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Abstract

Oral cancer is one of the most widespread form of cancer worldwide. It can be caused by various factors including smoking,
alcohol consumption and some viral infections. One of the most prevalent viral infection causing oral carcinoma is associated
with Epstein-Barr virus (EBV). The aim of this review is to explore the techniques of identification and analysis of different
EBV-associated viral factors which can act as antigens and aid in the development of effective immuno-therapies and to
explore various possibilities for the development of effective vaccine molecule. After thorough review of published literature
various EBV-associated factors have been identified including Latent membrane proteins (LMPs), EBV-associated nuclear
antigens (EBNAS), long non-coding RNAs(IncRNAs) and microRNAs, which aid in the viral progression and can be targeted
for the development of effective immuno-therapies. And different methods of vaccine molecule development including
nanoparticle vaccine, liposome-nanoparticle vaccine and liposome adjuvant conjugated vaccine are also explored. This will
further add in our understanding of novel strategies for effective vaccine development which might lead to the global
eradication of EBV-associated illnesses.
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Introduction

Oral cancer is among the most widespread forms of cancer Since it’s discovery in 1964 by Sir Anthony Epstein and Dr.
throughout the world and has a high death rate (50%) Yvonne Barr, Epstein-Barr virus (EBV) has been related
because of its poor prognosis and delayed clinical with different types of human cancers by various studies,
identification M. Squamous cell carcinomas (SCCs), a form recently it’s association with oral squamous cell carcinoma
of epithelial tumours in the oro-pharyngeal cavity, account (OSCC) has been discovered, which is a common type of
for majority of oral cancers 2. Consumption of tobacco and oral cancer 7.

alcohol, exposure to certain biotic and abiotic environmental In cancer cells a common phenomenon is observed, where

factors, genetic mutations, and immunological inadequacies
are among the main causes of oral malignancies Fl.

Additionally, viral infections with certain oncoviruses such
as Epstein-Barr virus (EBV) and Human papillomavirus
(HPV) also play a key role in the progression of oral cancer
[, EBV is a type of human gamma herpesvirus that affects
majority of world’s population Bl. The diameter of EBV is
around 122-180 nm and it posesses 172 kbps(killo-
basepairs) of DNA which encodes for 80 genes expressing
themselves at different phases in the viral lifecycle (Fig. 1). oy :
The viral DNA is enclosed by a nucleocapsid surrounded by cells and epithelial cells of oro-pharynx as well as salivary

the tegument protein, which is further enveloped by a layer glands, here it divides and increase in number thereby
of lipid and surface glycoproteins 1. entering into saliva but without reflecting any major

symptoms. There are certain viral genes and their products
which may participate in carcinogenesis through various
molecular mechanisms [ % These include some subtypes
of Latent membrane proteins (LMP) such as LMP-1 and
>£1y00proteins LMP-2A, 2B, some of which act as active receptors and
disrupt B-cell activation and differentiation which provides
DNA an immune escape for EBV, thereby promoting long-term
latency of EBV in epithelial cells (11,
EBNAs (Epstein-Barr virus nuclear antigens) are also
nucleocapsid crucial EBV-expressed proteins which play a role in
(viral capsid + DNA) carcinogenesis. There are different subtypes of EBNA such
as EBNA-1, 2, 3A, 3B, 3C, and EBNA-5/LP. EBNA-1 is
viral tegument necessary for cell immortalisation and is in charge of viral

Fig 1: Structure of Epstein-Barr virus (EBV) [Courtesy: genome persistence, segregation, and EBV. DNA episome

https://www.researchgate.net/publication/378283113_Antiviral_Na replication. Soon after EBV infection, EBNA-2 is co-
nomedicine-Based_Approaches_against_Epstein- expressed and plays a crucial role in cell transformation that

Barr_Virus_Infection] results in cancer development 12,

glucose metabolism leads to lactate production even in the
abundance of oxygen, referred to as Warburg’s effect which
leads to increased glucose uptake by cancer cells and
accumulation of lactate in the microenvironment which in
turn promotes cancer progression through various metabolic
pathways 1.

