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Ethanol promoting the upregulation of C-X-C Motif Chemokine Ligand 1
( CXCL1 ) and C-X-C Motif Chemokine Ligand 6 ( CXCL6 ) in models of early
alcoholic liver disease
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ABSTRACT

Alcoholic liver disease (ALD) denotes a series of liver diseases caused by ethanol. Recently,
immune-related genes (IRGs) play increasingly crucial role in diseases. However, it's unclear the
role of IRGs in ALD. Bioinformatic analysis was used to discern the core immune-related differ-
ential genes (IRDGs) in the present study. Subsequently, Cell Counting Kit-8 say, oil red O staining,
and triglyceride detection were employed to explore optimal experimental conditions of estab-
lishing hepatocellular models of early ALD. Ultimately, real-time reverse transcription-PCR and
immunohistochemistry/immunocytochemistry methods were adopted to verify the expressions of
mRNA and proteins of core IRDGs, respectively. C-X-C Motif Chemokine Ligand 1 (Cxc/7) and Cxcl6
were regarded as core IRDGs via integrated bioinformatics analysis. Besides, Lieber Decarli Ethanol
feeding and 200 mM and 300 mM ethanol stimulating L02 cells for 36 h can both successfully
hepatocellular model. In ethanol groups, the levels of CXCL1 and CXCL6 mRNA were significantly
upregulated than pair-fed groups (P < 0.0001). Also, immunohistochemistry revealed that positive
particles of CXCL1 and CXCL6 in mice model of early ALD were obviously more than control
groups (P < 0.0001). Besides, in L02 hepatocytes stimulated by ethanol, CXCL1 and CXCL6 mRNA
were over-expressed, compared with normal L02 cells (P < 0.0001). Meanwhile, immunocyto-
chemistry indicated that CXCL1 and CXCL6 proteins in hepatocellular model of early ALD were
higher than normal L02 hepatocytes stimulus (P < 0.0001). Ethanol promoted the upregulation of
Cxcl1 and Cxcl6 mRNA and proteins in models of early ALD, denoting their potentiality of acting as
biomarkers of ALD.
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1. 1 i .
ntroduction the early stage of ALD, due to nonspecific symptoms,

Alcoholic liver disease (ALD) refers to a series of
diseases caused by ethanol, encompassing steatosis,
steatohepatitis, fibrosis, as well as cirrhosis [1].
Alcohol is an independent risk factor for the ALD.
In the United States, excessive alcohol consumption
is the third leading cause of individual death [2].
According to the data of National Center for
Health Statistics, 2.6% of the total deaths in the US
were pertinent to alcohol in 2017 (total 2.8 million
deaths), and alcohol-related liver disease accounts
for 30.7% of alcohol-related deaths [3]. In addition,
the rate of liver transplantation for hepatocellular
carcinoma caused by ALD have increased from
12.7% to 28.8% during 2010-2019 [4]. However, in

patients without or with slight clinical manifestations
will likely go undiagnosed. Hence, it is imperative
to identify the ALD as early as possible from indivi-
duals with long-term drinking.

Recently, some researchers have elucidated that
ethanol was capable of inducing inflammatory
chemokines and cytokines via the production of
reactive oxygen species (ROS) and acetaldehyde
[5-7]. In human hepatocytes, ethanol is oxidized
by alcohol dehydrogenase to acetaldehyde, which
is subsequently metabolized to acetate. Among
ethanol metabolites, acetaldehyde is characterized
by extremely high toxicity and carcinogenicity via
combing with proteins, causing alterations in the
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structure and function of proteins, inducing the
formation of new antigens, and propelling the host
to produce immune response [8]. Immune
response, inflammatory cytokines, as well as
intestinal barrier dysfunction caused by ethanol,
result in systemic endotoxemia, which has been
proved to be closely pertinent to the progression
of liver disease [9] and thus established the vicious
circle of pro-inflammatory signaling. Currently,
the main biomarkers of liver inflammation were
aspartate  transaminase/alanine  transaminase,
characterized by nonspecificity and easily influ-
enced by various of pathologies [10]. Thus, it is
imperative to investigate the consistently expressed
and stable biomarkers of ALD. With immune-
related genes (IRGs) playing more and more cru-
cial role in diseases, such as colon adenocarcinoma
[11-13], lung squamous cell carcinoma [14], testi-
cular germ cell tumor [15], gastric cancer [16],
bladder urothelial carcinoma [17], prostate cancer
[18], head and neck cancer [19], Down syndrome
[20], preeclampsia [21], intergenerational trauma
[22], etc. it is necessary to elucidate their impact
on ALD or alcoholic hepatitis (AH). Meanwhile, at
present, it has not yet been elucidated that the
functions of IRGs in ALD.

