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Abstract
Background EGFR overexpression in gastric cancer (GC) has been reported in about 30% of patients. However, the anti-
EGFR antibodies cetuximab and panitumumab have failed to improve overall survival of GC patients in combination with 
cytotoxic chemotherapy compared with chemotherapy alone. GC1118, a novel anti-EGFR antibody with a distinct binding 
epitope compared with cetuximab or panitumumab, has not been tested in GC.
Methods GC cell lines, SNU-1, SNU-5, SNU-16, SNU-216, SNU-484, SNU-601, SNU-620, SNU-638, SNU-668, SNU-719, 
AGS, MKN-45, NCI-N87, and KATO-III, were employed to test the effect of cetuximab or GC1118 alone, and combined 
with the cytotoxic agent cisplatin or 5-fluorouracil (5-FU). Cells were also treat with or without high-affinity ligands EGF 
20 ng/ml or HB-EGF 100 ng/ml.
Results GC1118 exhibited a more potent growth inhibition effect in the majority of cell lines than cetuximab in MTT 
assay, regardless of the KRAS mutation status of cell lines. Co-treatment of GC1118 and cisplatin or 5-FU inhibited colony 
formation and migration to a greater extent, even following EGFR ligand stimulation. Ligand-induced p-AKT and p-ERK 
upregulation were more potently inhibited by combination treatment with GC1118 and chemotherapeutic agents compared 
with cetuximab plus chemotherapeutic agents. GC1118 also showed more potent anti-tumor effects compared with cetuximab 
in a mouse xenograft model.
Conclusion Taken together, GC1118 alone or in combination with cytotoxic chemotherapeutic agents exerted more potent 
anti-tumor effects than cetuximab in GC cells, regardless of KRAS status. These findings support the further clinical devel-
opment of GC1118 for the treatment of GC.
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Introduction

The epidermal growth factor receptor (EGFR) is a trans-
membrane receptor and is one of the most commonly 
expressed oncogenes in solid tumors [1, 2]. Given that the 
EGFR pathway has significant implications for carcinogen-
esis, including the survival, migration, angiogenesis, dif-
ferentiation, and apoptosis of cancer cells, research on the 
targeted inhibition of EGFR has been in progress in recent 
decades, with success in several tumor types including colon 
cancer and head and neck cancer [1–3]. In colon cancer, 
anti-EGFR treatment is applicable only for KRAS wild-type 
tumors. In gastric cancer (GC), EGFR overexpression and/
or amplification is observed in about 30% of cases and is 
associated with poor prognosis [4]. However, the anti-EGFR 
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antibodies, cetuximab and panitumumab, have failed to 
improve the overall survival of GC patients when adminis-
tered in combination with cytotoxic chemotherapy compared 
with chemotherapy alone [5, 6].

GC1118, a novel EGFR monoclonal antibody, exhibits 
a potent anti-tumor effect in models of colorectal cancer 
(CRC) [7]. Compared with cetuximab and panitumumab, 
GC1118 possesses a distinct binding epitope and GC1118 
has binding affinity of 0.16 nmol/L (KD) to EGFR, whereas 
cetuximab and panitumumab have the KD of 4.5 nmol/L and 
0.05 nmol/L, respectively [7]. In addition, GC1118 shows 
more pronounced inhibitory activity in CRC [7]. Interest-
ingly, the antitumor effects of GC1118 are observed even in 
KRAS mutant CRC cells [7]. In advanced GC, the incidence 
of KRAS mutation and amplification is about 5% and 9%, 
respectively [8, 9].

The purpose of our study was to investigate the antitumor 
efficacy of GC1118 compared with cetuximab in GC. Fur-
thermore, we evaluated the synergistic efficacy of GC1118 
when administered in combination with cytotoxic chemo-
therapies following stimulation with EGFR ligands.

Materials and methods

Human cell lines and reagents

A total of 14 human GC cell lines were used in our study. 
SNU-1, SNU-5, SNU-16, SNU-216, SNU-484, SNU-
601, SNU-620, SNU-638, SNU-668, SNU-719, AGS, 
MKN-45, NCI-N87, and KATO-Ш were purchased from 
the Korean Cell Line Bank (Seoul, Korea). All cells were 
passaged less than 2 months before use and maintained 
in RPMI-1640 media containing 10% fetal bovine serum 
(FBS; Welgene Inc., Gyeongsan, Korea) and 10 µg/mL gen-
tamicin in a humidified atmosphere containing 5%  CO2 at 
37 °C. GC1118 (GC Pharma, Yongin, Korea) and cetuxi-
mab (Merck, Germany) were kindly provided by MOGAM 
Institute for Biomedical Research (Yongin, Korea). Cisplatin 
and 5-fluorouracil (5-FU) were purchased from JW Pharma-
ceutical Co. (Seoul, Korea) and Ildong Pharmaceutical Co. 
(Seoul, Korea), respectively.

