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Abstract

Lymphoproliferative disease of granular lymphocytes (LDGL)
is a heterogeneous disorder and the pathogenesis is likely to be
complex. Some patients with chronic active EBV (CAEBV)
infection also have LDGL. To investigate the relationship be-
tween EBY infection and the pathogenesis of LDGL, we con-
ducted a survey for EBV DNAsequences by Southern blot
analysis of DNAobtained from the peripheral blood of seven
patients with LDGL including one with CAEBV infection.
Interestingly, EBVDNAwas detected in the sample from the
patient with CAEBVinfection, and in the samples from four
other patients with CD3- LDGL. Moreover, a single band for
the joined termini of the EBVgenome was demonstrated in two
samples, suggesting a clonal disorder of those LDGL. These
findings strongly suggest that EBVmay play a pathogenic role
in some cases of LDGL.

been associated with Burkitt's lymphoma and nasopharyngeal
carcinoma (6). More recently, it has been recognized that a
minority of patients develop chronic active EBV (CAEBV)
infection, which is typified by protracted or recurrent IM-like
symptoms and an unusual pattern of anti-EBV antibodies
(increased anti-early antigens [EA] and/or absent anti-nuclear
antigen) (7, 8). Furthermore, although it is apparently unusual,
some patients with CAEBVdevelop LDGL(9).

Based on these findings, and because the currently avail-
able data don't demonstrate that EBV is causally involved in
LDGL, we conducted a survey for EBV DNAsequences by
Southern blot analysis of DNAobtained from the peripheral
blood of patients with LDGL.

Here we report evidence that EBVDNAwas present in five
of seven samples, and that two samples containing EBVDNA
were of clonal origin.

Methods
Introduction

Large granular lymphocytes, which are characterized by the
presence of azurophilic granules in their cytoplasm, are the
principal effectors of natural killer function and antibody-de-
pendent, cell-mediated cytotoxicity, and are involved in the
protection of the host against infections and tumor growth
(1-3). Recently, an increasing number of patients showing
lymphocytosis of peripheral blood and bone marrow granular
lymphocytes have been reported. Given the heterogeneity of
the clinical, phenotypic, and functional findings as well as

genotypes, the pathogenesis of lymphoproliferative disease of
granular lymphocytes (LDGL)' is likely to be complex, rang-
ing from reactive conditions to aggressive malignancies (4, 5).

On the other hand, EBV has been implicated as the caus-

ative agent in classical infectious mononucleosis (IM) and has
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1. Abbreviations used in this paper: CAEBV, chronic active EBV; EA,
early antigens; IM, infectious mononucleosis; LDGL, lymphoprolifer-
ative disease of granular lymphocytes; TCR, T cell receptor, VCA, viral
capsid antigen.

Seven patients (four males and three females) were studied. The clini-
cal and serological findings of the patients are summarized in Table I.
All patients had an increased percentage of granular lymphocytes.
Splenomegaly and neutropenia were detected in five patients (patients
1-5), and anemia in five (patients 1, 3, 4-6). These characteristics were
compatible with LDGL(4, 5, 10). Clinically, these seven patients were
divided as follows: two chronic, two aggressive, and three progressive
after a couple of years of a chronic course. Patients 6 and 7 have been
reported elsewhere (I 1, 12). Samples were obtained from peripheral
blood, and the cell morphology was evaluated by May-Grunwald-
Giemsa staining.

EBVserology. Antibodies to the EB viral capsid antigen, EA, and
nuclear antigen were detected by the indirect immunofluorescence
method as previously described (13, 14).

Immunologic phenotype. Mononuclear cells were obtained after
Ficoll-Hypaque gradient centrifugation. Phenotypic analysis using a
panel of MAbssuch as CD2/TI 1, CD3/T3, CD4/T4, CD8/T8, CD20/
B1, HLA-DR/12, CDI6/Leu- I1, NKH-I, and CD7/Leu-9 was carried
out as described previously (15).

