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To diagnose Epstein-Barr virus (EBV)–associated diseases and to explore the pathogenesis of EBV infection,
not only must the EBV load be measured, but EBV-infected cells must also be identified. We established a
novel flow cytometric in situ hybridization assay to detect EBV+ suspension cells using a peptide nucleic acid
probe specific for EBV-encoded small RNA (EBER). By enhancing fluorescence and photostability, we suc-
cessfully stained EBER and surface antigens on the same cells. In 3 patients with hydroa vacciniforme–like
lymphoproliferative disease, we demonstrated that 1.7%–25.9% of peripheral lymphocytes were infected with
EBV and specifically identified these lymphocytes as CD3+CD4�CD8� gd T cell receptor–positive T cells. The
results indicate that this novel and noninvasive assay is a direct and reliable method of characterizing EBV-
infected lymphocytes that can be used not only to diagnose EBV infection but also to clarify the pathogenesis
of EBV-associated diseases.

Epstein–Barr virus (EBV) is a ubiquitous virus and oc-

casionally causes infectious mononucleosis in primary

infection. In rare cases, chronic active EBV infection

develops in apparently immunocompetent hosts [1–3].

EBV preferentially infects B cells through CD21 and

HLA class II molecules and establishes latent infection

in memory B cells [4]. Several types of B cell–origin

lymphomas or lymphoproliferative diseases, includ-

ing Burkitt lymphoma, Hodgkin lymphoma, primary

central nervous system lymphoma, and opportunis-

tic B cell lymphoproliferative disorders, are etiologi-
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cally linked to EBV infection [2, 3, 5]. EBV also infects

T cells and natural killer (NK) cells and is associated

with T/NK lymphoproliferative diseases and lympho-

ma or leukemia, such as EBV-related hemophagocytic

lymphohistiocytosis, systemic EBV+ T cell lymphopro-

liferative disease of childhood, hydroa vacciniforme–

like lymphoma, nasal NK cell lymphoma, and aggres-

sive NK cell leukemia [2, 3, 5, 6].

Because EBV is a ubiquitous virus that latently infects

various lymphocytes, simply detecting EBV is insuffi-

cient to diagnose EBV-associated diseases [7]. To di-

agnose EBV-associated diseases and to explore the path-

ogenesis of EBV infection, one must not only measure

the EBV load, but one must also identify EBV-infected

cells. In situ hybridization (ISH) with the EBV-encoded

small RNA (EBER) is widely used to detect EBV-in-

fected cells in tissue specimens [8, 9]. EBER is a good

marker for EBV infection because it is detectable in

virtually all EBV-infected cells and is expressed at very

high levels, reaching 107 molecules per cell [5]. There-

fore, EBER ISH is a specific and direct method of iden-

tifying EBV-infected cells in tissue specimens [9]. How-
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Figure 1. Detection of Epstein-Barr virus (EBV)–encoded small RNA (EBER) by flow cytometric in situ hybridization assay. EBV+ or EBV� cells were
fixed, permeabilized, and hybridized with either the EBER peptide nucleic acid (PNA) probe (shaded histograms) or the negative control PNA probe
(open histograms). After enhancement of fluorescent signals with Alexa Fluor 488–labeled antibodies, cells were analyzed by flow cytometry. Cell
lines included the EBV+ B cell lines, Raji, Daudi, lymphoblastoid cell line (LCL) 1, and LCL-2; EBV+ natural killer (NK) cell lines, SNK-1, SNK-6, SNK-
10, and KAI3; EBV+ T cell lines, SNT-13 and SNT-16; EBV� B cell line, BJAB; EBV� NK cell line, KHYG-1; EBV� T cell lines, MOLT-4 and Jurkat. FITC,
fluorescein isothiocyanate.

ever, biopsies are invasive and cannot always be performed,

owing to the lack of nodal sites or difficulty of access. Because

EBV-infected lymphocytes migrate in the peripheral blood in

most EBV-associated lymphomas or lymphoproliferative dis-

eases, peripheral blood lymphocytes can be examined instead

of tissue specimens [7]. For this reason, applying EBER ISH

to peripheral blood would allow EBV-infected cells to be iden-

tified and quantified using a more convenient and less invasive

procedure.