Cell growth assay

Cells were seeded into 96-well plates and exposed to 
increasing concentrations of cetuximab (0, 0.01, 0.1, 1, 
10, or 100 µg/mL) or GC1118 (0, 0.001, 0.01, 0.1, 1, 10, 
100, or 1000 µg/mL) for 1, 3 or 5 days. Next, 50 µL of 
3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bro-
mide (MTT) solution (Sigma-Aldrich, St. Louis, MO, USA) 
was added to each well and plates were incubated at 37 °C 
for 4 h. The culture medium was removed and 150 µL of 

DMSO was added to each well. Cell viability was measured 
at 540 nm using a VersaMax Microplate Reader (Molecular 
Devices). The experiments were performed in triplicate.

Colony‑forming assay

Cells were seeded into 6-well plates and exposed to indi-
cate concentrations of GC1118 or cytotoxic agents (cispl-
atin or 5-FU at 0.01, 0.1, or 1 µg/mL) or their combination. 
After 10 days of incubation, the colonies were stained with 
Coomassie blue for 2 h and counted using Gel Doc system 
software (Bio-Rad, Hercules, CA, USA). Each experiment 
was repeated three times.

Western blot analysis

Cells were seeded into 60-mm dishes and incubated for 24 h 
with serum-free media, then treated with GC1118 (0.05, 0.5, 
5, and 50 µg/mL) or cetuximab (0.05, 0.5, 5, and 50 µg/mL) 
for 2 h, followed by stimulation with EGF (20 ng/ml) or HB-
EGF (100 ng/ml) for 15 min. Then cisplatin (1 µg/mL) or 
5-FU (1 µg/mL) was treated for 24 h. The treatment combi-
nations were as follows: cetuximab/GC1118 + EGF, cetuxi-
mab/GC1118 + HB-EGF, cetuximab/GC1118 + cisplatin, 
cetuximab/GC1118 + 5-FU, cetuximab/GC1118 + cispl-
atin + EGF/HB-EGF, and cetuximab/GC1118 + 5-FU + EGF/
HB-EGF. The treated cells were harvested and lysed on ice 
for 30 min in RIPA buffer containing protease inhibitors. 
Protein was extracted and equal amounts of protein were 
used for western blot analysis with the following primary 
antibodies purchased from Cell Signaling Technology (Bev-
erley, MA, USA): phosphorylated EGFR-Tyr992 (#2235); 
phosphorylated AKT-Ser473 (#9271); phosphorylated 
ERK-Thr202/Tyr204 (#9101); PARP (#9532); and caspase-7 
(#9492). Anti-α-Tubulin (#T5168) and β-actin antibodies 
were purchased from Sigma-Aldrich. Appropriate secondary 
antibodies were acquired from Thermo Science Inc..

Migration assay

Cells were seeded into 6-well plates and incubated at 37 °C. 
After 24 h, cells were scratched with a 200-µl pipet tip and 
treated with GC1118 (10 µg/ml), cisplatin (0.01 and 0.1 µg/
ml)/5-FU (0.01, 0.1, and 1 µg/ml), or with combinations of 
these agents. Images were analyzed using ImageJ software 
at 0 and 48 h. All experiments were performed in triplicate.

ELISA

Cells were seeded onto 6-well plates and incubated for 72 h 
before culture supernatants were collected for ELISA to 
determine ligand release. ELISA kits to detect the human 
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EGFR ligands EGF, HB-EGF, TGF-α, and amphiregulin 
were purchased from Ray Biotech, Inc..

In vivo study

Animal experiments were approved by the Institutional 
Animal Care and Use Committee of GC Pharma and the 
MOGAM Institute for Biomedical Research (Yongin, 
Korea). Seven-week-old female athymic nude mice were 
purchased from Orient Bio Inc. (Korea). AGS xenograft 
model mice were established by the subcutaneous inocula-
tion of 1 × 107 cells in 100 µL of PBS plus Matrigel (BD 
Bioscience, no. 356231). When the tumor volume reached 
200  mm3, mice were randomly divided into three groups 
of six. Cetuximab or GC1118 was administered intraperi-
toneally twice a week at 1 mg/kg for 5 weeks, and a con-
trol group was treated with PBS. Body weight and tumor 
size were measured every 2–4 days. Tumor volume was 
calculated using the formula: tumor volume = [(width)2 × 
height]/2.

