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CAXKETAK

[locnenwux JeleHUja TIJIaBHO OrPaHUYEHEC Y JIeUely KaHIepa je IPBEHCTBEHO
noBehaHa ydecTaliocT O030MJBHHX HEXKEJhEHUX peakiyja, Kao W cBe demhu pas3Boj
PE3UCTEHIMje Ha XeMOoTepaneyTUKe. YNpaBo OBa OTpaHHYCHa HaMETHYNa Cy MHOTpedy 3a
pa3BojeM HOBHMX TEpalMjCKUX jeaubeba Koja TMokasyjy Behy edukacHocT a Mamy
TOKCHYHOCT. YClle/l yCIIEeIIHEe CUHTE3€ HOBUX NOTEHIM]AINX TEPAIUjCKUX jJeHbEeha Ha 0a3u
MeTana mokasaHo je ma smranfa, erwieHanamui-N,N'-guanerar tuma, O,0'-muernn-(S,S)-
ermwienauamun-N,N'-u-2-amuno-(3-uukinoxekcun)nponanoar guxuapoxiopua (DE-EDCP)
UCIOJbaBa TOKCUYHM e(ekaT Ha pa3sNuuuTUM henujcKuM JImHUjama KapiuuHoma. OCHOBHH
[IMJb OBOT HMCTpakuBama je ga ce ucnura yruiaj DE-EDCP Ha pact u Meractasupame
mumijer kapruuHoma gojke (4T1) u menanoma (B16-F10), xao u ga ce pacBeriau
MOTCHIMjaTHU MexaHm3aMm JejctBa. DE-EDCP mokasyje TymopuiuaHu TOTEHIMjal Ha
nuHUje henmja KapIMHOMAa J0jKe MUIIEBAa M JbYyAW, Ka0 W Ha NENWjCKy JIMHU]y MHUIIjer
menaHoma. DE-EDCP 3nauajHO penykyje pacT KapLMHOMAa JIOJK€ M TIOKa3yje jacaH
TYMOPULIMHN KamalMTeT KOjU je OATOBOPaH 3a MeTacTa3upame TyMmMopa 0e3 OuHrieqHe
cucremcke Tokcnaaoctu. DE-EDCP mosehaBa ocersbuBoCT TyMOpckux henuja Ha anonro3y
IITO Ce Orjie[ia y CIIOCOOHOCTH Jla CMambyje eKCIPECHjy aHTHANIONTOTCKOT poternHa Bcl-2 u
nosehaBa ekcripecHjy MpoanonToTckor nmporenHa Bax, kao u edpexkropcke kacnasze-3. Takohe,
npumena DE-EDCP cmamyje excrpecujy uukinaa D3, Ki-67 u mosehaBa excrpecujy pl6,
p21 u p27 mro pe3ynryje 3aapxkaameM henuja y GO/G1 ¢dasu henmujckor mukinyca, a TuMe
HEe camo Ja uHXxHOupa mnponudepanujy Tymopckux hemmja, Beh BepoBaTHO J0AATHO
banumuTHpa BUXOBY OCET/BMBOCT Ha aronTo3y. JoIr jenaH noJaTHU MexaHu3aMm Kojum DE-
EDCP ycnopasa nporpecujy KapiuHOMa JI0jKe je peAyKluja MUrpanuje TyMOpckux hemuja
naxubunrjom curnaisor nyra STAT3 koju ykibydayje NANOG u SOX2. Takole, cuctemcka
npumena DE-EDCP, ocum mTo moBehaBa mHQIYyKC, MOACTHYE TYMOPHUIMIHU (EHOTHIT U
3anpkaBa pecrion3uBHOcT NK u NKT henuja y Tymopckoj MukpocpeaArHH. AHTUTYMOPCKHU
epexkar DE-EDCP ocrtBapyje Ha Bullle pa3iMYUTHX HauWHa - (HaBOpHU3Yyje arornoTo3y
HCTOBpPEMEHO WHXHOMpa mponudepannjy TyMOpckux henuja W mojayaBa aHTUTYMOPCKHU
MMYHCKH OJATOBOD, IITO yKa3yje Ha MmoryhHocT kopunthema DE-EDCP y ekciepumeHTanHoj

Tepanuju KapluuHOMa.



ABSTRACT

Pharmacological treatment of cancer is mostly limited by drug-toxicity and resistance. It
has been noticed that organic ester ligand, O,O -diethyl-(S,S)-ethylenediamine-N, N -di-2-(3-
cyclohexyl)propanoate dihydrochloride (named DE-EDCP) showed effective cytotoxic
capacities against several human and mouse cancer cell lines. The aim of present study was to
examine the ability of DE-EDCP to inhibit murine breast cancer (4T1) growth and
progression, as well as melanoma (B16F10), and to explore possible molecular mechanisms.
DE-EDCP exhibited significant tumoricidal activity on human and murine breast cancer cell
lines. Further, marked reduction of murine breast cancer growth and progression, as well as
melanoma, by DE-EDCP was shown. DE-EDCP exhibits fewer side-effects compared to
cisplatin as a conventional chemotherapeutic. Results obtained from in vivo and in vitro
experiments indicate that DE-EDCP induces apoptosis and inhibits proliferation of 4T1 cells.
DE-EDCP increases percentage of 4T1 cells in late apoptosis, expression of pro-apoptotic
Bax and caspase-3, while decreases expression of anti-apoptotic Bcl-2. DE-EDCP treatment
increased the percentage of TUNEL-positive nuclei and reduced Ki-67 expression in breast
cancer tissue. DE-EDCP decreased expression of cyclin D3 and Ki-67, increased expression
of cyclin-dependent kinase inhibitors p16, p21 and p27 and arrested 4T1 cells in GO/G1 cell
cycle phase. Expression of STAT3 and downstream regulated molecules, NANOG and
SOX2, was reduced in 4T1 cells after DE-EDCP treatment. DE-EDCP facilitated
accumulation of CD3'CD49" NKT cells and CD3'CD49" NK cells in tumor
microenvironment. In conclusion, DE-EDCP impairs breast cancer growth and progression
by triggering cancer cell death and inhibition of cancer cell proliferation and by facilitating
anti-tumor immunity. DE-EDCP might be of interest in the development of the new

anticancer agent.



3602 mecebuunoe 3anazarba, NOOpwIKe U BEIUKOZ PA3YMesarbd MOKOM
YeloKynHe peanuzayuje 0o6e 0OKMopcKe oucepmayuje 3axeaitHocm oyeyjem
ceom menmopy, npog. op I opoanu Padocasmwesuh.

Ilpogp. op Hebojuiu Apcenujesuly 3axeamyjem HA YKA3AHOM NOBEPER)Y,
uoejama, cysecmujama u HecebuuHoj nomohu.

Ilpogh. op Usany Josanosuhy xeana Ha usyzemuoj noopuyu u CmpyyHum
casemuma.

Benuxy 3axsannocm oyeyjem ooy. Op Anexcanopy Apcenujesuhy u npog. op
Mapuju  Munosanosuh Ha OpacoyeHum CcMepHUYAMa U NPAKMUYHUM
casemuma moKom eKCnepumMermantHoe paod.

Mojoj Hesenu [ajosuh xeéana ma uuieco0uutiboj HeceOuyHoj CMpyyHoj u
npujamesnckoj  noopwiyu  Koja  0aneko  Npaedasundasu  oKeupe — oee
oucepmayuje.

Xsana mojoj nopoouyu Ha 6e3ycio6Hoj myOasu, HeusMepHoj Nnoopuiyu u
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1. YBon

MopanureTn jedema TymMOpa 3aBUCE OJ BpPCTE€ TyMOpa M CTaaujyma OOJIECTH.
Tepanujcku MpUCTYNM Cy Pa3HOBPCHU M YKJbYUYjy XHPYIIKY Tepamnujy, paauoTepanujy,
XeMoTepanujy, HMYHOTEpalnujy, TEeHCKYy LWJbaHy Tepamujy, eJIeKTpOXeMOTeparujy,
KpUOTEpanujy U KpHOXHPYPTH]jY, (GOTOTUHAMCKY ¥ TIOTIIOpHY Tepanujy. OOMYHO ce KOpUCTU
KOMOMHAIMja /Ba WM BHIIE TEPANUjCKUX IMPHUCTyHa. JemHa OJf OCHOBHHUX CHCTEMCKHX
o0iMKa Jeuema TyMmopa je XxemoTepamuja. Mehytum, u name je Hemoryhe mpenBuUIETH
OJITOBOP TyMOpa Ha MPUMEHECHE IIUTOTOKCUYHE JICKOBE IITO MOHEKA BOIU J0 TEPAITH]jCKOT
Heycriexa. OBaj HeycHex je y MOCIEeA’e BPEME Y4ecTao yciel HEOCETIbUBOCTH TyMOPCKHX
henuja Ha Tepamnujy oHOCHO 300T pa3Boja pe3ucTeHIuje. Pesuctenuuja Tymopckux henuja
ce MOYKe MHUIIMjaJHO MCIOJFUTH Ha NMPHMEHCHY Tepanujy 300r ,ypoheHe" HeoceT/bHBOCTH
TyMoOpa WTo npejacTaBba de NOVO pesucreniyjy. [lopen oBe BpcTe pe3UCTEHIIUjE, YECTO e
JielllaBa J1a TyMOpP MCIIOJbM MHULMjAJIHYy OCETJBUBOCT Ha TEpaIlujy, ajJld BPEMEHOM MalurHe
henuje mMory aa pa3Bujy pe3UCTEHIM]Y Ha IPUMEHEHY Tepanujy. BaxkHa oaguka TyMOPCKHUX
henuja je HecTaOMIIHKU T'€HOTHII KOjH j€ OATOBOPaH 3a pa3B0Oj HOBUX (DEHOTHUIICKUX BapujaHTU
KOje KapakTepHile noBehaHM MeTacTaTCKU IMOTEHIHjall, Ka0 U HEOCETJbMBOCT Ha JIEjCTBO
IIUTOTOKCUYHMUX JIEKOBAa ca CIMYHUM MeXaHM3MOM JejcTBa. OBakaB BHJ pPE3UCTEHLHUjE je
credeHa Wi npuiaroheHa pesucreHnuja. KiMHWYKA HEOCET/BMBOCT TymMOpa Ha
IIUTOTOKCUYHE JIEKOBE MOKE HACTAaTH Ha BHUIIE HUBOA KAa0 IITO Cy NMPOMEHE Ha MECTy
LUJbAHOI JIejCTBA JIEKOBA MJIM IPOMEHE Yy MpOLEeCYy HHTEpaklMje JeKa ca LUJbaHUM
MOJIEKYJIMMa IITO HHIyKYyje U3MeHe y (papMakOKHMHETHYKHM MapaMeTpuMa NPUMEHEHUX
nexoBa. [lopen m3ocTaHKa XeJHEHOT e(peKTa OBE MPOMEHE YIIIaBHOM JONPHHOCE HACTAHKY
HEXeJbeHUX peakifja Ha mpuMermeHe JiekoBe. [loBehaHa ydecranocT pe3uCTeHLUje W/UIU
HE)XEJbeHUX JIejcTaBa JIEKOBA j€ OCHOBHHM pasjior 3a MpeJaHy HocBeheHOCT MpOoHallacKy

HOBHX HOTCHI_II/IjaJ'IHI/IX OUTOTOKCHUYHHUX JICKOBA.



1.1. buoMeaUIUHCKA PUMeHA KOMILJIEKCA MJIATHHE

Tepanujcka npumMeHa Metana y MeaunuHu gatupa ckopo 5000 roauna yuasan (1, 2).
buonomnka akTUBHOCT JieKOBa Ha 0a3u MeTasa JIeKH y HHUXOBOj CIIOCOOHOCTH BE3MBama 3a
BEJIMKK OpOj BaXHUX OWOJOIMIKMX EHTUTeTa (NpoTeuHe, eH3ume, xopmone wuta.) (2). To
noTBphyje UMIbeHHIIAa J1a IIEHTPAJHH METaTHH jJOHW, KOjU Cy HOCHOLHU TTO3UTHBHOT
HaeNleKTpUCaha, UMajy TEHACHIIM]Y JIa Ce Be3yjy 3a HETaTUBHO HaeJIeKTpHCaHe OMOMOJIEKYIIe
(3, 4). YupaBo 300r Te YMHEHUIIE PA3TUYUTH OMOJIOMIKY TPOTEUHNU U HYKJIIEMHCKE KUCEIIUHE,
WA BbUXOBU CACTAaBHU JICJIOBU, MOTY OMTH OJUTMYHM JIUTAH/M 32 jOHE MeTana. To je jenaH o
pasziora 3amro (apmaneyrcka ynorpeda METATHUX KOMIUIEKCA MMa OJUIMYaH MOTCHIIHjall.
Pa3Boj caBpeMeHe MEIMIIMHCKE HEOPTraHCKE XEMHje 3arodveT je OTKpuheM MeIUIIUHCKUX
edekara uucruiatiuae (5, 6). HakoH Tora ycinemuo je mepuoJ] MCIHUTHBAaKa TEPAIHjCKe
ynotpebe mupoke nanere komiviekca metana (7-11). Pasmarpan je Benuku Opoj jenumena
pa3IMYUTUX KOOPAMHAIIMOHUX CTalka M MEXaHW3aMa IIUTOTOKCUYHOT JIejCTaBa y MLUJbY
oTkpuha HOBUX aHTHTyMOpCKuX JiekoBa (12, 13). Melyrum, riiaBHu mpobieM y pa3Bojy
KOMILUIEKCAa MeTajla Kao TOTCHIMjaIHMX JIEKOBa JecTe aKyMmyJalydja joHa MeTaja y
OpraHu3My, LITO 3a MOCJIEANIlY UMa MOTEHIIMjaIHO olacHe HexesbeHe edekare. 300r Tora je
HEOMXOJHO Pa3MOTPUTU AUCTPUOYIH]Y U MyTEeBE €MTUMHUHAIMjE KOMILIEKCa MeTala, Kao |
HBETOBY (hapMaKoJIOMIKy crienuPpuIHOCT. PazymeBame MeXaHU3Ma JIejCTBA KOJUM KOMIUIEKCH
MeTajia MOCTHKY CBOjy aKTHBHOCT j€ je/laH OJI MPeIyciioBa 3a BUXOBY aJCKBaTHY MPUMEHY,

Kao0 U 3a IN3ajH HOBUX jEJIMEHHA.

1.1.1. Pa3Boj u papMaKoJIOLIKH aCHIEKTH JIeprBaTa IjaTuHe
1.1.1.1. Komnnexcu nramune npge cenepayuje

Mucrmatuna (Cis-[PtCl,(NHs)2; enrn. cis- diamminedichloridoplatinum(ll), CDDP;
Cnuka 1) cunrerucana je y Uranuju 1844. rogune (14), mehytum anTuTyMOpcku edexar
oBor komruiekca matuHe(ll) otkpusen je tex 1965. rogune (5, 6). IlpoyuaBajyhu edexar
eNeKTHYHHUX T0Jba Ha pacT u neody Escherichia-e coli, youeno je ma cyHueBa cBetocr,
aMOHH]yM-XJIOpUJT M €JIeKTpoja IUIaTUHE 3ayCTaBJbajy aeo0y Oakrepujckux henmja. Ha
MOYETKY CE CMaTpaJio Ja je M30CTaHaK jJeo0e JUPEKTHA IMOCIEIUIlA JIejCTBA CICKTPHUIHOT
1oJba, MehyTUM JaJbuM aHanu3aMa YTBpHEHO je Ja Cy y Mpolecy eneKTposnse, popMupanu

MaJId KOMIUICKCH IUTaTUHE W TO CiS-muamunHoauxigopuaomiatuae(ll) koja je Hocuian



AHTUTYMOpPCKE akKTUBHOCTH. Hakon oBor casmama Rosenberg u capamguumu (15, 16)
uerutanu cy edekar gobujeHor komiuiekca rtuiatuHe(ll) y mumjem momeny capkoma
(sarcoma 180) u mneykemuje (L1210). HakoH joka3aHe AaHTUTYMOPCKE AaKTHBHOCTH,
nucmiaTuHa je Beh 1971. rogune yBeneHa y npBy a3y KIMHUYKUX WCIUTHBAKbA. ATCHHIIN]A
3a XpaHy u jekoBe CjequmeHux aMepuuykux apxkasa je 1978. romuuHe omoOpuia ynorpely
LIUCIUIATHHE Y JIeuehy KapuuHoMa Tectuca u oemuke (17). JlaHac ce nucriatiHa yCHemHo
KOPHCTH y Tepanuju MellaHOMa, TYMOpa TeCTHCa, jajHUKA, MaTepulle, OCIIHKe, TJIaBe, Bpara,

nojke u myha (18-20).
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Cimka 1. Xemujcka crpykrypa nucmiatiae (Jurisevic M et al. Serb J Exp Clin Res. 2016; 17(4):285-
295)

MexaHu3MH aHTUKaHIEPCKOT JI¢jCTBA LUCIIJIATHHE MOJpa3yMeBajy HH3 MPOMEHa Ha
HUBOY jeapa u nuronasme (21). Kao manu Monekys, Koju caapsku JBa XJIOPUIO0 JTUTAaH/A Koja
MIPe/ICTBIbAJy JIaKo ojyia3ehe nranzae M J1Ba YBpCTO Be3aHa aMUHO JIMTaHJIa, LIUCIIJIaTHHA Ce
WHTpalenyJapHO aKTUBUpPA HU30M peakiMja Kojeé C€ 3aCHMBAjy Ha W3MEHH XJIOPUIHHUX
nTuraHaga MolekynuMa Boje (22). HakoH WHTpaBeHCKe NpUMEHE IUCIUIaTHHE, BHCOKa
KOHIIEHTpallja XJIOpUJIa y MIa3MHU je OATOBOPHA 33 CTPYKTYPHY HEU3MEHEHOCT MOJIEKYIa.
Hakon mto nucratuHa gocre y henujy, uiam mpoctom audy3ujoM kpo3 hemujcky memOpany
WIM aKTHBHUM TpaHcmopToM momohy 1. tuma tpancmoprepa Oakpa CTR1 (enrm. cooper
transpoters type 1), mama KOHIIEHTpaIMja joHa XJOpUJAa y ILMTOIUIa3MH Y3pOKyje Op3y
XUAPONU3Y LHUCIJIATHHE. 3aMeHa XJIOPUIO JIMraHajJa MOJEKYJIMMa BOJE CTBapa BHCOKO
peaKkTHBHE KaTjOHCKe KOMIUIeKce TutatuHe (22, 23). Hactanu Monekynu, MOHO- WJIM THaKBa
KOMIUIEKCH IIJIaTHHE, CKIOHU Cy Ja HHTEparyjy ca BEJIMKUM OpojeM LHTOIIa3MaTCKUX
cyOcTpara Kao MITO Cy IIyTaTHOH, METAIOTHOHEMHUH, METHOHHUH U MPOTEUHHU KOJH Y CBOjOj
CTPYKTYpH cazipke 1ucTenH (24). MHayknmja OKCHIATHBHOT CTpeca, Koja je TOCIeUIa OBIX
nHTepaknuja, gonpuHocu omrehewy JIHK (nezokcupnbonykienHCKEe KUCETUHE), ald HCTO
Tako oOMoryhaBa W WHAaKTHBAlM]y LHCILUIATUHE IUTONPOTEKTUBHUM aHTHOKCHIATUBHUM

cucremoM (25). Hoeonacramu kommiekcu ([Pt(NHs),Cl(H20)]") mwru ([Pt(NH3)2(H20)2]%)



Kaja jaocrejy y jenpo henuje ¢hopmupajy KoOOpAMHATUBHY KOBAJIETHY BE3y ca aTOMHUMa a30Ta
HykinenHckux 6aza JIHK, u to Hajuemhe y no3unuju 7 uMuAa30J10BOT NIPCTEHA IT'yaHUHA WIIH
aneHo3uHa (26-28). TokoMm ¢opMmupama OBaKBHX Be3a HACTajy MOHO()YKHIMOHAIHHU WU
T YHKIIMOHAIHN KOMIUIEKCH. JIndyHKINOHATHO Be3nBame Mojekyia mucmatuae u JJHK,
MO’K€ HAacTaTH BE3UBAaHEM HOBOHACTAJIMX KOMIUIEKCA LUCIUIATHMHE 3a a30T€ I'yaHMHA WU
aaeHo3uHa u3 ucror yanna JJHK nnu mak u3mely cyceqnux manama JIHK. ¥V 60% ciyuajeBa
nucriaTuHa ce Kopaunumie 3a cycegde nanne JHK wu dopmupa Oudynkumonamnu
Makpoxenar (26, 27). OBake nmpomerne y crpykrypu JHK koje cy mocneawma Be3uBama
LUCIUIATUHE UHXUOUPAjy ajby TPAHCKPUIILHU]Y U PEIUIMKALU]y U CIEICTBEHO MoKpehy cMpT
hemmnje (26-28). Mako mucrniaThHa BakKd 3a MOTEHTAH XEMHUOTEPANEyTHK HbEHa NpUMEHa
npahena je OpojHMM OrpaHHuYCHUMA. AHTUTYMOPCKH e(dekar je JO3HO 3aBHCaH, ajH
noBehame 03¢ je yrnmaBHoMm npaheHo 030MIJBHUM HEXeJheHUX peakiujama. Haume, riaBHU
orpanuyaBajyhu ¢akrop y NpuUMEHM LMCIUIATUHE j€ HbeHa HECeIeKTHUBHOCT. Tako,
UCIUTaTHHA UHAYKY]e hemaurjcky cMpT He caMo TyMopckux Beh u apyrux henmja y opranuzmy
MTO 3a TOCIEAWIY UMa HEPPOTOKCHYHOCT, XEMAaTOTOKCHYHOCT, OTOTOKCHYHOCT,
HEYTPOIIEHH]Yy, TPOMOOLIUTONEHH]Y, MNepUPEepHy HEyponaTHjy, eMOPHOTOKCUYHOCT WIIU
MmyTtareHocT. CarnenaBambeM XEMHjCKe CTPYKType LUCIUIaTMHE MOXE C€ 3aK/bYYHUTH Ja je
OBa] KOMIUIEKC H3Y3€THO peakTuBaH. MHTepecanTHo je na camo 5-10% on ykymnHe
NpUMEmEHE J03€ LHUCIUIaThHe uHTeparyje ca MoisiekyioM JIHK, octarak mpumemeHne nosze
CTyNa y MHTEpAaKIMje ca MOJIEKyJuMa KOJU y CBOJO] CTPYKTYpH Tocenyjy Ttuo-rpyme (29).
3ampaBo mMcIUIaTHHA Beh y MiasMM MOKe J1a MHTeparyje ca HmpoTeMHHMa rpaheHux on
aMMHOKHUCEJIMHA Koje caJpKe cymnop (METHOHMH M IMCTEHH), Kao IUTO je Ha HpUMep
anoymun. [Topen Tora, mo3Harto je ma ce MUCIIaTHHA MOXKE Be3aTd W 3a (pocdonunuae uim
dbocharumun cepur y hemujckoj MeMOpaHM a HAKOH XHUIPOJW3E Yy IUTOIUIA3MU MOXKE
pearoBatu ca OpOjHMM XEMHjCKUM BpcTama, yrJIaBHOM ca MPOTEHHUMa U aMUHOKHCEIHHAaMa
Koje uMajy cinoboane goHopcke S m N arome, kao mro cy joH kapOoHara, ¢ocdati,
[JIyTaTUOH WJIM METaJIOTHOHEMHUM. bpojHe wuHTepakiuje cMamyjy eduxkacHocT U

ouonckopucT/EUBOCT oBor Komiutekca miatuae(Il) (28,30).



1.1.1.2. Komnnexcu niamune opyze u mpehe eenepayuje

[Topen Tora mTo je epUKACHOCT MUCIUIATHHE YCIOBJHCHA XEMUjCKOM CTPYKTYPOM H
HEeCeJIeKTHBHOIINY, yOp30 je YOueHO Ja je TYMOPHIIMIHO JEjCTBO OBOT XEMHOTEpareyTuka
OrpaHUYEHO W Op30M M0jaBOM PE3UCTEHIMje TyMOPCKHX henrja HaKOH MOHOBJBEHHX 1032
(2). Y mwby na ce oBU pobiemu rpeBazul)y, ociembiX TPUACCET TOIMHA aKTHBHO CE palin
Ha JM3ajHYy JIEKOBa Ha 0a3u MeTajna Koju Ou uManu eukacaH IMUTOTOKCHYKH TOTCHIIM]al Y3
HCTOBpPEMEHO MamH Opoj HexxesbeHuXx edekara (30). AHano3um mucmiatuHe apyre u Tpehe
reHepalje CHHTETUCAHH Cy Ca IMJbEM Jla Ce CMambU TOKCMYHOCT W/min noBeha edukacHocT
mucotatuae.  Kap6ormatuna  (1,1°-Cis-mkno0ytuinaukapookcuinaroquamunoriatuaa(ll)),
HemamtatuHa (Cis-raukonaroauamuH-maruda(ll)) u okcamumiatuna (Cis-okcamaro-trans-I-
1,2-muamuHonukioxekcan-iaruaa(ll)) cy jenmHm aHamo3w Koju ce IO JaHac yCIEUTHO
kopucte y npakcu (30-34). Kap6oruratuna ox 1989. roaune, a okcanumiuaruna on 2002.
TOJIMHE CE YCIICHIHO KOopucTe y BehuHM 3emasba, JOK je ynorpeba HeTaruiaTHHE J03BOJbEHA

camo y Jamany.
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Cimka 2. Xemujcka cTpykTypa kapoortatine (Jurisevic M et al. Serb J Exp Clin Res. 2016;
17(4):285-295)

KapOormmatnaa  ymecTto  XJIOpWAO  JIUTaHAa  WMa  OWJCHTaTHH  ITUKJIO-
typanaukapookcwiatan gurana (Cnwmka 2) (30). OBe xemujcke M3MEHE YYMHHIIE Cy Ja
MOJIEKYJT KapOoratuHe Oyae WHEPTHUjU Y OJHOCY Ha LUCIUIATHUHY, IITO Y3pOKYje Mame
CMOPEIHHUX peakiifja, a CaMUM TUM U 00JbH ,,0e30eHocHU npodun’. Ma ncte MHAMKALMje
3a MPUMEHY Kao U IMCIUIaTHHA, U MOXKE J]a Ce KOPUCTH y TEpanuju KaplUuHOMA jajHHKA,
myha, rmaBe u Bpara. O HEeXeJbEHUX JIejCTaBa Hajuemhe HHAyKyje My9YHHHY U moBpahambe,
Kao u MujenocymnpecopHe edekre. [IpoMeHe y XeMHjCKO] CTPYKTYpH aHYJIHpaie Cy Pa3Boj
HE(POTOKCUYHOCTH HAKOH NPUMEHE KapOOIUIaTHHE, TaKO Jla C€ OHAa MOXE TOJEepHCATH y
Behum no3ama y omHocy Ha 1mucmiatuHy (2, 30). 3a pasnmuky o KapOoIiaTHHE,

OKCaJIMIJIaTMHA Ma JPYTrayMju OINCeT MHAMKAIMja Y OJHOCY Ha LUCIIIaTUHY.
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Cimnka 3. Xemujcka cTpykrypa okcanumiatiae (Jurisevic M et al. Serb J Exp Clin Res. 2016;
17(4):285-295)

OxkcanumiatiHa Yy  CBOJOj  CTPYKTYpH  yYMECTO  aMHUHCKHX  [OCelyje
JIMaMHHOIMKIOXeKcaHCcku juran (dach) mro 3a mocneauily uMa epuKacHy aHTHTYMOPCKY
aKTUBHOCT HAPOUYUTO HA OHE TyMOpcke hemnmje koje cy pe3uctenrte Ha ruciuiatuny (Crnuka 3)
(31, 32). V3 T0, OKCANMIUIATHHA j€ aHAJIOT [MCIUTATHHE KOJH MOXE J1a C€ MPUMEbYje OPaTHO
U JJaHAC Ce YCIIEUTHO KOPUCTH Y JieUermhy KapluHoMa KoioHa. MelyyTum, mo3Haro je 1a Moxe
Jla U3a30B€ HEYpomaTHjy, 3aMOp, HEYTPONEHH]Y, OTOTOKCHYHOCT, MaJia j€é y4ecTalloCT OBHUX
HeXeJbeHHNX e(exata Mama y nopehemy ca nucruiatnaoM. Hemaruatuna ce ox 1995. rogune
YCIIEITHO KOPUCTH y JIeUey KapuuHoMa 1utyha, jeqmaka, riaBe U Bpara, 0K Cy NMOBOJHHH
eexTH perncTpoBaHU M KOJ KapUUHOMA jajHuKa U xenyna (35-37). JlokyMEeHTOBaHO je 1a
He/aruiaTuHa uMa 0oJsbe edexTe o1 KapOormiaThuHe, 00JbY paCTBOPJBUBOCT Y BOAU Ka0 U Mamby
TOKCHYHOCT (HE(POTOKCHYHOCT ¥ MH]jEJIOCYIIPecH]y). Y MOKYIIajy Ja ce CMame HEKEJbEHU
e(eKTH, pa3BUjeHNU Cy HOBM JIEKOBH: JioOaruiaTiHa W xenrtamuiatiHa (38). MHoru ananosu
iaTuHe (MUKOIJIaTHH, TpuIulatuH Terpanutpar (BBR3464), carpamnatun (JM118),
TPAHCIUIATUH, MUPHUIUIATHH) jOII YBEK Cy TeMa HCIHUTHBamba KIMHWYKUX cryadja (39).
XpOoHUYHA MUJETOUJIHA JIEYKeMHja, METACTATCKH KAapIMHOM JI0jK€ W KaplIMHOM Iuiyha cy
WHIUKamuje 3a npuMeny jobamnatuHe (40). Hakon ynorpebe mabannmaTtuHe 3a0elexeHu cy
cienehn HexesbeHM e(eKTH: TpPOMOOLMTONEHHWja, aHeMHja, MYy4YHHHa | moBpahame.
Mehytum, nmpumehena je mama BepoBaTHOha pasBoja ajomenuje, Heppo-, HEypo- WIH
OTOTOKCHUYHOCTH TIOCIIE HHTPABEHCKE MPUMEHE OBOT Jieka. [IpemHocT pa3Boja XxenrariaTiHae
ce OorJie[ia y CHa)KHOJ aHTUTYMOPCKO] aKTUBHOCTH Ha henmjama Koje OUIMKYje Pe3UCTEHTHOCT

Ha LUCIJIATUHY, 1A C€ OBO jeINHCHE KOPHUCTH Y JIeUelhy KapunHoMa xenyna (41).



1.1.2. /lepyBaTy 11aTHHE Y TEPAHjU KapIIMHOMA J0jKE U MEJIIaHOMA
1.1.2.1. lepusamu naiamune y mepanuju KapyuHom 0ojke

[MucnimatnHa u KapOoIIaTHHA, Ka0 LUKIYC-HE3aBHCHHU XEMOTEpANeyTHIM Ha 0as3u
IUTATHHE, KOPHCTE Ce Yy Jicuermy KapiuHoma jaojke (42-44). Mana je croma CMPTHOCTH
obosnenux cMmameHa 3a oko 40% y onHOCY Ha JieBeieceTe IOJMHE IPOIIOr BeKa IITO je
JUPEKTHA TOCJeANLa PaHOT OTKpHBamka W HampeaHe ¢apMmaleyTcke crparervje, Mehyrum
KapIIMHOM JIOjKe je W Jlajbe Bojaehu y3pok CMpPTHOCTH keHa y cBery (45). [lopen xupymike
WHTEPBCHIIM]EC U PaJuoTepanuje Koje Cy OCHOBA y JICUeHhYy KaplIMHOMA J0jKe, XeMOoTeparja
Takohe wurpa BaxHy YJIOry Yy Tepanmuju oBe Bpcre Tymopa. WM300p angekBaHTOr
XeMOoTeparneyThKa YrilaBHOM 3aBUCH O] MOATPYIE MOJIEKYJICKe KiacupuKaluje KapLuuHoMa
nojke. Monekyicka KiacupuKanuja KapluHOMa JOjK€ TEMEJbH CE Ha EKCIPECHOHOM
npoduy rena (46). Tako, kKapIuHOM J0jKe je KIacH(PUKOBaH y IET MOArpyrna Ha OCHOBY
eKcIIpecHje pelentopa 3a ectporeH (eHri. Estrogene receptor, ER) u mporectepon (eHri.
Progesterone receptor, PR), kao u Ki-67 1 HER2 (enri. Human epidermal growth factor
receptor-2): 1) nymuHanHA A THUI KOjU KapakTepuiny Mo3uThBHa ekcripecuja ER nmu PR u
HeratuBHa ekcnpecuja Ki-67 u HER2; 2) nymunamaun B Tunm OmiuMKyjy WM MO3MTHUBHA
ekcrpecrja ER wim PR, y3 mosutusny excnpecujy Ki-67 u oncycrBo monekyna HER2; 3)
KapIuHOM ca npekomepHoM ekcmpecujom HER2 koju He excnpumupa ER u PR; 4)
0a3aJIoNHM j€ TPOCTPYKO HETraTHUBaH KapLMHOM KOju He ekcripumupa HUTH ER u PR, Hutn
HER2 wu 5) Normal- like moatun kapuumHOMa J0jKe, CIMYHO JYMHHAIHOM A THILY,
KapakTepuiie no3utuBHa ekcnpecuja ER u PR u HeratuBHa excnpecuja Ki-67 u HER2, anu
uMa JIOUIHjy MporHo3dy (45-47). JlymuHanau A T kapuuHoMa jojke uuHH Buiie oa 40%
CBUX THUIIOBAa KapUUMHOMa J0jK€, OOMYHO je mpaheH HUCKUM XHCTOJIOMIKUM TpagycoM H
HajO0osbOM TporHO30M. KaprmmHom mymuHamHOr B THHa OOMYHO MMa BHCOKH XHCTOJIOIIKA
rpajyc u UHAEKC nposndeparuje, Kao U JOUIHM]y MPOrHO3Y Yy OJHOCY Ha JTYMHHAJIHH A THUIL.
HER?2-mo3uTHBHM TN KapLIMHOMA JI0jKE KapaKTepuIlle BUCOK XMCTOJOUIKH TPalyc U HHACKC
npoaudepanyje. 3a 0Baj THI KapIIMHOMa KapaKTePUCTUYHA je aMIuTiduKaiyja rena 3a HER2
Koja pesynryje moBehanom henujckoMm mnposmdepanrjoM, aHTHOTEHE30M, WHBA3UjOM U
METacTa3upameM, Kao U HHXUOUIMjoM anonrto3e (48-52). bazanouaHu TUN KapuHOMA J0jKE
yrHU 0KO 15% cBuX KapruHoMma fojke. OBaj THUM je 0OMYHO TIOBE3aH ca JIOLIHjOM IIPOTHO30M
u myranujama rena BRCA-1 (eurn. Breast Cancer Gene 1). Basamouanu Tan KapruHOMa

JI0JK€ OJUIMKY]y BHICOK Tpojin(epaTHBHHM KalaluTeT TyMOpPCKuX henuja 0e3 anekBaTHE



nmwbane Ttepanuje (48-52). Y anmjyBaHTHOM Jieuewy KapIlMHOMAa JIOjJKE€ KOPHUCTE Ce
AHTPAIMKIIMHCKU M HEAHTPALUKIMHCKH PEXKUMHU, JTOK C€ Y CUCTEMCKO] TEPAaIliju METaCTaTCKe
0oJecTd KOpHUCTe U KOMOMHAIIM]E APYTUX MUTOTOKCUYHMX JIEKOBa ca Takcanuma (53, 54). V
XOPMOHCKO] TEpanuju paHOr KapIHHOMa IO0jKE KOPUCTE C€ TaMOKCH(EH W WHXHOUTOpHU
apomarase Tpehe rereparnuje. Kiacuuan Tepanujcku pexuM KapluHOMA JIOjKe MPeCcTaBIba
koMOuHanMjy nukinodochammuma, MeroTpekcata U S-uryopoypanuna. Koa peuuauBaHTHOT
WA METACTaTCKOT KapIIMHOMa J0jKe MPHUMEIbYje Ce aHTPAUKIMHCKA KOMOMHOBAHU PEXUM
¢dyopoypanmia, enupyounmaa U nukiaodochamuaa. HER2- mozuTuBHM THI KapuuHOMa
J0jKe 100po Jenyje Ha Talmin3ymMad, MOHOKJIOHCKO aHTHuTeno crnenuduyno 3a HER2, koje

ce MOXke KOMOMHOBATH ca KIIACHYHUM XeMuoTepaneytuiuma (55).

JlepuBaTu IUIaTUHE JaHac ce Hajuenthe Kopucre y Jiedewy Oa3zaJougHOr THIIA
KapruHoMa Jojke. Ko manmjeHTkumba ca METaCTaTCKUM KapIIMHOMOM JI0jK€ KOJI KOJHX Cy
JIepUBaTH IUTATHHE CAaMOCTATHO OpAMHUPAHM Kao NpBa Tepamnujcka JHMHUja HHHXOBA
YYUHKOBUTOCT je najneko Beha y mopehemy ca BUXOBOM NMPUMEHOM KOJI 000JIeNX JKEeHa Koje
CYy IPETXOHO JIEYeHE HEKUM JIpYTUM XxeMoTepaneyTukoM (56, 57). E¢ukacHoct nucriatiuse
je 6una Beha y mopehemy ca Apyrum xemoTepareyTUiiiMa, Majia je MpUuMeHa OBOT JieKa Ouia
npahena OpojHuUM HexesbeHUM peakuujama (58-63). McnuTuBaH je M yunHak KoMOMHaIuja
JiepyBarta IJaTHHE ca JIPYTUM IIUTOCTAaTUIMMa, KOju je 6uo moceOHO O0JbU 0] caMOCTalTHE
Teparnuje KoJi 000JeuX KojuMa je MpeTXOqHO OJPUHUPAH HEKH JIpYTH XeMoTepaneyTuk (64).
N3y3etHo noOpe pesynrare mokaszana je KoOMOMHalMja AepuBara IJIaTHHE ca TakcaHuma (65-
68). Ynorpeba aepuBara IjaTHHE ca OMJPHUM alIKaJIOMauMa (BHHOPEOJIMHOM) MOKa3aja je
no0pe pesynraTe KoJ o0oJenux ocoda KOju Cy MPETXOIHO JIeYeHE aHTpAlMKINHUMA U
takcanuMma (64, 69-71). KoMmOuHammja nucriaTMHE ca €TOMO3MAOM HMala je YMEpeHY
aKTHUBHOCT, a moBehany TokcuuHocT (72-75). 3a pa3iuky ol ApYTuX JIEKOBa, KOMOMHAIIM]a
KapOOTUTATHHE ca E€TOMO3HWJIOM IOKa3aja je 00Jby YUYMHKOBHTOCT Kaja je KopuinheHa Kao
IpBa Tepanujcka JIMHUja y nopehemy ca ynorpeboM KoJ MPETXOAHO JICYEHUX MallkjeHaTa
(64, 76, 77). CBu pe3yaTaTd KOjU OCIHMKaBa)y YYHMHKOBHTOCT KOMOMHalMja JepuBaTa
IUTaTHHE ca aHTPALMKIMHUMA OMITH Cy pa3odapaBajyhu M OHE Kao TaKBe HUCY NpernopydeHe
KOJI METacCTaTCKOT KaplIMHOMa JI0jKe. AKTHUBHOCT je Ouiia orpaHuyYeHa a TOKCUYHOCT BHCOKa
(64). Kon mamujeHTKHEa ca METACTaTCKMM KapIIMHOMOM JI0jK€ KOra OJJIMKyje moBehaHa
excnpecrja HER2, xomOunammja pepuBara IulaTHHE W TpacTy3ymaba je oOehaajyha
YKOJIMKO Ce KOPUCTH Kao mpBa Tepanujcka auHuja (78-80). Yunm ce ma cy epukacHOCT U

TOKCHYHOCT CJIMYHU YKOJIMKO C€ KOPUCTE ITUCIUIATHHA WK KapOoruiatuHa (64). Y Tepanuju



0a3aJIoMIHOT TUIA KaplMHOMa J0jKe KOMOMHAIM]ja TakcaHa ([oleTaKkcena U MakjuTaKcesna)
ca JepuBaTHMa IUIaTHHE Mokasyje ooehaBajyhe pesynrare. Takohe, MmeTacTaTcKku 0a3aonIHA
TUI KaplLXHOMA JI0jKe A0OpO pearyje Ha KOMOWHAIM]y UMCIUIATHHE WM KapOorjaTuHe ca
remaurabuHom win (GochamuaoM. Hekonmuko crymuja ucnuryje edexkar KOMOHWHAIU]e
LIUCIUIATUHE WM KapOoruiaThHe ca OeBanm3ymaOoM, HEeTYKCMMaOoOM, WHHITAPUOOM WIIH
onarmapruOoM KO/ HalMjeHTKUA Ca METACTaTCKUM 0a3aJIOMJHUM THIIOM KapIIMHOMA JOjKe

kora kapakrepuiy myraiuje BRCA-1/2 (81-84).

1.1.2.2. Jlepusamu nramune y mepanuju meaaHoma

HucniatuHa U kapOoImIaTHHA UMajy CKPOMHY aKTUBHOCT Y TEpanuju METacTaTCKOT
Menanoma (85, 86). MenaHnoM je HajarpecuBHHja (Qopma TymMopa KOXKE KOJU MOTHYE Off
MaJIMTHO TpaH(opmucanux menanonmra (87). MaTpaenuaepmanna npoiaudepanmja oBaKBUX
MaJIMTHUX hemuja KapakTepUCTHYHA je 3a PaHu CTaJIujyM MelIaHOMa KOjH je Mmo3Har Kao (aza
paaujanor pacta. Cmarpa ce 1a y oBoj ¢a3u pacta MEIaHOM YIJIaBHOM HIJIM HEMa WM MMa
BeoMa ciad MeTacTaTcKM MOTEHIMjaj 3aTo IITO MAJUTHO TPAaHC(HOPMHUCAHU METAHOLMTU
mpojiaze Kpo3 OazanHy wMeMOpany wusmely emnuamepmuca u jaepmuca (88-91). daza
BEPTUKAIIHOT pacTa MeJaHOMa C€ HaJloBe3yje Ha (a3y paaujaqHOT pacTa Kajga MaJIUTHH
MEJIAHOLIUTH UHQUATPUPAJy Y OyOsbe MOTKOXKHE CTPYKType. Y 0BOj (a3u 3amaxeHa je
fojayaHa MHUTOTCKAa aKTUBHOCT W noBehanum weractarcku mnorteHiujan. Cucremcka
TUCeMHMHAalNja y (UHATHOM CTaanjyMy Iporpecrje omoryhaBa Meractazupame MeJaHoMa y
paznuuute oprane (88-91). [logamm u3 nurepaType ykasyjy Ha TO Jia j€ JI€CETOTOJIUIIHE
MIPEKMBIbABAKE MAIMjeHATa Ca METACTaTCKUM MelaHoMoM Mame o1l 10% (92). Bume ox Tpu
JIelleH’je HaKOH MPBOOUTHOT 0700pema AMepHUUKe areHIje 3a XpaHy U JeKoBe, AakapOa3uH
U Jajbe TNpEeACTaB/ba 3JIATHU CTAaHIApX Yy Jieuewy MenaHoma (85, 86). Bucoka nosza
WHTEpPJICYKHHA-2 KOja Ce MPUMEHYje y JIeUeHhy METacCTaTCKOr MeJlaHOMAa W JlaJbe TOoKa3yjy
CKpoMHe pesyntare y npakcu (85, 86). bpojuu mokymiaju a ce moOoJsbliia MpekuBIbaBambe
nalyjeHaTa ca MeTacTaTCKMM MEJIaHOMOM, 3aCHOBAaHU Cy Ha MOAYJAIUju noctojehe Tepanuje
U TIOKa3alli Cy ce HEYCHEIHUM. XeMOTepareyTHIId KOjU ce KOPUCTE Y JIeUehy MEeJIaHOMa Cy
yIJIaBHOM ajkuiupajyhu areHcu (makapOa3wH, TEMO30JOMHJ W JIEPUBATH HUTPO30YpEje),
JIEpUBATH TUJIATHHE W IUTOCTATUIM OWJBHOT TOpekia (BUHKPUCTHH W BHUHOJIACTHUH). Y
Tepanuju METacCTaTCKOI MeJlaHOMa CaMOCTajHa IMPHMEHA IMCIIATUHE IO0Ka3zyje KOpPHCHE

epexte kox Mame ox 10% neuenux maunujeHara. Mehyrtum, Gosbu yuumHak je mpumeheH



YKOJIMKO C€ MPHUMEHH KOMOWHAIMja BUCOKE JI03€ IHCIUTATUHE W aMU(OCTHHA, Maja OBa
Tepanujcka Oriija HeTIOBOJbHO YyTHYE Ha MpeKHBJbaBame nanujerara (93). Ca apyre crpaHe
KOJI MalyjeHaTa Koju cy OWIH Ha Tepanuju KapOoruraThHOM 3abesiekeHa cTona oAroBopa Ha
tepanjy je 19% (94). Takohe, kaOporutatiHa ce TpUMEHYje W y KOMOMHAIMH ca
MAKJIMTAKCETIOM KOJI TMaIlfjeHaTa ca METAaCTaTCKUM MEJIaHOMOM KOjH CY MPETXOIHO JICYCHU
HEKUM JIpyruM XemuoTepameyrunuma (95). VcroBpemeHa mpuMeHa IHMCIUIATHHE,
nakap0OaswHa, KapMyCTHHA M TaMOKcH(eHa Tmoka3yje 00Jby e(UKACHOCT y OJHOCY Ha
CaMOCTaJIHy pUMEHY JakapOa3uHa, anu u Behu Opoj 030mIbHMX HexesbeHuX edekara (96-
98). V mocneame Bpeme UCHUTYje ce edexaT KOMOWHAIMje IUCIUIaTHHE, AakapOa3uHa |
BuHOmactuna (99, 100). Pesynratu npyre Qasze KIMHMYKOT HCIUTUBAKA MOKa3yjy Oosbe

edexTe y nmopehemy Aa 3MaTHUM CTaHIAPIOM.

1.2. Mexanu3mu heanjcke cMmpT

CwmpT henuja HacTaje O[] YTUIIAjeM Pa3TUYUTUX MATOJOMIKUX YMHUJIAIA, Kao IITO CY
(dbU3MYKe W/ MM XEeMHJCKE HOKCE, MUKPOOPTraHW3MH, aJi M 300T HEeJOCTaTKa MOTPEOHUX
HyTpHjeHaTa Kajia HacTaje HenoBpaTo omrehemwe hennje. MehyTum, nopesn oBakse n3a3BaHe,
"ciydajue" cmptu henuja, mocroju M ¢usnonomKa cMpT heimmja Koja ce 3amaka TOKOM
eMOpHOHAITHOT pPa3Boja, nudepeHIrjalrje, Kao U y MpoIiecy pa3Boja v peryiaiuje MMyHCKOT
cuctema. CMpT henuje Moxke ce Kiacu(UKOBATH HA OCHOBY MOP(OJOMIKHX MPOMEHA KOje
HacTajy y henuju (amonTosa, HEKpo3a U ayTodaruja), eH3UMCKUX KapakTepucTuka (ca u 0e3
yKJbY4UMBamba HyKJIea3a WIM Pa3IMUUTUX Kjaca MpoTeas3a, Kao MITO Cy Kacmase, KallleHH,
KaTelCHHU U TPaHCTIIyTaMHHAa3€e), GYHKIIMOHATHHUX acrekara (MporpamMupaHa Wiu ciydajHa,
(hU3HONOIIKA WU TATOJIONIKA CMPT) UM MUMYHCKUX KapaKTepUCTUKA (MMYHOTCHH WIH HeE-
nmyHorenn) (101). Komurer 3a HOMeHknaTypy hemmjcke cmptu je 2005. romune
dbopmynHcao MpBU Kpyr Mpernopyka W O Tajga je y MoJby UCTpakWBama henmjcke cMpTH
HanpaBJbeH 3HavyajaH Hampenak (102). l'ogune 2009., oBaj KOMHUTET a0 je MpeIOT Ja ce
henuja Moxe cMaTpaThd MPTBOM aKO TMOKa3zyje HEKHM O] cienehnx OMOXEMHjCKUX WU
MOpPQOJIOMKUX KpuTepujyma: 1) ryourak uaterpurera hemmjcke medpane, 2) pparmenranujy
jenpa u uutaBe henuje U GopMupame MUCKPETHHX (AlMONTOTCKUX) Tenamiana, u / wid 3)

Tenamie wim Gparment henuje y in Vivo cucremy cy ooyxsahenu cyceanom hemujom (103).
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Ha ocHoBy mopdonomkux kpuTepujyma y henmjama cucapa IOCTOje TPU BPCTE
henujcke cmpru: 1) amomrosa (I tun hemujcke cmpru), 2) ayrodarmja (Il Tum hemmjcke
cmptu) u 3) Hekposa (Il tun hemujcke cmpTh). Y mocnenme BpeMe OMHMCAHU CYy M HOBU
aTUIWYHA MOJATUTETH henmujcke cMpTH y Haau nAa he HeperyiapHa, anu yHUGDOpPMHA,
HOMEHKJIATypa OJaKIIaTH KOMYHUKanujy Mmel)y HaydyHWIMMa u Ha Kpajy yOp3aTH TeMIIO

otkpuha (103).

1.2.1. Hekpo3za

Hekposa je tun henmjcke cMpTH Koja Hactyma ycien Hemoryhnoctu henuje na
OJIrOBOPY HA HEKH O] HE(PHU3MOJOUIKMX CTHMYJyca, Kao IITO Cy MeXaHWduka omTehema,
TOKCHHH, BUPYCH WM XUNoKkcuja. Ox amonrtose u ayrodaruje ce pa3iukyje IpBEHCTBEHO T10
panmugHOM TyOMTKY TMOTeHnMjana henmjcke mMemOpaHe wiam ycien omrehema Wil MpoMeHe
¢byHKIMje jOHCKMX OyMnu W KaHaima. Hekposza henmje ce MopdosomKku KapakTepHine
noBehaweM henujckor BoimymeHa, OyOpemeM opraHena, pynTypom henujcke memOpaHe U
HaKHa/JHO T'yOUTKOM HHTpalenyiapHor caapikaja (104). 3arto ce oBaj tun henujcke cMptu
yrJIaBHOM Je(UHUIIE Kao MachBaH MPOIEC KOjH je TMmocienuiia metabonuuke "karactpode”
KOja ce oryieqa y Op3oM ryoutky ajgeHo3uH tpudocdara (enrs. Adenosine triphosphate, ATP)
u mnpahena je unduamanujom (105). [lyro BpemMeHa ce HeKpo3a cMmaTpaja CIydajHUM,
HEKOHTPOJIMCAHUM THIIOM cMpTH henuje, anu y nocieame BpeMe cBe je Behu Opoj nokasa jia
je HekpoTu4Ha henujcka cMpT GUHO peryaucaHa HU30M CHUTHAJHUX MyTeBa M KaTaOOTUIKUX
Mexanuszama (104, 106). Haume, 3anaxeHo je na uHxuOuuuja nporahaja Koju AETEPMUHUILY U
arnonTo3y M ayrodarujy 3a mocjenuily uMa MOoKpeTame HekpoTuuHe henujcke cmptu. Ha
puUMep, y ciIydajy NpUuMeHe HHXUOUTOpa Kacrase, moka3aHo je aa peuentopu cmptu (TNF-
R1, Fas/CD95 u TRAIL-R) u Toll-like peuentopu (TLR3 u TLR4) mory ma mokpeny
unekpo3y hemuje (107, 108). hemmjcka cmpt koja je mocpemoBana TNFR1, Fas/CD95,
TRAILR u TLR3 wnamsrmien 3aBucu on kuHaze RIP1 (enrn. Receptor-interacting
serine/threonine-protein kinase 1, RIPK1) (109), a To je moka3aHo OJIOKaJIOM M XEMHjCKOM
nHxubummjom nomohy HekpocratmHa-1 (110-112). Hekum ayropu cy NpeIONKHIN H3pa3
'HeKponTo3a' 1a OM yKaszalu Ha peryiucaHy Hekpo3y. Ha GmoxemujckoM HHUBOY, HEKPOIITO3a
Moxe OutHm neduHrcaHa Kao BpcTa henmjcke cMpTH Koja ce Moke m3behu mHxubupamem

RIPK1 (6umo myTreM reHeTUYKuX Win (apMakoJIOMIKUX METO/A).
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VY mnokperame HEKpOTCKe CMpTH henmmja Mory na Oyay YyKIbYYEHH pa3iIHYUTH
MeIIMjaToOpH HEKPO3e, MaJia j€ joIll YBEeK HejacHO Kako ce oHU Mel)ycoOHo moBe3yjy. OBaj TUI
henmjcke cMpTH MOke Aa Oyae y3pOKOBaH MHXUOMIIM]OM MUTOXOHIUPA)ITHOT PECITUPATOPHOT
manna  (113).  VYenmen  rybutka — TpaHcMeMOpaHCKOT — TOTEHIMjala  YHYTpAIlbe
MUTOXOHJIpHjaTHE MEMOPAaHE HECTaje IPOTOHCKH TPAJM]EHT U OTBApajy c€ MUTOXOHAPH]jaTHE
nope. OTBapame mopa 3a mocienuily uMa npecraHak cuHtese ATP y ToKy okcupaTuBHE
dochopmnanuje. Mako ce Hemocratak ATP kox onux hemmja koje ce Op3o aene Moxke
HAJIOKHAJMTH TIHMKOJIM30M, ToBehana akrtuBanuja nporemna PARPL (enrn. Poly [ADP-
ribose] polymerase 1, PARP1) koja ce cpehe kox ompehenux henuja y HeKpo3u, pe3yiryje
WHXUOUIIMJOM TJIMKOJHM3€ M TMOCIEAHYHO CMamemeM cuHtese ATP, ka0 ¥ MOTHyHUM
CHEPreTCKUM KOJIalicoM Koju Boau henmujy y cmpt (114). V3 1o, jemaH onx LEHTpPaHHX
norahaja y Hekpo3u je nmoBehaHa koHIeHTpalija Kaaujyma y nuromiasmu (104, 115). Osaj
MopacT Koju Hactaje O6wmno 300r ociobahama Kamuujyma u3 eHAOIIa3MaTCKOT PEeTUKYIyMa
WIN BEroBOT yllacka Kpo3 henmjcky MeMOpaHy, MHIyKYje HpeonTepeheme MUTOXOHIpH]a,
CTBapame Iopa y MUTOXOHJPHjATHO] MEMOpaHM, Ka0 M aKTUBAIM]y KAIIHjyM 3aBUCHUX
npoTteasa (HIp. KajlrneHa U KaTerncuHa) 0e3 Kacmasa IITo JerpaaupameM [MUbaHuX MPOTeHHA
nokpehe Hekpo3y (116). PeakTuBHIM MeaujaTopH KrceoHuKa (eHr1. Reactive oxygen species,
ROS) mory na 6yay ykibydeHu y pa3Boj HeKpose. OKCHJaTUBHM CTPEC KOjU je MOCpeoBaH
pPEaKTHBHMM MeJHjaTopuMa KHCEOHHWKa pe3yiaTyje JeCTPYKIHjOM MaKpOMOJIEeKyJa,
yrspyuyjyhu JIHK, nunune u nporenne (117). Ha omrrehema JIHK, henuja moxxe pearosatu
xunepaktusanyjoM nporenHa PARP1. Ca npyre ctpane, necTpykiuja JUIHIA 32 TOCIEANUILY
uMa TyOWTaK MHTerpurera yHyTaphenwjckux MemOpaHa M CIEICTBEHO ociobahame
JM3030MaTHUX MpoTeasa u nmopehame HUBoA Kannujyma y henuju (118). Omreheme henujcke
MeMOpaHe y3pOKOBaHO MPETXOAHO HaBEJACHWM (aKTOpHMa TMpaTH HM3JIHUBAKE IEITOKYITHOT
henujckor caapikaja y OKOJHO TKHMBO IITO 3a IMOCTEIUIly MMa MOKpeTame HH(pIamanuje u
TKUBHO omTeheme. J[o cana He MOCTOjU KOHCEH3YC 0 OMOXEMMjCKUM IMpOMEHamMa Ha OCHOBY

KOJHMX C€ HEJIBOCMHUCIICHO MOXE ICHTH(HUKOBATH HEKPO3a.
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1.2.2. Anonrosa

TepmuH amonTo3a yBeJieH je npBu nyT 1972. rogune kao crenuuaan MopdoIomKu
acriekt cmptu hemuje (118). Amonro3a, kao 1. tunm henmujcke cMpTh, oOyxBara HH3
MoJleKyickux nporahaja xoju hemujy yBome y cMpT, y3 m3ocraHak uHprmamaruje. I[IpBo,
JeniaBa ce ryouTak mehyhennjckux Besa mro je mpaheHo KOHIECH3aIMjoM IUTOIIa3MaTCKUX
MpOTeHHAa W CMamelkeM BoiyMmMeHa hemuje. Jlpyro, XpoMaTHH ce KOHJICH3Yje W HacTaje
MMMKHO33a, a 3aTUM Ce JIerpaaupa Tako Ja jeapo Aoduja marien norkosuie. Tpehe, Moiekymn
JHK ce ¢parmentume, mutoxpom C ce ocnmobaha w3 MHUTOXOHJApHja, a €HAOIUIA3MATCKU
PETUKYJIYM TIOCTaje AWJIaTUpaH. 3atuM ciend Oanonupame (enra. blebbing) hemujcke
MeMmOpane mTo je mpaheno nemamem jexpa (119). Hacrymajy u mpoMeHe Ha mMeMOpaHu
anmonToTcke hemuje kao mTO je TpaHcioKanuja ¢ochaTHAMICEpHHAa Ca YHYTpallkbe Ha
CloJpallliy ~ CTpaHy  MeMOpaHe mTo  mperno3Hajy — makpodaru  (120). Ilopen
docharuaniceprna, KaJpeTHKYIMH j€ CUTHAJ 3a Tpeno3HaBame anontorcke henuje. OBakpa
henuja ce pacmapyaBa Ha Mana, MeMOpaHOM 0OaBHjeHa TeNallla ca uin 0e3 XpoMaTuHa Koja
ce Ha3uBajy amomnrtorcka Tena. Ha kpajy oBa amonToTcka Tena Qarouutyjy makpodaru u
Heytpodmmm (121). OxcycTBo mHGuamanuje je Mmocjequia pa3Boja aroNTOTCKUX Tela U
M30CTaHKa M3NUBama henmjckor caapxkaja y mehyhenujcku mpocTtop Kao IITO je TO Claydaj

koj Hekpose (Cxema 1).

AKTHUBaIMja MPOTEOJUTUYKOr CHCTEMa Kaclas3a je LIeHTpaJHM Jorahaj y amonrto3u
(122). Kacniaze unHe rpymy acmapraT-cnenuUuHuX [IUCTEHH MpoTeasa. [IpucyTHe Cy y CBUM
henmujama y HeakTHMBHO] (QOpMH NpoeH3MMa Koje ce Ha3uBajy mnpokacnaze. Kama ce
aKTUBUPAjy, IEMakbeM y OKBUPY YHYTPAIIHET MPOTEOTUTHYKOT MECTa, UHAYKY]Y aKTUBAIU]y
JpYrux MpoKacrasza mTo nokpehe upeBep3uOMIHY MPOTEONIUTHUKY Kackaay Koja IojadaBa
arloONTOTCKM CUTHAIHM MyT M Mocienu4yHo yOp3aBa henmjcky cmpt. dammnuja kacrasa
pa3NKyjy ce M0 CBOjUM (PU3HMOJIOMIKKM yiorama. Pasnukyjy ce nadamanujcke (kacmasa-1,
-4, -5 u -13) u amonrotcke (kacmaza-3, -6, -7, -8, -7, -9 u -10) kacmaze (123). Anonrorcke
Kacraze oOyxBaTajy HWHHIMjaTOpcKe Kacmaze (kacmasza-2, -8, -9 u -10) oaroBopHe 3a
MOKpeTamhe NMPOTEOJUTHUYKE Kackaje, M eeKTopcke Kacmaze (kacmasza-3, -6 u -7) koje
MPOTEOTUTHYKHU ceKy henmjcke cyncrpare (124). Kacnaze nemyjy Ha henujcke mpoTenHe Koju
peryiuily amonro3y, Kao U Ha €H3MME YKJbYYEHE Yy peryianujy Kako henmjckor nukiyca

tako 1 nonpaske JJHK.
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Pa3nuyutu cTUMyITyCH MOTY MOKpeHyTH anomnTto3y. Oarosop henuje Ha anmonToTcku
CHTHAJI 3aBHUCH OJ1 BPCTE U jaunHe CTUMYJIyca, Ba3e hemujeckor uKiIyca, Kao ¥ 0JIHOca Mpo- U
aHTH-anonToTckux mportenHa (125). Ilokperame amonrto3e y henuju je ycCiIOBIBEHO
aKTHBAIMjOM jE€IHOT OJ] JBa IJIaBHA IIyTa aromnTo3e, a TO Cy CHOJbAIlbU WU YHYTpPAIlbU
nyt. OBa JBa myta cy MeljycoOHO MoBe3aHa W 3Ha CE Ja MOJICKYJH aHTaKOBaHHU Y jeTHOM
MOTY Ja TMOKPEHY W JPYrd CHTHAJIHH MyT. Y3 TO, aloNTO3y HHAYKYjy ¥ nephOpHHU U

rpaH3uM-A wu -B.

‘henujcka _cmpm MHOVKOSCIHCZ peuenmopuma cmpmu (Cl’lO/ban-bu nym anonmo3e).

CrnoJpallitbli  IYT amomnTo3¢ C€ aKTUBUpAa Be3WBambeM CHelMDUYHUX JIUraHaga 3a
oAroeapajyhe MOBpHIMHCKE penenTope OJHOCHO 3a PElenTope CMPTH KOjU TPHUIANajy
nopoaui perientopa 3a TNF (enrs. tumor necrosis factor) (126). OBakBu perientopu
nocenyjy IoMeHe cMpTu. Be3uBame nuranjga 3a pelentTope CMpTH, Kao IITO Cy PEUenTopu
Fas (CD95), TNF u TRAIL (DR4) unnykyje koHGOopMalMOHEe MPOMEHE Y TOMEHY CMPTH U
CIISICTBEHO perpyTanujy MpoTerHa W MpoeH3uMa (mpokacmase-8 u -10) mpu yemy Hacrtaje
komiieke DISC (enrn. death inducing sugnalling complex) (127-129). Hacramu xomruiekc
aKTuBHpa Kacmna3y-8 u -10 xoje 3aTuM nokpehy NpoTeoNMTUYKY Kackady U TO aKTUBAILljOM
kacmaze-3, -6 u -7. 3a TNF penentop 1 ce Besyje amanrepcku nporend TRADD (eHri.
TNFR1-associated death domain protein), koju je crioco06aH aa Bexe pa3idiuuTe MIPOTEHHE Y
aKTHBHPAaHOM JeNly penentopa. AKO ce aKTHBHpPaHU Jeo Bexe 3a nomeHe cmpta FADD
(eurn. Fas-associated death domain), akruBupahe ce mpokacmnasza-8 W CieICTBEHa Kackaja
epekropckux kacmaza. Omreheme wMuTOXOHApPHja y curHamHoM myty FasL/FasR
MOCPEIOBAHO j€ aKTHBAIMjOM IPOAMONTOTCKOr npoTenHa Bid y3 momoh kacmasze-8 u oBo je

JjelaH ol mpuMepa YKpILTamba CIOoJballber U yHyTpalllmber myTta anontose (Cxema 1).

henujcka _cmpm VCJlea 2YoumKa_CmumMynyca 3a_npeicusbaséaibe (VHVI’I’IDCILMH)M nym

anonmo3ze). ATIONTO3y MOTY M3a3BaTH M OpOjHU YHYTapheHnjCcKH CUTHAJIM a TO CY: OJICYCTBO
(dakTOopa pacta, XOpMOHa W IHMTOKWHA, kKao u omteheme JHK, Bupycu, KuceoHUYHH
panukanu u qpyro. Ha oBe curHaie cy oceTJbUBH MPOTEHHU Yy KOMIUIEKCY MUTOXOHIPH]jaHUX
nopa KOju OTBapajy MOMEHYTe Iope, IITO 3a MOCIEIUIly UMa I'yOUTaK MUTOXOHIPHjaHOT
TpaHCMEMOPAHCKOT MOTEHLKjana U ocinobahame pazIMyUuTHX MPOANONTOTCKUX MPOTEHHA y
murorutasmy (130). TIpBy rpyny oBux nportenna unte uropxom C, Smac/DIABLO u cepun
npoteaza HtrA2/Omi xoju akTHBHpajy MUTOXOHPHjATHU YT alloNTO3€ 3aBMCaH O] Kacrasa.
[Mutoxpom C moxe na Bexke u aktuBupa mojekyn Apaf-1 (enri. Apoptotic protease

activating factor 1) u npokacnasy-9 u Ha Taj HauMH Ja UHIYKYje GopmMupame anonTo3oMa
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KOjU IOCIEANYHO aKTHBHpa edekTopcky Kacmasy-3. Ca apyre crpane Smac/DIABLO wu
HtrA2/Omi moxacTuuy amonTo3y W TO HHXHOHIIMjOM aHTHAMONTOTCKHX IpoTewHa. [pyry
rpyny oBux npoteuHa yune AlF (enri. apoptosis inducing factor), eanonykieasa G (eHr.
endonuclease G, EndoG) u CAD (enri. caspase-activated denase, CAD) koju npencraibajy
KacCHHU CUTHAJI jep ce ociobahajy n3 MUTOXOHAMPHU]ja TEK OHJA Kaaa henuja 'ommyun’ 1a ympe.
Heszasucuo on kacmaza, AIF u EndoG ce Ttpancmonupajy y jeapo, nok ce CAD mpe ose
TaHCJOKalKje akTuBHpa moxa jaejctBoM kacmaze-3 (130, 131). Kama yhy y jempo, oBu
nporenHn WHAYKYjy ¢parmentammjy JHK. V¥V cinyuajy na curmanm ca penenropa HHje
JOBOJBHO CHAYKaH, MOYKE C€ MOKPEHYTH YHYTPAIlhbH, MUTOXOHIPHUjAIHU IyT aIlloONTO3¢ KOjU

aruiuKyje MOYeTHU CUTHAN ca PelLenTopa.

AronToTcka heJII/IiCKa CMpPT HMHAYKOBAaHAa HeDd)ODI/IHI/IMa u I'paH3MMHUMaA.