EBV has two distinct stages in its life cycle, referred to as
latent and lytic phases. After the primary infection, it
remains latent at different locations in the body mainly B-

envelope
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BamHI-A rightward frame 1 (BARF-1) is also crucial gene
of EBV, its expression in EBV infected cells promote its
latency and prolonged cell survival leading to the
development of oral carcinomas 3, It also regulates micro-
vessel density (MVD) and micro-lymphatic vessel density
(MLVD), which are associated with metastasis of oral
carcinomas 4],

There are certain long non-coding RNAs (IncRNAs), when
associated with EBV infection they are seen to influence the
development and progression of OSCC. LINC00944 is one
such IncRNA which is associated with different
malignancies and plays a role in their progression but it’s
role in OSCC is not yet fully determined 51,

Additionally, few MicroRNAs such as MicroRNA-155
(miR-155) when associated with EBV infection, play a
crucial part in development of naso-pharyngeal carcinoma
(NPC). It has been noted that the control of miR-155
expression brought on by EBV infection plays a significant
role in the development of NPC tumours [,

Development of effective Immunotherapies for Epstein Barr
virus is the need of the hour as it continues to infect
majority of population worldwide and has been linked to
causing various ailments in human body including different
types of malignancies such as oral cancer. Currently there is
no fully tested and approved vaccine for EBV in the market
but different approaches including the usage of viral
proteins mentioned earlier, as antigens are being used to
develop an effective vaccine [,

Some of these include subunit vaccines which uses a unique
viral factor in the form of a vaccine, viral-vector based
vaccines which transfers the required viral component with
the help of a viral vector formed by recombinant DNA
techniques, mRNA vaccine using viral mRNA to confer
immunity in host and nanoparticle based vaccines which
uses viral factors in the form of nanoparticles and attach
them to liposomes mimicking viral structures sometimes
conjugated with adjuvants to confer improved immunisation
18] Some of these approaches are summarised in figure 2.
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Fig 2: Different types of EBV vaccines under development
[courtesy:

https://www.researchgate.net/publication/393326302_Recent_Prog
ress_in_the_Vaccine_Development_Against_Epstein-Barr_Virus]

In this review, we explored some crucial approaches to
assist the development of effective targeted
immunotherapies  including  usage  of  different
bioinformatics tools for the identification and development
of such viral factors which can be used to evoke an effective
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immune response in humans without causing cross-
reactivity with human peptides °. We also explored the
development of adjuvant-conjugated nanoparticle-based
vaccines for EBV using specific adjuvants such as Sigma
Adjuvant System (SAS) and a saponin/mono-phosphoryl
lipid A nanoparticle (SMNP) [2,

Different methods for vaccine molecule designing are also
explored which helps in enhancing the immunogenicity of
nanoparticle vaccine molecules in the host cells, therefore it
is a crucial step for the development of effective EBV
vaccines in the long term. Also, multiple target vaccine
molecules can be designed where several specific
glycoprotein nanoparticles can be conjugated onto the
liposome surface thereby further improving the immune
response 21, This review further highlights the future scope
in this niche of research.