Statistical analysis

Statistical analyses were conducted using SigmaPlot ver-
sion 10.0 (Systat Software Inc., San Jose, CA, USA). 
Experimental data are presented as mean ± standard error 

(SE). All statistical tests were two-sided. Differences were 
considered statistically significant for values of p < 0.05.

Results

Anti‑proliferative effects of GC1118 and cetuximab 
in GC cells

To evaluate the growth-inhibitory activity of GC1118 
on GC cells, an MTT assay was performed. Cell growth 
was suppressed in the majority of cell lines treated with 
GC1118, particularly in the MKN-45 cell line. In contrast, 
no growth-inhibitory effect was observed in the SNU-484 
and KATO-III cell lines (Fig. 1a).

To compare the anti-tumor effects of GC1118 with 
those of cetuximab, we conducted an MTT assay by com-
paring cell numbers on days 1, 3, and 5. As a result, we 
found that the anti-growth inhibitory effect of GC1118 was 
more obviously in KRAS wild-type cell lines, SNU-719 
and MKN-45, but also in KRAS mutant SNU-601 cells 
(p < 0.05, Fig. 1b).

Fig. 1  The anti-growth effect of GC1118 or cetuximab mono-treat-
ment in GC cell lines. a Cell growth was measured after exposure to 
indicated doses of GC1118 (0, 0.001, 0.01, 0.1, 1, 10, 100, 1000 µg/
ml) for 72  h utilizing MTT Assay in 14 GC cell lines. Data repre-

sent three independent experiments. b Cell numbers on days 1, 3, and 
5 were measured by MTT assay after treatment with GC1118 (1 µg/
ml) or cetuximab (1 µg/ml). Data represent three independent experi-
ments. *p value < 0.05
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Ligand‑induced EGFR activation increased 
sensitivity to GC1118 in GC cell lines

Given that the ligand-mediated activation of EGFR is known 
to facilitate cancer cell survival [10–13], we determined the 
endogenous levels of the EGFR ligand EGF, TGF-α, HB-
EGF, and amphiregulin in GC cell lines by ELISA (Fig. 2a). 
Among the 14 cell lines, with their varying levels of ligands, 
no association between sensitivity to GC1118 treatment and 
endogenous ligand levels was identified (Fig. 2a). In addi-
tion, the basal expression levels of total EGFR and phos-
phorylated EGFR (Fig. 2b) in GC cells did not correlate 
with ligand levels. Furthermore, the basal expression levels 
of total EGFR and phosphorylated EGFR did not predict 
sensitivity to GC1118 (Fig. 2b).

Next, we examined the anti-proliferative effects of 
GC1118 or cetuximab following EGFR-ligand stimulation 
in GC cells. We performed western blotting to determine 
whether the ligand-stimulated EGFR signaling pathway was 
inhibited to different extents by GC1118 compared with 
cetuximab. Under ligand-stimulated conditions, GC1118 
dramatically inhibited signaling transduction, while cetuxi-
mab failed to block the expression of p-AKT or p-ERK in 
SNU-216, SNU-601, SNU-719, and AGS cells (Fig. 2c).

GC1118 in combination with cytotoxic 
chemotherapeutic agents showed more potent 
antitumor activity than either agent alone

We evaluated combination treatment of GC1118 and cyto-
toxic chemotherapeutic agents. Figure 3a shows the effects 
of GC1118, cisplatin, and 5-FU alone or in combination on 
GC cells in a colony-forming assay (Fig. 3a). Although a 
significant reduction in colony number was observed with 
GC1118 alone, GC1118 in combination with cisplatin or 
5-FU showed more potent anti-proliferative activity in SNU-
601, SNU-719, AGS, and MKN-45 cell lines (Fig. 3a). The 
similar effect was also confirmed by migration assay in vari-
ous cell lines (SNU-216, SNU-601, and AGS), whereby the 
migration of cells treated with indicated concentrations of 
GC1118 was more potently suppressed by adding 5-FU or 
cisplatin (Fig. 3b).

