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Figure 1. Analysis of Epstein-Barr virus-infected cells at the onset of chronic active EBYV infection.
A-D: Biopsy specimens of a cervical lymph node (original magnification, x200). A: Hematoxylin and
Eesin staining shows diffuse infiltration of atypical cells. B: Stained with the anti-CD8 antibody. C:
Stained with the anti-granzyme B antibedy. D: 7n situ hybridization of Epstein-Barr virus-encoded
mRNA. Neoplastic cells were positive for CD3 and CDS5; these cells were negative for CD4, CD20,
and CD36 (data not shown). E: Analysis of peripheral blood mononuclear cells by flow cytometry at
disease onset. (F-I) Southern blot analysis for T-cell receptor Jf1 gene. After digestion with EcoRI (1),
BamHI (2), and Hindlll (3), DNA was analyzed to detect gene rearrangements. Arrows show rear-
ranged bands. F: Negative control. G: DNA extracted from peripheral blood (PB) at disease onset.
H: DNA extracted from a cervical lymph node at disease onset. I: DNA extracted from PB at recur-

rence,

demonstrated suppressed EBV-specific CTL activity in
CAEBYV patients using human leukocyte antigen (HLA)-A"
2402-restricted tetramers (11). In addition, Katano et al re-
ported that mutations in both alleles of the perforin gene,
which is indispensable for CTL activity, resulted in its re-
duced expression and could play a role in CAEBYV develop-
ment (12).

However, we were unable to detect perforin gene muta-

tions in CAEBV cells from the present patient (data not
shown). We previously reported suppressed CTL activity
against EBV-infected B cells in an EBV-B-LPD patient who
had been administered low-dose PSL for more than 7
years (13). The present patient and one in another report
who had SLE developed CAEBV during PSL administra-
tion (14). Thus, PSL, even at low doses, may suppress CTL
activity and trigger disease development.
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Figure 2. Analysis of Epstein-Barr virus-infected T cells 3 years after BMT at recurrence of
chronic active EBV infection. A: Analysis of peripheral blood mononuclear cells by flow cytometry
at the diagnosis of recurrence, B, C: Fluorescence in sity hybridization (FISH) analysis. Red and
green signals indicate X and Y chromosomes, respectively. B: Lymphoblastoid cell line (I.CL) estab-
lished from patient’s PBMC soon after engraftment. The XY signal was positive in 96.8% of cells
and was considered to be of donor origin. EBV-DNA titer, 1.4x10° copies/ug DNA. C: CD8-positive
cells from PB at recurrence. The XY signal was positive in 98.4% of CD8-positive cells. EBV-DNA
titer, 2.4x10° copies/ug DNA. D: Lmpl sequence analysis of CD8-positive T cells at diagnosis (CD8-D,
upper lane) of LCL, established from patient’s PBMC soon after engraftment (LCL-R, middle lane),
and of CD8-positive T cells at recurrence (CD8-R, lower lane). The first nucleotide corresponds to
nucleotide No. 168238 of B95.8 (Genbank No.V01555). Asterisks indicate repeat regions; black let-
ters indicate distinetive nucleotides,

EBYV itself can contribute to the clonal proliferation of in- ing that EBV infection of T or NK cells could directly con-
fected T or NK cells. NF-kB was constitutively activated in  tribute to their immortalization (15). However, EB V-induced
EBV-infected T or NK cells derived from CAEBV patients immortalization of infected cells may be insufficient for
and protected them from VP-16-induced apoptosis, suggest- CAEBYV development.
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Figure 3. Analysis of Epstein-Barr virus-infected T cells at liver dysfunction development. A-C:
Biopsy liver specimens at recurrence (original magnification, x200), showing severe sinusoidal infil-
tration of atypical cells. A: Hematoxylin and Eosin staining. B: Stained with the anti-CD8 antibody.
C: In situ hybridization of Epstein-Barr virus-encoded mRNA. D: FISH analysis of peripheral nu-
cleated cells. Red and green signals indicate X and Y chremosomes, respectively. E: Analysis of pe-
ripheral blood menonuclear cells by flow cytometry at the time of liver biopsy.

We recently generated a xenograft model of CAEBV by
transplanting a patient’'s PBMC to NOD/Shi-scid/IL-2Ry-
null strain mice (16). In this model, neither EBV-infected T
and NK cell engraftment nor CAEBV development occurred
without CD4-positive T cells. This indicates that both in-
fected cells and CD4-positive T cell-associated mechanisms
(e.g., interactions with CD4-positive T cells, CD4- positive
T cell-related cytokines, and so on) may be necessary for
CAEBY development. At recurrence, the present patient had
activated CD4-positive cells that may have originated from
the donor’s PBMC (Fig. 3E and Table 1). Three other cases
of CAEBV have been reported in patients with autoimmune

diseases (14, 17, 18). Hyperactivated, uninfected T cells, in-
cluding CD4-positive T cells, may facilitate the expansion of
EBV-infected T or NK cells, as in our murine model.

In conclusion, the present case indicates that certain back-
ground host factors may predispose a patient to CAEBV de-
velopment. Further studies should be conducted in order to
determine these factors.

The authors state that they have no Conflict of Interest (COI).

Acknowledgement
This work was originated from Department of Hematology,



Intern Med 51: 777-782, 2012 DOI: 10.2169internalmedicine.51.6769

Table 1. Chemerism and Lymphocyte Subsets of Peripheral Blood after Bone Marrow Trans-

plantation

Years after Bone Marrow Transplantation

0 1 3 4 4.5
XX 0.6% XX 0% XX 0%
Chimerism of nucleated cells (%) NE
XY 99.4% XY 100% XY 100%
NE XX 0.5% NE XX 0%
Chimerism of T cells
NE XY 99.5% NE XY 78.5%, XXYY 21.5%
The Percentage of CD4-positive cells in CD3-
positive cells (in MC) NE  25%(24%) NE 43% (41%)
‘The Percentage of CD8-positive cells in CD3-
positive cells (in MC) NE 5% (71%) NE 57% (57%)
in-B irus-DNA
Epstetn-Barr virus-DNA ND  17x10°  1x10° 1x10° 5.6x10°

{copies/ugDNA)

