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ABSTRACT

Epstein Barr Virus-Encoded MicroRNAs’ and
CircularRNAs’ Relation with Epstein Barr
Virus-Associated Gastric Cancer

Priyam Karmakar' and Abhijeet Roy®’

Epstein-Barr virus (EBV) is a herpes virus linked to various cancers,
including EBV-associated gastric cancer (EBV-aGC). EBYV is the first that
was identified to produce several kinds of non-coding ribonucleic acids
(RNAs) including micro RNAs (miRNAs) and circular RNAs (circRNAs).
In EBV-aGC, EBV encodes several miRNAs that play crucial roles in
altering the host’s gene expression to promote tumorigenesis. EBY miRNAs
can suppress host immune responses and regulate cell proliferation,
apoptosis, and metastasis, aiding cancer progression. circRNAs often
dysregulated in EBV-aGC, interact with EBV miRNAs by acting as
sponges, which modulate the availability of miRNAs to their targets.
This interplay between EBV miRNAs and circRNAs contributes to the
complexity of underlying mechanisms of EBV-aGC development and
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1. INTRODUCTION

1.1. Epstein-Barr Virus Epidemiology

Epstein-Barr Virus (EBV) is a lymphotropic herpesvirus
that is also referred to as human herpesvirus-4. Although
it was initially discovered in Burkitt’s lymphoma cells in
1964, additional investigation showed that it is highly
prevalent [1]. Epidemiological research suggests that more
than 90% of the global population is infected with EBV
[2]. The majority of EBV infections start in childhood
and persist throughout life. The initial childhood infec-
tion is still asymptomatic. But, if the infection strikes an
adult, it could result in infectious mononucleosis [3]. Like
other herpesviruses, EBV enters a latency phase following
primary infection in epithelial cells, infects circulating B
lymphocytes, and then goes into dormancy for the remain-
der of its natural life [3]. EBV shares significant similarities
with viruses that infect Old World nonhuman primates,
such as chimpanzees and rhesus monkeys. For example,
EBYV and the rhesus monkey virus share genetic sequences
and cause chronic infection in the oropharynx and B cells,
respectively. It is probable that EBV originated from a virus
that afflicted nonhuman primates [4]. The oral route is the
primary means of spreading EBV. That being said, there
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is evidence that organ transplants and blood transfusions
can spread EBV [5].

1.2. Structure and Life Cycle of EBV

EBV has a double-stranded genomic DNA which is
encased in a toroid-shaped protein core, surrounded by
an outer envelope with glycoprotein spikes, a nucleocap-
sid containing 162 capsomeres, and a protein tegument
between the envelope and nucleocapsid (Fig. 1A)[6]. Puri-
fied enveloped virus capsids are made up of the EBV
homolog of the 68-kD portal protein, 30-kD minor capsid
protein, 18-kD small capsid protein, 40-kD minor capsid
protein-binding protein, and 155-kD major capsid protein
[7]. The EBV tegument is composed of several proteins,
which are common components of herpesvirus tegument.
A linear double-stranded DNA molecule with a length of
around 172 kilobase pairs (kb) makes up the EBV genome.
EBV’s genome is segmented into short and lengthy, mostly
distinct sequence domains by a set of 0.5 kb internal repeat
sequences and terminal direct repeats [7]. More than 100
proteins are encoded by the viral genomic DNA. These
proteins play a crucial role in the regulation of viral gene
expression, replication of viral DNA, formation of the
structural elements of the virion, and control of the host
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Fig. 1. Structure (A) and latency steps (B) throughout the life cycle of EBV.

immune response during viral replication [7]. Epithelial
cells infected with EBV replicate rapidly and produce
viruses. On the other hand, EBV infection of B cells results
in latent infection and immortality of the cells. After infect-
ing B cells and generating an episome, the linear EBV
genome rotates around, staying dormant in these B cells
for a long time. Just a small number of latently infected B
cells spontaneously reactivate the virus [8], [9].

The viral genome enters the cell and is then discharged
into the nucleus, where it undergoes circularization. This
keeps the EBV genome as an easily replicable extrachromo-
somal episome that can be used as a viral clonality marker
[10]. The nucleosome structure of the EBV genome is sim-
ilar to that of the host genome, which causes it to associate
with histones and become methylated despite having few
epigenetic marks [11]. Viral life cycle completion depends
on the regulation of gene expression through crucial epige-
netic mechanisms such as DNA methylation and histone
modification [12]. EBV enters the latency phase, which
silences part of its genes and ensures its persistence in
infected B cells. This is an essential step in avoiding host cell
immunity [11]. During latency, the circular episome that
makes up the EBV genome replicates by enlisting the aid
of the cellular replication machinery [13].

