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DEVELOPMENT AND CHARACTERIZATION OF OSIMERTINIB RESISTANT NON-
SMALL CELL LUNG CANCER CELL LINE MODELS

Sude Erig, Dokuz Eylul University Izmir International Biomedicine and Genome Institute,

edu.tr

ABSTRACT

Non-small cell lung cancer is the most common subtype of lung cancer and the leading
cause of cancer death worldwide. Ligand-independent oncogenic activation of the EGFR
is frequently seen in adenocarcinomas, which is the most common subtype of NSCLC.
This activation is mostly due to mutations in the EGFR tyrosine kinase domain (most
commonly: ex19del and L858R). EGFR-TKIs are used to treat advanced NSCLC patients
with this mutation profile. Osimertinib is a third-generation EGFR-TKI that irreversibly
inhibits EGFR-activating mutations as well as the EGFR-T790M resistance mutation that
frequently occurs in patients treated with first- and second-generation EGFR-TKI's.
Despite its superior efficacy, drug resistance is inevitable in osimertinib treatment.
Activation of alternative downstream signaling pathways, as well as genetically encoded
EGFR mutations that prevent osimertinib binding, are known resistance mechanisms.
Although many mechanisms have been described in the literature on osimertinib
resistance, the diversity of these resistance mechanisms further complicates treatment.
The aim of this study is to obtain these osimertinib-resistant cellular models, present a
detailed characterization of these models, and contribute to the understanding of the
mechanisms underlying osimertinib resistance. For this purpose, two osimertinib-resistant
NSCLC cell lines were developed. The cells were characterized with various cellular and
molecular experiments, and it was revealed that osimertinib-resistant cells lost EGFR
dependence. In addition, whole genome RNA sequencing was performed, and it was
shown that the transcriptomic profiles of the cells changed as they gained resistance. Our

findings show that the resistant cells obtained are compatible with the models in the
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literature and have their mechanisms. In conclusion, these cell models could lead to the
identification of osimertinib resistance mechanisms using different omics techniques or

the development of drugs to target these resistance mechanisms.

Keywords: NSCLC, osimertinib resistance, cell models, RNA-seq



OSIMERTINIB DIRENGLI KUGUK HUCRELi OLMAYAN AKCIGER KANSERI HUCRE
HATTI MODELLERININ GELISTIRILMESiI VE KARAKTERIZASYONU

Sude Erig, Dokuz Eylil Universitesi izmir Uluslararasi Biyotip ve Genom Enstitiis,

subg.edu.tr

OZET

Akciger kanserinin en ¢ok gorulen turd olan kuguk hucreli digi akciger kanseri, tum akciger
kanseri vakalarinin %85'ini olusturur ve dinya c¢apinda kansere bagli 6limlerin dnde
gelen nedenidir. KHDAK en yaygin alt tipi olan adenokarsinomlarda siklikla epidermal
blylume faktérl reseptériinde onkogen aktivasyonu gorulir. Bu aktivasyon cogunlukla
EGFR tirozin kinaz domainindeki mutasyonlardan kaynaklanir. Bu yuzden EGFR
aktivasyonuna sahip ileri evre hastalarin tedavisinde EGFR tirozin kinaz inhibitorleri
kullaniimaktadir. Birinci ve ikinci nesil EGFR-TKTI'lerin etkili yanitina ragmen, hastalar
belirli bir stre sonra ilaglara kargi direng kazanmaktadir. Bu dirence sebep olan en yaygin
mekanizma EGFR’'de olusan sekonder T790M diren¢ mutasyonudur. Osimertinib, birinci
ve ikinci nesil EGFR-TKI'lerle tedavi edilen hastalarda siklikla ortaya ¢ikan EGFR-T790M
diren¢ mutasyonunun yani sira EGFR aktive edici mutasyonlari geri ddonusimsuiz olarak
inhibe eden Uguncl nesil EGFR-TKI’dir. Osimertinib baslangicta ikinci basamak tedavide
kullaniimig olsa da EGFR mutant KHDAK hastalarinda gelismis sagkalim nedeniyle birinci
basamak tedavide de FDA onay! almis tek EGFR-TKI'dir. Daha 6nceki EGFR-TKI'lere
benzer sekilde, osimertinib tedavisinde de direng kacinilmazdir. Osimertinib’e karsi direng
mekanizmalari, EGFR mutasyonlarini ve alternatif sinyal vyollarinin anormal
aktivasyonunu icerir ve direncgli hucrelerin yuksek heterojenitesi sebebiyle direng
mekanizmalari g¢esitlidir. Bu baglamda osimertinib direnci farkl hticre hatlari arasinda da
cesitlilik gosterir ve genellestiriimesi zordur. Osimertinib direncine iligkin literattrde birgok
mekanizma tanimlanmis olsa da bu direng mekanizmalarinin gesitliligi tedaviyi daha da

karmagsik hale getirmektedir. Bu galismanin amaci, bu osimertinib direngli hicresel
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modelleri elde etmek, bu modellerin ayrintili bir karakterizasyonunu sunmak ve
osimertinib direncinin altinda yatan mekanizmalarin anlasiimasina katkida bulunmaktir.
Bu amagila, iki osimertinib direncli KHDAK hucre hatti gelistirildi. Hucreler gesitli htucresel
ve molekller deneylerle karakterize edildi ve osimertinib direngli hucrelerin EGFR
bagimlihdini kaybettigi ortaya ¢ikti. Ayrica, tim genom RNA-dizileme yapildi ve hicrelerin
transkriptomik profillerinin diren¢ kazandik¢a degistigi gosterildi. Bulgularimiz, elde edilen
direncli hucrelerin literaturdeki modellerle uyumlu oldugunu ve mekanizmalarina sahip
oldugunu gostermistir. Sonug olarak, bu hiucre modelleri farkli omik teknikleri kullanarak
osimertinib direng mekanizmalarini belirlemeye veya diren¢ mekanizmalarini hedef

alacak ilaglarin gelistiriimesine énculuk edebilir.

Anahtar kelimeler: KHDAK, osimertinib direnci, hiicresel modeller, RNA-dizileme




1. AIM OF THE STUDY

The aim of this thesis is to develop and comprehensively characterize novel cellular

models of osimertinib resistance in non-small cell lung cancer (NSCLC). This work will

focus on generating two osimertinib-resistant NSCLC cell lines and evaluating their

molecular, cellular, and transcriptomic profiles to establish a robust platform for future

research. The specific objectives of the thesis are:

1.

Development of Cellular Models: To generate and validate osimertinib-resistant
sublines from NSCLC cells with EGFR mutations, ensuring that these models

accurately represent the resistance mechanisms observed in clinical scenarios.

Molecular Characterization: To investigate changes in gene expression, protein
levels, and key signaling pathways linked to resistance. This includes analyzing
alterations in EGFR and its downstream signaling pathways, as well as other

relevant molecular markers.

Cellular Characterization: To examine changes in cell morphology, proliferation
rates, and survival under osimertinib treatment, providing insights into the impact

of resistance on cellular behavior and drug responsiveness.

Transcriptomic Profiling: To conduct high-throughput RNA sequencing to
identify differential gene expression profiles and decode the transcriptomic

landscape associated with osimertinib resistance.

The ultimate goal is to offer a detailed characterization of these cellular models,

establishing a solid basis for future research into the underlying mechanisms of

resistance. By enhancing our understanding of the molecular, cellular, and transcriptomic

changes in these models, this thesis will potentially contribute to the foundation for

exploring further aspects of osimertinib resistance.



2. INTRODUCTION

2.1. Lung Cancer and Its Histological Subtypes

According to 2022 Global Cancer Observatory data, lung cancer is the most common
type of cancer, with 2.5 million new cases (1,2). As of 2024, lung cancer is the leading
cause of cancer-related deaths among both women and men in the United States
(3). The high mortality rate is largely attributed to the delayed onset of clinical
symptoms, which often results in diagnosis at advanced stages (4). Nevertheless, the
treatment of non-small cell lung cancer has evolved significantly in recent years, driven
by advances in targeted therapies and immunotherapy. Historically, treatment options
for NSCLC included surgery, radiation therapy, and chemotherapy, which were tailored
based on the stage and characteristics of the disease (5). However, the emergence of
targeted therapies, which will be discussed in greater detail later, has revolutionized the
management of NSCLC. Drugs such as tyrosine kinase inhibitors (TKls) have been
developed to specifically target mutations in genes like EGFR, ALK, and ROS1,

providing more personalized and effective treatment options (6).

Lung cancer is divided into two subtypes: small-cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC) (7).

These subtypes are characterized by their distinct driver mutations, unique morphologies,
and aggressive behaviors. In addition, response to treatment plays a crucial role in
categorizing this cancer into these histological subtypes (8). SCLC accounts for
approximately 15% of all lung cancer cases and is a relatively indolent type of cancer that
is surgically respectable (9). NSCLC represents 85% of all cases, is highly aggressive,
and tends to metastasize. Importantly, NSCLC is divided into three histological subtypes:
lung adenocarcinoma, large cell carcinoma, and squamous cell carcinoma (10). Among

these, lung adenocarcinoma is the most common type of NSCLC (Figure 1).
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Figure 1: Histological classification of lung cancer subtypes and schematic representation of the driving
mechanisms responsible for NSCLC carcinogenesis (11).

Different genetic mechanisms are implicated in the carcinogenesis of lung
adenocarcinoma. These genetic abnormalities may result from mutations in more than
one gene, or a single gene abnormality which directly contributes to carcinogenesis.
Among many others, mutations in the KRAS and EGFR genes are the most frequent driver
alterations (12). Most critically, these mechanisms are considered druggable targets.
Treatment approaches vary depending on the specific mutated gene driving the cancer in
each patient. Of particular importance to mention, mutations in the KRAS gene are not
unique to lung cancer but also occur in other cancers, such as colorectal and pancreatic
cancer (13,14). The KRAS G12C mutation, notoriously difficult to target, has recently
become actionable with the development of two inhibitors, sotorasib and adagrasib, which
are now used to treat NSCLC patients harboring this mutation (15). Gene fusions or
chromosomal rearrangements are another significant driving mechanism in
carcinogenesis (16). The ALK gene is particularly prone to chromosomal rearrangements
with various fusion partners, with the EML4—ALK rearrangement being the most common
gene fusion observed in NSCLC. For patients with this gene fusion, treatment is primarily
based on ALK tyrosine kinase inhibitors (17).

The EGFR gene, the second most common driver mutation, is a major focus of research
and offers a broad range of treatment options. Among these, EGFR tyrosine kinase
inhibitors (EGFR-TKI) are widely used to target NSCLC cases with oncogenic EGFR

mutations (18).



2.2. Epithelial Growth Factor Receptor (EGFR)

Human EGFR gene, also known as ErbB1, is a member of ErbB/HER receptor tyrosine
kinase family (19). This family also includes ErbB2 (neu, HER2) and ErbB3 (HER3) and
ErbB4 (HERA4) genes (Figure 2). These genes encode different types of receptors, and
these receptors mainly consist of 5 main parts; extracellular domain, hydrophobic
transmembrane segment, juxtamembrane segment located at intracellular, protein
kinase domain and a carboxyterminal tail (20). Among these, the ligand binding domain
of the HERZ2 gene is defective, while the tyrosine kinase domain of the HER3 gene is
not functional. Therefore, these receptors must heterodimerize with other members of
the ErbB family in order to achieve their functionality (21-23). Among the ErbB family
proteins, EGFR is the most studied due to its critical role in various cancers and its

significant implications for targeted therapy development (24).

The EGFR gene is located at the short arm of chromosome 7 (7p11.2) and encodes a 170
kDa polypeptide of 1,210 amino acids with a total of 28 exons (20,25). The EGFR protein
has three distinct regions: the extracellular region where the ligand binds, the
transmembrane region, and the tyrosine kinase domain (TKD) located in the intracellular
compartment that mediates signal transduction (20,26). There are currently seven
different ligands known to mediate EGFR signaling activation, including epidermal growth
factor (EGF), transforming growth factor-a (TGF-a), amphiregulin (AREG), heparin-
binding EGF-like growth factor (HBEGF), betacellulin (BTC), epiregulin (EREG), and
epigenin (EPGN) (27-29).

The EGFR signaling pathway is initiated by binding a ligand to the receptor's extracellular
domain, leading to heterodimerization of EGFR with other ErbB family members or
homodimerization with itself (30). After dimerization, the signal is transmitted to the

transmembrane domain, causing conformational changes and rearrangements in the



juxtamembrane segment. The intracellular juxtamembrane segment interacts with the
tyrosine kinase domain, thus maintaining the stability of the dimerized EGFR (20). After
interaction in the tyrosine kinase domain, intracellular signaling occurs via
autophosphorylation of tyrosine residues at the C-terminus. Phosphorylation at tyrosine
residues is the most important step for EGFR signaling. When phosphorylated, they create
docking sites for other substrates and initiate downstream signaling pathways, such as
PI3K-AKT, MAPK and JAK/STAT (Figure 2) (31). Signaling pathways stimulated by EGFR
regulate a variety of important cellular and biological functions, such as cell proliferation,
differentiation, growth, and cell migration (25). As first mentioned in a review article by
Thompson and Gill in 1985, overexpression of EGFR has been associated with various

cancers and is the first receptor to provide evidence of this association (20,32).
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Figure 2: ErbB family members and their downstream pathways (11).



2.3. EGFR Activating Mutations

According to the COSMIC database, EGFR mutations are frequently observed in various
cancer types and are present in approximately 20% of lung adenocarcinoma cases
(11,20). Although not the most common mutation in NSCLC, EGFR mutations are
particularly well-characterized in this context due to their significant sensitivity to EGFR-
TKls (33). The high frequency of EGFR somatic mutations in NSCLC, coupled with the
strong response of EGFR-mutated NSCLC patients to EGFR-TKIs, highlights the critical

role of EGFR mutations in supporting the malignant phenotype of these tumors (34).

In brief, somatic mutations typically occur within the tyrosine kinase domain, a region
crucial for EGFR function. These mutations affect the ATP binding site, causing a
conformational change that drives the EGFR protein into a constitutively active state (35).
In other words, the receptor becomes capable of activation in a ligand-independent
manner (25,36). Due to this continuous activation, these mutations are referred to as

"activating mutations” (37).

To elaborate further, EGFR activating mutations occur within the tyrosine kinase domain
of the gene, specifically in exons 18-21 (Figure 3) (34). These mutations are categorized
into three classes based on their type. Class | mutations involve in-frame deletions. The
prevalent mutation in this category is the exon 19 deletion, which results from a 15-nt
deletion, leading to the removal of the ELREA amino acid sequence at positions 746-750
in the protein (del E746-A750). This mutation is the most prevalent, accounting for
approximately 45% of all EGFR-mutated NSCLC cases (38,39). Class Il mutations are
single nucleotide substitutions, with the L858R mutation being the second most common.
This mutation accounts for about 40% of all EGFR-mutated NSCLC cases (39). It occurs
when thymidine is substituted by guanine at position 2573 in exon 21, resulting in the

replacement of leucine (L) with arginine (R) at position 858 in the protein (40). Class lll
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mutations are in-frame duplications and/or insertions, with the most common being the
exon 20 insertion. However, this mutation represents only about 5% of all EGFR-mutated
NSCLC cases (39). In summary, the exon 19 deletion and the L858R mutation, which
together account for 85% of all EGFR mutations, are referred to as classical activating

mutations, while the remaining 15% are known as rare activating mutations (34).
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Figure 3: Schematic representation of EGFR and activating mutations in the tyrosine kinase domain (11).

As alluded to earlier, EGFR activating mutations disrupt the inactive conformation of the
receptor, leading to ligand-independent dimerization and constitutive activation (41). Most
notably, the specific type of activating mutation defines the mechanism of EGFR
overactivation (42). The tyrosine kinase domain of EGFR comprises three key regions:

the N-terminal lobe, the C-terminal lobe, and the ATP binding site located between these
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two lobes (42,43). The exon 19 deletion enhances EGFR activation by disrupting a
structural motif known as the 3-aC loop, which is highly conserved among oncogenes
and is located in the N-terminal lobe of EGFR (44). This deletion, which removes the LREA
amino acids, results in a physical alteration that stabilizes the aC-helix, thereby increasing
the stability of the receptor's active form (44,45). In contrast, the L858R mutation impacts
EGFR differently. In the wild-type EGFR, leucine at position 858 is a non-polar residue,
but when mutated to arginine, a basic residue, the amino acid side chain undergoes a
significant change. This radical conformational shift leads to the constitutive activation of
the tyrosine kinase domain (7,12,13). To put it differently, the replacement of non-polar
leucine with positively charged arginine disrupts the hydrophobic interactions that stabilize
the inactive conformation, thereby favoring the active form (46). These mutations not only
trigger EGFR activation but also differentially affect the stability of its active form. In the
case of the exon 19 deletion, the limited mobility of the aC-helix confers greater stability
to the active conformation (44). Conversely, with the L858R mutation, the disrupted
hydrophobic interactions decrease the stability of the inactive form, making it easier for

the EGFR protein to adopt the active conformation (45,46).

