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Abstract

Epstein-Barr virus (EBV) normally infects B cells, but in some persons the virus infects T or NK
cells. Infection of B cells can result in infectious mononucleosis, and the virus is associated with
several B cell malignancies including Hodgkin lymphoma, Burkitt lymphoma, and diffuse large B
cell lymphoma. Infection of T or NK cells with EBV is associated with extranodal NK/T cell
lymphoma, aggressive NK-cell leukemia, systemic EBV-associated T-cell lymphoma, and chronic
active EBV disease, which in some cases can include hydroa vacciniforme-like
lymphoproliferative disease and severe mosquito bite allergy. While NK and T cell
lymphoproliferative disease is more common in Asia and Latin America, increasing numbers of
cases are being reported from the United States and Europe. This review focuses on classification,
clinical findings, pathogenesis, and recent genetic advances in NK and T cell lymphoproliferative
diseases associated with EBV.
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Introduction

While Epstein-Barr virus (EBV) typically infects oropharyngeal epithelial cells and B cells,
the virus has been reported to infect other cell types including T cells in healthy African
children [1] and rare T and NK cells in the tonsils [2]. Persons with HIV [3] and various
lymphoproliferative disorders (LPD) [4] can have peripheral blood T cells infected with
EBV. A variety of EBV NK and T cell disorders have been described ranging from LPD to
lymphoma and leukemia. These disorders are more common in Asia and Latin America, but
also have been reported in the United States and Europe. They can differ widely in their
prognosis. Recent studies have identified somatic mutations in some patients with these
diseases.

On 28 July 2018 a meeting was held at the University of Wisconsin to update knowledge on
EBV NK and T cell LPD. This review summarizes recent findings of these diseases with an
emphasis on classification, differences in disease based on geography, and new findings of
the genetics of the diseases.

Classification of EBV NK and T cell LPDs

Elaine S. Jaffe, MD, (National Cancer Institute), reported on classification of EBV LPD. B
cells are the primary lymphoid target of EBV infection, and most EBV-related lymphomas
and LPDs are of B-cell lineage. EBV-positive T-cell and NK-cell disorders are much less
common and exhibit distinct clinical and epidemiological features. In the 2001 WHO
classification of Tumors of the Hematopoietic and Lymphoid Tissues the following T/NK-
cell disorders were recognized as being almost universally associated with EBV: aggressive
NK-cell leukemia, extranodal NK/T-cell lymphoma (ENKTL), nasal type, and a less well-
defined spectrum of disorders seen most often in children, collectively referred to as EBV-
positive T-cell LPD of childhood [5]. This latter group has seen significant evolution in our
thinking, with noteworthy revisions included in the latest revision of the WHO classification
published in 2017 [6] (Table 1).

Aggressive NK-cell leukemia is a systemic neoplastic proliferation of NK cells, nearly
always associated with EBV, and associated with an aggressive clinical course [7,8]. Most
patients have peripheral blood involvement with systemic manifestations involving the liver,
spleen, bone marrow, and skin. As such, the term aggressive NK-cell leukemia/lymphoma
has been used by some authors. Most patients are young to middle-aged, with a median age
of 40. The disease is more prevalent among Asians, but sporadic cases occur on a worldwide
basis in all races. Rare EBV-negative cases have been reported [9,10]. It had been suggested
that EBV-negative cases might have a less aggressive clinical course [11,12], but more
recent data have shown a universally aggressive course, with median survival of less than six
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months, and often a matter of weeks [10]. The clinical course is frequently complicated by
coagulopathy and hemophagocytic syndrome. Recurrent genetic aberrations have been
reported, with some differences from those seen in ENKTL, nasal type [13].

ENKTL was the first of the T/NK-cell lesions to be linked to EBV, and the first defined as a
distinct entity [14]. It is more prevalent in Asians, and in indigenous populations of Mexico,
Central and South America. It is always extranodal in presentation, with preferential sites of
involvement including upper aerodigestive tract, skin, gastrointestinal tract, and testes
[15,16]. There is considerable variation in cytological features, with some historical series
suggesting that tumors composed of small cells have a better outcome [17]. However, stage
is a more significant prognostic feature; patients with advanced stage disease (Stage I11/1V)
have an unfavorable clinical course.

