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Abstract

Background Liver fibrosis contributes to significant morbidity and mortality in Western nations, primarily attrib-
uted to chronic hepatitis C virus (HCV) infection. Hypoxia and immune status have been reported to be significantly
correlated with the progression of liver fibrosis. The current research aimed to investigate the gene signature related
to the hypoxia-immune-related microenvironment and identify potential targets for liver fibrosis.

Method Sequencing data obtained from GEO were employed to assess the hypoxia and immune status of the dis-
covery set utilizing UMAP and ESTIMATE methods. The prognostic genes were screened utilizing the LASSO model.
The infiltration level of 22 types of immune cells was quantified utilizing CIBERSORT, and a prognosis-predictive model
was established based on the selected genes. The model was also verified using qRT-PCR with surgical resection sam-
ples and liver failure samples RNA-sequencing data.

Results Elevated hypoxia and immune status were linked to an unfavorable prognosis in HCV-induced early-stage

liver fibrosis. Increased plasma and resting NK cell infiltration were identified as a risk factor for liver fibrosis progres-

sion. Additionally, CYPTA2, CBS, GSTZ1, FOXA1, WDR72 and UHMKT1 were determined as hypoxia-immune-related pro-
tective genes. The combined model effectively predicted patient prognosis. Furthermore, the preliminary validation
of clinical samples supported most of the conclusions drawn from this study.

Conclusion The prognosis-predictive model developed using six hypoxia-immune-related genes effectively pre-
dicts the prognosis and progression of liver fibrosis. The current study opens new avenues for the future prediction
and treatment of liver fibrosis.
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[2]. Moreover, liver fibrosis leads to various complica-
tions, such as chronic portal hypertension, bleeding,
ascites, encephalopathy and jaundice, severely impair-
ing the quality of life of patients [3]. While liver trans-
plantation remains the most effective treatment for liver
fibrosis, its limited availability and high cost hinder its
widespread adoption among patients with liver fibrosis.
Despite advances in the treatment of HCV in recent year,
the treatment of HCV-induced liver cirrhosis remains
challenging. There are currently no approved medica-
tions for HCV-induced liver fibrosis. Therefore, iden-
tifying new drug targets for preventing and treating
HCV-induced liver fibrosis is a vital need.

Oxygen availability is crucial for hepatocyte survival,
and its deficiency has been documented as a major risk
factor for liver diseases [4]. Liver fibrosis is distinguished
by the overaccumulation of the extracellular matrix
(ECM) [5]. However, the deposition of ECM in the liver
increases vascular resistance, impeding the supply of
oxygenated blood to the liver, including the portal vein,
thereby aggravating liver hypoxia [6]. Moreover, hypoxia
has been significantly correlated with liver fibrosis.
Therefore, exploring the role of hypoxia in liver fibrosis
can enhance understanding of its progression of fibrosis
and can aid in identifying novel therapeutic targets. The
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objective of this research is to investigate the impact of
hypoxia and immune status on the prognosis of individu-
als with early-stage liver fibrosis caused by HCV infec-
tion. Additionally, the study seeks to identify a panel of
hypoxia-immune-related genes that may offer potential
diagnostic and therapeutic targets for HCV-induced
fibrosis.

Materials and method
The study design is presented in Fig. 1.

Patient cohort and data preparation

The discovery cohort of participants in the research com-
prised 216 individuals with hepatitis C-related early-
stage (Child—Pugh class A) cirrhosis obtained from the
Gene Expression Omnibus (GEO) database (GSE15654)
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=
gsel5654). The sequencing samples comprised formalin-
fixed needle biopsy specimens obtained from the livers of
affected individuals. The microarray data from GSE15654
were generated using the GPL8432 platform (Illumina
HumanRef-8 WG-DASL v3.0), resulting in an original
matrix of 24,526 genes. Duplicated genes were removed,
and the max value was retained, resulting in 18,392
genes. The matrix was then normalized through log2
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transformation. The features of the affected individuals in
the discovery cohort are presented in Table 1.