Iurotokcnuku CD8" T numdpomuTu MOry Aa HOKpeHy amonTo3y y IMIbaHOj hemuju
HHIYKOBaWkEM CITOJBAIIHET MyTa anonrto3e HakoH uHTepakuuje FasL/FasR (132). V3 to, oBe
henuje wu3a3uBajy amoToTCKy cMmpT henuje mnomohy mnepdopuna u rpanszuma (133).
Ilepdopunu cy nentuau xoju ¢popmupajy nope y henujckoj memOpanu nusbane hemuje Kpos
KOje yjJa3e Jpyrd MaKpoOMOJIEKyJH oclo0oheHn U3 NMTOIUIa3MaTCKUX TIpaHysa
uutorokcnukux T numdonura (134). Melhy uznyyeHuM npoTenHHMa HajBaKHU)E Cy CEpUH
npotease, rpaH3uM A u rpansum B (135). I'pan3um A uHaykyje anontoTcky henujcky cMpt
He3aBUCHY oJ1 kKacnasa (133), nok rpan3um B aktuBupa xacmazy-3, -7, -8 u -10 u paznaxe
ICAD (enurn. Inhibitor of caspase-activated DNase) (136). Takohe, rpansum B moxe na
KOPUCTH MHUTOXOHJPHjAJIHW NYyT 3a I[0jayaBalkbe€ CUTHAJA CMPTH TaKo IITO HUHAYKYje
NPOAYKIH]y KHCeOHHYHUX crnoboauux pagukana (ROS), pasmarame Bid mporenHa u
nocneanuHo ocinobahame muroxpoma C (137, 138). JIupekTHOM akTUBAIMjOM Kacmase-3

npeckaye ce IeJOKyIHa Kackaaa U AUPEKTHO UHIYKYje aronTo3a (133).
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By6peme henunjcke memGpane CrBapame anoNTOTCKUX Tellaliana
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Cxema 1. Mexanusmu amontose (kopurosano mpema: Smith A et al. WikiJournal of Medicine 2017;
4(1):1-3 u Kondratskyi A et al. Biochim Biophys Acta. 2015;1848(10 Pt B):2532-46).
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1.2.2.1. Ilpomeunu gpamunuje BCl-2 yrxmwyuenu y pecynayujy anonmose

IMporennun damunmje Bcl-2 (emrn. B cell leukemia/lymphoma 2) konTposmuiry
henujcky cMpT MPBEHCTBEHO AMPEKTHUM WHTEpaKIfjamMa Koje Cy YKJbY4YEeHE Yy peryianujy
NpPOIYCT/BMBOCTH  CHOJbAIIEbe MeMOpaHe MutoxoHapuja (enri. mitochondrial outer
membrane permiabilization, MOMP). OtBapame mopa Ha MOMP mokpehe npeBep3nOHUIHO
ocinobahame mpoTerHa WHTEPMEMOPAHCKOT MPOCTOPa, IITO 3a IOCICIUIy UMa aKTHBAIH]Y
Kacrasa ¥ KoHauHo anonTto3y. Heku npotennu dhamunuje Bel-2 umajy nHXuOUIIMOHY a Apyru
aKTHBAIlMOHW e(dekaT Ha amonTo3y. AKTHUBAIMOHU eQeKaT OCTBapyjy MPOANONTOTCKA
npoTerHH, kao mto cy Bax (Bax, Bak u Bok) u BH3-only nporeunu (Bid, Bim, Puma, Noxa,
Bad), nox naxubunnonu edexar octBapujy antuamnontorcku nporeunu (Bcl-2, Bel-XL, Bcl-
XS, Bag, Mcl-1, Al) (139). Banmanc npo- ¥ aHTHANOTOTCKHX MPOTeMHA Y henuju
JCTEPMHUHUIIE CEH3UTUBHOCT heluje Ha anonTOTCKH CTUMYJYC M aKTHUBAILM]y YHYTpAIlkher
nyta amnonto3e. Y (U3MOJIOIIKUM YCIOBMMA AaHTHANONTOTCKH NPOTEMHHM BE3aHU Cy 3a
criojballlby ~ MeMOpaHy  MHUTOXOHJpHWja TI/€  OAp)KaBajy IEHY  CTaOWIHOCT U
HEMPOMYCTJLUBOCT. AHTHAMONTOTCKH MPOTEHHH HEYTPAIUINY IPOAMONTOTCKE MOJICKYIIe
(140). IIpomycT/bMBOCT MHUTOXOHIpHUjATHE MEMOpaHe W MOCJICIMYHO aIloNTo3a, HACTaje
yciie]] MHXUOHIUje aHTHATIONTOTCKUAX MPOTEHHA, Ka0 M aKTUBAIMje MPOANoNTOTCKUX Bax n
Bak nporenna nox aejcrBom BH3-only akrusaropa. [epenpecopckun BH3-only mporennu
(Puma, Bad, Noxa, Bmf u Bik/Bik) unxubupajy antmanontorcke BcCl-2 mporteune, amu
Hemajy wmoryhHoct aktuBanuje Bax/Bak. C npyre crpane, aktuBaropcku BH3-only
nporeunn (Bid u Bim) umMajy cioco6HOCT 1a unHe u jemHo u apyro (141). Yenen hemujckor
crpeca akTuBHM oOxuiu BH3-only aktuBaTopa IMpEeKTHOM HMHTEpPAaKIHMjOM HHAYKY]Y
KoH(opMaIMOHE MPOMEHe, AuMepu3alrjy U uHcepuujy Bax u Bak y muToxonmpujamHy
MeMOpaHy IITO Y3poKyje Qopmupame mnopa u moBehaHy MNpOMyCT/BUBOCT CTOJbAIIHE
MeMmOpaHe mMuToxoHapuja. Kpo3 oBe mope nmutoxpom C ce ocnobaha u ynasu y nuTonasmy,
rae ce Besyje 3a Apaf-1 u popmupa amontTo3zoM mTo 3a MOCIEANIy UMa aKTHBAIMjy Kacrasa
1 KoHauHO amonTo3y (142). Aurnanontorcku wianoBu BCl-2 damunmje Mory ma ce Bexy 3a
HEeKe MPOTEHHCKE IOMEHE y CacTaBy TPAHCMEMOPAHCKUX MUTOXOHIPHUjATMHX MOpa M Ja Ha

Taj HAYMH CIpede MPOMYCT/LUBOCT MEMOpaHe MUTOXOHPH]a.
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1.2.3. Ayrodaruja

Aytpodaruja je kaTaboOIMUYKM MeXaHW3aM henmujcke Jerpajaiuje COICTBEHHUX
He(YHKIMOHATHUX WM HEMOTPEOHMX LUTOIIA3MATCKUX KOMIIOHEHTH YHYTap JIHM3030Ma.
Ayrodaruja mpeacTaBiba anTepHATUBHU HM3BOP €HEPrHje, Kao M MPUBPEMEHU MEXaHH3aM
npeXxuBJbaBamba hemuje y oapehenum curyanmjama (143).  Pasnmkyjy ce Tpu Tuma
ayrodarvje a TO Cy: MHKpO-, Makpo M ayTodardja IocpeaoBaHa IIarepoHuMa (CHIJL.
Chaperone mediated autophagy, CMA) (144-146). Mukpoayrodaruja yKIby4yje
HECENICKTUBHY TNHHOIIMTO3y MAJMX JIeJIOBa IMTOIUIa3ME€ JUPEKTHOM HHBATrMHAILIN]jOM
MeMOpaHe Im3030Ma. Ayrtodaruja IMocpeloBaHa IMIANEPOHMMA je CEJIEKTUBAaHU IMPOIEC
Jerpajaaiyje NpoTeuHa KOju 3axTeBa nprucyctBo npotenHa Hsc-70 (enrn. Heat shock cognate
protein of 70 kDa) koje npeno3najy maneponu (144, 145). Makpoayrodaruja noapazymena
HCIOPYKY IUTOINIA3MATCKOT Cajpikaja JU3030My MoMohy ayrodaro3zoma, Koju ce craja ca
JM3030MOM ¥ (OpMHpa CTPYKTYpY Ha3BaHy ayToOJM3030M. AyToiH3030M 00aBiba henmujcky
Jerpajialnjy moJl yTHIajeM KUCeIuX JU3030MalHuX xuaponasa (146). Ayrodaro3om Hacraje
oOyxBaTameM henujckor caapxkaja mnpenoapeheHor 3a pasiarame NOoMOhy JBOCTPYKE
MeMOpaHe 4Hju ce KpajeBu cmajajy. [Ipomec ayrodaruje je peryaucaH CUTHATHUM ITyTEM
PISBK/AKT/mTOR (PI3 kuna3a, earit. Phosphatidyl Inositol 3 kinase; AKT- cepun/TpeoHunH
KHWHa3a Koja kaj ce aktuBupa PI3-kmnasom, aktuBupa mTOR (enrn. mamalian target of
Rapamycin) koju KOHTpOJMINE IOCTYIHOCT XpamWBUX cactojaka hemuju u henujcku
metabonmzam (147). V oncyctBy (dakTopa pacta mokpenyt je curnaiau nyt PISK/AKT/TSC
(enrun. tuberous sclerosis complex)/mTOR koju aktuBupa ayrodarujy. Y (U3HOIOMIKEM
ycaoBuMa, AKT kunaza aktuBupa MTOR kuHa3y u Ha Taj HAYMH WHXUOHMpa ayTodarujy.
VYcemen MeTaboNMYKOT WM OKCHAATUBHOT CTpeca HapylIeH je OJHOC aJICHO3HH
moHodochat/anenosun  tpudochar  (emru.  Adenosine  monophosphate/Adenosine
triphosphate, AMP/ATP). IToehawe onnoca AMP/ATP aktusupa AMPK (enrii. adenosine
monophosphate-activated protein kinase). IIporemn AMPK wunaykyje ayrodarujy
nupexktHoM uHXHOumMjoM MTOR kwHaze. Y ciydajy XUINOKCHj€ W TJajoBama, KHWHAa3a
perynucana Banhemujckum curaaauma (eurn. extracellular signalregulated kinase, ERK)

Takohe HHAyKyje ayTodarujy Tako mro uaxuoupa mTOR kunazy (147).
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1.2.4. Atunnaau mojenu hemujcke cMpTH

VY mnocnenme BpemMe [ETEPMHHHMCAHO je HEKOJMKO AaTUIMYHUX Mojena henujcke

CMpTHU:

HekponTosza omoryhaBa mporpamupany henmjcky cMpT HE3aBUCHO Of aKTHBAIlHje
Kacmasza. Perymamujy oBor mpBOOTKPHMBEHOT THIA PEryJIHCaHE HEKpPO3e HHAYyKYje (akTop
HeKpo3e Tymopa-a (enri. tumor necrosis factor a, TNFa). Ilpoaykuuja TNFo, ctumyinuiine
excripecujy peuentopa 1 3a TNFo, ma nHakoH BesuBama TNFo 3a momeHnyTtu penentop
akTHUBHpajy ce npotenH kuHaze RIPKI1 (enrs. receptor interacting serine/threonine-protein
kinase 1) u RIPK3 (enru. receptor interacting serine/threonine kinase 3) u Ha Taj HauuH ce
dbopMupa KOMIUIEKC TIO3HAaT Kao Hekpo3oM. Hekpo3om 3atum  docdopunmiie
nponekponrorcku nmporeud MLKL (enrs. mixed lineage kinase domain-like protein) koju ce
yrpalyje y smmugau qBociioj henmujcke memOpaHe mTo pe3yntyje ociobahamem hemmjckor

canapxaja y Banhenujcku poctop (148).

“MutoTcka karactpoda” je THUN CMpTH henMja KOju C€ jaBjba WJIM TOKOM WM

HETIOCPEIHO TIOCJIe JIUCPETyJucaHe/HeyCIelHe MHUTO3¢ W MOke Jnaa Oyne mnpaheHa
MOpQOJIOIKUM  MPOMEHaMa, YKJbyuyjyhnm  MHKpOHYyKJIealujy (XpoMO3OMH  W/WIH
XPOMO30MCKH (pparMEeHTH HHMCY paBHOMEpHO pacriopehenu usmely jenapa hepka henuja) u
MYJATHHYKJIEUHjy (IPUCYCTBO JiBa WJIM BHIIE jelapa ca CIMYHUM WIH XETEPOTeHHM
BEeJIMUYMHAMa, KOja TMPOM3WIA3e W3 HEIOBOJFHOT OJlBajatba TOKOM IMTOKMHE3e). OBaj

MozanuTeT hearjcke CMPTH MOKe Jia BOAU HJIH Y allonTo3y WK y HeKkpo3y (149).

EnTo3a, npBoOMTHO onucaHa kao o6auk "henujckor kannbanu3ma" ko iumdoodiacta
namujeHaTa ooonenux oJ XyHTHHTTOHOBE OOJIECTH, j€ HOBM MOJIAIMUTET CMpPTHU henuje y Kojoj
jenHa henuja obyxBaTa jeJHYy OJ CBOJUX KMBHUX CyceAHHX heiuja, Koja 3aTUM YMUDPE YHyTap
(daro3oma (150). UarepecantHo, henuje koje Hajuemhe ymase y eHTO3y cy henmje XymaHoT
kapuuHoma nojke MCF-7, xojuma Henoctajy u kacnasa-3 u OekiMH-1, ma cy Ha Taj Ha4MH

penaTuBHO OHecrocoOJbeHe 3a anonTo3y u ayrodarujy (151).

AHOUKHC je y CYIITUHU MOAAJIHUTET henujcke CMPTH MO NMPHUHIMITY aloITo3e Koja je
MHIYKOBaHa I'yOMTKOM Be3WBama Ha cyrncrpar win 3a apyre hemuje. Kox oBor cnenuduynor
o0JMKa amomnTo3e, MOJICKYJICKM MEXaHW3MH OBe henujcke CMPTH OAroBapajy MexaHU3MHMa

kinacuyHe amornrose (152).
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EXCIIMTOTOKCHYHOCT ce Y 3aBUCHOCTH OJ HWHTCH3UTCTA I/IHI/IHI/IjaJ'IHOF CTUMyllyca,

HaW3IJIe MpeKiiana ca JPYrMM BpCTaMa CMpPTH, Kao IITO Cy arolTo3a M HEeKpo3a U Kao
KpUTHYaH jaorahaj ykJbydyje IpOoIyCTJbUBOCT MeMOpane MuToxouapuja. M3 oBux pasiora, a
u 300r 3ajeHUYKUX pEryjaTropa, Kao INTO Cy OKCHIM a30Ta, €KCUTOTOTOKCHYHOCT CE€ HE
MOJKE CMaTpaTH MoceOHUM MojanuTeToM henujcke cMptu. KapakrepuctiudHa je 3a HEypoHe
M HacTaje IOJ YTHIAjeM CKCIMTaTOPHUX aMHUHOKHCICHHA (riiyramara) a mpahena je
nmoBehaHOM KOHIICHTpAIjOM KallMjyMa y MHUTOIUIa3MH HEYpOHa INTO WHAYyKyje henujcky

cmpt (153).

[TapanTo3a je Tum mporpaMmupane heimjcke cMpTH Koja je MHAYKOBaHA aKTHBAIIM]OM
perieniTopa 3a HHCYIMHCKH (pakTop pacta 1 (enri. insulin growth factor 1 receptor IGF1R).
Kapakrepumie je wu3pakeHa BakyolHu3alyja LUTOIIa3Me, OyOpeme MUTOXOHIpHja U
eHJIoIIa3MaTHYHOT peTtukynyma. Ilpomec ce onBuja 0e3 KOHIEH3aIMje XpoMaTWHA H
nerpananuje JJHK, koju npencraBipajy MopdoIiomike KapakTepucTuke Hekpose. Mehyrum,
oBaj TUN henMjcke CMPTU KapakTepulle TpaHCioKanuja jeaHor oxa docdonumnuma,
¢dochatuanaceprHa ca UTOIUIA3MAaTCKE Ka CIOJballbo] CTpaHU henujcke MeMOpaHe LITO je
o/uyika anonTtorcke hemmjcke cmptu. Manudecrtanuje mnapanTto3e HE MOTY CHPEYHTH

uHXUOUTOpPH Kacmasza (154).

IMupoTo3a je mpBo omucaHa y wMakpodarama koje wuHbunmpajy Salmonella
typhimurium. Hacraje ycnen noBehiaHOr OCMOTCKOT IPUTHCKA 300T HOBOQOPMHUPAHHX TTOpa Y

henujckoj memOpanu uuje Gopmupame 3aBUCH O] aKTHUBHE Kacrasze-l anu He M aKTHUBHE

kacmase-3 (155).

[MupoHekpo3a je HekpoTryHa henmjcka cMpt mMakpodara xoje uaduimpa Shigella. Y
oBy hemujcky cmpt yksbyden je ASC (enr. apoptosis-associated speck-like protein) a
noBe3zaHa je ca moehanum ocnobahamem HMGB-1 (enrn. High mobility group box 1
protein), kacrase-1 u IL-1p (156).
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1.3. heujcku MUKIYC

henujcku nwmkilyc o0yxBara HU3 CTPOTO peryiaucaHux jgorahjaja Koju pe3ynryje
neobom henuje. Y henmjckoMm IUKIyCy pasiukyjy ce mepuoia uHTepdase u mepuon aeode.
Hutepdasa je mepuoa msmelhy ase necobe m odyxsara Gl (enri. Gap phase 1), S (enru.
Synthesis), u G2 (eurn. Gap phase 2) ¢asy henujckor nmnyca. Tokom unTepdase henuja
pacte u aKyMmyJiipa XpaH/bUBE MaTepuje nmoTpedHe 3a MuTo3y (eHrit. Mitosis) u peruukanujy
JIHK. henuje xoje cy NMPUBPEMEHO WM PEBEP3UOMIIHO 3aycTaBuie Jeoly, yia3e y CTame
mupoBama win GO ¢dasy riue ocrarajy n1yxe BpeMe, a HeKe 4ak U TpajHo. Nenujcku muKiIyc je
CTPOr0 KOHTPOJIMCAH IPOILEC Y YMjOj peryjaluju BaskKHY YJIOTY WIPajy LHUKIUHH, [UKIHH
3aBUHCE KHHA3¢ M WMHXUOUTOPH IMKIWH 3aBUCHUX KkuHaza (157, 158).  Luknunu
NPEJCTaBJbajy TPYNy IMPOTEHMHAa KOJjU HUMajy CIWYHY CTPYKTYpy M CHHTETHIIY C€ H
AeTpasnupajy LUKINYHO TOKOM pasnuuuTux (asza hemumjckor nwmkiayca. HakoH cuHTese,
bopMupajy KOMIUICKC ca IIMKJIMH 3aBUCHIM KuHa3ama (enri. cyclin dependent kinases, Cdk).
HuknuH 3aBuUCHE KHMHa3e Mpunanajy GaMuwinju CepUH/TPEOHHMH KUHAa3a, U HHUXOBA
aKTUBHOCT, Ka0 M KOJI IMKIWHA, pacTe M omaja TokoMm hemujckor 1mukiyca. OOpa3ail
eKCIpecHje pa3IMYMTHUX LIMKINHA BapHupa ca nporpecujoM henmje kpo3 henujcku muxiyc, a
oBaj crenubuuan abaoH geduHucaH je ¢dasom hemujeckor wukmyca (157, 159).
WnentudukoBano je Hajmame neBer cTpykrypHo noBe3anux Cdk (Cdkl- Cdk9), mana Huje
3a cBe JeduHHMCAHA peryjJaropHa yjora y TOKy henujckor unukiyca. [lo cama je
uaeHTH()UKOBaHO 3HaTaH Opoj rukrHa (ukianH A-iuknuH T). Kommieken muknuna u Cdk
nocTajy akTuBHU (ochopunanujom cnennpuannx mecta Ha Cdk (160). M3odopme mukmmHa
D (muximun D1- D3) unteparyjy ca Cdk2, -4, u -6 u omoryhyjy HanpenoBawme kpo3 G1 ¢a3sy
henujckor nwmkiayca. Aconwmjanmja mukiauaa E ca Cdk2 je akruBHa Ha mpenasy G1/S u
ycMepaBa yiazak y S ¢a3y henmjekor mukiyca. [Iporpecuja kpo3 S ¢a3y mocpenosana je
komriekcoM ukiuH A/Cdk2, a xommuieke nukianH A u CdKl1 je ox xipy4Hor 3Hauaja 'y G2
das3u. Cdkl/mukmun B je HeomxojaH 3a mokperame muTo3e. [lopen Tora, BaKHY YJOry y
perynainuju heaujcKor MUKIyca OCTBApYjy M OAroBapajyhui MHXUOWTOPH IHUKJIMH 3aBUCHUX
knHaza (maxuOuropu CdK) koju (QYHKIMOHHWIIY Kao HEraTMBHHM PpEryaaTopu heimjckor
nuKiIyca u oHemoryhasajy henujma na npel)y y cinenehy ¢a3zy henujckor mukinyca (Cxema 2).
Knaca wuxubutopa nukiawH 3aBucHuX kuHaza Ink4, pl6, pl5, pl8 u pl9, Besyjy u

nuaxubupajy nukiaud D-3aBucuHe kunase (Cdk2, -4 u -6). Jlpyra rpyma HHXHOUTOpa UKIMH
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3apucHux kuHaza CIP/Kip (eurn. kinase inhibitor protein KIP), p21, p27 u p57, HeraTuBHO

peryauine komiiekce ukiana E/Cdk2 u mukmua A/Cdk2 (161, 162).

1.3.1. G1/S da3za henujckor ukiyca

Naxo ce yecto Ha3uBa (pasa mupoBama, GO ¢aza je y cTBapu NPUIMYHO aKTHBHA U
0] henmja Moxe na ucrosbu oapehene gpyHkuje m ga pacte. Ymazak y hemujcku 1UKITyC
(G1 oda3sy) je peryiamcaH TaukOM OrpaHHYEHA - TAYKOM Ipejacka TOKOM Koje Mporpecuja
Kpo3 henmjcku IMKIIyC HE 3aBHCH O CIOJhAIbHX CTUMYITYCa, Kao IITO Cy H3JI0KEHOCT
XpamUBHM CacTOjIIMMa WK JiejcTBO muToreHa (163). 3a oBy Tauky ce cMarpa Ja ycloBJbaBa
nozaeny Ha pany u kacHy Gl ¢asy henujckor uumkiyca. Ilporeun peruHoGmacroma (€HTIL.
retinoblastoma tumor suppressor gene product, Rb) perynutie Tpansunujy henuje kpo3z G1/S
¢daszy hemmjckor mmkiyca. I'en RD1 je Tymop cympecopcku reH Koju je Hajupe
UICHTH(OUKOBAH y MalUrHOM TyMmopy peruHe. Pammnuja Rb mporenna Opoju Tpu wiana
Rb/p105, p107 u Rb2/p130. ¥ mHorum tkuBHMa mnpoTenH RD perymuiire nponudeparujy u
nudepenipjanujy henuja, kao u armonrtozy. Mosekyn pRb takohe urpa nenrpanny ymory y
npouecuma audepeHnyjalnrje y pa3iMuuTUM TKUBHMA, YKJbY4yjyhH oYM, COYMBO, MO3aK,
nepudepHr HEPBHU CUCTEM, CMUJACPMHUC, MEJAHOIUTE, KOCy, MUIlinhe U jeTpy. Y aKTHUBHOM
cray, Rb je xumodochopunmpan u ¢Gopmupa HHXHOUIIMOHHM KOMIUIEKC Ca TPYIOM
TpaHCKpUIIIMOHUX (hakTopa mo3Hatux kao E2F-DP (E2F-1, -2, u -3), uiMe ce KOHTPOJIHIIIe
tpan3uija hemuje u3 Gl y S dazy. @opmupame komruiekca E2F-DP tpanckpumnmmoHux
daxTopa ca He- WM XUNo-PpochopuarcanuM ,,akTuBHUM Rb onemoryhasa ynazak y S dasy
henujckor nwmkiayca. AxtuBHocT RD ce wmomynume cexBeniujannom ¢ochopunanujom
nomohy Cdk4/6-Iuxmua D u Cdk2/Lluxmun E (164). Kaga Rb nenmumugno docdopunmmre
komrieke Cdk4/6-Llukmur D, Rb wu name ocraje Besan 3a E2F-DP, amm oBaj
TPAHCKPUIIIIMOHU (aKTOp U Jajbe MOXKeE J1a TpaHCKpUOyje HeKe reHe Kao Ha MpUMep OHe KOju
cy Heomnxonu 3a cuHTe3y nukianHa E (Cxema 2). [ukiaun E ce 3atum Besyje 3a Cdk2 u oBaj
aKTHBHHU KOMIUTIEKC NMOTHYHO Xunepgochopunume Rb n Ha Taj HaunH ocnobaha xomruiekc
E2F-DP u mornyHo akTMBHMpa TpaHCKpuUNuuoHH ¢akrop E2F mTo konHauHo pesynryje
eKCcrpecHjoM reHa 3a Opojue mpotenne S dase. [Topen Rb, Cdk2 dochopunumie u apyre
cymncrpare ykpydene y perukaiujy JJHK (165). Ykonnko HHCY HCIYH-€HH CBH YCIOBH 3a
yclemHny aeo0y, heaujcku MUKIyC ce 3aycTaBjba U aKTMBHPAjy C€ KOHTPOJHU MEXaHHU3MU

(G1 checkpoint). Tokom G1 ¢aze, JHK ce MoXe OMITETUTH 3paucHmheM, XEMH]jCKHM,
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(U3NYKIM HOKCaMa MM OKCUJIaTUBHUM cTpecoM. Ha moderky S ¢a3e cuHTETHINE C& TUKIHH
A xoju 3atuM popmupa komiuieke ca Cdk2 mro omoryhasa majby mporpecujy Kpo3 oBy dasy
henmjckor muKITyca y3 IpoU3BOIbY JPYTUX €H3UMa U MMPOTenHa yKJbydeHux y cuaresy JJHK
(166). Ilporpecuja kpo3 S a3y 3axTeBa aKTHUBALWjy TPAHCKPHIIMOHOT (akropa E2F.
Kommeke nmukinua A-Cdk2 crabunno ce Besyje 3a E2F (167-169). Tokom kacHe S U TOKOM
gutaBe G2 ¢aze, henuje ce mpunpemajy 3a MUTO3y Tako TO nmoBehaBajy HUBO MUKIWHA- A U
-B. Kana ce nuBo nuknuaa B noseha, on ¢popmupa komiieke ca Cdkl y nuroruiasmu, rue
ocTaje 10 MUTO3e, Kaja npenasu y jeapo. [loehana akTHBHOCT TpaHCKpUNIIMOHOT (pakTopa
p53 moxe ma Oyne y3pokoBana omrehemem JTHK tokom G1 ¢daze henujckor nukiyca mro
pe3yaryje moBehaHOM CHHTE30M WHXMOMTOpA IMKIWH 3aBUCHHUX KuHa3a, p2l, Koju
CIIEZICTBEHO HMHXHMOWpa KOMIUIEKCE LWKIMHA WM [HMKIWH 3aBUCHUX kuHaza y Gl ¢asu
hemujckor mukiryca. Monekyn pS3 Moke M Jga akTuBUpa cucreM 3a monpaBky JIHK.
Mebhyrum, ykomuko je omreheme HENmoBpaTHO, pS3 akTHUBUpPA MOJCKYJE YKIbYYEHE Y
aronrTo3y OWIIO MOKpeTameM curHana ca Fas peuenropa win nomohy dbamumnmje mporenHa

Bcl-2 (170, 171).

1.3.2. G2/M ¢a3a henmjckor nmukiayca

G2 ¢aza henujckor muxiyca tpaje 10 ynacka henmje y muro3y. Tokom oBe (aze
Takohe ce CHHTETHINY MPOTEMHHU KJbYUYHHU Yy MPOILECYy MUTO3€, TaKO Jja MHXUOHUIMja CUHTE3E
MPOTEHHA TOKOM OBe (ha3e MOXKe Jja cripedn oTrnounmame hemmjcke neode. Y G2 dasu je 6poj
XpoMO30Ma AYIUIMpaH, Kao U octane henujcke komMmrnoHeHTe. TOkoM oBe (a3e CUHTETHILY ce
u Heonxoauu npotennu u PHK (pubonykienncka kucenuna) (172, 173). Ipenaszak henwuje
n3 G2 y M ¢a3y omoryhyjy muximH-A2 u -Bl, koju ce ymapyjy ca Cdk2 u Cdkl. Osu
KOMILIEKCH Y3pOKYjy KOHJIEH3aIMjy XpoMo3oMa U ,,pacnan’ jenapue memOpane. C 063upom
Ha YMEbCHUIY 1a HeMa mojataka o npexusernm Cdk1” mumesnma mm Cdk1l™ henmjama
cmatpa ce aa Cdkl mpesncrasba eceHiujamau Mosiekyn (174). 3a pasiauky off CBUX IPYrHX
UKJIMHA, TUKIMH A2, je moTpedaH y nBema azama henumjckor nukiyca, Ha npenazy G1/S u
tokoMm muto3e. Lukiaun- Bl u- B2 ce Besyjy 3a Cdkl y pacryhum henujama. Huknun B2 je
noBehano excrpumupan TokoMm crepmartorenese (175). Iuxkmuun Bl moke ga KoMIeH3yje
oncyctBo 1mukimHa B2. YV cinydajy medekra y xpomo3zomuma aktuBupa ce G2 KOHTpoIHA
Tauka, kKoja cympumupa aktuBHocT nukiauH B/Cdkl. Ilo3maro je nma m mporeun p53,

akTHBanjoM p2l ydecTByje y 3aycraBibamy henmjckor mnmkiayca y G2 ¢asu (176).
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[Tpunukom omrehewa monekyna JIHK, henuwja ce 3aycraBipa y 6miio kojoj ¢asu henmjckor

HUKIyCa, Ca HHUJBEM Jia CE€ HCIIpaBH OBO omreheme uIn hennja MOXE€ Ja aKTHuBHpa

aronTOTCKE MEXaHU3ME IITO MOCIeANYHO yBoau henujy y cmpt (170).
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Cxema 2. ®a3e u koHTpoJIa hieaujckor 1uyca

1.4. YTuuaj xemorepaneyTuka Ha heamjcky ecMprt

[Man6ormknud
Pubormkinnd
Abemaunkinb

XeMoTepanuja je ¥ Jajbe BakKaH TPETMaH y Tepaluju KaHIEepa, UaKo Cy oIl YBEK

HejaCHI/I MOJICKYJICKH MCXaHHU3MH OATIOBOPHU 3a OCCTJbUBOCT WM OTIHOPHOCT heJII/Ija Ha

XeMOTepaneyTuke y pa3InyuTuM BpcTama Tymopa. Crora je oxapehuBame onTumaHoT

XEMOTEpaneyTCKor pexuma 3a oJpeheHH THUll KaHLepa KOMIUIEKCAaH W HWHAWBHIyajaH

npouec. Ha npumep, kapiiiHOM TecTuca 100po pearyje Ha IpUMEHyY JiepuBaTa IIaTHHE, ILITO

pesyarupa ca oko 80% H3JIe4eHUX MalyjeHara, 10K Ko/ MaiyjeHara Koju uMajy Ipyry BpCTy
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TyMOpa, Kao IUTO je KapluHOM Iuiyha cToma oAroBopa Ha XemoTepamnujy Oa3upaHy Ha
UUTOTOKCUYHUM JepuBaTUMa IuiatuHe je camo 30%, ocrtaBibajyhu mpeoctranux 70%
nalyjeHara ca Majo WM HUMAJIO TEpalujCcKe KOPHUCTH U Ca BEJIUKUM OpOjeM HEeXeJbeHUX
peaknuja (177). Behuna xemotepaneyruka y3pokyje omreheme IHK u aktuBupa cnoxeny
CHTHAJIHY MPEXKY KOja 3aycTaBjba NeNMjCKHM IMKIYC W/WIdM MHAYKYyje amomrtosy (178, 179).
Kana ce nexoBu xoju nmpumapHo uHAYyKyjy omreheme JJHK kopucte 3a neuewe Tymopa, y
HEKUM KJIOHOBMMa TYMOPCKHUX henuja Mema ce ekcrpecuja cuenn(puyHux reHa yKJby4eHUX y
perymanujy hemujckor mukiayca wiam mompaBuu JHK. OBe um3aMeHne Mory WHIyKOBaTH
OTIIOPHOCT TyMoOpckux henuja Ha nekoBe. CXOAHO ToMme, €EKTUBHOCT XEMOTEpareyTHKa
3aBHCH O] pa3iuka y oaroBopy Ha omrtehewe JJHK 3apaBux u manurHo usmemenux henuja
(180, 181). Crora, mpoy4yaBame CHCHUPUUYHUX MEXaHHW3aMa OTIIOPHOCTH M Pa3BOj HOBHX
TEpaNeyTCKUX  CTparerrja Cy H3y3eTHO BaXHU Yy MO00OJpIIakY  e()HUKAaCHOCTH

XCMOTCPAIICYyTHKA.

Jenna on Oapujepa 3a HacTaHak MaJUTHO TpaHchopMmucaHux henuja je amornrtosa
(182). I'yburak KOHTpOJE amonto3e TyMOpckuM henmujama omoryhaBa jaa MpexuBe IyXke U
00e36ehyje um BHIlIe BpeMeHa 3a aKyMyJIallfjy TeHCKHX MyTallja OJroBOpHUX 3a rnosehany
WHBA3WBHOCT W AHTHUOTEHE3y TyMOpa, Kao W HEIUIAHCKY Mpoiudepanujy W CMameHy
mudepenumjanyjy henmja (183). Iloctoju BumIe HauMHAa Kako TyMmMopcke hemuje mory aa
n30erHy arnonTo3y: WM je MHXHOMpaHa (yHKIM]ja Kaclas3e WK je OHeMOTyheHO MoKpeTame
armoniro3e (184). TloBehana ekcrpecuja aHTHANONTOTCKUX NpotenHa Bcl-2 u ryourak Bax
n/unn Bak cy Hajuemrthn mMexanusmu n3beraBama amonTose. Y OCHOBH OBHMX mopemehaja je
Hajuenthe MyTanuja TyMOp CyIpecopcKor reHa pS3, koja ce netektyje ko 50% obonenux on
kaHrepa. Myranuje reHa 3a Bcl-2 Takohe onakmaBajy renedy tymopa. IIpekomepna
ekcripecuja nmpotenHa Bcl-2 je perucrpoBana y BHIle 0J1 TOJIOBUHE CBUX BpcTa KaHIepa (183,
184). OBaxBa excnpecuja nporerna Bcl-2 pesyntupa moBehanoM otmopHoIhy TyMOPCKHX

henMja Ha amoNTOTCKE CTUMYJTyCe MHAyKOBaHe nuTocTaruimma (185).

XeMHOTEpaneyTHI JeNyjy Ha Tpolec henujcke CMPTH KOJ XEMOCEH3MTHBHHUX
Tymopa. Cmarpa ce Ja HHUTOTOKCHYHU JIEKOBH KOJU C€ TPEHYTHO KOPHUCTE Y JIeUeHhy
MaJWTHOMa, Kao IITO Cy eTOMO3WJI, LuTapaduH, uukiopochaMun, HAOKCOPYOUIIMH U
METOTpEKcaT, Jelyjy Tako InTo WHXuOupajy Ttomouszomepasy |l (eromosmm), JIHK-
nonuMmepasy (murapabuH), aHTaroHu3yjy (oiHy KHCENUHY (METOTpeKcar), WHXHOHpajy
yHaKpcHO moBe3uBame (mukiodochamun) u unrepkanauujy JHK (mokcopyounmnu) (184).

Haxo cy npuMapHO MeTe JeJ0Bama JEKOBA MPHWINYHO PA3IMYUTE, IOCTANIO j€ OUUTIIEIHO /1
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IIUTOTOKCUYHOCT M3a3BaHa JIEKOM KOHAYHO Y3pOKyje amomnTtosy. JucrenTtun je WHXHOUTOP
XUCTOH JlealleTuia3e Koju y hemujamMa MyNTHIUIOT MHjEIoOMa CMamyje eKCIpecHjy TeHa 3a
Bcl-2, Bel-xL u Mcl-1 (186). Hekonuko uCTpakuBama je yKa3ajlo Ha CHOCOOHOCT
IUTOTOKCUYHHUX JIEKOBA Jla aKTUBUPAJy TYMOp Cympecopcku TeH pS3. Mcxon akTuBaimje
poTerHa pS53 je WM amoITo3a WM 3aycTaBibame hemmjckor rukmyca (187, 188). Bpojue
CTy/IMje Cy yKa3aje Ha MOTYhHOCT HEKHX JIEKOBa Jla M3a30BY aloNTo3y TAaKO IITO MOJICTHYY
cuaresy CD95L, koju ce 3arum Besyje 3a CD95 pemnenrop (189, 190). V tpermany
Pa3NUYUTHX TYMOpPA Ca MIUTOTOKCHYHUM JIEKOBUMA K0 IITO Cy TOKCOPYOUIIMH, IIMCIUIATHHA,
METOTpeKcaT, mnurapabun u ertomo3uy npumehena je mnoBehana ekcnpecuja uPHK
(napopmMarone pubOHYKIEHHCKe Kucenawne) 3a cuHTedy CD95 u CD95L (191). Kona
JeyKeMHja WIH COJWJIHHX TyMoOpa, YKJbydyjyhum HeypoOr1acToMm, XemaroOiacToM,
Memyno01acToM, KapiMHOM KOJOHA M JIOjK€ HUTOTOKCHYHH JICKOBH HHIYKY]y €KCIIPECHjy
CD95L koju ayTOKpHUHO M MapakpUHO HM3a3MBajy caMOYOMCTBO henuje HaKOH BE3WBama 3a
mweroB perienrrop (192, 193). Heku HUTOCTATHIIM MHIYKY]Y amonTo3y Tako mTo noseharajy

MPONYCTJBUBOCT MEMOpaHe MUTOXOHpHja 1 ociiobahame utoxpoma C y nutoruiasmy (193).

YKONMKO je mpeTrepaHo akTUBHpaHa ayTodaruja Moxke na Oyae M MeXxaHHu3am
NpeXXUBJbaBama henrja HaKOH IMITO XEMOTEpPANCYTHIIM HCKaxy Tepamujcko naejctBo (194,
195). AHTpalMKIMHU aJpUaMULIMH, TAayHOPYOUIIMH U eNUpyOUIIMH HHAYKY]Y ayrodarujy y
TYMOPCKHUM ajM M HeTpaHcopmucanum henujama. MlHaykoBaHa ayrodaruja y 3aBUCHOCTH
ol Tuma henuja, aaM M BPCT€ U KOHIIEHTpAllMje XEMHOTEparneyTHKa, MOXe HMaTu

[IUTONPOTEKTUBHY WM UTOTOKCHUKY yiory (196-198).

Heku THIIOBM OHKOJIONIKE Tepanuje MOTy Ja HW3a30By CMPT TYMOPCKHX hemnuja
HEeKpo3oM. Y oBe JiekoBe ce yopajajy JHK ankamusyjyha jemumema kao mTo cy MNNG
(enrs. N-methyl-N'-nitro-N-nitrosoguanidine) (199) u tamokcuden (200, 201). PecBepaTtpon
Ka0 U HEKe KOMIIOHCHTE TPaIUI[MOHAIHE KMHECKE MEIUIIMHE MMOTCHIIN]jAIHO U3a3UBajy CMPT

TyMmopckux henuja Hekposom (202-204).
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1.5. Moayaanuja hejimjckor nukiIyca xemorepaneyTuiuma

[To3Haro je Aa ce HUTOCTATHIM MOTY MOJCTUTH y JIBE Ipyle Ha OCHOBY HHXOBOT
nenoBama Ha oapeheny daszy hemmjckor nukiryca. Lukinyc-HecnenupuIHUM [UTOCTATUIIIMA
cMaTpamo OHE JIeKOBe 4uju edekar He 3aBHCH o1 (a3e henujckor nmuKiIyca Tako jJa MOTY Ja
nenyjy y cBuM (aszama hemmjckor mumkiyca (206, 207). TakBu cy Ha TpuMep CBHU
aNKUIMpajyhu areHcu Koju ce 300T moce1oBamba ajJKul paJuKaia Jako Be3yjy 3a aToMe a30Ta
Yy TUPUHCKUM U MUPUMHUIMHCKUAM 0a3amMa HYKICHMHCKHX KHCEJIMHA IITO 3a MOCIEeAUIly MMa
yHaKpcHO Be3uBame aBa JyaHna JHK wmnmm morpemno ynapuBame 0a3a M KOHa4YHO CMPT
henuje. Ilopen ankunmpajyhux arenaca y rpyny LUKITyc-HeCNEeUU(UYHUX ITUTOCTATHKA
yOpajyjy ce u JepuBaTH IUIaTHHE, HEKH JICKOBH W3 TPyIE JepHBaTa HUTPO30Yype M TpyIe
antuonotuka (208). Ilukiayc- cnenuuYHM HUTOCTATHIM CY OHHM KOJjH CBOje JIEjCTBO
ucnosbaBajy y oapehenoj ¢asu hemmjckor nukiyca. TakBU HUTOTOKCUYHH JIEKOBH Cy Ha
MpUMep BUHKPUCTUH M BUHOJIACTHH KOjU JAenyjy camo Ha henuje y muto3u. Haume, oBu
anmkanonau u3 Owsbke Vinca rosea ce MUPEKTHO Be3yjy 3a TYOYJIMH U CIPEYaBajy HEroBy
yrpaamy y MUTOTCKO BpereHo (209). Ha henmje y muto3u fenyjy jomr U TakCeHHU, Kao U
erono3us. Ha hemuje y G2 ¢a3u henujckor muxiyca nenyje 6neomuuuH. Hajehu Opoj
LUTOCTaTUKa Jienyje Ha henuje y S ¢asu henujckor nukiayca a To cy S-Quyopoypauui,
METOTPEKCaT, XHUJPOKCHypea, JIOKCOPYOWIIMH, TEeMIMTA0WH, LHUTapaOUH © JPYTH.
Kapakrepuctuka nukiyc-cnequpuyHUX LUTOCTaTUKA je Ja mocie onapeheHor BpemeHa
MOCTHXKY IUIaTO, IITO 3HAYM Jla Ce JIMHeapHa IOBE3aHOCT u3Mel)y mpumemeHe 103e U
ocTBapeHor edekra ryou. Heku o HUTOTOKCHYHUX JIEKOBA Kao INTO Cy HHXHOUTOPHU
TOTIOM30Mepa3e MCI0JbaBajy cBoje AejcTBO W Ha hemmje y S u G2 ¢asm hemujckor nukiyca,

JIOK TakceHu nenyjy Ha hemuje y G2 u M ¢a3u henmujckor mukinyca (210) (Cxema 2).

VY nocnenmwe BpeMme Tepanuja pa3IMuUTUX BPCTa TyMOpa C€ 3aCHHBA HAa MHXUOHUIU]U
Cdk mrTo 3aycraBiba henujcku MUKITYC U MOCIEANYHO MOXKE M3a3BaTu U anontosy (211, 212).
3a pa3nuKy o]l 3paBUX, TyMOpcKe henuje kapakTepulle HermaHcka nponudepanuja. OBaksa
nponudepaliyja je nocaeanna Wik HHaAKTUBALM]j€ MHXUOUTOpa MKIIMH 3aBUCHUX KMHA3a WK
MpEeKOMEepHE eKCIpecuje IuKIMHA. Ha mpumep, penykuuja MHXHOWUTOpA IUKIMH 3aBUCHE
KkuHaze, P16, pesynryje HenpekuaHoMm henujckom nponudepanujom. ['youtak dynknuje pl6
JIETEKTOBAaH j€ KOJl pa3HUX MaJIMTHOMa, YKJbY4yjyhu MenaHoMm, KapIMHOM Iutyha, Ojke U

konopektanne peruje (213). CynpoTHo, mpekomepHa ekcripecuja mukimHa D1 je yapyxena
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ca TeHE30M M Iporpecujom KapumHoma gojke (214, 215). M3 cBera HaBeaeHOr pa3BHIIA Ce
ujeja o ynorpeOu HHXHOUTOpa HUKIMH 3aBUCHUX KMHA3a KA0 HOBHX aHTUTYMOPCKHUX JIEKOBA.
OBa jenumerma MOTY MHXMOMpATH LMKIMH 3aBUCHE KHHA3€¢ JUPEKTHO WJIM WHIUPEKTHO.
dnaBonupHUION je MHXUOUTOP LMKIMH 3aBHUCHUX KHWHA3a KOjH MOXKE J1a 3aycTaBH henujcku
UKIYC y OpojHUM JMHHjamMa Tymopckux hemuja (216, 217). IlokasaHo je ma ce Besyje H
mupektHo naxuoupa Cdkl, Cdk2, Cdk4 u Cdk6. Yorpeba diraBonupuioa oBe3ana je u ca
CENICKTUBHOM  MHIYKLHMJOM amonTOTCKe CMpPTH henuja, HApOYHTO y JMHHjaMa
xemaronoerckux henmja (218, 219). V3 10, MHXMOUpa AaHTHANONTOTCKE MOJICKYJIE,
ykbyuyjyhu Bcl-2, XIAP, Mcl-1 u docdo-cypsusun (218, 220). R-pockoBUTHH je ApYyrd
unxuoutop CdK koju je UCTUTUBAH Y KITMHUYKUM cTyaujama. OBaj aHalor mypuHa HHXHOUpa
Cdki, -2, -5, -7, -8 u -9. Uuxubunuja Cdk2 kojy ocTBapyje 0Baj JI€K je jaua y OJHOCY Ha
unxuouimjy Cdkl (221). [Ipumena oBor aHajora mypruHa HHXUOUpPA pacT TyMopckux hemnuja
U QanuIuTapa amnonto3ly U TO aKTHBAIMjoM P53 MoJeKylna M PEeAyKIHMjOM eKCIpecHuje
aHTHanontorckor mporenHa Mcl-1 (222). W mnopex perucrpoBaHOr  €JIEKTPOIUTHOT
aucOaiaHca W/MIM TaCTOMHTECTHHATHUX Teroba, Ha Kpajy aApyre ¢a3e KIMHHYKUX
WCIUTHBamka YOUYCHO j€ Ja MpHMEHa OBOT JieKa 3HAdajHO MOOOJbIIAaBa MPEKHBIHABAHE
obonemux (223). Janac ce wucnuryje epekar KOMOWHAIMja OBOI JieKa ca JPYrHM
XeMOoTepaneyTuiuMa, Kao U HeroB edekar y Jeuewmy peyMaTOMIHOr apTputuca. Tpu
nuxuouropa Cdk4/6, mandorukimo, puOONUKINO W abeMaIMKINGO, TaHaC Cy Y PasIHuYUTHM
¢azama knuHMYkor ucnutuBama (Cxema 2). IlanbGoumknub je ckopuje MpernopydeH 3a
neuewe ER-mosutuBHOr/HERZ-HeratmBHOr  Meractarckor  KapUMHOMA  JIOJKE  KOJ
NalUjeHTKHba Y TocTMeHomnays3u (224). Ynorpeba oBOr TepaneyTHKa 3ayCcTaBiba henmujcku
makayc 'y Gl dasm u cmamyje ekcrnpecujy Ki-67. M3asuBa ymop, HEYTpPOIEHH]Y,
TpOMOOLIUTONIEHN]Y W aHemH]y. Puboruknub je omobpen 3a nedeme meractarckor ER-
no3utuBHOT/HER2-HeraTuBHOr KapiimHOMa JOjKe KOJ JKeHa y mocTMeHomnay3u. OBaj Jek
noacrtuue aepochopunmzanujy moiekyna RD, 3aycraBipa hemujcku nmknyc y Gl ¢asu u
cmamyje excrpecrjy Ki-67 (225). Jlanac ce ucnuryje meroB edekar y jeucmhy MeITaHoMa,
nmuMmpoma u HeypoOnactoma. [Ipumena pubomukianbOa mpaheHa je MmojaBoM JICYKOIICHH]E,
aHeMuje, MyyHHHe M noBpahama. AGeMalMkiInG ce o] CBOjUX NMPETXOJHUKA pas3iIMKyje IO
TOME IIITO UMa CIIOCOOHOCT TpoJjacka Kpo3 KpBHOMOXAaHy Oapujepy (226). Takohe, UCN-01
(7-xuapoKCcHCTaypOCIIOPHH) je aHajor CTaypoCIOpPHHA KOjU Ce€ H30/Iyje W3 BpCTE
Streptomyces u mpejacTaB/ba CEIEKTHBHH MHXHOMTOp TporenH kumuHaze C (227). UCN-01
3aycraBsba hemujcku nukinyc y G1 u S ¢dasu, tako mro naxubupa neocdopmnamujy Cdkl

Cdk2 mrro pesynryje nedochopunanujom mosekyiaa Rb. Haxarnoct, kon BehuHe ncnutanuka
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y KIMHHYKAM (pa3aMa HMCIUTHBaKa OBOT JieKa 3a0C)KEHO je MPUCYCTBO XHUIEPIIUKEMHU]E.
bpuocrtatun 1 je HOBM MOTEHIMjaTHH JIEK KOjU CBO] aHTUTYMOPCKH IOTEHIIM]jall OCTBapyje

uHayknujom p21 u unakruBanujom Cdk2 (228).

1.6. UmyHcku oaroBop Ha Tymopcke hesmje

HmyHCKH cucTeM urpa BaxHy yJIOry y IPEeBEHIIMjH HacTaHKa U pacta Tymopa. henuje
MMYHCKOT CHUCTEMa OTKPHBAjy W YKIIamkajy MHKPOOpraHH3Me Ha JBa HAYMHA, JUPEKTHUM
KOHTAaKTOM M COJYOMJIHUM MeEJHjaTopuMa KOjuMa OCTBAapyjy MHTEPAKIHje Ca pa3IHuUuTHM
henujama nomahuua. Ha Taj HauumH ce chpedaBa CTBapame€ XPOHUYHOT HH(DIAMAIIH]CKOT
OKpYXea MOTroJHOr 3a reHesy Tymopa (229). OcuM y oA0paHH OJ MHKpPOOpPraHH3aMa,
UMYHCKA CHCTEM Urpa BaXHY YIOTY H Yy eIMMHHAIMjU OMmMTEeheHnX W MaJurHO
tpanchopmucanux hemuja (230). Tymopcke henmje wuckazyjy MoJsieKysie Koje HMYHCKH
CHUCTeM TIPENo3Haje W eIMMUHUIIE HUX CBOjUM €(QEeKTOPCKUM MeXaHu3MHMa. hemnuje
MMYHCKOI CHUCTE€Ma MpEeINo3Hajy TyMop-crneunpuyHe (MojeKyse jeIMHCTBEHE 3a TyMOpCKE
henuje), ka0 U TyMOp-acolMpaHe aHTHTEHE, OJHOCHO MOJIEKYJIE HOPMAJIHHX heluja ¢ TUM
ITO je FHHXOBa EKCIIpecHja Ha TYMOPCKHM JIpyraddja y OJHOCY Ha HeTpaHCc(OopMHcaHe
hemuje (231). Tlom WMYyHCKMM HaJa30pOM MOJApa3symeBa ce (H3HOIOMIKA CIIOCOOHOCT
MMYHCKOT CHCTeMa Ja Mperno3Ha KIOHOBE MAJUTHO TpaHchopMHUcaHuX henuja U yKIOHU MX
MIpe HETo IITO C€ YCIOCTaBU MAJIMTHHU TYMOD, Kao U Jia yOouja ManurHe henvje HaKOH HEeroBor
pa3zBoja. MexaHU3MU eIUMHUHAIMje TYMOPCKUX henuja moapasymeBajy KOOPAUHHUCAHY

MHTEPaKIHUjy e(peKTOPCKUX MeXaHnu3ama ypol)eHe u cteueHe uMyHocTu (232).

[To3naro je na Hajehm €0 JEYKOIUMTHOT MH(HUITpaTa MHOTHX TyMOpa YHHE TYMOP-

acorpanu Makpocdaru (enrs. Tumor-associated macrophages, TAMS). Makpodaru, kao

npodecroHanHu (arouTy, A€o Cy ypol)eHe UMYHOCTH, Majia MIO3HATO j€ Jia Urpajy 3Ha4ajHy
yiory Uy e(eKTOpCKMM MeXaHH3MHMa CTE€YeHE HMYHOCTH. PasimKyjy ce KIacH4HO
aktuBupanu (M1) u antepratuBHo aktuBupanu (M2) makpodaru (233, 234). M1 makpodaru
youjajy Tymopcke henuje, ocnoGahajy mnpouH(piaamanujcke UIUTOKMHE U aKTUBUPAJY
AHTUTYMOPCKH MMYHCKH onroBop (235). M2 makpodaru ykinamajy MpTBe henuje, HHAYKYjy
AQHTHOTEHE3y, PEMOJICTIOBAE W TOMPABKy OmTeheHOr TKWBA, ajld MOTY U Jla WHXUOUpajy

¢byakumnjy M1 makpodara (236, 237). Ilo3HaTo je Aa je y KapumuHOMY JOJKE aKyMyJialuja

29



TAMS y MO3UTHBHO] KOpEJAIlMju Cca aHTHOTCHE30M M JIOIIUM IPOTHOCTHYKHUM HCXO0JIOM

(238).

NK hemmje (enrm. Natural Killer cells) 3aysumajy BakHO MeCTO y eNMMHHALMjU
TyMOpcKkux henuja u y KOHTpoJIM mupema Tymopa. Kao komrnoHeHnra ypoljeHe IMyHOCTH, OBe
henuje monpuHOCE perpecuju TymMopa M eIMMHHAIMjH XeMaToreHux meractasa (239). [pu
cycpery ca WHOUIMPAHUM WIA MalurHo TtpaHchopmucanum henmjama, NK henmje ce
aKTHUBUPAjy H Op30 OCTBapyjy LMTOJUTHYKY akTuBHOCT (240, 241). Ose henuje
NpeJCTaBibajy U cHoHy m3Mmely ypoh)eHOr M CTEYeHOT MMYHHUTETa, TaKO IITO CEKPeTyjy
[IUTOKWHE M XEMOKHHE KOjUMa MOTY Ja TOKpEHY HJIM YCMepe CTEYeHHM MMYHCKH OJTOBOP
(242). AxrtuBrHoct NK henuja 3aBucu on OanaHca HHXHOUIIMOHMX W aKTHBAILIMOHUX
peuentopa. OBaj 6ananc oapehyje cenekrunoct nejecrsa NK henuja u pesynryje epukacHuM
yOHjambeM TYMOPCKHX, all HE W HEH3MCHCHHX henmja pomahmHa. AKTHBAIMOHU U
MHXUOWIIMOHH PELENTOPH TPENo3Hajy pa3nuyurte juradiae. AxtuBauumonu peuentopu NK
henuja (Hnp. NKG2D, NKp30 u NKp46) npenosHajy u3MemeHe JIMranie Koje eKCIpuMupajy
TyMOpcke WM HH(UUupaHe henuje, NOK MHXUOUIMOHU peuentopu mnpenosHajy MHC
monekyne | kmace (243, 244). Hakon axtuBanuje NK henuje mHmykyjy amontosy koja je
nocJeuIa NCIOPYYHBamka IUTONIMTHYKAX MOJIeKya, nepdoprHa u rpan3uma B, y mmipany
hemunjy (245). Takohe, NK henmje mory na wHAyKyjy nephOpHH HE3aBHUCHY aroNTo3y
nomohy nuranazna cMpti (246). BesuBame nuranaa cmptu (Hop. FasL) 3a peuentop cMmptu
(Fas) uuaykyje TpuMmepusanujy perentopa. OBakBa TpUMepH3allMja aKTHBUpPA aJanTepcKe
npotenne FADD (enrn. Fas- Associated- Death- Domain- Protein) (247) koju akTuBupajy
Kacna3y-8 a 3aTuM e(eKkTopcke Kacmase, Kao INTO je Kacrasza 3 IITO CBE 3ajeTHO IHJbaHy
henmujy yBoau y anonro3y. NK henuje mory na ce momohy perentopa FcyRIIIA nnu CD16A
BeXy M 3a henmuje kapuuHoma Jojke Koje cy obenexxene |gG. Oaj ¢deHomeH ce 30Be
IIUTOTOKCHYHOCT 3aBucHa of antutena (248). NK henuje excnpumupajy u 6pojue toll-like
pelenTope KOju CIAyXKe Kao CCH30pH MOJIEKYJICKMX oOpasana omrehenux hemwja (eHri.
Damage-Associated Molecular Pattern, DAMPS) y TyMOpCKOj MHUKPOCPEIWUHH IITO
nojctude epekTopcky QyHKImjy oBux henmja (249). U nmopen nndmykca Benmukor 6poja NK
hemnja y TyMmMOpcKy TOTKY, OBe hemuje Mory na Oyay JOKadHO WM CHCTEMAaTCKU
cynpumupane. Tymopurmaaa aktuHocT NK hemmja moxe ma Oyne numutupaHa GU3HUKIM

KapakTepUCTUKaMa, XEMHjCKUM UM OHOJIOMIKUM (haKTopuMa.
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NKT henuje (errs. Natural Killer T cells) urpajy 3uHauajuy yiory kako y ypoheHom
TaKO M y CTEYEHOM MMYHCKOM ojroBopy. OBe henuje nperno3Hajy riMKOJIMINAIHE aHTHTCHE
npeseHToBane y ckiomny monekyina CD1d na nosprmnu hemuje (250). [Ipoaykyjy mipox cer
uMyHoperynaTopuux nurokuHa (251). Tako cekperyjy IFN-y koju mojauaBa daromurHy
croco6HOCT Makpodara u axtusupa NK hemnje u CD8" T mumdonure (252, 253). Cimuno
NK hemmjama, NKT henuje mory mupekTHo na yOWjy muibaHy henmjy Tako IITO Y3POKY]jY
aronoTo3y Koja je 3aBucHa oj nepdopuna (254). IIpoaykija MUTOKWHA Y aKTHBHPAHUM
NKT henujama 3a mociieanily uMa rojadyaHy HATOTOKCHUYKY aKTUBHOCT OBHX hesuja, CHakaH
AHTUTYMOPCKM HMMYHCKH OJIOBOp, Kao H TpPEKHJ HMyHocymnpecuje. Pesynraru
MPETKIMHUYKAX W KIMHUYKUX CTyAuja yka3yjy na aktuBanuja NKT henuja erzorenum
TJIMKOJIMIIUIMMA CYNIPUMHUpa pacT TyMmopa (HIIp. KapuuHOM JojKe, tuiyha m KkoioHa, u
MenaHoMm) (255, 256). AKTUBHO C€ WCIUTY]Y AHTUTYMOPCKH TEPamHjCKU MPUCTYIU

3acHoBanu Ha kopuinhewy NKT henuja.

Hanaz T numdonmra y mOTKM TymMOpa MOXE CE€ CMaTpaTH U J0OpHM H JIOMINM
nporHocTHykuM 3HakoM. Ilurorokcmukn CD8' T nuM¢onmtH MHIYKYjy CMpPT TyMOpCKE
henmje nm nomohy mepdoprHa 1 rpan3uMa WM urasaga cMptu (257). Tlomarauku CD4™ T
mambormtu (enra. T helper, Th) momaxy y axtusanmju CD8" T numdpornmta koje oHzma
epukacHo ym3upajy tymopcke henuje. Ilomarauku T numpouutu mpoaykyjy pasinuyure

LIUTOKHMHE KOJUMa 00aBJbajy pazanuuTe ehekTopcke pyHKIH]je.

Ha uurotokcuuny aktusHocT CD8" T mmumdonurta yrudy u perymatopru T

auMmdoruty. Perynaropuu T aum@oruTH nomMaxy TyMOpHUMa Ja M30€rHy aHTHUTYMOPCKH
uMyHckH oaroBop (258, 259). CBojy CympecHBHY aKTHBHOCT OCTBapyjy pa3uuUTHM
MeXaHU3MUMa YKJbydyjyhu HMHXUOMIIM]Y ca3peBama aHTUreH-Tipe3eHTyjyhux hennja u
CeKpennjy MHXHOUIMOHNX Mojekyna (260, 261). V3 To, cMamyjy HUTOTOKCHYKY aKTHBHOCT

NK u NKT henuja (262-264).

Tymopcke henmje Ha pa3sHe HaumHe H30eraBajy MexaHuU3Me ypoljeHe M CTeueHe
MMYHOCTH, Kao IITO Cy MMYHOCEJEKIHja U MMyHOCyOBep3uja. MIMyHOCenekija ocTaBiba
MPOCTOP Mamke HMYHOTCHHM, TOJEPOTEHHM W HEUMYHOTEHHM BapHjaHTaMa TYMOPCKHX
henuja na HactaBe pacT. IMyHCKM CHUCTEM €IMMMHHUIIE CaMO MMYHOT€HE Majurse hemuje.
HNmyHnocy0OBep3uja mpeactaBiba OpojHE M pa3HOBPCHE MEXaHHM3ME H30eraBamba aKTHBHE
JIOKaJTHE W cucTeMcke oa0OpaHe nomahwHa. OcnoOohameM paznuuuTHX (haKTopa MaUTHE

henuje yruuy Ha mudepeHiujanmjy, MaTypannjy 1 QyHKIH]jy AeHAPUTCKUX hemuja (265) kao
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W alTepHATUBHY aKTHBAIM]y Makpodara y ¥ OKO Tymopa. 3aTuMm, oBe henuje ypohene
UMYHOCTH JaJbOM MPOJYKIHJOM HMMYHOCYIIPECUBHUX IIUTOKMHA W MPOCTAHTJIAHJAWHA

poay0Jbyjy CYIpecujy UMyHCKOT 0JiroBopa (266).

1.7. UmyHoMoAayJIaTOPHH e(heKTH XeMoTepanmuje

HoBuje crynuje jacHO moka3zyjy Aa UCXOJ XeMOoTeparnuje He 3aBUCH CaMO O] lbHXOBE
CIIOCOOHOCTH Ja JUPEKTHO YyOWjajy Ttymopcke hemmje, Beh m o cmocoOHOCTH

XEMOTEpareyTrKa Jia CTHMYJIMIIY UMYHCKH OJITOBOP MPOTHB TymMopa (267).

1.7.1. Ytuuaj uutocratuka Ha henuje ypoheHne UMyHOCTH

3a0enexeHo je Ja pa3InduTU LUTOTOKCHYHU JIEKOBU MEHajy aKTUBHOCT Makpodara,
nenaputckux hemnja u NK hemmnja. Koxg obonmennx ox kapuumHoma J0jke ymoTpeOa
[IUTOCTATUKAa M3MEHWIAa je MMyHCKH oaroBop koju 3aBucu oa NK henmuja. HemaBHo je
MOKa3aHO Ja npuMeHa nukiaodochamMuaa y HHCKO] JO3M JYKHM BPEMEHCKH TIEPHOT
CTUMYJIUIIIE aHTUTYMOPCKU UMYHCKH oaroop nocpenoBaH NK henmjama y TepmMuHamHOM
cragujymy Oosiectu (268). YV pa3nMuuTUM TYMOPCKMM MojenuMa Lukiodochamun je
naaykoBao nosehan mHbayke NK henmja, nenapurckux henuja u makpodara y TYMOPCKY
MuKpocpeauHy (269, 270). ¥ Mmozeny kapuuHOMa Iakpeaca, KOMOMHOBaHa Tepamnuja S-
¢nyopoyparsiom u IFN-o moehaBa Opoj Tymop-uHGUATpUIIYhUX ITUTOTOKCHYKHX
NKG2D" NK henuja (271). demnemuja NK henuja momohy nuknodochamusa, aHtutennma
yemepernM Ha NK1.1 mmum NK1.2 monekyn 3HauajHO cMamyje yKIamame MUPKYTUIryhnx
TymMopckux henuja u noehaBa Opoj MeTacTaTCKMX KOJIOHHMja y IulyhMMa M jJeTpu HaKOH
MHTPABEHCKE alUIMKallKdje TYMOPCKHX henMja KapuuHOMa JOjKe, ajll U APYTHX EMUTEIHUX
TkuBa (272-275). Taxohe, uumkmodpochamun y HHUCKO] 103U QaBopusyje paszBoj Ml
Makpoara mTo 3a MociaeanIly UMa oBehaHny MPOAYKIHN]y KUCEOHWYHUX paaukana, IL-6 u
IL-12 u aktuBauujy ypoheHor MMyHCKOr oarosopa (276). Y mojeny MeilaHOMa MHIIA
KOMOWHOBAaHU TpeTMaH ca IUKI0(pochaMuoM, BUHKPUCTUHOM M JOKCOPYOUIIMHOM IpaTu
aKyMmyJanuja TyMOp- acolMpaHuX Makpogara monapu3oBanux y M1 denorun (277).
[TokazaHo je ma ce y KOKY/ITHBAIMjU ca MakpodarnMa CEeH3UTUBHOCT TyYMOpPCKHX henuja Ha

nuknodochamua u 1ucruiatuHy nosehaBa. Mehytum, y KOKynTHBaIuju ca mMakpodarmma
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CEH3UTHBHOCT XyMaHUX henuja kapiuHoOMa oBapHjyMa Ha JIejCTBO S-(uryopoyparmmia onaia
(278). INakaurakcena MOXe Ja JAUPEKTHO CTHMYJIMINE IHUTOTOKCHYKHM edpexar TAMS u na
nomohy IL-12 u TNF-a axktuBupa nenaputcke hemuje, NK hemmje m uurorokcuuke T
JUMQOIUTE IITO CIICACTBEHO MHXUOMpa mporpecujy Tymopa (279, 280). Mehyrum, nosehan
napiyke TAMS y MHKpocpeauHy KapIuHOMAa JI0jKe MHIINA U OOJICCHHIIA TIOJ YTHIAjeM

MaKJIMTaKceIa OrpaHudro je eeKTe NUTOTOKCHYHE Tepanuje (281, 282).

1.7.2. Yumaj nurocratuka Ha henuje credeHe UMyHOCTH

Tperman o0onenux oj KaplUHOMAa Ca HWHTCH3UBHOM XEMOTEpPAINHUjOM HHIYKYje
cMameme Opoja cBUX mormynanyja aumdonnra, a Hapouuto B mumdonura (283). [Topehemem
ebexara enupyounuHa (emupyounuH, S-dmyopoypaumn u  uukiopochamuna) u
JOKCOpYOUIMHa (OKCOPYOUIH, S-duayopoypamt U 1ukiodochamMua) y MOMyJanuju
o0oJIeX 0J1 KaplUHOMA JIOjKE 3alaKeH je OMTaH MopacT MUTOTOKCUYKUX T auMmdonura u
NK henuja, kao u apactuyan maa B mumdonura y kpu (284). Tperman ca MOHOB/BEHUM
[UKITyCHMa TeMIIUTa0uHa y3POKOBAO j& CYMPECH]y XyMOPATHOT alld U LEeTyTapHOT UMYHCKOT
oarosopa (285). OBaj edekar je M30CTa0 HAKOH MMOjeaIuHAYHE 03¢ remiuTabuna (286).
Tepanuja S-guyopoypauusom kox oOosiedMX OJ KapIUHOMa KOJIOHA HMHAyKOBajla je

XyMOpaJHU UMYHCKH oaroBop (287).

Bpojue crynuje youmne cy mo3uTuBHe edekTe nuToctatuka Ha T hemujcku UMyHCKH
oarosop. Ilosehana crtoma mnpexuBjbaBamba MHUIIEBA Ca KapIMHOMOM OBapujymMa HaKOH
Teparnuje JOKCOpyOHIIMHOM WU LIUCIUIATUHOM NpaheHa je akTMBallijoM UMYHCKOT OAr0oBOpa
y KOjuMa HeHTpatHo MecTo 3ay3umajy CD4" T mumdormru (288). U xox obomemmx on
PE3UCTEHTHOT KapIIMHOMa OBapHjyMa, IUCIUIATHHA U MaKIUTAKCe Y HUCKO] 03U OCTBAPYjy
alleKBaTHy Tepanujcky edukacHOCT 3axBabyjyhu akrtusaumju CD8" T numdonura u
cexperuju IL-2 u IFN-y (289). 5-gnyopoyparun unaykyje nopact CD8" numdonura koju
cexperyjy IFN-y (290). Tlosehan undmyxc CD4" m CD8" T mumdomura y TyMOpCKy
MUKpOCpeANHY e30¢areaJHOr KapuuHOMa 3a0eleXeH Je HaKOH TpeTMaHa ca OS-
¢byopoypaiuioMm 1 nucIiaTiHoM (291). Y ekcriepuMeHTaTHUM MOJETY aJleHOKapLIMHOMA U
¢ubpocapkomMa TpeTMaH ca JOKCOPYOMIIMHOM HHIyKoBao je mnpomudepaunujy CD8" T

aumdoruTa y iuM(pHIM YBOpOBHMa, Kao u cekperrjy IFN-y (292).

Hapymen 6ananc usmel)y nutokuna tuma Thl u Th2 koje yHyTap Tymopa IpoayKyjy

+
nomarauku CD4" T numdonuTn MOXKe aa ce peryiuine HeKuM nuroctatuimMma. Kop
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obonenmux oj KapuuHoMa Iutyha, makiurakcen mnoBehaBa 3acTyIJbEHOCT HUPKYIHIIyhux
CD8" T numdornura xoju cexperyjy IFN-y, kao u CD4" T numdornmra xoju cexperyjy I1L-2 n
Ha Taj HAYHMH MOJAPHU3Yje AaHTUTYMOPCKH UMMYHCKH OAroBop y npasiy Thl mumdpounuta (293).
VY eKcriepruMeHTaTHOM MOJIETy JICyKeMHja U MeJlaHOMa MpUMeHa nukiiodochamuia nHAYKYje
cekperrjy Thl murokuna (IL-2 u IFN-y) anu maxubupa cekpenrjy Th2 muroxkuna (IL-4 u
IL-10) (294). Iluxmodochamua je y OBUM MoOeaMMa y3pokoBao mopact Thl u Thl7

numdoruTa y cie3unu (295).

1.8. JIuranau EDDA (etniaenanamun-N,N'-quameraro) Tuna

3060r OpojHUX HEXEJbEHUX JejcTaBa LUCIUIATHMHE KOja Cy YIJaBHOM JIO3HO 3aBUCHA
jomr 1973. romuHe yCTaHOBJbEHA Cy IpaBWJIA KOja C€ MPBEHCTBEHO OJIHOCE HA XEMH|CKY
CTPYKTYpPY KOMILIEKCa, a Koja Ou Tpebdano Ja ojakmiajy pa3Boj HISaTHOT KOMIUIEKCA MeTala
ca UCTHM WM 0OJFUM IIMTOTOKCHYHUM IOTEHIU]aJIoM y nopehemy ca 31aTHUM CTaHOaplIoM,
Kao u OospoM TosepaHuujoM (2). Hamme, na Ou onpeheHM KoMIIeKC MeTalla OCTBapHO
KEJbEHY HUTOTKCUUKY aKTUBHOCT HEONXOAHO je Ja OyJle HeyTpaiaH, ojuasehu auranau Ou
Tpebasio ma Oyay y CIS MOJI0Xkajy, aMUHCKH JIUTaHau Ou Tpebayio 1a Oyay CeKyHIapHHU WIIH
TeplHjapHA aMHHU, U KOMIUIEKC IJIaTHHE OW Tpebano aa uma JBe CiS OpjeHTHCAaHEe aMHHO
rpyme (181). Xemujcku riaenaHo, y KOMIUIEKCHMA IUIATHHE, Pa3IUKyjy ce JIako ozazehu u
CTaJHU JIMTAH[HW, MPH YeMYy CBaKH O]l JIMTaHAJa YUYECTBYje Yy YCHOCTaBJbamby aJIeKBAaTHE
Ouoouike akTUBHOCTU. CTalHM JIMTaH/IM Cy JaKUM B€3aMa BE3aHU 3a LIEHTPAJIHU JOH MeTajia
U OCTajy HETaKHYTH Y KOMIUIECKY KOjU ce ¢opmupa Mpu uHTepakiuju ca moaekynom JTHK.
CwMmaTtpa ce /1a Cy OBHM JIMTAaHIM HOCHOIIM aHTUTYMOPCKOT JI€jCTBAa KOMIUIEKCAa MeTaja, ajlu
OUTHU Cy U y Pa3BOjy PE3UCTEHIIMjE€ TYMOPCKHX henuja Ha JieK. YNpaBO MaHHUITYJalljoM
XEMH]jCKEe CTPYKTYpe CTaJHHUX JIMTaHaJa MpeBasuiia3y ce pe3UCTeHIja TYMOPCKUX henuja Ha
KoMIUIekce MeTana. Kimacuyan mpumep je OKcaiauIlaTHHA Koja Jiellyje Ha TyMopcke henuje
KapIlMHOMa KOJIOHA 3a KOj€ jeé MO3HATO Jla Cy PEe3UCTEHTHE Ha JejCTBO uuciuiatuae (32).
Onnazehu nuranaM Ccy OHU KOjU Cy ClIa0MM XeMMjCKMM Be3aMa BE3aHU 3a LEHTPAIHU jOH
Mmetana. HeomxomnHu cy 3a XuAponm3y KOMIUIEKCA Yy LUTOIUIA3MH WM HMMajy YTHIAj Ha
CTAOWJIHOCT MOJIEKyJla, Ka0 M Ha pa3BO] HEKEJbCHHX J€jCTaBa HOBOCHHTETHCAHUX
kommuiekca. Ilpumep je kapOormgarhHa Koja yMECTO  XJIOPUIO JIUTaHAa HMMa

UKIO0YTaHIUKAPHOKCHIIHU JIMTaHJ KOjU HWHIyKyje Mamu Opoj CHOpenux pekangja y
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[UTOIUIa3MHA W HE TOKa3yje He(hOPOTOKCHUYHOCT KOja je KapaKTEpUCTHYHA 32 IHUCIUIATHHY
(30). Kako o6e rpyme nuraHaja yrudy Ha e(pUKacHOCT KOMIUICKCA, Al M Ha JTUMOPUITHOCT U
PacTBOPJEUBOCT, KA0 M YYECTAIOCT HEXKEJHCHUX PEKallHja, JaCHO j€ J1a je MOCIeAmUX TOAHHA

XEMHjCKOM MaHUITYJIallijOM CHHTETUCAH BEIMKH OpOj HOBUX JIMTaHAJIA.

