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Epstein-Barr Virus: Ubiquitous Virus with
Multifarious Implication in Oral Diseases

SUMMARY Koumpouli Alexandra, Karavida Paulina,
Epstein Barr virus (EBV) is the first virus identified to possess Zisis Vasileios, Poulopoulos Athanasios,

the capacity to induce various benign and malignant conditions. These Andreadis Dimitrios

conditions encompass asymptomatic persistent infection, self-limited Department of Oral Medicine/Pathology,

disease in individuals with a competent immune system, and the propensity School of Dentistry, Faculty of Health

Sciences, Aristotle University of Thessaloniki,

to initiate different tumors formation (oncogenesis) even head and neck Thessaloniki, Greece

cancer. Notably, EBV may interact with other viruses including human
papillomavirus (HPV) especially in immunosuppressed patients, leading to
a synergistic effect. The objective of this study is to conduct a comprehensive
literature review on the Epstein-Barr virus (EBV), focusing on its life cycle
within the human host, the pathogenic mechanisms associated with the virus,
the specific types of head and neck cancers in which EBV is implicated,
and the interactions between EBV and other viruses in immunosuppressed
individuals. Epstein-Barr virus (EBV) remains in most cases, asymptomatic
or leads to the development of infectious mononucleosis. Moreover, it plays
a significant role in the development of cancer, particularly in individuals
under immunosuppression. The viral infection typically persists within the
host organism in either a dormant or lytic state. The research also addresses
the topic of chronic activated Epstein-Barr virus (EBV) syndrome, exploring
its interactions with other pathogenic viruses. In addition to presenting
oral manifestations in the form of infectious mononucleosis, the Epstein-
Barr virus (EBV) is linked to the occurrence of nasopharyngeal carcinoma,
Hodgkin and Non-Hodgkin lymphomas in the head and neck region.
Furthermore, EBV is associated with the development of hairy leukoplakia
in individuals with weakened immune systems due to HIV. Overall,
EBV may play a role in the etiology and pathogenesis of oral squamous
epithelium carcinoma either independently or in conjunction with human
papillomavirus (HPV). The manifold role of EBV necessitates the accurate
diagnosis of new cases and the vigilant monitoring of the patients in order
to avoid or at least delay the long term repercussions on the patients’ health

and quality of life.
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Introduction oral/oropharyngeal cancer is 3.8% among males and

1.6% among females 2. Inflammation plays a crucial

Head and neck cancer exhibits an annual incidence role in facilitating the progression of cancer * The action

of around 550,000 cases and contributes to approximately ~of some viruses including EBV induces the onset of
380,000 global fatalities each year '. The prevalence of persistent inflammation, hence augmenting the likelihood
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of carcinogenesis subsequent to infection with oncogenic
viruses “. It had been hypothesized that natural immunity
exhibits anti-cancer properties, but the presence of chronic
inflammation contributes to the progression of cancer °.
The distinctive feature of chronic diseases, such as cancer,
is the simultaneous release of pro-inflammatory chemicals
at the site of inflammation and the buildup of cells that
regulate inflammation ©. The Epstein Barr virus (EBV) is
classified as a member of the Gammaherpesvirinae family,
sometimes referred to as HHV4, and has the potential
to induce oncogenesis 7. The EBV is a linear double-
stranded DNA virus that encodes a total of 85 genes.
Among these genes, certain ones have been identified to
have significant involvement in the progression of cancer
subsequent to an infection with EBV 7.

The existing data indicates that a significant
proportion, specifically 90%, of the adult population has
had prior infection with the virus during their childhood
7. Additionally, it has been observed that approximately
50% of children have encountered the virus by the time
they reach the age of 5 years old ® EBV is associated
with persistent asymptomatic infection in individuals
with a fully functioning immune system, or a limited-
duration illness known as infectious mononucleosis,
which arises from an atypical immune response to the
Epstein-Barr virus . The immune response of the host is
a critical factor in the regulation of the infection induced
by the Epstein-Barr virus (EBV). The Epstein-Barr virus
(EBV) has developed specific strategies to exploit the
differentiation of B cells, leading to the establishment of
an asymptomatic latent state in memory B lymphocytes .

Additionally, the virus exhibits tropism not only
for lymphocytes and monocytes but also for certain
epithelial cells, resulting in immunosuppression,
persistent immune activation, chronic inflammation,
and epithelial alterations '°. These mechanisms facilitate
viral reactivation and the dissemination of EBV-
infected B cells ' EBV is accountable for roughly 2%
of malignancies in the human population, resulting in
an estimated 200,000 instances of cancer worldwide
each year '!. This virus operates through different
distinct mechanisms '!. Firstly, the hyperactivation
of T cells leads to the initiation of a pathogenic
immunological response. Additionally, it has been
observed that the Epstein-Barr virus (EBV) can induce
the onset of infectious mononucleosis, leading to the
later manifestation of syndromes characterized by
lymphocytosis involving CD8+ T cells. Furthermore,
the emergence of autoimmune disorders, such as
multiple sclerosis, can be attributed to the prevalent
pro-inflammatory milieu within the brain. In addition,
the hyperactivation of marrow cells, induced by the
synthesis of cytokines, leads to the development of
hemophagocytic lymphohistiocytosis. This condition
mostly affects macrophage cells and is characterized by
an aberrant culmination of the immune response.

Material and Methods

For the purpose of this study, extensive search of
the literature was conducted. The search for literature
sources was carried out using specific keywords such as
EBYV, Epstein-Barr virus, Hodgkin lymphoma, HPV and
EBYV interaction, infectious mononucleosis, LMP protein,
nasopharyngeal carcinoma, and Non-Hodgkin lymphoma.
The Pubmed- Medline online database was utilized for
this purpose, without implementing any time frame for the
articles taken into consideration. The inclusion criterion
was that the article had been written in English whereas
the exclusion criterion was that the article had not been
written in English. The comprehensive review of literature
gathered all available data pertaining to the life cycle of
the Epstein-Barr virus (EBV) and the diverse spectrum of
disorders that can arise from an infection with this virus,
particularly in individuals with compromised immune
systems, as well as the association between proteins
and other products encoded by the EBV. Furthermore,
an examination was conducted to study the occurrence
of lymphomas, hairy leukoplakia, oral squamous cell
carcinoma and nasopharyngeal cancer in individuals
affected by Epstein-Barr virus (EBV) infection.

