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Abstract
Background Actin-like protein 8 (ACTL8) significantly correlates with tumor growth and prognosis across various cancer 
types. Nevertheless, the potential relationship between ACTL8 and gastric cancer (GC) remains uncertain.
Objective This study aimed to elucidate the role of ACTL8 in human GC cells and to explore its mechanism.
Methods Bioinformatics analysis tools, such as GEPIA2, Kaplan–Meier, and STRING, were utilized for a comprehensive 
investigation of the characteristics and functional roles of ACTL8 in GC, including differential expression, prognostic value, 
and related signaling pathways. Subsequently, gene expression analyses, cell function assays, and signaling pathway experi-
ments were conducted to verify key findings.
Results Bioinformatics analysis showed that ACTL8 was significantly elevated in GC and closely associated with poor 
prognosis. Gene expression experiments confirmed the bioinformatics results. Furthermore, ACTL8 knockdown markedly 
reduced GC cell proliferation and inhibited migration and invasion. Mechanistically, a significant increase in the phosphoryla-
tion levels of signaling proteins was observed in GC cells following ACTL8 overexpression, and PI3K/Akt/mTOR pathway 
inhibitors could reverse this effect.
Conclusion ACTL8 expression is significantly upregulated in GC cells and is closely correlated with poor patient prognosis. 
Further mechanistic studies revealed that ACTL8 may promote GC cell migration and proliferation through activation of the 
PI3K/Akt/mTOR signaling pathway. Consequently, ACTL8 emerges as a promising therapeutic target for GC.

Keywords Gastric cancer (GC) · Actin-like protein 8 (ACTL8) · Proliferation · Migration · Invasion · PI3K/AKT/mTOR 
signaling pathway

Introduction

Gastric cancer (GC) is the fifth most common malignancy 
and ranks third in cancer-related mortality globally [1]. 
Nearly one million patients are diagnosed with GC and more 
than 700,000 succumb to the disease [2]. The 5-year overall 
survival (OS) rate for GC is below 50%, with only 20% of 
cases are detected early, as most patients are diagnosed at an 
advanced stage [3, 4]. Given the limited success of current 
standard treatments, including radical gastrectomy combined 
with lymphadenectomy and chemotherapy, there is a press-
ing need for new therapeutic targets and strategies [5]. Thus, 
identifying new molecular targets is crucial for developing 
more effective therapies and improving patient outcomes.

Actin-like protein 8 (ACTL8), also known as CT57, 
belongs to the cancer/testis antigen (CTA) family. CTA 
proteins are characterized by their restricted expression in 
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normal tissues, such as the testis and placenta, alongside 
their elevated expression across various tumor types [6, 
7]. This unique expression pattern makes CTAs promising 
targets for cancer immunotherapy, with notable examples 
like New York esophageal squamous cell carcinoma 1 (NY-
ESO-1) and melanoma-associated antigen (MAGE-A) dem-
onstrating promising outcomes [8–12]. However, the role 
of ACTL8 in cancer remains underexplored, particularly in 
GC. Only a few studies have indicated that ACTL8 may play 
a role in tumor growth and metastasis in cancers such as 
breast cancer and glioblastoma [13, 14]. Significantly, ele-
vated ACTL8 expression has been linked with poor progno-
sis and heightened invasiveness in head and neck squamous 
cell carcinoma (HNSCC) and oral squamous cell carcinoma 
(OSCC) [15].

In recent years, the critical role of the PI3K/Akt/mTOR 
signaling pathway in GC has gained increasing recognition. 
Studies have shown that IGFBP7 promotes GC progression 
by enhancing tumor-associated macrophage polarization via 
the FGF2/FGFR1/PI3K/Akt axis [16]. Previous research 
indicates that this pathway is integral to regulating cell pro-
liferation, survival, migration, and invasion, in addition to 
modulating the tumor microenvironment [16–18]. However, 
the specific role of ACTL8 in GC and its relationship with 
the PI3K/Akt/mTOR signaling pathway remain unclear. 
Therefore, further exploration of the molecular mechanisms 
involving this pathway in GC is crucial for developing more 
effective therapeutic strategies.

This study aims to elucidate the role of ACTL8 in GC by 
investigating its expression and effects on processes such 
as cell proliferation, invasion, and migration. Addition-
ally, we explored how ACTL8 interacts with the PI3K/Akt/
mTOR pathway, which is known to play a crucial role in GC 
progression. Through this research, we aim to validate the 
potential of ACTL8 as a novel biomarker and therapeutic 
target for GC.

