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plays an important role in inhibiting apoptosis.(”) Downregu-
lation of EBNAI may also be associated with the suppressive
effect on the proliferation of EBV-positive T and NK cell
lines. Although SAHA downregulated EBV-encoded genes
such as EBNAT and LMPI, the effects of SAHA did not dif-
fer between EBV-positive and EBV-negative cell lines. The
discrepancy is not clear. The EBV-positive and EBV-negative
cell line sets, which were used to verify the presence/absence
of EBV in the T and NK cell lines (Fig. 2a), might be inap-
propriate for the purpose. The EBV-positive cell lines were
produced by artificial EBV infections using marker selec-
tions.®**® The parent cell lines can proliferate vigorously, so
they did not need the help of EBV. It is also possible that
the change of EBV-associated genes and proteins may be not
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the cause, but the result. These questions should be clarified
in future studies.

We applied the murine xenograft model to further evaluate
the efficacy of SAHA. Using this model, we have shown that
SAHA prevented not only tumor growth but also metastasis of
EBV-positive NK cell lymphoma. However, the progressive
tumor growth was renewed subsequently, suggesting a limita-
tion of single-agent therapy. Synergistic effects of HDAC
inhibitors and their combination with mTOR inhibitors have
been demonstrated in renal cell and prostate carcinoma cell
lines.“%*" In nasopharyngeal carcinoma, bortezomib and
SAHA synergistically induced reactive oxygen species-driven
caspase-dependent apoptosis and blocked the replication of
EBV.“® The combination of these agents and SAHA could

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

—105—



Original Article

Effects of suberoylanilide hydroxamic acid www.wileyonlinelibrary.com/journal/cas
(a) 1200 < : (b) Tumor
L
1000 == Control (n = 6)
a=fie= SAHA (n = 6)

T :

E 5004 H:

o o

E

S 600

)

>

8

£ 400+

2

200 ¢

SAHA

05
0 4 7 10 14 17 21 24 28
Day post-injection

@
(c) . (d) 100«
7 0 O Control (n = 3)
6 e £ B SAHA (n=3)
= S 1071 o ) &
E 5. 8
g £ o
S 44 5 1072 ¢
< 8
s
(=] d _
3 3 § 1073 ¢
b, 2
& 2 104
- o
1s
0 10-5 4 T 7
5 N a N <2
Control SAHA @3 \\8 Q,Q' &
(n=3) (n=3) A% W & ¥

Spleen

Control

SAHA
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lymphoma. (a) SNK6 cells {1 x 10° per mouse) were inoculated subcutaneously into NOG mice. Mice were treated with 100 mg/kg SAHA or
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improve the therapy of EBV-associated T and NK cell lym-
phoma. :

In conclusion, SAHA suppressed the proliferation of T and
NK cell lines, although no significant difference was observed
between EBV-positive and EBV-negative cell lines. SAHA
induced apoptosis and/or cell cycle arrest in some T and NK
cell lines. Furthermore, SAHA inhibited tumor progression and
metastasis in a murine xenograft model. Thus, SAHA had a
marked suppressive effect against EBV-associated T and NK
cell lymphomas, which was mediated by either induction of
apoptosis or cell cycle arrest, and could represent an alterna-
tive treatment.
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Introduction

Epstein-Barr virus (EBV) infection can be found in lymphoid
malignancies not only of B-cell lineage, but also of T- or NK-cell
lineages. These EBV-positive T or NK-cell neoplasms, such as
extranodal NK/T-cell lymphoma nasal type (ENKL), aggressive
NK-cell leukemia (ANKL), and EBV-positive T- or NK- cell
lymphoproliferative diseases (EBV-T/NK-LPDs), are relatively
rare but lethal disorders classified as peripheral T/NK-cell
lymphomas according to the WHO classification of tumors of
hematopoietic and lymphoid malignancies. ENKL is a rapidly
progressive lymphoma characterized by extranodal lesions with
vascular damage and severe necrosis accompanied by infiltration
of neoplastic NK or cytotoxic T cells [1]. ANKL is a markedly
aggressive leukemia with neoplastic proliferation of NK cells [2].
EBV-T/NK-LPDs is a fatal disorder presenting sustained
infectious mononucleosis-like symptoms, hypersensitivity to mos-

PLOS ONE | www.plosone.org

quito bites, or hydroa vacciniforme-like eruption accompanied by
clonal proliferation of EBV-infected cells [3,4]. Because most
reported cases were children or young adults, and were mainly of
the T-cell-infected type, the disorders were designated “EBV-
positive T-cell lymphoproliferative diseases of childhood” in the
WHO classification, although adult and NK-cell types have been
reported [4-6]. The common clinical properties of EBV-T/NK-
neoplasms are the presence of severe inflammation, resistance to
chemotherapy, and a marked geographic bias for East Asia and
Latin America, suggesting a genetic context for disease develop-
ment [4]. Since these EBV-T/NK-neoplasms overlap [4],
common mechanisms are thought to exist in the background
and contribute to disease development.

It is well known that EBV infects B cells and makes the infected
cells immortal resulting in B-cell lymphomas. Similarly it is
suspected that EBV may also cause T- or NK-cell neoplasms.
However, why and how EBV latently infects T or NK cells,
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whether or not EBV directly causes these malignancies, and the
mechanism of action responsible for the discase development
remain to be clarified. Although new chemotherapy and stem cell
transplantation have achicved good results for EBV-T/NK
neoplasms recently [7-9], prognosis of the diseases is still poor.
The mechanisms for devclopment of the disease need to be
determined to cstablish an optimal treatment.

To clarify the molecular mechanism underlying the develop-
ment of EBV-T/NK-ncoplasms, we focused on the costimulatory
receptor CD137. CD137, also known as 4-1BB, is a member of the
tumor nccrosis factor (TNF) receptor superfamily, and expressed
on the surface of activated T and NK cells {10]. In association with
TCR stimulation, it plays a pivotal role in proliferation, survival,
and differentiation of these cells as a costimulatory molecule [11].
Recently, it was reported that CD137 is expressed on tumor cells
from adult T-cell leukemia/lymphoma (ATLL) and from T-cell
lymphomas [12,13]. Here we found CD137 expression on EBV-
positive cclls in EBV-T/NK-ncoplasms and investigated its role
for the lymphomagenesis using established cell lines as well as cells
from EBV-T/NK-LPDs patients.

