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The high global mortality of hepatocellular carcinoma (HCC) underscores the need for reliable non-invasive
diagnostic biomarkers. In this study, transcriptomic analyses were performed on peripheral blood mono-
nuclear cell (PBMC) and tumor datasets from HCC patients to identify differentially expressed genes (DEGs) using
an adjusted p-value ( 0.01 and |log2FC| ) 1. Functional enrichment analyses revealed predominant immune-
related pathways in PBMCs and metabolic pathway dysregulation in tumor tissues. Integration of PBMC and
tumor profiles identified STEAP4, EPC1, CLEC1B, and LCN2 as shared DEGs. Survival analyses indicated that

elevated expression of STEAP4, EPC1, and CLEC1B was associated with poorer overall survival in HCC patients.
Collectively, these findings highlight consistent transcriptional alterations in PBMCs and tumor tissues and
suggest that STEAP4, EPC1, and CLEC1B may serve as potential non-invasive biomarkers with diagnostic and

prognostic relevance in HCC.

1. Introduction

Liver cancer, predominantly hepatocellular carcinoma (HCC), con-
stitutes a major global cause of cancer-related mortality, representing 80
% to 90 % of cases [1]. It ranks sixth in morbidity and second in fatality
rates among malignancies, underscoring its severe impact [2]. Early
detection challenges limit surgical intervention to 10 %-20 % of HCC
cases [3,4]. Without a precise treatment strategy, the median survival
period for patients with advanced liver cancer is barely half a year [5,6].
Recommended systemic treatments for intermediate-to late-stage pa-
tients include chemotherapy, immunotherapy, and radiation therapy.
Ambiguous clinical signs often lead to diagnoses at intermediate or
advanced stages. Surgical resection or transplantation is considered in
early-stage cases depending on cirrhosis status [7,8]. Chemoprevention
and adjuvant therapy effectiveness are diminished in advanced HCC [9].
Alpha-fetoprotein, the sole serum biomarker for HCC, offers only around

60 % sensitivity [10]. Recognizing the urgent need for efficient and
noninvasive biomarkers, PBMCs have emerged as a promising source
[11]. PBMC analysis reflects host immune responses and holds promise
for non-invasive early diagnosis, differentiation from healthy in-
dividuals, and prediction of tumor progression and therapeutic outcome
[12-14]. It may also be used to predict tumor growth and therapeutic
outcomes [15-17].

High-throughput methodologies for examining gene expression,
such as next-generation sequencing (NGS) and microarray techniques,
are becoming increasingly important in the field of medical oncology
[18]. These technologies have diverse therapeutic applications,
including molecular cancer categorization, tumor response assessment,
prognosis prediction, identification of drug targets, and patient classi-
fication [19]. Notably, microarray studies have unveiled novel treat-
ment avenues and insights into the molecular underpinnings of liver
cancer, particularly in identifying the genetic abnormalities associated
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with HCC [20]. This study aimed to identify differentially expressed
genes (DEGs) with diagnostic value by analyzing datasets from PBMC
and tumors of patients with HCC, exploring the commonalities within
the obtained data. Additionally, this study identified HCC-related hub
genes and assessed the diagnostic significance and potential regulatory
network of shared genes through overall survival analysis and the
designation of non-coding RNA networks.

2. Material and methods
2.1. Microarray data

Bioinformatic analysis was performed according to the method
outlined in Fig. 1. The gene expression profiles of HCC tumor tissues
(GSE64041) and HCC patient PBMC (GSE49515) were collected from
NCBI-GEO, an open resource of microarray datasets and next-generation
sequencing. Table 1 provides the details of the datasets, including GEO
accession, sample count, type of samples, and dataset platforms.

2.2. Data processing and identification of DEGs

Gene symbols were generated from probe numeric identifiers after
downloading the GSE49515 and GSE64041 datasets. In the case of
multiple probes associated with a single gene, an expression value
deemed statistically significant was used as the gene expression value.
Gene expression levels were standardized using the Affy program.
Comprising CEL files (Affymetrix), the dataset files utilized for analysis
comprise the raw data. The Limma program and R studio were used in
the preparation and execution of the study. Linear models were
employed to assess differential expression and scrutinize the experi-
mental designs. DEGs were identified in PBMC samples from healthy
controls and patients, HCC tumor samples, and HCC tumor-adjacent
normal tissues using the Limma package [21] in R studio. Genes that
satisfied the cut-off criteria of |log2 fold change (FC)| > 1 and adjusted
p-values <0.01 were chosen for further analysis. The use of a Venn di-
agram enabled the identification of genes that are shared between PBMC
and HCC samples.

2.3. Functional enrichments analysis

The Kyoto Encyclopedia of Genes and Genomes (KEGG) functions as

Hepatocellular carcinoma PBMC
samples gene expression profiles

GSE49515 (GPL570)

~

Biotechnology Reports 50 (2026) e00953

Table 1
HCC datasets characteristics.
GEO Sample Type of samples Platforms
accession count
GSE49515 20 10 HCC PBMC GPL570
sample (Affymetrix Human Genome
10 Normal PBMC U133 Plus 2.0 Array)
sample
GSE64041 120 60 HCC tumor GPL6244
sample (Affymetrix Human Gene 1.0 ST

60 HCC tumor-
adjacent sample

Array [transcript (gene)
version])

an extensive database repository that facilitates the comprehension of
complex biological systems and processes by analyzing a wide range of
molecular datasets generated through high-throughput experimental
techniques [22]. A notable bioinformatics approach for annotating
genes and analyzing their biological processes is gene ontology (GO)
[23].

DEGs were subjected to biological investigation using the EnrichR
online database [24]. A p-value <0.05 was considered to indicate sta-
tistical significance.

2.4. Protein-protein interaction (PPI) network of DEGs and Hub genes

The PPI network was constructed using STRING version 10.0, an
online database of interacting genes [25]. This approach provides
functional insights into disease development and progression. In-
teractions with a total score exceeding 0.40 were deemed statistically
significant. Cytoscape, an open-source bioinformatics software (version
3.4.0), facilitated visualization of the DEG PPI network [26]. Cyto-
Hubba, a Cytoscape plugin, was used to identify the top ten hub genes
based on the degree of connectivity, representing the number of direct
interactions with other nodes for each protein [27].

2.5. Survival analysis of the shared genes

Gene Expression Profiling Interactive Analysis (GEPIA) was
employed to determine the relationship between the expression levels of
shared genes and the prognosis of HCC through survival analysis [28].
This database evaluates gene survival outcomes using information from
The Cancer Genome Atlas (TCGA). Furthermore, data derived from the

Hepatocellular carcinoma tumor
samples gene expression profiles

GSE64041 (GPL6244)

/
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Overall survival analysis

Fig. 1. Study flowchart.
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shared genes were normalized to the GAPDH gene.

2.6. Identification of shared gene's potential regulatory network

To elucidate the regulatory network surrounding shared genes, we
utilized the miRwalk database [29] to systematically identify micro-
RNAs (miRNAs) targeting these genes. The integration of data from
multiple prediction tools within miRwalk provides comprehensive in-
sights. miRNA involvement in liver cancer was validated using the
Human MicroRNA Disease Database (HMDD) [30]. Simultaneously, the
regulatory landscape was expanded by identifying liver-specific long

A.

Volcano plot
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non-coding RNAs (IncRNAs) targeting validated miRNAs, as determined
using the DIANA-LncBase v3.0 database [31]. This meticulous approach
resulted in a concise yet comprehensive regulatory network, revealing
the intricate interplay between shared genes, miRNAs, and IncRNAs in
the context of liver cancer.

