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Epstein-Barr virus (EBV) infection is usually asymptomatic and persists lifelong. Although

infected B cells have a potential of unlimited proliferation, they are effectively removed by

the virus-specific cytotoxic T cells and EBV-associated lymphoproliferative disease develops only
in<immunocompromised hosts. Rarely, however, individuals without apparent immunodeficiency

develop chronic EBV infection with persistent infectious mononucleosis-like symptoms. These

ts exhibit high EBV DNA load in the peripheral blood and systemic clonal expansion of
-infected T cells or natural killer (NK) cells. Their prognosis is poor with life-threatening
iplications  includinghemophagocyticlymphohistiocytosis, organ failure, and malignant

lymphomas. The term chronic active EBV infection (CAEBV) is now generally used for this

ase. Geographical distribution of CAEBV is markedly uneven and most cases have been
rted from Japan and other East Asian countries. Here wesummarize our current

: standing of CAEBV and describe recent progress of CAEBV research in Japan.

words: Epstein-Barr  virus, chronic active EBV infection, EBV-associated
op Végocyticlymphohistiocytosis, hypersensitivity to mosquito bites, hydroavacciniforme,
EBV-associated T/NK-cell lymphoproliferative disease, mouse model, flow-cytometric in situ

hybridization.
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duction

Epstein-Barr virus (EBV) was discovered in cultured cells of Burkitt lymphoma as the first

human tumor virus'. Since then EBV was found associated with a number of malignancies,

ineluding Hodgkin lymphoma, nasopharyngeal carcinoma, and gastric carcinoma’. In spite of

close association with these malignancies,EBV was shown to be a ubiquitousvirus infecting more
90% of adult population in the world ENREF_2. EBV-associated malignancies thus
“develop in a restricted fraction of hosts through collective effects of various factors, including host

enetic background and environmental factors, as well asfunctions of EBV genes. EBV infection

in humans is usually asymptomatic and persists lifelong as latent infection, although primary

ifection later than adolescencefrequentlyresults in infectious mononucleosis (IM). IM is caused

3V has a unique biological activity to transform B cellsand establishimmortalized lymphoblastoid
ines. Since EBV-transformed cells express at least nine viral proteins including the highly
éenic EBV nuclear antigens 3 (EBNA3s)and EBNA2 (the latency III type EBV gene

expression), they are readily removed by the virus-specific CTLs and the virus does not cause

ymphoproliferative disease in normal immunocompetent hosts’. In immunocompromised hosts

ike transplant recipients and AIDS patients, however, EBV-transformed cells are not efficiently
ved and may cause EBV-associated B-cell lymphoproliferative disease (LPD).

Rare EBV-infected individuals without apparent immunodeficiency present with persistent or
recurring IM-like symptoms including fever, hepatosplenomegaly, lymphadenopathy, and liver

function, as well as high EBV DNA load in the peripheral blood"”. The term chronic active

3
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infection (CAEBV) is now generally used to describe this disease. Patients with CAEBV

ntered in Japan and other East Asian countries have poor prognosis and characterized by

811 In contrast, a similar

nal expansion of EBV-infected T cells or natural killer (NK) cells
se with less morbidity and mortality has been reported from Western countries and it is usually
sociated with proliferation of EBV-infected B cells'?.  In this review, focused on CAEBYV as an
EBV-associated T/NK-cell lymphoproliferative disease (EBV' T/NK-LPD), we summarize the

rrent understanding of the disease and describe our own recent workssubsidized by grants from

inistry of Health Labour and Welfare of Japan.

Clinical characteristics of CAEBV and other EBV-associated T/NK-cell lymphoproliferative

1416 CAEBYV can be

t to play important roles in inflammatory symptoms of the disease
fected with EBV. A survey of Japanese CAEBV patients revealed that the T-cell type is
ciated with less favorable prognosis than the NK-cell type'” '®* ENREF_16. CAEBV was
included in the 2008 WHO classification of lymphomas as the systemic EBV' T-cell
y;nphoproliferative disease of childhood".

Although the clinical course of CAEBYV is chronic, patients often develop fatal complications

such as multi-organ failure,disseminated intravascular coagulopathy (DIC), digestive tract

4
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/perforation, coronary artery aneurysms, and malignant lymphomas, as well as EBV-associated
phagocyticlymphohistiocytosis (EBV-HLH)”. HLH is a hyperinflammatory condition
atsed by overproduction of cytokines by excessively activated T cells and macrophages.

