creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Overcoming MET-targeted drug resistance in
MET-amplified lung cancer by Aurora Kinase B
inhibition

Yu-Ra Choi

Department of Medical Science
Graduate School

Yonsei University



Overcoming MET-targeted drug resistance in
MET-amplified lung cancer by Aurora Kinase B

inhibition

Advisor Jae J. Song

A Dissertation Submitted
to the Department of Medical Science
and the Committee on Graduate School
of Yonsei University in Partial Fulfillment of the
Requirements for the Degree of

Doctor of Philosophy in Medical Science

Yu-Ra Choi

January 2025



This certifies that the Dissertation
of Yu-Ra Choi is approved

Thesis Supervisor  Jae J. Song

Thesis Committee Member  Youngjoo Lee

Thesis Committee Member  Minkyu Jung

Thesis Committee Member  Eun Young Kim

Thesis Committee Member ~ Yang-Gun Suh

The Graduate School
Yonsei University

January 2025


https://www.ibric.org/bric/hanbitsa/treatise.do?mode=treatise-view&id=88424&authorId=37941
https://pubmed.ncbi.nlm.nih.gov/?term=Suh+YG&cauthor_id=38067226

Acknowledgments

During six years of doctoral study, I often imagined the moment I would defend my thesis and
write a 'thank you' note. I would be lying if I said I was not eager to complete my PhD program.
Though the day seemed distant, I looked forward to it, contemplating what I would say and to
whom, and how I would feel. This anticipation helped me forget the challenges of my studies for a
time. There are countless people to whom I owe my deepest gratitude throughout this journey.
Attempting to capture six years of experience on a few pages feels even more difficult than writing
the thesis itself. Nevertheless, I wish to express my sincere thanks here, however briefly.

First and foremost, I am profoundly grateful to Dr. Youngjoo Lee, my advisor for the past seven
years. Under her guidance, I have had the opportunity to reflect on myself and grow continuously
throughout this long program. From February 2016, when I first arrived at the National Cancer
Center as a fresh Master’s graduate, to now, as I prepare for marriage, I have grown immensely,
not only as a researcher but also as a person, because of her unwavering support. She consistently
encouraged me with fresh perspectives, offered comfort during moments of doubt, and illuminated
the path forward. Dr. Lee was the first mentor I encountered in my professional life. She was my
teacher and has become a trusted partner. Reflecting on the past decade of our association, many
memories come to mind. When I first expressed my intention to pursue a PhD, she earnestly

questioned whether I was prepared for the difficult road ahead. Throughout, she has been a source



of solace amid the stresses of work and interpersonal challenges. She shared her own experiences

and trusted my efforts, even when experiments seemed impossible. She respected me both as a

researcher and as a person, regardless of circumstances. I feel truly fortunate to have spent these

invaluable years under her guidance and hold deep admiration and gratitude for her.

I also extend my heartfelt appreciation to Professors Jaejin Song, Minkyu Jung, Eun Young Kim,

and Yang-Gun Suh, who served as members of my thesis committee. In particular, I am deeply

thankful to Professor Jaejin Song for his unwavering support from the inception to the conclusion

of this research. Our first meeting in January 2018 marked the beginning of a significant phase in

my academic journey. I am grateful for his confidence in me as a student and his patience

throughout this process.

Over the past ten years at the National Cancer Center, I have shared many joys and challenges

with numerous colleagues. I would especially like to thank Dr. Tae-Sik Kim from the genome

analysis team, Dr. SunShin Kim, for her assistance with various experiments, Dr. Hyoun Sook

Kim for teaching me the value of respect and offering comfort during difficult times, and Jaemin

Kim, with whom I continue to share support and encouragement. I am also grateful to Dabin

Cheon, Sangheun Lee, Hayoung Kim, Yoonyoung Heo, and Yelin Joo, members of Dr. Hyoun

Sook Kim's lab. Despite our different specialties, we have supported one another as researchers

and discussed our challenges, and I deeply cherish their friendship. I would also like to

acknowledge Hyeri, Jeongyeon, Jiwon, and Soojin, who are no longer with me at the National



Cancer Center but remain close friends. Additionally, I thank Dr. Jachoon Lee and Dr. Taewook

from the biochemistry lab at Yonsei University, where I completed my master’s degree, for their

invaluable help with challenging experiments.

Finally, I am deeply grateful to Eunjung, my best friend from high school through to the present,

for her enduring support. I could not have completed this research without all these individuals

who stood by me through times of uncertainty, sensitivity, and growth.

I am endlessly thankful to my family, whose love, faith, and support have sustained me every

step of the way. I am grateful to my father, Sang-jin Choi, CEO of Chiak Spring Water, and my

mother, Hee-sook Jung, a gifted guitarist, for exemplifying quiet strength and unconditional love.

To my sister, pianist Bora Choi, and my brother-in-law, singer Hyun-ho Kim, I am thankful for the

creativity and warmth they bring into my life. I also deeply appreciate my new family: my

father-in-law Dachyun Kim, my mother-in-law Hye Kyung Shin, and my sister-in-law Yuri Kim,

who welcomed me with open hearts and unwavering support. Above all, I thank my parents for

their patience, belief, and love throughout every season of this journey. Their love is the

foundation that allows me to stand tall wherever I go.

Lastly, I wish to express my heartfelt gratitude to my dearest friend, protector, and life partner,

Tae Young Kim. Tae Young entered my life unexpectedly in February 2023, during a confusing

and challenging time. His unwavering support, invaluable advice, and constant encouragement

have been a source of strength throughout this long process. He was the first to make me feel truly



loved, and I am certain I could not have reached this point without him.

Looking back on this journey and all those who have supported me, I realize that there is no end

to my gratitude. While I once believed that writing the thesis and graduation were the greatest

challenges, I now understand that completing this entire process is the most demanding task.

Though this message is too brief to fully repay the kindness I have received, I hope it conveys my

heartfelt thanks to everyone who has stood by my side. Once again, thank you all sincerely.



TABLE OF CONTENTS

TABLE OF CONTENTS ...oooooooe sttt i
LIST OF FIGURES ......oiiitiiiieiieicssesessssssssssssssssssssssssssss s s iii
LIST OF TABLES ..o sssiissssess e sissssssss s ssssss e v
ABSTRACT IN ENGLISH ....ooovoriiriiiiiieiieieereessssssiesssssssessssssssssssssssssssss s ssssssssssssssssessassssssssssssssssssssssssssssssssoes vi
1. INTRODUCTION ....oootiirriremmmsisiiieiseseeesssssssssmesssssssessssssssssssesssssssssessssssssssssss s sesssssssssss s sessssssssssssssssssesssssssssseees 1
L1 MET SIZNALIINE ..oovvvoieeecvveeiieecrresssieses s sssssss s sssesssss st s s 1
1.2. MET aberrations in NSCLC PALIENLS ........cooooiervrrrmsiieeerrrrsssssissrsesssssissssssssssssesss s ssessssees 1
1.3, METAArgeted thETAPIES .......ouvouueerueeersimusiimsmsiiimssiiissiesssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssresresee 4
1.4. Acquired resistance to MET-targeted therapies ... sesssssss 7
2. MATERIALS AND METHODS .......irrrriiiieiesesssssssssssmmisssssssssssssssssssssssssssssssssssssssssssssssssesssssssesees 10
2.1, Cell lIN@ ANA TEAZENL ........oooovvveeeerrceseeesesesese s ssssssssssssssssssssssss s 10
2.2. Generation of MET-TKI acquired resistant Cell 1iNe ... 10
2.3, Cell VIADIIIEY ASSAY ...vovvevvvvesiverereressssseeeseesssssssmssssssesssssssesss s sssss s s s 10
2.4, IMMUNODIOt ANALYSIS ....oovvvvvvevvvevriveerrirrerrrrerrrrnssre s 11
2.5. DIUE [IDTATY SCTEEMIING ......vvevvvveeeeeeeeresseesssisissiieeeeeseese s 11
2.6. ColONY FOIMALION ASSAY ......ooorrvvvvverreereieiiiens e ssssss s 12
2.7. Small INtErfeTiNg RINA .....oooooiieieirriesieieres s ssssesss s ssisss s e 12
2.8. RNA sequencing and ValidatiOn ... s 13
2.9. Gene set eNrIChMENT ANALYSIS ....vvvvoorievrrreriiiiserrnsessssisers s essssss s ssssss s sssssesssee 13
2.10. Quantitative 1eal-time PCR ...t 14
2.11. Cell cycle and FIOW CYLOMEIIY ..o sessssssssssssssssssssssss s sssssssssssssssnns 16



