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ABSTRACT

REVERSAL OF PACLITAXEL RESISTANCE IN
MCF-7 CELL LINE BY A CHEMICAL MODULATOR ELACRIDAR

kener, Emine ¢ijdem
M.Sc., Department of Biology
Sypervisor: Prof . Dr . Uf uk G¢nd,

September 20135 pages

The phenomenon called multi drug resistance (MDR) is the resistance of cancer
cells to anticancer drugsefore or during chemotherapy. One tiie mechanisms
causingMDR is the upregulatiorof efflux pumps The oveexpression oMDR1

andMRP1results in increased efflux of anticancer agents.

The aim of this study was to reverse MDR&diated paclitaxel resistasma MCF7
breast cancer cell linby a chemical MDR modulator elacridain this study,
cytotoxicity and the reversal effecf elacridar on sensitive and paclitaxel resistant
cells were investigated.The effect of elacridar orMDR1 and MRP1 gene

expressiaswere also determined

Results indicatedMDR1 gene washighly overexpresse@208 fold) in MCF7/Pac
cells compared toMCF7/S cells. Elacridar was not found to be cytotoxic in
MCF7/Pac cells up t03 0 OMKTT resutsdemonstrated O0.50M



concentrdabn was able to restore the antiproldgve effect of paclitaxel by&%6 in
MCF7/ Pac cell s. Compl et e MDR reversal
concentrationgPCR results revealedbse dependentpregulations inMDR1 and

MRP1 gene expression dvels afterelacridar treatment which did not prevent

reversal of MDR by elacridar.

Elacridar was shown to be very effective against paclitaxel resistance in MCF7/Pac
cellsat low concentrations.Herefore it can be a suitable candidate for therapeutic
applicationsin patients who developedaclitaxel resistanceNevertheless, dose
dependent upregulations MDR1andMRP1geneexpressions should be taken into
consideration and overdose elacriddministratiorshould beavoided.

Keywords: Pglycoprotein, paclitaxel elacridar, MDR reversalpreast cancer



¥Z

MCF7 H! CRE HATTI NDA PAKLKTAKSEL DKRENCKI
MOD! LAT¥R ELAKRKDAR KLE GERK ¢EVKLN

kener, Emine ¢ijdem
Y¢éksek Lisans, Bi yol oj i Be1l ¢ mg
Tez Y°neticisi: Prof . Dr . Uf uk

Eyl ¢ |,952ayfa 2

¢okli ba- di(rMDhR)l i kafiser h¢crelerinin ant.i
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analizlerio , 5 OM eélna kMGFd7aéirPac he¢crel erindeki p a
oraneéenda, B Okl tarmdmeng e § dar evi r di.jKanitdtif g° st e
egwamanl & PZR sonu-I|laréna g°MDRlveNMRPkr i dar
gen ifadelerindel 0 z a bbaij-éemideeé Kk | ar meydana gel mi Kt

el akrgedrair é&nevi ri meent it $irni engel | e

D¢ K¢k konsantlakmisgamémr dVBCkFi7 / Bac h¢cecreler
direncine kar kg s-toekr idtnkiikltii ral dBwj uy ¢zden
diren-1 hastal arda tedavi aYwie dd dezak ul | an
baj eMDREve MRP1gen i f ade%2a ©%%mgredkd ab@l wndur ul r

dozda el akridar uygul amal aréndan ka-éneéel
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-evirimi, meme kanser.

vii



To my devoted family

viii



ACKNOWLEDGMENTS

| am deeply grateful tany supervisoP r o f . Dr . Uf uk Ge¢ndgegz f
support and criticism irthe preparation of this thesis. Her valuable suggestions

enlightened my path throughout this thesis study.

The examining committeemembers Assoc. Prof. Dr. Mesut Muyan
Assoc Pr of . Dr . ¢ a ], Msaok Prdd.eDv.D i1 Ime KS o k e nahd | Kesk
Dr. ¥zl em Darcansoy Kker. are acknowl edg

suggestions in the evaluation of this thesis.

| am sincerely grateful to Dr. Pelin Muthor her guidace, valuable advices and

encouragement.
I would like to gve my special thankstomylabat es Tuj ba Keski n, (
G¢listan Tansék, Burcu ¥zsoy, Zel ha Nil

suggestionsgriticism and help throughout thisusly. | am also indebted to Esra
Kapl an, YapNake D¢ aknmak , Ahu Kzgi , Ge¢l kah

members of Lab 206 for their friendship and scientific insights.

| am deeply thankful to my friends who have always been tfarene.| am
obligedt o Derya ¥z for her encouragement, e |
stage of my masterds career. Her advices

life easier. Without her this thesis would not be completen also grateful to have



my loyal friendsMer ve Takan, La- Pehlevbaewvd eZt man Kah
who are all very understanding, caring and supportive. | would also like to thank

Sezin Erginay for helping me build my future Ar zu Yejin for maki
when | needed the mod¥ly special f i ends A yHilal ®lcu, Mee Peck, |,

Renata VelloneYuri Nunes Da Silvand Alexander Fairestre also acknowledged

for turning my darkest times into sunshine.

Finally, | would like to express my endless gratitude to my family for their endless

love, care and support all through my life. | would like to themk parentsfor

being sodevoted and to my sister Arzu for trying to do what she can to make me
happy. lowetomp r ot her k¢ kr ¢ iangte geacsand laughiét. y f or
would also like to thank my whole family fdoelieving in me all through my

education life. Without them this thesis would not be possible.



TABLE OF CONTENTS

ABSTRACT ettt e e e e e e tb e e e e e e nneeeeaaanas v
e e ——— e e e e ee et e e e e e ——————————————eeeeeterrnnnn s Vi
ACKNOWLEDGMENTS ...ttt e e e iX
TABLE OF CONTENTS . ...t Xi
LIST OF TABLES.......o it re et e et e eeeaees XV
LIST OF FIGURES ... .ot XVi
LIST OF ABBREVIATIONS.... .. XViii
CHAPTERS
LINTRODUCGCTION ...t eeeee et eneee e e e e e e e enan e e 1
I B O T PP PP PPPPPPPTI 1
1.2 BIRASE CANCEL......cuiiiiiiiiiiie e eeees e a e 2
1.3 Breast Cancer TreatMeNntS...........uueiiiiiiiiieeii e ieren e 2
R B YU [ (o= Y PP P PP PPPPPPPPP 3
1.3.2 RAIOtNEIAPY.....cce i it 3
1.3.3 HOrmonal TReIaf....ccooviiiiieeeeeeee e 3
1.3.4 Targeted Therapy.......cccccuvurriiiiiiiiieeriiiiiieie e B
1.3.5 ChemMOtNEIrapY .. .eeeeeeeeeeiieeee e 4
1.35.1 PACHAXE! (TAXG1) ....vevrveeeeeereeeeeee e eeeeeeeeee e ees e eeeee e 5
1.4 Multidrug ReSISINCe (MDR)......ccoiiiiiiiiciieii et 6
1.4.1 Decreased Drug INfluX..........cooovuiiiiiiiiiiee e 8
1.4.2 Altered Drug MetaboliSm...........coouviiiiiiiieeen e eeeee e 8

Xi



1.4.3 Alterations in DNA Repair MechanisSms............ccccceeveiivieeevvnnnnnnnnnn. 9

1.4.4 Increased Drug EffluX..........oovmriiiiiiiiie e 10
1.4.4.1 Pglycoprotein (PgP/MDRL).......ccovvviiiiiiiiieii s e e 12
1.4.4.2 Multidrug ResistandgssociatedProtein (MRPL).............ccovvvvnnee. 13

1.5 Reversal of ABC Transporter Mediated MDR in Cancer Cells............. 15

1.5.1 Targeting Expression of ABC TranSporters............oooeeeeieenneeeenennns 15

1.5.2 Modulating MDR Transporters FUNCHONS...............uvveereiieemvvninnnne. 16
1.5.2.1 First Generation INhIbItOLS .......coooviiiiiiiii e 17
1.5.2.2 Second Generation INhIibItors............cccciiiiiieeer 18
1.5.2.3 Third Generation INhibitors..............eeviiiiiiiceci 18

1.5.2.3.1 GF120918 (ElacCridar).............uuueueeeeeeiieeeiriiieieeeeieeeeeeeeeeeeenas 19
1.5.2.4 Fourth Generation INNIiDItors..............ooooiiiiiiemiieeeee 21

1.6 AIM Of the StUAY.......cooiieee e 22
2 MATERIALS AND METHODS......... e eeene e 23
2.1 MATERIALS. ...t e 23

2.1.1 Cell LINES...eiiiiiiiiiiiee ettt 23

2.1.2 Chemicals, Disposables, Kits and Reagents..............cccoeeeeeeervvvnnnns 23

2. 1.3 PIMEIS..ccoiiiiiieieeee ettt 24

2.2 METHODS...... et 25

2.2. 1 Cell CURUIE. ... 25
2.2.1.1 Cell Culturing ConditiONS...........uuuuurmiiiiiiiieeeiiiiiieeeeeeeeee e eeeeeeeas 25
2.2.1.2 PASSEYY....cceeeeeeeeeeeeeeeeeeeeee e e sttt aneens bbb eeaaeaaaeas 25
2.2.1.3 Freezing Cells........cooiiiiiiiiiieeei e 26
2.2.1.4 Thawing CellS........uuueiiiiiiiiiiiiii e 26

2.2.1.5 Cell Viability Assessment by Trypan Blue Exclusion Methad...27

Xii



2.2.2 Determination of Antiproliferative Effects by XTT Cell Proliferation

ST | PP 28
2.2.2.1 Determination of Antipliferative Effect of Paclitaxel.................. 28
2.2.2.2 Determination of Antiproliferative Effect of Elacridar................ 29
2.2.2.3 Determination of the Reversal Effect of Elacridar..................... 30
2.2.2.4 Statistical ANAlYSIS.........coviiiiiiiiiiiiieeee e 30

2.2.3 Gene EXPression ANalYSES..........uviiiiiiiiiiiieeeiiieeeeeee e 31
2.2.3.1 Total RNA ISOIAtION..........uuiiiiiiiiiiiiii et 31
2.2.3.2 Total RNA Isolation from Elacridar Treated Cells...................... 32
2.2.3.3 Quantification of RNA..........ccoiiiiiiiiiii i ceeeieee e 32
2.2.3.4 Agarose Gel Electrophoresis of RNA............ooovicceeeeieeeene 33
2.2.3.5 CDNA SYNthESIS......ccoei it 33
2.2.3.6 Quantitiative Redlime Polymerase Chain Reaction (QPCR).....34

2.2.3.6.1 Confirmation of gPCR Products by Agarose Gel

EleCtrQONOIESIS.....eeeeieeeeeeeee e 35
2.2.3.6.2 Quantitation of PCR Products...........ccoeevriiiiiiccceeeeeeieeees 36
2.2.3.7 Statistical ANAIYSIS.......ccouiiiiiiiiii e 37

S RESULTS AND DISCUSSION......coiiiiiiiiieieeiiiiimiie et 38

3.1 Determination of the Resistance Level in Paclitaxel Resist&F7/Pac Cells
by XTT Cell Proliferation ASSAY.............ccvvuruuuuirimmmeeeeeeeeeiviiiiee e e e s eerssnnnns 38

3.2 Cytotoxicity Determination of Elacridar on MCF7/S and MCF7/Pac Cdl(s

3.3 The Effect of Elacridar on the Reversal of Paclitaxel Resistance in MCF7/Pac
Ul et e e ———— e e —————— et 44

3.3.1 Determination of Fold Reversal Values of Elacridar....................... 47

3.4MDR1 andMRP1Gene Expression Analyses in MCF7/S and MCF7/Pac Cell

Lines Upon Elacridar Treatment............cccuuuiiiiiiimmmniiiiiiiiieee e 50

3.4.1 Total RNA Isolation From MCF7 Cell LiIN@S.......ccevveieiieiiiiaeeean 51

Xiii



3.4.2 Expression Analyses MDR1 and MRP1 Genes byQuantitative Real

Time Polymerase Chain Reaction (QPCR).......cccoovviiiiiiiiiiceeecii e 52

4 CONCLUSION. ...ttt e et mme e e e e e e eat e e e e e eennnas 64

REFERENCES. ... . e e 67
APPENDICES

A CELL CULTURE MEDIUM......coiiiiiii e eeee e 80

B BUFFERS AND SOLUTIONS. ...t e eemmme e 8l

C MCF7/Pac SUBLINE AND ITS PROPERTIES.........ccoe i 85

D LIGHT MICROSCOPY IMAGES ORMCF7/S AND MCF7/Pac CELLS...88

E EXPRESSIONS OMDR1, MRPIA N D -adfin.........cccoooviiiiiiiiienicenn 93

Xiv



LIST OF TABLES

TABLES

Table 1.1DNA repair mechanisms and their proteins that take part in cancer drug

=51 = (o = PP PPPPPPPRP 9
Table 1.2 ocalization and substrates of ABC trangdpog............cccccvvveeeeerenne. 11
Table 1.3Commonly used MDR reversal agents and their targets................ 16
Table 1.4Summary of MDR modulators that inhibidp..............ccoooeeiiiiniiieen.. 17

Table 1.5 Third generatioMDR modulators, their targets and current stages in

ClINICAI IS ...eee e 19
Table 2.1 Primers used in gPCR .........uuuiiiiiiiiiii e 24
Table 2.20PCR conditions foMDR1, MRPlandb-actingenes......................... 35

Table 3.1 Fold reversal values andsJ®©f paclitaxel in elacridar treated and
untreated MCF7/Pac CellS..........ooooeviiiiiiieeeeeeee e AT

Table 3.2 The Ago2s0 and Avsor23o ratios of the RNA samples used in cDNA

SYNENESIS. ..ottt et ————————aaaaaaaa 52
Table 3.3 Fold changes in expression leveBIDR1andMRP1lgenes.............. 59
Table A.1 Composition of RPMI 1640 Medium.................cvvvvvvimmmeeeeeeeeennnnnnns 80

XV



LIST OF FIGURES

FIGURES

Figurel.1Chemical structure of Paclitaxel............ccooveviiiiieeciiiiiii )
Figurel.2 Mechanisms involved in multidrug resistance............cccccccvvvvieeenneee. 7
Figure1l.3 Structure of RylyCOProteiNn..........ccciiiiiiiiiiiiiieee e 13
Figurel.4Structure Of MRPL.......oooiiiii e 14
Figurel.5 Chemical structure of Elacridar...............cccoovviiiieeeei e, 20
Figure 3.1 Antiproliferative effect of paclitaxel on MCF7/Pac cells............... 39
Figure 32 Antiproliferative effect of paclitaxel MCF/S cells............cccccouvnne 39

Figure3.3 Antiproliferative effect of elacridar and DMSO on MCF7/S cells...41
Figure 3.4Antiproliferatice effect of elacridar and DMSO on MCP&t cells....43

Figure 3.5Profile of cell proliferation of untreated or elacridar treated MCF7/Pac

cells at increasing concentrations of paclitaxel..............cccccccveeeii.. 45
Figure 3.6 Representative figure of total RNA ise$at............ocooeeeiviivieeeneenn. 51

Figure 3.7Amplification curves for (aMRP1 (b) MDR1 (c) b-actin genes in
MCF7/Pac and MCF/S cell IN@S..........ooviiiiiiiiiiieeeeeee e 53

Figure 3.8Melting curve analyses of (yIRP1 (b) MDR1 (c) b-actin genes in
MCF7/Pac and MCF/S Cell liN@S........cccccuiiiiiiiiiiieeeiiiiiiiieeeeeeeee e 54

Figure 3.9 Relative gene expseam level ofMDR1in MCF7/Pac and MCF7/S cell

Figure 3.10 Relative gene expression levéli&fP1lin MCF/S cell lines............ 56

Figure 3.11 Relative gene expression levels BDR1 gene in various

concentrations of elacridar treated MCF7/Pac cells.......cooveviiiiieceeiiiieen 57

XVi



Figure 3.12 Relative gene expression levaligfP1gene in various concentrations

of elacridar treated MCF7/Pac CelIS..........coooiiiiiiiiieenie e 58
FigureD.1 Microscopic images of MCF7/S cells..........cccovviiiiiiiieeeiiiiiiiee 88
Figure D2 Microscopic images of MCF/Pac cells.............ccccooiimmeiiiinncnnns 89

Figure D3 Microscopic images of MCF7/S and MCF7/Pac cells after paclitaxel

210 L1011 TS (= 11 [0 o PP PP PP PP 90
Figure D4 A 96-well plate photograph..............ccooiiiiiimam e 91

Figure E1 Expression oMDR1after Elacridar treatment at difent concentrations
FOF 72 NOUS....co et e e e e e e e e e e e e e e e e s s e e e e e e 93

FigureE.2 Expression oMRP1lafter Elacridar treatent at different concentrations
(0] G470 1 10 18 | 3SR 9

