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A Syndrome of Peripheral Blood T-Cell Infection With Epstein-Barr Virus (EBV)
Followed by EBV-Positive T-Cell Lymphoma

By Hirokazu Kanegane, Kishor Bhatia, Marina Gutierrez, Hisashi Kaneda, Taizo Wada, Akihiro Yachie,
Hidetoshi Seki, Takashi Arai, Sei-ichi Kagimoto, Minoru Okazaki, Tsutomu Oh-ishi, Amir Moghaddam,
Fred Wang, and Giovanna Tosato

The role of Epstein-Barr virus (EBV) in the pathogenesis of
severe, chronic active EBV infection and its complications is
unclear. We investigated two Japanese patients diagnosed
with severe, chronic active EBV infection who subsequently
developed EBV-positive T-cell lymphoma. The patients dis-
played abnormally high antibody titers to EBV antigens, and
had evidence of peripheral blood CD4* T-cell infection with
EBV, 19 months and 3 months, respectively, before the
diagnosis of EBV-positive T-cell lymphoma. The lymphomas
were infected with monoclonal EBV and expressed the EBV

latency genes EBNA-1, LMP-1, and LMP-2. Genetic studies
showed that the virus detected in the T-cell ymphoma was
indistinguishable, with respect to type and previously de-
fined LMP-1 and EBNA-1 gene variations, from virus de-
tected in the peripheral blood T cells 19 months earlier.
These studies support an important pathogenetic role of
T-cell infection with EBV in chronic active EBV infection and
in the EBV-positive T-cell ymphoma that followed.

This is a US government work. There are no restrictions on
its use.

PSTEIN-BARR VIRUS (EBV) is a ubiquitous herpes virus hemoglobin of 9.9 g/dL, hematocrit of 30.2%, and a platelet count of

in the human population. Most primary EBV infections 36.8 x 1@/pL. Serum alkaline phosphatase (ALP), aspartate aminotrans-
are inapparent, but occasionally, EBV may cause acute infecferase (AST), alanine aminotransferase (ALT), and lactate dehydroge-
tious mononucleosis (IM), and in association with severenase (LDH) were all abnormally elevated (1897, 314, 204, and 1044

immunodeficiency, B-cell lymphoproliferative disordéisfec- IU/L, respectively). Total protein was also elevated (7.8 g/dl), with

. . . . - - hypergammaglobulinemia. All other chemistries were within normal
tion with EBV has also been linked with a variety of mallgnan_- limits. In May 1996, 2 years after the onset of symptoms, the

cies, zi”C'Udi“Q ’Bur!(itt’s I);mphoma, nasopharyngeal carci- lymphadenopathy deteriorated and a lymph node biopsy was diagnostic
noma; Hodgklns diseasé; smooth_ muscle tumors; an(_j for T-cell lymphoma. Combination chemotherapy with vincristine and
gastric carcinomé$® Recently, the virus has been associatedprednisone resulted in clinical remission.
with lymphoproliferative disorders of T and NK cells, including  Case 2 was an 11-year-old boy who was hospitalized in August 1993
cases of fulminant infectious mononucleosishronic active  because of fever, hepatosplenomegaly, and left parotid swelling that
EBV infections!®!! nasal or nasal-type lymphom#s.® and were first noted 2 to 3 months earlier. Physical examination showed
nodal and extranodal lymphomas of various histologfé3. hepatosplenomegaly and lymphadenopathy. The blood count included a
Studies in vitro have generally failed to show normal T-cell white cell count of 1500/uL with 57% neutrophils, 2% monocytes, and

0, . .
immortalization by exposure to EBV. In one study, transfection %17 lymphocytes; ared cell count of 43910%L, hemoglobin of 11.9

) d L latelet t of 1326 10%/uL. AST, ALT, LDH
of EBV DNA into normal T cells was reported to induce T-cell g/dL, and a platelet count of 135 10uL. Serum AST, ALT, and

