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Background and Objectives. Angioimmunoblastic T-cell lymphoma (AILT) is a peripher-
al T-cell tumor of unknown etiology with variable biological and clinical presentations.
Previous clonality studies have shown heterogeneous clonal restrictions of B- and T-
cell populations in this tumor. AILT is characterized by the presence of increased num-
bers of Epstein-Barr virus (EBV) infected cells. The aim of this study was to clarify the
correlation between clonality, EBV and prognosis.

Design and Methods. Frozen material from 59 cases of AILT was used for DNA isola-
tion and gene analysis by Southern blotting. A real-time polymerase chain reaction was
used to quantify the amount of EBV-DNA in the tissue. Survival data were retrieved
from clinical records.

Results. Clonal T cells were found in 15/50 and clonal B-cells in 2/50 tumors, using
Southern blot analysis. Bands of EBV-W were found in 10/50 tumors. Survival rate did
not correlate with either T-cell clonality (p=0.84), or presence of EBV-infected cells
(p=0.84). The EBV-DNA copy number in EBV-infected tissue did not correlate with dis-
ease progression (p=0.87). The survival rate and clinical status according to the inter-
national prognostic index (IPI) did not correlate with T-cell clonality status or EBV infec-
tion.

Interpretations and Conclusions. AILT remains a heterogeneous disease with clinical

behavior that varies irrespective of the genomic parameters investigated.
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ngioimmunoblastic T-cell lym-
Aphoma (AILT), originally described

by Frizzera et al. in 1974, is a sys-
temic disease of uncertain etiology, in
which the major pathological findings are
noted in the Iymph nodes."* Node biopsy
specimens share a common appearance,
with normal tissue effaced by a mixed cel-
lular infiltrate in which immunoblasts and
plasma cells are prominent. This cellular
infiltrate is accompanied by a striking
arborizing proliferation of blood vessels
and by an amorphous deposition of aci-
dophilic material between the cells."”

The disease has generally been consid-
ered to be an abnormal hyperimmune reac-
tion. Immunophenotypic studies have iden-
tified the majority of proliferating cells as T
cells of either CD4 (majority) or CD8
(minority) type.* DNA clonal analysis stud-
ies have shown heterogeneous T-cell recep-
tor (TCR) and immunoglobulin heavy chain
(IgH) gene rearrangements. The majority of
cases of AILT exhibit monoclonal rearra-
ngements of TCR genes, although a small
number of cases show polyclonal
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rearrangements. Some cases show rear-
rangements of heavy and light chain
immunoglobulin genes, and co-existing
rearrangements of TCR and immunoglobu-
lin genes.*® Furthermore, clonal rearrange-
ments have been shown to regress or
appear during the course of the disease.’

In 1976, Bornkamm et al.® found evi-
dence of Epstein-Barr virus (EBV)-DNA in
one case of AILT using nucleic acid reasso-
ciation kinetics. Subsequently, there have
been similar sporadic publications based
on Southern blot analysis." In more recent
studies using the more sensitive poly-
merase chain reaction (PCR) technique,
EBV-DNA was demonstrated in 7 of 13
cases" and 5 of 8 cases.” Weiss et al.”
demonstrated the presence of EBV-DNA
in 96% of cases of AILT using PCR and a
highly sensitive RNA in situ hybridization
technique. Recently, a novel real-time
quantitative PCR method was devel-
oped.” This method measures the accu-
mulation of PCR products with a fluoro-
genic probe and real-time laser scanning in
a 96-well plate. Since this assay does not



Figure 1. Low power maghnification shows architectual effacement
of the lymph node by a polymorphous lymphoid infiltrate.
Prominent arborizing blood vessels are evident. The infiltrate is
composed of medium to large sized lymphoid cells with abundant
clear cytoplasm.

require post-sample handling, much faster assays are
possible. The assay can detect a very large dynamic
range of target molecules because the real-time meas-
urement of the PCR product enables quantification
of the amplified products in the log phase of the reac-
tion."

