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Abstract
Background

Accumulating researches have indicated that cirrhosis is a vital risk factor for morbidity and mortality worldwide. Nevertheless, the underlying immune-related
molecular mechanism remains indistinct.

Methods

Gene expression pro�les of GSE89377 and GSE139602 were investigated to identify differentially expressed genes (DEGs) related to cirrhosis. Enrichment
analysis for DEGs was explored. CIBERSORT algorithm was used for evaluating DEGs immune in�ltration. The String and Cytoscape database were utilized
for analyses hub DEGs with a high tight connection, and the association between hub DEGs and immune cells in�ltration was analyzed by Spearman method.
Finally, the underlying molecular mechanism of the key DEGs was predicted via KEGG pathway analysis.

Results

In all, 299 DEGs were attained among them 136 and 163 were up and down-regulated respectively. Then Enrichment function of DEGs and CIBERSORT
algorithm showed that they are signi�cant in immune and in�ammatory responses. Four hub DEGs (ACTB, TAGLN, VIM, SOX9) were identi�ed. Subsequently,
the immune in�ltration �ndings indicated that, the hub DEGs highly related immune cells. Finally, KEGGs pathways were predicted related with ACTB. 

Conclusions

This study revealed key DEGs may implement in�ammatory immune responses with cirrhosis, which could be used as biomarkers or therapeutic targets.

1. Introduction
Cirrhosis is growing common reason of morbidity and mortality, with an annual incidence of 15.33-132.6 per 100000 people and approximately 1.03 million
deaths per year worldwide[1-3]. Accumulating studies have revealed that cirrhosis was involved in multiple mechanisms, mainly including immune in�ltration,
necroin�ammation and �brogenesis. However, the underlying molecular mechanism, especially immune-related mechanism, remains unclear.
Therefore, identi�cation of key genes of immune in�ltration in cirrhosis had been a hotspot in liver disease research �eld.

Microarrays and bioinformatics methodologies have been extensively used for screening variations of genetic at the genome sequencing[4, 5].  In our study,
Two gene expression pro�les of GSE89377 and GSE139602 derived from Gene Expression Omnibus (GEO) were analyzed. Then, we observed the in�ltration
condition of various immune cells in cirrhosis via CIBERSORT[6] algorithm. Subsequently, we performed the functional enrichment analysis of the DEGs based
on Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG) database and detected hub DEGs with a high degree of connectivity.
Finally, we performed the correlation within hub DEGs and immune cells, and KEGGs pathways were predicted for hub DEGs.

2. Material And Methods
The pro�le of genes related to cirrhosis were acquired from the GEO (http://www.ncbi. nlm.nih.gov/geo)[7], the GSE89377 series contained 13 normal liver
tissue specimens and 12 cirrhosis tissue specimens which based on the GPL16947 platform Illumina HumanHT-12 V3.0 expression biochip, the GSE139602
series contained 6 normal liver tissue specimens and 20 cirrhosis tissue specimens, which based on the GPL13667 platform [HG-U219] Affymetrix Human
Genome U219 array. Depending to the annotation information of platform were transformed the probe to the equivalent gene symbols. 

2.2 Identi�cation of DEGs in normal liver and cirrhosis

GEO2R is an interactive network instrument datasets in the GEO series to screen DEGs(https://www.ncbi.nlm.nih.gov/geo/geo2r/)[8]. In our study, GEO2R was
used for identifying DEGs between normal liver and cirrhosis specimens. Genes without matching gene symbol, and genes with multiple probes were
separately omitted and |Log2FC| > 0.5 adjusted P < 0.05 are the threshold standard for statistical signi�cance. For the next step, the Venn Diagram with the R

package (RRID: SCR_010943) was applied to detect the intersection DEGs among two datasets[9]. Meanwhile, heat maps and volcano maps of cirrhosis-
related DEGs were created by the “ggplot2” packages.

2.3 Functional enrichment analyses of the cirrhosis-related DEGs

GO analysis could annotate multiple functions of a set of genes, including cellular components (CCs), molecular functions (MFs), and biological processes
(BPs). KEGG is a primary resource for us to obtain genetic biological functions and advanced genomic information[10]. KEGG signaling pathway analysis can
suggest the biological pathways of speci�c disease-related genes and drugs. In present study, GO enrichment analysis and KEGG signal pathway analysis of
the cirrhosis-related DEGs via cluster pro�ler package in R.

