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Abstract

Several receptors have received considerable attention as therapeutic targets in gastric
cancer (GC), and numerous receptor inhibitors have been developed. However, the devel-
opment of novel gastric cancer therapeutics is time-consuming. Therefore, this study aimed
to identify drugs effective against gastric cancer from existing anticancer agents originally
developed for other malignancies. In this study, the cancer-related genomic profiles of
286 genes were analyzed in 14 gastric cancer cell lines using targeted DNA sequencing, and
these cell lines were utilized as models to evaluate the efficacy of 35 anticancer drugs. The
14 cell lines were assessed for 286 gene alterations, copy number variations, amplification
of 14 gastric cancer-related therapeutic targets, and sensitivity to 35 drugs. p-MET and MET
were overexpressed in the SNU5, SNU620, MKN45, and Hs746T cell lines, while p-EGFR
was overexpressed in the NCI-N87 cell line. FGFR2 overexpression was observed in the
Kato III and SNU16 cell lines. TGF3R1 was overexpressed in the MKN?7 cell line. HER2 and
CDK12 were overexpressed in the NCI-N87 and MKNY7 cell lines. PD-L1 overexpression
was detected in the Hs746T and MKNY cell lines. CD44 was overexpressed in the SNU5
and Hs746T cell lines and CLDN18 overexpression was observed in the MKN7 cell line.
Well-characterized gastric cancer cell lines are essential for drug development research.
This study provides a framework for selecting cell lines that are responsive to each of the
35 anticancer drugs and elucidating their underlying therapeutic mechanisms through
follow-up studies. Ultimately, clinical studies are required to confirm the therapeutic
efficacy of the selected drugs.
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1. Introduction

Gastric cancer (GC) is the fourth most common cancer worldwide in terms of both
incidence and mortality, with the highest incidence rates observed in Eastern Asia [1,2].
Despite advances in chemotherapy, the prognosis for unresectable GC/gastroesophageal
junction cancer remains poor, with a 5-year relative survival rate of less than 10% among
patients with advanced disease (Cancer Stat Facts: Stomach cancer. National Cancer Insti-
tute [2025], https:/ /seer.cancer.gov/statistics-network /explorer/ (accessed on 3 Novem-
ber 2025)). Therefore, additional treatment strategies are urgently needed to improve
clinical outcomes.
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Drug discovery typically requires 10-15 years to develop a new therapeutic agent;
however, the overall success rate is only approximately 2.01% [3]. To address this limitation,
drug repositioning has recently been widely explored. Unlike traditional drug development
approaches, drug repositioning, defined as identifying new therapeutic uses for existing
drugs, represents an efficient strategy for discovering novel indications for approved
agents. This approach enables a more rapid route to drug development because the
clinical safety profiles and pharmacokinetic data of existing drugs have already been
established [4]. Recent advances in genomics have further enabled the elucidation of
disease-specific molecular mechanisms at a personalized level. Precision medicine has
therefore become increasingly important in the management of GC. In many cases, clinically
relevant molecular targets for which approved drugs already exist can be identified, creating
opportunities for drug repurposing. Moreover, identifying therapeutic agents that target
specific molecular alterations may shorten the time required to initiate effective treatment
for individual patients.

Receptor tyrosine kinases (RTKs) and other receptors have been extensively investi-
gated in GC. Among RTKs, amplification of the mesenchymal-epithelial transition factor
proto-oncogene (MET), fibroblast growth factor receptor 2 (FGFR2), epidermal growth
factor receptor (EGFR/ERBB1/HER1), and HER2 genes has been identified in approxi-
mately 2-24%, 2-9%, 27-64%, and 7-17% of patients with GC, respectively [5-8]. Upon
activation, aberrant MET, FGFR2, EGFR, and HER? signaling initiates complex intracellular
cascades that promote cancer cell proliferation and migration, inhibition of apoptosis, and
angiogenesis through the upregulation of vascular endothelial growth factor (VEGF) [9-13].
With recent improvements in the efficacy of targeted therapies, comprehensive tumor
profiling, including the analysis of somatic mutations and copy-number variations (CNVs),
has become increasingly necessary [14,15]. In particular, high-level CNVs play a critical
role in tumorigenesis across multiple cancer types [15,16]. Cell line models with target
gene overexpression have consistently demonstrated concordance with clinical responses,
showing susceptibility to inhibitors directed against the corresponding molecular targets.