Detection of hypoxia status and hypoxia-related
differentially expressed genes (DEGs)

A collection of 200 hallmark genes related to hypoxia
was acquired from the Molecular Signatures Database
(MSigDB version 6.0). The non-linear dimensionality
reduction algorithm, Uniform Manifold Approxima-
tion and Projection (UMAP), was employed to catego-
rize the affected individuals into a high-hypoxia group
(hypoxia®") and low-hypoxia group (hypoxia®¥) based
on the expression of hypoxia genes. UMAP analysis
was carried out with the aid of the package ‘Seurat’ The
Kaplan-—Meier method was utilized to generate a sur-
vival plot. The limma algorithm was implemented to
detect DEGs. Genes with a false discovery rate (FDR)
adjusted P-value < 0.05 and an absolute value of log2 (fold
change) > 0.5 were classified as hypoxia-related DEGs.

Detection of immune status and immune-related DEGs
The Estimation of Stromal and Immune cells in MAlig-
nant Tumours using the Expression data (ESTIMATE)
algorithm was used to identify the immune status of
patients through the package ‘estimate! Individuals were
divided into two groups using Maximally Selected Rank
Statistics, according to their immune scores (immunehi
and immune®*). The Kaplan—-Meier method was
employed to generate a survival plot. DEGs between the
two groups were detected utilizing the limma algorithm.
Genes with an FDR-adjusted P-value <0.05 and an abso-
lute value of log2 (fold change)>0.5 were classified as
immune-related DEGs. Maximally selected rank statistics
and survival plots were performed using the R packages
‘survival’ and ‘survminer’

Identification of hypoxia-immune-related prognostic DEGs
Based on the immune and hypoxia status of
affected individuals, three groups were established

(hypoxia"'immune™®",  hypoxia®“immune'®”,  and
mix). DEGs between the hypoxia"®"immune™®" and
hypoxial®'immune'® groups were detected using

Table 1 Basic information of HCV patients in discovery cohort.

Characteristics GSE15654(n=216)

Survival 150 (69.44%)
Survival time (days) 3373.13+1525.10
Bilirubin>1.0 mg/dl 108 (50.00%)
HCC 65 (30.09)

HCC Hepatic carcinoma, HCV: hepatitis C virus
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the limma algorithm. Genes with an FDR-adjusted
P-value<0.05 and an absolute value of log2 (fold
change)>0.5 were categorized as hypoxia-immune-
related prognostic DEGs. Subsequently, the overlap
between immune-related DEGs and hypoxia-related
DEGs was retained, and univariate Cox analysis was
carried out to choose DEGs with a P<0.01 for further
analysis.

Prognosis prediction model of hcv-related early-stage
fibrosis as per the hypoxia-immune-related DEGs
Following the univariate Cox analysis, the least absolute
shrinkage and selection operator (LASSO), a form of lin-
ear regression with shrinkage, was employed to screen
genes. The corresponding coefficients were quantified
utilizing multivariate Cox regression. Using the R pack-
age ‘glmnet, both LASSO and Cox regression analyses
were carried out. The risk scores were calculated using
the formula: Score=1nCoefixthe expression of the
relative gene. Maximally selected rank statistics were
employed to categorize the affected individuals into two
groups (high-risk group and low-risk group) as per their
risk scores. Survival plots were created to assess the pre-
dictive utility of our prognosis prediction model.

Functional and pathway enrichment analysis

The functions and signaling pathways of hypoxia-related
DEGs, immune-related DEGs, and hypoxia-immune-
related DEGs were identified by means of Gene Ontology
(GO) functional annotation analysis and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) analysis. The GO
and KEGG analyses were carried out using https://david.
ncifcrf.gov/home.jsp.

