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Abstract:

A 30-year-old woman was diagnosed with T-lymphoblastic lymphoma (T-LBL) that harbored a clonal
Epstein-Barr virus (EBV) genome. At relapse, axillary lymph node adenopathy, which was diagnosed as pe-
ripheral T-cell lymphoma, not otherwise specified (PTCL-NOS), was detected. Southern blot analyses of the
T-cell receptor and EBV genome revealed that the T-LBL and PTCL-NOS were clonally identical. We previ-
ously showed that CD21 acted as an entry molecule that allowed EBV into the patient’s T-LBL cells. Inter-
estingly, the PTCL-NOS cells lacked CD21 expression. Our case suggests that EBV might infect immature
CD21-positive T-cells, and CD21-negative PTCL-NOS might subsequently arise through phenotypic changes.
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Introduction

Epstein-Barr virus (EBV) contributes to the development
of various human tumors (1). EBV primarily infects B-
lymphocytes and epithelial cells and rarely infects T-
cells (2). Thus, the incidence of EBV-related T-cell lym-
phoma is markedly lower than that of EBV-related B-cell
lymphoma. In addition, most EBV-related lymphoid tumors
exhibit a mature phenotype. Therefore, EBV-related T-
lymphoblastic lymphoma (T-LBL), which is an immature
lymphoid tumor, is rare.

The mechanism by which EBV causes carcinogenesis has
not been fully elucidated. CD21 has been shown to be the
main molecule responsible for EBV entry into cells (3). Al-
though B-cells express CD21, mature T-cells do not (4).
Therefore, how EBV infects T-cells and causes mature T-cell
lymphoma is not fully understood (5).

Two distinct types of lymphoma occasionally exist in the
same patient. These lymphomas can be composite lympho-
mas or transformed lymphomas. To increase our understand-

ing of the pathogenesis of composite lymphomas, it is im-
portant to determine whether or not two lymphomas are
clonally related. Clonally related lymphomas that occur in
the same patient are suitable models for examining the
multistep carcinogenic process responsible for malignant
lymphoma.

In this study, we examined the clonality of two pheno-
typically distinct sets of tumor cells - T-LBL and peripheral
T-cell lymphoma, not otherwise specified (PTCL-NOS)
- that developed in the same patient. Based on our findings,
we discuss a new tumorigenesis model for EBV-related T-
cell lymphoma.

Case Report

A 30-year-old Japanese woman was admitted to our hos-
pital with a mediastinal tumor. The clinical course of this
case was described previously (6). In brief, the mediastinal
tumor was diagnosed as a T-LBL without bone marrow in-
volvement. The tumor cells were positive for CD3, CD4,
CD8, terminal deoxynucleotidyl transferase (TdT), and
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EBV-encoded small RNAs (EBERs). The EBV viral load in
the patient’s serum was 2x10° copies/mL at the initial diag-
nosis. One month after allogeneic hematopoietic stem cell
transplantation (HSCT) from a human leukocyte antigen-
matched sibling was performed, pleural effusion appeared.
The cells in the pleural effusion exhibited the same pheno-
type as those seen in the mediastinal tumor. The T-LBL
cells were CD21-positive (6). At relapse, the EBV-DNA vi-
ral load in the patient’s peripheral blood was 4x10° copies
among 1x10° white blood cells, indicating that the EBV-
DNA viral load in the peripheral blood had not markedly in-
creased since the initial diagnosis.

Three months after the first HSCT procedure, the patient
underwent allogeneic HSCT again from the same donor
along with high-dose chemotherapy because the tumor had
regrown. At one month after the second HSCT procedure,
the mediastinal tumor was still growing, and pneumonia had
developed. Left-sided axillary lymphadenopathy was also
seen (Fig. 1A). The patient ultimately died due to progres-
sive respiratory failure. A postmortem examination of her
axillary lymph nodes and lungs was performed. The ne-
cropsy specimen of the axillary lymph nodes showed small
to medium-sized monotonous mature lymphoid cells, which
had diffusely proliferated. These cells contained round nu-
clei with dispersed chromatin. The tumor cells in the periph-
eral lymph nodes were diagnosed as CD4-positive PTCL-
NOS (Fig. 1B, C). They were negative for CD8 and TdT
(Fig. 1D) (6) but were positive for EBV (Fig. 1E). They
were also positive for CD3, CD5 and CD7 and negative for
CD34. Double immunohistochemical staining showed that
the CD4-positive and EBV-positive cells were identical
(Fig. 1F). A lung biopsy also showed infiltrating lymphoma
cells, suggesting that the lymphoma had caused the respira-
tory failure. The phenotype of the cells seen in the pleural
effusion at the postmortem examination was the same as
that of the T-LBL cells.

Materials and Methods

Southern blot analyses

DNA was extracted from the tumor cells in the pleural ef-
fusion and left axillary lymph nodes using phenol chloro-
form extraction and ethanol precipitation. MD901, a diffuse
large B-cell lymphoma cell line, was used as a negative con-
trol (7).

