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Summary.-The cellular composition of Hodgkin's tissue from two patients has been
examined. The labelling pattern with 3H-TdR has been studied on in vivo labelled
imprints and histological sections. The relative proportions of the various classes
of cells are maintained when Hodgkin's tissue increases in bulk. Histological
progression from LP/MC to MC Hodgkin's disease was associated with an increase
in aneuploidy of the Hodgkin cell line and an increase in the proportion of large
basophilic blast cells. Splenic Hodgkin's disease in the same patient contained
fewer aneuploid cells. The significance of these findings in terms of the histogenesis
of Hodgkin and Sternberg-Reed cells is discussed.

A MORPHOLOGICAL distinction can
readily be drawn between the tumour cell
population and cells constituting the
stroma in the majority of human tumours
even when stromal elements are abundant.
In Hodgkin's disease, however, there is a
complex association of a variety of cell
types, many of which appear normal
morphologically, in contrast to the rela-
tive paucity in some cases of frankly
atypical cells. Previous studies using a
combined autoradiographic and cyto-
chemical technique on cells derived from
Hodgkin's lymph nodes labelled in vitro
with tritiated thymidine (3H-TdR) have
shown that aneuploidy when present
appeared to be confined to cells categor-
ized as Hodgkin's cells (Peckham and
Cooper, 1969). As many as 80% of the
labelled cell population were small or
medium sized cells apparently of the
lymphoid series. A population of large,
basophilic blast cells, often with a high
labelling index, was identified and cate-
gorized on purely morphological grounds
as transformed lymphocytes.

Detailed analysis of the cellular consti-
tuents of Hodgkin's tissue is limited by
the infrequency of cells of the Sternberg-
Reed, Hodgkin and transformed lympho-
cyte types in smears prepared from free

cell suspensions. Imprints of Hodgkin's
lymph nodes labelled in vivo by the direct
injection of 3H-TdR allows a more satis-
factory correlation of cell morphology,
nuclear DNA content and uptake of iso-
topic tracer to be made (Peckham and
Cooper, 1973). The opportunity to
examine tissue taken from more than one
site and the study of sequential biopsies,
together with the application of in vivo
labelling, allows the proportional distri-
bution of the various categories of cells
to be determined and related to both
increase in bulk of the tumour mass and
histological progression of the disease.
In this study the relative proportions ofthe
different morphological categories of cells
have been estimated in lymph nodes and
spleen removed from 2 patients. The
cells have been examined as well as the
labelling pattern on histological sections
prepared from in vivo labelled tissue.

MATERIAL AND METHODS

Patient 1.-This 49-year old male pre-
sented with Hodgkin's disease involving
nasopharynx and cervical nodes in 1969.
Histology was graded lymphocyte predo-
minance/mixed cellularity (LP/MC). Lym-
phography was negative and he was clinically
staged IIB. He remained well following
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'mantle " irradiation until 1972 when a

repeat lymphogram was positive. Laparo-
tomy showred involvement of the spleen and
liver as wNvell as paraaortic lymph nodes.
The material wvas graded mixed cellularity
(MC). Cell suspensions from a cervical node
(1969) wNvere labelled in, vitro wxvit,h 3H-TdR.
In 1972 a paraaortic node was labelled by
direct injection and a splenic deposit by the
in vitro technique.

Patient 2. This 65-year-old male pre-
sented in 1971 with axillary and cervical
involvement and w-as subjected to explora-
tory laparotomy and splenectomy. There
was involvement of spleen, paraaortic and
coeliac axis nodes and the material was
graded MC. At laparotomy a large (6 x 3
x 3 cm) coeliac axis node wvas labelled by
direct injection and a smaller paraaortic
node (2 x 1 x 1 cm) as well as splenic
deposit w%vere labelled in1 vitro.

Patients 3 and 4. In a third patient
(MC) material labelled by direct injection
of 3H-TdR w-as examined to compare the
labelling index of the imprint ith that of the
section and to estimate the proportion of
labelled small and medium lymphoid cells.
An attempt was made in Patient 4 (LP/MC)
to relat,e cell morphology identified by a hist,o-
pathologist (Dr I. M. E. Hamlin) to labelling
pattern on histological sections labelled in
vivo. Only limited numbers of cells of diag-
nostic interest could be identified because of
their low frequency.

