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Introduction

As a multifactorial disease, gastric cancer (GC) is affected by 
Helicobacter pylori infection, smoking, alcohol consumption, 
and a high salt diet.1,2 GC was the fifth most commonly diag-
nosed cancer with 1,000,000 new cases according to global 
cancer statistics by the International Agency for Research on 
Cancer.3 GC was estimated to cause 769,000 deaths globally, 
which was the fourth leading cause of cancer-related death 
worldwide in 2020.3 Recently, notable evidence suggested 
that the incidence of GC is increasing among young adults 

aged less than 50 years.4 Emerging findings postulated that 
the frequent utilization of antibiotics and acid suppressants 
may contribute to the rising prevalence of autoimmune gas-
tritis and dysbiosis of the gastric microbiome, causing an 
increased incidence of GC among younger individuals.5,6 To 
date, the treatment of GC is still largely based on surgery, 
chemotherapy, and radiotherapy. Recently, some new indi-
vidualized regimens have been proposed for treating GC. Of 
particular interest, splicing regulatory networks-mediated 
alternative splicing (AS) events are related to immune fea-
tures, tumor microenvironment, and clinical characteristics 
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Impact Statement

This study elucidates a novel molecular regulatory 
mechanism involving PABPC1-mediated alternative 
splicing events in gastric cancer, which is based 
on RNA sequencing technology and bioinformatic 
analysis. These differentially expressed genes 
(DEGs) were predicted to participate in regulating 
the immune pathway, as well as alternative splic-
ing events, which are candidates for interfering with 
PABPC1’s oncogenic functions in human gastric 
adenocarcinoma cells. The obtained results high-
light a comprehensive link between dysregulation 
of alternative splicing events and gastric cancer, 
specifically those regulated by PABPC1. PABPC1-
regulated oncogenic alternative splicing events 
display potentials as targets for therapeutic develop-
ment. The screened DEGs and signaling pathways 
can be studied as drug targets and can be used for 
medicine design.
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in patients with H. pylori-negative GC, suggesting that these 
may be promising therapeutic candidates.7,8,9

There are many transcripts from human protein-coding 
genes generated by AS events of different types, including 
A3SS&ES, A5SS&ES, exon skipping (ES), mutually exclu-
sive 3′ untranslated regions (3pMXE), mutually exclusive 5′ 
untranslated regions (5pMXE), intron retention (IntronR), 
alternative 3′ splice site (A3SS), alternative 5′ splice site 
(A5SS), mutually exclusive exon (MXE), and cassette exon 
(CassetteExon). These events have been discovered in the 
context of physiological diseases and some biological pro-
cesses.10,11 Splice variants are responsible for diversifying 
gene expression regulation, which functionally result in the 
diversity of proteomes and contribute to cell proliferation, 
migration, or immune escape.12–14 According to the previ-
ous description, some compounds (e.g. rapamycin, met-
formin, dorsomorphin, enzastaurin, and rigosertib) have 
been reported to alter AS events and regulate signaling 
pathways such as mTOR, AMPK, PKC, and PI3K/AKT.15–18 
These dysregulated AS events may provide promising tar-
gets in colorectal cancer,13 breast cancer,19 and lung cancer.14 
Genome-wide transcriptome data have focused on illustrat-
ing the relationship between survival of cancer patients and 
AS events, which demonstrated the potential mechanisms 
for survival-related AS events.8 Furthermore, the alterations 
in splicing factors such as abnormal expression, mutation, or 
post-transcriptional modification provide genetic evidence 
for a straightforward correlation between cancer pathogen-
esis and splicing dysregulation.20–23

PABPC1 encodes polyadenylate-binding protein cyto-
plasmic 1 protein that is a binding partner of heterogene-
ous nuclear ribonucleoprotein L-like protein (hnRNPLL).24 
PABPC1 can bind the poly(A) tail of mRNA, and then 
mediate pre-mRNA splicing and mRNA stability.25,26 Some 
efforts have been made to confirm the correlation between 
clinicopathological factors and PABPC1 expression in 
malignancies including esophageal cancer,27 ovarian can-
cer,28 glioblastoma,29,30 and GC.31 However, little is known 
whether the pathogenesis and progression of GC are 
affected by PABPC1-mediated AS events. Here, this study 
investigated the differentially expressed genes (DEGs) in 
PABPC1-mediated AS events and analyzed the signal path-
ways regulated by AS-related DEGs in GC.

