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Background: Hepatic fibrosis is a widespread disease worldwide. Millions of people lose their lives due 
to hepatic fibrosis every year. The main causes of hepatic fibrosis include viral infection, alcoholism, and 
obesity. Many studies have been conducted on the single factors that cause hepatic fibrosis; however, no 
studies have examined whether hepatic fibrosis caused by multiple factors has concomitant expression 
molecules and signaling pathways. In this study, we sought to analyze the common differentially expressed 
messenger ribonucleic acids (mRNAs) of hepatic fibrosis caused by different factors, including hepatitis 
B virus (HBV) hepatic fibrosis, alcoholic hepatic fibrosis, and non-alcoholic hepatic fibrosis, and identify 
potential preventive and therapeutic targets. 
Methods: The GSE171294, GSE142530, and GSE126848 datasets from the Gene Expression Omnibus 
(GEO) public database were used in this study. A |log fold change| >0.5 and a P value <0.05 were defined as 
differentially expressed mRNAs via R software screening. To further screen the target mRNAs, the differential 
mRNAs were subjected to a functional enrichment analysis based on the Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) databases. Finally, the relationships between differentially 
expressed mRNA-encoded proteins were analyzed by a protein-protein interaction (PPI) analysis. 
Results: A total of 54 differentially expressed mRNAs were identified. The KEGG analysis showed that 
the functions of different mRNAs mainly focused on Gonadotropin Releasing Hormone (GnRH) secretion, 
bile secretion and insulin secretion. The GO enrichment analysis showed that the differential mRNAs were 
mainly present in the cytoplasmic membrane region and exerted biological functions, such as activating 
channels and binding proteins by regulating biological processes (BPs), such as cells, cytoskeleton and 
heparin. The PPI network analysis revealed 16 nodes with 12 pairs of interactions. The 16 critical nodes 
included BCL6, CD4, CD24, IL32, CALD1, TRAF3, SOX9, KANSL3, MRGBP, PKD2, PKHD1, SYT1, 
ANXA4, KCNMA1, KCNN2, and CACNA1H. 
Conclusions: KCNN2, CD4, CD24, BCL6, KCNMA1, and other molecules obtained by the 
bioinformatics analysis of the RNA-sequencing data can be used as new research targets for hepatic fibrosis 
induced by different causes. Our findings could provide novel ideas for the treatment of hepatic fibrosis.
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Introduction

Hepatic fibrosis (HF) is a chronic liver disease and the main 
cause of hepatocellular carcinoma in the end stage. If the 
liver sustains continuous damage [e.g., from hepatitis B virus 
(HBV) or hepatitis C virus (HCV) infections, or chemical 
insults], the liver parenchymal cells could not be repaired to 
healthy cells. Moreover, hepatic stellate cells (HSCs) would 
be activated and transformed into a myofibroblast-like 
phenotype, leading to excessive extracellular matrix (ECM) 
deposition. Eventually, the normal structure of the liver is 
destroyed, resulting in hepatic fibrosis and liver dysfunction. 
Mild hepatic fibrosis is reversible, but in severe forms, it can 
progress to cirrhosis or even liver cancer (1,2).

At present, the main causes of hepatic fibrosis include 
viruses, alcohol, obesity, and cholestasis. Non-alcoholic 
liver disease is generally caused by obesity. When the fat 
accumulates around the liver tissue, it can trigger steatosis 
and cytotoxicity, resulting in hepatocyte response, HSCs 
transform into fibrocytes, and ECM proliferation causes 
non-alcoholic hepatic fibrosis (3). Virus-induced liver 
fibrosis is mainly caused by the HBV and HCV. HBV 
is transported into liver cells through receptors, and the 
nucleocapsid enveloping the virus deoxyribonucleic acid 
(DNA) enters the liver nucleus. The virus DNA is then 
released and integrates with the host DNA, and viral 
proteins are expressed after transcription, and the HBV 
virus infection is completed (4). The HCV attaches to 
liver cells and enters cells in a similar way to HBV, but it is 
ribonucleic acid (RNA) that carries the genetic information 
(5,6). Persistent viral infection leads to liver cell damage, 
causing liver fibrosis (7,8). In the long-term, heavy drinking 
can lead to the accumulation of acetaldehyde, which is a 
breakdown product of ethanol. Acetaldehyde can cause 
the metabolic disorder of liver cells, destroy liver cells, and 
cause liver inflammation (9). However, in the course of liver 
fibrosis caused by different factors, such as viral hepatitis, 
alcoholic hepatitis and non-alcoholic fatty hepatitis, whether 
the differentially expressed mRNAs and their functions are 
related, there are still no relevant studies.

