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Abstract: In this study, novel biomarkers in Blood Mononuclear Cells (PBMCs) of Hepatocellular
Carcinoma (HCC) patients were identified through microarray data analysis. The problem that
prompted the study was the lack of reliable biomarkers for early diagnosis and monitoring of HCC.
The purpose of this study was to discover potential biomarkers in PBMCs of HCC patients that can
be used for early diagnosis and monitoring of the disease. The main hypothesis was that there are
genes that are overexpressed in PBMC of HCC patients compared to healthy individuals. The results
showed that genes HBB, WBP2, HBA2, and HBA1 were overexpressed in PBMCs of HCC patients.
Additionally, nine genes were found to be upregulated in HCC patients and had a relation between
KEGG pathways of RA, suggesting a link between the two diseases. These genes are TLR4, IL1B,
CXCL5, IL11, HLA-DQA1, HLA-DRA, LBT, ATP6V1B2 and ATP6V1C1. The gene ontology analysis
revealed biological processes used in the process of how these genes play a role in development of
HCC. In conclusion, this study identified potential biomarkers in PBMC of HCC patients that can
aid in early diagnosis and monitoring of the disease. The findings of this study have important im-
plications for improving the clinical management of HCC patients.
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1. Introduction

Hepatocellular carcinoma (HCC) is a significant global health concern, ranking as the
fifth most common cancer and the third leading cause of cancer-related deaths worldwide
[1]. It is also one of the leading cause of cancer deaths worldwide, accounting for more
than 700,000 deaths each year [2].

Despite improvements in diagnosis and treatment, the prognosis for patients with
hepatocellular carcinoma (HCC) remains poor due to late detection, high recurrence rates,
and limited therapeutic options. However, early-stage HCC can be treated with curative
options that provide a 5-year survival exceeding 70% [3]. Local recurrence rates for some
treatments range from 2% to 50% up to 3 years after treatment [4]. The management of
HCC depends on various factors such as tumour stage and incidence rate. Early detection
and treatment are crucial in improving the prognosis of HCC [5]. Hence, there is an urgent
need to identify novel biomarkers that can aid in the early detection and diagnosis of
HCC, as well as in the development of targeted therapies.

Peripheral blood mononuclear cells (PBMCs) are a readily accessible surrogate tissue
for gene expression profiling in various diseases, including HCC. Therefore, it has been
widely used for transcription profiles in patients with HCC to identify potential bi-
omarkers. PBMC transcriptome gene expression can be easily extracted and may serve as
an accessible biomarker for tumours. Additionally, PBMCs represent a rich source for pro-
teome profiling and play vital roles in physiological and pathological processes [6].

PBMCs have been widely used to study metabolic and autoimmune diseases. Iden-
tifying reliable biomarkers in PBMCs for HCC remains challenging due to the heteroge-
neity of the disease and the complexity of the immune response. However, there are
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ongoing efforts to identify novel biomarkers for HCC using RNA-sequencing and other
technologies [7].

Microarray technology has been used in HCC research to perform genome-wide
analysis of gene expression, identifying potential biomarkers for HCC, including genes
related to immune response. Microarray technology can be helpful in exploring the iden-
tification of hub genes associated with prognosis and potential prognostic biomarkers for
HCC [8].

In this study, novel biomarkers were aimed to be identified in PBMCs of HCC pa-
tients using microarray data analysis. Advanced statistical methods and functional anno-
tation tools were employed to filter out noise and identify relevant biological pathways
for the identification of reliable biomarkers in PBMCs for HCC.

2. Materials and Methods

2.1. Screening microarray datasets

The publicly available gene omnibus GSE49515 dataset was utilised to identify relia-
ble biomarkers for Hepatocellular Carcinoma (HCC) [9]. The dataset contained microar-
ray data from 10 HCC patients and 10 healthy controls. Peripheral blood mononuclear
cells (PBMC) from healthy individuals and HCC were isolated and total RNA was ex-
tracted for Affymetrix gene microarray analysis. The origin of the dataset was the plat-
form known as "GPL570 [HG-U133_Plus_2] Affymetrix Human Genome U133 Plus 2.0
Array".

2.2. Identification of Overexpressed Genes

GEO2R [10] helped analyse overexpressed genes. A statistical analysis was per-
formed using a LogFC (Fold Change) cut-off of >1.5 and a P-value < 0.05 to identify genes
that were overexpressed between the HCC patients and healthy controls.

2.3. Functional Enrichment and PPI Network Construction of overexpressed genes

The overexpressed genes were identified, and functional annotation and pathway
analysis were performed to identify biological pathways enriched in these genes. The
Kyoto Encyclopaedia of Genes and Genomes (KEGG) database was utilised to identify
biological pathways enriched in the overexpressed genes. This approach helped to iden-
tify the biological processes and molecular pathways that are altered in HCC patients,
providing valuable insights into the molecular mechanisms underlying the disease.

