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Abstract
Aim—To investigate the patterns of ex-
pression of transforming growth factor á
(TGF-á) and epidermal growth factor
receptor (EGFR) in squamous metaplasia
and squamous cell carcinomas of the uri-
nary bladder with and without schisto-
somiasis.
Methods—Immunohistochemical study of
the expression of TGF-á and EGFR in
squamous metaplasias (n = 12) and vari-
ous grades of squamous cell carcinomas
(n = 21) of the bladder with and without
schistosomiasis.
Results—Focal cytoplasmic and membra-
nous positivity for EGFR and TGF-á was
seen in all cases of squamous metaplasia.
Themarkers were diVusely coexpressed in
a concordant pattern in areas of hyper-
plastic keratinising squamous metaplasia.
A similar pattern of positivity was seen in
verrucous carcinomas (n = 2) and well
diVerentiated squamous carcinomas (n =
6). Progressive loss of diVerentiation was
associated with increasing loss of EGFR
staining while TGF-á staining was re-
tained. Squamous cell carcinoma in situ
(n = 2) showed focal positivity for TGF-á
and EGFR. There were no diVerences in
staining patterns between cases with and
without schistosomiasis.
Conclusions—The coexpression of TGF-á
and EGFR by well diVerentiated squamous
cell carcinomas and hyperplastic kerat-
inising squamous metaplasia is consistent
with the active regulatory role exerted by
this autocrine loop. There is regional
absence of expression of EGFR but not of
TGF-á in squamous cell carcinomas of
lesser diVerentiation, suggesting heteroge-
neity of such control in these tumours. The
focal expression of the two markers in

squamous cell carcinomas in situ indicates
a possible second pathway of oncogenesis
for less diVerentiated tumours. These
observations may have important implica-
tions for the eVectiveness of putative
growth factor based treatments.
(J Clin Pathol 1998;51:583–587)
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Squamous cell carcinomas of the bladder are
uncommon in the developed countries, where
they are mostly seen in elderly people or with
chronic cystitis.1 2 In areas endemic for urinary
schistosomiasis these tumours are the common-
est type of bladder malignancy and are usually
associated with squamous metaplasia.3–6 Pathol-
ogy of vesical squamous lesions has been well
documented in several series.4 6 7 Nearly all
malignancies seen in association with squamous
metaplasia are pure squamous cell carcinomas,
regardless of schistosomal infestation.1–4 8 9 On
the other hand the malignant potential of
squamous metaplasia in general is diYcult to
assess because only a few studies have defined its
diVerent phenotypes.2 8 The non-keratinising
“vaginal” type of squamous metaplasia com-
monly seen in the trigone of the female bladder
is not regarded as sinister.10 Even hyperplastic
keratinising squamous metaplasia (also known
as basal cell hyperplasia), believed to be of omi-
nous significance, has an unpredictable course.
Thus its relation to squamous cell carcinomas
was not supported by Morgan and Cameron,8

and although Benson et al identified simultane-
ous or subsequent squamous malignancies in
28% of cases over a period of 30 years, 58% of
such metaplasias were not associated with
tumours.2 Therefore this type of squamous
metaplasia may not be biologically homogene-
ous and further investigations may identify sub-
species with diVering malignant potentials. The
subjective descriptions of grades of dysplasias
and in situ malignant phase of squamous cell
lesions further compound the diYculties,4 5 and
their infrequent recognition in biopsy material
precludes large prospective studies.
Most studies in this area have relied on using

routine staining techniques to describe the
morphology of these lesions; only a few have
used immunohistochemical techniques to in-
vestigate the expression of growth factors and
various diVerentiation markers and thereby
explore the relations that might exist between
squamous metaplasia and carcinoma.3 9 11 12

Transforming growth factor á (TGF-á) has a
wide range of biological activities including

Table 1 Cases studied

Diagnosis

Number of cases1

StageKuwait London Total

Normal urothelium 5 5 10 –
Urothelial hyperplasia 3 (3) 2 (2) 5 (5) –
Squamous metaplasia2 9 (7) 3 (1) 12 (8) –
Squamous cell carcinomas
Verrucous carcinoma 2 (2) – 2 (2) pT1
Well diVerentiated3 6 (4) – 6 (4) pT1 (n = 5), pT2 (n = 1)
Moderately diVerentiated4 5 (4) 3 (1) 8 (5) pT3a
Poorly diVerentiated 3 (1) – 3 (1) pT3a

1 Numbers in parentheses refer to cases with schistosomiasis.
2 Including four with foci of hyperplastic keratinising squamous metaplasia.
3 Including four with foci of hyperplastic keratinising squamous metaplasia.
4 Including two with foci of squamous cell carcinoma in situ.
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regulation of cell growth and diVerentiation of
self renewing epithelia; it acts as a paracrine
growth factor through its interaction with
epidermal growth factor receptor (EGFR).13

