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Abstract
Objective  To investigate the role and function of eIF6 in gastric cancer (GC).
Methods  The expression level of eIF6 in GC tissues and normal tissues was detected in different high-throughput sequenc-
ing cohorts. Survival analysis, gene differential analysis, and enrichment analysis were performed in the TCGA cohort. 
Biological networks centered on eIF6 were constructed through two different databases. Immunohistochemistry (IHC) and 
Western blot were used to detect protein expression of eIF6, and qRT-PCR was used to detect eIF6 mRNA expression. The 
correlation between the expression of eIF6 in GC tissues and clinicopathological parameters of GC was analyzed. siRNA 
knockout of eIF6 was used to study the proliferation, migration, and invasion. The effects of eIF6 on cell cycle and Cyclin 
B1 were detected by flow cytometry and Western blot.
Results  eIF6 was significantly overexpressed in GC tissues and predicted poor prognosis. In addition, 113 differentially 
expressed genes were detected in cancer-related biological pathways and functions by differential analysis. Biological net-
works revealed interactions of genes and proteins with eIF6. The expression intensity of eIF6 in cancer tissues was higher 
than that in adjacent tissues (P = 0.0001), confirming the up-regulation of eIF6 expression in GC tissues. The expression 
level of eIF6 was statistically significant with pTNM stage (P = 0.006). siRNA knockout of eIF6 significantly reduced the 
proliferation, colony formation, migration, and invasion ability of GC cells. Silencing of eIF6 also inhibited the cell cycle 
of GC cells in G2/M phase and decreased the expression level of CyclinB1.
Conclusion  Our study suggests that eIF6 is up-regulated in GC and may promote the proliferation, migration, and invasion 
of GC by regulating cell cycle.
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Introduction

According to the latest data on the global cancers burden, 
gastric cancer (GC) ranks fifth in incidence and fourth 
in mortality [1]. The incidence of GC shows significant 
regional differences, with West Asian countries having the 
highest incidence. At present, the incidence rate of GC in 
East Asia is on the rise. A series of molecular and genetic 
changes have been found in GC, including multiple onco-
genes, tumor suppressor genes, and signal pathways related 
genes [2]. Individualized treatment of GC requires early and 
accurate diagnosis [3]. In China, more than 80% of patients 
are not diagnosed until the advanced stage of GC, so many 
patients miss the opportunity of radical resection or face 
the high risk of postoperative metastasis and recurrence 
[4]. Therefore, the pathogenesis of GC needs to be further 
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explored, which may help to early diagnosis, prognostic 
evaluation, and treatment decisions.

Protein translation includes a series of processes, includ-
ing initiation, extension, termination, and circulation [5]. 
Eukaryotic translation initiation factors (eIFs) play an 
important regulatory role in the initiation phase of transla-
tion. The eIFs family includes eIF1, eIF2, eIF3, eIF4, eIF5, 
and eIF6 [6]. eIF6 is the speed limiting factor in the last 
step of initiation, which can effectively avoid the premature 
binding of 60S subunit and 40S subunit, and play a unique 
anti-binding role [7–9]. eIF6 participates in the composi-
tion of multiple protein complexes related to RNA-induced 
silencing complex (RISC) and plays a key role in the regula-
tion of miRNA activity. Study has shown that the deletion of 
eIF6 in human cell lines can lead to the inhibition of miRNA 
activity [10].

eIF6 is abnormally expressed in a variety of malignant 
tumors, with high expression in head and neck squamous 
cell carcinoma (HNSCC) [11], non-small cell lung cancer 
(NSCLC) [12], breast cancer [13], hepatocellular carcinoma 
(HCC) [14], gallbladder cancer (GBC) [7], colorectal cancer 
(CRC) [15], malignant mesothelioma (MM) [16], ovarian 
serous adenocarcinoma [17], and pancreatic cancer [18]. 
However, the role of eIF6 in GC has not been studied. To 
explore the role and function of eIF6 in the carcinogenesis of 
GC, the expression levels of eIF6 in GC tissues and normal 
tissues were detected in different high-throughput sequenc-
ing cohorts. Survival analysis, differential analysis, and 
enrichment analysis were performed in the TCGA cohort. 
Biological networks centered on eIF6 were constructed 
through two different databases. We also used immunohis-
tochemistry (IHC) to detect the relative expression of eIF6 
in GC and adjacent tissues, and then used siRNA to establish 
GC cell line, and detected the effect of silencing eIF6 on its 
proliferation, migration, invasion, and cycle to provide a new 
theoretical basis for the progression of GC.

