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,»3aXBAJIHO CpPIIE je HEe caMmO HajBeha BpiMHa,

HEro U TeMeJb CBUX BpyiMHa!*

-I{uepon

3axBayHOCT ayryjeM MmeHTopuma pod. ap Tamwu CongatoBuh u npod.
np WBany JoBaHoBuhy Ha CTpy4yHOj MOMOhM, caBeTMMa Kao U Ha
CTPIUBEHY U pa3yMeBamy Koje Cy 3a MEHE UMAJIH.

N noce6Ho ce 3axBasbyjeM Ajuu, Jlejnu u 3apu, Koje Cy y MOj KUBOT
U pajJl YHEJIe CMHUCAO.



CAXETAK

YBoa: CunTeTHCaHa je M OKapaKTepucaHa CepHja MOHO- M XETEepOHYKJIaepaHHX KOMIIeKca
mwiatuae(Il) w  mweka(Il) ca wunHeptHmM  nurangom  4,4',4-Tpu-tert-Oytmn-2,2":6"2"'-
TEPIUPUITHOM.

Marepujaa u metone: JJHK n mporeun-sesyjyha cpojctBa [ZnCla(terpy®Y)] (C1), [{cis-
PtCI(NH3)2(u-mupaszun)ZnCl(terpy®*)} J(Cl04)2 (C2), [{trans-PtC1(NH3)2(u-mupasune)ZnCl
(terpy®*)} [(C104)2 (C3), [{cis-PtCI(NH3)x(u-4,4’-6unupunun)ZnCl(terpy®*)} (C104)2 (C4),
[ {trans-PtCI(NH3)2(u-4,4’-6umpuann)ZnCl(terpy®*)} |(C104).  (C5) xommiekca (the je
terpy™®'=4,4', 4-tpu-tert-6ytnin-2,2":6'2"-TepIUpUIMH) HUCIUTaHAa Cy IIyTeM EJIEKTPOHCKE
ancopriuuje, ¢IIyopecleHIjeé W METOAOM MOJICKYJIYCKOT JIOKMHTa. AHTHKaHIIEpOTeHa
aktuBHOCT KoMmriuiekca miaruHe(Il) m mmuka(ll) je mcnuTuBaHa Ha henujckuM JTHHH]ama
MUIIMjEeT KaplMHOMa KOJOPEKTyMa, Ka0 M H a 3/paBoj JMHUJU ME3CHXUMAIHUX MaTHYHUX
henuja muma, kopunthewem MTT Tecra.

Pesyararu: Kommiekcu koju cajipske TpaHCIIATUHY TIOKA3aJIH Cy HIKE BPEIHOCTH KOHCTAaHTH
Ky 1 Ky y mopehemy ca nmucriiaTHHCKUM aHano3uma. Hajarky BpemHocT Ksy UMao je KOMIUIEKC
Cl1, nox je C4 mokazao HajBuily. MoJEKyJICKe NOKHHI CTyAWje Cy IOKa3ajle Ja je Bes3a
komiiekca C1 ca JHK mnocneauna Ban nep BancoBux cuna, nok cy Bese C2-CS
KOHBEHI[MOHAJIHE BOJIOHUYHE Be3e U BaH Jiep BancoBux cuie. TecTupaHu KOMIUIEKCH OKA3aIu
Cy BapvjaOWIHy NHUTOTOKCHYHOCT TpeMa MHIIjeM KojopekTtamsHoMm kapuuHoMmy (CT26),
JbyackoM kosopekTtamHoM kapumHoMmy (HCTI16 um CW480) u HOpMaJHUM MHILjUM
Me3eHxuMaTHUM MatndHuM hemrjama (mMSC). Iloce6Ho, MoHOHYKIeapHu komiuiekc Cl1
M0Ka3a0 je M3paXeHy CEJEKTUBHOCT MpeMa KaHIEeporeHMM henujama y OAHOCY Ha
nekanneporene mMSC. Kommeke C1 3HauajHo je m3azBao amontody y CT26 henmujama,
epukacHo 3ayctaBuo hemujcku 1mmkiayc y ¢asu GO/Gl, U CeleKTHBHO CMambHO H3PaXKa]
mukianHa D.

3akibyuak: JloOujeHn pe3yaTaTH ykas3yjy J1a HOBOCHHTETHCAHH MOHO- M XETEPOHYKJICPaHH
xomsiekcn ratuHe(ll) m nwmuka(Il) mokasyjy aHTHTYyMOpPCKY aKTHBHOCT HA TYMOPCKUM
henmrjama KOJOpPEKTATHOT KapIMHOMA W MMajy TOTCHIMjal Ja TOCTaHy MOryhu KaHauaaTu y
AHTHUKAHIEPCKO] TEPAIIH]H.

Kibyune peum: xeTepoHykiaepanu komuiekc;, 4,4'.4-tpu-tert-6ytun-2,2':6"2"-tepnupuann;
KOpeJalrja CTPYKTypa-peakTUBHOCT; IUTOTOKCHUYHA AKTUBHOCT; KOJIOHPEKTAIHU KapLIMHOM



ABSTRACT

Introduction: A series of mono- and heteronuclear platinum(II) and zinc(II) complexes with
4.4 4-tri-tert-butyl-2,2":6',2"-terpyridine ligand were synthesized, and characterized.

Material and methods: The DNA and protein binding properties of [ZnCla(terpy™®")] (C1),
[ {cis-PtCI(NH3)2(u-pyrazine)ZnCl(terpy®*)} |(C1O4),  (C2), [{trans-PtC1(NH3)2(u-pyrazine)
ZnCl(terpy™")}1(Cl04)2 (C3), [{cis-PtCI(NH3)2(u-4,4"-bipyridyl)ZnCl(terpy®*)} J(C1O4), (C4)
and [{trans-PtC1(NH3)2(u-4,4"-bipyridyl)ZnCl(terpy®")}](CIO4). (C5) (terpy™" =4,4',4"-tri-
tert-butyl-2,2":6',2"-terpyridine), were investigated by electronic absorption, fluorescence
spectroscopic, and molecular docking methods. The in vitro anticancer activity of the
complexes was investigated in murine cancer cell lines and a normal murine cell line by MTT
assay.

Results: Complexes featuring transplatin exhibited a lower K, and K,y constant values
compared to cisplatin analogues. The lowest K value belonged to complex C1, while C4
exhibited the highest. Molecular docking studies reveal that the binding of complex C1 to DNA
is due to van der Waals forces while, that of C2-CS5 is due to conventional hydrogen bonds and
van der Waals forces. The tested complexes exhibited variable cytotoxicity toward mouse
colorectal carcinoma (CT26), human colorectal carcinoma (HCT116 and SW480), and non-
cancerous mouse mesenchymal stem cells (mMSC). Particularly, mononuclear C1 complex
showed pronounced selectivity towards cancer cells over non-cancerous mMSC. The C1
complex notably induced apoptosis in CT26 cells and effectively arrested the cell cycle in the
GO0/G1 phase and selectively down-regulated Cyclin D.

Conclusion: Obtained results indicate that these novel mono- and heteronuclear platinum(II)
and zinc(IT) complexes revealed activity in colorectal cancer and have the potential to become
possible candidates for cancer treatment.

Keywords: heteronuclear complexes; 4,4',4"-tri-tert-butyl-2,2":6',2"-terpyridine; structure—
reactivity correlation; cytotoxic activity; colorectal cancers
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1. YBOJ

Kaprimaom kapakTepuiie HeyCHex y peryiaandju pacta TKUBa, YCIea HEKOHTPOIUCAHOT pacTa,
Mmanurae henmje yrudy Ha 371pase henuje ynuirasajyhu ux u 1oBoze 10 pacra Tymopa. [lytem
auMde WM KpBH, MOTY C€ NMPOIIMPUTH WM METAacTa3upaTH Ha JApyre IeJoBe Tela, U OBa
MaJIUTHA CBOjCTBA r'a pa3yiuKyjy ox 6eHurnux tymopa (1). 3a Tpancopmanujy 3apaBux hemmja
y MaJlurHe, HEOINXOJHE Cy NMPOMEHE y HacieOHUM (aKTopuMa KOjH YHpaBibajy HHXOBUM
pa3BojeM, HapymiaBajyhu HopManan nporec qudepenuujanyje hemuje (2,3).

[TporieHoM TpeHI0Ba Ha II00ATHOM HHMBOY ce o4ekyje aa he y XXI Beky manurae 6onectu
OWTH OCHOBHH y3POK MOpTajauTeTa y BehHU 3eMajba CBeTa U YOS IUbMBO HajBOKHH]a MpETpeKa
3a TPOAYKEHE IMPOCEUHOr >KUBOTHOI BEKa, YMPKOC TOME IITO aKTyeJlIHO HEMH()EKTUBHA
MaToJIOTHja MpeACTaBJba Bojehu y3pok cMmptHOCTH (4,5). On 172 3emibe cBEeTa KaplMHOM j€
NpPBH WIKA APYTH y3pOK MOPTAJHUTETa Mpe OCMe JEleHHje KUBOTa y 91 3eMJbH Ha OCHOBY
nonaraka Ceercke 3apaBcTBeHe opranuzanuje(C30) 3a 2015.ronuny, a Hama3u ce Ha Tpehem
WA YETBPTOM MeCTy y octaie 22 3emibe (5).

Cge je u3BecHHje na Beha 3acTynJb€HOCT M CMPTHHM HCXOJ O]l MAJIUTHHUX OOJIECTH HAajBUIIIEC
MOTUYY OJ] HEM30EKHOT CTapewma MOoMyJaldje, ali U Ol CTATHOT pacTa HEHOr Opoja Ha
mio6amHOM HUBOY. MelyTUM y3pok TOMe HHUje jEAMHCTBEH O TOME TOBOPH Y MPUIIOT
paIIMpPEeHOCT W TPEBAJICHIIA TIIaBHUX (pakTopa 000JheBamka KOJU Cy Y BE3W Ca COLWjaIHUM
MpUWINKaMa U €KOHOMCKHUM cTaHaapaoMm (6,7).

Ca TuM y Be3H, MOPACT MOPTAIUTETA O] MAIUTHUTETA JOHEKIIC je MOBE3aH ca PelaTHBHUM
najzoM Opoja yMpIIUX OfI UCXEMHjCKe O0JIeCTH cplia M Mo3ra y nopehemy ca KaplmHOMUMa ca
003UpPOM Ha MOPACT YKYIMHOT Opoja CTAaHOBHUKA U CTapemeM nomynanuje y Behunu 3emapa (4).

Manurne 6onectd ca BehoM HMHIHMACHIIOM y 3eéMJbaMa ca BHUCOKHMM CTaHIAPAOM KOje Cy
MOBE3aHE ca 3alaJbadkUM CTUJIOM XHBOTA, OEJeKe CBOj MOpacT y 3eMJbaMa y pas3Bojy y
OJTHOCY Ha MaJIMTHUTETE KOJU CY Y BE3U ca MH(EKIIU]OM U JIOIINM KUBOTHUM cTaHAapIoM (7-

9).

PaznuuauT cTemneH eKOHOMCKOT HallpeTKa JIPYIITBA a Y KOpeNalliju ca )KUBOTHUM HaBUKama M
y3 JelIoBamke JIOKAJTHMX y3pOKa pHU3MKa HAa CTAHOBHUIITBO JIOBOIM JO TOra Ja IOCTOje
pasnmuuuTe BpcTe KapuumHoMa Mely permonmma o3HavyaBajyhu crenuduyHy TEpPUTOPHjaTHy
pacripocTpameHocT y onpehennm noapydjuma (5).

1.1 Uctopmujar

Tepmun "koyoH" TIpBU je KOPUCTHO APHUCTOTEIN, TOK c€ y XHIIOKPATOBUM CIHCUMA, KOjU
narupajy u3 400. ronuHe I1.H.€., Hajla3e 3Ha4ajHUju TOAalu 0 000JbeHhIMa U JIeUehy 00secTH
neodenor 1pesa. Pexramnu mpomarnc je 3abenexen jom 1500. roguHe mH.e. y EbepcoBom
nanupycy, ITO Ce CMarpa MPBHM IO3HATUM JIOKYMEHTOBAHHUM CilydajeM OonecTH nedernor
npesa (10).

Tonune 1543, Annpeac Bezanujyc je yBeo aHaTOMCKE AUCEKIIH]e, YMME je TIOCTaBUO TEMEJBE 3a
MpBa JIeTaJbHAa UCTPAKMBakha M OICEpBaIlMje BE3aHE 3a aHATOMHU]Y W (DHU3MOJIOTH]Y Aedenor
peBa u pekryma. [IpBy niekocromujy usseo je [Tunop (Pillore) 1776. roqune 360T KapuuHOMa
(11). Mexken je 1817. ronuHe 00jaBUO BayKHA HCTPAXKMBaAKA KOja Cy ce OaBuiIa eMOpHOHATHUM



pa3BojeM ne0enor mpeBa, YMME je 3HA4ajHO JOMPUHEO pa3yMeBamy HETOBE aHATOMHjEC U
pa3BojHuX mporeca (12).

Jluchpanka (Lisfranc) ce mpBu moBe3yje ca XHPYPIIKHM JICYCHEM MallUTHUTETa AeOenor
upesa. Hemaron (Nélaton) je 1839. ronuHe npBu onrcao eKCIo3uIinjy, GUKCAIU]y U UHITU3H]Y
IMCTEHUpPAHE BUjyTe LpeBa MpOoKcUMaIHO o MecTa onictpykuuje (11). Togune 1884, Pebapx je
MPBU YCIIETHO 00aBMO peceKiHjy aeOenor mpeBa ca YCIOCTaB/balkbeM aHAaCTOMO3€ 300T
Manurauteta. Hakon Tora, Xenpu Xaptman je 1923. romuHe ommcao XHPYPIIKH TPHUCTYII
JIeUYEHY ONCTPYKTHUBHOT KapIMHOMA Yy JTUCTaTHOM neny KojoHa (10-12). Pecekmuje komoHa cy
JOTIPHUHEIE Pa3BOjy HOBOI CHCTEMa Kiacu(uKalyje KapiHoMa aedesor pesa, koju je 1932.
roguHe yBeo Kar6epr djykc (11,12).

1.2 OnumTy acneKTH KOJOPEKTAJIHOI KAPLUMHOMA

HajnpucyTtauje 6onectu aebenor npeBa YuHE CHHAPOM HPUTAOMIHOT IpEBa, MAJUTHUTETH,
TIOJIMITH | 3amnajbeHcKe Ooectu npena (13).

Konopekranau kapuuHOM je TpUMapHH 3JIONYyIHUW €NUTEIHH TyMOp KOjU OoOyXBara peruje
nebenor mpeBa (IleKyMa, acleIEHTHH, TPAHCBEP3aJIHU, JACCICHICHTHU M CUTMOWJIATHH [0
KOJIOHA) ¥ pEKTyMa CTOTra c€ yoOM4ajeHO Ha3uBa KapIIMHOMOM KOJIOpEKTyMa 0e3 003upa Ha TO
rJe je MPUMapHO CMEIITEH MAaJIWTHU TyMOp. MeToje jeuema U MPOTHO3a OBOT 000JbCHA Y
BEJIMKO] MEpPHU 3aBHCE Off JOKAIM3aIMje KapIUHOM Tj. Ja JIM IpHMaaa JASCHOCTPAHOM HWIIH
JIEBOCTPAHOM KOJIOHY M PEKTyMY OJIHOCHO Ha MPOKCHUMAIIHOM HIIA TUCTATTHOM KOJIOHY, IIITO j€
MOCJIeNIa Pa3BOJHUX, MHKPOCKOICKHX U CTPYKTYpHHX CHEeUU(DUUYHOCTH, Kao U
€THONATOTeHETCKOT pa3Boja OBOI MAIUTHOT Tymopa (14).

KosnopekranHu KapIMHOM je jeaH OJ HajpaclpoCTpameHUjUX TUIIOBA MAIWTHUX Jie3Hja y
JbYJICKO] TIOMYJIAIIMjH Y CBUM Pa3BHjEeHUM 3eMJbama, ca 3a0pumaBajyhum TpeHmom nosehama
y4eCTalIOCTH KOju mojjeaHako moraha o6a mona. IIpouemwyje ce ga he 6% ocoba Tokom cBOr
KHBOTa 000JIETH 0] KOJIOPEKTAITHOT KapIIMHOMA, a TIOJIOBUHA BUX he ympeTu ox Te Gosnectu

(15).

I'eneTcke, enmuaeMHONIONIKE W EKCIIEPUMEHTANIHE CTyAWje yKasdyjy Ha TO Jia je 3a HacTaHak
KOJIOPEKTATHOT ~ KapIIMHOMAa OJATOBOPHA CJIOKEHA HWHTepaknuja usMel)y HacnemHe
MIPEANCIIO3UITN]E U CIIOJbalIbuX GakTopa. OCUM EKCTEpPHUX YMHUIIAIA KOjH eyjy Ha henujy,
OHa Mopa OWTH TOJ YTHIIAjeM M TeHETCKUX IaTOJNIOIIKMX MexaHu3Ma koju he wm3azBaTtu
HEKOHTPOJIMCAHO YMHOXaBambe. UMHHOIM KOjU Cy y Be3HW C NMoBehaHWM omacHOCTHMa O
HACTaHKa paka Cy IOJHIH, MAJIUTHUTETH APYTUX JOKalu3aldja, MO3UTHBHA TOPOIMYHA
aHaMHe3a, pa3JIMUUTe 3arabeHCKe O0IeCTH IIpeBa U TUCcPYHKIMja uMyHOT cuctema (16).

Behuna komopekTamHux KaplMHOMA jaBJba C€ CIIOPAJAUYHO, YCIEI TEHETCKUX Bapujaluja y
MHTEpAaKIMjH C Pa3IMYUTHM CIoJballlbuM (pakropuma pusuka. Takohe, 3HauajHy cTpaHy
npencrasiba 1 HacieaHu (axrop (17). Kox Hajseher Opoja 6onecuuka (mpexo 90%), kapuuHoM
ne0elor IpeBa HacTaje U3 aJeHOMa, KOjU je MpeaycioB CBUX JajbuX jAorahaja y MexaHuzMmy
pasBoja kapuuHoMa (18).

Baxwny ynory Hacneha y pa3Bojy MaJMrHureTa mnokasyje 5% CBHX ciyyajeBa KOJOPEKTAJIHOT
KaplMHOMa KOJU Cy XepeAuTapHH OOJUIM W TOBE3aHH CYy ca BHCOKO TEHETPAOMIHUM
repMUHAaTUBHUM T€HCKUM MyTalujama, o Kojux cy Hajuemthu Lynch cunapom wumm
XEPEAUTApHH HETOJIUIIO3HN KOJOPEKTalHN KapuuHoM (eHrn. Hereditary Non-Polyposis



Colorectal Cancer - HNPCC), damunujapHa aneHomaro3Ha mosmnosa (eHrnt. Familiar
Adenomatoys Polyposis, FAP), Peutz-Jeghers-ova xamapromaro3Ha nonumnosa u octanu (19).

KapunHoM KoJOpeKkTyMa je uaeasaH 3a paHy AETEKIHjy U IPEBEHIH]y MyTeM CKpUHUHTa 3001
peNaTUBHO MPOIYKEHOT TOKA Pa3B0oja, KOj! 3aMIOUULE O] TPEKAHIIEPO3HUX JIe3Hja U TTOCTETIEHO
ce pa3BHja JI0 MOYETHUX CTaaujyma Manuraureta (20).

[IpernocraBiba ce CMambEHE YUECTAIIOCTH OACTPAmbUBAKEM MPEKaHIEPO3HUX Jiesnja (20-22),
MPOLEHEHO je J1a CMameme MopTranurera u3Hocu 21-33% wuneHTHUKOBaKHEM MOYETHUX
CTaJijyMa KapImHoOMa KOJIOHa U pekTyma (22).

['maBHe THIOBE TyMoOpa KOJIOHA YKJby4dyjy: 1) ameHokapuwHOM, 2) CKBaMo3HOhemwjcku
(mmaHoLeNMyIapHU) KapiuHOM, 3) KapUWHOMAHE Tymope, 4) capkoMe, u 5) numdome.
AJIEHOKapIIMHOMH KOJU HACTajy M3 CEKPEeTOpHUX henuja y CTPYKTYpH IpeBa NMpeACTaBbajy
BULIE 071 95% KapLuHOMa KOJIOHA U PEKTyMa.

AJICHOKapLIMHOMH ce€ JieJie y JIB€ BPCTe Ha OCHOBY Mopdororuje henuja paka: MynuuHo3Hu (98-
99% aneHokapuuHOoMa, henuje ce Hamaze y ciy3u) Wik npcereH Tymopu  (1-2%
aJICHOKapIIMHOMA, CIy3 je yHyTap henuja paka). AICHOKapLIHHOMHU MOTY OMTH KJIacU(UKOBAHH
Kao 100po mudepeHnupanu, ymepeHo audepeHuupand win ciabo mudepeHnmpanu, y
3aBUCHOCTU O] CTENEHa CIMYHOCTH TYMOPCKHMX henuja ca HOpMaJHUM heiMjama TKHUBA.
AJIeHOKapIIMHOMH, CIMYHO Kao W 3/paBa IPEBHA CIy3HMIA, MOTy na jyde MmynuH. OBa
NPONyKIMja MyLMHa Moke OuTH moBehaHa M TO Ha payyH eKcTpaueiylapHe MPOAYKIHje
MyIIMHA Ka0 W Ha padyyH WHTpaleayJIapHe MPOoAyKIMje, KajJa Hania3uMo Ha henuje y oOmuKy
IpcTeHa, KOJ KOJHUX BeJHMKa BakKyoja MyLWHa AMCIOUUpa je3rpo najyhu um TunmyaH
MHKPOCKOIICKH H3riie]l. MyIIMHO3HHU aJJleHOKapIIMHOMH, KOjH 10 KPUTEPHjyMy CaJpiKe BHIIIE O
50% MylrHa y CBOM BOJIyMEHY, OOMYHO Cy TIOBE3aHU C HEMOBOJFHUM HCXOJIOM, IIPUCYTHU CYy
ko npubmmkHo 10% manujeHara ¢ aJeHOKapIUMHOMOM KOJIOHA U PeKTyMa. AKO Cy TYMOPCKe
henuje cnabuje audepeHToBane, HUXOBA KIIE3AaHa CTPYKTypa je cinabuje u3paxeHa, a caMum
TUM W MAJIMTHY je oTteHnujan sehu (16).

Jlok cy 3HaTHO demhe 3acTYIUbEHH Yy jedmhaKy WIM AaHaJTHOM KaHally, MpUMapHH
TJIAHOIICTYJIApHU KapIIMHOMHM J1e0eIor 1peBa yIIaBHOM Iorahajy mMymikapiie Koju IpHIiaaajy
CeIMOj ICLICHH]H )KUBOTA U U3Y3€THO Cy peTku. Kiimnudapu tpeda na 6yny cBecHE MOTYhHOCTH
MPUMapHOT KOJIOPEKTAIHOT TUIAHOIENYJapHOT KaplIuHOMa M Tpeda HCKIbYYHUTH HHETOBO
MPUCYCTBO Ha JAPYTUM MECTHMA Ipe AeUHUTUBHE AujarHo3e. Jleyeme ce yIIaBHOM 3aCHUBA
Ha XHPYPIIKO] WHTEPBEHIIM]HU, KOja ce mpuiarohaBa crnenupuIHUM KapaKTepUCTHKaMa U
npupoau Tymopa (23).

Heypoennokpuau TymopH (KapUUHOUAM) CYy PETKH, HHXOBAa MHLUICHIIM]A j€ TIopacia TOKOM
NPOTEKIMX TOJMHA, INTO j€ BEPOBAaTHO pe3ynTaT mnoBehaHe YKIJbYYEHOCTH Y Hporpame
CKPUHUHTA KOJIOHOCKOIH]OM. ['aCTpOMHTECTHHAIHM TPAKT je Hajuerthe MecTo HacTaHKa, MpU
yeMy koJiopektyM yuHM 200 o cBux 1000 racTpOMHTECTUHATIHUX HEYPOSHAOKPUHUX TyMODa,
JIOK je PeKTyM Jpyra Hajuemrha JIOKalu3aluja HaKOH TAHKOT LpeBa. 3acTYIUbCHUJU CY KOJ
ocoba ca ypoheHuM eHAOKpWHHM TopeMmehajuma, Kao MmMTO Cy MYJITHIUIA €HIOKpPHHA
Heorutasuja tuna 1, Heypopubpomarosa tuma 1, Tybepo3Ha ckiepos3a U BoH Xunen-JIunnay.
Behuna HeypoeHIOKpHHUX TymMopa Cy 0€3 CHMITOMa W OTKPHBAjy C€ CIIy4ajHO TOKOM
KOJIOHOCKOTIH]j€ Kao Maa )yhkacra cyOMyKo3Ha Jie3rja ca HeomTeheHOM CITy30K0K0M, YeCTO
CMENITeHa y cpefmeM neny pekryma (m3mely 4 u 8§ cm on aHopektaimHor crnoja). Kama cy
CUMIITOMAaTHYHU MOTY c€ MaHHM(]ecTOoBaTH MPOJMBOM, OOJIOM y CTOMAaKy, T'YOUTKOM TEKUHE
WIN TacCTPOMHTECTUHAIHUM KpPBapemeM; TEIIKOM aHEMHjOM, JOK XeMmaTOMEerajuja WiIH
ONUIJbMBA Maca y abJIOMEHy MOT'y OMTH TIOBE3aHHU ca MeTacTaTckoM Oonemrhy. dakropu Koju



npeaBuhajy pU3MK O] MeTacTa3a Cy BeJIWYMHA Tymopa, MuImuhHa W JuMQoOBacKyIapHa
MHOUITpaLKja U XUCTONATOJIOMIKA TU(pEepeHIjalHja.

Heypoennokpunu tymopu BenuuuHe of 10 mo 20 mm ce MOTY JICYUTH EHAOCKOIICKH,
TPaHCAHAIHOM PECEKIIN]OM MJIH OTICE)KHOM XUPYPTHjOM M UMa]y JIOIIH]y TPOrHo3y 300r Beher
pHU3UKa 071 MHBa3Hje MUIIKMNHOT cioja u uMpoBackyaapHe unpuirpanuje. Kaprunonau, unja
BenuunHa He mpenasu 10 mm, oOyxBarajy oko 80% CBUX OTKPUBEHHUX HEYPOEHIOKPUHUX
kapuuHoMa. [lo mpaBuiy MMajy Majdd PH3HK O MaJUTHOT pa3Boja U MOTY C€ YCIEIIHO
YKJIOHUTH KOpPHUIINEHEM EHJOCKONCKUX TEXHHKA WU JIOKAJTHOM XHUPYPIIKOM EKCI[U3U]OM.
Tymopu Behu on 20 mm npencTaBibajy KaHIUAaTe 3a CBEOOYXBaTHY PECEKILHU]y peKTyMa y3
JTUCEKITN]y TUM(HUX KjIe3/1a 300T 3HaYajHOT PU3HK O] MeTacTasupama (24).

[TpumapHH capKoMH KOJIOPEKTyMa TPECTaBbajy PETKY U Pa3HOIUKY TPYIy ME3EHXUMATHHUX
KapuuHoMma, koju ynHe csera 0,1% on ykynHor Opoja manuraureta aebenor mpesa. Mako cy
jeIHOM CMaTpaHM CIIMYHUMA, OBM CApKOMHU Cajla C€ MPEMNo3Hajy Kao Pa3iIH4yuTO CTame Of
ApYrux 4emhux Me3eHXHMMalHUX HEOIUIa3MH, Kao HITO je raCTPOMHTECTHHATHHCTPOMAIIHU

TYMOp.

CapkoMu KOJIOpEKTyMa Cy pa3HOJIMKa Ipyra TyMOpa Me3eHXUMAIHOT MOpeKya, Koja o0yxBaTa
BUIIIE Pa3IMYUTHX TTOITHIIOBA, KA0 LITO CY JIEjOMHOCAPKOM, XHCTHOIIUTOM H AECMOIUTACTHYHH
TyMOp ManuxX OKpymux henmja. JlejoMuocapkoMu, TpencTaBibajy Hajuemhu Twil,
oOyxBarajyhu npexko 90% cBHUX HpUMapHHX capkoMa Yy OBOj aHaTOMCKOj PEruju Koju ce
pa3Bujajy W3 mIaTkux Mumuhaux henuja nedemor mpesa. Y OAHOCY Ha KOJOPEKTATHHU
aJICHOKapIIMHOM, IPUMAapHHU CApKOMHU TIOKa3yjy 3HaTHO arpECHBHU] € MOHAIIAKE, jaBJhajy CE KO
mirahux manMjeHara ¥ 4ecTo Cy IMOBE3aHH ca MHOTO HEMOBOJHHHjOM HMPOTHO30M. XHpPYpruja
0CTaje OCHOBA Jieuema (25).

[TpumapHu KostopekTaTHu TUMGOMHE ce yenthe jaBibajy Kol MyIIKapala Koju Ipunaaajy mecrtoj
JICLIEHUjU KHUBOTa, Hajla3e ce Ha TpeheM MecTy Mo y4ecTaJOCTH HAaKOH aJeHOKapLUuHOMa U
KapIMHOWJA W peTKa Cy BpCTa MaJMTHUTETa AeOenor 1pesBa. 300T MPUCYCTBA 3HAYAJHUX
KOJIMYMHA TUM(OHUIHOT TKHBA y IEKYM M PEKTyM, Beha je yuecTalloCTH MaTOJOLIKUX Ipoleca
y TUM jaenoBuMa jaebenor mpeBa. boimecHMIIM ce YecTO jaBe XHPYpPry y CTaaujymy
y3HarnpeznoBaie OoyecTd, ca MojaBoM wmieyca, nepdopaiyje U crama WHTPaadJOMUHAITHOT
ancreca. OOMYHO MMa OOJMMK TOJUIIOMAHE WM yIlepaTHBHE Mace, a MoHekaa GhopMupa
U3pallTaj Ha MyKO3H, CIIMYHO Moynno3u. JIuMdom je u3yzeTHo penak Tymop, UynHu 14 o cBUX
1000 mumdoma y spyackom teiry, 100 1o 200 ox ceux 1000 ractponHTeCTHHATHUX JTUM(OMa,
u camo 2 10 6 Ha cBakux 1000 manuraux tymopa aebenor mpesa (26).

Nneanan Tperman oOyxBara yKiIamame 3axBaheHOT Jieia KOJIOHA WM PEeKTyma, 3ajelHO ca
peruoHaIHUM JTUM(OBACKYTApHUM CTPYKTypama, y3 NMpUMEHY aJjyBaHTHE Tepamuje. Bpeme
MpEeKMBJbaBaka j€ KPaTKo, T€ j€ HEOMXOJHa MPAaBOBPEMEHA JIMjarHO3a y PAaHOM CTaIujyMy
Oonectn, Kaa mocToju Benrka MoryhHoct m3nedema (16). Mako 50% mnamujenara omncraje 10
MeT ToJJMHa HAKOH MOTEHIIM]aJIHO KypaTUBHE pECEKIIMje, YKYITHO MPEeXHUBIhABAKBE j€ U Jajbe
He3aJl0BoJbaBajyhe, Hampenak je TMOCTUTHYT 3axBajbyjyhu pactyheM OCHOBHOM 3Hamy O
ocoOHWHaMa OBOT KapIIMHOMa, Kao M T0jayaHOM pajly Ha yHanpehemwy npeBeHIrje, eparyaluje
U XUPYPUIKUX TEXHHUKA (22).

1.3 EnuieMuoJ10ruja KOJIOPEKTAJHOI KAPIUHOMA

VY BehuHu pa3BUjEeHHX PETHOHA CBETA, YKJbYyUyjyhW M Hamry 3eMJby, MaJUTHUTETH Cy IO
3aCTYIUBCHOCTH HA APYroj MO3UINjU, OJMAaX IMOCJe KapIuoBacCKylIapHuX obospema (Crukal)



(27). 3npaBCTBEHH CHUCTEMH IUPOM CBETA CY Y TMOCIEAHE IBE JICIICHH]E yaarajid Harmope y
pa3Boj MOCEOHUX Mporpama 3IpaBCTBEHE eayKalllje U paHe AeTeKIuje Tymopa (28).
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Cuamka 1: [Tpyka3 pacrpocTpameHOCTH MOjeINHNX TUIIOBA MAJIMTHUTETA Y PA3INIATHM
pernoHnMa cBera (mpeyserto ca https://gco.iarc.fr/today/data/factsheets/cancers).

KonopekramHau KapiimHOM MpeacTaBiba 3Ha4YajaH 3APAaBCTBEHU U COIIMjaTHA M3a30B, Oymyhu na
je jeman on Hajuemrhux oOnMKa KaHIEpa v Boiehu y3poK CMPTHOCTH OJ] MAJHTHUX 000JbeHa.
Toxom 2020. romuue, y HajBehem jaeny cBeTa AWjarHOCTHKOBaHO je 1,9 MuiamoHa HOBHX
ciy4dajeBa, mto yuHU 10% ykymHOT Opoja cBHX KapiuHoMa, y3 935 xusbaga CMPTHUX HCXO/a
Tj. je/IHa JeIUHKA MPEMHUHE Ha CBAKUX TPUIECET CEKYHIU O/ MAJIMTHUTET JeOeIIor peBa, IMTOo
npenctasiba 94 o 1000 cMpTHUX KMCX0a M3a3BaHUX HEOITUTACTUYHHM TporiecoM (29).

VY nopehemy ca ApyruM MaTUrHuM 000JbeHUMAa, KOJIOPEKTATHU KapluHOM je Tpehu Hajuenthuy,
oaMax Tocie KapruHoma Tutyha W J1ojke, OK je 0 CMPTHOCTH Ha JIPYTrOM MECTY, HaKOH
kapuuHoma mryha. Kox mymikaparia, ManurHuTeT ae0enor mpeBa je Ha TpeheM MecTy Io
y4eCTaJ0CTH, OIMaxX HaKOH HeoriasMe turyha u mpocrare. OnmMax HaKOH KapIiMHOMA JI0jKe, TI0
Y4eCTaJIOCTH KOJ JK€Ha Ha IPyroM MecTy je oBaj ManurHurer (30).

VY4yecTasocT KOJOPEKTaTHOT KaplIMHOMAa Ha CBETCKOM HMBOY M3HOCH 19,5% cTaHOBHUIITBA,
JIOK je MopTanuTeT 9% cranoBHUIITBA. VIHIMIEHIIA ce 3HaYajHO Pa3INKyje u3Mel)y pa3mmuuTix
peruoHa cBeTa, ca pa3idkKamMa M 0 ceiam myTa. Hajpuima wHIOMACHIA 3a0elexeHa je y
pa3BUjeHUM JeJIOBUMa CBETa, Kao IITO cy 3emibe EBpone, Ayctpanuje u CeBepHe AMepUKe,
Kako je mpukazaHo Ha [paduxony 2. MHIMAEHIIa 000eBama O KOJOPEKTAIHOT KapIimHOMAa
3HAuYajHO ce pas3nuKyje u3mely paznmuuuTux eTHUukux rpymna. Kog Adppoamepukaniy je youeHa
BHIIIA YYECTAJOCT OBOT 000JhEHa y OAHOCY Ha Oenmy W XKyTy pacy. Pusmk obosbeBama o
KOJIOPEKTAITHOT KaplMHOMA BapHpa U Y 3aBUCHOCTH O] IPUMAapHE JIOKAIHU3all1je MaJTUTHUTETA,
Te ce moBehaBa ¢ ronMHaMa CTapoCTH, jaBjba ce oko S0 rogwHe, AOCTIKYyhH BpXyHall TOCIe
70. rogune. IIpoKCMMAaTHM KOJIOPEKTAJHU KAapIMHOM, OJHOCHO KapLUHOM JIECHE CTpaHe
KOJIOHA, eIy je KO MmaIyjeHara crapujux on 65 roauHa, skeHa u adppoamepukanana (31).




Kako je npukazano Ha ['padukony 1, MaTUTHUATET je y4ecTalnju KOJI MYIIKOT I0JIa HETO KO/
JKEHCKOT.

WHumnAaeHUa KoNopeKanHor KapuMHoma npema nony
M KeHe M MyLIKapum
LleHTpanHa, jyxHa A3unja =4 6.6
e

Cpeatba Adpuka
3anagHa Adpuka

UctouHa AdpuKa
CesepHa Adpuka
LleHTpanHa AmepuKa
JyxkHa Adpuka
Jyroncroyna Asnja
3anagHa Asuvja
JykHa Amepuka
CBET

CeBepHa AMepuka

234
WUcTouHa Asnja
3anagHa Espona 294
Ayctpanuja n Sl
Hosu 3enaHg, 343
LeHTpanHa 1 ucToyHa T 374
Espona 4 38.4

CesepHa Espona ’
JyxHa Espona 2 39.2

I'pa¢gukon 1. 3a 2020. ronquny, y pa3IMuauTAM JISJIOBUMA CBETa MTPUKa3aHa je HHIUACHIIA
KOJIOPEKTAJTHOT KapIimHOMa Mmpema noy (tpeysero u npepaheno ox Sung H et al. Global
Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries. CA Cancer J Clin. 2021; 71(3):209-49.).

AHaToMcKa AUCTPUOYIIHja KOJIOPEKTATHOT KapimHOMA Bapupa y 3aBUCHOCTH O Pa3IMUYUTUX
CTyIHja, aJli ce cMarpa Jia je Hajuenrha jJokanu3anuja y pekrymy (oko 50%), curmu (oxo 20%),
3aTUM y J€CHOM KOJIOHY (CJIETIO LPEBO U YCXOAHU KOJOH, okO 15%), mompeunom (10%) u
ycxogHoM KkoJioHy (oko 5%)(Cnuka 2). Behuna uctpakuBama ce ciaxe J1a je MpPeKo JBe
TpehrHe OBUX TyMoOpa JOKaTU30BaHO y pPekTyMy U curMu (32). MHIMIEHIa KOJTOPEKTATHOT
KapIMHOMa MOXKE CE CMaTpaTH 3HaYajHUM ITOKa3aTeJhbeM EKOHOMCKOT CTaHIap/ia M COIMjaTHIX
NpUJIMKa jeHe 3eMJbe, jep MOoKa3yje TPEeH MmopacTa y CKJIady ca pa3BojeM Te 3emibe. OBo ce
o0jammaBa MpoMeHama y )KUBOTHOM CTHJTYy KOj€ C€ jaBJbajy ca pa3BojeM, YKJbyuyjyhu Buie
CeleTapHH HAa4YWH >KMBOTA Tj. HENOCTaTaKk (HU3WYKE AKTUBHOCTH, HCXpaHy y KO0joO] CY
3aCTYIUbCHH]E HAMHUPHHIIC >KUBOTHEGCKOT TMOpPEKIa, IITO BOAM Ka MoBehaHo] KOH3yMaluju
aJIKOXO0JIa, JOTPHHOCHU T'0ja3HOCTH M KOH3yMHpamy AyBaHa. McTpakuBama cy nokaszana jaa
CTAHOBHHUIIITBO KOj€ MUTPHpa M3 HEPa3BHjEHUX y Pa3BHJCHE 3eMJb€ MOXE MMATH TMOBehaHy
CTOmy 000JbeBaba OJ KOJIOPEKTAIHOT KapiuHoMa. OBO je JI0BEeIeHO Y Be3y ca MpoMeHama y
Ha4YMHY >KMBOTA KOj€ C€ JeIIaBajy NpH IPEIacKy Ha HOBE YCJIOBE XKMBOTA y Pa3BHjEHUM
3emJbama (33).
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I'pad¢uxon 2. CraHmapam3oBaHa CTOMA YYECTAIOCTH W CMPTHOCTH HAa CBETCKOM HHUBOY 3a
2020. romuny (mpey3ero u agantupano ox Sung H et al. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185

Countries. CA Cancer J Clin. 2021; 71(3):209-49.).
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risks, prevention and diagnosis. BMJ. 2016;354:3590).




1.3.1 EnunaeMu0/10ruja KOJOPEeKTAJIHOT KapuuHoma 'y P. Cpouju

On ykymHoOr Opoja JIUjarHOCTHMKOBAHMX Off HEKOor mamurHutera y PenyOmumm CpOuju,
HEMOoCpeqHO M3a ManurHutera Iuiyha u gojke Ha Tpehoj mosunmju je Heorutasma jaebenor
upesa. [Ipema nogannma n3 CBeTcke 3paBCTBEHE opraHu3alyje, [ modanHe oncepsaropuje 3a
pak (GLOBOCAN), y Cp6uju je 2020. ronune 6mio peructpoBano 5989 HOBUX ciydajeBa
KOJIOPEKTaJHOT KapluuHOMa, mTo 4yuHU 12,2% on ykynmHor Opoja ciyyajeBa MaJIUTHUX
obosbera. CTangapAn30BaHa cTomna yyectanoctu u3Hocu onHocHo 0,0336% spyau. 3a MyIiku
moi, oBa crtoma wu3Hocw (,0464% craHoBHUIITBA, MOK je 3a >keHcku mon 0,0228%
craHoBHHUIITBA. CMPTHOCT 071 oBOr Manuraureta je 16,7 ucxona va 100000 cranoBauka (34).
[Tocmarpajyhu perunone y PenyOmumu CpOuju, mojequHu IeI0BH KOju YKJby4dyjy beorpan u
Mymanujy y ogHocy TOIIMYKM OKPYT, MOKa3yjy BHINY YYeCTaJOCT KapIMHOMa KOJIOHA U
pektyMa. OBa 1mojaBa MOKe C€ TYMauuTH Pa3InIUTHM YCIOBHMA )KUBOTA, UICXpPaHE U HUBOMMA
cTpeca KOju Cy KapaKTepUCTUYHHM 3a CBaKHU O HaBeIeHUX peruoHa (35).

VY nocnenmux TpUAECET roAMHA IIMPOM CBETA, 3a0eNekeH je mopacT y Opojy HOBOOOOIETHX
071 KOJIOPEKTATHOT KapIMHOMAa, ali ¥ IUCKPETaH naj y Mopraiurety. OBaj majg y MOpTaJUTETy
Jajbe Ce MOXKE€ NPUIIUCATH YBOhEHY CHUCTEMATCKOT CKPHHHMHIA KopuinhemeM (eKaTHux
TECTOBa Ha OKYJITHO KpBapeme M KoloHockonuju. OBuM Mmeromama ce omoryhaBa paHO
OTKpHUBame 0OJECTH Yy MOYETHUM CTAJWjyMHMA, KOjU Cy YECTO M3JICUMBHU, KA0 M YKIAmhambe
MPEKaHIIEPO3HUX Jie3uja W3 AeOesor mpeBa IMpe BHUXOBE TpaHcopMmalyje y KapiuHOM. Y
3eMJbama IJie He NOCTOje CKPUHUHT MPOTrpaMu, WHITUICHIIA U MOPTAJIUTET O KOJOPEKTATHOT
KaplMHOMa HacTaBibajy na pacty (36). Mcro Tako, youaBa ce craOuiaH TpeHJ TMopacTa
uHIMIeHIe y Mmiahum nobuma, mehy nomynanujom miuahom oxn 50 roauna, 3a 1-4% rogumime
37). 360r oBUX MpPOMEHA, MPETMOPYKE 3a CKPUHUHT KOJOPEKTATHOT KapIuHOMA Cy Ce
npoMeHuie, cyrepuiiiyhu na ocode ca mpocedHuM PU3UKOM TOYHY ca CKpuHUHroM Beh ox 45
roauHa ymecTo npetxoaaux 50 ronuna (38).

o 2040. ronune, npensuha ce ga he 6poj HOBOOOONENINUX O KOJIOPEKTAIHOT KapIMHOMA Y
cBeTy AocTuhu 3 MUJIMOHA LITO TpeACcTaBiba mopacT o 56% y onHocy Ha Tekyhe Opojke. Jok
ce MpeTNnocTaniba Ja he Opoj CMPTHUX MCXOJa O KapIIMHOMAa KOJIOPEKTyMa JOCTUNKM MUJIMOH
1 neTcTo Xxmwbaaa 1o 2040. roguHe, mMTO MpeacTaBba 3HavajaH mopact o 69.4% y ogHOCy Ha
noctojehe 6pojke (39).

1.4 ®akTOpHU PU3MKA 32 HACTAHAK KOJOPEKTAJTHOT KaAPIUHOMA

WNHuTtepaknujom (dakropa cpeawHe, HACICIHUX M EMUTECHETCKHX TPOMEHA HAcTaje CIoXKeHa
OoJiecT, KOJIOpEKTaIHU KapIMHOM. HajBuie 1o cana ucnuTHBaHU (aKTOpU PU3MKA 3a pa3Boj
OBE 00JIECTH MOTY C€ TMOJICINTH Y JIB€ OCHOBHE KaTErOpHje: HEMPOMEHIbUBE (haKTOpe pU3HKa
Ha KOje Ce HE MOXE YTHUIaTh WU TPOMEHJbHMBE (PaKTOpe PHU3MKA KOjU CY IOTEHLIM)aTHO
MONPaBJbUBH Tj. MoIexy npeBeHnuju (Cnuka 3) (40-42).
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(mpeyseto u moaudukoBano o Sawicki et al. A Review of Colorectal Cancer in Terms of
Epidemiology, Risk Factors, Development, Symptoms and Diagnosis. Cancers (Basel).
2021;13(9): 2025).

