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ABSTRACT
Background/Aims: A large number of differentially expressed molecules exist in hepatocellular carcinoma (HCC), and the mechanism 
by which they upregulate or downregulate expression is still unclear. The purpose of this study is to explore the possible mechanism of 
differential expression of apoptotic chromatin condensation inducer 1 (Acin1) in HCC.
Materials and Methods: A mouse HCC model was constructed, and the expression of Acin1 in HCC was analyzed by whole transcriptome 
sequencing, bioinformatics analysis, and reverse trans cript ion-q uanti tativ e polymerase chain reaction, and differentially expressed 
Acin1-related genes were screened to construct a protein–protein interaction and competing endogenous RNA (ceRNA) network. The 
microRNA (miRNAs) targeting Acin1 were further predicted using online databases and finally compared with sequencing data.
Results: The expression of Acin1 was significantly up-regulated in HCC compared to the paracancerous and healthy control groups 
(P < .001). The top 10 upregulated genes closely related to Acin1 (Slc3a2, Wiz, Srrm2, Akt1, Hnrnpu, Sap18b, Pabpn1, Ddx39b, Eif4a3, 
and Rnps1) were mainly involved in pathways such as messenger RNA (mRNA) surveillance, RNA transport, spliceosome, Janus kinase/
signal transducers and activators of transcription signaling, apoptosis, and ubiquitin-mediated proteolysis. The ceRNA network identi-
fied several molecules (2 long noncoding RNAs, 50 miRNAs, and 49 mRNAs) interacting with Acin1, among which miR-674-5p was 
highly expressed in all sample tissues, and higher than that of other differentially expressed miRNAs, and significantly downregulated in 
HCC. Multiple online databases such as miRWalk also predicted that miR-674-5p targets Acin1. This shows that miR-674-5p may be 
an important molecule for targeting Acin1.
Conclusion: Acin1 is overexpressed in HCC, and the overexpressed Acin1 is most likely regulated by miR-674-5p and other ceRNA 
molecules.
Keywords: Acin1/Acinus, gene expression, ceRNA, hepatocellular carcinoma

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most com-
mon and deadly malignant tumors in the world, ranking 
third in terms of mortality among all cancers.1 It poses 
a significant threat to human health. At present, with 
the development of multi-omics research technology, a 
large number of differentially expressed molecules have 
been found in HCC tumor tissues and surrounding tis-
sues. They have important significance for cell prolifera-
tion, migration, apoptosis, and epithelial–mesenchymal 
transformation.2-4 However, the mechanisms by which 
these differentially expressed molecules are up- or 
downregulated are not well understood. In recent years, 
relevant factors involved in messenger RNA (mRNA) sta-
bility, splicing, and translation have been proved to play 
an important role in the occurrence and development of 

tumors.5 Apoptotic chromatin condensation inducer 1 
(Acin1) is an RNA-binding protein, also known as Acinus, 
which was initially found to induce caspase-3 activation 
to promote apoptotic chromatin condensation and den-
sification, thereby participating in nuclear fragmentation 
during apoptosis.6,7 It was later found that this protein 
was also a component of the splicing-dependent multi-
protein exon junction complex (EJC) deposited on spliced 
mRNAs and was involved in splicing-related mRNA 
metabolism. It plays an important role in posttranscrip-
tional regulation of genes and the expression of specific 
genes by downregulating nuclear mRNA splicing through 
the spliceosome, where the spliceosome machinery stops 
and prevents or reduces mRNA splicing.8,9 Recent stud-
ies have revealed that Acin1 plays a role in the physiol-
ogy and pathology of a variety of diseases and cancers. 
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Lin et al6 found by whole transcriptome analysis that the 
expression of Acin1 transcript decreased and the splicing 
patterns changed during the development of brown adi-
pose tissue. This change of Acin1 transcript differentially 
regulated the formation of brown adipose tissue in fibro-
blasts. In 2018, Xue et al8 found that the expression level 
of Acin1 mRNA in platelets of lung cancer patients was 
significantly higher than that of healthy control group, 
and the change in its level had potential clinical value for 
the diagnosis of lung cancer. In addition, the fusion of the 
Acin1-Nutm1 gene may also cause cryptic chromosomal 
rearrangements, which play an important role in infant 
acute lymphoblastic leukemia.10 It is evident that Acin1 
has an increasingly obvious role in cancer.

