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Menmuunackn @axynrer YHusep3uteta y HoBom Cany, MHTerpucane akagemcke

cryauje dpapmaiyje, Mmaructap gpapmanuje

4. Topwnna ymuca Ha JIOKTOPCKE CTY/Mj€ U Ha3UB CTY/IHMjCKOT IIPOrpaMa JIOKTOPCKHUX CTyAHnja:

2016. lokTopcke akaneMcke crynuje - [IpeTkmnHnuKa HCTpakUBambAa.

111 HACJIOB JOKTOPCKE JMCEPTAIINJE:




VYrunaj in vitro n3narama CTAT3-akTuBUpaHUX MaJUTHUX henuja 10jKe BHUIIECIOjHUM
HaHOYECTHUI[aMa 00JI0KEHUM TMOJU-L-TITyTAMHHCKOM KHCEITHHOM

IV HIPEIVIEJ JOKTOPCKE JUCEPTALUJE:
Hagectu kparak campikaj ca Ha3HaAKOM Opoja CTpaHUIIa, IIOTIIaBJba, CIIUKA, CXeMa, TpaduKoHa U CII.

Kparak cangpxaj:

1. VBox

[lornasbe yBon je mammcano Ha 30 crpana, ykbyayjyhu ykynHo 10 cimka u 2
rpadguKoHa.

2. [upeBu u xumoTese

[lornaBibe LMJBEBHM W XHIIOTE3€ j€ TMPEACTAB/BEHO HA JBE CTpPaHE TEKCTa, TAE CY
NpPUKa3aHU IIMJbEBU TIOCTABJHEHU Y OJHOCY Ha TOAATKE NpPUKa3aHe y YBOJHOM
TMIOTJIaBJbY, @ U3 HABEJICHHUX IIMJbEBA IIPOUCTUIY OCHOBHE XUIIOTE3€ HCTPAKUBAMHA.

3. Mertojie, y30piiy 1 MECTO €KCIICPUMEHTAITHOT UCTPAKUBAhA

VY 0oBOM MOTrJIaBJby Cy JI€TaJbHO ONMCAHW MaTEpHjaId, METOJIE, HAaUWH 0a0upa y30pKa
U MECTO EKCIEPUMEHTAIHOT HMCTpaKMBamka Ha YKYIMHO 16 cTpaHuWIa AuCepTaluje H
VKJbY4Yjy 4 Tabene, 4 cnuke u 7 rpadukoHa.

4. Pesynraru

[Tornarsee pe3ynratu oOyxBara 46 cTpaHa JOKTOPCKE IUCEPTAIHje, Y OKBUPY KOJUX CYy
pe3yTaTH UCTPaXXKMBamba MPUKA3aHU y BUIY JBE Tabene u yKYImHO 36 MUKPOCKOIICKHX
u Western blot ciuka, kao u 91 rpaduxon.

5. Huckycuja

[Tornaripe aMCKycHja je HamucaHo Ha 15 cTpaHa, y KojeM je JeTaJbHO HW3BpIICHA
aHanu3a qoOujeHux pesynrata u nopeheme ca myOIMKOBaHUM CTyIHjaMa.

6. 3akspyqnu

3akJbydll W3BEACHU W3 JOOMjEHHMX pe3yiraTa AHMcepTanuje Cy NpHKa3aHd Ha TPU
CTpaHe TeKCTa, ca yKyrmHo 10 3akipydaka.

1-6. Caxerak pauceprammje oOyxBara CBa IPETXOJHO HaBeIEHa IIOTJIaBjba je
MPEJICTaBJbEH Ha CPIICKOM je3uKy Ha 26 cTpaHa.

7. Crnucak ckpahenuiia

Crucak cBux ckpaheHunia xkopumheHUX y PYKOMHCY AHMCEpTalldje je HaBeAeH Ha 6
CTpaHa y BHIy Tabeie W 0OyxBaTa IIyHO UMe CKpaheHHIIa Ha CPIICKOM U EHIJIECKOM
JE3UKY.

8. JIutepatypa

Pedepennie (ykynHo 290 HaBoma) kopuinheHe y u3paad JUCEpTAIMje Cy HaBEICHE
npeMa BaHKyBepCKUM IMpaBHiiMMa U U3JI0KeHe Ha 21 cTpaHu AucepTalyje.

LenokynHa aucepranyja caipXu YKynmHO 8 moryasiba; 165 crpanuna; 4 tabene; 67
¢durypa Ha kKojuMa je mpukazaHo ykymHo 105 rpadukona u 50 cinuka (guUruTanHe
doromukporpaduje, Western blot ciike n Ouosomke cxeme).

\Y% BPEJHOBAIBE NOJEAMHUX JEJOBA JOKTOPCKE JUCEPTAIINJE:

VYV mormaBiky YBOA Cy NpHKa3aHa akKTyellHa Ca3Hama O EMUIEMHUOJIOTH]H,
MOJIEKYJIApHUM THUIIOBHMA U TEPANUjCKOM MPHUCTYIy MaJUTHUTETHMA Jlojke. Onucanu
Cy MOJIEKYJapHU acleKTH pa3Boja MaJIMTHUX 000Jbewa, ykibyudyjyhu mnopemehaje
TeHCKE eKCIIpecHje M AaKTHUBHOCTH TPAHCKPUIIMOHUX (aKTOpa, ca akKIEHTOM Ha




TPAHCKPHUIILIMOHU (DaKTOp CUTHAIHU MIPEHOCHJIAI] M aKTUBATOP TPAHCKpHIIHUje 3 (€HII.
signal transducer and activator of transcription 3, CTAT3). JletajbHO Cy mpHKa3aHa
ca3Hama M3 CaBPEMEHUX HAyYHHX paJoBa O Pa3IMYUTHM helnHMjcKuM mocieauiaMa
narosnomke CTAT3 aktuBanmje, ykibydyjyhu edexre Ha henmjcko mpexuBIbaBambe,
aronTo3y, MUTpAlHjy, UMYHH OJrOBOp, M JICIOBamkbe HAa METadoiIM3aM MaJMTHUX
hemuja. Pasmorpene cy moryhHocTH musbaHor tepamnujckor nenoBama Ha CTAT3 u
MPEJCTaBJbEHE MPEIHOCTH U OrpaHndera TpeHyTHO pasBujanux CTAT3 uaxuburopa.
Takohe je pasmoTpen norenmujan npumeHe HaHouectuna (HIT) y tepanuju kapuuHOMa
JI0jJK€ W MPUKA3aHU Cy TPEHYTHO pa3BHjaHH HAHOCUCTEMH Y IHJHAHOM TEpPAaIlNjCKOM
NPUCTYNy MaJUTHUM OOOJbeHUMa JI0jKe ca IOCEOHMM OCBPTOM Ha TPOCTPYKO-
HEraTUBHH KapIMHOM Jojke (eHri. triple-negative breast cancer, THBLY).

VY opHOoCcy Ha MoAaTKe KOjU Cy M3HECEHU Y YBOJAHOM IOIVIaBJbY JUCEpTaluje,
MOCTaBJFEHH CY JaCHH LUJBEBH U3 KOJUX MPOU3MIIA3E XUIIOTE3€ NCTPaKknBamba. OCHOBHU
LMJBbEBHU JHcepTalyje o0yxBaTajy cienehe:

1. UcnutuBame  CTAT3-momynmupanor — hemujckor — munmuaHor — mpodwuia
KopuuihemeM MaceHe CHeKTpOMETpHje HakoH mHaykuuje win unxubunuje CTAT3 y
nBa pasnuanTa henmjcka cucrtema TkuBa jojke, ykibyayjyhu THBL henwjcky nuamjy.

