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Immunohistochemistry of cytokeratin proteins in
squamous and transitional cell lesions of the urinary
tract
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suMMARY Expression of low and high molecular weight cytokeratin proteins was investigated
immunohistochemically in a variety of transitional and squamous epithelial lesions of the urinary
tract with and without schistosomiasis. The monoclonal antibodies used were CAM 5 2 and
NCL5D3 for low, PK 63 and 121 for high, and MAK 6 for a broad range of intermediate molecular
weight cytokeratins. On staining with CAM 5 2 and NCL5D3, urothelial hyperplasias (n = 12) and
grades 1 (n = 5) and 2 (n = 10) papillary transitional cell carcinomas showed labelling patterns quite
distinct from carcinoma in situ (n = 4) and non-papillary grades 2 (n = 6) and 3 tumours (n = 3).
Among squamous lesions only focal positivity was obtained in 14 of 22 moderate to poorly
differentiated squamous cell carcinomas. By contrast, PK 63 and 121 stained squamous lesions
exclusively. MAK 6 stained the whole range of urothelial and squamous lesions with the exception of
squamous metaplasias. Polyclonal antikeratin adequately labelled spindle cell areas of high grade
tumours. The distinctive staining patterns given by these or similar antibodies may help in the
identification of squamous metaplasia and in diagnosing tumours of the urothelium.

Over the past few years the biochemical and immuno-
histochemical studies of intermediate filament
proteins have generated tremendous interest among
cell biologists and pathologists.'2 Of the five classes of
intermediate filament, the cytokeratins which con-
stitute the cytoskeleton of epithelia comprise a
heterogeneous group of at least 19 multigene derived
proteins, identifiable by two-dimensional gel electro-
phoresis and by monoclonal antibodies.3 Studies of
these proteins in simple and stratified epithelia have
shown different distribution patterns.24 Within the
stratified epithelia, such as squamous and transitional
(urothelial), the various cytokeratin proteins are
differentially expressed in basal, intermediate, and
superficial layers in their native and diseased states.7
The immunolocalisation of the cytokeratin proteins

can therefore be used to determine the routes of
differentiation of epithelial lesions.4"" Recent reports
of aberrant coexpression of other intermediate
filaments along with cytokeratins by carcinomas of
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various sites"2"5 and the unexpected absence of some
cytokeratin protein subclasses in some squamous
cancers, however,'4 16 have indicated a possible
heterogeneity among tumours of similar morphology
at different sites.

Schistosomiasis of the urinary tract is often
associated with various hyperplastic and neoplastic
lesions ofthe squamous and transitional types.'7 18 In a
preliminary study we showed that squamous cell
carcinoma arising in such bladders inconsistently
express low molecular weight cytokeratin proteins as
identified by a murine monoclonal antibody CAM
52.'9 This was in contrast to similar studies on similar
cervical tumours.2'
To evaluate our findings further we extended our

immunohistochemical study to apply a wider panel of
monoclonal antibodies against cytokeratin proteins of
different molecular weights: as there have been no
large studies of this nature comparing squamous and
transitional cell lesions of the urinary tract, we
included epithelial lesions of both types with and
without schistosomiasis. Lymph node metastases of
some of these tumours were also similarly studied.
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Immunohistochemistry ofurinary tract cytokeratin proteins
Table I Details ofcases studied

Lesion Site Number With schistosomiasis

Urothelial lesions:
Hyperplasias B 12 12
Carcinoma in situ B 4 0
Transitional cell carcinoma grade 1 B 3 1
Transitional cell carcinoma grade 2 B 16 4
Transitional cell carcinoma grade 3 B 4 1
Transitional cell carcinoma grade 3 P I 0

Squamous lesions:
Metaplasia B 10 10
Carcinomas

Well differentiated B 10 9
Moderately differentiated B 12 11
Moderately differentiated P 2 1
Poorly differentiated B 6 6

Spindle cell components in:
Transitional cell carcinoma grade 3 B 3 0
Squamous cell carcinoma (poorly differentiated) B 2 2

Lymph node metastases from:
Transitional cell carcinoma 2
Squamous cell carcinoma 2