2.4 Immune cell in�ltration related DEGs 

We assessed immune cell in�ltration of cirrhosis through the CIBERSORT algorithm[11]. CIBERSORT uses preprocessed gene expression pro�les to speculate
the cell composition of complex tissues. The LM22 gene �le was used for de�ning 22 immune cell subcategories and analyses cirrhosis data, which were
attained from the CIBERSORT web portal (http://CIBERSORT.stanford.edu/). The result was then directly combined and generated an entire matrix of immune
cell fractions. The CIBERSORT results was visualized with the R packages (“Complex heatmap”, “ggpubr” and “ggplot2”)[12].
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2.5 Construct protein and protein interaction (PPI) network and identify hub DEGs

The key DEGs and gene modules in cirrhosis can be identi�ed via the PPI. First, cirrhosis-related DEGs were imported into the STRING online analysis software
to predict the interaction between the proteins encoded by these genes(http://string-db.org/). Subsequently, on the basis of the STRING analysis, the
Cytoscape software platform was used for constructing a PPI network of these genes, and the 4 optimal hub-DEGs with the highest related were screened by
�ve methods (EPC, Degree, MNC, MCC and MCODE).

2.6 Correlation analyses between hub DEGs and in�ltrating immune cells

We used CIBERSORT algorithm to identify and analyze previously obtained the immune-related genes, and obtain the expression of 22 types of immune
cells[6]. Then, we used Spearman correlation analysis to probe the potential relations between the key DEGs and in�ltrating immune cells with R software, and
then the package of “ggpubr” was used to visualize the results.

2.7 Predicted Pathways associated with ten hub DEGs of cirrhosis

We accomplished KEGG pathway explore of genes associated with DEGs with “cluster Pro�ler” package in R, and drawn resulting pathway plot via “Pathview”
package in R. The relevant locations of matching genes in the pathway were shown in red.

3. Results
3.1 Identify DEGs between and normal liver tissue and Cirrhosis tissue

In this study, the data set GSE89377 contains 13 normal liver samples and 12 cirrhosis samples, and a total of 723 cirrhosis-related DEGs were con�rmed in
cirrhosis tissue, including 270 down-regulated genes and 453 up-regulated genes. Volcano plots of GSE89377 are displayed in Figure 1A. The data set
GSE139602 contains 6 normal liver samples and 20 cirrhosis samples, and a total of 3708 cirrhosis-related DEGs were con�rmed in cirrhosis tissue compared
with healthy patients, including 2576 down-regulated genes and 1132 up-regulated genes. Volcano plots of GSE139602 are displayed in Figure 1B. 

3.2 Screening the cirrhosis-related DEGs

A total of 299 cirrhosis-related genes were screen out by overlapping DEGs, genes in GSE89377 and GSE139602 listed in Table 1. The co-expression of DEGs
were displayed using a Venn diagram in Figure 1C. Then heat maps of the DEGs expression in the two samples are shown in Figure 1D and Figure
1E respectively. 

3.3 Functional enrichment analyses

In this study, function enrichment analysis of these DEGs based on GO and KEGG database had to be carried out. As showed in Figure 2A, enriched biological
processes (BPs) were mainly involved in the astrocyte differentiation, dendritic cell apoptotic process, establishment of lymphocyte polarity, immunological
synapse formation and negative regulation of macrophage derived foam cell differentiation. The cellular components (CCs) were primarily enriched in
collagen-containing extracellular matrix, basement membrane, blood microparticle, collagen trimer and micro�bril. Enriched molecular functions (MFs) were
mostly involved in external matrix structural constituent, G protein-coupled receptor binding, transmembrane receptor protein kinase activity, platelet-derived
growth factor binding and dipeptidase activity. KEGG pathway explore displayed that Viral protein interaction with cytokine and cytokine receptor, Tight
junction, cell adhesion molecules, leukocyte transendothelial migration, PI3K-Akt signaling pathway, Phagosome, Hepatitis C, ECM-receptor interaction,
Complement and coagulation cascades and ABC transporters in Figure 2B. 

