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ABSTRACT

ESTABLISHMENT OF DRUG-RESISTANT CELL LINES

IN NON-SMALL CELL LUNG CANCER

Aylin GUNDUZ
Department of Nanotechnology and Engineering Sciences
Supervisor: Asist. Prof. Dr. Ozgiir Cem ERKIN
June 2019, 46 pages

Non-small cell lung cancer is one of the leading causes of cancer-related deaths
worldwide. One of the major reasons for this is the development of resistance against
theurapatic drugs during treatment or due to genetic make up of tumors in patients. Although
several molecular agents have been developed to overcome drug resistance, risk of recurrence
is still being a challenge for efficient therapy at the present time. Thus, understanding
chemoresistance mechanisms is crucial for successful treatment of this disease. In this study,
it was aimed to establish drug-resistant sub-cell lines by mimicking treatment conditions of
non-small cell lung cancer patients in vitro to study drug resistance mechanisms and to
generate cell lines for future purposes to discover novel anti-chemoresistance agents. In
accordance with this purpose, human non-small cell lung cancer cell line A549 was exposed
to increasing concentrations of Epithelial Growth Factor Receptor targeting drug Erlotinib to
create an Erlotinib resistant subline. To compare possible morphological and molecular
changes during resistance development, a parental A549 subline was maintained in a parallel
culture. The cell viability changes in both sublines were demonstrated by cell viability assays.
Both groups of sublines were subjected to wound healing assay to monitor the differences in
metastatic progression; on the other hand, tumorigenic capacities were measured by soft agar
colony formation assays. Furthermore, the effects of Erlotinib on the gene expression changes
of epithelial to mesenchymal transition markers, a key feature of chemoresistance, were

detected by quantitative reverse transcription polymerase chain reaction analysis. It was found



that besides increased cell viability under drug conditions, Erlotinib resistant subline was
more tumorigenic with a greater migration capacity than the parental subline. Finally

mesenchymal biomarker N-Cadherin gene expression was significantly increased in Erlotinib
resistant subline.

Keywords: Non-small cell lung cancer, drug resistance, Erlotinib, in vitro
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OZET

KUCUK HUCRELi OLMAYAN AKCiGER KANSERI’NDE iLACA DIiRENCLI
HUCRE HATLARININ OLUSTURULMASI

Aylin GUNDUZ
Nanoteknoloji ve Miihendislik Bilimleri Anabilim Dali
Danisman: Dr. Ogr. Uyesi Ozgiir Cem ERKIN
Haziran 2019, 46 sayfa

Kiigiik hiicreli dist akciger kanseri diinyada kansere bagli Oliimlerin 6nemli
sebeplerinden birisidir. Bunun temel nedenlerinden birisi tedavi sirasinda ya da hasta
tiimorlerinin genetik yapisina bagl olarak terapi ilaglarina karsi gelisen kimyasal direngtir.
Her ne kadar ila¢ direncini agmak icin ¢esitli molekiiler ajanlar gelistirilmis olsa da hastaligin
dirence bagli olarak tekrarlamasi, giiniimiizde halen etkili tedavi i¢in 6nemli bir engel
olusturmaktadir. Bu nedenle, kemorezistans mekanizmalarin1 anlamak, hastaligin basarili bir
sekilde tedavisi icin gereklidir. Bu c¢alismada ileride ilag diren¢ mekanizmalarinin
aydinlatilmas1 ve yeni diren¢ karsiti ajanlarin tespiti i¢in kullanilacak hiicre hatlarinin
olusturulmasi igin in vitro da hasta kemoterapi kosullar1 taklit edilerek ilag direngli hiicre
hatlar1 olusturmak amaglanmistir. Bu amag¢ dogrultusunda Epitelyal Biiyiime Faktorii
Reseptorii’ne hedeflemeli bir ilag olan Erlotinib’e direngli hiicre alt hatlari, A549 kii¢iik
hiicreli dis1 akciger kanseri hattinin  Erlotinib’in artan konsantrasyonlarina maruz
birakilmasiyla olusturulmustur. Diren¢ gelisimi sirasinda olusabilecek morfolojik ve
molekiiler degisimlerin karsilastirilmasi amaciyla anag AS549 alt hattinin parelel kiiltiiri
stirdliriilmiistiir. Her iki hiicre alt hattinda meydana gelen canlilik degisimleri hiicre canlilik
testi ile gosterilmistir. Her iki hiicre grubu, metastatik gelismelerdeki farkliliklarin gzlenmesi
icin yara kapama testine maruz birakilmig, 6te yandan tiimorijenik kapasiteleri yumusak agar
koloni olusum testi ile 6l¢iilmiistiir. Buna ek olarak, Erlotinib’in kimyasal direncin 6nemli bir
0zelligi olan epitelyal hiicre tipinden ve mezenkimal tipe gegis isaretleyicilerinin gen ifadeleri

tizerindeki etkisi, kantitatif ters transkriptaz polimeraz zincir reaksiyon analizi ile

vii



belirlenmistir. {lag kosullarinda artan hiicre canlihiginin yam sira, direngli alt hattin anag hatta
gore daha tiimorijenik ve daha yiiksek goc¢ kapasitesine sahip oldugu gézlenmistir. Son olarak
Erlotinib direngli alt hatta mezenkimal hiicre tipi isaretleyicisi N-Cadherin ifadesinin 6nemli

derecede arttig1 goriilmiistiir.

Anahtar Kelimeler: Kiigiik hiicreli dis1 akciger kanseri, ilag direnci, Erlotinib, in vitro
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1. INTRODUCTION

Recent research advances in tumor biology and pathogenesis, have resulted in significant
progress in lung cancer treatment. This progress has provided accurate histological
classification and biomarker information for the treatment of lung cancers. Lung cancer has
classified into two main histological types: non-small cell lung cancer (NSCLC) and small
cell lung cancer (SCLC) (Zheng, 2016).

With 85% of total lung cancer occurrence, NSCLC in early stages can be treated with
surgery, chemotherapy or radiotherapy. For the treatment of advanced stage NSCLCs,
however, a combination of platin based drugs and other conventional drugs is prefered.
Molecular biomarkers such as epidermal growth factor receptor (EGFR) mutations can be
targeted with relatively newer drugs such as Erlotinib (Zappa, et al. 2016). But possibility of
disease recurrence in early stages and low survival rates and development of drug resistance
in late stages avoids successful treatment of this disease (Iglesias et al., 2018). Low survival
rates in patients with NSCLC has been associated with intrinsic or acquired drug resistance,
which reduces chemotherapeutic drugs’ efficiency (Wongvaranon et al., 2013). Epithelial
mesenchymal transition (EMT) is an acquired resistance mechanism associated with
downregulation of epithelial markers such as E-cadherin and upregulation of mesenchymal

markers such as N-cadherin (Xu, et al. 2017).

General purpose of this study is to establish drug-resistant cell lines for investigating
intrinsic or acquired resistance mechanisms, which cause failure in the treatment of metastatic
NSCLC patients. For this purpose, a drug resistant subline A549-Erlotinib Resistant (A549-
ER) was generated by using human NSCLC cell line A549 with wild-type EGFR. During this
process, A549 cells were treated with EGFR tyrosine kinase inhibitor (EGFR-TKI) Erlotinib
in increasing concentrations. To compare possibly differentiated morphological and molecular
characters, A549-ER was cultured in parallel with a parental subline A549-Parental (A549-
PT) which was treated with Erlotinib solubilizing agent DMSO only. These comparisons were
performed with cell culture and molecular biology methods including cell viability, cell
wound healing, and soft agar colony formation assays. Moreover, analysis of expression

markers for EMT process, which seems to be a challenge for the treatment of advanced



NSCLC patients, was performed by quantitative reverse transcriptase polymerase chain
reaction (QRTPCR). Further research will be carried out in future to observe the effects of 2"

and 3" generation drugs on A549-ER developed in this thesis process.