Results

All chosen 101 papers have been assessed and
accepted by all authors of the review, after considering
their abstracts, their publication dates, their references and
their scientific credibility.

Discussion

The life cycle of EBV and genes implicated

EBV exhibits two distinct phases of manifestation
10 Firstly, the lytic phase is characterized by the virus’s
ability to infect new B cells '°. Secondly, the latent phase
occurs in individuals who have been persistently infected
with the virus, resulting in lifelong carriers '°. The
latent phase necessitates the establishment of a delicate
equilibrium between the host organism and the viral
infection. The activation of a latent virus and subsequent
aberrant growth, as well as alteration of the host’s cells
leading to carcinogenesis, can occur due to a deterioration
in the immune system of the host '2. During the dormant
phase, the genes encoded by the Epstein-Barr virus
(EBV) facilitate the preservation of its viral genome, so
enabling evasion of the host’s immune response through
minimal protein expression. The dormant phase of the
virus is distinguished by the presence of membrane
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proteins LMP1 and LMP2, as well as nuclear antigens of
the EBNAs and RNAs of the EBV virus that are encoded
by the EBV virus (EBERs) !°. In particular, the initial
primary infection takes place via the oropharyngeal
epithelial cells and the salivary glands, subsequently
leading to infection of the B cells located in the tonsils,
lingual tonsil, and other regions of Waldeyer’s ring '3.
This sequence of events facilitates the virus’s effective
entry and departure !3. Specifically, the initial infection
with the virus primarily affects the epithelial cells of the
oral mucosa, while the latent phase predominantly targets
B cells '*. During the lytic phase, the production of novel
infectious viral particles, known as virions, takes place
15, Primary infection may resolve without any noticeable
symptoms; however, if symptoms do manifest, it can
lead to the development of infectious mononucleosis 7. In
contrast, cancers are commonly linked to the expression
of dormant genes. In immunocompetent individuals, the
immune response effectively manages EBV infection,
hence preventing the development of malignancies in the
vast majority of infected individuals '°. Various factors
contribute to the development of tumors, including genetic
predisposition, environmental factors such as parasitic
infections (e.g., malaria), dietary issues like malnutrition
and consumption of foods containing carcinogenic
substances, and reactivation of viruses associated with
changes in the host’s immune system strength, such as
infection with the human immunodeficiency virus (HIV)
or transplantation '°. The oral cavity serves as both a
reservoir and a transmission location for the EBV. The
primary mode of transmission for the Epstein-Barr virus
(EBV) is predominantly through the saliva, wherein a
significant quantity of infectious viral particles (virions)
can be identified !”. The transmission of the virus can
occur through various means, including kissing and
sexual intercourse, involving the exchange of female and
male genital secretions '8. Oral squamous cell carcinomas
(OSCC) that are positive for Epstein-Barr virus (EBV) are
infrequently encountered and are sometimes misdiagnosed
as a clinical presentation of less severe ailments '3,
The role of the virus in the development of cancer in
the oral cavity necessitates the presence of co-factors,
including genetic abnormalities and infections, including
malaria and the human papillomavirus (HPV) !3. Certain
malignancies, such as Burkitt lymphoma, have a rapid
progression and metastatic behavior, and are known to be
generated by the Epstein-Barr virus (EBV) !'°. Notably,
the virus exhibits a pattern of alternating presence
between B cells and epithelial cells. The viral infection
of B cells facilitates the establishment of a latent state,
characterized by a permanent and lifelong infection,
particularly in memory B lymphocytes 2°. Conversely,
the infection of epithelial cells enables viral replication
20 The concept of a “latent condition” pertaining to the
virus can be categorized into three distinct types '4. The
latent type 1 viral infection is predominantly observed

in Burkitt lymphoma (BL), characterized by restricted
expression of the nuclear antigen EBNA 1, along with
the presence of antigens BAMHIA (BART) and EBER.
Latent type 2 refers to a specific condition that is
distinguished by the presence of antigens EBNA 1, as well
as membrane proteins LMP1, LMP2a, and LMP2b. This
category mostly pertains to nasopharyngeal carcinoma,
a malignancy that is linked to Epstein-Barr virus (EBV),
as well as Hodgkin lymphoma (HL). In this particular
category, among the aforementioned observations,
there is also an observed expression of genes that are
commonly expressed in type 1. In latent type 3, B cells
that have been infected express a total of six nuclear
antigens, namely EBNA 1, EBNA 2, EBNA 3, EBNA
3A, EBNA 3B, EBNA 3C, and EBNA-LP. Additionally,
three membrane proteins, namely LMP1, LMP2A, and
LMP2B, are also expressed by these infected B cells.
Post-transplant  lymphoproliferative disease (PTLD)
has been reported exclusively in immunosuppressed
persons, either those with AIDS or individuals who have
undergone transplantation and are under medication
immunosuppression.

In all variants, two coded tiny ribonucleic acids
(RNAs) are expressed, namely. The two entities under
discussion are EBER-1 and EBER-2. The viral gene
expression patterns exhibit variability within an individual
and across different tissues. The primary receptor
responsible for the binding of Epstein-Barr virus (EBV)
is the CD21 complement receptor 2!. The CD21 receptor
is ubiquitously present in mature B cells, while its
expression in epithelial cells is limited, exhibiting either
low expression or complete absence. This is the rationale
behind the existence of three hypotheses that explain the
attachment methods of the Epstein-Barr virus (EBV) to
epithelial cells, regardless of the presence of the CD21
receptor in these cells 22. The binding of immunoglobulins
A (IgA) to the receptor of EBV virions is facilitated by
the presence of secretory protein SC, which acts as a
glycoprotein with a molecular weight of 50,000-80,000d,
which is produced primarily by epithelial cells and is
not influenced by the synthesis of IgA. Otherwise, it is
facilitated via the gH-gL complex, which is referring
to the aggregate quantity of antibodies targeting the
proteins associated with the Epstein-Barr virus or via the
interaction between a BMRF2 membrane protein and
integrins.