Identification of immune cells infiltration in HCV-related
early-stage fibrosis

CIBERSORT analysis was performed to identify the infil-
tration of 22 immune cells in patients with HCV-related
early-stage cirrhosis. Pearson analysis was conducted
to investigate the association between the infiltra-
tion of immune cells and the expression of hypoxia-
immune DEGs. Additionally, the variations in immune
cell infiltration between the high-risk and low-risk
prognosis groups were assessed. Cells with a P<0.01
were retained for display in this research. CIBERSORT
was carried out by employing the R package ‘glmnet,
‘parallel}preprocessCore; ‘tidyr; ‘ggplot2; and ‘ggpubr!

Verification of clinical samples

The surgical liver specimens were obtained from twelve
individuals at the time of liver transplantation, includ-
ing six individuals with liver failure and six liver tissue
samples from donors after cardiac death. Seven cirrhotic


https://david.ncifcrf.gov/home.jsp
https://david.ncifcrf.gov/home.jsp

Chen et al. Journal of Translational Medicine (2024) 22:116

samples were obtained from patients with laparoscopic
splenectomy and esophagogastric devascularization sur-
gery. The approval of the research were provided by the
West China Hospital, Sichuan University. Quantitative
reverse transcriptase-PCR (qRT-PCR) was conducted to
detect the expression of hypoxia-immune DEGs. TRIzol
Reagent was utilized to extract the total RNA from the
liver tissues. PCR was conducted utilizing the Thermo
Scientific PikoReal PCR cycler. The mean cycle threshold
(CT) data was calculated from triplicate PCRs. The equa-
tion 27ACT was employed to determine the relative gene
expression.

RNA-seq analysis of liver failure samples

Thirty-six liver failure specimens were obtained from
patients undergoing liver transplantation. Hepatitis B
virus and hepatitis C virus were the mainly etiology. Total
RNA was extracted from the liver specimens with the
use of an RNA Isolation Kit (Foregene, Chengdu, China).
Construction of RNA-sequencing (RNA-seq) librar-
ies and sequencing with the Illumina NovaSeq "~ X Plus
platform were performed by Anoroad (Beijing, China).
Relative gene expression was evaluated on the basis of
transcripts per million (TPM).

Statistical analysis

All analyses were carried out using R version 4.0.2 and
Graphad Prim 9.0. An unpaired t-test was utilized to
compare continuous data, and data not conforming to a
normal distribution were assessed using Mann—Whitney
U test.

Results

High hypoxia status indicated poor prognosis

in HCV-induced early-stage fibrosis.

UMAP was used to identify hypoxia

patients (Fig. 2A). The hypoxia"®" and hypoxial®¥ groups
comprised 134 and 82 patients, respectively. The sur-
vival plot revealed that individuals with elevated hypoxia
status had unfavorable prognoses (P=0.037) (Fig. 2B).
When comparing the expression profiles between the
two clusters, 1656 DEGs were detected and considered
hypoxia-related DEGs (Fig. 2C). KEGG pathway analy-
sis indicated the enrichment of hypoxia-related DEGs
in multiple pathways, including the metabolic pathway,
pathway in cancer, Rapl signaling pathway, and other
pathways (Fig. 2D). Regarding biological processes (BP),
overexpressed genes in the hypoxia"®" cluster were
mainly associated with the positive regulation of tran-
scription from RNA polymerase II promoter, negative
regulation of transcription from RNA polymerase II pro-
moter, and positive regulation of transcription, DNA-
templated (Fig. 2E). Regarding cellular components

high and hypoxia!®®
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(CC), these genes exhibited enrichment in the cytosol,
nucleus, and nucleoplasm (Fig. 2E). Molecular function
(MF) analysis demonstrated that these genes were sig-
nificantly associated with protein binding, identical pro-
tein binding, and RNA binding (Fig. 2E). Contrastingly,
BP analysis demonstrated that low expression genes in
the hypoxiah®" cluster primarily exhibited enrichment
in signal transduction, positive regulation of transcrip-
tion from RNA polymerase II promoter, and negative
regulation of transcription from RNA polymerase II
promoter (Fig. 2F). CC analysis demonstrated that these
genes exhibited enrichment in the cytosol, nucleus, and
cytoplasm (Fig. 2F). MF analysis demonstrated that
these genes were significantly linked to protein bind-
ing, APT binding, and chromatin binding (Fig. 2F). The
clinical data of patients in the two clusters are depicted in
Table 2. The findings demonstrated that high hypoxia sta-
tus predicts a poorer prognosis in individuals with HCV-
related early-stage cirrhosis.