Changes in EGFR stability due to various mutations significantly impact treatment
response and overall survival rates, depending on the specific mutation present in the
patient (11,47). A study by Carey et al. demonstrated that the IC50 dose of EGFR-TKIs
was lower in NSCLC cell lines with the exon 19 deletion compared to those with the L858R
mutation, indicating that the exon 19 deletion is more sensitive to treatment, with binding
kinetics occurring more readily (47). Interestingly, research by Shigematsu et al., as
shown in Figure 4, found that the overall survival rate of patients with the L858R mutation
was higher than that of patients with the exon 19 deletion (48).

12
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Figure 4: Kaplan—Meier survival graphs for non-small-cell lung cancer patients based on the EGFR

mutation status (48).

2.4. EGFR Tyrosine Kinase Inhibitors (EGFR-TKIs)

Tyrosine kinase inhibitors (TKIls) are crucial targeted therapeutic agents in cancer
treatment, disrupting the signal transduction pathways of protein kinases through various
inhibition mechanisms (49). TKls are categorized into three groups: receptor tyrosine
kinases (RTKs), non-receptor tyrosine kinases (NRTKs), and dual-specificity kinases
(DSKs), which include serine and threonine kinases (50). EGFR-TKIs, which target EGFR,
belong to the RTK family. These small molecule inhibitors work by preventing the
phosphorylation of downstream signaling pathways and inhibiting ligand-dependent
EGFR dimerization in cells (51). EGFR-TKIs are further divided into two groups according
to their binding dynamics (38). The first group consists of reversible inhibitors that forms
covalent bonds with the ATP binding site of EGFR, competing with ATP through
hydrophobic and electrostatic interactions. The second group consists of irreversible
inhibitors that covalently bond with the ATP binding site, leading to permanent inhibition
of EGFR activity (18,52).
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The FDA approval of EGFR-TKIs marked a significant milestone in NSCLC treatment.
The journey of EGFR-TKIs essentially began with the development of first-generation
EGFR-TKIs (53). Gefitinib, Erlotinib, and Icotinib are notable examples of reversible first-
generation inhibitors that have been approved by the FDA and are widely used in clinical
practice (54-56). These inhibitors are designed to be mutation-selective, primarily
targeting EGFR mutations, though they are also known to exert some inhibitory effects on
wild-type EGFR (57).

Clinical studies have demonstrated that first-generation EGFR-TKIs can achieve
promising progression-free survival rates (58-60). However, despite these positive
outcomes, patients typically develop drug resistance after an average of 12—16 months of
treatment (61). The most common resistance mechanism is the T790M secondary
mutation in exon 20, observed in approximately 60% of NSCLC patients (38). This
mutation causes a conformational change in the EGFR tyrosine kinase domain, leading
to increased steric hindrance and competition between ATP and the inhibitor (62,63).
Consequently, the binding affinity of EGFR-TKIs for the ATP binding site decreases (62).
The T790M mutation is also known as a “gatekeeper mutation” because it serves as an
escape mechanism to bypass inhibitor pressure (64), resulting in enhanced ATP binding

and the activation of downstream signaling pathways (62).

Following the identification of resistance mechanisms against first-generation inhibitors,
there was an urgent need for new therapeutic options (65). This led to the development
of second-generation EGFR-TKIs. FDA-approved second-generation inhibitors, such as
Afatinib and Dacomitinib, were specifically designed to address the EGFR-T790M
mutation and offer improved efficacy for NSCLC patients (66,67). Dacomitinib is a pan-
HER tyrosine kinase inhibitor targeting all members of the ErbB family (68), while Afatinib
inhibits both EGFR and HER2 (69). These second-generation inhibitors not only target
the T790M mutation but also address both EGFR-activating mutations and wild-type

EGFR (70). Clinical studies have demonstrated that second-generation inhibitors exhibit
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good efficacy. However, despite their promising results, these inhibitors have been
associated with adverse side effects and dose intolerance, particularly in cases with

T790M mutations, which limit their clinical applicability and frequency of use (71).

2.5. Third-Generation EGFR-TKIs — Osimertinib

The resistance observed with first- and second-generation EGFR-TKIs has underscored
the need for newer generation inhibitors. The development of third-generation EGFR-TKIs
has been informed by the resistance mechanisms identified in earlier inhibitors. These
third-generation inhibitors, developed through library screening focused on kinase
inhibitor core structures, feature a distinct structure from the quinazoline-based
compounds of the first and second generations, binding irreversibly to the pyrimidine-
based tyrosine kinase domain (72). Initially, nine different third-generation EGFR-TKIs
were developed (73). Some of these inhibitors have been approved for clinical use, while
others have either not succeeded in clinical trials or are still in the process of transitioning
to clinical practice (74,75). Third-generation EGFR-TKIs are particularly effective against
tumors with EGFR-activating mutations and are designed to overcome the T790M
mutation. These mutant-selective inhibitors demonstrate significantly greater activity in
cells with mutant EGFR compared to those with wild-type EGFR (76).

Osimertinib (AZD9291), developed by AstraZeneca and approved by the FDA in 2015
under the brand name Tagrisso, represents the first ever third-generation EGFR-TKI (77).
It is the only EGFR-TKI approved by the FDA for both first-line treatment of patients with
locally advanced or metastatic NSCLC with EGFR activating mutations and second-line
treatment for those with the EGFR-T790M mutation (37,77). Osimertinib effectively
addresses the T790M mutation by forming a strong covalent bond with the cysteine
residue at position 797 in the ATP binding site of the tyrosine kinase domain (78).
Additionally, osimertinib can target other resistance mechanisms associated with first-
generation EGFR TKiIs (77,79). According to a study by Cross et al. published in 2014,
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osimertinib demonstrated high efficacy in cell lines with exon 19 deletion, L858R, and
T790M mutations, with an IC50 of <15 nM. In contrast, its efficacy was significantly lower
in cell lines with wild-type EGFR, where the IC50 ranged from 480 nM to 1865 nM (11,77).
Therefore, osimertinib exhibits greater selectivity for mutant EGFR compared to both first-
and second-generation EGFR-TKIs (37,80).
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Figure 5: The timeline for the development of osimertinib (81).

Osimertinib is associated with less severe gastrointestinal and skin toxicity compared to
first- and second-generation EGFR-TKIs, largely due to its high selectivity for mutant
EGFR (79,82). Additionally, the superiority of osimertinib over prior generation EGFR-
TKIls is showcased by its ability to penetrate the blood-brain barrier and affect the central
nervous system (83). In the AURAS clinical trial, osimertinib demonstrated a significant
improvement in progression-free survival (PFS) in patients with the EGFR-T790M
mutation, showing a PFS of 10.1 months compared to 4.4 months with platinum-
pemetrexed treatment. This trial also revealed that osimertinib prolonged PFS in NSCLC
patients with central nervous system metastases (Figure 5) (84). Following these findings,
osimertinib was approved for treating patients with the T790M mutation. Further
establishing its clinical advantage, the FLAURAS3 trial, completed in 2018, showed that

osimertinib provided superior overall survival compared to first-generation EGFR-TKIs
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(Figure 5) (85). This evidence further supported the approval of osimertinib as a first-line
treatment for EGFR-mutated NSCLC. Additionally, the ADAURA clinical trial
demonstrated that adjuvant treatment with osimertinib in NSCLC patients whose tumors
had been surgically removed improved PFS by extending the time to cancer recurrence
(Figure 5) (86).

2.6. Osimertinib Resistance Mechanisms

Despite its potent efficacy in treating NSCLC, acquired resistance to osimertinib is an
inevitable challenge. Resistance mechanisms to osimertinib are generally classified into

two categories: EGFR-dependent and EGFR-independent.

2.6.1. EGFR-dependent Osimertinib Resistance Mechanisms

EGFR-dependent resistance mechanisms involve defects or abnormalities in EGFR itself,
such as missense mutations, amino acid substitutions, insertions, gene amplifications,
and back mutations. The most prevalent of these is the C797X mutation, found in
approximately 40% of resistant cases, which represents an escape mechanism from
osimertinib pressure (87). This mutation involves a substitution of the cysteine residue at
codon 797 in exon 20, which disrupts the covalent interaction between osimertinib and
the ATP binding site, thereby reducing the drug's ability to inhibit EGFR (80,88,89). Other
atypical mutations, including G719A, L792X, G796X, and G724S, create steric hindrance
that interfere with osimertinib binding. EGFR gene amplification is another identified
mechanism of resistance, as it can increase the amount of EGFR available for binding
and contribute to resistance (87,90,91). Additionally, since osimertinib targets the T790M
mutation specifically, the loss of this mutation, or back mutation, during tumor evolution is
considered a strategy to evade the drug's effects (87). A study of 143 patients published
in 2018 found that loss of T790M indeed often occurs in conjunction with other resistance

mechanisms in patients who do not respond to osimertinib (87,92).
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2.6.2. EGFR-independent Osimertinib Resistance Mechanisms

EGFR-independent osimertinib  resistance mechanisms include histological
transformations, epithelial-to-mesenchymal transition, and aberrant activation of bypass
signaling pathways and downstream pathways (11,37). The most well-known
mechanisms are MET gene amplifications, HER2 alterations, oncogenic fusions with ALK
and RET genes, aberrant FGFR, IGF1R and AXL signaling, small-cell transformation and

epithelial and mesenchymal transitions (11,87).

3. MATERIALS AND METHODS

3.1. Type of the Research

This research study is descriptive and experimental.

3.2. Place and Time of the Research

The study was conducted in Senturk Functional Cancer Genomics Laboratory at Izmir

Biomedicine and Genome Center between January 2022 and July 2024.

3.3. Research Material

3.3.1. Cell Lines and Cell Culture Consumables

H1975 cell line was kindly gifted from Prof. Dr. Stefan Dimitrov. PC9 cell line was kindly
gifted from Prof. Dr. Tamer Yagci (Gebze Technical University, Turkey). HEK293T Cell
Line was kindly provided by Prof. Dr. Nuri Oztirk (Department of Molecular Biology and
Genetics, Gebze Technical University). Cell culture consumables that were utilized in this
study are detailed in Table 1. Additionally, other consumables including cell culture dishes,
plates, falcon tubes, serological pipettes were purchased from suppliers such as Sarstedt,

Greiner, SPL and Cornomics Life Sciences.
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Table 1: List of cell culture consumables.

Product Name Catalog # Vendor
RPMI-1640 21875034 Gibco
DMEM, high glucose 41965039 Gibco
Fetal Bovine Serum (FBS) 10500-064 Gibco
Penicilin-Streptomycin (10,000 U/ml) (P/S) 15140-122 Thermo Fisher
Phosphate-buffered Saline (PBS) pH 7.4
(10X) 70011036 Gibco
DMSO PA.A3672.0250 | Panreac Applichem
0.25% Trypsin-EDTA (1X), phenol red 25200-056 Gibco
Hexadimethrine bromide (Polybrene) H9268-5G Sigma
PEI 23966 Polyscience
Blasticidin ant-bl-05 Invivogen
3.3.2. PCR Reagents

Conventional Polymerase Chain Reaction (PCR), colony PCR, quantitative reverse

transcription PCR (qRT-PCR) and cDNA synthesis reagents that were utilized in this study

are detailed in Table 2.

Table 2: List of PCR and cDNA synthesis reagents.

Product Name

Catalog #

Vendor

DreamTag™ Hot Start DNA Polymerase

EP1701

Thermo Scientific
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10X DreamTaq Buffer
dNTP Solution mix (10 mM each dNTP) N0447S NEB
Q5 High-Fidelity DNA Polymerase MO0491S NEB
Q5 Reaction Buffer B9027S NEB
iScript™ cDNA Synthesis Kit 1708891 Biorad
BlasTaq Green 2X qPCR Master mix (w/ROX) G892 ABM
3.3.3. Primers

Primers that were used in conventional PCR and qRT-PCR are shown in Table 3 and

Table 4 respectively.

Table 3: Primer sequences that are used in conventional PCR.

Gene Name Sequence (5’-3’)
EGFR Exon 19_F AGCATGTGGCACCATCTCAC
EGFR Exon 19_R ATGAGAAAAGGTGGGCCTGA
EGFR Exon 20_F AGCCACACTGACGTGCCTCT
EGFR Exon 20_R CCTTATCTCCCCTCCCCGTA
EGFR Exon 21_F TGCAGAGCTTCTTCCCATGA
EGFR Exon 21_R GCATGTGTTAAACAATACAGC
EGFR Exon19_Intron18_F CCAGATCACTGGGCAGCATGTGGCACC
EGFR Exon19_Intron19_R AGCAGGGTCTAGAGCAGAGCAGCTGCC
EGFR_ Exon19 _Intron19 Nested R TGGACCCCCACACAGC
EGFRWT_F CCGTCGCTATCAAGGAATTAAG
EGFR Mutant_F TCCCGTCGCTATCAAAACATC
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EGFR WT_Mutant_F ATGTGGCACCATCTCACAATTGCC

EGFR_R CCACACAGCAAAGCAGAAACTCAC

hUu6_F GAGGGCCTATTTCCCATGATT

Table 4: Primer sequences that are used in qRT-PCR.

Gene Name Sequence (5’-3’)

CDH1_F CGAGAGCTACACGTTCACGG
CDH1_R GGCCTTTTGACTGTAATCACACC
VIM_F CGTCACCTTCGTGAATACCA
VIM_R CCAGAGGGAGTGAATCCAGA
GAPDH_F GGCTGAGAACGGGAAGCTTGTCAT
GAPDH_R CAGCCTTCTCCATGGTGGTGAAGA

3.3.4. Oligonucleotides

Oligonucleotides that were used in CRISPR/Cas9 knockout experiments are shown in

Table 5. Renilla luciferase gene that is not present in human genome, was utilized as a

negative (non-targeting) control.

Table 5: gRNA sequences that are used in CRISPR/Cas9 knockout.

Gene Name Sequence (5’-3’)

EGFR g10_F GCTGCCCCGGCCGTCCCGGA
EGFR g10_R TCCGGGACGGCCGGGGCAGC
EGFR g60_F TCCTCCAGAGCCCGACTCGC
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EGFR g60_R GCGAGTCGGGCTCTGGAGGA

Renilla_F GGTATAATACACCGCGCTAC
Renilla_R GTAGCGCGGTGTATTATACC
3.3.5. Plasmids

gRNA sequences were cloned into the lentiviral backbone called lentiCRISPR v2-Blast
(LCV2-Blast) (Addgene, #83480), the map and the restriction sites of which are detailed
below in Figure 8. In addition, helper plasmids’ (psPAX2 (Addgene, #12260) and pMD2.G
(Addgene, #12259)) maps which were used in virus production are given below in Figure
6and 7.

SV40 poly(A) signal

|CAP binding site
lac operator!
M13 rev

AmpR promoter

chicken B-actin promoter

10,709 bp

Figure 6: psPAX2 plasmid map. (Obtained from Addgene, visualized using SnapGene software)
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Figure 8: lentiCRISPR v2-Blast plasmid map. (Obtained from Addgene, visualized using SnapGene

software)
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3.3.6.

Enzymes and Buffers for Molecular Cloning

Molecular cloning reagents that were utilized in this study are detailed in Table 6.

Table 6: List of reagents used for molecular cloning.

Product Name Catalog # Vendor
FastDigest BsmBI
FD0454 Thermo Scientific
10X FastDigest Buffer
Fast AP (Alkalyne phosphatase) EF0651 Thermo Scientific
10X T4 ligation buffer BO202L NEB
T4 Polynucleotide Kinase (3' phosphate minus) M0236L NEB
T4 DNA ligase M0202L NEB

3.3.7. Bacterial Strain and Reagents

The bacterial strain used and required reagents for the bacterial transformation step in

molecular cloning experiments are listed in Table 7.

Table 7: List of reagents used for bacterial transformation.

Product Name Catalog # Vendor
One ShotTM StbI3TM Chemically Competent Thermo
737303
Cells Scientific
Yeast Extract MB16401 Nzytech
LB Broth with Agar L2897 Sigma
Tryptone 1553.03 AppliChem
Ampicillin A0166 Sigma
NaCl M106404.1000 Merck
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3.3.8. Conventional Genomic DNA Isolation Reagents and Buffer Recipe

The reagents necessary for Genomic DNA isolation buffer and its recipe are detailed in

Table 8 and Table 9, respectively.

Table 8: List of reagents used for preparing conventional genomic DNA isolation buffer.

Product Name Catalog # Vendor
Tris T1503-1KG Sigma Aldrich
EDTA E5134-500G Sigma Aldrich
SDS 8170341000 Merck
RNase A 1263MG050 Neofroxx
Monarch Proteinase K T2002 NEB
Table 9: DNA lysis buffer recipe.
Reagent Name Stock Working Volume
Concentration Concentration
Tris-Cl pH 8 0.8 M 10 mM 312.5 L
EDTA pH 8 0.5M 0.1M 5mL
SDS 125 mg 0.5% 25 uL
Proteinase K 20 mg/mL 100 pg/mL 250 uL
RNase A 50 mg/mL 20 pug/mL 150 uL
dH20 Up to 25 mL

25



3.3.9. Western Blot Reagents, Buffer Recipes, and Antibodies

In this study, proteins were isolated using a modified Radioimmunoprecipitation Assay

(RIPA) buffer with detailed reagents and recipes provided in Tables X and X, respectively.

