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Background

Metabolic dysfunction-associated steatohepatitis (MASH) is characterized by liver inflammation and damage caused by a buildup of fat in the liver. Hepatitis C, caused by hepatitis C virus (HCV), is a disease that can lead to liver cirrhosis, liver cancer, and liver failure. MASH and hepatitis C are the common causes of liver cirrhosis and hepatocellular carcinoma. Several studies have shown that hepatic steatosis is also a common histological feature of liver in HCV infected patients. However, the common molecular basis for MASH and hepatitis C remains poorly understood.





Methods

Firstly, differentially expressed genes (DEGs) for MASH and hepatitis C were extracted from the GSE89632, GSE164760 and GSE14323 datasets. Subsequently, the common DEGs shared among these datasets were determined using the Venn diagram. Next, a protein-protein interaction (PPI) network was constructed based on the common DEGs and the hub genes were extracted. Then, gene ontology (GO) and pathway analysis of the common DEGs were performed. Furthermore, transcription factors (TFs) and miRNAs regulatory networks were constructed, and drug candidates were identified. After the MASH and hepatitis C cell model was treated with predicted drug, the expression levels of the signature genes were measured by qRT-PCR and ELISA.





Results

866 common DEGs were identified in MASH and hepatitis C. The GO analysis showed that the most significantly enriched biological process of the DEGs was the positive regulation of cytokine production. 10 hub genes, including STAT1, CCL2, ITGAM, PTPRC, CXCL9, IL15, SELL, VCAM1, TLR4 and CCL5, were selected from the PPI network. By constructing the TF-gene and miRNA-gene network, most prominent TFs and miRNAs were screened out. Potential drugs screening shows that Budesonide and Dinoprostone may benefit patients, and cellular experiments showed that Budesonide effectively inhibited the expression of genes related to glycolipid metabolism, fibrosis, and inflammatory factors.





Conclusion

We extracted 10 hub genes between MASH and hepatitis C, and performed a series of analyses on the genes. Molecular docking and in vitro studies have revealed that Budesonide can effectively suppress the progression of MASH and hepatitis C. This study can provide novel insights into the potential drug targets and biomarkers for MASH and hepatitis C.
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1 Introduction

Liver disease has emerged as a major cause of global health burden. It accounts for approximately 2 million deaths per year worldwide, including 1 million due to complications of cirrhosis and 1 million due to viral hepatitis and hepatocellular carcinoma (HCC) (1, 2). Among them, Metabolic dysfunction-associated steatohepatitis (MASH) and viral hepatitis are the main causes of liver cirrhosis and HCC (1).

Metabolic dysfunction-associated steatotic liver disease (MASLD) is a chronic condition marked by excessive fat deposition in hepatocytes, unlated to alcoholic consumption or other specific liver-damaging factors. It is usually accompanied by insulin resistance and diabetes mellitus. The prevalence of MASLD is 25% to 30% and continues to rise each year as high-fat diets become more prevalent (3). MASH is the progressive form of MASLD. In the development of MASLD, about 5% to 20% of patients progress from simple fatty liver disease to MASH, a more severe disease defined by macrovesicular steatosis, hepatocyte injury (ballooning), and liver inflammation (4). MASH may culminate in cirrhosis and HCC and is currently a leading cause of liver transplant (5).

Hepatitis C virus (HCV) is a hepatotropic RNA virus that can cause acute and chronic hepatitis, with progressive liver damage resulting in cirrhosis, decompensated liver disease, and HCC. In 2020, there were an estimated 56.8 million hepatitis C virus infections worldwide (HCV RNA viraemic prevalence 0.7%), China (9.48 million), Pakistan (7.39 million) and India (6.13 million) being the three countries with the highest disease burden (2, 6). The early stage of hepatitis C is often asymptomatic, with only 56% of patients being aware of their infection. Missing the opportunity for treatment can lead to more serious liver injury in the late stage. Compared with HBV, a greater proportion of hepatitis C progresses to cirrhosis and liver cancer.

Furthermore, indirect estimates from much research suggest that 3% to 6% of adults at the population level have MASH. With the worldwide epidemics of diabetes and obesity, the proportion of MASH patients is expected to increase over the next decade (7). Therefore, the probability for interaction between MASH and hepatitis C is significant. Several studies have shown that hepatic steatosis is also a common histological feature in HCV infected patients (8, 9). Analysis of the results of 25 studies, collectively including 6400 patients, showed that up to 55.54% of these HCV infected patients have variable degrees of hepatic steatosis (10). The average prevalence of HCV-associated MASH is between 4% and 10% (11). This is also supported by the observation that the degree of liver steatosis is directly related to the level of HCV replication, as measured by serum HCV RNA (8). Steatosis was significantly reduced in hepatitis C patients after antiviral therapy. Therefore, much more work needs to be done to explore the strict association between hepatitis C and MASH.

In this study, we first analyzed three microarray datasets downloaded from the Gene Expression Omnibus (GEO) platform to obtain differentially expressed genes (DEGs) for hepatitis C and MASH. Then we analyzed the identified common DEGs using Gene Ontology (GO) analysis, Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis, and Protein-Protein Interaction (PPI) Networks analysis. In addition, transcription factors (TFs), potential target miRNA, and associated diseases of hub genes were predicted. Finally, we identified a number of compounds that may be used in the treatment of MASH and chronic hepatitis C based on hub genes. Our results support the possibility that MASH and hepatitis C share the same molecular basis and regulatory pathways, which might serve as potential therapeutic targets for patients with MASH and hepatitis C and facilitate the development of targeted drugs.




2 Materials and methods



2.1 Gene expression profile data collection

In this study, three gene expression datasets were collected from the Gene Expression Omnibus (GEO) database. GSE14323 was derived from a hepatitis C associated hepatocellular carcinoma study, GSE89632 and GSE164760 were derived from two studies of hepatocellular carcinoma in patients with non-alcoholic steatohepatitis. In all cohorts, no patients were diagnosed with both MASH and hepatitis C. Datasets are available at https://www.ncbi.nlm.nih.gov/geo/ for more information. Pertinent information for the selected GEO datasets used in this study was summarized in Table 1.


Table 1 | Accession information for datasets downloaded from the GEO database.






2.2 Identification of differentially expressed genes

Background expression value correction and data normalization were conducted for the raw data in each dataset using an R package (Affy; version 1.52.0). Probes in each data file were then annotated based on the appropriate platform annotation files. Probes without matching gene symbols were removed when a probe corresponded to more than one gene, the preceding gene was deleted. In instances where different probes mapped to the same gene, the mean value of all probes mapping to that gene was taken as the final expression value for that gene. Batch effects were removed using the R package (SVA; version 3.48.0) Then, the Linear Models for Microarray Analysis R package (limma; version 3.56.2) was applied for differential expression analysis. Those genes with a p-value < 0.05 and |log2FC| > 0.5 were deemed to be the DEGs. In addition, the overlapping DEGs between MASH and hepatitis C were delineated using the ggvenn R packages.