Ha mouetky ucTtpaxuBama JepuBaTa IUIATUHE KA0 AHTUKAHIIEPCKUX JICKOBA, MAhE
Naxme je mocBeheHO KOMILICKCMMa aMHHOKapOOKCHIATHHX nuranga. I'omgumue 1964. Liu
(296) je mpBum mokazao  KoopauHanMjy —erwiaeHauamuH-N,N'-quamerara  (€HIIL.
ethylenediamine-N,N'-diacetic acid, edda) ca mmarunom (Il). Toxom HapemHuX roauHa
HUCTpaXMBalbe¢ KOMIUIEKca ca edda nuranauMa NPUBYKIO j€ TaXiby, YIJIaBHOM 300T
CIIOCOOHOCTH JIMTaHJIa Jia JIeTyjy Kao JOHOPH €JIEKTPOHA IITO MOYKE YTHUIIATH Ha XEMHU]JCKE U
¢busnuke ocoorne KoMiutekca. Jluranau edda Tumna cy eTUIeHANAMHH WK TPOMWICHIHAMUH

IMKapOOKCHUIIHE KUcennHe U ibuxoBH ecth (Ciuka 4).
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Cauka 4. XeMmujcke CTPYKType OCHOBHMX JuraHana tuma edda (Jurisevic M et al. Serb J Exp Clin
Res. 2016; 17(4):285-295)
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AHanu3a aHTHTYMOpPKCE AaKTHBHOCTH Hajlipe KOMIUIEKCca IUIaTHHE, a 3aTHM H
KOMILIEKCa pyTeHHjyMa, 3j1aTa, Oakpa, rajiujyma ca JuranauMma edda tuma, ykasyje Ha To jaa
JTUTAIHU WMajy YyIeo Yy aHTUTYMOPCKOM TMOTeHIujairy Komiuiekca (297). IlpBa cepuja
nuranaaa edda tuna koja je rmokasana IMTOTOKCHYKH eexaT Koju je 4yak Behu o1 KoMIuieKkca
TEIIKMX METaja ca MCTHM JIMTaHJUMa jecTe cepuja N-ankui ecrapa-(S,S)-eTuieHuaMuH-

N,N'-11-2-aMmuHO-(3-IUKIOX EKCHII) TTPOIAHCKE KUCCITHHE.,

AMHMHOKHUCENHNHA, S-2-aMUHO-3-IIUKIIOXCKCUJIIPOIIaHCKa KHUCEIMHA Y  OOJIUKY
XUAPOXJIOpHIa, OWiia je TOoJIa3Ha CYICTAHIAa 3a CHHTE3y IIeCT HOBUX JMraHaaa. HakoH
JNEXHUIPOXJIOPOBAha II0JIA3HE AMHHOKHCEIMHE W HeyTpaim3alfje BOJCHHM pPacTBOPOM
HATPUjyM-XUJPOKCHIA,  (QopMHpaH  je  CTWICHOIMAaMHUHCKM  MocT  m3mely  nBa
aMUHOKHCeNMHCKa ocTatka. Ha Taj HauuH je nobujen S,S-erunennuamun-N,N'-nu-2-amuHo-
(3-uMKIOXeKCHIT)IPOTIaHCKa KUCceMHa Auxuapoxiaopua. Jlama ecrepudukaiyja je ypahena
CTaHIapAHOM MeToa0M momohy ThHoHmi-xjaopuaa (298). Xnahewem duiarpara nobujeH je
oenu TaJor y 00Ky 0O,0'-muernn-(S,S)-erunenauamun-N,N'- u-2-amuno-(3-
[IUKJIOXEKCH)Tporanoat auxuapoxiaopuaa (Ciuka 5) (298, 299). CunreTncana CyrncraHia
OKapakTepucaHa je CTaHJapJHUM  CIHEKTPOCKONICKMM  MeTojaMa, HWH(paIpBEHOM
cnekrpockonujom, NMR (enrs. Nuclear magnetic resonance spectroscopy, NMR, 1tH NMR,

13C NMR, HSQC) criekTpocKoIijoM U MaceHOM criektpoMeTpujoM (298, 299).

Ho Cl
N

)
)
<O

Cimka 5. Xemujcka ctpykrypa DE-EDCP (enri. O, O -diethyl-(S,S)-ethylenediamine-N, N -di-2-(3-
cyclohexyl)propanoate dihydrochloride)
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[MpunukoM aHamu3e MUTOTOKCHYKOr edekra cuurerncanux O,0'-muankmi-(S,S)-
erunenauamMuH-N,N'-qu-2-amuHo- (3-nuknoxexcun)nporanoar 1uatuaa(1)/(1V) komiuiekca
U BHHUXOBUX ojaroBapajyhux nwuranaga in Vvitro npumeheno je nma O,0'-mmernin-(S,S)-
ermwienauamun-N,N'-iu-2-amuno-(3-uukinoxekcun)nponanoar auxuapoxiopua (DE-EDCP)
CaMOCTaJIHO TI0Ka3yje TyMOPHUIUIHY aKTHBHOCT Ha HEKOJWKO JIMHHja TyMOpCKHX henuja
(298-300). TIlpermocraBiba ce aa je, y 3aBHCHOCTH OJf BPCTE TyMoOpa, TYMOPHIHIHU
noreniujan DE-EDCP pesynrar MHAyKIMje WIK aloNTo3¢ WIM HEKpO3e MAIMTHUX henuja
(298-300). Mehytum, u masbe OCTaje OTBOPEHO IMHTAMbE KOJH Cy MOJIEKYJICKH MEXaHHU3MHU

OJITOBOPHH 32 aHTUTYMOpPcKy akTuBHOCT DE-EDCP.

37



2. b nctpaxuBama

OCHOBHHU IIWJb HCTpakMBama j€ na ce ucrnurta yrunaj O,0'-muertwin-(S,S)-eTrneHanaMuH-
N,N'-1u-2-amuno-(3-1tuknoxekcui)nponanoar guxuapoxaopuaa (DE-EDCP) na mporpecujy
kapruHoma nojke (4T1) u menanoma (B16-F10) muma u 1a ce pacBerie MEXaHU3MH HETOBE

HOTGHI_[I/IjaJIHe AHTUTYMOPCKC aKTHUBHOCTHU.
v CKJIaly Ca OCHOBHHUM HHUJbEM ITIOCTABJbCHHU CY CJIeI[ChI/I CKCIICPUMCHTAJIHU 3aJalln:

1. oapeautn TymopunmaHu kananurer DE-EDCP na Bume nuamja manmuraux henuja:
MHUIIU KapuuHoM 1ojke (4T1), xymanu kapimaom aojke (MDA-MB-231 u MDA-
MB-468) u meranom muiia (B16-F10)

2. yrBpautu ytuuaj DE-EDCP na nporpecujy tymopa (4T1 u B16-F10) onpehuBamem
BpEMEHA TI0jaBJbUBakhba M BEJIMYMHE NMPUMAPHOT TyMOpa, Kao W Opoja ¥ BEIUYMHE

METaCTaTCKUX KOJIOHU]a

3. ucnuTaTu MOJICKYJICKEC MCEXAaHU3ME IPOAIlONTOTCKEC U aHTI/IHpOJ'H/I(bepaTI/IBHe

axtuBHOcTH DE-EDCP y Tymopckum henujama
4. wucrnuTaty 1a i U 'y kojoj mepu DE-EDCP noxka3zyje umyHoMoynaTopau edexar

5. HCIUTATU NOTEHIUjaJHEe TOKCUUHE €()eKTe NCITUTUBAHOT jeINbEHha
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3. Marepujana u metoje

3.1. O0,0"-auerna-(S,S)-ernaenanamMmun-N,N'-1u-2-aMuHO-(3-HHKI0XEKCHJI)IPONAHOAT

puxuapoxsopua (DE-EDCP)

Kao jeman ox HoBHMX nuamMuHCKHMX Juranama komruiekca miatuue(ll) u (1V) (298),
TIAETUIT ecrap, 0O,0"-guerun-(S,S)-erunenauamMun-N,N'- 1u-2-aMHHO- (3-IIUKIOX EKCHIT )
nponanoar guxmapoxjopun (o3maden kao DE-EDCP, enrn.  O,0’-diethyl-(S,S)-
ethylenediamine-N,N -di-2-(3-cyclohexyl)propanoate dihydrochloride) cunterncan je Ha

XemujckoM dakynrery YHuBepsurera y beorpany.

3.2. heaujcke JuUHUje

3.2.1. JIunuja henuja Mumijer kKapruHoMa J10jKe

JIunuja henuja munrjer kapuuaoma jaojke 4T1 (American Type Culture Collection,
Manassas, ATCC VA, USA, CRL-2539), nobujena je oJl CIIOHTAHO HACTAJIOT KapIMHOMA
nojke BALB/C muma (301). Kopuctu ce kao ekcriepuMeHTAIHH MOoJen Koju oarosapa |V
CTaaujyMy KapiuHoMma j1ojke. Hakon ummiatanuje henuja TupeKkTHO y MIIEUHY JKJIe31y A0jKe
mumia, 4T1 hemnje 6p30 pacTy U JIOKaTHO (GopMHpPajy TyYMOp KOjU MMa CIIOCOOHOCT Op3or
METaCTaTCKOT IMIMpema. XeMaToreHe MeTacTa3e Ce Hajupe OoueKyjy y muiyhuma, a KacHHje

u3mely 3. u 6. Hezesbe U y jeTpu, KOCTUMA U MO3TY.

Tymopcke henmje 4T1 cy xyntuBHcane y komiuieTHoM menujymy DMEM (enrm.
Dulbecco’s Modified Eagles Medium) ca 10% ¢eranuor roseher cepyma (eur:. Fetal Bovine
Serum, FBS), 2mmol/l L-rinyramuna (enrn. L-glutamine), 100U/mL nenupnuaa, 100pug/mL
crpentomuriria ¥ 1mmol/l Heecennmjanuux amuHOKMcenuHa (Sigma-Aldrich, Munich,
Germany). Manurae henuje cy y3rajaHe y acenTHYHHM YCIOBHMA, y HHKyOaTopy Ha 37°C ca

5% COs,. ¥ in vivo ekcniepumenTHMa Kopuirhene cy hemnuje y aeceToj macaxu.

HemnocpenHo mpe in Vivo u in Vitro excrniepumenara, cyokonguyente 4T1 henwmje

(~80%), y umorapuramckoj ¢pasu pacra, oxBajeHe cy ca aHa ¢uacka (BD Falcon)
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KpaTKOTpajHUM TpeTupameM ca pactBopoMm 0.25% Ttpuncuna u 0.02% EDTA (enru.
ethylenediaminetetraacetic acid) (PAA Laboratories GmbH) pacteopenor y PBS (enri.
Phosphate Buffered Salline; PAA Laboratories GmbH) y Tpajamy ox 1 munyra. henuje cy
3aTUM OIpaHe Yy KOMIUIETHOM Meaujymy ca poaatkoMm 10% FBS kako 6u ce mHakTHBHCAO
TpuIicHH U crpedwio omrehewme henmmnja. henuje cy 3atum nenrpudyrupane va 125g, 10
MuHyTa. tbuxoBa BHjaOMIIHOCT je MpoIekheHa MoMohy BuTaiaHe 0oje, TpumnaH miaBo. Tpumax
wiaBo nudyHayje camo y henmje ca HapylleHUM HMHTErpUTEeTOM henmjcke MemOpaHe, 0K
henuje ca mHTaKTHOM MeMOpaHoM octajy Heobojene (302). Camo ona henujcka cycreH3uja

Koja caapxu Buuie o1 95% Bujabunnux henyja je kopuinheHa y ekcriepuMeHTHMA.

3.2.2. Jlunuje henvja XymMaHOT KaplMHOMA JI0jKe

henujcke nMHMje HM30JI0BaHE W3 XYMaHOT KapuuMHOMa Jojke S1-rojuiime ocode
’KEHCKOT T10J1a Koje Cy KopuinheHe y oBoM uctpaxuBamby cy MDA-MB-468 (American Type
Culture Collection Manassas, ATCC, HTB-132, USA) u MDA-MB-231(American Type
Culture Collection Manassas, ATCC, HTB-26, USA). O6e henujcke nunuje oarosapajy Il

CTa/lijyMy aJ€HOKapLHHOMA JI0]Ke.

MDA-MB-468 je anxepentHa henujcka JMHHja KOja je M30JI0BaHAa M3 KapLUHOMA
J0jKe JKeHa. henuje oBe NWHHUJE Cy TPOCTPYKO HETAaTHBHE, OJHOCHO HE EKCIPUMHUPA]Y
monekyn HER2, kao Hu penienitope 3a ectporex u nporectepoH. Ca aApyre crpaHe, O3HATO je
na ose hemuje uckazyjy EGFR (emrn. Epidermal growth factor receptor) u mosehano
eKCIIpUMHpajy Mapkep nponudepanuje, Ki-67. Hemajy u3paxeH MeTacTaTCKu MOTESHIHMjA U

n06po pearyjy Ha Tepanujy (303).

MDA-MB-231 je ummopranu3oBaHa aaxepeHTHa henujcKka JWHU]Ja H30JI0BaHA W3
METaCTaTCKOT KapiumHoMa Jojke xeHa Oene pace. [lo mopdonoruju ose hemmje cy caudyne
¢ubpobnacTumMa KoXe, BpeTeHacTe Cy M H3y3eTHO HHBa3uBHe. Omnukyje uX Op3 u
IpOrpecuBaH pacT. TPOCTPYKO Cy HeraTHBHE, OJHOCHO HE EKCIPUMHPAJy peLenTope 3a
€CTpOreH, mporectepoH u He uckasyjy HER2. V oBoj xymanoj nuHmju 3abenexeHa je 0iaro
CMameHa ekcrpecHja kimayauHa-3, -4 u -7, E-xkagxepuna u Ki-67. Ominkyje ux wu3paxeH
meractarcku norernujan (303). Crora, oBa henujcka JauHUWja MpeAcTaB/ba arpeCUBHH THII

KapIIMHOMa JI0jKE KOja je Pe3UCTEHTHA Ha pa3InuuTe MOJATUTETE TeparHje.
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Tymopcke hemnje MDA-MB-468 u MDA-MB-231 cy kynTtuBucane y Meaujymy
DMEM xoju caapxu 10% FBS u unkyOupane y atmocdepu 5% CO,, 3acuheHoj BogeHOM

napoM Ha temreparypu 37°C.

3.2.3. Jlunuja henuja Munijer MeranoMa

Renujcka nmuanja Mumjer memanoma B16 je moOujeHa o1 CIIOHTAHOT TymMOpa KOXe
C57BL/6 mumesa. Fidler je cunrennm C57BL/6 mumeBriMa HHTPaBEHCKH yOPU3rao JIMHH]Y
tymopckux henuja B16 (FO) kako Ou u3070Bao BapujeTeT henuja MenaHoMa ca U3paKCHUM
MmeracrarckuM noteHuujaiom (304). HakoHn nBe 1o Tpu Hejiesbe HM3JIOBaHE Cy TYMOPCKE
henuje 3 muiyhHUx MeTacTa3a MHIICBA U Ha Taj HAYWH IN VIVO cesieKIjoM 100ujeHa je mpBa
reHepainyja TyMOpPCKUX henmuja koja je o3HadeHa kao B16-F1 (ca mHmckum MeracTaTcKkum
notennujanom). Jlooujerna B16-F1 henujcka nuamja je KynTUBHCaHA a 3aTHM ONET yOpH3raHa
mumeBuma coja C57BL/6. [loctynak je moOHaBJbaH M HAKOH JECET LUKIyca M30JI0BaH je
BapujeteT MmenaHoma B16-F10 ca najsehum meracraTtckum motenuujanoMm. Ha meractarcku
MOTEHIM]jall yTUYe U CTOMNa CTBapama cyomnomynaiuje henja ca MeTacTaTCKUM (PEHOTHIIOM
koja je Beha kox B16-F10 wero xox B16-F1 (305). Takohe je moka3zaHo ja 3a pasjiuKy OJ
B16-F1, B16-F10 kapaxtepuiie Beha mpoaykuuja mnpocrarjanauHa D, oxaroBopHor 3a
arperanujy Tymopckux hemuja ca tpombouutuma (306). Ilopen HajBeher meracraTckor
norennujana, B16-F10 henujcka nuauja omukyje ce U BehnM CTEIIEHOM pe3WCTaHIMje Ha
KOHBEHIIMOHATHY XeMoTepanujy (307). B16-F10 najnpe meracrasupa y miyha a KacHHje U Y

JeTpy, Mo3ak, TuMQpHE YBOPOBE, jajJHUKE U HATOYOpeKHe JKie3e.

Tymopcke hemmje B16-F10 (American Type Culture Collection Manassas, ATCC,
CRL-6475, USA) cy kyntuBucane y DMEM wmenujymy koju cagpxu 10% FBS u
uHKyOupane y armocdepu 5% CO,, 3acuheHoj BogeHoMm napom Ha temnepatypu og 37°C. Y

in Vivo ekcriepuMenTrMa KopuiiheHe cy hemuje y mecToj macaxu.
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3.3. UcnutnBame nutoTokcnukor edpekra DE-EDCP

3.3.1. MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide) Tect

MTT TtecT cinyxu 3a UHAUPEKTHO onpehuBame BujadwiHocTH henmuja. MTT, 3-(4,5-
TMMETHIITHA3011-2-1)-2,5-mudenunrerpazoauym  opomuna  (Sigma—Aldrich,  Munich,
Germany), je xpucran xyre 00je, pPAacTBOPJBMB y BOJAHM, KOjU 300T TO3UTHBHOT
HaeJIeKTpUCama JIako Tposiasl Kpo3 hemujcky memOpany. Y MeTaOOJMYKH aKTHBHUM
hemujama co Terpasonujym Opomuaa ce peaykKyje A0 JbyOMJacTux Kpuctana (opmaszaHa.
MuroxoHapHjaTHa peayKTas3a (CyKIMHAT JeXUIPOreHasa), akTUBHA caMo Y KUBUM henujama,
KaTajgu3yje OBy peakiyjy, ma je peaykuuja npBooutHor jemumema (MTT) mo ¢gopmaszana,
JTMPEKTHO MPONopIHoHanHa Opojy >kuBux henuja. Kpucramm ¢opmazana pacTBOJBUBH Cy Y
DMSO (enrn. Dimethyl sulfoxide) mro omoryhasa ciekTpooTOMETpHjCKY KBaHTU(DHUKALIN]Y
WHTEH3UTEeTa JbyOuuacte Oo0je Ha TamacHoj AykuHH onx 595nm. Edekar wucnutuBaHe
cyrncranie ce onapehyje mopehemem uHTEeH3uTEeTa 00je KOjU najy henuje u3narane camo
MeHjyMy M UHTEH3UTEeTa KOjU J1ajy henrje n3narane uCIUTUBAHO] CYICTaHIIH.

Manurae henuje y ekcnoHeHIMjaHO] ¢da3u pacta Cy IMPHUKYIUbeHe u3 (Quiacka Ha
MIPETXOJHO OMHUCAH HAuWH, U MPH aHAIM3U Cy UCKJbyueHe MpTBe henuje Tj. henuje 060jeHe
Tpumad miaBuM. Hakos mrTo je mpumpemsbeHa hemmjcka cycremsuja ryctuae 3x10°
henuja/ml, y mukporurap ruiode ca 96 OyHapa cumano je mo 100ul hemujcke cycrnensmje
(3000 hemuja mo Oynapy). Hakon wuukyOamuje onm 24 daca y CTaHAapJHUM YCIOBHUMA,
MEIMjyM je OUIMBEH, a 3aTuM cy manurHe henuje mznarane DE-EDCP wnu nucnnatunum y
orcery KoHuentpauuje og 0.49uM no 1000uM (ykynHa 3ampemMuHa cBakor OyHapa Ouna je
100ul) y pasmuuntom BpeMeHcKOM miepuoay (24 uaca wiam 48 dvacosa). HakoH TpermaHa
tymopckux hemmja ca DE-EDCP wimu nucriaTHHOM CBH OyHapW MHUKPOTHTAp ILIOUYE CY
UCTpaXHeHU M y cBaku OyHap je noxaro mo 100ul memujyma ca 20% MTT pactBopa
(5mg/iml y PBS). Ilnoye cy mHkyOupaHe HapeaHa 4 vaca y craHaapJHuM ycioBuma. [lo
WCTEKy WHKyOalije MeIWjyM je OJUIMBEH M y cBaku OyHap je cumano mo 150pul DMSO
(Sigma Aldrich, Hemauka) u 20ul rmunuackor mydepa (pH-10.5) Onrtuuka rycruna (OD)

onpeheHa je Ha TajgacHoj TykuHH o1 595nm, Ha Microplate multimode detector Zenyth 3100.
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Bujabunnoct henuja je uzpauynara momohy dopmyie (308):
% Bujabunnux hemuja = (E—b)/(K—b) x 100
E-henuje Tperupane wucnutuBanuMm cyncrannama (DE-EDCP  wmm  nucnnaTtuna)

(arcopbantia); b- kouTpona-6ienk (arncopbanna); K- nerperupane henuje (arcopbanma).

Bpennoctu ancop6aniie GpapMakoIONIKy pa3InduTo TPETUpaHUX henuja cy mopehene
ca BpeIHOCTUMA amncopOaHIle HETpeTHpaHWX heluja W Ha OCHOBY TOra je H3padyHaTo
cMameme nin nosehame BUjabumHocTH henuja yenen aejctea DE-EDCP unu pedepentror
[UTOCTaTUKA LUCIUIaTHHE. BujabunHocT henmja je mcnuTHBaHA y TPUIUIMKATY M Y TpU

HE3aBHCHA CKCIICPUMCHTA.

3.3.2. LDH (Lactate dehydrogenase) tect

JlakTaT JgexuaporeHasa TeCT C€ 3acHMBAa Ha Mepelmy aKTUBHOCTH EH3MMa
ocno0OoheHor HakOH HapymiaBama HHTerpurera hemujcke memOpane. LDH je crabumnu
€H3UM IpUCYTaH y LuToruia3Mu henuja koju ce yop3o mo omrehewy henmnjcke memOpane
OTIIyITa Y MeOujyM y KojeM ce henuje raje. AxtuBHoct LDH en3uma y cynepHaranty
TpeTupanux henmja pacte ca mopactoM Opoja MpTBUX MM henwja ca omreheHoM
memOpanom. Ilpunnun LDH Tecta 3acHuBa ce Ha 1Be OKCHIO-peAYKIIMOHE peakiuje. Y
npBoj eH3umckoj peaknuju LDH penykyje NAD+ no NADH + u H+ okcunarnujom makrata
710 TUpyBaTa; a y Apyroj peakuuju Hactyna peokcunauuja NADH + H+ y NAD+ npu yemy

ce TeTPa30JInjyM XJIOPU PeayKYyje Y IIpBEHO-HapaHacTo 0060jeHu (hopMazaH.

AxktuBHOCT LDH eH3uma y cynepHaTaHTuMa TpeTUpaHUX henMja pacTe ca mopacTom
Opoja mMptBuXx uau hemuja ca omrehenom memOpaHoM. Kommumna ocno6ohenor LDH
JTUPEKTHO KOpeNrpa ca KOJUIHMHOM CTBOpPEHOT (hopMa3aHa 1a je MHTEH3UTET 00je AUPEKTHO
mpomopiMoHayian ~ Opojy ~ MptBux  henmja.  MaTensurer  Ooje ce  oxapehyje

CHEeKTPO(HOTOMETPH]CKHU Ha TalnacHoj ayxuHu oa 450 mo 500nm.

Masurae henmje cy mznarane 24 gaca DE-EDCP wmm pedepeHTHOM IUTOCTaTHKY
LUCIUIATUHU, a HMCIUTaHU Ccy e(peKTH § pa3iInyuTux paz0naxkema, NMpPU YeMy j€ CBAKo
pa3bnaxeme aHATM3UPAHO y TPUILIMKATY, y TPH He3aBUCHA eKkcriepuMeHTa. Manurae henuje
cy npumnpemsbere 3a LDH tect Ha mctu Haumn kao m 3a MTT Tect, pa3iauka je camo y
MeANjyMy 3a KyiITuBauMjy Koju caapxu 1% FBS 300or Bucoke akTUBHOCTH JIaKTaT

nexuapoxreHase y cepymy. 3a LDH tect kopumihene cy Tpu koHTpone: 1) akTHBHOCT
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€H3MMa y caMOM Meaujymy; 2) CIIOHTaHO ocioOahjame JIakTaT AeXuaAporeHase u3 henuja,
henuje cy u3narane camo Meaujymy; 3) MakCUMaiHO ocioOahame JakTaT JeXHAPOTeHa3e U3
onpehenor henmjckor tuma, hemuje cy tperupane 1% TtpuroHoM X Koju mepmeaduimsyje

henmjcky memOpany.

Haxon 24 cata nznarama manuraux henuja DE-EDCP unyn nucruiatiau, MUKpOTHTAP
mioue cy nenrpudyrupane Ha 2509, 4 MUHYyTa, a 3aTUM j€ CylepHATaHT MpedavyeH y HOBE
MuKpoTtutap mioue. Y 50ul npebauenor cynepHaranta goaaro je mo 100ul pagHor pactBopa
LDH xurta In Vitro Toxicology Assay Kit (Lactic Dehydrogenase based) (Sigma-Aldrich, St.
Louis, MO). ITioue cy ocraBibeHe 30 MUHYTa y MpaKy Ha COOHO] TeMIIEPaTypH, a 3aTUM je y
cBaku OyHap MuKpotuTap miaouye gojaaro mo 15ul IN xmopoBogoHHWYHE KHCETHHE Y LUIbY
3aycTaBjbama pekanuje. OnTuuka TrycTMHA Yy3opaka MepeHa je Ha 490nm  Ha

MynTudyHKIMoHATHOM yntady Zenyth 3100.

ITpouenar mpteux henuja je u3pauyHat Ha ocHOBY (opmyie (309):

% mptBux hennja=(E—b)/((T-b)-(K-b)) x 100

E-henuje Tpetupane ca DE-EDCP wunmu pedepeHTHMM LUTOCTATUKOM IMCIIJIATHHOM
(arcopbanna); b-akTuBHOCT eH3uMma y Meaumjymy (amcop6anua); T-henmuje TpetupaHe ca

TpuToHOM X (amcopOania); K-otBop ca Herperupanum henujama (arcopOania).

3.3.3. AHanm3a anonToTcke CMpTH TyMOpcKkux henuja momohy Annexin-a V

[Mporenn Annexin V mMa crocoOHOCT Be3uBama 3a (ochaTUimi CEpUH Y CacTaBy
henmmjcke memOpane. MelyTum, y kacHoj (a3u amonto3e U y HEKPOTUYHOM TUIy henujcke
CMpTHU HapylllaBa ce UHTErpUTeT henujcke MeMOpaHe, IITO HEKUM MOJEKyJIuMa, Kao IITO je
nporuaujym joaun (exri. propidium iodide, Pl), omoryhasa Be3uBame 3a JIHK y henuju
(310). Ha ocnoBy ekcmpecuje Annexin V u Pl pasnukyjy ce: Annexin V' Pl henuje - xuBe
hemnuje, Annexin V'PI” hemuje koje cy y paHoj dasu anontose, Annexin V'PI™ henuje koje cy

y kacHoj dasu amonTose a Annexin V Pl ¥ hemmje cy Hexpotuune hemmje (311).

VY ekcroHeHuyjanHoj ¢asum pacra ManurHe hemmje 4T1 cy mpecejane y HoBe
¢rnackoe. Kama cy hemmje nocrturie koHduyeHTHocT on 70%, MeaujyMm je 3aMemeH
Menujymom ca noaatkom DE-EDCP wunu mucnnatune y koHuentpanuju ox 31.25uM umm

62.5uM. Konrtponne henuje HHCY (apMaKoJOIIKA TPETUpAaHE U y OBUM (IIACKOBHMA
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MEIIMjyM j& 3aMEHCH CBEKUM KOMIUIETHUM MenujymoMm. Hakon 24 cata uHkyOanuje hemuje
Cy OIlpaHe y KOMIUIETHOM MEJIMjyMy U pecyCIieHIOBaHe y mydepy Koju omoryhasa Be3nuBame
Annexin-a V (10X nydep: 0.1M HEPES, pH 7.4; 1.4M NaCl; 25mM CaCl,) no rycrune
1.000.000 hemmja/ml. YV 100ul Takse cycnensuje momaro je mo Sul Annexin-a V-FITC (BD
Pharmingen, San Diego, California, USA) u 5ul Pl (50ug/ml PBS-a) (Sigma Aldrich,
Hemauka). [Tocne ucreka nnkyOanuje o 15 MuHyTa Ha COOHO] TEMIEPATypH U y MpaKy, y
cBaku y3opak je gomato mo 400ul 1X mydepa. Anammsupano je 20000 morahaja ma FACS
Calibur flow cytometer (BD Biosciences, San Jose, USA) a noxamu cy oopahenn y FlowJo

nporpamy (Tree Star).

3.4. Ananu3a heamjckor nukiryca

3a aHanm3y nporeHTyarHe 3acTymibeHocTd 4T1 manuraux henuja y ogpehenoj dasu
henujckor mukinyca kopuiihen je kutr Vybrant® DyeCycle™ Ruby stain (Thermo Fisher
Scientific, Inc. USA). Ogaj kut ce y xxuBum henujama kopuct 3a aHanusy JJHK. Hakon mro
nomeHnyta 00ja jako nmpohe kpo3 henujcky memOpany u Bexxe ce 3a mosiekyn JJHK, Ha ocHoBy
€MHUTOBaKba (PIyOPECLEHLIEHTHOT CUTHala Koju je mponopuuoHanad konnunau [IHK henuja

onpehyje ce mponenat henuja y ogpehenoj daszu henujckor nukiyca.

Hakon noctuzama koHnyeHTHOCTH Y (hriackoBuma o 70-80%, 4T1 manurne henuje
cy tpetupane ca DE-EDCP wnu nucnnatuaoMm, y koHieHTpauujama ox 31.25uM u 62.5uM,
Ka0 U ca CBeXHUM MeJujyMoM (KOHTpoia) 3 yaca uiu 12 yacoBa, y CTaHJIapJIHUM yCJIOBUMA.
Hakon ucreka nakybanuje, manurae hemuje cy onpaHe y KOMIUIETHOM Meaujymy. hemnnje cy
HaKOH TOTa PECYCIIEHI0OBaHE y TYCTUHH O] 5x10° henuja/ml. 3a gaby aHamu3y je oaMepeHO
0.5ml henmjcke cycnensmje y kojy je momar lul Ruby 6Goje. Y3opum cy Hakon Ttora
nHKyOupanu 30 muHyTa Ha Temmeparypu ox 37°C, BaH JoMalllaja CBETIOCTH. 3a aHAIU3y
henujckor mukmyca kopuiihen je nmpotounu nutomerap FACS Calibur flow cytometer (BD
Biosciences, San Jose, USA) a mogaru cy oopahenn y FlowJo mporpamy (Tree Star).
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3.5. "'Scratch™ Tecr 3a ananu3y murpamnuje heamja

"Scratch" Tect je kopumrheH 3a ananu3y Mmurpangje Tymopckux hemuja in Vvitro.
Cmarpa ce a1a y oapeh)eHOM mpoIeHTy OBaj TECT ONOHAIIa MUTPALUjy TyMOpCcKuX henuja in
vivo (312, 313). V mioue ca 6 OyHapa y Tpuruinkaty 3acejane cy 4T1 henuje u rajene cy 10
[I0CTU3aka KOHQIIYEeHTHOT MOHOCIO0ja. CTEpUIIHUM HACTaBKOM 332 MUKPOIIMIIETY HAIlPaBJbEH
je oxuIbak y cBakoM oj Oynapa. Hakon tora, henuje cy onpane PBS a 3aTum je mogart yucr
meanjym, i Meanjym ca DE-EDCP wnmu nucimatuaom. henwmje cy tperupane ca DE-EDCP
WIA LUCIUVIATUHOM Yy HHCKO] HETOKCHYHO] KOHUeHTpauuju on 15.63uM. Hakon 3amene
MeAujyMa ycieauia je WHKyOauuja y craHaapaHuMm ycioBuma. [Ipomene y henujckom
Kpetawy cy ciaukaHe y 0, 4, u 15. yacy HakoH 3ameHe Meaujyma, romohy HHBEPTHOT

mukpockorna. Ciuke cy aHanusupane y3 momoh Image J copreepa (314).

3.6. Ananu3a ¢penoruna 4T1 Tymopckux hejija NpoToYHOM HUTOMETPHjOM

Haxon 24. yacoBne mnky6anuje ca DE-EDCP wunu mpicnimatiHOM y KOHIIGHTPAlWju
on 31.25uM wnu y unctom meaujymy (koutponue henuje), 4T1 henuje cy onpane XJIaaHUM
PBS u pecycnenoBaHe y KOMIZIETHOM MEAMjyMy Tako Ja je I'yCTHHa heiujcke cycreH3uje
6uma 2x10° henuja/ml. Manurae henuje cy 3atum dukcupane u nepmeadbuincane nomohy
kuta (Fixation and Permeabilization Kit, BD Bioscience). Hakon unky6aruje ox 20 MuHyTa
Ha temneparypu oxa 4°C, henuje cy onpane y BD Perm/Wash™ Buffer-y (BD Bioscience) u
neHtpudyrupane Ha 1259, 10 munyra. CynepHaranT je omnuBeH, a 4T1 henuje cy nawe
0ojeHe Ha aBa HaumHa. Kako cy antutena 3a STAT3 (IC1799G, Novus Biologicals, San
Diego, USA) u Ki-67 (11-5698-82, eBioscience, San Diego, USA) npumapHa aHTUTENA KOja
cy Beh obOenexena d¢uyopoxpomom (FITC), mnperxomHo ¢apMakoIONIKA pPa3TAIUTO
TpetupaHe kao u HerpetupaHe 4T1 henmje cy nHkyOupaHe ca moMeHyTHUM aHTUTenuma 20
MHUHYTa Ha TemriepaTypu o1 4°C. Hakon tora henuje cy onpane y BD Perm/Wash™ Buffer-y
(BD Bioscience), nenrpudyrupane u pecycrnenaoBane y 250ul mydepa 3a 6ojeme. dpyru
HauuH 00jema Moapa3yMeBao je na Tperupane u Hetperupane 4T1 henuje Oyny nHkyOupane
20 munyta Ha Temmeparypu oa 4°C y3 momaTak TpUMapHOT aHTUTena 3a IukimH D3
(ab28283, Abcam Cambridge, United Kingdom), muxmua E (MA5-14336, Thermo fisher
scientifics, USA), pl6 (ab211542, Abcam Cambridge, United Kingdom), p21 (ab188224,
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Abcam Cambridge, United Kingdom) u p27 (ab215434, Abcam Cambridge, United
Kingdom). hemuje cy HakoH HCTeKa HHKyOAaIlfje OMpaHe HAa WCTH HAYUH M JOJATHO
MHKYOHMpaHe IMoJ] UCTHM YCJIOBUMA ca CEeKyHaJIpHUM aHTuTenoM (goat anti-mouse 19G FITC
(ab6785 Abcam Cambridge, United Kingdom) uau donkey anti-rabbit IgG (ab150073
Abcam Cambridge, United Kingdom). Hakou monoBHOT 1ieHTHYyrHparba, NEITHjCKU TaJlor je
pecyciennoBan 'y 250ul mydepa 3a Oojeme M aHaIM3UpaH HA TPOTOYHOM ILUTOMETPY
FACSCalibur flow cytometer (BD Biosciences, San Jose, USA). [lomauu cy aHanu3upasu

nomohy FlowJo niporpama (Tree Star).

3.7. UmyHoduiyopecueHna

NmyHo(ayopeciieHIIa je TeXHHMKA KOja C€ KOPUCTH 3a MapKUpPame I10jeIUHUX
hemujckux monekyna (ayopecueHTHUM Oojama. TexHWKa ce 3acHMBAa HAa CHEIH(PUIHOM
BE3MBalbhy aHTUTENIa 33 AHTUTeH. AHTUTENO je obOenexeHo (iayopecleHTHOM O0ojoM ca
pa3MYUTUM TaJlaCHUM JAy)KHHaMa €KCHUTAllije U eMHCHje, a JAETeKTyje ce (IyopecieHTHUM
mukpockornom (315). Manurue henuje cy unkybupane ca DE-EDCP, wnu nucriiatuioM, y

KoHIeHTpanuju o 31.25uM y tpajamy ox 24 yaca.

HmyHoduyopectieHiia je paljeHa nmpeMa mocTynky onucanoM y crynuju Karimian H.
u capaanuka (316). V mukporupaT ruioyama ca 6 OyHapa Ha TOKPHBHE IUIOYHIIC CHUIIAHO je
8x10" 4T1 hemnja y dunansoj 3anpemusn ox 2ml, u MHKYOGHpaHO 72 Yaca y acenTHYHEM
yciaoBuMa y uHkybatopy Ha 37°C ca 5% CO; Hakon ucreka MHKyOauuje, Meaujym je
aCIIMpHUpPaH M3 CBUX OTBOpa. ¥ OyHape ca KOHTPOJHHUM (HETpEeTHpaHuM) hemrjama 1011aTo je
2ml HOBOT KOMIUIETHOT MeAMjyMa a y ocTajie OyHape 2ml| KOMIUIETHOT MeaujymMa KOju
canapxu onroBapajyhy konnentpanmjy (ox 31.25uM) DE-EDCP wnu nucruiatune. henuje cy
MHKYOUpHE jour 24 yaca y cTaHIapAHUM yciaoBuMa. HakoH ncreka MHKyOanuje Menujym je
acTimpupaH u3 cBux OyHapa u henmje cy ompane ca PBS. V acentnyanm ycrmoBuma moxar je
pacTBop 3a ¢pukcupame (4% mapapopmanaexua y PBS) u y3opiu cy nakyoupanu 20 MuHyTa
Ha coOHOj TemmepaTypu. henuje cy mo UCTeKy MHKyOalMje onpaHe a 3aTHM je Ha henuje
HaHeT eKCTPAaKIMOHHU PacTBOp (XJ1agaH MeTaHoi). HakoH MOHOBHOT Mparma HaHETO je MO Karl
npuMapHoOT aHTHTeNna cnenuduyno 3a Bel-2 (sc-783, Santa Cruz Biotech. Inc CA, USA), Bax
(sc-493, Santa Cruz Biotech. Inc CA, USA) uinu aktuBHy Kacnasy-3 (NB100-56113, Novus

Biologicals, UK). Hakon wmukyOanuje o 60 MHHyTa y BIa)XHOj KOMOpPHW, Ha HCIpaHa M
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obprcaHa TpeJMeTHa CTakia CHIIAHO je CeKyHaapHo aHtuteno (goat anti-rabbit 1gG FITC
(Ab6717-1, Abcam, Cambridge, United Kingdom)) u ycinenuno je nmepuon uHKyOanuje ox 45
MHHYTa y BJI&XXHO] KOMOPH y MpaKy. BuIllak ceKyHIapHOT aHTHTENa je UCIpPaH a 3aTHM CY
npeIMeTHa CTakia oOprcaHa Tako Jia Cy CaMO MCEYIH OCTATH BIAXHHU. 3a BH3YaIH3alHjy
mwiaBo obojenux jemapa kopuiihena je DAPI (enrn. 4',6-diamidino-2-phenylindole) 6oja.
[Ipemapatu Cy ocraBbaHM HpPEeKO HOWM 1a ce ocylle W HAaKOH TOra IOCMarpaHd Ha
¢dnyopecuentHom Mmukpockorny (Olympus BX 51) ma ¢unrepuma oxapeherux rtamacHux

nyxuHa 1 yBenuuamwy 200X.

3.8. AHaiu3a ekcmpecHje TeHa MeTOAOM KBAHTUTATHBHEe JIAHYaHe peakuuje

noJimMepase y peajJHoM BpeMeHy

3.8.1. N3onanuja pubonyknenncke kucennne u3 411 henmjcke cycnensuje

3a u3onanMjy yKynHe pUOOHYKJIEHHCKE KHCEIMHE Y CYCIIeH3UjU TyMOPCKHUX henuja
KopumiheH je TpHU30J peareHc, KOju TMpeacTaB/ba pacTBOp (eHoma W TyaHUAMH
m3otuonmanara. 4T1 henuje KyaTUBUCaHE CYy Y CTaHIApPHUM yCJIOBUMA. 24 yaca Ipe movyeTka
eKCIIEpUMEHTa METOJOM CIlydajHOr Hu30opa omaOpaHe cy henmjcke cycneH3uje Koje cy
tpetupane ca DE-EDCP umu numcniatuHom y konuentpauuju on 31.25uM. Ilocnenmwy,
KOHTPOJIHY TpyIy YyMHMJIE cy henuje Koje cy rajeHe camo y KOMIUIETHOM Meaujymy. Caka
UCIUTHBAHA Tpyna umaina je no 4 HezaBucHa y3opka. Haxon xyntuBainuje 4T1 Tymopckux
henmuja y KOMIUIETHOM Meaujymy, JnoOujeHa henmjcka cycneH3uja je MEXaHWYKU
xoMoreHu3oBana y 1ml Tpusona (enri. TRI Reagent® Solution, Applied Biosystems, Foster
city, CA, USA) momohy pydHor xomoreHusatopa. HakoH MeXaHHYKOT XOMOTEHH30Bamba,
xoMoreHat je mpebaden y emnpyBere (Eppendorf, Hamburg, Germany) u unxyObupan 5
MHHYTa Ha COOHO]j TeMIIEpaTypH, a 3aTuM neHtpudyrupan 10 munyra Ha 12000rpm na 4°C.
VY cynepuaranT je gogato 100ul 6pomxiopmnpomnana (enrit. 1-Bromo-3-chloropropane, BCP,
Sigma Aldrich), V3opuu cy mobpo BoprekcoBanu u MHKyOupaHu 15 muHyTa Ha COOHO]
temneparypu. Hakon nnkyOamuje y3opuu cy neHrpudyrupanu 20 munyra Ha 12000rpm na
4°C. LlentpudyrupameM Cy ce jaCHO U3I0BOjUIIE TpU Ppakiuje: ropma (BogeHa) Gppaxumja y
kojoj je PHK, noma ¢paknuja ca npoTemHUMa W JUOUANMA U MHTEpMeaujapHa (pakiuja y
kojoj je IHK. Canpxkaj oBOr BOJCHOT clioja je mpebadeH y HOBE CMPYBETE Y KOje j& T0AaTO

500ul pacxnahenor u3omnponu aakoxosna. Y30piH cy 01aro BOPTEKCOBaHU, HHKYyOUpaHu 15

48



MHMHYTa Ha COOHOj TEMIEpPAaTypu U 3aTuM LeHTpudyrupanu 8 Munyra Ha 12000rpm ua 4°C.
[Tocne ognmuBama cynepHaTanTa Tajor y kojeM ce Hanaszu PHK je ompan nBa myrta y Tpajamy
on 5 munyta Ha 75009 y 1ml 70% ertaHona u cyiieH 10 UClapaBama IEJOKYITHOT €TaHOA.
OcyIiieHn TaJor je pacTBOPEH y BOJM Koja He caipku Hykiease (enrn. Nuclease free wather,
Applied  Biosystems). Konumnenrpammja u  npeunmhenoct PHK  ompehena  je
criekTpoOTOMETPHUjCKU MepermeM abcopbaniie Ha 260/280nm momohy amapara Eppendorf®

Biophotometer (Eppendorf, Hamburg, Germany).

3.8.2. Pesep3na tpanckpunuuja PHK y kommnementapuny JTHK

Iporec peBep3He TpaHCKpHUIIMje U3BeaeH je Kopuinhewem kuta High Capacity
cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, California, USA), nmpema
ymyTcTBY mpou3Bohada. Tpanckpunmmja je u3BeaeHa mo ciuenachoj nponemxypu: 10ul y3opka
koju caapxu 2pg ykynae PHK uzonoBane u3 4T1 henujcke cycrnensuje mHKyOupaH je ca
10ul rnaBHe merraBuHe (enri. Master mix). Master mix je campxao: 2ul mydepa (enrin. RT
Buffer), 0.8ul NTP Mix-a, 2ul xekcamepa (eurs. Random Hexamer Primer), 1ul peBep3ue
tpanckpunrase (erri. Multi ScribeTM Reverse Transcriptase) u 3.2l Bojie Koja He caIpxu
nykiease (enri. Nuclease-free H,0). Ha pactBopenn y3opak PHK nomar je Master mix,
CaJIpKaj je araHo npomernan u uHKyoupan 10 munyra Ha 25°C, 3atum 120 munyra Ha 37°C.
Peaknuja je 3aycTaBjbeHa rpejameM 5 MuHyTa Ha 85°C, a y3opiu cy 3atum oxnahenu Ha 4°C
(Mastercycler® ep realplex, Eppendorf, Hamburg, Germany). Osako mo0OujeHa
komrmuieMentapHa JIHK kopumihena je 3a kBanTH(UKalMjy eKCIpecHje reHa, Koja je y

pacTBOpeHOM cTamy uyBaHa Ha 4°C 1o ynorpele y peakliyju JJaH4aHOT YMHOXKaBamba.

3.8.3. KBantuduxkamnuja ekcripecuje reHa

MeTo10M KBaHTUTATHBHE JIAHYAHE PEAKI[Hje TOJIMMEPa3e y peaTHOM BpeMeHY (€HIIL.
Quantitative Real Time-PCR, gRT-PCR) mepena je ekcripecuja reHa oa uHTepeca. Peakiuija
gRT-PCR je wm3Bemena y Mastercycler® ep realplex amapary (Eppendorf, Hamburg,
Germany) kopurithemeM MUKpOTUTAp 1ioya ca 96 mecra (Twin. tec. real time PCR plates 96,
Eppendorf). Peaknmona cmerra y Bomymeny ox 20ul mo Oynapy caapxkana je: 2ul y3opka
komrutementapue JIHK, 10ul Master mix (Power SYBR Green PCR Master Mix (2x),

Applied Biosystems), 2ul cmemie mapoBa mpajMepa 3a reH on uutepeca (,,forward” wu
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,reverse®) u 6ul Boge koja He caapku HyKJIeaze. 3aTUM Cy IUIoUe MpeJienJbeHe aaXxe3nBHOM
domujom (Masterclear real-time PCR Film, Eppendorf), uenrpudyrupane 1 mMuHyT Ha
3000rpm u cmemrene y qRT-PCR anapar (Mastercycler® ep realplex). Peakuuje QRT-PCR
je usBeneHa no cienehoj remneparypHoj memu: 4 munyra Ha 95°C, 3atum 50 mukinyca y
Tpajamy o1 1mo 15 cexynau Ha 95°C u no munyt Ha 62°C. Jla Ou ce oapeauia crenuduuHocT
PCR mpoaykra MOAEHICHH Cy YCIOBH 3a M3BOheme KpuBe Tolubera (enri. Melting Curve):
15 cexynmu Ha 95°C, 15 cekynau Ha 60°C, 20 MuHyTa TeMueparypHor pacra u morom 95°C.

[Ipajmepu koju cy kopumheHu 3a aMIUIH(HUKALN]y CEKBEHIIE TeHa 0J1 MHTEepeca NPUKa3aHu Cy

y Tabenu 1.

Sense (5’ to 3°) Antiense (5’ to 3°)
Bax ACACCTGAGCTGACCTTG AGCCCATGATGGTTCTGATC
Bcl-2 GTGGTGGAGGAACTCTTCAG GTTCCACAAAGGCATCCCAG
Caspase-3 AAATTCAAGGGACGGGTCAT ATTGACACAATACACGGGATCTGT
STAT3 GGCATTCGGGAAGTATTGTCG GGTAGGCGCCTCAGTCGTATC

CyclinD3  CCGTGATTGCGCACGACTTC  TCTGTGGGAGTGCTGGTCTG

NANOG AAGCAGAAGATGCGGACTGT GTGCTGAGCCCTTCTGAATC

SOX2 AAAGGGTTCTTGCTGGGTTT  AGACCACGAAAACGGTCTTG

B-actin AGCTGCGTTTTACACCCTTT AAGCCATGCCAATGTTGTCT

Tao6ena 1. [Ipajmepu kopumihenu 3a RT-PCR ananusy.

PenatuBHa kBaHTH(UKaMja eKCIpecHje HUJBHOT T'€Ha Y OJHOCY Ha EKCIpPEeCHjy
pedepente kouTpose oapehena je kommapatuBaoMm Ct (eurn. Cycle treshold, Ct) metomom
(AACY) (317). IIpoceune Ct BpeaHOCTH KOHTPOJIHUX TpHUILTHKaTa (B-akTHH) Cy OAy3€Te Of
npoceyrnx Ct BpeTHOCTH TPHILTMKATA TeHA OJ HHTEepPeca W Ha Taj HauMH je nooujeH ACt, 10k
je penaTHBHA eKCIIpecHja reHa m3pakena kao 2", Pe3ynTatn cy npukasaHu Kao peaTHBHU
y OJIHOCY Ha KOHTpoiy, HeTpeTupaHe 4T1 manurue henuje, koja je apOUTpasIHO MO/AEIIEHA Ha

1.
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3.9. Meroe 3a HCIUTHBa€ aHTUTYMOpcke akTuBHOCcTH DE-EDCP in vivo

3.9.1. ExkcriepuMeHTaIHE KUBOTHIHE

HcrpaxuBama Cy CIIpoBe/icHa HAa MHUIIEBUMA JKEHCKOr mosa uyucror coja BALB/C,
kao u mumeBuMa oba moma C57BL/6, crapoctu ox 8 no 12 Henespa. Y ucnuTHBama Cy
YKJbyY€HE IKUBOTHUIC YCKIahleHe CTapoCTH M TEJIECHE Mace, Kao MW Tojia, usMmehy

€KCIIEPUMEHTAIIHUX TpyIa.

MuieBu cy y3etd u3 MHCTUTYTa 32 MEIMIIMHCKA MCTpaKMBamba BojHOMeIUIIMHCKE
akagemuje (BMA) y Beorpany u oarajanu y BuBapujymy LIeHTpa 3a MOJIEKYJICKY MEIUIIUHY
U WCTpaxuBama MaTWYHUX henuja, Pakynrera MenuuuMHCKUX Hayka y Kparyjesiy.
JXuBoTHibe Cy dyBaHE mpeMa MPOMMCAHKM Y3TOjHHM yCIOBMMa (XpaHa M Boja 3a muhe ad
libitum, 12 wacoBuu qHEBHM puTaM cBetia). CIIPpOBEICHO UCTpaKUBambe 0100puia je ETnuka
KOMHCH]a 3a eKCIIEPUMEHTAITHE )KUBOTHIbE DaKyiTeTa MEIMIIMHCKIX HayKa Y HUBEP3UTETA Y

Kparyjesuy 0poj 01-10873 ox 22.10.2015. ronune.

3.9.2. ExcriepMeHTaIH! MOJeN KapIIMHOMA JI0jKe

MuresimMa coja BALB/C manurne henuje 4T1 yOpusrane cy CyOKyTaHO Y MIICYHY
KIE3My Y 03U O] 3x10* hemja y 50ul DMEM, a koja je onTtumuzoBaHa y
npeaekcrepuMenTuMa. HemocpenHo mpe mHOKyIanuje, BHjaOMIHOCT TyMOpCKuX henwja je
onapehena nmomohy TpumaH mijaaBor M camMo OHe henujcke CyCHeH3Hje Koje cajpie BHILE O]

95% BujabunHux henuja cy kopuirheHe 3a aruIMKaIujy.

Hakon mamnupama Tymopa (5. JaHa  eKCIIEpHUMEHTa)  MHIICBHMA  je
uaTpaneputoneanto arukosan DE-EDCP, y mo3u ox 10mg/kg xoju je pecycrieHmoBaH y
500ul dusmomomkor pacteopa (0,9% NaCl), mo pexumy meT y3acTONHHMX [103a, JBa JaHa
nayse, a 3aTHM je alTUKOBaH jOII jeJlaH [UKIIYC OJ] TIET MOjeIMHAYHUX THEBHUX 103a. [[pyroj
EKCIICPUMCHTAIHO] TPYIH MHIIEBa Kao peepeHTHH IMTOCTATHUK IMCIUTaTHHa (SHII. Cis-
diamminedichloroplatinum, CDDP; Sigma-Aldrich, Munich, Germany)  je
HHTpANCpUTOHEATHO yOopu3rana y 1o3u oa 3mg/Kg, Tpu myTa HeaesbHO (YKYIIHO JEBET 103a).
Tpehy ekcriepuMeHTaNHy Irpyly YHHWIN Cy MHUILIEBU KOjJU Cy TPETUPAHU caMO (PU3HOIOIKUM

pacTBOpOM HaKOH TojaBe naimaduiaHor Tymopa (Cxema 3).
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BALB/C

4T1  3x10%/50pul

4T1  3x10%/50ul

CDDP: (I.P. y a03u 3mg/kg T.T.)
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Cxema 3. OpTOTOIICKH €KCTIEPUMEHTAIHH MOJIeN KapIIMHOMA J0jKe U MpUMeHa OMOAKTUBHUX CYICTAHIN

CBu MUIICBH Cy XPTBOBaHM 36. JlaHAa HAKOH yOpu3raBama TyMOPCKUX henuja, a

ucedny miyha u jerpe cy 000jeHH XeMaTOKCUIIMHOM U €03MHOM.

Oopehusare senuuune npumapHoz mymopa

Pact Tymopa je cBakonHeBHO mpaheH majimamnujoM TyMOpa, 10K j€ HEeroBa BeJIUYUHA
onpehuBana MopdomeTpujcku KopuihemeM HOHMYyca. 3allpeMHHa TyMOpa je H3padyHaTa

npema ¢popmynu (318):
V(mm)®= (L x W?)/2

L-najsehu npeunuk; W-HajMamby NPEYHUK
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3.9.3. Mojen ekcriepuMeHTaATHIX MeTacTa3a MeJIaHOMa

3a MHAYKIU]Y EKCIIEPUMEHTATHIX MeTacTa3a MeJaHOMa WHTPAaBEHCKHU Cy yOpu3raHe
henuje menanoma (B16-F10) y marepanny penny Beny C57BL/6 mmmesa y mosu 5x10°
hemmja y 200ul DMEM. MumeBu cy 3aTHUM CIIy4ajHUM Y30pPKOBAamEM IOACJbEHH Y TPHU
eKnepuMeHTaiHe rpymne. [loueBmm o apyror naHa eKCHEpUMEHTa, MpBa SKCIIEPHMEHATHA
rpyna muiieBa je Tperupana ca DE-EDCP. DE-EDCP je yOpu3raBaH HHTpanepuTOHEATHO Y
no3u ox 10mg/kg pecycnenmoBanoBanor y 500ul  ¢dwusmonomkor pactBopa u TO y MET
y3acTOnHHMX J03a. HakoH may3e o /Ba JaHa TOHOBJBEH je€ HIHMKYyC oA meT no3a. Jpyra
€CKIICpUMCHTAIHA Ipyna Ouia je Ha TpeTMaHy JakapOa3WHOM IOYEBIIW O] JAPYror JaHa
ekcriepuMenTa y no3u ox 70mg/kg, cBakor apyror jgaHa. Tpehy eKCIepUMEHTAIHY TpYILy

YHHUJIA Cy MUILIEBU KOJH Cy TPETUPaHU caMo (pru3uonomkumM pactBopoM (Cxema 4).

YerpHaecTor naHa mociie yopusraBama MaJIMTHUX hesuja, MUIIEBH Cy KPTBOBAHU a

uceury myha u jerpe cy 000jeHN XeMaTOKCHIIMHOM H €03UHOM.

C57BL/6

B16-F10 5x104/200pl

a8
<z

B16-F10 5x104/200pul DTIC  (I.P.y zo3u 70mg/kg T.T.)
\‘ >~
‘ 7 2 4 6 8 10 Manu
~_
B16-F10 5x10%/200pl DE-EDCP = (I.P. y go3u 10mg/kg T.T.)

X S
/ 1 1 1 1 1 1 1 1 1 1 L
e 2 3 4 5 6 9 10 11 12 13 )Ia““

Cxema 4. IHayKIHja eKCIIEpUMEHTATHIX METacTa3a MeJIaHOMa | IIpUMeHa OMOaKTUBHUX CYIICTAHIIH
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3.10. M3paja naToXuCcTOJOMIKHUX Mpenapara

Henocpenno HakoH W30ianmje, TKMBA W30J0BaHUX opraHa cy ¢ukcupana y 10%
pactBopy popmangexuaa Ha coOHOj Temneparypu. Boymen ¢ukcatusa je 6uo 10 myra Behu
on BoiaymeHa TkuBa. OOpalh)eHO TKMBO je yKaldyIubeHO Yy mapaduHCKe OJIOKOBE W IMOMOhy
MHUKPOTOMa Cy UCEUEHH Ipernapard 1e0pbuHe Sum. 3a XHCTOJIOMKY aHaU3y Cy KOpHUIIheHU
TKHBHH TIPECEIl ca TMeT HUBoa Ha MelycoOHOM pactojamy ox 25um (0]l CBaKOT MHIIA CY
aHAJIM3HMPaHa 110 5 TKUBHUX MCEYKA M TO CBAKU 3. TKMBHHM Ipecek). [Ipecernu cy HaHeleHn Ha

MpeJIMeTHa CTaKIIa, a 3aTUM 00jeHH OAroBapajyhoM TEXHUKOM.

3.11. bojewe XeMATOKCHJIUHOM M €03HHOM

Ycnenuno je 60jere KpUOCTaTCKUX TKHBHHX MTPEceKa METOAOM XEeMATOKCHIINH-S03UH
(enrnm. hematoxylin-eosin, H&E). Ha mouerky cy rmuiounile ca TKHBHHM MpecelrMa
nydepucane y nydepy dopmanaexuna 10 cekyHau, oHAa onpaHe y Tekyhoj Boau a 3aTUM
nororsbeHe 2 mMuHyta y Mayer-os xematokcuiuH (Sigma Aldrich, St. Louis, MO, USA).
[ToToM cy TKMBHU UCEULlM UCIIMPAHU MUHYT Yy TeKyhoj Boau U Haj3axa cy 00jeHU aJIKOXOJIHUM
eo3uHoM (Sigma Aldrich, St. Louis, MO, USA) y Tpajamy on 1. munyra. Hakon Oojema
yciaenuna je Jexujaparanyja uceyaka Kako Ou ce y mwuMa YKIoHWiIa Bojaa. Mceunu cy
MOTANaHu y cepujy pacTyhux KOHILIEHTpauMja ajakoxosia U To cieaehum penom: Hajope 1
MUHYT y 85% ankoxomy, 3atuMm 2 myta 1o 50 cexkyHam y 96% u Ha kpajy 2 myrta mo 50
CeKYHJM Yy arcoilyTHOM ankoxoisty. HakoH 0ojema M aexujapartaiuje, ycieauo je MoCcTynaKk
MIPOCBETJbaBAKA KaJa Cy UCEUIH MOTIUbeHU 50 CEeKYHAM Y MEIIaBUHY KCUJIOJIA U alKoxoja y
oxHocy 1:1, a 3aTum z1Ba myta no 50 cekyHau camo y kcuiony. Ha Ha TKHBHE HceYKe HaHeT
je Kamama Oamsam (enrn. Canada balsam, (Centrohem, Cp6uja)) u mnpekpuBeHH CY
MOKPOBHUM cTakimMa. [lpemapatu cy aHanm3WpaHW IIOJI CBETIOCHUM MHKPOCKOTIOM

(Olympus BX51, Japan) HakoH 24. 4aCOBHOT CYIIICHaA.
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3.12. Bepudukanuja 6poja u BeJIMUMHE METACTATCKUX KOJIOHH]ja

Tpunecerumecror naHa nocie yopusaraBama Tymopckux henuja BALB/C mumiesw,
OJTHOCHO YETPHACCTOT JlaHa HAKOH yOpusraBama TymMopckux hemmja C57BL/6 mumieBH, cy
KPTBOBAHW, a MCEYIM IPETXOJHO IOMEHYTHMX TKHUBa cy obojenm H&E. Meracrarcke
KoJIOHHje cy BepudukoBane y miayhmma u jerpu BALB/C wmumeBa. Metacrase cy
BepudukoBane camo y ruiyhuma C57BL/6 MumieBa M TO Kao METacTaTrcKe KOJIOHHjE ca
KapakTepUCTUYHOM OpaoH-I[PHOM IUTMEHTAIlMjOM M Kao MeTacraTcka 'xkapumra' ca

yBehanuM BulejenapHuM henujama, jacCHO OrpaHUYEHa OJ1 OKOJIHOT TUTYRHOT TKHBA.

VY 0BOj CTynuju je CeMMKBaHTUTAaTMBHO oJpehuBaHU mpocedyaH Opoj Meracrasa Io
MHUIITY, Ka0 U BEJIMYMHA METACTaTCKUX KOJIOHH]ja U TO oApehuBameM MmpoleHTa MeTacTaTCKOT
nonpydja y mryhuma wim jerpu. IIpoleHTyanHa 3acTyIUBEHOCT METACTATCKUX KOJIOHH]aA
onpehusana je momohy Image J codreepa (319). HobOujeHu pe3yaraTd Cy MpHKa3aHd Kao

Cpelba BPEIHOCT + CTaHAap/iHa TPeIIKa.

3.13. Excnpecuja Ki-67 u STAT3 y TYMOpCKOM TKUBY

Excrnpecuja Ki-67 u dochopunucane dpopme STAT3 y TKHUBY KapuUHOMA JOjKE
UCIIUTaHa je UMYHOXHCTOXeMHUjckH, kopuinhemeMm aHTu-Ki-67 anutena (rabbit anti-mouse
Ki-67 antibody (ab66155, Abcam, Cambridge, United Kingdom)) wmu antu-STAT3
aatutena ((phospho Y705) antibody (ab76315, Abcam, Cambridge, United Kingdom)).
TxuBo je 24 uvaca ¢ukcupano y 10%-THoOM HeyTpainHOM, IydepuzoBaHOM GopMaTUuHy U
KaJdylsbeHo y napaduny. Pe3oBu ne0spuHe 4-5uM, Cy MOHTHUPAaHUM Ha BHUCOKO aJXEpEHTHE
wiounie SUPerFrost® u cymenu Ha Temmneparypu ox 56°C y toky 60 munyra. Kako 6u ce
obOaBwmia AenapaguHU3aImja U pexuaparaimja, Kao ITo je paHuje OMUCaHO, TKUBHU TPECIH
,IIPOBJIAUEHU"" Cy KpO3 CepHjy ajkoxoja omnafajyhux koHueHTpauuja. dukcanuja TKUBA y
¢bopmanuHy, Kao U KaIyIJbehe TKUBHUX y30paka y napaduHy n3za3uBajy KOH(pUTypalujcke
IIpOMEHE NpOTenHa U (GOpMHpame MHTEPMOJIEKYJICKHX Be3a KOje MAacKHUpajy aHTUTEHE U
cMamyjy edexar MMYyHOXHCTOXeMHJCKor Oojema. [locTtymkom ocnmobahama, oOHaBba ce
IpUMapHa KOH(UIypaluja aHTUIEHA YKJIAkambeM HEXKEJbeHUX HHTEPMOJIEKYJICKHUX Be3a.

JleMackupame aHTUTeHa je 00aBJbeHO Y MUKpoTanacHoj nehuumu (Samsung MG23F301TAS,
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Seoul, South Korea) y 0,1 M urpataom nydepy (pH 6.0) Ha 96°C, y Tpajamy ox 20 MuHyTa.
[lo obOaBibeHOM ,,KyBamy*, IJIOYHIICE Ca TKHBHMM IpecelliMa Cy 5 MHUHYyTa HCIHUpaHe
necTuiioBaHOM BozioM. Kako Ou ce 61okupao edexaT eHjaoreHe NepoKCcruIa3e U eMMMUHICAIIO
Hecrienun(puyHo O0jerme, TUIOUuIle Cy MOCTaBJbeHe y KuBeTe ca 3% pacTBOpPOM BOJIOHHK-
nepokcuna (Hz07), y tpajamy on 10 munyra. HakoH ucnupama JECTHIOBAHOM BOJIOM,
IUTOYHIIE Cy TuTacupane y kuBere ca PBS. TkuBHM mpecenu cy MHKyOMpaHU ca pacTBOPOM
NpUMapHOT aHTHUTENa, y Tpajamby oa 60 muuyra. [lo umcreky mHKyOamnmje, Iioduue cy
ucnupane y PBS, a 3atum je nanero cekynaapuo antutesno (Rb-Specific HRP/AEC Detection
IHC Kit; Abcam Cambridge, United Kingdom). ITocie ucnupama yciaeauio je 0ojerme ca

Mayer-OBI/IM XCMAaTOKCUJINHOM.

[Mpouenar henuja koje uckasyjy Ki-67 wiu dochonupucany popmy STAT3 y cBum
WCIUTHBAaHUM Tpynama ojpeleH y meT ciiydajHo ofgadpaHuX BUAHUX T0Jba (Ha yBEIUYAY
400X). [Tomaru cy mpecTaBJbeH! Kao Cpeiiba BPEAHOCT £ CTaHap IHa JCBHjallHja MPOIICHTA

nosutuBHEX henuja (320).

3.14. EBasryanuja anonro3e y TYMOPCKOM TKHBY

3a TUNEL (enrn. Terminal deoxynucleotidyl transferase dUTP nick end labeling)
MeTOoly KOopHIIheHH cy napapuHCKU MCEUllM MUIIJEeT KaplMHOMa JI0jK€ UCIIMTUBAHUX Ipyna
(mo yerupu mnpuUMapHa TyMmopa IO TIpynu) JebsbuHe Sum, kojuma je ypaheHa
nenapauHU3alyja U pexujaparanyja TKUBA. 3aTUM Cy HCEUIM MPUMapHOI KapIHHOMa
MOTOIJbEHU Yy pacxJial)eHH aleTOH 8 MUHYTA, a HAKOH TOra MCIIpaHH 2 MmyTa 1o 5 MUHYTa y
PBS. Ha cBaku TkuBHH Hcedak je 3atuM Hanero mo SOuL memasune 3a TUNEL peakumjy
(450uL Label solution, 50uL enzyme solution), a 3arum je ycnemuna wHKyOarmja ox 60
muHyTa Ha 37°C y BnaxHoj arMmocepu y Mmpaky. HakoH wuHKyOamuje mnpemnapata cy
ucniupanu y PBS. Ha tkuBHe nceuke Hanero je mo SOulL POD (enrn. anti fluorescein
antibody, Fab fragment from sheep, conjugated with peroxidase) kouBepTepa, HaKOH yera je
yeaenuna uHky6anuja o 30 munyTta Ha 37°C y BiaxHOj atMocdepu y Mpaky. 3aTUM Cy
npenaparu ucnmpanu y PBS-y, u Ha cBaku npenapar je Haneto 50-100uL DAB (enra. 3, 3'-
diaminobenzidine) cymncrpara. Hakon mukybaruje ox 10 MuHyTa Ha COOHOj TeMIepaTypH,
YCIEIWIIO je TPOCTpyKo ucnupame y PBS, 6ojeme XeMaTOKCHIMHOM W €03MHOMOM M Ha

OBaKO 00OjeHe TKMBHE HCEUYKE je HaHeTa MO jeJHa Kal MIMIEpoJia, a OHJA Cy Ipernaparu
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MPEKPUBEHH TIOKPOBHOM JBYCITMIIOM. 3acTymjbeHOCT TyMopckux hemmnja ca TUNEL-
MMO3UTHBHUM JeIpOM KBAaHTH(MKOBAH je y TET CIydajHO H3a0paHuUX BHJIHHUX ToJba (Ha
yBennuamy 400X), a mojanu cy CyMUpaHU Kao Cpelilba BPEIHOCT MPOLIEHTa MO3UTUBHUX

henwuja + ctangapaHa neBujanuja (yeTupu Tymopa 1o rpymu) (321).

