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Abstract
Background Although substantial evidence has shown that the mammalian target of rapamycin (mTOR) pathway is an 
important therapeutic target in gastric cancer, the overall response rates in patients to mTOR inhibitor everolimus have been 
less than initially expected. We hypothesized that the limited efficacy of everolimus in gastric cancer is due to the activation 
of extracellular signal-regulated kinase (ERK).
Methods ERK activation was investigated using western blot. The effects of dual inhibition of ERK and mTOR via genetic 
and pharmacological approaches were determined using cellular assays and xenograft mouse model.
Results We observed the decreased phosphorylation of mTOR, rS6, and 4EBP1 and increased phosphorylation of ERK and 
p90RSK in gastric cancer cells exposed to everolimus at clinically relevant concentration. Using both in vitro cell culture 
assays and in vivo xenograft mouse model, we found that trametinib overcame everolimus resistance by either effectively 
targeting resistant cells or further enhancing everolimus’ efficacy in sensitive cells. Mechanism studies confirmed that 
trametinib overcame everolimus resistance via specifically inhibiting ERK and regulating ERK-mediated Bcl-2 family 
proteins in gastric cancer cells.
Conclusions Inhibition of mTOR pathway can induce “paradoxical” activation of ERK in gastric cancer, and this activation 
can be reversed by trametinib. Since both drugs are clinically available, our findings might accelerate the initiation of clinical 
trials on gastric cancer using everolimus and trametinib combination.
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Introduction

Gastric cancer, particularly prevalent in Asia, ranks fourth in 
cancer incidence and is the second leading cause of cancer 
mortality worldwide [1]. The 90% of gastric cancer cases 
are adenocarcinoma with intestinal and diffuse types [2]. 

Most patients with gastric cancer are diagnosed at advanced 
stage with poor prognosis [3]. In recent years, treatment 
options for advanced gastric cancer include molecular tar-
geted, cellular immune and antibody-based therapies [4]. 
Ramucirumab, inhibitor of human epidermal growth fac-
tor receptor 2 (HER2), in combination with paclitaxel has 
demonstrated significant improvements in progression-free 
and overall survival, compared with chemotherapy alone, 
in patients with metastatic gastric cancer [5]. Molecular tar-
geted therapy has shown potential in the treatment of gastric 
cancer at advanced stage.

The mammalian target of rapamycin (mTOR) is a serine/
threonine kinase that presents in two cellular complexes, 
mTORC1 and mTORC2, with distinct substrates and mecha-
nisms of activation [6]. mTORC1 phosphorylates S6 kinase 
(S6K) and eukaryotic initiation factor-4E-binding protein 
(4EBP1) to enhance the translation of a subset of mRNAs; 
the main substrates of mTORC2 are AKT and related 
kinases [7]. mTOR has been identified as a novel therapeu-
tic target in cancer due to its important roles in regulating 
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cell growth, protein synthesis, ribosome biogenesis and 
lipid production [7]. Several cancers exhibit constitutive 
mTORC1 signaling and can be treated with sirolimus and its 
analog everolimus that selectively and effectively suppresses 
mTOR1 activity [8]. Everolimus has been approved for the 
treatment for breast cancer and renal cell carcinoma [9–11]. 
However, clinical trials on the efficacy of everolimus alone 
or its combination with standard treatment in advanced gas-
tric cancer demonstrated that everolimus was not effective 
in improving the overall survival of patients with advanced 
gastric cancer [12, 13]. Substantial evidence has shown that 
mTOR inhibition induces activation of various oncogenic 
pathways, such as MEK/ERK, Akt, and eIF4E, which com-
prise the anti-cancer effect of mTOR inhibitors [14, 15]. 
Single-agent-targeting mTOR triggers the activation of the 
MEK/ERK compensatory pathway in primary prostate can-
cer cells. Consistently, combination of MEK and mTOR 
inhibitors significantly reduced prostate tumor growth in a 
patient-derived xenograft (PDX) mouse model [16].

We hypothesized that the limited efficacy of everoli-
mus in gastric cancer is due to the activation of alterna-
tive oncogenic pathways, such as MEK/ERK. The present 
study sought to examine the impact of everolimus treatment 
on ERK pathway. We also investigated whether the ERK 
inhibition by FDA-approved MEK inhibitor trametinib can 
overcome everolimus resistance in gastric cancer.

