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Excnpecuja rena ABCB1 u rena peryjaTopa anonro3e Kao (pakropa pe3ucTeHIije HA
XeMHOTepanujy Koja 000J1eJIMX 01 XPOHUYHE JTUMponnTHE JeyKkemMuje

PE3UME

XponunyHa nudouutHa geykemuja (XJIJI) je Mmanurao o605pemhe XeMaToNnoeTCKOT TKHBA, KOje ce
MaHH(ecTyje Kao KIoHCKa ekcran3uja b mumdormra. XJ1JI ce kapakTepuie H3y3eTHO
XETEePOTreHNM KJIMHUYKAM TOKOM M OZITOBOPOM Ha Tepamnujy, y 4eMy TeHeTHUKH Ipodut
MaIyjeHTa UMa yIory.

I'maBHY mpernpeky ycrexy Tepanujy Koja ce KOPUCTH Y JIeuerhy KaHlepa je pe3UCcTeHIrja Ha
nexoBe (edr. Multi Drug Resistance, MDR). Pe3ucteniuja Ha JIeKOBE ce Pa3InIUTO
MaHHUdecTyje KoJ MaiyjeHaTa 1 FTeHeTHYKH je IeTepMuHKcaHa. /[Ba rimaBHa MmexaHu3Ma
YUECTBY]Y Y PE3UCTEHIIMJU HA JIEKOBE KOJU C€ NPUMEY]Y Y Jieuehy KaHlepa: OBUILIEeHA
eKCIIpecHja MPOTEHHA KOjU Cy e(IIyKCHE IyMIIe ¥ HEe J03BOJbaBajy yiia3ak Jieka y hemmjy
(TpaHCTIOpTHA, TyMITHA PE3UCTEHIINja), ¥ MTOBUIIICHA aKTUBHOCT aHTUAIIONITOTCKOT CUCTEMa
(armomToTCKa PE3UCTEHITH]A).

OBo je mpBa CTyMja TeHETHUKUX MapKepa TPAHCIIOPTHE U allONTOTCKE PE3UCTEHIIU]e Ha JIEKOBE
y narjenata ca XJIJI y Cpouju.

Amnanmuzupana je excrpecuja ABCB1 rena umju je mpoaykr mporenH henmjcke MeMOpaHe KOju
yuecTByje y ediaykcy jexoBa u3 henuja, kao u yruuaj ase sapujante y ABCB1 reny (rs1045642,
c.3435C>T u rs20132582, c. 2677G > T/A), Ha meroBy ekcnpecujy. [lopea Tora n3yyapana je
u ekcrpecuja Bcl2 u Bax rena, koja Moxe J1a yKake Ha CTaTyC alonTOTCKOr cucTeMa y henujama
narujenata odonenux og XJIJI. Exkcnpecuja rena je u3yyaBaHa y MOHOHYKJI€apHUM hennjama
niepudepue kpu 46 XJIJI GosnecHrka u 53 3apaBe KOHTPOJIE METOIOM PEBEP3HE TPAHCKPHUIIIIH]E
Y JIaHYaHe peakiyje mommepase y peainom BpeMeny (QRT-PCR), 1ok je nerekimuja BapujaHTH
y ABCB1 reny ypahena MeTo1oM JlaHUaHE peakiyje NoIuMepas3e U AUTeCTHjOM PECTPUKLIMOHIM
ermsumomM (PCR-RFLP).

VY HaIoj CTyMju HUje NETEeKTOBaHA CTATHCTHYKH 3HAa4ajHa Pas3liuKa y Y4eCTaIOCTH BapHjaHTHHX
anena y ABCB1 reny, ¢.3435C>T u ¢.2677G > T/A, u3mely 3apaBuxX KOHTpOJIA H MaIHjeHATa
ca XJIJI. OBaj nozmaTtak ykasyje Ha TO Ja OBE '€HETHUKE BapHjaHTe HUCY (PaKTOpU pHU3MKa 3a
obospeBame o1 XJIJI.

VY namoj rpymu XJIJI manmjenara, 40% manujeHaTa je mmaio BuCcoKy ekcnpecujy ABCBI rena,
KOja ce 3Ha4ajHO pa3MKyje OJ] eKCIIPecHje OBOT I'eHa K0ja je CIIMYHA HOBOY €KCIpecH]je KO/
3apaBux KoHTpona. Moxe ce pehu na je y 40% XJIJI manujenara ekcnpecuja ABCB1 rena
MMO3UTHBAH MapKep 3a MOTCHIIMjaTHY 0jaBy pe3ucTeHnuje Ha jekope (MDR). Hamm pesynratu
HUCY Mokazanu acouujanujy Bapujanta ABCBL rena, ¢.3435C > T u ¢.2677G > T/A, autu
BapHjaHTHHUX T€HOTUIIOBA, ca ekcnpecujoM ABCBI rena, cnuyHo MHOTUM CcTyIujama.
Pe3yntaTi MOneKyIapHO-TEHETUUKUX aHAJIM3a Cy OWIIM KOPEIMCaHHU ca OJIrOBOPOM Ha Teparnujy
y XJIJI manmjenara. Mapkep TepamnujcKkor oJIroBopa je Ouo MmocTu3ame KOMIUICTHE WITH
napIujaTHe peMHUCH]e.
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[IpahemeM reHeTHYKKUX MapKepe TPAHCIIOPTHE PE3UCTEHIIN]Ee Ha JIeKoBe y narujeHara ca XJ1JI,
YOYEHO je Ja je moBuieH HuBoa excnpecuje ABCB1 rena craTUCTHYKY 3HAYajHO MOBE3aH ca
napLujaIHOM, a He KOMIUIETHOM pemucHjoM. Hair pesynirar roBopu y npuior zia je ekcripecuja
ABCB1 rena nmoteHIjaHu MapKep TpaHCIIOpPTHE pe3ucTeHnuje ko XJIJI manujenara gedeHnx
FC nporokosnom.

[IpaheweM reHeTHYKMX MapKepa aloNTOTCKE PE3UCTEHIM]e Ha JIeKoBe y nauujeHara ca XJ1JI,
yOueHO je 1a je mosuiieH Bcl2/Bax omHOC cTaTHCTHYKY 3HAYajHO MOBE3aH ca MapliHjaTHOM, a He
KOMIUIETHOM pemucHjom. Harr pesyarar rosopu y mputor aa je Bcl2/Bax oamoc moreniujamHu
Mapkep anonToTcke pesuctennuje ko XJ1JI nammjenara neuennx FC mpoTtokomom.

OBa cTyaMja JONPUHOCHU 3HamY O 3Ha4ajy M3a0paHuX MeHeTHYKUX MapKepa 3a OJroBOp Ha
XeMHOTepanujy KoJ nauyjeHata odonenux ox XJIJI u 3a uHIUBUyaIu3anujy Tepamnuje Koz
OBHX OOJIECHHKA.

Kibyune peun: xponnyna mumQoITHa JeykeMuja, ekcrpecuja reda, ABCB1, Bcl2, Bax,
PE3UCTEHIMja HA XEMUOTEpaIujy
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Expression of ABCB1 gene and apoptotic regulatory genes as markers of multidrug
resistance developed to chemotherapy used for the treatment of chronic lymphocytic
leukemia

ABSTRACT

Chronic lymphocytic leukemia (CLL) is a hematologicam malignancy which manifests as
monoclonal expansion of B lymphocytes. CLL is characterized by extremely variable clinical
presentation, with different therapy requirements and overall survival. Genetic profile of a
patient can be used as a predictor of the course of the diseases and therapeutic response.

A major impediment to the success of human cancer therapy is the development of cancer
variants exhibiting multidrug resistance (MDR). MDR is characterized with various
manifestations and it is associated with individual genetic profile of a patient. Two most
important mechanisms contribute to MDR, including the overexpression of drug efflux pumps
(transport, pump resistance) and the upregulation of cellular antiapoptotic defense systems
(apoptotic resistance).

This is the first study of genetic markers of transport and apoptotic MDR in CLL patients in
Serbia.

Expression of ABCB1 gene, coding for a cell membrane protein which mediates the efflux of
drugs, as well as the effect of two ABCB1 gene variants (rs1045642, ¢.3435C > T and
rs20132582, ¢. 2677G > T/A) on its expression were analyzed. Furthermore, expression of Bcl2
and Bax genes, regulators of apoptosis in CLL cells, was studied. Gene expression was analyzed
in perypheral blood mononuclear cells of 46 CLL patients and 53 controls, using gRT-PCR
(Real-time PCR), while detection of ABCB1 gene variants was performed using PCR-RFLP
(Polymerase Chain Reaction- Restriction Fragment Length Polymorphism) methodology.
Frequency of ABCBL1 variant allelles, ¢.3435C >T and ¢.2677G > T/A, did not show statistically
significant difference between CLL patients and healthy controls. This finding suggests that
analyzed variants are not risk factors for CLL.

When compared to healthy controls, ABCBL1 gene overexpression was detected in 40% of CLL
patients. Consequently, expression of ABCB1 gene could be considered a positive marker of
potential development of MDR in 40% of CLL patients. Similar to many other studies, our
findings did not reveal the association of either ABCB1 gene variants, ¢.3435C>T u

¢.2677G > T/A, or variant genotypes, with ABCB1 gene expression.

The results of molecular genetic analysis were correlated with therapy response of CLL patients.
Achieving a complete or a partial remission was chosen to be a therapy response marker.
Analysis of genetic markers of transport MRD in CLL patients revealed that elevated level of
ABCB1gene expression was associated with partial, but not with complete remission. Our finding
suggests that ABCB1gene expression could be considered as a potential marker of transport
MDR in CLL patients treated with FC protocol.

Analysis of genetic markers of apoptotic MRD in CLL patients revealed that elevated level of
Bcl2/Bax ratio was associated with partial, but not with complete remission. Our finding suggests
that Bcl2/Bax ratio could be considered as a potential marker of apoptotic MDR in CLL patients
treated with FC protocol.
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This study contributes to knowledge on importance of analyzed genetic markers for
chemotherapy response in CLL patients and for individualization of therapy for these patients.

Key words: chronic lymphocytic leukemia, gene expression, ABCB1, Bcl2, Bax, multidrug
resistence
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3AXBAJIHUIIA

Benuky 3axBasiHOCT Ayryjem cBojoj MeHTOpkH, aAp Comwu IlaBnoBuh, Ha HeceOUYHO] CTPYUHO]
nomMohy ¥ MOpaTHO] MOAPIIIY TPWIUKOM H3Pajae TOKTOPCKE ANCEPTaIHje.
3axBaspyjeM ce mpod. 1p Mumunu Yonosuh, koja je omoryhuna na o6aBUMO aHaIn3e Ha
apXMBCKUM y30plLIMMa BEHUX NallMjeHaTa i CBUM I0JIalliMa BE3aHUM 3a UCTE, KOj€ je YUMHUIIA
JOCTYITHUM.
3axBaspyjem ce ap Teomxopu Kapan Dypameruh u gp Haramm Tormuh Ha u3y3eTHO] CTPYUHO]
nomohu 0KO M3paje ToKTopcke auceptanmje, 1p Hukomu Kotypy, Upenu [Nmymart u octanmm
ynaHoBuMa Jlaboparopuje 3a MosekynapHy Onomenuuuny, MaCTUTYTA 32 MOJIEKYIapHy
TeHETHKY ¥ TeHETHYKO HHXHUIEpCTBO, HCTHTYTa y Beorpay, Ha momMohu 1 moapimny TOKoM
W3pajie pe3ylitaTa CBOje IucepTalyje.

[ToceOHy 3axBanHOCT, 1yryjeM npod. ap Bramgumupy JakoBibeBruhy Ha MOpaHO] U CTPYYHO]
nomohu.
3axBasbyjem ce nmpod. Hukomu JankoBuhy Ha CTpyYHUM CaBeTHMA U3 00JIACTH CTATHCTHKE.
HckpeHo ce jour 3axBajbyjeM CBOjOj OPOAMLIH, pHjaTeJbUMa U KoJIerama ca KaTezpe 3a
(hapmarneyTcky TeXHOJIOTH]y, YHuBep3uTeTa y Kparyjesiry.

CBOjy IOKTOpPCKY 1ucepTalujy, nocsehyjem cBojuM poauTebUMa.
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1. YBOJ

XPOHNYHA JIMM®OLIMTHA JIEYKEMUIJA (XJIJI)

Xponnuna nuMmponurHa seykemuja (XJUJI) je mamurHo oGoJbeme XEeMaTONMOETCKOT
TKHBa, KOje ce MaHu(ecTyje Kao KJIOHCKa ekcmansuja 3penux CD5, CD19, CD23, sigM B
TUMQOLUTA, MITO JIOBOJM 1O HHUXOBE aKyMylallje y KpPBH, KOCTHOj CpPXU H mepudepHUM
JTUM(pHUM OpraHuMa.

XJUT je najpehe mpucytHa y A3ujckuM 3eMJbama, cBera 3% CBUX JMJarHOCTUKOBAaHHMX
JeyKeMuja, a Haj3acTyIJbeHnja je y 3emibaMm EBpone u CeBepHe AMepuke, rie npeacrasiba 20-
30% cBUX IUjarHOCTHKOBaHMX Jieykemuja amayntHe moou (http://seer.cancer.gov; Tamura et al.
2001).

XJUT je Gomect koja je ywemrha KoJ MyIIKapama HETO KOJ JKe€Ha, a MeJHjaHa CTapOCHE
100U Mpu ToCcTaBJbamky aujarose je uamelhy 65-70 ronune crapoctu. Jenna TpehrHa mamnujeHara
Mmiaha je ox 60 roguaa (Rozman and Montserrat 1995).

Etnonornja XJIJI jomr yBek HuUje To3HaTa. ['€@HM OATOBOPHU 3a HACIEAHY
npemucniosunnjy XJIJI HuCy maeHTH(PHUKOBAHHU, ajH je YOUEHO MPHCYCTBO OOJIECTH KOJ BUILE
YJIaHOBA jEJIHE IMOPOJHMIE, IITO YKa3yje Ha Moryhy yinory reHeTMukux (pakTopa y HAcCTaHKY
oonectu (Yuille et al. 2000; Crowther-Swaneapoel and Houlston 2009).

XJUT ce xapakrepHile H3y3€THO XETEpOTreHHMM KIMHHUYKMM TOKOM M mporHo3oM. Kon
jemHe rpyme mnalujeHata OoJecT ce KapaKTepHlle HWHAOJICHTHUM TOKOM, MPHUCYTHU CYy
MHHHMaJTHU CHUMIITOMH OOJIECTH WM WX YOIIITE HeMa, JIeueHhe OOMYHO HHje MOoTpeOHO, a
MIPEKMBJbABAKHE OBUX MAllMjeHATa je HAIMK 3paBUM KOoHTpoiama. Kox apyre rpyre namujeHara,
00JIeCT ce KapaKTepHIle arpeCMBHUM TOKOM OOJIeCTH, y3 Op30 MPUCYCTBO HEHE MpOTpecHje,
JICUYCHE € HEONMXOIHO YECTO OJIMax IO IOCTaBJbaly JHjarHo3e, a MpPEKHBJHABAKHE OBHUX
nanujeHara je 3HatHO Kpahe. Kon 50% mnaummjenara Oonect Hampenyje usmely oBe [Be
KpPajHOCTH.

[Iporrosa GonecTu ce MmocraB/ba HA OCHOBY CTaJMjyMa KOju Cy Me(UHUCAHW HAa OCHOBY
KJIMHUYKWX KapakTepuctuka. [TocToje 1Ba OCHOBHA CTaiMjyMa Koja ¢y y ynorpeowu, npema Raiju

(Rai et al. 1975) u npema Bineu (Binet et al. 1981).
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OBu cucremu nanujeHte kiacudukyjy y cragujyme Huckor (Rai 0, Bine A), cpeamer

(Rai /I, Bine B) wu Bucoxor pusuka (Rai I[II/IV, Bine C).

3a cBakM CTaJAMjyM pU3MKAa T[OMEHYTHX Kiacupukaugja, [gare cy KIMHUYKE

kapaktepuctrke 6onecru (Mihaljevic i dr. 2011).

Binet knacudukamja:

A crtaamjym, TocTOjak€ Mame Ol TpH Mmojpydja yBehaHux mumHUX >kie3nu, 0e3
aHEMHU]j€ U TPOMOOILIUTOTICHH]E
B cragujym, mocrojame Tpu U Bulle NoJpyuHja yBehanux numHuX xie3au, 0es3
aHEMHU]€ U TPOMOOILIUTOTICHH]E
C cragujym, noctojame anemuje Hg<100 g/L. wnu TpomOoIMTOneHrja Tr<100x10%L,

0e3 0031pa Ha JTMMO/ICHOTIATH]Y

Rai knacudukanuja:

0 crazmjym, ocTojamse TuMdoLruTosa y nepudeproj kpeu >15x10%/L

I cragujym (0 cragujym + numdozeHonaruja)

II ctagujym (0 cragujym, mocrojame yBehaHe jeTpe W/WM CIE3UHE, ca MPUCYTHOM
WIN HE TUM(POJICHONATH]OM )

I cramujym (0 cragujym, nmpucyTtHa aHemuja Hg<100 g/L, ca mpucyTHOM uiu He
OpPTaHOMETAIINjOM U JINM(POICHONIATHjOM )

IV crammjym7 (0 cragujym, mnpucyTHa TpoMOOIMTONEHU]a Tr<100x10%L, ca

MPUCYTHOM HJIM HE OpraHoMeraiujom u auMdoaenomnarujom) (Mihaljevic i dr. 2011).