2. Unentudukanuja monudukamuje HII ca apuHuTeTOM LMIbaHOT BE3WBama 3a
hemmje ca abnopmamHom CTAT3 akTuBHOmNY CKpUHHHTOM OMOJIMOTEKE BHUIIECIOJHUX
(eurs. Layer-by-Layer, JI6JT) HanouecTuiia momohy (GyopeciieHTHe MUKPOCKOIIH]E.

3. Keantudukanuja hemmjckor BesuBama CTAT3-mmwpajyhux HII mporounom
IMTOMETPUjOM U BaNMJAIMja pe3yiTara y YyKyNmHO Tpu henujcke JHHHUjEe AOjKe
KopumhemeM pa3IndUuTUX METOJOJIOUIKUX PUCTYTIA.

4, Kapakrepuzanuja auctpudynuje HII y TpoauMeH3MOHATHMM OpraHOMIMMA
henuja enutena q0jke KOHPOKATHOM MUKPOCKOIIH]OM.
5. [Ipouiena TpaHCIAMOHOT TOTEHIIMjajla MPETXOJHUX Halla3a HUCHUTHBAHEM

epekara TpermaHa HII ca uHKopnopupaHuM LHUCIUIATUHOM Ha henMjcKy amonTo3y
nomohy Anekcun V/JIAIIN 60jema 1 IPOTOYHO-LIUTOMETPU]CKE aHATTU3E.

6. HcnutuBame edexra akyTHe Tepanuje rama 3payemeM Ha CTAT3-3aBucHocT
henujckor Be3snuBamba HAHOYECTHUIIA.

VY nornasipy Metoze, y30pIH U MECTO E€KCIIEPHMEHTATHOT HCTPAKUBAEmA Cy
jacHo AeduHUCaHM HAYMH M KPUTEpUjyMHU U300pa y30pKa 3a UcTpakuBame. Jla Ou ce
00e30euia MOHOBJBUBOCT UCTPAKUBaa, JIETaJbHO Cy ONMCaHU KopuilheHu henujcku
CHCTEMH M HAHOYECTHIIE, Kao M JIAOOPAaTOPHjCKEe TEXHUKE KOpHUIINEHEe Y UCTPaKUBabY.
Tom mpwimKoM cy JeTajbHO ONHCaHe METOJIE TeYHE Xpomarorpaduje KylioBaHE ca
TaH/JEMCKOM MaceHOM cHekTpoMmeTpujoM Kopuinhene npu oxapehusBamy CTAT3-
3aBUCHOT MeTabonuukor mpoduia hennja enurena nojke, Mmetoaa Tpanchekuuje hemuja
kopuinhewem mManux uHTepdepupajyhux PHK (enrn. small interfering RNA, cuPHK),
MHUKpPOCKOIICKA M TPOTOYHO IUTOMETPH]CKAa HCHHUTHBama heNnujcKor Be3UBamba
HaHoYecTula, Merojie onpehusama henujcke Bujabunnocty, kao 1 CTAT3 excrpecuje
U aktuBHOCTH npuMenoM Western blot u MeTo oM KBaHTUTATUBHE JTaHYAHE PEaKIIUje
nmoJiuMepase ca peBep3HOM TpaHCKpHUNTa3oM (eHIII. gquantitative reverse transcriptase
polymerase chain reaction, qRT-PCR), HauuH KynaTHBamMje TPOAMMEH3MOHATHHX
opraHouja henmja emurena Jojke, W3BOhEHmE €KCIIEpUMEHAaTa ca ramMa pajujalyjoM
hemnja, a Takohe cy HaBeaeHe cCBe KopwImheHEe AaKTUBHE CYIICTAHIIE W FHbUXOBE
KOHIIGHTpallMj€ U MHKYOAllMOHH MEpHOA NMpH TpeTMmany henuja. Y OBOM MOrnaBiby je




takohe omucaH HauyuH npuMmeHe copTBepckux makera Imagel, FlowJo u GSEA u
HaBEJICHH CY U3BOPH €KCIPEeCHOHUX 0a3a mojartaaa kopuiiheHu y 6uonHpopMaTuuykum
ucnutuBamkuMa. Ha Kpajy mormaBiba Cy HaBelIE€HE CTATHCTUYKE METoJe M codTBepH
KopuiiheHu 3a o0paay n100HMjeHuX MmojaTaka. ¥ OBOM IOTJIaBJbY je Takole Ha3HAUYCHO
MECTO €KCIIEPUMEHTAIHOT UCTPAKUBAhA.

VY nornasspy Pe3ynrtaTu cy npukasaHu pe3yliTaTd UCTPaKMBamba y BUAY TEKCTa,
tabena u ¢urypa koje ykbydyjy rpadukone, Western blot ciuke u mukporpaduje.
TabenapHo u rpaduuku Cy npeacraBbeHu pesynaraTu ucnutuBamba CTAT3-3aBuCHOT
munuaHoT npoduia ae henujcke TMHU]E enuTena 10jKe, KOPUITNeHheM TPH TeparujcKa
npuctyna 3a wHXuOUnMjy wuinu aktuBanujy CTAT3. Ha ocHOBy pe3yiarata OBOT
WCTIHUTHBAaKka, OTKpUBEHU ¢y N-aIi TaypuH U apaxugoHCKa KHCEIMHA Ka0 METa0OIUTH
koju Haj3HauajHuje 3aBuce on CTAT3 akTUBHOCTH, T€ Cy OHHU JaJbe HCIHUTAHHU
OononH(popMaTHIKUM MeTogama. MeTomoMm aHanuse oborahema TeHCKe CUTHATYpE je
notBphena u mnpencrtaBbeHa kopenanuja usmel)y CTAT3 akTUBHOCTH U eKcIpecHje
€H3MMa KOJU KaTaJHIly CHHTE3y WM METa0oJIM3aM OBUX MeTaboJiMTa KOpUIIheHmeM
6aze excnpecuje rera 129 y3opaka Tymopa namnujeHara 000JeNux oJ] KapiuHOMa J0jKe.
C 003upoM Ja TaypuH M apaxHJOHCKA KHCEIMHA YYECTBY]y Y MOIYyJAIMjH cacTaBa H
ocobMHa TUIa3Ma MeMmOpaHe, UCTpaxkeHa je MOTYhHOCT UUJbaHOT BE3UBabA
HaHOYeCTHIa 3a henuje ca KapaKTepUCTHYHUM ocoOnHama henmjcke mMeMOpaHe Kao
nocneaunioM aktuBupaHor CTAT3. Ha ocHoBy pjare xumorese je UCHUTaHa
oubmmoreka ox 12 pa3nuyuTo OOJIOKEHHX BHUIIECIOjHUX HAHOYECTHIA, Ca IHJHEM
onpehuBama cCHoJballllber Ccli0ja HAHOYECTHUIa KOjU TMOKazyje MpedepeHinjaTHo
Be3uBame 3a hemmje emmrena gojke ca BucokoM CTAT3 aktuBHOCTH. CKPHHHHIOM
O0ubnnoTeke HaHOYecTUIA (DIYOPECHEHTHOM MHKPOCKOMHUJOM M KBaHTU(UKAIIM]OM
henujckor Be3uBama CBake O] HaHodectula y HerpaHcpopmucanum u CTAT3-
TpaHchopmucanuM, onHocHo ManmurHuM MCF-10A henujama, mnokazaHo je J1a
HaHouecTHIle obOnoxeHe mnonu-JI-rmyramunckom kucenunom (IUJIE, TIJIE-HIT)
nokasyjy mnpedepennujanno BesuBame 3a CTAT3-aktuBupane henuje kapuuHoMma
nojke. Ilpenmsna xBantudukanuja hemujckor BesuBama I[IJIE-HII je wusBpiena
IPOTOYHOM ILUTOMETPUJOM Yy KOHTpoJHUM HeTpaHcpopmucanum u CTAT3-
tpanchopmucanum MCF-10A henmujama, a CTAT3-3aBUCHOCT CeNeKTHBHOT hemujckor
BE3MBama j€ JOKa3aHa OJCYCTBOM jaror edekrta mpuinukoM uuxuounuje CTAT3
dbochopmwnanmje (KopumhemeM PYKCOIUTHHUOA) WM TPAHCKPUIIIIMOHE AKTHBHOCTH
(xopumhewem nupuMmeramuHa). Ilpu patum ucnuTHBamUMa je BepUpHUKOBaHA
nnxudunuja CTAT3 dochopuianyje 1 TpaHCKPUIILIMOHE aKTUBHOCTU MPHUKA3UBAHEM
pesynrata Western blot u qRT-PCR anammse koje cy paleHe mapanenHo ca
eKcliepruMeHTMa henujcKor Be3WBama HaHodecTula. lIpedepeHiujaiHo Be3uBame
IUIE-HIT 3a CTAT3-tpancdopmucane MCF-10A henuje je takolhe moTBpheHO y
CHUCTEMHMa TPOJMMEH3MOHATHUX OpraHouaa oBux hemuja. {uctpubymuja u nyomHcka
neHerpanvja HII y opranomzpe cy mnpukasaHu MuKporpadgujaMa u TNpPHUKA30M
dbayopecnientimje o X, Y u Z ocu. HII dayopecuiennmja je kBaHTH(UKOBaHA KPO3 CBE
TpU JUMEH3Mje KopuithemeM Makpo Hapeadbe U 3a OBEe CBpXe KpeHpaHUM
ayTOMaTH30BaHUM MoOJelIoM of0pane ciuka y coprteepy Imagel. Pesynraru
KBaHTU(UKaMje ¢iIyopecleHlje W Mukporpaduje Ccy jacHO TpPEICTaB/bEHU H
YKJbYUYy]y pacnoaeny ¢iayopecieHIiuje Mo CBe TPH OCe Y TPOJAMMEH3HOHATHUM
opraHouuma. Y IorjaBjby pe3yJTaTH je 3aTUM MCOUTaH noreHuujan npumene I1JIE-