In this study, transcriptome data were used to analyze the 

messenger RNA (mRNA) molecules commonly expressed 
in HBV, alcoholic and non-alcoholic liver fibrosis, which 
were expected to be common markers of hepatic fibrosis 
caused by different triggers and provide novel insights into 
the treatment of liver fibrosis.

The mRNA high-throughput sequencing data of this 
study were obtained from 3 microarray datasets (i.e., 
GSE171294, GSE142530, and GSE126848), which 
were downloaded from the Gene Expression Omnibus 
(GEO) database. Using these 3 datasets, the differentially 
expressed mRNAs in patients with HBV, alcoholic, and 
non-alcoholic hepatic fibrosis, and the differentially 
expressed mRNAs co-expressed in the 3 fibrotic diseases 
were identified. Afterwards, Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analyses were conducted to examine the enriched 
functions of the differential expressed mRNAs, and their 
biological functions were also explored. Finally, a protein-
protein interaction (PPI) network analysis was performed 
to search for key protein interaction nodes. We present the 
following article in accordance with the STREGA reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-3593/rc).

Methods

Downloading the expression profile matrix

The GSE171294 dataset representing HBV liver fibrosis 
was obtained from the GPL24676 Illumina NovaSeq 6000 
platform (Homo sapiens) and comprised 4 healthy samples 
and 4 liver fibrosis samples. The GSE142530 dataset 
representing alcoholic liver fibrosis was obtained from the 
GPL11154 Illumina HiSeq 2000 platform (Homo sapiens) 
and comprised 12 healthy samples and 6 hepatic fibrosis 
samples. Finally, the GSE126848 dataset for non-alcoholic 
hepatic fibrosis was obtained from the GPL18573 Illumina 
NextSeq 500 platform (Homo sapiens) and comprised 
14 control samples and 16 hepatic fibrosis samples (see 
Table 1). The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).
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Differential mRNA screening

Each dataset was analyzed separately, and the data were 
divided into “Control” and “Case” groups. The P value was 
calculated using the unpaired T test in the limma program 
package in R language, and the P value was corrected 
using the Benjamini & Hochberg (BH) method. For each 
significantly differentially expressed mRNA, a P value <0.05 
and |log fold change| >0.5 were required. The differentially 
expressed mRNA heat map was generated by the R package 
pheatmap, and the volcano map was generated by the ggplot.

Pathway enrichment analysis

The GO and KEGG pathway functional enrichment analyses 
of the differentially expressed mRNAs were conducted using 
the “Database for Annotation, Visualization and Integrated 
Discovery (DAVID)” analysis tool. The biological processes 
(BPs), molecular functions (MFs), and cellular components 
(CCs) in which the differential mRNAs were involved were 
analyzed by a GO functional enrichment analysis. A Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analysis was 
conducted to determine the signaling pathways in which the 
differentially expressed mRNAs might participate. A P value 
<0.05 indicated a significantly enriched result.

Construction of the PPI network

The Search Tool for the Retrieval of Interacting Genes 
(STRING) was used to predict whether there was 
any interaction between the proteins encoded by the 
differentially expressed mRNAs. The input gene datasets 
comprised the differentially expressed mRNAs and the 
species of “Homo sapiens” was selected. The parameter PPI 
score was set to 0.4, which required that the protein nodes 
in which the interactions occurred were the differentially 
expressed mRNAs. PPI networks of differentially expressed 
mRNAs were constructed using Cytoscape software. The 
scores of nodes in the network were analyzed by a measure 

of topological properties; that is, the degree centrality. The 
higher the score of a node, the more important it is in the 
network and the more likely it is to be a critical node.