2. LITERATURE REVIEW

2.1. Lung Cancer
2.1.1. Lung Cancer Epidemiology

Lung cancer originates from the uncontrolled proliferation of aberrant cells in lung
tissues (Zhang et al, 2013). Despite improved diagnostic and therapeutic advances, lung
cancer remains as the most prevalent fatal disease (Pathak et al., 2004). The number of people
who die due to lung cancer exceeds the number of people dying because of breast, colorectal
and prostate cancers combined (Cruz et al., 2011). Due to lung cancer, 1.38 million people die
each year, i.e. much more than 3,000 deaths a day worldwide, or two deaths in a minute. Lung
cancer is a kind of cancer, which causes fatal results in both men and women. Considering the
sex of the people, the number of women who diagnosed as lung cancer is increasing
compared to men. More specifically, the annual increase for men is 3 % while for women it is
400 % (Bleehen, 1985)

2.1.2.  Lung Cancer Classification

Lung cancers are commonly split up into two major types, NSCLC and SCLC depending
on their morphology under the microscope (Inamura, 2017). Approximately 95 % of all lung
cancers are classified as either SCLC or NSCLC (Bleehen, 1985). The remaining 5 % consists
of other histological types of tumors including adenoid cystic carcinomas, lymphomas,
sarcomas as well as hamartomas in lung tissue (Bhatia et al., 2006). SCLC is found in 1 out of
every 8 lung cancer patients and it exhibits a tendency to expand more swiftly than NSCLC.
Thus, it is frequently diagnosed when it has interpenetrated outside of the lung (Nicholson et
al. 2002). SCLCs have smaller diameter size when compared to NSCLCs and their clinical
treatment regimen is different (National Cancer Institute, 1995). On the other hand, NSCLC is
the most prevalent lung cancer type constituting approximately 85% of the diagnosed lung
cancers in a global scale (Pathak et al., 2004). NSCLC is further divided into three main
histological types; adenocarcinomas, squamous cell carcinomas and large cell carcinomas
(Cagle et al., 2013). Adenocarcinomas arise in the periphery of the lungs while squamous cell
carcinomas mostly spring up centrally in larger bronch. Large cell carcinomas on the other
hand, may take place in any part of the lungs. They have a tendency to grow and scatter more
quickly than the other two-carcinoma types (Bleehen 1985).



2.1.2.1.  Non-small cell lung cancer and treatment methods

Approximately 20-30 % of patients harboring the predominant NSCLC type of lung
cancers are on stage I, Il, and Il1A of the disease at the time of diagnosis. Patients at these
stages are treated generally with surgery, chemotherapy, radiotherapy and, in some cases,
adjuvant cisplatin. However, the patient's response to treatment is unpredictable and there is
always a possibility of disease recurrence (Smythe, 2001; Paraschiv et al., 2016). Almost half
of the NSCLC patients are diagnosed on stage I1IB and IV that are advanced and metastatic
stages of the disease, respectively. The most appropriate treatment regimen for patients with
stage 111 disease is a combination of platinum-based chemotherapy with radiotherapy; while
in stage IV it is chemotherapy alone (Hopper-Borge et al., 2014; Cagle et al., 2013).
Platinum-based doublet chemotherapy is an important choice of treatment for advanced
NSCLC and is aimed to reduce symptoms as well as prolong disease free survival (Tsvetkova
et al., 2012). For metastatic NSCLC patients a combination of cisplatin or carboplatin with
other conventional drugs such as paclitaxel, docetaxel, gemcitabine and vinorelbine has been
favoured (Yu et al., 2015). However, due to intrinsic or acquired resistance developed against
chemotherapeutic drugs, survival rates in NSCLC patients still remains low (Wongvaranon et
al., 2013).

2.1.2.2.  Non-Small Cell Lung Cancer and Novel Treatment Methods

Recent advances towards personalized medicine and omics studies help to develop more
effective cancer treatment methodologies (Verma, 2012). For instance, novel molecular
targeted therapies increase the rate of progression-free survival and overall survival of
NSCLC patients during treatment. Frequently apprehended molecular biomarkers such as
mutations or amplification of EGFR, echinoderm microtubule-associated protein-like- 4-
anaplastic lymphoma kinase (EML4-ALK) translocation, Notch signal activation, mutations
in proto-oncogene B-Raf (BRAF), kirsten rat sarcoma viral proto-oncogene (KRAS) and
phosphatidylinositol 3-kinase, catalytic o polypeptide (PI3KCA) can be targeted in NSCLC
therapies (Hopper-Borge et al., 2014; Sun et al., 2015).

In studies aiming to resolve the molecular biological basis of NSCLC, frequent abnormal
expression and activation of EGFR have been shown to be predominantly critical for the
development of a more aggressive form of NSCLC (Ghosh et al., 2012). EGFR



overexpression has occurred in tumors from more than 60 % of patients with metastatic
NSCLC and it is associated with poor prognosis. The dysregulation of EGFR leads to increase
in malignant cell survival, proliferation, angiogenesis, invasion, and metastasis (Gazdar,
2009). For this reason, monoclonal antibodies targeting various domains of EGFR are
developed. The approved monoclonal antibodies, cetuximab that is a chimeric human/murine
monoclonal immunoglobulin G1 antibody and panitumumab which is a fully human 1gG2
monoclonal antibody, target the extracellular domain of EGFR (Sgambato et al., 2014). In
addition, specific small molecule tyrosine kinase inhibitors targeting EGFR such as erlotinib,
gefitinib, and EGFR and HER2 suppressing dual kinase inhibitor lapatinib, pan-ErbB
inhibitor canertinib suppressing EGFR as well as other ErbB receptors including EGFR and
vascular endothelial growth factor receptor (VEGFR) and less specific inhibitors that suppress
RET including vandetanib have been in development for clinical use (Kilig, 2012). Crizotinib
initially utilized as a potent, ATP competitive, orally biologically accessible c-MET inhibitor
until EML4-ALK fusion had been detected in NSCLC patients. Nowadays crizotinib is used
in therapies for EML4-ALK fusion positive and ROS1 overexpressing lung cancer patients
(Timm et al., 2013). Among these small molecule inhibitors, the reversible EGFR TKIs
gefitinib, erlotinib and irreversible EGFR TKIs, including afatinib, dacomitinib and neratinib,
are approved for metastatic NSCLC treatment (Mahipal et al., 2014; Wang et al., 2016). In
lung cancer cells with EGFR mutations, small molecule reversible inhibitors selectively bind
to the tyrosine kinase region of the EGFR intracellular domain. This binding results in
attenuation in autophosphorylation of EGFR and prevention of signal transduction of the
phosphatidylinositol-3-kinase/Protein  Kinase B/ mammalian target of rapamycin
(PIBKCA/AK/mTOR) and ras/raf/mitogen-activated protein kinase (RAS/RAF/MAPK)
pathways. As a result, it leads to a reduction in cell proliferation, survival and angiogenesis in
cancer cells. In addition, this binding of small molecule TKIs promote apoptosis by increasing
cancer cell sensitivity to the toxic effects of chemotherapy and radiotherapy (Wang et al.,
2016; Lopes et al., 2015).