HII y muspanom nenoBamwy Ha THBLL, unje henuje renepaino nokasyjy KOHCTUTYTUBHY
CTATS3 akTuBanujy v TpeHYTHO HEMajy LIMJbaHE Tepanujcke ommuje. [Iputom cy jacHO
MPEJICTAaBJbEHU PE3YNITaTH MPOTOYHO I[MTOMETPHJCKOT HCIUTHBAma NelnjcKor
BesuBamwa [IJIE-HII y nee THBI] henujcke nuHUje ca KOHCTUTYTHBHOM aKTHBAIlA]OM
CTAT3. CTAT3-3aBucnoct henujckor BesuBama [1JIE-HII je yrBphena cratuctuuku
3HaYajHUM CcMamemeM BesuBawa HII 3a hemmje ca yrumanom CTAT3 mPHK
eKCIIpecHjoM, Koja je u3BeneHa 3aceOHuM kopumihemeM nBe cuPHK-e pasmuuurte
JEIUHCTBEHE OJIMTOHYKJICOTHJHE CEKBEHIEe. 3aTUM Cy MpUKa3aHd pe3yaTaTu
WCIHUTHBaka TPAHCIAIMOHOT IMOTEHIMjajla MPUMEHE JaTUX HaHOYeCTHIa. Y JaTHM
eKCIIepUMEHTHMa je oJpehuBaH LUTOTOKCUYHHM e(eKaT IUCIUIaTHHA JIO0CTaBJHEHOT
nyrem [IJIE-HII u xaBe Bpcre Heumsbajyhmx HaHOYECTHIA, KAao M CIOOOIHOT
HECHKaIcyaupaHor 1uciiatuHa Ha HerpaHchopmucane u CTAT3-tpanchopmucane
MCF-10A henuje kao u THBII hennje SUM159PT ne3aBucHo TpaHchekToBaHe ca JIBe
CTAT3 cuPHK-e unu xontrpomnom Heuwmsbajyhom cuPHK-om. Ha ocHoBy natux
WCTIHUTHBAaKka, jJaCHO Cy MPHKA3aHW PE3YJITAaTH H3PaKEHHjeTr IMTOTOKCHYHOT JIejCTBa
uucruiatiia  fgocraBjbeHor nyreM [IJIE-HIT wa CTAT3-aktuBupane henuje, a
CHEIM(PUIHOCT JaTOr 3almakaka j€ TOTBpHeHa HEIOCTaTKOM TakBOT edeKTa
Henusbajyhux Hanouectuna. JlomaTHO Cy TpenCTaB/beHU pe3ydATaTh henujckor
BesuBama [IJIE-HII 3a nerpancpopmucane u CTAT3-tpanchopmucane MCF-10A
henuje TpeTHpaHe HaHOUYECTHIIAMAa HAKOH aKyTHE paadjaldje ca TpH pa3IuyuTe J03€
raMa 3pauema, yMja ONTHMajHa 1032 je MPETXOAHO yTBph)eHa W TpeacTaBibeHa Y
pesynratuma aucepranuje. ToM NPUIMKOM je 3a0eiekeH CHHEPrUCTHUKH edeKar
n3Mel)y rama paaujanyje u CTereHa CeJICKTUBHOCTH TPU BE3MBAaKy OBHX HAHOCHCTEMA
3a CTAT3-aktuBupane henuje.

VY mornasmpy [uckycuja cy TymadeHHu JO0MjEHU pe3yiTaTtH W ynopehuBanu ca
nojalMa M3 JIOCTyNHE JuTeparype. [leTajbHO Cy onucaHa akTyelHa Ca3Hama O
JTUMAIHOM MeTabonu3My manurHux henuja pojke u kopenanuju yrephenux CTAT3-
MOJyJMpPAaHUX METa0oJauTa ca JUTEePaTypHUM IMOAalMMa O HHHUXOBOM 3HAuajy y
MaJurHUM O00oJbemuMa. Takohe Ccy mpencTaBjbeHa CaBpEMEHa Ca3Hama O YTHIA]Y
CTAT3 akTuBHOCTM Ha MeTa0oNnM3aM JNUNUAa MajdurHux henmja, ca moceOHUM
OCBpTOM Ha henuje kapruHoma nojke. I[IpenctaBibeHn Cy caBpeMEHU HAyYHH PaJOBH
Ha pa3BHjamy LUJbAaHE Tepaluje 3a MaJUTHUTETE ca IaTOJOUIKOM MPEKOMEPHOM
aktuBHomhy CTAT3. VY moTnornaB/by JUCKYCHje O KapakTepUCTHKama |
MoryhHOCTHMa NpUMEHe HaHOUYECTHUIIA, IPUKa3aHa Cy aKTyeJlHa ca3Hamba 0 0COOMHaMa
KOpUIINEHUX BHUIIECIOJHUX HAHOYECTHIA, Ca IOCEOHMM aKIIEHTOM Ha TPEHYTHO
MO3HAaTe€ KapaKTepUCTUKE BUILECIOJHUX  HAHOUYECTHLA OOJIOKeHUX  monu-JI-
TJTyTAMUHCKOM KHCEJIMHOM Y FbUXOBOM TOHAIIAKY Y OMOJIONIKAM, OJJHOCHO hemHjcKuM
u in vivo cucremuma. C o03upoM na cy HaHouectuie obnoxene [1JIE moxasane
TyMOp-IMJbajyha CBOjCTBAa U y CUCTEMHUMa KaplMHOMA jajHUKa, OMOMH(OPMATHUKH je
UCIHTaHa U TpeACTaB/beHa Kopenamuja u3mely crerneHa oBakBOT IUJBAHOT J€JCTBA U
CTAT3 akTHUBHOCTH y UCIIUTUBAHUM heJnjCcKUM JIMHHM]aMa, KoprucTehH jaBHO JOCTYIHY
0a3y mojataka o Kapakrepuctukama manurHux hemujckux muauja (Cancer Cell Line
Encyclopedia, CCLE). IIpenoucna je MoryhHOCT mpuMeHe pe3y/rarta HCTPaKUBarba y
Tepanuju KapuumHoMa jaojke, Hapouuto THBILl xojuma TpeHyTHO HEIOCTajy LUJbaHU
TEpanujCcKu MPHUCTYNH, U Pa3MOTPEH j€ TMOTEHIHWjal CHUHEPrUCTHYKOI JejcTBa ca
pazuoTepanujom.




