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ABSTRACT

Ubiquitous Epstein-Barr virus (EBV) infects not only B cells but also T and NK cells, and is associated
with various lymphoid malignancies. The spectrum of EBV-associated lymphoid malignancies is expanding
from Burkitt lymphoma to the newly defined systemic EBV* T cell lymphoproliferative disease of childhood
and hydroa vacciniforme-like lymphoma. However, some EBV-associated malignancies are not defined
well and overlap other diseases. Furthermore, the role of EBV in tumorigenesis of lymphoid malignancies
is still not clear. Further studies are necessary to clarify the pathogenesis of EBV-associated lymphoid
malignancies for a better classification of each disease and for the establishment of effective treatment.
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INTRODUCTION

Epstein-Barr virus (EBV) is a ubiquitous virus which belongs to the y herpesvirus subfam-
ily." v herpesviruses are well-known as tumor viruses that express virus cancer genes and
immortalize infected-lymphocytes. EBV infects not only B cells but also T or natural killer
(NK) cells. EBV causes benign lymphoproliferative disease infectious mononucleosis, and is
associated with various kinds of lymphoid malignancies.>® Since EBV was first isolated from
Burkitt lymphoma and its association was reported in 1964, nearly 50 years have passed.” The
spectrum of EBV-associated diseases has been expanding from infectious mononucleosis to overt
leukemia/lymphoma. However, the diseases’ definitions are still unclear. Some of the diseases
are well defined and known, but others were ill defined and poorly understood.® In this review,
we briefly outline the nature of EBV and summarize the pathogenesis and clinical features of
EBV-associated lymphoid malignancies. In particular, we focus on newly defined EBV-associated
T cell lymphoproliferative disease or lymphoma.
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BIOLOGICAL NATURE OF EBV INFECTION

EBV infects B cells and establishes a life-long infection; the so-called latent infection. In
the primary infection, cell-free EBV in the saliva infects naive B cells in the oropharynx.”
EBYV attaches to the cell surface protein CD21, the primary EBV receptor through the viral
envelope glycoprotein gp350/220.% For the penetration of the virus into cell membrane, the viral
glycoprotein complex gH-gl-gp42 and co-receptor HLA class II are necessary (Fig. 1).” EBV
initiates a growth-transforming infection, causing naive B cells to transform into proliferating
blasts (Fig. 2). In immunocompetent hosts, both EBV-specific cytotoxic T lymphocytes (CTL)
and NK cells control the outgrowth of EBV-transformed cells during primary infection.'” Primary
EBYV infection is usually asymptomatic, but occasionally progresses to infectious mononucleosis,
which resolves spontanecously after the emergence of EBV-specific immunity.!” EBV then
establishes a latent infection in memory B cells. After convalescence, EBV persists latently
in these memory B cells in an episomal form (Fig. 2). These virus-infected cells persist at a
low level for the entire lifetime.” Occasionally, EBV-infected memory B cells differentiate into
plasma cells that undergo lytic infection and produce viruses. Newly infected naive B cells are
controlled by CTL unless immunity is suppressed. In immunocompromised hosts, transformed
cells become proliferating blasts that can result in symptomatic disease, such as post-transplant
lymphoproliferative disorders.”

The epithelial cells of Waldeyer’s ring can be infected by EBV and shed viruses during
primary infection.'"'> EBV infects epithelial cells through a CD21-independent mechanism, and
the gH mediates EBV attachment to CD21-negative epithelial cells.!® Accumulating evidence
suggests that EBV also infects T and NK cells during primary infection. In the tonsils of acute
infectious mononucleosis patients, EBV-positive T and NK cells are seen, although they are
rare.!* 15 In addition, EBV-infected T and NK cells are detected in the peripheral blood during
acute infectious mononucleosis.'® The mechanism underlying EBV-infection of T and NK cells,
which do not express CD21, remains unresolved. Interestingly, EBV-infected T or NK cells often
express molecules characteristic of cytotoxic cells.!”” It has been shown that NK cells activated
by EBV-infected B cells acquire CD21 by synaptic transfer, and these ectopic receptors allow
EBV binding to NK cell hosts.!'® It is plausible that killer cells that closely contact with EBV-
infected cells may acquire EBV infection directly and then proliferate with clonality (Fig. 2).
Recently, EBV infection to monocytes, which do not express CD21, was reported, although its
mechanism is also unclear.'”