Table 10: List of RIPA buffer reagents.

Product Name Catalog # Vendor
EDTA E5134-500G Sigma Aldrich
EGTA E3889-10G Sigma Aldrich
SDS 8170341000 Merck
Tris T1503-1KG Sigma Aldrich
PMSF LSG36978-5G Sigma Aldrich
Triton X-100 T8787-100ml Sigma Aldrich
Leupeptin 1273-25mg Neofroxx
Aprotinin 1278-25mg Neofroxx
Pepstatin P5318-5MG Sigma Aldrich
B-glycerolphosphate 50020-100G Sigma Aldrich
Na deoxycholate 30970-25G Sigma Aldrich
NaF S6776-100G Sigma Aldrich
Table 11: RIPA buffer recipe.
Reagent Stock Working Volume
Concentration Concentration
EDTA pH 8 0.5M 1 mM 50 uL
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EGTA 0.1 M 1 mM 50 pL
SDS 20% 0.1% (mild) 25 uL
Tris-Cl pH 7.4 1M 50 mM 250 yL
PMSF 0.1 M 1 mM 50 pL
Triton X-100 10% 1% 500 pL
Leupeptin 5 mg/mL 10 pg/mL 10 L
Aprotinin 5 mg/mL 10 ug/mL 10 yL
Pepstatin 1 mg/mL 10 ug/mL 50 uL
B-glycerolphosphate 0.5M 10 mM 100 pL
Na deoxycholate 10% 0.5% 250 pL
NaF 0.5M 10 mM 200 pL
Na Vanadate 0.1 M 1 mM 50 L
NaCl 5M 150 mM 150 pL
dH20 Upto5mL

In this study, proteins are separated using SDS-PAGE gel electrophoresis, with the

compositions of the separating and stacking gels, along with the corresponding reagents,

detailed in Tables 12, 13, and 14, respectively.

Table 12: List of reagents for SDS-PAGE gel.

Product Name Catalog # Vendor
Protogel (30%) EC-890 National Diagnostics
Protogel stacking buffer EC-893 National Diagnostics
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APS 1610GR100 BioFroxx
TEMED T22500-100 Sigma Aldrich
Table 13: Separating gel recipe.
Component 6% 8% 10% 12% 15%
Protogel (mL) 1 1.35 1.65 2 2.5
dH20 (mL) 3.375 3.025 2.725 2.375 1.875
Main gel buffer (mL) | 0.625 T >
10% APS (uL) Y 4 4 U U g
TEMED (L) Y Ay S W >
Table 14: Stacking gel recipe.
Component [ 2ml| 3ml {4ml| S5ml [ 6ml | 7ml [ 8ml| 9ml | 10 ml
Protogel (mL) | 0.25 | 0.375 | 0.5 | 0.625 | 0.75 | 0.875 1 1.125 | 1.25
dH20 (mL) 1.25 | 1.875 | 25 | 3.125 | 3.75 | 4375 | 5 | 5625 | 6.25
Protogel
stacking buffer 0.5 | 0.75 1 125 | 1.5 | 1.75 2 2.25 2.5
10% APS (uL) | 125 | 18.75 | 25 | 31.25 | 37.5 | 43.75 | 50 | 56.25 | 62.5
TEMED (uL) | 2.5 | 3.75 5 6.25 | 7.5 | 8.75 10 | 11.25 | 125
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Buffer recipes, reagents and consumables that are required for western blot are outlined

in Table 15 and 16.

Table 15: Buffer recipes that are used in western blot.

Buffer Name Component Amount
Tris 72.684 g
SDS 10% 16 mL
Main gel buffer
dH20 Up to 200 mL
pH 8.8
Tris 250 mM
SDS 1%
Running buffer (10X) Glycine 1.9 M
dH20 Upto1L
pH ~8.3
Tris 250 mM
Glycine 1.9 M
Transfer buffer (10X) dH20 Upto1lL
pH ~8.3
Methanol 20%
Tris 24 g
TBS (10X)
NaCl 88 ¢
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dH20 Upto1L

pH 7.6

Table 16: Other reagents and consumables that are used in western blot.

Product Catalog # Vendor
BLUeye Prestained Protein Ladder PMO007-0500 GeneDirex
Skim Milk Powder 70166-500G Sigma Aldrich
Albumin Fraction V (pH 7.0) 1126GR100 BioFroxx
Tween-20 BP337-100 Fisher BioReagents
Ponceau S P3504-10G Sigma Aldrich
Acetic acid 27225-2.5L.-R Sigma Aldrich
Nitrocellulose membrane (0.2 pL) GE10600004 GE Healthcare

Antibodies used in this study along with their working dilutions, are detailed in Table 17.

Table 17: List of antibodies and their working dilutions.

Working
Product Name Catalog # Vendor
Dilution
- Cell Signaling
EGF Receptor (D38B1) XP (R) Rabbit 1/1000 4267T
mADb Technology
Cell Signaling
Phospho-EGF Receptor (Tyr1068) pAb | 1/1000 2234
Technology
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p44/42 MAPK (Erk1/2) (137F5) Rabbit Cell Signaling
1/1000 4695T
mAb Technology
Cell Signaling
p-p44/42 MAPK XP (R) Rabbit mAb 1/1000 4370T
Technology
Cell Signaling
E-Cadherin (24E10) Rabbit mAb 1/1000 3195
Technology
Cell Signaling
Vimentin (D21H3) XP® Rabbit mAb 1/1000 5741
Technology
Cell Signaling
Stat3 (79D7) Rabbit mAb 1/1000 4904T
Technology
Phospho-Stat3 (Tyr705) (D3A7) XP® Cell Signalin
P ( y ) ) 1/1000 9145T J J
Rabbit mAb Technology
Cell Signaling
AKT (C67E7) Rabbit mAb 1/1000 4691T
Technology
. Cell Signaling
p-AKT (S473) XP (R) Rabbit mAb 1/1000 4060T
Technology
. Cell Signaling
B-Actin (8H10D10) Mouse mAb 1/1000 3700S
Technology
a-Tubulin (DMIA) Mouse monoclonal
1/1000 | SC-32293 SantaCruz
IgG1
Anti-mouse IgG (H+L) (DyLightTM 680 | 1/10000 | 5470P Cell Signaling
Conjugate) Technology
Anti-rabbit IgG (H+L) (DyLightTM 800 | 1150000 |  5151p Cell Signaling

4X PEG Conjugate)
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3.3.10. Bromodeoxyuridine (BrdU) Incorporation Assay Reagents

Antibodies and reagents that were utilized in the BrdU assay are outlined in Table 18.

Table 18: List of reagents and antibodies used in BrdU assay.

Product Name Cat# Vendor

Absolute Ethanol 920.026 ISOLAB

Hydrocloric acid fuming 37% 1003172500 Merck
DAPI for mb 28718-90-3 Neofroxx

5’-Bromo-2’-deoxyuridine B5002 Sigma

BrdU (Bu20a) Mouse mAb 5292 Cell Signaling Technology

Dnk pAb to Ms IgG AlexaFluor 488 ab150105 Abcam

Microscope Cover Glasses 12 mm 111520 Marienfield
3.3.11. Immunofluorescence (IF) Staining Reagents

Antibodies that were utilized in the IF staining are outlined in Table 19 with their working

dilutions.

Table 19: List of antibodies used in the IF assay and their corresponding working dilutions.

Working
Product Name Cat# Vendor
Dilution
Vimentin (D21H3)
1/200 5741 Cell Signaling Technology
XP® Rabbit mAb)
Purified Mouse Anti- BD Transduction
. 1/200 610181 )
E-cadherin Laboratories™
Alexa Fluor™ 647
1/200 A22287 Invitrogen
Phalloidin
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Dnk pAb to Ms IgG
1/500 ab150105 Abcam
Alexa Fluor 488
Dnk pAb to Rb IgG
1/500 ab175470 Abcam
Alexa Fluor 568
3.3.12. Other Chemicals, Consumables and Commercial Kits

The consumables, kits, and chemicals utilized in the experiments are listed in Table 20

below.

Table 20: List of chemicals, consumables and Kits used in the study.

Scientific

Product Name Catalog # Vendor
Formaldehyde solution F1635 Honeywell
Crystal Violet powder S6158 Sigma
Methanol 32213 Sigma
Matrigel® Basement Membrane .
356234 Corning
Matrix, LDEV-free, 5 mL
SPLInsert™ Hanging 35212 SPL
Propidium lodide 81845 Sigma
Gel Loading Dye, Purple (6X) B7024S NEB
1 kb DNA Ladder N3232S New England Biolabs
100 bp DNA Ladder G193 ABM
Thiazoly blue tetrazolium bromide
1334GR001 Neofroxx
(MTT)
Noble Agar, Ultrapure, Thermo
10907-100gr Alfa Aesar
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NucleoSpin Gel and PCR Clean-
740609.50 Macherey-Nagel
up
NucleoSpin Plasmid, Mini kit for
. 740588.50 Macherey-Nagel
plasmid DNA
Monarch Total RNA Miniprep Kit T2010S NEB
EZ-10 Spin Column Genomic DNA . _
o _ SK8253 Biobasic
Minipreps Kit (blood)
Ultrapure Distilled Water 500 ml 10977-035 Invitrogen
5 ml Polystyrene Round Bottom
352055 Falcon
Tube
28 mm Syringe Filter 0,45 um
431220 Corning
SFCA membrane (sterile)
Mycoplasma PCR Detection Kit G238 Abm
Dacomitinib PZ0330 Sigma
Erlotinib SML2156 Sigma
Paclitaxel S1150 Selleckchem
3.3.13. Devices and Softwares

Devices and softwares that were utilized in the study are detailed in Table 21.

Table 21: List of devices and softwares.

Device/Software Name

Vendor

BD LSRFortessa™ flow cytometer

BD Biosciences

FlowdJo v10.8.0 software

BD Biosciences
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CKX41 Inverted microscope Olympus

BX61 Fully Motorized Fluorescence Microscope Olympus
ImagedJ 1.53k software NIH

GraphPad Prism 8.0 software Dotmatics

Multiskan™ GO Microplate Spectrophotometer

Thermo Fisher

LI-COR Odyssey Imaging System

LI-COR Biosciences

Nanodrop 2000

Thermo Fisher

pH Meter

Hanna Instruments

MicroCL 17 Microcentrifuge (Ventilated) 230V with
Hematocrit rotor

Thermo Fisher

Toploader Balance 820 g x 0.01g

Sartorius

SimpliAmp™ Thermal Cycler

Applied Biosystems

OwlTM EasyCast™ B1A Mini Gel Electrophoresis

Systems

Thermo Fisher

mySPIN™ 6 Mini Benchtop Centrifuge

Thermo Fisher

Incubator MaxQ 4000 Thermo Fisher
Confocal Microscopy LSM880 Zeiss
Gel Doc XR+ System with Image Lab Software BioRad
Centrifuge 5810R Eppendorf

ABI 7500 Fast Thermal Cycler

Thermo Fisher

SnapGene

Dotmatics
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3.4. Methods

3.4.1. Cell Culture

All cells, except HEK293T, were cultured in RPMI-1640 medium containing 10% FBS and
%1 P/S and maintained in incubator at 37°C with 5% CO,. HEK293T was cultured in
DMEM medium containing 10% FBS and %1 P/S and maintained in incubator at 37°C
with 5% CO.. Cells were regularly screened for negative mycoplasma with Mycoplasma
PCR Detection Kit.

3.4.2. Generation of Resistant Cell Line

Osimertinib-resistant cell lines named PC9-OsiR and H1975-0siR were established using
the dose-escalation method. Cells were seeded to 10 cm cell culture dishes as 1x10° cells
per dish. The day after seeding, osimertinib exposure was started at sub-IC50 dose (for
PC9: 1 nM; for H1975: 2 nM). After 3 days of osimertinib exposure cells passaged and
seeded with drug-free medium to promote survival. This recovery period lasted for 3-4
days according to the cells’ response to osimertinib. The dose of osimertinib was doubled
for each iterative cycle of treatment. Between each osimertinib exposure, cells were
cultured with drug-free medium as well. Osimertinib dose escalation cycle continued until
the final dose has reached to 1.5 uM. After reaching the final dose, cells were cultured
with 1.5 pM of osimertinib continuously for one more month. Following this period,
osimertinib exposure ended and cells were cultured with drug-free medium for additional
two weeks. The whole generation process lasted approximately six months. While
culturing of resistant cells, cells were treated with drug solvent DMSO in another dish as

a control group (PC9-Veh and H1975-Veh) and cultured continuously.

3.4.3. Calculating IC50 Dose

To determine the IC50 doses against different small molecule inhibitors (osimertinib,

Dacomitinib, Erlotinib) and chemotherapeutic drug (Paclitaxel) MTT (3-(4, 5-
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dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) assay and cell viability assay with

crystal violet staining were utilized.

3.4.3.1. MTT Assay

IC50 doses against Osimertinib was calculated using MTT rapid colorimetric assay, which
assesses cellular viability based on live cells’ mitochondria activity (93). Cells were seeded
to 96-well cell culture plates as six replicates and as 1000 cells/well in 100 yL. The day
after seeding, cells were treated with osimertinib at 100 yL per well at predefined dose
ranges for 72 hours. As drug control, inhibitor solvent was used, and its dilution was made
equal to the highest dose inhibitor concentration. After 72 hours of inhibitor exposure,
medium was removed and 200 pyL of MTT solution (5 mg/mL in 1X PBS, final
concentration: 0.5 mg/mL in medium) was added to the cells. After 4 hours of incubation
at 37°C, MTT solution containing medium were aspirated. 100 yL DMSO added to each
well to dissolve formazan crystals and plates were shaken using orbital shaker with 100-
120 rpm for 30 minutes. The absorbances of dissolved formazan crystals at 570 and 720
nm were measured using a Multiskan GO Microplate Spectrophotometer and subsequent
analyses were carried out according to these measurements. For blank absorbance
subtraction, medium was added to separate wells without cells as triplicates and the entire

MTT assay procedure and analysis were applied to these wells as well.

3.4.3.2. Cell Viability Assay with Crystal Violet Staining

IC50 doses against other generation EGFR-TKIs (Dacomitinib and Erlotinib) and
Paclitaxel were calculated using crystal violet staining, which assesses cellular viability
based on indirect quantification of cell death (94). Cells were seeded to 96-well cell culture
plates as six replicates and as 1000 cells/well in 100 uL. The day after seeding, cells were
treated with drugs at 100 pL per well at predefined dose ranges for 72 hours. As drug
control, the inhibitor’s solvent was used, and its dilution was made equal to the highest

dose inhibitor concentration. After 72 hours of inhibitor exposure, the medium was
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removed, and cells were washed 1X PBS. Then, cells were fixed by adding 75 pL of 3.7%
formaldehyde solution to each well and incubating for 20 minutes. Following the
incubation, cells were washed with 1X PBS again. Crystal violet staining was performed
by adding 100 pyL of 0.1% crystal violet (dissolved in 10% ethanol) to each well and
incubating the plates for 40 min in the dark. After staining, the plates were rinsed with tap
water and left to dry overnight. The plates were scanned LI-COR Odyssey CLx Imaging
System (LI-COR Biosciences), and analysis was performed using LI-COR Image Studio
and/or Imaged software. For background subtraction, empty wells were stained and

scanned as well.

3.4.4. Construction of gRNA Vectors

A multi-step molecular cloning protocol was followed to construct gRNA vectors. First, the
backbone plasmid (LCV2-Blast) was digested and dephosphorylated with the protocol
detailed in Table 22.

Table 22: Digestion and dephosphorylation protocol

Component Name Volume Thermal cycler Steps
Backbone plasmid 5ug (;_;—)
c
FastDigest BsmBl 3L 8
g D
Fast AP 3 L 2 2
d g
10X FastDigest Buffer 6 uL @)
o)
dH20 Up to 50 uL N

Digested product was loaded onto a 0.8% agarose gel and run for 1 hr at 100 V. Digested
plasmid was isolated from the gel by the NucleoSpin Gel and PCR Clean-up kit according

to manufacturer’s protocol.
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After acquiring the digested plasmid, to phosphorylate and anneal each pair of oligos

reactions were carried out as described in Table 23 to prepare the gRNA sequences for

the ligation step.

Table 23 Phosphorylation and anneal protocol for oligo pairs.

Component Name Volume Thermal cycler Steps
Oligo_F (100 uM) 1 uL 37°C for 2 hours
Oligo_R (100 uM) 1 uL

10X T4 ligation buffer TuL 95°C for 5min and ramp down to
T4 PNK 0.5 L 25°C at 5°C/min
dH20 Up to 10 L

Annealed oligoduplexes were diluted 1:20 in dH,O. The reaction for ligation of oligo

duplexes and digested backbone was performed as detailed in Table 24.

Table 24: Ligation protocol

Component Name Volume Thermal cycler Steps
Digested plasmid 50 ng g
c
Oligoduplex 2 L 8
> @
10X T4 ligation buffer 1L g =
a3 5
T4 ligase 0.5 uL @}
o
dH20 Up to10 L N
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For the amplification of ligated product, bacterial transformation was performed. First,
bacteria aliquot was split into 25 pl for each sample. Sample resulting from the ligation
was transferred into the bacteria. Then the mix was put on ice for 30 min. After incubation
on ice, mix incubated at 42°C for 1 min. Immediately, mix was put on ice for 2 min. Then
950 pl LB was added to mix and incubated at 37°C for 1 hr. Following the incubation, mix
was centrifuged at 11000 rpm for 1 min and the pellet was spread to agar plate

supplemented with Ampicillin. Finally, the plate was incubated at 37°C for 16 hrs.

