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Abstract. – OBJECTIVE: The crosstalk between 
Toll-like receptor 4 (TLR-4) and lipopolysaccha-
ride (LPS) accounts for liver fibrosis progression. 
This study aimed to investigate the predictive per-
formance of altered genes induced by TLR-4 and 
LPS challenge for advanced liver fibrosis.

MATERIALS AND METHODS: The overlap-
ping differentially expressed genes (DEGs) of 
TLR-4 and LPS challenge models from the Gene 
Expression Omnibus (GEO) database were 
screened and included in the random forest 
analysis to identify potential candidates for pre-
dicting advanced liver fibrosis in the GSE84044 
dataset. The roles of the identified candidates in 
liver injury development and activation of hepatic 
stellate cells (HSCs) were also addressed.

RESULTS: Among the overlapping DEGs in the 
GSE30485, GSE33446 and GSE166488 datasets, 
vimentin (VIM) was the most important gene for 
predicting advanced liver fibrosis (S ≥ 2) by the 
random forest model. In the GSE84044 dataset, 
VIM was positively correlated with liver fibrosis 
(r = 0.68, 95% CI = 0.57-0.76, p < 0.0001), and ac-
curately predicted advanced liver fibrosis (AUC 
= 0.85, 95% CI = 0.78-0.91), both in males (AUC = 
0.84, 95% CI = 0.76-0.92) and females (AUC = 0.87, 
95% CI = 0.76-0.99). VIM was significantly upreg-
ulated in various liver diseases (cirrhosis, liver 
failure, chronic hepatitis B and fatty liver disease) 
and liver injury models (ANIT, BDL, CCl4 and DMN). 
Additionally, VIM was correlated with HSC regula-
tors (TGFβ, PDGF, CTGF and BMP7) and overex-
pressed in activated HSCs (p < 0.05). Enrichment 
analysis indicated that VIM-induced gene alter-
ations were involved in the cytosolic DNA-sensing 
pathway, Toll-like receptor signaling pathway, etc.

CONCLUSIONS: VIM could predict advanced 
liver fibrosis in CHB patients and is mainly in-
volved in the activation of HSCs and profibrotic 
signaling pathways.
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Introduction

Liver fibrosis is the precursor to cirrhosis and 
liver cancer, which finally progress to liver failure 
and death1,2. A variety of chronic liver injuries, 
including virological, alcoholic and nonalcohol-
ic, autoimmune, metabolic, and chemical-toxic 
liver diseases can lead to liver fibrosis3. Hepat-
ic stellate cell (HSC) activation and excessive 
deposition of extracellular matrix (ECM) are the 
major pathophysiological changes during the de-
velopment of liver fibrosis4-6. In addition, various 
signaling pathways are involved in liver fibrosis 
progression, such as transforming growth factor β 
(TGFβ) and nuclear factor-κB (NF-κB)7,8. Beyond 
this, intestinal bacterial microflora and a function-
al Toll-like receptor 4 (TLR4) are required for he-
patic fibrogenesis, which can enhance TGFβ and 
NF-κB signaling pathways9-11.

The TLR4/myeloid differentiation-2 (MD-2) 
heterodimer is a recognition molecule of lipopoly-
saccharide (LPS), which is a membrane compo-
nent of Gram-negative bacteria12,13. The activated 
TLR4/MD-2/LPS complex triggers intracellular 
pathways resulting in the activation of nuclear 
transcription factors and promoting the produc-
tion and accumulation of proinflammatory cyto-
kines14,15. In wild type mice, LPS could markedly 
induce serum liver dysfunction and liver patho-
logical changes, increase the levels of inflamma-
tory cytokines, and upregulate TLR4 signaling 
cascade markers. Interestingly, these pathological 
changes are greatly alleviated in TLR4-knockout 
mice. LPS stimulation provokes the pathological 
responses in primary Kupffer cells isolated from 
wild type and TLR4-knockout mice16-18. Consid-
ering the crosstalk between LPS and TLR4, we 
assume that gene expression changes induced by 
LPS challenge and TLR4-mutant toxic liver inju-
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ries might contribute to the liver fibrosis progres-
sion and serve as predictive candidates.