The EBV virions that are discharged by B cells
exhibit a modified form of the gp42 viral protein, hence
enhancing their infectivity towards epithelial cells
while diminishing their infectivity towards B cells 2. In
contrast, EBV produced by infected epithelial cells has
the typical gp42 and demonstrates efficient infection of B
cells 2%, The observed alteration in cell-type tropism with
respect to EBV infection suggests that the transmission of
EBV occurs between epithelial cells and B cells within the
host during the infection cycle 2. Pharyngeal epithelial
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cells enter the lytic phase subsequent to infection with
the Epstein-Barr virus (EBV), and consistently eliminate
EBV-infected particles before transmitting them via saliva
22 Moreover, the EBER, a class of short RNAs, have
elevated levels of expression during infection with the
EBV %. The EBERs have the capability to engage with
the Toll-like receptor 3 (TLR3) receptor, leading to the
induction of cytokine release by malignant cells 2. This
phenomenon leads to the recruitment of macrophages
and the subsequent creation of a conducive milieu that
promotes the progression of nasopharyngeal carcinoma
26, The perpetuity of the virus necessitates the activation
of TERT (telomerase reverse transcriptase). Malignancies
that are linked to EBV necessitate the initiation of
telomerase activity 2’. The ribonucleoprotein complex
known as telomerase consists of an internal RNA template
(TR) and a catalytic protein that possesses telomerase
reverse transcriptase (TERT) activity 7. In B lymphocytes
that have been infected with Epstein-Barr virus (EBV),
the activation of telomerase reverse transcriptase (TERT)
occurs concurrently with the initiation of a latent protein
and a restricted expression of the lytic gene. LMPI,
being a crucial factor in the immortality of Epstein-Barr
virus (EBV), is responsible for the activation of TERT 7.
Simultaneously, the expression of BZLF-1, a regulator
of the lytic cycle, is adversely impacted by TERT,
hence promoting the preservation of the latent phase
2728 In contrast, the suppression of telomerase reverse
transcriptase (TERT) induces the complete lytic cycle,
specifically by activating BZLF-1, a transcription factor
responsible for gene expression in B cells that are positive
for Epstein-Barr virus (EBV+) during the lytic phase of
viral replication. Additionally, it regulates the progression
from the latent to the lytic phase 2.

EBYV Proteomics

The cancers originating from EBV infection are
linked to either the presence of viral proteins during the
dormant phase of the virus or the uncontrolled lytic
replication of the virus, which results in cellular mutation
29 The viral genome encodes three latent membrane
proteins (LMP1, LMP2A, and LMP2B), five nuclear
antigens (EBNA1, EBNA2, EBNA3A, EBNA3B, and
EBNA3C), and a protein known as EBNA-LP 3. Lastly,
it establishes a formal system for categorizing two
distinct types of miRNAs 2. LMP1 has been found to
be expressed in nasopharyngeal carcinoma (NPC), Non
Hodgkin Lymphomas (NHL), Burkitt lymphoma (BL),
and Hodgkin Lymphoma (HL) 3'. The protein LMPI
plays a crucial role in the growth and differentiation
signaling pathways of B cells 2. This protein is classified
as an oncoprotein due to its involvement in oncogenesis
linked with the EBV virus. Additionally, LMP1 aids
the metastasis of the virus within the host organism.
LMP1 specifically triggers multiple signaling pathways
associated with the expression of anti-apoptotic proteins

and cytokines, as well as contributes to the induction
of genomic mutations 73!, EBNAI plays a crucial role
in facilitating the replication of the Epstein-Barr virus
(EBV) genome . On the other hand, EBNA2 and
EBNA-LP are involved in the process of transforming
EBV-infected B cells into lymphoblastoid cell lines
(LCLs) and thereafter maintaining their transformed
state 34 Additionally, these proteins induce gene
transcription of both the viral and cellular genes. It is
worth noting that EBNA3A, EBNA3B, and EBNA3C
exhibit structural similarities and share similarities in
their regulatory mechanisms 3. Furthermore, they are
involved in regulating the transcription of host cells 7.
BARTs (BamHI fragment A rightward transcripts) are
observable during several stages of the viral life cycle,
with a predominant presence during the lytic phase 3°.
The expression of BARTs and microRNAs encoded
by BART (miR-BARTs) is particularly observed in
epithelial cancers linked to the EBV, and has the potential
to induce malignant transformation. Nevertheless, it
should be noted that the heightened occurrence of these
entities in epithelial malignancies may not accurately
reflect their prevalence during the initial phases of the
disease 3°. EBV encodes gene products that possess anti-
apoptotic characteristics, hence facilitating the survival of
infected epithelial cells 37. Numerous EBV-microRNAs
have been documented to exhibit immunopreventive
capabilities. The interplay between genetic alterations
inside cells and an inflammatory milieu might influence
the transcriptional activity of Epstein-Barr virus (EBV)
genes, hence modulating the propensity for the formation
of malignant epithelial cells and facilitating the process
of carcinogenesis 2°. Finally, the immunological response
of the infected cell is suppressed 3°. In summary, the lytic
phase of the Epstein-Barr virus (EBV) regulates cellular
oncogenic pathways, which encompass mechanisms that
facilitate angiogenesis, cellular reconfiguration, evasion
of the immune system, as well as genome instability, cell
cycle regulation, and viral survival 3°. The initiation of the
lytic phase of the virus plays a role in the development
of oncogenesis in both B cells and epithelial cells.
Following the latent phase, certain cells experience lytic
reactivation, which can manifest as either complete or
incomplete. During the process of complete reactivation,
cellular entities exhibit the expression of both early and
late lytic genes, thereby leading to the production of novel
viral particles, commonly referred to as virions 3°. These
virions thereafter proceed to infect additional cells, so
perpetuating the viral infection 3°. The aforementioned
newly infected cells undergo a transformation process,
thereby enabling their proliferation into cancerous
cells. The cells that undergo the lytic phase ultimately
perish and do not actively participate as cancerous cells.
Nevertheless, these entities play a role in the development
of cancer by engaging in many pathways, including
the regulation of angiogenesis and the secretion of
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cytokines 38. Certain cells may fail to fully execute the
lytic phase, resulting in an incomplete lytic reactivation.
The aforementioned cells exhibit the expression of early
lytic genes as opposed to late lytic genes, resulting in
the absence of virion production. These cells have the
potential to persist and play a role in the development
of cancer, exhibiting enhanced cell division, immune
evasion capabilities, genomic instability, and decreased
programmed cell death 36,

