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Abstract The malignant potential of solid tumors is related to the ability to invade adjacent tissue and to
metastasize. These properties of cancer cells depend on the synthesis of proteolytic enzymes which are able to digest
adjacent connective tissue and basement membranes. We hypothesized that all elements of the plasminogen activation
system might be overexpressed in malignant human breast tumors, functioning as an essential element in tumor
invasion and metastasis. As determined by histopathological methods, the malignant tumors showed statistically
significantly higher expression of urokinase plasminogen activator (uPA), type-1 plasminogen activator inhibitor (PAI-1),
and especially urokinase plasminogen activator receptor (UPAR) than benign tissues. All those elements were present in
higher amounts in the cancer cells than in the cells of benign or normal breast tissues. High exhibition of tissue
plasminogen activator (tPA) found in cancer seems to be random and not related to the malignant or benign state, since
benign and malignant tumors show overexpression of tissue plasminogen activator with similar frequency. When the
tumors express high amounts of uPA, they express a high amount of uPAR in 50% of cases and PAI-1 in 57.3% of cases.
When urokinase is expressed in low amount, the receptor is low in 28.6% and inhibitor in 21.4% of malignant breast
tumors. This statistically significant consensus, 78.6% in the case of urokinase and its receptor and 78.6% in case of
urokinase and its inhibitor, suggests that these activities may be the result of a unique mechanism of control, activated
in the last steps of malignant transformation.  © 1993 Wiley-Liss, Inc.

Key words: urokinase plasminogen activator, urokinase plasminogen activator receptor, plasminogen activator inhibi-
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The malignant potential of solid tumors is
related to their proliferation rate as well as to
their capacity for invasion and metastasis. The
potential of cancer cells for tissue invasion and
hematogenous spread is related to their capacity
to dissolve the structures in their vicinity. Since
the structure of the penetrated tissues consists
mainly of proteins, e.g., fibronectin, fibrin, pro-
teoglycans, or collagen, the primary substances
used by a tumor cell for invasion and metastasis
are proteases [Schmitt et al., 1992a]. Tissues of
primary cancer and/or metastases of the breast,
ovary, cervix uteri, bladder, kidney, prostate,
liver, lung, and gastrointestinal tract have been
reported to contain high levels of cathepsins,
collagenase IV, or urokinase plasminogen activa-
tor (uPA) if compared with benign tumors or
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normal tissues [Dang et al., 1985; Duffy et al.,
1990; Evers et al., 1982; Mangel, 1990; Schmitt
et al.,, 1992a; Tandon et al.,, 1990]. Elevated
levels of cathepsin D and uPA are of clinical
significance. It has been reported that increased
concentrations of those proteases in breast tu-
mor tissue may predict a high risk of metastasis
and shorten overall survival if compared to pa-
tients with smaller amounts of those factors
[Duffy et al., 1990; Schmitt et al., 1992a; Tan-
don et al., 1990]. Not only patients with high
uPA in their breast tumors, but also patients
with an elevated plasminogen activator inhibi-
tor type-1 (PAI-1) content are at high risk for
relapse or shorter overall survival [Graeff et al.,
1992]. The involvement of urokinase plasmino-
gen activator receptor (uPAR) in extracellular
matrix degradation was reported recently also
[Quax et al., 1992].

Two types of plasminogen activators, uPA
and tPA (tissue plasminogen activator) are
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known to convert nonactive plasminogen to plas-
min. This enzyme is able to attack a broad
spectrum of matrix and basement membrane
proteins. The uPA and tPA are present in blood
and tumor tissues. tPA, rather than uPA, is
mainly involved in intravascular physiological
thrombolysis. The uPA predominantly mediates
pericellular proteolysis during cell migration and
tissue remodeling. Although uPA is initially se-
creted as an enzymatically inactive proenzyme
(pro-uPA) by normal and tumor cells, it exerts
its proteolytic functions as an active enzyme
after binding to a specific high-affinity cell sur-
face receptor (uUPAR) {Blasi, 1988; Schmitt et
al., 1992a]. The uPA/uPAR complex on the cell
surface is the reaction site for uPA mediated
plasminogen activation [Blasi, 1988]. The recep-
tor bound uPA can remain on the cell surface for
prolonged periods of time. The complexed uPA
can be inactivated by PAI-1. The bindings trig-
ger the PAI-1 mediated internalization of the
PAI-1/uPA/uPAR complex.