Figure E 3 E x pr e s-actino after cefacriddy treatment at different

CONCENTrALIONS TOr 72 NOULS ... oot 95

XVii



ABC
ATP
BCRP
bp
cDNA

CYP
DEPC

dH.O
DMSO

DNA

dNTP

EtBr

FBS
FR

hr

ICso

MCF7/Pac
MCF7/S

MDR

LIST OF ABBREVIATIONS

ATP-Binding Cassette

Adenosine Triphosphate

Breast Cancer Resistance Protein
Base Pair

Complementary Deoxyribonucleic Acid
Cytochrome P450
Diethylpyrocarbonate

Distilled Water

Dimethyl Sulfoxide
Deoxyribaucleic Acid

Deoxy Nucleotide Triphosphate
Ethidium Bromide

Fetal Bovine Serum

Fold Reversal

Hour

Inhibitory Concentration 50
Paclitaxel Resistant MGF Cell Line

Sensitive MCF7 Cell Line

MDR Multidrug Resistance

XVili



MRNA Messenger Ribonucleic Acid

MRP1 Multidrug Resistance Associated Proteinl

M-MLV Moloney Murine Lukemia Virus

NBD Nucleotide Binding Domain

Pac Paclitaxel

PBS Phosphate Buffered Saline

P-gp/MDR1 P-glycoprotein/Multidrug Resistand®otein 1

gPCR Quantitative Real'ime Polymerase Chain Reaction
RI Resistance Index

RNA Ribonucleic Acid

rpm Revolution per Minute

rRNA Ribosomal Ribonucleic Acid

RT-PCR Reverse Transcription Polymerase Chain Reaction
SEM Standart Error of the Mean

TAE Tris-acetateEDTA

TMD Transmembrane Domain

viv Volume per Volume

wiv Weight per Volume

XiX



CHAPTER 1

INTRODUCTION

1.1 Cancer

Cancer is a group of diseases characterized by uncontrolled growth and metastasis
of abnormal cells to distasites.lt is the leading cause of death worldwide as stated

by World Health OrganizationfWorld Health Organization, 2008)n 2008,

7.6 million of all deathsin the world were due to cancend thisnumber is
expected to reach 13.1 million byetlyear 203@World Health Organization, 2008)

In Turkey deaths caused bgncer has the second place after heart related diseases
according to Turkish Ministry of Health repo(tBurkish Ministry of Health, 2006)

The development of cancer starts witkiagle cell which transforms into a cancer

cell (Reiger, 2004)Usually tis transformation is a consequence of multiple factors
that accumulate and disrupt cells normal behavibese factors may be external
such as UV, chemicals, radiatioimfectious @ganisms, diet, tobacco or internal
such as inherited mutations, mutations in the cell causing alterations in oncogenes
and tumor suppressor genes, free radicals formed during metabolic processes and
mutations in the genes that regulatel gebliferation and apoptosigAmerican
Cancer Society, 2011)



1.2 BreastCancer

Most frequently seen cancer type among women is breast c@ioeld Health
Organization, 2008)in 2011, approximately 231.000 new breast cancer casks
40.000 deaths due to breast canoecurred in United States onlAmerican
Cancer Society, 2011)Furthermore, ecording to Turkish Ministry of Health
reports in 2006, breast cancer has the most incidence among Turkish widmen
25% of all cancer cas€$urkish Ministry of Health, 2006)

Human breast consists of blood vessels, lymph vessels, connective tissue, lobes and
ducts. Each lobe is formed from lobules which have bulbs that produce_otis,

lobules and bulbare connected to each other with ducts. The most common breast
cance type is ductal carcinoma which begins in duct céNmtional Cancer

Institute, 2011)Both lobular and ductal cancers are usually invasive.

There are numerous faxs that cause breast cancer. Oldgsafamilial history of
breast cancer, taking hormes or drugs like oral contraceptiyetaving
menstruation at early agdseing Caucasian, alcohol consumption, giving birth at
old ages are some of thefNational Cancer Institute, 20110 order to prevent
breast cancer, these factors shooddavoidedand regular monitoring of the risk

groups is crucial

1.3 Breast Cancer Treatments

In order to treat breast cancarcancer specialist should decide on which treatment
or treatments to use. The age of the patient, phase of the disease, size and location
of the tumor, patient preference and other tumor characteristics are important in this

selection. Mainlyhere are five main types of breast cancer treatments.



1.3.1 Surgery

Surgery can be performed on breast cancer patients in order to remove the tumor.
Lumpectomy is a kind of surgery that conserves the breast. In this type, only tumo
site is removedLumpectomy is usually followed by radiation in order to Kill the
possble remaining cancer cell®o prevent reformation of the tumom more
invasive cass mastectomy, removal of whole breaist,performedto prevent the

spread of cancer cells further into the b@dgtional Cancer Institute, 2011)

1.3.2 Radiotherapy

X-rays gammarays and charged particles are used in radiotherapyder to cause
DNA damage in cancer celfkawrence , Ten Haken, & Giaccia, 2008Jhen this
treatment is used as reeoadjuvant therapy, radiation is applied on tumor cells
before the surgery in order to shrink the tumor dRadiotherapycan also be used
after surgery (gdvant therapy) in order to destroy any remainoancercells

especially after lumpectomy.

1.3.3 Hormonal Therapy

In case of estrogen receptor positive breast cancers, estrogen promotes cancer cells
growth. Thus the blockage of estrogen action or reglgiogstrogen amounts is
crucial. Aromatase inhibitors, estrogen receptor modwdand estrogen receptor
downregulatorare used for hormonal therapy. For instammone therapy with
tamoxifen can block the effect of progesterone or estrdgemenopasal women

can also be subjesmd to ovary removal in order to stop production of these
hormonegMedline Plus, 2012)



1.3.4 Targeted Therapy

Targeted therapy ia relatively newtherapytype used in breast cancer. In this type
of therapy monoclonal antibdies, protein kinase inhibitors and repair enzyme
inhibitors are usedMost commonly used drugs targeted therapy are lapatinib,
trastuzumab, pertuzumab and bevacizumadpalinib blocks proteins thatause
uncontroled cell growth, bevacizumab acts lmocking angiogenesis, whereas
trastuzumab and pertuzumab exert their effects on-BIEBsitive breast cancers by
blocking cell signaling pathway8reastcancer.org, 2012)

1.3.5 Chemotherapy

Chemotherapy is the application of anticancer drugs to gestmcer cells. This
therapy can also be combined wilbcal treatments likeradiotherapy and/or
surgery.Since anticancer drugs are given intravenously or orally, it is a systemic
treatment. Aticancer drugs travel throughout the bddyreach the cancaells,
making it possible to reacto metastasized tumor@merican Cancer Society,
2011)

Alkylating agents, antimetabolitesnthracyclinestopoisomerase inhibitorsjitotic
inhibitors are thefive major types of anticancer drugs used in chemotherapy.
Alkylating agents like cisplatin and carboplatin directly damage DNA and prevent
cell proliferation. Antimetabolites angeurine or pyrimidine mimicking agents that
damage the cells in S phase by interfering DNA and RNA syntl#gsistacyclines

are very ommonly used type of anticancer drugs that act on enzymebk/ed in

DNA replication. For instance, thginding of doxorubicin to DNA inhibits DNA
polymerasgSwift & Rephaeli, 2006)Topoisomerases separate the strands of DNA
in order to enable DNA remation, repair or transcription. Therefore,
topoisomerase inhibitors like etoposide and topotecan prevent the functioning of

these enzymes in order to stop cell proliferatidnticancer drugs that are derived
4



from natural products or plant alkaloids areosthy in the group of mitotic
inhibitors. These drugs interfere with mitosis or inhibit synthesis of proteins needed
in cell reproductionf/American Cancer Society, 201Iaxanes like docetaxel and
paclitaxel stabilize the microtubule formation whereascainalkaloids like

vinblastine and vincristine interfere with the assembly of them.

1.35.1 Paclitaxel (I'aonE)

Paclitaxel is a plant alkaloid isolated from the bark of the pacific yewTiages
brevifolia. It is used againdireast cancer, ovarian camcAlDS-related Kaposi s
sarcoma, nosmall cell lung cancerhead and neck cancéNational Cancer
Institute, 2012) Paclitaxel isalsoused with carboplatin to treat difat typesof

cancelike ovarian cancer or nesmallcell lung cancefMeier, etal., 2012)

Figure 1.1 Chemical structure of Paclitaieitzpatrick & Wheeler, 2003)

Paclitaxel 6s mechani sm of aand todlock i s
chromosome segregatidManfredi & Horwitz, 1984) In order to achieve this,

paclitaxel linds to b-tubulin subunits and stabilizes microtubule formation. Cells
5



are arrested at G2/M phase and eventually apoptosis oCGydotoxic effect of
paclitaxel is not only limited to microtubule stabilia. Disruption of
microtubules(Wang & Liu, 1999)and/orthe binding of paclitaxeleads toBcl-2
phosphorylationjnducing apoptosigFerlini & Cicchillitti, 2009). Paclitaxel also
enhances apoptosis independent from p53. It is suspectdgbthgeéne may have a

role in this regulatiofiSmoter & Bodnar, 2011)

Among ABC transporters,gelitaxe is a substrate of MDR1, MDR2 arfle salt
export pump BSEP proteins (Gottesman, 2002)MDR1 protein is found in
intestine, liver, kidney, placenta and bldochin barrier whereasIDR2 and BSEP
proteins are locatedh the liva. Since paclitaxel is a substrate of MDR related
efflux pump MDR1, the upregulation &IDR1 gene is usually associated with
paclitaxel resistanc€Kars, 2008) The two otherimportant proteins which are
related tomultidrug resistance (MDRare MRP1 andbreast cancer resistance
protein BCRP). Therefore, thefact that paclitaxel is na& substrate aéither MRP1

or BCRPis important to understand theechanism of paclitaxeésistance.

1.4 Multidrug Resistance (MDR)

In chemotherapy, cancer temay become resistant to a wide range of structurally
and functionally unrelated drugs due to constant exposure of a single Hgient.
phenomenon is known as multidrug resistaiiBesdler & Riehm, 197Q) The
resistance of the tumor cells to chemotheutipeagents lowers the effectiveness of

the anticancer drug. Following resistance development, patients need to take higher
doses of the agent or they need to change the anticancer drug they are using to gain
benefit. Howeverthis is not always feasibleud to increased adverse effects in

higher doses of chemotherapeutic agents or due to cross resistance mechanisms



Cells have detoxification systems in order to remove any toxic product produced
during cell metabolism oto remove any toxic chemicals admnstered by an
external sources(ch asdrugs). However cancer cells are able to use these
mechanisms more extensivehan normal cells, thus are able to evade toxic effects
of anticancer drugs. These detoxification mechanifmm the basis of multidrug
resistancéLiscovitch & Lavie, 2002)

There are many mechanisms that result in multidrug resistance such as decreased
drug influx, increased drug efflux, reduced apoptosis, altered drug metabolism
increased DNA repair mechanisms. Such diversity eaakis phenomenon more
complex and harder to overcome. A schematic representation of mechanisms

involved in multidrug resistance is presented in Figure 1.2.
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efflux  T——y A —Gh Decreased drug
- / influx
N\ -~
-
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Altered molecular i \
targets
Increased DNA
/ repair
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sequestration \l' 4
/ ol \
Increased drug \ .
metabolism Altered cell cycle
checkpoints

Figure 1.2 Mechanisms involved in multidrug resistai@@eng & Jaiswal, 2012)



1.4.1 Decreasd Drug Influx

Cells have influx and efflux pumps on their membrane which form the basis of
transrt based multidrug resistance. Due to the chemical character of the lipid
bilayer, hydrophilic drugs are taken up into the cells by influx puriMzseover
some anticancer drugs enter the cell via binding to recgpbor transporters.
Downregulation of the genes encoding influx proteindemreased activity of these

proteinsresults in MDR(Gottesman, 2002)

1.4.2 Altered Drug Metabolism

Altered drug metatlism is another reason for MDR. This type of MDR is
especially important in drugs administered in prodrug form. Prodmaugs
metabolized into their active form inside the cells thus deficiency in pgodr
converting enzymegrevents them from turning inttheir effective metabolite

forms.

Cytochrome P450 superfamilgembergCYPs) are the most important enzymes in
this kind of MDR. These enzymes are involved in the metabolism otamter
drugs. In this family, CYPs like CYP1Al and CYP1A2 increase thsiteéty to
anticancer agenf{®kochat, 2005)This may be due tthe pro-drug/drug conversion
ability of CYPs. Thereforedownregulation of these proteins activity results in
MDR. On the other hand overexpression aing CYPs like CYP3A and CYP1B1
cause MIR resistance. Rochat al. claimed that some CYPs and efflux proteins
work togethercausing MDR andueh result may be due to the overexpression of
CYPs that are involved in detoxification pathwéechat, 2005)



1.4.3 Alterations in DNA Repair Mechansms

DNA is the site of action for many anticancer drugs such as anthracyclines,
alkylating agents and platinum containing compountisey disrupt DNA by
forming DNA adducts and direct cells to apoptotic pathways. DNA repair
mechanisms are naturally foumu healthy cells in order to protect the cells from
alterations that can be formed by free radicals, DNA breakages and mutations that
can occur during replicationDue to prevention of apoptosighe superior
functioning of the DNArepair mechanisms is ndesiredin cancer cellfLage &

Dietel, 1999. Table 1.1 is presented for an overvieaf complex DNA repair

mechanisms involved in cancer drug resitafiable 1.1)

Table 1.1 DNA repair mechanisms and their proteins that take peasincer drug

resigance(Lage, 2008)

DNA repair
mechanism

Corresponding DNA
repair pathways

Participating proteins

Reversion repair

Base excision repair
(BER)

MNucleotide excision
repair (NER)

Mismatch repair
(MMR)

Double-strand break
repair (DSB)

Single-step repair by
MGMT

Repair by AlkB
homologous

Short patch repair
(SPR)

Long patch repair
(LPR)

Global genomic repair
(GGR)

Transcription-coupled
repair (TCR)
Mismatch repair
(MMR)

Homologous
recombination (HR)

Non-homologous end-
joining (NHEJ)

MGMT

ABHI: ABH2; ABH3

Glycosylases L, 11; Polfi; XRCC1; PARP-1; Lig 11
Glycosylases L, 11; Polfi; RE-C; FEN1; Pol&; Pol &; PCNA

DDBI; DDB2; RPA; HR23B; ERCC1; XPA; XPB (ERCC3); XPC; XPD (ERCC2);
XPE; XPF; XPG; GTFHI; GTFH2; GTFH3; GTFH4; CDK7; CCNH; MNAT1; Pol §;
Pol e: PCNA: Lig 1

GTFH1; GTFH2; GTFH3; GTFH4; CDK7; CCNH; MNAT1; XPB (ERCC3); XPD
(ERCC2); FFIIS; CSA; CSB; XPF; XPG; Pol &; Pol g; Lig 1

hMSH2; hMSH6:; hMLH1; hPMS2: Pol &; Exo I; Lig

MRE11; NBSI; Rad50; Rad51; Rad51B; Rad51C; RAdS1D; Rad52; RPA; XRCC2;
XRCC3

Ku70; Ku80 (XRCC5); DNA-PKCs; FEN1; MRE11; NBSI; Rad50; XRCC4; XRCCT,;
Artemis; Lig [V




An example of a DNA repair protein thatauses MDR is MGMT
(O6-methylguanineDNAmethyltransferase)This protein is able to recogm and
repair DNA adducts formetly methylating agentsThus the oveexpressionof
MGMT results in drug resistan¢klegi, et al, 2005)

Toppinget al. stated the cells with defect DNA repair systems mayelop drug
resistancelue to thenonrecognitiorof DNA damages caused by anticancer agents.
Since these tumor cells can not petithe damaged DNA formation, they are not
directed to apoptosis and cell proliferation contin@&spping, Wilkinson, &
Scarpinato, 2009)

1.4.4 Increased Drug Efflux

MDR caused by drug étfx is mediatd by proteins which belong to AHBinding
cassette(ABC) transporters superfamily. ABC transporters are transmembrane
proteins which havehydrophilic nucleotidebinding domains (NBDs)and
hydrophobictransmembrane domains (TMD4d)hese proteins need ATP to gain

energy for the transport of their substrgtdgygins, 1992)

Normal functions ofA B C t r a naquptakd, ganspdrtation and distribution
of a wide range of substratélhey are important in detoxification processes, hence
found in many tissues like kidney, liver, blebdain barrier, integte and placenta
(Gottesman, 2002Dral bioavailability of many anticancer drugs aleoaltered by
ABC transportergWu, Calcagno, & Ambudkar, 2008}ince these transportersear
ableto transport many chemotherapeutigents, tumors derived from thdesssues
are intrinsicdly resistant to thesanticancermagentsMoreover cancer cellsvithout
intrinsic MDR may also gain resistance during continuous chemothéeydal

& Hrycyna, 2002)
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Up to now 48 ABC transporter proteins have been discovaretespecially three
of them namely MDR1, MRP1 and BCRPIlay an important role in MDR

developmen{Wu, et al, 2008) Localization andhe substrates of common ABC
transporters are listed on Table 1.2.