Results

CD137 expression in EBV-T/NK-cell lines

Six EBV-positive T- and NK-cell lines, SNT8, SNT15, SNT16,
SNK 1, SNK6, and SNK10 had been established from primary
lesions of ENKL paticnts (SNT8 and SNK6) and PB of EBV-T/
NK-LPDs paticnts (SNT15, SNT16, SNK1, and SNK10) [14].
We investigated CD137 mRINA expression in the cell lines by RT-
PCR. CD137 mRINA was expressed in all of them, whereas EBV-
ncgative T-ccll lines (Jurkat, MOLT4, and HPB-ALL) and NK-
cell line (KHYG1) were ncgative for the expression (Figure 1A).
The mRNA was detected but weak in an EBV-negative NK-cell
line, MTA, and in EBV-ncgative B-cell lines, BJAB, Ramos, and
MD901. We also investigated 3 EBV-positive B ccll lines, Raji, a
lymphoblastoid cell line (LCL), and HS-sultun: The expression
was detected in Raji. The expression was weak in LCL, and
negative in HS-Sultan. We next investigated CD137 protein
cxpression on the cell surface. Figure 1B shows that CD137
protein was cxpressed on the cell surface of all EBV-positive T- or
NK-cells. In contrast, EBV-ncgative T-, NK-, and B-cell lines
were negative for CD137 cxpression. On the basis of these results,
we concluded that CD137 expression was induced at the mRINA
and protein levels in EBV-T/NK cell lines. The expression was
detected in 2 of 3 examined EBV-positive B cell lines, Raji and
LCL, whercas negative in HS-Sultan. The expression in EBV-
positive B cclls was insignificant in comparison with EBV-positive
T or NK cells. We were unable to detect CD137L expression on
the surface these EBV-positive T- or NK-cells lines. The
expression was negative on them (Figure S1).

EBV induces CD137 expression in T and NK cells

To clarify whether EBV  could directly - induce CD137
cxpression, we performed i vitro EBV infection of an EBV-
negative cell line MOLT4. EBV DNA copy number of EBV-
infected MOTL4 cclls was 8.8x10° copies/jigDNA. EBV
infection was verified by the prescnce of EBV nuclear antigen
(EBNA) 1 protein expression (Figure 2A). Most cells were positive
for EBNAL. The infection was also confirmed by the presence of
the viral mRNA, LMP1I and EBNAI, and the absence of EBNA2
by RT-PCR (Figurc 2B). This cxpression pattern was classified as
latency type 2. CD137 mRNA was also expressed in EBV-infected

MOTLA cells (Figure 2B and 2C). In addition, Figure 2D showed -

that CD137 protein expression was detected on:EBV-infected
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MOLT4 cells. We therefore concluded that EBV infection
induced mRNA and surface protein expression of CD137 in
MOLT4 cells.

CD137 expression in cells from EBV-T/NK-LPDs patients

The above results were validated using EBV-T/NK cclls
derived from patients. In EBV-T/NK-LPDs, EBV infection could
be detected in a particular fraction of PBMCs and isolated at high
purity using antibody-conjugated magnetic beads as described in
“Materials and Methods”. Seventeen patients (aged 8-72 ycars; 7
males, 10 females; 10 T- and 7 NK-cell types; CD4 type n=4,
CD8 type n=35, v0 type n=1, and CD56 type n=7) were
diagnosed with EBV-T/NK-LPDs according to the criteria as
described in “Materials and Methods”. We determined the EBV-
positive fraction of the lymphocytes in the PB at the diagnosis. The
phenotype of the infected cells and EBV DNA load of them were
presented in Table 1. EBV DNA was negative or relatively low in
CD19-positive cell which EBV can infect (Table 1).

To examine CD137 expression in the EBV-positive fraction, the
fractions were isolated by the magnetic beads and obtained for
CD137 mRNA detection in 10 patients. Figure 3A shows thc
CD137 mRNA levels in the freshly isolated cells of EBV-positive
cell fraction in PBMCs of cach patient. CDI37 mRNA levels in
CD4-, CD8-, and CD56-positive cell fractions of 5 healthy donors’
PBMCis were also demonstrated. The mRINA levels in the patients’
cells were significantly higher than those in the cells of healthy
donors. Next we examined the expression of CD137 protein by
flow cytometry. It showed low expression in freshly isolated
PBMC:s from both patients and 5 healthy donors (data not shown).
However, after culture with IL-2 for 3 days, the expression was
increased on the surface of PBMCs from 15 patients but still low
on the cells isolated from 5 healthy donors (Figure 3B). The
average of CD137 protein levels of EBV-T/NK-LPDs patients
was significantly higher than that of healthy donors (Figure 3C).
Two-color flow cytometry using antibodies to CD137 and to
surface proteins expressed on EBV-positive cells could be
performed in 7 patients, and a double-staining pattern was
observed in them, whereas fractions from a healthy donor barely
expressed the CD137 protein. (Figure S2).

EBV LMP1 induces CD137 expression in T and NK cells
through LMP1 induced by IL-2

We investigated the mechanism of enhanced-CD137 expression
by IL-2. First we performed luciferase reporter assay with a
plasmid containing the CDI37 gene promoter. As shown in
Figure 2A, EBV-infected MOLT4 cells were shown to express
EBV-encoded proteins including LMP1, and EBNA1, considered
to be latency type 2. So, MOLT#4 cells were cotransfected with
expression plasmids capable of expressing either of EBV-encoded
proteins, LMP1, LMP2A, LMP2B or EBNAIl. As shown in
Figure 4A, LMP1 induced significant upregulation of CDI37
promoter activity, whereas the other molecules did not. Further-
more, in a transient expression assay with these viral proteins in
MOLT4 cells, transcription of endogenous CDI37 mRNA was
detected only in the LMPl-transfected cells (Figure 4B). These
results indicated that, among the EBV proteins, LMP1 transacti-
vated CD137 expression in T and NK cells. Next we examined
whether LMP1 expression was enhanced by IL-2 and might
contribute to upregulation of CD137 expression in patients’ cells.
We isolated PBMGCs from EBV-T/NK-LPDs patient (CD4-1) and
cultured them with or without IL-2. As shown in Figure 4C, semi-
quantitative RT-PCR demonstrated that LMPI mRNA was
increased in IL-2-treated PBMCs. CDI137 mRNA was also
increased in the IL-2-treated cells (Figure 4D). To confirm the
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Figure 1. CD137 expression in Epstein-Barr virus (EBV)-positive T- or NK-cell lines. (A) Transcripts of CD137 (the upper panel) and GAPDH
(the lower panel) in EBV- positive T- or NK-cell lines were examined by RT-PCR. EBV negative T-, NK, B-cell lines, and EBV-positive B-cell lines were also
obtained for the examination. (B) Surface expression of CD137 was examined by flow cytometry using an antibody to CD137 (open histogram) or
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doi:10.1371/journal.pone.0112564.g001

in vivo contribution of IL-2 for CD137 expression, we examined
the serum concentration of IL-2 in 7 EBV-T/NK-LPDs patients
and 5 healthy donors. The concentration in the patients was 0.9-
2.4 U/mL in 6 of 7 patients, whereas it was undetectable in 4 of 5
healthy donors (Table 2). These results suggested that CD137
expression was enhanced in the presence of IL-2 most likely
through enhanced-cxpression of LMP1 in EBV-T/NK-LPDs

patient cells.