For vector verification, colony PCR were set up as detailed in Table 25. Then the resulting

product was run on 2% agarose gel at 100 V for 1 hr.

Table 25: Colony PCR protocol

Component Name Volume Thermal cycler Steps
Initial
DreamTaq Buffer 1 uL _ 5 min at 94°C 1 cycle
Denaturation
dNTP 0.2 uL Denaturation | 30 sec at 94°C
Forward Primer
0.4 uL Annealing | 30 sec at 60°C 30 cycles
(hU6_F)
Reverse Primer 0.4 uL Extension 2 minat72°C
DreamTaq DNA
0.05 uL
Polymerase Final
Extensi 5 min at 72°C 1 cycle
Up to 10 xtension
dH20
uL

After verification by colony PCR, positive colonies carrying the plasmid of interest were

grown in a mini culture by adding colonies to 5 mL of LB medium supplemented with
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ampicillin for 18-20 hrs at 37°C and 225 rpm. Finally, plasmids were isolated using the

NucleoSpin Plasmid Mini Kit (Macherey-Nagel) according to the manufacturer's protocol.

3.4.5. Virus Production

For transient transfection, HEK293T cells were seeded at 1x10° cells/well. Following the
day of seeding, transfection was performed. Helper and target vectors were mixed in a
1:2:4 (pMD2.G:psPAX2:Target) ratio in 1X PBS. Separately, in another tube, a PEI and
1X PBS mixture were prepared in a 1:5 ratio. The DNA and PEIl mixtures were then
combined and vortexed vigorously. After vortexing, the mixture was incubated at room
temperature for 30 min. Following the incubation, HEK293T cells were washed with 1X
PBS, and 1.3 mL of DMEM was added. The PEI-DNA mixture was then added to the plate
drop by drop in a counterclockwise direction, and the plate was rotated clockwise to
distribute the transfection mix evenly. After 48 hrs of incubation, the medium from the
HEK293T cells was collected and filtered through a 0.45 um SFCA filter into a 1.5 mL
microcentrifuge tube. The viruses were stored at -80°C.

3.4.6. Infection

250,000 cells/well for PC9-Veh and PC9-OsiR, 300,000 cells/well for H1975-Veh and
H1975-0OsiR were seeded to 6-well plates. After the virus was diluted 1:10 in the medium,
polybrene transduction (main stock: 8 mg/mL) enhancer was added to the same medium
to give a final concentration of 8 ug. The medium containing virus and polybrene was
added to the cells to be infected. For the negative control, a well that was not infected was
cultured. The cells were exposed to the virus for 48 hours. At the end of 48 hours, the
cells were washed twice with 1X PBS, and the cells were trypsinized and transferred to a
10 cm cell culture dish. The day after seeding, selection medium containing 10 ug/mL
Blasticidin was added to the PC9-Veh, PC9-OsiR and H1975-Veh groups and 20 pg/mL

Blasticidin was added to the H1975-0siR group. After 72 hours, the selection medium was
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removed, and complete medium was added. The resulting Blasticidin-resistant cells

(knockout clones) were cultured.

3.4.7. DNA Isolation

Cells were collected by trypsinization and then centrifuged at 1500 rpm for 2.5 min. The
supernatant was aspirated and the pellets either were stored at -80°C or processed
immediately for DNA isolation using EZ-10 Spin Column Genomic DNA Minipreps Kit
(blood) according to the manufacturer’s protocol. After elution, DNA concentration was

measured by NanoDrop 2000 Spectrophotometer. Isolated DNAs were stored at -80°C.

3.4.8. Protein Isolation

Cell dishes were placed on ice and washed with ice-cold 1X PBS. After discarding the
PBS, RIPA buffer was added to the cell dishes according to the cell confluency (60-100
ML). Cells were then scraped while on ice and transferred to chilled 1.5 mL microcentrifuge
tubes. The tubes were incubated on ice for 30 min, vortexing every 10 min. Samples were
centrifuged at 11000 g, at 4°C for 30 min. Following the centrifugation, the supernatants

were transferred to new 1.5 mL microcentrifuge tubes and stored at -80°C.

3.4.9. Determination of Protein Concentration

The protein concentrations were determined using the Pierce™ BCA Protein Assay Kit.
Albumin standards were serially diluted with RIPA from a starting concentration of 1000
ng/mL to a final concentration of 31.25 ng/mL, using a 1:2 dilution factor. Standards and
samples were distributed as 2 pL to each well and in triplicate. 50 uL of the working
reagent, made by mixing solution B and solution A in a 1:50 ratio, was added to each
sample in the dark. After adding the working reagent, plate was incubated at 37°C for 30
min and absorbance was measured at 562 nm by Multiskan™ GO Microplate

Spectrophotometer. With measured absorbances using the Varioskan software standard
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curve was generated, and protein concentrations were determined. As blanks, wells that
containing only RIPA buffer were used. Samples’ concentrations that will be compared
were adjusted to the same concentrations using RIPA buffer and each sample was mixed
with 5X Laemmli buffer containing 30% B-Mercaptoethanol. The samples were then boiled

at 95°C for 5 minutes.

3.4.10. SDS Gel Preparation

For western blot, SDS gel was prepared. After assembling the gel cast, the separating gel
was prepared according to the recipe detailed in Table 10, based on the target protein's
kDa. Once the gel was poured, 60% isopropanol was immediately added to ensure a flat
surface. After 20 min, the isopropanol was removed and rinsed with dH2O, and the
western glasses were thoroughly dried with a napkin. Next, stacking gel was prepared
according to the recipe detailed in Table 11 and poured onto glasses. The comb was then
placed between the plates. After the stacking gel polymerized for 30 minutes, the comb

was removed, and the running system was set up to run the samples.

3.4.11. Western Blot

Denatured protein samples were loaded into gel lanes as 20 pug. The protein ladder was
prepared with 1X Laemmli buffer based on the volume of loaded samples. Loaded
samples were run at 90V for 20-30 min as the protein left the stacking gel, and then the
voltage was increased to 120V for separating the proteins. After electrophoresis, wet
transfer to a nitrocellulose membrane with sandwich assembly was applied following the
protocol (95). The transfer was performed at 350 mA for 90 min. Following the transfer,
Ponceau S staining was performed to check the success of the transfer and to facilitate
the membrane cutting. After staining, membranes were quickly rinsed with 1X TBS, and
then for blocking, they were incubated in %5 milk powder (dissolved in 1X TBS) for 1 hour
at room temperature by rocking at 20 rpm. After blocking, membranes were rinsed with
1X TBS-T. The primary antibody was prepared at dilution detailed in Table 17 in 1% BSA
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and 1X TBS-T and incubated overnight at 4°C by rocking at 20 rpm to detect the protein
of interest. Following the primary antibody incubation, the membranes were washed with
1X TBS-T 3 times for 10 minutes by rocking at 50 rpm. Then, membranes were incubated
in the dark with the proper host’s secondary antibodies prepared at dilution detailed in
Table 17 in 1% BSA and 1X TBS-T and incubated at room temperature for 1 hour. Finally,
the membrane was washed three times with 1X TBS-T for 10 minutes by rocking at 50
rom, and 1X TBS was added for storage and scanned at 700 and/or 800 channels LI-COR
Odyssey CLx Imaging System (LI-COR Biosciences).

3.4.12. Bromodeoxyuridine (BrdU) Incorporation Assay

15,000 cells/well for PC9-Veh, 12,000 cells/well for PC9-OsiR, 15,000 cells/well for
H1975-Veh, 15,000 cells/well for H1975-OsiR were seeded on 12 mm round glass slides
in 24-well plates. The day after seeding, cells were treated with osimertinib at predefined
doses for 48 hrs. After 48 hrs, for BrdU labeling, drug-containing medium was replaced
with medium containing both drug and 30 yM BrdU and the cells were treated for
additional 24 hrs. After 72 hrs osimertinib treatment, medium was aspirated, and cells
were rinsed with 1X PBS. For fixation, 500 puL %70 ice-cold ethanol was added to each
well while plate was on ice and incubated for 10 min. Then ethanol was removed and for
DNA denaturation 500 uL 2N HCI added to each well and incubated for 30 min at room
temperature. After HCI was discarded, slides were washed 3 times with 1X PBS-T for 5
min by orbital shaker at 100 rpm. BrdU monoclonal antibody was prepared in %1 BSA in
1X PBS-T with 1:1000 dilution. 15-20 yL antibody was added to slides carefully and
incubated at room temperature for 2 hrs. After primary antibody incubation, slides were
washed 3 times with 1X PBS-T for 5 min by orbital shaker at 100 rpm. For detection, anti-
mouse Alexa Fluor 488 secondary antibody was prepared in %1 BSA in 1X PBS-T with
1:500 dilution. Secondary antibody added to each well and incubated for 1 hr at room
temperature. Slides were washed 3 times with 1X PBS-T for 5 min by orbital shaker at
100 rpm. Lastly, slides were stained with DAPI for 1 min to counterstain nuclei. Coverslips

were mounted onto glass slides. Slide images were taken by BX61 Fully Motorized
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Fluorescence Microscope (Olympus). The percentage of proliferative cells was calculated
as the number of BrdU labeled cells over the total number of DAPI-positive nuclei in at

least 8 fields randomly counted in the microscope field (magnification, 200X).

3.4.13. Wound Healing Assay

Cells were seeded into 6-well plates the next day at approximately 90% confluence. The
day after seeding, cells were treated with osimertinib for 24 h. After 24 h, since the cells
were almost 100% confluent, a 200 uL pipette tip was used to create a straight-line scratch
on the cell monolayer. After the cell monolayer was wounded, cells were carefully washed
with 1X PBS, followed by replenishment of the cell medium with medium supplemented
with 2% FBS. Wound scratches were visualized using a CKX41 Inverted microscope
(Olympus) at time points TO, T24, and T48. Scratch areas were quantified using ImageJ

1.53e software with the Wound Healing Assay plugin.

3.4.14. Transwell Invasion Assay

Matrigel matrix, diluted 1:40 in serum-free medium, was added to boyden chambers in a
final volume of 50 ul per well placed in 24-well plate. The plate containing boyden
chambers was incubated for 2 hrs at 37°C. After incubation, the excessive medium was
discarded carefully without disturbing the Matrigel matrix layer on the chamber membrane.
Then cells were seeded as 50,000 cells/200 pL in duplicates in serum-free medium. The
lower well was filled with 10% FBS supplemented medium, and cells were incubated for
48 hrs. After 48 hrs of incubation, medium was aspirated, and chambers were washed
with 1X PBS twice. Then cells were fixed with 3.7% formaldehyde solution for 2 min. After
fixation, chambers were washed with 1X PBS twice and permeabilized with 100%
methanol incubation for 20 min. Lastly, chambers were washed with 1X PBS twice and
then stained with 0.5% crystal violet for 15 min. After staining was completed, chambers
were washed with 1X PBS twice. Non-invasive cells were scraped off with cotton swabs.

Migrated cells were counted under CKX41 Inverted microscope (Olympus).
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3.4.15. 2D Colony Formation Assay

Cells were seeded 1000 cells/well to 12-well plate or 1500 cells/well to 6-well plate in
triplicates. Medium was replenished every 3-4 days during clonal growth for 10-12 days.
If osimertinib application present in experiment setup, drug-containing medium applied
continuously and replenished every 3-4 days as well. After clonal growth enough to finish
the experiment, cells were washed with 1X PBS and fixed by incubating with 3.7%
formaldehyde solution for 20 min. Then cells were washed with 1X PBS and stained with
0.5% crystal violet for 40 min. After staining, plates were thoroughly washed with tap
water. High-resolution images of the plates were obtained by using the Odyssey CLx
Imaging System (LI-COR) and signal intensities were quantified using ImageJ 1.53e
software. For background subtraction, wells that did not have cells in them were stained

with crystal violet and used as blank.

3.4.16. Cell Cycle Assay

70,000 cells/well for PC9-Veh and PC9-OsiR, 35,000 cells/well for H1975-Veh and
H1975-OsiR were seeded to 6-well plates and the day after seeding, medium was
replaced with osimertinib-containing medium in predefined concentrations. Cells were
treated with osimertinib for 72 hrs. After treatment is done, cells were trypsinized and then
centrifuged at 1500 rpm for 2.5 min. Then cells were resuspended with 1.5 mL cold 1X
PBS and incubated on ice for 10 min. While the cells were vortexed briefly, 3.5 mL 100%
ethanol was added drop by drop and let the cells fixed for 15 min on ice. Fixed cells were
centrifuged at 1200 rpm for 15 min at 4°C and resuspend with 70 pL Pl solution (50 ug/mL
propidium iodide, 0.1 mg/mL RNase A and 0.05% Triton X-100 in 1X PBS) and incubated
for 40 min at 37°C by briefly vortexing every 10 min. After PI staining is done, stained cells
were centrifuged at 6000 rpm for 5 min at 4°C and transferred to polystyrene tubes in 100-
200 pl cold 1X PBS and analyzed using BD LSRFortessa™ flow cytometer. Cell cycle
phases were analyzed by using FlowJo v10.8.0 software. This experiment was performed

three times, each as a biological replicate.
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3.4.17. Immunofluorescence Staining Assay

70,000 cells/well for PC9-Veh, 50,000 cells/well for PC9-OsiR, 50,000 cells/well for
H1975-Veh, 70,000 cells/well for H1975-OsiR were seeded on 12 mm round glass slides
in 24-well plates. When the cells were reached to 60-65% confluency, medium was
aspirated, and cells were rinsed with 1X PBS. For fixation, 500 yL 3.7% formaldehyde
solution was added to each well and incubated for 10 min. Then formaldehyde solution
was removed and for permeabilization, 0.5 % Triton-X100 added to each well and
incubated for 5 min at room temperature with orbital shaking. After permeabilization, cells
were washed three times with 1 X PBS for 5 min orbital shaking and blocked with 5% BSA
in 1X PBS for 1 hr in room temperature. Following the blocking, the slides were rinsed
with 1X PBS-T and the area around the slides was thoroughly dried to prevent the primary
antibody from leaking into wells. Primary antibody was prepared in %1 BSA and 0.3%
Triton X-100 in 1X PBS-T with working dilution detailed in Table 19. 15-20 yL antibody
was added to slides carefully and incubated at room temperature for 1 hr. After primary
antibody incubation, slides were washed 3 times with 1X PBS-T for 5 min by orbital shaker
at 100 rpm. For detection, anti-mouse Alexa Fluor 488 or anti-rabbit Alexa Fluor 568
secondary antibody was prepared in %1 BSA and 0.3% Triton X-100 in 1X PBS-T with
1:500 dilution. Secondary antibody added to each well and incubated for 1 hr at room
temperature. Slides were washed 3 times with 1X PBS-T for 5 min by orbital shaker at
100 rpm. Lastly, slides were stained with DAPI for 1 min to counterstain nuclei. Coverslips
were mounted onto glass slides. Slide images were taken by Confocal Microscopy
LSM880 (Zeiss).

3.4.18. RNA Isolation

Cells were trypsinized and collected into 1.5 mL microcentrifuge tubes and centrifuged at
1500 rpm for 2.5 minutes. After the supernatant was removed and rinsing the pellet with
cold 1X PBS, the centrifugation step was repeated. RNA isolation was performed using
the Monarch Total RNA Miniprep Kit according to the manufacturer’s protocol. Isolated

RNA concentrations were determined using NanoDrop Spectrophotometer.
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For RNA sequencing, cells were seeded into separate 10 cm cell culture dishes, with three
technical replicates per condition. After 3 days of culturing, RNA was isolated using the

same procedure as described above and stored at -80°C.

3.4.19. cDNA Synthesis

cDNA synthesis was performed using iScript™ cDNA synthesis kit according to the
manufacturer’'s protocol. For each reaction, protocol detailed in Table 26 performed.

Samples were diluted 4.2X by nuclease-free water and stored at -20°C.

Table 26: cDNA synthesis reaction protocol

Component Name Volume Thermal cycler Steps
iScript reaction mix
4 uL Priming 5 min at 25°C
(5X)
iScript reverse
. 1oL Reverse
transcriptase 20 min at 46°C
Transcription
Nuclease-free water Variable
RNA template 1 ug RT Inactivation 1 min at 95°C
Total Up to 20 uL Optional step Hold at 4°C

3.4.20. Quantitative Real-Time PCR (qQRT-PCR)

Reaction mixes were prepared using BlasTaq Green 2X qPCR Master mix (abm) kit

according to the manufacturer’s protocol as detailed in Table 27.
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Table 27: qPCR reaction mix recipe for single sample.