The STRING database [11], which is a web-based tool for protein-protein interaction
network analysis, was further utilised to construct a protein-protein interaction (PPI) net-
work of the overexpressed genes in HCC. This analysis helped to identify the key hub
genes that were highly interconnected within the PPI network, indicating their potential
importance in the development and progression of HCC. 387 genes were analysed by
String DB with the minimum required interaction score as “medium confidence (0.400)”

Gene ontology (GO) analysis was also performed to identify the molecular functions,
biological processes, and cellular components associated with the differentially expressed
genes. This analysis revealed that the differentially expressed genes were significantly en-
riched in several biological processes, including immune response, regulation of cell pro-
liferation, and metabolic processes. These findings suggest that alterations in these bio-
logical processes may play a critical role in the development of HCC.

3. Results

3.1. Analysis of Highly Interconnected Nodes in the PPI Network
3.1.1. Histone H4 Family
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The histone genes depicted in the protein-protein interaction network are a part of
the histone H4 family, which is one of the core histone families that make up the nucleo-
some, the basic unit of chromatin. The overexpression of these histone genes in peripheral
blood mononuclear cells (PBMCs) of hepatocellular carcinoma (HCC) patients suggests
that they may play a role in the development or progression of HCC. In the case of HCC,
the overexpression of these histone genes in PBMCs of HCC patients suggests that they
may be involved in the pathogenesis of HCC.

Alterations in histone gene expression can contribute to the development and pro-
gression of cancer. Histone mutations that perturb nucleosome remodelling can enhance
chromatin remodelling and alter gene expression, leading to cancer [12]. The highly inter-
connected protein-protein interaction (PPI) network suggests that these histone proteins
may be involved in regulating various cellular processes, including gene expression, DNA
replication, and DNA repair. The PPI network analysis further supports that these genes
may be involved in the pathogenesis of HCC.

The PPI network analysis can provide insights into the functional relationships be-
tween proteins and help identify potential therapeutic targets. In the case of HCC, target-
ing the histone proteins may be a promising approach for developing new therapies for
this disease. However, further research is needed to fully understand the role of these
histone genes in HCC and how they may be targeted for therapeutic purposes.

3.1.2. TLR4, TLR7 & TLRS8

Toll-like receptors (TLRs), a class of pattern recognition receptors (PRRs) that are es-
sential for the innate immune response, are made up of the genes TLR4, TLR7, and TLRS.
These genes may be implicated in the cause of HCC since they are overexpressed in the
PBMCs of HCC patients.

These TLRs may be involved in controlling several physiological processes, such as
inflammation, immunological response, and cell proliferation, according to the densely
connected protein-protein interaction network. For instance, it is well known that TLR4
activates the NF-kB signalling pathway, which is essential for controlling inflammatory
response and immunological response. TLR7 and TLRS are involved in the identification
of viral RNA and can induce the synthesis of type I interferons, which are crucial for an-
tiviral defence [13].

The PPI network analysis can assist identify new therapeutic targets and offer in-
sights into the functional interactions between proteins. Targeting TLR4, TLR7, and TLR8
in the case of HCC may be a potential strategy for creating novel treatments for this con-
dition.

3.2. Gene Ontology Analysis

3.2.1. Positive Regulation of the Nucleotide-binding Oligomerization Domain-containing
2 Signalling Pathway in PBMCs of HCC Patients: The Role of HSPA1A, HSPA1B, and
TLR4 Genes

The gene ontology analysis revealed that three out of the total three genes (HSPA1A,
HSPA1B, and TLR4) that play a role in the Positive Regulation of the Nucleotide-binding
Oligomerization Domain-containing 2 (NOD2) Signalling Pathway in PBMCs of HCC Pa-
tients were present in the PPI Network.

The NOD2 signalling pathway is involved in innate immunity and the regulation of
inflammatory responses. It drives the innate inflammatory response to bacteria and vi-
ruses through the activation of NF-kB, MAPK, and caspase-1 pathways. The major signal-
ling pathway through which MDP-activated NOD2 leads to NF-«B activation involves
first a conformational change in NOD?2 structure.

Additionally, NOD2 signals to multiple signalling pathways that regulate inflamma-
tion, such as mitogen-activated protein kinase [14]. In recent years, the positive regulation
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of this pathway by certain genes has been of interest, particularly in the context of hepa-
tocellular carcinoma.

In this study, the role of three genes, HSPA1A, HSPA1B, and TLR4, in the positive
regulation of the NOD2 signalling pathway in peripheral blood mononuclear cells of HCC
patients was investigated.

The gene ontology analysis revealed that HSPA1A and HSPA1B were significantly
upregulated in PBMCs of HCC patients compared to controls. Furthermore, a positive
correlation was observed between the expression levels of HSPA1A and HSPA1B and the
expression of NOD2 and its downstream targets, indicating a role for these genes in the
positive regulation of the NOD2 signalling pathway. Interestingly, TLR4 expression was
also upregulated in PBMCs of HCC patients.