2.2. Drug Resistance and Resistance Mechanisms

The prognosis of lung cancer is very poor, such that nearly 80% of patients die within 1
year of diagnosis. Despite major advances in chemotherapy and radiotherapy has been made
over the past decades, long-term survival could be achieved only in 5-10% of the patients
(Zappa et al., 2016). The major problem in lung cancer chemotherapy is the manifestation of



inherent and acquired drug resistance of the cancer cells. Resistance to anticancer agents
involved in SCLC as well as in NSCLC (Huber, 2004). Most patients with SCLC have an
initial response to chemotherapy, but the majority relapses and their tumors are largely
refractory to further treatment. Drug resistance or chemoresistance is seen as a challenge
during the treatment of lung cancer patients and thus, the prognosis in both SCLC and
NSCLC therapy remains low (Skarda et al., 2007). There are two postulated mechanisms
related to drug resistance include intrinsic resistance present before diagnosis or acquired

resistance due to continuous exposure to drug during treatment.

2.2.1. Intrinsic Resistance Mechanisms

One of the intrinsic resistance mechanisms originates from destabilisation of the
equilibrium between the active and inactive states of EGFR kinase activity due to a non-
sensitive EGFR mutation (Morgillo et al, 2016). For instance, NCSLC has intrinsic resistance
to conventional cisplatin therapy. Resistance mechanisms against platin based chemotherapy
include (a) increased repair of platinum-induced DNA damage i.e. increased nucleotide
excision repair or loss of DNA mismatch repair, (b) glutathione or metallothion in drug
deactivation, (c) reduced cellular uptake of the platinum, and (d) altered apoptosis (Cosaert et
al., 2002). Other conventional therapeutics such as tubulin inhibitors vinorelbine and taxanes
(paclitaxel and docetaxel) have almost identical resistance mechanisms containing (a) efflux
of drug by a membrane pump, (b) altered metabolism or distribution of agent, (c) altered
interaction of agent with microtubules and response to cell cycle arrest, and (d) inadequate
induction of apoptotic signal. In addition, gemcitabine resistance mechanisms arose from the
inadequate intracellular concentration of gemcitabine triphosphate resulting from the failure
of an activation/degradation pathway. Also, the sensitivity of tumor cells to the cytotoxic
effects of gemcitabine influenced by alterations of apoptosis-regulating genes such as p53 and

altered interactions with intracellular targets (Séve et al., 2005).

EGFR-TKIs, included in relatively new treatment strategies, suffer from
chemoresistance occur even before treatment as well in advanced NSCLC. Intrinsic resistance
in EGFR mutant NSCLC, defined as an instantaneous ineffectiveness of EGFR-TKI, usually
occurs as a result of non-sensitive mutations (Wang et al., 2016). Exon 20 insertions or
duplications, and EGFR exon 20 mutation, T790M are associated with primary resistance to
EGFR-TKIs. T790M mutation returns the L858R mutant receptors affinity for ATP to wild-



type levels to diminish the effects of TKIs (Stewart et al., 2015). The study performed with
using cell lines harboring the V843l and L858R mutations has shown resistance to EGFR-
TKIs (Prim et al., 2014). On the contrary, although some of the patients have EGFR-
activating mutations, they can not initially provide the desired clinical outcomes due to
intrinsic resistance against EGFR TKI treatment (Okamoto et al., 2011). Patients with BIM
polymorphism have intrinsic resistance to EGFR TKIs treatment. Thus, selection of EGFR
mutant NSCLC patients can be used as a predictor for who can benefit from TKIs therapy
(Zou et al., 2015).

2.2.2.  Acquired Resistance Mechanisms

Despite the advanced progressions in clinical outcomes provided by EGFR TKIs, most of
NSCLC patients harboring EGFR-activating mutations, acquire resistance after about 10
months of treatment initiation (Kosaka et al., 2011). Moreover, after prolonged treatment of
cultured cells with drugs in vitro, secondary or acquired resistance is formed and the resistant
phenotype can appear through a few molecular mechanisms (Morgillo et al., 2016). In recent
studies targeting acquired resistance mechanisms of EGFR-TKIs, secondary mutations
including T790M, D761Y, L747S, and T854A, parallel activation of downstream signaling
pathways consisting of c-MET and hepatocyte growth factor receptor (HGF) overexpression
as well as a phenotypic transformation into SCLC and EMT were found to be involved
(Figure 2.1). T790M mutation, or convertion of methionine for threonine at amino acid
position 790, is a secondary point mutation found in approximately 50 % of the lung cancer
patients with acquired resistance (Suda et al., 2009). Acquired T790M is seen as a major
mechanism of acquired resistance to afatinib. Moreover, it was observed in around a half of
the cases with acquired resistance to gefitinib or erlotinib (Wu et al., 2016). T854A detected
in erlotinib-resistant laboratory models as well as in clinical specimens may increase the
selective pouch size of EGFR protein and prevent erlotinib binding. In addition, a
transmembrane tyrosine kinase receptor MET appears a significant cause for acquired

resistance to gefitinib or erlotinib in NSCLC patients.

Recent laboratory studies demonstrated that the activation of signaling pathways, such
as Wnt and mTOR could form the c-MET resistance. To overcome this resistance,
combinatorial treatment with inhibitors can be applied against c-Met, Wnt, and mTOR (Stone
et al., 2014). It has been shown that HGF stimulates resistance by activating c-MET which



regulates the phosphorylation of downstream MAPK/ERK1/ERK2 and PI3K/AKT pathways.
Resistance caused by HGF can be removed by blocking EGFR downstream pathways (Huang
et al., 2015). SCLC transformation as an alternative resistance mechanism is rarely present in
lung cancers harboring EGFR gene mutations and it has still been under investigation (Suda et
al., 2015; Huang et al., 2015).

EMT which normally takes part in tissue transformations has been found to be one of the
acquired resistance mechanisms in NSCLC (Xu et al., 2017). EMT process involves the
downregulation of epithelial markers in adherence and tight junctions as well as cytoketarin
filament network including E-cadherin, occludins, claudins, desmoplakin, type IV collagen,
laminin 1, cytokeratins, catenins, zonula occludens-1 (ZO-1) and mucinl. On the other hand,
it includes the upregulation of mesenchymal markers, such as N-cadherin, vimentin, a5p81 and
a V6 integrins, tenascin C, laminin B1 and 5, type I and VIa collagen, fibronectin, fibroblast
specific protein 1 and a-smooth muscle actin (Joyce, 2014). Epithelial-like cancers are more
sensitive to targeted therapies, whereas, mesenchymal-like cancers are more susceptible to
DNA damaging agents (Xavier et al., 2016). Increased expression of E-cadherin related to the
clinical activity of EGFR TKIs in NSCLC patients is proposed as an acquired resistance
mechanism defined in vitro and in vivo whereas N-cadherin expression is said to promote
EMT phenotype (Remon et al., 2014). But, the specific mechanism of EMT related to
chemoresistance has not been elucidated (Huang et al., 2015). According to Thomson and
colleagues, resistance caused by EMT is seen when alteration occurs in kinase pathway
activation. They found that phosphorylation of EGFR, ERBB2 and ERBB3 is reduced in
mesenchymal-like cells. On the contrary, expression of platelet-derived growth factor
receptors (PDGFR), fibroblast growth factor receptor (FGFR) and transforming growth factor
B (TGFp) receptors increased in EMT-induced cells through overexpression of TGFf
(Thomson et al., 2008).
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Figure 2.1. Frequency of acquired resistance mechanisms for EGFR-TKIs
(http://clincancerres.aacrjournals.org/content/17/17/5530.full-text.pdf)