Materials and Methods

Bioinformatics Analysis

The bulk RNA-seq data and survival data of GC were down-
loaded from TCGA database: TCGA-STAD. Groups were 
constructed based on the expression levels of eIF6, and dif-
ferentially expressed genes were identified by the R pack-
age limma. KEGG enrichment analysis and GO enrichment 
analysis of differentially expressed genes were performed 
using R package Clusterprofiler and Using the Hiplot portal 
(https://​hiplot.​com.​cn) to visualize the enrichment analysis 
results. The STRING database (https://​string-​db.​org) ena-
bled the identification of proteins promising interactions 
with eIF6 and the construction of PPI. The PPI was further 

embellished using Cytoscape. The GENEMANIA (http://​
www.​genem​ania.​org) is a database used to construct bio-
logical networks for gene prioritization and predict gene 
function. Here we identified genes with a potential shared 
function with eIF6 through GENEMANIA.

Cell Lines and Culture

Human GC cell line HGC27 was purchased from Shanghai 
Cell Bank, Chinese Academy of Sciences, and four other GC 
cell lines SGC7901, AGS, MGC803, BGC823 were donated 
by the department of Pathology of the Southern Medical 
University. The three small interfering RNA fragments 
(siRNA-1, siRNA-2, siRNA-3) and negative control inter-
fering RNA fragments (siRNA-NC) of eIF6 were designed 
and synthesized by Guangzhou Ruibo Biotechnology. All 
the cells used in the experiment were adherent cells, which 
were cultured with RPMI 1640 medium (placed in 5% CO2 
atmosphere incubator and at 37 °C), and the cells used in the 
experiment grew well.

Tissue Microarray

Human GC tissue chip was purchased from Shanghai 
Xinchao Biotechnology Co., LTD (Catalog number: HSt-
mA180Su08-M-047). In the tissue microarray, 100 GC tis-
sues were used as study group and 80 normal adjacent tis-
sues (NATs) were used as control group (5 cm away from 
the lesion). This study was approved by the Medical Ethics 
Committee of the First Affiliated Hospital of Southwest 
Medical University (KY2022274).

Immunohistochemistry

The GC tissue microarray was baked in a 60 °C constant 
temperature oven overnight. The tissue microarray was 
immersed in EDTA repair solution (pH 8.0). 3% formalde-
hyde H2O2 solution was uniformly dripped onto the tissue. 
5% goat serum was evenly dripped onto the tissue and closed 
at 37 °C for 30 min in wet box. The monoclonal rabbit anti-
eIF6 (Catalog number: #3263S; 1:100 dilution; Cell Signal-
ing Technology) was incubated at 4 °C overnight in wet box. 
On the second day, after incubation, secondary antibody 
kit (Catalog number: #ZLI-9032, Zhongshan Jinqiao Bio-
technology) was used and incubated at 37 °C for 30 min in 
wet box. After adding an appropriate amount of DAB color 
developing solution, observe the color development under 
the microscope in time. All IHC results were independently 
interpreted by two pathologists and scored according to the 
staining intensity and positive proportion of tumor cells 
[19]. According to the positive proportion of tumor cells, 
no positive cells were scored 0 points, positive cells no more 
than10% were rated 1 point, positive cells accounted for 1% 
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to 49% of tumor cells were rated 2 points, positive cells 
accounted for 50% to 79% were rated 3 points, positive cells 
accounted for 80% to 100% were rated 4 points. According 
to the cell coloring depth score, no coloring was scored 0 
points, light brown yellow was scored 1 point, brown yellow 
was scored 2 points, brown was scored 3 points. Multiply the 
scores of the above two indicators, a score of 0 was inter-
preted as negative, a score of 1 to 4 was interpreted as weak 
positive, a score of 5 to 8 was interpreted as moderate posi-
tive, and a score of 9 to 12 was interpreted as strong positive.