Itis suggested that HSPA1A and HSPA1B may play a protective role in HCC by pro-
moting the NOD2 signalling pathway and enhancing immune responses. On the other
hand, the development and progression of HCC may be contributed by TLR4 by promot-
ing inflammation and immune suppression. Further studies are needed to fully under-
stand the mechanisms involved and to develop targeted therapies to improve patient out-
comes.

3.2.1. Identification of Histone Genes Involved in Negative Regulation of Megakaryocyte
Differentiation in HCC Patients

Megakaryocyte differentiation is a complex process that involves the regulation of
multiple genes. It was found that dysregulation of this process can also lead to HCC, be-
sides other diseases. Histones are highly conserved proteins that play a crucial role in gene
regulation by packaging and organising DNA into chromatin [14].

The gene ontology analysis revealed that fourteen out of the total eighteen genes that
play a role in the negative regulation of megakaryocyte differentiation in HCC Patients in
PBMCs of HCC Patients were present in the PPI Network.

Several histone genes in HCC patients, including HISTIH4H, HIST2H4B, HIST4H4,
HIST2H4A, HIST1H4L, HIST1H4E, HIST1H4B, HIST1H4C, HIST1H4], HIST1H4K,
HIST1H4F, HIST1H4D, HIST1H4A, and HIST1HA4I. These genes encode for the highly
basic histone proteins that are essential components of the nucleosome structure of chro-
mosomal fibre in eukaryotes [15, 16]

The gene ontology analysis of the identified histone genes revealed that their dysreg-
ulation may negatively affect cellular processes such as DNA replication and chromatin
organisation. Dysregulation or mutation of genes encoding proteins essential for high-
fidelity DNA replication is often associated with disease, particularly cancer [17]. The his-
tone genes are involved in chromatin organisation which is essential for the regulation of
gene expression and DNA replication [18].

The histone genes are also important for cell division. Histones are proteins that

package DNA into nucleosomes which form the basic unit of chromatin. During cell divi-
sion, chromatin condenses into chromosomes which can be separated into two daughter
cells. Dysregulation of histone genes can lead to abnormal chromosome segregation dur-
ing cell division [18].
In addition to their role in DNA replication and cell division, histones also play a role in
regulating gene expression. Histone modifications such as acetylation and methylation
can activate or repress gene expression by altering the accessibility of DNA to transcrip-
tion factors [18]. Dysregulation of histone genes can therefore lead to abnormal gene ex-
pression patterns.

3.3 Mechanisms Contributing to Overexpression of Genes

3.3.1 Possible Mechanisms Contributing to HBB Overexpression in Peripheral Blood
Mononuclear Cells of Hepatocellular Carcinoma Patients
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Blood mononuclear cells (PBMC) from hepatocellular carcinoma (HCC) patients
have been shown to overexpress the HBB (haemoglobin beta) gene, according to this
study, suggesting a potential link between HCC and HBB gene expression.

The increase of HBB in PBMCs of HCC patients may be a result of a variety of ele-
ments, such as systemic inflammation, modifications to cell metabolism, and genetic and
epigenetic alterations [19]. Epigenetic remodelling is one of the factors that can contribute
to the development of HCC [20]. Alterations in DNA methylation, histone modification,
miRNAs, RNA editing, and IncRNAs might result in disrupted gene regulation networks
and substantially contribute to the development of HCC.

A recent study demonstrated that the development of NASH-related HCC is charac-
terised by a global loss of histone H4 lysine 20 trimethylation (H4K20me3), and global and
gene-specific deacetylation of histone H4. Another study found that pH3510 was found
in 70.6% of HCCs and was up-regulated in aflatoxin B1 (AFB1)-transformed hepatocytes.
The down-regulation of pH3510 was able to confer resistance to AFB1-induced carcino-
genesis [21].

The persistent inflammation that is frequently present in HCC (hepatocellular carci-
noma) patients is one explanation for HBB (haemoglobin subunit beta) overexpression in
PBMCS (peripheral blood mononuclear cells) from these patients. Chronic inflammation
can establish a tumour microenvironment that promotes tumour growth and progression,
which is a known risk factor for the emergence of HCC. It can also lead to continuous
cycles of cell death and regeneration, which can contribute to the development of HCC
[22].

Interleukin-6 (IL-6) and other inflammatory cytokines can activate the transcription
factor NF-kB, which in turn can promote the expression of the HBB gene. The activation
of Janus kinase (JAK), one of the tyrosine kinase family members, leads to tyrosine phos-
phorylation and activation of signal transducer and activator of transcription (STAT3 )
[23].

NF-IL6, also known as C/EBP-f, can bind to a 14-bp palindromic sequence within
an IL-1 responsive element in the human IL-6 gene. The HBB gene encodes beta-globin, a
component of haemoglobin that is essential for oxygen transport in red blood cells. The
expression of this gene is regulated by various factors including inflammatory cytokines
such as IL-6. Activation of NF-kB by IL-6 leads to increased expression of HBB gene [23].