Kox roroBo 80% XJIJI mamujenata, OojiecT ce OUjarHOCTUKYje YIpPaBO y pPaHUM

cTaaujymuma 6osnectu. MelhyTum, OCHOBHU IpoOJieM OBUX CHCTEMA JeCTe Taj, ILITO CE Ha OCHOBY

BUX HE MOXE MPEBUACTH MPOTPECUBHU TOK OOJECTH y CTaJujyMHUMa HUCKOT PH3HKa, Ma Cy

OpojHa UCTpakKMBamka YCMEPEHA Yy MPOHAIAXKEHhy MHOBATUBHUX HMPOTHOCTMUYKHUX M OMOJIOLIKHUX

(baxropa, koju 6u omoryhunu 60sby Kaacudukanujy namujenara (Byrd et al. 2004).

Hujarno3a XJIJI ce mocraBiba Ha OCHOBY HU3a Mapamerapa. Y KPBHOj CIUIM JOMHHHPA

o6poj B mumdonura Behu on 5x10%/1 y nepudepHOj KPBU y TIEPHOIY OJ HajMame 3 mecela.

[Toctoje BuCOKOCTIEIMjaIM30BaHe METO/Ie KojuMa ce onpelyje Tun moumenux aumdonuta. Ha

OCHOBY MapKepa, II0CTaBJba ce Ujarao3a JuMQonpoanudepaTHBHOT 000JbCHA YHjU CKOP YKa3yje

Ha nujarHoctukoBame XJIJI (y mpunor Gosnectu uae ckop 4 omHocHo 5). On OujarHOCTHYKOT
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3Hauaja jecre PTI ruyha, ynrpa3Byk cromaka, KOMIjyTepu3oBaHa ToMorpaduja, MyHKIHja U
ouorncuja kocHe cpxku. [IpucyTHu nuroreHeTnuku nopemehaju uay y npuiaor 00jaecTH, oceOHO
dell7p, dell1q. O6aBe3no je ompehuBame Binet mnm Rai cramujyma 6oxectu, ol Kora 3aBUCH
nasbe npaheme, KOHTpoJIa U Jieuerke OONIECTH.

[Topen crammjyma OosectH, 3a Jajbe JieUCH€ BaXKHO j€ OIITE CTame OOJECHUKA M
MPUCYCTBO KOMOPOUIHTETA.

Penosue xonTpone 3axteBa Binet cranujym A u B, ogHocHo Rai cramujym 0, I, 11 Ge3s
cumnToma. Jleueme 3axTeBa y3HanpeaoBaiga 0oyecT, mTo moapasymena Binet cramujym A u B,
Rai ctagujym 0, I, II ca cumnromuma, Binet C, Rai I1I-1V.

Jleuewe XJIJI Bpmmm ce mo oaromapajyhuM mpoTokonuma Tepamuja, npuxBaheHUM O]
ctpane C30, matuM y BOAWYy 3a JIMjarHOCTUKOBAKE M JIeUeHe JuMQorponndepaTuBHAX
oonectu (Mihaljevic i dr. 2011).

IIpoTokoinu cy:

- FC nporokoa

Fludarabin 25 mg/m? U.B y nepuony 1-3 nana

Ciklofosfamid 250 mg/m?> u.B vy nepuoay 1-3 nana

[Mukyc ce noHaBba Ha 4-6 Helesba, A0 YKYITHO 6 IIUKITyca XeMUOTepanuje.
- Kladribin moHOTepanuja

Kladribin 0,1 mg/kg/tt C.Kk ymepuony 1-5 mana

[ukiyc ce nmoHaBska HA 4 HelleJbE, 10 YKYIHO 3-6 HUKIyca XeMHOTepanuje.
- Alemtuzumab moHoTepanuja

Alemtuzumab 30 mg W.B Y IIepuoay on 3 Helesbe

JyxuHa npumene je 12 Henespa.
- Hlorambucil monoTepanuja

[IpumMemyjy ce BHCOKE 03€, MHTEPMHTEHTHO CBakor mecera, 10 mg/m2 x 6 nana

MaJie J103€, KOHTUHYUPAHO 4-6 mg THEBHO.
VY 3aBUCHOCTH OJ CTagujymMa OOJecTH, MOCTOjU IMPHMEHA MpBE M Jpyre JIMHH]jE

Tepanuje.

[IpBa nunuja:
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Ko OonecHuka y moO6pom ommmrem cramy U 0e3 komopoumuteta: FC (Fludarabin,

- kox O6onecHuka ca komopouaurerom: Hlorambucil, FC y penykoBanum o3ama

- kon 6ornecHuka ca dell7p, pa3MOTPUTH BUCOKOO3HY TEpaIinjy

Hpyra nunnja:

- YKOJMKO je pemarnc 12 Mecemu Mmocjae XeMUOTEepamuje, pa3MOTPUTH TIOHABJhAHHE

Teparnuje npBe JUHU]e

- YKOJIMKO ]€ pearc HacTylMo paHWje WK HeMa OJIroBOpa Ha Tepalujy MpBe JIMHH]E,

npuMemyje ce cuenaehe:

e mpotokoi ca Alemtuzumabom

e FC mpotokon kox OolleCHWKAa ca HEaJeKBATHUM OJTOBOPOM Ha alKwiuiryhe

arc¢Hce

® BHCOKC J03€ KOPTHUKOCTECpOUIa

® BHCOKOJI03HA XEMHOTEpaIlnja

Toxom nedema XJIJI, Moxe ce mocTrhu KOMIUIETHA pEMHCH]a, TTApLIMjajiHA PEMHUCH]a,

nporpecuja 6osiectu U cradbmiHo crame (Mihaljevic i dr. 2011).

Kommnerna pemucuja

[Mapuumjanna pemucuja

[Iporpecuja Gomectu

CrabuitHO cTame

-HOpMAaJIaH (M3HKAHH HaJa3
-0JICyCTBO CUMIITOMa 00JIECTH
-muMGOnUTH < 4,Ox109/L
-HeyTpodmmn > 1,5x10%/L
-rpomGormta > 100x1 0%/L

-xemorioouH > 11 g/L

->50% cmamema Opoja muMdonura
->50% Opoja mumdoaeHonaruje
->50%perpecuje
XeTaTo/CIJIeHOMeT alHje

-IIPUCYCTBO > 1 KpHUTEepHjyMma:

-Heytpodumn > 1,5x10%L  wm
nosehame >50%
-pomGommT > 100x10%L  mm

nosehame nmpeko 50%
-xemoro6uH > 11g/L nnu noBehame

npexo 50%

->50% noBehama HajMame 2
mmbHe xiesge  Ha o 2
y3acToIHa mperiesa

-HOBa yBehama mHMQHHEX
Kiesga

->50%moBehama
XeIaTo/CIIeHOMeT aluje
->50% nopacta sum¢ouuTa
-tpancdopmannja y Richter-

oB cunapom unu [IJIJT

CB€ JIpyro

Ta6ena 1.0. Cumnromn kinacupukanyje namyjeHata y craujymMe MPOTPECHBHOT HIIH

CTaOWJIHOT TOKA 0OJIECTH.
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BUHIECTPYKA PE3UCTEHLIMJA OPTAHU3MA HA JIEKOBE

(MDR-Multidrug resistence)

Hajseha npenpeka ycrnexy jieyera MaJTUrHUX OOJIECTH je MOCTOjabe BapujaHTH 0oJIeCTH
KOje UCIO0JbaBajy PE3UCTEHIIN]y Ha XeMHuoTepanujy (enr. multidrug resistance, MDR) [Laage, H.,
2008]. MDR uma BakHy YJIOTY y MHHUIMjAIlMjH TyMOpa U HETrOBOj MPOIrPEeCcHju Kpo3 moBehany
npoaudepalnjy 1 HHXUOUIIM]y armonTo3e.
henujcku MmexaHu3Mu 3a KOje 3HaMO Ja uMajy BaxHy yiory y MDR cy:

1. TtpaHcmopTHa (IMyMIIHA) pe3UCTEHIMja — MPOMEHE Y YJIAcKy JieKa WIH eIIyKCy JieKa Kpo3
memOpany tymopcke henuje (IT-rmukxomporeun, enr. multidrug resistance (MDR)1 P-
glycoprotein transporter), wiu npomeHe y TpaHCHOpPTYy Jieka u3mely mmrTomuiasmMe u
nykieyca (nporeuan LRP/VAULT)

2. MeraboyM4Ka PE3UCTCHLMja — TPOMEHE Yy aKTUBAIMjUH WM WHAKTHBALWJU JIEKOBA
yHyTpa TymMopcke henuje (rmyratuon — C Tpancgepase)

3. PpE3UCTEHIMja Y3pOKOBaHA N3MEHEHUM TAPreTOM JIEKa — IPOMEHE y TPOTEHHUMA TIPEKO
KOjux Jiek nenyje. [lpomene Mory OMTH y KOJIMYMHU NIPOTEHHA YHYTap TyMopcke henuje
MPEKO KOJjUX JIEK OCTBapyje CBOje [I€JCCTBO, WM y IUXOBOM Aa(pUHUTETY 3a JeK
(Tomomzomepase)

4. pesuctrenuuja ys3pokoana JIHK penapanujom — mnpomuene y mnpouecuma JIHK
penapanuje (reHr OArOBOPHU 3a ,,mismatch” pemapanujy, kao mrro je Msh2)

5. amnomnToTCKa pPE3UCTEHIMja — MPOMEHE Yy CHOCOOHOCTH TyMopcke henmje na ocTBapu
oOpazary mporpamMupaHe henujcke CMPTH WIM TNPOMEHE Y  alONTOTCKHAM

curHaaaumytesuMa (bel2, p53).

Tymopcke henwje Ha OBaj Ha4YMH TOCTaJy CMOCOOHE Ja Pas3BH]y CEJICKTUBHY MPEAHOCT Y
MIPEeKMBIbaBay, Meajyhu henujcke myTeBe U nmpeBa3uiazehu UTOTOKCHYHU edeKat JeKoBa Ha
jeHOM WIIM BHIIE HaBeJICHWX HUBOA. PasymeBame THX MexaHu3aMa Oyau HaJy Ja ce TepanujcKe
CTpaTeruje MOTy pa3BHjaTH y MpaBIly NpeBasWIaKemha PE3UCTCHIMje Ha XEMHUOTEPaIujy KoJ

narjenara (D.M. Bradshaw et al. 1998).
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TpancnopTHa pe3ucTeHIdja Ha JiekoBe — BapujanTe y reny ABCB1

Paznmumuutn mMexanmsmu najy nmompuHoc MDR, ykibyuyjyhu moBuieHy eKcHpecHjy
MpOTEerHAa KOju Cy eduIyKCHE IMyMIle U HE J03BOJbaBajy yia3ak jieka y henmjy (TpaHCmopTHa,
IMyMIIHA PE3HUCTEHIMja) ¥ TOBHIICHA AaKTHBHOCT AHTHAIONTOTCKOT CHCTEeMa (AlomTOTCKa
pesuctennmja) [Wang, X., et al. 2007]. II-rmukonporeun (eHr. P-gp; komupaH TeHOM
MDR1/ABCB1), u apyru mpOTEMHH acOLMPAHH Ca PE3UCTEHIMjOM Ha TEpamujy, MpHUIaaajy
cynepbamminju npotenHa koju Bedyjy ATP (emr. ATP-binding cassette, ABC). II —
TJIUKONPOTENH C€ CMarpa MYJITHPE3UCTEHTHOM IIyMIIOM 32 BEJIHKA OpOj CTPYKTYpHO
pas3uuTHX JiekoBa. beropa excrpecuja je u3pakeHa y enuKaaTHuM MeMOpaHaMa IpeBa, jeTpe u
OyOpera, rae moa3u 10 enuMuHaimje win ancopmuuje aeka (Thiebaut, F., et al. 1987; Cordon-
Cardo, Cet al. 1989). OBaj mportenH TpaHCHOpTEep (OArOBOpaH 3a MyMITHY PE3UCTEHIIH]Y)
YUECTBY]y Y €(pIyKcCy JIeKoBa, Kao LITO CYC aHTPALMKIMHU, TOKCOPYOUIMH U (piynapabuH, Koju
ce KOpHUCTe Y Jieuewy KaHilepa Jojke, oBapujyma u jeykemuja ( Saher, K., et al. 2012).
OnynapaabuH TpeacTaBba jelaH OJ] HajBAXHHUJUX JIEKOBA KOJU C€ KOPUCTH y Jedewmy XJIJI
[Bosch, F., et al 2008].
[IpeTxoaHa WcTpakMBama Cy IMOKasaja mopuieHy ekcnpecrjy ABCB1 rena y mamujeHara ca
aKyTHOM JIEYyKEMUJOM M XPOHUYHUM MUjenornpoiudepatuBHuM Oonectuma [Sviranovski, A., et
al. 2009]. Ilokazano je ma Bapujante (eHr. single nucleotide polymorphisms, SNP) y ABCB1
TreHy MOTY Ja JOBEAy [0 IPOMEHE y eKCIPECHjd OBOI I'eHa, IITO YTHYE Ha MOAYyJAIH]y y
OJITOBOPY HA JIGKOBE M KJIIMHUYKH TOK XE€MaTOJIOMKUX ManmurauTera [Maroofi, F.,2015]. SNPs y
ABCBlreny moxe na yrude Ha (apMmakokuHeTHKY cyncrpara Il-rmukonporenna. Hajoosbe
nzyuene Bapujante y ABCB1 reny kao papMakoreHeTHUKH MapKepH YKJbYUEHU Y PE3UCTEHIIM]Y
Ha xemuorepanujy cy: rs1045642 - 3435C>T, llel145lle u 1520132582 - 2677G>T/A,
Ala893Ser/Thr).
Hoffmeyer et al. nokazanu cy mocrojame BapHujaHTe, nonuMmopduszMa y Hykieotuay 3455, y
er3ony 26 ABCB1 rena, koju kopenupa ca ABCBl ekcrnpecujomM y XyMaHOM IyOAE€HYMY U
U1a3Ma KOHLEHTPALWjH HAaKOH MPUMEHE JUTOKCHHA, TUIHWYHOT cyrcTpaTa ll-rmukomnporenHa
[Hoffmeyer, S., 2000]. Xomozurotuu Hocuonu Bapujante ABCB1 c. 3455C>T, umajy 3Ha4ajHO
cMmameHy excrnpecrjy [I-rmukonporenHa y gyofeHyMy Kao ¥ U3pa3uTo BUCOK HUBO TUTOKCHHA Y
m1a3Mu. Hekomko cTyamja roBopH je y mpriior moBehaHe mia3Ma KoHIeHTpamuje cyrncrpara I1-

TJIMKOTIPOTENHA, KoJ cy0jekara ca 3455C anenckom BapujaHTOM, Y ogHOCYy Ha 3455T anenckom
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BapHjaHTOM, aJlM JIpyre CTyluje cy uMaie KoHTpaaukToopHe pesyarare [Hoffmeyer, S., 2000].
MebhyTtum, MoslekapHH MexaHu3aM KojuM BapujanTa c. 3455C>T, memwa excripecujy ABCBlrena
JOII YBEK CY HEMO3HATH.

Jpyra 3nauajua Bapujanta y xymanom ABCBL reny je c. 2677 G>T/A (Tanabe, M., et al. 2001).
Kioka et al. cy mokazanu na 2677G>T cynctuTyiija pe3yaTHpa CMambeHOM HHTpAIeIyIapHOM
aKyMyJaljoM Hekosimko cyrctpara [l-rmukonporenna y XJIJI henmujama (Kioka, N., et al.
1989).

[TokazaHo je na cy Bapujante Ha noszuijama 2677 u 3435 y ABCBL1 reny yapyskeHe KO BUIIIE

ox 90% ucrmranuka y Kaskasy u Jamany (Kim, B., et al. 2001;Tanabe, M., et al. 2001).

AIIOIITO3A YV XPOHUYHOJ JIMM®OLIUTHOJ JIEYKEMNIA

XpoHn4yHa JIUMQOLUTHA JIEyKEMHja C€ CMaTpa TUIMYHHM MPUMEPOM MaJMTHUTETA
y3pokoBaHuM nopemehajuma y nponecy anontose. Lupkynumyhu XJIJI b umdouuntu ce Hanaze
y GO/G1 ¢a3u henamjckor nukiayca U BHUXOBA MOCTENEHA aKyMyJlallija y KpPBU, KOCTHO] CPXKU U
CEeKyHJapHUM JUM(POUTHUM OpraHuMa, Koja ce JellaBa TOKOM OoJiecTH, MpUIHMCAaHA je
NpUMapHO HHXO0BO] crocoOHOCTH Ja u3berny anonto3y (Messmer et al. 2005; Defoiche et al.
2008).

MexaHnn3am KojuM Ou ce o0jacHHMIIa OBa PE3UCTEHIM]a jOII YBEK je Hemo3HaT. KoHTpoa
anonro3e y XJIJI henujama je komMIuiekcaH mpolec KOju je pe3yiTat KOMOMHOBAHOT JIejCTBa JIBE
KOMIIOHEHTe: CHrHaJla Koju henwje mnpumajy H3 MHKPOCPEIMHE U TEHETHYKHX W/WIN
SMUTCHETUYKUX TPOMEHA alloNTOTCKE MAIIMHEPHUje y CaMHM JIEyKeMUYHHM b mumdoruruma.
O06e xommonenTe cy Bpso xereporene mely mnarmjentuma (Collins et al. 1989; Ghia and
Caligaris-Cappio 2000).

