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Summary. An immunochistochemical study of the epider-
mal growth factor (EGF) receptor in non-neoplastic
pleural mesothelium (35 cases) and in human malignant
mesothelioma (36 cases) was made, using a murine
monoclonal antibody OM-11-951. All malignant me-
sotheliomas and non-neoplastic pleural biopsies exhib-
ited a strong cytoplasmic immunoreactivity in mesothe-
lial cells. Nuclear immunoreactivity was detected in me-
sothelial cells of all specimens of both malignant and
non-neoplastic pleura. No statistically significant differ-
ences were found between malignant mesothelioma and
non-neoplastic pleural mesothelium. There were differ-
ences, between the three subtypes of mesothelioma, in
the number of cells that exhibited nuclear staining. Stat-
istically significant differences were noted between the
epithelial subtype and the mesenchymal subtype (P<
0.005), epithelial subtype versus the mixed cell type (P <
0.005) and between the mesenchymal component of the
mixed cell type and the mesenchymal type (p < 0.0005).
We conclude that there is strong expression of EGF re-
ceptor in both malignant mesothelioma and in non-neo-
plastic pleural mesothelium. Different staining patterns
are seen when comparing the different subtypes of me-
sotheliomas with each other. EGF receptor expression
cannot be used to distinguish between malignant and
benign mesothelium.
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Introduction

Several oncogenes and their products have been detected
in human tumours and there is increasing evidence that
oncogenes may be involved in different stages of the
multi-step carcinogenesis process (Land et al. 1983). Epi-
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dermal growth factor (EGF) is a polypeptide with potent
mitogenic activity that stimulates proliferation of a vari-
ety of tissues through interaction with its receptor, a
transmembrane protein with a molecular weight of
170 kDa (Carpenter and Zendegui 1986). In response
to EGF, the receptor kinase is capable of autophosphor-
ylation and phosphorylates intracellular substrates (Car-
penter 1983 ; Nakamura et al. 1983) after which the mito-
genic signal is generated. The EGF receptor has certain
structural similarities with the avian erythroblastosis vi-
rus v-erb-B transforming protein (Downward et al.
1984). EGF receptors have been identified in some glio-
mas (Reifenberger ct al. 1989), gastrointestinal tumours
(Koretz et al. 1990; Sugiyama et al. 1989), bladder tu-
mours (Neal et al. 1985), breast tumours (Sainsbury
et al. 1984), and in sarcomas (Gusterson et al. 1985).
The aim of the present study was to investigate the
distribution patterns of EGF receptor in epithelial, me-
senchymal and mixed mesotheliomas, compared to its
distribution pattern in non-neoplastic mesothelium.

Materials and methods

A total of 36 paraffin-embedded mesothelioma tissue specimens
comprising 25 epithelial mesotheliomas, 8 mixed mesotheliomas
and 3 mesenchymal mesotheliomas were included in the study to-
gether with 35 paraffin-embedded pleural tissue specimens or pleu-
ral exudates with non-neoplastic mesothelium. Patients with a pre-
vious history or suspicion of malignancy were not included in the
latter group. All samples were fixed in alcoholic formalin acetic
acid solution. After sectioning and haematoxylin and eosin stain-
ing, periodic acid-Schiff (PAS), PAS after diastase digestion, alcian
blue, and alcian blue after hyaluronidase digestion staining was
also performed. Immunohistochemical staining for carcinoem-
bryonic antigen (CEA), cytokeratin, vimentin and epithelial mem-
brane antigen (EMA) was also performed, employing standard
PAP-immunohistochemical procedures.

Paraffin sections (5 um thick) were cut and dewaxed in xylene
followed by rehydration in decreasing ethanol series, water and
phosphate-buffered saline (PBS), pH 7.4. Slides were immersed
in methanol for 30 min to block the endogenous peroxidase and
incubated with non-immune rabbit serum (diluted 1:20 in PBS)
for 20 min to block the non-specific Fc receptor activity in tissue.
The sections were consecutively treated for 30 min with:
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1. Anti-EGF receptor mouse IgG; monoclonal antibody OM-11-
951 (Cambridge Research Biochemicals, Cambridge, UK) diluted
1:1000 in PBS, pH 7.4, supplemented with 1% bovine serum albu-
min at room temperature. The mouse monoclonal anti-EGF recep-
tor antibody OM-11-951 (isotype IgG,) is directed against a syn-
thetic dodecapeptide derived from the extracellular domain of the
human EGF receptor protein sequence. There is no sequence simi-
larity with aligned regions from the human pp60=sc sequences
(Parker et al. 1984).

