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Abstract: Objective: To investigate Src expression in hepatocellular carcinoma (HCC) using bioinformatics approaches,
focusing on its modulation of focal adhesion kinase (FAK/PTK2) via ErbB signaling and the regulatory role of long non-
coding RNAs (IncRNAs). Methods: Fifty-five EGFR pathway genes extracted from QuickGO were uploaded to the BGI
Multi-Omics Platform to generate FPKM matrices of tumor and adjacent tissue. Differentially expressed genes (DEGs) were
defined by q < 0.05 and [log,FC| > 1. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment were performed with DAVID; a protein—protein interaction (PPI) network was constructed in STRING and
Cytoscape, and the top 12 hub genes were selected by degree. The same platform generated a hierarchical clustering heatmap
and GO level-2 classification. Tumor Immune Estimation Resource 2.0 (TIMERZ2.0) was used to profile Src expression across
cancers, HCC survival, and immune infiltration. Src¢/miRNA/IncRNA expression matrices were exported; transcripts with
q < 0.05 were filtered in Excel, and a IncRNA-miRNA-Src competing endogenous RNA (ceRNA) network was built and
visualized. Results: Src was overexpressed in HCC. It enhanced FAK activity and ErbB signaling, thereby accelerating HCC
initiation and progression. Src activity correlates tightly with tumor aggressiveness. IncRNAs up-regulated Src and
positively associate with angiogenesis, proliferation, and metastasis in HCC. Conclusion: High Src expression predicts poor
prognosis in HCC. LncRNAs modulate Src levels and ErbB pathway activity.
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1 INTRODUCTION of relapse, drug resistance, and dissemination will uncover new
therapeutic targets and provide a rational basis to overcome
resistance, block recurrence, and improve clinical outcome.

China accounted for 35.9% of global liver cancer cases, with
incidence and mortality rates exceeding global averages. Males
experienced a significantly higher burden than females.
Hepatitis B, hepatitis C, and alcohol use were the primary
etiologies. The number of cases doubled over the past 30 years,
primarily driven by population aging[1]. The hepatocellular
carcinoma (HCC) treatment faces a triple dilemma of
pronounced chemoresistance, extremely high postoperative
recurrence/metastasis rates, and dismal systemic therapy

The Src family comprises nine non-receptor tyrosine kinases.
Among them, the proto-oncogene Src is the best characterized
and is linked to multiple human diseases. Upon upstream
activation, Src autophosphorylates and amplifies proliferative,
pro-survival, and migratory pathways. Active Src
phosphorylates focal adhesion kinase (FAK) at multiple
tyrosines. The resulting Src-FAK positive feedback loop
markedly accelerates tumor cell invasion and metastasis[6, 7].
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outcomes, ‘making 1t one. o ¢ most challenging - Soll progression[8]. The long non-coding RNA (IncRNA) DBH-AS1
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IncRNAs that regulate Src. Several IncRNAs contain small open
reading frames (ORFs). The resulting micropeptides tether
Src/YESI to the membrane, trigger downstream signaling, and
fuel hepatocarcinogenesis[11]. Thus, IncRNA-mediated control
of Src expression is tightly linked to HCC progression[12].
Growing attention is directed toward IncRNAs as diagnostic
markers and therapeutic targets for HCC. Here, we used
bioinformatics to map Src-driven signaling in HCC, built a
protein—protein interaction (PPI) network, and explored how
IncRNAs modulate Src and thereby affect FAK-ErbB signaling.
The goal was to identify novel molecular targets and biomarkers
for HCC therapy.

2 TOOLS AND METHODS

2.1 RETRIEVAL OF PATHWAY-SPECIFIC GENES

The keyword “epidermal growth factor” (EGF) was queried in
QuickGO
(https://www.ebi.ac.uk/QuickGO/GTerm?id=G0:0048471).
The Gene Ontology (GO) term “EGFR signaling pathway” was
selected, restricted to Mus musculus, and 55 official gene
symbols (SYMBOL) were exported.