. 18 . were elevated (119, 141, and 2160 IU/L, respectively), and 1gG levels
immortalization:? In other studies, exposure to EBV caused \yere 4150 abnormally elevated (3218 mg/dL). In October 1993, a lymph

transient infection of normal peripheral blood T cells and node biopsy showed disruption of the normal lymph node structure by
thymocytes? In vivo T-cell infection with EBV has only rarely  lymphocytes with plasma cell infiltration, and a diagnosis of lymphoma
been documented in otherwise normal individuals. Recentlywas made. Fever and hepatosplenomegaly transiently improved on
EBV was found to infect circulating T cells and NK cells in a-interferon treatment, but this was stopped after 2 weeks because of
some patients with chronic active EBV infecti#fil20-22and evidence of hepatic toxicity and emotional changes. Splenectomy and
spontaneously outgrowing EBV—infected T-cell lines were treatment with cyclosporin A etop_oside_, and prr—_)dnisone did n_ot control
derived from three patients diagnosed with this illnéss. the dls_ease, anq the_ patient died with multiple organ failure and

The difficulties with which normal T cells are infected with SYSt€mMiC fungal infection, 2 years and 4 months after the onset of
EBV in vitro and the rare occurrence of benign T-cell infections symptoms.

. . . . Virological studies. Serum antibodies to viral capsid antigen (VCA),
with EBV in vivo raise unresolved questions on the pathogen-ea”y antigen (EA), and nuclear antigen (EBNA) of EBV were

esis of EBV—positive lymphoproliferative diseases of T-cell getermined by conventional immunofluorescence methods. Serum
lineage. Most importantly, it is unclear what role, if any, the
virus might play when it infects the unusual T-cell target. We
report here on two patients diagnosed with severe, chronic From the Center for Biologics Evaluation and Research, Bethesda
active EBV infection who subsequently developed EBV- MD; National Cancerlnstitt_]te, National Institutes of _H_ealth, Bethesda,
positive T-cell lymphoma. Ma'ryland; Kanazavya Umve_rsny Schogl of Medicine, K_ana;awa,
Ishikawa, Japan; Saitama Children’s Medical Center, lwatsuki, Saitama,
Japan; and the Infectious Disease Division, Brigham and Women’s
Hospital, Harvard Medical School, Boston, MA.

Study subjects. Case 1 is a 2-year-old girl who visited a local Address correspondence to Dr G. Tosato, Center for Biologics
hospital, complaining of fever and cough, in May 1994. She was treatedEvaluation and Research, Building 29A, Room 2D16, HFM-535, 1401
for pneumonia. Laboratory tests showed elevated liver function tests. IrRockville Pike, Rockville, Maryland 20852.

October 1994, liver function tests had deteriorated and hepatospleno- The publication costs of this article were defrayed in part by page
megaly was diagnosed. In November 1994, physical examinatiorcharge payment. This article must therefore be hereby méikerder-
showed cervical lymphadenopathy and hepatosplenomegaly, and labdisement”in accordance with 18 U.S.C. section 1734 solely to indicate
ratory tests detected high titer antibodies to EBV antigens. The bloodhis fact.

count included a white cell count of 3700/uL with 48% neutrophils, 2%  This is a US government work. There are no restrictions on its use.
monocytes, and 50% lymphocytes; a red cell count of 3910%pL, 0006-4971/98/9106-0033%$0.00/0
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antibodies to hepatitis A, B, and C were detected by passive hemagglu- RESULTS

tinatioln tests]: Ar.1tib0di.es to cf)I/tomeganvirus were determined by EBV serologies from the two patients were consistent with
Colmp imﬁng '_Z"?‘“Otr' Orf'mn;“;\? F‘;ﬁfsﬁsnce' CEBV i ceq  ChrONIC active EBV infection 19 months (case 1) and 3 months
n s¥u ybridization for [NIVA. The presence o in ce case 2) before the diagnosis of T-cell lymphoma. Positive 1gG,
populations was assessed by in situ hybridization for EBV—encode . . . . .
small nuclear RNAs (EBER®24CD4* T, CD8" T, B, and NK cells ut not IgM, anti-VCA antibodies and positive anti-EBNA
' . antibodies indicated past infection with EBV (Table 1). Abnor-

were separated from the patient’s peripheral blood mononuclear cells b . . .
incubating with monoclonal antibodies to CD4, CD8, CD20, and CDl(S,?Znally elc_avat(_ad IgG antibodies to VCAand EA and de_tectlo_n of
IgA antibodies to VCA and EA suggested ongoing viral

followed by isolation of each subpopulation by electronic cell sorting, L . . . . .
using an Epics Elite flow cytometer (Coulter Immunology, Hialeah, PA) replication. In both patients antibody titers to EBV antigens did

or a FACStar Plus (Becton Dickinson, San Jose, CA). Each sorted10t change substantially during the following 2 years. Antibod-

population was more than 97% pure. Subpopulations of CDLD8" ies to hepatitis virus and cytomegalovirus were all negative