EBV infection is related to AILT. However, it is
uncertain whether there is any relationship between
EBV infection, clonal TCR rearrangement, and dis-
ease progression. The present retrospective molecu-
lar study of 50 archival cases of AILT was designed to
assess the following: (i) the incidence of clonal/oligo-
clonal TCR, (ii) the incidence of EBV infection, (iii)
the levels of EBV-DNA in lymph node specimens
using real-time PCR, and (iv) the prognostic signifi-
cance of T-cell clonality and EBV presence in AILT.

Design and Methods

Tissue specimens filed in the Department of
Pathology, Fukuoka University, Japan were used in the
present study. The lymph nodes obtained were fixed in
buffered formalin or B5 solution, embedded in paraffin
wax, and stained with hematoxylin-eosin. Immuno-
staining was performed using CD20 for B-cells
(Dakopatts; Glostrup, Denmark), and CD3 and UCHL-
1 for T cells (Dakopatts). The sections were graded by
two histopathologists (MK & KO). The histological
diagnosis of AILT was based on the criteria in the
World Health Organisation lymphoma classification
(Figure 1). Part of the frozen material was used for
DNA isolation and gene analysis by Southern blotting.
The details of the examination methods have been
reported previously.” The T-cell receptor gene Cp1, the
immunoglobulin heavy chain (JH) gene, and the EBV
gene (BamHI W region) (Enzo; Hudson, NY, USA) were
used as probes. DNA was digested with restriction
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enzymes EcoRl, Hindlll, or BamHI. We then per-
formed real-time quantitative PCR with a fluorogenic
probe. The PCR primers for this assay were selected in
the BALFS gene encoding the viral DNA polymerase.™
The upstream and downstream primer sequences were
5'-CGGAAGCCCTCTGGACTTC-3' and 5'-CCCT-
GTTTATCCGATGGAATG-3', respectively. A fluoro-
genic  probe  (§'-TGTACACGCACGAGAAAT-
GCGCC-3") with a sequence located between the PCR
primers was synthesized by PE Applied Biosystems
(Foster City, CA USA). The PCR reaction was per-
formed using the TagMan PCR kit (PE Applied
Biosystems) as described previously.® Briefly, DNA
from each lymph node was added to a PCR mixture
containing 10 mM Tris (pH 8.3), 50 mM KCl, 10 mM
ethylenediaminetetraacetic acid (EDTA), 5 mM MgCl,
100 M dATP, dCTP, dGTE, dTTIP, 0.2 uM of each
primer, 0.1 pM fluorogenic probe, and 1.25 U of
AmpliTaq Gold (PE Applied Biosystems). Following
activation of the AmpliTaq Gold for 10 min at 95°C, 45
to 50 cycles of 15 sec at 95°C and 1 min at 62°C were
carried out in a model 7700 Sequence Detector (PE
Applied Biosystems).

Real-time fluorescence measurements were taken,
and the threshold cycle (Cr) value for each sample was
calculated by determining the point at which the fluo-
rescence exceeded a threshold limit (10 times the stan-
dard deviation of the baseline)." For a positive control,
a plasmid that contained the BALF5 gene was con-
structed from pGEM-T vector (Promega, Madison, W1,
USA) and termed pGEM-BALEFS. A standard graph of
the Cr values obtained from serially diluted pGEM-
BALF5 was constructed. The Cr values from clinical
samples were plotted on the standard curve, and the
copy number was calculated automatically by
Sequence Detector version 1.6 (PE Applied Bio-
systems), a software package for data analysis. Each
sample was tested in duplicate, and the mean of the
two values was taken as the copy number of the sam-
ple. Samples were defined as negative if the Cr values
exceeded 50 cycles. We divided cases into two groups
based on the amount of EBV-DNA genome. We initial-
ly divided the group into three patterns because the
amount of EBV-genome varied from case to case: pat-
tern 1, greater or less than 100 copies; pattern 2, greater
or less than 1,000 copies; and pattern 3, greater or less
than 10,000 copies. We evaluated the relationship
between the amount of EBV-genome and prognosis,
but did not find definitive differences for any pattern.