Materials and Methods

Gene Expression Analysis and Survival Analysis

The Tumor Immune Estimation Resource (TIMER) 2.0 is 
a website platform with unique capabilities to analyze and 
visualize associations between tumor immunity and clinical 
presentation [19]. In this study, we utilized TIMER 2.0 to 
conduct a pan-cancer analysis of ACTL8 expression. Addi-
tionally, gene expression analysis of ACTL8 was performed 
using GEPIA [20], while prognostic significance of ACTL8 
in GC patients was assessed via the Kaplan–Meier survival 
analysis [21].

Diagnostic and Prognostic Value

The diagnostic and prognostic value of ACTL8 was further 
evaluated through the construction of a receiver operating 
characteristic (ROC) curve based on The Cancer Genome 
Atlas (TCGA) data. This curve was generated using the 
“pROC” and “timeROC” packages within the R software 
environment. Subsequently, a Cox regression model was 
developed using the “survival” and “rms” packages. Uni-
variate and multivariate analyses were also conducted to 
identify independent risk factors for the GC progression.

Gene Set Enrichment Analysis

Samples of Hallmarks gene set were categorized into two 
groups according to the expression level of ACTL8. Dif-
ferentially expressed genes were identified by comparing 
the gene expression levels between the two groups. Gene 
sets with a fold change (FC) > 1.5 were considered signifi-
cantly different.

Gene Function Analysis and Protein–Protein 
Interaction (PPI) Analysis

Gene Ontology (GO) categorizes genes based on their 
characteristics to elucidate their functions. The Kyoto 
Encyclopedia of Genes and Genomes (KEGG) serves as 
a database for the systematic analysis of gene functions 
and their association with specific pathways. Initially, we 
used GEPIA to identify the top 100 genes most related to 
ACTL8, followed by GO and KEGG analyses using the 
“clusterProfiler” and “org.Hs.eg.db” software packages. 
Furthermore, PPI analysis of ACTL8 was conducted using 
the STRING database.

Cell Lines and Cell Cultures

One normal gastric cell line (GES-1) and four GC cell 
lines (BGC823, MKN45, NCI-N87, and AGS) were 
employed in this study. We obtained all cell lines from the 
Shanghai Institute of Biological Sciences, Chinese Acad-
emy of Sciences. Cells were cultured routinely in complete 
RPMI-1640 medium at 37℃ in a 5%  CO2 atmosphere.

RNA Preparation and Real‑Time Quantitative 
Polymerase Chain Reaction (RT‑qPCR)

We used TRIzol reagent to extract RNA from cultured 
cells, and the complementary DNA (cDNA) was syn-
thesized using the HiScriptQ Select RT SuperMix for 
qPCR. Subsequently, RT-qPCR was conducted using the 



3788 Digestive Diseases and Sciences (2024) 69:3786–3798

StepOnePlus Real-time PCR System, and the results were 
analyzed with the 2 − ΔΔCt method.

Western Blot Analysis (WB)

The proteins were detected by WB according to standard 
protocols and extracted using RIPA buffer containing pro-
tease and phosphatase inhibitors. The protein concentrations 
were determined by BCA Protein Assay Kit. Proteins were 
separated by 10% SDS-PAGE and then transferred to PVDF 
membrane. The membranes were sealed with Tris–Saline 
Tween (TBST) buffer containing 0.05% Tween-20 (Tween-
20) and 5% skim milk for 2 h. They were then incubated 
overnight at 4 °C with primary antibody, including anti-
actl8, anti-pi3k, anti-p-pi3k, anti-akt, anti-p-akt, anti-mtor, 
and anti-p-mtor. The membranes were washed with PBS 
three times and then incubated with the HRP-conjugated 

secondary antibody at room temperature for 2 h. Finally, 
the protein bands were detected using an enhanced chemi-
luminescence assay, and the bands intensity was measured 
using Image J.

Cell Transfection

ACTL8 was knocked down using small interfering RNA 
(siRNA) in AGS and NCI-N87 cells and overexpressed 
using plasmid in MKN45 cell line with transfection rea-
gents purchased from GenePharma. GC cells were culti-
vated in 6-well plates with the concentration of 1.5 ×  105 
cells/well and transfected upon reaching 75% confluences. 
PcDNA3.1-ACTL8 plasmids and siRNA were transfected 
with Lipofectamine®2000. The functional experiments were 
conducted 48-h post-transfection, and transfection efficiency 
was verified via WB and RT-qPCR.