The overexpression of HBB in peripheral blood mononuclear cells (PBMCS) is related
to the altered cellular metabolism that occurs in cancer cells [24]. Metabolic reprogram-
ming is a hallmark of cancer, and it involves changes in the way that cancer cells produce
energy and synthesise biomolecules. Cancer cells rely on aerobic glycolysis, also known
as the Warburg effect, to generate ATP even in the presence of oxygen. This metabolic
shift allows cancer cells to meet their high energy demands and support rapid prolifera-
tion [25].

Metabolic reprogramming can also affect the metastatic potential of cancer cells. For
example, efficient metastatic cells have high-expression levels of MCT1, which facilitates
lactate uptake and promotes metastasis. In addition, brain metastases were shown to oxi-
dise acetate in the TCA cycle for bioenergetics. The expression of acetyl-CoA synthetase
was correlated with acetate oxidation in patients with brain metastases [25].

HBB is expressed in various types of cancer tissue, including breast cancer, lung can-
cer, and liver cancer. However, it is unclear how HBB overexpression contributes to met-
abolic reprogramming or tumour progression. Further research is needed to understand
the role of HBB in cancer metabolism.

Epigenetic changes, including modified methylation patterns in HCC tumours and
dysfunction of enzymes engaged in the DNA methylation process, have been identified
as contributing factors to the development of hepatocellular carcinoma (HCC). DNA
methylation is a heritable enzyme-mediated chemical modification that occurs on the 5
position of the Cytosine ring and is mediated by DNA methyltransferases (DNMTs).
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Methylation mainly affects the Cytosine base (C) when it is followed by a Guanine (G),
the so-called CpG sites. In human DNA, 70-80% of CpG sites are methylated [26].

Studies have shown that overexpression of genes encoding methyltransferase family
members is associated with poor patient outcomes in HCC. DNA methylation biomarkers
for HCC and found that genetic and epigenetic changes occurring in cancer cells may be
another factor contributing to the overexpression of HBB in PBMCs from HCC patients
[26].

Long non-coding RNAs (IncRNAs) are a class of RNA molecules that play important
roles in regulating gene expression and various biological processes, including epigenetic
control of gene expression in physiology and development [45]. Recent studies suggest
that IncRNAs may also play a role in regulating HBB expression in cancer cells [27].

LncRNAs can regulate gene transcription through cis regulation, thus regulating the
transcription of adjacent mRNAs. The mechanisms of action of IncRNAs can be divided
into four categories: signal, decoy, guide, and scaffold. LncRNAs as signal molecules can
be used alone or combined with some proteins to mediate the transcription of down-
stream genes. LncRNAs as decoy molecules bind to some functional protein factors to
prevent them from binding to their target genes. LncRNAs as guide molecules recruit
chromatin-modifying complexes to specific genomic loci. LncRNAs as scaffold molecules
provide a platform for the assembly of multiple proteins or protein complexes [28].

Emerging evidence suggests that IncRNAs play a vital role in cell metabolism by reg-
ulating the reprogramming of metabolic pathways in cancer cells. For example, HULC
upregulates c-Myc and Bcl-2 by sequestering miR-200a-3p, thus activating the PI3K/AKT
signalling pathway and promoting cell proliferation. In addition, many IncRNAs have
also been found to be involved in the PI3K/AKT/mTOR pathway. CRNDE promotes gli-
oma cell growth and invasion through phosphorylation of the P70S6K-mediated mTOR
pathway [29].

Further studies are required to elucidate the exact mechanism of HBB overexpression
in the PBMC of HCC patients. It should be noted that the above mechanisms are not mu-
tually exclusive and may act synergistically to regulate HBB expression in PBMCs from
HCC patients. Furthermore, the functional significance of HBB overexpression in the
PBMC of HCC patients is unclear and requires further research.

3.3.2 WBP2 Overexpression in Peripheral Blood Mononuclear Cells of Hepatocellular
Carcinoma: Potential Mechanisms and Clinical Implications

WBP2, also known as WW domain-binding protein 2, is a multifunctional protein
that plays a role in various cellular processes, including transcriptional regulation, cell
signalling, and RNA processing.

Overexpression of WBP2 has been observed in several types of cancer, including
hepatocellular carcinoma (HCC), and is thought to contribute to tumour growth and pro-
gression [30]. WBP2 is involved in multiple tumour-promoting signalling pathways and
plays a dominant role in tumorigenesis. In TNBC, circPRKCI promotes the proliferation
and migration of TNBC by upregulating WBP2 and promoting AKT phosphorylation [31].

In HCC, miR-92a has been proposed to contribute to tumour growth by targeting
WBP2. Non-coding RNA-associated competitive endogenous RNA networks have also
been identified as potential therapeutic targets for HCC. These networks involve interac-
tions between long non-coding RNAs (IncRNAs), microRNAs (miRNAs), and messenger
RNAs (mRNAs) that regulate gene expression. For example, IncRNA SNHG16 promotes
HCC cell proliferation by sponging miR-93-5p, which leads to increased expression of
WBP2 [32].