2.7. Potential identification of shared genes co-expression modules using
WGCNA analysis

The GSE64041 tissue dataset was examined in R using WGCNA
package [32]. We employed R-based pipelines developed in our
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Fig. 2. The volcano plot of the DEGs related to PBMC (A.) and tumor (B.) datasets. Screening for DEGs was done using an adjusted p-value < 0.01 and |fold change

(FO)| > 1.
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previous studies to generate a gene co-expression network of the shared
genes for further analysis [33,34]. The threshold value was established
at 50 %. To obtain the co-expressed modules, we established a minimum
of 20 genes in the module and employed predefined settings for the
remaining genes. Subsequently, we generated a topological overlap
matrix (TOM) by employing block modular functions. We implemented
a dynamic tree-cutting algorithm for clustering. We organized genes
with comparable expression patterns into co-expression modules and
assigned distinct colors to each module to facilitate differentiation.
Genes in the co-expression module exhibited high connectivity, whereas
genes within an identical module may have analogous biological func-
tions. Subsequently, we employed the EnrichR [24] database to conduct
KEGG, GO, Reactome enrichment analysis, and PPI network analysis of
the co-expressed genes of the desired module.

3. Results
3.1. Identification of total and shared DEGs in HCC

The DEGs from the two microarray datasets (GSE49515 and
GSE64041) were evaluated using R software and limma package with
the inclusion criteria of |log2 fold change (FC)| > 1 and adjusted p-
value<0.01. The rank analysis assessed the total number of DEGs, which
included 2714 genes related to GSE49515 and 6666 genes related to
GSE64041 (HCC tumor vs. adjacent tumor samples). A "Volcano plot"
illustrating differentially expressed genes (DEGs) was generated for both
datasets, depicting the relationship between p-values and fold changes
(Fig. 2). Employing Venn diagram analysis (Fig. 3), a shared set of genes
encompassing STEAP4, EPC1, LCN2, and CLECIB was identified.
Detailed expression data for these shared genes are shown in Table 2.

3.2. Functional enrichments analysis

EnrichR was used to conduct functional and KEGG pathway enrich-
ment analyses on DEGs to understand their biological categorization
better. The top five GO biological process analyses and top five KEGG
pathway enrichment analysis results are provided in Table 3, which are
sorted by p-value.

3.3. PPI analysis and hub genes identification

The PPI networks were visualized using the Cytoscape STRING plu-
gin, which included 470 nodes and 1794 edges related to the PBMC
samples and 180 nodes and 664 edges related to the tumor samples.
Using the Cytoscape Cytohubba plugin, the top ten hub genes were
identified based on the degree of connectivity, including PTPRE, ILF3,
POLR1C, KLHDC10, USP46, NDRGI1, FAAH2, FMOD, ANO5, and
HOXC11 related to the PBMC samples and PTPRE, ILF3, POLRIC,

PBMCs

Tumors

Fig. 3. The Venn diagram between DEGs related to HCC PBMC and tumor
samples. Four genes were shared between these two datasets, including
STEAP4, EPC1, LCN2, and CLEC1B.
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Table 2
The expression data of the shared genes.
Sample type Gene symbol Log2FC p-value Adj.p-value
PBMC STEAP4 1.621 1.032E-06 0.00004
Tumor STEAP4 —1.425 3.917E-15 3.191E-13
PBMC EPC1 -1.162 0.0002 0.0024
Tumor EPC1 -1.183 5.315E-08 4.728E-07
PBMC CLEC1B 1.371 0.0008 0.0054
Tumor CLEC1B —2.336 8.643E-30 3.979E-26
PBMC LCN2 1.314 0.00005 0.0007
Tumor LCN2 1.444 3.175E-08 3.005E-07
Table 3
The functional enrichments of the HCC DEGs in PBMC and tumor samples.
Samples  Term Library p-value
PBMCs cytokine-mediated GO_Biological Process_2021 2.97E-11
signaling pathway
(G0:0019,221)
positive regulation of GO_Biological Process_ 2021  7.82E-08
response to external
stimulus (GO:0032,103)
positive regulation of GO_Biological Process_2021 1.02E-07
defense response
(G0:0031,349)
cellular response to GO_Biological_Process_2021 1.28E-07
cytokine stimulus
(G0:0071,345)
Viral protein interaction KEGG_2021_Human 1.34E-07
with cytokine and
cytokine receptor
inflammatory response GO_Biological Process_2021  6.73E-07
(GO:0006,954)
Cytokine-cytokine KEGG_2021_Human 0.00001216
receptor interaction
Colorectal cancer KEGG_2021_Human 2.9853E-05
Influenza A KEGG_2021_Human 3.1242E-05
Toll-like receptor KEGG_2021_Human 3.7382E-05
signaling pathway
Tumors epoxygenase P450 GO_Biological Process_2021 3.46E-11
pathway (G0:0019,373)
Retinol metabolism KEGG_2021_Human 4.18E-11
steroid metabolic GO_Biological Process_2021 4.38E-11
process (GO:0008,202)
Drug metabolism KEGG_2021_Human 7.37E-11
Metabolism of KEGG_2021_Human 1.63E-10
xenobiotics by
cytochrome P450
complement activation, GO_Biological Process_2021 7.06E-10
lectin pathway
(G0:0001,867)
arachidonic acid GO_Biological Process_2021 1.93E-09
metabolic process
(G0:0019,369)
monocarboxylic acid GO_Biological Process_2021  3.19E-09
metabolic process
(G0:0032,787)
Chemical carcinogenesis KEGG_2021_Human 5.66E-08
Tryptophan metabolism KEGG_2021_Human 7.93E-07

KLHDC10, USP46, NDRG1, FAAH2, FMOD, ANO5, and HOXC11 related
to the tumor samples (Fig. 4).

3.4. Survival analysis

Significantly, the prognostic consequences of altered expression of
STEAP4, EPC1, CLECIB, and LCN2 were observed via the study of
overall survival and median survival time in patients. The study findings
indicated that STEAP4 (log-rank p = 0.0043), EPC1 (log-rank p = 0.035),
and CLEC1B (log-rank p = 0.0032) exhibited notable correlations with
the prognosis and overall survival of HCC. However, statistical analysis
did not establish a significant association between the gene expression
levels of LCN2 and patient survival (p < 0.05) (Fig. 5). The overall
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Fig. 4. The establishment of PPI networks. Genes are represented by rectangles and the interactions between genes and proteins by lines, respectively. The hub genes
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survival graph illustrates those elevated levels of EPC1, STEAP4, and
CLECI1B correspond to higher survival percentages. Notably, GEPIA le-
verages RNA-seq data from TCGA to predict gene-specific survival rates.

3.5. STEAP4, EPC1, and CLECIB regulatory network development

After obtaining microRNAs (miRNAs) targeting STEAP4, EPC1, and
CLEC1B from the miRwalk database, their validation in liver cancer was
rigorously confirmed through HMDD. These validated miRNAs were
subsequently input into the IncBASE database, facilitating a more in-
depth exploration of the intricate regulatory networks associated with
STEAP4, EPC1, and CLECIB shared genes. The regulatory network
revealed significant interactions, with hsa-miR-107 displaying associa-
tions with various IncRNAs such as GAS5, MALATI, RPLPOP6, and
SNHG1. Additionally, hsa-miR-326 interacted with UCAI and
AL591485.1, while hsa-miR-613 was associated with AL591485.1 and
STEAP4. Fig. 6 shows the complex interplay between miRNAs and
IncRNAs in the context of liver cancer within the regulatory landscape of
STEAP4-, EPC1, and CLECIB shared genes.