Table 1.2 Localization and substrates of ABC transpmreelapted from Gottesman
et al. (Gottesman, 2002)

Common Systematic Tissue Non-chemotherapy Chemotherapy
Name Name Substrates Substrates
PGP, ABCB1 Intestine,  Natural and cationic Doxorubicin,
MDR1 liver, organic compounds, daunorubicin,
kidney, mary commonly vincristine,
placenta, used drugs vinblastine,
blood actinomycinD,
brain paclitaxel,
barrier docetaxel,
etoposide,
teniposide,
bisantrene,
homoharringtonine
(STI-571)
MDR2 ABCB4 Liver Phosphatidylcholine Paclitaxé,
some hydrophobic vinblastine
drugs

MRP1 ABCC1 All tissues Glutathione and Doxorubicin,
other conjugates,  epirubicin,

organic anions, etoposide,
leukotriene C4 vincristine,
methotrexate
MRP2, ABCC?2 Liver, Similar to MRP1, Methotrexate,
cMOAT kidney, nonbile salt organic etoposite,
intestine  anions doxorubicin,
cisplatin,
vincristine,

mitoxantrone
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Table 1.2 (Continued)

MRP3 ABCC3

MRP4  ABCC4

MRP5  ABCC5

MRP6  ABCCG6

MXR, ABCG2

BCRP,

ABC-P

BSEP, ABCB11
SPGP

ABCA2 ABCAZ2

Pancreas,
kidney,
intestine,

Glucuronate and
glutathione
conjugates,

liver, adrenal bile acids

glands

Prostate,
testis, ovary,
intestine,
pancreas,
lung

Most tissues

Liver,
kidney

Placenta,
intestine,
breast,
liver

Liver

Brain,
monocytes

Nucleotide
analogues, organic
anions

Nucleotide
analogues, cyclic
nucleotides, organic
anions

Anionic cyclic
pentapeptide

Prazosin

Bile salts

Steroid derivatives,
lipids

Etoposide,
teniposide,
methotrexate,
cisplatin,
vincristine,
doxorubicin
Methotrexate,
thiopurines

6-Mercaptopurine
6-Thioguanine

Unknown

Doxorubicin,
daunorubicin,
mitoxantrone,
topotecan,
SN-38
Paclitaxel

Estramustine

1.4.4.1 Pglycoprotein (P-gp/MDR1)

ABCBL1 also known as MDR1 or-Blycoprotein (shortly Ryp) is the first human

ABC drug transporter identified. It transports various types of anticaimags such

as taxenes, anthracyclines and vinca alkald\s et al, 2008) A schematic

representation of-gp is given in Figure 1.3.
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Figure 1.3 Structure of-Blycoprotein(Gong & Jaiswal, 2012)

P-gp is encoded by th®MDR1 gene which is locatedt 7g21. This proteifas
170kDa molecular weight, 2 transmembrane domains (TMDs) each containing six
helices and 2 nucleotide binding domains (NBGBlarke & Loo, 1999)When a
substrate binds to-§p, ATP is hydrolyzed to obtain energy. After conforimasl
changes, substrate is carried to a lower affinity binding site and released into the
extracellular space. In order to return to the initial conformation of the protein,
another ATP hydrolysis is needed at the second binding(lsétenard & Fojo,
2003.

P-glycoprotein is expressed in healthy cellsraéstine, liver, kidng, placenta and
blood-brain barrier (Gottesman, 2002)Although Rgp usually takes part in

detoxification system of the cell, it

types.
1.4.4.2 Multidrug ResistanceAssociatedProtein (MRP1)

ABCCL1 is the first MRP family member that was found to be associated with MDR
(Cole, et al, 1992) ABCC1 is a 19¢kDa protein with3 transmembrane domains

and 2 nucleotide binding domains. Althoutife structure of MRP1 is similar to
13
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P-gp, MRP1 has one extra TMD which consists of 5 transmembrane segments.
Another difference among MRP1 and MDRL1 is related to substrate recognition.
While P-gp recognizes mostly hydrophobic substrates, MRP1 recagnize
hydrophilic substratesorganic anions as well adutathione and its conjugates
(Gottesman, 2002)

TMDO T™D1 T™MD2

r 1 r 1 r !

‘ J/\ ¥ /\ /\ Out

1.

\V

N NBD1 N NBD2 —

Figure 1.4 Structure of MRP1. Transmembrane domain (TMD), nucleotide binding
domain (NBD), LO linker regiofGong & Jaiswal, 2012)

MRPL1 is encoded yoMRP1 gene located on 16pl3 and primaréxpressed in
plasma membran@aman, Flens, & van Leusden, 199@yerexpression of MRP1
is associated with MDRn breast cancer, nesmall cell lung carcinoma and
prostate cancefGong & Jaiswal, 2012)Some of he anticancer agents related to
MRP1 mediated drug resistance are doxorubicimubfin, etoposide, vincristine

andmethotrexat€Gottesman, 2002)
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1.5 Reversal of ABC Transporter Mediated MDR in Gancer Cells

As previously stated, MDR development dencaused by various types of changes
in cell mechanism. In cases of breast cancer and paclitaxel resistagpe, P
overexpression is the main reason of multidrug resistance (Gottetrahn2002;
Kars, 2008). Therefore in this section, reversal stragsgion ABC transporter

mediated MDR will be further discussed.

Approaches for reversing ABC transporter mediated MDR can be classited in
two sections. While one group dapproachacts on the expression of ABC
transporters, the other group controls tinection of these proteirorowski et al,
2005)

1.5.1 Targeting Expression of ABC Transporters

In order to target mMRNA of ABC transporters; antisense oligeatides,
hammerhead ribozymes arRRINA interference strategiesave been developed
Ribozymes are catalytic RNAs which have intrinsic endoribonucleolytic cleavage
activity. This property can be used to target ABC transporters for specific cleavage.
Indeed, Kowalski et al successflly designed ibozymes that target ABCB1,
ABCC1 and ABCG2Kowalsk, et al, 2005) Thesekinds of ribozymes were able

to cleaveABC transporter specific transcrgih drug resistant cancer lines

Small interfering RNAs (siRNAS) are also used to target ABC transporters mRNASs.
Since low concentrations of sSiRNA is veryffextive for gene silencing
( D° nmetzal, 2011) this strategy is advantageous over antisense
oligonucleotides. However, transient effect of siRNAs is a limiting fattat

should be kept in mindAnother way to circumvent MDR is the use of reys@s
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against ABC tr ans p.¢orinstancgioet gl. showsd d nataral r e g i 0 |
marine product Et743 is able to inhibit MDR1 transcription via blocking its
promoter activatioriJin, etal., 2009)

1.5.2 Modulating MDR Transporters Functions

The agents that directly act on or block ABC transporters activity are called MDR
modulators.These modulators are used with anticancer drugs in order to reverse
MDR. To this date many chemosensitizers have been developed and they are
grouped in four generians. Some of thé>-gp modulators and the generations they
belong to are listed in Table 1.Bloreoversome of thenostcommonly used MDR
reversal agents and theirdats are presented in Table.1.4

Table 1.3Summary of MDR modulators that inhibitdp (adapted from Morjani &
Madoulet, 2010)

Generation P-gp Inhibitor

First Amiodarone,
Cyclosporin A (CSA),
Quinidine, Quinine,
Verapamil,
Nifedipine,
Dexniguldipine
Second PSC833Valspodar)
VX-710 (Biricodar)
Third GG918(Elacridar)
LY475776,
LY335979 (Zosuquidar),
XR-9576 (Tariquidar),
V-104,
R101933 (Laniquidar),
S9788
Fourth Curcumin
Flavonoids
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Table 1.4Commonly used MDR reversal agents and their tar@etapted from
Morjani & Madoulet, 2010)

Compound P-gp MRP1 BCRP
Quinine, Quinidine + - -
Cyclosporin A (CSA)
PSC833 (Valspodar)
Biricodar (VX -710)
Elacridar (GG918)
Zosuquidar (LY335979)
Tariquidar (XR -9576)
S9788

+ |+ +| +| +] +
1
+

1.5.2.1 First Generationlnhibitors

First generaon inhibitors weresubstrates of ABC transporsefTheir mechaism of
action usually comprisedf competing with anticancer drugs for ABC transporter
efflux. The first MDR modulator discovered waerapamil(Tsuuo et al, 1981)
Verapamilwas a calcium dannel blocker which iable to increase anticancer drug
accumulation inside the cell$lowever it was not avery potent Pgp inhibitor.
Another importantfirst generation MDR modulator wacyclosporine A.This
reversing agent v&a very successful inn vitro trials with complete MDR
restoration. Although the effectivenessfioét generation inhibitors we exciting,
the need fohigh dose administratis cause serious side effects in clinical trials
(Tanet al, 2000)
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1.5.2.2 Second Generation Inhibdrs

After the failure of verapamil and cyclosporing gecond generation inhibitsr
were devel@ed. Generally, these drugs mé¢he modified forms of first generation
inhibitors. Among them valspodar w#e most successful one accordingtuoitro
andin vivotrials. This MDR modulator wafound to be 10 to 20 fdlmore potent
than cyclosporiné\ (Twentyman & Bieehen, 1991 Although valspodar wsaless
toxic than its ancestorfis pharmacokinetic interactions impaired drug metabolism
and elimination(Bates & Kanget. al 2001) This wa a common problem of
second generation hibitors snce many of them wersubstrates otytochrome
P4503A isoform The metabolization of the reversing agebis this protein

resultedn unpredictable pharmacogenetic iltetions( ¥ z ben.,, 2006)

1.5.2.3 Third Generation Inhibitors

Third gereration MDR revers agents wee developed by combinatorial chemistry.
This group of modulators diffed from previous generations in their high potency
and selectivity Most of these digs weae highly effective in nanoolar
concentrations and they wemet affected by pharmacokinetic interacticsiace
they wae not metabolized by cytochrome P4&@e, 2010) Due to the fact that
low cone@ntrations of these modulators neeadequateor complete MDR reversal,

they wee less likely to cause toxicity in clinical trials.

LY335979 (Zosoquidar)was a selective MDR modulator that acts on
P-glycoprotein but not on MRP or BCR([Ree, 2004) Currently LY335979 is on
Phase Il tial stage, after being successful ireginical studies with me andin
clinical studieswith nonHo d g k i n 6 s pdtignts(Mdrschinauser & Zinzani,
2007) Moreover Gerrardet al. stated that 75% response rate was observed in

patients with acute myeldileukemiaGerrard, 2004)
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XR9576 also known as Tariquidaras another potent MDR reversal agent. This
chemosensitizer fully restored atuimor activity of many anticancer drugs in mice
with resistant tumorgAbraham & Edgerly, 2001)Phase | trials we also
promising. XR9576 did not show any unwanted pharmacokinetic effect on patients
when ceadministered with paclitaxel and doxorubi¢Bteward & Steiner, 2000)
Despte of these successful trialgriquidar studiesn Phase 1l and Phase 1l vee
terminated due tgevereoxicity seen in patient@Nobili & Landini, 2006) Some of

the third generation MDR modulatorand their current stages in clinical trials are
given in Table 1.5.

Table 1.5 Third generation MDR modulators, their targets and curt@gessin
clinical trials(Lee, 2010)

MDR Modulator Targeted ABC Transporter(s) [ Current Stage of Studies
CBT-1 Pgp 11
Tesmilifene ? 1]
MS209 (Dofequidar) Pgp, MRP1 Il
PSC833 (Valspodar) Pgp 11
ONT-093 Pgp Il
Annamycin ? Il
Mitotane Pgp Il
R101983 (Laniquidar) Pgp Il
VX710 (Biricodar) Pgp, MRP1 Il
LY335979 (Zosuquidar) Pgp I, Il
XR9576 (Tariquidar) Pgp, MRP1 1l
GF120918 (Elacridar) Pgp, BCRP I
Sulindac MRP1 I
59788 Pgp I

1.5.2.3.1 GF120918 (Elacridar)

Another memberof third generatn inhibitors wa GF120918 also known as

GG918 or Elacridar. Like the other members of the grelggridar wa a very
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potent MDR modulatorthat exertedits MDR reversal effect in nanomolar
concentrations. Howevgethere wereevidence showing in some casaacromolar
concentrations of thiseversal agent might be needed for complete MDR reversal.
De Bruin et al. suggested the need for high levels of elacridar may be related to

very high levels of transporters someresistant cellines (de Bruin, 1999)

Different from XR9576 andlY335979,this reversal agerdould reverse multidrug
resistance mediated by MDR1 and also mediated by BCRP. Tresrgfcridar
had a broader range dffectivenesghan many other third generation inhibitors
(Maliepaard, et al, 200). On the other handthis MDR modulator ws not
effective against MRP1 mediated MDRle Bruin, 1999) Another important
property of elacridar as stated by Hyafilal. was that this chemosensitizer suaot
a substrate dP-gp thus it wasiot pumpd out from the cells by this prote{riyafil,
1993)

Figure 1.5Chemical structure of ElacridéWallstab, 1999)

El acridar 6s me ¢ h a-glyceprateinoi$ propasddi to be i n P

noncompetitive mannefde Bruinet al, 1999) A study byMartin et al. indicated
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that elacridabinds to a modulatory siten Pgp which anticancer drugs can not
interact with(Martin et al, 2000)

Currently elacridar is in Phase | tridlccording to many studies, GF120918 didt
make undesired phmacokinetic interactions with anticancer drigee, 2010) In
phase | studies,dbh oral and intravenoumjections of elacridar wersuccessfully
administeredo patientsshowing its convenient usage in clinical aréddany of the
studies involving ela@dar in clinical trials aimed increasinthe oral bioavailability
of anticancer drugs. As in the casepatlitaxe] high affinity of anticancer drugs to
P-gp lowers their bioavalibility. However in combination witkelacridar, Pgp
pumps in intstinal tack wee blocked which significantly increasettie effect of

paclitaxeland its rate of absorbtion in intestir(®alingre, et al, 2001)

GF120918 s eodn btleec tissues and organs which have higip Rontentlike
blood-brain barrier, were also ingggated In a study by Hubesaakt al. tariquidar
and elacridar were shown to be very effective in modulating Hboaith barrier in
nude mice modelg¢Hubesack, 2008)Recent studies that involve elacridand
encapsulation strategies waakso reportedFor instanceby cytotoxicity analyses
Wong et al. evidencedhat the encapsulation of elacridar and doxorubidio ame
polymerlipid hybrid nanoparticle wa more efficient than administering them
separatelyWong, 2006)

1.5.2.4 Fourth Generation Inhbitors

Fourth generation inhibitors we originated from natural productudies reported
that fruits like orange, grapefruit and strawberry were ablaibit P-gp function
(Deferme, 2002)Moreover, matural products like curcumin and flavonoids were
also shown to be effective against MORimtrakul, 2005) Among the fourth

generation inhibitorgossbly the most studied compound svaurcuminLimtrakul
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et al. reportedcurcumin and its derivatives coulchibit MDR1, MRP1 and BCRP
(Limtrakul, 2007) However when administered orallyyue¢ cumi nds

bioavailability wa a limiting factor.

Although the toxicities of this group ahhibitors are low their low potencies for
MDR reversal makes them less likely to be candidates for clinical {Cakey,
2010)

1.6 Aim of the Study

The aim of tiis study is taeverse Ryp mediated multidrug resistanae paclitaxel
resistant celldy usingMDR modulator elacridam MCF7 subline The treatment
by elacridarcan resensitize paclitaxel resistant cellsaoticancer drugaclitaxel.
The gene expression of efflux proteins MDR1 and MRP1 were determined in
sensitive and paclitaxel resistant cells at mRNA level, in order to better understand

the reversal mechanism of elacridar.

The objectives of this studyer

A Determination of inhibitory concentration 50 (P of paclitaxelfor MCF7

parental cell line and MCF7/Pac paclitaxel resistant cell line.
A Investigation of elacridar toxicity oMCF7/Sand MCF7/Pac cell lines.

A Determination of 1G, of paclitaxel for MCF7/Pac cell lines which are

treated with various concentrations of elacrigiad paclitaxel combinations.
A Evaluation of MDR reversal effect of elacridar.

A Determination of expression levels BMfDR1 and MRP1 in parental and

paclitaxel resistant MCF7 cell lisdefore and after elacridar treatment
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CHAPTER 2

MATERIALS AND METHODS

2.1 MATERIALS

2.1.1 Cell Lines

Parent al MCF7 human breast adenocarcino
Institute, Ankara, Turkey. Paclitaxel resistant MCF7/Pac cell line was ajmel

previously in our laboratory, from the parental cell line (MCF7M$ stepwise

selection of thecells in increasing drug concentrations. In this sttty most

resistant subline developedlCF7/Pac400 cell linewas used which is resistant to

400nM ofpaclitaxel(Karset al.,2009.