1. Implications of Proteins for Epstein-Barr virus
(EBV) associated oral carcinomas:

Different types of EBV-associated genes, gene products and
other factors aid in the progression of different types of oral
carcinomas, including EBV-induced oral carcinomas.
Identification and analysis of these factors is crucial for the
development of effective immuno-therapies against EBV. In
a recent study done by Heawchaiyaphum et al., in 2023 [
221 a correlation between EBV infection and oral squamous
cell carcinoma (OSCC) have been established. But the
underlying metabolic processes are not yet completely
understood. They tried to investigate the metabolic
processes by which Warburg effect supports EBV-linked
oral carcinoma, by establishing a link between EBV
infection and up-regulation of genes associated with
Warburg effect and whether this up-regulation is linked with
tumour progression, which might help in identifying the
target molecules associated with EBV-linked OSCC for the
development of effective immunotherapies. It was revealed
that EBV infection leads to the reduction of mitochondrial
DNA (mtDNA) copies which induces a mitochondrial
stress. Altered expression of some glycolytic genes
especially the up-regulation of genes related to Warburg
effect observed through microarray data, which also
enhanced lactate production in infected cells. It established a
link between EBV infection and up-regulation of genes
associated with Warburg effect and revealed that this up-
regulation is linked with tumour progression 22,

In another study, investigators attempted to establish a
correlation between EBV-infection, expression of EBV-
associated Latent membrane protein; LMP-1 and oral
malignancies such as oral squamous cell carcinoma
(OSCC). They also examined the sub-cellular localisation of
this protein in oral mucosa infected by EBV, in comparison
with OSCC cells. A large number of biopsy samples
detected with OSCC were analysed along with some normal
oral mucosa which was infected by EBV using immuno-
histochemistry, for finding out the comparative expression
levels of LMP-1. And the cellular localisation of LMP-1
was also done using standardised staining procedures, based
on which the cells were classified as nuclear, cytoplasmic
and nuclear plus cytoplasmic 231,

The role of Latent membrane protein-1 in causing oral
cancer is well established by the courtesy of various studies
but its correlation with micro-vessel density (MVD) and
micro-lymphatic vessel density (MLVD), is not very clear.
In a recent study done by Wang et al., in 2016 4, they
analysed the expression of LMP-1 and BARF-1 proteins of
EBV in naso-pharyngeal carcinoma (NPC) and also tried to
determine their correlation with MVD and MLVD. The
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expression of LMP-1 and BARF-1 was determined through
immunohistochemistry and the levels of MVD and MLVD
were determined with the help of standardised immuno-
staining procedures. Out of analysed nasopharyngeal cancer
(NPC) tissue samples, 81% were found to be EBV-positive
among which around 62% tested positive for LMP-1
expression whereas only around 13% were found positive
for BARF-1 expression. Among the LMP-1 positive
samples MLVD was found to be significantly higher as
compared to LMP-1 negative samples, same trend was seen
in case of BARF-1. But no significant correlation of LMP-1
and BARF-1 was seen with MVD, which suggests a
correlation between the expression of EBV associated LMP-
1 and BARF-1 proteins with MLVD and not MVD [?4,

In a study based on similar context Lao et al., in 2019 18
used tumour and non-tumour tissues from NPC patients and
aimed to investigate the connections between the level of
expression of microRNA miR-155, and EBV associated
membrane proteins LMP-1 and LMP-2. By suppressing or
reactivating miRNAs, knowledge of their function enabled
the identification of molecular target for developing an
effective immunotherapy. Results of this study strongly
linked the expression of these potential genes and NPC as
different levels of expression of these proteins were
observed in all the NPC samples, whereas no positive
expression was detected in healthy samples. In another
study conducted by the same group they used polymerase
chain reaction (PCR) to detect potential genes, such as
EBNA-1, EBNA-2, LMP-1, and LMP-2, to investigate EBV
infection in nasopharyngeal cancer (NPC). Here they took
hundred non-cancerous swab specimens and ninety-three
NPC biopsy samples from patients and subjected them to
gRT-PCR analysis which revealed similar results where
NPC samples showed significantly higher levels of LMP-1,
LMP2, and miR-155, while the control group showed lower
levels of expression [16: 251,