Lentivirus Infection

The sequences of siRNAs were as follows: siRNA-1 (CAT​
GCG​GGA​TTC​CCT​CAT​T), siRNA-2 (ATC​GGA​GGC​TCA​
GAG​AAC​T), siRNA-3 (GAG​TGT​CTT​CAA​GCT​GAA​T). 
GC cells (2 × 105 cells/well) were seeded in six-well plate 
with Opti-MEM culture medium (1990 μL), siRNA storage 
solution (5 μL), and of Lipofectamine 2000 transfection rea-
gent (5 μL) at 5% CO2 and 37 °C. After 24 h of transfection, 
the expression level of eIF6 mRNA was detected by real-
time quantitative PCR (qRT-PCR). Western blot was used 
to detect the expression of eIF6 protein of transfection 48 h.

RNA Isolation and qRT‑PCR

PCR assay total RNA was isolated from GC cells using 
Trizol (Takara). A total of 500  ng RNA was reversely 
transcribed into complementary DNA (cDNA) with High-
Capacity cDNA Reverse Transcription Kits (Takara), fol-
lowed by qRT-PCR detection by SYBR® Premix Ex Taq 
mix (TaKaRa). The qRT-PCR primers involved were 
designed and chemo-synthesized by Shanghai Shenggong 
Bioengineering, eIF6 F: 5ʹ-CCG​CGT​GCG​GAG​CTT​GTT​
A-3ʹ; R: 5ʹ-CGC​CCT​CGA​ACA​CAC​TGT​AGA​AGT​-3ʹ; 
β-actin F: 5ʹ-GCT​CGT​CGT​CGA​CAA​CGG​CTC-3ʹ; R:5ʹ-
ATC​TTC​AAA​CCT​CCA​TGA​TG-3ʹ. Relative mRNA expres-
sion was normalized to β-actin using 2−ΔΔCT method. The 
annealing temperature was set at 60 °C.

Western Blot

GC cells were lysed by RIPA Lysis Buffer (Beyotime), pro-
tein was extracted and its concentration was determined 
(Solarbio). The membrane was blocked with 5% skimmed 
milk for 1 h after protein electrophoresis and membrane 
transfer. After cleaning the membranes with TBST, mem-
branes were incubated with primary antibodies CyclinB1 
(Catalog number: #12231S, 1:1,000; Cell Signaling Tech-
nology), eIF6 (Catalog number: #3263S,1:1,000; Cell 
Signaling Technology), and β-actin (Catalog number: 
BS6007MH, 1:2000; Bioworld) at 4 °C overnight. Blots 
were performed with a peroxidase-conjugated fluorescent 

secondary antibody for 1 h, and then the western blots were 
scanned and semi-quantitatively analyzed on a Vision Works 
chemiluminescence imager and uses corresponding software 
to process stripes.

CCK‑8 Assay

GC cells (5 × 103 cells/well) were cultured in a 96-well plate 
containing RPMI-1640 medium. The cells were then cul-
tured for 24 h, 48 h, 72 h, and 96 h, with 10 μL CCK-8 
reagent (Beyotime, China) added to each well and cultured 
for another 2 h. Optical density values were evaluated at 
450 nm using a microplate reader (BMG Labtech, USA) and 
statistical line plots were made.

Plate Cloning Test

The GC cells after 48  h of transfection were selected, 
washed, and digested into cell suspension, and then counted. 
Add the prepared high serum medium to adjust the cell con-
centration. The cells were inoculated with 500 cells/well in 
a 6-well culture plate (determined according to cell growth 
and pre-experimental results). Each group had three multiple 
wells and 2 mL medium per well. The cells were continued 
to be cultured for 7–14 days. After the plate cloning test, 
the cells were washed twice with PBS, fixed with 1 mL 4% 
paraformaldehyde per well for 30–60 min, 1 mL crystal vio-
let dye solution per well for about 30 min. The cells were 
counted manually by taking pictures with a digital camera 
(the whole six-well plate and each well were taken sepa-
rately and clearly). Clone-forming rate = (number of clones/
numbers of inoculated cells) × 100%.

