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Interpretation of pleural biopsy specimens and
aspirates with the immunoperoxidase technique
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SUMMARY In pleural biopsy specimens and histological sections from the fibrin clots of pleural
fluid aspirates it may be difficult to distinguish reactive mesothelial cells from malignant
mesothelial cells and metastatic carcinoma. Reactive pleurisy with effusion is usually associated
with loss of cohesion and exfoliation of mesothelial cells, which is consistent with the hypothesis
that they act as facultative histiocytes. A series of biopsy specimens and sections of clots from
benign and malignant pleural effusions have been stained by the immunoperoxidase technique for
the histiocytic markers a,-antitrypsin, a -antichymotrypsin, and lysozyme (muramidase). Eight
cases of mesothelioma were included. Mesothelial cells when seen as a monolayer lining the pleural
surface were negative. Reactive mesothelial cells, usually seen as exfoliated cells, were consistently
strongly positive for a -antichymotrypsin and more variably for al-antitrypsin and lysozyme.
Malignant cells, whether from carcinoma or from mesothelioma, were usually but not always
negative. Consequently immunohistochemical staining for ac-antichymotrypsin is often helpful in
distinguishing reactive mesothelial cells from malignant cells.

In a recent study of the morphological interpretation
of pleural biopsy specimens and sections of the fibrin
clots from aspirates we observed that reactive pleu-
risy was usually associated with loss of cohesion and
exfoliation of mesothelial cells.I This helped to
distinguish reactive from neoplastic mesothelium,
which was suggested by cohesive papillary prolifera-
tion. Despite this it may be difficult on purely
morphological criteria to differentiate reactive from
neoplastic mesothelial cells on the one hand and from
metastatic carcinoma on the other. The same prob-
lem exists in the interpretation of cytological
preparations of pleural fluid, where reactive
mesothelial cells may be difficult to distinguish from
malignant cells, particularly in certain conditions
such as pulmonary infarction and hepatic cirrhosis.9
Furthermore, the cytological diagnosis of meso-
thelioma tends to be less reliable than that of
carcinoma,21 although cytological examination
usually yields more positive diagnoses of malignancy
than does closed biopsy. ' I

Two approaches have been made in the
histochemical interpretation of pleural fluids. One is
to stain positively for the malignant cells. Epithelial
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membrane antigen has proved helpful in this respect
as it shows a constant though quantitative difference
in staining between most malignant cells and reactive
mesothelial cells.6 The other approach is to stain
positively for the reactive cells. Mesothelial cells, like
macrophages and histiocytes, have been shown to
contain enzymes such as non-specific esterase and
naphthol A-SD chlordcetate,7 but the staining pat-
terns have not been found to be useful for
distinguishing benign and malignant cells.8 Further-
more, these enzymes cannot be readily demonstrated
in formalin-fixed paraffin-embedded tissue.
One constant observation has been that reactive

mesothelial cells contain brightly staining periodic-
acid-Schiff '(PAS)-positive, diastase-resistant gran-
ules in their cytoplasm."' This renders the PAS
technique of little value in the distinction of reactive
cells from adenocarcinoma, which often contains
intracytoplasmic PAS-positive, diastase-resistant
epithelial mucin. Similar granules are also present in
histiocytes such as pulmonary macrophages and they
correlate with positive staining for the glycoprotein
protease inhibitor a,-antitrypsin. This is now known
to be synthesised by histiocytes"2 and rat pulmonary
macrophages,"3 although not being entirely specific
for this series of cells. Alpha-1-antichymotrypsin has
also been shown to be positive in malignant
histiocytosis'4 and malignant fibrous histiocytoma."
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Alpha-1-antitrypsin as well as a,-antichymotrypsin
and lysozyme are useful markers for histiocytes,
which can be readily identified in formalin-fixed
paraffin-embedded histological sections. The object
of this study was to examine their range of staining in
normal, reactive, and neoplastic mesothelium and in
metastatic carcinoma. This technique has advantages
for the interpretation of pleural biopsy specimens.

Methods

PATIENTS STUDIED
The material was taken from a series of 95 closed
biopsies, 23 open biopsies and pleurectomies, and
158 sections of pleural clots, which represented all
the surgical specimens of pleura received from the
Southampton General and Western Hospitals during
one year (1976). Sections from all 22 closed biopsy
specimens that included recognisable reactive or
neoplastic mesothelium were cut and stained. Speci-
mens from a selection of open biopsies, including
cases of mesothelioma, fibrous pleurisy, empyema,
and eosinophilic pleuritis associated with pleurec-
tomies for pneumothorax, were also stained, as were
eight fibrin clots from cases of proved reactive
pleurisy and 16 fibrin clots from cases of proved
malignant effusion. In some of the small biopsy
specimens there was no mesothelial tissue left in the
block when they were recut. Patients' notes had
been available for follow-up and confirmation of
diagnoses.

