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Abstract:- Epstein Barr Virus (EBV), belonging to the 

family of herpes virus, widely responsible for initiating a 

long-lasting infection that infects more than 90% of the 

adult human population world-wide. Apart from being a 

chronic B-Lymphocyte infecting virus with common 

symptoms associated with fever, sore throat, 

lymphadenopathy etc., the viral proteins have been 

reported to be linked to different types of human 

carcinomas & lymphomas in the long run. The approach 

of this review is mostly to bring forward the insights of 

some of the potent carcinomas that are directly related to 

the pathogenesis of this virus, elucidating the viral 

proteins -: EBNA-1, EBNA-2, EBNA-LP, EBNA-3A, 3B, 

3C, LMP-1, their direct association with human p53, p63, 

p73 & their isoforms in regulating the tumour inducing 

pathways, along with this some of the recent therapeutic 

approaches in preventing the EBV linked carcinogenesis 

has also been incorporated in this review. 
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I. INTRODUCTION 

 

Epstein Barr Virus (EBV) is an omnipresent virus also 

known as Human gamma herpesvirus 4. The International 

Agency for Research on Cancer (IARC) classified it as a 

Category I carcinogen after discovering it in cultured tumour 
cells taken from Burkitt's lymphoma biopsy in 1964 [1], EBV 

has the same structure as other herpesviruses. The viral 

genome is present as a linear, double-stranded, ca.172-kbp 

DNA molecule in the infectious virion. The viral genome is 

mostly preserved as an extrachromosomal episome in 

infected cells [1]. Around 90% of the world population are 

EBV positive, Preadolescent infections are typically 

asymptomatic, but primary infections later in life commonly 

result in Infectious Mononucleosis (IM) [2]. Following a 

primary infection, the EBV enters a latency phase in which it 

attacks epithelial cells, enters the circulating B lymphocyte, 

and remains in a dormant condition for the rest of one's life, 
similar to other herpesviruses [3]. Latent EBV infection 

contributes to 2% of all human malignancies, including 

numerous Nasopharyngeal Carcinomas (NPCs), Burkitt's 

Lymphomas (BLs), and ~10% of gastric cancers [2] EBV 

was the first human cancer virus discovered, and it causes 

around 1.8 percent of all malignancies in humans, including 

Hodgkin lymphoma, Burkitt's lymphoma, NK/T cell 

lymphoma, and others [4]. EBV infection has been observed 

in tumour cells of Nasopharyngeal Carcinoma (NPC) patients 

from endemic regions, and it has recently been linked to 

Gastric Cancer (GC), where EBV infection has been 
identified in roughly 10% of all cases [5]. The oral route is 

the most common route for EBV to spread. Organ 

transplantation and blood transfusion, have been associated 

to the spread of EBV [3]. EBV initially infects the 

oropharyngeal epithelial cell, followed by the establishment 

of the latency in B cells, epithelial cells and natural killer/T 

cells for its lifelong persistence, [6]. The virus, in general, 

does not cause any harm. However, in compromised health 

conditions, increased viral titre may lead to subsequent 

complications including various types of cancers [7], EBV 

has developed to have an uncanny ability to govern cell 

death. TP53, the gene encoding for the tumour suppressor 
protein p53, which is responsible for cell cycle arrest and 

apoptosis, is the most frequently mutated gene in human 

carcinomas [5]. Viral and bacterial infections strongly 

modulate TP53 mutation frequency due to its capability to 

interfere with p53 activity [8]. It has been found that several 

EBV gene products produced during lytic and latent phase 

tends to interact with P53 isoforms such as P63 and P73 

causing mutations [9]. Also, Epigenetic modulation induced 

by EBV proteins, could be responsible for p53 deregulation 

[10]. Although rare TP53 mutations are seen in EBV-

associated epithelial malignancies [11]. In Gastric Cancer the 
TP53 pathway deregulation is due to TP53 mutations in 

approximately 70% of all cases, but in the EBV-associated 

gastric cancers mutations are infrequent [5]. The review has 

focussed on the interactions of EBV with P53 family, and its 

potent role in human malignancies 
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II. PATHOGENESIS OF EBV 

