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ABSTRACT

The immunoperoxidase technique, using antibodies against
human urinary urokinase (M, 55,000), was used for the localiza
tion of this enzyme in histological preparations of human colon
tumors and normal colon tissue. The localization of tissue (vas
cular) activator was also investigated using antibodies against
enzyme purified from human malignant melanoma. Both the
"indirect method" and the peroxidase-antiperoxidase technique

were found to be useful. Urokinase-reactive material was found

in all tissues examined (33 primary cancers, 11 mÃ©tastases,and
8 adenomas). In the normal colon, urokinase was found only in
some of the goblet cells of the mucosal epithelium. In colon
cancer, diffuse specific staining was observed in the cytoplasm,
but the most intense staining was localized at the edge of the
cancer cells bordering the lumen of the glands. In some cases,
intense supranuclear staining could be observed in a location
corresponding to the Golgi apparatus. In a few instances, uro
kinase could be seen associated with fibroblasts near the ad
vancing front of an invading tumor. Adenoma, a benign tumor
but often a precursor of cancer, also showed the presence of
urokinase. Most significant were the observations showing that,
in regions of the mucosal glands where normal epithelial cells
were abruptly replaced by cancer cells, the appearance of cyto-

plasmic urokinase showed strict and exclusive association with
the malignant cells, and the same was the case in transitions
from normal epithelium to adenoma.

In contrast to urokinase, tissue plasminogen activator was not
associated with cancer cells, but was consistently present in the
stroma which separates the cancer glands and was localized in
the endothelium of the blood vessels. This visual evidence was
supported by results of extraction of plasminogen activators
from tumors, and from the separated mucosal and submucosal
layers of the normal colon of the same patients, which showed
that urokinase is most abundant in the tumor tissue and least
abundant in the submucosa, while tissue activator is most prev
alent in the well-vascularized mucosa and submucosa and scarce

in the usually poorly vascularized adenocarcinomas.

INTRODUCTION

The role of plasminogen activators in the malignant behavior
of cancer cells has been the subject of a large number of recent
studies. There are now good reasons to believe that these
enzymes have more than one function in the neoplastic se-
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quence, and they have been implicated in the process of malig
nant transformation, as well as in the local and metastatic spread
of cancer. Of the 2 main types of plasminogen activator, uroki
nase and tissue (vascular) activator, the former is more closely
associated with neoplasia. Various aspects of this topic have
been reviewed in recent years (14, 15, 23, 26). Earlier studies
from this laboratory have dealt with the analysis of extracts of
human tumors of the lung (18), prostate (4), colon (6), and breast
(8), and more recently with the secretion of plasminogen activa
tors by tumor expiants in short-term organ culture (16). While

these studies yielded valuable information with respect to both
the type of activator present in these tumors and the rate of
activator release, there remained some uncertainty concerning
the actual cell types which gave rise to the various forms of
activator.

In order to resolve this uncertainty, we have now carried out
a study in which urokinase, and in a smaller number of cases
tissue activator, were visualized in tissue sections by an immu
noperoxidase technique based on the use of specific antibodies
directed against these 2 activators. This study was restricted to
colorectal tumors because of the relatively easy availability in
this institute of surgical specimens of primary and metastatic
origin, of adenomas, and of normal colon tissues from the same
patients. In the following, we will discuss the findings based on
the examination of 33 colorectal cancers, 12 mÃ©tastases,and 8
adenomas. In most of the cases, the tissues were also analyzed
biochemically for their extractable activator content and for their
activator secretion rates in organ culture. In these cases also,
the type of plasminogen activator was determined by the use of
inhibitory antibodies raised against purified human urinary uro
kinase.

MATERIALS AND METHODS

Fresh tumor specimens were obtained from the Department of Sur
gical Oncology of this institute as part of a collaborative effort between
the 2 departments. The specimens used included 26 colorectal carcino
mas, 2 adenomas, and 8 mÃ©tastases (liver, lymph node, omentum,
ligament) besides normal colon tissues adjacent to the tumor area. Parts
of each tumor, having similar macroscopic appearance, were used for
short-term organ culture experiments, for plasminogen activator extrac

tion, and for immunohistochemical studies. For the last, tissues were
fixed immediately with 10% formalin-0.9% NaCI solution (saline). Addi
tional paraffin-embedded stock samples of 7 colorectal cancers, 6 ade

nomas, and 4 mÃ©tastaseswere kindly made available to us by Dr. Cecilia
Lopez of the Department of Pathology of this institute. These were used
only for immunoperoxidase studies.

