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SUMMARY The arrangement of the T cell receptor and immunoglobulin genes was analysed in
lymphoid tissue biopsy specimens from 25 cases of angioimmunoblastic lymphadenopathy. Nine-
teen cases showed a rearrangement of the gene coding for the ,B chain of the T cell receptor, and in
one case a clonal rearrangement of immunoglobulin genes was shown (in which the T cell receptor
gene was in a germline configuration). These findings indicate that a monoclonal T cell proliferation
is present in most cases of angioimmunoblastic lymphadenopathy, and they also correlate with the
fact that some patients who present with this disorder subsequently develop a T cell lymphoma.

Angioimmunoblastic lymphadenopathy with dys-
proteinaemia (AILD) was described by several
authors in the early 1970s.' 2 Patients usually have a
short history of constitutional symptoms accom-
panied by generalised lymphadenopathy, and in many
cases, by hepatosplenomegaly and skin rashes. Hyper-
gammaglobulinaemia is often present and may be
associated with autoimmune phenomena such as a
Coombs positive haemolytic anaemia.' - 3 Lymph
node biopsy specimens show a typical appearance,
with normal tissue being effaced by a mixed cellular
infiltrate, in which immunoblasts and plasma cells are
prominent. This cellular infiltrate is accompanied by
a striking "arborising" proliferation of blood vessels,
and in many biopsy specimens, by an amorphous
deposition of acidophilic material between the
cells. 1 2 4
AILD is considered to be a benign disorder despite

the fact that the median survival from diagnosis is less
than two years.' 3 Most patients die from oppor-
tunistic infection associated with lymphocyte
depletion, but the clinical course is very variable with
about a third of patients achieving a remission either
spontaneously or following steroid or cytotoxic drug
regimens, or both.' 3 A small group of patients,
probably less than 10%, progress to develop a frank
lymphoma.' 3
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Although the clinical and histological features of
this disorder are well defined, they provide no indi-
cation as to the underlying nature of the disease. In
their original description of AILD the predominance
of plasma cells and plasmacytoid lymphocytes in
biopsy samples, together with the common finding of
a polyclonal hypergammaglobulinaemia, led Lukes
and Tindle to suggest that AILD was a hyperimmune
proliferation of B cells.' No causative agent
responsible for this florid B cell reaction, however, has
been identified,3 although Lukes and Tindle proposed
that the disorder might result from a deficiency of
T cell regulatory function.'

Recent studies have shown that gene mapping with
DNA probes specific for immunoglobulin (Ig) heavy
and light chain genes may indicate the tnonoclonal B
cell origin of a lymphoma.' 6 This relies on the fact
that the genes which encode Ig chains undergo rear-
rangement during B cell development. More recently,
the gene for the P chain of the T cell receptor has been
cloned and shown to have a similar structure to that
of Ig genes.7 Thus the demonstration of rear-
rangement of the T cell receptor ,B chain gene has been
used to provide evidence for the monoclonality of T
cell leukaemias8 9 and lymphomas.'0 "'

In this study we analysed DNA extracted from 25
cases of histologically typical AILD for evidence of
clonal rearrangement of Ig and T cell receptor genes.
The investigation showed the presence of a mono-
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clonal T cell proliferation in 19 of the 25 cases. These
observations provide objective evidence that some
cases ofAILD are associated with a monoclonal T cell
proliferation.

Material and methods

SAMPLES
Tissue samples from 25 cases of AILD were obtained
from the histopathology department, John Radcliffe
Hospital, Oxford, and the National Lymphoma
Registry in Kiel, West Germany. Biopsy samples from
each case were classified by examination of paraffin
embedded tissue. They were also characterised immu-
nohistologically by staining cryostat sections with
panels of monoclonal antibodies as previously
described.12 All cases showed the typical histological
picture of AILD. In particular, any cases showing
evidence of frank lymphoma were excluded from the
study. Monoclonal antibody staining for T helper:
T suppressor ratios was also undertaken on each
sample.