2.12. MOUSE XENOZIALT ......oovvotiiecerre e ssesss s s 16

2.13. IMMUNONISIOCREIMISITY ..ovvvoocivevrrrecsieeerree s 17
2.14. Droplet digital PCR ......ccooooooooioiieeeeeeeeee e sssssss s 18
2.15. ImmunofluoreSCeNCe SLAINING .....cooovovvvvvveveeeeeriisre e seeeeeeeisiess s ssssssssss s 18
2.16. Cell MIGTALION ASSAY ...ovvvvivvvveiveereeeeissesseiessssesse st ssss s sssss s 19
2.17. Ethics approval and Consent to PArtiCIPALE ... 19
2.18. StAtISICAL ANALYSIS ...oovovvveeveeieieiiveieeeiesiiserieeeissesssssssssssssssssss s 20
3L RESULTS .oooviriiieivireirsissssseses e 011 21
3.1. AURKB activation in MET-TKI-resistant cell line ............cccocoooioeiiiioeiiioiiiicciiiiocciiccsmmmmimneneemnnneeneens 21
3.2. Stimulation of STAT3-BCL2 axis by AURKB ... 34
3.3. Induced apoptotic cell death by AURKB inhibition ............cccooovvvvvioomrirvecrionerieiessesssiiieseeeenns 43
3.4. AURKB inhibition effect in various cancer CelIIS ... 49
3.5. AURKB inhibition effect in xenograft model ... 52
3.6. AURKB expression in lung cancer with MET-TKI resiStance .............cccccoococeecovoeiiccsivcviiiiiiinns 58
4. DISCUSSION ..ooooiieeeriiirersssseeessasissessassssesessssss s ssssssse s 58t 5585885588 64
5. CONCLUSION ....ooooiiirrriiieeseasiessssssiessessssssssssssiesseassssssssssss s ssss 18 158 73
REFERENCES .....ooooooiiierrte st sssmssss e ssess 11088588 74
ABSTRACT IN KOREAN ...ttt ssimessss s sssess s sesssssss s ssssssssss s sssssesss oo sssosssssssssssssessssesssoss 84
PUBLICATION LIST eerretiieeeeresssssmssesessssssssssesssesssssssssss s sessssssss s ssssss s ssssssesessssssseees 86



LIST OF FIGURES

<Fig 1> Models for MET exon 14 skipping and MET amplification .............cooevvvvecvoeermrrevecssennnsrvesienenn 3
<Fig 2> Representative HGF and MET signaling targeting agents ... 6
<Fig 3> Genomic variation of MET-TKIS resistance pPatients ... 8
<Fig 4> Generation of MET-TKI acquired resistance cell line ... 23
<Fig 5> Mutation of the MET gene in MET-TKI acquired resistance cell line ..., 25
<Fig 6> The high throughput inhibitor screening analysis in the H1993 and H1993 PR-S2 cells .....

......................................................................................................................................................................................................... 28
<Fig 7> Growth inhibition effect of decreased AURKB eXPression ... 30
<Fig 8> Comparison of AURKB expression in the H1993 and H1993 PR-S2 cells ..........coovvnne. 32
<Fig 9> Elevated STAT3 expression in the HI993 PR-S2 CElIS .....ccccooveeireiiiriieiiiiciiiiciciccciiiiiciinniinnnns 35
<Fig 10> JAKs family protein expressions in the H1993 and H1993 PR-S2 cells ..........ccccoooenrvceee. 36
<Fig 11> Positive regulation of p-STAT3 expression by AURKB ... 38
<Fig 12> Increased BCL2 mRNA expression downregulation by STAT3 knockdown ... 41
<Fig 13> Reduced mRNA expression of BCL2 and induced cell death by AURKB inhibitor .... 42

<Fig 14> The mRNA expression of apoptosis-related genes in the H1993 and H1993 PR-S2 cells

.......................................................................................................................................................................................................... 44
<Fig 15> BIMgL accumulation after inhibition of AURKB ..o 45
<Fig 16> The G2/M cell cycle arrest after inhibition of AURKB ..o 47
<Fig 17> The apoptotic cell death after AURKB inhibitor treatment ..., 45
<Fig 18> Various cancer cell viability screening against barasertib ... 50

<Fig 19> The AURKB inhibitor-induced STAT3 downregulation and apoptotic cell death in

iii



VATTOUS CANCET CEIL LIMES ..o s ses e ee e seseeseeseeseeeee 51

<Fig 20> The strategy of it ViVO EXPEIIMENLS ...........cvvvrrrrrrrrrrrrrrrrrrerresresseresssessssesesssse s 53
<Fig 21> Xenograft tumor growth inhibition of in vivo mouse model ..., 54
<Fig 22> Body weight of in vivo mouse mMOdEel ... sessnnes 56

<Fig 23> AURKB immunohistochemistry analysis xenograft tumors of H1993 and H1993 PR-S2

0TS 00000000 00000000000000000 00O OO OO PO OO OO OO O PO OO O s OO OO OO SOOI 57
<Fig 24> The immunohistochemistry of AURKB in patient samples ... 60
<Fig 25> The Kaplan-Meier survival curve of lung adenocarcinoma patients ...........ccccccoocoeeevccveiiccns 61

<Fig 26> A schematic depicts the effects of AURKB inhibitor in MET-TKI-acquired resistance

CLILS ettt 63
<Fig 27> Analysis of EMT features in the H1993 and H1993 PR-S2 cells ... 69
<Fig 28> Inhibition effect of ERK inhibitors in the H1993 and H1993 PR-S2 cells ..., 70



LIST OF TABLES

<Table 1> Sequences of the RT-qPCR PIIMETS ........cooooooiioriiesiossssesssssssssssssssessssssssssssssssssisssssssssssinenns 15
<Table 2> The whole exome sequencing mutation calling list of the H1993 PR-S2 cell line
compared to the H1993 CEIL NG ..o 26
<Table 3> Characteristics of MET inhibitor-received MET-amplified non-small cell lung cancer

PALIEIIES .ooooooeeeeieoeeeeiss sttt st 59



ABSTRACT

Overcoming MET-targeted drug resistance in MET-amplified lung
cancer by Aurora Kinase B inhibition

MET-targeted therapies are the most effective treatment for patients with MET-amplified lung
cancer. However, acquired drug resistance is a significant challenge in MET-amplified lung cancer
treatment. This study aimed to discover an effective treatment strategy for overcoming
MET-targeted drug resistance. We first established a lung cancer cell line resistant to MET tyrosine
kinase inhibitor (MET-TKI) (H1993 PR-S2) from MET-amplified lung cancer cells (H1993).
High-throughput screening using an anti-cancer compound library identified Aurora Kinase B
(AURKB) inhibitor as a potent agent suppressing H1993 PR-S2 cell viability. In these resistant
cells, p-MET expression was markedly decreased, while p-AURKB was significantly increased.
Furthermore, STAT3-activated gene signatures were enriched in H1993 PR-S2 cells, and p-STAT3
expression was closely linked to AURKB. The AURKB overexpression induced p-STAT3
activation in the parental cells, whereas the AURKB knockdown reduced p-STAT3 expression in
the H1993 PR-S2 cells. The resistant cells showed increased BCL2 gene expression, and
STAT3-BCL2 expression was highly suppressed by AURKB inhibitor. However, MET-TKI
sensitivity was not enhanced by STAT3 or BCL2 knockdown in H1993 PR-S2 cells. Additionally,

the elevated expression of cleavage-caspase3 and the G2/M phase arrest were observed at lower

vi



concentrations of AURKB inhibitor in the H1993 PR-S2 cells. AURKB inhibitor also showed
potent anti-tumor activity against the H1993 PR-S2 tumor xenografts. Finally, we confirmed the
upregulated AURKB and p-STAT3 expression in post-treatment tumors of advanced
MET-amplified lung cancer patient who experienced acquired resistance to MET-targeted drugs.
These findings suggest AURKB is a potential druggable target for MET-TKI-resistant

MET-amplified lung cancer treatment.

Keywords: lung cancer; MET-amplification; tyrosine kinase inhibitor; targeted therapy; drug

resistance
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1. Introduction

1.1. MET signaling

The hepatocyte growth factor receptor, also called MET, is a receptor tyrosine kinase (RTK)
and is expressed on the cell surface as a transmembrane protein'. The MET pathway is
activated by the binding of HGF and initiates various signaling cascades, including RAS/ERK,
JAK/STAT3, and PI3K/AKT. MET activation is crucial in regulating cellular properties

related to cell proliferation, survival, growth, invasion, and motility?>.

1.2. MET aberrations in NSCLC patients

The dysregulation of the MET pathway, a common occurrence in cancer, can arise through
various mechanisms, including MET constitutive mutation, exon 14 skipping, amplification,
gene fusion, and HGF overexpression*®. Abnormal MET expression promotes cancer cell
growth, rapid proliferation, tumor invasiveness, metastasis, chemotherapy resistance, and poor
patient prognosis®’. Recently, MET exon 14 skipping and MET amplification have been
identified as major oncogenic drivers in non-small cell lung cancer (NSCLC)®°. MET exon 14
skipping, caused by the loss of the juxtamembrane domain site of the MET gene, leads to

reduced MET ubiquitination and increased cellular MET protein levels (Fig 1) !°. According to



TCGA data analysis, MET exon 14 skipping is observed in 1.7 % to 4.3 % of primary NSCLC
cases'"12, In contrast, MET amplification results from an increased copy number of the MET
gene, leading to protein overexpression (Fig 1)!°, present in 1.0-5 % of patients with primary
NSCLC". Recent clinical studies have reported that MET amplification is a major driver of
acquired resistance to tyrosine kinase inhibitors (TKIs), such as gefitinib for EGFR or lorlatinib
for ALK, occurring in approximately 5-50 % of cases in patients who develop resistance'.
Several studies have shown a correlation among MET exon 14 skipping, MET amplification,
and the clinical outcomes of patients with NSCLC. Retrospective studies indicate that patients
with advanced NSCLC with MET exon 14 skipping or MET amplification have worse overall
survival than those without these alterations (hazard ratio; MET exon 14 skipping: 2.125 (95 %
CI: 1.096-4.242); MET amplification: 3.444 (95 % CI: 1.398-8.482))"5. These findings
suggested that MET gene alterations are deeply involved in lung cancer development and may

be important pivotal targets for lung cancer patients.