CD137 was detected in EBV-positive cells infiltrating in
the tissue lesion of EBV-T/NK-LPDs xenograft model
Next, we examined the CD137 expression on the EBV-positive
cells infiltrating into the tissue of EBV-T/NK-LPDs. Since we
could not perform the examination for human specimen due to
difficulty of obtaining the samples, we used the xenograft models
generated by intravenous injection of PBMCs from CD8-3 patient
[15]. The injected cells were 2 x 10° in number for each mouse and

PLOS ONE | www.plosone.org 3

include CD8-positive EBV-infected cells with clonally proliferation
from CD8-3 patient. EBV DNA load of the infected cells were
more than 1.0x10* copies/ugDNA. After engraftment, which was
defined as detection of EBV DNA in the PB of the model, we
performed autopsy. Nine mice were examined and the represen-
tative data were shown. As shown in Figure 5A-D, infiltration of
EBV-positive and CD8-positive cells into the periportal regions in
the liver was detected. 79.2% (396/500) of the infiltrating cells
were EBER-positive, and 77.4% (387/500) of the cells were CD8-
positive. These results indicated that most infiltrating cells were
both positive for CD8 and EBER. Although CD137L-positive cells
were also detected in the lesion, the number was markedly smaller
than that of EBV-positive cells (Figure 5D). In order to determine
CD137 expression on EBV-infected cells, we performed immune-
fluorescent staining for the infiltrating cells in the lesions. As shown
in Figure 5E, EBNAIl-positive and CD137-positive cells were
detected in the cells isolated from the lesions. LMP1 expression
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Figure 2. EBV induces CD137 expression in T cells. In vitro EBV infection assay performed in MOLT4 cells. (A) EBNA1 protein expression was
examined by immune fluorescence staining, 48 hours after the infection, the time when CD137 expression was examined. (B) Expression of the CD137
gene was examined by RT-PCR. The infection was confirmed by detecting mRNAs of the viral proteins, EBNAT and LMP1. (C) Transcripts of CD737 and
GAPDH were quantified by real time RT-PCR. Relative copy number was obtained by normalizing the CD137 transcripts to those of those of GAPDH.
(D) Surface expression of CD137 of MOLT4 cells and EBV-infected MOLT4 cells was examined by flow cytometry.

doi:10.1371/journal.pone.0112564.9002

was confirmed in them (Figure S3). These results indicated that
the infiltrating EBV-positive cells were both CD8- and CD137-
positive.

Stimulation of CD137 decreases etoposide-induced cell

death of EBV-T/NK cells

To cxplore the contribution of CD137 cxpression on EBV-T/
NK cells to the development of EBV-T/NK-LPDs, we investi-
gated the effects of CD137 on the survival. CHO-CD137L cells
with stable expression of human CD137L on their surface were
prepared for CD137 stimulation of EBV-T/NK cells (Figure 6A).

First we performed the assay for EBV-positive T- and NK-cell
lines. We cocultured the cells with PKH-26-stained CHO cells in
the presence of IL-2 with or without ctoposide. Jurkat cells were
used as a negative control. After the time indicated, we removed
the cells and determined the number of living cells by detecting
PKH-26 and DiOC6. PKH-26-negative cells were EBV-positive
T/NK-cells and Jurkat cells. DiIOC6-positive cells were living cells.
In the presence of ctoposide, the relative number of living EBV-
positive T/NK-cclls cultured with CHO-CD137L cells was
significantly higher than that cultured with control CHO cells
* (Figurc 6B). In contrast, T-cell line Jurkat cells, on which CD137

PLOS ONE | www.plosone.org

was not detected (Figure 1B), did not show a difference when
cocultured with the 2 types of CHO cells (Figure 6B). In the
absence of ctoposide, CD137L had no significant effect on the
viability of these cells (Figure 6B).

Next we performed the same assay for the primary cells from
EBV-T/NK-LPDs patients. We cocultured PBMCs from 2
patients, CD4-2 and CD56-7 with PKH-26-stained CHO cells
in the presence of IL-2 with or without etoposide. In the presence
of etoposide, the relative number of living cells from EBV-T/NK-
LPDs patients cultured with CHO-CD137L cclls was significantly
higher than that cultured with control CHO cells (Figurc 6C). In
contrast, cells form a healthy donor did not show a difference
when cocultured with the 2 types of CHO cells (Figure 6C). Thesc
findings indicated that stimulation of CD137 = significantly
suppressed ctoposide-induced cell death of the EBV-T/NK-LPDs
cells.

Discussion

CD137 is expressed following activation of T or NK cells and
mediates molecular signals for proliferation, survival, and cytokine
production by acting as a costimulatory molecule of the CD3-
TCR complex [11,16,17]. However, few data for its roles in
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Table 1. Clinical information of the patients’ samples subjected to the assay.

EBV-DNA (copies/ugDNA) EBV-DNA (copies/ugDNA) of the EBV-DNA (copies/pgDNA) of
Case Gender Age Infected cell Clinical findings  of PB (whole blood) EBV-infected cells fraction in PB CD19-positive cells fraction in PB

2.2x10° (CD4)

CD4-4 F 72 Ccb4 sCAEBV 6.4x10° (CD4)

CD8-2 F 21 CcD8 sCAEBV 4.2x10* (CD8)

CcD8-4 M 28 D8 SCAEBV 4.1x10° (CD8)

CD56-2 F 13 CD56 HMB 1.6x10° (CD56)

48 CD56 SCAEBV 1.6x10° (CD56)

CD56-6 M 8 CD56

3.5%10* (CD56)

M: Male, F: Female.

EBV: Epstein-Barr virus, PB: peripheral blood.

sCAEBV: systemic chronic active Epstein-Barr virus infection, HMB: hypersensitivity to mosquito bites (HMB), HV: hydroa vacciniforme-like eruption.
*The clonality was detected by Southern blotting for EBV terminal repeat.

doi:10.1371/journal.pone.0112564.t001
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Figure 3. CD137 expression in EBV-positive T or NK cells of patients with EBV-T/NK-lymphoproliferative disorders (EBV-T/NK-
LPDs). (A) Transcripts of CD137 and GAPDH of freshly isolated EBV-positive cell fractions from 9 EBV-T/NK-LPDs patients, or cells of the same fractions
from healthy donors were quantified by real-time RT-PCR. Relative copy number was obtained by normalizing the CD137 transcripts to those of
GAPDH. The relative copy number of the EBV-T/NK-LPDs patients’ cells and healthy donor cells were compared. (B) CD137 protein expression in
peripheral blood mononuclear cells (PBMCs) from 15 EBV-T/NK-LPDs patients or 5 healthy donors. PBMCs were cultured with IL-2 for 3 days and
examined by flow cytometry. The mean fluorescent intensity of CD137 was normalized by that of isotype-matched control and expressed as MFIR

(mean fluorescence intensity rate). (C) A bar graph for the relative MFIRs. Each point represents the MFIR of each sample.

doi:10.1371/journal.pone.0112564.g003

development of T or NK cell neoplasms have been reported to
datc. In this study we examined EBV-positive T or NK cells, and
demonstrated that not only the cell lines but also freshly isolated
cells of EBV-positive fractions from EBV-T/NK-LPDs patients
expressed high levels of CD137 mRINA. CD137 expression was
also detected in EBV-positive cells isolated from the tissue lesions
of EBV-T/NK-LPDs xenograft models. We demonstrated that
EBV could directly induce CD137 expression most likely through
LMP! in T and NK cells. In addition, stimulation of CD137 by its

PLOS ONE | www.plosone.org

ligand could suppress ctoposide-induced cell death in EBV-
positive and CD137-expressing T or NK cells. These results
suggested that EBV could promote survival of T and NK cclls by
inducing CD137 and might be a cause for EBV-T/NK-
neoplasms.

