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Abstract

The clonal composition of EBV-infected cells was examined in
three cases of EBV-associated hemophagocytic syndrome by
analysis of the heterogeneity of terminal repetitive sequences in
the EBVgenome, indicating monoclonal expansion of EBV-in-
fected cells in all cases. Involvement of T lymphoid cells was
determined by in situ hybridization using 3Slabeled RNA
probes specific for the small EBV-encoded nuclear RNAs,
EBERI and EBER2, in combination with immunostaining for
the TCR-ft chain, CD45RO, CD20, CD30 and CD68 antigens
in these three cases. The majority of lymphoid cells showing
EBERtranscripts were stained by antibodies against CD45RO
and T cell receptor-a. In contrast, EBER-specific signals were
not detectable on B cells or hemophagocytic cells. These data
support the concept that EBV-associated T cell proliferation is
a primary feature of EBV-AHS. (J. Clin. Invest. 1993.
92:1444-1450.) Key words: T cells * CD45ROantigen * EBER.
malignant histiocytosis * histiocytic medullary reticulosis

Introduction

Virus-associated hemophagocytic syndrome (VAHS)' is a his-
tiocytic proliferative disorder associated with viral infection ( 1,
2). Clinically, patients with VAHShave high fever, skin rash,
hepatosplenomegaly, pancytopenia, and coagulopathy, and
morphologic examination of lymph node and bone marrow
demonstrates prominent phagocytosis of erythrocytes and nu-
cleated blood cells. In contrast to malignancies considered to
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1. Abbreviations used in this paper: BM, bone marrow; EA, early anti-
gen; EBNA, Epstein-Barr nuclear antigen; EBV-AHS, Epstein-Barr
virus-associated hemophagocytic syndrome; MNC,mononuclear cell;
PB, peripheral blood; TCR, T cell receptor; VAHS, virus-associated
hemophagocytic syndrome; VCA, viral capsid antigen.

be of histiocytic origin, such as malignant histiocytosis (3) and
histiocytic medullary reticulosis (4), the accumulation of pha-
gocytosing histiocytes in VAHSis thought to be a reactive con-
dition, although the pathogenesis of this process is poorly un-
derstood.

Among various infectious agents, herpesviruses, particu-
larly EBV, have been implicated in the pathogenesis of VAHS
(1, 2). EBV is a ubiquitous pathogen in human populations
throughout the world. Infection is usually not associated with
clinical disease except for infectious mononucleosis in devel-
oped countries. EBV-infected B cells are immortalized and per-
sist in the host for life. The virus is also associated with various
types of malignancies such as Burkitt lymphoma, nasopharyn-
geal carcinoma (5), T cell lymphoma (6, 7), and polyclonal B
cell lymphoproliferation (8) in immunosuppressed individ-
uals. Wereport here that in cases of EBV-associated hemopha-
gocytic syndrome (EBV-AHS) there is a clonal proliferation of
EBV-infected T cells but not of EBV-infected B cells or histio-
cytes. Wepropose that these EBV-infected T cells may be re-
sponsible for causing the clinical features of EBV-AHS.

Methods

Case reports. The clinical and laboratory data of the three cases studied
are given in Table I and Results. All three patients had high fever,
profound pancytopenia, and hepatosplenomegaly. Laboratory data
demonstrated that they also had extreme hyperferritinemia, liver dys-
function, and coagulation abnormalities. The bone marrow was hypo-
cellular and proliferation of either immature (cases B and C) or mature
(case A) histiocytic cells with prominent hemophagocytosis was seen in
all cases. None ofthe patients had any preexisting disease or immunode-
ficient condition. The clinical course was rather rapid, except for case
A, who had repeated occurrences of the disease over a period of 20 mo.
The clinical and laboratory data of case A have been reported previ-
ously (9). The association with EBVwas suggested by the elevation of
anti-EBV antibodies in cases A and C (Table I B).