Labelling and preparation of autor-adio-
graphs. Techniques for in vitro labelling, the
preparation of cell smears using a cytocentri-
fuge and subsequent autoradiography have
been described previously (Peckham and Co-
oper, 1969). The details of in vivo labelling
have also been described in another publication
(Peckham and Cooper, 1973). In all cases

photographic maps were made and eells
identified after Giemsa staining. The cyto-
logical classification employed has been
described in detail elsewhere (Peckham and
Cooper, 1969, 1973). Briefly t,he following
categories w-ere recognized: small lympho-
cytes, plasma cells, eosinophils, polymorphs,
histiocytes, small and medium labelled
lymphoid cells, lymphoblasts (larger lym-
phoid cells w%vith basophilic cytoplasm),
transformed lymphocytes (large basophilic
blasts, some writh prominent nucleoli).
Hodgkin cells (large cells with pale staining
cytoplasm, lacy chromatin and large nucleoli)

and Sternberg-Reed cells. Some cells w%ere
difficult to categorize as either Hodgkin cells
or transformed lymphocytes and were termed
intermediate cells.

Labelling index.-The overall labelling in-
dices wAere obtained by counting a minimum of
2000 cells. Wrherever possible the labelling
index of individual cell types was obtained
by counting 1000 cells, except in the case of
low frequency cells such as Sternberg-Reed
cells where a minimum of 200 cells was
counted.

Quantitative cytochen istry.-Nuclear DNA
contents were measured after Feulgen stain-
ing using a Deeley microdensitometer.
Details are given elsewhere (Peckham and
Cooper, 1969).

RESULTS

Qutantitative cytology
Patient 1.-The cellular composition

of the cervical node (LP/MC) was com-
pared with that of the paraaortic node
(MC) removed 3 years later. In the first
preparation 36,000 cells and in the 1972
biopsy 100,000 cells were scanned and
identified on photographic maps. Small
lymphocytes accounted for 90%0 of the
total cell population. Table I summarizes
the findings. Table I(a) gives the total
number of cells counted and Table 1(b)
the relative proportionality of lympho-
blasts, transformed lymphocytes, Hodgkin
cells, intermediate cells and Sternberg-
Reed cells. In calculating the proportional
distribution of cells, only cell types in
which evidence of proliferation, as judged
by the incorporation of 3H-TdR, have been
included. Histocytes have been excluded
since comparison of the numbers of esterase
positive cells in cryostat sections with the
numbers on imprints suggests that these
do not separate readily from the fibro-
reticular framework of the node. There
was an increase in the proportion of
transformed lymphocytes and a reduction
of lymphoblasts and Hodgkin cells in the
1972 specimen compared with the first
node.

Patient 2. Table II summarizes the
results of the cellular composition of 2
nodes removed at laparotomy and differ-
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TABLE J(a).-Patient I: Number of Cells Counted
Cervical node (1969) Retroperitoneal r

1 type LP/MC MC
st 599 125(

12
d lymphocyte 22 103P
11 77 16(
te cell 5 71
Leed cell

Ire

counted

5
149

2
487

36000

node (1972)

6

5

1
1

1578
3

464
100000

TABLE 1(b). Patient I: Percentage Distribution of Various Cell Types
Node 1 Node 2
(1969) (1972)

Cell type LP/MC MC
Lymphoblast 599 (84-6%) 1256 (49.9%)
Transformed lymphocyte 22 (3 1%) 1035 (41%)
Hodgkin cell 77 (18-9%) 160 (6.3%)
Intermediate cell 5 (0 7%) 71 (2.8%)
Sternberg-Reed cell 5 (0-7%) 1 (0.04%)
Total 708 (100%) 2523 (100%)

Ce
Lymphobli
Plasma cell
TransformE
Hodgkin cE
Intermedia
Sternberg-]
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Mitotic figi
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Total cells

TABLE II(a).-Patient 2: Number of
Coeliac axis node (MC)

,1 type (6 x 3 x 3 cm)
%st 579
1 16
ad lymphocyte 176
all 179
tte cell 65
Reed cell 20

197
are

counted

4
17

15000

Cells Counted
Paraaortic node (MC)

(2 x 1 x 1 cm)
727
103
79

303
92
47

291
28
126

15000

TABLE II(b).-Patient 2: Percentage Distribution of Various Cell Types
Cell type Coeliac axis node Paraaortic node

Lymphoblast 579 (56.8%) 727 (58 7%)
Transformed lymphocyte 176 (17.2%) 79 (6.3%)
Hodgkin cell 179 (17.5%) 303 (24-5%)
Intermediate cell 65 (6.4%) 92 (7-8%)
Sternberg-Reed cell 20 (1-9%) 47 (3.9%)
Total 1019 (100%) 1248 (100%)

ing in volume by a factor of about 20.
The distribution of various cell types was
similar in both nodes.