In the present study, CDI37 gene expression was significantly
higher in freshly isolated EBV-positive T or NK cells from PB of
patients compared with lymphocytes from healthy donors. In vitro
IL-2 treatment enhanced CD137 expression in the EBV-infected
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Figure 4. CD137 expression was upregulated by LMP1 whose expression was enhanced by IL-2 in EBV-T/NK-LPDs cells. (A) CD137
transcription was examined using the assay described. Briefly, MOLT4 cells were transfected with 10 pg of the expression plasmids of the viral
proteins, EBNA1, LMP1, LMP2A, LMP2B, or an empty vector as indicated, along with 10 pg of PGL3-4-1BB and 1 pg of pRLSV40. Twelve hours after
transfection, the cells were harvested for a dual luciferase assay. Luciferase activity was normalized by Renilla luciferase activity and expressed in
arbitrary units. The data are expressed as mean = S.D. of 3 independent experiments. (B) MOLT4 cells were transfected with 10 pg of the expression
plasmids of the viral proteins, EBNA1, LMP1, LMP2A, LMP2B, or an empty vector. Transcripts of CD137 (the upper panel) and GAPDH (the lower panel)
in these cells were examined by RT-PCR. Jurkat-CD137 cells were used as a positive control. (C) RNAs were obtained from PBMCs from a EBV-T/NK-
LPDs patient (CD4-1) which had been cultured with or without IL-2 for 3 days. Semi-quantitative RT:PCR assay for LMP was performed. Transcripts of
LMP1 (the upper panel) and GAPDH (the lower panel)} were presented. (D) Transcripts of CD137 and GAPDH were quantified by real time RT-PCR for
the sample of 4C. Relative copy number was obtained by normalizing the CD137 transcripts to those of GAPDH.
doi:10.1371/journal.pone.0112564.g004

Table 2. IL-2 concentration of the serum from EBV-T/NK-LPD patients.

EBV-T/NK-LPD (U/ml) Healthy donor IL-2 (U/ml)

CD4-2 <0.8 <0.8

CD4-5 0.9 <0.8

The concentration of IL-2 of the serum from EBV-T/NK-LPDs patients and from healthy donors. The lowest detection limit was 0.8 U/ml.
doi:10.1371/journal.pone.0112564.t002
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Figure 5. Histopathological specimen from the liver of the xenograft models. We generated the models by transplanting the cells from
CD8-3 patient. Nine mice were examined and the representative data were shown. (A) Hematoxylin and eosin staining showed periportal infiltration
of lymphocytes. (B) Immunochemical staining with anti-CD8 antibody (brown) showed that the infiltrating lymphocytes were positive for CD8. (C) In
situ hybridization of Epstein-Barr virus-encoded mRNA (EBER) (brown). Infiltration of EBV-positive cells was detected in the periportal space. (D)
Immunochemical staining with anti-CD137L antibody (brown) showed that CD137L-positive cells existed in the periportal space although the
number of the cells was smaller than that of EBER positive cells. (original magnification, x400). (E) Immune-fluorescent staining with anti-EBNA1 and
anti-CD137 antibodies of cells isolated from the lesions. Mononuclear cells were obtained from the tissue lesions of a model mouse, stained with the

antibodies. The cells were analyzed by confocal microscopy.
doi:10.1371/journal.pone.0112564.g005

cells of the paticnts, whereas not in control cells of the healthy
donors. IL-2 treatment also increased LMPI gene expression in
EBV-positive cells of EBV-T/NK-LPDs. Takahara and colleagues
previously reported that IL-2 enhanced LMP1 expression in EBV-
positive ENKL cell lines [18]. Since CD137 promoter activity was
cnhanced by LMPI1, we suggested that IL-2-induced CD137
protein expression was mediated by LMPI1. In addition, the
concentration of IL-2 in the serum of EBV-T/NK-LPDs patients
was higher than that of healthy donors. Actually the concentration
was lower than that of the culture medium, which we used in the
assay. Ohga and colleagues, however, reported that the transcrip-
tion of /L-2 gene was upregulated in EBV-positive T- or NK-cells
[19]. This finding suggested that the level might be high in the

PLOS ONE | www.plosone.org

tissue lesion where large amount of EBV-positive T- or NK-cell
were infiltrating. We detected CD137 protein expression in EBV-
positive cells isolated from the lesion. The high expression level of
CDI137 mRNA in the circulating EBV-positive cclls may
contribute to rapid and strong induction of the protein expression
in the lesions.

We suggested that EBV enhanced CDI137 mRNA cxpression
through LMP1. Expression level of LMP1 in ENKL is actually
variable and other factors, such as miRNA, may play roles for
lymphomagenesis in EBV-positive T- or NK-ncoplasms [20].
However, all EBV-positive T- or NK-cell lines examined in the
present study, expressed LMP1 according to our results (data not
shown) and the report [14]. LMP1 activates ¢c-JUN N-terminal
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Figure 6. Stimulation of CD137 decreases etoposide-induced cell death of cells from patients with EBV-T/NK-LPDs. (A) CD137L
expression on control Chinese Hamster Ovary (CHO) and CHO-CD137L cells. The expression was analyzed by flow cytometry using an antibody to
CD137L {open histogram) or isotype-matched control immunoglobulin (gray, shaded histogram). (B) Jurkat cells and EBV- positive T- or NK-cell lines
were cultured with 175 U/ml of IL-2 for 48 hours. Then they were cultured on control CHO or CHO-CD137L cells, which had been stained with PKH-
26, with or without 2 uM of etoposide for 48 hours. They were then removed for assessment of viability. The cells were stained with DiOC6 and living
EBV-T/NK-LPDs cells were detected as PKH-26-negative and DiOC6-positive cells by flow cytometry. The graph chart represents the relative numbers
of living cells normalized by those of control cells which were cultured without etoposide. The data are expressed as mean = S.D. of 3 independent
experiments. (C) The PBMCs of EBV-T/NK-LPDs patients and healthy donors were cultured with 175 U/mil of IL-2 for 48 hours. Then they were cultured
on control CHO or CHO-CD137L cells. They were then removed for assessment of viability as in B. The graph chart represents the relative numbers of
living cells normalized by those of control cells which were cultured without etoposide. The data are expressed as mean * S.D. of 3 independent

experiments.
doi:10.1371/journal.pone.0112564.g006

kinase (JNK) [21], p38 mitogen-activated kinase (p38) [22], and
Erk [23], which mediate the AP-l-activating pathway, and also
activates NF-xB [24]. It was reported that CD137 expression was
regulated by AP-1 and NF-xB in activated T cells [25]. LMP1 can,
therefore, induce CD137 expression through AP-1 and NF-kB in
T cells. In addition, we reported previously that EBV infection
induced ectopic CD40 expression in T-cells [26,27]. CD40 is
known to activate NF-xB, JNK, p38 and Erk [28,29]. Also, CD40-
induced CD137 expression was recently reported [30]. These
results indicate that EBV-induced CD137 expression can be
mediated by LMP]1, directly as well as through CD40.