3.6. STEAP4, EPC1, and CLECI1B co-expressed modules network
enrichments

Hierarchical clustering trees were constructed using all DEGs be-
tween tumor tissues and tumor-adjacent tissues to identify gene modules
that were co-expressed with STEAP4, EPC1, and CLEC1B genes. No
outliers are detected (Fig. 7A). Subsequently, co-expression analysis was
conducted to establish a co-expression network. To establish a scale-free
network, the soft threshold power, B, was set to 10, as shown in Fig. 7B
We identified 21 co-expression modules, co-expressing the black module
with CLEC1B and the light-yellow module with the STEAP4 and EPC1
genes (Fig. 7C). A total of 336 genes were identified in the black co-
expression module and 881 genes were identified in the light-yellow
co-expression module. GO enrichment analysis of the black module
gene network co-expressed with CLECIB showed enrichment in the
processes of regulation of cellular protein localization, regulation of
cellular amino acid metabolic processes, and RNA modifications.
Enrichment of KEGG and Reactome pathways also indicated pathways
in cancer, the PI3K-Akt signaling pathway, bladder and prostate cancer,

degree score, ranging from one to ten.

apoptosis, and programmed cell death (Fig. 8). GO enrichment analysis
of the light-yellow module gene network co-expressed with STEAP4 and
EPC1 indicated enrichment in the processes of regulation of immune
response and regulation of lymphocyte and T-cell migration. Enrich-
ment of KEGG and Reactome pathways also indicated the Rap1 signaling
pathway, cell adhesion molecules, T cell receptor signaling pathway,
and immune receptor (Fig. 9).

4. Discussion

HCC, which is responsible for 90 % of liver cancer cases, remains
poorly understood in terms of its molecular mechanisms [35]. Accurate
diagnosis and prognosis evaluation pose significant challenges, under-
scoring the need for novel functional genes to enhance our under-
standing of HCC pathophysiology. Studies report that immune system
exhaustion due to chronic hepatitis B and C virus infections contributes
to the development of hepatocellular carcinoma. Although antiviral
therapies increase viral suppression, dysregulation of immune system
highlights the need for non-invasive biomarkers. In this context,
PBMC-derived biomarkers enhance nucleic acid based immunomodu-
latory approaches for understanding HCC progression and identifying
clinically meaningful biomarkers [36].

In this study, we performed bioinformatics analyses on differentially
expressed genes associated with HCC prognosis and diagnosis, utilizing
noninvasive tissue sampling to identify potential indicators for
improved diagnosis and prognosis in HCC. Applying the specified
criteria, 250 DEGs were identified in PBMC samples from HCC patients,
while 568 DEGs were identified in HCC tumor samples, with only four
common genes, STEAP4, EPC1, LCN2, and CLEC1B. Enrichment analysis
of PBMC data revealed shifts in biological processes, particularly in
immune response pathways, such as cytokine-mediated signaling, pos-
itive regulation of response to external stimuli, defense response,
cellular response to cytokine stimulus, and inflammatory response.
Changes in cytokine-related pathways, such as viral protein-cytokine
receptor interactions, cytokine-cytokine receptor interactions, and
cytokine-cytokine receptor interactions, were identified through KEGG
pathway analysis. The crucial role of cytokines in HCC is well estab-
lished, influencing tumor survival, immune evasion, and metastasis
[37-39].
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Fig. 5. This study aims to investigate the correlation between common gene expression patterns and the clinical outcome seen in individuals diagnosed with HCC.
The decreased expression levels of STEAP4, EPC1, and CLEC1B were shown to be substantially associated with worse overall survival outcomes. The GAPDH gene was
used as a reference gene to standardize and normalize the data obtained from the targeted genes.

Recent integrative in-silico studies further support the robustness of
network-based approaches for identifying clinically relevant genes in
hepatocellular carcinoma. The current study analyzed HCC tissues and
identified a set of highly co-expression hub genes, including ASPM,
RRM?2, CCNB1, MKI167, HMMR, and EZH2, which were associated with
patient survival outcomes in and significantly upregulated in tumor
samples [40]. Changes in biological process enrichment of the tumor
dataset primarily involved the epoxygenase P450 pathway, steroid
metabolic process, arachidonic acid metabolic process, and mono-
carboxylic acid metabolic process. CYP2 family members play a signif-
icant role in the CYP450 epoxidase pathway, transforming arachidonic
acid (AA) to eicosatetraenoic acid (EET), which can be hydrolyzed by
soluble epoxide hydrolase to less active dihydroxy-eicosatrienoic acids
[41]. Certain EETs promote tumor angiogenesis through endothelial cell
proliferation [42]. In contrast, tumor KEGG pathway enrichment
resulted in essential metabolic pathways, including retinol metabolism,
steroid metabolic process, drug metabolism, metabolism of xenobiotics
by cytochrome P450, chemical carcinogenesis, and tryptophan meta-
bolism. One of the mechanisms implicated in the progression of hepatic

fibrosis is altered retinol metabolism, and enzymes involved in retinol
metabolism have been linked to HCC (reviewed in [43]). The steroid
metabolic pathway is also disrupted in HCC [42] because HCC patients
have higher amounts of ARs in their tumor tissue and neighboring liver
[44]. Liver dysfunction, evidenced by changes in metabolic homeostasis,
may lead to the development of liver tumors [45].

The analysis of interactions between DEGs in PBMC and tumor
samples was associated with the construction of PPI networks, from
which the hub genes of these networks were also identified. Interest-
ingly, all the roles of PBMC DEGs PPI network hub genes were identified
in HCC, including JUN (reviewed in [46]), TLR4 (reviewed in [47,48]),
HIF1A (reviewed in [49]), CXCL8 [50,51], VEGFA (reviewed in [52]),
IFNG [53], FOS [54], EGF [55], TLR7 [56], and DDX58 [57]. Similarly,
the identified tumor DEGs and PPI network hub genes have been
investigated in HCC, including C8A [58], CYP3A4 [59], MBL2 [60],
CYP2B6 [61], HRG [62], UGT2B10 [63], ESR1 [64], FETUB [65], C8B
[66], and CYP1AZ2 [67]. Hubs are more likely to be master signaling and
transcription regulators because they contribute to many connections
and hold the network together [68]. Consequently, hubs have the
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AL591485.1

UCA1L

Fig. 6. The intricate regulatory network surrounding the shared genes STEAP4, EPC1, and CLECIB in the context of liver cancer. MiRNAs targeting these genes,
obtained from the miRwalk database, underwent rigorous validation in liver cancer through HMDD. Validated miRNAs were further analyzed using the IncBASE
database, revealing a detailed network involving multiple interactions. Notably, hsa-miR-107 exhibited connections with GAS5, MALAT1, RPLPOP6, and SNHGI,
while hsa-miR-326 and hsa-miR-613 displayed associations with UCAI, AL591485.1, and STEAP4.

potential to be useful therapeutic targets and biomarkers.