Since liver fibrosis is the result of various 
chronic liver injuries and the precursor to end-
stage liver damage, early diagnosis and assess-
ment are critical for the reversal of this pathologi-
cal stage3. In the present study, we aim to elucidate 
the gene alterations induced by LPS challenge and 
TLR4-mutant toxic liver injuries and investigate 
the correlations between these alterations and 
liver fibrosis progression, hoping that these data 
could provide novel diagnostic candidates, as well 
as useful insights into the pathogenesis and mech-
anisms of liver fibrosis.

Materials and Methods

Ethics Statement
All participants provided written informed 

consent. The protocol of the primary study was 
approved by the Ethics Committee of Ruijin Hos-
pital, Shanghai Jiaotong University, School of 
Medicine. The protocol of this secondary analysis 
was reviewed and approved by the Ethics Com-
mittee, Shanghai Public Health Clinical Center, 
Fudan University.

Patients
The GSE84044 dataset in the Gene Expres-

sion Omnibus (GEO, https://www.ncbi.nlm.nih.
gov/geo/) database was used to screen candidates 
for predicting advanced liver fibrosis19-21. A total 
of 124 chronic hepatitis B (CHB) patients in this 
dataset who underwent liver biopsy were includ-
ed. The age, sex, and histopathology stages of 
these participants were publicly available. As stat-
ed by Wang et al., the diagnosis of CHB patients 
was determined according to the criteria from the 
Asian Pacific Association for the Study of the Liv-
er (APASL)22. Patients with the following condi-
tions were excluded from the study: 1) Use of any 
antiviral therapies or immunosuppressive drugs 
within six months before sampling; 2) Infection 
with human immunodeficiency virus (HIV) or 
with a hepatitis virus other than hepatitis B virus 
(HBV), autoimmune liver disease, drug induced 
liver injury, alcoholic liver disease or hepatocel-
lular carcinoma. 

Outcome
The primary outcome was advanced liver 

fibrosis, which was defined as histological fi-
brosis staging S ≥ 2. The histopathological di-

agnosis of all the liver biopsies of CHB patients 
was conducted by two experienced pathologists 
from the Pathology Department of Shanghai 
Fudan University, School of Medicine. The 
fibrosis staging (Scheuer S) and inflammation 
grading (Scheuer G) were calculated according 
to the Scheuer scoring system, namely, S 0-4 
and G 0-423,24.

Differentially Expressed Genes (DEGs) 
Identification

This identification framework was applied to 
all GEO series included in this study. The affy 
package was used to normalize the microarray 
data of raw.cel files from each GEO dataset with 
the quantile method of robust multichip analysis 
(RMA)25. The limma package was used to com-
pare gene expression26. Missing gene expression 
data were imputed with the k-nearest neighbor 
method by impute index27. The average gene ex-
pression was calculated when multiple probes of 
the genes existed. All platforms and samples of 
each microarray series were downloaded from 
the GEO database. DEGs were identified with 
the criterion of a |log2FC| > 1.0 and adjusted 
p-value < 0.05.

The keywords “Toll-like receptor”, “TLR4”, 
“lipopolysaccharide”, and “LPS” were used to 
search potential profiles for subsequent analysis 
in the GEO database. GSE33446, GSE30485, 
and GSE166488 were included in the analysis 
for the identification of overlapping DEGs. The 
GSE33446 and GSE30485 profiles compared the 
gene expression in the mouse liver induced by 
carbon tetrachloride (CCl4) and diethylnitrosa-
mine (DEN) in the TLR4 mutant models28, and 
GSE166488 compared the gene expression in the 
mouse liver induced by LPS injection29. The de-
tails of these profiles are presented in the Supple-
mentary Materials.