1.5 TlaroreHe3a KOJIOPEKTAJHOTI KAPLUMHOMA

Cnenehn ameHOM-KapIMHOM CEKBEHIly, KOJOPEKTAJIHHM TYMOp C€ pPa3BHja Kao pe3yJTar
MaJIMTHE IPOMEHE ENUTETHUX henuja AUreCTUBHOT TpakTa. Pa3Boj kapiuHoma nedesor npesa
J€ CIIOXEH W AyroTpajaH Mpolec Koju ce ofBvja y Buile (asza, enurenaHe henmje HOpMaliHe
CITy30KOX€e KOJIOHA IMposaze Kpo3 (azy Gopmupama NoJIHUIa Kao MpeKypcopa, KOju Ha Kpajy
JIOBOJIM 10 CTBaparma MHBa3uBHOT KapruuHoMa (Ciuka 4). TokoM oBoOT mporieca yKJbY4eH je HU3
XHCTOJOMKUX (MOP(OJIONIKNX), TEHETCKMX W EMHIeHeTCKUX NpOMEHa. Bemmka nyxuHa
nebenor mpeBa W HEroBa BEJIHMKa MOBPIIMHA KOHTHHYHPAHO Cy Y KOHTakKTy ca CBapEHOM
XpaHOM, pa3rpajiHuM MPOIYKTUMA, Pa3IMYUTUM XEMH]CKUM MaTepHjamMa U TOKCUHHMA, T€ je
Ha Taj HA4YMH 7e0eI0 IPEBO M3JI0KECHO IUXOBUM HEMIOBOJBHUM yTHIajuMa. Bpeme Tokom kora
j€ LIPEBHU CaIpKaj y KOHTAKTY ca CITy3HUIIOM M3HOCH OKO 6 caTH IITO M0javyaBa ITETHE eeKTe
OakTepujcke ¢uiope y nedesoM MpeBy, BEeH YTUIIA] Ha cafip)Ka] Y JIyMEHY M TPOIECH KOJH CE Y
HBEMY OJIBHjajy MMajy IITETaH YTHIlQ) Ha CIy30KOXy. Bepyje ce na BehmHa ciydajeBa paka
KOJIOHA M PeKTyMa HacTaje U3 OeHurHux mnonwumna. Mnak, To Hocu cBera 6% pHu3uKa 3a pas3Boj
KOJIOPEKTATHOT KapIIMHOMAa, jep je mporpecuja ajeHoma 10 KapIMHOMa BapujaOuiHa, a OHU
YIJIaBHOM 3aJp’KaBajy CBOje OCHUTHE KapakTepucTuke. Kpo3 BHIIErOIUIIKY aKyMyJamujy
ceun(UYHUX TeHCKH MyTalldja OArOBOPHHX 3a perylanyjy pacta W JudepeHnujanujy vy




TIOJIMITY JI0JIa3H 10 MOP(QOJIOMIKUX H3MEHA U HHBa3H]je y CYOMYKO3Y, IIITO MIPEICTaB/ba OCHOBY
HACTaHKa KapIIMHOMA Ca METaCTaTCKUM MOTEHIHjajIoM (43).

Hopmanan Pann Kacun In situ ITaBaznBHN
ernmrel azeHoM KpallllHOM Kap

Tl

Cauxa 4. IlatoreHe3a KOJOPEKTATHOT KaplIUHOMAa TPEKO TOJHII — KapIHHOM
cekBeHIle. Pasznmuumrte 0oje KaHuepckux henuja (upBeHa, TUiaBa W JbyOMUacTa)
03Ha4yaBajy BUXOBE PA3IUIUTE KapakTepucTuke. [1maBom 60joM 03Ha4YEH TYMOPCKH
henujcku KJIOH CTEKAO je MHBA3WBHE KapaKTEPHUCTHKE (MPEYy3eTO W aJanTHPAHO O
Grady WM, Markowitz SD. The molecular pathogenesis of colorectal cancer and its
potential application to colorectal cancer screening. Dig Dis Sci. 2014. Dec
10;60(3):762-772.).

[Tonunu cy jacHO BUAJbMBE Xumepnponudepanyje enurena Myko3e KojoHa. Mopdoomku
noymnu ce mo [lapuckoj kimacudukanuju nene Ha monunouaHe (TCHAyJaTHE W CECHUJTHE) H
HenonuonuaHe (¢uaT W yiuepaTuBHE Je3Hje) Koje cy uemthe moBe3aHe ca CyOMyKO3HUM
WHBAa3WBHUM KapIMHOMOM O]l TICHAYJAaHTHUX 0e3 003upa Ha BenuuuHy (44). Y momumnoaHe
ne3uje nedenor mpesa Crajajy aJeHOMH, XUTMEIUTACTUYHY TOJUIHN, CepaTHU ajcHOMH, (iaT
afgeHoMHu (¢uiat Jie3uje Koje ce TEUIKO BHJE Ha PyTHHCKO] €HIOCKOMHUJU a MOTY MOCEI0BaTH
MaJIMTHU MOTEHIIHMjall), XaMapTPOMaTO3HU U UH(pIAMAaTOPHH MOIUIH (45).

[locToje aBe BpcTe mosmma ca MajJUTHUM IMOTEHIMjaJIoM M TO CY aJ€HOMATO3HM TOJIHMII
(a7meHOM) M CECWITHHM Ha3yM4YeHH MOJUIH, Hajuyenrhe JJOKaIM30BaH! y JIEBO] MOJIOBHHH KOJIOHA.
AJICHOMATO3HU TIOJIMIU C€ TMPOHAaja3e KOJ YETHPH OJ JleceT ocoba y M00HM W3HAJ Ienecer
ronuHa. Cmatpa ce 1a 75% KapumHOMa KOJOpPEKTyMa HacTaje U3 aJeHOMAaTO3HHUX IMoJyuna (
aJieHOMa) IIPEKOo MOJIUI KaHIep CeKBeHIle u aa Buie o1 90% anenoma Hehe nmporpenupati y
KapuuHoM (46).

[To neduHMIMjM ageHOMU Cy jacHO AedHHNCAHE Mace ca KJIOHATHOM mposrdepaijom
(beHMTHM TyMOpH) ENUTEIHOT TKHMBAa KOje yBEeK HMajy oapeheHu cremeH aucruiasuje.
Jlucrutasuja BHCOKOT CTENeHa e MPeKypcop HAcTaHKa WHBAa3MBHOT KapIHMHOMA, in Situ
KapIMHOM WJIM HWHTpACNUTENHA (MHTpaMyKO3Ha) HeoIlIa3Hhja y KOjOj HE IOCTOje 3HAKOBH
uHQUITpaLyje MUIIMNHOT ClI0ja MyKO3€ M PU3HK 3a I0jaBy MeTacTa3a. AJICHOMH MOTY OUTH
TyOynoBuno3Hu ca 25-75% BuIIO3HE KOMIIOHEHTE, BWJIO3HM ca Buie o 75% BUIIO3HE
KOMIIOHEHTE, U TyOyJapHu ca Mame o1 25% BUI03HE KOMIIOHEHTE, ITOCMAaTPaHO MOP(OJIOLIKH.
[IpucycTBO BUIO3HOT eJIeMEHTa 1 BeIMYMHA aJIcHOMa Cy TIOBe3aHH, IpH yemy je 95% ageHoma
ucnoz 20 mm, a BehuHa ajeHoMa Jiebenior npesa je Mmanux auMmensuja. [lomunu Behu o 1 cm,
MMOCEOHO OHM Ca BUJIO3HOM CTPYKTYPOM U BUCOKOCTETICHOM JHUCIUIa31jOM, HOce moBehaH pu3uK
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on MaimrHe TtpaHchopmarmje. OBM TIOJHIH, TMO3HATH Kao Y3HANPEIOBAIH, 3aXTEBajy
WHTEH3WBHHU]€ €HA0CKOICKO npaheme (47).

CecuyiHM Ha3yIYeHU HOJMIK Cy PaBHH IOJMIHN Ca PELKACTOM apXUTEKTYpOM emurena. Y
BUXOBY TPYIY CIa/ajy XUNEPIUIACTUYHH TTOJIUIT, CECUITHU PEIIKACTH aJICHOM/TIONHUN (denthu y
JIECHOM KOJIOHY U Behu y mopehemy ca XHUIEpIUIaCTUYHUM IOJUMHMMA) M TPaJUIMOHAIHU
pelKacTd aJeHOM, a CBU Cy TOBE3aHU Ca PHU3MKOM O] pa3Boja WHBa3WBHOT KapIMHOMA.
XUNepIulacTUYHU TOJIUIK Cy HajydecTajuje HasylmueHe JesHje, Hajuemhe y IUCTaTHOM
KOJIOHY ¥ MAJIOT ITpOMepa 4eCTO Mamke 011 S mm. Y JeBeeceT MpolieHarTa ciry4ajeBa cy OCHUTHU
(48-50).

Jako je BayKHO, XMCTOJIONIKH TPETJICIOM PECEIIMPAHOT TIOJIUTIA, PA3IBOJUTH OBE JBE TPYIIEC, jep
ce JJaHac 3Ha Ja Cy, CECUJTHH PEIKACTH aJICcHOM/TIONUII MIPEKYPCOPCKE JIE3Uje MUKPOCATEIIUTHE
HectabunmHoctu (eHri. Microsatelite instability-MSI) u wmerunatopckor ¢enoruna CpG
octpBana (eurn. CIMP/CpG Island Methylator Phenotype) myTa KapuHMHOTE€HE3€, JIOK CY
XHUIEPIIACTUYHU MPAKTUYHO HEHIKOJBUBH (48).

Cana cy pa3nuke n3Mmel)y XunemiacTHYHUX U CECHIIHUX cepaTtHUX nonuna ( SSP wiu cecunnu
CEpaTHH aJICHOMH) jaCHE jep C€ OHM KapaKTEPHIIy TUCTOP3UjOoM Oa3aTHUX KPUIITH U Hajuenthe
Cy JIOKQJIM30BaHM Y JIECHOM KOJIOHY (45).

Ha wuxoBy MaJIMTHY NPHPOy MOTY CyreprcaTtu HeMOTryhHOCT mojan3ama CeCHIIHOT TOJIHIIA,
Kpatak W (uUKCHUpaH cTank Tmonuna, aedopmalije, HENpaBWIHE KOHTYpE, IPHUCYCTBO
yIILepanyja 1 eH10CKOINCKa AuMeH3rja nonumna (51).

1.5.1 Mosieky/1apHu IyTeBU KOJIOPEKTAJHE KAPUHUHOTeHe3e

U xon 31paBux ocoba nemasajy ce MyTaiyje TokoM TudepeHiyjanyje u perumkanyje hemmja
Mel)yTUM Kako OHe /10J1a3€ Ha MOBPIUIMHY U3 KPUITH U HECTAJy Y POKY O]l HEZleJby JlaHa Hema
yCIJIOBa 32 HaCTaHAK KapuiHoMa (52).

Haxo je eTronoruja KoJopeKTaaIHOT KapluHOMa HEJJOBOJHHO 00jallmheHa, cMaTpa ce 1a HacTaje
Kao IOCIIeTNIIa KOMIUIEKCHE MHTEepaKIyje n3Mel)y reHeTCKUX YMHMIaNa U (akTopa CHOoJballlhe
cpeaune. To je BuIecTENeHM MpPOIEC Y KOME WHBAa3WBHU KapLMHOM Hacraje u3 hemmja
HOpMaJIHE MYKO3€ KOJIOHa, TIpeKo (Gopmupama agaeHoma. Boarencrenn u deapon cy 1900.
TOAMHE, MPEICTABHIN MOJIEJl BHIIECTEIICHOT pa3Boja KaplLUHOMA KOJOPEKTYMa, IpemMa KOM
ce MaJMrHuTeTe aebOenor IpeBa pas3BHja Kao IMOCHEAWIla TeHETCKHMX H3MEHa, YKJbyuyjyhu
aKTHBAIM]y MPOTOOHKOI€HA, KOjU YTHUy Ha pacT hemuja, a HHXOBE MyTalHje JOBOJAE 10
nojayane hemmjcke mnponudepanuje. McroBpemeHo, mona3u A0 HMHAKTHUBAIHjEe TYMOD
CYIIPECOPHHUX T€Ha, KOjU MMajy KJbYUHY YJIOry Yy perynauuju hemmjckor mukiayca. Myramuje
OBUX TEHa HapyllaBajy paBHOTeXYy u3Mely amonroze u mponudepanuje, mTo pe3yiTyje
HEKOHTPOJIMCAHOM Je00oM henuja 1 r'yOMTKOM MeXaHu3Ma mporpamupane hemujcke cMpTu.

Naxo je pemocne OBUX FeHETCKUX aJITepallyja BaXkaH, 3a pa3B0j MAIMTHOT TyMOpa HEOIIXOAHO
j€ HajMame TPHU J0 YETUPHU IT'eHETCKE MyTallije, MpeMa TOME 3Ha4yajHu]a je YKyITHA aKkyMyJialnja
MyTalija Hero lBHXO0B penocien y GopMupamy KapiuHoMa. Y HEeKUM CIydajeBUMa MyTHpPaHU
TYMOp CYNPECOPHM TE€HH WCIOoJbaBajy (EHOTUIICKH edeKaT HuaKko Ccy TPUCYTHH Yy
XETEPO3UTOTHOM CTamy, Tj. HEKH TYMOp CYNpPECOpPHU T'€HH HE IOKa3yjy PELEeCHBHOCT Ha
hemjckom HUBOY (50).
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VYKIJbyunBamke MNPOTOOHKOT€HA M HWHAKTHBALM]y TYMOP-CYHNPECOPCKHUX T€Ha, IOBOAU [0
KJIOHAJHE €KCIaH3uje TpaHchopmucaHux henwja m pa3Boja KaHIEpa, U MPEACTaB/ba KIbydHE
KOpake y HaCTaHKy HEOIIaCTUYHOT (DeHOTHUIA KOjU TOKOM BpeMEHa CTUYE J0JaTHE TeHEeTUYKE
MMPOMEHE, CITOCOOHOCT AaHTHOTEHE3¢ W WHBA3WBHOCT. ['eHOMCKa HECTaOMIIHOCT HAcTaje Kao
nocjenuIa MOCTeNeHe akyMyJanyje MyTalyja y TeHUMa KOjH peryiuuly npoiudepanujy u
mudepeHIjannjy enuTenHux hemvja. BaxkHy ynory y HacTaHKy KapImHOMa KOJIOPEKTyMa
uMajy TpH IyTa T€HOMCKE HECTaOMJIHOCTH: XpOMO30oMcka HectaOwmHocT (eHria. CIN/
Chromosomal instability), MukpocaTeauTHa HecTaOMIHOCT U MeTunatopcku ¢geHorun CpG
octpaara (53).

1.5.1.1 TpaguumoHAJIHM YT

Cymnpecopck WM TPaJAWLMOHAIHU MYT KOJOPEKTAJIHE KapLHUHOTE€HE3€ YCTAHOBJbEH je Off
crpane deapon-a u Borencreun-a (50). 3acmysxan 3a pazBoj @All-a u 60-85% cnopaguanux
KOJIOPEKTAJTHUX KapIMHOMAa j€ KOHBEHIIMOHAJIHM MOZEN pa3Boja TyMoOpa, KOJU BOIH 1O
HACTaHKa XpOMO30MCKH HecTabunHux Tymopa (CIN ¢enorun/enrn. Chromosomal instability
phenotype), OMTHOCHO TIPEKO aJeHOMAa 0 MUKPOCATEIUTCKH cTaOmiHuX (eHm1. Microsatelite
instability-MSS) xapuunoma (54,55).

MornexynapHu 00pasall OBHX MAJMTHUTETA OJJIHKYj€ XPOMO30MCKa HECTAOUIHOCT, MIPETEKHO
Ha: 5q (APC ren/ enrn. Adenomatous polyposis coli gen), 8p, 17p (TP53 ren/enrn. Tumor
protein P53, cellular tumor antigen p53 gen) u 18q, ream DCC (enrn. Deleted
in Colon Carcinoma), SMAD2/DPC2 (eurn. Mothers against decapentaplegic homolog
2/Deleted in Pancreatic Cancer-2) u SMAD4/DPC4 (eurn. Mothers against decapentaplegic
homolog 2/Deleted in Pancreatic Cancer-4)), koja 00yxBaTa HeCTaHaK WJIH aMIUTH(PUKALIN]Y
XpOMO30Ma, aHEYIUIOWAH]Y, TPAHCJIOKAIMje W HEJOCTaTaK XETEePO3UTOTHOCTU. AJTepanja
Tymop-cymnpecopckor APC rena Tj. meroa auchyHkiuja omoryhaBa majby mporpecuje
TyMOpa ¥ HaCTaHKa KaHIIepa, 1la Ce CMaTpa rJIaBHUM MOKpETayeM y pa3Bojy Manuraurera (47).

APC cynpummpa [-KaT€eHWH KOJU KOHTPOJHIINE MHUTPATOPHY aKTUBHOCT (moBehaBa
a/IXe3UBHOCT henuja Ha MOBPIIMHM EMHUTENa U UM YIIOTY Y €KCIIPECHjU IPYTUX MIPOTEHHA KOjH
ctumysairy neo0y hemmje). Kako henuje murpupajy xa asymeHy IpeBa, TyOUTaK MOBPIITHHX
henuja je HeomxonaH 3a OJpXKaBamke PaBHOTEXKE y MpoAyKiuju hemuja y 6azama KpHIITH,
aktuBHOCT APC reHa ce moBehaBa, mTo AO0BOM 710 TI0jadyaHe MporpaMupane henmjcke cMpTH.
VYxonuko je APC perynaropuu myT omreher Hema afekBaTHe MUTpanyje henrja ka moBpIIMHU
J0J1a3U 10 BMXOBOT HAKYIUbaha ITO MOXKE OMTH TOBOJHHO 32 TIOYETAK aJICHOMATO30T pacTa u
cMarpa ce paHuM U nHuLUpajyhum norahajem y kapunnoreresu. OBe MyTaliyje Cy 4ecte U Koa
Majux OCHUTHUX TOJIMMA, Hana3e ce KoJ oko 80% KOJOpEeKTaTHHX U MPUCYTHE Cy Y PaHUM
CTaaujyMuMa IITO je MOTBphyje Xumore3y Ja cy noBehana aaxe3uBHOCT U IyOUTaK amorTo3e
y3pokoBanu omrehemem APC myTa (52).

VY nouerHuM (pazama pa3Boja TymMoOpa M 'y ajbeM HalpelIoBamby MAIUTHUTETA, KJbYUHY YIIOTY
Urpajy TUIHYHE MpoMeHe MpoTooHkoreHa K-ras, yapyxkeHo ca ryoutkom yiore reHa DCC,
SMAD2 u SMAD4, koju 101aTHO CIIpevaBajy nmporpaMupany heinjcKy cMpT, U TI0jaBJbY]y Ce
y paHoj ¢a3u kapuuHorenese (47).

Cnenehu renercku norahaj y tpancdopmaruju henmja je aktuBauuja RAS rena (enrn. Rat

sarcoma). BRAF (enrn. B-Raf proto-oncogene) u3MeHe y reHMMa Cy Takohe NMpuCyTHE y
MOYETHOM CTaJMjyMy HEOIUIacTHYHe TpaHchopmaimje U kao U RAS onroBopue cy 3a
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noBehame henujcke mponudepanuje. ATeHOMHU Ydje Cy TUMEH3Hje Mame o 10 mm camapike
ucnon 10% K-Ras (enrn. Kristen rat sarcoma viral oncogen homolog) unu N-Ras (eHrm.
Neuroblastoma rat sarcoma virl oncogene homolog) myTanuja Koje Cy IpUCyTHE y BHUIIE O
50% anenoma Behux ox 1 cm M KOJOpEKTaIHOM KapiuHOMY. IbuxoBa mojaBa y KacHHjUM
MOP(QOJIOIIKAM CTaMjyMHUMa YyKa3yje Ja penociea MyTaludja WMa 3HadajHy VIory ¥y
KapIUHOTEHE3U KOJIOPEKTATHOT KapUITHOMA.

Ca pacToMm ajzieHOMa J0J1a31 10 TyOHTKa qyror kpaka 18 xpomo3zoma (18q) mito ce Hanasu Kox
75% xonopekTanHux kapuuHoma, 50% y3HanpenoBanux u camo 10% paHux ageHoma u ykaszyje
Ja TOCTOj€ jOoII HEKH TeHETCKH jaorahaju y Mop(QoIOIIKOj MPOrpecHju y3HAIpEeAOBaIUX
afgeHoma y panu kapruHoM. [Toctoje nokaszu na DCC, SMAD4 u SMAD?2 u renu Ha 18q umajy
ynory y kapunHorere3n. DCC je moBpIIHU IPOTEHH KOjH JIeTyje Kao TyMOpP CYIPecop 0K Cy
SMAD4 u SMAD?2 y wuntepakuuju ca tpanchopmumyhum daktopom pacra B (eHrd.
Transforming growth factro [) myTeM KOJUM CyNpUMHpAjy HOpMaiaH henujcku pact u
YYECTBY]Y Y TpaHCPOpMaIIHjH Y y3HAIIPEAOBAJIC aJIEHOME.

Cneneha ¢asza y mporpecuju Ka MaJUTHHTETY j€ TpEICTaB/heHAa HW3MEHaMa Ha P53 wim
HECTaHKOM KPaTKOT' Kpaka Ha ceJaMHaeCTOM XpoMo3oMy. TyMop-cynpecopcky TeH NpucyTaH
je y mame on 10% panux cragujyma ageHoma, 30% y3HampenoBanux ageHoma u 75%
KapIMHOMa, KOj! M3a3uBa mporpamupany hemmjcky cMpT kao oaroBop Ha omrteheme hemuja
IITO CyTepHIle Ja UTpa KJIbYUHY YJIOTy Y MaJurdoj Tpanchopmanuju hemmja (56,57).

IIpema Tome manurHa Tpancdopmaiyja Tj, mpenaszak OCHUTHE Je3Hje y UHBa3UBHY OOJIeCT je
MOMEHAT Kajia ce femnraBa u3mena Ha TP53 reny (47).

1.5.1.2 MyTaTopcku myT

Ha ©0a3u wmomekynapHux oOenexja KOJOPEKTATHH KapIMHOMHU Cy TIOJIeJbeHH Ha
MHUKPOCATETUTCKH cTaOwiHe M HecTaOmiHe Tymope (58). 3a pasnuky o7 XpOMO30MCKe
HECTaOMJIOHOCTH KOJI MUKPOCATEJIINTCKE HECTAOMIIHOCTH HUCY MHAECHTU(QHKOBAHE MPOMEHE y
Opojy H CTPYKTYypH XpoMo30Ma. MUKPOCATETUTHO HECTAOUIHH MAJIUTHUTETH ce (HopMUpajy
mpouecoM Mmyrtatopcke kapuuHorenese. MSI tymopu (15%) ce kapakrepully HapyUIeHUM
MEXaHU3MOM 32 KOpeKUHWjy HempaBuiHo crmapenux Oaza y HHK (enrn. Mismatch repair
Mechanism — MMR) mTO HOBOAM [0 HaroMWiaBama MyTalMja Tj. JI0 CTBapama
XUIIEPMYTHPAHOT TeHOMa-MyTaTOpHH (penotun (54).

MMR 6enanueune: MLH1 (enrn. Mutl Homolog 1), MLH3 (eurn. MutL Homolog 3), MSH2
(errn. MutS Homolg 2), MSH3(enrn. MutS Homolg 3), MSH6 (enrn. MutS Homolg 6), PMS1
(errn. Postmeiotic Segregation Increased 1) u EXO1 (enrn. Exonuclease 1) onpehenu cy
TeHETCKUM CeKBeHIlaMa y okBupy MMR-a. Jlo HenmpaBWIIHOT paja 101a3u yciaea qeakTUBaIfja
HEKoT o1 oBUX reHa 3 MMR cucrema, 300r COMaTCKMX U T€pPMHHATHBHUX MYyTallfja WU j€
MOCJIeIUIIAa EMUTEHETCKOT mpurymwuBama. [Iporeman MMR  cucrema  dopmupajy
XeTepoAUMEepHE KOMIUIEKCE KOjU ce Be3yjy 3a noapyyja usmemene JJHK u 3anounmby nonpasky
(59). HedunmrapHo mompaBsbamke MOTPENTHO CHApeHHX 0aza JOBOAM 10 BapHjaOMIIHOCTH
nyxuna perumoHa [IHK koju ce Ha3zuBajy MHUKpOcaTeNUTH. MHKpPOCATEIUTH Cy KpaTke,
noHoBJbeHe HykieoTuaHe cekBeHue y JHK, nyxune 1-6 6aznux mapoBa koju uuHe 3%
XyMaHor renoma (60).

Bapujabunnoct BUXOBUX dy>KHUHA, 01 henuje o henuje, ce ornena y \UXOBOM ckpahuBamy u
npoayxemwy. Y Hajpehem Opojy ciydajeBa A0ia3H 10 MPOMEHE y Ty>KUHHU JTUHYKICOTUIHUX
MMOHOBAaKa HYyKJICOTH]IAa IMTO3MHA M aJICHUHA. PerinkaTuBHA Tpelika JOBOIU 10 MyTaIja Koje
NOMEpajy OKBHp YHUTama LITO JOBOJAM 1O M3MEHE WJIM HHAKTHUBAILMje BAXXHUX TYMOP
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cynpecopaux rexHa. Kao mocmemunia, renn koju umajy mukpocarenute TGFBRII (enr.
Transforming growth factor f receptor 2), EGFR (eurn. Epidermal growth factor receptor),
Bax (enrn. Bcl-2 Associated X protein) cy 4eCTO MyTUPaHH KOJ KOJOPEKTATHOT KapIIMHOMA.
MSI ¢enotun je KapakTepucTH4aH 3a QaMHIdjapHe KapiuHOME. MHUKpocaTeiauTHa
HECTa0MITHOCT Takohe NpeNCcTaBba M TJIABHY MOJICKYJIapHY KapaKTePUCTUKY HACJICTHOT
HEMOJIMIIO3HOT KOJIOPEKTATHOT KapIIMHOMA IMO3HATOT Kao JInH4oB cuHapoM u cpehe ce kao u
y3po4HH (HaKTOP Pa3IMUMTUX KapIIMHOMA jajHUKA, KeTyla U eHaomeTpujyma (54).

1.5.1.3 MeTnj1aTOpCKH MyT

OuyBame MOCTOjaHOCTH I'eHoMa TocTike ce Metmwianujom JJHK, emurenerckum mporuecom
KOJH PEryJuile NreHCKY aKTUBHOCT U JIOBOAM 110 eHe cymnpecuje. CpG ocTpBLa (€HI. citosin
preceding guanine CpG) cy IpUCyTHA y MPEKO MeIECeT MPoleHaTa MPOMOTOCKHUX IeHa, KOja Cy
y MaJIMTHUM TKMBMMa METHJIOBAHA, a YMHE JieJIoBe reHoma ca MHomTBoM CpG qUHYKIIeoTH A
KOja Cy YIJaBHOM HEMETHJIOBaHA Yy 3ApaBUM NeNnujcKuM CTpyKTypama. ,Enurenercka
HECTaOMJIHOCT® HacTaje yciell NPUTyIIMBamka MeHETCKOI MPENUCHBakba METUIOBAHUX TEHa,
Koje je y3pokoBano metunamujom CpG octpBama. AbGepaHTHA TEHOMCKa METHIIAIM]ja TOBOIU
70 KaplMHOTE€HE3€ MPEKOo Jeperylaiuje eKcrnpecuje KJbydyHux reHa (61). Merumarujcku
¢enotun CpG CEKBEHLM Y KOJIOPEKTAIIHOM KapIMHOMY IpEICTaB/ba KapaKTEPUCTHKY KoOja
JIOBOJIM J10 €MMI'€HETCKE HECTAOMIIHOCTH KPO3 XUIEPMETUIIALN]Yy IPOMOTOPA U MOTUCKUBAKE
TYMOP-CYIIPECOPCKUX TeHa, Kao mTo je MLH]1, jenan o reHa ykJby4eHUX Y MONPABKy Tpeliaka
y AHK (MMR reHna) (62).

MasnuranteT OpMUpPAHHU HA OBAj HAYMH, Ca MOJICKYJIAPHOT TJICTUINTA, OJUTHKY]Y C€ BEITUKUM
nporieaToM BRAF mytamumja no 90%, K-Ras myramuja, a mory ce jaButu kao MSS nnmu MSI
tymopu (63). IlaTomomku npexypcop y CIMP Metunatopckom myTy je CECHIIHU Ha3yOJbeHH
anenoM, camuM TiM CIMP TymMopH HcKasyjy cBojy 0COO€HOCT KpO3 THII ITPEKYPCOPCKE JIe3H]je
13 KOje ce pa3Bujajy, oonukyjyhu tako 'serrated pathway' (64).

,»3YITUACTH IMyT" je moceOaH HAYMH KapIIMHOTEeHE3€ KOJIOHA M PEKTYMa, Y CYIITHHH j€ MyTallija
y BRAF reny, a no0uo je HasuB mpema CKyIy ,3yn4acTux TymMopa KOjU CTHUY
MHUKPOCATEIUTCKY HECTaOMIHOCT M TIOBE3aHM Cy Ca MPUIUYHO YOp3aHUM pa3BOjeM O]
NPEKypCOpCKe Jie3rje 10 MAJIMTHHUTETa. 3alakeHO je Jla ce OBa MyTallMja jaBjba PaHO y
,3ymaacToMm nyTy* u na uaaykyje aktuBanujy MAPK/ERK (enrn. Mitogen-Activated Protein
Kinase/Extrcellular signal-Regulated Kinase) myta ca TOCIEANYHOM HEKOHTPOJIHCAHOM
neobom hemuja. Jlok cy myrtammje OBOT TeHa 3HATHO pel)e y KOHBEHIIMOHAIHUM aJICHOMUMA,
YOYEHO j€ J1a jé OH MyTHpaH y BehuHu ,,3ymyactux ageHoma™ (65).

BRAF B600E myranmja je cHaxkHO moBe3aHa ca xunepmerunamujom MLHI rena y 20,3%
HekJacupukoBanux u'y 18,7% crnopaanyHux KOJIOPEKTAIHUX KaplIHMHOMa. XHUIIepMeTHIalnja
MLH1 y MSI-ciopagnyHOM KOJOPEKTaIHOM KapiuHoMmy je Hahena y 83-100% cmyuajeBa (66).

CIMP ce Moxe MOAETUTH y 3aBUCHOCTH OJ HHBOA CHHXPOHHMX XHIIEpMETHIIAIMja KOje ce
jaBspajy Ha HeKOIMKO CpG CeKBEHIIM JIOKAJTM30BAHUX Y HEMTOCPEIHO] OJIM3UHU TPOMOTOPCKOT
peruoHa rexa cymnpecopa, u To kao Huzak (CIMP-L), Bucok (CIMP-H) unu nerarusan (CIMP-
0) (62). CIMP-H, koju ce yecTo JoKanu3yje y MpOKCHMATHOM KOJIOHY, Yenihe ce jaBjba KOJI
KEHa M y CTapHjeM >KMBOTHOM 1100y, MOKa3yje JommMjy nporosy y nopehemy ca CIMP-L
(cponan ca K-Pas m3amenama) u CIMP-O (yuecrane uzmene TP53). Mana ydecranoct myTaiyja
TP53 rena u Bucoka yuecranoct BRAF myranuja, y3 neaktuBaunjy WNT/B-catenin curnaasor
nyta (eHri. Wingles-related integratio site - Catetin pathway), onmukyjy CIMP-H xoju je
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ydyectasio npucytad y MSI MamurauTeTy Ha MosieKyJapHOM HUBOY. Kao Omomapkep 3a
npeaBuhame UCXOoda M eBalyallljy OJIroBOpa Ha XEMHOTEepamujy Koja KapIHHOMa Jedeor
1IpeBa KOPUCTH ce cTaTyc xunepmetunamuje reaa u3 CIMP nanena (67).

1.5.2 IIpouec MeTacTasupama

Hexontponucano nosehame Opoja henmja u nmpeKrUBIbaBakbe MOJCTAKHYTH CY TEHETCKUM H
eMUIreHETCKUM MOJU(HKAIMjaMa KOje ce HarOMHJIaBajy y CIIOPaIUyHUM, MPeIKaHIEPO3HIM
ne3ujama. [Iporec koju cieau je akymyinupame MHBa3UBHHX W METAaCTATCKUX OJUIMKA, KOje
omoryhaBajy najme mmpeme henuja kapuumHomMa. MexaHuW3aM —eMUTEITHO-ME3EHXUMHE
tpamsuuyje (EMT) urpa xspyuyHy yJjory y pa3Bojy WHBA3WBHOI (DEHOTHIIA, TOKOM KOjer
enuTeaHe henmuje mpernasze y ME3CHXUMAHU (PEHOTHII, IITO MPEACTaBsba CIOXKEH helnjcKu
noctynak. [Toctoje Tpu Bpcre EMT: a) TokoM eMOproHamHOT pacta u opraHorenese (68), 6) y
MpoIIeCy 3alle/buBama paHa u oprancke Gudpo3e u 11) 3a BpeMe WHBa3uje KapuuHomMa (69).

Tpehu Tun EMT urpa kibyuHy yJory y mupemy TYMOPCKHX henuja U BHX0BO] CIIOCOOHOCTH
Jla IPOJIPy Y OKOJIHA TKKBA U (OPMHPAjy MeTacTase y yAaJbeHUM OpraHumMa Tj. IOBE3aH je ca
dbopmupamem mpogopHor U Mmertactarckor ¢enortumna (70). Pa3Boj arpecuBHOTr (heHOTHIIA
omoryheH je ,,pa30ujameM* TECHUX Be3a LIPEBHOT eMUTEeNa, HApyIlIaBamkheM aliKaTHO-0a3aIHOT
MOJIApUTETA M TIPEOOTMKOBAakEM hellrjCKOoT CKeleTa, Kpo3 Koje KapIIMHOMCKe hemmje mposiase
3a Bpeme EMT-a. EMT mnpyxka kapumHoMckuM henmjaMa MoryhHocT apamraiyje Kpo3
KOHCTAaHTHE HW3MEHE TYMOPCKE MHUKPOCPEIMHE W Ha Kpajy IIHpeme, jep je y henmjama
KapIMHOMa aOHOPMAaJIHO peryjrcaHa BaHheIMjCKUM CTUMYITyCUMa TyMOPCKE MUKpPOCpEIUHE,
oOyxBaTtajyhu akxrope pacta u 3amajbeHCKE ITUTOKHWHE, Ka0 M YHYTapTYMOpPCKE M3a3uBaue
nornyT xunokcuje (71). Ilponec EMT moxpasymeBa BpeMEHCKH KOOPAMHHUCAHY Capaamby
KOMILIEKCHE MPEXKe MOJIEKYJIapHUX CUTHATHUX TyTeBa U perynaropa, npu ueMy TGFB u WNT
/B-catenin CUTHAJIHM KacKaJHH MEXaHU3MH MIpajy KJbYUHY YJIOTY y MHUIMPAIY EMUTEIHO-
Me3eHXHMHe TpaH3unuje. OBH €JIeMEHTH Cy pa3BpcTaHu y Tpu kareropuje: EMT edexropu-
epexTopHn Monekynu koju crpoBoge EMT mporpam, EMT perynatopu-TpaHCKpUNIIMOHH
(daxTopu koju koHTposuiy EMT nporpam u EMT ctumynaTopu —ekcTparnenyaapHi CUTHAIN
koju nokpehy EMT curnan (72).

1.6 KiimHHM4YKa nmpe3eHTanmja KOJOPEeKTAJHOI KAPUMHOMA

Ca mgujarHo3om ce 300T He yOeIJbMBE KIMHHYKE MPE3CHTAIlMje Ha MOYETKY OOJECTH YeCTO
KacCHH, PasJIor JIEXKH Yy CIIOPOM pacTy, TAKO Ja KOJOPEKTATHU KapIMHOM IIpe 10jaBe CUMIITOMA
MO’K€ OMTH U JI0 MET rOAHA MPUCYTaH. Y 3aBUCHOCTH OJ1 IPUMAapHE JIOKaJIN3allje KapIuHOM
KoJiopekTyma he ce manugecToBatu oapeheHOM IpyrnoM CHMIITOMA, 32 Pa3iIMKy O]l OHHX ca
ACUMTOMATCKOM KJIMHHUYKOM CJIMKOM KOJU YIJIABHOM HMajy OKYJITHO KpBapeme Koje je
IIPONOPLIMOHAIIHO BEJIMYMHU KAa0 U CTENEHY er3yinepucaHoctd Tymopa (73). Paznuka y
MOPQOJIONIKO] CTPYKTYpU TYMOPa Y TIPOKCUMAITHOM U JIUCTAITHOM JIeTy 1e0esor 1peBa, MOXe
Jla yKa)ke Ha BPCTY CUMIITOMa OOJIECTH KOjH Cy y BE3H ca JIoKanu3aiujoM Tymopa (74).

IIpe Hero mTo ce CHMOTOMH I0jaBe, MATUTHUTET MPOKCHUMAIHOT, OJTHOCHO JIECHOI KOJIOHA,
KOjH 3aXBaTajy LEKyM, aClIeHJIeHC U TPaHCBEP3yM, MOpajy noctuhu Behu pact y nopehemy ca
KOJIOPEKTATHUM KapIIMHOMOM CUTME W pekTyMa. TymMOp MpOKCHMAajHE TIOJIOBHUHE e0eror
1peBa je nponudepaTHBaH, er30pUTUYHOT pacTa KOjU HE MpaTHh pacT CTPOME Ma Cy KPBHH
CynoBH (parvwyiHd M OKYJITHO KpBapewme JA0BOIU J0 ManokpBHocTH (75). Hajzactymmenuju
CUMIITOMHM TIPOKCHMAJHOT Jejda Jae0enor mpeBa Cy IMOCIeANla MaJOKPBHOCTH ycCIen
HEJI0CTaTKa rBOkha v MPE3eHTYjy CE€ OMIITHUM CUMIITOMHUMA Kao IIITO Cy CIa0d0CT, HelOCTaTaK
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naxa u 0on y rpyauMa. PeTko ce crosmia 300T KpBapema U3 TyMopa MPOKCUMAITHOT KOJIOHA
Ipe3eHTyje kao ,,Maxaronu” ¢erec. HemarogHoct y abnoMeHy U nanmnabuiiHa Maca MOTy ce
nmojaButu ca mobehamem Tymopa. Mimeyc TaHKOT IipeBa MOKE€ HACTaTH ycien Oyiokasne
0ayXxHHH]jeBE BaJIBYJIE, IPOY3POKOBAH MAJUTHUTETOM Y LIEKyMY, HaKO 3a4eIJbeHhe JIyMEeHA HUje
TUIAYHO 32 KOJIOPEKTAJTHU KapIIMHOM OBE peruje 300r Beher paaujyca meKkyMa u aclieHIeHca
(76,77).

KapunHomu 71€BOT KOJIOHAa KOTa YMHE CUTMa M IECLEH/ICHC YeCTO MH(DUITPUILY 1160 O0UM 3uia
1IpeBa y3pOKyjyhu ONCTPYKTHBHE CMETH:-E jep j€ MPEUHUK Je0eNIor peBa y OBOM eIy Mambu
nopehemeM ca MPOKCHMAIHUM KOJOHOM. 3amajbemhe MEPUTOHEYMa je€ H3Y3€THO peTKa
MoCJIeInIIa KapIimHoMa U 1o TpaBuiIy ce fgoraha 300r nepdopanyje 3u1a KoJIoHa, YIITaBHOM Y
nekymy (78). Ilocne jema mory ce jaBUTH aOnOMHMHAIHM OOJIOBU KapakTepa KOJIMKE Kao U
MIPOMEHE Y IPEBHOM NPaXXibey. AOTOMHHAIHE KOJIMKE HATIIO MOYHEbY Ca IPOTAraliijoM jakKux
00J10Ba KOjU C€ IPOIarupajy Iy>k KojJoHa 0 MecTa cTeHo3e-/lyBanose konuke. Hekana y ryrom
MIEPUOTY j€ IPUCYTaH 3aTBOP, Ca TIOBPEMEHOM CMEHOM TEYHUX CTOJIHIIA Ca MAJIOM KOJTHYUHOM
¢eneca. CBexxa KpB IOMEIIIaHA Ca CTOIUIIOM IPETEKHO ce BHl)a KO/l KOJIOPEKTAITHOT KaplIuHOMa
JIEBOT KOJIOHA M TMPaBOr IPEeBa CaMUM THM XEMaToxe3Wja je ydecTalihja y IUCTaTHOM
MO3UIIMOHHUpay TyMOpa. Yciel CyKEHOT JIyMEHa I[peBa CTONHIlA MONpuMa OOIHMK OJIOBKE
(76,40).

Kaprmaomu npaBor npeBa MOTy HHOUITPUCATH OKOJIHE CTPYKTYpE Kao IITO Cy 3ua MokpahHe
Oelrke, BarnHEe M HEPBE, pe3yNTyjyhn nepuHealHuM WU CaKpaIHUM O0JIOM, ajld Y OAMAKIIO]
¢as3u 6onecTr. 3HATHO yYECTAIMjU Cy ONICTPYKTUBHA CHMITOMH, IPOMEHE Y MIPAKILCHY IPeBa
YKJbYuyjyhu 3aTBOp, TE€UHE CTOJIHIIC, JIAXKHE I03UBE HA CTOJHILY Tj. TEHE3ME UJIM XUTHE ITO3UBE
Ha cTouIty Tj. yprenuuje (76,79).

Kox mnanux tpeba mpuhu ca moceOHOM MakKEkOM aKO Cy CUMITOMH NPHUCYTHH a MPUIAAAjy
IPyIH ca BUCOKHM DPH3MKOM O000JbEBamba, HAPOYUTO OHHM Ca IO3UTHBHOM ITOPOAMYHOM
aHaMHE30M M JYrOTpajHOM HCTOpUjoM HH(rIamatopHux OonecTH IpeBa 300r cBe Behe
MHIOWCHIIC MaJMTHUTETa KOJIOHA W pekTyMa y mitahoj momymanuju. MaloKpBHOCT c€ KOA
CTapHjuX BeOMa 4eCTO JOBOJH y BE3y Ca MAJIOKPBHOCTH Y XpPOHUYHHM OonecTuMa, MehyTum
Ha TYMOp KOJIOHa TOce0HO Koa oHuX mnpeko 40 roguHa yBek Tpeba pa3MHUIIJbaTH aKoO Ce jaBe
XeMaTroxe3uje WM aHeMHja ycliel HeJocTarka rBoxkha.  3aro mrTo audepeHnujasHo
JIMJarHOCTUYKHU JI0J1a3e y 003up MHOTra 000JbeHa, KIIMHWYKA CIIMKAa MOXKE OWTH TOTPEITHO
NPOTyMa4yeHa U TO Kao, JWBEPTUKYJI03a KOJIOHA Koja ce MaHH]ecTyje aboMUHATHUM 00JI0M,
NPUCYCTBOM KPBH y CTOJIMIH, TPOMEHAMa y MPaXmElhy NpeBa, UpUTaOmiIHa 0oJecT Ipesa,
abZOMHHAJIHE KOJIHMKE Ca MPOMEHOM Y IPEBHOM MPAXKI-EHY alld U XEMOPOUIM Ca PEKTATHUM
kpBapeweM (77,80).

JlujarHosa y ciiy4ajy ypreHTHe Mpe3eHTaluje Tumna nepdopaiimje, orncTpyKTUBHOT HIIeyca HIH
BEIIMKOT KpBapema Ouhe TMocTaB/heHa Ha OMEpalMOHOM CTONY jep Cy TO HHIUKaIUje 3a
HEOMJIOKHY XMPYPIIKY HHTepBeHIH]Y. Ko cTapujux ocoba je HapounuTo U3pakxeHo MPUCYCTBO
CHJIEpOIIeHU]CKe aHeMuje 300r neduiuTa reoxha, K0jy XeMaToJIoIKe aHAIN3€e Y KPBHO) CITUIIH
ydecTaso mokasyjy (81).

VY ciydajy CceKyHIapHHMX J€MO3MTa, BPEIHOCTH OMOXEMMjCKHMX IapaMerapa cy yBehane,
MehyTUM He MOpajy ce TOKJIamaTd ca MaKpPOCKOTIICKMM Haja3oM Ha jeTpu. BpemaHoctu
JUPEKTHOT M YyKymHOr OwinupyOuHa, TpaHcaMuHa3a, aikajgHe QocdaTtaze U Trama-
rryraMunaTpadcdepase, kKao OMOXEeMHUJCKMX TapameTapa (yHKIUje jeTpe, OOUYHO Cy Y
pedepenTHnM rpanuniaMa. [Tonekan je moBHIeHa 1 JIAKTaTHA IEXUIPOTeHa3a, a eIeKTPOIUTHU
nopemehaj u3a3Ban IyrorpajHoM AujapejoMm ce Mopa kopurosaru (82). CTeneH panmpeHoCTH
TyMOpa, TYMOpPCKa JIOKaJH3aIja U KIMHUYKA Mpe3eHTalrja 00JIeCTH MOKa3yjy CTaTUCTHYKU
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3Ha4ajHy MOBE3aHOCT. Tako MaJIOKPBHOCT, OOJIOBU M ypreHTHA MpEe3eHTAIfja Cy MOBE3aHu ca
BummM TNM craaujymoMm (KapakTepucTHKa TNpUMapHOr Tymopa-T, craryca mauMQHHX
yBopoBa-N U €BEHTYaJIHOT NPUCYCTBa MeTacTa3a-M), TOK Cy KpB y CTOJIMIMU U JIaKaJu3aluja y
IMCTATHOM Jieny aebernor 1pea ca HuxuM TNM cragujymom (75). KpB y denecy u npomene
y IpaKEHY 1IPEeBa 3Ha4ajHO KOPEIupajy ca KOJOPEKTAITHUM KapLIMHOMOM JIEBE CTpaHe, IpeMa
HCTPAXMBABUMa, JIOK jé MUKPOLIMTHA aHeMHja dyenrhe rmoBe3aHa ca TyMOPOM JECHOT KOJIOHA.
Kinunanuka npe3eHTanuja oOyxBata 00JI0BE Y CTOMAKy, IPUCYCTBO CBEXE KPBH y (delecy uiu
mpoMeHe y mpaxmemy IpeBa kox 50-70% obonenux, mok ce konx oko 30% mammjeHara
JMjarHo3a OTKpHuBa ciry4ajHo (74).

1.7 Knacudukanmja KOJOPEKTAJIHOT KAPIUHOMA

Y muspy onpehuBama craaujyma TyMopa MpeaIoKEeH! Cy OpojHU KiIacU(UKAIIMOHH CUCTEMH,
anmn ce Hajuemhe kopucte Jlyke knacupukanmja (83), TNM xkmacudukammja Cercke
3npaBcTBeHe opranuzamuje u Astler-Coller kmacudukammja (84). C o63upom Ha TO Aa je
npeoneparuBHo onpehusame TNM craaujyma koMmiuiekcHo, caBpemena TNM knacudukanyja
ce oclama KaKo Ha TMpeolepaTHBHE KIMHUYKE Hala3e, Tako W Ha OIEpaTUBHE Halase, y3
JeTajbHy IMATOXUCTOJIONIKY aHaiu3y pecekara. OBaj cuctem oOyxBara MpOLIEHY HAa OCHOBY
ocobuna mpumapuor tymopa (T), craryca nmumduux uBopoBa (N) m Moryher mpucycTta
MeTtacTaza (M) (85).