STEAP4, EPC1, and CLEC1B genes are potential candidates for clin-
ical studies because they share DEGs related to PBMC and tumor sam-
ples. CLECIB, classified as a C-type lectin superfamily type II
transmembrane receptor, possesses one or more C-type lectin-like do-
mains [69]. CLECIB serves as a protein associated with platelets and
plays a role in the activation of receptors for the snake venom toxin
rhodocytin as well as its naturally occurring ligand, podoplanin. It has
pivotal functions in several processes, including the separation of
lymphatic and blood circulatory systems, aggregation of platelets
generated by tumor cells, and modulation of immunological responses
[70-72]. Recent research has shown that CLECIB inhibits platelet ag-
gregation and tumor metastasis, specifically in colon cancer [73].
Noteworthy findings from TCGA database align with our study, under-
scoring the prognostic significance of CLEC1B in HCC [74]. Addition-
ally, Hu et al. identified low CLEC1B expression as a potential prognostic
indicator in HCC, correlating it with unfavorable clinical outcomes [75].
In addition, the results of WGCNA analysis, which was conducted to
identify the co-expression module with CLECIB, a black module con-
taining 336 co-expression genes, was found. In this way, the potential of
the co-expression of genes with CLECIB was determined through its
functional enrichment indicated cancer-related biological processes
pathways including the PI3K-Akt signaling pathway, apoptosis, and
programmed cell death. Our study results corroborate these observa-
tions, revealing downregulated CLECIB expression in HCC PBMC sam-
ples (log2FC = 1.371, adj. p-value = 0.00540), and conversely,
upregulated expression in tumor samples (log2FC = —2.366, adj.
p-value = 3.99E-26). In addition to the difference in expression levels of
CLECI1B in PBMC and tumor samples added to the diagnostic value of
CLEC1B, the overall survival analysis also supports the hypothesis that
increased expression levels of CLECIB in HCC are associated with
increased patient survival.

One of the numerous mitochondrial proteins associated with iron

metabolism that was elevated in experimental colitis is STEAP4, also
known as the six-transmembrane epithelial antigen of prostate 4 or TNF-
induced protein 9 (TNFIAP9). STEAP4 is an oxidoreductase that may
also serve as a metalloreductase [76]. Previous studies have established
the involvement of STEAP4 in various biological processes, including
nutritional responses, inflammation, oxidative stress, and glucose and
fatty acid metabolism [77-81]. STEAP4 protein expression is markedly
elevated in human prostate cancer (PCa) compared to benign prostate
tissue; this difference correlates with tumor grade and treatment
response. Through its iron reductase activity, STEAP4 dramatically en-
hances reactive oxygen species in PCa cells while simultaneously
depleting NADPH levels [82]. According to other research, STEAP4
plays a role in generating a lipopolysaccharide (LPS)- induced inflam-
matory milieu that promotes PCa growth [83]; Furthermore, STEAP4
may be useful in anticipating PCa recurrence, according to Burnell
et al.'s research [84]. Remarkably, STEAP4 upregulation was observed
in malignant breast tissues. However, no measurable levels were found
in benign breast tissues, and blocking the STEAP4 pathway using
deferiprone as an iron chelator in conjunction with the HER2 inhibitor
lapatinib resulted in a considerable decrease in cell proliferation in vitro
[85]. In addition, STEAP4 upregulation was revealed in colorectal
cancer (CRC) and predicted poor prognosis [86]. In contrast, recent
studies have shown that STEAP4 has a distinct role in CRC compared to
STEAPs 1-3. The expression of STEAP4 is not only reduced in CRC tis-
sues compared to healthy tissues, but it also exhibits a favorable corre-
lation with immune infiltration and markers associated with the
immune system. These results imply that STEAP4 may be a possible
biomarker for estimating the degree of immune cell infiltration in CRCs
[87]. STEAP4 overexpression was linked to decreased caspase-3 acti-
vation in CRC liver metastases in an intrasplenic injection model [88]. In
the present study, the results of WGCNA analysis revealed that the
light-yellow module contained genes co-expressed with STEAP4 and
EPC1. The potential of the co-expression genes was determined through
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their functional enrichment and indicated the processes and pathways
that can play a potential role in cancer, including processes of regulation
of immune response, regulation of lymphocyte and T cell migration,
Rapl signaling pathway, cell adhesion molecules, T cell receptor
signaling pathway, and immune receptors. The increased expression
levels of STEAP4 in PBMC samples (log2FC = 1.621, adj. p-value =
4.32E-5) and decreased expression levels in HCC tumor samples (log2FC
= —1.425, adj. p-value = 3.19E-13) were observed. The difference in
changes in the expression levels of STEAP4 can create the potential to be
identified as one of the candidate genes for HCC based on non-invasive
approaches, considering that it is also known as one of the valuable
diagnostic biomarkers in PCa and CRC. The overall survival analysis
identified that high expression of STEAP4 is positively associated with
the percentage of patients' survival (logrank=0.0043).

Enhancer of polycomb homolog 1 (EPC1) serves as a protective effect
against DNA damage. EPC1 interacts with E2F1 to suppress cell death
and trigger metastasis-related gene profiles, making it a central modu-
lator of the response to DNA damage [89]. Histone acetyltransferases
(HATS), chromatin architecture, and chromatin-modifying enzymes are

among the pathways known to be connected to this gene [90]. EPCI is a
component of the NuA4 HAT complex, as proven by sophisticated in-
vestigations, and its crystal structure and molecular foundation for
binding to MBTD1 have been identified [91]. Prior investigations have
identified aberrant expression of EPCI in endometrial stromal sarcoma
[92,93]. Notably, studies involving EPCI knockdown revealed a
consequential reduction in lung cancer cell proliferation and hindered
tumor progression [94]. Additionally, EPC1 has been associated with
prognostic implications in microarray screens for nasopharyngeal can-
cer patients [95]. Based on the results of our study, the expression levels
of EPC1 in PBMC (log2FC = —1.162, adj. p-value = 0.00246) and tumor
(log2FC = —1.183, adj. p-value = 4.73E-07) samples show a significant
decrease. The exciting point of attention is the concordance and close-
ness of the expression levels of this gene in HCC. The results of the
analysis of overall survival in HCC patients also indicated that high
levels of EPC1 were associated with an increase in the percentage of
patients' survival (logrank=0.035), while the levels of this gene in tu-
mors and PBMC were associated with a decrease. Recent study high-
lighted the central role of long non-coding RNAs as multi-level
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regulators in hepatocellular carcinoma, influencing therapeutic
response through diverse molecular mechanisms, metastasis, progres-
sion and tumor initiation. Evidence indicates that dysregulated IncRNAs
such as H19, GAS5, MEG3, HOTAIR, HULC and MALAT]1 contribute to
HCC pathogenesis by modulating epigenetic landscapes, acting as
competing endogenous RNAs, and regulating key oncogenic signaling
pathways including Wnt/p-catenin, PI3K/Akt/mTOR, Hippo, and
JAK/STAT [96].

The regulatory network involving shared main genes, including miR-
107, miR-326, miR-613, GAS5, MALATI, RPLPOP6, and SNHG1, stands
out as a critical focal point. The robust evidence of the presence of these
non-coding components within the network provides compelling sup-
port for their involvement in HCC. The intricate interplay between
miRNAs and IncRNAs underscores the complexity of the regulatory
landscape surrounding these main shared genes. The strong validation
of miR-107 [97,98], miR-326 [99,100], and miR-613 [101,102], coupled
with their associations with IncRNAs such as GAS5 [103], MALATI
[104], and SNHG1 [100], emphasizes the interconnected nature of these
regulatory elements in the context of HCC.