More significant differences have occurred in the classification of EBV-associated T-cell and
NK-cell lesions seen predominantly in the pediatric age group. These range from EBV-
associated hemophagocytic lymphohistiocytosis (HLH), to systemic EBV-positive T-cell
lymphoma of childhood. Diseases with intermediate prognosis include the systemic and
cutaneous forms of chronic active EBV disease (CAEBV). All of these disorders share
similar epidemiological features, being more common in Asians and Hispanic populations of
indigenous origin.

EBV-HLH is seen mainly following acute EBV infection [18,19]. These patients present
with the clinical stigmata of HLH and have high EBV viral loads. /17 situ staining of bone
marrow, liver, or spleen for EBV encoded RNA (EBER), shows increased virus-positive
lymphocytes, many of which are T or NK cells. Therapeutic intervention with an HLH-
directed treatment protocol may lead to remission of disease, and if the EBV viral load
remains low, complete remission may be sustained. However, recurrence of symptoms
beyond several months may lead to a picture of systemic CAEBYV infection.

CAEBYV was originally defined as a systemic EBV-positive LPD characterized by fever,
lymphadenopathy, and splenomegaly developing after primary virus infection in patients
without known immunodeficiency [20,21]. Affected patients have elevated EBV DNA in the
blood, and histological evidence of organ damage by EBV-positive lymphocytes infiltrating
the tissues (Figure 1(A-C)). The original diagnosis required persistence of symptoms for six
months or more, but recent proposals have reduced that requirement to three months. The
original concept envisioned that the affected lymphoid cell type was a B cell, but in recent
years CAEBYV is now considered mainly a disease of persistent EBV infection of T or NK
cells [8,22,23]. Many patients with persistence of EBV in B cells upon genomic testing are
shown to have an underlying immune deficiency disorder leading to failure of the immune
system to fully handle EBV [24].

In the WHO classification, CAEBYV is divided into two major forms: systemic CAEBV and
cutaneous CAEBV; overlap occurs with some patients with cutaneous CAEBV exhibiting
clinical and pathological evidence of systemic EBV infection [6]. Generally, patients with
cutaneous forms of CAEBYV have milder disease. The two main forms are hydroa
vacciniforme-like LPD (HVLPD) and severe mosquito bite allergy (SMBA) [25-29]. The
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former is most often a result of EBV infection of T cells, which may be of af or y& T cell
derivation, while SMBA is usually a consequence of EBV-infection of NK cells.

The WHO classification formerly had a category of HV-like lymphoma [5]. However,
currently HVLPD is viewed as a continuum ranging from very benign and self-limited
disease in many patients, to more clinically aggressive EBV-associated disease (Figure
1(D,E)), such that a distinction between HV and HV-like lymphoma is not reliable [26].
Moreover, HV as originally reported was considered a benign photo-dermatitis presenting in
childhood after sun exposure, leading to a vesicular eruption that healed after ulceration and
crust formation. In the original reports, an association with EBV was not known. For some
time, it was presumed that both EBV-positive and EBV-negative cases of HV existed. Recent
data suggest that an EBV-negative form of HV probably does not occur, and thus all cases
have a common link to EBV, with variations in the severity of the illness and the risk for
systemic disease. Thus, HVLPD encompasses the full spectrum of clinical manifestations
[30].

The last category of EBV-associated T-cell lymphoma in the revised WHO classification is
systemic EBV-positive T-cell lymphoma of childhood (Figure 2). This disease was
previously included under the term ‘systemic EBV-positive T-cell LPD of childhood’ [31].
That category was heterogeneous, and encompassed cases of systemic CAEBV and the more
aggressive and often fulminant T-cell lymphomas [32]. Additionally, the WHO classification
recognizes rare forms of EBV-positive peripheral T-cell lymphoma, often presenting with
nodal disease [33]. These lesions are currently considered an EBV-positive variant of
peripheral T-cell lymphoma, not otherwise specified. Data are limited about these cases, but
at least some occur in a setting of decreased immune surveillance, including HIV infection
and advanced age.

