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SUMMARY Paraffin sections from a series of 50 lymph nodes affected by Hodgkin's disease were
examined by means of the unlabelled primary antibody peroxidase-antiperoxidase method to
detect those cells which contained S-100 protein. In addition, 15 lymph nodes showing reactive
follicular hyperplasia were studied. A simple enumeration procedure (eyepiece graticule) was
used to count the number of such cells in 20 standard 25 x microscope fields. In the specimens of
nodular sclerosing Hodgkin's disease many cells positive for S-100 protein were present, in
contrast to the other Rye subtypes, which showed a relative paucity. By comparison, the lymph
nodes showing reactive follicular hyperplasia contained a similar number of cells containing
S-100 to those seen in the nodular sclerosing lymph nodes affected by Hodgkin's disease.

The interdigitating reticulum cell is found in the
interfollicular areas of normal thymus dependent
lymph nodes and those showing reactive follicular
hyperplasia. In these sites the interdigitating
reticulum cells are believed to have an important
role in the presentation of antigen to T lymphocytes,
a process which may be implicated in the
pathogenesis of Hodgkin's disease and other neo-
plasms.
The recent findings of S-100 protein in both the

interdigitating reticulum cells of lymphoid tissues'
and the Langerhans' cells of certain epithelia2 have
facilitated the study of these cells in paraffin sections
of tissues by immunohistochemical techniques.
These techniques have advantages over certain
other available methods, which may require either
frozen sections or ultrastructural methods.
The Rye classification of Hodgkin's disease sub-

jectively relates the content of histiocytic reticulum
cells, Hodgkin cells, and Reed-Stemnberg cells to the
proportion of lymphocytes in the affected tissue. It is
becoming evident from recent quantitative studies,
however, that there are unexpected and important
differences in the distribution of various cell types.
Such studies have so far concentrated on cells posi-
tive for a-naphthyl acetate esterase,3 eosinophil
polymorphs,4 and mast cells.5
The functions of the polymorphic cellular content

of Hodgkin's disease are not fully understood, but a
study of interdigitating reticulum cells, which seem
to link the activities of the mononuclear phagocytic
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system with lymphoid cells, may throw light on the
basis of the classification of the disease. Accord-
ingly, a quantitative study of cells containing S-100
protein in Hodgkin's disease (which should be
largely interdigitating reticulum cells) was under-
taken.

Material and methods

TISSUES EXAMINED
Fifty lymph nodes from 50 patients were examined.
Of these, 12 were of the lymphocyte predominant
type, 19 showed nodular sclerosis, 14 were of the
mixed cellularity subtype, and the remaining five
showed depletion of lymphocytes. An additional 15
lymph nodes with reactive follicular hyperplasia
were also studied.

FIXATION AND STAINING
All specimens were fixed for 24 to 48 hours in 10%
formol-saline at room temperature and then pro-
cessed routinely to paraffin wax. Sections were cut at
a thickness of 3 jAm and taken to Tris-saline buffer
(pH 7.6). The sections were then treated with 3%
hydrogen peroxide in methanol for 15 minutes at
room temperature to block endogenous peroxidase,
followed by a wash in Tris-saline buffer (pH 7-6).
Background staining was minimised by incubation
with normal (non-immune) swine serum, diluted 1/5
for 20 minutes. A standard primary antibody
peroxidase-antiperoxidase reaction was then
applied, using rabbit antibovine S-100 protein anti-
serum (Mercia Brocades Ltd, Weybridge, Surrey,
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England) at a dilution of 1/25-1/50, followed by
swine antirabbit immunoglobulin (at 1/50), then
rabbit primary antibody peroxidase-antiperoxidase
complex (at 1/50). The reaction was developed by a
standard 3,3' diaminobenzidine procedure and the
sections were then counterstained with Mayer's
haemalum, dehydrated, cleared, and mounted in
synthetic medium. The usual controls, as described
previously,6 were performed.

PROCEDURE FOR COUNTING
The cells positive for S-100 were counted per 20
standard fields, using a 25 x objective lens and 10 x
eyepiece with a standard eyepiece grid graticule;
fields were selected at random. (Preliminary exper-
iments using a Digiplan (Kontron) interactive image
analyser and projection microscope had proved no
less cumbersome than this technique.)

Results

In the specimens with Hodgkin's disease cells cor-

responding in site and nuclear appearance to inter-
digitating reticulum cells stained intensely for S- 100
protein. Weak staining was occasionally observed in
a very small number of recognisable histiocytic
reticulum cells in some follicles of lymph nodes
showing reactive follicular hyperplasia; the intensity
of staining was such that differentiation between the
two (presumed) cell types was straightforward.-
Other cell types showed no positive staining. In the
specimens of reactive follicular hyperplasia the cells
strongly positive for S- 100 protein were observed in
the interfollicular areas but were absent from folli-
cles and sinuses.
As for the specimens with Hodgkin's disease, in

the predominant lymphocyte subtype, cells positive
for S-100 protein accounted for 7-76 cells/20 fields
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(pooled mean = 39.3); in the group with nodular
sclerosis, 181-512 cells (pooled mean = 320.3); for
the specimens showing mixed cellularity Hodgkin's
disease, 3-86 cells (pooled mean = 35); and for
those with depletion of lymphocytes, 2-13 cells/20
fields (pooled mean = 8.6) (Fig. 1). The specimens
of reactive follicular hyperplasia contained from 191
to 397 cells positive for S-100 protein in the same
area (pooled mean 249-6 cells). The Table shows
the statistical differences between the pooled data
for each Rye subtype of Hodgkin's disease and for
the specimens of reactive follicular hyperplasia
(using Student's t test). Figs. 2 and 3 depict cells
positive for S-100 in typical sections of Hodgkin's
disease.
Although these cells were occasionally observed

adjacent to Reed-Steinberg cells, no constant spa-
tial relationship was observed between these two
types of cell.

