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The transcription factor MYB proto-oncogene like 2 (MYBL2) has been reported to be involved in 
the occurrence and development of various tumors, however, its role in gastric cancer (GC) remains 
to be elucidated. In this study, the Kaplan-Meier plotter was used to evaluate the prognostic value 
of different MYBL2 expression levels in GC patients. The UALCAN database were applied to analyze 
the relationships between MYBL2 and clinicopathological characteristics of GC. GC cell proliferation, 
cell cycle and apoptosis were determined by CCK-8 and flow cytometry assays, and proteins were 
examined by Western blot analysis. Next, signaling pathway enrichment analysis of MYBL2-related 
genes and protein expression were analyzed by Gene Set Enrichment Analysis (GSEA) and Western 
blot assays. The results found that MYBL2 expression was significantly upregulated in GC compared 
with adjacent non-malignant tissues and associated with poor patient survival, tumor, stages and 
lymph node metastasis. Forced expression of MYBL2 could promote cell proliferation, resulting in an 
accelerated S phase progression and inhibiting cell apoptosis in GC cells. Conversely, MYBL2 silencing 
inhibited cell proliferation, induced G2/M phase arrest and promoted cell apoptosis in GC cells. 
Mechanistically, Western blot analysis showed that MYBL2 silencing decreased the expression of BCL2 
and upregulated the expression of Cleaved-caspase-3 and BAX in HGC-27 cells. Conversely, MYBL2 
overexpression in AGS cells resulted in the opposite effects. Furthermore, enforced expression of 
MYBL2 activated the PI3K/AKT signaling pathway, especially AKT phosphorylation. Additionally, the 
AKT inhibitor MK2206 significantly reversed the proliferation capacity of GC cells induced by MYBL2 
overexpression. Therefore, these results suggest that upregulated expression of MYBL2 contributes 
to GC cell growth and inhibits cell apoptosis by regulating the PI3K/AKT and BCL2/BAX/Cleaved-
caspase-3 signaling pathways in GC cells indicating that MYBL2 may be a new therapeutic target and 
prognostic marker for GC.
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Cancer remains a major cause of mortality worldwide, especially in China1–3, and GC ranks as the fifth most 
common cancer and ranks fourth among causes of cancer-related death globally4. Although the past decade has 
witnessed significant inroads in surgery, chemotherapy, radiotherapy, and biological therapy, the prognosis of 
GC patients remains unsatisfactory5,6. Therefore, it is particularly urgent to search for the driving genes involved 
in the occurrence and development of GC.

Uncontrolled cell proliferation is one of the hallmarks of cancer cells. It has been established that cell 
proliferation and malignant transformation represent complex biological processes involving multiple genes 
and signaling pathways7. Transcription factors (TFs) are essential for regulating gene expression by interacting 
with transcription corepressors/enhancers and play fundamental roles in the multistep process of tumorigenesis 
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and development8. An increasing body of evidence suggests that TFs such as AP-1, Sp1, Snail1 and c-Myc are 
involved in the malignant proliferation, invasion and metastasis of tumor cells9–13.

MYBL2 (MYB proto-oncogene Like 2) is a highly conserved member of the MYB transcription factor 
family, which plays a key role in regulating the cell cycle, cell proliferation, apoptosis, and metastasis14–16 There 
is a growing consensus that overexpression of MYBL2 can promote the proliferation of gallbladder17 and liver 
cancer cells18. Consistently, increased or overexpression of MYBL2 in several invasive cancers can promote 
tumorigenesis in many tissue types, including human glioma19, myeloid leukemia20, breast cancer21, and non-
small cell lung cancer22. However, the biological function of MYBL2 expression and GC has not been thoroughly 
studied. Accordingly, further studies are warranted to explore whether MYBL2 is involved in the malignant 
proliferation of GC cells.