Immunoperoxidase Procedures. Tumor specimens fixed with for
malin-saline were routinely embedded in paraffin. The blocks were cut
into 4-Â¿im-thickserial sections and mounted on glass slides pretreated
by dipping into Elmer's Glue, diluted to 2% with water to prevent

detachment of samples during the repeated washings in the subsequent
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IMMUNOPEROXIDASE STAINING OF PLASMINOGEN ACTIVATOR

procedures. After deparaffinization with xylol and alcohol, the first serial
section was stained with hematoxylin-eosin. The sections to be used for

immunoperoxidase staining were pretreated with absolute methanol,
freshly rendered 0.3% with H2O2, for 30 min in order to block the
endogenous peroxidase activity of the cells (24). The sections then were
rinsed 3 times with distilled water and placed in TBS.4

Immunoperoxidase staining was performed either by the "indirect"

method or by the PAP method. The former was described recently (16).
The PAP method, somewhat modified from the description by Taylor
(27), was carried out at room temperature, with all incubations done in a
humidifed stainless steel box. The buffer used was TBS. When this
buffer was used as a diluent in Steps 2, 3, and 5, it contained 3%
nonimmune rabbit serum (for urokinase), or goat serum (for tissue
activator). The procedure for the visualization of urokinase was the
following: (a) pretreatment with nonimmune rabbit serum (previously
inactivated by heating at 56 Â°Cfor 30 min and diluted to 5% with TBS)

for 10 min, followed by shaking off of excess fluid; (b) treatment with
goat antiserum (usually diluted 1:60 with TBS) or with purified antibody
A28oof 0.260) against human urinary urokinase for 60 min, followed by
thorough jet washing with cold TBS (100 ml) from a squirt-bottle, and

additional soaking in the same; (c) treatment for 5 min with nonimmune
rabbit serum, diluted to 5%, followed by removal of excess fluid, but no
washing; (d) treatment with rabbit IgG directed against goat IgG, diluted
1:10, and washing with cold TBS. (e) treatment with goat PAP, diluted
1:80 with TBS for 30 min, followed by thorough washing, as in Step 6;
(f) addition of the substrate solution, 0.5% 3,3'-diaminobenzidine tetrah-

ydrochloride in TBS, containing 0.01% H202, incubation for 15 min in the
dark, followed by jet washing with distilled water and further soaking for
10 min. At this point, in most cases, the slides were lightly counterstained
with hematoxylin; and (g) dehydration and mounting with Permount. For
control slides, in Step Â£>,nonimmune goat serum was used in place of
the antiurokinase serum, diluted to the same degree.

For the visualization of tissue plasminogen activator, the same pro
cedure was used, but since the source of the primary antibody was
rabbit serum, rabbit and goat proteins were interchanged in the rest of
the procedure.

Much of the work reported here was carried out using whole goat
antiserum against highly purified human urinary urokinase. During the
course of this study, we prepared monospecific antibody (see below)
and repeated much of the work with this, using the same tumors. The
results for the localization of urokinase in tumor tissues were identical.
However, use of the monospecific antibody eliminated much, but not all,
of the staining of goblet cells in the normal mucosal glands.

Preparation of Monospecific Antiurokinase Antibody and its Spec
ificity. One ml of antiurokinase antibody, purified as described eariler
(18), containing 1.3 mg of IgG, was adsorbed on a 2-ml column of
Urokinase-Affi-Gel 10 (2 mg of Winkinase coupled to 2 ml). The bound

IgG was eluted with 0.1 M acetic acid, containing 0.7 M NaCI, pH 2.5.
The IgG which was not held up by the column was repassaged several
times through the column (reequilibrated each time) until it was freed of
antiurokinase antibody, i.e., it no longer inhibited urokinase activation of
plasminogen in an azocaseinolytic assay (18). This fraction, brought to
an A28oof 0.260, was used as a negative control in the immunoperoxidase
procedure. The bound fraction was further purified by absorption with
Affi-Gel 10 to which urinary proteins had been coupled. The urinary
proteins had been pretreated by repeated passage through a benzami-
dine-Sepharose column to completely remove urokinase. Passage of the
antibody solution through the urinary protein-Affi-Gel column was re

peated until no more protein could be removed, as judged by A28o
measurements. Two kinds of urinary proteins were used in this step;
one was from a case of glomerulonephritis, the other from a diabetic
tubula'r proteinuria (the latter kindly supplied by Dr. Pierre Burtin, Villejuif,

France). The antibody solution was absorbed with both of these. Finally,

this monospecific antibody was concentrated by ammonium sulfate
precipitation, dialyzed against TBS containing 10% sucrose, and diluted
to Aaao0.260, and used without further dilution.