Y mornapy 3ak/bydlld Cy jaCHO W KOHIIM3HO HABEACHU 3aKJbYUYI KOjU
IpoM3HiIa3e U3 pe3yiaTaTa HCTPAKUBAMbA.

VY nornasspy Jluteparypa cy HaBeJeHH CaBpeMEHHM M3BOpU MH(OpMaIyja, Koju
Cy KopumheHM 3a MNpUIpeMy HCTpaXHBamka M JTUCKYCHjy pe3yirara, a KOju Cy
UTHPAHH Y TEKCTY JOKTOPCKE AucepTaluje mo BaHkyBepckuM npaBuinMa.

VI CHUCAK HAYYHUX U CTPYUYHUX PAJIOBA KOJU CY OBJAB/bEHU W
MMPUXBAREHHU 3A OBJAB/BUBAILE HA OCHOBY PE3VJITATA HCTPAKUBAIbA ¥
OKBHUPY PAJIA HA JJOKTOPCKOJ JUCEPTALIUJU:

TakcaTMBHO HaBeCTH Ha3MBE pajioBa, Iie U Kaja cy oOjaBibeHu. [IpBO HaBecTH HajMame jefaH paj
objaBjreH wim mnpuxBaheH 3a o0jaBipHBamEe Yy CKiIany ca [lpasunuma OOKMOPCKUX cmyouja
Yuueepsumema y Hosom Cady xoju je IOBe3aH ca caapikajeM JTOKTOPCKe IucepTamnuje. Y cirydajy paaoBa
npruxBaheHnxX 3a 00jaBJbHBaEE, TAKCATUBHO HABECTH HAa3WBE PalloBa, I'e M Kaja he OMTH 00jaBIbeHH H
NPHIOKUTH MOTBPY YPEIHHKA YacOIHUCA O TOME.

PanoBu 00jaB/beHN Y HAYYHUM YacolMCcUMa MelyyHapoJHOT 3HaJaja:

1. Tosié¢ I, Heppler LN, Egusquiaguirre SP, Boehnke N, Correa S, Costa DF et al.
Lipidome-based Targeting of STAT3-driven Breast Cancer Cells Using Poly-I-
glutamic Acid-coated Layer-by-Layer Nanoparticles. Mol Cancer Ther.
2021;20(4):726-38. (M21, IF=5.615)

2. Liu S, Gandler HI, Tosi¢ I, Ye DQ, Giaccone ZT, Frank DA. Mutant KRAS
Downregulates the Receptor for Leukemia Inhibitory Factor (LIF) to Enhance a
Signature of Glycolysis in Pancreatic Cancer and Lung Cancer. Mol Cancer
Res. 2021. doi: 10.1158/1541-7786.MCR-20-0633. (M22, IF= 4.630)

3. Lapidot M, Case AE, Larios D, Gandler HI, Meng C, Tosi¢ I, et al. Inhibitors
of the Transcription Factor STAT3 Decrease Growth and Induce Immune
Response Genes in Models of Malignant Pleural Mesothelioma (MPM).
Cancers (Basel). 2020;13(1):7. (M21, IF=6.126)

4. Egusquiaguirre SP, Liu S, Tosi¢ I, Jiang K, Walker S, Nicolais M, et al.
CDK5RAP3 is a Co-factor for the Oncogenic Transcription Factor STATS.
Neoplasia. 2020;22(1):47-59. (M21, IF=5.696)

5. Cerulli R, Shehaj L, Tosic I, Jiang K, Wang J, Frank D, et al. Cytosolic
delivery of peptidic STAT3 SH2 domain inhibitors. Bioorg Med Chem. 2020;
28(12):115542. (M21, IF= 3.073)

6. Stevens AM, Xiang M, Heppler LN, Tosi¢ I, Jiang K, Munoz JO, et al.
Atovaquone is Active Against AML by Upregulating the Integrated Stress
Pathway and Suppressing Oxidative Phosphorylation. Blood Adv.
2019;3(24):4215-27. (M21, IF=4.910)

Pa,Z[OBI/I Yy HaconmcruMa HalluOHAJIHOT 3Haqaja:
1. Toesi¢ IN, Mikov MM, Stankov KM. Application of nanomedical technology in
breast cancer treatment. Hospital Pharmacology. 2020;7(1):883-94. (M52)

VI 3AK/bYYIIN OJHOCHO PE3YJITATHU HCTPAKHNBAbA:

1. KBaiuTaTHBHOM ¥ KBAaHTUTATHBHOM aHAIW30M METa0OJMYKOT TIpodriia
CTAT3-aktuBupanux henuja enutena nojke yrspheno je na CTAT3 Bpim akTHBHY
MOAyJaIMjy JUNUIHE CTpyKType henuja kapumHoMa pojke. Hajuspaxenuje
KOH3UCTEHTHE MeTa0OoJMYKe INpoMeHe cy 3abenexeHe Yy henujckuM HHBOMMA




nepuBaTa N-auui TaypruHa U apaxuJ0HCKE KUCEIUHE.

2. CTATS3 rencka curHatypa je BUCOKO oOoraheHa y y3opuuma mamujeHara ca
KapIIMHOMOM JI0jKe KOju ToKa3yjy Huzak HuBo MPHK ekcrnpecuje nucraTnonns rama
muaze (LUTX) w mumcremn guokcurenasze (L[JIO1), nBa eH3uma mnoTpeOHa 3a
OuocuHTe3y TaypuHa M3 xomormcrenHa. Jlaro otkpuhe ykasyje Ha To nma CTAT3
MOYKE€ HETaTUBHO PEryJiucaTh TPAHCKPHIILN]Y HABEJAEHUX €H3MMa, IUTO MOCIEAUYHO
pe3ynTyje cMamemeM henujckor caapikaja N -anumn TaypuHa.

3. CTATS3 rencka curHarypa je BUCOKO oboraheHa y y3opmuma maidjeHara ca
KapIIMHOMOM JI0jke Koju umajy Bucoky MPHK ekcmpecujy mukinookcurenasze 2
(COX-2) u apaxmmonat S-mumookcureHase (5-LOX, ALOX-5), nBa eHsuma Koju
KaTaJIn3yjy KOHBEp3W]y apaxuJ0HCKe KHCelnuHe Yy ewko3aHounue. Ca apyre crpase,
CTAT3 rencka curHarypa HUje y KOpelanuju ca ekcrpecujoM docdonmmaze A2
(PLA2G4A), ensuma morpeOHOr 3a ociobahame apaxumaoHCKE KHCEITUHE W3
dbocomunuanor asocnoja hemujcke memOpane. Jlata oTkpuha ykasyjy Ha TO 1a
CTAT3 wmoxxe mo3utuBHO perymucati TpaHckpunuyjy COX-2 u 5-LOX, mro
pe3yiTyje cMambemheM hellnjcKor HUBOa apaxu0HCKE KUCETIHHE.