However, the involvement of Acin1 in HCC has not been 
reported yet, so this study analyzed the expression of 
Acin1 mRNA in HCC by whole transcriptome sequenc-
ing, bioinformatics analysis, and reverse trans cript ion-q 
uanti tativ e polymerase chain reaction (RT-qPCR), further 
screened the differentially expressed Acin1-related genes 
in tumor tissues, constructed protein–protein interaction 
(PPI) and competitive endogenous RNA (ceRNA) regula-
tory networks, etc., and further analyzed their functions 
and interactions through online databases to predict the 
targeting and regulation of Acin1. We will further screen 
the differentially expressed Acin1-related genes in tumor 
tissues, construct PPI and competing endogenous RNA 
(ceRNA) regulatory networks, analyze their functions and 

interactions, and further predict the miRNAs targeting 
Acin1 through online databases to elucidate the possible 
molecular mechanisms of Acin1 gene aberrant expression 
in HCC. 

MATERIALS AND METHODS
Construction of Hepatocellular Carcinoma Mouse 
Model, Samples Sequencing, and Data Analysis
One hundred healthy mice aged 6-8 weeks and weigh-
ing 25-30 g were used to construct the mouse model of 
HCC according to the previous method in our laboratory.11 
The tumor tissues (set up as group “H”) and paracancer-
ous liver tissues (set up as group “C”) were collected sepa-
rately, as well as liver tissues from control mice injected 
with saline (set up as group “OO”). Three biological rep-
licates of 100 mg of each sample were taken, and total 
RNA was extracted using a RNA extraction kit and sent to 
BGI Genomics Co., Ltd. (hereinafter referred to as “Huada 
Gene”). The sequencing data were analyzed online using 
Dr. Tom multi-omics data mining platform (https ://bi 
osys. bgi.c om/).  This study was approved by the Ethical 
Committee of Youjiang Medical University for Nationalities 
(Ethics Review No. 20201205026, Date: 2020-12-05).

Reverse Trans cript ion-Q uanti tativ e Polymerase Chain 
Reaction to Detect the Relative Expression of 
Apoptotic Chromatin Condensation Inducer 1
Total RNA from each sample tissue was reverse tran-
scribed to cDNA and then subjected to real-time 
fluorescence PCR. The qPCR procedure included pre-
denaturation at 95°C for 30 seconds, denaturation at 
95°C for 5 seconds, annealing/extension at 60°C for 
30 seconds, for a total of 40 cycles. The lysis curve reac-
tion program was set up according to the recommended 
program for the Roche LightCycler96 RT-qPCR instru-
ment, and relative expression values were calculated 
using 2-ΔΔCt. The expression histograms were plotted 
using GraphPad Prism version 8.0. The internal reference 
of RT-qPCR was Gapdh. The primer sequences of Acin1 
and Gapdh are as follows: the forward primer of Acin1 was 
5”- GACTCTTCCGTAAGACTTAA GG-3: ” and the reverse 
primer was 5”- TTCTCTTCGTTCTTCGC-3”; the forward 
primer of Gapdh was 5”- GTTGTCTCCTGCGACTCA-3” and 
the reverse primer was 5”- TGGTCCAGGTTCTTACTC-3”.

Apoptotic Chromatin Condensation Inducer 1-Related 
Gene Screening
Differentially expressed Acin1-related genes were 
screened by the Dr. Tom multi-omics data mining plat-
form to construct PPI networks and ceRNA regulatory 

Main Points
• Compared with the paracancerous group and healthy con-

trol group, the expression of apoptotic chromatin conden-
sation inducer 1 (Acin1) was significantly upregulated in 
hepatocellular carcinoma (HCC) (P < .001).

• The top 10 upregulated genes closely related to Acin1 were 
Slc3a2, Wiz, Srrm2, Akt1, Hnrnpu, Sap18b, Pabpn1, Ddx39b, 
Eif4a3, and Rnps1. These genes are primarily involved in 
signaling pathways such as messenger RNA (mRNA) sur-
veillance, RNA transport, spliceosome, Janus kinase/signal 
transducers and activators of transcription signaling path-
way, apoptosis, and ubiquitin-mediated proteolysis.