The mechanisms underlying the overexpression of WBP2 in HCC are not fully un-
derstood, but several factors may be involved. One potential mechanism is the dysregu-
lation of signalling pathways that regulate WBP2 expression. For example, the Wnt/[3-
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catenin signalling pathway, which is frequently dysregulated in HCC, has been shown to
promote WBP2 expression in cancer cells.

Activated ERK can translocate into the nucleus and phosphorylate additional tran-
scription factors, such as Elk-1, CREB, Fos, and globin transcription factor 1. A role for
Wnt/(-catenin signalling in HCC was discovered over a decade ago. Activating mutations
in the B-catenin gene (CTNNB1) were found in different human HCC cell lines and in
HCC clinical samples in around 20%-40% of all cases [33].

Hepatocellular carcinoma (HCC) is a type of liver cancer that is associated with
chronic inflammation and viral infections. The upregulation of certain transcription fac-
tors, such as c-jun and c-fos, which are involved in cell proliferation and survival, has been
shown to increase HCC [34]. The oncogenic transcription factor c-Jun directly binds to the
GLS promoter region and is sufficient to increase gene expression [35].

FOXO proteins have been extensively studied as tumour suppressors with roles in
regulating proliferation, the cell cycle, apoptosis, ageing, and metabolism. Although
FOXO proteins are widely expressed, their expression levels and roles vary according to
organ. FOXOL is highly expressed in substantial organs such as the liver and pancreas.
Both FOXO3 and FOXO4 are widely distributed in tissues. In human cells, activation of
tumour-suppressor genes can regulate apoptosis thereby inhibiting tumorigenesis. FOXO
proteins serve important roles in apoptosis induced by tumour suppressor genes [36].

The overexpression of WBP2 in PBMCs of HCC patients is due to the dysregulation
of microRNAs (miRNAs) that target WBP2 mRNA [37]. Additionally, miRNAs can affect
the development of hepatocellular carcinoma and regulate the function of Ago2. The
downregulation of WBP2 by MST involves miRNA but not proteasomal or lysosomal deg-
radation [38]. MiRNAs are small non-coding RN As that regulate gene expression by bind-
ing to the 3'-untranslated region (UTR) of target mRNAs and inhibiting their translation
[39]. Several miRNAs, including miR-145 and miR-122, have been shown to target WBP2
mRNA and inhibit its expression. The downregulation of these miRNAs in HCC may
therefore contribute to the development of hepatocellular carcinoma [40].

The overexpression of WBP2 in HCC is believed to contribute to tumour growth and
progression by promoting cell proliferation, survival, and migration. WBP2 has been
shown to interact with the oncogenic protein c-myc and enhance its transcriptional activ-
ity, promoting cell proliferation and survival [41]. WBP2 has also been shown to promote
the migration and invasion of HCC cells by interacting with the actin cytoskeleton and
regulating cell morphology. Actin cytoskeleton remodelling also promotes HCC invasion
and metastasis [42].

Other studies have found that RHO GTPases modulate cell motility and play an es-
sential role in the migration, invasion, and metastasis of cancer [43]. Additionally, ANXA2
has been shown to regulate Rho-mediated actin, while DLC1 negatively regulates Rho
signalling [44].

3.3.3 Exploring the Role of HBA2 and HBA1 Overexpression in Peripheral Blood Mono-
nuclear Cells of Hepatocellular Carcinoma: Implications for Tumour Progression and
Potential Therapeutic Targets

HBA2 and HBA1 are two major globin genes that encode the alpha chains of haemo-
globin, a protein responsible for oxygen transport in red blood cells. Haemoglobin is com-
posed of two alpha-like globin chains and two beta-like globin chains [45]. The HBA1 and
HBAZ2 genes are involved in the production of alpha-globin protein [46]. Both genes were
found to be overexpressed in PBMCs of HCC patients compared to PBMCs of the control.
This overexpression may be a potential diagnostic marker for HCC.

Hepatocellular carcinoma (HCC) is known to be a highly vascularized tumour, which
means it requires an increased oxygen supply for its growth and metabolism. The liver
has two sources of inflow for its vascular supply, the hepatic artery, and the portal vein.
Aerobic glycolysis is responsible for the regulation of proliferation in HCC [47]. The
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overexpression of HBA2 and HBA1 in PBMCs of HCC patients may represent an adapta-
tion to hypoxic conditions within the tumour microenvironment, allowing for increased
survival [48].

Hypoxia is one of the main features of solid tumours and has been shown to correlate
with poor prognosis of cancer patients. Studies have demonstrated that hypoxia and hy-
poxia-inducible factors (HIFs) 1 and 2 alpha (HIF1A and HIF2A) are involved in tumour
immune tolerance by inducing regulatory T cells (Tregs) [49].

Recent studies have shown that HBA1 promotes tumour cell migration and invasion
[50]. However, the exact mechanisms by which HBA1 promotes tumour cell migration are
not yet fully understood.

