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Secretion of urokinase and plasminogen activator
inhibitor-1 by normal colonic epithelium in vitro

P Gibson, 0 Rosella, G Rosella, G Young

Abstract
Urokinase is a neutral protease whose
major site of action is the external surface
of the plasma membrane of cells and
whose major function seems to be modu-
lation of cell adhesion, such as that which
occurs during cell migration. This study
aimed to determine whether colonic
epithelium is involved with the urokinase
system. The contents ofurokinase and one
of its specific inhibitors, plasminogen
activator inhibitor-1, were measured in
culture supernatant and cell homogenates
of isolated human colonic crypt cells. The
amounts of both factors increased in
supernatants over 24 hours, and approxi-
mately twice the amount was found in
supernatants than in autologous cell
homogenates. The secretion of both
factors was similar in serum free and
serum containing media. Northern blot
analysis showed that messenger ribo-
nucleic acid specific for urokinase and
plasminogen activator inhibitor-i was
present in colonic crypt cells and that
expression over 18 hours of culture was
increased 12 fold for urokinase type
plasminogen activator and two to fourfold
for the inhibitor compared with values
found in autologous freshly isolated cells.
Urokinase activity was detected in crypt
cell homogenates and supernatants indi-
cating that it was present in excess of its
inhibitors. Control experiments indicated
that the epithelial cells themselves were
responsible for the observations and
excluded artefactual effects of the isola-
tion procedure. In conclusion, isolated
human colonic epithelial cells secrete
urokinase and at least one of its specific
inhibitors. Further investigation of the
role of urokinase in the physiology and
pathophysiology of colonic epithelium is
indicated.
(Gut 1994; 35: 969-975)
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Urokinase type plasminogen activator (u-PA)
is a neutral protease whose major physiological
substrate seems to be plasminogen, from
which is generated plasmin, itself a neutral
protease. The wide range of substrates for
plasmin includes major constituents of base-
ment membrane, such as laminin, fibronectin,
and proteoglycans. u-PA also digests
fibronectin directly.1 Current evidence indi-
cates that the major site of action of u-PA in
vivo is bound to specific receptors on the
external surface of the plasma membrane.2 4
Receptors for u-PA (u-PAR) have been found

on most cell types examined (except some
circulating cells and occasional cell lines).5
Most cells bearing u-PAR have also been
found to secrete u-PA.5

Current knowledge of the relationship
between the u-PA system and colonic epithe-
lium is rudimentary. u-PA is present in mucosal
homogenates and its content and activity
increase in the presence of mucosal inflamma-
tion.6 7 Freshly isolated colonic crypts have cell
associated u-PA activity and, in subcellular frac-
tionation experiments, this co-localised with
markers of the plasma membrane8 suggesting
that colonic epithelial cells express u-PA
receptors on their plasma membrane. In situ
hybridisation experiments using human colonic
mucosa from patients with large bowel cancer
have demonstrated the expression of messenger
ribonucleic acid (mRNA) for u-PA receptors in
a very small proportion of colonic epithelial
cells.9 It has not been established, however,
whether the u-PA activity found associated with
colonic epithelial cells derived from the epithe-
lial cells themselves or from other cells. In situ
experiments have found little evidence of
mRNA for u-PA in normal colonic epithelium
in humans or mice.9 10 The only evidence that
colonic epithelial cells may be capable of secret-
ing u-PA comes from studies of colon cancer
cells lines which secrete u-PA and also express
u-PA receptors.3 11
The net activity of u-PA at the cell surface is

also dependent upon local concentrations ofthe
fast acting specific inhibitors of u-PA,
plasminogen activator inhibitors 1 and 2
(PAI-1, PAI-2)12 13 as well as other, less specific
inhibitors such as PAI-314 and protease nex-
ins.15 PAI-1 seems to be secreted by a variety of
cells, including epithelial cells, while PAI-2 pro-
duction appears to be more restricted, espe-
cially to monocytes and macrophages.12 13
Whether colonic epithelium secretes these
inhibitors is not known. Because of the
potential importance of u-PA to the physiology
and pathophysiology of the colonic epithelium,
this study aimed to determine whether colonic
crypt cells isolated from macroscopically
normal human large bowel can produce and
secrete u-PA or PAI-1, or both, in vitro.

