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Summary. We assessed the staining characteristics 
of the basement membrane of  transitional cell car- 
cinoma of bladder using a monoclonal antibody 
to type IV collagen. Basement membranes were 
clearly stained at the stromal/carcinoma interface. 
As transitional cell carcinoma became less well dif- 
ferentiated and the depth of  invasion increased in- 
terruptions to basement membrane staining be- 
came more extensive and these findings are compa- 
rable to those described in similar series of  transi- 
tional cell carcinoma using polyclonal antibodies 
to type IV collagen. The defects in basement mem- 
brane staining may be related to the degree and 
direction of  tumour cell differentiation or may be 
explained by increased degradation compared to 
synthesis of basement membrane components. 
Demonstration of  the basement membrane may 
be of value in diagnostic histopathology as a 
marker of  the biological behaviour of  transitional 
cell carcinoma of bladder. 
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Introduction 

Basement membranes (BM) are complex extracel- 
lular matrices that surround and support capillar- 
ies, adipocytes, skeletal and smooth muscle cells, 
cardiac cells and Schwann cells and are attached 
to the basal layer of  all epithelial cells. Visualised 
by electron microscopy BM have 2 distinct zones: 
(a) the lamina lucida (lamina rara), an electron- 
lucent layer immediately beneath the cell that the 
membrane is supporting; (b) the lamina densa 
(basal lamina), the central electron dense layer. A 
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third zone, the lamina fibroreticularis (sublamina 
densa), is present in most BM but is absent from 
renal glomeruli and lung alveoli (Abrahamson 
1986). 

Biochemically the components of  BM are of  
intrinsic and extrinsic origin. Type IV collagen and 
laminin are considered intrinsic structures as they 
are produced by adjacent epithelial cells and only 
occur in BM. Components such as type V collagen 
and fibronectin are considered extrinsic structures 
as they are also found in other structures and are 
not wholly synthesised by the surrounding epitheli- 
al cells (Martinez-Hernandez and Amenta 1983). 
Type IV collagen is one of  the most extensively 
studied components and is localised to the lamina 
lucida and lamina densa (Roll et al. 1980). 

The BM of epithelium may represent a struc- 
tural barrier to early infiltration of  malignant cells 
into the underlying tissues. Knowledge of  the state 
of  BM structure may therefore be useful in diag- 
nostic histopathology to distinguish between non- 
invasive and invasive cancers. 

Classically BM may be visualised on light mi- 
croscopy using silver impregnation techniques or 
the periodic acid-Schiff stain (PAS) but more sensi- 
tive and reliable immunohistochemical techniques 
are now available to stain BM components (Barsky 
et al. 1984). These techniques have shown that be- 
nign tumours and in situ lesions are surrounded 
by intact BM and that many invasive turnouts lack 
BM or contain fragmented BM (Barsky et al. 
1983; Bosman et al. 1985). 

In certain cases of  transitional cell carcinoma 
(TCC) of bladder great difficulty is encountered 
in predicting the biological behaviour of  the tu- 
mour. The identification of superficial invasion is 
an important factor in patient management as 
staging remains the single most important thera- 
peutic and prognostic factor. There is an excellent 
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correlation between both depth of  invasion and 
vascular invasion and a greatly decreased survival 
rate but other indicators are still needed. 

To date only two studies have been published 
on the immunohistochemical staining characteris- 
tics of  the urothelial BM in non-invasive and inva- 
sive (TCC) of  the bladder (Conn et al. 1987; Daher 
et al. 1987). Both these studies used polyclonal 
antisera to type IV collagen and laminin. 

We performed a study using a monoclonal anti- 
body to type IV collagen to assess the staining 
characteristics of  BM in non-invasive and invasive 
TCC of bladder and to determine if the results 
were comparable to those using polyclonal anti- 
sera. 

Table 1. Histological and immunocytochemical results 

Case Grade Stage BM staining 
No. of tum0ur of turnout with type IV 

collagen antibody* 

1 G~ pTa + + + + 
2 G1 pTa + + + + 
3 G1 pTa + + + 
4 Gz pTa + + + 
5 G2 pTa + + 
6 G2 pTa + + +** 
7 G2 pTa + + + 
8 G2 pTa + + + 
9 G2 pTa + + + + 

10 Gz pTa + + + 
11 G2 pTa + + + 
12 G3 pTa + + 
13 Ga pTa + + 

Materials and methods 

Fresh tissue specimens from 20 bladder tumours were obtained 
at cystoscopy. The specimens were snap-frozen immediately in 
liquid nitrogen with an isopentane stage to preserve cellular 
morphology and were stored at - 7 0 ° C  prior to sectioning. 
Cryostat sections were cut at 5 gm and stained by the indirect 
immunoperoxidase method (Sternberger 1979) with a mono- 
clonal antibody to type IV collagen. (This antibody was sup- 
plied by Dr. Stephan Gay, WHO Collagen and Collagen Anti- 
body Reference Centre, Birmingham, Alabama, USA). The per- 
oxidase activity was visualised using diaminobenzidine. Sec- 
tions were also stained with haematoxylin and eosin (H & E), 
a silver impregnation technique (Gordon and Sweets' stain for 
reticulin fibres) and PAS. 