The proposed mechanisms of uPA secretion,
binding, and internalization are somewhat con-
tradictory to clinical observations [Blasi, 1988;
Duffy et al., 1990; Graeff et al., 1992; Janicke et
al., 1991; Schmitt et al., 1992a]. High levels of
the inhibitor should act protectively by blocking
the enzymatic activity of receptor-bound uPA,
but clinical data show an association of the
inhibitor with a high risk of metastasis [Graeff
et al., 1992; Schmitt et al., 1992a]. Most of the
studies of breast cancer have involved biochemi-
cal and immunologic detection of the elements
of the plasminogen activation system in cell or
tissue homogenate, and only a few have focused
on the localization of some elements within tis-
sues [Chucholowski et al.,, 1992; Duffy et al.,
1990; Janicke et al., 1991]. Data from clinical
and in vitro studies suggest that uPA and uPAR
are localized in the cancer or cancer cells [Duffy
et al., 1990; Janicke et al., 1991; Jankun et al.,
1991]. However, other workers report that both
proteins can be located in fibroblasts or macro-
phages adjacent to the invasive cancer cells [Dang
et al., 1992]. This may indicate that cancer inva-
sion is the result of concerted action of a cell
population consisting of malignant as well as
non-malignant cells.

MATERIALS AND METHODS

The breast tissues were from resected speci-
mens retained in the pathology department, ar-
chives at Medical College of Ohio from 1991 to