2.1.2 ChemicalsDisposablesKits and Reagents

Paclitaxel was purclsad from Sigmaldrich, USA 30 mM stock solution was
prepared with dimethyl sulfoxide (DMSQand stored at AC. Elacridar was
obtained from Santa Cru&iotechrology, USA. Stock solution of  mM elacridar
was prepared with DMSO and stored2t0 A C. Bot h of futhére sol u

diluted with DMSO jusbefore cytotoxicity experiments.
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RPMI 1640 medium and heat inactivated fetal bovine serum )(M@&8 obtained
from Biochrom AG, GermanyGentamycin, ryripsinrEDTA, tryphan blue and
XTT Cell Proliferation Kit were purchased from Biological Industries, Israel.
Diethyl pyrocarbonate (DEPC), agarose, isopropanol and ethanol wgueeac
from Applichen, GermanyPhospate buffered saline (PBS), DMSO and TEIzol
were purchased from Sigafddrich, USA. Nucleasefree water, Taq DNA
polymerase, dNTP mix, Mggl MoloneyMurine Leukemia Virus reverse
transcriptaseRiboRuler High Range RNA ladder, 2X RNA loag dye, GeneRuler
50bp DNA ladder and 6X DNA loading dye were obtained from Fermantas,
Lithuania. Disposabé materials were acquired from Greiner Hlae, Germany
FastSta Universal SYBR Green Mastéit (ROX) was purchased from Roche
Diagnostics, Switgrland.

2.1.3 Primers

MDR1, MRP1 andb-actin primers were obtained from Alpha DNA, CanaBamer
sequences, locations and the acyii sizes are given ifable 2.1.

Table 2.1 Primers used giPCR

Primer Sequence Location  Amplicon
Size

MDR1 56 AGAMAGCGAAGCAGTGC Exonl1s 62 bp

Sense

MDR1 56ATGGTGGTCCGACCT Exonl6

Antisense

MRP1 56TGTGGGAAAACACAT Exonl18 80 bp

Sense

MRP1 56CTGTGCGTGACCAAC Exonl19

Antisense

b-actin 50CCAACCGCGAGAAGA Exon3 97 bp

Sense

b-actin 56CCAGAGGCGTACAGC Exon4

Antisense
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2.2 METHODS

2.2.1 Cell Culture

2.2.1.1 Cell Culturing Conditions

MCF7 parental cells (MCF7/S) and MCF7 paclitaxel resistant cells (MCF7/Pac)
were both maintaineth 15mL RPMI 1640 medium (Appendix A3upplemented
with 10% (v/v) fetal bovine serum and 1% (w/v) gentamycin in T75 filter capped
tissue culture flasks (Thermiisher Scientific, USA) that are surface treated in
order to help cell attachmenCells were incubated at AZ in a humidified
atmosphere with 5% (v/\GO, in a Heraeus incubator (Hanau, Germamy).cell
culture experiments were performed in Bioair Aura 2000 M.A.C Class |l Safety

Cabinet Bioair Instruments, Italy

2.2.1.2 Passaging

In cell cuture, subculturing (passaging) is essentiakem the cd$é reach to %80
confluency in order to keep the cells heal{fyeshney, 2010Having confluency
more than %80eads to slower cell growth and eventually to cell death. Passaging
cells in adherent cell culture involves releasing the cells from the flafkce and
transferring them inta new flask thusowering the cellular densitywhen the cells
reached %80 confluencgassaging was performed. Briefly, medium was discarded
then n order to remove dead cell remainings and waste materials cells weetlwash
with 5mL PBS (Appendix B) 2mL trypsinrEDTA was added and cells were
incubated at 3f&C for 5 minutesin order to activate trypsinWhen cells were
detached AL FBS-containing medium was added in order to inatéveypsin.

After suspension, celleere distributed into other flaskdn order to maintairthe
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resistance of MCF7/Pac cell line, after each medium change or passaging, final

concentration of 400nM paclitaxel was added.

2.2.1.3 Freezing Cells

After cells reache®0-90% confluency, they were ypsinizedas described. After
4mL of FBS containingnedium addition and suspension stepslls were taken
into 15mL falcon tubes(Greiner BieOne, Germany) Cell suspension was
centrifuged at 1000 rpm for 5 min afG Supernatant was discarded dhe céls

were resuspenddd 5mL PBS. Cells were subjected to centrifugation at 1000 rpm

for 5 min 4C once more and the supatant was discarded. Pellet wasuspended

in 1mL freezing medium (Appendix B) and transferred into cryovials (Greiner Bio
One, Germay). The cryovials were kept &0AC f or 2 hours f ol

0O W

incubation at8 0 A C . Lastly, vials were transferr

storage.

2.2.1.4 Thawing Cells

Cryovial wastaken from liquid nitrogen and incubated a#37As soon as frozen
cells melted, they were taken into 15mL falcon tut@&sce DMSO is toxic to cells
in temperatures aboveé@, it should be removed immediateRor this reason,atls
were suspended in 4ml mediuand centrifuged at 1000 rpm for 5 min &C4
Supernatant was diamed and cells were suspendad2ml medium containing
FBS. The suspension was taken into T75 flasks (The¥isiver Scientific, USA)

and the volume was completed to 15mL.
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2.2.1.5 Cell Viability Assessmenby Trypan Blue Exclusion Method

Trypan Blue is a dye used the determination of cell viabilitySince livingcells
have intact cell membranes they prevent the entry of the dye into tl{Ereskhney,
2010) Cells which are blue are considered to be dedtkreas colorless Ite are
viable

In order b count the viable cells, cells were trypgedl as described previously
After the centrifugationof PBScell suspension, the supernatant was discarded.
Pellet was dissolved in 2mL mediuand mixed throughly1800L cell suspeni®n

was taken into an 3mL Eppendorftube and mixedhroughly with 200L trypan

blue solutionto have a ratio of 9:1. Tl of the suspension was taken onto
Neubauer hematocytometer (Brighte, Hausser Scientific, USA) and cells were

counted under phasertrast microscopy (Olympus, USA).

The hematocytometer used was composed of 16 large squares, each having 16
smaller squares within. Each small squasdume was 0.00025 min16 x 16
squares were counted three times and the average value was calcuiateell T

number per mL was calculated according to formula below (Equation 2.1):

Cell number/mL = Average cell count per square x Dilution factor x £x 10 (2.1)
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2.2.2 Determination of Antiproliferative Effects by XTT Cell Proliferati on
Assay

2.2.2.1 Determination of Antiproliferative Effect of Paclitaxel

In order b determine antiproliferative effect of Paclitaxel, XTT cell proliferation
assay was carried out by using XTT Cell Proliferation Kit (Biological Industries,
Israel). XTT eagent is a tetrazolium salt thataken up into the living cellehere

it gets reduced by mitochondrial enzymes to yieddange colored formazan
compoundsSince mitochondrial enzymes get inactivated shortly after cell death,
only living cells can makehis reduction(Scudiero,et al, 1988) The formazan
compounds formed are water soluble and their intensities can be measured by
spectrophotometer. The absorbance of the dye is proportional to number of the

metabolically active cells.

Briefly, MCF7/S cels were trypsinized and coted as described previousg000
cells per well were seeded into 9ell plates starting from the second column.
After overnight incubationmedium was discarded to remove unattached cells. To
the first andsecondcolumns 1500L medium was added (medium control column
and cell control column respectively$0 QL of medium was added to wells from 4
to 12.First and last rows starting from third column were left as DMS@rob To
these columns 200L of DMSO andmedium solutionwas added. The volunmef
DMSO in this solutionwas the sae volume of DMSO in dilutd paclitaxel and
DMSO solution used ashe highest drug concentratiork-or the highest drug
concentration preparationaglitaxel was taken from the stock solution anditei
with medium. To the third columrs 6  wW(leighdstsdrug concentration column)
from 2 to 7, 200 QL paclitaxel was addeih final concentration o12 OM. In order

to make serial dilution, 15@L of the solutions in the third row was taken and
transferrednto the next column sequentialllginally, all rows were completed to
1500L 1AL of medium addition. Following the cell seeding procedure, cells

were incubated at ZVC f or XTZ redgenuandsactivatoragent was thawed
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and mixed jusbeforeaddition to the 94vell plate accordingtthema nuf act ur er €
instructions. 750L o f XTT actvatg enimttire was atlded to the wells

and the cells were incubated at 37AC for
492 nm withAntho201096-well plate reader (Biochrom, Germany)

In order b determine antiproliferative effect of paclitaxel on MCF7/Pac cells the
same procedure was followed. Howevetlashighest drug concentratiph00 O M

paclitaxel was tested

Inhibitory concentration 50 (l§) is the concentration of a drug which inhib&8%

of a specific biological activityln order o calculate 1G, values, the data obtained

from spectrophotometric measurementsenveopied into Microsoft Excel. Percent

cell proliferation versus drug concentmat curves were plotted and thes¢®@alues

were calculated from the formula of the logarithmic trendline of the graphs. The
medium contr ol columnsd data was subtrac
medium absorbance. Cell control column was taket08%6 cell proliferation and

the data was adjusted accordingly.

The ratio of IGgvalue of a resistant cell line to §gralue of a sensitive is known as
resistance index (RI) and calculated ath#formula below (Equation 2.2):

RI = ICsp0f resistant déline / ICso0f sensitive (parental) cell line (2.2)

2.2.2.2 Determination of Antiproliferative Effect of Elacridar

The antiproliferative effect of elacridar was determined by XTT cell proliferation

assay, and lggvalues were calcated aslescribed previously. Howeyenstead of
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paclitaxel, 1000M elacridar was used ke highest drug concentration for both
MCF7/S and MCF7/Pac cells.

2.2.2.3 Determination of the Reversal Effect of Elacridar

In order b determine reversal effeof elacridar, cells were treated with paclitaxel
and elacridar combinations. Firstly, cells were seeded and incubated #atell96
plates DMSO control rows were preparé@dthe previously described manner. The
highest paclitaxel concentiah for MCF7/Paccells was 37.50M. Elacridar was
taken from the stock solution and dilutedttwmedium. After the addition of
paclitaxel and serial dilution steps, either 0.5, 1, 2.5 elacridar was added to
the wells which contaird paclitaxel.Since elacridar wadissolved in DMSO, the
volume of DMSO in elacridasolution was added onto DMSO control columns.

ICsovalues were calculated.

In order b define reversal effect, the termdaeversal (FR) waiused. FR is the
ratio of 1G of the resistant cell line taCkg of the resistant cell line after a certain
kind of treatmen{Wu et. al 2003. In this casethe treatment weathe addition of
elacridar on MCF7/Pac cell¥he equation fordetermining fold reversal vgaas

follows (Equation 2.3) :

Fold reversal3Csy0f the resistant cellsZs of the elacridar treated resistant ce(s3)

2.2.2.4 Statistical Analysis

Statistical analyses were carried out by using GraphPad Prism 5.0 Software
(GraphPad Software Inc., USA). All cytotoxigiexperiments were performen

triplicates. SEM values were derived from the data aedd#éta was subjected to
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oneway ANOVA testto assess the degree of significanDéferent groups were
compared with Tukey©6s Maultstwergconsider€oanp ar i S «
significant wherp value was smaller thah05 (p<0.05)

2.2.3 Gene Epression Analyses

2.2.3.1 Total RNA Isolation

All equipmentused in RNA isolation were DEPC treated (AppendixrByrder to

inactivate RNases arnd prevent RNA degradatiorPrior to RNA isolationall of

the plastic and glassware were treated Witt?o DEPC treatedlH,O. Afterwards,

materials were left under hood overnight for evaporationresidual DEPC.

Foll owing day, equi pment wé&a preparationoof av e d
DEPCwater, 500L DEPC was addetb 50mL dH,0 and themixture was shaken

vigorously. Solutiorwas evaporated overnightaadut ocl aved at 121AC
All RNA isolation steps were carried ace unless stated otherwiseer@rifugation

steps were performed 4tA C .

Tot al RNA isolation was perfor mMdddch,by usi
USA) according to maBriefly, avlteh cellsegache80% nst r uc
confluency they were tryripsinigeand suspended in 4mL medium. Suspension was

taken into 15mL falcon te and cells were centrifuged H200 rpm for 5 min at

4/C. After dscarding supernatant, pellet wessuspended in 5mL PBS. Another
centrifugation step was carried out at 1000 rpm for 5 min¥@at upernatant was

removed and 1mL TriReagentaw added. Ckld were suspendethoroughly and

taken into DEPC treatedEppendorf tubes. After 5 min room temperature
incubation, cells were centrifuged at 12000 g for 10 minutes to precipitate any
insoluble materials and some of the genomic DNA. Supernatant was tradsfto

DEPC treatedEppendortubes an®000L chloroformwas added. Cell lysates were
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mixed slowly for 15 min andmmediatelyput on ice for 15 min incubation. On the
next step, cell lysates were centrifuged at 12000 for 15 After this step three
layers were formed. Upper layer wiaanspaent and consisteof RNA. The middle
white layer wa the precipitatedNA whereas bottom pink layer was the part
which containearganic moleculedJpper aqueous phase was carefully removed to
another DEPC treateHppendorftube. 50@L absolute icecold isopropanol was
added and pipetted a few times slowly. Samples were left for incubation at room
temperature for 10 min. Following incubation, samples were centrifuged at 120009
for 15min. In this step RNA pellet codibe seen at the bottom corner of the tubes.
Isopropanol was removed and 1mL 75% ethanol was a@dggaendix B) Samples

were left at-204C for 3-5 days to obtain pure RNA isolateter that, the amples

were centrifuged at 12000g for 5 min. Ethanol wasoved and any remaining
ethanol trace was evaporateBNA was dissolved in RNase free water and
incubated at 5& for 15min to break secondary structures avaskept at-80AC.

2.2.3.2Total RNA Isolation from Elacridar Treated Cells

In order to mimicXTT conditions, cells were seeded into new T75 flasks and either
final concentration of 0.5, 1, 2.5 or 50
at 37AC in a humidi fi.fa 72ahbursobefpré &X¥Ae  wi t h

isolation in the aforementionedhamer.

2.2.3.3Quantification of RNA

In order b determinethe purity of the isolated RNA, NanoDrop 2000C
spectrophotometer (Thermo Fisher Scientific, USA) was used. Measurements at
260nm 280nmdetermine the gesence of nucleic acids and proteins respelgt
whereas penol and other organic contaminatiaissorbationgould be measured

at 230nmThe purity of the RNAsample coulde checked by calculating,&/A2so
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and Asd/Azzoratios. The sample gaconsidered to be pure wheps@#Axgoratio was
betwea 1.82.0 and Aps/Azzo ratio was between 2:2.2 (Thermo Scientific
Technical Bulletin 2011).

Concentratiorof the RNA isolate waassesselly Equation 2.4.

[ RNA] Og/ mL= Absorbance 4a0t g6/OmmLm(2.4) Di | ut |

Wh e r e /ml0s th®average extinction coefficiasftRNA.

2.2.3.4 Agarose Gel Electrophoresis of RNA

In order to check any DNA contamination and the integrity of RNA isolate, agarose
gel electrophoresis was carried oBtiefly, 0.5 g agarose was dissolved in BlL

1X TAE buffer (Appendix B)and boiled in microwave oven to completely melt the
agarose in the mixturéfter cooling the mixture35 QL EtBr (Appendix B) was
added and the mixture was shaken to homiageiGel solution was pouredtingel

tray with the comb placed and left to solidify. After the solidification stiye gel

was taken into electrophoresis tank (#lad Laboratories, France) containing 1X
TAE buffer. 4 0L RNA sample was mixed with €L 2X RNA loading dye
(Appendix B) ad loaded. Samplesere run on % (w/v) agarose gel at 80V for 60

min and visualized by UV gel acquisition systévilber Lourmat,France)

2.2.3.5 cDNA Synthesis

All of the plastic and glasswansed in cDNA synthesis were DEPC treateoNA
synthesis from 8y total RNA was performedn thermal cycler (Apollo ATC 401,

33



Belgium) with Moloney-Murine Leukemia Virus reverse transcriptase(mentas)

and20 pmol of eithetMDR1, MRP1or b-actin gene specifiantisenserimers.

50g total RNA, 20 pmol gene specific a
Eppendorf tube and the volume was compl e
Sample was incubated at 7 0 AC tructores of5 mi n t
RNA. 40L of 5X reaction buffer and 20L o
total volume was completed to $90 lwith nucleasefree water Samplewas
i ncubated at 3owA@Gnerfbinding Bllowed byt6o OGa-MLWI

RT addition. Reactin mi Xt ur e was i ncubated at 42,
synt hesi s. Lastl vy, the reaction was ter:
cDNAwaskeptat2 0AC for | ong term storage.