EBV T/NK cell LPD in Asia

The frequency of EBV-positive LPD varies among countries in Asia. ENKTL, nasal-type,
accounts for 15% of all cases of hon-Hodgkin lymphoma in the southwest region of China,
6.1% in Korea, 2.6% in Japan, and 2.8% in Taiwan [34-37]. Among EBV-positive NK/T cell
LPDs, ENKTL, nasal-type was the most common subtype in a Korean study, accounting for
83% of 107 EBV-positive T- or NK-cell type non-Hodgkin lymphoma cases, followed by
aggressive NK-cell leukemia (8.4%) [38].

Young Hyeh Ko, MD (Sumsung Medical Center) reviewed a Korean series of EBV-positive
T/NK cell LPDs [39]. HLH accounted for 26% of cases, CAEBYV for 31%, systemic
unclassifiable disease for 24%, and HVLPD for 19%. In patients with CAEBV in the Korean
series, the onset of disease was between 2.2 and 42.8 years of age (median 15.9 years).
Clinical findings included fever (92%), hepatosplenomegaly (68%), lymphadenopathy
(52%), NK lymphocytosis (42%), skin lesions (54%), SMBA (28%), HVLPD-like rash
(8%), and pneumonia (17%). Some patients presented with bowel perforation, IgA
nephropathy, chorea, or stroke. At a mean follow-up of 25 months, 10 of 25 patients (40%)
died of the disease. The causes of death were infection, organ failure, and EBV-positive
lymphoma (the latter in 25% of patients) [8,39-41]. HLH was found in 25 to 60% of cases
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with T cell disease more commonly than NK cell disease; monoclonality was detected in 6
of 15 T cell disease cases (40%) [8,39-41]. The mean survival was 92 months.

In the Korean series, patients with HVLPD were divided into three groups. The first group
was classic HVLPD without systemic symptoms and presented in childhood (n7=10). The
onset of the disease was between 1 to 11 years of age (median 6.5 years). The median period
from disease onset to diagnosis was 2.5 years (range, 0 to 15 years). Sites involved were the
face, scalp, forearm, hands, and chest. All patients showed photosensitivity either by positive
reaction to UV provocation or symptoms induced with sun exposure. All five patients in
whom the viral load in blood was tested had high levels of EBV. The follow-up period was 1
to 18 years (median 3.5 years). Most patients experienced chronic recurrent or sporadic
eruptions associated with sun exposure and healing with scarring without complications.
However, two patients with chronic recurrent cutaneous disease died of EBV-positive T cell
lymphoma or developed systemic CAEBV with worsening of skin lesions at 15 and 16 years
after initial presentation, respectively. The second group was classic HVLPD presenting in
adolescence and adulthood (7= 4). The onset of the disease was 18-66 years (median 33.5
years). All patients had high viral loads in the blood. Three patients developed EBV-positive
systemic or cutaneous T cell lymphoma at 3—19 years after initial presentation. The third
group had systemic HVLPD associated with systemic symptoms (7= 4). The age at
presentation ranged from 8 to 18 years (median 14.5 years). Two of four patients developed
EBV-positive systemic T cell lymphoma 3 years after diagnosis. In summary, HVLPD in the
Korean series was not confined to children and had diverse clinical features. Classic HVLPD
was the most common type. HVLPD with early onset had a favorable prognosis, while
systemic HVLPD had a poor prognosis [8,41-46].

Koichi Ohshima, MD, (Kurume University) and colleagues reported on a study of adult-
onset CAEBV [47]. The median period from CAEBYV disease onset to diagnosis was
approximately 12—-24 months (range, 3-120 months). The median age at diagnosis was 39
years (range, 16 to 86 years). Lymphadenopathy was significantly more frequent for the
patients with T-cell CAEBYV, whereas skin lesions were common with NK-cell CAEBV.
Patients with adult-onset CAEBYV had less fever and more frequently had skin lesions than
those with pediatric-onset CAEBV. The adult-onset group had a lower frequency of SMBA
and HVLPD, but a higher frequency of elevated serum liver enzymes and HLH [47]. As
indicators of CAEBYV disease prognosis, thrombocytopenia, EBV nuclear antigen (EBNA)
antibody titer =40, and the presence of HLH at initial diagnosis were all associated with a
poor prognosis. However, the type of infected cell was not a prognostic factor and there were
no differences in prognosis among the three histological classifications [32].