Component Name Volume
BlasTag™ 2X gPCR MM 5L
Forward Primer (10 M) 0.4 uL
Reverse Primer (10 uM) 0.4 pL

Template DNA (1 pg) 4.2 uL
ddH:20 Up to 10 pL

The prepared reaction mixtures were loaded into the MicroAmp Fast 96 well Reaction
Plate as triplicate technical replicates for each sample in the dark and then the reaction
plate was centrifuged at max speed for 30 sec to reduce the reaction mixture to the bottom
of the plate. The gRT-PCR experiment was performed using Applied Biosystems 7500
Real-Time PCR System. Relative gene expression of genes of interest to endogenous

control (GAPDH) was calculated using the following equation.

Relative gene expression = 2744t

3.4.21. Analysis of Global Transcriptomics Data

Paired-end raw sequencing data were obtained as fastq files from company that
performed NGS. For analysis of global transcriptomics data multi-step pipeline was used.
Quality control of raw RNA sequencing libraries was performed using FASTQC (v0.11.7)
and low-quality reads and adapter sequences were removed from libraries using Cutadapt
(v1.18) software (96). The remaining reads were analyzed using the current human
reference genome (GRCh38) and annotation (version 34) data obtained from the
Gencode database (97). In order to align the reads to the reference genome, the genome
index was created with the subread software using subread-buildindex command

and then the reads were aligned to the reference genome with this index and the
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subread-align -t 0 -T 28 -a
gencode.v39.primary_assembly.annotation.gtf -1 grch38-index -o
${file}.bam -r ./${file}_1.fastq.gz -R ./${file}_2.fastq.gz
command (98). In the determination of gene expression levels, gene-level expression data
were measured with the featureCounts software using featureCounts -p -T 4 -F -
f -M -s 2 -a /gencode.v39.primary_assembly.annotation.gtf -t exon
-g gene_id -0 /${file}_counts.txt /${file}_.bam 2>
/${file}_featurecounts.screen-output.log command and converted to CPM
(Counts per million) (99). Statistical significance of differences in gene expression levels
between two groups was performed with the edgeR package (v3.24.3) in the R computing
environment (v4.1.1) (100). CPM values were used in the visualization of gene expression
data. The ggplot2 package in the R environment was used to visualize the expression
data. Genes with statistically significant increases and decreases in gene expression
levels were listed according to the adj-pvalue, and various visuals representing gene

clusters showing significant changes were created.

3.4.21.1. Gene Set Enrichment Analysis

The gene expression list file (.gct) was generated using counts per million (CPM) values
derived from RNA sequencing for each sample. Since there were 3 samples per group,
the permutation type was set to gene set. As for GSEA (v4.2.3), a list of differentially
expressed genes with phenotype labels “PC9” and “PC9-0OsiR” (and “H1975” and “H1975-
OsiR”) was loaded into the GSEA tool, and “false discovery rate” (FDR), nominal p-values
(p), and “negative enrichment scores” (NES) were calculated after 1000 random
permutations of the gene set. FDR<0.25 and p<0.05 were considered statistically

significant. C2, C5 and Hallmarks gene sets were used as gene sets in GSEA (101).

50



3.5. Study Plan and Calendar

Plan Date

Literature Search January 2022 — March 2022

Generating osimertinib resistant PC9 cell

i March 2022 — September 2022
ine

Characterizing osimertinib resistant PC9

) September 2022 — January 2024
cell line

Generating osimertinib resistant H1975

: September 2023 — February 2024
cell line

Characterizing osimertinib resistant

i February 2024 — July 2024
H1975 cell line

3.6. Data Evaluation

All statistical analysis were performed utilizing GraphPad Prism 8 software and R
programming language. Student's t-test was applied for comparisons between two
independent groups, while ANOVA was employed for comparing multiple groups.
Significance was denoted as following: p-value < 0.05 (*), p-value < 0.01 (**), and p-value
< 0.001 (***).

3.7. Limitations of the Study

Despite all our results being reproducible, resistant cells were not developed from a single-
cell clone, so the resistance of the cells was dynamic. As resistant cells were passaged
in culture, some response to the drug was observed, although not as much as in the

sensitive state.
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3.8. Ethics Committee Approval

This study was approved by the IBG Local Ethics Committee with protocol number 2022-
043.

4. RESULTS
4.1. Generation of Osimertinib-resistant PC9 Cell Line

The PC9 cell line, characterized by an E746-A750 deletion (ex19del) in the EGFR gene,
was the primary cell line used in this study to model osimertinib resistance. To determine
the initial dose for resistance induction, the 1IC50 of osimertinib was calculated in the
parental PC9 cell line. For this purpose, 2500 cells were seeded into a 96-well, and
osimertinib was applied at doses ranging from 4 uM to 0.0002 yM with a 1:4 dilution factor.
After 72 hrs of incubation with osimertinib, crystal violet staining was performed to
measure cell viability relative to the control group, which was treated with DMSO. The
IC50 of osimertinib, representing the dose that resulted in 50% inhibition of cell viability,

was determined to be 0.5 nM (Figure 9).
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Figure 9: IC50 graph of osimertinib in PC9 (parental) cell line. The half-maximal inhibitory dose of osimertinib

on PC9 was shown in the graph. (n=6, as technical replicates), calculated using GraphPad Prism 8 software,
n=6.
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The osimertinib-resistant PC9 clone, dubbed as PC9-OsiR, was developed using a dose
escalation method, as outlined in the workflow shown in Figure 10. This method involved
progressively increasing the concentration of osimertinib, thereby simulating the gradual
acquisition of resistance typically observed in clinical settings. This dynamic and realistic
model facilitates the development of cellular and molecular adaptations that occur as cells
are exposed to increasing levels of the drug, effectively mimicking the resistance

development process seen in patients (102).

Osimertinib concentration

3 days ( 3 days 3 days
(S} \ > ——a | — — —
Sub-IC50 Recovery Drug After 14-16 weeks
of Osimertinib Osimertinib
Parental cell line treatment resistant cell line

Figure 10: Schematic representation of the dose escalation method used in the development of osimertinib

resistant cells. Created with BioRender.com

The process for developing osimertinib-resistant cells followed these general steps.
Osimertinib treatment commenced with a sub-IC50 concentration. During the resistance
development phase, cells were exposed to the inhibitor for up to 72 hours. Following this
exposure, cells were cultured in drug-free medium for 3—4 days to allow the growth of
surviving cells, though this period was adjusted based on cell viability. Osimertinib was
then reapplied at twice the IC50 dose for 3 days, after which the cells were again cultured
in drug-free medium. This cycle of drug administration was repeated, with each drug-free
growth cycle involving a dose twice the previous dose, until a maximum concentration of
1.5 uM was reached. After achieving the 1.5 yM dose, cells were maintained continuously
in 1.5 uM osimertinib for an additional month. The drug resistance development process
took approximately 6 months. Of particular importance, PC9 cells were maintained in
culture with DMSO vehicle (PC9-Veh) throughout the process,
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Having successfully established an osimertinib-resistant clone with a polyclonal nature,
we proceeded to characterize phenotypic and functional hallmarks of both treatment-
naive and osimertinib-resistant states. Notably, as the drug treatment progressed through
cycles with increasing doses of osimertinib, phenotypic changes in the PC9 cells were
observed. Compared to the control group (PC9-Veh), osimertinib-resistant cells displayed
enlarged cytoplasm and alterations in membrane structure, including subtle cell

protrusions (Figure 11).

PC9-Vehicle PC9-OsiR

40x

Figure 11: Light microscope images depicting the morphological changes in control cells (PC9-Veh) and
osimertinib-resistant cells (PC9-OsiR). (Scale for 20x: 50 um, scale for 40x: 20 um)

To evaluate cell viability across a range of osimertinib concentrations and to determine
the IC50 values for both PC9-Veh and PC9-OsiR cell lines, an MTT assay was performed.
The IC50 values were observed to be around 1 nM for PC9 cells and 3.5 uM for PC9-
OsiR cells (Figure 12). The drug resistance index (DRI) was calculated to be

approximately 3200.

54



120- .
PC9 OsiR

PC9 Vehicle

—
o O
< S

Cell viability (%)
A O
T T

)
T

o

4 6 8
log(pM)

o
N

Figure 12: Cell viability graph after 72 hours of Osimertinib treatment in PC9-Veh and PC9-OsiR cells.
Treatments were normalized to DMSO (vehicle) control n=6.

4.2. EGFR dependency in PC9-Veh and PC9-OsiR cells

PC9 cells, which harbor constitutively active EGFR, rely on EGFR for their survival. Since
osimertinib inhibits EGFR signaling and resistant cells are desensitized to drug challenge,
we hypothesized that osimertinib-resistant cells might no longer rely on EGFR for survival.
To test this hypothesis, we used an orthogonal approach and performed genetic depletion
of EGFR gene in both PC9-Veh and PC9-OsiR cell lines. The Renilla, EGFR g10, and
EGFR g60 sequences were cloned into the LentiCRISPR-v2 Blasticidin vector, and cells
were infected with the resulting viral particles. To confirm successful knockout, protein
extracts were collected 10 days post-infection and analyzed using Western blotting
(Figure 13).
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Figure 13: Western blot results of Renilla and EGFR knockout PC9-Veh and PC9-OsiR cell lines. B-actin is

used as loading control.

After verifying the knockout, cells were seeded into 6-well plates to assess their EGFR

dependency using a long-term 2D colony formation assay. The cells were incubated for

10 days, with medium changes every 3 days. As expected, the EGFR knockout PC9-Veh

clones exhibited a markedly reduced colony-forming capacity (Figure 14). In contrast,

EGFR knockout PC9-OsiR clones were largely unaffected by EGFR loss, compared to

Renilla clone. These findings indicate that PC9-Veh cells are highly dependent on EGFR

for their survival and proliferation, whereas PC9-OsiR cells exhibit a significant reduction

in EGFR dependency (Figure 14).
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Figure 14: Colony formation assay results of Renilla and EGFR knockout PC9-Veh and PC9-OsiR cell lines.
The relative intensity was determined by normalizing the intensities of the EGFR knockout group against

those of the Renilla group. Representative images are given. Mean +SD, n=3.

4.3. Investigating the Mutation Profile of Osimertinib-resistant PC9 Cells

To obtain a preliminary estimate of whether known genetic mechanisms associated with
EGFR mutations contribute to drug resistance, we assessed the EGFR mutation status

by Sanger sequencing.
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EGFRWT CGC TAT CAAAGGAGTTAAGAGAAGCC CACAT

EGFR exon 19 del CGC TAT CAAA- - - - - - === == = - - - - =~ ACAT

PC9-Veh

AATTCCCGTU CGCTATCAAAACATC CTCCA AAAAGCCAACAAG

PC9-OsiR

CGTCGCTATCAAAACATCTCCAAAAGCCAACAAGGAAATCCTCd
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Figure 15: Sanger sequencing results for PC9-Veh and PC9-OsiR cells.

As shown in Figure 15, both PC9-Veh and PC9-OsiR cell lines carry the known 15-nt

deletion in EGFR. However, PC9-OsiR cells did not show an additional mutation in the

analyzed region, suggesting that resistance is not mediated by secondary EGFR

mutations.

PC9 cells are reported to harbor exon 19 deletions in heteroduplexes (103), implying the

presence of wild-type EGFR in their genome. To verify this argument, we performed a

58



genomic PCR with exon 19 primers for to detect wild-type EGFR (Figure 16). Our results
indicate that both treatment naive and resistant cells harbor heterozygous mutant EGFR.
This finding helps explain why PC9-OsiR cells remain somewhat affected by EGFR
knockout, despite exhibiting insensitivity to the inhibitor.

mut / wt
wt / wt
mut / mut

Figure 16: PCR results showing proportions of EGFR homoduplexes (mut/mut and wt/wt) and

heteroduplexes (mut/wt).

4.4. Impact of the Osimertinib-resistant State on Cell Proliferation and 2D Colony

Formation Capacities in PC9 Cells

After confirming osimertinib resistance through the MTT assay, we measured growth
kinetics relative to the control group (Veh) in two separate assays. First, we assessed cell
proliferation capacity using a cell count assay. PC9-Veh and PC9-OsiR cells were seeded
into 6-well plates at equal densities. Cells proliferation was estimated using a
hemocytometer every 2 days, starting 24 hr after seeding. After reaching confluency, the
experiment was concluded on day 5. As shown in Figure 17, PC9-OsiR cells exhibited

reduced proliferation capacity compared to PC9-Veh cells.
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Figure 17: Cell proliferation rates of PC9-Veh and PC9-OsiR cell lines. Cell counts were measured every 2

days starting 1 day after cell seeding. Mean+SD, n=2, ***p<0.001,

To determine how the osimertinib-resistant cell state affects colony-forming capacity, we

performed a long-term 2D colony formation assay with PC9-OsiR cells. For this, 1000

cells were seeded into each well of 12-well plates and allowed to form colonies over a

period of 10 days. After the incubation period, the plates were scanned, and colony

intensities were measured. The results revealed that PC9-OsiR cells exhibited a slightly

lower, but not significantly different, 2D colony formation capacity compared to PC9-Veh

cells (Figure 18).
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Figure 18: Clonogenic capacity of PC9-Veh and PC9-OsiR cell lines. Colony formation capacity was
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measured by normalizing the intensities of PC9-OsiR cells to PC9-Veh cells. Pixel intensities were

calculated with Imaged software. Representative images are given. Mean+SD, n=3, p=0.0718.

4.5. Effect of the Osimertinib-resistant State on Cell Invasion Capacity in PC9
Cells

Given that PC9-OsiR cells displayed morphological hallmarks reminiscent of a
mesenchymal phenotype, a trait often associated with EGFR-TKI resistance (104), we
investigated their phenotypic characteristics using a transwell invasion assay. Cells were
seeded into Matrigel-coated Boyden chambers, which were then filled with FBS-reduced
medium. To induce cell invasion, complete medium was added to the wells. After 48 hr,
the assay was terminated with crystal violet staining. Images of the Boyden chambers
were captured with a light microscope, and the number of invaded cells per field was
quantified using Imaged software. Contrary to our expectations, the results revealed that
PC9-OsiR cells exhibited significantly reduced invasion capacity compared to PC9-Veh

cells (Figure 19).
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Figure 19: Representative images (left) and invasion capacity graph (right) of PC9-Veh and PC9-OsiR cells.

Invaded cells were counted from randomly selected 6 areas. 10X magnification, scale bar represents 100

um.
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4.6. Investigating the Response of the other generation and cytotoxic inhibitors

It is well-established that osimertinib-resistant NSCLC cells can develop cross-resistance
to earlier-generation EGFR-TKIs (105,106). To explore this phenomenon, we assessed
the responses of PC9-Veh and PC9-OsiR cells to first-generation (Erlotinib) and second-
generation (Dacomitinib) EGFR-TKIs. Our results demonstrated that while PC9-Veh cells
were sensitive to both Erlotinib and Dacomitinib at comparable doses, PC9-OsiR cells
exhibited significant insensitivity to these inhibitors (Figure 20). This indicates that cells
resistant to osimertinib can also develop resistance to prior EGFR-TKIs. Additionally, we
evaluated the response of these cells to Paclitaxel, a cytotoxic chemotherapy agent
(Figure 20). PC9-OsiR cells showed slightly reduced sensitivity to Paclitaxel compared to
PC9-Veh cells. However, the low nanomolar IC50 values for Paclitaxel suggest that
osimertinib resistance primarily affects the EGFR pathway and does not lead to significant

cross-resistance to chemotherapeutic agents.
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Figure 20: Cell viability graphs and IC50 values after 72 hours of Erlotinib, Dacomitinib and. Paclitaxel

treatment in PC9-Veh and PC9-OsiR cells. Treatments were normalized to DMSO (vehicle) control, n=6.

4.7. Characterizing Morphological Changes in Osimertinib-Resistant PC9 Cells

As previously noted, osimertinib-resistant PC9 cells displayed morphological changes.
Initially, this phenotype was attributed to epithelial-to-mesenchymal transition (EMT)
(37,107). To investigate this phenotype, we conducted three assays focusing on well-
known EMT markers: E-cadherin (E-cad) as an epithelial marker and Vimentin (Vim) as a
mesenchymal marker. First, we measured the relative expression levels of these genes

using qRT-PCR. Our results indicated that while the expression of the CDH1 gene, which
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encodes E-cadherin, remained unchanged, there was a significant increase in the

expression of Vimentin (Figure 21).
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Figure 21: qPCR results for EMT marker genes in PC9-Veh and PC9-OsiR cells

Secondly, changes in EMT markers in cells were examined by western blot method. As
shown in Figure 22, E-cadherin expression remained unchanged in the PC9 cell line. More

importantly, Vimentin expression was not detectable at the protein level.
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Figure 22: Western blot results for E-cadherin and Vimentin in PC9-Veh and PC9-OsiR cells. The result at
the right is for positive control to validate vimentin antibody. H1975 cell line used as positive control. B-actin

used as loading control.

64



To further investigate the cellular distribution of E-cadherin and Vimentin,
immunofluorescence staining was conducted, with Phalloidin used to visualize F-actin

proteins and assess morphological changes (Figure 23).

E-cadherin Vimentin Merged

PC9-Vehicle

PC9-OsiR

Figure 23: E-cadherin and Vimentin staining in PC9-Veh and PC9-0OsiR cells. DAPI is used as a

counterstain dye.