2.3 Gene ontology, pathway enrichment analyses, and gene set enrichment analysis

Gene Ontology (GO) is a commonly used bioinformatics tool that provides comprehensive information on gene function of individual genomic products based on defined features. This analysis consists of three facets: molecular functions (MF), biological processes (BP) and cellular components (CC). Enrichment analysis was performed using DEGs overlapping, and R package (clusterProfiler; version 4.8.1) was used in this analysis process. KEGG is considered as a knowledge base for systematic analysis of gene functions, linking genomic information with higher order functional information. For quantifying the top listed functional items and pathways, and a statistical threshold criterion with p-value < 0.05 and q-value < 0.05 were used to identify significant GO terms and KEGG pathways. Additionally, we performed GSEA analysis of GSE datasets by gseGO (R clusterProfiler package).




2.4 Protein–protein interaction network construction and hub gene analysis

In order to analyze the connections among the proteins encoded by identified DEGs, DEGs were uploaded to Search Tool for the Retrieval of Interacting Genes (STRING, https://string-db.org/), a database of known and predicted PPI networks. The results with a minimum interaction score of 0.4 were visualized in Cytoscape. And then, we used the Cytoscape plug-in Minimal Common Oncology Data Elements (MCODE, http://apps.cytoscape.org/apps/mcode) to screen out key protein expression molecules. Furthermore, CytoHubba, a Cytoscape plugin app, providing a user-friendly interface to explore important nodes in biological networks, was utilized with the maximal clique centrality (MCC) method to explore the PPI network for hub genes.




2.5 Construction of regulatory networks of transcription factors and miRNAs

To determine major transcriptional variations, we analyzed the interaction networks of hub genes with miRNAs and transcription factors (TFs) using the NetworkAnalyst platform. Specifically, the NetworkAnalyst platform was utilized to locate topologically credible TFs from the JASPAR database that tend to bind to the hub genes. For hub genes and miRNA network construction via NetworkAnalyst platform, the TarBase and miRTarBase databases were used to extracted miRNAs with hub genes focused on topological analysis.




2.6 Screening of potential therapeutic compounds

An online resource, Drug Signatures Database (DSigDB), connects drugs/compounds to their target genes. To study the drug molecular properties of MASH and hepatitis C, we used the DSigDB library under the Diseases/Drugs function in Enrichr (https://maayanlab.cloud/Enrichr/enrich).




2.7 Gene-disease association analysis

The DisGeNET database contains one of the most comprehensive collections of genes and variants associated with human disease. Based on hub genes, we identified diseases and chronic health problems using DisGeNET database under the Diseases/Drugs function in Enrichr.




2.8 Molecular docking

Molecular docking that an established in silico structure-based method is widely used in drug discovery. Docking enables the identification of novel compounds of therapeutic interest, predicting ligand-target interactions at a molecular level, or delineating structure-activity relationships (SAR), without knowing a priori the chemical structure of other target modulators. In our study, key targets of MASH and hepatitis C were obtained through hub genes identification, including CD4 and SRC. Next, the crystal structures of these key proteins were downloaded from the Protein Data Bank (https://www.rcsb.org/) for further molecular docking. The molecular structures of potential drug molecules were obtained from the ZINC (https://zinc.docking.org/) database. The Autodock tools (version 1.5.4) was utilized in all docking experiments, with the optimized model as the docking target. The screening method is restricted to molecular docking, and molecular dynamics simulation has not been carried. In addition, the results were shown with binding energy (BE), a weighted average of docking score, to assess the reliability and describe the accuracy of the ligand positioning. Pymol (PyMOL Molecular Visualization System 2020) was used for 3D visualization of the docking results.




2.9 Cell culture

The human hepatoma cell line Huh7.5 and HCV full-length genomic plasmid were kept in our laboratory. Huh7.5 cells were cultured in DMEM with 10% fetal bovine serum (FBS) at 37°C in a 5% CO2 humidified atmosphere. The cells were treated with 0.2 mM PA and 0.1 mM OA for 24 h to create a hepatocyte steatosis model in vitro. In the drug experiment, the Budesonide powder was first dissolved in Dimethyl sulfoxide (DMSO), then formulated into an aqueous solution, and 1 mM of the aqueous Budesonide solution was added to the cell culture media. As a control group, only the same dose of DMSO aqueous solution was added to the cell culture medium.




2.10 HCV transfection

Twenty-four hours before transfection, 4.2×105 Huh7.5 cells per well were seeded in six-well plates. For transfections, 10 μg of HCV recombinant plasmid was linearized with XbaI, treated with mung bean nuclease, purified, and in vitro transcribed using T7 RNA polymerase (Promega) (100 μl total). The resulting HCV RNA transcripts were mixed with 150 μl Opti-MEM (Invitrogen) and incubated for 10 min at room temperature, mixed with 255 μl transfection complex [5 μl of Lipofectamine 2000 (Invitrogen) in 250 μl of Opti-MEM with 10-min incubation], incubated for 20 min, and added dropwise into the Huh7.5 cell cultures that had been preincubated in 2 ml of Opti-MEM for 20 min. The transfected cultures were left for ~16 h and then were subcultured every 2-3 days; the supernatant was collected, filtered (pore size 0.45 μm), and stored at -80°C. To passage virus, Huh7.5 cells grown in six-well plates were incubated with 1 mL transfection collected culture supernatant for ~16 h and then were subcultured every 2-3 days.




2.11 qRT-PCR

Total RNA was extracted with TRIzol (DP424, TIANGEN) and reverse-transcribed into cDNA using a reverse transcription kit (R323-01, Vazyme). For qRT-PCR, cDNAs were combined with SYBR master mix (Q311-02, Vazyme). qRT-PCR was performed in triplicate with a Bio-Rad CFX Thermocycler. The data were collected and analyzed with Bio-Rad real-time PCR detection systems and software. The primers are described in Supplementary 1.




2.12 Western blot

The cells were lysed with lysis buffer (Biosharp, BL504A) in the presence of protease inhibitor cocktail (87786, Thermo Fisher) according to the manufacturer’s instruction. Total protein was dissolved in loading buffer (0.2 M Tris-HCl [PH 6.5], 0.4 M dithiothreitol, 277 mM sodium dodecyl sulfate [SDS], 6 mM bromophenol blue, and 4.3 M glycerol), separated by a 12% SDS-polyacrylamide gel electrophoresis (PAGE) gel, and transferred to immune-blot NC Membranes (1620115, Bio-Rad). The membrane was blocked with 5% skim milk powder in Tris-buffered saline and Tween-20 (TBST) for 1 h and probed with corresponding antibodies. The signal was detected with ECL Western Blotting Substrate (BL520B, Biosharp). Antibodies are described in Supplementary 1.




2.13 ELISA determination of IL-1β, IL-6 and TNF-α

IL-1β, IL-6 and TNF-α were determined in cell supernatant. Cell supernatant was collected and filtered by 0.45 mm strainer. Cell Extraction Buffer PTR (Abcam) containing a protease inhibitor cocktail (Roche, Switzerland). Human IL-1β (ab214025, Abcam), human IL-6 (ab178013, Abcam), and human TNF-α (ab181421, Abcam) ELISA kits were performed according to the manufacturer’s instructions.




2.14 Statistical analysis

Unpaired t-test was used to detect the difference between two groups. And comparison among more than two groups of qRT-PCR and ELISA results was assessed by the analysis of t-test using the statistical software GraphPad Prism and P values < 0.05 were considered statistically significant. Statistical significance is defined as * P < 0.05, ** P < 0.01, *** P < 0.001, or NS (not significant).