In line with the emerging role of long non-coding RNAs in cancer
progression, prior evidence supports the oncogenic relevance of IncRNA
dysregulation across multiple tumor types [105,106]. For instance,
UCA1 has been consistently reported as an upregulated IncRNA in
several malignancies, including hepatocellular carcinoma, where its
elevated expression correlates with advanced tumor stage, metastasis,
and poor clinical outcomes. Mechanistically, UCA1 has been implicated
in modulating key oncogenic pathways such as Wnt/B-catenin and
growth factor-related signaling cascades, thereby promoting tumor
proliferation, invasion, and survival. These observations reinforce the
concept that aberrant IncRNA-mediated regulatory networks play a
critical role in hepatocarcinogenesis and support the biological rele-
vance of the ncRNA interactions identified in the present study [107].
These findings signify the potential dysregulation of these main shared

genes in HCC, indicating their relevance and significance in the molec-
ular mechanisms underlying hepatocarcinogenesis. The robust traces of
these non-coding components within the regulatory network contribute
to a comprehensive understanding of the potential pathways involved in
the dysregulation of key genes associated with HCC.

5. Limitations

Our study is limited by reliance on publicly available datasets
without experimental molecular validation of gene expression or bio-
logical mechanisms. In the literature review of studies conducted on hub
genes and shared genes, a study may have been conducted that was not
mentioned in this study. Furthermore, further high-quality biological
research with large sample sizes is required to validate our findings.
Moreover, there is limitation on mechanistic insights in our study that
could be acknowledge, further research should validate mechanistic
importance of these biomarkers and correspondence pathways.

6. Future research directions

Future research may use these genes as primary data for experi-
mental validation. The future studies could be focused on the validation
of STEAP4, EPC1, and CLEC1B biomarkers and their regulatory roles in
biological pathways and corresponding proteins in non-invasive
manner. Alternatively, these non-invasive biomarkers could be vali-
dated as regulatory axes in the laboratory animal models, to investigate
corresponding transcript factors and relate pathways in hepatocellular
carcinoma progression and invasion. Moreover, future studies should
leverage technologies such as CRISPR-Cas systems to functionally vali-
date these regulatory axes in HCC models.
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7. Conclusion

In this study, by analyzing microarray data related to PBMC and HCC
tumors, we sought to identify common markers between PBMC and
tumors, and four genes with altered expression, STEAP4, EPC1, CLEC1B,
and LCN2 were identified as common genes among DEGs. Overall sur-
vival analysis confirmed that altered expression levels of STEAP4, EPCI,
and CLECIB were significantly associated with patient survival. Func-
tional enrichment analysis related to DEGs revealed enrichment in
critical primary pathways, which in PBMC samples change in immune
response processes, and in tumor samples, change in metabolic path-
ways that potentially affect cancer progression. In addition, the identi-
fied hub genes resulting from the PPI network also represent the known
and essential genes involved in the pathogenesis and progression of
HCC. These are early results, and they may be strengthened by more in
vitro and in vivo research. While the potential importance of these genes
at the mRNA level warrants more investigation, these results lay the
groundwork for future HCC studies.

Declarations
Funding

The authors declare that no funds, grants, or other support were
received during the preparation of this manuscript.

10

ey enriched pathways identified through KEGG and Reactome include the Rapl
d immune receptor pathways. The interaction between genes is shown using
Avadilability of data and materials

All data generated and analyzed during this study are included in the
research.

CRediT authorship contribution statement

Soheyla Khojand: Data curation, Conceptualization. Neda Zah-
matkesh: Investigation, Formal analysis. Arezoo Hassani: Resources,
Methodology. Zahra Damerchiloo: Software, Resources. Zahra Nikoo:
Writing — original draft, Visualization. Roozbeh Heidarzadehpi-
lehrood: Writing — review & editing, Writing — original draft, Supervi-

sion, Project administration, Methodology, Investigation, Formal
analysis.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
Acknowledgements

Not applicable.

Data availability

All data generated and analyzed during this study are included in the



S. Khojand et al.

research and its supplementary files.

References

[1]
[2]
[3]
[4]
[5]
[6]
71
(8]
[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26]
[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

L. Rimassa, T. Pressiani, P. Merle, Systemic treatment options in hepatocellular
carcinoma, Liver. Cancer 8 (6) (2019) 427-446.

R.L. Siegel, et al., Colorectal cancer statistics, 2020, CA Cancer J. Clin. 70 (3)
(2020) 145-164.

J.A. Marrero, Hepatocellular carcinoma, Curr. Opin. Gastroenterol. 21 (3) (2005)
308-312.

J. Xiao, et al., Prognostic factors of hepatocellular carcinoma patients treated by
transarterial chemoembolization, Int. J. Clin. Exp. Pathol. 7 (3) (2014) 1114.
M. Allaire, J.-C. Nault, Advances in management of hepatocellular carcinoma,
Curr. Opin. Oncol. 29 (4) (2017) 288-295.

P. Dutkowski, et al., Challenges to liver transplantation and strategies to improve
outcomes, Gastroenterology 148 (2) (2015) 307-323.

A. Villanueva, HepatocellularCarcinoma, N. Engl. J. Med. 380 (15) (2019)
1450-1462.

M.S. Grandhi, et al., Hepatocellular carcinoma: from diagnosis to treatment, Surg.
Oncol. 25 (2) (2016) 74-85.

J. Bruix, M. Reig, M. Sherman, Evidence-based diagnosis, staging, and treatment
of patients with hepatocellular carcinoma, Gastroenterology 150 (4) (2016)
835-853.

K. Wang, et al., Serological biomarkers for early detection of hepatocellular
carcinoma: a focus on autoantibodies against tumor-associated antigens encoded
by cancer driver genes, Cancers. (Basel) 12 (5) (2020) 1271.

M. Shi, et al., A blood-based three-gene signature for the non-invasive detection
of early human hepatocellular carcinoma, Eur. J. Cancer 50 (5) (2014) 928-936.
L. Ciarloni, et al., Discovery of a 29-gene panel in peripheral blood mononuclear
cells for the detection of colorectal cancer and adenomas using high throughput
real-time PCR, PLoS. One 10 (4) (2015) e0123904.

H. Shaath, et al., Transcriptomic analyses revealed systemic alterations in gene
expression in circulation and tumor microenvironment of colorectal cancer
patients, Cancers. (Basel) 11 (12) (2019) 1994.

Y. Zhang, et al., Polymeric immunoglobulin receptor (PIGR) exerts oncogenic
functions via activating ribosome pathway in hepatocellular carcinoma, Int. J.
Med. Sci. 18 (2) (2021) 364.

Z. Han, et al., RNA-seq profiling reveals PBMC RNA as a potential biomarker for
hepatocellular carcinoma, Sci. Rep. 11 (1) (2021) 17797.

L. Yin, et al., Identification of novel blood-based HCC-specific diagnostic
biomarkers for human hepatocellular carcinoma, Artif. Cells Nanomed.
Biotechnol. 47 (1) (2019) 1908-1916.

V. Poortahmasebi, et al., Identifying potential new gene expression-based
biomarkers in the peripheral blood mononuclear cells of hepatitis B-related
hepatocellular carcinoma, Can. J. Gastroenterol. Hepatol. 2022 (2022).