High immune status indicated poor prognosis

in HCV-induced early-stage fibrosis

ESTIMATE was used to calculate the immune score
of patients. Combining the survival time and status of
patients, coefficients were calculated. The risk score was
derived utilizing the formula below: 0.0022225 X Stro-
mal Score+— 0.0002436 X Immune score. Patients were
separated into immune™®" and immune®" clusters using
maximally selected rank statistics at a cut-off value of
0.37 (Fig. 3A, B). A total of 41 individuals were observed
in the immune™" cluster and 175 individuals in the
immune'®¥ cluster. The survival plot demonstrated that
individuals with high immune status indicated shorter
survival time than individuals with low immune status
(P<0.0001) (Fig. 3C). Differential genes analysis between
the two groups revealed 362 DEGs, which were consid-
ered immune-related DEGs (Fig. 3D). KEGG pathway
analysis demonstrated that these genes exhibited enrich-
ment in metabolic pathways, glycine, serine, threonine,
and tryptophan metabolism (Fig. 3E). BP analysis indi-
cated that immune-related DEGs exhibited enrichment
in the xenobiotic metabolic process, visual perception,
and cellular protein modification process. CC analysis
highlighted that these genes were significantly linked to
the cytosol, cytoplasm, and mitochondrion. MF analysis
highlighted that these genes were primarily associated
with protein binding, protein homodimerization activity,
and protein kinase binding (Fig. 3F). The clinical data of
the two groups are presented in Table 3. Collectively, the
results revealed that individuals with high immune status
predicted a poorer prognosis in HCV-related early-stage
fibrosis.
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Table 2 Basic information of HCV patients in different hypoxia-based clusters
Characteristics Whole cohort (216) Hypoxia '°¥ (82) Hypoxia 9" (134)
Survival 150 (69.44%) 64 (78.05%) 86 (64.18%)
Survival time (days) 3373.13+1525.10 3514.67+1531.66 3286.52+1520.29
Bilirubin>1.0 mg/dl 108 (50.00%) 38 (46.34%) 70 (52.24%)
HCC 65 (30.09%) 21 (25.61%) 44 (32.84%)
HCC Hepatic carcinoma, HCV hepatitis C virus
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Table 3 Basic information of HCV patients in different immune-based clusters

cluster and immune’®

Characteristics Whole cohort (216) Immune '°% (175) Immune "9h (41)
Survival 150 (69.44%) 132 (75.43%) 18 (43.90%)
Survival time (days) 3373.13+£1525.10 3495.29+1473.06 2851.73+1648.90
Bilirubin>1.0 mg/dl 108 (50.00%) 84 (48.00%) 24 (58.54%)
HCC 65 (30.09%) 48 (27.43%) 17 (41.46%)

HCC Hepatic carcinoma, HCV hepatitis C virus
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Hypoxia-immune-related DEGs in HCV-induced early-stage
fibrosis

Per the grouping results of the above analyses, indi-
viduals were further classified into three groups
(hypoxiahighimmunehigh, hypoxialowimmunel"w, and mix).
Survival plot analysis demonstrated a remarkable varia-
tion in survival time among the three clusters (2 <0.0001)
(Fig. 4A). Differential genes analysis between the
hypoxia"®immune™®" and hypoxia®*immune'® clus-
ters (Fig. 4B) identified hypoxia-immune-related DEGs.
Then, the intersection of the hypoxia-related DEGs and
immune-related DEGs (Fig. 4C) revealed 31 hypoxia-
immune-related DEGs. The clinical data of the individu-

als are depicted in Table 4.