3 Result



3.1 Identification of DEGs and common DEGs among hepatitis C and MASH

To investigate the interrelationships and implications between MASH and hepatitis C, we analyzed human microarray datasets from the GEO database to identify genes that involved in the development of MASH and hepatitis C. We obtained the datasets GSE164760 and GSE89632 for MASH, and GSE14323 for hepatitis C from the NCBI GEO database. The identification of common DEGs between MASH and hepatitis C suggests a shared molecular pathological basis. In the MASH datasets GSE164760 and GSE89632, a total of 5,809 DEGs were identified. In the HCV dataset GSE14323, a total of 2,401 DEGs were identified (Figure 1A). The volcano maps were used to visualize the expression pattern of DEGs in both diseases (Figures 1B, C). In addition, the overlap of differential genes between hepatitis C and MASH was evaluated using a Venn diagram analysis. As shown in Figure 1D, there were 866 common DEGs between MASH and hepatitis C (Figure 1D).




Figure 1 | The volcano plot and venn diagram of differentially expressed genes (DEGs). (A), Comparing the number of differentially expressed genes between MASH and HCV; (B), volcano plot of DEGs in GSE14323; (C), volcano plot of DEGs in GSE164760 and GSE89632; (D), Venn diagram showing the overlap of differentially expressed genes between MASH and HCV.






3.2 Gene ontology, pathway analysis, and GSEA

The GO database provides a standardized description of gene products in terms of their function, participating biological pathways, and cellular localization. The results of the GO analysis of hepatitis C or MASH were shown in Supplementary Figure S1. In order to further elucidate the biological functions of these differential genes and the signaling pathways involved, GO, KEGG enrichment analyses and GSEA were performed on the above 866 genes to explore the common regulatory pathways. The GO analysis revealed that the common genes might be related to positive regulation of cytokine production, wound healing and regulation of body fluid levels. The analysis of cellular components indicated that the DEGs were mainly associated with the collagen-containing extracellular matrix, cell-substrate junction and focal adhesion. In terms of molecular function, the DEGs were significantly enriched in amide binding, peptide binding and peptidase regulator activity (Figure 2A). The Loop graphs show the correlation between the three most important GO terms and the enriched DEGs (Figure 2B). These GO terms are humoral immune response, positive regulation of cytokine production and adaptive immune response based on somatic recombination of immune receptors built from immunoglobulin superfamily domains respectively. The results of the KEGG analysis of hepatitis C or MASH were shown in Supplementary Figure S2. The KEGG analysis showed that these overlapping DEGs might be primarily involved in complement and coagulation cascades, Influenza A, AGE-RAGE signaling pathway in diabetic complications, Human T-cell leukemia virus 1 infection, Protein processing in endoplasmic reticulum, Phagosome, TNF signaling pathway (Figure 2C). More or less, all of these signaling pathways are involved in inflammation. The GSEA was performed for the common DEGs and the result was shown in Supplementary Figure S3. The enriched pathway includes cell-substrate junction, endoplasmic reticulum, focal adhesion and regulation of inflammatory response.




Figure 2 | (A) Gene Ontology (GO) analysis based on the common differentially expressed genes (DEGs). (B) Loop graphs show the correlation between the five most important GO terms and the enriched DEGs. (C) Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis based on the common differentially expressed genes (DEGs).






3.3 PPI network construction and hub genes identification

To identify interactions among the common differential genes, a PPI network of DEGs was performed based on the STRING database and the obtained results were imported into Cytoscape for visual analysis. Finally, MCODE plug-in was utilized to identify meaningful gene cluster modules and obtain gene cluster scores (filter criteria: degree cut-off = 2; node score cut-off = 0.2; k-core = 2; max depth = 100). The two modules with the highest score were selected (Figures 3A, B). Based on MCC algorithm of CytoHubba plug-in, genes in the top ten were identified as potential hub genes: STAT1, C-C motif ligand 2 (CCL2), ITGAM, PTPRC, CXCL9, IL15, L-selectin (SELL), VCAM1, Toll-like receptor 4 (TLR4), CCL5 (Figure 3C, Table 1). The qRT- PCR result of 10 hub genes showed, most of the hub genes expression was significantly higher than the control in the cell model. But only the gene expression of SELL and CXCL9 have no significantly between control and hepatitis C-MASH cellular model (Figure 3E). Many of them were related to the liver inflammation and hepatocyte injury. Studies from Grohmann M et al. were consistent with a STAT1 gene signature being of functional relevance to the development of MASH (12). Moreover, during the development of chronic viral hepatitis and MASH, CCL2 and CCL5 played an important role (13). In addition, VCAM1 plays a key role in liver inflammation in MASH and hepatocyte TLR4 determine MASH-induced fibrosis (14, 15).




Figure 3 | PPI network construction and module analysis. The PPI network of DEGs was constructed in Cytoscape. The most significant module was obtained by MCODE plug-in. (A) module score:10; (B) module score:8.6. (C) PPI network for the top 10 hub genes analyzed by cytoHubba. (D) The cohesive regulatory interaction network of DEGs-TFs obtained from the NetworkAnalyst. The square nodes represented TFs, and gene symbols interact with TFs as circle nodes. (E) qRT-PCR was performed to detect the levels of hub genes in cell model. Results were represented as mean ± SEM (n = 6, *P < 0.05, **P < 0.01, ***P < 0.001, or NS).






3.4 Regulatory network of DEGs-related TFs and miRNAs

In order to screen out important regulatory factors of hub genes at the transcriptional level, the Network Analyst platform was used to predict target transcription factors (TFs) and miRNAs of hub genes. And Cytoscape software was utilized to construct interaction network. As shown in Figure 3D and Supplementary Table S1, Interferon regulatory factor 1 (IRF1) and ZNF175 were the most prominent TF in this network. The most prominent miRNAs were hsa-mir-26b-5p, hsa-mir-146a-5p and hsa-mir-155-5p. hsa-mir-26b-5p was interacted with three hub genes, including TLR4, CXCL9 and CCL2. hsa-mir-146a-5p was interacted with three hub genes, including STAT1, TLR4 and CCL5. hsa-mir-155-5p was interacted with three hub genes, including CCL2, STAT1 and VCAM1 (Figure 4, Supplementary Table S2). There were studies have shown that miR-26b-5p, miR-155-5p and mir-146a-5p may regulate MASLD by involving in some signal pathway or target gene (16, 17).




Figure 4 | Integrated miRNA-gene interaction networks for the eight hub genes. The square node indicates miRNAs and the gene symbols interact with miRNAs in the shape of a circle.






3.5 Disease-gene network

Different diseases may be related to each other, and their regulatory networks usually share at least one or more similar genes. Using the DisGeNET database and the Diseases/Drugs function in Enrichr, we identified diseases and chronic health problems associated with the hub genes. As shown in Figure 5 and Supplementary Table S3 illustrates the relationship between hub genes and diseases. Consistent with previous research, Liver Cirrhosis was the most prominent common related diseases of MASH and hepatitis C. HCV-related cirrhosis prevalence increased by 28.7% and MASH-related liver cirrhosis has been shown to be the dominant etiology of cirrhosis, accounting for 59.5% of cases. Overall, cirrhosis accounted for 2.4% of total global deaths in 2017. Suggesting that it is very important to intervene the development of cirrhosis based on these genes (18).