Materials and methods

Data collection and analysis

RNA sequencing (RNA-seq) data of GC were collected 
from The Cancer Genome Altas-Stomach Adenocarcinoma 
(TCGA-STAD), which is available at https://www.cancer.
gov/about-nci/organization/ccg/research/structural 
-genomics/tcga.

Transcriptome data of GC were analyzed for PABPC1 
expression. GEPIA (available at http://gepia.cancer-pku.
cn/detail.php###) was then used for the analysis of PABPC1 
expression in 408 tumor tissues and 36 normal tissues, 
according to Tang’s method.32

Cell culture and transfection

Human gastric adenocarcinoma (AGS) cells with CDH1, 
CTNNB1, KRAS, and PIK3CA mutations were provided 

by Procell Life Science & Technology (Item No. CL-0022; 
Wuhan, China).

AGS cells were seeded and incubated in Ham’s F12 
medium. The medium was added with penicillin (100 U/
mL) and streptomycin (100 µg/mL), and supplemented with 
10% fetal bovine serum (all from Sigma-Aldrich, St. Louis, 
MO, USA). The cell culture was maintained at 37°C in a 
humidified incubator containing 5% CO2.

The effects of PABPC1 on AS events were assayed after 
treatment with PABPC1-specific small interfering RNA 
(siPABPC1) (sense, 5′-GCUCCUAAAUGAUCGCAAATT-3′; 
Gemma, Suzhou, China). A scrambled siRNA (sense, 
5′-UUCUCCGAACGUGUCACGUTT-3′) served as a silencer 
negative control (siCtrl, Gemma). For transfection, AGS cells 
were seeded in 24-well plates (6.0 × 105 cells in each well). 
AGS cells were transfected with siPABPC1 (10 ng) or siC-
trol (10 ng) using Lipofectamine™ 3000 transfection reagent 
(Thermo Fisher Scientific) after 24 h of pre-incubation.

Quantitative reverse-transcription polymerase 
chain reaction for gene expression

Total RNA was extracted with TRIZOL (Ambion, Austin, TX, 
USA). HifairTM II first strand cDNA synthesis kit (Low Rox 
Plus; YEASEN, Shanghai, China) was used for cDNA syn-
thesis. Quantitative reverse-transcription polymerase chain 
reaction (qRT-PCR) was performed with Hieff qPCR SYBR 
Green Master Mix (Low Rox Plus) with the specific primers 
for PABPC1, CD55, HLA-F, IRF7, and STAT2 (Table 1), on 
the Bio-Rad S1000 (Bio-Rad, Hercules, CA, USA). For the 
normalization of gene expression, GAPDH was used as an 
internal reference, and the transcript levels were calculated 
using 2−ΔΔCT method.33

RNA-Seq

DEGs and AS events were determined by RNA-seq. The 
extracted RNA was subjected to electrophoresis using 1.5% 
agarose gel for assaying RNA integrity. The mRNAs were 
isolated from RNA extracts using VAHTS mRNA capture 
Beads (Vazyme, Nanjing, China).

RNA-seq library was constructed with KAPA Stranded 
mRNA-Seq Kit (KAPA Biosystems, Wilmington, MA, USA) 
and 1 μg of total RNA. The enriched polyadenylated mRNAs 
were then converted into double-strand cDNA. DNA was 
ligated to diluted Roche Adaptor after end repairing and 
A-tail processing. Products with 300–500 bps were selected 
for amplification, purification, quantification, and sequenc-
ing on a Novaseq 6000 system (Illumina, CA, USA).