3.4 Composition of in�ltrating immune cells between normal liver and cirrhosis tissue.

Based on CIBERSORT algorithm investigated the top �ve immune cells (Monocytes-M0, Monocytes-M1, T-cell-CD4-memory-activated, T-cells-regulatory-Trags
and T-cell-CD4-resting) expressed within all the tissues in Figure 3A. Then difference between healthy liver tissues and cirrhosis in immune in�ltration with 22
subgroups of immune cells in Figure 3B. Finally, the signi�cant variance of 11 kinds of immune cells between 19 normal patients and 32 cirrhosis patients
was illustrated in Figure 3C.

3.5 Construct PPI network and identify hub DEGs

Cirrhosis-related co-expressed DEGs were imported into the STRING online analysis software. Then, the Cytoscape software platform was used for
constructing a PPI network of these genes (Figure 4A). Meanwhile, all DEGs with the highest connectivity were selected by EPC, Degree, MNC, MCC and MCOD
methods and displayed in Figure 4B-F. Subsequently, four hub genes were obtained by intersection of the top ten Hub DEGs extracted by the �ve methods, as
shown in Figure 4G. Finally, the variance was displayed between cirrhosis and normal tissues within two databases in Figure 5A-D.

3.6 Relation analyses between hub DEGs and immune cells

The results of the related investigation discovered that ACTB was positively related with B cell activated (r=0.83, P=5.71E-08), Type 17 T helper cell (r=0.83,
P=1.51E-07), Macrophage (r=0.58, P=7.16E-06), Mast cell (r=0.80, P=1.51E-07), Effector memeoryCD8 T-cell(r=0.67, P=4.62E-14) and signi�cantly negatively
correlated with CD56dim natural killer cell (r=-0.67, P=5.71E-08), T helper cell of Type 1 (r=-0.66, P=1.51E-07), T helper cell of Type 2 (r=-0.89, P=0) (Figure 6A). 

TAGLN was positively correlated with Central memory CD4 T cell (r=0.69, P=2.04E-08), Monocyte (r=0.58, P=9.30E-06) and correlated negatively with
Eosinophil (r=-0.56, P=2.25E-05), Macrophage (r=-0.71, P=7.49E-09), T-cell regulatory (r=-0.74, P=3.95E-10), Natural killer T cell (r=-0.51, P=0.00), T helper cell
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of Type 17 (r=-0.73, P=9.22E-10) (Figure 6B).

VIM was positively related with B cell activated (r=0.78, P=1.38E-11), Effector memory CD8 T-cell (r=0.53, P=5.69E-05), Mast cell (r=0.78, P=1.46E-11) and
correlated negatively with T helper cell of Type 1 (r=-0.73, P=5.78E-10), T helper cell of Type 2 (r=-0.78, P=1.78E-11) (Figure 6C).

SOX9 was positively correlated with B cell activated (r=0.80, P=1.10E-12), Effector memory CD8 T cell (r=0.68, P=3.94E-08), Mast cell (r=0.81, P=1.01E-12),
helper cell of Type 17 T (r=0.81, P=9.42E-13) and correlated negatively with natural killer cell CD56dim (r=-0.70, P<8.02E-09), T helper cell of Type 1 (r=-0.74,
P=4.06E-10), T helper cell of Type 2  (r=-0.90, P= 0) (Figure 6D).

3.7 Predicted hub-DEGs-related Pathways of the Changes in cirrhosis

KEGG analysis can identify the pathways associated with the hub-DEGs alterations and frequently altered functions of neighbor genes. Total 39 pathways
connected with hub DEGs for cirrhosis were screened using KEGG analysis (Figure 2B). Importantly, hsa04145: Phagosome (Figures 7; Table 2).