T, B, NK cells, and control cells were centrifuged on 3-aminopropyltri- (data not shown).
ethoxy-silane—coated glass slides and fixed in 4% formaldehyde in 0.1 TO determine which cell populations were infected with EBV
mol/L phosphate buffer. After rinsing and rehydration, hybridization in these patients, highly purified>07% pure) populations of
was performed with an ALP-conjugated sense and antisense oligonucleé-D4" T cells, CD8 T cells, CD16 NK cells, and CD20 B
tide probe to EBER-1, as describ&d?* cells, obtained by cell sorting of peripheral blood mononuclear
Southern blot analysis for EBV clonalityDNA was prepared from  cells, were evaluated for the presence of EBV by in situ
frozen patient tissues and from B95-8, Raji, and Louckes cell lines withhybridization for EBERL1. In patient 1 (Fig 1), 3.4% of CDZ
the QIAamp Tissue Kit (Qiagen, Inc, Chatsworth, CA) according to the cells were EBER1 positive 19 months before the diagnosis of
manufacturer’s protocol. Ten pg of genomic DNA was digested with T-cell lymphoma was made. At the same time point, occasional
BanH| separated on a 0.7% agarose gel and transferred to a nitrocellLEBERl-positive cells were also detected in the purified CD20
lose membrane. The membrane was hybridized witffRalabeled  B_cell population, but no EBER1-positive cells were detected in
B95-8 DNA fragment (167,129-169, 566) that contains the LMP-1 opencpsg*+ and CD16 cell populations (Fig 1). In patient 2 (not
reading frame and detects the right terminal rep&atsie membrane shown), 3.9% of peripheral blood CBA cells were found to
was washed with 0.2% SSC and 1% SDS ar@gand visualized by o EBER1 positive, but no EBER1-positive cells were detected
autoradiography. _ _ in the CD20° B cells, CD8 T cells or CD16 NK cells 3
Polymerase chain reaction (PCR) for EBV DNAThe oligonucleo- months before the diagnosis of T-cell lymphoma. As expected
tide sequences for amplification of the EBV U2 region encoding more than 95% of Daudi cells used as a positive control Were:

EBNA-2 were S-TTTCACCAATACATGAACC-8" and S-TG- — ppppg ogitive, whereas all control purified peripheral blood
GCAAAGTGCTGAAAGCAA-3'. Amplification was performed as P . ! P .. perip e
cell populations from two EBV—seropositive normal individu-

described previousR£26 Expected lengths of the amplified products )
als were EBER1 negative (data not shown).

derived from type 1 and type 2 EBV were 378 bp and 483 bp, . . .
respectively. Sequences within the C-terminal region of LMP-1 gene -YMPphomas were diagnosed in the lymph node from patient
1 and in the spleen from patient 2 at 19 months and 3 months,

were amplified, as describ&dby using the following primers: 5 ; X : ) :
GCGACTCTGCTGGAAATGAT-3 and 5-GACATGGTAAT- respectively, after peripheral blood CbZ-cell infection with

GCCTAGAAG-3. The expected size of the amplified products from EBV was documented. Both lymphomas were EBV positive by
wild-type EBV is 260 bp; the expected size from the 30 bp LMP-1 EBERL in situ hybridization (Fig 2), and were of T-cell lineage
deletion mutant is 230 bp. EBNA-1 typing by PCR was performed asas determined by immunohistochemistry with an anti-CD45RO
described® Two EBNA-1 fragments were amplified including a284 bp and anti-CD4 MoAb, and Southern analysis that detected
fragment (nucleotides 50-334) and a 330 bp fragment (nucleotidesearranged T-cell recepter andB-chain genes with germline
1341-1671). The primer pairs used for amplifications were: ACAG- immunoglobulin JH genes (not shown).
GACCTGGGAAATGGCCTA and CCTCCCTGCTCCTGCCCCTC  Both tumors contained monoclonal EBV determined by
(284 bp fragment), and CCCGCAGATGACCCAGGAGA and GGGTC- Southern analysis of EBV terminal repeats (Fig 3). Two tumor
CAGGGGCCATTCCAA (330 bp fragment). The amplified fragments samples from patient 1, derived from distinct lymph nodes,
were directly sequenced from PCR amplified products by using thegisplayed indistinguishable clonality. The monoclonal EBV in
Sequenase (US Biochem, Cleveland, OH) protocol, as descfibed.  the tumor sample from patient 2 was distinct from that found in
RNA preparation and reverse transcriptase-mediated PCR (RT'patient 1. As expected, EBV in the B95-8 cell line was present at