1992. Representative tissue blocks were selected
and were fixed in 10% phosphate-buffered form-
aldehyde (pH 7.4) and embedded in paraffin
wax. Tissue sections, 5 pm thick, were stained
with hematoxylin and eosin for routine histolog-
ical evaluation. [Slides were reviewed by a surgi-
cal pathologist and were classified as: 3, normal
breast; 3, fibroma; 2, infiltrating adenocarci-
noma; 1, ductal carcinoma in-situ; 2, ductal car-
cinoma; 3, infiltrating ductal carcinoma.]
Adjacent serial sections were mounted on poly-
L-lysine coated glass slides, deparaffinized in
xylene followed by chloroform, and used for
immunohistology, employing the peroxidase/
diaminobenzidine procedure described by Word-
inger et al. [1987]. Briefly, the tumor sections
were blocked for endogenous peroxidase activity
in 0.3% H,0, methanol for 5 min. Next, sections
were rehydrated in descending ethanol washes,
washed in phosphate buffered saline, pH 7.4,
and blocked in blocking solution for 30 min
(blocking solution contains carrier solution: 96
ml of PBS, 1 g of crystalline bovine serum albu-
min, 3 ml of 10% Tween 20, and 20% of normal
goat serum). Next, sections were incubated with
primary antibodies in carrier solution for 60
min at 37°C. Affinity purified murine mono-
clonal antibody against uPA, class IgG, (8 pg;
ml), was used. The antibody 3689 is directed
against an epitope within the B-chain of uPA
and recognizes pro-uPA, high molecular weight
uPA (HMW uPA), and low molecular weight
uPA (LMW uPA). This antibody recognizes free
and complexed uPA, and does not crossreact
with tPA. Additionally in some experiments two
different monoclonal antibodies against uPA
were used: 377 and 394. To insure authenticity
of uPA binding, the monoclonal antibodies 3689
and 377 were preincubated with uPA (24 pg/ml)
and incubated with three samples of malignant
breast tissue. No staining was observed. Murine
antibody 3936, class IgGs, (40 pg/ml), was used
to detect uPAR. The antibody recognizes non-
complexed and complexed uPAR; however, satu-
ration receptor with HMW uPA and pro-uPA
might result in drastic reduction {(approximately
50%) of binding monoclonal antibody 3936 to
the receptor [Chucholowski et al., 1992]. Mu-
rine antibody 3785, class IgG; (40 pg/ml), was
used to detect free and complexed PAI-1. In
some other experiments we used monoclonal
antibody 3780 directed against PAI-1. To insure
authenticity of PAI-1 binding, the monoclonal
antibody 3785 was preincubated with PAI-1 (120
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pug/ml) and incubated with three samples of
malignant breast tissue. No staining was ob-
served. To detect t-PA antibody 374B, class IgG,
(8 ng/ml), was used, and in some other experi-
ments antibody 373 was used. To insure authen-
ticity of tPA binding, the monoclonal antibody
374B was preincubated with tPA (24 pg/ml) and
incubated with three samples of malignant
breast tissue. No staining was observed. All pri-
mary antibodies were supplied by American Di-
agnostica, Inc., (Greenwich, CT). The reactivity
of these antibodies in immunohistochemical pro-
cedures has been verified independently [Chu-
cholowski et al., 1992; Jensen and Wheelock,
1992; Schmitt et al., 1992a; Sier et al., 1991].
Subsequently the sections were incubated with
goat anti-mouse antibody (40 pg/ml, product
number 31432X from Pierce, Rockford, IL), for
30 min at 37°C. Antigen staining was identified
by the brown reaction products of peroxidase
with diaminobenzidine. Sections from normal
kidney, in which tubule cells are positive for
uPA and uPAR, served as positive controls. Neg-
ative controls consisted of incubation with non-
immune mouse serum and incubation with sec-
ondary antibody only, with the remaining steps
unchanged. Second negative control samples in-
clude preincubation of malignant tissue samples
with antibodies preadsorbed with antigens (uPA,
PAI-1, tPA), with remanding steps unchanged.
The preincubation abolishes staining of malig-
nant breast cancers. Immunohistochemical
staining of antigens was evaluated blindly for
intensity and semiquantitative evaluation of the
percentage of positive (neoplastic) epithelial cells
as follows: 1 = no positive cells; 2 = few cells
with weak positivity; 3 = few cells with distinct
positivity; 4 = weak positivity of all cells; 5 =
weak to distinct positivity in most cells (with
focal negative areas); 6 = weak to distinct posi-
tivity in all cells; and 7 = distinct positivity in all
cells (Sier et al., 1991]. Statistical analysis of
immunohistochemical values and clinical data
were performed using Student’s ¢ test and the x?
test of the independence of categorical variables
[Runyon and Haber, 1983]. Differences were
considered significant when P < 0.05.

RESULTS
immunohistological uPA Staining

To insure the authenticity of staining pat-
terns as positive controls we used the following
antibodies: 377, 394, 3689 for at least two differ-
ent samples of normal breast, normal kidney,

benign breast, and malignant tissues. All of them
showed the same pattern, but with different
intensity. The antibody 3689 showed the stron-
gest intensity of stain and was chosen for future
study. Preadsorbtion of antibodies 3689 and 377
with uPA, abolishing staining of malignant
breast tissues, served as negative control. Dis-
tinct differences were observed between the im-
munohistological uPA staining intensities of be-
nign and malignant tumors. The benign tumors,
as well as normal breast tissue, showed a range
of weak positivity to distinet positivity in the
ductal epithelium, most prominent on the apical
surface of the cell (Fig. 1a). The malignant breast
tumors showed a wide spectrum of staining in-
tensities. In general, we found diffuse cytoplas-
mic staining, sometime localized in the nucleus,
and in some cases strong cell membrane stain-
ing for uPA (Fig. 1b,c). No nuclear staining was
observed in benign tumors. Patchy and diffuse
staining of adipose and/or fibrous connective
tissues was observed when malignant tumors
stained very intensely for uPA. Some distinct
staining of scattered macrophages occasionally
was detected also. For benign tumors the mean
uPA score was 2.5 + 1.0 (SD), while for malig-
nant tumors the mean uPA score was 6.1 = 0.8
(see Fig. 6a). The immunohistochemical stain-
ing intensity of uPA was found to differ signifi-
cantly in benign and malignant tumors (f =
14.365, P = 0.0005).