B = Bladder; P = Renal pelvis

Material and methods Results

The material for this study was obtained from the The results of immunostaining are summarised in
surgical pathology service of Mubarak Al-Kabeer table 3. They are described here, independent of their
teaching hospital, Kuwait and is summarised in table sites and presence of schistosomiasis, as these factors
1. The specimens were fixed in 10% buffered formalin had no important influence on staining patterns.
and routinely processed. Conventionally stained sec-
tions were reviewed to classify the lesions2' and to TRANSITIONAL EPITHELIUM AND ITS LESIONS
select blocks for immunohistochemistry. All the transitional epithelial lesions as well as the

Trypsinised 5 gm sections were used. The sources normal urothelium were uniformly stained with
of primary antibodies and their specificities are polyvalent anti-keratin and were negative with PK 63
indicated in table 2. Indirect peroxidase or alkaline and 121. The following account deals with the label-
phosphatase-antialkaline phosphatase (APAAP) ling patterns obtained by CAM 5-2, MAK 6, and
methods were used to visualise immunoreactivity: the NCL5D3.
latter was preferred where an excessive inflammatory In the normal urothelium CAM 5-2 and NCL5D3
component was present. principally labelled the most superficial layer of

Appropriate tissues with known positive and "dome" cells (fig la). MAK 6 also stained deeper
negative reactivities were used'as controls (table 2). layers albeit less strongly. Staining of hyperplastic
Non-lesional adjacent urothelium also served as an transitional epithelium by these three antibodies was
internal control for most cases. In each run parallel similar and displayed a "gradient" pattern, showing a
sections incubated with non-immune sera instead of stronger positivity in the superficial than the deeper
primary antibody were used as additional negative cell layers (fig lb).
controls. In situ transitional cell carcinoma ofthe flat mucosa

Table 2 Primary antibodies, their specificities, controls used and sources

Controls used
Cytokeratin proteins identified

Antibody* (molecular weights) Source Positive Negative

CAM 5 2 39,43, 50 kd Becton Dickinson Breast, prostate Adult epidermis
NCL 5D3 40, 45, 52 kd Eurodiagnostics BV Breast, prostate Adult epidermis
MAK 6 40, 50, 52, 56 kd Triton Biosciences Breast, prostate Adult epidermis
PK 63 50 to 67 kd K Pulford22 Adult epidermis Breast
Polyvalent antikeratin Broad spectrum Dakopatts All epithelia

All antibodies are monoclonal except the polyvalent antikeratin
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Table 3 Sunmary ofpositive immunostaining

CAM 52, PK63
Lesion NCLSD3 MAK6 and 121

Urothelial hyperplasias 12/12 12/12 0/12
Flat transitional cell 4/4 4/4 0/4
carcinoma in situ

Transitional cell carcinoma 24/24 24/24 0/24
(all grades)

Pure squamous metaplasia 0/10 0/10 10/10
Squamous cell carcinoma

(well differentiated) 0/10 10/10 10/10
(moderately 7/14 14/14 14/14
differentiated)
(poorly differentiated) 5/6 6/6 6/6
(coexistent with 2/2 2/2 2/2
transitional cell
carcinoma

for the most part showed uniformly positive labelling
of all layers by CAM 5-2, MAK 6, and NCL5D3
(fig la).

Papillary grade I transitional cell carcinoma dis-
played the "gradient" type of staining patterns similar
to those seen in normal and hyperplastic urothelia
(fig Ic). Among the 16 grade 2 tumours, 10 were
entirely papillary and showed the "gradient" pattern
while the rest (six cases) had an additional non-

papillary or "solid" component which displayed
staining of all layers similar to the flat carcinomas
in situ (fig 2). Tumours of grade 3 also showed
uniform labelling of all cells.

SQUAMOUS METAPLASIAS AND CARCINOMAS

The control epidermis showed intense labelling of the
suprabasal cells with PK 63 and 121 (fig 3a). CAM
5-2, NCL5D3, and MAK 6 did not label the control
epidermis or any squamous metaplasias, whereas the
polyvalent antikeratin serum stained all epithelial
tissues.
The squamous metaplasia ofthe urothelium showed

similar patterns of staining with PK 63 and 121. The
reaction, however, was limited to more superficial
layers (fig 3b). Even small foci of squamous meta-
plasia in transitional cell carcinoma were stained with
varying intensity by PK 63 and 121 (fig 3c).
The labelling of squamous cell carcinoma with PK

63 and 121 was proportional to their differentiation:
the most differentiated types (verrucous) showed
intense staining of most cells (fig 3d); staining was

confined more to the centres of cell groups in less
differentiated tumours (fig 4a).
With CAM 5-2 and NCL5D3, positivity was seen

only in the less differentiated tumours and only a

minority oftumour cells stained: these were never seen
in sheets (fig 4c). In the two examples where such
tumours coexisted with transitional cell carcinoma
(both grade 3) more extensive labelling was obtained

Tungekar, Gatter, Al-Adnani
(fig 4d). Better differentiated types of squamous cell
carcinoma, including the verrucous type, did not stain.
With MAK 6, more consistent positivity was observed
both in the well and poorly differentiated squamous
cell carcinoma (fig 4b), although its extent did not
match that obtained with PK 63 and 121.