Figure 5 | Integrated gene-disease interaction networks for the nine hub genes.






3.6 Potential drugs screening and molecular docking

To explore potential drugs for MASH and hepatitis C, we utilized the Enrichr platform based on the DSigDB database to predict small molecule drugs related to the hub genes. The first 10 potential compounds were finally extracted (Table 2). We selected two target proteins (CCL2 and STAT1) with the strongest regulatory interaction with NASH and hepatitis C (Supplementary Table S3) for molecular docking analysis to predict their potential therapeutic effects. The docking score between Budesonide and CCL2 was -5.28 (kcal/mol) (Figure 6A). The docking score between Dinoprostone and STAT1 was -5.54 (kcal/mol) (Figure 6B). Our results provided possible target genes for pharmacological effect of the potential drugs.


Table 2 | Potential drugs targeting common DEGs among HCV and MASH.






Figure 6 | Molecular docking patterns Budesonide (A) with the CCL2; Molecular docking patterns Dinoprostone (B) with the STAT1.






3.7 Preliminary laboratory validation of the Budesonide in a cell model of MASH and hepatitis C

Next, we selected the Budesonide to treat the cellular model of MASH and hepatitis C. The qRT-PCR results showed that Budesonide significantly inhibited the expression of genes related to glycolipid metabolism (Figure 7A), fibrosis (Figure 7B), and inflammatory factors (Figure 7C). The expression of IL-1β, IL-6 and TNF-α were suppressed after Budesonide treatment by ELISA kits (Figure 7D). Western blotting results showed that MASH-associated protein (α-SMA, CTGF, SCD1, CD36) and the NS5A, CORE of HCV, expression of which was significantly suppressed after Budesonide treatment (Figure 7E). The above results suggest that Budesonide can effectively inhibit the progression of MASH and hepatitis C, at least at the cellular level.




Figure 7 | Effects on cellular models after Budesonide treatment. The expression of genes related to glycolipid metabolism (A), fibrosis (B), and inflammatory factors (C) were performance by qRT-PCR. The proteins of inflammatory were detected by ELISA (D). (E) Immunoblot analysis of the proteins expression, which were HCV and MASH after Budesonide treatment. Data are shown as mean ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001 (n=6 per group).







4 Discussion

According to the estimation from the World Health Organization (WHO), Hepatitis C is a global epidemic with approximately 58 million people worldwide are chronically infected as of 2019, and 1.5 million people were newly infected globally in 2019 (19). On the other hand, the incidence rate of MASH has been increasing in recent years, and there is a concurrent increase in the prevalence rate of hepatitis C (2). Since liver cirrhosis and HCC are common outcomes of hepatitis C and MASH (20), and HCV infection has a high probability of inducing hepatic steatosis (21), there is considerable interest in understanding the common mechanisms that regulate these two diseases. However, the mechanism of interaction has not been fully understood up to now.

Recently, bioinformatics analysis based on microarray data became a widely used approach to study gene expression profiles in diseases. In this study, we integrated the microarray data of hepatitis C and MASH to explore the common molecular mechanisms underlying these diseases. We identified 866 common DEGs in both diseases and performed GO analysis and KEGG analysis using these genes. The most significantly enriched biological processes was positive regulation of cytokine production, next wound healing, and then regulation of body fluid levels.

Cytokines are chemical messengers in immune system, which consist of chemokines, interferons (IFN), interleukins (IL), tumor necrosis factor (TNF), and colony-stimulating factors (CSF). Cytokines play important roles in host responses to infection, immune responses, inflammation, trauma, sepsis, and cancer. However, aberrant production of cytokines can also contribute to pathologic inflammation. For example, previous studies have shown that the expression of IFN-γ and IFN-γ-inducible chemokines CXCL10, -9, -11 in hepatocytes and lymphocytes of hepatitis C patients increased, which was related to the degree of inflammation (22). Further research found that the increased CRP, IL-1β, and TNF-α were significantly associated with MASH and hepatic fibrosis (23). Recently, a study demonstrated that TNF-α is a key step in Miz1 degradation, resulting in a further reduction in hepatocyte mitophagy, and then promote MASH progression (24). Interestingly, according to a variety of studies, IL-1β, IL-6, TNF-α, and IFN-γ are up-regulated during HCV induced MASH (25). Therefore, the cytokine regulation may be a crucial line between MASH and hepatitis C.

Significantly enriched pathways in KEGG analysis were in order as follows: complement and coagulation cascades, Influenza A, AGE-RAGE signaling pathway in diabetic complications, Human T-cell leukemia virus1 infection, Protein processing in endoplasmic reticulum, Phagosome, TNF signaling pathway, Focal adhesion, Coronavirus disease, and NOD-like receptor signaling pathway. These results indicated that the common pathways between MASH and HCV infection are mainly associated with immunomodulation. It is also suggested that the immune response plays an important role in the development of these two anomalies (26, 27).

After constructing the PPI network of DEGs, we identified the top ten hub genes using the MCC algorithm of CytoHubba plug-in, the top ten were STAT1, CCL2, ITGAM, PTPRC, CXCL9, IL15, SELL, VCAM1, TLR4 and CCL5.

STAT1, belonging to signal transducer and activator of transcription (STAT) family, can be activated by IFN and thereby regulates the gene expressions involved in cell growth, differentiation, apoptosis, and immune response. Cytokine-induced tyrosine and serine phosphorylation facilitate STAT1 homo/hetero- dimerization, nuclear translocation, and transactivation of downstream gene expression. Obesity is one of the triggers of MASH. A recent study reported that the inactivation of negative regulators of the STAT1 signaling in obesity can contribute to the development of MASH and HCC. The oxidation and inactivation of the STAT1 phosphatase TCPTP and heightened STAT1 signaling were evident in MASH in both obese mice and humans. Heightened STAT1 signaling was responsible for the recruitment of activated cytotoxic T cells and the ensuing MASH and fibrosis (12). Meanwhile, another research showed that the expression levels of STAT1 were increased in hepatitis C patients, even higher than that of MASH patients (28). Combined with our analysis, STAT1 could be an important cross-talk gene between MASH and hepatitis C.

CCL2, an important proinflammatory cytokine involved in various inflammatory responses, is also known as monocyte chemoattractant protein 1 (MCP-1). Under the inflammation in the body, monocytes, macrophages, B cells, endothelial cells, and many other cells can secrete CCL2, which plays important roles in rheumatoid arthritis and glomerulonephritis. CCL2 was the first discovered and well investigated C-C chemokine, preferentially binding to its receptor CCR2. Previous studies indicated that the CCL2-CCR2 signaling axis played a role in the promotion of pathological angiogenesis, the survival and invasion of tumor cells, and the recruitment of immune inhibitory cells (29). In a recent study, compared with normal or MASLD patients, plasma CCL2 concentrations were significantly increased in MASH patients. This study showed that a secreted glycoprotein Sparcl1 can promoted the expression of CCL2 in hepatocytes through binding to Toll-like receptor 4 (TLR4) and activation of the nuclear factor kappa B (NF-κB)/p65 signaling pathway (30). It happens that there is a study showed that interaction of HCV core protein with gC1qR could induce CCL2 and CXCL10 secretion in macrophages via NF-κB signaling pathway (31). CCL2 may be a common regulator and novel therapeutic targets in hepatitis C and MASH.