Signaling pathways linked to tumorigenesis

The virus facilitates the process of oncogenesis in
cells through the activation of many signaling pathways.
The products codified by EBV have a substantial impact
on the cell cycle, proliferation, and apoptosis via six
primary signaling pathways that are interrelated, so
establishing a network. The virus impacts the following
signaling pathways '2. The NF-«kB signaling pathway
regulates cellular processes such as cell growth, death,
and metastasis 3°. The induction of the p65 sub-unit of
NP-xB by LMPI in nasopharyngeal carcinoma (NPC)
cells leads to the attachment of the sub-unit to human
telomerase reverse transcriptase (hTERT), subsequently
resulting in the activation of telomerase *°. Therefore,
the ultimate outcome of NP-kB activation induced by
LMP1 is the acquisition of immortality resulting from
LMPI1. The PI3K/AKT signaling pathway is known to
play a crucial role in regulating cell proliferation and has
been implicated in tumor growth 4. It has been observed
that EBV products have the ability to exert control over
cell proliferation and facilitate tumor development by
modulating the PI3K/AKT pathway #2. The LMP1 protein
plays a significant role in regulating the signaling pathway
associated with oncogenesis induced by the Epstein-Barr
virus (EBV). Meanwhile, the upregulation of miR-21 by
LMP1 leads to the activation of the PI3K/AKT pathway,
thereby inducing the expression of cancer stem cell (CSC)
markers and facilitating the progression of cancer and the
creation of tumor clusters 2. Angiogenesis plays a crucial
role in tumor progression, with both LMP1 and LMP2A
being implicated in the induction of angiogenesis '2.
The activation of the PI3K/AKT signaling pathways in
nasopharyngeal carcinomas (NPC) cells that are positive
for Epstein-Barr virus (EBV) has been shown as a result
of LMPI1, which also assumes a critical function in
cancer angiogenesis. Multiple studies have demonstrated
the significant involvement of the PI3K/AKT signaling
pathway in post-transplant lymphoproliferative disorder
(PTLD) resulting from the activity of the Epstein-Barr
virus (EBV) in a recipient of a transplant 2.

The activation of the JAK/STAT and NF-xB
signaling pathways is considered to be a distinguishing
feature in individuals diagnosed with diffuse large
B-cell lymphoma (DLBCL) caused by the EBV #.
Conversely, the activation of the JAK/STAT and NF- H
signaling pathways is not observed in DLBCL patients

who are negative for the virus 2. The activation of p38-
MAPK signaling by LMPI in NPC cells results in an
enhancement in cellular resistance to chemotherapy **.
A study examining the protein expression encoded by
the virus revealed that the utilization of p38-MAPK
inhibitors leads to a decrease in the expression of the
viral copy induced by BZLF1 and BGLF2 !>%. This
suggests that the Epstein-Barr virus (EBV) is capable of
enhancing its own infectivity by utilizing the p38-MAPK
signaling pathway '2. The migration and invasion of
nasopharyngeal carcinoma (NPC) cells are facilitated by
EBV-miRNA-BART22, which also hinders cell death by
specifically targeting ASK1 (MAP3KS5), a crucial element
of the p38-MAPK signaling pathway '2. The resistance
of EBV-positive nasopharyngeal carcinoma (NPC)
cells to the inhibitory and apoptotic effects of TGFpI1-
mediated growth, as well as the strict control of TGF-1
on the growth of EBV-negative NPC cell lines, has been
investigated in relation to the regulation of apoptosis
and proliferation “°. Notably, EBNA1 and LMP2A have
been identified as potential key factors in this process '2.
EBV has the potential to enhance its own infection and
dissemination by utilizing the TGF-B signaling pathway
46 Proteins linked with Epstein-Barr virus (EBV) can
modulate cellular processes via the Wnt signaling
pathway 47. While no tumors were observed, the evidence
suggests that LMP1 has the potential to regulate cell
proliferation via the Wnt signaling pathway 2.

Infectious mononucleosis (IM)

