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ABSTRACT

Mechanism of acquired resistance
to lapatinib via Src and KUNXS in

breast cancer

So Hyeon Kim

Major 1in Cancer Biology
Interdisciplinary Graduate Program
The Graduate school

Seoul National University.

Background: Lapatinib is an effective EGFR and HERZ2 targeting small
molecular tyrosine kinase inhibitor, which is one of the standard of
care medicine for HERZ positive metastatic breast cancer patients.
Primary and acquired resistance to lapatinib developed. Despite

several mechanisms of resistance to lapatinib have been suggested,



still the mechanisms of developing lapatinib resistant remain as a
question to solve. Thus, I tried to find out there is a novel mechanism
which related to lapatinib resistant, and any specified molecules were

involved in this process.

Methods: Acquired resistant SK-BR-3 cells were established by
chronic exposure to lapatinib. Lapatinib and saracatinib sensitivity
were confirmed by MTT assay. Western blotting was used to
determine signal transduction molecule changes. Wound healing assay
and Boyden chamber assay were conducted for verifying invasive
ability. Whole exome sequencing (WES) and siRNA knock-down

system were used for further analysis.

Results: Generation of Laptinib resistant (LR) cell lines confirmed by
MTT assay. LR cell lines showed down-regulation of pHERZ, pAkt,
and pERK. The activity of Src family kinase was increased in LR cells.
Vimentin, an EMT marker, is also up-regulated in LR cells. Migration
and invasion were significantly increased in LR cells. Saracatinib
inhibited activation of Src family kinase, cell migration and cell
invasion in LR cells. Correlated with a missense mutation of RUNXS,
which identified by WES, expression of RUNX3 was decreased in LR
cells. Moreover, si—RUNX3 knock—-down parental cells showed more

resistance to lapatinib.

Conclusion: The increase of Src activation, cell migration, and invasion



was observed in LR cells. RUNX3, which identified by WES, affected

to lapatinib sensitivity in SK-BR-3 cells. Based on our data, activation

of Src contributes resistance to lapatinib and RUNX3 might be a

potential marker, which partially contributes resistance to lapatinib.
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Introduction

The human epidermal growth factor receptor 2 (HER2) is a
transmembrane receptor tyrosine kinase (RTK) member of HER
family, which included with EGFR, HERZ, HER3 and HER4. HER family
activated by ligand binding, however, HERZ has no known natural
ligands, it is activated by heterodimerization with other RTK members.
HERZ2 signaling is mediated by various downstream pathways, such as
phosphatidylinositol 3-kinase (PI3K)/Akt and mitogen—activated
protein kinase (MAPK) and regulate cell proliferation, differentiation,
and cell survival [1-3]. HER2 is amplified in 20-25 % of breast cancer
and correlated with poor prognosis [4]. Thus, HER2 has been
regarded as an important therapeutic target in breast cancer and
various HERZ targeted drugs were developed.

Lapatinib is an effective tyrosine kinase inhibitor targeting EGFR
and HERZ. It is widely used for HERZ positive breast cancer patients
who failed to respond trastuzumab. However, it has limiting to use for
some patients who are not responsive initially or acquired resistance
[3, 5]. Multiple mechanisms of resistance to lapatinib have been
reported. For example, overexpression of RTKs and activation of
downstream molecules such as Akt, ERK and Src [2-3, 6].

Src is a non—receptor tyrosine kinase that belongs to the Src family

kinases and its increased activity have been observed in various



tumors including colon, liver, lung and breast cancer [7]. Src interacts
with multiple RTKSs including EGFR, HERZ, insulin—like growth factor-
1 receptor (IGF-1R) and c—Met. As a result, it can regulate cell growth
and survival mediated by activation of PI3K/Akt, MAPK and signal
transducer and activator of transcription 3 (STAT3) [8]. Moreover,
during tumor metastasis, Src promotes the cell migration and invasion
through interaction with focal adhesion kinase (FAK) and p120 catenin
[9]. Several studies suggested that activation of Src contributes
resistance to HERZ targeted drug including trastuzumab and lapatinib,
so Src is seems to be a possible target to overcome resistance to HER2
targeted drug [3, 9, 10-111].

The human runt-related transcription factor 3 (RUNX3) is a

transcription factor, which binds to DNA by interaction with the

cofactor, CBFB/PEBP2B (core-binding factor—beta

subunit/polymavirus enhancer-binding protein 2 beta subunit) [12].
Naturally, RUNX3 localized in the nucleus and functions as a tumor
suppressor in various cancers including gastric and breast cancer [13-
15]. However, recent studies revealed the oncogenic role of RUNXS3,
which localized to cytoplasm [16-17]. Correlated these facts, RUNX3
1s usually deleted, hypermethylated or mislocalized in most of the
breast cancer, it cannot function as a tumor suppressor [15].