 
Epstein-Barr Virus (EBV) led infectious mononucleosis 

is very much frequent among the adolescent and young adult 

groups of the western society. Due to its route of 

transmission, which is mostly through saliva, EBV infections 

are commonly referred to as "Kissing Disease." The EBV 

infection normally begins sub-clinically in children, 

developing a chronic infection in the B lymphocytes, thus 

producing a low-level viral load in the saliva, which can be 

easily spread through intimate contacts, sharing foods and 

utensils, cough, sneeze, etc. EBV has been reportedly found 

in both male and female genital fluids, thus indicating that 

the virus can also be transmitted through sexual contact [13]. 
The most common symptoms that are manifested by EBV 

positive population, include persistent fever, sore throat, 

fatigue, lymphadenopathy [14]. As a person gets infected 

with the EBV virus, the virus remains in a dormant condition 

within the resting memory B lymphocytes of the host for rest 

of the life. However, reportedly being a strong transforming 

virus for B cells in vitro, it is linked to a number of 

significant lymphomas, which include Burkitt's, Hodgkin's, 

and Immunoblastic lymphoma [15]. Two EBV subtypes have 

been found till date EBV-1 & EBV-2, these subtypes 

basically show a variation in their genetic makeup, other 
biological properties based on their geographical locations 

[16][17]. Considering the latent EBV genes, EBER1, 

EBER2, EBNA2, EBNA3, and EBNA-LP have the most 

genetic differences. EBV-1 predominates in most regions of 

the world around 80–90% infectivity rate, with EBV-2 found 

more frequently in equatorial Africa, New Guinea. This 

subtype is also very common among the 

immunocompromised or AIDS population [16]. After the 

initial exposure to the infection in the oral & nasal epithelial 

lining, the virus is expected to undergo a short phase of lytic 

replications [18][19][20]. Following the infection of naive B 

cells in adjacent tonsillar lymphoid tissues, a short “pre-
latent” period of lytic and latent gene expression occurs 

before the epigenetic regulation of viral genes [21]. Limited 

expression of a restricted collection of lytic genes with 

regulatory function, thus omitting lytic genes needed for 

DNA replication and virion assembly, characterizes this short 

pre-latent phase. Pre-latent lytic gene products, such as 

BART mi-RNA, viral BCL-2 homologues, and BZLF1, are 

thought to contribute to the early survival of EBV – infected 

B cells by boosting cell proliferation and blocking apoptosis 

[22]. Rapid development of latently infected B cells is 

produced by expression of the complete growth-promoting 
complement of latency genes, i.e., the latency III program, 

after epigenetic suppression of the complete complement of 

lytic genes and a subset of latent gene promoters [23]. 

Infected epithelial cells and B cells express the entire 

complement of lytic and latent antigens, triggering a robust 

humoral and cellular immune response that suppresses viral 

replication [24][25][26]. B cells which had been latently 

infected, convert from the highly immunogenic latency III 

program to the less immunogenic latency II program, with 

viral gene expression limited to three proteins: EBNA-1, 

LMP-1, and LMP-2A [31]. The viral genome is maintained 
by EBNA-1 [27], while LMP-1 and LMP-2A, on the other 

hand, promote cell proliferation avoiding apoptosis [28][29]. 

Latency II B cells can adopt a germinal centre B-cell 

phenotype without EBNA-2-mediated trans-activation, 
allowing them to survive germinal centre and/or extra-

follicular growth and maturation into EBV – infected 

memory B cells [30][31]. Memory B cells infected with EBV 

endure by transitioning from the latency II to the latency 0 

program, with almost no viral gene expression and only 

sporadic LMP-2a expression [30][32][33]. Resting memory 

B cells infected with EBV circulate in the bloodstream, 

seeding lymphoid tissues all throughout the body. End-stage 

viral replication is caused by plasmacytic differentiation of 

EBV – positive memory B cells [30][34][35]. Intermittent 

virus replication in oral and nasal tissues also results in a 

low-level viral shedding in saliva, as well as lifelong survival 
of IgG anti-VCA antibody and EBV – specific cytotoxic T 

lymphocytes (CTL), which are more often directed against 

lytic antigens than latent antigens [36]. 

 

 
 

III. EBV GENES RESPONSIBLE FOR 

CARCINOGENESIS 

 

EBV encodes for fascinating genes. Anti-apoptotic 

chemicals, cytokines, and signal transducers interact with or 

have homology with these products, encouraging EBV 

infection, immortalization, and transformation. The genes 

contain various nuclear proteins (the Epstein Barr nuclear 

antigens, [EBNAs]), some plasma membrane proteins (the 

latent membrane proteins, [LMPs]) and also some very 

abundant small untranslated ribonucleic acids ([RNAs]. 