Peptide nucleic acid (PNA) is a DNA/RNA analog capable

of binding to DNA and RNA in a sequence-specific manner

[10]. In PNA, nucleobases are attached to a backbone that

consists of repetitive units of N-(2-aminoethyl)glycine, in con-

trast to the sugar-phosphate backbone of DNA/RNA. Because

of the high binding affinity of PNA to DNA/RNA and its sta-

bility [11, 12], PNA probes have been used for fluorescent ISH

to determine telomere lengths at chromosome ends [13–15].

In this study, we established a novel ISH method to detect

EBER+ suspension cells with flow cytometry using a commer-

cially available EBER PNA probe [16]. By enhancing fluores-

cence and photostability and modifying the fixation and hy-

bridization steps, we successfully stained both EBER and surface

antigens. With this novel flow cytometric ISH (FISH) method,

we showed that EBV+ gd T cells were present in the peripher-

al blood of patients with hydroa vacciniforme–like lympho-

proliferative disease [17], which was defined as an EBV+ cutane-

ous T cell lymphoproliferative disease that occurs in children

[6, 18].

METHODS

Cell lines. The EBV+ B cell lines included Raji and Daudi,

both of which were derived from Burkitt’s lymphoma tissue,

and 2 lymphoblastoid cell lines transformed with B95–8 EBV.

BJAB, an EBV� B cell line, was used as a negative control. The

EBV+ T cell lines included SNT-13 and SNT-16 [19], and the

EBV+ NK cell lines included SNK-1, -6, and -10 [19], and KAI3

[20]. These T and NK cell lines were derived either from pa-

tients with chronic active EBV infection or from T or NK cell

lymphomas. MOLT-4 and Jurkat were used as EBV� T cell lines

[21], and KHYG-1 was used as an EBV� NK cell line [22].

Patients and samples. Three patients with hydroa vaccini-
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Figure 2. Dual staining for surface antigens and Epstein-Barr virus (EBV)–encoded small RNA (EBER) by flow cytometric in situ hybridization assay.
Cells were stained for surface antigens with phycoerythrin (PE)– or PE–cyanin 5 (PC5)–labeled monoclonal antibodies and then fixed, permeabilized,
and hybridized with the EBER peptide nucleic acid probe. After enhancement of fluorescent signals, cells were analyzed by flow cytometry. The EBV+

B cell line was Raji; the EBV+ natural killer (NK) cell line, SNK-6; the EBV+ T cell line, SNT-13; and the EBV� B cell line, BJAB.

forme–like lymphoproliferative disease and 1 patient with post-

transplantation lymphoproliferative disease were enrolled in the

study. As negative controls, 5 healthy volunteers who were sero-

positive for EBV were also enrolled. Heparinized blood samples

were obtained, and peripheral blood mononuclear cells (PBMCs)

were separated by density gradients. PBMCs were cryopreserved

at �80�C until analysis.

Informed consent was obtained from all patients or guard-

ians and healthy carrier donors. The institutional review board

of Nagoya University Hospital approved the use of all speci-

mens examined in this study.

Surface marker staining. Cells were stained with phyco-

erythrin (PE)–labeled anti-CD3 (clone UCHT1; eBioscience),

anti-CD8 (clone B9.11; Immunotech), anti-CD19 (clone HD37;

Dako, and anti-CD56 (clone N901; Immunotech) monoclonal

antibodies and PE–cyanin 5 (PC5)–labeled anti-CD2 (clone

39C1.5; Immunotech), anti-CD4 (clone 13B8.2; Immunotech),

anti-CD16 (clone 3G8; Immunotech), anti-CD56 (clone N901;

Immunotech), anti–HLA-DR (clone IMMU357; Immunotech),

anti–ab T cell receptor (TCR) (clone IP26; eBioscience), and

anti-TCRgd (clone IMMU510; Immunotech) monoclonal an-

tibodies for 1 h at 4�C. Isotype-matched monoclonal mouse

immunoglobulin (Ig) G antibodies were used in each experi-

ment as controls.

PNA probes. The EBER PNA probe, Y5200, was purchased

from Dako. The Y5200 probe is a mixture of 4 different fluo-

rescein-labeled PNA probes complementary to EBER [16]. The

negative control PNA probe (Dako), which consists of fluo-

rescein-conjugated random PNA probes, was used as a negative

control. The positive control PNA probe (Dako) directed

against glyceralaldehyde 3-phosphate dehydrogenase was used

as a positive control. Each PNA probe was labeled with fluo-

rescein isothiocyanate (FITC).