< Normal MET Signaling > < Exon 14 Skipping > < Amplification>

e
Horg @ o®

| } |

Receptor activation Exon 14 Skipping Amplification
(RAS-MAPK, PI3K-AKT) ¢

l Loss of c-Cbl binding site
Decreasedubiquitination
Receptor internalization Impaired receptor degradation
Receptor degradation Increased MET signaling Increased MET signaling

Fig 1. Models for MET exon 14 skipping and MET amplification. MET exon 14 contained the

juxtamembrane domain and the binding site of E3 ubiquitin-ligase protein (Cbl). In normal MET

signaling, Cbl binds to the site in exon 14, followed by MET receptor phosphorylation, and

receptor internalization and degradation are induced. Skipping MET exon 14 inhibits this

mechanism, resulting in impaired degradation and increased MET signaling cascade. Increased

MET copy number variation upregulates activation of the MET pathway by highly increased MET

phosphorylation.



1.3. MET-targeted therapies

Over several years, the development of inhibitors targeting the activated MET pathway has
resulted in the emergence of several distinct inhibitor types, including TKIs, multikinase
inhibitors, anti-MET antibodies, and anti-HGF antibodies (Fig 2)'6. Among these, two
representative MET-targeted inhibitors, capmatinib and tepotinib, have shown promising
efficacy in treating NSCLC patients. Capmatinib, a selective small molecule MET inhibitor,
has demonstrated anti-cancer effects in MET high-expressed in vitro and mouse xenograft
models''®, The GEOMETRY-mono 1 phase II clinical study evaluated the efficacy of
capmatinib treatment in 43 treatment-naive NSCLC patients with MET exon 14 skipping or
MET amplification'®. The capmatinib therapy showed promising results in this study. It
showed a 68 % overall response rate (ORR), with progression-free survival (PFS) of 12.6
months and overall survival (OS) of 20.8 months for patients with MET exon 14 skipping'®.
For patients with MET amplification, the therapy showed a 40 % ORR and a 4.2-month PFS?9,
Another type I MET inhibitor, tepotinib is a highly selective ATP-binding blocker with
promising clinical activity in advanced NSCLC patients with MET alterations®®. The VISION
phase II study evaluated the tepotinib treatment in 164 previously untreated NSCLC patients
with MET exon 14 skipping?. In this study, the tepotinib therapy demonstrated significant
efficacy with a 57.3 % ORR, 12.6 months PFS, and OS of 21.3 months?0. Thus, these clinical

findings currently highlight the therapeutic potential of targeting the MET pathway activation



in NSCLC patients with MET alterations.
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Fig 2. Representative HGF and MET signaling targeting agents. The target inhibitors of MET
signaling can be assorted according to their action mechanisms: HGF ligand or the MET receptor
targeting. HGF target agents are categorized into two groups: activation of HGF (pro-HGF
cleavage inhibition) and HGF inhibitors (HGF direct interact inhibition). MET receptor target
agents were categorized into two groups: MET antagonists (bind with the MET receptor without
activating the signaling cascade) and MET tyrosine kinase inhibitors (ATP-binding site of the

receptor and inhibit receptor transphosphorylation blocking).



1.4. Acquired resistance to MET-targeted therapy

However, unfortunately, despite the initial efficacy of MET-TKIs, patients treated with
MET-targeted therapy experience resistance within approximately several months, and usually,
a poor prognosis rapidly progresses. The NSCLC patients with MET alterations have exhibited
resistance to MET-TKIs with 35 % on-target genetic mutations or 45 % off-target drug
resistance mechanisms?!. The MET-TKI such as capmatinib, tepotinib, and crizotinib treated
patients harboring MET exon 14 skipping or MET amplification showed secondary point
mutations such as D1228N and Y1230C of the MET kinase domain, resulting in drug
resistance???4, In a clinical study performed with 20 patients with MET exon 14 skipping, the
researcher found that 7 patients had on-target genetic mutation plus MET amplification, and 9
patients had off-target molecular alteration including K4ARS, EGFR, and HER3 amplification
associated with drug resistance (Fig 3)?5. Additionally, the preclinical results suggested MYC
activation®®, KRAS amplification?”, and AKT/mTOR pathway activation?® as MET-TKI
acquired resistance mechanisms. Although several acquired resistance mechanisms have been
reported for decades, a substantial portion of resistance to MET-TKI still remains unknown in
NSCLC. Therefore, it is imperatively necessary to find effective treatment approaches to
overcome this acquired resistance and prolong the survival of patients who have undergone

MET-TKI treatment.
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Fig 3. Genomic variation of MET-TKIs resistance patients. The research identified resistance
mechanisms mediated by genomic alterations in 15 cases, representing 75 % of the cases
examined. On-target variations (mutation of MET kinase domain or MET amplification) were
identified in 7 samples (35 %). The KRAS mutations, or the amplification of EGFR, HER3, BRAF,
and KRAS, as drug bypass mechanisms, were identified in 9 samples (45 %). Both on- and
off-target resistance were exhibited in 1 sample, mutation of the D1228N MET kinase domain, and
amplification of EGFR and HER3 were observed. The genomic alterations of MET-TKI resistance

mechanisms remained unidentified in 5 samples (25 %).



Therefore, the primary objective of this study was to elucidate novel mechanisms underlying

acquired resistance to MET-TKI targeted therapy in MET-amplified NSCLC. In order to

achieve this goal, we established in vifro models of acquired resistance by using

MET-TKI-resistant lung cancer cell lines. Subsequently, we employed high-throughput drug

screening methodology to identify potential therapeutic agents with the objective of

developing effective anti-cancer therapies for MET-TKI acquired resistance. Our study aims to

contribute to the development of effective treatment approaches and ultimately improve

clinical outcomes for NSCLC patients who have MET amplification.



2. MATERIALS AND METHODS

2.1. Cell line and reagent

A549, H1975, and H1993 cell lines were obtained from the American Type Culture
Collection (ATCC, Manassas, VA). The cell was maintained in RPMI-1640, a medium
supplemented with 10 % fetal bovine serum. PHA665752, barasertib, VX680, MLN8237,

AT9283, cycloheximide, and MG132 were purchased from Selleckchem Korea (Seoul, Korea).

2.2. Generation of MET-TKI acquired resistant cell line

MET-TKI-acquired resistant cells were established by treating the parental cell line with
increasing concentrations of PHA665752 starting at 1 nM up to 1 uM. The MET-TKI acquired
resistant cell line was maintained with 1 pM of PHA665752. The H1993 PR-S2 cell line was

maintained in a drug-free medium for 1 week to perform all experiments.

2.3. Cell viability assay

The cells were seeded in 96-well plates (cell density: 1 x 10%). After cell attachment (after 24
h), drugs were treated for 72 h. The viability of cells was assessed by using the CellTiter-Glo

solution (#G3580; Promega, WI, USA), and absorbance was measured by SpectraMax device.

10



2.4. Immunoblot analysis

The cells were collected and lysed with RIPA buffer. The lysis buffer contained a
phosphatase inhibitor (#524629; MERCK, Kenilworth, NJ, USA) and a protease inhibitor
(#535140; MERCK). SDS-polyacrylamide gel electrophoresis was used to separate cell lysates.
Afterward, gels were blotted onto PVDF membranes (#10600030; Amersham, Little Chalfont,
UK). Membranes were incubated with primary antibodies overnight. In order to detect proteins,
the SuperSignal™ Femto Substrate (#34095; Thermo Fisher Scientific) and the LAS-3000
detection system (Fujifilm, Tokyo, Japan) were employed. The following antibodies were
purchased from Cell Signaling Technology (Danvers, MA, USA): p-EGFR (Y1068), EGFR,
p-MET (Y1234/1235), MET, p-ERK (T202/Y204), ERK, p-AKT (S473), AKT, p-AURKB
(T232), AURKB, p-His H3 (S10), His H3, Cleaved-Caspase3, BIM, p-BIM (S69), p-BIM
(S87), pSTAT3 (T705), and STAT3. And b-Actin, GAPDH, C-MYC, BCL2, and OCT4 were

purchased from Santa Cruz (Dallas, TX, USA).

2.5. Drug library screening

A total of 276 compounds from the Cambridge Cancer Compound Library (L2300,
Selleckchem, Houston, TX, USA) were employed for screening purposes. Cells were seeded at

a density of 1 x 103 cells/well in 384-well plates in quadruplicate. After overnight incubation,

11



the cells were treated with one drug at a 5-fold serial dilution for a total of six doses (50 uM to
16 nM). Cell viability was measured after 72 h of treatment using the CellTiter-Glo
Luminescent cell viability assay kit (Promega, Madison, WI, USA) and an Infinite 200 Pro
system (TECAN, Mannedorf, Switzerland). Each screening plate contained a
dimethylsulfoxide-only vehicle control to calculate the relative cell viability and normalize the
data. Dose-response curve fitting and area under the curve (AUC) values were assessed using

GraphPad Prism 5.3 (GraphPad Software Inc., San Diego, CA, USA).

2.6. Colony formation assay

The cells were plated in 24-well plates at 2 x 103 cells/well and treated with the indicated
drugs the next day. Medium change is performed every 3 days. After cell incubation for 14

days, cells were fixed with paraformaldehyde and stained with 0.1 % crystal violet solution.

2.7. Small interfering RNA

siRNA transfection was conducted using the Lipofectamine RNAIMAX Transfection
Reagent (#13778150; Thermo Fisher Scientific) in accordance with the instructions provided
by the manufacturer. AURKB and Scramble siRNA oligomers were transfected into cancer

cell lines and analyzed after 48 h of incubation.
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2.8. RNA sequencing and Validation

Total RNA was extracted using TRIzol (#15596026; Ambion, Austin, TX, USA) and a
chloroform protocol. The Macrogen (Seoul, Korea) performed transcriptome library
preparation and RNA sequencing. The libraries were prepared as poly(A)-RNA strands from 1
to 2 pg of total RNA using the TruSeq mRNA Kit (Illumina, San Diego, CA). The libraries
were amplified via PCR, and after that, the libraries were sequenced using an Illumina HiSeq
2000 with 100bp paired-end reads per sample. The FastQC tool was employed to assess the
quality of the raw reads. Following quality filtration with trimmomatic, the STAR 2 pass tool
was utilized to align the RNA sequencing data to the GRCh38 of the human reference
transcriptome. The Cancer Genome Atlas (TCGA) RNA-seq data, Mutation and Clinical
annotation for Lung Adenocarcinoma were downloaded in mRNA-Seq expression (log2

(normalized RSEM+1)).