" Clinical ~characteristics of HLH include fever, hepatosplenomegaly, pancytopenia,

h}?%ertriglyceridemia, DIC, and liver dysfunctionZO.EBV-HLH usually occurs following primary

EBV infection and is itself characterized by clonal proliferation of EBV-infected T or NK

cel]I;s(most often CD8 * T cells)*” *. EBV-HLH can also occur in association with X-linked
? yn%phoproliferative disease (XLP) and XIAP deficiency™.

Patients with CAEBV may have characteristic cutaneous complications, namely

i

hypersensitivity to mosquito bites (HMB) and hydroavacciniforme (HV), that are themselves

1s§gimctEBV+ T/NK-LPDs characterized by clonal proliferation of EBV-infected T or NK cells.
é%ﬁth HMB and HV can occur independently or in association with CAEBV. HV is a childhood
hi fosensitivity disorder, characterized by necrotic vesiculopapules on sun-exposed areas™. EBV
levels are elevated in patients’ peripheral blood and histochemical analysis of skin lesions

%é;{%galsinﬁltration of T cells expressing the EBV-encoded small RNA (EBER)” Although most
|

K

HYV resolve by early adult life, cases overlapping with CAEBV may eventually develop
VY-positive malignant lymphoma that was included in the 2008 WHO classification of lymphoma

the hydroavacciniforme-like lymphoma'®

NREF_26_ENREF_19_ENREF_19_ENREF_19_ENREF_19_ ENREF_27. HMB is
cterized by severe local skin reactions to mosquito bites including erythematous swelling with
ullae, necrotic ulcerations, and depressed scars”’. These local reactions may be accompanied by
al symptoms such as high fever, lymphadenopathy, and liver dysfunction.Most HMB cases

28,29
d= .

e EBV infection in NK cells in skin lesions and peripheral bloo HMB cases without
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stemic symptoms may eventually develop CAEBV?®,

pective clinicopathologic analyses of CAEBV and other EBV" T/NK-LPDs

CAEBY, EBV-HLH, HMB, and HV are thus distinct but overlapping entities categorized as
V' T/NK-LPDs. Higher incidence of these diseases in East Asian countries and their
occasional coincidence in a single patient imply a common pathogenesis for them”**_ENREF_7.

Kimura and others performed a large-scale prospective study of Japanese EBV" T/NK-LPD cases’'.

108 cases of EBV" T/NK-LPDs (80 cases of CAEBV, 15 cases of EBV-HLH, 9 cases of HMB, and
cases of HV) were analyzed. The results showed that the clinical profile of EBV" T/NK-LPD is
sely linked with the lineage of EBV-infected cells. More than half (53%) of EBV-HLH
patients had EBV in the CD8" T-cellsubset, in contrast to the low incidence of EBV infection in this
subset in the other EBV" T/NK-LPDs. Most patients (89%) of HMB had EBV-infected NK cells,
1ereas majority (75%) of patients with HV had EBV-infected y3T cells. In a median follow-up
eriod of 46 months, 47 patients (44%) died of severe organ complications and 13 (12%) developed
lymphoma or leukemia. The age of onset >8years and liver dysfunction were risk factors for
mortality and transplanted patients had better prognosis. Patients with CD4" T-cell infection had
;n'vival as compared with those with NK-cell infection. Because shorter time from onset
matopoietic stem cell transplantation (HSCT) and inactive disease at HSCT were associated

th longer survival, earlier HSCT in good condition was considered preferable. Among the 108

ients enrolled, four patients developed aggressive NK-cell leukemia (ANKL) and six patients
veloped extranodal NK/T-cell lymphoma (ENKL). It is thus conceivable that a certain fraction
of iﬁpatients with ANKL and ENKL havedeveloped these malignancies as a consequence of
CAEBV*>*_ENREF_34.

haracteristics of adult CAEBV cases

6
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CAEBYV has been described mainly as a disease of children and young adults; the mean age of
was estimated to be 11.3 years'g_ENREF_25. Recently, however, increasing number of
patients fulfilling the criteria of CAEBV_ENREF_34are reported. This may be a true
ase in the incidence of adult-onset CAEBV or reflect improved recognition of this disease by
cians. Arai and others reviewed 23 cases of adult-onset CAEBV and described their
characteristics” ENREF_34. In 87% of adult cases, T cells were infected with EBV, whereas in
childhood-onset cases, theT- and NK-cell types were equally frequent. Adult-onset cases
ppeared rapidly progressive and more aggressive, although the number of patients analyzed was
imited. Further investigation with larger number of patients is required to elucidate the

characteristics of adulthood CAEBYV and its relation to the childhood counterpart.