Discussion

The presence of interdigitating reticulum cells may
be shown by various means in sections of tissue.
Techniques include the examination of tissues using
thin sections,7 where the interdigitating reticulum
cell is said to possess a characteristic nuclear profile.
The cells also show weak staining for non-specific
esterases and acid phosphatase.8 Interdigitating
reticulum cells also bear, for example, immuno-
cytochemically visible Ia antigen but are probably
Fc,u and C3b receptor negative.9 Recently, S-100
protein, an acidic protein that binds calcium, which
was first identified in neural'0 and melanocytic cells,
has been shown in the interdigitating reticulum cells
of peripheral lymphoid tissue,'" human thymic
medulla, and in thymomas,'2 as well as Langerhans'
cells.2
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Fig. i Cells positive for S-100 in subtypes ofHodgkin's disease.
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Cells which contain S-100 protein in Hodgkin's disease: a quantitative study
Significance ofdifferences (p values) between Rye subtypes ofspecimens from patients with Hodgkin's disease and reactive
follicular hyperplasia

Reactive foUicular hyperplasia Lymphocyte predominant Nodular sclerosis Mixed cellularity Lymphocyte deplted

Reactive follicular hyperplasia <0-001 0-5 > p > 0-1 <0-001 <0-001
Lymphocyte predominant <0-001 NS 0-5 > p > 0-1
Nodular sclerosing <0-001 <0-001
Mixed cellularity 0-5 > p > 0-1
Lymphocyte depleted

NS = not significant.
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Fig. 3 Nodular sclerosing Hodgkin's disease at higher
magnificaton than Fig. 2. Numerous cells positive for S-100
protein are seen. Primary antibody
peroxidase-antiperoxidase method for 5-100 protein.
Haemalum counterstain. x 550.

The interdigitating reticulum cell seems to be
closely related to the Langerhans' cell and they may
both be derived from the veiled cell found in the
dermis, which itself arises from the peripheral blood
monocyte originating in bone marrow. It is sug-
gested that both the interdigitating reticulum cells
and the Langerhans' cell function in the presenta-
tion of antigen, the production of lymphokine, and
the provision of a microenvironment for T lympho-
cytes.13 In human lymph nodes the interdigitating
reticulum cell is closely associated with T lympho-
cytes.'4
The role of lymphocytes associated with Reed-

Sternberg cells in Hodgkin's tissue remains obs-
cure'5 but there would seem to be a relation between
a predominance of lymphocytes in affected tissues
and the prognosis of the disease as shown by the
different clinical courses of the Rye subtypes of
Hodgkin's disease. Studies of lymphocyte popula-
tions in cell suspensions of Hodgkin's tissue'6 1" have

generally shown a high percentage of T lympho-
cytes, but these studies are subject to considerable
s.ampling errors and do not provide any information
on the relation of different cell types.

In sections of lymph node a preponderance of B
lymphocytes was observed in lymphocyte predom-
inant Hodgkin's disease with a relative increase in T
lymphocytes in mixed cellularity and nodular
sclerosing subtypes.'8 Analysis of T lymphocyte sub-
sets in sections of Hodgkin's tissue'9 showed that
most of the T lymphocytes have helper surface
membrane markers, but in some cases20 the suppres-
sor lymphocytes are numerically increased, although
still outnumbered by helper T lymphocytes.

Reed-Sternberg cells are shown to be almost
exclusively surrounded by helper T lymphocytes,'9
suggesting that the lymphocytes in Hodgkin's dis-
ease do not represent a conventional cytotoxic reac-
tion against the Reed-Sternberg cell. This relation
between helper T lymphocytes and Reed-Stemnberg
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cells is similar to that observed with the interdigitat-
ing reticulum cells and has led to speculation that
the Reed-Sternberg cell is derived from an antigen
presenting reticulum cell in the areas of lymphoid
tissue dependent on T lymphocytes.
The current findings of increased numbers of

interdigitating reticulum cells in nodular sclerosing
Hodgkin's disease, greater than those found in the
reactive follicular hyperplasia, compared with the
other three Rye subtypes are striking and consistent.
The presence of many such cells may reflect mic-
roenvironmental features which are unique or pres-

ent in accentuated form in the nodular sclerosing
lesions. There may be an unusually high level of
interchange and activity in this variety of Hodgkin' s

disease and other studies have shown this subtype to
have many more mast cells5 and blood vessels2' than
mixed cellularity, lymphocyte disease, and lympho-
cyte predominant Hodgkin' s disease.
The possibility cannot be excluded that some of

the cells staining strongly for S- 100 protein are his-
tiocytic reticulum cells. Indeed, a recent study
showed that there is staining for S-100 protein in
cells assigned the name "T zone histiocytes"22; this
term however, is used on a par with interdigitating
reticulum cells, as the cells have the histochemical
attributes of interdigitating reticulum cells. Thus any

contribution of histiocytic reticulum cells to the
counts must be minimal, as for example, a previous
quantitative study did not show especially high
numbers of histiocytic reticulum cells in Hodgkin's
disease in the nodular sclerosing subtype.3 Indeed,
in the lymphocyte depletion variety, where cells con-
taining S-100 protein are sparse, histiocytic
reticulum cells are plentiful.3
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