The purified monospecific goat immunoglobulin antibody against uro
kinase was tested for cross-reactivity by immunodiff usion with the follow

ing antigens: tissue plasminogen activator; concentrated urinary proteins;
the same after removal of urokinase by benzamidine-agarose; fetal calf

serum; and normal human plasma. As shown in Fig. 1, the antibody
reacted only with urokinase, with urinary proteins, and with normal
plasma. The same figure also shows that the rabbit antibody against
tissue activator (see below) reacted only with purified tissue plasminogen
activator, and slightly with human plasma; no cross-reactivity with uro

kinase could be observed.
Plasminogen Activator Assay. The extraction of plasminogen acti

vator and the measurement of its secretion in short-term organ culture

was described recently (16). Plasminogen activator activity was assayed
by azocaseinolysis in the presence and absence of added human plas
minogen, as described earlier (18). The fraction of activator activity in the
extracts and culture fluids that was due to urokinase was determined by
the measurement of azocaseinolysis in the presence of excess goat
antibody directed against human urinary urokinase. The fraction of
activity not inhibitable by this antibody was interpreted as being due to
tissue activator. Earlier work has shown that such activity is always
associated with a M, 70,000 activator activity in sodium dodecyl sulfate
gel electrophoresis, and inhibition by antibody against tissue activator
also confirmed this assignment (8).

Reagents. Goat immune serum against highly purified M, 55,000
human urinary urokinase was described earlier (10). Rabbit antiserum
against tissue activator which had been purified from culture fluids of a
human melanoma cell line, as well as the activator itself, were the
generous gifts of Professor Desire Collen. Rabbit IgG directed against
goat IgG, as well as goat IgG directed against rabbit IgG, were the
products of DAKO, Denmark, as supplied by Accurate Chemicals, West-

bury, NY. The same company supplied both the goat and the rabbit
PAP. 3,3'-Diaminobenzidine was from Sigma Chemical Co. Nonimmune

goat and rabbit sera were of local origin.
The black-and-white photographs of immunoperoxidase-stained sec

tions were taken using the high-sensitivity film, Kodak Technical Pan

2415, kindly supplied by Dr. J. Takeuchi of this institute.

RESULTS

Localization of Urokinase. Table 1 contains information on
the plasminogen activator content and secretion of the tumors

'The abbreviation used are: TBS, Tris-buffered saline (0.05 M Tris-HCI:0.1 M
NaCI, pH 7.6); PAP, peroxkjase-antiperoxidase immune complex.

Fig. 1. Double-diffusion patterns of the primary antibodies used in this study.
Left, specificity of the monospecific antiurokinase immunoglobin. Center well, goat
antiurokinase IgG, 25.5 mg/ml; Well 1, purified human urinary urokinase. M, 55,000,
1 mg/ml. Well 2. concentrated human urinary proteins, 22 mg/ml; Well 3, purified
tissue plasminogen activator from a human melanoma culture, 0.8 mg/ml; Well 4,
whole fetal calf serum; Well 5, whole normal human plasma; We/I 6, concentrated
human urinary proteins (as in Well 2), but after removal of urokinase with benza
midine-agarose. Right, specificity of antitissue plasminogen activator immunoglobin.
Center well, rabbit antitissue plasminogen activator IgG, 3.8 mg/ml. Antigen wells
are as in left panel.
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IMMUNOPEROXIDASE STAINING OF PLASMINOGEN ACTIVATOR

Table 1
Plasminogenactivator data and pathology information on the tumors in Figs. 2 to 6

Case280277285572596471269259287293Age(yr)6552537762555757627748SexMMFFMMMMMFFSiteoforiginRight

colonRectalRectosigmoidLett

colonCecumLymph

nodemet.Omentum
met.Liver
met.Right
colonSigmoidLeft

colonPathologyMD"MD

papINF

MDpapWDMD

mucWDMDWDAdenomaINFMDINFMDStage(Dukes'classifica

tion')B2C0DCDDDCDC1ExtractionCTA
units"(g

tissue)43.916.117.920.2473.0ND15.08.622.622.0431.8%ofuroki-nasec97979585979598947881SecretionMaximumrate
CTAunits/g/h1.860.261.584.844.05ND0.320.234.7815.2437.8%ofuro-kinase0989397989510097999097Illustrations

Â¡narticleFig.

2, B, C, andDFigs.
3D and 4, AandBFig.

3CFig.
3, A and8Fig.

4CFig.
5AFig.
5ÃŸFig.
5CFig.
2AFig.

6, A andBFig.
40

* See Ref. 3.
" See Ref. 16.
c Percentageof total activator activity.
" MD, moderately differentiated; INF, infiltrating; WD, well differentiated; pap, papillary; met., metastasis; muc, mucinous.