Wound‑Healing Assay

Inoculate GC cells on a 6-well plate, with 3 × 105 cells in 
each well. Draw straight lines on the bottom of the 6-well 
plate with a 10 μL needle (each group is set with three rep-
licates, and each group repeats the experiment three times). 
Under the inverted phase contrast microscope, observe the 
width of the scratch in the same field at 0 h, 24 h, and 48 h 
(× 100), take photos and record, and use image J software to 
analyze and record the scratch image.

Transwell Assay

100 μL serum-free medium containing 2 × 104 cells were 
added to the Transwell chamber, 1640 medium containing 
10%FBS was added to the lower chamber, and then placed 
in cell incubator at 37 °C for 48 h (repeated three times for 
each group). Transwell assay was terminated and the results 
were further evaluated. The process of cell fixation and stain-
ing in the chamber was the same as that of plate cloning test. 
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Under the microscope, the remaining cells that did not pass 
through the polycarbonate membrane were gently swabbed 
with a cotton swab and the invading cells were counted in five 
random areas. The number of cells invaded was counted using 
the Image J software.

Flow Cytometry

Cells stimulated by siRNA-eIF6 for 48 h were collected with 
good growth and cell density of about 50–70%, and each group 
was set with 3 wells. Resuspended cells were digested with 
pancreatin without EDTA and precipitates were collected. 
Gently blow to make a single cell suspension, and fix it in a 
refrigerator at 4 °C overnight. Take out the fixed cells, gently 
blow them into a single cell suspension with 1 mL precooled 
PBS, and transfer them into 1.5 mL EP tube. Add 500 μL PI/
RNase staining buffer, incubate in dark for 30 min, detect the 
cell cycle distribution with flow cytometry within 1 h, record 
and analyze the results.

Statistical Analysis

The GraphPad Prism 8 software was used for statistical analy-
sis of the experimental data. The expression of eIF6 protein 
in GC and adjacent tissues and the relationship between the 
expression level of eIF6 and clinicopathological parameters 
of patients were analyzed by chi-square test or Fisher exact 
probability method to compare the rates between groups. 
The results of CCK8 experiment were analyzed by one-way 
ANOVA, and the t test was used to compare two independent 
samples in other experiments. All Bioinformatics statistical 
analyses were performed using R software (v4.2.0). Wilcoxon 
test and Kruskal–Wallis’s test were used for comparison of 
eIF6 expression levels between different clinical parameter 
groupings. Kaplan–Meier curves with the log-rank test were 
performed for survival analysis. P < 0.05 indicates that the dif-
ference is statistically significant.

Results

eIF6 Is Dysregulated in Gastric Cancer 
with Prognostic Potential

In the TCGA cohort of gastric cancer, eIF6 expression level 
was significantly higher in tumor tissues than in normal 
tissues (P < 0.05). Survival analysis showed that there was 
no significant difference in overall survival (OS) between 
high eIF6 expression group and low eIF6 expression group 
(P > 0.05). Since there was no statistical difference in the 
results of survival analysis based on the TCGA cohort, and 
we found that there were intersecting segments in the sur-
vival curve, we further divided the survival time into inter-
vals and conducted survival analysis separately. The results 
showed that patients with high eIF6 expression had a sig-
nificantly lower overall survival rate than patients with low 
eIF6 expression in the range of 1 to 3 years of survival, so 
eIF6 has a potential cancer-promoting effect (Fig. 1a, 1b).