CXCL9, IL15 and CCL5 are also belong to cytokines. A series of studies have shown that CXCL9, IL15 and CCL5 up-regulated significantly in hepatocytes of HCV-infected patients and MASH patients, and existed a correlation between CXCL9 levels and liver fibrosis (32–35). Furthermore, CCL5 could activate hepatic JAK-STAT1/3 and NF-κB signaling and induce hepatocyte damage evidenced (35). Therefore, combined with the results of our GO analysis, it indicated that these cytokines are important factors in chronic liver inflammation, which could be potential therapeutic targets and biomarkers of MASH in the future.

TLR4 is a member of Toll-like receptors family that are of central importance during the host defense against invading pathogens. A growing body of evidence suggests that TLRs, especially TLR4, have a key role in the pathogenesis of chronic inflammatory liver diseases. In Kupffer cells, TLR4 played a critical role in mediating the progression of simple steatosis to MASH by inducing ROS-dependent activation of XBP1 (36). Promoting the degradation of TLR4 can effectively inhibited MASH progression in monkeys (37). Meanwhile, the HCV protein NS5A has the ability to activate the TLR4 gene promoter, thus increasing TLR4 expression. So that the TLR4 expression was higher in the hepatitis C patients group than in the control group (38).

VCAM1 is a member of the immunoglobulin superfamily of cell adhesion molecules and is predominantly expressed on the surface of endothelial cells. It plays a role in firm adhesion of leukocytes to the endothelium. The expression of VCAM1 can be triggered by inflammatory signals. A series of studies reported that VCAM1 is upregulated in murine and human MASH (14, 39). VCAM1 inhibition attenuated proinflammatory monocyte hepatic infiltration, and thereby alleviated liver fibrosis in diet-induced murine MASH models (40). HCV infection also results in upregulation of VCAM1, which are associated with advanced liver fibrosis. Therefore, VCAM1 could be a common liver-fibrosis-enhancing factor in MASH and hepatitis C.

ITGAM, PTPRC and SELL, all belong to cluster of differentiation (CD) antigens, are cell surface molecules expressed on leukocytes and other cells associated with the immune system. ITGAM (antigen-like family member B, CD11b) is an integrin that mediate macrophage adhesion, migration, chemotaxis, and accumulation during inflammation (41–43). PTPRC (CD45) is a leucocyte common antigen and a transmembrane glycoprotein expressed on almost all hematopoietic cells except for mature erythrocytes. SELL (CD62L) is a type-I transmembrane glycoprotein and cell adhesion molecule expressed on most circulating leukocytes. Further studies are urgently needed to explore the roles and detailed anti-inflammatory mechanisms.

We also anticipate target TFs and miRNAs of hub genes so as to find out important regulatory factors at transcriptional level in MASH and hepatitis C. IRF1 is the most prominent TFs. The study found that it interacted with three hub genes, including PTPRC, ITGAM and IL15. And IRF1 is a master transcription factor in the Interferon-γ pathway, playing important roles in apoptosis, inflammation, cell growth and polarization, oncogenesis, and cancers are well documented (44). The most prominent miRNAs, hsa-mir-26b-5p, hsa-mir-146a-5p and hsa-mir-155-5p were found in our study. hsa-miR-155-5p is a crucial regulator that controls cellular pro-inflammatory activities and has been implicated in both HCC and hepatitis C (45). hsa-mir-146a-5p was significantly upregulated in tissues with chronic nasopharyngitis and can target various molecules involved in the NF-κB/NLRP3 pathways (46–48). Thus, targeting these TFs and miRNAs may shed light on the treatment of MASH and hepatitis C.

Besides, we anticipate the connection of common DEGs with different disorder by constructing a hub genes-disease network. As we know that both hepatitis C and MASH cause persistent liver cell damage, which leads to liver fibrosis (2). Consistent with previous research, our results showed that liver cirrhosis was the most prominent in the visible disease network.

We further predicted potential drugs related to the hub genes in patients with MASH and hepatitis C. The results of molecular docking showed a good binding activity between the two most important components (Budesonide and Dinoprostone) and the two important target proteins (CCL2 and STAT1), and the main forms of interaction between components and targets are electrostatic and van der Waals force.

Budesonide is an orally active, second-generation corticosteroid with high anti-inflammatory effect. It has been widely used in the treatment of asthma, pneumonia, ulcerative colitis and other inflammatory diseases (49). Although Budesonide has not been used for the treatment of hepatitis C or MASH, glucocorticoids has strong anti-inflammatory properties through both genomic and non-genomic effects, are widely used in a variety of liver diseases with overactive immune and inflammatory responses, such as liver failure, autoimmune hepatitis and alcoholic liver disease (50). Therefore, we chose budesonide for further experimental verification. The results showed that budesonide significantly suppressed the expression levels of genes related to glycolipid metabolism, fibrosis, and inflammatory factors in cellular model of MASH and hepatitis C. Recent studies found that glucocorticoids could prevent immunologic injury in hepatocytes infected with HBV and might be effective in the treatment of HBV-ACLF (51). A clinical study showed that glucocorticoid can promote the expression of suppressor of cytokine signaling (SOCS) 1 and inhibit the expression level of TNFα and IL-6 in the serum of Acute-on-chronic hepatitis B liver failure (ACHBLF) patients (52). The results were similar to those of our cell experiments. Therefore, Budesonide may be a potential drug for the treatment of MASH and hepatitis C, which also confirms the reliability of the results of our analysis.

Our study has some limitations that need further in-depth work. The bioinformatics analyses were conducted based on one HCV cohort and two MASH cohorts. However, it should be noted that using different datasets would lead to different conclusions, and increasing the number of cohorts or using larger datasets will yield more robust results. Besides, all our findings are validated in cell experiments, while complementary validation using animal experiments is still needed in further studies. Importantly, to enhance the clinical relevance of our study, future efforts should focus on collecting and testing high-quality cohorts of patients with co-existing MASH and hepatitis C. Furthermore, the effects of the identified drugs should be evaluated to confirm the feasibility of our research method between different diseases, such as MASH and hepatitis C.

In conclusion, this study is the first time to use bioinformatics tools to explore the close genetic relationship between MASH and hepatitis C. We identified common DEGs and elucidated the common molecular basis, which predicts multiple common pathways closely related to the two diseases. Our study identified 10 hub genes and their common TFs and miRNAs, which may have a critical influence on the pathophysiological mechanism of hepatitis C and MASH. Next, further experiments will be needed to validate these findings.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by Key Laboratory for Precision Diagnosis and Treatment of Pediatric Digestive System Diseases, Endoscopy Center and Gastroenterology Department, Shenzhen Children’s Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

YC: Methodology, Software, Writing – original draft, Writing – review & editing. ZS: Supervision, Writing – review & editing. YL: Funding acquisition, Writing – original draft. XX: Investigation, Writing – original draft. DZ: Resources, Writing – original draft. YGZ: Methodology, Writing – original draft. LL: Software, Writing – original draft. YZZ: Supervision, Writing – original draft. WL: Investigation, Writing – original draft. DB: Formal analysis, Writing – original draft. DD: Formal analysis, Resources, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by Shenzhen Science and Technology Innovation Program (Grant number JCYJ20220818102801004) and by Guangdong High-level Hospital Construction Fund of Shenzhen Children’s Hospital for Basic Research and Clinical Research (Grant number JCYJ20211004 and LCYJ2022059).