As shown in Figure 24, Phalloidin staining revealed cell protrusions and alterations in cell
morphology. These findings suggest that while morphological changes in the PC9 cell line
may indicate an epithelial-to-mesenchymal transition (EMT) but are not directly regulated

by E-cadherin and Vimentin.
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Figure 24: Phalloidin staining depicting cellular morphology in PC9-Veh and PC9-OsiR cells. DAPI is used

as a counterstain dye.

4.8. Exploring Alterations in Bypass Signaling Pathways in Resistant Cells

In the subsequent characterization of PC9-OsiR cells, alterations in the EGFR signaling
pathway were examined. Specifically, activation markers for the EGFR (p-EGFR, Y1068)
and its downstream components (p-AKT, S473; p-ERK, T202/Y204; and p-STAT3, Y705)
were assessed using Western blotting. Cells from both groups were seeded in 6 cm plates
and grown to approximately 75% confluency. Once sufficient confluency was achieved,
proteins were extracted, and western blotting was performed to detect changes in the

EGFR signaling pathway.

Compared to PC9-Veh cells, PC9-OsiR cells exhibited a significant decrease in
phosphorylation of EGFR at Tyrosine 1068, consistent with previous findings (108).
Compared to PC9-Veh cells, PC9-OsiR cells exhibited a significant decrease in
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phosphorylation of EGFR at Tyrosine 1068, consistent with previous findings (Figure 25).
These results show that endogenous EGFR activity significantly decreases with the
development of osimertinib resistance, whereas AKT signaling activity from the
downstream pathway increases. There was a decrease in STAT3 signaling activity. This
suggested that the dependency of the PC9-OsiR on EGFR activity may have shifted to

the AKT axis via an alternative bypass signaling pathway.
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Figure 25: Western blot result showing alterations in bypass signaling pathways in PC9-Veh and PC9-

OsiR cells. B-actin used as loading control.
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4.9. Effect of Increasing Osimertinib Doses on Colony Formation Capacity in
PC9-OsiR and PC9-Veh Cells

Next, a 2D colony formation assay was performed with increasing doses of osimertinib.
Cells were seeded in 12-well plates in triplicate. The following day, osimertinib was
administered at doses of 5 uM, 1 yM, 200 nM, 100 nM, 50 nM, 10 nM and 2 nM. The drug-
containing medium was refreshed every three days. After 10 days, the experiment was
concluded with crystal violet staining. Images were captured using the LI-COR Odyssey
CLX system, and the colonies were analyzed using ImageJ software. As expected, PC9-
Veh cells exhibited high sensitivity to increasing doses of osimertinib. In contrast, PC9-
OsiR cells showed no significant reduction in colony, demonstrating their resistance to the
drug (Figure 26).
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Figure 26: Colony formation capacity of PC9-Veh and PC9-OsiR cells at different drug doses after the

development of resistance. Representative images are given. Mean +SD, n=3, technical replicates.

4.10. Impact of Increasing Osimertinib Doses on Proliferation Index and Growth
Kinetics in PC9-OsiR and PC9-Veh Cells

We next evaluated the impact of osimertinib challenge on cell proliferation in resistant
cells. To this end, cells were seeded into 24-well plates. The next day of seeding,
osimertinib was administered at doses of 1 yM, 500 nM and 100 nM. After 48 hours, BrdU
labeling was performed to identify actively proliferating cells. The results revealed that
osimertinib significantly reduced the proliferation rate in PC9-Veh cells compared to

untreated controls. In contrast, PC9-OsiR cells showed minimal change in proliferation
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rates under the same osimertinib treatment conditions (Figure 27). This confirms that PC9-
OsiR cells are less affected by osimertinib-induced inhibition of proliferation compared to

the sensitive PC9-Veh cells.
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Figure 27: BrdU labeling results of PC9-Veh and PC9-0siR cells with increasing doses of osimertinib. Mean
+ SD, n=8.
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To corroborate the observations with proliferation index, cell cycle profiles were analyzed
under the same experimental conditions. Cells were seeded into 6-well plates and treated
with increasing doses of osimertinib for 72 hours. Cell cycle analysis was performed using
Pl staining. Notably, PC9-Veh cells exhibited G1 phase arrest in a dose-dependent

manner. Conversely, PC9-OsiR cells showed no significant changes in their cell cycle

profiles, regardless of osimertinib concentration (Figure 28).

Control

100 nM

500 nM

1,5K

1,0K -

PC9-Veh

500

2,0K

1,5K -

1,0K ]

500 -

2,5K 4
2,0K -
1,5K 4§
1,0K 4

500 4

0

N 6@(\ \QQ‘(\ \‘30\(\ rLQQ‘(\rL‘DQ\(\

0

O gt oo et ot et

0 D NS
Ot o et b ot

1,2K

900

600 4

PC9-OsiR

300 4

0

Count

-

60\(\ »\QQ‘{\ »\60\(\ qp@(\ r)ﬁ)d\

PerCP-Cy5-5-A

800

600

400

200 -

PC9-Veh

Cell Cycle Distribution
(% of Each Phases)

0

&
(S

QRPN
\‘g“gg“ N
«

1,2K

900 -

600 4

300 4

Q

‘JQ\(\ \QG{\ \‘JG(\ rLQG(\ qfag\(\

. 61
= s
= G2

0 T Y T T T
) 63‘(\ ’\BQ‘(\ ’\6@(\ ,LBQ‘(\ qqu\(\

1uM

2,5K 3
2,0K 4
15K
1,0K 4

500 1

0

Q 6@(\ »\QQ‘(\ '\6@(\ ’LQQ\(\'LQ)Q‘(\

1,0K
8004

600

400+

200

0

N 6@(\ ’\0@& \6@(\ ‘],QQ‘(\’L‘JQ‘(\

PC9-OsiR

ion
)

(% of Each Phases
D
o
1

Cell Cycle Distribut

/| G1
= s
= G2

Figure 28: Cell cycle distribution of PC9-Veh and PC9-OsiR cells with increasing osimertinib concentrations.

n=3, biological replicates.
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4.11. Effect of Increasing Osimertinib Doses on Motility in PC9-OsiR and PC9-Veh
Cells

To assess the impact of osimertinib on phenotypic hallmarks, cell motility was evaluated
using a wound healing assay under osimertinib treatment. Cells were seeded into a 6-well
plate, and the following day, they were exposed to increasing concentrations of
osimertinib for 24 hours. A scratch was then created using a 200 pL pipette tip, and the
medium was replaced with drug-supplemented 2% FBS medium. The scratch areas were
measured at TO, T24, and T48, and the percentage of closure was calculated relative to
TO. As shown in Figure 29, PC9-Veh cells exhibited a significant reduction in motility with
increasing osimertinib doses. However, the motility of PC9-OsiR cells remained
unaffected by osimertinib. Consistent with the invasion experiments, the motility rate of
PC9-Veh cells was higher than PC9-OsiR cells.
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Figure 29: Wound healing assay of PC9-Veh and PC9-OsiR cells. n=8.

4.12. Bypass Signaling Pathways Changes in PC9-OsiR and PC9-Veh Cells in
Response to Escalating Osimertinib Doses

We next investigated the effect of osimertinib treatment on the EGFR signaling pathway,
Cells were treated with osimertinib for 5 hr and western blot analysis was performed. As
expected, increasing osimertinib doses significantly inhibited p-EGFR, p-AKT and p-ERK
in PC9-Veh cells. In contrast, in PC9-OsiR cells, phosphorylation of p-EGFR and p-ERK
decreased, but no significant change was observed in AKT pathway activity with
increased osimertinib doses. These findings suggest that while endogenous EGFR
activity was substantially reduced in PC9-OsiR cells with higher osimertinib doses, AKT

signaling remained unaffected (Figure 30). This finding aligns with earlier results,
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indicating that the survival dependency on EGFR signaling has shifted to an alternative

bypass mechanism involving AKT activity.
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Figure 30: Western blot analysis showing alterations in EGFR pathway components in accordance with

increased doses of osimertinib in PC9 group. B-actin was used as a loading control.
4.13. Transcriptomic Profiling of Osimertinib-Resistant PC9 Cells

To explore the molecular mechanisms associated with resistance and identify factors
potentially contributing to its development, a comparative whole-genome transcriptome
analysis (RNA sequencing) was conducted on PC9-Veh and PC9-OsiR cells. The initial
step in RNA sequencing analysis involved assessing the overall similarity/distinction
between the samples in this context, our data were analyzed using principal component
analysis (PCA). A distinct biological separation between the two groups was evident along
the PC1 axis (Figure 31). The technical variance between replicates was minimal, as

indicated by the limited separation along the PC2 axis. Additionally, the separation
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between the groups and the consistency among the triplicate replicates were further

illustrated through a correlation heatmap (Figure 31).

PC9 PCA Plot Hierarchical Heatmap

-
o
L

1
PCY-Veh_1 IO_9998

> Group PC9-Veh_2 0.9996
PC9-Veh PC9-Veh_3 0.9994
PCo-Qsi PC9-OsiR_3 09992

- 0.999

PC2: 10% variance
o

0.9988

PC9-OsiR_1
I 0.9986

PC9-OsiR_2

-20 =10 0 10 20
PC1: 78% variance

¢ USA-60d
€ UYSA-60d
L ¥IsO-60d

o
9
€
&
>

€ HI1S0-60d

Z dIsO-60d

Figure 31: Principal Component Analysis (PCA) plot (left) and correlation heatmap (log2(CPM+1)) (right) of
PC9-Veh and PC9-OsiR triplet repeats.

Next, the statistical significance of the differences in gene expression levels between the
PC9 and PC9-OsiR groups was determined. Genes exhibiting statistically significant
differential expression were identified and ranked according to the corrected p-value
(FDR). Various visualizations were generated to represent the gene clusters with
significant changes. Specifically, a heatmap displaying a total of 13,403 transcripts with
CPM values of 1 or higher was created using triplicate samples from both groups Figure

32.
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Figure 32: Heatmap of all transcripts that passed the log2(CPM+1) filter in PC9 group , n=3 for each sample.
A total of 13403 transcripts passed.

An MA plot was generated to visualize gene expression changes between PC9-Veh and
PC9-OsiR cells (Figure 33). In this plot, the X-axis represents the mean expression level
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(A, logCPM) of each gene, while the Y-axis depicts the log2 fold change (M, logFC)
between the two conditions.
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Figure 33: MA plot showing the alterations in gene expression profile for PC9 group. LogzFC threshold value
is <-1 and >1. The number of genes with increased expression (blue) exceeding this threshold is 557, while
the number of genes with decreased expression (orange) is 852. The genes shown in gray dots are genes
with insignificant expression.

As an additional method for representing gene expression changes between PC9-Veh
and PC9-OsiR cells, a volcano plot was created (Figure 34). This plot visualizes genes
with large fold changes and statistical significance, combining both the magnitude of

change and the significance level in a single graphical representation.
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Figure 34: Volcano plot demonstrating the changes in gene expression profile for PC9 group. Log2FC
threshold value is <-1 and >1. p-value threshold is <0.05. The number of genes with altered expression
exceeding these thresholds (orange) is 1406, while the number of genes with only a significant p-value

(blue) is 852. Genes shown in gray dots are genes with insignificant expression.

4.14. Functional Insights from Transcriptomic Analysis of Osimertinib-Resistant
PC9 Cells

After revealing the changes in the global transcriptome, gene ontology (GO), pathway
enrichment and Gene Set Enrichment Analysis (GSEA) were performed to better
understand which pathways and/or phenotypes these changes affect. For gene ontology
and pathway enrichment analyses, gene lists were divided into two different gene list
groups as “up” and “down” using an absolute value threshold of 1. The genes in these
lists were analyzed using GO, KEGG and ReactomePA databases. The terms showing
significant changes as a result of these analyses are presented with dot plots in Figures
35 and 36.
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The enrichment analysis shown in Figure 35 revealed processes that demonstrate the

presence of the EMT phenotype observed in PC9-OsiR cells. In particular, biological

processes such as extracellular structure organization, axon guidance, and external

capsule structure organization stand out as terms explaining this phenotype. In addition,

AKT activation emerged as an alternative bypass signaling pathway in PC9-OsiR cells.

Supporting this conclusion, the PI3K-AKT signaling pathway stood out as a significant

term in the enrichment analysis with up-regulated genes. On the other hand, other

essential pathways for cell survival such MAPK signaling pathway and TNF signaling

pathway had appeared as a hit in the enrichment analysis of upregulated genes.

Interestingly, interleukin signaling which is highly related to immune system also emerged

as enriched terms.
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Figure 35: Enrichment analysis for uprequlated genes in PC9-OsiR.

pvalue

0.0025
0.0050

0.0075

Count
10

.
® =
‘20
Q-

79



Enrichment analysis on downregulated genes shown in Figure 36 revealed the epithelial
cell morphology of PC9-Veh cells. In addition, EGFR signaling activation was enriched in
the analysis of downregulated genes and revealed as a significant term. This finding
indicates as a result confirming the mutation specific EGFR activation known in the
literature in PC9 cells. As in the analysis of upregulated genes, other essential pathways
for cell survival, such as the MAPK signaling pathway, also emerged as a hit in the

enrichment analysis of downregulated genes.
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Figure 36: Enrichment analysis for downregulated genes in PC9-OsiR.

GO and pathway enrichment analysis provided insights to unveil the differences between
the two cells (PC9-Veh and PC9-OsiR). GSEA was also performed to better understand
the distinction between the two biological states. In PC9-OsiR cells, the gene set named
extracellular matrix organization which is characterized by the EMT phenotype was at the
top of the list and showed a significant difference. As shown in Figure 37, in line with
previous result described above gene sets enriched in the resistant state includes

inflammatory response, TNF signaling via NFKB, IL6/JAK/STAT3 signaling, and insulin
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secretion gene sets were significantly enriched. These findings indicate a significant
change in the secretome of PC9-OsiR cells and a change in the intercellular
communication system. As depicted in Figure 37, gene sets indicating increased migration
capacity and increased cell survival were enriched in PC9-Veh cells with high EGFR
activity. These findings are consistent with data in the literature and results from
characterization experiments. These results suggested that the top-ranked gene sets are

consistent with the characterization experiment results of sensitive cells and are also
consistent with the biology of the cell.
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Figure 37: Selected gene sets from GSEA of PC9 cell line

4.15. Generation of Osimertinib-resistant H1975 Cell Line

The H1975 cell line, which carries the L858R mutation in exon 21 and the T790M mutation
in exon 20 of the EGFR gene, was also used in this study to model osimertinib resistance.

To determine the initial dose for generating resistance, the IC50 of osimertinib was
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calculated for the parental H1975 cell line. For this, 2,500 cells were seeded into a 96-well
plate, and osimertinib was applied at doses ranging from 16 uM to 0.001 uM (1:4 dilution
factor) the following day. After 72 hrs of incubation with osimertinib, crystal violet staining
was performed to assess cell viability relative to the control group (DMSO). The IC50

value of osimertinib was calculated to be 2.5 nM (Figure 38).
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Figure 38: IC50 graph of osimertinib in H1975 (parental) cell line. The half-maximal inhibitory dose of

osimertinib on H1975 was shown in the graph. (n=6, as technical replicates), calculated using GraphPad

Prism 8 software, n=6.

The same dose escalation methodology was employed to generate the osimertinib-
resistant H1975 cell line (H1975-0OsiR). Similar to PC9-OsiR cells, the H1975-OsiR cells
displayed significant cellular protrusions, which were among the initial morphological

changes observed following the acquisition of resistance (Figure 39).
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10x

Figure 39: Light microscope images depicting the morphological changes in control cells (H1975-Veh) and
osimertinib-resistant cells (H1975-OsiR). (Scale for 20x: 50 um, scale for 40x: 20 um)

As previously described in the PC9 section, an MTT assay was conducted to assess cell
viability and to calculate the IC50 values for H1975-Veh and H1975-OsiR cell lines in
response to varying concentrations of osimertinib. The IC50 values for osimertinib were
determined to be 6.18 nM for H1975-Veh cells and 2.24 uyM for H1975-OsiR cells (Figure
40). The drug resistance index (DRI) was calculated as 362.46.
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Figure 40: Cell viability graph after 72 hours of Osimertinib treatment in H1975-Veh and H1975-OsiR cells.
Treatments were normalized to DMSO (vehicle) control n=6.

4.16. EGFR dependency in H1975-Veh and H1975-OsiR cells

H1975 cells, which rely on constitutively active EGFR for survival, were investigated for
their dependency on EGFR following the acquisition osimertinib resistance. To test this,
we used CRISPR/Cas9 to knock out EGFR in both H1975-Veh and H1975-0OsiR cell lines.

EGFR knockout clones were generated as described previously (Figure 41).
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Figure 41: Western blot results of Renilla and EGFR knockout H1975-Veh and H1975-OsiR cell lines. B-

actin is used as loading control.

After verifying the knockout, cells were seeded into a 6-well plate to assess their response
to EGFR knockout using a colony formation assay, as described earlier. As anticipated,
EGFR-depleted H1975-Veh clones exhibited a significantly reduced colony-forming
capacity (Figure 42). In contrast, EGFR knockout H1975-OsiR clones demonstrated a
colony formation capability similar to that of the Renilla clone (Figure 42). These results
indicate that H1975-Veh cells are dependent on EGFR for survival and proliferation,
whereas H1975-OsiR cells have significantly lost their vulnerability against EGFR
inhibition.