We, therefore, counted the copies of EBV-DNA
genome and defined cases as negative (<10° copies/ug
of DNA) or positive (>10° copies/ug of DNA)).

Statistical analysis

Survival curves were calculated using the Kaplan-
Meier method, and differences in survival rates were
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tested for significance using the generalized Wilcoxon
test. Differences were considered statistically signifi-
cant if the p value was <0.05.

Results

Clinical data

Fifty-nine patients diagnosed with AILT at the
Fukuoka University Hospital between 1988 and 2003
were included in the study. At the time of diagnosis,
the patients were aged between 42 and 81 years
(median age= 63 years). The 5-year survival rate was
45% (Figure 2A).

Histopathological and immunohistochemical
examination

The pathognomonic histological feature was the
total disappearance of normal lymph node architec-
ture, with prominent proliferation of venules and
polymorphic infiltrates of CD3* lymphocytes, plas-
ma cells and eosinophils. Proliferation of dendritic
reticular cells was also evident. Clear cell infiltrates
were noted around the vessels, and CD20" cells were
present in the subcapsular region. The EBV-infected
cells were B cells. This was demonstrated by double-
labeling immunohistochemical/in situ studies of the
samples. The majority of the cells positive for EBV
RNA were labeled with the B-lineage marker, CD20,
and were negative for the T-cell marker, CD45RO
(data not shown). This result has been previously
reported.”

TCR and IgH genes

Clonal rearrangements of the TCR genes were
detected in the lymph nodes of 15 out of 50 of the
patients with AILT. Clonal IgH rearrangements were
identified in two cases, and oligoclonal bands were
observed in one case.

EBV gene rearrangement in Southern blot analysis
and real-time PCR

Southern blot analysis revealed EBV-W bands in
lymph nodes of 10 out of 51 patients. The lymph
nodes of 33 of the 49 patients studied by real-time
PCR analysis were positive (>10° copies/ug of DNA)
for EBV-DNA genes.

Survival analysis based on TCR clonality status and
EBV infection

There was no correlation between survival and
TCR clonality (p=0.84, Figure 2B) or EBV-W bands
(»=0.84, Figure 2C). We also used a real-time PCR
assay to quantify the amount of EBV-DNA in the tis-
sue. EBV-DNA copy numbers in the tissue from
patients with EBV infections did not correlate with
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disease progression (negative: <10° copies, posi-
tive:>10° copies) (p=0.872, Figure 2D).

The clinical status, as defined by the international
prognostic index (IPI), did not correlate with TCR-
clonality, EBV-W bands or EBV-DNA copy numbers
as assessed by real-time PCR.

Discussion

AILT is a systemic disease of uncertain etiology, orig-
inally defined as a non-neoplastic lymphoproliferative
process."” The reactive features indicate that this lym-
phoma may originate from a hyperplastic/dysplastic
state of T cells.* Scattered EBV-infected lymphocytes
have been documented in up to 97% of AILT cases.’
Double-labeling techniques have revealed the unex-
pected presence of EBV mainly in B cells, rather than in
the T-cells which constitute the major neoplastic pop-
ulation in AILT.” This suggests that a small population
of cells is infected with EBV or, more likely, EBV is
reactivated in these cells as a consequence of immuno-
suppression in a primarily T-cell disorder. It is well
known that patients with AILT have a profound
immunologic deficiency and that intercurrent infec-
tions are frequent and a common cause of death. It is
possible that abnormal immunoregulation leads to
polyclonal and oligoclonal proliferation of EBV-posi-
tive cells, which are mostly B cells. EBV-infected B cells
may have a growth advantage and proliferate into
polyclonal or oligoclonal populations under these con-
ditions. Abnormal immunoregulation may also explain
the development of clonal rearrangements of Ig genes
observed in a subset of AILT patients,”® and may simi-
larly explain the presence of Ig gene rearrangements
that appear and disappear over time as reported in a
previous study.?