OcobunHe mpuMapHOr Tymopa aeduHHIIe cTeneH WHuUITpanuje 3uaa aecdemor mpesa, 6e3
003upa Ha BHEroBe JAUMEH3Hje. 3a KBAIUTETHY MPOLEHY CTaIdjyMa CaBeTyje Ce HCIUTUBAE
HajMamke [BAaHACCT PETHOHATHHX JHUM(HUX JKJIe3/1a, MpH YeMy JTUMQPOHONAIHU CTaTyC
IpHKasyje IoroheHoCT THX KJie31a U Opoj OHUX Koje canpike nenosute (86). [lyTeBu mmpema
KOJIOPEKTATHOT KapIMHOMAa YKJbY4Yjy JTUM(OTCHH M XEMAaTOTEHH IyT, Ka0 U HIUPCHE per
continuitatem Ha CyceJlHEe CTPYKTYpe Kao IITO Cy TAHKO WK J1e0eo peBo, MokpahHa Oerirka,
Marepulia, uiu TpancieaoMudno. C 003upoM n1a HajBehu €0 BEHCKE KPBU U3 J1e0ENor 1peBa
OJUla3u y TOPTHY BeHy, Hajuemthe meracraze cy y jerpu (87). Meracrtase petko morahajy
MaHKpeac M cpIie, oK uenihe 3axBarajy TuMQHe 4BOpPOBE, MO3aK, CIIE3UHY, KOCTH, IEPUTOHEYM
u miyha, a HAaUMH METacTa3upama yCIOBJbEH j€ XMCTOJOUIKUM TUIIOM MaJUTHUTETa J1e0enor
upesa (88). Jlumdporenu nyt mupema je npucytan kog 40-70% KoJOpeKTaNHUX KaplIMHOMA, a
3axBaheHun TuMQpHE YBOPOBU OOWYHO mpaTe KpBHE cyaoBe. Koj kapimHoMa pektyma, 0OM4HO
cy 3axBaheHu nmapapeKxTaiIHu JMMGHA YBOPOBH, YBOPOBU HA OM(YypKAIHjU TOHE ME3CHTEPUIHE
apTepuje, XWUIMOTAaCTPUYHU U IMpecakpasHd JTUM(GHU YBOPOBU. JIMCEMHUHALMjOM IIyTeM
KpPBOTOKa OOMYHO HACTajy ACMO3UTH Yy jeTpH, miyhuma m xoctuma. [Ipema TNM cucremy,
CTaJjyM MaJUTHUTETa ce yTBphyje u obenexana y okBupy ox I go IV (89).

[IpemMa XHCTOMATONOIIKOM Hajlazy OTKPHBAjy C€ MeTacTase y IMCTAIHUM OpraHuMa, IITO
UCKJbYyuHBO yTBphyje maronomku M (pM) (90). IlorpeOHO je YCTaHOBHTH Ja JIU JICTIO3UTH
orepabuIIHE WK HE, YKOJIUKO CY JeIMHO MPUCYTHHU Y jeTpu. OnepabuiiHe MeTacTase ce jaBibajy
y oko 20-25% ciyuajeBa, a EUXOBOM PECEKIIMJOM C€ OCTHUKE TETOrOJUIIHE MTPEKHUBIbABAE
y 27-30% ciydajeBa, JAOK je JECETOTOJMINI-E MpEKHBIbaBame 3adenekeHo y oko 20%
ciydajeBa (89).

O mocrojamby M BaXKHOCTH MUKpOMETacTasza y JUM(HUM >KiIe3/1aMa KoJ KapIiHoMa Jiedenor

IjpeBa BOJIe ce OpojHE pacmpaBe y NPOTEKINM rognHama. PyTHHCKa HCTpakuBama 3aCHOBaHA
Ha H&E 60jemy 1 MMyHOXHCTOXEMH)CKOj AETEKIIUjH MUKPOMETacTa3a HICY MOKa3ajia 3HauajaH
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KJIMHWYKH 3Ha4aj; MehyTuM, cyrepuiie ce aa OKyJITHE MPOMEHE, OTKPUBEHE MOJIEKYJIapHUM
texuukama nornyt RT-PCR, mory Outu moBesane ca jomom mporao3om (91). Jlok ce He
MOCTHTHE KOHAYHU KOHCEH3yC OKO MHKpPOMETAcTas3a, Npernopyka je Ja Ce XHUCTOJOUIKH
UACHTU(PUKOBAHU TyMOpcKu ¢okycu BenumuuHe of 0,2 mm g0 2 mm kiacudukyjy kao
MHKpoMeTacTasze u o3Have ca pN1 (mi) u pN2 (92).

Tauna mnpeomepaTBHA TPOIIEHA MaJUTHE OOJECTH je moceOHO BakHa jep omoryhasa
IUIAHUPalke M EBalyalljy OIEpaTUBHOI Jieuema. PasnukyjeMo nBa Tuma ojpehuBama
cTaaujyma 0oJiecTd: a) KIMHUYKH — KaJa JeKap Ha OCHOBY Iperjiea, OMOTCH]e U CITPOBEICHUX
BHU3YEIHM3AIMOHUX TUjarHOCTUYKNX TEXHUKA J1aje MPOICHY MPOIIUPEHOCTH MAIUTHE OOJIeCTH
1 0) MaTOJIONMIKK —TavyHHU]€ U JAeTa/bHU]E HAKOH CIIPOBEACHE XUPYpIITKe nHTepBeHIH]je (93).

OnpehuBame cTagujymMa KOJOPEKTATHOT KapIUHOMA 3all0YNbe KIIMHUYKOM JIHjarHOCTHKOM,
3aTUM CJeId XUpYyplIKa WHTpAolepaTMBHA IPOLEHA, a KOHAYHU CTaAUjyM ce yTBphyje
MaTOJIONIKUM aHaJIM3aMa ToCJe onepalje. Y MpolleHW HauyuHa Jieuekha HajBehu 3Hayaj nMa
KJIMHUYKO-UjarHOCTUYKH CTaJHjyM TyMOpPCKE OOJIECTH, JTOK Cy XHUPYPLIKM U TaTOJOLIKH
CTaJNjyM BakKHH 3a Je(UHUCAKE TOCTOTIEpaTUBHOT TpeTMaHa (94).

1.8 IIaToI0MIKHU CTAAMJYM KOJOPEKTAJTHOT KAPIMHOMA

MexaHU3MHU KOjH HaJrenajy CTENeH Mpojiopa TyMOpa M CEKyHJapHE AETO3uTe o0yxBarajy
cuctematuzanujy 1o TNM, Dukes-y u Astler-Coller-y, xoju cy wmely Hajuemhe
IpUMEHUBAaHUM METOaMa 3a KiIacu(puKalujy MaIMraaTeTa aeoenor mnpesa (95).

OO6pa3zarlr pacta 1 MaKpOCKOIICKH W3TJIe/l KapIIMHOMa Je0eIor peBa pasiiuKyjy ce, Hako CBU
HacTajy oA jeaHe 3iohyaHo Tpancdopmucane henuje. TymMopu mpoKCHMAIHOT Jena nedenaor
1[peBa OOUYHO CYy TOJIMITOUTHOT H3TJIea, Ca TCHCHIINjOM pacTa y JyMeH, IIITO MOXKE JOBECTH
710 BberoBe MOTIHYyHE okiy3uje. C aqpyre cTpaHe, KapIUHOMH JUCTAIHOT Aefia Ae0elor IpeBa cy
MH(DUITPATUBHO-YJIIIEpATUBHE Jie3Hje KOje y BHUAY MPCTEHA CYXKaBajy JYMEH U 3aXBaTajy
YUTaBy LHUPKyMQepeHIujy 3ufa, najyhu KIMHUYKY ciauky uieyca. Oba THma cy JIOKAJIHO
nHpuiTpaTuBHa (96).

MumuhHau €710j 3ua 1peBa MpecTaBba KJbYYHH KPUTEPHJYM 3a CTaldpame TymMopa mpemMa
Dukes-oBoj knacudukamnuju, nmpema ToMe HMHBa3MBHA (opMma KapuuHOMa JIedenor LpeBa
uHUITpHUIIE 311 KCTIo MUIIMhHOT ciioja ciry3okoxke. Jomn 1932. rogune, Dukes je nepunucao
CHCTEM 3a MPOILEHY MaTOJOLIKOT CTajyMa 0oJecTu 1 nmojenuo tymope Ha rpyne A, B, Cu D
(97). Tymopu KOju HUCY JaJIA JCTIO3UTE Y pernoHaiHe JuMpHE *KIe3ze, He norahajy win He
MHOUITpULTY MUIIMNHU CJ10j 3MJa IpeBa M OrpaHUYaBajy ce Ha CIY3HUILY U IMOJCIy3HHUILY,
cnanajy y rpyny A. TyMopu Koju HUCY Jajiv JENO3UTEe y perHoHaIHe TUMdHE JKJIe3/e, ajlu Cy
y HeJNOCTH HMHOUATPUCATH 3UJ LpPEeBa U TNEPUKOJUYHO (TIEPHUPEKTAIHO) MACHO TKHBO,
cBpcTaBajy ce y rpymy B. I'pyma C oOyxBara Tymope KOju Cy Jajld METacTa3e y PEeruoHaiHe
nuMQHE YBOpOBe, AOK rpyna D ykipydyje TymMope ca ynajbeHMM MeTacTa3zama. 3HaudajaH
MPEAUKTUBHU (PAKTOp, HE3aBHCHO OJI CTaTyca PETHOHAIHHMX JHUMQPHUX KJIe3da, jecTe
YKJbyUeHOCT MUIIMhHOT cJ0ja y 3uy 1pesa (96).

Paau nperusaujer oapehuBama cragujyma tymopa, Astler u Coller cy 1954. ronune uamenunu
Dukes-oBy knacudukanujy (98), Tako na cy Dukes-oBy rpyny B nmonenwnm Ha moactaaujyme
B1 u B2. ¥ ¢a3u B2, rymop nponupe kpo3 JlaMUHY MYyCKYyJIapHC MpoIipHje, 10K je y ¢a3u Bl
TyMmop Ha wy orpannyeH. Ctaaujym C1 o3HauaBa TyMOpe KOju HHPUITPUITY MUITUNHU CJI0]
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MpoTpHje, Al je He MpoOHjajy, a METacTasupalu Cy y perhuoHaidHe JuMdHE YBOopoBe. Y
cragujym C2 yOpajajy ce TyMOpH KOjH Cy JajH JIENO3UTE y peruoHaiHe JUMQHE Kie3ae
npoOujajy mumuhuu cinoj nponpuje (99).

1.9 Jleyeme KOJIOPEKTAJHOT KAPIMHOMA

VYHpKOC YNHCHULM 2 j€ KapLUHOM KOJIOPEKTyMa TPAJUIIMOHAIHO JICYEH XUPYPIIKUM ITyTEM,
y TOCHeAmUM JCIeHHjaMa JIONUIO je 10 MPOIIMperma Tepamnujckux crtpareruja. OHe cama
YKJbYUyjy paJuMOTEpanvjy W HE0aJjyBaHTHY M aJjyBaHTHY XEMHOTEpanujy, ca LHUIJbEM
moOoJbIlIatha MCXO0Ja W KBAJIWTETAa JKUBOTA TAIlMjeHaTa KOjU Cy TOJBPTHYTH OIEpaIldjH.
VYknamame COIMTapHUX METacTasa y jeTpH | IuryhrMa Takohe uMa BaxkHy YJIOTY Y Tepanuju u
yHarnpehewy KBaIMTETa KMBOTA KOJ| TMalldjeHaTa ca OrpaHMYeHOM MeTacTaTckoMm Oosemrhy
(100-102). IIpeunsno oapehuBame cTagujymMma KapIHHOMa KOJOPEKTYMa UTpa KJbYYHY yJIOTY
y u300py Tepanujckor miana u nporuosu 6osnectu (100,101)

1.9.1 Paguorepanuja

PagnoTtepanuja ce MoOXe MNPUMEHUTH Y pa3nuduTuM (azaMa Jjedyema KOJOPEKTATHOT
KaplMHOMa, YKJby4yjyhu TpeomnepaTuBHy, MOCTONEPATUBHY, KOMOMHOBAaHY KOja YKJby4dyje
npe- W IMOCTONEpPaTUBHY, KA0 M y KypaTHBHE M mMajujaTuBHE cBpxe. Kox KoJopekTamHor
KapIMHOMa, TPUMapHa yJIoTa PaIuoTepaItije je 1a CMambH PU3HK O JIOKATHOT PEUANBA HAKOH
omepauuje, Hapounto y mnauujeHara y II u III cragumjymy OGonectu. IlpeomeparuBHa
paguoTeparndja ce mpuMeYyje y cydajeBiuMa Kaja je moTpeOHO CMakbUTH BEJIMUYUHY TyMOpa U
HETOBY arpecuBHOCT. OBO je HApOUHUTO BaXKHO 3a TyMope ca T3 u T4 cratycowm, jep omoryhasa
panuKaIHy XUPYpPIIKY WHTEPBEHIHM]Y ca BehoM BepoBaTHOhOM MOTITYHOT yKIIamama TyMopa
(103,104).

1.9.2 Xemuorepanuja u reHeTCKO TeCTHPame

Wako Haum3riie[ WIACHTUYHU, KOJOPEKTATHH KAPIMHOMH IOKa3yjy BEIUKY pa3IUYUTOCT Yy
HoryIely KIMHMYKOT TOKa OOJiecTH, NPOTHO3€ M OCETJBMBOCTH Ha Jiedeme. JleTasbHo
pa3yMeBame MOJICKYJIApPHO-TeHETCKUX KapaKTEPUCTHKA KapIIMHOMA KOJIOPEKTYMa j€ KIbYUHO.
Crpyumaiy nmpenopyuyjy Bpiueme ciefehux ananusa Ha TYMOPCKOM TKHMBY KO/ ITAI[MjeHaTa ca
METACTaTCKUM KOJIOPEKTATHUM KapLIUHOMOM:

1. Amnamuza myranuja y K-Ras u N-Ras reauma;
2. Amnammza mytanmja y BRAF reny;
3. TIpoepa mukpocarenutcke nactabumHoct (MSI).

OBakBe ananmusze omoryhaBajy kiacu(ukamnujy KOJOPEKTAIHOT KapIMHOMA Yy pa3InduTe
MOJIEKYJIapHO-T€HETCKE IpyIe, KOje MOTY YKIJbYUHUBaTH:

e MeTtacTaTcKku KOJIOPEKTATHUA KapIMHOM 0e3 myTanuja RAS

e MeTacTaTCKH KOJIOPEKTATHU KapIIMHOM ca MmyTanujoM RAS;
e MertacTaTcKku KOJOPEKTAIHU KapIMHOM ca myTanujom BRAF;
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e MeracTaTCKl  KOJOPCKTAJIHHM KApUUHOM Ca TPUCYTHOM  MHKPOCATEIUTCKOM
uHctabunHomhy (MSI).

OBHM MoOJEKyJapHU MapKepH UMajy Kako MPOTHOCTHYKY TaKO M MPEAUKTUBHY BaKHOCT, jep
onpehyjy koja he cucremcka Tepamuja OUTH HajeUKacHHja 3a TYMOpPE CEH3UTHBHE Ha
onpehene nexose (105).

XemuoTepanyja je o CyIITHHCKOT 3Hayaja y JieYely KOJIOPEKTAIHOT KapIMHOMA, a HEH
[JIABHU 33JlIaTaK j€ WHIYKOBamke aronTo3e—IporpaMHUpaHe CMPTH TYMOPCKUX henuja.
MexaHH3aM J1¢jCTBa MHOTUX XEMHOTEPANEyTCKHX JIEKOBA YKJbYUyje aKTUBALU]y YHYTpPaIIber
MUTOXOH/IPHjaJTHOT TyTa KOjU TOBOAM JIO amomnTo3e. Y OBOM IpoIlecy, Kacmasze, rpymna
MPOTEONIMTUYKUX €H3MMa, MMajy KJbYyYHY YJOTy y pasnaramy Manuraux hemuja. Kackanma
peaknuja Koje Kacmase mokpehy ocurypaBa eIMMUHAILNA]y TyMOpCKuX henuja 6e3 m3a3uBama
ynaine y opranusmy (106).

Heonnactuune henuje kapakrepuiry moBehaHa criocCOOHOCT pa3MHOXKaBamba M OTIIOPHOCT Ha
armomnTo3y, WITO jeé YecTo TMOCJiequlla HEepPaBHOTeXKE U3Mel)y MpoanmonTOTHYHUX |
AQHTUATMIONTOTUYHUX TPOTEHHA. AHTHANONTOTUYHH TMPOTEHHH, WHXUOMpajyhu ocrmobahame
MoJIeKyna Koju mokpehy mpomec anonrto3e kao mro je Bcl-2 (enrn. B-cell lymphoma 2), u
omoryhaBajy orcraHak henuja ouyBameM WHTETPUTETa MUTOXOHJIpHjaTHE MeMOpaHe.
CymnpoTHO TOMe, MPOANONITOTUYHHU MPOTEUHH, Kao 1mTo cy Bax u Bak (enrn. Bcl-2 homologous
antagonist killer), mokpehy mporiec anonTo3e Tako IITO HAPYIIaBajy CTPYKTYpPY CIIOJbAIIHHE
MeMOpaHe MUTOXOHIpHja, popmupajyhu mope koje omoryhasajy ocinoOahame akTopa Koju
aKTUBHPA]y Kacrase, yuMe ce mokpehe kackama MpoTEOTUTHYKUX peaKifja Koje pe3yaTupajy
cmphy hemuje. OppeheHn xemMHOTepaneyTCKH JICKOBM  OCTBapyjy CBOjeé  JI€JCTBO
oHemoryhaBajyhu mnrepakumjy Bcl-2 ca Bax um Bak, mto mokpehe mporpamupany cmpt
manuraux hemmja (107).

XemuoTepanja ce MOXe YHOTpPeOMTH Kao HEoaJjyBaHTHA WM MpeolepaThBHA U Kao
ajJjjyBaHTHa WM TOCTONEepaTUBHA Tepanuja. CBpXxa ajjyBaHTHE XEMHUOTEpaNHje je Ja CMambu
BEpOBaTHONY 3a TMOHOBHY II0jaBy OOJIECTH M TPOAYXH IpEKUBbaBamkE IMalfjeHaTa ca
KapIMHOMOM KoJiopekTyma. OBaj 00IMK CHCTEMCKE TepaIuje Mpernopydyje ce HAKOH MpUMapHe
XMPYPILKE PECEKIHje TyMOpa, a MOKEJBHO je Ja ce 3amoyHe y mTo KpaheMm poky, haeanHo
m3melhy Tpehe m ocMme Hemesbe TMocie omepandje. Y Ciy4ajy MHHUMAJTHO HWHBAa3WBHE
KOJIGKTOMH]€, IOCTOIIEpaTUBHA XeMHOTepaInuja ce MoXke 3anoyeTu 4ak u panuje (108).

Kpurepujymu 3a onpehuBame BUCOKOT pU3MKa KOJ MalijeHara y craaujymy Il komopekramHor
KapuuHOMa Cy ommTenpuxBaheHn u oOyxBarajy ciexaehe: jomia nudepeHujanuja Tymopa
(G3), mame ox 12 nperenanux TUMQHUX YBOPOBA, MPUCYCTBO JUM(OBACKYJIAPHE WIIN TTPOAOP
y HEpBHE CTPYKType, Kao U KIMHMYKE KOMIUIMKAIMje Kao IUTO Cy OICTPYKIHje WU
nepdopanuje, y3 pT4 craryc mro ogroBapa MHQUITPALU]H MAIMTHUTETA Y OKOJTHE CTPYKTYpE.
[TocToneparuBHa XeMHUOTEparyja je CTaHIapIHH OOIMK Tepamuje KOju ce Mpernopydyje CBUM
nanujeHTaMa y craaujymy Il ,6mno xoju T, N1, MO unm O6uno xoju T, N2, MO, kao u
nanujeHTuma y craaujymy Il ca Bucokum pusukom 3a nporpecujy 6omnectu (109).

[TeToroaumnime MpexXUBIHaBAKE KO MAIMjeHaTa KOjU Cy OWIIN MOBPTHYTH XUPYPIIKOM JICUCHY
KOJIOPEKTAJTHOT KapIIMHOMAa 3HAuajHO C€ MOOO0JBINAIO ONl JIEBEIECETHX TOJWHA, Kaua je
u3zHocuio oko 50%, 1o nanac, kaaa goctike 70%. OBaj Halpenak y NpeKUBIbaBaby HajBHILE
ce MpUIKCYje yBohewYy aJijyBaHTHE XeMHOTEparnuje HakoH onepanuje. [Ipema cmepHuiiama 3a
Jeyeme, aJjyBaHTHAa XeMHOTepanuja yoOouuajeHo mozpaszymena S-dyopoypaumn (5-DY) u
JIEYKOBOPHH KO 000JIETTUX Y IPYTOM CTaaujyMy OOJIECTH M 3HAYajJHUM PU3UKOM. Y CTalnjyMy
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Il OGomectn, ka0 W KO TMamMjeHaTa ca yIaJbeHUM MeTacTa3ama, KOPHUCTE C€
(GIIyOpONMPUMUIMHY TONYT KarenuTadnHa, y3 I0JaBamke UPUHOTCKaHA WM OKCATMILIATHHA
pamu moctuzama 0osbux Tepanujckux ucxon (109). Jlo 3HadajHOT MOOOJBIIaEka CTOTIE
MPEeKMBJbABakhba TMAallMjeHaTa ca KapIUHOMOM KOJIOPEKTaTHHM JIOBEJIO je YBOheme
OKCaJMIUIATHHE, HAPOYUTO Y aJjyBaHTHO] W TajWjaTUBHO] Tepamuju. MebhyTtum, jeman on
TJIABHUX U3a30Ba y JICYEHY OBUM IIMTOCTATUKOM j€ Pa3BOj Pe3UCTEHIIN]je Ha JeK Ko oko 40%
nanyjeHara, Koja orpaHu4aBa €(PHKACHOCT OKCAIWIIATHHE W TPEACTaB/ba MPENPEKy Y
IYTOpPOYHOM oOJipKaBamy Tepanujckor ycmexa (110). Hexesbena nejcTBa MoOmyT CEH30pHE
HEypoImaTHja 3ajeTHO ca KyMyJIaTHBHOM HEYPOTOKCHYHOIIIhyY, MpeacTaB/ba 3Ha4ajaH U3a30B Y
JIeUeHy KOJIOPEKTATHOT KapIIMHOMAa ¥ OTPAHUYaBajy TyTOPOYHY MPUMEHY OKCATUIIIATHHE, IIITO
j€ TIOJICTAKJIO pa3BOj HOBUX Tepanujckux ctpareruja (111). UmyHoTepanujy Koja ykbydyje
aHTHTENla yCMepeHa MpOoTHB (DakTopa pacTta MOTYy MPUMATH TAIMjeHTH Cca yIaJbeHUM U
peceKTaObIHIM MeTacTazama y jerpu. /[Ba Hajuemtha Tuma aHTHTENa Koja c€ KOPUCTE CY:
beparu3zymab (aHTHUTENIO MPOTUB BacKylapHOr eHjporenujaaHor ¢akropa pacta - VEGF) u
[etykcumab (aHTHTENO MPOTUB enuaepMaitHor ¢pakropa pacta — EGF) (109).

1.9.2.1 AHTHTYMOPCKA AaKTHBHOCT KOMILIEKCA

Pozenbepr je 1965. rogmHe TOKOM MpoydaBama aeobe Oakrtepuje Escherichia coli mon
yTHUIIajeM CYHYEBE CBETJIOCTU U aMOHHUJYM XJIOpUa IPBH OTKPUO UTOTOKCUYHH MOTEHIIH]jal
nucruiatune (cis-muammuaauxmnopunomnaruna(ll)), mosnare kao cis-[PtCl(NHs):]. CnygajHo
J€ CHMHTETHCA0 OBaj IMJIATHHCKH KOMIUIEKC KOJH j€ KaCHHj€ IMOCTA0 IMO3HAT Kao IHMCIUIATHHA
(Cnuka 5), 3Ha4ajaH HUTOTOKCHMYHHU areHC KOJU j€ HAIllao NMPUMEHY Y JIeUewy PasIndUTUX
BpcTa Maymraux tymopa (122). Jenumeme cis-muamvuaauxiaopunomtaruaa(ll), moznaro xao
mucatuia ik cis-DDP/CDDP, mpencraBiba KJbyYHOT TMPEACTaBHUK MpPBE TE€HEpaIyje
IUTATMHCKUX aHTUTYMOPCKUX KOMIUIeKca. beHa mpumeHa y XxeMHOTEepanuju JaTupa joul oA
1970-ux roauHa, Kaja cy MpBH IyT TECTUPAHE HEHE aHTUTYMOpCKe crocobHnoctu. Jlo aaHac,
[UCIUIATHHA OCTaje jeJaH OJ Haj3acTYIUbCHHJUX JICKOBAa Yy JICUCHY pa3IMuUTUX BpCTa
KapuuHoMma. Mnak, ynpkoc cBojoj e(hpMKacHOCTH Kao aHTUTYMOPCKH areHc, HUCIUIaTHHA UMa
onpeheHe HemocTaTKe, ITO jé MOTHBHCAIO HAYYHUKE Jla UCTPaXyjy M pa3BHjajy HOBa
IUTATUHCKA JeIUbEha Ca CMAlkbEHOM TOKCHYHOLIhY M MOOOJBIIAHOM CelleKTUBHOUIhY mpema
OMOMoOJIeKy/IMMa, MONYT HYKJIEHMHCKUX KucenuHa. llucruiatmHa mma KBaJIpaTHO-TUIaHAPHY
CTPYKTYpy Kao cis-nuammunauxiopuaoriatuaa(ll). Tlopex oBor cis-usomepa, MmMocToju u
trans-u3oMep, 3a KOjU je YTBPHEHO Ja He MoKa3yje aHTUTyMOpCKY akTuBHOCT (113).

H3N\ Cl H;N Cl
/ /
Pt \Pt
AN /
H3N/ Cl Cl \NH3
nUcCIIaTuHa TpaHCIIJIaTUHAa

Cauka 5. CrpykrypHe dopmyse IUCIDIaTHHE W TpaHcIuiaTuHe (mpeysero oa Soldatovié
Tanja. Mehanizmi neorganskih reakcija. Drzavni univerzitet u Novom Pazaru, 2024.).
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Nako je nmucrnnaTuHa jenan o Hajuenrhe kopuntheHMX aHTUTYMOPCKHX areHaca, lbeHa MpUMeHa
je orpanuueHa 300r OpojHMX HeJocTaTaka. TW HemocTalM YKJbYydyjy M3paKeHa HeXeJbeHa
JIEJCTBA, KA0 IMTO CY HEPPOTOKCHYHOCT, OTOTOKCUYHOCT U HEYPOTOKCHYHOCT, 3aTHM DPa3Bo)j
pE3UCTEHIMje KO TyMOpCKHX henuja, ’eHa HUCKa pacTBOPJBUBOCT Y BOJH, KA0 M YMELCHHIIA
Ja ce MOXE NpPUMEHHBATH CaMO HWHTpPaBEHCKMM TyTeM. OBHM W3a30BH MOJCTAKIU CYy
UCTPAXMBamka y IMJbY Pa3Boja HOBUX, €(UKACHU]UX IJIATUHCKUX KOMILIEKCA ca MOO0JbIIaHUM
npopuiaoM JejcTBa M cMambeHHM TokcnuyHuM edektuma (Crnuka 6) (114). TpenytHo ce
UCTpaXyje MpeKo 28 pa3muIUTUX IJIATUHCKUX KOMILIEKCa, aJlid CaMO HEKHU O] lbUX Cy YBEJICHH
y KIMHAYKY TIpaKkcy, YKJby4yjyhul IUCIUIaTHHY, KapOoruiatuHy U okcanumuiatuny (114,115).
OxcanumuatuHa je onoOpeHa 3a MeTuIHCKy ynoTpedy 2002. rogune, MehyTuM MHOTO paHHje
jomn 1989. rogune je xapOoriaTHHA je 3BaHMYHO yIIIa y KIMHWYKY npumeHy. [lopex oBux
JIKOBa KOPUCTE C€ YIJIABHOM Yy 3emJbaMa A3Hje, IUIATUHCKM KOMIUIEKCH Kao MLITO Cy
HeJarIaThHa, Jooariatiaa u xenrtamiaruaa (116).

[{ucruiatvHa mpumnaja npBoj reHepalyju INIAaTHHCKUX KoMmIuiekca. BbeHa cTpykTypa ykibyuyje
JIBa XJIOPHJIHA JIUTaH/a, KOJU Cy PEJAaTUBHO HECTAOMIIHU U MOTY C€ OJIBOJUTH O] KOMILIEKCa,
Kao M JIBa MOHOJICHTaTHAa aMHHO JIMTaH/1a Koja ¢popmupajy craduiaHe Bese (117). Moxe Outn
NPUMEHEHA CAMOCTAIHO WM Y KOMOMHAIMjU ca JAPYTUM IUTOCTaTCKUM cpeactBuma (118).
[{ucrmaTiHa ce KOPUCTH y JIeUeHhy TyMopa BpaTa, jajHuKa, TJIaBe, TeCTUCA, Turyha Marepuiie u
6emmke (119,120). Mnak, 300r mojaBe pe3UCTEHIMje HAKOH BUIIEKpAaTHE NPHMEHE HheHa
e(hUKaCHOCT y Tepaluju JICYyKeMHja, TyMOpa raCTPOUHTECTHHAIIHOT TpaKTa U Tymopa OyoOpera
je orpanmnuena (121).

[T1aTHHCKU KOMIUIEKCH KOjU MMajy aHTUTYMOPCKY aKTHBHOCT 3aBHCE OJ1 FbUXOBE CTPYKTYpE,
IITO Cy TTOKa3ayia OpojHa ucTpakuBama. OBU KOMITJIEKCH CE MOTY OIMCATH OMIITOM (POPMYIIOM
cis-[PtA2Xz], tme A: mpexacraBjba JBa HMHEpPTHA a30THAa JMraHga (Koju Mory OWTH
MOHOJEHTaTHU WM OWJEHTATHH), HOK X MpeAcTaBiba JBa JaOwiHa nuranga. Komrmiekcu
IJIaTUHE JpyTe TeHepalrje, MOMyT KapOoIuiaThHe, pa3BUjEHH Cy ca ITUJbeM Ja MOO0JBINAjY
e(pUKaCHOCT M CMame TOKCHUYHOCT Yy mopehemy ca HUCIUIATHHOM. Y OBHUM KOMILUIEKCHMA,
XJIOPUJHU JIMTaHJH Cy YE€CTO 3aMEHEeHU CTaOWIHUJUM TpynaMa Kao mro cy 1,1-nuxnodyrun,
KapOOKcmIIaT, Win raukonaaT. OCUM Tora, HEeKHM KOMILJIEKCH caapxke 1,2-TuaMHHOIMKIIOXEKCAH
(DACH) kao uHepTHH JUTaHMd, JOK APy KOPHUCTE cyndare, MaJloHATE W CIUYHE CYIICTaHIIe
Kao ojanazHe nuraxae. TakBa MpoMeHa y CTPYKTypu uecTo moBehaBa CTaOMIHOCT U
CEJICKTUBHOCT JIeKa, YnHehn oBe KoMIUIekce epUKacHU]UM y IIMJbaHo] XemuoTepanuju (113).

Kap6ommatuna (1,1'-cis-nukno0ytunaukapookcunaronuamuHoriatuaa(ll)) caapxu jeman
OMJEHTAaTHU AUKApOOKCHIIATHH JINTAH]l YMECTO JIBa MOHOJCHTAaTHA XJIOpHUaHa turanja. Mako
j€ Mame aKTHBaH y mopehemy ca IUCIUIaTHHOM, KapOoIulaTHHA ce KapakTepuIle 3Ha4ajHO
HIDKOM TOKCHYHOIINY M HE 3axTeBa (OopCcUpaHy AMYpe3y, IITO OJAKIIABa HEHY YNOoTpedy H
omoryhaBa nmpumeHy y amOyJaHTHUM ycioBuMa (122). Bbene nHaukauje ¢y CiamdHe Kao KO
mucratuae (123). Hajuemhe HycmojaBe ykibydyjy My4HHHY, HoBpahame U cCympecujy
komTane cpxu (124). JIpyru nepuBatu apyre reHepariyje MmiaTHHCKUX KOMIUIEKCAa YKIbYUY]y
3eHUIUIaTHHY, eHioriatuny, CI 973, nobamnatuny, SKI 2053, HeparatuHy u XenTarmiaTuHy
(125). JloGamnaTuHa je y ynorpeOu 3a jedewme Manurautera aojke (126). YV mopehemy ca
KapOOIJIaTHHOM, HeJamjaTuHa je e(pUKacHUjU, 00Jbe PACTBOPJHMBA M Mame TOKCHYaHA 3a
OyOpere 1 KOIITaHy CPK, U 0700peHa 3a JieUeHhe KapIIMHOMA jeIhaka, JKelyIla, jajHuKa, miyha,
Kao ¥ TyMopa ri1aBe 1 Bpata (127). Y Tepanuju kapiuHoOMa ellylia XenTaruiaTiHa je ImpoHaria
npumeny (128).
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Tpehy renepanujy miaTHHCKUX aHTUTYMOPCKHUX KOMIUIEKCA YMHE jeIMbCHha UYhja CTPYKTypa
yKkipyuyje okrtaeapanHu Pt(IV) jon. OBu komiuiekcu ce Mory (opMyiucaTté Kao cCis-
[PtA2X:Y2], rne Y2 mpencraBsba Ba JaOMIHA MOHOJCHTATHA JIMTAH/A WM jelaH JaOWIHU
OouneHratHu Jurang. TokoM mHUXOBe MpuMeHe, peaykuuja jona Pt(IV) ocnobaha akcujanne
auraszie Yz, ITO aKTUBUPA BUXOBO aHTUTYMOPCKO JI€JCTBO. Y OBY IpyIly Takole crnajgajy HOBU
KOMILIEKCH Ca trans TeOMETPHjOM, MOJIMHYKIICAPHU ITUIATUHCKH KOMIUIEKCH, KA0 U OHU KOjU
caJip’Ke JIMraHJ ca aCHMETPUYHUM YTJb€HUKOBUM aTOMOM, IITO oMoryhasa Behy pa3HOBPCHOCT
y HHTEpakifjama ca 0MoMoJieKyTuMa 1 moBehasa TeparneyTcku noteHuujair. OB HOBH 00NN
KOMILJIEKCa UMa]y 3a ITiJb J1a T000JbIajy epHUKACHOCT U CMamke HeXKeJheHe epeKTe y OJTHOCY Ha
NPETXOAHE TeHepalyje MmIaTuHCKuX Jexosa (113).

OxcanunuiatuHa (cis-okcanaro-trans-1-1,2-quamMmunonukinoxekcan-matuna(ll)) je meo rpyme
ankuumyhux areHaca, KOju 1mokasyje MUTOTOKCUYHO JI€jcTBO 0e3 003upa Ha a3y hemujckor
muKiIyca, kpo3 ¢dopmupame [IHK-anykara. Kao mmatuHcku aepuBar Tpehe reHepanyje,
OJINTUKYje C€ BPJIO MaJIUM HePpOTOKCHYHUM edeKThMa, ajd je KapaKTepUCTHYaHa I10
HEYPOTOKCHMYHOCTH, KOja C€ MCIOJbaBa y BHUJY MapecTe3uje W JAU3ECTe3uje y peruju IIaka,
cTomajia ¥ OKo ouHujy. Takohe, HEYpOTOKCHYHOCT y Tipezeny rpiaa ((apuHro-mapuHreanHa
au3ecTe3nja) Moxe u3a3BaT ocehaj rymema (129). CunTeTncan je npBU aHAJIOT IUCIIIATHHE
KOJU ce MOK€ MPHUMEHHUBATH per 0S U KOPHUCTU C€ Yy JieUelhy KapIUHOMa KOJOpPEKTyma U
neykemujckux hemmja (130). HexerbeHn edekTd yKIbydyjy OTOTOKCHYHOCT, 3amop,
HeyTporneHnjy u Heypomnatuje (131,132).
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Cauka 6. Kommnexcu minarune(Il) n mnatuae(IV) koju mocenyjy aHTUTYMOPCKY aKTHBHOCT
(mpey3zero oz Soldatovi¢ Tanja. Mehanizmi neorganskih reakcija. Drzavni univerzitet u Novom
Pazaru, 2024. ISBN 978-86-81506-25-7).
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AHTHTYMOPCKH MeXaHW3aM [eJloBamba IUIATHHCKUX KOMIUIEKCA 3aCHHBAa CE Ha HHUXOBO]
criocobHocTH Aa uaTeparyjy ca JJHK monexynuma, unme ce HHXUOMPA]jy IPOIECH PETTHKALIN]e
Y TPAaHCKPHUIIIIHje, MTO JTOBOAM J0 3ayCTaBJhbarhba HEKOHTPOJIMCAHOT JeJbeha henrja. Kaga ce
OBH KOMITJICKCH YHECY y OpraHu3aM, Hokpehy ce pa3nuuuTé (GU3HO0IIOMIKY MTPOLECH KOJU YTHIY
Ha HUXOBY €(UKACHOCT M TOKCHYHOCT. [IpuMapHM edekaT IIaTHHCKHX KOMILICKCa HacTaje
3axBajbyjyhu BUXOBO] CIIOCOOHOCTH J]a 3aMEHE CBOj€ JIMTaHjAe ca APYTUM MOJEKYJIHMa y
OpraHu3My, YMME Ce€ T0jadyaBa BUXOBa MHTEpaKIMja ca Onomonexkyimuma, monyt JAHK. Jenan
O/l KJbYYHUX MEXaHHW3aMa TOKCHYHOCTH U Pa3Boja PE3UCTEHIIH]E jecTe Be3UBambE IIIATHHCKUX
KOMILJIEKCa 32 aMHHOKHCEIIMHE Kao IITO Cy IUCTEHH, METHOHUH, L-IIMCTeNH WM TIIyTaTHOH,
TO MOXE TPOY3POKOBATH HEkebeHe edekTe, yKbydyjyhu HEePpOTOKCHUYHOCT,
OTOTOKCUYHOCT, HEYPOTOKCHYHOCT M KapJHOTOKCHYHOCT. Takole, muCIulaTHHA ce HaKOH
YHOIIIEHa Y KPBOTOK Be3yje 3a pa3He MPOTEHHE Kao INTO Cy aJOyMHH, TpaHC(QEpuH, U Y-
I0O0YJIMH, Kao W 3a Majie Qpakiyje y epuTporuTiMa. Be3nBame OBUX MPOTEHWHA JOBOIU 0
JIeaKTHUBAaLMje JIeKa, jep je oBaj mpoliec HermoBpaTaH. OBH (U3UOJIOUIKKM MEXaHU3MHU 3HAYAJHO
yTHYy Ha aKTUBHOCT W €(UKACHOCT IUIATHHCKUX KOMIUIEKCA y TEpamuju, T¢ je& Ba)KHO
NPEBUICTH OBE Mpoliece Kako O ce MOCTHIIa ONTHUMalHa KOHIIEHTpPAaLKja aKTUBHOT JIeKa y
nuJbHUM TKuBHMa (113).

cl cl * OH, 2+
| H,0 | H,0 |
H;N—Pt—Cl <—CT’ H3;N—Pt—OH, | <= | H3N—Pt—OH,
cr
NH; NH; NH;
H lT pKa=6,85 H*lT pKa=5.93
cl oH, |"
H;N—Pt—OH <—CT> H;N— Pt—OH
NH; NH;
H*lT pKa =787
OH

H;N— Pt—OH

NH;,

Cxema 1. Xunponuza nucratuse (mpeysero on Soldatovi¢ Tanja. Mehanizmi neorganskih
reakcija. Drzavni univerzitet u Novom Pazaru, 2024.).

Xuaponu3a HUCIUIATHHE Y TETy C€ O/IBHja YCIJIe]] pa3iinKe Y KOHIIEHTpalrjama XJIOPHIHUX jOHa
yHyTap M BaH henuje. Y excrparenyJapHoj TEYHOCTH, Te je KoHreHTparuja Cl- joHa BUCOKa
(oxo 100 mM), xunponusa uucruiatuae je ycnopena (Cxema 1). Hacympor Tome, yHyTap
henwje, rie je KOHIIEHTpalK]ja XJIOPUAHUX JoHA HIDKA (0k0 4 mM), oBaj mporiec je yop3an. OBa
pas3nuKa y KOHIEHTpalujaMa oMmoryhaBa Op>Ky KOHBEp3Ujy IUCIIATUHE Y PEaKTUBHUjE aKBa-
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XJIOPUI0 KOMIUIEKCE, KOJH Cy 3Ha4ajHO PEaKTUBHH]H Y MTopehemy ca TuXI0pua0 KOMIIEKCHMA.
PeaktuBHOCT OBMX KOMIUIeKca 3aBucu ol pH BpenHoctu u koHmentparuje Cl- jona y
OKpykemy. KomIuiekcu riatnHe Mopajy UMaTH MPEIH3HY PaBHOTEXKY H3Mel)y peakTHBHOCTH
U WHEPTHOCTH, jep he mpeBullle MHEPTHU WM IMPEBUIIE PEAKTUBHU KOMIUIEKCH OMTH Mambe
edukacHu y Jseuery. CocOOHOCT OBUX JEMI-CHbA J1a CE CEJIEKTHBHO BEXYy 3a oipeheHe
OMOMOJIEKyJIe MPeICTaBba KIbyYHH acleKT IhUXOBE aHTUTYMOPCKE aKTUBHOCTHU U MPEIMET je
OpojHux uctpaxkupama (113).

AHTUTYMOPCKO J€JCTBO IJIATHHCKHX KOMIUIEKCA, Kao INTO j€ IMCIUIaTHHA, HE HacTaje
mupexktHUM BesuBameM 3a JIHK y jenpy henmje. IToctoju MmoryhHOCT fa ce OBU KOMILIEKCH
Bexxy 3a mutoxoHnpujanny JIHK, koja ce Hacnehyje HCKIbyYHBO 10 MajYrHO] JTUHH]H, aJd j€
yTBphEeHO a OBa MHTEpaKIMja UMa MarmH YTUIA] HA AHTUTYMOPCKY aKTUBHOCT IUIATHHCKUX
jenumema. Kana nucmiatuaa gocerae monekyn JJHK, meHa cnocoOHOCT 3a KOOpauHAIIN]Y je
orpanndeHa. HakoH xuaponuse, LIMCIUIATUHA MPBEHCTBEHO JENyje Be3uBameM 3a N7 aToM
TyaHUHa, JOK j€ Be3UBamE 3a aJICHUH U LIUTO3UH Mame u3paxeHo. [Ipubnumxno 60-65% Besa
koje nucrutatuHa popmupa y IHK oxnoce ce na 1,2-(GpG) xommiekc u3mel)y 1Ba ryaHusa, a
oko 20-25% Be3a ¢opmupa ce ca afeHUHOM M TyaHHHOM y o0muky 1,2-(ApG) xommiekca.
Ocrtane BpcTe Be3a, kao mro cy MmoHodyHkiuonainde uin 1,3-(GpG) Bese, Mame Cy MPUCYTHE.
OBu xomIuIekcH OJ0KUpajy pernkaiujy u tpanckpunuujy JJHK, unme ce cipeuaBa nesbeme
TyMOpCKHX henuja, ITO JTOBOAM 10 HUXOBe cMpTH. OBaj MeXaHH3aM je KJbY4aH 3a JIEjCTBO
[UCIUIATHHE, ATk TaKkohe objalrmaBa U 10jaBy Pe3UCTEHIIN]€ MATUTHUTETA HA XEMHOTEPaIn]y
u nojeaune Hyc nojase (113).

Wi
CyncTautynuja
S-CHjzca N7
T
‘ . CHz
(llllgc::[z:;lljd Pt_Si MHTOXOHJpHje
R
T
Cyncturynmja \ PHK
S-CH; ca SH
2 IIR-S-CH,
' HS-R I
Pt(II)-SR Pt(Il)-xkomniexe | UHTOMIa3Ma
[CI']~4 mM
ddtc
Excrpaneyiapaa Te4H0CT
H3JIy4HBaI€ [CT] ~ 104 mM

YHOC

Cauka 7. YayTtaphenujcku npoiecu TPUINKOM MPUMEHE aHTUTYMOPCKHX areHaca Ha 0asu
mnatuHe ‘mpeyseTo ox Soldatovié Tanja. Mehanizmi neorganskih reakcija. Drzavni univerzitet
u Novom Pazaru, 2024.).
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Kanma nex yhe y opranusam, Hajuemhe myTeM MHTpPaBEHCKE MpPUMEHE, NMOYHE-E HU3 Tpoleca
KOju 10BOIE /10 WeroBor aejcta (Ciuka 7). [InatuHcky arencu, Mel)yTum, Mory pearoBaT He
camo ca /IHK, Beh u ca apyrum Guomosiekyauma y OpraHu3My, IITO jeé YeCTO MOBE3aHO ca
nojaBoM TOkcHMuHUX edekata. [lnatuna(ll) umMa BUCOK apUHHUTET MpemMa MOJEKYJIUMa KOjU
cajip>ke CyMIIOp, Kao IITO Cy MPOTEUHHU U MENTUIU KOJU Y CBOM cacTaBy UMajy L-uucrenH wim
L-meTnonuH. Y WHTpanenyjJapHO] TEYHOCTH, KOHIIEHTpauuja THona (monmyT L-nuctenHa u
rIyTaTioHa) u3Hocu oko 10 mM, mTo omoryhasa miaTHHCKMM areHCHMa Jia HajIpe pearyjy ca
OBHMM CYMIIOPHHM HYyKJIeopHiIuMa, mpe Hero mro Gpopmupajy crabminuje sese ca JJHK (113).

WuTepaxiyje n3mel)y miaTuHCKUX KOMIUIEKCA U MOJIEKYJIa KOJU CaipiKe CyMIIOp UMajy KJbydyaH
3Ha4aj 3a 7ejcTBO Jieka. Kania je peu o Tmoerepruma, Pt-S Be3a Moxke ce paCKUHYTH Y IPUCYCTBY
JHK, mro omoryhaBa na N7 arom ryano3uH-5'-moHodocdara 3amenu tuoerep. Tuomnwm,
Mehytum, hopmupajy u3y3zeTHo craduine Pt-S Bese, koje cy y BehuHu cirydajeBa HEpeakTUBHE.
OBge cTaOuitHe Be3e MOTY JIeTIOBATH Kao ,,pe3epBoapu’ IUIaTHHE y OpraHu3My, ajiil Takohe Mory
JTOTIPUHETH ICAKTHUBAIMjH IUIATHHCKUX KOMIUIEKCA, IITO PE3yTyje TOKCHYHUM edektuma. [la
Ou ce pasioKuiIe OBE CTAOMIIHE Be3€, MOT'Y CE KOPUCTHTU HYKJICO(DUIN ca CyMIIOPOM, Kao IITO
cy nuetungutukapoamat (DDTC), Tnoypea, pykolaMuH WIIHA TITyTaTHOH, KOJU MOTY CMambUTH
TOKCUYHOCT ¥ noBehatu eukacHocT nedema (113).