DNAstudies. Genomic DNAwas extracted from the mononuclear
cells and was digested with Eco RI and BamHI restriction endonucle-
ases. The digested DNAwas electrophoresed through 0.8% agarose gels
and transferred to nylon membranes. Blots were hybridized to probes
labeled with 32P by the random primer method (16). The presence of
EBV-specific DNAsequences was determined by using Bam HI-W
(Bam W) fragments of the EBV(B95-8 isolate) DNAfrom a pBR322-
EBVrecombinant library (17, 18), and the polymorphic fused termini
of the EBV genome were analyzed by using a probe consisting of a
4.6-kb BamHI-Eco RI fragment containing the tandem terminal re-
peated sequences of the EBVgenome ( 19), which provides a virus-spe-
cific, clonotypic marker for the clonal pathogenesis of EBV-associated
tumors. The probe was derived from circularized plasmid EBVDNA
(20) and donated by Dr. E. Kieff (Department of Medicine, Harvard
University). For analysis of T cell receptor (TCR) gene rearrange-
ments, TCR#-gene probe (the Bgl II-Eco RV fragment of the cDNA
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Table I. Clinical and Serological Findings of Seven Patients

EBVantibody titers
White blood

Patient Age/sex cells Lymphocytes GL* Splenomegaly VCAIgG EA(D)* IgG EBNA5 Clinical course

X109/liter % %

1 13/M 3.7 63 52 + 640 160 320 Chronic to progressive for 3 yr
2 30/F 13.3 99 84 + 20 <10 NA" Aggressive
3 7/F 10.2 60 40 + 20 <10 40 Chronic for 2 yr
4 15/M 7.1 90 76 + 160 <10 80 Aggressive
5 16/F 4.8 78 66 + 640 <10 40 Chronic to progressive for 3 yr
6 65/M 11.4 90 60 - 80 NA 80 Chronic for 4 yr
7 69/M 16.4 90 85 - 160 <10 20 Chronic for 4 yr

* Granular lymphocytes; early antigen (diffuse); §EB nuclear antigen; not assayed.

clone YT-35, containing the constant region of the TCR (-gene [21]) the TCR i3- and hy-genes, indicating clonal T cell proliferation
and the human TCRE-ugene probe (the Eco RI-Hind III fragment of (data not shown). To detect EBV DNA, EBV Bamr Wprobe
the cDNA clone Ml 3H60, containing the joining region of the TCR was used. As shown in Fig. 1, a major band at 3 kb, which
y-gene [22]) were used, as described previously (15). corresponds to the Bamr Wfragments of EBV, was demon-

strated for patients 1-5 as well as for DNAfrom an EBV-posi-
Results tive B cell line, Jijoye (lane C). No bands were observed in

lanes T, 6, or 7. Lane T in panel A contained thymocyte DNA
As shown igenTab all sven patients had antibodies to viral used as the negative control and did not reveal any bands. In
capsid antigen (VGA) and nuclear antigen, indicative of past parallel experiments we studied 15 patients with acute IM and
infection (13, 14). Patient 1, who was diagnosed as having were unable to detect EBVDNAin their peripheral blood, as
CAEBVinfection two years ago, had an elevated level of IgG reported by Andiman et al. (17).
antibodies to EA as well as IgG antibodies to VCAand anti- Fig. 2 shows the results of hybridization with a probe spe-
bodies to nuclear antigen at varying times. Other antibodies cific for one of the termini of the EBVgenome. The samples
such as anti-VGA 1gM and IgA, or anti-EA 1gM and IgA were from patients 3 and 4 containing EBVDNAdemonstrated a
not detected. Antibodies to human T cell leukemia virus type I single band, indicating a monoclonal disorder of their LDL.
were negative for all samples (data not shown) (23). A convincing result was not available for patient 5 in terms of

All samples expressed CD2antigen, while the expression of clonality
CDl6 and HLA-DR antigens was variable, which is consistent
with recent findings- (Table II). In contrast, only patient 7 re-
vealed CD3+LDGL, which is the more common type of Discussion
LDGLaccording to the previous reports (4, 5).

