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Global genomic studies have detected the role of genomic alterations in the pathogenesis of Epstein–Barr virus (EBV)-

associated tumors. EBV oncoproteins cause a vital shift of EBV from an infectious virus to an oncogenic form during the

latent and lytic phase within the lymphoid B cells and epithelial cells. This epigenetic alteration modulates the virus and

host genomes and inactivates and disrupts numerous tumor suppressors and signaling pathways. Genomic profiling has

played the main role in identifying EBV cancer pathogenesis and its related targeted therapies. 
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1. Introduction

Epstein–Barr virus (EBV) is a lymphotropic virus belonging to the human herpesvirus family. Based on the epidemiological

data, EBV infects more than 90% of the world’s population . It was first discovered in the cells of an African patient

suffering from Burkitt lymphoma in 1964. The primary infection occurs typically in children and is asymptomatic . As the

infection recurs in the adult stage, the infection manifests as infectious mononucleosis. EBV has demonstrated the

transformation of resting B cells into lymphoblastoid oncogenic cell lines resulting in the origin of various lymphomas and

epithelial malignancies .

The genomic variation in EBV promotes the virus transformation into oncogenic cell lines that are responsible for its

tumorigenic outcome . Infectious mononucleosis results from the mutagenic variation of HLA-class I, Burkitt lymphoma

arises from B cell proliferation due to MYC translocation, Hodgkin’s lymphoma is caused due to the critical role of NF-Kb,

EBV produces “trogocytosis” in the development of NK/T cell lymphoma and nasopharyngeal carcinoma occurs due to

functional polymorphism of MAP2K4 suppressor gene .

3. Genomic Structure

EBV genome is composed of 172 kbp linear, double-stranded DNA. The open reading frames (ORF) are involved in

encoding proteins for DNA replication, gene expression, and conserving genomic integrity. These coding genes have

structural and non-structural functions depending on the ORF sizes . The microRNAs (miRNAs), which include BART

and BHRF cluster, are expressed during the various phases of EBV infection and are encoded by the EBV. These

miRNAs promote the latent phase of the virus and also target the cellular genes causing carcinomas of various types. The

3′ untranslated region (UTR) in the host genes promotes cancer susceptibility and patient prognosis .

Genome sequences reported from previous studies are as follows: (1) B95-8, derived from a case of infectious

mononucleosis in North America; (2) WT-EBV, is a more complete reference genome constructed by using B95-8 as its

backbone; (3) AG876, derived from a case of Burkitt lymphoma in Western Africa is unique for being the only complete

established type 2 genomic sequence of EBV; (4) GD1, (5) GD2, and (6) HKNPC1 are derived from nasopharyngeal

carcinoma patients; (7) Akata, derived from Burkitt lymphoma case in Japan; (8) Mutu, derived from a Burkitt lymphoma

case in Kenya using NGS technology; (9) C666-1; (10) Raji; (11) K4412-Mi; (12) K4123-Mi; (13) EBVaGC1-9 have also

shown regional variations .

4. Infection Cycle

During the initial stages, EBV spreads through the saliva and affects the tonsils. The naïve B cells and the follicular

dendritic cells in the tonsils bind with the surface glycoprotein of the virus through the complement receptor CD21 . This

further activates the B cells, and the virus catalyzes the differentiation of the normal cellular pathway of the B cell through

the expression of the viral latent proteins: namely, Epstein–Barr nuclear antigens (EBNA) and latent membrane proteins
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(LMP). Following this differentiation, the B blast enters the germinal center causing down-regulation of the EBNA proteins.

This propels the infected B cell into the germinal center, before exiting into the circulating blood as a memory B cell .

This latent inactive state is due to the lack of the virus protein expression. Direct infection of either naïve B cells or

memory B cells and also marginal zone memory B cells results in the release of terminal differentiation signals triggering a

lytic reactivation of the latent virus . This reactivation phase is subdivided into immediate-early, early, and late phases.

The infectious virions are now released into saliva for the transmission of the virus to new hosts, thus concluding the

infectious cycle .

5. EBV Associated Human Diseases

EBV primarily causes infectious mononucleosis (IM) and also associated with the development of systemic disorders like

rheumatoid arthritis, multiple sclerosis, chronic fatigue syndrome, and Vitamin D deficiency . Malignancies caused by

EBV include Burkitt lymphoma, Hodgkin’s lymphoma, NK/T-cell lymphoma, nasopharyngeal carcinoma, gastric

carcinoma, and breast carcinoma . The genetic origin of these individual lesions along with diagnostic and treatment

aspects are reviewed. Since IM forms the basis of EBV oncogenic transformation, IM is included in this review along with

other malignancies.

