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CAT and CXCLS8 are crucial cofactors for the progression
of nonalcoholic steatohepatitis to hepatocellular carcinoma,
the immune infiltration and prognosis of hepatocellular carcinoma
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Abstract

Purpose Hepatocellular carcinoma (HCC) is a malignant tumour characterized by high morbidity and mortality. Immuno-
therapy is an important treatment newly approved for the treatment for advanced hepatocellular carcinoma. However,
how NASH progresses to HCC and the association between the immune signature in HCC and patient prognosis remain
unclear.

Methods Data from NASH and NASH-HCC patients were obtained from the GEO database. Differentially expressed genes
were screened and hub genes were identified. The enrichment analysis, clustering, cibersort, ssGSEA, Xcell and immune
checkpoint expression data of the samples were analysed. Survival analysis of dual genes was performed using TCGA
liver cancer samples and the lasso regression model, and Cox regression analysis was conducted. Pathology specimens
from 21 NASH-associated hepatocellular carcinoma patients were collected, and immunohistochemical staining was
used to verify gene expression.

Results Compared with HCC patients with high CAT and low CXCL8 expression, those with low CAT and high CXCL8
expression had significantly higher levels of infiltration of multiple immune cell types and the common immune check-
points CD274, PDCD1 and CTLAA4. Furthermore, CAT was a protective factor, and CXCL8 was a risk factor for the prognosis
of HCC patients.

Conclusion CAT and CXCL8 might impact NASH-HCC progression. HCC patients with low CAT and high CXCL8 expression
might have more extensive immune cell infiltration and stronger tumour immune escape. However, probably due to
their different effects on CD8+T cells and reactive oxygen species, increased expression of CAT contributes to improved
prognosis in HCC patients, whereas increased expression of CXCL8 leads to a poor prognosis.
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1 Introduction

Hepatocellular carcinoma (HCC) is the fifth most prevalent cancer and the third leading cause of cancer-related
mortality [1]. The World Health Organization (WHO) predicts that HCC will result in more than one million deaths by
2030 [2]. There are a myriad of potential aetiologies for HCC, including hepatitis B virus or hepatitis C virus infection,
excessive alcohol consumption, nonalcoholic fatty liver disease (NAFLD), aflatoxin, and insidious cirrhosis. Among
these causes, NAFLD has emerged as a cause of the disease in recent decades. However, there is still a lack of in-
depth understanding of the carcinogenic mechanisms involved in NAFLD, which could lead to different treatment
strategies [3-5].NAFLD is a general term for a series of diseases, including simple steatosis, nonalcoholic fatty liver
disease, and nonalcoholic steatohepatitis (NASH), leading to eventual liver cirrhosis and HCC (pathologically known
as NASH-HCC) [6-8].

Compared with targeted therapy alone, targeted therapy combined with immunotherapy is currently considered a
first-line treatment for advanced liver cancer, and the effect is significantly improved; for example, combined therapy
with atezolizumab (an anti-PD-1 monoclonal antibody) and bevacizumab (an anti-VEGF monoclonal antibody) has
demonstrated enhanced therapeutic effects. However, the objective response rate (ORR) of this combined therapy
remains limited to no more than 30% [9, 10]. Additionally, nonviral HCC, particularly NASH-HCC, may have a lower
response rate to immunotherapy than virus-related HCC [11], which makes NASH-HCC a more challenging tumour
to treat despite the increase in immunotherapy. Numerous studies have explored the relationships between the
progression of NASH-HCC and immune cells. Dysregulated intrahepatic CD8 +T cells and natural killer T (NKT) cells
have been implicated in the induction of NASH-HCC in a mouse model [12]. Liver-specific Kupffer cells (the resident
macrophages of the liver) are not only potential therapeutic targets for NASH-HCC, but also drivers of the develop-
ment of HCC [13-15]. Furthermore, tumour heterogeneity is closely associated with the complicated immune micro-
environment and affects treatment sensitivity to immunotherapy [16, 17]. However, how NASH progresses into liver
cancer and the associations between immune signatures in HCC and patient prognosis remain largely unknown.

CAT is an enzyme that decomposes hydrogen peroxide, a reactive oxygen species (ROS) that plays a crucial role
in regulating cell function. The role of ROS in cancer is still poorly understood, and the existing evidence remains
controversial. Tumour cells can produce large amounts of ROS, which cause damage to DNA, proteins, and lipids,
leading to carcinogenesis [18, 19]. Moreover, CAT can induce certain cells in the tumour immune microenvironment,
such as CD8+T cells, to enhance the antitumour immune response [20].