PCR). Total RNA was extracted from cell pellets or tissue, by using 5 high copy number in both episomal and linear forms, whereas
guanidine isothiocyanate-phenol (Trizol, Life Technologies). The first-

strand cDNA was synthesized from 5 pg of total RNA by using the
Superscript preamplification system (Life Technologies). For the detec-

tion of EBV latent gene expression (EBNA-1,-2, and LMP-1, -2A, -2B),  Table 1. Antibodies to EBV Antigens from Patients with Chronic
nested PCR was performed essentially as described else%liére. Active EBV Infection

Expression of the other EBV genes (EBER1, BZLF1, vIL-10) and

hIL-10 was also assessed by RT-PCR. The sequences of the primer pair 10G IgMVCA oA G = oA EBNA
were 3-AAAACATGCGGACCACCAGC and 5AGGACCTACGCT-

GCCCTAGAA (EBER1); 5-TTCCACAGCCTGCACCAGTG and 5 Casel 20480 <10 320 5120 40 160
GGCAGCAGCCACCTCACGGT (BZLF1); 5SATGGAGCGAAGGT- Case 2 5120 <10 80 5120 160 160

TAGTGGTCACT and 5AATTGGATCATTTCTGACAGCGCC (vIL-
10); and 3-CTTCGAGATCTCCGAGATGCCTTC and '5ATTC-
TTCACCTGCTCCACGGCCTT (hIL-10).

Antibody titers to EBV viral capsid antigen (VCA), early antigen (EA),
and nuclear antigen (EBNA) were determined by immunofluores-

cence in patient serum at presentation.
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Fig 1. Detection of EBER1 expression by in situ hybridization. Purified populations of CD4+ T cells, CD8* T cells, CD16* NK cells, and CD20+* B
cells obtained from patient 1, 19 months before the development of lymphoma, were cytocentrifuged and hybridized with an alkaline
phosphatase-conjugated EBER1 antisense oligonucleotide probe.

EBV was monoclonal in the Raji cell line; no EBV was detected amplified from all samples tested. As expected, the EBV-
in the EBV-negative Louckes cell line (Fig 3). producing marmoset cell line B95-8 expressed all EBV genes,
RT-PCR analysis for EBV—gene expression in the lymphomaand the EBV—negative lymphoma cell line BJAB expressed the
tissue specimens showed a type Il form of EBV latency.cellular hiL-10 and GAPDH genes, but no EBV genes.
EBER-1, EBNA-1, LMP-1, and LMP-2A transcripts could be ~ To examine possible links between peripheral blood T-cell
amplified readily from both lymphoma specimens, whereas ndnfection with EBV and the subsequent development of EBV—
EBNA-2 or LMP-2B transcripts were derived from these tissuespositive T-cell lymphoma, we compared EBNA-2, LMP, and
(Fig 4). The mRNAs for the EBV replication genes BZLF1 and EBNA-1 virus variants in the purified CD4peripheral blood T
BCRF1 (vIL-10) were amplified from both lymphomas, consis- cells from patient 1 (obtained 19 months before the diagnosis of
tent with the occurrence of viral replication in these tissues. Thel-cell lymphoma was made) with the virus detected in two
mRNA for the cellular genes hIL-10 and GAPDH were T-cell lymphoma tissue specimens from the same patient

Fig 2. Detection of EBER1 expression by in situ hybridization of lymphoma tissues. (A) Lymph node from case 1 (100X magnification);
(B) spleen from case 2 (200X magnification).
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Case 2 1 EBNA-1 subtypes were recovered from the peripheral blood
_—— CD4* T cells from patient 1 (Fig 6). In contrast, only the
Q)G" AN ‘L EBNA-1 subtype identified by valine at position 487 was
(o,‘b C&-@o‘@é@o‘ detected in the lymphoma specimens from patient 1 (Fig 6). The
RN\ D same EBNA-1 subtype was also detected in the lymphoma
@ (FTHKIOKY

LMP-1 variants.