3.15. M3oa1aumja heauja u3 tymopa aojke

Ocamuaecror jaHa HakoH amukanuje 4T1 hemmjcke cycnensuje (3x10* hemnja) y
MJICYHY JKJIE€3/ly MHIICBHMMAa CBHUX MPETXOJAHO HAaBEACHUX EKCIIEPUMEHTATHHUX TpyIa,
BALB/C murieBu cy xpTBoBaHH. HakoH *pTBOBamba, MUIIIEBUMA j& U30JI0BaH TYMOD KOjH je
3aTUM YCUTHEH MaKa3aMa M HaKOH TOra HEKOJMKO myTra ucrnupaH ca PBS. Ycurmenn
TYMOpH Cy IOTOM pecycreHaoBanu y Sml memujyma 3a murectujy koju caapxku lmg/ml
konarenase tun |, ImM EDTA y 10ml RPMI (enrn. Roswell Park Memorial Institute
medium) kome je momaro 2% FBS. Jlurectuja Tymopa ce oJBHja y Tpajamy O] JBa cara Ha
37°C y3 memame Ha mejkepy. Hakon nurecruje, henuje cy neHrpudyrupane 5 MuUHyTa Ha
3009, a HAKOH IIITO je CyNepHATAHT OJJIMBEH MUIIETOM Ha Tayor je goxaro 10ml mperxoaHo
3arpejaHor TpurncuHa. HakoH nomaBama TpUIICHMHA YCIeAWIa je UHKyOanuja y Tpajamy on 3
muHyTa Ha 37°C. Ilo ucreky nnkybamnuje yzopuu cy neHtpudyrupanu 10 munyra Ha 300g9.
Hakon ueHtpudyrupama u ojIMBama CylepHaTaHTa Ha Talore je mumeroMm jgoxaro 2.5ml
NPETXOTHO MPHUIIPEMJbCHE M 3arpejaHe Je3okcupudonykiiease | (enri. Deoxyribonuclease I,
DNase) (10ug/ml). Hakon uukyOarmje ox 1 munyra Ha 37°C, y empysete je momato 7ml
KOMIUIETHOT MeJujyma U cajipkaj je ueHtpudyrupan 10 munyra Ha 3009. 13 enpysera je
CYIEpPHATaHT OJUIMBEH MUIIETOM, a ITOTOM j€ JI0JaTo SM| KOMIUIETHOT MeujyMa U CapxKaj je
nponymreH kpo3 hemujcko cuto. Hakon mrTo je nobujeHu caapkaj neHtpudyrupan 10
munyTa Ha 3009, henuje cy pecycnengobane y 0.5ml komrutetHor meaujyma. Ha oBaj HaunH

no0ujeHa je cycrneHsyja NojeJuHAYHUX TyMOp HHPUITpUIIYhUX JeyKoLuTa.

57



3.16. Anaau3a mnomyJanuja MoOHOHYKJeapHux heauja Tymopa mnomohy mnporouHne

HUTOMETpHje

CyOnomnynanuja TumM¢oLuTa U aKIIeCOPCKUX henuja mpuMapHOT TyMOpa aHAIU3HpaHe

cy npotouHom 1utomerpujoM 0. u 18. nana ox ammukarmje 4T1 Tymopckux henuja.

3.16.1. OGenexaBame MeMOpaHCKHUX Mapkepa Ha henujama

VY wunentudukanuju MeMOpaHCKMX Mapkepa 3a (EHOTHNHM3ANWjy W oipehuBame
¢dbyHkunoHamHor (heHoTHNA CyOIoImyanyje MOHOHYKeapHuX henrja N30JI0BaHUX U3 TyMOpa
kopumheHa cy aHTH-MuImja MOHOKTOHCKa antutena (TaGema 2). Ha 5x10° hemmja
pecycnienoBanux y 50l mydepa 3a 6ojeme (enri. Staining Buffer; BD Biosciences) monata
je oxropapajyha KonmurMHa TPUMAPHO KOHjyrOBAaHUX MOHOKJIOHCKHX aHTUTENA CICUPUIHIX

3a MOBPIIMHCKE aHTUTCHE Pa3IMIUTHX CYOTOITyJIallija MOHOHYKJIeapHuX hernuja.

CBa aHTHTENA 32 MOBPIIMHCKO Oojeme KopuliheHa cy y TaKBUM KOHIIEHTpalujama ja
wuxoBa ¢puHaNHA pazonaxkemwa Oyny 1:100. Cycnensuja TyMop-uHGUATpUIIYhHX JIeyKOLIUTA
j€ KpaTKOTpajHO BOpPTEKCOBaHA M MHKyOMpaHa 20 MUHYTa y Mpaky Ha temnepatypu o 4°C.
ITo ucrexy unkybanuje, henuje cy ompane y xiagnoM mnydepy (enra. Staining Buffer, BD) u
oHJa cy ueHTpudyrupane 5 munyta Ha 400g. HakoH opnuBama cynepHaTaHTa Tajor heimja
je pecycnenmoBan y 250ul mydepa. HemocpeaHo wakoH mpoueaype 0Oojera, eKcrmpecHja
Mapkepa Ha henwjama je aHanm3upaHa Ha mporouHoM mmromerpy FACSCalibur (BD
Biosciences) momohy CELLQUEST codtsepa (BD). [logauu cy ananusupanu kopumrhemem

FlowJo (Tree Star) codrepa.
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Ha3UB KJIOH H30THII npoussohau
Armenian
PerCP anti-mouse CD49b HMa2 Hamster Biolegend
19G
Armenian
FITC anti-mouse Fas Ligand (CD178) MFL3 hamster eBioscience
19G
PE anti-mouse KLRG1 2F1 19G eBioscience
PE anti-mouse CD279 J43 IgG2 « BD Pharmingen
Armenian
PE anti-mouse CD152 UC10-4B9 hamster eBioscience
[o[€]
PE anti-mouse CD314 (NKG2D) Cc7 [o[€] eBioscience

Tadena 2. [IppumapHO KOHjyroBaHa MOHOKJIOHCKA aHTUTENa

3.17. UcnuTHBamke NOTEHIMjaaHO TOKCHYHUX edexata DE-EDCP

MumieBu 06a coja, eKCIIEpUMEHTATHAX W KOHTPOJHHUX TPYIa Cy )KPTBOBAHU U y3€Ta

UM je KpB U3 TpOymIHe aoprte koja je neHTpudyrupana 20 muayra/12000rpm/4°C. Cepym je

I/I3,[[BOjCH 3a CBAKoOr HOjC,[II/IHaLIHOF MuUllla pajin onpeI)HBaH,a KOHI_IGHTpaI_II/IjC TpaHCaMHHAa3a

(acmaprat Tpancammuase (enri. Aspartate transaminase, AST) W amaHWH TpaHCAMHHA3e

(eurs. Alanine transaminase, ALT)) ka0 ¥ KOHIIEHTAIMj€ ypee W CEPyMCKOI KpeaTHHHUHA.

Konnenrpanuje TpaHcamMuHaza, ypee M CEPYMCKOT KpeaTHHWHaA cy ojapehene momohy

crnenupUIHUX KoJopuMmeTrpujckux kutoBa: mouse AST ELISA kut, mouse ALT ELISA xut

(Elabscience), Urea Assay kut (Abcam) u Creatinine ELISA kur (BioSciences).
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3.18. CraTucruuka odpajaa nojgaraxka

[Momanu cy aHanM3MpaHu KopulIhemeM cTaTucTUdkor mporpama SPSS Bepsmja 20.
[Ipe cratuctuuke oOpaje moaaraka, IPBO je UCIUTAHA MPABWIHOCT pacrofelie T0OUjeHUX
Bpennoctu kopumihemem Shapirov-Wilk tecra. Ykomuko Cy BpeIHOCTH HMMalie MPaBHIHY
pacniofieny kopuinheH je mapamerapcku Student’s t Tect, 1Ok ce HempaBWIIHA pacroesa
nopeqmia nomohy Hemapamerapckor Mann-Whitney tecra. Pesynratu ekcrnepuMeHTa Cy
M3paXKCHH Kao Cpeliiba BPEeIHOCT £ craHmapaHa nesujanuja (SD) mim cranmapaHa rpemika
(SE). CratucTiuky 3HauyajHa pasiidka y JOOHjeHHM BpeaHOCTHMa u3Mel)y Irpyrna H3HOCH

p<0.05.
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4. Pesynratn

4.1. DE-EDCP je epukacan y youjamy hejimja kapuuHoMa jaojke 1 MeJiaHOMAa

Ca mwbeM na ce ucnuta tymopuiuanu noreHuujan DE-EDCP, najupe je MTT
TECTOM aHaJM3WpaHa BUjadmiIocT henuja KapiuMHOMA JI0jKE XYMAaHOT M MHIIjET MOpeKiia, Kao
u henuja menanoma muima HakoH 24. u 48. yacoBHor m3narama DE-EDCP y nBoctpyko
pactyhoj xoHuentpanuju. Kako 61 ce ynopenuna LHUTOTOKCHMYKA aKTHBHOCT HMCIUTHBAaHE
CyIICTaHIle, KopulTheHa je MUCIIaTHHA Kao peepeHTHO jeaumbeme. [[o0njenn Hana3 ykasyje
na DE-EDCP penykyje BHjaOMIIHOCT CBHX TECTHpPAHHX JIMHUja TyMOPCKUX henuja Ha T03HO
3aBucan HauumH. [Ipumehyje ce nma je tymopunmana aktuBHoct DE-EDCP na Bapujantu
xyMaHor kapuuHoma nojke MDA-MB-468 3nauajHo mMama y OJHOCY Ha IUCIUIATUHY Y
HUCKHUM KOHLIeHTpauujama oa 15.63uM u 31.25uM (naxon 24 yvaca) u 3.90-31.25uM (HakoH
48 gaca), mro ce Buau Ha [ papukony 1A. Melhyrum, DE-EDCP y BummM koHIeHTpanyjama
(62.5-1000uM) ocTBapyje CHaXHUjU TYMOPHIMJHH TMOTEHIWjall y Tmopehemy ca
LUCIUIATUHOM HakoH 24. yacoBHor TpermaHa hemuja (I'papuxon 1A). Kama je peu o
OCETJBMBOCTH Jpyre BapHjaHTe XymaHor kapuumHoMa Jojke MDA-MB-231 nakon 24.
JacOBHOT TPETMaHa jaCHO ce BUJM Ja je nutorokcnyka aktuBHocT DE-EDCP Ha oBe henmje
o6uTtHO Beha y 0JlHOCY Ha IUCIUIATHHY Y orcery koHieHTpamnuja 0.49-250uM. VY3 1o, youaBa
ce 1a cy MDA-MB-231 henuje ocetsbuBuje Ha 24. yacoBHU TpeTtMmaH ca DE-EDCP y ognocy
Ha Tymopcke hemnje MDA-MB-468. Ha kpajy, 3anaxa ce na je Bujadbunnoct henuja MDA-
MB-231 3nauajHo Mama HakoH 48. yacoBHOT TperMaHa ca DE-EDCP Hero ca mucruiaTiHOM

1 TO y oricery KoHnentpamnuja 31.25-500uM (I'padukon 1b).
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A) MDA-MB-468
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I'paguxon 1. Iutorokcnuka akruBHocT DE-EDCP nHa nunmujamMa heqmja XymMaHoOr KapuuHOMa J0jKe je
I03HO 3aBHCHA. BujabmmHoct TymMopckux henmja MDA-MB-468 (A) u MDA-MB-231 (B) je ogpehena MTT
tectoMm HakoH 24. wu 48. w4yacoBHe wuHKybOammje ca DE-EDCP wu umucruatuaoMm (eHri.  Cis-
diamminedichloridoplatinum(ll), CDDP). CBu pe3yaratu cy NpHKa3aHU Kao Cpejiiba BPEAHOCT 3 MOHOBJbEHA
eKCIIEPUMEHTA + CTaHap/Ha JEBHUjallija, a CBAKU O eKCIiepuMenTa je oapahen y tpumukary. (Mann—Whitney

U tect; * p<0.05)

Ha I'padukony 2 mpukaszaHa je 0ceTJbHBOCT hesrja MeTacTaTCKOT MUIIjer KapImHoMa
nojke (4T1) u menanoma (B16-F10) na Tokcnuno aejecrBo DE-EDCP. Tlocne 24. gacoBHOT
TperMaHa Tymopckux hemmja 4T 1, muroTokenukn edpekar DE-EDCP u nucruiatiuse je ToToBo
UJCHTUYAH Y OICery KoHueHTpanuja 62.5-1000uM, u mraBuiie oBakaB edexar je OCTBapeH
u y HmwkuM KoHneHtpanujama (0.49-3.9uM) (I'paduxon 2A). IlpoayxkaBameM BpeMeHa
TpeTMana Ha 48 dvacoBa youaBa ce ga DE-EDCP penykyje Bujadminoct 4T1 henmja
MPUOIMKHO MCTO KAo IMCIUIATHHA, W3Yy3€eB y KOHIeHTpamuju of 7.8uM u 15.63uM kana je
uToTokcnyko nejcrBo DE-EDCP na henwmje cnabuje y ogHocy Ha nucratuy (I'padukon
2A). Kana ce mopenu BujabunHoct hemmja B16-F10 Bapujante MenaHoma HakoH 24.

YaCOBHOT TPETMaHa jacHO ce BUAM na je nutoTokcudoct DE-EDCP npubmmkHO criuyHA
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[UCIUIATHHUA Y HIDKUM KOHIIGHTpalljama, JOK jeé y HENTO BHUIIMM KOHIIEHTpaIlHjaMa
(62.5uM-250uM) tymopunmaau noreHuujar DE-EDCP 3HavajHO CHaXXHHMjU y OJHOCY Ha
nucmiatuny (Ipadukon 2b). Mehyrum, nocne 48. gacoBHor Tpermana hemmja, DE-EDCP
mokasyje 00JbM IMUTOTOKCHYKH KalaluTeT y OJTHOCY Ha IUCIUIATHHY Y OICEry KOHIICHTpaIlr]a
0.49-62.5uM, 1ok je y koHueHTpanuju oa 125uM u Buire 3a0enexeHa ancojryTHa CMPTHOCT

TymMopckux hemnuja.
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I'padukon 2. Hurorokcuuku norenunujags DE-EDCP na nuumju heamja mumjer xapumHoma nojke u
Menanoma. Bujabunaoct Tymopekux henmja 4T1 (A) u B16-F10 (B) je onpehena MTT tectom nocine 24. u 48.
yacoBHe MHKyOauuje ca DE-EDCP u uucmnatusom (enrn. cis-diamminedichloridoplatinum(ll), CDDP). Ceu
pe3yaTaTH cy NpHKa3aHH Kao Cpeliiba BPEIHOCT 3 MOHOBJbEHA CKCIIEPUMEHTA + CTaHAap/IHA JCBHjallnja, a CBaK1
o] excriepuMeHTa je onpalhen y tpumukary (Mann—-Whitney U Tect; * p<0.05).

3arum je oapehena BpeaHoct ICsy (koHIEHTpanmja cyncranie (WM) koja nHXHOUpa
MpeKrBJbaBame UJbaHUX henuja 3a 50%) Hakon 24. u 48. yacoBHor nenoBawa DE-EDCP

WIN IMCIUIATHHE HA MaHelN JUHHUja TyMopckux henmja xopumhenux y oBoj crynuju (Tabena

3).
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1Cs0 = SD (uM)

Jequmeme

Jlunuja tymopckux henuja DE-EDCP CDDP

24 h 16.52+2.78 16.68+1.83
MDA-MB-468

48 h 15.58+2.94 5.01+1.03

24 h 5.14+0.63 66.01+0.69
MDA-MB-231

48 h 17.45+3.33 20.71+0.32

24 h 12.90+0.75 10.59+0.36
4T1

48 h 12.03+2.86 7.97+0.56

24 h 9.94+5.18 13.38+5.82
B16-F10

48 h 6.83+1.89 16.91+£8.04

Taodena 3. Konuenrpaiuje DE-EDCP u uucmnarune (enrn. cis-diamminedichloridoplatinum(ll), CDDP) koje
MHXUOMpajy NpEeXHBJbaBakE PA3IMUINTHX IMibaHuX henwja 3a 50% nHakoH 24. u 48. yacoBHe HMHKyOanwje.
Bpennoctu ICsy cy npukasane Kao cpeliiba BpeIHOCT + CTaHIapIHa JeBHjaluja.

V cnyuajy Tpetupanux tymopckux hemuja 4T1, B16-F10 u MDA-MB-468 3anaxa ce
na cy 1Cso Bpennoctu DE-EDCP u nucrniatuHe Ouie mpuOMMXKHO jelHaKke M Ja ce ca
npoayxaBameM TpeTMmaHa (HakoH 48 dacoa) BpeaHocT ICso DE-EDCP Mame-Buiie He Memba
(Tabena 3). Ako ce mak nopeau edexar ucnutuBane cyrncranie Ha MDA-MB-231 henujama
HakoH 24 yaca, 3a0enexena [Cso DE-EDCP je 6una wak 12 myra mama o ICsp nucrnarune
IITO yKa3yje Ja je OBa JHMHHja KaplHjoMa J0jKe XyMaHOI IMOpeKJa CeH3UTHBHHUja Ha 24.
gacoBHO AejctBo DE-EDCP y mopehemy ca pedepenTHrM xemoTepaneyTiukoMm. Mehytum,
MpoayXKaBamkeM BpeMeHa TpeTMaHa (HaKOH 48 dYacoBa) oOBa JpacTUYHA pa3IdKa y
AaHTUTYMOPCKOM e(eKTy ce TyOu U oceTsbuBOCT Tymopckux hemuja MDA-MB-231 na DE-

EDCP ce cMamyje u mocTaje npuOInKHO HCTa Kao Ha UCTUIATHHY.

VY HapemHHM eKCIepUMEHTHMA j€ J0JaTHO MOTBpleHa JT03HO 3aBUCHA ITUTOTOKCHUYKA

aktuBHOocT DE-EDCP na 4T1 um B16-F10 hemmjama momohy LDH Tecta. LDH Ttect ce
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3aCHMBA HA MEpEHhYy aKTUBHOCTHU LIMTOIIA3MAaTCKOT €H3UMa JIAKTAT JIeXUIporeHase, a Koju ce
ocnobaha u3 henuwja y cynepHaTaHT camMo Kaja je uHTerpureT hemujcke MeMOpaHe HapyIIICH.
Kao mro ce Buau Ha ['padukony 3A, nox yrunajem DE-EDCP, y omncery koHmeHnTpanuje o
62.5 mo 1000uM, 3abenexeH je qpactudan mopact ca 15.67% na 52.02% mprBux 4T1 henuja
koje cy ocinobomune LDH nakon 24. dacoBHor tpermana. C japyre cTpaHe, H3Jiarame
TYMOpPCKUX henvja HUCIJIATHHU y HUCTOM OIICEry KOHIIEHTpalMja Pe3yjITOBaJO j€ MambUM
mopacToMm mporeHta MpTBux hemmja, ca 10.73% Ha 26.89%, y ogHOCY HA HMCIHUTHBAHO
jemumeme. CnmuHo pesynraruma gobujenuM MTT Tectom, aHamm3a MUTOTOTOKCHYKOT
karnanurera DE-EDCP nomohy LDH Tecta ummnunupa na je B16-F10 Bapujanta menanoma
penatuBHo ocerspuBuja Ha DE-EDCP y mopehewy ca 4T1 henmjama kapuuHoma Jojke.
Pesynraru jacHo mokaszyjy na DE-EDCP y konmentpamuju modeB ox 31.25 mo 1000uM
uHAyKyje OutHo Behm mopact ca 6.95% na 55.53% wmprBux henmuja, TOK je TpeTMmaH ca
[UCIUTATHHOM y UCTUM KOHIIEHTpalljaMa pe3yJTOBAa0 MamUM MOPACTOM IPOIEHTa MPTBUX

henuja B16-F10 (ca 4.87% na 24.9%) y onnocy na DE-EDCP (I'padukon 3B).

A) 4T1 B) B16-F10
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I'padukon 3. DE-EDCP noBehaBa npouenat mprBux heiauja Munijer kapuuHoMa /iojke 1 MeJlaHOMa Ha
A03HO0 3aBucaH HauuH. Pesynratn LDH recra nakon kyntusanuje 4T1 (A) u B16-F10 Tymopckux hennja (b) y
npucyctsy DE-EDCP wu umcrmnatune (enri. cis-diamminedichloridoplatinum(il), CDDP) y BpemeHckOM
nieproay ox 24 yaca. CBU pe3ynrary cy MpHKa3aHU Kao Cpellba BPEAHOCT 3 TIOHOBJbEHA EKCIIEPUMEHTa, a CBAKU
o] ekcriepuMeHTa je palen y tpurukaty (Mann-Whitney U tect; *p<0.05).

[To3naro je na henuje ca Ae3WHTErpHCAaHOM NeNMjCKOM MEMOpPaHOM yiia3e y HEKPO3y
n/unm y KacHy ¢a3y arornrTos3e U Jia ce yriaiaBHoM JeTekTyjy nomohy LDH tecra, nox ce MTT
TECTOM PETUCTPY]y MPOMEHE Y aKTUBHOCTH MUTOXOHPUjaTHUX €H3UMa IITO CE JIelIaBa PaHO
y Tpolecy amonTtoze. Y CKJaay ca THM, Ha OCHOBY Haja3a 3HayajHE TyMOPHULUIHE
AKTUBHOCTH HWCIUTHUBAHOT jeaumbema nooujeHor momohy MTT m LDH Tecta moxe ce
koHcTtaroBatn ga DE-EDCP HajBepoBaTHHje Yy3pOKyje Kako aloNTOTCKY TakKo |

HeanonToTcKy/HeKpoTcKy cMpT 4T1 u B16-F10 manuraux henwja.
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4.2. Aututymopcka aktuBHoct DE-EDCP y mopeny mMumijer kapumHoMa aojke H

MeJIaHOMA

Hakon miro je mokazano na DE-EDCP mocenyje n3paxken IUTOTOKCUYKU KararuTeT
Ha ManurHuM henujama 4T1 u B16-F10, cnenehu kopak y uctpakupamy je OMO 1a ce ucruTa

na i 1 'y kojoj mepu DE-EDCP ytude Ha mporpecujy kapiimHoma JIojKe ¥ MeJIaHOMa MUIIIa.

4.2.1. DE-EDCP penykyje pact u MeTacTazupame KapIuHoOMa J0jKe

Mumesnma gucror coja BALB/C uMmruiaTupan je KapimHoM jojke Tako mTo je 3x10*
4T1 henuja MHOKYIMCAHO OPTOTOIICKM y MJeUHY >xie3ay. llanmmaOuiaHu Tymop KoJ CBUX
MHUIIIEBa PETUCTPOBAH j€ 5. maHa HAKOH yOpH3raBamba MalIUTHUX henuja, Kaja je jelHa rpymna
MHUIIIeBa MOJBPTrHYTa KpaTKoTpajuoM Tpermany ca DE-EDCP (y tpajamy on 12 gana) Ha
cienehu HayMH: UCHHUTHBAHO JEIUILCHEC j€ MHTPANCPUTOHEATHO AITUKOBAHO Y JO3H Off
10mg/kg TenecHe mMace y3acTOIHO 5 JaHa, HAKOH Yera Cy ycieauia 2 JaHa mnayse, a 3aTuM y
HapeAHUX S5 JaHa je yClenuo IpYyru Tepanujcku nuKiyc. [[pyra rpyra MulieBa je TpeTupaHa
ca UUCIUIATUHOM KOja je €0 CTaHJapAHMX TEpalujCKUX MPOTOKOJIA 32 JIEYeHE COJMIHUX
TyMOpa, YKJbYyuyjyhu ¥ KaplUuHOM J0jKe, U TO y no3u oa 3mg/kg tenecHe mace, 3 myrta
HenesbHO (YKymHO 9 no3a). Cienehy rpyny cy YHHWIM MUIIEBU Ca KapIIMHOMOM JI0jK€ KOjU

HUCY MOTBPATHYTH (papMaKOJIOIIKOM TPETMaHy.

Ha TI'appukony 4A npukaszana je AMHaAMHMKa pacTa KapLUUHOMa JI0jke TokoM 36 naHa
ol yOpusraBama TYMOPCKHX henuja M youaBa ce Jia je KOJ MHUIIEBA KOjU Cy TPETUPaHU ca
DE-EDCP cpenma BpeiHOCT MpeyHHKa TyMOpa 3HAa4ajHO Mamba HEro y rpyny HeTPeTUPaHUX
MmumreBa. Ako ce mopene eekTu IenoBama WCIHTUBAHE CYICTAHIE W IUCIDIATHHE Kao
CTaHJApIHOT IIUTOCTATHKA, 3ala)ka ce Ja je 10 22. naHa oj yopusraBama TyMOpPCKuX henmja,
DE-EDCP umao cnuyan eekar Ha pacT KapiimHOMa J0jKe Kao u nucruiatuaa. O Tor JaHa u
nopen 0oJber edexTa MUCIIaTUHE, JaCHO Ce youaBa Jia ce MPEeTXOAHO 3a0esekeHa pa3iiuKa y
IFjaMeTpy TyMOpa oJjpXKaBa CBE JI0 Kpaja eKcriepuMeHTa u3Mmel)y rpyre MulieBa TpeTHpaHuX

ca DE-EDCP u HerpeTnpanux mMuiieBa.

CBu MUIIEBH Cy JXpTBOBaHHM 36. naHa HakoH arutdkaruje 4T1 henmja xama cy

U3MEpEeHU YKyMaH BOJYMEH M TeXMHA TyMmopa. Perucrpyje ce CTaTUCTMYKM 3HAYajHO
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CMameHkhe BOIYMEHA W TEXHHE TymMopa y MuiieBa Tpetupanux ca DE-EDCP y ogHocy Ha
Herpetupany rpyny (I'paduxon 4B). V3 10, pesynraru mokasyjy ¥ Aa je IUCIIaTHHA Ouia

HajeUKaCHU]ja y PEAYKIHjH BOTyMEHa U TEXKUHE TYyMOPA.
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I'pa¢uxon 4. DE-EDCP ycmopasa pact kapuuHoMa aojke. A) JlnHaMuKa pacTa KapIiMHOMA JI0jKE Y MHIIICBa
Tpetupanux ca DE-EDCP, mucnmatiunaom (enri. cis-diamminedichloridoplatinum(il), CDDP) u dapmakonomku
HeTpeTupaHux MmumieBa. b) Boiymen u TexuHa kapumHoMa Jojke y muiieBa Tperupanux ca DE-EDCP,
mucrmiatiaoM (CDDP) u dapmakostorikn HeTpeTupanux muiiesa (8 muriesa mo rpymu, Mann—-Whitney U tecr;
*p<0.05)

VY by BepuguKayje MeTacTa3a aHalu3upaHy Cy UCEULIM TKHBa Iutyha u jeTpe Koju
Cy 000jeHH XE€MaTOKCHJIIMHOM WM €03WHOM. TpHIECETIIeCTOr JaHa EKCIIEPHUMEHTa, Y CBUM
WCIIUTHBAaHUM TpylamMa MHIIEBA, PETHCTPOBaHA Cy CIIOHTAHO YCIOCTaBJheHAa METAcTaTCKa
xapuiuta y mimyhuma. Melyrum, Opoj metactasa y mumena Tpetupanux ca DE-EDCP je 6uo
oko 1.6 myra, ogHocHO 1.7 myTa MamU y IpylH MUILIEBA TPETHPAHMUX Ca LUCIUIATHHOM, Y
OJIHOCY Ha HETPEeTHpaHy Tpymy ImTo ce Buau Ha [pabuxony 5. Huje 3abenexena
CTATUCTUYKM 3HAYajHa pasiuka y Opojy MeTacTaTCKMX KOJIOHWja Yy Iuiyhnma Mwuiiena
tpetupanux ca DE-EDCP wmu mucruiatuHoM. Jlajba aHanm3a BEIMYMHE METACTATCKUX
xapuiuta ykasana je na DE-EDCP 3nauajHo penykyje BeTMUMHY MeTacTasa y Iuryhuma

(I'paduxon 5). lpyrum peunma, y miyhuma mumeBa tpetupannx ca DE-EDCP Bennumna
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METacTaTCKUX KOJIOHHja je oko 4.8 myra Mama y nopehemy ca meracrazama HETpETHpPaHHX
muireBa. C apyre cTpaHe, y TPYIU MHUIIEBA TPETHPAHHUX IUCILUIATHHOM BEJIMYMHA METACTa3a
je 10.55 myra mMama Hero y HeTpeTupaHoj rpynu. Mako mucriaTMHA 3HAYajHO HE YTHYE Ha
Opoj meractasza y nopehemy DE-EDCP, mpumehyje ce je na oBaj muroctatuk epuxkacHuju y

PEeAYKILINjU BETUYMHE METACTaTCKUX KOJOHHU]a y ruryhuma.

Kama je peu o mojaBu Meracraza y jeTpH, pePpakTEpHOCT Ha YCIOCTAaBJbaHE
METACTAaTCKUX KapHINTa je OUTHO M3paXeHHja y TPYNMH MHUILEBA TPETHpaHHX kKako ca DE-
EDCP Tako u ca nucruiatTuHoM. [pyrum peunma, y rpynu mumiea Tpetupanux ca DE-EDCP
WM [UCIUIATUHOM HHUCY PETUCTPOBAaHE METACTaTCKE KOJIOHHjE, JOK Ccy y 4ak 42% (3/7)

HETPEeTHUPaHUX MUIIIEBA JETeKTOBaHEe MeTacTasze y jerpu (Cnuka 6).
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I'paguxon 5. DE-EDCP peaykyje 0poj m BeIWYHMHY MeTACTATCKHX KOJIOHHja KAPIUHOMA J0jKe Yy
nayhuma. bpoj u BenuuuHA CIIOHTAaHO Pa3BUjEHHX METACTATCKUX KOJIOHMja KapUUMHOMa IOjKe y Iuryhuma
mumieBa tperupanux ca DE-EDCP, nucruiatunom (enra. cis-diamminedichloridoplatinum(ll), CDDP), kao u
ko[ (hapMaKoJIOIIKK HeTpeTUpaHuX MuiieBa (8 muiesa no rpynu, Mann-Whitney U tect; *p<0.05)
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4T1

DE-EDCP

Cauka 6. DE-EDCP omera cioHTaHHM pa3Boj MeTacTaTCKUX KoJ1oHMja y muiyhuma u jerpu. [IpencrasbeHn
Cy pelpe3eHTAaTHBHU XHUCTOJOIMIKKA MCEYIN TKMBA IuTyha M jeTpe HeTpeTupaHux W (HapMakoJIOIIKH Pa3IHIATO
TpeTHpaHuX MHIIeBa (opuruHaiHO yBenm4dame 100X n 400X).

4.2.2. DE-EDCP penykyje meTacrazupame MenaHoMa y turyha

Crnenehu xopax je 6uo na ce yrBpau na au DE-EDCP ytuue n Ha ycnocraBibame
XEMaTOTeHHX MeTacTasa MemaHoma. Y Ty cBpxy, 5x10% Tymopckux hemmja B16-F10 je
yOpH3raHo y jarepajHy pernHy BeHy CMHreHux muuieBa coja C57BL/6. [lpyror nana HakoH
aruTMKaIje MaJIUTHIX MEJaHOIIUTa MUIIEBU Cy METOAOM CITy4ajHOT n300pa MoAeJbeH! Y TPH
rpyne. JenHy rpyny cy unHWiIM MmuireBn tpetupanu DE-EDCP Ha mctn HaumH Kao mTo je
NPETXOAHO OMHMCaHO. Y Jpyroj Ipylnyd MHILIEBH Cy MOJBPTHYTU TPETMaHy pedepeHTHUM
[UTOCTATHKOM Y JICUehYy MellaHOMa Jakapba3suHoM y no3u oa 70mg/kg tenecHe mace, cBakor
npyror naHa (ykymHo 5 mo3a). Crenehy rpymy cy mpencTaBibaiv HETPETUPAHU MHIIECBH ca

MCJIaHOMOM.

MumieBu cy kpTBoBaHHM 14. maHa HakoH ammukanuje B16-F10 tymopckux hemuja
KaJa je U yTBphHUBaHO NMOCTOjare, Opoj M BEIMYMHA XeMaTOreHuX meractasza. Kao mTo ce
BuaM Ha I'paduxony 6A, y muryhuma mumieBa Koju ¢y noaBpruytu tpermany ca DE-EDCP
PETHCTPOBAHO je Mame BHJBMBHX METACTATCKHUX JXAPHINTA, KaPaKTEPUCTHYHE OpaoH-IpHE
NMATMEHTAIM]je, Hero y Turyhuma HeTpeTupaHux MuiieBa. Takole, yTBphEeHo je Ja Cy ce KoJ

CBUX HCTPCTHPAHUX MHIICBA PA3BUJIC XCMATOI'CHC MCTACTA3C Y l'IJthI/IMa, JOK je HMHIWACHIIA
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MeTacTa3upama MelaHoMa y rpynu muineBa Tperupanux ca DE-EDCP usnocuna 76.92%

(10/13), onnocHo 53.84% (7/13) y rpynu mMullieBa TpeTUpaHUX ca JakapOa3rHOM.
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I'padpuxon 6. DE-EDCP 3nauajno peaykyje 0poj M BearmumHy MeTacraza meqaHoma y miayhuma. A)
MakpocKoIicky npuka3 1miyha ucuTHBaHKUX rpyna Mumesa 14. nana ox ammkanuje henmja B16-F10 BapujanTe
Menanoma; b) Bpoj m BenanumHa MmeracTaTckux KosioHWja y Iuiyhuma mwiieBa tperupanux ca DE-EDCP,
nakap6asurom (euri. Dacarbazine, DTIC) u dbapmakonomki HeTpeTupanux muinesa (13 mwiesa mo rpymu,
Mann-Whitney U tect; *p<0.05); B) PenpeseHTaTHBHU XHUCTOJOMIKM MCEYIM TKMBA IUIyha HETpeTUpaHHUX |
pa3IuIUTO (PapMaKOJIOUIKK TPETUPAHUX MUIIeBa (OpUTHHAIHO yBenndame 100X).

Mana je pedepeHTHH IMTOCTaTHK OCTBApUO OOJbM aHTHUMETACTaTCKU edekaT, Ha
I'paduxony 6b u 6B ce jacHo BuHM 1a cy Opoj U BeJIMUMHA MeTacTa3a OWiIM 3Ha4ajHO Mambu y

rpynu Tpetupanoj ca DE-EDCP y nopehemy ca HeTpeTHpaHUM MHIIIEBUMA.

Ha xpajy, mopen ruryha n3oyioBaHa je jeTpa M MaTOXUCTOJIOIIKOM aHAJIM30M TKHUBHHUX
ruceyaka je YTBpHEHO Ja je y CBHUM HMCIHUTHBAHMM TpylamMa H30CTajia KOJOHHU3AIH]a

METacTaTCKUX MEJIAHOIUTA Y OBOM OpraHy.

Ha ocHoBy cBuX 100HMjeHHX Hajlaza MOXKE C€ 3aKJbYUUTH Ja j& KOJI MHIIEBa KOJH CY

tperupanu DE-EDCP 3HauajHO ycnopeH Kako pacT Tako M METacTa3upame TyMopa.
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4.3. Yrunaj DE-EDCP na anonrto3y tymopckux henuja

Crnenehn mwb oBe cryamje je Omo Aa ce JAePUHUITY MEXaHU3MH YKJbYYEHU Y
nHXUOMIHKjy mporpecuje Tymopa noxa yrumajeMm DE-EDCP. Jla 6u ce yrBpamino Ha Koju
HauMH WCIUTHBAHO JEAMILEEHE OCTBAapyje AHTUTYMOPCKY aKTHBHOCT CBU HapeaHU
eKCIIepUMEHTH crpoBeneHu cy Ha 4T1 manuraum henmujama. Hajripe je aHanmu3upan yTuiaj
DE-EDCP na wuHaykmujy amomnro3e, Ka0 M Ha EKCIPeCHjy KIJbYYHHX MOJIEKYlla KOjU

pETyJIHITY OBaj TPOIIEC.

4.3.1. DE-EDCP nosehaBa oceT/bUBOCT TYMOPCKUX hemHja Ha anonTo3y

[Ton MHBEPTHUM CBETIOCHHUM MHKPOCKOIIOM IPBO je peructpoBano aa je DE-EDCP
n3a3Bao 3HadajHe Mopdoromke mnpomeHe y 4T1 hemmjama, HapoyWTO Yy BHIIMM
KoHIeHTpauujama (62.5uM u 125uM) mro ce Bumu Ha Cimmm 7. 3a pa3iuky o
HETpeTHpaHUX TYMOPCKMX henMja koje cy uMaie TUNHYaH OOIMK U  (dopmupane
KOH(UIyeHTHa OormuilTa, henuje Tpetupane ca DE-EDCP cy Oune ynaasbuBo Mame I'yCTHHE
U ca U3MEHEHOM MOP(}OJIOTHjOM, OJHOCHO 3a0KPYIJbE€HE W HEeaJXEpEeHTHE. Y3 TO, JaCHO Cce
youaBa ja je oBakaB epekar DE-EDCP na Tymopcke henwje no3Ho 3aBucan. JloOujeHn Hamas
MOpQOJIOLIKUX NMPOMEHa y TyMOpcKkUM hennjama koje cy nocienuna jaeinosawa DE-EDCP je

MOJICTAKA0 J1a ce JieTajbHuje NeduHuIIe TUI hennjcke CMpTH.
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Herperupane 4T1 heanje DE-EDCP (31.25uM)

DE-EDCP (62.5uM) DE-EDCP (125uM)

Canka 7. Tymopcke 4T1 henuje nsnoxxene DE-EDCP moaiexy mopdosomkum npomenama. Tymopcke
henmje mumjer kapumHoMmMa Jojke Koje cy 24 uaca wm3noxkene DE-EDCP y gBoctpyko pactyhum
KOHIICHTpaIfjaMma ce MOpQOJIOMIKH pa3uKyjy y oXHocy Ha Herperupane hemuje. IIpomene y henmjckoj
MOpPQOIOTHjH Cy ITOCMaTpaHe M0J{ HHBEPTHUM MHUKPOCKOIIOM.

C 003upoM Ha YHICHUIY Ja je WHAYKIMja amonro3e y TYMOpPCKMM hennjama
Hajuemhy MexaHW3aM JieJioBama 3a BehuHy JeKOBa MPUMEHUBUX Yy TEpalUju MAUTHOMA,
6uso je oJ uHTEpeca Ja ce aerepmuHuuie cnocoonoct DE-EDCP y unaykuuju anonrose. ¥
Ty CBpXy, Tymopcke hemnuje cy 24 cara wuznoxeHe DE-EDCP wunu nwucnnatunu y
KoHIeHTpanuju o1 31.25uM u 62.5uM. OGenexaBameM OBaKO TpeTHUpaHUX henmja y3 momoh
aHekcuHa V KOHjyroBaHOT (IYOPECIICHTHOM 00jOM W TIPOIUIN]YM JOJIHJIA, aHATM3HpaHa je

BUXO0BA MPOLUCHTYAJIHA 3aCTYIIJbEHOCT Y Pa3JIMYUTUM (1)21321Ma aIIoIITOo3C.

Pesynratn jacHo moka3yjy ma DE-EDCP, kao w nmcrnatuHa, WHIYKYje 3HAYajHO
noBehame MpolleHTa anmonTOTCKUX henwja M TO y KacHO] (a3 amomTo3e y OJHOCY Ha
nerperupane henuje (I'padukon 7). C mpyre crtpane, Hajpehu mpomenar hemmja y panoj
aTioNTO3W JIETEKTOBAH je HAKOH FHUXOBOT H3JIarama IUCIUIATHHU. Peructpyje ce nma je y
HUXO0] KoHUeHTpauuju (31.25uM) nucnnarvHa epukacHrja y MHAYKIHM]U KacHE aronTo3e y
nopehewy ca DE-EDCP. Mehytum, najsehu npouenar henuja y kKacHOj anonTo3u 3a0esexeH
je ympaBo HakoH mHxoBor m3narama DE-EDCP y Bumoj konmnenrpauuju ox 62.5uM.

Hpyrum peunma, DE-EDCP je y koHnentpanuju on 62.5uM HHIYKOBAO MOPACT MPOIEHTA
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kacHo amnonrtoTckux 4T1 hemuja xoju je 6MO MPUONMIKHO TBOCTPYKO BehH y OJHOCY Ha

henuje u3noxxeHe NUCIIaTUHU Yy UCcTO] KoHneHTpanuju (I'paduxon 7).

[Ipoanonrorcku kamamurer DE-EDCP je morBphen m TUNEL meromom kojoMm je
nerektoBana (pparmeranuja JIHK n3azBana anmonTo3omM y caMmoj TYMOPCKOj TOTKH KapIIMHOMA
nojke. IIpu Tome je kopumiheH CEMHUKBAaHTUTATUBHU CKOp CHUCTeM Oa3uMpaH Ha TPOIECHTY
ManurHEX henwja ca jacHo o6ojeHuM OpaoH jeapom (o3HaueHe kao TUNEL' hemmje). Y
CKJIaJy Cca MPETXOIHUM HaJla30M, YOUeH je OMTaH MOpacT MPOICHTa allONTOTCKUX MAJIMTHUX
henuja y TKUBY KapiiHOMa Jojke MutieBa Tpetupanux ca DE-EDCP, kao u mucmiatuaoMm, a
Koju je 6uo yak 4 myra Behu y mopehemy ca HeTpeTupaHoM rpymnoM. JloOujeHu pe3ynraru cy

MpHUKa3aHu U uiyctpoBanu Ha ['padukony 8A u b.
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I'padukon 7. DE-EDCP u3a3uBa anontorcky cMpT henuja kapuunoma nojke muma (4T1). A) I[Iporounom
IMTOMETPHjOM je aHamu3upana 3actymsbeHocT 4T1 henuja y pasnuautum ¢dazama amontose. Hakon mro cy 4T1
henuje 24 yaca tpetupane ca DE-EDCP wim nucruiatraom (enrin. cis-diamminedichloridoplatinum(ll), CDDP),
y KoHIeHTpanuju oa 31.25uM u 62.25uM, neTekToBaH je molieHaT henuja y paHoj ¥ KacHOj ¢a3u amonrose.
Pesynratu Ccy npuKasaHd Kao Cpejma BPEIHOCT =+ CTaHIap/iHa JeBHjallja HAa OCHOBY TpH HE3aBHCHA
excriepumenta (Mann-Whitney U Ttect; p<0.05 *nerperupane vs. DE-EDCP wmu CDDP tperupane 4Tl
henuje; 'DE-EDCP vs. CDDP tpetupase henuje; ‘CDDP vs. merperupane wim DE-EDCP tpeetupane henuje);
b) PenpesenraruBam not mioroBu 4T1 Tymopcknx hemuja mocne 24. wacoHor nznarama DE-EDCP wnm
ucratiuay (CDDP) y xonuentpauuju o 31.25uM u 62.5uM. Tymopcke henuje cy obenexene Annexin-om V
(Ann V) u nporuaujym jomumom (enrn. Propidium iodide, P1) (Ann V' PI” tymopcke henuje cy y panoj ¢dasu
anomrrose, Ann V* PI* hemuje cy y kacHoj dasu amontose, Ann V' PI* cy mHekpoTcke hemmje).
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b) Herperupann CDDP

TUNEL

I'paduxon 8. DE-EDCP ¢aBopusyje anontody Tymopckux hesmmja. A) Hakon sxprBoBama Muiesa 36. 1aHa
on ybopusraBawa 4T1 mamurnmx hemmja nerexrtoBana je ¢parmerammja JHK Tymopckux henmja mzazBana
anonro3oM y kapuuHomy nojke nomohy TUNEL merone. Oupehen je npouenar TUNEL-no3uTuBHux henuja y
NeT BUJIHUX 110Jba N3a0paHUX METOJIOM CIly4ajHOT n3bopa. PesyraTu cy mpeacTaBibeHH Kao Cpeliiba BPEAHOCT +
cTaHmapaHa aesujanuja (4 Tymopa mo rpymu; Mann-Whitney U tect; * p<0.05); B) Penpe3enraruBau ucediu
TKHBa TyMopa y kojuma ce youaBajy TUNEL-no3uTuBHe henuje npu uemy cy y3ete y 003up camo henwmje 4mja
cy jenpa jacHo OpaoH obojeHa (opuruHaiHo yBenndame 400X).
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4.3.2. YV tymopckum henmjama DE-EDCP cmamyje ekcrpecujy Bcl-2 u ucrospemeno

noBehaBa ekcripecujy BaxX u kacmasze-3

VY unspy Omker aeduHuCcama MEXaHH3Ma anolTo3e TPETUPAHUX TYMOpCKux henuja,
ananmu3upad je yrunaj DE-EDCP na excripecujy KJbydyHHX MOJIEKYJIa KOjH PETYIHUIILY MPOLIEC

aronTose, kKao 1mro cy Bcl-2, Bax u aktuBHa popma kacmase-3.

Hajmpe je wmetomoM wMMyHO(MIyOpeCHEHIMje pPErHCTpOBaHA YMEPEHO CMambeHa
eKcrpecHja aHTuanontotrckor nporerta Bcl-2 y Tymopckum henujama 4T1 koje cy 24 vaca
nsnoxkene jaejcrsy DE-EDCP y nopehemy ca Herperupannm henujama (Cnmka 8), Ok je
HajHIDKA eKCIIpecrja OBOT MPOTErHA 3a0enexeHa y henmjama TpeTupaHuM ca HUCIUIATHHOM.
CymnpoTHO, Kaja je mocMaTpaHa eKCIIpecHja IpoaronToTckor BaxX monekyna M akTHBHE
dopme edekTopcke Kacmasze-3, jacCHO ce BUAHM Ja j€ KCIIPecHja OBUX MOJIEKYJIa Y TYMOPCKUM
hemujama OuTHO BHIIa HakoH wm3maramba DE-EDCP wnm tmucrutatuam y omHOcy Ha

Herpetupane 4T1 henuje.

KBanTturatnBHa ananusa excrnpecuje napopmarmone PHK (uPHK) 3a Bcl-2, Bax u
kacraszy-3 momohy RT-PCR meTone je y ckiamy ca MpeTXOJHUM Hala30oM EKCIPECH]e OBUX
MoJIeKyJia Ha HuBOY npotenHa. Ha I'padukony 9 ce jacHo Buau na je tTperman ca DE-EDCP,
Kao M ca LMCIUIATUHOM, Y3pOKOBao 3HadajHo moBehame excnpecuje nPHK 3a Bax y 4Tl
henmjama y onHocy Ha HetpetupaHne hemuje. JlomaTtHo 3Hauajuu nopact ekcnpecuje nPHK 3a
Kacrma3y-3 je 3abenexxeH HakoH npumene DE-EDCP, anu He u nucrmuatuae, y nopehemy ca
HeTpeTpaHuM MaiurauM henujama. [Ipumehyje ce u na je excrpecuja nPHK 3a kacnaszy-3
O6una Buma y henujama HakoH TpermaHa ca DE-EDCP nero mnocne TtpermaHa ca
muciatuaoM. C apyre ctpane, ekcripecrja ”PHK 3a Bcl-2 je 6utHO cmameHa o yTuiajeMm

DE-EDCP, a mapouuTo mox yrunajem nuciuiatuae (I'padukxon 9A).
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Bel-2 Bax AxRTHBHA Racmasa-3

HetpeTrnpane

CDDP

DE-EDCP

Cauka 8. AHaqm3a ekcmpecuje NMpo- U AHTH-ANONTOTCKUX NpOTeMHa Yy TyMopckuM henaumjama 4T1
MeTo0M UMYHO(IIyopecuenumje. Y tTymopckuM henujama nakod 24. yacoBHor Tpetmana ca DE-EDCP wiun
mucruiatuHoM (enrit. cis-diamminedichloridoplatinum(l1), CDDP) y xounenTpanuju ox 31.25uM, ananusupana
je exmnpecuja Bcl-2, Bax u axtuBHE (opme Kacmasze-3 KopuimhemeM CHeNU(PHYHUX aHTHTENa 00EIeKEHUX
(dayopecuienTHOM 60joM (3eNeH0) MoK cy jempa obenexxena momohy DAPI (tmaBo) (OpUTrMHAIHO YBETUYAHE
200X).
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I'pajguxon 9. DE-EDCP mema excnpecujy napopmanuone PHK 3a cmHTe3y mpo- W aHTH-aONTOTCKHUX
Mosiekyaa y tymopckum heaujama 4T1. A) Excrpecuja uPHK 3a Bcl-2 je 3nauajuo cmamena y 4T 1 henujama
HakoH u3narama DE-EDCP; B) Tperman ca DE-EDCP 3nauajao nosehasa excrpecujy nPHK 3a Bax u kacmnasy-
3 y Tymopckum henujama. M3MepeHe BpeJHOCTH U3 €KCIIEPUMEHTA Cy NMpPUKa3aHEe Kao CpPelmba BPEIHOCT +
CTaHJapIHA JEBUjallMja M U3PAXKCHU Y OJHOCY Ha KoHTpoiny (HeTpetmpene 4T1 hemmje) xoja je apOurpamHO
cBeneHa Ha jemquum4Hy BpenHoct. (Mann-Whitney U tect; *p<0.05).

4.4. DE-EDCP unxu6upa npojudepanujy rymopckux heauja

Hennancka nponudepaiyja je jenHa of NIaBHUX OJUIMKa MaIUTHUX henwuja, Tako 1a je
3aycTaBjbambe NENHMjCKOT IMKIyca jOIll jeJHa Ba)kKHA cTpaTerwja y 60pOW mpoTHB TyMmopa.
Hakon mTo je yrBpheH mpoanontorcku mnoreHnujan DE-EDCP, y wapemnum
eKCIIepMEHTHMAa WCIHUTAH j€é W IErOoB YTHIIA] HAa Tporpecujy hemujckor mukiyca y

TyMOpcKuM henujama.
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4.4.1. V tymopckum henmmjama DE-EDCP unaykyje 3acroj y GO/G1 da3u hemujckor nukiyca

[IpoToyHOM LUTOMETPHUJOM JEeTEPMHUHHUCAH je Mpodua heaujckor MUKIyca OJHOCHO
aHaJTM3UpaHa je MPOIEHTyaJHa 3acTyIUbEHOCT MajJurHux hemuja y oapehenum daszama
henmjckor mukiTyca HakoH BuXoBor 12. yacosHor u3narama DE-EDCP y xonuenrpauuju ox
31.25uM u 62.5uM, wim HUCIUIATUHK Yy KOHIIeHTpanuju o 31.25uM. CnudHO IUCIUIaTHHM,
tpetman ca DE-EDCP nHapounTo y BHIIO] KOHIIEHTpAIMjU UHAYKYjEe 3HAYAJHY aKyMyJIalln]jy
4T1 henuja y GO/G1 ¢a3u henujckor nukiayca y oaHocy Ha HeTpetupaHne henuje (I'padukon
10). Y3 1o, 3a0enexeHo je 3Ha4ajHO cMameme nporeHTta henja y S u y G2/M ¢a3u HakoH
oba ¢apmakoromika Tpermana. C apyre cTpaHe, yodara ce u 1a je Tperman ca DE-EDCP y
o0e KOHIIeHTpalllje WHIAYKOBao OuTaH mopact mpoueHTa hemuja y cy0-G1 dasu, a koja

npeacTaBiba (Gpakirjy armonToTcKux henuja.

12h
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A §
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8 BDE-EDCP (31.254M)
= 1
5 601 ¥ ®DE-EDCP (62.5uM)
=
=
~ 40 4 1 T 1
© *
o

§
* *
20 - .
* 1
* %* §
* Ij- * *
0 - T T
sub-G1 GO0/G1 S G2/M

I'paduxon 10. DE-EDCP 3aycrapiba heaujeku nuxiayc y GO/G1 ¢asu. Tymopcke henumje 4T1 cy 12 yacosa
tpetupane ca DE-EDCP y xonmenrpammju ox 31.25pM u 62.25uM wim ca mucIulaTHHOM (GHTJ. Cis-
diamminedichloridoplatinum(ll), CDDP) y kounenTtpauuju ox 31.25uM, a 3atum cy obojene Ruby Gojom.
[IpoToYHOM IUTOMETPHUjOM j& aHATM3UpPaHa 3aCTYIJEHOCT TyMOpckux henuja y onpehenum dazama henmujckor
LUKITyca. Pesynraru cy npukasaHu Kao Cpeima BPEIHOCT + CTaHAap/Ha JIeBHjallija HA OCHOBY TPH HE3aBHUCHA
excriepumenTa (Mann—Whitney U tect; p<0.05: *nerperupane henuje vs. henuje tpetupane ca DE-EDCP unu
CDDP; ‘hemnje Tperupane ca DE-EDCP vs. CDDP; ¥ hemnje Tperupane ca DE-EDCP y mmkoj VS. BHIIO]
KOHLICHTPAIH]jH)

[Momamu 1o0MjeHH MPOTOYHOM LUTOMETPHjOM yKa3yjy Ha 3HauajHO MarmbH MpOLEHAT
4T1 henmja koje muckazyjy mapkep nponudepanuje Ki-67 mocie 24. yacoBHOT TpeTMaHa ca

DE-EDCP (24.97%+2.42) y onHocy Ha HeTtperupane henmje (33.43%+5.28), a HapouuTo
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henuje koje cy Oune wuznoxene uucmatuHu (55.77%=+2.70) (I'padpuxon 11). Y3 ToO,
PErUCTPOBaH je ApacTUyaH MoOpacT EKCIPecHje OBOT MapKepa HeoueKnBaHO Ha henmnjama Koje

Cy TpETHpaHe ca HUCIUIATUHOM.

=== KoHTposa === HeTpeTupaHe

CDDP === DE-EDCP
80 - *
- I 1
S *
= 60 - —F '
=
‘= Rl
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g 40 - 3
,t }7
o
g 20 s
s ’ N
[=)
O ‘\} T I T
$° QQ 6 10 o' 10 10 10
‘b
@&“’Q & ({;{9 Ki-67 intensity
«25‘& Q

I'padpuxon 11. DE-EDCP cmamyje mpoueHar majaurnux henuja xoje excnpumupajy Ki-67. Tymopcke
hemuje 4T1 Themmje cy 24 wyaca rtperupane ca DE-EDCP wnum 1wmcmiatuHoM — (eHri.  Cis-
diamminedichloridoplatinum(ll), CDDP) y kontienTpamuju o1 31.25uM, a 3aTuM je mpOTOYHOM IIUTOMETPHjOM
onpehusan mporenar 4T1 henuja koje excnpumupajy Ki-67. Pesynrati cy npuka3aHu Kao Cperba BPeIHOCT +
CTaHIapIHa JAeBHjalMja 3 TPU He3aBucHa ekcriepumenta (Mann—Whitney U tect; *p<0.05). Penpe3eHTatiBHH
XHUCTOrpaM nokasyje ekcripecujy Ki-67 na manuranm henujama.

VY nmajbeM HCTpakuBamy aHanusupana je ekcrnpecuja Ki-67 u y TKHBY KapiMHOMA
JI0jKe MUIlEBa. YouaBa ce Jia jeé y TKMBY KapLUMHOMAa JI0jKe MHIIeBa TpeTupaHux ca DE-
EDCP nporuenat manuraux henuja xoje uckasyjy Ki-67 3HauajHO CMambeH Y OTHOCY Ha IpyITy
HETPETUPAHUX, KA0 U IUcIuIaTHHOM TpeTupanux muinena (['padukon 12). Huje 3abenexena
CTaTUCTUYKU 3HAuajHa pa3juKa Yy IMPOLEHTYaJHO] 3aCTYIUbEHOCTH MaJMTHUX henuja Koje
excripumupajy Ki-67 y TyMOpPCKOM TKUBY HETPETHPAaHMX W IMCIUIATHHOM TPETUPAHHX

MHUIICBA.

OBakaB Hamaz ynyhyje Ha To ga y maymrauMm hemujama DE-EDCP wmxubupa
nporpecHjy henujckor mukiyca u To 3ayctaBibambeM y GO/G1 ¢asu mrto mocieauaHo Moxe

J1a 101aTHO (palMIuTUpa anonTo3y oBux henwmja.
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I'paduxon 12. DE-EDCP cmamyje ekcnpecujy Ki-67 y TkuBy kapuuHoma nojke. A) TpumeceTuiiector
naHa ekcnepumenta, BALB/C muieBu koju ¢y hapMakoIOIIKH Pa3InIUTO TPETHPAHH CY KPTBOBAHH a 3aTUM
j€& MMYHOXHCTOXEMHjCKOM METOJOM aHanu3upana ekcrpecuja Ki-67 y TkuBy kapiuHoMy mojke. Oapehen je
npoueHatT ManurHux heidja xoje uckasyjy Ki-67 y met BUAHUX NoJba H3a0paHUX METOIOM CIy4ajHOr U30opa.
Pesyratn cy mpencraBibeHH Kao cpelmba BPEIHOCT + cTaHIapAHa Jewjanuja (4 tymopa mo rpynu; Mann-—
Whitney U Tect; *p<0.05). b) PenpeseHTaTnBHN HCeUIM TKHBA TyMOpa y KOjUMa ce youaBajy TyMopcke henuje
koje excripumupajy Ki-67 npu uemy cy yseTe y o03up camMo OHe henuje uymja cy jeapa LpBeHO 00ojeHa
(opurnnanso yenudame 400X).

4.4.2. DE-EDCP cmamyje excripecujy nukiuHa D3, a mosehasa excripecujy pl6, p21 u p27

Ca muspeM JeTajbHUjET pacBeT/baBama yIOTe y MPOrpecHju hemujckor Iukiyca
ucnutuBal je yruuaj DE-EDCP nHa ekcnipecujy uukinuHa- E u -D, kao 1 uHXHUOUTOpa HUKINH
3aBUCHHX KWHa3a (P16, p21 m p27) Koju Cy CBU 3ajeIHO YKJbYYCHH Yy peryjaIrujy OBOT

mporreca.

Hakon 24. gacoBHor tpermana hemmja ca DE-EDCP wmimm ca nwucruiatuHOM y
KoHIeHTpauuju ox 31.25uM Huje 3abenekeHa MPOMEHAa Yy eKCHpecuju nukiamHa E y

tymopckuM henujama (I'padukon 13).
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I'padukon 13. DE-EDCP cmamyje excnpecujy nukianHa D3 na HuBoy nporenna u ungopmannone PHK.
Hakon mro cy 4T1 hemuje 24 wyaca Ttpermpane ca DE-EDCP wmm ca mwcruiatuHoM (eHTJI.  Cis-
diamminedichloridoplatinum(ll), CDDP) y xouuenrparmju o 31.25uM, MOpOTOYHOM IMTOMETPHjOM je
aHanmusupan nporeHat 4T1 henuja ca ekcMpecHjoM MOJIEKYJa KOjU MOJACTHYY Mporpecujy hemaujckor nukiyca.
A) DE-EDCP me yruue Ha excupecujy nukiuHa E Ha 4T1 henmmjama. B) Tperman ca DE-EDCP cmamyje
npoueHat 4T1 hemumja koje exkcnpumupajy nporenH mukiuH D3 (resu manen). RT-PCR wmeromom je
aHanu3apaHa ekcnpecuja nukianHa D3 nHa HuBoy mHpopmarnmone PHK. Tperman henmja ca DE-EDCP Gutno
cMmamyje ekcnpecujy uPHK 3a cunte3dy tmkimna D3 (mecHu nanen). Pesynrtatu cy mpukasaHH Kao Cpefiba
BPEAHOCT + CTaHIapIHa JeBWjallja, HA OCHOBY TpH He3aBUCHa ekcnepumenta (Mann-Whitney U tecr;
*p<0.05).

Ako ce mopenu ekcrpecuja nukiauHa D3, jacHo ce Bumu na je DE-EDCP 3nauajHO
cmamuo niporieHaT 4T1 henmja koje excnipumupajy oBaj mukiauH (2.4%+0.37) y nopehemy ca
hemjama Tpetupanum ca rucraTuHoM (3.64%=+0.56), a HapOYUTO y OJTHOCY HA TIOIMYJIAIH]y
Herperupanux henmja (4.64%+1.59) (I'padukon 13b). lonatHo, 3a pa3nuKy O IUCIUIATHHE
KOja HUje yTUIlaa Ha eKCIIpecH]jy oBor MoJiekyna Ha HuBoy MPHK, jacHo ce youaBa 3Ha4ajHO
cmameme ekcrpecuje MPHK 3a cunTesy nuxmmnaa D3 mocnme tpermana ca DE-EDCP y

nopehemwy ca Herperupanum hemujama (I'padukon 136).
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Ha I'padukony 14A youaBa ce na je mporeHaT hennja kKoje ekcnpumupajy plé ouo
3HauyajHo moBehan HakoH Tpermana ca DE-EDCP wnm mmcmmatunom y mopehemy ca
HerpetupanuM 47T1 henmjama. V3 1o, npumehyje ce u na tperman ca DE-EDCP, anu u ca
nucriaTuHoM, OutHO mosehaBa excmpecujy p21 u p27 y mopehemy ca HeTpeTHpaHUM
hemnjama (I'paduxon 14b). Ako ce nopenu epekar DE-EDCP u mucriatiHe Ha excrpecujy
OBa JiBa MHXUOMTOpa hesrjcKoTr MUKIyca, youaBa ce Jia UCIUIATHHA HHAYKY]e 3Ha4ajHO Behn

nopact nporenra henuja xoje ekcripumupajy p21 u p27 nero DE-EDCP.
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I'pajpukon 14. DE-EDCP noBehaBa npouenar 4T1 henmnja koje excnipumMupajy MHXUOUTOpE UUKJIUH
3aBucHUX KuHa3a. Hakon mto cy 4T1 henuje 24 waca tperupane ca DE-EDCP win nucrutatnaoM (eHri. Cis-
diamminedichloridoplatinum(ll), CDDP) y xonuenrpanuju ox 31.25uM, TPOTOYHOM IIUTOMETPHUjOM je
aHanu3upaHa 3actymbeHocT 4T1 henmja koje excnipumupajy pl6, p21 u p27; A) DE-EDCP nosehasa npornenar
4T1 mamurnux hemnja xoje excripumupajy pl6 (A) p21 u p27 (b); Pesyaratu cy nmpukazaHu Kao cpemba
BPEAHOCT * CTaHAapAHA JcBHjalldja Ha OCHOBY Tpu He3aBHcHa ekcnepumenta (Mann-Whitney U tect;

*p<0.05).

[Ipukazanu pesynratu ykazyjy na DE-EDCP octBapyje u anTHnponudepaTuBHy

aKTUBHOCT Ha TyMOpcKe henuje Tako mTo y BuMa HHXHOupa nporpecujy henmjckor nukimyca
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y GO/G1 ¢pa3u 1mTo je BepoBaTHO MOCIECANIIA CMabEa eKenpecHje nukianHa D3 u mosehama

eKCIIpecrje MHXUONTOpa IMKIIMH 3aBUCHUX KWHa3a, P16, p21 u p27.
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Cauka 9. Penpe3eHTaTHBHU XHCTOIPaMu eKcnpecuje HMKIuHA D3 U MHXHOUTOPA IMKJIUH 3aBHCHUX
kuHa3a (P16, p21 u p27) y 4T1 maaurnum heaunjama.
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4.5. DE-EDCP penykyje excnipecujy STAT3, NANOG u SOX2 y majauruum henujama

V3umajyhu y o63up na STAT3 wurpa BaxkHy yJIOry y pas3iMuUTHM MpollecuMa
nporpecuje Tymopa, y cTyauju je anammsupan u yrunaj DE-EDCP wna excmpecujy oBor
TPAaHCKPUIIIIMOHOT ¢akTopa y ManurHuM henuwjama. I[lomamm m00MjeHH MPOTOYHOM
IIUTOMETPHJOM YyKa3yjy Ha JIpacTHYHO cMameH mporeHat 4T1 henmwja koje excnpumupajy
STAT3 mnakon 24. wyacoBHor wusnarama DE-EDCP y mopehemy ca mnomynamnujom
HeTpeTHpaHux henuja, kao W henmja TpeTMpaHUX ca NUCIUIATHHOM INTO CE€ BHOM Ha

I'padukony 15.
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I'paguxon 15. DE-EDCP cmamyje npouenat maiuraunx heamja koje excmpumupajy STAT3. Tymopcke
4T1 hemuje cy 24 uyaca msnoxene DE-EDCP win nmcrmnarunu (enri. cis-diamminedichloridoplatinum(ll),
CDDP) y xornentpanuju ox 31.25uM 1 IpoTOYHOM IUTOMETPHjOM je ofpeljuBaH mporeHar TyMopckux hemunja
koje ekcripumupajy STAT3. Pesynrartu cy npuka3aHu Kao cpefba BPEIHOCT + cTaHAapAHA NeBHjaldja U3 TPU
nesaBucHa ekcrepumenta (Mann-Whitney U Ttect; *p<0.05). PenpeseHTaTMBHM XHCTOrpaM IOKa3yje
excripecujy STAT3 Ha ceneKTOBaHUM MalMTrHUM hennjama.

VY ckiany ca IMpeTXOAHHMM Hajla3oM, JETEKTOBAaHO jeé OUTHO CMameHme EKCIpecHje
uPHK 3a cunresy STAT3 y Tymopckum henujama HakoH tpermana ca DE-EDCP y ognocy

Ha HeTpeTupane henuje, kao u henuje Tpetupane ca nucriaaTuHoM (I'padgukon 16A).

Ha ocHoBy oBux Hamaza ouunieqHo je na DE-EDCP wmma cmocoOHOCT na y

TYMOpPCKUM henrjaMa peaykyje ekcrpecHjy Tpanckpumnmujckor (akropa STAT3, kako Ha

HUBOY IPOTEHHA Tako U Ha HUBOY MH(popmarmone PHK, mro je moacrakio na ce nerasbHuje

aHaJIM3Upa HUCXOHA peryianuja curansor myta STATS.

Ha I'paduxony 16b npukaszana je excrnpecuja u”PHK 3a cuntesy NANOG u SOX2

KOoju cy jeman on Hucxognux wmera STAT3. VYouaBa ce ga DE-EDCP, a wnapouunto
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nUcIIaTiHA, 3HavajHo cMmamyje ekcnpecnjy MPHK 3a NANOG y mamuraum henujama.
Excnpecuja uPHK 3a SOX2 je Takohe Ouna OUTHO CHIKeHA y henmvjama HaKOH TpeTMaHa ca
DE-EDCP unu nucmiatuHoM y nopehemy ca Herpetupanum henujama, u mpumehyje ce 1a je

BHUX0B epekar 6uo npudbmmkuo uctu (I'padukon 16B).
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I'paduxon 16. DE-EDCP cmamyje excnpecujy uPHK 3a cuntesy STAT3, NANOG u SOX2 y MaJIurHUM
heaujama. Tymopcke hemmje 4T1 cy 24 waca tpermpane ca DE-EDCP wmm tmcmiatuHOM (eHDIL Cis-
diamminedichloridoplatinum(ll), CDDP) y xonuentpaumju on 31.25uM. RT-PCR metonom aHanmu3upaHa je
excripecuja nPHK 3a cunresy STAT3, NANOG n SOX2 y henujama cBux ucnutuBaHux rpyna. A) Ekcnipecuja
nPHK 3a cunresy STAT3 y manuranm 47T1 hennjama je cHmkena HakoH tpetMmana ca DE-EDCP; b) DE-EDCP
cmamyje excripecujy nPHK 3a cuatesy NANOG n SOX2 y manuranm henunjama. Pesynratu cy npukaszaHu Kao
cpeama BPEAHOCT + CTaH/AapIHa JeBHjalija U U3PaKEHH Cy y OJHOCY Ha KOHTpoiy (Herpetupene 4T1 henwje)
KoOja je apOuTpajHo cBeleHa Ha jequanuny Bpeanoct (Mann—Whitney U tect; *p<0.05).

Ha xpajy je y TKHBY KapIMHOMa JI0jK€ aHaJW3UpaHa ekcmpecuja dochopuinncane
dopme STAT3 (enrs. Phosphorylated signal transducer and activator of transcription 3,
pSTAT?3). Ilpumehyje ce aa je mpoleHTyaIHa 3aCTYIULEHOCT MAIMTHUX helrja Koje UCKasyjy

pSTAT3 y TymopckoM TKuBY MumieBa Tperupanux ca DE-EDCP wmm mucniatuHOM
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CMambEHa y OJJHOCY Ha HETPETUPAHY I'PYILY, aJId OBO CMambEHE HUjE JOCTUIIIO CTAaTUCTUYKY

3HauajHocT (I'padukon 17).
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I'papuxon 17. DE-EDCP 3HayajHo He MeHma NPONEHTYAJHY 3aCTYIUbEHOCT MAJIWUTHHX henuja koje
uckasyjy gochopuiaucany ¢popmy STAT3 y TKHBY KapuuHoMa aojke muineBa. A) HakoH kpTBoBama
(apmakoomku pasnuuuro Tpetupanux BALB/C mumieBa, 36. 1aHa eKCIepUMEHTa MMYHOXHCTOXEMH]jCKOM
METOJIOM je mpolemeHa ekcrpecuja dochopunucane dopme STAT3 y TKUBY KaplMHOMA JOjKE MHIIEBA.
Oppehen je mponenar manurHux henuja koje uckasyjy pSTAT3 y TyMOpPCKOM TKHBY y NET BHAHHUX I0Jba
n3abpaHuX METOZOM ciydajHor u3bopa. [lomamm cy mpencTaB/beHHM Kao Cpelba BPEAHOCT + CTaHIapAHa
nesujanuja (4 tymopa mo rpymu; Mann-Whitney U tect; *p<0.05). B) Pempe3eHTaTHBHU mpeceiy TKUBa
KapUMHOMa J0jKe y KOjUMa ce 3amaxkajy TyMopcke henmje ca IpBeHO 000jeHHM jeipoM (OpHIMHAIHO

yBenmyame 400X).