Fig. 1  Bioinformatics analysis showed that ACTL8 was elevated 
in GC cells and had value as a prognostic indicator. A Differential 
analysis of ACTL8 in pan-cancers. B Relative expression of ACTL8 
mRNA in tumor tissues and normal tissues. C Kaplan–Meier survival 

curves revealed a correlation between ACTL8 expression and the 
overall survival rate of GC patients in the TCGA database. D Diag-
nostic ROC analysis with the AUC of ACTL8 in GC
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Cell Counting Kit‑8 (CCK‑8) and Colony Formation 
Assay

Cells were seeded at a concentration of 1000 cells/well 
in 96-well plates and subsequently incubated overnight at 
37 °C and 5%  CO2. CCK-8 (10μL) was added to each well 
every 24 h and incubated for 2 h, with absorbance measured 
at 450 nm using a microplate reader. In addition, the colony 
formation assay was performed to assess the proliferation 
ability of the cells. It was conducted by seeding cells at 500 
cells/well in 6-well plates and incubating them for 12 days at 
37 °C in 5%  CO2. In the final stage of the culturing process, 
the colonies were immobilized with 4% paraformaldehyde 
for 15 min, followed by fixing with 0.1% crystal violet for 
another 10 min.

Wound Healing Assay

AGS, NCI-N87, and MKN45 cell lines were seeded in 
6-well plates and cultured to 80–90% confluence. A 200-
µl pipette was used to pull vertically from the tip of the 
dish to the bottom end. The cell debris was then washed 
with PBS, and the remaining cells were cultured with 3% 
FBS-free medium. Photographs were taken at 0-, 24-, and 
48-h post-scratch. The ImageJ software was employed as 
a rigorous tool for assessing wound closure.

Cell Migration and Invasion Assays

Migration and invasion assays were conducted with 
8-µm-well transwell chambers and 24-well plates. After 
12 h of serum starvation, transfected cells were subse-
quently re-suspended at a density of 1 ×  104 in RPMI-1640 
medium devoid of FBS and then were properly placed in 
the upper chamber. At the same time, medium containing 

Table 1  Univariate and 
multivariate Cox regression 
of risk factors affecting the 
survival of GC patients

Bold values are statistically significant (p < 0.05)

Characteristics Total(N) Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age 367 1.620 (1.154–2.276) 0.005 1.925 (1.326–2.794) < 0.001
<= 65 163
> 65 204
Gender 370 1.267 (0.891–1.804) 0.188
Female 133
Male 237
Race 320 1.248 (0.802–1.943) 0.326
Asian & Black or 

African American
84

White 236
Pathologic T stage 362 1.719 (1.131–2.612) 0.011 1.351 (0.855–2.135) 0.197
T1&T2 96
T3&T4 266
Pathologic N stage 352 1.650 (1.182–2.302) 0.003 1.486 (1.038–2.126) 0.030
N0&N1 204
N2&N3 148
Pathologic M stage 352 2.254 (1.295–3.924) 0.004 2.450 (1.314–4.566) 0.005
M0 327
M1 25
Histologic grade 361 1.353 (0.957–1.914) 0.087 1.366 (0.935–1.996) 0.107
G1&G2 144
G3 217
H pylori infection 162 0.650 (0.279–1.513) 0.317
No 144
Yes 18
ACTL8 370 1.648 (1.055–2.254) 0.003 1.446 (1.015–2.036) 0.036
Low 183
High 187
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FBS was added to the lower chamber. For the invasion 
assays, the matrigel matrix diluted at ratio of 1:9 were 
placed over the upper section of the bottom membrane of 
the transwell chamber, and the next steps were same as for 
the migration assay. The 24-well plates were removed after 
48 h of incubation in an incubator at 37 °C. Migrated cells 
on the lower surface of the filter membrane were immo-
bilized with 4% paraformaldehyde for 15 min, followed 
by staining with 1% crystal violet for a period of 10 min. 
Photographs were taken for documentation. Cell counts 
were analyzed using ImageJ.

Statistical Analysis

All experiments were performed in triplicate. Data were 
analyzed using ImageJ and presented as graphs generated 

by GraphPad Prism 8.0. Statistical significance between two 
groups was assessed with t  test.