Moreover, recently, loss of RUNXS3 induce resistance to gemcitabine



was demonstrated [18]. But it has not revealed that loss of RUNX3
related with resistance to HERZ targeted drugs.

In this study, I explored the novel mechanism of resistance to
lapatinib. The increase of Src family kinase activation and RUNX3
missense mutation was identified in SK-BR-3 lapatinib resistant (LR)
breast cancer cells. And I confirmed that down-regulation of RUNX3
contributes resistance to lapatinib in HERZ amplified SK-BR-3 cells.
This is the first report showed that down-regulation of RUNXS3
contributes resistance to lapatinib which is helpful to understand

resistance mechanism of lapatinib.
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MATERIALS AND METHODS

1. Antibodies and reagents

Lapatinib was provided by Novartis. (Basel, Switzerland). The

compound was initially dissolved in dimethyl sulfoxide (DMSO) and

stored at -80 °C. Antibodies against pSrc (Y416), FAK, pERK

(T202/Y204), ERK (p44/p42), pAkt (S473), Akt were purchased from
Cell signalling Technology (Danvers, MA, USA). Antibody against
pFAK (Y397) was purchased from BD Biosciences (San Jose, CA,
USA). Antibodies against RUNX3, pYes(Y537), Yes, Lyn, pLyn (Y418),
Fyn and pFyn(Y530) were purchased from Abcam (Cambridge, UK).
Antibody against Src and Testican—-1 were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Antibody against Actin was

purchased from Sigma Aldrich (St. Louis, MO, USA).

2. Cell lines and cell culture

The HER2 amplified human breast cancer cell line (SK-BR-3) was
purchased from the American Culture Collection (ATCC; Manassas,

VA, USA). The cells were cultured in RPMI 1640 (Thermo Fisher



Scientific Inc., Waltham, MA, USA) containing 10 % fetal bovine serum

(Welgene; Gyeongsan-si, Korea) and 10pg/mL gentamicin (Cellgro;

Manassas, VA, USA) at 37 °Cin a 5 % CO:z atmosphere.

3. Generations of lapatinib resistant SK-BR-3 cells

LR cells were established by continuously exposing cells to

lapatinib, starting with 30 nmol/L and incrementally increasing to 10
MM over 7 months. Clonal selection was done by serial dilution. Two

lapatinib resistant SK-BR-3 clones (LR#2, LR#5), which have similar
sensitivity to lapatinib and characteristcs with pools of lapatinib
resistant, were selected. Cells (pools of resistant cells and resistant

clones) were expanded in RPMI-1640 medium containing 10% fetal

bovine serum and 1 uM Lapatinib.

4. Cell growth inhibitory assay

Cells (0.8-6.5 x 103 in 100 p0/well) were seeded in 96-well plates

and incubated overnight at 37 °C in 5 % COa2. The cells were exposed



to increasing concentrations of lapatinib (doses ranged from 0-5

umol/L) or saracatinib (doses ranged from O-1 pmol/L) for 3 days.

After drug treatment, 50 pd of 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolim bromide solution (Sigma Aldrich) was added to each

well and the plates were incubated for 4 hours at 37 °C. The media

was removed and dissolving the formazan crystals with 150 pQ of

DMSO. The absorbance of each well was measured at 540 nm with a
VersaMax microplate reader (Molecular Devices; Sunnyvale, CA,
USA). The absorbance and ICsp of lapatinib were analyzed using Sigma
Plot software (Statistical Package for the Social Sciences, Inc. (SPSs);
Chicago, IL, USA). Six replicate wells were included in each analysis

and at least three independent experiments were conducted.

5. Receptor tyrosine kinase (RTK) antibody assay

Cells were collected, washed with ice—cold PBS, and incubated in
extraction buffer [50 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1 % NP40,
0.1 % sodium deoxycholate, 0.1 % sodium dodecyl sulfate (SDS), 50
mM sodium fluoride, 1 mM sodium pyrophosphate, 2 mM phenyl

methylsulfonyl fluoride, 1 mg/mL pepstain A, 0.2 mM leupeptin, 10

ug/mL aprotinin, 1 mM sodium vanadate, 1 mM nitrophenylphosphate,



and 5 mM benzamidine ] on ice for 30min. The lysates were cleared by
centrifugation at 13,000 rpm for 20 min. Cell lysates were incubated
on profiler slides (Cell Signaling Technology; Danvers, MA, USA) and
slides were imaged via chemiluminescence on film according to the

manufacturer's

6. Western blot analysis

Equal amounts of proteins were separated on an 8-12 % SDS-
polyacrylamide gel. The resolved proteins were transferred onto

nitrocellulose membranes, and the blots were probed with primary

antibodies overnight at 4 °C. Antibody binding was detected using an

enhanced chemiluminescence system according to the manufacturer's

protocol (GE Healthcare life science; Chicago, IL, USA) [19].