Ha ocHoBy mpukaszaHux pesynrata Moxe ce koHcratoBatu ga DE-EDCP penykyje
excripecujy STAT3 y manuranm henujama mro pe3yntyje cmameHoM ekcrpecujom NANOG

1 SOX2 u 1a Tako Ha joll jelaH HauWH WHXHOUpPA MPOrpecujy Tymopa.
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4.6. DE-EDCP unxu6upa murpauujy rymopckux heauja

C 003upoM Ha YMELEHUILY Jla MUTpaIlfja TYMOPCKUX hemnuja mpeacTaBiba MPBU KOPaK
y WHBa3WBHO-METACTATCKO] Kackamu (322), y najbeM TOKY HCTpaKMBama j€ MPOLCHEH
epexkar DE-EDCP nHa murpanuonu moTeHuujan tymopckux hemwmja 4T1 momohy "wound
healing” Tecra npu yemy je kopumiheHa HeTOKCHYHA KOHIeHTparHja (15.63uM) ucnutrBane

CYIICTaHIIE.

Ha I'padoxony 18A jacHo ce Buam ga cy KoHTposnHe Herperupane 4T1 henwmje
HecMmeTaHo Murpupaie. OBa BUXOBa MUTPATOpHA CIIOCOOHOCT je BuJbMBa Beh HaKkoH 4 yaca,
1ok cy henmje HakoH 15 YacoBa TOTOBO y MOTIYHOCTH TNPEKpHIIE MPETXOJHO (OMHUpAHY
"moBpeny” OAHOCHO Mpa3aH peruoH. Mehyrum, youasa ce na je DE-EDCP 6utno penykoBao
MUTpanujy TyMopckux henmja Beh HakoH 4 Waca, y OJHOCY Ha HeTpetupane hemwmje, u oBaj
WHXUOUIIMOHH eeKaT Ha MUTPAIH]y C€ OJpKao U mociie 15 yacoBa mHKyOaruje. 3a pa3uKy
O/ UCTIUTHBAHE CYIICTAaHIE, TPETMAaH Ca LUCIIATUHOM j€ CTAaTUCTHYKHM 3HA4ajHO MHXHUOHMPAOo
MUTpalujy nubaHux hemuja Tek HakoH 15 yacoBa y nopehemy ca HeTpeTupanuM henujama.

JloGujenu pe3ynratu cy npuKa3aHu U WiycTpoBanu Ha ['papukony 18A u b.

Ha ocHoBy no6ujeHor Hanasza mMoxe ce koHcratoBaTu na DE-EDCP y HeTokcn4HO]
KOHILEHTpalnju e(UKACHO CMamyje MUTpanyjy TyMOpPCKUX henja 1ITO BEpOBaTHO

npeaAcTaBjba AJITCPHATUBHU aHTUMECTACTATCKU MCXaHU3aM.
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A)
Hetperupane CDDP DE-EDCP
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I'padpuxon 18. DE-EDCP unxuéupa murpanmjy tymopcknx heamja. Manurue henuje 4T1 3acejane cy y
mwiode ca 6 OyHapa u kaxa je ¢opmupaH koH(pIyeHTHH cioj henuja qHO OyHapa je 3arpe0aHO CTEPHIHUM
HacTaBKoM Mukpomunere. Hakon Tora hemuje cy 4 u 15 vaca unkyOupane ca DE-EDCP wnu nucnatunom
(eurn. cis-diamminedichloridoplatinum(ll), CDDP) y xonnentpanmju on 15.63uM; A) Murpamnuja
Herperupanux u Tperupanux henuja DE-EDCP wnu tmcruiatusom (CDDP) je mocmarpana moji HHBEPTHUM
MHKpockonoM; b) Bennumna mHmIyKOoBaHe mMOBpele WIM NPa3HOI IPOCTOpa aHAJIM3UPAHA je M H3PaKEHA Y
oxgHocy Ha 100% nedexra y TpeHyTKy hopMupama rnospene. PesynraTu cy npuka3zaHu Kao cpeama BPeIHOCT +
CTaHIapIHa JeBHjalrja u3 Tpu HesaBucHa ekcriepumenTa (Mann—-Whitney U Tecr; * p<0.05).
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4.7. DE-EDCP unaykyje akymyaauujy NKT u NK heanja y TyMmopcky MUKpoOCpeInHy u

Melha BbUX0B QYHKIIMOHAJIHUA (DEHOTHUI

Beh myxe Bpeme mocToje NOKyIaju 1a ce UMYHCKH cucTeM, "puHnuM nojemasameM”,
UCKOpUCTH Kao "MohHO opyxje” y Oopbu mpoTtuB Tymopa. Y3umajyhu y o63up aa henwmje
ypohene umyHnoctH, a Hapounto NK henuje, 3ay3umajy 1eHTpaIIHO MECTO Y KOHTPOJIM pacTa
U MeTacTaszupama KapiuHoMa jojke (323, 324), y najbeM TOKY UCTpaKMBamba aHaJIU3UPaH je

yrunaj DE-EDCP na ¢pynkmmonanau cratyc NKT u NK henmja y TyMmopckoj MUKpocpeinHH.

VY oKkBHpY TOITyJIalMjeé MOHOHYKJICAPHHUX henuja, M30JI0BAaHUX U3 TKUBA KapIHHOMA
nojke mumeBa 18. maHa on wmHOKkynamuje 4T1 henwja, TPOTOYHOM MIHUTOMETPHJOM je

aHanu3upana 3actyrbeHoct, kao u peHorunn NKT u NK henyja.

3nauajno mosehame mnporenta CD3'CD49" NKT u CD3CD49" NK hemnja
3a0eNekeHo je y TyYMOPCKOj MUKpocpenunu muineBa tpetupanux DE-EDCP y omnocy Ha
HeTpeTHpaHe MuuleBe, MTO ce BUAM Ha ['padukony 19. Ilpumehyje ce m ga Tperman ca
LUCIUIATUHOM HHje OWTHO M3MEHHMO 3acTymibeHocT Tymop-uHpuntpumyhux NKT u NK

henuja.

28 +

*
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21
=
E ‘|' 04T1
S * uCDDP
[
X b B DE-EDCP
L T
<
0
NKT heanje NK henuje

I'paguxon 19. DE-EDCP noacruye unduayke NKT u NK henunja y TYMOPCKY MHKPOCPEIHHY KapIHHOMA
aojke. OcaMHaecTOr AaHa Tociie yOpu3raBama TYMOPCKHX hendja MpPOTOYHOM IMTOMETpHjoM je oxpelhen
nponenar CD3'CD49'NKT u CD3'CD49'NK henuja M3010BaHMX M3 TyMOPCKOT TKHBA HETPETHPAHHX H
(apMaKoJIOMKK pa3NMYUTO TpeTHpaHux wmumieBa. Kox mwumieBa tperupanunx ca DE-EDCP 3abenexeno je
nosehame mnpouenta tymop-unduirpumyhux NKT u NK henuja y omHocy Ha HeTpeTHpaHe MHILIEBE.
Pesynrartu cy mpuka3aHu Kao cpefia BpeaHocT + cranaapana rpeuika (Mann—Whitney U tect; *p<0.05).
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4T1 CDDP DE-EDCP

Cauka 10. Penpesentatusuu ot miaorosu CD3'CD49" NKT heamja m CD3'CD49" NK heauja
HeTpeTHPaHUX U pAPMAKOJIOIIKH PA3IHYHTO TPETHPAHUX MHUIIEBA

Anammzom ¢denotuna NKT henuja yTrBpheHo je He3HATHO WM 0JIar0 CMambeHe
excripecuje aktmBarnmonux perentopa FasL m NKG2D na NKT hemujama y Tymopckoj
MUKpocpenuan mumieBa Tperupanux ca DE-EDCP y mnopehemy ca Herpernpanum
mumieBuma (I'pagpuxon 20A). Mebhytum, y rpynu MumeBa Koja je TpeTHpaHa ca
IHCITATHHOM 3amaxa ce mopacT mporenta FasL® NKT u NKG2D® NKT hemuja koju
JOCTIDKE CTATUCTUYKH 3HAYajHOCT Y oHOCY Ha mumeBe Tpetupane ca DE-EDCP (I'padukon
20A). C npyre crpaHe, Kaja ce MOpeau eKcrpecuja MHXUOMIHOHUX perentopa CTLA-4,
KLRG-1 u PD-1 youana ce na je nponenatr CTLA-4" NKT, KLRG-1" NKT u PD-1" NKT y
TyMOpPY MHUIlIEBa MOABPrHYTHX TpeTMaHy ca DE-EDCP 3HauajHO Mamu HEro y rpynu
HETPETHPAHMX, KA0 M ca IUCIUIATHHOM TPEeTHpaHuX MuimeBa. OBakaB Haia3 CyrepHiine Ha TO
na DE-EDCP cnpeuaBa ekcripecnjy naxuouimonux penentopa Ha NKT henujama u Ha Taj

HauuH OJ0kupa "aHeprujy” oBux henuja.

Haba anamuza QyHkuumoHanHor ¢enoruna NKT henmja mokasyje na He moctoju
CTaTUCTMYKU 3Ha4yajHa pa3iuka Yy OJHOCY HWHXHOMIIMOHM HaclpaM aKTHBAllMOHUM

penentopuma Ha oBuM henujama (I'padukon 20B).
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I'padpuxon 20. Tperman mumena ca DE-EDCP cmamyje 3actymbenoct aHepruunnx NKT heamja y
TYMOPCKOj MHUKPOCpPeIWHH KapuumHoMa nojke. OcaMHaecTor JjaHa Iociie yOpu3raBama TyMOpCKuX henuja
poToyHoM nuTomerpujoM je oapehen npouenar tymop-unpmnTpumyhux NKT henmja koje ekcnpummpajy
akTuBauuone (A) u naxubunuone (b) peuentope. Koa mumiesa tperupanux DE-EDCP 3abenexeH je 3Ha4ajHO
mamu nponenar CTLA-4" , KLRG-1" u PD-1"NKT henuja y omHOCy Ha HeTpeTupaHe mumiese. B) Anamusa
OoHOCa HMHXMOMIIMOHM HacmpaMm aktuBauuMoHuM penentopuma Ha NKT henujama y kapuupHoMuma Jiojke

MuIeBa. BpeaHoCcTH cy MpuKa3aHe Kao Cpelie BPEIHOCTH MpoleHara + cranaapaua rpemka (Mann-Whitney
U tecr; * p<0.05).
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CD3+CD49+ NKT hesuje
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Cauka 11. Penpesentatusuu a0t miorosn CTLA-4", KLRG-1" u PD-1" NKT hesiuja nerperupanux u
(hapMaKoJIOLIKH PA3JIMYNTO TPETHPAHUX MHULIEBA
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Ha I'paduxony 21A youaBa ce nma je Ha NK henmjama ekcrpecuja HEKHX
aKTUBALMOHUX PELENTOpa N3MermeHa nox yrunajeM DE-EDCP: nponenar FasL™ NK hennja
y Tymopy muieBa tpetupanux ca DE-EDCP je 6utHo nmoBehan y ogHOCy Ha HeTpeTHpaHe
MHIIEBe, 0K je mpoueHTyanna 3actymbenocT NKG2D' NK henuja Hemsmemena. V3 To,
npumehyje ce cmameme ekcnpecuje maxuouimonux pernentopa CTLA-4 u KLRG-1 nHa
tymop- uHpmitpumyhum NK henmjama y mmmea tperupanux DE-EDCP, amm oo
cMameme HHje JTOCTUITIO CTaTUCTHUKy 3HauajHocT (I'paduxon 21B). Iponenar PD-1" NK
hemmja y tymopy mmmeBa Tperupanux DE-EDCP je nesnarno mosehan y omHocy Ha

HCTPCTHPAHC MUIIICBC.

AHanmu3a ofHOCa WHXUOWIIMOHM HAacIpaM aKTUBalMOHMM perentopuma Ha NK
hemujama ykasyje ma je omaoc KLRG-1/NKG2D" ma NK hemmjama y Tymopy Muiesa
tperupanux DE-EDCP 3nauajuo mamu y oqHocy Ha Hetpetupane mutiese (I'padukon 21B).
Huje 3abenexxena pa3nmka y OJHOCY Jpyra JBa KOHTpaperyiaatopHa modekyma, CTLA-
4/FasL, na NK henujama usmel)y ucnuruBanux rpyna (I'paduxon 21). 3a pasnuky o epexra

Ha NKT henujama, nucnnatuna Huje yrunana Ha penorun NK henuja.

Ha ocHoBy noOujeHux pesynrata moxe ce koHcratoBaTu na DE-EDCP mojauano

perpytyje epextuBHe NKT n NK henuje y TyMopcky MUKpOCpeanHY.
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I'padpuxon 21. DE-EDCP nosehapa 3actymbenoer FasL® NK heimja y Tymopekoj MuKpocpeamHu
KapuuHoMa jgojke. OcamMHaecTor JlaHa Hocliie yOpHu3raBama TYMOPCKHX henrja MPOTOYHOM IUTOMETPHjOM je
oapehen nponenar tymop-uHGuiTpumyhux NK hennja xoje excipumupajy aktuBanuone (A) 1 HHXHOUIIMOHE
(B) peuentope. Kon DE-EDCP Tpetnpanux muesa 3abenesxeH je 3nauajuo sehu nporenar FasL™ NK hemuja y
OJIHOCY Ha HeTpeTHpaHe MHuIeBe. B) AHannza oJjHOca MHXMOMIIMOHH HAcIIpaM aKTHBAllMOHUM PELENTOoprMa Ha
NK hennjama y xapruHOMY HOjKe MHIIeBa. BpenHocTu cy mpukasaHe Kao Cpelrbe BPEAHOCTH IpolieHaTa +

crangapaHa rpemka (Mann—Whitney U Tect; * p<0.05).
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Cauka 12. Penpesentatuuu a0t mioropu FasL®, CTLA-4" u KLRG-1" NK hesnuja HeTperupanux u
(hapMaKoJIOLIKH PA3JIMYNTO TPETHPAHUX MHULIEBA



4.8. Cucremcka mnpumeHa DE-EDCP mnoka3yje Mamy TOKCHYHOCT Yy OJHOCY Ha

HUCIIJIATUHY

[Torennujanau Tokcuunu edekar cucremcke npumene DE-EDCP je mponemen Ha
ocHOBY cienehux mapamerapa: TenecHe Mace, CepyMCcKe KOHIEHTpALUje ypee, KpeaTHHUHA
TpaHacaMHHa3a, Ka0 M MAaTOXMCTOJIOIIKE aHaJM3€ TKUBHUX MCEYaKa OpraHa TPETHPAaHUX
MHUILIEBA.

TenecHa maca MuIIeBa CBUX UCIIUTUBAHKX Tpyna je aHanmu3upana 0. u 36. aHa HaKOH
MHOKYyJNamuje Tymopckux henuja 4T1, mto je mpukazano Ha ['paduxony 22. [Ipumehyje ce na
cucremcka npumeHa DE-EDCP 3nauajHo penykyje TenmecHy macy muiieBa 36. maHa o
WHOKYyNanuje TyMopckux hemmja. Mehyrtum, oBakaB ryOuTak TejecHe Mace je OMO jacHO
MambH HEro TOKOM TPeTMaHa ca IHCIUIATUHOM. [Ipyrum peumma, MHINEBH KOjU Cy Owin
MOJBPTHYTH TPETMaHy Ca IHMCIUIATHHOM H3TyOWIM cy oko 22% cBoje TelecHe mace, 3a
pa3nuky on muiueBa tperupanux ca DE-EDCP koj kojux je rybutak mzHocuo oko 10% y
nopehemy ca rpyrmoM HETpPEeTHpaHWX MUIIEBA. Y3 TO, y TPYNH MHIIEBA TPETHPAHHUX Ca
[UCIUIATUHOM YyO4YaBa CE€ 3HA4YajHO CMameme TellecHe Mace 36. maHa y oaHocy 0. nmaH

eKCIIepUMEHTa 1 0Baj ryOuTak je uznocuo 12.4%.
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I'paduxon 22. IIpomene y TeaecHoj Macu Tperupanux mumeBa 0. m 36. 1ana HakoH mHoky’aanuje 4T1
Tymopekux henmja. Pesynratu cy mpeacraBibeHH Kao cpelrba BpeIHOCT + cTaHaapiHa neBujanuja (12-14
mumresa no rpymu). (Mann—-Whitney U Tect; * p<0.05).
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Ha I'padukony 23 npukaszana je KOHIIEHTpAIlMja ypee U KpeaTHHUHA, Kao ImapaMerapa
OyOpexxHe GyHKIIHje, Y cepyMy MHIIIeBa ca U 0e3 Tymopa HakoH TperMaHna ca DE-EDCP umu
ca MUCIUIATHHOM. 3a pa3iuKy OJ IHCIUIATHHE KOja je y3pOKOBajia 3HadajaH MmopacTt, yodaBa
ce Jla je KOHIIHTpallija ypee M KpeaTWHWHA HEU3MEHhEeHAa y CepyMmMy MHUIlIeBa 0e3 Tymopa
HakoH TpeTMaHa ca DE-EDCP. [lomaTtHo, peructpyje ce 1a je y rpylnd MUIIeBa ca TYMOPOM
HakoH TperMmaHa ca DE-EDCP, koHmeHTpanuja ypee 3Ha4ajHO HUXA y OJHOCY Ha MHIIICBE
KOjU Cy TpPETUpaHU Ca LUCIUIATHHOM, JIOK j€ KOHIIGHTpallWja KpeaTWHUHA HEU3MEHeHa Y
OJTHOCY Ha HeTpeTupane mumese. OBakaB Hana3 ynyhyje va To 1a DE-EDCP nema Tokcnunun

edekar Ha OyOpere.

Huje peructpoBana 3Ha4ajHa pa3iinka y KOHIICHTpalWju TpaHcamuHaza, ALT (eHri.
Alanine transaminase) u AST (enri. Aspartate transaminase) (momamu HHCY MPHKa3aHH)
IITO UMIUIAIIUPA HA TO JIa UCIIUTHBAHO jEeANIbEHE HE JIENTyje XEeMAaTOTOKCHYHO. XUCTOJIOIIKE
IpoMeHe HHCY npuMeheHe y opraHuma MuieBa kKoju cy Ownu Tperupanu DE-EDCP,

ykJbyuyjyhu jetpy, 6yOpere, miuyha, mpesa, ciie3uHy u >kenyaan (MoJany HUCY PUKa3aHH).

Jo6ujenn momanu ykazyjy Ha 1o na DE-EDCP wma penatuBHO Mame HEXeJheHE

edeKTe y 0IHOCY Ha LIUCIUIATHHY.

98



20

15 -
~—~
=
=
o
E OKowurpona

10 -
‘“f mCDDP
)
. mDE-EDCP
>

5 -

0

be3tymopa Tymop
50 -
* *
[ |

- 40 A
=
o
e
= 30 ~ =
= OKontpona
E = CDDP
= i
g 20 B DE-EDCP
Q
(=7
= 10 -

0 T

bestymopa Tymop

I'pa¢puxon 23. DE-EDCP He neayje HepporokcmunHo. KoHueHTpamuje ypee M KpeaTHHHHA Yy Cepymy
pasIMuUTO TPETHUpaHX MHIIeBa ca M 0e3 Tymopa oxapeheHe cy 36. maHa ekcnepumeHrta. Pesyratu cy

NPENCTaBbEHN Ka0 Cpelliba BPEAHOCT + cTaHmapaHa nepujauuja (8-12 mumesa no rpymu; Mann-Whitney U
tect; *p<0.05).
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5. luckycuja

[Tocnenmux JeleHuja TJIaBHO OrPaHUYCHE Y JICUCHY KaHIepa je NPBEHCTBEHO
noBehaHa ydecTaliocT O030MJBPHMX HEXKEJhEHUX peakija, Kao W cBe demhu pas3Boj
PE3UCTEHIMje Ha XeMOTepaneyTHKe. YIpaBo OBa OrpaHHWYEHa HAMETHyJa Cy MOTpedy 3a
pa3BojeM HOBHMX TEpalWjCKUX jeqUbeha Koja TMokaszyjy Behy edukacHocT a Mamwy

TOKCHUYHOCT.

Y 0BOj IOKTOPCKOj AMCEPTAIMjU CYy UCTUTUBAHU AaHTUTYMOPCKU e(heKTH AUETUIeCTpa
DE-EDCP y wmopneny Mumijer KapudHOMa JI0jK€ W MeEJNaHOMa, Kao M TMOTEHIUjalHU

MECXaHHU3MH EBETOBOT JICJIOBALA.

5.1. lIntoTrokcuuko aejcteo DE-EDCP na heanje kapuunHoma qojke 1 MmejiaHoma

Y HOBHjUM HCTpaXUBamkbUMa TOCEOHO MECTO 3ay3MMajy KOMIUIEKCHM MeTajla ca
auam(M)UHCKUM JIMTaHAWMA. YCIEHIHO je CHHTETHCaH BeNUKU Opoj nuraHana tumna edda
(etunenanamun-N,N'-qrarerar), Kao ¥ BUXOBHU oaroBapajyhu koMmriekcu metana (325-331).
Jluranau edda Tuma cy eTWJICHJAMAMHH WU MPOMHICHINAMUH TUKAPOOKCHIIHE KHCEIUHE U
wuxoBu ectpu (332, 333). [Ipunukom ananu3ze OMOJIOIIKEe aKTUBHOCTH cuHTeTucanux O,0'-
auankui-(S,S)-etunenauaMut-N,N'-11-2-aMUHO - (3-IIHKJIOX KCHJT ) TPOTTAHOAT
wiatuHa(l1)/(1V) komIuiekca U BUXOBHX OAroBapajyhnx jurananga, youeHo je Aa jenaH oj
JWraHajga IoKa3yje 3HayajHy AaHTUTYMOpPCKy aktuBHOCT (298, 299). Ucnutuan je
IUTOTOKCHYKHI edekar O,0'-mnankui-(S,S)-erunenauamun-N,N'- qu-2-amuno- (3-
[IUKJIOXEKCHII)[TPOITaHoaT nuxuapoxiopun muranana (R= H, merwn, erwn, n-mpommi, N-
OyTHi), Ka0 M BUXOBUX oArorapajyhux kommiekca miuatune(lV), npu yemy je 3abenexena
3Ha4yajHa nUTOTOKCHYKa akTHBHOCT O,O'-muerni-(S,S)-erunenauamun-N,N'-au-2-amuno-(3-
nukiIoxekcun)nponanoatr —auxuapoxiopuna (DE-EDCP) wu  meroBor onrosapajyher
komruiekca riatuHe(1V) Ha nmuHMjama manuraux henmuja rmmoma (U251 rimom seynu u C6
rIMoM mamoBa), ¢uoOpocapkoma L929 um memanoma muma B16 (298). I'enmepanno, oBa
aatutymopcka aktuBHocT DE-EDCP Ouna je mpubnmxHO jemHaka Wid 4ak euKacHUja y

oJIHOCY Ha uucruiatTuHy. Kajga ce mopeau oceT/bUBOCT CBUX HaBEACHUX JIMHH]A TYMOPCKHUX
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hemwmja, 3anaxa ce na je menanom muina B16 najocerspuBuju Ha nejcto DE-EDCP. V3 To,
Ha ocHOBY noOujeHnx |Csy BpeHOCTH YOUEHO je Ja CYy OBH MAJIWTHHU MEJAHOIUTH YaK
yetupu myta ocetsbuBuju Ha DE-EDCP Hero Ha aejcTBO mucmiatuHe. AHajan3a MexaHu3ama
henujcke cMptu yryhyje Ha To 1a kako oarosapajyhu komiuiekc miatuHe(lV) Tako u meros
JUTaH[ y3pOKYje CMPT TYMOpPCKHX henuja Koja HE oJlroapa y MOTHYHOCTH HH]ETHOM THITY
henujcke cMpth, Maga je Hajcauunuja Hekpo3u (298). Takole, HCIIMTHBAH je U TOKCHYKH
epekar  O,0'-muankui-(S,S)-erunenauamun-N,N'-1u-2-aMuHO- (3-IIMKIIOX EKCHIT ) TPOITAHOAT
muranana (R= H, merwun, erun, n-mpomnwi, N-Oytui) Ha OpojHe nHMHHUjE henmja Jeykemmuje
(HL-60, REH, MOLT-4, KG-1, JVM-2 u K-562) (299, 300). Hajsehu Tokcuuku edexat
nokasao je auetwiectap DE-EDCP (299, 300). Youeno je na je DE-EDCP edukacuuju y
HHAYKIUjH henujcke cMpTH akyTHe npomujenonutHe geykemuje (HL-60) (299, 300), mox je
Ha OCTaJHMM JIMHHjaMa JIEYKEMHja HEroB TYMOPHIUAHMA KamaluTeT OO HE3HATHO MamH y
nopehemy ca peepeHTHUM [IUTOCTATUKOM IUCIUTaTHHOM. MuubkoBuh u capaauuim (334) cy
3a0€eJIeKIITN na JIMTaH m-n-riponui-(S,S)-etunenauamuna-N,N'- 1u-2-amuHo-(3-
[UKJIOXEKCHJI)[TPONAaHoAT JUXUAPOXIOPHU], CIMYHE XeMHjcKe cTpykType kao u DE-EDCP, y
komIuiekey ca miatuHoM(lV) mocenyje u3pakeHy IMTOTOKCHYKY aKTHBHOCT Ha TYMOPCKE

henuje, a Ha MOHOHYKJIeapHUM henujama rmoka3syje MambU edeKar.

VY akTyenHoj CTyauju je TI0 TIPBU MYT ACTEPMUHHCAH TYMOPULIMIHM TToTeHIrjan DE-
EDCP na paznmumuntum nuHujama henuja kapuuHoma nojke. Perucrposano je na DE-EDCP
OCTBapyje 3Ha4YajHy IIUTOTOKCHYKY aKTHBHOCT Ha henmujama kapiuHoma aojke muma (4T1),
kao u Jpynu (MDA-MB-468 u MDA-MB-231) koja je no3uo 3aBucHa (I'padukon 1 u 2). Ha
ocHoBy nobujerux ICso BpeqHocTH HakoH 24. 1 48 4acOBHOT TpPETMaHA MOXKE C€ 3aKJbYUUTH
na je tymopunuaau epexkatr DE-EDCP wa munijum manuranm hemujama 4T1 mpuOamkHO
jennak edexty nucruiatuae (Tabena 3). JloOujenu pe3ynaTaT Cy y CKIaay ca HajaazoM Japyre
CTyAMje KOjU YyKa3zyje na cy Tymopcke hemuje mumijer ¢gubpocapkoma L929 nopjennaxo
ocetrsbuBe Ha DE-EDCP u mucnunatuny (298). V3 To, youyaBa ce u 1a ¢y HakoH 24. 4aCOBHOT
TpeTMaHa JrHHje herja KapIrHoMa JojKe XyMaHoT rmopekia ocetsbuBuje Ha DE-EDCP Hero
Ha pedepenTn xemuorepaneytuk, nucraruny (I'papukon 1 u Tabena 3). Mana BapujanTe
ajieHokapimHoMa nojke Jbyau, MDA-MB-468 u MDA-MB-231, npeacraBibajy jeIUHCTBEH
MOJITUIT METaCTAaTCKOT TYMOpa, Koje He ekcpumupajy peuentope ER, PR u HER2, tymopcke
hemnje MDA-MB-231 nomatHo omnukyje Behu MeTacTaTcKd TOTEHIHjall, Kao W ciaduja
OCETJBMBOCT HA XeMHOTeparneyTuke, a Hapounto Ha nucruiatuay (303). Hakon 24. yacoBHOT

TperMaHa Tymopckux hemuja MDA-MB-468 3abenexeno je na DE-EDCP uma uctm
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IIUTOTOKCHYKHU eeKar Kao W IMUCIUIATHHA, a KOjU CE ca MPOoIyKaBambeM BPEMEHA TpEeTMaHa
(HakoH 48 yacoBa) cMamYyje y OJIHOCY Ha mUcIuiatuHy. JlogaTHo, Ha ocHOBY nobujerux 1Cso
BPEHOCTH MCIUTHBAHE CYICTaHIIE PETHCTPOBAHO j€ JIa je MUTOTOKCHYKHM moTeHrwjan DE-
EDCP nakon 24. yacoBHOI H3/arama BapujaHTe KapuuHoma pojke MDA-MB-231 ca
BHCOKMM METAaCTaTCKUM KalalluTeToOM 4ak oko 12 myra Behum y mopehemy ca pedepeHTHIM
nutoctatukoM (Tabena 3). Melhytum, mpoaykaBambeM BpeMeHa TpeTMaHa (HaKoH 48 yacoBa)
oBa ocersbuBOCT TymMopckux hemuja MDA-MB-231 na DE-EDCP ce cmamyje u mocraje
MPUOIMHKHO MCTA Ka0 HA MUCIUIATHHY. Y OPYTHM CTyAMjamMa y KOjuMa je aHaTu3upaH yTUIa]
koMmruiekca riatune(1V) u muxoBux oaroapajyhux nuranaga, ykibyayjyhu u DE-EDCP, na
BHUjaOMITHOCT Pa3jMYMTUX JIMHHja TYMOPCKHX henuja XyMaHOT Topekia 3a0eeKeHdu Cy
CIIMYHU PE3Yy/ITaTH, Maja JO3HO 3aBHCHH edekar Huje mcnuThBaH. Tako, Ha ocHOBY ICsg
BPEIHOCTH KOHCTATOBaHO je na cy hemmje rmmoma (298) u neykemuja (KG-1, JVM-2 u K-
562) spynu momjennako ocersbuBe Ha DE-EDCP u Ha nucmiatuHy HakoH 24. 4acOBHOT
tpermana (300). JlokyMeHTOBaHO je 1a je XymaHa JIMHHMja aKyTHE [POMH]jEIOIMTHE
neykemuje (HL-60) uwak aBoctpyko ocersbuBHja Ha jaejctBo DE-EDCP y mopehemy ca
mucriatuaoM (299, 300). CympotHo, 3anaxkeHo je na cy henuje xapumHoma tutyha Jbyan
(H460) otmopuuje Ha aejctBo DE-EDCP y onnocy Ha nucmiatuny (299). Jpyrum peunma,
Ha ocHOBY |Csp BpeHOCTH 3aKJby4yeHO je Aa je TymopuuugHa aktuBHocT DE-EDCP wernpu
yTa Mama y OJHOCY Ha mucrutatuHy. CIIMYHO, PEeTUCTPOBAaHA je W CMameHa OCETJHUBOCT
XyMaHe JuHHje akyTHe juMmdoodnactHe neykemuje (MOLT-4) na nejctBo DE-EDCP, mpu

uyemy je 1Cso Bpennoct 3a DE-EDCP 6uina nsoctpyko Beha y ogHocy Ha nucmiatiny (300).

C 003upoM Ja cy MaJIMTHU MENaHOLUTH 3HA4YajHO PE3UCTEHTHH Ha KOHBEHIIMOHAJHE
xemorepaneyruke (335), ucnuran je u yrunaj DE-EDCP na Bujabunnoct B16-F10
BapMjaHTEe MHUIIjer MeJlaHoOMa. YodaBa ce Aa je uutorokcuuka aktuBHocT DE-EDCP nosno
3aBHCHa HE camMoO Ha TyMmopcke hemumje kapruHoma nojke, eh m Ha B16-F10 BapmjanTy
Menanoma. [lopehemem 1Csy Bpearnoctn DE-EDCP n KOHBEHIIMOHAITHOT XeMOTEpareyTHKa,
peructpyje ce na je TymopunuaHu moteHuujan DE-EDCP npubmmxnHo wuneHTHYaH
LUCIUIATUHU HAaKOH 24. yacoBHOI TpeTMaHa henuja. Mehyrum, npu npogyxasamy hemaujckor
tpermana (ox 48 uacosa), BpeaHocT ICsy DE-EDCP je cmameHa u 4ak je U Oko 2.5 myTa
Mama y opehemy ca rucriaTuHOM. Y Ipyroj CTyAWjH Y KOjOj j€ UCTIMTAaH YTHIIa] KOMIUIEKCa
wiatuHe(1V) u muxoBux oarosapajyhux nuranana (298), 3abenexena Bpeanoct 1Csy HakoH
24. gacoBHe uHKyOanuje B16 tymopckux hemuja ca DE-EDCP je camuna ICso BpenHocTH

Koja je moOujeHa y akTyeaHOM HcTpakuBamy. HemaBuo cy Mcakosuh u capagaunu (336)
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ucriutuBayi yrunaj DE-EDCP na BujabunHoct B16-F10 BapujanTe Menanoma MuIiia HAKOH
24. gacoBHor tpermana. Bpemnoctu ICsyp DE-EDCP noGujene xopumhemeM pa3iMuuTHX
TECTOBAa LUTOTOKCHYHOCTH, Kao mrTo cy ACP, MTT u SRB Tect, cy Takohe y ckiany ca

HaJa30M OBE CTYIH]E.

VY o0Boj crynyju nurorokcuuku norennujan DE-EDCP na hemmujama 4T1 u B16-F10
nonatHo je notephen LDH TecTom Koju MepHu akTUBHOCT JIaKTaT Aexuaporenase. OBaj eH3uM
ce ociobaha u3 henuja Tek HakoH Ju3e henmmjcke MeMOpaHe MTO OAroBapa Uil HEKPOTUYIHO]
cMmptH henuja uau kacHoj daszu amonrose (337, 338). YV akTyeaIHOM HUCTpakKUBaMy 3ala’KEHO
je 3Ha4yajHo ocnobahame JaKTaT IeXuaporeHase u3 00e TMHHUje TyMOPCKUX henuja HakoH 24.
vyacoBHor Tpermana ca DE-EDCP y omncery konnentpanuja 31.25-1000uM (Purypa 3). OBaj
MOpacT TPOLEHTa MPTBUX MAaJUTHUX MEJaHOUUTA MHIIA KOje cy OcCI00O0JuiIe JIaKTaT
nexuaporenasy HakoH minarama DE-EDCP kommartnOwian je ca Hajma3oMm Jpyre CTyIuje
(336). Mame ociiobahame J1akTaT JeXUAporeHase U3 TyMOPCKUX helldja HaKOH TpeTMaHa ca
IUCIUTATHHOM Y HW)KMM KOHIIEHTpalWjama je y CKJIagy ca HPEeTIIOCTaBKOM Jla IUCIIIaTHHA
JOMUHAHTHO HMHJIYKYje amoITOo3y OJHOCHO THMN henujcke CMpTHU KOjy OJUIMKYje OYyBaH
unrerpuret henujcke memoOpane (339). C npyre crpane, moBehaH mpolieHaT MpTBUX henija
Koje ociobahajy JnakTaT OeXUApPOTeHa3y HAaKOH TpeTMaHa ca [HUCIUIATHHOM Y BHUIIUM
KOHIICHTpaIljaMa je y CKIIay ca pe3yjitaTuMa paHujer ucrpaxusama (340-342) u cyrepuiry
Ha MoryhHOCT &a uucIuiaTiHa y Bumioj no3u on 31.25uM wuHIyKyje MpoMeHe Koje cy
KapakTepucTUYHE 3a Hekposy. Haumme, y 3aBucHoctu oj cremeHa henujckor omrehema
WHIYKOBAHOT IMCIIATHHOM, HEKpO3a C€ MOXE JECHTH WU ITUPEKTHO WIM MHIUPEKTHO Kao
HoCequia HeAoBpIIeHOr armontoTckor nporpama (339). Vkonmko ce mobujenu edekar
WCIHUTHBAHOT jeIUbeHha MOPEIN ca LUCIIATHHOM, MOKE CE€ YOUUTH J1a je ociio0alame JaKTar
nexuaporeHase HakoH Tpetmana ca DE-EDCP nBa myra Behe y henujama kapuuHoma jaojke
MHUIIIA, OJHOCHO Tpu myTa Behe y henmjama mumijer mMeiraHoma y OJHOCY Ha IUCILIATHHY
(C'padukon 3). OBu pesyaratu umiuuimpajy n1a DE-EDCP cBoj nmutoTokchuku edexat
BEPOBAaTHO OCTBapyje M JUPEKTHUM HapyIIaBamkbeM HHTErpuTera henmjcke MemOpaHe.
IToctoju moryhHocT na je mpucyctBo henuja ca HapylleHUM HWHTETPUTETOM henMjcke
MeMOpaHe TocienuIa T3B. CeKYHIapHe HEKpo3e, CXOJHO TOMe Aa y INn Vitro ycioBuma He
nocroje ¢arouutu, ma hemwje y KOjuUMa j€ TOKPEHYT AamoNTOTCKH TIPOILEC MOJJICKY
CeKyHIapHO] HEKPO3u 300T HeMOTryNHOCTH BUXOBOT yKIamama (darornuruma. [lokazano je aa
komruieke ratuHe(1V) u DE-EDCP y3pokyje HekpoTHuHy cMpT helmja COMMIHHX TymMopa

(rmmoma) a koja je mocieauia moehane MpoayKIrje cI000AHMX KUCCOHHYHHUX PaJuKana u
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HapylaBamke HHTerpuTera hemujcke memoOpane (298). Msrnena na DE-EDCP y komimiekcy
ca iatuHOM( 1) i muraruaoM(1V) Moske MOKpEeHYyTH HajMamke JIBa TUIIA CMPTH Y MAJIMTHUM

henujama, anmonTo3y UM HEKPO3Y.

JHlo6po je mo3HaTo ma henmuje ca me3MHTErpricaHoM henrjckoM MeMOpaHOM ylasze y
HEKpO3y W/WJIH Yy KacHy (pa3y anonTo3e U Ja ce yriaaBHOM jaeTekTyjy nomohy LDH tecta, nok
Ce POMEHE Y aKTHBHOCTH MHUTOXOHJPHUjAITHUX €H3MMa KOje Ce JelIaBajy paHO Y MPOLeCy
arnontoze peructpyjy MTT Tecrom. V ckiany ca THM, Y OBOj CTYAMjHU, Ha OCHOBY Halsla3a
3HAYajHe TYMOPHIMIHE aKTHMBHOCTH HUCIUTHBAHOT jenumbema nooujeHor momohy MTT u
LDH Tecra, moxe ce koHcratoBatm na DE-EDCP wnajepoBarHUje y3poKyje Kako

arioNTOTCKY TaKO M HearonToTCKy/HeKpoTcKy cMpT U 4T1 u B16-F10 manuruux henumja.

5.2. Yrunaj DE-EDCP na nporpecujy kapuuHoMa J0jKe H MeJIaHOMA MHUIIIA

Hanaszyu HOBMjUX e€NMUAEMUONIOMIKUX CTYAMja yKa3yjy Ha TO Jia KaHLEp MocTaje jelaH
on "rmaBHux youna” mupom cBera (343). Y3umajyhu y 003up OBY UHILCHHMIY, JaHAC CE
CTpOBOZIe OpOjHA UCTPAKMBaMKa Yy IMJbY NMPOHAIAXKEHAa HOBUX aHTUTYMOPCKHX JIEKOBA KOjU
he crnpeunTH pact M MeTacTazupame KaHLEpa y3 MUHUMAaJHAIHE HEeXeJbeHE IMOoCIeIule.
[IpeTxoaHO M3HETH Hala3M akTyenHe cryauje jacHo ymyhyjy Ha To ga DE-EDCP nocenyje
M3paKEH TYMOPHUIIMIHU TOTEHIMjall, IITO je MOJCTAKIO Ja ce Jnajbe mcnuta jaa ju je DE-
EDCP 3nauajuu KaHOUIAT y €KCHEPUMEHTATHO] TEpalHju Pa3IndUTUX BPCTA COJUIHHUX

Tymopa.

Kopucrtehu opTOTONCKM CHHT€HH MOJE] MUIIjer KaplUHOMa J0jKe, aHaJU3UpaH je
yrunaj DE-EDCP Ha pacT u MeTactaszupame Tymopa. Baxkan Hana3 oBe cTyaMje cyrepuile Ha
to n1a DE-EDCP uma crmocoOHOCT J1a 3Ha4ajHO YCIOPH MPOTPECH]y KapIMHOMA JIOjKe KOJI
OHMX MMUILIEBA KOJU Cy OJIBPTHYTH "TepaneyTckoM” pekuMy U TO TEK HAKOH LITO Cy Pa3BUIIU
nanmabuaHu TymMop. YodaBa ce ga DE-EDCP wmma moTeHIMjamHM TepanujcKd YYWHAK y
KapIMHOMY JI0jKe y3uMajyhu kao mapamerap BoiiyMeH M Macy Tymopa (I'padukon 4), kao u
Opoj u BenmuuHy MertactaTckux kojionuja (['papukxon 5 m Cnuka 6). Pesynratu HOBHjer
ucTpaknBama Takohe ykasyjy Ha 1o na DE-EDCP 3nauajuo penykyje pact B16-F10
BapujanTe muljer menanoma (336). Haume, 3abenexxeHo je 3HauajHO CMambemhe Mace (3a OKO
25%) u BenmuuuHe (32 oko 50%) menanoma y muiieBa koju cy tperupanu ca DE-EDCP y

nopehemwy ca HeTpetupanoM rpymnom (336). YV akTyernHoj CTYAUjU YOUCHO je Ja je a0 22. naHa
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on yopusraBama 4T1 Tymopckux hemuja DE-EDCP umao ciuune edexre Ha pacTt Tymopa
Kao u pedepeHTHOO jeaumberse, mucmiaruia (I'padukon 4A). Ox Tor nana u mopea 6osber
edexTa MHUCIUIaTHHE, yoyaBa Ce Jia MPETXOJHO PETUCTOBAaHA pasiiMKa y IujaMeTpy Tymopa ce
OJpKaBa CBE JI0 Kpaja eKcIepuMeHTa m3Mely rpyne muieBa Tpetupanux ca DE-EDCP u
HeTpeTupane rpymne. OBakaB pelaTUBHO 00JbM edekar nucruiatuae y ongnocy Ha DE-EDCP
MO’Ke OUTH NOCeIUIa €BeHTYATHUX pa3iiiKa y (apMaKOKMHETUYKUM IIapaMeTprMa OBa JBa
jemumema. 3a MUCIUIATHHY ce T0OpOo 3Ha J1a TOCTHXKE MYyroTpajHuje edekre yclem JyxKer
3aapKaBama y opranusmy (344-348), nok papmakoknHernyka cBojctBa DE-EDCP jomr yBek
HUCY pacBeTJbeHa. llpernocraBiba ce Ja je TO jedaH of pasjiora JIyroTpajHujer
AHTUTYMOPCKOT TMOTeHIMjana Iucruiatuie y onnocy Ha DE-EDCP. MumeBu o6e rpymne
dapmakornomkn cy tpetupanu no 18. mama on wHOKymammje 4T1 Tymopckux hemmja, a
KPTBOBame je yciemwio 36. naHa ekcriepuMeHTa. Tor maHa, MepemeM Mace M BOJyMeHa
Tymopa peructpyje ce 1a DE-EDCP 3nauajuo peaykyje pact kapuuHoma Jojke y nopehemy
ca HETPETUPAHOM TPYIOM, ajH je Taj edekar 3HauajHO Mambu y OJHOCY Ha LUCIUIATUHY
('padukon 4). Mehyrum, DE-EDCP u uucniatuHa ¢y 0ocTBapWIId TOTOBO MIICHTHYAH edekaT
y peaykiuju Opoja CIOHTAaHO YCIOCTaBJbEHMX METACTaTCKUX JKapuinTa y Iuryhuma
(TCpaduxon 5). MuTEepecaHTHO je 3anaxame Ja je Ko Mulnesa Tperupanux ca DE-EDCP nnn
ca LMCIUIATUHOM OMTHO M3pakeHa pedpakTepHOCT Ha YCIOCTaBJbalkbe€ METacTaza y jeTpH.
Jlpyrum pednMa, y TpeTHpPaHUM MUIIEBUMA HHUCY JIETEKTOBaHE METACTaTCKe KOJIOHU]jE, IOK y

Ipyny HETpeTUpaHUMX Yak koA 42.1% muiea cy 3a0eexeHe MeTacTase y jeTpu.

[To3HaTo je Aa MenaHOM Yy Y3HAINpeJI0BaHOM CTa/lUjyMy MMa MU3y3€THO BapujaOuiIaH U
HENpeABUIMB TOK M J]a MOXKE Jla MeTacTa3upa roToBO y CBaku opraH W TKHBO. IIpornosa
nalyjeHaTa ca MeTacTaTCKUM MeJITaHOMOM j€ JIOIIA, ca S-TOAMIIHOM CTOIIOM NPEKUBIbaBabha
u3mely 5-19%. Ha oBy cromy npexuBasbaBama 000JIeTUX yTUUY JIOKalija 1 Opoj MeracTasza
(249). Kopucrehn Moaen Mulijer MeTacTaTCKOT MeJaHOMa, aHATM3UPaH je eeKkar mpruMeHe
DE-EDCP na nporpecujy MenaHoMa U XeMaTOTe€HO MeTacTasupame. lIpu Tome, MUTIEBH Cy
MOJIBPTHYTH "TepaneyTckoM” TpeTMaHy Jpyror JaHa o]l MHTpaBeHCKe arunkanuje B16-F10
Tymopckux henuja. Majga HHMje yodyeHa CTaTHCTHMUKM 3HayajHa pa3jivka y HWHIMJICHIH
MeTacTazupama y miyhuma y onHocy Ha HeTpetupany rpyny mumieBa, DE-EDCP je cmammno
ydecTanocT MeTactasupama 3a oko 30%. Mehyrtum, 3abenexeno je na DE-EDCP 3nauajuo
penykyje Opoj W BeIMUMHY XEeMaTOTeHMX MeTacraza y Iulyhuma y mopehemy ca
HerperupanuM munieBuma (I'padukon 6). Meracrarcke MpoMeHe y jeTpH HHCY 3a0elexeHe

HU y jeHo] oA ucnuTtuBaHuX rpyna. [Ipumehyje ce m ma je aHTUMETACTAaTCKH MOTEHITH]a
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DE-EDCP cnabuju on edekra gakapba3uHa, 3JI1aTHOT CTaHIAp/Aa, KOjU C€ KOPUCTH Y JICUCHY

oBe Bpcre Tymopa (I'padukon 6).

Ha ocHOBY mpeTxolHO M3HETHX Haia3a CTyAuje Moxe ce 3akbyuntu ga DE-EDCP
MOKa3yje jacaH TYMOPHIIMIHU KAlaluTeT KOjU j€ OATOBOpaH 3a YCIOpPEH pacT |
MeTacTa3upame Tymopa. JlaJbuM HCIUTUBAKBUMA Y MOJIENY KaplMHOMA JIOjKE MOKYIIAHO je

pacBeTJbaBame MexaHu3zama kojuma DE-EDCP ycnopaBa nmporpecujy Tymopa.

5.3. DE-EDCP unaykyje anontorcky cMpT MaJuruux heamja

3Ha ce ;ma cy aucperylainyja arnontose u npoiudepanuje henvja KJbydHH y pa3Bojy
kanmepa. Ilopemehaj y perymanuju amomTo3e je OATOBOpaH HE caMO 3a pacT |
MeTacTa3upame TyMopa, Beh je y OJMCKOj BE3W U ca PE3UCTEHIMjOM MaJUTHUX henuja Ha

urTocrartuke (350-352).

Hakon peructpoBanux mopdomomkux npomeHa 4T1 tymopckux henuja xoje cy
yeneaune nocie uznarama DE-EDCP (Cnuka 7), ucnutuBanu cy yHyTaphenujcku norahaju
KOJU Cy KapaKTepUCTMYHU 3a amonTo3y. AIMONTo3a, Kao TUIl hemujcke CMpTH Koja je
noreHujanHo nHaykosana DE-EDCP, Hajupe je mpolembeHa Ha OCHOBY €KCTEepHalU3alyje
¢dochatuann ceprHa Ha MOBpIIMHU henujcke MeMOpaHe TyMopckux henuja. Jpyrum peunma,
TUMMMYHA TIPOMEHA KapaKTepUCTUYHA 3a arolTOTCKYy CMpT henuje je Tpaciokaiuja
dbocharuaun cepuHa ca yHYTpalllb€é Ha CHOJbAlllly CTpaHy henujcke MemOpane. Y
aKTYeJHO] CTYAMjH je aHalIM3hpaHa MpoleHTyanHa 3acTymbeHocT 4T1 henuja y paznuuurum
¢dazama arnonrTose Tako IITO cy TyMopcke henuje obenexene ca aHeKCUMHOM V U IPONHIUjyM
jomunom. PerucrpoBano je na DE-EDCP 3nauajro moBehaBa mporeHaT anontoTckux hemuja
MU TO y KacHO] ¢a3m amomnTo3e W oBaj edekar je mo3no 3aBucaH (['paduxon 7). C mpyre
cTpaHe, HajBehm mporeHar henmuja y paHOj amonTO3M JI€TEKTOBAaH j€ HAKOH HHXOBOT
u3narama ucruiatuai. Ca nosehaBameM koHIeHTpanuje yodeHo je 1a DE-EDCP unaykyje
nBOCTpyko Behu mporeHatr Tymopckux henmja y kacHoj ¢asu amonrto3e y mopehemy ca
nucruiatuHoM. [loganu m3 juTeparype cyrepuiny na Komiieke kora rpajae aruaa(lV) n
DE-EDCP wunnykyje Hekposy, nok kommuiekc ruatune(ll) u DE-EDCP y3pokyje pany u

KacHy anomnTo3y y henmijama XxyMaHe JIMHUje aKyTHE IPOMHUjEIOUUTHE Jieykemuje (299).
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[Mpexumu neonanuane JJHK u mweHa ciencTBeHa gpparmMeHTanuja cy jegaHa of OJUTHKa
anonTo3e. Kako 6u ce nponenno edpexkar DE-EDCP na anmonrorcky cMpT TymMopckux henuja
U y caMoj MOTKM KapuumHoma jojke, mpumemena je TUNEL meroma kojom ce orkpuBajy
npexkunytu Januu JJTHK y jenpy anonrorckux henuja. Youasa ce na je DE-EDCP y3pokoBao
3HavajaH mopact amontoTckux oxaHocHo TUNEL-mosutuBHuX manuramx hemwja. Y3 To,
npuMeheHo je aa je OBakaB IPOANONTOTCKH e(eKaT HMCIUTUBAHOT jeIMIbCHha OHWO CIIMYaH

mucrutatia (I'padukon 8).

henuja mocenyje copucTHIMpPaH CUCTEM KOjH CTpPOro perynuiie amonrto3y. OBaj
CHCTEM YKJbydyje mopoauity nporerna Bcl-2 koja oOyxBara OpojHe aHTH- U TPO-aMONTOTCKE
MOJIeKyle, M Ojare NpOMEHe Yy IHXOBOj JAWHAMUYKO] PAaBHOTEXU PE3YITYjy WIN
MHXUOUIMjOM WM TOKpeTameM "cyuinanHor” nporpama y hemuju (353, 354). Tako Ha
npumMep, Bax cayxum kao dammmuratop amonTose, JOK ¢ japyre crtpane Bcl-2 je
AQHTHATIONTOTCKY MPOTEUH KOju HeyTpanume GyHkiujy Bax y naunujanuju henujcke cMptu
(355). TNoBehana excmpecuja Bcl-2 je noxymeHTOBaHa y MHOTHM COJIMIAHHM TyMOPHMA,
yKibydyjyhu KapouHoM J0jKe, mpocTare, iyha, >kelyna M jajHHMKa INTO Cyrepuiie Ha
OHKOTeHH ToTeHIHjan oBor mnporerHa (356). C o03upom ma ecrporenu mnosehaBajy
excrpecujy Bcl-2 y kaprimnomy nojke (357), mo3uTHBHA €KCIIPECHja OBOT IPOTEHHA MOXE J1a
yKake Ha (YHKIHOHAJIHY aKTHBHOCT peleNTopa 3a eCTPOreH Koj oBe Bpcte Tymopa (356,
358). C gpyre crpaHe, CMameHa eKCIpPeCHja MPOAIONTOTCKOr MoyieKyna Bax vy
KOJIOPEKTATHOM KapIIMHOMY, Ka0 M y METAacTaTCKOM KapUWHOMY JOjKe, je YIpYXKeHa ca
kpahum mpexuBspaBambeM obonennx (359, 360). CymportHo, moBehame ekcrnpecuje Bax
pe3ynTyje ycrmopeHHM pacToM kapuumHoma nojke (361). OcuM mTo cy yK/bYYeHH y TeHe3y
pa3IUUMTHX BpcTa Tymopa, noBehaHa ekcrpecuja monekyna Bcl-2 m Bax yruye u Ha
euKacHOCT XxeMoTepanuje Koja kapuuHoma aojke. Cmatpa ce na Bcl-2 nnnykyje mosehany
XEMOPE3UCTEHITN]Y TYMOPCKHX hemnmja, JOK TpOanonToTCKu mnpoTemH Bax mosehasa
oceT/bMBOCT henmja Ha aHTUTYMOpPCKY Tepamujy (359, 362). YV aktyenHoj cTyauju je
PErUCTpOBaHO Ja y TpeTupaHuM TymopckuMm henujama 4T1, DE-EDCP 3nauajHo cmamyje
ekcrpecujy antuanontorckor Bcl-2 u ucroBpemeno nmosehasa excrnpecujy mpoanonToTCKOr

Bax, kako Ha HHBOY mpoTenHa Tako U Ha HuBoy nPHK (Cnuka 8 u I'padukon 9).

AxTuBaIMja Kacmaza je (uHAIHH Kopak y mporecy amomro3e (363). Y oxBupy
MOPOJUIIe Kacmasza, O] TOCeOHOr WHTepeca je aKTHBaIlMja Kacrasze-3 Koja KaTaliu3yje
cieun(pUYHy pasrpajmby MHOTUX KJbYYHHMX LEIYJApHHUX MPOTEHHA MITO 32 MOCIEeIUIly hMa

hemmjcky ayronmectpykimjy (363). Ilpumehena je moehana excrnpecuja akTuBHE (opme
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Kacmase-3 y tperupanuMm Tymopckum henujama (Cruka 8). Ako ce mak mopeau eKcrpecuja
oBor mosiekysna Ha HUBOy MPHK y tymopckum hemmjama nakon usnarama DE-EDCP wam
UCIIaTHHH, youaBa ce Aa je camo DE-EDCP unnykoBao 6uran mopact excnpecuje n”PHK
3a kacnazy-3. llIraBumre, excpecuja n”PHK 3a kacnaszy-3 je 6miia 3HavajHo BUIIa y henujama
tperupanum ca DE-EDCP nero nocie tpermana ca nuciutatuaom (I'padukon 9). Cmatpa ce
Ja y amomnTOTCKO] MAIlMHEPUjU Kacmas3a-3 MpelcTaBiba jeHY O] TJIaBHHX "ersexyropa”
henuje (364). AxtuBanujom kacmase-3 nokpehe ce uuraB cer norahaja Koju 3a MOCIESIUILY
nma "camoybucTBo” henuje ykipydyjyhu akTuBaiujy eHjonykieasa koje pasrpalhyjy JAHK, u
WHUIIMPAjy KOHJICH3alKjy XpoMaTuHa. KoHayaH ucxo] CBUX HaBeleHUX Jorahaja je pynrypa
henuje u dopmupame amontorckux tena (365). Pesyaratu apyror ucTpakuBama Takohe
notBphyjy anontorcku egexar DE-EDCP na neykemujckum henujama HL-60 mo ce ornena
y JernoJiapu3alju yHyTpallmhe MeMOpaHe MHUTOXOHAPH]a, CKCTepHATM3auju Gocharu i
cepuna u ¢parmenraruju JHK (300). JomarHo, moka3zano je ma komiieke miatuHe(ll) u
DE-EDCP mnokpehe amonTo3y y oBuM henujama U TO Tako IITO aKTUBUpPA WHUIUjATOPCKE

Kacrmase, kacnasy-8 u kacnasy-9 (299).

Ha ocHoBy noOujenux pesynartara moxe ce koHcratoBatu na DE-EDCP mosehasa
OCETJFMBOCT TYMOPCKHUX henrja Ha amomnTo3y INTO C€ Orfiefla y CIOCOOHOCTH /1a CMambyje
eKcIpecHjy aHTHanonTorckor Bel-2 u moBehaBa ekcrpecujy mpoamnonToTcKor nporenHa Bax.
Konaunu ucxon n3mMemeHor OanaHca u3Mel)y oBUX Mojekyia je moBehaHa mpomycT/bHBOCT

MUTOXOHJIpHjaJTHE MeOpaHe IITO CISJACTBEHO Y3POKYje alonTo3y Koja 3aBUCH OJT Kacrase-3.

5.4. DE-EDCP 3aycrassba heaujcku nuxiyc y GO/G1 ¢a3u

3aycraBipame MammHepuje y GO/GL, S unun y G2/M dasu henujckoj nukinyca, Koje He
caMo WTO oMeTa mponudepanrjy TyMopckux henwja Beh uX yBOAM W y amomrosy,
MpEeJCTaB/ba 3ajeNHUYKH MeXaHW3aM IIUTOTOKCHYHOCTH 32 MHOTe KOHBEHIIMOHATHE
aHTHKaHIepcke JekoBe (366, 367). V akryenHoj cryauju je 3abenexeno ma DE-EDCP
noBehaBa 3actymibeHocT 4T1 hemuja y GO/Gl  ¢asu hemumjckor mmkiyca W OB3j
antunpoiudepatiBau edekar je no3Ho 3aBucal (['paduxon 10). OBa akymynamnuja henuja y
GO/G1 ¢a3u mpahena je cmamemeM MpoleHTa TyMOpckux hemmja y S m y G2/M dasu
hemujckor mukiyca. Youasa ce U Ja IUCIUIaTHHA Y HIDKO] KOHIICHTPAIM]U OCTBApyje CIUYaH

edexat kao 1 DE-EDCP y Bumoj xonuenrpanuju. looujern Hanas cyrepunie Ha To na DE-
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EDCP unnykyje 3acroj tymopckux hemuja y GO/G1 dasu hemujckor mukityca u CiaeacTBEHO
3aycTaBjba INpUIIPEMame €Hepruje u marepujana 3a perukanujy JHK. Jpyrum peunma,
oBakaB mnpekua hemujckor mukiayca y GO/G1 ¢a3u BepoBaTHO je pasiaor JApacTUYHOT
cMmamema nporieHra 4T1 henuja y S u y G2/M ¢das3u nakon tpermana ca DE-EDCP. Ipekwun
henujckor 1mkinyca y GO/G1 dasu moxe ga mHHIHpa moBehaHy OCET/BHBOCT TYMOPCKHX
henuja Ha anonto3y (368). Youeno je ma je DE-EDCP y3pokoBao noBehaHy 3aCTyIUBEHOCT U
henuja xoje ce Hanaze y cy0-Gl ¢asum, a koje npencrasibajy ppakuujy anmonTorckux henuja.
OBO je MHTEPECaHTHO 3amaXkame jep je 100po MO3HATO Ja Cy peryianuja hemujckor muKyca
U arnonToTCKE MAIlIMHEpHje KIbydHH y mporpecuju tymopa (369, 370). [To3Hato je ma Heku
AHTHKAHIEPCKH JIEKOBU Kao MITO Cy LedanoxpoMut uim ey(hoH HHXUOUpajy mpoiaudepannjy
TyMOpPCKHX henuja Tako ITO y BHMMa 3aycTaBibajy hemujcku nukiayc y GO/G1 daszu (371,
372), nox manOouMKiInO, puOOIMKINO U adeMalMKINO (YHKIHOHHINY KAa0 WHXHOUTOPU
Cdk4/6 w y mnocrnemmux map TOJMHA YCICHIHO C€ KOPUCTE Yy JICUCHY METaCTaTCKOT

KapluuHOMa JI0jKe KO/ MAllMjeHTKHba Y MocTMeHonay3u (224-226).

Ki-67, kao mupoko kopumthenn mMapkep nponudepaimje henuja, TecHO je moBe3aH ca
perynaiujoM hemujckor MUKIyca ajii HBEeroBa yjiora y OBOM IPOLIECY U Jajbe HHje IOBOJHHO
pacBetibeHa (373). OBaj HyKJI€apHH TPOTEHH j€ €KCIIPUMHpAH y CBHM aKTUBHUM (a3ama
henujckor nukiyca, uzy3eB y GO u panoj G1 ¢asu (373, 374). U3 Tor pasnora, Ki-67 ce
KOPUCTH Kao MPOTHOCTUYKH OMOMapKep M METAacTaTCKU MPEIUKTOP Y pa3IMuUTHM BpCTaMa
Mayiuraoma Jeyau (375-377). Tlosehana excripecuja Ki-67 y TKHBY K0ja ce periucTpyje HaKoH
CIIPOBE/ICHE HEO0a/jyBaHTHE TEpalujCKe TPOIEAype JOBOJU CE€ Yy BE3y ca JIOMIHUjOM
MPOTHO30M OOJIECTH, Ka0 M ca MOTpedOM 3a M3MEHy Tepamnujckor npoTtokoina (378). YV oBoj
CTynuju je nerekroBaH Mamu nporueHar 4T1 hemuja xoju uckazyjy Ki-67 HakoH u3narama
DE-EDCP y oxnocy Ha HeTpeTtupane henuje, kao 1 Ha henmje TpeTUpaHe ca HUCIUIATHHOM
(T'padukon 11). OBa cmamena ekcripecuja Ki-67 y 4T1 henujama koje cy tpetupane ca DE-
EDCP BepoBaTHO je pe3yirar 3aycTaBibama hemujckor nukiayca y GO/G1 ¢as3u u mosehane
ekcrnpecrje mpoterHa P16, waxuOuropa komiuiekca Cdk4/Cdk6, mro je u mperxomHO
3a0eNe)XeHO0 Y HEeMaJIWTHMM M ManurHuMm henujama (379). V3 1O, pe3yaTatu HeIaBHO
nyonMKoBaHe cTyauje ykasyjy aa je Ki-67 oaropopan 3a pe3uCTeHIIUjy MaIMTHUX hemuja Ha
JCjCTBO XEeMOTEpaneyTHKa INTO je IMOCIeOuNa OJIp)KaBamka HUIIE TYMOPCKMX MAaTHYHHUX
hemmja (380). OBa casHama ummmunupajy aa Ki-67 moxe na Oyae arpakThBHa MeTa y
Jedyewy KaHiepa. HeoueknBaHo, periucTpoBaH je W ApacTuual nopact ekcrpecuje Ki-67 na

TymMopckuM henmjama HakoH TperMaHa ca nucriatuHoMm (I'paduxon 11). V ckmany ca
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PETXOAHUM HayazoM, youcHo je a1a DE-EDCP outHO penykyje excnpecujy Ki-67 u y TKuBy
KapluuHOMa JI0jKe, ajli HHje 3a0esexena pasiuka y ekcrpecuju Ki-67 y TyMOPCKOM TKUBY
LUCIUIATUHOM TpeTUpaHux W Herperupanux wmwumena (I'paduxon 12). Hamaz mnosehane
MPOICHTYAJHE 3aCTYIUbEHOCTH TyMOpckux henuja koje uckasyjy Ki-67 HakoH TpeTMaHa ca
[UCIUIATHHOM N VItr0 je BepoBaTHO pe3yaTaT KOMIIEH3aTOpHE mposudepalje Koja je
uHaykoBaHa amonrto3oM (381). OBy mpeTrnocTtaBKy MOJp)KaBajy MPETXOJHO MpPHKAa3aHU
pe3yATaTH aKTYeIHOT UCTPAXKHBama KOjU ymyhyjy Aa MUCIUIaTHHA y HUXKO] KOHIICHTPALUjU

on 31.25uM je edpuracua y manykiuju anonrose 4T1 tymopckux henmja.

[Iporpecujy henmjckor nmukiryca peryiauily TpH Tpyle MpOTeWHA: UKIWHH, IUKINH
3aBHCHE KHHAa3€ MW MHXMOMTOpDHM IMKJIMH 3aBHCHMX KuHaza (382). VY HapeaHum
SKCIIEPUMEHTHMA MCIUTHBAH je MEXaHu3aM 3ajp)kaBama TyMmopckux hemuja y GO/G1 ¢asu
henmmjckor mukiryca HakoH m3narama DE-EDCP. Iloctoje 2 rmaBhe Bpere mukimHa y Gl
¢da3u, a To cy mukauH- D u -E (176). OBu nmkinuam omoryhyjy mporpecujy hemujckor
mukiryca kpo3 G1 ¢asy u To Tako mro nukiaut D unreparyje ca Cdk4 nnu Cdk6 u ykibyden
je y perynanujy pane Gl ¢ase, nox mukaun E ¢dopmupa kommiekc ca Cdk2 koju je
HeomnxozaH 3a 3aBpuietak Gl u naunujanujy S dase (176, 383-385). ITosehana excrnpecuja
nukimuHa E ckpahyje Tpansunujy Tymopckux hemmja u3 G1 y S a3y mro yop3asa henwjcku
LUKJIYC U pe3yiTyje HelIaHCKOM henujckoM nposudepaliyjoM, 1 KOHaYHO yOp3aHUM pacToM
tymopa (386, 387). IIperxoaHo je mokaszano na cy uukiuH-D1 u -D3 moBehano nckazanu y
nuHYjaMa henuja KapuwHOMa J0jK€ JbyAM, Ka0 M Yy MPUMAPHUM Je3hjamMa WHBA3UBHOT
kapuuHoMa gojke (388). VY3 maBemeHo, y KapiuHOMY J0jKe Koju HcKasyje ErbB2
PETUCTPOBAHO je Ja je ekcrnpecuja nukianHa D3 mHoro Beha y onnocy Ha mukiaud D1, kao u
na mukmuH D3 mMoxke nma kommensyje ryourak mukimHa D1 xonm oBe Bpere Tymopa (388).
Tpanckpunimonu ¢aktop E1AF moactuye mporpecujy hemujckor mukiayca y KapuUHOMY
J0jke Tako ImTo moBehaBa TpaHckpunuujy nukauHa D3 (389). TokaszaHo je ma pamaMuIiuH
WHIYKYje MPeKu1 helmjckor nukiyca y KapiuHoMYy jojke koju uckaszyje HER2 y G1 dasu u
TO TaKO IUTO JECTaOMIN3yje U MOCIEAUYHO PEyKyje eKCIpecHjy MpoTenHa LukinHa D3
(390). Hakon tpermana ca DE-EDCP mnm ca mucrutatTiHOM Huje 3a0enekeHa mpoMeHa y
excnpecuju mukimHa E y tymopckum hemmjama 4T1 (I'paduxon 13A). Mehyrum, DE-EDCP
j€ 3HauajHO CMamkHUO MPOICHAT TYMOPCKHUX hennja koje uckazyjy mukiauH D3 y mopehemy ca
henmjama TpeTMpaHUM ca LUCILIATUHOM, a HAPOYHTO ca HeTpeTupanuM henujama (I"padukon

13B). lonatHo, 3a pa3nuKy O]l IUCIJIATUHE KOja HUje YTHIIala Ha eKCIIPECH]y OBOT MOJIeKysa
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Ha HuBoy MPHK, 3a0enexeno je 3HauajHo cMameme excripecuje nPHK 3a cunTe3y nukiamHa

D3 nmocine tpermana ca DE-EDCP y ogHocy Ha Hetpetupane henuje (I'padukon 13).

C 003upom 1a je peayKiiija akTUBHOCTH HHXUOWTOPA ITUKIMH 3aBUCHUX KWHA3a jeaH
ol (akTopa KOju IONPHHOCH HEIUIAHCKO] Mpoiudepaluju, jour jeqHa Moryha crparteruja y
nHXUOMIMjU nponudepanuje Tymopcke henuje je MHAyKIMja €KCIIpecHje OBUX MOJIEKYIa
Koja 6u mMorya ja cronupa henujeku mukinyc y GO/G1 ¢asu u ciaenctseno pact tymopa (391).
Pasnukyjy ce nBe mopoauiie HHXHOUTOpa MUKIWH 3aBUCHUX KWHA3a, a TO Ccy: 1) mopomuia
Inkda cnennduunnx uwaxuburopa Cdk (pl6, pl5, pl8 u pl9) u 2) mopoauia MojeKysa
Cip/Kip kojy uune p21, p27, u p57 (370, 392). ¥ akTyeqHOM HCTpaXHBamy yOUEHO je J1a
tperman ca DE-EDCP y3pokyje 3Hauajan nmopact npouenrta henuja koje ekcnpumupajy plo,
p21 u p27 (I'paduxon 14). Axo ce nopeau edexkar DE-EDCP u nucruiatiHe Ha €KCIPECH)y
nHxuOuTopa henmjckor mmkiyca, 3anmaxka ce na je crmocoonoct DE-EDCP nma moseha
excripecujy P21 m p27 mama y ogHOCy Ha muciuiatuHy. [lo3nato je ma pl6 cnemuduvHo
unxubupa komruiekce koje rpame Cdk4 wim Cdk6 ca nukaumaom D y panoj Gl dasu
hemujckor mmkiayca (161). 3a pasnuky ox pl6, p2l ¢yHKUMOHHINE KAO YHHUBEp3aTHH
WHXUOUTOpP IUKJIMH 3aBUCHHUX kuHa3a (393), nok p27 Omokupa GopMUpaE WA aKTHBHOCT

komrutekca koje unnHe mukianH A ca Cdk2, mukiaun E ca Cdk2 wmun muknmua D ca Cdk4 (161,
394).