6. Infectious Mononucleosis (IM)

IM is predominantly caused by EBV through the saliva of an infected person and is transmitted by coughing and kissing. It

commonly affects adolescents and young adults . EBV viral concentration is detected in the saliva at a wide range of

concentrations, peaking during the acute phase. EBV infects the oropharyngeal epithelial cells and the resting B-cells,

following which the virus replication is initiated. This period is devoted to incubation, lasting from four to eight weeks. The

next phase involves activation of cytotoxic T-lymphocytes and the natural killer cells, inducing a cell-mediated immunity

. Reactivation can occur during the later period of life elicited by host immunosuppression events such as infections

(e.g., HIV), medications, and surgical transplants .

EBV-induced host genetic variation has been highlighted by many gene studies. IM- associated genomic regions and

polymorphism of HLA-class I have a higher risk of developing IM. Recent studies have further included homozygous allele

1 of STR D6S510 and STR D6S265 in the high-risk list for developing IM . Genomic sequencing has identified

certain genetic disorders that are susceptible to develop EBV-induced IM. These include CORO1A, XMEN, ITK, and

PRKCD deficiency. CORO1A deficiency causes primary immunodeficiency, XMEN deficiency leads to general

immunodeficiency, ITK deficiency causes fatal B-cell proliferation, and PRKCD causes autoimmune lymphoproliferative

syndrome .

Clinical features include fever, pharyngitis, cervical lymphadenopathy, tonsillitis, and palatal petechiae. Laboratory

evaluation shows lymphocytosis and elevated alanine aminotransferase . 85% of EBV infected patients show a positive

Monospot test (heterophile antibody test): a famous laboratory test, owing to its rapid diagnosis and low cost. VCA IgM

antibody is specific during the early infectious period and VCA IgG antibody is best for past infection diagnosis. Both these

tests are not usually performed at the point of care sites . Treatment for IM mainly focuses on symptomatic relief by

rest, fluid replacement therapy, antipyretics, and analgesics. Antiviral drugs like acyclovir, valacyclovir, and steroid usage

have been of limited clinical benefit .

7. Burkitt Lymphoma (BL)

BL is classified into endemic, sporadic, and HIV-associated types. EBV is associated with over 90% of endemic BL and is

prevalent in regions where malaria is hyper-endemic such as in the equatorial African regions . HIV-associated types

are EBV positive in approximately 30%. Endemic EBV-associated BL is common in children and often presents with

involvement of the jaw, facial bones, renal, and extranodal sites .

The B cells infected by the EBV along with MYC translocation and co-factors such as malaria and HIV infection initiates B

cell activation and proliferation. As the number of B cell infections rises, there is germinal center expansion and

accumulation of oncogenic mutation . The coupling effect of malaria-mediated activation and germinal center B cell

proliferation results in the formation of BL progenitor cells. The vital proliferative and apoptotic pathways include gene

activating and gene inhibitory mutations. The gene activating mutations are the c-MYC, TCF3, and CCND3. The gene

inhibitory mutations include P53, PTEN, ID3, and CDKN2A .
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Histologically this tumor type exhibits diffuse effacement of the nodal architecture replaced by medium-sized

monomorphic tumor cells with round nuclei and numerous nucleoli. Due to their high proliferation rate, presence of

numerous atypical mitosis, macrophages, and apoptotic debris, they display a striking “starry sky” pattern (Figure 1A,B).

The diagnosis of BL is dependent solely on its genetic and immunophenotype analysis such as CD10, CD 20, and high

Mib-1 labeling index (Figure 1C) .

Figure 1. Burkitt Lymphoma: (A) Diffuse effacement of the nodal architecture by atypical lymphoid cells. (B) Starry sky

pattern (C) high Mib-1 labeling index.

However, imaging studies contribute to the evaluation of the clinical course, treatment response, and complications of BL

. This aggressive lymphoma is treated with multi-drug chemotherapy and immunotherapy. The ID3/EZA/cyclinD3

pathway targeted therapy and inhibitors of the c-MYC, PI3 kinase and Bcl2 family are under detailed genetic mapping for

the development of new therapeutic target agents .

8. Hodgkin’s Lymphoma (HL)

Hodgkin’s disease was first described by Sir Thomas Hodgkin in 1832. Since then, there has been controversy on

whether to classify it as an inflammatory, infectious, or malignant disease . HL has shown typical bimodal age

distribution with EBV+ cases mainly showing an initial peak in children of developing nations. The geographic distribution

of EBV+HL cases is across Kenya (92%), China (65%), South and Central America (50–95%), and North America and

Europe (20–50%) .