To avoid any misleading results that may arise from different reactioneeffies,
cDNAs were synthesized at the same timar. &l genes examined, master mixes

and same RNA sample were ugadhen applicable)

2.2.3.6Quantitative RealTime Polymerase Chain Reaction (QPCR)

QuantitativeRealTime Polymerase Chain Reaction (d®Cenables detection and
quantification in real time rather than traditional graint approach. SYBR Green |

is a dye that gives fluorescent signal when it intercalates the double stands of DNA.
As the products accumulate in each cycle of PCR, dye bindste DNA double

strands and the signal increases. The changes in the signal intensity are detected and

converted into graphs by the software of the gPCR instrument.

gPCR experimentsvere carried out in RoteBene 6000 (Corbett Research,
Australia)instument 100L of 2X SYBR Green master mix (P template cDNA,
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0.2CL forward and reverse primef850M each)and 760L nuclease free water was
mixedand prepared in2OL P CR t u b e sOnd, GernanyjlreorderBi o
determine DNA contamination and to eett background signal, no template control

(NTC) was used. NTC was prepared in the same manner however it contained water
instead of the templateEach sample was pregar in triplicates. After
amplification, melting analysis was performed in order to khety nonrspecific
product formation. In the melting step,
gradually and the change in the fluorescent signal was detected. Since the same
PCR products have the same melting temperathey give the same meltingade

in meltcurve analysisgPCR conditions foeach gene examinede shown below
(Table 2.2):

Table 2.2 gPCR conditiorier MDR1, MRP1andb-actin genes

MDR1 MRP1 b-actin
Activation 95AC, 1 95AC, 1C 95AC, 1
Denaturation 95AC, 2 9 5CA20 sec 95AC, 2
Annealing 60AC, 1 57AC, 1t 60AC, 1
Extension 72AC, 1 72AC, 1t 72AC, 1
Melting 50M0®AC 50M00®AC 50M0®AC

Cycle Number 45 45 40

2.2.3.6.1 Confirmation of the gPCR Products by Agarose Gel Electropinesis

After melting analysis it is possible to see primer dimers, foreign DNA
amplifications and nospecific product formations. While peaks more than 1 are
indicative ofundesired PCR produchaving one peak does not confirm that the

product generate$ the desed one. In order to control the sizes of the amplified
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products theywere run on agarose gel electrophoresis and the product sizes were

compared to that of expected product size.

Briefly, 2 g agarose was dissolved in 100 mL 1X TAE buffer gé&pdix B) and
boiled in microwave oven to completely melt the agarose in the raixifter
cooling the mixture7 QL EtBr (Appendix B) was added and the mixture was mixed
to homogenize. Gel solutionas poured into gel tray with@mb placed and left to
solidify. After the solidification stepgel was taken into electrophoresis tank ¢Bio
Rad Laboratories, France) containing 1X TAE buffer. Q0DNA product was
mixed with 20L 6X DNA loading dye (Appendix B) and loaded. Samples were run
on 2% (w/v) agarosgel at 100V for 90 min and visualized by UV gel acquisition

system Yilber Lourmat,France).

2.2.3.6.2 Quantitaton of gPCR products

Quantitation analyses were made according¥82method(Livak & Schmittgen,
2001) In this method the relative charsgim gene expression weiescribed as fold
changs. The fold change in rative quantification methodvas calculated by
normalization with respect to an internal control gane a reference groufi.e.

untreated control group)

In order b calculate gene expression chandeactin was chosen aan internal
control geneFold changes oMDR1 and MRP1expression was normalized to the

control gene and relative &oreference group.
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2.2.3.7 Statistical Analysis

Statistical analyses were carried out by using GraphPad Prism 5.0 Software
(GraphPad Software Inc., USA). qPCR experiments were performed in triplicates
andwererepeated three timeStandard curveand Ct values were obteed with
RotorGene ®00 versionl.7 software. Fold changes were expressed as mean and
N standard er r oatawasfsubjaced o smay ANDWVH testaridl

thed f ferent groups were compared with
Results wereconsidered assignificant when p value was smaller than 0.05

(p<005).
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 Determination of the Resistance Level inPaclitaxel Resistant MCF7/Pac
Cells by XTT Cell Proliferation Assay

In this study paclitaxel resistaMCF7/Pac cell line was used. This subliwas
previouslydevelged in our laboratory by Karst al.(Kars et al, 2008) In that
study, in order to develop MCF7/Pac sublilZCF7 cells were subjected to
paclitaxel in increasing drug concentrations for twears. Highest drug
concentration used was 400 nM of paclitaxbich developedCF7/Pac 40(hM
resistant sublineThis subline was found e BCRP negative andxpressing high
levels of Rgp (cetailed information of this cell line and its paclitaxelisemce
characteristics are given in Appendiy. @ order b confirm the resistancef the

MCF7/Pac subline, I§value was recalculated by XTT cell proliferation assay.

MCF7/Pac resistant subline was treated with a concentration gradient of paclitaxel
as described previously. Highest drug concentrasidministeredwas 1000M.

% cell proliferation versus drug concentration graphere plotted and thiCs,
values were calculatgdom the formula of the logarithmic trendline of the graphs

The mean &lue was expressed as the finajglzalue which wagl2.52 4.790 M
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y=-17.8In(x) + 116,75
R? = 0,987
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Figure 3.1 Antiproliferative effect of paclitaxel on MCF7/Pac cells

In order to determine the resistance ingdalue, MCF7/S cells were also subjected

to XTT cell proliferation assayas described previously. The highest drug

concentration admi ni g tvadue dod MGF/S scells1 \2a M

364N 0OM3

.
1 T - y =-11,73In(x) + 65,168
T R? = 0,9623

%Cell Proliferation
5
o
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Paclitaxel Concentration (uM)

Figure 3.2 Antiproliferative effect of paclitaxel on MCF7/S cells
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According to the resultparental cell line lahslightly higher IGpvaluethan it had
in previous findings (Iggv al ue f or MCF7/ S c(&drd, 208was 2.1
The reason behind this might be the increased passage nowastme In each
passagingthere is a slight probability thamhutations can ocar. These mutations
may alter the metabolism of the celldughes & Marshall, 2007and change their
response to drugs. Therefore over subculturing should be avagladuch as

possible

After the determination of I§ values for paclitaxel in l@F7/Pac and MCF7/S,
resistance index of the cells weralculated according to Equati@? and it was
found that the MCF7/Pac cells wefid .68 fold resistant to paclitaxelompared to
sensitive MCF7/S cellgp< 0.05).

3.2 Cytotoxicity Determination of Elacridar on MCF7/S and MCF7/PacCells

In the current study both paclitaxel and elacridar were dissolved in DMSO.
Choosing a solvent which can dissolve both of the chemicals was important to have
less variables in XTT cell proliferation asséowever, DM® was toxic to cells at

37A Qhereforeit was importanto keep DMSO volume lower thah% (v/v) per

well in 96-well platesto avoid any cytotoxicityThis was achieved by dissolving
paclitaxel and elacridain minimum DMSO volume possible and further ¢#u
themin mediumso that the final volume dMSO in a wellof 96-well plate did

not excee®% (v/v). Furthermore, upper and bottom rows were assessed as DMSO
control rows to confirm no toxicity was exerted on the cells by DM3$hte
cytotoxicity of both DMSO only and DMSO elacridar combinat®rnwvere
determined by XTT cell proliferation assay.

In order to determinghe cytotoxicity of elacridarhigh concentrations of the
modulator (starting from100 OM) were used For elacridarpreparation of very
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conceftrated stock solutions was tnpossible due to the fact tha, fully solubilize
3mg of elacridarat least 2nL of DMSO was neededven afterintense pipetting
and vortexing stepslTaken these into consideration, XTT cell proliferation assay
was performé in the previously described maer (Section 2.2.2.2)Figure 3.3
illustrates thegraph of% cell proliferation versus antiproliferative effect BMSO
alone ancelacridarDMSO combinatiosin MCF7/S cells

120 -

100 -

80 -

s
%

60 -

40 -

%Cell Proliferation

20 ~

7.51 1001 1335 17.80 23.73 3164 4219 56.25 75.00 100.00

Elacridar Concentration (uM)

DMSO [Elacridar + DMSO

Figure 3.3 Antiproliferative effect of elacridar and DMS3f MCF7/S cellsFor
DMSO bars data waslerived from DMSO control wellsAll data represent

significant values with p < 0.001.

Since ehcridar was dissolved in DMSQ@ells were also subjected to tlsisemical
whenever elacridar was addéda.order b see anyoxic effectthat mighthavebeen
caused bYpMSO, the data from DMSO control wells were calculatthen theo

cell survival of DMSOand elacridatreated cellsvere determined, it was observed
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tha as the concentration of elacridar was increa%edcell proliferation was
decreased. Moreoverthe proliferation percentage values were significantly
different from each otheat each concentration. Furthermondyen DMSO tread
cells were compared to D&M and cridar treated cellsgain% cell proliferation

values wee significantly different witta p value < 0.00{Figure 3.3)

In order to have a concentration of elacridad DMSO mixturethat will not cause

any cybtoxicity on the cellselacridarconcentrations lower thans O M wused e

in reversalexperiment§ hi ghest el acridar concé&tntrati c
this concentration DMSO didhot exert any cytotoxic effect on MCF7/S cells

Hence, elacridarand DMSO cytotoxicity was minimized Since the aim of the

current studyis to see thaeversal effect of elacridacell line used inreversal

studies wasMICF/Pac cell line MCF7/Paccells hadmuch higher tolerance tine

toxicity of elacridar and to DMSO (refer to next paragraph)Hence, ay

interfererce of toxicities withthe antiproliferative &ect of paclitaxel waswvoided.

The cybtoxicity of elacridar wasalso tested on MCF7/Pac cells. Cells were
subjected to XTT cell proliferation assay in the same manner as MCF/S cells. The
results or the cytobxicity of DMSO alone and elacridaDMSO mixture are
illustrated in Figure 3.4

42



120

100

80

60

% Cell Proliferation

40

20

0 B - - 1 L O B -

7.51 10.01 1335 1780 2373 3164 4219 5625 7500 100.00
Elacridar Concentration (uM)

B DMSO BElacridar + DMSO

Figure 3.4 Antiproliferative effect of elacridar and DMSO on MCF7/Pac .cells
* Results weresignificant with p<0.05 compare to % cell proliferation after
DMSO treatment*** Results were significant witp<0.001 compared td% cell

proliferation after DMSO treatment

According to cytotoxicity resultdyiICF7/Paccellswere kss affected by the toxicity

of DMSO and elacridaiSirce these cells have an improved resistance mechanism it
is possible that they tend to evade toxicity of chemib&tter than MCF7/S cells
which indicates MCF7/Pac cells have more developed detoxification systems than
MCF7/S cells.A similar relaion betwen MCF7/Scell line, MCF7 resistant cell

line and an MDR modulatokyas also reporteth a previous study in our laboratory

(Urfal.é, 2012)

Neither DMSO nor elacridar exeed any significant cytotoxic effectat
concentrations bel owlitaged r@sdtano MCF&Raa celisi d a r
Above this concentratio cytotoxic effect of elacridar anBMSO combination

compared to only DMSO administration was significaAtt 1000M el acr i
concentration, the antiproliferativeffecs of DMSO only and elacridaDMSO

combinatiors were bothvery evident At this concentratiofo cell proliferation was

43



as low as 6.%. It is alsopossible that th&6-well plate reader wasot &le to give
lower absorbance resulisie tothe selfabsorbance of the mediytiuscalculaing

lower % cell proliferation vales was not possible

3.3 The Effect of Elacridar on the Reversal of Paclitaxel Resistance in
MCF7/Pac Cells

The current studyims achieving multi drug resistanaeversalby elacridar. In
order to detect the increasadtiproliferative effect of paclitaxel by MDR reversal,
the cytotoxic effect should only be caused by the dAmy toxicity caused by
DMSO or elacridar may interfere with the results.Therefore elacdar
concentrations less than57O0M  wer e ¢ hdoreversal studies to ensure

neither elacridar nor DMSO was toxic MCF7/Pac cells.

Four different concentreins of elacridar were choseiffor fold reversal
determination experimentMCF7/Pac ells weretreated with0.5 O MO M 250 M
or 50 Melacridartogether with a concentration gradient of paclitaxel as previously
described(Section 2.2.2.3)The antiproliferative effect of paclital andelacridar

combinationon MCF7/Pac cellgvere illustrated in Figure 3.5.
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Figure 3.5 Pofile of cell proliferation of untreated or elacridar treated MCF/Pac cells at increasing concentrations of patlitaath
compared t o 0P a c statisticallysgghificamtwitypa< 0.60d.oup i s



Figure 3.5demonstrategroliferation of MCF7/Pac cells decreased dramatically

when elacridar was coadministeredetherwith the anticancer drugaclitaxel. All

of these decreases westatisticallysignificantcompared to only paclitaxel treated

cells,in all paclitaxel andelacridar combinationexamined(p<0.001).However, &

a given paclitaxel concentratiomcreasing the concentration of elacridar did not

make any significant chang@e % cell proliferation Also the 1G values for
paclitaxelafter0 . 5 OM, 1OM and 2. 5 @&k netlsignificantld ar t r
different from each otheOn the other hand, the 4@value for paclitaxel obtained

after 50M el acridar treat ment sowadues si gni
obai ned afaned 100N GeM a cr i0dD9.Mhetreasoratly noent s ( p
significant changes were observed igglCal ues f or paclitaxel a
and 2.50M el acrmag he due to ¢he faet dhat dnedll lofs the
investigated concentrations of af@ar in this study, more tha®0% reversalwas

achieved In the literature there are repomsich indicatethat elacridar at lower
concentrationexers its effectin a concentration dependent manoer different

cell lines(Hyafil, 1993)

Interestingly, elacridar treatment was more effective in lower coratems of
paclitaxel. For instance, when &@GmMm pacli
0.50M t o 50M%edldeath was iacrehisatiptoxmatelyd5% more

than the paclitaxel alone treatmémipaclitaxel resistant MCF7/Paells However,

200M o f paclitaxel c oadmi s approxendtely@®ot h el a
increase in cell deatkompared to only paclitaxel administration at the same
concentration This result suggests it would be a better approach to use low
conceftrations of paclitael andelacridar combinatins in order to have the higher

efficiency in MDR reversal. Moreoverto avoid toxicity on healthy cells,
administering low concentrations of any dithgt makes efficient treatmeistmore

preferable in clinical trials.
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3.3.1Determination of Fold Reversal Values of Elacridar

ICspvalues were calculated afteach elacridar treatmefiom three separate plates
Fold reversal values wererived fromEquation 2.31Cs values for paclitaxel in
untreated/elacridaitreated MCF®ac cek and the fold reversavalues are
represented below (Table 3.1)

Table 31 Fold reversal valuesand ICsy of paclitaxel in elacridar treated and
untreated MCF7/Pac cells

Treatment ICso0N S E(MO M| Fold Reversal (FR)
Paclitaxel only 42 . %79 N
05 OM E |+&aclitaxel g 2 . 1 5.09**N 19.79%**
1 OM E |+&aclitdxel a 2 . 0 @4A2% 20.64***
25 OM E |+&aclitixel § 15 8 0.K8*** 26.89 ***
5 OM E |+&acltaxal a 0.46 ONI3*** 95.52%**

A SEM val ue sfromthreeindepbndent experichents.
*»**n<0.001 c o mppaclitaxelo ntl.oy of

As represented in Table 3.1at 0.5 100M aeldacri dar conce
MCF7/Pac cells were rgensiized to paclitaxd@ antiproliferative effect 2@&nd 21

fold respectivly. When the concentrationf elacridar was increased t620 M a n d

50M the fold r eapmaximatdy27 \amadl 96feds comparedeo

untreated controlin terms of percentages, d&value of MCF7/Pac cells were
decreased®4% and95% morewhen 05and 1 OM wasladministerdda r
Approximately96% and99% moredecrease in the Kgvalues wereobserved whe

the cells were treated with®2. and 5 OM el acSnieccamplete espec
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restoration in pacl it axelelacrigar, bighedosesx i ty w.

of elacridar treatment weret performed.

