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SUMMARY Histiocytic reticulum cells have been counted in 160 lymph nodes, comprising 50 high
grade non-Hodgkin's lymphomas, 90 lymphomas of low grade histology, and 20 specimens
exhibiting reactive follicular hyperplasia. The histiocytes were shown immunohistochemically by
virtue of their content of the cysteine proteinase cathepsin B. A consistent and striking finding
was that high grade lymphomas contain many more histiocytes than low grade lymphomas.
Immunoblastic neoplasms contain up to 24-2% of these cells, whereas low grade diffuse lym-
phomas possess only up to 3-6% histiocytes. Histiocytic reticulum cells were also counted in
benign or malignant follicular lesions in standard areas from follicle centres only. No significant
differences were found between low grade lymphomas and hyperplastic nodes. These findings are

discussed in relation to previous, more limited studies.

In a previous study' of macrophage (histiocytic
reticulum cell) numbers in non-Hodgkin's lym-
phomas striking differences were found between
high and low grade lesions. This investigation, how-
ever, was limited to a series of only 20 specimens of
non-Hodgkin's lymphomas and 10 of reactive lymph
node hyperplasia. In addition, histiocytic reticulum
cells were shown by the a-naphthyl acetate esterase
reaction, which is also positive in dendritic reticulum
cells. The observation that histiocytic reticulum cells
were more numerous in high grade than in low grade
lymphomas was broadly-supported in a subsequent
study of acid phosphatase activity in the same small
number of specimens.2
The current investigation has been designed to

enumerate histiocytic reticulum cells in a much
larger and wider series of specimens of non-
Hodgkin's lymphomas. In addition, these cells have
been shown by means of an indirect immunoperox-
idase reaction for the enzyme cathepsin B, which is a
useful "marker' of histiocytes in lymphoid tissue.3-5
Unlike lysozyme6 (muramidase) and a ,-antitrypsin,7
cathepsin B is not found in polymorphonuclear
leucocytes.4-5 Dendritic reticulum cells also lack
cathepsin B,5 and this technique is therefore also
preferred to the a-naphthyl acetate esterase reac-
tion as a means of showing histiocytic reticulum
cells.
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Material and methods

LYMPH NODES
One hundred and sixty lymph nodes were examined
from the same number of patients. These were
divided into two main groups-namely, diffuse and
follicular specimens. The Kiel Classification8 was
adopted, although genuine histiocytic lymphomas
were also included.
Of a total of 105 diffuse lymphomas, 12 were cen-

troblastic, 21 were immunoblastic, and six were
lymphoblastic. Also included were two specimens of
genuine histiocytic lymphoma and seven of high
grade unclassifiable type. Low grade lesions were
also examined: these comprised 19 lymphocytic
lymphomas, 17 of centrocytic type, and six of the
diffuse centroblastic-centrocytic variety. In addition,
15 lymph nodes replaced by immunocytoma were
included (Table 1).

Thirty five follicular lymphomas were studied:
these comprised 30 centroblastic-centrocytic speci-
mens, three of centrocytic morphology, and two of
the centroblastic variety. Additionally, 20 lymph
nodes showing reactive follicular hyperplasia were
entered into this group (Table 2).

FIXATION AND STAINING
The specimens were thinly sliced into 10% formol-
saline and processed to paraffin wax. Sections were
cut at 2 ,um and stained with haematoxylin and
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Table 1 Range ofpercentages ofcathepsin B positive
histiocytes in diffuse lymphomas

Subtype Number Range of % Mean of% of
of histucytes Aisiocytes

High grade
Centroblastic 12 17-6-23-4 19-5 1.7)
Immunoblastic 21 18-1-24-2 20-4 1.93)
Lymphoblastic 6 9-8-13-4 10-9 1.4)
Genuine histiocytic 2 95-7-98-2 96-95 (1-77)
Unclassifiable 7 17-4-20.1 18-9 (0.93)

Low grade
Lymphocytic 19 1-4- 3-4 2-2 (0.5)
Centrocytic 17 1-2- 3-1 2-02 (0.62)
Centroblastic-centrocytic 6 1-7 3-6 2-43 (0-71)
Immunocytic 15 13- 2-7 1-9 (0.46)

Standard deviations shown in parentheses.

eosin, which enabled classification.8
Sections, cut at 3-4 ,um thickness, were stained

for cathepsin B activity using a standard indirect
immunoperoxidase technique.9 The use of trypsin
before immunostaining was avoided because even
brief exposure to this enzyme will abolish staining
for cathepsin B.4 5 The usual controls, including
"blocking' of the reaction by the antigen itself, were
performed.
The sections were counterstained with Mayeres

haemalum, mounted in synthetic medium, and then
submitted to the counting procedure.

COUNTING PROCEDURE
Cathepsin B positive cells (histiocytes) were counted
in the two main groups of specimens using a
Reichert-Jung (Kontron) "Digiplan"' interactive
image analyser.10 The image of the slide being
examined was projected from a microscope on to
the graphic tablet and all cathepsin B positive cells
were counted and stored on one channel; this was
repeated for further random fields until at least 1000
cells had been counted.