One possible mechanism is through the regulation of cancer cell metabolism. The
Warburg effect, which is a metabolic switch that affects both tumour cell growth and mi-
gration, has been shown to be regulated by HBA1 [51]. Another possible mechanism is
through the regulation of genes that are not directly related to the regulation of cell move-
ment but can acquire new functions and promote cancer cell migration and invasion due
to mutations [52].

Further research is needed to fully understand the mechanisms by which HBA1 pro-
motes tumour cell migration. Understanding these mechanisms could lead to the devel-
opment of new therapies that target HBA1 or its downstream pathways to inhibit tumour
cell migration and invasion.

It is also important to consider that HBA1 and HBA2 have other functions beyond
their potential involvement in cancer development. However, more research is needed to
fully understand this relationship.

3.4 Relationship between the upregulated Genes in Hepatocellular Carcinoma patients and
KEGG pathways of Rheumatoid Arthritis: A Comparative Analysis

Rheumatoid arthritis (RA) and hepatocellular carcinoma (HCC) are two complex
diseases with distinct clinical presentations and etiologies. However, this study has sug-
gested that these diseases share similar molecular mechanisms, which could provide val-
uable insights into their pathogenesis and potential therapeutic targets.

A gene ontology analysis revealed nine genes that were found to be upregulated in
HCC patients had a relation between KEGG pathways of RA, suggesting a link between
the two diseases. These genes are TLR4, IL1B, CXCL5, IL11, HLA-DQA1, HLA-DRA, LBT,
ATP6V1B2 and ATP6V1C1. The gene ontology analysis of HCC suggests that these com-
mon genes could play a key role in the KEGG pathways underlying the pathogenesis of
RA and HCC. These findings may provide new insights into the development of novel
diagnostic and therapeutic strategies for RA and HCC.

3.4.1 TLR4

Toll-like receptor 4 (TLR4) is a member of the toll-like receptor family that plays a
fundamental role in pathogen recognition and activation of innate immunity. It is ex-
pressed on various immune cells, including macrophages and dendritic cells, as well as
tissue-resident cells. TLR4 recognizes pathogen-associated molecular patterns (PAMPs)
expressed on infectious agents and triggers the production of cytokines necessary for the
development of effective immunity. TLR4 also recognizes viral proteins and triggers the
production of type I interferons and proinflammatory cytokines to combat infection.

In RA, TLR4 signalling has been shown to activate inflammatory pathways and con-
tribute to synovial inflammation, bone erosion, and cartilage destruction. In addition,
TLR4 activation in RA may also promote the differentiation of osteoclasts, which contrib-
ute to bone resorption [53].

TLR4 activation in HCC promotes tumour cell proliferation, angiogenesis, metasta-
sis, modulates the tumour microenvironment by the expression of pro-inflammatory
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cytokines and chemokines. It also promotes cancer cell survival and proliferation by reg-
ulating the activation of NF-kB and MAPK signalling pathways [54].
Therefore, targeting TLR4 signalling may have therapeutic potential in both RA and HCC.

3.4.21L1B

IL1B is a cytokine that is produced by various cell types, including immune cells, and
plays a crucial role in initiating and sustaining inflammatory responses. It has been found
to have pleiotropic effects on immune cells, angiogenesis, cancer cell proliferation, migra-
tion, and metastasis [55].

In RA, interleukin-1 beta (IL1B) can activate synovial fibroblasts and chondrocytes,
leading to the release of additional pro-inflammatory cytokines and enzymes that contrib-
ute to cartilage and bone destruction. Inhibitors of IL1B, such as Anakinra and Cana-
kinumab, have shown efficacy in reducing joint inflammation and slowing radiographic
progression in RA patients [56].

In HCC, IL13 may contribute to tumour growth and metastasis by promoting angio-
genesis and stimulating the migration and invasion of cancer cells [57]. High levels of IL1B
in tumour tissues have been associated with poor prognosis in HCC patients. High levels
of IL1B in tumour tissues have been associated with poor prognosis in HCC patients [58].
High levels of circulating IL-1f3 due to chronic inflammation may promote tumour cell
survival and proliferation.

Therefore, targeting IL1B may be a potential therapeutic strategy for both RA and
HCC.

3.4.3 CXCL5

CXCLS5 is a chemokine that belongs to the CXC chemokine family and is produced
by various cell types, including immune cells and tumour cells. It plays a key role in the
recruitment and activation of immune cells. CXCL5 promotes tumour formation by trig-
gering the migration of immune cells to tumours and promoting immunosuppressive
characteristics of the tumour microenvironment. It can also promote tumour cell metasta-
sis and recruit vascular endothelial cells for angiogenesis [59]. Overexpression of CXCL5
is closely related to survival time, recurrence, and metastasis in cancer patients [60].

CXCLS5 has been associated with several inflammatory and fibrotic diseases includ-
ing rheumatoid arthritis (RA). In RA synovial fibroblasts and macrophages, IL-17 induces
production of CXCL5, which contributes to synovial inflammation and cartilage destruc-
tion [61]. Therefore, it can be concluded that in RA, CXCL5 has been shown to be involved
in the pathogenesis of the disease, contributing to synovial inflammation and cartilage
destruction.

