMKaI0 3HaYHE 3pOCTaH-
Hs BMiCTy BCiX ocHOBHUX [TA y MOpiBHSHHI 3 KOHT-
posibHUMU 3HayeHHaMu: Put Ha 69,4%, Spd Ha 28,3%,
Spn — y 2,4 pa3a. PiBeHb anieTunboBaHux (popm Spd
i Spn Big KOHTPOJIIO JOCTOBIpHO HE BiApi3HSIBCA.
OCKiJIBKM MaJIO MicClle aKTUBHE 3aXOIUICHHS KJIiTH-
HaMU eK30T€HHOTro Spn, BiIMiyaJiu CyTTEBE 3HUXKEH-
HSI MOJISIPHOTO cHiBBigHoIeHHsT Spd/Spn (Ha 42,3%,
p <0,05), ake cBimumIIO TIpO cran npojiepaTMBHOTO
MOTeHLially KJIiTUH (IUB. maba. 3).

IIpu xom6iHoBaHoMy BruiuBi Sil Ta Spn Ha Tii
MPEeBEHTUBHOIO MPUTHiYeHHs akTuBHOCTI SMOX 3a
noromoroto Clh cnioctepiranm HakonuueHHs1 Put B
aHaporeHpesucTeHTHUX KiaituHax DU-145. 36inb-

LLIEHHS oro piBHA y 2,2 pa3a MOPiBHSIHO 3 KOHTPOJIb-
HUMM MOKa3HUKAMU MOXE CBiIYMUTH MPO IMiABUIIEH-
Hs1 akTuBHOCTI ODC 3a paxyHok BrutuBy Sil BogHOYac
3 inrioyBanHsiM PAOX i iposioHroBaHolo gieo Clh,
SK 1Ie BXe OyJIO MOKa3aHo JUISL aHAPOreHYYTIMBUX
kaiTuH LNCaP (mab6a. 3).

PiBenb Spd B kiiTuHaX BiAIMoOBiTaB KOHTPOJIbLHUM
3HAYEHHSM, B TOM yac gk BMicT Spn ta N!'-AcSpd
3pocTas, a piBeHb N!-AcSpn 3MmeH1yBaBacs. 30i1b-
LIEHHS BMicTYy Spn, iMOBipHO, 3yMOBJIEHE HAasIBHICTIO
HAJJIMIIKOBOTO €K30T€HHOro Spn Mmopsa 3 iHTi0y-
BaHHAM SMOX, a 3pocranns pisHa N!-AcSpd mox-
Ha MOSICHUTU ONHOYACHUM CTUMYIOBaHHSIM SSAT
i MPUTHIYEHHSIM iIHTEPKOHBEPCIHHOTO BiTHOBIIEHHS
piBH# Spd 3a paxyHok iHrioyBanHss PAOX. 3MmeHIIeH-
H4 BMicTy N!-AcSpn Moo 6yTy HacaiaKoM 1omaT-
KOBOTO 3HMXXEeHHS akTUBHOCTI SMOX 32 yMOB KOMOi-
HoBaHoro BBy Sil Ta Spn Ha erari aleTUIYBaHHS
Spn. Ile, B cBOIO Yyepry, CBiTUMIO MPO CreHubiuHy
Bpa3JIMBiCTh KiHIIEBOi JaHKMU CUHTE3Yy/KaTaboizmy
ITA 1o cMHepriyHOro BILUIMBY 3aCTOCOBAHUX CITOJIYK
(nuB. maba. 3).

Takum yMHOM, B aHAPOTEHPE3UCTEHTHUX KITiTHU-
Hax PII13 ninii DU-145 in vitro, nicast npeBeHTUB-
HOTO MpUTHiYeHHs akTUBHOCTI SMOX 3a paxyHoOK
nposoHrosaHoi aii Clh, kom6iHoBaHuit BrauB Sil
Ta Spn akTUBYBaB npsmMuii cuHrte3 I1A i, BomHoYac,
VITOBiJIbHIOBANACS iX iHTEPKOHBEPCis.

IMTokasznuku BuxuBaHOCTI KiiTuH PI13 npu cu-
HepriuHomy BIutuBi Sil i Spn micisg npeBeHTUBHOTO
inrioyBanHs1 SMOX naroTh 3MOT'Y TOOAYUTH TIepeBaru
JaHOTO MiAXOAY Yy TMOPIBHSAHHI 3 3aCTOCYBAaHHSIM iX
komOiHanii 6e3 Clh. Tak, BUXXKMBaHICTb KJIITUH JiHil
LNCaP smenmmnacs 3 68,0 £ 2,4 [5] no 54,0 £2,8%,
a kJituH Jainii DU-145 — 3 72,0 £ 2,6 [5] no 45,0 =
+ 1,5% (na 20,6 Ta 57,5% BianosinHo, p < 0,05).