Enrichment Analysis
The Investigate Gene Sets tool of the Molecu-

lar Signatures Database (MSigDB) version 7.5.1 
in the Gene Set Enrichment Analysis (GSEA, 
http://www.gsea-msigdb.org/) was used for func-
tional enrichment of the DEGs30,31. Kyoto Ency-
clopedia of Genes and Genomes (KEGG), Reac-
tome pathway analyses and Gene Ontology (GO) 
analyses were performed in the GSEA database. 
The enrichment terms with a false discovery rate 
(FDR) less than 0.05 were included. Human or 
mouse species were determined by the sample 
type.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary_Materials-11764.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary_Materials-11764.pdf
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Random Forest Model Establishment
The randomForest package32 was used to 

screen potential candidates for predicting ad-
vanced liver fibrosis. The 124 CHB patients in 
the GSE84044 dataset were randomly divided 
into training and validation cohorts in a 5:5 ra-
tio using the “caret” package. In the process of 
constructing the random forest model, the vari-
able importance of the output results of the Gini 
coefficient method was calculated from the per-
spective of decreasing accuracy and decreasing 
mean square error. DEGs with an importance 
greater than 3 were identified as candidate genes 
for subsequent analysis33.

Statistical Analysis
Differences in gene expression between the 

individual groups were analyzed using Student’s 
t-test, the Mann-Whitney test or two-way ANO-
VA based on variable types by GraphPad Prism 8 
(GraphPad Software, San Diego, CA, USA). The 
OptimalCutpoints package34 in the R program was 
used to perform ROC analysis to evaluate the pre-
dictive values of potential candidates for the liver 
fibrosis stage. Correlation analysis was addressed 
by Spearman or Pearson methods. Stata software 
version 16.1 (Stata Corp LLC, TX, USA) was used 
for logistic regression and correlation analysis. A 
two-tailed p < 0.05 was considered significant.

Results

Overlapping DEGs of TLR4-Mutant 
Toxic and LPS-Induced Liver Injury 
Models

A total of 49 overlapping DEGs were iden-
tified among GSE33446, GSE30485, and 
GSE166485 (Figure 1A). As summarized in 
Figure 1B, enrichment analysis indicated that 
these DEGs were mainly involved in biological 
processes (BP) including defense response, pro-
grammed cell death, and regulation of apoptosis. 
These DEGs had the molecular function (MF) 
in Toll-like receptor 4 binding. Additionally, the 
cellular component (CC) of these overlapping 
DEGs was collagen containing extracellular ma-
trix. Reactome analysis showed that these over-
lapping DEGs were significantly enriched in the 
innate immune system, neutrophil degranulation, 
etc. (Figure 1B). Since 15 DEGs (Al426330, 
AW112010, Ces1e, Gm2788, Hsd3b5, Ifi-
27l2a, Ly6a, Mup5, Mup10, Slco1a1, Slfn4, 
Ugt2b1, 4921539H07Rik, 4933438K21Rik, and 

9130409I23Rik) were not expressed in human 
species, the levels of CD163, CD52, CTSC, DYN-
LL1, ECSCR, EGR1, EVI2A, GPCPD1, ICAM1, 
IFI44, LCN2, LGALS3, ME1, MOXD1, NCF4, 
NUCB2, PBK, PROCR, S100A9, and VIM were 
significantly upregulated in CHB patients with liv-
er fibrosis S stage ≥ 2 (p < 0.05, Figure 1C), while 
APOA4 and NUPR1 were significantly downreg-
ulated in this population (p < 0.001, Figure 1C).

Random Forest Model Establishment
The baseline characteristics of the subjects 

were described in Table I. All 34 genes presented 
in Figure 1C, together with age and sex, were in-
put into the random forest classifier. The number 
of variables was as small as possible, and the out-
of-band error was as low as possible. According to 
the relationship plot between the model error and 
the number of decision trees, 500 trees were select-
ed as the parameter of the final model. When the 
number of trees was > 100, the error of the model 
was stable (Figure 2A). The variables included in 
the random forest model are presented in Figure 
2B. Among these, VIM, with an importance great-
er than 3, was selected for the potential candidate 
gene for subsequent analysis (Figure 2B).