Nowadays, AH has been gradually proved to
occur in various stages of the ALD. We can rea-
sonably speculate the chemokine signaling path-
way serves a role in the AH. The purpose of this
study was to discover core immune-related differ-
ential genes (IRDGs) and establish mice and hepa-
tocellular models of early ALD, then we could
reveal the roles of core IRDGs in ALD and con-
tribute early molecular diagnosis and targeted
therapy for patients.

2. Materials and methods
2.1 Data source

The raw data of GSE28619 (Gene Expression
Omnibus Series 28619) dataset (CEL format) was
downloaded from GEO (Gene Expression
Omnibus) database (www.ncbi.nlm.nih.gov/geo),
whose platform was GPL570 ([HG-U133_Plus_2]
Affymetrix Human Genome U133 Plus 2.0 Array)
samples contained 17 alcoholic hepatitis samples
and five healthy samples. Then, we decompressed
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the original data and used robust multichip aver-
aging (RMA) algorithm of the “affy” package to
process these data [23]. If multiple probes repre-
sent a same gene symbol, the median expression
value will be calculated as their expression level
[24]. The annotation information of GPL570 plat-
form was employed to convert the IDs of probes
into official gene symbols [25]. Besides, differen-
tially expressed genes (DEGs) list of GSE143318
dataset were directly obtained from GEO database,
including five alcoholic hepatitis patients and five
healthy donors, with platform of GPL18573
(Illumina NextSeq 500). A total of 2498 immune-
related genes (IRGs) also were downloaded from
the immunology database and analysis portal
(ImmPort) (https://www.immport.org/shared/
home).

2.2 DEGs and immune-related differential genes
(IRDGs)

For GSE28619 dataset, we applied the “limma”
package to perform the differential expression ana-
lysis between the AH and healthy population sam-
ples. The Benjamini-Hochberg method was used
to calculated the values of FDR, and ¢ test was
implemented for calculating the P-value. Then
DEGs should meet the following criteria: the abso-
lute value of log2FoldChange (|log2FC|) more than
1.0 and adjusted P-value less than 0.05. Then con-
sistently expressed genes (CEGs) were identified in
the overlapping section of Venn plot [26]. After
eliminating 687 duplicated IRGs, we selected the
intersection of IRGs and CEGs gene lists as
IRDGs.

2.3 Functional enrichment analysis

The Gene Ontology (GO) term and Encyclopedia
of Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways functional analyses of IRDGs
were accomplished via the “clusterProfiler” pack-
age [27]. Besides, the “GOplot” package was visua-
lized the GO term functional enrichment analysis,
including biological processes (BP), molecular
function (MF), cellular component (CC) [28], as
well as KEGG pathway enrichment analysis. The
P-value less than 0.05 was considered to be the
threshold of significant enrichment.
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2.4 Construction of protein-protein interaction
(PPI) network and identification of core genes

We used 0.9 as minimum required interaction
score in protein—protein interaction (PPI) network
on the STRING website (https://string-db.org),
which is a search tool for screening the interacting
genes [29]. The PPI network was visualized in
Cytoscape  (Version 3.6.1) software. Then
CentiScaPe 2.2 and Molecular Complex Detection
(MCODE) plug-ins were separately employed to
calculate the centrality parameters of each node
and identify highly connected clusters for screen-
ing out the most pivotal nodes. These nodes, com-
prising of MCODE clusters and belonging to
DEGs, with degree more than threshold, were
regarded as core genes.