RNA-Seq raw data alignment

For quality filtering, raw reads were filtered using FASTX-
Toolkit Version 0.013 (available at http://hannonlab.cshl.
edu/fastx_toolkit). After discarding raw reads involving 2-N 
bases as the first two nucleotides, adaptors and low-qual-
ity bases were trimmed. Short reads less than 16 nts were 
removed. TopHat2 was used to align the collected clean reads 
to the GRch38 Genome, with four mismatches allowed.34 
Uniquely mapped reads were retained, followed by gene 
reads number counting. Then fragments per kilobase of tran-
script per million mapped reads (FPKM) were calculated.35

https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga
https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga
https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga
http://gepia.cancer-pku.cn/detail.php###
http://gepia.cancer-pku.cn/detail.php###
http://hannonlab.cshl.edu/fastx_toolkit
http://hannonlab.cshl.edu/fastx_toolkit
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DEGs analysis in siPABPC1-transfected AGS cells

To screen DEGs between siCtrl and siPABPC1 groups, the 
R Bioconductor package edger was employed.36 DEGs 
between siPABPC1 and siCtrl groups were screened with 
the following cut-off criteria: a false discovery rate (FDR) of 
<0.05 and a fold change of >2 or ⩽0.5. Student’s t-test was 
used for multiple hypothesis testing. A significant difference 
was indicated by P < 0.05.

AS events analysis

ABLas-v0.2 (available at https://github.com/ablifedev/
ABLas/) was used for the definition and quantification of 
AS events and PABPC1-regulated AS events (RASEs). In 
brief, 10 types of AS events classified on the basis of the 
splice junction reads were detected using ABLas, including 
CassetteExon, MXE, A5SS, A3SS, IntronR, 5pMXE, 3pMXE, 
ES, A5SS&ES, and A3SS&ES.

Function prediction of DEGs

Functional categories were implemented with KOBAS 2.0 
Server,37 which involved gene ontology (GO) terms and the 
Kyoto encyclopedia of genes and genomes (KEGG) path-
ways. The potential targets of DEGs regulated by PABPC1 
were analyzed. P < 0.05 indicates that DEG-involved path-
ways were significantly mediated by PABPC1.

Statistical analysis

Gene expression levels are shown as the mean ± standard 
deviation. Student’s t-test was performed for the comparison 
of the differences in gene expression between the siCtrl and 
siPABPC1 groups. P values < 0.05 were set as the indication 
of significant differences in gene expression.

Results

PABPC1 expression in GC tissues and construction  
of AGS cell model low expressing PABPC1

Based on transcriptome data from the TCGA database, 
PABPC1 was detected up-regulated in 408 tumor tissues of 
GC patients compared to 36 normal para-carcinoma tissues 
(P < 0.05, Figure 1(A)). Hence, it was assumed that PABPC1 
plays roles in the regulation of gene expression and AS events 
associated with GC pathogenesis. To prove this hypothe-
sis, we knocked down PABPC1 in AGS cells using siRNA. 
We detected PABPC1 mRNA expression in siPABPC1- and 

siCtrl-transfected AGS cells. Data of qRT-PCR showed that 
PABPC1 was efficiently knocked down with an approxi-
mately 75% reduction in siPABPC1 cells compared with 
siCtrl cells (P < 0.001), as shown in Figure 1(B).

PABPC1 deficiency contributed to DEGs in  
AGS cells

RNA-seq was performed to confirm the effects of PABPC1 
down-regulation on gene expression. The edge R package 
was used for the analysis of digital gene expression data. 
We excavated a total of 1234 PABPC1-regulated DEGs and 
28,672 non-DEGs in AGS cells. Of note, PABPC1 deficiency 
resulted in down-regulation of 502 DEGs and up-regulation 
of 732 DEGs in AGS cells at a cutoff of FDR < 0.05 and fold 
change ⩾ 2 or ⩽ 0.5 (Figure 2(A)). Hierarchical clustering 
analysis showed a high consistency of PABPC1-mediated 
transcription in the siPABPC1 groups or siCtrl groups 
(Figure 2(B)).