Prognosis prediction model of HCV-related early-stage
cirrhosis based on hypoxia-immune-related DEGs
Following univariate Cox analysis, 15 hypoxia-
immune-related genes with P<0.01 were initially iden-
tified. The LASSO method was applied to further
refine the selection, resulting in the retention of six
hypoxia-immune related DEGs (Fig. 4D, E). The cor-
responding coefficients were calculated from the mul-
tivariate Cox regression model. The risk score of each
affected individual was derived using the formula:
— 0.25572 X expression of CYP1A2 + (— 0.25771 X expres-

sion of WDR72) + (— 0.05747 X expres-
sion of CBS) +(— 0.0722 X expression
of GSTZ1)+ (- 0.19824 X expression of

UHMK]1 + — 0.11340 X expression of FOXA1). As per the
risk score, individuals were classified into high and low-
risk groups using maximally selected rank statistics, with
a cut-off value of — 9.38 (Fig. 4F, G). There were 54 indi-
viduals in the high-risk cluster and 162 in the low-risk
cluster. Moreover, survival analysis revealed a remarkable
variation between the two clusters (P<0.0001; Figs. 4H).
The clinical data of the affected individuals are presented
in Table 5. The forest map of the six hypoxia-immune-
related DEGs is displayed in Fig. 5A.

Immunocyte infiltration pattern

of hypoxia-immune-related DEGs in HCV Early-stage
related fibrosis

In this section, CIBERSORT analysis explored the
composition of 22 immune cells. Correlation analysis

(See figure on next page.)

Fig. 4 A Kaplan—Meier plot of overall survival among three clusters. B The differential gene expression profiles between hypoxia
cluster. € Venn diagrams of hypoxia-immune related DEGs. D LASSO coefficient profiles of 15 screened

cluster and hypoxia“immune®”
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revealed a general correlation between distinct immune
cells (Fig. 5B). Then, the association between immune
cells and hypoxia-immune-related DEGs was explored
(Fig. 5C). According to the grouping of the prognosis
model, a comparison of the variations in immune cells
between the high- and low-risk clusters was performed.
It was noted that the infiltration of resting NK cells and
plasma cells was elevated in the high-risk group relative
to the low-risk group (?=0.0022, P=0.0059, respectively;
Fig. 5D, E).

Validation of clinical samples

The expression of hypoxia-immune-related DEGs of
specimens from different stages of cirrhosis were com-
pared. The clinical data of the individuals are presented
in Table 6. The levels of direct bilirubin, indirect biliru-
bin, and total bilirubin were higher in patients with liver
failure than in patients with hepatic cirrhosis (Fig. 6).
Furthermore, the liver tissues of patients with liver failure
and hepatic cirrhosis exhibited downregulated expres-
sion of CBS, CYPIA2, FOXAI, GSTZ1, WDR72 and
UHMKI1 when compared to healthy controls. Notably,
the expression of FOXA1, GSTZ1, WDR72 and UHMK1
was more upregulated in the tissues of individuals with
hepatic cirrhosis than those with liver failure, although
statistical significance was not achieved.

Validation of total bilirubin and hypoxia-immune-related
DEGs genes in liver failure samples RNA-sequencing data
The relationship between the expression of hypoxia-
immune-related DEGs and total bilirubin was explored.
We found that the total bilirubin showed a negative
correlation with the gene expression of CBS, CYP1A2,
FOXA1 and GSTZ1 (Fig. 7).