2.2 |DENTIFICATION OF DIFFERENTIALLY
EXPRESSED GENES

The 55 SYMBOL were uploaded to the BGI Multi-omics
Platform (https://biosys.bgi.com/#/main) to obtain Gene IDs.
Expression matrices for tumor (H) and adjacent non-tumor (C)
liver were downloaded. Genes with q < 0.05, [log,FC| > 1 and
FPKM > 1 in either H or C were retained, yielding up- and
down-regulated sets.

2.3 PATHWAY ENRICHMENT ANALYS'S

The 55 candidate genes were subjected to KEGG pathway
enrichment analysis using the DAVID database to verify
significantly enriched biological pathways. The EGFR signaling
pathway, as a classical cell signal transduction pathway, has its
molecular interaction network systematically curated in
multiple authoritative databases (including KEGG, Reactome,
and PANTHER), which integrate multi-dimensional
information encompassing genomics, biological pathways, and
disease associations[13], thereby providing a standardized
annotation framework for pathway enrichment analysis. GO
terms were grouped into molecular function (MF), cellular
component (CC), and biological process (BP).

2.4 PPI NETWORK CONSTRUCTION

Differentially expressed genes (DEGs) were uploaded to
STRING to build a protein—protein interaction network. The
network was imported into Cytoscape 3.9.1 and the top 12 hub
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genes were selected by degree centrality to generate the core PPI
map.

2.5 CLUSTERING HEATMAP OF DEGS

The 29 DEGs were re-uploaded to the BGI Multi-omics
Platform. Expression values were log,(value + 1) transformed
and samples were split into tumor and adjacent non-tumor
groups. A hierarchical clustering heatmap was generated.

2.6 GO LEVEL-2 CLASSFICATION

The DEGs were re-uploaded to the BGI Multi-omics Platform.
GO enrichment was run and results were parsed to level-2 terms.

2.7 FUNCTIONAL ANNOTATION CHART FOR SRC

DEGs were uploaded to DAVID. The Functional Annotation
Chart containing Src and FAK was downloaded. Entries with
FDR (Benjamini) < 0.001 were filtered in Excel and plotted as
bar charts of enrichment score or gene count.

2.8 PAN-CANCER SRC EXPRESSON

Src expression across tumors was queried with Tumor Immune
Estimation Resource 2.0 (TIMER2.0) [14].

2.9 SURVIVAL CURVE

Src was entered into TIMER, disease set to HCC, and the
overall-survival curve was generated.

2.10 IMMUNE-INFILTRATION MAP

TIMER 2.0 Immune-Gene module was used. Spearman partial
correlation, adjusted for tumor purity, between Src expression
and immune-cell infiltration in HCC was computed; partial cor
and p values are reported[15].

2.11 SRC COMPETING ENDOGENOUS RNA
(CERNA) NETWORK

Src, miRNA and IncRNAs matrices were exported from the BGI
Multi-omics Platform. miRNAs down-regulated in tumor with q
< 0.05 and IncRNAs up-regulated in tumor with q < 0.05 were
selected in Excel. Validated miRNA-Src targeting interactions
were integrated to build the IncRNA-miRNA-Src competing
endogenous RNA network and visualized in Cytoscape.

3 RESULTS

3.1 PATHWAY ANALYSISOF SRC

GO and KEGG enrichment analyses revealed that Src acts
upstream of FAK activation. Elevated Src activates FAK and
thereby potentiates ERBB signaling, driving angiogenesis,
proliferation, and metastasis (Figure 1).
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FIGURE 1. ERBB SIGNALING PATHWAY

Figure Legend: Red stars denote key genes of the signaling
pathway (https://david.ncifcrf.gov/).

3.2 PPI NETWORK AND HUB GENESINHCC

DEGs identified with the BGI Multi-omics Platform were
imported into STRING and the top 12 hubs were selected by
degree in Cytoscape. The network contains 24 nodes (Figure 2);
Hbegf, Aktl, Src, FAK, Adaml7, Areg, Erbb2, Erbb3 and
Erbb4 occupy the centre, indicating dense inter-connectivity.
Figure 3 narrows the list to 12 hubs: Hbegf, Src, Areg, Erbb2,
Erbb3, Erbb4, Ereg, Egfr, Gabl, FAK, Btc and Nrg2. Together
with the ERBB pathway map (Figure 1), these genes form a
sequential cascade whose encoded proteins interact directly and
may drive HCC progression.