In the literature elacridar ieported asin anticancer drug that can usually make full
MDR reversal in nanomolar concentratioftyafil, 1993) However in most of
these studies dellines that overexpress-¢p wee constructed by cloning
Therefore,only P-gp expression levels weraltered.In the currentstudy the
MCF7/Pacresistant cell line was built in twwyears by the stepwise inanens of
paclitaxel, hence many gee&pression levs have changed. Resistance was not a
result of only Pgp overexpression batseries of alterations in metabolic pathways
Indeed in patients who acquire paclitaxel resistance the whole mechanism of the
cells change thus working with cells which gainesisiance in stepwise manner
could give more realistic resultsn lthis studyalthough 94%restoration of the
antiproliferative effect of paclitaxehas accompl i shed vor th 0. E
complete MDR reversal 5 OM el acr i darThewmed ofnlkgha e d .
concentrations of elacriddor full reversalthan the amounts used iliterature

(0.1-2 . 5 @ddld be related toverall altered resistance mechanisms of MCF7/Pac
and/or high expression levels ofgp in this cell line There are reports that t#a
elacridarinteracts withP-gp although the binding site is not exactly determined yet
(Martin, et al, 2000) As elacridar interacts with its binding site orgp, the
presence of largamounts of Rylycoproteinrequires more elacridar molecules to
bind andinhibit the pumping completelyThis proposais in line with the evidence

of de Bruind s s tnuhdsystudy, instead of nanomolar concentratidh€) M
elacridar was needed for complete reversal in colon cancer cell line which
expressedery high amounts PBCRP (de Bruin, 1999)As previously mentioned
elacridar isan inhibitor ofbothBCRP and MDR1Althoughel@ r i dar 6 s mec hat
of action mightnot be the same for BCR&d Rgp theneed ofhigh amounts of

elacridarfor complete MDR reversad reasonalel

Another explanation for the need of higher concentrations of elacidéd be due

to variable efficiency of elacridawith anticancer drugs.Trauneckeret al. studied
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el acridarsbo effect wi t h doxorubiimi n, Vi
P-glycoproteinexpressing human sarcoma cell line MB$5. The concentration of
elacridar that is needed to revetke resistance to paclitaxel by 50%as fivefold

higher than the comntration needed to reverse 508sistance to doxoritn or to
vinblastine.Similarly, the concentration of elacridar that is needed to reverse the
resistance to docetaxel by 50% was eightfold higher than the concentration needed
to have the same effect with etopos(deaunecker Het al, 1999) Accordingto
theseresuls, it could be derived that anticancer drugs that act on microtubules have
less efficiency with elacridar than other anticancer agents thus the need for higher
concentrations is consistent. An explanation for this could be related to the
communication between drug binding sit€3acridar binds to #p in an allosteric
fashion and acts as a roampetitive inhibitor(de Bruin, 1999)A study by Martin

et al. indicatedat leastfour different sitesexist on Pglycoproteinfor binding of
various anticancer drugs and MDR modulatdrse site where elacridar interacted

with P-gp was suggested to be a regulatory site since only modulators but not
substrates were able to interact with Tthese four sites were also able to
allosterically communica@ with each othein a negative heterotropic manner.
According to this study; paclitaxel, vinblastia@d elacridar hadlistinct binding

sites on Ryp thus differencein the communication of these sites could be a factor
influencing efficiency of MDR rewvsal (Martin, et al, 2000)

Although above considerations should be kept in mind these results do not indicate
elacridar was ineffective in nanomolar concetidres in this study. As mentioned
before, the lowest concentration examin€d. & ©f elacrida, resulted iN94%

MDR reversal.In orderto fully reverse multidrug resistanadgseincrements were

carried out untiboQOMDRTr ever s al was ac h coacendrationa t 5O0M

The effectiveness of elacridar can be better understood when compavtteito
MDR modulators that have been investigaiedthe studies inour laboratory.
Although the sublines used were resistant to different cytotoxic agents, all of the

resistant cell lines were developed in stepwise manner from MCF7 parental cell
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line. Recently,U r f ed dl. @emonstrated the MDR reversal effect of biochanin A on

MCF7 zoledronic acid resistant cell lin€his cell line had acquired resistance to
zoledronic acid in a BCRP mediated manmochanin A isan isoflavonoid type

of MDR reversal agentrdl it is one of the most potent BCRP modulatolrs.the

stated studyat 50M o f b i ooocderdratiomo registanceeversal effect as

seen( Ur f al . éAno2 hE2) st u clyal repprtedthenMiD® zeversal

effect of verapamil and promethazioe MCF7 doxorubicin resistant subline. In

this study in order to effectively inhibit-§p activity 600M of ver apami | 3
OM pr o mewerereeessarg D° n etalz 2011) Although comparing the

efficiency of MDR modulators among cell lines witifferent resistance
mechani s ms may not be wvery informative,
efficiency is superiodue to the fact thah lower concentrations othe modulator,

higherMDR reversal rates were obtained

3.4 MDR1 and MRP1 Gene Expresion Analyses in MCF7/S and MCF7/Pac

Cell Lines Upon Elacridar Treatment

MDR1 and MRP1 are two important efflux pumps expressed in MCF7/Pac. The
changes in the expression levels of these genes may be important in multidrug
resistance characteristics of M@Pac.In order to see any alterations MDR1

and MRP1 gene expression levels that may be caused by elacridar treatment
MCF7/Pac cells were treated with four different concentrations of elacrid&Mp.5
10M, 2.50M or 5OM) 72 hr prior to total RNA isokion. Total RNA from MCF7/S

cells and MCF7/Pac cells were also extracted for comparisDINA were
synthesized fromtotal RNA isolates. In order to quantitatively analyze the
expression levels dviDR1 and MRP1 gPCR was performed. The qPCR results
obtainedfrom MCF7/S cells expression levels were compared to the results of
MCF7/Pac cellso determinethe changes in gene expression levelsVildR1 and
MRP1due to paclitaxel resistance. In order to aeg alterationson MDR1 and

MRP1 expressionscaused by elaidar treatmentsuntreated MCF7/Pac cells
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expressions forMDR1 and MRP1 genes were compared to elacridar treated

MCF7/Pac cells gene expression levels.

3.4.1 Total RNA Isolation From MCF-7 Cell Lines

For gene expression studies, firstly total RNA waslated from MC7/S and
MCF7/Pac cells which were untreated or treated with elacride@ RNA samples
weresubjected to electrophoresia 1%agarose gelSharp bands of 28S rRNA and
18S rRNA without smear formation indicated that the isolated RNAs wéaetin
(Figure 3.6).

1 2 3 4 5 6

28S rRNA (4700 bp)

18S rRNA (1990 bp)

58 rRNA (150bp)

Figure 3.6Representative figure of total RNA isolates. High Range RNA ladder

(Lane )MCF7/ Pac (Lane 2), 0.50ManeBddM dar t
elacridar treated MCF7/Pgtane4) 2. 50M el acri ddane%)r eat ed
50M el acridar (tanesspt ed MCF7/ Pac

After intactness of RNA samples were confirmed, they were further investigated by
NanoDrop 2000C spectrophotometer (Thermo Fisher Scientific, USA). In gene

expression analyses only the samples which Heasg/Azgo ratio of 1.82.0 and
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Azsd/Azzoratio of 2.02.2 were usedl'he exactA,sd/Azgoand Aesd/Azzpratios of the
RNA samples used in cDNA synthesis are givemhable 3.2

Table 3.2 The Asd/Azzo and AsdAzzp ratios of the RNA samples used in cDNA

synthesis

Sample Azs/AzgoRatio Azs/AzzoRatio
MCF7/S (untreated) 2.00 2.14
MCF7/Pac (ntreated) 1.98 2.14
MCF7/PacQ . 5 OM el a) 1.98 2.11
MCF7/Pac{ OM el acy) 1.98 2.08
MCF7/Pac2 . 5 OM el a) 1.97 2.08
MCF7/Pac% O Mscridar treated 1.97 2.04

3.4.2 Expression Analyses oMDR1 and MRP1 Genes ly Quantitative Real
Time Polymerase Chain Reaction (QPCR)

Following total RNA isolation, cDNA synthesis was performed as described in
Section 2.2.3.5. Synthesized cDNA wadbjsated to gPCRExpression analyses
were performed in RoteGene 6000 (Corbett Research, Austlaiiestrumentand
the quantitation data wadetermined byRotorGene 6000 version 1.7 software.
Amplification curves were generated with fluorescence verbusshold cycle
number.The data wer@ormalizedaccordingto expression level df-actin and the
2®®Cfethod was used to calculate relative fold char(gesgk & Schmittgen,
2001) The gPCR results obtained from MCF7/S cells expression levels were
compaed to the results of MCF7/Pac cells to determine the changes in gene
expression levels oMDR1 and MRP1 due to paclitaxel resistancélntreated
MCF7/Pac cells expressions f&iDR1 and MRP1 genes were compared to
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elacridar treated MCF7/Pac cetleneexpresion levelsto detect any alterations in
these gene expressiosmplification curve graphs foMRP1, MDRL and b-actin
are shown in igure(3.7):
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Figure 3.7 Amplification curves for a&yiRP1 b) MDR1 and ¢ b-actin genes in
MCF7/Pac and MCF7/S cell lines
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In order to confirm that the product of interest was amplified only, melting analyses
were performed adtr each ro. A single sharp peak in melt curve graphs indicates
only the product of interest had been amplifidd.seen in Figure 3.8 the products
gave a single sharp peak which indicated a single product was amplified in each
reaction.Products were fuiner examined in agarose gel electrophoresistheil
agarosegel photographsare presented in Appendix. BMelt curve graphs were
plotted by taking the first derivative of fluorescenicéensity with respect to
temperaturdy RotorGene 6000 @rsion 1.7 sthware.

8 % B 2 2 M % B MW

b) 2 5 56 58 60 62 64 66 68 70 7 i 80 :73 8 % 88 90 2 %% ® M
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C) R % % % 60 &2 6 6 8 MW |’ oM o ® W N R % K B8 N 2 % H B A
deg.

Figure 3.8 Melting curve analysis of ®JRP1b) MDR1c) b-actin genesin
MCF7/Pac and MCF7/S cell lines

According togPCR resultdVIDR1 gene expression was approximately 200 fold
higher in MCF7/Pac cells relative to MCF7/S cdlBgure 3.9) This result is
in-line with previous findinggKars, 2008)where the upregulation diDR1 gene
was stated as the main reason of MDR in paclitaxel resistant celResilts are
also consistent with the literature where upregulatiod@R1geneoverxpression
was reported in paclitaxel resistant céKamazawaet al, 2002)

2501 Fkk
&3 MCF7/s

200 3 MCF7/Pac

1504

100+

Relative Fold Change

50+

MDR1/b-actin

Figure 3.9 Relative gene expression leveM@R1in MCF7/Pac and MCF7/S cell
lines (*** Results wersignificant with p< 0.001compred to MCF7/3
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The expression level dIRP1 gene was also examined by gPCR. The results
indicated MRP1 gene expression in MCF7/Pac cells was significantly
downregulatd when compared to MCF7/S.eBults were consistent with the
previous findinggKars, 208).

1.5 _
B3 MCF7/S

MCE7/Pac
1.04

0.54

Relative Fold Change

MRP1/B-actin

Figure 3.10Relative gene expression levelMdRP1in MCF7/Pac and MCF7/S cell
lines (*** Results were significant with p < 0.001compared to MCF7/S)

In the current studyelacridar was used to reverse MDR and complete restoration of
paclitaxel cytotoxicity was achieved. In ordeo tfurther analyze the effect of
elacridar gPCR analyses were performed. The reldldR1 gene expression
levels of elacridar treated MCF7/Pac cells comparedntoeatedMCF7/Pac celf

are presented in Figure 3.11.

56



g" B- *EE
=
U g4
E xkk
x4+ *HE —
- *kk
g —
527
o
]
= o
No 0O5pM  1pM 2.5pM
Treatment

Elacridar Concentration (uh)

Figure 3.11 Relative gene expression levaelf MDR1 gene in various
concentrations of elacridar treated MCF7/Pac cells (*** Results were significant

with p < 0.001compared to MCF7/Pac)

Interestingly, in all of the concentrations examinbtDR1 gene expreson was
significantly upregulated afteeach elacridar treatmenivhen compared to no
treatment controlMoreover, this increase was dose dependent. In this study, used
elacridar concentrations were more than the concentrations usually administered in
the literature due to aforementioned reasons. Presumably in the concentrations
usually usedn literature, i.e. as low a$00nM, elacridar would not make any
change orMDR1expressionAlthough all of the elacridar concentratiomsed were
noncytotoxic, thisforeign compound administration colldve triggered pathways
such as detoxification pathways in thelewwllar level. Possibly, cells wetrying to
escapdrom thetoxic effect of this foreigwompound by increasingeir expression

levels of efflux pumpsNonethelessvery efficient (up t099%) MDR reversal
which was observed by XTT cell proliferation assay analyses prdasthe
increase atmRNA level wa not sufficientt o pr ev e n treversdl effect. i dar 0 s
This result suggested the upregulationMiDR1 gene expression level may not be

increasing the MDR1 gene product directly. Masdtral. stated thaelacridar exerts
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its reversal effect on protein level by binding tglipcoprotein(Martin etal., 2000

and preventing its activityMoreover, 1 had been reported by Hyafiét al. that
elacridar is a poor substrate of MDR1 protein and thus is not pumped out rapidly
from the cells(Hyafil, 1993) This could be thereasm why increasedMDR1
expressionwas not enough to stop the reversal effect of elacriOn the other
hard, paclitaxel is a substrate &-glycoprotein (Gottesman 2002) and such
increase may result imcreasedpaclitaxel efflux Despite the increase in-dgp
expressiongiven elacridarconcentrations werstill quite adequate tcefficiently
block MDR1 proteinand prevent paclitaxel efflux. Another suggestion may be that
el acr i dar oPgp laditonachangesg on tpaclitaXekhinding siteon Rgp,
preventing efficient efflux. That could also be the reasonwhy increased #p

expression i not affect the efflux opaclitaxel.

After MDR1 gene expression analyse$/RP1 gene expression was also
investigated. The relativMlRP1 gene expression levels of elacridar treated
MCF7/Pac cells compared taintreated MCF7/Pac cells are presented in

Figure 3.12.
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Figure 3.12Relative gene expression leveldRP1gene in various concentrations
of elacridar treated MCF7/Pac cell§Results were significant with <05

***r esults were significant with @001compared to MCF7/Pac)
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As illustraed in Figure 3.12MRP1gene expression wasgnificantly upregulated

in all of the elacridar treatments compared to no treatment comMaokover, these

results indicated thahe increase IlMRP1 expression waslso dosedependent.

However @ previousy suggestedsuch incrementsna y

not be

usually administered dose ranges in the literature. In,deleen 05 O Mlacridar
d chanMR®l genesul t s

treatmend Gand no treatment contslo

expression were compared, mauch lowerlevel of statistical significancevas

observed.

In the literature there are a few compounds such as curcwaiapamil and
promethazine that potentially reverse MDR by downregulakitigR1 or MRP1

gene expressiofMolnar, et al, 1998) However in the currg study such decreases

f ol

in MDR1 and MRP1 geneexpressions weraot observed. Mereforetheseresults

seen i n

indicate elacridar is not a modulator that exerts its MDR reversal effect by

inhibiting gene expressiofrold changes in expression levelsMbR1, MRPlard

b-actin after elacridar treatment are demonstrated in Table 3.3

Table 3.3Fold changes in expression levelsMiDR1andMRP1lgenes

Elacridar Treatment Fold Change MDR1) Fold Change MRP1)
No treatment 1.02 N O 1.03N0.10
0.5 OM 2. 73 %™ 0. 1.86N0.14*
1 OM 3.05 ® 0. 3.04N0.24***
2.5 OM 3.83 % 0. 3.48N0.19***
5 OM 6. 32 %™ 0. 4.32N0.25%**
Any outlier value was omitted. Fol

S E M&EM values were obtained from three indual experiments, each run in
triplicates. (* Results were significant with @05 compared to MCF7/Pac.

*** Results were significant with B<001compared to MCF7/Pac)
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When the redts were taken agether, elacridar treatmentléo the upregulain of
MRP1 and MDR1 gene expressionsin a dose dependent manner, i.e. higher
concentrations of elacridar causdugher fold changes in expression levels.
Although these increases in mRNA levels nmsiymay notbe a transient response
which occursin the pesence of elacridathe upregulation in thegeneexpression
levels of bothMDR1andMRP1supported the idethat elacridar treated MCF7/Pac
cells were under stress artdying to avoid cytotoxic effects of the modulator
Although cytotoxic effectof elacrdar was not detected on XTT cell proliferation
assayin the administered concentratiai& was not fatalpf elacridar,|t is possible
that the cyttoxicity wasstill exerted on the cells on molecular bagisesumably,
since elacridar is noa substrat®f P-gp, this toxic effect was not reduced and the
cells began to increasiee expression ainother detoxification related pump MRPL1.
The effect of such increase was not reflected onto XTT assay results since
paclitaxel is not a substrate of MRP1 proteifherefore, such increase vga
irrelevant in terms of paclitaxel resistandéeverthelessthis study suggests it
would be a better approach to use éessnounts of elacridag 0 . M) with low
concentrations of paclitaxel and obtain 94%®OR reversal instaed of causing

significant changes in expression levels and oljtdinmeversal.

As previously stated, althoughe expression diIDR1andMRP1geneswhich are
related with MDR developmentvere upreglated after elacridar treatmentTT

cell proliferaton assay results clearly indicated that none of these gene expression
changesvere able tgrevent elacridar from reversing resistanee reason behind

this may also be related to lack of correlation between mRNA levels and protein
levels.Bailly et al.evidencedhigh MDR1 expression anRNA levelsdid not mean

high amounts of efficiere-glycoprotein productioiBailly & Muller, 1995). In the

study, sevenacutemyeloblastideukemia(AML) sublines expressing different
amounts ofMDR1 were investigatedHighestMDR1 genee x pr essi ng subl
expression was 13 fold more than TF1 suldirse Afterwards P-glycoprotein
function was investigated by Rhodaminel28say. When the rhodamine efflux
capacities were comparelFl, KGla and KG1 sublineshich hadmuch lower
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levels ofMDR1 expression thatthree other subliree had shown significantly higher
values of Pgp activity. In order to confirm resistanddTT assay was carried out.
Once again, KGla and KG1 sublinesrgveesistant to daunorubicin 10 to fisd

more than other sublines, despite the fact that they expressed lower amounts of
MDR1 From ths study it can be derived that mRNA expression levels and dynamic
function of Rgp pump may not always be correlatédthough elacridar caused
upregulation inMDR1 expression, it may have also caused an alteration-gm P
that lowers its efficiency. Hence, elacridar was still able to restore cytotoxic effect
of paclitaxel. For instance, such alteration can be a conformational change on
pacl it ax el .6Snce blacmddriamdgaclgaixel does not bind on the same
site of P-gp (Martin et al, 2000) elacridar can still maintain its function while

paclitaxel efflux is inhibited.