2.9. Gene set enrichment analysis

A differential expression analysis was conducted using the DESeq?2 tool, and genes with a
false discovery rate of <0.05 were subjected to Gene Set Enrichment Analysis (GSEA). GSEA
was developed to determine differential expression levels of a predefined gene set in two

different phenotypes, primarily using genomic and gene sequencing to detect biological
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differences. We performed the GSEA (GSEA 4.2.3 version) using MSigDB C2 curated KEGG
gene sets to compare parental with resistance cells. We identified pathways with a nominal
p-value <0.05 as significant and chose them for further analysis. The GSEA software was
downloaded at www.broadinstitute.org/gsea/ index.jsp. The RNA sequencing data from this
study have been deposited in the Gene Expression Omnibus (GEO) under accession number

GSE285996.

2.10. Quantitative real-time PCR

Total RNAs were extracted by using TRIzol (#15596026; Ambion, Austin, TX, USA) and
cDNAs were synthesized from total RNA using Superscript II (#18064-022; Invitrogen,
Carlsbad, CA, USA). Gene expression was investigated using RT-PCR on a Lightcycler®480
instrument(Roche, Basel, Switzerland). We ordered targeted gene primers from
Cosmogenetech (Seoul, Korea). Experiments were run in triplicate. According to the
manufacturer's protocol, reaction mixtures were prepared with Sensi FAST SYBR No-ROX
mix (#BI0-98005; Bioline, London, UK). The expression of each gene was analyzed and

quantified using AACq method normalized by GAPDH gene expression (Table 1).
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Table 1. Sequences of the RT-qPCR primers.

Target Sequence (5’-3) Target Sequence (5'-3)
gene gene
forward: GGAGTGCTTTGCTATGAGCTGC forward: ACGACCTCAACGCACAGTACGA
AURKB PUMA
reverse: GAGCAGTTTGGAGATGAGGTCC reverse: CCTAATTGGGCTCCATCTCGGG
forward: CTTTGAGACCGAGGTGTATCACC forward: CCAACCTCTGGGCAGCACAGC
STAT3 BAD
reverse: GGTCAGCATGTTGTACCACAGG reverse: TTTGCCGCATCTGCGTTGCTGT
forward: GACCTGTGTCAGGCTTTCTCTG forward: TGGGACACTGTGAACCAGGAGT
CCNB1 BID
reverse: GGTA GGTCTGACTGCTTGC reverse: GAGGAAGCCAAACACCAGTAG
forward: TCTGGCATTTTGGAGAGGAAGTG forward: CAAGAGTTGCGGCGTATTGGAG
CCND1 BIM
reverse: TCTACACCGACAACTCCATCCG reverse: ACACCAGGCGGACAATGTAACG
forward: ATCGCCCTGTGGATGACTGAGT forward: CTCGATGCAGAGACAGAGGTCC
BCL2 NOXA
reverse: GCCAGGAGAAATCAAACAGAGGC reverse: AGGAGCCTGTTTGCCAACTTGC
forward: GCCACTTACCTGAATGACCACC forward: TCAGGATGCGTCCACCAAGAAG
BCLXL BAX
reverse: AACCAGCGGTTGAAGCGTTCCT reverse: TGTGTCCACGGCGGCAATCATC
forward: CCAAGAAAGCTGCATCGAACCAT forward: TTACCGCCATCAGCAGGAACAG
MmCL1 BAK
reverse: CAGCACATTCCTGATGCCACCT reverse: GGAACTCTGAGTCATAGCGTCG
forward: CCTGGTGCTCCATGAGGAGAC forward: GTCTCCTCTGACTTCAACAGCG
C-MYC GAPDH
reverse: CAGACTCTGACCTTTTGCCAGG reverse: ACCACCCTGTTGCTGTAGCCAA
forward: GCTACAGCATGATGCAGGACCA
Sox2
reverse: TCTGCGAGCTGGTCATGGAGTT
forward: CCTGAAGCAGAAGAGGATCACC
OCT4

reverse: AAAGCGGCAGATGGTCGTTTGG
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2.11. Cell cycle and Flow cytometry

To detect apoptosis, we used the Annexin-V FITC apoptosis detection kit (#556547; BD
Biosciences, San Diego, CA, USA). The cells were grown in 100 mm plates and treated with
the indicated drugs for 48 h. Following the administration of the drugs, the cells were
harvested with trypsin, washed with phosphate-buffered saline PBS, and suspended with
Annexin-V binding buffer. Following suspension in binding buffer, cells were subjected to a
double staining procedure using an apoptosis detection kit. The cells were incubated at room
temperature in the dark for 30 min and subsequently analyzed by flow cytometry. The cell
cycle was detected using FxCycleTMPI/RNase Staining Solution (#F10797; Invitrogen,
Carlsbad, CA, USA). The samples were prepared in accordance with the manufacturer's

instructions.

2.12. Mouse xenograft

Approval for the conduct of mouse xenograft studies has been granted by the National
Cancer Center (accession number [ACUC-A202310-1748-01).We used 6-week-old N2G
(NOD-Prkdcnullll2rgnull) male mice (Gemcro, Korea). The mice were randomly divided into
four groups according to weight (average 23 g—24 g). Prior to the injection of cancer cells, the

mice underwent an adaptation period of 1 week. In order to facilitate the adaptation of the mice,
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we provided them with comfortable bedding. A total of 2 x 106 cells were injected into the
mice, with 50 % Matrigel used as a vehicle. The tumor volume was then measured using a
caliper on a weekly basis. Mice were given intraperitonealinjections of the PHA665752 at a
dosage of 25 mg/kg/day (n = 7), barasertib at a dosage of 50 mg/kg/day (n = 7), and
combination treatment of PHA665752 and barasertib (n = 7) once every 2 days for 3 weeks in
each volume of 100 pl; another 7 control mice were given vehicle (8 % dimethyl sulfoxide,
50 % polyethylene glycol, 5 % tween 80, and 37 % ddH20). After 3 weeks of treatment,
euthanasia was induced by injecting continuous CO2 flow into the cage. Upon confirmation
that the mouse was no longer breathing, the injection of carbon dioxide was terminated. The
xenograft tumors were resected and fixed in 4 % paraformaldehyde for immunohistochemistry.
All animal experimentswere conducted in accordance with the guidelines of our institutional

animal care and use committee and in compliance with all relevant ethical regulations.

2.13. Immunohistochemistry

All mouse xenograft tumors were prepared in formalin-fixed paraffin-embedded blocks and
cut into two consecutive sections (3 pum). One tumor section was stained with a polyclonal
Ki-67 antibody (AB15580; Abcam), while the other was used for hematoxylin and eosin
(H&E) to determine tumor cell morphology. Patient tumors were fixed with formalin and

embedded in paraffin. Following the preparation of sections on glass slides (3 um),
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immunostaining was conducted at the Laboratory Animal Research Facility of the National
Cancer Center using an AURKB antibody (LS-B1451; LSBio). Quantitative analysis was
conducted using the Vectra Polaris Imaging System and Inform software (Akoya Biosciences,

USA).

2.14. Droplet digital PCR

ddPCR was conducted by using a QX200 system (Bio-Rad, Hercules, CA, USA). The
TagMan Probe mix solutions for PCR reaction were prepared according to the manufacturer’s
protocol (MET CNV FAM; #10031240, HEX; #10031243). After PCR was complete, the oil
droplet was read by a droplet reader to detect TagMan Probe fluorescence in individual

droplets using.

2.15. Immunofluorescence staining

Cells were seeded in chamber slides and, after 24 h, washed with PBS three times for 5 min.
By using 4 % formaldehyde, cells were fixed at RT for 10 min and blocked with
immunofluorescence blocking buffer for 1 h (12411S; Cell signaling). After that, cells were
incubated with 1’ antibody at 4 °C. 24 h later, cells were washed with PBS and incubated with

a 2’ antibody for 1 h. After PBS wash, cells were mounted with ProLong Gold buffer (8961S;
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Cell signaling).

2.16. Cell migration assay

Cells were seeded onto a trans-well chamber (Costar Co., MA) containing 8 pum pore size
polycarbonate membranes. Cells were harvested and resuspended in culture media without
10 % FBS. Cells were seeded in the upper chamber of a 12-well plate (2 x 10° cells/well). The
lower chambers were filled with 0.5 mL of RPMI plus 10 % FBS. After incubation of 72 h, the
membrane-contained chamber was fixed with 4 % formaldehyde and stained with crystal violet
solution (0.1 %). After that, the upper membrane of the inner chambers was wiped with a

cotton swab.