FISH technique. The following experiments were per-

formed in 1.5-mL microcentrifuge tubes (Corning). For sur-

face marker staining, cells were stained with the appropriate

antibodies before fixation and hybridization. Cultured cells

( ) or PBMCs ( ) were fixed with 1% (vol/vol)5 52 � 10 5 � 10

acetic acid in 4% paraformaldehyde/phosphate buffered saline

(PBS) for 40 min at 4�C. After being washed once with PBS,

cells were permeabilized in 50 mL of 0.5% Tween 20/PBS at

room temperature. Formamide, buffer, and water were added

to the cells in permeabilization buffer so that the final for-

mamide and buffer concentrations were the same as the hy-
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Figure 3. Detection of dual staining for surface antigens and Epstein-Barr virus (EBV)–encoded small RNA (EBER) by confocal microscopy. Cells
were stained for surface antigens with phycoerythrin (PE)– or PE–cyanin 5 (PC5)–labeled monoclonal antibodies and then fixed, permeabilized, and
hybridized with the EBER peptide nucleic acid probe. After enhancement of fluorescent signals, cells were mounted on glass slides and analyzed by
confocal immunofluorescence microscopy. The EBV+ B cell line was Raji; the EBV� B cell line, BJAB; and the EBV+ T cell line, SNT-13. Bars, 10 mm.
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Figure 4. Minimum detection level of cells positive for Epstein-Barr virus (EBV) by flow cytometric in situ hybridization assay. EBV+ Raji cells and
EBV�BJAB cells were mixed at various ratios, stained with phycoerythrin (PE)–labeled anti-CD19 antibody, and then fixed, permeabilized, and hybridized
with the EBV-encoded small RNA (EBER) peptide nucleic acid (PNA) probe. After enhancement of fluorescent signals, the cells were analyzed by flow
cytometry. The ratio of Raji to BJAB cells is shown above each quadrant. Numbers in quadrants indicate percentages of CD19+EBER+ cells.

bridization solution (6% [wt/vol] dextran sulfate, 10 mmol/L

sodium chloride, 17.5% [vol/vol] formamide, 0.061% [wt/vol]

sodium pyrophosphate, 0.12% [wt/vol] polyvinylpyrrolidone,

0.12% [wt/vol] Ficoll, 5 mmol/L disodium ethylenediamine-

tetraacetic acid, 50 mmol/L tris(hydroxymethyl) aminomethane

[pH 7.5]). The cells were resuspended in 45 mL of hybridization

solution containing 12 nmol/L of the EBER PNA probe, neg-

ative control PNA probe, or positive control PNA probe, all

FITC labeled. Hybridization was carried out for 1 h at 56�C.

Then cells were washed twice (for 10 and 30 min) with 0.5%

Tween 20/PBS at 56�C. To enhance fluorescence and photo-

stability, the Alexa Fluor 488 Signal Amplification Kit (Molec-

ular Probes) was used. The kit protocol had 2 steps, using Alexa

Fluor 488 rabbit anti-FITC to bind FITC-labeled probes and

Alexa Fluor 488 goat anti-rabbit IgG for further enhancement.

Stained cells were analyzed using a FACSCalibur flow cy-

tometer and CellQuest software, version 5.2.1 (Becton Dick-

inson). For cell lines, live gating was determined by forward
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Figure 5. Correlation between the percentage of cells positive for Ep-
stein-Barr virus (EBV)–encoded small RNA (EBER) and input EBV+ cells.
EBV+ and EBV� cells were mixed at various ratios and analyzed by flow
cytometric in situ hybridization assay. Each experiment (exp.) was done
in triplicate. A, B cell lines included Raji (EBV+) and BJAB (EBV�). B, T
cell lines included SNT13 (EBV+) and Jurkat (EBV�).

and side scatter profiles. For PBMCs, lymphocytes were gated

by standard forward and side scatter profiles [23]. Up to 50,000

events were acquired for each analysis.

Confocal microscopy. Cells were resuspended in 20 mL of

PermaFluor mounting medium (Thermo) and mounted on-

to glass slides with coverslips. Samples were examined under

an LSM 510 confocal immunofluorescence microscope (Carl

Zeiss) [24].

Analyses of EBV DNA. Viral load was examined in the

PBMCs of all patients. DNA was extracted from PBMCs61 � 10

using a QIAamp Blood Kit (Qiagen). Real-time quantitative

polymerase chain reaction (PCR) with a fluorogenic probe was

performed as described elsewhere [25]. The amount of EBV

DNA was calculated as the number of virus copies per micro-

gram of PBMC DNA or per milliliter of whole blood.