In this study, we demonstrated that elevated expression of MYBL2 was significantly correlated with the 
different tumor grades and prognosis of GC patients, and MYBL2 contributes to GC cell growth and inhibits cell 
apoptosis by regulating the PI3K/AKT and BCL2/BAX/Cleaved-caspase-3 signaling pathways in GC cells, and 
providing a potential novel molecular target for GC patients.

Methods
Bioinformatic data mining
The survival curves of GC patients with high and low expression of MYBL2 were plotted using the Kaplan-Meier 
database (https://kmplot.com/analysis/). MYBL2 expression was analyzed in the gastric patient in The Cancer 
Genome Atlas (TCGA) data portal (https://portal.gdc.cancer.gov/) using The R Project for Statistical Computing 
(version 4.0.5, https://www.r-project.org/) and ActivePerl (version 5.26.3001, https://www.perl.org/) software. 
Moreover, the relationship between MYBL2 expression and clinicopathological characteristics was analyzed 
using the online tool UALCAN (http://ualcan.path.uab.edu/).

Cell lines and cell culture
The GC cell lines AGS and HGC-27 were obtained from the Chinese Academy of Medical Sciences & Peking 
Union Medical College (CAMS & PUMC, Beijing, China). All cells were cultured in DMEM (GIBCO, USA) 
medium containing 10% fetal bovine serum (Wisent, St. Bruno, QC, Canada), 1% streptomycin and 1% penicillin 
(Invitrogen, Carlsbad, CA, USA) in a humidified atmosphere at 37 °C with 5% CO2.

Cell transfection
The pcDNA3.1 vector and pcDNA3.1-MYBL2 plasmids were purchased from Youbio (Changsha, China). The 
plasmids were transfected into AGS cells using lipofectamine 6000 (Beyotime Biotechnology, Shanghai, China) 
in accordance with the manufacturer’s protocol. The interfering RNA (siRNA) for the specific inhibition of 
MYBL2 expression and a negative control siRNA were synthesized by GenePharma Co., Ltd. (Shanghai, China). 
The target sequence of MYBL2 was as follows23: MYBL2#1: 5′- GCA GAG GAC AGU AUC AAC ATT-3′; 
MYBL2#2: 5′- GAU CUG GAU GAG CUG CAC UTT-3′. The sequence of siRNA-NC was as follows: 5′-UUC 
UCC GAA CGU GUC ACG UTT − 3′. The HGC27 cells were transfected with siRNAs using lipofectamine 
6000 according to the manufacturer’s information. After treatment, the cells were harvested and processed for 
further analysis.

Cell proliferation assays
The cells (4.5 × 103 cells per well) were seeded in 96-well culture plates for 24 h and transfected with siRNAs or 
plasmids DNA for 4 ~ 6 h and switched to complete medium or MK2206 (Beyotime Biotechnology, Shanghai, 
China) for culture for 24, 48, 72 and 96  h, respectively. Next, the CCK-8 reagent (Beyotime Biotechnology, 
Shanghai, China) was used to detect cell proliferation following the kit instructions.

Cell cycle and apoptosis analysis
The cells were inoculated into 6-well plates for 24 h and transfected with siRNAs or plasmids DNA for 4 ~ 6 h. 
After cells were cultured in complete medium for 48 h, cells were collected and washed with ice-cold PBS. Then 
the cells were fixed in 70% ethanol at -20 °C overnight. The next day, cells were resuspended in PBS, and stained 
with PI solution (Beyotime Biotechnology, Shanghai, China) for 30 min protected from light, and then cells were 
analyzed by flow cytometry (Beckman Coulter, Shanghai, China). At 48 h post-transfection, cells were harvested 
and stained with Annexin V-FITC/PI Staining Kit (Beyotime Biotechnology, Shanghai, China) according to 
the manufacturer’s instructions. GFP-expressing cells were analyzed by labeling with Annexin V-PE/7-AAD 
(Beyotime Biotechnology, Shanghai, China). The flow cytometry data were obtained using CytoFlex (Beckman 
Coulter, Shanghai, China), and analyzed by FlowJo (version 10.9.0, https://www.flowjo.com/) software.