FIGURE 3. NETWORK OF TOP 12 SYMBOL

3.3 CLUSTERING HEATMAP OF DEGS

A hierarchical heatmap generated with the BGI Multi-omics
Platform shows coordinated up-regulation of upstream genes
(HB-EGF, ERBB, Src) and the downstream target FAK in tumor
tissue (Figure 4). The tight co-clustering indicates synchronous
activation of this signaling axis in HCC.

FIGURE 2. PPI NETWORK OF DIFFERENTIALLY EXPRESSED

GENES
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FIGURE 4, HIERARCHICAL CLUSTERING HEATMAP OF DIFFERENTIALLY EXPRESSED GENES

Figure Legend: Clustering heatmap of DEG expression with
biological process annotation. The central heatmap shows the
expression patterns of differentially expressed genes. Gene
names are listed on the right. The left panel indicates the
associated biological processes (BP). The rightmost color bar
represents cluster assignment, with distinct colors denoting
different clusters.

3.4 GO LEVEL-2 CLASSFICATION

The numbers and enrichment scores of DEGs across GO level-
2 terms were calculated with the BGI Multi-omics Platform;
results are displayed in Figure 5.
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FIGURE 5, LEVEL-2 GENE ONTOLOGY (GQO) CLASSIFICATION

3.5 FUNCTIONAL ENRICHMENT OF SRC

DAVID analysis (Figure 6) assigned Src-related DEGs to three
KEGG pathways, ten biological processes (BP), one cellular
component (CC) and seven molecular functions (MF). Src

localizes to the plasma membrane and activates downstream
signals via phosphorylation. Aberrant Src activity drives HCC
by inducing angiogenesis and proliferation, primarily through
the ErbB and EGFR signaling pathways.
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FIGURE 6. FUNCTIONAL ANNOTATION CHART OF SRC

3.6 PAN-CANCER AND HCC EXPRESSION OF
SRC

TIMER?2.0 analysis revealed Src up-regulation across multiple
tumors, including BLCA, CHOL, ESCA, KICH, LIHC, THCA,
READ and LUSC (Figure 7). In HCC, Src levels were markedly
higher than in adjacent liver (P < 0.001), indicating a positive
association between Src over-expression and HCC.
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3.7 SURVIVAL ANALYSISOF SRCINHCC -
avel

Kaplan-Meier analysis with the survival module of TIMER2.0
(Figure 8) showed P = 0.03. Patients with low Src expression
had higher 5-year (60-month) survival than those with high
expression, indicating that elevated Src predicts poor prognosis
in HCC.
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Figure Legend: X-axis, time to follow-up (months); Y-axis,
cumulative survival. Samples were split into Src-high (red) and
Src-low (blue) groups using the 50 % cut-off. Log-rank P =
0.033, statistically significant.
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HCC

TIMER?2.0 gene module revealed positive correlations between
Src expression and infiltration of B cells, CD8+ T cells, CD4+
T cells, macrophages, dendritic cells, and neutrophils in HCC
(all P <0.05, Figure 9).
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FIGURE 9, IMMUNE INFILTRATION PROFILE OF SRC IN HEPATOCELLULAR CARCINOMA

3.9 PPI NETWORK ANALYS'SOF SRC MRNA,
MIRNA, AND LNCRNA IN HEPATOCELLULAR
CARCINOMA

Figure 10 PPI network of Src-related miRNAs and IncRNAs in
hepatocellular carcinoma constructed using Cytoscape. (A)
Network visualization showing interactions between Src
(yellow node), miRNAs (red nodes), and IncRNAs (blue nodes).
(B) Regulatory mechanism: upregulated miRNAs inhibit Src
expression by degrading Src mRNA, whereas upregulated
IncRNAs promote Src expression through miRNA sponging,
leading to activation of MAPK, PI3K/AKT, and EGFR
pathways and subsequent HCC progression.
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FIGURE 10. CERNA NETWORK DIAGRAM