2.3. Novel Drugs and Their Resistance Mechanisms

Because of the inefficacy of conventional and first-line chemotherapeutic drugs to treat
metastatic NSCLC patients, second and third-generation drugs have been developed (Table
2.1). Ceritinib and alectinib are second generation ALK inhibitors approved by American
Food and Drug Administration (FDA) to overcome crizotinib resistance, including ALK
secondary mutations such as G1202R and F1174C (Gainor et al., 2016; Gou et al., 2016).
Brigatinib is a second generation ALK inhibitor used to reveal mutations resistant to
crizotinib. Morever, third generation ALK/ROSL inhibitor lorlatinib could reduce ALK
inhibitor resistance (Nursal, 2017). Although ALK inhibitors achieved a good response in
therapy, most of the patients beared acquired resistance at last. For instance, MET
amplification and MET activation based on autocrine signaling revealed in an alectinib-
resistant cell line (Isozaki et al., 2015a).

The second-generation EGFR/HER-TKIs including afatinib, dacomitinib and neratinib
were developed to covalently bind to the ATP-binding site of the pan-HER receptors. As a
result of this irreversible binding, they inhibit EGFR T790M, enzymatic activation of EGFR
and other HER family members including HER2 and HER4 (Hirsh, 2015). Despite an

increase in overall survival of NSCLC patients, second-generation EGFR/HER-TKIs could


http://clincancerres.aacrjournals.org/content/17/17/5530.full-text.pdf

not overcome the acquired EGFR T790M resistance (Landi et al., 2013). On the contrary,
third-generation EGFR/HER-TKIs have been found to be effective in overcoming the
acquired EGFR T790M resistance. However, they could not stop the progression of the
disease due to involvement of some possible adverse mechanisms. Resistance mechanisms
proved in second generation chemotherapeutic drug afatinib involve gatekeeper mutations
such as T790M and MET amplification (Stewart et al., 2015). Moreover, FGFR1
amplification, interleukin 6 receptor/ janus kinasel/signal transducer and activator of
transcription 3 (IL-6R/JAK1/STAT3) pathway, autophagy and Src upregulation have been
associated with resistance to this EGFR TKI. Dacomitinib was found to be effective in both
gefitinib-sensitive and gefitinib-resistant NSCLC preclinical models (Wang et al., 2016).

The third-generation EGFR TKIs include osimertinib, rociletinib, olmutinib, naquotinib
(ASP8273), nazartinib (EGF816), avitinib, mavelertinib (PF-06747775), and HS-10296.
These inhibitors bind to EGFR with T790M and activating mutations to avoid a possible
resistance against first- and second-generation EGFR TKIs in NSCLC. Osimertinib is the
only third-generation drug approved by FDA to treat metastatic EGFR T790M NSCLC
patients (Wang et al., 2016). ASP8273 indicates activity in mutant EGFR cell lines showing
resistance to osimertinib and rociletinib. EGFR exon 20 mutation C797S is proposed as a
resistance mechanism for osimertinib, rociletinib and olmutinib (Liao et al., 2016). The
acquired L7981 mutation was reported in one patient treated with rociletinib or osimertinib.
As an EGFR-independent mechanism of resistance, neuroblastoma RAS viral oncogene
Homolog (NRAS) mutations exhibits acquired resistance to osimertinib, gefitinib and
afatinib. Moreover, amplifications in HER2 and MET genes were observed in osimertinib and
rociletinib resistant EGFR T790M positive NSCLC patients (Sullivan et al, 2017).

10



Table 2.1. Features of TKI type drugs used in metastatic NSCLC treatment

Generation Agent Molecular Target Reference
First Generation Gefitinib EGFRL858R, EGFRDell9 (Riely et al. 2006)
Erlotinib EGFR (Westover et al. 2018)
Crizotinib ALK (Wu et al., 2016)
Second Generation | Afatinib WtEGFR (Cys-797), EGFRL858R, | (Yuetal., 2018)
EGFRL858R/T790M,
EGFRL858R/T854A WtHER?2
(Cys805), HER2 amplification,
HER4(Cys803)
Dacomitinib EGFRL858R, EGFRDell9, | (Yuetal., 2013)
EGFRT790M wtHER2, mutant
HER2, HER2 amplification,
HER4
Neratinib EGFRL858R, EGFRT790M, (Vyse, 2019)
HER2, HER4
Ceritinib ALK, ROS1, IFG1R (Isozaki et al., 2015)
Alectinib ALK, RET (Arai et al. 2017)
Brigatinib ALK, EGFR (Wu et al., 2016)
Third Generation Osimertinib EGFRL858R, EGFRDell9, | (Cortellini et al. 2018)
EGFRT790M
Rociletinib EGFRLB858R, EGFRDell9, | (Tan et al. 2018)
EGFRT790M
HM61713 EGFRLB858R, EGFRDell9, | (Wang et al. 2016)
EGFRT790M
Olmutinib EGFRT790M (Kim, 2016)
ASP8273 EGFR L858R/T790M (Azuma et al. 2018)
EGF816 EGFRT790M, EGFRL858R, | (Wang et al., 2016)
EGFRDell9
PF-06747775 | EGFR T790M (Barnes et al., 2018)
Awvitinib EGFR T790M (Gou et al. 2016)
HS-10296 EGFR T790M (Sullivan et al., 2017)
Lorlatinib ALK, ROS1 (Facchinetti et al., 2018)
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2.4. Modeling Drug Resistance in vitro

In vitro studies are critical for identifying the mechanisms of drug resistance, and
developing new approaches to overcome chemoresistance. There are many methodologies
followed to study drug resistance in vivo and in vitro (Jo et al., 2018). These methodologies
can be grouped into clinically relevant and high-level laboratory models in the studies aiming
to develop drug-resistant cell lines. Clinically relevant models aim to mimic the treatment
regimen of the cancer patients during chemotherapy in the clinic. These models have some
disadvantages such as inconsistent and subordinate resistance as well as small molecular
changes to observe and analyze (McDermott et al., 2014). Unlike the clinically relevant
models, high-level laboratory models are quite simple for creating stable resistant cell lines
and detecting the molecular alterations occur during the development of resistance. Generally,
the cell lines are treated with increasing concentrations of the drug by a prolonged time during
resistance subline development. However, these models can deviate from the clinically
relevant range because of final over-increased resistance levels (Lee et al., 2016). In the
clinically relevant models, the drug is conducted with minimal increase in dose, while there is
no limitation in the high-level laboratory models. Accordingly, the solubility of the selective
agent is accepted as a limiting factor used to detect the amount of drug given to cancer cells in
culture. A suitable range of chemotherapeutic drug can be selected through a cytotoxicity
assay (McDermott et al., 2014).