Kox XJIJI mamumjeHata cy pAeTeKTOBaHEe OpojHE T'eHETHUKE IMpOMEeHe U abepaHTHE
eKcIpecHje OpOjHUX TPOTEHHA pEryliaTopa amonTo3e, KOjU Cy YKJ/bYUCHH Yy CIOJbAlllbU H
YHYTpalIbH MyT OBE aKTHBaIyje. 300T IIEHTpaJIHE YJIOTe y NpOoLEecHMa peryJialuje arornTose,
TEHETHYKHUX TPOMEHAa M a0epaHTHHUX eKcmpecuja OpojHuxX uinaHoBa Bcel2 dbamunumje mportewnHa,

Bcl2 pamunmja npotenHa npuBykia je Hajehu naxxkmwy y u3ydaBamy anonrose y XJIJI.
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Bcel2 ¥V XPOHUYHOJ JIMM®OLIMTHOJ JIEYKEMMUIN

Bcel2 ("B-cell CLL/lymphoma 2”) npoTeuH je TUINMYaH aHTU-AaONTOTCKU uiaH Bcl2

dbammmje. Excripumupa ce y MmHOorum TunoBuMa henuja, ykibyuayjyhu b u T numdonure. Bel2 je
KOJUpaH TEHOM KOju je JomupaH Ha xpomo3omy 18g21.3 u cactoju ce on 3 ersoHa;
QITEpPHATUBHUM CIUIQjCMHTOM HacTtajy nBa TpaHckpunrta Bcel2a 1 Bel2B (Tsujimoto and Croce
1986).
Jleykemuunu b numdouutu Behune XJIJI manujenata (npexo 80%) ekcnpumupajy BUCOK HUBO
Bcl2. Excnpecuja je o6nuHo Beha y Hopmanuum b henujama, na dak u y henujama koje caapxke
t(14;18) Ttpancmokarmjy. Cmarpa ce ga je 3a mpekoMepHy ekcmpecujy Bcl2 oaroopha
XHIIEpMETUIalja HEroBOI MPOMOTOPCKOT PETrHoHa, JAETEeKTOBaHa Kkoj BehuHe mamujeHarta
[Hanada et al. 1993].

[ToBehan HuBO Bcl2, je y HeKuM cTyauMjama a0 jacHy acolWjalujy ca HETOBOJHHHUM
MIPOrHOCTUYKUM KIMHUYKUM (DaKTOpuMa, KaCHUJUM CTaJujyMHMa OOJIECTH, PE3UCTEHLIMjOM Ha
xeMuorepanujy u kpahum npexussbaBamem XJLJI marmjenara (Robertson et al. 1996; Faderl et
al. 2002).

VY npyrum cryamjama, Bcl2 ekcrpecuja Huje mokasana mporHocTuuky 3Havaj (Pepper et
al. 1996; Aguilar-Santelises et al. 1996; Pepper et al. 1997; Molica et al. 1998). Nnak,
3ajeMHUYKO CBUM OBHMM cCTyaujama jecte nosehana ekcmpecuja Bcl2, xereporeHoct HuBoa

excrpecuje Bel2 mehy nanmjenTrMa u mpekianame ca 3ApaBUM KOHTpOJIama.
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Bax ¥ XPOHNYHOJ JIMM®OLIMTHOJ JIEYKEMUIN

Bax mporenn (“Bcl2-associated X protein”) je THUmM4aH Mpo-amonToTCKU uiaH Bcel2
¢dbamunmje. Excnpumupa ce y MHOruM TtumnoBuMa henuja, ykipyuyjyhu T um b numdornmre.
Komupas je reHOM Koju je orupan Ha Xxpomo3omy 19013.3-q13.4 u cacToju ce o1 6 er3oHa Koju
cy mudepeHnrjaaHo ekcnpuMupanu y pasnnuntuM Tkueuma (Oltvai et al. 1993; Apte et al.
1995; Zhou et al. 1998; Shi et al. 1999; Schmitt et al. 2004; Cartron et al. 2002).

Kao u y cnyuajy Bcl2, excnpecuja Bax HHje mokasana KOH3UCTEHTHY acolujalujy ca
KIMHUYKUM KapakTtepuctukama XJIJI. VYV HekuM cTyaujama je JeTeKTOBaHa acolMjaimja
MOBHUIIICHOT HUBOA Bax ca WHIOJCHTHIM TOKOM 0OJIECTH WM OJroBopoM Ha tepanujy (Aguilar-
Santelises et al. 1996; Molica et al. 1998; Pepper et al. 1996). ¥ apyrum crymujama TO HUje

noTBplheHo, a HUje MOKa3aHa HU acolldjalfja ca KIMHUIKAM apaMeTprMa.

Bcl2/Bax OJHOC

PenatuBHU OJHOC ecripecuje W/MiIM aKTUBHOCTH Pa3IMUUTUX aHTH- U MPO-aONTOTCKUX
wiaHoBa Bcl2 damunmje je kipydHa AerepMuHaHTa crnocoOHocTu henuja na yhe y mporiec
aronTo3e. Y CKJaly ca TUM CXBaTamkbeM U nMmajyhu y Buay QyHKIMOHATHM aHTarHu3aMm Bcl2 u
Bax, mpernocTaBiba ce a je BUXOB PEIATUBHHU OJHOC, IPE HErO WHAMBHUIyalTHA EKCIIPecHja,
3HaYajHa 3a n3beraBame amonro3e o ctpane XJIJI b numdonura (Pepper et al. 1997; Saxena et
al. 2004).

[ToBumen Bcl2/Bax omHoc kon XJIJI nmammjeHaTa je AeTEKTOBaH Y MHOTHUM CTyIHjaMa,
MaKoO je TI0Ka3a0 3HATHY XETePOTeHOCT Mely manujeHTHMMa | TpeKJalame ca 3ApaBUM
koHTponama. [loBumen Bcl2/Bax omHOC je mokas3ao acomnyjanujy ca MPOTPECHBHHM TOKOM
OosiecT M pe3ucCTeHIMjoM Ha xemuorepanujy (Aguilar-Santelises et al. 1996; Molica et al.
1998). Mehytum, y Hexkum cryaumjama Bcl2/Bax omHOc, HHje KOpEIMpao ca HEMOBOJHHUM
NPOTHOCTHYKUM NapameTpuma, uzys3eB xemuorepanuje(Kitada et al. 1998).

JlerekToBaHa je kopenanuja noBehaHor HuBoa Bcl2 ca moBehanom excrnpecujom Bax

(Faderl et al. 2002).

18



Kcenuja Byunhesuh JlokTopcka aucepraiyja 2017.

HctpaxuBama cy IOKaszala Ja CHMYJITAaHO CHUXKewme ekcrnpecwje Bcel2 u Bax je
panmoHallHa CTpaTeruja 3a MMIUIEMEHTAIMjy aHTU-KaHuep tepanuje. [lopen Tora, mocamamnima
UCTpaXkMBama Cy cyrepucaia jJa MOCTOju HoBe3aHocT u3Mmel)y abGepantHe ekcrpecuje ABCB1
reHa ¥ perysaigje anonrose npeko Bel2 u Bax nporenna (Wang, D., et al. 1997).

MelhyTum, MexaHu3am KOjU JICKH Y OCHOBU OBHUX ITOBE3aHOCTH HH]jE TIO3HAT.
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2. INJbEBHU PAJIA

LIWbEBU

[usb oBe cTynuje je na aHanu3upa yTuiaj papMakoreHeTHUKMX MapKepa YKJbYUYeHUX y
pesucTeHnujy Ha xemuorepanujy (ekcupecrja ABCB1 rena u monmMopduzam JBe BapujaHTE y
ABCB1 reny (rs1045642 - 3435C>T, Illell45lle u rs20132582 - 2677G>T/A,
Ala893Ser/Thr), xao n excnpecuja Bcl2 n Bax rena) Ha Tepanujcku oaroBop Koj nandjeHara

0001eMMx 01 XpOHUYHE TUM(DOIIUTHE JICYKEMHU]E .
Cneundunynu nubeBn

1. VrBpautu yuectanoct BapujanTH y ABCBL reny (rs1045642 u  1s20132582) kon
narjerara ooonenux on XJIJI u 3apaBux KOHTpoJa

2. Yrtpmutu HEBO ekcripecuje ABCBL rena kox manujeHata odosrenux ox XJIJI u 3apaBux
KOHTpOJIa

3. Hcnuraru na mu nocroju yrunaj Bapujantu y ABCB1 reny (rs1045642 u 1s20132582) na
excrpecujy ABCB1 rena ko manujenara obosnenux o XJIJI u 3apaBux KoHTpoiIa

4. YTBpauTH Ja JHM MOCTOjU Kopenauuja usmel)y HuBoa excrpecuje ABCBL rena u HuBoa
excrpecuje Bcl2 u Bax rena kox marujenara obosenux ox XJ1J1

5. YTBpauTH J1a in NocToju Kopenanyja uaMely HuBoa excrnpecuje ABCB1 rena u oarosopa
Ha Tepanujy (MOCTH3amke KOMIUICTHE WM TaplMjaiHe PEMHUCHje) KOJ MarMjeHara
obonenux ox XJUI .

6. YTBpauTH &a 1M MOCTOjU Kopenauuja usMmel)y HHMBOa excrpecuje Bcl2 u Bax reHa u
oJroBopa Ha Tepamujy (IMOCTH3alke KOMILUICTHE WM MapidjaliHe PEMHUCH]E) KO
narujeHara obonenux ox XJIJI .

7. YTBpOUTH Ja JIM TOCTOjU IMOBe3aHOCT m3Mmely aOepantHe ekcrpecuje ABCBL rena,
perynanuje amontose npeko Bcl2 u Bax rena u oaroBopa Ha Tepamnujy (MOCTH3ambE

KOMIUIETHE WJI TTapIlUjaTHe PEMHCH]E) KO/ ManyjeHaTa ooonemux on XJIJI.
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3. MATEPUJAJI U METO/JIE

[MNAIMJEHTHU

VY cryaujy anamze DNK u RNK mapkepa kao ¢gakTopa pe3ucTeHImje Ha XeMHOTeparnujy
kop nanyjenata ca HLL ykipydeHo je 46 nanujeHara gedyeHux Ha KiuHuIm 3a XemMaTolorujy
Knunnukor nentpa Cpbuje y beorpany. [Iujarnosa 6oectu je mocTaB/beHa, JeueHe
CTIPOBENICHO M KJIMHWYKH MOJIAIN YIHI-EHH 0CcTyHUM of ctpane [Ipod. Ip Munune Yonosuh.
Kako he ce y cTynuju npaTuTi reHeTUYKU MapKepUPE3UCTEHLUje Ha JIEKOBE, TePaInjaKo.
0oJIeCHHKA KOjU ce mpate je omna yHuopMHa: y CTYAH]Y CY YKIbBYYCHHU caMO OOJIECHUIIH JICUCHH
FC nporokosnom (fludarabin+ciklofosfamid). ITporena oarosopa Ha Teparnujy ce BpIIIa MOCIE
6 muKITyca XeMuoTepanwje (6-7 MeceIy Jiederha) U MalHjeHTH CY MOACJbCHU Y TpyIIe IpeMa
OJITOBOPY Ha Teparnujy Ha OHE KOjU Cy MOCTUTIIN KOMIUICTHY WX MaplHjaTHy PEMUCH]Y.

ITopen Tora y cryaujy cy OmiIn yKJbY4€HHU M y30pLH 3/1paBUX KoHTpoua (53) u3 6nobanke
JlaGopatopuje 3a MoJieKyJapHy OnomeuiuHy MHCTUTYTa 32 MOJIEKYJIapHy TEHETHKY U
TeHETUYKO MHXXKUEEPCTBO YHUBep3uTeTa y beorpany, koje cy Ouie yckiahene no noiy u
cTapocTu ca nanujentuma ca HLL.

Oga cryauja je omodpena ox crpane Etuukor Komurera Kimmamukor nentpa Cpowuje, beorpa.

Y30PLIN

Kps je y3umana ca 3,8% Na-citratom kao anTukoarynancom, y ogaocy 9:1 u
TPAHCIIOPTOBAHA JI0 MHCTUTYTA 32 MOJICKYJIapHY T'€HETHKY U T€HETHYKO WHXUEHEPCTBO, TIIE je
BpureHa m3onanrja DNK n RNK. Anuksor ce uyyBa Ha -20°C u u3 mera ce uzonyje DNK, npu
yemy ce kopucta QlAamp DNA Blood Mini Kit (Qiagen, Germany). 13 octatka y3opka
nepudepHe KPBHU Ce U30J1yjy MOHOHYKIeapHe henuje Ha rpagujenty Ficoll-Plaque PLUS (GE
Healthcare), pecycnennyjy y TRIzol®-u (Invitrogen), u uyBajy na -80°C. RNK ce uzonyje u3
MOHOHYKJIeapHHX hennja pecycrniennoBanux y TRIzol® (Invitrogen). TRIzol® npencrasiba
MOHO(ha3HU pacTBOp (eHOoIa U T'yaHWINH-U30IIMjaHaTa, a caM MpOoIeC W30JallHje IpeICTaBbha
yHaarnpehen kimacuuan meros u3oianuje RNK nedunucan o crpane Chomczynski P & Sacchi N
(Chomczynski P & Sacchi N, 1987).

N30JIALIMJA DNK N3 ITEPUPEPHE KPBU

3a u3onauujy DNK u3 kpeu kopunthen je QlAamp DNA Blood Mini Kit (Qiagen, Germany).
[Iporokod;

. Ha aHo TyOe cumaru 20 pl proteinaze K (20 mg/ml), mogatu 200 pl y3opka, 200 pl
nydepa AL u nomemniati BOpTEKCOBamHEM
. MHKYOHpatu y BojgeHoM Kynatuiay 10 min/56°C
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. nonatu 200 pl 96-100% eraHona ¥ IOMENIATH BOPTEKCOBAHEM

. OBaKo MPHUIIPEMIbEH y30pak HaHeT Ha QlAamp Mini Spin KoyoHHUIY U LIeHTpUyTrUpaTH
8 000 rpm/1 min

. kosonuiy cunatu ca 500 ul pufera AW 1, nuenrpudyrupata Ha 8 000 rpm/1 min

. kostonunyy cunatu ca 500 pl pufera AW2, nenrpudyruparu va 13 000 rpm/3 min

. Ha Kpajy npedaluTy KOJIOHUILY Ha YucTy TyOy, nonatu 200 ul pufera AE u

uentpudyruparu va 8 000 rpm/1 min

N30JIALIMJA MOHOHVYKIJIEAPHUX REJIMJA U3 ITEPUGEPHE KPBU

[Iporokodr;

. Ha JTHO ctepwiHe enpysere 3anpemune 10 ml cunatu 3 ml Ficoll-Plaque PLUS (GE
Healthcare), a 3atim Ha oBaj rpamujeHt Hanetu 4 ml pasonaxenor y3opka (1:1,
y30paK:(pH3UOIONIKH PacTBOD)

. neHtpudyrupati Ha 1 500 g/25 min Ha coOHOj TeMIepaTypH, y KIMHHYKO] HEHTPUDYTH,
0e3 Kouewa

. HAKOH IeHTpudyrupama, murneTomM rnpedanutu ,,buffy coat” uarepdasy koja je
cacTaBJbeHA O] MOHOHYKJICapHUX hesHja y HOBY CTEpPHIIHY €IPYBETY

. ucnpartu aBa mytay PBS-u. Hakon cBakor ucnmpama cienu nenrpudyrupame Ha 1 500
g/15 min

. tanor pecycrnenaosatu y TRIzol®-u (Invitrogen)

N30JIALIMJA RNK N3 MOHOHVYKJIEAPHUX REJIMJA

3a uzonanujy RNK u3 mononykieapuux henuja je kopumrhen TRIzol® (Invitrogen). TRIzol®
NpeacTaBba MOHO(A3aH pacTBOp (eHosa U TYaHUJUH-U30THOIIMjaHaTa, a caM IPOLeC U30JalHje

npejcTaBiba yHanpeheH kiacudan metos uzonanuje RNK nepunucan ox crapane strane
Chomczynski P & Sacchi N (Chomczynski P & Sacchi N, 1987).