Some questions, however, remain to be answered. The first
concerns the localization of the CD137L. CD137L expression is
induced in T cells when they are activated. [10] Its expression is
. also detected on various cancer cells [31]. Furthermore, expression
of CD137 and CD137L is induced by the viral protein, Tax in

ATLL cells and mediates autocrine survival signals, leading to

PLOS ONE | www.plosone.org

proliferation of the infected cells and tumor development [12]. We
therefore investigated CD137L expression on EBV-T/NK-cells
themselves. However, we could not detect CD137L expression
clearly on the surface of EBV-T/NK-LPDs cells. CD137L
expression is usually detected not only on the surface of activated
B and T cells, but also on antigen-presenting cells (APCs) such as
dendritic cells, monocytes, and macrophages [32,33]. EBV-
negative cells, including histiocytes and macrophages are detected
in EBV-T/NK-LPDs lesions surrounding EBV-infected cells [3].
These cells may express CD137L on their surface. Interestingly,
CD137L-positive cells were certainly present in the lesions of
EBV-T/NK-LPDs (Figure 5D). Since the number of CD137L-
positive cells was markedly smaller than that of EBV-positive cells,
they were considered to be different cell types. As we previously
described, we generated the models by injection of the PBMCs
from the patients [15]. Further investigations is required to
determine the phenotype of the CD137L-positive cells in the
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lesions and to clarify whether these cells have some effects on
EBV-positive cells, thereby contributing to discase progression. In
addition, soluble CD137L (sCD137L) needs to be investigated.
sCD137L is produced by lymphocytes or monocytes, with studies
showing that it is present in PB of healthy donors and its level is
increascd in that of patients with hematological malignancies [34]
and autoimmune discases [35]. sCD137L may also have a role in
hematopoictic ncoplasm devclopment, with its serum levels
potentially being a prognostic factor in acute myeloid leukemia
and myelodysplastic syndrome [36].

The next question is the actual role of CD137 in the disorders.
EBV-T/NK ncoplasms are not only lymphoid malignancies, but
also have aspects of severe inflammatory diseases accompanied by
high fever, cytokinemia, hemophagocytic syndrome and so on
[3,18,37-39]. As CDI137 mediates survival, proliferation, and
cytokine production of CD137-expressing T cells, it may cause
inflammation associated with the discase. In addition, CD137 acts
as a “ligand” for CD137L. CD137L stimulation by CD137 also
mediates intraccllular signaling in CD137L-expressing cells [40].
In monocytes expressing CDI137L, stimulation of the molecule
inducces prolifcration and differentiation into DCs [41,42]. In B
cells expressing CD137L, the stimulation induces proliferation,
differentiation and production of immunoglobulins [43,44]. EBV-
T/NK-ncoplasms arc associated with local and systemic inflam-
mation, cytokinemia, or polyclonal gammopathy [38,39]. CD137
may therefore contribute to discase development by inducing not
only survival of the infected cells but also inflammation. Inhibition
of CD137-mcdiating signals by targeting CD137 or CDI137L
should be conducted in order to clarify their roles.

It is well known that CDI137 activates survival-promoting
molecules including NF-kB in activated T cells [10]. However, the
role of the CD137-CD137L interaction n vivo is still controver-
sial. Recently, an agonistic CD137 antibody was created and used
for xenograft models of human discase, cancer, or autoimmune
discases. In some mouse cancer models, agonistic CD137 antibody
induces tumor suppression by uprcgulating the immune reaction
of cytotoxic T-cells against tumor cells [45,46]. On the other hand,
in discase models of hyperimmune recactions such as asthma,
GVHD, and autoimmune discase, the same antibody had the
cffect of suppressing T cells [47]. These findings show that CD137
regulates T-cell reactions both positively and negatively, and that
the mechanism of the action i vivo is extremely complicated. As
mentioned  previously, EBV-T/NK-LPDs have two aspects:
suppressed immune-rcaction against EBV-T/NK-cells and a
hyper-immune reaction as an inflammatory disease. The conflict-
ing roles of the CD137-CD137L axis may be compatible with
these clinical findings of EBV-T/NK-LPDs.

Our results indicate that upregulation of CD137 expression
through LMP1 by EBV promotes cell survival in T or NK cells.
This cffect may contribute to the development of EBV-T/NK-
ncoplasms and suggests an attractive therapeutic target for the
discases.

Materials and Methods

Cells and reagents

The EBV-positive T/NK-cell (EBV-T/NK cell) lines SNT8,
SNT15, SNT16, SNK1, SNK6, and SNK10 were cultured in
RPMI containing 10% FCS and 175 U/ml of human IL-2 [14].
The EBV-ncgative T- and NK-cell lines, Jurkat, MOLT4, HPB-
ALL, and MTA were cultured in RPMI containing 10% fetal calf
serum (10% FCS-RPMI), whercas the EBV-negative NK-cell line,
KHYG] was cultured in 10% FCS-RPMI containing 175 U/ml of
human interleukin-2 (IL-2). The B- cell lines, BJAB, Ramos, Raji,

PLOS ONE | www.plosone.org
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MD901 [48], HS-Sultan, and LCL werc cultured in RPMI
containing 10% FCS-RPMI. jurkat, MOLT4, BJAB, Ramos, HS-
Sultan and Raji cells were obtained from the American Type
Chulture Collection. LCL was established as previously described
[26]. The expression of the viral proteins in LCL was demon-
strated in Figure S4. MTA cells were obtained from Japanese
Collection of Research Bioresources Cell Bank. Jurkat-CD137 and
Chinese Hamster Ovary (CHO)-CDI137L were generated as
previously described [30]. Human recombinant IL-2 was pur-
chased from R&D systems (Abington, UK) and ectoposide from
Wako (Osaka, Japan).

PCR assay for CD137

The sequences of the PCR primers used for detection of the
CD137 gene were as follows: forward, 5-GTGCCAGATTT-
CATCATGGG-3' (exon 2 of CD137) and reverse, 5'-CAA-
CAGCCCTATTGACTTCC-3’ (exon 9 of CD137). The expres-
sion levels of the CD137 gene were determined by quantitative
PCR, as described previously [13].

Diagnosis of EBV-T/NK-LPDs

EBV-T/NK-LPDs was diagnosed according to the following
criteria: the presence of characteristic symptoms, an increase in
EBV DNA load in peripheral blood (PB), and the detection of
clonally proliferating EBV-positive T or NK cells [4,49].