12 kb- DISCUSSION
- In the present studies, we show that approximately 4% of the
6 kb_ ' peripheral blood CDAT cells from two Japanese patients with

4 kb-

3 kb- Nl %fb

Q¢ Q
2 Kb- O 20 Koo
PR
Fig 3. EBV clonality in lymphoma tissues assessed by Southern

analysis. Genomic DNA was digested with BamHlI, separated on an
agarose gel, and transferred to a nitrocellulose membrane. The E B E R 1
membrane was hybridized with 32P-labeled B95-8 fragment contain-
ing the LMP open reading frame, washed, and visualized by autoradi-
ography. Tumors 1 and 2 were derived from different lymph nodes of E B NA 1
case 1; one tumor specimen was derived from case 2. B95-8 and Raji

cell lines were used as EBV-positive controls; Louckes cell line was

used as an EBV-negative control. E B NA 2 .

(obtained at the time the diagnosis of lymphoma was made).

Two types of EBV, type 1 and 2, have been defined by LMP'] - .
differences in the U2 region encoding EBNA-2 resulting in

distinct serologic reactivitie¥®.PCR amplification with EBNA-2

specific primers indicated that all samples from patient 1, LM PZA - .
including the peripheral blood CD4T cells and the two

lymphoma tissue specimens, were infected with type-1 EBV .

(Fig 5). Also infected with type-1 EBV was the lymphoma LMPZB
tissue from patient 2 (Fig 5). As expected, type-1 EBV was

detected in the control B95-8 cells (378 bp amplification

product), whereas type-2 EBV was detected in Ag876 cells (483 .
bp amplification product). BZLF 1

The presence of a 30 bp deletion in the LMP1 gene has

defined a variant EBV isolaté detectable in the Ag876 cell line VI L_ ‘I O "
(230 bp amplification product), that can be distinguished from
the full-length product (260 bp amplification product) of the
prototype B95-8 cell line (Fig 5). All samples from patient 1,
including peripheral blood CD4-positive cells and lymphoma h”_"l O ~
tissue from the two lymph nodes, yielded the 230 bp PCR
product (Fig 5) indicative of the presence of a deleted LMP1 r'—"l'l'-*ﬁ- 1
gene. In contrast, the lymphoma tissue from patient 2 yielded a GAPDH
260 bp PCR product indicative of the presence of a full-length
LMP1 gene (Fig 5).

Sequence variations of the carboxy terminal region of

virus, and substitutions with threonine, valine, proline, or

followed by DNA sequencing, all five previously identified a1.5% agarose gel prestained by ethidium bromide.

specimen from patient 2 (Fig 6). Thus, patient 1 harbored EBV
in the peripheral blood CDA4T cells that was indistinguishable
from the virus detected 19 months later in the T-cell lymphoma,
with respect to previously defined EBNA-1, EBNA-2, and

Fig 4. EBV gene expression in lymphoma tissues assessed by
RT-PCR analysis. Total RNA extracted from lymphoma tissues of case
EBNA-128 have defined five EBV Subtypes diStingUiShed onthez (lymph node) and case 2 (spleen), and from control EBV-negative
basis of several amino acid substitutions, including substitu-BJAB and EBV-positive B95-8 cell lines, was reverse transcribed and
tions at position 487 (alanine, detected in the prototype B95-gubjected to PC_R_ amplification with specific primers. The amplified
products containing «-[3?P]dCTP were electrophoresed through 6%