Patients 1-6, who had CD3-LDGL, demonstrated the Our results showed that EBVDNAwas present in the PBMC
germline configurations for the TCR fl- and y-genes, while obtained from five of the seven patients with LDGL. Since
patient 7, who had CD3+LDGL, showed rearrangements of most of lymphocytes were granular lymphocytes in patients 2,

Table II. Phenotypes, Genotypes, and EBVDNAin Seven Patients with LDGL

Phenotypic markers
TCR

CD20 CD2 CD3 CD4 CD8 CD16 CD7
Patient (Bi) (T 1I) (T3) (T4) (T8) HLA-DR (Leu-l 1) NKH-l (Leu-9) #-gene r-gene EBVDNA

1 12.9 86.5 21.7 13.1 12.2 78.5 47.9 G* G +

2 0 100 1.7 0.9 14.0 90.0 7.0 93.5 71.4 G G +

3 9.5 88.0 48.4 25.2 27.6 47.6 35.2 - G G +

4 0 96.2 8.1 10.0 1.1 94.8 2.0 74.0 76.5 G G +

5 1.0 99.0 17.3 8.9 8.3 84.0 65.7 G G +

6 82.0 11.0 8.0 10.0 23.0 81.0 - G G -
7 99.0 97.0 1.0 78.0 1.0 0 Rt R -

* Germline configuration; $ rearranged.
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7 Figure 1. Southern blot
(5 g of each DNAdi-
gested with BamHI)
showing the presence of
a high number of EBV
genomes in lanes 1-S
(patients 1-5), as well as
lane C(EBV-positive B
cell line, Jijoye), which
was used as a positive
control. No hybridiza-
tion bands were ob-

served in lanes 6, 7, or T. Lane T contained thymocyte DNAas a
negative control. The BamWprobe detected a 3-kb BamHI frag-
ment derived from EBVDNA(arrow).

4, and 5, and no CD20+ cells were detected in patients 2 and 4
(Table II), we surmised that the detected EBVDNAin these
patients with LDGL arose from granular lymphocytes. Al-
though we, as well as Andiman et al., were unable to detect
EBVDNAin the peripheral blood from patients with acute IM
by the method used in the present study, EBVDNAhas been
found in B lymphocytes. Therefore, it is still possible to argue
that a few contaminating B lymphocytes might have affected
our results. To check this, we sorted CD20+ cells from the
peripheral blood of patient 1 using a cytometer (Flow Labora-
tories, Inc., McLean, VA) with a Consort 30-based computer
system (FACS; Becton Dickinson Immunocytometry Systems,
Mountain View, CA). The DNAsample from CD20- cells
again revealed the same band at 3 kb (data not shown). To
further elucidate this we carried out two-color analysis accord-
ing to our previous report (14). Because granular lymphocytes
from patient 1 also expressed NKH-1, we analyzed the pa-
tient's cells using a combination of NKH-1-PE vs.
Leu-l -FITC. As shown in Fig. 3, a majority of granular
lymphocytes from patient 1, who previously received splenec-
tomy due to progressive thrombocytopenia and neutropenia,
expressed both Leu- 11 and NKH- 1. Since EBVcan infect lym-
phoid cells through the C3d (CR2) receptor that is recognized
by B2 antibody (24, 25), we used a combination of B2-PE vs.

kb
23.1 -

9.4-
6.6-

4.4-

2.3-
2.0

C 1 2 3 4

Eco RI

Figure 2. The samples
from patients 3 and 4
(lanes 3 and 4) demon-
strated a single band after
digestion with Eco RI and
hybridization with the
probe recognizing the ter-
mini of the EBVgenome,
indicating a clonal dis-
order. The other lanes (1
and 2) show more than one
band, indicating oligo- to
polyclonal proliferations of
the given cells. Lane Ccon-
tained a clonal EBV-posi-
tive B cell line.