Detection and isolation of EBV-positive cells in EBV-T/NK-
LPDs patients

Detection and isolation of EBV-infected cells were performed as
described previously [27]. Briefly, peripheral blood mononuclear
cells (PBMGs) from EBV-T/NK-LPDs patients were isolated by
density gradient centrifugation using Scparate-L (Muto Purc
Chemical, Tokyo, Japan) and sorted into CD19-, CD4-, CD8-, or
CD56-positive fractions by antibody-conjugated magnetic beads
(IMag Human CD19, 4, 8, and 56 Particles-DM; BD Biosciences,
Sparks, MD, USA). The fraction which was negative for thesc
markers was considered Y8 T cell fraction. The EBV DNA load in
cach fraction was then measured by the real-time RT-PCR [50]
on the basis of the TagMan system (Applied Biosystems, Foster
City, CA, USA). The fraction with the highest titer was assumed to
be that with EBV-positive cells. In order to examine CDI137
mRNA expression in the infected cell, we isolated EBV-positive
cells from PBMCs by magnetic beads conjugating antibodies for
the surface markers of the infected cells.

Antibodies

Mouse antihuman CD137-PE, CD4-FITC, CD8-FITC, CD56-
FITC and CD137L-PE as well as their control isotype antibodies
were purchased from Becton, Dickinson and Company (Franklin
Lakes, NJ, USA).

in vitro EBV infection assay

MOLT4 cells were infected with EBV as described previously
[26]. Briefly, EBV was prepared from culture medium of B95-8
cells as described [51], and then concentrated (200-fold) in RPMI
medium 1640 supplemented with 10% FCS. The virus suspension
was filtered (0.45 pm) and the recipient cells (2x10° to 1x107)
were incubated in 1 or 5 ml of the suspension for 1 h, and then
rinsed twice with culture medium (10% RPMI). The cfficiency of
infection was >90% as judged by EBNAI1 staining. For
inactivation of the EBV genome, 1 ml of virus suspcnsion in a
100-mm dish was irradiated with UV (254 nm) at 1 Jucm? using a
FUNA-UV-LINKER FS-800 (Funakoshi, Tokyo). Infection was
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verified by EBV DNA quantification, and immune fluorescence
staining of EBNAI staining of the cells as described using
Polyclonal Rabbit Anti-Human C3c Complement/FITC antibody
(Dako, Glostrup, Denmark) [52].

PCR assay for EBV proteins

RT-PCR for detection of mRNA for the viral proteins, LMPI,
LMP2A, LMP2B and EBNAI was performed according to the
previous report [15].

Plasmids

The reporter plasmid PGL3-4-1BB for the detection of CDI137
promoter activation was kindly provided by Dr. Pichler [12]. The
reporter plasmid for detection of NF-xB activation, pNF-kB-Luc,
was purchased from Stratagene (Santa Clara, CA, USA), and the
control Renilla luciferase plasmid pRL-SV40 from Promega
(Madison, WI, USA). Plasmids containing EBV-encoded proteins,
ILMP1, LMP2A, LMP2B and EBNAI were generated from the
EBV-infected cell line B95-8 [53].

Luciferase reporter assays
The assays of transiently transfected cells were performed as
described previously [54].

Measurement of serum IL-2

The concentration of IL-2 in the serum was examined by SRL,
Inc. (Tokyo, Japan) using enzyme-linked immunosorbent assay
(ELISA). The lowest detection limit was 0.8 U/ml.

Generation of the xenograft model of EBV-T/NK-LPDs

Male NOD/Shi-scid/IL-2Rynull (NOG) mice were obtained
from the Central Institute for Experimental Animals (Kawasaki,
Japan) and maintained under specific pathogen-free conditions.
The model was generated by injection of PBMCs from patients to
six weeks old mice through the tail vein as described previously
[15]. Intravenous anesthesia by tribromoethanol was performed in
order to minimize suffering. Engraftment was determined by
detecting EBV DNA in the peripheral blood. After engraftment,
mice were euthanized via COp inhalation and applied for
pathological and virological analyses.

Immunohistochemistry

The 4 um thick paraffin-embedded formalin-fixed tissue
sections were de-paraffinized, and heat-based antigen retrieval
was performed in 0.1 M citrate buffer (pH 6.0). Endogeneous
peroxidase activity was inhibited using hydrogen peroxide. The
primary antibodies for CD137 (ab3169) and CD137L (ab64912)
were purchased from Abcam (Cambridge, MA, USA). The
detection system was the streptavidin-biotin-peroxidase complex
technique (ABC kit; Vector Laboratories, Burlingame, CA, USA)
with diaminobenzidine (DAB; Nichirei Bioscience, Tokyo, Japan)
as the chromogen. In situ hybridization (ISH) of Epstein-Barr
virus-encoded mRNA (EBER) was performed for detection of
EBV in tissue sections by Epstein-Barr Virus (EBER) PNA Probe/
Fluorescein (DAKO, Carpinteria, CA, USA) and second antibody
for Fluorescein (Dako, Glostrup, Denmark).

Immune-fluorescent staining

The expression of CD137 protein on EBV-infected cells was
examined by immune-fluorescent staining. Cells were fixed on
slides by immersing in 4% paraformaldehyde for 10 min, followed
by washing three times in PBS and incubation with mouse
monoclonal anti-CD137, goat polyclonal anti-EBNA1) antibodies
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(Abcam, Cambridge, MA, USA), Cy5-conjugated Affinipure
donkey anti-mouse antibody, and FITC-conjugated donkey anti-
goat antibody (Jackson ImmunoResearch Laboratories, Inc. PA,
USA). Nuclei were counterstained with ProLong Gold and DAPI
(Invitrogen, Carlsbad, CA, USA), and the cells were analyzed by
confocal microscopy (Fluoview FV10i, Olympus).

Stimulation of CD137 by ligand-expressing cells and
detection of cell viability

The PBMCs were isolated from patients of EBV-T/NK-LPDs.
Control CHO or CHO-CD137L cells were stained with PKH-26
(PKH-26 Red Fluorescent Cell Linker Kit; Sigma-Aldrich, St.
Louis, MO, USA) according to the manufacturer’s instructions,
and plated on the wells. The PBMCs were then overlaid on pre-
seeded control CHO or CHO-CD137L cells, and cultured with or
without etoposide in 10% FCS-RPMI containing 175 U/ml of IL-
2. After 48 h incubation, the cells were stained with DiOC6
(Invitrogen, Carlsbad, CA, USA) and removed. The cells were
analyzed using a FACS Calibur flow cytometer (Becton, Dickinson
and Company, Franklin Lakes, NJ USA), with PKH-26-negative
and DiOC6-positive cells considered as living EBV-T/NK cells.

Statistical analysis

For statistical analyses of Figure 3A and 3B, Mann-Whitney test
was performed using GraphPad Prism 5 (GraphPad Software, La
Jolla, CA, USA). Student ¢ test was performed for Figure 6B and
6C.