The chemokine CXCL8 (also known as IL-8) belongs to the CXC family and plays a crucial role in recruiting vari-
ous immune cells to inflammatory sites. Additionally, CXCL8 promotes angiogenesis and the synthesis of matrix
metalloproteinases (MMPs), which promote tissue remodelling after metastasis [21-24]. High expression of CXCL8
is associated with increased cancer risk and poor prognosis [25, 26]. Within the tumour immune microenvironment,
CXCL8 can directly or indirectly affect multiple immune cells, including dendritic cells and central granulocytes, trig-
ger complicated immune responses and even hamper antitumour immunity [27]. Previous studies have suggested
a potential relationship between disturbances in CAT and CXCL8 expression in small intestinal epithelial cells for
regulating immune cell infiltration [28], but their specific associations in HCC remain unknown.

Therefore, this study aimed to identify crucial genes involved in the development and progression of nonalcoholic
steatohepatitis-associated HCC (NASH-HCC) by comparing differential gene expression between NASH-HCC and
nonalcoholic steatohepatitis samples. In this study, CXCL8 and CAT were identified as crucial cofactors in NASH-HCC
development and were subsequently validated in paraffin-embedded samples from NASH-HCC patients at our centre.
Furthermore, we aimed to investigate the relationships between the expression levels of crucial genes and immune
infiltration characteristics as well as patient survival time in patients with HCC.

2 Materials and methods
2.1 Expression matrix data processing and differential analysis

The GSE164760 [29]expression matrix was downloaded from the GEO database (https://www.ncbi.nlm.nih.gov/
geo/), which included a total of 74 NASH samples and 53 NASH-HCC samples. The limma package in R was used to
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standardize the expression matrix and perform differential analysis to obtain differentially expressed genes (DEGs),
log FC (fold change) > 1 and p value < 0.05 was considered to indicate statistical significance. The pheatmap package
in R was used to draw the difference analysis heatmap, and the ggpubr package and ggthemes package were used
to draw the volcano map.

2.2 GO and KEGG enrichment analysis of DEGs

The clusterProfiler package in R was used to perform GO and KEGG analyses of the DEGs to explore the potential biologi-
cal processes and signalling pathways involved in the development of NASH-HCC.

2.3 Establishment of the PPl network and screening of hub genes

An online database (https://cn.string-db.org/) was used to construct the protein—protein interaction (PPI) network of
the DEGs, and the minimum required interaction score was set as medium confidence (0.400) [30-32]. The network was
beautified and analysed using Cytoscape 3.7.2, and the hub genes in the interaction network were obtained by the
degree algorithm and MNC algorithm using the cytoHubba tool. The degree algorithm evaluates the importance accord-
ing to the number of connections of gene nodes. The higher the degree value is, the greater the degree of interaction
the gene has. The MNC algorithm identifies the connectivity and influence of each gene in its neighbouring gene nodes.
The higher the MNC score is, the greater the influence of the gene on its neighbouring nodes.

2.4 Survival analysis and lasso regression model of the hub genes

GEPIA is a web-based tool that provides fast and customizable functionality using TCGA and GTEx data [33]. Survival
analysis of the hub genes was performed using the online database GEPIA (http://gepia.cancer-pku.cn/) to evaluate the
correlation between the expression of the hub genes and the prognosis of hepatocellular carcinoma patients. Then, using
the ConsensusClusterPlus package, the 363 tumour samples with survival data in TCGA were clustered according to the
hub genes, and survival analysis was performed again to verify the results. Univariate and multivariate Cox regression
analyses were also conducted. The risk score was calculated, and a least absolute shrinkage and selection operator (lasso)
model was established to evaluate the prognostic effectiveness of hub gene expression.

2.5 Analysis of the effects of the hub genes on immune infiltration in hepatocellular carcinoma

The proportions of immune cells in 53 NASH-HCC samples were visualized using cibersort in R. To analyse the influence of
the hub genes on the immune infiltration of NASH-HCC, the 53 NASH-HCC tumour samples and TCGA HCC samples were
classified into two subgroups according to the expression of the hub genes using the ConsensusClusterPlus package and
a corresponding heatmap was drawn. The estimate package in R was used to calculate the immune score, stromal score,
ESTIMATE score and tumour purity of 53 NASH-HCC samples, and the patients were grouped and compared according to
the tumour subgroups after clustering. The differences in immune infiltration among tumour subgroups were analysed
using the GSVA package (ssGSEA) and Xcell package in R.