[{ucninaTuHa je HeceNeKTUBaH JIeK, IITO 3Ha4H J1a Iejyje U Ha TYMOpPCKe U Ha 31paBe henmje, a
edekat 3aBucu oJ1 no3e. Ca moBehameM /103€ pacTe U TOKCUYHOCT JIeKa. YTPaBO j€ TOKCHYHOCT
HajBehn orpannuyjyhu ¢akrop 3a ximHHYKy npumeny nuciuiatude (133). [Ipenosupame
LUCIUIATUHOM MOX€ JOBECTH J0 aKyTHOI OTKa3WBamka BUTAJIHUX OpraHa, a 3a OBaj JIEK HE
nocroju crerupudan antunot (134). EnumunHanmja nucmiaTiHa olBUja ce y ABe ¢aze —
MMOYETHO ToJTyBpeMe enumuHanuje tpaje uamehy 10 u 20 munyTa, 10K TepMuHainHa dasza Tpaje
on 32 no 53 munyTa. [Ipornec yknamama yKyHe KOJTMYHUHE IUIATHHE U3 OpPraHU3Ma HAKOH jeTHE
7103€ JIeKa o/[BHja ce y Tpu (paze: mpBa Tpaje oko 14 MuHyTa, npyra 274 MUHYTA, TOK TTOCIICTHA
¢aza moxe Tpajatu 10 53 nana (135).

e Ha pa3Boj OTOTOKCMYHOCTH yTHYE OKCHIATUBHU CTpeCc M ToBehaHa akTUBHOCT
NADPH-okcunase y xoxmneapHom peruony (136). OtorokcuaHoCT ce jaBiba koxa 20-
50% onpacnux manujeHara, 10K je Ko Aele Taj mporeHat Behu, TOCTUraBIK Yak U 10
50%, nako Mame yecta, MOKe JJ0BECTH 10 030MIbHOT omtehema ciayxa (137).

e OBaj nek Jenyje JAUPEKTHO TOKCHYHO Ha KAPAMOMMOLMTE M WHAMPEKTHO, IMPEKO
nosehama npoykimje cio0oJHIX paJrKaia U u3a3uBama OKCHIAaTHBHOT cTpeca (138).
Owrehewe MuOKapaa Moxe OUTH OTKPUBEHO MOBHIICHUMM HMBOMMA CPYAHOT Makepa
TpononnHa, 1ok omrehewe JHK y kapamomuonuruMa J0BOAM 10O IOpacta
MQJIOHMJIAJIZIEXU/IA U JIAKTATIEXUIPOreHa3e y CPpYaHOM TKHMBY, Ka0 M /10 CMamema
AHTHMOKCHJIATUBHUX MOJIEKYJIa, Kao IITO Cy INIyTaTHOH U Cynepokcua aucmyrasa (139).
Cumnrome cy mpomene Ha EKI'-y, 601 y rpynuma, nHdapkT Muokap/ia, HectabuaaH
KpBHH  TPHUTUCAK, AapUTMHje, KapAHUOMHOINATHja, MHOKapIUTHC U  CpYaHa
nHcyunmjermyj (140,141).

e XenaTOTOKCHYHOCT ce OOMYHO jaBJba Kaja ce MPUMEHY]y BHCOKE J103¢€ JieKa, C 003UpoM
Ha TO Ja Ce IO MUCIUIaTHHA eTMMUHUIIE TTpeKo Kyuu (142,143). OxcugaTuBHE CTpeC
¥uMa 3HaydajHy yJIOTy Y Pa3BOjy OBOT CTama, jep JOBOAM 10 CHHUXKEHAa aKTUBHOCTHU
IJIyTaTHOH peaykraze U TmoBehaBa HUBO MaloHuWiaexuaa y jerpu (144).
[TaTOXUCTONOMIKA TPETJIETU jeTpe OTKPUBAjy IETeHEPATHBHE MPOMEHE, aroNTo3y
xenatonuta U wHGUATpanujy hemujama 3anmasbema (145). OBa BpcTa TOKCHYHOCTH
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npaheHa je moBehamkMM HHMBOM TpaHCaMHHAa3a y CEpyMy, a Y HEKUM CJIydyajeBHUMa U
ounupyOuna (143).

e Hedporokcnunu eekTu MOTY OMTH aKyTHH UM XPOHHYHHU. AKYTHA HE(POTOKCHUHOCT
ce orJieia y cMamemy OyOpekHe BacKyapHu3alyje 1 aly HUBOa eJIEKTPOJINTA Kao IITO
Cy KaJIMjyM, KaJIUjyM 1 Marae3ujyM (146). Xporudnu eexTu 3aBUCE O] 103€ — Marhe
7103€ CMamYyjy KIMPEHC KpeaTuHUHa, 0K Behe 103e yTHUy Ha CMambehe rIIoMepyiapHe
duntpamnuje, ciabujy TyOymapHy peancoprijy W TojaBy mnporeunypuje (147).
Ofjammene JIeXH Y YMHECHUIM J1a HUCIUIATHHA JIOCTIDKE HajBehy KOHLEHTpanujy y
OyOpe3uma, T1e ce MPUMAapHO EITMMHHUIIE Y POKY OJ] IET JaHa HAKOH MPUMEHE, IITO
o0jammaBa 1ojaBy He(poTOKCUYHOCTH KoJl 0ko 20% mauujenara. Jlek ce Hakymsba y
enuteaHuM henujama 6yOpera y HUBOMMA KOjU Cy JI0 TIET IyTa BUIIM HETO Yy CEpyMy,
yuMe Cc€ JO0JaTHO TiojayaBa meroBa TokcHYHOCT (148,149). TI'maBHu y3pok
HE(POTOKCUYHOCTH j€ OKCHUAATUBHU CTpec U mnoBehaHa NpoW3BOJHa pPEaKTHBHHUX
kuceoHnuknx paaukana (150,151). [lepokCHHUTPUT, pEaKTUBHU a30THU pPaJUKaIH,
70BOJIe 710 oluTehema MpoTenHa, NEePOKCHIAIN]OM JIMIKAA U omTehemeM MOJeKya
JTHK-a, mrto ocna6spyje henujcke mexanuzme ogopane (152). Takohe, xunepypuxkemuja
Kao mocyeauna hemmjckor pacnaaa TOMPUHOCH TOKCUYHUM e(eKTHMa IUCIUIaTHHE Ha
oyopere (153).

e [lucmaTvHa HETaTHMBHO YTHYE HAa KOIITaHY CPiK, IITO JOBOJAU JO CYIPECHje HEHE
dbyHKIMje, TOTCHIMjaTHO Y3pOKyjyhu mMmaHmuroneHujy, mro moBehaBa pHU3UK O]
KpBapemwa, HHEKIHja 1 pa3Boja MajgokpBHocTH (154). He npenopyudyje ce muiaHupame
ITOTOMCTBA TOKOM TEpamnuje 1 MIECT MECEIIM HAKOH 3aBpIIETKa JieUema jep yrnorpeda
TOKOM TpyAHOhe MOXe pe3yaTHpaTH TyOMTKOM IUIOJa MWW eMOPHOTOKCHYHUM
edextuma (155).

MonepHa ncTpakuBama y 00J1aCTH XeMHUOTEPAIHje yCMEpeHa Cy Ha pa3B0j HOBUX INIATHHCKUX
KOMIUTeKca W yHampeheme eduracHOCTH mocTojehux, ¢ MHJBEM CMameHha TOKCHYHOCTH H
CIpeyaBama pPe3UCTEHIINje KOjy TyMopcke henmje pa3Bujajy. [loceban akieHar je cTaBJbeH Ha
MoauduKaIje KoMIieKca pBe, Apyre u Tpehe renepaiyje, kako 01 ce modosblnana bUX0Ba
cenexktuBHOCT npema JIHK u TuMe mojavana aHTUTyMOpCKa akTUBHOCT. McTpaxyjy ce u
MEXaHU3MHU WHTEPAKIIH]je TUIATUHCKUX JIEKOBa ca APYyTUM OMOMOJIEKYJIMMa y OpraHu3My, IITO
j€ B&XHO 3a CMameme HEeXeJbeHUX edekara U Mmodosplame e(hUKACHOCTH y OHKOJIOIIKO]
Teparnuju.

Jenan o KJbY4HHX IpaBalla HCTPAXKMBAKba j€ Pa3BOj HOBUX IUIATMHCKUX KOMIUIEKca ca Behom
cenextuBHouthy npema JIHK, 1ok ce mapanenno npoy4yaBa MexaHu3aM packuia cTadmiHux Pt-
S (Tmom) Be3a, mTO MMa 3a HJb YHaNpeleme NeTOTBOPHOCTH OBUX JICKOBA.

[TpoyuaBa ce u uHTEpakiHja maTuHCKUX Komiuiekca ca JIHK y npucycTBy pasHUX XeMH]jCKUX
CYTICTaHITH. YBEJICH j€ KOHIIEIT ,,3allITUTHUX areHaca'", momyT jeIMebha Koja caapIiKe CyMIIop,
Kao IITO Cy HATPHjyM-AUETHIIIUTUKapOaMaT, TIIyTaTHOH U THoypea. OBH areHcH MPUBPEMEHO
packunajy Pt-S (tnoerap) u Pt-S (Tromn) Be3e, cMamyjyhu TOKCHYHOCT TUTATHHCKUX KOMILIEKCA,
anu He ytuuy Ha Pt-1,2-(GpQG) Be3e Koje cy KJbyyHe 3a aHTUTYMOPCKO JI€jCTBO.

Tokom nocnenmux AeLeHja, HHTEPECOBALE je TI0jauaHo 3a pPeakiyje NIATHHCKUX jeANbEHha
ca cyMIiop-Be3yjyhum Monexynuma y uHTepakiuju ca nykineoruanma u JIHK. Jlunykineapuau
TUTATUHCKU KOMIUIEKCH, Kao mTo cy Pt-Pt jenumema koja caapke aMUHOKHCEIHHE IOIYT
XUCTUJWHA, TyTAMHUHA U aclaparvHa, Takohe urpajy BaxHy yJIOry Yy MpOy4aBamy CI0KEHUX
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MHTEPAKIFja ca eH3MMHMa 1 MPOTEHHNMA KOjH caapike cymnop. HTe3nBHa Cy M HCTpaXkuBamba
XETEPOHYKJICapHUX IUIATHHCKUX KOMIUIEKCA, KOja TIOCEyjy 3HauyajHy aHTHTyMOPCKY
aktuBHOCT (113).

1.9.3 Xemunopaauorepanuja

EduxacHoCT HeoanjyBaHTHE XeMHOpaauoOTeparvje 3aBUCH Of] BHIe (akTopa, YKbydyjyhu
npaBUiaH oa0up TEXHUKE PaJUOTEPANHjCKOT JIeUeHa, ONTHMAIHO BpEME 3a HU3BOheHme
peceKIyje MpUMapHOT TyMOpa, Kao M OHOJIOIIKEe KapaKTepUCTHKe camor Tymopa. CBU OBHU
€JIEMEHTH 3aj€THO YTUYY Ha KpajihH UCXO]I JIeUueHha U MPOorHo3y mnamnujeHTa (156).

C o63upom Ha To na BehumHa caBpeMEHUX MPOTOKOJIA 32 JIEYEHE KapLUHOMa KOJIOpEKTyMa
o0yxBaTa MyATHMOJAJIHU MIPHUCTYI, KOMOMHOBAaHA XeMHOPaIUOTEpanuja, OUI0 Mpe UK MOCIIe
XUPYPIIKE WHTEPBEHIIM]E, CBE BHIIE CE MPUMEHYjE y TEpamnuju JIOKATHO y3HAIPEI0BaJIOT
KOJIOpeKTaJaHor KapuuHoma (157).

HeoanjyBanTHa XemMHopaauoTepanyja nojapasyMeBa 3pauemhe, Koje Moxe OUTH MPOTPaxoBaHO
(myXWu epruo) Wik KPaTKOTPajHO (PpaKIMOHUCAHO, Y KOMOMHAIN]U ca XEMHOTEPaIijoM Y TpU
uKiIyca. HakoH 3aBpIeTka OBUX TEpanyjCKUX IMKIIyca, OOMYHO Ce MPaBH May3a o]l MEeT JI0
JIECeT HelleJba, HAKOH Yera CJeaH XUpPYpIKa uHTepBeHrja. OBaj nmpuctyn oMmoryhasa 00Jby
JIOKaJIHY KOHTPOJY TyMOpa U moBehaBa IaHCe 3a YCIEIIHO XUPYPIIKO YKIambame TyMopa

(156).

Ha ocHoBy ananuza no6ujernx MP mMeTomom mponemyje ce 0OmacHOCTH OJ1 pa3Boja peIuanBa
U BpIIMU 0oabup manyjeHara 3a oBaj Tui tepamnuje. Te ananuse ykbpydyjy T craryc, N craryc,
yIaJbEHOCT MaJIMTHUTEETa OJf aHaJHOT OTBOpa, 3axBaheHOCT Me3opekTanHe (acuuje u
eKCTpaMypaliHy HH(UITpaLnjy KpBHUX cyaoBa. Ha ocHOBY oBuX kputepujyma popmupajy ce
rpyIie mpemMa KojuMa ce penopy4dyje MogaInTeT jeuerma (158).

[IpeqHocTn HeoadjyBaHTHE XEMHOpaAHWOTEpamnudje YKbydyjy Oosbu edekaT Jedema mpe
orepanyje y OJHOCY Ha IOCTONEPAaTHBHO 3payeme, jep je JIOKalHa LUpKyJaluja KpBH
HETaKHyTa, ITO M000JbIIIaBa OKCUTEHAIIN]Y TKHMBA, @ TAME U OCETJBUBOCT TYMOPCKUX hemnuja
Ha 3paueme. [IpeoneparuBHa XxeMHuopaauoTeparuja Takohe Moxke CMambUTH BEJIMUUHY TyMODa,
Mo0OO0JBINIATH JIOKAJTHU CTAaTyC TyMopa, moBehatu ctomy notnyHe pecekije (Po) m omoryhuru
OUYYyBa-€ AaHAJTHOT COUHKTEpa, 4yuMMe ce moBehaBa ydecTasiocT COHUHKTEP-TOMITEIHUX
onepanuja. OBaj TpeTMaH Takohe MOXKE CMAmUTH CTOIY JIOKAJIHOT PELUIMBA U JaTPOTCHY
JIMCEMHUHAIIN]Y, jep HAKOH XEMHOpaJHOTepanuje aKTHBHE TyMmMopcke hemmje cy 3Ha4ajHO
CMameHe, y3 mojaBy ¢puodpose u Hekpose (159,160).

[TponieHaT ouyBaHOT C(UHKTEPA HAKOH MPEONEPATUBHE XEMHOPAANOTEpaIje Ko malyjeHara
ca JIOKAJIHO y3HaIIpeI0BaJIMM KaplIMHOMOM peKTyMma Bapupa of 56,4% 1o 85,4%. Illto ce Tnue

MOCTONEPATUBHUX KOMIUIMKAIHja, orcer ox 8,4% 1o 47% yka3yje Ha 3HauajHy BapHjalujy y
ydecTajocTH koMmruinkanuja (161).

1.9.4 llusbana Tepanuja: 0MOJIOMIKA M HMYHOTEpanuja

TokoMm mocneamux neleHnja, AeTajbHa HCTPAaXKHBamba MOJCKYJTapHUX MEXaHW3aMa pasBoja
KaplMHOMA, YKJby4yjyhW TeHeTCKke IpoMeHe, henwjcke NPOTEeMHE W CHUTHAJIHE ITyTeBE,
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oMmoryhuna cy yBoheme HOBHUX TEpalMjCKUX MPUCTyNa Yy CTaHIApIHE IMPOTOKOJIC JcueHa
KOJIOPEKTAJTHOT KaplHOMa. ¥ TOM KOHTEKCTY, Hay4Ha 3ajeHHLA MMOCEOHO MCTHUYE KOHLIENT
KOMIUIEMEHTapHE Teparuje, KOju mopa3yMeBa ynorpely MubaHuX Teparnuja 3a CBAaKH acCHeKT
KaplLMHOMa, Kao IITO Cy aHTHOTreHe3a, henmujcka mponudeparyja ¥ OTHOPHOCT Ha aroNTo3y
(162,163).

[{nspana Tepamnuja cripedaBa pa3Boj u npoiudepajy Maruraux hemuja 61okupameM CUTHANIA
KOje OHE KOpHCTE 32 HEKOHTPOJMCAH pacT u aeo0y. [IpBeHCTBEHO je ycMepeHa Ha MpOTEUHe
KOjY YYE€CTBY]Yy Yy hellnjCcKoj CUTHAIM3AIN] |, YUME CE€ OMETajy BUTAITHH MPOIECH HEOTIXOHH 32
pact Tymopa. JenaH oONMMK LMJbAaHE TepalHje YCMEpPEH je Ha pelentope Koju ce Hajase Ha
MOBPIIMHU TyMOPCKHX henuja, JOK HeKe BPCTE OBE TEPAIHje CIIpeuaBajy aHTHOT€HE3Y, OAHOCHO
¢dbopMupame HOBUX KPBHUX CY/IOBAa HEOIXOAHUX 32 PACT TyMopa. Y IMOjeIMHUM CIIy4ajeBuMa,
MJbaHa Tepamuja MoXKe MOAM(PUKOBATH TeHEe, IMTO yTHYe Ha (YHKIH]y MPOTEHHA KOJH
peryaunly reHcKy akTUBHOCT (164).
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2. UJBEBU U XUITOTE3E HCTPA’KUBAIbA

2.1 IIn/b ucTpaKuBamba

OCHOBHHM IIUJb OBOT HCTPAKHBAA j€ CHHTE3a XeTEPOHYKIICAPHUX KOMILIEKCa ommTe Gopmyrie
Pt(II)-L-Zn(Il), xapaxTtepusaiyja, HUCIUTHBAKEC WHTEpPaAKIMja ca OWOMONIEKYIMMa W
HUCIMIUTUBAKHEC HUTOTOKCUYHOCTH.

Y3 OCHOBHH 1IWJb, AeUHUCAIN CMO cienehe eKCIiepuMEeHTalTHE 3aaTKe:

1. CrpykTypy [O0OMjeHMX KOMIUICKCHUX JEIMIbEHa OIPEOUTH MoMohy eneMeHTapHe
MHUKpOaHanu3e,  WHQpaIpBeHe,  HYKJIEapHO-MArHETHO-PE30HAHIIMOHE M MaceHe
CIIEKTPOCKOIIH]E.

2. Ucriutaty cTabUITHOCT KOMILIeKca y hu3uoomkuM ycinopuma. OapehuBame pKa BpeIHOCTH
JIMaKBa aHAJIOTA XeTEPOHYKJICAPHUX KOMILIEKCA.

3. Ucnuratn unTepakuujy cuHTetucannx komiuiekca ca JIHK um XCA mpu paznuuutim
EKCIIEPUMEHTAIHUM YCIIOBUMA.

4. TIpoyuaBame nnTepakuuje komriekca ca JIHK u XCA momohy Mosiekysckor JOKUHTA.

5. Hcnuratn NOTeHLHMjalHy aHTUTYMOPCKY AaKTUBHOCT CHHTETHCAHUX XETEPOHYKICAPHUX
komruiekce ommte hopmyie Pt(11)-L-Zn(ID).

2.2 PagHe xumore3e HCIUTUBAILA

1. Crpykrypa n00MjeHUX KOMIUIEKCHHUX jelum-ema Ouhe morBplhena momohy enemeHTapHe
MHUKpOaHanu3e,  WHQpaAIpBeHe,  HYKJIEapHO-MArHETHO-PE30HAHIMOHE M MaceHe
CIIEKTPOCKOIIN]e

2. JlobujeHn KOMILIEKCH Cy CTaOMIIHU Y (PU3HOJIOUIKUM YCIOBHMA.

3. Kommiekcu koju cy u3rpalleHH MOYeBIIM O LUCIUIATHHE TOKa3uBahe BHIIE BPEIHOCTU
koHCTaHTH Kb and Ksy y 0IHOCY Ha KOMIUIEKCE Ca TPAHCIUIATHHCKHUM JIETIOM.

4. Bes3e Kkoje ce ocCTBapyjy Hu3Mel)y XEeTepOHYKJICapHHX WU IOJa3HOT MOHOHYKJIEPAaHOT
KOMILJIEKca Cy BoJoHnYHEe uinu Ban nep BasicoBe Bese.

5. Kommnekcn he nokasuBaty 3Ha4ajHy IIUTOTOKCUYHOCT M CEJIEKTUBHOCT.
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3. MATEPUJAJI U METOJE

3.1 Xemukauuje

XeMHjCcKe CyICTaHIle Koje ¢y KopuiheHe y eKCIIEpUMEHTY Oujie Cy BPXyHCKOT KBaJUTETa U
HabaBJbeHE o7 oOaBbaua Marck (Darmstadt, Hemauka) n Sigma-Aldrich (Geel, beneuja).

3.2 UncTpymeHTH

Enementapae ananmuse m3BprieHe cy Ha Carlo Erba Elementarnom Analyzeru 1106 u Ha
aTOMCKOM arcoprniuoHoM criekrpomeTpy novAA 400P (Analytik Jena, Jena, Hemauxa). UV/Vis
aTniCoOpIIMOHU criekTpu cHuMIbeHu ¢y Ha Uvikon XS (Secomam, Ales, @panyycka) u Perkin
Elmer UV/Vis Lambda 35 (PerkinElmer Inc., Shelton, CT, CAJ/]) cuekrpodoromeTpuma y
orcery TajnacHux ayxuHa oa 190 mo 1100 nm 1 mpoMeHJBUBUM OIICETOM TponycHocTu of 0,5
10 4 nm. CeKTpy Cy CHUMaHH y TepMOCTAaTUpaHUM KBapLHUM Suprasil KuBeTama ca myTamboM
ceemioctu ox 1 cm. IR momanu cy mobujern momohy muHctpymenrta PerkinElmer® Spectrum
One FT-IR cnekrpomerpa (Perkin Elmer Inc., Shelton, CT, CAL]).

Ha cniekrpometpy Varian Gemini-2000 (200 MHz) 6enexenu cy 'H cnexrpu (Varian, Inc. Palo
Alto, CA, CA/]). ESI (enexTpocmnpe] joHH3alMja) Mace€HU CIEKTPH Cy CHUMJbeHM Ha LTQ
Orbitrap XL (Thermo Fisher Scientific, Waltham, MA, CA/[) nomohy TUPEKTHOT MHEKTOBamba
KOMIUIEKCHOT jeIMEbCHha PACTOPEHOT Y alleTOHUTpUiTy. Mepema pH BpeaHOCTH Cy U3BpIIEHA
Ha Jenway 4330 pH metpy (Thermo Fisher Scientific, Waltham, MA, CAJ]) ca KoOMOMHOBaHOM
Jenway cTakJeHOM €JIeKTPO/IOM Koja je KaluOpucaHa CTaHAApIHUM My(PEpCKUM pacTBOpUMA
pH 4.0, 7.0 u 10.0 (Merck). KCI pactBop y pedepeHTHO] enekTpoan 3amermeH je ca 3 M NaCl
EIeKTPOIUTOM 300T cripedaBama Tajgoxkema KClO4 ymoTpebde (165-168).

3.3 CuHTE32 KOMILIEKCA

IToyeTHn Kkopak 3a CHHTE3y XETEPOHYKJICAPHUX KOMIUIEKCHHMX JEAHIEHmha je IPEeACTaBIbO
CHHTE3y MOHOHYKJICAPHOT jeIUI-EHha KOJU CITY’KU Kao T0JIa3Ha KOMIIOHEHTA 32 Jajbe CUHTE3e.

3.3.1 CunTe3a MOHOHYK/IEAPHOT KOMILIEKCHOT jeauibema [ZnCh(terpy®")] (C1)

3a npunpematse [ZnCla(terpy™”)] KoMIuIekcHOT jemumema 0,0954 g (0,238 mmol) 4,4 4-Tpu-
tert-Oytun-2,2":6'2"-TepnupuarHa je oAMopeHo M pactBopeHo y 15 ml eranona (C2HsOH).
PactBop ce Memao mojia cata Ha MarHeTHOj MEMIIMIM. 3a Mpunpemame pactBopa ZnClo
oamepeno je 0,0323 g (0.238 mmol) uBpcre cyncranine u pactBopeHo y 10 ml etanola
(CoHsOH). V pactBop ZnCly y mopumjama je I0AaBaH pacTBOP JMTaHAA Y3 KOHCTAHTHO
Memame y uHepBany of 20 munyTa. Ilpu nomaBamy NpBUX HEKOIUKO IMOpIMja pacTBOpa
nuranaa y pactBop ZnClo HUCY 3ama)keHe HUKAKBE BUIIJBHBE MMPOMEHE y pacTBOpy. HakoH Tora,
IpU JI0J]aBamy MOCIEImke MOpLUrje U MpH OlaroM 3arpeBamy, 3ama)xeHo je Omaro 3amyheme
pacTBOpa, OJHOCHO TMOYETAaK M3/[Bajama OeJor Tajora, JOILIO je J0 CTBapama KOMILIEKCA.
PacTBOp KOMIUIEKCHOT jeIMIbEHha j€ OCTABJbEH HAa MArHETHO] MEIIAIMIIN J1a C€ Mellla HapeaHUX
nBa cata. [lociie Memama pacTBOp j€ ymapaBao celaM JaHa Ha COOHO] TeMIIepaTypH.
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3.3.2 Ilpunpema cis- nau trans-|PtCI(NH3)2(H20)](Cl104)

Y BozeHU pacTBOP KOjH ce Mella cis- wiu trans-auamMmvut quxinopuao(1l) 0,0279 g (0,093 mmol,
10 ml), nomasa# je Bogenu pactBop AgClO4 0,019 g (0,093 mmol, 10 ml) y moprujama, 3atum
je Ha 40 crtemenu y mpocTopuju 0e3 CBETIOCTH, OCTaBJbeH ToKoM Beuepu. Tamor AgCl je
nporehen nomohy dunrtepa ynja Benmmunnaa mopa je 10 um. Jobujen je 6aemo0-KyTH pacTBOP
cis- unu trans-[PtC1(NH3)2(H20)](ClO4) xoju je kopumrheH kao MOYeTHH pacTBOP 3a MPUIIPEMY
xeteponykemnapuux Pt(Il)-L-Zn(II) kommutekca.

3.3.3 IIpunpema [ZnCl(terpy™")(H20)]ClO4

U Bozenu pactsop kommuiekca [ZnCla(terpy®'9)] 0,05 g (0,093 mmol, 10 ml), 1oaar je Bonenu
pactBop AgClO4 0,019 g (0,093 mmol, 10 ml) nonasan je y nopuujama. PactBop je octaBibeH
npeko Hohu ja ce memia y Mpaky Ha temriepatypu o 40 °C. Tamor AgCl je npouehen nomohy
¢unrepa ca otBopuma nopa o 10 um. Pactop [ZnCl(terpy®*)(H20)](CIO4) je kopuinhen kao
MMOYETHHU PACTBOD 3a Aasby npunpemy xereponykieapaux Pt(I1)-L-Zn(Il) kommiekca

3.3.4 Cunre3a xereponykiaeapuux miaaruHa(ll)/munk(Il) kommiekcHnx jenumema (C2-
C5)

Y Bomenu pactBop cis- wnu trans-[PtCI(NH3)2(H20)](CIOs) 0,0279 g (0,093 mmol, 20 ml)
KOMIUIEKCA KOJH C€ MeIla JI0/1aT jeé MOCTHH Jinrau/ (nmupa3ud ogHocHo 4,4'-6urmpumt) (0,093
mmol, 20 ml) Ha coOHOj Temmeparypu. Y TOKy jEIHOT cara pPacTBOP
[ZnCl(terpy™")(H20)](CIO4) xommuekca 0,05 g (0,093 mmol, 20 ml) nogoasaH je y Mamum
nopuujama. Bpennoct pH je monemena na 6yne usmehy 4 u 5 ca 0,1 M HCIO4, u peakirona
CMeIIa je OCTaBJhbeHa Ja ce Mema npeko Hohu. JlobujeHn obojeHu pacTBOp je mporeheH u
OCTaBJbEH IO CTPAHU J1a ynapaBa Ha coOHOj Temneparypu. [locie n3BecHoOr BpeMeHa J001]jeH
j€ Tayior y BUIy Ipaxa Koju je 0no 0eno-KyT Kaja jeé MOCTHHU JIMTaH]| OMo MUpa3uH, a CBETIIO-
KyT kana je xopumhen 4,4'-Ounmpunnn. IlpeunmihaBame o00a KOMIUIEKCa H3BPILEHO j€
pacTBapmeM KOMIUIEKCHHX jeaumbema y auMmetwidopmamun-y (DMF) pactBapauy u
yrmapaBameM pacTBapada Ha POTAlMOHOM yrapuBauy. J[oOujeH: Tano3u KOMIUIEKca UCIIPaHH
Cy ca MaJIMM KOJIMYMHAMa €Tpa M OCYIICHH Y BaKyMYy.

3.4 KapakTepu3anuja MOHOHYKJICAPHOT M XeTePHOHYKJECAPHHUX
KOMILJIEKCHHUX jeIMHbeHha

ITomohy pesyarara enemenTapHe mukpoananuse, 'H NMR u undpanpseHe cieKTpocKonuje,
UV-Vis cnekrpodoTomMeTpuje U MaceHe CHEKTpOMETpHje NOTBph)eHH Cy cacTaB, a Kao U
ypcTOha KOMIIIEKCHHX je/Mmema. 3a cHuMame 'H cmexrapa xopuimhen je DMSO-ds
pactBapad.. Pesynraru kapakrepuzaiyje NpruKa3aHy Cy Y HapeJIHOM IOTJIaBIbY.

3.5 UcnutuBame MHTEPAKIMje CHHTETUCAHUX KOMIUIEKCHMX jelubemha ¢a
JHK

3.5.1 AncopnuHoHa CNEeKTPOCKOICKA Mepemha

WNutepaknuje C1-C5  xommuiekca ca CT-JIHK cy mnpoywaBana mnomohy Uv-Vis
cnekTpodoToMeTpHje Y InJby ofpehnBama koHCTaHTE Be3nBama (Kp). Mepema cy cipoBeieHa
Ha coOHOj Temnepatypu y 0,01 M docdarnom nydepy (PBS) (Thermo Fisher Scientific Inc.,
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Waltham, MA, CAJ/]) pH Bpennoctun 7,4. ExcriepuMeHTH Cy W3BpIIEHHW TPH KOHCTAHTHO)]
KOHIIEHTpAaIHju oaroBapajyher pacrsopa komruiekca (8 uM) u BapupameMm koHueHTpanuje CT-
JHK pactBopa (040 pM) nomatum (GHUKCHO] KOHIICHTpANHjH. YmoTpebom dopmyre
u3padyHara je HUBO YHYyTpallihe KoHCcTaHTe Be3uBama (Kb) (1):

[CT-DNK]/(ea — &r) = [CT-DNK]/(eb — €f) + 1/Kb(eb — €f) (1)

Bpennoct xoHcrante Ky, ce onpehyje u3 Haruba mpase u ofcedka Ha y ocH 3aBucHoctu [CT-
DNK]/(ea — &r) = f([CT-DNK]) y kojoj ca [CT-DNK] obenexaBamo xonuneHtpanujy DNK nok
Jj€ €A = Aobsd/[KOMILIEKC]. £f je eKCTUHKIIMOHU KOe(HIIN]eHAT HEKOOPIMHOBAHOT KOMILIEKCA, 0K
J€ &b EKCTUHKIIMOHM KOe(HIIH]eHAT KOOpAMHOBAaHOT KoMmruiekca (169-173).

3.5.2 duayopecueHTHA Mepema

HNurtepaknuje C1-CS wommiekca m CT-JIHK wucnutuBane cy momohy QuryopeciieHTHe
CIIEKTPOCKOIHj€ MEPEHEM IPOMEHE HHTEH3UTeTa (IIyopecleHIje pacTBOpa ETUAM]jyM-
opomuna (EB)/CT-DNK nakoH nomaBama HHKpEMEHTHMA HCTTUTUBAaHUX KoMImiekca (0—50 uM).
[Tpomene unTensutera ¢uyopecuenmje pactsopa IHK ce ucnutyjy y mpucyctsy Eb kao
MHTEPKAJIAlMOHOT areHca, /1a Ou ce yTBpAMIIO Ja I KOMILJIEKC Moxke J1a 3ameHu Eb u3 merosor
JIHK-Eb xoMmiekca HaKkoH [0/1aBamba UCIIMTUBAHUX KOMILICKCA.

[lenokynHo ucnutuBame 00aBibeHO je pu pH 7,4 Ha Temnieparypu npoctopuje y 0,01 M PBS-
y pocdaraom ydepy. [Ipe cBakor Mepema, pacTBOPH € MpOMEIIaH! U MHKyOHpaHu Ha COOHO]
Temneparypu 5 MuHyTa. Takohe MUCHOHU clieKTpH cy OenesxeHu y pactiony ox 550 1o 750 nm
ca eKCIIMTAIM]jOM TIPH BpEeIHOCTHMA o1 527 nm W Ha TaJIaCHO] AYXKWHU eMucuje ox 612 nm.
[upuna npopesa 3a exkcuranyjy u emucujy (10 nm) u Op3uHa CKeHHpama Ofip>)KaBaHU Cy Ha
KOHCTaHTHO] BpenHocTU. Stern—Volmer koHcTante, Ksy, cy oapehene nomohy jennaunne (2).

To/I = 1+ K+ [Q] )

Ca [Q] obenexxaBamoO KOHIIEHTpalMjy Komiuiekca, Mok lop m I mpencraBibajy uMHTE3UTETE
¢ryopocieHIje y MpucycTBY U OJCYCTBY KoMILiekca, Ksy je Stern—Volmer koHCTaHTa Koja ce
n3 HaruOa npae 3aBucHocTH Lo/l o [Q] (174-177).

3.5.3 UcnutuBame HHTEPAKIHUje KOMILIEKCA CA XyMAHUM CepyM aJi0yMHHOM

Nurtepaknuje cunrerucannx C1-CS ca xymanum cepym annoymuaoM (XCA) HCIUTHUBAHE Cy
MIPUMEHOM eMHUCHOHE (DITyopeclieHTHe crieKTpockonHuje. LlenokynHo nenutruBame 00aBIbEHO je
npu pH 7,4 na temmneparypu npoctopuje y 0,01 M docdarnom nydepy. Konnenrpanuja XCA
OZp’KaBaHa je KOHCTAaHTHOM Ha 2 UM, 1ok je koHueHTtpauuja komruiekca C1-C5 noehaBana
on 0 1o 30 uM, mITo je pe3yynToBaIo 3HAYajHUM CMamkEeHEeM eMucHja Ha 352 nm.

IIpe cBakor Mepema, CUCTEM je OHOo IpoMelIaH HHKyOupaH Ha cOOHOj Temreparypu. EMucrnonun
cnieKkTpu cy 3abenexxenn y uaTepBairy ox 300 1o 500 nm, y3 kopuniheme ekcruTanuje Ha 295
nm. [[lupuna npopesa 3a excutanujy u emucujy (10 nm) u Op3uHa CHUMamka Op>KaBaHH Cy Ha
KOHCTaHTHO] BpemHOCTHU. Stern—Volmer xoHnctante, Ky cy oapehere momohy jeqHaunne (2).
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3.6 Kommjyrepcke meToae

3.6.1 DFT (Density Functional Theory) kaakyaanuje

@ynkiyja B3LYP je xopumihena 3a ontumuzanujy reomerpuje 3ajenno ca LANL2DZ 6a3aum
CETOM y CBHM HcnUTHBAaHUM KoMmruiekcuma (178,179). Ctpykrype cy Bu3yanu3oBaHe TTOMOhy
nporpama Discovery Studio Visualizer 3.5.0 (v17.2.0) (Accelrys Software Inc., San Diego, CA,
CA) (180). Cee kankymanuje u3BpiieHe cy nomohy mporpama Gaussian 09 (Gaussian, Inc.,
Wallingford, CA, CA/], 2009) (181).

3.6.2 Cumynanuje M0OJIEKYJICKOT JOKHHIA

Kpucranna crpykrypa B-JIHK (PDB ID: 1BNA) u XCA (PDB ID: 1HKI1) npeysera je u3
Protein Data Bank (PDB) (RCSB PDB: Ilouerna crtpanmia). Cumynamuje MOJEKYICKOT
JOKWHTa peann3oBaHe cy y3 momoh codtBepa Autodock 4.2, ompemibeHOT TrpadUIKUM
kopucHnukuM uHTepdejcom (GUI) Auto-DockTools (ADT 1.5.6rc3) (182). Hakon Tora,
MOJIApHU BOJIOHUKOBH atoMu cy noaaTt, a ADT je kopumrheH 3a ykiiamame KPUCTAIHE BOJIE.
l"ajcTurepoBa HaeleKTpUcama Cy J0Jara CBAKOM aTOMy, a HETOJIApHU BOJOHHUKOBU aTOMHU CY
cnojenu y crpykrypy JAHK. Crpykrype cy 3atum cauyBane y PDBQT dopmary 3a nama
uctpaxuBamwa y ADT-y. 3a Busyanuszauujy pesyarara JOKMHTa KopuinheHe cy OecriaTtHe
Bepauje Discovery Studio Visualizer 3.5.0 (Accelrys Software Inc.), PyMOL nporpama (v1.3r1)
u Chimera codraepa (v 1.17.3) (180,183,184).

3.7 MertopoJsioruja in vitro eKcriepuMeHTa

3.7.1 Reaujcke JuHuje u KyJaTuBaumja heamja

Kopumhene henujcke nuHUje yKIby4dyjy MuUIIjU KapimHoMm konmoHa CT26 (w3oioBaH U3
BALB/C mumia, American Type Culture Collection CRL-2638, TCC, USA), XyMaHU KapLIHHOM
koioHa HCT116 (American Type Culture Collection ATCC® CCL-247™, USA), wu
Me3eHXMMaJHe MaruyHe henuje wu3 koctHe cpxku  C57Bl/6  mmmesa (S1502-100,
Gibco/Invitrogen).

Yrnorpeba paznmuuutux henujckux JuHUja, YKIBYYyjyhn Mumgum momen KOJIOPEKTaTHOT
kapuuHoma CT26 u xymann HCT116, nokasanu cy ce kao epuKacaH NpUCTYI Y NPOydaBamy
kapuuHoMa. Kopumrhewe Me3eHXMMaTHUX MaTHYHUX hennja 10AaTHO TONPUHOCH pa3yMeBamby
MHTEpaKifja TYMOPCKHX henuja W CTpOMaJHOT MHUKPOOKPYKEHa, MOCEOHO Yy KOHTEKCTY
pereHepanyje TKUBa M MOTCHIMjaTHE Tepanujcke nmpuMeHe. KBaauTeT KyaTuBaiyje U BUCOK
NpOIEHAT BHjaOMIIHOCTH Cy KJbYYHH (akTopu Koju omoryhaBajy AyrorpajHe u yCIeEIIHE
EKCIIEPUMEHTE.

henuje cy mperxomHo cadyBaHe y KpHocpeacTBy Ha -196°C, a mpe cBakor eKCIIepHMEHTa,
oaMp3aBaHe Cy y BomeHoM kymatwiny Ha 37°C. henmjcke nuHHUjEe Cy OQMp3aBaHE KPaTKUM
U3JaramkeM Ha BOJACHOM KYIATWiIy, a 3aTHUM Cy cycleH3uje henuja mneHtpudyroBane paau
yKIIamama KpuocpencrtBa. Hakon tora, hemuje cy pecycneHIoBaHE y CBEXEM MEIUjyMy
DMEM (Dulbecco's Modified Eagle Medium), xoju je oboraheH HEONXOJHINM KOMITOHEHTaMa
kao mro cy 10% Fetal Bovine Serum (FBS), L-rmyramMuH, NeHUIWIMH U CTPENTOMMIIMH.
henuje cy notom unky6upane Ha 37°C, y armocdepu o 5% COq, re je Menujym MemaH
CBakuXx 2-3 maHa Kako OW ce ozprkaBaja aJieKBaTHa CpeuHa 3a pacT henuja.
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Kana cy henuje nocturiie 80% xoHyeHIje, NPUCTYIIAIo ce MPOLeCy Macaxupama Kako ou
ce 00e30enmo koHTUHYHpaHu pact henuja. [lacaxkupame je cripoBoheno kopumhemem 0,25%
pacTBOpa TpPHUIICMHA, KOJUM Cy henmje omjierbeHe o mozyiore. HakoH omersbuBama,
JI0/1aBa-EM CBEXKET Me/IMjyMa, akTUBHOCT TPHUIICHHA je pekuHyTa. OBaj mporec omoryhasa n1a
ce Mamwu 0poj henuja mpeHece y HOBU (DIack ca CBEKUM METH]YMOM.

Bujabminoct henuja je onemena 0ojemeM ca TpumaH-IaBoM 6ojom. OBa Metona omoryhasa
UACHTUUKAIM]Y KUBUX henrja Ha OCHOBY HMXOBE OYYBAaHOCTH, jep BUTaiHE henuje He
ynujajy 00jy, JOK MpTBE MOCTajy IaBe. bpoj xkuBux henuwja m3pauyHar je kopuirhemem
XEMOLIUTOMETPA, a BUjaOMIHOCT y CBUM €KCHepuMeHTHMa Ouina je u3Hag 95%, mro je
oMoryhmnio mnoysnase eKCriepuMeHTe.

3.7 MTT rtect: IIponena BujaduiHocTu hesinja paka HAaKOH TpeTMaHa
XeTePOHYKJIEAPHUM KOMILJIEKCHUMA

Bujabmiaoct henujckux 1uHMja MUnIjer KojopekTamHor kapuuaoMa (CT26), kao u XymaHUX
konopektanHux JsuHuja (HCT116 uw SW480), 3ajenHo ca HEKaHUEPO3HUM MHUILJUM
ME3CHXMMAJIHUM MatndHuM hemmjama (mMSC), wucnuTHBaHA je HAKOH TpeTMaHa
HOBOCHHTETHCAHUM XeTepoHykiaeapHuM koMiuiekcuma Pt(I1)-L-Zn(Il) y tpajamy oz 48 caru.
OBe henumje cy wu3naraHe KOMIUICKCHMMA Yy Pa3IMUUTUM KOHIIEHTpaldjama, a MpoIleHaT
BUjabuHKUX henuja uzpauyHat je npema cienehoj popmyu:

% Bujabminux hennja = (E — B) / (K — B) x 100, rae je E ancopOania henuja Tpetupanux
koMIuiekcom, B ancopbaniia konTponnux henuja, a K ancopbanina HeTpetupanux henuja.

Y HapeIHUM eKCIIEPIMEHTUMA, TTaXKHha je Orila ycMepeHa Ha OMOJIONIKY aKTHBHOCT KOMITIIEKCa
KOJU Cy TIOKa3aju HajBUIIN UHJACKC celeKTUBHOCTH Ha ocHOBY MTT Tecra. OBa MeTona, koja
ce ocmama Ha penaykinujy MTT pearenca g0 JpyOmuactux (opmazaHa y NpPHCYCTBY
MUTOXOHJpHjaJIHE  CYKIIMHAT  JeXuAporeHase, omoryhasa mpemusHo ojpehuBame
BHjabmiHOCTH henuja.

Bujabunne henmje mnpousBoxe Buie ¢opmazaHa, MITO C€ MOXKE KBAaHTH(PHKOBATH
creKTpo(hOTOMETPUCKH Ha TaJlacHO] Iy>kuHH 01 595 nm. OBaj nporiec je KopuirheH 3a aHamu3y
eexkTa HOBOCHHTETHCAHUX CYICTAaHIM Ha henMjcke TuHHje, MpH 4YeMy cy henuje Owuie
Tpetupane xereponykieapauMm komruiekcuma Pt(I1)-L-Zn(I1) Toxom 48 catu y paznuuutum
KOHI[EHTpaIljama.

Hakxon 48 caru, cBakom OyHapy y Mukporuiouu ca 96 Oynapa je momaro mo 100 pl MTT
peareHca y KOHIIEHTpalju o 5 mg/ml, a nuakybanmja je Tpajana joumr yetupu cara. Hakon
uHKyOanuje, nogasan je DMSO, koju pactBapa popmazane, a 3aTuM je aricopOaHiia MepeHa Ha
595 nm. Pe3ynraru cy nmokaszanu jacan ogHoc u3Mmel)y BujaOmIIHOCTH henrja U KOHIIEHTpaIije
TpeTUpaHor KoMIulekca, omoryhaBajyhu npassy ananu3y cenektuBHor unzaekca (ICso),
M3padyHATOT Kao OJHOC TOKCMYHOCTH IpeMa MaJIUTHIUM ¥ HOpMaiaHUM henmjama.

3a cBe TecTMpaHe KOMIUIEKCHE CYICTaHIle, BUjaOMIHOCT henuja je mpolemeHa Ha OCHOBY
BUXOBE CITOCOOHOCTH JIa TIPeXUBE TpeTMaH, a BpeaHoctu [Cso cy kopunthene 3a oapehuBame
epukacHocTn TperMana. OBa metona je nokaszana na MTT Tect mpy:ka noysaaHe pesyiarare y
KBaHTU(HUKAIMjU BUjaOUITHOCTH henrja TpeTUpaHUX Pa3IMYUTHM ITIUTOTOKCUYHUM areHCUMa,
mro omoryhasa nmpenusHo nopeheme edekara pa3TUUUTHX TPETMAaHa.

35



3.7.3 AHaJM3a anonToTCKe CMPTH

[{UTOTOKCHYHU TIOTECHIIMjaJI HOBOCHMHTETHCAHUX XeTepoHykieapHux komruiekca Pt(II)-L-
Zn(Il) ucnuTHBaH je ynotpeboM NpoTOYHE IIUTOMETpUje Ha TymopckuM henmjama CT26, koje
he 6wt Tpetupane Annexin V u nponuaujym-joaunaom (Pl) mpema yctasbeHOM TPOTOKOIMY.
OBa Meronma omoryhaBa na ce yTBpAe pa3nuuuTe (ase amonto3e U HEKpPO3e Ha OCHOBY
uHTerpuTeTa heiamjcke MmemOpaHe U acuMeTpuje MeMOpaHCcKux dochonunuaa.

VY paHoj ¢a3u amonTo3e J0JIa3u 10 TpaHCIoKaiuje GochaTHAI-CEpuHa ca YHYTpallkhe Ha
CroJpallllby CTpaHy henmjcke MmemOpane, mTo oMoryhaBa Annexin V, mpoTenHy ca BUCOKHM
aduauTeTOM 32 (hocharunu-cepuH, 1a ce Bexe 3a henujcky MmemOpany. Y kacHHjuM (pazama
aronTo3€¢ U TOKOM HEKpo3e, KOHTUHYUTET henujcke MeMOpaHe je HapylleH, mTo omoryhasa
nponuanjyM-joauay na yhe y henmujy u Bexe ce 3a meny JJHK.