2.17. Ethics approval and Consent to participate

Two patients with advanced NSCLC undergoing treatment at the National Cancer Center
participated with written informed consent in the study for the collection of tissue and
translational research was approved by the National Cancer Center Hospital Institutional
Review Board (NCC2016-0208) (Goyang, Korea). Tumor biopsies were performed on each

patient before and after treatment with MET inhibitors.
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2.18. Statistical analysis

At least all experiment was conducted three times, and all results are shown as the mean +
SEM. Statistical analysis was conducted by using a t-test (two-sample). p-values < 0.05 were

considered significant (*p < 0.05, **p < 0.01, ***p < 0.001; ns, not significant).
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3. RESULTS

3.1. AURKB activation in MET-TKI acquired resistance cell line

The non-small cell lung cancer cell line harboring MET-amplification (H1993) was used in
this research, and the acquired resistance cell line (H1993 PR-S2) was established by chronic
exposure to MET-TKI (Fig 4A). The cell viability was conducted to confirm the complete
PHAG665752 resistance of the H1993 PR-S2 cells in contrast to the H1993 cells (Fig 4B-C). In
addition, the H1993 PR-S2 cells showed resistance to Type I MET inhibitor (capmatinib) and
Type II MET inhibitors (cabozantinib and crizotinib) (Figure 4B-C).

To ascertain the original characteristics of MET-amplified cancer cells, H1993, the MET gene
copy number variation (CNV), and the H1993 PR-S2 cells proliferation rate were investigated.
The MET CNV rate of the H1993 PR-S2 cells was similar to that of the H1993 cells (MET
CNV; H1993 = 18.7, H1993 PR-S2 = 20.8) (Figure 5A), whereas the H1993 PR-S2 cells
proliferation rate was lower than that of the H1993 cells (Figure 4D). Next, to determine the
genomic variations between the H1993 cells and the H1993 PR-S2 cells, the whole exome
sequencing analysis was conducted. However, in the H1993 PR-S2 cells, no secondary point
mutations were detected in the MET kinase domain (Fig 5C) or other molecular alterations,
including KRAS, EGFR and HER3??, which had previously been identified as resistance

mechanisms in other studies (Table 2). In the next step, we investigated whether the basal
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expression levels of the MET and EGFR proteins, as well as downstream kinase, were altered
in the H1993 PR-S2 cells. In immunoblot analysis, the protein expressions of total MET and
p-MET were fully reduced in the H1993 PR-S2 cells compared to the H1993 cells. However,
these two cell lines did not differ in the protein levels of ERK, which is downstream of MET.
Furthermore, the EGFR/AKT pathway, widely recognized as a bypass mechanism for
MET-TKI?, was not upregulated in the H1993 PR-S2 cells (Fig 4E). The H1993 PR-S2 cells
also showed resistance to EGFR-TKI (Gefitinib), PHA665752, and combination treatment (Fig
4F). Consequently, the EGFR pathway was postulated not to be an alternative acquired
resistance mechanism of the H1993 PR-S2 cells. These results led to the hypothesis that the
H1993 PR-S2 cells employ alternative molecular mechanisms to develop resistance against

MET-TKI, PHA665752, independent of the EGFR or MET receptor-mediated pathways.

22



(A)

(B)

504

MET-TKI
(PHABB5T52)

H1993METamp
(Hetero)}

PHABESTS2 (Type 1)

Z
B

Drug-free 1wk

H1993 PR-52
(Homo)

Capmatinib (Type 1)

H1993 PR-52
(Drug wio)

= -+ H1e83 = - HiOD3
= - HIOGPRE = = H1003 PRS2 (D)
= 1004 T 1004
2 @
k= z
= = .
3 £ z 80 < ™ = Higea
5 k] K] & H1003 PR-S2
& £ £
o7 E . T . ) s
10 100 1,000 10,000 10 100 1.000 10,000 i‘-
v nikd 2
s 8
Crizotinib (Type 0} Cabozantinib (Type 1) %
1804 ®
;‘su - H1003 E - HIEE o o
= & HIDIPRSZ Z - 1993 PR-52 hr
! 100 2 100 4
2 z
= =
]
2 5o g 60
B 5
3 &
o . . . 0 : ; . ,
0 10 160 1000 10,000 1 100 1000 10,000
nh n
(C) (E) H1993
H1993 H1993 PR-52 H1993 PR-52
PHABB5752 -  + - +
DMSO
p-MET - — - ta0u08
{uh) 1 05 0.1
MET - o oo,
PHAG65752 -
p-EGFR = — =180 kDa
Capmatinib
EGFR e wwm @D el - 160502
Cabozantinib PERK - - 45 kDa
o ERK — =45 kD2
Crizotinib — ——
P-AKT = 60 kD4
- DMSO
= . PHAGBST5Z 0.1
# = 60 kD4
= PHASBETS2 0.5 AKT  o— e ——
-‘i B Capmatinib 0,1
g Capmatinib 0.5 GAFPDH — . —— = 15 kDa
- Bl Cabozantinib 0.1
-
£ B Cabozantinib 0.5
: B Crizatinib 0.1
Bl Crizotinie 0.5

H1883

H18%93 PR-32

23



(F)

H1993 H1993 PR-S2

150 1504
= - Gefitinib = -~ Gefitinib
P> >
g - PHAG65752 = - PHAB65752
% 1004 & Gefitinib+PHAB65752 % 1004 & Gefitinib+PHAB65752
g g
8 8
® 504 o 504
2 =
ks s
[ [
«© 3

0 T T T T 0 T T T T
0 10 100 1,000 10,000 0 10 100 1,000 10,000
nM nM

Fig 4. Generation of MET-TKI acquired resistance cell line. (A) A diagrammatic summary
of the generation of the drug-resistant cell line up to 1 uM MET-TKI (PHA665752). (B) Mean
relative viability of the H1993 and H1993 PR-S2 cells against PHA665752, capmatinib,
cabozantinib, and crizotinib treatment. (C) Crystal violet staining after 8 days of indicated drug
treatment. The bar graph illustrates the relative absorption of destaining of crystal violet. (D)
The relative proliferation rate of the H1993 and H1993 PR-S2 cells. (E) Immunoblot analysis
of the H1993 and H1993 PR-S2 cells with or without MET-TKI. (F) Mean relative viability of
the H1993 and H1993 PR-S2 cells against gefitinib, PHA665752, and combination treatment.
The standard error of the mean (SEM) is indicated by the error bars (n = 3). Statistical analysis
was performed using a two-sample t-test. ns, not significant; **p< 0.01; ***p< 0.001.

Abbreviation: w/o, without.

24



(A) (B)

26 s = H1993

2080 E%ﬁ we mm H1993 PR-S2
E
5
£
o
05
2
®
L
oxr o

MET
()
MET-Exon19 MET-Exon14
Y1230 V1238 D1246 Y1248 Y1253

IRRRNREN D ERERRDERD
ACAT GT AT G GTACACAAC 4T

H1993

mininn
ACATGTAT &
H1993
PR-52

Iy

Fig 5. Mutation of the MET gene in MET-TKI acquired resistance cell line. (A) Copy number
variation of MET. (B) mRNA expression of MET. (C) Direct sequencing analysis of the exon 14
and exon 19 mutations of MET. The standard error of the mean (SEM) is indicated by the error

bars (n = 3). Statistical analysis was performed using a two-sample t-test. ***p<0.001.
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Table 2. The whole exome sequencing mutation calling list of the H1993 PR-S2 cell line

compared to the H1993 cell line.

H1993 PR-S2 mutations
DNAJC6,SUPT6H,FLOT2,CPT1C,ADAM20, ANAPC1,PTPRR,FAM73B,FCAMR RNF43,CNGB1,SEC31B,TVP23A,SZT2,SLC2A9,ITGA1
1,HOMER3,URGCP, TAL1,HOXA1,SLC1A2,SGK1,DNAJC16,KCNQ4,ELN,PGS1,SORL1,NLRP9,ASIC1,POU3F4,CDC42BPB,CLDN11,T
SPAN31,FAH,LRP1B, TCHH,IKBKE,SLC7A8 AP3D1, TPTE2,ZNF3,NEB, TNK2,KANSL3,FBXO17,NRAP,SLC1A7 KAT6B,WFDC2,FAM20
8B,SLC26A4,HOXA3,C10rf68 THBS4,KCNJ14,SLCO6A1,FXR1,FAR2,MUC3A,C2CD2 NMRAL1,RUSC1,SMCHD1,RTTN.ATM
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To discover potential strategies to overcome MET-TKI acquired resistance, a
high-throughput drug screening assay was conducted with a druggable inhibitor library of 276
compounds. The 10 compounds were rearranged according to values of area under the curve,
which means higher sensitivity against the H1993 PR-S2 cells than the parental cell line (Fig
6A-B). Interestingly, the pan-AURK inhibitors (VX-680 and SNS-314) showed high
sensitivity in the H1993 PR-S2 cells (Fig 6A-B).

Cell viability assays were performed using an AURK pan inhibitor (VX680), an AURKB
inhibitor (barasertib), and an AURKA inhibitor (MLN8237, AT9283) to determine which of the
three AURK molecules (AURKA, AURKB, AURKC) is the major AURK molecule. Among
the types of aurora kinase inhibitors, the AURKB inhibitor, barasertib, showed the highest

sensitivity to the H1993 PR-S2 cells than the parental cells (Fig 6C).
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Fig 6. The high throughput inhibitor screening analysis in the H1993 and H1993 PR-S2 cells.
(A) The calculation result of the area under the curve from high throughput inhibitor screening
(HTS) analysis of the H1993 PR-S2 cells compared to the H1993 cells. (B) Comparison of area
under the curve (AUC) values and rearrangement of 10 high-sensitivity compounds in the H1993
PR-S2 cells. (C) Mean relative cell viability of the H1993 and H1993 PR-S2 cells against various

AURK inhibitors. The standard error of the mean (SEM) is indicated by the error bars (n = 3).
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To validate the effect of the AURKB inhibitor, clonogenic assays were conducted to

evaluate the extent of growth inhibition against PHA665752 and barasertib. The clonogenic

assays demonstrated that barasertib inhibited the cell growth of the H1993 PR-S2 cells

significantly. In contrast, barasertib had no effect on the H1993 cells, while PHA665752

inhibited parental cell proliferation (Fig 7A). These data demonstrated that the inhibition of

AURKB was sufficient for the growth inhibition of the H1993 PR-S2 cells. Interestingly, the

knockdown of AURKB in the H1993 PR-S2 cells demonstrated increased sensitivity to

PHA665752. The parental cells remain sensitive to PHA665752, irrespective of the

knockdown of the AURKB gene (Fig 7B-C).