In Hepatocellular Carcinoma (HCC), CXCL5 may promote angiogenesis and tumour
growth, which is a critical step in tumour growth [62]. Angiogenesis is the process of new
blood vessel formation, which is important for the growth and metastasis spread of cancer
cells. CXCL5 has been shown to be upregulated in HCC cells and associated with poor
prognosis, suggesting that it may contribute to tumour growth and spread. It activates the
PI3K-Akt and ERK1/2 signalling pathways in HCC cells, promoting proliferation, migra-
tion, and invasion [63]. High levels of CXCL5 have been correlated with advanced tumour
stages, recruitment of neutrophils into HCC tissue, and reduced survival in HCC patients
[64].

Therefore, targeting CXCL5 may be a potential therapeutic approach for both RA and
HCC, but further research is needed to fully understand its complex roles in these dis-
eases.

3.4.41L11
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IL11 is a multifunctional cytokine that has been shown to play a role in various cel-
lular processes beyond haematopoiesis and bone metabolism. It is involved in tumorigen-
esis, anti-inflammatory functions, and cellular reprogramming. IL-11RA is highly ex-
pressed on stromal cells, including fibroblasts, smooth muscle cells, adipocytes, and he-
patic/pancreatic stellate cells or pericytes, and also on epithelial/polarised cells such as
hepatocytes, alveolar epithelial cells, and kidney tubular epithelial cells [65]. Elevated IL-
11 expression has been associated with various human cancers of both epithelial and hem-
atopoietic origin [66].

Studies suggest that IL-11 acts as an anti-inflammatory cytokine through modulation
of the effector function of macrophages. It also plays a role in the differentiation of B and
T cells [67]. IL-11 has been shown to facilitate a novel connection between RA joint fibro-
blasts and osteoclasts, which promotes joint degradation [68]. Noncanonical IL-11 signal-
ling drives myofibroblast activation, parenchymal cell dysfunction, and inflammation
while inhibiting tissue regeneration.

In HCC, IL11 has also been shown to play a role in promoting tumour growth and
invasion. Studies have found that IL11 is overexpressed in HCC tissues, and its expression
levels are correlated with tumour stage and poor prognosis [69]. IL11 has been shown to
stimulate the proliferation, migration, and invasion of HCC cells, as well as angiogenesis,
the formation of new blood vessels that support tumour growth [70]. IL11 has been impli-
cated in the regulation of the tumour immune microenvironment, as it can suppress anti-
tumor immune responses and promote the expansion of immunosuppressive cells [71].
This can contribute to cancer progression and limit the effectiveness of immunotherapy.

Therefore, IL11 is a promising target for the development of novel therapeutic strat-
egies for both RA and HCC.

3.45 HLA-DQA1 and HLA-DRA

The human leukocyte antigen (HLA) system is a group of genes that encode cell sur-
face markers, antigen-presenting molecules, and other proteins involved in immune func-
tion [72]. The HLA system is synonymous with the major histocompatibility complex
(MHC) in humans. The HLA class II genes, including HLA-DQA1 and HLA-DRA, are
located on chromosome 6 and are involved in antigen presentation [73].

HLA-DQA1 and HLA-DRA genes have been extensively studied and have been
shown to be associated with disease susceptibility and severity in rheumatoid arthritis
(RA). The HLA-DRBI gene is also a major genetic susceptibility locus for RA [74].

The role of HLA-DQA1 and HLA-DRA genes in hepatocellular carcinoma (HCC) is
less clear, but some studies have suggested that they may be involved in immune evasion
and tumour progression. One study found that tumours can escape T-cell responses by
losing major histocompatibility complex (MHC)/ human leukocyte antigen (HLA) class I
molecules, which are composed of homogeneous HLA class I-positive cancer cells in the
early stages of cancer development. Subsequently, infiltration of the tumour by T cells
generates a vast diversity of tumour clones with distinct HLA-I expression phenotypes
[75].

Overall, further research is needed to fully understand the role of HLA-DQA1 and
HLA-DRA genes in both RA and HCC, but their associations with disease susceptibility
and severity in RA and potential involvement in immune evasion and tumour progression
in HCC make them important targets for future research and potential therapeutic inter-
ventions.

3.4.6 LBT

Lactamase beta (LBT) is an enzyme that breaks open the beta-lactam ring, inactivat-
ing beta-lactam antibiotics such as penicillin, cephalosporins, cephamycin, monobactams
and carbapenems. It is a diverse class of enzymes produced by bacteria that can provide
multi-resistance to these antibiotics [76].
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Leukotriene B4 (LTB4) plays a role in the induction of pain and bone damage in rheu-
matoid arthritis (RA). Regulatory T cells and immune cells such as B-cells, T-cells, and
macrophages also play critical roles in RA pathogenesis [77]. However, the specific mech-
anisms by which LBT may contribute to these diseases is not clear.