Taypun u apaxuJoOHCKa KHCEIMHA Cy YKJbYYEHH Y PEMOJICNIOBAamE IUIa3Ma
MeMOpane, npyxajyhu Hauun audepenunjanuje uzmehy CTAT3-aktuBupanux henuja
KapIMHOMa JOjK€ M HEMaJHTHOT TKHBAa KOje TEHEpaJTHO OJUIMKYje HHU3aK HHBO
aktuBHocTH CTAT3.

4.  CxkpunuHrom OuOmmoteke oj 12 BuIeciojHUX, ,,ClI0j-TI0-cinoj* (eHri. Layer-
by-Layer) HaHouecTHIla KOje cC€ pa3lUKyjy Yy CTPYKTYpH CIOJBAIIEr ClI0ja,
OTKpUBEHO je Ja HAHOYECTHIIC TNPECBYYCHE NOIH-JI-TIyTaMUHCKOM KHCETHHOM
(IUTE) nokasyjy Bucok adpunutet BeauBama ka CTAT3-tpanchopmucanum henujama
KaplMHOMA JI0jKe, JOK C€ MCTOBPEMEHO 3HATHO Mame Be3yjy 3a HeTpaHc]opMmucaHe
henuje. Cnenn¢puyHOCT JaTe MHTEpaKIyje je yTBpheHa OJCYCTBOM CIMYHOI edekra
KOJI HAHOYECTHUI[A 00JI0KEHUX JPYTUM IOBPITUHCKIM XEMH]CKHM CTPYKTYpaMma.

5.  Kapakrepuzanuja cybhemmjcke nokanmuzauuje [IJIE-HII  xopumhemem
MHUKPOCKOIIH]€ BUCOKE Pe30JyllHje yKa3yje Ha TO Ja C€ OBE YECTHIIC MPEBACXOTHO
Be3yjy 3a henujcky miuazma MeMOpaHy U HUCY HY)KHO HHTEpHAJIM30BaHEe y LIUTOCOI.

6. KBaHTHUTaTHBHOM aHAIM30M MPOTOYHE IUTOMEeTpHje yTBpheHo je ma ce ITJIE-
HIT npedepenuunjanno Besyjy 3a CTAT3-tpanchopmucane MCF-10A  henwuje,
nokazyjyhu 50% Behy duyopecuennnjy Hanodectunia Be3anux 3a CTAT3-
tpancopmucane manmurie MCF-10A henuje y mopehemy ca QuyopecueHIjom
HaHoOuecTHIla Be3aHux 3a HeTpaHchopmucane MCF-10A henuje. HaBenena nojasa ce
y TOTIYHOCTH 3ayCTaBJbeHa MHXHUOUIMJOM TPAHCKPUIIMOHE AKTUBHOCTHU
(kopumhewem nupumeramuna) wid  dochopunanuje CTAT3  (ymorpebom
pykconutuau6a), mnotBplhyjyhu CTAT3-3aBucHOCT TymoOp-Lmibajyhux cBOjcTaBa
OBHX HAHOYECTHIIA.

7.  Hanouectuue o6noxene IIJIE mory ce KOpUCTHTHM Kao ajarT 3a LUJbaHy
Tepanujy TpocTpyko-HeraTuBHUX KapiuHoma nojke (THBLI), jep nmokasyjy uspaxeHo
BesuBame 3a THBI[ henumjcke nunmje SUMISOPT u MDA-MB-231. henujcko
Be3MBamkE j€ 3HayajHO yMameHo reHeTckoM wuuHxuounujom CTAT3 excnpecuje
koputthemeM 6uito koje ox ase paznuuute cuPHK cekseHie.

8.  Amammsom muctpuOynumje I[IJIE-HIT y TpoauMmeH3MOHAIHUM OpraHOMANMA
henuja enuTena J0jK€ je OTKPUBEHO Ja OBE HAHOYECTUIE MNPOIUPY y IyOUHY




TpoauMeH3noHaTHUX henujckux crpykrypa npumapHo CTAT3-tpanchopmucanux
henujckux opranouga. Ynpkoc uynwbenunu n1a CTAT3-tpanchopmucanu opraHougn
o0pa3yjy TycTe W MacMBHE TPOJUMEH3HOHAIHE CTPYKType y mopehemy ca He-
TpaHcGOPMHUCAHUM OPTraHOUIUMA, 32 ILITa CE MOTJIO OYeKUBaTH J1a ometa mpozaop HII,
OBH opraHouau mnokasdyjy Behy xkBanturatuBHy IIJIE-HII ¢nyopecuenuujy mno
opranouny (3a 40%) xao u no 3anpeMuHu opranonna (3a 73%).

9.  TpaHcnanvoHU NOTEHIM]jAT OBE CTYHUje MPEJCTABIbEH j€ 3HATHO M3PAKECHUJUM
IIUTOTOKCUYHUM edeKToM nuciuiatiHa ucnopydeHor nyrem IIJIE-HIT y CTAT3-
aktuBupane henuje y nopehemwy ca henmjama kojuma Hegocraje akrusupanu CTAT3.
Cympotrao tome, hemmje ca aktuBupanum CTAT3 ykmwyuyjyhu THBIL henuje,
nokasajie cy win Behy OTIOPHOCT WJIM Te€HEpalHy PEe3UCTEHIU]y Ha HecrenupuiHe
o0nuke Tepanuje kao mTo cy ciaobonuu mucruiatud u HII ca enkancynupanum
[UCIUIATHHOM KOjUMa HEJIOCTaje MOBPUIMHCKH CII0] WIH Cy OOJIOKEHE CTPYKTYPOM
0e3 usbajyhux cBojcTaBa, JeKCTpaH cyndarom.

10. Tama 3padyewme je 3HauajHo cMmamuiao BesuBamwe [IJIE-HIT 3a He-
Tpancopmucane henuje emurena Jojke, JOK jeé MMall0 MHUHHUMajaH edekaT Ha
BesuBame [IJIE-HIT 3a CTAT3-aktuBupane henuje. HaBenen edekar je m0Beo 10
JI03HO 3aBUCHOT noBehama pasnuke y BesuBamwy [IJIE-HII, ca koHayHUM TBOCTpYKUM
nosehaweM pasnuke y Be3uBawy usMmely He-tpanchpopmucanux u CTAT3-
TpaHcopMmucaHuX henuja HAKOH pajaujalirje rama 3pauruma y 103u of 5Gy.

Y 3akmpyuky, JIOJI HaHodecTHMIle ca TEPMUHAIHHM CiojeM Tmonu-JI-
[UIyTAMUHCKE KHCEIMHE TMPEACTaB/bajy HOBY KIJacy Hocadya JieKOBa KOjU
npedepennujarno uHTeparyjy ca CTAT3-tpanchopmucanum henujama emnmrena
JI0jK€ U MOTY IMOHYJIUTH CUHEPTHUjy ca paauoTepanujoM. Pesynratu oBe nucepraiuje
npyxajy obehaBajyhy mosnasHy Tauky 3a pa3Boj pallMOHAJIHOT, IIMJbAHOT MPHUCTyIa
Jeyemhy TPOCTPYKO-HETaTUBHUX KapIMHOMA JI0jK€, KOjUMa TPEHYTHO HEIO0CTajy
TaKBE TEPAMMjCKE OIIIH]E.