ND: not detected

NE: not examined

MC: monocuclear cells
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Epstein-Barr virus (EBV) infects various types of lymphocytes and
is associated with not only B cell-origin lymphoma, but also T or
natural killer cell lymphoproliferative diseases (T/NK LPD).
Recently, we established a novel assay to identify EBV-infected
cells using FISH. Using this assay, dual staining with antibodies
to both surface antigens and an EBV-encoded small RNA (EBER)
probe can be performed. In the present study, we applied this
recently developed FISH assay to EBV-associated T/NK LPD to
confirm its diagnostic utility. Using FISH, we prospectively ana-
lyzed peripheral blood from patients with suspected EBV-associ-
ated T/NK LPD. The results were compared with those obtained
using immunobead sorting followed by quantitative PCR. In all,
26 patients were included study. Using FISH, 0.15-67.0% of
peripheral blood lymphocytes were found to be positive for
EBER. Dual staining was used to determine EBER-positive cell
phenotypes in 23 of 26 subjects (88.5%). In five of seven patients
with hydroa vacciniforme-like lymphoma (an EBV-positive cutane-
ous T cell lymphoma), EBER-positive cells were identified as
CD3*CD4~CD8™ TCRy8" T cells. Furthermore, in a 25-year-old male
patient with systemic EBV-positive T cell LPD, two lymphocyte
lineages were positive for EBER: CD4*CD8™ and CD4CD8™ T cells.
Thus, we confirmed that our newly developed assay is useful for
guantifying and characterizing EBV-infected lymphocytes in EBV-
associated T/NK LPD and that it can be used not only to
complement the pathological diagnosis, but also to clarify the
pathogenesis and to expand the spectrum of EBV-associated dis-
eases. (Cancer Sci 2012; 103: 1481-1488)

E pstein—Barr virus (EBV) is ubiquitous and infects not only
B cells, but also T and natural killer (NK) cells. There are
a number of EBV-associated T/NK lymphoproliferative dis-
eases (LPD) and lymphoma/leukemia, such as EBV-associated
hemophagocytic lymphohistiocytosis (HLH), systemic EBV-
positive T cell lymphoproliferative disease of childhood
(systemic EBV* T-LPD), hydroa vacciniforme (HV)-like lym-
phoma, extranodal NK/T-cell lymphoma, nasal type (ENKL),
and aggressive NK cell leukemia (ANKL) U= Severe chronic
active EBV disease (SCAEBV), which is seen mainly in East
Asia, is now considered to be an LPD caused by clonal expan-
sion of EBV-infected T or NK cells.*™® However, the defini-
tion of each EBV-associated T/NK LPD is unclear and there is
significant overlap between them.>™'® Therefore, diagnosis
of EBV-associated T/NK LPD can be problematic.

Because EBV is ubiquitous and latently infects various lym-
phocytes, detection of EBV alone is insufficient for diagnosis
of EBV-associated diseases'” To diagnose EBV-associated
diseases and to explore their pathogenesis, EBV load must be

doi: 10.1111/j.1349-7006.2012.02305.x
© 2012 Japanese Cancer Association

determined; however, the EBV-infected cells must also be
identified. In situ hybridization (ISH) using the EBV-encoded
small RNA (EBER) is Wldely used to detect EBV-infected
cells in tissue specimens. 7 However, biopsies are invasive
and cannot always be obtained. To overcome these problems,
we recently established a novel assay to mmultaneouslgl quan-
tify and identify EBV-infected cells using FISH."® Both
nuclear EBER and surface lymphocyte antigens can be stained
using a fluorescein-conjugated probe that specifically hybrid-
izes to EBER. This assay is a more convenient and less inva-
sive procedure than EBER ISH and can be performed on
peripheral blood. Using this assay, we determined the pheno-
type of EBV-infected B cells in patients with EBV infection
after stem cell/liver transplantation.'®

In the present study, we applied the FISH assay to peripheral
blood from 26 patients with EBV-associated T/NK LPD to
confirm its utility for the diagnosis of EBV-associated T/NK
LPD and to further elucidate the pathogenesis of this disease.
The results of the FISH assay were validated by comparison
with EBV DNA loads determined by quantitative PCR. Fur-
thermore, lymphocyte phenotypes were compared with those
determined by immunobead sorting followed by quantitative
PCR.

Materials and Methods

Patients and samples. From January 2009 to July 2010,
patients who fulfilled the following criteria were prospectively
enrolled in the present study: (i) EBV-associated T/NK LPD
was suspected or diagnosed based on clinical and histopatho-
logical findings, and determination of EBV-infected cell phe-
notypes was requested from Nagoya University Graduate
School of Medicine; (ii) high EBV DNA levels (> 10%° cop-
1es/ug DNA) in PBMCs, as determined by quantitative
PCRY202D; and (iii) both the FISH assay and immunobead
sorting followed by quantitative PCR could be performed and
results compared. Exclusion criteria were as follows: (i)
patients with diseases involving infection of B cells, such as
infectious mononucleosis and immunodeficiency-associated
LPD; (ii) cases of congenital immunodeficiency; (iii) human
immunodeficiency virus-positive cases; and (iv) patients who
had received either hematopoietic or organ transplantation
prior to enrolment.

In all, 28 patients were initially enrolled in the study. How-
ever, two subjects, who were initially suspected of having
EBV-associated HLH, were excluded from the study because

5To whom correspondence should be addressed.
E-mail: hkimura@med.nagoya-u.ac.jp
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Table 1. Determination of Epstein-Barr virus-infected cell phenotypes using FISH and immunobead sorting/quantitative polymerase chain reaction