illustrated in the figures, as well as on the pathology of these
tumors. Such data on other tumors examined in this study, but
not illustrated in the paper, were published earlier (16). Immu-

noperoxidase staining of colon cancer sections shows consistent
localization of the activator in certain areas of the tumor. Thus,
we invariably see heavy staining at the luminal edge of the cancer
cells which form the glands. This is particularly well visualized in
the central gland in Fig. 2C, but can also be seen in Figs. 3, A,
C, and D; 5C; and 6A. Normal glands (Fig. 2C) do not show this
staining pattern. Cytoplasmic staining can be a very impressive
feature of abnormal areas, as in the adenoma of Fig. 2A, because
in general neither normal epithelial cells nor connective tissue
cells show such staining. Cytoplasmic staining of varying inten
sity can be seen in Fig. 4C in the cells of a poorly differentiated
portion of a mucinous adenocarcinoma removed from the patient
who also exhibited the highly stained adenoma shown in Fig. 2A.
In some cases, it is possible to achieve a closer identification of
the intracellular location of the activator, as in the cells of the
well-differentiated tubular gland of Fig. 40, where urokinase

appears to be concentrated in the supranuclear portion of the
cytoplasm, considered to correspond to the Golgi apparatus. In
the rare case shown in Fig. 4A and ÃŸ,in addition to the ill-

developed tubular lamina, the activator can also be seen at the
periphery of the cancer nests.

The histological type of the tumor does not seem to influence
markedly the localization of urokinase. Thus, the features dis
played in the tubular carcinoma of Fig. 2, B to D, are also presenti
in the papillary carcinomas shown in Fig. 3, C and D; intense
localization of urokinase is seen on the cell surface, which
corresponds to the luminal surface in the tubular carcinoma.

Urokinase Staining in Invasion and Metastasis. Urokinase
staining follows characteristic patterns in areas of invasive
growth, illustrated here in Fig. 3, A and B. Parts of a cancer
gland are shown which appear to have burst open. Intensive
urokinase staining is seen in the many desquamated cells in the
lumen but, more importantly, in association with the adjacent
granulation tissue. This phenomenon is not restricted to a single
gland but can be seen along a larger area of the invasive front
in the overview shown Fig. 3A, inset. That the enzyme seen in
the stroma originates in the cancer cells is indicated by the

observation that the intensity of the color declines rapidly in the
direction away from the tumor. The overall orientation of the
specific staining in the granulation tissue in Fig. 3A is very similar
to that of the fibroblasts themselves shown in Fig. 38, suggesting
that urokinase may be absorbed on the surface of these cells.
This observation will be discussed later.

In the course of this investigation, we observed in some
instances the appearance of vesicular structures located just
outside the basement membrane of the cancer glands, the walls
of which show a positive reaction for urokinase. These structures
can be seen in the cancer glands of Fig. 2C, and in higher
magnification, in Fig. 3D. Normal glands do not show such
vesicles. These structures may represent products of mesen-

chymolytic activities of cancer cells, and may serve the purpose
of transferring enzymes from the cancer cells to the environment.
Electron microscopic studies should reveal more about these
structures.

MÃ©tastasesto 3 different sites, lymph node, omentum, and
liver, are shown in Fig. 5. As Â¡nthe primary tumors, urokinase
can be observed both as diffuse Cytoplasmic staining and as
intensely outlined luminal borders. The remarkable difference in
the activator secretion rates between primary and metastatic
colon tumors observed earlier (16) is not mirrored in any of the
features of immunoperoxidase staining patterns of primary and
metastatic tumors. This is not unexpected, since staining is more
likely to reflect not secretion rates, but rather the extractable
amounts of enzyme, which are not markedly different in the 2
kinds of tumor.

Transitional Areas between Normal and Tumor Epithelium.
The most dramatic phenomenon revealed by immunoperoxidase
staining for activator is that, in transitional areas, the abrupt
change in the histological pattern is accompanied by an equally
abrupt change in staining intensity, as can be observed by
comparing the hematoxylin-eosin staining of a gland in Fig. 28
with the immunoperoxidase-stained image of the same in Fig.

2C. In the former, the normal epithelium is easily distinguished
by the uniform size and regular arrangement of the nuclei which
contrasts with their pleomorphism and disarrangement in the
cancerous portion of the gland. This morphological transition is
faithfully reflected (Fig. 2C) in the appearance of intense staining
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IMMUNOPEROXIDASE STAINING OF PLASMINOGEN ACTIVATOR

in the luminal edge of the cells in the cancer portion, as well as
in the diffuse cytoplasmic staining in the same area. The argen-

taffine staining of the same gland in Fig. 2D shows an additional
difference between the 2 portions of this gland. The basement
membrane of the normal part is uniformly thick, while over the
transformed portions it is thin and wavy. It is possible that this
phenomenon may indeed be connected with the appearance of
urokinase in the same area; there is good experimental evidence
to show that plasmin, the product of the enzymatic action of
plasminogen activator, can convert latent collagenase to the
active enzyme, resulting in proteolytic attack on the basement
membrane (22, 30).

A second, equally interesting case of transition can be seen in
Fig. 2A. Here, the transition is between normal glandular epithe
lium and the benign tumor, adenoma. Again, the morphological
change coincides exactly with the beginning of intense cyto
plasmic staining which continues throughout the extent of the
tumor. The adenocarcimoma, present in the colon of the same
patient, showed equally intense cytoplasmic staining (Fig. 4C).