Depending on the cell type in which it dwells, the EBV virus 
might employ different transcription programmes. Latency I, 

III, and the lytic cycle are the three major gene expression 

programmes. Latency II shows intermediate gene expression 

[37]. 

 

 EBNA – 1: 
EBNA-1 is a sequence-specific DNA binding 

phosphoprotein essential for EBV genome replication and 

maintenance. EBNA-1 binding to oriP serves as a 

transcription enhancer for the Cp EBNA promoter and the 

promoter for LMP-1 in addition to DNA replication [38, p. 
1]. EBNA-1 interacts with the plasmid replication origin, 

which is made up of two different EBNA-1 binding regions 

[39] [40] [41]. They are the family of repeats and the dyad 
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symmetry [42]. Multiple 18-bp EBNA-1 binding sites are 

found in both the repeat family and the dyad symmetry 
binding elements [42]. EBV employs host enzymes to 

facilitate the remaining stages of replication after EBNA-1 

binds to the plasmid origin of replication. As the family of 

repeats element aborts leftward replication, EBV genome 

replication only propagates rightward, forcing episomal 

replication to begin and end at the plasmid origin of 

replication. 

 

 EBNA – 2: 
EBNA-2 and EBNA-LP are the first latent proteins that 

are detected after EBV infection. EBNA-2 is a transcriptional 

co-activator that coordinates viral gene expression in latency 
III and also trans-activates various genes, and also plays a 

vital role for cell immortalization [43] [39]. Through 

interactions with the overexpression of cellular proteins, 

EBNA2 prevents intrinsic cell death. EBNA-2 can bind and 

inhibit the orphan nuclear receptor Nur77 [44][44], which has 

been reported to bind and affect the activity of many pro-

survival BCL-2 family members. EBNA2 is involved in the 

upregulation of viral and cellular gene expression. CD23 (a 

surface marker of activated B cells), c-myc (a cellular proto-

oncogene), and the viral EBNA-C promoter are among them 

[45]. The activation of myc, can both cause increase 
proliferation and sensitise cells to apoptosis, through long-

range interactions [46]. 

 

 EBNA – 5 / EBNA – LP: 
EBNA-LP, also known as EBNA-5, is one of the first 

viral proteins produced during EBV infection of B cells [43]. 

EBNA-LP is the transcriptional co-activator of EBNA2, is 

essential for efficient B cell transformation [46]. EBNA-LP 

tends to interacts with EBNA-2 to drive resting B 

lymphocytes into the G1 phase of the cell cycle by binding 

and inactivating cellular p53 and retinoblastoma protein 
tumour suppressor gene products [47, p. 2] [47, p. 2]. EBNA-

LP is also found to interacts with other transcription factors 

involved in the Notch Signalling Pathway [47, p. 2] [47, p. 

2].  

 

 EBNA-3A, EBNA-3B & EBNA-3C: 
EBNA-3A, EBNA-3B, and EBNA-3C act as 

transcriptional regulators, with repressing and activating 

properties [48]. Three adjacent genes on the viral genome 

encode members of the EBNA-3 family [43]. Both EBNA-

3A and EBNA-3C have been found to be crucial for B-Cell 

immortalization [49][49]. EBNA-3C may bypass the 
retinoblastoma tumour suppressor gene checkpoint in the G1 

phase of the cell cycle [50, p. 7]. EBNA3C is involved in 

upregulation of LMP-1[51]. EBNA3B has been found to 

induce expression of vimentin and CD40 [52, p. 4]. Cp 

binding factor interacts with all three EBNA-3s. 1. Cp 

binding factor 1 is a component of the notch signalling 

system, and overexpression of the notch protein has been 

linked to human T-cell malignancies [53]. 

 

 LMP – 1: 
LMP-1 is a membrane protein having six membrane-

spanning hydrophobic regions and a C-terminal cytoplasmic 

domain that appears to house the molecule's effector 

component. Through its C-terminal intra-cytoplasmic 

domains, LMP1 causes a persistent activation of numerous 
signal transduction cascades in human cells. As a result, 

LMP1 operates as a continually active receptor that is not 

triggered by external ligands [54]. LMP1 clustering is 

induced by transmembrane domains, which trigger signalling 

from a 200-residue cytoplasmic tail. Two LMP1 signalling 

domains were found to be important for EBV-mediated B-

cell growth transformation in a reverse genetic investigation. 