Predictive Values of VIM for Advanced 
Liver Fibrosis

In the GSE84044 dataset, the VIM levels were 
significantly correlated with liver fibrosis stage (r 
= 0.68, 95% CI = 0.57 – 0.76, p < 0.0001, Fig-
ure 3A), and the expression of VIM gradually 
increased with increasing liver fibrosis stage (p 
< 0.05, Figure 3A). ROC analysis indicated that 
VIM with a cutoff of 6.0 could accurately predict 
advanced liver fibrosis S ≥ 2 (AUC = 0.85, 95% CI 
= 0.78-0.91, Figure 3B), and the sensitivity, spec-
ificity, positive predictive value (PPV), and nega-
tive predictive value (NPV) were 0.79, 0.77, 0.78, 
and 0.79 respectively (Figure 3B). Subgroup anal-
ysis showed that VIM was a good predictor for liv-
er fibrosis S ≥ 2 in males and females, respectively 
(for males, cutoff = 6.1, AUC = 0.84, 95% CI = 
0.76-0.92; for females, cutoff = 6.1, AUC = 0.87, 
95% CI = 0.76-0.99; Figure 3C and Figure 3D).

VIM Expression in Liver Diseases  
and Liver Injury Models

As shown in Figure 4, VIM was significantly 
upregulated in cirrhosis patients compared to nor-
mal controls (p < 0.05, GSE774135, GSE1432336 
and GSE10358037, Figure 4A). The levels of 
VIM were significantly higher in patients with 
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HBV-related liver failure than in healthy individ-
uals (p < 0.001, GSE1466838, GSE3894139 and 
GSE9685140, Figure 4B) and significantly ele-
vated in HBV patients in the immune clearance 
stage compared to inactive carriers or immune 
tolerant patients (p < 0.05, GSE65359, Figure 
4B). In addition, interferon therapy significantly 
decreased VIM expression in CHB patients (p < 
0.001, GSE6669841, Figure 4B). Similarly, VIM 
was significantly overexpressed in patients suffer-
ing from NAFLD or NASH compared to normal 
controls (p < 0.05, GSE3596142, GSE5904543 and 
GSE6306744, Figure 4C), and it was also signifi-
cantly upregulated in the high-fat-diet model (p 
< 0.05, GSE5742545 and GSE23740, Figure 4C).

In addition, VIM was significantly upregulat-
ed in liver injury models, namely, ANIT (p < 0.01, 
GSE12218446 and GSE7238747, Figure 4D), BDL 
(p < 0.0001, GSE15249448, Figure 4E), CCl4 (p < 
0.05, GSE16703349, GSE12218446 and GSE8914750, 
Figure 4F), and DMN (p < 0.001, GSE12218446, 
GSE6811051, GSE5803252 and GSE4478353, Figure 
4G) compared to normal livers. The levels of VIM 
were also significantly overexpressed in LPS-induced 
livers compared to normal controls in the GSE3754654 
and GSE5508455 datasets (p < 0.05, Figure 4H).

Correlation Between VIM and HSCs
Since the activation of HSCs is the core process 

of liver fibrosis, the VIM levels in HSCs were in-

Figure 1. The Overlapping differentially expressed genes (DEGs) in the GSE33446, GSE30485 and GSE166488 datasets (A), 
functional enrichment of these DEGs (B) and the expression comparison between liver fibrosis S < 2 and S ≥ 2 in the chronic 
hepatitis B patients (C).
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vestigated in four GEO series. As shown in Figure 
4A, VIM was significantly upregulated in grow-
ing HSCs compared to senescent HSCs (p < 0.05, 
GSE1195456, Figure 5A), myofibroblasts transited 
HSCs compared to quiescent HSCs (p < 0.0001, 
GSE3494957, Figure 5A), HSCs compared to liv-
er stem/progenitor cells, hepatocytes, and liver si-
nusoidal endothelial cells (p < 0.01, GSE4999558 

and GSE6800059, Figure 5A), and activated HSCs 
compared to quiescent HSCs and reverted HSCs (p 
< 0.05, GSE6800059 and GSE6800160, Figure 5A).