2.5 Establishment of the mice model of early
ALD

Twenty-four 6- to 8-week-old male mice were ran-
domized into research and control group according
to random number generated by STATA 14.0 soft-
ware, among which no more than three mice a cage.
Next, all mice were fed ordinary liquid feed for 3
days. Subsequently, research and control groups
were fed with Lieber Decarli Ethanol (Trophic
Animal Feed High-Tech Co. Ltd, China) and
matched ordinary liquid feed ad libitum diet for
5 weeks, respectively. As previously described
[30], we made corresponding adjustments accord-
ing to the results of pre-experiments. The concen-
tration of ethanol added to the diet gradually
increased by 28% from the initial concentration of
9% in the research (ethanol-fed) groups. And mice
in control groups (pair-fed) were still fed with
ordinary liquid feed until to 5 weeks. Then all
mice were sacrificed, and their liver tissues were
collected for further analysis. Besides, HE staining
was used to explore the structure of mice liver
lobules and hepatic cords, as well as the steatosis
of hepatocytes. Oil red O staining was employed to
investigate the formation of red lipid droplets in
mouse hepatocytes, which was measured by 10D/
area value. Each of four mouse hepatocytes group
repeats the test three times, taking three pictures
each time. Then we have detected each picture three
times at 400x magnification to make an average

value, calculating the IOD/area value. We followed
the guidelines of the Hessian Animal Care and Use
Committee. The regional authority has approved of
the animal protocol, with number of 201809121.

2.6 Cell culture, Cell Counting Kit-8 (CCK-8)
assay, and the hepatocellular model of early ALD

The human normal hepatocyte cell line, namely L02,
was provided by Chongqing Medical University
(Chongqing, China). Hepatocytes were cultured in
the Dulbecco’s Modified Eagle’s medium (DMEM)
with 5% fetal bovine serum and 100 U/mL penicillin
and 100 U/mL streptomycin under the incubator of
37°C and 5% CO2 [31]. Cell Counting Kit-8 (CCK-8,
Beyotime, C0038, China) assay was applied to indir-
ectly measure the number of living cells at different
concentrations of ethanol, including 50 mM, 100 mM,
150 mM, 200 mM, 300 mM, 400 mM, and 600 mM.
The cells were inoculated into a 96-well plate at
a density of 10,000 cells/well. After incubation of
24 h in the incubator, fresh medium supplemented
various concentrations of absolute ethanol replaced
the supernatant for 24 h. Next, after ethanol treatment
for 12 h, 24 h, 36 h, and 48 h, respectively, 10 pul CCK-
8 solution was added to each well for 1-4 h. Then the
optical density (OD) at 450 nm was measured using
microplate reader. Each concentration and each
group were repeated in five times. To validate cellular
model of early ALD, the Oil red O staining was used
to explore the formation of lipid droplets in hepato-
cytes. Besides, the detection of triglyceride contents of
hepatocytes was performed using triglyceride assay kit
(Nanjing Jiancheng, A110-1-1, China) by the GPO-
PAP method.

2.7 Real-time PCR

Total RNA was extracted from cells using Trizol
(Sangon Biotech, Shanghai, China). Then reverse
transcription kit (Takara, Japan) was used to erase
the genomic DNA and convert RNA into comple-
mentary DNA (cDNA) according to the manufac-
turer’s instructions. Subsequently, quantitative
real-time PCR based on TB Green dye was per-
formed by ABI7500 Applied Biosystems for ampli-
fying the ¢cDNA using cDNA transcription kit
(Takara, Japan). GAPDH was selected as internal
reference for relative quantitative analysis [32].
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The results were presented using 2~**“", indicating
the fold change of core genes in the early ALD
model compared to normal hepatocytes [33]. The
sequences of primers are shown in Table 1. All the
PCR quantification methods were implemented in
triplicate.

2.8 Immunohistochemistry (IHC) and
Immunocytochemistry (ICC)

After dewaxing and washing, sections of mice liver
underwent through antigen repair via microwave
and were washed using PBS buffer. In addition,
L02 cells (ethanol treatment vs. normal) were cul-
tured on the sterile slide at a cell density of 5 x 10°
for 36 h in the incubator at 37°C and 5% CO,
circumstance. Next, slides were washed using PBS
buffer and LO02 cells on the slides were fixed via 4%
paraformaldehyde for 30 min. Then, we used 3%
H,0, to quench the endogenous peroxidase for
20 min, cooled in water and sections and slides
soaked in PBS buffer for 5 min. These sections and
slides were incubated with primary antibodies,
namely anti-rabbit CXCL1 antibody (diluted
1:100, Proteintech Group, 12335-1-AP, USA) and
anti-rabbit CXCL6 antibody (dilute 1:100, Affinity,
DF13470, China), for 1 h at 37°C. Then they were
washed three times using PBS buffer, with each
time five min. The horseradish peroxidase (HRP)-
coupling goat-anti-rabbit second antibodies (dilute
1:200) were added in the sections and slides for co-
incubation 50 min at 37°C. 3,3-Diaminobenzidine
(DAB) was used to develop and optical micro-
scope was employed to observe their staining.