IMMUNOPEROXIDASE STAINING
Sections were stained for a -antitrypsin, a1-
antichymotrypsin, and lysozyme by the unlabelled
antibody peroxidase-antiperoxidase (PAP) tech-
nique16 with -prior trypsinisation,' rabbit antihuman
serum obtained from Dako-immunoglobulins being
used. For a -antitrypsin and lysozyme control sec-
tions were biocked with purified antigens, but these
were not available for al-antichymotrypsin. As a
negative control whole rabbit serum was substituted
for the rabbit antihuman primary antiserum in each
of the staining procedures.

Results

NORMAL AND REACTIVE MESOTHELIUM
In six cases in which there was a single layer of
cuboidal mesothelial cells lining the pleural surface
or inflammatory bands and adhesions these cells
were found to be negative for al-antitrypsin, al-
antichymotrypsin, and lysozyme. Diffuse pale
cytoplasmic staining was occasionally noted, but this
is regarded as a non-specific finding. Positivity is
taken as granular intracytoplasmic staining.

In eight cases clumps of reactive mesothelial cells
were included which were either closely applied to
the surface of a reactive pleurisy or exfoliated. These
cells stained strongly for a1-antichymotrypsin and
rather more variably for a1-antitrypsin and lysozyme.
The same staining pattern was seen in the exfoli-

ated cells in eight fibrin clots from pleural effusions
proved to be reactive (fig 1-3). Granulation tissue
lining and chronic fibrous pleurisy organising
empyema (four cases stained) showed strong staining
of tissue histiocytes for a1-antitrypsin, a1-
antichymotrypsin, and lysozyme. Surface meso-
thelial cells were not seen in these cases.

Giant cell histiocytes, as seen in tuberculous
empyema and the pleuritis associated with pneu-
mothorax, showed strong positive staining for
lysozyme but were negative for a1-antitrypsin and a1-
antichymotrypsin. These findings are summarised in
table 1.

MESOTHELIOMA
Sections of the final, definitive thoracotomy or
postmortem specimens were stained from eight pa-
tients in this series who proved to have malignant
mesothelioma. The staining reactions are
summarised in table 2.

All sections were negative for lysozyme. Two out
of eight showed focal fine granular staining for a,-
antitrypsin in epithelial-type cells. Four out of eight
showed similar focal staining for a1-antichymotrypsin
(figs 4 and 5). In one case there was also some focal
intracytoplasmic staining in fibroblastic areas. In all
these cases the majority of the tumour cells were
negative and the positive staining was less intense
than seen in reactive exfoliated mesothelial cells.

Sheets of abnormal mesothelial cells and papillary
proliferations stained in three small biopsy specimens
from patients later shown to have mesothelioma were
negative for both protease inhibitors and lysozyme.
Exfoliated papillary structures in pleural clots from
two patients later shown to have mesothelioma were
also negative.

METASTATIC CARCINOMA
Fourteen sections from fibrin clots of proved carcino-
matous malignant effusions and four biopsy
specimens in which there was a mixture of malignant
cells and reactive mesothelial cells were stained. The
staining reactions for a1-antichymotrypsin, which was
most sensitive for demonstrating reactive mesothelial
cells, are summarised in table 3. There were no
instances of a1-antitrypsin staining in the absence of
al-antichymotrypsin in benign or malignant cells. The
background of reactive cells in these biopsy speci-
mens and clots stained strongly for a1-
antichymotrypsin, whereas in most cases the
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Figs 1-3 Pleuralfluid clotfrom a patient with reactive pleurisy. 1 Mixed lymphocytes and reactive mesothelial cells.

(Haematoxylin and eosin, x400.) 2 Reactive cells staining intensively for ca,-antichymotrypsin. (Peroxidase-

antiperoxidase, x540). 3 Only occasional cells (arrow) staining for lysozyme. (Peroxidase-antiperoxidase, x400.)

Table 1 Results ofimmunoperoxidase staining ofreactive mesothelial cells and histiocytes

No ofcases a,-Antitrypsin a,-Antichymotrypsin Lysozyme

Surface lining mesothelial cells 6 - - -
Reactive and exfoliated

mesothelial cells 16 + + +
Tissue histiocytes in

pleural granulation tissue 4 + + +
Giant cells 4 - - +

+Strong granular cytoplasmic staining; ±weak or variable staining; -no staining reaction.