Methods

ISOLATION OF COLONIC CRYPTS
Macroscopically normal mucosa was obtained
from surgically resected large bowel. Surgery
was performed on 10 patients because of non-
malignant large bowel disease. Five of these
patients had diverticular disease, one with
presumed colonic bleeding (histologically
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normal); three had recurrent sigmoid volvulus;
and one patient with a normal large bowel was

misdiagnosed as having a caecal carcinoma by
barium enema. The tissue from these patients
was considered to represent normal large bowel
mucosa. Tissue was obtained from the
proximal colon in two and the distal colon in
eight patients. The ages of these patients
ranged from 62 to 83 (mean 73) years and
three were men. In 10 patients, the large bowel
was resected because of colorectal carcinoma.
These patients were aged from 59 to 81 (mean
70) years and four were men. Tissue was taken
more than 10 cm from the edge of the tumour
and adjacent mucosa was histologically
normal. Two specimens were from the
proximal colon, three from the distal colon,
and five from the rectum. The procurement of
colonic specimens was approved by The Royal
Melbourne Hospital Board of Medical
Research and Ethics Committee.

Colonic crypt cells were isolated from
resected mucosa using the collagenase/Dispase
technique as previously described.16 Cell
populations were contaminated with less than
8% non-epithelial cells on morphological
criteria and the viability of colonic epithelial
cells immediately after isolation was always
>98% as assessed by 0 1% trypan blue exclu-
sion. The culture media in which the viability
of crypt cell populations have been studied in
detail previously comprised either Dulbecco's
modification of Eagle's medium containing
20% Nu-serum (Collaborative Research,
Bedford, Mass, USA), 25 mmol/l HEPES, 4
mmol/l L-glutamine, 50 U/ml penicillin, 50
,ug/ml gentamicin, and 100 U/ml nystatin16'8
or the same medium but without addition of
Nu-serum.18 Criteria upon the continuing
viability of crypt cell populations over 16-24
hours in culture has been established, includ-
ing ultrastructure,16 rates of protein and DNA
synthesis,16'8 and leakage of intracellular
proteins from 5lCr-prelabelled cells.16 18

ASSAYS OF UROKINASE AND PAI-1
Colonic crypt cells were cultured in 96
U-bottomed well plates, harvested by aspira-
tion, and centrifuged at 300 g for five minutes
to allow separation of the supernatant and the
cells. The cell pellet was then washed in
phosphate buffered saline, mechanically
homogenised in 1 ml of mannitol buffer (50
mmol/l D-mannitol and 2 mmoJIl trizma base
in dH2O, pH 7-4), and Triton-X 100 was

added to a final concentration of 0-1%. Both
the cell homogenates and supernatants were

stored at -20°C until assayed. All studies were
performed in triplicate or quadruplicate. The
u-PA content and activity and PAI-i content
were measured in the supernatants and cell
homogenates and, where appropriate, the
results were expressed relative to the cell
protein content, measured using bovine
gamma globulin as standard.19
The urokinase content was measured in all

supernatants and cell homogenates by ELISA
(#844 Imubind-5 u-PA ELISA kit, American
Diagnostica Inc, New York, NY) as previously

described.20 This assay measures free u-PA
and inhibitor bound u-PA, the latter with an
efficiency of >80%, but its ability to measure
receptor bound u-PA, while inferred, has not
been reported. u-PA activity was measured in
serum free supernatants and all cell
homogenates by the colorimetric method of
Coleman and Green,2' as previously
described.8 Because of the presence of
plasminogen in the assay, the activities of both
pro-u-PA and u-PA are measured. The results
were corrected for the presence ofplasminogen
independent proteinases (which were usually
not detectable). PAI-I was measured by
ELISA (#822/1 Imubind PAI-I ELISA kit,
American Diagnostica Inc, New York, NY)
which measures both free and u-PA bound
PAI-1, the latter with 80% efficiency.22 The
coefficient of variation between replicate wells
for all assays was <10%.

NORTHERN BLOT ANALYSIS
Total RNA was extracted from both freshly
isolated and cultured colonic crypt cell popula-
tions using the guanidium thiocyanate
method.23 Total RNA (10 ,ug) was denatured
with formamide and separated on 1-4%
agarose-formaldehyde (2-2 molI1) gels. Ethi-
dium bromide staining of the gel was used to
assess the integrity and to monitor the loading
of the RNA. After overnight (18 hour) transfer
of the RNA to a nylon membrane (Zeta-Probe,
BioRad, Richmond, CA), hybridisations were
performed using a 1 2 kb human u-PA cDNA
probe,24 labelled with 32P-dATP (specific
activity 109 cpm ,g- 1 ,ul- 1) by random priming
(Promega Corporation). All autoradiograms
were exposed using two intensifying screens for
four days at -70°C. Membranes were stripped
by heating in a buffer containing 15 ,urmol/l
sodium chloride, 1-5 LmoI/l trisodium citrate
and 0.5% sodium dodecyl sulphate for 40
minutes at 95°C before reprobing with a 3kb
PAI-1 cDNA,25 also random primed with
32dATP. A glyceraldehyde phosphate dehydro-
genase (GAPDH) cDNA was used as a 'house-
keeping' gene to correct for uneven RNA
loading on gels. Where indicated, laser densi-
tometry (LKB 2202 Laser Densitometer, LKB
Products, Sweden) was used to normalise the
intensity ofthe specific mRNA bands relative to
GAPDH. The linear range of x ray exposure
was used in all experiments.