EBV-ASSOCIATED LYMPHOID DISEASES

In EBV-infected memory B cells, only transcripts for EBV-encoded small RNAs (EBERs) are
expressed (termed latency O in Table 1).!2” In EBV-associated diseases, viral gene expression
is classified into three other latency patterns: type I, type II, and type III. In latency type I,
which is found in Burkitt lymphoma,*” EBV nuclear antigen (EBNA)-1 and BamHI A rightward
fragments (BARTSs) are expressed in addition to EBERs. In latency type II, characteristic to
Hodgkin lymphoma,? latent membrane protein (LMP)-1, LMP-2a, and -2b are expressed in
addition to genes expressed in Latency type I. In latency type III, characteristic to post-transplant
lymphoproliferative disorders,® all latency genes, including EBNA-2 and EBNA-3A, -3B, -3C,
and -LP, are expressed. As EBNA-3s are dominant CD8* CTL targets,'” cells in latency type III
are usually eliminated by CTL. Thus, latency type III is only maintained in immunosuppressed
states, such as those of post-transplant or AIDS patients. On the other hand, in latency types



171
EBV-ASSOCIATED LYMPHOID MALIGNANCIES

lipid envelope

HLA class |l

B cell

cell surface nucleus

Fig. 1 Attachment of EBV to B cells through viral glycoproteins and cellular receptors. The schematic diagram
of Epstein-Barr virus (EBV) and cell surface of B-cell is shown. EBV infects B cells through the
attachments of gp350/220 to CD21 and gH/gl/gp42 to HLA class II
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Fig. 2 EBYV infection to lymphocytes. Epstein-Barr virus (EBV)-infected naive B cells transform and proliferate
as activated blasts, but are finally controlled by cytotoxic T lymphocytes (CTL) or natural killer (NK)
cells. After convalescence, EBV persists as a latent infection with episomal DNA in memory B cells.
Occasionally, memory B cells differentiate into plasma cells that undergo lytic infection and produce
virus.
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I and II, only a restricted number of less-antigenic EBV latent genes are expressed, allowing
EBV-infected cells to evade CTL.!” Although EBV latency patterns can be classified grossly into
these four types, this classification is not very strict, and heterogeneous patterns are reported in
EBV-associated diseases.>* 2> Patterns of viral gene expression can differ between different cell
subsets in the same individual or even the same tissue.

Table 2 shows EBV-associated lymphoid malignancies that are described and classified in the
2008 WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues.?® Other than
the listed diseases, there exist EBV-associated lymphoid malignancies and lymphoproliferative
diseases that have not yet been defined; for example, chronic active EBV disease (CAEBV) and
EBV-associated hemophagocytic lymphohistiocytosis.

The extent of the association to EBV varies with each disease. Some are 100% associated,
but others are associated only in 1/4 to 1/3 of patients. This fact suggests that EBV is not
absolutely necessary for the establishment of a disease or for its maintenance. EBV might
disappear after the establishment of disease. Moreover, in vitro disappearance of EBV has been
reported in EBV-infected B cell lines.?” Although EBV can immortalize B cells in vitro, its in
vivo role in tumorigenesis has not been fully clarified. Also, its role in the tumorigenesis of T
or NK cells is unclear. Interestingly, a variety of populations are at high risk for EBV-associated
malignancies (Table 2). This suggests that genetic backgrounds are related with the pathogenesis
of these diseases, although one cannot rule out the possibility that specific EBV strains are
prevalent in certain areas. In the following sections, we describe representative EBV-associated
lymphoid malignancies. First, we introduce Burkitt lymphoma, whose association to EBV was
identified first. Then, newly defined EBV-associated T cell malignancies follow; i.e., systemic
EBV* T cell lymphoproliferative disease of childhood and hydroa vacciniforme-like lymphoma.