. K i e acrylamide Tris-borated EDTA gels, followed by autoradiography. For
leucine). Using PCR to amplify EBNA-1 specific fragments, gappH control, the amplified products were electrophoresed through
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Fig 5. EBV typing of virus-infected patient peripheral blood and
lymphoma tissues. DNA, extracted from CD4+ peripheral blood T cells
and lymphoma specimens (from distinct lymph nodes) of patient 1,
from a lymphoma specimen (spleen) of patient 2, and from control
cell lines, was subjected to PCR amplification with specific probes.
The EBNA-2 primers were designed to distinguish type-1 and type-2
EBV; the LMP primers were designed to distinguish full length from
deleted LMP-1 gene.
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expressed the transforming EBV gene LMP2%pggesting that
the virus might play a role in the pathogenesis of these tumors.
Genetic studies showed that EBV infecting both the peripheral
blood CD4" T cells and the T-cell lymphoma diagnosed 19
months later was of type 1 and displayed a 30 bp deletion of
LMP-1. In addition, the virus recovered from the T-cell
lymphoma tissue was characterized by a substitution at position
487 in the EBNA-1 gene. The same virus variant was also
detected in the peripheral blood T cells, albeit in conjunction
with four other EBNA-1 subtypes. Thus, we describe the
previously unrecognized occurrence of peripheral blood T-cell
infection with EBV preceding the development of malignant
EBV—-positive T-cell lymphoma. Genetic evidence in one of
the patients linked the virus from the peripheral blood CO4
cells with the monoclonal virus later detected in the T-cell
lymphoma in which the pattern of viral gene expression
suggested a continued role for EBV as a transforming agent.
Thus, peripheral blood T-cell infection with EBV may be
important to the pathogenesis of certain EBV—positive T-cell
lymphomas.

Recently, T-cell infection with EBV was reported with
increasing frequency in the context of certain leukemias and

serologic evidence of severe, chronic, active EBV infection!Ymphomas, particularly in the Oriefit.” Some of these cases
were infected with EBV at 19 months and 3 monthsl respechave presented as fatal Iymphoproliferative disorders associated
tively, before the development of EBV—positive T-cell lym- With primary EBV infection that rapidly progressed toward
phoma. Both T-cell lymphomas contained monoclonal EBV andMultiple organ failure, sepsis, and de&.Other cases have

T
o]
§
: Peripheral Tumors
¢ CD4* cells 1 2 3
L 1 T l I n
or AGCT AGCTAGCTAGCT
gy

it

a3

0>»B00BO> P> A4H=40>0P >0 4H4O0POPFOO—AA-AP> 0>
[N |
]| i
OBPBPOOAOPD>HA——ADPOPBOBA—DOP OB BOO—A——>BOPO=—0—400—ADOHO—
I 'H
iy
'EI |

II IIII llill.

e
%

Fig 6. Comparative sequence analysis of EBNA-1 from peripheral
blood CD4+* T cells and lymphoma specimens. An EBNA-1 carboxy
terminal fragment comprising nucleotides 1341-1671 (330 bp frag-
ment) was PCR-amplified with DNA extracted from peripheral blood
CD4+ T cells from patient 1, from two lymphoma specimens from
patient 1 (distinct lymph nodes tumors 1, and 2), and from a
lymphoma specimen from patient 2 (spleen, tumor 3). Shown are the
results of direct sequencing of EBNA-1 codons 475 to 490. Nucleotide
substitutions compared to the prototype EBNA-1(B95-8) are high-
lighted in bold. Multiple substitutions at the same position are
indicative of multiple EBNA-1 variants.

presented as extranodal lymphomas localized to the upper
respiratory tract exhibiting characteristic histological features
of tissue necrosis, vascular damage, and infiltration with
inflammatory cells, and have been variously identified as nasal
or nasal-type T/NK cell ymphomas, lymphomatoid granuloma-
tosis, lethal midline granuloma, or angiocentric lymphortds.
Other cases included nodal or extranodal T-cell lymphomas
with various histologies and phenotypés? Recently, four
EBV-infected T-cell lines were derived from culture of periph-
eral blood from three patients with severe, chronic active EBV
infection23 In addition, circulating T cells from two patients
with severe, chronic active EBV infection were reported to be
infected with EBYV, raising the possibility that T-cell infection
with this virus might be important to the pathogenesis of this
illness?® However, the occurrence of peripheral blood T-cell
infection with EBV preceding the development of EBV-
positive T-cell ymphoma was not previously described.

In the patients described here, the relationship between the
EBV-infected circulating CD4 T cells and the malignant
CD4* T cells in the lymphomas that subsequently developed
could not be established. It is possible that the circulating
EBV-infected CD4 cells were premalignant and contributed
to lymphomagenesis. Alternatively, they could have been
normal lymphocytes serving as a reservoir for virus later
detected in the lymphoma. T-cell receptor clonality analysis
could not be performed on the rare circulating CO4cells that
were infected with EBV, and thus, cell clonality relationships
could not be established.