These transformation effector site (TES)/C-terminal 

activation region (CTAR) 1 and 2, mimics CD40, a tumour 

necrosis factor (TNF) receptor family member and important 

B-cell co-stimulatory receptor. LMP1 activates the NF-B, 

mitogen-activated protein kinase (MAPK), phosphatidyl-
inositol 3-kinase, and interferon regulatory factor (IRF) 

pathways in a constitutive manner. To limit migration and 

induce latency, the LMP1 CTAR3 domain triggers 

SUMOylation pathways [55]. 

 

 
 

 

P53, P63, P73 THEIR ISOFORMS & THE 

INTERACTION WITH EBV 

p53 gene is a type of tumour suppressor gene which is 

responsible for prevention of tumour formation in the body. 

This p53 gene has been located on chromosome 17 of the 
human genome. The encoded p53 protein binds to DNA in 

the cell, which causes another gene to generate the protein 

p21, which interacts with a cell division-stimulating protein 

(cdk2). When p21 binds to cdk2, the cell is unable to 

progress to the next stage of cell division resulting in 

apoptosis of the cell [57][58]. A mutation in the p53 gene 

prevents it from binding to the DNA in an effective manner, 

hence further the p21 protein could no longer act as a 'stop 

signal' for cell division. Thus, resulting in uncontrolled cell 

divisions and tumour growth [59]. Recently discovered, two 

other isoforms which includes the p63 & p73 protein which 
whole together make up the p53 family. These two proteins 

share a great extent of homologies, which came into 

existence as a result of the triplication of a commonly 

inherited gene [60]. The three shared structural domains of 
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p53, p63, and p73 that have been identified so far are the N-

Terminal Transactivation Domain (TAD), DNA-Binding 
Domain (DBD), and the C-Terminal Oligomerization 

Domain (OD) [61][58]. P63 is involved in the development 

of the limbs, skin, and craniofacial region, while p73 is 

believed to aid neurogenesis [62][63]. The malfunctioning of 

any of the p53 family proteins has been linked to the 

advancement of cancer in several studies. Both structurally 

and functionally, the p63 and p73 proteins are identical to the 

p53 protein. P53 family members are expressed in a variety 

of isomeric forms due to alternate carboxyl-terminal splicing 

and the use of diverse promoters. P1 promoter-based 

transcription resulted in TA isoforms, which are the TAp63 

& TAp73. While, P2 promoter-based transcription lacks the 
TA domain and the N-Terminal region remains truncated 

giving rise to the ΔN isoforms which are the ΔNp63 & 

ΔNp73 [64][65][66]. The activities of ΔN and TA isoforms 

as an anti-apoptotic factor and a pro-apoptotic factor, 

respectively, are further elaborated by the fact that N isoform 

acts as a crucial negative inhibitor of TA isoform [67]. 

 

 EBV & p53 ISOFORM INTERACTIONS: 
In Non-Hodgkin's Lymphoma (NHL) of the head and 

neck, Nasopharyngeal cancer, Burkitt's lymphoma, and 

gastric carcinoma, a link between the EBV infection and p53 
expression is observed [68]. When the human peripheral 

blood mononuclear cells were infected with the EBNA3C 

construct, it resulted in the deletion of residues 130–159 of 

the EBNA3C open reading frame (ORF) which changed p53 

expression compared to wild type EBV [69]. The N-terminal 

domain of EBNA3C, with 130–190 residues has reportedly 

inhibited p53 transcriptional activity via decreasing p53 DNA 

binding activity, on performing a luciferase – based reporter 

test [70]. It has also been observed in both B cell lymphoma 

and EBV – transformed lymphoblast cells, there is a direct 

interaction between EBNA3C and Gemim3. This interaction 
enhances the creation of p53 complexes with Gemim3 and 

hence reduces p53's DNA binding activity [71]. The 

overexpression of LMP1 has been found in EBV linked 

nasopharyngeal carcinomas, and it appears to accumulate 

with p53 through an unknown mechanism. Upon the 

activation of A20, LMP1 has been shown to block p53-

mediated apoptosis [72][73]. In non-small-cell lung cancers 

when temperature sensitive p53 and LMP1 were stably 

expressed, causing LMP1 to prevent p53-mediated apoptosis 

through the promotion of the A20 gene expression [74]. The 

interaction of DNA damage with interferon regulatory factor 

5 (IRF5) at the LMP1 promoter enhanced the endogenous 
production of LMP1 in EBV – transformed cells. 

