Downloaded from jcp.bmj.com on February 10, 2012 - Published by group.bmj.com



Downloaded from jcp.bmj.com on February 10, 2012 - Published by group.bmj.com

366

Material and methods

Paraffin embedded tissues from 115 patients with
Hodgkin’s disease, diagnosed between 1977-86, were
obtained from the pathology departments at the
General Infirmary and St James’s University Hospital,
Leeds, York District General Hospital, and Hull
Royal Infirmary. Haematoxylin and eosin stained
sections were prepared for confirmation of diagnosis
and histological classification into one of the following
groups: lymphocyte predominance; mixed cellularity;
lymphocyte depletion; and nodular sclerosis, using the
criteria described by Lukes.” The cases of nodular
sclerosis were further subdivided into nodular sclerosis
grades 1 (NS1) and 2 (NS2) using the BNLI criteria.'* ¢
Flow cytometry was performed using a
modification® of the method of Hedley et al.** Sections
(50 um) were cut from paraffin embedded blocks and
transferred to glass slides. The sections were dewaxed
in xylene and rehydrated by passing through a series of
alcohols (100%, 95%, 90%, 70% and 50%). The
sections were washed twice in distilled water, the tissue
removed with a scalpel and placed in a test tube with a
0-5% pepsin (Sigma Chemical Company, Poole, BH17
7NH) in 0-9% sodium chloride, adjusted to pH 1-5
with 2N hydrochloric acid, and incubated at 37°C for
30 minutes in a waterbath. The cells were centrifuged
at 2000 rpm, washed twice in distilled water, and
stained by suspending in a solution of 1ug/ml 4'6'-
diamidino-2-phenylindole dihydrochloride (Boehrin-
ger Mannheim, West Germany) in RPMI 1640 culture
medium at 20°C for 30 minutes before filtering
through four layers of butter muslin and syringing
through a 23 gauge needle. Samples were analysed on
an EPICS V flow cytometer (Coulter Electronics,
Hialeh, Florida, USA) and for excitation a Coherent
Innova —90 5W UV enhanced argon ion laser was
used at 50 mW power at a wavelength of 350 nm. A 408
nm interference filter removed scattered incident
ultraviolet light. Ten thousand nuclei were counted.
The mean half peak coefficient of variation was
6-46% (range 3:06-9-97). Aneuploidy was defined as
the presence of more than one G,/G, peak® (fig 1). The
degree of DNA aneuploidy was expressed as the DNA
index, which was calculated by dividing the modal
channel number of the G,/G, DNA aneuploid peak by
the modal channel number of the diploid G,/G, peak.
Cell cycle analysis was performed using PARA 1
(Coulter Electronics, Hialeh, Florida, USA). The
S + G, fractions of the diploid tumours were combined
to give the proliferative index. The S and G, fractions
of the DNA aneuploid tumours were not calculated
due to the overlap of cell populations. For each case
the highest S + G, fraction obtained was taken as the
proliferative index.
The median age, the male:female ratio, and the
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Fig | DNA histogram showing: (a) diploid tumour; (b)
aneuploid tumour with small abnormal DN A stemline
(arrow); (c¢) aneuploid tumour with large abnormal DN A
stemline (arrow).

number of DNA aneuploid tumours were calculated
for the whole group and for each histological sub-
group. Differences in age (numbers above and below
40 years), male:female ratio, and numbers of DNA
aneuploid tumours in the different histological
groups were tested by the y° test and Fisher’s
exact test. Differences in the proliferative index bet-
ween the histological subgroups were tested using the
Mann-Whitney U test.

Survival data on 108 patients were obtained
through the Yorkshire Regional Cancer Registry.
Survival time was calculated to the date of death, or
April 1987. The cause of death was not available. Life
table analysis was carried out using BMDPIL software
and cumulative survival curves in relation to DNA
content and proliferative index (above and below
15%) were obtained and tested by the log rank test.
The NS2 and lymphocyte depleted cases were com-
bined in view of the very low number of lymphocyte
depleted cases in the group.