Ha ocHoBy noOmjennx pesynrata Moxke ce koncratoBatu na DE-EDCP cmamyje
excnpecnjy uukiauHa D3 u nosehaBa excmpecujy pl6, p21 u p27 wmro pesyatyje
3aapkaBambeM henuja y GO/G1 ¢asu henmjckor mukiyca, a THME HE caMoO Ja HHXHOMpa
nponudepanrjy TyMmMopckux henmja, Beh BepoBaTHO [0AaTHO (QAIMIUTUPA HUXOBY

OCCTJbMBOCT Ha aIlOIITO3Y.

5.5. DE-EDCP unxu0upa HUCX0HY Kackaay curHajHor nyra STAT3 y tymopy

Monekyn STAT3 (enrn. Signal Transducer and Activator of Transcription 3)
npuraza MOPOJWIM  TpaHCKpumimonux ¢akropa (381, 395). OBaj Mosekyn1 je
KOHCTUTYTUBHO AaKTHBaH Yy CBUM IIOJATHUIIOBUMA KapIuHOMa J0jkKe, a Hajuemhe Kox
TPOCTPYKO HETaTUBHHUX KApPIIMHOMA JI0jKE€, OJJHOCHO OHMX KapIIMHOMA KOjU HE EKCIPUMHUPA]y
monekyn HER2, kao Hu penenrrope 3a ectpored u nporecrepos (396, 397). Cryauje koje cy

3aCHOBaHE Ha TE€HETCKO] M (hapMakoJomkoj momynanu akTuBHOCTH STAT3 mpyxkwie cy
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yOoemybMB J10Ka3 o 3HaudajHoj ynao3u STAT3 y OpojHuM mporeciMa KOju Cy KPUTHYHHU Y
MPOTPECUj  KaplIMHOMAa J0jKe, YyKJbyuyjyhu hemmjcky mnponudepaiujy, amnomnrosy,
AQHTUOTCHE3Y, aHTHUTYMOPCKM HMMYHCKH OJIFOBOp M MeracTasuparme Tymopa (398). M3 rtor
pasznora, cmarpa ce na je STAT3 jeman ox 3HAYajHUX [UJbAHUX META y Tepaluju KaHIepa.
Tako, mokaszano je ga cmameHa akTMBHOCT STAT3 pesynryje 3aycraBibambeM henujckor
mukiayca y GO/GL dasu u uaayknujom anomntose (399). YV akTyeaHOM UCTpakUBamby yOUEHO
je na DE-EDCP y 4T1 tymopckum henujama 3HauajHo cmamyje ekcrnpecujy STAT3, Ha
HUBOY npotenHa u uHpopmanmone PHK, y mopehemy ca HeTpeTHpaHUM WM MUCTUIATHHOM
tpetupanuM henujama (I'paduxon 15 u 16). Pesynratu panujer uctpakupama ykasyjy 1a je
nocrpaHckpunuujcko "yrumabame” nporenHa STAT3 y 4T1 hennjama momohy mane
unreppepupajyhe PHK (enr. small interfering RNA, siRNA) 3a mnociemumy wumaio
KOMIUIETHY OJioKaay ekcmpecuje TWiSt mporenHa W oHKomporenHa C-MyC, mTo KoHauHO
MHXHOUpa pacT TyMopa U ycroctaBibambe meractasza (400). Cxogno tome, yunu ce aa DE-
EDCP cBojy aHTUTYMOpPCKY aKTHBHOCT Yy KapIMHOMY J0jK€ OCTBapyje u3mely ocramor u

cMmamemeM ekcripecrje STAT3 u To Ha HUBOY IPOTEHHA U TEHA.

[Mpermocrarspa ce ga cy SOX2 u NANOG kJpydHU MPOTEHHU HUCXOJHE peryJalfuje
curHaigHor nyra STAT3 y kanuepy (401). Monexkynn SOX2 u NANOG mnpencrasibajy
TPAHCKPHIIIHOHE (DAKTOpe U CIyKe Kao MapKepy TyMOPCKUX MaTHuHuX henuja (eHri. cancer
stem cells, CSCs) (402-405). Takohe, cmatpa ce na cy SOX2 u NANOG kputndsu (akropu
y onpxkaBamy Kapaktepuctuka CSCS, kao mTO Cy CHOCOOHOCT CamMOOOHaBJbama,
MeTacTa3upama U pe3ucTeHiuje Ha xemotepaneyruke (405, 406). AGepanTHa excnpecuja
nporernHa NANOG je mokymeHTOBaHa y pa3nuuuTuM BpcTama Tymopa (407), ykibydyjyhn
kapuuHoM fojke (404) u 0OMYHO je yapyKeHa ca CMameHHM INPEKUBIHABAHEM O00O0JICNINX,
Kao u ca yenrhom nojaBom penuausa (405, 406). [Toehana excnpecuja SOX2 je 3abenexeHa
KOJI Jomie nudepeHTOBaHOT KapIMHOMA J0jKe U YAPYXKEHA je ca JIOIMIMM HCXO0J0M 00JIecTH
(408, 409). V3 HaBeneHo, ekcrpecrja SOX2 je HHBEP3HO] BE3H Ca CKCIPECH]OM PEIENTOpa 3a
XOpPMOHE, €CTPOT€H M MPOTeCTEPOH, KOJI OBE BPCTE TyMOpa. Y CIPOBEACHO] CTYIUjU yoUyaBa
ce na DE-EDCP, a napounto nucruiatuia, 3Ha4ajHo peaykyjy excnpecujy uPHK 3a NANOG
y 4T1 manuraum henujama (I'padukon 16). Y3 To, excrnpecuja uPHK 3a SOX2 je GutHO
CHWKEHAa y TyMmMopckuM henmjama HakoH TperMana ca DE-EDCP wnm mucnmaruaOM y
nopehemy ca HeTpetupanuMm henujama, u npumehyje ce na je BUXOB epexat Ouo NPUOIHKHO
uctu. PenykoBaHa ekcripecuja reHa 3a OBa JIBa TPAHCKPUIIIHMOHA (hakTopa HEONXOTHHX 3a

ouyBame "MarnuHocTH” henuja je mpahena cMameHoM ekcripecujom Ki-67 y 4T1 henujama

112



tpetupanuM ca DE-EDCP miTo je y carimacHOCTH ca pe3ysiTaTiMa MPEeTXOIHOT UCTPaKUBakha
Koje cyrepuie Ha To na Ki-67 urpa 3HauajHy yjory y oJp)KaBamy TYMOPCKHX MAaTHYHHX
henuja (380). Chen u capaauuim (410) nmokasanu cy na uaxuduimja excupecuje NANOG y
eMOpHOHATHUM MaTHYHUM henujamMa MMIIa 3a IMociieAnily uMma mnoBehame MpOIEeHTYyalTHe
3acTymJbeHocTr Kako henmja y GO/G1 ¢da3um henmujckor mukiyca Tako U anonToTckux hemnuja.
HenaBno je mokazano ma NANOG mnorehaBa u mponudepanujy ¢pubpodiacta Tako ImITO
perynuine TpaHckpunimjy rera 3a p27 (411). Peaykuumja excrpecuje SOX2 y henujama
KapIMHOMa TIaHKpeaca Y3pOKyje HMHXHOMIMjy henmjckor pacTa Tako INTO 3ayCTaBba
hemujckn nuxiyc y GO/G1 ¢a3u n nosehaBa excrnpecujy MHXUOMTOpa LUKIMH 3aBHCHUX
KuHaza, p21 u p27 (412).

AxrtuBanja  TpaHckpumuoHor  Qakropa STAT3  yrmaBHOM  3aBHCH O
dochopunanuje JAK kunazama (enri. Janus kinase). Taxo ¢ocdopuircanu MoJEKyIn
STAT3 dopMmupajy akTUBHE IUMEpe KOJU CE€ 3aTUM KOHIIEHTPHINY Y jeIpO Tie Peryiuily
TpaHCKpUNIHKjy u/baHux reHa (413-415). V ckiany ca nperxoanuM Hanasom qa DE-EDCP
3Ha4yajHO cMamyje ekcripecujy STAT3 nHa HuBoy nporenna u uPHK y tymopckum henmjama
in vitro, 3a0enexeH je CIWYaH TPEHJ CMamema IMPOIEHTAa TYMOPCKHX henHja Koje
excipumupajy ¢ochopunucany ¢opmy STAT3 y TKUBY KapuMHOMA JI0jKE€ MHIIEBa
tpetupanux ca DE-EDCP y nopehewy ca HeTpeTupaHuM MHUIIEBHMA, Majia OBO CMambeHe
HUje JOCTUTJIO0 cTaTuCTHIKy 3Ha4yajHocT (I'padukon 17). Pesyntatu ckopujer ucTpakuBarmba
yryhyjy Ha TO 1a mocTpaHckpumniujcko "yrumasame” nporenHa STAT3 y munuju hemuja
kapirHoMa rpiuha matepuie momohy SIRNA pesyntyje cmamenom ekcrpecrjom nPHK 3a
SOX2 u NANOG (401). V ckiaay ca CBUM HU3HETHM, MOXe ce KoHctatoBaTh ga DE-EDCP
WHXHOMpA MPOTPECcHjy TyMopa Tako mTo peaykyje excrnpecujy STAT3 y manuraum henujama
IITO Pe3yiTyje CMAambEHOM EKCIIPECHjOM KPUTHYHUX MPOTEHHA HUCXOJIHE peryJaluje OBOT
curHansor nyra, NANOG u SOX2.

henujcka murpanuja je nmpeaycioB 3a HHBA3Wjy U METAacTa3upame MaJUTHUX henuja
(416) u camum THM MOXe OWTH jOIII jeIHA MOTEHIIMjaIHA METa y Tepanuju Tymopa. Y CKIIaay
ca THM, y CIIPOBEACHOM HCTpaKuBamy ucnuTuBaH je u epexar DE-EDCP na murpannonn
Kamaurer Tymopckux henmuja 4T1 3a koje je 10Opo MO3HATO J1a UMajy BUCOK METacTaTCKU
norenuujan (417) PeructpoBano je na DE-EDCP, y HHCKO] OZHOCHO HETOKCHYHO]
koHneHtpanuju (15.63uM), epukacHo naxuOUpa murpainujy tymopckux hemuja (I'padukon
18). OBakaB edekar Ha murparopHy crmocoonoct 4T1 henmja Moke ce mocmarpatd Uy
CBEeTIIy CMameHe ekcrpecuje curraiaHor nmyra STAT3 mox yrumajem DE-EDCP. Hauwme,

nojmany w3 jureparype ynyhyjy Ha to na STAT3 wurpa 3HayajHy ynory y WHBasUju H
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nokpetrspuBocTH henuja (418). Ha npumep, xommierHa umuaxuOunuja excupecuje STAT3
orpaHuymiIa je mpoaudepaTopHy U MurparopHy crmnocooHoct MCF-7 hemmja xapruHoma
nojke spyau (419). INokazano je ma excrpecuja NANOG u SOX2 takohe moxe yrunaru Ha
murpanujy rymopckux hemuja. Tako, npexomepna excrpecrja NANOG noactuae murpanujy
u wunBasHjy MCF-7 hemmja (420). Camuno, NANOG perymuire wmwurpandjy hemnuja
KapuuHoMa jajuuka (421). PerumctpoBaHo je Ja MOCTPAHCKPHIIIUjCKO "yTHIIaBame”
nporenHa SOX2 nomohy SIRNA crnpeuaBa murpanujy henuja kaprunoma jgojke jbyau MDA-
MB-231 (422). 3 cBera HaBeneHor, Moxke ce 3akibyuntu aa DE-EDCP penykyje murpanujy
TymMopckux henuja u to maxuOumjom curHanaor nyra STAT3 koju ykipyuyje NANOG u
SOX2 mTo mpencrtaBiba joml jenaH naoAatHu Mexanuzam kojum DE-EDCP  ycmopasa

MPOrpecHtjy KapluHOMa JI0jKe.

5.6. DE-EDCP mnoactuye undaykc edpexkruBHux NKT m NK heauja y tymopcky

MHKPOCPEeINHY

[Momamm w3 nmuTepaType yKasyjy Ha TO Ja KOHBEHIIMOHAJHA XeMOTeparyja, He caMo
IITO MHJYKYyjeé CMPT TyYMOpCKHMX henMja w/mnm crnpedaBa HUXOBY Ipoiudepannjy, Beh u
YCIEIIHO KOOIEepHpa ca MMYHCKUM CHCTEMOM y epaaukaiuju Tymopa (423). I'enepaiHo,
cMaTpa ce Jja XeMOTepaneyTUI MOy CTUMYJUcaTh oa0paMOeHe MexaHu3Me jaomahuHa Ha
nBa HauywHa, [IpBO, HEKM JIEKOBM H3a3uBajy OHE crenuduuHe mpomMeHe Koje ymupyjyhe
TymMopcke henmje YnWHE BHIJBMBHUM HMYHCKOM CHCTEeMY. J[pyro, HEKHM XeMOTEpPICyTHIIH
M3a3MBajy Mpoja3Hy JAeriennjy JumdonuTa mTo je npaheHo oOHaBJbamkEM IyJla UMYHCKUX
henuja, mpexkuaajy UMyHOCYIIpECH]y MHIYKOBaHY TYMOPOM U JHPEKTHO MM HHIUPEKTHO
aKTHBHPAjy e(hUKacHe MeXaHH3ME aHTUTYMOPCKOT MMYHCKOT oaroBopa (424). IlokazaHo je
Jla MHUCIUTATHHA MOXE J1a TIOJICTAKHE CHA)XKaH WMYHCKH OJATOBOP MPOTHUB MUIIjET MelaHOMa
Tako MTO ToBehaBa 3aCTyMJbEHOCT UMYHOTIOTEHTHHX JCHAPUTCKHUX henrja ¢ jelHe CTpaHe U
eMTMMHHUILE MUjeNIOuaHE cynpecopcke henmje ¢ apyre crpane (425). Y moxeny kapunHoMa
JajHUKa yOYeHO je Jla MpHUMEeHa JOKCOpYOHMIIMHA WIM LMCIUIATUHE 3HA4yajHO MpOAY’KaBa
NPEKUBIHABAKE MHINIEBA IITO y BEINKO] MEpH 3aBHMCH of mobehane aktmBHOcTH CD4™ T
aumdorura (426). IlucnnariHa W MAKIMTAKCENT Y HUCKO] M03M CHHEPTUCTHYKU JCIYjy U
ONTUMAIHO aKTUBHPAjy Tymop-crenupuune CD8" T numdonuTe Ha Taj HAYMH IITO UHAYKY]Y

cekpeunjy IL-2 u IFN-y (289). Kon mumeBa koju cy TpeTHpaHH ca LUCILUIATUHOM U 5-
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(iyopoypariiioMm perucTpoBaH je moBehaH MHQIIYKC M TOMaraykux W IUTOTOKCHYKUX T
auMQOIUTa Y TYMOPCKY MHKpOCpeanHy e3odareannor kapiuaoma (291). JlepuBaTu miatuHe
U JakapOa3uH CTUMYJIHITY aHTUTYMOpcKy akTBHOCT NK hemwja Ttako mrTo Ha TyMOpCKUM
henmujama moBehaBajy ekcnpecujy nwranga 3a aktuBanuonu perentop NKG2D mro

nociennyHo nojadasa tymopunnaau norennujant NK henwmja, a mosehasajy u cuaresy IFN-y

(427).

Pesynratu panmjer uctpaxkuBama cyrepumy aa DE-EDCP unxubupa nponykuujy
IFN-y u IL-17 y MoHOHYKJIeapHUM henujama mMulieBa U manosa in vitro (298). Mehyrum, no
cana Huje ucnurana ynora DE-EDCP y "o6nukoBamy” aHTUTYMOPCKOT UMYHCKOT OATOBOPA.
VY aktyenHoj ctyauju je nokasano na DE-EDCP unnykyje nosehan nnguykc henmja ypohene
umynoctu, CD3'CD49" NK u CD3'CD49" NKT henuja, y TyMOPCKY MUKPOCPEIMHY MHUIIjer
KapIMHOMA JI0jKe 3a KOju je 00po mo3HaTo ja je ciabo umynorenu tymop (I'padukon 19).
C npyre crpaHe, HUCIUIATHHA j€ y3pOKOBaja yMEpEHYy akyMyJjalujy oBUxX henuja y TyMOpCKy
MHUKPOCPEMHY KOja HHje JOCTUIJIA CTATUCTUYKY 3HAYajHOCT. IITO HE UCKJbYyUyje MOryhHOCT
Jla IMCIUIaATUHA Y OBOM MOJENIy OCTBapyjeé aHTUTYMOPCKHU e(deKar IpyruM (HE)UMYHCKUM
Mexanm3muma. NK henmje cy edexropcku mumponuTu ypoheHe UMyHOCTH KOjU 3ay3UMajy
BaXHO MecTo y oaOpanu on Ttymopa. NK henuje MHQUATpHUIY COAMIHU TyMOp M Tako
JOTIPUHOCE MOBOJHHO)j MporHO3u obosenux ocoba (428). IMopen NK henuja, aktuBupane
NKT henuje cy Takohe ykibyueHe y €IMMHUHAILM]y TYMOPCKUX henuja OUI0 TUPEKTHO WU
MHIUPEKTHO aHTaKoBambeM Apyrux hemuja mmyHckor cuctema (429-431). HepmaBho je
OoTKpuBeHa Be3a u3Mely Opoja Tymop- uHpuiatpuimyhux NKT henuja u Gosber KIMHHUUKOT
ucxoja Kox obonenux oxa kapruHoma rinase u Bpara (432). NKT henwmje Op3o pearyjy Ha
CTUMYJyCce€ M TpEeICTaBbaJy BakaH M3BOp OpOJHUX LUTOKMHA M XEMOKHMHAa KOjuMa

MOJIYJINPajy MEXaHU3Me KaKo ypoljeHe Tako U cTeueHe uMyHocTH (433).

[Topen Tora mto nosehasa nnduyke NKT u NK hennja y TymMopcky MUKpOCpenuHy,
noOujeHu mogany ykasyjy Ha To ga DE-EDCP yruue v Ha BUXOB (YHKIIHOHATHH ()EHOTHIL.
Jlo6po je mo3Hato na ose henuje, a Hapouuto NK hemnuje, TUPEeKTHO €TMMHMHUILY IHUJbaHE
TyMopcke henuje Ha HajMame JBa HauyMHa, NMOMOhy mnepdopuHa W TpaH3WMa, Kao H
aHTKOBaWkEM perenTopa cMpTh. Pernentop cmptu Fas mHTeparyje ca CBOJUM JIMTAHIIOM,
FasL, u oBa wHTepakiyja WHAYKYje TPUMEPH3aALU]y pELeNnTopa IITO KACKAaJIHO aKTHBHpPA
Hajipe nporenH FADD (enr. Fas- associated death domain protein) a 3atum kacnasy-8 koja

je YKJbydeHA Yy IOKpeTamy amnonTo3e Yy LWJbaHoj TyMopckoj hemuju (434, 435). YV
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cuposenenoM uctpaxunBary DE-EDCP noseha excripecujy FasL na NK, anmu ve u vHa NKT
henmnjama, ¥ BepoBaTHO Ha Taj Ha4YMH mojadaBa TymopuiuaHu kamanuter NK henmja
(I'padukon 20 u 21). YV npuiior 0Boj IPETIIOCTABIM je MPETXOIHH Haia3 na TperMan ca DE-
EDCP mnosehaBa sactymmenoctr amonrtorckux (TUNEL®) Tymopckux hemmja y TkuBy
kapruaoma jaojke (I'padukon 8). ITo3uaro je na NKT henuje Mory n1a AMPEKTHO €IMMUHHIIY
oHe TymMopcke hemuje koje excrpumupajy mosekyn CD1d (436). Mehyrum, mocroje Hamasu
na 4T1 henuje MHUHUMaNHO ekcnpumupajy oBaj mosekyn (437). Crtora, y oBOM MOJENy
tymopa NKT henmje HajBepoBaTHHje HUCY IMPEKTHO yKibyueHe y enumuHanujy 4T1 hemnuja.
Pesynratu panujer uctpaxupama cyrepumry na NKT henuje mpoaykyjy IL-2 xojum mory
nogatHo na crumynumry NK henuje na eduxacHo yOujy u oHe Tymopcke hemuje koje cy
pesucretHe Ha aupektHy enumuHaijy NKT henmjama (438). Kama je peu o ynosu
muTOoTOKCHYKUX T smmdonurta y 4T1 BapwjaHTH MHIIjer KapuIuHOMA JOjKe, MOJAalH U3
nuTepaType cy onpeunu. Jok Heku ayropu omucyjy aa cy CD8" T numdomutu u IFN-y
KbyuHu y epamukanuju 4T1 henuja (437), apyru cMmarpajy 1a y OBOM MOJEIY KapIlMHOMA
nojke rurotokcuukn CD8' T numdomuTé HuCy O KJbYYHOT 3Hadaja y aHTHTYMOPCKOM
umyHckoM oaroopy (323, 439). henuje ypohene mmyHoctu, a Hapouuto NK henuje,
3ay3UMajy LEHTPAJHO MECTO Y KOHTPOJM pacTa M MeTacTaupama ciabo uMmyHorene 4T1
BapujaHTe Muinjer kapuuHoma nojke (323, 439). Ha ocHOBY cBera HaBeICHOT MOXE Ce
KOHCTaTOBaTH Ja je epukacHa aHTuTymMopcka aktuBHocT DE-EDCP nmemom mocnemuma u
3Ha4YajHe CTUMYyJamnMje MexaHu3ama ypohene wumyHocTH. [lpyrum peunma, nosehana
akymynanuja tymop-uHuiatpuinyhux NK henuja, kao u nosehana excnpecuja FasL na NK
hemjama mon yrunajem DE-EDCP omoryhaBa untepakimjy Fas-FasL mro cienctBeHo
y3pOKyje amomnTOTCKy CMPT TyMOpCKHX henmuja. Mako Ha OCHOBY aHajgu3e EKCIIpecHje
aKTUBAaLMOHMX peunentopa Huje mnoTBphen tymopunuanu ¢enorun NKT henyja,
npernocraniba ce n1a DE-EDCP monctuue npoaykinjy HUKTOKHMHA y OBMM hernujama IITO
BEPOBATHO J0AaTHO MojauaBa Tymopuuuaau kanauuter NK henuja. CBe HaBeneHO 3aje1HO
Oom MorJo 1a Oyme nogatHu Mexanuszam kojum DE-EDCP waxubupa nmporpecujy kapupHoMa

TI0jKe.

Penienrrop KLRG1 (enrn. Killer Cell Lectin-like Receptor G1) je TpancmeMOpaHcKu
MOJIEKYNl Koju mpumaaa nopoauiy C-Tuma JIeKTHHCKHMX penentopa. OBaj WHXUOWIIMOHM
peuentop yrnaBHoM ekcnpumupajy NK henmje, murtortokcnuku T mumdorutu u ayro
xuByhe edekropcke NKT hemmje (440, 441). Cmatpa ce na OBaj MOJICKYJ pEryJuIle

xomeocta3y u caspeBambe NK henuja (442). PerucrpoBano je ma je moBehana ekcrpecuja
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peuenropa KLRG1 y kopenamuju ca cMameHuM mnpoiudepatuBHuM Kanarurerom NK
henuja (442, 443), kao u ca mwuxoBoM moBchanom amonro3om (444). YV 0BOj cTyauju je
3abenexeno na DE-EDCP 3Hauajuo cMamyje mporenar KLRG1™ NKT henuja, anu me u
KLRG1" NK hemuja y tymopckoj mukpocpenunu (Ipapuxon 20 u 21). Ananusa omHoca
MHXUOUITMOHOT HacmpaMm akTuBamuoHor penentopa Ha NK hemujama ykasyje ma je ogHOC
KLRG-1"/NKG2D" na NK henujama y Tymopy mumesa Tperupannx ca DE-EDCP 3nauajHO
cmameH (I'paduxon 21B) mTO BepoBaTHO Cyrepuiie Ha OUYYBAHOCT ITUTOTOKCHUYHOT
norernmjaia NK henmja kox oBux wmumeBa. WuxuOuimonu peuenrtop PD-1 (eHri.
Programmed cell death protein 1, PD-1) je KOHTPOJHH MOJEKYI KOjU PEryJjHiie |
OrpaHMYaBa HMMYHCKHM OJrOBOp, a HCKa3aH je Ha mnoBpuMHU edekropckux henuja,
ykbyayjyhu T mumdonure, NK u NKT henuje (445-447). Crumynanuja NKT henuja o-
rajakTouepamuioM uHAykyje moehany ekcrpecujy PD-1 ma NKT henmjama mro 3a
HOCIIeIUIlY UMa aHeprujy oBakBux henwuja (448, 449). 3adenexeHo je na npumena DE-EDCP
cnpeuaBa excnpecujy PD-1 na NKT henujama y TyMOpPCKOj MHUKPOCPEIMHU U HA Ta] HAYUH
3agpaxkaBa pecrionsuBHocT oBux henmja (I'padukon 20). IMospumucku nporenn CTLA-4
(enrn. Cytotoxic T Lymphocyte Antigen-4, CTLA-4) je npyru KOHTPOJIHH MOJICKYJ KOjH Hrpa
KJbYYHY YJOTy Yy "Traiiemny” HMyHCKOT OJIr0BOpa U y OJp)KaBamy HMyHCKe xomeocTase (450-
453). Excnipumupan je Ha Tymop-unpyntpumyhum NK henujama mumieBa u BaxkaH je 3a
yCTIOCTaBJbamke ToJIepaHIije Ha Tymopcke hemmje (452) Y oBOM HCTpakMBamy yodaBa ce Jia
je DE-EDCP Ttakohe cmammo mporeHaT aHepruunux Tymop-undmitpmmyhux CTLA-4"
NKT henuja (I'padukon 20). YV ekcriepuMEHTAITHOM MOJEITY MEIaHOMa U HEKHX KapIlMHOMa
nojke mokazaHo je ma Omokama u PD-1 u CTLA-4, xao u komOuHOBaHa Oyokaga oba

MOJICKYJIa, je Y BEIUKO] MepH erukacHa y Tepanuju Tymopa (454-456).

Ha ocHoBy noOujenux pesynrata Moxke ce koHctaroBatu aa DE-EDCP unxubupa
MpOrpecujy MHUIIjer KapluHOMa JOJKE€ IITO je IMOclIeAulla Kako JAMPEKTHUX edexaTa
WCIUTHBAHE CYICTAHIIE HAa TyMOpCKe henuje Tako W M0jayaHOr aHTUTYMOPCKOT MMYHCKOT
oarosopa. /[lakne, DE-EDCP ocum mro mnosehaBa HHQIIyKC, MOACTHYE TYMOPHULIUIHU

¢denorun u 3aapxasa pecrionsuBHOCT NK u NKT henuja y TyMOpckoj MUKpOCpETUHH.
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5.7. DE-EDCP unaykyje Mamwe cucTeMcKo omreheme y 0lHOCY HA HUCIIIIATHHY

[MucninaTuHa, Kao MPBH NPUMEHCH aHTUTYMOPCKH JIEK Ha 0a3u MeTalia, uMa IHUPOKY
pUMEHY Yy MPaKCH KOja je HaxaJocT npaheHa yecTuM 030MJbHUM HEXEJHEHHM JIejCTBUMA, a
TO Cy HE(POTOKCHYHOCT, XENAaTOTOKCUYHOCT, OTOTOKCHYHOCT, KAPIUOTOKCHIHOCT U TYOUTaK
tenecHe TexuHe (346). YrimaBHOM ce H3Iydyje yYpHHOM, a HMMa TEHACHIU]y W Ja ce
akymynupa y 0yopesuma. Tako, KOHIIGHTpalHja MUCIJIATHHE y TyOynuMma OyoOpera je Jak 5
nyra Beha y OJHOCY Ha eHY KOHICHTpauujy y kpu (348, 457). Jenna on Hajuenthux
HEXEJbCHUX peakuuja ImucmiatuHe je omreheme OyOpera. Ilucmimatuna wu3a3uBa
HE(QPOTOKCHYHOCT Ha JIO3HO 3aBHCAaH HA4YMH, M PpaA3IMKY]y c€ aKyTHa M XPOHHYHA
HeppoTokcnIHOCT. OBO HEXEJHEHO JICjCTBO HE 3aBHCH CaMO O] J03€ MPUMEHEHOT Jieka, Beh
U o1 Ipyrux (akTopa Kao MITO Cy IOJ, CTapocT W XumoanOoymuHemuja (458). Pesynraru
eMUICMHUOJIONIKE CTyQyje YKa3dyjy Ha TO Ja WHLUIICHIA HE(PPOTOKCHYHOCTU H3a3BaHE
UCIUTATHHOM H3HOCH 0K0 20-30% (459). Mako je 0BO HEeXeJbEHO JIejCTBO MUCIIIATHHE J00pO
MO3HATO, MEXaHU3MH HE(PPOTOKCHMYHOCTH U JlaJbeé HUCY Yy MOTIYHOCTH pacBeTsbeHu (347,
460, 461). Cmatpa ce Jna IUHCIUIATHHA Y3pokyje omrehema OyOpera pa3iTuuuTHM
MEXaHU3MUMa, KOjU YKJbYdyjy OKCHJATHUBHM CTpec, amnomnTtoly, HHpIamanujy u
¢ubpunorenesy. [lo3Haro je na mucmiaaTvHa y BHUCOKO] JO03M Y3pOKyje Hekposy hemmja
NPOKCHUMAJIHUX TyOysia, MOK y HHCKO] J03W W3a3uBa amonToTcKy cMmpT henuja (462).
[ToBehano ctBapame ROS (enri. Reactive oxygen specieS) WHIYKOBAaHO IMCIIATHHOM 3a
nocjenuIly uMa AUpeKTHo omrteheme cTpykrype TyOyna. OBo nosehano crBapame ROS nox
yTUIIajeM IHMCIUIATHHE je pe3yiTaT aKTHUBalhje TIyKo30-6-¢ochar-gexunporenase (463),
noehane WHTparenynapHe KOHICHTpanuje Kammujyma (464) m MHXUOWIMje aKTHBHOCTH
eH3uMa aHTHokcuaanuone 3amture SOD (enrn. superoxide dismutase) u riryraTHOH-
nepokcuaase (465, 466). Konaunu ucxon omrehema TyOyna je 0yOpeskHa MHCY(DUIIH]SHITH]ja
Koja ce 00MYHO MaHH(DECTyje TOKOM Jpyre HeAesbe Off IpUMEHe Jieka. Y3 TO, BUCOKA WIIH
MMOHABJbaHE HHCKE J103€ HUCIUIATHHE MOTY MOTOPIIATH WM Y3POKOBAaTH HPEBEP3HOMIHY

OyOpexHy uncybpunujennujy (467,468).

[Topen Tora mTo je 3a0eNeKeH OUYUTIIeIaH aHTUTYMOPCKH edeKar, yodaBa ce Ja ce
DE-EDCP vy tepanujckoj mo3u ox 10mg/kg (ykymuo 10 mos3a) mobpo Tosepwuiie in Vivo y
OJTHOCY Ha IUCIUIATHHY KOja je mpuMemeHa y a03u o1 3mg/kg (ykymHo 9 noza) (I'paduikon

22 u 23). PerucrpoBano je na DE-EDCP unaykyje 3nauajHo mMamu ryOuTaK TelecHe Mace y
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OJJHOCY Ha IMCIUIATHHY. J[pyruM peunMa, MUIIEBU KOjU Cy OWJIM MOABPTHYTH TPETMaHy ca
IUCIUTATHHOM M3TyOmnm cy oko 22% cBoje TelecHe Mace, 3a pas3iuKy OJf MHUILIEBa
tpetupanux DE-EDCP kox kojux je ryburtak m3Hocuo oko 10% y mopehemy ca rpynom
Herperupanux muniesa (I'paguxon 22). Hepporokcuunoct epexTuBHe Tepanujcke no3e DE-
EDCP je mponemena onpehuBambeM KOHIIEHTpAIMje ypee U KpeaTHHHHA y cepyMmy. 3a
pa3uKy O]l IUCIUIATHHE KOja je MHIyKoBajla OMTaH MOpacT, KOHIEHTpAIMja KpeaTHHUHA |
ypee je HemzMemeHna HakoH npumene DE-EDCP y nopehemy ca HeTpeTrpanum KUBOTH-aMa
(C'padukon 23) mro ynyhyje Ha TO Ja WCIUTHBAHO jCOMIbCHC HE M3a3uBa olTeheme
OyOpera. OBakBO 0CyCTBO HEHPOTOKCHUHOCTH MOKE OUTH TOCIEIUIA XEMU]CKE CTPYKType
DE-EDCP. Ilo3naro je na uucrniaTHHa, XeMOTepaneyTuk Ha 0a3u MeTana, Ma HUCKY CTOITY
W3Iy4YMBamka MU CIEICTBEHO C€ JOYKE 3aJp)KaBa y OpPraHU3My, YMME MOCTHXKE JYyroTpajHe
edekre, a uaMel)y ocraior Moke jJa u3azoBe U HeppoTokcmuHOCT (344-348). Mehyrum,
dapmakokuHeTnuka cBojctBa DE-EDCP u nambe nucy no3nata. [Ipernocrasiba ce na ce DE-
EDCP, 3060r cBoje oprancke XeMHjCKe CTPYKType, IPOTPecUBHO HE akymynupa y henujama
ITO pe3yiTyje MOTCHIMjaIHO MamhUM HexkehbeHuM edektuma. Ha ocHOBY moOmjeHHX
pe3ynrara Moke ce 3aksbyuntu 1a DE-EDCP ne mnaykyje omreheme OyOpera u j1a n3a3muBa
MambH I'yOMTaK TelecHe Mace y OJHOCY Ha IMCIUIATUHY IITO UMIUIMLUPA Ja jeé UCHUTUBAHO

JeIMIbene peslaTUBHO 6€30€1HO 3a CUCTEMCKY IPUMEHY.

Ha ocHoBy noOujeHux pesynrara moxe ce kKoHcratoBaTtu na DE-EDCP octapyje
3Ha4YajHy aHTUTYMOPCKY aKTHBHOCT M TO Ca MHHHMAJIHAM HEXEJFEHHM peaklnujama y
nopehemy ca nucruratTiHOM. TyMOpHIHIHA U aHTHIIPOTIH(EepaTHBHA AKTUBHOCT UCTIUTUBAHE
cyncranue cyrepuue Ha MoryhHoct kopuinhewa DE-EDCP y excnepumeHTanHoj Tepanuju

Tymopa.
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6. 3ak/byunm

Ha ocHoBy ananuse 106ujeHuX pe3yiTara u3BelleHu Cy cieiehu 3aKIbydlln:

1.

DE-EDCP mnoka3yje TyMOpPHUITUIHU TTOTSHITMjal Ha CBE TECTUPAHE JTMHHU]E TYMOPCKHUX
henuja: xymanor kapuunHoma gojke (MDA-MB-231 u MDA-MB-468), mumijer
kapuuaoma jojke (4T1) u mumjer menanoma (B16-F10) u oBakaB moTeHIMjad je
cim4aH pe)epeHTHOM XeMOTEpareyTuKy
Mumieu Tpetupanu ca DE-EDCP cy penaTuBHO OTIIOpHU Ha IPOTPECHjy KapLuHOMA
JI0JKE U MeJaHOMa
Hupexktno nejctBo DE-EDCP na TymMopcke henuje wma HajBehu ymeo y
AHTUTYMOPCKO] aKTHBHOCTH HMCIUTHBAHE CYIICTAHIIE W OTJIeJa C€ y CIIOCOOHOCTH Ja
MHJYKYje alornTo3y U Ja MHXUOupa nporpecujy hemnujckor nukiyca
DE-EDCP y tymopckum henujama cmamyje eKcrpecHjy antuamnontorckor Bcl-2 u
nosehaBa ekcrpecHjy HpoarnonTOTCKOr MpoTenHa BaX mTo ciieacTBEHO Y3poKyje
aKTHBAIH]jy e(heKTopcKe Kacmasze-3 U anonTo3y
DE-EDCP mnosehaBa ekcrpecujy pl6, p2l um p27 U HUCTOBpEeMEHO pEayKyje
ekcrpecrjy tukiarHa D3 u Ki-67 y manuraum henujama mTo 3a Kpajiby MOCICIHILY
uMa 3aycraBibame henmjekor nukiyca y GO/G1 dazu
DE-EDCP penykyje Malurad NOTEHIMjal TYMOPCKHX hendja Tako mTO MHXHOWpA
HUCXOJHY Kackaay curHaiHor yta STAT3 koja ykibyuyje SOX2 u NANOG
DE-EDCP ycnopaBa Murpaiyjy MeTacTaTCKuX TyMOpCcKux henuja
DE-EDCP crumynuiie MexaHu3Me YypoheHe HMYHOCTH Tako IITO TIOJACTHYE
TyMOpHUIIMAHU peHoTun u 3aapxana pecioH3uBHOCT NK u NKT henuja y Tymopckoj
MUKPOCPETUHH

DE-EDCP noka3yje Mamby TOKCHYHOCT y OJIHOCY Ha IIUCIIATUHY
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7. Ckpahenune

Cxpahenuna | Iojammeme

AlF dbaxrop unayknuje anomnrose (enri. Apoptosis inducing factor)

ALT aJlaHWH TpaHcamMHHa3a (eHri1. 4lanine transaminase)

AMP aneHo3uH-MoHodocdart (erra. Adenosine monophosphate)

Apaf-1 aKTHBAIIMOHU (hakTOp amonToTckux mporteasa-1 (exri. Apoptotic protease activating
factor 1)

AST acmaprat TpancamuHasa(enri. Aspartate transaminase)

ATCC amepHuka Kojekiuja henujckux kynrypa (enrs. American Type Culture Collection)

ATP anenosuH-TpHdochar (errs. Adenosine triphosphate)

BAX nporerH X nose3an ca Bcel2 (enrn. Bel-2-associated X protein)

Bcl-2 B-henujcku mumdowm 2 (enr. B-cell lymphoma 2)

BCP 1-Bromo-3-chloropropane

BH3, BID MPOANONTOTCKH MPOoTenH, wiaH Bel2 dpammnuje (enrn. BH3 interacting-domain
death agonist)

BRCA TyMOp cympecopcku ren (enri. Breast cancer)

CDDP mucruiaTuHa (enra. cis-diamminedichloridoplatinum(Il))

Cdk ukuH 3aBrcHe kuHase(enri. Cyclin dependent kinases)

CMA ayrodaruja mocpemoBata neneponnma (enria.Chaperone mediated autophagy)

CTR1 Tpancnoprep 6axpa tum 1 (enrs. Cooper transpoters type 1)

DAB 3, 3'-diaminobenzidine

DAMPs MOJICKYJICKH 00paciy moBe3anu ca omrehemem henuja (erri. Damage-associated
molecular patterns)

DAPI 4' 6-diamidino-2-phenylindole

DE-EDCP O,0'-auetnn-(S,S)-ernnenaramMmua-N,N'-au-2-aMuHO-(3-IIMKITOX EKCHIT ) TPOTIAHOAT
JTUXUAPOXIOPHT

DMEM Meaujym 3a KyntuBauyjy henuja (eurin. Dulbecco’s Modified Eagles Medium)

DMSO Dimethyl sulfoxide

DNase ne3okcuprbonykieasa I (erri. Deoxyribonuclease I)

DNK JIeoKcupnboHyKiIenHcKa kucenuna (enri. Deoxyribonucleic acid)

JTHK

EDDA ermenauamun-N,N'-muanerar (enrsi. ethylenediamine- N,N'-diacetic acid)

EDTA eTWIIeHIMaMuHO-TeTpackpherHa kucenuna (enri. Ethylenediaminetetraacetic acid)

ELISA Enzyme Linked Immunosorbent Assay

EndoG ermonykieasa G (enri. Endonuclease G)

ER perienitop 3a ectporeH (eHrii. Estrogene receptor)

ERK eKCTpalleyIapHiM CHTHAJIOM peryincana kunasa (euri. Extracellular signal
regulated kinase)

FADD MPOTEHH ca IOMEHOM cMPTH Be3aH 3a FAS penenrtop (enrit. Fas-Associated protein
with Death Domain)

FAS PELENTOp CMPTH U3 IOPOHIIE PerienTopa 3a (akTop HEKPOo3e TyMopa

(CD95, FasR)

FasL

ymrafag 3a FAS

FBS ¢erannu rosehu cepym (enra. Fetal bovine serum)

H&E XEeMaTOKCHINH-e03uH (eHri. Hematoxylin-eosin)

H,O, BoIoHMK-TIepokcu (erri. Hydrogen peroxide)

HER?2 XyMaHu enuaepmainu daxrop pacra-2 (enrsi. Human epidermal growth factor
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receptor-2)

HMGB-1 npoTerH Brcoke MoomHoctu rpyne B1 (erri. High mobility group box 1)

ICs The half maximal inhibitory concentration

ICAD uHxuOHTOp Kacmasom aktusupane DNase (enri. Inhibitor of caspase-activated
DNase)

IFN-y uaTepdepon- y (eura. Interferon-y)

IGF1R penienTop 3a HHCYIMHY ciaudan ¢akrop pacta-1 (exri. Insulin-like growth factor-1)

IL unHTepneykuH (enri. Interleukin)

iRNK uHpopmannona pubonykienHcka kucennna (enra. Messenger Ribonucleic acid

uPHK (RNA))

JAK JUN N-tepmunanna kuHaza (enri. Janus kinase)

KLRG1 unxuburopuu peuentop (enri. Killer Cell Lectin-Like Receptor G1)

LDH JaKTar aexuaporeHasa (enri. Lactate dehydrogenase)

MHC IJIaBHU KOMILIEKC TKUBHE noayaapHocty (exrit. Major histocompatibility complex )

MNNG N-methyl-N'-nitro-N-nitrosoguanidine

MOMP nepeMeaduIIi3alija CoJballllbe MUTOXOHpHjanHe MmeMOpane (enri. Mitochondrial
outer membrane permiabilization)

mTOR mamalian target of Rapamycin

MTT 3-(4,5-mumeTnnTHAa307-2-11)-2,5- T eHUATETPA30IUYM OPOMUT

NANOG TpaHckpunronu ¢axrop (enri. Homeobox protein NANOG)

NK heJuje ypoheno younauke henuje (errn. Natural killer cells)

NKG2D axtuBaronu penenrop (eura. Natural Killer Group 2, Member D)

NKT heauje | ypoheno younauke T henuje (enrn. Natural killer T cells)

oD onrtruka rycruna (errir.Optical density)

PBS docharam iydep (enrn. Phosphate-buffered saline)

Pl nporuarjyM joaus (exr. Propidium iodide)

PI3K Phosphatidyl Inositol 3 kinase

PR perLenTop 3a nporectepoH (eHri1. Progesterone receptor)

gRT-PCR METOZAa KBaHTUTAaTHBHE JIAHYAHE PEaKLnje MoJUMepase y peaIHoM BpeMeHy (SHIII.
Quantitative Real Time- Polymerase Chain Reaction)

Rb nmpoTenH peTuHoOMacToMa (enrir. Retinoblastoma protein)

RIPK MPOTENHCKA KMHA3a Be3aHa 3a perentop (enrit. Receptor-interacting protein
kinases)

RNK pubonykienHcka kucenuna (enri. Ribonucleic acid)

PHK

ROS pEeaKkTHUBHU MeInjaTopy Kuceonuka (eHri. Reactive oxygen species)

RPMI Roswell Park Memorial Institute medium

SD cranfapana aesujanuja (enr. Standard deviation)

SE CTaHiap/Ha rpemika mepema (enrt. Standard error of mean)

SOX?2 TpaHckpumnionn ¢akrop (enra. SRY (sex determining region Y)-box 2)

STAT3 Tpanckpumnironn dakrop (enri. Signal Transducer and Activator of Transcription
3)

TAMs Makpodaru nosesanu ca Tymopom (eHri. Tumor-associated macrophages)

Th nomarauku T mumborutu (euri. T helper)

JgumbouuTu

TNF (akTop Hekpo3e Tymopa (eHra. Tumor necrosis factor superfamily)

TRADD npoTenH ca fomeHoM cMmptH Besan 32 TNFR1 (enri. Tumor necrosis factor receptor
type 1-associated DEATH domain protein)

TUNEL Terminal deoxynucleotidyl transferase dUTP nick end labeling
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BUOI'PA®CKHA ITIOJALI AYTOPA

Munena M. JypumeBuh pohena je 26.02.1988. romune y KparyjeBmy, rae je
noxahana ocHoBHy mkony u [IpBy KparyjeBauky rumHa3ujy. VIHTerpucane akaaeMcke
crynuje ¢apmanuje Ha MenunuHckoM (dakynrery YHuUBep3uTera y Kparyjesiyy ymucana je
mkoscke 2006/2007. ronune, a gumiomupana 15.09.2011. roguHe ca MPOCEYHOM OIEHOM
9,38 (meBer u 38/100), unMe je cTekiIa CTPYYHO 3Bame Maructap dapmamuje. [lomoxuna je
CTPYYHU UCHHT 3a JUILUIOMHpaHe ¢apmalieyre mpel UCIUTHOM KOMHCHjOM MHHHCTapCcTBa
3npaBsba Perryomuke Cp6uje. On 2012. rogune 3amociena je Ha DakynTeTy METUIIUHCKAX
Hayka y KparyjeBiy, rae manac o6aBiba MOCIOBE CapalHHMKa y 3Bamby acCHUCTEHTA 3a YKY
HayuyHy obnact Knunuuka dapmanuja.

JlokTtopcke akagemcke cryauje Ha PDakynrery MeIMUMHCKUX Hayka y Kparyjesiy,
n30opHO mozapydvje Knmamuka m excriepuMmeHnTtanHa Qapmakosioruja ymucana je 2011/2012.
roguHe. Y CMEHU JIOKTOPCKH UCITUT je mooxmia y jymy 2014, ronuse.

3anouena je cnenujaucTudku crax u3 Knununuke gapmanuje 04. genembpa 2017.
roguHe, Ha PakynTeTy MeTUIIMHCKUX Hayka y KparyjeBiy. PykoBoauiail je jyHHOD MpojeKkTa
o1 Ha3uBOM ““YTtuiiaj HoBocuuTetrcanor jguranaa (O,0'-auernn-(S-S)-etunenauamua-N-N'-
TTH-2-aMUHO- (3-IIUKJIOXCKCHIT)IIPOMTaHOAT JUXHMIPOXJIOPHIA) Ha pacT M METacTa3supame
TyMOpa:TYMOPOILMAHU edekar in Vitro u Moaynamuja aHTUTYMOPCKOT HMYHCKOT OAroBopa in
VIiVO” koju ce peanusyje Ha PaxkynTeTy MEIUIIMHCKUX Hayka YHuBep3utera y Kparyjesiry.
AyToOp je u KoayTop BHILIE paJoBa y yaconucuma oJl Mel)yHapoJHOT M HAI[MOHAJIHOI 3Hayaja
ca peleH31]OM.

["oBOpH €HIJIECKH je3UK U [T03HAaje pajJ Ha payyHapy.

167



BUBJIMOTI'PA®UJA AYTOPA

10.

Jurisevic M, Jagic N, Gajovic N, Arsenijevic A, Jovanovic M, Milovanovic M,
Pantic J, Jovanovic |, Sabo T, Radosavljevic G, Arsenijevic N. O,O'-diethyl-(S,S)-
ethylenediamine-N,N'-di-2-(3-cyclohexyl)propanoate  dihydrochloride  enhances
influx of effective NK and NKT cells in murine breast cancer. Vojnosanit pregl.
2018; doi: 10.2298/VSP180723149J

Gajovic N, Jurisevic M, Pantic J, Radosavljevic G, Arsenijevic N, Lukic ML,
Jovanovic I. Attenuation of NK cells facilitates mammary tumor growth in
streptozotocin-induced diabetes in mice. Endocr Relat Cancer. 2018;25(4):493-507.
doi: 10.1530/ERC-17-0529.

Jurisevic M, Arsenijevic A, Pantic J, Gajovic N, Milovanovic J,
Milovanovic M, Poljarevic J, Sabo T, Vojvodic D, Radosavljevic G, Arsenijevic N.
The organic ester 0,0’-diethyl-(S,S)-ethylenediamine-N,N’-di-2-(3-
cyclohexyl)propanoate dihydrochloride attenuates murine breast cancer growth and
metastasis. Oncotarget, 2018; 9(46): 28195-28212.

Jovanovic M, Gajovic N, Zdravkovic N, Jovanovic M, Jurisevic M, Vojvodic D,
Maric V, Arsenijevic A, Jovanovic I. Fecal Galectin-3: A New Promising Biomarker
for Severity and Progression of Colorectal Carcinoma. Mediators of Inflammation.
2018; 2018: doi: 10.1155/2018/8031328

Jovanovic M, Gajovic N, Zdravkovic N, Jovanovic M, Jurisevic M, Vojvodic D,
Mirkovic D, Milev B, Maric V, Arsenijevic N. Fecal galectin-1 as a potential marker
for colorectal cancer and disease severity. Vojnosanit pregl. 2018;
10.2298/VSP171201007J

Jovanovic M, Gajovic N, Jurisevic M, Simovic-Markovic B, Maric V, Jovanovic
M, Arsenijevic N, Zdravkovic N. Fecal sST2 correlates with disease severity of
ulcerative colitis. Vojnosanit pregl. 2018; doi: 10.2298/VVSP171225026J]

Pavlovic M, Gajovic N, Jurisevic M, Mitrovic S, Radosavljevic G, Pantic J,
Arsenijevic N, Jovanovic I. Diverse Expression of I1L-32 in Diffuse and Intestinal
Types of Gastric Cancer. Gastroenterol Res Pract. 2018; 2018:6578273.

Pavlovic M, Jurisevic M, Gajovic N, Mitrovic S, Jovanovic M, Radosavljevic G,
Pantic J, Radovanovic D, Arsenijevic N, Jovanovic I. IL-32 expression associates
with lymph vessel invasion in intestinal type of gastric cancer. VVojnosanit pregl.
2018; doi: 10.2298/VSP180727158P

Maric V, Jovanovic M, Zdravkovic N, Jovanovic M, Gajovic N, Jurisevic M,
Jovanovic M, Jovanovic I. Increased IL-33 and IL-17 in colorectal carcinoma
patients with severe disease. Ser J Exp Clin Res. 2018: doi:10.2478/sjecr-2018-0034.

Besser Silconi Z, Benazic S, Milovanovic J, Jurisevic M, Djordjevic D, Nikolic M,
Mijajlovic M, Ratkovic Z, Radic G, Radisavljevic S, Petrovic B, Radosavljevic G,
Milovanovic M, Arsenijevic N. DNA binding and antitumor activities of

168



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

platinum(IV) and zinc(1l) complexes with some S-alkyl derivatives of thiosalicylic
acid. Transit Met Chem (2018) 43: 719.

Jakovljevic M, Camilleri C, Rancic N, Grima S, Jurisevic M, Grech K, Buttigieg
SC. Cold War Legacy in Public and Private Health Spending in Europe. Front Public
Health. 2018;6:215.

Jakovljevic M, Al Ahdab S, Jurisevic M, Mouselli S. Antibiotic Resistance in Syria:
A Local Problem Turns Into a Global Threat. Front Public Health. 2018;6:212.

Lukic R, Gajovic N, Jovanovic I, Jurisevic M, Mijailovic Z, Maric V, Popovska
Jovicic B, Arsenijevic N. Potential Hepatoprotective Role of Galectin-3 during HCV
Infection in End-Stage Renal Disease Patients. Dis Markers.2017;2017:6275987

Jurisevic M, Radosavljevic G, Arsenijevic A, Milovanovic M, Gajovic N,
Djordjevic D, Milovanovic J, Stojanovic B, llic A, Sabo T, Kanjevac T. Platinum
complexes with edda (ethylenediamine-N,N’-diacetate) ligands as potential
anticancer agents. Serb J Exp Clin Res. 2016; 17(4):285-95

Boskovic M, Djokovic J, Grubor I, Guzvic V, Jakovljevic B, Jurisevic M, Ljubisic
D, Mijajlovic M, Milicevic I, Milovanovic M, Nikolic L, Nikolic M, Peric S,
Petrovic A, Petrovic J, Radonjic K, Simonovic L, Simovic M, Stojanovic S, Stojic I,
Tomovic J, Vranic S, Vucicevic K, Zdravkovic A, Jankovic S. PhD Students'
Awareness of Research Misconduct, J Empir Res Hum Res Ethics. 2013; 8(2):163-4.

Kovacevic A, Dragojevic-Simic V, Rancic N, Jurisevic M, Gutzwiller F, Matter-
Walstra K, Jakovljevic M, End-of-life costs of medical care for advanced stage
cancer patients, Vojnosanit Pregl. 2015; 72(4):334-41.

Jakovljevic M, Lazarevic M, Jurisevic M, Jovanovic MR. When cure becomes an
iliness-abuse of addictive prescription medicines. Front Pharmacol. 2015; 6:193.

Jakovljevic MB, Djordjevic N, Jurisevic M, Jankovic S. Evolution of the Serbian
pharmaceutical market alongside socioeconomic transition. Expert Rev
Pharmacoecon Outcomes Res. 2015; 15(3):521-30.

Projovic I, Vukadinovic D, Milovanovic O, Jurisevic M, Pavlovic R, Jacovic S,
Jankovic S, Stefanovic S. Risk factors for potentially inappropriate prescribing to
older patients in primary care. Eur J Clin Pharmacol. 2016; 72(1):93-107.

Kostic I, Spasic M, Stojanovic B, Jurisevic M, Radovanovic D, Canovic P,
Stefanovic S, Jankovic S. Early cytokine profile changes in interstitial and necrotic
forms of acute pancreatitis. Serb J Exp Clin Res. 2015; 16(1):33-37.

Praznik I, Spasic M, Radosavljevic I, Stojanovic B, Canovic D, Radovanovic D,
Savovic Z, Vojinovic R, Babic Z, Djonovic N, Lukovic T, Lazarevic P, Djordjevic
N, Kostic I, Jelic I, Petrovic J, Stojanovic S, Jurisevic M, Grubor I, Nikolic Lj,
Vucicevic K, Artinovic V, Milojevic A, Kostic M, Stefanovic S, Jankovic S.
Analysis of Treatment-Related Factors Affecting Mortality in Patients with Severe
Necrotizing Acute Pancreatitis. Acta Facultatis Medicae Naissensis. 2016;
33(3):173-85.

169



9. MPUJIOTI'

9.1. K/bYYHA JOKYMEHTAIIMJCKA TH®OPMATHUKA

YHUBEP3UTET Y KPAI'YJEBLY

QPAKVITET MEJULHUHCKHUX HAYKA Y KPAI'YJEBILY

Pennu 0poj:
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HUnentuduxkanuonu 6poj:

HUbP

Tun nokymenranuje:

A

Tun 3anuca:
T3

Bpcra papa:
BP

AyTop:
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MenTOp/KOMEHTOP

HacJioB pana:
HP

Je3uk myOnukanuje:

JII

MoHnorpadcka nyonukaiuja

TexcTyaslHu IITAMIaHU MaTepujal

JlokTopcKa qucepTanmja

Munena M. Jypuiiesuh

np cuu. men. l'opnana J. PanocasiseBuh, BanpeaHu
npodecop

YTunaj HoBocuHTetucanor ymrannaa (O,0'-auermi-(S,S)-
ermnenguamMu-N,N'- qu-2-amuno-(3-

IIUKIJIOX KCHJI)IIPOTTIAHOAT JIUXUAPOXJIOPHIA) HA pacT |
METacTa3upambe MUIIIjeT KapIMHOMA JI0jKe H METaHOMa

Cpricku (hupunmuia)
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Je3uk m3Bona:
JU

3emMsba MyOIMKOBaMHA:
311

Yaxe reorpadgcko noapyyje:

Yriu

Tonuua:
ro

N3naBau:
n3

MecTo 1 agpeca:
MC

DuU3NYKHU OMKC paja:
(110

Hay4na o6aacr:

Hayuna qucuunimHa:

AN

IIpeamerna

OlpeIHULIA/K/bYYHE PeUn:

o

VIIK:

Yysa ce:
qy

Baxxna nanomena:
MH

H3Bon:

Ui

Cpricku/eHryecku

Cpbuja

Cpbuja

2019.

AyYTOPCKHU PEIPUHT

34000 Kparyjesai,CpOuja

Ceero3apa Mapkosuha 69

Hucepranuja uma 166 crpana, 8 nornassea, 3 Tabene, 23
rpadukoHa, 12 cnuka u 468 pedepenuu

Menuimaa

Knunnuka u excriepumMeHTanHa GpapMaxkoioruja

0,0'-muernn-(S,S)-erunenauamun-N,N'-qu-2-amuno- (3-
[IUKJIOXCKCHJI)[TPOTTAHOAT TUXHUAPOXIOPUI, TYMOP JOjKE,
MEJIaHOM

V bubnunorenu @akynTera MEAULIMHCKUX HayKa
VYuusepsutera y Kparyjesiy, 34000 Karyjesary CpOwuja,
Caero3apa Mapxkosuha 69

[Tocnenmux pAeleHHja TIIABHO OTPAaHHUYCHE y JICUCHY
KaHIlepa Jje TMpBEHCTBeHO moBehana ydecramoct
030MJPHUX HEXEJbCHUX peakluja, Kao W cBe uenthu
pa3Boj pe3UCTEHIMje Ha XeMOTepareyTuke. YIpaBo OBa
OrpaHUYEH-a HAMETHYJa Cy MmoTpely 3a pa3BojeM HOBHX
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TEepanujCKUX jeIUbemha Koja Mmokasyjy Behy edukacHocT
a Mamky TOKCHYHOCT. YcCleJ YyCHEIIHE CHHTE3€ HOBHUX
MOTEHIMjaIuX TEPalujCKUX jeArmbeha Ha 0a3u MeTana
MoKa3zaHo je na ywmradn, etwieHauamuH-N,N'-muanerart
THIIA, 0,0'-muetun-(S,S)-erunenauamun-N,N'-1u-2-
aMUHO- (3-LIUKIIOX EKCHIT )[TPOITAHOAT TUXUAPOXIIOPU
(DE-EDCP) ucnospaBa TOKCHYHH e(eKaT Ha Pa3InIuTHM
henmujckum nuHHUjama KaprmHoma. OCHOBHU IIMJb OBOT
HCTpakKBama e aa ce ucnura yrunaj DE-EDCP Ha pact
W MeTacTasupame MuIiljer kapuuHoma aojke (4T1) wu
menanoma (B16-F10), xao wm ma ce pacBemn
noTeHIujamHn Mexanusam nejctBa. DE-EDCP mokasyje
TYMOPHIIM/IHU TTOTEHIMjall Ha JIMHUje henuja KapuuHoMa
JI0jK€ MUIIeBa W JbyOH, KaOo W Ha henujcKy IUHH]jY
munijer menanoma. DE-EDCP 3nHagajHO pemykyje pact
KapiuHOMa JI0jJK€ M TIOKa3zyje jacaH TYMOPHIIMIHU
KaIlaluTeT KOju je OATOBOPAH 3a METacTa3upame TyMopa
0e3 ouyuriendHe cucreMcke TtokcuyHoctd. DE-EDCP
nosehaBa OCeTJ/BMBOCT TyMOPCKUX hesnja Ha anonTosy
LITO C€ Orjesa y CIOCOOHOCTH Jla CMamyje €KCIpecujy
aHtuarnontorckor mnporenHa Bcl-2  wu  mosehaa
eKCIpecHjy TpOoaronToTCKOr mpoTenHa BaX, kao wu
epexTopcke kacmaze-3. Takohe, mpumena DE-EDCP
cMmamyje ekcrnpecujy nukiamHa D3, Ki-67 u mosehasa
excrpecujy P16, p21 u p27 mwTo pe3ynryje 3aaApKaBambeM
hemnja y GO/G1 ¢as3u henujckor mukmyca, a THME He
caMo Jla MHXuOMpa nponudepannjy Tymopckux henuja,
Beh  BepoBaTHO  J0JATHO  (QauuIUTHpPa  HUXOBY
OCETJPMBOCT Ha amonTo3ly. Jom jemaH  JOJaTHU
mexanuzam kojum DE-EDCP ycmopaBa mporpecujy
KapIUMHOMa JI0JKE€ je peayKluja MHUTrpamuje TyMOPCKHUX
hemja wHXMOMnMjom curHamHor myra STAT3 koju
ykibyayje NANOG wu SOX2. Takohe, cucremcka
npumena DE-EDCP, ocum mTo moBehaBa wunIyKC,
MOJICTHYE  TYMOPMLUMIHM  (eHoTunm W 3aaprKaBa
pecionsuBHocT NK un NKT henwja y Tymopckoj
MuKpocpenuan. AHTUTYMOpcku edexkar DE-EDCP
OCTBapyje Ha BHIIE PA3IMYUTHX HauWHa - (paBopH3yje
amorioTo3y HMCTOBPEMEHO WHXUOMpa mponudepanujy
TyMOpckux henuja ¥ mojayaBa aHTUTYMOPCKH UMYHCKH
OJIrOBOp, INTO yKa3yje Ha Mmoryhnoct kopumthema DE-
EDCP y excriepuMeHTaIHO] Tepanuju KapimHOMA.
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Abstract:
AB

Accepted by the Scientific
Boardon:
ASB

Pharmacological treatment of cancer is mostly limited by
drug-toxicity and resistance. It has been noticed that
organic ester ligand, O,O -diethyl-(S,S)-ethylenediamine-
N,N’-di-2-(3-cyclohexyl)propanoate dihydrochloride
(named DE-EDCP) showed effective cytotoxic capacities
against several human and mouse cancer cell lines. The
aim of present study was to examine the ability of DE-
EDCP to inhibit murine breast cancer (4T1) growth and
progression, as well as melanoma (B16F10), and to
explore possible molecular mechanisms. DE-EDCP
exhibited significant tumoricidal activity on human and
murine breast cancer cell lines. Further, marked reduction
of murine breast cancer growth and progression, as well
as melanoma, by DE-EDCP was shown. DE-EDCP
exhibits fewer side-effects compared to cisplatin as a
conventional chemotherapeutic. Results obtained from in
vivo and in vitro experiments indicate that DE-EDCP
induces apoptosis and inhibits proliferation of 4T1 cells.
DE-EDCP increases percentage of 4T1 cells in late
apoptosis, expression of pro-apoptotic Bax and caspase-
3, while decreases expression of anti-apoptotic Bcl-2.
DE-EDCP treatment increased the percentage of
TUNEL-positive nuclei and reduced Ki-67 expression in
breast cancer tissue. DE-EDCP decreased expression of
cyclin D3 and Ki-67, increased expression of cyclin-
dependent kinase inhibitors pl16, p21 and p27 and
arrested 4T1 cells in GO/G1 cell cycle phase. Expression
of STAT3 and downstream regulated molecules,
NANOG and SOX2, was reduced in 4T1 cells after DE-
EDCP treatment. DE-EDCP facilitated accumulation of
CD3'CD49" NKT cells and CD3'CD49" NK cells in
tumor microenvironment. In conclusion, DE-EDCP
impairs breast cancer growth and progression by
triggering cancer cell death and inhibition of cancer cell
proliferation and by facilitating anti-tumor immunity.
DE-EDCP might be of interest in the development of the
new anticancer agent.

26 October 2016
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N,N'-1u-2-aMHUHO-(3-IUKIOXEKCUII )IPONIaHOAT JUXUAPOXIOPU]IA) HA PacT U
MeTacTa3upame MUIIjEr KapImHOMa JI0jKEe U MeJlaHOMa
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H3JABA AYTOPA O HCKOPHUHIITRABAIL Y /IOKTOPCKE /IUCEPTALTHUJE

Ja, Munena M. Jypumesuh

[]| mosBosbaBam
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JNOKTOPCKE JucCepTalije Y4YMHU TPAjHO JOCTYIIHUM JaBHOCTU IYT€M JUTHUTATHOT
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y €JIeKTPOHCKO] (OpPMHU HaBeJleHe JOKTOPCKE AUCepTaLje IYyTEM npey3umarsa.

OBom M3jaBoM Takohe

[]| mosBosbaBam

He JI03BOJbaBaM’
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KOPHCTE 01 yCIIoBUMa yTBpYeHuM jenHom on Creative COmMmMONS THLEHIH, TO HE HCKIbY4Yje MPABO MPUNAAHHKA
JaBHOCTH J1a HaBeJICHY JOKTOPCKY JIMCEPTallljy KOPUCTE y CKJIay ca oJpeadaMa 3aKoHa 0 ayTOPCKOM U CPOJTHUM
IIpaBUMa.
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ABSTRACT

Pharmacological treatment of cancer is mostly limited by drug-toxicity and
resistance. It has been noticed that new organic ester ligand, O,0’-diethyl-(S,S)-
ethylenediamine-N,N’-di-2-(3-cyclohexyl)propanoate dihydrochloride (named DE-
EDCP) showed effective cytotoxic capacities against several human and mouse cancer
cell lines. However, its effects on tumor growth and metastasis are unexplored. The
aim of present study was to examine the ability of DE-EDCP to inhibit 4T1 murine
breast cancer growth and progression and to explore possible molecular mechanisms.
DE-EDCP exhibited significant tumoricidal activity on human and murine breast
cancer cell lines. Further, marked reduction of murine breast cancer growth and
progression by DE-EDCP was shown. DE-EDCP exhibits fewer side-effects compared
to cisplatin as a conventional chemotherapeutic. Results obtained from in vivo and in
vitro experiments indicate that DE-EDCP induces apoptosis and inhibits proliferation
of 4T1 cells. DE-EDCP increases percentage of 4T1 cells in late apoptosis, expression
of pro-apoptotic Bax and caspase-3, while decreases expression of anti-apoptotic
Bcl-2. DE-EDCP treatment increased the percentage of TUNEL-positive nuclei and
reduced Ki-67 expression in breast cancer tissue. DE-EDCP decreased expression of
cyclin D3 and Ki-67, increased expression of cyclin-dependent kinase inhibitors p16,
p21 and p27 and arrested 4T1 cells in GO/G1 cell cycle phase. Expression of STAT3
and downstream regulated molecules, NANOG and SOX2, was reduced in 4T1 cells
after DE-EDCP treatment.

In conclusion, DE-EDCP impairs breast cancer growth and progression by
triggering cancer cell death and inhibition of cancer cell proliferation. DE-EDCP might
be of interest in the development of the new anticancer agent.
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INTRODUCTION

Cancer is on its way to become number one killer
across the world [1]. Platinum-based drugs are one of
the mostly used anticancer agents [2, 3]. Cisplatin or
cis-diamminedichloroplatinum(Il) is the most widely
known metal-based anticancer drug, used for treatment
of a variety of malignancies, including breast cancer [4].
However, clinical utility of cisplatin has been often limited
due to toxicity [5—7] and acquired or intrinsic resistance
[8-10]. The lack of efficiency caused by these limiting
factors is the main reason why vigorous attempts are
committed to develop novel platinum complexes which
might overcome the shortcomings of cisplatin.

Large number of edda (ethylenediamine-N,N -
diacetate)-type ligands and their corresponding platinum
complexes have been successfully synthesized [11, 12]
and some of them showed significant cytotoxic effects
[13].

It has been shown that platinum(IV) [14]
and platinum(Il) [15] complexes with cyclohexyl-
functionailized ehylenediamine-N, N -diacetate-type ligand
exhibit effective tumoricidal capacities against various
cancer cell lines. The cytotoxic effects of these platinum
complexes may be at least partly related to their organic
ligands (ester derivatives of (S,S)-cethylenediamine-
N,N'-di-2-(3-cyclohexyl)propanoic acid). Moreover, the
organic ligands alone demonstrated significant toxicity in
vitro, towards a panel of different mice and human cancer
cell lines [14-16]. O,0O -diethyl-(S,S)-cthylenediamine-
N,N’-di-2-(3-cyclohexyl)propanoate  dihydrochloride
was synthesized as one of novel ester derivates of (S,S)-
ethylenediamine-N, N'-di-2-(3-cyclohexyl)propanoic
acid [14-16]. Among different organic ligands, O,0O -
diethyl-(S,S)-ethylenediamine-N, N -di-2-(3-cyclohexyl)
propanoate dihydrochloride exhibited considerably similar
or higher cytotoxic activity than cisplatin [14—16].

However, possible in vivo anticancer effects
of new synthesized organic ester O,O’-diethyl-(S,S)-
ethylenediamine-N, N -di-2-(3-cyclohexyl)propanoate
dihydrochloride (compound marked as DE-EDCP), has
not been reported. The aim of our study was to investigate
the effect of DE-EDCP on 4T1 murine breast cancer
growth and progression, as well as possible molecular
mechanism(s) of action.

RESULTS

DE-EDCP exerts cytotoxic capacity against
mammary carcinoma cells

The effects of DE-EDCP on viability of several
breast cancer cells (murine 4T1 and human MDA-MB-231
and MDA-MB-468) were examined using MTT assay.
Cell viability was tested after treatment with growing
concentrations of DE-EDCP for 24 and 48 hours, and IC,

values were calculated. The obtained data showed that
DE-EDCP decreased viability of all tested tumor cell lines
in a dose-dependent manner (Figure 1).