[IpoTokour;

. y 1 ml TRIzol®-a pecycnenmoBano je makcumanto 1x107 hemuja u mu3upaHo
IpoBJIaYeHEM Kpo3 urity npomepa 0,7 mm

. JM3UPaH y30paK ce OCTaBH Jia CTOjU Ha cOOHOj Temmeparypu 5-10 min

. nonaje ce 200 pl xmopodopma, cHaXkHO TIpomMyhKa, a 3aTUM y30paK OCTaBH Jia CTOjU 9-15
min Ha cOOHOj TeMIepaTypH

. HakoH HeHTpudyrupama Ha 12 000rct/15 min/+4°C nojaBibyjy ce jacHO oaBojeHe (ase;

ropma BojieHa (asa y k0joj ce Hanasu RNK, untepdasa u 1oma, 1jpBeHa, opraicka ¢asa y kKojoj
ce Hana3u DNK u nporennun

. ropma BojieHa ¢aza ce npebdalryje y HoBy TyoOy u goaaje ce 0,5 ml uzonpomnano:na.
[Ipomerniatu nHBEpTOBamk-eM TyOe 1 ocTaBuUTH Jia ctoju 10-15 min Ha coOHOj TemmnepaTypH
(mperunuranuja RNK)

. neHrpudyrupata Ha 12 000rcf/15 min/+4°C, a 3atuM yKJIOHUTH CyliepHATaHT
JeKaHTOBamkeM M onpatu Taior ca 1 ml xmaguor 70% eranona
. nentpudyruparma Ha 12 000rcf/10 min/+4°C, ykIOHUTH NaK/bUBO €TAHOJ U TAJIOT,

OCYIIUTH Ha COOHOj TEMIIEpaTypu
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. tanmor RNK pactBoputnu y ,,RNAse-free Boau, a kontneHTpamujy u uncrohy RNK
onpenutu mepemeM A260/A280 Ha ciekTpodoTOMETpy
N30JIALIMJA DNK 13 MOHOHVYKIJIEAPHU X REJIMJA

13 mononykneapuux henuja koje cy pecycnennoBane y TRIzol®-u (Invitrogen), mopen
m3onamuje RNK Moxe ce mapanenHo Bpuutu u u3onanuja DNK.

IIporokou;
. HakoH yim3e henuja, nogaBama 200 pl xmopodopman u nieaTpudyrupama va 12 000

rcf/15 min/+4°CrnojaBibyjy ce jacuo oasojene daze; DNK ce Hanasu y 10m0j,
000jeH0j,0praHckoj ¢azu

. NaKJbUBO OTKJIOHUTHU OCTaTKe BOjIeHE (ase

. npeuunutupatu DNK u3 untepgaze u oprancke ¢aze nogasamem 300 pl 100% eranona.
[TomerraTi UBEepTOBamEM TyOa M OCTABHUTH JIa CTOjU Ha COOHO] TeMIiepaTypu 3-5 min

. HakoH LeHTpudyrupama ua 2 000rcf/5 min/+4°C, ykinoHnTH cynepHaTaHT (KOju CaapKu

NPOTEWHE) U ONPATH TAJIOT JiBa MyTa joaaBameM 1 MlpactBopa koju cagpxu 0,1 M Na-citrat u
10% eranoun (wash-solution). V toky cBakor ucnuparma omoryhutu ma DNK ctoju HajMame 30
Min Ha cOOHOj TeMIepaTypH, HaKor yera ciienu ueHTpudyrupame Ha 2 000rcf/S min/+4°C

. pecycnenaoBaru tajor y 1,5-2 ml 75% eranona u ocraButu aa ctoju 10-20 min Ha
cOOHOj Temreparypu

. HAaKOH MOHOBHOT 1eHTpudyrupama 2 000rcf/5 min/+4°C, ondaunTu cynepHaTtant u
OCYLIMTHU TaJOr Ha COOHO] TeMIepaTypu

. tajor pacrsoputn y 8 mM NaOH

PEBEP3HA TPAHCKPUIILIMJA (PT)

Cunresa CDNK je u3Bpiiena peakuyjom peBep3He TPAHCKPUTIIIH]E.

[Iporokodn;

. cmenry unanHor Boaymena 11, 5 pl xoja cagpsxu 2 pg RNK 1 100 pmol
,,random-hexamer* nmpajmepa uaky6upatu 5 min na 70°C, a 3aTuM OXJIaJUTH HA JIEIy

. noaatu cMmeiny GuHatHOT BosyMeHa 8,5 ul koja campsku 4 ul 5x RT-pufera, 20U RNase-
inhobitora, 2 ul ANTP (10 mM) i 40 U M-MuLV pesep3ue Tpanckpunrase (Fermentas)

. unkyouparu 10 min na 25°C,a 3atum 1h na 42°C

. peakiyja ce 3aycraBiba HHKyOarujoM o1 10 min Ha 70°C
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JJAHYAHA PEAKIIMJA TIOJIMMEPU3ALIMIJE (PCR)

Jlanuana peaknuja nomumepusanmje (engl. Polymerase Chain Reaction, PCR) je in vitro
ammmndukanyje nepunncane DNK cexBenrie u npeacraBiba umuTaiyjy nporeca DNK
perukanyje. Perumkanyja KOpUCTH /1Ba OJIMTOHYKJICOTH/1a, KOMIJIEMEHTapHa KpajeBuma
CEKBEHIIe 0/1 nHTepeca (mpajMepH), & Koju ¢y Mel)ycoOHO CynpOTHO OpJEHTUCAHH U Ayrayku 15-
20 nykseoruna. Cunre3a DNK katanuzoBana je Tepmoctabuinom DNK nonumepasom.
[ToHaBpame MUKITyCa, OJ1 KOJUX ce CBaku cactoju oA aeHatypamuje DNK xubpuauszaiuje
npajMepa 1 eKCTeH3Hje XUOPUAN30BaHUX IpajMmepa o1 cTpaHe TepmoctadmimHe DNK
MoJIMMepase, 3a pe3yJiTaT UMa eKCIIOHEHIMOHAIHY aMIUTudukanyjy cnerpduunor DNK
¢parmenra. KpajeBu ammnudurkoBanor pparmMenra cy nepuHucanu 5° KpajeBuMa mnpajmepa, a
BUXO0BA BeJIMYMHA oJjpel)eHa je pacTojameM u3Mel)y CeKBEHIM Koju rpajMepu npernosHajy. PCR
peakIoHa cMella Mopa caJpXaTu CBE KOMIIOHEHTe roTpedHe 3a in vitro cuntesy DNK:
matpuia (DNK koja ce komupa), npajMmepu (OJMTOHYKJICOTHAN KOMIUIEMEHTAPHU KpajeBUMa
CEKBEHIIE 0/1 MHTepeca), Hykieotuau (rpaguBuau enementd DNK), Taq nomumepasa
(repmocTtadbunna DNKnonumepasa koja karanusyje yrpamby HyKI€0TH I 110 TPUHIIUITY
KOMIUIEMEHTAPHOCTH Ca MAaTPUIIOM ), JOHH MarHe3ujyma u mydep (HEomxoIHH 3a ONTHMATHU pajl
Taq nonumepase).

PCR-RFLP (eng. Polimerase chain reaction - Restriction fragment length polymorphism) je

MeTO/Ia Kojace KOPHUCTH 3a IMPEKTHY MYyTallljy KOja MEHba, Kperupa HOBO WM yKHUaa nocrojehe
MECTO Mperno3HaBamba HEKOT PECTPUKIIMOHOT €H3UMA.
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—j Cuauka 1.0. Enexrpodoperpam PCR ammnudukanuje JTHK
¢dparmenra koju caapxxu Bapujanty ABCB1 c. 2677 G>T. 1. JIHK mapkep ox 100bp; 2. PCR

MPOIYKT

Ycaou PCR peakuuje 3a nerexkuujy Bapjante ABCB1 c. 2677 G>T (Ghallab et al. 2015)

®unanna PCR cmema ox 20 pl cagpxu cneaehe komnonente: 100-300 ng renomcke DNK, 1x
PCR niydep (KAPA Biosytems, MA, USA), 1.5 mM MgCl2, 1x Q mydep (Qiagen, Nemacka),
200 uM dNTP, npajmepu (F (forward): 5’-TGC AGG CTA TAG GTT CCA GG i R (reverse):
5’-TTT AGT TTG ACT CAC CTT CCC G i 1U KAPA Taq DNA IMomumepasze (KAPA
Biosytems, MA, USA).

Temneparypuu npodun PCR peakuyje:

. 5 min/ 95°C — aktuBaiuja Taq noiaumepase
. 35 nuknyca:

. 30 sec/94°C — nenaryparuja

. 30 sec/58°C — annuar

. 30 sec/72°C — eJIOHTaIH]ja
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. 10 min/72°C — dunanua enonrauuja

Amnanuza PCR nponykara ce Bpiu Ha 4% arapo3HoMm reiy BusyenusauujoM noj UV-ceTsiom.

Murectuja PCR npoaykra pecTpMKIMOHUM €3UMOM

Jereknuja Bapjante ABCBL c. 2677 G>T Bpiena je ceuemem Ban | (Thermo Scientific)
pecTpUKIIMOHUM eH3uMOM (pparmenTa DNK moOujeHnX y peakiuju JaH4YaHOT YMHOXaBamba.
PCR ¢parment nyxxune 224 bp, yKOIHMKO caJpKu aneycKy Bapjanty G, 6uBa cedyeH Ha
¢parmente ayxuHe 200bp u 24 bp. Cederwe peCTPUKIIMOHUM €H3UMOM BPLICHO j& Y
pectpukironoj cmemm of 20 pl xoja je cagpkana: 10 pl ymaoxenor pparmenra, 1,5 pul 10X
nydepa (Thermo Scientific) , 0.3 ul Ban | enzuma u 1o 20 pl dH20O.Peakimona cmera
nHKyOHpaHa je npeko Hohu Ha 37°C. Ananuza DNK ¢parmenra nocne nurectuje ce BpIid Ha
4% arapo3HOM reiry Busyenu3amnujoM noaUV-cBeTiioM.

Yceaosu PCR peaknmje 3a nerexkuujy Bapjante ABCB1 c. 3435 C>T (Ghallab et al. 2015)

®unanna PCR cmema ox 20 pl cagpxu cnenehe komnonente: 100-300 ng renomcke DNK, 1x
PCR nygep (KAPA Biosytems, MA, USA), 1.5 mM MgCl12, 1x Q nydep (Qiagen, Nemacka),
200 uM dNTP, mpajmepum (F (forward): 5’-TGT TTT CAG CTG CTT GAT iR (reverse): 5°-
AAG GCA TGT ATG TTG GCC TC i1 1U KAPA Taq DNA ITonumepase (KAPA Biosytems,
MA, USA).

Temneparypuu npodun PCR peakuyje:

. 5 min/ 95°C — axtusaumja Taq monmumepase
. 35 nuknyca:

. 30 sec/94°C — nenarypanwja

. 30 sec/54°C — anumuHr

. 30 sec/72°C — eJIOHTaIH]ja

. 10 min/72°C — unanHa enoHramuja

Anammsa PCR npoaykra ce Bpmu Ha 2% arapo3HoM reiry Bu3yenusaidjom noj UV-cBeTiiom.
Jurectuja PCR npoaykTa pecTpMKIIMOHMM €H3MMOM

Herexnuja Bapjante ABCB1 c. 3435 G>T BpuieHa je ceuewem Dpn | (BioLabs, New England)
PECTPUKIIMOHUM eH3UMOM (pparmenara DNK noOujeHnx y peakiuju JaHYaHOT YMHOXKaBamba.
PCR ¢parment gyxune 208 bp, ykonuko cagpxu aneicky Bapjanty C, 61Ba ceueH Ha
¢bparmente ayxune 152bp 1 56 bp. Ceueme peCTPUKIIMOHUM €H3UMOM BPILICHO je Y
pectpukionoj cmemu o 20 pl xoja je campxkana: 10 pul ymuoxkenor ¢parmenra, 1,5 pul 10X
nydepa (NEB3, BioLabs, New England ), 0.3 ul Dpn | en3zuma u o 20 pl dH20. Peaknuona
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cMmena nHKyOupaHa je npexo Hohu Ha 37°C. Ananuza DNK ¢parmenra nocie nurectuje je
BpIiieHa Ha 4% arapo3HOM reiy BuszyenmzanujoM mnoja UV-cBeTiiom.

AHAJIN3A DNK HA ATAPO3HOM T'EJIY
(Maniatis i sar., 1982)

3a Bepu(HKaIMjy yCIENIHOCTH JIaHYaHe peaknuje ymHoxkaBama CYP21A2 rena kopumheHa je
XOpHU30HTANIHA eekTpodopesa Ha 1% -HOM arapo3HOM Teiy.

Kao nydep 3a npunpemamibe rena kopumiher je 1X xonnenrposan TAE mydep (0.04M Tris-
acetat; 0.002M EDTA pH8.0). Uctu mydep jekopuinhen u 3a eaekrpodopesy. Y rei je 1oaat u
etuaujym opomun y dunannoj kounuenrpauuju 0.5ug/ml. Etuaujym 6pomun je ¢urypocieHTHa
60ja koja cee unrepkainupa y DNK u npencrassba HajlmoroHuje CpeacTBO 3a BU3YEIH3AIH]y
DNK #na araposnom reny. Enexkrpodopesa je Tekna npu jaunau ctpyje ox 100 mA u
koHcTaTHOM HanoHy oa 100 V. HakoHn 3aBpiiene enexktpodopese rein je ananuzupas nog UV
cBeTJIOM TaniacHe AyxuHe 312 nm. 3a onpehuBame Benmunne ¢pparmenata DNK kopumthen je
komepumjarau DNK mapkep on 1kb (Fermentas).

AHAJIN3A EKCITPECUJE 'EHA IIOMO®R®Y "REAL-TIME” PCR (qPCR) METO/IE

"Real-time” PCR wnu kBanturatuBHa PCR (qQPCR) je Mmerona koja omoryhaBa kBaHTU(UKALN]Y
PCR mponykara y Toky cBakor PCR mukiyca, Tj. y peamHom BpemeHy (‘real-time”). qRT-PCR
("quantitative RT-PCR") je Bapjanta qPCR meTone y k0joj ce, Kao MaTpulla 3a aMILTU(QUKAIH]y
cneunguuHe cexBeHie, kopuctu cDNK.

VY gqPCR ce mepu GayopocCIieHTHH cUTHAJ KOju ce emMuTyje y Toky PCR peakiyje u umju je
MHTE3UTET AUPEKTHO NpornopioHanan konnunau PCR npoaykTa y natom nuinycy. 3a pa3iuky
on "knacuunor” PCR, rie ce koiauuuHa nMpoayKra Moxe MepuTH cam Ha kpajy PCR peakuuyje,
OBJIC C€ KBaHTH(HUKAIHM]a OJIBUja Y TOKY €KCIIOHEHITMOHAIHE (ha3e peakinje, y TOKYy Koje Jo1a3u
1o ynsoctpydaBamba PCR npoaykra npunnkom cBakor nukiryca (Ciuka 1.0)

VY nouyeTHUM MUKITyCUMa UHTE3UTeTa (IyopoCIeHIHje He penasu 6azamau auBo (“baseline”).
Huknyc y koMme je (1ypOCLEHTHH CUTHAJ y30pKa 3HauajHO BUIIM 0J1 6a3aIHOT CUTHANA, Ha3uBa
ce treshold cycle” — Ct. Bpennoct Ct je IUpeKTHO MPOMOPLHUOHAIHA KOJIMYMHU TapreT CEKBEHIIE
y y30pky. IlIto je Behu moueTHu Opoj konuja Taprer cekpenie, Ct je Hwku U 00pHyTO, Ct je
BHUIIM y Y30pLUMa Ca MakbOM ITOYETHOM KOJIMYUHOM TapreT CEeKBEHIIE.
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Cauxa 1.1. ®daze ammnuduxanuje. Rn npeacraBiba BpeaHOCT (UIypOCLEHLMjE pErnopTepcKe
0oje, a ARn mpencraBiba pasnmuky Rn BpemHoctn m3mely y3opka m Omamka (“no template
control”) [http://www.appliedbiosystems.com]

TpenyTHo ce kopucte 2 ocHoBHE qPCR TexHuke:
1. SYBR Green

2. TagMan
SYBR Green je HajjenHocTaBHH]ja TEXHHKA, 3aCHOBaHa Ha IpuMeHH uHTepKaiupajyhe SYBR
Green I 60je koja ce Besyje 3a Mamu #beO nBosnanyane DNK. Ca nosehamem Opoja nukityca
PCR peakmuje monasu 1o nosehama konmunae neosanvane peaknuje DNK, ma camuM TeM | J10

noBehanor mHTH3UTETa (DIyopocueHTHOr curHana koju emuryjepa SYBR Green I 6oja (Slika

1.1).