7. Wound healing assay

Cells (4-8x10°) were seeded in 6-well plates and incubated

overnight at 37 °C in a 5 % COa2. Cells were scratched with yellow tip

and washed with DPBS. Cells were incubated with medium containing



DMSO or saracatinib (1 uM). The images were captured using image J

program (National Institutes of Health (NIH); Bethesda, MD, USA) at O

h, 24 h and 36 h.

8. Invasion assay

The invasive ability of parental (PR) SK-BR-3 cells and lapatinib
resistant (LR) SK-BR-3 cells was evaluated using the Boyden

chamber based cell invasion assay kit (Corning, Inc; New York, USA).

Cells were harvested and resuspended in serum free medium, 5x10*

cells were seeded into the upper 24-well chambers and treated with

saracatinib(1 pM) or DMSO. Medium with 10 % FBS was added to the

lower chamber as a chemoattractant. After 24 h, the invasive ability of

cells was evaluated according to the manufacturer’s instructions.

9. Whole exome sequencing (WES)

Genomic DNA was extracted using the DNeasy purification kit

(QIAGEN; Hilden, Germany) and according to the manufacturer’'s



instructions. Exome captures were performed using SureSelect
V5+ UTR-post (Macrogen, Inc; Seoul, Korea) according to preparation
guide. Sequencing was performed with the Illumina Hiseq 2000 as
paired—-end reads following the manufacturer’s instructions. Raw fastq
files were aligned to hgl19, and SNPs and indels were called using two
separate pipelines. Fastq files were aligned to the hgl9 using
Burrows—Wheeler Alignment tools (BWA) and variants were called
using the Genome Analysis Toolkit (GATK). Variants identification
was performed with SnpEff software (http://snpeff.sourceforge.net)

[20]
10. siRNA transfection

The siRNA specific for RUNX3 was obtained from Genolution
(Seoul, Korea). SK-BR-3 parental cells were initially transfected with

siRNA at a final concentration of 80 nmol/L using Lipofectamine 2000

(Invitrogen) according to the manufacturer’s instructions. After 48 h of

A& st
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incubation, cells were re-transfected with siRNA at the same
concentration. Thereafter, transfected cells were seeded and

subjected to other analysis. The sequence of the RUNXS3 specific

siRNA was 5'-UGACGAGAACUACUCCGCUUU-3'. The sequence of
the control (non-specific) siRNA was 5'-

AAUUCUCCGAACGUGUCACGUUU=-3'

11. Statistical analysis

Statistical analyses were performed using SigmaPlot version 10.0

(SPSs). A two-sided Student's t—test was used when appropriate. The

results are expressed as the mean * standard deviation ( S.D.) or

standard error (S.E.). A P value less than 0.05 was considered to be
statistically significant. All experiments were conducted in duplicate

or triplicated and repeated at least twice.
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Results

1. Establishment and characterization of lapatinib

resistant SK-BR-3 (LR) cells.

LR cell lines were established from the HER2 amplified SK-BR-3
breast cancer cell line, which has a high sensitivity to the lapatinib.
Two lapatinib resistant SK-BR-3 clones (LR clone #2, LR clone #5),
which has similar characteristic with pools of LR cells, were
selected. Resistance to lapatinib of LR cells was confirmed compared
with parental (PR) cells (Fig. 1, Table 1). To investigate the
difference between PR cells and LR cells, the basal expression of
protein associated with HERZ2 signal transduction pathways were
examined (Fig. 2). In LR cells, protein expression of EGFR was not
significantly different compared with PR cells, however, expression
of pEGFR, HERZ, pHERZ, HER3 and pHERS3 was down-regulated.

Akt and ERK protein expression were down-regulated in LR cells,

11



although p85 expression was increased. These results suggest that

LR cells are independent to HER family signal transduction, and other

signal transduction molecules excepting Akt and ERK induce

resistance to lapatinib in LR cells.