Functional Enrichment Analysis and Potential 
Regulatory Network of eIF6 in Gastric Cancer

A total of 75 significantly down-regulated genes and 58 
significantly up-regulated genes were obtained (|logFC|> 1, 
P < 0.05). KEGG enrichment analysis showed that differ-
entially expressed genes were significantly enriched in cell 
cycle pathways. In GO enrichment analysis, differentially 
expressed genes were significantly enriched in both biologi-
cal processes and cellular components related to the muscle 
system. In addition, differentially expressed genes were sig-
nificantly enriched in extracellular matrix, heparin binding, 
and other molecular functions. To further analyze the down-
stream regulatory network of eIF6, we constructed a pro-
tein–protein interaction network centered on eIF6 through 
the STRING database. Consistently, the components in the 
protein–protein interaction network were significantly asso-
ciated with ribosome-related biological functions. In addi-
tion, we constructed an eIF6-centered regulatory network 
from seven aspects using the GENEMANIA database. These 
genes may potentially share biological functions with eIF6 
(Fig. 1).

eIF6 Is Up‑Regulated in GC Tissues

Of 100 cases of GC tissues detected by IHC, the results 
showed that eIF6 expression was negative in 7 cases (7.0%), 
weakly positive in 35 cases (35.0%), moderately positive in 
31 cases (31.0%), and strongly positive in 26 cases (27.0%). 
Of the 80 cases of NATs, 11 were negative (13.8%), 49 
were weakly positive (61.3%), 20 were moderately positive 

Fig. 1   Bioinformatics landscape of eIF6 in gastric cancer. a Violin 
plots for comparison of eIF6 expression levels between tumor tissues 
and normal tissues in different high-throughput sequencing cohorts. 
b Survival curves of gastric cancer samples in the TCGA cohort 
grouped based on eIF6 expression levels. c Volcano plot for differ-
ential analysis performed with grouping by eIF6 expression levels. d, 
e Bar plot of partial results of KEGG and GO enrichment analysis 
of differentially expressed genes. f Protein–protein interaction net-
work constructed by STRING database. g Gene network with shared 
biological functions centered on eIF6 constructed by GENEMANIA 
database

◂
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(25.0%), and 0 were strongly positive (0.0%). There was a 
statistically significant difference in the expression of eIF6 
between GC tissues and NATs (χ2 = 19.710, P = 0.0001) 
(Table 1), and the expression of eIF6 was significantly up-
regulated in GC tissues. eIF6 yellow–brown particles are 
mainly located in the cytoplasm, as shown in Fig. 2a. 

Expression Level of eIF6 Has Statistical Significance 
with pTNM Stage of GC

The relationship between clinicopathological characteristics 
and the expression of eIF6 showed that eIF6 was only statis-
tically correlated with pTNM stage (P < 0.05), but not with 
age, sex, degree of differentiation, lymph node metastasis, 
and distant metastasis (P > 0.05) (Table 1).

AGS and MGC803 with High Expression of eIF6 in GC 
Cell Line

The level of eIF6 mRNA and protein expression in GC cell 
lines HGC27, SGC7901, AGS, MGC803, and BGC823 were 

detected by qRT-PCR and Western blot. The results showed 
that the level of eIF6 mRNA in AGS and MGC803 cells was 
high (Fig. 2b), and the level of protein expression in AGS, 
MGC803, and BGC823 cell lines was high (Fig. 2c). The 
cell lines AGS and MGC803 with high mRNA and protein 
expression were selected for subsequent experiments.

eIF6 Promotes Proliferation, Migration, and Invasion 
of GC Cells In Vitro

The interference efficiency of three siRNA fragments was 
detected by qRT-PCR and Western blot (Fig. 2d, e). siRNA-2 
and siRNA-3 were used to interfere with the eIF6 of cells 
in subsequent experiments. The changes in the proliferative 
capacity of AGS/MGC803 cell line after siRNA silencing 
eIF6 were measured by CCK8. The results showed that the 
OD value of AGS/MGC803 cell line in the experimental 
group silencing eIF6 was significantly lower than that in the 
negative control (NC) group at different time points, and the 
difference was statistically significant (P < 0.05) (Fig. 3a). 
Plate cloning test showed that the ability of colony-forming 

Table 1   The relationship 
between eIF6 expression 
and clinicopathological 
characteristics

Bold values indicate that the pathological parameter difference was statistically significant