3H-TdR labelling
The overall labelling indices (LI) of

the histological sections and imprints of
the in vivo labelled material were com-
pared with the in vitro LI (Table III).

The proportion of labelled cells tended
to be lower than that of the sections in 2
patients but similar in the third patient.
The histological sections and imprints of
in vivo labelled material showed that a
substantial proportion of labelled cells
were small or medium sized lymphoid
cells (46-5-68 0%) (Table IV).

In Patient 4, 173 large cells were
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TABLE III.-3H-TdR Labelling Index in Hodgkin's Disease

Patient 1 (MC)
Paraaortic

node Spleen

Section (in vivo labelled)
Imprint (in vivo labelled)
Cell smear (in vitro labelled)

3-7
2-3
1 *8 0-8

Patient 2 (MC)
A

Coelic
axis
node Paraaortic Spleen
% node °' %
2-9
1 *7
1 *4 2-8 2-0

Patient 3 (LP/MC)
Paraaortic node

4-6
4*6
2-0

TABLE IV.-Percentage Distribution of in vivo Labelled Cells in Hodgkin's
Disease

Small/medium labelled cells Large labelled cells
Patient as % of total labelled cells as % of total labelled cells

2 (MC)
3 (LP/MC)

4 (MC)

Imprint
Section
Imprint
Section

52
68
68
46-5

48
32
32
53-5

identified by Dr I. M. E. Hamlin on the
histological sections and the labelling
pattern was examined after autoradio-
graphy. Only 6/173 cells were labelled
and almost 50% of labelled cells were
inconspicuous small or medium sized
cells. The LI of splenic and nodal
Hodgkin's disease was compared in 2
patients; in one the LI of splenic tumour
tissue was lower than that of the node
(0-8% compared with 1.8%) and in the
second patient there was variation in
LI between 2 sampled lymph nodes.

In Patient 2, 301 consecutive labelled
cells were identified, 78 (29%) were Hodg-
kin cells and 2 (0.7%) Sternberg-Reed
cells.

Quantitative cytochemistry
Patient 1.-The Hodgkin cell popula-

tion showed evidence of aneuploidy in
this patient and when the 1972 preparation
is compared with the initial biopsy taken
3 years previously an increase in the
proportion of aneuploid cells is apparent
(Fig. 1). Analysis of the cells derived
from splenic Hodgkin's disease showed less
aneuploidy and the pattern resembled
that of the initial biopsy.

Patient 2.-There was no aneuploidy
in mononuclear cells in preparations from
this patient. The DNA contents of 400
Hodgkin's cells were distributed through

interphase, with no suggestion either of
any hold up in the passage of cells through
the cell cycle or of the selection as Hodgkin
cells on morphological grounds of any
particular functional group (Fig. 2). Simi-
larly, the nuclear DNA contents of the
various classes of cells incorporating
3H-TdR were distributed between the 2C
and 4C modes (Fig. 4). The nuclei of
binucleate and multinucleate Sternberg-
Reed cells appear distinct and separate
on light microscopy of Feulgen stained
imprints although occasionally electron
microscopy may demonstrate connections
between these apparently discrete nuclei.
The DNA contents of individual nuclei of
Sternberg-Reed cells varied from 2C to
4C but in 18 of 21 cells sampled the DNA
contents of nuclei from individual binuc-
cleate cells were within 10% of each other
(Fig. 3).

DISCUSSION

Previous studies have been restricted
to one sample oftissue and thus to one point
in the course of the disease. Based on in
vitro observations, it was concluded that
the Hodgkin cell population constituted a
tumour cell population but it was equally
apparent that the majority of proliferating
cells were often lymphoid cells of normal
morphological appearance. The results
presented above are broadly consistent
with previous studies but it has been
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DISTRIBUTION OF DNA CONTENTS OF SPLENIC & LYMPH NODE HODGKIN CELLS
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-Hodgkin cell nuclear DNA contents, Patient 1.
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DNA CONTENT OF STERNBERG-REED CELLS

DNA Content of Individual
Nuclei of Binucleate Cells

2c 4c 6c 8c lOc
DNA Content in Arbitrary Units

FIG. :3.-Distribuition of nuclear DNA conitents of Sternberg-Ricee( cells, Patient 2.