84



PC9-Veh

PC9-OsiR

120 - 120 -
= 100- % = 100- _i_
a .a’ *k *
G 804 G 80
(0] [0]
£ 60 £ 601
g 40_ *kk GZ) 40_
"(B' 20 Fdedke E 20
T ] 8 L)
& i &
0 I T T 0 T T T
N4 N @Q %\‘b N @Q
& &
& @22 & L
& & & <

Figure 42: Colony formation assay results of Renilla and EGFR knockout H1975-Veh and H1975-OsiR cell
lines. The relative intensity was determined by normalizing the intensities of the EGFR knockout group

against those of the Renilla group. Mean +SD, n=3.

4.17.Investigating the Mutation Profile of Osimertinib-resistant H1975 Cells

We then examined for secondary mutations that might contribute to osimertinib resistance
using Sanger sequencing. Both H1975-Veh and H1975-OsiR cell lines were found to
harbor the reported L858R and T790M mutations (Figure 43), with no additional mutations
identified in the H1975-OsiR cells (Figure 43).
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Figure 43: Sanger sequencing results for exon 20 and 21 depicting the T790M, L858R and C797X status in
H1975-Veh and H1975-0siR cells.

4.18. Impact of the Osimertinib-resistant State on Cell Proliferation and 2D Colony

Formation Capacities in H1975 Cells

After confirming that the cells were resistant to osimertinib by IC50 calculation, growth

kinetics were measured relative to the control group (Veh) in two separate assays as

detailed previously. H1975-OsiR cells showed similar proliferation capacity compared to
H1975-Veh cells (Figure 44).
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Figure 44: Cell proliferation rates of H1975-Veh and H1975-OsiR cell lines. Cell counts were measured
every 2 days starting 1 day after cell seeding. Mean+SD, n=2, ***p<0.001,

2D colony formation assay was performed to determine how osimertinib resistant cell state
affects colony-forming capacity the H1975-OsiR cell as indicated earlier. As a result,
H1975-0OsiR had slightly higher but not significant 2D colony formation capacity when
compared to H1975-Veh cells (Figure 45). These findings indicate that H1975-OsiR cells
have no effect on cell proliferation and colony-forming capacity after becoming resistant

to osimertinib.
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Figure 45: Clonogenic capacity of H1975-Veh and H1975-OsiR cell lines. Colony formation capacity was

measured by normalizing the intensities of H1975-Veh cells to H1975-OsiR cells. Pixel intensities were
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calculated with ImagedJ software. Mean+SD, n=3, p=0.0936.

4.19. Effect of the Osimertinib-resistant State on Cell Invasion Capacity in H1975
Cells

After demonstrating the effects of osimertinib-resistant state to cell proliferation and colony
formation rates, we sought to invasive phenotype of H1975-Veh and H1975-OsiR cells.
For this purpose, invasion capacity of the cells was measured with transwell invasion
assay. As a result, the analysis showed that H1975-OsiR cells have shown significantly
increased invasion capacity compared to H1975-Veh cells (Figure 46). These results

suggest that osimertinib-resistant cell state induced the invasive phenotype.
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Figure 46: Representative images (left) and invasion capacity graph (right) of H1975-Veh and H1975-0OsiR
cells. Invaded cells were counted from randomly selected minimum 12 areas. 10X magnification, scale bar
represents 100 um.

4.20. Investigating the Response of the other generation and cytotoxic inhibitors

H1975 cells harbor the T790M mutation (Figure 43) and are resistant to first-generation
EGFR-TKIs (109). In this context, MTT results showed that both H1975-Veh cells and
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H1975-0OsiR cells are resistant to Erlotinib. On the other hand, dacomitinib was insensitive
to H1975-0OsiR cells in similar dose ranges (Figure 47). These findings support the
literature, indicating that H1975-Veh cells are resistant to first-generation EGFR-TKIs but
sensitive to other-generation EGFR-TKIs and that H1975-OsiR cells may become
resistant to other-generation EGFR-TKIs. In addition to previous-generation inhibitors,
responses to Paclitaxel, a cytotoxic chemotherapy agent, were also investigated (Figure
47). When the results were evaluated, H1975-OsiR cells were observed to be slightly less
sensitive to Paclitaxel than H1975-Veh. However, these low nanomolar IC50 values
suggest that H1975-OsiR cells do not concomitantly develop significant resistance to

chemotherapeutic agents and that Osimertinib-based resistance is primarily specific to
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the EGFR pathway.
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Figure 47: Cell viability graphs and IC50 values after 72 hours of Erlotinib, Dacomitinib and. Paclitaxel
treatment in H1975-Veh and H1975-OsiR cells. Treatments were normalized to DMSO (vehicle) control,
n=6.

4.21. Characterizing Morphological Changes in Osimertinib-resistant H1975 Cells

In H1975-OsiR cells, axon-like cell protrusions are to investigate this phenotype, we
performed three different assays using the most well-known EMT markers, E-cadherin (E-
cad) as an epithelial marker and Vimentin (Vim) as a mesenchymal marker gene. Firstly,

the relative expression levels of these genes with gRT-PCR. The results suggested that
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the expression of the CDH1 gene encoding E-cadherin significantly reduced in the H1975-

OsiR, while the expression of Vimentin increases approximately 2-fold (Figure 48).
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Figure 48: gPCR results for EMT marker genes in H1975-Veh and H1975-0siR cells.

Secondly, changes in EMT markers in cells were investigated by western blot method. As
shown in Figure 49, significant reduction observed in E-cadherin expression in H1975-
OsiR cell line, however Vimentin increased significantly when shifting to osimertinib-

resistant cell state.
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Figure 49: Western blot results for E-cadherin and Vimentin in H1975-Veh and H1975-0siR cells. B-actin

used as loading control.
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Finally, IF staining was performed in the cells. As shown in Figure 50, consistent with
previous qPCR and western blot results, H1975-Veh cells expressed high levels of E-
cadherin while H1975-OsiR cells showed decreased E-cadherin expression, while H1975-
Veh cells expressed low levels of Vimentin while H1975-OsiR cells expressed high levels

of Vimentin. These results indicated that H1975-OsiR cell line shows EMT phenotype.

E-cadherin Vimentin Merged
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Figure 50: E-cadherin and Vimentin staining in H1975-Veh and H1975-OsiR cells. DAPI is used as a

counterstain dye.

4.22. Exploring Alterations in Bypass Signaling Pathways in Resistant Cells

Next, alterations in EGFR signaling pathway were investigated as described previously.
In comparison to H1975-Veh cells, a significant decrease was detected in the endogenous
phosphorylation rates of EGFR at the Tyrosine 1068 position in the H1975-OsiR cells as
well. However, an increase was observed in the phosphorylation of AKT at the Serine 473
position, one of the downstream signals of EGFR and slight increase was found in the
activity of the ERK pathway. On the other hand, no change was observed in the p-STAT

protein, which is also contribute to bypass signaling pathways (Figure 51). This data
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reveals that endogenous EGFR activity is significantly reduced with the of osimertinib
resistant state of the cell, whereas AKT signaling activity from the downstream pathway
is significantly increased and ERK signaling is slightly increased. This suggests that the
dependence on EGFR activity in H1975-0siR cells shifts to the AKT axis via an alternative

upstream pathway, while there is also increased activity in the ERK axis.
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Figure 51: Western blot result showing alterations in bypass signaling pathways in H1975-Veh and

H1975-0siR cells. B-actin used as loading control.

4.23. Effect of Increasing Osimertinib Doses on Colony Formation Capacity in
H1975-OsiR and H1975-Veh Cells

Long-term osimertinib responses were investigated in H1975-Veh and H1975-OsiR cell

line by 2D colony formation assay with the same experimental setup detailed above.
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These results show that, as expected, H1975-Veh cells responded strongly with a
significant decrease in colony formation capacity with increasing osimertinib doses, while

H1975-0OsiR cells were not affected by the different osimertinib doses (Figure 52).
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Figure 52: Colony formation capacity of H1975-Veh and H1975-OsiR cells at different drug doses after the

development of resistance. Representative images are given. Mean +SD, n=3, technical replicates.

4.24.Impact of Increasing Osimertinib Doses on Proliferation Index and Growth
Kinetics in H1975-OsiR and H1975-Veh Cells

The effect of increasing osimertinib dose on proliferation and growth pattern BrdU labeling
and cell cycle assays were performed with same experimental setups in PC9 group. Our

findings showed that the proliferation index of H1975-Veh cells decreased significantly in
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the presence of increasing osimertinib doses, while it did not cause any change in H1975-
OsiR cells (Figure 53).
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Figure 53: BrdU labeling results of H1975-Veh and H1975-OsiR cells with increasing doses of osimertinib.
Mean £ SD, n=8.

95



Next, cell cycle profiles were examined. As shown in Figure 54, while G1 phase arrest
was observed in H1975-Veh cells with increasing osimertinib dose, no change in cell cycle
profile was observed in H1975-OsiR. The findings indicate that H1975-OsiR cells was
unresponsive to different doses of osimertinib. On the other hand, H1975-Veh cells were

very responsive to osimertinib.
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Figure 54: Cell cycle distribution of H1975-Veh and H1975-OsiR cells with increasing osimertinib

concentrations. n=3, biological replicates.
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4.25. Bypass Signaling Pathways Changes in H1975-OsiR and H1975-Veh Cells in

Response to Escalating Osimertinib Doses

To investigate the effect of increasing osimertinib doses on the EGFR signaling pathway,
same experimental procedure described previously was followed. As expected, increasing
osimertinib doses significantly inhibited p-EGFR, p-AKT and p-ERK in PC9-Veh cells. On
the other hand, a decrease in phosphorylation signals in p-EGFR and pERK was observed
in PC9-0siR, but no significant change was found in the activity of the AKT pathway when
osimertinib doses were increased. These results indicate that endogenous EGFR activity
was significantly reduced by increasing osimertinib doses in PC9-OsiR cells, whereas
AKT signaling activity from the downstream pathway did not change (Figure 55). This
indicated that AKT axis activity did not change with increasing doses confirms the results
given in 4.22 and shows that the cell's dependence on EGFR has shifted to AKT. Finally,
it is suggested that the dependence on EGFR activity of the PC9-OsiR persisted, but this

had no effect on resistance.
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Figure 55: Western blot analysis showing alterations in EGFR pathway components in accordance with
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increased doses of osimertinib in H1975 group , B-actin was used as a loading control.

4.26. Transcriptomic Profiling of Osimertinib-Resistant H1975 Cells

Whole-genome transcriptome analysis was conducted on H1975-Veh and H1975-OsiR
cells. The initial step in RNA sequencing analysis involved assessing the overall
similarity/distinction between the samples in this context, our data were analyzed using
principal component analysis (PCA). A distinct biological separation between the two
groups was evident along the PC1 axis (Figure 56). The technical variance between
replicates was minimal, as indicated by the limited separation along the PC2 axis.
Additionally, the separation between the groups and the consistency among the triplicate

replicates were further illustrated through a correlation heatmap (Figure 56).
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Figure 56: Principal Component Analysis (PCA) plot (left) and correlation heatmap (log2(CPM+1)) (right) of
H1975-Veh and H1975-0siR triplet repeats.
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Next, the statistical significance of the differences in gene expression levels between the
H1975-Veh and H1975-OsiR groups was determined. Genes exhibiting statistically
significant differential expression were identified and ranked according to the corrected p-
value (FDR). Various visualizations were generated to represent the gene clusters with

significant changes. Specifically, a heatmap displaying a total of 15,005 transcripts with
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CPM values of 1 or higher was created using triplicate samples from both groups Figure
57.

H1975-Veh vs H1975-0siR
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Figure 57: Heatmap of all transcripts that passed the log2(CPM+1) filter in H1975 group , n=3 for each
sample. A total of 15,005 transcripts passed.

An MA plot was generated to visualize gene expression changes between H1975-Veh
and H1975-0siR cells (Figure 58). In this plot, the X-axis represents the mean expression
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level (A, logCPM) of each gene, while the Y-axis depicts the log2 fold change (M, logFC)
between the two conditions.
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Figure 58: MA plot showing the alterations in gene expression profile for H1975 group. LogFC threshold
value is <-1 and >1. The number of genes with increased expression (blue) exceeding this threshold is

1462, while the number of genes with decreased expression (orange) is 1746. The genes shown in gray
dots are genes with insignificant expression.

As an additional method for representing gene expression changes between H1975-Veh
and H1975-OsiR cells, a volcano plot was created (Figure 59). This plot visualizes genes
with large fold changes and statistical significance, combining both the magnitude of

change and the significance level in a single graphical representation.
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Figure 59: Volcano plot demonstrating the changes in gene expression profile for H1975 group. Log2FC
threshold value is <-1 and >1. p-value threshold is <0.05. The number of genes with altered expression

exceeding these thresholds (orange) is 2528.

4.27. Functional Insights from Transcriptomic Analysis of Osimertinib-Resistant
H1975 Cells

After revealing the changes in the global transcriptome, gene ontology (GO), pathway
enrichment and Gene Set Enrichment Analysis (GSEA) were performed to better
understand which pathways and/or phenotypes these changes affect. For gene ontology
and pathway enrichment analyses, gene lists were divided into two different gene list
groups as “up” and “down” using an absolute value threshold of 1. The genes in these
lists were analyzed using GO, KEGG and ReactomePA databases. The terms showing
significant changes as a result of these analyses are presented with dot plots in Figures
Xand.
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The enrichment analysis shown in Figure 60 revealed processes that demonstrate the
presence of the EMT phenotype observed in H1975-OsiR cells. In particular, biological
processes such as extracellular matrix organization and external structure organization
stand out as terms explaining this phenotype. In addition, ERK activation emerged as an
alternative bypass signaling pathway in H1975-OsiR cells. Interestingly, although ERK
phosphorylation was increased in characterization experiments compared to H1975-Veh
cells, less phosphorylation was observed compared to AKT. However, AKT activation did
not emerged as an enriched term. Similar to PC9-OsiR cells, IGFBP and TNF pathways
were enriched in upregulated genes in H1975-OsiR cells. Also, TGF-B and NFKB

signaling pathways were enriched in upregulated genes.
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Figure 60: Enrichment analysis for upregulated genes in H1975-OsiR.

GSEA was also performed to better understand the distinction between the two biological
states. In H1975-OsiR cells, the gene set characterized by the EMT phenotype was at the

top of the list and showed a significant difference. As shown in Figure 61, in line with
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previous result described above gene sets enriched in the resistant state includes
IL6/JAK/STATS signaling gene set was significantly enriched. As depicted in Figure 61,
gene sets indicating increased migration capacity was enriched in H1975-OsiR cells
These findings are consistent with the results from characterization experiments. On the
other hand, these results suggested that the top-ranked gene sets are consistent with the
characterization experiment results of sensitive cells and are also consistent with the
biology of the cell.
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Figure 61: Selected gene sets from GSEA of H1975 cell line.
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5. DISCUSSION

Lung cancer accounts for the highest number of deaths from cancer globally (110). It is
also the second most diagnosed cancer type each year (3). NSCLC is the histological
subtype of lung cancer, accounting for 85% of all lung cancer cases (10). NSCLC is
categorized into three main histological subtypes: lung adenocarcinoma, squamous cell
carcinoma, and large cell carcinoma. Lung adenocarcinoma is the most prevalent type in
patients (10,37). Driving mechanisms lead to the carcinogenesis and progression of lung
adenocarcinoma, and the most common mechanisms are activating mutations in the
EGFR and KRAS genes (12).

The EGFR gene is a tyrosine kinase receptor that regulates many different signaling
pathways in the cell (19). Driver mutations that increase the activity of this receptor
contribute to the aggressiveness of the tumor phenotype not only in lung cancer but also
in other types of cancer (34). Among these, L858R and exon 19 deletion are the most
widely observed EGFR-activating mutations (38). As a result of these mutations, EGFR is
constitutively activated in the cell and continuously activates downstream signaling
pathways such as AKT, ERK and STAT (37). Consequently, upon activation, cells
continue to survive, proliferate and migrate, thus acquiring an aggressive phenotype (40).
Various treatment options are available for the patients however, EGFR-targeted
treatments are the standard of care in EGFR-mutated NSCLC patients (92). In this
context, EGFR-TKIs have been developed to inhibit constitutively active EGFR. They form
covalent bonds with the ATP binding site of EGFR and block it from inducing the

downstream signaling pathways (52).

Initially, first-generation EGFR-TKIs, erlotinib and gefitinib, were developed. They bind
reversibly to the tyrosine kinase domain of EGFR. Although they have significantly
prolonged the survival of patients in clinical use, most patients develop resistance during

continued drug therapy. The most common mechanism of resistance to first-generation
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EGFR-TKIs is the T790M secondary mutation, which alters the structure of the tyrosine
kinase domain of EGFR, preventing the binding of small molecule inhibitors
(37,53,58,68,111). Second-generation EGFR-TKIs, dacomitinib and afatinib, were
developed to target this mutation and overcome resistance. Although these drugs have
shown promising results in patients, side effects and irregularities in drug dosage have
limited their use in the treatment of NSCLC (53,66,112,113). Therefore, third-generation
EGFR-TKIs were developed. Third-generation EGFR-TKIs are inhibitors that can
specifically inhibit both activating mutations and the T790M secondary resistance
mutation, while having no effect on wild-type EGFR. Among these inhibitors, osimertinib
is currently the only FDA-approved third-generation EGFR-TKI (72,77,79,105).