The study complied with the principles of the Declaration of
Helsinki and was approved by the ethical committce of Tokyo
Medical and Dental University (TMDU). Written informed
consent was obtained from each patient. The experiments with
NOG mice are in accordance with the Guidelines for Animal
Experimentation of the Japanese Association for Laboratory
Animal Science, as well as ARRIVE guidelines [55]. The
experiments were approved by the Institutional Animal Care
and Use Committee of TMDU (No. 0140087A).

Supporting Information

Figure S1 CD137L expression in EBV-positive cell lines.
Surface expression of CD137L was examined by flow cytometry
using an antibody to CDI137L (open histogram) or isotype-
matched control immunoglobulin (gray, shaded histogram). The
mean fluorescent intensity of CD137 was normalized by that of
isotype-matched control and expressed as MFIR (mean fluores-
cence intensity rate) in arbitrary units. CHO-CD137L cells were
used as positive control.

(TIF)

Figure S2 CDI137 expression in PBMCs from EBV-
positive T-NK-lymphoproliferative patients and those
from healthy donors (HD). After collection, the cells were
cultured with IL-2 for 3 days. The expression was analyzed by flow
cytometry using an antibody to CD137 and to surface protein
expressed on EBV-positive cells.

(TTF)

Figure $3 Immune-fluorescent staining with anti-LMP1
antibody of cells isolated from the lesioms. Mononuclear
cells were obtained from the tissue lesions of a model mouse,
stained with the antibody. The cells were analyzed by confocal
microscopy.

(TTF)

Figure S$4 LCL that we used in the study was established
as previously described [26]. The infection was confirmed by
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RT-PCR for EBNA. Wc also cxamined and detected the
expression of the lytic protein, BZLF1 [56]. Akata cells [57]
stimulated with IgG were used as a positive control for BZLF1
expression. Since BZLF1 was not expressed in them, we concluded
that the infection was latent.

(TIF)
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Background Epstein-Barr virus (EBV)-associated T/natural-killer lymphoproliferative
disorders form a group of diseases that includes classical and systemic hydroa
vacciniforme (HV) and hypersensitivity to mosquito bites (HMB). Patients with
systemic HV (sHV) and HMB often have a poor prognosis, although litle is
known about the prognostic factors.

Objectives To elucidate the prognostic factors of HV and HMB.

Methods We studied clinicopathological manifestations, routine laboratory find-
ings, anti-EBV titres, EBV DNA load and EBV-encoded gene expression, including
expression of BZLF1, in 50 patients with classical HV (cHV), sHV, HMB only
and HMB with HV (HMB + HV), and further analysed 30 patients who were
available for follow-up. .

Results The median age of disease onset was 5 years (range 1-74). A follow-up
study indicated that fatal cutcomes were observed in three of eight patents with
sHV, two of six patients with HMB only, and two of five patients with HMB + HV.
The main causes of death were complications from haematopoietic stem-cell trans-
plantation and multiorgan failure. There were no fatalities among the 11 patients
with ¢HV. Univariate analysis revealed two poor prognostic indicators: (i) onset age
> 9 years and (ii) the expression of an EBV-encoded immediate—early gene tran-
script, BZLF1 mRNA, in the skin lesions (P < 0-001 and P = 0-003, respectively).
Conclusions- No prognostic correlation was observed in EBV-infected lymphocyte
subsets, anti-EBV antibody titres or EBV DNA load. Late onset and EBV reactiva-
tion are both related to more severe phenotypes of the disease, and thus may
predict a poor prognosis.

© 2014 British Association of Dermatologists
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Epstein-Barr virus (BBV)-associated T/matural-killer (NK) lym-
phoproliferative disorders (LPDs) form a group of diseases
including hydroa vacciniforme (HV) and hypersensitivity o
mosquito bites (HMB). EBV-associated HV lesions contain a
number of EBV-encoded small nuclear RNA (EBER)" T cells,
together with larger numbers of EBER™ cytotoxic T lympho-
cytes (CTLs). Meanwhile, NK cells are absent or occur at back-
ground levels in such lesions.'” Although there are no
systemic symptoms or abnormalities in the routine laboratory
tests of patients with classical HV (cHV), EBV DNA load and
EBV* y8T cells are increased in the peripheral blood mononu-
clear cells (PBMCs).? In contrast, patients with HV-like ulcera-
tive cutaneous eruptions often present with systemic symptoms
such as fever, hepatic damage and lymphadenopathy (systemic
HV, sHV), and show dense inflammatory-cell infiltrates that
reach the subcutaneous vissue. As reported previously, patients
with ¢cHV may progress to sHV in the clinical course.”

HMB is an EBV-associated T/NK LPD characterized by
intense local skin reactions and systemic symptoms, including
high fever, hepatosplenomegaly and
haemophagocytic syndrome.* These clinical symptoms can be

lymphadenopathy,

induced by mosquito bites, other insect bites or vaccination.
Patients with HMB usually have EBV® NK-cell lymphocyto-
sis,” and HV-like eruptions may occur over the course of the
disease. We previously examined differences in cellular events
between HMB and HV-like eruptions.® Our results indicated
that many CD56" NK cells and T cells are present in the sub-
cutaneous infiltrates in HMB, but no €D56™ NK cells occur in
HV dermal infiltrates.

Unlike cHV, both sHV and HMB have been reported in Asian
and Latin American countries.®™® However, the nomenclature of
EBV-associated T/NK LPDs has been controversial. Patients with
sHV in the present study may be synonymous with HV-like
lymphoma in the World Health Organization classification,”
and may overlap with chronic active EBV infection (CAEBV)
and EBV-associated haemophagocytic  lymphohistiocytosis
(HLH).'® Because of the diagnostic value of HV-like cutaneous
signs, we have used the terms HV and HMB in our classification,
excluding the diagnoses of CAEBV and HLH.

Although no prognostic markers have been elucidated, pre-
vious reporis of CAEBV indicate that patients with the EBV”
T-cell-predominant type have a poorer prognosis than those
with the EBV" NK-cell-predominant type, and that late onset
may be a risk factor.’® In the present study, we attempted to
clarify cellular and molecular markers related to the prognosis
of cutaneous EBV-associated T/NK LPDs in a series of patients
with HV and HMB, and to verify the validity of diagnostic
criteria to distinguish benign from malignant types for the
purposes of prognosis.

Patients and methods

Patients

Fifty patents were categorized into four groups: ¢HV (23

cases), SHV (12 cases), HMB only (nine cases) and

© 2014 British Association of Dermatologists
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HMB + HV (six cases), according to the criteria in Table 1.
Bricfly, patients with c¢HV presented with lesions defined as
vesiculopapules on sun-exposed areas without any systemic
symptoms or abnormalities in routine laboratory test resulis.
Patients with sHV presented with HV-like eruptions associated
with systernic symptoms such as fever and lymphadenopathy
and/or abnormalities in routine blood examinations at diag-
nosis. In our series, one of 12 patients with sHV initially had
skin symptoms without systemic symptoms, although the
patient had an increased percentage of NK cells (> 30% of
lymphocytes) in the blood test. HMB is defined as an intense
skin response to mosquito bites, insect bites or vaccination
associated with systemic symptoms and/or abnormalities in
routine blood tests.