Similarly, the role of LBT in HCC is not well understood. The exact mechanisms by
which LBT may contribute to HCC development and progression are not yet fully under-
stood and require further research.

3.4.7 V-ATPase complex

The V-ATPase complex plays a critical role in maintaining the pH of various intra-
cellular organelles, including lysosomes, endosomes, and the Golgi apparatus. Dysfunc-
tion of this complex has been linked to many human diseases, including neurodegenera-
tive disorders such as Alzheimer's disease, Parkinson's disease, and amyotrophic lateral
sclerosis (ALS). Dysregulation of pH and lysosomal dysfunction have also been associated
with other diseases such as cancer [78].

Recent studies have suggested that the V-ATPase complex may also play a role in the
pathogenesis of RA and HCC. For instance, ATP6V1B2 and ATP6V1C1 have been shown
to be upregulated in the synovial tissue of RA patients, and the expression of ATP6V1C1
has been found to correlate with disease activity [79].

The genes ATP6V1B2 and ATP6V1C1 have been found to be upregulated in periph-
eral blood mononuclear cells of hepatocellular carcinoma patients, and their expression
has been associated with poor prognosis. These genes are members of the ATP6V1s fam-
ily, which participate in the biological process of transporting hydrogen ions and have
been associated with various cancers in expression and clinicopathological features [80].

However, despite these findings, the exact mechanisms by which ATP6V1B2 and
ATP6VI1C1 contribute to the development and progression of RA and HCC are still not
well understood. Further research is needed to fully elucidate the roles of these genes in
these diseases and to explore their potential as therapeutic targets.

4. Discussion

In this study, we identified potential biomarkers in PBMCs of HCC patients that can
aid in early diagnosis and monitoring of the disease. The identification of reliable bi-
omarkers is critical for improving the clinical management of HCC patients, as early de-
tection is crucial for achieving favorable outcomes. Our study adds to the existing
knowledge in the field by identifying novel biomarkers in PBMCs that have not been pre-
viously reported.

Our main hypothesis was that there are genes that are overexpressed in PBMCs of
HCC patients compared to healthy individuals, and the results showed that genes HBB,
WBP2, HBA2, and HBA1 were overexpressed in PBMCs of HCC patients. Additionally,
nine genes were found to be upregulated in HCC patients and had a relation between
KEGG pathways of RA, suggesting a link between the two diseases

The identified genes and pathways have important implications for the development
and progression of HCC. It is important to note that our study has some limitations. For
example, we only analyzed a small sample size, and further validation in larger patient
cohorts is needed to confirm the identified biomarkers. Additionally, our study focused
only on PBMCs, and future research could explore other potential sources of biomarkers,
such as circulating tumor cells and extracellular vesicles.

Further research in this area can focus on several directions. For example, larger
patient cohorts can be studied to validate the identified biomarkers and confirm their use-
fulness in early diagnosis and monitoring of HCC. Other potential sources of biomarkers,
such as circulating tumor cells and extracellular vesicles, can also be explored to comple-
ment the identified PBMC biomarkers.
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In addition, the relationship between HCC and the RA pathway identified in this
study can be further investigated. This may involve exploring the molecular mechanisms
by which the identified genes in the RA pathway contribute to HCC development and
progression. Targeting these genes or pathways could lead to the development of new
therapeutic strategies for HCC treatment.

Since, the identified biomarkers are related to biological processes such as inflamma-
tion and oxidative stress, further research can focus on exploring the role of these pro-
cesses in HCC development and progression. This can involve studying the interactions
between these processes and other factors such as genetic mutations, environmental fac-
tors, and lifestyle factors, to better understand the complex mechanisms underlying HCC
pathogenesis.

5. Conclusion

The finding of prospective biomarkers in PBMCs (Peripheral Blood Mononuclear
Cells) of HCC (Hepatocellular Carcinoma) patients, which could help with the early diag-
nosis and monitoring of the disease, is highlighted in the study. An important component
of the immune system, PBMCs are a subset of white blood cells that also play a role in
inflammation and tumour progression. This study was able to identify several genes that
were highly elevated (raised) in comparison to healthy people by examining the gene ex-
pression patterns of PBMCs from HCC patients.

The study also examined how the elevated genes in HCC patients related to KEGG

pathways (Kyoto Encyclopaedia of Genes and Genomes) linked to rheumatoid arthritis.
This comparative analysis provides additional insights into the molecular mechanisms
involved in the development and progression of HCC and highlights potential shared
pathways between these two diseases.
The results of the study have important relevance for enhancing clinical management of
HCC patients, notably in the early detection and monitoring of the illness. Identification
of possible biomarkers in PBMCs may help in the development of efficient diagnostic tests
for HCC. Early detection is also crucial for the successful treatment of HCC. The results
of the study may also help in the creation of novel therapeutic approaches that focus on
shared pathways between HCC and rheumatoid arthritis. Overall, this research advances
our knowledge of the molecular pathways underlying HCC and offers critical insights for
enhancing the therapeutic care of HCC patients.
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