This ligand–receptor combination also consti-
tutes a potent autocrine loop that is implicated
in the oncogenesis of native and metaplastic
squamous epithelium.14–18 In particular there is
evidence that the expression of TGF-á and
EGFR may be upregulated in the squamous
epithelium adjacent to squamous cell

carcinoma.19 20 Since the relevance of this
important autocrine loop in squamous meta-
plasias and squamous cell carcinoma of bladder
has not been investigated, we performed this
immunohistochemical study of TGF-á and
EGFR expression to assess their possible role in
the multistep process of carcinogenesis in a
range of vesical squamous cell lesions. Kamel et
al had investigated the presence of c-erbB-2
oncoprotein in squamous cancers of bladder:
positivity was found in three of 15 tumours with
schistosomiasis and in one of seven tumours
without.11 Since c-erbB-2 is a proto-oncogene
that shares sequence homology with EGFR, we
decided to include cases with and without
schistosomiasis in this study.21

Methods
Thirty one cases of squamous metaplasias and
squamous cell carcinomas were selected from
the files of Mubarak Al-Kabeer Hospital,
Kuwait, and St Thomas’s Hospital, London as
outlined in table 1. Cases of vaginal type of
squamous metaplasias of female trigones were
omitted. Schistosomiasis was identified in eight
of the 12 squamous metaplasias and 12 of the
19 carcinomas. All 12 cases of squamous
metaplasias and 18 of carcinomas were males.
The ages for metaplasia cases ranged between
39 and 75 years and those for carcinomas
between 43 and 75 years.
Haematoxylin and eosin stained sections

were used to classify and stage squamous cell
carcinomas according to the criteria used by
the World Health Organisation and Inter-
national Union against Cancer, as summarised
in table 1.22 Four cases each of well diVerenti-
ated carcinomas and of pure metaplasia
contained foci of hyperplastic keratinising
squamous metaplasia. Two of the 21 squamous
cell carcinomas were verrucous in type. Two of
the moderately diVerentiated carcinomas had
adjacent foci of in situ malignancy. Three cases
of schistosomal cystitis with urothelial hyper-
plasia without metaplasia were also included.
Ten specimens of urothelium from bladders
free of lesions were used as controls.
The tissue samples used were formalin fixed

and routinely processed. Immunohistochemi-
cal staining was performed using standard
streptavidin–biotin complex technique. For
EGFR staining, antigen retrieval by microwave
pretreatment for 10 minutes in 0.01 M citrate
buVer at pH 6 in a domestic microwave oven

Table 2 Summary of immunopositivity for transforming growth factor á (TGF-á) and epidermal growth factor receptor
(EGFR)

Lesion

Immunopositivity

TGF-á/c TGF-á/m EGFR/c EGFR/m Concordance*

Squamous metaplasia Focal +/++ Focal +/++ – Focal + Absent
Hyperplastic keratinising squamous metaplasia DiVuse ++ DiVuse ++ – DiVuse +++ Present
Squamous cell carcinoma in situ Focal ++ Focal ++ Focal ++ Mixed†
Squamous cell carcinomas :
Verrucous carcinoma DiVuse +++ DiVuse +++ – DiVuse +++ Present
Well diVerentiated DiVuse +++ DiVuse +++ – DiVuse +++ Present
Moderately diVerentiated DiVuse ++ DiVuse ++ – Regional Mixed†
Poorly diVerentiated DiVuse ++ DiVuse ++ Focal + Regional ++ Mixed†

*Refers to the coexpression of TGF-á and EGFR in the same cell.
†Refers to regional loss of concordant pattern of staining.

Figure 1 Squamous metaplasia with keratinisation. TGF-á staining shows focal labelling
(TGF-á/c+ and m+),more intense in superficial layers. (Magnification ×74.)

Figure 2 Hyperplastic keratinising squamous metaplasia displays full thickness
TGF-á/c+++ and focal TGF-á/m+ staining. (Magnification ×74.)
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(840 W) was carried out. The primary mouse
monoclonal antibodies were applied overnight
at 4°C. These were anti-TGF-á (Ab-2, clone
213-94, Cambridge BioScience, Cambridge,
UK) at a dilution of 1:150 and anti-EGFR
(NCL-EGFR, Novocastra Laboratories, New-
castle upon Tyne, UK) at a dilution of 1:60,
which bind to extracellular domains of TGF-á
and human EGFR respectively. The anti-
EGFR antibody (NCL-EGFR) reacts with
unbound EGFR as well as the receptor bound
to its ligand. For negative controls irrelevant
antibodies of the same IgG subclasses were
used, as well as substitution of the primary
antibody by phosphate buVered saline. Normal
gastric mucosa was used as a positive control.