Furthermore, ectopic IRF5 helps in boosting the endogenous 

LMP1 expression while inhibiting p53-mediated apoptosis 

[75]. BZLF1 (Z), an EBV immediate-early protein, interacts 

with p53 via its C-terminus region and inhibits p53-

dependent transactivation in lymphoid cells, although the p53 

overexpression can restores its function [76]. The formation 

of complexes between W repetitions of 66 amino acid long 

peptides of EBNA5 (EBNA-LP) and p53 has also been seen, 

however it is unknown how these complexes affect the 

progression of malignancies [77] 
 

 

 EBV & p63 ISOFORM INTERACTIONS: 
In human keratinocytes, a physical interaction of 

LMP2A with Np63 has been reported, resulting in enhanced 

expression and stabilization of Np63 in the cytoplasm and 

nuclear membrane. With the participation of PY and ITAM 

motifs, this connection is linked to calcium-induced 

disruption of cellular differentiation. LMP2A promoted Np63 

expression through regulation of Itch over Np63, according 

to co – immunoprecipitation experiments [78]. Another co – 

immunoprecipitation study in nasopharyngeal carcinoma and 

EBV positive Burkitt's lymphoma described the direct 

connection between EBNA 5 and p63, which may contribute 

to the stability of p63, although the mechanism is yet 

unknown [79]. B cell lymphoma has been shown to interact 
with p63 and EBNA2. The amino acid sequence 310–336 in 

EBNA2 is recognised by P63 and binds to it. The GTGGGA 

motif loses recognition when the codon GTG> TCT is 

changed. GPPWWPP is the most prevalent motif observed in 

both type 1 and type 2 EBV EBNA2 sequences. The 

interaction of p63 is abolished when WW is changed to SS or 

FF, implying that WW's hydrophobic and aromatic properties 

are required for contact [80]. 

 

 EBV & p73 ISOFORM INTERACTIONS: 
EBNA3C reduced the doxorubicin – induced apoptosis 

in p53-null cell lines (Saos-2 and HCT p53 double mutant) 

by downregulating the p73 protein production via stabilising 

Np73 [81]. In primary B cells infected with recombinant 

EBV, LMP1 has been shown to upregulate Np73. Chip tests 

revealed Np73 activation via p73 recruitment following the 

relocation of the poly-comb 2 complex component EZH2, as 

well as epigenetic alterations caused by c-Jun NH2-terminal 

kinase 1 activation (JNK-1), It was also seen that the Np73 

expression levels were unaffected by the LMP-1 mutant 

lacking the JNK-1 activation domain (CTAR2) [82]. Single 

nucleotide polymorphisms (SNP's) in the p73 gene have been 
found to be crucial for the interaction with EBV in chronic 

lymphocytic leukaemia. Two p73 SNP's (rs3765701 and 

rs1885859) were shown to change the link between aberrant 

EBV and chronic lymphocytic leukaemia in the dominant 

model [83]. In EBV – related gastric cancer, DNA 

methylation in the CpG island of p73 was discovered. In 

comparison to EBV – negative gastric cancer, the 

immunohistochemistry analysis revealed a decrease of p73 

expression in EBV – associated gastric cancer. In EBV – 

associated gastric cancer, a methylation-specific PCR 

reaction was used to reveal abnormal methylation patterns in 

exon 1 of the p73 gene [84]. 
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IV. EBV ASSOCIATED CANCERS 
 

Since its identification as the first human tumour virus 

EBV has been linked to the development of a wide spectrum 

of malignancies. In order to be oncogenic EBV must 

maintain its viral genome in cell and prevent it from 

destroying. EBV establishes a latent infection in B cells to 

protect its viral genome. EBV gene products produced during 

lytic and latent phase interact with host genes, triggering 

dysregulation which may lead to malignancy [85]. The 

environmental and immunological components that 

contribute to the formation of these tumours are unclear, 

although they may be comparable to those that contribute to 
the development of EBV malignancies with endemic 

incidence patterns or related to immunological impairment. 

Environmental or genetic variables are likely to enhance 

infection of specific cell types and activate cellular pathways 

that are highly synergistic with EBV genes that regulate cell 

proliferation. 

 

 BURKITT’S LYMPHOMA: 
EBV was first revealed in cell lines derived from 

Burkitt's Lymphoma (BL), a rare paediatric cancer [86]. 