CONTROL EXPERIMENTS

Effects of the isolation process
The potential effect of the isolation process on
the production of u-PA by colonic epithelial
cells was assessed in the colon cancer cell line,
LIM1863, the gift of R Whitehead, Ludwig
Institute for Cancer Research, Melbourne.
These cells grow in suspension in crypt like
structures26 and can be handled similarly to
normal crypts. They were harvested by mild
mechanical trauma and sieved through a fine
stainless steel mesh to remove large cell lumps
before study. The cells were incubated for 90
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minutes in medium containing collagena
Dispase identical to that used in the is(
process, and were then processed as for c
crypts. A control population was 1
similarly but without the enzymes i
medium. The production of u-PA and
by the cells was then measured and com

Effects ofcontaminating non-epithelial cells
The non-epithelial cells that contai
colonic crypt populations have previousl
characterised and mostly comprise mc
clear and plasma cells with some mesenc
(vimentin positive) cells. 16 These cells we
lated from resected mucosa firstly by ren
the colonic epithelium by incubation
minutes in multiple changes of Hank's bt
saline solution containing 3 mmol/l EDT
lowed by vigorous shaking. The ep
depleted mucosa was scraped from th
mucosa and subjected to collagenase/E
digestion, trituration, sieving, and w
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Figure 1: The content of urokinase type plasminogen activator (u-PA) and plasmin
activator inhibitor-1 (PAI-1) in supernatants of colonic crypt cells at various time p
during the 18 hours' culture. The symbols correspond to results from the same cell
population in each graph. The asterisks indicate values that have been reduced by 8
ease ofgraphic presentation.
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Figure 2: The content of urokinase type plasminogen activator (u-PA) (left) and
plasminogen activator inhibitor-1 (PAI-1) (right) in autologous supernatants and ce
homogenates of colonic crypt cells isolatedfrom normal (hatched) or cancer bearing c
(shaded) after 24 hours' culture (shown as mean (SEM)). Significandy less u-PA
(p<000I), paired t test)and less PAI-i (p= 0-013)were found in cell homogenates
compared with autologous supernatants. Disease related differences in u-PA or PAI-
content were not statistically different.

steps as for colonic epithelial cells except that
centrifugation was performed at 300 g for five
minutes. The resulting population, which was
shown to be contaminated with <10% epithe-
lial cells on light microscopy, was then cultured
and harvested in the same way as for colonic
crypt cells and the u-PA and PAI-1 content of
both cell homogenates and supernatants was
measured.

y been STATISTICAL EVALUATION
)nonu- Relevant data are expressed as mean (SEM).
-hymal Paired/unpaired data have been compared
!re iso- using Wilcoxon rank sign/sum tests, or the
noving paired Student's t test respectively according
for 90 the number of replicate experiments per-
affered formed and the distribution of the data.
'A, fol- Differences across large bowel regions were
)ithelia assessed by the Kruskall-Wallis test. u-PA
e sub- activities were compared by linear regression
)ispase analysis with the content of u-PA and PAI-1
,ashing and the ratio between them. The Pearson

correlation coefficient (r) was calculated.
* Differences with a p value -0 05 were

considered to be statistically significant.