Results

Results of the differential mRNA screening

Using the Ensembl official website (http://asia.ensembl.
org/index.html), we converted the original data (Ensemble_
ID) into the corresponding name (symbol), and the average 
values of multiple probes were taken as the expression values 
of the genes. The differential genes were analyzed and 
screened with R language. Specifically, 1,071, 2,752, and 
9,721 were screened from the GSE171294, GSE142530, and 
GSE126848 datasets, respectively. Heat maps were drawn 
for the differential mRNAs of the control group and the case 
group in the 3 datasets (see Figure 1A-1C). After the Venn 
diagram was intersected, 54 differentially expressed mRNAs 
were identified in the 3 datasets, which accounted for 0.5% 
of the total differentially expressed mRNAs (see Figure 2).

Pathway enrichment analysis

To further investigate the function and mechanism of 
the 54 differentially expressed mRNAs, GO and KEGG 
enrichment analyses were performed in DAVID. The 
results showed that the differential genes were enriched in 
75 KEGG pathways (see Figure 3), 2,344 GO-BP pathways, 
324 GO-CC pathways, and 346 GO-MF pathways (see 
Figures 4,5). Among them, 3 KEGG pathways (see Table 2), 
654 GO-BPs, 126 GO-CCs, and 124 GO-MFs (Table 3) 
were significantly enriched.

Results of the PPI network analysis

Venn diagrams were used to intersect the differential 
mRNAs in the 3 expression profiling datasets, which 
resulted in 54 differential mRNAs. The PPI network was 

Table 1 Number of samples in different datasets

Data set Type Platforms Normal Hepatic fibrosis

GSE171294 HBV hepatic fibrosis GPL24676 Illumina NovaSeq 6000 (Homo sapiens) 4 4

GSE142530 Alcoholic hepatic fibrosis GPL11154 Illumina HiSeq 2000 (Homo sapiens) 12 6

GSE126848 Non-alcoholic hepatic fibrosis GPL18573 Illumina NextSeq 500 (Homo sapiens) 14 16

HBV, hepatitis B virus.

http://asia.ensembl.org/index.html
http://asia.ensembl.org/index.html
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constructed, and a total of 16 nodes and 12 interaction pairs 
were found (see Figure 6). The thicker the line between the 
nodes, the more important the node. The expression levels of 
the key genes associated with 12 interaction pairs from the 3 
samples for the case and control groups are shown in Figure 7.

Discussion

Following the development of sequencing technology, 

an increasing number of hepatic fibrosis molecules with 
different etiologies have been able to be identified, and 
these molecules have become new therapeutic targets for 
hepatic fibrosis with different triggers. Little research has 
been conducted on whether these molecules or pathways 
regulate hepatic fibrosis of different etiologies. The chronic 
stimulation of the hepatitis virus, alcohol, lipids, and other 
stressors cause damage to the liver parenchymal cells. In 
response to liver injury, HSCs are activated and exhibit 
a myofibroblast-like phenotype, which contributes to 
the excessive synthesis and deposition of the ECM. The 
excessive deposition of the type I collagen-dominated 
ECM leads to liver fibrogenesis. These are the common 
pathological features of liver fibrosis induced by different 
factors. Thus, determining the molecules or pathways 
of liver fibrosis with different triggers could lead to the 
development of novel strategies for the treatment and 
intervention of hepatic fibrosis and its progression.