DNA ANALYSIS
DNA was extracted from frozen biopsy specimens of
25 cases of AILD by routine methods and digested
with restriction endonucleases.'3 Control DNA was

obtained from the peripheral blood of 36 healthy cau-

casian volunteers. The DNA fragments were subjec-
ted to electrophoresis in an 0-8% agarose gel and
transferred to nitrocellulose filters by Southern blot-
ting. Filters were hybridised with 32P labelled probes
specific for Ig and T cell receptor genes, washed under
appropriate conditions, and subjected to auto-
radiography.'3 The DNA probes were labelled by the
method of oligonucleotide labelling. The four probes
used in this study were an Ig heavy chain joining
region JH probe (C76R51A: EcoRI fragment), an Ig K

chain constant region Ck probe (pUCRI7Ck), an Ig A
chain region CA probe (Chr 22)5),"4 and a T cell
receptor # chain probe (Jurkat f2: Hindll 0O8kb frag-
ment against the constant region).7

Immunoglobulin genes All DNA samples were

digested with BstI (an isoschizomer of BamHI),
EcoRI and with HindIlI before hybridisation with the
JH probe. DNA was digested with BstI and BglII
before Ck hybridisation and Hind III and EcoRI
before CA probe hybridisation. All control samples
showed identical restriction fragment patterns with
the above enzymes and probes, no DNA poly-
morphisms or rearrangements being observed.

T cell receptor chain gene
All DNA samples were digested with BstI, EcoRI, and
Hind III before hybridisation with the T cell receptor

ft chain gene probe. All control samples showed
identical patterns with BstI EcoRI and with
Hind 11. 10
A rearrangement was defined as having occurred if

after digestion with a specific restriction endonuclease
a new band was observed on autoradiography after
hybridisation with the gene probe. Where possible
rearrangements were shown with at least two enzymes
(table) to exclude the possibility of abnormal bands
being caused by DNA polymorphism.

Results

DNA from 19 of 25 AILD biopsy specimens showed
clonal rearrangements of the T cell receptor ft chain
genes while the Ig genes in these cases were all in a
germline configuration. In 15 of the 19 cases re-
arrangement of the T cell receptor # chain gene was
detectable after digestion with at least two enzymes. In
four cases a rearrangement was detected after EcoRI
digestion only, and in each case this finding was
reproducible. These four rearrangements were
different in size, and the band strength was well below
that which would have been observed with a DNA
polymorphism. This implies that a clonal T cell expan-
sion was present in these 19 biopsy samples with no
evidence of a clonal B cell disorder. One of the remain-
ing six cases (with germline T cell receptor f genes)
showed a clonal rearrangement of both the JH and Ck
genes, giving objective evidence of a clonal B cell dis-
order. The five other cases gave normal patterns for
both Ig genes and the T cell receptor # gene-that is,
they showed no evidence of either a B or T cell clone.
The table summarises the results of DNA analysis
with Ig gene and the T cell receptor # chain gene
probes for the 25 cases of AILD. In those cases with
T cell receptor f gene rearrangement there was no
similarity (as judged by the size of the bands generated
on autoradiography) between any two cases of AILD.

Genotypic classification of25 cases ofangioimmunoblastic
lymphadenopathy

Gene configuration
No of

Gene studies cases Conclusion

JH Ck CA TCR,B
G G G R 19 Monoclonal T cell

expansion
G G G G 6 No evidence of clonal

disorder
R R G G 1 Monoclonal B cell

expansion

R = rearranged configuration shown after digestion with at least two
enzymes, except for four cases in which the rearrangement was only
seen after digestion with one enzyme.
G = germline configuration after digestion with all enzymes for each
probe.
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When the cases were reviewed histologically there
was no correlation between the morphological
appearance of a biopsy sample and the presence or
absence of a clonal T cell receptor 3 gene rear-
rangement. There was also no association between the
results of monoclonal antibody staining and the
detection of a T cell clone.

