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Abstract—Plasminogen activators have been implicated in the process of tumour growth, invasion
and metastatic spread. Recent studies indicate that urokinase (u-PA) is the major type of plasminogen
activator correlated with the evolution of adenocarcinomas of the colon. Comparable changes in the
plasminogen activator profile have been found in premalignant conditions of the colon as observed in
adenocarcinomas. The feasibility of determining plasminogen activators in endoscopical biopsies
may provide diagnostic opportunities for the detection of early malignant changes in the human

colon.

PLASMINOGEN ACTIVATORS
PLASMINOGEN ACTIVATORS are currently distinguished
into two types: the urokinase-type plasminogen
activator (u-PA) and the tissue-type plasminogen
activator (t-PA). They show considerable structural
homology although their molecular weights,
immunological properties and functional activities are
different [1].

u-PA has a molecular weight of 54 kDa. It is
synthesized as a single-chain polypeptide pro-
enzyme (pro-u-PA, molecular weight 54 kDa) with
virtually no enzymatic activity [2]. This proenzyme
form is probably the only intracellular form of u-
PA. Activation, catalysed by plasmin, is achieved
by cleavage of a single peptide bond, resulting in a
molecule consisting of two chains connected by a
disulphide bridge. In the extracellular fluid, both
pro-u-PA and u-PA, and a smaller form of u-PA,
molecular weight 33 kDa, are found [3]. Active u-
PA can be bound (and inactivated) by plasminogen
activator inhibitor (PAI). However, PAI does not
bind to pro-u-PA [4].

The other plasminogen activator, t-PA| is a glyco-
protein with a molecular weight of 70 kDa. Its
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catalytic activity is largely dependent on binding to
fibrin and thus plays an important role in fibrino-
lysis. The principal site of t-PA synthesis appears
to be the endothelium. Several types of inhibitors
for plasminogen activator as well as for plasmin
are known to be present in plasma in significant
quantities [5]. The most important inhibitor of
plasminogen activators is the endothelial inhibitor
(PAI-1).

PLASMINOGEN ACTIVATORS AND
MALIGNANCY

A direct relation between changes in the
expression of plasminogen activators and malignant
derailment of cells has been shown to exist [6].
Transformation by oncogenic viruses or incubation
with tumour promotors induce an increased PA
activity [7, 8]. Also neoplastic human cell cultures
have been shown to exhibit characteristic changes
in the plasminogen activator synthesis and secretion
after stimulation with tumour promoting agents
{9-12]. Human tumours of different origin like
breast, lung, prostate and colon demonstrate altered
fibrinolytic activity compared with their normal
tissue counterparts. Depending on the method used,
the fibrin plate assay, which is especially sensitive
to t-PA, or the azocaseinolytic assay, which is more
sensitive to u-PA, and material analysed a decreased
or augmented total fibrinolytic activity in tumours

was found [10, 13-19].
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These earlier studies did not always discriminate
between u-PA and t-PA, but since inhibitory anti-
bodies to u-PA or t-PA have become available, the
total measured plasminogen activating activity can
be divided into activities caused by the two acti-
vators [20, 21]. Discrimination between t-PA and
u-PA based on their different molecular weights is
also possible using gel electrophoresis in PA gels
in the presence of SDS followed by zymographic
detection on a fibrin and plasminogen containing
underlay gel [22]. Plasminogen activator activities
become visible by the disappearance of the insoluble
fibrin layer in the underlay. A purely immunological
approach of measuring u-PA and t-PA antigens by
an ELISA is a third possibility of discriminating
between the two activators. From studties utilizing
these methods, it has become clear that, at least
in adenocarcinomas, u-PA is the activator type
primarily related to malignancy.

PLASMINOGEN ACTIVATORS IN
(PREYMALIGNANT CONDITIONS OF THE
COLON

In colorectal carcinomas, plasminogen activator
activity could largely be ascribed to u-PA while this
activity in the normal mucosa consisted nearly
totally of t-PA. The measured u-PA activity in tissue
homogenates was increased approximately five-fold
in the tumours when compared to the normal
mucosa [23,24]. In short term organ cultures
tumours were found to secrete almost 50 times more
u-PA than normal mucosa [25]. In contrast, t-PA
activity was decreased to one third of that in the
normal tissue [23, 24].