2. Polyclonal rabbit anti-mouse IgG, antibody (Dako, Glostrup,
Denmark), diluted 1:20 in PBS with 1% normal human serum.

3. Horseradish mouse peroxidase-mouse polyclonal anti-horserad-
ish-peroxidase complex diluted 1:250 in PBS (Dako). Steps 2 and
3 were repeated for 10 min each to enhance the reaction.

Peroxidase was revealed by incubating the sections with a solu-
tion containing 10 mg of 3,3’ diaminobenzidinetetrahydrochloride
in 20 ml TRIS buffer, pH 7.6, containing 2% hydrogen peroxide.
The specificity of the immunohistochemical reactions was con-
trolled by omitting the first antibody and by substituting the anti-
EGF antibody for an unrelated monoclonal antibody in the same
concentration (monoclonal mouse anti-human IgM, isotype IgG,
Dako). Sections of oesophageal squamous epithelium and prostate
were used as positive controls for each series of stainings. Counter-
staining was with Mayer’s haematoxylin for 40 s. The chi-square
test was applied for statistical analysis.

Results

Thirty-six specimens from patients with a malignant me-
sothelioma and 35 specimens of non-neoplastic mesothe-
lium were studied.

The mean age of the mesothelioma patients was 60.8
years (range 39-80 years) with a male- to female ratio
of 6.2:1. Of the mesotheliomas 25 were epithelial, 3 me-
senchymal and 8 were of the mixed cell type. All mesoth-
cliomas exhibited alcian blue hyaluronidase sensitive
positivity and, immunohistochemically, all were vimen-
tin, EMA and cytokeratin positive, and CEA negative.

Positive control sections showed moderate to strong
cytoplasmic immunoreactivity for EGF receptor. No nu-
clear staining was seen in these sections.

The results of the immunohistochemical staining for
the EGF receptor are summarized in Tables 1 and 2.
In mesotheliomas, staining of nuclei and cytoplasm was
found in all cases. Not all tumour cells were positive.
There was a significant difference between the different
mesothelioma types with respect to nuclear staining. Nu-
clear staining was in a fine granular diffuse fashion. Of
the epithelial mesotheliomas 64% exhibited nuclear im-
munoreactivity in more than 75% of all nuclei (Fig. 1A,
B). All mesenchymal mesotheliomas exhibited nuclear
immunoreactivity in 25-50% of all nuclei (Fig. 2). Mixed
cell type mesotheliomas showed a broad range of nuclear
immunoreactivity (Fig. 3 A). However, the epithelial and
the mesenchymal component showed a differential nu-
clear staining. In the epithelial component 63% of cells
showed immunoreactivity in 50-75% of the nuclei
(Fig. 3B), while 88% of cells of the mesenchymal com-
ponent displayed immunoreactivity in less than 25% of
the nuclei (Fig. 3C). In nearly all mesotheliomas cyto-
plasmic staining was present in more than 75% of the
cells.

More than 75% of non-neoplastic mesothelial cells

Table 1. Cytoplasmic immunoreactivity for the epidermal growth
factor receptor. Comparison between the various subtypes of me-
sothelioma and non-neoplastic mesothelium

Positive <25 25-50 50-75 >75
cells (%)

Mesothelioma type

Epithelial 1 (4%) 24 (96%)
Mesenchymal 3 (100%)
Mixed 1 (12%) 7 (88%)
Epithelial 1 (12%) 7 (88%)
component

Mesenchymal 1(12%) 7 (88%)
component

Non-neoplastic mesothelium 5(14%) 30 (86%)

Table 2. Nuclear immunoreactivity for epidermal growth factor
receptor: comparison between the various subtypes of mesothelio-
ma and non-neoplastic mesothelium