Immunohistochemical uPAR Staining

There is no commercially available antibody
directed against uPAR, except 3936. Sections of
normal kidney served as positive controls. The
tubule cells of kidney are known to contain high
amounts of uPAR [Chucholowski et al., 1992].
Intensive staining was observed within the tu-
bule cells, when the other surrounding cells
remained unstained. No staining was observed
in 33% of benign tumors or normal breast (Fig.
2a), and weak to distinct positivity was detected
in the rest for uPA receptor. When benign tu-
mors stain for the receptor, the highest inten-
sity was observed on the duct epithelium (Fig.
2b), and much weaker intensity was seen within
the rest of the lobules. In contrast, malignant
tumors showed a variety of uPAR intensity,
mostly distinct or strong intensity of staining
within the tumors. Distinct staining was ob-
served on the cell membrane and occasionally in
the nucleus of cancer cells (Fig. 2¢). The phenom-
enon of nuclear staining for uPAR was not ob-
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Fig. 1. Immunolocalization of uPA by MoAb 3689 in: (a)
normal breast tissue, (b,c) malignant tumors. Up-regulation of
uPA exhibition was observed in cancer cell membrane (M),
nucleus (N), and in extracellular spaces of tumor mass. In
contrast to breast cancers, normal breast tissue or benign tumor
(a) showed weak staining at the apical surface of duct or lobule
epithelium (A). Bar represents 45 pm.

served in the benign tumors. Virtually no positiv-
ity was detected in extracellular spaces. The
positivity for uPAR of benign tumors was weak
with the immunohistochemical score rather low,
mean 2.2 = 1.3; while the malignant tumors
scored high, mean 5.3 + 1.3 (see Fig. 6b). Those
two score populations were statistically differ-
ent (¢ = 3.520, P = 0.005).

Fig. 2. Immunolocalization of uPAR by MoAb 3936 in: {a)
normal breast tissue, (b) up-regulation has been observed in
ductal (D) area of breast tissue, (c) breast cancer. Up-regulation
of uPAR has been observed on the membrane (M) and occasion-
ally in the nucleus (N) of the cancer cells. Weak but distinct
staining (b) or no stain has been observed on some normal or
benign breast tissues. Bar represents 45 pum.

Immunohistochemical PAI-1 Staining

As positive controls we used the following
antibodies: 3780, 3785 for at least two different
samples of normal breast, benign breast, and
malignant tissues. All of them showed the same
pattern of staining, but with different intensity.
The antibody 3785 showed the strongest inten-
sity of stain and was chosen for future study.
Preadsorbtion of antibody 3785 with PAI-1, abol-
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Fig. 3. Immunolocalization of PAI-1 by MoAb 3785 in: (a)
normal breast tissue, (b,c) breast cancer. The antigen was
detected on the cell membrane (M) and/or in the nucleus (N) of
the cancer cells. Weak staining was detected on the normal or
benign tissues. Bar represents 45 wm.

ishing staining of malignant breast tissues,
served as negative control. Diffuse and weak
staining was observed sometimes for normal
tissues, especially when strong positivity was
observed within the tumor for PAI-1. In 50% of
benign tumors and normal breast a relatively
strong positivity (4 and 5) was observed. Local-
ization of PAI-1 was very similar to localization
of uPA and uPAR (Fig. 3a). In malignant tu-
mors different staining intensity was observed,
ranging from 3 to 7. The PAI-1 can be detected

in the cytoplasm, on the cell surface, and in the
nucleus of the cancer cells (Fig. 3b). In two
malignant tumors, the staining for PAI-1 was
observed predominantly in the nucleus of the
neoplastic cells (Fig. 3¢c). No such phenomenon
was observed in normal or benign tissues. The
mean immunohistochemical score of benign tu-
mors was 3.7 * 1.1, while the mean score of
malignant tumors was 5.4 = 1.3 (see Fig. 6¢).
The scores of benign and malignant tumors
were statistically different (+ = 3.320, P = 0.005).