Function enrichment analysis
GSEA enrichment analysis of MYBL2-related genes based on the TCGA database was performed using the 
c2.cp.kegg.v7.5.1symbols.gmt subset. Kyoto Encyclopedia of Genes and Genomes (KEGG) signaling pathway 
enrichment analysis of MYBL2 was performed by GSEA software (version 4.3.3, https://www.gsea-msigdb.org/), 
and the results were plotted using R software. False Discovery Rate (FDR) < 0.05 was considered statistically 
significant.

Western blot analysis
Total protein was extracted using RIPA Lysis Buffer (Beyotime Biotechnology, Shanghai, China) and the 
protein concentrations were quantified with the BCA Protein Assay Kit (Beyotime Biotechnology, Shanghai, 
China). Subsequently, proteins were subjected to 10% or 12.5% sodium dodecyl sulfate-polyacrylamide gel 
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electrophoresis (SDS-PAGE) and then transferred onto polyvinylidene fluoride (PVDF) membranes (Millipore, 
Massachusetts, USA). Then, the membranes were sequentially incubated with primary antibodies at 4  °C 
overnight and horseradish peroxidase (HRP)-conjugated secondary antibodies for 2 h at room temperature. 
Antibodies for BCL2 (1:1000), p-PI3K (1:1000) and β-actin (1:4000) antibodies were purchased from ABclonal 
(ABclonal Science Co., Ltd., Wuhan, China). BAX (1:2000), Cleaved-caspase-3(1:1000), AKT (1:2000) and 
p-AKT (1:1000) antibodies were purchased from Proteintech (Proteintech Scientific Co., Ltd, Wuhan, China). 
Goat anti-Mouse IgG HRP (1:4000) and goat anti-Rabbit IgG HRP (1:4000) purchased from Abways (Abways 
Technology, Shanghai, China) were used as the secondary antibody. The immunoreactive proteins were detected 
using an ECL Western blotting detection system (Millipore, MA, USA).

Statistical analysis
Data were analyzed using IBM SPSS Statistics (version 25.0, https://www.ibm.com/spss) software (IBM 
Corporation, Armonk, NY, USA), and graphs were generated using GraphPad Prism (version 8.0.1, ​h​t​t​p​s​
:​/​/​w​w​w​.​g​r​a​p​h​p​a​d​.​c​o​m​/​)​(​G​r​a​p​h​P​a​d​​​​ Software, La Jolla, CA, USA). Results were presented as mean ± SD. For 
all experiments, one-way ANOVA or Student’s t-test was used to analyze the differences between groups. A 
log-rank test was used to compare survival differences across groups for Kaplan-Meier survival analysis. The 
Wilcoxon rank sum test, Wilcoxon signed-rank test or Kruskal-Wallis test was used to analyze the relationship 
between MYBL2 expression and clinicopathological characteristics. A two-sided P-value < 0.05 was statistically 
significant.

Results
Elevated expression of MYBL2 was significantly correlated with the clinicopathological 
features of GC patients
It has been established that the upregulation of MYBL2 expression is associated with the progression and 
poor prognosis of prostate cancer24. To explore the correlation between MYBL2 expression in GC and the 
clinicopathological features and prognostic significance, we first used Kaplan-Meier to analyze the effect of 
MYBL2 on the survival of GC patients. The results showed a significant relationship between MYBL2 and 
overall survival (P < 0.01, Fig. 1A), progression-free survival (P < 0.001, Fig. 1B), and post-progression survival 
(P < 0.05, Fig. 1C) in GC patients, suggesting that high MYBL2 expression correlated with a poor prognosis 
in GC patients. Next, we analyzed the expression of MYBL2 in GC tissues through the TCGA database. The 
results showed that MYBL2 expression was significantly increased in GC tissues (n = 375) compared with gastric 
mucosal tissues (n = 32) (P < 0.001, Fig. 1D). In addition, we analyzed 27 paired GC and adjacent tissues and 
found that MYBL2 was highly expressed in GC tissues (P < 0.001, Fig. 1E). Moreover, MYBL2 expression in 
GC tissues with different tumor grades (Fig. 1F), cancer stages (Fig. 1G) and lymph node metastatic grades 
(Fig. 1H) was significantly higher than that in peri-tumor tissues. Taken together, MYBL2 may be involved in 
the malignant phenotype of GC cells and represents is a prognostic marker and potential therapeutic target in 
GC patients.