To determine which cells harbored EBV, PBMCs were frac-

tionated into CD3+, CD19+, CD56+, TCRab+, and TCRgd+ cells

using an immunobead method (IMag Cell Separation System;

Becton Dickinson) with 97%–99% purity. The fractionated cells

were analyzed by real-time quantitative PCR and compared

with PBMCs [26]. The clonality of EBV was determined using

Southern blotting with a terminal repeat probe, as described

elsewhere [27].

Rearrangement of the TCR gene. TCR gene rearrangement

was determined by multiplex PCR assays using the T Cell Gene

Rearrangement/Clonality assay (InVivoScribe Technologies),

which was developed and standardized in a European BIO-

MED-2 collaborative study [28, 29].

RESULTS

FISH assay to detect EBER. EBV+ or EBV� cell lines were

fixed, permeabilized, and hybridized with the EBER PNA probe

or negative control PNA probe. After enhancement of fluo-

rescent signals, cells were analyzed by flow cytometry. On the

basis of flow cytometry, Raji cells had a significant increase in

fluorescence intensity of the EBER PNA probe compared with

the negative control PNA probe (Figure 1). Other EBV+ B cell

lines (Daudi, lymphoblastoid cell line [LCL] 1, and LCL-2)

were consistently positive for EBER. In addition to B cell lines,

NK cell lines (SNK-1, SNK-6, SNK-10, and KAI3) and EBV+

T cell lines (SNT-13 and SNT-16) were also positive for EBER,

whereas EBV� B cell (BJAB), NK cell (KHYG-1), and T cell

(MOLT-4 and Jurkat) lines were negative for EBER.

Dual staining for surface antigens and EBER. To identify

and characterize EBV-infected cells, surface lymphocyte anti-

gens and nuclear EBER must be detected simultaneously. To

this end, we first stained surface antigens with PE- or PC5-

labeled monoclonal antibodies and then fixed and hybridized

the cells with the EBER PNA probe. After enhancement of

fluorescence intensity with Alexa Fluor 488 antibodies, both

Alexa Fluor 488–labeled EBER and PE- or PC5-labeled surface

antigens were detected by flow cytometry. As shown in Figure

2, the EBV+ B cell line, Raji, was positive for Alexa Fluor 488–

labeled EBER, PE-labeled CD19, and PC5-labeled HLA-DR, but

negative for CD2, CD3, CD16, and CD56. In contrast, the EBV+

NK cell line, SNK-6, was positive for EBER, CD2, CD56, and

HLA-DR, but negative for CD3 and CD19. The EBV+ T cell

line, SNT-13, was positive for EBER, CD2, and CD3, but neg-

ative for CD16, CD19, CD56, and HLA-DR. The EBV� cell

line BJAB was negative for EBER, but surface CD19 and HLA-

DR antigens were detected (Figure 2).

The dual staining for surface antigens and EBER was further

confirmed by confocal microscopy (Figure 3). PE-labeled CD19

and PC5-labeled HLA-DR were present on the surface of both

Raji and BJAB cells, whereas Alexa Fluor 488–labeled EBER

was specifically detected in the nucleus of Raji cells but not

BJAB cells. In contrast, CD3 and CD2 were not present on the

surface of Raji cells but were detected on the surface of the

EBV+ T cell line, SNT-13.

Sensitivity of the FISH assay in identifying EBV+ cells. To

determine the lower detection limit of the FISH assay for EBV+

cells, we mixed EBV+ Raji and EBV� BJAB cells in various

ratios and analyzed them using the FISH assay (Figure 4). When

10% of Raji cells were mixed with 90% of BJAB cells, 8.9% of

CD19+EBER+ cells could be separated from CD19+EBER� cells

using the FISH assay. Consistently, as the Raji/BJAB ratio de-

creased, the percentage of CD19+EBER+ cells also decreased.

EBER+ cells could be quantified down to a ratio of 1:10,000

(Raji, 0.01%, CD19+EBER+ cells, 0.013%), although the pop-

ulation of CD19+EBER+ cells was not so clear at this ratio.