Allogeneic hematopoietic stem cell transplantation (HSCT) was the most effective treatment
for improving survival of the CAEBYV patients. There was no difference in overall survival
between patients =50 years and those <50 years of age. In a univariate analysis, age (>60
years), a high-risk Eastern Cooperative Oncology Group performance status, the type of
infected cell, an elevated lactate dehydrogenase level, and the number of EBV DNA copies
in the peripheral blood or EBER-positive cells per high-power field in tissue were not
prognostic factors. Conversely, thrombocytopenia, a high EBNA titer, and not receiving
HSCT were independent poor prognostic factors [47]. Patients with adult-onset CAEBV had
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a poorer overall survival than patients with pediatric-onset CAEBV and ENKTL, nasal type.
However, the overall survival for patients with ENKTL, non-nasal-type and for those with
adult-onset CAEBYV was comparable. Patients with nodal EBV-positive peripheral T-cell
lymphoma, not otherwise specified (PTCL-NOS) and those with adult-onset CAEBV with
nodal lesions showed no statistical difference in prognosis or overall survival (Figure 3). Of
the patients with adult-onset CAEBYV in this study, 18 (33.3%) were diagnosed with a
malignant lymphoma (aggressive NK cell leukemia, ENKTL, and EBV-positive PTCL-
NOS) at the time of CAEBV diagnosis.

Keiji Iwatsuki, MD, (Okayama University) reported on a Japanese study [48] in which 50
patients were classified into four clinical subtypes: 1) classic HVLPD, 2) systemic HVLPD,
3) SMBA alone, and 4) SMBA with HVLPD (Figure 4) based on prior criteria [49]. Patients
with classic HVLPD and SMBA have increased percentages of EBV-positive & cells (=5%
of lymphocytes) and EBV-positive NK cells (>30% of lymphocytes), respectively, in the
peripheral blood [49]. Systemic HVLPD is further divided into two groups: -y6 T-cell and
ap T-cell-dominant types; the former is observed in younger patients and shows a favorable
prognosis, while the latter may occur in adults and often has a fatal outcome [48]. In the
study, patients ranged in age from 1 to 74 years old. EBV DNA loads in peripheral blood
mononuclear cells were elevated in the four patient groups (mean, 67,420 copies/ug of
DNA) compared with healthy persons (<100 copies/ug of DNA), but the levels were not
significantly different among the four groups. In the study, BZLF1 mRNA was detected in
skin lesions of patients with systemic HVLPD, SMBA alone, and SMBA with HVLPD;
however, BZLF1 mRNA was not detected in classic HVLPD. Thirty of the 50 patients in the
study were included in a follow-up study; 37% of those with systemic HVLPD, SMBA
alone, and SMBA with HVLPD died, while none with classic HV died although two patients
progressed to CAEBV [50]. Poor prognostic indicators included the clinical subtypes of
systemic HVLPD and SMBA, onset age over 9 years, expression of EBV BZLF1 mRNA in
skin lesions, ap T-cell-dominant HVLPD, and NK-cell-dominant SMBA [48,50].

EBV T/NK cell LPD in Latin America

Leticia Quintanilla-Martinez, MD, (University Hospital Tiibingen), reported that EBV-
associated T and NK cell LPDs are prevalent in Latin American countries including Mexico,
Guatemala, Peru, Ecuador and Bolivia, indicating a strong racial predisposition [51].
ENKTL, the prototype of the EBV-associated lymphomas represents around 23% of all T-
cell lymphomas in Latin America (up to 40% in Mexico [52] and 66% in Guatemala [51]),
compared with 4% to 5% in Europe and the United States [53]. The clinical presentation is
similar in all geographic regions; however, patients in Latin America tend to present with
more advanced clinical stages [52,54].

Systemic EBV T-cell lymphoma of childhood is a rare disorder prevalent in Taiwan [55,56]
and Japan [7,57] with few cases reported in Korea [41] and Mexico [31]. There are no data
available from other Latin American countries. The fulminant course of this disease after
primary EBV infection suggests a genetically determined susceptibility, possibly based on
certain HLA types that result in an abnormal response to primary EBV infection. A probably
related disorder presenting mainly with lymphadenopathy and high lactate dehydrogenase
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levels has been reported in children from Peru [58]. In addition to the characteristic features
of acute onset with fever, weight loss and hepatosplenomegaly, these children have
peripheral, mediastinal and intraabdominal lymphadenopathy. The disease progresses
rapidly causing death with a median survival of 7 months. The infiltrating cells in systemic
EBV-positive T-cell lymphoma of childhood are predominantly CD8+ cytotoxic ap T cells.
Molecular analysis of the TCR genes show a monoclonal T-cell proliferation in all cases
[31,59].