Adenomatous polyps of the colon are generally
considered as precursor lesions to adenocarcinomas.
They are neoplastic proliferations of colonic epi-
thelial cells, are often pedunculated and often pro-
trude into the colonic lumen. Adenomatous polyps
are characterized by dysplastic changes in the epi-
thelial cell layer in which a malignancy may develop
[26]. Flow cytometric DNA analysis studies
revealed aneuploid cells in the intestinal tissue of
this disorder [27]. Both u-PA and t-PA activities
were also determined in adenomatous polyps and
compared to those of normal colonic mucosa and
adenocarcinomas. In the polyps, u-PA activity was
found to be intermediate and significantly different
to the activities in normal mucosa and adenocarci-
nomas. The activity of t-PA in the polyps was
decreased compared to the level in the normal
mucosa to a similar level as found in the carcinomas
[23, 28, 29]. Not only the enzyme activities but
also the antigen concentration of u-PA and t-PA in
adenomatous polyps were evaluated. In polyps and
carcinomas, the increasc of u-PA antigen was clearly
much stronger than the parallel increase of u-PA
activity {23, 30]. It was found that, of the u-PA in

polyps and tumours, approx. 75% is present in the
proenzyme form, not recognized by the enzyme
activity assay [30], and only 25% in the active form.
The antigen levels of u-PA and t-PA were not
affected by the presence of complexes with inhibitors
in the tissues, which were mainly complexes with t-
PA. Only the decreased t-PA activity could partly
be attributed to inhibitor complexes. Because the
increase of u-PA is so strong when compared to
normal tissue (five-fold in the polyp group, and ten-
fold in the carcinoma group), and because t-PA
antigen, like t-PA activity, decreases, a discrimi-
nation between normal mucosa, premalignant
polyps and carcinomas can readily be obtained on
the basis of the two antigen determinations.

The main finding was, however, that the occur-
rence of invasion in a polyp (the actual malignancy)
coincided with a discrete rise of the u-PA antigen
concentration [30]. It was concluded that during
the adenoma-—carcinoma sequence, two discrete
changes of the plasminogen activator pattern could
be observed: the first at adenoma formation from
the normal mucosa, featuring a u-PA increase and
a t-PA decrease, and the second on the occurrence
of invasion in a polyp, with a further rise of u-PA to
a level also found in grown-out adenocarcinomas.

In the colon, several affections are known to be
premalignant, in other words, to increase the chance
to develop a malignancy. It is now generally
accepted that by far the most common precursor
lesion for a colorectal carcinoma is the adenomatous
polyp while also long standing chronic inflamma-
tory bowel disease (IBD) with dysplastic changes
in the epithelial cell layer is known to increase the
cancer risk. In the case of IBD, the precancerous
lesion would not necessarily be polypoid, but could
be any site of the colonic mucosa with severe dyspla-
sia [31-37]. Only a few studies have been performed
to determine PAs in this premalignant condition.
In chronic inflammatory bowel discase studies on
the fibrinolytic activity of inflamed mucosa in the
1970s showed enhanced fibrinolysis and led to some
studies on antifibrinolytic therapy [38-41]. No
studies were performed, however, in relation with
malignancy risk in this disease.

IBD comprises Crohn’s disecase (CD) and ulcer-
ative colitis (UC). In the literature, indications
are found that, on the one hand, an increased
fibrinolysis in the colonic mucosa might be respon-
sible for an increased bleeding incidence, while on
the other hand, an altered plasminogen activator
pattern might be related to an increased cancer risk.
t-PA levels (activity as well as antigen) were found
to be lower in the inflamed mucosa than in mucosa
without inflammatory changes and in mucosa of
controls, in addition the decrease in t-PA was related
to the severity of the inflammatory process. u-PA
antigen, however, was increased with increasing
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degree of inflammation, although this was not mir-
rored in a parallel increase of u-PA enzyme activity,
caused by the presence of pro-u-PA and complexes
of u-PA with specific inhibitors [42, 43]. The
changes in the plasminogen activator pattern of
inflamed IBD tissue are thus comparable with those
in adenomatous polyps, and may possibly point to
the premalignant character of IBD. On the basis of
the data from this study, it was however impossible
to rule out a more direct relationship between the
changes and the inflammatory process.