In children, teenagers, and young adults,
the manifestation of infection tends to be either
asymptomatic or mild “%. However, it is important to
note that viral infection can occasionally result in a self-
limiting condition known as infectious mononucleosis
(IM) . IM has been found to potentially lead to
hematological diseases, specifically hemolytic anemia
and thrombocytopenia, with a prevalence ranging from
25% to 50% °. Irrespective of the development of
infectious mononucleosis (IM), infection with EBV leads
to a lifelong state of asymptomatic persistent infection,
characterized by periodic viral release in saliva 2.
Symptoms associated with IM often resolve after a few
weeks or months. However, in exceptional instances,
these symptoms may persist or recur intermittently over a
span of many months to years following the initial onset,
resulting in a state of chronic asymptomatic infection
with EBV or chronic IM 2°, A percentage of patients will
follow a more severe clinical course that may even end
up in death 3!, This particular category mostly pertains
to the condition of chronic infection with Epstein-Barr
virus (EBV), commonly referred to as CAEBV. CAEBV
is characterized by a bleak prognosis, and currently,
hematopoietic stem cell transplantation stands as the sole
therapy option for this condition 2°. The symptoms of
IM primarily arise from a collective immune response
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of T cells to the outbreaks of B cells infected with the
EBYV, accompanied by viral replication in the oropharynx
52 Patients diagnosed with IM exhibit a significant viral
load in both their blood and saliva for a duration of up
to six months following their recovery '3. The condition
of chronic active infection with Epstein-Barr virus
(EBV) is an infrequent occurrence characterized by the
proliferation of T and/or NK cells that have been infected
with EBV 3. The syndrome exhibits a genetic and
regional predilection, with a higher prevalence observed
in East Asia and Latin America '°. A diverse clinical
trajectory of chronic active Epstein-Barr virus (CAEBV)
manifests, encompassing a spectrum that spans from an
inactive and sporadically self-restricting ailment to a
progressive and fatal state characterized by multi-organ
dysfunction or the emergence of leukemia/lymphoma
20, The prognosis of chronic active infection resulting
from EBV is unfavorable, exhibiting characteristics
of both malignant neoplasms and immunodeficiency
> The etiology of chronic active Epstein-Barr virus
infection (CAEBV) has yet to be fully elucidated >°. As
per the World Health Organization (WHO), CAEBV
is described as a lymphohyperplastic disorder that is
positive for EBV and exhibits multiclonal, oligoclonal,
or frequently monoclonal characteristics >°. This disorder
is characterized by symptoms such as fever, persistent
hepatitis, hepatosplenomegaly, and lymphadenopathy,
which may vary in clinical severity depending on the
host’s immune response and the viral load of EBV 20,
The diagnosis of CAEBV is established when symptoms
of IM persist for a duration exceeding 3 months 7. This
diagnosis is supported by the detection of elevated levels
of EBV DNA in the peripheral blood, the presence
of histological indications of disease in organs, and
the identification of EBV RNA or viral proteins in
affected tissues 2°. It is important to note that CAEBV
is diagnosed in individuals who do not have any known
immunodeficiency, malignancy, or autoimmune disorder
2058 - Despite initially being regarded as a pediatric
ailment, current research has revealed an increasing
incidence of adult-onset cases of CAEBYV, which
exhibit a more unfavorable prognosis when compared
to pediatric cases 2°. The potential factors contributing
to the geographic distribution of Epstein-Barr virus
(EBV) can be attributed to either the prevalence of a
particular EBV strain in those regions, the influence of
an environmental factor that exhibits a similar geographic
distribution pattern as chronic active Epstein-Barr virus
(CAEBV), or the existence of genetic predisposition
with uneven geographic prevalence 2°. Patients who
have been diagnosed with chronic active Epstein-Barr
virus (CAEBYV) after a significantly prolonged duration
subsequent to the initial manifestation of the disease have
a worse prognosis 2.

Nasopharyngeal carcinoma (NPC)

The process of EBV infection initiates with the
clonal dissemination of a solitary cell infected with EBV
during the initial phase of NPC development °. The
growth of carcinoma occurs following the manifestation
of the type II latent phase of the virus % accompanied by
the subsequent expression of EBNA1, EBERs, BARTS,
LMPI, and LMP2A '3l Nasopharyngeal carcinoma
(NPC) is a neoplastic growth originating from the
epithelial cells in the head and neck region, characterized
by its ability to metastasize °2. NPC exhibits a strong
and exclusive (100%) association with the EBV 9. NPC
exhibits a low prevalence in Western countries, however
it is prevalent in Southeast Asia and North Africa, with
an incidence rate of 30-40 occurrences per 100,000
individuals 5. This type of carcinoma is predominantly
observed in Asia, exhibiting a distinct geographical
pattern, with a prevalence of 27% in Southeast Asia
and 50% in East Asia %°. In contrast, the occurrence
of this phenomenon is infrequent in Europe and North
America °. The pathogenesis of NPC is multifactorial,
encompassing various variables including EBV infection,
genetic  predisposition, environmental factors, and
unidentified factors 3. Furthermore, the ingestion of
nitrosamine-rich foods, such as salted fish, has been
identified as a causative factor in the onset of NPC °.
While the involvement of EBV in the pathogenesis of
this particular carcinoma is well-established, there are
still significant gaps in our understanding of the precise
mechanisms and timing of viral infection in epithelial
cells %4, It is understood that the oral cavity serves as the
primary site of viral entry, with transmission occurring
through oropharyngeal secretions . Additionally, it
has been established that all tumor cells associated with
nasopharyngeal carcinoma (NPC) include a monoclonal
Epstein-Barr virus (EBV) genome 3. The majority of
patients are typically diagnosed during advanced stages of
the disease, resulting in a generally unfavorable prognosis
. Both inherited genetic mutations and the EBV play
significant roles in the development and progression of
carcinoma, making them crucial factors in the etiology
of cancer *. The process of carcinogenesis associated
with EBV is characterized by multiple stages, involving
the accumulation of genetic abnormalities in cells,
genetic instability, and disruption of signaling pathways
9 These factors all contribute to the persistence of the
viral genome and ultimately lead to the formation of
cancerous phenotypes *°. Nasopharyngeal carcinoma
(NPC) can manifest as keratinized squamous cell
carcinoma in approximately 20-25% of instances, while
non-keratinized squamous cell carcinoma accounts
for the remaining 80% of cases ®’. Among the non-
keratinized subtype, approximately 10-15% of cases
exhibit differentiation, although the majority, around
60-65%, are non-differentiated ®%. In the case of non-
differentiated carcinomas, the positive correlation with
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the presence of the virus reaches 100% . NPC may be
influenced by alterations in both genetic and epigenetic
mechanisms, which can modulate the activities of genes
that play crucial roles in fundamental cellular processes
like proliferation, apoptosis, and differentiation 7. LMP1
modulates the gene expression of the host’s cells, hence
exerting control over the microenvironment of the tumor
61, The presence of the LPM2A protein has been detected
in 50% of individuals with nasopharyngeal carcinoma
(NPC) 7'. The prevalence of LMPI in nasopharyngeal
carcinoma (NPC) tumors exhibits variability, typically
ranging from 20% to 40% in most cases 7. However,
the observed occurrence of LMP1 can reach levels
above 90%, contingent upon the specific detection
methodology employed °'. The upregulation of LMPI
in nasopharyngeal carcinoma (NPC) has been found
to be correlated with a more favorable prognosis. This
association can be attributed to the immunomodulatory
effects of LMP1 on the host’s immune response.
One of the primary genetic alterations observed in
nasopharyngeal carcinoma (NPC) is the deletion of
chromosomal regions in 9p and 3p, a phenomenon that
typically manifests early in the pathogenesis of this
disease 7>74, This finding suggests that a higher frequency
of 9p3p deletion could potentially make nasopharyngeal
cells more susceptible to entering an Epstein-Barr virus
latent phase. The presence of Epstein-Barr virus (EBV) in
nasopharyngeal carcinoma (NPC) serves as a facilitator of
tumor growth, rather than an influencer of the oncogenic
process. The replication of the Epstein-Barr virus (EBV)
can occur in normal epithelial cells, but latent infection
leading to malignancy can occur in undifferentiated
epithelial cells due to genetic and epigenetic abnormalities
75 This implies that the association between the virus
and carcinoma is attributed to the high occurrence of a
dormant state of the virus in epithelial cells that have
previously experienced malignant genetic alterations ©7.
The most significant association with the occurrence of
nasopharyngeal cancer has been observed in the genetic
variations of the MHC I genes located on chromosome 6p
26, The MHC genes, namely HLA-A, HLA-B, and HLA-
C, belong to Category 1 and are responsible for encoding
proteins that play a crucial role in the immune responses
of the host 2. The involvement of the NF-xB signaling
pathway in promoting inflammation and contributing
to the development and progression of nasopharyngeal
carcinoma (NPC) has been extensively documented
7. The LMPI1 protein has been widely recognized as
a potent inducer of the NF-kB signaling pathways in
nasopharyngeal carcinoma (NPC) 77. Prolonged activation
of the NF-kB pathway contributes to the advancement of
malignancy and hinders the lytic replication of the EBV
virus. The presence of both lytic and latent EBV genes
has been found to be associated with the initial phases
of nasopharyngeal carcinoma (NPC) development in
nasopharyngeal cells 2. The activation of NF-kB has

