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Abstract

Introduction: Gastric cancers (GC) are one of the main causes of cancer-related deaths worldwide.
Despite the dizzying progress in diagnostic and therapeutic strategies, many GC cases are
diagnosed at advanced stages. Various signaling pathways have been identified to play vital roles
in GC. Although the importance of these signaling pathways in GC has been demonstrated, further
clinical studies are needed. Therefore, the expression of some signaling proteins in the tumoral
and peri-tumoral microenvironments of GC are examined in this study.

Methods: Protein expression levels were analyzed using Western blotting method in tumor and
non-tumorous tissues from nine GC sufferers. The Kaplan-Meier method was used for the log-rank
test to estimate survival curves and examine the survival distribution.

Results: It was found that overexpression of c-MYC, mTOR, and AKT alongside decreased degrees of
AMPK and TRAIL in GC tissues. Kaplan-Meier survival analysis highlighted worse survival outcomes
in patients with high mTOR and AKT expression, while high TRAIL levels were associated with
improved survival. Interestingly, a poorer prognosis was associated with higher c-MYC expression,
highlighting the oncogenic role of this protein in GC through the AKT/mTOR pathway. On the other
hand, decreased AMPK expression implied a lack of tumor-suppressive properties, most likely due
to mTOR activation.

Conclusion: These outcomes highlight the intricate interplay between GC's tumor-suppressive and
carcinogenic mechanisms. Targeting these molecules by inhibiting mTOR or activating AMPK may
provide new treatment approaches which can significantly increase TRAIL sensitivity. Moreover,
further studies are necessary to confirm the present results and establish the integrated therapy
approaches.

Keywords: AKT, AMPK, c-MYC, gastric cancer, mTOR, TRAIL

24 pharmedicinejournal.com


https://pharmedicinejournal.com/
https://pharmedicinejournal.com
https://pharmedicinejournal.com/
https://orcid.org/0000-0003-1544-8994
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0002-0711-4014
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0002-4962-5330
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0002-1155-7790
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0002-2712-7955
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0002-0622-7148
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0001-6298-5026
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0003-1633-9394
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0001-6397-1291
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0001-8998-2028
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0002-0281-1873
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0001-7132-6161
https://orcid.org/0000-0003-2273-5094
https://orcid.org/0000-0003-2615-0202
https://orcid.org/0000-0003-2273-5094
mailto:iyaylim@istanbul.edu.tr

Pharmedicine J. 2025, Volume 2, Issue 1

1. Introduction

Gastric cancers (GC) are among the leading
reasons for cancer-associated mortality worldwide.
The development and progression of GC involve
complex interactions between various signaling
pathways that modify cellular growth, proliferation,
and apoptotic approaches. Molecules like c-MYC,
mechanistic target of rapamycin (mTOR), AKT,
AMP-activated protein kinase (AMPK), and TNF-
related apoptosis-inducing ligand (TRAIL) are very
important in this situation.

c-MYC is one of the carcinogenic transcription
factors which is essential for cell division and cell
growth. Most gastric malignancies can be cause
carcinogenesis by activating the AKT/mTOR
pathway through c-MYC overexpression.
particular, it has been demonstrated that stomach-
specific overexpression of c-MYC activates the
AKT/mTOR pathway and triggers gastric adenoma
(1).

mTOR is an essential enzyme that controls
metabolism and cell proliferation. In addition
to c-MYC expression, activation of the mTOR
pathway plays a crucial role in cellular growth and
differentiation (2). Uncontrolled cell proliferation
and treatment resistance in various malignancies,
including leukemias, are related with the activation
of the PI3K/AKT/mTOR pathway (3).

AMPK functions as the primary regulator of cellular
energy homeostasis and inhibits cell proliferation
through the suppression of the mTOR signaling
pathway. By suppressing the mTOR pathway and
lowering c-MY C expression in cancer cells, AMPK
activation can impede the development of tumors.
Compound C, which is an AMPK inhibitor, has
been shown to cause autophagy of cancer cells
(4,5).

TRAIL is one death ligand which might cause
cancer cells to undergo apoptosis. It was shown that
the efficacy of TRAIL is determined by the state of
intracellular signaling pathways, and interactions
with the AMPK/mTOR pathway can affect TRAIL
sensitivity.

Variations the expression levels and
interactions of these molecules play important
roles in the development of GC. Particularly,

In

in

c-MYC overexpression through the AKT/mTOR
pathway can promote tumorigenesis, at the same
time as AMPK activation can suppress tumor
growth through inhibiting the mTOR pathway
(6). Investigating the expression of c-MYC,
mTOR, AKT, AMPK, and TRAIL is crucial for
understanding the molecular mechanisms of GC
and identifying potential therapeutic targets. The
present study investigates the functions of c-MYC,
mTOR, AKT, AMPK, and TRAIL within the tumor
and peri-tumor microenvironments of GC.