Characteristics N eIF6 expression χ2 P

Negative and weak Moderately and 
strongly

Type 19.710 0.0001
GC 100 42(42.0%) 58(58.0%)
NAT 80 60(75.0%) 20(25.0%)
Age (year) 1.236 0.266
 < 60 32 16(50.0%) 16(50.0%)
 ≥ 60 68 26(38.2%) 42(61.8%)
Gender 0.138 0.710
Male 64 26(40.6%) 38(59.4%)
Female 36 16(44.4%) 20(55.6%)
Tumor size 0.001 0.980
 < 5 cm 43 18(41.9%) 25(58.1%)
 ≥ 5 cm 57 24(42.1%) 33(57.9%)
Differentiation degree 3.435 0.185
Low 15 4(26.7%) 11(73.3%)
Medium 74 31(41.9%) 43(58.1%)
High 11 7(63.6%) 4(36.3%)
pTNM 7.532 0.006
II + II-III 37 9(24.3%) 28(75.7%)
III + III-IV 63 33 (52.4%) 30(47.6%)
Lymph node metastasis 0.024 0.877
No 27 11(40.7%) 16(59.3%)
Yes 73 31(42.5%) 42(57.6%)
Distant metastasis 0.735 0.486
No 91 37(40.7%) 54(28.6%)
Yes 9 5(55.6%) 4(44.4%)
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Fig. 2   The expression of eIF6 in GC tissues and cells. A IHC was 
used to detect the expression of eIF6 in 80 normal adjacent tissues 
and 100 GC tissues (× 200). b qRT-PCR was used to detect the 
expression of eIF6 in GC cells. c Western blot was used to detect 

the expression of eIF6 in GC cells. d Gray ratio histogram in AGC/
MGC803 cell lines. e eIF6 protein expression was detected by West-
ern blot after siRNA interreference (*Compared with siRNA-NC 
group, *, P < 0.05)
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of GC cells in vitro decreased after silencing eIF6 (Fig. 3b). 
The wound-healing assay results showed that the migration 
ability of GC cells in vitro decreased after silencing eIF6 
(Fig. 3c). Similarly, the Transwell assays showed that the 
invasion ability of GC cells in vitro decreased after silenc-
ing eIF6 (Fig. 4a).

Silencing of eIF6 in GC Cells Can Block Cell Cycle 
at G2/M Phase

Flow cytometry was used to detect the cell cycle of AGS/
MGC803 cells after silencing of eIF6 (Fig. 4b). The results 
showed that silencing of eIF6 in GC cells blocked the G2/M 
phase. Meanwhile, Western blot results also showed reduced 
expression of cyclin B1 (Fig. 4c).

Discussion

GC remains a high-risk malignancy, both for incidence and 
mortality. The treatment methods of GC include surgery, 
radiotherapy, chemotherapy, immunotherapy, and molecular 
targeted therapy. Although the treatment methods have been 
greatly improved, the prognosis of GC has not been sub-
stantially improved [20–22]. The occurrence of GC is influ-
enced and involved by multiple factors, steps, and genes, 
which is a complex process. At present, research has found 
that it involves changes in molecular and genetic levels of 
multiple oncogenes, cell cycle regulatory, and DNA repair 
genes. The activation of oncogene is the driving factor of 
tumor, so targeted therapy has become a research hotspot 
in the treatment of GC [2, 23].eIFs are involved in growth 
factors, cell cycle, translation of growth proteins, and cell 
apoptosis. eIF6 is a rate-limiting factor in the process of cell 
cycle and tumorigenesis, plays a unique anti-binding role in 
the initiation of translation, and participates in the process 
of ribosome [10, 24].

Our research results indicated that eIF6 was significantly 
up-regulated in GC patients and was associated with wors-
ening prognosis (Fig. 1). At the clinical pathological tissue 
level, we further investigated and found that the expression 
of eIF6 protein was significantly higher in GC tissues than 
in adjacent cancerous tissues (Fig. 2). As the key protein 
factor in the process of protein translation initiation, the 
eIFs play an important role in the control of protein trans-
lation that regulates cell growth, apoptosis, and malignant 

