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individual nuclei and no counterstaining was

necessary where CD30 immunostaining was

used to identify HRS cells.
The combination of immunocytochemistry

for CD30 and chromosome specific in situ

hybridisation served to identify HRS cells spe-

cifically, facilitating the analysis of in situ spots
(fig 1). No significant masking of the in situ
signal was observed by the fast red CD30
immunostaining. The in situ photomicro-
graphs illustrated clearly that the size of CD30
positive HRS cells varied as did the number of
in situ spots per HRS cell nucleus. Where
binucleated cells were clearly distinguishable,
these were counted as two distinct nuclei.
However, these cells were far less common

than mononuclear HRS cells. Figure 2 shows
DNA probe frequency distributions for Hodg-

kin's disease cases 1 and 2 (both HRS and
background nuclei) and the diploid and
triploid controls. These data show that the
number of spots per HRS cell nucleus varied
more widely than for the background cells from
the same case. The pooled in situ data (both
observers) from the eight Hodgkin's disease
cases, normal diploid controls, and triploid
controls are summarised in table 2. For all
Hodgkin's cases, only the HRS cell counts are

presented in table 2 as counts for the
background cell populations predominantly
showed disomy for both probes (0-2 spots in
>90% of nuclei counted) (figs 2D and 2F). A
larger proportion of these cells showed two

spots than for the diploid control because these
cells were smaller and less prone to nuclear
truncation effects. Rare background cells with
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Numerical chromosomal aberrations in Hodgkin 's disease

three spots (< 10%) are likely to reflect the
close proximity of two small nuclei rather than
genuine trisomy.
Four of the eight Hodgkin's disease cases (2,

3, 4, and 6) showed polysomy with more than
65% of HRS cells having three or more in situ
signals with both chromosome probes (table
2). The remaining Hodgkin's disease cases

appeared to show trisomy/tetrasomy for both
chromosome probes as 5-6 in situ signals were

rare (< 5%). Of these cases, one showed more

frequent trisomy/tetrasomy for the D3Z 1
probe than for the D12Z3 probe. These results
show that clear numerical chromosome data
can be obtained from the HRS cells and back-
ground cells.

Discussion
NISH with chromosomes 3 and 12 specific a
satellite DNA probes to paraffin archival tissue
sections allowed us to screen eight cases of
Hodgkin's disease for the presence of numeri-
cal aberrations of the selected chromosomes.
Chromosomes 3 and 12 were selected as

numerical aberrations of these chromosomes
had been observed previously in metaphase
analyses of Hodgkin's disease."6 In combina-
tion with immunocytochemistry to mark the
CD30 antigen, this approach delineated spe-

cific HRS cells that showed clear numerical
chromosomal aberrations, frequently polys-
omy, while the background cell populations
were mostly diploid for the two chromosomes
studied. For the in situ studies carried out
without CD30 detection the tissue architecture
was retained sufficiently to enable histological
examination and the identification of HRS
cells. Hence, it was possible to distinguish
directly between HRS and background cells
using both approaches. The analysis of inter-
phase nuclei in tissue sections, therefore, offers
certain advantages over other techniques that
use isolated cells or tissue extracts. Moreover,
the background cells give useful information
with repect to hybridisation efficiency and
patient genetics.

Despite sectioning, which yields sliced nu-

clei, specific aberrations were detected for HRS
cells from all eight Hodgkin's disease cases

studied, with all cases showing polysomy,
although the frequency of polysomy varied.
Three cases showed approximately 30% of
HRS cells having trisomy/tetrasomy of both
chromosome 3 and 12. One case appeared to
show more frequent trisomy/tetrasomy for the
D3Z1 probe than for the D12Z3 probe and
four cases showed more than 65% ofHRS cells
with three signals or more for both chromo-
some probes. It is noteworthy that no signifi-
cant under-representation of either chromo-
some 3 or 12 was detected in any of the eight
Hodgkin's disease cases studied. These data
suggest that deletion of these two chromo-
somes may not be common in this disease.