R. Heidarzadehpilehrood, M. Pirhoushiaran, M.B. Osman, K.H. Ling, H.A. Hamid,
Identifying genetic profiles in peripheral blood mononuclear cells in women with
polycystic ovary syndrome: an observational case-control study, Arch. Med. Res.
56 (3) (2025) 103129, https://doi.org/10.1016/j.arcmed.2024.103129.

E.R. Malone, et al., Molecular profiling for precision cancer therapies, Genome
Med. 12 (1) (2020) 1-19.

T. Maass, et al., Microarray-based gene expression analysis of hepatocellular
carcinoma, Curr. Genom. 11 (4) (2010) 261-268.

M.E. Ritchie, et al., limma powers differential expression analyses for RNA-
sequencing and microarray studies, Nucleic. Acids. Res. 43 (7) (2015) e47.

M. Kanehisa, et al., KEGG: new perspectives on genomes, pathways, diseases and
drugs, Nucleic. Acids. Res. 45 (D1) (2017) D353-d361.

D. Botstein, et al., Gene ontology: tool for the unification of biology, Nat. Genet.
25 (1) (2000) 25-29.

M.V. Kuleshov, et al., Enrichr: a comprehensive gene set enrichment analysis web
server 2016 update, Nucleic. Acids. Res. 44 (W1) (2016) W90-W97.

D. Szklarczyk, et al., The STRING database in 2021: customizable protein-protein
networks, and functional characterization of user-uploaded gene/measurement
sets, Nucleic. Acids. Res. 49 (D1) (2021) D605-d612.

P. Shannon, et al., Cytoscape: a software environment for integrated models of
biomolecular interaction networks, Genome Res. 13 (11) (2003) 2498-2504.
C.H. Chin, et al., cytoHubba: identifying hub objects and sub-networks from
complex interactome, BMC. Syst. Biol. 8 (Suppl 4) (2014) S11. Suppl 4.

Z. Tang, et al., GEPIA: a web server for cancer and normal gene expression
profiling and interactive analyses, Nucleic. Acids. Res. 45 (W1) (2017)
W98-w102.

C. Sticht, et al., miRWalk: an online resource for prediction of microRNA binding
sites, PLoS. One 13 (10) (2018) €0206239.

C. Cui, et al., HMDD v4.0: a database for experimentally supported human
microRNA-disease associations, Nucleic. Acids. Res. (2023).

D. Karagkouni, et al., DIANA-LncBase v3: indexing experimentally supported
miRNA targets on non-coding transcripts, Nucleic. Acids. Res. 48 (D1) (2020)
D101-d110.

P. Langfelder, S. Horvath, WGCNA: an R package for weighted correlation
network analysis, BMC Bioinform. 9 (2008) 559.

R. Heidarzadehpilehrood, et al., Weighted gene Co-expression network analysis
(WGCNA) discovered novel long non-coding RNAs for polycystic Ovary
syndrome, Biomedicines. 11 (2) (2023).

T. Mehrabi, et al., Dysregulated key long non-coding RNAs TP53TG1, RFPL1S,
DLEU1, and HCG4 associated with epithelial-mesenchymal transition (EMT) in

11

[35]
[36]
[37]

[38]

[39]

[40]

[41]

[42]
[43]

[44]

[45]
[46]
[47]
[48]
[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]
[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Biotechnology Reports 50 (2026) e00953

castration-resistant prostate cancer, Adv. Cancer Biol. - Metastasis 13 (2025)
100132.

J.M. Llovet, et al., Hepatocellular carcinoma, Nat. Rev. Dis. Primers. 7 (1) (2021)
6.

S. Karimkhanilouyi, S. Ghorbian, Nucleic acid vaccines for hepatitis B and C virus,
Infect. Genet. Evol. 75 (2019) 103968.

0.V. Makarova-Rusher, et al., The yin and yang of evasion and immune activation
in HCC, J. Hepatol. 62 (6) (2015) 1420-1429.

Y. Fu, et al., From bench to bed: the tumor immune microenvironment and
current immunotherapeutic strategies for hepatocellular carcinoma, J. Exp. Clin.
Cancer Res. 38 (1) (2019) 396.

F. Cabillic, A. Corlu, Regulation of transdifferentiation and retrodifferentiation by
inflammatory cytokines in hepatocellular carcinoma, Gastroenterology 151 (4)
(2016) 607-615.

A. Moghimi, et al., Deciphering the molecular complexity of hepatocellular
carcinoma: unveiling novel biomarkers and therapeutic targets through advanced
bioinformatics analysis, Cancer Rep (Hob.) 7 (8) (2024) e2152.

X. Xu, et al., The role of Cytochrome P450 epoxygenases, soluble epoxide
hydrolase, and epoxyeicosatrienoic acids in metabolic diseases, Adv. Nutr. 7 (6)
(2016) 1122-1128.

M. Charni-Natan, et al., Liver and steroid hormones-can a touch of p53 make a
difference? Front. Endocrinol. (Lausanne) 10 (2019) 374.

M. Melis, et al., Retinoids in the pathogenesis and treatment of liver diseases,
Nutrients. 14 (7) (2022).

S. Ohnishi, et al., Androgen and estrogen receptors in hepatocellular carcinoma
and in the surrounding noncancerous liver tissue, Hepatology 6 (3) (1986)
440-443.

M. Charni, et al., p53 in liver pathologies-taking the good with the bad, J. Mol.
Med. (Berl) 92 (12) (2014) 1229-1234.

J. Wang, G. Tai, Role of C-Jun N-terminal kinase in hepatocellular carcinoma
development, Target. Oncol. 11 (6) (2016) 723-738.

J. Yang, M. Li, Q.C. Zheng, Emerging role of toll-like receptor 4 in hepatocellular
carcinoma, J. HepatoCell Carcinoma 2 (2015) 11-17.

Z. Sepehri, et al., Toll like receptor 4 and hepatocellular carcinoma; A systematic
review, Life Sci. 179 (2017) 80-87.

Y. Guo, et al., Hypoxiainducible factors in hepatocellular carcinoma (Review),
Oncol. Rep. 43 (1) (2020) 3-15.

S. Yang, et al., Up-regulation of CXCL8 expression is associated with a poor
prognosis and enhances tumor cell malignant behaviors in liver cancer, Biosci.
Rep. 40 (8) (2020).

J. Zhu, et al., CXCL5/CXCL8 is a promising potential prognostic and tumor
microenvironment-related cluster in hepatocellular carcinoma, J. Gastrointest.
Oncol. 11 (6) (2020) 1364-1380.

M.A. Morse, et al., The role of angiogenesis in hepatocellular carcinoma, Clin.
Cancer Res. 25 (3) (2019) 912-920.

A.M. Attallah, et al., Interferon-gamma is associated with hepatic dysfunction in
fibrosis, cirrhosis, and hepatocellular carcinoma, J. Inmunoass. Immunochem. 37
(6) (2016) 597-610.

J.-W. Hu, et al., Identification of FOS as a candidate risk gene for liver cancer by
integrated bioinformatic analysis, Biomed. Res. Int. 2020 (2020).

Z. Liu, et al., EGF is highly expressed in hepatocellular carcinoma (HCC) and
promotes motility of HCC cells via fibronectin, J. Cell. Biochem 119 (5) (2018)
4170-4183.

X. Ren, et al., TLR7 agonist induced repression of hepatocellular carcinoma via
the TLR7-IKK-NF-kxb-IL6 signaling pathway, Oncol. Lett. 11 (5) (2016)
2965-2970.

Z. Liu, et al., RIG-I suppresses the migration and invasion of hepatocellular
carcinoma cells by regulating MMP9, Int. J. Oncol 46 (4) (2015) 1710-1720.