4. Discussion
Cirrhosis is one of most common liver diseases caused by alcoholic liver disease, chronic viral hepatitis, non-alcoholic fatty liver disease or non-alcoholic
steatohepatitis, and other causes [13] [14]. To date, despite the various treatment for cirrhosis, including dietary control, drug therapy, and surgical
intervention[15], challenges still remain with modest treatment effect, high adverse effect and high risk of liver function deterioration. Therefore, screening
promising diagnosis and therapy biomarkers for the cirrhosis is urgently needed for preventing to develop the end-stage of the cirrhosis. Recently, increasing
evidence had revealed that the pathogenesis of cirrhosis may be associated with immune and in�ammatory responses[16, 17]. Interestingly, increasing studies
had showed inhibition of in�ammatory cytokines was expected to be a promising therapy for cirrhosis by inhibiting the accumulation of extracellular matrix[16-

18]. In this study, we identi�ed immune relevant genes and deeper explore the effect of immune cell in�ltration in cirrhosis using bioinformatics analysis. 

First, total of 299 DEGs were screened out as candidate biomarkers. We identi�ed the underlying mechanism of DEGs by enrichment function. GO enrichment
explore indicated that DEGs were markedly correlated with were mainly involved in the astrocyte differentiation, dendritic cell apoptotic process, establishment
of lymphocyte polarity, immunological synapse formation and negative regulation of macrophage derived foam cell differentiation. Further, these genes were
involved in leukocyte transendothelial migration, Complement and coagulation cascades, and other pathways via the KEGG analysis. 

Then, based on the above analysis, CIBERSORT algorithm was used to analyze the immune differences between normal and cirrhotic tissues. We found that
increasing in�ltration of Neutrophils, T cells regulatory, CD4 T memory activated cells, NK cells activated, Mast cells activated as well as reducing in�ltration of
Eosinophils, Macrophages M0 and CD8 T cells may be associated with cirrhosis pathogenesis. Neutrophils are usually recruited to the liver at the early stage
of liver injury to clear apoptosis hepatocytes[19] and it releases cell-free DNA with strong pro-in�ammatory effect[20]. Cirrhosis mouse model showed the
development of liver �brosis was alleviated by deletion or ablation of neutrophils of neutrophil chemokines [21, 22]. In the �brosing process, injection-induced
in�ammation and then triggered macrophages to gather in the liver, which then induces the activation of hepatic stellate cells (HSCs) by producing cytokines
and chemokines[23]. In turn, macrophages can promote myo�broblast apoptosis by expressing MMP9 and TRAIL[24], and enhance epithelial-mesenchymal
transformation (ECM) degradation to alleviate �brosis in rodent models[24, 25]. Activated liver-associated NK cells may be anti�brogenic by killing HSCs and
releasing IFNγ[26]. However, CD4+T lymphocytes inhibit NK cells through interaction with NK cells and activated hematopoietic stem cells, which is conducive
to the favor of hematopoietic stem cells[27]. In addition, other studies showed that CD8+T cell ablation can accelerate hepatocellular carcinoma[28]. indicating
that IRGs in cirrhosis are involved in the immune and in�ammatory processes of the disease.

Subsequently, a four potential hub DEGs (ACTB, TAGLN, VIM and SOX9) were attained via the �ve methods of Cytoscape and judged to be the core genes for
the immune and in�ammatory responses, based on the results of GO and KEGG analysis. Beta-actin (ACTB) is believed in constitutive housekeeping gene[29]

and it as an ample and highly conserved cytoskeleton structural protein, it is generally dispersed in all eukaryotic cells and plays vital roles in cell division, cell
migration, immune response and gene expression[30-32]. Growing evidence shows that 3'-UTR of ACTB was closely corelated with the development of liver
cancer[33]. Although previously studies had shown that ACTB levels were not correlated with cirrhosis, recent studies had shown that ACTB were involved in
circulatory in�ammation /angiogenesis index[34]. Therefore, whether the disorder of ACTB-dependent immune response can facilitate leukocyte recruitment
and support in�ammation in cirrhosis needs further study.

TAGLN is an actin crosslinking protein expressed in �broblasts, endothelial cells, and immune cells in many different cell types and interacts with calcECium
to regulate contraction located in the cytoplasm[35, 36]. Overexpression of TAGLN protein had been observed in human hepatocellular carcinoma patients[37]. In
addition, it was found in mouse model studies that vascular endothelial growth factor A can simultaneously activate TAGLN promoter and endothelial cell
elongation, and it is speculated that TAGLN may be A regulatory factor of angiogenesis[38-40]. Hence, we hypothesized that TAGLN may have an effect on
cirrhosis through matrix remodeling and migration, differentiation, invasion of cell.