Table 1. The sequence of primers for PCR.

Genes Tm CG
Genes ID Sequence (5'-3') (°Q) (%)

Gapdh 2597 Forward TGAAGGGTGGAGCCAAAAG 583 52.6

Reverse AGTCTTCTGGGTGGCAGTGAT 584 524
Cxcll 14,825 Forward AATGAGCTGCGCTGTCAGTG 59.5 55

Reverse CCATTCTTGAGTGTGGCTATGAC 59 47.8
Cxcl6 60,665 Forward TGCAGTGGGTTTGAGAACACC 60.6 52.4
Reverse GTTAAGCAAACACAACGCAGCT 60.1 45.5
Forward CATCATCCCTGCCTCTACTGG 59.4 57.1
Reverse GTGGGTGTCGCTGTTGAAGTC  60.1 57.1
Forward AACCGAAGTCATAGCCACACTC 58.5 50
Reverse CTTCTCCTAAGCGATGCTCAAA 594 455
Forward ACTATGAGCCTCCCGTCCAG 59 60
Reverse GGGAACACCTGCAGTTTACCA 599 524

PCR: polymerase chain reaction; GAPDH: Glyceraldehyde-3-Phosphate
Dehydrogenase; CXCL1: C-X-C Motif Chemokine Ligand 1; CXCL6:
C-X-C Motif Chemokine Ligand 6.

Gadh 2597

Cxcl1 2919

Cxcl6 6372
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IHC was quantified by IOD value. The control
group was consisted of three groups, and the
experimental group was divided into five groups.
Each group took three pictures and detected the
picture three times at 400x magnification to make
the average IOD value. Besides, the data analysis
was implemented via Image-pro Plus software
(Version 6.0).

2.9 Statistical analysis

All the data presented using mean + SEM. The
ethanol concentrations and stimulated time for
establishing the early ALD model were determined
based on two-way ANOVA analysis. The difference
between two groups was performed using two-
tailed Student ¢ test. One-way ANOVA analysis
was used to investigate the difference among more
than three groups in a same test. P-value less than
0.05 denotes significantly statistical difference.

3. Results

Long-term ethanol will stimulate hepatocytes pro-
duce ROS, inflammatory cytokines, and chemo-
kines, which establish the malignant pro-
inflammatory cycle and propel the aggravation of
liver inflammation and liver fibrosis. The object of
this study was to discover core immune-related
differential genes (IRDGs) based on the integrated
bioinformatic analysis. Subsequently, mice and
hepatocellular models of early ALD were estab-
lished, and expression of Cxcll and Cxcl6 were
observed in the experimental and control groups.

3.1 Identification of CEGs and IRDGs

A total of 1439 DEGs (Table S1) and 1689 DEGs
(Table S1) were separately obtained in the
GSE28619 dataset and GSE143318 dataset. The
volcano plot showed the DEGs in GSE28619 data-
set (Figure 1(a)). The hierarchical clustering heat-
map of 45 IRDGs in GSE28619 dataset were
presented in (Figure 1(b)). The overlapping
genes, serving as CEGs (Table S1), were identified
via a Venn diagram (Figure 2(a)), with the number
of 313. Subsequently, 45 IRDGs (Table S1) were
screened out according to the intersection genes
(Figure 2(b)) in CEGs and IRGs gene lists.
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Figure 1. (a) The volcano plot of DEGs in GSE28619 dataset and (b) the hierarchical clustering heatmap of IRDGs. DEGs: differentially

expressed genes; IRDGs: immune-related differential genes.
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Figure 2. Identification of (a) CEGs and (b) IRDGs. CEGs: consistently expressed genes; IRDGs: immune-related differential genes.