Acknowledgments

We thank the authors of the GSE14323, GSE164760 and GSE89632 datasets for their data sharing.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1442221/full#supplementary-material




References

1. Asrani, SK, Devarbhavi, H, Eaton, J, and Kamath, PS. Burden of liver diseases in the world. J Hepatol. (2019) 70:151–71. doi: 10.1016/j.jhep.2018.09.014

2. Devarbhavi, H, Asrani, SK, Arab, JP, Nartey, YA, Pose, E, and Kamath, PS. Global burden of liver disease: 2023 update. J Hepatol. (2023) 79:516–37. doi: 10.1016/j.jhep.2023.03.017

3. Friedman, SL, Neuschwander-Tetri, BA, Rinella, M, and Sanyal, AJ. Mechanisms of nafld development and therapeutic strategies. Nat Med. (2018) 24:908–22. doi: 10.1038/s41591-018-0104-9

4. Michelotti, GA, MaChado, MV, and Diehl, AM. Nafld, nash and liver cancer. Nat Rev Gastroenterol Hepatol. (2013) 10:656–65. doi: 10.1038/nrgastro.2013.183

5. Zhou, J, Zhou, F, Wang, W, Zhang, XJ, Ji, YX, Zhang, P, et al. Epidemiological features of nafld from 1999 to 2018 in China. Hepatology. (2020) 71:1851–64. doi: 10.1002/hep.31150

6. Polaris Observatory HCVC. Global change in hepatitis C virus prevalence and cascade of care between 2015 and 2020: A modelling study. Lancet Gastroenterol Hepatol. (2022) 7:396–415. doi: 10.1016/S2468-1253(21)00472-6

7. Targher, G, Byrne, CD, and Tilg, H. Nafld and increased risk of cardiovascular disease: clinical associations, pathophysiological mechanisms and pharmacological implications. Gut. (2020) 69:1691–705. doi: 10.1136/gutjnl-2020-320622

8. Adinolfi, LE, Gambardella, M, Andreana, A, Tripodi, MF, Utili, R, and Ruggiero, G. Steatosis accelerates the progression of liver damage of chronic hepatitis C patients and correlates with specific hcv genotype and visceral obesity. Hepatology. (2001) 33:1358–64. doi: 10.1053/jhep.2001.24432

9. Martini, A, Fattovich, G, Guido, M, Bugianesi, E, Biasiolo, A, Ieluzzi, D, et al. Hcv genotype 3 and squamous cell carcinoma antigen (Scca)-igm are independently associated with histological features of nash in hcv-infected patients. J Viral Hepat. (2015) 22:800–8. doi: 10.1111/jvh.12394

10. Lonardo, A, Loria, P, Adinolfi, LE, Carulli, N, and Ruggiero, G. Hepatitis C and steatosis: A reappraisal. J Viral Hepat. (2006) 13:73–80. doi: 10.1111/j.1365-2893.2005.00669.x

11. Adinolfi, LE, Rinaldi, L, Guerrera, B, Restivo, L, Marrone, A, Giordano, M, et al. Nafld and nash in hcv infection: prevalence and significance in hepatic and extrahepatic manifestations. Int J Mol Sci. (2016) 17(6):803. doi: 10.3390/ijms17060803

12. Grohmann, M, Wiede, F, Dodd, GT, Gurzov, EN, Ooi, GJ, Butt, T, et al. Obesity drives stat-1-dependent nash and stat-3-dependent hcc. Cell. (2018) 175:1289–306.e20. doi: 10.1016/j.cell.2018.09.053

13. Marra, F, and Tacke, F. Roles for chemokines in liver disease. Gastroenterology. (2014) 147:577–94.e1. doi: 10.1053/j.gastro.2014.06.043

14. Guo, Q, Furuta, K, Islam, S, Caporarello, N, Kostallari, E, Dielis, K, et al. Liver sinusoidal endothelial cell expressed vascular cell adhesion molecule 1 promotes liver fibrosis. Front Immunol. (2022) 13:983255. doi: 10.3389/fimmu.2022.983255

15. Yu, J, Zhu, C, Wang, X, Kim, K, Bartolome, A, Dongiovanni, P, et al. Hepatocyte tlr4 triggers inter-hepatocyte jagged1/notch signaling to determine nash-induced fibrosis. Sci Transl Med. (2021) 13(599):eabe. doi: 10.1126/scitranslmed.abe1692

16. López-Pastor, AR, Infante-Menéndez, J, González-Illanes, T, González-López, P, González-Rodríguez, Á, García-Monzón, C, et al. Concerted regulation of non-alcoholic fatty liver disease progression by micrornas in apolipoprotein E-deficient mice. Dis Models Mech. (2021) 14(12):dmm049173. doi: 10.1242/dmm.049173

17. Shen, M, Pan, H, Ke, J, and Zhao, F. Nf-Kb-upregulated mir-155-5p promotes hepatocyte mitochondrial dysfunction to accelerate the development of nonalcoholic fatty liver disease through downregulation of stc1. J Biochem Mol Toxicol. (2022) 36:e23025. doi: 10.1002/jbt.23025

18. Younossi, ZM, Wong, G, Anstee, QM, and Henry, L. The global burden of liver disease. Clin Gastroenterol Hepatol. (2023) 21:1978–91. doi: 10.1016/j.cgh.2023.04.015

19. Lewis, KC, Barker, LK, Jiles, RB, and Gupta, N. Estimated prevalence and awareness of hepatitis C virus infection among us adults: national health and nutrition examination survey, January 2017–March 2020. Clin Infect Dis. (2023) 77(10):1413–5. doi: 10.1093/cid/ciad411

20. McGlynn, KA, Petrick, JL, and El-Serag, HB. Epidemiology of hepatocellular carcinoma. Hepatology. (2020) 73:4–13. doi: 10.1002/hep.31288

21. Mirandola, S, Bowman, D, Hussain, MM, and Alberti, A. Hepatic steatosis in hepatitis C is a storage disease due to hcv interaction with microsomal triglyceride transfer protein (Mtp). Nutr Metab. (2010) 7(S1):4–13. doi: 10.1186/1743-7075-7-13

22. Antonelli, A, Ferrari, SM, Ruffilli, I, and Fallahi, P. Cytokines and hcv-related autoimmune disorders. Immunol Res. (2014) 60:311–9. doi: 10.1007/s12026-014-8569-1

23. Duan, Y, Pan, X, Luo, J, Xiao, X, Li, J, Bestman, PL, et al. Association of inflammatory cytokines with non-alcoholic fatty liver disease. Front Immunol. (2022) 13:880298. doi: 10.3389/fimmu.2022.880298

24. Jin, K, Shi, Y, Zhang, H, Zhangyuan, G, Wang, F, Li, S, et al. A tnfα/miz1-positive feedback loop inhibits mitophagy in hepatocytes and propagates non-alcoholic steatohepatitis. J Hepatol. (2023) 79:403–16. doi: 10.1016/j.jhep.2023.03.039