EBYV has a biphasic life cycle with latent and lytic phases
in infected cells [14]. The entire viral gene repertoire is
expressed, and progeny viruses are created during the
lytic cycle. The lytic cycle makes it possible for virions
to spread throughout host cells [14]. EBV expresses a
small number of viral genes necessary for the upkeep
of its genome while it is in latency. The latent infection
of EBV promotes the virus’s survival and pathogene-
sis because it produces very few proteins that the host
immune system can target [15]. There are four distinct
types of EBV latency based on the expression of latent
genes (Fig. 1B) [15]. Only in healthy carriers does latency
0 occur, in which B cells express low amounts of latent
membrane protein 2A (LMP2A) and EBV nuclear antigen
1 (EBNAL1), or no viral proteins are produced. In type

I latency, EBV is primarily found in B cells and only
EBNAL is expressed. During latency II, together with
EBNAI, three LMPs (LMP1, LMP2A, and LMP2B) are
expressed [14], [16]. Furthermore, Hodgkin’s lymphoma,
natural killer (NK)/T cell lymphoma, and carcinoma are
closely linked to latency II. All EBV nuclear proteins
(EBNAL, 2, 3A, 3B, 3C, and LP), the three LMPs, and viral
non-coding RNAs are expressed during the latency III.
Latency III is frequently observed in lymphomas linked
to immunodeficiency, including AIDS-related lymphoma
and post-transplant lymphoproliferative disease [14], [16].

1.3. EBV and Cancers

Nearly 1.4 million annual global cancer cases are linked
to oncogenic viruses, such as EBV, human T lymphotropic
virus type 1, human papillomaviruses, hepatitis B and hep-
atitis C viruses, Kaposi sarcoma-associated herpesvirus,
and others [17]. These oncogenic viruses qualities are
closely linked to their capacity to trigger mechanisms
required for immune evasion, migration, cellular prolifer-
ation, and survival [17]. EBV is linked to nasopharyngeal
carcinoma, post-transplant lymphoproliferative disorders,
Hodgkin’s lymphoma, and gastric cancer [18]. Currently, it
is estimated that 15%—20% of all human cancers are caused
by viral infections [19]. EBV, which is known to infect the
great majority of people worldwide, was the first herpes
virus linked to human cancers [18]. The majority of EBV-
infected tumors are made up of latently infected cells where
the virus is still in the nuclear episome form and is being
replicated by the host cell’s DNA polymerase [20].

Globally, gastric cancer is the second cancer in terms
of cancer-related deaths and is the sixth most common
malignant tumor. As our knowledge of gastric cancer has
increased, we have been able to identify a subset of indi-
viduals suffering from EBV infection. A particular type
of gastric tumor, known as EBV-positive gastric cancer,
has remarkable clinicopathological features and distinct
genomic abnormalities [21]. EBV-associated gastric cancer
(EBV-aGC) represents 10% of all gastric cancers [22].
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1.4. Gastric Epithelial Cells Infection and Cancer by
EBV

EBYV is primarily transmitted through saliva [23]. When
an uninfected person comes into contact with the virus, the
primary infection occurs in the B cells located in the tonsil
crypts of the throat. Alternatively, the virus can also infect
the epithelial cells of the tonsils. The epithelial cells can
then produce more viruses that infect the B cells [23]. After
the initial infection, EBV establishes the latency phage in
B cells. Occasionally the virus reactivates from the latent
state and replicates. These new progeny viruses can infect
the epithelial cells in the mouth and release many viruses
into saliva [24]. An interesting point is that viruses released
by infected B cells tend to infect epithelial cells more easily.
On the other hand, viruses released from infected epithelial
cells are better able to infect B cells. When the virus comes
from B cells, it has a different set of glycoproteins than
when it comes from epithelial cells. This change helps the
virus move effectively between these two cell types, ensur-
ing it can spread further [24]. Gastric epithelial cells could
be infected directly by swallowing infected saliva from the
infected oral mucosa. Alternatively, reactivated EBV from
infected B cells could migrate to the gastric mucosa, release
the virus, and infect neighboring gastric epithelial cells.
In certain cases, EBV infection is also associated with
adenocarcinomas of the gastroesophageal junction, but
not esophageal adenocarcinomas, indicating that specific
features of the epithelial cells found only in the proximal
stomach and the gastroesophageal junction are crucial for
long-term EBYV infection [25].