Therefore, receptor tyrosine kinase (RTKs) array was performed

to explore signal transduction pathway associated with lapatinib

resistance (Fig. 3). Likewise the results of western blot, down-

regulation of HER2, Akt and ERK was observed, Src was up-—

regulated in LR cells. Thus, I anticipated that lapatinib resistance

occurs by Src pathway activation.

12
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Figure 1. Lapatninb resistant cells generated from SK-BR-3 cells.

Growth inhibition was analyzed by the MTT assay. Cells were

treated with lapatinib for 72 hours as indicated lapatinib

concentrations.
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Cell line Lapatinib ICso (means+SD, pmol/L)

PR 0.48 + 0.18
LR >5
LR clone #2 >5
LR clone #5 >0

Table 1. ICs0 of lapatinib in PR and LR cells.
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Figure 2. Western blot analysis of signal transduction molecules
associated with HERZ pathway.

The expression of HER family and signal transduction molecules
were analyzed by western blotting. The activity of pEGFR, HERZ,

pHERZ, HER3, pHER3 and pAkt was reduced in LR cells.
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Figure 3. Expression of receptor tyrosine kinases (RTKs).
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The basal expression of RTKs were evaluated by RTK antibody
array. HER2/neu, Akt/PKB/Rac (Ser473) and p44/42 MAPK (ERK)

were downregulated, and Src was upregulated in LR cells.
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2. Activation of Src contributes resistance to lapatinib

in LR cells.

To confirm the results of RTK antibody assay, Src family kinase
expression in LR cells were examined (Fig. 4). The expression of Yes
was not changed, but Src, Lyn and Fyn were increased in LR cells.
Moreover, FAK, which interact with Src was up-regulated in LR cells.
Src is an important molecule regulating cell migration. Therefore, cell
migration was compared by wound healing assay (Fig. 6). Cell
migration was significantly increased in LR cells.

Activation of Src increase invasion as well as migration, and this
contributes to epithelial-mesenchymal transition (EMT). Thus,
expression of Snail, Vimentin and Testican—1 which were associated
with EMT were explored. LR cells showed down-regulation of
Testican—1 which induce EMT. However, expression of Vimentin and
Snail, which were well known as EMT markers were increased in LR
cells (Fig. 4). Following these results, cell invasion was noticeably
increased in LR cells (Fig. 7).

To confirm activation of Src increased cell migration and invasion,
analysis were performed after inhibition of Src by Src inhibitor
(Saracatinib). After treatment of saracatinib, activation of Src, Yes and

Lyn were decreased (Fig 5). In addition, cell migration and invasion

17



were significantly decreased in LR cells (Fig. 6, 7). However, inhibition
of Src by saracatinib was not affect to cell proliferation (Fig. 8). Based
on these results, increase of cell migration and invasion via Src
signaling was one of the mechanism, which generates lapatinib

resistance.

18
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Figure 4. Expression of Src family kinase and EMT markers increased
in LR cells.

Results of western blotting show difference between PR cells and LR
cells. Active form of Src, FAK, Lyn, Fyn as well as EMT markers, such

as Vimentin and Snalil, levels were up-regulated in LR cells.
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Figure 5. Saracatinib inhibits activation of Src family kinase.

Cells were treated with saracatinib (1 pM) for indicated times. The expression of Src family kinase and

EMT markers were analyzed by western blotting. Saracatinib inhibits activation of Src, Yes and Lyn.
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Figure 6. Cell motility was noticeably increased in LR cells and
saracatinib inhibits cell migration.

Cell motility was examined by wound healing assay. Cells were treated

with DMSO or saracatinib (1 pM). At the indicated time points, cells

were examined with microscopy and the length of gap was analyzed

using Image J software (NIH).
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Figure 7. LR cells were more invasive than PR cells.
The invasive ability was evaluated by the Boyden chamber based Cell
invasion assay. Before analysis, cells were starved for 18 h. Cells

were resuspended with serum free medium and treated with DMSO or

saracatinib (1 pM). Medium containing 10 % fetal bovine serum used

for chemoattractant. Invasion cells were stained with coomassie

brilliant blue and counted with microscopy.
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Figure 8. The effect of saracatinib on the growth of PR cells and LR
cells.
Growth inhibition was analyzed by the MTT assay. Cells were
treated with saracatinib for 72 hours as indicated lapatinib

concentrations.
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3. Whole exome sequencing showed RUNXS3 missense
mutation in LR cells and RUNX3 was down-regulated
in LR cells.