Vimentin (VIM) belongs to the family of intermediate �laments, which are speci�cally found in connective tissues[41]. VIM gene encodes Vimentin, which not
only plays a vital role in preserving cell morphology and stabilizing cytoskeleton interactions, but also plays a signi�cant role in cell migration, in�ammation,
signal transduction and other biological processes[42]. Recently, VIM as one of SOX9 targets amenable to adjust the advance of liver �brosis[43], which was in
line with our present study.

Previously, researches had shown that ectopic expression of gender-determining transcription factor Y-box 9 (SOX9) take charge of type 1 collagen production
in activated hematopoietic stem cells[44]. A clinical biopsy study of cirrhosis found that SOX9 expression levels in chronic liver disease related to the
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seriousness of �brosis and precisely predicted the cirrhosis progression[45]. Further study identi�ed that extracellular protein epimorphin regulate the excessive
ECM environment generated by activated HSCs, through down-regulation of pro-�brotic SOX9, up to a point[46]. Recently, a molecular study proved that HBV
activates SOX9 expression via inducing increased SOX9 promoter activity. Interestingly, in turn, SOX9 inhibits HBV replication by straightly binding to EnhII/Cp
by inhibiting EnhII/Cp activation[47]. These researches display the hub role of SOX9 as a regulator of �brotic ECM components in the progression of liver
�brosis[48, 49], which was consistent with our present study.

Subsequently, we further investigated the association between ACTB, TAGLN, VIM, SOX9 and immune in�ltration. We found ACTB was positively correlated
with Type 17 T helper cell, activated B cell, Macrophage, Mast cell, Effector memory CD8 T cell and negatively correlated with CD56dim natural killer cell, Type
1and 2 T helper cell. TAGLN was positively associated with Central memory CD4 T cell, Monocyte, and correlated negatively with Macrophage, Eosinophil,
Regulatory T cell, Natural killer T cell, Type 17 T helper cell. VIM was positively related to activated B cell, Mast cell, Effector memory CD8 T cell, and correlated
negatively with helper cell of Type 1 T, T helper cell of Type 2. SOX9 was positively correlated with T helper cell of Type 17, activated B cell, mast cell, Effector
memory CD8 T cell, and correlated negatively with T helper cell of Type 1, T helper cell of Type 2, CD56dim natural killer cell. 

Finally, the mechanism incidence and progress of cirrhosis by which four hub DEIRGs effects, bioinformatics tools were used to detect KEGG pathway and
their associated genes. Our study analysis revealed that variations in greatest genes with strong associations with ACTB expression mainly affect pathways
associated with the internalization and formation of the phagosomes.

According to above results, ACTB, TAGLN, VIM and SOX9 appear to play hub roles in cirrhosis via the regulating immune in�ltration.

5. Conclusion
In summary, we found ACTB, TAGLN, VIM and SOX9 may be key biomarkers of liver cirrhosis. Moreover, correlations between ten hub DEGs and immune cells
may play a critical role in the pathogenesis of cirrhosis. 

Limitation

Several limitations should be highlighted in our study. First, the results are just a microarray and immune-related analysis that based on gene expression value
and immune database. Besides, although the results of cirrhosis-related key DEGs and immune cells are enlightening, we at present do not exactly understand
how those genes contribute to the cirrhosis. Therefore, further experiments are needed for veri�cation of the biological function of these genes. 
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KEGG: Kyoto Encyclopedia of Genes and Genomes

PPI: protein-protein interaction
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Tables
Table 1 Differentially expressed genes (DEGs) name