1.5. EBV-Encoded microRNAs and circular RNAs

microRNAs (miRNAs) are a special class of non-coding
RNAs with a length of 21-23 nucleotides [26]. miRNAs are
typically produced from the exons or introns of transcripts
that are processed by RNA polymerase II and contain
both protein-coding and non-coding information. miR-
NAs degrade the target mRNAs to post-transcriptionally
regulate gene expression [26]. miRNAs are implicated in
a variety of biological processes, including metabolism,
development, and cancer. Most significantly, miRNAs
have significant roles in the tumorigenesis and progression
[27]. miRNAs have also been found in other organisms
including algae, worms, plants, and mammals [28]. Inter-
estingly, viruses have been found to encode miRNAs. In
2004, Tuschl et al. discovered the first virus-encoded miR-
NAs in EBV [29]. To date, EBV has been reported to
encode 44 miRNAs that target cellular or viral mRNAs
[30]. The regulatory roles of EBV-encoded miRNAs in the
development and progression of EBV-associated malig-
nancies are proven. Moreover, EBV miRNAs have the
ability to directly target immune-related genes, which
helps infected cells avoid immune system eradication [31].
Circular RNAs (circRNAs) are covalently jointed, single-
stranded RNA molecules, and conduct several biological
activities by serving as protein templates, miRNA sponges,
and transcriptional regulators [32]. Recently, it has been
discovered that circRNAs are also expressed by EBV [33].
EBYV circRNAs may act as human miRNA sponges during
viral infection, the cell cycle, and oncogenesis. It has been
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identified that the level of EBV infection has an impact on
the quantity of EBV circRNAs [33].

1.6. EBV-Encoded miRNAs are Involved in Gastric Can-
cer Progression

miRNAs are involved in numerous biological pathways
and mechanisms. Moreover, their small size, non-
immunogenicity, and ability for post-transcriptional
modification make them good candidates for viral
immune-evasion functions. Accumulating data highlights
the association between the expression of EBV miRNAs
and tumorigenesis in EBV-associated gastric cancer [34].

EBYV has around 25 pre-miRNAs and 44 mature miR-
NAs, which play a role in maintaining latent infections in
EBV-associated tumors [35]. EBV-aGC is linked to type I
or II latency. The BHRF1 gene produces a few miRNAs,
but the BART miRNAs are more active and impor-
tant in EBV-aGC, influencing various cellular functions
[35]. miRNA BARTS affect processes like cell movement,
growth, death, immune response, and recycling within
cells. They are involved in many different activities within
cells, creating a complex network of interactions. However,
scientists still don’t fully understand how these miRNAs
contribute to the cancer process, which shows that more
research is needed. Some miRNAs can affect many dif-
ferent genes at once. For example, two specific miRNAs,
BART2-5p and BART11-5p, are known to target specific
genes like p2/ and RB genes. They can influence the
gene’s behavior, which can impact cancer development. For
instance, BART2-5p and BART11-5p induce p21 and RB
genes that promote cell proliferation [36].

EBV-aGC exhibits high levels of BART14-3p expres-
sion [37]. BART22 expression is high in other tumors
in type I EBV latency, but it is low in EBV-aGC. EBV
miRNAs have been shown to target multiple points in
the apoptotic cascade in EBV-aGC. For example, it was
discovered that BART4-5p reduced the activity of the pro-
apoptotic protein Bid, which in turn reduced apoptosis in
gastric cancer cell lines [37]. In EBV-aGC, BARTS5-3p also
suppresses p53 expression [38]. BART1, BART3, BARTY,
BARTI11, and BARTI12 are among the BART-miRNAs
that can decrease the expression of pro-apoptotic gene Bcl-
2-interacting mediator of cell death in EBV-aGC cells [39].

Tumor immune evasion is necessary for tumor sur-
vival and development. Tumor cells proliferate and
spread through defense mechanisms that shield them
from immune system detection and destruction. In
EBV-associated cancers, tumor immune escape is highly
correlated with EBV infection [40]. The Programmed cell
death protein 1 (PD-1) and programmed death-ligand 1
(PD-L1) can be regulated by EBV protein products such
as LMPI1, EBNAI1, and EBNA2 [4]]. For tumor immune
evasion and immunotherapy, the PD-1 receptor expressed
on activated T cells and its ligand PD-L1 are essential.
Immune evasion is promoted by PD-L1 expression. High
levels of PD-L1 expression are found in many tumor
cells, which exploit PD-L1/PD-1 signaling to evade T-
cell response [42]. PD-L1 can facilitate the creation of
a barrier on surface of tumor cells by interacting with
the T-cell surface receptor PD-1 and blocking T-cell anti-
tumor activity [43]. In 2022, Wang et al., have identified
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that EBV BART11 and BART17-3p miRNAs enhance
immune escape in EBV-associated gastric cancer by reg-
ulating the PD-1 and PD-L1 pathways [44]. miRNAs
present on the BART gene cluster of the EBV genome
are highly upregulated in EBV-associated epithelial tumor
cells. In their study, firstly, to evaluate the role of PD-L1
in epithelial cancer, they analyzed the genome-wide gene
expression profile data for gastric cancer and nasopha-
ryngeal cancer. The expression of PD-L1 was significantly
higher in tumor tissues compared to normal tissue. Fur-
ther analysis between the correlation of PD-L1 expression
and EBYV infection, and it was revealed that PD-L1 was
highly expressed in EBV-positive gastric cancer tissue
than in EBV-negative gastric cancer. After analyzing 40
EBV-associated gastric cancer clinical samples compared
with 20 normal gastric mucosa tissues, authors found
that PD-L1 demonstrated substantially high expression
and was positively associated with EBV infection [44].
In EBV-aGC, EBNA1 enhances NF-kB activation, which
promotes tumor growth, and it also helps downregulate
transforming growth factor-beta (TGF-§) signaling and
p53 [45], [46].