The potential biological roles of the 732 DEGs were ana-
lyzed by functional clustering. As shown in Figure 3(A), 
these genes were enriched in immuno-regulatory biological 
processes involving cytokines, type I interferon, interferon 
gamma, and immune response. These significantly down-
regulated genes were enriched in inflammatory response, 
innate immune response, metabolic processes of xenobi-
otic, small molecules, cellular nitrogen compound and cel-
lular protein, chloride and ion transport, transmembrane 
transport, extracellular matrix organization, and transcrip-
tion initiation from RNA polymerase II promoter (Figure 
3(B)). Among the PABPC1-mediated DEGs, we analyzed 94 
DEGs associated with inflammation and immune response. 
Hierarchical clustering analysis indicated high consistency 
in PABPC1-mediated transcription of immune- and inflam-
mation-related genes between siPABPC1 and siCtrl groups 
(Figure (4)). RNA-Seq data revealed increased transcriptions 
of BST2, HLA-B, IFI6, IFI27, IFIT1, IFIT3, IFITM1, ISG15, 
OAS1, and STAT1 in siPABPC1-treated AGS cells (P < 0.001, 
Figure (5)).

Analysis of PABPC1-regulated AS events in  
each class

To gain further insights into the roles of PABPC1, transcrip-
tome data were utilized to explore PABPC1-related AS events 
in AGS cell lines. In total, 17,167 known AS events and 48,748 
non-known AS events were screened. These AS events were 
associated with 3pMXE, 5pMXE, A3SS, A3SS&ES, A5SS, 

Table 1.  qRT-PCR primers for the detected genes.

Genes Forward primer Reverse primer

C4BPB 5′-GAACCTCTGCGAAGCCATG-3′ 5′-TTGCCTTCAACTCAGCTTTCTT-3′

CD55 5′-TTTGCTTGGGACGCTAGTAAC-3′ 5′-AGAGGTGTAGGTGTGCTAAGAA-3′

HLA-F 5′-GGAATGAATGGCTGCGACAT-3′ 5′-GGTAGGTCCTGAACTCCTCTG-3′

IRF7 5′-TGGAGTTCTCATTAGACTGGGT-3′ 5′-TGGATAGCAGCAGCCTCAG-3′

STAT2 5′-ATGGAGTCCTATCCTGTGTCTG-3′ 5′-CTGCTGTGCTGGGAGGTATA-3′

PABPC1 5′-ACTGACATTCTGAGCTATTCCA-3′ 5′-TTGAACCTTATGTACCGAGCAA-3′

GAPDH 5′-GGTCGGAGTCAACGGATTTG-3′ 5′-GGAAGATGGTGATGGGATTTC-3′

qRT-PCR: quantitative reverse-transcription polymerase chain reaction.

https://github.com/ablifedev/ABLas/
https://github.com/ablifedev/ABLas/
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A5SS&ES, cassetteExon, ES, IntronR, and MXE (Figure 6(A)). 
PABPC1 down-regulation triggered the decline of 1304 AS 
events differentially expressed in AGS cells (Figure 6(B)). 
A5SS was the most common class of PABPC1-regulated AS 
events up-regulated in AGS cells, followed by ES and A3SS. 
The top 3 down-regulated AS events were A3SS, A5SS, and 
ES in siPABPC1-treated cells. Functional enrichment analysis 
of RASE showed that PABPC1-regulated AS events involved 
in biological processes associated with DNA repair, gene 
expression, viral production, cellular protein metabolism, 
stress granule assembly, translation, negative regulation of 

type I interferon production, proteasomal ubiquitin-depend-
ent protein catabolic process, and RNA splicing (Figure 
6(C)). To validate PABPC1-regulated AS events, we detected 
five cancer-associated RASEs using RNA-Seq technique. 
PABPC1-induced A5SS-mediated A5SS events in POLR2J 
(P < 0.001, Supplementary Figure S1(A)). IntronR event was 
affected by PABPC1 down-regulation, which may cause 
an alteration in NXF1 expression (P < 0.05, Supplementary 
Figure S1(B)). PABPC1 altered ES event of KARS (P < 0.05, 
Supplementary Figure S1(C)), IntronR event of ADARB1 
(P < 0.05, Supplementary Figure S1(D)), and A5SS event of 