A Results

A SECRETION OF U-PA BY COLONIC CRYPT
POPULATIONS

A There was a time dependent increase in the
concentration of u-PA in supernatants of cul-
tured colonic crypt cells, and, as shown in

-/ Figure 1, the appearance of u-PA seemed to
accelerate between 12 and 18 hours compared
with the 0-6 hours period. The cell associated
u-PA content also increased over the culture
period from 0 11 (0.03) ng/mg protein in

6 20 freshly isolated cells to 0-57 (0-13) ng/mg at 18
hours (n=5; p=0 004, paired t test). For the

ogen 20 crypt cell populations examined, the u-PA
)oints content of supernatants after 24 hours' culture
0% for was 2-14 (0 40) ng/mg, which was greater than

that seen in autologous cell homogenates (0-67
(0 13) ng/mg; p=0'001; paired t test). No dif-
ferences in results were observed between
colonic crypt cells from normal large bowel
and from cancer bearing colons (Fig 2). No
statistically significant differences were found
across large bowel regions in secreted or cell
associated u-PA levels (data not shown).
To determine whether u-PA secretion was

being stimulated by components of the serum,
crypts were cultured under serum free condi-
tions (in which the cells have been shown to
remain viable on multiple criteria18) and the
u-PA contents of supematants were compared

2 with those of autologous cells cultured with
20% Nu-serum. As shown in Figure 3, u-PA
secretion continued even in the absence of
serum and the values were not significantly

ociated different.

711
,olons SECRETION OF PAI-1 BY COLONIC CRYPT

POPULATIONS
1 A time dependent increase of PAI-I in crypt

cell supernatants was also observed but the
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Figure 3: A comparison of the content of urokinase type plasminogen activator (u-PA)
(left) and plasminogen activator inhibitor-1 (PAI-1) (right) in supernatants of colonic
crypt cells when culturedfor 24 hours in the presence or absence ofNu-serum at a
concentration of20% vol/vol. Results are expressed as mean (SEM). The differences
were not statistically significant.

pattern over time was variable (Fig 1). After
24 hours' culture, the cell associated PAI-1
content (6-5 (1-5) ng/mg; n=20) was signifi-
cantly less than that found in the supernatant
(13 6 (3 3) ng/mg; p=0-013; paired t test). No
differences in results were observed between
cells from normal large bowel and those from
cancer bearing bowels (Fig 2). Comparison of
PAI- 1 values across the regions of the large
bowel showed no significant differences. PAI-1
secretion was observed under serum free
conditions and the level of secretion was not
significantly different to that under serum con-
taining conditions in 10 experiments (p= 0 16;
Wilcoxon rank sum test; Fig 3).

UROKINASE ACTIVITY IN COLONIC CRYPT
POPULATIONS
To determine the relative amounts of u-PA
and inhibitors present in supernatants and cell
homogenates, u-PA activities after culture in
serum free conditions were measured in a col-
orimetric assay specific for u-PA. u-PA activity
was detected in all supernatants and cell
homogenates tested, indicating that it was

Figure 5: Northern blot analyses ofmRNA for urokinase
type plasminogen activator (u-PA)and plasminogen
activator inhibitor-i (PAI-i)in RNA preparedfrom a
single population of colonic crypt cells after 18 hours'
culture in vitro and run in duplicate. The position of
ribosomal RNA bands are shown. The sizes of the
transcripts are 2-5kb for u-PA and 3 0 and 2-2kb for
PAI-1.

present in excess of inhibitors such as PAI- 1.
In 15 cell populations (eight normal and seven
cancer), activity in the supernatant (7 5 (1 8)
IU/g) tended to be greater than that in cell
homogenates (4-8 (1 2) IU/g; p=0-063; paired
t test). On linear regression analysis, secreted
u-PA activity did not correlate with u-PA
content (r=0-32; p=0 17; Fig 4), PI-I
content (r= -031), or u-PA:PAI-1 (r=0 02).
Similarly, cell associated u-PA activity did not
correlate with cell associated u-PA content
(r=0K32), PAI-I content (r=-010), or
u-PA:PAI-1 (r=0 06).

ANALYSIS OF MRNA FOR U-PA AND PAI-1
Northern blot analysis of RNA extracted from
colonic crypts cells immediately after their

0 4h 18h

30 -

25 -

20 -

15 -

10 -

5 -

uPA

0

3

o0
;- C3
0

0O
I

0 1

u-P/
Figure 4: Linear regre
urokinase type plasmit
u-PA activity found in
culturedfor 24 hours i;
correlation coefficient z
significant (p=0 17).

PA-I1

GAPDH

) a Figure 6: Northern blot analyses ofmRNA for urokinase
type plasminogen activator (u-PA), plasminogen

O3 M activator inhibitor-1 (PAI-1), and glyceraldehyde
, , , ,I phosphate dehydrogenase (GAPDH) in RNA prepared

2 3 4 5 6 7 from a single population offreshly isolated colonic crypt cells
(run in duplicate) and thatfrom the autologous cells after

A content (ng/mg protein) four (in triplicate) and 18 hours' culture (in duplicate) in
ssion analysis comparing the vitro. On densitometry, the intensity of u-PA bands relative
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The effect of 90 minutes' collagenase and Dispase digestion
on the urokinase type plasminogen activator (u-PA) and
plasminogen activator inhibitor 1 (PAI-I) values in
supernatants and cell homogenates ofLIM1863 cells.