This study aimed to identify drugs that could serve as novel targeted therapies for
GC through a drug repositioning approach using clinically approved agents. To this end,
we identified therapeutic targets in 14 GC cell lines (14 gastric cancer cell lines expected to
overexpress FGFR, HER2, FGFR2, MET, CDK12, PDL1, CD44, and CLDN18, which are of
clinical interest, were used in this experiment) and evaluated the effects of 35 candidate
drugs on cell viability.

2. Results
2.1. Characteristics of 14 GC Cell Lines

Fourteen GC cell lines (SNU16, SNU5, AGS, SNU719, MKN45, SNU1, N87, MKN74,
MKN28, Kato III, MKN7, SNU638, SNU620, and Hs746T) were analyzed using targeted
sequencing performed at the Theragen Bio Institute (Seongnam, Republic of Korea). The
286 GC panel genes and their individual genetic aberrations are presented in Figure 1.

To evaluate amplification of the 286 cancer-related genes in the 14 GC cell lines, CNV
analysis was performed using targeted DNA sequencing data (Figure 2, Table S1). FGFR2
amplification, defined as a copy number greater than 20, was identified in 2/14 (14.3%)
cell lines (Figure 2). MET amplification was observed in 4/14 (28.6%) cell lines, MYC
amplification in 1/14 (7.1%), CDK12 amplification in 2/14 (14.3%), and ERBB2 (HER2)
amplification in 2/14 (14.3%) cell lines.
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Figure 1. Gene mutations in human gastric cancer cell lines measured by targeted next-generation
sequencing.
Hs746T | MkN7 | mkn74 | we7 ] snut | swus T snute [ sNu719 | AGS | Kato i | mknze | swuess | snue20 | MKN4s
ASXL1 3 5 5 3 3 3 3 3 3 3
AURKA 3 5 6 3 3 3 3 3 3 3
BCL2LY 3 5 5 3 3 3 3 3 3 3
EGFR 3 3 4 3 4 5 4 3 3 4
GNAS 3 5 6 3 3 3 3 3 3 3
RBL 3 5 5 3 3 3 3 3 3 3
TOP1 3 5 3 3 3 3 3 3 3 3
ZNF217 3 5 6 3 3 3 3 3 3 3
FGFR2 4 1 5 4 4 | 88 | + Tl ¢ 1 A
PMS2 3 4 3 5 4 4 3 3 3
RACT 3 4 3 4 4 3 3 3
MET 1 1 E. > 5 EC
ARFRP1 3 s 3 3 3 3 1 3
MYC 4 8 5 3 | s 5 4 4
INHBA 4 3 3 4 4 3 3
NBN 4 3 4 3 4 4 4
PTK2 4 4 3 4 4 4 4
RUNX1T1 4 3 4 3 4 4 4
PIK3CG 7 1 1 6 5 3 3 3
CYP2C19 5 5 1 5 5 5 6
CYP2CO 5 5 1 5 5 5 6
PAK1 3 5 3 6 1 3 3
AXIN2 3 3 3 3 3 3
BRIP1 3 3 3 3 3 3
CARD11 3 3 5 4 4 3 3
CDK12 3 3 3 3
ERBB2 3 3 3 3
GNA13 3 3 3 3 3 3
PRKARTA 3 3 3 3 3 3
RADS51C 3 3 3 3 3 3

Figure 2. Analysis of genes with CNVs of three or higher in at least six of the 14 gastric cancer cell

lines, as determined by targeted next-generation sequencing.

