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ABSTRACT

A body of evidence has suggested that hormones which
modulate plasminogen activator production by cultured tumor
expiants in vitro may have a qualitatively comparable effect on
the growth of the same tumors in vivo. As a test of this correlation
and to explore its potential for predicting the in vivo response of
tumors to hormones, we have studied here the effect of hydro-

cortisone on the growth of primary and first generation trans
plants of mouse mammary tumor virus-determined mammary

tumors in BALB/c x DBA/8 Fi (hereafter called CD8F,) mice;
hydrocortisone had been found previously to inhibit plasminogen
activator production by expiants of these tumors. The results
were: (a) hydrocortisone reversibly blocked the growth of pal
pable primary tumors; growth resumed at control rates following
withdrawal of exogenous hormone; (b) hydrocortisone inhibited
the growth of first-generation tumor transplants when adminis

tered either before or after the appearance of palpable tumors;
(e) pretreatment with hydrocortisone both delayed the appear
ance of primary tumors and greatly reduced tumor incidence in
susceptible mice; a substantial part of the decrease in tumor
incidence was apparently irreversible; (d) hydrocortisone reduc
tion of tumor growth was accompanied by inhibition of tumor
plasminogen activator content, and these effects displayed a
similar dose dependence (enzyme content of tumor lysates was
measured by the 125l-fibrin plate assay); the enzyme present in

control and hormone-treated tumors was predominantly of the

urokinase type.
These findings suggest that plasminogen activator production

and mammary tumor growth in CDSFi mice are coordinately
regulated and thus encourage the view that plasminogen acti
vator might be useful as an in vitro marker for predicting the in
vivo response of tumors to hormones.

INTRODUCTION

Most malignant tumors in animals (17,19, 22) and a variety of
human neoplasms (6,9,10,15,18) contain and secrete elevated
levels of PA.5 In normal tissues, the production of this enzyme is

generally associated with tissue remodeling (19, 27, 28) and/or
cell migration (29, 30). Although in one instance, the human
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tumor line HEp3, it has been shown directly that inhibition of PA
activity reduces invasion and metastasis (21), there is otherwise
only limited information on the relationship between PA and other
phenotypic properties of tumors.

Mak et al. (14) were the first to observe a correlation in the
hormonal regulation of PA production and tumor growth; they
found that the Shionogi mammary tumor (SC-115), which is
androgen dependent for growth in vivo, is also androgen-de-

pendent for PA synthesis in culture. Subsequently, Butler ef al.
(4, 5) have shown that estradici, which enhances the growth of
human mammary breast carcinoma MCF-7 cells in nude mice,

also stimulates the production of PA by these cells in vitro. A
parallel inhibition of growth and enzyme synthesis following
exposure of mouse melanoma cells to bromodeoxyuridine was
reported by Christman ef al. (7).

We have recently extended these findings in studies of several
types of primary rodent mammary tumors. In this case, the
known hormone-induced effects on growth in vivo were com

pared with changes in PA production in organ culture, and the
results were again consistent with the hypothesis that growth
and PA synthesis in tumors might be coordinately regulated by
hormones (17). The present work, in which we used the MMTV-
determined spontaneous mammary tumor system of BALB/c x
DBA/8 F, (hereafter called CD8F,) mice as a model, was under
taken as a further test of this possibility. We had observed
previously (17) that hydrocortisone represses PA production by
cultured expiants of this tumor which, from the above hypothesis,
implies that glucocorticoids might be expected to inhibit tumor
growth in the animal. Since the effect of these steroids on CD8F,
tumor growth had not been reported, we proposed to test
whether the expectation that hydrocortisone might be inhibitory
is correct and thus whether coordinate modulation of tumor
growth and PA applies to CD8F, tumors.

In this paper, we describe the effect of hydrocortisone treat
ment on the growth and development of primary and first-
generation transplants of CD8F, mammary tumors. In addition,
we report the effect of hormone treatment on tumor PA produc
tion in vivo.

MATERIALS AND METHODS

Tumors. Tumor-bearing female CD8F-, mice (26) were housed at 12
mice/cage in animal rooms with a 12-h photoperiod and fed Purina

mouse chow ad libitum. For tumor transplantation, a cell suspension
was obtained by collagenase digestion as described elsewhere (20), and
the cells (in 0.2 ml 0.9% NaCI solution) were injected s.c. into 2-month-

old male CD8F, mice.
Tumor weight was estimated from 2 tumor diameter measurements

(12) taken with a vernier caliper or, at the end of an experiment, by direct
weighing of the excised tumor.