When 0.001% of Raji cells were mixed with BJAB cells, the

percentage of CD19+EBER+ cells was almost equal to 100% of
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Figure 6. Quantification and identification of Epstein-Barr virus (EBV)–infected lymphocytes in patients with EBV-related lymphoproliferative diseases
by flow cytometric in situ hybridization assay. Peripheral blood mononuclear cells were stained with phycoerythrin (PE)–labeled or PE–cyanin 5 (PC5)–
labeled monoclonal antibodies and then fixed, permeabilized, and hybridized with the EBV-encoded small RNA (EBER) peptide nucleic acid (PNA) probe.
After enhancement of fluorescent signals, the cells were analyzed by flow cytometry. Numbers in histograms represent percentages of EBER+ lymphocytes
in the total lymphocyte population. EBER+ lymphocytes (red) and EBER� lymphocytes (gray) were gated and plotted on quadrants as PE-labeled and
PC5-labeled surface antigens. Numbers in quadrants indicate percentages of EBER+ cells for each surface immunophenotype. A healthy EBV-seropositive
donor served as the control; patients 1–3 had hydroa vacciniforme–like EBV-associated T lymphoproliferative disease, and patient 4 had posttrans-
plantation B cell lymphoproliferative disease. FITC, fluorescein isothiocyanate; TCR, T cell receptor.

BJAB cells (0.003% vs 0.003%), suggesting that the FISH assay

was not quantitative at these ratios.

To confirm the accuracy and reproducibility of the FISH

assay, we performed the mixing experiments (Raji, EBV+ B cell

line; BJAB, EBV� B cell line) 2 more times and additional

mixing experiments (SNT13, EBV+ T cell line; Jurkat, EBV� T

cell line) in triplicate. The resulting correlations between the

percentage of EBER+ cells observed by FISH and the percentage

of actual input EBV+ cells are shown in Figure 5. These data

show a clear correlation at 0.1%–10%, indicating that the assay

was able to detect �0.1% of the EBV+ cells accurately and

reproducibly.

Application of the FISH assay to human PBMCs. PBMCs

were obtained from 5 healthy volunteer donors and analyzed

using the FISH assay. All donors were seropositive for EBV, but

EBV DNA was not detected in their PBMCs by real-time PCR.

Using the FISH assay, EBER+ cells were not detected in any of

the donors, whereas the positive control PNA probe directed

against glyceralaldehyde 3-phosphate dehydrogenase was pos-

itive for all PBMCs (data not shown). Dual staining with an-

tibodies to surface antigens and PNA probes showed that most

lymphocyte markers were successfully detected and that dis-

tinct lymphocyte subsets could be separated, although some

surface antigen intensities were not sufficient to separate cer-

tain populations (eg, CD56 and TCRab). A representative re-

sult is shown in Figure 6 (control).

Next, we applied the FISH assay to 3 patients with hydroa

vacciniforme–like lymphoproliferative disease. These patients
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Table 1. Clinical and Virologic Characteristics of Patients with Epstein-Barr Virus (EBV)–Associated Lymphoproliferative Diseases

Patient Sex
Age,
years

Age at
onset,
years Diagnosis

EBV
clonality

TCR gene
rearrangement

EBV DNA, copies/mg DNA EBV DNA,
copies/mL
whole bloodPBMCs CD3+ TCRab+ TCRgd+ CD19+ CD3�CD56+

1 M 16 5 Hydroa vacciniforme Monoclonal VgIf,Vg10/Jg,Vd/Jd 6100 16,380 8310 101,210 ND 860 11,850

2 M 11 5 Hydroa vacciniforme Monoclonal VgIf,Vg10/Jg,Vd/Jd 10,040 13,230 210 87,420 ND 240 ND

3 M 6 3 Hydroa vacciniforme Monoclonal Vd/Jd 41,760 46,730 6400 190,100 9090 6400 ND

4 M 6 6 PTLD ND ND 22,020 920 ND ND 91,990 7290 47,660

NOTE. ND, not done; PBMCs, peripheral blood mononuclear cells; PTLD, posttransplantation lymphoproliferative disease; TCR, T cell receptor.

had no symptoms aside from photosensitivity and papulovesi-

cular eruptions on their faces or arms. Skin biopsies were per-

formed in patients 1 and 3. Small lymphoid cells without marked

atypia infiltrated both the dermis and epidermis and were positive

for EBER. These findings were compatible with hydroa vaccin-

iforme–like lymphoproliferative disease, according to the World

Health Organization classification [6]. The infiltrating cells were

CD3+ but CD56�, indicating that they were T cells; further im-

munophenotyping for TCRab and TCRgd was not performed.