Comparison of the Localization of Tissue Plasminogen
Activator with That of Urokinase. The 2 parts of Fig. 6 show a
section of colon cancer stained for urokinase and for tissue
activator, respectively. In Fig. 6A, the activator is localized, as in
the other illustrations, mainly at the luminal edge of the cancer
cells and in a patchy pattern in the rest of the cytoplasm. In
contrast, in Fig. SB staining for tissue activator shows this
enzyme to be localized mainly in the stroma which separates the
cancer glands, and in particular, in the endothelial lining of the
many capillaries and veins that penetrate the stroma. A faint
staining of the luminal edge of the cancer glands can also be
observed; the desquamated cancer cells also give a positive
reaction with this activator as well as with urokinase. In the light
of the lack of cross-reactivity between the 2 activators shown in

Fig. 1, this observation is not readily interpreted. The cancer
cells which form the glands, however, are devoid of this enzyme
variant. Fig. 6B, inset, magnifies some capillary cross-sections

and shows the heavy staining of the endothelial lining.

DISCUSSION

This study presents visual evidence to support the conclusion,
drawn by many workers on the basis of biochemical investiga
tions of tumor cell cultures and solid tumors of both animal and
human origin, that the production of plasminogen activators is
intimately connected with the process of malignant transforma
tion, and indeed, with neoplastic growth in general. The studies
of Ã•stedt and Holmberg (1) and Niklasson ef al. (21), and those
of others (11, 20, 31), including a series on human solid tumors
from this laboratory (4, 6, 8,18), have firmly established that the
activator peculiarly associated with neoplasia is urokinase, and
not tissue activator. The urokinase-specific immunoperoxidase

staining used in the present study fully supports this conclusion.
Specific staining for this enzyme in tumor sections is restricted
to the cancer cells, and allows an easy distinction between these
cells and the fibroblasts and smooth-muscle cells of the sur

rounding stroma. In contrast, staining for tissue activator (also
called vascular activator) localizes this enzyme, not in the cancer
cells, but in the endothelium of the blood vessels of the stroma.
This finding convincingly supports our previous interpretation
(15, 16) of literature data on the distribution of activators in

normal and malignant colon tissue. It should be pointed out here
that there are several papers in the literature (9, 25, 28) which
report that normal colon tissue, or the noncancerous elements
of tumor tissue, contain more plasminogen activator than does
the tumor itself. In all of these investigations, a fibrinolytic assay
was used for the measurement of plasminogen activator activity.
It is now well established that the activity of tissue activator is
greatly enhanced by the presence of fibrin (4, 5, 19), a property
not shared by urokinase. In a fibrinolytic assay of material con
taining both kinds of activator, the initial clot lysis will mostly
reflect the action of the rapidly activating tissue activator; the
activation of plasminogen due to urokinase may set in when the
clot is already in the process of lysis. The use of this technique,
thus, will primarily signal the presence of tissue activator, located
mostly in the endothelial lining of the capillaries and small veins
of the stroma, but will respond much less strongly to the cancer
tissue itself, which contains very little of this type of enzyme,
leading to the erroneous conclusion that cancer tissues contain
little or no plasminogen activator activity. Quantitative analysis
of the extracts of colon tumor tissue and of the separated
mucosa and submucosa indeed show that most tumors contain
only small amounts of immunologically identifiable tissue activa
tor in comparison to urokinase, while the normal mucosa and
submucosa, which contain numerous blood vessels, are rela
tively rich in this type of enzyme (Table 2). This, however, is not
to deny that in rare cases the dominant activator can be of the
vascular type, as in some breast cancers (8) and some sarcomas
(16) encountered in our studies. The curious case of human
melanoma, where cell cultures produce tissue activator while
surgically removed solid melanomas contain and secrete mostly
urokinase, was presented in a recent paper (17).

Table 2

Plasminogen activator content of colon tumors and of normal mucosa and
submucosa

Activator (CTA units/gtissue)Case293295301303304306Meanâ€¢T,TissueT8MSTMSTMSTMSTMSTMSTMStumor;

M.Activator(total)31.856.817.4232.4229.864.5228.9411.093.4058.8011.703.9113.5523.1010.1623.703.493.1531.54+

15.0Â°14.3

Â±10.15.43
Â±2.8Urokinase25.804.631.1332.1012.240.7728.368.431.3356.456.55012.3311.38.1321.571.951.3529.43

Â±14.97.52
Â±3.92.12
Â±3.0Tissueactivator6.052.186.290.3217.623.750.582.662.072.355.153.911.2211.802.032.131.541.802.11

Â±2.16.82
Â±6.53.31
Â±1.7Uroki-nase:

tissueactivator4.32.10.2100.00.70.248.93.20.624.01.3010.11.04.010.11.30.732.9

Â±36.61.6
Â±0.90.95

Â±1.5mucosa;