At present, transforming growth factor (TGF)-β, Wnt/
β-catenin, PDGF and other signaling pathways have 
been widely studied in the molecular mechanism of liver  
fibrosis (10). After hepatocytes injury, the expression of 
TGF-β is up-regulated, which promotes the transformation 
of hepatic stellate cells into myofibroblasts (MFB) that 
secrete extracellular matrix (11). However, TGF-β has been 
found to inhibit inflammation while promoting fibrosis (12). 
In addition to TGF-β, it can also induce the upregulation of 
growth factors in MFB cells through Wnt signaling pathway, 
such as the upregulation of Wnt-5, which promotes the 
proliferation of MFB and the secretion of extracellular 
matrix (11). ROS is also closely related to the occurrence of 
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Figure 5 GO results for the 54 co-expressed differential mRNAs. GO, Gene Ontology; mRNAs, messenger ribonucleic acids.

Table 2 KEGG results for the significant enrichment of the 54 co-expressed differential mRNAs

Pathway Pathway ID P value Gene

GnRH secretion hsa04929 <0.05 CACNA1H, CAV3.2, KCNN2, KCA2.2

Bile secretion hsa04976 <0.05 KCNN2, KCA2.2, OSTALPHA, OSTA, SLC51A1

Insulin secretion hsa04911 <0.05 KCNMA1, KCA1.1, KCNN2, KCA2.2

KEGG, Kyoto Encyclopedia of Genes and Genomes; mRNAs, messenger ribonucleic acids. 

liver fibrosis. When there is an imbalance between oxidation 
and anti-oxidation, the level of ROS increases, which affects 
the proliferation and apoptosis of hepatocytes. At the same 
time, TGF-β and ROS act as activators of each other’s 
signaling pathways, respectively, inducing damage and 
fibrosis (13). Stemming form the concern of clinicians about 
the common denominator of any liver disease characterized 
by chronic tissue damage, therapeutic strategies for hepatic 
fibrosis have primarily focused on (I) inducing specific 
elimination of profibrotic cells, or, reversing or senescence; 

(II) increasing degradation of ECM; (III) transplantation 
of bone marrow-derived cells (i.e., macrophages); (IV) 
targeting myofibroblasts (MFs) and/or the mechanisms 
and signaling pathways of their activating and profibrotic 
effects; (V) targeting Kupffer cells (KC, liver resident 
and self-sustaining macrophages)  and monocyte-
derived macrophages (MoMF) and/or the mechanisms 
and signaling pathways of their recruitment/activation; 
(VI) drugs that reduce liver parenchymal injury (14).  
Therefore, currently, the research on therapeutic targets 
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for liver fibrosis mainly focuses on which stages of fibrosis 
evolution to maximize targeting and which are relatively 
realistic clinical endpoints (14).

Bioinformatic transcriptome analyses were performed 
on the HBV hepatic fibrosis microarray GSE171294 
dataset, alcoholic hepatic fibrosis microarray GSE142530 

dataset, and non-alcoholic hepatic fibrosis microarray 
GSE126848 dataset from the GEO public database, and 
1,071, 2,752, and 9,721 differentially expressed mRNAs 
were identified for the GSE171294, GSE142530, and 
GSE126848 datasets, respectively. Among them, there 
were 54 common differentially expressed mRNAs. KGEE 
and GO enrichment analyses were then conducted for the 
54 differentially expressed mRNAs. KEGG enrichment 
analysis showed that the differential gene expression was 
related to the Gonadotropin Releasing Hormone (GnRH) 
secretion, bile secretion, insulin secretion, vascular 
smooth muscle contraction, biosynthesis of unsaturated 
fatty acids, and other signaling pathways, especially the 
first three. The GO enrichment analysis showed that the 
differential mRNAs were mainly present in the cytoplasmic 
membrane region and exerted biological functions, such as 
activating channels and binding proteins by regulating cells, 
cytoskeleton, heparin and other BPs. The PPI network 
analysis revealed 16 critical nodes, which may serve as 
common therapeutic targets for the treatment of hepatic 
fibrosis induced by different causes.

GnRH is associated with cholestatic hepatic fibrosis. 
GnRH is secreted by the hypothalamus, and can bind to the 
GnRH receptors present in the human biliary tract (15,16). 