Extremely high amounts of EBV DNA with monoclonality were

detected in the 3 patients’ peripheral blood (Table 1). The clon-

ality of the T cells was confirmed based on TCR gene rearrange-

ment. Using the FISH assay, EBER+ lymphocytes were detected

in their PBMCs, with a frequency of 1.7% in patient 1, 4.8% in

patient 2, and 25.9% in patient 3 (Figure 6). We repeated the

FISH assay for patients 2 and 3 and obtained similar percentages

of EBV+ cells (patient 2, 5.0%; patient 3, 20.7%). EBER+ lym-

phocytes were gated and plotted by PE-labeled surface antigens

and PC5-labeled surface antigens. Most EBER+ lymphocytes were

CD3+CD4�CD8�TCRgd+ T cells in the 3 patients examined.

HLA-DR was expressed in EBER+ lymphocytes from patients

2 and 3. To confirm these results, we applied an immunobead

method to sort PBMCs into CD3+, TCRab+, TCRgd+, CD19+,

and CD3�CD56+ fractions and used quantitative real-time PCR

to quantify EBV DNA in each fraction. The quantity of EBV

DNA was high in the CD3+ and TCRgd+ fractions but not in

the CD19+, CD3�CD56+, or TCRab+ fractions (Table 1). For

comparison, PBMCs from a patient with posttransplantation

B cell lymphoproliferative disease were analyzed by both the

FISH assay (Figure 6) and immunobead sorting, followed by

EBV DNA quantification (Table 1). Both assays indicated that

B cells in the peripheral blood of the patient were EBV+, con-

firming the reliability of the FISH assay.

DISCUSSION

In this study, we established a novel FISH assay to directly

quantify and simultaneously characterize EBV-infected lym-

phocytes using a commercially available EBER PNA probe. The

probe is currently used to detect EBV-infected cells in formalin-

fixed, paraffin-embedded tissue specimens. Just et al [16] also

used this probe in a FISH assay. Crouch et al [30] used oli-

gonucleotide probes directed against EBER in a FISH assay and

succeeded in simultaneously detecting both EBER and surface

antigens. However, both of these studies used FISH assays only

with cell lines, and subsequent application to human PBMCs

has not been reported. We preliminarily tested the EBER PNA

probe with clinical specimens, but the fluorescence intensity of

the probe was not sufficient to separate EBV+ peripheral blood

cells from EBV� cells (data not shown). By enhancing fluo-

rescence and photostability and modifying the fixation and

hybridization steps, we successfully stained both EBER and

surface antigens, not only in cell lines but also in human

PBMCs. The order of immunophenotyping and ISH is im-

portant. We tried the reverse method (ISH preceded by surface

immunophenotyping), but no surface antigens were detected

by the monoclonal antibodies after ISH (data not shown).

This is a direct method to quantify EBV-infected cells and

simultaneously characterize the infected cell phenotype, which

helps not only to diagnose EBV-associated diseases but also to

select monoclonal antibody–based therapy, such as anti-CD20

(rituximab) or anti-CD52 (Campath-1). We stained only sur-

face lymphocyte markers in this study, but additional surface

or intracellular molecules, such as cell adhesion markers, cy-

totoxic granules, or cytokines, will enable us to characterize

and examine the function of EBV-infected lymphocytes. Fur-

thermore, this method can be applied not only to peripheral

blood but also to bone marrow and other body fluids, such as

ascites, pleural effusions, and cerebrospinal fluid. In addition,

FISH can be used for flow cytometric sorting of EBER+ cells,

which will further expand the ability to isolate and extensively

study EBV-infected lymphocytes.

As a noninvasive method to diagnose and monitor EBV-

associated lymphoproliferative diseases, measuring viral load in

the peripheral blood is a necessary clinical tool. Quantitative

PCR assays, such as real-time PCR, are the easiest and most

reliable way to measure EBV load and are widely used for

diagnosing and managing EBV-associated lymphoproliferative

diseases, such as posttransplantation lymphoproliferative dis-

ease [7, 31–33]. The FISH assay has some disadvantages com-

pared with quantitative PCR. First, the FISH assay has a lower

sensitivity, although it can detect �0.1% of EBV-infected cells.