29



Barasertib - - + +
PHAB65752
H1993
H1993
PR-S2
(B) H1993
= 150 -- PHAGB5TS2
;; - PHA+siScramble
§ 100 -+ PHA+siAURKB
=
o 50
“E o
0 10 100 1000 10,000

nM
H1993 PR-S2

150 o PHAGB5752

] -# PHA+siScramble

100 4 -+ PHA+sIAURKB

Relative cell viabllity (%)

T T T
0 10 100 1,000 10,000

nM

Fig 7. Growth inhibition effect of decreased AURKB expression. (A) The results of the crystal

violet staining procedure were conducted after 8 days of treatment with dimethyl sulfoxide or the

indicated drugs. The bar graph illustrates the relative absorption of destaining of crystal violet. (B)

Mean relative viability of the H1993 and H1993 PR-S2 cells against PHA665752 with or without

AURKB knockdown. (C) Protein expression of AURKB after treatment of scramble and

siAURKB in the H1993 and H1993 PR-S2 cells. The standard error of the mean (SEM) is

indicated by the error bars (n = 3). Statistical analysis was performed using a two-sample t-test. ns,

not significant; ***p< 0.001.
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The subsequent step was to find the differentiation of AURKB expression between the
H1993 and H1993 PR-S2 cells. The protein expression of total AURKB and phosphorylated
AURKB was elevated in the H1993 PR-S2 cells, in contrast to a lack of corresponding changes
in mRNA expression (Fig 8A-B). In a previous study, histone H3 activation (p-His H3 S10)
was identified as a downstream target of AURKB?’, and its upregulation was reported to be
associated with gefitinib resistance in PC9 cells*!. However, western blot data showed that the
mechanism of MET-TKI resistance did not rely on His H3-related pathways because protein
expression of total His H3 and p-His H3 was not increased in the H1993 PR-S2 cells (Fig 8B).
Regardless of His H3 activation, the H1993 PR-S2 cells were more sensitive to the
downregulation of AURKB protein expression at lower concentrations of barasertib compared
to the H1993 cells (Fig 8C). However, the kinetics of AURKB protein degradation in the
H1993 PR-S2 cells were similar to that observed in the H1993 cells. (Fig 8D). From these part,
experimental findings demonstrated that the upregulated AURKB expression is essential for
maintaining the MET-TKI acquired resistance, and inhibition of AURKB was sufficient to

inhibit the growth of the H1993 PR-S2 cells.
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Fig 8. Comparison of AURKB expression in the H1993 and H1993 PR-S2 cells. (A) mRNA

expressions of AURKB in the H1993 and H1993 PR-S2 cells. (B) Immunoblot analysis of proteins

and phosphor proteins of AURKB and Histone H3 in lysates of the H1993 and H1993 PR-S2 cells.

(C) Immunoblot analysis of AURKB and His H3 proteins and phosphorylated proteins after 24 h

dose-dependent treatment of AURKB inhibitor (barasertib) (0.01, 0.1, 1, 10 uM). (D) AURKB

protein stability after treatment with 10 pg/ml cycloheximide for the indicated treatment time in

the H1993 and H1993 PR-S2 cells. The line graph represents the relative AURKB band intensity
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of the western blot. The standard error of the mean (SEM) is indicated by the error bars (n = 3).

Statistical analysis was performed using a two-sample t-test. ns, not significant.
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3.2. Stimulation of STAT3-BCL2 axis by AURKB

Next, to know what pathway is mediated by AURKB, gene set enrichment analysis (GSEA)
was performed to explore the significant differences in gene expression between the parental
and resistant cells. GSEA data analysis revealed that downstream targets of STAT3 were
significantly upregulated in the H1993 PR-S2 cells compared to the H1993 cells (Fig 9A). This
result was corroborated by the observation of increased p-STAT3 protein in the H1993 PR-S2
cells (Fig 9B). The immunoblot analysis proceeded to examine the levels of the JAK family of
proteins, which are known to be major upstream regulators of STAT3. Unexpectedly, in the
H1993 PR-S2 cells, there was a notable decrease in the JAK family protein expression levels
compared to the parental cell line (Fig 10). Consequently, this results indicated that another
kinase might phosphorylate STAT3 independently of several RTKs, including EGFR, MET,

and JAK.
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Fig 9. Elevated STAT3 expression in the H1993 PR-S2 cells. (A) Gene set enrichment (GSEA)

data of upregulated STAT3 target genes in the H1993 PR-S2 cells. (B) Protein expressions of

p-STAT3, STAT3, and GAPDH.
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Given that AURKB is known to be a serine/threonine kinase, the objective was to determine

whether AURKB regulation could influence STAT3 phosphorylation. Treatment with the

AURKB inhibitor resulted in a reduction in p-STAT3 expression in the H1993 PR-S2 cells

without affecting p-AKT and p-ERK levels (Fig 11A-B). The expression of cleaved caspase-3,

the apoptotic cell death marker, was increased in the barasertib-treated H1993 PR-S2 cells,

while the expression of p-STAT3 was decreased (Fig 11A). The reduction of AURKB

expression by siRNA treatment induced a significant reduction of p-STAT3 expression in the

H1993 PR-S2 cells (Fig 11C). Conversely, an elevated expression of pSTAT3 was observed in

the AURKB-overexpressed H1993 stable cell line (H1993 AURKB-GFP), which had been

established through the artificial infection of a virus (Fig 11D). The binding of AURKB and

STAT3 does not occur in both cell lines (Fig 11E). Furthermore, we sought to determine

whether long-lived AURKB affects STAT3 protein stability. Treatment with the proteasome

inhibitor MG132 led to the accumulation of pSTAT3 protein in the H1993 AURKB-GFP cells

(Fig 11F). These findings indicated that AURKB could regulate STAT3 activation

independently of the MET activation pathway in the H1993 PR-S2 cells.
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Fig 11. Positive regulation of p-STAT3 expression by AURKB. (A) Protein expressions of

p-STAT3, STAT3, p-AURKB, AURKB, and GAPDH after barasertib single or PHA665752

combination treatment of indicated drug concentration for 48 h. (B) Expression of total and active

forms of AKT and ERK proteins. (C) Immunoblot analysis of the H1993 and H1993 PR-S2 cells

transfected with scramble and siAURKB for 48 h. (D) and (E) The indicated protein expressions

of the GFP and AURKB-GFP virus-infected H1993 stable cell lines and MG132 treatment for the

indicated treatment time. The line graph represents the protein stability of p-STAT3. (F)

Immunoprecipitation analysis between STAT3 and AURKB. The standard error of the mean

(SEM) is indicated by the error bars (n = 3).
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To elucidate the downstream target of activated STAT3 in the H1993 PR-S2 cells, we

conducted an investigation into the mRNA changes of downstream targets of STAT3. Among

the several STAT3-related downstream target genes, the mRNA and protein levels of the

antiapoptotic protein BCL2 were found to be significantly increased in the H1993 PR-S2 cells

(Fig 12A-B). The STAT3 knockdown notably reduced this upregulated BCL2 expression, both

mRNA and protein, without affecting the mRNA levels of other STAT3 target genes (Fig 12C).

Although knockdown of STAT3 in H1993 PR-S2 cells did not improve MET-TKI sensitivity

(Fig 13A-B), interestingly, AURKB inhibition resulted in a reduction of BCL2 mRNA and

protein levels, accompanied by an increase in the expression of cleaved-caspase3, a marker of

apoptotic cell death (Fig 13C-D). Thus, these findings indicated that AURKB inhibition

regulates the anti-apoptotic process by suppressing the STAT3-BCL2 axis to overcome

PHA665752 resistance.
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3.3. Induced apoptotic cell death by AURKB inhibition

The mechanism underlying barasertib-induced apoptotic cell death of the MET-TKI
resistance cell line was investigated by examining mRNA expressions of apoptosis-related
genes. Among the numerous apoptosis-related genes, the pro-apoptosis gene BIM was found to
be significantly downregulated in the H1993 PR-S2 cells (Fig 14). Previous study reported that
proapoptotic protein BIM is downstream of ERK, and ERK and AURKB can stabilize and
degradate BIM through each phosphorylation (S69 and S87)*2. In the H1993 PR-S2 cells, we
sought to ascertain whether AURKB inhibition altered BIM protein expression. The data
demonstrated that PHA665752 reduced p-ERK protein levels and induced BIMgL
accumulation in the H1993 cells but not in the H1993 PR-S2 cells. Conversely, barasertib
treatment resulted in BIMg;, accumulation in the H1993 PR-S2 cells without affecting p-ERK
protein expression (Fig 15A). Notably, the inhibition of AURKB resulted in a decreased
expression of p-BIM (S87) in the H1993 PR-S2 cells but not in the parental cell line (Fig 15B).
These results indicated that AURKB inhibition is sufficient to induce BIM accumulation in the