ASSESSMENT OF IMMUNOSTAINING

For both markers, immunoreactivity in the
cytoplasm and cell membranes was looked for
and was recorded as suYxes /c and /m for each
marker. Absence of positivity at both the sites
was interpreted as a negative result. Attention
was paid to the pattern of distribution of the
label in diVerent layers and parts of the lesions.

The coexpression of the markers by the same
cell was recorded as concordance of expres-
sion, which was assessed in sequential sections
stained for each marker separately. For both
markers the strength of cellular immunoreac-
tivity was scored semiquantitatively as mild
(+), moderate (++), or strong (+++). For
instance moderate degree of positivity for
TGF-á in the cytoplasm and on cell mem-
branes was recorded as TGF-á/c++ and m++.
For carcinomas, the extent of staining was
assessed after counting at least 500 cells and
recorded as focal (up to10%), regional (10% to
50%), and diVuse (more than 50%).
For metaplasias the positivity was assessed in

relation to the superficial, prickle cell, and basal
layers of the squamous epithelium.

Results
In the control urothelium, faint focal staining
for both markers was observed: superficial lay-
ers were TGF-á/c+ and /m+ and basal layers
were EGFR/m+. Positive diVuse labelling for
TGF-á/c++ and m++ in the endothelium and
smooth muscle cells was also evident. In schis-
tosomal cystitis without metaplastic changes,
staining for TGF-á/c++ and EGFR/m++ was
seen focally in hyperplastic urothelium.

SQUAMOUS METAPLASIAS

Keratinisation of varying degrees was seen in
all squamous metaplasias (table 2). All exam-
ples of squamous metaplasia in this study
showed labelling for TGF-á/c+ and m+ in
superficial layers that was intense (++) in
keratinised areas (fig 1) and for EGFR/m++ in
basal layers. In all eight examples of squamous
metaplasia showing hyperplastic keratinising
squamous metaplasia, the staining for TGF-á/
c++ was seen in all layers and for TGF-á/m+
focally (fig 2), and staining for EGFR/m+++
was seen in the widened prickle cell layer
(fig 3).

SQUAMOUS CELL CARCINOMAS

In the two cases of squamous cell carcinoma in
situ, there was focal staining for TGF-á/c++
and m++ and EGFR/m++ in all layers of the
epithelium (table 2; fig 4).
In verrucous carcinomas, a concordant

staining for TGF-á/c+++ and m+++ and
EGFR/m+++ was seen in tumour cells—that
is, in sequential sections the two markers were
expressed by same cells (fig 5). In the conven-
tional types of squamous cell carcinoma, the
well diVerentiated tumours showed a similar
pattern of staining. In moderately diVerenti-
ated tumours, diVuse TGF-á/c+++ expression
was generally retained (fig 6); however, EGFR/
m++ expression was regional, seen only in the
better diVerentiated areas and was either faint
or lost in adjacent poorly diVerentiated areas
(fig 7). This resulted in a mixed pattern with
loss of the concordant pattern of coexpression
for the two markers over large areas. The
patterns of staining showed no correlation with
presence of schistosomiasis, and in moderately
and poorly diVerentiated carcinomas, with
stage of the tumour.

Figure 3 Same case as fig 2.Hyperplastic keratinising squamous metaplasia shows diVuse
EGFR/m+++ in suprabasal layers including entire prickle cell layer. (Magnification ×82.)

Figure 4 Focal labelling for EGFR/c+ and m+ in the squamous cell carcinoma in situ.
(Magnification ×149.)
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Discussion
The mildly increased expression of TGF-á and
EGFR in the non-hyperplastic metaplastic
squamous epithelium possibly reflects the
paracrine role of these molecules; however,
their marked upregulation confined to areas of
hyperplastic keratinising squamous metaplasia
indicates an active TGF-á/EGFR autocrine
loop and may identify a subtype of this variety
of squamous metaplasia. Although the num-
bers involved are small and the possibility of
sampling error remains, the consistently con-
cordant expression of TGF-á and EGFR in
verrucous carcinomas, well diVerentiated areas
of squamous cell carcinomas, and hyperplastic
keratinising squamous metaplasia defines a
continuum of well diVerentiated proliferative
squamous cell lesions. A similar pattern has
been described in cutaneous kerato-
canthomas.24 25 Grandis et al, in their studies of
squamous cell carcinomas of the head and neck
region, have shown that both the neoplastic
and non-neoplastic mucosa show an upregula-
tion in synthesis of TGF-á and EGFR which
may explain the frequent synchronous and
metachronous malignancies of that mucosa,
although the excess synthesis of these mol-
ecules is apparently not limited to hyperplastic
mucosa in their material.19 20 Our findings indi-