Cytotoxic potential of DE-EDCP toward MDA-
MB-468 cells was significantly lower compared to
cisplatin in concentrations 15.63-31.25 uM after 24 hours
of exposure and in concentrations 3.90-31.25 uM after 48
hours treatment (Figure 1A). Cytotoxicity of DE-EDCP
toward MDA-MB-231 was higher after 24 hours treatment
in comparison with 48 hours exposure (Figure 1B). Further,
viability of MDA-MB-231 cells was significantly reduced
after 24 hours treatment with DE-EDCP in comparison
with the same treatment with cisplatin (Figure 1B).
Cytotoxicity of DE-EDCP against MDA-MB-231 cells after
48 hours exposure was higher than activity of cisplatin for
concentrations 31.25-500 uM (Figure 1B).

As shown in Figure 1C, at concentrations of
31.25 uM or higher, DE-EDCP exerted the effective
dose-dependent cytotoxic effect against 4T1 cells. The
treatment of 4T1 cells with tested substances for 24 hours
resulted in approximately equal cytotoxic capacity of DE-
EDCP and referent cytostatic cisplatin in concentrations
62.5-1000 uM, and more importantly in the lowest
concentrations 0.49-3.90 uM (Figure 1C). The cytotoxicity
of tested compound after 48 hours treatment was lower in
comparison with the effect of cisplatin in concentration
range from 7.81 to 15.63 uM (Figure 1C).

The IC,, values of DE-EDCP against 4T1 and
MDA-MB-468 are similar to those for cisplatin, while IC,
of DE-EDCP against MDA-MB-231 is several times lower
following 24 hours treatment (Table 1).

The LDH assay confirmed the significant cytotoxic
effect of DE-EDCP against 4T1 cells (Figure 1D).
The results revealed that the level of LDH release was
increased after exposure of 4T1 cells to DE-EDCP for 24
hours compared to cells treated with cisplatin, indicating
that DE-EDCP could affect the cell membrane integrity.
Additionally, DE-EDCP increased the release of LDH
in a dose-dependent manner. The LDH levels increased
from 15.67% to 52.02% following DE-EDCP treatment
in comparison with 10.73% to 26.89% after cisplatin
treatment at concentration range from 62.5 to 1000 uM.

DE-EDCP reduces tumor growth and metastasis

In view of the pronounced tumoricidal effects of
DE-EDCEP in vitro, the next goal of present study was to
examine the ability of tested compound to inhibit murine
breast cancer growth and progression in vivo. 4T1 cells
were orthotopically implanted into the mammary fat pad
of mice. After the appearance of palpable tumor, mice
were treated with DE-EDCP, cisplatin or vehicle.

The short-course treatment with DE-EDCP (10 mg/
kg body weight/5 doses per cycle/2 cycles during 12 days),
started from the day 5 after tumor cell implantation, was
associated with the significant reduction of breast cancer
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Table 1: The IC,; values of DE-EDCP and cisplatin determined by MTT assay

Compound IC,, = SD (uM)
MDA-MB-468 MDA-MB-231 4T1
24 hours 48 hours 24 hours 48 hours 24 hours 48 hours
Cisplatin 16.68+1.83 5.01£1.03 66.01+0.69 20.71+0.32 10.59+0.36 7.97+0.56
DE-EDCP 16.52+2.78 15.58+2.94 5.14+0.63 17.45+3.33 12.90+£0.75  12.03£2.86

Data are presented as mean values + SD from three experiments.

growth compared with vehicle treated animals (Figure
2A). Until day 22, DE-EDCP exhibited similar effects
on tumor growth as cisplatin. After that point, although
application of cisplatin showed better effects, tumor growth
in DE-EDCP treated mice was significantly slower to the
end of experiment (day 36 following inoculation of tumor
cells) compared to vehicle treated animals (Figure 2A).
Furthermore, tumor volume and weight, measured after
necropsy, were markedly lower in mice treated with DE-
EDCP in comparison to vehicle treated mice (Figure 2A).
On day 36, the pulmonary metastases were detected
in all injected animals, but the number of metastatic
colonies was significantly decreased by 1.6-fold in DE-
EDCEP treated and 1.7-fold in cisplatin treated mice when
compared to control animals (Figure 2B). Furthermore,
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DE-EDCP as well as cisplatin effectively reduced the
size of metastases (4.8-fold and 10.55-fold, respectively)
(Figure 2C and 2D). Metastatic colonies were not detected
in the liver of mice treated with DE-EDCP or cisplatin,
whereas three out of seven vehicle treated mice (42.1%)
developed liver metastases (Figure 2D).

Tumor cells treated with DE-EDCP undergo
apoptotic cell death

This experimental study indicates that DE-EDCP
exhibits beneficial anticancer capacity in 4T1 murine breast
cancer model. Therefore, the following aim was to identify
and characterize the mechanisms implicated in DE-EDCP-
induced inhibition of breast cancer progression.
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Figure 1: Dose-dependent cytotoxicity of DE-EDCP against human and murine breast cancer cells. (A, B) Effect of DE-
EDCP on viability of MDA-MB-468 and MDA-MB-231 cells after 24h and 48h analyzed with the MTT assay. (C) The viability of 4T1
cells treated with DE-EDCP and cisplatin for 24h and 48h was evaluated using MTT assay. (D) LDH assay of 4T1 cells treated with DE-

EDCP and cisplatin for 24h. All data are presented as mean values + SD from three independent experiments performed in triplicates. * p <
0.05 DE-EDCEP vs. cisplatin treated cells.
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Twenty four hours after the treatment with DE-
EDCP at growing concentrations, it was evident that
4T1 cells became rounded and detached (Figure 3A),
suggesting that the cancer cells underwent apoptosis.
Likewise, the treatment with cisplatin induced similar cell
changes (data not shown). Expression of key apoptosis-
related molecules, Bcl-2, Bax and cleaved caspase-3
in 4T1 cells following treatment with DE-EDCP or
cisplatin was visualized by immunofluorescence staining.
Moderately lower expression of anti-apoptotic Bcl-2
was observed in cells treated with DE-EDCP compared
to untreated cells (Figure 3B), while cisplatin clearly
downregulates the expression of Bcl-2. In contrast,
expression of both pro-apoptotic Bax and cleaved
caspase-3 was increased after DE-EDCP or cisplatin
treatment, compared to untreated 4T1 cells. Quantitative
analysis of Bcl-2, Bax and caspase-3 mRNA levels is in
accordance with immunofluorescence staining analysis.
Bax mRNA levels were significantly increased in DE-
EDCP and cisplatin treated compared to untreated 4T1
cells (Figure 3C). In addition, DE-EDCP, but not cisplatin,
increased the expression of caspase-3 mRNA level
compared to untreated cells (Figure 3C). The caspase-3
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mRNA level was significantly higher in DE-EDCP
compared to cisplatin treated cells (Figure 3C). Bcl-2
mRNA level was significantly reduced after DE-EDCP
and cisplatin treatment (Figure 3C). The lowest Bcl-2
mRNA level was observed in cisplatin treated cells.

To quantify the apoptotic death of 4T1 cells induced
by DE-EDCP, Annexin V (AnnV) /Propidium iodide (PI)
double staining was performed. Growing cell cultures
were exposed to DE-EDCP or cisplatin at concentrations
of 31.25 and 62.5 uM for 24 hours. As illustrated in
Figure 4A and 4B, the majority of apoptotic cells were
phenotyped as AnnV*/PI" indicating late apoptosis.
The obtained data showed that both DE-EDCP and
cisplatin induced significantly increased late apoptotic
cell death in comparison to untreated cells, while the
highest percentage of early apoptotic cells was noticed
following cisplatin treatment (Figure 4B). Further, at
lower concentration (31.25 uM), cisplatin induced late
apoptosis more efficiently than DE-EDCP. However, the
highest percentage of late apoptotic cells was observed
after DE-EDCP treatment at the concentration of 62.5 uM
(Figure 4B). The percentage of late apoptotic cells treated
with 62.5 uM of DE-EDCP was markedly increased
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Figure 2: DE-EDCP treatment of mice bearing breast cancer inhibits tumor growth and progression. (A) Tumor diameter,
volume and weight in mice treated with DE-EDCP, cisplatin or phosphate-buffered saline (vehicle) (n=7-8 animals per group) (36" day
of experiment:” tumor diameter-: DE-EDCP vs. vehicle p=0.005; DE-EDCP vs. cisplatin p=0.001; cisplatin vs. vehicle p=0.000; tumor
volume-: DE-EDCP vs. vehicle p=0.03; DE-EDCP vs. cisplatin p=0.005; cisplatin vs. vehicle p=0.002; tumor weight-: DE-EDCP vs.
vehicle p=0.004; DE-EDCP vs. cisplatin p=0.001; cisplatin vs. vehicle p=0.002). (B, C) Number and size of lung metastasis from treated
mice. Data are presented as mean + SE (* number of lung metastasis-: DE-EDCP vs. vehicle p=0.032; cisplatin vs. vehicle p=0.008; size
of lung metastasis-: DE-EDCP vs. vehicle p=0.009; DE-EDCP vs. cisplatin p=0.029; cisplatin vs. vehicle p=0.002). (D) Representative
hematoxylin and eosin staining of lung and liver tissue sections showing metastatic colonies (arrows) (magnification at x100 and x400).
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Figure 3: Morphological changes and expression of key apoptosis-related molecules in 4T1 cells after DE-EDCP
treatment. (A) Morphological changes of 4T1 cells exposed to various concentrations of DE-EDCP for 24h. (B) Immunofluorescence
staining for Bcl-2 (green), Bax (green) and cleaved caspase-3 (green) together with DNA staining with DAPI (blue) in 4T1 cells incubated
with DE-EDCP or cisplatin (31.25 uM) for 24h, as well as in untreated cells (magnification at x200). (C) mRNA expression of Bcl-2, Bax
and caspase-3 quantified by RT-PCR in 4T1 cells after DE-EDCP 24h treatment. DE-EDCP treatment markedly increased the expression
of Bax and caspase-3 mRNA and decreased the expression of Bcl-2 mRNA in 4T1 cells. B-actin mRNA was used as an internal control.
Data points are represented by the expression ratio and mean+SD fold of control in 4T1 cells. (* Bcl-2-: DE-EDCP vs. untreated p=0.03;
DE-EDCP vs. cisplatin p=0.006; cislatin vs. untreated p=0.001; Bax-: DE-EDCP vs. untreated p=0.011; cislatin vs. untreated p=0.009;
caspase-3-: DE-EDCP vs. untreated p=0.015; DE-EDCP vs. cisplatin p=0.021)
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(54.63% +£7.19) in comparison to cisplatin treated cells
(33.23£2.30) (Figure 4B).

In order to test consistency of proapoptotic
effect of DE-EDCP ex vivo, we used TUNEL (terminal
deoxynucleotidyl transferase-mediated dUTP labeling)
assay for in situ detection of apoptosis-triggered DNA
fragmentation in tumor tissue. As shown in Figure 4C and
4D, DE-EDCP and cisplatin treated tumors have more
TUNEL-positive cells than vehicle treated tumors.

DE-EDCP inhibits proliferation of breast cancer
cells

We next investigated whether, beside apoptosis, DE-
EDCEP inhibits cancer cell proliferation. Consequently,
the cell cycle profile of 4T1 cells was determined after
exposure to DE-EDCP or cisplatin for 12 hours. DE-EDCP
(31.25uM and 62.5 uM) or cisplatin (31.25 pM) treatment
significantly increased the percentage of cells in GO/G1
phase in comparison with untreated cells (Figure 5A).
Furthermore, the percentage of cells in S and G2/M phases
was decreased after DE-EDCP and cisplatin treatment
(Figure 5A). In addition, the significant increase in the
percentage of cells in sub-G1 phase was found after the

exposure to DE-EDCP (31.25 uM and 62.5 uM) (Figure
5A). Overall, the obtained data indicated that DE-EDCP
inhibited cell proliferation through arrest of cell cycle
progression in the GO/G1 phase and subsequent induction
of apoptosis in 4T1 cells. DE-EDCP was more effective at
higher concentration (62.5 uM), while cisplatin achieved
similar effect at a concentration as low as 31.25 uM.

Further, we examined the expression of cell-cycle
progression regulators by flow cytometry. DE-EDCP
(31.25 uM) or cisplatin (31.25 puM) treatment did not
affect the expression of cyclin E (Figure 5B). However,
DE-EDCP treatment significantly reduced cyclin D3
expression (2.4%+0.37) compared to cisplatin treated
(3.64%=0.56) and untreated cells (4.64%+1.59) (Figure
5C and SE). In line with this finding, marked decrease
of cyclin D3 mRNA level was observed after DE-EDCP
treatment compared to untreated cells (Figure 5C).

Both DE-EDCP and cisplatin, enhanced the
expression of inhibitor of cyclin D-CDK4 complex, p16,
compared to untreated 4T1 cells (Figure 5D and SE), thus
contributing to cell cycle arrest at GO/G1 phase. Also, DE-
EDCP and cisplatin markedly upregulated the expression
of kinase inhibitor protein (KIP) family members, p21 and
p27, compared to untreated 4T1 cells (Figure 5D and SE).
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www.oncotarget.com

28200

Oncotarget



OUntreated

* §
80 * wCisplatin (31,25uM)

©DE-EDCP (31,25uM)
BDE-EDCP (62,54M)

% of cells

Cyclin E c Cyelin D3 Cyclin D3
40 - 8 z *
* 2815
— oF
i =y
2% 2 I 53
8 B $810
%5 20 5 44 55
EN R* <2
<305
10 - 2 e
0 0 £500
5 & 5 2 & 5 28 & & 5
S 2 © & R < ] & R <
& ¢ & & ¢ & 5 @ &
D P16 p27
*
60 * * *
—
—*
2
3 40 2
s 3
s w“
= 13
20 =2
r .
0 D ™ J r y
> & L & Q
& &L A
R & & o R4
=== Control = Untreated
=== Cisplatin === DE-EDCP
- - -
H 3 3 H i
1 2 A
© © Kl © AW o /
A\ N/
,’/x' \ /
T T v - T T
10° 10! 10% 10° 10* 1o 10 100 ° 10 1uu 101 “72 103 mA 10" w‘ 1u2 ID3 1(7A
Cyclin D3 intensity p16 intensity p21 intensity p27 intensity

Figure 5: DE-EDCP induces cell cycle arrest at the G0/G1 checkpoint in 4T1 cells. (A) 4T1 cells cycle analyzed by flow
cytometry. Results are expressed as the percentage of cells in different phases of the cell cycle. Data are presented as the mean+ SD, p<0.05
significantly different from: “untreated vs. DE-EDCP or cisplatin treated cells, § DE-EDCP vs. cisplatin treated cells; § DE-EDCP treated
cells lower and upper concentration. (B) Analysis of cyclin E expression in 4T1 cells exposed to DE-EDCP or cisplatin (31.25 pM) for
24h using flow cytometry by first gaiting out cell debris and cell clumps in forward/side scatter plot. Data are presented as mean+SD. (C)
Analysis of cyclin D3 expression in 4T1 cells exposed to DE-EDCP or cisplatin (31.25 pM) for 24h using flow cytometry by first gaiting
out cell debris and cell clumps in forward/side scatter plot. Data are presented as mean+SD (* DE-EDCP vs. untreated p=0.002; DE-EDCP
vs. cisplatin p=0.01). mRNA expression of cyclin D3 quantified by RT-PCR in 4T1 cells after DE-EDCP (31.25 pM) treatment. B-actin
mRNA was used as an internal control. Data points are represented by the expression ratio and mean+SD fold of control in 4T1 cells (* DE-
EDCP vs. untreated p=0.017). (D) Analysis of p16, p21 and p27 expression in 4T1 cells exposed to DE-EDCP or cisplatin (31.25 uM) for
24h using flow cytometry by first gaiting out cell debris and cell clumps in forward/side scatter plot. Data are presented as the mean+SD
(" p16-: DE-EDCP vs. untreated p=0.041; cisplatin vs. untreated p=0.034; p21-: DE-EDCP vs. untreated p=0.002; DE-EDCP vs. cisplatin
p=0.017; cisplatin vs. untreated p=0.001; p27-: DE-EDCP vs. untreated p=0.031; DE-EDCP vs. cisplatin p=0.006; cisplatin vs. untreated
p=0.004). (E) Representative histograms after flow cytometric analysis of cyclin D3, p16, p21 and p27 of three independent experiments
are shown.

www.oncotarget.com 28201 Oncotarget



The expression of p21 and p27 was increased in cisplatin
compared to DE-EDCP treated cells. These results suggested
that the downregulation of cyclin D3 and the upregulation of
pl6, p21 and p27 by DE-EDCP led to cell cycle arrest at GO/
G1 phase, and consequently resulted in growth cell inhibition.

DE-EDCP decreases expression of Ki-67 and
STAT3

A recent study revealed that Ki-67 and STAT3
might be promising therapeutic targets in cancer,
including breast cancer [17, 18]. As evaluated by flow
cytometry, percentage of Ki-67-positive 4T1 cells treated
with DE-EDCP (31.25 uM) was significantly decreased
(24.97%=2.42) compared to untreated (33.43%+5.28)
and cisplatin treated cells (55.77%=2.70) (Figure 6A).
Also, there was significant increase of Ki-67 positive
cells treated with cisplatin compared with untreated
cells (Figure 6A). Further, immunohistochemistry
showed decreased percentage of Ki-67-positive cells
(24.46%=2.45) within breast cancer tissue of DE-EDCP
treated mice compared to vehicle and cisplatin treated
animals (36.05%=+2.94 and 36.66%+3.47, respectively)

(Figure 6B and 6C). There was no difference in the
expression of Ki-67 in breast cancer tissue from mice
treated with cisplatin or vehicle controls.

DE-EDCP decreased expression of STAT3
(18.0%=3.05) in 4T1 cells in comparison to cisplatin
treated (41.23%+12.18) and untreated cells (42.4%+18.62)
(Figure 7A). In line with this finding, the marked decrease
of STAT3 mRNA level was observed in 4T1 cells treated
with DE-EDCP (Figure 7B). Reduction in STAT3
expression after DE-EDCP treatment was accompanied
with significantly lower expression of NANOG and SOX2
mRNA, as one of downstream targets of STAT3 signaling
pathway (Figure 7B). However, the percentage of Y705
phospho-STAT3-positive cells within breast cancer tissue
of DE-EDCP and cisplatin treated mice was decreased
compared to control group, although this difference did
not reach statistical significance (Figure 7C and 7D).

DE-EDCEP at its effective concentration was well
tolerated in vivo

Finally, in order to examine the safety of DE-EDCP
in vivo, the mice’s body weight was assessed before and
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Figure 6: DE-EDCP treatment attenuates expression of Ki-67 in murine breast cancer. (A) Analysis of Ki-67 expression
in 4T1 cells exposed to DE-EDCP or cisplatin (31.25 uM) for 24h using flow cytometry by first gaiting out cell debris and cell clumps in
forward/side scatter plot. Data are presented as the mean+SD, (" DE-EDCP vs. untreated p=0.020; DE-EDCP vs. cisplatin p=0.002; cisplatin
vs. untreated p=0.009). Representative histograms of three independent experiments are shown. (B, C) At 36" day of the experiment,
tumors were harvested from tumor-bearing mice treated with DE-EDCP, cisplatin and vehicle and Ki-67 expression was detected using
immunohistochemical method. Representative images and quantitative analysis of the percentage of Ki-67- positive cells are shown. Ki-
67-positive cells were counted in five random fields (magnification at x 400), and data were summarized as the mean percentage of positive
cells (four tumors per group). Data are presented as mean+SE. ("DE-EDCP vs. untreated p=0.006; DE-EDCP vs. cisplatin p=0.004)
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36™ day after tumor cell inoculation. Also, on 36™ day after
tumor cell inoculation the serum levels of transaminases
(AST and ALT), creatinine and urea were measured.

As shown in Figure 8A, DE-EDCP administration
resulted in significant weight loss at the end of treatment.
However, DE-EDCP induced reduction of body weight
was lower in comparison with cisplatin treatment. Mice
treated with cisplatin lost approximately 22% vs. 10%
of weight induced by DE-EDCP 36" day after tumor
cell inoculation (Figure 8A). Further, serum levels of

creatinine and urea of both naive and tumor-bearing
mice treated with cisplatin were significantly increased
compared to DE-EDCP treated or untreated mice
(Figure 8B). It appears that DE-EDCP did not significantly
affected systemic levels of creatinine and urea.

There were no significant differences in levels of
transaminases (data not shown). Additionally, histological
changes were not observed in organs of mice treated with
DE-EDCP, including the liver, kidney, lung, intestine, spleen
and stomach (data not shown). Taken together, obtained
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Figure 7: DE-EDCP treatment downregulates expression of STAT3 in murine breast cancer. (A) Analysis of STAT3
expression in 4T1 cells exposed to DE-EDCP or cisplatin (31.25 uM) for 24h using flow cytometry by first gaiting out cell debris and
cell clumps in forward/side scatter plot. Data are presented as the mean+SD (* DE-EDCP vs. untreated p=0.002; DE-EDCP vs. cisplatin
p=0.002). Representative histograms of three independent experiments are shown. (B) mRNA expression of STAT3, NANOG and SOX2
quantified by RT-PCR in 4T1 cells after DE-EDCP (31.25 uM) 24h treatment. f-actin mRNA was used as an internal control. Data points
are represented by the expression ratio and mean+SD fold of control in 4T1 cells. (* STAT3-: DE-EDCP vs. untreated p=0.008; DE-EDCP
vs. cisplatin p=0.023; NANOG-: DE-EDCP vs. untreated p=0.019; DE-EDCP vs. cisplatin p=0.029; cisplatin vs. untreated p=0.001; SOX2-
: DE-EDCP vs. untreated p=0.021;. cisplatin vs. untreated p=0.021). (C, D) At 36" day of the experiment, tumors were harvested from
tumor-bearing mice treated with DE-EDCP, cisplatin and vehicle and phospho-STAT3 expression was detected using immunohistochemical
method. Representative images and quantitative analysis of the percentage of phospho-STAT3-positive cells are shown. Phospho-STAT3-
positive cells were counted in five random fields (magnification at x 400), and data were summarized as the mean percentage of positive
cells (four tumors per group). Data are presented as mean=SE.
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data indicate that DE-EDCP administration is accompanied
with fewer side effects when compared to cisplatin.

DISCUSSION

The major limitations in cancer treatment are
drug resistance and severe side effects of conventional
chemotherapeutics. Due to limitations related to the
treatment of cancer, there is an opening field for the
development of novel therapeutic compounds exhibiting
higher efficiency as well as lower toxicity. Herein,
anticancer activities of newly synthetized compound
DE-EDCP were investigated using murine breast cancer
model. Testing cytotoxicity of organic ligands and their
corresponding platinum complexes revealed that DE-
EDCEP affected the viability of several cancer cell lines
similarly or even efficiently then cisplatin [14—16]. In fact,
DE-EDCP exhibited higher cytotoxic capacity compared
to cisplatin, especially against human acute myelogenous

(KG-1) and promyelocytic leukemia (HL-60) as well as
murine melanoma (B16) cell lines [14-16]. These data
implicate that DE-EDCP might be considered as a valuable
candidate for anticancer therapy. However, to date the
effects of DE-EDCP on tumor growth and metastasis are
unexplored.

DE-EDCP exhibited significant dose-dependent
cytotoxic effect against murine (4T1) and human (MDA-
MB-468 and MDA-MB-231) breast cancer cell lines
(Figure 1). The most important finding to emerge from
present study is that DE-EDCP is capable of favorably
influencing the course of malignant disease even after
“therapeutic” administration to mice that have already
developed tumor. DE-EDCP exhibited marked anticancer
activity by reducing breast cancer growth and progression
as evaluated by significantly lower tumor volume and
weight (Figure 2A) as well as decreased number and
size of lung and liver metastases when compared to
untreated group (Figure 2B, 2C and 2D). Also, it should
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Figure 8: Administration of DE-EDCP is accompanied by fewer side effects compared to cisplatin. (A) Body weight of
tumor-bearing mice treated with DE-EDCP, cisplatin or vehicle before and 36" day of experiment (" DE-EDCP day 36 vs. vehicle day 36
p=0.023; DE-EDCP day 36 vs. cisplatin day 36 p=0.039; cisplatin day 36 vs. vehicle day 36 p=0.002; cisplatin day 0 vs. cisplatin day 36
p=0.03). (B) Levels of serum urea and creatinine among cisplatin, DE-EDCP and vehicle treated naive and tumor-bearing mice (n=12-14
animals per group). Data are presented as mean + SD. (“creatinine levels-: naive control group cisplatin vs. vehicle p=0.030; cisplatin vs.
DE-EDCP p=0.029; tumor-bearing group cisplatin vs. vehicle p=0.030; cisplatin vs. DE-EDCP p=0.029; “urea levels-: naive control group
cisplatin vs. vehicle p=0.005; cisplatin vs. DE-EDCP p=0.005; tumor-bearing group cisplatin vs. DE-EDCP p=0.005).
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be noted that until the 22 day of experiment, DE-EDCP
exhibited similar effects on tumor growth as cisplatin
(Figure 2A). After that point, cisplatin showed better
effects which could be attributed to possible differences
in pharmacokinetic factors. It is known that cisplatin, as
metal-based anticancer drug, has low platinum excretion
rate and is retained in the body, thus achieving its effects
in a longer period of time, especially when nephrotoxicity
occurs [4]. However, pharmacokinetic properties of DE-
EDCP remain unknown. Therefore, it seems quite arbitrary
to assume that application of DE-EDCP, according
to its organic chemical structure, should not conduct
to progressive cellular accumulation thus potentially
avoiding side-effects. As opposed, cellular accumulation
of cisplatin, especially the relatively high degree of
accumulation in the renal tissue, might lead to diverse
side-effects such as cisplatin-induced nephrotoxicity.

It is well known that dysregulations of apoptosis
and cell proliferation are key events in cancer
development. Compounds that promote apoptosis and
inhibit dysfunctional cell proliferation efficiently prevent
the cancer growth and progression. As a conventional
chemotherapeutic, cisplatin may trigger the activation
of both intrinsic and extrinsic pathway of apoptosis
[4]. Therefore, the next aim of the present study was
to investigate the possible mechanisms underlying the
cytotoxic capacity of DE-EDCP. Initially, it was observed
that 4T1 cells exposed to various concentrations of DE-
EDCP for 24 hours undergo significant morphological
changes indicating that cell death might occurs via
apoptosis (Figure 3A). In addition, the expression of
important counterparts in apoptotic cell death such as anti-
apoptotic Bcl-2, pro-apoptotic Bax or cleaved caspase-3
[19] was observed in both DE-EDCP- and cisplatin-
treated 4T1 cells as evaluated by immunofluorescence
(Figure 3B). In line with these findings, treatment with
DE-EDCEP or cisplatin downregulate mRNA level of Bcl-
2 expression and upregulate of Bax and caspase-3 mRNA
(Figure 3C). Further, DE-EDCP (31.25 and 62.5 uM)
significantly increased the percentage of late apoptotic
Ann V'PI* 4T1 cells in dose-dependent manner following
24 hours treatment (Figure 4B). The highest percentage
of late apoptotic cells was observed after DE-EDCP
treatment at the concentration of 62.5 uM compared to
untreated, but also to cisplatin treated cells. In addition,
significantly elevated percentage of TUNEL-positive
nuclei in breast cancer tissue following exposure to DE-
EDCEP or cisplatin (Figure 4C and 4D). In accordance with
these findings, it was recently established that DE-EDCP
(50 uM) enhanced the superoxide anion production and
inner mitochondrial membrane depolarization as evaluated
by detection of phosphatidylserine externalization and
DNA fragmentation due to apoptosis of HL-60 cells
[16]. Pt(I) complex containing DE-EDCP induced HL-
60 oxidative stress and apoptosis further evidenced by
activation of initiator caspases (caspase-8 and caspase-9)

[15]. On the other hand, Pt(IV) complex containing DE-
EDCP causes oxidative stress-mediated necrotic death of
glioma, melanoma and fibrosarcoma cells in vitro [14]. It
appears that DE-EDCP and corresponding platinum(II) or
platinum(IV) complexes may trigger at least two different
types of cancer cell death. However, the authors do not
exclude the possibility that these difference could be
due to some specific properties of investigated cell lines.
Herein, the results obtained from LDH assay strongly
implicate that DE-EDCP, as opposed to cisplatin, affects
tumor cell membrane integrity as an alternative way for
the induction of cell death. Overall, the presented data
strongly implicate cytotoxic activity of DE-EDCP in vitro
and ex vivo.

There are evidences that some anticancer agents
affect cancer cell proliferation by arresting their cell
cycle in GO/G1 phase [20, 21]. Initially, it was noticed
that DE-EDCP alters cell cycle status by arresting the
4T1 cells in GO/G1 phase thus preventing cell cycle
progression (Figure 5A). Although cyclin E is essential
for progression through the G1-phase of the cell cycle
[22], DE-EDCP treatment did not affect the percentage
of cyclin E-positive 4T1 cells (Figure 5B). Cyclin D3, as
initial activator of G1/S phase, is one of the critical players
that drives cell proliferation [23, 24]. Overexpression of
cyclin D3 has been reported in invasive breast cancer and
represents an independent prognostic marker [25]. It has
been demonstrated that the beneficial anticancer effect
of rapamycin is mainly based on the arresting cells in
G1 phase due to destabilization and subsequent down-
regulation of cyclin D3 protein in HER2-overexpressing
breast cancer cells [26]. Accordingly, down-regulation
of cyclin D3 at both the protein and mRNA levels in
4T1 cells was noticed following treatment with DE-
EDCP when compared to untreated cells (Figure 5C).
Besides cyclins, cyclin-dependent kinases and cyclin
dependent kinases inhibitors tightly regulate the cell cycle
progression. DE-EDCP caused significant upregulation of
CIP/KIP (p21 and p27) and INK (p16) cyclin-dependent
kinase inhibitor levels (Figure 5D). p16 specifically binds
CDK4 or CDK6 and inhibits cyclin D association in early
stage of G1 phase [27]. p21 is a universal cyclin-CDK
inhibitor [28], while p27 prevents the activation of cyclin
A-Cdk2, cyclin E-CDK2 and cyclin D-CDK4 complexes
[27, 29]. The results indicate that DE-EDCP induced G1
cell cycle arrest through downregulating the expression
of cyclin D3 and upregulating the expression of p16, p21
and p27.

Ki-67, as widely used marker of cell proliferation, is
tightly linked to the cell cycle machinery but its exact role
is still unknown. This nuclear protein is expressed in all
active phases of cell cycle, but not in quiescent or resting
cells in the GO and early G1 phase [30, 31]. For this
reason, Ki-67 could be used as prognostic biomarker and
metastatic predictor in many type of human malignancies
[32-34]. However, recent study reports that Ki-67 is
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responsible for cancer resistance to chemotherapeutic
agents via maintaining the cancer stem cell niche [17],
and suggests that Ki-67 is an attractive therapeutic target
in cancer. Our data showed that the percentage of Ki67-
positive 4T1 cells exposed to DE-EDCP was markedly
decreased compared to untreated and cells exposed to
cisplatin (Figure 6A). Decreased expression of Ki-67 in
DE-EDCEP treated 4T1 cells could be the result of G0O/G1
cell cycle arrest and increased expression of CDK4/CDK6
inhibitor, p16, as it was previously shown in normal and
cancer cells [35]. Unexpectedly, the highest percentage of
Ki-67-positive cells was observed after cisplatin treatment
(Figure 6A). Further, immunohistochemistry confirms
that DE-EDCP reduced Ki-67 expression in breast cancer
ex vivo, but there was no difference in the expression of
Ki-67 in breast cancer from mice treated with cisplatin
or vehicle. We speculate that the higher percentage of
Ki-67-positive cells following cisplatin treatment in vitro
is mainly related to apoptosis-induced compensatory
proliferation [36]. This is in line with the results presented
above which demonstrated that cisplatin was more
effective inducer of 4T1 cell apoptosis at concentration as
low as 31.25 uM.

Signal transducer and activator of transcription 3
(STAT?3) is constitutively activated in numerous cancers
and contributes to different processes involved in tumor
progression such as cell proliferation, angiogenesis and
metastasis [18, 37]. Therefore, STAT3 could be considered
as an important target for cancer treatment. In addition,
lower activity of STAT3 lead to GO/G1 cell cycle arrest and
apoptosis [38]. The present study revealed that DE-EDCP
significantly reduces the percentage of STAT3-positive
4TI cells in comparison with untreated or cisplatin treated
cells (Figure 7A). Also, downregulation of STAT3 mRNA
in breast cancer cells was noticed following treatment

with DE-EDCP when compared to both untreated and
cisplatin exposed cells (Figure 7B). It has been reported
that knockdown of STAT3 protein in 4T1 cell line by small
interfering RNA (siRNA) reduce expression of c-Myc and
completely block expresion of Twist protein, thus inhibiting
tumor growth and metastasis [39]. Accordingly, it seems
that one of important anticancer effects of DE-EDCP is the
reduction of STAT-3 expression in cancer cells.

Recent results reported by Wang H et al [40]
suggested that SOX2 and NANOG are the key
downstream proteins of STAT3 signaling pathways in
cancer. SOX2 and NANOG are transcription factors and
biomarkers for cancer stem cells (CSCs) [41, 42]. Also,
evidence has revealed that the SOX2 and NANOG are
critical factors in conferring certain CSC properties to
cancer cells such as self-renewal, metastasis and drug
resistance [43, 44]. Aberrant expression of NANOG has
been previously found in a variety of tumors, including
breast cancer [45]. The upregulation of NANOG
expression is linked to tumor progression and relapse
[44, 45]. High SOX2 expression was related to adverse
breast carcinoma profile, less differentiated subtype and
poor disease outcome [46]. Our data showed that DE-
EDCP treatment significantly reduces NANOG and
SOX2 mRNA level in 4T1 treated cells compared to
untreated cells (Figure 7B). Decreased gene expression
of stemness transcription factors accompanied with lower
expression of Ki-67 in DE-EDCP treated 4T1 cells is in
agreement with previous report [17]. In addition, in line
with finding that DE-EDCP treatment markedly reduced
expression of STAT3 at protein and mRNA level in vitro,
immunohistochemistry analysis showed a similar trend for
decreased percentage of Y705 phospho-STAT3-positive
cells within breast cancer tissue of DE-EDCP treated mice
compared to control group, although this difference did

Figure 9: Chemical structure of O,0’-diethyl-(S,S)-ethylenediamine-/V, N’-di-2-(3-cyclohexyl)propanoate dihydrochloride.
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not reach statistical significance (Figure 7C and 7D). A
previous report demonstrated that knockdown of STAT3
protein in cervical carcinoma cell line by siRNA reduced
mRNA and protein expressions of NANOG and SOX2
[40]. Accordingly, data obtained from our study indicated
that reduction in STAT3 expression after DE-EDCP
treatment resulted in significantly lower expression of
NANOG and SOX2 mRNA.

The main problems with approved anticancer drugs
today are drug-resistance and lack of selectivity responsible
for numerous toxic side effects. It is well known that cisplatin
treatment is associated with nephrotoxicity, hepatotoxicity
and cardiotoxicity, as well as loss in body weight [4]. Results
obtained from our study demonstrated that DE-EDCP, in
effective concentration of 10 mg/kg, was well tolerated in
vivo. DE-EDCP induced reduction of body weight was lower
in comparison with cisplatin treatment (Figure 8A). We have
also observed higher serum levels of both creatinine and urea
of cisplatin treated mice in comparison to DE-EDCP treated
mice. Although this side effect of cisplatin is well known, the
molecular mechanisms underlying cisplatin nephrotoxicity
is still under investigation [47—49]. On the contrary, DE-
EDCP did not increase serum levels of both creatinine and
urea compared to untreated animals (Figure 8B). This lack of
nephrotoxicity may be the consequence of DE-EDCP chemical
structure as an organic ester. Taken together, obtained data
indicate that DE-EDCP administration is accompanied with
fewer side effects when compared to cisplatin.

Collectively, DE-EDCP administration exhibits
respectable anti-cancer activity with fewer side-effects
in comparison with conventional chemotherapeutic. It
appears that tumoricidal capacities of DE-EDCP may be
achieved by several mechanisms such as triggering cancer
cell death via apoptosis or nonapoptotic cell death induced
by direct interfering with cancer cell membrane, and
inhibition of cell proliferation. The tumoricidal and anti-
proliferative capacities of DE-EDCP might be of interest
in development of new anticancer agent.

MATERIALS AND METHODS

Chemicals

The substance, O,O ’-diethyl-(S,S)-ethylenediamine-
N,N’-di-2-(3-cyclohexyl)propanoate dihydrochloride
(compound marked as DE-EDCP, Figure 9), was synthesized
according to previously described procedure [14, 15] and
registered as patent in Intellectual Property Office of the
Republic of Serbia (Number 2015/11427-P-2013/0270).
Cisplatin (cis-diamminedichloroplatinum(II)/cis-[PtCL(NH,),])
(Sigma-Aldrich) was used without purification.

Cell culture

4T1 mouse mammary carcinoma cell line was
purchased from American Type Culture Collection

(CRL-2539™; ATCC, USA). These cells were
routinely grown in suspension in complete DMEM
medium in a 5% CO, incubator with standard
conditions. In all in vitro and in vivo experiments only
cell suspensions with >95% viable cells were used.
Trypan blue was used to determinate the number of
viable tumor cells.

Cytotoxicity assays
MTT assay

4T1, MDA-MB-231 and MDA-MB-468 cells
were seeded on 96-well plates at a density of 3 x 10°
cells/100 pl (per well) in complete DMEM (Invitrogen)
growth medium and were allowed to adhere by
incubation at 37°C overnight. After 24 hours, culture
medium were replaced and each well received 100pul
of different compounds, which had been serially
diluted two-fold in medium to concentrations ranging
from 1000 to 0.49 uM. Cells were incubated under
standard conditions (37°C/5% CO,) for 24 and 48
hours. Upon incubation medium was removed, MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) solution (Smg/ml in PBS, 20 pl) was added
to each well and the 96-multiplates were incubated
for additional 4 hours. Using microplate multimode
detector Zenyth 3100 the optical density of each well
was determined at 595 nm. The percentage of cell
viability was determined by comparison with untreated
controls according to formula: % of viable cells = (E-
B)/(S-B) x 100 where B is for background of medium
alone, S is for total viability/spontaneous death of
untreated target cells, and E is for experimental well
[50]. Experiments, performed in triplicates, were
repeated three times.

LDH assay

Cytotoxicity of test compound was examined by
In Vitro Toxicology Assay Kit (Lactic Dehydrogenase
based) (Sigma-Aldrich, St. Louis, MO). Cells were
prepared and treated with test compound in the same
way as for MTT assay. A high control, leading to
100% cytotoxicity by lysing the cells completely, was
included in the assay. Cells exposed to medium only
were used as a low control. After 24 hours of treatment,
supernatant (50 pl) was transferred to new multiplate and
incubated with previously prepared substrate solution
(100 pl). Plates were protected from light and incubated
at room temperature for 30 minutes. The reaction
was stopped by stop solution and data were acquired
by spectrophotometry at 490 nm. Experiments were
repeated three times. The percentage of dead cells was
calculated using the formula [51]:

% dead cells (exp. value-low control)/(high
control-low control) x 100
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Annexin V propidium iodide double staining
assay

Annexin V is cellular protein with ability to bind
to phosphatidylserine when it is on the external portion
of the plasma membrane. Propidium iodide (PI), as small
fluorescent molecule, binds to DNA but cannot passively
traverse into cells if plasma membrane remains intact
[52]. After 24 hours of treatment with test compound
at concentrations 31.25 and 62.5 uM, 4T1 cells were
stained with Annexin V-FITC, followed addition of PI
(BD Pharmingen, San Diego, California, USA) according
to the manufacturer’s instructions. The percentages
of dead cells were determined by FACS Calibur flow
cytometer (BD Biosciences, San Jose, USA) and the data
were analyzed using FlowJo (Tree Star). It is considered
that Annexin V- PI" are viable cells, Annexin V*PI- are
cells in early stage of apoptosis, Annexin V' PI" are
cells in late stage of apoptosis, while Annexin V- PI" are
necrotic cells.

Cell cycle analysis

4T1 cells were allowed to grow until 70-80%
confluent in culture plates and were exposed to DE-EDCP
or cisplatin (31.25 and 62.5 uM) for 12 hours and cell
cycle analysis was performed with Vybrant® DyeCycle™
Ruby stain (Thermo Fisher Scientific, Inc. USA) according
to manufacturer’s instructions. After treatment, 4T1 cells
were stained with Vybrant DyeCycle Ruby and analyzed
by FACS Calibur flow Cytometer (BD Biosciences, San
Jose, USA). The cell cycle distribution was analyzed using
FlowJo software [53].

Flow cytometric analysis

4T1 cells, grown in culture plates, were treated
with either DE-EDCP or cisplatin (31.25 puM) for
24 hours. Next, the treated cells were fixed and
permeabilized with permeabilization buffer (BD
Bioscience) and incubated with antibodies specific
for STAT3 (IC1799G, Novus Biologicals, San Diego,
USA), Ki-67 (11-5698-82, eBioscience, San Diego,
USA), cyclin D3 (ab28283, Abcam Cambridge, United
Kingdom), cyclin E (MAS5-14336, Thermo fisher
scientifics, USA), p16 (ab211542, Abcam Cambridge,
United Kingdom), p21 (ab188224, Abcam Cambridge,
United Kingdom) and p27 (ab215434, Abcam
Cambridge, United Kingdom). For staining cyclin D3,
cyclin E, pl16, p21 and p27 cells were additionally
incubated with secondary goat anti-mouse IgG FITC
(ab6785 Abcam Cambridge, United Kingdom) or
donkey anti-rabbit IgG (ab150073 Abcam Cambridge,
United Kingdom). Flow cytometry was conducted on
FACSCalibur flow cytometer (BD Biosciences, San
Jose, USA) and the data were analyzed using FlowJo
(Tree Star).

Immunofluorescencent staining

The expression of Bcl-2, Bax and cleaved caspase-3
proteins were investigated by immunofluorescence
method as previously described [54]. In brief, the 4T1
cells were seeded in a 6-well plate and exposed to the
DE-EDCP and cisplatin at concentration of 31.25 uM for
24 hours. After washing the cells twice with PBS, they
were fixed in 4% paraformaldehyde at 25°C for 20 min.
The cells were stained with rabbit polyclonal antibody
specific for Bel-2 (sc-783, Santa Cruz Biotech. Inc CA,
USA), Bax (sc-493, Santa Cruz Biotech. Inc CA, USA)
and active/cleaved caspase-3 (NB100-56113, Novus
Biologicals, UK). After incubation, the cells were washed
and treated with appropriate secondary antibody, goat
anti-rabbit IgG FITC (Ab6717-1, Abcam, Cambridge,
United Kingdom). The sections were mounted with
ProLong Gold antifade reagent with DAPI (Invitrogen)
and analyzed at x 200 magnification using fluorescent
microscope (Olympus BX 51).

Real-time PCR analysis

4T1 cells were treated with DE-EDCP and
cisplatin (31.25 puM) for 24 hours. Total RNA from 4T1
cell was isolated with TRIzol (Invitrogen, Carlsbad,
CA). First-strand cDNA was synthesized by High
Capacity cDNA Reverse Transcription Kit (Applied
Biosystems, Foster City, California, USA). qRT-PCR
was performed using Power SYBR MasterMix (Applied
Biosystems) and mRNA specific primers for Bax
(forward 5'-ACACCTGAGCTGACCTTG-3" and reverse
5’-AGCCCATGATGGTTCTGATC-3"), Bcl-2 (forward
5-GTGGTGGAGGAACTCTTCAG -3° and reverse
5'-GTTCCACAAAGGCATCCCAG-3"), Caspase-3
(forward 5'-AAATTCAAGGGACGGGTCAT-3" and reverse
5"-ATTGACACAATACACGGGATCTGT-3"),  STAT3
(forward 5'-GGCATTCGGGAAGTATTGTCG-3" and
reverse 5'- GGTAGGCGCCTCAGTCGTATC-3"), Cyclin
D3 (forward 5'- CCGTGATTGCGCACGACTTC-3" and
reverse 5'-TCTGTGGGAGTGCTGGTCTG-3"), NANOG
(forward 5'-AAGCAGAAGATGCGGACTGT-3" and
reverse  5-GTGCTGAGCCCTTCTGAATC-3"), SOX2
(forward 5-AAAGGGTTCTTGCTGGGTTT-3" and
reverse 5-AGACCACGAAAACGGTCTTG-3") and B-actin
(forward 5'-AGCTGCGTTTTACACCCTTT-3" and reverse
5'-AAGCCATGCCAATGTTGTCT -3") as a housekeeping
gene. qRT-PCR reactions were initiated with a 10 minute
incubation time at 95°C followed by 40 cycles of 95°C for
15 seconds and 60°C for 60 seconds in a Mastercycler ep
realplex (Eppendorf, Hamburg, Germany). For each sample
(four per group) relative amount of mRNA was normalized
to the B-actin content. Fold expression changes relative to
4T1 cells were calculated with the AACT method [55]. Data
points are represented by the expression ratio and mean+SD
fold of control in 4T1 cells.
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Experimental animals

All experiments were approved by and conducted
in accordance with the Guidelines of the Animal Ethics
Committee of the Faculty of Medical Sciences of the
University of Kragujevac, Serbia. Female (8—10 weeks
old) BALB/c mice were used. The mice were housed in
a temperature-controlled environment with a 12-hour
light-dark cycle, fed ad libitum and observed daily. Also,
experimental animals were equalized in weight and
randomized in experimental or control groups.

Animal model and drug treatment

Orthotopic breast cancer model

BALB/c mice were inoculated with 3 x 10* 4T1 cells
orthotopically into the fourth mammary fat pad. Five days
after 4T1 cells were applied, the mice were injected with
a chemotherapy drug by intraperitoneal injection. Female
BALB/c mice received either DE-EDCP (10 mg/kg body
weight/ for 5 consecutive days followed by 2 days break
and treated again for 5 days), cisplatin (3mg /kg/dose;
three times per week; nine doses in total) or phosphate-
buffered saline. Mice were sacrificed on 36™ day of the
experiment.

Estimation of breast cancer growth

The size of primary 4T1 mammary tumors was
assessed morphometrically using electronic calipers in two
dimensions. Using a below formula the tumor volumes
(mm?®) were calculated [56]: tumor volume (mm?)=L
(major axis of the tumor) x W(minor axis)?*/2.

Histopathological analysis of metastatic lung and
liver

Hematoxylin-eosin (H&E) staining was performed
using 4 pm paraffin-embedded tumor bearing lung or
liver sections. In order to avoid missing micrometastases,
stained sections from at least three different levels were
examined for the presence of lung or liver metastases.
Metastases were verified at magnification x 100 and x 400
and photomicrographed with a digital camera mounted on
light microscope (Olympus BX51). In the histological
section metastatic area per tissue was calculated using
Imagel software [57].

In situ TUNEL staining

The TUNEL (terminal deoxynucleotidyl transferase
mediated dUTP nickend labeling) reaction was performed to
assess apoptotic cells within breast cancer tissues sections.
Formalin-fixed, paraffin-embedded tissue sections were
stained with Apo-tag TUNEL assay kit (Millipore, Temecula,
CA, USA) following the protocol of manufacturer. DAB

(3,3’-diaminobenzidine) as peroxidase substrate, was used
to yield the characteristic brown color for nuclei. Following
rinsing, slides were counterstained with hematoxylin solution
and photomicrographed with a digital camera mounted on
light microscope. The negative control was performed by
omitting TdT reaction step. The TUNEL-positive nuclei
(brown) were quantified under x 400 magnification in five
randomly fields representing at least 1000 neoplastic nuclei
and the data were summarized as the mean percentage of
positive cells (four tumors per group) [58].

Immunohistochemical detection of Ki-67 and
phospho-STAT3 (pSTAT3) in breast cancer
tissues

Briefly, paraffin-embedded breast cancer tissue
sections were deparaffinized, rehydrated and subjected
to heat-induced antigen retrieval in citrate buffer (pH
6.0). Next, sections were incubated with rabbit anti-
mouse Ki-67 antibody (ab66155, Abcam, Cambridge,
United Kingdom) or STAT3 (phospho Y705) antibody
(ab76315, Abcam, Cambridge, United Kingdom) followed
by visualization using the rabbit-specific conjugate
(Expose Rb-Specific HRP/AEC Detection IHC Kit;
Abcam Cambridge, United Kingdom). The slides were
photomicrographed with a digital camera mounted on light
microscope. The negative control slides were obtained by
omitting the primary antibody.

The Ki-67-positive, as well as pSTAT3-positive, cells
were determined by counting at least 1000 neoplastic nuclei
per slide in five randomly selected fields (at magnification
x 400). The data were summarized as the mean percentage
of positive cells (four tumors per group) [59].

Toxicity assessment

To study the potential side effects in the DE-EDCP
treated mice, they were remarked for weight loss. After
sacrificed, tissue sections of various organs (liver, kidney,
lung, intestine, spleen and stomach) stained with H&E and
were also examined. The levels of serum urea, creatinine
and transaminase were determined to assess the renal and
hepatic function. After blood collection, serum levels of
these toxicity markers were measured immediately using
assay kits and blood chemistry analyzer, as described [60].

Statistical analysis

The data were analyzed using software package
IBM SPSS Statistics version 20. First the normality of
data distribution was tested by Kolmogorov-Smirnov
or Shapirov-Will test. The two-tailed Student’s t test
or nonparametric Mann—Whitney Rank Sum test were
used. All data in this study were expressed as the mean +
standard deviation (SD) or standard error (SE). Values of p
< 0.05 were considered as statistically significant.
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Abstract

Background / Aim. O,0'-diethyl-(S,S)-ethylenediamine-N,N'-di-2-(3-
cyclohexyl)propanoate dihydrochloride (DE-EDCP) has been found to possess promising
cytotoxic activity against various tumor cell lines. Also, DE-EDCP reduces tumor
progression by several mechanisms such as triggering tumor cell death and inhibition of
cell proliferation. The aim of present study was to further evaluate anti-tumor activity of
DE-EDCP by investigating effects on migratory potential of tumor cells and anti-tumor
immune response. Methods. Migratory potential of DE-EDCP was evaluated by scratch
wound assay. Female BALB/c mice were inoculated with 4T1 breast cancer cells and
treatment with DE-EDCP started five days following orthotopic tumor implantation. The
frequency and phenotype of tumor-infiltrating NK and NKT cells were analyzed by flow
cytometry. Results. DE-EDCP inhibited migratory potential of highly metastatic 4T1 cells.
DE-EDCP facilitated accumulation of CD3:CD49- NKT cells and CD3-CD49- NK cells in
tumor microenvironment. DE-EDCP treatment led to significant decrement of tumor
infiltrating anergic NKT cells expressing CTLA-4, KLRG-1 and PD-1. Mice given DE-
EDCP had significantly increased percentages of tumoricidal FasL positive NK cells.
Conclusion. DE-EDCP inhibits murine breast cancer progression through direct effects on
tumor cells and by facilitating anti-tumor immunity. DE-EDCP enhances accumulation,
promotes tumoricidal phenotype and maintenances responsiveness of NK and NKT cells in
4T1 murine breast cancer.

Key words: O,0'-diethyl-(S,S)-ethylendiamine-N,N"-di-2-(3-cyclohexyl)propanoate
dihydrochloride, breast cancer, anti-tumor immune response

Apstrakt

Uvod / Cilj. O,0'-dietil-(S,S)-etilendiamin-N,N'-di-2-(3-cikloheksil)propanoat
dihidrohlorid (DE-EDCP), poseduje znacajnu citotoksicku aktivnost na linije razli¢itih
tumorskih ¢elija. DE-EDCP redukuje rast 1 metastaziranje karcinoma dojke tako Sto
indukuje ¢elijsku smrt i inhibira progresiju ¢elijskog ciklusa. U cilju dalje analize
antitumorske aktivnosti DE-EDCP, ispitan je njegov uticaj na migratorni potencijal, kao i
na antitumorski imunski odgovor. Metode. Uticaj DE-EDCP na mobilnost malignih celija
ispitan je testom migracije (scratch wound assay). Model karcinoma dojke je indukovan
ortotopskom transplantacijom malignih ¢elija 4T1 u singene BALB/C miSeve. Nakon
pojave palpabilnog tumora, miSevi su tretirani sa DE-EDCP. Proto€nom citometrijom
odredjivana je procentualna zastupljenost NK i NKT ¢elija, kao i njihov funkcionalni
fenotip. Rezultati. DE-EDCP inhibira migratorni potencijal 4T1 malignih ¢elija sa
izrazenom metastatskom sposobnos¢u. DE-EDCP povecava influks CD3-CD49- NKT i
CD3-CD49- NK ¢elija u tumorsku mikrosredinu miseva tretiranih sa DE-EDCP u poredenju
sa farmakoloski netretiranim miSevima. DE-EDCP smanjuje procent anergi¢nih NKT ¢elija
koje eksprimiraju inhibicione receptore CTLA-4, KLRG-1 i PD-1 Kod miSeva tretiranih sa
DE-EDCP uocena je povecana zastupljenost tumoricidnih NK ¢elija koje eksprimiraju
FasL. Zakljuc¢ak. DE-EDCP inhibira progresiju mis§jeg karcinom dojke $to je posledica
kako direktinih efekata ispitivane supstance na tumorske ¢elije tako i pojacanog
antitumorskog imunskog odgovora. Drugim recima, DE-EDCP osim §to povec¢ava influks,



podstice tumoricidni fenotip i zadrzava responzivnost NK i NKT ¢elija u misjem
karcinomu dojke.

Kljuéne reci: O,0'-dietil-(S,S)-etilendiamin-N,N"-di-2-(3-cikloheksil)propanoat
dihidrohlorid, karcinom dojke, antitumorski imunski odgovor

Introduction

Ester derivatives of (S,S)-ethylenediamine-N,N'-di-2-(3-cyclohexyl) propanoic acid were
synthesized as ligands for ethylenediamine-based platinum complexes (1). These
platinum(IV) complexes exhibit higher tumoricidal activity toward several cancer cell lines
compared to cisplatin as a conventional chemotherapeutic drug. The cytotoxicity of
platinum(IV) complexes could be at least partly related to their organic ligands with lack of
relationship between the cytotoxic capacity and the alkyl side-chain length of these ligands.
In line with this observation, it was further demonstrated that ligand O,O’-diethyl-(S,S)-
ethylenediamine-N,N'-di-2-(3-cyclohexyl) propanoate dihydrochloride (DE-EDCP) alone
exerted similar or even higher cytotoxic activity compared to cisplatin against various
human and mouse cell lines (1, 2). Taken together, it seems that DE-EDCP exerted highly
potent cytotoxic activity against murine melanoma cells (1) and human promyelocytic
leukemia cells (2). Next, cytotoxicity of DE-EDCP was demonstrated on various leukemic
cell lines (3). According to obtained 1C,,values, human promyelocytic leukemia cells were
highly sensitive to DE-EDCP. The cytotoxic effect of DE-EDCP against human leukemic
cells (HL-60) was accompanied with increased production of superoxide and
depolarization of mitochondrial membrane (3). Results of this study indicated that DE-
EDCP treatment caused caspase-independent apoptosis of HL-60 cells by presentation of
phosphatidylserine on cell membrane and fragmentation of DNA (3).

Recently, we demonstrated that DE-EDCP attenuated murine breast cancer progression by
facilitating apoptosis and inhibiting proliferation of tumor cells (4). DE-EDCP in 4T1
tumor cells reduced expression of anti-apoptotic Bcl-2 while increased expression of pro-
apoptotic Bax and caspase-3. Also, DE-EDCP treatment blocks cell cycle progression in
4T1 tumor cells by increasing expression of cyclin-dependent kinase inhibitors pl16, p21
and p27 with subsequent decrease in the expression of cyclin D3 and Ki-67, and arresting
4T1 cells in GO/G1 phase of cell cycle (4). Further, DE-EDCP reduced the malignant
potential of tumor cells by reducing expression of STAT3 and downstream regulated
molecules, NANOG and SOX2 in 4T1 cells. Recent study also reported that DE-EDCP
reduces melanoma growth mainly by inducing expression of key proapoptotic genes (5).
Melanoma cells treated with DE-EDCP underwent caspase-dependent apoptosis as a result
of mitochondrial dysfunction and increased accumulation of reactive oxygen species. In
both murine breast cancer and melanoma models, DE-EDCP was well tolerated in vivo
without obvious side effects (4,5).

Activity of natural killer (NK) cells, as well as NKT cells, represents the major mechanism
of innate immunity against tumors (6-9). NK cells lyse tumor cells without prior
sensitization and represent the first line of defense against established tumors (6, 8). NKT
cells, by production of various immunoregulatory cytokines, link innate and adaptive
immune response (9). It has been reported that NKT cell reduce tumor progression, mostly
by enhancing cytotoxicity and IFN-y production of NK cells and CD&T cells (10).



The aim of this study was to further evaluate anti-tumor activity of DE-EDCP in 4T1
murine breast cancer model. We investigated the effects of DE-EDCP on migratory
potential of tumor cells as well as modulation of anti-tumor immune response.

Methods

Cell culture and reagents

The cell line of murine breast cancer (4T1) was purchased from American Type Culture
Collection (ATCC, USA). 4T1 cells were grown in suspension in complete DMEM
medium in a 5% CO, incubator with standard conditions (11). Tumor cell suspension with
>90% viability was prepared using 0.25% trypsin and 0.02% EDTA in phosphate buffered
saline (PBS, PAA Laboratories GmbH). In all in vitro and in vivo experiments only cell
suspensions with >95% viable cells were used. In order to determinate the viability of
tumor cells trypan blue was used.

The organic compound O,0'-diethyl-(S,S)-ethylendiamine-N,N'-di-2-(3-cyclohexyl)
propanoate dihydrochloride (DE-EDCP), was prepared according previously described
procedure (1, 2). As referent ~ cytostatic  cisplatin (CDDRP, cis-
diamminedichloroplatinum(ll)/cis-[PtCI.(NH,).]) (Sigma-Aldrich) was used.

Scratch wound assay

The wound healing assay was performed as previously reported (12). After 4T1 cells were
seeded into 6-well plates, they were allowed to growth to about 90% confluence in present
of complete medium. After 4T1 achieved appropriate confluence, a plastic tip was used to
make a scratch on the cell monolayer (13). The wound area was washed three times with
PBS and the 4T1 cells were incubated with DE-EDCP (15.63 uM) or CDDP (15.63 uM)
for 4 and 15 hours. The 4T1 cells migrated into the wound surface and the average distance
of the migrating cells was observed using inverted microscopy. All data were analyzed
from three independent experiments performed in triplicate using ImageJ software and the
results are presented as the mean + SD (14).

Animals

Female (8-12 weeks old) BALB/c mice were used in in vivo experiment. Experimental
animals were equalized in weight and randomized in experimental or control groups. The
mice were housed in a temperature-controlled environment with a 12-hour light-dark cycle,
fed ad libitum and observed daily. All experiments were approved by and conducted in
accordance with the Guidelines of the Animal Ethics Committee of the Faculty of Medical
Sciences, University of Kragujevac, Serbia.

Animal Model and Drug Treatment

BALB/c mice were inoculated with 3 x 10+ 4T1 tumor cells orthotopically into the fourth
mammary fat pad (11, 15). Pharmacology treatments started when tumors were palpable
five days after implantation of 4T1 cells. Tumor bearing mice received intraperitoneal
injection of either DE-EDCP (10mg/kg/dose- five consecutive doses + two days pause +
five consecutive doses; ten doses in total); CDDP (3mg/kg/dose; three times per week; nine
doses in total) or 0.9 % NaCl. Mice were sacrificed on 18~ day of the experiment.

Flow cytometric analyses of tumor-infiltrating NK and NKT cells



After three experimental groups of mice were sacrificed on 18th day of the experiment,
primary tumor was isolated from mice and single cell suspensions of primary tumors were
obtained by enzymatic digestion, as previously described (16). Fluorochrome-conjugated
monoclonal antibodies specific for CD3 (145-2C11), CD49b (HMa2), CD178/FasL
(MFL3), CD152/CTLA-4 (BNI3), PD-1 (PDCD1/922), KLRG-1 (2F1) or their respective
isotype controls (BD Pharmingen, NJ/Invitrogen, Carlsbad, CA) were used. Expression of
cell surface antigens was analyzed with Flow Cytometer (BD Biosciences, San Jose, CA)
and the data were analyzed using FlowJo (Tree Star). Data are presented as means + SD of
two individual experiments, each carried out with six mice per experimental group.

Statistical Analysis

The data were analyzed using software package IBM SPSS Statistics version 20. First the
normality of data distribution was tested by Kolmogorov-Smirnov or Shapiro-Wilk test.
The two-tailed Student’s t test or Kruskal-Wallis test followed by Mann-Whitney U test
were used. All data in this study were expressed as the mean + standard deviation (SD).
Values of p < 0.05 were considered as statistically significant.

Results

DE-EDCP reduces migration of 4T1 cells

It is well known that cell migration is the first step in the invasive-metastatic cascade (17).
We recently reported that DE-EDCP reduces murine breast cancer growth and metastasis
(4). Herein, we add the effect of DE-EDCP treatment on 4T1 cell migration examined by
wound healing assay using non-lethal concentration (15.63 puM) for 4 and 15 hours.
Migration assay revealed that scratch wound area in wells with untreated 4T1 cells had a
significant diminution (approximately 65%), while wound area of 4T1 cells treated with
DE-EDCP was significantly wider in comparison to control cells 4 hours following
treatment (p=0.003; Fig. 1). The same phenomenon was observed 15 hours after scratch
(p=0.019; Fig. 1). In addition, significant effect of CDDP on the reduction of 4T1 cell
migration was achieved after 15 hours (Fig. 1).

DE-EDCP administration facilitates accumulation of NKT and NK cells within tumor
microenvironment

We further analyzed the effect of DE-EDCP on local antitumor immune response. The
obtained data revealed that DE-EDCP significantly increased the percentages of
CD3:CD49- NKT cells in tumor tissue when compared to vehicle-treated mice (p=0.03;
Fig. 2, left panel). Of note, the frequencies of NKT cells were increased in mice treated
with CDDP, but it did not reach statistical significance (Fig. 2, left panel). DE-EDCP also
increased the percentages of tumor-infiltrating CD3-CD49- NK cells (p=0.032; Fig. 2, right
panel). CDDP did not significantly affect accumulation of NK cells in tumor tissue (Fig. 2,
middle panel). We did not reveal effect of DE-EDCP administration, or CDDP, on
intratumoral accumulation of CD3-CD49 T cells (Fig.2 right panel).

DE-EDCP affects functional phenotype of tumor-infiltrating NKT and NK cells
Further, we analyzed functional phenotype of tumor-infiltrating NKT and NK cells. Apart
from CDDP, DE-EDCP did not affect the presence of tumoricidal NKT cells expressing
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FasL (Fig 3). However, DE-EDCP significantly decreased the presence of NKT cells
expressing inhibitory markers such as CTLA-4, KLRG-1 and PD-1 in comparison with
vehicle and CDDP treated mice (Fig. 3). In contrast to DE-EDCP, CDDP significantly
increased the percentage of PD-1 positive NKT cells when compared to vehicle-treated
mice (Fig. 3).

Furthermore, mice treated with DE-EDCP, but not CDDP, exhibited significantly increased
percentages of tumoricidal FasL- NK cells compared to vehicle-treated mice (Fig. 4). There
were no significant differences in the expression of inhibitory KLRG-1, CTLA-4 and PD-1
among NK cells from both DE-EDCP and CDDP treated mice (Fig. 4).

Discussion

Cell migration is a prerequisite for tumor invasion and metastasis (17), and can be a
potential therapeutic target for tumor treatment. For this purpose we used 4T1 cells, known
as cells with high metastatic potential (18). Herein, our results indicated that DE-EDCP
effectively inhibits the migration of 4T1 cells as evaluated by wound healing assay (Fig. 1).
We previously reported that DE-EDCP decreased expression of STAT3 in 4T1 cells, as
well as NANOG and SOX2 which are downstream targets of STAT3 signaling pathway
(4). STAT3 has impact on cell invasion and motility (19). For instance, knockdown of
STAT3 compromised the proliferation and migration of MCF7 human breast cancer cells
(20). In addition, overexpression of NANOG promoted the migration and invasion of
MCF7 cells (21). Similarly, NANOG regulated cell migration in ovarian cancer (22).
Furthermore, SOX2 silencing has also been found to prevent migration of MDA-MB-231
human breast cancer cells (23). In agreement with these findings, it appears that DE-EDCP
inhibits tumor cell migration via downregulation of STAT3, NANOG and SOX2
expression. Therefore, inhibition of 4T1 cell migration seems to be the additional beneficial
effect of DE-EDCP on breast cancer progression.

In addition to obvious direct effects on tumor cells, we further hypothesized that DE-EDCP
might influence tumor progression by modulating anti-tumor immune response. To the
date, it was found that DE-EDCP inhibited production of IFN-y and IL-17 by cells derived
from spleen and lymph nodes of mice and rats (24). However, the effects of DE-EDCP on
anti-tumor immune response are still unknown. In this study, we explored the effects of
DE-EDCP on anti-tumor innate immunity in the weakly immunogenic and highly
metastatic 4T1 murine mammary cancer model. We showed that DE-EDCP facilitated
influx of CD3:CD49- NKT cells and CD3-CD49+- NK cells in tumor microenvironment (Fig.
2). CDDP treatment slightly increased influx of these cells, however the increment did not
achieve statistical significance so we can only assume that CDDP antitumor effects in
particular tumor model were achieved by some other mechanisms. NK cells are innate
immune effector lymphocytes that play an important role in the protection against tumor.
NK cells infiltrate solid tumors thus contributing to favorable prognosis in cancer patients
(25). Apart from NK cells, activated NKT cells are involved in elimination of tumor cells
either directly or indirectly by engagement of other immune cells (26-28). Furthermore,
recently an association between numbers of tumor-infiltrating NKT cells with better
clinical outcome was found (29). NKT cells react quickly to stimuli and have a remarkable
capacity to produce an array of cytokines and chemokines in order to modulate both innate
and adaptive immune response (30).

In addition to increased influx of NKT and NK cells in breast cancer tissue, the obtained
data revealed that DE-EDCP affects functional phenotype of these cells. It is well-
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established that both cell types, in particular NK cells, directly eliminate target tumor cells
by at least two mechanisms, producing perforins and granzymes as well as the engagement
of cell death receptors. Cell death receptor Fas and its ligand FasL are important players in
initiation of target cell apoptosis (31). Fas-FasL interaction induces receptors trimerization,
activation of adaptor protein FADD which results with activation of caspase-8 and
consequent initiation of apoptosis (32). Our results revealed that DE-EDCP treated mice
had significantly increased percentages of FasL: NK cells, but not NKT cells, indicating
their enhanced tumoricidal potential (Fig. 3 and 4). These data are in line with our
previously described results revealing that DE-EDCP treatment increased percentage of
apoptotic (TUNEL-) tumor cells in breast cancer tissue (4). NKT cells directly eliminate
CD1d-expressing tumor cells (33). 4T1 cells express minimal surface levels of CD1d (34).
Therefore, there is low possibility that NKT cells directly eliminate 4T1 cells. However,
NKT cells could produce IL-2 further stimulating NK cells to kill the NKT cell-resistant
tumor cell targets (35). Teng et al (34) showed that CD8+ T cells and IFN-y are crucial for
AT1 tumor eradication. However other studies revealed that antitumor activity based on
cytotoxicity of CD8- T cells plays a nonessential role in 4T1 breast tumor model (11, 36).
Innate immunity cells, especially NK cells, occupy a central place in the control of growth
and metastasis of weakly immunogenic mouse 4T1 breast tumor (11, 36). The influence of
DE-EDCP on the functional status of NK cells in the tumor microenvironment indicates
that the DE-EDCP effects on the innate immune response may be an additional anti-tumor
mechanism of action. At this point we may suppose that higher percentage of tumor-
infiltrating NK cells and higher expression of FasL on NK cells after DE-EDCP treatment
may lead to Fas-FasL interaction of tumor and NK cells and consequently cause tumor cell
death. Also, we can only assume that DE-EDCP might stimulate NKT cells in tumor
microenvironment to produce various cytokines thus enhancing tumoricidal capacities of
NK cells. This can be an additional mechanism of DE-EDCP-mediated diminishing of
tumor progression.

Killer cell lectin-like receptor G1 (KLRG-1) is C-type lectin-like inhibitory receptor
expressed mostly on NK cells, cytotoxic T cells and long-lived effector NKT cells (37, 38).
KLRG-1 regulates homeostasis and maturation of NK cells (39). High KLRG-1 expression
correlates with low proliferative capacity (39, 40) and increases apoptosis of NK cells (41).
DE-EDCP significantly decreased percentage of NKT cells, but not NK cells, expressing
inhibitory receptors KLRG-1 (Fig. 3 and 4). The programmed cell death-1 receptor (PD-1)
is immune checkpoint inhibitor expressed on the surface of immune effector cells,
including T cells, NK and NKT cells (42-44). Marked increase in PD-1 expression after a-
GalCer stimulation indicated NKT cell anergy (45, 46). Herein, we observed significantly
decreased percentage of PD-1- NKT cells following DE-EDCP treatment (Fig. 3) thus
contributing to NKT cell responsiveness. Next, cytotoxic T lymphocyte-associated antigen-
4 (CTLA-4) is another immune checkpoint molecule with crucial role in decline of immune
response and maintaining immune homeostasis (47, 48). CTLA-4 is expressed on tumor-
infiltrating NK cells in mice (49). The obtained data revealed that DE-EDCP also reduced
the frequencies of CTLA-4- NKT cells (Fig. 3). Both PD-1 and CTLA-4 blockade, as well
as their combination, have proven to be very effective in animal models of melanoma and
some breast cancer models (50-53).