the potential to exert an influence on numerous proteins
involved in critical cellular processes such as cell division,
differentiation, and survival 78. Consequently, EBV
exerts its influence on nasopharyngeal carcinoma (NPC)
by multiple mechanisms, including the activation of the
NF-kB signaling pathway, the synthesis of LMP1 and
LMP2A proteins, and the modulation of cellular activities
through microRNAs (miRNAs) 7°. The management of
NPC mostly consists of radiotherapy, surgical intervention
in cases of recurrent relapses, or a combination of
chemotherapy and radiotherapy in advanced stages of
the disease *. The overall prognosis and 5-year survival
rates have demonstrated improvement. Over the past
decade, the 5-year survival rate has increased from
approximately 20-40% to a present level of up to 70%
81 There is a prevailing consensus that individuals
diagnosed with non-keratinized Epstein-Barr virus
positive (EBV+) nasopharyngeal carcinoma (NPC) tend
to exhibit a more favorable prognosis in comparison to
those with keratinized EBV negative (EBV-) NPC #2, The
development of keratinized nasopharyngeal carcinoma
(NPC) may occur subsequent to radiation treatment
for non-keratinized NPC. Keratinized nasopharyngeal
carcinoma (NPC) frequently presents as an advanced
tumor, with a prevalence of up to 76% compared to 55%
in non-keratinized carcinoma %2. Conversely, lymph node
metastasis is less frequently observed in keratinized NPC,
occurring in approximately 29% of cases as opposed to
70% #2. The tumor exhibits physical similarities to other
squamous cell carcinomas found in the head and neck
region ¥2. Non-keratinizing nasopharyngeal carcinoma
(NPC) is responsible for the vast majority of malignancies
that arise in the epithelial cells of the nasopharynx. The
critical need for appropriate therapy arises from the
significant mortality rates observed in individuals with
severe and recurrent disease of NPC.

Lymphomas

Epstein-Barr virus (EBV) has been found to be
associated with the development of different types of
lymphomas in a range of 33% to 100% of cases .
However, the identification of the virus is not essential,
as it has been observed that the virus often becomes
undetectable after the disease has manifested 0.

Hodgkin lymphoma (HL)