There are certain long non-coding RNAs (IncRNAs), when
associated with EBV infection they are seen to influence the
development and progression of OSCC. In a paper
published earlier this year, the role of one such EBV-
induced IncRNA - LINC00944 in the development and
progression of OSCC is explored. Researchers concluded
that there is an up-regulation of LINC00944 in cases of
EBV-infected oral squamous epithelial tissue, which hints
towards its role in carcinogenesis and it also signifies the
influence of EBV infection in enhancing its gene
expression. Gene expression of LINC00944 was observed in
both EBV positive and negative cells in OSCC cell lines
with the help of gRT-PCR. LINC00944 was over-expressed
in OSCC cell lines and its impact on migration and invasion
was analysed to find out its role in cancer development. It
was observed that its over-expression in these cell lines
greatly increased the motility and invasiveness of cells.
Along with this the effect of its over-expression on
macrophage differentiation was also analysed and it was
observed that macrophage differentiation into M1 subtype is
increased. LncRNA-miRNA-mRNA interactions were also
analysed in the cell lines which suggested that the up-
regulation of LNC00944 expression might regulate RELA
gene and NFKB1(Nuclear factor kappa B) which leads to a
cascade of reactions which ultimately results in expression
of pro-inflammatory genes which aids in cancer
progression. So LINC00944 is shown to enhance migration,
invasion and metastasis in EBV infected cells which
promotes oral squamous cell carcinoma (OSCC)
progression [*°l. Researchers also investigated how EBNAL
affects the expression of some specific cellular genes such
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as Derlinl, ZEB1, CNN3, and PSMD10 in HeLa cells for
trying to establish its role in oral carcinomas [261,

2. Possibilities of vaccine molecule development for
Epstein-Barr  virus (EBV) associated oral
carcinomas:

Investigators are exploring a number of different approaches

for the development of an effective EBV vaccine and in

order to do so, we need to identify and analyse some unique
viral peptides/antigens and develop novel approaches by
which they can be modified to develop targeted
immunotherapeutics or vaccine. To support the ongoing
efforts Capone et al., in 2015 [, provided some useful
insights as a result of their study, they tried to investigate
and analyze some unique Epstein Barr virus (EBV)
associated EBNA1 peptides which are only associated with
the virus and not found in the human host. Identification and
further analysis of such sequences might help in the
designing and development of specific peptide based EBV
vaccines, which will specifically target and neutralise the
viral proteins and show very little or no cross-reactivity with
the host proteins 1, They analysed the primary amino acid
sequence of Epstein Barr virus associated EBNAL protein
from GD1 strain of EBV, using different bioinformatics
tools such as GenBank and UniProt/SwissProt. The Amino
acid sequence of GP350 (Glycoprotein350) associated with

EBV was also analysed as a control sequence 271,

Apart from this, similarity of amino acid sequence of EBV

associated EBNAL protein was checked among the human

proteome. To achieve this the viral EBNA1 amino acid
sequence was divided into 5-mers (penta-peptide residues)
in such a way that sequential overlapping of four amino acid
residues is present (i.e., MSDEG, SDEGP, DEGPG,

EGPGT, etc.). Then all these penta-peptide viral residues

were searched against the human proteome using a

bioinformatics tool called as PIR (Protein Information

Resource), using this all the viral residues which were

identical to the amino acid residues in the human proteome

were identified 8. Any identical residue in the human
proteome was considered a match and then the cross-
reactivity potential for each viral residue was identified
using Immune Epitope Database and Analysis Resources

(IEDB), to detect any EBNA1 derived B-cell or T-cell

epitopes which have been proven to be immunopositive in

humans during any prior experimental studies . The
information gathered with the help of this study will be
useful in determining the potential peptides associated with

EBV which are unique to the virus and not found in the

human host proteome, so that they can be used as antigens

for the development of potential vaccines for EBV.

There are many such proteins associated with EBV which

are responsible for the development of various diseases in

the human body including different cancers such as oro-
pharyngeal cancer. The identification and analysis of there
proteins is essential for the development of an effective

EBV vaccine. In a recent study conducted by Edwards et al.,

in 2024 % one such viral glycoprotein of EBV referred to

as gH/gL glycoprotein complex which is essential for
causing infection in human host is explored experimentally
as an attractive target for vaccine molecule development.

