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[ Abstract] Objective To predict the intervention targets of empagliflozin (EMPA), a specific inhibitor of
sodium-glucose cotransporter 2 (SGLT2), in gastric adenocarcinoma through comprehensive network pharmacology, and
to validate the effects and the molecular mechanisms of EMPA through cellular and molecular biology experiments.
Methods Bioinformatics analysis of gastric adenocarcinoma was conducted to assess the correlation between gastric
adenocarcinoma prognosis and SGLT2 expression. Network pharmacology was utilized to identify shared targets of
EMPA and gastric adenocarcinoma. AGS cells, a human gastric adenocarcinoma cells line, were incubated with EMPA at
different concentrations for 24 h and, then, cell proliferation was assessed using the CCK8 assay. After AGS cells were
incubated with EMPA at the doses of 0, 3, and 6 mmol/L, real-time cell analysis (RTCA) and 5-ethynyl-2-deoxyuridine
(EdU) incorporation were used to evaluate EMPA's inhibitory effects on the proliferation of the AGS cells. In addition,
wound healing and Transwell assays were performed to assess the inhibitory effect of EMPA on the migration and
invasion of the APC cells and Western blot analysis was conducted to examine the expression of mammalian target of
rapamycin (mTOR) and phosphorylated mTOR (p-mTOR). BALB/c (nu/nu) nude mice were implanted with 5x10° AGS
cells in the axilla. The mice were divided into three groups, a control group, a low-dose group, and a high-dose group,
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each consisting of 7 mice. After one week, the control group received daily intraperitoneal injections of normal saline,
while the low-dose group and high-dose group received daily intraperitoneal injections of EMPA at the doses of 3 mg/kg
and 5 mg/kg, respectively. The tumor volume was measured one week after the drug intervention started.
Results Gastric adenocarcinoma patients with low expression of SGLT2 exhibited longer survival time and higher
survival rate than those with high expression of SGLT2 did. A total of 104 EMPA-related potential targets and 2028
targets associated with gastric adenocarcinoma were identified. Among these, 45 targets associated with gastric
adenocarcinoma overlapped with potential targets of EMPA. Further analysis revealed 10 relevant pathways and 4 core
genes. The core genes were cyclin-dependent kinase 4 (CDK4), glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
mTOR, and cyclin E1 (CCNE1). CCK-8 assay revealed that EMPA at concentrations ranging from 0.39 to 50 mmol/L
effectively inhibited the proliferation of AGS cells. RTCA results indicated a downward shift in the cell growth curve. In
comparison to the findings for the control group, EdU assay demonstrated that EMPA at the concentrations of 3 mmol/L
and 6 mmol/L significantly inhibited AGS cell proliferation (P<0.05). Results from wound healing and Transwell assays
indicated a decrease in the levels of cell migration and invasion (P<0.05) and, notably, there was a significant difference
between the high and low-dose EMPA groups (P<0.05). Western blot showed no statistically significant difference in the
expression of total mTOR protein between the groups. However, the expression of p-mTOR in the 3 mmol/L and
6 mmol/L EMPA groups decreased compared to that of the control group (P<0.05), with the 6 mmol/L EMPA group
exhibiting a more pronounced reduction (P<0.05). Nude mice xenograft tumor experiment demonstrated that, compared
to that of the control group, the tumor volumes in the EMPA-treatment groups were significantly reduced (P<0.05), with
the high-dose group showing a more pronounced reduction (P<0.05). Conclusion EMPA inhibits the abnormal
proliferation and migration of gastric adenocarcinoma cells, potentially through the modulation of mTOR protein

activation. This study provides new potential medication and intervention targets for gastric adenocarcinoma treatment.
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Fig 1 The correlation between SGLT2 and the prognosis of patients with gastric adenocarcinoma and EMPA targets prediction and network construction

in gastric adenocarcinoma

A, The expression of SGLT2 in normal gastric tissue (N, n=211) and gastric adenocarcinoma tissue (T, n=408). B, The negative correlation between the expression