TGFβ, PDGF, and CTGF are the main activators 
of HSCs, and BMP7 is an inhibitor of HSCs. The 
correlations between VIM and these HSC regulators 
in the GSE84044 dataset are presented in Figure 5B. 
The HSC regulators with correlation coefficient |r| ≥ 

Table I. Baseline characteristics of CHB patients included in this study.

Variables	 S < 2 (n = 62)	 S ≥ 2 (n = 62)	 p

Age, median (Interquartile range, IQR)	 35.5 (31, 46)	 43.5 (37, 55)	 0.001
Male, n (%)	 48 (77.4)	 40 (64.5)	 0.114
G grade, n (%)			   < 0.001
   0	 30 (48.4)	 7 (11.3)	
   1	 21 (33.9)	 12 (19.4)	
   2	 10 (16.1)	 24 (38.7)	
   3	 1 (1.6)	 14 (22.6)	
   4	 0 (0)	 5 (8.1)	

Figure 2. The establishment of random forest. The error of random forest trees (A), and the variable importance of the output 
results of the Gini coefficient method (B).



Vimentin (VIM) predicts advanced liver fibrosis in chronic hepatitis B patients: A random forest-derived analysis 

5169

0.5 is detailed in Figure 5C. VIM was positively cor-
related with TGFβ2, PDGFA, PDGFD, and CTGF 
(p < 0.0001, Figure 5C) and negatively correlated 
with BMP7 (p < 0.0001, Figure 5C).

Signaling Pathways and GO Enrichment 
of VIM-Induced DEGs

We searched the GEO database with the key-
words “VIM” and “vimentin”, and the GSE63653 

Figure 3. The correlation and expression of VIM in liver fibrosis (A), the ROC of VIM for predicting advanced liver fibrosis 
in CHB patients (B), and in male (C) and female (D) subgroups.
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Figure 4. The VIM expression in cirrhosis (A), HBV infected patients (B), fatty liver diseases (C), ANIT (D), BDL (E), CCl4 
(F), DMN (G), and LPS-induced liver injury (H) models.
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Figure 5. The VIM expression in hepatis stellate cells (A); the correlation coefficient between VIM and HSC regulators (B); 
the statistics of markers correlated with VIM with coefficient |r|≥0.5 (C).
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dataset was included for subsequent analysis of 
functional enrichment. The global gene expression 
profiling of bone marrow-derived macrophages 
from vimentin-deficient or wild-type littermates 
on a C57BL/6 background was elucidated in the 
GSE63653 dataset. As shown in Figure 6A, 176 
DEGs were identified with 140 upregulated and 36 
downregulated (Figure 6A). GSEA indicated that 
these genes were significantly enriched in KEGG 
pathways, including the cytosolic DNA-sensing 
pathway, Toll-like signaling pathway, RIG-like 
receptor signaling pathway, and renin-angiotensin 
system (p < 0.001, Figure 6B). Reactome analysis 
showed that these DEGs mainly were involved in 
interferon signaling, cytokine signaling, and an-
tiviral responses (all p < 0.001, Figure 6C). The 
top ten GO biological process, cellular component 
and molecular function terms of these DEGs in-
duced by the VIM-deficient pattern are presented 
in Figure 6D.

Discussion

VIM is a type of intermediate filament pro-
tein displayed in normal stellate cells61. Emerging 
evidence indicates that VIM contributes to cell 
migration, adhesion, macrophage-like cell acti-
vation, inflammation and apoptosis62-65. Previous 
studies66-68 revealed that VIM overexpression ac-
counted for the activation of HSCs during liver 
fibrosis. Even though VIM was significantly in-
creased in early-stage fibrosis in chronic hepati-
tis C and NAFLD patients compared to healthy 
individuals, no relevance was observed between 
VIM expression and disease severity68. Currently, 
the exact role of VIM in predicting liver fibrosis is 
not fully understood.