To investigate the difference of PR cells and LR cells and to explore
novel marker of resistance to lapatinib, whole exome sequencing

(WES) of SK-BR-3 parental cells and LR cells were performed.

Mutation of RUNX3 was detected: a missense mutation (ATC!—

AAC™" at exon 1 (Fig. 9, 10). RUNXS is a transcription factor, well
known as tumor suppressor in breast cancer [13]. Therefore, I
focused on RUNX3 and hypothesized that RUNX3 affects the
sensitivity of lapatinib by regulating expression of HERZ and Src.

Down-regulation of RUNX3 was observed through Western blot assay.

In addition, estrogen receptor o (ERa), which was regulated by

RUNXS3, was increased in LR cells (Fig. 11). RUNXS3 is known to act as
a tumor suppressor in the nucleus, but recent studies reported that it
functions as an oncogenic molecule in the cytoplasm [13-17]. Based
on this fact, localization of RUNX3 was examined to determine whether
RUNXS actually acts as a tumor suppressor in SK-BR-3 cells. RUNX3
expression was observed in the cytosol and nucleus of PR cells with
predominantly in the nucleus, but in LR cells, RUNX3 expression was

not observed in both of the nucleus and cytosol (Fig. 12).

26



Consequently, LR cells showed down-regulation of RUNX3 that was

regarded as a tumor suppressor in SK-BR-3 cells.
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Exome capture- Agilent

!

Paired-end sequencing- Illumina Hiseq2000

L J

Variant Calling(SNP, In/Del) - BWA, GATK
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Variant Annotation - SnpEff

!

Candidate variants:

missense mutation of
RUNX3

Figure 9. Scheme of Whole exome sequencing (WES)

Exome captures were performed using SureSelect Vo+ UTR-post and
sequencing was performed with the Illumina Hiseq 2000. Raw fastq
files were aligned to hgl9, and SNPs and indels were called using BWA

and GATK. Variants annotation was performed with SnpEff software.
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RUN}g3
< ] 65.50 kb Reverse strand -
|
ATGGCATCGAACAGCATCTTCGACTCCTTCCCGACCTACTCGCCGACCTTCATCCGCG

\
ATGGCATCGAACAGCATCTTCGACTCCTTCCCGACCTACTCGCCGACCTTCAACCGCG

Figure 10. RUNX3 missense mutation was detected in LR cells.

RUNXS3 missense mutation (¢.53T>A; ATC!—>AAC™™ at exon 1) was detected in LR cells.

Bold bar means exon and line means intron.
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Figure 11. Expression of RUNX3 in PR cells and LR cells.

Western blot analysis of RUNX3 and ER a expression in SK-BR-3 cells

and LR cells. RUNX3 was down-regulated and ER o was up—-regulated

in LR cells.
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Figure 12. Localization of RUNX3 in PR cells and LR cells.

Localization of RUNX3 was confirmed by western blotting. RUNX3 was
predominantly localized in Nucleus in PR cells. However, RUNX3 was

down-regulated in LR cells.



4. Expression of RUNXS3 affects lapatinib sensitivity in

SK-BR-3 cells.

To determine whether down-regulation of RUNXS3 contributes
resistance to lapatinib, knock—down of RUNXS3 of PR cells using siRNA
was performed. The experiments were performed following the
scheme (Fig. 13). Down-regulation of RUNX3 by si-RUNX3 was
confirmed by western blotting (Fig. 14). PR cells transfected with si—
control as well as cells transfected with si—-RUNX3 showed resistance
to lapatinib compared with not transfected cells. But, RUNX3 knock-
down cells were more resistance to lapatinib than transfected with si—
control cells (Fig. 14, Table 2). Based on this result, down-regulation

of RUNXS3 contribute to the lapatinib resistance.
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Figure 13. Scheme of transfection
PR cells were transfected with si—RUNX3 (80 nmol/L) or si—Control

(80 nmol/L) according to scheme.
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Figure 14. Knock—-down of RUNXS3 contributes resistance to lapatinib in
SK-BR-3 cells.

Knock-down of RUNX3 was confirmed by western blotting. After
transfection with siRNA, cells were harvest at the indicated time point.
MTT assay using various concentration of lapatinib in PR cells without
transfection, PR cells transfected with si—control RNA or si—-RUNX3

were performed. Cells were incubated with lapatinib for 72 hours at

the indicated concentration.
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Cell line

PR 0.054 + 0.069
si—Control 0.12 £ 0.028
si—-RUNX3 >10

Table 2. ICso of lapatinib in PR cells and transfected cells.
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Discussion

Lapatinib is a small molecule inhibitor, which can target both EGFR
and HERZ, and used for HERZ amplified breast cancer patients.
However, resistance to lapatinib develops, limiting its long—term use
[3, 5]. Various mechanisms of lapatinib resistance were suggested,
but the factors that confer acquired resistance to lapatinib are not well

characterized.