HL is a very rare form of cancer distinguished by
the presence of a small proportion of malignant Hodgkin/
Reed Sternberg (HRS) cells, which are enveloped by
a non-neoplastic inflammatory infiltrate %. EBV is
detected in approximately 40% of the neoplastic cells
found in individuals diagnosed with Hodgkin lymphoma
(HL) at a rate of 25%. There is also a higher occurrence
of HL among individuals who are HIV positive or have
undergone transplantation 385 There exist two distinct
kinds of Hodgkin lymphoma (HL), namely classical HL
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(cHL) and nodular lymphocyte-predominant Hodgkin
lymphoma (NLPHL) 8. EBV is primarily associated with
cHL, a kind of lymphoma defined by a limited number of
neoplastic cells within an inflammatory microenvironment
10 Epidemiological studies categorize cHL into three
distinct forms. Pediatric patients typically have EBV
positivity, which is considered to be the outcome of
an uncommon and atypical reaction to initial EBV
infection. Young adults are typically characterized by
their EBV status. The aged population typically exhibits
positivity for EBV, which can be attributed to a loss in
immunity specific to EBV that occurs with advancing
age 8. The antiapoptotic action of EBV inhibits the
apoptotic process, hence preventing cell death in HRS
86, The prevalence of classical Hodgkin lymphoma
(cHL) is significantly elevated, ranging from 5 to 15
times greater, among individuals who are diagnosed
with human immunodeficiency virus (HIV) and acquired
immunodeficiency syndrome (AIDS) compared to the
general population 37. Moreover, the prevalence of cHL
remains unchanged among those who are HIV positive,
despite the implementation of highly active antiretroviral
therapy %7. Conversely, the likelihood of developing
HL may be heightened in the initial months following
the initiation of antiretroviral therapy. There exist two
interpretations that can be employed to elucidate this
phenomenon %8, Firstly, it has been observed that in
low-level CD4+ T cells, cHL undergoes morphological
transformation, leading to a resemblance to NHL.
Additionally, the growth of cHL may necessitate the
presence of CD4+ T cells. The inflammatory filtrate
observed in cHL exhibits a substantial presence of
CD4+ T cells, which play a crucial role in supporting
the survival of Hodgkin Reed-Sternberg (HRS) cells via
the release of cytokines %%, Epstein-Barr virus (EBV)
genes, particularly LMPI1, have the ability to release
cytokines and chemokines that interact with and alter the
chronic inflammatory cells, such as thye CD4+T cells %,
The condition is commonly encountered in both young
adults and elderly individuals within Western populations.
Children from low socioeconomic backgrounds in
underdeveloped nations are found to be particularly
susceptible to EBV infection at an early age °'. In the
regions of Australia, Europe, and North America, it has
been observed that a significant proportion, ranging from
30% to 50% of HL cases are associated with EBV 92,

Non-Hodgkin lymphoma (NHL)

EBV is a bona fide oncogenic virus, as it has
been causally linked to rare NHL subtypes and NHL
occurrences in immunocompromised patients °3. The
compromised immune system allows the reactivation and
proliferation of EBV, during extreme psychological stress
and the natural process of aging °*?°. The reactivation of
a virus is considered a cofounding factor that increases
the likelihood of developing NHL. NHLs are responsible

for a substantial majority, ranging from 65% to 90%
of lymphomas occurring in the head and neck region
% The incidence of NHL in this anatomical location
tends to rise with advancing age, with the average age at
diagnosis being 61.8 years °°. NHL typically manifests
as a swiftly expanding entity accompanied by systemic
manifestations. The occurrence of oral NHL is infrequent,
with the tongue being the predominant anatomical
location °7. Oral NHLs comprise roughly 2% of the total
NHL cases 8. B-cell lymphomas constitute approximately
80-85% of all NHLs %°. Hence, the majority of oral
lymphomas are classified as B-cell lymphomas,
constituting a range of 41-100% of cases, with Diffuse
Large B-cell Lymphoma (DLBCL) being the prevailing
subtype . NHL accounts for around 5% of all head
and neck malignancies *°. The majority of lymphomas
affecting the nasal and paranasal regions are of T-cell
origin *. Diffuse large B-cell lymphomas (DLBCLs)
and Burkitt lymphomas (BLs) comprised the highest
proportion (35% each) among the several histological
subtypes of NHL . The majority of oral lymphomas
observed in persons with compromised immune systems
exhibit positivity for the Epstein-Barr virus (EBV) in
contrast to the immunocompetent NHL patients where the
viral positivity is reported to be 9% %°.

Burkitt Lymphoma (BL)

BL is a rapidly growing NHL with three distinct
subtypes: endemic, sporadic, and immunodeficiency-
related '°. The endemic subtype manifests mostly in the
maxillofacial bones in 40-70% of the individuals, with
a higher incidence observed among children residing
in Africa and Asia '°. The endemic subtype is typically
characterized by EBV+ status, and is predominantly found
in regions affected by malaria. The incidence rate among
individuals under the age of 18 is reported to be between
3 and 6 per 100,000. The average age at diagnosis is 8
years old ', and children who are 5-9 years old represent
more than 30% of the cases '°!. The sporadic subtype is
characterized by EBV+ status in approximately 15-20% of
cases !9, The sporadic subtype is predominantly observed
in North America and Europe, with an average age of
diagnosis at 45 years 192193 The yearly incidence rate is
reported to be 4 per 1,000,000 in individuals under the age
of 16, and 2.5 per 1,000,000 in adults %4, The average age
at which children are diagnosed ranges from 3 to 12 years
old ', In immunodeficiency-related lymphoma, EBV is
found in 30-40% of cases '°. The Burkitt lymphoma has
a prevalence rate of 22 per 100,000 individuals in the
United States and the prognosis is contingent upon the
spread of the disease. The prognosis of younger patients
is more favorable '%. Finally, it may be observed that
the prognosis following chemotherapy is favorable in
pediatric patients, while it is unfavorable in adults '°7. In
BL, a displacement of the c-myc gene on chromosome
8 is observed '8, BL is associated with EBV, HIV,
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and chromosomal abnormalities resulting in excessive
expression of the c-myc gene '%°. BL accounts for 5% of
the NHL cases !, The prevalence is higher in Caucasians
in comparison to Africans and Asians. Additionally,
it predominantly affects males, with a male to female
ratio of approximately 3-4:1. BL may be associated
with the clonal dissemination of a solitary EBV+ cell.
Elevated EBYV titles pose a significant risk factor for the
development of Burkitt’s lymphoma (BL) '''. EBV+
BLs have, comparatively to EBV- BLs, less accumulated
mutations 3.