MYBL2 affects cell proliferation by modulating G2/S cell phase transition in GC cells
Abnormal cell proliferation is a typical feature observed after the malignant transformation of cells. Previous 
studies have shown that MYBL2 regulates the proliferation of lung and bladder cancer cells17,22. Accordingly, we 
first transfected HGC27 cells with a siRNA (target to MYBL2) and MYBL2 overexpression vector, respectively. 
Next, the proliferation ability of the GC cells was detected by the CCK-8 assay at 24, 48, 72, and 96 h, respectively. 
The results showed that MYBL2 silencing inhibited cell proliferation, whereas overexpression of MYBL2 
promoted GC cell proliferation (Fig. 2A, P < 0.05). Flow cytometry analysis showed that the G2/M phase cells 
were significantly increased after MYBL2 silencing in HGC27 cells (Fig. 2B, P < 0.05), while the S phase cells of 
AGS cells increased significantly after MYBL2 overexpression (Fig. 2C, P < 0.05). The above results suggest that 
MYBL2 affects the proliferation of GC cells by regulating the cell cycle of GC cells.

MYBL2 inhibits cell apoptosis through Mitochondria-mediated pathway in GC cells
The ability of cancer cells to evade apoptosis is established as one of the hallmarks of cancer7. To elucidate the 
role of MYBL2 in GC cell apoptosis, the effects of MYBL2 silencing/overexpression on GC cell apoptosis were 
detected by Annexin V-FITC/PI or Annexin V-PE/7-AAD fluorescent staining assay. As shown in Fig. 3, MYBL2 
depletion resulted in increased early apoptosis levels in HGC27 cells (Fig.  3A), whereas ectopic expression 
of MYBL2 significantly reduced early apoptosis of AGS cells (Fig. 3B). To further explore the mechanism of 
MYBL2 inhibiting apoptosis of HGC27 cells, we detected the expression of pro-apoptotic protein BAX, anti-
apoptotic protein BCL2 and Cleaved-caspase-3 protein by Western blotting assay. The results indicated that 
the knockdown MYBL2 significantly enhanced the BAX and Cleaved-caspase-3 expression and reduced BCL-2 
levels in HGC27 cells (Fig. 3C). As expected, overexpression of MYBL2 yielded the opposite result (Fig. 3D). 
The above results suggest that MYBL2 inhibits apoptosis in GC cells via BCL2/BAX/Cleaved-caspase-3 signaling 
pathway in GC cells.

GSEA enrichment analysis of MYBL2-related genes based on the TCGA database
Our results above confirmed that the high expression of MYBL2 can inhibit the apoptosis and promote the 
proliferation of GC cells, in order to further explore the mechanism underlying the effect of MYBL2 on the 
occurrence and development of GC, gene set enrichment analysis of MYBL2-related genes were performed 
by GSEA. The results revealed that MYBL2 were significantly enriched in cell cycle, pyrimidine metabolism, 
DNA replication, calcium signaling pathway, ECM receptor interaction, etc25,26 (Fig. 4). The results are shown 
in Additional file 1: Table S1. It has been reported that altered cell cycle progression27, DNA replication 