Table 3 GO enrichment analysis of the differentially expressed mRNAs (using the top 5 as examples)

GO-annotations Description Count P value

GO-BP Regulation of multicellular organismal process 22 <0.05

Actin filament-based process 10 <0.05

Actin cytoskeleton organization 9 <0.05

Cytoskeleton organization 13 <0.05

Response to heparin 2 <0.05

GO-CC Plasma membrane part 21 <0.05

Anchored component of external side of plasma membrane 3 <0.05

Intrinsic component of external side of plasma membrane 3 <0.05

Apical plasma membrane 7 <0.05

Plasma membrane region 12 <0.05

GO-MF Cytoskeletal protein binding 10 <0.05

Potassium channel activity 4 <0.05

Calcium-activated potassium channel activity 2 <0.05

Voltage-gated cation channel activity 4 <0.05

Identical protein binding 14 <0.05

GO, Gene Ontology; mRNAs, messenger ribonucleic acids; BP, biological process; CC, cellular component; MF, molecular function.
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Figure 6 PPI network diagram. PPI, protein-protein interaction. 
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Figure 7 Expression of key genes (CACNA1H, CD24, SOX9, PKHD1, KCNN2, PKD2) in different datasets.

In a rat model of bile duct ligation, GnRH secretion was 
shown to be increased. Conversely, research has also shown 
that after treatment with melatonin, which is another 
hormone secreted by the hypothalamus, GnRH secretion 
is decreased, and liver biochemical indicators, liver tissue 
inflammation, and fibrosis are improved (17,18). In the 
1990s, it was revealed that patients with alcoholic and non-
alcoholic cirrhosis had significant differences in GnRH 
levels compared to healthy individuals (19). However, 
little mechanistic research or research on GnRH and 
hepatitis virus-induced hepatic fibrosis has been conducted. 
In addition, after stimulation with the air pollutant 
of perfluorohexanesulfonic acid, which relies on Na+ 
participation in bile acid enterohepatic circulation, and the 
elimination of toxic substances through biliary excretion, 
disrupts lipid metabolism in liver tissues causing non-
alcoholic steatohepatitis (20,21). Intestinal microbes also 
have an effect on liver fibrogenesis; for example, individuals 
with alcoholic, non-alcoholic hepatic fibrosis, HBV- and 
HCV-induced hepatic fibrosis have increased bile acids 
compared to healthy, for the altered intestinal flora or over-
expression of bile acid-related DNA in the flora (22-25). 

In addition to ethanol stimulation, reduced bile acid 
excretion has also been found to be another cause of 
alcoholic hepatic fibrosis (26). Decreased or inhibited 
insulin secretion is the main cause of diabetes mellitus. 
Diabetic patients are also usually obese and have non-
alcoholic hepatic fibrosis (27). Japanese scholars have found 
that fasting insulin secretion could decrease with the process 
of non-alcoholic hepatic fibrosis (28), which may be related 
to glucose metabolism disorder and lipid metabolism 
disorder caused by islet β cell dysfunction (29). Moreover, 

advanced HCV hepatic fibrosis is associated with insulin 
resistance (30).

According to a previous study (31), the ion channels are 
mainly related to HSCs, while the differentially expressed 
mRNAs in cells are mainly enriched in the plasma 
membrane and cell membrane. Thus, these differentially 
expressed molecules may mainly be present on the cell 
membrane of HSCs. HSCs can be stimulated to transform 
into fibroblasts. When the calcium-activated potassium 
channel (KCa) activity was inhibited, the HSC proliferation 
was decreased, TGF-β1 activation was inhibited and hepatic 
fibrosis was reversed (31,32). As the process of hepatic 
fibrosis worsens, KCa3.1 expression also increases in the 
liver, and anti-fibrotic effects can be achieved in non-
alcoholic fatty liver disease by inhibiting KCa3.1 (33). In 
addition, other ion channels in fibroblasts, such as inwardly 
rectifying potassium channels, have been reported in 
fibrosis tissues except for hepatic fibrosis tissues (34). Actin, 
myosin, and the mechanism of hepatic fibrosis development 
has also attracted a great deal of attention. Actin and 
myosin are important components of the cytoskeleton, and 
are involved in a variety of biological cell functions, such as 
the proliferation and migration of cells. The knockdown of 
smooth muscle α-actin was shown to reduce the expression 
of hepatic fibrosis (35) and targeting myosin 1c (Myo1c) 
was shown to suppress hepatic fibrosis in mice (36). Inward 
rectifying potassium channels have been reported in other 
tissue fibrosis, but not in liver fibrosis.