25. Nawaz, R, Zahid, S, Idrees, M, Rafique, S, Shahid, M, Ahad, A, et al. Hcv-induced regulatory alterations of il-1β, il-6, tnf-A, and ifn-ϒ Operative, leading liver en-route to non-alcoholic steatohepatitis. Inflammation Res. (2017) 66:477–86. doi: 10.1007/s00011-017-1029-3

26. Adugna, A. Therapeutic strategies and promising vaccine for hepatitis C virus infection. Immun Inflammation Dis. (2023) 11:e977. doi: 10.1002/iid3.977

27. Sutti, S, and Albano, E. Adaptive immunity: an emerging player in the progression of nafld. Nat Rev Gastroenterol Hepatol. (2020) 17:81–92. doi: 10.1038/s41575-019-0210-2

28. Shrivastava, S, Meissner, EG, Funk, E, Poonia, S, Shokeen, V, Thakur, A, et al. Elevated hepatic lipid and interferon stimulated gene expression in hcv gt3 patients relative to non-alcoholic steatohepatitis. Hepatol Int. (2016) 10:937–46. doi: 10.1007/s12072-016-9733-6

29. Watson, D, Zheng, G, Wu, H, Wang, YM, Wang, Y, Harris, DCH, et al. Ccl2 DNA vaccine to treat renal disease. Int J Biochem Cell Biol. (2009) 41:729–32. doi: 10.1016/j.biocel.2008.04.028

30. Liu, B, Xiang, L, Ji, J, Liu, W, Chen, Y, Xia, M, et al. Sparcl1 promotes nonalcoholic steatohepatitis progression in mice through upregulation of ccl2. J Clin Invest. (2021) 131(20). doi: 10.1172/jci144801

31. Song, X, Gao, X, Wang, Y, Raja, R, Zhang, Y, Yang, S, et al. Hcv core protein induces chemokine ccl2 and cxcl10 expression through nf-Kb signaling pathway in macrophages. Front Immunol. (2021) 12:654998. doi: 10.3389/fimmu.2021.654998

32. Cepero-Donates, Y, Lacraz, G, Ghobadi, F, Rakotoarivelo, V, Orkhis, S, Mayhue, M, et al. Interleukin-15-mediated inflammation promotes non-alcoholic fatty liver disease. Cytokine. (2016) 82:102–11. doi: 10.1016/j.cyto.2016.01.020

33. Jiménez-Sousa, MÁ, Gómez-Moreno, AZ, Pineda-Tenor, D, Medrano, LM, Sánchez-Ruano, JJ, Fernández-Rodríguez, A, et al. Cxcl9-11 polymorphisms are associated with liver fibrosis in patients with chronic hepatitis C: A cross-sectional study. Clin Trans Med. (2017) 6(1). doi: 10.1186/s40169-017-0156-3

34. Li, B-H, He, F-P, Yang, X, Chen, Y-W, and Fan, J-G. Steatosis induced ccl5 contributes to early-stage liver fibrosis in nonalcoholic fatty liver disease progress. Trans Res. (2017) 180:103–17.e4. doi: 10.1016/j.trsl.2016.08.006

35. Sasaki, R, Devhare, PB, Steele, R, Ray, R, and Ray, RB. Hepatitis C virus–induced ccl5 secretion from macrophages activates hepatic stellate cells. Hepatology. (2017) 66:746–57. doi: 10.1002/hep.29170

36. Ye, D, Li, FYL, Lam, KSL, Li, H, Jia, W, Wang, Y, et al. Toll-like receptor-4 mediates obesity-induced non-alcoholic steatohepatitis through activation of X-box binding protein-1 in mice. Gut. (2012) 61:1058–67. doi: 10.1136/gutjnl-2011-300269

37. Zhao, G-N, Zhang, P, Gong, J, Zhang, X-J, Wang, P-X, Yin, M, et al. Tmbim1 is a multivesicular body regulator that protects against non-alcoholic fatty liver disease in mice and monkeys by targeting the lysosomal degradation of tlr4. Nat Med. (2017) 23:742–52. doi: 10.1038/nm.4334

38. Jiang, B, Wang, D, Hu, Y, Li, W, Liu, F, Zhu, X, et al. Serum amyloid A1 exacerbates hepatic steatosis via tlr4-mediated nf-Kb signaling pathway. Mol Metab. (2022) 59:101462. doi: 10.1016/j.molmet.2022.101462

39. Furuta, K, Guo, Q, Pavelko, KD, Lee, J-H, Robertson, KD, Nakao, Y, et al. Lipid-induced endothelial vascular cell adhesion molecule 1 promotes nonalcoholic steatohepatitis pathogenesis. J Clin Invest. (2021) 131(6). doi: 10.1172/jci143690

40. Carr, RM. Vcam-1: closing the gap between lipotoxicity and endothelial dysfunction in nonalcoholic steatohepatitis. J Clin Invest. (2021) 131(6):e147556. doi: 10.1172/jci147556

41. Mukai, K, Miyagi, T, Nishio, K, Yokoyama, Y, Yoshioka, T, Saito, Y, et al. S100a8 production in cxcr2-expressing cd11b+Gr-1high cells aggravates hepatitis in mice fed a high-fat and high-cholesterol diet. J Immunol. (2016) 196:395–406. doi: 10.4049/jimmunol.1402709

42. Nakashima, H, Nakashima, M, Kinoshita, M, Ikarashi, M, Miyazaki, H, Hanaka, H, et al. Activation and increase of radio-sensitive cd11b+ Recruited kupffer cells/macrophages in diet-induced steatohepatitis in fgf5 deficient mice. Sci Rep. (2016) 6(1):34466. doi: 10.1038/srep34466

43. Schmid, MC, Khan, SQ, Kaneda, MM, Pathria, P, Shepard, R, Louis, TL, et al. Integrin cd11b activation drives anti-tumor innate immunity. Nat Commun. (2018) 9(1):5379. doi: 10.1038/s41467-018-07387-4

44. Zhou, H, Tang, Y-D, and Zheng, C. Revisiting irf1-mediated antiviral innate immunity. Cytokine Growth Fact Rev. (2022) 64:1–6. doi: 10.1016/j.cytogfr.2022.01.004

45. Hammad, R, Eldosoky, MA, Elmadbouly, AA, Aglan, RB, AbdelHamid, SG, Zaky, S, et al. Monocytes subsets altered distribution and dysregulated plasma hsa-mir-21-5p and hsa-mir-155-5p in hcv-linked liver cirrhosis progression to hepatocellular carcinoma. J Cancer Res Clin Oncol. (2023) 149(17):15349–64. doi: 10.1007/s00432-023-05313-w

46. Shao, J, Ding, Z, Peng, J, Zhou, R, Li, L, Qian, Q, et al. Mir-146a-5p promotes il-1β-induced chondrocyte apoptosis through the traf6-mediated nf-kb pathway. Inflammation Res. (2020) 69:619–30. doi: 10.1007/s00011-020-01346-w

47. Olivieri, F, Prattichizzo, F, Giuliani, A, Matacchione, G, Rippo, MR, Sabbatinelli, J, et al. Mir-21 and mir-146a: the micrornas of inflammaging and age-related diseases. Ageing Res Rev. (2021) 70. doi: 10.1016/j.arr.2021.101374

48. Mo, L, Zeng, Z, Deng, R, Li, Z, Sun, J, Hu, N, et al. Hepatitis a virus-induced hsa-mir-146a-5p attenuates ifn-B Signaling by targeting adaptor protein traf6. Arch Virol. (2021) 166:789–99. doi: 10.1007/s00705-021-04952-z

49.Goldsmith and Keating, 2004; Hoy, 2015; Lichtenstein, 2016; Boettler and Kaffenberger, 2022.