1. aniling prajmera 3. ekstenzija
® = ® ®
° E = S = S
L Y ®
° o P = 3= = 3
® °
" 3 . Cauxa 1.2. [Tpunuun paga SYBR Green |
. ekstenzija . .
4. kraj PCR ciklusa texuuke [van der Velden et al. 2003]
> L
" @ © ®

®

E 5= S S S Shd
®

P = S S

SYBR Green TexHuka 3a Mocjaeauily MOXe UMaTH JIETEKIH]y Heceln()UIHO aMITU(PUKOBAHUX
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PCR mponaykara, Kao u JeTeKIMjy AuMepa mpajMepa. 300r Tora ce 3a mpoleHy crnenuGuaHoCTH

peakuyje NpuMemyje aHaiu3a KpuBe Tolubewa (‘melting curve analysis”). Y oBoj ananu3my,
tokoM (PCR peakuuje temmeparypa mocreneHo pacre ox 65°C po 95°C, mpu yemy ce
KOHCTaHTHO IpaTh HUBO QuiypocueHuuje. Y mnpucyctBy asonandaHe DNK, wuHTeH3uTET
(dbaypoctieHTHOT curHaja he OWTH BHCOK NPH HUCKUM TeMIlepaTypama, anu he QurypocueHmmja
JPacTUYHO IAacTH IIPU Temueparypama oko Tauke Tombewma PCR mpomykra. PCR mponykTu
pasnuuuTe Qy’KMHE U cacTaBa he MMaTH pa3iaMuyuTe Tauyke TOIUbEHma, Ia he naBaTH pa3iauduuTe

nuK-oBe (urypocueHnyje. Y npucycTBy camo jensor, crneuupuynor PCR npoaykra nerekroBahe
ce camo jeman muk (Slika 1.2).

specifi¢an produkt

\
. \
\|uzora
= /' “ Cimka 1.3. AHannsa KpUBe TOIUbEHA
2 [ [http://www.appliedbiosystems.com]
§ | dimer prajmera l |
2 [
=] = |
S - [
= / \ Jf ':
i T ) '{zorak :I
- B \ [/ ~———ro
\ J
temperatura

TagMan tenuka kopuctu 5'—3' er3oHykieapHy akTuBHOCT Taq monumepase 3a netexiujy PCR

IIponykra. 3a pasnuky og SYBR Green texnuke, u TagMan TexHHu1u, ce nopes cnenupuuHuX
npajMepa, kopuctu u TagMan prpo6a. TagMan mnpoba je onuro-HykjieoTuaHa mpoda
KOMIUIEMEHTAapHa CEKBEHIM Y OKBHPY TapreT CEeKBeHLEe; Ha 5' je obenexxeHa (uIyopOCHEHTHOM,
penoprepckoM 6ojom (Hajuemthe FAM, VIC wiu JOE), a Ha 3' kpajy "kBeHuepom” (Hajuernrhe
TAMRA). CBe 10k ce penoprep UM KBeHUep Hajaze Onu3y jemaH JIpyrom, Tj. Aok je TagMan

npo0a MHTaKTHA, HEMa EMUTOBamka (urypoct eHiyje jep QurypocueHnuja Kojy eMHUTYje pernopTep

OuBa armcopOoBaHa oJi crpaHe kBeHuepa. Mehytum, y toky PCR ammmdukammje 5'—3'

€r30HyKJea3Ha aKTUBHOCT [a( mojmMepase u3MmemTa mpoly u ykiama je ca DNK manm, mro
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pe3ysTHpa eMUTOBambEM AeTeKTabuiIHe (IyopoCIeHIHje o cTpane penoprepcke 6oje (Cnmka
1.3)

1. " reporter kvencer
F prajmer R ®
5 L 3|
3: 5
5 3
R ra'mer5
2. praj
#

3 N 1 - Cimka 1.4. Tpuanun paga TagMan TexHuKe.
5 3 1) TagMan npo6a u mpajMepu ce Be3yjysa
’ . TapreT CEKBEHIly M 3all0Yhiby €KCTEH3U]Y; 2)
’ i o Kajga Taq momumepasacTUrHe A0 mpode, bheHa
5 -3 <P3 ‘ 5'—>3' ersoHykiea3Ha aKTHBHOCT YKJarmba
%- 2 npoOy; 3) 3amounme ‘cernkame’ mpode u

5 eMuToBame (hmyopocueHyje; 4) 3aBpIIeTaKk
4. R: @ 1

¥~ 4 93. noJiuMepH3aIyje
¢

54 [Wang et al. 2010]
3: 5

D

VY T1oky ekcrnoHeHumoHanHe ¢aze PCR peakuuje, KBaHTHTATHBHM OJHOC H3Mel)y moueTHe
KOJMYMHE TapreT cekBeHIle u konuunne PCR npoaykra y 6110 KoM UKITyCY je:

Xn = Xo (1+E)"

I'me je X, KOIMYMHA TapreT CEKBEHIIE Y MUKIYCy N, Xo MOYE€THA KOJWYHHA CEKBEHIIE, JI0K je E
edukacHocT amruuKanuje U Moxke umaTu BpeaHocT on 0 (Hema ammnudukammje) a0 1 (y
CBaKOM LIUKITYCYy J0JIa3M JI0 TYTUTHPamka KOJIWIHHE TAPTeT CEKBEHIIE).

EdukacHocT peakuuje je Beoma BakHa 3a 01a0up Merozae kBaHtudukanuje qPCR nonaraka u
OHA ce M3pavyHaBa u3 HaruoOa (S) cranmapaHe KpUBe:

E=10"-1

CraHmapgHa KpHWBa C€ MpaBU aHAIM3HpAmEM aMIUTH(HKAIUje JTeCETOCTPYKHX pa30iakema

nouetHe konmmunHe DNK ili cDNK (Cruka 1.4).
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40

-
Q

357

301

254

. gen A y=-dx+42; E=78%
D S gen B: y=-3.3x+39.8; E=100% |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""" Cianka 1.5. OnpehuBame
epukacioctu  qPCR  peakuuje
"""""""""""""""""""""""""""""""""""""""""""""""""""" METOJIOM  CTaHIapJHE  KpHUBE
+-I-Z-JZZZ-ZZZZZZZZZZZZZ:zt Thttn*/Annanar annliedhinsvstems cn
R

log, , (faktor razblaZenja)

Ksantudukanuja qPCR npomykarta moxe Outu:

1)

2)

ATiconmyTHa KBaHTH(HUKAINHja, TIAE j€ PE3yNTaT M3paKe€H Kao arcojayTaH Opoj Komuja
TapreT CeKBEHIIC;KBaHTU(UKAIM]ja TapreT CeKBeHLe ce Jo0uja mopehewmeM ca
CTaHJApAHOM KPHBOM HM3pal)eHOM 0]l y30paKa Mo3HaTe KOHLEHTpaIHje

PentuBHa kBaHTH(UKAIM]ja, T/IE je PE3yATaT M3PaKEH K0 PEIATUBHU OJHOC KOJIWYHHE
pedepeHTHOT y30pka (KaauOpaTop) U MEpPEHOI y30pKa; y OBOM paay KBaHTH(]UKaluja

eKCIIpecHje reHa 0/l MHTepeca BpILEHa je METOI0M peslaTUBHE KBaHTU(UKALH]je

VY 00a npuctyna kaHTu(HUKaIKjU, BEOMa je BaXKHO U3BPIIUTH HOPMAIU3allH]y J0OHU]jeHUX
nonaratka. Kako je kommumHa nobujeHnx PCR mpoaykara JUpPEeKTHO 3aBUCHA O]
MOYETHEe KOJMYMHE MaTpuie, na Ou ce wm30erje Trpemke HacTajle MPUIHKOM
eKCIIepUMeHaTa, yropeao ca YMHOKaBalkheM TapreT CEKBEHIIC BPIIM CE U YMHOXaBamhe
Tk3. Enorene kontpone. EnnoreHa koHtpoina je obudyHo “housekeeping” reH umja je
eKcIpecHja CcTaOWiHa y CBHM Yy30pLMMa, OJHOCHO 4YHja C€ CKCIpecHja HEe Memba

MIPIWINKOM E€KCIIEPUMEHTATHUX TPETMaHa.
VY cnydajy penatuBHe KBaHTH(UKAIMje, KBaHTU(DHUKAIM]ja EKCIIPECH]je TapreT TeHa MOXKe

CC H3BpHIIaBaTU MCETOAOM PCJIATUBHC CTAHAAPAHC KPHBC HIIM KOMIIAPATHBHOM ddCt

METO/IOM, KOja je KOpHIlINeHa y OBOM pay.
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KOMITAPATUBHA ddCt METOA

Komnaparusna ddCt meroma je Hajuemhe kopumrheHa MeToja KBaHTH(HKAIMje EKCIPEcHje
tapret reHa npumeHom qRT-PCR texnomnoruje [Livak et al. 2001].
Konnumnna Taprer reHa, HOpMaJU30BaHa y OJHOCY Ha €HAOT€HY KOHTPOITY U PEJIaTUBHO YOJTHOCY

Ha KanuopaTop je:
Q= 2% rreie
ddCt = dCtyzorak - dCtkaLIBRATOR =

(Cttarget - Ctendogena kont.) - (Cttarget,KALIBRATOR - Ctendogena kont., KALIBRATOR)

Jla Ou kayKyyanuja MPUMEHOM OBE MeToje Omia TayHa, €(UKACHOCT aMIUTU(UKAIUje TapreT

reHa U eHJ0reHe KOHTPOJIE Mopa OUTH MpUOIIMKHO jeqHaka u > 96%.
Mepeme excnpecuje anontorckor rena QRT-PCR merogom

Excnpecuja anonrorckux rera Bel2 u Bax je mpahena qRT-PCR metomom Ha 7500 Real-time
PCR amapary (Applied Biosystems), ymorpebom SYBR Green texnuke. Kao enmorena
KoHTpoJia je kopuiheH Abl reH. <Ha3WMBU U CEKBEHIIE TpajMepa HaBEJCHU CY Y TaOeIH.
Peakumnona cmerna ¢unagaor Bonymena 10 pl je caapikana cienehe kommnoneHre:

e 50 ng cDNK
e 1 x Power SYBR® Green PCR Master Mix (Applied Biosystems)
e 2 pmol (Abl) /0.5 pmol (Bcl2, Bax) “forward” mpajmepa

e 2 pmol (Abl) /0.5 pmol (Bcl2, Bax)reverse” mpajmepa

Temneparypuu npodui peaknuje:

1. 2 min/50°C
2. 10 min/95°C

3. 40 nukiyca:
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e 15sek/95°C

e 1min/60°C
OO0pajna pesynrata je us3BpiieHa npuMenom kommnapatusHor ddCt meToa, a kao kanudpaTop je
kopuurthena HL60 henucka nunuja.

Mepeme excnpecuje ABCB1 rena qRT-PCR meTonom

Excrpecuja ABCBlrena je mpahena qRT-PCR meromom Ha 7500 Real-time PCR amapaty
(Applied Biosystems), ynorpe6om SYBR Green Texanke. Kao engorena koHTpoJsia je kopumheH
GAPDH ren.Ha3uBu u cexBeHIle npajMepa HaBeleHe ¢y y Tabenn. Peakimona cMmema GpuHaIHOT
BomyMeHa 10 pl je canpkana je cnenehe kommnoHeHre:

e 50 ng cDNK
e 1 x Power SYBR® Green PCR Master Mix (Applied Biosystems)
e 4 pmol "forward” mpajmepa (ABCB1, GAPDH)

e 4 pmol "reverse” npajmepa (ABCB1, GAPDH)

Temmnepatypau mpoduit peakiuje:

4. 2 min/50°C

5. 10 min/95°C

6. 40 nukiryca:
e 15sek/95°C
e 1min/60°C

OOpana pesyntara je u3BpiieHa npumeHoM kommapatusHor ddCt meroza, a kao kamubparop je

kopuithena K562 henucka nunuja.

33



Kcenuja Byunhesuh JlokTopcka aucepraiyja 2017.

Taobena 1.1. [Ipajmepu kopumhern y qRT-PCR excniepumentuma

Ha3us npajmepa | CexBeHue npajmepa

Bcl2-F 5- TCGCCCTGTGGATGACTGA-3

Bcl2-R 5'- CAG AGA CAG CCA GGA GAAATC -3
Bax-F 5'-TGG CAG CTGACATGTTTTCTGAC -3
Bax-R 5'-TCACCC AACCACCCTGGTCTT -3
Abl-F 5'-TGG AGA TAA CAC TCT AAG CAT AACTAAAGGT -3
AbI-R 5'-GAC GTAGTT GCT TGG GAC CCA -3
ABCB1-F 5'- GTCTAC AGT TCGTAATGC TGACTG -3
ABCB1-R 5'- TGT GAT CCACGG ACACTCCTAC-3
GAPDH-F 5'- GAA GGT GAA GGT CGG AGT- 3
GAPDH-R 5'- GAA GAT GGT GAT GGG ATT TC-3'

CTATUCTUYKA OBPAJIA TIOJJATAKA
Jlobujenu nopau cy odpaleHu u npuka3zaHu y TaOEIH U Ha CIMKaMa y3 MPONpaTHy JUCKYCHJY Y
MIOTJIaBJBY pe3yJITara..

Op onmTHX CAaTTUCTUYKUX NoJaTaka KopuiheHu cy; cpelmba BpeAHOCTH CTAHIAPAHO
OJICTyNam€e, PACIIOH BPEIHOCTH MPOMEHIbUBUX (MUHUMYM, MAKCHMYM) U Me/IMjaHa BPEIHOCTH.

3a ucTpaKMBamE jaurHe Be3e n3Mel)y JBe HelpeKkuHe POMEHIbUBE YIIOTPEOIbEH j& METO/
CrnmpmaHoBe HenmuHeapHe Kopenaryje (CrupMaHOB KOSPUIIMSHT Kopemalmje).

3a UCOUTHBALEC BE3e HSMeby KaTCTOPUCKUX MMPOMCHIbUBUX KOpI/IH_IheH je HCMapaMETapCKu TECT
3a HopeljeH,e I/I3Meby ABC U BUIIC KATCTOPUCKUX IMPOMCHJbUBHUX, (DI/II_HCPOB ,,TadaH IIOKa3aTCJb

BepoBatHohe “(Fisher’s Exact Probability Test).

Ox CTCTUCTHYKUX TECTOBa 3a mopeheme Tpyna KopuimheH je HemapameTapcku Tect, Man-

Vitnijev U-Tect 3a ucnutuBame pasirka uamel)y aBe rpymne HeNMpeKuIHO MPOMEHIbUBUX.
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3a mpoHaJaXeme HajIOBOJbHHjE TPaHWYHE BpeaHOCTH, kopuiiheH je -line mporpam ,,Cut-off

finder http://molpath.charite.de/cutoff/ u ,,Receiver Operator Characteristic® ROC ananuzom,

Kao u ROC-KpI/IBOM ca ornmcom CHCLII/I(I)I/I‘{HOCTI/I 1 CCH3UTUBHOCTM.

CBH CTaTUCTHYKH TECTOBU Cy MOCMAaTpaHW Ha HUBOY 3HA4YajHOCTH Hyse xumoTese ox P<0,05.

Cratuctuhka ananu3za je ypahena Ha PC pauyHaapy NpUMEHOM JHUIEHIMPAHOT CTaTUCTUYKOT

nakera IBM SPSS 21.0.
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4. PE3YJITATH

1. [Jdemorpadcke n KIMHUYKe KapaKkTepucTHke aHaau3upanux HLL nanujenara

VYkynHo je ananuzupano 46 HLL nauujenara. ¥V Haioj KOXOpTH HanujeHaTa rnpeosiahuBao je
mymiku (83%) y ogHocy Ha xeHcku o (17%). Meaujana crapoctu je usHocuna 64 rogune (38
— 86 godina). Illto ce TWYe KIMHUYKHX KapaKTepUCTHKA, Ha OCHOBY Binet-ove
knacudukanujeHajsehn npouenar namujeHata je umao C craaujym (43%), 3atum criequ A
craqujyM (41%), a Hajmamwe mnauujeHara je umano B cramujym OGonectu (16%). On 46
nanyjeHara \ux camMo 27% je mMalio CTaOWITHHW, WHIOJCHTHH, OOJIMK OO0JIeCTH, JIOK CY CBHU
OCTaJIM MOKa3aJii KapakTepucTuke nporpecuBHor odmauka HLL (73%).

2. Yuecranoct Bapujantu y ABCBL reny, , T3435C i T2677G(A), kox obosennx ox
HLL u xoa 31paBUX KOHTPOJIa

Ha Bapjante T3435C y 26 er3ony (rs1045642) u T2677G(A) y 21 er3ony (rs2032582) ABCB1
reHa ananusupaso je 46 HLL mamujenara u 53 3apaBux KOHTPOJIH.

AHanu3oM manyjeHaTa U 3ApaBUX KOHTPOJIM Ha MpUCycTBO BapjaHTe rs1045642 na mosunuju
¢.3435T>C, omnocuo Ha mnosuiuju p.I11145 y P-glikoproteinu (P-gp), mobujenu cy cinemehu
pe3yNITaTu: U KOJ MalyjeHaTa v KoJ 3[JpaBUX KOHTPOJIU HAj3aCTYIJbEHUJU Cy OMIIM XETePO3UTOTH
CT (43% mnamujenta u 42% 31apaBux KOHTpoiH), a 3atuM TT xomosurotu (35% manujeHara u
28% 3apaBux KoHTponu). Hajmame je Omino amerexkroBaHo xomosurora 3a CC (kod 22%
nanujeHara u kox 30% 3npaBux KoHTposau). Huje geTekToBaHa CTaTUCTUYKY 3HAYajHA pa3inKa y
TUCTPUOYLIMJU TIOjeIMHUX TE€HOTUIIOBA KOJ 000NeNnuX | 31apaBux KoHTpona (p=0,644, FiSerov
egzaktni test) (Cnuka 1.6.).
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257
Wl zdrava kontrola
B HLL pacijenti

broj pacijenatalzdravih kontrola

cc
polimorfizam T3435C

Cauka 1.6. 3acTymsbeHOCT pa3nmuuuTux anena Bapjante 1s1045642 kox obonemux om HLL u xom 3apaBux
koutpona. Kon HLL nmamnujenara pacnonena je 6mia cneneha; TT 16/46, CC 10/46 1 CT 20/46 nanmjenara. Kon
3mpaBux KoHTpoja npucycrBo TT Bapjanrte Haheno je kox 15/53, CC kox 16/53, a CT xox 22/53.