Histological examination. The sections were assessed by three 
different pathologists for the following features: 
(I) The H & E stained sections were used to grade (G1-G3) 
and stage pTa-PT2) the tumours according to the standardised 
international classification of the UICC (International Union 
against Cancer) 1978. 
(II) The quality of staining of BM with PAS and silver stains 
were compared with that obtained by immunoperoxidase stain- 
ing. 
(III) The completeness of staining of the BM with type IV 
collagen was determined for all grades of non-invasive and inva- 
sive turnouts. 
(IV) The intensity of BM staining in tumours with a marked 
inflammatory cell infiltrate in the lamina propria was assessed. 
(V) The sections were examined of evidence for vascular inva- 
sion. 

Results 

The results of  the histological classification and 
immunocytochemistry with the type IV collagen 
antibody are summarised in Table 1. The sections 
stained with the immunoperoxidase method re- 
vealed clearly detectable BM and this was far supe- 
rior to conventional techniques i.e. silver impreg- 
nation technique or PAS stains. 

BM were strongly stained at the stromal/epi- 

14 G2 pT1 + + + + 
15 Ga pT1 + + 
16 G3 pTl  + 
17 G3 pT1 + + 

18 Gz pT2 + + 
19 G3 pT2 + 
20 G 3 pT2 + 

* Completeness of staining: + + + + =intact;  + + + =focal  
interruptions; + + = large interruptions; + = minimal staining 
** This case had a marked mixed inflammatory cell infiltrate 
in the lamina propria. The staining was indistinct and showed 
interruptions in areas where the inflammation involved the stro- 
mal/carcinoma interface 

thelial interface and around blood vessels and mus- 
cle fibres (Fig. 1). In several specimens, adjacent 
normal urothelium showed continuous BM stain- 
ing. Lymphatic vessels were not stained. 

There were 13 non-invasive and 7 invasive tu- 
mours as assessed by conventional histology. The 
results with type IV antibody on non-invasive tu- 
mours (pTa) showed small focal interruptions to 
BM as the turnout became less well differentiated. 
Complete staining was identified most often in 
papillary well differentiated (G~) neoplasms 

(Fig .  1). Invasive tumours demonstrated larger in- 
terruptions of  staining compared with the non-in- 
vasive group (Fig. 2) and only one invasive tumour 
(case 14) showed intact BM staining. Discontinuity 
of staining was most marked in pT2 tumours and 
the most extensive interruptions were demonstra- 
ble in the G3 pT2 lesions. None of the cases exam- 
ined showed total loss of  BM staining, there was 
no evidence of  intracytoplasmic staining within tu- 
mour cells and there was no evidence of vascular 
invasion. 

Single and small groups of invasive tumour 
cells within the lamina propria showed no type 
IV collagen staining in the majority of  cases of 
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Fig. 1. Immunocytochemical 
staining using monoclonal 
antibody to type IV collagen 
on non-invasive TCC of 
bladder (GtpTa). Intact BM 
staining at the stromal/ 
carcinoma interface. Blood 
vessels within the lamina 
propria show prominent BM 
staining. Original 
magnification x 40 

Fig. 2. Immunocytochemical 
staining using monoclonal 
antibody to type IV collagen 
on invasive TCC of bladder 
(Gz) within the lamina 
propria. The tumour islands 
are largely surrounded by a 
band of type IV collagen 
which varies in thickness. 
Large interruptions (arrows) 
are seen within the BM. 
Original magnification x 40 

invasive tumours no matter what the tumour grade 
(Fig. 3). 

A marked inflammatory cell infiltrate within 
tumour was present in one case. Staining of  BM 
in this case was indistinct and showed interruptions 
in areas where the inflammation involved the stro- 
real/carcinoma interface (Fig. 4). 

Discussion 

Penetration of  the BM matrix by tumour will lead 
eventually to lymphatic and blood vessel invasion 
and ultimately to metastases. Research has centred 

on the mechanisms of  invasive growth and on 
methods to distinguish non-invasive from invasive 
tumours. The BM is a natural barrier to early inva- 
sion therefore investigation has centred on this 
structure. 

Recent immunohistochemical studies have 
shown that interruptions of  the BM are identifiable 
in many invasive carcinomas. This has been dem- 
onstrated in numerous tumours: pancreatic, pros- 
tatic and endometrial carcinoma (Barsky et al. 
1983); squamous cell carcinoma (Carter etal .  
1985); breast carcinoma (Willebrand et al. 1986); 
laryngeal carcinoma (Visser etal.  1986). These 
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Fig. 3. Immunocytochemical 
staining using monoclonal 
antibody to type IV collagen 
on invasive (G3) TCC of 
bladder. There is no staining 
of type IV collagen around 
small islands and individual 
tumour cells within the 
lamina propria. Small 
vascular channels show 
prominent BM staining. 
Original magnification x 100 