It is difficult to distinguish accurately
between trisomy, tetrasomy, and higher order
polysomy, as not all nuclei in the plane of the
section will retain their full chromosome com-

plement. For this reason, these in situ data are

likely to underestimate the true frequency of

chromosomal aberrations. 7 Moreover, the
number of signals detected per nucleus is likely
to become more variable as the chromosome
copy number increases. Our data for the two
cytogenetic controls appear to support this
suggestion. For the diploid control, 98.0% of
nuclei counted showed 0-2 in situ signals (dis-
omy), whereas for the cytogenetic triploid con-
trol fewer of the nuclei counted (93.0% and
91.0% for the chromosome 3 and 12 probes,
respectively) showed 0-3 distinct in situ spots
(table 2). These data suggest that the frequency
of higher polysomy (trisomy or greater) is
increasingly underestimated by this type of
analysis.
The problem of chromosome retention on

sectioning and, therefore, underestimation of
actual chromosome number may be further
compounded by the larger size of HRS cells
compared with the background cells. The HRS
cell chromosome number may vary also
because of binucleated and multinucleated
variants. In an attempt to address this problem,
when binucleated HRS cells were clearly
distinguishable, they were counted as two
distinct nulcei. However, these were far less
common than mononuclear variants. Despite
these shortcomings, four ofthe eight Hodgkin's
disease cases studied (2, 3, 4, and 6) showed
clearly a high frequency ofpolysomy (> 65% of
HRS nuclei having three or more signals). The
other four cases (1, 5, 7, and 8) showed a lower
but significant frequency of polysomy and,
therefore, are more likely to have trisomy or
tetrasomy. These data support previous studies
where metaphase analyses of Hodgkin's disease
revealed frequent trisomy and tetrasomy of
both chromosomes 3 and 12.16 However, the
variation in the number of spots detected
within HRS cells for all eight cases might sug-
gest that both inter- and intratumoral heteroge-
neity are common. As mentioned previously,
the effects of nuclear truncation on sectioning
are significant. Therefore, all the data should
only be interpreted as providing global infor-
mation about local differences in ploidy within
a tumour.'8
Weber-Matthiesen et all9 used simultaneous

fluorescence immunophenotyping and inter-
phase cytogenetics to study fresh cell prepara-
tions in 30 cases of Hodgkin's disease. These
studies showed that HRS cells contained com-
plex chromosome aberrations with hyperploidy
predominating. Our findings from routine for-
malin fixed paraffin embedded diagnostic
material for eight cases of Hodgkin's disease
support these conclusions. Moreover, our
method is applicable to a much wider range of
stored tissue samples. One study, using inter-
phase cytogenetics on fresh tissue samples,
demonstrated that HRS cells obtained from
different tissue samples from the same patient
have a similar unique abnormal chromosomal
pattern, leading the authors to suggest that
HRS cells are clonal.20 However, we believe
that it is difficult to establish by cytogenetic
methods that these DNA changes are clonal.
Indeed, we would argue that the intratumoural
heterogeneity in chromosome copy number
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observed by us and previous studies'9 20 would
suggest that HRS cells are not always clonal in
origin.
The effective demonstration of clonality in

Hodgkin's disease using immunoglobulin or T
cell antigen receptor gene rearrangements has
been limited to cases with large numbers of
HRS cells where the clonal band can be
assigned to these cells2' or analysis of microdis-
sected single HRS cell DNA by the polymerase
chain reaction.22 More convincing evidence
that HRS cells are clonal populations has come
from the analysis of Epstein-Barr virus infec-
tion of HRS cells and the demonstration that
the viral genome is of clonal origin by Southern
blotting.23 However, despite numerous studies
of clonality in Hodgkin's disease there still
remains a significant number of cases that
appear to be polyclonal in origin.24 This leads
to the possiblity that Hodgkin's disease starts as
a polyclonal proliferation of HRS cells and
subsequently develops into a monoclonal
population as the disease progresses.25

In conclusion, we have demonstrated the
utility of chromosome specific DNA in situ
hybridisation for detecting numerical chromo-
somal aberrations in routine paraffin embed-
ded tissue of Hodgkin's disease. These data
show that in Hodgkin's disease HRS cells pos-
sess frequent polysomy compared to back-
ground cells and are, therefore, probably the
only neoplastic component in the disease. No
correlations between polysomy and either
tumour type or grade could be made from
these data, owing to both the limited number of
cases examined and problems with interpreting
data from truncated nuclei. If polysomy is a
common feature of all cases of Hodgkin's
disease, this information would have little
prognostic significance, although it would indi-
cate genomic instability of the HRS cells.

We thank Dr P McKeever (department of pathology, University
of Leicester) for providing material for the cytogentic diploid
and triploid controls.
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