H1993 PR-S2 cells.
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As AURKB is known to be a cell cycle-related molecule, it has been reported that AURKB
inhibition induces the formation of polyploid giant cells, G2/M cell cycle arrest, and apoptotic
cell death®. The impact of barasertib was examined on the cell cycle of both H1993 cells and
H1993 PR-S2 cells. The cell cycle change was investigated in live cells treated with 100, 250,
and 500 nM barasertib. While barasertib had a minimal effect on the H1993 cells, it induced
G2/M cell cycle arrest at lower inhibitor concentrations in the H1993 PR-S2 cells (Fig 16).
Following the induction of G2/M cell cycle arrest, the percentage of early apoptotic cells
significantly increased in the barasertib-treated H1993 PR-S2 cells compared to the parental
cell line, as demonstrated by Annexin-V-FITC staining of flow cytometry (FACs) analysis
(Fig 17A). Furthermore, the formation of polyploid giant cells was observed to increase in
both the H1993 cells and the H1993 PR-S2 cells (data not shown), while the cleaved caspase
3 expression was found to be significantly elevated in the H1993 PR-S2 cells (Fig 17B). These
findings indicate that AURKB inhibition is sufficient to induce BIMgr accumulation and

apoptotic cell death in the PHA665752-resistant cell line.
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Fig 16. The G2/M cell cycle arrest after inhibition of AURKB. The Histogram indicated the cell
cycle in the H1993 and H1993 PR-S2 cells after 24 h of dose-dependent treatment with the

AURKB inhibitor. The bar graph indicates the cell cycle proportion of G1, S, and G2/M.
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Fig 17. The apoptotic cell death after AURKB inhibitor treatment. (A) Annexin-V-FITC/PI
flow cytometry analysis of the H1993 and H1993 PR-S2 cells treated with 100nM, 250nM, and
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performed using a two-sample t-test. ns, not significant; *p< 0.05; ***p< 0.001.
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3.4. AURKB inhibition effect in various cancer cells

To substantiate the relationship between AURKB and STAT3, the impact of AURKB

inhibition was evaluated in other cancer cell lines. A cell viability screening was conducted

against barasertib using a collection of 18 cancer cell lines (Fig 18A-B). The cancer cell lines

exhibited varying sensitivities to barasertib treatment. Among the cell lines, the H460 cells,

which demonstrated high sensitivity to barasertib, and the SNU-638 cells, which exhibited low

sensitivity, were randomly selected. The efficacy of barasertib was then compared between the

two cell lines. The results of the immunoblot analysis suggested that the inhibition of AURKB

induces a reduction in the protein levels of p-STAT3 and BCL2 in the H460 cells (Fig 19A).

Furthermore, the proportion of cells undergoing early apoptosis was markedly elevated in

barasertib-treated H460 cells compared to SNU-638 cells following Annexin-V-FITC staining

using flow cytometry (Fig 19B). These findings indicate that AURKB inhibition may be an

effective strategy in various cancer cell lines, regardless of the MET protein level.
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3.5. AURKB inhibition effect in xenograft model

The efficacy of AURKB inhibition in in vivo mouse xenograft models was subsequently
validated with MET-TKI-acquired cells. Mice bearing the H1993 and the H1993 PR-S2
xenografts were treated with vehicle, PHA665752, barasertib, or a combination of both for 3
weeks (Fig 20). PHA665752 treatment effectively inhibited tumor growth in the H1993
xenografts, while barasertib treatment significantly inhibited tumor growth in the H1993
PR-S2 xenografts without causing toxicity or weight loss (Fig 21A-B and Fig 22). The above
results were also observed in the fold change of tumor volume analysis. At the 20 days after
post drug injection in in vivo experiments, the reduction in H1993 and H1993 PR-S2 tumor
volume in each PHA665752 and barasertib group was more than twice that of the vehicle
group (Fig 21C). Furthermore, a notable decrease in the area of Ki-67 staining was observed in
the barasertib-treated H1993 PR-S2 tumors in comparison to the vehicle-treated tumors (Fig
23). The in vitro experimental evidence data were reproduced in an in vivo mouse xenograft
model, which demonstrated that the AURKB inhibition can decrease cancer cell growth and

ultimately lead to cell death.
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53



(A)

H1993 H1993 PR-S2

Vehicle '
PHA665752 ‘
-

Barasertib

CE N
es o=
tem @

PHA + Bara

(B)

H1993 H1993 PR-S2
25004 . 2000+ )
- Vehicle -8~ Vehicle

20004 & PHAG65752 . - PHAB65752

E -+ Barasertib E 15009 & Barasertib

‘@ 15004 ¥ PHA+Bara n o -+ PHA+Bara

5 5

=] [+

2 10004 >

£ £

F 5004 2 -

0 T T T T T T T T T 1 Dl T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
Days after drug injection Days after drug injection
H1993 H1993 PR-S2
20+ 104
mm Vehicle

mm Vehicle |m

164 == PHABB5752
mm Barasertib |

mm PHA+Bara

m= PHAGGSTS2 |
mm Barasertib ‘ ‘
mm PHA+Bara |

*[ns

Fold change of tumor volume
Fold change of tumor volume

0 6141820 0 6 141820 0 6 141820 0 6 141820 06141820 0 6141820 0 6 141820 0 6 141820
Days after drug injection Days after drug injection
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mg/kg), and their combination for 21 days in N2G mice bearing the H1993 and H1993 PR-S2 cell
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xenograft. Tumor volumes were measured twice weekly by caliper (mean = SEM, n = 6-7 for each
group). (C) The fold change of the tumor volume during the period of drug injection, representing
0, 6, 14, 16, 18, and 20 days. The standard error of the mean (SEM) is indicated by the error bars.
Statistical analysis was performed using a two-sample t-test. ns, not significant; *p< 0.05; **p<

0.01; ***p<0.001.
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3.6. AURKB expression in lung cancer with MET-TKI resistance

Finally, the aim was to ascertain whether the in vitro and in vivo findings on MET-TKI
resistance with AURKB upregulation would be corroborated in patient data. Two cases were
presented in which patients with advanced MET-amplified NSCLC had developed acquired
resistance to MET-targeted therapy subsequent to an initial remarkable response. Case 1 was a
65-year-old male with advanced lung adenocarcinoma with MET amplification. He received 6
cycles of telisotuzumab vedotin treatment with partial response. Case 2 was a 46-year-old
female with advanced lung adenocarcinoma with MET amplification. She received 27 cycles
of ABN401 treatment with partial response. In both cases, the tumor progressed rapidly and
eventually became resistant to treatment (Table 3). Immunohistochemistry data of these two
patients showed that AURKB protein was highly overexpressed in post-treatment samples
compared to pre-treatment (Fig 24).

Additionally, in the TCGA overall survival (OS) analysis, the group of lung adenocarcinoma
patients with high AURKB expression exhibited significantly worse OS than the group of
patients with low AURKB expression (p = 0.0083). So, these results supported the conclusion
that high expression of AURKB can be used as a poor prognostic factor for NSCLC patients

(Fig 25).
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Table 3. Characteristics of MET inhibitor-received MET-amplified non-small cell lung

cancer patients.

Patient Agel/Sex Histology  Stage MET-amp Drug Cycle Response PFS (Mon)
Case 1 65/M ADC \% Yes Telisotuzumab vedotin 6 PR 4.6
Case 2 46/F ADC \% Yes ABN401 27 PR 18.8

Abbreviation: ADC, adenocarcinoma; MET-amp, MET-amplification; PR, Partial response; PFS, Progression-free survival
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Fig 25. Kaplan-Meier survival curve of lung adenocarcinoma patients. Kaplan-Meier analysis

of overall survival in LUAD patients from TCGA based on the expression of AURKB protein. Red,

High AURKB expression (n = 261); Blue, low AURKB expression (n = 245). (p = 0.0083,

log-rank test).
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This study provides evidence that MET-TKI-acquired resistance is associated with AURKB
upregulation. We found elevated AURKB protein expression in in vitro cell line model and
showed that this elevated AURKB stimulates the STAT3/BCL2 axis and induces BIM
degradation for cancer cell survival. And we showed that the MET-TKI resistance can be
overcome by blocking AURKB activation, resulting in decreased expression of BCL2 and
accumulation of BIM, leading to apoptotic cell death (Fig 26). Taken together with in vivo and
patient data, this study suggests that AURKB inhibition can be utilized as one of the potential

therapeutic strategies to overcome MET-TKI-acquired resistance in NSCLC patients.
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Fig 26. A schematic depicts the effects of AURKB inhibitor in MET-TKI-acquired resistance

cells. During the development of the acquired resistance cell line against MET-TKI, the elevated

AURKB protein has been observed. The AURKB stimulates STAT3 activation and the subsequent

degradation of the pro-apoptotic protein BIM, thereby promoting cancer cell survival. The

AURKB inhibitor barasertib has been demonstrated to block the phosphorylation of AURKB,

which has decreased the expression of the ant-apoptotic protein BCL2 and the accumulation of

BIM. Consequently, the MET-TKI-acquired resistant cells underwent apoptotic cell death via this

signaling pathway.
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4. DISCUSSION

Acquired drug resistance remains a significant challenge in the treatment of
oncogene-addicted tumors, including MET-amplified non-small cell lung cancer (NSCLC).
Despite advances in MET-targeted therapies, resistance to MET tyrosine kinase inhibitors
(MET-TKIs) is inevitable, highlighting the urgent need for novel strategies to overcome this
issue. Aurora kinase B (AURKB) has recently emerged as a potential target for addressing
drug resistance in various cancer types. AURKB plays a crucial role in mitosis, regulating
chromosome separation and cytokinesis®*. However, its function is often dysregulated in
drug-resistant cancer cells, contributing to tumor progression and therapy resistance. Several
studies have implicated AURKB in promoting drug resistance. For example, AURKB
overexpression has been linked to paclitaxel resistance in breast cancer cells’ and gefitinib
resistance in EGFR-mutated NSCLC cells®'. In neuroblastoma, AURKB regulates the ERK
pathway, enhancing tumorigenesis and resistance to carboplatin®®. While these findings suggest
AURKB's role in drug resistance across various cancers, its specific involvement in MET-TKI
resistance in MET-amplified NSCLC has not been previously explored. Our study is the first to
demonstrate that AURKB activation is critical for sustaining MET-TKI resistance in NSCLC
cells. We found that AURKB mediates drug resistance by regulating the STAT3-BCL2 pathway,

a key anti-apoptotic mechanism, highlighting its potential as a therapeutic target in
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MET-TKI-resistant lung cancer.