Combination treatment of GC1118 and cytotoxic 
chemotherapeutic agents disrupts cell growth 
signals under the EGFR ligand stimulation 
conditions

Given the potent effect of GC1118 and cytotoxic chemo-
therapeutic agents observed in the colony-forming assay and 
migration assay, we hypothesized whether the combination 
effect would be maintained following EGFR ligand stimula-
tion. We determined the levels of EGFR pathway signaling 

markers p-EGFR, p-AKT, and p-ERK in SNU-719 and 
MKN-45 cells treated with GC1118 plus 5-FU or cisplatin 
under the EGFR ligand stimulation conditions. Even in the 
presence of ligand, these markers were downregulated com-
pared with cetuximab plus 5-FU or cisplatin (Fig. 4). The 
combination of 5-FU and GC1118 under EGF stimulation 
also induced more PARP and caspase-7 cleavage compared 
with cetuximab combination groups in SNU-719 cells, but 
not in MKN-45 cells (Fig. 4).

Xenograft tumor growth was significantly 
suppressed by GC1118 compared with cetuximab

To further examine the anti-tumor effect of GC1118, we 
established a xenograft model in nude mice using AGS 
(KRAS mutant) cell lines. After 5 weeks of treatment, we 
observed that cetuximab did not affect tumor growth in 
AGS cells (Fig. 5). However, GC1118 showed potent anti-
tumor efficacy, regardless of KRAS mutation status. GC1118 
showed more significant inhibition of tumor growth than 
cetuximab (p < 0.05).

Discussion

As mentioned earlier, both cetuximab and panitumumab 
failed to improve the overall survival in GC patients. Moreo-
ver, there is little evidence could support panitumumab bet-
ter than cetuximab in GC currently. Therefore, we evaluated 
the efficacy of GC1118 compared with cetuximab in GC 
cell lines. GC1118 is a novel potent EGFR inhibitor with 
efficacy in CRC cell lines and xenograft models [7]. Consist-
ent with our results, the authors demonstrated that GC1118 
exhibited superior inhibition of proliferation compared with 
cetuximab, and p-AKT and p-ERK were downregulated to 
a greater extent by GC1118 compared with cetuximab in 
the presence of various ligands. We also identified that co-
treatment of GC1118 and cytotoxic chemotherapeutic agents 
strongly inhibited cell migration (Fig. 3b).

Previous studies have evaluated the effects of cetuxi-
mab only in KRAS wild-type cell lines [14, 15]. The resist-
ance mechanism to cetuximab shown by many tumor types 
remains unclear, although KRAS mutation, as well as EGFR 
mutation and HER2 or MET activation, has been implicated 
[15–22]. HRAS mutation or upregulated expression of 
microRNA-100 and microRNA-125b have also been shown 
to be associated with cetuximab resistance [23, 24].

In the present study, we summarized the main gene altera-
tion status of each cell line (Table 1) from cancer cell line 
encyclopedia (CCLE). Five of the cell lines, SNU-1, SNU-
16, SNU-601, SNU-668, and AGS, harbor a KRAS muta-
tion; however, GC1118 profoundly inhibited proliferation in 
these five cell lines, particularly in SNU-601 and SNU-668 
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Fig. 2  The effect of GC1118 was evaluated in the presence of ligand 
stimulation. a The basal secretory levels of EGFR ligands were 
detected using ELISA kit in 14 GC cells. b Basal expression levels 
of EGFR and p-EGFR in GC cell lines detected by western blotting. 

c The indicated cells were treated with GC1118 or cetuximab for 2 h 
and then co-treated with or without ligands stimulation for 15  min. 
After that the main cell signaling was monitored by western blot
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(Fig. 1a). An earlier study on GC1118 showed its potent 
inhibition of high-affinity ligand-induced signaling [7], so 
two high-affinity EGFR ligands, EGF and HB-EGF, were 
used in our study. As expected, downregulation of p-AKT 
and p-ERK was observed in SNU-601, SNU-719, and AGS 
cell lines following treatment with GC1118 under ligand 
stimulation conditions (Fig. 2c).