ecurrence of CAEBYV with EBV-infected, donor-derived T cells following HSCT

The relative prevalenceof CAEBV in East Asia and natives of Central and South America
plies a genetic background for its pathogenesis. Recently HLA-A*26, an MHC class I allele
vely common in East Asia, was found to be associated with an increased risk for EBV"
K-LPD*_ENREF_37. Although possible involvement of EBV strains with increased
to induce T/NK-celllymphoproliferation cannot be formally denied, it is highly unlikely
se outbreaks and familial transmission of CAEBV havenot been reported. Arai and others
orted an intriguing case of CAEBV who experienced a relapse after bone marrow
plantation®®, A 35 year-old female patient with CAEBV of the CD8 type had HSCTfrom an
ated male donor following myeloablative preconditioning with total body irradiation. The
ologic HLA types of the patient and the donor were identical, whereasthe DNA typeswere
ent in two HLA-DR alleles.Although the peripheral blood EBV DNA was undetectable at one

‘m nth after HSCT and remained so for nearly twelve months, her EBV DNA load increased again

7
This article is protected by copyright. All rights reserved.



“reached 1.0 X 10° copies/ng DNA. EBV was found primarily in CD8" T cells again.
ver, her EBV-infected cells had now an XY karyotype,clearly indicating their donor origin.
ncing analysis of the variable region of the EBV-encoded LMP1I gene showed that the virus

strain infecting CD8" T cells were different before and after BMT, suggesting that her repeated

episodes of CAEBV were not caused by a rare EBV strain with an unusual biological activity. If
we do not suppose that these two consecutive episodes of CAEBV in a single patient occurred just
by chance, these findings may suggest that she has a certain genetic background that exerts its

direct effectson cellular lineages unrelated to hematopoietic stem cells.

Pat;lophysiology of CAEBV

ogenesis of CAEBYV is not understood. Most T and NK cells do not express the EBV receptor
k 1 andthe mechanism of their infection with EBV is not clear. Transfer of CD21 from B cells
to.NK cells through immunological synapse may render the latter cells accessible for EBVY. The
mechanism by which EBV induces proliferation of T and NK cells is not known either.
V-induced expression of CD40 and its engagement by CD40L may have a role in the survival of
cted T and NK cells of CAEBVpatients™. Since EBV-positive T or NK cells have been
oc sionally found in the tonsil and peripheral blood of IM patients, ectopic EBV infection in T or
K cells does not necessarily lead to the development of CAEBV¥*, Although EBV-infected T
NK cells inCAEBYV patients and cell lines derived from them do not express the most
unodominant EBNA3s and EBNA2, they express EBNAI, latent membrane protein 1 (LMP1)
and, LMP2 (the latency II type EBV gene expression) that are frequently recognized by
EBV-specific CTLs>**_ENREF_40 Hosts with normal immune functions are thus expected

mhave the capacity to recognize EBV-infected T and NK cells. It is thus conceivable that patients
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th CAEBV have a certain defect in immunologic functions that causes inefficient

gnitionand/or killing of EBV-infected latency II cells. Indeed, deficiency in cellular immune

responses to EBV has been detected in patients with CAEBV*** The defect in T-cell responses to

LMP2A might be particularly relevant to this issue’’. Interestingly, a patient with clinical

manifestations similar to CAEBY, although the virus was found in his B cells, was shown to have
mutations in the gene encoding perforin, that has a critical role in granule-mediated killing of target
cells®. None of other patients with CAEBYV, however, were shown to have a mutation in

"thﬁ%erforin gene. Mutations of the genes responsible for XLP, XIAP deficiency, and familial

(except for the type 2 that is caused by mutations of perforin) have not been reported for

imp

g%nts with clonal expansion of EBV-infected T or NK cells may stay in stable condition for years

4

eukemia/lymphoma®. Clonality of EBV-infected T or NK cells in CAEBV may not necessarily

jicate a malignant phenotype; acquisition of clonality might be a result of other selective
seesses such as immune escape.

ouse xenograft models for EBV" T/NK-LPD

" Animal models for EBV" T/NK-LPD have not been available, rendering researches on their

ogenesis and therapy difficult. Imadome and others transplanted peripheral blood
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mononuclear cells (PBMC) isolated from patients with CAEBV and EBV-HLH to immunodeficient
of the NOD/Shi-scid/IL-2Ry™ (NOG) strain, and successfully reproduced major features of
e diseases including systemic monoclonal proliferation of EBV-infected T or NK cells and
reytokinemia (Fig. 1)°'.  Although many features were common to CAEBV and EBV-HLH
model mice, hemorrhagic lesionsin the abdominal and thoracic cavities and extreme
hypercytokinemia were unique to the latter model, indicating that these mouse models reflect the
differences in the pathophysiology of the original diseases. Importantly, these models revealed an
essential role of CD4" T cells in the engraftment of EBV-infected T and NK cells. In vivo
etion of CD4" T’cells following transplantation effectively prevented the engrafiment of
EBV-infected cellsof not only the CD4" lineage but also the CD8" and CD56" lineages.
A hermore, OKT-4 antibody given after engrafiment was also effective to reduce EBV DNA load
‘the peripheral blood and major organs (Imadome and others, unpublished results). These

ts suggest that therapeutic approaches targeting CD4" T cells may be possible.