BNUCHOBKHA

1. ITokazana mposoHrosaHa nisg Clh 3a ymoBuU
1Oro MpeBeHTUBHOTO BUKOPUCTAHHSI B KOHILIEHTPA-
uii % I1Csg, 1o mpu3BOAMUIO 1O 3MEHIIEHHS y 2—4
pas3u noka3HukiB ICsy sk nas Sil, Tak i 11 Spn 'y
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KOMOiHallii TOPiBHSIHO 3 X CYMiCHUM BILJIMBOM 0€3
nornepeaHboro iHrioyBanus SMOX.

2. Ilicnsg nmpeBeHTUBHOTO iHTiIOYyBaHHS SMOX
3 BukopuctaHHgaM Clh BUXUBaHICTh KJIITUH JIiHil
LNCaP ta DU-145 npu cunepriunomy Bruiusi Sil i
Spn 3MeHIIMIacs, y MOPiBHSIHHI 3 3aCTOCYBaHHSIM iX
koM0Oinauii 6e3 Clh (BiznmosinHo Ha 20,6 1 57,5%).

3. AHApPOreHpe3UCTEeHTHI KIiTuHU JiHii DU-145,
SIKMM TIpUTAaMaHHUI OiJIbII arpeCUBHUI PicT, BUSIBU-
JIMCS OiNIbII Bpa3JIMBUMU 10 KOMILJIEKCHOTO BIUIMBY
JiI0YMX CIIOJYK, BUKOPUCTAHUX ITiCJIsI IPEBEHTUBHO-
ro inrioyBanuss SMOX 3 BukopuctanHsm Clh. ITo-
Ka3HUK iX nmpoJidepaliii (MoJisipHe CITiBBiAHOILIEHHS
Spd/Spn) 3HMXKYBaBCS BABiUi.

4. 3a yMOBM NMPEBEHTUBHOIO MPUTHIYEeHHS Ka-
Taboai3My Spn, Mpu Oro KOMOIHOBAHOMY BILIMBI 3
Sil, y kit LNCaP BinzHavanu 0ibIn BUpakeHU
LUTOTOKCUYHUI, a y kiniTuH DU-145 — npoanonTo-
TUYHUN eDeKTu.

5. 3minu npoddinio ITA B aHAPOreHYYTAUBUX KJTi-
tuHax JgiHii LNCaP mig BrimBom koM6iHanii Sil Ta
Spn, 3a yMOBU MPEBEHTUBHOTO MPUTHIYEHHS KaTa-
00mi3My Spn, CBiTUMIIM PO aKTUBaLIil0 cuHTe3y [1A,
a TaKOX TPO aKTUBAIlil0 MPOILIECiB IX iHTePKOHBEPCil
(BimHOBNeHHs piBHIB Put 3a paxyHok Spd Ta piBHiB
Spd 3a paxyHok Spn).

6. 3minu nipodinio ITA B aHIpOreHPE3UCTEHTHUX
kiituHax Jinii DU-145 nig BniuBom Komo6iHaiii Sil
Ta Spn, 3a yMOBM MPEBEHTUBHOIO MPUTHIYEeHHS Ka-
Tabosi3amMy Spn, CBiIUMIM MPO aKTUBALIiII0 CUHTE3Y
ITA i, BonHOUYac, MpUTHIYEHHS MPOLECiB iX iHTEp-
KOHBepCii.

7. PosbanaHcyBaHHS KiHILIeBOi JaHKK oOMiHy [TA
y kiaituHax JiHii DU-145 noBonuio e(eKTUBHICTD
MPEBEHTUBHOIO MPUTHIYEHHS KaTabojizMy Spn nepen
MoJajbIIUM HOro KOMOIHOBAHMM 3aCTOCYBaHHSIM
3 Sil — nng migcuneHHs iX CUMHEPriyHOoi IIMTOTOK-
CUYHOI Ta MPOanoNTOTUYHOI Aii, B Teplly yepry Ha
HU3bKoaMdepeH1iiioBaHi, OiIbII arpecCUBHI KJIITUHU
PI13.

IMonsika 3a KOHCYJBTAaTUBHY i TPAKTUYHY TOIO-
MOTY BUCJIOBIIOEThCI cniBpobiTHUukam [ETTOP
im. P.€. KaBeubkoro HAH Ykpainu — K.0.H., c.H.C.
0.0. Jluxosgiii Ta inx. B.I. Jlynan.

HocnigxeHHs BUKoHaHi B mexax HJIP 3a Temo1o
Ne 2.2.5.444 “KombiHOBaHa [Iisl CIIepMiHY i MOIYJISITO-
piB f10T0 KaTaboai3My SIK TepCHeKTUBHA MOJEb JIiKY-
BaHHS paky Iepeamixyponoi 3ano3u” (2022—2026).
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COMBINED EFFECT OF SPERMINE
AND SILIBININ ON PROSTATE CANCER
CELLS UNDER PREVENTIVE INHIBITION
OF SPERMINE CATABOLISM

0.0. Klenov, 1.0. Sumnikova, N.P. Yurchenko,
Yu.V. Yanish
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Oncology and Radiobiology, NAS of Ukraine,
Kyiv, Ukraine