3.2 Functional enrichment analyses

For further exploring the potential biological func-
tions of 45 IRDGs, we performed GO term and
KEGG pathway functional enrichment analyses.
The results denoted that IRDGs were mainly
enriched in following GO terms: regulation of
leukocyte chemotaxis, response to lipopolysac-
charide, positive regulation of leukocyte chemo-
taxis (BP category, Figure 3(a)), secretory granule
lumen, specific granule lumen (CC category,
Figure 3(b)), chemokine receptor binding, chemo-
kine activity, cytokine activity, receptor ligand

activity (MF category, Figure 3(c)). KEGG path-
way functional analysis revealed that cytokine
—cytokine receptor interaction pathway and che-
mokine signaling pathway were the most crucial
pathways (Figure 3(d)).

3.3 PPI network and core genes

The PPI network was constructed via the Cytoscape
software based on STRING database. The interac-
tions of IRDGs are presented in Figure 4(a), with
nodes of 56 and edges of 443. Subsequently, the
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Figure 3. Functional enrichment analyses in 45 IRDGs. The GO enrichment analysis in (a) GO&BP; (b) GO&CC; (c) GO&MF; and (d)
KEGG pathway enrichment analysis.IRDGs: immune-related differential genes; GO: gene ontology; BP: biological process; CC: cellular
component; MF: molecular function; KEGG: Kyoto Encyclopedia of Genes and Genomes.

threshold (15.82) of degree of PPI network was
calculated by the CentiScaPe 2.2 plug-in and the
color of nodes gradually deepened with the increas-
ing of degree (Figure 4(b)). The clusters, that is, the
key sub-networks, of whole network were identified
using the MCODE plug-in, where a total of three
clusters were obtained (Figure 4(c-e)). Next, we
screened out the DEGs with degree more than
15.82 as well as clustering in pivotal sub-networks,
considered to be core genes. Ultimately, Cxcll and
Cxcl6 were regarded as the core genes participating
in the formation of the AH.

3.4 Mice model of the early ALD

We completed the construction of an early ALD’s
mice model via Lieber Decarli Ethanol feeding
(Figure 5(a)). HE staining of mice liver tissues revealed
that in the ethanol-fed groups, liver lobules structu-
rally disordered, hepatic cords arranged disorderly,
liver cells represented obvious steatosis, accompanied

by the formation of transparent fatty vacuoles, as well
as inflammatory cells infiltration also were observed
in the hepatocytes’ space. While in the mice’s liver
tissues from the pair-fed groups, we found that the
central veins of the liver lobules were normal, the
liver cords arranged neatly and hepatocytes did
not undergo fatty degeneration (Figure 5(b)).
Subsequently, Oil red O staining demonstrated that
obvious red lipid droplets formed in the mice’s liver
tissues induced by ethanol, whereas there was no
significant steatosis formation in the pair-fed groups,
namely, lipid droplets were not observed (Figure 5(c)).

3.5 Hepatocellular model of the early ALD

After accomplishing the CCK-8 assay, the ethanol
concentrations of 150 mM, 200 mM, and 300 mM
were treated L02 hepatocytes for 36 h, whose differ-
ence was statistically significant via two-way ANOVA
analysis (Figure 6(a)). Next, we chose these three
concentrations for establishing the hepatocellular
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model of early ALD. The Oil red O staining for cell
slides demonstrated that 200 mM and 300 mM etha-
nol stimulated hepatocytes for 36 h, in the presence of
obvious lipid droplets stained with red, compared
with normal hepatocytes (Figure 6(b,c), P < 0.05).
Subsequently, intracellular triglyceride level was
detected via biochemical assay, and the lipid was
found to be significantly accumulated in L02 cells
with the treatment of 200 mM and 300 mM ethanol
(Figure 6(c), p < 0.05).

3.6 Alcohol promoting the expression of Cxcl1
and Cxcl6 in models

After 0 mM, 200 mM, and 300 mM ethanol stimu-
lating the L02 cells for 36 h, the total RNA was