2.6 Exploration of the effects of hub genes on immune checkpoint expression and immunotherapy effects

The 363 liver cancer samples with survival data in the TCGA database and 53 NASH-HCC samples were classified according
to tumour subgroup to analyse the differences in the expression of PDCD1, CD274 and CTLA4, and to explore the effects of
the hub genes on liver cancer immunotherapy. The TIDE (Tumour Immune Dysfunction and Exclusion) database integrates
33,197 tumour samples from 189 human cancer studies to simulate the immune evasion status of tumours by hypothesizing
and validating precise gene markers, thereby predicting the response to immune therapy for tumours. The Dysfunction score
reflects the ability of the tumour to impair the function of cytotoxic T lymphocytes; the Exclusion score reflects the ability
of the tumour to prevent the infiltration of cytotoxic T lymphocytes; the TIDE score is the sum of the Dysfunction and Exclu-
sion scores, and a higher TIDE score indicates that the tumour is more prone to immune evasion, and the immune therapy
effect may not be ideal; the MSI score is evaluated based on the correlation between microsatellite instability status and the
effect of immune therapy, and a lower MSI score suggests a stronger ability of the tumour to evade immune therapy, and a
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worse effect ofimmune therapy [34]. The liver cancer samples from TCGA were analysed in the TIDE database to predict the
immune therapy effect between tumour subgroups.

2.7 Immunohistochemical staining and analysis of CAT/CXCL8 in NASH patients and NASH-HCC patients
from our centre

A total of 10 NASH samples and a total of 21 NASH-HCC samples from our centre were analysed by immunohistochemical
staining. Following the removal of paraffin by xylene and ethyl alcohol, sodium citrate repair solution was used to repair anti-
gen damage, after which endogenous peroxidase was inactivated with 3% hydrogen peroxide. The NAFLD and NAFLD-HCC
sections were exposed to primary antibodies against CAT (1:1000; 66765-1-IG; Proteintech, Guangzhou, China) and CXCL8
(1:400; 27095-1-AP; Proteintech, Guangzhou, China) at 4 °C overnight, followed by washing with phosphate buffered saline
(PBS). The sections were subsequently incubated with secondary antibodies (anti-mouse/rabbit IgG; Boster, Wuhan, China)
for 30 min. The slides were subsequently coloured with DAB (DAB substrate:DAB concentrate=1 ml:50 pl) and haematoxylin
(Biosharp, Shanghai, China). Stained images were taken, and 10 regions were chosen randomly from each stained image.
ImageJ software was used to calculate the immunohistochemical staining intensity of each region, and the mean value was
calculated as the hub gene expression level.

2.8 Statistical analysis

All bioinformatics analyses were performed using R4.2.2. The experimental data were analysed and visualized using Graph-
Pad Prism 8. Univariate and multivariate Cox regression analyses were also used to assess the relationships between the
clinical characteristics and overall survival of patients. The area under the ROC curve (AUC) was used as an index to assess
the accuracy of the genetic signature risk score in predicting survival. In all analyses, a p value of <0.05 was considered to
indicate statistical significance.

3 Result

3.1 Volcano maps and heatmaps revealed significantly differentially expressed genes between NASH
and NASH-HCC patients

The dataset GSE164760 was retrieved from the GEO database, and the details of the dataset are listed in Table 1. The dataset
included sequencing data from samples of 74 NASH patients and 53 NASH-HCC patients. After normalization of the expres-
sion matrix, a total of 33 upregulated genes and 77 downregulated genes were screened between NASH and NASH-HCC
patients. The expression heatmap of the DEGs is shown in Fig. 1A, and the volcano map is shown in Fig. 1B.