Positive <25 25-50 50-75 >75
cells (%)
Mesothelioma type
Epithelial 2 (8%) 1 (4%) 6(24%) 16 (64%)
Mesenchymal 3 (100%)
Mixed 3 (37%) 4 (50%) 1 (13%)
Epithelial 1(12%) 5(63%) 2 (25%)
component
Mesenchymal 7 (88%) 1(12%)
component
Non-neoplastic mesothelium

5(14%) 10 (29%) 20 (57%)

Percentages of cases in each group shown in parentheses

showed an intense, homogeneous cytoplasmic immuno-
reactivity for EGF receptor (Fig. 4). Nuclear staining
of mesothelial cells, as a diffuse, fine granular pattern,
was found in mesothelium of non-neoplastic pleura. In
57% of cases of non-neoplastic mesothelium more than
75% of all mesothelial cell nuclei were immunoreactive.
There was only minimal background staining. Weak
staining of nerves and fibroblasts occurred. Muscle and
adipocytes showed heavy staining.

There was no immunoreactivity in negative control
sections. Statistical analysis revealed no significant dif-
ferences in cytoplasmic and nuclear staining between
non-neoplastic mesothelium and mesotheliomas. There
was, however, a statistically significant difference in nu-
clear staining between epithelial and mesenchymal me-
sothelioma (P<0.0005), and between epithelial and
mixed cell type (P<0.005). Within the mesotheliomas
of mixed cell type, there was a statistically significant
difference between the epithelial and mesenchymal com-
ponents (P <0.001). No difference was seen between the
epithelial component of a mixed cell type and an epitheli-
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al mesothelioma (P> 0.05). In contrast there was a stat-
istically significant difference between the mesenchymal
component of a mixed cell type and the mesenchymal
mesotheliomas (P <0.0005).

Discussion

EGF receptor is found in many normal and neoplastic
tissues. A correlation between EGF receptor expression,
tumour invasion and the presence of EGF has been de-
scribed in gastric carcinoma (Sugiyama et al. 1989). In-
vasive and poorly differentiated bladder tumours stain
more intensely for EGF receptor (Neal et al. 1985). An
association between EGF receptor positivity and surviv-
al has been shown for breast cancer (Sainsbury et al.
1984). The expression of EGF receptor can be valuable
in the diagnosis of lung tumours (Berger et al. 1987).
Our studies did not reveal a significant difference in reac-
tivity for EGF receptor between non-neoplastic meso-
thelium and mesothelioma. Both showed a strong cyto-
plasmic staining. More than 75% of all cells were immu-
noreactive for EGF receptor. This contrasts with recent-
ly published results (Dazzi et al. 1990) where the authors
observed considerably more variation in cytoplasmic
staining intensity. Nuclear staining was not detected in
mesotheliomas. Data on non-neoplastic mesothelium are
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Fig. 1. A Epithelial malignant mesothelioma. Strands of tumour
cells embedded in stroma containing pre-existing adipocytes. Cyto-
plasmic immunoreactivity for EGF receptor in almost all neoplastic
cells. Bar=400 um. x25. B Same epithelial mesothelioma as in
A. Most of the cells have nuclei (arrows) and cytoplasm immunore-
active for EGF receptor. Bar=100 pm. x 130

Fig. 2. Mesenchymal malignant mesothelioma. Most of the neo-
plastic cells are immunoreactive for EGF receptor. Some nuclei
show immunoreactivity (arrow); others are negative (arrowheads).
Bar=150 pm. x 80

not available in the literature. In our series, nuclear stain-
ing was present in nearly all cases of mesothelioma and
in non-neoplastic mesothelium. Nuclear staining pat-
terns did not differ between non-neoplastic and neoplas-
tic mesothelium, though statistical differences were not-
ed between the epithelial and the mixed cell type mesoth-
eliomas. The divergence between our results and the re-
sults of the study of Dazzi et al. (1990) may be due
to the different fixation procedures and the difference
in anti-EGF receptor antibody. Another possibility is
that our method is more sensitive in tracing small
amounts of EGF receptor immunoreactivity in the nu-
cleus.