FISH EBV DNA (copies/ng DNA)
Pateint Age . . TCR gene
no. (yearsy =~ Diease  EBVdonality - gement  EBER® EBER” cell EBV-infected  Lovic D3*  CD4* cps* CD56*  TCRup TCRyS
cells (%) phenotypes cells
1 M 10 SCAEBV Monoclonal B 1.0 CD3*CD8*TCRap* cD8*T 8300 18 000 1900 9900 5400 ND ND
2 F 22 SCAEBV Negative None 0.31 CD3*CD8*TCRap* 8T 310 000+ 280 000 ND ND 190 000 ND ND
3 M 15 SCAEBV Monoclonal None 0.54 CD3*CD4*TCRap* cDaA*T 7200 1700 ND ND 2300 ND ND
4 M 36 SCAEBV Monoclonal None 5.7 CD3*CD56" cD56* T 44 000 3400 3900 47 000 480 000 ND ND
5 M 8 SCAEBV Monoclonal B 29.9 CD3-CD56" NK 82% 240 000 17 000 27 000 21 000 3 900 000 ND ND
CD3*CD4*TCRap* CD4'T 8%
6 F 11 SCAEBV ND ¥ 5.3 CD16*CD56* NK 57 000 17 000 ND ND 93 000 ND ND
7 M 14 SCAEBV Monoclonal None 49.0 CD56* NK 600 000+ 1000 ND ND 2 000 000 1200 17 000
8 M 34 SCAEBV Negative None 0.32 CD56" NK 1500 0 0 0 28 000 ND ND
9 F 13 SCAEBV Negative None 0.15 Not identified Untypable 830 14 000 19 300 3700 810 ND ND
10 F 6 HV-like Oligoclonal B.v.8 9.0 CD3*TCRyS* voT 170 000 170 000 150 000 49 000 130 000 ND 330 000
lymphoma
11t M 6 HV-like Monoclonal 3 25.9 CD3*TCRyS" voT 42 000% 47 000 ND ND 49 000 6400 190 000
lymphoma
121 M " HV-like Monoclonal 7.9 4.8 CD3*TCRy8* vaT 10 000 13 000 1100 1300 19 000 210 87 000
lymphoma
13 M 12 HV-like Monoclonal B 36.8 CD3*TCRy&* ¥oT 920 000 ND 60 000 94 000 1 500 000 ND ND
lymphoma
14t M 16 HV-like Monoclonal v, 1.7 CD3*TCRyS" ¥aT 6100% 16 000 ND ND 4400 8300 100 000
lymphoma
15 F 22 HV-like ND B 13.0 CD3*CD56* CD56* T 240 000 420 000 ND ND 2 000 o000 ND ND
lymphoma
16 M 3 HV-like Monoclonal None 67.0 CD16*CD56" NK 1 200 000 240 000 110 000 500 000 15 000 000 ND ND
lymphoma
17 F 1 HLH ND None 0.20 CD3*CD4*TCRuB* DA T 650 1400 ND ND 0 ND ND
18 M 1 HLH Monoclonal B 17.5 CD3*CD8*TCRafB* cD8*T 220 000 760 000 360 000 1 600 000 1 600 000 ND ND
19 M 1 HLH Negative B 0.15  Not identified Untypable 430 0 20 510 1500 ND ND
20 F 25 HLH Polyclonal None 0.19 Not identified Untypable 310 700 150 3200 120 ND ND
21 M 56 ENKL ND None 0.32 CD56" NK 2400 140 0 0 11 000 ND' ND
22 F 57 ENKL ND None 2.0 CD56" NK 24 000 12 000 8700 7600 540 000 ND ND
23 M 26 Systemic Monoclonal B,y 4.5 CD3*CD8* CD3*CD4* CD8'T 52% 57 000 110 000 110 000 130 000 88 000 ND ND
EBV* T-LPD CD4*T 39%
24 F 46 Systemic Monoclonal ¥ 313 CD3*CD8*TCRuB* cD8*T 940 000 700 000 53 000 1410 000 160 000 ND ND
EBV* T-LPD
25 M 14 ANKL Monoclonal None 31.0 CD56" NK 310 000 ND 6500 24 000 2 000 000 ND ND
26 M 56 PTCL Monoclonal B 0.55 CD3*CD4*TCRaB*™ o4a*T 3300 6300 6800 1000 3500 ND ND

Bold letters indicate that Epstein-Barr virus (EBV) DNA was concentrated in the fraction. tThese cases have been reported previously.('® tSamples were obtained on different days when
FISH was performed. ANKL, aggressive NK cell leukemia, nasal type; ENKL, extranodal natural killer (NK)/T cell lymphoma, nasal type; HLH, hemophagocytic lymphohistiocytosis; HV-like
lymphoma, hydroa vacciniforme-like lymphoma; ND, not done; PTCL, peripheral T cell lymphoma; SCAEBYV, severe chronic active EBV disease; systemic EBV* T-LPD, systemic EBV-positive

T lymphoproliferative disease of childhood; TCR, T cell receptor.



they were shown to have severe infectious mononucleosis and
had only B cell infection, leaving 26 patients in the study: nine

cases of SCAEBV, seven of HV-like lymphoma, four of HLH, -

two of systemic EBV* T-LPD, two of ENKL, one of ANKL,
and one of peripheral T cell lymphoma (PTCL). Diagnoses of
HV-like lymphoma, systemic EBV* T-LPD, ENKL, ANKL, or
PTCL were made based on biopsy or bone marrow findings
according to World Health Organization (WHO) criteria. (1022729
Diagnoses of HLH were made on the basis of criteria proposed
by an international treatment study group,”> whereas SCA-
EBV was diagnosed using previously proposed criteria.”’*®
Briefly, for a diagnosis of SCAEBV to be made, patients had
to fulfill the following diagnostic criteria: (i) an illness of
>6 months duration (an EBV-related illness or symptoms
including fever, persistent hepatitis, extensive lymphadenopa-
thy, hepatosplenomegaly, pancytopenia, uveitis, interstitial
pneumonia, hydroa vacciniforme, or hypersensitivity to mos-
quito bites); (ii) increased quantities of EBV in either affected
tissues or peripheral blood; and (iii) no evidence of any prior
immunologic abnormalities or of any other recent infection
that may explain the condition. There were several overlapping
cases. For example, in one patient, ANKL developed at the
end stage of SCAEBV. In some patients, HLH developed dur-
ing the course of other EBV-associated T/NK LPD. In such
cases, pathological diagnoses (HV-like lymphoma, systemic
EBV™ T-LPD, ENKL, ANKI, and PTCL) were used in prefer-
ence to SCAEBV and HLH. Of the 26 patients in the study,
14 underwent biopsy (skin, n = 6; liver, n = 3; intestine,
n = 2; others, n = 3), 19 underwent bone marrow examination,
and one underwent an autopsy. Seventeen healthy volunteers
who were seropositive for EBV were included in the study as
negative controls.

Blood was usually taken at the time of diagnosis, although
some subjects had already received treatment, such as steroids,
cyclosporin A, and chemotherapies. In six subjects, repetitive
sampling was performed with or without treatment. Heparin-
ized blood samples were obtained and PBMCs were separated
on density gradients. The PBMCs were cryopreserved at —80°C
until required.

Informed consent was obtained from all subjects or their
guardians, as well as from the healthy controls. The Institutional
Review Board of Nagoya University Hospital approved the use
of all specimens that were examined in the present study.