Results

ACTL8 is Upregulated in GC Cell Lines 
and Associated with Poor Prognosis of GC Patients

Our analysis of TIMER2 pan-cancer data showed that ACTL8 
is significantly elevated in several cancer types, including 
BRCA, BLCA, CESC, ESCA, CHOL, HNSC, LIHC, KICH, 
KIRC, LUSC, LUAD, PRAD, STAD, and UCEC (P < 0.05) 

Fig. 2  Gene set and ACTL8-related genes enrichment analysis. A-B Gene set enrichment analysis of ACTL8. C-D GO/KEGG analysis of the 
top 100 genes associated with ACTL8. E PPI analysis of ACTL8 protein by STRING database
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(Fig.  1A). Specifically, ACTL8 expression was notably 
upregulated in patients with GC according to the analysis of 
TCGA dataset (Fig. 1B). Furthermore, Kaplan–Meier survival 
analysis indicated that elevated ACTL8 was correlated with an 
unfavorable prognosis in GC patients (Fig. 1C). These results 
collectively suggested that ACTL8 expression is elevated in 
GC and strongly correlates with an adverse prognosis.

The ROC curve analysis revealed an AUC of 0.817 
(0.757–0.878), indicating that ACTL8 has strong diag-
nostic value for STAD (Fig. 1D). To determine the factors 
affecting OS, univariate regression analysis was performed, 
including variables such as age, T stage, N stage, M stage, 
and ACTL8 expression. Subsequent multivariate analysis 
identified ACTL8 expression, age, N stage, and M stage as 
independent risk factors for GC progression (Table 1).

Gene Set Enrichment Analysis

GSEA utilizing the Hallmark gene set indicated that 
ACTL8 predominantly exerts positive regulatory effects 
on signaling pathways, including MYC Targets V1, Inter-
feron Gamma Response, Mtorc1 Signaling, E2f Targets, 
and G2m Checkpoint (Fig. 2A-B).

GO analysis suggests that genes associated with ACTL8 
may be linked to processes such as growth factor, endoplas-
mic reticulum lumen, extracellular matrix, and cytokine 
binding, all of which are implicated in cell proliferation 
(Fig. 2C). KEGG analysis showed a significant associa-
tion between ACTL8 and the PI3K-Akt signaling pathway 
(Fig. 2D). Additionally, PPI analysis was performed utiliz-
ing the STRING database to identify and emphasize the top 
10 proteins interacting with ACTL8 (Fig. 2E).

Fig. 3  ACTL8 is highly expressed in GC cell lines, and the efficiency 
of ACTL8 silencing and overexpression was verified in GC cells. A 
Histogram of ACTL8 mRNA expression measured by RT-qPCR anal-
ysis in GC tumor cells and matched nontumor cells. B Representa-
tive images of ACTL8 expression in GC cells and normal cells meas-
ured by WB. C The interference efficiency of siRNA in NCI-N87 
and AGS cell lines measured by RT-qPCR. D The protein levels of 

ACTL8 in NCI-N87 and AGS measured by WB. E The overexpres-
sion efficiency of  ACTL8 in MKN45 cell lines measured by RT-
qPCR. F WB verified the efficiency of ACTL8 overexpression in 
MKN45 cells. GAPDH was used as the internal parameter. *p < 0.05; 
**p < 0.01; ***p < 0.001. GC, gastric cancer; RT-qPCR, real-time 
quantitative polymerase chain reaction; WB, western blotting; 
GAPDH, glyceraldehyde 3-phosphate dehydrogenase
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Construction of ACTL8 Knockdown 
and Overexpression Models

To investigate ACTL8 expression in GC cells and normal 
gastric cells, mRNA and protein levels of ACTL8 were 
measured in the normal gastric cell line (GES-1) and 
four human GC cell lines (NCI-N87, AGS, HGC-823, 
and MKN45) using RT-qPCR and WB analysis, respec-
tively. As expected, ACTL8 expression in the GC cell lines 
showed a significant upward trend compared to GES-1 
(Fig. 3A-B).

Due to the higher levels of ACTL8 in NCI-N87 and AGS 
cell lines compared with other GC cell lines, they were 
selected for knockdown studies with siRNA. In contrast, it 
was observed that ACTL8 was decreased expression in the 
MKN45 cell line, which was overexpressed with overex-
pression vectors in the subsequent study. RT-qPCR and WB 
analysis were utilized to verify the effects of ACTL8 knock-
down and overexpression in NCI-N87, AGS, and MKN45 
cell lines (Fig. 3C-F). The results showed that ACTL8 was 

significantly decreased in the siRNA-transfected cell lines 
and increased in the MKN45 cell line, confirming the suc-
cessful construction of ACTL8 knockdown and overexpres-
sion models.

