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To investigate whether malignant behavior of skin tumor correlates with changes in the level

of proteolytic activities in skin tumors, rats were treated with 7,12-dimethylbenzanthracene

followed by phorbor ester. Tumors induced upon the treatments exhibited more than 20-fold

increase in the activity of plasminogen activator and about 3-fold of plasmin-like activity, as

compared to those in treated controls. Furthermore, the former activity was raised to about
6-fold even in the preneoplastic tissues of the skin tissues. On the other hand, the proteolytic

activity against casein and insulin decreased to several-fold in the tumor tissues while anti-

trypsin activity remained similar in both tumor and controls. Thus, the increase in the activities

of plasminogen activator and plasmin-like enzyme appears to occur as a characteristic to skin

cancer and may involve in invasion and metastasis of the tumor.
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Search for proteases secreted by tumor cells has
been a corollary of the hypothesis that cancer in-
vasion is an active process (Liotta and Hart,
1982). A number of different proteases including
plasminogen activators and collagenases have
been identified in malignant tissues (Strauli, 1980;
Liotta et al., 1980, 1981a, 1981b, 1982). These
enzymes together with other unidentified pro-
teases may function in a cascade fashion to facili-
tate infiltration of tumor cells through host bar-
riers, one of their major components is collagen.

Fibrinolytic activity of tumor tissues was identi-
fied in 1935 (Strauli, 1980). A major component
of fibrinolysis is produced by plasmin generated
from serum plasminogen by the action of plasmi-
nogen activator (Reich, 1978). Although the latter
enzyme is not an efficient protease for direct lysis
of extracellular matrix, it can induce indirectly the
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cleavage of noncollagenous matrix components
(Liotta et al., 1981). In addition, plasmin can also
activate proenzymes such as latent collagenases
(Liotta et al., 1981). Furthermore, the level of
plasminogen activator has been reported to in-
crease highly in malignant tumor cells such as
mouse melanoma and human fibrocarcinoma
(Jones et al.. 1975; Wang et al., 1980). Such an
elevation in the enzyme level reflects that the pro-
teolytic activity involves in breakdown of fibrins
accumulated along the blood vessels as well as of
collagenous matrix, and therefore can facilitate in-
filtration or extravasation of tumor cells into cir-
culatory systems.

In recent studies with human cervix tumors, the
proteolytic activity against casein and insulin was
found to increase several-fold while the level of
anti-trypsin fell to nearly one-tenth of that in nor-
mal tissues (Kee et al.,, 1988). Such a drastic
change in proteolytic capacity in the tumor sup-
ports an idea of which a spectrum of proteases
involve in malignant behavior of tumors rather
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than a specific proteolytic enzyme does, particular-
ly when considering that the protein substrates,
casein and insulin, are known to be susceptible to
a wide variety of proteases (Goldberg et al., 1981,
Tanaka et al., 1986).

Therefore, the present study was performed to
examine if the activities of plasminogen activator
and plasmin-like protease increase as the tumor
develops in rat skin because the skin cancer is
metastatic and can easily be induced by the treat-
ment of carcinogens. We also measured the pro-
teolysis against casein and insulin as well as the
activity of anti-trypsin to examine if their levels
change upon the tumor development.

Materials and Methods

Materials

Normal and preneoplastic skin tissues of rat were
dissected out from the abdominal region and
minced to small pieces. The tissues were then
homogenized after suspending them in 50 mM
Tris-HCI (pH 8) containing 5 mM MgCl, and 10%
(v/v) glycerol. The homogenates were centrifuged
at 30,000 x g for 30 min to obtain the tissue ex-
tracts.

Insulin and fibrinogen were radioiodinated using
chloramine T (Greenwood et al., 1963).
[PH]Casein was prepared by reductive methylation
as described elsewhere (Goldberg et al., 1981,
Chung and Goldberg, 1983). PHJHCHO and
Na'?®l were purchased from New England Nuc-
lear. All other chemicals were obtained from
Sigma.

Induction of Skin Cancer

Abdominal skin of rats was treated with 0.5 ml
of 7,12-dimethylbenzanthracene (DMBA; 40 mg/
ml in acetone). Twenty-four hours after the treat-
ment, one group of the rats was applied only
once with 2 4 g of croton oil (i.e., phorbor ester)
and the other group was with the same amount of
the reagent but twice in a week-period for 5
times. Skin tissues from the rats were obtained at
10-hr or 100- to 200-day after the last treatment.
During 100-200 days, more than 70% of the rats
applied repeatedly with phorbor ester after treat-
ing DMBA developed tumors while less than 5%
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did for the rats applied once with DMBA, with the
reagent followed by phorbor ester, or repeatedly
but only with phorbor ester.