Figure 1.  PABPC1 was down-regulated in gastric cancer tissue and PABPC1 mRNA expression was altered in AGS cells after transfection. (A) Data extracted from 
TCGA database suggest PABPC1 expression in gastric cancer tissues; boxplots show the median (center line), first quartile (Q1, lower quartile), third quartile (Q3, 
upper quartile), maximum (the highest data point in the data set excluding any outliers), and minimum (the lowest data point in the data set excluding any outliers); 
*P < 0.05 versus normal tissues (Student’s t-test). (B) AGS cells transfected with siRNA for PABPC1 or negative control were assayed by qRT-PCR for PABPC1 
quantification. Data represent three independent technical repetitions and three independent biological repetitions; ***P < 0.001 versus siCtrl (Student’s t-test). Data 
are expressed as mean ± standard deviation, where the standard deviation is indicated as error bars. (A color version of this figure is available in the online journal.)

Figure 2.  Identification of PABPC1-regulated DEGs by RNA-seq. (A) Volcano plots presenting differentially expressed genes in AGS cells after transfection with 
siPABPC1 or siCtrl. The colored dots denote significantly down-regulated (blue), up-regulated (red), or non-differentially expressed genes (gray) in siPABPC1-
transfected cells compared to siCtrl-treated cells. (B) Clustering analysis of siCtrl and siPABPC1 groups based on the differentially expressed genes. The top bar 
values represent the relative expression of the differentially expressed genes. (A color version of this figure is available in the online journal.)
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Figure 3.  (A) Up-regulated and (B) down-regulated biological processes were compared between siPABPC1-treated AGS cells and siCtrl-treated cells after GO 
enrichment analysis. (A color version of this figure is available in the online journal.)

Figure 4.  Heatmap of PABPC1-regulated genes involved in immune response and inflammation. The right bar values represent the relative expression of the 
indicated genes. (A color version of this figure is available in the online journal.)
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GTF3C1 (P < 0.01, Supplementary Figure S1(E)), suggesting 
the regulatory roles of PABPC1 in gene expression.

Correlation analysis of PABPC1-mediated AS 
events and DEGs in AGS cells

To analyze whether AS events contribute to alterations in 
transcriptional levels, we overlapped PABPC1-regulated 
DEGs with AS events. It was noticed that PABPC1 simul-
taneously mediated the transcription and AS process of 57 
genes (Figure 7). These genes may participate in cytokine-
mediated signal pathway, type I interferon-mediated sig-
nal pathway, interferon gamma-mediated signal pathway, 

Figure 5.  RNA-seq quantification method for analyzing the transcript abundance of BST2, HLA-B, IFI6, IFI27, OAS1, IFIT1, IFIT3, IFITM1, ISG15, and STAT1 in siCtrl 
(gray) and siPABPC1 (purple) groups. ***P < 0.001 versus siCtrl (Student’s t-test). Data are expressed as mean ± standard deviation, where the standard deviation is 
indicated as error bars. (A color version of this figure is available in the online journal.)

Figure 6.  PABPC1-regulated AS events in siCtrl and siPABPC1 groups. (A) Number of AS events in each category including A3SS&ES, A5SS&ES, 3pMXE, 5pMXE, A3SS, 
A5SS, cassetteExon, ES, IntronR, and MXE. (B) Number of PABP1-regulated AS events in the indicated categories. (C) Gene ontology analysis for biological processes of 
PABP1-regulated AS events in siPABPC1-treated AGS cells compared with siCtrl-transfected cells. (A color version of this figure is available in the online journal.)

Figure 7.  A total of 57 overlapped AS events were obtained between RASG 
(1241) and DEGs (1177). The differentially expressed AS events and DEGs were 
compared between siPABPC1-treated AGS cells and siCtrl cells. (A color version 
of this figure is available in the online journal.)
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innate immune response, transcription from RNA polymer-
ase II promoter, as well as defense and response to the virus 
(Figure 8). Finally, five immune-related genes (e.g. C4BPB, 
CD55, HLA-F, IRF7, and STAT2) were screened, and results 
from RNA-seq showed that PABPC1 silence induced the 
down-regulation of C4BPB and CD55 and the transcrip-
tion of HLA-F, IRF7, and STAT2 (P < 0.001, Figure 9). RNA-
Seq analysis showed that PABPC1 mediated A3SS event of 