1.7. EBV circRNA Promotes Tumor Progression and
Tumor Stemness in EBV-Associated Gastric Cancer

Recently, it has been found that EBV generates several
circRNAs [33]. EBV circRPMSI is a circRNA produced
by EBV that is derived from the RPMS1 gene and was
found to be expressed in EBV-GC and other cancers like
Nasopharyngeal carcinoma [33]. In 2022, Zhang et al.
addressed that EBV circRPMSI is associated with the
tumorigenesis of gastric cancer both in vivo and in vitro
[47]. Their study found that circRPMS1 promotes cancer
progression by recruiting Sam68 to the METTL3 pro-
moter to induce METTL3 expression and is associated
with distant metastasis and poor prognosis [47]. Sam68
is a transcriptional activator involved in several cellular
processes like alternative splicing, cell cycle regulation,
tumorigenesis, and RNA 3’-end formation [48]. METTL3
is a methyltransferase of mRNA and is found associated
with cancer cell proliferation and resistance [49].

Cancer stem cells are the source of tumorigenesis. Stud-
ies provided evidence for the existence of cancer stem
cells in EBV-aGC and the association of EBV-encoded
circRNAs in inducing stemness [50]. The study found that
EBV-encoded circLMP2A was highly expressed in gastric
cancer cell line SNU-4" cells. This molecule acted as a
sponge for a miRNA called miR-3908, which led to the
activation of a pathway involving two proteins named
TRIMS9 and p53. This pathway helped to sustain the
stemness phenotype of cancer stem cells. Furthermore,
the study found that upregulation of EBV circLMP2A in
patients was correlated with poor prognosis and metas-
tasis in EBV-aGC [50]. Additionally, the expression of
circLMP2A in EBV-associated gastric cancer patients
was evaluated by Real-time PCR. It was found that cir-
cLMP2A over expression was potentially related with
lymph node metastasis and distal metastasis [50].

Epstein Barr Virus-Encoded MicroRNAs’ and CircularRNAs’ Relation with Epstein Barr Virus-Associated Gastric Cancer

1.8. EBV miRNAs and circRNAs as Cancer Biomarkers
and Therapeutics

miRNAs and circRNAs are being explored as potential
therapeutic targets for EBV-associated cancers, includ-
ing gastric cancer. Since EBV-encoded miRNAs regulate
viral and host gene expression to promote cancer pro-
gression, targeting these miRNAs with inhibitors could
disrupt their oncogenic effects, restoring normal cellu-
lar function. Targeting the highly expressed EBV-BART
miRNAs in epithelial cell tumors has long been common
practice. For example, anti-miRNA oligonucleotide thera-
peutics “antagomirs” or miRNA sponges have been used
to successfully suppress EBV-driven tumors [51]. With the
discovery of EBV circRNAs, the spectrum of possible
therapeutic viral targets has expanded [52]. Additionally,
circRNAs are more stable than their linear counterparts,
making them desirable options for biomarkers in liquid
biopsy. EBV-circLMP2A is one such possibility; it has
been demonstrated to both initiate and sustain stem cell
formation in EBV-aGC. Poor prognosis and metasta-
sis were also significantly correlated with elevated EBV
circLMP2A expression. circRPMS1 potentially promotes
the epithelial-mesenchymal transition that functions as a
tumor biomarker by serving as an early indicator of metas-
tasis [53].

2. CONCLUSION AND PROSPECTS

EBYV was the first human virus to be found to express
miRNAs and circRNAs, there is still a great deal to learn
about EBV-aGCs in order to improve treatment options
and patient outcomes, even with the abundance of infor-
mation currently available. Since EBV-encoded miRNAs
and circRNAs are involved in several cellular processes,
such as immune response, cell cycle, migration, apoptosis,
and proliferation, it reflects that they are integral to the
carcinogenesis of EBV-aGC. Noncoding RNA biology is
a rapidly growing field that offers many opportunities
to understand the pathophysiology of cancers, develop
novel disease biomarkers, find new therapeutic targets, and
even develop alternative treatments, but obstacles need to
be addressed before targeting EBV-encoded miRNAs or
circRNAs in therapeutic settings.
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