Hydrocortisone Treatment Hydrocortisone pellets (containing cho-
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lesteraiand methylcellulose)which were designedto release0.125,0.25,
or 0.5 mg of hormone daily for 30 days were obtained from Innovative
Research of America (Rockville, MD). The apparent lifetime of these
pellets, however, did not extend beyond approximately 20 days. This
was determined by comparing delivery of the hormone by injection (1
mg Â¡.p.every other day), in which case tumor growth inhibition was
sustained during the 1-month treatment (data not shown) with delivery
by pellets nominallyreleasing0.5 mg hydrocortisone/day, in which case
the tumors resumed growth on Day 18 at a rate comparable to that of
untreated controls (Chart 1).

For pellet implantation, mice were anesthetized by injection i.p. of 0.5
ml of pentobarbital (2 mg/ml) and the pellet was inserted in the inter-
scapulars.c. space through a small incision which was then closed with
wound clips. Sham-operatedcontrols were treated in the same way but
did not receive pellets. In the experiment of Chart 4, mice given implan
tations previously were given reimplantations at a neighboring site.
Pentobarbital anesthesia during reimplantation was poorly tolerated,
particularlyin animals receivinghydrocortisone, and was responsiblefor
all deaths associated with the experiment (death occurred shortly after
anesthesiaor within 24 h).

Alternate methods of hydrocortisone treatment are described in the
appropriatechart legends. Regardlessof the method used, body weight
loss in hormone-treated mice averaged only 10 to 20% for the highest
concentrationsof hormone (Chart 4, inset).

Organ Culture and PA Measurements. The preparationof organ
cultures and the measurementof PA content and secretion were exactly
as described previously (17). Briefly, tumors were excised and then
weighed, trimmed, minced, and homogenized in Tris buffer (0.1 M, pH
8.1) containing 0.5% Triton X-100 for the determination of PA content
(expressed as Ploug milliunits of urokinase per mg of lysate protein).
Alternatively, the tumor was placed in culture [25 expiants averaging20
nQof protein each per 35-mm dish and 2 ml of Waymouth 752/1 medium
containing penicillin (500 units/ml), streptomycin (200 jig/ml), bovine
serumalbumin(0.5 mg/ml), bovineinsulin(1 ng/ml),and,where indicated,
100 nM hydrocortisone in 0.01% ethanol] for the determination of PA
secretion (expressed as Ploug milliunits of urokinase releasedper h per
mg of explant protein). Tissue viability during 5 days of organ culture
was excellent (17) and was not affected by the presence of hydrocorti-
sone. The 125l-fibrinplate assay for PA (27) was used. The reaction

mixture consisted of 25 Â¿ilof tumor lysate or conditioned medium and
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Chart 1. Effect of hydrocortisone on the growth rate of primary CD8F, mammary
carcinomas. Twenty-five mice with palpable, progressively growing primary tumors
were used for this experiment; 20 mice received implants of steroid pellets specified
to release 0.5 mg hydrocortisone daily (for approximately 20 days), and 5 mice
served as controls. A, growth rate of a representative tumor from a control mouse;
B, 3 representative tumors from hydrocortisone-treated mice; arrow, time of

implantation of pellets. Growth inhibition was still evident at 18 days after pellet
implantation; by 24 days, pellet hormone delivery had waned, and growth rates
had returned to pretreatment levels.

275 ii\ of 0.1 M Tris-HCI, pH 8.1, containing human plasminogen, 7.3 Â¿ig/
ml/125l-fibrin coated well; aliquots of this mixture were withdrawn for
counting after incubation at 37Â°Cfor 1 to 4 h, and the PA activity was

compared with that of a urokinase standard. No fibrinolysis was ever
detected in the absence of plasminogen. Purified rabbit antibodies raised
against mouse urokinase PA from Lewis lung carcinoma were a gift from
Dr. D. Belin, and purified sheep antibodies raised against human tissue
PA from Bowes melanoma cells were a gift from Dr. L. Wilson. To study
the effect of these antibodies on enzyme activity, tumor lysate or
conditioned medium samples were incubated with antibody for 1 h at
4 Â°Cprior to the fibrinolytic assay (each antibody was used at concen

trations more than sufficient to cause full inhibition of fibrinolysis by the
corresponding PA type).

Protein was determined by the Bio-Rad (Richmond, CA) dye method
according to the manufacturer's instructions.