3.2 GO and KEGG enrichment analyses of DEGs in NASH-HCC

To further explore the potential biological processes and signalling pathways involved in the progression of NASH-
HCC, we first performed GO enrichment analysis and KEGG analysis of 110 DEGs. The GO analysis results are shown
in Fig. 2A. The top 10 biological processes with the highest P value enriched in the biological process (BP) category
included the xenobiotic stimulus, hormone metabolic process, olefinic compound metabolic process, cellular hor-
mone metabolic process, detoxification, cellular response to xenobiotic stimulus, terpenoid metabolic process, iso-
prenoid metabolic process, detoxification of inorganic compound, detoxification of copper ion. Moreover, according
to the logFC absolute value, the top 5 biological processes enriched in the genes with the most significant expression
differences in NASH-HCC patients were olefinic compound metabolic process, detoxification of inorganic compound,
response to xenobiotic stimulus, cellular response to xenobiotic stimulus, and hormone metabolic process (Fig. 2B).
The top 10 signalling pathway with the highest P value obtained using KEGG enrichment analysis are shown in Fig. 2C.
These pathways included drug metabolism—cytochrome P450, carbon metabolism, retinol metabolism, chemical

Table 1 Details of the GEO
NASH and NASH-HCC data

Reference GEO Platform NASH NASH-HCC

Pinyol R (2021) GSE164760 GPL13667 74 53
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Fig. 1 A Heatmap of DEGs in NASH (N=74) and NASH-HCC (N=53) patients. B Volcano plots of DEGs in patients with NASH (N=74) and
patients with NASH-HCC (N=53). A total of 33 upregulated genes and 77 downregulated genes were identified. Red indicates upregulated
genes and blue indicates downregulated genes
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Fig.2 A, B Results of the GO enrichment analysis. C, D Results of the KEGG enrichment analysis

@ Discover



Research

Discover Oncology

(2025) 16:272

| https://doi.org/10.1007/512672-025-02051-y

carcinogenesis—DNA adducts, metabolism of xenobiotics by cytochrome P450, fatty acid degradation, pyruvate
metabolism, mineral absorption, glycolysis/gluconeogenesis, and linoleic acid metabolism. The top 5 signalling
pathways enriched with the highest logFC absolute value in DEGs were drug metabolism—cytochrome P450, retinol
metabolism, chemical carcinogenesis—DNA adducts, fatty acid degradation, and pyruvate metabolism (Fig. 2D). Most
of the biological processes and pathways associated with the DEGs were related to metabolism. Among them, the
response to xenobiotic stimulus, cellular response to xenobiotic stimulus, Chemical carcinogenesis—DNA adducts
are known to be closely related to tumorigenesis.

Fig.3 A PPl network diagram. B The top ten genes according to the MNC algorithm; C Expression of CAT and CXCL8 among the DEGs
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Table 2 Degree values of the Rank Gene Degree value
hub genes
1 CXCL8 15
1 CAT 15
1 ESR1 15
4 CYP2E1 13
5 SPP1 1
6 UGT2B7 10
6 GSTA1 10
8 IGFBP3 9
8 ADH4 9
8 ADH1A 9
Table3 MNC scores of the Top10 in PPl network ranked by MNC method
hub genes
Rank Gene Score Differential
expression
1 CAT 14 Down
2 CXCL8 13 Up
3 ESR1 12 Down
4 CYP2E1 12 Down
5 SPP1 11 Up
6 GSTA1 10 Down
7 IGFBP3 9 Down
8 ADH1A 9 Down
9 UGT2B7 9 Down
10 THBS1 8 Up

3.3 PPl network and hub genes among the DEGs of NASH-HCC patients

Protein—protein interaction (PPI) analysis was subsequently performed on the 110 DEGs in the string database, and the
results were imported into Cytoscape 3.7.2 to construct a ring diagram (Fig. 3A). Degree algorithm refers to the number of
connections between a gene and other genes, and a higher degree value often means that the role of this gene is more
important. The PPl network was visualized according to the degree value; a brighter colour meant a larger degree value,
alarger circle meant a larger degree value, CAT, CXCL8, ESR1, etc. (Table 2) had significant degree values. The top ten hub
genes identified using MNC algorithm in cytoHubba are shown in Fig. 3B. Details of the hub genes are provided in Table 3.
As shown in Fig. 3C and Table 3, CAT was the highest ranked downregulated gene, and CXCL8 was the highest ranked
upregulated gene. In this way, we propose that CAT and CXCL8 might play key roles in the progression of NASH to HCC.