50.De Bosscher and Haegeman, 2009; Karkhanis et al., 2014; Yasui et al., 2014; Vandewalle et al., 2018.

51. Gao, S, Han, L-Y, Fan, Y-C, and Wang, K. Early prediction model for prognosis of patients with hepatitis-B-virus-related acute-on-chronic liver failure received glucocorticoid therapy. Eur J Med Res. (2022) 27(1):248. doi: 10.1186/s40001-022-00891-w

52. Zhang, J-J, Fan, Y-C, Zhao, Z-H, Yang, Y, Dou, C-Y, Gao, S, et al. Prognoses of patients with acute-on-chronic hepatitis B liver failure are closely associated with altered socs1 mrna expression and cytokine production following glucocorticoid treatment. Cell Mol Immunol. (2014) 11:396–404. doi: 10.1038/cmi.2014.23




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Cheng, Song, Liu, Xu, Zhang, Zou, Liu, Zeng, Li, Bai and Dai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-14-1442221-g001.jpg
-log10(P.Value)

MASH 5809

HCV 2401

. °r 1 1T 1T 1
0 1000 2000 3000 4000 5000 6000

The Number of Differentially Expressed Genes

40
change
© down
stable
“up
20
0

866

(12%)

: i [LUM)
E E HLA-DRA
40 i i HLA-DPA1
g g CO7% GaLs
= 30 ITR}i( |
3 THPO !
> ; i change
% i © down
=3 : stable
Tc) 20 : @ up
10
0
-4
HCV MASH






OEBPS/Images/fonc-14-1442221-g006.jpg
s,

'/‘/
A 4 A
¥ oven W

@:e;\
%
)

N






OEBPS/Images/fonc-14-1442221-g003.jpg
25

* %k

*kk

*

* %k

* %

* k%

* k%

* k%

ns

o - N
=) o =)
| | |

Relative mRNA levels
(normalized to GAPDH)

o
o
|

0.0

e

A
(@]

A
Ala

A
A
ii

’ A

A
AA
o

A
O

JAS

i'

A

iI

@]
iio

CCL2

ITGAM

IL15

STAT1

PTPRC

VCAM1

CCL5

TLR4

SELL

CXCL9






OEBPS/Images/fonc-14-1442221-g004.jpg
hsa-
hsa-t 6-5p

22-5p | hsa-

6b-5p

51-3p






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Common molecular basis for MASH and hepatitis C revealed via systems biology approach

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Gene expression profile data collection

          



          		

            2.2 Identification of differentially expressed genes

          



          		

            2.3 Gene ontology, pathway enrichment analyses, and gene set enrichment analysis

          



          		

            2.4 Protein–protein interaction network construction and hub gene analysis

          



          		

            2.5 Construction of regulatory networks of transcription factors and miRNAs

          



          		

            2.6 Screening of potential therapeutic compounds

          



          		

            2.7 Gene-disease association analysis

          



          		

            2.8 Molecular docking

          



          		

            2.9 Cell culture

          



          		

            2.10 HCV transfection

          



          		

            2.11 qRT-PCR

          



          		

            2.12 Western blot

          



          		

            2.13 ELISA determination of IL-1β, IL-6 and TNF-α

          



          		

            2.14 Statistical analysis

          



        



        



        		

          3 Result

        

          		

            3.1 Identification of DEGs and common DEGs among hepatitis C and MASH

          



          		

            3.2 Gene ontology, pathway analysis, and GSEA

          



          		

            3.3 PPI network construction and hub genes identification

          



          		

            3.4 Regulatory network of DEGs-related TFs and miRNAs

          



          		

            3.5 Disease-gene network

          



          		

            3.6 Potential drugs screening and molecular docking

          



          		

            3.7 Preliminary laboratory validation of the Budesonide in a cell model of MASH and hepatitis C

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Term P-value Adjusted P-value OddsRatio Combined Score Genes
) ITGAM;VCAMISTAT;
Acetovanillone 1.02E- 11 7.41E-09 511.5641026 12947.91105 CCLsCCL2
) ITGAM;VCAMISTATL;
glutathione 182E- 11 7.41E-09 2291538462 5667.339993 preai
PTPRC;VCAMISELLILIS;
AGN-PC-0JHFVD L43E- 10 3.88E-08 160.5810811 3640.504172 CCLSTIRE
budesonide 7.78E-09 0.00000159 2828794326 5281.678992 VCAMISTATL,CCLS:CCL2
dexamethasone 1.64E-08 0.00000245 70.75301205 1268.246275 TTGAMVIEAM I CCLS;
x ! - - - CCL2;TLR4
_ VCAMISTATLILIS,CCLS;
Dinoprostone 2.08E-08 0.00000245 103.6596859 1833.578824 P
Vanadium pentoxide | 0.000000021 0.00000245 217.8032787 3850.285258 CXCLO;VCAMISTATLILIS
Demecolcine 3.23E-08 0.00000329 5134138857 885.5741104 CXCLOITGAM:VCAMEILI5CCLS;CCLATLRA
Tosyllysylchloromethane | 0.000000061 0.00000553 6115102041 10158.88265 ITGAM;VCAML;CCL2
PD98059 8.87E-08 0.00000724 7678210117 1246796682 LIGAMVCAMISTATI,

CCL5;CCL2





OEBPS/Images/fonc-14-1442221-g007.jpg
>

Relative mRNA levels
(normalized to GAPDH)
S o = 2NN

o

O

Supernatant IL-1B(pg/ml)

]
o

(=2}
o

EN
o

N
o

o

r 1 r "
ala
s
°
°lo

CD36

Supernatant IL-6(pg/ml)

SCD1

N
=)

N w
o o

-
o

o

ABCG1

v3)
O

% §2.5 TSN e TSRS % §12 JEESESYS o~ [ control+DMSO
3 220 5 5 3 z [[] control+Budesonide
<0 . <0 g [ HCV-NASH+DMSO
£2o15 s o . Z2 .l HCV-NASH+Budesonide
EZ 10 R T EZ
o8 o8 4
S gos ¥
5 25
x 200 28 o
= ATCA2  COL1AT  TIMP1 = IL-18 TNF-a
control control  HCV-NASH HCV-NASH
E +DMSO  +Budesonide +DMSO +Budesonide
1 2 3 4 5 6 1 8
=50, T (O control+DMSO L 3 |
%) A [I] control+Budesonide anti-HCV-NS5A ~ | 58kDa
i
240 & A HCV-NASH+DMSO anti-HCV-CORE 21 kD4
o V¥ HCV-NASH+Budesonide
g30 a-SMA | 43 kDa
£
520 CTGF 38 kDa
=4
g 10 ScD1 42kDa
@ 0

TNF-a CD36 85 kDa

ACTIN 42 kDa





OEBPS/Images/fonc.2024.1442221_cover.jpg
’ frontiers | Frontiers in Oncology
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MASH and hepatitis C revealed
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