2.2. Patterns of RTKs and GC-Related Targets in the 14 GC Cell Lines

Additional information on the 14 GC cell lines, including concomitant overexpression

of RTKs or GC-related targets, is presented in Figures 3 and 4. Among the RTKs and
GC-related targets, overexpression of MET, FGFR2, MYC, and CD44 was predominantly
observed in diffuse-type GC cells, whereas overexpression of HER2, CDK12, TGFfR1, and
CLDN18 was mainly observed in intestinal-type GC cells. We also found a statistically

significant positive correlation between the expression of protein and CNV (p < 0.0001).
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Figure 3. Major protein expression profiles related to RTKs and cancer therapeutic targets in the 14 gastric
cancer cell lines. Image J (https://imagej.net/ij (accessed on 3 November 2025)) was used for Western
blot intensity analysis. Data are presented as mean =+ standard deviation of each group (1 = 3).

e . . MET HER2 FGFR2 MYC CDK12 [TGFPR1| CD44 | CLDN18 | PD-L1
Lauren classification Cell line | MSI state Growth pattern Sex | EBV
WB | 220 | WB | >20 | WB | >20 (WB | 220 | WB | >20 | WB WB WB ‘WB
SNU620 | Unknown suspension
SNU16 MSS suspension
SNU5 MsS suspension
Diffuse type MKN45 MSS adherent
HS746T MSS monolayer
SNU638 | Unknown monolayer
KATOII MSS mixed, adherent and suspension
AGS MSS monolayer
MKN28 MSS monolayer
NCI-N87 MSS monolayer
Intestinal type MKN74 | Unknown monolayer
MKN7 Mss monolayer
SNU1 MSI-H suspension
SNU719 | Unknown monolayer
MSS: microsatellite stable negative
MSI : microsatellite instability positive
EBV : Epstein -Barr virus Sex: female
>20: CNVs of 20 or more Sex: male

WB (western blotting): overexpression

c-METcorrelations FGFR2 correlations

R = 0.7581
p = 0.0001

WB intencity
WB intencity

0o 20 40 60 80
CNV

Figure 4. Clinicopathological and biological characteristics of the 14 gastric cancer cell lines according
to cancer therapeutic targets, including CNVs or protein overexpression. Lauren classification
was compared with other biomarkers using targeted DNA sequencing or Western blot analysis.
Correlation between CNV and WB protein expression intensity in 14 GC cells. R = 0.7581 (c-MET) or
0.9052 (FGFR2), p < 0.0001 (Spearman correlation).
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2.3. Sensitivity of 35 Drugs in the 14 GC Cell Lines

We conducted a screening experiment using 1443 FDA-approved drugs in the SNU620
gastric cancer cell line. Among these, we initially selected drugs that reduced the viability
of the SNU620 cell line by 60% or less. Among these, we further screened for drugs that are
currently used in clinical practice (drugs used in gastric cancer treatment were excluded,
Supplementary File S1). To evaluate drug repositioning potential in the 14 GC cell lines,
sensitivity to 35 drugs was assessed (Figure 5). Drug sensitivity was analyzed based on the
viability rate (%) in the 14 GC cell lines. Among these cell lines, the drugs that reduced cell
viability to 50% or less in more than 7 cell lines were epirubicin, doxorubicin, topotecan
HCI, ponatinib, mitoxantrone 2HCI, fostamatinib, fedratinib, daunorubicin, ceritinib, and
mitomycin C.
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Figure 5. Sensitivity of the 35 drugs tested in the 14 gastric cancer cell lines. Inhibition rate (%) of
each drug at a concentration of 10 uM is presented.

3. Discussion

Traditional GC drug development requires a significant amount of time, typically
10-15 years [17]. In contrast, drug repurposing involves the identification of existing
drugs for new indications, different from their original purpose. By leveraging drugs with
established safety and efficacy profiles, the need to discover entirely new candidates is
eliminated, thereby shortening the safety and efficacy evaluation period and markedly
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reducing the time and cost associated with new drug development [4,18]. Accordingly,
we aimed to identify effective therapeutic agents for GC among existing anticancer drugs
developed for other malignancies. In addition, appropriate preclinical studies, particularly
those using patient-derived cancer cell lines, are critically important for successful drug
development. In this study, we analyzed 286 genetic alterations and CNVs in 14 GC cell
lines using targeted DNA sequencing to identify potential GC therapeutic targets for each
cell type and evaluated drug sensitivity to 35 agents in these cell lines.