• The ceRNA network analysis revealed that Acin1 interacted 
with several molecules as competing endogenous RNAs 
(ceRNAs), including 2 long noncoding RNAs, 50 microR-
NAs (miRNAs), and 49 mRNAs. Among them, miR-674-5p 
was highly expressed in all sampled tissues, surpassing the 
expression of other differentially expressed miRNAs, and 
significantly downregulated in HCC. Various online data-
bases, such as miRWalk, also predicted the targeting of 
Acin1 by miR-674-5p. This suggests that miR-674-5p may 
be an important molecule for targeting Acin1.

https://biosys.bgi.com/).
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Tang et al. Acin1 in Hepatocellular Carcinoma Turk J Gastroenterol 2024; 35(4): 307-315

309

networks. The screening thresholds for differentially 
expressed genes were: |log2 (FPKM ratio)| > 1, Q < .05 (Q 
is the corrected P value and FPKM, fragments per kilo-
base of transcript per million fragments mapped). The 
FPKM refers to reads per kilobase of exon model per mil-
lion mapped reads, that is, the number of reads per 1000 
exons per 1 million reads on the pair. The number of reads 
per kilobase of exon model per million mapped reads.

Functional Enrichment of Apoptotic Chromatin 
Condensation Inducer 1-Related Genes and Protein 
Interaction Network Map Construction
Using Dr. Tom multi-omics data mining platform, we con-
structed a heat map of the expression of Acin1 and its 
related genes in tumor tissues, paracancerous tissues, 
and healthy mouse liver tissues, analyzed the ceRNA 
regulatory network and PPI network of Acin1 and its 
related genes, and performed Gene Ontology and Kyoto 
Encyclopedia of Genes and Genomes enrichment analy-
sis on Acin1 and its related genes. The PPI network maps 
were further visualized using the String online database 
(http: //str ing.e mbl.d e/).

Prediction of microRNAs Targeting the Regulation of 
Apoptotic chromatin condensation inducer 1
MiRWalk (http: //mir walk. umm.u ni-he idelb erg.d e/), 
Starbase (https ://st arbas e.sys u.edu .cn/) , miRecords (http: 
//mir ecord s.bio lead. org/) , and TargetScan (http: //www 
.targ etsca n.org /) were used to predict miRNAs targeting 
Acin1, and the predicted results were intersected using 
the jvenn online tool (http: //jve nn.to ulous e.inr a.fr/ app/e 
xampl e.htm l) to screen for possible miRNAs. Prediction 
conditions: Acin1 as target gene, selected mouse species, 

other conditions set by default. The results obtained were 
further analyzed in combination with the expression of 
miRNAs in the sequencing data.

Statistical Analysis
Statistical Package for the Social Sciences Statistics ver-
sion 23.0 statistical software (IBM Corp., Armonk, NY, 
USA) was used to analyze the measurement data. The 
measurement data were expressed as mean ± SD. After 
the normal distribution and variance homogeneity test, 
the data meeting the normal distribution and variance 
homogeneity were tested by 2 independent samples 
t-tests, and the difference was statistically significant 
with P < .05.

RESULTS
Expression of Apoptotic Chromatin Condensation 
Inducer 1 Gene
The results of sequencing data showed that Acin1 was 
expressed in all sample tissues, and Acin1 mRNA was 
significantly upregulated in tumor tissues compared 
with paracancerous tissues and healthy control tissues 
(P < .001). The expression of Acin1 mRNA was further 
verified by an RT-qPCR experiment. The results showed 
that Acin1 mRNA was also significantly upregulated in 
tumor tissue (P < .001) (Figure 1).

Interaction Networks and Expression of Apoptotic 
Chromatin Condensation Inducer 1-related Genes
The results of interaction analysis of Acin1 and its related 
genes showed that there were a large number of proteins/
genes with PPI relationship with Acin1, including 37 closely 
related proteins/genes (Figure 2). The clustered heat map 

Figure 1. Relative expression of Acin1 mRNA in different tissues. Note: (A) shows the relative expression of Acin1 in the sequencing data; (B) 
shows the experimental validation of RT-qPCR. group OO: the liver tissue of control mice; group C: the paracancerous tissues of HCC; group. 
H: the tumor tissue. ***P < .001, **P < .01, * P < .05. Acin 1, apoptotic chromatin condensation inducer 1; HCC, hepatocellular carcinoma; 
mRNA, messenger RNA; RT-qPCR, reverse trans cript ion-q uanti tativ e polymerase chain reaction.
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showed that among the 37 genes, Slc3a2, Wiz, Srrm2, 
Akt1, Hnrnpu, Sap18b, Pabpn1, Ddx39b, Eif4a3, Rnps1, 
Api5, Zc3h18, and Srrm1 were significantly upregulated 
in tumor tissues compared with those in the paracancer-
ous tissues and healthy control tissues. The intergroup 
clustered heat map (Figure 3A) and inter-sample clus-
tered heat map (Figure 3B) of the expression of Acin1 
and its related genes were generally consistent (Figure 3), 
and the top 10 Acin1-related genes expressed in HCC 
are Slc3a2, Wiz, Srrm2, Akt1, Hnrnpu, Sap18b, Pabpn1, 
Ddx39b, Eif4a3, and Rnps1. It can be seen that these 10 
genes may play an important role in the regulation of the 
occurrence and development of HCC by Acin1.