Hakon mnoctuzama koHduyeHuuje on oxo 70%, Meamjym je 3aMEemheH HCHUTHBAHUM
xeTeponykiaeapauM komiuiekcom Pt(I1)-L-Zn(Il), y koHIeHTpajaMa Koje€ OJroBapajy
BpenHoctuMa ICso 1oOujeHrM y mpeTxoaHuM excriepumenTuma. Konrpomnne henmje aucy oune
dhapmakomomku Tpetupane. [1o 3aBpmeTky 24-yacoBHe nHKyOanuje, henmje he Outn ncnpane
u obojene Annexin V-FITC u PI 6ojama y oaroBapajyhuM KoHIEHTpanujama. Y30pIH Cy
MOABPTHYTH aHaNM3M KopuithemeM npotodHor nuromerpa (FACS Calibur, BD Biosciences),
nocie 15-MuHyTHE MHKYyOanuje Ha coOHOj TeMnepaTypu u anaiauzupato je 20000 norahaja, a
nobujeHu nmojamnu cy oopahenu coprsepom FlowJo.

3axBasbyjyhu cB0joj crmocoOHOCTH 11a ce Bexe 3a pocharuamn-cepur Annexin V mpeacraBiba
eukacaH MapKep 3a OTKpHBamb€ aronTo3e, ITo oMoryhasa mnpemnosHaBame henmja koje ¢y y
paHuM ctaaujymuma amonrtose. [losutuBHo 60jeme Annexin V ykasyje Ha paHy arnornTo3sy, 10K
NMO3UTHUBHO O0jeme 1 Annexin V u PI yka3yje Ha kacHy anmonrto3y uiu HeKpo3y. henuje koje
Cy HeraTUBHE Ha 00a 00jema cMaTpajy ce »kuBuM. HakoH 3aBpiieTka TpeTMana Ha henmujama ca
Pa3NUYUTUM KOHLEHTpalujama xereponykineapaux komruiekca Pt(II)-L-Zn(I), pesyaratu cy
MPEACTaBIbEHN Kao MPOICHTYalIHA 3aCTYIJbEHOCT henuja y paznuauTuM ¢azama arnornTose
HEKpOo3e.

3.7.4 AHajiM3a NOTEHIUjAJTHOT MPO-ANMONTOTCKOT eeKTa MCIIUTHBAHOT KOMILJIEKCa

[IpoTOyHOM LHMTOMETPHjOM j€ HCIKUTAaHA EKCIpecHja MPOANoNTOTCKOr TpoTenHa Bax,
aHTHanmonToTcKor nmporenHa Bel-2, kao u mporeHar henuja koje mokasyjy mpucycTBo akTUBHE
kacna3ze-3 Ha TymopckuMm hemujama nmuauje CT26. 3a ananuzy he 6utu kopuithena aHTUMHIIT A
MOHOKIIOHCKa aHTuTena crenupuyna 3a Bax u Bcel-2 (Thermo Fisher Scientific, Cambridge,
MA, USA), kao 1 aHTUTENA 32 aKTUBHY Kacnaszy-3 (Thermo Fisher Scientific, Cambridge, MA,
USA).

Tymopcke hemnje CT26 cy wunkyOupane 24 cara y THPUCYCTBY HOBOCHHTETHCAHOT
xeteponykieapHor komruiekca Pt(II)-L-Zn(Il) y xonmenrtpamujama koje oxarosapajy ICso
BpEIHOCTUMA, JIOK Cy KOHTpouHe henuje nHKyOupaHe y yuctom meaujymy. Ilocine nnky6anuje,
hemuje he Outn ananusupane npotoyHuM nuromerpoM (FACS Calibur, BD Biosciences, San
Jose, USA), a nogauu he 6utu odpahenn kopumthemem FlowJo codrrepa (Tree Star).

3a kanuOpanujy WHTeH3UTeTa (IyopecleHIrje, YIoTpedsheHa Cy HM30THIICKA KOHTPOJIHA

aHTUTENa, IITO HaM je OMOryhmio na u3pauyHamo NMpoOcedaH MHTEH3UTET (IIyopecleHIH]je
(MFI) 3a mporenne Bax u Bcl-2. Konkpetno, MFI je u3pauynat kao ogHoc ¢iryopeciieHI]e
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MPOTEHHA OJ] UHTepeca (CUPOBU MHTEH3UTET KaHasa) U (IyOopeCIeHIN]e U30TUIICKE KOHTPOJIE.
Takohe, y TpeTHpaHMM M HETPETHpPaHUM TYMOpCKUM henujama ananmu3oM oapehena je
eKCIIpecHja aKTUBHE Kacmasze-3 Kpo3 IpolieHTa henmja koje eMuTyjy (iyopecieHujy.

OBa ananmm3a HaM je oMoryhuia na yTBpAMMO KaKO HOBOCHHTETHCAHH XETEPOHYKJICAPHH
komrmiekcu Pt(II)-L-Zn(II) ytuuy Ha mexanusme amonrto3e y hemmjama CT26, kao u na
MPOIICHUMO YTHIIa] OBUX TPETMaHa Ha peryiamujy anonrose myreMm Bax, Bcl-2 u kacmaze-3.

3.7.5 Anaqm3a exkcnpecuje Ki-67

[TpoTouyHOM IIMTOMETPHjOM je HCIUTaHa eKcrpecHja mnpoiudeparuBHor mapkepa Ki-67 Ha
tymopckuMm henmjama nmuauje CT26. Excmpecuja oBor mapkepa je MepeHa Ha henujama
TPETHPAHUM UHXUOMTOPHUM KOHIEHTpauujama ICso HOBOCHHTETHCAHOT XETEPOHYKJIICapHOT
komruiekca ruiatune Pt(II)-L-Zn(1II), Tokom 24 gaca.

Haxown 3aBpiene naky6anuje, tymopcke hemuje CT26 cy ucnpane y xsmaganom PBS pactBopy u
pas6naxkeHe y cBeXeM MenujyMy 10 ryctune o 3x 108 henuja/ml. TTotom cy henuje hukcupane
U TiepMeadmIn30BaHe KopuIThemeM KoMIuieTa 3a (ukcanujy W mnepmeadbmnuzanujy (BD
Bioscience) Tokom 20 munyta Ha 4°C. Hakon unky6Oauuje, henuje cy onpane Perm/Wash™
Bufter-om u nearpudyrupane va 125G toxkom 10 MunyTa.

Haxon omymuBama cynepnaranta, henmuje CT26 cy mHKyOMpaHe ca MpUMapHUM aHTHTEIMMA
obenexxenum iryopoxpomom (FITC), koju cy cneunpuunn 3a Ki-67. Ilo 3aBpieTky
nHKyOarnuje, henuje cy nmonoBo omnpane Perm/Wash™ Buffer-om, nientpudyrupane, a 3atum
pecycniennoBane y 250 ul mydepa 3a 60jeme. [Iporouna nuromerpuja je kopunrheHa 3a aHaIu3y
excripecuje Ki-67, mro he Ham omoryhutu ga nporeHuMO npoiudepaTUBHU KananuTeT hemuja

rocie TpeTMaHa pa3IMYUTUM KOHIIEHTpalujamMa XeTepoHykieapHux komriekca Pt(II)-L-
Zn(ID).

3.8 CrarucTnuka o0paja nojgaraka

Hana3u uctpaxuBama Cy HpEICTaBbEHH Kao CPEle BPEAHOCTH y3 mparehy craHgapaHy
nesujannjy (SD) u cranmgapany rpemky (SE). Cratuctuuku 3HavajHE pasiauke usmely rpyma
yTBpheHe cy kaza je p ouna mama o 0,01. 3a ananusy nogaraka ca HEPaBUIHOM PACIIOIEIOM
MpUMEEH je HemapameTrapcku Mann-Whitney TecT, JOK je 3a MojaTke ca HOPMAaIHOM
pacmnonenomM ymnoTpeOsbeH mnapamerapckd CTyneHT T TecT. McnuTuBame HOPMATHOCTH
pacriogenie  BpeaHOCTH o0OaBbeHO je momohy Kolmogorov-Smirnov Tecta, mpe came
CTaTHCTUYKE aHAJIM3€e. 3a aHaIu3y MmojaTaka ynorpedsbeH je mporpam SPSS, equrmja 22.
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4. PE3VYJITATH

4.1 CuHTe3a U KapaKkTepu3aumja

Hosa kommnekcHa jemumema: [ZnCly(terpy®*)] (C1), [{cis-PtCI(NH3)x(u-mupasun)ZnCl
(terpy)} [(C104)2 (C2), [{trans-PtC1I(NH3)2(u-mupasun)ZnCl(terpy™*)} (C104)2 (C3), [{cis-
PtCI(NH3)2(u-4,4’-6unupunun) ZnCl(terpy™®')} (CIO4), (C4), u [{trans-PtCI(NHz)a(u-4,4 -
ourmpuann)ZnCl(terpy*)} |(C104)2 (C5) (terpyB'=4,4' 4" -Tpu-tert-6ytun-2,2":6',2"
TEPIUPHANH) CY CHHTETH30BaHH U OKapaKTepHCaHU eJeMeHTapHoM aHamm3oM, UV—Vis, IR, 'H
NMR wu ESI-MS cnekrpomerpujom. ONIITH TYT CHUHTE3¢ HOBHUX XETEPOHYKJICapHHUX
komruiekca C2—C5 npuka3zan je Ha Cxemu 2. 3a noOujame akBa yectuia kopuctu ce AgClO4,
¢ 003UpOM J1a MePXJIOPAaTHH aHjOHU MMajy HHUCKY CIIOCOOHOCT Be3MBama 3a 00a joHa MeTaa.
CTpyKType HOBOCHUHTETU30BaHUX KOMIUICKCHUX jeINb-CHha Cy Npuka3zane Ha Criunm 8.

+
e, N 1 agcio, A,
Yy S % N
Pt Pt
V4 N, H,0, 40°C, 24 h /Z N\
H;N Cl H;N OH,

+ AgClO,
H,0,40°C, 24 h

2+
+ l —
Hz(),30 C,24 h THpa3uH U

pH=4.5 4,4'-ounupuanH

Cxema 2. Cxemarcku npukas cunreze C2—CS5 xomiiekca.
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1 E—C|

[{cis-PtCI(NH;),(u-nupa3un)ZnCl(terpy™")] (C10,),
(€2)

[{cis-PtCI(NH;),(u-4,4'-6unupuaun) ZnCl(terpy™®)](C10,),
(&)

1

(Cl10y),

[{trans-PtCI(NH;),(u-nupazun)ZnCl(terpy®)|(Cl04),
(C3)

(Cl0y),

€10,),

Cl

[{trans-PtCI(NH;),(u-4,4'-6unupugun) ZnCl(terpy™)] (C10y),
(C5)

(Cl0y),

Canka 8. CTpyKTypa HCIUTUBAHOT MOHOHYKJIeapHOT KoMiuiekca nuaka(ll) u
XeTeponykieapHux cis- u trans-mnatuaa(ll)—mak(I1) kommiekca ca ycBojeHUM
ckpaheHuIama.
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4.1.1 Pe3ysnraTtu kapakrepu3aimuje

Y mwpy norBphuBama cTpykrype M crteneHa unctohe C1-CS KOMIIEKCHHX jeIUE-CHa
JeTajbHa KapakTepusanyja je ypahena u nobujenu cy ciuenehu pesynraTi:

[ZnClz2(terpy™®*)] (C1): mpunoc 0,433 g (81%) u3pauynaro 3a C27H3sC1.N3Zn (Mr= 537,88):
N 7,81; C 60,29; H 6,56; maheno: N 7,77; C 60,05; H 6,53%. 'H NMR (DMSO-ds, 295 K): &
8,77 (s, 2H, Tepniupuun), 8,68 (t, 2H, Tepnupunun), 8,45 (s, 2H, repnupunun), 7,55 (t, 2H,
tepnupuanH), 1,56 (s, 27H, tBu) ppm. FT-IR (KBr): 2962 v(C-H), 1589, 1548, 1477, n 1374
v(C=C, C=N, apomatuynu npcten), 1267, 1015 v(C-N), 865 v(C=C), 614 v(Zn-N) cm~!. UV—
Vis (H20, Amax, nm): 276, 280. ESI-MS: m/z 577,99 (IM + K]") uspauynaro: 577,13.

[{cis-PtCI(NH3)2(u-mupazun)ZnCl(terpy®*)} |(C104)2 (C2): mpunoc 0,059 g (60,82%)
m3pauyHato 3a C31HasClsN7OgPtZn (Mr= 1046,01): N 9,37; C 35,6; H 4,34; naheno: N 9,33; C
35,46; H 4,33,'"H NMR (DMSO-ds, 25 °C): 9,25-9,22 (m, 2H, teprupuaun), 5 8,99-8,95 (m,
4H, pyrazine), 8,92 (m, 2H, rtepnupumun), 7,33 (s, 2H, repmupumun), 7,08 (s, 1H,
TepnupunH), 6,84 (s, 1H, tepmpuann), 2,86 (s, 3H, NH3), 1,48 (s, 27H, /Bu) ppm. FT-IR
(KBr): 3436 u 3293 v(N-H, NH3), 3116 v(C-H), 1619, 1435, u 1342 v(C=C, C=N, apoMaTtuyHu
npcren), 1086 v(C-N), 820 v(C=C), 626 v(Zn-N) cm~!, UV-Vis (H20, Amax, nm): 274, 284,
306, 316 u 328. Moaapun konayktusuter (Am, DMF): 1314 Q'cm’mol™, (Awm,
areronutpun): 251,2 Q'em’mol~!. ESI-MS: m/z 344,02 ([M — Zn]") uspauynaro: 344,16;
488,04 (IM — L — Pt]") uspauynaro: 488,21,

[{trans-PtCI(NH:)2(u-nupasun)ZnCl(terpy®*)}|(Cl04)2 (C3): npunoc 0,064 g (75,1%)
m3pauyHato 3a C31H4sCluN7OgPtZn (Mr= 1046,01): N 9.37; C 35.60; H 4.34; naheno: N 9,35;
C 35,51; H 4,35."H NMR (DMSO-ds, 25 °C): 9,05-9.00 (m, 2H, tepnupuaun), & 8,95-8,74
(m, 2H, pyrazine), 8,10 (m, 2H, tepnupuaun), 7,33 (s, 2H, Tepmupunun), 7,07 (s, 1H,
tepnupuanH), 6,82 (s, 1H, tepnupunun), 3,18 (s, 3H, NHs3), 1,23 (s, 27H, Bu) ppm. FT-
IR(KBr): 3436 u 3307 v(N-H, NH3), 2923 v(C-H), 1617 u 1423 v(C=C, C=N, apoMaTudHu
npcren), 1086 v(C-N), 820 v(C=C), 623 v(Zn-N) cm™". UV—Vis (H20, Amax, in nm): 274, 284,
318, u 330. Moaapuu kongyktusuter (Am, DMF): 155.9 Q'cm?mol™; (Awm, anetonurpun):
230,1 Q'em?mol™!. ESI-MS: m/z 344,22 (M — Zn]") uspauynaro: 344,16; 488,44 (M — L —
Pt]") uzpauynaro: 488,21.

[{cis-PtCI(NH3)2(u-4,4’-bipyridyl)ZnCl(terpy™®")}|(CIO4)2 (C4): mpunoc 0.07 g (66,9%)
m3pauyHato 3a: C37H49CI4NT7O8PtZn (Mr= 1122,11): N 8,74; C 39,60; H 4,40; naheno: N
8,71; C 39,50; H 4,39%. '"H NMR (DMSO-ds, 25 °C): & 8,98-8,84 (m, 4H, 4-nupuaun, 2H
tepriupuanH), 8,36 (m, 2H, Trepmupunun, 4H, 4-mupuaun), 7,99 (s, 2H, Teprmupunun), 7,95 (s,
1H, Tepnupunun), 7,85 (s, 1H, Tepnupunun), 4,75 (s, 3H, NH3), 1,23 (s, 27H, tBu) ppm. FT-
IR (KBr): 3436 v(N-H, NH3), 2962 v(C-H), 1607, 1553, 1548, 1477, u 1404 v(C=C, C=N,
apomaruuHu npcteH), 1254 u 1015 v(C-N), 866 v(C=C), 615 v(Zn-N) cm™!, UV-Vis (H:20,
Amax, in nm): 282. Mosaapuu koHaykTusuteT (Am, DMF): 1572 Q 'cm’mol™, (Awm,
arteroHuTpun): 237,2 Q~'em’mol™!. ESI-MS: m/z 1145,70 (M + NH4"]) uspauynaro: 1145,20.

[{cis-PtCI(NH3)2(u-4,4’-bipyridyl)ZnCl(terpy™®")}|(CIO4)2 (C5): mpunoc 0,06 g (65,5%)
m3pauyHato 3a C37H49CI4N7O8PtZn (Mr=1122,11): N 8,74; C 39,60; H 4,40. naheno: N 8,70;
C 39,44; H 4,38%. '"H NMR (DMSO-ds, 25 °C): & 8,99-8,84 (m, 4H, 4-nupugun, 2H
tepnupuanH), 8,35-8,26 (m, 2H, Tepnupunun, 4H, 4-mupunun), 7,99 (s, 2H, Tepnupuaun),
7,95 (s, 1H, Tepnupunun), 7,85 (s, 1H, Tepnupunun), 1,46 (s, 3H, NH3), 1,23 (s, 27H, Bu)
ppm. FT-IR (KBr): 3419 u 3309 v(N-H, NH3), 2932 v(C-H), 1659, 1551, 1437, 1 1391 v(C=C,
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C=N, apomaTtuunu nipcten), 1089 v(C-N), 821 v(C=C), 627 v(Zn-N) cm™!. UV-Vis (H20, Amax,
in nm): 278. Moaapuu kouayktuBuTer (Am, DMF): 1480 Q7 'cm’mol™, (Awm,
arteronuTpun): 225,3 Q~'em’*mol™". ESI-MS: m/z 1145,94 (M + NH4"]) calcd. 1145,20.

4.1.1.1 Cnexktpu C1-C5 KOMIJIEKCHUX jeiNbeHha

UV-Vis cnekropoToMeTpujcka MW KOHAYKTOMETPHjCKAa HCHUTHBama CIPOBEACHA Cy Y
UCTpaXMBauKUM Jlabopartopujama JlemaprMaHa 3a IpUPOAHO-MaTeMaTHuke Hayke J[pskaBHOr
yuusepsutera y Hosom Ilasapy, 1ok cy cnekrpockorncka 'H NMR u ungpanpsena Mmepema
ypahena na Muctutyty 3a Xemujy Ilpuponno-maremarnukom (akynrery y Kparyjesiry. Kao
pacTBapau 3a cHuMame 'H crexrapa kopumhen je DMSO-ds. Ha XemujckoM daxynrery y
beorpany u3BpiIeHa Cy MaceHa CIEKTpoMeTpHujcka Mepema. CIEeKTpH CBUX Mepema 3a
MojeJMHaYHa KOMITJICKCHA jeInberba MpHuKa3aHa cy Ha Criukama 9-13.

[ZnCly(terpy™")] (C1)

4+ UV-Vis cnexrap
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+ 'H NMR cnekrap
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Cimuka 9. Criexrpu kapakrepuszanuje [ZnCla(terpy™?)] kommiekca
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[{cis-PtCI(NH3)2(u-mupasun)ZnCl(terpy™*)} ] (C10s): (C2)
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+ 'H NMR cnekrap
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OE1044 #1-39 RT: 001-021 AV: 39 NL: 8 55E7
T: FTMS + p ESI Full ms [300.0000-1000.0000]
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Cauxka 10. CriekTpu KapakTepu3aiyje

[{cis-PtCI(NH3)2(u-mupasun)ZnCl(terpy®*)}] (C104)2 xommiekca

[{trans-PtCI(NH3)2(u-nupazun)ZnCl(terpy™*)}]|(C104)2 (C3)
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+ FT-IR (KBr) cnekrap
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Cauxka 11. CriekTpu KapakTepu3aiuje
[{trans-PtCI(NH3)2(u-nupazun)ZnCl(terpy®*)} | (Cl04)2 xomIuiekca
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[{cis-PtCI(NH3)2(u-4,4'-6unupuaun) ZnCl(terpy®")} | (C104); (C4)

+ UV-Vis cnexrap
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+ 'H NMR cnexrap
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Cauxka 12. CriekTpu KapakTepu3aiyje

[{cis-PtCI(NH3)2(u-4,4"-6unupuann) ZnCl(terpy®*)} | (CIO4)2 xomiuiekca
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+ FT-IR (KBr)
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+ ESI-MS cnekrap
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Camka 13. CriekTpu KapakTepuzaiyje

[{transPtCI(NH3)2(u-4,4'oumupuania)ZnCl (terpy®*)}|(CIO4)2 xommiekca

4.2 UcnintuBame natepakuuje C1-CS kommiaekca ca JIHK

JIHK je kspydHa MeTa jiejcTBa aHTUTYMOPCKHUX JieKoBa. [Ipernu3Ho mo3HaBame Be3nBama JeKa
3a JIHK je ox cymTHHCKOT 3Hauaja 3a pa3Boj JiekoBa. VHTepakiyje HCIUTUBAHUX KOMILJIEKCa
ca CT-IHK cy wucnuruBane ymorpeobom UV-Vis u ¢ayopecieHTHE €eMHCHOHE
CIIEKTPOCKONHje, Ka0 U MoMohy cuMyJalroHe MOJIEKYJICKE JOKUHT METOJIE.

4.2.1 EfeKTpoHCKa anicOPNUIMOHA MeToAa

ATICOpIIIIMOHA CIIEKTPOCKOIICKa MeTojga oMoryhaBa ma ce yTBpAM aQUHHUTET BE3UBaba
komruiekca ca CT-JIHK monekynom. Jla Ou ce ucrnuTtana oBa WHTEpaKIMja, COPOBEICHA je
TUTpAIMOHA alICOPIIIIMOHA METO/Ia Y KOjO] j€ KOHIIEHTpallija KoMIuiekca omna ¢pukcHa (8 pM)
a xonnenrpamuje CT-JIHK ce mosehaBana no oxgnoca 1:5. Ca noBehamem konnenrpamumje CT-
JHK, wHTeH3uTeT amcopmnije ce wid moBehaBa (XUIIEPXpPOMCKH TIOMaK) WIH CMamyje
(XMIIOXpOMCKH TIOMakK), y3 Ojary mpoMeHy TajlaCHE Jy>KHHE Ha KO0jOj Ce jaBJba MAaKCHUMYyM
arncopruje u uaTe3nTeTa ancopmuuje (169-173). Ilpomene ancopruja y GyHKIN]HA TATACHAX
nyxuHa npu noehawy koHumentpauuje CT-JIHK 3a ucnurtuBane C1-C5 xomruiekce cy
npuka3anu Ha cymnu 20 y geny Jluckycwuja.

Pesynratu ykasyjy Ha xunepxpomcku edekar u 0aToOXpoMHO momepame (red shift). Panu
ynopehuBama apuHuTEeTa Be3uBama koMiuiekca 3a CT- JIHK, uspadyHaBajy ce yHyTpalme
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KOHCTaHTe Be3uBama (Kp). Bpeanoctn 3a koHcTanTe Kp M3padyHaTe Ha OCHOBY jeHadyMHE |
Koja je Aara y oJesbKy Matepujan u Metoae u Mory ce Hahu y Tabenn 1.

Tab6ena 1. Koncrantre Be3uBama, Ky, u Stern—Volmer xoHcTante, Ksv, 3a HHTEpakidje
ucnutuBanux komiiekca ca CT-JIHK u XCA.

CT-JJHK XCA
104 K, [M71] 104 K5y [M7!] 104 K5y [M1]
TPaHCIIATHHA 2,26 *
HMUCILIATHHA 5,51 % 0,24 **
C1 2,5+0,1 2,2+0,1 1,8+0,1
C2 6,6 £0,1 2,9+0,1 5,8+0,1
C3 2,0+0,1 2,1+£0,1 4,5+0,1
C4 11,1 £0,1 52+0,1 22,7+0,1
C5 7,5+0,1 2,9+0,1 9,5+0,1

* pep. (185), ** ped.(186)

4.2.2 ®ayopecueHTHA Mepemha

dnyopeciieHTHA CIIEKTpOCKomnHja omoryhaBa onpehuBame MHTEPKATALMOHOT TOTEHIIMjaja
WCIUTHUBAHUX KOMIUIEKCHUX jeaumbema. VHTepkananuja ykjbydyje Be3UBame IUIaHAPHUX
apoOMaTUYHUX MoJeKyia u3Mmely maposa 6a3za Ha JIHK manumumma, mTo ITOBOAM 10 H-HXOBOT
npoayxema. OBU MOJIEKYJIH MOTY poMeHuTH cTpykTypy JAHK, yrnuyhu Ha meny crabuiHOCT
u pyukuuonannoct. Etunujym-6pomun (EB) ce yecto KopucTH Kao MHTEPKAJIAIIMOHH areHC 3a
JTHK u emutyje cHaxxHy diyopecreHIijy Ha 612 nm kana ce muaTepKanupa usmely nsa nanama
JHK (174). MehyTtum, nonaBame jennmbemha Koja Mory uHTepkanuparu u3mely nanana JTHK
u cy36utu edpexre Eb-a nosemrhe 1o cmamema (iryopecuentae emucuje (175-177).

YKOMMKO je KOMIUIEKCHO jenumberme crocoOHo na 3amenu Eb, mohw he g0 cmamema
¢dayopeclieHIje, MTO yKa3yje Ha CIIOCOOHOCT KOMILIEKCa J1a ce Belyje MHTepkananujom. Jla
ou ce yrBpauio aa au C1-C5 xommuiekcu mory na u3bdarne Eb uz CT—JIHK/EB kxommuiekca,
ucnutruBane cy unrepakiuje komriekca ca CT-JIHK y npucycty Eb. CT-AHK/EB pactBop
dbopmupan je kombunoBamem Eb u CT-JIHK pactBopa konmnentpamuje og S uM Ha pH 7.4.
Wutepakiyje kommuiekca ca CT-/IHK ucnutuBane cy mMeTooM eMUCHOHE (DIIyOopeclieHTHE
CIIEKTPOCKOIH]je, MepemeM MpoMeHe umHTeH3uTera Quryopecuennuje pacrBopa CT-IHK-Eb
HAKOH JIoflaBama ucnutuBanux komruiekca (Cnuka 20, luckycuja). Stern—Volmer xoHCTaHTE,
Ksv, cy onpehene Ha OCHOBY jemHaunHe 2 KOja je MpruKa3aHa y oJIeJbKy Matepujai u MeToje 1
Mory ce Hahu y Tabenu 1.

4.3 UcniutuBame naTepakuuje C1-CS komIuiekca ca XyMaHUM CepyM
aJIOYyMHUHOM

AnOyMHH je Haj3acTYIUbCHH]H TPOTEHWH Yy KPBOTOKY M HIpa KJbYUHY YJIOTY y TPaHCIOPTY
BUTAJIHUX JIEKOBA /10 HbMXOBHX LUJbAaHUX MecTa. VcnUTHBame MHTEpaKIMja UCITUTHBAHUX
KOMILJIEKCA ca XyMaHUM cepyM aJOyMHHOM Ipyka 00Jbe pa3yMeBambe MEXaHU3Ma JIeI0Babha
AHTHUKAHIEPCKHUX JIEKOBA M HarjalaBa BaKHOCT MpOoydyaBama WHTEpakiuja m3mehy xymaHor
cepyM all0yMUHA U Pa3IMUUTUX JeAUbEha Y IIMJbY pa3Boja e(hUKacHUjUX Teparnuja KaHiepa.
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Ycnen nmpucyctBa TpunTO(PaHCKUX  aMUHOKHMCETMHCKMX ocrtaraka XCA — emuryje
¢dnyopocuenunjy Ha 295 nMm. OBa KapakTepUCTHUKA YUHHU (PIYOPECHEHTHY CIEKTPOCKOIHU]Y
e(hrKacCHOM METOJIOM 3a IIpoyvaBame HHTepakinja komriekca ca XCA. YKOIMKO UCTTMTUBAHU
KomIuiekce uateparyje ca XCA, nosehame KOHILIEHTpalHje KoMIIIekca he ToBeCTH 0 cMambemha
bayopecrieniigje, kao mTo je TpuKazaHo Ha ciunm 21 y nmeny Juckycwja. Cmameme
¢yopecueHIyje yka3yje Ha MpOMEHe y TEepIHjapHOj CTPYKTYpH MPOTEHHA, IITO CyTepulle
BE3UBaWkE UCMTUTUBAHOT KoMmIuiekca 3a Mosiekysn XCA (187-190). Jeqnaumna 2 je xopumrheHna
3a oapehuBame Stern—Volmer koncTanTH, Ksv, koje ce onpel)yjy u3 nmuueapue 3aBucHoctu lo/l
y bynkumju ox [Q] (Tabena 1).

4.4 Pe3yaraTu cuMyJialnidje MOJIEKYJICKOT JOKHHI A

4.4.1 Uurepakuuja ca IHK

MeToa MOJIEKYJICKOT TOKMHTa KopHIltheHa je 3a rnpeaBul)amke HaurHa Be3UBamba KOMIUIEKCa 32
JHK. loOujenu pesynratu cy npukaszanu ¢y y Tadenu 3. 3a kommiekc C1, Bpeanoct 3a AG je
—6,21 kcal'mol ! ok BpemHoCT 32 MEXUOUTOPHY K;i KOHCTaHTY M3HOCH 28,18 UM. Bpeanoctu
3a C2—C5 xommekce cy HeratusHHje (C2 = AG = —9,76 kcal-mol™!'; C3 = AG = —10,01
kcal-mol!; C4=AG=-10,80 kcal-mol !; u C5=AG=—11,.22 kcal-mol '), nok cy BpeaHOCTH
onroapajyhux maxuOutopHux KoHctantu cienaehe: (C2 = K; = 28,12 uM; C3 = K; = 70,24
uM; C4=K;=12,10 uM; u C5= 5,93 uM).

Ta6ena 2. Ilpernen noOujeHNX pe3ynTara MOJIEKYJICKOT JOKHHIA 32 TPEHYTHO UCIIUTHUBAHE
komruiekce (C1-CS) u nperxoano tectupane komiuiekce (Cla—C4a u C1b—C2b (415,416) ca
JHK (AG je enepruja Be3uBama, Ki je KOHCTaHTa HUHXUOHIIH]E).

O3HAKa KOMILTEKC AG? Ki
C1 [ZnCly(terpy™™)] —6,21 28,18 "
C2 [ {cis-PtCI(NH3)x(u-nmpasun) ZnCl(terpy®*)](C104), —9,76 70,24 ¢
C3 [ {trans-PtCI(NH3),(u-niupaszun) ZnCl(terpy™*)](ClO4)2 —10,01 45,85°¢
C4 [ {cis-PtCI(NH3)x(u-4,4'-6unupuman) ZnCl(terpy ™) (C104)2 -10,80 12,10°¢
C5 [ {trans-PtCI(NH;3)2(u-4,4'-6unupuaun) ZnCl(terpy) ] (Cl04), -11,22 593°¢

Cla* [{cis-PtCI(NH3)2(u-mmupasun)ZnCl(terpy-Cl) } [(Cl1O4)2 —4,92 248,49 °
C2a* [{trans-PtCI(NH3):(u-mmupazun)ZnCl(terpy-Cl) } 1(ClO4)2 —4,96 230,84 °
C3a * [{cis-PtCI(NH3)2(u-4,4"-oumupuamun) ZnCl(terpy-Cl) } [(C104), —5,84 52,15°
C4a * [{trans-PtCI(NH3)2(u-4,4'-onmmpuann) ZnCl(terpy-Cl) } ](C104)2 -5,36 117,06 ®
Clb * [{cis-PtCI(NH3)2(u-iupasun) ZnCl(terpy) } |(C1O04)2 —6,47 18,05°
C2b * [{trans-PtCI(NH3)(u-mmupa3un)ZnCl(terpy) } J(ClO4), —6,53 16,30 °
C3b * [{cis-PtCI(NH3)2(u-4,4"-oummupuamn) ZnCl(terpy) } (C1O4)2 —8,18 1,01°

C4b * [{trans-PtC1(NH3)2(u-4,4'-0unmupuann) ZnCl(terpy) } |(ClO4)2 —-8,07 1,22°

akcal-mol™'; P uM ; °nM. * pe. (191,192)
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4.4.2 Uurepakuuja ca XCA

Merona MOJIEKYJICKOT JNOKHMHTa je Takohe kopuimheHa 3a yTBphHUBame IMOBOJHHOT MeCTa
BesuBama 1 apunautera komiuiekca C1-C5 npema XCA. Pagu taynocTu, kopumiheH je MeTos
Banmuaanyje ca TupokcuaoM (THYR) monekysnom (koju je opurunHanHo komiuiekcupad y 1HK1
CepyMCKOM aJIOyMUHY, omnucaHoM y npyrum panosuma (190). ¥V Tabenu 3 cy npuxazaHu
Haj00JBU PE3YNITATH JJOKOBaMa 3a TecTUpaHe koMiuiekce y mopehemy ca THYR-om.

Tabena 3. [Ipernen pe3ynaraTa MOJIEKYJICKOT JOKHMHTA UCTIUTUBaka HHTEpakija usmehy Cl—
C5 xommiekca ca XCA.

AG?*/MecTO Be3uBamba

03HaKa KOMILIEKC
I (subIl)  II (sublll)
THYR Thyroxine® —43,57 -30,05
C1 [ZnCp(terpy™)] —37,02 —25,06
C2 [ {cis-PtCI(NH3)x(u-nmpasun) ZnCl(terpy®*)](Cl04), —43,30 —38,36
C3 [ {trans-PtCI(NH3),(u-nupaszun)ZnCl(terpy™*)](ClO4)2 —43,05 —33,93
C4 [ {cis-PtCI(NH3)2(u-4,4"-6ummpuaun) ZnCl(terpy™®') ] (C104), —29,95 —28,82
C5 [ {trans-PtCI(NH;3)2(u-4,4'-6unupuann) ZnCl(terpy) ] (Cl04), —29,58 —29,79

akJ-mol™;  ped.(190).

4.5 Pe3yJsiTaTu NpouieHe aHTUTYMOPCKE AKTUBHOCTH

4.5.1 MTT Tect: IIpoieHa HUTOTOKCUYHOCTHU Yy in Vitro yCcJIOBUMA XeTEPOHYKJIEAPHHUX
koMIuiekca miaatude(Il)/munka(Il)

[IUTOTOKCUYHOCT ~ HOBOCHMHTETUCAHMX  MOHO- M  XETEPOHYKJIEapHUX  KOMILIEKCa
mnatune(Il)/uunaka(ll), koju canpxe 4,4',4"-tpu-tert-6yrun-2,2":6',2"-Tepnupuina JTUTaHI
(o3nauenu kao C1-CS), npouemena je kopuihesseM MTT Tecta. OBa npoliieHa je u3BpIIeHa
Ha Pa3IUYUTHM henujcKuM JIMHHWjaMa: MUIU Kojopektasau kapuuHoMm (CT26), spyacku
konopektanau kaprauaoM (HCT116 u SW480) u HopManHe MUIIHje ME3EHXUMAITHE MaTUIHE
hemje (mMSC). OBe henujcke nuHUjE Cy OWIIe U3JI0KEHE CHHTETHCAHUM KOMILIeKcuMa 48
caTu, ca KOHILIeHTpanujama y pactiony ox 1,17 no 150 pM. Pe3ynraTtu cy nmokaszanu 1a MOHO- U
xeteponykieapan komruiekcu toiatuHe(Il) m nmuka(ll) ca naBegenum murangom (C1-CS)
UCI0JbaBajy 3HavajHe UTOTOKCHYHE edekre Ha Jbyncke (HCT116 u SW480) u mumije (CT26)
hemuje konopekranuor kapruHoma (Ciuka 14). Ilopen Tora, kommiekcu C1-CS cy nokazanm
JI03HO-3aBHCHY ITUTOTOKCUYHY aKTUBHOCT MPOTHUB helrja KOJOPEKTATHOT KapIIHHOMA, JOK CY
MCKa3aju PeJIaTUBHO HUCKY ITUTOTOKCHUYHOCT mpema HopMmaaHuM mMSC hemmnjama (Crnmka

14]1).

Y KOHTEKCTy pa3Boja JIKOBA Ca HHUCKOM TOKCHUYHOIINY, HEOMXOJHO j& TPOLCHHUTH
aHTHIpordepaTUBHY AKTUBHOCT MMPOTUB HOPMAITHUX hemnuja. [n vitro TOKCUIHOCT TECTUPaAHUX
KOMILIEKCa TTpeMa HOPMAJIHUM MUIIHJUM Me3eHXUMaTHUM MatudHuM henujama (mMSC) je
ucnuTaHa. YTBpheHo je ja CBH KOMIUIEKCH CMambyjy BUjabmiHocT HopManHux hemja (mMSC)
Ha 7103H0-3aBHUcaH HauuH (Ciuka 14]]).
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3HavajHo je To na je komruiekc Cl mokazao Mamu HIUTOTOKCHYHU edekar Ha mMSC y
KoHIeHTpanrjama oxn 1,17 mo 18,75 uM y nopehemy ca meropum edexrom Ha hemmje paka
(HCT116, SW480 u CT26). OBa cmameHa nutorokcuuyHocT komruiekca C1 mpema mMSC,
3ajelHO0 ca 3Ha4YajHUM yTuiajeM Ha BUjabmimHOCT Tymopckux hemuja (HCT116, SW480 u
CT26), cyrepuiiie MOTEHIIUjAJIHY CEICKTHBHY IIMTOTOKCUYHOCT OBOT HOBOT KOMIJIEKCA IMpeMa
KaHeporeHuM henujckum auaujama. OBH Hanas| ykasyjy Ha MOryhHOCT OOOJbIIAHE in ViVvo
TOJICPAHIIH]j€E 32 0BA] KOMILJIEKC.

VY uctpaxuBamy IUTOTOKCHYHE edukacHocTn Komiuiekca C1-CS, usBpiieHa je aeTasbHa
KBaHTHTATHBHA TMPOIICHA BPETHOCTU IOJIOBUHE MAaKCHMAllHE WHXUOUTOPHE KOHIICHTpAIIH]e
(ICs0). OBa mportieHa je 6miia ycMepeHa Ha Mutlije henujcke JuHUje KOJIOPEKTATHOT KapIimHOMa
CT26 u smwyncke henujcke nuHuje koiopekranHor kapuunoma HCT116 u SW480. JloOujene
ICso BpenHoCTH, KOj€ yKa3yjy Ha KOHIIEHTpaIHjy NOTpeOHy Ja cBaku KoMIuieke nuxuoupa 50%
BUja0mHOCTH henmja, neTasbHO cy HaBeneHe y Tabenn 4.
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Cauxka 14. J{o3H0-3aBuCHN UTOTOKCUYHU epexT Komruiekca C1-CS. OBa cnuka uiycrpyje
JTI03HO-3aBUCHY IUTOTOKCHYHOCT KomIuiekca C1-C5S Ha paznuuutuM henujckuMm JMHHUjama,
onpeheny momohy MTT Ttecta HakoH 48 caru wm3nmarama. ['paduiu mpukasyjy cTome
npexkuBbaBama ciaeachnx henwjckux nuHUja npu TpetMmady komiuiekcuma C1-C5 wu
nucruiatuaoM (CDDP): (A) henuje mumijer konmopekranHor kapuuHoma (CT26), (b) hemmje
Jpyackor KojopekTtanHor kapuumHoma (HCT116), (II) henwmje JbyAcKOr KOJTOPEKTATHOT
kapimaoma (SW480), () meszenxumanne Matuyde hemmje mumma (mMSC). Ilpukazanu
MOJAIN Cy CPEeIbEe BPEAHOCTH JOOMj€HE U3 TPH OJIBOjeHA €KCIIEPUMEHTA, CBAaKU CIIPOBENICH Y
TPH IPUMEpKa.
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Anamuzom oBux ICso BpemHoctu, youeHo je ma komiuiekc C1 mokasyje WHTEH3UBHH]E
uTorokcnyHe edekre mpotuB Mummjux CT26 u mynckux HTC116 henmnja y mopehemy ca
IpyruM Komruiekcuma y cepuju. CymnpotHo Ttome, nucmiatuHa (CDDP), cranmpapmam
XEMUOTEpANujCKU areHc, IoKaszaja jeé CHaXHHje LUTOTOKCHYHE e(eKTe IpeMa OBUM
TyMopckuM henujama y mopehemy ca kommiekcuma C1-CS. MelyytuMm, Bpean HalmoMeHyTH Ja
Jje uucIuiaTHHa Takohe mokasana nopehany HUTOTOKCMYHOCT IPeMa MUILIN UM ME3CHXUMAITHUM
MaTHYHUM henrjama, Kao IITO je AeTaJbHO NMpuka3aHo y Tabenu 4.

Tabena 4. Bpennoctu I1Cso kommiekca C1-CS u ucriatuna (CDDP) va henvjckum nuHIjama
CT26, HCT116 u SW480 onpehene MTT Tectom.

ICs0 = SEM (uM)
Komniekcn
CT26 HCT 116 SW480 mMSCs

C1 44,7 £ 58,73 88,23 £48,52 106,26 £126,08 56,72 +£6,93
C2 35,07 £39,65 26,57+25,87 25,71 +2,93 10,1 +£0,98
C3 210,25 £ 86,98 181,35 +104,51 68,14 +5,21 76,24 +11,95
C4 183,16 £ 72,37 89,43 £6,7 94,06 £ 9,89 60,34 £2 4,66
C5 107,58 £79,89 151,95+26,82 75,44 +21,18 40,17 +3,96

CDDP 9,03 + 3,55 14,7+ 2,21 10,1 +3,98 7,32 +£2,51

[Topen Tora, Tepamnujcka CENeKTUBHOCT OBHX KOMIUIEKCA j€ OlIeHheHa H3pauyHaBambeM MHIEKCa
CEJICKTUBHOCTH, KOJjU je TpukazaH y TabGenum 6. OBaj MHIEKC je BakaH TOKaszaTesb 3a
onpehuBame pelaTUBHE IMTOTOKCUYHOCTH jelUI-CHha Ha henwje paka y OJHOCY Ha
HekaHiieporeHe henuje. M3pauynaBa ce kao ogHoc ICsp BpeaHOCTH Yy MUIIUJUM
ME3eHXMMAIHUM MaTUYHUM henrjaMa y 0JHOCY Ha BPEIHOCT y TyMOPCKUM henujama.

Buim nHIekc celekTUBHOCTH yKazyje Ha Behy crennpuyHOCT 1 cMambeHy TOKCUYHOCT IIpeMa
HOpMalHUM henMjaMa, INTO je KJbYYHH (akTOp Yy Tepamuju paka. 3HadajaH pe3yiTaT OBe
cTynuje OMOo je M3pa3uTO BUCOK MHJIEKC CEeIeKTUBHOCTH 3a koMmruiekc C1. OBo cyrepwuiie na
kommiekc C1 mokasyje 3HaTHO BehM IIMTOTOKCMYHM e(eKaT Ha TeCTUpaHE JIMHUje
kanreporenux hemmja (CT26, HCT116 u SW480) y ogHocy Ha HekaH1ieporene mMSC henuje.
OBa HarnamieHa ceIeKTUBHOCT CcTHYE ToTeHIrjan kommuiekea C1 kao kaHauaara 3a MujbaHy
Tepamnujy paka, IITO UMIUIMIUPA CMamkeH pU3HK of omrehema 3apaBux hennja. Ha ocHOBY
OBHX 3amaxkama, koMruieke C1 je nzabpaH 3a naspa feTajbHa HCIIUTHBAKA.

Ta6ena 5. Unnexc cenextuBHocTH (SI) kommnekca C1-C5 u nucmnatuHe Ha henmujckum
nuarjama CT26, HCT116 u SW480

Hnpexc cenekrusHoctn  (ICs5o mMSC/ICsy)

KoMmniexcu
CT26 HCT 116 SW480

C1 1,3 0,6 0,5
C2 0,3 0,4 0,4
C3 0,4 0,4 1,1
C4 0,3 0,7 0,6
Cs5 0,4 0,3 0,5
CDDP 0,8 0,5 0.7
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4.5.2 Ilpouena anonrorcke cMptH hesmja nzazpane C1 komiiekcom

Aronro3a, 4eCTO Ha3BaHa MporpamupaHom cmphy henuja, je BUCOKO perysmcaH Nporec Koju
ce JemaBa Ha KOHTPOJMCAaH HAYMH YHyTap IojeauHadyHuX henwja, ocurypaBajyhu na Hema
omrehema cycequux henmja. OBa NPEHU3HOCT YMHU HMHIYKIH]Y AaroNTO3€ BHUTAJIHOM
CTpaTeTHjOM y JIeUeHy KapIMHOMA, jep MJbaHO U CHCTEMATCKU eauMuHuIIe hemuje paka, a
HCTOBPEMEHO OUyBa 3/IpaBo TKMBO. HAyKIIMja arnonTo3e oMeTa HeHOpMaliHy mponudepanujy
KOja je KapaKTepUCTHYHA 3a henmje paka, YMMe c€ MHXUOWpa pacT W MPOrpecHja Tymopa.
EdukacHOCT oBOr MeTOIa JIEKH Y HEroBOj CIIOCOOHOCTH J1a CENEeKTUBHO LuJba henuje paka,
cmamyjyhu BepoBaTHOhy mojaBe HeXeJbeHHX edekara KOju Cy yoOWYajeHHu KOJa APYTHX
Tepanuja paka (193).

Cnocobnoct kommiekca C1 1a u3a30Be aloNTOTCKY CMPT y TyMOPCKUM henmjaMa npouemeHa
j€ KopunihemeM aHalIn3e MPOTOYHOM ITuToMeTprjoM. OBa aHaNM3a j€ YKJbYyUHBaJla TPETHUPAHE
henuja kommiuexkcom C1, HakoH uyera cy hemuje 6ojene Annexin V FITC u mponuaujym
jomuaom. Pesynraru, npukazanu Ha Ciumm 15, mokaszanu ¢y aa je 3Hadajan aeo CT26 hennja,
HaKOH 24 cara TpetMaHa KomruiekcoM C1, ymiao u y paHe u y kacHe ase arnomnrose.

[IITaBuire, 3HaUajHO 3ana)kame OWIIO je n1a je 3Havajan nporeHat CT26 henmmja takohe mporrao
KpO3 HEKpO3y y nopehemwy ca HeTpeTupaHuM henjama, mTo je mpuka3aHo Ha ucroj Crumm 15.
OBu Hana3W UCTUYY ABOCTPYKO JAeioBame komruiekca C1 y mpoMoBucamy cMpTH henrja Kpo3
arloNTOTCKE W HEKPOTUYHE IIyTeBe, Cyrepuinyhu HeroB MOTEHIMjal Kao MOhHOr aHTH-
KapIMHOMCKOT areHca.