Collagenase/
Control Dispase treated

u-PA:
Supernatant 1.98* 1-21
Cell associated 0-42 0-27

PAI-I
Supernatant 8-62 6-67
Cell associated 2-45 1-31

*Mean of two experiments; nglmg protein.

isolation or after four or 18 hours' culture was

performed with probes specific for the mRNA
ofu-PA and PAI- 1. As shown in Figure 5, both
species ofmRNA were detected and their sizes
were similar to those published for other cell
types. The effect of culture on the relative pro-
portion of transcripts present are shown in
Figure 6. Densitometry showed the band for
u-PA to have 45% (mean of two experiments)
of the intensity of that for GAPDH intensity in
RNA extracted from freshly isolated cells.
After four hours in culture, the intensity
(expressed relative to that for GAPDH) of the
mRNA for u-PA increased by 100 and 300%
and, after 18 hours it was approximately 12
fold that in RNA from freshly isolated cells.
Transcripts for PAI-I from freshly isolated
cells showed an average of three times the
intensity ofmRNA for GAPDH and increased
by 30 and 80% after four hours' culture and by
approximately 100 and 200% following 18
hours' culture in autologous cells.

CONTROL EXPERIMENTS
The effect of the collagenase/Dispase digestion
was examined in LIM1863 cells by processing
them identically to colonic mucosa and com-

paring their output and cell associated content
of u-PA and PAI-1 with that of cells not so
treated. The results from two experiments are

shown in the Table. Enzyme treatment led to a
modest diminution of both secreted and cell
associated u-PA and PAI- 1 levels, indicating
that the isolation procedure was unlikely to be
inducing the secretion of u-PA and PAI-I by
colonic crypts.
The contribution made by the non-epithelial

minority population contaminating the colonic
crypt preparation to the secreted u-PA value
was investigated. Isolated lamina propria cells
were produced by first stripping the mucosa of
epithelium using EDTA and then processing
the remaining lamina propria as for the crypt
isolation. The resulting populations were con-

taminated with < 10% epithelial cells as

assessed by morphology. In four experiments,
the lamina propria cell associated content of
u-PA (0-47 (0 20) ng/mg) and the amount
secreted into the supernatants (1 -02 (0 20)
ng/mg) was less than that of autologous
colonic crypts (1-48 (0 80) ng/mg and 4 40
(2 04) ng/mg respectively). In three cell
populations, the PAI-I content of the lamina
propria cell homogenates (2-92 (1-30) ng/mg)
and culture supematants (5.28 (2.45) ng/mg)
were also measured and were also less than

levels found in association with enriched
colonic crypts (see above). These results indi-
cate that the observations made with colonic
crypt populations almost certainly reflected the
behaviour of the majority cell population, the
colonic epithelial cells.

Discussion
This study has shown that enriched isolated
human colonic crypt cell populations from
both normal and cancer bearing large bowel
produce and secrete antigenically recognisable
and enzymatically active u-PA. They also
contain mRNA identified by a specific cDNA
probe for u-PA. The u-PA found in the super-
natants was not due solely to release of
previously synthesised cellular u-PA or to lysis
of the cells, since cell associated levels were
about one third of those in the supernatant and
colonic crypt cell populations remain viable
over the culture period under the conditions
used. 1618 u-PA secretion from cells was
similar whether serum-free or serum-contain-
ing media was used. Of the u-PA produced by
cultured crypt cells, little would have been
contributed by the contaminating non-epithe-
lial cells since they comprised a minority
population in the isolated crypts and, more
importantly, u-PA production from cultured
lamina propria cells was 75% less (relative to
cellular protein) than that for the autologous
whole population. Furthermore, control
experiments using LIM1863 cells showed that
the isolation process was unlikely to be a
stimulus to u-PA secretion but rather tended
to suppress its secretion. These data indicate,
therefore, that colonic epithelial cells them-
selves actively produce and secrete u-PA in
vitro.