They immunised Rhesus macaques with a newly formulated

vaccine molecule which primarily comprises of two

components including EBV associated gH/gH conjugated
with either of these two adjuvants; Sigma Adjuvant System

(SAS) or a saponin/mono-phosphoryl lipid A nanoparticle

(SMNP). This provides us with two different systems which



International Journal of Biotechnology and Microbiology

can be compared and analysed for their extent of
immunogenicity in the macaques.

After immunisation with these adjuvant conjugated
vaccines, the animals were infected with the rhesus
lymphocryptovirus (rhLCV) which is an ortholog of Epstein
Barr virus and then the plasma of both categories of animals
were observed. And even though the plasma of macaques
shows very less reactivity for EBV associated gH/gL which
were used in the formulation of these vaccines, in
comparison to rhLCV associated gH/gL, still prevention of
rhLCV infection was observed to some extent in most of the
cases. Among the two adjuvants which were used in this
study saponin/mono-phosphoryl lipid A nanoparticle
(SMNP) showed a stronger immunogenic response as
compared to the Sigma Adjuvant System (SAS) based
vaccine. The results of this study support the use of EBV
associated gH/gL glycoprotein for the formulation of

adjuvant conjugated nanoparticle-based vaccines for EBV
[20]

There are certain specific EBV glycoproteins identified by
different experimental approaches which can be used as
antigenic target molecules of the virus for the development
of EBV vaccine. Some examples of such EBV associated
glycoproteins are gp350, gH, gL, gp42 and gB, all these
glycoproteins have a unique crucial role in the entry of virus
inside the host cell. Some investigators are designing
nanoparticle vaccines displaying these viral molecules, so
that they can evoke an effective immune response when
given to humans and help in the elimination of EBV [?,

A recent study by Li et al., in 2025 2! explores one such
strategy where the tried to use liposomes mimicking the
viral  structure  for  displaying  nanoparticles/viral
glycoproteins. They synthesised viral structure mimicking
liposomes which are used to display an EBV glycoprotein,
gp350D123 which is well identified on their surface, via the
formation of a stable amide bond between N-
hydroxysuccinimide (NHS) group on liposome surface and
amine group of glycoproteins. Then this nanoparticle
referred to as Lipo-gp350D123 was used as a vaccine for
the immunisation of mice along with control groups where
only monomer gp350D123 glycoprotein was given to
compare the strength of immune responses evoked by both
the groups for better understanding the role of liposome in
enhancing the cross reactivity.

The results of this study showed that the liposome
nanoparticle-based molecules provoked an enhanced
immune response Vvia antigen-specific antibody development
as compared to the control group. Also, a higher proportion

www.biotechnologyjournals.com

of CD8+ IFN-y+ T cells is observed in spleen cells along
with enhanced secretion of IFN-y in these isolated cells,
when compared to the control group. And no histo-
pathological alterations are seen in vaccinated mice. These
results support the use of liposomes for displaying viral
glycoproteins in the form of vaccines for evoking a stronger
immune response against EBV in host cells 2%,

Conclusions

In conclusion, this review strengthened the knowledge about
different types of EBV-associated genes, gene products and
other factors (enlisted in Table 1) which are carcinogenic or
assist in some way in the progression of different types of
oral carcinomas. We explored the role of EBV-induced
factors in the progression of Oral cancer. As EBV infection
is shown to reduce the mtDNA number in infected cells,
which alters the cellular metabolism by up-regulation of
Warburg effect related glycolytic genes which also leads to
the upregulation of cancer stem cell markers, thereby
promoting stemness and tumorigenesis in infected cells. A
link between EBV-infection, EBV-associated LMP-
lexpression and OSCC is established. As when it’s
expression in normal oral mucosa was compared to OSCC
cells, a clear trend was observed where it showed over-
expression in OSCC cells.