cate that increased expression of TGF-á and
EGFR is a feature of early stages in neoplastic
transformation of squamous epithelium, and
TGF-á/EGFR positive hyperplastic keratinis-
ing squamous metaplasia is possibly the earliest
manifestation of that functional state. This also
suggests that this type of metaplasia is likely to
progress to well diVerentiated squamous cell
carcinoma; however, such a progression may
not be inevitable and may be modulated by
other factors. In this context, the patchy stain-
ing for these markers obtained in squamous
cell carcinoma in situ may suggest a second
pathway that contributes to evolution of the
less well diVerentiated invasive squamous cell
carcinomas. This possibility needs to be
validated by studies that include a larger
number of in situ lesions.
Our observation of the general increase in

expression of TGF-á and EGFR by squamous
cell carcinomas is in agreement with similar
findings for these tumours at other sites.19 20 25 26

However, we believe that the topography of this
expression within individual tumours is signifi-
cant. Thus in contrast to the concordant label-
ling for the two markers in verrucous carcino-
mas and their well diVerentiated counterparts,
there was loss of EGFR expression in the less
diVerentiated areas of tumours while TGF-á
labelling was generally retained, albeit at a
lower intensity. The loss of concordance
between these two markers in squamous cell
carcinomas was associated with poor diVeren-
tiation. The reasons for this feature are not
clear. Interaction between TGF-á and EGFR
is followed by internalisation and degradation
of the ligand–receptor complex, which may
be accelerated in poorly diVerentiated
carcinomas.27 However, this should result in
similar degrees of cytoplasmic positivity for
both. This loss of EGFR expression probably
coincides with the emergence of autonomous
clones of tumour cells that have escaped from
regulatory control and are less susceptible to
control by the TGF-á/EGFR axis, which
would explain the excess of TGF-á. These
observations are in agreement with those made
in cell lines from squamous cell carcinomas27

and in oesophageal tumours, where marked
regional variations in EGFR expression were
associated with an aggressive course.18 If these
assumptions are true, then the influence of
TGF-á/EGFR autocrine loop may only be
eVective in the early phases of carcinogenesis of
well diVerentiated tumours.
The absence of EGFR expression may be one

of the many significant features associated with
increasingly aggressive tumour phenotype. This
finding may have important implications for the
proposed growth factor based treatments, since
these may at best have only a palliative eVect on
moderate to poorly diVerentiated squamous cell
carcinomas.28 This fact also underlines the need
to examine biopsy material to look for the extent
of expression of EGFR before such treatments
are contemplated. Since interaction between
growth factors and their ligands is often very
complex, this hypothesis needs to be confirmed
in a larger prospective study that should include
investigations of tumour suppressor genes,

Figure 5 Verrucous squamous cell carcinoma showing diVuse “concordant” pattern of
labelling for TGF-á/c+++ and m+++ (panel A), and EGFR/m++ (panel B).
(Magnifications ×149.)
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proliferation markers, and other modulators of
eVects of TGF-á such as TGF-â,24 as well as
survival data.
In summary, our findings suggest that the

TGF-á/EGFR autocrine loop is active in hyper-
plastic keratinising squamous metaplasia and in
the early stages of transformation of metaplastic
squamous epithelium. They also suggest that
coexpression of these molecules is a marker of
well diVerentiated squamous cell neoplasia.
Although detection of these molecules is un-
likely to be of value in predicting the behaviour
of the majority of squamous cell carcinomas, we
have provided evidence that tumours of moder-
ate to poor diVerentiation may include substan-
tial cell populations that are not controlled by
this ligand–receptor activity. These are unlikely
to be amenable to treatments based on TGF-á
or EGFR. Focal expression of TGF-á and
EGFR in squamous cell carcinomas in situ may
characterise the pathway leading to higher
grades of invasive squamous cell carcinomas.
Our results also suggest that the role of these
molecules in oncogenesis of squamous cancer in

bladder is unlikely to be influenced by the pres-
ence of schistosmiasis.
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Figure 6 DiVuse TGF-á/c++ and m++ staining of moderate and poorly diVerentiated
areas of squamous cell carcinoma. (Magnification ×82.)

Figure 7 A poorly diVerentiated squamous cell carcinoma shows regional pattern of
staining for EGFR/m++ and c+ (upper and lower left) with large areas of intervening
tumour unstained. (Magnification ×74.)
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