Discussion

Currently, effective treatments for HCV-induced liver
fibrosis are still lacking, highlighting the need to identify
novel targets for treating patients with liver fibrosis. This
research used the transcriptional profiles of the liver tis-
sue to analyse the correlation between the prognosis of
patients and the hypoxia-immune-related gene expres-
sion. It was observed that elevated hypoxia and immune
status were linked to poor prognosis in individuals
with HCV-induced early liver fibrosis. Furthermore, six

high;

immuneMa

hypoxia-immune related DEGs. E Three-fold cross validation of lasso analysis. Error bars represented the SE. The dotted vertical lines showed
the optimal values. F Histogram based on maximally selected rank grouping. G The cut-off point with the maximum standard log-rank statistic
was marked with a vertical dashed line. H Kaplan-Meier plot of overall survival between high-risk cluster and low-risk cluster
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Table 4 Basic information of HCV patients in different hypoxia-immune-based clusters

Characteristics Whole cohort (216) Hypoxia '°" Immune ' (71) Hypoxia "o
Immune "i9" (30)

Survival 150 (69.44%) 58 (81.69%) 12 (40.00%)

Survival time (days) 3373.13+£1525.10 3551.83+1352.96 2696.60+1244.37

Bilirubin > 1.0 mg/dl 108 (50.00%) 32 (45.07%) 17 (56.67%)

HCC 65 (30.09%) 18 (25.35%) 14 (46.67%)

HCC Hepatic carcinoma, HCV hepatitis C virus

Table 5 Basic information of HCV patients in hypoxia-immune-based risk models

Characteristics Whole cohort (216) Hypoxia ° Immune '*¥ (162) Hypoxia Moh

Immune "9 (54)

Survival 150(69.44%)
Survival time (days) 3373.13+£1525.10
Bilirubin>1.0 mg/dl 108(50.00%)

HCC 65(30.09%)

123(75.93%) 27(50.00%)
3498.77 £1475.46 2996.22+£1621.51
79(48.77%) 29(53.70%)
45(27.78%) 20(37.04%)

TBTotal Bilirubin, DB Direct Bilirubin, IB Indirect Bilirubin, ALT Alanine aminotransferase, AST Aspartate aminotransferase, HCC Hepatic carcinoma, HCV hepatitis C virus

hypoxia-immune-related genes were identified, high-
lighting the potential to effectively predict the prognosis
of individuals with HCV-induced early fibrosis.

Previous studies have demonstrated that hypoxia and
immune status are considerably linked to the advance-
ment of liver fibrosis [6, 7]. Under hypoxic conditions,
cells and tissues initiate the transcriptional induction of
downstream genes to sustain physiological processes.
During hypoxia, there is an increased generation of free
radical oxygen, resulting in the generation of reactive
oxygen species (ROS) [8]. Consequently, ROS stimulates
the activation of hepatic stellate cells (HSC) and fibro-
blasts to aggravate the deposition of ECM and medi-
ate chronic inflammation [9]. In individuals with HCV
infection, long-term chronic immune reaction results
in liver fibrosis [10, 11]. Hypoxia serves as an important
microenvironment of chronic inflammation. In a normal
physiological state, there exists an oxygen concentration
gradient within the liver, with higher oxygen content
in the portal vein area and lower oxygen content in the
central vein area [12]. This oxygen gradient determines
distinct functionalities of liver cells in different regions.
In areas with higher oxygen content, such as the portal
vein, liver cells primarily engage in ATP-consuming tasks
like protein synthesis and secretion, gluconeogenesis,
and beta-oxidation of fatty acids. Conversely, in regions
surrounding the central vein with lower oxygen levels,
liver cells undertake lower-energy tasks like detoxifica-
tion, lipid synthesis, and glycoprotein synthesis. Current
research has reported the relationship between oxygen
gradients and liver fibrosis [13]. Yuan et al. found that
an increased number of vessels in the portal tract area

inhibits liver fibrosis, while an increased number of ves-
sels around the central vein promotes liver fibrosis [14].
Fibrosis typically initiates from the portal tract or central
vein, possibly associated with parenchymal liver dam-
age and closure of liver sinusoids, leading to sustained
hypoxia. The deposition of collagen at both ends alters
the physiological oxygen gradient, factors that may influ-
ence the progression of fibrosis. Factors affecting toler-
ance to hypoxia in different areas need consideration.
Meanwhile, the immune microenvironment also par-
ticipates in the complex process of liver fibrosis. Con-
sequently, further study is still needed to elucidate the
specific role of oxygen gradients in liver fibrosis.