C126-CH0 (o4 920

dekk
CT26
10 weq 1 243 1 s r,,‘ % - s
s oot uCl 1 e : oq -7
i i [ 8= i b
. ® Lnmeaté wd 1 i !
A : | :
| wq R 4 5
e 3 S Mo e gorel”  4m| . Sl 248
5 _ Z2 =] : 1 ‘I‘\:q(, 1 & {
0 HEED B e = : = gy " o 5 y
N Annexin V

Ky . Kacy, Heg
Pang AMonyg,, Ha apg,, T03, Po3a

CT26 heanje(%)

PI

Cauka 15. Uanyknuja anonro3e y henujama kojopekTanHor kapunHoMa kommiekcom C1. OBa
CIIMKa TpuKa3yje anmontoTcke edekre komiuiekca C1 Ha henrje KOJOpEeKTATHOT KaplMHOMA
CT26. IIporena anonTo3e je CIpoOBEACHA MPOTOYHOM LUTOMETPH)jOM, KOpHCTEhH ABOCTPYKO
6ojeme Annexin V (FITC) u IIpormuaujym joaumom (PI) kako 6u ce pa3nukoBaia pa3indnuTa
ctama henmja. PenpezentatuBau FACS rpaduim kateropumry henuje y cinenehe momymnaiuje:
ButanHe hemuje (AnnV-PI-), pano anomrorcke hemmje (AnnV+PI-), xacHo amomnroTcke
henuje (AnnV+PI+), Hekpotnune hemuje (AnnV—PI+). [lomamm cy u3paxeHu Kao cpenmbe
BpenHocT = SEM (cTanmapiHa rperika cpeme BpeTHOCTH ) U3 TPU He3aBUCHA €KCIIEPUMEHTA.
Cratuctnuka 3Ha4ajHOCT je o3HaueHa ca p < 0,05 u p < 0,001, uctnuyhu paznuke uzmehy
tpetupanux hemuja komriekcom C1 u Hetpetupanux hemuja CT26.
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Cauka 16. Ytumnaj komriekca C1 Ha ekcrnpecHjy MpOTEHHA MOBE3aHHX Ca armonTO30M Y
TymopckuM henujama. OBa cnuka npukasyje edekar kommuiekca C1 Ha ekcrpecH]y KJbYIHHX
NpOTEMHA TOBE3aHUX Ca aronTo30M y TymMopckuM hemujama. HuBo excnpecuje Bax u Bcl-2
nporenHa y CT26 hemujama, koje cy HeTpeTupaHne u Tpetupane komruiekcom C1 Toxom 24
cara, OLCHCH je MPOTOYHOM LuTOMeTpujoM. PenpesentaruBaun FACS rpaduuu y nanenuma
(A) u (b) unycrpyjy paznuke y ekcupecuju Bax u Bcl-2 nporeuna, pecnektuBHO. JlogaTHo,
yrunaj komriekca C1 Ha excripecujy kacnasze-3 y CT26 henujama KoJIopeKTaIHOT KapLHOMA
npukasas je y maneny (I1). OBa ekcripecuja je Takole orembeHa MPOTOYHOM ITUTOMETPH]OM, Ca
FACS rpadunuma koju mokasyjy HpoIeHaT eKciipecuje kacrase-3 y HerperupanuM u Cl-
tpetupanum CT26 hennjama. CBu mogamu cy u3paxxeHu Kao cpeambe BpeaHocTd = SEM u3 tpu
He3aBHCHA ekcriepuMeHTa. CTaTHCTHYKa 3Ha4ajHOCT je HazHadeHa ca p < 0,01 u p < 0,001,
yka3yjyhu Ha pasznuke u3melyy henuja tperupannx komruiekcom C1 u HeTpeTHpaHe KOHTPOJTHE

rpyme.
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ArmonTo3a Kao KpUTHYaH OOJWK MporpamMupaHe cMpTd henwja, urpa KJby4HY YIOTYy Y
oJpKaBamy henHjcke XOMeocTa3e M HEOIXOAHA j€ 3a pa3BOj M 3IpaBibe BUIINENN]jCKUX
opranuzama. ATIONTOo3a ce yriIaBHOM aKTHBHpA ITPEKO JIBa MyTa: eKCTPUH3UYHU ITyT arornTo3e,
KOJU YKJbY4YYyje PEelenTope 3a CMPT U JOBOJM J0 aKTHUBAIM]j€ Kacmas3e-3, U MHCTPUH3UYHU WIH
MUTOXOHJIpHjaTHU MyT aronTo3e (194).

Ogaj apyru ce mokpehe aucdbanancom nu3mel)y mpoanonToTCKUX ¥ aHTHATIONTOTCKUX MPOTEHHA,
kao mro cy Bax u Bel-2. OBaj nucbananc Memwa nIpomyCcT/bUBOCT MUTOXOHIpHjalTHE MeMOpaHe,
IITO TOBOJHM JI0 ocio0ahama MUTOXpOMa ¢ M3 MUTOXOH/IpHja M KaCHU]e aKTUBAIlM]e Kacmase-3,
mTo Boau 10 anonTto3e (195).

Bax npoanonrorcku unan nopoauue Bel-2 npotenna, mpomosuie cMpt henuja onakmasajyhu
ocrnobahame 1muToxpoma ¢ u3 Muroxonapuja (196). CymporHo tome, Bcl-2 nemyje kao
AHTUATIONTOTCKA TPOTEHH, HMHXHOUpajyhu nenoBame MpOANONTOTCKUX areHaca M THME
cupeuaBajyhu amonrosy (197). Kacmaza-3, kjbydHa W3BpINHA Kaclasa y MyTY aroITo3e,
aKTHBHpA CE y aloNTOTCKUM henujama myTeM 00a ImyTa eKCTPUH3UYHOT (JIUTaH[ 3a CMPT) U
WHCTPUH3UYHOT (MUTOXOHAPHUjATHM) ¥ OATOBOPHA j€ 3a IEMame PANHUYUTUX KIbYYHHX
henujckux MpoTewHa, MITO JOBOAU A0 MOPQOJOMKUX M OHOXEeMHjCKHX MpPOMEHa Koje
KapakTepuiry anontosy (199).

PesynraTu Hame cryauje ykasyjy aa TperMmas henuja ca koHueHTpanujama komruiekca C1 Ha
nuBoy I1Cso moBehasa nportenat Bax-no3utuBanx CT26 henuja, ok cmamyje nporeHat Bcel-2-
no3utuBHuX CT26 henmja (Ciiuka 16A, B). Ilopen tora, youeno je na komruieke C1 nosehasa
nponopirjy kacmnasza-3-nmo3utuBHUX CT26 henuja (Cnuka 1611). YoueHo nosehame excripecuje
Kacmasze-3, y3 cMmameme ekcrnpecuje Bcl-2, cyrepume wmoryhe MexaHusme neioBamba
komruiekca C1 kpo3 wuHAayknujy amomrtose. J[lasbe, 3Hauajan mopact Bax Monekymna,
MPOANoONTOTCKOr areHca, HaKOH TperMaHa KomruiekcoM C1 Harnamasa HETOBY YIOTY Y
npomoBHcamy anonrtose y CT26 henunjama.

4.5.3 Edextu xomiuiekca Cl1 Ha hemmjcku mukiayc u npoaudepauujy y heamjama
kapuuHoma CT26

[Tporenn Ki67, mobpo mo3Hat kao Mapkep nponudeparyje, uma GyHKIHMjy BesnBama 3a JJHK
U YIJIaBHOM C€ EKCIpUMYyje y akTUBHO nponudepuinyhum henvjama, anu ve u 'y henujama koje
Cy y cTamy MupoBama. OBaj NMPOTEMH Ce€ cMarpa IMOYy3JaHWM TIOKa3aTeJheM helmjcke
nposudepatyje jep je mprucyTaH TOKOM CBUX aKTUBHHX (haza henmjckor nukiyca (paze Gl, S,
G2 u M), nox je oncytan y a3u mupoBama (GO) (199).

[Tpotenn Ki67 yecTo ce KOPUCTH Y KIMHUYKAM M HUCTPAKHWBAYKUM yCTaHOBaMa 3a IMPOIICHY
cTereHa pacta henmjcke nonynanuje, npyxajyhu ysun y 6p3uny nponudepanyje henmja. Huso
HETOBE EKCIPECHje JUPEKTHO je ToBe3aH ca nmpoiudepanujom henuja, mTo ra YWHA BPEIHUM
aJIaTOM 32 MPOLeHY NpoiudepaTUBHOT cTaTyca henuja paka 1 ehUKacCHOCTH aHTUKAHIIEPCKUX
tepanija (200). YV okBUpYy HCTpakuBama aHTUIpoiudepatnBHuX edekxara komriekca Cl1,
U3BpIIIEHA je IeTekiuja HuBoa ekcrpecuje Ki67 y tperupanum hemmjama CT26. Cryauja je
MoKa3aja 3HaudajHO HWXKY ekcrnpecujy moiekyna Ki67 y CT26 hemujama HakoH TpeTMaHa
kommiekcom C1 y mopehemy ca HeTpeTUpaHUM KOHTPOJHUM henujama, Kao IMITO je
unyctpoBano Ha Ciuru 17A. OBo cmameme ekcripecrje Ki67 ykazyje Ha U3pakeHO CMambEHe
nponudepanuje henuja.
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Cauka 17. (A) Moayaanuja excnpecuje Ki67 u nucrpudynuja heaujexor nukiaycay CT26
heanjama nmoa yruunajem kommiekca Cl. OBa cimka npukasyje edekar komruiekca C1 Ha
excrpecHjy nporenna Ki67 u quctpudynujy henmmjckor uukimycay CT26 tymopckum henujama.
[Tanen (A) npukasyje penpeseHtatuBHe FACS rpaduke Koju WIyCTpyjy HUBOE €KCIpPECH]e
Ki67 y CT26 hennjama HakoH 24 gacoBHOT m3narama komruiekey C1. [Tanen (B) ce dhokycupa
Ha ytunaj kommuiekca C1 Ha quctpuOynmjy heaujckor ukiTyca y HETpETHPaHUM M TPETUPAHUM
mumjuM henujama kosopektanHor kapruHoma CT26. OBu edexTH Cy KBaHTUTATHBHO
OIICEh€HU TIOMONY MPOTOYHE ITUTOMETPUjE U MPUKA3aHU Cy Kao cpeama BpeaHocT + SEM u3
TpH He3aBHCHA ekcniepuMeHTa. CTaTUCTHUYKA 3HaYajHOCT je o3HadeHa ca p < 0,001, mro uctuye
pasnuke u3Mely hennja Tperupanux komiuiekcom C1 u HeTpeTHpaHUX KOHTPOIHUX henwja.

UctpaxkuBame 3aycraBibama hemmjckor mukiayca y CT26 xaprnuHomckuMm henwjama
TPETUPAHUM CHaXXHUM jeaumemeM C1 crpoBeleHO je paau pacBeT/baBama MOTEHIIM]aTHUX
henujckux MexaHu3aMa KOjU CY Y OCHOBH H-ETOBOT aHTHKAHIIEPOTEHOT JIejCTBA. Y Ty CBPXY,
CT26 henuje cy moasprHyte Tpermany komiuiekcom C1 y Tpajamy on 24 cara. Hamm
pe3yaTaTu NokKaszyjy na HoBocuHTeTHcaHu Komiuieke C1 epukacHO M3a3nBa 3ayCTaBJbamkbe Y
dazu GO/G1 y CT26 xonopekranHuM KapruHoMckuMm henujama (Cnuka 17B).

OBo 3aycTaBhbarb€ BEPOBATHO j€ TMOCIEOWIIA MOJEKyJIapHHX MPOMEHa yHyTap henuja
KaplMHOMa HakoH TpetMaHna. [lopen 3aycraBibama y daszu GO/G1, npumeheHo je 3Ha4ajHO
cMmameme y Ga3u cuntese (S ¢aza) HakoH TpeTMaHa jeaumbebeM C1 (Crnuka 17B).

OBo cmameme y S das3u, y kojoj ce nemaBa perukandja JHK, momatHo ykasyje Ha
epukacHoct komiuiekca Cl y oMmeramy HampenoBama hemujckor mukiayca. OBaj TpeKun
HanpeaoBama henujckor nukiyca cyrepuiie ga komriekc C1 HapymaBa HOpMajaH MpoLec
neobe henuja, mTO je KIbYYHH MeXaHu3aM 3a npoiudepaiujy hemja kaprmaoma. Maaykiuyja
3aycTaBJbama henmjckor nukiyca ox ctTpane jenumemna C1 MoTeHIMjaaHo orpaHudaBa pacT U
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Upemhe KapIUHOMCKUX henwja, wuctuuyhm meroBy edukacHocT kao obOehaBajyher
AHTHKAHIIEPOTCHOT areHea.

[MuknuHM Wrpajy KJbydHy yjory y peryinanuju hemmjckor mukmyca. OHHM cy mopoauna
MPOTEHHA KOjU KOHTPOJIMINY HarpeioBame henmja Kpo3 henujcKu NMHUKIYC aKTHBHPAHEM
IUKIMH-3aBUCHUX KHMHa3a (CDKs). AKTHBHOCT IMKJIMHA BapHpa TOKOM DPa3NU4UTHX (a3a
henujckor muKITyca, a BUXOBa PETyJIMcaHa eKCIPECHja OCUTypaBa MPaBUITHO HAIPEIOBAKE U
TajMUHT nukiyca (201). Mehy pasHuM TunoBuMa mukiIvMHa, HUKInH D u nuxnuH E cy moce6HO
Ba)XKHU TOKOM Tipenasza u3 G1 daze y S dazy (202).

Huxmua D ce ynpyxyje ca CDK4 u CDK6, urpajyhu ksbyuny yiory y npenasy u3z Gl ¢aze y
S ¢azy henmjckor nukiyca npomoBuiryhu henmjcko okpykeme HEOMXOAHO 32 PEIUTUKALU]Y
JHK. Yecro ce cMarpa CEH30pOM €KCTpaleaylapHUX MHUTOT€HUX CUTHAJIA U KJbYYHUM
¢baxTopom y omutynu henuje na ce genu (203).

C npyre ctpane, mukiauH E ce ynpyxkyje ca CDK2 u urpa 3HauajHy yjiory y OpHUIPEMH 3a
cunresy JJHK, nomaxxyhu na ce henuja ycmepu y S ¢azy. Perynucana excnipecuja muknuna D
1 E je ox cymTuHCKOr 3Ha4aja 3a oAprKaBamke HOPMAJTHOT HaIlpeaoBama hemnjckor ukiyca, a
HbUXO0BA JIUCPEryJialifja yecTo ce npuMehyje y pa3auuuTHM TUIOBUMA KapiuHoMa (204).

Ha 6u ce mpouenuo yrtunaj kommuiekca C1 na muknuH D w nuknua E, CT26 henmje cy
tpetupane ICso koHneHTpanujom jeaumema C1 y Tpajamy on 24 cata. PesynraTu, npukazanu
Ha Ciounu 18A, nokasyjy na kommuieke C1 3Ha4yajHO cMambyje MporeHat henrja mo3uTUBHUX Ha
nukirH D, mTo ykasyje Ha cMmameme momnynanvje hemmja koje mpenasze u3z Gl y S dasy.
Mebhyrtum, excnpecuja henuja mo3uTHBHHX Ha IMKIMH E HHUje Ouia 3Ha4ajHO HM3MEHEHA
tpetmanoM (Cnuka 18B).

OBa cenekTtuBHa penykinuja nukimHa D cyrepume na xkommieke C1 cnemuduyuHo omera
HanpenoBame henujckor nukiayca y Gl ¢asu, moreHuujanHo aoBojehu 10 3aycTaBibarba
hemujckor nukiTyca u nHXUOUIMje nasbe mpoiudepamnuje CT26 henmmnja. Y cIMIHOM KOHTEKCTY,
yctanoBJbeHo je ga  pyrerujym(Il)-mmatuna(ll) oOuc(tepnupuani) aHTHUKAHIIEPOTCHH
KOMIUIEKCH Takohe Memajy akTuBHOCT IukinHa D u E. OBM KOMIUIEKCH Cy TOKa3aiu Ja
Osokupajy ynazak henmmja y S dazy (205).

[TocToju kpuTHuHa uHTEpaKkiuja n3mehy nukiauHa D, p21 u pochopunucanor AKT (p-AKT) y
perymanuju henujckor nmkiyca. p2l, maxuburop mnukinH-3aBUcHe kuHaze (CDK), wurpa
KJBYYHY YJIOTY y KOHTpoJin henujckor mukiyca mHXuOMpameMm aktTuBHOCTH CDK-—1mximmH
KOMILIEKCa, YKIJbYydyjyhu OHE KOju yKJbYdyjy HMKIUH D. p21 Moke OMTHM MHIYKOBaH Kao
OJITOBOp Ha pasiuyuTe cTUMyiyce, ykbyayjyhu omrehewe JIHK m npyre curnane crpeca,
nenyjyhu xao perynarop Koju 3aycraBjba HamlpeaoBame henujckor nukiyca, mocedHo Ha Gl
KOHTpOJIHO] Tauku. OBa MHXUOWIIM]aA j€ KJbYYHH acIEKT NeMjCKOT oJroBopa Ha omreheme,
cnpeudaBajyhu perunkanujy omrehene JJTHK (206).

C npyre ctpane, p-AKT, ¢ocdopunucann obnuk nporenH kuHaze B (AKT), je 3Hauajan
OHKOT€HHM Wrpad KOjU YYECTBYyje y KOHTpOJW mpoiudepanuje u TpeKuBhaBama hemnuja.
®ocdopunanja AKT noBoau 10 akTUBaIMje HU3BOJHHUX IyTeBa KOjH MPOMOBHUIILY pacT H
MpeXUBJbaBamkhe henuja, IMTO Ta YWHA KPUTHYHOM METOM Yy TEpanuju KapiMHOMA.
Hucperynammja AKT curnanuzanuje decro ce mnpumehyje y pasHMM KapIMHOMHMA,
JTompuHOCEhM TYMOPOTEHE3H B Pa3BOjy PE3UCTEHIM]e Ha Tepanujy (206).
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Cauxa 18. Excnpecuja mportenHa henujckor mukiayca M curHainHux nporemHa y CT26
henujama tpetnpanum komriekcoM C1. OBa ciuka mpukasyje pemnpeseHtratuBHe FACS
rpaguke KOju ACTa/bHO TMPHUKA3yj]y EKCIPEeCH]y KJbYYHUX MPOTEHHA NEeNMjCKOT IUKIyca H
curHasiHux nporenHa y CT26 henujama HakoH 24 yacoBHOT u3narama komiuiekcy C1. ITanen
(A) unyctpyje excripecujy Lukmuna D. [Tanen (b) mpukasyje nuoe Luknuna E. TTanen (1) ce
doxycupa Ha ekcrpecHjy nporeuna p21. [anen (J1) mpukasyje HuBoe gpochopunucanor AKT
(p-AKT) y oBum hemujama. [Toganm qoOujeHr MPOTOYHOM IUTOMETPH]OM CY TIPEACTABILEHU
Kao cpeamwa BpeaHocT = SEM, u3BeneHU W3 TpU HE3aBUCHA eKkcriepuMeHTa. CTaTUCTHUYKa
3HauyajHOCT je o3HadeHa ca p < 0.05, p<0,01,u p <0,001, mro uctude 3HaYajHE PA3IHUKE Y

ekcrpecuju oBux mporenHa m3Mely henmja Ttperupanux komriekcoM C1 u HETpeTHpaHHX
KOHTpOJHUX hemnmja.
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Hakon tpermana komrmiekcom C1, CT26 henuje cy mokasajie IpoMeHE y €KCIPECH]U OBHUX
KJbYUYHUX perynaropa hemujckor nukiyca. [Ipumeheno je mosehame mporenra hemuja koje
excipumupajy p21, waxuburop CDK (Cnumka 18I). Oma ymperynamuja p2l BepoBaTHO
nornpuHocu cynpecuju aktuBHOocTH CDK, unMe ce momatHo mojayaBa 3aycTaBibambe hemujckor
nukiyca. [lopen Tora, Tperman komruiekcom C1 je m3a3Bao 3HA4ajHO CMamEHE HUBOA
docpopmmmncanor AKT-a (p-AKT) (Cnuxa 18]1). Cmameme p-AKT, kibydHOr enemeHTa y
OHKOTECHHM CUTHAJTHUM ITyTEBUMA KOJU OJIAKIIIaBa]y MPEKUBJhaBamke U posmdepannjy hemnuja,
yKa3yje Ha MOTEHIUjaJIH aHTUTYMOpcKH edekat komriekca C1. OBe npoMeHe y eKCrpecuju
p21 u p-AKT yka3yjy Ha cmocobHoct komiuiekca Cl ga Hapymu KpUTHYHE TMpoOIEce Y
perynanuju henujckor LUKIyca M CHUTHAIM3ALUjU TPEKUBIbaBamba, YMME I0Kaszyje CBOj
MOTEHITM]aJl Kao euKacaH aHTUKAHIIEPOTCHH areHc.

VKyImHO, MOXKE€ ce€ 3aKJby4YUTH Ja CYINCTUTYEHTH Ha TPUACHTATHUM TEPIUPUAMHCKUM
JUraHAnMa, Kao LITO Cy fert-OyTHi rpyIe, 3Ha4ajHO YTHUY Ha aHTUNPOJIU(epaTUBHU edeKaT u
HauuH Be3uBama JIHK konm mononykneapuux m xereponykieapHux turatuHyM(ID)/muak(ID)
komruiekca. CrepHa XHHIpaHCAa H3a3BaHa JOJABambeM KPYNMHUX fert-OyTWil Tpyna Ha
TepnupuanHy moBehaBa BeIWYMHY XETEPOHYKJICAPHHX KOMIUIEKCa, CMamyjyhn HHXOBY
¢dnekcubmIHOCT U peakTUBHOCT. OBO OM MOrao OMTH TJIABHU PA3JIoOT 3aIITO MOHOHYKJICAPHH
komruiekc C1, y mopehemy ca xereponykieapanm C2—CS5, moka3yje HajBUIIN CEICKTUBHU
MHJIEKC, YnMe nocTaje ooehaBajyhu nusbaHu aHTUKAHIIEPOTEHH areHc.
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5. INCKYCHJA

JI13ajH HOBUX XETEPOHYKJICAPHUX KOMILIEKCA Kao MOTEHIMjaTHUX aHTUKAHIIEPOTeHUX areHaca
[0CTa0 j€ HOBU TPEHJ 3a MO00OJbIIAkEe AHTUKAHIIEPOTEHHWX CBOjCTAaBA I0jeIUHAYHUX
MetanosiekoBa (207,208). Mako jexoBu Ha 0a3u IJIaTHMHE MOKAa3yjy WM3Y3€THY aHTHTYMOPCKY
aKTHBHOCT, MHHMXOBa €(QHUKACHOCT je OrpaHHMueHa HEXE/beHUM e(eKkTUMa Kao IITO Cy
pe3UCTeHIMja W TOKCHYHOCT, MaHM(PECTOBAHUM y  BHAY  HE(HPOTOKCUYHOCTH,
HEYPOTOKCUYHOCTH, OTOTOKCUYHOCTH, KAPAMOTOKCUYHOCTHU U Ipyrux (209-212). YkipyunBame
JIBA pa3INuMTa JOHA METajHa, O]l KOJHX je jeaH OHMOJIONIKYA aKTUBAH, Y UCTY JEIUbECHE MOXKE
1no00JbIIATH AHTUTYMOPCKY aKTUBHOCT. OBO MOOOJbIIAkE MOXKE HACTATH yCIe]l CEJIeKTUBHUX
WHTEpaKiyja joHa MeTajdHa ca OHOMOJIEKYyJMMa WM TMOO0OJbIIalkha XEMH]CKO-(PU3HUKHX
CBOjCTaBa HACTAJIUX XETEPOHYKIEapHHX KomIuiekca (cuHepruzam) (213). Mexanuzam
JIeIOBama JICKOBAa Ha 0a3M IUIaTHHE je Beoma J00po MO3HAT, a aHTUTYMOpPCKAa aKTHBHOCT C€
o0jammaBa uHTepakiujama u3mely rmnaruaa(ll) komrmiekca u JIHK, yrnmaBHoMm nmpeko N7 aroma
ryaHWHa, JIOK C€ HEraTUBHU HEXeJheHH edeKkTn objammaBajy HHTEpaKidjamMa ca
onomonekynuma koju camapxke cymmop (209-211). Hunk(Il) jon, xao rpanmuna JleBucosa
KHCeNIMHA, UMa apUHUTET MpemMa aroMHMa KOjU JOHOPCKE aTroMe a30T WJIM KUCEOHHUK Y
o6uomonexynuma (215-219). HenaBHe cTyauje ykasyjy Ja Cy XeTepOHYKJICapHHU KOMILIEKCH ca
ommrtoM GopmyoM cis- win trans-Pt-L-Zn peaktuBHuju npema koHcturyeHTuMa JIHK Hero
npeMa OMOMOJIeKylIuMa Koju caapxe cymmnop. OBH KOMIUIEKCH Cy TOKa3ajiu 3HauajHO Behy
IUTOTOKCUYHOCT y Topehemwy ca nucruiaruaom (415,440). ITopehana MUTOTOKCHYHOCT MOXKE
Ce€ TPUIKCATH TMOTEHIIMjaIHOM YTHUIQjy Ha BUIIE MHTPAEIyIapHUX TpOIeca U CTPYKTypa y
koje je ykspyueH nuHK(II) joH. MonekynapHr MeXaHW3MHU KOjU PETYJIHINY OAroBOp hemujcke
nuHUje KapruHoma aebenor npesa HCT116 Ha MMTOTOKCHYHO J€jCTBO OBUX KOMILJIEKCA CY
CIIOXKEHH, YKIJbY4uyjyhu nHTepakuuje u3mely paznuuutux curHamaux myTtea (191-192,216).
HoBo nusajuupanu xeteponykiieapuu 3naro(l)/mnarnna(Il) xomrieken ca OUnmupuaAnIaMUH-
dbochun mUraHAMMA IMOKa3aIM Cy U3pakeHe aHTUIpolipepaTuBHE e(PeKTe, y pacrioHy CIUIHOM
WiaM  BUIIeM of uucratuHa  (217). TecT UMTOTOKCHYHOCTH TOKaszyje Ja
pyreanjym(Il)/pernjym(l) Takohe mokasyje Behy anTHKaHIIEpOTeHY aKTHBHOCT OJ1 ITUCIIJIATHHE.
Kommuiekcu m3a3uBajy amonTtoly Kpo3 peryianujy hemujckor mmkiryca, Aenojiapu3anujy
MOTEHITMjajla MUTOXOHIpHjajiHe MeMOpaHe, moBehamke WHTpaleTyJapHUX PEaKTHBHUX BpPCTa
KHCEOHHMKA U Kacna3Hy kackagy (218).

Hosu mnaruna(IV)/pyreanjym(Il) xomruiekcu, koju KOMOHHYjy HMTOTOKCHYHA CBOjCTBA
IUCIUTATHHA Ca aHTUMETACTaTCKUM KapaKTepHCTHKaMa PyTeHH]jyM-apeH KOMITIeKCa, TOKa3aiIH
cy Behy mmroToKCHMYHOCT y mopehemy ca wnucriiatuHoM. OHH Cy TMOKa3aJd HHUCKY
MHUKPOMOJIapHY, CyO-MHKPOMOJIAPHY ¥ HAHOMOJIAPHY IUTOTOKCHYHOCT y BehMHM HCITUTHBAHUX
henuja spynckor kaprunoma. [lopex Tora, OBU XeTepOHYKJIEAPHU KOMILUIEKCH Cy C€ TOKa3ajH
eukacHUM Yak ¥ y henrjama OTIIOPHUM Ha MHCIUIATUHY, KOHKpeTHO A2780cisR (kaprinHOM
jajauka) u A549cisR (agenokapumnom rutyha) (219,220). [lu3aj U pa3Boj XeTEpPOMETATHUX
KOMITIEKCa Kao JICKOBA MNPOTUB paka yKJbydyje MYNTHIMCHMIUIMHAPHU TPHUCTYI, KOjH
KOMOMHYj€ 3Hama U3 XeMHje, ONOJIoTHje U MEeTUIIMHE.

HoBu xerepoHykieapHH KOMIUIEKCH Cy JAW33JHUPAHHA TIpeMa CTPaTerdju YCMEpPEHO] Ka
cieun(puIHUM OMoMapKeprMa WM OMOJIOIKUM MeTaMa Koje Cy MIPEKOMEPHO eKCIIPUMUPAHE Y
hemnjama paka. [{usb je moctuhu cynmepruopHy CEJIEKTHBHOCT Y OHOCY Ha JICKOBE Ha 0a3u
IUIaTHHE, Y3 MUHUMH3Hpambe HexeJbeHnX edekara (207,208).
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['maBHUM 1IMJB OBE cTyaMje OMO je CHHTE3a M KapakTepu3allija MOHOHYKJICAPHUX U YETHUPHU HOBA
XETePOHYKJICapHa KOMIUIEKCA Ca CYNCTHTYHCAHUM TEPHUPHIMHCKUM JIMTAHJIOM, Kao H
onpehuBame cBojctaBa BeswBama 3a JIHK wu mporemne, y mmpy mnoctuszama Behe
uutotokcuuHoctd. CTpykTypen crpaxeHux kommiekca  [ZnCl(terpy®Y)] (C1), [{cis-
PtCI(NH3)2(u-mupaszun)ZnCl(terpy®*)} J(C104)2  (C2), [{trans-PtCI(NH3)x(u-mupasun)ZnCl
(terpy®*)} (C1O4)2 (C3), [{cis-PtCI(NH3)x(u-4,4° 6unupumun)ZnCl(terpy™®')} (CIO4), (C4), u
[ {trans-PtCI(NH3)2(u-4,4 -6umapuann)ZnCl(terpy*)} |(C1O4)2 (C5) (terpy™" = 4,4',4"-tpu-
tert-Oytun-2,2":6',2"-repnupunus) npukazane cy Ha Ciaumu 8.

5.1 CuHTe3a M KapaKTepHU3anuja

HoBo cunrern3oBanu komiuiekcu omnmte popmysne C1-CS cy okapakTepucaHy eJIeMEHTaIHUM
anammama, UV—Vis, FT-IR, 'H NMR cnexrpockorjom u ESI-MS crniexrpomerpujom. OnmTy
MyT CUHTE3€ HOBUX XeTepoHyKiIeapHux komiuiekca C2—C5 npuka3zas je Ha Cxemu 2.

Ananusom 'H NMR crexrapa koMiuiekca yTephenr ¢y MyITHILIETH y omcery of 9,25 no 8,84
ppm HacTaJiM TpeKIanamkeM CHTHaja KOju MOTHYY OJ MPOTOHa Ha mojoxkajuma 3,5 u 3",5"
(cmuxe 9-13). Cunraeru xoju notudy o 3,3,3" u 5’ mpoToHa U3 CpeAmer MpcTeHa MUPHUInHA
jaBipajy ce y omcery ox 7,99 no 7,07 ppm, CUHrIeTH NPOTOHA W3 TpU-fert-OyTWI Tpyre
M10jaBJbUBAIIH Cy ce y omcery of 1,48 1o 1,23 ppm, 10k ce cuHriaeru npotoHa u3 —NH; rpymne
Hanase nu3mehy 4,75 u 1,46 ppm.

CurHanu Koju MoTu4y OJf MOCTHHX NMUPA3HHCKUX JIMTaHaia ¢y y orcery of 8,99 no 8,74 ppm,
IO0K KoJ 4,4'-0unupuani JuraHaja ce npekianajy u ca curuanuma 2,2",3,3" u3 repnupuanHa
¥ TI0jaBJBUBANM ce y ormcery on 8,98 mo 8,26. Jenmna paszmuka msmehy 'H NMR crexrtpa
komruiekca C4 u CS npumehena je y mosoxajy curaaia Koju oAroBapajy npotronuma u3 —NHj
rpy1a, mTo je nmociaeauia reomerpuje oko riatuaa(ll) jona. Y kommiekcy C4, nee —NHj3 rpyrie
Cy y cis TIOJIOXkajy, IITO JOBOAM JI0 IOMEpama curHana ka Behum Bpeanoctuma (downfield
shift) y onnocy Ha trans CS nzomepe.

VY IR cnekTprMa UCIUTHBAHUX KOMIUIEKCa Tpake Koje Koje ce omHoce Ha —NH3 rpymy ce
Hanaze y omcery on 3436 mo 3293 cm’!. BubGpanumone Tpake koje cy crmenuduuHe 3a
apomaruune V(C=C) u v(C=N) Be3e y IR cnexrpuma ce Hanaze ce y omncery ox 1619 mo 1391
cm™ e (Cnukxe 9-13). Curmanum Ha 1607 cm ™' oarosapajy KOMIUIEKCMMa Ca MOCTHHUM
MUPa3HHCKUM WK 4,4'-6unupuaunanM nuranguma. Tpake y omcery of o 627-615 cm™!
npunucanu cy v(Zn—N) Bezama. Tpaxe Ha 820, 866, 819 u 777 cm™ onroBapajy BuOpanujama
v(C=C). OBe BpeTHOCTH YKa3yjy Ha MPUCYCTBO IBOCTPYKHUX BE€3a y MOJICKYJIY, IIITO j€ TUITTMYHO
3a apOMaTU4HE yIJbOBOJOHHKE.

UV-Vis ciekTpu KoMIuleKca cHuMaHu cy y Boau u PBS nydepy. Hucy npumehene paznnke
MTO YKa3zyje Ha CTaOMITHOCT OBHX KOMIUIEKCa y My(epcKkoM pacTBopy. MaKCUMyMH
aricopmiyja jaBipajy ce 3a komruiekce C2—C5 cy mpukaszanu Ha 274, 284, 306, 316 1 328 nm
(C2)m 274,284,318 u 330 nm (C3), 1ok je 3a komruiekce C4 u CS Anax Omta Ha 282 nm u 278
nm, OBU pe3ynTaTH yKa3yjy Ha pa3lMyHTe €JIeKTPOHCKE MHTepakiuje usmely nBa meranHa
[IEHTpa U OJIrOBapajy NMPEHOCY HaelIeKTPHUCaha Ca JIMTaHJa Ha METaHe [ICHTPE.

Macenu criektpu komiiekca C1-CS 3abenexeHu cy y HTO3UTUBHOM jOHCKOM pexumy, CUrHamn
Ha m/z 577,99 oxrosapa [M + K]" anykr jony 3a kommekc C1, MoneKkynapHU jOHH OTKPUBEHH
Ha m/z 344,02 (+ 0,20) u 488,04 (+ 0,40) oxrosapajy [M — Zn]" u [M — L — Pt]" ¢pparmentuma
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3a C2 u C3, JloOujeHn cUTHAJIM MOJICKYJIApHUX joHa OTKpuBeHHW Ha 1145,94 (£ 0,24)
oxrosapajy [M + NH4']" axykr jony 3a C4 u C5, Takohe Curnanu (pparMeHTHHX jOoHA Cy
Takolhe IeTeKTOBaHMU.

Mepewa npoBoasbuBocT 1 mM pactBopa komiiekca C2—CS cy uszBpuieHa Ha 25,3 °C y
pactBapauuma aumerwidopmamua (DMF) u aneronutpuin. OB pacTBapaun cy u3abpaHu 3a
Mepema MPOBOJJBUBOCTH 300T CBOj€ BHUCOKE JHEIEKTpUYHE KOHCTaHTe. BpenHoctu
npoBoasbrBOCTH 3a Komruiekce C2 u C3 y DMF-y cy 131,4 u 155,9 Q 'em? mol ', penom,
ToK ¢y y arietorutpuiy 251,2 u 230,1. 3a kommiekce C4 u CS, nobujenu pesynratu y DMF-
y cy 157,2 u 148,0 Q 'cm? mol !, a y aneronurpuny 273,2 u 225,3 Q 'cm? mol!. TIpema
JUTEpAaTypHUM ToJaluMa, J0OMjeHH pe3ysTaTdu Ce ClIaxy ca TUIOM eJeKTpoiuta 2:1 u
noTBphyjy KaTjoHCKY MpUpoay Komiuiekca (221).

Pesynratn kapakrepusanuje mOTBplyjy QopMmupame XeTepoHYKJIeapHHUX KOMIUIEKca ca
MOCTHUM JIMTaHIUMA MUPa3uH U 4,4"-0OumupuanI.

5.2 UcnutuBame naTepakuuje C1-CS kommiekca ca JIHK

YTBphHuBame HaUMHA KOOPIMHAIIN]€ WM HHTEPaKIIMje KOMIIEKCa JoHA MeTajla ca MOJISKYyJInMa
JHK Bpim ce npumenom UV-Vis cnektpodoromerpuje. Komriekcn joHa mpenazHux MeTana
Mory ce BesuBatu 3a JIHK myTeM koBajeHTHMX WM HEKOBAJICHTHHX HWHTepakuuja. Kama
monekyn JIHK xoopaunyje mpeko N7 aToMma ryaHuHa, yCIocTaBjba c€ KOBAJIEGHTHA Be3a, TOK
HEKOBAJICHTHE MHTEPAKITHje MOTY 00yXBaTaTH MHTEPKAJaI]y, GOpMHUpame BOJJOHUIHUX BE3a
U eNIEKTPOCTATUUKE WHTEPaKIIH]e.

VY cnyuajy mHTepKanamuje, uHTepakuuja komruiekca ca JJHK moxe moectu mo omamama
(xurmoxpoMHH edekaT) WM A0 pacta (XUmepxXpoMHU edekaT) MHTEH3UTeTa arcopOaHIe.
Takobhe, mory ce jaButu 0aTOXpoMHO (red shiff), momepame ancoOpPHIXOHOT MaKCUMyMa Ka
BUIIMM TaJacHUM Jy)XHHAMa OIHOCHO HWIKE C€HEpTHje), WM XHIICOXPOMHO IOMEparme
arnicopruonor mMakcumyma (blue shift), momepame arCOpPIIMOHOT MaKCUMyMa Ka HHXHM
TaJaCHUM JTy’KMHaMa OJHOCHO Buie eHepruje) (169).

[TpunrkoM uCIUTHBakHa HHTEPAKIIMja YTBPHEHO je Ja arncopmniimona cBojcTBa komiuiekca C4 u
C5 oxarosapajy omcery koju je ucniutuBama natepakiuja ca CT-JIHK monekymnom. 360r Toka
cy BpenHoctu amncoprmuje pactBopa CT-JIHK xopuroBane u mnpumucaHe arncopriuju
oarosapajyhux kommiekca. Kopurosane BpeHocT HaBeseHe cy y Tabenu 2.

[TpunrkoM HCTIMTHBAY, CBU KOMIUIEKCH CYy MTOKa3aliu oArosapajyhe BpeqHoCTH Ky KOHCTaHTH
(Cnuxka 19). Bpennoctu koHcTanTH pacty ciaeachum penocnenom: C3 < C1 < C2 < C5 < C4.
Kommexe C4 je nMao 3HaTHO BUILY BPEIHOCT KOHCTaHTE BE3MBama y nopehemy ca ocTaanum
UCIMTAHUM KOMIUIEKCHMA.

[Topen Tora nmpumeheHo je ga KOMIUIEKCH KOjH CaapiKe TPAHCILIATHHY UMajy HUXKY BPEIHOCT
3a Kp KOHCTaHTY y OJTHOCY Ha aHaJjore KOjH cajpike MUCIaTuHy. Hacympot ToMe, KoMIuIeKcH
ca MOCTHHMM JiuranaoMm 4,4’-0unupuand umajy Buiie K, KoHCTaHTe y mopelhemy ca aHano3uma
nupasuHa.
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Cauxa 19. (A) Ancopnumonu crnekrpu C1-C5 xommiekca y mnpucycTtBy pactyhux
koHneHtpanuja CT-/IHK pasnmuuntux xonmentpammja. [lopact amcopmiuje o3Ha4eH je

ctpenunoM. (B) 3aBucHoct [CT-AHK]/(ea — &r) = y dynkmuju [CT-AHK]).
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Cauxa 20. (A) Emucuonu cnekrpu CT-IHK/EB y mpucyctBy u oacyctBy pacTtyhux
konnentpaiuja C1-C5 kommuiekca. CMamemne emucHje je o3HadeHo crpenutioM. (b) 3aBucHocT

10/T ox xoHmenTparnmje [Q].
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Nutepaknuja C1-CS kommnekca ca [JHK monexynuma nmpoydyaBaHa je KopunihembeM eMUCHOHE
(iyopeclieHTHE CIIEKTPOCKOINHUje, TPU 4YeMy C€ Kao TUIMYaH HHTEPKAIaTop KOPUCTH
etuanjym-opomua (Eb). Kana ce pactBop kommuiekca qona y pactsop CT—/IHK/EB, mepemem
pOMEHE WHTEeH3HUTeTa (IIyopecleHlnje pacTBopa mpumehyje ce mpoMeHa y e€MHUCHOHUM
cektpuma. OBe TpoMeHe MOTy yKa3uBaTH Ha cMameme win noBehame QuyopecueHTHE
eMHucHje, ITo Npyska BakHe HH(opMalije o nHTepakuuju komrekca ca JJHK.

BpenHocTn KOHCTaHTH Be3WBama JOOHjEHHX METOAOM (IIyOpPOCHEHTHE EMHCHj€ CBHX
WCIIUTUBAHUX KOMIUIEKCa yTBpheHe cy pena BenumuwHe o 10% mTO yKasyje Ha YBPCTY
MHTEpKaJIalMOHY CIIOcOOHOCT M pacty y Hu3y: C1 < C3 < C2, C5 < C4 (Tabena 2). Kommiekc
C4 je uMao HajBUIIY BPEAHOCT. YOUEHO j€ Ja KOMIUIEKCH Ca TPAHCIUIATUHOM HMMajy HUKE
BPEIHOCTH KOHCTAHTH Be3uBama y nopehemy ca aHano3numa ca nuciuiatuHoM. Hacynpot Tome,
KOMIUIEKCH KOJU CapKe MOCTHH Jurasj 4,4’-OMnupuiuH mokaszaiau cy Behe KOHCTaHTe y
nopehemy ca KOMIIEKCMMa y KOjUMa jeé MHpa3uH MOCTHM JuraHi. Takole, BpemTHOCTH
nobujeHe oBoM MeToaoM cy y nopehemy ca UV—Vis ananuzama Owmiie MpuOIMKHO ABa MyTa
Behe. Emucuonn cnexkrpu pactBopa CT—IHK/EB y oxacycTtBy M mpucycTBy MCIHMTHBAHOT
KOMIUIEKCa MpuKa3aHu cy Ha caunu 20.

5.3 HUcnutuBame unrepakumje C1-CS5 komiuiekca ca XyMaHMM CepyM
aJI0yMHUHOM

HcnutruBame nHTEpakuuja u3mehy cepym andyMuHa U KOMIUIEKCA jOHA MeTajia MPHUBYKJIIO je
3Ha4YajHO MHTEPECOBAKHE HCTPAKMBaya, jep OBE MHTEpaKIHMje MOTY CMAmbUTH WIM ToBehatu
OMOJIOIIKY aKTUBHOCT JIEKOBA, KA0 M JIOBECTH JI0 Pa3B0ja HOBUX METO/a TPAHCIIOPTa JIeKoBa. Y
HaIlTUM UCTPaKMBambMMa KOPUCTUIIM CMO XyMaHU cepyM anoymuH (Human serum albumine),
XCA. Kopunrhena je eMuCHOHA CLIEKTPOCKOIICKA METO/1a 3a OApe)uBambhe KOHCTAHTH BE3UBAbA.
Emuconu ciektpu XCA y nmpucyctBy C1-C5 komruiekca mpukazanu ¢y Ha ciunu 20. Jlooujene
CY pa3IMyuTe BPEIHOCTH 3a KOHCTAHTE Be3MBama Koje pacty y HuM3y: C1 <C3 <C2<C(C5<
C4. Hajseha BpenocT koHcTanTe Ky 1061jeHa je 3a kommieke C4 pena Benuuune 10° M
IITO yKaszyje Ha 3HayajaH apuHUTET KoMmIuiekca mpema XCA monekyn. CynpoTHO ToMme,
HajHKa Ksy BpeaHocT gobujenHa je 3a komruiekc Cl. YoueHo je 1a KOMIUJIEKCH KOJH CapiKe
TPAHCIUIATUHCKH /10 MMajy HUXKE KOHCTAHTE y OJHOCY Ha HMXOBE LUCIUIATHHCKE aHAJIOTe.
[Topen Tora, KOMIUIEKCHM ca OWNMUPHUIMHCKMM MOCTHUM JIMTaHIMMa TIOKa3amu cy Behe
KOHCTaHTe y nopehemy ca KOMIUIEKCHMA KOjH CAAPKe MUPA3UHCKU MOCTHU JIUTAH/.

IIpu mnopehewy m0OMjeHMX KOHCTAaHTH 3a xerepoHykieapHe C2-CS5 xomriekce ca
KOHCTaHTamMa KOMIUIEKCa OJ KOJUX CY HOBOCHMHTETH30BAHM KOMIUIEKCH IOTEKIH
(TpancrutatuHa, ucmiatuHa u komivieke C1), mpumehyje ce na 3a kommiekce C2, C4 u CS
(Tabena 1) cy nmoOujeHe 3HA4YajHO BHUINE BPETHOCTH KOHCTAHTH Yy OIHOCY Ha TOYETHE
Komruiekce. Mnak, 32  C2 KOMIUIEKC BPEIHOCTH Cy CIMYHE BpEIHOCTUMA JIOOMjeHHM 3a
noueTHe Komiulekce. OBU pe3ynTaTd ykKaszyjy Ha TO Ja CTPYKTypa XETEpOHYKJIEapHUX
KOMILJIEKCa JIOIPUHOCH MOOOJBIIAHO] PEaKTHBHOCT, MOCEOHO y ciaydajeBuMa Komruiekca C2,
C4 u CS, nok xommuieke C2 mokasyje peakTUBHOCT CIMYHY Kao MOYETHH KoMruiekcH (185-
186). YKonuKo ymnopeauMo pe3ysTaTe Halle CTyJHje ca pe3ysiTaTHMa KOju cy JAOOHjeHHU 3a
CTPYKTYPHO CIM4YHE XeTepoHykieapHe komiuiekce tuma  Pt(II)-Zn(I) (191) moxemo
NPUMETUTH J1a KOMIUIEKCH HUMajy CIMYHY peakTHBHOCT TokoM uHTepakmuje ca CT-IHK
MOJIEKYJIMMA.
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Camka 21. (A) Emucuonu cnektpu XCA y mpuUCYCTBY M OJICYCTBY pacTyhux KOHIIEHTpaIHja
C1-CS xommekca. Cmameme emucuje je o3HadeHo crpenumoM. (b) 3aBucHoct Io/l on

KoHIeHTpanuje [Q].
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[Topen tora, xereponykieapau Pt(I)-Pd(Il) kommekcn u xomonykneapuu Pt(I) u Pd(ID)
KOMIUIEKCH MTOKa3yjy yIopearuBe KOHCTaHTe T00ujeHe mpoydyaBameM naTepakiuja ca CT-/JHK
n mporenHuMma (173), peduextyjyhu kapakTepucThke mpoydaBaHUX Komiuiekca. OBO
3amakame JacHO yKa3yje Ha TO J1a Cy KOHCTaHTe 3a JUHYKJIeapHe KOMILIEKCEe TeHEepaIHoO pea
BenmuuHe 104, mTo yka3yje Ha UBpCTO Be3MBame Kako 3a Mosiekyse JIHK, tako u 3a anGymuH.