In this study, a novel mechanism of resistance to lapatinb and
specified molecule associated resistance were explored. Lapatinib
resistant (LR) SK-BR-3 cells were generated and characterized.
Activation of EGFR/HER3 and downstream molecules of HER2 were
well known mechanism of resistance to lapatinib [21]. Thus,
expression of HER family and signal transduction molecules associated
HERZ2 were examined. Several studies suggested that the activation of
PI3K/Akt signal and MAPK/ERK signal promote resistance to lapatinib
[22, 23]. Unlike the facts demonstrated, the data showed down-—
regulation of pEGFR, pHERS3, pAkt and pERK in LR cells. These results

imply that other mechanism contributes to resistance.

Several studies suggested that activation of Src induces resistance
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to lapatinib [3, 9-10]. In parallel, LR cells showed up-regulation of
Src family kinase, which involved in Src, cell migration and invasion
were significantly increased in LR cells. After treatment with
sarcatinib, activation of Src family kinase, cell migration and invasion
were significantly decreased in LR cells. Based on these data,
activation of Src contributes to lapatinib resistance in SK-BR-3 cells,
and further studies regarding which mechanism involved in Src

activation in LR cells are needed.

To discover a novel mechanism and specified molecule associated
lapatinib resistance, whole exome sequencing (WES) of parental SK-

BR-3 cells and LR cells were performed. Missense mutation (c.53T>A;

ATC'—>AACH" at exon 1) in RUNX3 gene was found in LR cells. LR

cells showed down-regulation of RUNX3 because of missense
mutation, which were identified by WES. RUNX3 was known as a tumor
suppressor which localized in nucleus, and it does not function by
hypermetylation, mislocalization and gene loss in breast cancer [13-
15]. Recent studies suggested that the missense mutation(c.53T>A) of
RUNXS3 correlated with risk of A pylori infection in gastric cancer
[24]. However, it has not been reported that this mutation affects
breast cancer. To examine that down-regulation of RUNXS3 affects

sensitivity to lapatinib, knock—down of RUNX3 was performed using
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siRNA in SK-BR-3 parental (PR) cells. Sensitivity of laptinib was
decreased in RUNX3 knock—-down PR cells. Thus, I inferred that
RUNX3 might be a potential marker of lapatinib resistance.

Src phosphorylate tyrosine residue of RUNX3 and translocalized
nucleus to cytosol [25]. Correlated this fact, RUNX3 partly localized
in the cytosol in PR cells. However, whether RUNXS3, as a transcription
factor, affects expression of Src has not been studied and needs to
study. Several studies suggested that RUNX3 regulates expression of
Vimentin and loss of RUNX3 promotes cancer metastasis in gastric
cancer [14]. In parallel, up-regulation of Vimentin and increased cell
invasion in LR cells. To confirm if down-regulated RUNX3 change
signal, observation for long-term is required. However, in the cells
transfected with si-Control was decreased sensitivity of lapatinb, I
could not use siRNA system to down-regulate RUNX3 for long—-term.
Therefore, I need to RUNX3 knock-out by other systems and should

be conducted further study.

In conclusion, Src activation contributes to lapatninb resistance in
SK-BR-3 cells and RUNX3 might be a potential marker, which partially

contributes resistance to lapatinib.

38



Reference

1 Chen L, Mooso BA, Jathal MK, Madhav A, Johnson SD, van Spyk E,
et al. Dual EGFR/HERZ2 inhibition sensitizes prostate cancer cells to
androgen withdrawal by suppressing ErbB3. Clin Cancer Res, 2011.
17(19): p. 6218-28.

2. D'Amato V, Raimondo L, Formisano L, Giuliano M, De Placido
S, Rosa R et al. Mechanisms of lapatinib resistance in HERZ2-driven
breast cancer. Cancer Treat Rev, 2015. 41(10): p. 877-83.

3. Formisano L, Nappi L, Rosa R, Marciano R, D'Amato C, D'Amato V
et al. Epidermal growth factor-receptor activation modulates Src-
dependent resistance to lapatinib in breast cancer models. Breast
Cancer Res, 2014. 16(3): p. R45.