CAEBYV is also prevalent in Latin America. Whereas HVLPD and SMBA are well
recognized in Mexico [26,60], Peru [25,61] and Bolivia [62,63], the systemic form of
CAEBYV is less well documented. HVLPD was first described in Mexico as edematous
scarring vasculitic panniculitis to separate it from the indolent “classic’ form of HVLPD
[64]. In this first report, the severity of the disease, the presence of systemic symptoms in
many cases, and the risk to progress to a T- or NK-cell lymphoma were highlighted. The
clinical presentation is characterized by edema of the face and hands with recurrent vesicles
and crust formation that leave scars. Prominent periorbital swelling was observed in a series
of patients from Bolivia [63]. Systemic symptoms like fever, lymphadenopathy and/or
hepatosplenomegaly are common [26,30]. These lesions occur in sun-exposed as well as
unexposed areas. In the acute phase an intraepidermal spongiotic vesicle is observed. The
lymphoid infiltrate predominates in the dermis around adnexa and blood vessels and
sometimes extends to the deep subcutaneous tissue. The infiltrating cells are predominantly
T cells (ap or y8), and less often NK cells or a mixture of both types [26,65]. In contrast to
Japanese series where increased numbers of EBV-infected y& T cells in peripheral blood
have been reported, in series reported from Mexico only rarely have tissue infiltrating y& T
cells been demonstrated [26,60].

T/INK cell LPD in the United States and Europe

Jeffrey Cohen, MD, (National Institute of Allergy and Infectious Diseases) reviewed their
experience with 19 patients with CAEBV in the United States [66]. Sixty percent of patients
were Caucasian with the remainder predominantly Asian or Hispanic. The most common
signs were lymphadenopathy, splenomegaly, fever, hepatitis, hypogammaglobulinemia, and
pancytopenia; fever and hepatitis were less common (<50% of patients) than reported in
Japan (=90%) and unlike Asians, none of the patients from the United States had SMBA
[22]. Patients had EBV in T, NK, or B cells. These latter patients often had
hypogammaglobulinemia with progressive loss of B cells. Unlike reports from Asia, many
patients in the United States had reduced numbers of NK cells. Only one patient had
germline mutations (in perforin) that were responsible for their disease. Serum levels of
IFN-y, TNF-a, IL-6, and IL-10 were higher in CAEBYV patients than controls.
Chemotherapy and immunosuppressive therapy resulted in temporary responses; only HSCT
was curative.

EBV HVLPD, like CAEBYV, is much less common in the United States and Europe than in
Asia or Latin America. A study of 16 patients with EBV HVLPD in the United States and
Great Britain over 11 years found that most patients had normal numbers of CD4, CD8, and
B cells; 70% had high numbers of Ki67 (proliferating) T cells, 60% had low numbers of NK
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cells, and 40% had high numbers of y& T cells [67]. Half of the patients had T cell clones in
the blood. The mean EBV DNA copy number in blood was 1,159,000 copies/ml. 70% of
patients had EBV predominantly in T cells, and the rest had EBV predominantly in NK cells
or at similar levels in T and NK cells or in T and B cells. Serum cytokine levels in patients
with HVLPD were more similar to those in healthy controls than those with CAEBV.

Ten of 16 patients with HVLPD were Caucasians and with one exception, all of the
Caucasians had classic disease; the one patient with systemic disease had spontaneous
resolution of his gastrointestinal disease [67]. Two of the Caucasian patients had complete
remission of their cutaneous disease and the EBV viral level declined. In contrast, two-thirds
of the non-Caucasians required HSCT. The Caucasian patients presented at a younger age,
had lower levels of EBV in the blood, had levels of NK cells in the blood closer to the
normal level, less often had abnormal T cell clones in the blood, and less often had
abnormally high levels of cytokines in the blood than the non-Caucasians. Thus, most
Caucasians with HVLPD had a good prognosis and required no treatment.