AHaM30M ManyjeHara v 3[paBux KOHTPoJIa Ha MPUCYCTBO BapjanTe rs2032582 Ha no3uiuju
c.2677T>G(A), oanocuo Ha mosurmju .S893A(T) y P-glikoproteinu (P-gp), nobujern cy
cinenehy pesynraTd: W KOJ MaldjeHaTa M KO 37paBHX KOHTPOJAa HAj3aCTYIUbCHHUJU Cy OWIIN
xetepo3urotu TG u GG xoMmo3urotu (3acTymbeHocTH 41% ko manujerata u 42% Ko 3paBUX
KOHTpoJ1a, ofHOCHO 35% kon manujeHata u 45% kop 3apaBux KoHTpona). Huje nerextoBana
CTAaTHCTHYKH 3HAYajHA Pa3lIuKa y JCTEKIHMjH TOjeUHIX TCHOTUIIOBA KOJ O0OJECIHNX U 3APaBHX
konrpona (p=0,335, Fiserov egzaktni test) (Cnuka 1.7.).

257
W zdrava kontrola
B HLL pacijenti

= [S]
n o
1 1

broj pacijenata/zdravih kontrola
o
1

GG
polimorfizam T2677G(A)

Ciamka 1.7. 3acrymjbeHoCT pa3innuuTh anena Bapjanre 1s2030582 kon obonenux ox HLL u 3xpaBux xontpona. Ko
HLL nanujenara pacrnoaena je ouna cieneha; TT 11/46, GG 16/46 u TG 19/46 nanujenata. Ko 31paBux KOHTpOJIa
npucyctBo TT Bapjaute Haljeno jekox 7/53, GG kon 24/53, a TG kon 22/53.
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3. Excnpecuja ABCBI rena koa o6oJiesiux o HLL u koa 31paBuX KOHTpOJ1a

Amnanmuzupano je ykynHo 46 HLL nmamujenata. Menujana Bpeanoctu ekcrpecuje ABCB1 rena
Koz obosenux je mznocwia 20,37 (0,56-85,44) (cpenwa Bpemnoct 27,0943,34). Huje youena
CTaTHCTUYKU 3HaYajHa pa3jiKa y HUBOY €KCIIpecHje OBOTr reHa y ogHocy Ha ABCB1 ekcripecujy
KOJ 3apaBuX KoHTpona (Mmeamjana 19,14 (16,18-29,67); cpenma BpPeaHOCT BPEIHOCT
20,86+1,72)(p=0.812, U-test) (Cnuka 1.8.).

100,00+

80,007

60,00+

40,007

relativna ekspresija ABCB1 gena

s e

T T
zdrave kontrole HLL pacijenti

Cianka 1.8. Box-plot rpapuuku npuxas excrnpecuje ABCBLl rena xox HLL naumjenHara u 31paBHX KOHTpOJIA.
XopHU30HTAITHE JIMHH]E IPEACTaBIbajy MEeIMjaHe BPEIHOCTH EKCIIpecHje y oAroBapajyhum rpymama.

[Ipumenom ,,cut-off finder on-line mporpama m ROC anammzom, aedunucamu cMmo ,,cut-off
BpeanocT excripecrje ABCB1 rena Ha 0CHOBY KoOje ce HajImpeIru3Hnje MOKE MPEABUICTH KOJU OJ1
nanyjeHara uMa BHCOKY ekcrpecujy ABCB1 renma (ABCB1"), a kox kojux ce ekcrpecuja 0BOT
reHa He pa3iuKyje oJ] HuBoa JeTekToBaHor mely 3npaBum konTponama (ABCB1'). OBa BpenHoct
ABCB1 ekcnpecuje je nuznocuna 24,46. Hakon yBohemwa nate BpeaHocTu, Hamma koHTpoia HLL
nanpjeHara je Owma caummeHa ox 18 marmjenara (39%) ca ABCB1® caraycom m ox 28
nanyjenata (61%) ca ABCB1 cratycom (Cnuka 1.9. u Cnuka 2.0.).
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ROC analiza ekspresije ABCB1 gena
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Cauka 1.9. ROC anamusa excripecuje ABCB1 rena u npornanaxeme cut-off BpeqHOCTH 3a K0jy je eKcIipecHja JaTor
reHa MO3UTHBaH MapKep 3a MPHUCYCTBO OOJIECTH
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Cuauka 2.0. ,,Waterfall“rpaduk pacnozerne Bucute excrpecuje ABCBL rena y ogaocy Ha ,,cut-off* BpemHoct
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4. WcnuTnBame yTunaja pasimuuTux BapjanTu ajena ABCBL1 rema ( T3435C i
T2677G(A)) Ha Bucuny excripecuje ABCB1 rena kox o6osiesnx ogx HLL

VcnutuBame yTuiaja pa3IMuUTUX TeHOTHIIOBA W BapjaHTH BapjaHtu 13435C i1 T2677G(A) Ha
excrpecrjy ABCB1 rena Hucy youeHe craTUCTHUKHU 3Havajue pasnuke (p=0,494 i p=0,780, U-
test) (Cauka 2.1. u ciouka 2.2.).
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20,00

,007]

T T T
m cc cT

polimorfizam T3435C

Cumka 2.1. Box-plot rpaduuxu npukas excripecuje ABCB1 rena xon HLL manmjenara y 3aBucnoctu on T3435C
reHoTUoBa. XOPU30OHTAIHE JIMHU]E TPEACTaB/hajy MEIHjaHe BPEIHOCTU CEKCIpecHje y oarorapajyhumM rpymama..
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Ciamka 2.2. Box-plot rpapuuxu npuka3 exkcnpecuje ABCB1 rena xon HLL nanumjenara y 3aBucHocTH 01 (
T2677G(A) reHotuna. XOopu30OHTalIHE JIMHUjE NPEICTaBbajy MeAujaHe BPEIHOCTU EKCIIpecHje y oAroBapajyhum

rpynama.
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Crnuyam pe3yntaTd cy noOujeHr W Kaga je ekcnpecuja ABCB1l rema mocmarpana kao
KaTeropujcka MpoMEHJbMBA, OJTHOCHO Kaja je menokynHa rpyna HLL narmjenara noaespeHa Ha
ABCB1" n na ABCB1 (p=0,859 i p=1,00, Fiserov egzaktni test)(TaGena 1.2. u Tabena 1.3.)

eKcrpecuja YKynHo
ABCB1
ABCB1 ABCB1"*
Bapjanra TT 9 7 16
T3435C CC 7 3 10
CT 12 8 20
YKynHO 28 18 46

Tabena 1.2. Yuecranocr nojemunaux T3435C renorunosa y ABCB1 u ABCB1" rpynu nanujenara.

eKcrnpecuja YkynHo
ABCB1
ABCBL ABCB1"
Bapjanra T 7 4 11
T2677G(A) GG 10 6 16
TG 11 8 19
YxynHO 28 18 46

Ta6ena 1.3. Vuectanoct nojemunnx T2677G(a) rerotunosa y ABCB1 u ABCB1™ rpynu manujenara.

5. ¥Yrunaj Bucune excnpecuje ABCBl rena Ha oarosop Ha tepamnujy 000J1eJMX 0]
HLL

On 46 wzyuaBanux HLL mnamujenata, mojamu O OAroBOpY Ha NMPUMEH-EHY Tepamnujy OHo je
noctynad 3a wux 12. Koa 7/12 nanujenara npumeheH je KoMIuieTaH OArOBOp Ha Tepanujy, 10K
je xon mux 5/12 3abenexen napuujanau oarosop. Excnpecuja ABCB1 rena xox nauujenara ca
MaplyjaTHUM OJIrOBOPOM OWIla je 3HauajHO BWINA OJ] HUBOA JIETEKTOBAHOT KOJ| MalMjeHara ca
KOMIUIETHUM oiroBopoMm Ha Tepanujy (p=0,030, U/test)(Cnuka 2.3.).
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Cauka 2.3. Box-plot rpaduuku npukas BucuHe ekcrnpecuje ABCB1 rena kon mamujeHara ca KOMIUIETHHM U ca
TapIjaTHUM OATOBOpOM Ha Tepanujy. Memujana ABCB1 excnipecuje Kkon marujeHaTa ca KOMIDIETHUM OJTOBOPOM
m3nocuna je 13,51 (0,65-23,52), mro je OWimo 3HaYajHO HMXKE OJf HUBOA JETEKTOBAHOT KOJ MaldjeHaTa ca
napuujarHuM oarosopom 36,58 (11,99-85,44).

Crnuyan Hana3 je mobujeH u kama je excnpecuja ABCBL rena mocmarpaHa Kao KaTeropHjcka
IPOMEHJbHBA, OJHOCHO Kaja Cy manmjeHTn noaesbenn Ha ABCB1" u ma ABCB1 (p=0,010,
FiSerov egzaktni test)(Tabena 1.4.).

ABCB1 YKynHo
eKcrpecuja
ABCBL ABCB1"
Oarosop Ha KOMILJIETaH 0aroBop | / 0 7
Tepanujy napuujajaau oarosop | 1 4 5
YKyITHO 8 4 12

Tadena 1.4. 3acTymbeHOCT HanMjeHaTa ca MapUUjaIHUM M KOMIUIETHHM OJITOBOPOM Ha Tepanujy y OAHOCY Ha
ABCB1" u ma ABCB1 craryc.

6. YTuuaj BucuHe pejlaTUBHOI oaHoca BcCl2/Bax reHcke e Kcnmpecuje Ha 0JroBop Ha
Tepanujy o6osieaux oq HLL

Jenna on rmaBHuX kapaktepuctuka HLL jecte aHTHAmomTOTCKH CTaTycC JIGYKEMH]CKUX henuja,
Y3POKOBaH MPEBACXOIHO yBehaHOM EKCIIPECHjOM aHTH-alONTOTCKUX I'eHa kao mro je Bcl2, u
CHIDKCHOM EKCIPECHjOM TPO-aronTOTCKUX I'eHa Kao mrto je Bax. Mehyrum, penaruBan omgHOC
eKcrpecuje oBa jBa rena 1j. Bel2/Bax, je BpeaHOCT Koja je HajOOJbH MapaMerap 3a MPEeauKInjy
aHTH- WIKA MPO- aroNTOTCKOr cararyca. YBehan ojnoc Bcl2/Bax ykasyje Ha akTHBHOCT aHTH-
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anoNTOTCKUX MEXaHM3ama, Ila CaMUM THM MOXE yKa3aTh Ha NPUCYCTBO PE3UCTEHIUje Ha

Tepanujy.

VnopehuBamem BucuHe Bcl2/Bax omHoca, jeTekToBaHMM KOJ MOjeIMHUX IalMjeHara ca
napiyjaJHuM oAroBopoM Ha tepanujy (p=0,048, U-test) (Cauka 2.4.).
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7,50
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T T
kompletni odgovor parcijalni odgovor

odgovor na terapiju

nargjeHara ca napiujaiHiuM oroBopom 6,76 (5,45-12,59).

Canka 2.4. Box-plot rpaduuku npukas BHCHHE
Bcl2/Bax penartuBHOr ogHOCA KOJ MalfjeHara ca
KOMIUICTHUM W TapIWjaHUM OJIrOBOPOM Ha
Tepanujy. Koa mammjeHara ca KOMIUICTHUM
oaroBopoM  MenujaHa Bcl2/Bax  penatuBHOT
omHoca m3HOCcHia je 3,96 (1,94-8,17),mT0 je 6uio
3HAYAjHO HIKE OJf HHBOA JETEKTOBAHOI KOI

7. TloBe3anoct excnpecuje ABCB1 rena, Bcl2/Bax penaTuBHOr oqHOCa W 0AroBOpa Ha

Tepanujy koja odoseamnx og HLL

Kako cmo 3ace0HO yTBpAMIM TOCTOjab€ CTAaTUCTUYKM 3HAYajHE ITOBE3aHOCTH EKCIpecHje
ABCB1 rena , kao u nopumieHor Bcl2/Bax penatuBHOr ojHOCa W OArOBOpa Ha Tepamwjy,
HCIUTANIM CMO MOCTOjambe Kopelnaiuje u3mely oBa JBa napamerpa.

Huje ytBpheHo mocrojame CTaTUCTHYKHM 3HavajHe Kopesauuje usmel)y Bpeanoctu Bcl2/Bax
penatuBHor ogHoca u ABCBL ekcnpecuje kox manumjenara (Spirmanov koeficijent korelacije

0,222, p=0,138).
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Cauka 2.5. I'paduuxu npuka3s kopenauuje ekcnpecuje ABCB1, Bel2/Bax onnoca u oaro
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5. TACKYCHJA

henuje xanuepa pa3Bujajy MHOroOpojHe cTpaTeruje kako ou usberse aejctBo tepamnuje. Mehy
HBHUMa, MONHO CPEZICTBO je MPUCYCTBO WK CTUIAKkE BUILIECTPYKE PE3UCTEHIIM]E Ha JIEKOBE (CHT.
multi-drug resistance - MDR), koja ymamyje epukacuoct xemuorepanuje. MDR je, m3mely
ocTaIMX MexaHu3ama, nocpenoBana ABC tpancroprepumMa Koju uMajy GyHKIH]y edIyKCHUX
ITyMITM KOj€ MOTY J1a eTUMHHHUIITY pa3IuduTe JIeKoBe u3 Tymopcke henmje (Aquali et al. 2005).
Haj3nauajuuju u Hajoosbe u3yuen ABC tpancnoprep je I1- riukonporeunn, kogupan ABCB1
resom. Y XJIJI je mzyuamana ynora [I- rmukonpoTrenHa, ainu pe3yiaTaTe HHje JIaKO YIIOPeIuTH
(Friedenberg et al 2004). Takohe je moka3aHo Ja ce PE3UCTEHIINja HA JICKOBE PA3TUIUTO
MaHudecTyje ko nanujenara ooosnenux oa XJIJI u aa je reHeTHUKHU 1eTepMUHKUCAHA
(Rosenwald 2006).

Hpyru Bogehn MexaHu3aM KOjU YUECTBY]Y y PE3UCTEHIIMjU Ha JIEKOBE KOjU CE IPUMEY]Y Y
neueryXJ1J1 je moBuIIeHa aKTUBHOCT aHTUAMIONTOTCKOT CHCTEMA (aIIONTOTCKA PE3UCTEHIIH]A).
Mana uma cBe Bulie nokaszatesba na XJUJI henuje nponudepuiry u ymupy y 3Ha4ajHOM CTETIEHY
(Messmer et al. 2005, van Gent et al.2008) , mopemehaj anonTo3e ocTaje BHUXOBA Haj3HAYAJHH]jA
KapaKTepucTuKa. M3pakeHa je pa3iuka y anmonToTckoM noteHmujany hemmja XJLUT mehy
narjenTuma (Sieklucka et al. 2008, Kravic-Stevovic et al. 2014). I'eneTnuke npomeHe u
M3MEHEeHA eKCIIPecHja peryjaTopa arnonTo3e JeTeKToBaHe ¢y Koj nanujenara ca XJUI.

use Hame ctynuje je Ono aHanm3a yTumaja apMaKoreHeTHIKUX MapKepa yKIbyUeHHX Y
pesucteHyjy Ha xemuorepanujy (excrnpecuja ABCBI rena n nonumopduszam aBe Bapujante y
ABCB1 reny (rs1045642 u rs20132582), kao u excnpecuja Bcl2 u Bax rena) Ha tepanujcku
OJITOBOP KOJI MAIjeHaTa 000JIeNTuX O] XpOHUYHE TUMQonuTHE ieykemuje. OBa cTyauja je
uMasa Iujb Ja YTBPAM Jia I MOCTOjU CHHEPTUCTUYKO JICJCTBO T€HETUUKUX MapKepa
TPAHCIIOPTHE U alONTOTCKE PE3UCTEHIM]e Ha JIEKOBE KOJ CTaHAApAHUX IMPOTOKOJa Jeuema XJ1JI
(FC protokol (fludarabin+ciklofosfamid).

Yuecragoct Bapujantu y ABCBI reny, 3435C>T u 2677G >T/A, y 3apaBoj nonyjaauuju
Cpouje

VYuecranoct BapujantHor ajiena 3435C y cBeTckoj nomynanuju Bapupa o 34-90% (Dey et al.
2006). Y Hamoj cTyaMju, OBaj BapUjaHTHH aJien je Ouo mpucyTaH ca ydecranonrhy ox 50% y
3[paBoj MOIMyJIaLHjH.

Bapwujantau anen 2677T je npucyTaH y CBETCKOj MOnyJanuju ca yuecranomhy og 2—65%
(International HapMap project (www.hapmap.org). Xomo3urotau resotu (2677TT) y Haioj
HOMYJIAIHMjH je 3aCTyIUbeH ca yuecranomrdy o1 13%. Xomosurotau reroru (2677GG) je Behu
on 81% y monynanujama Adpuke, 10K je y yuecranoct ox 10-32% kapakrepuctuyHa 3a Oerry
nomnynamnyjy, amepuuke Muaujanne u Asujare. Ko Hac je oBaj TeHOTHIT Y 3ApaBOj MOIYJIALUjH
Ouo 3actyrmbeH ca 45%. Alel 2677A je relativno redak (0-17%) (Cascorbi et al. 2001).