For developing clinically relevant or high-level laboratory models, a strategy must
include the selection of parental cell line, exposing it to a chemotherapeutic agent, collecting
surviving cells and comparing them with the original parental cell line. For laboratory
modeling of drug-resistant cell lines, the convenient cancer cell line should be selected based

on the relatively low 1C50 value of the drug (Nikounezhad et al., 2016).

While the pulsed treatment includes the application of the drug to cells for a short period
of time, in the prolonged treatment the cells are continuously exposed to the drug. In general,
prolonged exposure of cancer cell lines to certain anticancer drug concentration is preferred as

a strategy by researchers to create resistant cell lines in the laboratory. For selecting the initial
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concentration of the drug, some different approaches are available. Among them, a continuous
increase of drug concentration over time, a second and final increase in the drug concentration
or maintaining the same drug concentration can be selected. Incubation times may be
arranged depending on prolonged or pulsed treatment strategies. After prolonged or pulsed
treatment of cells, the less sensitive ones will withstand drugs and divide until confluency.
During the development of the resistant cell line, in parallel, the parental cell line should be
cultivated for observing alterations in resistant one and to compare. The comparison of the
parental cell line and its isogenic resistant pair can be performed through cell

viability/proliferation assays (Xavier et al., 2016).

The prolonged and pulsed treatment methods are simple, fast and cost-efficient cell-based
assays that use traditional two-dimensional (2D) monolayer cell culture systems. However,
2D cell cultures cannot create in vivo natural three-dimensional (3D) micro environment of
cells. Therefore, they may induce deceptive and unpredictable clinic responses to result in
high-cost. To lower the cost and to remove toxicity especially before a stage of animal tests,
3D cell culture systems mimicking in vivo cell behaviors have been developed (Imamura et
al.,, 2015). Two dimensional and 3D culture systems show differences in cellular
characteristics such as morphology, proliferation, exposure to medium or drugs, stage of the
cell cycle, gene or protein expression as well as drug sensitivity. Two dimensional cultured
cells grow quickly, but 3D cultured cells proliferation rate depends on cell types and/or 3D
model systems (Edmondson et al., 2014). The monolayer structure of 2D cell culture systems
provides cells to exposed to nutrients, growth factors or drugs equally. Ultimately, there is a
possibility that many cells in the same stage of the cell cycle. On the other hand, 3D cell
cultures have a natural shape in spheroid/aggregate structures. Due to this structure, nutrients,
growth factors or drugs cannot pass through spheroid and reach the center of the core. As a
result, spheroids are composed of cells found in proliferating, quiescent, apoptotic, hypoxic,
and necrotic stages similar to the heterogeneous nature of tumors. Gene or protein expression
profiles of 3D cultured cells are more similar to in vivo than 2D cultured cells (Antoni et al.,
2015). Through having various cell types, 3D culture systems can generate effective in vitro
models for building multicellular systems. To study stromal cells in the tumor for treating
cancer, the multicellular systems are crucial. Due to the connection between stromal cells and
metastatic cancer cells, stromal cells are being attractive targets for treating cancer
(Edmondson et al., 2014). However, in contrast to all these advantages, there are also
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disadvantages of 3D systems. These systems are too expensive for both large-scale studies
and high productivity tests compared to 2D cell cultures. The inconsistent results due to
variability in biological matrices and the absence of vascularization important for tumor
growth/ survival and drug delivery constitutes other disadvantages of 3D cell culture systems
(Kapalczynska et al., 2018).

NSCLC patients start to develop resistance to Erlotinib in approximately 10—14 months
after the primary treatment, which results in reoccurring of the disease. In order to better treat
patients with NSCLC, further studies should explore the molecular mechanisms behind
Erlotinib resistance development (Rho et al, 2009). To that end, it was decided to use EGFR-
TKI Erlotinib as a molecular target. KRAS mutant and EGFR wild-type A549 cell line is
originated from an adenocarcinoma of the basal squamous epithelial cells. This cell line is
widely used as an epithelial cell model for drug metabolism due to easy maintainance and
identification in culture. The establishment of chemoresistant subline models in vitro is an
essential resource for representing the mechanisms involved in drug resistance and for the
development of novel drugs against them. For these reasons, A549-ER subline was generated
by treating A549 cells with increasing concentrations of Erlotinib and then characterized at

the molecular level.
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3. MATERIALS AND METHODS

3.1. Materials
3.1.1. Reagents

Roswell Park Memorial Institute-1640 medium (RPMI-1640, Biowest, Nuaille, France),
fetal bovine serum (FBS, Biowest, Nuaille, France), phosphate buffered saline (PBS, Biowest,
Nuaille, France), 0.25 % Trypsin- Ethylenediaminetetraasetic acid (Trypsin-EDTA, Gibco,
MA, USA), penicilin streptomycin (PS, Gibco, MA, USA), Erlotinib hydrochloride (Santa
Cruz Biotechnology, Inc., Hiedelberg, Germany), Dimethylsulphoxide (DMSO, Merck, NJ,
USA), 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT) solution, 1 %
aqueous crystal violet solution, powder agar, and agarose (Sigma Aldrich, MO, USA), Trizol
Reagent (Invitrogen, MA, USA), High Capacity Complementary Deoxyribonucleic
acid (cDNA) Reverse Transcription Kit (Applied Biosystems, MA, USA), FastStart Universal
Synergy Brands Green (SYBR Green) Master (Rox) Mix (Roche, Basel, Switzerland) were

purchased from commercial resources.

3.2. Methods
3.2.1.  Cell lines and culture conditions

Human non-small cell lung cancer cell line was obtained from Dr. Ece Simsek of
Akdeniz University. A549 cells were routinely cultured in RPMI-1640 supplemented with
10 % FBS and 1% PS. The cells were maintained in 5% CO; at 37°C and subcultured after
reaching about 80 % confluency. The subculture of A549 cells was performed in 3 steps
including aspiration of the media, washing cells with PBS and then treating cells with trypsin
to harvest cells from the culture plate’s surface. The cells at 5x10° cells/mL were resuspended
and then transferred to new cell culture plates containing fresh culture media with above
ingradients and maintenance conditions. Cells grown in culture were treated by Erlotinib
according to treatment strategy created from literature. For this purpose, a stock solution of

Erlotinib was prepared by dissolving Erlotinib in DMSO. A working solution was prepared by
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diluting stock solution with fresh media and adjusting Erlotinib concentration according to

treatment conditions.

3.2.2.  Establishment of Erlotinib A549 resistant subline

The concentration of drug at which 50% of the activity of its target is inhibited is called
IC50 value. On the other hand, peak plasma concentration for a drug is its highest
concentration circulating in the blood. Erlotinib concentrations were adjusted depending on
IC50 values and peak plasma concentrations from previous studies. Then, based on the review
in literature, treatment strategy of Erlotinib to A549 cells was carried out as shown in Table
3.1. With these findings, it was aimed to establish resistant cell lines by exposing the A549
cells to the increasing concentrations of Erlotinib every two weeks for two months. Finally,
the cells were maintained in culture for another month at the final concentration of the
Erlotinib to stabilize a resistant phenotype (A549-ER). To develop A549-ER, cells were
seeded at the appropriate number in the cell culture medium. After reaching about 80 %
confluency, A549 cell line was treated with the initial concentration of Erlotinib and
subcultured. Every fortnight, the cells were reseeded for applying the next and higher
concentration of Erlotinib. A549-ER was obtained following the end of Erlotinib treatment
process as shown in Figure 3.1. Solubilizing agent DMSO treated A549-PT and A549-ER
sublines were maintained in parallel in order to monitor the probable effects of Erlotinib on
A549 cells.