DNA CONTENT OF HODGKIN NODE CELLS LABELLED
IN VIVO WITH TRITIATED THYMIDINE
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FIG. 4. DNA content of labelled cells, Patient 2.
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possible to examine the changes which
occur when a lymph node involved with
Hodgkin's disease increases in bulk and
when histological progression occurs during
the evolution of the disease. The cellular
compositions of 2 lymph nodes removed

simultaneously from a patient with MC
Hodgkin's disease were remarkably similar
despite a marked discrepancy in nodal
volume. This indicates that increase in
tumour volume in Hodgkin's disease does
not reflect the expansion of any particular
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category of cells, for example, the Hodgkin
cell, but that the cellular population of the
lymph node expands as a whole, main-
taining its relative proportionality. It
is difficult therefore to regard Hodgkin
tissue as consisting of a tumour cell line
with the other components constituting a
reactive process to this abnormal cell
population.

In the second patient, histological
progression was associated with an in-
crease in aneuploidy of the Hodgkin cell
line and apparently with an increase of
large basophilic blast cells (categorized as
transformed lymphocytes) but not of
Hodgkin cells. An increase in aneuploidy
with time is not unusual in experimental
tumours. Unfortunately the number of
cells which could be sampled was limited
and it is hoped that the characteristics of
histological progression can be examined in
more detail in the light of these obser-
vations. The occurrence of aneuploidy
in the Hodgkin cell line suggests that
there might be evidence of an impaired
flow of cells through the generation cycle
but this was not observed in the one
instance in which adequate numbers of
identified cells could be sampled. It is
of interest that splenic Hodgkin's disease
showed less aneuploidy. If splenic in-
volvement represents haematogenous
spread, preferential establishment of pro-
liferating cells carrying the stem line
chromosome number might be expected.
Again, if splenic deposits do represent
cloning of blood-borne cells, the presence
or predominance of one cell type would
be expected but this is not the case. The
penetration of venules by " malignant
appearing histiocytes " has been described
in Hodgkin's disease (Rappaport and
Strum, 1970) and has been taken as
evidence of malignant vascular invasion
although it is important to remember the
facility with which lymphocytes pass
through vascular endothelium under nor-
mal physiological conditions. On the
other hand, immunoblasts apparently
leave lymph nodes in efferent lymph and
do not pass directly into the blood stream

(Alexander and Hall, 1970). The presence
of circulating large, moderately basophilic
cells with prominent nucleoli has been
correlated with histological involvement
of the spleen by Hodgkin's disease
(Halie, Eibergen and Nieweg, 1972) and
it is known that large basophilic lympho-
blasts pass from thoracic duct lymph
into the venous system in substantial
numbers (2x 104 to 77 x 103 cells per
minute) in Hodgkin's disease, especially
when abdominal node involvement is
present (Engeset et al., 1971). These
workers reported that the number of
basophilic blasts increased in thoracic
duct lymph when Sternberg-Reed cells
were present and both cell types increased
after lymphography. There is no evid-
ence to support the contention, based
purely on light microscopy, that the
Hodgkin and Sternberg-Reed cells are
derived from histiocytes and the evidence
presented in this study is consistent with
the hypothesis that the Hodgkin's disease
process constitutes an abnormality of
lymphocytes. Histological progression
from LP/MC to MC was associated with
an increase in numbers of large basophilic
blast cells (transformed lymphocytes) and
also with an increase in aneuploidy in
nucleolated cells with pale staining cyto-
plasm categorized as Hodgkin cells. A
distinction cannot be drawn between a
normal reactive proliferating lymphoid
population and an abnormal lymphoid
proliferation which leads to the production
of aneuploid cells.

The association of an increase in the
basophilic blast cell population with
activity and extension of the disease
process suggests that these cells are
abnormal rather than simply reactive. In
this context it is of interest that Schiffer
(1971) has reported that the duration of
DNA synthesis time of large lvmphoid
cells is shorter in lvmphoid tissue involved
by Hodgkin's disease than in tumour-free
lymphoid tissue.

The interest and help of Dr I. M. E.
Hamlin and the excellent technical assist-
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ance of Mrs Anne Hammad is gratefully
acknowledged.
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