Scientific Reports |         (2025) 15:9148 3| https://doi.org/10.1038/s41598-025-93022-4

www.nature.com/scientificreports/

https://www.ibm.com/spss
https://www.graphpad.com/)(GraphPad
https://www.graphpad.com/)(GraphPad
http://www.nature.com/scientificreports


stress28, and metabolic stress contribute to the hyper-proliferation in cancer cells. In addition, the PI3K/AKT 
signaling pathway, which is widely activated in tumor tissues and cells29, plays a crucial role in cell proliferation, 
differentiation, apoptosis, metabolism, and angiogenesis30, and it is widely acknowledged that the activation of 
the PI3K/AKT signal pathway can promote the proliferation of GC cells29. So, we speculate that MYBL2 may 
promote the proliferation of GC cells by activating PI3K/AKT signal pathway.

MYBL2 promotes GC cell proliferation through the PI3K/AKT signaling pathway in GC cells
To further confirm our hypothesis that MYBL2 induced GC cell proliferation is related to PI3K/AKT signal 
pathway, Western blot was used to detect the key proteins in PI3K/AKT signal transduction pathway in MYBL2 
silenced and overexpressed GC cells. As shown in Fig. 5, the protein expression levels of p-PI3K and p-AKT 
were significantly downregulated after transfection of the MYBL2-targeted siRNA in HGC27 cells (Fig. 5A). 
Conversely, transfection of MYBL2 plasmid could significantly upregulate the protein expression of p-PI3K 
and p-AKT compared with the control group (Fig. 5B). The above results suggest that MYBL2 can promote 
the proliferation of GC cells by activating the PI3K/AKT signaling pathway. In addition, the AKT inhibitor 
(MK2206) significantly reversed the proliferation of GC cells induced by MYBL2 overexpression (Fig. 5C). Taken 

Fig. 1.  The expression level of MYBL2 was significantly correlated with the clinicopathological features of GC 
patients. (A–C) Kaplan-Meier analysis of the effect of MYBL2 expression on overall survival (A), progression-
free survival (B), and post-progression survival (C) in GC patients. (D–E) MYBL2 expression in gastric 
mucosal tissues and GC tissues (D), MYBL2 expression in 27 paired of GC tissues and adjacent tissues (E). 
(F–H) MYBL2 expression level in normal gastric tissue and different grades (F), stages (G) and lymph node 
metastasis (H) of GC patients. **P < 0.01; ***P < 0.001; *: compared with normal gastric tissue.

 

Scientific Reports |         (2025) 15:9148 4| https://doi.org/10.1038/s41598-025-93022-4

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


together, our findings suggest that MYBL2 overexpression can promote proliferation and inhibit apoptosis of GC 
cells by regulating the PI3K/AKT and BCL-2/BAX/Cleaved-caspase-3 signaling pathways in GC cells (Fig. 5D).

Discussion
GC remains a major public health issue affecting the life and health of the Chinese population, and incidence 
rates of early-onset GC have been rising in recent years31. Although unprecedented medical progress has been 
achieved, the prognosis of patients with GC remains dismal32. Thus, further research is warranted to explore 
the potential causes of GC development and progression and develop the corresponding targeted interventions.

There is a rich literature available substantiating that transcription factors and their regulatory networks 
play an important role in the tumorigenesis and development of various tumors, including GC33–36. Previous 
research has shown that GC cells are regulated by transcription factors in terms of proliferation, migration and 
invasion36. MYBL2 is a member of the MYB transcription factor family, and upregulated MYBL2 expression has 