Immunohistochemical tPA Staining

As positive controls we used the following
antibodies: 373, and 374B, for at least two differ-
ent samples of normal breast, benign breast,
and malignant tissues. The antibodies 373 and
374B showed the same pattern of staining, but
with slightly different intensity. Preadsorbtion
of antibody 374B with tPA, abolishing staining
of malignant breast tissues, served as negative
control. The antibody 374B showed the stron-
gest intensity of stain and was chosen for future
study. Different weak and strong stain intensity
was observed for tPA regardless of the benign or
malignant origin of the tumor. The tPA was
detected in the cytoplasm and on the cell mem-
brane of normal and cancer cells (Fig. 4a,b,c).
The mean immunohistochemical score for be-
nign and malignant tumors was respectively:
3.0+ 1.9and 3.9 = 1.7 (Fig. 6d).

The samples of benign and malignant tumors
were divided into two groups: those with low
scores (1-3), and those with high scores (4-7)
for a given antigen. Next, we analyzed how
many samples coexpress uPAR, PAI-1, or tPAin
agreement with uPA (immunohistochemical
score high/high or low/low). For uPA/uPAR, 4
samples scored low/low (28.6%) and 7 scored
high/high (50%). For uPA/PAI-1 antigens 3
samples scored low/low (21.4%) while 8 samples
scored high/high (57.2%). No such correlation
could be found for uPA/tPA activators. The
low/low score was found in 2 samples (18.2%),
and high/high score in 3 samples (27.3%).

DISCUSSION

These studies were undertaken to test the
hypothesis that uPA, uPAR, PAI-1, and tPA
activity would be present in high levels in malig-
nant human breast tumors, suggesting that the
plasminogen activator system functions in the
tumor invasion and/or metastatic processes. The
results support the hypothesis that uPA, uPAR,
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Fig. 4. Immunolocalization of tPA by MoAb 374B in: (a)
normal breast tissue, (b) benign breast tissue, (c} malignant
breast tissue. Diffuse staining has been observed within the
tumor mass and in the cytoplasm of the cancer cells. Visualiza-
tion of uPA, uPAR, PAl-1, tPA, was done on different tumors
(Figs. 1-4). Bar represents 45 pm.

PAI-1, but not tPA, are overexpressed as deter-
mined by immunohistology using monoclonal
antibodies 3689, 3936, 3785, and 374B. Neoplas-
tic tissues of breast were found to exhibit el-
evated levels of uPA, uPAR, PAI-1, and tPA.
Only overexpression of uPA, uPAR, and PAI-1
have been found to correlate well with the malig-
nant state of tumor cells. High exhibition of tPA
found in cancer seems to be random and not
related to the malignant or benign state, since

Fig. 5. Negative controls of malignant breast tissues incubated
with monoclonal antibodies preincubated with its ligands: (a)
monoclonal antibody 3689 preincubated with uPA, (b) mono-
clonal antibody 3785 preincubated with PAI-1, (¢) monoclonal
antibody 374B preincubated with tPA.

benign and malignant tumors show overexpres-
sion of tPA with similar frequency.