Analyses of EBV DNA. After DNA had been extracted from
1 x 10° PBMCs, real-time quantitative PCR was performed as
described previously.””*” The amount of EBV DNA was cal-
culated as the number of virus copies per pg PBMC DNA. To
determine which cell population harbored EBV, the PBMCs
were fractionated into CD3*, CD4", CD8*, CD19*, CD56", T
cell receptor (TCR) aff*, and TCRy3" cells using an immuno-
bead method (IMag Cell Separation System; BD Biosciences,
Franklin Lakes, NJ, USA) that resulted in 97-99% purity. Puri-
fied cells were analyzed by real-time PCR and compared with
PBMCs.?”?® Southern blotting with a terminal repeat probe
was used to assess EBV clonality, as described previously.*®

Determination of TCR gene rearrangement. Multiplex PCR
using the T cell Gene Rearrangement/Clonality assay (InVivo-
Scribe Technologies, La Ciotat, France) was used to evaluate
TCR gene; this assay was developed and standardized in a
European BIOMED-2 collaborative study.®%>"

FISH assay. The FISH assay was performed as described
previously.¢ 819 Pirst, for surface marker staining, 5 x 10
PBMCs were stained with phycoerythrin (PE)-labeled anti-
CD3 (clone UCHT1; eBioscience, San Diego, CA, USA), anti-
CD8 (clone B9.11; Immunotech, Marseille, France), anti-CD19
(clone HD37; Dako, Glostrup, Denmark), and V32 (clone B6;
BD Pharmingen, San Jose, CA, USA) mAbs, and phycoery-
thrin cyanine 5 (PCS)-labeled anti-CD4 (clone 13B8.2; Immu-

Kawabe et al.

notech), anti-CD16 (clone 3GS8; Immunotech), anti-HLA-DR
(clone IMMU357; Immunotech), and anti-TCRYyd (clone
IMMUS510; Immunotech) mAbs for 1 h at 4°C. In cases of
weak fluorescence signals or incomplete cell separation likely
due to degradation or detachment under the harsh hybridization
conditions,"'® biotin-labeled antibodies (anti-CD3 clone
UCHT1, anti-CD19 clone HIB19, anti-CD56 clone CB36,
and anti-TCRof clone IP26 [eBioscience]; anti-CD122 clone
Mik-b3 [BD Biosciences]) were used, followed by application
of PE- or PC5-conjugated streptavidin (eBioscience). Isotype-
matched monoclonal mouse IgG antibodies were used as
controls.

Cells were fixed, permeabilized, and hybridized with EBER
PNA Probe/FITC (Y5200; Dako) or Negative Control PNA
Probe/FITC (Dako)."'®1% An Alexa Fluor 488 Signal Amplifi-
cation Kit (Molecular Probes, Eugene, OR, USA) was used to
enhance fluorescence and photostability.

Stained cells were analyzed using a FACSCalibur and Cell-
Quest software (BD Biosciences). Lymphocytes were gated by
standard forward and side scatter profiles.®> Up to 50 000
events were acquired for each analysis. Based on experiments
involving mixing of EBV-positive and -negative cell lines, the
detection limit of the FISH assay was considered to be 0.1%
and 0.01% for T and B cells, respectively.?®

Statistical analysis. Statistical analyses were performed using
SPSS for Windows version 18.0 (SPSS, Chicago, IL, USA).
The FISH and real-time PCR assays were compared by regres-
sion analysis. The Mann—Whitney U-test was used to compare
the mean percentages of EBER-positive cells in each group.
In all analyses, P < 0.05 was taken to indicate statistical
significance.

Results

Quantification of EBV-infected peripheral blood lymphocytes
by FISH. We applied the FISH assay to samples from 26 patients
with EBV-associated T/NK LPD. Subject characteristics are
given in Table 1. Most subjects were monoclonal, as determined
by Southern blot hybridization using an EBV terminal repeat
probe. The assay for TCR gene rearrangements detected T cell
clonality in 15 patients. The FISH assay detected EBER-positive
lymphocytes in each of the 26 patients at levels ranging from
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Fig. 1. Quantification of Epstein-Barr virus (EBV)-infected lympho-
cytes. The FISH assay was used to analyze PBMCs and the percentage
of EBV-encoded small RNA (EBER)-positive cells in each disease is
shown. Bars indicate the mean for each group. ANKL, aggressive NK
cell leukemia; EBV* T-LPD, systemic EBV-positive T lymphoproliferative
disease of childhood; ENKL, extranodal NK/T-cell lymphoma, nasal
type; HLH, hemophagocytic lymphohistiocytosis; HV-like lymphoma,
hydroa vacciniforme-like lymphoma; PTCL, peripheral T cell lym-
phoma; SCAEBYV, severe chronic active EBV disease.
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Characterization of Epstein-Barr virus (EBV)-infected lymphocytes in representative patients. The numbers in each histogram represent

the percentage of EBV-encoded small RNA (EBER)-positive lymphocytes. The EBER-positive (red) and EBER-negative (blue) lymphocytes were
gated and plotted in quadrants. The numbers in the quadrants indicate the percentage of EBER-positive cells for each surface immunopheno-
type. Control, a healthy EBV-seropositive volunteer. Patient numbers are the same as given in Table 1. PC5, phycoerythrin cyanine 5; PE, phyco-

erythrin; PNA, peptide nucleic acid; TCR, T cell receptor.

0.15% to 67.0% (Table 1). The percentage of EBER-positive
cells according to disease were as follows: SCAEBYV,
2.6 £1.8%; HV-like lymphoma, 129+ 1.6%; HLH,
0.6 + 3.1%; systemic EBV* T-LPD, 11.9 + 2.6%; and ENKL,
0.8 £2.6% (Fig. 1). The levels of EBER-positive cells were
slightly higher in HV-like lymphoma patients than in patients
with SCAEBYV or HLH, but the differences did not reach statisti-
cal significance (P = 0.08 and P = 0.06, respectively).

To confirm the specificity of the assay, PBMCs were
obtained from 17 healthy volunteers who were seropositive for
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EBV. However, EBV DNA was detected in the PBMCs of
only one volunteer using real-time PCR. The same PBMCs
were subjected to the FISH assay and no EBER-positive cells
were detected (detection limit >0.1%).

Determination of EBV-infected cell phenotypes by FISH assay.
The EBER-positive cell phenotypes were determined by dual
staining with antibodies to surface antigens and the EBER
probe in 23 of 26 patients (88.5%; Table 1). Representa-
tive results of the dual staining are shown in Figure 2. In
Patient 5, the EBV-infected cells were predominantly
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Characterization of Epstein-Barr virus (EBV)-infected cell phenotypes in a 16-year-old boy with hydroa vacciniforme (HV)-like lymphoma.

The EBV-encoded small RNA (EBER)-positive (red) and EBER-negative (gray) lymphocytes were gated and plotted in quadrants. The numbers in
the quadrants indicate the percentages of EBER-positive cells for each surface immunophenotype. PC5, phycoerythrin cyanine 5; PE, phycoery-

thrin; TCR, T cell receptor.

