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Collagenase - A Marker Enzyme in Human Bladder Cancer? 
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Summary. Collagenase activity in human bladder 
carcinomas was measured against 14C:labeled 
collagen as substrate. Enzyme activity in vivo 
increased with the degree of penetration of the 
bladder wall. It was not detectable or low in the 
cases of superficially infiltrating tumours (A, 
BI, B2) and high in the cases of deeply infiltrat- 
ing tumours (C, D). These results suggest that 
collagenase activity of advanced tumours is 
predominantly expressed in the perivesical layer 
of the bladder wall. A quantitative estimate of 
this enzyme may thus help to distinguish between 
Stage B and Stage C tumours. 
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Invasion. 

Although little work has been done on the secre- 
tion of hydrolases by living cancer cells there are 

convincing data that suggest a close correlation 
between the invasive properties of the tumour and 
the content of degradative enzyme activity (6, 7, 
9, 21, 26). Among theproteases, collagenases 
appear of special interest since cancer cells m{~st 
often migrate through barriers composed of col- 
lagen before they can produce metastases. Indeed, 
recent reports on elevated collagenase activities 
in human and animal neoplasms (II, 18, 19, 28, 
33) lead to the supposition that these enzymes 
may not only help to traverse the endothelial 
basement membrane in vascular invasion but can 
also destroy the collagen component of massive 
layers of connective tissue e. g., that of the der- 
mis. Irrespective of the exact origin of eolla- 
genase in turnouts, progressive levels of turnout 
invasion should indicate increased levels of 
collagenase if this enzyme is related to invasion 
and metastasis. Abramson et al. have found an 

interrelationship between the clinical agressive- 
hess of epidermoid carcinomas of the neck and 
the head and the release of tumour collagenase 
in vitro (2), but the correlation of collagenase 
activity with staging and grading has not been 
previously reported. We have now carried out 
these studies in another invasive human turnout, 
the bladder carcinoma, and investigated whether 
collagenase is present and whether the level of 
collagenase bears any relation to the staging 
and histological grading of the tumour. Prelimi- 
nary investigations carried out on collagenase 
in three other human tumours are also discussed. 

MATERIALS AND METHODS 

All the tumours investigated in this study were 
collected from the Department of Urology and the 
Department of Gynaecology of Salzburg General 
Hospital. 

Bladder specimens were obtained from 28 pa- 
tients who underwent partial resection (n = 26) 
or total cystectomy (n = 2). Representative 
parts of the tumour were classified by the patho- 
logist. Carcinomas were graded as Grade I - IV 
which represent in order the increasing grades 
of malignancy. The method of staging was based 
on the extent of invasion of the bladder wall ac- 
cording to Jewett and Strong (I 7). Normal bladder 
tissue came from patients with resection of the 
prostate gland (n = 4). 

The gyneaecological tumours (n = 3) and the 
carcinomas of the prostate (n = 6) and kidney 
(n = I) represent aggressive tumours. 

Preparation of the Tumour Extracts 

In all cases tissue specimens were exhaustively 
washed with cold 0, 15 M NaCI to remove traces 
of residual blood. They were finely minced, 
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Table I. Distribution of bladder turnouts ac- 
cording to stage and grade 

Tumour Pathological stage 
grade A B1 B2 B-C C D 

I 2 
II 2 5 1 
III 1 1 2 1 
IV 1 2 6 4 

Total 5 6 2 4 7 4 
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Fig. I. Levels of sediment-bound collagenase in 
normal and neoplastic bladder tissues. The sedi- 
ment obtained after homogenisation and centrifu- 
gation was extracted with 5 M urea for two hours. 
After dialysis and (NH4)2SO 4 precipitation the 
enzyme activity was determined, incubating with 
substrate at 25°C for 8 h. Each value represents 
one ease 