Fig. 2.  Effects of MYBL2 on the proliferation and cell cycle progression of GC cells. (A) HGC27 cells were 
treated with siRNA, AGS cells were treated with overexpression vector and empty vector, and then the cell 
proliferation was detected by CCK-8 at 24, 48, 72, and 96 h, respectively. (B) Distribution of cells in HGC27 
cell cycle after 48 h of MYBL2 silencing by flow cytometry, the percentage of cells in G0/G1, S and G2/M 
phases as shown in the bar graph. (C) The distribution of MYBL2 overexpression in AGS cells after 48 h was 
detected by flow cytometry, and the percentage of cells in the G0/G1 phase, S phase and G2/M phase is shown 
in the bar graph. *P < 0.05; **P < 0.01.
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Fig. 3.  Effects of MYBL2 on apoptosis of GC cells. (A) MYBL2 silencing significantly promoted the apoptosis 
of HGC27 cells by flow cytometry (Annexin V/PI staining) analysis. (B) MYBL2 overexpression significantly 
inhibited the apoptosis of AGS cells by flow cytometry (Annexin V-PE/7-AAD staining) analysis. (C) Western 
blot analysis of the expression levels of apoptosis-related proteins MYBL2, BAX, BCL2, Cleaved-caspase-3 p17 
and Cleaved-caspase-3 p19 after treating HGC27 cells with siRNA for 48 h, respectively. (D) Changes in the 
expression levels of apoptosis-related proteins MYBL2, BAX, BCL2 and Cleaved-caspase-3 p17 and Cleaved-
caspase-3 p19 were analyzed by Western blotting after treating AGS cells with the overexpression vector for 
48 h. *P < 0.05, **P < 0.01, ***P < 0.001 vs. NC.
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been correlated with a poor prognosis in prostate and colorectal cancer24,37. In the present study, we consistently 
observed that the expression of MYBL2 was significantly higher in GC tissues than in normal paracancerous 
tissues and correlated with poor patient outcomes (Fig.  1). Subsequent cell experiments demonstrated that 
MYBL2 silencing significantly inhibited the growth of HGC27 cells, and the overexpression of MYBL2 could 
enhance the proliferation of AGS cells, which indicated that the MYBL2 gene could enhance cell proliferation 
(Fig. 2A). This finding is consistent with studies on hepatocellular carcinoma, bladder cancer and esophageal 
squamous cell carcinoma16,18,38.

The regulation of cell proliferation is a complex regulatory network, and the abnormal cell cycle can change 
the behavior of cell differentiation and proliferation. Emerging evidence suggests that MYBL2 can contribute to 
cell cycle dysfunction, promote cell carcinogenesis and malignant proliferation, and then damage the organisms, 
which plays an important role in cell proliferation, metastasis and recurrence of tumor cells39,40. Further study 
found that MYBL2 silencing can inhibit cell proliferation and induce G2/M arrest in U251 cells19. In this study, 
MYBL2 silencing inhibited the proliferation of GC cells by inducing G2/M cell cycle arrest. On the contrary, 
overexpression of MYBL2 could increase the number of cells in S phase, promote cell division and promote cell 
proliferation. This is consistent with the results of previous studies that the percentage of S phase cells increased 
significantly after overexpression of MYBL2 in colorectal cancer41. Therefore, we speculate that MYBL2 may 
promote cell proliferation by regulating the process of cell cycle, but the specific mechanism is still unclear.

Apart from cell cycle arrest, the imbalance of apoptosis can also lead to changes in cell proliferation behavior. 
Apoptosis is an evolutionarily conservative form of programmed cell death, which is a critical limiting factor 
that limits the expansion of cell populations, and plays an indispensable regulatory role in the maintenance and 
survival of cell homeostasis42. Dysregulation of apoptotic cell death is a hallmark of cancer43. Apoptosis can 
be triggered intrinsically through the mitochondrial pathway44. It is well-established that the BCL2 families of 
proteins are key regulators of the mitochondrial apoptotic pathway. BCL2 and BCL-XL are major anti-apoptotic 
proteins, while BAD, BID, BIK, BAX and BAK are major pro-apoptotic proteins45–47. Studies have suggested 
that the MYBL2 gene promotes T-cell survival by enhancing the expression of the proto-oncogene BCL248. 
In this study, we first assessed the expression of BCL2 and BAX in HGC27 and AGS cells treated with MYBL2 
silencing and overexpression. The results showed that MYBL2 silencing upregulated the expression of BAX but 
decreased BCL2 levels, while MYBL2 over-expression could inhibit the apoptosis of AGS cells by suppressing the 
expression of BAX and upregulating BCL2 (Fig. 3). Apoptosis is mainly executed by a family of Caspases49, and 
Caspase-3 is one of the most important members of the caspase protein family and a major executioner caspase 
in apoptosis50. In this study, MYBL2 silencing showed increased Cleaved-caspase-3 p17 and Cleaved-caspase-3 