ENKTL, nasal type is less common in the United States and Europe than in Asia and Latin
America. A review of ENKTL, nasal type in the United States and Europe showed that the
disease is less common in Caucasians than in Hispanics and Asian-Pacific Islanders [68]. In
the United States and Europe there was less variation in signs and symptoms at presentation
of disease and patients were often diagnosed later than in Asia, likely due to decreased
awareness of the disease. Like EBV HVLPD, the prognosis of ENKTL, nasal type appears
to better in Caucasians than in non-Caucasians.

Genetics of HVLPD: germline mutations

Irini Manoli, MD, PhD, (National Human Genome Research Institute) and Stefania
Pittaluga, MD, (National Cancer Institute) noted that while there are rare reports of familial
cases of HVLPD in the older literature [69-72], they precede the establishment of the
association of the disease with EBV-positive T and/or NK LPD [73,74] and the revised
diagnostic classification [6,21,50]. Recent large case series of classic or severe HVLPD from
different ethnic backgrounds consist of sporadic cases [6,27,48,61].

In a study of patients with HVLPD in the United States and Great Britain [67], one patient
was included with severe HVLPD with HLH and GATAZ deficiency due to an intronic
variant affecting the binding of a GATAZ enhancer resulting in reduced transcription [75,76].
Germline GATAZ heterozygous mutations [76,77] have been associated with numerous
diseases including (a) primary immunodeficiency 21 (IMD21 or MONOMAC) characterized
by profoundly decreased or absent monocytes, B cells, NK cells, and circulating and tissue
dendritic cells, and predisposition to disseminated nontuberculous mycobacterial infections,
viral and fungal infections, and (b) familial predisposition to acute myeloid leukemia or
myelodysplastic syndrome. Screening for GATAZ mutations in the remaining patients with
HVLPD was negative. One subject with HVLPD also had Moebius syndrome, presenting
with facial palsy and the inability to move the eyes laterally, due to underdevelopment of the
facial and abducens cranial nerves. GATAZ s located in a candidate locus for autosomal
dominant hereditary congenital facial palsy type 1, in 3q21-22, identified by linkage
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analysis in large pedigrees [78]. Another gene in that same locus, PLXND1, was recently
described to carry de novo mutations in 3 subjects with Moebius-like syndrome [79]. The
patient with HVLPD and Moebius syndrome had no pathogenic variants in PLXND1 or
GATAZ or any copy number variants in the 3g21-22 region.

Whole exome sequencing studies in the HVLPD patients and their parents identified no
significant copy number variants or pathogenic variants in single genes or genes along a
similar pathway that were shared amongst more than two families in our cohort. Although
analysis of the sequencing data is ongoing, current data suggest that HVLPD is not caused
by germline mutations in a single gene across affected subjects. It is possible that HVLPD is
a heterogenous disease entity with different genes/pathways resulting in overlapping
phenotypes, and/or that it has a digenic/polygenic inheritance pattern, or that it is caused by
somatic mutations in lymphocytes (like other forms of CAEBV), or that it is associated with
epigenetic changes or environmental factors.

Genetics of CAEBV: somatic mutations

Hiroshi Kimura, MD, (Nagoya University) noted that after EBV infection of some persons,
the presence of viral oncogenes might enable infected T or NK cells to proliferate and
escape apoptosis, resulting in the development of CAEBV. In the long term, the
accumulation of genetic mutations and epigenetic modifications leads to the development of
overt lymphomas or leukemias [80]. However, it is unclear why only some people develop
the disease and which genes drive the development of the malignancies. To clarify the
pathogenesis of CAEBYV, Kimura and colleagues conducted a comprehensive genetic study
of 80 patients with systemic CAEBV, SMBA, and HVLPD [81]. EBV-infected and
uninfected cells in peripheral blood were isolated and whole exome sequencing and whole
EBV sequencing was performed. The results revealed that germline mutations are rare in
patients with CAEBY, suggesting that inherited immunodeficiency is unlikely in most cases.
However, somatic driver mutations (such as DDX3D and KMT2D) were frequently found in
EBV-infected cells, indicating that CAEBV should be considered a neoplastic disease.
Different cell lineages with EBV infection shared identical driver mutations, suggesting that
EBYV infects the common ancestor of lymphoid cells.