Human carcinomas originating from colon
[Nishino et al., 1988], stomach [Nishino et al.,
1988], uterus [Larsson et al., 1987], ovary [Saito
et al., 1990], breast [Duffy et al., 1990; Janicke
et al., 1991; Schmitt et al., 1992a], and prostate
[Gaylis et al., 1989] have been found to be posi-
tive for uPA by histological evaluation. These
observations, as well as an in vitro study [Jankun
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Fig. 6. Occurrence of immunohistochemical grade staining of benign and malignant breast tissues for:

a, uPA; b, uPAR; ¢, PAI-1; d, tPA.

et al., 1991], illustrate that malignant transfor-
mation of cells is associated with an increased
intracellular content of uPA, an antigen whicn
is only sporadically observed in their normal
tissue counterparts [Sier et al., 1991]. With re-
spect to the subcellular localization of uPA, we
found a diffuse cytoplasmic staining in the cyto-
plasm (benign and malignant tumors), and/or
cell membrane staining of uPA that is in accor-
dance with most other studies [Duffy et al.,
1990; Erickson, 1991; Janicke et al., 1991;
Schmitt et al., 1992a,b]. Presence of the uPA in
the cytoplasm and on the cell membrane corre-
lates well with the theory of uPA localization
and activation [Blasi, 1988; Dang et al., 1992].
Localization of uPA in the nucleus was not
reported; however, appearance of anti-uPA stain-
ing is obvious from some photographs of other
investigators [Erickson, 1991; Schmitt et al.,
1992b]. In contrast to one report [Dang et al.,

1992] we do not find any strongly positive nor-
mal cells or macrophages in tissue adjacent to
the tumor. The lack of staining for uPA in this
study can be associated with the type of anti-
body used (e.g., not able to detect uPA that is
receptor-bound and/or complexed with PAI-1)
and it was reported by others [Jénicke et al.,
1989; Kohga et al., 1989; Sier et al., 1991]. Light
occasional staining of normal tissue for uPA
could be associated with uPA secreted by cancer
cells, or can be positive in granulocytes [Janicke
et al., 1989], natural-killer cells [Capoen et al.,
19861, and fibroblasts or macrophage-like cells
[Larsson et al., 1987].

While systematic overexpression of uPA in
breast cancer has been abundantly documented,
histopathological localization of uPAR in breast
cancer has not been studied widely. In fact most
studies were conducted on tumor extracts or cell
lines [Blasi, 1988; Chucholowski et al., 1992;
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Capoen et al., 1986]. Similarly, as in the case of
uPA, uPAR is overexpressed by cancer cells.
Benign tumors do not express uPAR at all, or
express it in very small amounts. Overexpres-
sion of uPAR in a breast cancer cell line has
already been documented {Chucholowski et al.,
19861, but there has been no systematic histo-
pathological study of its localization. The neces-
sary presence of the cell surface uPA localizing
molecule, uPAR, in cancer invasion and metasta-
sis was anticipated and some evidence already
exists [Jankun et al., 1991]. It appears that one
of the functions of uPAR, in addition to simply
providing a mechanism for confining uPA to the
cell surface, is to localize uPA to discrete areas of
the cell surface [Ellis and Dang 1992]. In this
way uPAR would direct proteolytic activity
against normal tissue and would spare the can-
cer cells expressing it. We analyzed all our
samples to find evidence of such localization.
However, only in some cases, when uPAR is
present in moderate amounts, can such localiza-
tion be detected. In cases of overexpression of
this antigen, it was not only localized on the cell
surface of the tumor’s leading edge, but present
in all cancer cells and sometimes in the nucleus
of the cancer cell. We were not able to confirm
the fact of exhibition of uPAR in the nucleus of
cancer cells.