Conclusion



In addition to our previously published data regarding the beneficial effects of DE-EDCP
on 4T1 breast cancer progression, here we add the evidences that DE-EDCP inhibits 4T1
cell migration and promotes anti-tumor immune response mediated by NK and NKT cells.
DE-EDCP enhances accumulation, promotes tumoricidal phenotype and maintenances
responsiveness of NK and NKT cells in 4T1 murine breast cancer model.
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Figure Legends

Figure 1. Inhibitory effect of DE-EDCP on murine breast cancer cell migration. The scratch
wound assay of 4T1 cells treated with DE-EDCP (15.63 puM) or CDDP (15.63 uM) for 4
hours and 15 hours. Representative images of wound closure in control, CDDP and DE-
EDCP treated 4T1 cells. The images were captured three times at different areas and the
results were analyzed by ImageJ software. Cell migration was quantified measuring the

mean cell-free gap distance between the edges of the scratch area. Data are presented as
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mean of wound area = SD. Mann-Whitney U test was performed and significant

differences are reported *p<0.05.

Figure 2. DE-EDCP increases influx of NKT and NK cells in tumor microenvironment. The
graphs and representative FACS plots showing the percentages of NKT, NK and T cells
derived from tumor tissue of vehicle-treated, CDDP-treated and DE-EDCP-treated mice 18
days after 4T1 cell inoculation. Data are presented as mean £ SD of two individual
experiments, each carried out with six mice per group. Statistical significance was tested by

Mann-Whitney U test, *p<0.05.

Figure 3. DE-EDCP affects the functional phenotype of NKT cells in tumor tissue. The
graphs and representative FACS plots show the percentage of FasL:, CTLA-4-, KLRG-1+
and PD-1- NKT cells derived from tumor tissue of vehicle-treated, CDDP-treated and DE-
EDCP-treated mice 18 days after 4T1 cell inoculation. Data are presented as means + SD
of two individual experiments, each carried out with six mice per group. Statistical

significance was tested by Mann-Whitney U test, *p<0.05.

Figure 4. DE-EDCP affects the phenotype of NK cells in tumor tissue. The graphs and
representative FACS plots show the percentage of FasL+, CTLA-4:, KLRG-1-and PD-1-NK
cells derived from tumor tissue of vehicle-treated, CDDP-treated and DE-EDCP-treated
mice 18 days after 4T1 cell inoculation. Data are presented as means + SD of two
individual experiments, each carried out with six mice per group. Statistical significance

was tested by Mann-Whitney U test, *p<0.05.

Figure 1.
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Background and Objectives. The aim of the study was to determine systemic and fecal values of galectin-3 and pro- and anti-
inflammatory cytokines in patients with CRC and the relationship with clinicopathological aspects. Methods. Concentrations of
galectin-3, TNF-a, TGF-f, IL-10, and IL-1f3 were analyzed in samples of blood and stool of 60 patients with CRC. Results.
Systemic concentration of TNF-«a was significantly lower in patients with severe diseases (advanced TNM stage, nuclear grade,
and poor histological differentiation) as in patients with more progressive CRC (lymph and blood vessel invasion, presence of
metastasis). Fecal values of anti-inflammatory cytokines TGF-f3 and IL-10 were increased in patients with severe stadium of
CRC. Fecal concentration of Gal-3 was enhanced in CRC patients with higher nuclear grade, poor tumor tissue differentiation,
advanced TNM stage, and metastatic disease. Gal-3/TNF-« ratio in sera and feces had a higher trend in patients with severe and
advanced diseases. Positive correlation between fecal Gal-3 and disease severity, tumor progression, and biomarkers AFP and
CEA, respectively, was also observed. Conclusions. Predomination of Gal-3 in patients with advanced diseases may implicate on
its role in limiting ongoing proinflammatory processes. The fecal values of Gal-3 can be used as a valuable marker for CRC

severity and progression.

1. Introduction

Of cancers that affect both men and women, colorectal can-
cer (CRC) is the fourth leading cause of cancer death in the
world [1, 2]. It is the third most common cancer in males
and the second in females [1, 2]. Although the distribution
of CRC varies widely, more than two-thirds of all cases and
more than half of all deaths happen in countries with high
human development index (HDI) [3]. Besides the important
role of genetic factors such as mutations of oncogenes and
tumor suppressor genes and history of CRC in first-degree
relatives, environmental factors, such as inflammatory bowel

disease, increased body mass index (BMI), red meat intake,
cigarette smoking, low physical activity, and low vegetable
and fruit consumption, are associated with an increased risk
of CRC [4, 5]. CRC metastasizes to the liver and lungs, while
bone metastasis often indicates the terminal phase of colon
cancer [6]. Despite the fact that around 80% of patients with
CRC have primary surgery, about half of the patients already
have metastatic lesions primarily in the liver [7, 8]. Surgery,
as well as radiofrequency ablation, cryosurgery, chemother-
apy, radiation therapy, or targeted therapy, is the most com-
mon treatment option for CRC [4]. Although a 5-year
survival or stage I-III CRC is pretty good, cancer-related
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deaths are registered in one-third of patients younger than 65
years old at disease onset [9]. Although the gold standard for
CRC diagnosis is a colonoscopy procedure, there is a ten-
dency to use more noninvasive tests such as measurement
of different molecules in sera and feces of patients [10]. There
has been a sustained interest in the identification of state bio-
markers for CRC [11-13]. New markers should contribute to
the prediction of prognosis. Recent studies revealed the sig-
nificance of estimation of fecal markers in the determination
and prediction of disease severity [14-16].

Galectin-3 (Gal-3) is a multifunctional f-galactoside-
binding lectin highly expressed in a variety of inflammatory
and epithelial cells [17]. Multiple functions of Gal-3 depend
onitslocation inside the cell or on the cell surface [18]. Itis well
known that Gal-3 is involved in several biological processes
such as cell attachment, cell differentiation and proliferation,
embryogenesis, inflammation, cancer invasion, and metasta-
sis [19, 20]. Previous studies revealed the importance of Gal-
3 asa prognostic marker in CRC. It is shown that patients with
detectable expression of Gal-3 in tumor have more lymph
node and distant metastases, frequent venous invasion, and
deeper wall invasion in comparison to those with Gal-3-
negative cases [21]. Moreover, a recent study revealed that
serum galectin-3 and carcinoembryonic antigen (CEA) pro-
mote CRC migration and metastasis [22].

The aim of this study was to evaluate systemic and fecal
values of Gal-3 and pro- and anti-inflammatory cytokines,
as well as their ratios, in patients with CRC and UC and the
relationship with clinicopathological aspects of disease. We
demonstrate enhanced fecal concentration of Gal-3 in CRC
patients with higher nuclear grade, poor tumor tissue differ-
entiation, advanced TNM stage, and metastatic disease, while
predomination of Gal-3 over proinflammatory cytokines in
patients with advanced TNM stage and metastatic disease.
Fecal Gal-3 positively correlates with disease severity
(advanced TNM stage, higher nuclear grade, and poor tumor
tissue differentiation) and progression (presence of lung/liver
metastasis or peritoneal carcinomatosis) and systemic bio-
markers AFP and CEA. There was no significant correlation
between fecal Gal-3 and clinical and endoscopic scores and
histopathological characteristics of affected tissue in patients
with ulcerative colitis. These findings indicate Gal-3 as a
potential marker of CRC severity and progression.

2. Materials and Methods

2.1. Ethics Approval. The study was conducted at Center for
Gastroenterology, Clinical Center of Kragujevac, and Center
for Molecular Medicine and Stem Cell Research, Faculty of
Medical Sciences, University of Kragujevac, Serbia. Informed
consent was obtained from all subjects. The study was
approved by the ethics committee of the Clinical Center of
Kragujevac, Kragujevac, Serbia, and Faculty of Medical
Sciences, University of Kragujevac, Serbia. All research pro-
cedures were made according to the principle of Good
Clinical Practice and the Declaration of Helsinki.

2.2. Patients. The study included 60 patients with CRC.
The diagnosis of CRC was based on endoscopic and
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histopathological criteria. Patients with no well-defined
pathology, no adequate clinical document available, or pre-
viously treated with radiation or chemotherapy were
excluded from the study. Clinicopathological information
for all patients included sex, age, TNM stage, vascular/
lymph node invasion, nuclear grade, and differentiation.
Blood and stool specimens were collected before the sur-
gery and stored at —80°C. Pathological features were ana-
lyzed according to the 2010 American Joint Committee
on Cancer (AJCC) classification.

Fifty patients, with a median age of 55 (range, 23-73
years), diagnosed as UC cases, were also enrolled in this
study. Diagnosis was made on the basis of established clini-
cal, endoscopic, and histological criteria [23]. The study did
not include patients without well-defined pathology, no ade-
quate clinical document available, or with previously diag-
nosed coexisting cardiopulmonary, renal, hepatic, allergy,
and rheumatic disease who were treated with anti-
inflammatory drugs. Stool samples were collected before
the surgery and stored at —80°C. Clinical activity of disease
and endoscopic findings were represented as Mayo clini-
cal/endoscopic subscore, defined as previously described
[24-26]. Histological activity was scored according to
Geboes Score (GS), considering the presence of architec-
tural changes, neutrophils, eosinophils, crypt destruction,
and erosion of the mucous membranes [27].

2.3. Measurement of Galectin-3, TNF-a, TGF-p3, IL-10, and
IL-1f in Sera and Feces. All samples were collected prior to
any therapeutic application. Blood specimens were collected
from each studied subject; blood clot was cut and centrifuged
for separating the serum; and all serum samples were kept at
—80°C before use. Stools (1-10g) were collected in sterile
containers and weighed. They were divided into 1g aliquot
and then emulsified in 5mL of protease inhibitor cocktail
(SIGMA, P83401), diluted 1:100, and centrifuged for 5
minutes at 400g, at 4°C, as previously described [28, 29].
The supernatant fluid was collected and stored at —80°C until
ELISA. Serum and fecal concentrations of cytokines were
measured, as described [30], using sensitive enzyme-linked
immunosorbent assay (ELISA) kits (R&D Systems, Minne-
apolis, MN) specific for human cytokines according to the
manufacturer’s instructions. Briefly, the PVC microtiter
plates were coated with capture antibody, overnight. After
blocking the remaining protein-binding sites by adding
blocking buffer (1% bovine serum albumin in PBS) for 1
hour, serum/fecal samples or standard recombinant Gal-3/
TNF-a/IL-13/TGF-B/IL-10 were added to the plates for 2
hours, followed by application of biotinylated detection anti-
body for 1 hour at room temperature. After introduction of
streptavidin peroxidase for 1 hour, the plates were developed
with substrate reagent for 20 minutes. The reaction was
stopped by adding 4 mol/L sulfuric acid, and the absorbance
was read at 495 nm by a microplate reader. Concentration of
the samples was measured by intrapolation from the stan-
dard curve made by a series of well-known concentrations
as per manufacturer’s instruction. Values of measured cyto-
kines are presented as pg/ml of sera and pg/g of feces, respec-
tively. The lower detection limit (sensitivity) of the ELISA
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kits, for measured cytokines, was galectin-3: 85 pg/ml; TNF-
a: 5.5pg/ml; TGF-f: 154 pg/ml; IL-10: 3.9 pg/ml, and IL-

1B3: 1 pg/ml.

2.4. Evaluation of Tumor Markers in Sera. Serum levels of
tumor markers alpha-fetoprotein (AFP), carcinoembryonic
antigen (CEA), and cancer antigen 19-9 (CA19-9) were
determined by chemiluminescence enzyme immunoassay
(CLIA) in the central biochemical laboratory of the Clinical
Center Kragujevac.

2.5. Statistical Analysis. The statistical analyses were per-
formed using SPSS 20.0 software. The results were reported
as mean, standard deviation (SD), and standard error (SE).
Determination of statistically significant difference between
the means of two groups was determined using Student’s t-
test for independent samples if the data had normal distribu-
tion or Mann-Whitney U test for data without normal dis-
tribution. Kruskal-Wallis test was used to determinate
statistically significant difference between the means of three
groups. Pearson’s correlation evaluated the possible relation-
ship between the cytokines and disease severity and progres-
sion in patients with CRC. The strength of correlation was
defined as negative or positive weak (0.3 to —0.1 or 0.1 to
0.3), moderate (—0.5 to —0.3 or 0.3 to 0.5), or strong (1.0
to —0.5 or 1.0 to 0.5). A p value of 0.05 was considered sta-
tistically significant.

3. Results

Sixty adult patients with CRC and fifty with UC were
included in this study. There was no significant difference
in gender distribution. The average age of all patients with
CRC is 64+1 and of patients with UC is 55+ 1. Clinical
and pathologic characteristics of these patients are presented
in Table 1. We have assessed concentration of pro- and anti-
inflammatory cytokines, as well as Gal-3, and tumor markers
(AFP, CEA, and CA19-9) in serum and feces liquid fraction.

3.1.  Fecal Concentration of Gal-3 Associated to
Histopathologic Characteristics of CRC. Firstly, patients with
CRC were classified in four groups based on the nuclear
grades of tumor tissue: I, II, III, and IV. This classification
was based on the evaluation of the size and shape of the
nucleus in tumor cells and the percentage of tumor cells that
are in the process of dividing or growing [31]. Recent studies
have shown associations between nuclear grading and
aggressiveness underscoring the importance of nuclear grad-
ing beyond prognostic stratification [31, 32]. We did not esti-
mate nuclear grade IV in any of the CRC patients. Evaluation
of systemic levels of the previously defined markers of inter-
est revealed significantly lower level of TNF-« in the group of
patients with nuclear grade III in comparison to patients with
nuclear grade I or II (p = 0.001; Figure 1(a)). There were no
statistical differences in the serum level of Gal-3 between
the defined groups. However, Gal-3/TNF-« ratio was signifi-
cantly higher in the patients with nuclear grade III (p = 0.001;
Figure 1(a)). There was no significant difference in the fecal
level of TNF-a between the patients with different nuclear
grades of CRC (Figure 1(a)). We noticed significant

3
TaBLE 1: Baseline characteristics of patients.
Number
Colorectal carcinoma (CRC)
Gender (male/female) 35/25
Age (mean (range)) 64 (50-82) years
Site (P/D/R) 15/34/11
Nuclear grade (I/II/IIT) 8/37/15
T S 11133116
Stage (TNM: I/II/III/IV) 42/0/16/12
Necrosis (well/moderate/absent) 16/44/0
Ulcerative colitis (UC)

Gender (male/female) 29/21
Age (mean (range)) 55 (23-73) years
Endoscopic score (0/1/I1/11I) 0/26/16/8
Clinical score (0/I/TI/III) 0/28/14/8
Crypt destruction (0/I/II/1II) 4/25/9/12
?Or/oljicl)/lh?/f;\l]l)e mucous membranes 12/13/6/9/10
Architectural changes (0/I/II/IIT) 0/23/14/13
Neutrophil infiltration (0/I/II/IIT) 5/19/8/18
Eosinophil infiltration (0/1/I1/I1I) 10/16/13/11

P: proximal colon; D: distal colon; R: rectum.

increment of the fecal level of Gal-3 in the group of patients
with nuclear grade III compared to grades I and II (p = 0.02),
while there was no difference in the Gal-3/TNF-« ratio
(Figure 1(a)).

Next, patients were divided into two groups according to
histological differentiation rate: well/moderate and poor.
Well-differentiated and moderately differentiated tumors
(well/moderate) were defined as low-grade lesions, whereas
poorly differentiated tumors (poor) were defined as high-
grade lesions according to the WHO guidelines [33]. Grading
was based on the evaluation of the worst area, excluding areas
of focal dedifferentiation present at the invasive margin of the
tumor [34]. Poorly differentiated tumors have repeatedly
been shown to behave more aggressively than well/moder-
ate-differentiated carcinomas in multivariate analysis [34].
We did not find significant differences in the serum level of
IL-10, TGF-B, and Gal-3 between the defined groups
(Figure 1(b)). However, fecal levels of Gal-3 (p=0.001) and
anti-inflammatory cytokines IL-10 (p = 0.007) and TGF-f3 (
p =0.006) were significantly higher in patients with poorly
differentiated CRC (Figure 1(b)).

3.2. Fecal Gal-3 and Gal-3/ TNF-« Ratio Associated with TNM
System and Lymph and Blood Vessel Invasion. Patients with
CRC were divided into two categories on the basis of
TNM stage of disease: I+II and III+IV. Patients with
TNM stages III+IV revealed significantly lower TNF-«
in sera in comparison to patients with TNM stages I+1I
(p=0.006; Figure 2(a)). There were no differences in the
serum level of TGF-f and Gal-3 (Figure 1(b)). The Gal-
3/TNF-a ratio was higher in the sera of patients with
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FIGURE 1: (a) Increased concentration of Gal-3 in feces and Gal-3/TNF-a ratio in sera, in patients with a higher nuclear grade of CRC. Patients
with CRC were divided into three groups, based on nuclear grades (I, II, and IIT). Serum and fecal levels of all mentioned biomarkers were
determined by ELISA. Gal-3/TNF-a ratios were evaluated for each patient, separately. Kruskal-Wallis test was used to determinate
statistically significant difference between the means of three groups. (b) Increased concentrations of IL-10, TGF-f3, and Gal-3 in the feces
of patients with poor histological differentiation of CRC. Patients with CRC were divided into two groups, according to histological
differentiation rate (well/moderate and poor). Statistical significance was tested by Mann-Whitney Rank Sum test.
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FIGURE 2: (a) Increased concentration of TGF-f3, Gal-3, and Gal-3/TNF-« ratios in feces in patients with higher TNM stage of CRC. The
patients with CRC were divided into two groups, based on the TNM stage (I+1I and III+IV). Serum and fecal levels of all mentioned
biomarkers were determined by ELISA. Gal-3/TNF-« ratio was evaluated for each patient, separately. (b-c) Decreased TNF-«a and
increased Gal-3/TNF-« ratio in the sera of patients with detectable lymphatic and blood vessel invasion of CRC. The patients with CRC
were divided into two groups, based on the presence of lymphatic/blood vessel invasion (+ and —). Serum levels of all mentioned
biomarkers were determined by ELISA. Gal-3/TNF-« ratio was evaluated for each patient, separately. Statistical significance was tested by
Mann-Whitney Rank Sum test or independent samples ¢-test, where appropriate.

TNM stages III+1V, but this difference did not reach sta-
tistical significance (Figure 2(a)).

As shown in Figure 2(a), CRC patients with higher
TNM stages appear to have a higher fecal level of TGF-f3
(p=0.031). There was no difference in the fecal level of
TNE-a between the defined groups (Figure 2(a)). We noticed
a higher fecal level of Gal-3 (p = 0.037) as well as Gal-3/TNEF-
a ratio (p=0.015) in patients with TNM stages III+IV
(Figure 2(a)).

Further, we divided the patients based on the invasion of
lymph and blood vessels, respectively (+ and —), and ana-
lyzed their serum levels of biomarkers. TNF-«a was signifi-
cantly decreased in patients with detected lymph or blood
vessel invasion (p =0.032; p = 0.026; Figures 2(b) and 2(c)).
Moreover, an increased Gal-3/TNF-a ratio in sera was evalu-
ated in patients with detectable lymphatic (p=0.036) and
blood vessel invasion (p = 0.023; Figures 2(b) and 2(c)).

3.3. Liver, Lung, and Peritoneal Metastasis Associated with
Higher Fecal Gal-3. Next groups of patients with CRC were
made according to the presence of lung/liver metastasis or
peritoneal carcinomatosis, respectively, and analyzed for
values of Gal-3 and other mediators of interest. There were
no differences in the systemic concentrations of IL-1 and
Gal-3 between the patients with and without metastasis/car-
cinomatosis (Figure 3). Lower TNF-a but a higher Gal-3/
TNF-a ratio was found in the sera of patients with detectable
liver metastasis, lung metastasis, or peritoneal carcinoma-
tosis, in comparison to patients without metastasis/carci-
nomatosis (p <0.05 all, Figure 3). Feces concentration of
IL-1f3 was significantly lower while the level of Gal-3 was
significantly higher in patients with metastasis/carcinoma-
tosis. There were no differences in the feces levels of
TNF-a and neither in the Gal-3/TNF-a ratio between the
defined groups.
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FIGURE 3: (a) Decreased fecal IL-1f3 and systemic TNF-a, while increased fecal Gal-3 and systemic Gal-3/TNF-« ratios in patients with
detectable liver metastasis. Patients with CRC were divided into two groups, based on the presence of liver metastasis (+ and —). (b)
Decreased fecal IL-1f and systemic TNF-a, while increased fecal Gal-3 and systemic Gal-3/TNF-« ratios in patients with detectable lung
metastasis. The patients with CRC were divided into two groups, based on the presence of lung metastasis (+ and —). (c) Decreased fecal
IL-1B and systemic TNF-a, while increased fecal Gal-3 and systemic Gal-3/TNF-a ratios in patients with detectable peritoneal
carcinomatosis. The patients with CRC were divided into two groups, according to the presence of carcinomatosis in peritoneum cavity
(+ and -). The serum levels of all mentioned biomarkers were determined by ELISA. Gal-3/TNF-« ratio was evaluated for each
patient, separately. The statistical significance was tested by Mann-Whitney Rank Sum test.
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3.4. Fecal Gal-3 Concentration Significantly Correlated with
CRC Severity, but Not with UC Severity. The relationship
between fecal Gal-3 and the clinicopathological parameters
of patients with CRC and UG, respectively, were summarized
in Table 2. An analysis revealed a positive correlation
between fecal galectin-3 and parameters and markers of dis-
ease severity and progression. There is a moderate positive
correlation between fecal galectin-3 and nuclear grade (r =
0.358; p=0.025), histological type (r=0.543; p=0.001),
TNM stage (r = 0.339; p = 0.035), presence of liver metastasis
(r=10.406; p = 0.004), presence of lung metastasis (r = 0.303;
p =0.036), presence of peritoneal carcinomatosis (r = 0.420;
p=0.003), and tumor markers AFP (r=0.438; p=0.002)
and CEA (r = 0.308; p = 0.049). We did not find a correlation
between systemic galectin-3 and the same parameters (data
not shown). Further, we found no correlation between fecal
Gal-3 and parameters and markers of UC severity (endo-
scopic score, clinical score, crypt destruction, erosion of the
mucous membranes, architectural changes, neutrophil infil-
tration, and eosinophil infiltration; Table 2).

Analysis of Receiver Operating Characteristic (ROC)
curves of fecal galectin-3 for various stages and parameters
of CRC found that galectin-3 level in feces could predict dis-
ease severity (Figure 4). The analysis showed that Gal-3 can
be a valuable marker for distinguishing the nuclear grade
(sensitivity 88.7%, specificity 83.8%) and histological type of
CRC (sensitivity 88.7%, specificity 83.8%), TNM stage (sensi-
tivity 88.7%, specificity 83.8%), presence of liver metastasis
(sensitivity 88.7%, specificity 83.8%), lung metastasis (sensi-
tivity 88.7%, specificity 83.8%), and peritoneal carcinomato-
sis (sensitivity 88.7%, specificity 83.8%). The optimal cutoft
value estimated for Gal-3 that allows the discrimination of
stages of CRC progression was 1958.82 pg/g. For this cutoff,
we determined sensitivity to be 81.8% and specificity 60.7%.

4. Discussion

Disease severity depends of cytokine milieu that dominates
in a tumor environment. Previous studies established that
presence of CD4+ Thl cells and cytotoxic CD8+ T cells
(CTLs) in tumor microenvironment presents positive prog-
nostic sign, while presence of Treg and Th2/Th17 cells indi-
cates lower survival of patients with CRC [35, 36].
Predomination of proinflammatory TNF-a/IFN-y-produc-
ing Th1 cells, besides enhancing CTL activity, also facilitates
innate antitumor mechanisms and associates with the
absence of metastatic invasion, tumor recurrence, and
increased survival of patients with CRC [37-39]. On con-
trary, Th2-polarized CD4+ T cells produce IL-4, IL-10, and
IL-13, enhancing local humoral immunity and suppressing
Th1 immune response [36]. In line with this phenomenon,
previous studies have shown that patients with bladder and
colorectal cancer have decreased proportions of IFN-y/IL-
2-producing Th1 cells, while increased proportions of IL-4/
IL-10-producing Th2 cells, in peripheral blood [40, 41]. Pres-
ence of immunosuppressive TGF-3/IL-10-producing innate/
adaptive immune cells correlates with advanced disease and
poor prognosis [35]. In the present study, we analyzed con-
centration of pro- and anti-inflammatory cytokines in sera

TaBLe 2: Correlation between the fecal level of Gal-3 and
parameters of disease severity and progression in patients with
CRC and UC. Statistical significance was tested by Spearman
correlation coefficient.

Variables Spearmangilhf) p value

CRC
Nuclear grade 0.358 0.025
Histological type 0.543 0.001
Dukes stage 0.339 0.035
Liver metastasis 0.406 0.004
Lung metastasis 0.303 0.036
Peritoneal carcinomatosis 0.420 0.003
AFP 0.438 0.002
CEA 0.308 0.049
CA19-9 0.254 0.088

ucC
Endoscopic score 0.187 0.172
Clinical score 0.091 0.511
Crypt destruction 0.193 0.159
Erosion of the mucous membranes 0.170 0.215
Architectural changes 0.100 0.468
Neutrophil infiltration 0.107 0.435
Eosinophil infiltration 0.035 0.799

and feces of patients with CRC. Systemic values of proinflam-
matory cytokine TNF-« were significantly lower in patients
with severe disease (TNM stages III and IV, poor histological
differentiation, and nuclear grade III) (Figures 1 and 2).
Moreover, systemic TNF-a was significantly lower in patients
with more progressive CRC (lymph and blood vessel inva-
sion and presence of metastasis in the liver, lung, and perito-
neal carcinomatosis; Figures 2 and 3). Local values of
cytokines in liquid fraction of feces have shown predomina-
tion of anti-inflammatory cytokines TGF-f and IL-10 in
patients with severe stadium of CRC (TNM stages III and
IV, poor histological differentiation) as well as lower level
of proinflammatory IL-1f in patients with a more progres-
sive disease (presence of metastasis in the liver, lung, and
peritoneal carcinomatosis; Figures 1, 2, and 3). These results
are in line with our and other previous studies claiming that
serum levels of IL-10 and TGF-f were increased in patients
with CRC in comparison to healthy controls and that CRC
patients with worse prognosis had increased systemic con-
centration of IL-10 compared to patients with better progno-
sis [11, 42].

Gal-3 is involved in various biological and pathological
processes, such as cell proliferation and differentiation, cell
and extracellular matrix interactions, metastasis, and regula-
tion of apoptosis [43, 44]. Earlier studies have investigated
possible linkage between Gal-3 and CRC. Immunobhisto-
chemical staining confirmed that colon cancer with detected
Gal-3 was significantly larger, with deeper invasion to the
colonic wall and with poor histological differentiation [25,
45]. Others showed that Gal-3 upregulation correlated with
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FIGURE 4: Specificity and sensitivity of fecal Gal-3. ROC curves illustrate the specificity and sensitivity of fecal Gal-3 comparing nuclear grade,
histological type of tumor tissue (well/moderate versus poor differentiated), TNM stage (I+II versus III+IV), presence of liver
metastasis (+ versus —), lung metastasis (+ versus —), and peritoneal carcinomatosis (+ versus —).

tumor progression and predicted shorter survival of CRC
patients [46]. In contrast, some studies showed decreased
Gal-3 levels in CRC progression and that there was no signif-
icant correlation between galectin-3 and tumor staging of
colon cancer [13, 47]. These findings highlight the impor-
tance of extracellular Gal-3 in CRC biology. Recently, studies
point on significance of measuring biomarkers in feces [14,
15]. In this way, proteins and molecules produced by intesti-
nal mucosa are measured, which reflect condition in bowels
[48]. Recent studies have shown elevated fecal values of M2
pyruvate kinase, fecal calprotectin, and iFOBT in CRC and
suggested for screening high-risk groups for CRC [49].
Today, researchers are testing diagnostic accuracy of differ-
ent fecal markers in the detection of cancerous lesions in
the colon, in order to find the most accurate for CRC screen-
ing. To our knowledge, this is the first study testing fecal Gal-
3 for detection of severe and progressive forms of CRC. We
have not found differences in the systemic level of Gal-3
between different stages of colorectal cancer. However, sig-
nificantly increased fecal level of Gal-3 was detected in
patients with a more severe stage of CRC (poor histological
differentiation and higher nuclear grade and TNM stages
III and IV; Figures 1 and 2). Moreover, fecal Gal-3 was signif-
icantly increased in patients with lymph and blood vessel

invasion and with presence of metastasis in the liver, lung,
or peritoneal carcinomatosis, respectively (Figures 2 and 3).

As it is well known that the ratio of counterregulatory
cytokines is a reliable marker of the disease process, we have
analyzed the ratio of Gal-3 with pro- and anti-inflammatory
cytokines. There were no differences in the ratio of Gal-3 and
TGF-p, IL-10, and IL-18. However, we noticed predomina-
tion of Gal-3 over proinflammatory cytokine TNF-« in sera
and feces of patients with more severe and progressive sta-
dium of CRC (Figures 1, 2, and 3). Based on these findings,
we believe that the Gal-3/TNF-« ratio could be a predictor
for the advanced stages of colorectal cancer. There are few
possible mechanisms that can explain the potential role of
Gal-3 in CRC progression. Firstly, Gal-3 can exert anti-
inflammatory effect. The role of Gal-3 in the onset, progres-
sion and resolution of inflammation is well established
[19]. It is well known that during inflammation, reactive
oxygen species and other toxic products accumulate in cell
and induce production of advanced glycation end products
(AGEs) [50]. Further, AGEs bind to receptor (RAGE) thus
facilitating local inflammation [51]. Gal-3 inhibits AGE-
RAGE pathway and subsequently suppresses RAGE-induced
inflammation in tissue [52]. Another possible mechanism
of act of Gal-3 is direct inhibition of cellular immune
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response, by inhibiting interaction between T cells and antigen-
presenting cells [53]. Others claimed that extracellular galectin-
3 induces apoptosis of CD4 or CD8 T cells in the tumors and
can suppress IFN-y secretion of human cytotoxic T cells in
tumor [54]. We are first to describe prevalence of Gal-3 over
TNF-« in stool of patients with severe and progressive forms
of CRC (Figures 2 and 3).

Besides these roles in immunomodulation, Gal-3 can
facilitate migration of colon cancer cells through the K-Ras-
Raf-Erk1/2 pathway [55]. Gal-3 can exert clustering of integ-
rins, leading to cell motility, while binding to mucin-1, a mol-
ecule that dominates in gastrointestinal environment and
facilitates transendothelial invasion [56].

Further in this study, we envisage the possible role of fecal
galectin-3 as a biomarker in preceding disease severity and
progression. We obtained a positive correlation between the
fecal Gal-3 and disease severity (advanced TNM stage, higher
nuclear grade, and poor tumor tissue differentiation; Table 2
and Figure 4). Moreover, the fecal level of Gal-3 is in a positive
correlation with more progressive CRC (presence of lung/liver
metastasis or peritoneal carcinomatosis; Figure 4). We have
also shown a strong positive correlation between the fecal
Gal-3 and biomarkers AFP and CEA, respectively (Table 2).
Interestingly, we did not find a correlation of serum Gal-3 with
the same parameters and markers of the disease severity. Also,
values of Gal-3 in feces are about two to three times higher
than those in sera, what makes measurement in feces a more
sensitive method. In CRC, AFP and CEA have been used as
reliable tumor markers for monitoring tumor progression.
Recent studies demonstrated that Gal-3 interacts with CEA,
promoting colorectal cancer cell migration, adhesion, and
subsequent metastasis [22, 57]. Analysis on UC patients
revealed that fecal Gal-3 does not correlate with the endo-
scopic and clinical Mayo score, as well as with histopatholog-
ical parameters of the affected tissue, and is not suitable for
evaluation of severity of UC (Table 2).

Analysis of Receiver Operating Characteristic (ROC)
curves of Gal-3 and disease parameters and markers for
CRC revealed that Gal-3 could predict an advanced TNM
stage, higher nuclear grade, and poor tumor tissue differenti-
ation as well as the presence of lung/liver metastasis or peri-
toneal carcinomatosis, at good sensitivity and specificity.
According to our findings, fecal Gal-3 could be a valuable
marker for CRC severity and progression.

5. Conclusions

In summary, increased local values of Gal-3, reflected
through a higher fecal concentration, in CRC patients with
a higher nuclear grade, poor tumor tissue differentiation,
and advanced TNM stage of disease, may be considered as
a sign of the tumor’s malignant progression and, conse-
quently, of a poor prognosis for patients. Predomination of
Gal-3 over proinflammatory cytokine TNF-a, in patients
with advanced and progressive disease, may implicate on
immunomodulatory role of Gal-3 in limiting ongoing proin-
flammatory processes and preventing potent antitumor
immune response. This phenomenon favors tumor immune
escape and long-range dissemination of tumoral cells

(metastasis). Furthermore, the fecal values of Gal-3 can be
used as a valuable marker for CRC severity and progression
and not for UC severity. These observations support the idea
that Gal-3 may contribute to the immune privilege of tumors
by modulating local immune response and point on possible
role of fecal Gal-3 as a state and progression marker of CRC
and its potential use as a therapeutic target.
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Abstract

Diabetic patients have higher incidence and mortality of cancer. Recent study revealed Key Words

that hyperglycemia-induced oxidative stress is involved in the acceleration of tumor » diabetes mellitus
metastasis. We used model of high-dose streptozotocin-induced diabetes to investigate > breast cancer

its effect on tumor growth and modulation of antitumor immune response of 4T1 murine  » NK cells

breast cancer in BALB/c mice. Diabetes accelerated tumor appearance, growth and » myeloid-derived suppressor
weight, which was associated with decreased NK cells cytotoxicity against 4T1 tumor cells cells

in vitro. Diabetes reduced frequencies of systemic NKG2D+, perforin*, granzyme+, IFN-y* »> indoleamine

and IL-17+ NK cells, while increased level of PD-1 expression and production of IL-10 in 23-dioxygenase

NK cells. Diabetes decreased percentage of NKG2D+NK cells and increased percentage of
PD-1+ NK cells also in primary tumor. Diabetes increased accumulation of IL-10+ Tregs and
TGF-B+ myeloid-derived suppressor cells (MDSCs) in spleen and tumor. Diabetic sera

in vitro significantly increased the percentage of KLRG-1+ and PD-1+ NK cells, decreased
the percentage of IFN-y*NK cells, expression of NKp46 and production of perforin,
granzyme, CD107a and IL-17 per NK cell in comparison to glucose-added mouse sera and
control sera. Significantly increased percentages of inducible nitric oxide synthase (iNOS)
and indoleamine 2,3-dioxygenase (IDO) producing MDSCs and dendritic cells (DC) were
found in the spleens of diabetic mice prior to tumor induction. 1-methy/-DL-tryptophan,
specific IDO inhibitor, almost completely restored phenotype of NK cells cultivated in
diabetic sera. These findings indicate that diabetes promotes breast cancer growth at
least in part through increased accumulation of immunosuppressive cells and
IDO-mediated attenuation of NK cells.

Endocrine-Related Cancer
(2018) 25, 493-507

Introduction

Breast cancer is the most frequently diagnosed cancer in
women and one of the leading causes of death related to
tumors (DeSantis et al. 2014, Tao et al. 2015). Diabetes
mellitus is metabolic disease, mainly characterized by
hyperglycemia, resulting due to lack of insulin secretion

or insulin action (American Diabetes Association 2014).
Beside very important role of hyperglycemia, the other
factors such as oxidative stress and hyperlipidemia are also
involved in the development of diabetic complications
(Kangralkar et al. 2010).
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Previous animal and human studies indicate that
diabetes is associated with increased risk of breast cancer
development because of many shared risk factors (Goto et al.
1993, Vigneri et al. 2009, Giovannucci et al. 2010, Cohen
& LeRoith 2012, Shi & Hu 2014). Diabetes may influence
tumor genesis and progression by several mechanisms (Shi
& Hu 2014). According to Warburg’s hypothesis, cancer
cells use far more glucose for energy and survival than
regular cells, implicating that hyperglycemia could facilitate
tumor growth (Vander Heiden et al. 2009). Abundant
reactive oxidative species, one of the main characteristics
of diabetes, are involved in both, the initiation and
progression of cancer (Waris & Ahsan 2006). Recent
study indicated that a hyperglycemia-mediated enhanced
oxidative stress increased the expression of adhesive
molecules on endothelial cells thus accelerating melanoma
metastasis and that nullifying systemic oxidative stress
suppressed progression of tumor metastasis in diabetes
(Ikemura et al. 2013). These suggested mechanisms explain
the possible linkage between diabetes and accelerated
genesis and progression of tumors. However, the role of
diabetes in primary tumor growth and immune response
to tumor is incompletely understood.

There is evidence that diabetes compromises defense to
infection and immune response in general, including NK
cells. Type 1 diabetic patients have decreased expression and
aberrant signaling through the NKG2D receptor as well as
markedlylowerexpression of p30/p46 NK-activatingreceptor
molecules (Rodacki et al. 2007, Qin et al. 2011). Chen and
coworkers have shown that stimulated streptozotocin (STZ)-
diabetic cytotoxic T cells produce less perforin and TNF-«
and thus they have no capability to eliminate melanoma
cells and improve the survival of tumor-bearing mice
(Chen et al. 2014). Other studies have shown that diabetes
decreases total percentage and also impairs the expression
of chemokine receptors and costimulatory molecules and
decreases the production of proinflammatory cytokines in
professional antigen-presenting cells (Nieminen et al. 2012,
Sun et al. 2012). To our knowledge, there are no data about
immunosuppressive cells, important players in biology of
tumor, in diabetic condition. As mammary cancer is one
of the most frequent tumors in population, the aim of our
study was to investigate the effects of diabetes on murine
4T1 breast cancer growth and alteration of antitumor
immune response.

Herewith, we provide the evidence that diabetic
condition accelerates murine breast cancer growth,
promotes suppressive activity of MDSC and regulatory
T cells (Treg) affecting NK cells activity at least in part by
enhancing 2,3-dioxygenase (IDO) production.
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Material and methods
Mice

Six-to-eight-week-old female BALB/C mice wused in
all experiments were obtained from Military Medical
Academy, Belgrade, Serbia. Mice were housed under
standard laboratory conditions (22+2°C, relative
humidity 51+5% and a 12-h light-dark cycle) and were
administered standard laboratory chow and water
ad libitum. All experiments were approved by the Animal
Ethics Board of the Faculty of Medical Sciences, University
of Kragujevac, Serbia.

Induction of diabetes

BALB/C mice received an intraperitoneal injection of
streptozotocin (STZ, obtained from Sigma Chemical)
dissolved in sodium citrate buffer (CB, pH 4.5) at a single
dose of 170mg/kg body weight. Control group of mice
received only 100 uL of CB.

Induction of mammary carcinoma

The mouse mammary carcinoma cell line 4T1, syngenic
to the BALB/c background, was purchased from the
American Type Culture Collection (ATCC). 4T1 cells were
maintained in culture medium (Dulbecco’s-modified
Eagle’s medium added with 10% fetal bovine serum (FBS),
2mmol/L r-glutamine, 1 mmol/L penicillin-streptomycin
and 1mmol/L mixed nonessential amino acids (Sigma).
Subconfluent monolayers, in log growth phase, were
harvested by brief treatment with 0.25% trypsin and
0.02% EDTA in phosphate-buffered saline (PBS, PAA
Laboratories GmbH, Etobicoke, Canada) and washed three
times in serum-free PBS before use in all in vivo and in vitro
experiments. The number of passage of 4T1 cell line was
7-10 in all experiments. The number of viable tumor cells
was determined by trypan blue exclusion. Suspensions
only with >95% viable cells were used in experiments.
After 4 of weeks STZ or CB injection, each mouse was
inoculated with 5x104 4T1 tumor cells orthotopically
into the 4th mammary fat pad.

Estimation of in vivo 4T1 tumor appearance
and growth

Appearance of primary tumor and tumor diameter
were assessed during experiment. The size of primary
4T1 mammary tumors was assessed morphometrically
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from the day of tumor appearance, two times per week,
using electronic calipers in two dimensions. Thirty-six
days after tumor cell injection, mice were killed and the
primary tumors were surgically removed and measured
their weight. Blood was taken from the abdominal aorta.

Determination of catalase

Red blood cells (RBC) isolated from the blood of
STZ-treated and CB-treated mice were used for measuring
antioxidative enzyme, catalase (CAT). RBCs were treated
as previously described, and the activity of CAT in RBCs
are presented in units per gram of hemoglobinx 103
(U/g Hbx 103) (Gajovic et al. 2016).

Purification of CD8* T cells

CD8+ T cells were isolated from spleens of tumor-bearing
mice treated with STZ or CB, respectively using magnetic
cell separation kit (Miltenyi Biotec, Bergisch Gladbach,
Germany) as previously described (Jovanovic et al. 2014).
After negative selection, unlabeled cells were highly
enriched with CD8+ T cells.

Purification of NK cells

NK49b+ cells were purified from spleens of diabetic and
control group of mice using magnetic cell separation kit
(Miltenyi Biotec) as previously described (Jovanovic et al.
2014). After positive selection, labeled cells were highly
enriched with NK cells.

Cytotoxicity assay

Cytotoxicity assay was determined by the xCELLigence
RTCA (Real-Time Cell Analyzer) DP (Dual Plate)
Instrument (ACEA Biosciences, San Diego, CA, USA)
according to manufacturer’s recommendations. 100puL
of complete medium were added to each well and
background impedance on the plates was measured on
the xCELLigence RTCA DP instrument at 37° and 5%
CO,. The E-plate 16 were placed in the xCELLigence
RTCA DP, and impedance measurements were recorded
every 15min for 60h. 4T1 cells (1 x 10%/well) were seeded
in plate and used as target cells. After 36h, splenocytes
(ratio of target to effector cells (T:E=1:20), purified CD8+ T
cells (T:E=1:5) and NK cells (T:E=1:5) derived from spleen
of experimental and control group of mice, respectively,
were added in plates as effector cells. Splenocytes, CD8+
T-cell and NK cell-mediated death of tumor cells were
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monitored in real time and was indicated by a decrease
in cell index. Data were analyzed with RTCA Software 1.2
(ACEA Biosciences).

Flow cytometric analyses of splenocytes and
tumor-infiltrating leukocytes

Single-cell suspensions of spleens were obtained by
mechanical dispersion. Single-cell suspensions of primary
tumors were obtained by enzymatic digestion as previously
described (Jovanovic et al. 2014). Fluorochrome-labeled
anti-mouse mAbs specific for CD3 (145-2C11), CD4%b
(HMa2), CD4 (H129.19), CD8 (53-6.7), NKp46 (29A1.4),
CD69 (H1.2F3), CD11b (M1/70), CD11c (N418), MHC
class II (14-4-4S), CD86 (GL1), CD279 (J43), Ly-6C/G
(RB6/8CS5), NKG2D (CX5), KLRG-1 (2F1) or isotype-
matched controls (BD Pharmingen, San Diego, CA, USA;
Invitrogen) were used. For intracellular staining, cells
were stimulated with phorbol 12-myristate 13-acetate
(50ng/mL, Sigma-Aldrich), ionomycin (500ng/mL,
Sigma-Aldrich) and GolgyStop (BD Pharmingen) for 4h
and stained with fluorochrome-labeled anti-mouse mAbs
specific for perforin (eBioOMAK-D), granzyme (16g6;
NGZB), CD107a (1D4B), Foxp3 (MF23), IFN-y (XMG1.2),
IL-10 (JESS5-16E3), IL-17 (C15.6) and TGF-p (141231),
IDO (2E2/IDO1) and iNOS (CXNFT) (BD Pharmingen;
BioLegend, San Diego, CA, USA; eBiosciences, San Diego,
CA, USA). Flow cytometry was conducted on FACSCalibur
Flow Cytometer (BD Biosciences, San Jose, CA, USA) and
the data were analyzed using FlowJo (Tree Star).

In vivo depletion of NK cells

For in vivo depletion of NK cells, mice were treated i.p.
with 100pg of anti-GM1b anti-asialo antibody (Waco
Chemicals, Richmond, VA, USA) 1 day prior and 5 days
after 4T1 tumor cell application. Efficacy of depletion of
NK cells was >95%.

In vitro experiments on splenocytes

Freshly isolated splenocytes derived from healthy mice
were cultured for 24h in RPMI-1640 medium (Sigma-
Aldrich) containing 10% of serum isolated from diabetic
mice, serum isolated from control mice with added glucose
(glucose level was equal (16.7+0.8 mmol/L) to the glucose
concentration in serum of diabetic mice) and serum
isolated from control mice, respectively. After incubation,
cells were harvested and stained with appropriate
antibodies for FACS and evaluated by flow cytometry.
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Measurement of cytokines

Levels of TNF-a, IFN-y, IL-1, IL-12, IL-17 and IL-10 in the
mouse serum were measured using ELISA Kits specific
for the mouse cytokines (R&D Systems) according to the
manufacturer’s instructions.

In vitro inhibition of H,0,

Freshly isolated splenocytes derived from healthy mice
were cultured for 24h in RPMI-1640 medium (Sigma-
Aldrich) containing 10% of serum isolated from diabetic
mice, serum isolated from diabetic mice with added peg-
catalase (Sigma-Aldrich) and serum isolated from control
mice, respectively. Fifteen minutes prior the addition of
serum diabetic mice, splenocytes were incubated with
2000U/mL catalase, which converts H,0, to H,O and O,
(Peraldi et al. 2009). After incubation, cells were harvested
and stained with appropriate antibodies for FACS and
evaluated by flow cytometry.

In vitro pharmacological inhibition of IDO

Freshly isolated splenocytes from healthy mice were
cultured for 24h in RPMI medium containing 10%
of serum isolated from diabetic mice with or without
addition of inhibitor of IDO enzymatic activity, 1mM
1-methyltryptophan, (1-MT, Sigma-Aldrich) and 10%
of serum isolated from healthy mice, respectively. After
incubation, cells were harvested, stained with appropriate
antibodies for FACS and analyzed by flow cytometry.

Statistical analysis

The data were analyzed using commercially available
software (SPSS, version 20). Results were analyzed using
the Student’s t-test or Mann-Whitney U test where
appropriate. Difference in appearance of primary tumor
was assessed using Kaplan-Meier analysis and was
evaluated using the log-rank test. Data are presented as
mean+s..M. Statistical significance was set at P<0.05.

Results

Enhancement of tumor growth in
hyperglycemic mice

Glycemia and body weight were measured weekly
after treatment with STZ. As shown in Fig. 1la and b,
glycemia was significantly increased (P=0.001) while the
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body weight was significantly decreased (P=0.041) in
STZ-treated group of mice compared to control group
on the 28th day after STZ injection. STZ-treated mice
had significantly increased catalase activity compared
to control mice (P=0.043; Fig. 1c). At that time, 4T1
mammary carcinoma cells were inoculated and tumor
appearance and tumor diameter were monitored three
times per week while tumor weight was measured after
mice were killed. The appearance of palpable tumor was
significantly accelerated in STZ-treated mice (P=0.037;
Fig. 1d). Log-rank test confirmed significant difference
in tumor appearance between defined groups, which
was illustrated using Kaplan-Meier curves (P=0.040;
Fig. 1d). Primary tumor diameters were increased in
STZ-treated mice in comparison to control mice and the
difference reached statistical significance 16 days after
tumor induction (P=0.020; Fig. 1e). Thirty-five days after
tumor cell application, mice were killed, and tumors were
isolated and measured. Tumor weights were significantly
increased in mice treated with STZ compared to controls.
(P=0.038; Fig. 1f).

Altered NK but not cytotoxic T cells activity
contributes to enhanced tumor growth in
diabetic mice

In order to tested cells important for enhanced tumor
growth of STZ-treated animals, we evaluated the
cytotoxicity of splenocytes and isolated NK cells and
CD8+T cells against 4T1 tumor cell line, in vitro. The
results obtained by xCELLigence system for monitoring
real-time cytotoxicity showed that diabetes led to
decreased cytotoxic activity of splenocytes (P=0.021;
Fig. 2A). In order to define the effector cells responsible for
diminished cytotoxic activity of splenocytes, we isolated
splenic CD8+ T cells from tumor-bearing mice and tested
their effect on 4T1 cells. There were no differences in
cytotoxicity between CD8+ T lymphocytes derived from
STZ-treated and control mice (Fig. 2B). Further, we tested
cytotoxic activity of isolated CD49b+ NK cells against
tumor cells, at same target:effector ratio as for CD8+ T cells
(1:5). As shown in Fig. 2C, splenic NK cells isolated from
STZ-treated mice were significantly less cytotoxic against
4T1 cells (P=0.001), indicating that diabetes significantly
reduced cytotoxic potential of NK cell population.
Further, we depleted NK cells in STZ and CB-treated
mice by in vivo administration of an antiasialo-GM1
antibody, following tumor challenge. After antiasialo-GM1
treatment, tumor appearance was significantly accelerated
in both groups of mice in comparison to non-treated
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Diabetes accelerates tumor appearance and growth. (A) Metabolic parameters prior to tumor induction. Mice were injected intraperitonealy with STZ at
a single dose of 170 mg/kg bodyweight or 100 uL of CB only. Glycemia and body weight were measured weekly (a and b). Catalase was measured by
spectrophotometry in red blood cells derived from STZ-treated and control mice (c). (B) Appearance and growth of mammary tumor inoculated 28 days
after STZ-induced diabetes. Mice were inoculated with 5 x 104 4T1 cells. Palpable tumors were monitored for 36 days (d and e). Tumor weight was
measured on day 36 (f). Data are presented as mean =s.e.m. of seven mice per group and are representative of three separate experiments. Statistical
significance was tested by Mann-Whitney rank-sum test or Student’s unpaired t-test and log-rank test where appropriate.

animals, which is confirmed by log-rank test (CB vs CB+AA
P=0.001; STZ vs STZ+AA P=0.001; Fig. 2D). Moreover,
after NK cells depletion, the difference in dynamic of
tumor appearance as well as in tumor diameter and tumor
weight in STZ and CB-treated mice could no longer be
registered (Fig. 2D, E and F).

Diabetes alters functional phenotype of NK cells
in spleen

We further examined phenotype of splenic NK cells
on the 28th day after STZ induction, prior to tumor
induction. Diabetic condition decreased expression of
NKG2D-activating receptor on CD3-CD49b*NK cells
compared to NK cells derived from control mice (P=0.005;
Fig. 3A). There was no significant difference in percentage
of PD-1+CD3-CD49b+*NK cells. However, level of PD-1
expression was significantly increased on individually
NK cell derived from STZ-treated mice in comparison
to controls (P=0.017; Fig. 3B). Intracellular staining
of NK cells revealed significantly lower percentage of
perforin (P=0.045), IFN-y (P=0.049) and IL-17 (P=0.032)
producing CD3-CD49b*NK cells in STZ-induced mice

(Fig. 3C, D and E). There was no significant difference
(P>0.05) in the percentage of IL-10-producing NK cells
between groups; however, we found significantly higher
expression of IL-10 per NK cell isolated from STZ-treated
mice (P=0.049; Fig. 3F).

Interestingly, there were no differences in the
phenotype of splenic CD8+ T cells between STZ-
and CB-treated respectively.
Analyses revealed insignificant increased percentage of
KLRG-1+CD3+CD8* T cells in STZ-treated tumor-bearing
mice while we did not find any differences in the
expression of other surface markers of interest: NKG2D,
CD69, Cd107a and PD-1 or in the production of IFN-y,
IL-17, perforin and granzyme (data not shown).

tumor-bearing mice,

Diabetes facilitates accumulation of innate and
acquired immunosuppressive cells in
tumor-bearing mice

Analysis of serum cytokines have shown increased
concentration of IL-10 in the sera of STZ-treated mice in
comparison to control group (Fig. 4A), while there were
no differences in the level of TNF-a, [FN-y, IL-1, IL-12 and
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IL-17 between two groups (data not shown). According
to these results, we further analyzed immunosuppressive
cells in spleens of STZ-treated and CB-treated mice,
respectively, prior and 15 days after 4T1 tumor cell
application. STZ-treated mice exhibited pronounced
increase in percentage of splenic CD11b*CD11c-Gr-1+
MDSCs compared with control mice (P=0.029; Fig. 4B).
Moreover, STZ-treated mice exhibited increased percentage
of splenic CD11b*CD11c¢c-Gr-1*+ MDSCs that produce
TGF-p (P=0.03; Fig. 4C). Percentage of CD4+Foxp3+ cells
(P=0.029) as well as percentage of IL-10-producing CD4+
Foxp3+ cells (P=0.048) were significantly increased in
spleens of diabetic tumor-bearing mice (Fig. 4D and E).
Analyses of dendritic cells (DCs) revealed that there
were no differences in the percentage of CD11b+CD11c*
cells in spleen derived from STZ-treated and CB-treated

Student’s unpaired t-test and and log-rank test,
where appropriate.

CB+AA STZ+AA

mice prior and after tumor challenge (data not shown).
There were no differences in expression of MHC II and
CD86* on CD11b*CD11c+ cells derived from spleen of
animals from previously defined groups (data not shown).

Diabetes modulates innate lymphoid and myeloid
cells phenotype in primary tumor

Analysis of NK cells in tumor tissue did not show
differences in percentage of CD45+NKp46+ NK cells
(Fig. SA). Analyses of functional phenotype revealed
significantly lower percentage of NKG2D+ (P=0.008)
and higher percentage of PD-1+NK cells (P=0.029) in the
tumors of STZ-treated mice compared to animals treated
with CB only (Fig. 5B and C).
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Wefoundincreased percentageof CD11b*CD11c-Gr-1+
MDSCs (P=0.021) as well as TGF-p+ CD11b+*CD11c-Gr-1+
MDSCs (P=0.039) in primary tumor of STZ-treated mice
compared to control mice (Fig. 5D and E).

Diabetic serum altered NK cell phenotype in vitro

Further, we investigated the effects of diabetes-mediated
soluble factors and glucose on functional phenotype of
NK cells. Splenocytes isolated from healthy mouse were
seeded for 24 h in medium containing serum derived from
diabetic mice, serum derived from healthy mice with
added glucose or serum derived from healthy mice only,
and CD3-CD49+ NK cells were analyzed within cultivated
population of splenocytes. Addition of glucose increased
percentage of KLRG-1+ (P=0.029) and PD-1+ (P=0.016)
CD3-CD49b*NK cells (Fig. 6A and B). Although there were
no differences in the percentage of NKp46 and perforin,
there was significant decrement in the level of expression
of these molecules in NK cells treated with glucose added
sera (P=0.026; P=0.017; Fig. 6C and D). Cultivation in
diabetic sera additionally increased percentage of KLRG-1+
(P=0.032; P=0.016) and PD-1* (P=0.036; P=0.016)
CD3-CD49b*NK cells and decreased expression of NKp46
(P=0.038; P=0.014) and production of perforin (P=0.049;

P=0.012) per CD3-CD49b*NK cell in comparison
to glucose added sera and control sera (Fig. 6A, B, C
and D). Diabetic sera decreased percentage of IFN-y-
producing CD3-CD49b*NK cells (P=0.029; P=0.029)
decreased expression of CD107a (P=0.016; P=0.014), and
production of granzyme (P=0.004; P=0.003) and IL-17
(P=0.048; P=0.032) in CD3-CD49b*NK cells compared to
glucose added sera and control sera (Fig. 6E, F, G and H).

In order to nullify enhanced oxidative stress, we
performed additional in vitro experiments. Freshly isolated
splenocytes derived from healthy mice were cultivated in
medium containing serum derived from diabetic mice,
serum derived from diabetic mice with added peg-catalase,
and serum derived from healthy mice, respectively.
Addition of peg-catalase significantly increased the
percentage of NKp46+CD3-CD49b+NK cells (P=0.05) but
did not affect the expression of PD-1, KLRG-1 and NKG2D
molecules in comparison to NK cells cultivated in diabetic
sera (Table 1).

NK cell function is suppressed in
IDO-dependent manner

Further, we analyzed the production of iNOS and IDO
in different cell populations. Intracellular staining of
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Diabetic condition favors immunosuppressive phenotypes of spleen cells. The level of IL-10 in the sera of diabetic and control group of mice (A). The
percentage of CD11b+CD11¢-Gr-1+ MDSCs (B) and TGF-p+CD11b*CD11¢c-Gr-1+ MDSCs (C), CD4+Foxp3+ cells (D), IL-10+CD4+ Foxp3+ cells (E) in the spleen of
STZ-treated and control mice, respectively, prior and 15 days after 4T1 tumor cell application were determined by flow cytometry and displayed on
graphs and representative facs plots. Data are mean =s.e.m. from six mice per group and are representative of two separate experiments. Statistical

significance was determined by Mann-Whitney rank-sum test.

splenic MDSCs and DCs revealed significantly higher
percentages of iNOS+ (P=0.029) and IDO+ (P=0.031)
CD11b*CD11c-Gr+MDSCs as well as iNOS+ (P=0.005) and
IDO+ (P=0.026) CD11b*CD11c* DCs in STZ-treated mice
in comparison to control group (Fig. 7A, B, C and D). Next,
in in vitro experiments, splenocytes isolated from healthy
mouse have been cultivated in medium containing serum
derived from diabetic mice with and without added 1-MT,
selective blocker of IDO, and in sera isolated from healthy
mice, respectively, for 24h. Addition of 1-MT in diabetic
sera abrogates suppressive effect on percentage of NKG2D+
(P=0.016), NKp46*+ (P=0.038) and CD69+ (P=0.004),
perforin-producing (P=0.008) and granzyme-producing
(P=0.032) CD3-CD49b* cells compared to the same
population of cells cultivated in diabetic sera without
addition of 1-MT (Fig. 7E, E G, H and I). Addition of 1-MT

decreased percentage of IL-10-producing CD3-CD49+bNK
cells (P=0.041) and expression of PD-1 per CD3-CD49b+
cells (P=0.015) in comparison to NK cells cultivated in
diabetic serum only (Fig. 7] and K).

Discussion

Previous evidence in mice and humans clearly
demonstrated the relationship between type 1 and
type 2 diabetes and malignancy and some studies have
investigated the underlying mechanisms (Ikemura et al.
2013, Chen et al. 2014). The study by Goto and coworkers
demonstrated that STZ-induced diabetes accelerates
mammary tumor genesis; however, the cellular basis of this
effect was not explored (Goto et al. 1995). It is also obvious
that effector cells involved in antitumor immunity may
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per group and are representative of two separate experiments. Statistical significance was determined by Mann-Whitney rank-sum test. A full color

version of this figure is available at https://doi.org/10.1530/ERC-17-0529.

be differently affected by hyperglycemia and pathologies
in obesity, insulin resistance and inflammation (Sell
et al. 2012, Wrann et al. 2012, Berrou et al. 2013). In this
paper, we have demonstrated the accelerated growth of
mammary carcinoma in mice made hyperglycemic by a
single ‘high’-dose injection of STZ.

We found that splenocytes derived from tumor-
bearing diabetic mice had significantly lower cytotoxic
activity in comparison to those isolated from control
tumor-bearing mice (Fig. 2A). Further, we tested the
cytotoxicity of isolated CD8+ T cells and NK cells. Recently,
using melanoma model, Chen and coworkers have shown
that the acquisition of tumor-killing capacity of CD8+ T
cytotoxic cells is diminished in melanoma-bearing STZ-
diabetic mice (Chen et al. 2014). However, we did not find
any significant difference in cytotoxicity of CD8+ T cells
to mammary tumor cells in vitro (Fig. 2B). While in these
animal model, CD8+* T cells have been shown to play an
important antitumor role, our previous studies revealed
a nonessential role of CD8+ T cells-mediated cytotoxic
antitumor activity (Jovanovic et al. 2011, 2014). The fact
that 4T1 is weakly immunogenic mouse breast tumor
cell line and previous findings that innate immunity is
essential in antitumor response in this tumor model are
in line with our results (Jovanovic et al. 2011, 2014).
As we and others have shown previously that NK cells
cytotoxicity is important in immunological surveillance

and immune response to established tumor, we found
cytotoxic capacity and phenotypic alteration of NK cells in
diabetic mice as shown prior to tumor induction (Smyth
et al. 2005, Jovanovic et al. 2011, Marcus et al. 2014).
These findings demonstrated lower cytotoxicity of NK
cells of mice treated with STZ (Fig. 2C). In vivo depletion of
NK cells nullified the difference in tumor appearance and
growth which is in line with in vitro experiment (Fig. 2D,
E and F). These findings suggest on essential role of
diminished NK cells activity in accelerated tumor growth
phenomenon in diabetic mice.

Rodacki and coworkers reported that NK cells
in patients with long-standing type 1 diabetes had
markedly lower expression of p30/p46 NK receptors
compared with those of control subjects (Rodacki et al.
2007). Interestingly, both NOD mice and patients
with diabetes also have slightly decreased expression
of NKG2D (Ogasawara et al. 2003, Qin et al. 2011).
Accordingly, our findings show that diabetic condition
attenuates expression of activating receptor such as
NKG2D, production of cytolytic molecules such as
perforin and proinflammatory cytokines IFN-y and
IL-17, while favors expression of PD-1 molecule and
production of IL-10 in splenic NK cells (Fig. 3). These
findings together with diminished cytotoxic activity of
NK cells derived from STZ-treated mice, as previously
described (Fig. 2), implicate that diabetes attenuates
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Table 1 Effect of catalase, in vitro.
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Diabetic sera

Diabetic sera + peg-catalase

Control sera

KLRG-1 39.85+0.21 36.13x£2.12 27.82+3.24 P>0.05
PD-1 31.95+2.62 29.15+2.39 13.52+3.57 P>0.05
NKG2D 8.13+0.85 9.15+0.96 10.44+1.33 P>0.05
NKp46 13.28+0.85" 20.02+1.01" 22.36+1.37 P=0.05

Splenocytes derived from healthy mice were cultivated in medium containing diabetic sera, diabetic sera with added peg-catalase and control sera,
respectively. The table displays the percentage of KLRG-1+, NKG2D+ and NKp46+ NK cells. Data are shown as mean +s.e.m. of seven mice per group and
are representative of two separate experiments. Statistical significance was tested by Mann-Whitney rank-sum test or Student'’s unpaired t-test, where
appropriate. *Statistical significance in NKp46 expression between diabetic sera and diabetic sera+peg-catalase is 0.05.

tumoricidal phenotype of NK cells. Our results are in line
with previously mention studies claiming alteration of
NK cells phenotype in humans with diabetes (Rodacki
et al. 2007, Berrou et al. 2013). Similar phenomenon was
obtained in tumor microenvironment. Although we did
not find difference in percentage of tumor-infiltrating
NK cells, significantly lower percentage of NKG2D+ NK
cells and higher percentage of PD-1+ NK cells suggest that
diabetes favors accumulation of poorly functional NK
cells in primary tumor (Fig. SA, B, C and D).

As various mechanisms are proposed to be responsible
for the immunosuppressive effects of diabetes, we tested
several hypotheses to identify agents responsible for
suppression of NK cells. First, we examined the possibility
that this is mediated by hyperglycemia, which is known
to directly disturb endoplasmatic reticulum (ER) function,
favor accumulation of misfolded proteins in the lumen
thus promoting ER stress, which in turn decreases the
expression of activating receptors on NK cells (Berrou
et al. 2013). Diabetic sera increased percentage of
KLRG-1* and PD-1+ NK cells, decreased the expression of
NKp46, CD107a and production of perforin, granzyme,
IFN-y and IL-17 per NK cell compared to glucose added
sera and control sera (Fig. 6A, B, C, D, E, F G and H).
These results suggest that hyperglycemia is not crucial for
altered NK cell phenotype in diabetes and left at least two
nonexclusive possibilities. First, reactive oxidative species,
which are abundant in the sera of diabetic mice, may
suppress NK cell activity through diminished expression
of activating receptors such as NKG2D, as previously
reported (Choi et al. 2008, Peraldi et al. 2009). In our study,
increment in catalase concentration indicates on higher
systemic H,O, level, one of the major ROSs, in serum of
diabetic mice (Fig. 1c). However, addition of peg-catalase
and subsequently blocking of enhanced oxidative stress
revealed increment of NKp46 expression only but did not
affect the expression or production of other markers of NK
cell activity such as NKG2D, KLRG-1 and PD-1 (Table 1).
Recent study has shown that in vivo treatment with peg-
catalase significantly reduced the number of tumor cells

in the lung and liver in both untreated and STZ-treated
mice however, our results are implicating on some other
mediators that suppress tumoricidal phenotype of NK
cells (Ikemura et al. 2013).

Level of IL-10 was significantly increased in
the sera of diabetic mice (Fig. 4A). It is known that
immunosuppressive cells such as MDSCs, Tregs and
immature DCs are important regulators of innate
and adaptive immunity and all may produce IL-10
(Dilek et al. 2012, Yang 2013). It appears that diabetic
condition facilitated accumulation of suppressive
CD11b*CD11c¢c-Gr-1+ MDSCs in spleen, prior to tumor
injection (Fig. 4B and C). During tumor growth, recruited
MDSCs promote generation, polarization, activation
and migration of Tregs (Huang et al. 2006, Hoechst et al.
2009, Vitale et al. 2014). Indeed, diabetic condition
led to significant increased accumulation of TGF-f
producing MDSCs both in spleen and mammary tumor
(Figs 4C and SE). Moreover, increased accumulation of
IL-10 producing CD4+Foxp3+Tregs was detected in spleen
of tumor-bearing diabetic mice (Fig. 4E). Sitrin and
coworkers argue that Tregs control NK cell function by
controlling bioavailability of limited amount of IL-2 in
the islets generated mainly by CD4+ T cells infiltrating the
islets in BDC2.5/NOD mice (Sitrin et al. 2013). However,
in our model, this should be of very limited effect as the
single high dose of STZ is toxic for p cells but does not
induce significant islet infiltration.

Few possible mechanisms of MDSC-mediated NK
cell suppression are known. They inhibit NK cells
through a cell-contact-dependent mechanism via
membrane-bound TGF-f or recognition of the NK cell-
activating receptors (Ostrand-Rosenberg et al. 2012). It
is also known that in order to make immunosuppressive
tumor microenvironment, activated MDSCs produce
arginase 1, inducible nitric oxide synthase (iNOS),
indoleamine 2,3-dioxygenase (IDO), NADPH oxidase
and immunosuppressive cytokines (Wesolowski et al.
2013).iNOSisone of the products of immunosuppressive
cells important for producing NO that further directly
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Figure 7

Diabetic condition suppresses NK cells function in IDO-dependent manner. The graphs and facs plots display percentage of iNOS+ MDSCs (A) and IDO+ (B)
MDSCs, respectively, as well as iNOS+ (C) and IDO+ CD11b+CD11c* (D) DCs, respectively, in the spleens of experimental and control mice. Splenocytes
derived from healthy mice were cultivated in medium containing diabetic sera with added 1-MT, diabetic sera and control sera. The percentage of
NKG2D+ (E), NKp46+ (F) and CD69+ (G), perforin (H) and granzyme (1), IL-10 (J) and PD-1+ (K) CD3-CD49b+ cells were determined by flow cytometry. Data
are mean +s.e.m. from six mice per group and are representative of two separate experiments. Statistical significance was determined by Mann-Whitney
rank-sum test or Student’s unpaired t-test, where appropriate.
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suppress proliferation of lymphocytes (Gabrilovich
& Nagaraj 2009, Bogdan 2011). Recent study revealed
higher iNOS activity in diabetic patients (Adela et al.
2015). Diabetic condition significantly increased
percentage of iNOS+ MDSCs as well as iNOS+ DCs
(Fig. 7A and C). Low-grade inflammation, one of the
diabetes hallmarks, provoke iNOS expression and
subsequent NO production that leads to increased
IDO activity (Biswas 2016, Gazdic et al. 2017). IDO, an
enzyme produced by variety of immune and stromal
cells, has powerful immunomodulatory effects (Yu
et al. 2013). IDO is involved in the catabolism of the
essential amino acid L-tryptophan to L-kynurenine,
while further metabolites of the L-kynurenine act
in the immunosuppressive manner (Lee et al. 2002,
Sucher et al. 2010, Harden & Egilmez 2012). IDO
inhibits proliferation and increased apoptosis of T cells,
interferes with the IL-2-induced expression of activating
receptors on NK cells, inhibits IFN-y production and
favors apoptosis of NK cells (Della Chiesa et al. 2006, Li
et al. 2009, Cacalano 2016).

Accordingly, herewith we showed significantly
increment in percentages of IDO producing MDSCs and
DCs in diabetic mice (Fig. 7B and D). In order to confirm
the possible immunosuppressive MDSCs/DCs-IDO
pathway, we blocked effect of IDO using pharmacological
inhibitor 1-MT in vitro. Addition of 1-MT in diabetic
serum increased percentage of NKG2D+, NKp46+, CD69+,
perforin and granzyme producing NK cells (Fig. 7E,
F, G, H and I). Moreover, inhibition of IDO in diabetic
condition has significantly decreased percentage of IL-10
producing CD3-CD49+ NK cells as well as expression
of PD-1 molecule on CD3-CD49+ cells (Fig. 7] and K).
In comparison to control serum, 1-MT treatment almost
completely restored the phenotype of NK cells indicating
on important role of IDO signaling pathway in the
suppression of NK cells in diabetic condition.

Collectively, diabetic condition promotes breast cancer
growth through suppression of antitumor immunity.
Diabetes favors accumulation of iNOS and IDO-producing
innate immunosuppressive cells and subsequent
attenuation of NK cells tumoricidal phenotype in at least in
part through IDO-dependent manner. The growth of breast
cancer in diabetic condition might thereby be controlled
by the development of new IDO based biologics.
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