4 DISCUSSION

HCC is common and highly vascular. Early tumors are resected;
intermediate or advanced cases receive trans-arterial
chemoembolization, ablation, iodine-125 brachytherapy, or
targeted/immune agents[14, 16, 17]. Outcomes remain poor,
resistance is frequent, and five-year survival is low[18]. The
pathogenesis of HCC remains unclear. Alpha-fetoprotein (AFP),
the only widely used marker, lacks sensitivity and specificity,
and can be elevated in many diseases. Thus, specific biomarkers
for diagnosis and disease monitoring are still missing. Recent
intensive research has improved our understanding of HCC
development, especially at the molecular level. Therefore,
further investigation of HCC progression mechanisms and the
discovery of novel therapeutic targets and biomarkers are
essential for improving diagnosis, treatment, and prognosis.
Recent studies have focused on non-coding RNAs that regulate
Src. For example, miRNA-3064-5p suppresses angiogenesis by
targeting the FOXA1/CD24/Src axis. Downregulation of
miRNA-3064-5p enhances Src expression and promotes
angiogenesis, while its upregulation inhibits the expression of
vascular endothelial growth factor (VEGF) and angiopoietin,
thereby suppressing blood vessel formation in HCC[12]. B

base-pairing with complementary sequences, miRNAs direct
Src mRNA to degradation or translational repression; thus,
reduced levels of Src-targeting miRNAs correlate positively
with angiogenesis, proliferation, and metastasis in HCC.
IncRNAs are now under intensive investigation. Multiple
reports show that non-coding RNAs modulate vascularization,
growth, invasion, and dissemination of HCC[9, 12, 19],
highlighting several IncRNAs as potential biomarkers for
diagnosis and disease monitoring and as novel therapeutic
targets. This study primarily investigated the signaling pathways
involving Src in HCC through bioinformatics databases.
Functional enrichment analysis of Src was performed using
annotation and functional enrichment tools in the DAVID
database. The results revealed that Src-related differentially
expressed genes in HCC were mainly enriched in three signaling
pathways, ten biological processes (BP), one cellular component
(CC), and seven molecular functions (MF). Src primarily
functions at the plasma membrane, where it undergoes
phosphorylation to activate downstream signaling pathways,
thereby promoting tumor angiogenesis, cancer cell proliferation,
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and metastasis. Cytoscape mapped the ERBB PPI network; Src
ranked among the top 12 hubs, confirming its central role. Using
the BGI Multi-omics Platform, we identified Src-related
miRNAs and IncRNAs and built a ceRNA network. In HCC,
down-regulated miRNAs fail to effectively suppress Src, while
up-regulated IncRNAs further relieve this repression by
sponging residual miRNAs, collectively leading to Src
overexpression. Phosphorylated Src activates MAPK,
PI3K/AKT, and EGFR pathways, driving proliferation, invasion,
metastasis, and angiogenesis. TIMER2.0 showed Src expression
higher in HCC than adjacent. Multiple bioinformatics analyses,
including GEPIA (P = 0.016), Kaplan-Meier Plotter (P = 0.0023)
and UALCAN (P = 0.00049), consistently demonstrated that
high SRC mRNA expression is significantly associated with
shortened overall survival in HCC[20]. TIMER2.0 survival
curves (Figure 8) showed that high Src expression predicts poor
prognosis in HCC. Src activates FAK and the ErbB pathway,
while IncRNAs modulate Src levels to fuel tumor growth. Thus,
Src and its IncRNA regulators may serve as biomarkers and
therapeutic targets for HCC.

5 CONCLUSION

Bioinformatics analysis showed that Src expression correlates
with HCC development and prognosis, indicating its potential
as a biomarker. IncRNA-mediated up-regulation of Src is
positively associated with angiogenesis, proliferation, and
metastasis, and targeting these oncogenic IncRNAs may provide
a new therapeutic strategy. Our in-silico study identifies
candidate Src-related drivers of HCC, but experimental
validation in larger cohorts is required.
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