2

Leu 1.Fl TC

NKH-1+(1)= 1 1.0%
Lou 11'(4)=0.2 %

Lou 11NKH-1 (2)=81.0 % Lou

2 Figure 3. A majority of
granular lymphocytes
from patient 1 had
dual markers of
Leu-l +NKH-I +
(8 1%). However, B2 an-

Leu 11FITC tigen (C3d receptor)
B2+(1)=0.6X was not expressed in

Lou 11+(4fr80.9 X
11 B2 (2)=0.8 X these Leu- 1 + cells.

Leu-l 1 -FITC to investigate the expression of B2 in these
Leu-l 1 + cells. As shown in Fig. 3, we failed to demonstrate the
expression of B2 on the cell surface of Leu- 11 + cells, suggest-
ing modulation of the receptor for EBVin those EBV-infected
cells or the existence of other yet-unknown mechanisms of
EBV transmission. After sorting the Leu- 1 + cells, DNAwas
extracted and Southern blot analysis was performed. As shown
in Fig. 4, EBVDNAwas similarly demonstrated in the DNA
sample from the Leu- 1 + cells, supporting our present results.
However, the Leu-l 1- cell sample also showed a 3-kb band
(Fig. 4). Based on the phenotypic analyses, the Leu-l 1- cells
mainly consisted of CD3+T cells (7%) with < 1%of CD20+ B
cells and monocytes. Similar to previous reports, and our own
observation in which EBVDNAwas demonstrated in T cells
(26-28), those T cells in patient 1 might have been infected by
EBV. If so, the infected T cells should be polyclonal, because
the EBV termini probe recognized at least two bands (Fig. 2).
Moreover, the Leu- 11 - cell sample revealed only germline
configuration of TCR#- and y-genes (Fig. 5), supporting the
above speculation.

The clonal nature of LDGLhas been established in some
but not all cases of LDGL in terms of TCRgene rearrange-
ment (4, 5). All six patients with CD3-LDGL in the present
study showed the germline configurations of TCR,3- and y-
genes (data not shown, Table II), thus providing no evidence of
the clonal origin of the expanded cells. However, the analysis
of EBV-genome termini clearly demonstrated a clonal prolif-
eration in patients 3 and 4 indicating a neoplastic, rather than
reactive, condition of their LDGL.

In the present study, using the hybridization technique we
found for the first time that granular lymphocytes from pa-
tients with LDGLcontained detectable EBVDNA. Moreover,

X /
O>\ \\ <a»s.

~~~~~~~~~~~~~~~~~~4

Brk n Wr

Bam Wprobe

Figure 4. After sorting the Leu- 1 I +
cells from the patient 1 sample, DNA
was extracted from each subpopula-
tion. Similar to the unsorted sample,
the sorted samples from both the
Leu-l 1 + cells and the Leu- 1 - cells
demonstrated a 3-kb band. A weak
intensity band seen in lane labeled
Leu- 1 I + is due to limited availability
of DNAfrom the sorted cells.

Granular Lymphocyte Containing Epstein-Barr Virus 53



TCR,6
c l

24kb-I

TCRy
Cl

21 kb-.IPSI

::

.X...:

Bam HI

Figure 5. The Leu-I 1-
cell sample from patient
1 showing germline
configurations of TCR
fi- and y-genes.

we were able to show the clonal nature of those increased
granular lymphocytes despite the absence of clonal TCRgene
rearrangements.

These findings raise the possibility of an etiologic link be-
tween EBV infection and some instances of LDGL with a
CD3- phenotype, and also provide a further step in our un-
derstanding of the heterogeneity of LDGL.

In the literature (4, 5, 10), the clinical course of most pa-
tients had been stable without any treatment, and the most
frequently observed phenotype was CD3+LDGL. In the pres-
ent study, however, six of the seven patients were of
CD3-LDGL, and three patients (patients 2, 4, and 5) died of
LDGL. It remains unknown whether the clinical course of the
CD3-LDGL might be more aggressive, or the presence and
monoclonality of EBV DNAmight correlate with the out-
comes. To clarify this issue, survey for EBV DNAin more
cases of LDGLseems to be indicated.
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