Results
The table shows the values for age, male:female ratio,

number of DNA aneuploid tumours and proliferative
index for each histological subgroup.
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Table Results
Median S+ G, No DN A aneuploid Median age No of cases
(range S+ G,) tumours (%) (range)(yr) M:F ratio %
Whole group 14-0 (4-3-35-0) 13(11-3) 37 (1-91) 1-7:1 115 (100)
Lymphocyte 12:7 (6-2-28-1) 1(56) 40 (20-83) 17:1 18 (15:7)
predominance
Mixed cellularity 135 (7-0-21-4) 5(27) 41 (1-72) 1:1 22(19-1)
Lymphocyte 160 (4:3-27-5) 0(0) 25 (23-45) 3:0 3(2-6)
depletion
NS1 14-0 (5:0-27-3) 5(9-4) 33 (5-91) 1-8:1 53 (46:1)
NS2 16-4 (7-8-35-0) 2(10-5) 39 (11-80) 0-6:1 19 (16-5)

FLOW CYTOMETRY

The highest proportions of DNA aneuploid tumours
were seen in the mixed cellularity (22-7%) and NS2
(10-5%) subgroups, but significant differences in
numbers of DNA aneuploid tumours between the
histological subgroups were not observed. The DNA
index of the DNA aneuploid tumours varied between
1-2-1-82 (median 1-55).

The highest proliferative indices were found in the
NS2 (median 16-4%) and lymphocyte depleted
(median 16-0%) subgroups. The differences in
proliferative index approached significance when the
NS2 subgroup was compared with the NS1 subgroup
(p < 0-11) and when the lymphocyte depleted and
NS2 subgroups were combined and compared with the
combined mixed cellularity, lymphocyte predomin-
ance, and NS1 subgroups (p < 0-07).
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Fig2. Cumulative survival curve in relation to DNA content.

SURVIVAL STUDIES .

The median follow up of patients was 39 months
(range 2 to 110 months). At the time survival data were
calculated, 79 patients were alive and 29 had died.

Of the 108 patients for whom survival data were
available, ninety six patients had diploid tumours and
12 had DNA aneuploid tumours. The survival of
patients with DNA aneuploid tumours was improved
when compared with those with diploid tumours and
this approached significance (p < 0-1) (fig 2). Of the 96
patients with diploid tumours, 56 had a proliferative
index-of less than 15% and 40 had a proliferative index
equal to or greater than 15%. There was a trend
towards better survival for cases with a proliferative
index below 15%, compared with higher proliferative
indices, but this did not reach significance (p < 0-5)
(fig 3).
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Fig3 Cumulative survival curve in relation to proliferative
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Discussion

The only previous flow cytometry study of Hodgkin’s
disease is that of Diamond et al,' who analysed eight
cases, one of which showed a small DNA aneuploid
population , of cells in the near tetraploid range.
Morphological studies showed this to be a case of
nodular sclerosis with relative lymphocyte depletion
and large numbers of abnormal mononuclear cells. It
was assumed that aneuploid cell population corre-
sponded to the Reed-Sternberg and mononuclear
Hodgkin’s cells. In our study we found DNA indices in
the hyperdiploid to near tetraploid range, consistent
with previously estimated chromosome numbers in
Reed-Sternberg cells.'*® Compared with studies of
non-Hodgkin’s lymphoma, the overall percentage of
DNA aneuploid tumours is low,'? possibly because
the DNA aneuploid cell population in Hodgkin’s
disease is diluted by the presence of a large reactive
non-neoplastic diploid cell population. It might be
expected that the rate of aneuploidy would vary with
the histological subtype of Hodgkin’s disease. Alth-
ough we found a higher incidence of aneuploidy in the
groups with less favourable histological results, there
was not the clear cut association seen with high grade
non-Hodgkin’s lymphoma. The trend observed
towards better survival of patients with Hodgkin’s
disease with DNA aneuploid tumours may relate to
the association of aneuploidy in high grade non-
Hodgkin’s lymphoma, with more likely attainment of
complete remission following treatment.” This
association has also been reported in childhood acute
lymphocytic leukaemia.’

It must be assumed that the proliferative index of
Hodgkin’s disease tissue reflects the rate of prolifera-
tion of both the reactive and neoplastic (Reed-
Sternberg and mononuclear Hodgkin’s disease) cells.
Although the median proliferative index was highest
in the subgroups with least favourable histology, this
was not significant, in contrast to the findings in high
grade non-Hodgkin’s lymphoma. There was a trend
towards better survival, however, in the subgroups
with a proliferative index below 15%, as was found in
low grade non-Hodgkin’s lymphoma.”

From the results of this study, we conclude that flow
cytometry is unlikely to yield much useful information
in determining the prognosis of different histological
subtypes of Hodgkin’s disease, and that clinical and
morphological factors still remain the mainstay of
assessment and prognostic indication. Dual parameter
flow cytometry of fresh Hodgkin’s disease tissue
labelled with putative markers of Reed-Sternberg and
mononuclear Hodgkin’s disease cells (such as the K -1
monoclonal antibody) and counterstained for DNA
content, however, will permit more sensitive assess-
ment of the presence of aneuploidy and the degree of
cell proliferation in these tumours.
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