Materials and methods

Cells, drugs, and viability assay

Human gastric cancer cell lines SNU1, SNU16, AGS, 
MKN45, and NCI-N87 were purchased from American Type 
Culture Collection and authenticated via short tandem repeat 
profiling. The molecular characteristics on the mutation of 
KRAS, PIK3CA, BRAF, and TP53 of these cell lines are 
summarized in Supplementary Table 1. Cells were cultured 
using minimal essential media (MEM) supplemented with 
10% fetal bovine serum (Hyclone, UK), 2 mM l-glutamine, 
and 1% penicillin/streptomycin (Invitrogen, USA) at  37 °C 
in a humidified 5%  CO2 atmosphere. Trametinib and everoli-
mus (Selleckchem Inc., USA) were reconstituted in DMSO. 
Cell viability was determined using  CellTiter® 96 Aque-
ous One Solution cell proliferation assay (Promega, USA). 
10,000 cells/well were seeded in 96-well plate. The next day, 
drugs at different concentrations were added to the medium. 
After 3 days of treatment, cell viability was assessed accord-
ing to the manufactures instructions.

Generation of everolimus‑resistant cell line

AGS-r cells were established by culturing AGS parental 
cells (AGS-s) in the above medium with everolimus and 
without 1% penicillin/streptomycin. Cells were initially 
cultured with 50 nM everolimus for 2 weeks. The concen-
tration of everolimus was gradually increased by twofold 
change each time until reaching 1.6 μM. The next dose 
was given only when the cells were stable in prolifera-
tion without significant death. After 8 months of culturing 
in the presence of increasing concentrations of everoli-
mus, AGS-r cells were established and maintained in the 
medium containing 1.6 μM of everolimus.

Proliferation and apoptosis assays

10,000 cells/well were seeded in 96-well plate for prolifer-
ation assay and 100 000 cells/well were seeded in six-well 
plate for apoptosis assay. The next day, drugs at different 
concentrations were added to the medium. After 3 days of 
treatment, cell proliferation was measured using 5-bromo-
2′-deoxyuridine (BrdU) Proliferation Assay Kit (Cell Sign-
aling, USA). This kit uses an anti-BrdU antibody to detect 
BrdU incorporation into cellular DNA during cell prolif-
eration. For apoptosis, cells were harvested using trypsin 
and then stained with Annexin V-FITC/7-AAD Apoptosis 
Kit (BD Pharmingen, US) according to the manufacturer’s 
instructions. Apoptotic cells were analysis on a Beckman 
Coulter FC500. The percentage of Annexin V-positive 
cells was determined by CXP software analysis.

Denaturing sodium dodecyl sulfate‑polyacrylamide 
gel electrophoresis (SDS‑PAGE) and western blot 
(WB) analyses

Proteins were extracted in RIPA buffer supplemented with 
1 × protease inhibitor cocktail and phosphatase inhibitor 
(Life Technologies Inc, USA). The supernatant was col-
lected and protein concentration was determined by the DC 
Protein Assay Kit (Bio-Rad, USA). Equal amount of pro-
teins was resolved using denaturing SDS-PAGE and then 
processed for WB using designated primary and secondary 
antibodies. Antibodies include anti-p-ERK (T202/Y204), 
anti-ERK, anti-p-p90RSK (T359/S363), anti-p90RSK, 
anti-mTOR (S2481), anti-mTOR, anti-p-rS6 (S235/236), 
anti-rS6, anti-p-4EBP1 (T37/46), anti-4EBP1, and anti-
β-actin. All antibodies except anti-β-actin (Santa Cruz 
Biotechnology, USA) were purchased from Cell Signaling 
Inc. USA. Targeted proteins were detected by Enhanced 
Chemiluminescence Kits (Amersham Biosciences, UK).
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siRNA knockdown

Specific knockdown of human ERK1/2 was achieved by 
transfecting cells with siRNA which was designed accord-
ing to NCBI Reference Sequences (GenBank: ERK1: 
NM_002746.2 and ERK2: NM_002745.4). Control and 
ERK1/2 siRNAs were synthesized in Guangzhou RiboBio 
Co., Ltd. (Guangzhou, China). The siRNA sequences were 
as follows: ERK1, 5′-GAC CGG AUG UUA ACC UUU 
A-3′; ERK2, 5′-CCA GGA UAC AGA UCU UAA A-3′; and 
negative control, 5-UUC UCC GAA CGU GUC ACG U-3. 
50,000 cells/well were seeded in 24-well plate. The trans-
fection was performed using Lipofectamine 2000 (Invitro-
gen, USA) with a final siRNA concentration of 50 nM when 
cells reached 70% confluency. The transfection procedure 
was conducted according to the manufacture’s instructions. 
Reagent was removed at 6 h post-transfection and the cells 
were harvested for analysis of cellular activity and molecular 
biochemistry at 48 h post-transfection.