Summary. This study concludes a series of investigations
aimed at identifying compounds and methodological ap-
proaches that facilitate the cytotoxic and pro-apoptotic
effects of spermine (Spn) on prostate cancer (PCa) cells
in vitro. Aim: to develop a method for enhancing the
cytotoxic and pro-apoptotic effects of Spn, the aldehyde
dehydrogenase (ALDH) inhibitor silibinin (Sil), and their
combination on PCa cells in vitro through the preventive
inhibition of spermine oxidase (SMOX) activity using
chlorhexidine (Clh). Object and methods: the study uti-
lized androgen-sensitive human PCa cells (LNCaP line)
and androgen-resistant cells (DU-145 line). Chlorhexi-
dine, a SMOX inhibitor, was used to preventively inhibit
Spn catabolism. Subsequent cell cultivation involved
treatment with Spn and the ALDH inhibitor Sil, either
individually or in combination. The concentrations of Sil
and Spn corresponded to the 1Csy values determined for
both monotherapy and combination treatment. The effects
of the compounds were assessed by monitoring changes
in cell viability and cytomorphological characteristics,
as well as alterations in the profiles of major polyamines
(PAs) and their acetylated forms (N'-AcPAs); changes in
the spermidine/spermine (Spd/Spn) molar ratio were also
recorded. Results: Inhibitory concentrations (1Csp) were
determined for cells of both lines: for Clh in monotherapy;
and for Sil and Spn —both individually and in combina-
tion — under conditions of preventive SMOX inhibition.
With preventive SMOX inhibition, LNCaP cells showed

21. Klenov OO, Yanish YuV, Sumnikova I0. The effect of alde-
hide dehydrogenase inhibitors and their combination with
spermine on the profile of polyamines in human prostate
cancer cell lines. Oncology 2025; 27 (1): 44 — 50. https://
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no change in sensitivity to the combined action of Sil
and Spn compared to the effect of each compound alone.
DU-145 cells responded much more strongly to Sil in the
presence of Spn, although they demonstrated significantly
higher resistance than LNCaP cells while maintaining
stable sensitivity to Spn. When Spn catabolism was pre-
ventively inhibited, the survival of LNCaP and DU- 145
cells exposed to the combination of Sil and Spn decreased
(by 20.6% and 57.5%, respectively) compared to treat-
ment without Clh. The polyamine (PA) profile in LNCaP
cells indicated activation of synthesis and stimulation of
interconversion processes during combined Sil and Spn
treatment with preventive SMOX inhibition, evidenced by
a significant increase in the acetylated form of Spn. In
DU-145 cells, the same conditions led to a simultaneous
enhancement of direct synthesis and inhibition of PAs in-
terconversion. Conclusions: With preventive inhibition of
Spn catabolism, the combination of Spn and Sil induced
a more pronounced cytotoxic effect in LNCaP cells and a
pro-apoptotic effect in DU- 145 cells. Under the influence
of Sil and Spn, polyamine (PAs) synthesis and intercon-
version were activated in LNCaP cells, whereas in DU-
145 cells, the activation of PAs synthesis was accompanied
by the inhibition of their interconversion. The imbalance
in the terminal stage of PAs metabolism demonstrated the
efficacy of preemptively inhibiting Spn catabolism prior
to its subsequent combined use with Sil.

Keywords: prostate cancer, LNCaP and DU-145 cell
lines, chlorhexidine, spermine, silybinin, cytomorpho-
logy, polyamines.
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ASSESSMENT OF LABILE
ZINC AND COPPER POOLS
IN THE PROSTATE TUMOR
MICROENVIRONMENT:

A COMPARATIVE ANALYSIS
OF METHODOLOGICAL
APPROACHES

Prostate cancer (PCa) is characterized by complex disturbances in cellular
metabolism and remodeling of the tumor microenvironment, in which trace ele-
ments may play an important role. Zinc and copper are involved in the regula-
tion of numerous enzymatic, metabolic, and signaling processes, and alterations
in their intratissue homeostasis may accompany malignant transformation.
Of particular interest are the labile pools of these metals, which reflect the frac-
tion available for biochemical interactions and may serve as sensitive indicators
of metabolic changes in tumor tissue. Aim: to comparatively assess the levels
of labile zinc and copper pools in the tissue of benign and malignant prostate
neoplasms and to determine the methodological features of their fluorescent
analysis. Object and Methods: the study was performed on tissue samples from
10 patients with benign prostatic hyperplasia (BPH) and 15 patients with PCa.
The fluorescent probes ZnAF-2F and Coppersensor 3 were used to determine
labile forms of zinc and copper, followed by analysis using a microplate reader
and digital fluorescence microscopy of FFPE sections. Results: according to
the results obtained from unfixed PCa tissue, the level of labile zinc was 28.8%
lower, whereas the copper level did not differ statistically from that in BPH
samples. In the analysis of FFPE sections, the level of labile zinc in PCa tissue
was 2.8-fold lower, whereas the copper level was 1.2-fold higher compared with
BPH. Conclusion: the obtained results demonstrate a common trend toward
a decrease in the labile zinc pool and preservation or elevation of copper levels
during malignant transformation. Combining integral fluorometric and spatial
digital analyses may provide a more comprehensive assessment of disturbances
in metal homeostasis in PCa; however, the limitations of FFPE material should
be taken into account.