BURKITT LYMPHOMA

Burkitt lymphoma is a B-cell lymphoma with an extremely short doubling time that often
presents in extranodal sites or as an acute leukemia.?® Translocation involving c-myc is highly
characteristic but not specific. Three clinical variants of Burkitt lymphoma are recognized;
endemic, sporadic, and immunodeficiency-associated. Endemic Burkitt lymphoma is prevalent
in equatorial Africa and New Guinea with an incidence peak at 7 to 8 years®. In this type,
the association to EBV is nearly 100%. On the other hand, sporadic Burkitt lymphoma,
which is seen in children and young adults throughout the world, only has a 30% association.
Immunodeficiency-associated Burkitt lymphoma is primarily seen in association with the human
immunodeficiency virus infection. In 25% of cases, neoplastic B cells are positive for EBV.

Endemic Burkitt lymphoma often occurs in the jaws and other facial bones (orbit).”” On the
contrary, sporadic Burkitt lymphoma presents with abdominal masses. The ilio-caecal region rep-
resents the most frequent site of involvement. In immunodeficiency-associated Burkitt lymphoma,
nodal localization is frequent as well as bone marrow involvement. The mass rapidly enlarges
due to the short doubling time of the tumor. After starting therapy, a tumor lysis syndrome can
occur due to massive tumor cell death.

The tumor cells are medium in size with basophilic cytoplasm and show a diffuse monoto-
nous pattern of growth.® They have an extremely high proliferation fraction as well as a high
fraction of apoptosis. A “starry sky” pattern is usually present, which is imparted by numerous
benign macrophages that have ingested apoptotic tumor cells. The tumor cells express surface
immunoglobulin M, CD19, CD20, CD22, and CD79a.?® Furthermore, nearly 100% of the cells
are positive for Ki67. Rearrangement of immunoglobulin genes is universally seen. Most of the
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Table 1 Latency types and patterns of EBV-encoded gene expression

EBV-encoded gene Latency type

o
—
—
—
—
—
(==

EBNA-1 - + +
EBNA-2 - - -
EBNA-3s - - -
EBNA-LP - - -
LMP-1 - -
LMP-2s - -
EBERs + +
BARTSs + + +

+ |+ |+

S

EBYV, Epstein-Barr virus; EBNA, EBV nuclear antigen; LMP, latent membrane
protein; EBERs, EBV-encoded small RNAs; BARTs, BamHI A rightward fragments.

Table 2 EBV-associated lymphoid malignancies

Disease entity Association | Infected Latency | Population at high risk
to EBV cells type

Burkitt lymphoma, endemic 100% B 1 Equatorial Africa, New Guinea

Burkitt lymphoma, sporadic 30% B I

Hodgkin lymphoma, mixed cellularity 60-80% B 1

Hodgkin lymphoma, nodular sclerosis 20-40% B I

Lymphomatoid granulomatosis 100% B 1T Western countries

EBV+ diffuse large B cell lymphoma of 100% B 1?

elderly

Post-transplant lymphoproliferative >90% B 11 Recipients with heart, lung, or

disorders intestine transplantation

Lymphoma associated with HIV infection | 40% B I-11T

Primary effusion lymphoma" 70-80% B I HIV-infected individuals

Plasmablastic lymphoma 70% plasmablasts | 1?7 HIV-infected individuals

Angioimmunoblastic T-cell lymphoma >90% B? 11

Aggressive NK cell leukemia >90% NK 1T Asia

Extra nodal NK/T cell lymphoma, nasal 100% NK, T I East Asia

type

Systemic EBV* T cell lymphoprolifera- 100% T II East Asia

tive disease of childhood

Hydroa vacciniforme-like lymphoma 100% voT, NK 1T Asia, native Americans

EBYV, Epstein-Barr virus; HIV, human immunodeficiency virus; NK, natural killer.
1) Universally associated with human herpesvirus 8.
2) Neoplastic T cells are EBV-negative.