[3H]Leucine Incorporation. Labeled tumor expiants (see Table 1)

were homogenized in Tris-Triton X-100 buffer as above, and protein

precipitation with 10% trichloroacetic acid was carried out overnight at
0 Â°C.The precipitate was collected on glass fiber filters and counted in

a scintillation counter in Ultrafluor (National Diagnostics, Sommerville,
NJ). An aliquot of the detergent lysate was assayed for protein as above.

Chemicals. Hydrocortisone, hydrocortisone acetate, insulin, and bo
vine serum albumin A7511 for organ culture were from Sigma Chemical
Co. (St. Louis, MO); Waymouth medium was from Grand Island Biological
Co. (Grand Island, NY); pentobarbital (Nembutal) was from Abbott Lab
oratories (North Chicago, IL); L-[4,5-3H]leucine was from Amersham

(Arlington Heights, IL); other chemicals and reagents were as described
previously (17).

RESULTS

When organ cultures of primary CD8F, MMTV-determined

mammary tumors are incubated with hydrocortisone, both the
intracellular level of PA and the rate of enzyme secretion are
abruptly reduced (Ref. 17; Table 1); this reduction appears to be
specific since the overall rate of protein synthesis is not affected
(Table 1). In organ cultures of first generation transplants, hydro-

cortisone addition elicits the same effect (Table 1). These findings

Table 1

Inhibition of tumor PA by hydrocortisone in vitro

Organ cultures were prepared from a primary CD8F, mammary carcinoma and
from first-generation transplants and were preincubated in basal medium for 3
days; the cultures were then further incubated for 2 days in basal medium (control)
or in basal medium supplemented with hydrocortisone. Culture medium was
changed daily. PA secretion values shown correspond to the last day of culture
(second day of hydrocortisone treatment); PA content was measured in lysates of
expiants at the end of culture. The effect of treatment on overall protein synthesis
was examined by a 3-h pulse with L-(4,5-3H]leucine (10 /id/ml) at the end of culture

(full strength Waymouth medium was replaced by Waymouth medium containing
0.1 of the concentration of essential amino acids during labeling); the results are
expressed as trichloroacetic acid-insoluble radioactivity per mg protein. The addition
of cydoheximide (20 ^g/ml) 20 min prior to addition of [3H)leucine decreased the
TCA-insduble radioactivity to 3548 cpm/mg. All figures show the mean of duplicate
assays on duplicate cultures. See "Materials and Methods" for details. In 2

additional experiments in which first-generation transplants were used, hydrocor
tisone inhibited PA secretion by 65 and 39%, respectively.

PA secretion
(milliunits uro- PA content

kinase/hr x (milliunits uro- [3H]leucine

Tumor Medium mg) kinase/mg) (cpm/mg)

PrimaryControlHydrocortisone(100nM)Transplant

ControlHydrocortisone(100riM)42519514921272108NT*NT61,56963,766NTNT*

Not tested.

CANCER RESEARCH VOL. 45 MAY 1985

2271

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2422958/cr0450052270.pdf by guest on 19 M

ay 2023



COORDINATE REGULATION OF TUMOR GROWTH AND PA

suggest (see "Introduction") that CD8F, tumor growth in the

animal might also be inhibited by hydrocortisone treatment.
Effect of Hydrocortisone on the Growth of Primary and

First-Generation Transplants of CD8F, Mammary Tumors. To

study the effect of hydrocortisone on the growth of primary
mammary carcinomas, the initial growth rate of each tumor was
first determined at regular time intervals prior to treatment.
Control mice were then left untreated while test mice received
implants of hormone pellets specified to release 0.5 mg hydro-

cortisone/day (for approximately 20 days), and the effect of this
treatment on tumor growth rate was followed for a period of 24
days. Of the 20 tumors treated, 18 were growth arrested within
3 days after pellet implantation; this is illustrated for 3 tumors in
Chart 18 (compare with control growth curve, Chart ~\A). The

inhibitory effect of hydrocortisone was fully reversible as indi
cated by the fact that the tumors resumed normal growth when
hormone delivery by the pellets slowed (Chart 16). Ten % (2 of
20) of the tumors did not respond to treatment and continued to
grow at normal rates; we did not investigate the basis for this
resistance to hydrocortisone (however, see Footnote 6).