4. Xia W, Bacus S, Hegde P, Husain I, Strum J, Liu L et al. A model of
acquired autoresistance to a potent ErbBZ2 tyrosine kinase inhibitor
and a therapeutic strategy to prevent its onset in breast cancer. Proc
Natl Acad Sci U S A, 2006. 103(20): p. 7795-800.

5. Karakashev SV, Reginato MJ. Hypoxia/HIF lalpha induces lapatinib
resistance in ERBBZ-positive breast cancer cells via regulation of
DUSP2. Oncotarget, 2015. 6(4): p. 1967-80.

6. Liu L, Greger J, Shi H, Liu Y, Greshock J, Annan R, et al. Novel

Mechanism of Lapatinib Resistance in HER2-Positive Breast Tumor

39



Cells: Activation of AXL. Cancer Res, 2009. 69(17): p. 6871-78.

7. Yeatman TJ. A renaissance for SRC. Nat Rev Cancer, 2004. 4(6): p.
470-80.

8. Wang L, Yu X, Dong J, Meng Y, Yang Y, Wang H, et al. Combined
SRC inhibitor saracatinib and anti-ErbBZ2 antibody H2-18 produces a
synergistic antitumor effect on trastuzumab-resistant breast cancer.
Biochem Biophys Res Commun, 2016. 479(3): p. 563-70.

9. Zhang S, Yu D. Targeting Src family kinases in anti—cancer
therapies: turning promise into triumph. Trends Pharmacol Sci, 2012.
33(3): p. 122-8.

10. De Luca A, D'Alessio A, Gallo M, Maiello MR, Bode AM, Normanno
N. Src and CXCR4 are involved in the invasiveness of breast cancer
cells with acquired resistance to lapatinib. Cell Cycle, 2014. 13(1): p.

148-56.

11. Peiré G, Ortiz—Martinez F, Gallardo A, Pérez-Balaguer A,

Sanchez-Paya J, Ponce JJ, et al. Src, a potential target for overcoming

trastuzumab resistance in HERZ-positive breast carcinoma. Br J
Cancer, 2014. 111(4): p. 689-95.

12. Lu DG, Ma YM, Zhu AJ, Han YW. An early biomarker and potential
therapeutic target of RUNX 3 hypermethylation in breast cancer, a
system review and meta—analysis. Oncotarget, 2017. 8(13): p.22166-

74.

40



13. Chen Y, Wei X, Guo C, Jin H, Han Z, Han Y, et al. Runx3 suppresses
gastric cancer metastasis through inactivation of MMP9 by
upregulation of TIMP-1. Int J Cancer, 2011. 129(7): p. 1586-98.

14. Liu Z, Chen L, Zhang X, Xu X, Xing H, Zhang Y, et al. RUNX3
regulates vimentin expression via miR-30a during epithelial-
mesenchymal transition in gastric cancer cells. J Cell Mol Med, 2014.
18(4): p. 610-23.

15. Huang B, Qu Z, Ong CW, Tsang YH, Xiao G, Shapiro D et al. RUNX3
acts as a tumor suppressor in breast cancer by targeting estrogen
receptor alpha. Oncogene, 2012. 31(4): p. 527-34.

16. Kudo Y, Tsunematsu T, Takata T. Oncogenic role of RUNXS3 in
head and neck cancer. J Cell Biochem, 2011. 112(2): p.387-93.

17. Kumar A, Singhal M, Chopra C, Srinivasan S, Surabhi RP, Kanumuri
R, et al. Threonine 209 phosphorylation on RUNX3 by Pakl is a
molecular switch for its dualistic functions. Oncogene, 2016.
35(37):p.4857-65.

18. Horiguchi S, Shiraha H, Nagahara T, Kataoka J, Iwamuro
M, Matsubara M, et al., Loss of runt-related transcription factor 3
induces gemcitabine resistance in pancreatic cancer. Mol Oncol, 2013.
7(4): p. 840-9.

19. Robinson TJ, Liu JC, Vizeacoumar F, Sun T, Maclean N, Egan SE,
et al. RB1 Status in Triple Negative Breast Cancer Cells Dictates

Response to Radiation Treatment and Selective Therapeutic Drugs,

41



PLo0S One, 2013. 12;8(11):e78641.

20. Cingolani P, Platts A, Wang le L, Coon M, Nguyen T, Wang L, et al.
A program for annotating and predicting the effects of single
nucleotide polymorphisms, SnpEff: SNPs in the genome of Drosophila
melanogaster strain wl1118; iso—2; iso—3. Fly(Austin). 2012. 6(2):80-
92.