Keywords: prostate cancer, benign prostatic hyperplasia, zinc, copper.

rostate cancer (PCa) is one of the most common

malignancies in men and remains an important
medical and biological problem [1]. Despite significant
advances in the diagnosis and treatment of this cancer,
the factors determining the development of an aggres-
sive phenotype remain unclear. Among the factors that
substantially affect the functional state of tumor cells
and their microenvironment, metals occupy a special
place as trace elements essential for the functioning

of a wide range of enzymes, transcription factors, and
signaling systems. Disturbances in their intracellular
and tissue homeostasis may significantly alter meta-
bolic processes, redox status, and the proliferative and
invasive activity of transformed cells [2—4].

Among the metals that are critical for the course
and progression of PCa are zinc and copper, which
play key roles in the regulation of apoptosis, oxidative
stress, and metabolic reprogramming of malignant cells

LHurtyBanHns Zadvornyi TV, Virych PA, Mushii OM, Yatseniuk NY, Chekhun VF. Assessment of labile zinc and copper
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[5—7]. Zinc is a cofactor for more than 300 enzymes
and an important component of transcription factors,
superoxide dismutase, and various proteins involved in
DNA repair [6]. The prostate has a unique biochemical
profile that markedly distinguishes it from most other
soft tissues of the human body. A hallmark of healthy
prostatic epithelium is its exceptionally high zinc
content, with zinc concentrations being substantially
higher than those in other organs. This natural phe-
nomenon is not merely the storage of a trace element
but represents a fundamental basis of the specialized
metabolic function of secretory cells, which is directed
toward the excessive synthesis and accumulation of
citrate [8, 9].

One of the most pathognomonic and pathophysio-
logically significant metabolic features of the malignant
transformation of the glandular epithelium of the pros-
tate is the loss of the cells’ ability to accumulate zinc.
A decrease in intracellular zinc levels may occur as
early as the initial stages of carcinogenesis, before the
appearance of pronounced histopathological changes,
and may continue during disease progression. One of
the key mechanisms underlying this phenomenon is
impaired expression and function of zinc transporters
of the ZIP (SLC39) and ZnT (SLC30) families, which
regulate the uptake of Zn2" into cells, its intracellu-
lar distribution, and its export. In particular, reduced
expression of ZIP1 and other transporters capable of
promoting zinc accumulation in prostatic epithelial
cells is considered an important component of the
molecular alterations associated with PCa develop-
ment. At the same time, the biological role of zinc in
malignant transformation is not limited to its involve-
ment in citrate metabolism. Zinc is a structural and
functional component of hundreds of proteins and
enzymes and participates in the regulation of trans-
cription, DNA repair, cell signaling, and apoptosis.
Therefore, changes in its intracellular availability may
affect numerous processes that determine tumor cell
behavior [10, 11].

Another critically important trace element involved
in cellular respiration, antioxidant defense, angiogene-
sis, and the function of enzymes responsible for extra-
cellular matrix (ECM) remodeling is copper. Unlike
zinc, the progressive depletion of which character-
izes the early stages of oncogenic transformation of
the glandular epithelium, the biological significance
of copper in malignant neoplasms has a fundamen-
tally opposite direction. The role of this trace ele-
ment in oncogenesis is associated with its ability to
act as a potent cofactor and driver of processes re-
quired for enhanced tumor growth, neoangiogenesis,
and progression. Systemic and local disturbances in
copper homeostasis have been described in a number
of malignant neoplasms and are accompanied by its
active accumulation in neoplastic tissue [2, 12]. Cop-
per transport and intracellular availability are regu-
lated, in particular, by the CTR1 transporter, ATP7A/

ATP7B, and a number of intracellular chaperones
[13].

Copper is of particular importance due to its role in
ECM remodeling. Copper is required for the function
of lysyl oxidases (LOX and LOXL1—4), enzymes that
catalyze the oxidative cross-linking of collagen and
elastin. Dysregulation of LOX-dependent matrix re-
modeling may alter its mechanical properties, promote
the formation of a tumor-supportive microenviron-
ment, and create conditions favorable for invasion and
metastasis. Thus, changes in copper availability may be
associated not only with the metabolic characteristics
of tumor cells but also with remodeling of the stromal
component of neoplasms [ 14, 15].

Given that Zn?* and Cu(I)/Cu?* have distinct bio-
logical functions and exist in tissues as several inter-
connected pools, assessment of their total content does
not always reflect the functionally available fraction
of the metal. Of particular interest is the assessment
of labile metal pools, which may directly participate
in intracellular signaling and enzymatic processes.
Fluorescent chemical probes are a promising tool for
such investigations because they enable highly sensitive
detection of metal ions while preserving information
about their spatial distribution within tissues [16].