Serological studiesfor EBV. Antibody titers against EBV-viral cap-
sid antigen (VCA), early antigen (EA), and Epstein-Barr nuclear anti-
gen (EBNA) were determined by established methods (10).

Cells, tissues, and DNApreparation. Mononuclear cells (MNCs)
were separated from heparinized peripheral blood (PB) and/or bone
marrow (BM) by a density gradient of Ficoll-Metrizoate (Lympho-
prep; Nygaard, Oslo, Norway) centrifugation. High molecular weight
DNAwas extracted from BMMNCsand PB MNCsaccording to the
method described previously ( 11). Formol-fixed/paraffin-embedded
autopsy specimens of BMfrom case A, BMand lymph node from case
B, and liver from case C were available for study by in situ hybridiza-
tion.

Southern hybridization. Aliquots of 10 #&g of genomic DNAwere
digested with 3-5 U/pg of restriction enzyme BamHI (Takara Shuzou,
Kyoto, Japan), electrophoresed on 0.7% agarose gels, and transferred
to Gene Screen Plus membrane (NEN Research Products, Boston,
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Table L Clinical (A) and Laboratory (B) Data of the Patients with the Diagnosis of EBV-AHS

A

Age (yr), Outcome Cause
Case sex Fever Hepatosplenomegaly DIC (time to death) of death

A 13, F + + + Relapse/died (20 mo) Intracranial
hemorrhage

B 1, M + + + Died (I mo) Sepsis/DIC
C 5, M + + + Died (3 mo) Liver failure

B

Anti-EBV
Hemophagocytosis/

Case pancytopenia VCA-IgG VCA-IgM EBNA EA s-Ferritin GOT/GFT

ng/ml U/U

A ++/+ 1,280 <10 160 1,280 6,000 108/39

2,560 (1 mo) <10 (1 mo) 80 (1 mo) 640
B +/+ nt nt nt nt 106,800 7,146/1,012
C +/+ 80 40 <10 40 23,080 821/394

640(10d) 160(10d) <10(lOd) 160(IOd)

F, female; M, male; DIC, disseminated intravascular coagulopathy.

MA). Blots were hybridized with a 32P-labeled hybridization probe,
1.9-kb XhoI, which detects the terminal repeat fragment of EBV (5).
This probe detects clonally infected cells and distinguishes episomal
from linear viral DNA. Southern hybridization was carried out accord-
ing to the method described previously (11) . For the analysis of immu-
noglobulin heavy chain (IgH) gene, T cell receptor # (TCR-,B) chain
gene, and TCR-y chain gene, an IgJH probe (5.8-kb BamHI-HindIII
fragment, X CH28-6; 12), CBprobe (0.3-kb Stul fragment, SP64; 13),
and J, probe (HindlIl fragment, M13H60; 14) were used, respectively.

Karyotype analysis. BMMNCswere cultured for 24 h without
stimulation. Chromosomes were analyzed with regular Giemsa stain-
ing and G- and Q-banding methods. Karyotypes were described ac-
cording to ISCN (1985) (15).