Functions and Pathways Involved in Apoptotic 
Chromatin Condensation Inducer 1 and its Related 
Genes
The functional enrichment analysis of Acin1 and its related 
genes found that they mainly play a role in the nuclear 
speck, nucleus, nucleoplasm, spliceosomal complex, EJC, 
and cytoplasm, etc., participate in biological processes 
such as mRNA processing, RNA splicing, spliceosomal 

complex assembly and apoptosis regulation, etc., and play 
a role in small ubiquitin-related modifier (SUMO) transfer-
ase activity, SUMO ligase activity, poly(A) binding, nucleic 
acid binding, and nucleotide binding. The results of path-
way enrichment showed that they were mainly involved 
in mRNA surveillance, RNA transport, spliceosome, Janus 
kinase/signal transducers and activators of transcription 
(JAK-STAT) signaling pathway, apoptosis, and ubiquitin-
mediated proteolysis (Figure 4).

MicroRNAs and Competing Endogenous RNA Network 
Targeting and Regulating Apoptotic Chromatin 
Condensation Inducer 1
This study further analyzed the miRNAs that target to 
regulate Acin1 and ceRNAs that can competitively com-
bine with miRNA and mRNA to regulate Acin1. Through 
the analysis of the ceRNA regulatory network, we found 
101 ceRNAs molecules related to Acin1, including 2 long 
noncoding RNAs (4930533N22Rik and Gm21269), 50 
miRNAs, and 49 mRNAs (Table 1). Many molecules have 
targeted regulatory relationships (Figure 5). Among many 
miRNAs targeted to regulate Acin1, we found 3 miRNAs 

Figure 2. The protein–protein interaction network of apoptotic chromatin condensation inducer 1 and its related genes.
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that were significantly negatively correlated with the 
expression of Acin1, namely miR-6395, miR-674-5p, and 
miR-7067-5p, of which miR-674-5p was expressed at a 
higher level in all tissue samples, and its expression was 
much higher than other differentially expressed miRNAs 
and was significantly downregulated in tumor tissues rel-
ative to paracancerous and healthy control tissues.

Further, we used 4 online databases, miRWalk, StarBase, 
miRecords, and TargetScan, to comprehensively pre-
dict the miRNAs targeting Acin1, and found that all 4 
databases also predicted miR-674-5p targeting Acin1 
(Figure 6). Therefore, we speculate that miR-674-5p may 
be an important regulator of Acin1 overexpression, and 
that multiple ceRNA molecules in the ceRNA regulatory 
network that are associated with Acin1 may also play an 
important role in its overexpression. These molecules may 
work coordinately to finely regulate Acin1 expression. 

DISCUSSION
Genetic and acquired changes in selective splicing of 
mRNA precursors play an important role in the develop-
ment of human disease and many cancer-related genes 
are regulated by alternative splicing.12,13 Understanding 

abnormal splicing or splicing variation will help us under-
stand the causes of malignant transformation. Apoptotic 
chromatin condensation inducer 1 is a multifunctional 
nuclear protein, an auxiliary component of the splicing-
dependent multiprotein EJC, deposited at the splice 
junctions of mRNAs, which confers the binding of RNA 
to the complex and has an important role in apoptosis, 
selective RNA splicing, and basal autophagy.14 It has been 
shown that the molecule is widely present in a variety of 
tissues and organs, including glandular vesicles, the ret-
ina, blood, lungs, liver,15-19 etc. Our results also found that 
Acin1 was expressed in liver tissue and was significantly 
overexpressed in HCC tumor tissue. We know that splice 
errors that lead to the production of abnormal transcripts 
rarely occur in normal cells, but research has found that 
they are almost the inherent characteristics of cancer 
cells.20 Tumor-specific splicing alterations are created 
by mutations that disrupt splicing-regulatory elements 
within genes and impair splicing recognition or by altering 
the RNA-binding preferences of individual splicing fac-
tors.21 Apoptotic chromatin condensation inducer 1 has 
the function of participating in splicing-related mRNA 
metabolism, but it is rarely reported that Acin1 partici-
pates in HCC. In this article, we explore the causes and 

Figure 3. Inter-group clustered heat map (A) and inter-sample clustered heat map (B) of apoptotic chromatin condensation inducer 1 and 
its related genes. Note: The expression in this figure refers to the fragments per kilobase of transcript per million fragments mapped value.
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possible molecular mechanisms of the overexpression of 
Acin1 in HCC in order to provide some insights into the 
pathogenesis of HCC.