VIl  OHEHA HAYMHA ITPUKA3A U TYMAUYEA PE3YJITATA HCTPAKUBAIbA:
EXCIIIMIINTHO HAaBECTH TO3WTHBHY WM HETaTHBHY OLCHY HAauyMHA IPHKa3a M TyMadema pe3yiTara
UCTPaXHUBaA.

Haunn mnpukasza u Tymadema pe3yiaTara HCTPaXHBama C€ OlCHYje MO3UTHBHOM
olLleHOM oJ1 cTpaHe wiaHoBa Komucyje.

IX KOHAYHA OLHEHA TOKTOPCKE JUCEPTAIIUJE:
ExcrmmiutHO HaBeCTH Ja JIM JUcepTalidja jecTe WM HHje HalMCaHa y CKJIaxy ca HaBeICHUM
00pa3NoKeHEM, Kao M JIa JIM OHA CaJ[pyKU WK HE Calp)KU CBe OUTHE eneMmeHTe. JlaTth jacHe, mpelu3He u
KOHIIM3HE 0JIroBOpe Ha 3. U 4. IUTame!

1. /la nu je aucepTaiyja HaNMcaHa y CKJIaay ca 00pas3iioKeheM HaBeJCHUM y NIpUjaBu TemMe?
Jlucepranuja je HamMcaHa y CKJIay ca 00pa3ioKeHheM HaBEACHUM Y ITPHjaBH TEME.

2. Jla i mucepTanmja caup>kKu cBe OUTHE eJIeMEHTe?
Jlucepranyja caap:ku cBe OUTHE eleMeHTe, yKibydyjyhu cBa moTpeOHa MoriaBiba u
CBEOOYXBaTHE OPUTMHAJIHE Pe3yITaTe UCTPAKUBAbA.

3. o wemy je aucepTanmja OpUrHHATIAH JOMIPUHOC HAYITH?
Jlucepranyja je opurnHajiaH JONPHUHOC HAYIU jep MPEeCTaBba MPBU MO3HATH HAYYHH
paja y KoMe je JOKa3aHO CEIeKTHUBHO Be3MBAKE HAHOUECTHUIIA IPEKPUBEHUX moH-L -
riryTaMrHCKOM KucenuHoM 3a Manurae CTAT3-akruupane henuje. Tpancnaruonu
MOTEHIIM]jall je T0OKa3aH npedepeHIjaTHuM IUTOTOKCUYHUM JI€jCTBOM LIUCIUIATUHA
noctassbeHor yteM [1JIE-HIT na CTAT3-aktuBupane henmje, 10K Cy HECEICKTHBHA
o0JIMIM OCTaBe Tepaluje MMl 3HAaTHO cliabuje J1ejCTBO Ha TaKBe MalurHe henuje.
Taxohe, pe3ynraTu aucepranuje ykaszyjy Ha CHHEPrHjy u3Mel)y IubaHoT JIeTIOBamba
[JIE-HIT u Tepanuje rama 3pauermeM, 4ecTo kopulitheHe Tepanuje y TpeTMany
naryjeHaTa ca KapIimHoMoM Jiojke. Y3umajyhu y 063up na 70% kapuuHOMa J10jKe U
npaktuyHo ce henuje THBL] noka3yjy koncturytuBny aktuBanujy CTAT3, nara
otkpuha npezcrasibajy o0ehaBajyhy mosiasHy Tauky 3a pa3Boj NPUHIUIIA CEJIEKTUBHE
JocTaBe xeMuoTepaneyruka ManurauM henujama nyrem CTAT3-musbajyhux ITJIE-
00JIOKEHNX HAHOYECTHUIA.

4. Koju cy HeioCcTanu AUcepTaIrje U KaKaB j¢ lUXOB YTHIIA] Ha PE3YyJITaT HCTPAKUBAHA?
VY uctpaxuBamy AucepTalyje cy KopuirheHne ajieKBaTHE U BUILIECTPYKE KOHTPOJIE KaKo
6u ce ocurypaiia poOyCHOCT pe3yiTara U u30erio u3Boheme HEOCHOBAHUX 3aKJbydaKa.
[Ipu cBakOM €KCIIEpUMEHTY j€ MapajeaHo KOPUIINeHOo BUIIE pa3InYUTUX OUOJIOMIKUX Tj.
(apMaKoJIOIIKUX TPETMaHa ca UCTUM JI€JCTBOM, Kao M pa3IMYUTH CUCTEMH HaHOUYECTULIA
u henujckux JIMHUja Kako OU ce MOTBPAMO UCIIUTUBAHHU OMOJIOIIKY MEXaHU3aM U
ocurypaia pernpoayKTUBHOCT pe3ynraTa. CBakM OMOJIOMIKM €KCIIEPUMEHT j€ U3BECH
HajMame JIBa MyTa, a CBaKM y30paK y aHAJIU3H1 j€ UMao HajMamwe Tpu peruke. CaMum
THUMe, MUIIJbehe KomucHje jecte 1a HeMa HelocTaTaka y UCTPakKUBamy JUcepTalnje
KOJu OM MOTJIM YTUIIATH Ha pe3yJITaTe UCTPAKHBaAbA.




X HOPEJJIOT:

Ha ocHOBY HaBeJICHOT, KOMHCH]a TIpeJIaKe:

@ Ja ce JOKTOPCKA JIUCEPTALM|ja NPUXBATH, 2 KAHIMJIATY 0100pH 010paHa;

0) ma ce MOKTOpCKa AMCEpTaIlHja BpaT KaHAWAATY Ha TOopaay (Ia ce TOIMyHH OJHOCHO U3MEHH);

B) J1a ce JOKTOPCKa qucepTanyja onouje.

Hosu Can,

1. ITpod. nmp Bukropuja Hparojeuh Cumuh

, IPEJICETHUK

2. Ilpod. np Benubop Bacosuh

, WIaH

3. Homu. np Jacmuna Katanunh

, WIaH

HATIOMEHA: Ynan KoMHCHje KOjH HE KEJIH Ja MOTIHIIE U3BEUITA] jep Ce HE ClaXe ca MHIUBbCHEM
BehuHE WIaHOBAa KOMHUCH]€E, Ty’KaH je Jla YHECE y M3BEITaj] 00pas3IoKeHe OJHOCHO pas3iore 300r KOjuX HE

KEJIN Ja IMOTIIMIIC I/ISBCH.ITaj " ga UCTHU IMOTIIHIIE.
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Targeting STAT3-driven breast cancer cells using poly-L-glutamic acid-coated Layer-by-
Layer nanoparticles

IV  OVERVIEW OF THE DOCTORAL DISSERTATION:
Concisely summarize the dissertation content with indicated number of pages, chapters, figures,
images, charts etc.

Dissertation content:

1. Introduction

Chapter Introduction is written on 30 pages, including contain a total of 10 images and
2 charts.

2. Aims and hypotheses

Chapter aims and hypotheses is presented on two pages, indicating aims which were set
according to findings described in the introductory chapter and from which the main
hypotheses were derived.

3. Methods, samples and place of experimental research

This chapter describes in detail used materials, methods, means of sample selection and
place of experimental research. It is written on 16 pages of dissertation and includes 4
tables, 4 images and 7 charts.

4. Results

Chapter Results includes 46 pages of the doctoral dissertation, in which research results
were presented in the form of two tables and a total of 36 microscopic and Western blot
images, as well as 91 charts.

5. Discussion

Chapter Discussion is written on 15 pages of dissertation and represents a detailed
analysis of the research results and how they compare with published literature.