Gastric cancer xenograft mouse models 
and immunohistochemistry

Six- to eight-week-old SCID mice were used for mice 
studies. 10 million AGS-r or AGS-s cells were suspended 
in 100 μl PBS and subcutaneously injected into flank of 
each mouse. When tumor volume reached approximately 
100 mm3, the mice were divided into different drug treat-
ment groups (n = 10 each). Mice were given vehicle 
(20%/80% DMSO/saline), oral trametinib at 10 mg/kg, oral 
everolimus at 5 mg/kg, or the combination of trametinib and 
everolimus. Tumour length and width were monitored using 
a caliper and volumes were calculated using the formula: 
length × width2 × 0.5236. After 3 weeks, mice were eutha-
nized using  CO2. Tumors were isolated, fixed with 10% for-
malin (Sigma, USA) and stored as tissue wax block. Tumor 
section slides were used for cleaved caspase 3 and Ki67 
staining. After dewax, rehydration and antigen retrieval, the 
slides were incubated with 1:500 dilution of cleaved caspase 
3 or Ki67 antibody (Cell Signaling, USA) at 4 °C overnight 
and secondary antibody at room temperature for 2 h. The 
signal was developed using Pierce DAB (3,3-diaminoben-
zidine) Substrate kit. Quantification of apoptotic and prolif-
erating tumor cells were performed using Image J software.

Statistical analyses

The data are expressed as mean and standard deviation. 
For in vitro studies, statistical analyses were performed 
by unpaired Student’s t test. For in vivo studies, each data 
point shows the mean detected value from ten different 

mice. One-way analysis of variance (ANOVA) with post 
hoc Tukey was performed to show changes in tumor size. p 
value < 0.05 was considered statistically significant.

Results

Everolimus induces ERK activation in gastric cancer 
cells

As shown in Fig. 1a, there was a decreased phosphorylation 
of essential molecules involved in mTOR pathway including 
mTOR, rS6, and 4EBP1 in gastric cancer cells at 6-, 12-, and 
24-h exposure of everolimus at clinically relevant concen-
tration. In addition, increased phosphorylation of ERK and 
its downstream molecule p90RSK was observed (Fig. 1a). 
Two representative cell lines AGS and N87 modeling gastric 
cancer disease with different cellular origins and genetic pro-
filing were used in this study. Of note, the AGS cell line was 
derived from gastric adenocarcinoma from a patient who had 
received no prior therapy [17]. Our results suggest a rapid 
activation of ERK and inhibition of mTOR by everolimus in 
gastric cancer cells, and this is time dependent.

To determine the long-term effect of everolimus on ERK 
pathway, everolimus-resistant AGS cell line (AGS-r) was 
generated by culturing parental AGS-s cells in the pres-
ence of everolimus at gradually increasing concentrations. 
Everolimus up to 1.6 μM did not affect viability of AGS-r 
cells whereas resulted in a decreased viability in AGS-s cells 
by ~ 70% (Fig. 1b). The  IC50 of everolimus in AGS-r cells 
was ~ ten-fold higher than that in AGS-s cells. Consistent 
with our previous findings, there was an increased phospho-
rylation of ERK and p90RSK in AGS-r cells compared to 
AGS-s cells (Fig. 1c). These results indicate that everolimus 
induces ERK activation in gastric cancer cells.