CD3~ CD56" TCRaf~ NK cells; in Patient 10 they were
CD3* CD4~ CD8™ TCRy8* T cells; in Patient 16 they
were CD3~ CD16" CD56" NK cells; and in Patient 18 they
were CD3" CD4~ CD8*" TCRof* T cells (Fig. 2). We were
unable to determine the phenotypes of EBV-infected cells in
Patient 19, in whom only 0.15% of cells were EBER positive.
Interestingly, in Patient 23, a 26-year-old man with systemic
EBV™ T cell LPD, almost half of the EBER-positive cells were
CD4 positive, with the remainder CDS8 positive. Thus, two
lymphocyte lineages were present in the peripheral blood of
‘this patient. Immunobead sorting followed by quantitative PCR
revealed that the quantity of EBV DNA was high in the
CD3", CD4*, and CD8" fractions (Table 1), supporting the
FISH data. Furthermore, TCR gene rearrangement analysis
showed two peaks of the rearranged TCR Vv chain in this
patient (data not shown). Similarly, in Patient 5, whose
main EBV-infected cells were CD3~ CD56" TCRaf~ NK
cells, the CD3* CD4* TCRof* population also included
EBER-positive cells (Fig. 2). This observation suggests that
the majority of EBV-infected cells in this patient were NK
cells, but that there was also a minor population of EBV-
infected T cells. In this patient, TCR rearrangement was recog-
nized in the VP chain, which would theoretically not be
detected in NK cell LPD (Table 1).

Thus, the main EBV-infected cells were identified as NK
cells in eight patients, v8 T cells in five patients, CD8" T cells
in five patients, CD4" T cells in three patients, and CD56* T
cells in two patients (Table 1). These data are mostly in agree-
ment with those generated by immunobead sorting and EBV
DNA quantification. For example, in Patient 1 (EBV-infected
CD3* CD8" TCRoB" T cells), EBV DNA was detected mainly
in the CD3" and CD8" populations. Conversely, in Patient 6
(EBV-infected NK cells as determined by the FISH assay),
EBV DNA was most abundant in the CD356" population.

In the nine patients with SCAEBV, the main EBV-infected
cells were CD8" T cells in two patients, CD4™ T cells in one
patient, and NK cells in five patients; typing was unsuccessful in
one patient (Table 1). Thus, the main EBV-infected cells were
variable in SCAEBV. Conversely, in five of seven patients with
HV-like lymphoma, an EBV-positive cutaneous lymphoma, the
EBER-positive cells were CD3" CD4~ CD8~ TCRYS" T cells
(Table 1). We further investigated the phenotypes of these y8* T
cells, which were positive for V82 but negative for CD122. A
representative result (Patient 14) is shown in Figure 3.

We could not identify the EBV-infected cell phenotypes in
three patients (Patients 9, 19, and 20), although immunobead
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sorting and quantitative PCR could identify the predominant
population of infected cells. In all three patients, EBER-
positive cells accounted for <0.2% of the total population.

Comparison between EBER-positive cells and EBV DNA in
peripheral blood. Finally, we compared the FISH assay with
real-time quantitative PCR. The number of EBER" cells
determined by the FISH assay was significantly correlated
with the EBV DNA load determined by real-time PCR
(P <0.0001; Fig. 4a). Patients were divided into NK and
T cell infection groups, and the same comparison was per-
formed. A significant correlation was observed and the slope
of the correlation was similar in both groups, suggesting that
the number of EBV episomes per cell was similar in both
groups (Fig. 4b).

We repeated both FISH and real-time PCR on samples from
six patients and the resultant longitudinal analyses are shown
in Figure 5. In the four patients who had not received any
chemotherapy owing to localization of symptoms to the skin
or the stability of their condition (Patients 7, 11, 12, and 14),
the percentage of EBER-positive cells determined by the
FISH assay was stable. However, in the two patients who
received hematopoietic stem cell transplantation, the propor-
tion of EBER-positive cells decreased thereafter (Patients 5
and 24).

100 100
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Fig. 4. Correlation between the percentage of Epstein-Barr virus
(EBV)-encoded small RNA (EBER)-positive lymphocytes as determined
by FISH and the EBV DNA load determined by real-time PCR. (a) All
26 patients with EBV-associated T or natural killer cell lymphoprolifer-
ative diseases (T/NK LPD). (b) Patients were divided into T cell {n = 13)
and NK cell (n = 8) infection groups, and the correlations were
evaluated.
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Fig. 5.

Longitudinal quantification of Epstein-Barr virus (EBV)-encoded small RNA (EBER)-positive lymphocytes. Samples of PBMCs were

obtained repeatedly on the dates indicated and were analyzed by the FISH assay. The results of EBV DNA quantification are also shown for com-
parison. Patients 7, 11, 12, and 14 did not receive any chemotherapy owing to the stability of their condition. Patients 5 and 24 received hemato-

poietic stem cell transplantation.

Discussion

Epstein—Barr virus is associated with various types of T/NK
LPD. Some are well defined and listed in the revised WHO
Classification of Tumours of Haematopozenc and Lymphoid
Tissues, whereas others are not."%'® One of the reasons why
these entities are not well defined is that they are relatively
rare, especially in the West. Most EBV-associated T/NK LPD
are more prevalent in East Asia and Latin America.®'? In
addition, the diagnosis of such conditions is often problematic.
When possible, staining of virus-associated antigens using spe-
cific antibodies is the most direct and easiest method of detect-
ing and characterizing EBV-infected cells. Epstein—Barr virus
infection of T/NK cells is “latency type II”, in which only a
few viral antigens (Epstein—Barr virus nuclear antigen-1, latent
membrane protein (LMP-1, and LMP-2) are expressed
however, there are no antibodies available that can stain their
extracellular domains. This, together with their low expression
levels and weak antigenicity, makes it difficult to staining
EBV-infected cells with antibodies against these antigens.

Using the FISH assay, 0.15-67.0% of peripheral blood lym-
phocytes were positive for EBER in patients with EBV-associ-
ated T/NK LPD. The number of EBER-positive cells was
correlated with the EBV DNA load determined by quantitative
PCR. These results indicate that the FISH assay is useful for
the detection and quantification of EBV-infected lymphocytes
in patients with EBV-associated T/NK LPD. Furthermore, this
assay is applicable for follow-up and evaluation of responses
to therapy, as demonstrated in the present study. Because
B-LPD, which is also associated with EBV, sometimes develops
after stem cell transplantation, differential diagnosis between
relapse of T/NK LPD and B-LPD is needed. Our assay is useful
for d1agnos1ng not only EBV-associated T/NK LPD, but also
B-LPD,"® and can help to select mAb-based therapy, such as
anti-CD20 (rituximab), anti-CD52 (campath-1), or other human-
ized mAbs targeting lymphocyte surface antigens.
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In the present study, using the FISH assay, two different cell
lineages were demonstrated in two patients with EBV-associ-
ated T/NK LPD. This is particularly interesting in terms of the
pathogenesis of EBV-associated T/NK LPD. Biphasic expan-
sion of EBV-infected lympho ;ytes has been demonstrated in
some patients with SCAEBV.®*37” A recent study using an
immuno-FISH assay, which is similar to the FISH assay used
in the present study and can characterize EBV-infected cell
phenotypes, revealed that not only T/NK cells, but also mono-
cytes Were infected with EBV in patients with EBV-associated
LPD.®® There are several possible explanations as to why
multiple cell lineages were infected with EBV. First, these
patients may have unknown genetic abnormalities, which are
associated with the functions of virus-specific or non-specific
lymphocytes and allow for infection of T or NK cells or
expansion of EBV-infected cells. Second, EBV may infect
hematopoietic stem cells that differentiate to multiple cell lin-
eages. Third, EBV-infected lymphocytes may be ca?able of
dlfferentlatmn as suggested recently by Ohga et al.®” Further
studies are necessary to clarify the mechanism by which EBV
infects multiple lineages.