level of SGLT2 and the predicted survival period of patients. C, A protein-protein interaction (PPI) network. HR: hazard ratio (95% confidence interval).
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Table 1 The enriched KEGG pathways and the relevant genes
Pathway Gene Q value
Cellular senescence CCNA1, CDK2, CCNB1, CCNA2, CCNE1, MAP2K1, CHEK1, mTOR, PIK3CA, CDK6, CDK1, 7.86E-13
CDK4, MAPK3, MAPK1
PI3K-Akt signaling pathway CDK2, CCNE1, MAP2K1, PDGFRB, SYK, EGFR, FLT4, mTOR, JAK2, PIK3CA, CDK6, CDK4,  4.73E-09
MAPK3, MAPK1
Human papillomavirus infection CCNAL1, CDK2, CCNA2, CCNE1, MAP2K1, PDGFRB, EGFR, mTOR, PIK3CA, CDK6, CDK4, 1.79E-08
MAPK3, MAPK1
Viral carcinogenesis CCNAL1, CDK2, CCNA2, CCNE1, SYK, CHEK1, PIK3CA, CDK6, CDK1, CDK4, MAPK3, 1.60E-09
MAPK1
Human T-cell leukemia virus 1 infection CCNA1, CDK2, CCNA2, CCNE1, MAP2K1, SLC2A1, CHEK]1, PIK3CA, MAPKS8, CDK4, 2.92E-09
MAPK3, MAPK1
Coronavirus disease - COVID-19 SYK, EGFR, MMP3, MMP1, ADAM17, PIK3CA, ACE, MAPKS8, AGTR1, F2, MAPK3, MAPK1  4.73E-09
Progesterone-mediated oocyte maturation CCNA1, CDK2, CCNB1, CCNA2, MAP2K1, PIK3CA, MAPKS, PLK1, CDK1, MAPK3, 4.40E-11
MAPK1
Prostate cancer CDK2, CCNE1, MAP2K1, PDGFRB, EGFR, MMP3, mTOR, PIK3CA, MAPK3, MAPK1 6.81E-10
HIF-1 signaling pathway MAP2K1, SLC2A1, GAPDH, EGFR, HK2, mTOR, PFKFB3, PIK3CA, MAPK3, MAPK1 9.48E-10
Cell cycle CCNAL1, CDK2, CCNB1, CCNA2, CCNE1, CHEK]1, PLK1, CDK6, CDK1, CDK4 2.68E-09
®2 BOERXBRESN 2.4 EMPA#IF B AR LA A IE5E
Table 2 Association analysis of the core genes
CCK8%5 53], f#i /JEMPA(0.39. 0.78. 1.56, 3.13,
Target Degree Betweenness Closeness o s
6.25, 12.50., 25.00, 50.00 mmol/L) 24 hJ, REALHNHI
GAPDH 35 399.950458 5 0.318518519
AGSHIHIE 5 (1524 IR — AT i
mTOR 28 158.595297 0.302816901 EHE@ Eﬁﬁ([&—] )’ Tfl]ﬁﬂ}:f IJj_j ! :FDEﬁEjH]L
E Y HE 4 e
CDK4 18 19.559909 34 0.275641026 LFo SXIEA(0 mmol/L) EMPAFHLL, RTCAZS SR i
CCNE1 17 88.6667302 0.277419355 7, 3 mmol/L, 6 mmol/L EMPA T AGSAI A AL KA

CDK4: cyclin-dependent kinase-4; GAPDH: glyceraldehyde-3-phosphate
dehydrogenase; mTOR: mammalian target of rapamycin; CCNE1: cyclin E1.

CDK4) | 3-Wi P H i it S B AL A (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) . 75 1%z 2 L 55 25
F: [ (mammalian target of rapamycin, mTOR) Fl il HH 25 4
E13E [ (cyclin E1, CCNE1) .
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M2 1953% (P<0.05) , 4 75 240 A 3 78 0 M b 35 R AR
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(P<0.05)
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Fig 2 EMPA inhibited the proliferation of gastric adenocarcinoma cells
A, CCKS8 assay to determine the inhibition rate of AGS cells after EMPA treatment at the doses of 0-50 mmol/L at 24 h (n=>5). B, RTCA assay to determine the cell
index of AGS cells after EMPA treatment at the doses of 0, 3, and 6 mmol/L for 0-72 h (n=3). C, EdU assay to examine the proliferation ability of AGS cells after EMPA

treatment at the doses of 0, 3, and 6 mmol/L at 24 h.
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Fig 3 EMPA inhibited the migration and infiltration of AGS cells

In scratch wound assay (A and B), AGS cells were incubated with EMPA. The migration and invasion of AGS cells were assessed using a Transwell assay after 24

hours of treatment with EMPA at the doses of 0, 3, and 6 mmol/L (C) and the impact of SGLT2 on AGS cell migration (D) and invasion (E) was measured. n=3. ** P<0.01,

™" P<0.001.
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Fig4 EMPA inhibited the expression levels of p-mTOR in gastric

adenocarcinoma cells
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Fig 5 EMPA inhibited the proliferation of gastric adenocarcinoma cells
in nude mice
EMPA-L: EMPA low-dose group; EMPA-H: EMPA high-dose group.
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