Through whole transcriptome sequencing and RT-qPCR, 
we found that Acin1 was significantly upregulated in 

tumor tissues compared with normal control liver tissues 
and paracancerous tissues (P < .001). In order to further 
understand the cause of its overexpression, we analyzed 
the Dr. Tom multi-omics data mining platform provided 
by BGI Genomics Co., Ltd. and identified numerous 
genes/proteins that interacted with Acin1. Among them, 

Figure 4. Enrichment analysis of GO and KEGG of Acin1 and its related genes. Note: A: biological process; B: cellular component; C: molecular 
function; D: KEGG pathway. Acin 1, apoptotic chromatin condensation inducer 1; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and 
Genomes.

Table 1. The Competing Endogenous RNA Molecules Related to Apoptotic Chromatin Condensation Inducer 1

Type Number Gene Symbol

lncRNA 2 4930533N22Rik, Gm21269

miRNA 50 miR-6934-3p, miR-1249-5p, miR-7090-5p, miR-6912-5p, miR-6999-3p, miR-6945-5p, miR-7029-3p, miR-
7682-3p, miR-7021-3p, miR-7684-5p, miR-6953-3p, miR-6918-5p, miR-7222-3p, miR-7016-5p, miR-7044-3p, 
miR-6904-5p, miR-6395, miR-6982-5p, miR-7235-5p, miR-12198-3p, miR-6988-5p, miR-665-5p, miR-
6982-3p, miR-6927-5p, miR-6997-5p, miR-7067-5p, miR-1247-3p, novel-miR410-5p, novel-miR114-3p, 
novel-miR332-3p, miR-674-5p, novel-miR16-3p, novel-miR325-3p, novel-miR5-5p, novel-miR47-5p, novel-
miR320-3p, novel-miR308-5p, novel-miR159-3p, novel-miR311-5p, miR-666-5p, miR-7047-5p, miR-8119, 
miR-6935-5p, miR-6973b-3p, miR-7070-5p, miR-6965-5p, miR-6396, miR-7034-3p, miR-6914-5p, miR-6345

mRNA 49 Stx7, BC048679, Syngr4, Cyp4a31, Pard6a, Ccdc159, Aktip, Cdkl3, Vmn2r90, Dnase2b, Zwint, Gins4, Rspo1, 
1700016K19Rik, Bche, Ccdc107, Slc28a3, Slc4a11, Cd160, Cavin2, Oxct1, Gipc2, Nxph1, Abca17, Olfr698, Kbtbd12, 
Mrc1, Tmem9b, Trdn, Gm10220, Fam71f1, Rabggtb, Pfkfb2, Pstpip2, Dkk2, Cast, Capn13, Pth1r, Phtf1, Stam2, Rb1, 
Odf2, Pum2, Dhrs9, Lrrc36, Bbs2, Pcdh9, Nxf3

lncRNA, long noncoding RNA; miRNA, microRNA; mRNA, messenger RNA.
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there are 37 genes/proteins closely related to Acin1, 
and the top 10 genes, Slc3a2, Wiz, Srrm2, Akt1, Hnrnpu, 
Sap18b, Pabpn1, Ddx39b, Eif4a3, and Rnps1, have the 
highest levels of expression. Further analyzing the func-
tion of Acin1 and its related genes, we found that they are 
mainly enriched in the cell components such as nuclear 
speck, nucleus, nucleoplasm, spliceosomal complex, EJC, 
and cytoplasm and have molecular functions such as 
SUMO transferase activity, SUMO ligase activity, poly(A) 
binding, nucleic acid binding, and nucleotide binding. 
Messenger RNA surveillance, RNA transport, spliceosome, 
JAK-STAT signaling pathway, apoptosis, and ubiquitin-
mediated proteolysis are the main signaling pathways 
they are involved in. However, the abnormal activation of 
RNA splicing body and proliferation-related signal path-
way, such as JAK-STAT signal pathway, has been repeat-
edly reported to be closely related to the occurrence and 
development of tumor.22-24 Further analysis of the func-
tional enrichment results revealed that Acin1, together 
with eukaryotic translation initiation factor 4A3 (Eif4a3), 
DEAD box helicase 39b (Ddx39b), heterogeneous nuclear 
ribonucleoprotein U (HnrnPU), poly(A) binding protein, 
nuclear 1 (Pabpn1), serine/arginine repetitive matrix 2 
(Srrm2), and RNA-binding protein with serine rich domain 
1 (Rnps1), are involved in mRNA processing and RNA 

splicing together. Together with thymoma viral proto-
oncogene 1 (Akt1), Acin1 are also involved in poly(A) RNA 
binding. In addition, Acin1, together with Eif4a3 and 
Rnps1, also regulates selective mRNA splicing via splice 
vesicles. It is evident that these Acin1-related genes are 
essential for the functional role of Acin1.