Therefore, comparative assessment of methods for
the fluorescent detection of Zn2* and Cu(]) in tissues
of benign and malignant prostate neoplasms may be
important for establishing methodological approaches
to evaluating their homeostasis in PCa. The application
of such approaches may potentially characterize diffe-
rences between benign and malignant tissues not only
in terms of metal levels but also in terms of their spatial
availability, which may be relevant to understanding
metabolic reprogramming, ECM remodeling, and the
development of an aggressive PCa phenotype.

MATERIALS AND METHODS

The study was performed on clinical material (tu-
mor tissue) obtained from 10 patients with benign pro-
static hyperplasia (BPH) and 15 patients with PCa
who underwent examination and treatment at the
Center for Modern Urology (Kyiv, Ukraine) in 2023—
2026 and provided informed consent for the use of
their clinical data for scientific purposes. The age of
patients with PCa ranged from 45 to 80 years, with a
mean age of 63.0 £ 2.8 years. The mean age of pa-
tients with BPH was 66.1 £ 4.5 years. Patients were
examined according to the standards for the diagnosis
and treatment of patients approved by the Ministry of
Health of Ukraine.

The clinical diagnosis was established based on
serum prostate-specific antigen (PSA) levels, digital
rectal examination, computed tomography of the pel-
vic organs and/or transrectal ultrasonography of the
prostate and abdominal organs, bone scintigraphy, and
chest radiography. In all patients, the diagnosis was
verified by transrectal ultrasound-guided multifocal
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prostate biopsy. Tumor stage was determined according
to the International Classification of Tumors (TNM,
8th edition, 2016). Histological sections were stained
with hematoxylin and eosin. Histological tumor types
were verified by microscopic examination according to
the updated fifth edition of the WHO Classification of
Urinary and Male Genital Tumours (2022) [17] and
the 2014 consensus of the International Society of
Urological Pathology (ISUP) [18]. Exclusion criteria
were poor tissue preservation, low-quality histological
material, and the administration of specific treatment
at the time of diagnosis or surgical intervention. The
study was approved by the Institutional Review Board
and local Ethics Committee and was conducted in ac-
cordance with the Declaration of Helsinki and Good
Clinical Practice guidelines.

Determination of Zinc and Copper Content in Pros-
tate Neoplastic Tissue Using a Microplate Reader.
Fluorescent probes ZnAF-2F (Sigma-Aldrich, USA)
and Coppersensor 3 (Toronto Research Chemicals,
Canada) were used to assess zinc and copper ions in
prostate tissue, respectively. To prevent the loss of la-
bile metal forms, the samples were immediately frozen
in liquid nitrogen. Frozen tissue was mechanically
homogenized in a pre-cooled porcelain mortar until a
homogeneous powder was obtained, with continuous
cooling in liquid nitrogen. To ensure further disrup-
tion of cellular structures and extraction of labile ions,
the resulting suspension was sonicated on an ice bath
for 15 s.

For zinc and copper determination, 100 uL of the
corresponding fluorescent probe solutions, ZnAF-2F
and CS3, at concentrations of 10 uM and 2 uM, re-
spectively, were added to 2 mg of cryopreserved tissue.
The mixtures were vortexed for 30 s and incubated
in the dark at 37°C for 40 min. After incubation, the
suspensions were centrifuged at 13,000xg for 15 min
at 4°C. The resulting supernatants were transferred
to a black, flat-bottom 96-well microplate (Thermo
Fisher Scientific, USA) at 100 uL per well. Working
solutions of the corresponding fluorescent probes with-
out biological material were used as blanks. Empty
wells were used to determine the background fluores-
cence of the plate. Fluorescence intensity was mea-
sured using a Synergy HT microplate reader (Bio-Tek
Instruments, Winooski, VT, USA) at an excitation
wavelength of 495 nm and an emission wavelength
of 525 nm. The obtained values were used to assess
the relative zinc and copper content in the studied
samples. Measurements were performed in triplicate
for each sample.

Determination of the Relative Levels of Labile Cop-
per and Zinc Pools in Prostate Neoplastic Tissue Using
Digital Microscopy. Formalin-fixed, paraffin-embed-
ded (FFPE) tumor tissue samples were used in the
study. Tissue sections 5 um thick were obtained using
an AMR 400 microtome (Amos Scientific, Melbourne,
Australia). Before fluorescent staining, the FFPE
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samples were deparaffinized in xylene, washed in 96%
ethanol, and rehydrated in distilled water.

Fluorescent probes Coppersensor 3 and ZnAF-2F
were used to assess the relative levels of labile Cu(I)
and Zn?" pools in prostate neoplastic tissue, respec-
tively. Working solutions of CS3 at a concentration of
2 uM and ZnAF-2F at a concentration of 10 uM were
used for staining. Incubation was performed for 30 min
at 37°C. Staining was performed using the dropwise
method by applying 30 uL of the corresponding fluo-
rescent probe solution to the surface of each tissue
section. To reduce nonspecific binding of the probes to
the tissue, the sections were washed with PBS cooled
to 4°C. The tissue was counterstained with DAPI (4/,6-
diamidino-2-phenylindole) (Thermo Fisher Scientific,
USA) for visualization of cell nuclei. Tissue autofluo-
rescence was assessed using a negative control, in
which 30 uL of PBS was applied to separate sections
instead of the fluorescent probe solution.