extracted from L02 hepatocytes. The concentration
and purity of RNA were examined on the apparatus
of NanoDrop™ One/OneC Ultra Trace Ultraviolet
Spectrophotometer (Thermo Scientific, USA), show-
ing the ratio of OD260/280 fluctuating approxi-
mately 1.8-2.1. The mRNA of Cxcll and Cxcl6
were upregulated in ethanol-fed group, more than
2.48 and 1.34 times than pair-fed group, respectively
(P < 0.001, Figure 7). Similarly, the results of quanti-
tative PCR have demonstrated that CxclI and Cxcl6
mRNA were obviously over-expressed in the L02
cells with 200 mM ethanol treatment than normal
hepatocytes, with increasing by 208% and 172%,
respectively (P < 0.05, Figure 7). While in the hepa-
tocytes with 300 mM ethanol treatment for 36 h, the
Cxcll and Cxcl6 mRNA level were 4.30 times and
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Figure 5. Establishment of the mice model of early ALD. (a) Mice feeding; (b) HE staining of liver tissues of mice; (c) Oil red
O staining for fresh liver tissues of mice. ALD: alcoholic liver disease.
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Figure 6. Cell culture and construction of a hepatocellular model of early ALD. (a) CCK-8 assay presents the optimal concentration of
ethanol and time of stimulus for L02 hepatocytes. (b) The oil red O staining shows the formation of lipid droplets in normal
hepatocytes, 150 mM, 200 mM, and 300 mM ethanol-induced L02 cells, with red presenting the lipid droplets. (c) The IOD/Area from
the Oil red O staining reveals the relative expression of lipid in hepatocytes and the triglyceride level detection via biochemical assay
presents the absolute expression of lipid. ALD: alcoholic liver disease; I0D: integrated option density.

3.63 times that of expression levels of normal L02
cells, respectively (P < 0.05, Figure 7). Via IHC
staining, mice feeding with Lieber Decarli Ethanol
presented higher positive particles of Cxcll and
Cxcl6, which were separately expressed in cytoplasm

and intercellular substance of hepatocytes or small
vessels of liver tissues, with IOD values showing
statistically significant difference (Figure 8(a)). In
the cell slides with ICC staining, the CXCL1 and
CXCLS6 protein were located with the cytoplasm of
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hepatocytes and intercellular substance, respectively
(Figure 8(b)). The alcohol-induced hepatocytes had
a mass of positive granule, compared with the nor-
mal hepatocytes. According to the value of IOD
calculated by Image-Pro Plus 6.0 software, CXCLI
and CXCL6 were significantly escalated inL02 cells
with 200 mM and 300 mM ethanol treatment for
36 h (P < 0.05, Figure 8(b)).

4, Discussion

ALD is a class of hepatic diseases caused by long-term
chronic drinking, including liver steatosis, alcoholic
steatohepatitis, progressive liver fibrosis, cirrhosis,
acute AH with or without cirrhosis, etc. [1]. Given
that the early symptoms of ALD is reclusive, it is high
time to identify the early ALD patients from the
population with drinking. The individuals with long-
term ethanol stimulus will produce ROS, inflamma-
tory cytokines, and chemokines, which establish the
malignant pro-inflammatory cycle and propel the
aggravation of liver inflammation and liver fibrosis.
Based on the integrated bioinformatic analysis, we

have determined CxclI and Cxcl6 genes as core
genes. To verify whether they were differentially
expressed in early ALD, we constructed a mice
model of early ALD via feeding with Lieber Decarli
Ethanol and a hepatocellular model using ethanol.
First, CCK-8 assay was used to decide the optimal
concentration and treatment time of ethanol for L02
hepatocytes. Second, we found that 200 mM and
300 mM ethanol stimulated L02 cells for 36 h, which
can promote the formation of steatosis in hepatocytes,
which were considered to be a hepatocellular model of
early ALD. Of note, the present study demonstrated
that CxclI and Cxcl6 were over-expressed in the mice
and hepatocellular models of early ALD, which was
worthy of further analysis.

Indeed, the chemokine signaling pathway serves
a role in the AH. Chemokines are a class of highly
conserved small molecule secreted proteins, which
are divided into four categories: CC, CXC, C, and
CX3C based on the different positions of the two
cysteine residues at the N-terminal of the conser-
vation [34]. Dominguez et al. indicated that the
expressions of C-X-C subfamily members IL-8,
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Gro-alpha, Cxcl5, Cxcl6, Cxcl10, and platelet factor
4 were over-expressed in liver tissue samples from
AH patients, compared with healthy control
groups, and higher expression levels of IL-8,
Cxcl5, Gro-gamma and Cxcl6 were significantly
associated with poor prognosis [33]. Besides, Roh
et al. revealed that hepatocytes and hepatic stellate
cells produced a large amount of Cxcll in the
ethanol-fed mice. Then Cxcll, interacting with
Cxcr2, facilitated the neutrophil infiltration into
liver in the ethanol-stimulated mice, causing the
progression of alcohol-mediated hepatic damage
[35]. We have identified the core IRDGs, that is,
Cxcll and Cxcl6, in the AH via integrated bioin-
formatics analysis.