C4BPB (P < 0.05, Supplementary Figure S2(A)), 3pMXE event 
of CD55 (P < 0.05, Supplementary Figure S2(B)), IntronR of 
HLA-F (P < 0.05, Supplementary Figure S2(C)), ES event of 
IRF7 (P < 0.05, Supplementary Figure S2(D)), and IntronR 
of STAT2 (P < 0.05, Supplementary Figure S2(E)). qRT-PCR 
confirmed that the changed AS events altered mRNA expres-
sion of C4BPB, CD55, HLA-F, IRF7, and STAT2 (P < 0.05 and 
P < 0.001, Supplementary Figure S2).

Figure 8.  Top 9 KEGG pathway items of PABPC1-regulated DEGs with alteration in AS events. (A color version of this figure is available in the online journal.)

Figure 9.  Effects of PABPC1 on DEGs with changes in AS events. Relative expression of immune-related genes (C4BPB, CD55, HLA-F, IRF7, and STAT2) 
in siCtrl (gray) and siPABPC1 (purple) groups was determined by RNA-seq. Data represent three independent biological repetitions. ***P < 0.001 versus siCtrl 
(Student’s t-test). Data are expressed as mean ± standard deviation, where the standard deviation is indicated as error bars. (A color version of this figure is 
available in the online journal.)
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Discussion

The dysregulation of RNA splicing patterns has been associ-
ated with the modification of cellular transcripts in GC.38–40 
Peng et al.24 revealed that PABPC1 interacts with hnRNPLL 
and facilitates the binding of hnRNPLL to the target mRNAs. 
However, it has not been well defined that PABPC1-mediated 
AS events play roles in the pathogenesis of GC. Based on 
RNA-Seq data, we performed bioinformatics analysis and 
found that PABPC1 knockdown altered gene transcription 
and AS events in AGS cells. PABPC1-regulated genes engaged 
in the regulation of immune pathways. Therefore, we specu-
lated that the knockdown of PABPC1 in AGS cells could affect 
the expression of immune-related genes and AS events.

PABPC1 is abnormally expressed in several malignan-
cies including glioblastoma,29 hepatocellular carcinoma,41 
and gastric carcinoma.42 qRT-PCR results showed that 
PABPC1 mRNA was enriched in GC tissues compared to 
the corresponding para-carcinoma tissues. Of note, PABPC1 
binding sites within genetically encoded mRNA sequences 
affect gene expression, which has been disclosed by cross-
linking immunoprecipitation coupled with high-throughput 
sequencing.43 In addition, RNA-Seq analysis was carried out 
and 502 down-regulated and 732 up-regulated DEGs were 
identified in PABPC1-silenced AGS cells. GO and KEGG 
analysis indicated that the down-regulated and up-regu-
lated DEGs were associated with the regulation of immune-
related pathways.

It has been proposed that immune escape is one of the 
important causes for tumor progression and treatment fail-
ure.44 The cancer cells can metastasize through evading rec-
ognition and destruction of the immune system.45 Primary 
tumor-secreted factors, affecting the intra-tumor micro-
environment and systemic immune environment, play an 
important role in this process.46 After silencing PABPC1, the 
expression of mRNA of several genes (i.e. BST2, HLA-B. IFI1, 
IFI6, IFI27, IFIT1, IFIT3, IFITM1, ISG15, OAS1, and STAT1) 
was increased. Among these genes, ISG15 is reported to trig-
ger an antitumor immune response against breast cancer 
upon secretion into the extracellular milieu.47 In addition, 
STAT1 transcription factor mediates the surface expression 
of interferon-γ-induced programmed death ligand-1, which 
forms an inhibitory checkpoint with PD-1 acceptor to induce 
immune escape of tumor.48 Moreover, HLA-B expression is 
related to biomarkers of T-cell activation (e.g. GZMA, GZMB, 
and PRF1) in basal-like breast cancers.49 Therefore, we sug-
gested that PABPC1 in GC may regulate the GC phenotype 
by mediating immune-related genes expression.