The fluorescent signal was recorded using an Axio
Scope Al microscope (ZEISS GmbH, Germany) equip-
ped with an HXP 120 fluorescence illuminator and a
ZEISS Axiocam 820 color digital camera. Fluorescence
was excited using a high-efficiency Carl Zeiss Filter
Set 38 HE, featuring a blue excitation bandpass filter
(BP 470/40), and the emission was recorded through
a green emission bandpass filter (BP 525/50). The ex-
posure times for imaging tissue stained with ZnAF-2F
and CS3 were 500 and 1000 ms, respectively. At least 15
randomly selected fields of view were analyzed for each
tissue sample. Fluorescence intensity was determined
in micrographs using ImagelJ v. 1.42 (https://image;j.
nih.gov/ij/). The mean fluorescence intensity (MFI) in
samples of benign and malignant prostate neoplasms
was calculated using the following formula:

MFI = Integrated Density,, . —

Integrated Density, ckeround

x Area

Areabackground fesue

To determine the absolute fluorescence values, tis-
sue autofluorescence was subtracted from the median
values of the experimental samples.

Statistical Analysis. Statistical analysis was per-
formed using GraphPad Prism v. 10 (GraphPad Soft-
ware Inc., San Diego, CA, USA). Quantitative vari-
ables between two independent groups were com-
pared using Student’s ¢-test for parametric data or
the Mann—Whitney U test for non-parametric data.
Results were graphically presented as box-and-whisker
plots, with the central line representing the median
and the lower and upper boundaries of the box re-
presenting the first and third quartiles, respectively.
The whiskers extending from the boxes indicate the
minimum and maximum values in the studied groups,
while black dots represent outliers. Differences be-
tween groups were considered statistically significant
at p <0.05.
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RESULTS AND DISCUSSION

As shown in Fig. la, the mean fluorescence in-
tensity of the ZnAF-2F probe in unfixed BPH tissue
was 11,985.0 + 286.8 arbitrary units (a.u.), which was
28.8% higher (p = 0.0242) than that in PCa tissue
(9,307.3 = 718.4 a.u.). The mean fluorescence inten-
sity of the CS3 probe was 5,490.9 &+ 388.0 a.u. in PCa
tissue and 5,347.3 = 402.2 a.u. in BPH samples. No
statistically significant differences in the levels of the
labile copper pool were detected between the studied
samples (Fig. 1b).

Subsequently, the levels of labile zinc and copper
pools in fixed prostate tumor tissue were analyzed using
fluorescence microscopy (Fig. 2). As shown in Fig. Ic,
PCa tissue was characterized by a 2.8-fold lower level
of labile zinc (p < 0.0001) compared with BPH tissue.
In contrast, the level of the labile copper pool in PCa
tissue was 1.2-fold higher (p = 0.0400) than that in
BPH tissue (Fig. 1d).

Thus, our results clearly demonstrate that the ab-
solute values and fold changes in the levels of labile
zinc and copper pools depended substantially on the
methodological approach used. In particular, consi-
derable discrepancies were observed between the analy-
sis of unfixed homogenized lysates using a microplate
reader and spatial measurements performed on fixed
histological sections (FFPE) by digital microscopy.
Nevertheless, despite differences in absolute values and
effect sizes, both methods demonstrated a consistent
biological trend — a marked decrease in the labile zinc
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Fig. 1. Relative levels of labile zinc (a and ¢) and copper (b
and d) pools in tissue from benign and malignant
prostate neoplasms, as determined by microplate
analysis (@ and b) and quantitative digital micros-
copy (c and d)

Notes: * — statistically significant difference compared with BPH
(p < 0.05); **** — statistically significant difference compared with
BPH (p < 0.0001).

pool and preservation or elevation of copper levels
during malignant transformation.

It should be emphasized that the labile pools of
zinc and copper do not represent the absolute total
content of these metals in tissue. Traditionally, the
localization of zinc in archival histological material or
paraffin blocks has been visualized using histochemi-
cal methods based on the formation of colored in-
soluble precipitates, such as the Timm sulfide-silver
method [19]. Classical histochemical methods based
on staining with rubeanic acid, rhodanine, and orcein
are also successfully used to detect copper in tissues
[20]. However, the use of fluorescent sensors opens
up qualitatively new possibilities for assessing metal
levels, particularly their labile pools, by providing high
sensitivity and enabling their precise localization within
cellular compartments and individual components of
the tumor microenvironment.

A key advantage of using histological sections for
the visualization and quantitative assessment of labile
zinc and copper pools, compared with bulk approaches
based on whole-tissue homogenized lysates, is the high
spatial resolution. This analytical approach enables
precise topological analysis directly within the neo-
plastic parenchyma.