To detect T-cell receptor (TCR) rearrangement, the CB2
fragment was used as a probe. A 934-bp fragment of TCR
CP2 was generated using polymerase chain reaction (PCR)
and the primers CP2F (GCTGTGTTTGAGCCATCAGA)
and CPB2R (GCAGAGACGGCGAAAGATAG). After being
amplified, the fragment was inserted into the Smal site of
the pGEM/3Zf(+) vector. After being digested using BamHI,
the CPB2 fragment was labeled with digoxigenin (DIG) using
T7 RNA polymerase and the DIG-RNA labeling kit (Roche,
Mannheim, Germany), according to the manufacturer’s in-
structions.

To detect the EBV genome, the EBV1 and EBV2 probes

were used. The 895-bp EBVI1 probe and 620-bp EBV2
probe were generated using previously reported PCR prim-
ers (8). The EBV1 and EBV2 probes recognize the 5’ and
3’ terminal repeat regions, respectively. These probes were
labeled using DIG.

Genomic DNA from each set of tumor cells was digested
using BamHI, HindIIl, or EcoRI. After being subjected to
electrophoresis in 0.8% agarose gel and 1x TAE buffer, the
digested DNA was transferred to nylon membranes (Roche).
Hybridization, washing, and detection were performed using
the prepared TCR CB2 and EBV probes, according to the
manufacturer’s instructions (Roche).

PCR to detect TCR gene rearrangement

PCR to detect TCR clonality was performed at another
laboratory (LSI Medience, Tokyo, Japan), according to the
method outlined in the European BIOMED-2 collaborative
study (9).

Immunohistochemistry

Immunohistochemistry was conducted with an antibody
against CD21 (clone 1F8; DakoCytomation, Glostrup, Den-
mark). The EBV gene was detected in formalin-fixed
paraffin-embedded sections by subjecting them to in sifu hy-
bridization using the fluorescein-conjugated EBV peptide
nucleic acid probe kit (DakoCytomation), according to the
manufacturer’s instructions. The probe included with this kit
is complementary to the two nuclear RNAs encoded by the
EBV (EBERs).

Results

T-cell and EBV clonality

To assess whether or not the T-LBL and PTCL-NOS
arose from the same T-cell origin, they were compared ge-
netically. The cells obtained from the mediastinal tumor (at
onset) and the axillary lymph nodes (at relapse) showed
identical rearranged CPB2 bands in the Southern blot analysis
(Fig. 2A). The same rearranged bands were detected in the
Southern blot analyses of the EcoRI- and HindIII-digested
DNA (data not shown). PCR of TCR rearrangement also in-
dicated that both sets of tumor cells were derived from the
same T-cell clone (Fig. 2C, D). Furthermore, a Southern blot
analysis of the EBV genome produced bands of the same
size for both sets of tumor cells, indicating that they had
both been infected by the same EBV (Fig. 2B). These re-
sults suggest that the tumor cells originated from the same
T-cell clone that had been infected by the same EBV, al-
though these cells exhibited different phenotypes in terms of
their anatomical sites.

CD21 expression

The T-LBL cells were found to be CD21-positive at the
initial diagnosis, as reported previously (6). The CD21 ex-
pression of the PTCL-NOS cells was examined in this study
because we previously showed that the EBV infection of the
T-LBL cells occurred through the CD21 molecule (6). Im-
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Figure 1. Computed tomography (CT) and histopathological findings of the patient at relapse. A:
CT image of the patient obtained at relapse. The red arrow indicates the left axillary lymph nodes
resected during the postmortem examination. B-G: Histopathological findings of the peripheral T-
cell lymphoma, not otherwise specified (PTCL-NOS), after it was resected from the axillary lymph
nodes. B: Hematoxylin and Eosin staining (x400); C, D: Immunohistochemistry of CD4 (C) and TdT
(D) (x600); E: In situ hybridization of Epstein-Barr virus (EBV)-encoded mRNA (x600). F: Double
immunohistochemical staining of CD4 and EBER. The CD4- and EBER-positive cells were stained
red and brown, respectively (x600). G: Immunohistochemistry of CD21 (x600).
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Figure 2. Genomic analyses of the T-cell receptor (TCR) and EBV. A: Southern blot analyses using
a CP2 probe. The arrows indicate rearranged bands. DNA was digested with BamHI. Lane 1: periph-
eral lymph nodes, lane 2: pleural effusion, lane 3: MD901 (the negative control). B, C: TCR gene rear-
rangement of VB/JB1/JB2 in cells from the peripheral lymph nodes (B) or pleural effusion (C). The
polymerase chain reaction was conducted using 23 V[3 primers and 9 JP3 primers, as described previ-
ously (9). The arrows indicate the clonal peaks. The same clonal peaks were seen in (B) and (C), indi-
cating that these cells were identical. 1: negative control, 2: positive control, 3: patient’s sample. D:
Southern blot analyses of the EBV genome. The EBV1 and EBV2 fragments were used as probes.
DNA was digested with BamHI, EcoRI, and HindIII. Lane 1: peripheral lymph nodes, lane 2: pleural
effusion, lane 3: MD901 (the negative control). E: Schematic diagram showing a putative mechanism
that might have caused the EBV-induced T-cell malignancies seen in this patient. EBV-infected, CD4-
positive, CD8-positive immature T-cells, which also expressed CD21, were present in the patient’s
thymus. The cells developed into T-lymphoblastic lymphoma (T-LBL). After treatment, including
allogeneic stem cell transplantation, CD4-positive, CD8-negative PTCL developed through pheno-
typic changes. The PTCL cells were negative for CD21, which was the molecule responsible for the
entry of EBV into the T-LBL cells in this patient, but EBV had already infected the PTCL cells.