6. Conclusions

Conclusions derived from the experimental results are described on three pages of text,
with a total of 10 conclusions.

1-6. Summary of the doctoral dissertation encompassing all previously listed chapters is
written in Serbian language on 26 pages of text.

7. Abbreviation list

List of all abbreviations used in the dissertation manuscript is indicated in a tabular
form (6 pages) and includes the non-abbreviated names in both Serbian and English
language.

8. References

Literature (290 references) used in preparation and writing of the dissertation were
cited according to Vancouver citation style and are listed on 21 pages of the
dissertation.

The doctoral dissertation contains a total of 8 chapters; 165 pages; 4 tables; 67 figures
that display a total of 105 charts and 50 images (digital photomicrographs, Western blot
images and biological schemes). Number of used and referenced literatures is 290.

V EVALUATION OF INDIVIDUAL DISSERTATION CHAPTERS:

Chapter Introduction describes novel insights into epidemiology, molecular




characteristics and therapeutic approaches in treatment of breast malignancies.

Molecular aspects of malignant disorders are explained, including gene expression

abnormalities and roles of transcription factors, with focus on transcription factor signal

transducer and activator of transcription 3 (STAT3). Thereby, data from novel scientific
publications were used to describe the current understandings of various cellular
consequences of pathological STAT3 activation, including effects on cell survival,
apoptosis, migration, immune response, and effects on metabolism of malignant cells.

Possibilities of targeted therapeutic approach to STAT3 are further discussed, with

focus on the benefits and limitations of currently developed STAT3 inhibitors. This

chapter also describes the therapeutic potentials of nanoparticle (NP) application in
development of targeted treatment for breast cancers, with particular focus on triple-
negative breast cancers (TNBCSs).

Based on the data presented in the introductory chapter of the dissertation, main
aims are set in a clear and concise manner. Research hypotheses are directly derived
from the set aims. The main aims of the dissertation include the following:

1. Investigation of STAT3-modulated cellular lipid architecture by performing mass
spectrometry following induction or inhibition of STAT3 in two different breast
cellular systems, including a TNBC cell line.

2. Identification of the optimal NP modification with targeting affinity towards
STAT3-driven cells by screening a library of LbL nanoparticles using fluorescent
microscopy.

3. Quantification of the STAT3-targeting NP-cell binding by flow cytometry and
validation in a total of three breast cell lines.

4. Characterization of NP penetration into the three-dimensional breast cellular
organoids by confocal microscopy.

5. Evaluation of the translational potential of these findings by testing the effects of
cisplatin-loaded NP treatment on cellular apoptosis by Annexin V/DAPI staining
and flow cytometric analysis.

6. Investigation of the effect of acute gamma radiation therapy to NP-cellular binding.

In the chapter Methods, samples and place of experimental research, the means
and criteria for sample selection are clearly defined. To ensure the reproducibility of the
research, cellular systems, nanoparticles and laboratory techniques used in the research
are comprehensively described. With that regard, the following techniques are
described in detail: liquid chromatography methods coupled with tandem mass
spectrometry used in determining STAT3-dependent metabolic profile of breast
epithelial cells; cell transfection methods using small interfering RNAs (SIRNA);
microscopic and flow cytometric assays for investigating nanoparticle-cell interaction;
assays for determining cell viability; STAT3 protein expression and transcriptional
activity using Western blot and quantitative reverse transcriptase polymerase chain
reaction (QRT-PCR); three-dimensional cultivation of breast epithelial cell organoids
and experiments with gamma irradiation of the cells. In addition, all active substances,
their concentrations and incubation period for cell treatments are clearly indicated. This
chapter also describes the application of software packages Imagel, FlowJo and GSEA
and provides the sources of expression databases used in bioinformatic analyses.
Finally, this chapter includes the statistical methods and software used to process the
obtained data, as well as the location of the experimental research.




The dissertation research results are displayed in the Results chapter, in form of
text, tables and figures that include graphs, Western blot images and micrographs. The
results of investigating STAT3-dependent lipid profile of two breast epithelial cell lines
are presented in tabular and graphical form, and were generated by applying three
therapeutic approaches for inhibition or activation of STAT3. Based on the results of
these experiments, N-acyl taurine and arachidonic acid were identified as metabolites
most significantly dependent on STAT3 activation, and these findings were further
verified using bioinformatic approaches. The correlation between STAT3 activity and
expression of enzymes that catalyze the synthesis or metabolism of these metabolites
was determined and confirmed by gene set enrichment analysis (GSEA) using the gene
expression database of 129 breast cancer patient samples. Since taurine and arachidonic
acid modulate composition and properties of the plasma membrane, the author further
investigated possibility of targeted nanoparticle binding to cells with characteristic cell
membrane properties as a consequence of activated STAT3. Based on this hypothesis, a
library of 12 differently coated Layer-by-Layer (LbL) nanoparticles was examined
using fluorescent microscopy, with the aim of determining the nanoparticle
composition that shows preferential binding to breast epithelial cells with high STAT3
activity. NP library screen and cell binding quantification of each of the nanoparticles
in non-transformed and STAT3-transformed MCF-10A cells showed that NPs coated
with poly-L-glutamic acid (PLE, PLE-NP) preferentially bind to STAT3-driven breast
cancer cells. Precise quantification of differential PLE-NP cell binding was further
determined by flow cytometry in MCF-10A cells and is presented in the form of graphs
and histograms. Furthermore, STAT3 dependency of NP selective cellular binding was
demonstrated by the absence of such an effect in cells in which STAT3
phosphorylation or transcriptional activity were inhibited using ruxolitinib or
pyrimethamine, respectively. In the aforementioned assays, STAT3 phosphorylation
and transcriptional inhibition were verified by Western blot and gRT-PCR analyses
performed in parallel with NP-cell binding experiments. Preferential PLE-NP binding
to STAT3-transformed MCF-10A cells was also confirmed in the three-dimensional
organoids of these cells. The distribution and NP penetration into organoids are shown
by micrographs and NP fluorescence across X, Y, and Z axis of the organoid. NP
fluorescence was quantified throughout all three dimensions using a macro command
and an automated image processing model created in ImageJ software for this purpose.
The results of organoid NP fluorescence quantification and micrographs are clearly
presented by images and charts. Since TNBC cells display constitutive STAT3
activation, this section includes the results of investigating the potential of PLE-NP
application in targeted approach to TNBCs, which currently lack such therapeutic
options. The results of flow cytometric testing of PLE-NP cell binding to two different
TNBC cell lines with constitutive STAT3 activation are clearly presented as flow
cytometric histograms and quantification charts. STAT3 dependency of PLE-NP cell
binding was confirmed by a statistically significant decrease in NP binding to cells with
silenced STAT3 mRNA expression, which was individually performed using two
single oligonucleotide sequence siRNAs. Additionally, this section includes the results
of investigating the translation potential of these nanoparticles. In the given
experiments, the cytotoxic effect of cisplatin delivered via PLE-NP or two types of
non-targeting nanoparticles, as well as non-encapsulated cisplatin was investigated in




non-transformed and STAT3-transformed MCF-10A cells, as well as TNBC cells
SUM159PT transfected with two different siRNAs to STAT3 or non-targeting sSiRNA
control. The results of these experiments are clearly displayed and indicate a greater
cytotoxic effect of cisplatin delivered via PLE-NP on STAT3-activated cells, while lack
of such an effect with any of the non-targeted forms of treatment confirms the
specificity of STAT3 targeting by PLE-NPs. Finally, this chapter includes the results of
assays investigating the effects of acute gamma radiation on STAT3-dependent PLE-
NP cellular binding. In these experiments, the cells with induced STAT3 (or non-
transformed control cells) were treated with three previously optimized doses of
gamma radiation, after which were treated with PLE-NPs. The results of the following
flow cytometric PLE-NP cell binding quantification indicate a synergistic effect
between gamma radiation and the degree of selectivity in binding of these nanosystems
to STAT3-activated cells.