The use of tissue sections allows detailed differen-
tiation of the internal architecture of the neoplasm,
which is not possible with integrated analysis of tissue
homogenates. This method enables clear discrimina-
tion between the tumor parenchyma (malignant epi-
thelium) and stromal components, as well as the exclu-
sion of structural artifacts, glandular lumina, vascular
spaces, and fibrotic areas from fluorescence intensity
measurements. Such selection of regions of interest
is particularly important because numerous hetero-
geneous components of prostate tissue, including
structural proteins (collagen and elastin), cofactors
(NAD(P)H and flavins), organelles (mitochondria
and lysosomes), and erythrocytes, exhibit substantial
autofluorescence. This endogenous background signal
can significantly distort fluorimetric measurements
if it is not spatially separated [21—23].

An additional fundamental advantage of spatial
analysis using tissue sections is the possibility of paral-
lel morphological assessment. Integration of specific
fluorescent sensing of labile metal pools with conven-
tional cytomorphological methods, such as fluores-
cent nuclear counterstaining with DAPI or routine
hematoxylin and eosin staining, provides a unique
opportunity to detect subtle local gradients of metal
distribution.

At the same time, the use of sections prepared from
FFPE tissue is associated with substantial limitations.
In particular, fixation in 10% neutral buffered for-
malin cross-links free amino acid residues, including
cysteine, histidine, and glutamic acid residues; how-
ever, a substantial proportion of the labile zinc pool
does not form strong covalent bonds with proteins.

ISSN 3083-7154 « OHKOJIOTIA o T. 28 ¢ N2 3 ¢ 2026



I Assessment of labile zinc and copper pools in the prostate tumor microenvironment

PCa
u- ?’.: \.u..-'-r

oo '
.' 32 Ly
A Re ;
.."‘0 7 g

Fig. 2. Visualization of labile zinc and copper pools (green fluorescence) in benign prostatic hyperplasia (BPH) and pros-
tate cancer (PCa) tissues using the fluorescent probes ZnAF-2F and CS3, respectively. Nuclei were counterstained
with DAPI (blue fluorescence). Fluorescence microscopy, X400 magnification. Representative histological sections
stained with hematoxylin and eosin (H&E) are shown for comparison; light microscopy, X400

During subsequent tissue processing through increasing
concentrations of alcohol and xylene, free and weakly
bound metal ions may be extracted from tissue com-
partments. In addition, during formalin fixation and
subsequent processing through alcohol and xylene,
some metals may form stable, non-reactive chelates
with denatured proteins [24, 25].

Thus, fluorescence analysis of FFPE material likely
reflects only the residual fraction of metals that with-
stands the aggressive chemical processing and remains
preserved in stable coordination complexes or pre-
cipitated forms. Therefore, from a methodological
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perspective, the optimal approach for assessing the in
vivo distribution of trace elements is the use of cryo-
stat sections prepared from frozen tissue. However, in
routine clinical and laboratory practice, this approach
is often substantially limited by the lack of cryogenic
equipment or the inability to rapidly freeze surgical
specimens in situ.

Standardization of preanalytical conditions is there-
fore particularly important, including the time to fixa-
tion or freezing, the type and duration of fixation,
tissue-processing conditions, section thickness, and the
parameters of fluorescence excitation and detection.
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Considering the advantages and limitations of each
platform, it becomes evident that the two approaches
used in this study — analysis of homogenized samples
of unfixed tissue and fluorescence analysis of histologi-
cal sections — are complementary. Rather than com-
peting with each other, they form a two-level analytical
system that can minimize the methodological biases
inherent to each approach. In our view, the rational
combined use of these methods provides a more com-
prehensive representation of the pathophysiological
alterations associated with metal homeostasis in tumor
tissue.

Specifically, microplate fluorimetric analysis of
tissue lysates provides an integrated assessment of the
fluorescence signal across the entire volume of the
analyzed sample. This platform is high-throughput,
standardized, and convenient for the rapid compari-
son of large amounts of biological material, including
large patient cohorts or series of experimental samples.
It also minimizes the impact of local heterogeneity,
whereby a randomly selected section may not ade-
quately represent the overall trend within the tumor.

In contrast, digital fluorescence microscopy of
tissue sections serves as a precise spatial verification
tool. It preserves information on the spatial distri-
bution of trace elements within the analyzed tissue
specimen. Owing to its high spatial resolution, this ap-
proach enables dynamic changes in labile metal pools
to be associated with specific cellular compartments,
such as the cytoplasm and mitochondria, as well as
distinct structures of the tumor microenvironment,
including areas of neoangiogenesis or stromal desmo-
plasia.

The combination of these methods may provide a
more comprehensive understanding of disturbances in
metal homeostasis during malignant transformation.
Integration of macro- and microanalytical approaches
can overcome the methodological limitations of each
technique individually, transforming quantitative mea-
surements into a more comprehensive pathophysio-
logical interpretation of the tumor process. From a
biological perspective, the observed trend toward a
decrease in the labile zinc pool and preservation or
elevation of labile copper levels may reflect profound
alterations in metal-dependent processes within pros-
tate tumor tissue [5, 6, 12].