3.4 CAT and CXCL8 are crucial factors in predicting HCC patient survival

To further explore the effects of CAT and CXCL8 expression levels on patients with liver cancer, single-gene sur-
vival analysis of CAT and CXCL8 in HCC was performed using the GEPIA database. The HR of CAT was 0.63, and the
p(HR)=0.011, indicating that CAT was a protective factor against the progression of liver cancer (Fig. 4A). Survival
analysis of the TCGA HCC samples was also conducted. The survival time of the high CAT group (median survival time/
MST =70.1 months) was significantly better than that of the low CAT group (MST =41.8 months) (Fig. 4B).

On the other hand, the HR of CXCL8 was 1.6 (high expression vs. low expression), p(HR)=0.012, indicating that
CXCL8 was a risk factor for the progression of HCC patients (Fig. 4C). The survival time of the high CXCL8 group
(MST =45.1 months) was significantly worse than that of the low CXCL8 group (MST=81.7 months) (Fig. 4D).
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Fig.4 A, B Survival analysis of CAT in liver cancer from GEPIA and TCGA database (MST: high CAT expression=70.1 months; low CAT expres-
sion=41.8 months); C, D Survival analysis of CXCL8 in liver cancer from GEPIA and TCGA database (MST: high CXCL8 expression=45.1
months; low CXCL8 expression=81.7 months); E Clustering of 363 HCC samples with survival data in TCGA: group 1 (low CAT/high CXCLS;
N=192), group 2 (high CAT/low CXCL8; N=171); F Survival analysis among subgroups in TCGA HCC samples clustering (MST: group 1=41.8
months; group 2=383.2 months); G, H The proportion distribution of histologic grade among subgroups in TCGA HCC samples; | Univariate
Cox regression analysis with TCGA HCC samples; J Multivariate Cox regression analysis with TCGA HCC samples; K, L Lasso regression model
for CAT and CXCL8; M The HCC samples risk score according to the expression level of the CAT and CXCL8; N The survival prediction efficacy
of the model. (In univariate and multivariate Cox regression analyses, tumour staging was based on the AJCC Version 8 liver cancer staging
system.)

By clustering the 363 HCC patients with survival data in TCGA, these samples were divided into two tumour sub-
groups (Fig. 4E): group 1 included patients with low expression of CAT and high expression of CXCL8, and group 2
included patients with high expression of CAT and low expression of CXCL8. Survival analysis between subgroups
was performed, and the results are shown in Fig. 4F. The survival time of HCC patients in group 2 (MST=83.2 months)
was significantly better than that of patients in group 1 (MST=41.8 months) (p <0.001). The increase in survival
time in group 2 (median survival time interval/MSTI =83.2-41.8 months; 41.4 months) was greater than that in the
patients with only high CAT expression or only low CXCL8 expression (MSTI=70.1-41.8 months; 28.3 months and
MSTI=81.7-45.1 months; 36.6 months). These results further suggest that increased CAT expression might have a
protective effect on HCC patients, whereas increased CXCL8 expression might lead to a poor prognosis. The combined
use of both CAT and CXCL8 in HCC could better differentiate patients with marked survival benefits.

In addition, the proportion of highly differentiated (grade 1, G1) or moderately differentiated (grade 2, G2) HCCs
in group 2 was relatively greater than that in group 1. In other words, the proportion of group 1 with low differentia-
tion (grade 3, G3) or undifferentiation (grade 4, G4) was even greater. The Mann-Whitney U test revealed that the
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difference in histological grade between the two groups was statistically significant (Fig. 4G, H). These findings sug-
gest that the expression of these two genes also affects the histological differentiation of HCC.

Next, using the clinical data of 363 HCC samples from TCGA, we conducted univariate Cox regression analyses and
found that stage 1-2, the CAT expression level, the CXCL8 expression level and group 2 were significantly correlated
with the survival of HCC patients. Furthermore, multivariate Cox regression analysis revealed that high CAT/low CXCL8
(group2) was an independent prognostic factor in HCC patients (Fig. 41, J).

In the GEPIA database, genes with positive correlation coefficients (r>0.5) with CAT and CXCL8 in TCGA liver can-
cer samples were screened. As shown in Table 4, 122 CAT-related genes and 15 CXCL8-related genes were included.
Using lasso regression, 22 variables were selected to construct a risk score model (Fig. 4K, L). The risk scores were then
determined based on the above data. The difference between survival and death risk scores was statistically significant
(P <0.001) (Fig. 4M). The discrimination of the risk scores was subsequently assessed using the ROC package in R, which
was 0.729, suggesting that the model has good predictive value for mortality risk (Fig. 4N).