Yuecranoct Bapujantu y ABCB1 reny, 3435C >T u 2677G > T/A, xoxa o6oJemnx ox XJLJI
VY Haioj CTyauju HUje TETEeKTOBaHA CTATUCTUYKH 3HaYajHA PA3iIMKa y yUECTATOCTH BapHjaHTHUX
asiena , HUTU y AUCTPUOYLIUjH MT0jeIMHUX TeHOTUIIOBAa HUTH 3a BapujaHTy 3435C > T, Hutu 3a
2677G > T/A usmely 3apaBux KoHTpona u nanujeHata ca XJIJI. OBaj nogarak ykasyje Ha TO Ja
OBE IeHEeTHYKE BapHjaHTe HUCY QaKkTopu pusnKa 3a obosbeBame o1 XJIJI- Hamm pesynratu cy y
carjacHOCTH ca JIpyT'uM CTyaujama, Koje Takohe mokasyjy Jia OBe BapHjaHTe HUCY MTOBE3aHe ca
pu3HKOM 3a nojaBy MmanurauTeTa (Bosch 2008).
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Excnpecuja ABCB1 rena kox nanujenara ca XJIJI

henuje XJIJI 00u4HO ekcipuMupajy Bullle TPAHCIOPTHUX NPOTEHHA KOjU Cy YKibydeHu y MDR,
0J1 KOjux Ccy Haj3Hadyajuuju [1-rmukonporenn (P-gp, mosuat u kao MDR1 u ABCB1),

MPII1 npoteun (enr. multidrug resistance-associated protein-1, MRP1, ABCC1) u JIPIT
npoteuH (eHr. lung resistance protein, LRP) (Consoli et al. 2002). PenatuBHo Brucok HEBO I1-
TJIMKONIPOTEHHA, KJIACHYHU MeXaHn3aM npeko kora henuja octBapyje MDR, nsrnena na je
KapakTeprucTuka TyMopckux henuja y XJIJI. IT-riukonpoTenH je aerektoBan y 48-100%
y3opaka manujeHata ca XJIJI, Mmaaa je ’eroB OMOJIONIKY U KJIMHUYKH 3HAa4aj oI YBEK
HeoBoJbHO jacaH (Webb et al. 1998). Baxuo je uctahu na cy cynctparu I1-rimukonporenna
JIEKOBHU KOJU C€ PYTUHCKH KOPUCTE Y XeMUOTepanuju 3a peppaktopny u pekypentny XJ1JI
(Tsimberidou et al. 2003). Takohe cy cyncrparu [I-rmukonporenHa JEKOBU KOjH ¢ KOPUCTE Kao
npBa auHUja TpetMana oBor manuruurera (Leporrier et al. 2001).

V¥ namoj rpynu XJIJI nanujenara, 40% nanujenata je umano BUcoky excnpecujy ABCB1 rena,
KOja ce 3Ha4YajHO Pa3IhKyje 0] EKCIPECHje OBOT I'eHa Koja je CIIMYHA HOBOY €KCIPECH]je KOJT
3apaBuX KoHTpona. Moxke ce pehu na je y 40% nanujenarta ekcripecuja ABCB1 rena nosurusan
MapKep 3a MOTEHIHjaJIHy TI0jaBy pe3ucTeHIrje Ha iekoBe, MDR.

Yrtunaj apujantuux anena ABCBI1 rena (3435C > T u 2677G > T/A) na excnpecujy
ABCBI1 rena xoa oo6oseaux og XJIJI

Cryauje kopenanuje npomena y ABCB1 reny ca HUIBOOM €KCIIpecHje OBOT T'eHa Cy
kouTpaaukTopuae (Hodges et al. 2011, Leschziner et al. 2007).

VY jennoj cryauju 3435TT renorun je 6uo noBe3ad ca HUCKOM ekcrnipecujom ABCB1 rena
(Hoffmeyer et al. 2000), anu perunkanuoHe cryauje To Hucy norspauie (Leschziner et al.
2007). Hexke cryauje cy noka3zaie kopenarujy 3435TT ca CHIDKEHUM HUBOOM €KCITPECH]e
ABCBL1 rena (Wang et al. 2005), nopumienum HruBooM ekcripecuje ABCBL rena (Dey et al. 2006)
WK OJICYCTBOM yTHIlaja reHoTHMa Ha ekcripecujy ABCBL rena (Owen et al. 2005).

Hamra ctyauja Huje nokasana ytuuaj BapujantHor anena 3435C > T, HUTH BapujaHTHUX
reHoTumnoBa Ha ekcrpecujy ABCB1 rena.

Mapa nocToju BenuKu Opoj CTyAmja yTHUIlaja Tpuasieicke Bapujanrte 2677G > T/A Ha
excrpecujy ABCB1 rena, pesynraru cy onpeuHu. Tako Heke cTyauje roBope y Mpusor
acorjanyje Bapujante u exkcupecuje rera (Eichelbaum et al. 2004), a neke Herupajy Ty
acorrjanujy (Owen et al. 2005). Harwm pe3yntaTi HUCY TIOKa3aid acoIMjalijy TpUAIeICKe
Bapujante 2677G > T/A ca exkcripecujom ABCB1 rena, canuno mHorum ctyaujama (Estrela et al.

2009).

TpancnopTHa BUILIECTPYKA pe3ucTeHnuja Ha jJekoBe Y XJIJI (Tpancnopraa MDR)

VY mMHOruM ctyaujama je usydanana acouujauuja ABCB1 renoruna u aktusHoctu I1-
INIMKONPOTENHA ca KIMHUYKUM ucxonom XJIJI mocne npumMene siekoBa koju ¢y cyncrpat I1-
TIIMKOTIPOTENHA, OVITH J1a Ce PaJii O YCIEITHOM JICUCHY WU HEKEJHEHHM JICjCTBUMA JIEKOBA
(Leschziner et al. 2007). Pe3ynraTi oBHX acOLMjaTUBHHUX CTYyMja Cy HEKOH3UCTCHTHH U HE MOTY
Ce BAJIMIUPATH Y PEIUIMKALIMOHUM CTyAMjaMa.

VY HaIIoj CTYIUjU Y KOjOj CMO TIPATHIIM TCHETHYKE MapKepe PE3UCTEHITH]e Ha JICKOBE Y
nanujenata ca XJIJI, u ro rpancnoptHe MDR, ynopehuBamem HuBoa excrpecuje ABCBL rena y
nanyjeHara U ’bUXOBOT OJIrOBOpPa Ha Tepamnujy, yOUeHO je /a je TOBUILEH HUBOA EKCIpecHje
ABCB1 rena craTucTHYKY 3HAYajHO TIOBE3aH Ca MapIHjaTHOM, & HE KOMIUICTHOM PEMUCH]OM.
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Ham pesynrar roBopu y npuiior ja je ekcnpecrja ABCBL rena 3HavajHu MapKep TpaHCIIOPTHE
pesuctennuje kon XJUJI manujenara nedenux FC npoTokomom.

ANONTOTCKA BHIIECTPYKa pe3ucTeHnnja Ha jdexkoBe y XJIJI (amonrorcka MDR)

Y XJIJI cy yodueHe reHeTHUKe IPOMEHe M adepaHTHA eKCIpecHja pa3nyuTuX wiaHosa Bel2
reHcke (aMmuigje, Koju uMajy KJby4Hy YyJIory y peryiamuju arnonto3se (Vucicevic et al. 2015).
[Toce6HO je ekcnpecuja [Ba WiaHa OBe paMuimje u BUXOB oaHOC, BCl2/Bax oaHoc, 3Havajan
rokasaTesb Kako GyHKnroHuIe anonro3a y XJIJI hennjama, a caMmum TUM je ¥ TIOTCHIIH]aJTHA
MIPOTHOCTUYKHU MapKep, Kao U noreHnujaran mapkep amonrtorcke MDR 'y XJIJI (Vucicevic et al.
2016).

Y muoruMm ctyaujama je yeehan Bel2/Bax oanoc, n Ha PHK nuBoy (Aguilar-Santelises et al.
1996) u na nporennckom HuBoy (Molica et al. 1998), acorupan ca JIOIIMM MPOTHOCTHYKHM
napamerpuma y XJIJL ¥V npyrum cryaujama To Huje nokaszano (Vucicevic et al. 2016, Kitada et
al. 1998).

[Tosumen Bel2/Bax ogHoc je mokaszao acolujaiujy ca mporpeCuBHAM TOKOM OOJIECTH U
pesucteHnujom Ha xemorepanujy (Tzifi et al. 2012).

HcrpaxuBama Cy mokasala Jia je CUMyJITaHO CHIXaBambe excnpecuje Bel2 u Bax panmonanna
cTpaTeruja 3a UMIUIEMEHTALU]y aHTH-KaHlep tepanuje (Yamanaka et al. 2006).

VY HaIIoj CTYIUjH, Y KOjOj CMO TPATHIIM TCHETHYKE MapKepe PE3UCTCHIINjE Ha JICKOBE Y
narujeHata ca XJIJI, u To anontorcke MDR, ynopehusamem Bennuune Bel2/Bax oxHoca y
naiyjeHara i lbHXOBOTI OJr0OBOPa Ha Tepamujy, youeHo je aa je nosuiieH Bcl2/Bax ognoc
CTaTUCTHYKH 3HAYAJHO IMOBE3aH ca MapIfjaTHOM, a He KOMIUIETHOM peMucHjoM. Hamr pesynrar
roBopu y npuJior aa je Bcl2/Bax oxnoc 3HauajHu Mapkep anonToTcke pesucteniuje koa XJ1J1
nanujeHara aeueHux FC nporokonom.

Orpannuema CTyIMja MOJIEKYJIApPHO-TeHETHIKIX (papMaKOTeHETHIKHUX MapKepa y OJroBopy Ha
XeMHOTepanujy cy OpojHe: celieKInja MayjeHara, KOMIJICKCaH ¥ HeKOH3UCTEHTaH ()eHOTHII,
neduHUIMja ucxoaa 00JIeCTH, IPUMEHa Pa3IMYUTHX MPOTOKOIA Jederwa (Leschziner et al.
2007).

[IpenHocT Hamie cTyamje je mTO Cy Y CTYIM]y YKJbYYSHH caMo IMalMjeHTH YHja je Tepanuja oua
yaudopmua, FC nportokon (fludarabintciklofosfamid). Mehyrum, Hama rpyna namnujeHara je
U3y3€THO Malia ¥ cTyauja ca Behum Opojem XJIJI nanujenata je HeonxoHa 1a 6U ce MOTBPIHIN
Haiy pe3ynratd. Takohe Ou n300p KIMHUYKUX MapameTapa IpolieHe YCTICITHOCTH Teparnmje
Tpebano 6oJbe JePUHICATH.

ITotpebHo je ucrahu na je oo npsa cryauja Ha XJUJI nauujenruma y CpOuju koja ce 0JJHOCH Ha
MOJICKYJIapHO-TEeHETHYKE (papMaKOTreHeTHIKE MapKepe KOji MOTY IOTIPHHOCUTH TPAHCTIOPTHO] U
arloNTOTCKOj PE3UCTEHIIM)H Ha JIEKOBE.
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6. 3SAK/bYUAK

3AKJbYULIU

1. OBo je npBa CTyAMja TEHETHUKUX MapKepa TPAHCIIOPTHE U allONTOTCKE PE3UCTEHIIM]e Ha
nekoBe (Bapujante y ABCBL reny (rs1045642, ¢.3435C > T, u rs20132582, ¢. 2677G >T/A),
excrpecuja ABCBL1 rena, ekcripecuja Bcl2 u Bax rena) y manujenara ca XJIJI y Cpouju

2. Y HaImoj CTyIHju HUje JEeTEeKTOBaHA CTATHCTUYKH 3HAYajHA PasjIfKa Y y4eCTalIOCTH
BapujanTHUX anena y ABCB1 reny, ¢.3435C>T u ¢.2677G >T/A, u3melyy 3apaBux KOHTpoJa U
nanujeHara ca XJIJI. OBaj momaTak ykasyje Ha TO /ia OBe T€HEeTHYKE BapHjaHTe HUCY (paKTOpU
pu3mKa 3a obosseBame o1 XJJL.

3. Y namoj rpynu XJIJI nauujenara, 40% nauujeHara je umaio BUCOKY ekciipecujy ABCB1
reHa, Koja ce 3Ha4ajHO pa3liMKyje OJ1 EKCIIpecHje OBOT F'eHa Koja je CIIMYHA HOBOY eKCIIpecH]je
KOJI 37jpaBux KOHTposia. Mosxe ce pehu na je y 40% XJIJI manmjenata excripecuja ABCB1 rena
MO3UTHBAH MapKep 3a MOTEHIUjalIHy [10jaBy pe3UCTeHIIMje Ha JekoBe (eHr. multi drug resistance,
MDR).

4. Hamu pe3ynratu HUCY noka3aiu acouujauujy Bapujantu ABCB1 rena, €.3435C>T u
€.2677G > T/A, HuTH BapHjaHTHHX TeHOTUTIOBA, ca ekcrnpecrjom ABCB1 rena, ciimyHo MHOTAM
CTyaHjama.

5. Y Hamoj cTyauju, y K0joj CMO IpaTHIM F'eHEeTUYKEe MapKepe TPAHCIOPTHE PE3UCTEHLIMje Ha
nexoBe y nanujeHata ca XJIJI, yodeHo je na je nopumeH HuBoa excrpecuje ABCB1 rena
CTAaTHUCTUYKH 3HAYAJHO MMOBE3aH Ca MapliijaTHOM, a He KOMIUIETHOM peMucHujoM. Harn pesynrar
roBopu y npujor ja je excripecuja ABCB1 rena noreHuujanHm Mapkep TpaHCIIOPTHE
pesuctennuje kox XJUJI manujenara nedennx FC npoTokosom.

6. Y HaIoj CTyauju, y K0joj CMO MPATHIIM TeHETUYKE MapKepe aronTOTCKE Pe3UCTEHIUje Ha
nekoBe y manjenara ca XJIJI, youeHo je aa je mosuiieH Bcl2/Bax ogHOC CTaTHCTUYKK 3HAYAJHO
MIOBE3aH ca MapIlfjajJHoOM, a HEe KOMIUIETHOM peMucHjoM. Hamr pe3ynTar roBopH y npuiior aa je
Bcl2/Bax omgHOC moTeHIHjaIH MapKep armonToTcke pesuctennuje kox XJIJI nanujenara
neuyeHux FC nmporokosiom.
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7. IIPAJIOT

7.1. KIJbYYHA JOKYMEHTALHUJCKA UHOOPMATHUKA

YHUBEP3UTET Y KPAT'YJEBLILY
OAKYJITET MEJUIIMHCKHUX HAYKA Y KPAT'YJEBIY

Pennu 0poj - Pb

Nnentudpuxanuonn o6poj - UbP

Tun nokymentanuje — TI: MoHorpadcka myoiukarmja

Tun 3anuca — T3: TekcryanHu mraMnaHu MaTepujal

Bpcra paga — BP: [lokTopcka nucepraiiyja

Aytop — AY: Kcennja Byunhesuh

Mentop/komentop — MH: n1p Coma [TaBnoBuh

HacJjioB pana — HP:

Excnpecuja ABL]F1 v TeHa peryiaTopa anonTose kKao (pakropa pe3ucTeHIHje Ha
XEeMHJOTEparnujy Kol 000JIeTNX O]l XpPOHHYHE JTUM(POIIUTHE JCYKEMU]je
Jesuk myoaukanuje — JII: cpricku/hupununa

Je3uk mzBona — JU: cpricku/eHriecku

3emuiba mydoiukoBama — 3I1: Cpouja

¥Y:ke reorpageko noapyudje — YI'IL: Lenrpanna Cp6uja

Tonuuna —T'O: 2017. roguna

H3paBau — U3: Ayropcku penpuHT

Mecto u agpeca — MC: 34 000 KparyjeBai, CBero3zapa Mapkosuha 69
®uzuum onuc paga — PO: Crpannna 67,

norniasJba 7, rpagukoHa u tabena 21
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Hayuna o0aact — HO: Mequuuna

Hayuna muconnummna — JIM: MonekynapHa reHeTuka

IIpeameTHa oapeannna/ kbyuHe peun — [1O: xponnyHa muMdoIUTHA IeyKeMHja, eKCIIpecHja
rena, ABCB1, Bcl2, Bax, pe3ucTeHimja Ha XeMUOTEepaIujy

YK

Yysa ce — UY: V Oubnunorenu Pakynrera MEIMIIMHCKUX HayKa YHuBep3ureTa y Kparyjesiy
Baxxna nanomena — MH:

N3Box — U1 Xponuuna nudouutHa neykemuja (XJLJI) je Manurao o60beme XeMaTonoeTCKOT
TKHBa, Koje ce MaHu]ecTyje Kao kIoHcKa ekcranzuja b mumdonura. XJUI ce kapakrepuiie
M3y3€THO XETePOTreHNM KIIMHUYKHM TOKOM H OJIFOBOPOM Ha TEparujy, y YeMy TeHETHUKH
npo¢u naujeHTa uMa yJory.

['maBHY mpemnpeky ycrexy Tepanuju Koja ce KOPUCTH y JIeUehy KaHIepa je pe3ucTeHIrja Ha
nekoBe (eHr. Multi Drug Resistance, MDR). Pe3ucteniyja Ha JIeKOBE ce Pa3InInTO
MaHH(eCTyje KO NalujeHaTa i TeHeTHYKY je JeTepMUHNCaHa. J[Ba riaBHa MexaHu3Ma
YUECTBY]Yy Y PE3UCTEHIIMjU Ha JIEKOBE KOjU c€ MPUMEY]y Y Jieuehy KaHlepa: MOBUIlIeHa
eKCIIpecHuja MPOTEeNHA KOjU cy e(IIyKCHE ITyMIIE U HE J103B0JbaBajy yJlasak jeka y henunjy
(TpaHCOpTHA, IIyMITHA PE3UCTEHIIM]a), ¥ MOBUIIIEHA aKTUBHOCT aHTUAIIONITOTCKOT CUCTEMa
(armonToTCKa PE3UCTEHIIH]a).