Dgggnosis and monitoring of CAEBV

d or relapsing symptoms of IM are the major cluetothe diagnosis of CAEBV. Although
ted serum antibody titers against EBV-encoded antigens are often found, this does not occur
ays and normal titers of anti-EBV antibodies should not preclude the diagnosis of CAEBV’.
) agnostic criteria for CAEBV has been published”. Quantitation of peripheral blood EBV DNA
st important for diagnosis and a finding of elevated value should be followed by identification
f EBV-infected T or NK cells. Quantitation of EBV DNA is however influenced by many factors
nd the results can vary in different laboratories’ 2, Recently, therefore, an international standard

EBV DNA sample for normalization became available fromthe National Institute for Biological
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dards and Controls, USA. Since CAEBV is a chronic disease that may progress to overt

gnancy and early HSCT in a better clinical condition is recommended, precise monitoring of

patient’s clinical parameters is particularly important.

ow-cytometric in situ hybridization for identification of EBV-infected cells

Diagnosis of CAEBYV requires exact phenotypingof EBV-infected cells. This process has
been usually performed by immunobeads sorting of PBMC into lymphocyte subsets, followed by
measurement of EBV DNA in each subset by quantitative PCR. These processesarehowever
-consuming and require specific skills. Kimura and others developed a new method termed
v-cytometric in situ hybridization (FISH) to phenotype EBV-infected cells (Fig. 2)>**. They
utilized a fluorescently labeledpeptide nucleic acid (PNA) probe complementary to EBER and
eeded in detecting EBER by flow cytometry. Following reaction with antibodies specific to
ace markers, peripheral blood mononuclear cells were permeabilized and subjected to in situ
idization with the PNA probe. EBER probes and surface-bound antibodies were then
facted simultaneously by flowcytometry. EBV-infected cells with a certain phenotype can be
rectly counted by FISH that is less laborious thanthe current method. They demonstrated that
; be applied for the diagnosis of EBV" T/NK-LPD and showed that EBV infects mainly
voTicells in HV?%,

miRNA as a potential biomarker of CAEBV

oRNA (miRNA) is a small non-coding RNA of 18-25 nucleotides and plays a critical role in
egulation of cellular proliferation, differentiation, and apoptosis through negatively regulating
mRNA translation®®. miRNAs are encoded not only by cells but also by viruses; EBV is actually
he first virus shown to encode miRNAs>’. Two clusters of EBV-encoded miRNAs have been

dentified; miR-BHRFs and miR-BARTS®. Kawano and others reported that plasma levels of

11
This article is protected by copyright. All rights reserved.



BART1-5p, 2-5p, 5, and 22 are significantly higher in patients with CAEBYV than in those with
_and healthy controls®. Plasma miR-BART 2-5p, 4,7, 13, 15, and 22 levels were significantly
vated in CAEBYV patients with active disease than in those with inactive disease. miR-BART13

levels could discriminate between patients with active disease and those with inactive disease with

a ¢lear cut-off value. Similarly, plasma miR-BART2-5p and 15 levels could clearly discriminate
between patients with complete remission from others. Importantly, plasma EBV DNA levels did
how any significant correlation with these clinical parameters. These results suggest that
encoded miRNAs in plasma may be a useful biomarkerfor the diagnosis and monitoring of

EBV.

apy of CAEBV

ious therapeuticshave been tried for the treatment of CAEBYV, including antiviral,
otherapeutic, and immunomodulatory drugs, with only limited success. These regimens
1ced sustained complete remission in only exceptional cases and HSCT is at present the only
tive therapy for CAEBV®. Current event-free survival rate for CAEBV patients following
stimated to be 0.561 + 0.08661.Vexy recently, Kawa and colleagues reported an excellent
ilts of HSCT following non-destructive pretreatment (RIST)*%.  For18 pediatric patients with
CAEBYV who were treated with RIST, three-year event-free survival was 85.04£8.0% and three year
11 survival rate was 95.044.9%. HSCT is thus the therapy of choice for CAEBV. However,
HSCT s still accompanied by substantial risk and CAEBV patients have high risks for
lantation-related complicationslg. It is therefore desirable to develop novel therapies that do
not“depend on HSCT. Preclinical studies of two candidate drugs for CAEBV have been carried

recently and gave hopeful results.
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