X. Qian, et al., The role of complement in the clinical course of hepatocellular
carcinoma, Immun. Inflamm. Dis. 10 (3) (2022) e569.

A. Ozkan, et al., Tumor microenvironment alters chemoresistance of
hepatocellular carcinoma through CYP3A4 metabolic activity, Front. Oncol. 11
(2021) 662135.

J. Li, et al., Mannan-binding lectin suppresses growth of hepatocellular carcinoma
by regulating hepatic stellate cell activation via the ERK/COX-2/PGE2 pathway,
Oncoimmunology. 8 (2) (2019) e1527650.

J. Zhou, et al., Significant change of cytochrome P450s activities in patients with
hepatocellular carcinoma, Oncotarget. 7 (31) (2016) 50612.

Q. Zhang, et al., Histidine-rich glycoprotein function in hepatocellular carcinoma
depends on its N-glycosylation status, and it regulates cell proliferation by
inhibiting Erk1/2 phosphorylation, Oncotarget. 6 (30) (2015) 30222.

A. Labriet, et al., Post-transcriptional regulation of UGT2B10 hepatic expression
and activity by alternative splicing, Drug Metab. Dispos. 46 (5) (2018) 514-524.
M. Hishida, et al., Estrogen receptor 1 gene as a tumor suppressor gene in
hepatocellular carcinoma detected by triple-combination array analysis, Int. J.
Oncol 43 (1) (2013) 88-94.

Z. Li, et al., Bioinformatics analysis of key biomarkers and potential molecular
mechanisms in hepatocellular carcinoma induced by hepatitis B virus, Med.
(Baltim.) 99 (20) (2020).

Y. Zhang, et al., C8B in complement and coagulation cascades signaling pathway
is a predictor for survival in HBV-related hepatocellular carcinoma patients,
Cancer Manage Res. (2021) 3503-3515.

J. Yu, et al., CYP1A2 suppresses hepatocellular carcinoma through antagonizing
HGF/MET signaling, Theranostics. 11 (5) (2021) 2123.

H. Jeong, et al., Lethality and centrality in protein networks, Nature 411 (6833)
(2001) 41-42.


http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0001
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0001
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0002
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0002
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0003
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0003
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0004
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0004
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0005
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0005
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0006
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0006
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0007
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0007
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0008
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0008
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0009
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0009
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0009
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0010
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0010
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0010
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0011
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0011
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0012
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0012
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0012
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0013
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0013
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0013
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0014
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0014
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0014
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0015
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0015
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0016
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0016
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0016
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0017
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0017
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0017
https://doi.org/10.1016/j.arcmed.2024.103129
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0019
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0019
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0020
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0020
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0021
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0021
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0022
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0022
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0023
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0023
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0024
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0024
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0025
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0025
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0025
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0026
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0026
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0027
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0027
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0028
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0028
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0028
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0029
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0029
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0030
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0030
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0031
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0031
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0031
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0032
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0032
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0033
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0033
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0033
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0034
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0034
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0034
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0034
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0035
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0035
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0036
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0036
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0037
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0037
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0038
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0038
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0038
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0039
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0039
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0039
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0040
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0040
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0040
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0041
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0041
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0041
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0042
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0042
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0043
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0043
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0044
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0044
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0044
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0045
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0045
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0046
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0046
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0047
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0047
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0048
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0048
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0049
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0049
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0050
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0050
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0050
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0051
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0051
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0051
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0052
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0052
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0053
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0053
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0053
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0054
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0054
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0055
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0055
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0055
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0056
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0056
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0056
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0057
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0057
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0058
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0058
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0059
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0059
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0059
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0060
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0060
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0060
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0061
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0061
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0062
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0062
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0062
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0063
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0063
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0064
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0064
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0064
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0065
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0065
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0065
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0066
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0066
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0066
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0067
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0067
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0068
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0068

S. Khojand et al.

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]
[81]
[82]

[83]

[84]

[85]

[86]

[87]

[88]

D. Meng, M. Luo, B. Liu, The role of CLEC-2 and its ligands in
thromboinflammation, Front. Immunol. 12 (2021) 688643.

Y. Ozaki, S. Tamura, K. Suzuki-Inoue, New horizon in platelet function: with
special reference to a recently-found molecule, CLEC-2, Thromb. J. 14 (2016)
27-36.

K. Suzuki-Inoue, M. Osada, Y. Ozaki, Physiologic and pathophysiologic roles of
interaction between C-type lectin-like receptor 2 and podoplanin: partners from
in utero to adulthood, J. Thromb. Haemost. 15 (2) (2017) 219-229.

L. Wang, et al., C-type lectin-like receptor 2 suppresses AKT signaling and
invasive activities of gastric cancer cells by blocking expression of
phosphoinositide 3-kinase subunits, Gastroenterology 150 (5) (2016) 1183-1195,
elé6.

K. Suzuki-Inoue, et al., Involvement of the snake toxin receptor CLEC-2, in
podoplanin-mediated platelet activation, by cancer cells*4p, J. Biol. Chem. 282
(36) (2007) 25993-26001.

X. Liang, et al., CLEC1B is a promising prognostic biomarker and correlated with
immune infiltration in hepatocellular carcinoma, Int. J. Gen. Med. (2022)
5661-5672.

K. Hu, et al., CLEC1B expression and PD-L1 expression predict clinical outcome in
hepatocellular carcinoma with tumor hemorrhage, Transl. Oncol. 11 (2) (2018)
552-558.

R.S. Ohgami, et al., The Steap proteins are metalloreductases, Blood 108 (4)
(2006) 1388-1394.

H. ten Freyhaus, et al., Stamp2 controls macrophage inflammation through
nicotinamide adenine dinucleotide phosphate homeostasis and protects against
atherosclerosis, Cell Metab. 16 (1) (2012) 81-89.

H. ten Freyhaus, et al., Stamp2 controls macrophage inflammation through
nicotinamide adenine dinucleotide phosphate homeostasis and protects against
atherosclerosis, Cell Metab. 16 (1) (2012) 81-89.

K.E. Wellen, et al., Coordinated regulation of nutrient and inflammatory
responses by STAMP2 is essential for metabolic homeostasis, Cell 129 (3) (2007)
537-548.

H.Y. Kim, et al., Hepatic STAMP2 alleviates high fat diet-induced hepatic steatosis
and insulin resistance, J. Hepatol 63 (2) (2015) 477-485.

Y. Jin, et al., STAMP 2 increases oxidative stress and is critical for prostate cancer,
EMBo Mol. Med. 7 (3) (2015) 315-331.

Y. Jin, et al., STAMP 2 increases oxidative stress and is critical for prostate cancer,
EMBo Mol. Med. 7 (3) (2015) 315-331.

W. Li, et al., STEAP4 knockdown inhibits the proliferation of prostate cancer cells
by activating the cGMP-PKG pathway under lipopolysaccharide-induced
inflammatory microenvironment, Int. Inmunopharmacol 101 (2021) 108311.
S.E. Burnell, et al., Utilisation of the STEAP protein family in a diagnostic setting
may provide a more comprehensive prognosis of prostate cancer, PLoS. One 14
(8) (2019) e0220456.

I.-M. Orfanou, et al., Discovery and pharmacological evaluation of STEAP4 as a
novel target for HER2 overexpressing breast cancer, Front. Oncol. 11 (2021)
608201.