Table 3.1 : Erlotinib Treatment Strategy for A549 cell line

Drug Mw Plasma IC50(uM) | IC50 (uM) | Concentration | Treatment

Name (g/mol) | Concentration (calculated) (uM) time
(ng/mL)

Erlotinib | 393.443 | 2308 8 6 0,369,612 fortnightly
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Figure 3.1: Establishment of A549-ER subline and treatment process. A549-ER subline was generated by
applying increasing Erlotinib concentration by 3 pM upto 12 uM, every two weeks for two months. Resistant
phenotype was stabilized by maintaining cells for another month at 12 pM Erlotinib. For comparison and

observing the effects of Erlotinib on A549 cell line, A549-PT was maintained in culture parallel to A549-ER.

3.2.3.  Cell Viability Assay

Cell survival was assessed by MTT assay. A549 cells were collected with trypsinization
and cell suspensions including 5x10* cells/mL were prepared in RPMI-1640 complete culture
medium supplemented with 10 % FBS and 1 % PS. One and a half mL of the cell suspension
was added to each well of 6-well plate. Cells were then incubated for 24 h at 37°C and 5 %
CO; conditions. After treating cells with Erlotinib at 3, 6, 9 and 12 uM, respectively, they
were incubated for further 24 h. Ten percent of MTT working solution was prepared by
diluting with complete culture medium. Then, 1 mL MTT solution was added to each well of
the 6-well plates. Following 4 h incubation with MTT, 750 uL DMSO was added to each
well. The cells were kept in DMSO for 15 minutes to dissolve formazan crystals. Afterward,
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the absorbance of the samples at 570 nm were detected by using Shimadzu UV-VIS
Spectrophotometer. The results were graphed as the percentage of cell viability & Erlotinib
concentration in uM curve.

Cell survival was expressed as a percentage of viability by formula below:

% Cell viability = (absorbance of experiment samples/absorbance of control) x 100

3.2.4. Cell wound healing assay

The cells were trypsinized when they had reached the exponential growth phase. The cell
suspensions including 1,5x10° cells/mL were prepared in complete RPMI-1640 growth
medium. One and a half mL of cell suspension was added to each well of the 6-well plate.
After overnight incubation and cell attachment, a straight wound was formed on cell
monolayer through using a 200 pL micropipette tip. Then, the medium was aspirated
carefully and fresh media with Erlotinib was added to each well without harming the cells.
The plates were placed into the incubator and wound closure images were taken at 0, 24, 48
and 72 hours with a Leica DM IL LED inverted microscope (Leica Biosystems, Wetzlar,
Germany). Results were obtained by calculating wound area closure rates at these time
intervals, respectively. Wound healing area was calculated by using Image J software. The
results were graphed as the percentage of wound closure versus time.

The following formula was used to calculate wound closure:

Wound Closure (%) = [(At=0h-At=Ah)/ (At=0h)]x100%

Where A stands for total area of the wound at a particular time of measurement.

3.2.5. Soft Agar Colony Formation Assay

For base layer, 0.5 % agar solution was melted in microwave about 3 minutes and placed
into water bath at 56 °C. Agar solution was kept 15 minutes at 56 °C and mixed with warmed
complete RPMI-1640 media. Each well of a 6-well plate was covered with 1 mL of this
mixture. For top layer, 0.3 % agarose was melted in microwave about 3 minutes and then
taken to water bath at 40 °C. Agarose was kept at 40 °C for 20 minutes. Meanwhile, for
preparing top agarose solution, 2x10* cells/mL in PBS were mixed with complete RPMI-1640
and 0.3 % agarose. Then, 1 mL top agarose including cells was transferred onto each well
without damaging agar base. After 24 hours, cells were fed with 0,5 mL of RPMI-1640 with
or without Erlotinib per well for twice a week. After 3 weeks, cells were stained with 0,005 %
crystal violet dye. Cells were held with dye an hour and then photographed by Leica EZ50
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dissecting microscope (Leica Biosystems, Wetzlar, Germany). Finally, colonies over 0,2 mm
were counted by using Image J software and colony number versus to Erlotinib concentration

was graphed.

3.2.6. Quantitative Reverse Transcriptase Polymerase Chain Reaction Analysis
3.2.6.1. RNA isolation

RNA isolation was achieved by using the Trizol reagent, following the manufacturer’s
instructions. Cells were lysed by adding 0,4 mL trizol and were incubated for 5 minutes to
dissociate nucleoproteins. Then lysates were incubated for 3 minutes with 0,008 mL of
chloroform. Following the centrifugation step with chloroform, aqueous phase containing
RNA and organic phase formed in the tube. After transferring aqueous phase to a new tube,
RNA was precipitated with 0.2 mL isopropanol and washed with 75 % ethanol. After
pelleting in centrifugation step, RNA was dried for 5-10 minutes. Samples were then
solubilized with RNase-free water and then heated to 55 °C on a heat block. RNA quality and
quantity were determined by using 2 pLL. RNA in a Nanodrop instrument (Thermofisher
Scientific, MA, USA).

3.2.6.2.  cDNA synthesis

Single-stranded cDNA from total RNA was synthesized by using High Capacity cDNA
Reverse Transcription Kit. cDNA synthesis requires preperation of the 2X Reverse
Transcription Master Mix, addition of total RNA and formation of reverse transcribed cDNA
in a thermal cycle. After all these steps, CDNA can be used directly for quantitative-PCR. To
prepare the 2X reverse transcription master mix per reaction at 20 pL volume , 4.2 uL of
nuclease-free H,O, 2 uL of 10X RT buffer, 0.8 pL of 25X dNTP mix (100 mM), 2 pL 10X
RT random primers, 9 uL of RNA isolate and 1 pL of reverse transcriptase were added to a
tube on ice. To perform cDNA reverse transcription reactions, 10 pL of 2X RT master mix
and 10 uL RNA sample were placed into each tube. The tubes were centrifuged and placed on
ice until loading the reaction mixture into thermal cycler. The reaction volume was set to 20
uL, and then reactions were loaded to thermal cycler (Agilent, CA, USA). Thermal cycler
conditions optimized for use with High Capacity cDNA Reverse Transcription Kits include 4
steps. First, RNA sample was incubated at 37 °C for 120 min followed by incubation at room

temperature for 10 minutes. In the next steps, the samples were heated up to 85 °C for 5
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minutes and then incubated at 4 °C to inactivate Reverse Transcriptase and prevent binding

enzyme to cDNA.

3.2.6.3.  Quantitative Polimerase Chain Reaction (QPCR)

gPCR was performed by using FastStart Universal Synergy Brands Green Master Mix
following the manufacturer’s instructions. qPCR was carried out with 41 cycles including
denaturation, annealing and elongation steps. Activation of DNA polymerase was achieved at
the 1% cycle at 95 °C for 10 minutes. Afterward, 40 cycles were run for denaturation, and
amplification steps. For denaturation step, samples were incubated 95 °C for 15 seconds
followed by incubation at 59 °C for 60 seconds for amplification. Results were normalized
against actin beta (ACTB) reference gene expression to obtain ACt values. The list of primers
used in this analysis to observe alterations in gene expression of EMT markers is shown in
Table 3.2.