Results of dilution experiments have shown that we
can accurately show a clonal DNA rearrangement
when it is present in less than 2 5% of a sample. As
each gene possesses two alleles, and a specific Ig of T
cell receptor # rearrangement affects only one allele;
this represents an ability to detect a clone of 5% cells
in a specific biopsy.

Discussion

The results reported in this paper indicate that a
monoclonal proliferation ofT cells was detectable by
DNA analysis in the lymphoid tissue of 76% of the
cases of AILD studied. It should be emphasised that
biopsy specimens in which there was histological evi-
dence of lymphomatous change were excluded from
the study, and it was only by application of gene
rearrangement techniques that these monoclonal T
cell populations could be shown.
The finding of a clonal T cell proliferation in AILD

has not been reported previously. It is noteworthy,
however, that evidence for a T cell abnormality in
AILD already exists, with reports of T cell
deficiency" 3 and anergy3 in patients with this disor-
der. Furthermore, in vitro studies of lymphocytes
from patients with AILD have shown depressed T cell
suppressor function.16 1' It has also been emphasised
that AILD may coexist with a malignant T cell lym-
phoma;4 1 in a recent review of 42 cases of T cell
lymphoma 5% of the patients had a preceding diagno-
sis of AILD.19

Previous studies have shown that gene rear-
rangement analysis cannot accurately detect a mono-
clonal population of B or T cells when they account
for less than 5% of the cells present in a tissue
sample.5 6 10 As the histological picture in AILD may
be dominated by a polyclonal B cell proliferation the
monoclonal T cells shown in our study must have
comprised only a minority cell population. It is hence
possible that more sensitive methods might have
shown a monoclonal T cell proliferation in all of the
AILD samples studied.
One case showed a clonal rearrangement of both

the heavy and light chain Ig genes (with the T cell
receptor / genes in a germline configuration). The
explanation of this single anomalous case is not clear
at present, but it may indicate that AILD is occa-
sionally caused by a clonal B cell expansion accom-
panied by a reactive T cell proliferation.

There are at least two hypotheses concerning the
aetiology of AILD that would explain the results
reported in the present study (fig 1). If a monoclonal
proliferation of T cells is indeed present in all cases
(although only detectable by current techniques in a
proportion of samples) the pronounced polyclonal
proliferation of T and B cells characteristic of this
disorder may always be secondary to this underlying
monoclonal population. An alternative hypothesis is
that AILD is initially a polyclonal hypereactive dis-
order, affecting both T and B cells, and that T cell
clones often arise as a secondary event.
At present it is not possible to decide which, if

either, of these concepts is correct. The fact that spon-
taneous remission (unrelated to treatment) has been
reported in a third of patients provides some argu-
ment against all cases being due to a clonal T cell
proliferation, although it is conceivable that the T cell
clone in these cases is of low neoplastic potential
(comparable to a benign paraproteinaemia). Further
studies using more sensitive methods for detecting a
monoclonal lymphoid cell proliferation are needed to
determine whether a clonal T cell proliferation is
constantly present in AILD. Such an association
would imply that a T cell clone is causal in the patho-
genesis of AILD.
A prospective study of patients with AILD whose

lymphoid tissue has been genotyped would also throw
light on the importance of the finding of T cell clones
in this disorder. In those cases progressing to a T cell
lymphoma it would be interesting to determine

(Q Polyconri disorder
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Figure Two alternative hypotheses to explain presence of
clonal T cell expansion in most cases ofangioimmunoblastic
lymphadenopathy.
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whether the lymphoma possesses the same or different
patterns of T cell receptor fi chain gene re-
arrangements as the original lymph node biopsy speci-
mens. If the cases of AILD with monoclonal T cell
proliferations evolve into T cell lymphomas with the
same genetic rearrangement this technique may iden-
tify a group of patients who would benefit from cyto-
toxic chemotherapy.
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