Trametinib overcomes gastric cancer cell resistance 
to everolimus in vitro

Trametinib, a selective and effective MEK inhibitor, has 
been FDA approved as a single-agent for the treatment of 
patients with V600E-mutated metastatic melanoma [18]. 
To determine whether ERK activation plays a critical role 
in the development of everolimus resistance in gastric can-
cer, we used two approaches to address this hypothesis. 
The first approach was to investigate whether trametinib 
is active against AGS-r cells. As shown in Fig. 2a, b, 
trametinib significantly inhibited proliferation and induced 
apoptosis in AGS-r cells. In the second approach, we 
investigated the combinatory effects of trametinib and 
everolimus in everolimus-sensitive gastric cancer cells. We 
treated AGS-s cells to trametinib or everolimus alone at 
concentration that led to 20–50% inhibition and compared 
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the efficacy of the combination with single drug alone. 
The combination of trametinib and everolimus resulted 
in greater efficacy than single drug alone in all tested 
gastric cancer cell lines, and this combinatory effect was 
dose dependent (Fig. 2c, d). It is noted that the combina-
tion achieved almost complete inhibition of growth and 

induction of apoptosis in AGS, SNU1, and SNU16 cells. 
The results clearly demonstrate that trametinib can over-
come everolimus resistance by directly acting on resistant 
cells or further enhancing everolimus’ efficacy in sensitive 
gastric cancer cells.

Fig. 1  Activation of ERK 
occurs after everolimus treat-
ment in gastric cancer cells. a 
Representative WB shows ERK 
and mTOR signalling in AGS 
and N87 cells after 200 nM 
everolimus treatment at various 
time points. b In vitro sensitiv-
ity of AGS-s and AGS-r cells 
to clinically relevant doses of 
everolimus. Cell viability was 
measured after 3 days treatment. 
c Representative WB shows 
ERK signaling in AGS-r and 
AGS-s cells. Results shown 
were obtained from at least 
three independent experiments. 
*p < 0.05, compared to control

Fig. 2  MEK inhibitor trametinib 
increases gastric cancer cell sen-
sitivity to everolimus in vitro. 
Trametinib at 100 to 500 nM 
significantly inhibits growth (A) 
and induces apoptosis (B) in 
AGS-r cells in a dose-dependent 
manner. Trametinib at 250 nM 
significantly enhances the anti-
proliferative (C) and pro-apop-
totic (D) effects of everolimus 
in gastric cancer cells. Cell 
proliferation and apoptosis 
were determined after 3 days of 
drug treatment. Results shown 
were obtained from at least 
three independent experiments. 
*p < 0.05, compared to control 
or everolimus alone
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Trametinib overcomes gastric cancer cell resistance 
to everolimus in vivo

Next, we evaluated the in vivo effects of trametinib alone and 
its combination with everolimus in two independent gastric 
cancer xenograft models: everolimus-resistant using AGS-r 
cells and everolimus-sensitive using AGS-s cells. As shown 
in Fig. 3a, trametinib at 3 mg/kg was orally administrated 
daily when AGS-r xenograft tumors reached ~ 100 mm3. 
During 3 weeks of trametinib treatment, the mean tumor size 
in trametinib-treated group was significantly smaller than the 
vehicle group (Fig. 3a), suggesting that trametinib is effec-
tive against AGS-r growth in vivo. In addition, trametinib 
significantly augmented the in vivo efficacy of everolimus in 
inhibiting AGS-s growth in mice (Fig. 3b). The HE staining 
also revealed a marked decrease in tumor size in combina-
tion group compared to single drug group (Supplementary 
Fig. 1). Immunohistochemistry analysis of proliferation 
marker Ki67 and apoptosis marker cleaved caspase 3 demon-
strated more apoptotic cells and less proliferating cells in the 
combination group compared to single drug group (Fig. 4). 
These results are consistent with the in vitro findings, further 
confirming the ability of trametinib in sensitizing gastric 
cancer to everolimus treatment. Of note, there was no signifi-
cant body weight loss in the combination group compared to 
control (Fig. 3c). The mice appearance (e.g., skin and fur) 

and behaviors seemed to be normal. All these suggest that 
mice well tolerated the drug treatment. 