The EBV genome in patients with CAEBV harbored intragenic deletions that were also
common in EBV-associated lymphomas, such as ENKTL and diffuse large B-cell lymphoma
[81]. However, similar deletions were not found in patients with infectious mononucleosis or
post-transplant LPD. These deletions frequently affected EBV BART microRNA clusters,
which regulate proliferation, differentiation, apoptosis, and the cell cycle of infected cells to
establish latent infection and produce viral progeny [82]. Interestingly, humanized mice
infected with BART-deleted EBV developed lymphomas more rapidly and showed
upregulated expression of EBV BZLF1 compared to mice infected with wild-type EBV [83].
Taken together, these results indicate that the deletion of the BART clusters results in
upregulation of expression of lytic genes and promotion of lymphomagenesis.

Somatic driver mutations and EBV intragenic deletions were detected in patients with
SMBA, and their prognosis was poor, similar to patients with systemic CAEBV. By contrast,
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no somatic driver mutation or EBV intragenic deletion was found in patients with HVLPD.
Their prognosis was favorable, particularly in those with & T cell infection. Therefore, the
etiology of HVLPD may be different from that of other forms of CAEBV.

Conclusion

Recent advances in classification and studies of pathogenesis, genetics, and prognosis of
EBV NK and T cell disorders have furthered our understanding of these diseases. While
these diseases are more common in persons from Asia and Central or South America, and
differences in HLA alleles between these populations and Caucasians have been reported,
specific HLA polymorphisms have not been correlated with EBV NK and T cell diseases.
Although many EBV B cell LPDs are associated with immune suppression or germline
mutations in genes important for immune surveillance, somatic driver mutations in virus-
infected cells are more often associated with EBV NK and T cell LPD. Most of these
diseases require radiation therapy, chemotherapy, or HSCT; however, some patients with
HVLPD, particularly Caucasians, may not require treatment. Additional research in
immunology, genetics, virology, animal models, and clinical trials of these diseases is
needed to find less toxic and more effective therapies.
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Figure 1.
Chronic active EBV-infection of T-cell type. (A) Liver biopsy from a 23-year-old Hispanic
female. A sinusoidal lymphoid infiltrate with focal single cell hepatocellular necrosis is
present. (B) Infiltrating cells are positive for CD3. (C) Sinusoidal lymphocytes are positive
for EBER by situ hybridization. (D) and (E) illustrate skin lesions from patients with hydroa

E vacciniforme-like lymphoproliferative disorder. (D) Superficial vesicle with patchy

g perivascular lymphoid infiltrate. (E) Skin biopsy shows more advanced lesion with necrosis

% of the overlying epidermis, and more dense dermal lymphoid infiltrate.

)

>

c

7

Q

=

Leuk Lymphoma. Author manuscript; available in PMC 2021 June 09.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Page 16

s

ot

%

% WY

Figure 2.
Systemic EBV + T-cell lymphoma of childhood. (A) Lymph node is diffusely infiltrated by

atypical lymphoid cells with prominent single-cell necrosis and histiocytic reaction. (B)
Atypical lymphoid cells are positive for CD3. (C) EBER /n situ hybridization highlights the
atypical cells which infiltrate the paracortex, sparing focal reactive follicles. (D) Neoplastic
cells are positive for perforin.
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Figure 3.
Comparison of overall survival of patients with NK- and T-cell lymphoproliferative diseases.

Kaplan-Meier survival curves of patients with adult or pediatric onset chronic active EBV
(CAEBV), extranodal NK T cell lymphoma (ENKTL), nasal or non-nasal type, and nodal
EBV-positive peripheral T cell lymphoma, not otherwise specified (PTCL-NOS). Significant
differences in survival are seen for comparison of pediatric-onset with adult-onset CAEBV
and with ENKTL, nasal-type with adult onset CAEBV (adapted from [47] with permission).
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Figure 4.
Photographs of patients and prognosis for cutaneous forms of chronic active EBV

(CAEBV), including classic or systemic hydroa vacciniforme-like lymphoproliferative
disease (HVLPD) and severe mosquito bite allergy (SMBA).
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