3.5 Analysis of immune infiltration in NASH-HCC samples

Cibersort was used to analyse 53 NASH-HCC samples [29], and the results revealed that the microenvironment of NASH-
HCC was enriched with activated mast cells, MO macrophages, follicular helperT cells and naive B cells, which accounted
for a large proportion of the total proportion. These results suggest that these cells play important roles in the progres-
sion and development of NASH-HCC (Fig. 5A). The NASH-HCC samples were subsequently clustered according to the
combined expression levels of CAT and CXCL8. Similarly, two groups of patients were identified as having NASH-HCC.
Group 1 presented low CAT expression and high CXCL8 expression, whereas group 2 presented high CAT expression
and low CXCL8 expression (Fig. 5B).

In addition, the Immune Score (P <0.001), Stromal Score (P <0.001), ESTIMATE Score (P <0.001) and Tumour Purity
(P <0.001) were significantly different between the two subgroups (Fig. 5C-F). The Immune Score, Stromal Score and
ESTIMATE Score in group 1 were significantly greater than those in group 2, but the Tumour Purity was greater in group 2.

Similarly, 363 HCC samples from the TCGA database were analysed using cibersort. The results revealed that the
proportions of M1 macrophages, MO macrophages, monocytes, follicular helperT cells, and naive CD4T cells were high
in the tumour immune microenvironment (Fig. 5G). The ESTIMATE algorithm revealed that the Immune Score, Stromal
Score and ESTIMATE Score in group 1 were significantly greater than those in group 2, but the Tumour Purity was greater
in group2(Fig. 51-L), which was the same result as the subgroup comparison of NASH-HCC samples. These results sug-
gested that HCC patients with high CXCL8 expression and low CAT expression had more extensive immune infiltration.

To explore the exact effects of CAT and CXCL8 in HCC, the HCC samples from the TCGA cohort were subsequently
analysed based on the tumour subgroups (Fig. 5H) using the xCell algorithm, which is a more comprehensive tool for
identifying cell types across the data [35]. The results further revealed that group 1 had higher immune scores (Fig. 5M).
However, group 2 had increased naive CD8+T cell infiltration (P <0.001).

3.6 Analysis of immune checkpoints and immune therapy effects in different CAT/CXCL8 subgroups

We then explored how CAT and CXCL8 expression was correlated with common immune checkpoints in liver cancer.
First, the PDCD1, CTLA4 and CD274 expression levels in NASH-HCC samples did not differ uniformly across the sub-
groups (Fig. 5B), and only PDCD1 expression was significantly different (Fig. 6A—C). To further clarify this relationship, we
compared the expression levels of immune checkpoints among tumour subgroups (Fig. 5H) from the TCGA dataset, the
expression levels of PDCD1, CTLA4 and CD274 in group1 (low CAT/high CXCL8) were significantly greater than those in
group 2 (high CAT/low CXCL8) consistently (Fig. 6D-F). Through TIDE database analysis, we observed significantly greater
TIDE scores, dysfunction scores, and exclusion scores in group 1 than in group 2; however, the MSI score was greater in
group 2 (Fig. 6G-J). These findings suggest stronger immune escape and a potentially poor immunotherapy response
ingroup 1.

3.7 Immunohistochemical validation of CAT/CXCL8 expression in NASH-HCC patients from our centre
Among the patients diagnosed with HCC who were hospitalized and underwent surgery in our hospital from 2019 to

June 2023, a total of 21 patients with NASH-HCC were screened out according to the latest guideline standards[36] [37],
and their clinical data are shown in Table 5. Ten patients with NASH were also included in the control group. The baseline
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Fig. 5 A Proportion of different immune cells in 53 NASH-HCC samples. B NASH-HCC samples were clustered into group 1 (N=28): low CAT
expression and high CXCL8 expression; group 2 (N=25): high CAT expression and low CXCL8 expression. C-F Comparison of the ESTIMATE
algorithm results in two NASH-HCC subgroups. G Proportion of different immune cells in 363 HCC samples from the TCGA database. H HCC
samples from the TCGA database were clustered into group 1 (N=192): low CAT expression and high CXCL8 expression; group 2 (N=171):
high CAT expression and low CXCL8 expression; I-L Comparison of the ESTIMATE algorithm results in two HCC subgroups from the TCGA
database; M The characteristics of the immune landscape of the two liver cancer subgroups from the TCGA database were compared using
the xCell algorithm. (* means P < 0.05; ** means P <0.01; *** means P <0.001.)