Among RTKs and non-RTKs, MET, EGFR, HER2, VEGFR, and FGFR2 as well as
TGFBR1, CDK12, PD-L1, CD44, and CLDN18 are currently being considered as potential
targets for GC treatment, respectively [19-22]. RTKSs catalyze the transfer of phosphate
groups from ATP to tyrosine residues on intracellular proteins, thereby transducing extra-
cellular signals into the cell, whereas non-RTKSs act primarily on intracellular signaling path-
ways [23,24]. In particular, upregulation of RTKSs has been frequently observed in GC, sug-
gesting that RTK inhibitors may play an important role in its treatment. Drugs that reduced
the viability of p-MET- and MET-overexpressing SNU5, SNU620, MKN45, and Hs746T
cell lines by approximately 25% included methotrexate, topotecan HCl, fostamatinib, and
mitomycin C. Ponatinib and mitomycin C reduced the viability of FGFR2-overexpressing
Kato IIT and SNU16 cell lines by more than 50%. In the p-EGFR-overexpressing NCI-N87
cell line, lapatinib and mitomycin C reduced cell viability by more than 50%. Afatinib,
afatinib dimaleate, alpelisib, azacitidine, lapatinib ditosylate, daunorubicin, and fostama-
tinib reduced the viability of HER2-overexpressing NCI-N87 and MKN? cell lines by more
than 25%.

Non-RTK targets also play important roles in GC. Among the 14 GC cell lines, MKN7,
MKN28, MKN74, N87, SNU16, and SNU620 harbored mutations in CDK12; however, only
MKN?7 and N87 exhibited CDK12 overexpression. CDK12 promotes angiogenesis in GC
by activating the PI3K/AKT/mTOR signaling pathway [25]. Afatinib, afatinib dimaleate,
alpelisib, azacitidine, lapatinib ditosylate, daunorubicin, and fostamatinib reduced the
viability of CDK12-overexpressing NCI-N87 and MKN? cell lines by more than 25%. In ad-
vanced cancers, TGFBR2 promotes tumor progression, further emphasizing its importance
as a potential therapeutic target [26,27]. In addition, isoform 2 of CLDN18 (CLDN18.2) is
expressed exclusively in differentiated epithelial cells of the gastric mucosa and primary
GC, highlighting its potential as a therapeutic target [28]. Topotecan HCl, ceritinib, and afa-
tinib dimaleate reduced the viability of the MKN? cell line, which overexpressed TGF3R1
and CLDN18, by more than 50%. PD-L1 is expressed in GC and is significantly more
prevalent in males, HER2 /neu-positive tumors, proximal GC, unclassified and papillary
GC, MSI (define) GC, and EBV-associated GC [29]. Afatinib dimaleate and topotecan HCI
reduced viability by more than 50% in PD-L1-overexpressing Hs746T and MKN?7 cell lines.
High CD44 expression in GC has been associated with increased recurrence and metastasis
rates and poor prognosis [30,31]. Afatinib, doxorubicin, daunorubicin, mitoxantrone 2HCI,
epirubicin, topotecan HCl, and mitomycin C reduced the viability of CD44-overexpressing
Hs746T and SNUS cell lines by more than 50%.