X. Xue, et al., Quantitative proteomics identifies STEAP4 as a critical regulator of
mitochondrial dysfunction linking inflammation and colon cancer, Proc. Natl.
Acad. Sci. 114 (45) (2017) E9608-E9617.

Z.-X. Fang, et al., Potential of six-transmembrane epithelial antigen of the
prostate 4 as a prognostic marker for colorectal cancer, World J. Gastrointest.
Oncol. 14 (9) (2022) 1675-1688.

Y. Liao, et al., Inflammation mobilizes copper metabolism to promote colon
tumorigenesis via an IL-17-STEAP4-XIAP axis, Nat. Commun. 11 (1) (2020) 900.

12

[89]

[90]

[91]

[92]
[93]
[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]
[102]
[103]

[104]

[105]

[106]

[107]

Biotechnology Reports 50 (2026) e00953

Y. Wang, et al., Epigenetic factor EPC1 is a master regulator of DNA damage
response by interacting with E2F1 to silence death and activate metastasis-related
gene signatures, Nucleic. Acids. Res. 44 (1) (2016) 117-133.

D. Fink, et al., Loss of Ing3 expression results in growth retardation and
embryonic death, Cancers. (Basel) 12 (1) (2019) 80.

H. Zhang, et al., Structural basis for EPC1-mediated recruitment of MBTD1 into
the NuA4/TIP60 acetyltransferase complex, Cell Rep. 30 (12) (2020) 3996-4002,
e4.

B.C. Dickson, et al., Novel EPC1 gene fusions in endometrial stromal sarcoma,
Genes Chromosomes Cancer 57 (11) (2018) 598-603.

F. Micci, et al., Cytogenetic and molecular profile of endometrial stromal
sarcoma, Genes Chromosomes Cancer 55 (11) (2016) 834-846.

C. Che, et al., RNA interference targeting enhancer of polycombl exerts anti-
tumor effects in lung cancer, Int. J. Clin. Exp. Pathol. 8 (1) (2015) 361.

Z. Zou, et al., Construction and analysis of IncRNA-mediated ceRNA network in
nasopharyngeal carcinoma based on weighted correlation network analysis,
Biomed. Res. Int. 2020 (2020).

F. Abam, S. Ghorbian, The dual role of LncRNAs in hepatocellular carcinoma:
friend and foe, Gastroenterol. Endosc. 2 (4) (2024) 186-195.

Y. Wang, et al., MiR-107 suppresses proliferation of hepatoma cells through
targeting HMGA2 mRNA 3'UTR, Biochem. Biophys. Res. Commun. 480 (3) (2016)
455-460.

H.A. Chen, et al., Hsa-miR-107 regulates chemosensitivity and inhibits tumor
growth in hepatocellular carcinoma cells, Aging (Albany. NY) 13 (8) (2021)
12046-12057.

J. Luo, et al., IncRNA PCATS6 facilitates cell proliferation and invasion via
regulating the miR-326/hnRNPA2B1 axis in liver cancer, Oncol. Lett. 21 (6)
(2021) 471.

Y. Wang, et al., Long non-coding RNA SNHG1 activates glycolysis to promote
hepatocellular cancer progression through the miR-326/PKM2 axis, J. Gene Med.
24 (8) (2022) e3440.

B. Li, et al., miR-613 inhibits liver cancer stem cell expansion by regulating SOX9
pathway, Gene 707 (2019) 78-85.

X. Jiang, et al., MiR-613 functions as tumor suppressor in hepatocellular
carcinoma by targeting YWHAZ, Gene 659 (2018) 168-174.

P. Fang, et al., LncRNA GAS5 enhanced the killing effect of NK cell on liver cancer
through regulating miR-544/RUNX3, Innate Immun. 25 (2) (2019) 99-109.
D.G. Ji, et al., Inhibition of MALAT1 sensitizes liver cancer cells to 5-flurouracil
by regulating apoptosis through ikka/NF-kb pathway, Biochem. Biophys. Res.
Commun. 501 (1) (2018) 33-40.

M. Pirhoushiaran, R. Heidarzadehpilehrood, M. Mokhtarinejad, S. Hesami,

N. Rezaei, A.S. Farahani, Upregulated PCAT-1 predicts poor prognosis and
reduced immune cell infiltration in head and neck squamous cell carcinoma
through the miR-145-5p / FSCN-1 axis, Mol. Biol. Rep. 52 (1) (2025) 121, https://
doi.org/10.1007/511033-024-10208-1.

M. Mokhtarinejad, M. Pirhoushiaran, R. Heidarzadehpilehrood, S. Hesami,

F. Azmoudeh-Ardalan, A.S. Farahani, Upregulated long non-coding RNAs TMPO-
AS1, DDX11-AS1, and POLE gene expression predict poor prognosis in head and
neck squamous cell carcinoma (HNSCC), Gene Rep. 36 (2024) 101942, https://
doi.org/10.1016/j.genrep.2024.101942.

H. Aalijahan, S. Ghorbian, Clinical application of long non-coding RNA-UCAL1 as a
candidate gene in progression of esophageal cancer, Pathol. Oncol. Res. 26 (3)
(2020) 1441-1446.


http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0069
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0069
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0070
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0070
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0070
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0071
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0071
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0071
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0072
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0072
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0072
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0072
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0073
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0073
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0073
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0074
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0074
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0074
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0075
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0075
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0075
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0076
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0076
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0077
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0077
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0077
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0078
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0078
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0078
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0079
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0079
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0079
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0080
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0080
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0081
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0081
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0082
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0082
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0083
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0083
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0083
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0084
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0084
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0084
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0085
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0085
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0085
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0086
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0086
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0086
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0087
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0087
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0087
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0088
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0088
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0089
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0089
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0089
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0090
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0090
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0091
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0091
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0091
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0092
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0092
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0093
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0093
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0094
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0094
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0095
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0095
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0095
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0096
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0096
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0097
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0097
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0097
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0098
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0098
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0098
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0099
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0099
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0099
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0100
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0100
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0100
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0101
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0101
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0102
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0102
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0103
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0103
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0104
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0104
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0104
https://doi.org/10.1007/s11033-024-10208-1
https://doi.org/10.1007/s11033-024-10208-1
https://doi.org/10.1016/j.genrep.2024.101942
https://doi.org/10.1016/j.genrep.2024.101942
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0105
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0105
http://refhub.elsevier.com/S2215-017X(26)00009-3/sbref0105

	Identification of STEAP4, EPC1, and CLEC1B as non-invasive candidate biomarkers for hepatocellular carcinoma using integrat ...
	1 Introduction
	2 Material and methods
	2.1 Microarray data
	2.2 Data processing and identification of DEGs
	2.3 Functional enrichments analysis
	2.4 Protein-protein interaction (PPI) network of DEGs and Hub genes
	2.5 Survival analysis of the shared genes
	2.6 Identification of shared gene's potential regulatory network
	2.7 Potential identification of shared genes co-expression modules using WGCNA analysis

	3 Results
	3.1 Identification of total and shared DEGs in HCC
	3.2 Functional enrichments analysis
	3.3 PPI analysis and hub genes identification
	3.4 Survival analysis
	3.5 STEAP4, EPC1, and CLEC1B regulatory network development
	3.6 STEAP4, EPC1, and CLEC1B co-expressed modules network enrichments

	4 Discussion
	5 Limitations
	6 Future research directions
	7 Conclusion
	Declarations
	Funding
	Availability of data and materials

	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Data availability
	References