21. Xia W, Petricoin EF, Zhao S, Liu L, Osada T, Cheng Q, et al. An
heregulin—-EGFR-HERS autocrine signaling axis can mediate acquired
lapatinib resistance in HER2+ breast cancer models. Breast Cancer
Res. 2013. 15(5): R85.

22. Eichhorn PJ, Gili M, Scaltriti M, Serra V, Guzman M, Nijkamp W, et
al. PISK Hyperactivation Results in Lapatinib Resistance that is
Reversed by the mTOR/PI3K Inhibitor NVP-BEZ235. Cancer Res.
2008. 11; 68(22): p. 9221-9230.

23. Lee YY, Kim HP, Kang MJ, Cho BK, Han SW, Kim TY, et al.

Phosphoproteomic analysis identifies activated MET-axis PISK/AKT
and MAPK/ERK in lapatinib-resistant cancer cell line. Exp Mol Med.
2013. 11 (22);45:e64.

24. Hishida A, Matsuo K, Goto Y, Mitsuda Y, Naito M, Wakai K, et al.
Significant association of RUNX3 T/A polymorphism at intron 3
(rs760805) with the risk of gastric atrophy in Helicobacter pylori

seropositive Japanese. J Gastroenterol. 2009. 44(12): p. 1165-71.

42


https://www.ncbi.nlm.nih.gov/pubmed/19728008

25. Goh YM, Cinghu S, Hong ET, Lee YS, Kim JH, Jang JW, et al. Src
kinase phosphorylates RUNX3 at tyrosine residues and localizes the

protein in the cytoplasm. J Biol Chem. 2010. 285(13): p. 10122-9.

) A &t 8w



8 2%

Lapatinib= EGFR¥} HER2 9] tyrosine kinase domain o #-&3}¢]

EGFR ¥ HER2 Al% HES A= tyrosine kinase AAIZH,

frpet B2l RF=AE5A T shuolth. eyt 3kt Al

ol yepdo® Qs A&l &A7F dtt. Lapatinibell gk o2 7}
Al W7ol Rusdoy, deAA & W7ol o

AL, oA sfAsierd EAlE doldrh weEbd o =EedA =

lapatinib®] A =& W71 oje} BHE 54 FAE ¥zt s

STt

Hil

SK-BR-3 A|¥F9] lapatinibS #7]7F A 2lste] lapatinib WA Al

, MTT assayES %3l lapatinib?} saracatinibel] t

o
N
3
2,
o
o
o,
ol

t}. T3k western blotS E3] MXATHYE FAb
. W

lo
(&
b
il
Jo
r o
QL
38

ound healing assay 2} Boyden chamber assay
2 F35te] AME HES5H o)=L 3HlsPon, whole exome

sequencing (WES)3¥} siRNA-knock down system< ©]-83}¢] lapatinib

A A3 LR A EF0| A pHER2, pAkt 2 pERKS] @& 74

rot
&3

W, Src family kinase® #A& F718tsldt. EMT vlAZR 2 483

Vimentin %3 LR AXEo|A 2718930 M¥EQ oS53 2850

do

x;rx_'! _CI:I i 1_]|



oAl S7F8EATE 3, saracatnibS A 23S Wl LR AXE2] o]F
T Aewol A2 AL S WESe <fs) &<ld RUNX39
missense EAWo](c.53T>A; ATC'"—>AACH" at exon 1ol <8 LR Al
Foll4 RUNX39| wde] e & Sdsgieh. L3 siRNAO] <3
RUNX37} knock—down¥ SK-BR-3 A3 4] lapatinibol] th3F WA o]

b8 A2 FAssch

B Ao A Src family kinase® &43}e} AXE o] E HHo] LR
AZAA S7he AL gQlekalnt. =3 WESe] oja] &<l d RUNX3
SK-BR-3 M *Z9] lapatinib #Adel] F3¢S

)zl As Gl = Uk ol ANES viR o R, Srcdl &3t
lapatinibell gk A3 7lofgvt= S AT 5+ A, SK-
BR-3 AlZFolA lapatinib WAS FEete AAAQD wHAEXA

RUNX39] 7beid= &2 4 AUt

T+8.0]: HER2, Lapatinib, W4, Src, RUNX3

shH: 2015-23252

45

J'A! _CI:I_ 1_-_15 J] -



	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES
	ABSTRACT IN KOREAN


<startpage>10
INTRODUCTION 1
MATERIALS AND METHODS 4
RESULTS 11
DISCUSSION 36
REFERENCES 39
ABSTRACT IN KOREAN 44
</body>