RORA SLITRK3 NUBPL VMO1 ACSL5 NCOR1 AMHR2 NAMPT HSD17B14 PEG3 KCNAB1 MT

SGK3 PALM2 UBR3 HIVEP1 WEE1 PPARGC1A NFKBIA SUCNR1 MT1H IGFALS CLEC1B TPS

PSME4 FCN2 GCNT2 SDHC GFOD2 AOX1 MARCO TTC36 AADAT THOP1 ANKRD35 RAB

NR5A2 ZCCHC6 KBTBD11 LRRFIP2 DNAJC12 SLC1A1 SLC13A5 GCAT HEY2 CACNA1H SOCS2 USH

ITCH PPP3R1 DMD CLEC4G KCNN2 SLC16A10 TSPAN7 IRS2 COBLL1 CNDP1 MAN1C1 ERG

KLHL15 CLEC4M RALGPS2 PACSIN3 LONP2 JUND FNIP2 MAT1A PON1 AGL MBNL2 GS

CETP STYX LYVE1 CNST DNASE1L3 AVPR1A ZYG11B MT1E FAM151A SMOC1 TAT AKR

GPC6 OSBPL8 FAM46A CFL2 UPP1 TRIB1 ABCC9 FCN3 IL1RN SGMS2 FOLH1 C7

RBMS1 STRN3 RAD21 HPR STAB2 GALK1 RCAN1 RNF125 PCDH20 CCL3 ST3GAL6 LGA

CCL23 IFT88 EGFLAM DNAJB9 MT1M CYP2C19 DCAF11 GADD45G SLC39A14 GCH1 SYBU ANX

ZRANB1 FITM1 C5 SLC38A2 ABCA1 ADRB2 MT1X PCOLCE2 EGFR GFRA1 CFHR3 FAM

MBNL3 FAM134B DEXI RNF19A MT1F RELN SAMD4A LILRB5 ITLN1 OIT3 GLUD1 SLC

GMNN CD151 CLDN10 TBC1D10C FXYD2 CCDC3 CFTR SCTR BACE2 PRICKLE1 CCL19 SPO

STMN2 VSIG2 RNASE1 LAMA2 ACTB SPINT2 AEBP1 SEL1L3 FBLN2 S100A4 SCRN1 NK

EPHA3 GPC3 RTP4 CD24 PDGFRA SSPN CYBRD1 DMKN COL6A2 CLDN7 CCDC146 CYP

SH3YL1 ZBED5 ST14 LBH S100A10 MOXD1 ENPP5 TMPRSS3 CDH6 SYT13 SUSD2 MM

MICALL2 SDCBP2 LRRC1 APOL3 TRIM22 ADAMTSL2 COL15A1 VIM TESC IGSF3 KRT7 GPC

BCL11A AKR1B15 AQP1 SELM GLS WDR13 CLIC6 LAMC3 ZNF827 CHST9 C1orf106 SLI

GOLM1 ID3 SLC38A1 KIAA1522 DEFB1 SOX9 LGALS3 FAP PECAM1 IFI16 S100A6 GAS

CLDN11 APBB3 FAM129B SFRP5 RCAN2 PLCXD3 SPON2 LTBP4 PDGFRB FAT1 CXCL6 HK

PAPLN TSPAN8 ANXA13 FAM150B DTNA KRT23 C1orf198 SLFN11 ZMAT3 CITED4 TMEM200A CRI

CD48 SPATA18 DKK3 CCL21 PLAT MPV17 RHOC ANTXR1 TYMS SREBF1 COL1A2 SER

ACTG1 ZNF83 NR2F2 HLA-A ATP8B2 SNRPN MFAP4 SNAP25 TPM1 ITGB5 CSNK1G2 EFE

 

Table 2 KEGG pathway enrichment analysis of ACTB, PECAM1, COL1A2, PDGFRA and PDGFRB-related genes

ID Gene set
name

Gene-
Ratio

Bg-Ratio p-value p-adjust q-value Gene-ID Count

hsa04145 Phagosome 19/286 156/5894 0.000173 0.010688 0.009061 HLAF/CLEC4M/HLA-DQB1/ACTG1/RAC1/HLA-
G/HLA-A/ACTB/HLA-
DOB/MARCO/TUBA1A/CORO1A/HLA-
DRA/ITGB5/HLA-
DPB1/TUBB2A/TUBA1C/COLEC11/FCGR2A

19

Figures
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Figure 1

Volcano plots (A) and the Volcano plots (B) of all up-and down-regulated genes to show the DEGs data between normal liver and cirrhosis samples from
GSE89377 and GSE39602 respectively. Red, greater expression. Green, less expressive. Venn Diagram (C) of overlapping two microarray datasets DEGs to
show the intersection of upward and downward revisions of the two sets of data. The intersection of G1Down and G2Down was represented both upregulated
in two data. The intersection of G1Up and G2Up was represented both downregulated in two data. An absolute log2 FC > 0.5 and an adjusted P value of < 0.05
cutoff was used to de�ne differentially expressed mRNAs in cirrhosis.