Immunohistology and in situ hybridization. The production and
specificity profiles of the monoclonal antibodies specific for LMP1
(clones CS1, -2, -3, and -4) are described elsewhere (16). To define the
cellular lineage of EBV-infected cells, double labeling was performed
by in situ hybridization to the EBV-encoded small RNAsEBERI and
EBER2 (17), in combination with immunostaining for TCR-fl,
CD45RO(18) (T cell antigens), CD20(B cell antigen), CD68 (macro-
phage/histiocytic antigen), and CD30 (activation marker) (19-21) .
Monoclonal antibodies against CD20 (L26), CD30 (Ber-H2), and
CD68 (KP-1) were obtained from Dakopatts (Glostrup, Denmark).
The anti-TCR-,B chain antibody, ,BF1, was from T Cell Sciences, Inc.
(Cambridge, MA), and the CD45RO-specific antibody A6 was a kind
gift of Dr. G. G. Aversa (Stanford University, Stanford, CA). 4-gm
sections of formol-fixed, paraffin-embedded tissue blocks were stained
by the immunoalkaline method (22). Affinity-purified rabbit anti-
mouse Ig antibody and alkaline phosphatase-anti-alkaline phospha-
tase complex (diluted 1:20) were obtained from Dakopatts. After visu-
alization of immobilized antibodies, slides were immediately subjected
to the in situ hybridization procedure. In situ hybridization protocol
was the same as described previously (20, 21). Briefly, EBERI- and
EBER2-specific fragments were derived from the plasmids pJJJ 1 and
pJJJ2, kindly provided by Dr. J. Arrand (Paterson Institute, Manches-
ter, UK) and subcloned into the BamHI/EcoRI and EcoRI/HindIll
sites, respectively, of the transcription vector BluescriptKS. After lin-
earization with the appropriate restriction enzymes, 3551-abeled anti-

sense or sense (control) run-off transcripts were generated using either
T3 or T7 RNApolymerase and (35S]uridine 5'-(a-thio)triphosphate
(1,250 Ci/mmol; NewEngland Nuclear, Dreieich, FRG). A mixture
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Figure 1. Southern blot hybridization. Southern hybridization using a
32P-labeled probe representing the 1.9-kb XhoI fragment of EBV.
Monoclonal proliferation of EBV-infected cells is indicated by the
single high molecular weight band. Additionally, case B has a low
molecular weight band (arrowhead), probably indicating an inte-
grated EBVDNA(see Discussion). Lane 1, Raji; lane 2, HL60; lane
3, BM-MNCof case A; lane 4, BMMNCof case B; lane 5, BM-MNC
of case C. Arrowhead represents linear form termini fragment.
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of EBERl- and EBER2-specific RNAprobes was applied to increase
the sensitivity.

Results

Case A had elevated anti-EBNA, VCA-IgG, and EA titers,
which suggests that the disease was not associated with primary
EBV infection. On the other hand, case C showed absence of
anti-EBNA antibody with the presence of VCA-IgM, indicat-
ing a primary EBVinfection. By Southern hybridization analy-
sis on the BamHI-digested DNAextracted from BMMNCs,
discrete single bands > 7 kb were detected using the 1.9-kb
XhoI probe (Fig. 1). This suggests that each sample contains a
single episomal form of EBVand agrees with the interpretation
that EBV-infected cells proliferate monoclonally. An addi-
tional 4.5-kb single band was found in case B.

The histologic features, in situ hybridization, and immuno-
histology patterns are shown in Fig. 2 and summarized in Ta-
ble II. Colocalization of EBER-specific hybridization signals
with T cell-specific immunolabeling (CD45RO, TCR-13) was
seen in - 9 out of 10 EBER-positive cells (cases B and C). In
case A, with respect to EBER-positive cells, the percentage of
CD45RO-positive cells exceeded that of TCR-j3-positive cells.
The cytological features of the EBER-positive T cells in the
tissues either exclusively (cases B and C) or predominantly
(case A) showed the morphology of small lymphocytes (Fig. 3).

Moderate numbers of CD20-positive cells were found in all
tissues, however, not in association with the EBER-specific sig-
nal. Thus, -10% of the EBER-positive cells could not be char-
acterized by immunohistology, and the lineage of these cells
remains undefined. CD68-positive cells did not display any
cellular or nuclear atypia. CD68 and EBERlabeling was exclu-
sive in all the cases. No positive staining was observed with
antibodies against CD30 or LMP1 on formol-fixed sections in
any of the samples using formol-fixed lymph node specimens
of Ki- 1 positive anaplastic large cell lymphoma as positive con-
trol.

These three cases were studied for antigen receptor gene
rearrangement. The IgH, TCR-,B, and TCR-y gene configura-
tions were germ line (data not shown), ruling out the presence
of a predominant clonal population of cells with clonal rear-
rangement of these antigen receptor genes.