SPINDLE CELL COMPONENTS OF SQUAMOUS AND
TRANSITIONAL CARCINOMAS
These were labelled by CAM 5-2, NCL5D3, and MAK
6 to varying degrees, but more intense staining was
seen with polyvalent antikeratin serum (fig 5).

LYMPH NODE METASTASES
These maintained the staining profiles oftheir primary
tumours.

Discussion

The selective patterns of expression of cytokeratin
proteins in simple and stratified epithelia are apparent
with the use of monoclonal antibodies against high
and low molecular weight proteins.24"'" In adults,
the simple epithelia are characterised by presence of
low molecular weight (40, 45, 52 and 54 kd) proteins.
The pattern for stratified epithelia in the urothelium is
more complex and also includes proteins of higher
molecular weights (51, 58, and 59 kd)43 : while the
stratified squamous epithelium is characterised by
the largest molecular weight proteins (up to 68 kd)
with a lack of low molecular weight proteins.8923 It
was reported that with neoplastic transformation,
squamous cell carcinoma of certain sites aberrantly
express low molecular weight cytokeratins which
may therefore serve as discriminatory markers for
malignancy.2
The application of these selective monoclonal

antibodies as molecular probes has also shown
differential distribution of cytokeratins in various
layers of stratified epithelia in their native states which
may be different in lesions derived from them2"7

Following the report by Bobrow et althat CAM 5 2,
a monoclonal antibody against low molecular weight
cytokeratins, identified changes associated with
malignant transformation in squamous lesions of the
uterine cervix-' we conducted a similar study on
squamous lesions of the bladder infected with schis-
tosomiasis.'9 Our results showed that CAM 5-2
labelled only a minority of cells in the material.
Intrigued by these findings we decided to extend the
study by adding a wide range of lesions including
hyperplastic and malignant urothelial ones. Lesions
with and without schistosomiasis and of bladder and
renal pelvis were studied to note any differences in
results. Our panel of monoclonal antibodies was
selected to localise low (CAM 5-2, NCL5D3), high
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Fig 1 Peroxidase stain using CAM 5-2 andNCL5D3 on various transitional epithelial lesions. (a) Grade 2 papillary
carcinoma (centre) contrasted with adjacent normal urothelium (below) and carcinoma in situ (above) (CAM 52);
(a') details of "gradient pattern" in a papillary process (CAM 52). (b) Hyperplastic cystic Brunn's nests (NCL5D3).
(c) Grade I papillary transitional cell carcinoma (CAM 5 2).
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Tungekar, Gatter, Al-Adnani

Fig 2 Labelling ofinvasive, non-papillary grade 2 transitional cell carcinoma by CAM 5-2 (APAAP).

(PK 63 and 121), and a broad range (MAK 6) of
cytokeratin proteins. Polyvalent antikeratin was
included for its reactivity against all epithelia.
As one of the aims of this study was to confirm and

extend our earlier findings we used NCL5D3 as an
additional probe to recognise low molecular weight
cytokeratins to overcome the possible masking of
antigenic epitopes. Our results indicate that the
occurrence of benign squamous metaplasia or as
metaplasia in transitional cell carcinoma is signalled
by a switch in synthesis from low to high molecular
weight cytokeratin proteins, and this change can be
detected by a suitable antibody like PK 63 or 121.
Squamous cell carcinomas generally maintain such
expression. In their poorly differentiated forms,
however, a minority of tumour cells may revert to
synthesis oflow molecular weight proteins, character-
istic oftransitional epithelial cells. There is evidence of
more extensive reversion pattern ofthis type in the two
cases where poorly differentiated squamous cell car-
cinoma coexisted with transitional cell carcinoma,
possibly indicating a different subtype of squamous
carcinoma. Positive staining of large areas with CAM
5-2, NCL5D3, and MAK 6, which is typically seen in
transitional cell carcinoma, was not a feature of even
poorly differentiated squamous cell carcinoma.