5.4 Ananu3a pe3yJrara 100MjeHUX CUMYJIALMjOM MOJIEKYJICKOT JOKHUHIa
5.4.1 Unrepakuuja ca JIHK n XCA

Mornekyncku AOKHHT je MeToja y OuomHGOpMATHIIM M CTPYKTYpHO] OMOJIOTHjH KOja ce
KOPHUCTH 3a mpenBuhame HauMHA Ha KOjU c€ MOJIeKyIu (0OMYHO JIEKOBH) Be3y]y 3a onpeheHe
ouosomke Makpomonekyne (momyt nmporemHa win JIHK). OBa Merona je Beoma BakHa y
MpoIecy OTKpHBama JIEKOBa, jep omoryhaBa HCTpakMBayMMa Ja MpolieHe aQUHHUTET H
CHEIM(PUIHOCT BE3UBAA PA3IUYUTHX MAIUX MOJIEKYJa Ha [IUJHHE MPOTEHHE.

MeTtona MOJEKYJICKOr JOKMHra KopumiheHa je 3a mpeasubame HaunHa BesuBama C1-CS5
komruiekca 3a JIHK. Jlobujenu pesynraru npukaszanu cy y Tabenu 3. Y taGenu cy npukazaHu
U JUTEpAaTypHU pe3yaTaTu 3a CTpYKTypHO cimuyHe komruiekce tuma Pt(II)-L-Zn(Il). Kaga
YIOpeIMMO BPEIHOCTHU TJI€ je Y CUCTeM YKJbydeH jemaH xyop (TaGema 3) ca BpeaHocTHMa
ucnutuBaHux komiuiekca C2—CS (ca tert-OyTui Tpynom) MOXKEMO MPUMETUTH HETaTHBHU]jE
BPEIHOCTH 33 EHEPTHjy Be3uBama (01 —9.76 10 —11.20 kcal-mol 1) Hero y ciydajy kommiexca
Cla—C4a (o1 —4,92 no —5,84 kcal-mol '1). Koncrante uaxubumuje 3a C2—C5 xoMmrnekce cy
nwke (70,24, 45,85, 12,10 u 5,93 uM) Hero 3a komruiekcHa jeaumema Cla—C4a (52,15,
117,06, 248,49 u 230,84 uM). Moxe ce pehu na komruieke C1 uMa HajcIUYHU)E BPEAHOCTH Y
nopehemy ca paHHje HCIUTHBAHUM KoMiuekcuMa (6,21 kcal-mol ™! ca K; ox 28.18 pM)

Camka 22. Haj6osee noxunr nozunuje komrmiekca C1-CS: (A) C1 (b) C2 (1) C3 ([1) C4 u (E)
Cs.
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[Tpunukom mopehema oxaroBapjyhux MHXHOUTOPHMX KOHCTAHTH Ca KOHCTaHTaMma paHHje
cuntetn3oBanux kKomiuiekca (C1b—C4b) (415) (6e3 jemuor -Cl umum fert-OyTunHe rpyre
YHYTap), MOXKE C€ 3aKJbYUUTH Ja je uHTepakiuja 6ospa y ciydajy C1-C5 xommiekca ca JIHK
(TaGena 3). Bpennoctu 3a enpruje Be3uBama 3a C3b u C4b komruiekce uzHoce —8,18 u —8,07
kcal-mol ! (415), anu cy 6osbe BpemHOCTH n00MjeHe 3a Kommekce C2—-C5 (—9,76, —10,01,
—10,80 1 —11,22 kcal-mol '1). Tpenn je Takohe Gobu Kaza je ped 0 KOHCTAHTAMa HHXUOUIIH]E.
Bpennoctu 3a K; kommekca C1b—C4b cy y pacriony uM (1,01, 1,22, 18,05 u 16,30 uM), noxk
y ciydajy komriekca C2—C5 (70,24, 45,85, 12,10 u 5,93 uM),

[IpencraBibenu momamu npensuhajy jaue BesuBame 3a JIHK y ciayuajy C2, C3, C4 u CS5,
koMIuiekca. OUHWIJIETHO je Ja Cce ca yBOhemeM fert-OyTWIIHE TPYINE y CHUCTEM ]aBJbajy
WHTEpaKIuje jauer nuureHsurera (Beha neraruBna AG enepruja u Hike Bpennoctu K; (Tabena
2). Haj06ospe mo3unmje moKoBama ¢y npeacraBbeHe Ha Craurn 22. Pagu nmperu3HocTd MeTona
je nposepena 3a bis(1,10-penanrponun)miaruna(ll) kommiaexc n7DJW.

[TpumapHu gonpuHOC HHTEpaKIKjaMa y ciay4ajy komiuiekca C1 notude o Ban gep BancoBux
cuna. Y cinydajy komiiekca C2, TONpUHOCH MOTHYY OJf KOHBEHIIMOHAIIHUX BOJAOHUYHUX BE3a
u Ban nep BancoBux cuna, 3atum cnene cuctemu C3—CS (Crnuka 23).

Cuamka 23. Jlonpunocu natepaknuja 3a komriekce C1-C5: (A) C1 (b) C2 (I1) C3 (1) C4 u
(E) C5

Metoaa MOJIEKYJICKOT JIOKWHTa je Takohe xopuirheHa 3a yTBphUBame HajIOTOJHUjET MeCTa
Be3MBama M HcNuTHBama wuHTepakuuja umely C1-C5 xomrmiekca u XCA. Hajsehu
aduHNTETH Be3uBama npuMehenn cy 3a C2 (AG = —43,30 kJ'mol™!) u C3 (AG = —43,05
kJ-mol ™), nok je cucrem C1 nmokasao Hemro Huxku apunuteT (AG =—37,02 kJ-mol ™). C mpyre
ctpane, kommiekc C4 (AG = —29.95 kJ-mol™") u C5 (AG = —29.58 kJ-mol!) nokasamu cy
Hajcnabujy uatepaknujy. Crora, je m3adpano mecto I 3a xoje ce uBpcTo Be3yjy komruiekcu C1,
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C2 u C3. MehyrumMm, y caydajy C4 u CS xomIuiekca MOXe c€ OYEKMBATH BE3WBamE 3a 00€
ctpane (Tabemna 3).

Cauka 24. Untepakuuje C1-CS xommiekca 1 XCA (000jeH xyToM 00joM) ca OJOMEHHMa

(o3rauenum nox a). Kommnekcu cy ob6ojenn tamuo miaso: (A) C1; (b) C2; (1) C3; (1) C4; u
(E) C5.

Haj6ospe moxorunr nosuinje BesuBama C1-C5 kommiekca 3a XCA npukazane cy Ha Crnunu
24. Kana je peu o nuntepakuujama kommiekca C1 ca XCA, nonpuHOCH yriaBHOM MOTHYY O]
Ban nep BasicoBux cuna, n-G, aKuil U T-aJIKWI Be3a, 10K 3a KoMmiuiekce C2 u C3 noMUHUHATHE
Cy KOHBEHIIMOHAJIHE BOJOHWYHE Be3e, M-, AJKWI W 7-alkui Bese. Hajpehm nompunocu
nHetpaknujama komruiekca C4 u C5 ca XCA nmotudy o/ KOHBEHIIMOHATHUX BOJJOHUYHHX BE3a,
Kao U 01 -G U T-AOHOPCKUX Be3a.

5.5 AHTHTYMOpPCKe AKTHMBHOCTH  XETEPOHYKJIEAPHUX  KOMILJIEKCa
miaatune(Il)/umaxa(IT)

5.5.1 IIpoueHa DMTOTOKCHMYHOCTH Y in Vifro yCJIOBUMA XeTePOHYKJIEAPHHUX KOMILJIEKCa
miaatuHe(Il)/munka(Il) MTT TecTom

VY ucrpaxuBamuMa KopuitheHe cy pasnuuute henwjcke JTUHHUjE KapUUHOMA, YKJbydyjyhu
Mulngje KonopekrtanHu kapruuHoMm (CT26), spyncku konopekrannu kapuuHom (HCT116 u
SW480), xoju cy nobujenu ogq ATCC, CA/l, n mumuje me3enxuMcke matnane hemmje (mMSC,
Gibco, Fbyjopx, CAJN), xoje cy onpxkaane y komiuieTHoM DMEM wmenujymy (Dulbecco's
Modified Eagle Medium), nakyoupane na 37°C y Bnaxxnoj armochepu ca 5% yrjbeH-IHOKCU]T
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(CO»). Kopumhene cy camo cycnensuje hemuja koje cy umane mnpeko 95% BujabUiIHOCT,
onpehenu cy 6ojemem Trypan blue meTogom. lluroTokcnunu ehekTr MeT HOBOCHHTETUCAHHX
KOMIUJIEKCa, 33ajeIHO ca IMCILIATHHOM, TpolewmeHn ¢y merogom MTT Ttecra y ckiamy ca
MPETXOIHO YCIOCTaB/beHUM TpoTokonuma (223). TokoM (aze eKCIOHEHIHjaIHOT pacTa,
henuje cy mpukymnsbeHe U3 KyATYpHUX Ooria, mpedpojaHe W 3aThM Mocejane y 96-henmjcke
KyATypHe miode y ryctunu of 5-10° hemuja mo 6ymapy. Hakon Tora, hemuje cy msnoxene
pa3IMYUTUM KOHIEHTpallMjaMa HOBOCHUHTETHU30BaHMX KOMILJIEKCA U IUCIUIaTUHA (Y pacloHy
on 1,17 mo 150 uM) Toxom Tpajama ox 48 caTtu, MpH YeMy je CBEKE KOMIUIETAH MeEIUjyM
CIIy’)KMO Kao KOHTpousa. Pe3ynraTu cy KBaHTHTATHBHO NMPHUKAa3aHU y OJHOCY HAa KOHTpoiy (
HeTpeTupane henuje), npyxajyhu ynopeaHy Mepy HIMUTOTOKCHYHOCTHU. Takolhe, u3padyHare cy
Bpeanoctu ICso, KOje mpeacTaBibajy KOHIEHTpalujy mnoTpebHy na ce unxubupa 50%
BujabmiHOcTH henuja, xopumthewmem Microsoft Office Excel 2010. Ha kpajy, momamu cy
MPEACTaB/bEHN Kao MPOIEHTH BHjaOMIHUX henrja y CKIaay ca METOJIOJIOTHJOM OMHCAaHOM Y
pedepentHoj cryamju (223), onakmaBajyhu cBeoOyXBaTHO pazyMeBame€ aHTHUTYMOPCKOT
MTOTEHITM]ajla OBUX JCIUCHA.

Pesynratu cy mokazanm na xereponykieapHu komruiekcu ruratuae(Il) u muaka(ll) (C1-CS)
MMajy CHa)KaH HUTOTOKCHYaH e(ekaT Ha JbyICKe U Mulllje hesmje KoJIOpeKTaIHOT KapluHOMa,
y3 PEIaTUBHO HUCKY TOKCHMYHOCT mpema HopMmamHuM mMSC hemujama. Kommieke C1 je
M0Ka3a0 CEJIEKTUBHY HUTOTOKCHUYHOCT, CMameHy NpemMa HopMaiHuM henujama, a moBehany
rpemMa TYMOPCKHUM JIMHHjaMa, IITO yKa3yje Ha BeroB MOTCHIIN]jaJl 3a IWJbaHy TEpamujy paka y3
CMameHY IITeTy 3a 31pase hemuje. 36or Tora je komruieke C1 nzabpaH 3a Jajbe HCTPAKUBAE.
CAMYHY IATOTOKCUYHU MCXOJH Cy youeHH ca Komruiekcuma nuHka(ll)-reprmupununa, Koju cy
CMamWIM BHjaOMWIIHOCT henmuja KOJ pa3lM4YMTUX KaplUUHOMA, YKJbYydyjyhu aaeHOKapIMHOM
myha (A549), xenaronenynapau kapuuHoMm (Bel-7402), anenokapuuaom aojke (MCF-7) u
CKBaMO3HHM KapIMHOM jeamaka (Eca-109), kao mTo je HaBeAeHO y cTynuju Jlu u capagHuka
(224).Takohe, = kommuiekcu  tuiatuHe(ll)-repmupuamHa ¢y  moOKa3and — 3Ha4dajHE
a"HtunponudeparuBHe edekre y pazaIMuuTHM NeTujcKUM JHHHjaMa, Kao IITO CY JbYACKH
ckBamo3Hu KapuuHoM (A431). Jbyacku ckBamo3nu kapuumHoM (A431), xapruHoMm rpimha
matepurie (HeLa), kaprmaom nojke (MCF-7), kapuunom 1uryha manux henmmja (A549), kao u
AS549 cybnuHuja otriopHa Ha nuciiatuny (A549/DDP) (225).

5.5.2 Ilpouena anonrorcke cMptH hesanja nzaszpane C1 kommiekcom

[Ipouena amomrto3e koj henwja koje cy Owie MOABPTrHYTE TPETMaHy CIpPOBEACHA je
kopunthemeM Annexin V u Propidium lodide nBocTpyke merome Oojema y cKiagy ca
METOJIOJIOTHjOM OIKUCAHOM Yy TPeTXOAHuM cryaujama(226). OBaj mpuctyn je omoryhuo
onpehuBame TPOIEHTAa amoNTOTCKUX henuja. Y JajbuM eKCIepUMEHTHMa, henwje cy
¢dukcupane u nepmeadbunuzonane nomohy nepmeadbunuzanuonor 6agpepa. Hakon Tora, henmje
Cy MHKyOupaHe ca crnenuduiyHuM aHTUTEIMMa Koja inbajy Bel-2, Bax u kacna3zy-3, nparehu
MpOLIEype ONMUCaHe y MPETXOAHUM HCTpakuBamuMa (226). AHann3a oBUX TpeTupanx hemmja
u3BpIIeHa je KopuirhewmeMm mportounor muromerpa FACS Calibur, a qobujern momanu cy
nerasbHO aHanu3upanu copreepom FlowJo (v10.8.2). OBa TexHHKa je Ipy’Kuiia CBEOOyXBaTHY
U IeTaJbHY NMPOILIEHY allONTOTHYKOT 0AroBopa koA henuja HakoH uznarama C1 KOMILIEKCY, IITO
je TIOMOTJIO Y pacBeTJbaBaly MEXaHW3Ma HHAYKIH]je hemujcke cMpTH.

Omrehena henuja MoXke aKTUBHpATH BUIIE Pa3IMYUTUX MEXaHHW3aMa allONTOTCKE CMPTH KaKo
Ou ocurypaia cBoje yHUIITeHE. J[0K je Kacraza-3aBHCHA aronTo3a HajepUKacCHUjU 1 HajOpKU
npoliec, y ciy4ajy MyTaldja Wid WHXuOuuuje, henuja Moke akTUBUpPATH CIIOPUjU Kacraza-
HE3aBHMCHU MexaHu3aMm aronto3e (227). Y Tom mporiecy, IeHTpaliHy yiory urpa Bcl-2
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MOpoJuIla MPOTEHHA, KOja PETyJIMIle HE CaMoO amomnTo3y, Beh W HeKkpo3ly W ayTodarujy.
[Ipomene y excrpecuju U (YHKIMjU OBHX NMPOTEHHA JONPHHOCE pa3BOjy paka U HpYyxajy
MoryhHOCTH 3a 1usbany Tepanujy (228).

[IpoanonToTcku U aHTHANONTOTCKH WiaHoBH Bcl-2 pamunmje, kao mro cy Bax u Bel-2, urpajy
Ba)XXHY YJIOTY Y KOHTPOJIM arlonTo3¢e KOJI pa3IMIUTHX BpCTa KapiuHoMma. tbuxoBo nenoBame ce
Oasupa Ha GopMupamy aumepa, mpu yemy Bcl-2/Bax xeTepoaumepn mHXHOMUpajy amonrTosy,
ok Bax/Bax xomomumepu mnozactudy amontosy (229,230). OBM mpoTEeHHH, CMEIITEHU Yy
MUTOXOHJIpHjaTHO] MeMOpaHu, MOTYy peryamcaTd ociobahame HIUTOXpoMa C, KOJH je
HEOITXOJ[aH 3a aKTHBAIM]y Kacrasa u arnonrto3y (231).

[Topen Tora, nporennu nomyTt NF-kB, Bcl-2 u Bax npencraBibajy BakHe MapKepe aronToTcKe
aktuBHOCTH henuja. NF-kB urpa xibyuny ynory y perynucamy onHoca u3Mmely 3anabema u
kanneporenese. Muxubummja NF-kB y hemmjama paka MoXke JOBECTH 10 amonTo3e M
3aycTaBJbama poudepalyje, mTo je KJbYIHO 3a PEaKIHjy Ha Teparuje Moy T UTOCTaTHKA U
3pauema (232,233).

[TponycT/BMBOCT MHUTOXOHJpHjadTHE MeMOpaHe je TIOJ KOHTPOJIOM paBHOTEXe wu3Mehy
MPOANONTOTCKUX M AHTHUANONTOTCKUX 4iaHoBa mopoaune Bcl-2. BesuBame Bcel-2 3a Bax
CIpeyaBa anornTo3y, 0K ce MOPacT eKCIpecHje MpoanonTOTCKUX MpoTenHa nonyt Bax-a Besyje
3a uHaykujy hemujcke cmpru (234,235). Bucoka ekcrpecuja Bcel-2 moxke ycmoputu pact
henuja, any BEHO MTPEKOMEPHO MPUCYCTBO MOJACTUYE CMPT, IOK CMambeHa €KCIPecHja BOIU 110
PE3UCTEHIIje Ha allonTo3y, IITO je YecTa 1ojaBa KoJl KapuuHoma (236).

Ha xpajy, nopemehaju y oBoM cuctemy, moceOHO MHAKTUBUPAE MPOANONTOTCKUX MPOTEHHA,
YECTH Cy KOJl MAJIMTHUX henrja, mMTo yTH4e Ha OCETJbUBOCT TyMOpa Ha Tepamnuje. [Ipomene y
excpecuju Bcl-2 mporenHa Mory 3HavajHO yTHLIATH Ha YyCIeX Jieuewma, unMe Bcl-2 moctaje
Ba)KaH MPOTHOCTHYKH Mapkep (237).

Pesynraru, npukazanu Ha Crnunum 15, mokaszanu cy aa je komruieke C1 uHIyKoBao anmonTo3y H
HeKpo3y y 3HauajHoM mporieHTy CT26 henmja nHakon 24 cara Tpermana. OBO JABOCTPYKO
JIENIOBAKbE YKa3yje Ha HEeroB MOTEHIIM]jal Ka0 CHAYKHOT aHTH-KapIIMHOMCKOT arerca. TpeTMman
ca xomiuiekcom C1 mosehao je Opoj Bax-mosutuBHux henmmja, cmammno Bcel-2-mo3utnBHe
henuje, u moBehao ekcmpecujy kacmaze-3, mTo cyrepumie na komrmieke C1 gemyje kpo3
uHaykuujy anontose y CT26 henujama.

Cnuuno tome, y cpomHoMm koHTekcty, NCI-H460 henmje paka, koje cy JTUHHja XyMaHHX
KapIMHOMa BeNMKUX henumja 1uryha, Owie cy MOABPrHYTE TpPETMaHy JAWHYKJICAPHUM
miatuHa(ll)  kommiekcuma. OBu  KoMIUIekcu — caapxke  4'-cymncruryucane-2,2':6',2"-
TEPIUPHUINHCKE JUTAH/IE U AIMUHUCTPUPAHU Cy Y Tpajamy o1l 24 cata. HakoH oBOr TpeTmaHa,
JIOTILJIO j€ JI0 3Ha4YajHOT MoBehama MpOoIeHTa anoNTOTCKUX heluja, MITo je y TECHOj KOpeJaluju
ca M3JarameM oBUM crnienuduuHuM aurananma (238). Takohe, ctyauje cy nmokazaine na Zn(Il)
TePIUUPUANHCKA KOMIUIEKCH WTpajy 3Ha4ajHy yjory y mporecy amomnrtosze (239). Osu
KOMILIEKCH, cIMuHU KoMiuiekey C1, nmajy moTeHIMjal 1a u3a30By arnonTosy y henujama.

OcTBapeHu pe3ynTaTd Cy y CKIaJy ca CIMYHMM HCTPaKMBamkUMa Koja Cy TOKazana Ja
pyreanjym(Il)  tepmupumuacku  komrmuiekcu-[Ru(Cl-tpy)(en)Cl]CI  (Ru-1) u [Ru(CI-
tpy)(dach)CI]Cl (Ru-2) ucnospaBajy 3HauajHy in Vitro IIUTOTOKCHYHOCT Ha XyMmaHe henwmje
kapuuHoma rpiuha marepunie (Hela) n xapumnoma tmuryha (AS549), nok Ha 3npaBe henuje,
nomnyT JbyAckux ¢pudpobdnacra mryha (MRC-5), umajy ymepeny Tokcuanoct. Bpennoctu ICso
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3a Ru-1 kpetaine cy ce u3mehy 32,80 u 66,30 uM, a 3a Ru-2 m3mely 72,80 u 110,80 uM, mro
jey cKiany ca nmpeTxogHuM cryaujama (240-241).

5.5.3 Edextu xommiaekca C1 Ha perynarope henujckor nukiayc u npoaudepanujy y
heaujama kapuunoma CT26

Hame wuctpakuBame ce€ HACTaBWIO Kako OM C€ WCHUTAIM TOTCHIHjATHH €(QeKTH
HoBOCcHHTeTHCaHOT koMIutekca C1 Ha nuHamuky henujckor nukimyca CT26 tymopcekux henyja.
[usp je 6uo ga ce uaeHTudukyje excrnpecrja Ki67, kao u 6mI10 KakBe IPOMEHE Y MPOTPECHjU
henmmjckor nwmkmyca Tymopckux henuja Tperupanor kommiekcom C1 y mopehemy ca
HeTpeTupaHuM henujama. EkcnepuMeHT je W yKJbydMBao TpyIy hendja TpeTUpaHUX
KOHIIGHTpaljama Koje ozromapajy BpeaHoctuma I[Cso KoMIIiekca M KOHTPOJHA Tpyma
Herpetupanux henuja. Te henuje cy kyntuBucane y 6omama o 25 mL. Hakon tpermana ICs
KoHIeHTpauujama komiviekca C1, henmje cy moasprHyte uMHKyOammju ox 24 cara, 3aTHUM
TPUTICUHU3AIU]U, TPOCTpyKoM ucnupamy PBS-om u Opojamy henmuja. CBaka empyBera ca
Y30pKOM j€ 3aTHUM TpeTUpaHa ca crieuu(puIHuM aHTUTeNoM Koje nusba Ki67 (eBioscience, Can
Jueco, CA, CAH)/1 pL Vybrant® DyeCycleTM Ruby 60je (Thermo Fisher Scientific Inc.,
Waltham, MA, USA), a 3atum aHanusupana nporounum muromerpom FACS Calibur (BD
Biosciences, Can Xoze, CA, CA/]). Anamm3upano je Hajmamwe 15000 morahaja mo y3opky.
Amnanuza nojaraka je usBpiuena kopumhemem coptepa FlowJo vX.0.7, mro je omoryhuno
neTajbHy TpolieHy (a3a hemujckor mukiyca M OWIIo KakBUX edekara Koje je MHIYKOBaH
komiuiekcom C1.

[Tporenn Ki67 je HexucToHCKH TTpOoTEeUH ca aBe n3zodopme, mace 345kD u 395kD, 3a koju ce
BEpyj€ Ja Urpa KIbY4HY yJIOTY Y CTaOMIIN3alMji XpOMaTHHA, ¢ 003UPOM Ha H-ErOBY MPUCYTHOCT
y ryctoMm (pubpunmapHOM pernoHy jeaapua. HberoBa ekcmpecuja je CTpOro KOHTpOJKCAHA H
yKJbydyje mporece docdopmnanuje u aedochopuianyje TOKOM MUTO3E, a PETYIHIIE Ce
MPOTEOJTUTUIKUM MEXaHW3MHUMAa, IIITO JOBOAM J0 KPaTKOT MOIYKUBOTa poTterHa oa 60 1o 90
MuHyTa (242). Bberosa BaxkHocT 3a henujcky npoiudepanujy je norsphena, jep je yrepheno na
ykinamame Ki67 momohy aHTHCEHC HYKJICOTH[a 3aycTaBiba mpoliec nposudepanuje henuja.
Berosa ynora y oprannzammju JIHK je moce6Ho u3paxena rokom pane G1 ¢aze (243).

Ki67 aHTHTENO je MPBO MOHOKJIOHCKO AaHTHTENO KOje TMperno3Haje HYKJICapHU aHTHIeH
nponudepumyhux henuja, a nodujeHo je nmyHn3anyjoM Muiiesa ca hemujama L428 Hodgkin-
oBor numdoma. Haszpano je mo rpagy Kun y Hemaukoj, omakie motuue (244). MIB-1 je
Hajuenthe KOpUIINeHO aHTHUTENO Koje oTkpuBa Ki67 aHTHUTEH, KOjU je€ TPHUCYTaH CaMoO Y
henujama xoje cy y ¢as3u nponudepanuje, onHocHo y kacHoj Gl, S, G2 u M ¢a3u nukiyca,
amu He n'y GO dasu (245). Excnipecuja Ki67 ce mosehasa ox cpenme G1 dase, kpo3 S u G2, 1o
BpxyHUa y M dasu (246).

Ki67 ce mmpoko KOPUCTH y MMYHOXHMCTOXEMHCKMM aHajn3aMa Kako OW ce TpOICHHIIA
nposnrdepaTuBHa aKTHBHOCT TyMOpa, a Takohe MOMaxe y pa3IuKoBamby OCHUTHHUX Off
MQJIMTHUX TymMopa. Y OCHUTHUM TyMOpHUMa MHTOTCKa aKTUBHOCT j& YIJIAaBHOM HHCKa WU
OJICYTHa, JIOK j€ Yy MAJIUTHUM TyMOpHMa 3HauyajHO Beha M y KOpesaluju ca HamnpeaoBambeM
oonectu (245). Hemoctatak npuMeHe aHTuTena Ha XymManu Ki67 je yecta yHaKpcHa peakiiyja,
ma Cy pa3BHjeHU eKBUBAICHTH kao mrto cy MIB u TuBB 3a 6ospy mporneny ¢ynkuuje Ki67
nporenHa. MIB-1 ce kopuctu 3a mapkupame Ki67 kon paznuuautux Bpcra cucapa, 1ok MIB-5
pearyje camo Ha Ki67 xox namosa (247,248).
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Hamm pesynraru nokasyjy na komiuieke C1 edukacHo 3aycraBba CT26 kapunHOMcke henuje
y GO/G1 ¢a3u, BepoBaTHO yclel MOJIEKYJIApHUX IPOMEHa HakoH TpeTMmana. [Ipumeheno je u
cMamewe hemmja y S dasu, mro ykazyje Ha maxubunujy permmkanuje JJTHK u ycropaBame
henmjckor nukiyca. OBo cyrepuiie aa kommieke C1 omera henujcky neo0y, BakHy 3a pacT
TymMopa. Pesynratu Takohe mokasyjy Ja KOMIUIEKC cMmamyje Opoj henwja MO3UTUBHUX Ha
mukianH D, 6e3 3HauajHUX IMpoMeHa y ekcnpecuju nukiuHa E, mro ykasyje Ha cnenuuuaHo
3aycraBibame Iukiyca y Gl ¢asm.

Huxmua D1 urpa kpydny ynory y npenacky hemnja uz G1y S da3y nukiryca, popmupajyhu
KOMIUICKCE Cca MHUKIHH-3aBUCHUM kuHa3zama CDK4/6, mto moBomu no docdopmranuje Rb
MPOTEHHA W aKTUBAIIM]€ Te€HAa BAXKHUX 3a Mporpecujy nukiayca (249). YV nopehemwy ca npyrum
nukaauMa D tuna, muknmmH D1 je wemhe Heperynucan y pa3iu4MTUM TyMOpPHMA, IITO
pesyaTtupa Op3om mponudepanujom hemmja (250). Hberoa excrpecuja je y Kopeianuju ca
XOPMOHCKHM PELENTOPHMA, TOCEOHO Y XOPMOH-3aBUCHUM TYMOpHMa MOIYT KaplIMHOMA JI0jKE
(251,252). HUctpaxuBama o0 yno3u nukiamHa D1y KoOJIOpeKTaqTHOM KapluuHOMY CY
KOHTpaJUKTOpHA. JIOK Heke CTyauje Moka3yjy HMO3UTHUBHY ekcrpecujy y 23,1% cmyuajeBa
(253), npyre yka3zyjy Ha 55% 1 moBe3yjy BUCOKY €KCIPECH]y ca MOBOJbHOM MPOTHO30M (254).
Mebhytum, Heka HCTpakMBama IMOKa3yjy jAa moBehaHa ekcrpecuja mukiauHa D1 ckpahyje
npexxuBIbaBame (255). Takohe, cTyamja je mokasasa ja je eKCIpectja OBOT MPOTEHHA MMOBOJbAH
MPOTHOCTUYKHM (DaKTOp KOJ MyIIKapaua, ald He M Koj jkeHa (256). Mnak, Behuna cryauja
MOBE3Yj€ BUCOKY €KCIIPECH]y ca JIOIINjOM MPOTrHO30M U KpahuM MpeXnBIbaBamkeM 0e3 perarca
(257).

Y oBoj ¢aszu crynuje, CT26 henuje kapuuaoma cy Tpetupane [Cso KOHIIEHTpAIHjOM KOMILIEKca
C1 win ocTaBJbeHE Kao KOHTpoJIa y Meaujymy TokoMm 24 carta. Hakon dQukcupama u
nepMeabunusanuje, henuje cy MHKyOUpaHe ca aHTUTEIMMa YCMEPEHUM Ha KJbY4YHE perysaTope
hemujckor mukiyca, kao mro ¢y Hukmua D, Huknun E, p21 u p-AKT. Ananu3za je uzBpiieHa
kopunthemem nporounor nutomerpa FACS Calibur, a momamm cy obpahenn codtBepom
FlowJo (v10.8.2). IlpeTxonHa ucTpaskuBama cy OTKpHIIa Ja ojpel)eHa KOMIUIEKCHA jeIUbEha
pyreaujyma(ll) mory y3pokoBaTu 3aycraBibame henuja y GO/G1 da3u kpo3 aktuBanujy pS3 u
nosehame p21 nporenna, koju Onokupa akruBHocT CDK n naxubupa henujcku mukityc, mro
JIOBOJIM IO 3ayCTaBJbakba U UHIAYKIH]je aronTose (258-260).

76



6. 3AK/bYUYAK

HoBo-cunretucanu xereponykiieapuu komruiekcu Pt(II)-L-Zn(Il) quzajaupanu cy Ha OCHOBY
CTpaTerrje ycMepeHe Ka chenupuuHuM OHoMapkepuMa M OHOJIOIIKMM MeTaMa Koje Cy
MIPEKOMEPHO TPHUCYTHE Yy TyMOpCKMM henmujama. OBa cTyawja 1Mo TpBU IyT TOKaszyje na
HoBocuHtetucanu Pt(I)-L-Zn(II) xommiekc Cl moka3syje 3Ha4ajHy HUTOTOKCHYHOCT IpemMa
henrjama KOJIOPEKTATHOT KapIIMHOMA, ajld HE M MpeMa HETYMOPCKUM henmjama in vitro, mTo
yKa3yje Ha To na komiuiekc Cl mMma MOTeHLHWjan Ja MOCTaHe MEepCHeKTHBaH KaHIUAaT 3a
AHTUTYMOPCKY TEpaIiujy.

Ha ocHoBy nobujeHux pesynrara, u3BeIeHU Cy cliefichu 3akibydIiu:

HoBu  xereponyxmeapun  kommuiekcu — Pt(II)-L-Zn(Il) cy  oxapakrepucanu
enemenTanaoM aHammzom, UV—Vis, IR, '"H NMR u ESI-MS cnektpomeTpujom, rie
KapakTepu3alyje nmoTBphyjy hopmupame XeTepoHyKI€apHUX KOMIUIEKCA Ca MOCTHUM
JTUTaHauMa nupasuHa u 4,4'-ounupuannia.

CyncTuTyeHTH Ha TPUIESHTATHUM TEPIUPUINHCKUAM JTUTAHIUMA, Kao IITO CY fert-OyTui
rpyrne, 3Ha4ajHO yTU4Y Ha aHTHNpoaudepaTuBHU edekaT 1 HauuH Be3uBama JJHK kox
MOHOHYKJIeapHuX U Xereponykieapaux miatuayM(Il)/muak(Il) kommiekca.
HNurepakumja C1-CS xommiekca ca JIHK wonexkynuma ykaszyje Ha 4YBPCTY
MHTepKalIalnoHy crocodHoct u pacre y Huzy: C1 < C3 < C2, C5 < C4 . Kommieke C4
¥MMa HajBHUIILY BPEIHOCT.

Crynuje MOJIEKYJICKOT TIOKMHTA Cy TTOTBpAMIIE N1a je BesnBame komruiekca C1 3a JIHK
pesyatar Ban nep BancoBux cuna, ok je BesuBame kKomiuiekca C2—CS pesynrar
KOHBEHLIMOHAJIHUX BOJOHWYHMX Be3a U Ban nep BancoBux cuna.

CBM HCIIUTAaHU KOMIUICKCH TOKa3aidu cy onaroapajyhu adguauTeT Be3mBama 3a XCA
Moekyn, Bpeanoctu konctanTu ce mosehasajy cienehum penocnenom: C1 < C3 < C2
< C5 < C4. Kommeke C4 je umao Hajehy Ksv BpeIHOCT, 0K je HajHIKA Ky BPEIHOCT
npunazana kommiekcy Cl1.

Ha wucnutuBanum nuHujama Tymopckux henuja, HOBocuHTeTHcaHu kKomiuiekcn C1-CS,
noce6no komruteke C1, mokasyjy J03HO 3aBUCHY IIUTOTOKCHYHOCT U jady CEJICKTHBHOCT
npeMa TyMOpckuM henujama y oqHOCY Ha Me3eHXHUManHe MaTtiuaHe henuje, y nopehemy
ca LUCIIJIATHHOM.

Kommiiekc C1 mosehaBa mporeHat hemvja xkaprnuHoMa KOJIOHa y PaHO] M KAaCHO]
arornTo3u.

Kommiexkc C1 nocnemryje ekcnipecrjy Bax y aHanm3upaHuM cojeBUMa KaHIICPOTCHUX
henuja, 1OK peayKyje eKCIpecHjy aHTHAIONTOTCKOT poTtenHa Bel-2.

C1 xowmmnekc edukacHo 3aycraBiba hemujcku mukinyc y GO/Gl dasm, cmamyje
excrpecyjy nukimHa D, 6€3 3HauajHUX MpOMEHa y eKcpecHju IukianHa E.

77



7. JUTEPATYPA

1. Bhatt P, Lalani R, Vhora I, Patil S, Amrutiya J, Misra A, Mashru R. Liposomes encapsulating
native and cyclodextrin enclosed paclitaxel: Enhanced loading efficiency and its
pharmacokinetic evaluation. Int J Pharm. 2018;536(1):95-107.

2. Croce CM. Oncogenes and cancer. N Engl J Med. 2008;358(5):502-11.

3. Patel J, Amrutiya J, Bhatt P, Javia A, Jain M, Misra A. Targeted delivery of monoclonal
antibody conjugated docetaxel loaded PLGA nanoparticles into EGFR overexpressed lung
tumour cells. J Microencapsul. 2018;35(2):204-217.

4. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. 2018;68(6):394-424.

5. World Health Organization. Global Health Observatory. Geneva: World Health
Organization; 2018 [cited 2023 Dec 22]. Available from: https://www.who.int/

6. Omran AR. The epidemiologic transition: a theory of the epidemiology of population change.
1971. Milbank Q. 2005;83(4):731-57.

7. Gersten O, Wilmoth JR. The cancer transition in Japan since 1951. Demographic Research.
2002;7(5):271-306.

8. Bray F, Soerjomataram I. The changing global burden of cancer: transitions in human
development and implications for cancer prevention and control. In: Gelband H, Jha P,
Sankaranarayanan R, Horton S, editors. Cancer: Disease Control Priorities, Third Edition
(Volume 3). Washington (DC): The International Bank for Reconstruction and Development /
The World Bank; 2015. Chapter 2.

9. Maule M, Merletti F. Cancer transition and priorities for cancer control. Lancet Oncol.
2012;13(8):745-6.

10. Corman ML. Rectal prolapse or procidentia. In: Corman ML, editor. Colon and rectal
surgery. 5th ed. New York: Lippincott Williams & Wilkins; 2005. p. 1741.

11. Wexner S, Maricio J. Anatomy and Embryology of the Anus, Rectum and Colon. In: Marvin
C, editor. Colon and Rectal Surgery. 5th ed. New York: Lippincott Williams & Wilkins; 2005.
p. 1-30.

12. Muldoon J. History of colorectal surgery. In: Mazier WP, Levien DH, Luchtefeld MA,
Senagore AJ, editors. Surgery of the colon, rectum, and anus. Illustrated ed. Philadelphia: WB
Saunders; 1995. p. 245-255.

13. Ponz de Leon M, Di Gregorio C. Pathology of colorectal cancer. Dig Liver Dis.
2001;33(4):372-88.

14. Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal cancer. Lancet.
2019;394(10207):1467-1480.

15. Ferlay J, Parkin DM, Steliarova-Foucher E. Estimates of cancer incidence and mortality in
Europe in 2008. Eur J Cancer. 2010;46(4):765-81.

78



16. Weitz J, Koch M, Debus J, Hohler T, Galle PR, Biichler MW. Colorectal cancer. Lancet.
2005;365(9454):153-65.

17. Rustgi AK. The genetics of hereditary colon cancer. Genes Dev. 2007;21(20):2525-38.

18. Pino MS, Chung DC. The chromosomal instability pathway in colon cancer.
Gastroenterology. 2010;138(6):2059-72.

19. Bond JH. Colonic tumors. Endoscopy. 1998;30(2):150-7.

20. Levin TR, Jamieson L, Burley DA, Reyes J, Oehrli M, Caldwell C. Organized colorectal
cancer screening in integrated health care systems. Epidemiol Rev. 2011;33:101-10.

21. Vernon SW, Meissner H, Klabunde C, Rimer BK, Ahnen DJ, Bastani R, et al. Measures for
ascertaining use of colorectal cancer screening in behavioral, health services, and epidemiologic
research. Cancer Epidemiol Biomarkers Prev. 2004;13(6):898-905.

22. Smith RA, Cokkinides V, Eyre HJ. American Cancer Society guidelines for the early
detection of cancer, 2006. CA Cancer J Clin. 2006;56(1):11-25.

23. Linardoutsos D, Frountzas M, Feakins RM, Patel NH, Simanskaite V, Patel H. Primary

colonic squamous cell carcinoma: a case report and review of the literature. Ann R Coll Surg
Engl. 2020;102(9):e1-¢7.

24. Maione F, Chini A, Milone M, Gennarelli N, Manigrasso M, Maione R, et al. Diagnosis
and management of rectal neuroendocrine tumors (NETs). Diagnostics (Basel).
2021;11(5):771.

25. Cooper CR, Scully BF, Lee-Kong S. Colorectal sarcoma: more than a gastrointestinal
stromal tumor. Transl Gastroenterol Hepatol. 2018;3:42.

26. Stanojevic GZ, Nestorovic MD, Brankovic BR, Stojanovic MP, Jovanovic MM, Radojkovic
MD. Primary colorectal lymphoma: an overview. World J Gastrointest Oncol. 2011;3(1):14-8.

27. Vlajinac H, Marinkovi¢ J, Kocev N, Adanja B, Sipeti¢ S, Pekmezovi¢ T, Zivaljevic’ V.
[Trends in mortality in Serbia, excluding the provinces, 1973-1994]. Srp Arh Celok Lek.
2000;128(9-10):309-15. Serbian.

28. Lieberman DA. Clinical practice. Screening for colorectal cancer. N Engl J Med.
2009;361(12):1179-87.

29. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209-249.

30. Siegel RL, Miller KD, Sauer AG, Fedewa SA, Butterly LF, Anderson JC, et al. Colorectal
cancer statistics, 2020. CA Cancer J Clin. 2020;70(3):145-164.

31. White A, Joseph D, Rim SH, Johnson CJ, Coleman MP, Allemani C. Colon cancer survival
in the United States by race and stage (2001-2009): findings from the CONCORD-2 study.
Cancer. 2017;123(Suppl 24):5014-5036.

32. Lawrence PF, Bell RM, Dayton MT, editors. Essentials of general surgery. 5th ed.
Philadelphia: Lippincott Williams & Wilkins; 2012. p. 316-318.

33. Fidler MM, Soerjomataram I, Bray F. A global view on cancer incidence and national levels
of the human development index. Int J Cancer. 2016;139(11):2436-46.

79



34. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin.
2022;72(1):7-33.

35. Institut za javno zdravlje Srbije “Jovan Jovanovi¢ Batut”. Incidencija i mortalitet od raka u
Centralnoj Srbiji, 2009. Beograd: Institut za javno zdravlje Srbije; 2009. Available from:
https://batut.org.rs/.

36. Cardoso R, Guo F, Heisser T, Hackl M, Ihle P, De Schutter H, et al. Colorectal cancer
incidence, mortality, and stage distribution in European countries in the colorectal cancer
screening era: an international population-based study. Lancet Oncol. 2021;22(7):1002-13.

37. Araghi M, Soerjomataram I, Bardot A, Ferlay J, Cabasag CJ, Morrison DS, et al. Changes
in colorectal cancer incidence in seven high-income countries: a population-based study. Lancet
Gastroenterol Hepatol. 2019;4(7):511-518.

38. Wolf AM, Fontham ETH, Church TR, Flowers CR, Guerra CE, LaMonte SJ, et al.
Colorectal cancer screening for average-risk adults: 2018 guideline update from the American
Cancer Society. CA Cancer J Clin. 2018;68(4):250-281.

39. Ferlay J, et al. Global Cancer Observatory: Cancer Tomorrow. Lyon, France: International
Agency for Research on Cancer; 2022. Available from: https://gco.iarc.fr/tomorrow.

40. Hamilton SR, Bosman FT, Lyas M, Morreau H, Nakamura SJ, Riboli E, Sobin LH.
Carcinoma of the colon and rectum. In: Bosman FT, Carneiro F, Hruban RH, Theise ND,
editors. WHO classification of tumours of the digestive system. 4th ed. Vol. 3. Lyon:
International Agency for Research on Cancer (IARC); 2010. p. 132-146.

41. Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global patterns
and trends in colorectal cancer incidence and mortality. Gut. 2017;66(4):683-691.

42. Ferlay J, ShinHRBray F, Forman D, Mathers C, and Parkin DM: Cancer Incidence and
Mortality Worldwide. IARC Cancer Base, Globocan 2008, No 10, pp 1027-1056, IARC Lyon.

43. Triantafillidis JK, Nasioulas G, Kosmidis PA. Colorectal cancer and inflammatory bowel
disease: epidemiology, risk factors, mechanisms of carcinogenesis and prevention strategies.
Anticancer Res. 2009;29(7):2727-37.

44. The Paris endoscopic classification of superficial neoplastic lesions: esophagus, stomach,
and colon: November 30 to December 1, 2002. Gastrointest Endosc. 2003;58(6 Suppl):S3-43.

45. Burnett-Hartman AN, Newcomb PA, Phipps Al, Passarelli MN, Grady WM, Upton MP, et
al. Colorectal endoscopy, advanced adenomas, and sessile serrated polyps: implications for
proximal colon cancer. Am J Gastroenterol. 2012;107(8):1213-9.

46. Levine JS, Ahnen DJ. Clinical practice. Adenomatous polyps of the colon. N Engl J Med.
2006;355(24):2551-7.

47. Heitman SJ, Ronksley PE, Hilsden RJ, Manns BJ, Rostom A, Hemmelgarn BR. Prevalence
of adenomas and colorectal cancer in average risk individuals: a systematic review and meta-
analysis. Clin Gastroenterol Hepatol. 2009;7(12):1272-8.

48. Snover DC, Ahnen DJ, Burt RW, et al. Serrated polyps of the colon and rectum and serrated
polyposis. In: Bosman FT, Carneiro F, Hruban RH, Theise ND, editors. WHO classification of
tumours of the digestive system. 4th ed. Lyon: IARC Press; 2010. p. 160-165.

49. Conteduca V, Sansonno D, Russi S, Dammacco F. Precancerous colorectal lesions. Int J
Oncol. 2013;43(4):973-84.

80



50. Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. Cell.
1990;61(5):759-67.

51. Bujanda L, Cosme A, Gil I, Arenas-Mirave JI. Malignant colorectal polyps. World J
Gastroenterol. 2010;16(25):3103-11.

52. Armaghany T, Wilson JD, Chu Q, Mills G. Genetic alterations in colorectal cancer.
Gastrointest Cancer Res. 2012;5(1):19-27.

53. Hisamuddin IM, Yang VW. Molecular genetics of colorectal cancer: an overview. Curr
Colorectal Cancer Rep. 2006;2(2):53-59.

54. Grady WM. Genomic instability and colon cancer. Cancer Metastasis Rev. 2004;23(1-2):11-
27.

55. Lengauer C, Kinzler KW, Vogelstein B. Genetic instabilities in human cancers. Nature.
1998;396(6712):643-9.

56. Berg M, Sereide K. Genetic and epigenetic traits as biomarkers in colorectal cancer. Int J
Mol Sci. 2011;12(12):9426-39.

57. Frank SA. Dynamics of Cancer: Incidence, Inheritance, and Evolution. Princeton (NJ):
Princeton University Press; 2007.

58. Nojadeh JN, Sharif SB, Sakhinia E. Microsatellite instability in colorectal cancer. EXCLI
J.2018;17:159-68.

59. Dudley JC, Lin MT, Le DT, Eshleman JR. Microsatellite instability as a biomarker for PD-
1 blockade. Clin Cancer Res. 2016;22(4):813-20.

60. Chen W, Swanson BJ, Frankel WL. Molecular genetics of microsatellite-unstable colorectal
cancer for pathologists. Diagn Pathol. 2017;12:24.

61. Hughes LAE, Khalid-de Bakker CAJ, Smits KM, van den Brandt PA, Jonkers D, Ahuja N,
et al. The CpG island methylator phenotype in colorectal cancer: progress and problems.
Biochim Biophys Acta. 2012;1825(1):77-85.