OBo je nmpBa CTyJMja FeHETUYKUX MapKepa TPAHCIIOPTHE U allONTOTCKE PE3UCTEHIU]E Ha JIEKOBE
y nanjenara ca XJIJI y Cpouju.

Amnanuzupana je ekcrpecuja ABCB1 rena umju je mpoaykr nporeuH henmjcke MeMOpaHe Koju
ydecTByje y enykcy nexoBa u3 henuja, kao u ytuiaj nse Bapujante y ABCB1 reny (rs1045642,
c.3435C>T u 1520132582, ¢. 2677G > T/A), Ha meroBy excnpecHjy. [lopea Tora n3ydyapana je
u excnpecuja Bcl2 u Bax rena, koja Mosxe /1a ykake Ha CTaTycC alonTOTCKOr cuctema y henujama
nanujeHara obonenux ox XJIJI. Excnpecuja rena je usydaBaHa y MOHOHYKJI€apHUM hemujama
nepugepue kpBu 46 XJIJI 6onecHuka u 53 3apaBe KOHTPOJIE METOIOM PEBEP3HE TPAHCKPUIILIH]jE
Y JaHYaHe peakiyje nonauMepase y pearHoM Bpemeny (QRT-PCR), 1ok je merekiuja BapujaHTH
y ABCBL1 reny ypalhena meToioM JlaHUaHE peaKiifje MoJruMepas3e U JUTeCTHjOM PECTPUKIIHOHIM
emsumoM (PCR-RFLP).

VY HaIoj CTyIMju HUje JeTEKTOBaHAa CTATHCTHYKH 3Ha4YajHa Pa3jIMKa y YU4eCTaIOCTH BapUjaHTHUX
anena y ABCB1 reny, ¢.3435C>T u ¢.2677G > T/A, u3mely 3apaBuX KOHTpOJIa U MaIyjeHaTa
ca XJIJI. OBaj nozmaTak ykasyje Ha TO a OBE €HETHUKE BapHjaHTe HUCY (PAaKTOpU pHU3MKa 3a
obosseBame ox XJIJI.

VY namoj rpymu XJIJI manujenara, 40% manujeHaTa je mmaio Bucoky ekcnpecujy ABCB1 rena,
KOja ce 3Ha4ajHO pa3MKyje O] eKCIpecHje OBOI I'eHa KO0ja je CIIMYHA HOBOY eKCIIpecHje KO
3apaBuxX KoHTpona. Moxe ce pehu na je y 40% XJIJI mauujenara ekcrnpecuja ABCB1 rena
MO3UTHBAH MapKep 3a MOTEHIMjaIHy MojaBy pe3nucTennuje Ha gekoBe (MDR). Hamm pesynratu
HUCY Moka3aym aconujanudjy Bapujanta ABCB1 rena, ¢.3435C > T u ¢.2677G > T/A, autn
BapHMjaHTHHUX T€HOTUIIOBA, ca ekcnpecujoM ABCB1 rena, cimyHo MHOTUM cTyIujama.
Pesynratu MoneKynapHO-TEHETHUKMX aHAJIM3a Cy OMIIM KOPEIHCAaHH ca OrOBOPOM Ha TepaItujy
y XJIJI manmjenata. Mapkep TepamnujcKor 0JAroBopa je Ouo MoCTH3amke KOMITICTHE HITH
napiujagHe peMHucHje.

[IpaheweM reHeTHUKHUX MapKepe TPAHCIIOPTHE PEe3UCTEHIMje Ha JIeKoBe y nanujeHarta ca XJ1JI,
YOYEHO je 1a je moBuieH HuBoa excnpecuje ABCB1 rena craTUCTHYKY 3HAYajHO MOBE3aH ca
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MapIyjaTHoM, a He KOMIUIETHOM peMucHjoM. Hamn pe3yaraT roBopH y MpUIIor Ja je eKCIpecuja
ABCB1 rena noteHIujatHu MapKep TpaHCOpTHE pesucTeHnuje koa XJUJI manujenara nedeHnx
FC nporokosnoM.

[IpahemeM reHeTHYKKUX MapKepa anonTOTCKE PE3UCTEHIIN]E Ha JIeKoBe y marrjenara ca XJ1JI,
youeHO je na je nouieH Bcl2/Bax omHoc crarucTryky 3Ha4ajHO TIOBE3aH ca MapiujaaIHoM, a He
KOMIUIETHOM pemucujoM. Hamn pesynrar rosopu y npusior ja je Bcl2/Bax ognoc noteHuujaiHun
Mapkep anonTorcke pesuctenuyje ko XJIJI nanujenara neuennx FC npoTtokonom.

OBa cTyMja JOMPUHOCH 3HaBY O 3Ha4ajy M3a0paHUX T€HETHYKHUX MapKepa 3a OJAroBOp Ha
XeMHUOTepanujy KoJ nanyjeHara odomnenmux ox XJIJI v 3a MHIUBUyaTU3aIljy Teparmje Ko
OBHX OOJIECHHKA.

Jatym npuxsBarama Teme o crpane HHB — JII1: 26.04.2017.

HJatym oxopane — 10:

YnanoBu komucuje — KO:

[Ipod. op [Ipeapar Byphesuh, Bannpennu npodecop 3a yxxy HayuHy obmact MHTtepHa
MeaunuHa, YHuBep3uteT y Kparyjesiy, @akyiaTeT MEIUIIMHCKUAX HayKa, PEACEIHNUK;

IIpod. np Jparana CtamaroBuh, pejoBHU npodecop 3a yKy HayuHy obiact HTepHa MeauunHa
VYuusepsutet oxdpane y beorpany, Menuuuncky ¢akyiarer BMA, wnan;

[Ipod. np Bnagumup JakoBibeBuh, pejoBHU Ipodecop 3a yxKy HaouHy obsact Pusnosuoruja
VYuusepsutet y Kparyjesiy, @akyiareT MEIUIIMHCKAX HAayKa
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Chronic lymphocytic leukemia (CLL) is a hematologicam malignancy which manifests as
monoclonal expansion of B lymphocytes. CLL is characterized by extremely variable clinical
presentation, with different therapy requirements and overall survival. Genetic profile of a
patient can be used as a predictor of the course of the diseases and therapeutic response.

A major impediment to the success of human cancer therapy is the development of cancer
variants exhibiting multidrug resistance (MDR). MDR is characterized with various
manifestations and it is associated with individual genetic profile of a patient. Two most
important mechanisms contribute to MDR, including the overexpression of drug efflux pumps
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Expression of ABCB1 gene, coding for a cell membrane protein which mediates the efflux of
drugs, as well as the effect of two ABCB1 gene variants (rs1045642, ¢.3435C > T and
1520132582, c. 2677G > T/A) on its expression were analyzed. Furthermore, expression of Bcl2
and Bax genes, regulators of apoptosis in CLL cells, was studied. Gene expression was analyzed
in perypheral blood mononuclear cells of 46 CLL patients and 53 controls, using gRT-PCR
(Real-time PCR), while detection of ABCB1 gene variants was performed using PCR-RFLP
(Polymerase Chain Reaction- Restriction Fragment Length Polymorphism) methodology.
Frequency of ABCB1 variant allelles, ¢.3435C >T and ¢.2677G > T/A, did not show statistically
significant difference between CLL patients and healthy controls. This finding suggests that
analyzed variants are not risk factors for CLL.

When compared to healthy controls, ABCBL1 gene overexpression was detected in 40% of CLL
patients. Consequently, expression of ABCB1 gene could be considered a positive marker of
potential development of MDR in 40% of CLL patients. Similar to many other studies, our
findings did not reveal the association of either ABCB1 gene variants, ¢.3435C>T u

¢.2677G > T/A, or variant genotypes, with ABCB1 gene expression.

The results of molecular genetic analysis were correlated with therapy response of CLL patients.
Achieving a complete or a partial remission was chosen to be a therapy response marker.
Analysis of genetic markers of transport MRD in CLL patients revealed that elevated level of
ABCB1gene expression was associated with partial, but not with complete remission. Our finding
suggests that ABCB1gene expression could be considered as a potential marker of transport
MDR in CLL patients treated with FC protocol.

Analysis of genetic markers of apoptotic MRD in CLL patients revealed that elevated level of
Bcl2/Bax ratio was associated with partial, but not with complete remission. Our finding suggests
that Bcl2/Bax ratio could be considered as a potential marker of apoptotic MDR in CLL patients
treated with FC protocol.
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This study contributes to knowledge on importance of analyzed genetic markers for
chemotherapy response in CLL patients and for individualization of therapy for these patients.
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BUOI'PA®UIA

Kcennja Byunhesuh, pohena je 09.09.1987. roqune y Kparyjesity. OcHOBHE cTyauje je
3aBpiumia Ha dakynreTy MeMIMHCKUX HayKa, YHuBep3urera y Kparyjesiyy 2011. rogune u3
obnactu papmaruje, ca mpoceyHOM OIleHOM 8,61.

VYrucana je JOKTOpPCKE akajeMcKe CTyauje Ha MeaunuHCKOM (HaKkyaTeTy, Y HUBEP3UTET
y Kparyjesity, n36opao moapydje Mosekyicka MeIuinHa - moanoapy4vje Kmnauaka n
eKcriepuMeHTanHa gpapmakomuoruja, mkoiacke 2011/2012 rogune. Y cMeHN TOKTOPCKH UCTTUT,
nonoxkuia je 2014. roznene, ca mpoceyHOM OIIEHOM 9.

Crpy4HH, 3aBpIIHHU HCIUT, TOJOXMUIA je Y MUHUCTapCTBY 3/paBiba, y beorpamxy 2013.
TOJIHE.

OOGaBuiia je BOJIOHTEPCKM paa Ha MHCTUTYTY 3a MOJIEKYJapHY TE€HETUKY M TE€HETHYKO
WHXEHEepCcTBO y beorpamy, rae je crekiia MOTBPAY O 3aBPIICHO] OOyIHM W3 MOJEKyJIapHe
JMJarHOCTHKE y Tpajaky on HoBemOpa 2012 nmo maja 2013 romune, mro oOyxBaTa MeETOJE
m3onamje DNK u3 kpBu u Oykannor Opuca, texuuky PCR, enextpodopesy, pecTpuKunoHy
aHanmu3y, usonanujy RNK, peBep3Hy TpaHnckpunuujy u npuHnune texHuke real time PCR. (
WHcTUTyT 32 MOJIEKYNapHy TEHETHKY W TEHETHYKO WHXHIbepcTBo; Jlaboparopuja 3a
MOJIEKyJIapHy OnoMenununy, beorpan ).

VYhucana je cneuujaaucTUuke cTyauje Ha MeauuumHckoM (akysTeTy, YHHBEP3UTETY Yy
Kparyjesiy, n3dopao noapyunje @apmareyrcka TexHoJaoruja, mkosicke 2016/2017 ronune.

3anocnena je Ha PakynreTy MEJULMHCKUX Hayka, YHuBep3uTera y Kparyjesuy ox 2013.
roguHe. AKaJeMCKO 3Bame: CapaJHUK y HAcTaBu, M3 yXe HayuyHe oOmactu: JlekoBu 2 —
dapmaneyrcka TexHosoruja. M3abpana y 3Bame acucTeHpa y OKBHpY ucTe kKarteape 2015
TOJIMHE.

buna je jeman onx ucTpakuBaua Ha MakpoIpojekTy "AHanu3a (akTopa KOju IOHNpUHOCE
HEINOBOJBHOM HCXOJy JIe4emha aKyTHOI IIaHKpeaTuTuca', KOjU C€ CHPOBOIM Y capalmbH
daxkynrera MeAUIIMHCKUX Hayka u Kimmandakor nentpa y Kparyjesiy.
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Ooépazay 1

H3JABA AYTOPA O OPHITHHA/THOCTH /IOKTOPCKE /IHCEPTAIIHJE

Ja, Kcennja Byunhesuh , U3jaBJbyjeM J1a JIOKTOpCKa

aMcepTaluja noj HacJI0BOM:

Excnpecuja ABIIB] u reHa perynaropa anonTtose kao Gakropa pe3ucTeHIH]S

Ha XeMHJOTepanujy Koj 000JIeNIUX 0] XpOHHYHE JTUM(POLIMTHE JI€YKEMH]E

Koja je onOpamena Ha DakyaTeTy MEJMIIMHCKHX HAyKa

VYuusepsutera y KparyjeBiy npelcraBiba opuecunaino aymopeko 0eno HacTallo Kao pe3yJiraT

CONCHIBEHOZ UCMPANCUBAUKOZ pada.

Osom H3zjasom maxohe nomephyjem:

® Jla caM jeduHu aymop HaBelleHe JOKTOPCKE JHCepTalluje,
® Jla y HaBeJICHO] JIOKTOPCKO] JUCEPTAIM]H HUCAM U3BPUUUO/IA NOBPedY ayTOPCKOT HUTH
APYTor [paBa HHTEJIEKTYaIHE CBOJHHE APYIHX JIMLA,

® Jla YMHOXKEHHU MIPUMEPAK JJOKTOPCKE JHCEPTAIH]je Y IITAMIIAHO] U eIEeKTPOHCKO] hopMu
y 4HjeM ce IpHIOry Hana3u oBa M3jaBa caipiku JOKTOPCKY JUCEPTALH]jy UCTOBETHY
010pambeH0] JOKTOPCKO] AHCePTaLIH]H.

YV Kparyjesuy , 9.8.2017. roawuHe,

MOTITUC AyTOpa



Ooépazay 2

H3JABA AYTOPA O HCKOPHIIIRABAK Y /[OKTOPCKE JHCEPTALIHJE

Ja, Kcennja Byuwuhesuh )

‘/ 03BOJbaBaM

HC A03BOJbaBaM

VYuuBep3urerckoj oubmuorenu y KparyjeBuy aa HauMHM JBa TpajHa YMHOXKEHA NIPUMEpKa Y

€JICKTPOHCKO] (hOPMH JTOKTOPCKE JUCEPTALIM]E 10 HACTOBOM:

Excrpecuja ABIIB1 u rena perynartopa anonrose kao (hakTopa pe3ucTeHITH]e

Ha XEMH]OTeparujy KoJi 000JIeTuX 0/ XPOHUYHE TUM(POIUTHE JIEyKEMH]e

Koja je onOpamena Ha PakynTeTy MEAMUMHCKHX HayKa

YHuuBep3utera y Kparyjesiy, U To y LeJTHHH, Ka0 U Ja 10 jeJaH IpUMEpaK TAKO YMHOXCHE
JOKTOPCKE JIHCepTaldje YYUHH TPajHO JOCTYIHHM JaBHOCTH IIYTE€M JIMTHTAIHOT
peno3uToprjyma YHHBep3uTeTa y KparyjeBiy M HEHTPaTHOT PErno3UTOPHjyMa Ha/JIeKHOT
MHHHCTapCTBa, TAKO Jla IPUIIAIHMIE JABHOCTH MOT'Y HAUMHHUTH TPajHE YMHOXEHE ITPHUMEpPKE

Yy GHGKTPOHCKOj (IJODMI/I HaBCIACHEC NJOKTOPCKE anepTaque IIYTEM npeys3umared.

Osom M3jaBom Takohe

¢/ | 103BOJbaBaM

HEC HO3BOIbaBaMl

! Vkonuko aytop u3zabepe Ja He A03BOJIH PHIAAHUIMMA jABHOCTH Ja TAKO JOCTYIIHY JOKTOPCKY JMCEPTALH]Y
KOPHCTE T0J1 yCIoBUMa YTBpheHuM jetHoM o1 Creative Commons TAIEHITH, TO HE HCKJbYYYje PaBO NPHITaTHAKA
JABHOCTH J1a HaBeJIeHY JIOKTOPCKY HCEPTAIH]y KOPUCTE y CKIaay ca ofpendaMa 3akoHa 0 ayTOPCKOM U CPOJTHAM
npaBuMa.



NPUIIAAHHIMMA JABHOCTH J1a TAKO JOCTYIHY JOKTOPCKY JAHCEPTALH]y KOPUCTE MO/ YCIOBHMA

yrBpheHum jennom oa caenehux Creative Commons TUIEHIIN:

1) AyropctBO

2) AyTOpCTBO - A€TUTH O] UCTUM YCJIOBUMA

3) AyropctBo - 0e3 npepaja

4) AyTOpCTBO - HEKOMEPIIH]AJTHO

5) AyTOpCTBO - HEKOMEPIIMJAIHO - IETUTH 1101 HCTHM YCIOBHMA

6) AyTOpCTBO - HEKOMEPIHjAIHO - Oe3 npepaja’

VYV Kparyjesiry , 9.8.2017. rOJINHE,

MOTITHC ayTopa

? MonumMo ayTope Koju cy m3aOpanu 1a 103BOJIE IPUNAJHMLHMA jABHOCTH 1@ TaKO JOCTYNHY IOKTOPCKY
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