The levels of exhibition of PAI-1 in benign and
malignant tumors were relatively high and exhi-
bition of this antigen was higher in malignant
breast tumors than in the benign tumors. This
fact was observed previously in tumor extracts
[Chucholowski et al., 1986; Janicke et al., 1991;
Schmitt et al., 1992a]. In general PAI-1 was
expressed in the same extracellular compart-
ments as was uPA or uPAR. However, in two
cases of malignant tumors we find PAI-1 to be
present predominantly in the nucleus of the
cancer cells. This somewhat surprising finding
may explain why some malignant breast tumors
expressing high amounts of uPA and PAI-1 (10%
of all node-negative breast cancers) are at high
risk of metastasis and relapse of the disease
[Janicke et al.,, 1991]. As pointed out in the
introduction, high coexpression of uPA and
PAI-1 is correlated with a poor prognosis for
patients with breast cancer. This finding is some-
what unexpected and contradictory, since coex-
pression of activator and inhibitor should quench
activity of uPA and consequently depress proteo-
lytic activity driven by this enzyme, thus dimin-

ishing metastasis. Clinical observations seem to
show different facts. On the basis of our findings
we propose the following possible explanation:
in the case of exhibition of high amounts of uPA
and uPAR, the uPA is bound to its receptor and
remains on the cell surface for prolonged peri-
ods of time [Blasi, 1988; Cubelis et al., 1989].
When PAI-1 is available, it can bind to the
uPA/uPAR receptor complex triggering the in-
ternalization of the PAI-1/uPA/uPAR complex
by receptor-mediated endocytosis. The PAI-1/
uPA/uPAR complex will be dissociated and
PAI-1 and uPA will be digested, but receptor
will be recycled to the cell surface and concen-
trate the uPA (if available) on the cell surface
again [Kohga et al., 1989; Quax et al., 1992].
This process will lead to clearing of the PAI-1
from the vicinity of the cell surface. It is not
clear why PAI-1 is concentrated in the nucleus
of the cancer cell. However, many receptor-
binding proteins, like protein hormones and
growth factors, bind to the receptors and endocy-
tose. It is, therefore, conceivable that such pro-
tein signaling (or their degradation products)
acts directly within the cell, or cell nucleus, like
the steroid hormones [Graeff et al., 1992]. If so,
it may be that internalized PAI-1 or its fragment
can induce some changes within the cells. In-
deed, it has been reported that the receptor-
mediated internalization of PAI-1/uPA/uPAR
complexes may trigger the proliferation of the
cancer cells [Graeff et al., 1992; Kirchheimer et
al., 1987, 1989]. This hypothesis is consistent
with findings that high exhibition of PAI-1 was
statistically correlated with S-phase of cancer
cells [Graeff et al., 1992]. Furthermore, endocy-
tosis exposes protein to acidic proteases of lyso-
somes. This leads to random proteolytic cleav-
age and production of different protein
fragments. It is possible that some undigested
fragments of uPA or uPAR will still be com-
plexed with fragments of PAI-1. If so, we should
detect some positivity for uPA and/or uPAR in
the cell nucleus. Indeed, uPA and uPAR occa-
sionally have been detected in the nucleus of
cells expressing strong PAI-1 positivity in the
cell nucleus, but not on the cells showing no
exhibition of it.

When the tumors exhibit high amounts of
uPA, they exhibit a high amount of uPAR in
50% of cases and PAI-1 in 57.3% of cases. When
uPA is expressed in low amount, the uPAR is
low in 28.6% and PAI-1 in 21.4%. This statisti-
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cally significant consensus, 78.6% in a case of
uPA/uPAR and 78.6% in a case of uPA/PAI-1,
suggests that activity of uPA, uPAR, and PAI-1
may be the result of a unique mechanism of
control, activated in the last steps or step of
carcinogenesis. This regulatory mechanism or
pathway is not known yet, but is in agreement
with our results and has been postulated by
others [Chucholowski et al., 1992; Jankun et al.,
1991]. '

The present findings are of importance in
clinical evaluation of risk factors associated with
breast cancer. We postulate that, in addition to
the widely accepted risk factors of uPA and
PAI-1, exhibition of the receptor for urokinase
plasminogen activator should be included in fu-
ture trials of risk for metastasis and relapse of
the disease. The uPA, uPAR, and PAI-1 should
be treated as a system and not as individual
proteins, and may provide additional evidence
on the basis of which to better predict the out-
come of the disease.
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