EBV infection targets the naïve B cells, interferes with B cell genetic differentiation, and rescues B-cell receptor-deficient

germinal center B cells from apoptosis. NF-kB plays a critical role during the rescue process by activating the expression

of anti-apoptotic DISC-inhibitor c-FLIP . These EBV-infected HL cells express various LMPs that activate NF-kB. Notch

ligation has proven to play a vital role in LMP-1 regulation by inhibiting LMP-1 expression and promoting EBV nuclear

antigen -2 (EBNA2) during the primary infectious phase . Activated Notch ligation also downregulates LMP2A during

the lymphoblastoid transformation of B cells. LMP-1 promotes the expression of the collagen receptor, discoidin domain

receptor 1 (DDR 1) that forms a major chronic inflammatory component for the HL microenvironment. LMP-1 expression

explains the varied presentation of EBV-infected patients from an asymptomatic phase to a severe potent oncogenic

phase. In some HL cases, EBV causes inactivation of A20 tumor suppressor gene alleles .

HIV- infected patients almost always express type II latency of EBV infection (Figure 2A,B). This is characterized by

morphological differences by increased CD 163+ spindle-shaped macrophages forming a “sarcomatoid” pattern. This

provides a favorable treatment using the cART regime (doxorubicin, bleomycin, vinblastine, dacarbazine) providing an

outcome similar to HIV-negative patients .
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Figure 2. Hodgkin’s lymphoma (A) in HIV (B) positive immunostain for Epstein–Barr virus-latent membrane protein.

9. NK/T Cell Lymphoma (NKTCL)

EBV is well documented as an oncogenic virus in B cell neoplasm; however, its role in the pathogenesis of NKTCL has

been complex. Mature NKTCL is a group of heterogeneous tumors that have complex treatment options, aggressive

clinical presentation, and poor prognosis . The geographic distribution of EBV-induced NKTCL has been more

concentrated in Asia (China, Korea), South America (Peru, Argentina), Central America (Mexico), and Central Africa. EBV

in NKTCL is classified into nodal and extra-nodal types. The role of EBV in angioimmunoblastic T-cell lymphoma, nasal

type of extranodal NKTL, and aggressive NK- cell leukemia is well researched and documented .

The role of EBV infection in NKTCL has been hypothesized during the targeted killing of EBV-infected cells by NK/T cells.

The patients with overlapping evidence of EBV- associated diseases are shown to have circulating EBV-infected NK/T

cells (EBV positive NK/T cells) . This positivity is due to the effect of the “trogocytosis” phenomenon caused by

glycoproteins (gp 350, gp 42, and gp85) and cellular protein (CD 21). This further induces the expression of EBNA (types

1,2,3A,3B,3C) and LMP (1,2A,2B) proteins that result in genetic polymorphisims. LMP1 acts as an active member of

tumor necrosis factor (TNF) and downregulates NF-Kb and MAPK signal pathways . This further causes variation

in the C-terminus of LMP1, deletion of 30bp, 33bp repeats, insertion of 15bp, and other amino acid substitutions. These

genetic expressions, deletions, and variations have been studied in numerous molecular genetic pathways using whole-

genome sequencing, targeted and exome sequencing. This has allowed the discovery of more target-specific therapies to

these sets of complex malignancies . The most common genetic alteration in EBV-induced NKTCL is the loss of

6q21 (20–43% cases) followed by recurrent losses in chromosomes 1p4 and 5p13. JAK-STAT signaling pathways along

with STAT3, KMTZD, and TP53 are the most recurrently mutated genes in EBV-induced NKTCL .

Extranodal NKTCL occurs predominantly in midline facial structures and can also affect paranasal sinuses, orbit, jaw, and

salivary glands. Symptoms vary from systemic features (fever, weight loss, night sweats) to hemophagocytic disorders .

Imaging studies (CT, MRI, PET/CT) coupled with EBV-DNA biomarker assessment are essential for diagnosis .

Treatment modality varies on the stage of NKTCL. Stage I/II are treated mainly with radiotherapy. Previous

chemotherapeutic regimes using anthracycline-based CHOP (cyclophosphamide, doxorubicin, vincristine, and

prednisone) have shown to cause more toxicity and drug resistance . The recently introduced LVP (L-asparaginase,

vincristine, and prednisone) and GELOX (gemcitabine, oxaliplatin, and L-asparaginase) are shown to be more effective in

this stage . Advanced/relapsed/recurrent NKTCL are treated with selective chemotherapy but due to poor host

response and drug-induced toxicity has resulted in poor patient prognosis in many of the cases. Hematopoietic stem cell

transplant and immunotherapy are still under trial .
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