Trametinib overcomes everolimus resistance 
in gastric cancer cells via inhibiting ERK

To investigate whether trametinib overcomes everolimus 
resistance in gastric cancer cells via inhibiting ERK signal-
ing, we examined the phosphorylation level of ERK and 
p90RSK in gastric cancer cells treated with trametinib at 
a concentration that inhibits proliferation and survival of 
both AGS-s and AGS-r cells. We found that trametinib 
remarkably decreased the phosphorylation of ERK and its 
downstream effector p90RSK in both sensitive and resist-
ance gastric cancer cells (Fig. 5a). In contrast, trametinib 
did not affect phosphorylation of JNK (Fig. 5a), suggesting 
that trametinib preferentially inhibits ERK signaling. MEK/
ERK regulates activity and expression of Bcl-2 protein fam-
ily to promote cancer cell survival [19]. Consistent with the 
inhibition of ERK signaling, we observed the increased Bim 
level in trametinib-treated AGS-r cells (Fig. 5a). In addi-
tion, trametinib decreased the level of Bcl-2, a pro-survival 
molecule member of Bcl-2 family. Consistently, we further 
found that everolimus increased the phosphorylation of ERK 
and p90RSK and this stimulatory effect was reversed by 

Fig. 3  MEK inhibitor trametinib 
increases gastric cancer cell 
sensitivity to everolimus 
in vivo. a AGS-r tumor growth 
in mice treated with trametinib 
and vehicle alone. 10 mg/kg of 
trametinib was given daily by 
oral gavage. b AGS-s tumor 
growth in mice treated with 
trametinib or everolimus alone, 
vehicle, or the combination 
of everolimus and trametinib. 
Ten mice were in each group. 
*p < 0.05, compared to control 
or everolimus alone
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trametinib (Fig. 5b), demonstrating that trametinib abolished 
everolimus-induced ERK activation in gastric cancer cells.

To confirm the stimulatory role of ERK in everolimus-
resistant gastric cancer cells, we depleted ERK using the 
specific ERK siRNA in AGS-r cells. As expected, we 
observed the minimal level of phosphorylated ERK and 

total ERK in AGS-r cells transfected with ERK siRNA 
(Fig. 5c). In addition, a significant decrease in growth and 
increase in cell apoptosis were detected in ERK-depleted 
AGS-r cells. Taken together, these results demonstrate that 
trametinib overcomes everolimus resistance in gastric can-
cer cells via inhibiting ERK.

Fig. 4  Effect of trametinib and 
everolimus in vivo in inhibit-
ing tumor growth and inducing 
apoptosis. a Representative 
photos of tumor sections 
demonstrate the proliferating 
(labelled by Ki67) and apoptotic 
(labelled by cleaved caspase 3) 
tumor cells. The nuclei were 
stained with hematoxylin. Scale 
bar presents 50 μM. b Cleaved 
caspase 3 staining shows more 
apoptotic cells in combination 
arm. c Ki67 staining shows 
fewer proliferating cells in com-
bination arm. Results shown 
are the fold change relative to 
control. *p < 0.05, compared to 
everolimus alone

Fig. 5  Trametinib specifically 
inhibits ERK signaling in 
gastric cancer cells. a Rep-
resentative WB image shows 
ERK signaling, Bim and 
Bcl-2 in AGS-s and AGS-r 
cells exposed to trametinib. b 
Trametinib inhibits everolimus-
induced ERK activation in 
N87 cells. WB analyses were 
performed after 24 h of drug 
treatment. 250 nM trametinib 
and 200 nM everolimus were 
used. c Representative WB 
image shows decreased p-ERK 
and total ERK in AGS-r cells 
transfected with ERK siRNA. 
Proliferation (d) and apoptosis 
(e) of AGS-r cells after ERK 
depletion. Cell proliferation 
and apoptosis were analyzed at 
5 days post-transfection. Results 
shown were obtained from at 
least three independent experi-
ments. *p < 0.05, compared to 
Ctrl siRNA
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Discussion

Studies on the thousands of gastric cancer tissues and 
matched normal counterparts demonstrate that mTOR 
activation is frequently increased in gastric cancer, and the 
overexpression of phosphorylated mTOR is an independ-
ent predictor of survival that negatively correlates with 
prognosis [20]. mTOR inhibitors, including temsirolimus 
and everolimus, either alone or in combination with other 
anticancer agents, are under evaluation in many cancers 
including gastric cancer [21]. Everolimus has proved 
to have an anticancer activity in preclinical and clini-
cal phase I/II studies in patients with metastatic gastric 
cancer [22–24]. Unfortunately, a phase III clinical study 
on advanced gastric cancer patients who failed previous 
chemotherapy treatment demonstrated that everolimus 
monotherapy did not significantly improve the overall sur-
vival [12]. One explanation is that everolimus mediates 
its effects by inhibiting mTORC1 with limited effect on 
mTORC2 activity [8]. However, one recent study identi-
fied a subset of diffuse-type gastric cancer as responder to 
inhibitor of mTORC1 [25]. Our work demonstrates that 
the activation of ERK pathway contributes to everolimus 
resistance in gastric cancer cells, and this activation can 
be reversed by the addition of trametinib.