In the case of follicular lymphomas and hyperplas-
tic nodes, a different technique was adopted. This
entailed counting histiocytes only from the centres

Table 2 Range ofpercentages ofcathepsin B positve
histiocytes in foUicularlymphomas and hyperplasia (follicle
centre areas)

Subtype Number Ran;e of % Mean of% of
of histiocytes hisdocytes

High grade
Centroblastic 2 13-8&17-2 15-5 (1-7)

Low grade
Centroblastic-centrocytic 30 1-1- 3-7 2-14 (0.65)
Centrocytic 3 1-4- 2-5 1-83 (0.48)

Reactive hyperplasia 20 1.1- 5 0 2-22 (1-17)

Standard deviations shown in parentheses.

of follicles, using a standard square grid centred on
each follicle.2 " As in the diffuse specimens, at least
1000 cells were counted, necessitating the inclusion
of many follicle centres.
At the end of each count the number of cathepsin

B positive histiocytes was expressed, by the micro-
processor, as a percentage of the total cell count.
The mean of each pooled group was calculated for
each Kiel subtype, and further statistical analysis
was performed using a standard microcomputer.

Results

In all specimens histiocytic reticulum cells were
strongly stained for cathepsin B and were readily
counted using the " Digiplan" system.

DIFFUSE LYMPHOMAS
Striking and consistent results were obtained. In all
instances high grade lesions contained significantly
greater numbers of histiocytes than specimens of
low grade histology. Among the high grade lesions
themselves, there were no significant differences in
histiocyte numbers from one Kiel class to another,
although lymphoblastic lesions tended to contain
fewer cathepsin B positive cells than the other lym-
phomas in this group. Centroblastic specimens con-
tained 17-6-23-4% histiocytes (mean 19.5%),
immunoblastic lymphomas comprised 18-1-24-2%
histiocytes (mean 20.4%), and lymphoblastic
tumours included 9-8-13-4% histiocytes (mean
10-9%). The unclassifiable high grade lesions con-
tained 17-4-20-1% histiocytes (mean 18X9%). The
two specimens of true histiocytic lymphoma studied
consisted almost entirely of cathepsin B positive his-
tiocytes (95.7 and 98-2%; mean 96.9%).
The low grade diffuse lymphomas contained far

fewer histiocytes: those of lymphocytic type com-
prised 1-4-3-4% (mean 2.2%) while those of the
centrocytic variety possessed 1-2-3-1% histiocytes
(mean 2.02%). The diffuse centroblastic-centrocytic
lymphomas contained 1-7-3-6% histiocytes (mean
2.43%) and those of immunocytic morphology
included 1-3-2-7% histiocytes (mean 1.9%). (Fig. 1
and Table 1).

FOLLICULAR LYMPHOMAS AND HYPERPLASIA
The numbers of cathepsin B positive histiocytic
reticulum cells in standard areas from follicle centres
were as follows. In centroblastic-centrocytic lym-
phomas there were from 1 -1 to 3-7% of these cells
(mean 2.14%). Centrocytic follicular tumours
included 1-4-2-5% histiocytes (mean 1-83%), while
the centroblastic follicular lymphomas contained
13-8 and 17-2% histiocytes (mean 15-5%). In the
follicle centres of the hyperplastic nodes there were
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Fig. 1 Scattergram showing distribution ofpercentages ofhistiocytes for diffuse lymphomas.

from 1 1 to 5 0% cathepsin B positive cells (mean
2 22%). (Fig. 2 and Table 2).

Statistical analyses of these data using Student's t
test are shown in Tables 3 and 4.

Discussion

Histiocytic reticulum cells are a ubiquitous compo-
nent of lymphoid tissues,8 and they also occur in
Hodgkin's disease and in non-Hodgkin's lym-
phomas.' 8 Their role appears to include
phagocytosis of cellular and nuclear debris, as is fre-
quently evident when they assume the form of " ting-
ible body macrophages." These latter cells are
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*. ccathepsin B positive histiocytes in follicle centres

Fig. 2 Scattergram showing distribution ofpercentages of
histiocytes in follicle centres offollicular lymphomas and
hyperplastic lymph nodes.

prominent in the basal area of reactive follicles'2 and
are intensely positive for various enzymes, including
a-naphthyl acetate esterase, acid phosphatase, and
,8-glucuronidase,'3 all of which require frozen sec-
tion techniques for their demonstration. Neverthe-
less, these enzymes do show many more histiocytes
than would be readily seen in conventional paraffin
sections stained by haematoxylin and eosin and also
reveal that many of these cells are of an arborising
shape.'3 14