Ca2+-activated K+ channel protein gene 2 (KCNN2) 
is expressed in liver tissue (37) and a small-conductance 
Ca2+-activated potassium channel (SK2) is encoded in 
biliary epithelial cells that affect bile secretion through 
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ion channels (38). In addition, the level of intramyocardial 
fibrosis has also been found to decrease following the 
sacubitril/valsartan treatment of cardiac arrhythmias, due 
to the downregulation of KCNN2 (39). No research has 
shown that KCNN2 has a supporting effect on hepatic 
fibrosis; however, from the above, it can be speculated that 
KCNN2 encodes the biliary epithelial cell SK2, which 
could affect bile flow through SK2 and induce cholestasis, 
which in turn could lead to hepatic fibrosis. 

CD4 has frequently been reported in viral hepatic fibrosis 
and non-alcoholic hepatic fibrosis (37,38). However, the 
effect of CD4 on liver fibrosis appears to be insignificant. For 
example, while the number of CD4+ T cells is reduced after 
antiviral therapy, HCV hepatic fibrosis is not alleviated (40).  
Moreover, there is no significant difference in CD4+ 
lymphocytes between patients with non-alcoholic hepatic 
fibrosis and controls (40,41). The analysis results of a study 
on CD4+ T lymphocytes and hepatic fibrosis did not comply 
with the expected assumptions, and no other relevant 
studies have been conducted; however, this issue is worthy 
of further in-depth study.

The expression of SOX9 in the liver, skin and other 
tissues is associated with fibrosis, and the liver fibrosis caused 
by biliary atresia is related to the abnormal expression 
of SOX9 and the proliferation of hepatic progenitor  
cells (42). PKHD1 or PKD2 mutations are the main cause of 
autosomal recessive polycystic kidney disease (ARPKD) (43).  
The organoid models of hepatic fibrosis are often designed 
as ARPKD, and studies have shown that TGF-β activation 
in the model is involved in fibrosis production (10,43,44). 
KCNMA1, the pore-forming α subunit of the large-
conductance Ca2+-activated K+ channel (BK channels) is 
expressed in HSCs, and KCNMA1 over-expression leads to 
reduced collagen expression in HSCs, which inhibits hepatic 
fibrosis (45). In addition to the above-mentioned molecules, 
CD24 and B lymphocytoma 6 (BCL6), which are mainly 
involved in the immune response, as well as CACNA1H, 
which is a molecule related to calcium channels, have 
rarely been examined; however, we intend to examine these 
molecules in our future studies.

The use of large databases for bioinformatics analysis 
of clinical diseases has attracted more and more attention. 
Statistical methods are used to screen differentially expressed 
genes, to understand the functions of differentially expressed 
genes, to analyze the relationship between proteins encoded 
by differentially expressed molecules, and to verify target 
genes by in vitro and in vivo experiments. It is a good way to 
provide candidate targets for the prevention and treatment of 

liver fibrosis.
Diverse mechanisms underlie hepatic fibrosis in vivo. 

The results of the present study showed that liver fibrosis 
is mainly related to cellular ion channels and channel 
molecules. The mechanism of the same molecule differs 
in different inducing factors of liver fibrosis, and the 
mechanism of different molecules is similar in different 
inducing factors of liver fibrosis. Voltage-gated cation 
channels (i.e., KCNN2, CD4, CD24, BCL6, KCNMA1, 
and other molecules) could be used as novel research targets 
for hepatic fibrosis induced by different causes, which could 
provide novel ideas for the treatment of hepatic fibrosis.
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