Fig. 4.  Signaling pathway enrichment analysis of MYBL2-related genes by GSEA. GSEA plots for ten KEGG 
pathways significantly enriched for MYBL2. Screening criteria of selected KEGG pathways: FDR value < 0.05. 
Enrichment Score (ES), Normalized Enrichment Score (NES), False Discovery Rate (FDR).
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p19 protein expression by western analysis, compared to MYBL2 overexpressing cells. Taken together, our 
results substantiate that MYBL2 can inhibit apoptosis of human GC cells through the mitochondrial pathway.

Various oncogenes and growth factor receptors can activate phosphoinositide 3-kinase (PI3K) activity, and 
elevated PI3K signal transduction is considered a hallmark of carcinomas51. In recent years, Ser/Thr kinases AKT 
has become the focus of research in different fields of biology and medicine52. The activation of PI3K requires the 
phosphorylation of two key regulatory residues, Thr308 and Ser473, on AKT53, whereby maximum activation 
of AKT is observed upon phosphorylation of Ser47354. Besides, AKT phosphorylates related target proteins 
directly or indirectly, promoting cell survival, growth and metabolism55. Herein, we revealed that the expression 
of p-PI3K and p-AKT/AKT ratio significantly decreased after MYBL2 silencing in HGC27 cells, which indicates 
that MYBL2 silencing could inhibit the proliferation of GC cells. However, the overexpression of MYBL2 
induced the proliferation by increasing the expression of p-PI3K and p-AKT/AKT ratio in AGS cells (Fig. 5). 
This is consistent with previous studies on colorectal cancer cells41 and lung cancer cells56. Additionally, an AKT 
inhibitor (MK2206) significantly reversed the cell proliferation capacity induced by MYBL2 overexpression 
in GC cells. Overall, these data suggest that MYBL2 can promote the proliferation and inhibit apoptosis by 
activating the PI3K/AKT signaling pathway in GC cells.

Conclusion
In summary, our results suggest that MYBL2 expression was significantly upregulated in GC tissues and its high 
expression level is associated with poor prognosis of GC. Mechanistically, upregulated expression of MYBL2 
contributes to GC cell growth and inhibits cell apoptosis by regulating the PI3K/AKT and BCL2/BAX/Cleaved-
caspase-3 signaling pathways in GC cells, and MYBL2 might serve as a potential novel target for treatment of 
GC patients.

Fig. 5.  MYBL2 activates the PI3K/AKT signaling pathway in GC cells. (A) The p-PI3K, p-AKT and AKT 
protein expression were examined by Western blot after transfecting siRNA targeting MYBL2 for 48 h 
in HGC27 cells. (B) Western blot analysis of the expression of p-PI3K, p-AKT and AKT proteins after 
transfecting AGS cells for 48 h with MYBL2 overexpression vector. (C) Effect of the AKT inhibitor MK2206 on 
MYBL2-induced cell. (D) MYBL2 contributes to GC cell growth and inhibits cell apoptosis by regulating PI3K/
AKT and BCL2/BAX/Cleaved-caspase-3 signaling pathways in GC cells. *P < 0.05, **P < 0.01, ***P < 0.001 vs. 
NC.
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Data availability
The original contributions presented in the study are included in the article/Supplementary Material. Further 
inquiries can be directed to the corresponding authors. Gene Expression Data for GC Patients Downloaded 
from TCGA Database (https://portal.gdc.cancer.gov/).
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