transformation [25]. Related studies point to the identity of 
eIF6 as a risk prognostic factor in HCC, CRC, NSCLC, and 
MM [12, 15, 26, 27]. The eIF6 promoter contains GA-rich 
sequences in which the GABP complex has been identified 
as a regulator of eIF6 express [28]. GABP is a widely stud-
ied transcription factor involved in the regulation of tumor 
proliferation, ribosome, and metabolism [29]. Our results 
suggest that silencing of eIF6 can reduce the malignant bio-
logical behavior of GC cells, including cell proliferation, 
migration, and invasion (Figs. 3, 4). Hao et al. pointed out 
that the eIFs are aberrantly dysregulated in human cancers 
and can serve as potential therapeutic targets for cancer [30]. 
In a mouse model of lymphoma, impairment of cytoplas-
mic eIF6 activity inhibited the development of lymphoma 
[9]. The function of the eIFs is mainly regulated by mam-
malian target of rapamycin (mTOR), and almost all sign-
aling pathways are involved in mTOR signaling transduc-
tion [30]. mTOR is usually activated in cancer, controlling 
cell growth and metabolism [31]. In our study, enrichment 
analysis showed that differentially expressed downstream 
genes of eIF6 were significantly enriched in pathways such 
as tyrosine metabolism (Fig. 1). It is noteworthy that the cell 
cycle and TGF-beta signaling pathways were significantly 
enriched. Signaling pathways that promote tumorigenesis 
have growth factor signaling transduction characteristics, 
which can strongly stimulate the activation of signaling 
pathways such as ERK, MAPK, and PI3K/AKT [32]. The 
activity of the cell cycle pathway is usually regulated by 
signaling pathways such as PI3K-AKT and MAPK [33, 34]. 
Therefore, we propose that due to the abnormal activation 
of signaling pathways such as PI3K-AKT and MAPK dur-
ing GC progression, the mTOR signaling transduction is 
regulated, resulting in the abnormal dysregulation of eIF6. 
Then, the dysregulation of eIF6 activates the cell cycle path-
way, further promoting the differentiation of tumor cells, 
and ultimately leading to poor prognosis. Flow cytometry 
results showed that GC cell lines with silenced eIF6 were 
arrested in the G2/M phase (Fig. 4). This further illustrates 
the critical role of eIF6 in tumor progression. In addition, 
we constructed a protein–protein interaction (PPI) network 
centered on eIF6 and a gene regulatory network for func-
tional sharing (Fig. 1). We found that proteins interacting 
with eIF6 were highly enriched in ribosome-related bio-
logical processes, which is related to the role of eIF6 as 
the initiator factor of protein translation [35]. Interestingly, 
these interacting proteins were significantly associated with 
the biological function of ubiquitin ligase inhibitor activity. 
Ubiquitination modification regulates tumor suppression 
and promotion pathways, and targeting the ubiquitin system 
is a promising approach for the treatment of inflammatory 
diseases, cancer, and other diseases [36]. The link between 
eIF6 and ubiquitination modification may be an innovative 
research direction.

Fig. 3   eIF6 promotes proliferation and migration of GC cells in vitro. 
a CCK8 assays detected the proliferation of gastric cancer lines with 
silence of eIF6 in vitro. bThe effects of silent eIF6 on colony forma-
tion abilities AGS/MGC803 cells in  vitro. c Wound-healing assays 
detect the migration abilities of gastric cancer lines with silence of 
eIF6 in vitro (× 40) (*, P < 0.05)

◂
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In conclusion, our results show that the expression of 
eIF6 protein in GC tissues is higher than that in adjacent 
tissues, and the expression of eIF6 protein is related to 
the pTNM stage of tumors. In GC cell line, silencing of 
eIF6 can inhibit cell proliferation, migration, and invasion 

abilities and change the cell cycle. These results suggest 
that eIF6 may promote the malignant biological behavior 
of GC by regulating the cell cycle. Subsequently, we will 
further study and elucidate the molecular mechanism of 
eIF6 in GC.

Fig. 4   eIF6 promotes invasion and changes cell cycle of GC cells 
in  vitro. a Transwell assays detect the invasion abilities of gastric 
cancer lines with silence of eIF6 in  vitro (× 100). b Flow cytom-

etry detect the cell cycle of gastric cancer lines with silence of 
eIF6 in  vitro (*, P < 0.05). c Western blot detect the expression of 
CyclinB1 of gastric cancer lines with silence of eIF6 (*, P < 0.05)
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