Fig. 4. Immunocytochemical 
staining using monoclonal 
antibody to type IV collagen 
on non-invasive (G2pTa) 
TCC of bladder. There is 
loss of BM staining in areas 
where the inflammatory 
infiltrate involves the 
stromal/carcinoma interface 
(arrows). Note many 
intraurothelial leucocytes. 
Original magnification x 100 

gaps within the BM may be due to an inability 
of tumour cells to manufacture BM components 
due to a fault in tumour differentiation (Gusterson 
et al. 1986) or an increased degradation of BM 
components compared to synthesis by the neoplas- 
tic cells. This degradation may be produced by en- 
zymes formed by the tumour cells e.g. type IV col- 
lagenase (Barsky etal.  1983; Liotta et al. 1983) 
which may then attack the underlying BM. 

Our results show that as TCC becomes less well 
differentiated and the depth of  invasion increases 
BM staining shows more extensive discontinuities. 

However, these observations are purely morpho- 
logical and can not be supported by statistical 
analysis as only 20 tumours were studied. The 
number of cases in our study were limited as the 
technique required fresh tissue. Our findings are 
similar to those of Conn et al. (1987) and Daher 
et al. (1987) who also found increasing discontinui- 
ties of  BM staining in poorly differentiated TCC 
with invasion but these workers used polyclonal 
antibodies to type IV collagen on formalin and 
ethanol fixed tissue. Our study is the first reported 
using a monoclonal antibody. Other studies (Cam 



R.J. Zuk et al. : The immunocytochemical demonstration of basement membrane deposition 451 

et al. 1984; Gusterson et al. 1986) have also shown 
that BM staining is more clearly defined in well 
differentiated turnouts as we have also found with 
well differentiated TCC. 

A further interesting finding was that in one 
case of  invasive TCC BM staining was still com- 
plete. This has also been described in the past in 
basal cell carcinomas (Van Cauwenberge et al. 
1983; Gusterson et al. 1984) and may cast doubt 
on the requirement of a tumour in certain instances 
to destroy the BM as part  of  the invasive process. 

In the case which showed marked inflamma- 
tion, BM staining was indistinct and showed focal 
interruptions confined to areas of epithelial inva- 
sion by inflammatory cells. The appearance of de- 
fects in the BM in the presence of inflammation 
has been described previously (Visser et al. 1986; 
Corm et al. 1987) and may be due to the enzymatic 
degradation of the BM matrix by both inflamma- 
tory and neoplastic cells. This would make the de- 
termination of  invasion difficult in those cases 
where a marked inflammatory cell infiltrate in- 
volves the stomal/carcinoma interface. 

Great difficulty is encountered in predicting the 
biological behaviour of  TCC therefore a search for 
markers of aggressiveness has been made. Re- 
cently, squamous metaplasia and chorionic gona- 
dotrophin expression by invasive TCC of bladder 
has been shown to correlate with prognosis (Mar- 
tin et al. 1989a, b). Furthermore, it has been found 
that tumours with a tendency to recur, invade and 
metastasise lack blood group antigens on their cell 
surfaces, induce angiogenesis, show alterations in 
junctional complexes on electron microscopy and 
have highly abnormal karyotypes (Koss 1982; 
Robbins et al. 1984). The completeness of BM 
staining may therefore be of  use as a marker of  
the biologic behaviour of  TCC. In breast carcino- 
ma it has been suggested that the pattern of BM 
deposition is related to histological grade and may 
be of  prognostic significance (Willebrand et al. 
1986). Aggressive tumours with a high probability 
of metastasising could deposit less BM than neo- 
plasms with low metastatic potential. A complete 
or almost totally complete BM may indicate nonin- 
vasiveness and larger defects or absence of BM 
might favour invasiveness. 

The study by Conn et al. (1987) on 84 patients 
with TCC using polyclonal antisera to type IV col- 
lagen and laminin demonstrated that the incidence 
of progression of superficial tumours with patchy 
or absent BM was significantly greater than those 
with complete BM. Daher et al. (1987) studied 48 
invasive TCC of  bladder using a polyclonal anti- 
body to type IV collagen and found that patients 

with minimal BM staining had a poor short term 
prognosis compared with those showing more 
complete staining. Therefore BM staining may be 
of value in diagnostic histopathology in predicting 
the subsequent biological behaviour of TCC of the 
bladder. 

In conclusion we have demonstrated, using a 
monoclonal antibody specific for type IV collagen, 
that the epithelial BM in cases of TCC of bladder 
is prominently stained. Interruptions to staining 
increase and become more extensive as TCC be- 
comes less well differentiated and the depth of in- 
vasion increases. These findings are similar to 
those observed in similar series of TCC using poly- 
clonal antibodies. Several factors many explain 
these defects in BM deposition; the deposition of 
BM elements may be related to the degree and 
direction of tumour cell differentiation or there 
may be increased degradation compared to synthe- 
sis of  BM components in TCC. Demonstration of 
BM may be of value in diagnostic histopathology 
as a marker of the biological behaviour of TCC. 
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