Table 3.2: Sequences of oligonucleotide primers used in gRTPCR

CDH1 5'-ACA CTG CCA ACT GGC TGG AGA TTA -3' 5-TGATTA GGG CTG TGT ACG TGC TGT-3'
CDH2 5'-ACA GTG GCC ACC TAC AAA GG -3 5'-CCG AGA TGG GGT TGATAATG-3'

VIM 5'-GAG AAC TTT GCC GTT GAA GC-3' 5'-GCT TCC TGT AGG TGG CAATC-3'

occC 5'-GCA AAG TGA ATG ACA AGC GG-3' 5'-CAC AGG CGA AGT TAATGG AAG-3'
TJP1 5'-AGT AAG TCG TCC TGA TCC TGAA-3' 5'-TCG GCC AAATCT TCT CAC TCC-3'

FBN 5'-CAG TGG GAG ACC TCG AGA AG-3' 5'-GTC CCT CGG AAC ATC AGA AAC-3'
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4. RESULTS

4.1. Morphological Analysis in A549-PT and A549-ER Sublines

Erlotinib resistant A549-ER subline was established from A549 cell line by gradually
increasing Erlotinib concentrations (0, 3, 6, 9, 12 uM respectively) every two weeks for two
months as indicated in Figure 3.1. Cells were maintained another month at final concentration
of Erlotinib (12 uM) to stabilize their resistant phenotype. To compare the influence of
Erlotinib on A549 cell line’s morphology, A549-PT parental subline was developed parallel
to A549-ER. It was observed that after 3 months in culture, under different concentrations of
Erlotinib, A549-ER subline formed more cell clusters than A549-PT (Figure 4.1). In other
words, A549-ER subline developed more mesenchymal appearance by losing epithelial
differentiation and communication. A549-ER was observed as spindle-shaped cells through

microscopic examination.
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12 uM

Figure 4.1. Cell morphology differences in A549-PT and A549-ER sublines. Cell morphology was monitored
through microscopic examination. A549-PT cells have regular epithelial shape and tissue integrity; on the other
hand, A549-ER cells were observed to form clusters in mesenchymal appearance that indicated loss of epithelial
polarity. Photographs were taken at the end of each Erlotinib treatment (concentrations indicated on the left)

period. Scale bar indicates 20 pm.
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4.2. Sensitivity of A549-PT and A549-ER Sublines to Erlotinib

A549-PT and A549-ER sublines were tested for their sensitivity against Erlotinib. Cell
viability of A549-PT and A549-ER was assessed by using MTT test after 24 and 48 hours of
Erlotinib treatments with indicated concentrations on Figure 4.2. Cell viability changes were
more or less equal with slight increase in A549-ER values after 24 hours of treatments with
differing Erlotinib concentrations. An exception was under 9 pM Erlotinib concentration that
A549-ER cell viability was increased significantly when compared to A549-PT (t-test;
p<0.05). Results were similar with no statistically significant changes in cell viabilities after
48 hours of Erlotinib treatment with differing concentrations. These results have shown that
resistance against Erlotinib does not change cell viability potential of A549-ER significantly

but rather it may have been affected other phenotypic properties of this subline.
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Figure 4.2. Erlotinib sensitivity levels in A549-PT and A549-ER sublines. Cell viabilities were measured A)
24 hours and B) 48 hours after Erlotinib addition by using MTT reagent. According to A549-PT subline, under
9 uM Erlotinib A549-ER subline showed statistically significant increase in cell viability (t-test; p<0,05). Data
were represented as means of 6 biologically independent experiments. Standard deviations (£) included as error

bars on top of the data columns. (*statistically significant data)
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4.3. Cell Migration Ability of A549-PT and A549-ER Sublines

Cell migratory capacities of A549-PT and A549-ER sublines were assessed through cell
wound healing assay. For this purpose, images were taken at 24, 48 and 72 hours after
exposing cells to differing Erlotinib concentrations as indicated in Figure 4.3A. Wound
healing area was calculated by Image software. The percentage of wound closure was
calculated using these areas and plotted against Erlotinib concentrations differing to time as
shown in Figure 4.3B. It was found that the cell migration capacity of A549-ER subline was
higher than parental A549-PT.
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Figure 4.3: Comparison of cell migration abilities and wound healing capacities of A549-ER and A549-PT
sublines. A) The speed of wound closure was monitored by taking pictures with inverted microscope at 24, 48,
and 72 hours after Erlotinib treatment. Concentrations of the drug was included on the left. B) Wound healing
area was calculated by using Image J programme. The percentage of wound closure of the increased
concentration of Erlotinib over time was graphed. Scale bar indicates 50 pm.
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4.4. Analysis of Tumor Formation Potential of A549-PT and A549-ER Sublines

Colony formation capacity of a tumor cell in vitro can be related to its metastatic
potential and aggressiveness in vivo. Based on this information, soft agar colony formation
assay was designed to assess the ability of a single cell to grow into a colony. Cells from
A549-ER and A549-PT sublines were suspended in low concentration agar containing media.
After 3 weeks of growth with or without 12 uM of Erlotinib treatment, cells were stained by
crystal violet dye and their microscopic images were photographed. Figure 4.4A shows that in
the presence of Erlotinib, A549-ER subline formed more detectable colonies than both A549-
PT and A549 cells. On the other hand, there were no significant differences between colony
formation abilities of A549-ER, A549-PT or A549 in the absence of Erlotinib (Figure 4.4B).
These results demonstrated that Erlotinib exposure may have been improved colony formation

potential and probably agressiveness of A549-ER subline.
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Figure 4.4. Tumor formation capacity in A549, A549-PT and A549-ER. Soft agar colony formation assay was
performed to compare the tumor formation potential between A549-ER, A549-PT and A549 cells. Cells were
seeded in the 0.3% top agarose layer to form colonies. DMSO was used as a control agent. A) Colonies were
photographed under dissecting microscope after crystal violet staining. B) Colonies > 0,2 mm were counted on
these images by using Image J software. Statistical analysis of colony numbers was performed by t-test (p<0.05
for A549-ER and A549, p<0.01 for A549-ER and AS549-PT). Stars (*) indicate statistically significant

differences.
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4.5. Gene Expression of EMT Markers in A549-PT and A549-ER Sublines

Because A549-ER cells with mesenchymal appearance were found to be more aggressive
with high migration capacity and because metastatic potential of lung cancer cells are
associated with the EMT, we decided to investigate and compare the expression of epithelial
and mesenchymal markers in A549-PT and A549-ER sublines. For this purpose, the level of
MRNA expression levels of EMT markers in both sublines were measured by using gRT-PCR
assay. Although mRNA levels of most markers did not change significantly, there was a
notable difference between the levels of CDH2 expressions in A549-PT and A549-ER (Figure
4.5.) It was found that A549-ER cells with acquired mesenchymal phenotype, exhibited an
upregulation in CDH2 expression. These results demonstrated that increased migration
potential and aggressiveness in A549-ER subline may be attributed to increased mesenchymal

CDH2 expression and thus to loss of intercellular connection and tissue integrity.
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Figure 4.5. Comparison of mMRNA expression levels of epithelial and mesenchymal markers. Gene expression of
epithelial occludin (OCC), tight junction protein 1 (TJP1), E-cadherin (CDH1) and mesenchymal vimentin
(VIM), fibronectin (FBN), N-cadherin (CDHZ2) markers in A549-ER and A549-PT cells were evaluated by qRT-
PCR. The ACTB gene expression was used as a reference. EMT marker expressions were tested 4 times with
2 replicates for each primer and mean values are represented. The bars indicate standard deviation. Significant

gene expression differences are indicated with stars (*) (t-test, p value<0.05).
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5. DISCUSSIONS