Skin biopsy materials, crusts and blood samples were
obtained for diagnosis, and used for in situ hybridization with
EBER and quantitative reverse-transcriptase polymerase reaction
(RT-PCR) to detect EBV infection in skin lesions.

This study was approved by the ethical committee (the
institutional review board of Okayama University Hospital,
no. 419, 2011) in accordance with the 1975 Declaration of
Helsinki.

Assay for Epstein-Barr virus DNA load in peripheral
blood mononuclear celis

DNA was extracted from 1 x 10° PBMCs using a QIAamp™
Blood Kit (Qiagen, Venlo, the Netherlands), and the PCR
amplification was performed using QuantiTect™ Probe PCR
(Qiagen) with Roche Light cycler (Roche, Pleasanton, CA,
U.S.A.)). The PCR primers for this assay were selected in the
BamHI M region (BMRF1). The upstream and downstream pri-
mer sequences were 5-GTGCCAATCTTGAGGTTTTAC-3 and
5 -CACCCGGGGACTTTTATC-3 , respectively. The fluorogenic
probes used were probe A, 5-GACCTGCCGTTGGATCITA
GTG-3, and probe B, 5-TATTTTATTTAACCACGCCTCCGA
AGA-3 . Amplification was carried out at 95 °C for 15 min,
followed by 50 cycles of 95 °C for 15 s, 56 °C for 20 s and
72 °C for 15 s. The semiquantitative amounts of EBV DNA
copies in patients’ samples were determined from the standard
curve obtained by PCR amplification of serial 10-fold dilutions
of the template plasmid DNA solution.

Primer sets for reverse-transcriptase polymerase chain
reaction

RNA was extracted from the samples with TRIzol™ reagent
(Gibco-BRL, Gaithersburg, MD, U.S.A.), and the ¢DNA was
amplified by PCR using EBER1-specific and BamHI A rightward
transcripts  (BARTSs)-specific primers, as described previ-
ously.'"'? The integrity of the RNA was checked by the paral-
lel amplification of beta-2-microglobulin (f2-MG). To detect
EBV reactivation, BZLF1 was amplified by RT-PCR, using
BZLF1-specific outer primers: sense, 5 -CATGTTTCAACCGC
TCCGACTGG-3 , and antisense, 5 -GCGCAGCCTGTCATTTTCA
GATG-3 . Amplification consisted of 40 cycles of 94 °C for
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Table 1 Criteria for classical and systemic hydroa vacciniforme (HV) and hypersensitivity to mosquito bites (HMB)

45 s, 64 °C for 30 s and 72 °C for 1 min. BZLFI-specific
inner primers were sense, 5 -TCCCAGTCTCCGACATAACCCA-
3, and antisense, 5 ~-AGCAGCGACCTCACGGTAGT-3 ; amplifi-
cation involved 28 cycles of 94 °C for 45 s, 58 °C for 30 s
and 72 °C for 1 min. Amplification gave 167 b.p. for EBER]
cDNA, 142 b.p. for BARTs cDNA, 295 b.p. for B2-MG cDNA
and 332 b.p. for BZLF1 ¢DNA (639 b.p. for BZLF1 DNA).

Labelling for Epstein-Barr virus-encoded small nuclear
RNA in situ hybridization

Lymphoid cells containing EBER!1 were detected by in situ
hybridization on paraffin-embedded sections, as described pre-
viously.'* The density of EBER-positive cells was classified into
four subgroups according to the percentage of positive cells:
1 + (1-5% positivity in the infiltrate); 2 + (5-25%);
3+ (25-50%) and 4 + (= 50%).

Immunophenotyping of infiltrating cells

Deparaffinized biopsy specimens were incubated with mono-
clonal antibodies to CD3g, CD4, CD8, CD20, CD30 (Dako,
Glostrup, Denmark) and CD56 (Novocastra Laboratories Lid.,
Newecastle upon Tyne, U.X.), as described previously.'*

Flow cytometric analysis for lymphocyte subsets

Blood samples from the patients were reacted with fluores-
cence-conjugated antibodies to CD3, CD56, T-cell receptor
(TCR)af and TCRYS (Beckman Coulter, Brea, CA, U.S.A),
and analysed using a FACSCalibur flow cytometer and CELL-
QUEST software, version 5.2.1 (Becton Dickinson Co., Frank-
lin Lakes, NJ, US.A.).

Statistical analysis

Analyses were performed using SPSS for Windows version
20.0 (IBM, Armonk, NY, US.A)). For univariate analyses, a
one-sided Fisher’s exact test was used to compare the categori-
cal variable. To compare the quantitative variable, the
Mann—Whitney U-test was used. For survival analysis, the
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Kaplan-Meier method and log-rank test were used. In all
analyses, P < 0-05 was considered significant.

Results

Clinical observations of the patients

Fifty patients (26 male and 24 female) were enrolled in the
current study. They were classified into four groups: cHV,
sHV, HMB only or HMB + HV, according to our tentative
diagnostic criteria as described elsewhere (Table 1).> The age
of onset ranged from 1 to 74 years (median 5 years). The
median onset ages and the sexes of the four groups were as
follows: cHV, 5 years (13 male, 10 female); sHV, 8 years
(ﬁvé male, seven female); HMB only, 8 years (six male, three
female) and HMB + HV, 3.5 years (two male, four female).
Of 23 patients with cHV, 21 (91%) had cutaneous lesions that
presented within their first decade. The cutaneous signs of
cHV occurred at younger ages than those of sHV and
HMB + HV (P = 0-022 and P = 0-026, respectively).

Mucocutaneous symptoms such as conjunctivitis and oral
aphthous stomatitis/gingivitis were observed in six (26%) of
23 patients with cHV and five (42%) of 12 patients with sHV,
but were not observed in any of the nine patients with HMB
or the six with HMB + HV. Of the 27 patients with sHV,
HMB only or HMB + HV, 22 presented with systemic symp-
toms, including fever (22, 81%), diarrhoea (two, 7%), intesti-
nal perforation (one, 4%), hepatosplenomegaly (11, 41%),
myocarditis (two, 7%) and haemophagocytic syndrome (two,
7%) (Table 2).

Follow-up study

Of the 50 patients enrolled in the present study, 30 were
included in a follow-up study; the time to follow-up ranged
from 1 to 26 years (median 6-5 years). The median follow-
up times for the four groups were 8 years for cHV, 7 years
for sHV, 3 years for HMB only and 12 years for HMB -+ HV.
All 11 patdents with cHV were alive at follow-up, with or
without disease, and nine of the 11 patients had been treated
only with sunscreen. One of the two remaining patients, a
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