One possible disadvantage of our assay is its relatively low
sensitivity. Preliminary studies using cell lines indicated that
the assay could detect the phenotype of EBV-infected cells
when they comprised at least 0.1% of the total population.?®
However, when human samples were used, cell phenotypes
could not be determined when they accounted for <0.2% of
the total. Therefore, this assay would not be suitable for
patients with low peripheral blood viral loads.

Hydroa vacciniforme-like lymphoma is a recently defined
EBV-positive cutaneous malignancy associated with photosen-
sitivity.? It is characterized by a papulovesxcular eruption that
generally proceeds to ulceration and scarring. In some cases,
systemic symptoms, including fever, wastmg, l?lmphadenopathy,
and hepatosplenomegaly, may be present.‘ In HV-like erup-
tions, both T and NK cells infiltrate the superficial dermis and
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the subcutaneous tissue.'? Recently, we reported three cases
of HV-like I(ymphoma with EBV-infected yd T cells using the
FISH assay."® In five of seven patients in the present study
(the three cases in the previous report were included), the
EBER-positive cells were CD3* CD4~ CD8™ TCRy8" T cells.
The other two cases were of NK and possible NK T cell infec-
tion, respectively. These results indicate that yd T cells play a
central role in the formation of HV-like eruptions, although
other types of cells can also be involved. This observation
accords with other recent reports.“>*? The v T cells are the
major T cell population in the skin and mucosal epithelium.
The v8 T cells secrete various cytokines and have cytolytic
properties.*> In the present study, EBER-positive y8 T cells
were positive for V32, suggesting that they were VyoVo2 T
cells. The Vy9Voa2 T cells are the ;predominant v T cell sub-
type in human peripheral blood.“® The y& T cells sense not
only infection, but also cellular stress. In patients with HV-like
lymphoma, circulating EBV-positive Vy9Vd2 T cells
may sense and react to cells damaged by ultraviolet radiation.
Furthermore, EBER-positive yd T cells were negative for
CD122. A recent study showed that CD1227 y3" T cells pro-
duce interleukin (IL)-17.“” Thus, EBER-positive y8 T cells
may produce IL-17 and then induce and activate neutrophils
and the epithelium, resulting in the formation of papulovesicu-
lar eruptions.

In conclusion, we applied the FISH assay to peripheral blood
from 26 patients with EBV-associated T/NK LPD and con-
firmed that this assay was useful for the diagnosis of this con-
dition. Furthermore, we found that two lymphocyte lineages
were present in some patients with EBV-associated T/NK
LPD. We showed that yd T cells were present in peripheral
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Abstract

situ hybridization or quantitative PCR methods.

EBV-infected CD8* T cells were very few.

Background: X-linked lymphoproliferative syndrome (XLP) is a rare inherited immunodeficiency by an extreme
vulnerability to Epstein-Barr virus (EBV) infection, frequently resulting in hemophagocytic lymphohistiocytosis (HLH).
XLP are now divided into type 1 (XLP-1) and type 2 (XLP-2), which are caused by mutations of SH2D1A/SLAM-
associated protein (SAP) and X-linked inhibitor of apoptosis protein (XIAP) genes, respectively. The diagnosis of XLP in
individuals with EBV-associated HLH (EBV-HLH) is generally difficult because they show basically similar symptoms
to sporadic EBV-HLH. Although EBV-infected cells in sporadic EBV-HLH are known to be mainly in CD8" T cells, the
cell-type of EBV-infected cells in EBV-HLH seen in XLP patients remains undetermined.

Methods: EBV-infected cells in two patients (XLP-1 and XLP-2) presenting EBV-HLH were evaluated by in EBER-1 in
Results: Both XLP patients showed that the dominant population of EBV-infected cells was CD19* B cells, whereas

Conclusions: In XLP-related EBV-HLH, EBV-infected cells appear to be predominantly B cells. B cell directed therapy
such as rituximab may be a valuable option in the treatment of EBV-HLH in XLP patients.

Keywords: B cells, Epstein Barr virus, Hemophagocytic lymphohistiocytosis, X-linked lymphoproliferative syndrome

Introduction

Hemophagocytic lymphohistiocytosis (HLH) is clinically
characterized by prolonged fever, hepatosplenomegaly,
hypertriglyceridemia, systemic hypercytokinemia and
cytopenia [1]. HLH consists of primary (familial) and
secondary (infection, lymphoma or autoimmune disease-
associated) types. Approximately half of all infection-
associated HLH cases involves the Epstein-Barr virus
(EBV) [2]. Most cases of EBV-HLH are sporadic, but a
few cases may present the first presentation of X-linked
lymphoproliferative syndrome (XLP) [3]. XLP is a rare,
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inherited immunodeficiency that is characterized by an
extreme vulnerability to EBV infection and shows vari-
able clinical phenotypes, including severe or fatal EBV-
HLH (60%), malignant B-cell lymphoma (30%), and pro-
gressive dysgammaglobulinemia (30%) [3]. The first
genes that is responsible for XLP was identified as the
SH2D1A/SLAM-associated protein (SAP) gene in 1998
[4-6], and mutations in the X-linked inhibitor of apopto-
sis protein (XIAP) gene can also lead to the clinical phe-
notype of XLP in 2006 [7]. XLP is now considered to
comprise two distinct diseases, namely XLP-1 (SAP defi-
ciency) and XLP-2 (XIAP deficiency).

In addition to B cells, EBV can infect other cell types,
including epithelial cells, T cells and natural killer (NK)
cells [8]. Studies have shown that activated T cells,

© 2012 Yang et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecornmons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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particularly CD8" T cells, are the primary cellular target
of EBV infection in sporadic EBV-HLH [9,10], which
reflects the pathogenic role of EBV-infected CD8" T
cells in sporadic EBV-HLH. Patients with sporadic EBV-
HLH are usually treated with immunochemotherapy,
including dexamethasone, cyclosporine A and etoposide,
and this therapy can be curable [11]. In contrast, XLP-
related EBV-HLH is usually refractory to immunochem-
otherapy [3]. It is possible that the poor response of
XLP-related EBV-HLH to immunochemotherapy can be
attributed to the type of EBV-infected cells in this dis-
ease, which may differ from the cell type that infected in
sporadic EBV-HLH. We investigated the affected cell
type in EBV infection of two XLP (XLP-1 and XLP-2)
patients with EBV-HLH. Our results demonstrate that
the predominant EBV target cells in XLP-related EBV-
HLH are CD19" B cells, which appears to be distinct
from sporadic EBV-HLH cases.