MicroRNAs are a class of non-protein-coding regulatory 
molecules that have been increasingly reported being 
directly or indirectly involved in the development of many 
cancers, including liver cancer.25-27 In order to explore the 
cause of the overexpression of Acin1 in HCC, we further 
analyzed the miRNAs that target to regulate Acin1 and 
ceRNAs that can competitively combine with miRNA and 
mRNA to regulate Acin1. The results showed that many 
miRNAs can target and regulate Acin1. Among them, we 
found that the expression of miR-674-5p in all sample 
tissues was higher, and its expression was much higher 
than other differentially expressed miRNAs and was 
significantly downregulated in tumor tissues relative to 
paracancerous and healthy control tissues. This is nega-
tively correlated with the expression of Acin1. Further, we 
also predicted that miR-674-5p is the miRNA that tar-
gets and regulates Acin1 by using several classic miRNA 
online prediction databases such as miRWalk, StarBas, 

Figure 5. The competing endogenous RNA network of apoptotic chromatin condensation inducer 1 gene and its related genes in 
hepatocellular carcinoma. lncRNA, long noncoding RNA; mRNA, messenger RNA; miRNA, microRNA.
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miRecords, and TargetScan. Therefore, we speculated 
that miR-674-5p may play a crucial role in the patho-
genesis of HCC by targeting Acin1. However, further 
experiments are warranted to confirm the regulatory 
relationship between miR-674-5p and Acin1 in HCC 
development. It has been reported that miR-674-5p/5-
LO axis can be involved in the autoimmune response to 
acute liver injury in mice induced by cutanocin A (cona). 
This study indicated that the expression of miR-674-5p 
was significantly downregulated in the liver damaged by 
cona.28 In our study, miR-674-5p is downregulated in 
HCC, while Acin1 is upregulated in HCC, which shows 
that miR-674-5p is likely to regulate the upregulation 
of Acin1. However, the functional role of genes is also 
often influenced by multiple interacting molecules. In 
order to further study the possible molecular mechanism 
of Acin1 participating in HCC, we also investigated the 
effect of ceRNA. The ceRNA regulatory network plays an 
important role in HCC.29 In our study, multiple molecules 
were found to interact with Acin1 as ceRNAs, including 

2 lncRNAs (4930533N22Rik and Gm21269), 50 miR-
NAs, and 49 mRNAs. These findings suggest that the 
regulatory mechanism of ceRNA may be significant in the 
upregulation of Acin1 and possibly contribute to its fine-
tuned regulation.

In summary, this study revealed that Acin1 is overex-
pressed in HCC through the utilization of a mouse model 
of HCC, whole transcriptome sequencing, bioinformatics 
analysis, and RT-qPCR experiments. It was found that the 
upregulation of Acin1 may be regulated by miR-674-5p 
and multiple ceRNA molecules. They may contribute to 
the development of HCC by exerting molecular func-
tions such as protein binding, nucleic acid binding, and 
ubiquitination-like modifications, affecting pathways 
such as mRNA surveillance, RNA transport, spliceosome, 
JAK-STAT signaling pathway, apoptosis, and ubiquitin-
mediated proteolysis. However, the specific mechanisms 
through which miR-674-5p and these ceRNA molecules 
regulate the involvement of Acin1 in HCC necessitate 

Figure 6. Intersection of microRNA predictions targeting apoptotic chromatin condensation inducer 1 from 4 online databases. Note: The 4 
online databases are miRWalk, StarBas, miRecords, and TargetScan online databases.
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further investigation in order to obtain a comprehensive 
understanding of their roles in HCC development.

Ethics Committee Approval: This study was approved by the 
Ethics Committee of Youjiang Medical University for Nationalities 
(Approval No: 20201205026, Date: 2020-12-05).

Peer-review: Externally peer-reviewed.

Acknowledgements: The authors would like to thank the support of 
the Regional Multi-incidence Joint Special Project of 2022 Baise City 
Science and Technology Plan Project (BAIKE 20224148 and BAIKE 
20224151).