munostaining revealed that the PTCL-NOS cells were
CD21-negative (Fig. 1F). These results suggested that the
PTCL-NOS cells did not express CD21, even though they
had been infected by the same EBV as the T-LBL cells.

Discussion

EBV can cause various types of lymphoma, such as
Burkitt’s lymphoma, B-cell lymphoma in patients with im-
munosuppressive disease, nasal natural killer cell/T-cell lym-
phoma, and Hodgkin’s lymphoma. Although EBV-related T-
cell tumors are rare, the patient in this study suffered from
simultaneous composite immature T-cell lymphoma and ma-

ture T-cell lymphoma. The clonal relationship between the
T-LBL and PTCL-NOS cells was analyzed by performing
Southern blot analyses of the TCR and EBV along with a
PCR-based clonality study. Interestingly, the two sets of tu-
mor cells exhibited different expression patterns of CD21,
an EBV entry molecule, which might be important consider-
ing that EBV is found in EBV-related mature T-cell lym-
phoma.

In rare cases, different types of lymphoma exist simulta-
neously, and such cases are referred to as composite lym-
phoma. Composite lymphoma can involve combinations of
Hodgkin’s lymphoma and a non-Hodgkin’s lymphoma, or
two different non-Hodgkin’s lymphomas (10, 11). To our
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knowledge, although there have been two reports of com-
posite lymphoma involving T-LBL and diffuse large B-cell
lymphoma, composite lymphoma involving the combination
of T-LBL and PTCL has not been reported (12, 13). In ad-
dition, the concept of histological transformation has been
discussed. Only two cases involving the transformation of T-
LBL to PTCL have been reported, wherein the tumor cells
originated from yd T-cells (14). Our present findings indicate
that cases of composite lymphoma involving T-LBL and
PTCL-NOS derived from off T-cells can also occur. Com-
posite lymphomas and histological transformation are suit-
able models for elucidating the steps of the lymphoma trans-
formation process and examining the role of tumor hetero-
geneity in the pathology of lymphoma. Tumor heterogeneity
contributes to therapy resistance, which is an important issue
for the treatment of lymphoma (15, 16). Thus, our case
might provide new insight into the significance of tumor
heterogeneity in T-cell lymphoma.

EBV is known to infect B-cells and epithelial cells
through the CD21 molecule. However, the molecule respon-
sible for the entry of EBV into T-cells has not been identi-
fied, as mature T-cells do not express CD21. Thus, the
mechanism responsible for the development of EBV-related
mature T-cell neoplasms has not been elucidated. Immature
T-cells in the thymus can transiently express CD21 during
the thymocyte differentiation stage (17). A previous study
showed that immature CD21-expressing T-cells were suscep-
tible to EBV infection through CD21 in vitro (17). The T-
LBL cells in our case were also positive for CD21. The
PTCL-NOS cells detected in the peripheral lymph nodes
were negative for CD21, as is usually the case for mature T-
cell lymphomas. However, we demonstrated that both lym-
phomas were clonally identical. Therefore, EBV was sug-
gested to have infected the CD21-positive T-cells during the
thymocyte differentiation stage, and the EBV-infected T-cells
then subsequently developed into T-LBL and PTCL
(Fig. 2E). Even though the PTCL cells were CD21-negative,
some EBV-positive PTCL might arise from EBV-infected
CD21-positive T-cells.

In conclusion, our case suggests that EBV can cause com-
posite lymphoma involving T-LBL and PTCL. Although the
molecule responsible for the entry of EBV into mature T-
cells in T-cell lymphoma has not been clarified, this case
suggests that EBV might infect T-cells that express CD21
during the immature stage, and CD21-negative PTCL might
subsequently arise through phenotypic changes. Further in-
vestigation of the role of EBV in immature T-cell malignan-
cies and the pathogenesis of EBV-related T-cell lymphoma
is warranted.

Informed consent for the diagnostic and treatment procedures
was obtained from the patient. An autopsy limited to the axillary
lymph nodes and lungs was performed after receiving informed

consent from the patient’s family.
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