A previous quantitative study of histiocytes in
non-Hodgkin's lymphomas' which made use of fro-
zen sections stained for a-naphthyl acetate esterase
activity showed that these cells were much more
prevalent in high grade than in low grade lym-
phomas. However, only 20 specimens of non-
Hodgkin's lymphomas and 10 of follicular hyper-
plasia were examined. In addition, a-naphthyl acetate
esterase is not fully satisfactory for such evaluation
since it is present in dendritic reticulum cells8 and in
high endothelial vessels.'3
The present study was undertaken for two main

purposes: firstly, to re-examine the numbers of his-
tiocytes in non-Hodgkin's lymphomas using a much
larger and wider range of specimens and, secondly,
to utilise a more specific means of showing these
cells. Cathepsin B, a cysteine proteinase, has been
shown repeatedly to be of value as a histiocytic
marker in lymphoid tissues3-5 and its use is prefer-
able to that of a-naphthyl acetate esterase, since
dendritic reticulum cells do not contain stainable
cathepsin B.5 In addition, in contrast to muramid-
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Table 3 Significances ofdifferences between ranges ofpercentages ofhistiocytes in diffuse lymphomas

Immunoblastic Centroblashc Lymphoblastic Histiocytic Unclassifiable Lymphocytic Centrocytic Centroblastic- Immunocytic
centrocytic

0-5 > p > 0-1 p < 0-001
- p < 0-001

p < 0-001 0-1 > p > 0-05 p < 0-001 p < 0-001 p < 0-001 p < 0-001 Immunoblastic
p < 0-001 0-5 > p > 0-1 p < 0-001 p < 0-001 p < 0-001 p < 0-001 Centroblastic
p < 0-001 p < 0-001 p < 0-001 p < 0-001 p < 0-001 p < 0-001 Lymphoblastic
- p < 0-001 p < 0-001 p < 0-001 p < 0-001 p < 0-001 Histiocytic
- - p < 0-001 p < 0-001 p < 0-001 p < 0-001 Unclassifiable
- - - 0-5>p>0-1 0-5>p>O-l 0-5>p>0-l Lymphocytic
- - - - 0-5>p>0-1 p > 0-5 Centrocytic
- - - - - Ol>>0-1>p>0-05 Centroblastic-

centrocytic
- - - - - - Immunocytic

Table 4 Significances ofdifferences between ranges ofpercentages ofhistiocytes in follicle centres offollicular lymphomas
and hyperplasia

Centroblastic-centrocytic Centrocytic Centroblastic Hyperplasia

- 0-5 > p > 0-1 p < 0-001 p > 0-5 Centroblastic-centrocytic
- - 0-01 > p > 0-001 p > 0-5 Centrocytic
- - - p < 0-001 Centroblastic
- - - - Hyperplasia

ase6 and a,-antitrypsin,7 cathepsin B is not seen in
granulocytes.35 The use of an immunoperoxidase
technique for the demonstration of this enzyme also
renders possible retrospective studies.
We have confirmed the previous finding' that his-

tiocytes are much more numerous in high grade than
in low grade non-Hodgkin's lymphomas. Within
each group, however, there is little or no significant
difference, although true histiocytic lymphomas are
clearly composed almost entirely of cathepsin B
positive cells. In addition, lymphoblastic lymphomas
contain rather fewer histiocytes than other high
grade specimens. This is of interest since examina-
tion of haematoxylin and eosin stained sections of
lymphoblastic lymphomas gives a subjective impres-
sion that histiocytic reticulum cells are especially
numerous. This is no doubt related to the prominent
appearance which results from the "tingible body"
structure of these cells in this subtype of non-
Hodgkin's lymphomas. Certainly, "starry sky"
appearances are by no means pathognomonic of
lymphoblastic, Burkitt type lymphoma.'9
The selective examination of follicle centres in fol-

licular specimens has enabled better comparison
between benign and malignant lesions than in the
previous study' since malignant specimens may, in
contrast to the benign specimens, lack mantle
zones.'617 In addition, medullary and subcapsular
sinus lining cells, which contain, for example,
a-naphthyl acetate esterase, acid phosphatase,'8 and
cathepsin B,5 and may be prominent in reactive
lymph nodes but absent in follicular lymphomas, are
avoided in the counting procedure.

The possible reasons for the differences in num-
bers of histiocytic reticulum cells in high and low
grade non-Hodgkin's lymphomas has previously
been discussed.' It is of interest that these cells
abound in the basal, centroblast rich area of the
reactive follicle,'2-'4 where there is high cell turn-
over and, presumably, a relatively increased fre-
quency of apoptosis. Higher in the hyperplastic folli-
cle, where centrocytes predominate, histiocytes are
less prevalent, with increasing numbers of dendritic
reticulum cells. Thus microenvironmental factors
may be important. The large numbers of histiocytes
in high grade lymphomas may simply reflect a
response to cell death, necrosis, or even
immunogenicity.
We are grateful to Mrs Ruth Fry for typing the
manuscript, Mrs Pamela Jackson for graphics, and
to Mr H Sanders for computer programming. The
work was supported by a generous grant from
West Midlands Regional Research Committee.
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