S,submucosa."
Mean Â±SD.
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IMMUNOPEROXIDASE STAINING OF PLASMINOGEN ACTIVATOR

The specific staining observed in the fibroblasts in the imme
diate vicinity of an invasive primary tumor (Fig. 3, A and B) may
be related to some interesting recent observations concerning
fibroblast behavior. Baker ef al. (2) and Low ef al. (13) found that
fibroblasts produce proteins, termed protease-nexins, which can

specifically complex with certain enzymes, such as thrombin and
urokinase, resulting in the binding of these enzymes to the
fibroblast surface. Hoal et al. (12) also found a protein of fibroblast
origin which bound tissue activator to these cells, preliminary to
its intemalization and degradation. It is possible that the positive
immunoperoxidase reaction shown by the fibroblasts in the
invaded area is the result of the absorption of urokinase by such
a mechanism. A recent paper by Davies ef al. (7) may also be
relevant which presents data interpreted to mean that several
tumor-derived cell lines produce a protein factor which can induce

the formation of plasminogen activator when added to cultures
of fibroblasts.

The present study has also yielded information on the relative
contribution of other types of host cells to the plasminogen
activator content of human tumors. Lymphocytes and plasma
cells, observable both in primary and in metastatic tumors, do
not give a positive reaction for either of the 2 plasminogen
activators. The macrophages that were seen in these prepara
tions were mostly negative for urokinase. However, in a few
cases they showed very intense staining, attributable either to
their own urokinase content (29) or to phagocytosis of RBC
which sometimes exhibited nonspecific peroxidase activity. Pol-

ymorphonuclear granulocytes also frequently showed strong
staining.

ACKNOWLEDGMENTS

We are pleased to acknowledge the excellent help by Karen Harkins, a student
in the Summer Research Participation Program, in the preparation and testing of
the monospecific antibody.

REFERENCES

1. Ã€stedt, B., and Holmberg, L. Immunological identity of urokinase and ovarian
carcinoma plasminogen activator released in tissue culture. Nature (Lond.).
267. 595-596, 1976.

2. Baker, J. B., Low, D. A.. Simmer. L. R., and Cunningham, D. D. Protease-
nexin: a cellular component that links thrombin and plasminogen activator and
mediates their binding to cells. Cell, 21: 37-45,1980.

3. Beart, R. W.. Van Heerden, J. A., and Beahrs, O. H. Evolution in the pathologic
staging of carcinoma of the colon. Surg. Gynecol. Obstet., 746: 257-259,

1978.
4. Cambio, S. M., Markus, G., Evers, J. U Hobika, G. H., DePasquale, J. L,

Beckley, S., and Grimaldi, J. P. Plasminogen activator content of neoplastic
and benign human prostate tissues; fibrin augmentation of an activator activity.
Int. J. Cancer, 27.- 191-198, 1981.

5. Camiolo, S. M., Thorsen, S., and Astrup, T. Fibrinogenolysis with tissue
plasminogen activator, urokinase. streptokinase-activated human globulin and
plasmin. Proc. See. Exp. Biol. Med.. 738: 277-280,1971.

6. Corasanti, J. G., Celik. C., Camiolo. S. M.. Mittleman, A., Evers, J. L., Barbaseli,
A., Hobika, G. H., and Markus, G. Plasminogen activator content of human
colon tumors and of normal mucosae: separation of enzymes and partial
purification. J. Nati. Cancer Inst., 65: 345-351,1980.

7. Davies, R. L., Rifkin, D. B., Tepper, R., Miller, A., and Kucheriapati, R.
Polypeptide secreted by transformed cells that modulates human plasminogen
activator activity. Science (Wash. DC), 227: 171-173,1983.

8. Evers, J. L., Patel, J., Madeja, J. M.. Schneider, S. L.. Hobika, G. H., Camiolo,
S. M., and Markus. G. Plasminogen activator activity and composition in
human breast cancer. Cancer Res., 42: 219-226,1982.

9. Franklin, J. D., Gervin, E. S., Bowers, D. G., and Lunch, J. B. Fibrinolytic
activator activity in human neoplasms. Plast. Recensir. Surg., 67: 241-249,
1978.

10. Harvey, S., Minowada, J., Takita, H., Kover, L., and Markus, G. Urokinase-like
plasminogen activators of unusually high molecular weight secreted by a cell
line derived from a human lung cancer. J. Biol. Chem., 257:5645-5651,1982.

11. Hisazumi, H., Andersson, L., and Collins, V. P. Fibrinolytic activity of in vitro
cultivated human bladder cell lines. Urol. Res., 5: 133-139,1977.

12. Hoal, E. G., Wilson, E. L., and Dowdle, E. B. The regulation of tissue
plasminogen activator activity by human fibroblasts. Cell, 34: 273-279,1983.