Similar results were obtained with first-generation tumor trans

plants. Here, 2 experimental protocols were used. In the first,
recipient mice were inoculated with tumor cells and, following a
2-day interval, they were either sham-operated (controls) or

implanted with hydrocortisone pellets designed to release 0.125
or 0.5 mg hydrocortisone/day (for approximately 20 days); tumor
incidence was determined by palpation at regular intervals. As
shown in Chart 2, A and 8, the appearance of palpable tumors
was greatly retarded by hydrocortisone treatment, and this effect
was dose dependent. At the higher hormone level, tumor inci
dence rose only at about the time when hormone delivery was
decreasing, suggesting that pellet reimplantation might have
extended the tumor-free interval. A comparison of combined

tumor mass on Day 27 postinoculation, when all groups had
reached nearly 100% tumor incidence, further documents the
growth inhibitory effect of hydrocortisone. In the experiment
shown in Chart 2A, the combined tumor mass for each group
(12 mice) was 1.59 g (control), 0.82 g (0.125 mg hydrocortisone),
and 0.20 g (0.5 mg hydrocortisone). The same figures for the
experiment of Chart 26 were, respectively, 4.62, 2.72, and 0.43
9-

In the second experimental design, we tested the effect of
hormone treatment on established first-generation tumor trans

plants. Treatment was initiated only when the tumors had
reached the weight of 0.1 to 0.9 g. The mice were then divided
into 5 groups and treated with hydrocortisone doses of either 0
(controls), 0.125, 0.25, 0.5, or 1.0 mg. As shown on Chart 3,
tumor growth was again inhibited by hydrocortisone treatment
in a dose-dependent manner. An additional experiment in which

only the highest levels of hormone were tested provides further
evidence of the growth-inhibitory action of hydrocortisone (Table
2). The above experiments demonstrate that first-generation

transplants retain the hydrocortisone responsiveness of primary

8These figures suggest that there is a small tumor population which fails to

respond to hydrocortisone with growth and/or PA inhibition. This population could
conceivably include resistant tumor variants and/or tumors borne by mice resistant
to hydrocortisone due to an accelerated rate of hormone catabolism. When the 2
tumors in which we did not observe growth inhibition (experiment of Chart 1) were
organ cultured, one did not evidence PA inhibition by hydrocortisone and the other
did. Thus, both resistant tumor variants and resistant mice may exist in the
population.

tumors and that growth inhibition of small inocula of tumor cells
and of fully established tumor transplants is equally effective.

Effect of Hydrocortisone on the Development of Primary
CD8Fi Mammary Tumors. Because in CD8F, mice mammary
tumor incidence as a function of age has been well documented
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Chart 2. Prevention of transplanted tumor development. Male mice received a
s.c. inoculation of 1.2 x 106 cells in the lower back; the inoculum was in the form
of a single-cell suspension prepared from a primary mammary carcinoma. Two
days later, separate groups of 12 to 13 mice received s.c. implants of steroid
pellets that released either 0.125 or 0.5 mg hydrocortisone (HC) daily for approxi
mately 20 days (the pellets were implanted 2.5 cm away from the site of cell
inoculation); a third group was sham operated and served as control. Tumor
incidence was determined by palpation every other day, and the incidence was
expressed as a percentage of the total number of mice in each group. A and B, 2
separate experiments (different primary tumors served as the source of cells for
transplantation).
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Chart 3. Coordinate dose-dependent inhibition of tumor growth and PA. Cells

from a primary mammary carcinoma were injected s.c. into the interscapular region
of mate recipients (10* cells/mouse), and the transplants were allowed to reach an

initial size of 0.1 to 0.9 g before mice were given the indicated amounts (mg) of
hydrocortisone acetate (administered i.p. in 0.2 ml 0.9% NaCI solution every other
day). Tumor volume measurements were made weekly; after 2 or 3 weeks, the
tumors were excised, weighed, and analyzed for their PA content as described in
"Materials and Methods." Enzyme content and -fold increase in tumor weight during

the last week of treatment are shown as a function of hormone dose; figures are
the mean value for each set of determinations. The numbers of tumors tested in
each group were: control, 7; with hydrocortisone, 0.125 mg, 4; 0.25 mg, 6; 0.5
mg, 7; 1.0 mg, 9. mU UK, milliunits urokinase; oars, SE.
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COORDINATE REGULATION OF TUMOR GROWTH AND PA

Table 2
Inhibition of tumor growth and intracellular PA contant by hydrocortisone in vivo

Cells from a primary mammary carcinoma were injected s.c. into the inter-
scapular region of male mice (5x10Â° cells/mouse) and allowed to grow into tumors

of the weight shown under day 0. The mice were then given injections i.p. once a
day with 0.2 ml of 0.9% NaCI solution (saline) alone (control) or 1 mg hydrocortisone
acetate in 0.2 ml saline. After 13 days, the tumors were excised, weighed, and
analyzed for their PA content as described in "Materials and Methods."