62. Tariq K, Ghias K. Colorectal cancer carcinogenesis: a review of mechanisms. Cancer Biol
Med. 2016;13(1):120-35.

63. Kambara T, Simms LA, Whitehall VLJ, Spring KJ, Wynter CVA, Walsh MD, et al. BRAF
mutation is associated with DNA methylation in serrated polyps and cancers of the colorectum.
Gut. 2004;53(8):1137-44.

64. Issa JP. CpG island methylator phenotype in cancer. Nat Rev Cancer. 2004;4(12):988-93.

65. Nguyen LH, Goel A, Chung DC. Pathways of colorectal carcinogenesis. Gastroenterology.
2020;158(2):291-302.

66. Poynter JN, Siegmund KD, Weisenberger DJ, Long TI, Thibodeau SN, Lindor N, et al.;
Colon Cancer Family Registry Investigators. Molecular characterization of MSI-H colorectal
cancer by MLH1 promoter methylation, immunohistochemistry, and mismatch repair germline
mutation screening. Cancer Epidemiol Biomarkers Prev. 2008;17(11):3208-15.

67. De Palma FDE, D'Argenio V, Pol J, Kroemer G, Maiuri MC, Salvatore F. The molecular
hallmarks of the serrated pathway in colorectal cancer. Cancers (Basel). 2019;11(7):1017.

81



68. Shook D, Keller R. Mechanisms, mechanics and function of epithelial-mesenchymal
transitions in early development. Mech Dev. 2003;120(11):1351-83.

69. Kalluri R. EMT: when epithelial cells decide to become mesenchymal-like cells. J Clin
Invest. 2009;119(6):1417-9.

70. Kang Y, Massagué¢ J. Epithelial-mesenchymal transitions: twist in development and
metastasis. Cell. 2004;118(3):277-9.

71. Thiery JP, Acloque H, Huang RYJ, Nieto MA. Epithelial-mesenchymal transitions in
development and disease. Cell. 2009;139(5):871-90.

72. Tsai JH, Yang J. Epithelial-mesenchymal plasticity in carcinoma metastasis. Genes Dev.
2013;27(20):2192-206.

73. Bresalier SR. Malignant neoplasms of the large intestine. In: Feldman M, Friedman LS,
Brandt LJ, editors. Sleisenger and Fordtran's gastrointestinal and liver disease:
pathophysiology, diagnosis, management. 9th ed. Philadelphia: Saunders Elsevier; 2006.
Chapter 120, p. 2786-7.

74. Benedix F, Kube R, Meyer F, Schmidt U, Gastinger I, Lippert H; Colon/Rectum Carcinomas
(Primary Tumor) Study Group. Comparison of 17,641 patients with right- and left-sided colon
cancer: differences in epidemiology, perioperative course, histology, and survival. Dis Colon
Rectum. 2010;53(1):57-64.

75. Alexiusdottir KK, Moller PH, Snaebjornsson P, Jonasson L, Olafsdottir EJ, Bjornsson ES,
et al. Association of symptoms of colon cancer patients with tumor location and TNM tumor
stage. Scand J Gastroenterol. 2012;47(7):795-801.

76. Jankovic S, Vlajinac H, Bjegovic V, Marinkovic J, Sipetic-Grujicic S, Markovic-Denic L,
et al. The burden of disease and injury in Serbia. Eur J Public Health. 2007;17(1):80-5.

77. Sugimura T. Nutrition and dietary carcinogens. Carcinogenesis. 2000;21(3):387-95.
78. Corman M. Colon and rectal surgery. Philadelphia: J. B. Lippincott Company; 1993.

79. Kumar V, Abbas AK, Fausto N, Aster JC. Robbins and Cotran Pathologic Basis of Disease.
8th ed. Philadelphia (PA): Elsevier Saunders; 2010. p. 826-827.

80. Compton CC. Pathology report in colon cancer: what is prognostically important? Dig Dis.
1999;17(2):67-79.

81. Toannou GN, Rockey DC, Bryson CL, Weiss NS. Iron deficiency and gastrointestinal
malignancy: a population-based cohort study. Am J Med. 2002;113(4):276-80.

82. Jonsson PE, Bengtsson G, Carlsson G, Jonson G, Tryding N. Value of serum-5-nucleotidase,
alkaline phosphatase and gamma-glutamyl transferase for prediction of liver metastases
preoperatively in colorectal cancer. Acta Chir Scand. 1984;150(5):419-23.

83. Dukes CE. The classification of cancer of the rectum. J Pathol. 1932;35(3):323-32.

84. Astler VB, Coller FA. The prognostic significance of direct extension of carcinoma of the
colon and rectum. Ann Surg. 1954;139(6):846-52.

85. Cunningham J, Kantekure K, Saif MW. Medullary carcinoma of the colon: a case series and
review of the literature. In Vivo. 2014;28(3):311-4.

82



86. Ong MLH, Schofield JB. Assessment of lymph node involvement in colorectal cancer.
World J Gastrointest Surg. 2016;8(3):179-92.

87. Riithimdki M, Hemminki A, Sundquist J, Hemminki K. Patterns of metastasis in colon and
rectal cancer. Sci Rep. 2016;6:29765.

88. Hugen N, van de Velde CJH, de Wilt JHW, Nagtegaal ID. Metastatic pattern in colorectal
cancer is strongly influenced by histological subtype. Ann Oncol. 2014;25(3):651-7.

89. Kuipers EJ, Grady WM, Lieberman D, Seufferlein T, Sung JJ, Boelens PG, et al.
Colorectal cancer. Nat Rev Dis Primers. 2015;1:15065.

90. Sobin LH. TNM, sixth edition: new developments in general concepts and rules. Semin
Surg Oncol. 2003;21(1):19-22.

91. Gleisner AL, Mogal H, Dodson R, Efron J, Gearhart S, Wick E, et al. Nodal status, number
of lymph nodes examined, and lymph node ratio: what defines prognosis after resection of colon
adenocarcinoma? J Am Coll Surg. 2013;217(6):1090-100.

92. Compton CC. Colorectal carcinoma: diagnostic, prognostic, and molecular features. Mod
Pathol. 2003;16(4):376-88.

93. Lynch ML, Brand MI. Preoperative evaluation and oncologic principles of colon cancer
surgery. Clin Colon Rectal Surg. 2005;18(3):163-73.

94. Brenner H, Kloor M, Pox CP. Colorectal cancer. Lancet. 2014;383(9927):1490-502.

95. Akkoca AN, Yanik S, Ozdemir ZT, Cihan FG, Sayar S, Cincin TG, et al. TNM and Modified
Dukes staging along with the demographic characteristics of patients with colorectal carcinoma.
Int J Clin Exp Med. 2014;7(9):2828-35.

96. Fleming M, Ravula S, Tatishchev SF, Wang HL. Colorectal carcinoma: pathologic aspects.
J Gastrointest Oncol. 2012;3(3):153-73.

97. Hsu YL, Lin CC, Jiang JK, Lin HH, Lan YT, Wang HS, et al. Clinicopathological and
molecular differences in colorectal cancer according to location. Int J Biol Markers.
2019;34(1):47-53.

98. Arena EA, Bilchik AJ. What is the optimal means of staging colon cancer? Adv Surg.
2013;47:199-211.

99. Coll AR. Dukes' staging is poorly understood by doctors managing colorectal cancer. Ann
R Coll Surg Engl. 2003;85(6):444.

100. Niederhuber JE, Cole CE, Grochow L, Jacoby RF, Lee FT, Moony M, et al. Colon Cancer.
In: Armitage JO, Niederhuber JE, Kastan MB, McKenna WG, editors. Clinical Oncology. 3rd
ed. Philadelphia: Elsevier Churchill Livingstone; 2004. p. 1871-7.

101. Stojanovic M, Radojkovic M, Jeremic LJ, Stanojevic G. Optimalno vreme za hirursko
leCenje metastaza kolorektalnog karcinoma u jetri. In: Krivokapi¢ Z, editor. Karcinom rektuma.
Beograd: Zavod za udzbenike; 2012. p. 409-18.

102. Weiser MR, Garcia-Aguilar J, Yeo CJ. Basic principles of the operative treatment of
colorectal cancer. In: Yeo CJ, editor. Shackelford’s surgery of the alimentary tract. 8th ed.
Philadelphia: Elsevier; 2019. p. 1981-91.

83



103. Huang YX, Lin YZ, Li JL, Zhang XQ, Tang LR, Zhuang QY, et al. Role of postoperative
radiotherapy in pT3NO rectal cancer: a risk-stratification system based on population analyses.
Cancer Med. 2019;8(3):1024-33.

104. Martenson JA Jr, Haddock MG, Gunderson LL. Cancers of the colon, rectum, and anus.
In: Levitt SH, Purdy JA, Perez CA, Vijayakumar S, editors. Technical basis of radiation therapy.
4th ed. New York: Springer; 2006. p. 545-61.

105. Messersmith WA. NCCN Guidelines Updates: Management of Metastatic Colorectal
Cancer. J Natl Compr Canc Netw. 2019;17(5.5):599-601.

106. Weyhenmeyer B, Murphy AC, Prehn JHM, Murphy BM. Targeting the anti-apoptotic Bcl-
2 family members for the treatment of cancer. Exp Oncol. 2012;34(3):192-9.

107. Schmoll HJ, Twelves C, Sun W, O'Connell MJ, Cartwright T, McKenna E, et al. Effect of
adjuvant capecitabine or fluorouracil, with or without oxaliplatin, on survival outcomes in stage
IIT colon cancer and the effect of oxaliplatin on post-relapse survival: a pooled analysis of

individual patient data from four randomised controlled trials. Lancet Oncol.
2014;15(13):1481-92.

108. Kountourakis P, Souglakos J, Gouvas N, Androulakis N, Athanasiadis A, Boukovinas I, et
al. Adjuvant chemotherapy for colon cancer: a consensus statement of the Hellenic and Cypriot
Colorectal Cancer Study Group by the HeSMO. Ann Gastroenterol. 2016;29(1):18-23.

109. Ministarstvo zdravlja Republike Srbije. Nacionalni vodi¢ dobre klinicke prakse za
dijagnostikovanje i leCenje raka kolona i rektuma. MilaSinovi¢ G, urednik. Beograd: Agencija
za akreditaciju zdravstvenih ustanova Srbije; 2013. Dostupno na:
https://www.zdravlje.gov.rs/tekst/333325/nacionalni-vodici-dobre-klinicke-prakse.php.

110. Hammond WA, Swaika A, Mody K. Pharmacologic resistance in colorectal cancer: a
review. Ther Adv Med Oncol. 2016;8(1):57-84.

111. Pasetto LM, D'Andrea MR, Rossi E, Monfardini S. Oxaliplatin-related neurotoxicity: how
and why? Crit Rev Oncol Hematol. 2006;59(2):159-68.

112. Riddell TA. Cisplatin and Oxaliplatin: Our current understanding of their actions. Met lons
Life Sci. 2018;18.

113. Soldatovi¢ TV. Uticaj supstitucionih reakcija kompleksa platine(Il) sa biomolekulima na
njihovu citotoksic¢nost. Novi Sad: Matica Srpska; 2014. p. 25-32.

114. Makovec T. Cisplatin and beyond: molecular mechanisms of action and drug resistance
development in cancer chemotherapy. Radiol Oncol. 2019;53(2):148-58.

115. Ndagi U, Mhlongo N, Soliman ME. Metal complexes in cancer therapy - an update from
drug design perspective. Drug Des Devel Ther. 2017;11:599-616.

116. Wheate NJ, Walker S, Craig GE, Oun R. The status of platinum anticancer drugs in the
clinic and in clinical trials. Dalton Trans. 2010;39(35):8113-27.

117. Boal AK, Rosenzweig AC. Crystal structures of cisplatin bound to a human copper
chaperone. J Am Chem Soc. 2009;131(40):14196-7.

118. Mehmood RK. Review of Cisplatin and oxaliplatin in current immunogenic and
monoclonal antibody treatments. Oncol Rev. 2014;8(2):256.

84



119. Tsvetkova D, Ivanova S. Application of approved cisplatin derivatives in combination
therapy against different cancer diseases. Molecules. 2022;27(8):2466.

120. Brown A, Kumar S, Tchounwou PB. Cisplatin-based chemotherapy of human cancers. J
Cancer Sci Ther. 2019;11(4):97.

121. Dasari S, Tchounwou PB. Cisplatin in cancer therapy: molecular mechanisms of action.
Eur J Pharmacol. 2014;740:364-78.

122. Vermorken JB, ten Bokkel Huinink WW, Eisenhauer EA, Favalli G, Belpomme D, Conte
PF, et al. Advanced ovarian cancer. Carboplatin versus cisplatin. Ann Oncol. 1993;4 Suppl 4:41-
8.

123. Lokich J, Anderson N. Carboplatin versus cisplatin in solid tumors: an analysis of the
literature. Ann Oncol. 1998;9(1):13-21.

124. Fox LE. Carboplatin. ] Am Anim Hosp Assoc. 2000;36(1):13-4.

125. Johnstone TC, Suntharalingam K, Lippard SJ. The next generation of platinum drugs:
targeted Pt(Il) agents, nanoparticle delivery, and Pt(IV) prodrugs. Chem Rev.
2016;116(5):3436-86.

126. Wu Y, Xu XY, Yan F, Sun WL, Zhang Y, Liu DL, et al. Retrospective study of the efficacy
and toxicity of lobaplatin in combined chemotherapy for metastatic breast cancer. Onco Targets
Ther. 2019;12:4849-57.

127. Kuwahara A, Yamamori M, Nishiguchi K, Okuno T, Chayahara N, Miki I, et al.
Replacement of cisplatin with nedaplatin in a definitive S5-fluorouracil/cisplatin-based

chemoradiotherapy in Japanese patients with esophageal squamous cell carcinoma. Int J Med
Sci. 2009;6(6):305-11.

128. Min YJ, Bang SJ, Shin JW, Kim DH, Park JH, Kim GY, et al. Combination chemotherapy
with 5-fluorouracil and heptaplatin as first-line treatment in patients with advanced gastric
cancer. J] Korean Med Sci. 2004;19(3):369-73.

129. Cunningham D, Sirohi B, Pluzanska A, Utracka-Hutka B, Zaluski J, Glynne-Jones R, et
al. Two different first-line 5-fluorouracil regimens with or without oxaliplatin in patients with
metastatic colorectal cancer. Ann Oncol. 2009;20(2):244-50.

130. Raymond E, Chaney SG, Taamma A, Cvitkovic E. Oxaliplatin: a review of preclinical and
clinical studies. Ann Oncol. 1998;9(10):1053-71.

131. Karabacak K, Kadan M, Kaya E, Durgun B, Arslan G, Doganci S, et al. Oxaliplatin
induced digital ischemia and necrosis. Case Rep Vasc Med. 2015;2015:248748.

132. Vietor NO, George BJ. Oxaliplatin-induced hepatocellular injury and ototoxicity: a review
of the literature and report of unusual side effects of a commonly used chemotherapeutic agent.
J Oncol Pharm Pract. 2012;18(3):355-9.

133. Florea AM, Biisselberg D. Cisplatin as an anti-tumor drug: cellular mechanisms of activity,
drug resistance and induced side effects. Cancers (Basel). 2011;3(1):1351-71.

134. Tsang RY, Al-Fayea T, Au HJ. Cisplatin overdose: toxicities and management. Drug Saf.
2009;32(12):1109-22.

135. Brouwers EEM, Huitema ADR, Beijnen JH, Schellens JHM. Long-term platinum retention
after treatment with cisplatin and oxaliplatin. BMC Clin Pharmacol. 2008;8:7.

85



136. Sheth S, Mukherjea D, Rybak LP, Ramkumar V. Mechanisms of cisplatin-induced
ototoxicity and otoprotection. Front Cell Neurosci. 2017;11:338.

137. Paken J, Govender CD, Pillay M, Sewram V. A review of cisplatin-associated ototoxicity.
Semin Hear. 2019;40(2):108-121.

138. Dugbartey GJ, Peppone LJ, de Graaf IAM. An integrative view of cisplatin-induced renal
and cardiac toxicities: molecular mechanisms, current treatment challenges and potential
protective measures. Toxicology. 2016;371:58-66.

139. Michel L, Rassaf T, Totzeck M. Biomarkers for the detection of apparent and subclinical
cancer therapy-related cardiotoxicity. J Thorac Dis. 2018;10(Suppl 35):S4282-S4295.

140. Ma W, Wei S, Zhang B, Li W. Molecular mechanisms of cardiomyocyte death in drug-
induced cardiotoxicity. Front Cell Dev Biol. 2020;8:434.

141. Hu Y, Sun B, Zhao B, Mei D, Gu Q, Tian Z. Cisplatin-induced cardiotoxicity with
midrange ejection fraction: a case report and review of the literature. Medicine (Baltimore).
2018;97(52):e13807.

142. Martins NM, Santos NA, Curti C, Bianchi ML, Santos AC. Cisplatin induces
mitochondrial oxidative stress with resultant energetic metabolism impairment, membrane
rigidification and apoptosis in rat liver. J Appl Toxicol. 2008;28(3):337-44.

143. Shahid F, Farooqui Z, Khan F. Cisplatin-induced gastrointestinal toxicity: An update on
possible mechanisms and on available gastroprotective strategies. Eur J Pharmacol.
2018;827:49-57.

144. Pratibha R, Sameer R, Rataboli PV, Bhiwgade DA, Dhume CY. Enzymatic studies of
cisplatin induced oxidative stress in hepatic tissue of rats. Eur J Pharmacol. 2006 Feb
27;532(3):290-3.

145. El-Sayyad HI, Ismail MF, Shalaby FM, Abou-El-Magd RF, Gaur RL, Fernando A, Raj
MH, Ouhtit A. Histopathological effects of cisplatin, doxorubicin and 5-flurouracil (5-FU) on
the liver of male albino rats. Int J Biol Sci. 2009 Jun 28;5(5):466-73.

146. Oh GS, Kim HJ, Shen A, Lee SB, Khadka D, Pandit A, So HS. Cisplatin-induced Kidney
Dysfunction and Perspectives on Improving Treatment Strategies. Electrolyte Blood Press.
2014 Dec;12(2):55-65.

147.FuY, Cail, LiF, LiuZ, Shu S, Wang Y, Liu Y, Tang C, Dong Z. Chronic effects of repeated
low-dose cisplatin treatment in mouse kidneys and renal tubular cells. Am J Physiol Renal
Physiol. 2019 Dec 1;317(6):F1582-F1592.

148. Miller RP, Tadagavadi RK, Ramesh G, Reeves WB. Mechanisms of Cisplatin
nephrotoxicity. Toxins (Basel). 2010 Nov;2(11):2490-518.

149. Filipski KK, Mathijssen RH, Mikkelsen TS, Schinkel AH, Sparreboom A. Contribution of
organic cation transporter 2 (OCT2) to cisplatin-induced nephrotoxicity. Clin Pharmacol Ther.
2009 Oct;86(4):396-402.

150. Rashid NA, Abd Halim SAS, Teoh SL, Budin SB, Hussan F, Ridzuan NRA, Abdul Jalil
NA. The role of natural antioxidants in cisplatin-induced hepatotoxicity. Biomed Pharmacother.
2021 Dec;144:112328.

151. McSweeney KR, Gadanec LK, Qaradakhi T, Ali BA, Zulli A, Apostolopoulos V.
Mechanisms of Cisplatin-Induced Acute Kidney Injury: Pathological Mechanisms,

86



Pharmacological Interventions, and Genetic Mitigations. Cancers (Basel). 2021 Mar
29;13(7):1572.

152. Ayala A, Mufioz MF, Argiielles S. Lipid peroxidation: production, metabolism, and
signaling mechanisms of malondialdehyde and 4-hydroxy-2-nonenal. Oxid Med Cell Longev.
2014;2014:360438.

153. Nanji AA, Stewart DJ, Mikhael NZ. Hyperuricemia and hypoalbuminemia predispose to
cisplatin-induced nephrotoxicity. Cancer Chemother Pharmacol. 1986;17(3):274-6.

154. Wang Y, Probin V, Zhou D. Cancer therapy-induced residual bone marrow injury—
Mechanisms of induction and implication for therapy. Curr Cancer Ther Rev. 2006;2(3):271-
279.

155. Benoit L, Mir O, Vialard F, Berveiller P. Cancer during pregnancy: A review of preclinical
and clinical transplacental transfer of anticancer agents. Cancers (Basel). 2021 Mar
11;13(6):1238.

156. Vasi¢ Lj. Importance of neoadjuvant treatment in management of locally advanced rectal
cancer. Biomedicinska istrazivanja. 2018;9(1):83-91.

157. Nilsson PJ, van Etten B, Hospers GAP, Pahlman L, van de Velde CJH, Beets-Tan RGH, et
al. Short-course radiotherapy followed by neo-adjuvant chemotherapy in locally advanced
rectal cancer--the RAPIDO trial. BMC Cancer. 2013;13:279.

158. Glynne-Jones R, Wyrwicz L, Tiret E, Brown G, Rédel C, Cervantes A, Arnold D; ESMO
Guidelines Committee. Rectal cancer: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2017;28(suppl 4):iv22-1v40.

159. LiY, Wang J, Ma X, Tan L, Yan Y, Xue C, Hui B, Liu R, Ma H, Ren J. A Review of
Neoadjuvant Chemoradiotherapy for Locally Advanced Rectal Cancer. Int J Biol Sci.
2016;12(8):1022-1031.

160. Fokas E, Liersch T, Fietkau R, Hohenberger W, Beissbarth T, Hess C, Becker H, Ridel C.
Tumor Regression Grading After Preoperative Chemoradiotherapy for Locally Advanced
Rectal Carcinoma Revisited: Updated Results of the CAO/ARO/AIO-94 Trial. J Clin Oncol.
2014;32(15):1554-62.

161. Zheng J, Feng XY, Li Y, et al. Systematic review and meta-analysis of preoperative
chemoradiotherapy with or without oxaliplatin in locally advanced rectal cancer. Medicine
(Baltimore). 2017;96(9):e6487.

162. Folkman J. Tumor angiogenesis: therapeutic implications. N Engl J Med. 1971 Nov
18;285(21):1182-6.

163. Papa A, Zaccarelli E, Caruso D, Vici P, Benedetti Panici P, Tomao F. Targeting
angiogenesis in endometrial cancer - new agents for tailored treatments. Expert Opin Investig
Drugs. 2016;25(1):31-49.

164. Patel JIN, Fong MK, Jagosky M. Colorectal cancer biomarkers in the era of personalized
medicine. J Pers Med. 2019 Jan 14;9(1):3.

165. Jaganyi D, Hofmann A, van Eldik R. Controlling the lability of square-planar Pt(II)

complexes through electronic communication between pi-acceptor ligands. Angew Chem Int
Ed Engl. 2001 May 4;40(9):1680-3.

87



166. Hofmann A, Jaganyi D, Munro OQ, Liehr G, van Eldik R. Electronic tuning of the lability
of Pt(II) complexes through pi-acceptor effects. Correlations between thermodynamic, kinetic,
and theoretical parameters. Inorg Chem. 2003 Mar 10;42(5):1688-700.

167. Reddy D, Jaganyi D. Influence of the bridging azine ligand on the rate of ligand
substitution in a series of dinuclear platinum(II) complexes. Int J Chem Kinet. 2011 Feb
16;43(5):249-58.

168. Appleton TG, Bailey AJ, Barnham KJ, Hall JR. Aspects of the solution chemistry of trans-
diammineplatinum(Il) complexes. Inorg Chem. 1992 Jul 1;31(14):3077-82.

169. Novakova O, Chen H, Vrana O, Rodger A, Sadler PJ, Brabec V. DNA interactions of
monofunctional organometallic ruthenium(Il) antitumor complexes in cell-free media.
Biochemistry. 2003 Oct 7;42(39):11544-54.

170. Rizvi MA, Zaki M, Afzal M, Afzal M, Mane M, Kumar M, Shah BA, Srivastav S,
Srikrishna S, Peerzada GM, Tabassum S. Nuclear blebbing of biologically active
organoselenium compound towards human cervical cancer cell (HeLa): in vitro DNA/HSA
binding, cleavage and cell imaging studies. Eur J Med Chem. 2014 Dec 10;90:876-88.

171. Petrovi¢ A, Milutinovi¢ MM, Petri ET, Zivanovi¢ M, Milivojevi¢ N, Puchta R, Scheurer
A, Korzekwa J, Klisuri¢ OR, Bogojeski J. Synthesis of Camphor-Derived
Bis(pyrazolylpyridine) Rhodium(IIl) Complexes: Structure-Reactivity Relationships and
Biological Activity. Inorg Chem. 2019 Jan 7;58(1):307-319.

172. Milutinovi¢ MM, Bogojeski JV, Klisuri¢ O, Scheurer A, Elmroth SKC, Bugarci¢ ZD.
Synthesis and structures of a pincer-type rhodium(iii) complex: reactivity toward biomolecules.
Dalton Trans. 2016 Oct 4;45(39):15481-15491.

173. Petrovi¢ AZ, Co¢i¢ DC, Bockfeld D, Zivanovié M, Milivojevi¢ N, Virijevié K, Jankovié
N, Scheurer A, Vrane$§ M, Bogojeski JV. Biological activity of bis(pyrazolylpyridine) and

terpiridine Os(ii) complexes in the presence of biocompatible ionic liquids. Inorg Chem Front.
2021;8(11):2994-3003.

174. Kelly JM, Tossi AB, McConnell DJ, OhUigin C. A study of the interactions of some
polypyridylruthenium (II) complexes with DNA using fluorescence spectroscopy,
topoisomerisation and thermal denaturation. Nucleic Acids Res. 1985 Sep 11;13(17):6017-34.

175. Boger DL, Fink BE, Brunette SR, Tse WC, Hedrick MP. A simple, high-resolution method
for establishing DNA binding affinity and sequence selectivity. J Am Chem Soc. 2001 Jun
1;123(25):5878-5891.

176. Dimiza F, Papadopoulos AN, Tangoulis V, Psycharis V, Raptopoulou CP, Kessissoglou DP,
Psomas G. Biological evaluation of non-steroidal anti-inflammatory drugs-cobalt(ii)
complexes. Dalton Trans. 2010;19:4517-4528.

177. Coéié D, Jovanovié-Stevi¢ S, Jelié R, Mati¢ S, Popovi¢ S, Djurdjevi¢ P, Baski¢ D, Petrovié¢
B. Homo- and hetero-dinuclear Pt(Il)/Pd(II) complexes: studies of hydrolysis, nucleophilic
substitution reactions, DNA/BSA interactions, DFT calculations, molecular docking and
cytotoxic activity. Dalton Trans. 2020;49(41):14411-14431.

178. Zhang SG, Lei W, Xia MZ, Wang FY. QSAR study on N-containing corrosion inhibitors:
Quantum chemical approach assisted by topological index. J Mol Struct: THEOCHEM. 2005
Nov 1;732(1-3):173-182.

88



179. Lashgari M, Arshadi MR, Parsafar GA. A simple and fast method for comparison of
corrosion inhibition powers between pairs of pyridine derivative molecules. CORROSION.
2005 Aug 1;61(8):778-783.

180. Dassault Systemes. Dassault Systemes BIOVIA, Discovery Studio Visualize, version
17.2.0; Dassault Systémes: San Diego, CA, USA, 2016.

181. Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA, Cheeseman JR, Scalmani
G, Barone V, Mennucci B, Petersson GA, et al. Gaussian 09, Revision D.01; Gaussian, Inc.:
Wallingford, CT, USA, 2013.

182. Morris GM, Huey R, Lindstrom W, Sanner MF, Belew RK, Goodsell DS, Olson AlJ.
AutoDock4 and AutoDockTools4: Automated docking with selective receptor flexibility. J
Comput Chem. 2009 Dec;30(16):2785-91.

183. Schrodinger, L.L. The PyMOL Molecular Graphics System, Version XXC; Schrodinger,
Inc.: New York, NY, USA, 2010.

184. Sanner MF. Python: a programming language for software integration and development. J
Mol Graph Model. 1999 Feb;17(1):57-61.

185. Nafisi S, Norouzi Z. A comparative study on the interaction of cis- and trans-platin with
DNA and RNA. DNA Cell Biol. 2009 Sep;28(9):469-77.

186. Karthikeyan S, Velmurugan D, Rao AP, Ganesan S, Tamilkumar P, Bharanidharan G.
Binding Studies of Cisplatin with Human Serum Albumin. Trends Biomater Artif Organs.
2015;29(4):273-8.

187. Dimiza F, Perdih F, Tangoulis V, Turel I, Kessissoglou DP, Psomas G. Interaction of
copper(Il) with the non-steroidal anti-inflammatory drugs naproxen and diclofenac: synthesis,
structure, DNA- and albumin-binding. J Inorg Biochem. 2011 Mar;105(3):476-89.

188. Rippe K. Analysis of protein-DNA binding at equilibrium. B. I. F. Futura. 1997;12:20-6.

189. Raja DS, Bhuvanesh NSP, Natarajan K. Effect of N(4)-phenyl substitution in 2-oxo-1,2-
dihydroquinoline-3-carbaldehyde semicarbazones on the structure, DNA/protein interaction,
and antioxidative and cytotoxic activity of Cu(Il) complexes. Inorg Chem. 2011 Dec
19;50(24):12852-66.

190. Stojanovi¢ SD, Jankovi¢ SM, Matovi¢ ZD, Jakovljevié 1Z, Jeli¢ RM. Interaction between
tigecycline and human serum albumin in aqueous solution. Monatsh Chem. 2014
Dec;145(12):1861-72.

191. Soldatovi¢ TV, Smit B, Mrkalié¢ EM, Mati¢ SL, Jeli¢ RM, Serafinovi¢ MC, et al. Exploring
heterometallic bridged Pt(Il)-Zn(II) complexes as potential antitumor agents. J Inorg Biochem.
2023;240:112100.

192. Kolenovi¢ Serezli¢ M, Hasi¢ R, Asanin D, Smit B, Mati¢ SL, Cendi¢ Serafinovié¢ M, et al.
Heterometallic bridged Pt(II)-Zn(II) complexes: influence of the substituent in 4’-position in
inert terpy ligand on antigenotoxicity, potential antitumor activity and mechanism of
interactions of the complexes with biomolecules. Appl Organomet Chem. 2024;e7413.

193. Peng F, Liao M, Qin R, Zhu S, Peng C, Fu L, et al. Regulated cell death (RCD) in cancer:
Key pathways and targeted therapies. Signal Transduct Target Ther. 2022;7:286.

194. Jan R, Chaudhry GE. Understanding apoptosis and apoptotic pathways targeted cancer

89



therapeutics. Adv Pharm Bull. 2019;9:205-218.

195. Qian S, Wei Z, Yang W, Huang J, Yang Y, Wang J. The role of BCL-2 family proteins
in regulating apoptosis and cancer therapy. Front Oncol. 2022;12:985363.

196. Kale J, Osterlund E.J, Andrews D.W. BCL-2 family proteins: Changing partners in
the dance towards death. Cell Death Differ. 2018;25:65-80.

197. Alam M, Ali S, Mohammad T, Hasan GM, Yadav DK, Hassan I. B Cell Lymphoma
2: A Potential Therapeutic Target for Cancer Therapy. Int J] Mol Sci. 2021;22:10442.

198. Mcllwain, D.R.; Berger, T.; Mak, T.W. Caspase Functions in Cell Death and
Disease. Cold Spring Harb. Perspect. Biol. 2013, 5, a008656.

199. Miller I, Min M, Yang C, Tian C, Gookin S, Carter D, Spencer SL. Ki67 is a Graded
Rather than a Binary Marker of Proliferation versus Quiescence. Cell Rep. 2018;24:1105—
1112.e5.

200. Li LT, Jiang G, Chen Q, Zheng JN. Ki67 is a promising molecular target in the
diagnosis of cancer (Review). Mol Med Rep. 2015;11:1566—1572.

201. Ding L, Cao J, Lin W, Chen H, Xiong X, Ao H, Yu M, Lin J, Cui Q. The roles of cyclin-
dependent kinases in cell-cycle progression and therapeutic strategies in human breast cancer.
Int J Mol Sci. 2020;21:1960.

202. Bertoli C, Skotheim JM, de Bruin RAM. Control of cell cycle transcription during G1 and
S phases. Nat Rev Mol Cell Biol. 2013;14:518-528.

203. Topacio BR, Zatulovskiy E, Cristea S, Xie S, Tambo CS, Rubin SM, Sage J, Kdivomagi
M, Skotheim JM. Cyclin D-Cdk4,6 drives cell-cycle progression via the retinoblastoma protein’s
C-terminal helix. Mol Cell. 2019;74:758-770.e4.

204. Fagundes R, Teixeira LK. Cyclin E/CDK2: DNA replication, replication stress and genomic
instability. Front Cell Dev Biol. 2021;9:774845.

205. Ramu V, Gill MR, Jarman PJ, Turton D, Thomas JA, Das A, et al. A cytostatic
ruthenium(II)—platinum(II) bis(terpyridyl) anticancer complex that blocks entry into S phase by
up-regulating p27KIP1. Chem—A Eur J. 2015;21:9185-97.

206. Al Bitar S, Gali-Muhtasib H. The role of the cyclin dependent kinase inhibitor
p2lcipl/wafl in targeting cancer: Molecular mechanisms and novel therapeutics. Cancers.
2019;11:1475.

207. Ma L, Li L, Zhu G. Platinum-containing heterometallic complexes in cancer therapy:
Advances and perspectives. Inorg Chem Front. 2022;9:2424-2453.

208. Giorgi E, Binacchi F, Marotta C, Cirri D, Gabbiani C, Pratesi A. Highlights of new
strategies to increase the efficacy of transition metal complexes for cancer treatments.
Molecules. 2022;28:273.

209. Lippert, B. Cisplatin Chemistry and Biochemistry of Leading Anticancer Drugs; Wiley-
VCH: Ziirich, Switzerland, 1999.

90



210. Wang D, Lippard SJ. Cellular processing of platinum anticancer drugs. Nat Rev Drug
Discov. 2005;4:307-320.

211. Van Zutphen S, Reedijk J. Targeting platinum anti-tumour drugs: Overview of strategies
employed to reduce systemic toxicity. Coord Chem Rev. 2005;249:2845-2853.

212. Zorbas H, Keppler BK. Cisplatin damage: Are DNA repair proteins saviors or traitors to
the cell? ChemBioChem. 2005;6:1157-1166.

213. Bertini I, Gray HB, Stiefel EI, Valentine JS, editors. Biological Inorganic Chemistry.
Structure and Reactivity. Sausalito, CA: University Science Books; 2007.

214. Soldatovié¢ TV, Selimovi¢ E, Smit B, Asanin D, Planojevi¢ NS, Markovi¢ SD, Puchta R,
Alzoubi BM. Interactions of zinc(II) complexes with 5'-GMP and their cytotoxic activity. J
Coord Chem. 2019;72:690-706.

215. Soldatovi¢ TV. Application of the principle of hard and soft acids and bases to mechanisms
of bioinorganic reaction. Lyon: Livre de Lyon Publisher; 2019.

216. Soldatovi¢ TV, Selimovi¢ E, Milivojevi¢ N, Jovanovi¢ M, Smit B. Novel heteronuclear
Pt(II)-L-Zn(II) complexes: Synthesis, interactions with biomolecules, cytotoxic properties.
Two metals give promising antitumor activity? Appl Organomet Chem. 2020;34:e5864.

217. Wenzel M, Bigaeva E, Richard P, Le Gendre P, Picquet M, Casini A, et al. New
heteronuclear gold(I)—platinum(II) complexes with cytotoxic properties: Are two metals better
than one? J Inorg Biochem. 2014;141:10-6.

218. Ma X, Lu J, Yang P, Huang B, Li R, Ye R. Synthesis, characterization and antitumor
mechanism investigation of heterometallic Ru(II)-Re(I) complexes. Front Chem.
2022;10:890925.

219. Ma DL, Wu C, Cheng SS, Lee FW, Han QB, Leung CH. Development of natural product-
conjugated metal complexes as cancer therapies. Int J Mol Sci. 2019;20(341).

220. Ma DL, Ma R, Wang Z, Yiu SM, Zhu G. Heterodinuclear Pt(IV)-Ru(Il) anticancer
prodrugs to combat both drug resistance and tumor metastasis. ChemComm. 2016;52:10735—
10738.

221. Geary, W.J. The use of conductivity measurements in organic solvents for the
characterisation of coordination compounds. Co-ord. Chem. Rev. 1971, 7, 81-122.

222. Jurisevic M, Arsenijevic A, Pantic J, Gajovic N, Milovanovic J, Milovanovic M,
Poljarevic J, Sabo T, Vojvodic D, Radosavljevic GD, et al. The organic ester O,0’-diethyl-
(S,S)-ethylenediamine-N,N'-di-2-(3-cyclohexyl)propanoate ~ dihydrochloride  attenuates
murine breast cancer growth and metastasis. Oncotarget. 2018;9:28195-212.

223. Popovi¢ A, Nikoli¢ M, Mijajlovi¢ M, Ratkovi¢ Z, Jevti¢ V, Trifunovi¢ SR, Radi¢ G,
Zari¢ M, Canovi¢ P, Milovanovi¢ M, et al. DNA binding and antitumor activities of zinc(II)
complexes with some S-alkenyl derivatives of thiosalicylic acid. Transit Met Chem.
2019;44:219-28.

224. LiJ, Liu R, Jiang J, Liang X, Huang L, Huang G, et al. Zinc(II) terpyridine complexes:

91



Substituent effect on photoluminescence, antiproliferative activity, and DNA interaction.
Molecules. 2019 Dec 10;24(24):4519.

225. LiC, Xu F, Zhao Y, Zheng W, Zeng W, Luo Q, et al. Platinum(II) terpyridine anticancer
complexes possessing multiple modes of DNA interaction and EGFR inhibiting activity. Front
Chem. 2020 Apr 28;8:210.

226. Konovalov B, Franich AA, Jovanovi¢ M, Jurisevi¢ M, Gajovi¢ N, Arsenijevi¢ N,
Maric V, Jovanovi¢ 1, Zivkovi¢ MD, Rajkovi¢ S. Synthesis, DNA-/bovine serum albumin-
binding affinity, and cytotoxicity of dinuclear platinum(Il) complexes with 1,6-
naphthyridine-bridging ligand. Appl Organomet Chem. 2021;35:e6112.

227. Lockshine, RA, Zakeri Z. Caspase-independent cell death? Oncogene 2004, 23(16),
2766-73.

228. Yip KW, Reed JC. Bcl-2 family proteins and cancer. Oncogene 2008; 27(50): 6398-40.

229. Sedlak TW, Oltvai ZN, Yang E, Wang K, Boise LH, Thompson CB et al. Multiple bcl-2
family members demonstrate selective dimerisation with bax. Proc Natl Acad Sci U S A 1995;
92(17): 7834-8.

230. Korsmeyer SJ, Shutter JR, Veis DJ, Merry DE, Oltvai ZN. Bcl-2/Bax: a rheostat that
regulates an anti-oxidant pathway and cell death. Semin Cancer Biol 1993; 4(6): 327- 32.

231. Grinberg M, Sarig R, Zaltsman Y, Frumkin D, Grammatikakis N, Reuveny E, et al. tBID
homooligomerizes in the mitochondrial membrane to induce apoptosis. J Biol Chem 2002;
277(14): 12237-45.

232. Hoesel B, Schmid JA. The complexity of NF-kB signaling in inflammation and cancer.
Mol Cancer. 2013;12:86.

233. Hayden MS, Ghosh S. NF-«B, the first quarter-century: remarkable progress and
outstanding questions. Genes Dev 2012, 26:203-34.

234. Murphy KM, Ranganathan V, Farnsworth ML, Kavalaris M, Lock RB. Bc¢l-2 inhibits Bax
translocation from cytosol to mitochondria during drag —induced apoptosis of human tumor
cells. Cell Death Differ 2000; 7(1): 102-11.

235. Zimmermann KC, Bonzon C, Green DR. The machinery of programmed cell death.
Pharmacol Ther 2001; 92(1): 57-70.

236. Dorjgochoo T, Xiang YB, Long J, Shi J, Deming S, Xu WH, Cai H, et al. Association of
Genetic Markers in the BCL-2 Family of Apoptosis-Related Genes with Endometrial Cancer
Risk in a Chinese Population. PLOS one 2013; 8(4): €¢60915.

237. Cheng EH, Wei MC, Weiler S, Flavell RA, Mak TW, Lindsten T et al. BCL-2, BCL- X(L)
sequester BH3 domain-only molecules preventing BAX- and BAK-mediated mitochondrial

apoptosis. Mol Cell 2001; 8(3): 705-11.

238. Qin QP, Wang ZF, Wang SL, Luo DM, Zou BQ, Yao PF, et al. In vitro and in vivo

92



antitumor activities of three novel binuclear platinum(Il) complexes with 4'-substituted-
2,2"6',2"-terpyridine ligands. Eur ] Med Chem. 2019 May 15;170:195-202.

239. Liu D, Zhang M, Du W, Hu L, Li F, Tian X, et al. A series of Zn(II) terpyridine-based
nitrate complexes as two-photon fluorescent probe for identifying apoptotic and living cells
via subcellular immigration. Inorg Chem. 2018 Jul 2;57(13):7676-7683.

240. Lazic D, Arsenijevic A, Puchta R, Bugarcic ZD, Rilak A. DNA binding properties,
histidine interaction and cytotoxicity studies of water soluble ruthenium(ii) terpyridine
complexes. Dalton Trans. 2016;45(11):4633-4646.

241. Milutinovic MM, Rilak A, Bratsos I, Klisuric O, Vranes M, Nevenka G, et al. New 4'-
(4-chlorophenyl)-2,2":6',2"-terpyridine ruthenium(II) complexes: Synthesis, characterization,
interaction with DNA/BSA and cytotoxicity studies. J Inorg Biochem. 2017;169:1-12.

242. Bruno S, Gorczyca W, Darzynkiewicz Z. Effect of ionic strength in immunocytochemical
detection of the proliferation associated nuclear antigens p120, PCNA, and the protein reacting
with Ki-67 antibody.Cytometry. 1992;13(5):496-501.

243. Bridger JM, Kill IR, Lichter P. Association of pKi-67 with satellite DNA of the human
genome in early G1 cells.Chromosome Research. 1998;6(1):13-24.

244. Sra KK, Torres G, Rady P, Hughes TK, Payne DA, Tyring SK. Molecular diagnosis of
infectious diseases in dermatology.J Am Acad Dermatol. 2005; 53(5):749-65.

245. Foltyn W, Zajecki W, Marek B, Kajdaniuk D, Sieminska L, Zemczak A, Kos-Kudta B.
The value of the Ki-67 proliferation marker as a prognostic factor in gastroenteropancreatic
neuroendocrine tumours. Endokrynol Pol. 2012;63(5):362-6.

246. Healy E, Angus B, Lawrence CM, Rees JL. Prognostic value of Ki67 antigen expression
in basal cell carcinomas. Br J Dermatol. 1995;133(5):737-41

247. Habberstad AH, Gulati S, Torp SH. Evaluation of the proliferation markers Ki-67/MIB-
1, mitosin, survivin, pHH3, and DNA topoisomerase Ila in human anaplastic astrocytomas--

an immunohistochemical study. Diagn Pathol. 2011; 24;6:43-8.

248. Gerlach C, Golding M, Larue L, Alison MR, Gerdes J. Ki-67 immunoexpression is a
robust marker of proliferative cells in the rat.Lab Invest. 1997;77(6):697-8.

249. Weinberg RA. The Biology of Cancer. 2nd ed. New York: Garland Science; 2013.

250. Qie S, Diehl JA. Cyclin D1, cancer progression, and opportunities in cancer treatment. J
Mol Med (Berl). 2016 Dec;94(12):1313-1326.

251. Lengare PV, Sinai Khandeparkar SG, Joshi AR, Gogate BP, Solanke SG, Gore SH.
Immunohistochemical expression of cyclin D1 in invasive breast carcinoma and its correlation

with clinicopathological parameters. Indian J Pathol Microbiol. 2020 Jul- Sep;63(3):376-381.

252. Neuman E, Ladha MH, Lin N, Upton TM, Miller SJ, DiRenzo J, Pestell RG, Hinds PW,
Dowdy SF, Brown M, Ewen ME. Cyclin D1 stimulation of estrogen receptor transcriptional

93



activity independent of cdk4. Mol Cell Biol. 1997;17:5338-5347.

253. Myklebust MP, Li Z, Tran TH, Rui H, Knudsen ES, Elsaleh H, Fluge @, Vonen B,
Myrvold HE, Leh S, Tveit KM, Pestell RG, Dahl O. Expression of cyclin Dla and D1b as
predictive factors for treatment response in colorectal cancer. Br J Cancer. 2012 Nov
6;107(10):1684-91.

254. Ogino S, Nosho K, Irahara N, et al. A cohortstudy of cyclin D1 expression and prognosis
in 602 colon cancercases. Clin Cancer Res. 2009;15, 4431-8.

255. Albasri AM, Elkablawy MA, Ansari IA, Alhujaily AS. Prognostic Significance of Cyclin
D1 Over—expression in Colorectal Cancer: An Experience from Madinah, Saudi Arabia. Asian
Pac J Cancer Prev. 2019 Aug 1;20(8):2471-2476.

256. Wangefjord S, Manjer J, Gaber A, Nodin B, Eberhard J, JirstromK. Cyclin D1 expression
in colorectal cancer is a favorable prognostic factor in men but not in women in a prospective,
population—based cohort study. Biol Sex Differ. 2011; 2:10.

257. L1 Y, Wei J, Xu C, Zhao Z, You T. Prognostic Significance of Cyclin D1 Expression in
Colorectal Cancer: A Meta—Analysis of Observational Studies. PLoS One. 2014;9(4):e94508.

258. Huang HL, Li ZZ, Liang ZH, Yao JH, Liu YJ. Synthesis, cellular uptake, apopotosis,
cytotoxicity, cell cycle arrest, interaction with DNA and antioxidant activity of ruthenium(II)
complexes. Eur J Med Chem. 2011;46(8):3282-3290.

259. Dabiri Y, Schmid A, Theobald J, Blagojevic B, Streciwilk W, Ott I, et al. A Ruthenium(II)
N-Heterocyclic Carbene (NHC) Complex with Naphthalimide Ligand Triggers Apoptosis in
Colorectal Cancer Cells via Activating the ROS-p38 MAPK Pathway. Int J Mol Sci.
2018;19(12):3964.

260. Lima AP, Pereira FC, Almeida MA, et al. Cytoxicity and apoptotic mechanism of

ruthenium(I) amino acid complexes in sarcoma-180 tumor cells. PloS One.
2014;9(10):¢105865.

94



BUOI'PA®CKHU ITOJALI AYTOPA
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