Table 2 Results ofimmunoperoxidase staining of
malignant mesotheliomas

a,-Antitrypsin a,-Anichymotrypsin Lysozyme

Epithelial
Mixed
,, + + _

- +_
,, +
,,

+Fn

+Focal intracytoplasmic staining; -no staining reaction.

Table 3 Alpha-1-antichymotrypsin staining ofmalignant
cells (background of reactive cells strongly positive
in all cases)

Strongly positive Weakly positive Negative

Carcinoma
Closed biopsy

specimen 1 3
Fibrin clot 1 1 12

Mesothelioma
Closed biopsy

specimen 2
Fibrin clot 2
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Fig 4 Biphasic malignant mesothelioma with both glandular epithelial and mesenchymal components. (Haematoxylin and
eosin, x160.)
Fig 5 Biphasic malignant mesothelioma (same case as infig 4): stainingfor a,-antichymotrypsin on right but not on left
side. (peroxidase-antiperoxidase, x660); detailed view ofdark positive cytoplasmic staining in inset (c x2000.)
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Fig 6 Pleuralfluid clotfrom metastatic mammary carcinoma: two malignant acini stand out against associated reactive

mesothelial cells. (Haematoxylin and eosin, x660.)

Fig 7 Pleuralfluid clotfrom metastatic mammary carcinoma (same case as infig 6): reactive pleural cells staining
positively for a,-antichymotrypsin (black) but malignant acini negative. (Peroxidase-antiperoxidase technique, x 660.)
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Fig 8 Numerous acinarformations in pleuralfluid clotfrom
(Haematoxylin and eosin, x280.)
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a patient with metastatic mammary carcinoma.

Fig 9 Pleuralfluid clotfrom metastatic mammary carcinoma (same case as infig 8): in contrast to the general rule
malignant cells staining positively (black) for a,-antichymotrypsin. (Peroxidase-antiperoxidase technique, x280.)

malignant cells were negative. In two cases car-
cinoma cells also were strongly positive and in one
case they were weakly positive. The results of
staining cells from malignant effusions and biopsy
specimens for a antichymotrypsin are summarised in
table 3.
Where the malignant cells were negative or weakly

positive they stood out clearly against a background
of strongly positive reactive cells (figs 6 and 7). In the
unusual cases in which tumour cells were strongly
positive, reactive and malignant cells could not be
distinguished by this method (figs 8 and 9).

Discussion

The staining of exfoliated mesothelial cells for a1-
antitrypsin and lysozyme is consistent with the
hypothesis that in pleural effusions and reactive
pleurisy mesothelial cells can act as facultative
histiocytes. Immunohistochemical studies on pleural
cells suggest that forms transitional between
mesothelial cells and macrophages exist in pleural

fluid,9 and ultrastructural studies on pleural fluid cells
show evidence of exfoliation of mesothelial cells
associated with gradual alterations in membrane
structure and forms transitional between mesothelial
cells and macrophages. 18 Staining for epithelial mem-
brane antigen also shows differences between
exfoliated mesothelial cells, which retain surface
antigen, and macrophages.1 The ability of
mesothelial cells to synthesise a1-antitrypsin is re-
flected in the proportion of mesotheliomas which
show focal positive staining. This pattern of staining
is very similar to that seen in malignant fibrous
histiocytomas.'5 The strong staining of reactive
exfoliated pleural cells for a1-antichymotrypsin cor-
related with previous observations of PAS-positive
granules in reactive mesothelial cells and pleural
macrophages, and we have found that this is a
reliable way of demonstrating reactive cells in pleural
biopsy specimens and fibrin clots because it is more
sensitive than a,-antitrypsin and lysozyme. We are
aware that for this study we did not have purified
blocking antigen for controlling the specificity of the
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ai-antichymotrypsin antiserum. In this instance it is
to some extent compensated for by the fact that we
are emphasising the significance of negative-staining
malignant cells with a background of positive-stain-
ing reactive cells rather than vice versa.

It must be emphasised that carcinomas of various
types can synthesise antiproteases. In this series these
enzymes were seen in isolated cases of breast,
gastrointestinal, and pulmonary metastases. The
practical use of the technique lies in the fact that it
helps to identify malignant cells in small biopsy
specimens and fibrin clots, which may be difficult to
distinguish from reactive mesothelial cells by
morphology alone. The fact that neoplastic
mesothelial cells are usually negative is sometimes
also helpful in assessing small biopsy specimens in the
diagnosis of malignant mesothelioma.

We thank the Southampton pathologists and pulmo-
nary physicians for access to their histological
material and clinical records, Karen Britten and
Mary Judd for the immunohistochemical prepara-
tions and illustrations, and Penny Robertson for
typing the manuscript.
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