It has been recognized about the roles of AS events in 
cancer development, and the splicing process induces the 
general, cancer type-specific and subtype-specific changes 
in cancer cells.50 Cancer cells can utilize AS events to evade 
anticancer therapy.51,52 At the present time, it remains 
unknown whether PABPC1-mediated carcinogenesis is asso-
ciated with AS events in GC. We found that knockdown of 
PABPC1 significantly altered AS events in POLR2J, KARS, 
ADARB1, NXF1, and GTF3C1. POLR2J subunit isoform func-
tions with translation initiation factor eIF3 involved in regu-
lating downstream gene expression.53 For the biological roles 
of this protein, KARAS mutations contribute to defective 
aminoacylation of mitochondrial and cytoplasmic tRNALys.54 

In addition, genomics screening has validated ADARB1 as 
putative cancer targets for identifying novel candidates.55 In 
mice, RNA metabolism is disturbed by heterozygous muta-
tions of NXF1, which induces lymphopenia.56 Moreover, 
GTF3C1 is required for RNA polymerase III-mediated tran-
scription, and its prognostic significance has been reported 
in colorectal cancer.57 Furthermore, PABPC1 may influence 
the development of GC by regulating AS events, affecting 
gene expression and protein function, which in turn changes 
the expression signature of downstream genes.

In this study, we demonstrated that PABPC1 regulated both 
transcription and AS events in AGS cells. PABPC1-regulated 
DEGs and AS events were partially overlapping, including 
C4BPB, CD55, HLA-F, IRF7, and STAT2. KEGG pathway anal-
ysis suggested that PABPC1-regulated DEGs and AS events 
may affect immune-related signaling pathways involving 
type I interferon, cytokine, and RNA polymerase II promoter, 
viral multiplication, and DNA-dependent transcription. It 
has been shown that tumor cells generate membrane-bound 
complement regulatory proteins to induce immune escape. 
CD55 emerges as an important target for immune escape, 
anti-apoptosis, and targeted therapy of cancer cells.58 Indeed, 
it has been shown that CD55 is involved in tumor metastasis 
and dedifferentiation and protects cells from complement-
mediated attacks.59 High expression of CD55 in GC is related 
to GC progress and displays prognostic value.60 Different 
types of AS events have been found in C4BPB and IRF7 and 
play important roles in immune regulation.61,62 The expres-
sion of IRF7-targeting genes was inhibited in bone metastasis 
of breast cancer, which is associated with immune escape.63 
AS events in STAT2 mediate anti-apoptosis and drug resist-
ance in cancer cells.64 Thus, high expression of PABPC1 
affects protein function by regulating gene expression and 
AS events, which in turn regulates the immune response of 
cancer cells and influences the development of GC.

Infiltration level of specific immune cells is related to the 
pathological progression of GC.65 Analysis has elucidated 
that AS events-mediated specific protein modification might 
reshape the cancer immune microenvironment, suggest-
ing a relationship between infiltration and AS events.66,67 
CD55 is the membrane-bound complement regulatory pro-
tein, which is widely distributed on human lymphoid and 
non-lymphoid cells.67 In this study, PABPC1 silence down-
regulated the expression of CD55, implying that PABPC1-
mediated changes in CD55 expression may be involved 
in the immune infiltration of GC. Evidence revealed that 
IRF7 is strongly associated with the abundance of immune 
cells like dendritic cells, B cells, and neutrophil cells, and 
IRF7 plays critical roles in immune escape in cancer.68 These 
results suggested that PABPC1 may participate in modulat-
ing AS events that alter protein modification and then affect 
immune infiltration in GC.

Conclusions

In summary, this study validated the high expression of 
PABPC1 in GC. Our comprehensive association analysis 
of DEGs with AS events confirmed the effects of PABPC1-
mediated AS events on gene expression. These DEGs and AS 
events were predicted to participate in regulating immune 
pathways, which are candidates for interfering PABPC1’s 
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oncogenic functions in AGS cells. This study still has some 
limitations. For instance, although we uncovered PABPC1-
regulated DEGs and AS events, PABPC1-mediated posi-
tive and negative regulatory mechanisms are unclear. In 
addition, further studies about the detailed contribution of 
PABPC1-mediated AS events to disease progression should 
be experimentally confirmed.
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