Normal T-cells are not easily infected with EBV in vitro or in
vivo, and generally do not express the EBV receptor, CD21.
Some studies have documented expression of CD21 in a
proportion of circulating CD4 and CD8T cells, and on
immature thymic T cell$?-33:34Some reports mention transient
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infection of T cell with EBV, but no EBV—immortalized T-cell 5. McClain KL, Leach CT, Jensen HB, Joshi VJ, Pollock BH,
lines have been generated in vitro by exposure to the ¥@fs. Parmley RT, DiCarlo FJ, Chadwick EG, and Murphy SB: Association of
Recently, an HTLV-1—-infected T-cell line, MT-2, was developed Epstein-Barr virus with leiomyosarcomas in young people with AIDS.
that expresses functional EBV receptors, and can be persistently Engl J Med 332:12, 1995 _
infected with EB\87 Benign T-cell infections with EBV in vivo 6. Lee, ES, Locker J, Nalesnik M, Reyes J, Jaffe R, Alashari M, Nour
have rarely been documented. One report describes a case %szakls A, Dickman PS: The association of Epstein-Barr virus with

. . . . . smooth-muscle tumors occurring after organ transplantation. N Engl J
transient polyclonal benign proliferation of EBV-infected T Med 332:19, 1995

cells in a Japanese individual presenting with an infectious - Shibata D, Tokunaga M, Uemura Y, Sato E, Tanaka S, Weiss LM:
mononucleosis-like syndron#Another documented the pres- Association of Epstein-Barr virus with undifferentiated gastric carcino-
ence of EBV-infected T cells in the lymph nodes of individuals mas with intense lymphoid infiltration. Lymphoepithelioma-like carci-
with acute infectious mononucleo$sThus, T-cell infection  noma. Am J Pathol 139:469, 1991
with EBV was reported rarely, and mostly in the context of 8. Imai S, Koizumi S, Sugiura M, Tokunaga M, Uemura Y, Yama-
severe illness. moto N, Tanaka S, Sato E, Osato T: Gastric carcinoma: Monoclonal

The rare occurrence of T-cell infection with EBV suggests epithelial malignant cells expressing Epstein-Barr virus latent infection
that the necessary conditions are infrequently met. Susceptiblerotein. Proc Natl Acad Sci USA 91:9131, 1994
T-cell targets could be rare or represent an abnormal T-cell 9- Mori M, Kurozumi H, Akagi K, Tanaka Y, Imai S, Osato T:
population, and conditions permitting T-cell infection could be Monoclonal prollfgratlon of T cells containing Epstein-Barr virus in
stringent and peculiar. Rare viral mutants may be required fof2ta mononucleosis. N Engl J Med 327:58, 1992
T-cell infection. Previously, genetic studies of EBV have 1.0' Kikuta H.’ Taguchi Y, Tomizawa K, .Koj'm.a K’.Kawam.ura N

. . Ishizaka A, Sakiyama Y, Matsumoto S, Imai S, Kinoshita T, Koizumi S,

documented polymorphlsm in the EBNAZ, EBNA3,. LMP-1 Osato T, Kobayashi I, Hamada |, Hirai K: Nature 333:455, 1988
genes, andBanH| F region of the genome, but EBV isolates

T o 1 11. Ishihara S, Tawa A, Yumura-Yagi K, Murata M, Hara J, Yabuuchi
from normal individuals and EBV—positive tumors in the same  iraj K, Kawa-Ha K: Clonal T-cell lymphoproliferation containing

geographic area generally exhibited similar gene polymor-gpstein-Barr (EB) virus DNA in a patient with chronic active EB virus

phisms?” We found that the EBNA-1 variant detected here in infection. Jpn J Cancer Res 80:99, 1989

both T cell lymphomas and in the peripheral blood T cells of one 12. Harabuchi Y, Yamanaka N, Kataura A, Imai S, Kinoshita T,

of the patients was not previously identified in peripheral bloodMizuno F, Osato T: Epstein-Barr virus in nasal T-cell lymphomas in

of normal individual€®including ten normal Japanese (data not patients with lethal midline granuloma. Lancet 335:128, 1990

shown), suggesting that further studies are necessary to study13. Jaffe ES: Nasal and nasal T/NK cell ymphoma: A unique form of
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