2. Methods

The study included the same patients' tumor and
tumor around non-tumorous tissues of nine GC
patients. The study was approved by the Medical
Ethics Committee of the Istanbul Medical
Faculty, Istanbul University (Approval No:
19.06.2019/119785) and was conducted according
to the principles stated in the Declaration of
Helsinki.

2.1. Western Blot analysis

The analysis determined specific protein expression
in GC tissues, including tumor and adjacent non-
tumorous tissues from the same patients. Tissue
samples were subjected to lysis using a lysis
buffer maintained at low temperatures, and the
concentrations of proteins were determined by
utilizing a protein assay kit. (DC kit; Bio-Rad,
Hercules, CA, USA). Using sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis (PAGE)
with a 4-20% gradient, 40 ug of protein from each
cell and group was separated and then transferred
to polyvinylidene difluoride membranes. After
transfer, the membranes were blocked with a
blocking buffer (0.1 Triton X-100 with 5% dry
milk in Tris-buffered saline-Tween 20 (TBS-T))
for 60 min. At the end of the blocking period, the
membranes were washed with TBS-T and TRAIL
(Invitrogen, Carlsbad, Germany, #MA1-41027),
Caspase-3 (Invitrogen, Carlsbad, Germany #MAS-
11516), c-MYC (Invitrogen, Carlsbad, Germany
#PAS5-85185), mTOR (Invitrogen, Carlsbad,
Germany #AHO1232), AMPK (Invitrogen,
Carlsbad, Germany #AHO1332), AKT (Invitrogen,
Carlsbad, Germany #MAS5-14898), Beta-actin

25

pharmedicinejournal.com


https://pharmedicinejournal.com
https://pharmedicinejournal.com/

Pharmedicine J. 2025, Volume 2, Issue 1

(Proteintech, China#66009-1-Ig) primaryantibodies
were examined. Following TBS-T washing, the
membranes were treated with either an anti-mouse
secondary antibody (Bio-Rad, Hercules, CA, USA,
#170-6515) or horseradish peroxidase-conjugated
anti-rabbit antibody (Bio-Rad, Hercules, CA, USA).
In order to regulate loading, B-actin was employed.
TBS-T with 5% dry milk was used to dilute all of
the antibodies. Chemiluminescence detection was
carried out with the Clarity Western ECL Substrate
(Bio-Rad, Hercules, CA, USA). and the ChemiDoc
MP Imaging System (Bio-Rad, Hercules, CA,
USA) was used to view the blots. The ChemiDoc
MP Imager application programme (Bio-Rad,
Hercules, CA, USA) was used to quantify the blots
using a densitometer (7-9).
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c-MYC is an important transcription factor that
regulates expression of gene involved in processes
such as cell proliferation, differentiation, and
apoptosis (10), and it enhances the progression
of gastric tumor (11,12). TRAIL was inversely
linked to the risk of GC (13, 14). mTOR is the
downstream target of the PI3K/AKT and AMPK
pathways, which are potential therapeutic targets
for cancer. mTOR is activated by AKT and PI3K/
AKT/mTOR signalling pathway increases cell
growth and survival through regulating cell growth,
proliferation and apoptosis cancer cells (15, 16).
Whereas the major negative regulator of mTOR is
AMPK which is tumor suppressor protein in cancer
cells (17, 18). The number of studies indicating
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Figure 1: The Kaplan-Meier survival curves of c-MYC, mTOR (FRAP), AMPK (PRKAA2), AKT, and TRAIL (TNFSF10)

2.2. Statistical analysis

The IBM SPSS Statistics version 24.0 (IBM
Corp., Armonk, NY) and GraphPad Prism version
5.01 (GraphPad Software, Boston, MA) was used
for calculations and graphs. The results were
summarized as means with standard deviations.
Also, NCI-The Cancer Genome Atlas (TCGA)
analysis was performed. The Kaplan-Meier
method was used for the log-rank test in order to
estimate survival curves and examine the survival
distribution. The student t-test was used to establish
statistical significance. Statistical significance was
defined as p values below 0.05.