Author Contributions: Concept – G.L.; Design – G.L., Y.T.; 
Supervision – Y.T., G.L.; Resources – G.L., L.S., S.L.; Materials – L.S., 
S.L.; Data Collection and/or Processing – Y.T., A.N.; Analysis and/or 
Interpretation – Y.T., A.N.; Literature Search – Y.T., A.N.; Writing – Y.T.; 
Critical Review – G.L., Y.T. 

Declaration of Interests: The authors declare that they have no 
competing interests.

Funding: This research was supported by the Regional Multi-
incidence Joint Special Project of 2022 Baise City Science and 
Technology Plan Project (BAIKE 20224148 and BAIKE 20224151). 
These 2 projects are hosted by Professor Genliang Li and founded by 
Baise Science and Technology Bureau of Baise, Guangxi. They pro-
vided financial and technical support for this research.

REFERENCES
1. Wu X, Wan R, Ren L, Yang Y, Ding Y, Wang W. Circulating microRNA 
panel as a diagnostic marker for hepatocellular carcinoma. Turk J 
Gastroenterol. 2022;33(10):844-851. [CrossRef]
2. Gao X, Wang X, Zhang S. Bioinformatics identification of crucial 
genes and pathways associated with hepatocellular carcinoma. 
Biosci Rep. 2018;38(6). [CrossRef]
3. Zhang C, Peng L, Zhang Y, et al. The identification of key genes 
and pathways in hepatocellular carcinoma by bioinformatics analy-
sis of high-throughput data. Med Oncol. 2017;34(6):101. [CrossRef]
4. Fu J, Wang S, Li Z, et al. Comprehensive multiomics analysis of 
cuproptosis-related gene characteristics in hepatocellular carci-
noma. Front Genet. 2022;13:942387. [CrossRef]
5. Lin Z, Niu Y, Wan A, et al. RNA m6 A methylation regulates 
sorafenib resistance in liver cancer through FOXO3-mediated 
autophagy. EMBO J. 2020;39(12):e103181. [CrossRef]
6. Lin YC, Lu YH, Lee YC, Hung CS, Lin JC. Altered expressions and 
splicing profiles of Acin1 transcripts differentially modulate brown 
adipogenesis through an alternative splicing mechanism. Biochim 
Biophys Acta Gene Regul Mech. 2020;1863(9):194601. [CrossRef]
7. Sahara S, Aoto M, Eguchi Y, Imamoto N, Yoneda Y, Tsujimoto Y. 
Acinus is a caspase-3-activated protein required for apoptotic chro-
matin condensation. Nature. 1999;401(6749):168-173. [CrossRef]
8. Xue L, Xie L, Song X, Song X. [Expression and significance of ACIN1 
mRNA in platelets of lung cancer]. Zhongguo Fei Ai Za Zhi. 
2018;21(9):677-681. [CrossRef]
9. Wang Z, Ballut L, Barbosa I, Le Hir H. Exon Junction Complexes can 
have distinct functional flavours to regulate specific splicing events. 
Sci Rep. 2018;8(1):9509. [CrossRef]