Patients, materials and methods

Patients

Three patients presented with clinical features of HLH,
including persistent fever, hepatosplenomegaly, cytope-
nia, abnormal liver function, hyperferritinemia and ele-
vated levels of soluble interleukin-2-receptor (Table 1).
The clinical features of the patients fulfilled the diagnos-
tic criteria for HLH [1], although hemophagocytosis in

Table 1 Clinical and laboratory finding of the patients in
this study

Patient 1 Patient 2 Patient 3

Family history available No Yes No

Age at the time of the study 4 years 21 months 16 months
Age at onset 3 years 17 months 16 month
Fever Yes Yes Yes
Hepatomegaly 4.cm 5cm 25 cm
Splenomegaly 2cm 3cm 1cm
White blood cells (x10%/L) 11.6 6.36 3.03
Neutrophils (x10%/L) 161 3915 0.56
Hemoglobin (g/dL) 8.1 96 75
Platelets (x10%/L) 95 56 30

LDH (U/L) 449 1,693 1,698
AST (IU/L) 88 DY) 453

ALT (U/L) 31 25 255
Ferritin (ug/L) 1,276 26,282 11,129
sIL-2R (U/mL) 3,162 2,880 14,334
1gG (mg/dL) 1,821 806 423

IgA (mg/dL) 302 124 32

IgM (mg/dL) 1,843 40 18

Whole blood EBV-DNA (copies/mL) 140,000 5,700 1,400,000

LDH, lactate dehydrogenase; AST, aspartate amino transferase; ALT, alanine
amino transferase, sIL-2R, soluble interleukin-2 receptor; NA: not available.
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the bone marrow was not observed in patients 1 and 2.
Patient 3 was previously reported as patient HLH3 [10].
The number of EBV-DNA copies in the peripheral
blood was increased from the normal level of < 1 x 10?
copies/ml to 1.4 x 10%, 5.7 x 10® and 1.4 x10° copies/ml
in patients 1, 2 and 3, respectively. Blood samples from
the patients were obtained using standard ethical proce-
dures with the approval of the Ethics Committee of the
University of Toyama, and an analysis of the SH2DI1A
and XIAP genes was performed. Patient 1 showed a
one-nucleotide insertion (239_240insA) in the SH2DI1A
gene that resulted in a frameshift and a premature stop
codon (80KfsX22). Patient 2 carried a two-nucleotides
deletion (1021_1022delAA) in the XIAP gene that
resulted in a frameshift and a premature stop codon
(N341YfsX7). Patient 3 had no mutations in the
SH2DIA or XIAP gene.

Cell preparation

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from the the patients using Ficoll-Hypaque gradi-
ent centrifugation. Lymphocytes were prepared from the
PBMCs by depleting the monocytes using anti-CD14
monoclonal antibody (mAb)-coated magnetic beads
(Becton Dickinson, San Diego, CA) [10]. The CD19" B
cells, CD56" NK cells, CD4" T cells and CD8" T cells
were purified by positive selection from the lymphocytes
using the respective mAb-coated magnetic beads. The
purity of each isolated cell population was assessed by
flow cytometriy analysis, and each sorted population
was found to be higher than 85% pure.

In situ hybridization of EBVRNA

The presence of EBV was estimated by measuring the
EBV-encoded small RNA 1 (EBER-1) mRNA using the
in situ hybridization (ISH) method as described pre-
viously [10]. The sorted cells were cytocentrifuged onto
silanized slides (Dako, Kyoto, Japan), and the presence
of EBER-1 mRNA was determined by ISH using the
alkaline phosphatase-conjugated EBER-1 antisense probe
(5'-AGCAGAGTCTGGGAAGACAACCACAGA-
CACCGTCCTCACC-3) or a sense probe.

Quantitative PCR for EBV DNA

Quantitative PCR was performed using AmpliTaqg Gold
and a real-time PCR 7300 system (Applied Biosystems,
Foster City, CA) as described previously [12]. The PCR
primers for detecting EBV DNA were selected from
within the BALFS5 gene, which encodes the viral DNA
polymerase. The primers for amplifying the BALFS5 gene
sequences were as follows: forward, CGGAAGCCC
TCTGGACTTC, and reverse, CCCTGTT TATCC-
GATGGAATG. The TagMan probe was FAM-TATA-
CACGCACGAGAAATGCGCC-BFQ. The PCR
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conditions were as follows: denaturation at 95°C for 2
minutes, annealing at 58°C for 15 seconds, and exten-
sion at 72°C for 15 seconds, and the products were sub-
jected to 45 cycles of PCR amplification. The EBV DNA
copy number was considered to be significant when
more than 500 copies/pg of DNA were observed.

Flow cytometry analysis for the T cell receptor VB
repertoire

Flow cytometry analysis of the T cell receptor (TCR) VB
repertoire was performed as described previously [10].
In briefl, the PBMCs were incubated with the appropri-
ate phycoerythrin-conjugated mAbs with specificity for
TCR VB 1-23 (Immunotech, Marseille, France), fluores-
cein isothiocyanate-conjugated anti-CD8 (Becton Dick-
inson) and R-PE-Cy5-conjugated anti-CD4 (Dako)
mAbs. The stained cells were analyzed using a flow cyt-
ometer. TCR VB expression is represented as the per-
centage of CD4" or CD8" cells for each receptor family.

Results

To determine the localization of EBV infection in the
lymphocyte subpopulations of patient 1, CD4" T cells,
CD8" T cells, CD19" B cells and CD56" NK cells were
sorted using the immunomagnetic bead method and the
presence of EBV was evaluated in each lymphocyte sub-
population by EBER-1 ISH (Figure 1A). EBER-1-positive
cells were observed in 34.0% of the CD19" B cells,
whereas the remaining lymphocyte subpopulations con-
tained fewer than 0.1% EBER-1-positive cells. Therefore,
the EBV-infected cells in patient 1 were almost exclu-
sively CD19" B cells. In patient 3, EBER-1-positive cells
constituted 75.5% of CD8" T cells, however, they were
not detected among CD4" T cells and observed in a few
of CD19* B cells and CD56" NK cells (2.8% and1 7.4%,
respectively) (Figure 1B).