In the Discussion chapter, the obtained results are interpreted, discussed and
compared with the data from the recently published literature. Current knowledge on
lipid metabolism of breast malignant cells is discussed in detail, together with literature
findings about identified STAT3-modulated metabolites and their importance in
malignant progression. Novel findings on the effects of STAT3 activity on cancer cells
lipid metabolism are also described, with emphasis on breast cancers. Additionally,
recently developed targeted therapies for STAT3-driven malignancies are discussed.
This chapter also includes a subchapter about the characteristics and potentials of
nanoparticle application, current understandings of the properties of Layer-by-Layer
nanoparticles, with emphasis on the established features of PLE-coated nanoparticles
and their behavior in biological and cellular systems. Since PLE-NPs also showed
tumor-targeting properties in ovarian cancer systems, the correlation between the
degree of such targeted affinity and STAT3 activity in the tested cell lines was
examined by computational tools and employment of expression data available in
Cancer Cell Line Encyclopedia (CCLE). Application of radiotherapy in breast cancer
treatment as well as synergistic NP and radiation effects are discussed in this chapter.
Finally, potentials of utilizing the results of this research in treatment of breast cancers
and TNBCs in particular, were highlighted at the end of this chapter.

The conclusions directly derived from the dissertation study results are clearly
and concisely stated in the chapter Conclusions.

The chapter References lists novel sources of scientific publications which were
used for the preparation of research and discussion of results. References are cited in
the text of the doctoral dissertation according to the VVancouver citation style.
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Atovaquone is Active Against AML by Upregulating the Integrated Stress
Pathway and Suppressing Oxidative Phosphorylation. Blood Adv.
2019;3(24):4215-27. (M21, IF=4.910)
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Vil CONCLUSIONS AND RESEARCH RESULTS:

1. Qualitative and quantitative analysis of STAT3-driven metabolic profile in breast
cellular systems revealed that STAT3 actively modulates the lipid structure of breast
cancers. The most consistent and potent metabolic alterations are observed with the
cellular abundance of N-acyl taurine and arachidonic acid derivates.

2. STAT3 gene expression signature is highly enriched in the breast cancer patient
samples that have low expression of cystathionine gamma lyase (CTH) and cysteine
dioxygenase (CDO1), the two enzymes required for taurine biosynthesis from
homocysteine. This finding indicate that STAT3 may negatively regulate
transcription of these enzymes, resulting in reduction of cellular N-acyl taurine
content.

3. STAT3 gene expression signature is highly enriched in the breast cancer patient
samples that have high expression of cyclooxygenase 2 (COX-2) and arachidonate
5-lipoxygenase (5-LOX, ALOX-5), the two enzymes that catalyzes the conversion
of arachidonic acid into eicosanoids, and does not correlate with the expression of
phospholipase A2 (PLA2G4A), the enzyme required for release of arachidonic acid
from phospholipid bilayer of cell membrane. These findings indicate that STAT3
may positively regulate transcription of COX-2 and 5-LOX, resulting in reduction of
cellular arachidonic acid content.

Both taurine and arachidonic acid are involved in plasma membrane
remodeling, providing a plausible distinction between STAT3-driven breast cancer
cells and non-malignant tissue.

4. By screening a library of 12 differently coated Layer-by-Layer nanoparticles, we
identified poly-L-glutamic acid coated nanoparticles to display targeting affinity
towards STAT3-transformed breast cancer cells, while showing attenuated binding
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to non-transformed counterparts. The specificity of this NP-cell interaction is
displayed by absence of a similar effect with nanoparticles coated with other surface
chemistries.

. Characterization of PLE-NPs subcellular distribution by high resolution microscopy

indicates that these particles primarily bind to the cellular plasma membrane, and
may not necessarily be internalized into the cytosol.

. Quantitative flow cytometry analysis indicates that PLE-NPs preferentially bind to

STAT3-transformed MCF-10A cells, displaying 50% greater cell-associated
nanoparticle fluorescence compared to their non-transformed counterparts. This
event is completely reversed with STAT3 transcriptional (using pyrimethamine) and
phosphorylation (using ruxolitinib) inhibition, confirming STAT3-dependency of
tumor-targeting properties of these nanoscale systems.

. PLE-coated nanoparticles could be used as the targeting agent for triple-negative

breast cancers, as they show strong binding to TNBC cell lines SUM159PT and
MDA-MB-231. The cellular binding is significantly attenuated with genetic
inhibition of STAT3 using each of the two different SIRNA sequences.

. Analyses of the PLE-NP effect in three dimensional breast cellular organoids

revealed that these nanoparticles potently penetrate in depth of three dimensional
cancer structures. Despite the fact that STAT3-transformed organoids grew in
denser and massive three-dimensional structures than non-transformed organoids,
which may have been expected to impede the NP penetration, these organoids
showed greater quantitative PLE-NP fluorescence per organoid (by 40%) as well as
per organoid volume (by 73%).

. The translational potential of this study is presented by significantly stronger

cytotoxic effect of cisplatin delivered via PLE-NPs to STAT3-driven cells compared
to cells lacking activated STAT3. On the contrary, cells with activated STATS3,
including TNBC cells, showed either greater resistance or non-responsiveness to
non-specific treatments, including free cisplatin and cisplatin-loaded NPs lacking
the surface layer or complemented with non-targeting dextran sulfate.

Gamma irradiation significantly reduced the binding of PLE-NPs to non-
transformed mammary epithelial cells, while having minimal effect on binding to
STAT3-induced cells. This led to radiation dose-dependent increase in differential
cell binding of PLE-NPs, resulting in 2-fold increase in binding difference between
non-transformed and STAT3-transformed cells following 5 Gy radiation.

In conclusion, LbL nanoparticles with a terminal poly-L-glutamic acid layer
represent a new class of drug carriers that preferentially interact with STAT3-
transformed mammary epithelial cells, and may offer synergy with radiation
therapy. These findings provide a promising starting point for the development of a
rational, targeted approach to treating triple-negative breast cancers, which currently
lack such therapeutic options.
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presentation and interpretation.
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Explicitly state if the dissertation is or is not written in accordance with submitted dissertation proposal,
as well as does it contain all the important elements. Provide clear, precise and concise answers to
questions 3 and 4:

1. Is the dissertation written in accordance with previously submitted dissertation proposal?
Dissertation is written in accordance with previously submitted dissertation proposal.

2. Does the dissertation contain all the important elements?
Dissertation contains all the important elements, including all necessary chapters and
comprehensive original research results.

3. Why does this dissertation provide original contributions to science?

Dissertation provides original contributions to science, as it represents the first known
scientific publication that demonstrates selective binding of poly-L-glutamic acid-
coated nanoparticles to malignant STAT3-driven cells. Translational potential of these
findings is evidenced by preferential cytotoxic effect of cisplatin delivered via PLE-
NPs to STAT3-driven cells, while non-targeted forms of treatment cause little effect to
such malignant cells. Results of this study further indicate a synergy between targeting
ability of PLE-NPs and therapy with gamma irradiation, a frequently used form of
breast cancer treatment. Considering that 70% of breast cancers and almost all TNBC
display constitutive STAT3 activation, findings from this dissertation represent a
promising starting point for development of system for selective delivery of
chemotherapies to malignant cells using STAT3-targeting PLE-coated nanoparticles.
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of the study.
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