Three patterns of immunoreactivity for the EGF re-
ceptor are described in the literature: cell surface expres-
sion as described for the A431 epidermoid carcinoma
cell line (Waterfield etal. 1982), diffuse cytoplasmic
staining as observed in several normal tissues (Gusterson
et al. 1984) and nuclear immunoreactivity as described
in epithelial tissues (Gusterson et al. 1984), adrenocorti-
cal carcinoma (Kamio et al. 1990) and sarcomas (Gus-
terson et al. 1985). Cytoplasmic staining for EGF recep-
tor is due to EGF receptor production and to internali-
zation of the EGF receptor complex. The EGF receptor
complex is first located on the cell surface and is then
transferred to the endosomal compartments (Carpenter
and Cohen 1976). Some EGF receptors are re-utilized
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Fig. 3. A Mixed malignant mesothelioma; the epithelial component
is to the right, the mesenchymal to the left. Cytoplasmic immunore-
activity for EGF receptor is seen in most of the neoplastic cells.
Bar=100 ym. x 20. B Higher magnification of the epithelial com-
ponent of the same mixed type mesothelioma as in A. Most nuclei
(arrows) and the cytoplasm of the neoplastic cells are immunoreac-
tive for EGF receptor. Some nuclei are negative (arrowhead). Bar =
200 pm. x 100. C Higher magnification of the mesenchymal com-

after internalization (Dunn et al. 1984). Others are de-
graded in lysosomes. However, internalized complexes
still have the capacity to autophosphorylate and to
phosphorylate plasma membrane-inaccessible substrates
(Cohen and Fava 1985). These authors hypothesize that
vesicles could fuse with the nuclear membrane and
would permit direct receptor-kinase-mediated phosphor-
ylation of a regulatory nuclear protein. Experiments
with '*’I-EGF performed in both an EGF-non-respon-
sive mutant fibroblast line 3T3-NR6 and in the same
cell line reconstituted with active EGF receptor demon-
strated not only predominantly intracellular localization
of the receptor but also yielded evidence for the existence
of a growth factor/nuclear signalling mechanism de-
pending on the nuclear acquisition of EGF binding ac-
tivity from the plasma membrane (Jiang and Schindler
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ponent of the same mixed type mesothelioma as in A. Most cyto-
plasms are immunoreactive for EGF receptor. Some nuclei (arrows)
are immunoreactive, while others are not (arrowheads). Bar=
200 pm. x 100

Fig. 4.Non-neoplastic pleural mesothelium with strong immunore-
activity for EGF receptor (arrows). Bar=100 pm. x 130

1990). This could explain the nuclear staining in some
epithelial tissues, sarcomas and in the mesothelial tissues
described in our study.

Rakowicz et al. (1986) described binding of EGF to
chromatin, probably via receptor-like molecules. This
finding is corroborated by the fact that binding of EGF
to the chromatin could be prevented by specific mono-
clonal antibodies directed against the extracellular part
of the EGF receptor. It is tempting to speculate that
the differences in nuclear EGF receptor staining between
the various mesothelioma subtypes reflects a different
sensitivity of the nucleus to EGF. It is possible that
nuclear EGF-binding molecules are acting as modula-
tors of gene transcription. Binding of growth factors
such as EGF, platelet derived growth factor and insulin
to DN Ase-1I-sensitive regions of chromatin has been de-



scribed (Rakowicz et al. 1986). After binding the DN Ase
II sensitivity changed, indicating specific binding of these
growth factors.

EGF should not only be considered as a mitogen;
it can also influence cellular differentiation in epidermal
keratinocytes, for example (Green 1977). Cultured rat
pituitary cells treated with EGF increased synthesis of
prolactin while growth hormone synthesis was inhibited.
The isolated nuclei of these pituitary cells showed an
increased capacity to bind RNA polymerase in initiation
site complexes (Johnson et al. 1980).

The differences in nuclear staining for EGF receptor
between the various mesothelioma subtypes could be a
reflection of different transcriptional activity and may
represent the expression of differences in gene activation.
It is not necessarily linked to mitosis but could be a
differentiation related phenomenon. This requires fur-
ther investigation.

We conclude that EGF receptor expression is not of
diagnostic value for discriminating between non-neo-
plastic and malignant mesothelium. Both exhibit strong
cytoplasmic reactivity. Between subgroups of mesothe-
liomas there are significant differences only in nuclear
staining intensities. The reason remains obscure and may
be elucidated when more information is available on
the internal pathway, function and fate of the interna-
lized EGF receptor.
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