Osimertinib is the only third-generation EGFR-TKI that is approved by FDA. Osimertinib
was initially approved as a second-line treatment for the T790M mutation after first-
generation EGFR-TKIs and was subsequently approved for first-line treatment based on
clinical results. A significant increase in progression-free survival rates is observed with
line of treatments. However, as with other EGFR-TKIs, resistance to osimertinib is
inevitable. Patients develop resistance to osimertinib after 11-19 months, depending on
the line of treatment (11,61,87,91). The literature states that different mechanisms are
involved in acquired resistance to osimertinib. These mechanisms are divided into two
classes: EGFR-dependent and independent mechanisms. EGFR-dependent
mechanisms involve secondary or tertiary mutations in EGFR. The most predominant one
of these is the C797X missense mutation, which prevents osimertinib from covalently
binding to the ATP-binding site. On the other hand, EGFR-independent mechanisms
include gene fusions, amplification of other receptor kinases or genes that activate

downstream signaling pathways (34,37,78,114).

In this study, we aimed to develop osimertinib-resistant cell models and characterize these
models in detail, with the aim of better understanding osimertinib resistance in NSCLC.

For this purpose, firstly osimertinib resistant sublines with two different EGFR mutation
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profiles were developed. Then, these cell models were characterized at the cellular level
to investigate changes in morphology, cell proliferation, colony formation capacity, cell
cycle and invasion capacity. Then, changes in signaling pathways at the protein level were
examined. Finally, high-throughput RNA sequencing was performed to reveal the
transcriptomic profile associated with osimertinib resistance and to determine differential

gene expression profiles.

Osimertinib resistant PC9 and H1975 cell lines were developed. Responses to osimertinib
were measured in these cells using the MTT assay. As a result, IC50 values for PC9 were
calculated as approximately 1 nM for PC9-Veh and 3.5 uM for PC9-OsiR cells, while for
H1975, IC50 values were calculated as 6.18 nM for H1975-Veh and 2.24 yM for H1975-
OsiR cells. It was then tested by CRISPR/Cas9-mediated knockout method that parental
cells harboring active EGFR are dependent on EGFR for survival, while osimertinib
resistant cells lose this dependency. As a result of EGFR gene knockout, the colony-
forming capacity of both PC9-Veh and H1975-Veh cells was significantly reduced,
whereas PC9-OsiR and H1975-0OsiR cells were unaffected by this change, indicating that
the EGFR dependency of osimertinib-resistant cells was significantly reduced. Then,
mutation profiles in both cell lines were examined by Sanger sequencing. As a result, both
cell lines were confirmed for the reported mutations and no other mutations were detected.
Therefore, it was concluded that osimertinib resistance is not mediated by secondary or
tertiary mutations in the EGFR.

In the characterization phase, firstly the growth kinetics of the cells were measured. In
accordance with the study of Nishihara et al., PC9-Veh cells proliferated faster than PC9-
OsiR cells but had similar colony formation capacity, while H1975-Veh and H1975-OsiR
cells showed similar growth kinetics in both properties. The invasive capacity of the cells
was investigated and PC9-OsiR cells showed decreased invasive capacity compared to
the PC9-Veh group. H1975-0OsiR cells showed increased invasiveness compared to the

H1975-Veh group, consistent with the literature (115). To demonstrate that osimertinib-
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resistant cells may also develop resistance to previous EGFR-TKIs, responses to other-
generation drugs were measured. Our results showed that PC9-Veh cells were sensitive
to both Erlotinib and Dacomitinib, while PC9-OsiR cells were resistant to these inhibitors.
On the other hand, in line with the literature, the H1975 cell line harboring the T790M
mutation has been shown to be resistant to Erlotinib in both cases (116). As for the
second-generation EGFR-TKIs, our results showed that H1975-Veh cells are sensitive to
Dacomitinib, while H1975-OsiR cells are resistant to this inhibitor. Additionally, we
assessed the response of all cells to the cytotoxic chemotherapy agent Paclitaxel. In both
cell lines, resistant cells showed slightly less sensitivity to Paclitaxel compared to control
cells. However, IC50 values for Paclitaxel were measured at low nanomolar levels,
indicating that osimertinib resistance primarily affects the EGFR pathway and does not

result in significant cross-resistance to chemotherapeutic agents.

EMT is known to be osimertinib resistance mechanism in the literature (PMID: 31564718).
Our cells showed cell protrusions in their morphology. PC9-OsiR cells showed slight cell
protrusions morphologically and this was investigated by various methods. qPCR results
revealed a significant increase in Vimentin (mesenchymal marker) gene expression, but
this increase was not detected when checked at the protein level. These results indicated
that the morphological changes in the PC9 cell line may be an EMT phenotype, but E-
cadherin and Vimentin genes do not directly play a role in its regulation. On the other
hand, a decrease in the E-cadherin gene and an increase in the Vimentin gene were
observed in H1975 cells, both at the gene expression and protein level, which can be
directly associated with the EMT phenotype. As cells become resistant, the signal in the
EGFR pathway shifts to which pathway after osimertinib blockade has been investigated.
In this context, it has been shown that resistance shifts to the AKT pathway in both PC9-
OsiR and H1975-OsiR cell lines. As cells become resistant, the signal in the EGFR
pathway is shifted to which pathway after osimertinib blockade. In this context, it was
shown that resistance shifted to the AKT pathway in both PC9-OsiR and H1975-OsiR cell

lines. Furthermore, cells treated with increasing doses of osimertinib showed that the AKT
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pathway was unresponsive at increasing doses, suggesting that the shift and
maintenance of the EGFR response to the AKT pathway plays an important role in the
regulation of resistance in both cell lines. In osimertinib resistance, as is frequently
observed in the literature, a shifting to the AKT pathway is observed in osimertinib-

resistant cell models (37).

To evaluate the effect of osimertinib on phenotypic and cellular properties, cell
proliferation, cell cycle and motility tests were performed in both cells using increasing
doses of osimertinib. Cell proliferation index was tested by BrdU incorporation analysis.
As a result, no change was observed in cell proliferation indices in the presence of
increasing doses of osimertinib in both PC9-OsiR and H1975-0OsiR. Then, cell cycles of
the cells were tested with the same experimental approach and no response to osimertinib
was observed in the cell cycle profiles of resistant cells. Finally, the motility of the cells
was analyzed for cellular characterization. In this phenotype analysis, no effect was
observed in the motility of PC9-OsiR cells in the presence of osimertinib. On the other
hand, PC9-Veh cells responded to osimertinib and a significant decrease in cell motility
was observed. Wound healing assay mediated motility test could not be performed in
H1975-0siR cell lines because the cells were not suitable for the assay due to the extreme

mesenchymal phenotype shift of the cells.

To reveal transcriptomic landscapes of both osimertinib-resistant cell lines, RNA-
sequencing was performed. According to the results both sublines showed distinct
biological separation between the two groups. These findings suggest that as cells
develop resistance to osimertinib, they undergo significant changes in their global
transcriptome. This extensive reprogramming of the gene expression profile suggests an
adaptation in which the cellular response to osimertinib resistance involves an extensive
reprogramming of gene expression. This adaptation has been shown to promote survival

and growth in cells despite ongoing osimertinib treatment.
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As a result of GO and pathway enrichment analyses, findings confirming the phenotype
and character of both osimertinib-resistant cell lines. In addition, other pathways
associated with osimertinib resistance in the literature were also observed in the analysis
results. Among these pathways, pathways involving IL6 and IGFBP proteins were
prominent as a result of gene set enrichment analyses in both H1975 and PC9 cells.
Literature review revealed that there were studies showing that osimertinib resistance
increased in IL6-induced PC9 and H1975 cell lines (117). In addition, in another study
using cells with the T790M mutation, it was shown that pathways involving IGF1R and
IGFBP3 proteins regulated osimertinib resistance (118). These findings show that the
obtained osimertinib-resistant cells are compatible with the models defined in the

literature.

6. CONCLUSION AND FUTURE PERSPECTIVES

The aim of this thesis project was to develop osimertinib-resistant NSCLC cell lines to
comprehensively investigate the mechanisms of osimertinib resistance. For this purpose,
NSCLC cell lines with two different mutational profiles were characterized by various
approaches. Characterization of the osimertinib resistant cell models generated showed
similarities with the other models in the literature, but at the same time they were quite
different. For this reason, a gene family or signaling pathway that commonly regulates
osimertinib resistance could not be identified in our study. Although this finding is not very
surprising considering the information in the literature, it reveals that we have developed
unique osimertinib-resistant cellular models. These developed models are currently being
used in our laboratory within the scope of another TUBITAK project aimed at investigating
the mechanisms regulating osimertinib resistance. In addition, these cells are being used
in another study, the manuscript process of which is ongoing, aiming to uncover synthetic
lethal interactions regulated by epigenetic and transcriptional factors underlying

osimertinib resistance.
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In the future, we plan to perform CRISPR-Cas9 knockout screening using a kinome library
of 763 kinases, together with these resistant cell models and another resistant cell model,
HCC827-0OsiR, developed in our laboratory. As a result, we aim to reveal the kinases that

regulate resistance.

In addition to kinome screening, we also plan to employ transcriptomic and epigenomic
profiling approaches, such as ChlP-seq and ATAC-seq, to identify potential transcriptional
and chromatin regulators of osimertinib resistance. By integrating the data from these
diverse omics platforms, we hope to gain deeper insights into the regulatory networks that
contribute to resistance. Furthermore, these findings could provide valuable information
for the development of combination therapies aimed at overcoming resistance by targeting
alternative mechanisms. In conclusion, this study will enable the development of new
treatment methods by providing better treatment options for NSCLC patients who develop
resistance to osimertinib. Additionally, we can mimic clinical scenarios more specifically
using PDX models. Integrating our cell models into clinical studies may significantly

contribute to improving treatment and testing strategies.
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PR. (INGILIZCE) (TAM BURSLU)

Diploma Number: 2021-17-15373

Cumulative Grade Point Average: 3.95 / 4.0

February 2021 - Now (3 Year 8 Month) (Tam Zamanli)
DIGER, iZMiR BiYOTIP VE GENOM MERKEZi

INGILIZCE (Reading: iyi, Writing: lyi, Speaking: iyi)

B. ULUATA DAYANC, S. ERIS & S. SENTURK, Challenges in First-Line Osimertinib
Therapy in EGFR-Mutant Non-small Cell Lung Cancer: Acquired Resistance Is the
Issue, N. REZAEI [Editors], Interdisciplinary Cancer Research(1 - 33): Springer, 08
October 2022, Kitapta Boltim.

A. KURDEN-PEKMEZCI, E. CAKIROGLU, S. ERIS, F. A. MAZI, 0. S. COSKUN-DENIZ, E.
DALGIC, 0. 0Z & S. SENTURK, MALT1 paracaspase is overexpressed in
hepatocellular carcinoma and promotes cancer cell survival and growth, LIFE
SCIENCES, 2023, 0024-3205, 323.
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M. KALYONCU, D. DEMIRCi, S. ERIiS, B. ULUATA DAYANG, E. CAKIROGLU, M.
BASOL, M. UYSAL, G. CAKAN AKDOGAN, G. KARAKULAH & S. SENTURK, Escape
from TGF-B-induced Senescence Promotes Aggressive Cancer Hallmarks in
Epithelial Hepatocellular Carcinoma Cells, Poster Sunumu, The 2024 Annual
Congress of the European Association for Cancer Research (EACR 2024), 10 June
2024, 13 June 2024, 1574-7891, 347 - 348.

E. CAKIROGLU, S. ERIS, 0. 07, G. KARAKULAH & S. SENTURK, Exploring Cancer
Dependencies with Genome-Wide CRISPR Screens: Unveiling BUB1 Kinase as a
Druggable Vulnerability in Malignant Pleural Mesothelioma, Poster Sunumu, The
2024 Annual Congress of the European Association for Cancer Research (EACR
2024), 10 June 2024, 13 June 2024, 1574-7891, 183 - 184.

B. AKDEMIR, S. ERIS, M. KALYONCU, E. CAKIROGLU, 0. 5. COSKUN, G. KARAKULAH
& S. SENTURK, Genome-wide CRISPR Screening Identifies RUVBL1/2 Complex as
a Druggable Vulnerability in Bladder Cancer, Poster Sunumu, The 2024 Annual
Congress of the European Association for Cancer Research (EACR 2024), 10 June
2024, 13 June 2024, 1574-7891, 180 - 181.

B. ULUATA DAYANG, S. ERIS, E. CAKIROGLU, G. OZDEN YILMAZ, N. E. GULFIRAT, 0.
S. COSKUN, G. KARAKULAH, S. ERKEK OZHAN & S. SENTURK, Pooled CRISPR
Screening ldentifies AP-1Transcription Factor as a Druggable Driver of Osimertinib
Resistance in Non-Small Cell Lung Cancer, Sozlii Sunum, The 2024 Annual
Congress of the European Association for Cancer Research (EACR 2024), 10 June
2024, 13 June 2024, 1574-7891, 224 - 224,

B. ULUATA DAYANG, S. ERIS, E. CAKIROGLU, F. A. MAZI, 0. S. COSKUN, D. DEMIRCI,
G. KARAKULAH & S. SENTURK, EP08.02-022 Investigating Partners in Crime:
Osimertinib Resistance Mechanisms in Non-small Cell Lung Cancer Using Focused
CRISPR Screen, Poster Sunumu, The 2022 World Conference on Lung Cancer, 06
August 2022, 09 August 2022.

B. ULUATA DAYANC, S. ERIS, E. CAKIROGLU, G. OZDEN YILMAZ, ©. S. COSKUN, S.
ERKEK OZHAN, G. KARAKULAH & S. SENTURK, Osimertinib Resistance
Mechanisms in Non-small Cell Lung Cancer Using Focused CRISPR Screen: FOSL1
and JUN, Poster Sunumu, The 47th FEBS Congress, 08 July 2022, 12 July 2022.

B. ULUATA DAYANC, S. ERIS, E. CAKIROGLU, F. A. MAZI, O. S. COSKUN, D. DEMIRCI,
G. KARAKULAH & S. SENTURK, Investigating Non-Genetic Osimertinib Resistance
Mechanisms in Non-small Cell Lung Cancer Using Focused CRISPR Screen., Sozli
Sunum, XVII. Congress of Medical Biology and Genetics, 28 October 2021, 31
October 2021.

TUBITAK Scholarships and Fundings

Project Info

1227890, Kiiclik Hicreli Disi Akciger Kanseri Tedavisinde Osimertinib Direnci:
Fosl1 Ve Jun Transkripsiyon Faktorlerinin Rolli Ve Sentetik Letal Etkilesimleri,
Burslu, Yirirlikte, KBAG - Kimya Biyoloji Arastirma Destek Grubu, 1001 -
Arastirma, ARDEB, Project Participation/Leave Dates: 7/3/23 - (), Project
Start/End Dates: 4/1/23 - 4/1/26.
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BIDEB Supports

Number of Panelist/Observer/Reporter Jobs
Job

Refereeing/Panelist/Outer Consultant Count
Moderatorships Count

Number of Observer/Consultant Jobs
Number of Reporter Jobs

Not Attended Refereeing/Panelist/Outer

1197540, Egfr-Mutant Kiiclik Hiicreli Disi Akciger Kanseri'nde Birinci Basamak
Osimertinib Tedavisinde Gelisen Edinsel Direncte Epigenetik ve Transkripsiyonel
Faktorlerin Roltintin Arastiriimasi, Burslu, Sonuglandi, KBAG - Kimya Biyoloji
Arastirma  Destek Grubu, Uluslararasi / ABD-NSF, ARDEB, Project
Participation/Leave Dates: 2/1/21 - 8/1/21, Project Start/End Dates: 11/15/19 -
5/15/23.

1197540, Egfr-Mutant Kiiclik Hiicreli Disi Akciger Kanseri'nde Birinci Basamak
Osimertinib Tedavisinde Gelisen Edinsel Direncte Epigenetik ve Transkripsiyonel
Faktorlerin Roltnin Arastiriimas, BIDEB Burslusu, Sonuglandi, KBAG - Kimya
Biyoloji Arastirma Destek Grubu, Uluslararasi / ABD-NSF, ARDEB, Project
Participation/Leave Dates: 8/1/22 - 5/15/23, Project Start/End Dates: 11/15/19
- 5/15/23.

SUDE ERIS, Arastirma Burs ve Destekleri Miidiirligii, 2247-C Stajyer Arastirmaci
Burs Programi (STAR)- Star Lisans, Destek Sona Erdi, 2020 - 2.

SUDE ERIS, Etkinlik Destekleri ve Egitim Burslar Midiirligt, 2210-A Genel Yurt ici
Yiiksek Lisans Burs Programi, Bursu Kesildi, 2022 - 1, 3/1/22 - 2/29/24.

ARDEB BIDEB SCIENCE SOCIETY ~ UIDB TEYDEB  Total

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0
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