Using a different set of antibodies on cases of

bilharzial squamous cell carcinoma of bladder from
Egypt, Fukushima et al have shown a total absence of
low molecular weight cytokeratins but were unable to
label squamous metaplasias and carcinomas selec-
tively.24 PK 63 and 121 are therefore of value in
identifying such lesions, especially the latter in their
poorly differentiated forms.
A striking feature of the spectrum of squamous

metaplasias to carcinomas in urinary tract with or
without schistosomiasis is the rarity of morphological
descriptions of an in situ malignant phase."'24 This
may lead to the interpretation of squamous meta-
plasias with minor degrees of cellular atypias as
premalignant lesions. The invariable absence ofmalig-
nant features in epithelium strongly labelled with PK
63 and 121 indicates that such epithelium is in a
terminally differentiated state and an unlikely precur-
sor of invasive cancer: this, however, does not rule out
the occurrence of a transient in situ malignant phase.
More studies using similar probes are indicated,
especially on cystectomised specimens.

In endoscopic biopsy specimens, the distinction
between well differentiated squamous cell carcinoma
and metaplasias may be impossible. In this study only
MAK 6 labelled such tumours and not the meta-
plasias, but only a minority of cells were stained; this
antibody also consistently labelled groups of cells in
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Immunohistochemistry ofurinary tract cytokeratin proteins 1293
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Fig 3 (a) Labelling with PK63 and 121 ofcontrol epidermis; (b) pure squamous metaplasia with schistosomiasis;
(c) focus ofsquamous metaplasia (arrow) in a transitional cell carcinoma; (d) and verrucous carcinoma.
( (a) and (c) peroxidase, (b) and (d) APAAP).

squamouscancersofmoderate topoordifferentiation, lesions, the decoration patterns obtained with CAM
This is probably related to its reactivity against a range 5m2, NCL5D3, and MAK 6 have important implica-
of low and intermediate molecular weight cytok- tions. Thus the bewildering variety of hyperplastic
eratins."' urothelial lesions associated with schistosomiasis,

In evaluating the range of transitional epithelial commonly seen in endoscopic biopsy specimens, may
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1294 Tungekar, Gatter, Al-Adnani
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Fig 5 Spindle cell areas in a poorly differentiated squamous cell carcinoma. (Polyvalent antikeratin, peroxidase.)

be difficult to distinguish from parts of invasive solid
tumours. The "gradient pattern" of staining as illus-
trated in fig lb may help in their identification. This
pattern is also seen in grade 1 papillary transitional cell
carcinoma and in papillary components of grade two
tumours.
Among grade 2 tumours, the predominantly diffuse

labelling of the non-papillary areas compared with the
gradient pattern of the papillae obtained by this panel
of antibodies may indicate a possible heterogeneity
among these urothethial tumiiours. This may be a
reflection of the widely different biological behaviours
encountered within this group. This has been shown
by using other variables such as expression of ABH
and T antigens,25 nuclear ploidy, and survival.'
Our findings also lend indirect support to the view

that carcinoma in situ of the flat urothelium and the
non-invasive papillary carcinomas represent different
pathways of oncogenesis in the urothelium." Whether
these inferences are valid for squamous carcinomas of
the urinary tract requires further elucidation.
One application of the immunohistochemical

demonstration of cytokeratin in endoscopic biopsy
specimens is in cases ofinflamed and ulcerated bladder
tumour in which the spindle or dissociated cell com-
ponent may be missed or its invasion inadequately
assessed. The spindle cell components of the carcin-
omas we studied maintained their epithelial profiles

unlike carcinomas of other sites such as the breast.'5
The use of a polyvalent antikeratin agent, however,
is adequate for this purpose. This study has also
confirmed that cytokeratin profiles ofthese tumours in
their nodal metastases is retained.

In conclusion, this study has shown that the use ofa
panel of suitably selected antibodies against cyto-
keratins may aid in the histopathological diagnosis of
bladder tumours. Furthermore, it should be possible
to investigate some of the unanswered questions
regarding the importance of squamous metaplasias
and the occurrence of in situ malignancy in relation to
squamous carcinomas of the urinary tract. In this area
the use of antibodies to high molecular weight cyto-
keratins may permit precise mapping of the regions of
squamous metaplasia.
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