13. Low, D. A., Baker, J. B., Koonce, W. C., and Cunningham, D. D. Released
protease-nexin regulates cellular binding, intemalization and degradation of
serine proteases. Proc. Nati. Acad. Sci. USA, 78: 2340-2344, 1981.

14. Markus, G. Plasminogen activators in malignant growth. In: J. F. Davidson
(ed.), Progress in Fibrinolysis, Vol. 6, pp. 587-604. Edinburgh: Churchill
Livingstone, 1983.

15. Markus. G. The role of hemostatis and fibrinolysis in the metastatic spread of
cancer. Semin. Thromb. Hemostasis, 70: 61-70, 1984.

16. Markus, G., Camiolo, S. M., Kohga, S.. Madeja, J. M., and Mittelman, A.
Plasminogen activator secretion of human tumors in short-term organ culture,
including a comparison of primary and metastatic colon tumors. Cancer Res.,
43:5517-5525,1983.

17. Markus, G., Kohga, S., Camiolo, S. M.. Madeja, J. M., Ambrus, J. L., and
Karakousis, C. Plasminogen activators in human malignant melanoma. J. Nati.
Cancer Inst., 72: 1213-1222,1984.

18. Markus, G., Takita, H., Camiolo, S. M., Corasanti, J. G., Evers, J. L., and
Hobika, G. H. Content and characterization of plasminogen activators in human
lung cancer and normal lung tissue. Cancer Res., 40: 841-848,1980.

19. Matsuo, O., Rijken, D. C., and Collen, D. Comparison of the relative fibrinolytic
and thrombolytic properties of tissue plasminogen activator and urokinase in
vitro. Thromb. Haemostasis, 45: 225-229, 1981.

20. Naito, S., Sueishi, K., Hatten, F., and Tanaka, K. Immunological analysis of
plasminogen activators from cultured human cancer cells. Virchows Arch.
Pathol. Anat. Physiol. Klin. Med., 387: 251-257, 1980.

21. Niklasson, 0., Svanberg, L., Thorell, J., Lecander, I., and Ã€stedt, B. Urokinase-

like plasminogen activator as a marker of endometrial neoplasia. Cancer
(Phila.), 48: 1484-1486, 1981.

22. Paranjpe, M., Engel, L.. Young, N., and Liotta, L. A. Activation of human breast
carcinoma collagenase through plasminogen activator. Life Sci., 26: 1223-
1231,1980.

23. Reich, E. Activation of plasminogen: a general mechanism for producing
extracellular proteolysis. In: R. D. Berlin (ed.), Molecular Basis of Biological
Degradative Processes, pp. 155-169, New York: Academic Press, Inc., 1977.

24. Streefkerk, J. C. Inhibition of erythrocyte pseudoperoxidase activity by treat
ment with hydrogen peroxide following methanol. J. Histochem. Cytochem.,
20:829-831, 1972.

25. Szczepanski, M., Lucer, C., Zawadzki, J., and Tollocko, T. Procoagulant and
fibrinolytic activities of gastric and colorectal cancer. Int. J. Cancer. 30: 329-

333,1982.
26. Tanaka, K., Kohga, S., Kinjo, M., and Kodama. Y. Tumor metastasis and

thrombosis, with special reference to thromboplastic and fibrinolytic activities
of tumor cells. Gann Monogr. Cancer Res., 20: 97-119,1977.

27. Taylor. C. R. Immunoperoxidase techniques; practical and theoretical aspects.
Arch. Pathol. Lab. Med., 702:113-121, 1978.

28. Tissot, J-D., Hauert, J., and Bachmann. F. Characterization of plasminogen
activators from normal human breast and colon and from breast and colon
carcinomas. Int. J. Cancer, 34: 295-302, 1984.

29. Vassali, J-D., Dayer, J-M., Wohlwend, A., and Belin, D. Concomitant secretion
of pro-urokmase and of a plasminogen activator-specific inhibitor by cultured
human monocytes-macrophages. J. Exp. Med., 759:1653-1668,1984.

30. Werb, Z., Mainardi, C. L., Vater, C. A., and Harris, E. D. Endogenous activation
of latent collagenase by rheumatoid synovial cells. N. Engl. J. Med., 296:
1017-1023,1977.

31. Wu, M-C., Arimura, G. K., and Yunis, A. A. Purification and characterization of
plasminogen activator secreted by cultured human pancreatic carcinoma cells.
Biochemistry, 76: 1908-1913,1977.