We demonstrated a rapid inhibition of mTOR and para-
doxical activation of ERK by everolimus in gastric cancer 
cells derived from treatment-naïve patient [17] (Fig. 1a). We 
observed the same phenomenon in gastric cancer cells after 
prolonged exposure to everolimus (Fig. 1b, c), suggesting 
that ERK activation is a persistent feature in gastric cancer 
cells after everolimus treatment. ERK activity favors the 
adaptation to environmental stresses that are often induced 
by chemotherapy and anti-tumor activity of the host immune 
system and, therefore, ERK activation is observed in tumor 
cells exposed to chemotherapy [26]. Paradoxical activation 
of ERK is also observed in hepatocellular carcinoma cells 
after BRAF inhibition using sorafenib or specific BRAF/
CRAF siRNA [27]. Both our findings and the previous work 
suggest that ERK activation plays an important role in the 
development of tumor cell resistance to multiple anti-cancer 
agents. In addition, it is important to understand whether the 
resistance is irreversible (due to genetic factors such as gene 
mutations) or reversible (due to plasticity of signaling). We 
speculate that multiple molecular mechanisms might con-
tribute to everolimus resistance in gastric cancer, and ERK 
activation is the essential one. Future work would be deter-
mining if the AGS-r cells remain resistant to everolimus 
following the removal of everolimus from culture conditions 
for 8–12 weeks.

We further investigated whether trametinib can over-
come everolimus resistance in gastric cancer. Trametinib 

is an oral selective MEK inhibitor with potent anti-cancer 
activity in various cancers that acts by inhibiting MEK1 
and MEK2. It has been FDA approved in combination 
with dabrafenib for the treatment of patients with meta-
static melanoma and non-small cell lung cancer harbor-
ing  BRAFV600E mutation [28]. We found that trametinib 
was effective against everolimus-resistant gastric cancer 
cells, and its combination with everolimus resulted in 
greater efficacy than everolimus alone (Figs. 2, 3, 4). The 
molecular characteristics (e.g., mutation of PI3K, BRAF, 
KRAS, and TP53) of gastric cancer cell lines we selected 
to demonstrate the combinatory effects are summarized 
in Supplementary Table 1 [29, 30]. We did not observe 
the correlation of oncogenic genes’ mutation with cell 
response to combination treatment. This suggests that the 
combination of everolimus and trametinib is superior to 
everolimus alone in gastric cancer cells regardless of dif-
ferential molecular profiling. Of note, mice tolerate well 
to the combination treatment. These results demonstrate 
that the co-administration of trametinib and everolimus is 
effective in overcoming everolimus resistance in gastric 
cancer with minimal toxicity in mice.

Mechanism studies showed that trametinib decreased 
the phosphorylation of ERK and 90RSK but not JNK in 
both sensitive and resistant gastric cancer cells, and abol-
ished everolimus-induced ERK activation (Fig. 5a, b). 
Specific ERK depletion was active against everolimus-
resistant gastric cancer cells (Fig. 5c, e). ERK promotes 
ubiquitination and degradation of Bim, a pro-apoptotic 
molecule member of Bcl-2 family proteins, resulting in 
resistance to chemotherapeutic agents in cancer cells [31, 
32]. As a consequence of ERK inhibition, Bcl-2 fam-
ily proteins were affected by trametinib as shown by the 
increased Bim and decreased Bcl-2 (Fig. 5a). We con-
firmed that trametinib overcame everolimus resistance 
by inhibiting ERK signaling and mediating Bcl-2 family 
proteins. This is supported by the previous work that the 
dual inhibition of mTOR and ERK is synergistic in other 
cancers, such as KRAS mutant lung cancer and cholangio-
carcinoma [33, 34].

To our knowledge, we show for the first time that the 
paradoxical activation of ERK is one of the mechanisms 
leading to everolimus resistance in gastric cancer, and this 
can be reversed by the addition of trametinib. Our work 
serves as a proof-of-concept to suggest that the dual inhi-
bition of ERK and mTOR is a better option than using 
single agent alone for gastric cancer.
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