clinical data of the patients with NASH and those with NASH-HCC were compared and were not statistically significant
(Table 6). Immunohistochemical (IHC) staining was performed on the above NASH-HCC and NASH pathological samples,
and the results revealed that the expression of CAT in the NASH group was significantly greater than that in the NASH-
related HCC group (Fig. 7A-D), whereas the expression of CXCL8 in the NASH group was significantly lower than that in
the NASH-related HCC group (Fig. 7E-H). We subsequently compared the expression of both markers using quantitative
IHC staining. The differences among the above groups were statistically significant (Fig. 71, J). This finding also verified
the expression of the above differentially expressed genes: CAT expression was downregulated in NASH-HCC, whereas
CXCL8 expression was increased in NASH-HCC.

4 Discussion

NASH has emerged as a major reason for HCC in developed countries [38]. NASH-HCC is a distinct subtype of HCC
characterized by its unique pathogenesis and differential response to immunotherapies, some studies have shown
that inhibition of cystathionine-gamma-lyase accelerate progression of NASH and may lead to HCC [39]. However,
the immune microenvironment in NASH-HCC remains largely undefined. Our findings demonstrate that the dif-
ferential expression of CAT and CXCL8 significantly impacts immune infiltration levels in both NASH-HCC patients
and HCC patients. Specifically, patients with low CAT and high CXCL8 expression (group 1) presented significantly
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Fig. 6 A-C Comparison of the expression levels of PD-1 (PDCD1), CTLA4 and CD274 (PD-L1) in the NASH-HCC subgroups; D-F Comparison
of the expression levels of PD-1 (PDCD1), CTLA4 and CD274 (PD-L1) in the TCGA HCC subgroups; G-J Comparison of the immune therapy
effects in the TCGA HCC subgroups (group 1: N=192; group 2: N=171; * means P <0.05; ** means P <0.01; *** means P <0.001.)

increased infiltration levels of immune cells compared with those with high CAT and low CXCL8 expression (group 2).
Furthermore, among HCC patients, group 1 individuals had a significantly worse prognosis than group 2 individuals,
suggesting that CAT and CXCL8 may play important but distinct roles in immune function and patient prognosis.
Malignant tumours are complex entities comprising parenchymal cells, stromal cells, and immune cells. Stromal
cells contribute significantly to tumour progression and drug resistance [40-42], whereas intratumoral immune
infiltration and level of tumor-associated lymphangiogenesis is closely associated with patient prognosis [43-45].
The ESTIMATE algorithm allows for the inference of infiltrating stromal cells, immune cells, and tumour purity based
on gene expression data from tumour samples. In this study, the ESTIMATE results revealed that low CAT expression
combined with high CXCL8 expression in both HCC and NASH-HCC led to increased levels of infiltrating immune
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Table 5 Clinical char.acteri.stics Characteristics Groups Cases (N=21) Proportion (%)
of 21 NASH-HCC patients in
the validation dataset Gender Male 16 76.2
Female 5 23.8
Age <60 3 143
>60 18 85.7
BCLC Stage A 18 85.7
B 3 14.3
C 0 0
D 0 0
Liver cirrhosis Yes 9 429
No 12 57.1
AFP(ng/mL) <7 10 47.6
7-400 8 38.1
>400 3 14.3
TBIL(umol/L) <24 18 85.7
>24 3 14.3
ALB(g/L) <28 1 4.8
28-35 1 4.8
>35 19 90.5
ALT(U/L) <50 21 100
=50 0 0
AST <40 19 90.5
>40 2 9.5
Child-Pugh grade A 18 85.7
B 3 14.3
C 0 0
Table 6 Comparison of clinical Clinical parameters NASH(N=10) NASH HCC(N=21) P-value
parameters between 10 NASH
pat?ents and 21 NASH-HCC Gender (male:female) 73 16:5 0.724
patients Age (year) 62.20+7.36 67.81+8.93 0.096
ALT (U/L) 24.13+7.66 21.97+9.80 0.545
AST (U/L) 24.75+10.11 27.57+14.75 0.590
TBIL (umol/L) 13.44+7.84 16.19£17.2 0.636
ALB (g/L) 40.96+3.09 39.67+6.18 0.539
Child-Pugh grade 5.40+0.84 5.38+0.86 0.954

cells and stromal cells but decreased tumour purity (Fig. 5C-F, I-L). Notably, the prognosis of HCC patients strongly
correlates with the intratumoral infiltration levels of both immune cells and stromal components.