There are various types of immune cells in the devel-
opment of fibrosis in the liver. Kupffer cells, which are
resident macrophages, mediate liver inflammation by
becoming activated and secreting cytokines in response
to chronic liver injury [15]. Moreover, hypoxia stimu-
lates the production of lipopolysaccharide (LPS) via the
portal vein and systemic circulation. The combination
of LPS and Toll-like receptor 4 increases the generation
of chemokines, which recruits Kupffer cells and stimu-
lates the expression of profibrogenic cytokine TGF-$ by
Kupffer cells [16, 17]. Thus, hypoxia not only induces
the aggravation of the fibrosis but also stimulates the
immune reaction that exacerbates the progression of the
inflammation. Similarly, this study demonstrated that
hyper immunity and hypoxia status predict poor prog-
nosis in patients with HCV-induced early-stage liver
fibrosis. CIBERSORT analysis demonstrated that the
infiltration of resting NK cells and plasma cells in the

hypoxia®immune"®" group was greater than in the
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Fig.5 A Forest plot of 6 hypoxia-immune related DEGs with P <0.01 by univariate Cox regression. B Heatmap showed the correlation coefficient

between different immune cells. C Heatmap showed the correlation coefficient between immune cells and DEGs involved in Cox model (*** means
P<0.01,** means P <0.05, and * means P <0.1). D The infiltration of NK resting cells in two clusters based on the prognostic model. E The infiltration
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Table 6 The clinical information of collect samples
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Characteristics ALL (19) Liver Failure (6) Hepaticirrhosis (7) Donor Liver (6)
B 186.14+194.18 37545+102.97 23.87+4.50 NA
DB 129.01+143.13 26832+76.87 9.60+2.57 NA
1B 57.05+60.32 106.97 +56.33 14.27 +2.49 NA
ALT 94.23+£194.61 58.50+£29.44 124.86+269.54 NA
AST 78.31+79.50 106.67+5541 5400+92.67 NA
HCC Hepatic carcinoma, HCV hepatitis C virus
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Fig. 6 The clinical information of patients and the expression of hypoxia-immune related DEGs in clinical samples. *, **, #** **** yaspectively

represent P values of t-test < 0.05,<0.01,<0.001,<0.0001

hypoxia®immune'®* group. Plasma cells, also known as
terminally differentiated B cells, produce antibodies in
response to viral, bacterial, and parasitic infections [18].
Plasma cells are critically involved in immediate and
long-lasting host immune responses [19]. Moreover, the
deficiency of MYD88 signaling in B cells decreased the

infiltration of dendritic cells and monocytes in CCL4-
induced fibrosis mice [20]. Notably, NK cells generally
display antifibrotic roles [21]. However, compared to
activated NK cells, resting NK cells cannot secret IFN-y,
which is essential for inhibiting activated HSCs [22]. This
study demonstrated that the high infiltration of resting
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NK and plasma cells is a risk factor for the aggravation of
liver fibrosis.

In this research, six genes were identified, which were
termed hypoxia-immune-related DEGs, to construct the
prediction model. According to the validation of clini-
cal specimens, CBS, CYPIA2, FOXAI, GSTZ1, WDR72
and UHMK1 were specifically expressed in patients with
liver fibrosis or hepatocirrhosis. The six genes exerted
a protective effect and were more highly expressed in
healthy control than patient samples. Cytochrome P450
1A2 (CYP1A2) has been widely accepted as an important
metabolic enzyme drug [23]. The expression of CYP1A2
was attenuated among individuals with non-alcoholic
fatty liver disease [24—29]. We found that the expres-
sion of CYP1A2 was inhibited in patients with liver
fibrosis. However, the specific mechanism of CYP1A2
in liver fibrosis still requires additional investigation.
Cystathionine beta-synthase (CBS) has been clearly
demonstrated in lung fibrosis and renal fibrosis [30-32]
The increased expression of CBS attenuated TGF-p1-
induced ECM deposition in vitro. Under hypoxia con-
ditions, the expression of CBS was decreased in kidney
ischemia—reperfusion injury [33]. CBS could regulate
the expression of HIF-1a stability [34, 35]. We found
that the level of CBS had a negative correlation with the
progression of fibrotic disease and hypoxia. Glutathione
S-transferase zeta 1 (GSTZ1) has been clearly described
in some types of cancers, such as HCC and renal cell car-
cinoma [36; 37; 38; 39]. Sustained Wnt/p-catenin path-
way reactivation has been associated with the onset and
progression of liver fibrosis [40]. We found that GSTZ1
may have a protective role in the onset and progression