ACTL8 Promotes the Proliferation of GC Cell Lines

CCK8 and colony formation assay assays were performed to 
verify whether ACTL8 influences the proliferative function 
of AGS, NCI-N87, and MKN45 cells. In the cck8 assay, 
the proliferation rate of AGS and NCI-N87 cells subjected 
to ACTL8 knockdown exhibited a statistically significant 
decrease compared to the si-NC group (Fig. 4A). Con-
versely, ACTL8 overexpression in MKN45 cells resulted in 
a significant increase in proliferation compared to the oe-NC 
group (Fig. 4C). Likewise, the number of colonies treated 
with siRNA was significantly lower than that of the si-NC 
group (Fig. 4B), while MKN45 cells in the ACTL8 over-
expression group exhibited significantly faster growth than 
those in the oe-NC group (Fig. 4D).

Fig. 4  ACTL8 promotes the proliferation of GC cell lines. A The pro-
liferation of negative control (NC) cells and ACTL8 knockdown cells 
in NCI-N87 and AGS cell lines was determined by CCK8 assay. B 
Colony formation assay was executed to detect the colony numbers 
of the transfected NCI-N87 and AGS cells (Crystal violet staining; 
magnification, × 100). C CCK8 assays showed that ACTL8 overex-

pression promoted the growth of MKN45. D Colony formation assay 
was executed to detect the colony numbers of the transfected MKN45 
cells (Crystal violet staining; magnification, × 100). *p < 0.05; 
**p < 0.01; ***p < 0.001. GC, gastric cancer; CCK8, Cell Counting 
Kit-8
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ACTL8 Can Promote the Migration and Invasion 
of GC Cell Lines

The findings of wound healing and transwell assay dem-
onstrated a marked decrease in migratory capacity of AGS 
and NCI-N87 cells in the si-ACTL8 group compared with 
the si-NC group (Fig. 5A). And the transwell assay with 
Matrigel matrix revealed a marked decrease in the inva-
sion capability of the si-NC group (Fig. 5A). Furthermore, 
ACTL8 overexpression in GC cells led to an increase in both 
migration and invasion capacities (Figs. 5B, 6B).

ACTL8 Regulates GC Progression by Activating 
the PI3K/Akt/mTOR Signaling Pathway

WB analysis was performed to examine the involvement of 
the PI3K/Akt/mTOR signaling pathway in ACTL8-medi-
ated GC progression. ACTL8 knockdown led to a signifi-
cant decrease in the phosphorylation levels of PI3K, AKT, 
and mTOR in AGS and NCI-N87 cells compared to the 
si-NC group (Fig. 7A). In contrast, ACTL8 overexpression 
increased the phosphorylation levels of signaling pathway 
proteins compared to the oe-NC group (Fig. 7B). In addi-
tion, knockdown and overexpression of ACTL8 did not elicit 

alterations of PI3K, AKT, and mTOR in NCI-N87, AGS, 
and MKN45 cell lines. The accumulated evidence indicates 
a potential involvement of ACTL8 in the progression of 
GC through the activation of  PI3K/AKT/mTOR signaling 
pathway.

ACTL8 Overexpression Can Be Reversed by PI3K/
Akt/mTOR Pathway Inhibitor

To further validate the connection between ACTL8 and 
the PI3K/Akt/mTOR signaling pathway, we conducted 
additional rescue assay using the PI3K/Akt/mTOR path-
way inhibitor LY294002 [22]. LY294002 was applied to 
MKN45 cells in each group, and the results showed that the 
phosphorylation levels of PI3K, AKT, and mTOR were sig-
nificantly increased with ACTL8 overexpression (Fig. 8A). 
The addition of LY294002 reduced the phosphorylation 
of PI3K, AKT, and mTOR (Fig. 8A). Furthermore, subse-
quent CCK8 and transwell assays further demonstrated that 
LY294002 reversed  the proliferation, migration, and inva-
sion of MKN45 cells (Fig. 8B-C). These findings suggest 
that the oncogenic effects of the ACTL8 gene may be medi-
ated by the PI3K/Akt/mTOR signaling pathway (Fig. 9).