cases have c-myc translocation at band 8q24 to the immunoglobulin heavy chain region (14q32)
or to the light chain regions (2p12 or 22q11).» In EBV-associated cases, EBERs-positive cells are
detected by in situ hybridization. The mechanisms whereby EBV contributes to Burkitt lymphoma
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are still not fully understood. The potent growth transforming ability of the virus suggests that
it could act either by initially expanding the population of cells at risk for translocation or by
increasing the survival or proliferation of translocation-positive clone.” Activation-induced cytidine
deaminase (AID), which is expressed in B cells within germinal centers, is critically involved in
class switch recombination and somatic hypermutation of immunoglobulin loci.? 3V It is required
for the chromosomal breaks in c-myc and its translocations.?” Furthermore, EBV-encoded LMP-1
increases genomic instability through upregulation of AID in B-cell lymphoma.?* 3 These facts
indicate that EBV infection plays a pivotal role in the c-myc translocation and tumorigenesis of
Burkitt lymphoma. Other cellular genetic changes occur in tumor cells, not to mention that other
environmental risk factors that induce genetic mutations must exist for Burkitt lymphoma. Possible
agents include plant exposure (Euphorbia tirucalli), co-infections with malaria or arboviruses, or
dietary consumption of smoked fish.* 3>

Treatment of Burkitt lymphoma in most centers is guided by the FAB LMB study or
Berlin—Frankfurt-Miinster protocols.®® The former consists of initial cytoreduction with cyclo-
phosphamide, prednisolone, and vincristine, followed by more intensive chemotherapy in varying
combinations. The risk of pronounced tumor lysis is high in the first few days of therapy, but
the use of urate oxidase has reduced this danger substantially. The outcome for sporadic Burkitt
lymphoma in high income countries is excellent with an overall cure rate of roughly 90%.

SYSTEMIC EBV* T CELL LYMPHOPROLIFERATIVE DISEASE OF CHILDHOOD

Systemic EBV* T-cell lymphoproliferative disease of childhood is a life-threatening illness of
children and young adults characterized by a clonal proliferation of EBV-infected T-cells with
an activated cytotoxic phenotype.’” This entity has some overlapping clinicopathologic features
with CAEBV and EBV-associated hemophagocytic lymphohistiocytosis, both of which are EBV-
associated T or NK cell lymphoproliferative diseases.* 3 3 The disease is most prevalent in East
Asia,” but has also been reported in Mexico, and rarely in Western countries.*” It occurs most
often in children and young adults.*V

Systemic EBV* T-cell lymphoproliferative disease of childhood can occur shortly after primary
acute EBV infection or in the setting of CAEBV. Previously healthy patients present with acute
onset of fever and general malaise suggestive of an acute viral respiratory illness. Within a
period of weeks to months, patients develop hepatosplenomegaly and liver failure, sometimes
accompanied by lymphadenopathy. Other symptoms and signs are thrombocytopenia, anemia,
skin rash, diarrhea, and uveitis. Laboratory tests show abnormal liver function tests and often
an abnormal EBV serology with high anti-viral capsid antigen IgG antibodies. The disease is
sometimes complicated by hemophagocytic syndrome, coagulopathy, digestive tract ulcer/perfora-
tion, central nervous system involvement, myocarditis, interstitial pneumonia, multiorgan failure
and sepsis.* * Interstitial pneumoniae, calcifications in basal ganglia, and coronary aneurysms
are occasionally seen without any symptoms.

EBV* T cells often infiltrate liver, spleen, lymph nodes and bone marrow, and less frequently
myocardium, gastrointestinal tracts, and muscles.’” * The infiltrating lymphocytes are usually
small to medium in size and lack significant atypia. The typical phenotypes are CD4* or CD8*
T cells with cytotoxic makers (perforin*, TIA* and granzyme B*).* % The majority of the cells
are alpha-beta T cells, but a few cases with gamma-delta T cells have also been reported. EBERs
are positive, but positive cells are often sporadic. The cells have monoclonally rearranged TCR
genes, and all cases harbor EBV in a clonal episomal form.