blotted on filter paper and weighed. The tissue 
was then homogenized at 0°C in i0 vol. of 0, 4 M 
sucrose (w/v) in 10 mM Tris-HCl, containing 
5 mM CaCI 2 (pH 7, 6) as described previously 
(30). Centrifugation at 6000 x g for 20 rain. re- 
sulted in supernatant fraction I, containing 
soluble collagenase. Following several washings 
in 0, 15 IV[ NaCI, the 6000 x g pellet was re-ex- 
t;racted for two hours in 5 M urea, dissolved in 
50 mM Tris-HCl, containing 0, 15 M NaCI and 
5 mM CaCI (pH 7, 6). After centrifugation and 
exhaustive dialysis this extract represent the 
sedimented enzyme (Fraction II). 
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Both fractions were adjusted to 20-50% satura- 
tion with (NI-I4)2SO4(PH 7, 2). The precipitate 
was collected after centrifugation, dissolved in 
0, 05 M Tris-HCl (0, 15 M NaCI and 5 mM CaCI 2 
pH 7, 6) and dialysed. An aliquot of these crude 
enzyme preparations was examined for colla- 
genase activity by incubation with soluble 14C- 
collagen (vide infra). Some tumour tissues were 
found to contain both active and latent collagenase. 
In these cases inactive enzyme was activated by 
i0 rain. treatment of fraction I at 25 ° with 50 Hg 
trypsin/ml. Active collagenase was precipitated 
between 20 and 50% saturation of (NH4)2SO 4 and 
collected as described above. 

Collagenase As s a~f 

Collagenase was assayed by a method as previ- 
ously outlined (30). This consists of measure- 
ment of the release of 14C-labelled collagen 
peptides from a mixture 50 ~I of 0, 2% soluble 
radioactive guinea-pig skin collagen (13), 25 ~I 
of 0, 2 M Tris-HCl buffer, 25 HI of water and 
I00 ~i of enzyme solution. Each assay contained 
approx. 1800 cpm 14C-Collagen per tube. Incuba- 
tion was performed in microtubes at 25°C for 
eight hours. After addition of 0, 4 M EDTA and 
increase of temperature up to 37oc, soluble col- 
lagen peptides were separated from undigested 
collagen fibrils by centrifugation. From each 
supernatant, 100~tl were added to i0 ml of Bray' s 
solution and counted. In each case, incubations, 
together with EDTA served as blanks. Results were 
expressed in cpm dissolved peptides per gram of wet 
tumour tissue. Substrate plus 0, 01% trypsin (Sigma 
Chem. Corp. ) were included as controls and only 
values above trypsin control (120-140 cpm above 
the blank) were registered as due to collagenase. 

Other Assays 

For identification of the collagen degradation 
products the incubation was stopped by adding 
I0 U1 of 2 N HCI instead of 0,4 MEDTA. Follow- 
ing denaturation at 42 ° C for i0 rain. , i00 ~I of 
the reaction mixture was subjected to polyacryl- 
amide disc gel electrophoresis at pH 4.0 as de- 
scribed by Nagai et al. (20). 

To measure the collagen content of the tu- 
mour tissue, the 6000 x g pellet was dried and 
extracted in 0.3 M TCA (12). Hydroxyproline 
was determined by the method of Woessner (31) 
and the collagen content was calculated (16). 

RESULTS 

The relationship between staging and grading of 
the bladder carcinomas is shown in Table I. 
In II cases tumours were more often superficial 
extending to the submucosa (Stage A) and the 
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Table 2. Collagenase activity of two Grade IV tumours. Both tumours 

were removed byfwo steps. Tissue extracts were prepared as described 
in the text. The enzyme mixture was incubated for 8 hours at 25°C. Col- 
lagenase activity was expressed in cpm per gram tumour tissue 

P ati ent Submucosa and muscularis _Muscularis and perivesical layer 

Fract. I Fract. I Fract. II Fract. I Fract. I Fract. II 
+ trypsin + trypsin 

21/77 No activity a i, 520 5, 500 7, 530 

23/78 No activity a 4, 000 II, 500 6, 350 

aNo activity above the trypsia blank of 130-150 cpm/tube (25)-~g trypsia/ml) 

internal layer of the muscularis (Stage BI). In 
two cases the turnouts proceeded through sub- 
mucosa and muscularis (Stage B2) while 15 cases 
were more or less deeply invasive carcinomas 
infiltrating the perivesical layer to different 
degrees (Stages C and D). The four cases classi- 
fied as Group B-C were borderline turnouts be- 
tween B2 and C. 

As can be seen, Stage C and Stage D turnouts 
were highly dedifferentiated carcinomas while 
the majority of the A and B1 turnouts were tu- 
rnouts of Grade I and Grade II. Thus it seems 
evident, that infiltration of the perivesical 
tissue and severe atypia of the turnout cells are 
well correlated. 