Burkitt’s lymphomas a particularly aggressive lymphoma, the 
hallmark of which is a chromosomal translocation between 

chromosome 8 and either chromosomes 14, 2, or 22 [87]. The 

oncogene c-myc (chromosome 8) is juxtaposed to the 

immunoglobulin heavy-chain (chromosome 14) or light-

chain genes as a result of this translocation (chromosomes 2 

or 22). C-myc expression is deregulated as a result of this 

aberrant configuration [85]. It has been proposed that B-cell 

stimulation induced by continuous malaria reinfection 

contributes to an increased number of EBV-infected, 

proliferating B cells, which are more likely to carry 

cytogenetic abnormalities [88]. Only EBNA-1 and the EBER 
RNAs are expressed in EBV positive BL (Latency I) [89] 

Translocation of the c-myc gene to one of the 

immunoglobulin loci characterises all BL tumour cells, 

leading in altered c-myc regulation. Furthermore, mutations 

in the region of c-myc that typically binds the 107 repressors 

of myc function are frequently observed [90]. The BL type of 

lymphoma is observed in certain AIDS patients, and 50 % of 

them are EBV positive. Other oncogene alterations that have 

been found in BL are in pim- 1, c-fps/c-fes and ~53. 

P53 mutations have also been observed in around 30% of BL 
[37]. 

 

 HODGKIN’S DISEASE: 
Hodgkin Lymphoma (HL) is a lymphatic malignancy 

distinguished by the presence of large, malignant lymphoid 

cells known as Reed-Sternberg cells. HL spreads between 

lymph node groups in a predictable and continuous manner 

[91]. In roughly 40% of HD patients, EBV is detected in the 

Reed-Sternberg cells, which are usually of the mixed 

cellularity type, and also are more frequently observed with 

males rather than females [92][92]. The involvement of EBV 

in Hodgkin's disease is currently under investigation. A 
latency II pattern of EBNA-1, LMP-1, LMP-2A, and LMP-

2B, and EBERs have been observed [94][95]. Evidence 

suggests that the prevalence of EBV-positive Hodgkin's 

disease is age-related, with the virus being more commonly 

associated with malignancies in children and the elderly [96]. 

The prevalence of EBV positive in young children may be 

due to primary EBV infection, the relationship of EBV with 

tumour in older individuals may be due to enhanced viral 

activity as a result of flagging T-cells immunity [91]. 

 

 NASOPHARYNGEAL CARCINOMA: 
Nasopharyngeal carcinoma (NPC) is a malignant 

epithelial tumour that affects the mucosa of the nasopharynx, 

which is rich in lymphocytes. Multiple etiological variables, 

such as genetic predisposition, nutrition, and Epstein-Barr 

virus (EBV) infection, influence the pathogenesis of this 

form of head and neck cancer [97][97]. Although no EBV-

compatible receptor has been discovered on epithelial cells, a 

surface protein antigenically similar to the B cell has been 

reported. EBV might potentially exploit the CD21 receptor as 

a point of entry [99]. Alternatively, EBV could also enter 

nasopharyngeal cells via IgA-mediated endocytosis [100]. In 
Nasopharyngeal Cancer EBV genes expression includes 

EBNA-1 (from Qp) with the EBER RNAs, LMP-1 (from Qp) 

with the EBER RNAs, LMP- 2A, B and (in about 65% of 

cases), they undergo latency II pattern. BamHI A region 

transcripts (BARFO, CSTs) have also been reported [101]. 

P16 Cyclin dependent kinase inhibitor gene (9q21-22) is 

mostly found altered. NPC [102][103]. Changes in other 

chromosomal regions have also been also observed such as 

3p13-14.3, 11q13.3-22 and 11q22-24, although no affected 

genes have been observed in this region [104][104]. P53 

mutations have also been observed in few NPC cases. Bcl-2 

overexpression may potentially contribute to oncogenesis by 
enabling cells to avoid apoptosis [106][106]. Despite the fact 

that nasopharyngeal cancer cells have normal antigen 

processing and are recognised by EBV-specific CTLs, still 

they are not killed [108]. Increased production of IL-1 and 

IL-1 by epithelial cells and CD4 T cells has been linked to 

increased production of EBV-encoded viral IL-10 in 

nasopharyngeal carcinoma, which may contribute to tumour 

progression and immune evasion [109]. 