Recently, a study was performed to evaluate
the possible application of plasminogen activator
measurements in the diagnosis of malignant, and
perhaps premalignant, conditions of the gastrointes-
tinal tract. Activities and antigens of u-PA and t-
PA in endoscopic biopsies of gastrointestinal malig-
nancies were compared to the same parameters in
the subsequent resection specimens of the same
patients. A second comparison was made between
the results of the plasminogen activators and the
results of a histological evaluation of equivalent
biopsies by the pathologist. It became clear that
the plasminogen activator determinations in the
biopsies showed a good general agreement with
those in the corresponding resection samples. Virtu-
ally all carcinomas showed the characteristic strong
increase of u-PA antigen and the decrease of t-PA
antigen with respect to the normal mucosa, both in
biopsies and resections as well as in gastric and
colonic tumours. In comparison with histology,
malignancy was identified by PA measurements in
two patients which was not noticed in the histologi-
cal tissue sections of the biopsies [44].

ROLE OF PLASMINOGEN ACTIVATORS IN
THE PATHOGENESIS AND INVASIVENESS
OF TUMOURS

Transformation of cells by tumour viruses and
tumour promoting agents is usually followed by
changes in the production and secretion of PA
[6-8]. The exact nature and origin of this shift in
quantitative and qualitative (t-PA and u-PA) PA
activity is not known but as a consequence thesc
cells react upon stimulation with an enhanced
secretion of PA. This process is followed by a
breakdown of the extracellular matrix and associ-
ated with tissue remodelling and malignant-cell
migration [3]. The evidence for the involvement of
the fibrinolysis in growth and spread of tumours
has been reviewed by Peterson [45]. Ossowski and
Reich [46] showed that antibodies to u-PA inhibited
the metastasis of a human tumour cell line in a

chicken embryo model. Recently, Ossowski [47]
showed that the dissemination of the human tumour
cell line was prevented by the inhibition of the u-
PA dependent intravasation of these cells. These
were direct indications of a role for plasminogen
activators in the mechanism of tumour spread.
Moreover, human primary colon carcinomas xeno-
grafted into nude mice were found to be modulated
in their growth by plasminogen activators [48].

In a review [6], Markus suggested mechanisms
by which plasminogen activator could be used by
the tumour for invasive growth and metastasis
formation. For invasion, plasminogen activator is
secreted by the tumour cells to activate extracellular
plasminogen. The formed plasmin could degrade
matrix proteins, like laminin and fibronectin, or
activate latent collagenase for the same purpose
[49]. Thereby, the extracellular matrix is dissolved
and the tumour cells can invade the host tissue. The
cells responsible for the PA secretion were shown to
be the tumour cells when immunohistochemical
staining for u-PA was used [25,50], although
earlier studies showed that using the fibrin overlay
technique (Todd slides) only the perivascular zone
(t-PA type) had fibrinolytic activity [18, 19].
Besides the tumour and endothelium, mononuclear
phagocytes and epithelial cells have been shown to
produce a considerable amount of PA [51, 52].

There is also evidence that the PAs of the tumours
affect the host immune response, especially the
lymphocyte cytotoxicity [33, 54]. This PA activity
might contribute to the escape of the tumour from
the host’s control and subsequent metastasis forma-
tion. From these observations it emerges that PAs
play an important role in the development and
invasiveness of tumours in general.

CONCLUSIONS

The occurrence of malignancies in the gastro-
intestinal tract is closely connected with an increase
of the u-PA concentration and activity. This
increase can, to a lesser extent, already be observed
in premalignant lesions as adenomatous polyps but
also in severe inflammatory bowel disease. Since
such changes can also be found in small endoscop-
ical biopsies, these clear and carly occurring changes
may find an application in the early diagnosis
of gastrointestinal malignancies, in addition to a
thorough clinical evaluation.
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