of liver fibrosis. Nevertheless, the specific mechanism of
GSTZ1 in the progression of liver fibrosis still requires
additional investigation. The forkhead box protein A
1(FOXAL1) participates in the development of embryo-
genesis and liver organogenesis [41]. Song et al. revealed
that FOXAL1 loss led to the activation of the TGF-p path-
way and epithelial-mesenchymal transition in prostate
cancer [42]. Additionally, the decreased expression of
FOXAL in prostate cancer led to an increase in immuno-
suppressive macrophage infiltration, which is dependent
on HIF-1a expression [43]. This study indicated that the
elevated expression of FOXAL1 is linked to a better prog-
nosis in individuals with HCV-induced early liver fibro-
sis. However, the detailed mechanism stills need to be
further studied. WD repeat-containing protein (WDR72)
has been considered a cancer suppressor and a potential
therapeutic target in renal cell carcinoma, lung cancer
and amelogenesis imperfecta [44—46]. Nevertheless, the
function of WDR?72 in liver and organ fibrosis is yet to be
elucidated. This research identified WDR72 as a hypoxia-
immune-related protective DEG. Based on existing
knowledge, this research represents the primary explora-
tion of the role of WDR?72 in liver fibrosis. However, its
concrete function still needs to be further explored in
liver fibrosis. U2AF homology motif kinase (UHMK1) has
been discussed in colorectal cancer, HCC, gastric cancer,
and pancreatic ductal adenocarcinoma. In these differ-
ent cancer types, elevated expression levels of UHMK1
promote the proliferation of cancer cells [47-50]. How-
ever, the role of UHMK1 in liver fibrosis remains to be
explored. Our research revealed that the elevated expres-
sion level of UHMK1 in patients with HCV-induced early
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liver fibrosis predicted a great prognosis. Nevertheless,
the role of UHMK1 in hypoxia and liver fibrosis needs to
be discussed further. The mechanism of CBS, CYP1A2,
FOXA1, GSTZ1, WDR72 and UHMKI in the progres-
sion of liver fibrosis is still unclear. Further exploration
of the underlying mechanisms will help to find potential
targets for the treatment of liver cirrhosis.

The current research identified six hypoxia-immune-
related genes in patients with HCV-induced early-stage
liver fibrosis. Our model effectively predicts the progno-
sis of patients. The validation of clinical samples strongly
supports the results. However, this research still has some
limitations. Firstly, the clinical samples were limited,
with only six samples in each group. More specimens
are required to verify the study results in the future. Sec-
ondly, the infiltration of immune cells was not validated
using flow cytometry. Hence, future studies should detect
the infiltration of NK cells and B cells. Thirdly, although
the research detected a series of hypoxia-immune-related
DEGs, basic research to explore the mechanisms of each
gene was not conducted.

Conclusion

Elevated hypoxia and immune status indicated a poorer
prognosis for individuals with HCV-induced early-
stage liver fibrosis. Based on the six hypoxia-immune-
related genes, the prognostic model could effectively
predict the prognosis and progression of liver fibrosis.
Notably, this study provides novel directions for the
future diagnosis and treatment of liver fibrosis.
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