The data described in Fig. 1 clearly show that 
the sediment-bound collagenase is a character- 
istic of both C and D turnouts. In this group 
there is only one case below the majority of 
cases which fall between 6,000 and 12,000 cpm 
dissolved 14C-collagen/g wet tissue and two 
cases reaching 26,000 and 50,000 cpm respec- 
tively. In the group including both B1 and B2 
turnouts only two from eight cases showed col- 
lagenolytic activity. In the group B-C, inter- 
mediate levels of collagenase were found. How- 
ever, one sample showed no acitivity and we 
believe that this failure to detect the expected 
collagenase most likely resulted from over- 
staging this turnout. Additionally, neither the 

five cases of the A Group nor the control tissues 
demonstrated collagenase activity. Soluble col- 
lagenase was only found in the majority of tu- 
rnouts comprising Groups C and D (Fig. 2) but 
was generally lower then the sediment-bound 
collagenase. 

Following activation with trypsin collagenolytic 
activity was detected in the sucrose extract of 
the borderline group B-C and markedly enhanced 
activity was found in C and D turnouts. Treatment 
of the sucrose extracts from Stage ik and B tu- 
n-tours and the control group with trypsin, failed 
to elicit collagenolytic activity. 

In order to explore the possibility that the 
grade of anaplasia may account for the high ac- 
tivity in C and D turnouts we examined two deeply 
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Fig. 2. Levels of soluble collagenase in normal 
and neoplastic bladder tissues. Collagenase 
activity was determined before (~I) and after 
treatment of fraction I with trypsin (F--l). Each 
column represents a different case 

invasive carcinomas of grade IV. In these cases, 
the papillary and more superficial part of the tu- 
rnout was excised in the first session while the 
deeper portions were removed two weeks later. 
In all the cases the neoplastic epithelium showed 
atypia of grade IV. As expected from our previous 
results, active and trypsin-activatable collagenase 
were only detected when the tissue material in- 
cluded muscle fasicles and the perivesical fat 
(Table 2). The number of cases is insufficient for 
valid conclusions but it is interesting to note that 
the depth of infiltration may determine whether 
or not extractable collagenase is produced. 

Our observations of the presence of collagenase 
in highly malignant bladder turnouts prompted us 
to examine three other human carcinomas for the 
ability to produce this enzyme in vivo. Each group 
represented only a small number of specimens. 
The results of this survey are sumrnarised in 
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Table 3. Levels of extractable collagenase in three human carcinomas. 
While normal samples were not available in cases in which cervical 
cancers and cancers of the prostate were obtained, kidney samples 
included normal, neoplastic and mixed tissue. Extracts were prepared 
as described under "Material and Methods". The incubation time in the 
assay was 8 h. For collagenase determinations in urea extracts from 
cervix carcinomas, the enzyme solution was diluted 5-10 fold to obtain 
linearity in the enzyme assay 

Specimen N mg collagen/g 

Dry s edim ent 

Collagenase activity 
Fract. I Fract. I Fract. II 

+ tryp sin 

C ervic al 
3 2 - 5 4, 520 6,200 48, 300 

carcinoma I0, 700 17, 380 64, 000 

18, 300 27, I00 180,500 

Carcinoma of a 
6 I00 - 150 No activity 

the prostate 

Hypernephroma 
a 

Normal tissue 1 60 No activity a 
Mixed tissue 1 150 No activity a 
Carcinoma 1 120 No activity 

aNo activity above the trypsia blank of 130-150 cpm/tube (251~g irypsia/ml) 

Table 3. Malignant invasive neoplasms of the cer- 
vix uteri clearly produced collagenase in vivo. 
On the other hand, adenocarcinomas of the pros- 
tate and invasive carcinoma of the kidney did not 
contain appreciable amounts of collagenase. 

Collagenases derived from bladder turnouts 
and from cer~zieal cancers attacked soluble col- 
lagen in an identical manner, resulting in a single 
cleavage of the molecule across the triple helix 
and the formation of two products called TC A and 
TCB as are those produced by other mammalian 
and human collagenases. 

DISCUSSION 

The discovery of collagenase, an enzyme capable 
of degrading native collagen under physiological 
pH and temperature conditions in two human 
carcinomas, supports our previous conclusions 
(29) that these enzymes may be involved in cases 
where microdestruction zones surrounding parts 
of cancer cells have been established by light 
and electron microscopic studies (5, 8, 24, 27, 
32). The reasons for failure to detect collagenase 
in tumours of the prostate and kidney are not 
clear at present. 