Karyotype was studied in cases A and C and showed nor-
mal 46, XX and 46, XY, respectively.

Discussion

Three EBV-AHScases were examined by Southern analysis for
the presence of EBV and the structure of the EBV genome
using probes for the viral terminal restriction fragment. In all
three cases, a discrete single band > 7 kb was observed, consis-
tent with monoclonal episomal viral DNA. An EBVstructure
identical to that observed in BMMNCswas also seen in PB
MNCsin cases A and C (data not shown), suggesting that the
progenitor cell of EBV infection is commonbetween PB and
BMin these cases. The uniformity of the EBVgenome in each
of the cases implies the presence of a population of cells con-
taining one particular episomal form of EBVDNA. This sug-
gests that EBV-infected cells proliferate monoclonally in EBV-
AHS. The repeated occurrence of the same EBV-infected cell
clone reported elsewhere (9) may also argue for the persistence
of the same EBV-infected clone throughout the course of the
disease.

An additional 4.5-kb single band was found in case B. Al-
though the interpretation of this additional band is not clear, it
is unlikely that this band represents a linear form of EBVDNA,
as a linear DNAis usually seen as a ladder of terminal frag-
ments (23). It is more likely that this band indicates an integra-
tion of EBVgenome into an unidentified locus of host DNAin
the clonally proliferating cells. The clinical significance of this
finding needs to be studied.

In contrast to malignancies considered to be of histiocytic
origin, such as malignant histiocytosis and histiocytic medul-
lary reticulosis, the pathogenesis of the accumulation of phago-

Table II. Summary of Histological Findings and Laboratory Data

CD45ROand EBERand EBERand
Histology/ TCR-# and EBER EBER CD20 CD68

Patient Materials cytology coexpression coexpression coexpression coexpression LMPI

Case A BM Hypocellular marrow 70% >80% None None None
Prominent hemophagocytic cells
Relative increase of small to

medium sized lymphocytes
Case B BM Hypocellular marrow 80% 90% Very few None None

Relative increase of lymphocytes
Prominent hemophagocyctic cells

Lymph node Depletion of lymphocytes Majority Majority None None None
Few lymphocytes in the

interfollicular area and atrophic
follicles

Prominent hemophagocytic cells
Case C Liver Retained lobular architecture Majority Majority None None None

Portal, sinusoidal, and
pericentrovenular infiltration by
small lymphocytes

LMP1, latent membrane protein 1.
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Figure 3. Hematoxilyn and eosin
stain and immunohistochemical
stain for EBV-AHS samples. (A)
Hematoxilyn and eosin stain for
a BMspecimen of case B dis-
playing hemophagocytic cells
with multiple ingested nucleated
cells (x250). (B) ftT1 (TCR4
chain) stain for a BMspecimen
of case B (X250), displaying T
cells (X250). (C) KP- I (CD68)
stain for a BMspecimen of case
B, displaying hemophagocytic
cells with multiple ingested nu-
cleated cells or red blood cells
(X250).

cytosing histiocytes in EBV-AHS is poorly understood. In this
study, in situ hybridization and immunostaining results dem-
onstrated that CD45RO-positive T cells are infected with EBV.
Considering the observation that EBV-infected cells proliferate
monoclonally in EBV-AHS, a reasonable conclusion is that
these clonal cells are EBV-infected CD45RO-positive T cells.
Although the EBV-infected T cells may be monoclonal with
respect to the structure ofthe viral genome, no clonal rearrange-
ment of TCR-( or-y genes was detected by Southern hybridiza-
tion in these cases. This may be due to the involvement of only
a small number of EBV-infected T cells in the samples used for
DNAextraction below the threshold of detection with the TCR
genes. This is plausible since the viral DNAmay be amplified