3. Results

3.1.c-MYC,mTOR,and AKT areoverexpressed,
while AMPK and TRAIL are down expressed in

that the AMPK-mTOR signaling pathway plays a
significant role in the metabolism and tumorigenesis
of GCisincreasing day by day (19-24). To determine
the clinical importance of c-MYC, mTOR (FRAP),
AMPK (PRKAA?2), AKT, and TRAIL (TNFSF10),
Kaplan-Meier survival curves (www.KMplotter.
com) were used to evaluate the prognosis of patients
with GC in the NCI-The Cancer Genome Atlas
(TCGA) GC database (Fig. 1). Among the patients
with GC, the overall survival rate was significantly
higher than those with high TRAIL (TNFSF10)
gene expression but much worse for those with
high mTOR and AKT gene expressions. On the
other hand, patients with a high c-MYC gene had a
better overall survival rate, and patients with a low
AMPK (PRKAAZ2) level had a significantly greater
survival rate.
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Figure 2: The western blot results of tumoral and non-tumoral samples. The results of gastric tumors (a). The results of non-

tumoral samples (b). Comparison of the groups (c)

3.2.¢-MYC, mTOR and AKT AMPK and TRAIL
protein expression levels in tumor and non-
tumorous tissue samples

The expression levels of ¢c-MYC, mTOR, AKT,
AMPK, and TRAIL proteins were analyzed in tumors
and non-tumorous tissue samples of GC patients.
There was no difference between the expressions of
mTOR, AKT, TRAIL, and total caspase-3 proteins.
However, ¢c-MYC and AMPK proteins have not
been expressed in non- tumorous tissue samples
(Figure 2a-c). In contrast to Kaplan-Meier survival
curves, the western blot results of this study suggest
that c-MYC expression in patient tumor tissue may
contribute to tumor initiation and progression by
participating in processes such as proliferation and
differentiation of gastric cells.

4. Discussion

The findings of the present study provide significant
insights into the molecular mechanisms underlying
GC, focusing on c-MYC, mTOR, AKT, AMPK, and
TRAIL expressions. Compared with non-tumorous
tissues, Western blot analysis showed upregulation
of c-MYC, mTOR and AKT in gastric cancer tissues,
although not statistically significant. In contrast,
AMPK showed decreased expression, highlighting
the disturbed balance of GC between oncogenic and

tumor suppressor pathways.

The upregulation of c-MYC in tumor tissues is
consistent with its established role as an oncogenic
driver. Specifically, the increased expression of
c-MYC correlates with AKT and mTOR activation,
supporting the hypothesis that c-MYC promotes
tumorigenesis through AKT/mTOR pathway
activation. The findings of this study are parallel to
the finding of the previous studies demonstrating
that c-MY C overexpression triggers gastric adenoma
development via AKT/mTOR signaling (25).
AMPK, a key metabolic regulator, exhibited reduced
expression in tumor tissues. This is significant as
AMPK acts as a tumor suppressor by inhibiting the
mTOR pathway and reducing c-MYC expression
(26,27). The observed downregulation of AMPK
in GC tissues likely contributes to the activation
of mTOR and the subsequent promotion of
tumorigenesis. Furthermore, Kaplan-Meier survival
analysis revealed that patients with high PRKAA?2
(AMPK) expression had better overall survival,
underscoring the prognostic significance of AMPK
in GC.

The results of the present study suggest that
interactions between TRAIL and the AMPK/mTOR
pathway may influence the TRAIL sensitivity in GC
cells. Similar observations have been reported by
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who found that modulation of the AMPK pathway
could enhance TRAIL-mediated apoptosis in cancer
cells (28) TRAIL which is a pro-apoptotic ligand,
showed variable expression across the tumor
and non-tumor tissues. Although its apoptotic
potential is well-documented, the findings of the
present study suggest that TRAIL's efficacy may
be influenced by the status of the AMPK/mTOR
pathway. Kaplan-Meier analysis further highlighted
that high TNFSF10 (TRAIL) expression is related
with improved survival, indicating its potential as a
therapeutic target in GC.

Interestingly, while AKT and mTOR upregulation
was in tumor tissues, Kaplan-Meier
survival analysis showed that high AKT expression
is associated with poorer survival outcomes.
This highlights the dual role of these pathways in
promoting both tumor growth and resistance to
therapy.

Overall, our findings underscore the intricate
interplay between c-MYC, mTOR, AKT, AMPK,
and TRAIL in GC pathogenesis. Together with
decreased AMPK expression, the increase of c-MYC,
mTOR, and AKT indicates that focusing on these
pathways may have therapeutic advantages. For
example, techniques to suppress mTOR signaling
or activate AMPK may improve GC therapy results
and increase TRAIL sensitivity. Despite these
discoveries, the present study has limitations,
including limited sample size and no functional
tests to confirm causation. Future research should
look at combinatory therapy approaches that target
these pathways and confirm these findings in bigger
cohorts.

The deregulation of important molecular pathways
in GC is highlighted by this study, which also
suggests c-MYC, mTOR, AKT, AMPK, and TRAIL
as possible biomarkers and treatment targets. A
detailed comprehension of their interactions may
shed light to more individualized and successful
therapy strategies in GC.
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