The viral loads in the CD4" T cells, CD8" T cells,
CD19" B cells and CD56" NK cells in patient 2 were
determined by quantitative PCR. The number of EBV
DNA genome copies in the CD19" B cells was 1.8 x 10*
copies/ug, and the copy number in the CD8" T cells
was 1.0 x 10° copies/ug. The EBV DNA genome could
not be detected in either the CD4" T cells or the CD56"
NK cells that were isolated from patient 2.

Flow cytometry analysis of the TCR VJ repertoire
revealed a polyclonal pattern in patients 1 and 2 (Figure
2), which was in contrast to the skewed pattern that is
most commonly seen in the CD8" T cells of patients
with sporadic EBV-HLH [10]. No clonal dominance in
CDS8" T cells was demonstrated by mAb in patient 3,
but TCR VB13.3 was predominantly found in the CD8"
T cells by complentarity-determining region 3 spectra-

typing [10].
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Discussion

XLP is a severe and rare immunodeficiency disease that
is characterized by an extreme vulnerability to EBV
infection and frequently results in HLH [3]. XLP was
first described as X-linked progressive combined immu-
nodeficiency in 1975 by Purtilo et al. [13]. To better
understand and reflect the pathophysiology of this dis-
ease, the term “X-linked lymphoproliferative disease or
syndrome” has now been used. The first gene to be
linked to XLP in 1998 was SH2D1A which is located on
Xq25 and encodes the SAP [4-6]. Importantly, in 2006,
a mutation in the gene that encodes the XIAP was iden-
tified as a second XLP-linked gene [7]. Thus, XLP can
be divided into XLP-1 (SAP deficiency) and XLP-2
(XIAP deficiency). Most XLP patients present with
EBV-HLH. Pachlopnik Schmid et al. [14] reported that
the incidence of HLH in XLP-1 and XLP-2 is 55 and
76%, respectively. Currently, hematopoietic stem cell
transplantation (HSCT) is the only curative therapy for
XLP. Therefore, an early definitive diagnosis and
immediate treatment are extremely important for both
life-saving intervention and an improved prognosis for
XLP patients.

EBV infects the majority of the adult population
worldwide and persists in B cells throughout the lifetime
of normal individuals, usually without causing disease.
EBV is the most common trigger for both the XLP-1
and XLP-2 phenotypes. Prior to being exposed to EBV,
most patients with XLP can tolerate infections by other
agents, although in vitro studies have demonstrated
defects of T cell-mediated and humoral immunity. Dur-
ing an acute EBV infection, XLP patients develop nor-
mal or high levels of anti-viral capsid antigen IgM
antibodies but usually lack heterophile antibodies. Initi-
ally, these patients fail to develop EBV-specific cytotoxic
T cells, and this results in a massive and overwhelming
polyclonal B cell proliferation involving lymphoid and
other tissues [8]. SAP binds 2B4, which is a surface
molecule involved in activation of NK cell-mediated
cytotoxity. Therefore, SAP-deficient patient shows that
NK cell function is impaired, allowing B cell prolifera-
tion [15]. SAP has proapoptotic function, and contri-
butes to the maintenance of T cell homeostasis and to
the elimination of potentially dangerous DNA-damaged
cells. Thus, the loss of this function could be responsible
for the uncontrol T cell proliferation in acute EBV
infection [16].

B cells are the usual cellular targets of EBV in a pri-
mary EBV infection such as infectious mononucleosis
and in the sero-positive normal host [8]. After the inter-
action of the viral surface glycoproteins with the CD21
receptor, EBV entry into B cells is mediated by HLA
class II and other co-receptors. However, in cases of
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CD8*T cells

CD4+*T cells

Figure 1 Cytospin preparations showing EBER-1 in situ hybridization of the lymphocyte subpopulations. Lymphocyte subpopulations
from patients 1 and 3 were separated by magnetic bead sorting after immunostaining with anti-CD4, CD8, CD19 or CD56 mAbs. EBV infection
in each subpopulation was determined using EBER-1 ISH. A, In patient 1, EBER-1-positive cells (shown by their dark nuclear staining) were
detected in34.0% of the B cells but were not detected in CD4™ T cells, CD8* T cells or CD56" NK cells (< 0.1% each). B, In patient 3, EBER-1-
positive cells were observed in 75.5% of CD8" T cells, 2.8% of CD19™ B cells, and 17.4% of CD56™ NK cells, but not observed in CD4™ T cells [10].

CD19*Bcells CD56*NK cells

sporadic EBV-HLH, EBV infects primarily T cells and
NK cells [9,10,17]. The mechanism of T cell infection
by EBV in HLH is still unclear, but one hypothesis is
that, in specific situations, CD8" T cells express CD21,
which can mediate EBV infection. Although T cells do
not express the glycoprotein, they contain mRNA for
CD21 [18]. In sporadic EBV-HLH cases, EBV infection
into B cells is delayed but occurs during every case of
cured EBV-HLH [17]. To the best of our knowledge,
this is the first report of EBV infection status in two dif-
ferent types of XLP patients with EBV-HLH. The pre-
sent study shows that the primary EBV-infected cells in
XLP-related EBV-HLH are CD19" B cells and not T
cells or NK cells, which are a primary target of EBV
infection in sporadic EBV-HLH.

For decades, clinicians and investigators have been
puzzled by the differential diagnosis between XLP and
sporadic EBV-HLH when they encountered a young
boy presenting with EBV- HLH. We believe the differ-
ent EBV target cells can provide additional information

to help discriminate between XLP and sporadic EBV-
HLH. An evaluation of specific cell type that is
infected by EBV should be considered when target
therapy is applied. Most patients with sporadic EBV-
HLH can achieve remission by immunochemotherapy;
however, patients with XLP are usually refractory to
this therapy. Recently, B cell-directed therapy using an
anti-CD20 mAb (rituximab) was performed in patients
with XLP-1 [19]. Two XLP patients who presented
with acute EBV infection were successfully treated
with rituximab and were free from EBV-HLH and lym-
phoma for a prolonged period. In addition, rituximab
combined with methylprednisolone and intravenous
immunoglobulin were administered to an XLP-1
patient with EBV-HLH, and the patient achieved a
remission [20]. Patient 1 was also associated with EBV-
associated encephalitis and lymphoproliferative disor-
der. The patient’s lymphoproliferative disorder was
treated with rituximab, but he died of the disease.
Patient 2 was successfully treated with dexamethasone
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Figure 2 The results of the flow cytometric analysis of TCR VB. The expression profiles of the TCR VB subfamilies of patients 1, 2 and 3. The
PBMCs were stained with mAbs for individual TCR VB, together with an anti-CD8 mAb. The percentage of the expression of each TCR VB within
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and immunoglobulin. Our data suggest that B cell tar-
get therapy can be a viable therapeutic option for an
initial stage of EBV-HLH in both XLP-land XLP-2
patients.
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