 

 GASTRIC CANCER: 
When cancer cells develop in the lining of the stomach, 

it is known as gastric cancer. EBV-positive gastric cancer has 

distinct genetic abnormalities, substantial clinicopathological 
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characteristics, and a favourable prognosis. After EBV 

infects the human body, it goes through an incubation phase 
during which the virus integrates its DNA into the host and 

expresses the latent protein. The latent protein subsequently 

alters DNA methylation through mi-RNA, resulting in EBV-

positive gastric cancer [110]. EBV-positive gastric cancers 

are more likely in males compared with females EBERs, 

EBNA-1, miR-BARTS, and LMP2A are abundantly 

expressed and play an essential role in viral replication in 

EBV-positive gastric cancer, which is type I latency 

[111][112]. For EBV latent infection, EBNA-1 is a crucial 

molecule [113][113]. It promotes EBV adhesion to the host 

cell chromosome by binding to the viral oriP sequence in a 

sequence-dependent way [115]. EBNA-1 can also cause the 
loss of promyelocytic leukaemia protein nuclear bodies in the 

nucleosome and impair the cellular response to DNA damage 

in promyelocytic leukaemia [116]. In the latent condition of 

EBV infection, BARF-0 and BARF-1 are also essential 

[117]. It can also affect the NF-B/miR-146a/Smad4 pathway 

and cyclin-D1 protein expression in gastric cancer cells 

[118]. Furthermore, BARF-1 has the ability to activate the 

cell cycle regulator bcl-2 [119]. Gastric cancer cells 

proliferate as a result of these mechanisms. 

 

V. THERAPEUTIC APPROACHES 
 

 CRISPR BASED THERAPEUTIC APPROACH FOR 

TREATMENT OF EBV – ASSOCIATED 

LYMPHOMAS:  
The CRISPR/Cas9 system's development offers a 

potential technique for ending latent infection. The 

CRISPR/Cas9 system works by using guide RNAs (gRNAs) 

to target the EBNA1 and oriP regions. With this technique a 

more than 95% loss of EBV genomes was reported [120]. 

The CRISPR/Cas9 screen has also been used to uncover 

important variables that affect viral latency or the lytic 
programme, as well as to investigate possible treatment 

targets for EBV – associated lymphomas. Through a 

CRISPR/Cas9 system screen, it was discovered that the 

ubiquitin ligase ubiquitin-like PHD and RING finger domain-

containing protein 1 (UHRF1), as well as DNA methyl-

transferases (DNMT1 and DNMT3B), which found to be as 

potent oncoproteins in EBV – latency III linked to Burkitt’s 

Lymphoma [121]. Histone ubiquitination mediated by the 

Polycomb Repressive Complex I (PRC1) is another way for 

limiting viral latency. These findings add to the list of 

reasonable and important therapeutic targets for viral protein 

expression regulation [121]. 
 

 THERAPY BASED ON CHIMERIC ANTIGEN 

RECEPTOR T – CELL: 
T-cells using Chimeric Antigen Receptors (CARs) are 

designed to circumvent the resistance that exists in traditional 

adoptive therapy for tumours that lack MHC antigen 

manifestation system [122]. CD19-specific CAR T-cells are 

presently the best-studied CAR T-cells for treating B-cell 

malignancies. CD19 is a great target because it's only found 

on B-cells. Although CD19 CAR T-cells have shown to be 

effective, but they are also linked to some of the side effects 
such as cytokine release syndrome, B-cell aplasia, 

encephalopathy & off-target B-cell mortality [123]. Latent 

membrane proteins, which are present on the cell surface 

during latency programmes II and III, are a potential CAR 
target in EBV – associated lymphoma. An infusion of LMP1 

HELA/CAR T-cells suppressed NPC tumour growth in a 

xenograft model, indicating that this could be a potential 

strategy against nasopharyngeal cancer in vitro and in a 

mouse model. This strategy could work in LMP1-positive 

lymphomas as well, although more research is needed [124]. 