DEGs: Differentially expressed genes; G1Up: upregulated genes in GSE89377; G2Up: upregulated genes in GSE39602; G1Down: downregulated genes in
GSE89377; G2Down: downregulated genes in GSE39602. Heatmap (D) of the showing the genes expression changes between normal liver and cirrhosis of
GSE89377. Heatmap (E) of the showing the genes expression change between normal liver and cirrhosis of GSE39602. 
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Figure 2

Enrichment analysis on cirrhosis-related DEGs.

(A)  GO analysis and (B) KEGG pathway enrichment analysis. GO: Gene Ontology;

KEGG: Kyoto Encyclopedia of Genes and Genomes.

DEGs: differentially expressed genes
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Figure 3

Boxplot (A) of the showing the proportion of 22 immune cells in all samples. Heatmap (B) of the showing the 22immune cells expression change between
normal liver and cirrhosis of two databases. Strip chart (C) of showing the expression levels of 22 immune cells in normal liver tissue and cirrhosis. Red:
cirrhosis; Blue: normal.
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Figure 4

PPI network construction and identi�cation of hub DEGs.

(A) The protein-protein interaction network of differentially co-expressed cirrhosis-related genes. (B) The top 10 hub DEGS extracted by EPC have the highest
connectivity (color depth for ranking of hub DEGs). (C) Top 10 hub DEGs be identi�ed by Degree with the highest connectivity (color depth for ranking of hub
DEGs). (D) Top 10 hub DEGs be identi�ed by MNC with the highest connectivity (color depth for ranking of hub DEGs). (E) Top 10 hub DEGs be identi�ed by
MCC with the highest connectivity (color depth for ranking of hub DEGs). (F) Top 10 hub DEGs be identi�ed by MCODE with the highest connectivity (color
depth for ranking of hub DEGs). (G) The Upset diagram shows the intersection of the top ten HUB genes obtained by the above �ve methods (Pink bar
represents the �ve methods, blue bar represents the intersect genes).
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Figure 5

Expression analysis of ten hub DEGs in two data groups normal group and cirrhosis group.

(A) The expression pattern of ACTB in normal sample and cirrhosis sample among GSE89377, GSE139602. (B) The expression pattern of TAGLN in normal
sample and cirrhosis sample among GSE89377, GSE139602. (C) The expression pattern of VIM in normal sample and cirrhosis sample among GSE89377,
GSE139602. (D) The expression pattern of SOX9 in normal sample and cirrhosis sample among GSE89377, GSE139602. 
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Figure 6

Correlations between ten hub DEGs and in�ltrating immune cells.

(A)Correlation between ACTB and in�ltrating immune cells. (B) Correlation between TAGLN and in�ltrating immune cells. (C) Correlation between VIM and
in�ltrating immune cells. (D) Correlation between SOX9 and in�ltrating immune cells. Size of the dots represents the strength of the correlation between key
immune related genes and immune cells; the larger (or smaller) the dots, the stronger (or weaker) the correlation. Color of the dots represents the negative or
positive correlation; the green color: negative correlation, the red color: positive correlation. The number on the dots-upside represents the P value; P<0.05 and
absolute value (Cor) > 0.5 were considered statistically signi�cant. Cor: correlation; 
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Figure 7

ACTB-associated genes related position in KEGG pathway.

Positional relationships of ACTB-associated genes in the phagosome. ACTB-related genes in phagosome pathway are brought into the website related to the
KEGG pathway to generate a road map, and the relevant positions of the corresponding genes in the pathway are marked with red circles according to the
degree of impact.
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