CONCLUSION

Alterations in labile zinc and copper pools may re-
present an important component of tumor microenvi-
ronment remodeling in PCa, while understanding the
dynamics of these trace elements may provide new
insights into the pathophysiological mechanisms un-
derlying oncogenesis. At the same time, their inter-
pretation requires consideration of methodological
characteristics, the limitations of fixed tissue mate-
rial, and the differences between labile and total metal
pools.
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OUIHKA JIABUJIbHUX NMYNIB LUUHKY TA
Mial B NYXJIMHHOMY MIKPOOTO4YEHHI
NEPEAMIXYPOBOI 3ANI03M:
MOPIBHAJIbHUW AHANI3 METOAUYHUX
niaxoAaie

T.B. 3aoeopnuii, I1.A. Bipuu, O.M. Myuwii,
H.IO. Aueniok, B.D. Yexyn

Incmumym excnepumenmanvHoi namonoeii, oHKoA02iT
i padiobionoeii im. P. €. Kaseyvkoeo HAH Ykpainu,
Kuie, Yxpaina

Pe3iome. Pak nepedmixypoeoi 3aro3u (PII3) xapakme-
DPUBYEMBCA CKAAOHUMU NOPYUWEHHAMU KAIMUHHO20 Me-
maboaizmy ma pemooeno8anHaM NYXAUHHO20 MIKpO-
0MOUeHH s, Y AKUX 8ANCAUBY POAb MOJICYMb 8idiepasamu
mikpoeaemenmu. Llunk i mios 6epymo yuacmeo y peeyasyii
YUCACHHUX (PepMeHMamMUGHUX, MemaboAiMHUX ma cue-
HAaAbHUX npoyecié, a 3MiHA IXHb020 BHYMPIUHbOMKA -
HUHHOR0 20Me0CM A3y Moice CYNPOB0ONCYEamu 3108KICHY
mpancgopmayiro. Ocobauguil inmepec cCmaHo6AsMb 14 -
OinbHi nyau yux memanis, ki eidobpaicaromos docmyn-
HY 045 OioXiMivHUX 63aAEMO0Il ppaKuiro ma Moxicymeo
Oymu uymaueumu iHOUKaAmopamu memaoosiyHux 3MiH
Y NYXAuHHIl mKaHuHi. Mema: nposecmu nopigHANbHY
OUIHKY pi6HI6 N1a0iNbHUX NYAi6 YUHKY ma MiOi Yy MKAHUHI
000posIKiCHUX | 310KICHUX HOBOYMBOPEHb Nepeomixy-
POB0I 3a103U Ma U3HAMUMU MemOOUYHI 0cobausocmi
ix gayopecuenmnoeo ananizy. 060°exkm i memodu: doc-
Ni0JceHHA 8UKOHAHe Ha 3pa3kax mKkanunu 10 xeopux
Ha 000poAKicHY einepnaasito nepeomixypoeoi 3an03u
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(ITI'113) ma 15 xeéopux na PII3. Jlas éuznavenus nrabine-
HUX hopm YUHKY ma Midi 8UKOpUCMAHO (ayopecyeHmMHI
30H0u ZnAF-2F i Coppersensor 3 3 nodarvuum aHarizom
3a 00ONOMO20H0 MIKPONAAHUEeMHO020 pidepa ma uu@posoi
dayopecuenmnoi mikpocxonii FFPE-3pizie. Pe3yavma-
mu: 32i0H0 3 pe3yrbmamamu 00CAI0NCeHHS HeiKcosanol
mranunu PI13 pisenv nabinvhoeo yunky oye na 28,8%
Huxcuum, modi K pieeHb Midi cmamucmu4Ho He 8i0-
pi3HAascs 8i0 aHanoeiunoezo y 3paskax AITI3. Ilpu do-
cnioacenni FFPE-3pizie pieens 1a0inbH020 YUHKY Y MKaA-
nHuni PI13 6ys y 2,8 paza nuxcuum, a midi — y 1,2 paza
suwum nopiersano 3 JIT'T13. Bucnosxu: ompumani pe3ynv-
mamu 0eMOHCMPYIOMb CRIAbHY MEeHOeHUit0 00 3HUICEHHS]
AA0INbHO20 NYAY YUHKY Ma 30epedceHHs a0 nioeuueHHs
pieHs Midi npu manienizayii. IloeOnanus iHmeepaivHo-
20 hayopumempuuHoe0 ma npocmopo8oo Uu@pposozo
aHanizy modce 3abe3neuumu KOMIAEKCHIUY OYIHKY no-
pyuiers eomeocmasy memanie npu PI13, oonax nompebye
spaxyeanns oomedxncenv FFPE-wamepiany.

KiiouoBi cjioBa: paxk nepeamMixypoBoi 3a7103u, 100po-
SIKICHA Tirnepruiasisi mepeaMixypoBoi 3aj1031, LUHK,
Mib.
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