In the TCGA HCC samples analysed, we observed consistently increased levels of immune infiltration within the high
CXCL8/low CAT group; however, naive CD8 +T cells, which play a predominant role in antitumour immunity [46, 471,
were significantly reduced (Fig. 5M). The increased expression of CXCL8 indicates enhanced and more complex immune
infiltration, whereas the increased expression of CAT within tumour tissues represents a distinct signature of antitumour
naive CD8+T cells. Therefore, patients with higher CAT but lower CXCL8 levels in HCC have a significantly better prognosis,
suggesting an important role for pure antitumour naive CD8 +T cell signatures.

The presence of ROS induces DNA damage and genomic instability, leading to carcinogenic effects [48, 49]. Conse-
quently, cancer cells typically exhibit higher levels of ROS than noncancer cells do. Some studies have demonstrated
that CXCL8 is enriched in the microenvironment of HCC and promotes HCC angiogenesis through the STAT3 signalling
pathway, thereby facilitating tumour growth and invasion. Furthermore, as depicted in Fig. 5M, M1 macrophage infiltra-
tion was greater in the group with high expression of CXCL8 because of the ability of M1 macrophages to stimulate an
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the NASH group (N=10) and the NASH-HCC group (N=21); J Comparison of CXCL8 normalized immunohistochemical intensity between
the NASH group (N=10) and the NASH-HCC group (N=21); (* means P <0.05; ** means P <0.01; *** means P <0.001. The experiment was
repeated three times for each sample, and the mean IHC intensity was used for statistical analysis)
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increase in ROS levels. Therefore, CXCL8 can promote tumour invasion by accelerating angiogenesis and increasing ROS
levels [50]. CAT plays a crucial role in maintaining DNA stability and limiting tumour progression by decomposing ROS;
moreover, CAT has been shown to inhibit CXCL8 mRNA expression [51]. In this way, CAT improves HCC prognosis not
only by simplifying immune infiltration but also by decomposing ROS and suppressing CXCL8 expression.

As mentioned above, CAT can decompose ROS, which can increase tumour cell survival, proliferation, metastasis, drug
resistance and other functions in various types of cancers [52-57]1. Notably, among mammals, liver and blood cells exhibit
the highest activity level of CAT [58, 59]. On the other hand, CXCL8 acts as an inflammatory chemokine that regulates
intricate immune cell infiltration which may impede antitumour immune responses within the microenvironment [60-62].

Based on our discussion above, this study revealed a strong correlation between the effect of CAT and that of CXCL8. By
comparing the expression levels of three common immune checkpoints, CD274 (PD-L1), PDCD1, and CTLA4, between the
two subgroups of HCC patients (Fig. 6D-F), we observed that low CAT expression combined with high CXCL8 expression
indicates a potentially stronger role for tumour immune escape, resulting in tumour progression and poor prognosis.
Therefore, despite the poor prognosis of HCC patients, low CAT and high CXCL8 expression can be used to screen for
patient subgroups more suitable for certain immunotherapies based on the TIDE score (Fig. 6G-J).

However, there are still several limitations in this study. First, this study investigated only the correlation between
CAT and CXCL8 in antitumour immune infiltration without delving into the underlying mechanisms involved. Second,
further experiments are needed to validate the survival outcomes and immune infiltration of liver cancer patients with
or without NASH separately. Therefore, follow-up studies are needed to obtain survival data for NASH-HCC patients and
determine whether the impact of CAT and CXCL8 on their prognosis aligns with the findings of this study. Overall, addi-
tional validation is necessary to elucidate how these two genes interact to influence NASH-HCC development, immune
infiltration and the prognosis of HCC patients. This approach will enable subclassification of HCC patients for optimal
efficacy of specificimmunotherapies.

5 Conclusion

CAT and CXCL8 play pivotal roles in the progression of NASH-HCC patients. HCC patients with low CAT and high CXCL8
expression may have stronger immune infiltration and stronger tumour immune escape. However, possibly due to its
different effects on CD8 +T cells and reactive oxygen species production, CAT can improve the prognosis of liver cancer
patients, whereas CXCL8 leads to a poorer prognosis.
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