Assays

The avtivities of plasmin-like protease and plas-
minogen activator were assayed as described by
Pitman (1985) with some modifications.
Radiociodinated fibrinogen was diluted with un-
labeled fibrinogen to a final concentration of 0.1
mg/ml (5 x 10° cpm/ml). Aliquots (20 22g) of this
sample were put in 24-well cluster dishes (0.2 ml/
well) and dried under vacuum at 40°C for 2 days.
Thrombin (0.25U) was then added to each well
for converting fibrinogen to fibrin. After incubating
the dishes for 1 hr at 37°C, they were washed
five-times with phosphate-buffered saline. Reaction
mixtures added to each well contained 50 xg of
tissue extract, 0.1M Tris-HCI (pH 8), 0.1% (w/v)
gelatin and 0.33 mlU of plasminogen. After in-
cubating them at 37°C for 2 to 5 hrs, 50 (1 ali-
quots were removed and the radioactivity released
as soluble form was measured using a liquid scin-
tillation spectrometer. Thus, the radioactivity
appeared without the addition of plasminogen
represents the activity of plasmin-like protease
(PLP) and that in its presence but after subtrating
the activity of PLP corresponds to the activity of
plasminogen activator (PA).

Casein- or insulin-degrading activity was deter-
mined by following the hydrolysis of the substrate
to acid-soluble products (Goldberg et al., 1981;
Chung and Goldberg, 1983). Assay of anti-trypsin
was carried out as described by Chung et al.
(1983). Protein was assayed by the method of
Bradford (1976).

Results

Activities of Plasmin-like Protease and Plasmi-
nogen Activator

To examine if the level of proteolytic activity
changes upon tumor development, rats were tre-
ated on their skin with DMBA followed by ap-
plication of phorbor ester for various periods. Af-
ter the treatments, skin tissues were dissected out
at a number of sites (n=6) from abdominal region
and their extracts were prepared. Because no
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Fig. 1. The activities of (A) PLP and (B) PA in treated
controls, preneoplastic and neoplastic tissues of rat skin.
Assays were performed as described in the Materials and
Methods by incubating 100 . g of the tissue extracts for
5 hr at 37°C in the fibrinogen-coated wells. The highest
fibrinolytic activity exhibited by one of the extracts is
expressed as 1.0, and the activities in other samples
were as the values relative to it. Treated controls: D,
treated once with DMBA; P, with phorbor ester (croton
oil); D+P, once with DMBA followed by once with
phorbor ester; Pr, repeatedly with phorbor ester. Pre-
neoplastic tssues: D+Pr, treated once with DMBA fol-
lowed by repeatedly with phorbor ester. Neoplastic tis-
sues: C, tissues which developed tumors after the treat-
ment as of D+Pr.

tumor was developed in the rats treated once with
DMBA, phorbor ester, or one after the other and
repeatedly but with phorbor ester only, we refer
the tissues obtained from these groups as treated
controls. On the other hand, the rats applied with
DMBA once followed by multiple treatments of
phorbor ester eventually developed tumors, and
therefore their skins were referred to as pre-neo-
plastic tissues. Finally, the tissues that developed
tumors were as neoplastic tissues.

As shown in Fig. 1A, the activity of PLP in tre-
ated controls was more or less the same to that in
preneoplastic tissues while the activity in neoplas-
tic tissues increased to about 2-fold. On the other
hand, the activity of PA in the preneoplastic tis-
sues increased significantly as compared to that in
treated controls (Fig. 1B). Furthermore, the level
of PA was dramatically elevated in the neoplastic
tissues. These results clearly show that the rise in
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Fig. 2. Proteolytic activity against (A) casein and (B) in-
sulin in treated controls, preneoplastic and neoplastic tis-
sues of rat skin. Reaction mixtures in 0.1 ml contained
50 pg of the extracts, 0.1M Tris-HCI (pH 8), 5 mM
MgCls, and 10 . g of [*Hlcasein or 5 4 g of '®*I-insulin.
After incubating them at 37°C for 1 hr, 50 4! of 1%(w/
v} bovine serum albumin as a carrier and 50 «1 of 40%
TCA to precipitate proteins. The mixtures were centri-
fuged for 5 min and the radioactivity in the acid-soluble
fraction was determined in a liquid scintillation spectro-
meter. Relative activity in each sample was expressed as
in Fig. 1. Abbreviations represent samely as described in
the legend to Fig. 1.

PLP and PA activities is one of the malignant phe-
notypes of skin cancer and that the increase parti-
cularly of PA is implicated with the tumor de-
velopment.