In this comprehensive analysis, we found 
that VIM is significantly upregulated in ad-
vanced liver fibrosis and increases gradually 
with disease severity. The ROC results showed 
that VIM is an accurate predictor for advanced 
liver fibrosis in CHB patients. VIM plays a role 
in stabilizing intracellular structure, wound 
healing and tissue regeneration, and is a widely 
recognized phenotypic marker of fibroblasts and 
of epithelial-mesenchymal transition65,69. VIM 
is a key regulator of fibrosis, and VIM knockout 
mice are widely used to explore the process of 
fibrosis, but not frequently in hepatic fibrosis70. 
VIM is expressed in mesenchymal cells with 
very high expression in myofibroblasts71. In the 
liver, VIM is predominantly expressed in HSCs 

and is also present in vascular smooth muscle 
cells and portal fibroblasts72-74. The expression 
of VIM in liver fibrosis is still controversial. 
Immunohistochemistry identified that VIM was 
positive in fibrotic areas in human liver fibrosis 
patients75. Endogenous VIM was remarkably 
expressed in the CCl4 and BDL-induced liver 
fibrosis models76, which is consistent with our 
results. In another report77, VIM was upregulat-
ed in nonorthotopic liver transplantation (OLT) 
and post-LOT patients compared to nonfibrosis 
populations, but did not reach statistical sig-
nificance. In CCl4-induced liver fibrosis, VIM 
was not observed in the hepatocytes, even upon 
stimulation with TGFβ178. Our results may fur-
ther explain the role of VIM in the progression 
of liver fibrosis. Given the previous reports and 
our results, we believe that VIM should be a 
promising predictor for advanced liver fibrosis 
in clinical practice.

Our results showed that VIM is involved 
in the activation of HSCs and might be linked 
to profibrotic signaling pathways, including 
TGFβ, TLR4, and NF-κB. VIM regulates the 
assembly of focal adhesions through collagen 
and affects signaling pathways that control ex-
tracellular matrix remodeling69,79. A previous 
report80 revealed that CCl4 and dextran sulfate 
sodium treatment could increase the expres-
sion of VIM, TGFβ, TLR4, and NF-κB p65, 
leading to activation of HSCs and the TLR4 
signaling pathway. In addition, VIM mRNA in 
primary hepatocytes was downregulated in ma-
trix metalloproteinase-19 (MMP-19) knockout 
mice, which showed a decreased response to 
TGFβ1 stimulation81. Unfortunately, we have 
not investigated the causality of VIM upregula-
tion, profibrotic pathways, and HSC activation 
through experimental assays. Future research 
should focus on the clinical application and ba-
sic mechanisms of VIM in the development of 
liver fibrosis.

Some limitations existed in this study. First, 
this was a secondary analysis from a public data-
base with inadequate clinical characteristics; for 
example, liver function tests, serum liver fibro-
sis parameters and virological markers were not 
obtained and adjusted, which may have resulted 
in biases in the predictive power of VIM for ad-
vanced liver fibrosis. Second, the serum VIM lev-
els in liver fibrosis patients were not addressed, 
which limits the application of this candidate in 
clinical practice in the current situation. Third, the 
mechanisms of VIM in the progression of liver fi-
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Figure 6. The DEGs induced by VIM knockout in macrophages in the GSE63653 (A), and the KEGG (B), Reactome (C) and 
GO enrichment (D) of these DEGs.
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brosis were discussed superficially in this study, 
and no experimental clarifications were conduct-
ed in vivo and in vitro. Fourth, VIM might be a 
novel diagnostic candidate for liver fibrosis, but 
research on VIM as a therapeutic target still needs 
to go further. Considering the complicated mech-
anisms of liver fibrosis, genetic and epigenetic as-
pects of VIM in liver fibrosis progression should 
be investigated in depth.

Conclusions

In this study, we identified VIM as a promising 
predictor for advanced liver fibrosis in CHB pa-
tients. Additionally, VIM was widely upregulated 
in various liver injuries and was involved in the 
activation of HSCs and HSC regulators. More-
over, VIM might be linked to profibrotic signaling 
pathways, including TGFβ, TLR4, and NF-κB. 
Considering the current evidence, VIM should 
be used as a novel diagnostic candidate for liver 
fibrosis. More prospective studies should be con-
ducted to evaluate the diagnostic values of serum 
VIM for liver fibrosis.
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