up to 100-fold in infected cells, whereas the antigen receptor
genes are only present as a single copy. An alternative explana-
tion is that EBV infection of T cells may have occurred before
rearrangements of TCRgenes, so that EBV-harboring T cells
may possess an oligoclonal composition in some cases of EBV-
AHS. It remains to be determined whether these clonally ex-
panded EBV-infected T cells represent proliferations of non-
transformed T cells or whether, at least in some cases, they are
manifestations of a peripheral T cell lymphoma of low malig-
nancy. However, the cytological characteristics of the EBER-
positive T cells in the tissues, showing either exclusively (cases
B and C) or predominantly (case A) the morphology of small
lymphocytes, are clearly different from the cases reported as
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"peripheral T cell lymphoma with hemophagocytic syn-
drome" (24) or the case reported by Craig et al., considered to
represent a T cell lymphoma with underlying EBV infection
(25), although the accumulation of hemophagocytic cells is
similarly associated with underlying T cell disease in both our
cases and theirs. Many cases of EBV-AHS exhibit a clinically
benign course, while others show a more aggressive manifesta-
tion of the disorder with repeated occurrences of the EBV-har-
boring cell clone (9). This favors the view that the EBV-in-
fected T cells in EBV-AHS represent a range from preneoplas-
tic to overtly malignant proliferations.

In the light of the recent findings that CD45RO-positive
mature T cells produce cytokines such as IL-2, IL-3, IL-4, IL-5,
IL-6, and IFN-y (26-28), together with the findings that in-
flammatory cytokine levels such as IFN-y, TNF, and IL-6 are
elevated in hemophagocytic syndrome (29, 30), a systemic hy-
percytokinemia caused by the proliferation of EBV-infected T
cells may play a critical role in the development of this dis-
order. The pathophysiological role in the complex regulation of
serum cytokine secretion of the EBV protein BCRFI, which
mimics the activity of cytokine synthesis inhibitory factor (IL-
10) (31 ), needs to be studied. In situ identification of cytokine
expression in affected T cells will shed light on the in vivo
clinico-pathological features of the histiocytic proliferation in
relation to the cytokines produced by T cells. CD68and EBER
labeling in EBV-AHS samples was exclusive in all cases, con-
firming that histiocytic accumulations and proliferations were
not directly mediated by EBVinfection. Because of the benign-
appearing histology and absence of CD30 antigen expression,
anaplastic large cell lymphoma with an exuberant hyperplasia
of reactive histiocytes (32) can be excluded.

LMPI, a cell cycle-dependent viral transforming protein
that upregulates bcl-2 in B cells (33, 34), was not expressed.
However, only paraffin-embedded material could be used for
our immunohistological studies. Therefore, low levels of
LMP1 expression in some of the cases cannot be excluded. In
light of the otherwise frequent association of LMPl with CD30
expression, LMPI expression by the CD30-negative T cells in
VAHSappears to be less likely. A definitive answer to the ques-
tions of LMP1 expression and the presence of other EBVgene
products such as EBNA2or BZLFl protein will require the use
of fresh tissue samples. A more detailed analysis of the viral
gene expression pattern in EBV-AHS is necessary to define the
role for EBVin the pathoetiology of the disease more precisely.

On the basis of our data, proliferations of EBV-infected T
cells must be regarded as a primary feature of EBV-AHS. Our
findings suggests that EBV-infected T cells might induce the
accumulation and the phagocytosing behavior of histiocytes
and macrophages. Such phagocytic histiocytes have not been
recognized in the few examples of EBV-infected T cell diseases,
including most T cell lymphomas (6, 7), lethal midline granu-
loma (35), and Kawasaki-like disease (36). Thus, EBV-AHS
represents a subset of EBV-infected T cell diseases character-
ized by the accumulation and proliferation of hemophagocytic
macrophages, as has been recognized in a particular type of T
cell lymphoma (24). The results of our study also have impor-
tant implications for the treatment of this disorder. The treat-
ment strategy for EBV-AHSshould include methods to eradi-
cate EBV-infected T cells as well as hemophagocytic histio-
cytes.
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