In the previous study, BH3-motif subfamilies were reported that have a critical role in
initiating cell survival, BIM is associated with the promotion of apoptosis®’. There are two
isoforms of BIM protein (BIMgr, BIMs)*. It is already known that BIM is phosphorylated by
ERK1/2 kinases and regulated by ubiquitination and proteasomal degradation®***°, So ERK1/2
inhibition can cause BIM accumulation and lead to apoptosis. A recent study revealed that
AURKB inhibition can inhibit BIM activation and lead to BIM accumulation in
EGFR-mutated EGFR-TKI-acquired resistance NSCLC cell lines’?. In our study, we
demonstrate that increased AURKB expression inhibits BIM activation and sustains the
survival of resistant NSCLC cell lines, and that this is not limited to EGFR-TKIs, but is also
true in MET-amplified MET-TKI-acquired resistant NSCLC. Furthermore, inhibition of
AURKB was demonstrated to reduce BIM degradation and lead accumulation in
MET-amplified MET-TKI-acquired resistant NSCLC cell lines. Significantly, this study also
identified a previously unreported link between MET-TKI resistance and BIM.

Although the activation of AURKB has emerged as an important drug resistance-related
molecule, its upstream mechanisms are poorly understood. In this study, I try to demonstrate
the direct mechanistic link between MET receptor tyrosine kinases and AURKB by
investigating AURKB upstream molecular. Because the AURKB is not considered as the

downstream target of MET protein as kinase, | postulated the other bypass pathway may be
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involved in the AURKB-upregulated MET-TKI acquired resistance mechanism. Therefore, 1
focused on STAT3 activation. Among the various mechanisms of inducing STAT3
phosphorylation, the IL6/JAK axis is a major pathway of the continuous activation of STAT3
of cancer cells*', and the IL6 receptor was already reported as a MET-TKI-acquired resistance
mechanism. Because it was mentioned in the RESULT part that the phosphorylated STAT3
expression was regulated AURKB expression, the association was checked to determine
whether AURKB activation is related to the IL6/JAK axis in the H1993 PR-S2 cells. However,
although the protein expression of IL6 was increased in cell-grown media and cell lysate of the
H1993 PR-S2 cells (data not shown), there was no experimental evidence that the effect of
IL6 against AURKB expression in the H1993 PR-S2 cells (Data not shown). In addition, as
mentioned in Fig 9, the JAK family expression of the H1993 PR-S2 cells was lower than that
of the H1993 cells. So, these data demonstrated that AURKB-mediated STAT3 activation was
not from the IL6/JAK pathway.

Although I could not suggest the direct relationship between MET receptor tyrosine kinases
and AURKB, nevertheless, it is worth considering why the expression of AURKB is increased
in the H1993 PR-S2 cell line that has developed resistance to MET-TKIs. As mentioned in the
introduction, the downstream targets of MET receptor tyrosine kinases are diverse. The main
proteins expressed are STAT3, AKT, and ERK. It is noteworthy that in the H1993 cell line used

in this study, protein expression of STAT3 and ERK increased, while there was no significant
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change in AKT protein expression. The generation of the H1993 PR-S2 cell line after
MET-TKI treatment suggests that the survival mechanisms promoted by high levels of STAT3
and ERK are blocked. This study showed that STAT3 downstream targets, particularly BCL2,
were significantly upregulated. Therefore, it can be hypothesized that this resistant cell line has
evolved to conserve energy by increasing the expression of AURKB to enable survival,
thereby regulating the activation of STAT3 rather than ERK as a kinase, which in turn induces
activation of the BCL2-mediated apoptotic pathway.

According to Kosuke Tanaka et al., AURKB expression was upregulated in EGFR-TKI
resistance NSCLC cell lines undergoing epithelial-mesenchymal transition (EMT)2. In this
paper, the author indicates that EMT-mediated AURKB targeting is a highly effective therapy
to overcome EGFR-TKI-acquired resistance in lung cancer’?. After establishing the
PHA665752-resistant cell line, increased total AURKB and p-AURKB protein expressions
were observed. For this reason, the acquired resistance mechanism initially hypothesized that
the EMT pathway might be related to PHA665752-induced AURKB activation. So, the
immunoblot analysis was conducted, and EMT-related genes, including ZEBI, SNAIL,
VIMENTIN, N-CADHERIN, and SLUG expressions were investigated. However, the
EMT-related protein changes could not be detected in the H1993 PR-S2 cells (Fig 27A). To
validate this result, the VIMENTIN protein stained via immunofluorescence assay and

performed a trans-well invasion assay. In the H1993 PR-S2 cells, VIMENTIN protein
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expression was less detected than in the H1993 cells (Fig 27B). Additionally, the H1993 PR-S2
cells exhibited a reduced invasiveness ability compared to the parental cell line, although the
H1993 cells exhibited invasive properties (Fig 27C). Based on these data, the results indicated
that the AURKB activation of the H1993 PR-S2 cells was not from the EMT-related feature.
Furthermore, it was previously reported that the AURKB pathway can be regulated by ERK
activation*>. However, the H1993 PR-S2 cells were unresponsive to several MEK inhibitors,
suggesting that MET signaling has no critical role for MET-TKI resistance in these cells (Fig
28). The identification of the upstream regulator of AURKB in the H1993 PR-S2 cells is a
crucial step in the understanding of MET-TKI-acquired resistance. Consequently, further
investigation is necessary to elucidate the mechanism underlying AURKB activation in

MET-TKI-resistant NSCLC cell lines.
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Fig 27. Analysis of EMT features in the H1993 and H1993 PR-S2 cells. (A) EMT marker and
GAPDH protein expressions in parental and MET-TKI acquired resistance cell lines. (B)
Immunofluorescence staining of the H1993 PR, H1993 PR-S2, and H1993 PR-S6 cells for
VIMENTIN (green) and AURKB (red). Scale bars, 100 um. (C) Representative images of

trans-well assays for the H1993 cells and the H1993 PR-S2 cells.
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As AURKB is overexpressed in many malignancies, inhibition of this protein by a targeted
inhibitor is a central aspect of clinical trials. Over the past decade, AURKB inhibitors have
been continuously developed to improve clinical efficacy. Recently, AZD2811, a modified
version of AZD1152, is the most studied AURKB inhibitor in clinical trials and is being tested
in two phase II trials (NCT03366675 and NCT04525391) in patients with recurrent small cell
lung cancer (SCLC)®. Additionally, a nanoparticle-encapsulated AZD2811 was recently
developed and evaluated in advanced solid tumors**. In a phase 1 trial, 51 patients were
treated with nanoparticle-encapsulated AZD8211 and G-CSF (NCT02579226)*. The results
showed that 45.1 % had disease stabilization, one patient had a partial response, and inhibition
by treatment with the developed formulation of AZD8211 was well tolerated in patients with
advanced solid tumors. This clinical study demonstrates the potential of inhibiting AURKB as
a novel therapeutic target in lung cancer patients and we believe that our work may contribute
to the groundwork for its molecular therapy development. Likewise, the development of drugs
that effectively target AURKB is still ongoing. To maximize the clinical utility of AURKB
inhibitors, further research is needed to identify biomarkers that can predict the efficacy of
AURKB inhibitors. A previously reported preclinical article suggested that tumors with high
C-MYC expression are sensitive to AURKB inhibitors*’- The other report also showed that cell
lines and xenograft tumors with high expression of BCL2 had low sensitivity to AURKB

inhibitors*®. As mentioned above, research has been conducted to identify patients who will
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respond well to AURKB inhibitors. However, predictive biomarkers of AURKB efficacy
remain unclear. Therefore, further molecular predictive studies are needed to support the use of
AURKB inhibitors and these are clinically important for patient prognosis because they can be
used as biomarkers to predict AURKB efficacy against MET-TKI resistance. A clinical
evaluation of AURKB inhibitors and further study of AURKB inhibitor-sensitive prediction
biomarkers will be necessary to determine the efficacy of this apoptosis-based therapeutic

strategy for MET-TKI resistance lung cancer.
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S. CONCLUSION

In conclusion, in this study, our molecular mechanism study confirmed that MET-TKI
resistance lung cancer with MET-amplification uses AURKB activation for survival and
regulates the STAT3/BCL2 pathway to avoid apoptosis. Additionally, we identified that
inhibiting AURKB can effectively overcome this resistance induced by MET-TKI, highlighting
that AURKB may be considered as one of the potential therapeutic target. Also, this study
demonstrates that monotherapy of AURKB inhibitor or combination treatment with MET-
TKIs may be worth exploring in clinical trials as the next-line therapy for MET-TKI-acqui
red resistance NSCLC patients. Taken together, our pre-clinical research results collectively
suggest that increased AURKB expression may be considered a notable biomarker in
establishing a treatment strategy for MET-TKI resistance in MET-amplified lung cancer
patients. Although the sample size of patient data was limited, we believe that our study makes
a significant contribution to the literature because it elucidates a promising mechanism of drug
resistance in MET-amplified lung cancer, a critical area of unmet need in oncology. Our
findings provide a molecular basis for developing AURKB-targeted therapies, potentially

improving treatment outcomes for patients with MET-TKI-resistant lung cancer.
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