The previous study exhibited that p-EGFR was dra-
matically blocked by GC1118 than cetuximab in all colon 

Fig. 3  The synergistic effect was observed when combined treatment 
of GC1118 and cytotoxic chemotherapeutic agents. a The indicated 
cells were exposed to GC1118 alone or cisplatin/ 5-FU or both; 10 
days later, colony number was analyzed by Gel Doc system software. 
Each experiment was conducted three times. *p value < 0.05. b The 
cell migration assay was performed in GC1118 or cisplatin/5-FU or 
both treated cells. The image was captured after 48 h and the width 
of the gap in the cell monolayer was measured using ImageJ software. 
Each experiment was conducted three times. *p value < 0.05

◂

Fig. 4  Combination effect of GC1118 plus cytotoxic chemothera-
peutic agents under the ligands stimulation. In this figure, SNU-719 
and MKN-45 were incubated in serum-free media for 24  h, treated 
with GC1118 or cetuximab for 2 h, stimulated by 20 ng/ml EGF for 

15 min and exposed to 1 µg/ml cisplatin or 1 µg/ml 5-FU for 24 h. 
Cell signaling was detected using western blot. The red squares 
mainly point out the obvious difference between CTX and GC1118 
group
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cancer cells, but in GC cells, although we could not observed 
p-EGFR downregulated by GC1118, both p-AKT and 
p-ERK were more blocked. Therefore, we speculated that 
GC1118 may also work on other ERBB family members 
such as HER2 or HER3.

In addition, our data showed that combined treatment 
with GC1118 and cisplatin or 5-FU not only dramatically 
suppressed colony formation but also inhibited cell migra-
tion in SNU-601 and AGS cell lines (Fig. 3). These results 
indicated that GC1118 has antitumor activity in KRAS-
mutated GC cells whereas cetuximab has not [17]. NRAS 
mutation has also been identified in the SNU-719 cell line; 

however, GC1118 had potent anti-proliferative activity in 
this cell line and this effect was augmented by combined 
treatment with cisplatin or 5-FU with ligand stimulation 
(Figs. 2c, 3a, 4). Our data suggest that GC1118 has anti-
tumor activity even in cells harboring NRAS mutations. 
Moreover, SNU-216 (HER2 amplification), SNU-5 (MET 
amplification), SNU-638 (MET amplification/BRAF muta-
tion) and MKN-45 (EGFR/MET amplification) cell lines 
also responded well to GC1118. Overall, GC1118 showed 
more potent anti-tumor effects compared with cetuximab in 
xenograft AGS (KRAS mutant) tumors and this finding was 
consistent with our in vitro data.

With the ongoing development of immunotherapy, 
numerous studies of anti-cancer agents, including the effect 
of EGFR-targeted antibodies on the immune system, are 
underway [25, 26]. Interestingly, a recent study showed 
that cetuximab combined with chemotherapy could induce 
immunogenic cell death, leading to increased phagocytosis 
of dendritic cells and immune memory response of T cells 
[25]. Moreover, in head and neck squamous cell carcino-
mas, dendritic cell maturation was enhanced by cetuximab 
or panitumumab, and activated NK cells and cytotoxic T 
cells were increased via treatment with cetuximab [26]. 
These results suggested that anti-EGFR antibodies have the 
potential to modulate the immune response, meaning that 
further research on the interaction of GC1118 with the tumor 
microenvironment may be highly beneficial.

In the present study, we found that GC1118 inhibits 
cell proliferation, migration, and signal transduction more 
potently than cetuximab in GC cell lines. GC1118 efficacy 
was observed, regardless of KRAS status. Moreover, anti-
growth effect of GC1118 was augmented by combination 
with chemotherapeutic agents, even under EGFR-ligand-
stimulated conditions. Our findings, therefore, support the 
further clinical development of GC1118 for the treatment 
of GC.
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Fig. 5  The anti-tumor effect of cetuximab and GC1118 on xenograft 
model. Mice were treated with PBS alone, cetuximab (1  mg/kg), 
GC1118 (1 mg/kg) for 5 weeks. Tumor volume was measured every 
2–4 days

Table 1  Characteristics of GC cells

Cell lines KRAS Other

SNU-1 MT Smad 3 low level, AKT2 mt, STAT3 mt, JAK 
deletion

SNU-5 WT MET amplification, TP53 deletion
SNU-16 MT FGFR2 amplification, c-myc amplification, 

CDLN2A loss, TP53 mt
SNU-216 WT Her2 amplification, TP53 mt
SNU-484 WT Smad 3 low level, TP53 mt
SNU-601 MT PIK3CA mt, TP53 mt
SNU-620 WT TP53 deletion
SNU-638 WT MET amplification, BRAF mt, TP53 mt
SNU-668 MT TP53 mt
SNU-719 WT NRAS mt, PIK3CA mt
AGS MT PIK3CA mt
MKN-45 WT EGFR, c-MET amplification, PIK3CA mt, TP53 

mt
NCI-N87 WT Her2 amplification, TP53 mt
KATO-III WT
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