The increased expressidavels of MDR1 and MRP1 may be due to increased

MRNA stabilt vy , suggesting elacridaro6s effect
Alternatively, these increased mRN&vels maynot reflect the exact increase in

protein level.A study by Tianet al. estimatedcorrelation of mMRNA and protein

levels to be 40% at the rsi(Tian, et al, 2004) Such differences among mMRNA

levels and protein levels may be due to post translational modificgBooskmann

& Beyer, 2007) Any changethat may have beeraused by elacridar iredradation

rateor translation rate of MDR1 and RP1 mRNAs may alter their proteievels.
Consequentlyincreases in mRNAevel may not have changéhe protein levels

enough to prevent MDR reversal by elacridar.

In the current studythe effect of elacridar on paclitaxel resistant MCF7/Pac subline
wasinvestigatedMCF7/Pac had been developed from MCF7/S parental cell line by
stepwise dose increments of paclitagears, 2008) Therefore MCF7/Pac was a

subline that had developed resistance to paclitaxel by changing many MDR related
mechanisms of the tel . Neverthel ess, el acridar con:
50M were very efficient to reverse multi

altered resistance related mechanisilacridar treatment resensitized MCF7/Pac
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cells to the cyttoxicity of pacltaxel up to 96fold. The lowest elacridar

concentration examined was 500nM which resulted in 94% MDR reversal. Highest

examined concentrat i onregsiored fellbraiprotiferatneer wa s

effectof paclitaxel

MDR1 andMRP1genes were knowto be expressed in MCF7/Pac sublkears,
2008) Since these two genes encode two major MDR related protegpsand
MRP1, the effect of elacridar on these genes were investiggdR results
indicated dose ependent increases in tlexpression lesis of these genesfter
elacridar treatmentOn the other handhese increas in gene expression levels
were not sufficient to prevent elacridar from restoring antiproliferative effect of
paclitaxel ascan be derived from XTT cell proliferation assay resulth order b
assesshe significance of such increase in mRNA level further analyses on protein
level mustbe carried outiMoreover, inorder tounderstand whether producefflux

proteins are activer not, drug efflux assayaustbe performed.

The ncreass in MDR1 and MRP1 gene expression levels a dose dependent
mannermay be important in clinical studiethus should be carefully investigated

For instance, administration of elacridét hoursprior to paclitaxel administration

could elevat?MDR1 andMRP1gene expression leis in patient@ccording to this

st udy 6 sAlthougts audh insrease did not cause ineffective MDR reversal by
elacridar in the current study, it may reduce paclit@al other anticancer drugs
efficiency in clinical trals in long term treatmentsTherefore administering
paclitaxel and elacridasimultaneouly could be more reasonabte effectively
restore paclitaxel 6s ant i pr loylthefneeased i v e

MDR1andMRP1geneexpressionevels

This study suggestschedulingpaclitaxel and elacridaadministrations intime
intervals may be a better approach to avoid any transient effect caused by the

elevdion in the genexpression levslof efflux pumps
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http://tureng.com/search/simultaneous

Finally, one must be careful not @dmnister high doses oélacridarsince low
concentrations are effective for reversal #mere is risk foupregulation oMDR1
and MRP1gene expressionshich can result in multidrug resistancelamg term

chemotherapy
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CHAPTER 4

CONCLUSION

. The ICso value of m@clitaxel resistant MCF7/Pac sublingas significantly

higherthan that of MCFIS parental cell lineResuls indicated MCF7/Pac
cell line wa 11.7 fold resistant to paclitaxel coraped todrug sensitive

(parental) MCF7/2ell line.

. The toxicity of elacridar on MCF7/6ells startedat ar ound 7. 50M
elacridar concentrations up to@a4 werenot toxic to MCF7/Pac cells. This
result suggested MCF7/Pac cell line hah improved d®exification

mechanisnmagainst elacridar

. Various dacridar concentrations weradministered on MCF7/Pac cell line

(from 0. 50M t oin coribMation with paclitaxel The lowest
administered dose of elacridad.BO M) reduced the 1§ value of paclitaxel
by 94% wheras the highest administered do$é O Machieved 9%

reductionwhich correspondetb almost complete reversal of the resistance

. According to XTT cell proliferation assay results, elacridar was more

effective at lower concentrations of paclithxe

. qPCR results indicated expression level MDR1 was significantly
upreguated in MCF7/Pac cell line compared to MCF7/S cdllsvas found
that MCF7/Pac cell line expressed 208 fold mM®R1 mRNA than

parenal cell line. This result is idine with literature and with pevious
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findings demonstratingMDR1 overexpression is the main reason of

paclitaxel resistance.

6. Gene expression analysesdicated MRP1 expression wassignificantly
dowrregulatedin MCF7/Pac compared to MCF/S parental cell linen#ty
be concluded that MCF7/Pac cell line adapted its gene expression profile in

thefavor of MDR1expression in order to gain resistance to paclitaxel.

7. Expression analyses indicated elacridar treatment significantly upregulated
MDR1 and MRP1 expressionn MCF7/Pac cell line in a dose dependent
manner. Such increase could be dueatéransient response mechanism
againstelacridarapplication to compensate the inhibition of already existing

efflux pump Pgp.

8. Despite the fact that examined concentratiorfs etacridar caused
upregulation oiMDR1 and MRP1gene expressions, the®uld not prevent
elacridar fromreversal of the resistancem MCF7/Pac cell line.One
plausible reasors that elacridar ia very potent inhibitoof P-gp that exerts
its effect on potein level andt can mantain its effectiveness even ligh
levelsof MDR1andMRP1geneexpressioa

9. In order b have the most efficienteversal byelacidar and to avoid
excessiveincreases in expression levels dDR1 and MRP1 genes low
concentréions of elacridar should be combined with low concentrations of
paclitaxel. Such approach would also be beneficial to asygmtoxic effects

in clinical applications

Elacridar isa potent MDR modulator that can efficiently reversglyoprotein
mediated multidrug resistance law concentrations in paclitaxedsistant celline
MCF7/Pac. This MDR reversal agdmis potential to be effectiwgithout causing

toxicity in breast cancer patients who developed paclitaxel resist@mcthe other
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hand, hidp cancentrations of elacridar causpregulation inMDR1andMRP1gene
expression levelsn a dose dependent mannd&he significance of this finding
should be further investigatdxy clinical studiesMoreoverin clinical applications
careful dosing oftte modulator should be administered and overdosing must be

avoided.

66



REFERENCES

Abraham, J., & Edgerly, M. (2001). A phase | study of the novglyPoprotin
(Pgp) antagonist, XR9576 in combination with vinorelbiReoc. Am. Soc. Clin.
Oncol., 2Q 287.

American Cancer Society. (2011). Cancer Facts and Figures 2011,
<http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/
document/acsp029771.pdf>. Last accessed date: 2012, July 5.

American Cancer Society. (2011). @metherapy Prciples: An Indepth
Discussiorghttp://www.cancer.org/Treatment/Treatmen&ideEffects/Treatmen
tTypes/Chenothgapy/ChemotherapyPrinciplesAmapthDiscussionoftheTechniqu

esanditsRoleinTreatment/indexkast accessed date: 2012, July 5.

American Cancer Society. (2011). Oncogenes, Tumor Suppressor Genes
and Cancer <http://www.cancer.org/Cancer/CancerCauses/GeneticsandCancer/
OncogenesandTumorSuppressorGenes/oncogenmes-suppressegenesand

cancermutationsandcancer>. Lasaccessed date: 2012, July 5.

Bailly, J. D., & Muller, C. (1995). Lack of correlation between expression and
function of Rglycoprotein in acute myeloid leukemia cell lindgukemia, ),
799-807.

67



Bardelmeijer H. A., Beijnen J. H., Brouwer K. Ret al (2000). Increased oral
bioavailability of paclitaxel by GF120918 in mice through selective modulation of
P-glycoprotein.Clin Cancer Res;, 44164421.

Bates, S., Kang, M., & Meadows, B. (2001). A phase | study of infusional
vinblastine in combination witthe Rglycoprotein antagonist PSC 833 (valspodar).
Cancer, 9215771590.

Biedler, J. L., & Riehm, H. (1970). Cellular resistance to actinomycin D in Chinese
hamster cells in vitro: croggsistance, radioautographic, and cytogenetic studies.
CancerRegarch, 3011741184.

Borowski, E., Bontemp&racz, M. M., & Piwkowska, A. (2005). Strategies for
overcoming ABCtransportersnediated multidrug resistance (MDR) of tumor cells.
Acta Biochimica Polonica, §3), 609627.

Breastcancer.org. (2012). Targ#tetherapies <http://www.breastcancer.org/

treatment/targeted_therapies/>. Last accessed date: 2012, July 5.

Brockmann, R., & Beyer, A. (2007). Posttranscriptional Expression Regulation:
What Determines Translation RateP2oS Computational Biology, (3), e57.
doi:10.1371/journal.pcbi.0030057.

Cheung, C. H. (2010). Cancer cells acquire mitotic drug resistance properties
through beta-tubulin mutations and alterations in the expression of-todalin
isotypesPL0S One, 8), €12564.

68



Clarke, D. M., & Log T. W. (1999). A continuous fluorescence assay for the study
of P-glycoproteinmediated drug efflux using insidmit membrane vesiclegnal
Biochem, 298270 277.

Clarke, D. M., & Loo, T. W. (1999). Determining the structure and mechanism of
the human nmltidrug resistance Jglycoprotein using cysteirgcanning
mutagenesis and thiohodification techniquesBiochim. Biophys. Actél461),
315325.

Cole, S. P., Bhardwaj, G., Gerlach, J. H., Mackie, J. E., Grant, C. E., Almquist , K.
C., et al (1992). Oveexpression of a transporter gene in a multiehegjstant
human lung cancer cell lin8ciencé258), 16501654.

Coley, H. M. (2010)Overcoming multidrug resistance in cancer: Clinical studies
of P-Glycoprotein inhibitors (in MultDrug resistance in Carme, Zhou, J.)New
York: Humana Press.

de Bruin, M. (1999). Reversal of resistance by GF120918 in cell lines expessing the
ABC half-transporter, MXRCancer Letters, 146117126.

Deferme, S. (2002). Inhibitory effect of fruit extracts orglixcoproteinrelated
efflux carriers: an in vitro screenind. Pharm. Pharmacol, 542131219.

69



D°nmez G¢rivd ¢ z , U. (2011) . Reversal of m
interfering RNA (siRNA) in doxorubickresistant MCF7 breast cancer cells.

Biomedicine and Pharncatherapy, 682), 8589.

D°nmez, Y., KkbmetowapD. L. Kar s, Efisttdd, G¢nd
MDR modulators verapamil and promethazine on gene expression levels of MDR1

and MRP1 in doxorubictnesistant MCF7 cells.Cancer Chem. and Pharn&7(4),

823-838.

Ejendal, K., & Hrycyna, C. A. (2002Multidrug resistance and cancer: the role of
the human ABC transporter ABCGZurrent Protein & Peptide Science, 5
503511.

Ferlini, C., & Cicchillitti, L. (2009). Paclitaxel directly binds to B2l and
functionally mimics activity of Nur77Caner Research, §%59066914.

Fitzpatrick, F. A., & Wheeler, R. (2003). The immunopharmacology of paclitaxel
(Taxol E) , docet axel ( Tax ot éntemdiional and
Immunopharmacology,(83-14), 16991714.

Freshney, R. I. (2010Culture of animal cells: A manual of basic technique and
specialized applications 6th EditioNew Jersey: John Wiley and Sons, Inc.

Gerrard, G. (2004). Clinical effects oftdgPycoprotein inhibition in patients with
acute myleloid leukemia treated with zosuquidar tribgtbride, daunorubicin and
cytarabineHaematologica, 89782790.

70



Gong, J., & Jaiswal, R. (2012). Microparticles and their emerging role in cancer

multidrug resistanceCancer Treatment Reviews,, 226234.

Gottesman, M. M. (2002). Multidrug resistanin cancer: role of ATHlependent

transportersNature Reviews Cancer, 4858.

Hegi, M. E., Diserens, A. C., Gorlia, T., Hamou, M. F., de Tribolet, N., Weller, M.,
et al (2005). MGMT gene silencing and benefit from temozolomide in
glioblastomaN. End. J. Med., 3529971003.

Higgins, C. F. (1992). ABC transporters: from microorganisms to Wanu. Rev.
Cell Biol., § 67-113.

Hubesack, M. (2008). Effect of ABCB1 modulators elacridar and tariquidar on the
distribution of paclitaxel in nude micé.Cancer Res. Clin. Oncol., 13897607.

Hughes, P.Marshall, D. (2007). The costs of using unauthenticated;passaged
cell lines: how much more data do we neBd¥Techniques, 4575586.

Hyafil, F. (1993). In vitro and in vivo reversal of multidy resistance by
GF120918, an acridonecarboxamide derivaild@ncer Res., 13%15954602.

71



Kker.i ¥.D. , Kars M. D. , Arpacé F. , G¢endyg z
drugresistant MCF7 cells: implications for relation to extracellular matrix
proteins.Cancer Chemother Pharmacéi(3), 447455.

Kk e 1Di, Ka¥s M.D, Ar p,aAtalay C , Pak ., G¢endyg z uU.
resistant MCF/ cells exhibit epitheliamesenchymal transition gene expression
pattern.Biomed Pharmacothe65(1), 4045.

Jin, S.et al (2009). Ecteinascidin 743, a transcriptiamgeted chemotherapeutic
that inhibis MDR1 activationProc Natl Acad Sci, 96775 6779.

Kamazawa, S., Kigawa, J., Kanamori, Y., Itamochi, H., Sato, S., IbatTal
(2002). Multidrug resistance gefleis a useful predictor of Paclitaxiehsed
chemotheraphy for patients with ovarian canGynecol Oncol., 8@), 171176.

Kars, M. D. (2008). Molecular mechanisms of vincristine and paclitaxel resistance
in MCF-7 cell line. (PhD Thesis). Ankara: METU.

Kars MD., Iseri QD., G¢ nd Yral AU., Arpaci F, Mo | n(8006). J .
Developmentof rational in vitro models for drug resistance in breast cancer and
modulation of MDR by selected compoundsiticancer Re26(6B), 45594568.

Kars, M.D.,l ker i , Oo. D. , Gunduz, u. , Mol nar , J
resistance by synthetic and natural compounds in-arsigtant MCF7 cell lines.
Chemotherapyb4(3), 194200.

72



Kar s, M. D. , l ker i, O. D. , Gunduz, U.
profiling of paclitaxel and vincristine resistant MGFcells. European Journal of
Pharmacology. 652-3), 49.

Kowalski, P.,et al (2005). Reversal of different drugsistant phenotypes by an
autocatalytic multitarget multiribozyme directed againsttthascripts of the ABC
transporters MDR1/Mgp, MRP2, and BCRRMol. Ther., 11508 522.

Lafarge, S. (2001). Inhibition of BRCAL leads to increased chemoresistance to
microtubuleinterfering agents, an effect that involves the JNK path@anzogene,
20(45), 65976606.

Lage, H. (2008). An overview of cancer multidrug resistance: a still unsolved

problem.Cellular and Molecular Life Sciences, 651451 3167.

Lage, H., & Dietel, M. (1999). Involvement of the DNA mismatch repair system in
antineoplastic drugesistancel. Cancer Res. Clin. Oncolog., 1256 165.

Lawrence , T. S., Ten Haken, R. K., & Giaccia, A. (20@3ncer: Principles and
Practice of Oncology (8th editiorhiladelphia: Lippincott Williams and Wilkins.

Lee, C. H. (2004). Reversing age for ATRbinding cassette (ABC) transporters:
application in modulating multidrug resistance (MDRJurr. Med. Chem.
Anticancer Agents,,413-52.

73

(2



Lee, C. H. (2010)Reversing agents for ATiBinding cassette drug transporters (in

Multi-drug resistancen Cancer, Zhou, J.New York: Humana Press.

Leonard, G. D., & Fojo, T. (2003). The role of ABC transporters in clinical practice.
Oncologist, §), 411424.

Limtrakul, P. (2005). Inhibiton of fglycoprotein function and expression by
kaempferol and queetin.J. Chemother., 186-95.

Limtrakul, P. (2007). Curcumin as chemosensitizédv. Exp. Med. Biol., 595
269-300.

Liscovitch, M., & Lavie, Y. (2002). Cancer multidrug resistance: a review of recent

drug discovery researcibrugs, 54), 349355.

Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative gene expression data
using realime quantitative PCR and the(Relta Delta C(T)) methodMethods,
25(4), 402408.

Maliepaard, M., van Gastelen, M. A., Tohgo, A., Hausheer, F. H., van
Waardeburg, R., @ Jong, L. A.,et al (200). Circumvention of breast cancer
resistance protein (BCRP) mediated resistance to camptothecins in vitro using non
substrate drugs or the BCRP inhibitor GF120%lé CancerRes 7(4), 935941.

Malingre, M. M., Beipen, J. H., Rosing, H., Koopman, F. J., Jewell, R. C., Paul, E.

M., et al (2001). Ceadministration of GF120918 significantly increases the
74



systemic exposure to oral paclitaxel in cancer pati&nigsh Journal of Cancer,,1
42-47.

Manfredi, J. J., & l@rwitz, S. B. (1984).Taxol: an antimitotic agent with new
mechanism of actiorPharmacol. Ther., 2§1), 83125

Martin C. et al. (2000). Communication between multiple drug binding sites-on P

glycoprotein.Mol. Pharmacol., 58624 632.

Medline Plus. (R12). X-plain patient education breast cancer, <http:/
www.nIm.nih.gov/medlineplus/tutorialsfeastcancer/htm/_no_50_no_0.htmLast
accessed date: 2012, July 5.

Meier, W., du Bois, A., Rau , J., Groyeier, M., Baumann, K., Huober, &t al
(2012). Randomized phase Il trial of carboplatin and paclitaxel with or without
lonafarnib in firstline treatment of epithelial ovarian cancer stage-IUB
Gynecologic Oncology, 128), 236240.

Morschhauser, F., & Zinzani, P. L. (2007). Phase I/ll trial of-glyleoprotein
inhibitor, Zosuquidar. 3HCI trihydrochloride (LY335979), given orally in
combination with the CHOP regimen in patients with 4htodgkin's lymphoma.
Leuk. Lypmhoma, 4§08715.

National Cancer Institute. (2011). Breast Cancer Treatment,
<http://www.cancer.gov/cancertopics/pdg/treatment/breast/healthprofessional/page2
/AllPages#Section_551>. Last accessed date: 2012, July 5.

75



National Cancer Institute. (2012). Paclitaxehttp://www.cancer.gov/cancertopics/

druginfo/paclitaxel>. Last accesseatet 2012, July 5.

Nobili, S., & Landini, I. (2006). Pharmacological strategies for overcoming

multidrug resistanceCurr. Drug Targets, 7861879.

¥zben, T. (2006) . Mechani sms and strateg
in cancerFEBS Lett., BO(12), 29032909.

Quinn, J. E., Kennedy, R. D., Mullan, P. B., Gilmore, P. M., Carty, M., Johnston, P.
G., et al (2003). BRCAL1 functions as a differential modulator of chemotherapy
induced apoptosi€ancer Res., §39), 62216228.

Reiger, P. T. (2004)The biology of cancer geneticS&eminars in Oncology
Nursing, 2@3), 145154.

Rochat, B. (2005). Role of cytochrome P450 activity in the fate of anticancer agents
and in drug resistance: focus on tamoxifen, paclitaxel and imatinib metabolism.
Clinical Pharmacokinetics, 44), 349366.

Sampath, J., Sun, D., Kidd, V. J., Grenet, J., Gandhi, A., Shapiro, let Hl,
(2001). Mutant p53 Cooperates with ETS and Selectivelyrddgplates Human
MDR1 Not MRP1.The Journal of Biological Chemistry, 2742), 3939-39367.

76



Scudiero, D. A., Shoemaker, R. H., Paull, K. D., Monks, A., Tierney, S., Nofzinger,
T. H., et al (1988). Evaluation of a soluble tetrazolium/formazan assay for cell
growth and drug sensitivity in culture using human and other tumor cell lines.
Cancer Research, 487), 48274833.

Smoter, M., & Bodnar, L. (2011). The role of Tau protein in resistance to paclitaxel.
Cancer Chemotheraphy and Pharmacology, #3-557.

Steward, A., & Steiner, J. (2000). Phase | trial of XR9576 in healthy volunteers
demonstrates modulation ofdPycoprotein in CD56+ lymphocytes after oral and

intravenous administratiolin Cancer Res, ,641864191.

Swift, L. P., & Rephaeli, A. (2006). DoxorubicDNA adducts induce a nen
topoisomerase dinediated form of cell deatancer Research, (8), 48634871.

Tan, B.et al. (2000). Multidrug resistance transporters and modulaGome. Opin.
Oncol., 12 450458.

Thermo Scientific Technical Bulletin T042 NanoDrop Spectrophotometers
<http://www.nanodrop.com/Library/TO4RanoDropSpectrophotometefbucleic
Acid-Purity-Ratios.pdf. Last accessed date: 2012, June 22.

Tian, Q., Stepaniants, S. B., Mao, M., Weng, keetham, M. C., Doyle, M. J.,
et al (2004). Integrated genomic and proteomic analyses of gene expression in
Mammalian cellsMol Cell Proteomics, G.0), 960969.

77


http://www.nanodrop.com/Library/T042-NanoDrop-Spectrophotometers-Nucleic-Acid-Purity-Ratios.pdf
http://www.nanodrop.com/Library/T042-NanoDrop-Spectrophotometers-Nucleic-Acid-Purity-Ratios.pdf

Topping, R. P., Wilkinson, J. C., & Scarpinato, K. D. (2009). Mismatch protein
deficiency compromises cisplatin induced apoptotic signallidgBiol Chem,
284(21), 14029140309.

Traunecker Het al (1999). The acridonecarboxamide GF120918 potently reverses
P-glycoproteinmediated resistance in human sarcoma NS cells. British
Journal d Cancer, 816), 942 951.

Tsuruo, T., lida, H., Tsukagoshi, S., & Sakurai, Y. (1981). Overcoming of
vincristine resistance in P388 leukemia in vivo and in vitro through enhanced
cytotoxicity of vincristine and vinblastine by verapam@ancer Research, 41
19671972.

Turkish Ministry of Health. (2006)Cancer Control Department, Cancer Statistics.
Ankara.

Twentyman, P. R., & Bieehen, N. M. (1991). Resistance modification byd33@

novel nonimmunosuppressive cyclosporirieur. J. Cancer, 2716391642

urfal é, ¢ . (2012) . Reversal of breast

resistance in MCH breast adenocarcinoma cell line (Ms Thesis). Ankara: METU.

Wallstab, A. (1999). Selective inhibition of MDR1-gkcoproteinrmediated
transport by theacridone carboxamide derivative GG91British Journal of
Cancer, 797/8), 1053 1060.

78

c

a



Wang, L. G., & Liu, X. M. (1999). The effect of antimicrotubule agents on signal
transduction pathways of apoptosisia revie®@ancer Chemoteraphy and
Pharmacology, 44355-361.

Wong, H. L. (2006). Simultaneous delivery of doxorubicin and GG918 (elacridar)
by new polymeilipid hybrid nanoparticles (PLN) for enhanced treatment of
multidrugresistant breast cancdournal of Controlled Release, 1,157/5284.

World Health Organization. (2008). Cancer<http://www.who.int/mediacentre/
factsheets/fs297/en/> . Last accessed date: 2012, July 5.

World Health Organization. (2011). National cancer control programmes.

http://www.who.int/cancer/nccp/enLast accessed date: 2012, July 5.

Wu, C. P., Calcagno, A. M., & Ambudkar, S. V. (2008). Reversal of ABC drug
transporteimediated multidrug resistance in cancer cells: Evaluation of current
strategiesCurr. Mol. Pharmacol., (2), 93-105.

Zaman, G. J., Flens, M. J., & van Leusden, M. R. (1994). The human multidrug
resistance associated protein MRP is a plasma membraneffltegpump.Proc.
Natl. Acad. S¢P1), 88228826.

79


http://www.who.int/cancer/nccp/en/

APPENDIX A

CELL CULTURE MEDIUM

Table A.1 Composion of RPMI 1640 Mediun(Biochrom AG, Germany)

Substance Concentration Substance Concentration
mg/| mg/|
NaCl 6000 L-methionine 15
KCI 400 L-phenylalaline 15
Na,HPO, 7H,O 1512 L-proline 20
MgSQO, 7H,0 100 L-serine 30
Ca(NGy),4H,0 100 L-threonine 20
D-glucose 2000 L-tryptophane 5
Pheneol red 5 L-tryosine 20
NaHCGO, 2000 L-valine 20
L-arginine 200 Glutathionie 1
L-asparagine 50 Biotin 0.2
L-aspartic acid 20 Vitamin By, 0.005
L-cysteine 50 D-Capantothenate 0.25
L-glutamine 300 Choline chloride 3
L-glutamic acid 20 Folic acid 1
Glycine 10 Myo-inositol 35
L-histidine 15 Nictoninamid 1
L-hydroxyproline 20 p-amino benzoic acid
L-isoleucine 50 Pyridoxin-HCI 1
L-leucine 50 Riboflavin 0.2
L-lysineHCI 40 ThiamineHCI 1

Biochrom: RPMI 1640, atrieved from
http://www.biochrom.de/fileadmin/user_upload/service/produktinformation/
englisch/BC_atalogue_62 63 RPMI1640.pdf. Last accessed date; 20y20.
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APPENDIX B

BUFFERS AND SOLUTIONS

Phosphate buffered saline (Sigm&ldrich, USA):

Phosphate buffered saline 1 tablet
dH,O 200 mL

1 tablet of PBS was dissolved iH,O with the help of a magnetic stirrer and a
magnetic strbar The solution was autocl aved

PBS solution was stored at 4 AcC.

Freezing medum:

DMSO (Cell Culture Grade 10%) 1mL

FBS (Heatinactivated 90%) 9mL

Frezing medium was stored at 4AC.
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Diethylpyrocarbonate (DEPC) treated water:

DEPC 1mL
dH.O 1L

1 mL of DEPC was vigorously mixed with 1 L gBl. Solution was left for
overnight incubation. Afterwards, DEPC treatedtev was autm| aved at 121 A

20 minutes.

Ethidium bromide (EtBr) solution:

EtBr 10 mg
deO 1mL
Di ssolved EtBr solution was kept 1 n dark

Agarose Gel(For RNA sample loading)

Agarose 1lg

1X TAE Buffer 100 mL
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Agarose Gel(For DNA sample loading):

Agarose 29

1X TAE Buffer 100 mL

50X Tris-Acetate-EDTA (TAE) Buffer (1 L):

Tris base (Mw: 121.14 g/mol) 242 ¢
Acetic acid 57.1 mL
0.5 M EDTA disodium dehydta (Mw: 372.24 g/mol) 100 mL
dHO 842.9 mL

pH was adjusted to 8.5 and solution was
buffer was diluted to 1X with di® for use in electrophoresis tank and agarose gel

preparations. The solutiomas st ored at 4AC.

6X DNA Loading Dye (Fermentas, Lithuania)

60 mM EDTA 10 mM TrisHCI (pH 7.6), 0.03% Xylene cyanol FF0.03%
Bromophenol blugs0% Qycerol.
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2X RNA Loading Dye (Fermentas, Lithuania)

0.5 mM EDTA

95% Formamide

0.025% SDS

0.025% Bomophenol blue
0.025% Xylene cyanol FF

0.025% Ethidium bromide

84



APPENDIX C

MCF7/Pac SUBLINE AND ITS PROPERTIES

The 1G value of theMCF7/Pacsubline was determined by XTT cell proliferation
assay and reported as 317089.200M by révously (Kars et al, 2008).
However, MCF7/Pac cells used in this study had been stored in liquid nitrogen for 6
years.In order b confirm the resistance of the MCF7/Pac sublingy W@lue was
recalculated by XTT cell proliferatioassay andhe 1G value was found to be
42.52 N 4.79 OM in this study.

The dramatic decrease in thesd@alue of MCF7/Pac cell line indicates it has
partially lost resistance to paclitaxel over time. This may be due to its long term
storage in liquid nitrogen. Although treells in liquid nitrogen should keep their
properties, it is suggested in the cells which gain resistance to paclitaxel in a
stepwise manner, the resistance may not be very stable. In case of constant exposure
to paclitaxel in cell culture studies, it é&xpected that the cells will not lose their
resistance. Howevewhen the cells are kept in liquidtrogen in a freezing medium

which does not contain paclitaxel, the resistance seems to be partially reverted. The
change in the 165 value might be an indator of changes in metabolism of the cells

under storage conditions.

Since Pgp overexpression was the main reason of paclitaxel resistance in this
subline (Kars et al, 2008) most probable explanation of §Creduction was the
downregulation of Ryp in either mRNA or protein level. Nevertheless, there are
many other mechanisms contributing to resistance besides MDR1 upregulation.
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For instance, any mutation in the genes that are related to detoxification
mechanisms may have lowered the resistance of M&iE7tells.GSTP1gene

which encodesGlutathione Sransferase P, was significantly upregulated in
previous report(Kars et al.,, 2011). Since this protein is responsible from
detoxification, downregulation of its expression could be a reason for lowgr IC
value. Again in the previous report it was stated that, the genes that suppress cell
deathwere upregulatedKars et al., 2011) If these genexpression levels were
downregulated in the storage period without paclitaxel exposure, lower cell death

avoidane could explain reduced dgvalue.

Karset al. had also stated th8RCAlexpression was significantly downregulated

in MCF7/Pac cell line when compared to MCF7/S cell line becoming an important
factor causing resistan¢Karset al.,2011) This was da to the fact that, BRCAl

is a tumor suppressor that directs the cells to apoptosis after paclitaxel treatment
(Quinn, et al, 2003) The reduced activity of BRCAL is an indicator of resistance
for mitotic inhibitor agents(Lafarge, 2001) According to thee informations,

upregulation of this gene could also reverse resistance in this cell line.

Paclitaxel resistance can also be due to the changes in microtubules. Since this
anticancer drug exerts its effect by binding to microtubules, alterations in
microtubule related genesnay change microtubule dynamics and result in
decreased paclitaxel efficiency Cheun g, 2104d. 2010) Kviken rthe
expression levels of MCF7 parental and MCF7/Pac cells for microtubule associated
genes wer e ¢ o ratpah, rupregulatiop walk kseem in most of the
microtubule related genes such as tubulins. The changes in their expression levels
were proposed as another reason for paclitaxel resistakceeeal.,2010) Since

these changes in the microtubules were duehte exposure of mitotic agent
paclitaxel, it is possible that these alterations were reverted in an environment
without the drug. Hence, long time storage in liquid nitrogen where paclitaxel is not
present, may have altered the microtulbndiated genexpression levels back to

their parental form.
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In addition to these possible changes, new pathways or genes which were not found
to be significantly altered in this cell line might have been activésedh as
upregulation of Caspase 8r deactivateqsuchasBcl-2 downregulation) causing

loss of resistance.

According to 1Go values for paclitaxetlerived from XTT cell proliferation assay
resul ts, MCF7/ Pac <cel |l s 6wa® meh bwel thanesi st
previously reportedKarset al, 2008) However, gene expression studies indicated
MCF7/Pac cells relativlDR1 gene expression in this study was higher than the
relative MDR1 gene expression in the same subline compared to previous report
(Kars et al, 2008) This supports the idea that deaea 1G, value during storage

time was not due to reduced amounts -@pPexpression at mRNA level. It is more

likely that the reduction in resistance level was a result of other altered resistance
mechanisms of MCF7/Pac cell lintn any case, the resuliadicated that the
resistancenechanism of MCF7/Pac cell line had changed over the Jeaseder to
understand these changes and to predict the reasons behind better, a microarray
study can be performed and compared to the previous microarray (&arset

al., 2008)of the same sublind=urthermore, this study suggests thdten using

drug resitant cell lines that had been storiedliquid nitrogenfor a long time at

least the IGy values ofthe corresponding drugsf resistant sublines should be
recalculated in order tdetect a possible decrease in the resistance levels of the

cells.
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APPENDIX D

LIGHT MICROSCOPY IMAGES OF

MCF7/S AND MCF7/PacCELLS

MCF7/Pac cells can be easily distinguished from MCF/S cells under light
microscope. As the callgain resistance to paclitaxel many changes occur in their
morphology as well as changes in their metabolism.order b illustrate,

photographs of MCF7/S and MCF/Pac cells were taken under inverted light

microscope

Figure D1 Microscopic imags of MCF/S cells. Magnifications are 200X and 400X
respectively.
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Figure D2 Microscopic images of MCF/Pac cells. Magnifications are 200X and
400X respectively

When the cell pictures in Figure D.1 and Figure are compared the altered
morphologycan easily be seen. MCF/S cells are more rahaped cells whereas
MCF7/Pac cells are thinner and longEnese visual changes in the morphology are

only some of many changes that occured during multi drug resistance development.

In orde to illustratethe resistance dfICF7/Pac cellihe, different concentrations
of paclitaxel was administereth MCF7/S and MCF/Pac cell82 hours later, cells
were washed with PBS andicroscopic imagesinderinverted light microscope

were taken.
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