However, in another study” no association was
found between the amount of EBV and Ig gene
rearrangement. This was probably due to the presence
of a polyclonal EBV-infected B-cell population.
However, if was uncertain whether there is a correla-
tion between the clinical course of AILT and EBV infec-
tion. We initially predicted that the prognosis and
immunodeficient state of AILT lymphoma would be
correlated with the EBV infection. However, the data
obtained from real-time quantitative PCR and
Southern blotting analysis showed no relationship
between the prognosis of patients with AILT and EBV
infection.

Clonal rearrangements of TCR and IgH genes are
useful molecular markers of clonality in T- and B-cell
lymphomas. Frizzera et al.” reviewed data from previ-
ous studies that used Southern blotting and found that
rearrangement of the TCR gene had been detected in
85% of cases of AILT. In addition, 8% had rearrange-
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Figure 2. Survival rate of all participating patients with AILT (A), and according to TCR clonality (B), bands of EBV-W (C) and EBV-DNA

by real-time PCR (D).

ments of both the Ig heavy chain and one light chain
gene, or of the lambda chain gene only, indicating the
presence of B-cell clones. Furthermore, 7% had co-
existing rearrangements of the TCR and Ig heavy or
light chain genes, indicating the presence of either two
different clonal populations or one clone of indefinite
lineage, carrying both TCR and Ig gene rearrange-
ments. It is significant that in AILT, as in other atypical
lymphoproliferative disorders,” the rearrangement
bands are multiple and of significantly lighter intensi-
ty than normal bands.”

In addition, one study found that multiple different
clones appeared and disappeared over time in the
same patient.® Weiss et al.” provided evidence that a
prelymphomatous lesion may exist and one patient,
whose initial lymph node biopsy specimen was inter-
preted as AILT, showed no evidence of immunoglobu-
lin or TCR gene rearrangement. The present study also
confirmed the heterogeneity of TCR and Ig gene
rearrangements in AILT. Clonal rearrangements were
observed to regress or appear during the course of the
disease (data not shown).

O’Connor et al.* proposed two hypotheses concern-

ing the etiology of AILT. Firstly, if a monoclonal prolif-
eration of T-cells is always present, the pronounced
polyclonal proliferation of T and B cells characteristic
of this disorder may merely reflect a reaction to the
underlying monoclonal population. However, an alter-
native hypothesis is that AILT is initially a polyclonal
hyper-reactive disorder affecting both T and B cells,
and that T-cell clones arise as a secondary event. These
hypotheses are based primarily on the gene rearrange-
ments seen in Southern blot analysis, which cannot
detect a monoclonal population of either B or T cells
when they constitute less than 5% of the cells present
in tissue samples.?*However, PCR can detect smaller
monoclonal populations of under 2%.%

Our previous PCR data® support the hypothesis of
selective proliferation of one clone of T cells among
several clones, rather than an initial monoclonal prolif-
eration of T cells. In view of these findings, we consid-
er that disease progression in AILT patients is associat-
ed with clonal T-cell populations. It should be men-
tioned that Lee® and Willenblock” suggested from a
single cell study that only a minority of T cells belong
to the tumor cell population. Therefore, the failure to
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detect clonal populations may be purely technical.
The TCR clonality status had no influence on sur-
vival in AILT patients. Cytokines play an important
role in infectious diseases, and are important in the
pathogenesis of lymphomas via autocrine or paracrine

mechanisms, or both.” AILT is a lymphoproliferative

disease characterized by general lymphadenopathy,
fever, weight loss, and skin rashes."? AILT patients may
develop hypergammmaglobulinemia or raised levels of
cytokines, including interleukin. We also reported an
increase in the number of cytokine-producing lym-
phoma cells and EBV genomes in AILT. Considered
together, the immunodeficiency and hypercytokine-

mia of AILT do not seem to exclude the role of EBV-
infected cells in AILT.
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