Parallel studies examining the appearance of
one of the specific inhibitors of u-PA in super-
natants of cultured crypt cells also showed
constitutive secretion of PAI-1 by cells
obtained from normal or cancer bearing
colons. mRNA for PAI- 1 was identified in
RNA preparations from colonic crypts. As
observed for u-PA, PAI-1 levels that were
associated with crypt cell homogenates were,
on average, about one half of those in autolo-
gous supematants after culture. Concomitant
production ofuPA and PAI-I by the same cell
population has been documented for other
types of epithelial cells such as keratinocytes
and bronchial and alveolar epithelium.27-29
Under the in vitro conditions used in the
present study, the finding of net u-PA activity
in cell supematants indicates that, in a func-
tional sense, u-PA is being secreted in excess of
its inhibitors. The poor correlation of u-PA,
PAI-1, and u-PA:PAI-1 ratios with net u-PA
activity suggests that PAI-I is not the only
inhibitor secreted by colonic epithelium.
Whether constitutive secretion of u-PA and

PAI-1 actually occurs in vivo remains uncer-
tain since in situ methods that aim to detect
proteins or mRNA suffer from poor sensitivity
and, possibly, from technical problems such as
the loss of u-PA during tissue preparation or
poor affinity of antibodies to receptor bound
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u-PA. These problems are exemplified by
the failure to demonstrate u-PA or PAI-I
associated with normal colonic epithelium by
immunohistochemistry.30-35 Similarly, in situ
hybridisation experiments using human
colonic tissue sections have not convincingly
shown mRNA for u-PA in normal colonic
epithelial cells.9 The present study has demon-
strated that the accumulation ofu-PA in super-
natants accelerates after the first six hours of
culture. This observation was consistent with
the appreciable increase in expression of
mRNA for u-PA relative to the total RNA in
cells during culture. The mechanism underly-
ing this induction of u-PA production is not
clear. External soluble stimuli cannot be impli-
cated since secretion of u-PA occurs in the
absence of any such factors (that is, when
cultured in medium containing buffers,
nutrients, and antibiotics alone). The extrac-
tion process itself may be the trigger but
experiments with LIM1863 cells did not show
enzyme-induced u-PA secretion. The disrup-
tion of normal cell-substratum interaction or
the relatively adverse nature of the in vitro con-
ditions may themselves result in induction or
acceleration of u-PA transcription. Alterna-
tively, the removal of the cells from the
influence of an in vivo suppressive factor(s) or
the production in vitro of a stimulus from the
cells themselves may be playing a role. The
nature of any such factors requires elucidation.
u-PA may have particular relevance to the

biology of colonic epithelium. Important com-
ponents of its basement membrane (such as
laminin, proteoglycan, and fibronectin) are
known to be able to be digested by plasmin and
by u-PA. The production of not only u-PA but
also at least one of its specific inhibitors by
colonic epithelium indicates that the epithelial
cells have a potential in-built mechanism by
which net u-PA activity on the cell surface can
be modulated. Studies of promyeloid, fibro-
blastic, and sarcomatous cells and a malignant
cell line of epithelial origin have found that
u-PA receptors are localised at sites of cell-cell
and cell-substratum contacts, whereas PAI-1
is diffusely distributed on the plasma
membrane.3638 Membrane associated u-PA
activity seems to play a critical role in cell
motility of a number of motile cell types such
as normal keratinocytes, fibroblasts, and
monocytes,4 or in tissue invasion of cancer
cells.27 Cell motility and tightness of cell-cell
interactions are important in colonic epithelia.
Changes in the activity of receptor bound
u-PA might affect biological aspects that
depend upon the strength of cell-cell and cell-
substratum contacts since they are intimately
associated with protease sensitive molecules
such as cadherins, laminin, and fibronectin.
Loosening of these contacts might result in, for
example, increased paracellular permeability, a
change in the migration of cells from the base
of the crypt to the surface, and increased loss of
cells into the lumen. In colitis, paracellular
permeation of luminal macromolecules
through the epithelium into the lamina propria
is increased,39 cell turnover is raised,40 and
ulceration is characteristic; because mucosal

u-PA content and activity are increased,6 7
u-PA may be responsible.

In conclusion, this study shows that human
colonic epithelial cells freshly isolated from
macroscopically normal large bowel secrete
both u-PA and PAI-1. The presence of net
u-PA activity in both supematants and cell
homogenates indicates that under the in vitro
culture conditions used, u-PA secretion may
be greater than that of its inhibitors. In view
of the current understanding of the biology of
the u-PA system, these findings support the
hypothesis that u-PA plays an important
role in the normal physiology of colonic
epithelium and in the pathophysiology of
inflammatory and neoplastic diseases of the
large bowel.
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