Lung cancer is one of the most deadliest diseases worldwide. Due to limited efficiency of
chemotherapy, 5-year disease free survival rate in patients with the most common form of
lung cancer, NSCLC is still low (Naumov et al., 2009). This is attributed to high tumor
heterogeneity and intrinsic resistance to drugs in NSCLC (Wu et al., 2014). In spite of
advances in molecular targeted therapies such as those with new generation EGFR-TKIs (i. e.
Erlotinib), low survival rates in patients with NSCLC still remains problematic in clinic due
to the development of acquired resistance against drug in use (Tang et al., 2013). In this study,
Erlotinib resistant subline of NSCLC cell line A549 was established in vitro by mimicking
treatment strategy of NSCLC patients to investigate the causes of drug resistance in detail.
Then, molecular characterization of resistant cell phenotype was investigated. A549 parental
subline (A549-PT) was maintained in culture parallel to A549 Erlotinib resistant subline

(A549-ER), for morphological and molecular comparisons.

We monitored morphology of A549-PT and A549-ER sublines for 3 months including 2
weeks consecutive treatments with Erlotinib at 3, 6, 9, and 12 puM concentrations.
Morphological analysis demonstrated that normally epithelial A549-ER sublines gained
mesenchymal appearance after this treatment. In addition, resistant subline was found to form
more cell clusters than the parental subline. A549-ER cells were appeared as spingle-shaped
cells, probably due to their loss of attachment from primary tumor mass.

Suda et al., (2011) had shown that an EGFR-mutant cell line which was made resistant to
Erlotinib has represented EMT phenotype. On the other hand, lkeda et al. indicated that
A549-ER cells were more resistant to Erlotinib than parental A549 cells and A549-ER
resistance do not correspond with EGFR mutations (lkeda et al., 2011). Because underlying
EGFR-TKI resistance mechanism in wild type EGFR bearing NSCLC was not clear, we
investigated anti-tumor activity of Erlotinib on A549 (wild type EGFR but with KRAS
mutation) cells. Expectedly, Erlotinib treatment was slightly effective on A549 cells in a

concentration-dependent manner.
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Tumor cells which leave the primary tumor mass migrate from one point to another
within the body through the blood and lymph circulatory systems. Ghosh et al. (2012) was
generated Erlotinib resistant HL650ER1 cell line harboring deletion in exon 19 of EGFR gene
and performed cell migration assay to measure the ability of healing a defect in a cell
monolayer. Of note, results showed that H1650ER1 cells have more tendency to move from
one point to another. Starting from this, to measure migration capacity of A549-ER cells,
which were established by exposing Erlotinib to A549 EGFR wild type cells at increasing
concentrations, we performed cell wound healing assay. Our results showed that A549-ER
cells had gained more migratory ability and heal the wound on cell culture plate’s surface
faster than the parental subline. This may show that enhanced migratory capacities of NSCLC

cells under Erlotinib treatment, in fact, are independent from EGFR status in these cells.

Soft agar colony formation assay was carried out to analyze tumorigenic potential of
A549-ER cells. HCC827 harboring activating EGFR mutation was exposed to Erlotinib and
investigated anchorage independent growth by soft agar assay. Xie et al. (2015) reported that
HCC827 cells formed colonies, but colonies disappeared after treatment with 1 uM erlotinib.
HCCB827ER cells on the other hand, were found resistant to Erlotinib because of increasing in
number of colonies. We performed soft agar colony formation assay to monitor tumor
progression by measuring the tumor formation potential. We found that long time exposure to
Erlotinib had increased colony formation ability of A549 cells and they had become more

aggressive and more prone to metastasis.

Because | observed a more aggressive phenotype with higher migratory capacity in
A549-ER subline, | decided to check whether if the expression of epithelial to mesenchymal
transition (EMT) markers had been affected during resistance development. EMT process has
been shown to have important roles in tumor invasion, metastasis and recurrence of different
cancers (Heerboth et al. 2015). EMT appears in loss of epithelial morphology and cell shapes
as well as with loss of cell-cell adhesions (Wu et al., 2014). Drug resistance with poor
prognosis has been associated with EMT in NSCLC patients in several studies (Otsuki et al.,
2018; Wang et al., 2019; Chae et al., 2018). EMT has been suggested as a target in therapy of
NSCLC patients, but its molecular mechanisms are still not clear. To shed light on any
possible expressional changes in EMT markers, | carried out qRT-PCR assay. In this process,
the mRNA expressions of E-cadherin, N-cadherin, fibronectin, vimentin, occludin ve TJP-1
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which are reported to exhibit alterations during EMT were evaluated in Erlotinib resistant and
parental sublines. Zhou et al. (2018) established two gefitinib-resistant cell lines PC-9/ZD
(T790M mutation) and PC-9/GR (EMT phenotypes) using the human lung adenocarcinoma
cell line PC-9 harboring the delE746-A750 mutation in the EGFR gene. They observed that
PC-9/GR cells had demonstrated mesenchymal morphology and PC-9/GR cells undergoing
EMT indicated higher migration and invasion abilities than PC-9 cells without EMT.
However, they have not found any remerkable differences between PC-9/ZD and PC-9 cells
and whether decreased sensitivity of the PC-9/GR cell line to various chemotherapeutics was
associated with EMT. Yamauchi et al. (2011) reported significant upregulation of N-cadherin
in gefitinib-resistant PC9/ZD cells (EGFR T790M). Furthermore, it was demonstrated that N-
cadherin regulated survival signal in acquired or inherently gefitinib-insensitive lung cancer
cells. Zhang et al. (2013) noticed that molecular changes developed in Erlotinib resistant
H1650 cell line consistent with the EMT due to N-cadherin overexpression. Of note, they
reported that EMT was associated with erlotinib resistance in NSCLC. N-cadherin increases
the metastatic capacity of tumor cells. Therefore, it causes to epithelial cancer metastasis and
adverse effects on disease progression. As a conclusion, N-cadherin is demonstrated as a
target to prevent metastasis and overcome drug resistance. (Mrozik et al.,, 2018). In
accordance with these studies, the mRNA expression level of N-cadherin increased

significantly in A549-ER resistant subline in my study.
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6. RECOMMENDATIONS

To find out the reasons why cells acquire resistance to drugs and to overcome the drug
resistance, we should understand the resistance mechanisms. A549-ER sub-cell lines
generated in here can be used to investigate the effects of 2nd and 3rd generation EGFR-TKIs
or other chemotherapautics used in the treatment of NSCLC. Novel combinations of drugs
can be tried or effects of TKIs on critical cell signalling pathways can be investigated. For this
purpose, signals which contributed to resistance can be detected by RTK analysis. Caspase
activity can be investigated in cells to observe whether TKIs induce apoptosis or not. Cell
cycle analysis can be carried out to find whether Erlotinib has an influence on cell cycle
arrest. DNA content cell cycle analysis of A549-ER sublines could be carried out to
investigate underlying resistance mechanism. Another reason which seems as a cause of
resistance to drugs is EMT. Finally cDNA microarray analysis may help to confirm

significant EMT gene expression changes during drug resistance development.
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