4. Materials and Methods
4.1. Reagents

Axitinib, afatinib, lapatinib ditosylate, tozasertib, barasertib, doxorubicin HCl, flu-
orouracil, methotrexate, epirubicin HCl, etoposide, topotecan HCl, vincristine sulfate,
rigosertib, ponatinib, mycophenolate mofetil, azacitidine, simvastatin, lapatinib, mitox-
antrone 2HCI, mycophenolic acid, fostamatinib, fedratinib, lonafarnib, alpelisib, daunoru-
bicin HCI, vinorelbine tartrate, vinblastine sulfate, binimetinib, ceritinib, afatinib dimaleate,
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palbociclib HCI, gemcitabine HCI, palbociclib isethionate, venetoclax, and mitomycin C
were obtained from Selleck Chemicals (Houston, TX, USA).

4.2. Cell Lines and Cell Culture

The GC cell lines SNU16, SNU5, AGS, SNU719, MKN45, SNU1, N87, MKN74, MKN28,
Kato III, MKN7, SNU638, SNU620, and Hs746T were obtained from the Korean Cell Line
Bank (Seoul, Republic of Korea). All cell lines except Hs746T were cultured in RPMI 1640
medium (Thermo Fisher Scientific, Waltham, MA, USA), while Hs746T cells were main-
tained in Dulbecco’s Modified Eagle Medium (Thermo Fisher Scientific). Both media were
supplemented with 10% (v/v) fetal bovine serum and 1% (w/v) penicillin/streptomycin.
All cells were cultured under standard conditions.

4.3. Target DNA-Sequencing Analysis

The target DNA-sequencing methodology has been described in detail previ-
ously [32]. Fourteen GC cell lines were subjected to target DN A-sequencing analysis.
The 1000 Genomes data were used to filter out common germline variants that are not
pathogenic. Genes exhibiting low and modified SnpEff impact figures were removed. We
selected genes that met the GATK Mutect2 Variant Calling filter PASS criteria, i.e., those
with high SnEeff impact values.

4.4. Cell Viability Assay

To evaluate the effects of 35 drugs on cell viability, an MTS (define) assay was per-
formed using the CellTiter 96 Aqueous One Solution Cell Proliferation Assay kit (Promega,
Madison, WI, USA). Briefly, 14 GC cell lines were seeded into 96-well plates at approxi-
mately 50% confluence and incubated for 24 h. The cells were subsequently treated with
the indicated drugs at a concentration of 10 uM for 48 h. Cell viability was then assessed
using the MTS assay according to the manufacturer’s instructions.

4.5. Western Blotting

Western blotting was performed using standard procedures. The primary antibod-
ies used were anti-MET (#4560; 1:1000; Cell Signaling Technology [CST], Danvers, MA,
USA), anti-phospho-MET (#3077; 1:1000; CST), anti-TGFBR1 (sc518018; 1:1000; Santa Cruz
Biotechnology, Dallas, TX, USA), anti-phospho-EGFR (#2234; 1:1000; CST), anti-EGFR
(ab32077; 1:1000; Abcam, Cambridge, UK), anti-CD44 (#3570; 1:1000; CST), anti-c-MYC
(sc40; 1:1000; Santa Cruz Biotechnology, Dallas, TX, USA), anti-FGFR2 (ab10648; 1:1000;
Abcam), anti-Frizzled 5 (ab75234; 1:1000; Abcam), anti-CLDN18 (#38-800; 1:1000; Invitro-
gen), anti-HER?2 (#2165; 1:1000; CST), anti-CDK12 (ab317746; 1:1000; Abcam), anti-VEGFR2
(#9698; 1:1000; CST), anti-PD-L1 (#13684; 1:1000; CST), and anti-GAPDH (sc32233; 1:4000;
Santa Cruz Biotechnology).

4.6. Correlation Analysis

The data were correlation-analyzed using GraphPad Prism 5 software (GraphPad
Software Inc., La Jolla, CA, USA). All values are presented as mean + S.D. Statistical
significance was examined using the Spearman correlation test. A p value <0.05 was
considered to indicate statistical significance.

5. Conclusions

This study identified GC cell lines that are responsive to each of the 35 tested drugs
and provided a basis for elucidating their underlying therapeutic mechanisms through
subsequent follow-up studies. Ultimately, in vivo validation and clinical trials will be
required to confirm the therapeutic efficacy of the selected drugs.
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