A correlation is established between the expression of EBV
associated LMP-1 and BARF-1 proteins with MLVD and
not MVD in NPC patients. EBV-EBNAL is seen to promote
the survival of cancer cells and aid the progression of cancer
by upregulating the genetic expression of Derlinl and
PSMD10, which suggests the role of EBNA-1 in cancer
progression. But more research is necessary in order to
definitively relate EBV-EBNAL1 to the advancement of oral
carcinoma. And a strong correlation between miR-155
expression and LMP-1 and LMP-2 expression is
established, which might make it easier to create promising
biomarkers based on LMPs and miR-155 expression for the
diagnosis and treatment of Naso-pharyngeal carcinomas.
The up-regulation of LINC00944 in cases of Epstein-Barr
virus (EBV) infected oral squamous epithelial tissue is
observed, which hints towards its role in cancer
development. EBV induced LINC00944 enhances OSCC
progression by increasing migration and invasion in cancer
cells as well as macrophage differentiation. This
information will further assist the future work involving
discovery of novel factors involved in EBV-induced oral
carcinomas for the development of effective
immunotherapies.

Table 1: EBV-associated factors which are carcinogenic or assist in some way in the progression of oral carcinomas and their functions.

S. No. | EBV-induced Factor Subtypes Role in Oral carcinoma
1 LMPs (Latent LMP-1 Act as an activated receptor to transform B-cells and epithelial cells leading to inhibition
) membrane protein) of apoptosis as well as cancer cell growth and proliferation.
LMP-2A, 2B Promotes cancer cell survival via different metabolic pathways.
2. E.BNAS (Epsteln.-Barr EBNA-1 Maintain the viral genome as an episome in epithelial cells during cell division.
virus nuclear antigens)
EBNA-2 B-cell transformation, leading to proliferation.
EBNA-3A, 3C Both works together in suppressing tumor suppressor genes and prevent apoptosis.
EBNA-3B Have tumor-suppressive functions and can limit EBNA-3A, 3C effect.
EBNA-LP/5 Work with EBNA-2 in B-cell transformation.
3 BARF-1 (BamHI-A Promote latency and prolonged cell survival in infected cells, leading to the development
) rightward frame 1) of oral carcinomas.
4 Long non-coding RNAs LINC00944 Associated with different malignancies and plays a role in their progression but it’s role
) (IncRNASs) in OSCC is not yet fully determined.
. MicroRNA-155 . . Lo . . . .
5. MicroRNAs (MiR-155) Promotes can cell progression by enhancing migration, cell proliferation and invasion.
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This review also explored various approaches which can be
employed in the identification of such unique viral
factors/proteins, which can be used as antigens with
necessary additional modifications for the development of
effective vaccine molecules to eliminate EBV. Such as
sequential in-silico approach which can be implied in order
to identify unique viral peptides or antigens of EBV which
can be effectively used for the development of vaccine
which are less prone to causing cross-reactions in the human
host.

The development of adjuvant conjugated nanoparticle-
based vaccines for EBV using two specific adjuvants
including a Sigma Adjuvant System (SAS) and a
saponin/mono-phosphoryl lipid A nanoparticle (SMNP).
Both of these vaccines are found to be effective but the
SMNP adjuvant-based vaccine is seen to be more effective
against the rhLCV infection in macaques, even with less
reactivity for EBV associated gH/gL which were used in the
formulation of these vaccines, in comparison to rhLCV
associated gH/gL. This supported the use of EBV associated
gH/gL glycoprotein for the formulation of adjuvant
conjugated nanoparticle-based vaccines for EBV.

This study highlighted the importance of identification and
analyses of unique viral factors which can be used for the
development of effective vaccine molecules and use of
liposomes for displaying these viral factors in the form of
nanoparticles sometimes conjugated with appropriate
adjuvants to form effective vaccines for evoking a stronger
immune response against EBV in host cells. Also, multiple
target vaccine molecules can be designed in the future
where several specific glycoprotein nanoparticles can be
conjugated onto the liposome surface thereby further
improving the immune response.
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