C-X-C Motif Chemokine Ligand 1 and C-X-C
Motif Chemokine Ligand 6 belong to the family of
chemokine ligands, both locating in chromosome

4q13.3 and functioning as a chemotactic role for
neutrophils. The AH is characterized by neutrophil
infiltration in hepatocytes, which was determined
by selectively upregulating the C-X-C chemokine
synthesis [36]. Liu et al. discovered Endothelial
cells upregulate Cxcll and other chemokines in
response to TNFa given exogenously or secreted
by Kupffer cells, resulting in immune cell infiltra-
tion by releasing soluble factors, such as chemo-
kines [37]. Meanwhile, some researches revealed
that AH was related to the translocation of patho-
gen-associated molecular patterns (PAMPs), the
elevation of lipocalin-2 (Lcn2) and Cxcll, where it
has been confirmed that PAMPs directly induced
the upregulation of Lcn2 and Cxcll [38]. Also, Chen
et al. used a-Galcer to induce the formation of
mouse’s hepatitis, and found that the absence of
Cxcl5 enhanced the expression of Cxcll and
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activated the CxclI-Cxcr2 axis in neutrophils, lead-
ing to the infiltration of neutrophils in mice liver
and causing the damage to liver [39]. Additionally,
Wieser et al. indicated that ALD was driven by
Cxcrl/2-dependent activation of neutrophils and
inhibition of CXCR1/2 G protein-coupled receptor
or were capable of reducing CxclI levels, neutrophil
infiltration and triglyceride accumulation in liver
[40]. Furthermore, a previous study demonstrated
the over-expressed Cxcl6 promoted hepatocytes
proliferation via the CXCR1-NFkB signal pathway
and inhibited the secretion of collagen I during the
progression of chronic viral hepatitis B [32]. Also,
the dysregulated Cxcl6 was closely pertinent to the
activation of lymphocytes infiltrating the liver in the
first stage of hepatic fibrosis caused by hepatitis
C [41]. Besides, CXC chemokines, such as Cxcl6
and Cxcl3, were significantly highly expressed in
the ulcerative colitis (UC) patients, which promoted
the severe infiltration of neutrophils and partici-
pated in the formation of UC [42]. Under the
circumstance of hypoxia, the Cxcl2, Cxcl3, Cxcl5,
Cxcl6, and Cxcl8 genes, which encode chemotactic
proteins of neutrophils, appeared to be upregulated,
with the ability of reprogramming mature dendritic
cells (mDC) into the pro-inflammatory DCs,
thereby affecting its capability to regulate the trans-
port and activation of leukocytes in the pathological
sites and exert impact on the pathogenesis of
chronic inflammatory diseases [43]. And previous
a study has demonstrated that the neutrophils
became the main inflammatory agents via produc-
tion of pro-inflammatory mediators and release of
ROS and a wide range of cytokines [44].
Intriguingly, a recent study has demonstrated that
the defects of IL33/ST2 pathways in neutrophils of
severe alcoholic hepatitis (SAH) resulted in the
lower migration of neutrophils [45]. The specific
mechanism involving in Cxcll and Cxcl6 in
relation to neutrophils will be explored in the
next step.

Last but not the least, the limitations also need
to be attached more importance. Considering the
difficulty in clinical diagnosis for early ALD and
nonspecific symptoms of early-stage patients, the
collection of clinical samples were impeded. Thus,
the role of the two core IRDGs in the diagnosis
and treatment of early ALD still needs to be con-
firmed in further experiments.

5. Conclusions

In present study, integrated bioinformatics analy-
sis based on GSE28619 and GSE143318 datasets
revealed that Cxcll and Cxcl6 genes, encoding
neutrophil chemotactic proteins, considered to be
core IRDGs of the ALD, which were significantly
escalated in the mice and hepatocellular models of
early ALD. The mechanism of ALD progression
can attribute to Cxcll and Cxcl6 genes facilitating
immune cells infiltration and aggravating the
inflammatory damage to liver. Therefore, CuxclI
and Cxcl6 genes can act as potential biomarkers
of early ALD. However, the specific functions of
Cxcll and Cxcl6 will deserve to be further investi-
gated in the subsequent work.
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