 

 MONOCLONAL ANTIBODY BASED THERAPY: 
Rituximab, an anti-CD20 monoclonal antibody, has 

shown promising results in the treatment of a variety of 

CD20-expressing lymphomas. It is also effective in the 

treatment of lymphoproliferative diseases caused by EBV. It 
is currently being used to treat Post-Transplant 

Lymphoproliferative Disorder (PTLD) by inducing depletion 

of B-cell, and the reported overall response rate to anti-CD20 

treatment alone ranges from 32% to 79% in PTLD patients 

[125]. Rituximab is also administered in EBV-positive 

patients in conjunction with cyclophosphamide, doxorubicin, 

vincristine, and prednisone (CHOP) [126][126]. Overall, the 

toxicity associated with rituximab has been shown to be 

relatively tolerable. Recent research has investigated at the 

idea of utilising rituximab as a prophylactic for patients with 

suspected EBV reactivation identified in their peripheral 
blood, either pre-transplant or post-transplant. Pre-transplant 

rituximab decreased the overall incidence of PTLD, and most 

patients who received pre-emptive rituximab post-transplant 

did not develop PTLD [127][127]. Although anti-CD20 has 

been shown to be beneficial in EBV-positive lymphomas, 

CD20 is expressed on most normal B cells, therefore it does 

not exclusively target EBV-positive cells. CD70, which is 

exclusively expressed in highly activated B- or T-cells, has 

been proposed as a potential target in EBV-associated 

lymphomas [129]. 

 

 EBV VACCINE: 
Despite the difficulty in developing a live vaccine, 

work on component EBV vaccines for preventative and 

therapeutic purposes has continued. Most vaccines employ 

the gp350 glycoprotein as an antigen. It is the principal 

antigen for inducing neutralizing antibodies against B-cell 

infection in human sera [130][131]. EBV gp350 mediates B-

cell infection by binding to the complement receptor 2 

(CR2/CD21) and it represents a promising target for 

neutralizing antibodies. Antigens such as EBNA1 and 

LMP2A have also been utilised [131]. Another method is 

being studied in addition to the creation of component 
vaccinations. AMMOM1 is an EBV gH/gL monoclonal 

antibody that prevents viral infection of B cells and epithelial 

cells [132]. It may be possible to produce a novel form of 

EBV vaccination by using the epitope identified by the 

antibody. mRNA vaccines also represent promising 

approaches. Currently mRNA vaccine is being developed 

encoding five EBV glycoproteins (gp350, gH/gL/gp42, and 

gB) by Moderna Therapeutics, it may reduce the rate of 

EBV-associated infectious mononucleosis (IM) and possibly 

prevent EBV infection. As this mRNA vaccine is in 

preclinical development, so the efficacy still needs further 
investigation. Furthermore, molecular Clamp is a novel 

technique that produces chimeric polypeptides that imitate 
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the pre-fusion structures of viral fusion proteins, allowing for 

the fast development of anti-fusion vaccines or inhibitors 
against enveloped viruses [133]. This innovative approach 

has also been utilised to create vaccines for influenza, HIV, 

Ebola, and SARS-CoV-2. 

 

VI. CONCLUSION 

 

Here, we discussed EBV infection, Role of EBV in 

Malignancies, EBV viral genome expression, Interaction of 

EBV with P53 family as well as clinical and therapeutic 

approach in EBV infection. EBV mainly known for causing 

mononucleosis is largely associated with mutation of P53 

family thereby preventing cell apoptosis. EBV initially 
infects the oropharyngeal epithelial cell, it enters the 

circulating B lymphocyte, and remains in a dormant 

condition for the rest of one's life. During its lytic and latent 

phase several EBV gene products are secreted which 

interacts with P53, P63 and P73. Despite structural and 

functional similarities, there are several functional variations 

between p53, P63, and p73 in terms of cell cycle regulation 

and cancer which are briefly described. The capability of 

various tumour virus gene products to bind and inactivate 

p53, thereby blocking its function in mediating growth arrest 

or apoptosis, has defined a role for both p53 and 
viral oncogenes in the cell transformation pathway. EBV has 

been associated to the development of a wide range of 

cancers since its discovery as the first human malignant 

virus. EBV infection is closely linked to Burkitt’s lymphoma, 

Hodgkin lymphoma, Nasopharyngeal carcinoma (NPC), 

Gastric cancers as well as its relation with Breast cancer is 

also established. It is yet unclear whether EBV altering the 

expression of one of the p53 family proteins regulates the 

expression of other p53 family proteins in the same array or 

in a different way. To learn more about the processes behind 

EBV-induced p53/p63/p73 regulation in EBV-associated 

malignancies in specific tissues, additional study is essential. 
Therapy for EBV-associated tumours remains largely in the 

nascent stages, but research is being fuelled for successful 

development of new therapeutic and immunological 

approaches. 
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