Second, this assay cannot be applied to EBV-associated diseases
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in which EBV-infected cells do not migrate into the peripheral

blood, such as nasopharyngeal carcinoma or Hodgkin lym-

phoma [7, 34, 35]. Another unresolved problem with this assay

is that after hybridization, the fluorescent signals of some sur-

face antigens and antibodies were weak and cell separation was

incomplete (eg, CD56 and TCRab in Figure 6). We have not

clarified this phenomenon completely, but we believe that an-

tigen-antibody complexes were degraded or detached under the

harsh hybridization conditions. The extent of this decrease in

fluorescent signals differed among antibodies. We screened sev-

eral monoclonal antibodies with different fluorochromes from

different manufacturers for each surface antigen and then se-

lected the best antibodies, as listed in Methods. Thus, selecting

the appropriate antibody is important when performing the

FISH assay. This problem may be overcome by using better

antibodies, cross-linking antibodies or biotin-avidin enhance-

ment, or modifying the fixation or hybridization steps, but the

combination of antibodies and the hybridization conditions

used in this study are sufficient to separate B, T, and NK cells

from other populations.

Hydroa vacciniforme–like lymphoproliferative disease is an

EBV+ cutaneous malignancy associated with photosensitivity

[6]. Although this condition is rare, it affects children and

adolescents from Asia and Latin America [36–39]. It is char-

acterized by a papulovesicular eruption that generally proceeds

to ulceration and scarring. In some cases, systemic symptoms

may be present, including fever, wasting, lymphadenopathy, and

hepatosplenomegaly. In hydroa vacciniforme–like eruption, T

cells with cytotoxic molecules often infiltrate the superficial

dermis and subcutaneous tissues [39]. Most persons with this

condition have clonal rearrangement of the TCR genes. EBV

in these patients is also monoclonal, as shown terminal repeat

analysis. These results indicate that clonal expansion of EBV-

infected T cells causes the disease. However, the reported phe-

notypes of these T cells are variable, and both CD4+ and CD8+

T cell subsets have been reported [37, 40]. Most studies lack

direct confirmation of these cell populations by double-staining

with EBER and surface antigens.

In 3 patients with hydroa vacciniforme–like lymphoproli-

ferative disease, we demonstrated that 1.7%–25.9% of periph-

eral lymphocytes were EBER+ and that these lymphocytes were

primarily CD3+CD4�CD8�TCRgd+ T cells. This is the first

study to determine the precise phenotype of EBV-infected lym-

phocytes in hydroa vacciniforme–like lymphoproliferative dis-

ease. gd T cells are the major T cell population in the epithelium

of the skin and mucosa. They secrete various cytokines and

have cytolytic properties [41]. It is possible that EBV-infected

gd T cells play a central role in the formation of hydroa vac-

ciniforme–like eruptions. The 3 patients examined in this study

had no symptoms other than eruptions for several years (3–11

years), although they had a high percentage of clonal, EBV-

infected lymphocytes in their peripheral blood. The prognosis

of hydroa vacciniforme–like lymphoproliferative disease has

been reported to be variable, and some cases do not progress

for up to 10–15 years or seem to spontaneously enter remission

[39, 42]. The 3 patients in our study may be exceptional and

may not be representative of this patient population. Further

investigation with a larger number of patients is needed to

conclude that gd T cells are the primary EBV-infected cells in

hydroa vacciniforme–like lymphoproliferative disease.

Hydroa vacciniforme–like eruption is also seen in severe

chronic active EBV infection, which is caused by the clonal

expansion of EBV-infected T or NK cells and seen mainly in

East Asia [42–45]. These 2 conditions overlap, but their defi-

nitions are unclear [6, 46]. Because the 3 patients in the present

study had only skin-restricted symptoms, they did not fulfil the

classic criteria for chronic active EBV infection [47]. However,

both severe chronic active EBV infection and hydroa vaccini-

forme–like lymphoproliferative disease develop in children and

young adults from East Asia and may be caused by the clonal

expansion of EBV-infected T or NK cells. To define and differ-

entiate these diseases, additional data on EBV-associated lym-

phoproliferative diseases are needed. The FISH assay described

in this study is a noninvasive, direct, and relatively convenient

method to identify and characterize EBV-infected lymphocytes.

With this novel method, we hope to further clarify the patho-

genesis of EBV-associated lymphoproliferative diseases, includ-

ing chronic active EBV infection, and to classify each disease

more accurately.
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