In a human bladder wall affected by cancer, the 
muscularis, in comparison to the perivesical 
layer, demonstrated either no frequency or a low 
frequency in the lysis of collagen substrate if 
both layers were consecutively invaded by cancer 

cells. Collagenolytic activity did not appear to 
originate from Stage A turnouts and was not found 
in normal bladder tissue. Tentatively we con- 
clude that the observed collagenase activity may 
be a product of the host in response to the tu- 
rnout and not a product of the tumour itself. This 
interpretation would be consistent with immuno- 
cytochemical studies that indicate that in vivo 
collagenase is found almost exclusively in stromal 
elements rather than in the tumour cell itself. 
Connective tissue elements such as fibroblasts 
(4) subjacent to epithelial skin tumours, and 
macrophages (I) seem to play an important role 
in collagenase production. Bladder tumour cells 
may release an as yet unidentified diffusable fac- 
tor capable of stimulating collagenase production 
in unknown cells in the perivesical tissue. Recent 
findings of prostaglandin E (PGE) synthesis in 
vitro by breast cancer (23), renal cortical car- 
cinoma (3) and some invasive mammalian tumours 
(14, 22) suggest that this factor might be PGE-like 
in nature. Thus prostaglandin synthesis by deeply 
infiltrating cancers of the bladder is probably a 
necessary intermediate step in collagenase stimu- 
lation as was shown for collagenase-induced bone 
resorption (i0). 

Whether collagenase exists in the tissue pri- 
marily as a latent form and therefore needs 
limited activation by proteelytic enzymes, re- 
leased by the tumour cells, is not known. At 
present we do not know whether the latent enzyme, 
generally found in extracts of Stage C und D tu- 
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mours, represents procollagenase (15) or re- 
sults from formation of enzyme-inhibitor com- 
plexes (25). 

Nevertheless it is also possible that tumour 
cells infiltrating the perivesical layer of the 
bladder secrete great amounts of either active 
or latent collagenase. If this is correct, and if 
the results from Table 2 are representative, the 
tumour cells entering this layer may be a sub- 
population of Grade IV cells and may thus have 
special biological and immunogenic properties. 
On the other hand, Grade IV cells may have been 
conditioned by their environment to produce col- 
lagenase. These possibilities would help to ex- 
plain why collagenase was found also in the border- 
line tumours and in minor amounts in two of eight 
B-staged turnouts, graded as III and IV tissues. 
Differences in the ability of turnout cells to re- 
lease collagenase may thus be due to differences 
in their intrinsic qualities. 

Finally, we cannot exclude the possibility that 
the failure to detect collagenase in controls, in A 
turnouts and in most of Stage B turnouts resulted 
from collagenase inhibitors present in the tissue 
under investigation (18). It should be emphasized 

that both turnout tissue and normal tissue close 
to the turnout were utilised in this study. In a 
general sense our study demonstrated a high 
frequency of collagenolysis in deeply invasive 
tumours, in sharp contrast to the slight activity 
found in some Stage B tumours. 

These observations lead to the supposition, 
that the increases in collagen degradative activity 
may permit the turnout cell to penetrate connec- 
tive tissue barriers including that of the blood 
vessels, thus allowing the cancer cells to enter 
the circulation. It is well known that when invasion 
is limited to the area between basement membrane 
and external muscle fibres, more than 80% of the 
turnouts are curable. But as soon as the tumour 
has reached the perivesical tissue, where lym- 
phatics are large and numerous the cure rate 
drops sharply to approx. 25% (17). Thus our 
data would suggest that patients whose tumours 
demonstrate high levels of collagenase, have a 
lower rate of survival. 

From the clinical standpoint our findings 
would also appear to emphasize the importance 
of collagenase as an effective parameter to 
distinguish between deeply and more superficial- 
ly infiltrating turnouts. At the moment collagenp~e 
estimations do not allow differentiation between 
B1 and B2 turnouts and the statistical significance 
of our observations must await larger series and 
a longer follow-up. However, enzyme assays 
should help to improve the accuracy of clinical 
staging in borderline cases between B2 and C 
turnouts. The presence of more than 2000 cprn 
14C-collagen peptides/g turnout in our system 
would suggest that the turnout had entered the 
perivesical tissue. 
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