Fig. 5  Wound healing assay was 
used to investigate the effect 
of ACTL8 on GC cell migra-
tion (magnification, × 100). A 
ACTL8 silencing decreased the 
migration capacity of NCI-
N87 and AGS cells. B ACTL8 
overexpression enhanced the 
migration capacity of MKN45 
cells. *p < 0.05; **p < 0.01; 
***p < 0.001. GC, gastric 
cancer
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Discussion

GC represents one of the most prevalent forms of human 
malignancies globally. Despite great advances in the study 
of GC occurrence and progression in recent decades, and the 
investigation of combination treatment modalities including 
surgical resection, chemotherapy and other treatment modal-
ities, and the 5-year survival rate of GC patients continues 
to be unsatisfactory [23]. To reduce tumor recurrence and 
enhance the prognosis for patients suffering from GC, it is 
crucial to investigate novel treatment targets and prognostic 
indicators.

In recent years, members of the CTA family have gar-
nered increasing attention in cancer research. It has been 
reported that the expression levels of CTA genes vary sig-
nificantly among diverse cells, and these genes have been 
shown to serve as indicators of disease progression [6, 7]. 
ACTL8 is highly expressed in various malignancies and is 
crucial for both tumor diagnosis and prognosis as a member 
of the CTA family [24, 25]. For example, the high expres-
sion of ACTL8 in triple-negative breast cancer (TNBC) may 
offer new opportunities for molecular therapy [26]. Addi-
tionally, it has been discovered that elevated expression of 
ACTL8 may enhance the progress of lung adenocarcinoma 

and colorectal cancer, further supporting its potential as a 
cancer biomarker and immunotherapeutic target [24, 27].

Nevertheless, the correlation between ACTL8 and GC 
progression remains ambiguous and requires further clari-
fication. To the fullest extent of our knowledge, this study 
represents the initial instance of demonstrating that ACTL8 
facilitates proliferation, migration, and invasion of GC cell 
lines. Preliminary analysis of TCGA database revealed 
significant expression of ACTL8 in various GC cell lines, 
which was further validated by RT-qPCR and WB experi-
ments. Furthermore, the survival analysis revealed a nega-
tive correlation between the survival time of GC patients 
and ACTL8, suggesting that ACTL8 could be a potential 
prognostic marker for GC.

Unlimited proliferation, migration, and invasion are dis-
tinguishing characteristics of tumor cells and are closely 
linked to patient morbidity and mortality [28]. It has been 
reported that silencing ACTL8 inhibits the progression func-
tion of breast cancer cells, colorectal cancer cells, and lung 
adenocarcinoma cells [24, 27, 29]. For instance, researchers 
found that knocking down ACTL8 in A549 and NCI-H1975 
LUAD cell lines led to reduced proliferation, cell cycle pro-
gression, migration, and invasion, while increasing apopto-
sis [24]. In this study, by constructing ACTL8 knockdown 

Fig. 6  Transwell assay was used 
to determine the migration and 
invasion capacity of GC cells 
(Crystal violet staining; scale 
bars: 100 µm). A ACTL8 silenc-
ing decreased the migration and 
invasion capacity of NCI-N87 
and AGS cells. B ACTL8 
overexpression enhanced the 
migration and invasion capaci-
ties of MKN45 cells. *p < 0.05; 
**p < 0.01; ***p < 0.001. GC, 
gastric cancer
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NCI-N87 and AGS cell lines, we observed that silencing 
ACTL8 significantly suppressed the proliferation, migra-
tion, and invasion of GC cells. Conversely, overexpression 
of ACTL8 in the MKN45 cell line significantly enhanced 
these cellular capabilities, consistent with previous studies. 
These results suggest that ACTL8 plays a crucial regulatory 
role in GC development and may promote GC progression 
by stimulating specific cellular biological processes. Thus, 
ACTL8 holds promise as a candidate target for therapeutic 
intervention in GC.