10. Pincez T, Landry JR, Roussy M, et al. Cryptic recurrent ACIN1-
NUTM1 fusions in non-KMT2A-rearranged infant acute lymphoblas-
tic leukemia. Genes Chromosomes Cancer. 2020;59(2):125-130. 
[CrossRef]
11. Li G, Ni A, Tang Y, Li S, Meng L. RNA binding proteins involved in 
regulation of protein synthesis to initiate biogenesis of secondary 
tumor in hepatocellular carcinoma in mice. PeerJ. 2020;8:e8680. 
[CrossRef]
12. Li YI, van de Geijn B, Raj A, et al. RNA splicing is a primary link 
between genetic variation and disease. Science. 2016;352(6285):600-
604. [CrossRef]
13. Brinkman BM. Splice variants as cancer biomarkers. Clin Bio-
chem. 2004;37(7):584-594. [CrossRef]
14. Deka B, Singh K. The arginine and serine-rich domains of Acinus 
modulate splicing. Cell Biol Int. 2019;43(8):954-959. [CrossRef]
15. Blackshaw S, Harpavat S, Trimarchi J, et al. Genomic analysis 
of mouse retinal development. PLOS Biol. 2004;2(9):E247. 
[CrossRef]
16. Li P, Li R, Qiao Y, Xu X. [Progress on numerical simulation of the 
deposition of inhaled particles in human pulmonary acinus region]. 
Sheng Wu Yi Xue Gong Cheng Xue Za Zhi. 2019;36(3):499-503. 
[CrossRef]
17. McKee AE, Minet E, Stern C, Riahi S, Stiles CD, Silver PA. 
A genome-wide in situ hybridization map of RNA-binding proteins 
reveals anatomically restricted expression in the developing mouse 
brain. BMC Dev Biol. 2005;5:14. [CrossRef]
18. Wang F, Soprano KJ, Soprano DR. Role of Acinus in regulating 
retinoic acid-responsive gene pre-mRNA splicing. J Cell Physiol. 
2015;230(4):791-801. [CrossRef]
19. Merino D, Kelly GL, Lessene G, Wei AH, Roberts AW, Strasser A. 
BH3-mimetic drugs: blazing the trail for new cancer medicines. Can-
cer Cell. 2018;34(6):879-891. [CrossRef]
20. Kalnina Z, Zayakin P, Silina K, Linē A. Alterations of pre-mRNA 
splicing in cancer. Genes Chromosomes Cancer. 2005;42(4):342-
357. [CrossRef]
21. Rahman MA, Krainer AR, Abdel-Wahab O. SnapShot: splicing 
alterations in cancer. Cell. 2020;180(1):208-208.e1. [CrossRef]
22. Escobar-Hoyos L, Knorr K, Abdel-Wahab O. Aberrant RNA 
splicing in cancer. Annu Rev Cancer Biol. 2019;3(1):167-185. 
[CrossRef]
23. Yamauchi H, Nishimura K, Yoshimi A. Aberrant RNA splicing and 
therapeutic opportunities in cancers. Cancer Sci. 2022;113(2):373-
381. [CrossRef]
24. Hin TJ, Hao TD, Lim JJ, Toh TB. JAK/STAT signaling in hepatocel-
lular carcinoma. Hepat Oncol. 2020;7(1):18.
25. Han TS, Hur K, Cho HS, Ban HS. Epigenetic associations between 
lncRNA/circRNA and miRNA in hepatocellular carcinoma. Cancers 
(Basel). 2020;12(9). [CrossRef]
26. Nagy Á, Lánczky A, Menyhárt O, Győrffy B. Validation of miRNA 
prognostic power in hepatocellular carcinoma using expression data 
of independent datasets. Sci Rep. 2018;8(1):9227. [CrossRef]
27. Rupaimoole R, Calin GA, Lopez-Berestein G, Sood AK. miRNA 
deregulation in cancer cells and the tumor microenvironment. Can-
cer Discov. 2016;6(3):235-246. [CrossRef]
28. Su K, Wang Q, Qi L, et al. MicroRNA-674-5p/5-LO axis involved 
in autoimmune reaction of concanavalin A-induced acute mouse 
liver injury. Toxicol Lett. 2016;258:101-107. [CrossRef]
29. Zeng Q, Cao J, Niu Y, et al. Identification of recurrence-related 
mRNAs and noncoding RNAs in hepatocellular carcinoma following 
liver transplantation. Turk J Gastroenterol. 2023;34(4):394-405. 
[CrossRef]

https://doi.org/10.5152/tjg.2022.21183
https://doi.org/10.1042/BSR20181441
https://doi.org/10.1007/s12032-017-0963-9
https://doi.org/10.3389/fgene.2022.942387
https://doi.org/10.15252/embj.2019103181
https://doi.org/10.1016/j.bbagrm.2020.194601
https://doi.org/10.1038/43678
https://doi.org/10.3779/j.issn.1009-3419.2018.09.05
https://doi.org/10.1038/s41598-018-27826-y
https://doi.org/10.1002/gcc.22808
https://doi.org/10.7717/peerj.8680
https://doi.org/10.1126/science.aad9417
https://doi.org/10.1016/j.clinbiochem.2004.05.015
https://doi.org/10.1002/cbin.11163
https://doi.org/10.1371/journal.pbio.0020247
https://doi.org/10.7507/1001-5515.201808001
https://doi.org/10.1186/1471-213X-5-14
https://doi.org/10.1002/jcp.24804
https://doi.org/10.1016/j.ccell.2018.11.004
https://doi.org/10.1002/gcc.20156
https://doi.org/10.1016/j.cell.2019.12.011
https://doi.org/10.1146/annurev-cancerbio-030617-050407
https://doi.org/10.1111/cas.15213
https://doi.org/10.3390/cancers12092622
https://doi.org/10.1038/s41598-018-27521-y
https://doi.org/10.1158/2159-8290.CD-15-0893
https://doi.org/10.1016/j.toxlet.2016.06.010
https://doi.org/10.5152/tjg.2023.22656