CANCER RESEARCH VOL. 45 APRIL 1985

1791

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/4

5
/4

/1
7
8
7
/2

4
2
2
1
6
7
/c

r0
4
5
0
0
4
1
7
8
7
.p

d
f b

y
 g

u
e
s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2
2



V Ã• Sf-rÃ¯*4 -AI-,u IMI

Fig. 2. Immunoperoxidase localization of urokinase in adenoma and colon cancer. A, transition between normal colon epithelium and adenoma (counterstained with
hematoxylin). Note the abrupt transition to adenoma (short arrow) characterized by intense cytoplasmic staining, and by the well-defined luminal edge of the adenoma
glands, long arrow, short normal segment within the adenoma; note absence of cytoplasmic staining, and presence of a stained goblet cell. Indirect method, x 240. B,
hematoxylin-eosin staining of an area of transition from normal to cancerous epithelium in a mucosal gland of the colon. Normal glandular epithelium is changed into
cancer as uniform, basally located nuclei are replaced by crowded, irregular ones. Arrows, zones of abrupt transition, x 480. C, the same gland stained by urokinase-
specific immunoperoxidase reaction. Note that only the cancerous portions of the gland are marked by heavy staining of the luminal edge of the cells (long arrow).
Desquamated cells in the lumina are also heavily stained, and granular staining of the cytoplasm can also be observed. In the normal glands, only an occasional goblet
cell is stained (short arrows). PAP method, x 430. D, the same area stained with Fontana-Masson for reticulin fibers and mucin. Note that the basement membrane of
the normal portions oÃ e central gland is uniformly thick (tong arrows), while that of the cancer area is thin and wavy (snort arrow). Most of the goblet cells in the normal
glands show a positive argentaffin reaction for mucin. x 430.
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Fig. 3. A, apparent diffusion of urokinase at the advancing front of colon cancer. Heaviest staining is found at the luminal edge of cancer cells (short arrow) and in the
desquamated cells (long arrow). The gland appears to have ruptured, and heavy staining is found over the fibroblasts (double arrow) just below the ruptured lumen. PAP
method, x 430. Inset, overview of advancing area into the muscle layer of the colon. Diffusion of urokinase is seen in front of each lobule of the advancing cancer, x. 80.
6, a different area of the same tumor stained by hematoxylin-eosin. Note that the general orientation of the specifically stained regions below the cancer portion in Fig.
2A corresponds to the orientation of the fibroblasts in this picture (double arrow), x 480. C, urokinase-localization in a papillary carcinoma of the colon. Urokinase is
observed at the luminal edge of the cancer cells (long arrow) and in desquamated cells (short arrow). PAP method, x 430. D, localization of urokinase in colon cancer
with papillotubular growth. Staining is observed at the luminal edge of the glands (long arrow) in the cytoplasm, and in vesicular structures just outside the basement
membrane (short arrows). PAP method, x 480.
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Fig. 4. Localization of urokinase in colon cancer. A, staining in this case is intense at the periphery of the cancer nests and is heavier at the advancing front than at

the inner surfaces. 8, same tumor; here, too, staining is at the periphery of the cancer nests, but it can also be seen on the inner surface of the poorly developed tubular
lamina(arrow). Both A and B are from the tumor also shown in Fig. 30. PAP, using monospecificantibody against urokinase. x 244. C, staining can be seen in the entire
cytoplasm of individual cancer cells, but the intensity varies from cell to cell. Poorly differentiatedadenocarcinomaof the cecum. Adenomaof the same patient is shown
in Fig. 2A. PAP method, using monospecific antiurokinaseantibody, x 244. D, in this well-differentiatedtubular-type carcinoma,staining involves the entire cytoplasm of
the cancer cells. A characteristic feature is the localization of urokinase at the supranuclear portion (arrows), corresponding to the Golgi apparatus. PAP method with
monospecific antibody, as above, x 530.
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IMMUNOPEROXIDASE STAINING OF PLASMINOGEN ACTIVATOR
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Fig.5. Urokinase localization in metastatic colon cancer. A, lymph node metastasis with glandular growth and with small islands of cancer (short arrows). Note that
lymphocytes in upper right corner show no specific staining (lightly counterstained with hematoxylin).PAP method, x 240. B, metastatic colon cancer in the omentum.
Islandsof well-stained cancer cells (arrows) embedded in fibrofatty tissue. PAP method, x 120. C, metastatic colon cancer in the liver. The luminaledges of the cancer
cells are heavily stained in all the glands shown (arrow). PAPmethod, x 120.
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Fig. 6. Contrasting localization of urokinase and tissue activator in colon cancer. A. cancer gland stained for urokinase. Staining is observed in the luminal edge of the
cancer cells (short arrow), and in the cytoplasm (long arrow), x 430. Inset, detail of the luminal area with strongly reacting desquamated cells in the lumen. PAP method,
x 1720. B. the same area stained for tissue activator. Heaviest staining is in the strongly vasculanzed stroma below the cancer gland. Strong staining of desquamated
cells can also be seen, x 430. Inset shows that most of the staining is in the endothelial layer of the blood vessels (short arrow). Long arrow, erythrocyte within a vessel.
PAP method, x 120.
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