The PI3K/AKT/mTOR signaling pathway is a crucial 
cell cycle-associated pathway that regulates tumor cell pro-
gression by modulating the activation status of numerous 
downstream effector molecules. It has been demonstrated 
to be integral in tumor cell proliferation and metabolism 
[30–34]. Moreover, studies have demonstrated that this path-
way plays a pivotal role in GC [16–18]. For example, some 
experts have found that PRSS56 as a novel CT antigen can 
play a carcinogenic role in gastric and colorectal cancer by 
activating the PI3K/AKT axis [18]. Additionally, ACTL8 
has been shown to inhibit apoptosis by activating the PI3K/

AKT/mTOR signaling pathway in TNBC [26]. In our study, 
pathway enrichment analysis revealed a close relationship 
between ACTL8 and the PI3K/AKT/mTOR pathway. Based 
on these findings, we explored whether ACTL8 promotes 
GC progression by regulating this signaling pathway. The 
outcomes demonstrated that the phosphorylation levels of 
PI3K, AKT, and mTOR were significantly reduced in AGS 
and NCI-N87 cells treated with siRNA. In contrast, the 
pathway proteins were increased in the MKN45 cell line 
after ACTL8 overexpression. Furthermore, the PI3K/AKT/
mTOR pathway inhibitor LY294002 markedly reversed 
the phosphorylation levels induced by ACTL8 overexpres-
sion, leading to a significant decrease in the proliferation, 
migration, and invasion capabilities of MKN45 cells. This 
is the first finding to suggest that ACTL8 may mediate GC 
progression through this pathway, possibly involving inter-
actions with specific molecular chaperones or regulatory 
proteins. However, further studies are needed to elucidate 
how ACTL8 interacts with this pathway.

From clinical perspective, ACTL8 has the potential to 
serve as a novel biomarker for GC, aiding in early diagnosis 

Fig. 7  ACTL8 knockdown and overexpression affect the PI3K/
AKT/mTOR signaling pathway in GC. A The expression of p-PI3K, 
PI3K, p-AKT, AKT, p-mTOR, mTOR, and GAPDH in transfected 
NCI-N87 and AGS cells was measured by WB. B The expression of 

p-PI3K, PI3K, p-AKT, AKT, p-mTOR, mTOR, and GAPDH in trans-
fected MKN45 cells was measured by WB. *p < 0.05; **p < 0.01; 
***p < 0.001. GC, gastric cancer; GAPDH, glyceraldehyde 3-phos-
phate dehydrogenase; WB, western blotting
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and prognosis evaluation. By assessing ACTL8 expression 
levels, clinicians could more accurately predict disease pro-
gression in patients and develop more personalized treat-
ment plans. It is noteworthy that the development of spe-
cific inhibitors targeting ACTL8 could potentially enhance 

the therapeutic efficacy of existing PI3K/Akt/mTOR path-
way inhibitors, thereby providing more effective treatment 
options for GC patients.

It is crucial to acknowledge the limitations that exist 
within this study. Initially, this research is primarily based on 

Fig. 8  Pathway inhibitor LY294002 reversed the stimulation of PI3K/
AKT/mTOR pathway and the proliferation, migration, and invasion 
of GC cells induced by ACTL8 overexpression. A After LY294002 
(5  μM) was added to MKN45 cells, the expressions of related pro-

teins in the PI3K/AKT/mTOR pathway were decreased. B The CCK8 
results showed that the proliferation ability of GC cells  was weak-
ened. C The transwell results showed that the migration and invasion 
abilities of GC cells were decreased

Fig. 9  Schematic diagram of the 
mechanism by which ACTL8 
promotes the proliferation, 
migration, and invasion of GC 
through the PI3K/AKT/mTOR 
pathway
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in vitro experiments. Future studies should include in vivo 
experiments to better understand the role of ACTL8 in GC 
and its potential clinical applications. Additionally, ACTL8 
may have off-target effects. Although we observed high 
expression of ACTL8 in GC cells and its role in promot-
ing tumor progression, the potential functions of ACTL8 
in normal tissues remain unclear. Inhibiting ACTL8 could 
impact other vital physiological processes, leading to unfore-
seen side effects. Therefore, further researches are needed 
to thoroughly assess the safety and specificity of ACTL8 as 
a therapeutic target.

Conclusion

To summarize, ACTL8 exhibits significant upregulation 
in GC cells and is associated with an adverse prognosis in 
patients with GC. ACTL8 has the potential to enhance pro-
liferation, migration, and invasion through the PI3K/Akt/
mTOR signaling pathway in GC. This finding indicates that 
ACTL8 may serve as a novel biological target for GC. How-
ever, further investigation is needed to confirm these find-
ings. This includes in vivo studies and exploring the poten-
tial off-target effects of ACTL8 inhibition to fully understand 
its therapeutic viability.
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