Proteolysis against Casein and Insulin and Anti-
trypsin Activity

Casein and insulin are known to be susceptible
to a wide variety of proteases (Goldberg et al.,
1981; Tanaka' et al., 1986). Therefore, using the
protein substrates, we have examined if overall
capacity of proteolysis changes upon the develop-
ment of turmors in skin tissues. Fig. 2 shows that
both the casein- and insulin-degrading activities in
preneoplastic tissues decline markedly when com-
pared to those in treated controls. In addition, the
activities in neoplastic tissues remained as low
levels as in the preneoplastic tissues. Thus, the
decrease in proteolytic capacity appears to occur
as if it is necessary for the development of skin
cancer.
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Table 1. Summary of the activities of proteases and AT in treated controls,
preneoplastic and neoplastic tissues of rat skin.

% Proteolysis or % inhibition*

Activity Treated Preneoplastic ~ Neoplastic RatiofC/N)
control(N) tissues tissues(C)

PA 19406 6.5+04 464+8.6 24.42

PLP 128+22 11.8+19 26.7+1.8 2.09

Caseinases 521+19 129+1.1 13.61+72 0.26

Insulinases 242421 6.1+0.7 87+4.4 0.36

AT 1524+3.6 6.9+0.6 151459 0.99

These data were obtained by taking the mean values of the data in Figs.
1-3. Proteolytic activity was expressed as percentages of each respective
protein substrate released into medium or converted to acid-soluble pro-
ducts by the tissue exiracts. Percent inhibition corresponds to the extent of
inhibiting the BAPNA-hydrolyzing activity of trypsin (1 ..g) by the ex-

tracts.

*X + S.E. (S.E. =S.D./n: X, mean; S.E., standard error; S.D., standard

deviation; n=6, number of cases).
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Fig. 3. Level of AT in treated controls, preneo-
plastic and neoplastic tissues. The activity of AT
was measured by incubating reaction mixtures
(0.5 ml) containing 1 xg of trypsin, 0.1M
Tris-HCI (pH 8), 1 mM N-benzoyl-DL-argi-
nine-p-nitroanilide (BAPNA), and 20 mM CaCl,
in the presence and absence of 50 ,g of the
tissue extracts. The reaction was terminated by
adding 0.5 ml of 30% (v/v) acetic acid, and the
absorption of p-nitroanilide released during the
incubation period was measured at 410 nm. Re-
lative inhibitory activity and abbreviations are
shown as in Fig. 1.

Anti-trypsin (AT) is one of the most widely dis-
tributed proteins in animal tissues (Horl and Heid-
land, 1982; Travis and Salvessen, 1983), and has
been suggested to play a role in control of in-

tracellular proteolysis through its inhibitory activity
against proteases (Kee et al., 1988). Therefore,
the level of AT was measured to see if it changes
upon the development of skin cancer. As shown
in Fig. 3, the activity of AT in treated controls is
nearly identical to that in neoplastic tissues. In
contradt, the AT activity in preneoplastic tissues
was about one-half that in the others. These re-
sults indicate that the activity unconcerns with the
changes in overall proteolytic capacity in pre-neo-
plastic and neoplastic tissues. However, it is still
unclear why the AT level decreases upon the
treatment of DMBA followed by multiple applica-
tion of phorbor ester.

Discussion

The present study demonstrates that the activi-
ties of PA and PLP and the proteolysis against
casein and insulin change during the development
of tumors on rat skin while the level of AT activity
in the tumor stays at a similar level to that in
normal tissues. These results are summarized in
Table 1.

We have recently reported that overall proteoly-
tic capacity in neoplastic tissues of human cervix
increases several-fold with a concomitant de-
crease in the inhibitory activity against trypsin but
without any significant alternations in the activites
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of specific proteases such as PA and PLP (Kee et
al, 1988). It has therefore been suggested that a
spectrum of proteases concertedly participate in
malignant behavior of tumors rather than a single
or a few specific proteolytic enzyme(s) involves.
However, in contrast to the previous findings, skin
tumors of rat exhibited a marked increase in PA
activity with several-fold reduction in the proteoly-
tic activity against casein and insulin. Thus, it
seems quite clear that the relative importance of
individual proteases for malignant phenotype
varies from one tumor system to another or, with-
in the same type of tumor system, from one ana-
tomic site to another.

Of particular interest in the case of skin tumor
was that the level of PA activity is higher in pre-
neoplastic tissues and gets much greater in neo-
plastic tissues than that in treated contols. Such a
tumorigenic time-dependent increase in the activ-
ity implicates a possible role of PA in the develop-
ment of tumor itself. Altematively, the rise of PA
activity in preneoplastic stage of skin tissues could
be a prerequisite for the invasive and metastatic
character of fully-developed skin cancer. Despite
that the function of PA has not yet been cleared
other than its role in the process of blood clotting,
the latter possibility seems likely when considering
that PA can induce the hydrolysis of noncol-
lagenous matrix components and can generate
plasmin which activates latent collagenases (Liotta
et al., 1981). It is noteworthy that the activity of
PLP in skin tumors also increases several-fold.
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