Diffuse Large B-cell Lymphoma (DLBCL)

DLBCL is commonly referred to as an Epstein-
Barr virus-associated lymphoma, which primarily affects
the elderly. It is linked to the EBV virus in 30-90% of
cases, to HIV+ individuals, and in 3-10% of cases, to
HIV- individuals over 60 years old, mostly in Asia '2.
10% of the DLBCLs exhibit EBV positivity '3, 74% of
the DLBCLs exhibit pl6 methylation, which is often
associated with advanced patient age. The inhibition
of DLBCL tumor growth can occur due to the loss of
expression of pl6, while a bad prognosis is associated
with P16 hypermethylation . Lymphoma is commonly
linked to a deterioration in the patient’s immunological
function, particularly when the prognosis for lymphoma is
unfavorable 1°,

Primary effusion lymphoma (PEL)

PEL predominantly manifests in HIV+ individuals
114 A strong association with human herpesvirus 8 (HHV-
8) is noticed, along with a variable association with EBV.
The prognosis is very poor ',

Plasmablastic lymphoma (PBL)

PBL is classified as a rare and highly aggressive form
of oral cancer, predominantly observed in AIDS patients '
and those who have undergone organ transplantation '3,

T/NK lymphomas

The precise involvement of EBV in the pathogenesis
of T/NK lymphoma is not yet fully understood. EBV
has demonstrated the capacity to infect many types of
immune cells, including CD4+ and CD8+ T cells, as
well as natural killer (NK) cells '°. Genetic aberrations,
EBV infection, and the tumor microenvironment are
significant predisposing factors for the progression of
the disease. The likelihood of survival is contingent
upon the specific type of disease and the stage at which
it is diagnosed ''°. This condition is characterized by the
predominant occurrence of vascular injury and necrosis,
along with a notable association with EBV 7. The
primary manifestation of this condition mostly manifests
as nasal involvement. However, the lymphoma has the
potential to disseminate neighboring tissues, including
the nasopharynx, paranasal sinuses, oral cavity, palate,

and oropharynx. The prognosis of patients typically
exhibits variability, as certain individuals exhibit positive
responses to treatment, while others succumb to the
condition despite receiving severe medical intervention
118 The 5-year survival rate for nasal disease is reported
to be 54%, whereas for extranasal disease it is 34% !1°.
The disease exhibits a high level of aggressiveness,
resulting in a significant number of patients experiencing
mortality within a relatively short timeframe of 1-2 years
82 In the oral cavity, ulcers, ulcerations, and necrosis,
may develop 20,

Hairy Leukoplakia (HL)

Hairy leukoplakia, a type of epithelial hyperplasia,
is commonly observed on the lateral sides of the
tongue which tends to manifest in individuals on
immunosuppressive therapy '3. This condition primarily
manifests in persons who have contracted HIV, had organ
transplantation while on immunosuppressive medication,
or have hematological malignancies '2!. Hairy leukoplakia
exhibits a higher prevalence among HIV-positive males
who identify as homosexual, particularly in cases when
tobacco smoking is also present. Leukoplakia may also
manifest in around 50% of individuals who do not get
antiretroviral therapy for HIV, particularly those with a
CD4 count below 0.3*¥10"9/L 122,

The pathophysiology of HL is intricate and arises
from the interplay of multiple variables, including
EBV infection and the potential synergistic effect of
co-infection with the HIV virus. The treatment regimen
often involves the administration of antiretroviral
therapy, which has been shown to generally mitigate
the severity of the disease. Nonetheless, it is important
to note that leukoplakia tends to recur when the
medication is decreased. A substantial proportion of
patients who acquire Hodgkin’s lymphoma experience
notable immunosuppression at the time of diagnosis '23.
Research has indicated that individuals diagnosed with
HL and AIDS experience a reduced lifespan compared
to those who do not develop HL. While there may not
be a direct association between HL and substantial
morbidity or mortality, it does function as an indicator
of immunodeficiency, particularly in the presence of
HIV infection !3. HL is a direct consequence of EBV
replication and does not exhibit any correlation with latent
EBV infection 2. The upregulation of EBV oncogenes
and subsequent cell survival resulting from the virus’s
robust replication process are contributing factors to the
development of acanthosis and hypertrophy in the infected

epithelium 3.

Oral squamous cell carcinoma (0OSCC)

Squamous cell carcinoma represents the prevailing
kind of cancer observed within the mouth cavity. While
the impact of smoking and alcohol consumption on the
progression of carcinogenesis is widely acknowledged,
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the contribution of the EBV to the development of cancer
is not yet fully understood '?*. According to estimates,
an annual incidence of 198,975 cases of squamous cell
carcinoma has been reported. Among these cases, 97,940
individuals experienced mortality as a direct result of this
carcinoma, accounting for 34% of the total cases 23129,
A noticeable increase in the incidence of carcinoma
has been observed in Denmark, the Netherlands, and
Portugal within the European context. Conversely, in
Italy and France, an increasing trend in the development
of the disease is predominantly observed among females
(2%, During the time frame spanning from 2013 to 2014,
oral squamous cell carcinoma constituted the majority,
specifically 91.2%, of all cancer cases observed within
the mouth cavity. In contrast, a decline in the incidence
of this malignancy is observed in the United States and
Canada '?*. Various studies have documented inconsistent
findings on the association between Epstein-Barr virus
(EBV) and oral squamous cell carcinoma (OSCC), with
reported prevalence rates of the virus varying from 0% to
100%. The presence of LPM1 and EBNAZ2 has been often
observed in OSCC '3, The prognosis of patients might
vary based on several factors, including age, with older
individuals typically exhibiting a less favorable prognosis.
The presence of EBV has been found to impede the
process of epithelial differentiation, perhaps playing a
role in the development of oral squamous cell carcinoma
(OSCC) by inducing epigenetic changes in infected cancer
cells. This may help explain the inconsistent detection of
the virus in OSCC cases '3.

Conclusions

Epstein-Barr virus (EBV) possesses the capacity to
initiate, activate, or impede the process of carcinogenesis.
It is implicated in a wide range of lymphomas, as well
as in oral squamous cell carcinoma, particularly in
individuals undergoing immunosuppressive therapy. The
research focuses on determining the synergistic activity
of this virus with other viral agents. Regular monitoring
of high-risk patients is essential and should be conducted
by a dentist, oral medicine specialist, and other pertinent
medical professionals.
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