For making a diagnosis, biopsy and histopathology are useful. However, biopsies cannot always



175
EBV-ASSOCIATED LYMPHOID MALIGNANCIES

be performed due to the lack of nodal sites or the difficulty of access. Because EBV-infected
lymphocytes exist in the peripheral blood, peripheral blood lymphocytes can be examined instead
of tissue specimens. Patients have much higher viral loads in their peripheral blood than latently
infected individuals. By real-time PCR, a huge amount of EBV-DNA is detectable in peripheral
blood mononuclear cells of patients with systemic EBV* T-cell lymphoproliferative disease of
childhood.*- #» 49 To diagnose the disease, not only must the EBV load be measured, but EBV-
infected cells must also be identified. Immunobead sorting followed by quantitative PCR has been
used to determine which cells harbored EBV.*” This technique is convenient and sensitive, but
sometimes produces ambiguous results due to its indirectness. Recently, we established a novel
assay to identify and quantify EBV-infected cells using flowcytometric in situ hybridizasion.*®
Using this assay, simultaneous staining with antibodies to both surface antigens and EBER can
be performed. With the new method, the absolute number of EBV-infected cells and more precise
phenotypes of them can be determined.*”

Most cases have a fulminant clinical course resulting in death, usually lasting from days to
weeks. However, some cases show a subacute course of several months to a year. No standard
treatment has been established. Systemic EBV* T-cell lymphoproliferative disease of childhood
is usually resistant to conventional chemotherapies. Hematopoietic stem cell transplantation has
been introduced as a curative therapy, although its indication and standard regimens have not
been established.’>?

HYDROA VACCINIFORME-LIKE LYMPHOMA

Hydroa vacciniforme-like lymphoma is an EBV* cutaneous malignancy associated with
photosensitivity. Although this condition is rare, it affects children and adolescents from Asia,
Native Americans from Central and South America, and from Mexico.? 3-39

This disease is characterized by a papulovesicular eruption that generally proceeds to ulceration
and scarring. Eruptions usually occur on the sun-exposed areas, particularly on the cheeks, nose,
ears, lower lip and dorsal surfaces of hands.® 3 In some cases, systemic symptoms, including
fever, wasting, lymphadenopathy, and hepatosplenomegaly, may be present.’” With systemic
spread, the clinical course is much more aggressive and the prognosis is poor. Some patients
develop hypersensitivity to mosquito bites.?

In the skin, the infiltrates show extension from epidermis to the subcutis, showing necrosis,
angiocentricity and angioinvasion. The periappendageal infiltration is also present, and the
epidermis is usually ulcerated. The infiltrating lymphocytes are usually small to medium in size
and lack significant atypia.”” In hydroa vacciniforme-like eruptions, T cells infiltrate the superficial
dermis and the subcutaneous tissue. Using the flowcytometric in situ hybridizasion assay, we
recently showed that in five out of seven cases of hydroa vacciniforme-like lymphoma, EBV-
infected cells were CD3*CD4- CD8 TCRY&* T cells.* This observation accords with other recent
reports.®® % Gamma-delta T cells make up the major T cell population in the skin and mucosal
epithelium. They secrete various cytokines and have cytolytic properties.®” These results indicate
that gamma-delta T cells play a central role in the formation of hydroa vacciniforme eruptions.*”

The prognosis of hydroa vacciniforme-like lymphoma varies. Some cases have eventual
resolution of their disease in adult life, but others develop progressive disease with worsen-
ing of cutaneous symptoms and systemic dissemination.””- " No standard treatment has been
established. Advanced hydroa vacciniforme-like lymphomas are usually resistant to conventional
chemotherapies. Hematopoietic stem cell transplantation has been introduced as a curative therapy,
although its indication and standard regimens have not been established.
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CONCLUSIONS

The spectrum of EBV-associated lymphoid malignancies is expanding. However, some EBV-
associated malignancies are not defined well and overlap other diseases. Further studies are
necessary to clarify the pathogenesis of EBV-associated lymphoid malignancies for making better
classifications of each disease and for the establishment of effective treatment.
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