Tumor wt(g)TreatmentControlHydrocortisoneTumor123456789Day

00.290.290.560.941.030.290.320.591.15Day134.061.182.423.912.810.460.521.151.47DayO/Day1314.04.14.34.22.71.61.61.91.3Tumor

PA con
tent (milliunits
urokinase/mg)Not

tested356286313240157113167137

(up to 70% of breeding females develop palpable tumors be
tween 8 and 12 months of age) (16, 26), it was possible to
explore the effects of hydrocortisone administered prior to the
initial appearance of tumors. Two treatment protocols were
tested: in one group, pellets delivering 0.25 mg hydrocortisone/
day were sequentially implanted at 20-day intervals to provide
continuous exposure to hormone for a 4-month period; in a

second group, pellets releasing 0.5 mg hydrocortisone/day were
used for a treatment period of 2 months. The results (Chart 4)
show that tumor incidence increased steadily, as expected, in
sham-operated controls, reaching 54% by 5 months of obser
vation. In contrast, tumor incidence was greatly reduced in both
hormone-treated populations during the same period: tumors
developed in only 23 or 17% of mice that received, respectively,
0.25 or 0.5 mg hydrocortisone daily. Furthermore, it is of interest
that the transient exposure to the high daily level of 0.5 mg
hydrocortisone appeared to induce some permanent suppres
sion of tumor development, since a large deficit in incidence
persisted even 7 months after termination of treatment (see
legend to Chart 4). Chart 4 (inset) also shows that hormone
treatment produced only a mild and reversible weight loss, thus
excluding treatment toxicity as a trivial explanation of tumor
prevention.

Parallel Effects of Hydrocortisone on Tumor Growth and
PA Production in Vivo. Two approaches were used to test
whether hydrocortisone treatment also inhibits PA synthesis in
vivo. The first of these was based on 2 independent but related
observations: (a) that during the first day of culture, tumor PA
production apparently continues to reflect the in vivo hormonal
milieu to which the tumor had been exposed prior to explantation
(17); and (o) that expiants of rat mammary tissue treated with
[3H]cortisol retain functional concentrations of this hormone dur
ing 3 days of subsequent culture in cortisol-free medium (1).

With this in mind, we compared the initial rate of PA production
in the usual serum-free conditions by primary tumor expiants
obtained from 2 control and 6 hydrocortisone-treated animals;

the tumors in the treated group were selected from a total of 22
so as to include both growth-arrested tumors (these represented
approximately, three-fourths of the total) and tumors whose
growth was only slightly retarded (one-fourth of the total). As

seen in Table 3, the lowest rates of enzyme secretion were
found with the smallest tumors whose growth had actually
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Chart 4. Prevention of spontaneous tumorigenesis. To maximize spontaneous

tumor incidence, female CD8F, mice were bred continuously until the age of 6
months (26). Two months later, the mice were divided into 3 groups of 40 animals
each; one group (control) was sham operated for pellet implantation on Days 0,
19, 43, 68, and 104; a second group were given implants s.c. with pellets that
released 0.25 mg hydrocortisone (HC) daily for approximately 20 days on Days 0,
19, 43, 68, and 104; and the third group received pellets that delivered 0.5 mg of
hydrocortisone daily for approximately 20 days on Days 0, 19, and 43. Tumor
incidence was determined by palpation and expressed as the percentage of the
total population in each group. On Day 145, tumor incidences were: control, 20 of
37 (positive versus total) or 54%; 0.25 mg hydrocortisone, 8 of 35 or 23%; and 0.5
mg hydrocortisone, 4 of 23 or 17%; all deaths occurred as a result of pentobarbital
anesthesia used for pellet implantation (see "Materials and Methods"). D, D. period

of hormone treatment; inset, mean weight of mice in each group as a function of
time following pellet implantation.

At 9 months after the beginning of the experiment, tumor incidences were:
control, 31 of 37 or 84%; 0.25 mg hydrocortisone, 23 of 35 or 66%; and 0.5 mg
hydrocortisone, 12 of 23 or 52%. Hence, a 2-month treatment with hydrocortisone
(0.5 mg/day) produced a deficit in spontaneous tumor incidence that remained
apparent even 7 months later.

regressed (Tumor 3) or had been arrested (Tumors 4 and 5) by
hydrocortisone. High rates of PA production were expressed by
the tumor expiants (Tumors 1 and 2) obtained from untreated
animals in which the tumors also showed the most rapid growth.
Finally, PA production in the remaining cultures, taken from
treated animals in which the tumors had grown almost at control
rates (Tumors 6, 7, and 8), was close to the control values
except for Tumor 8, in which PA production was only slightly
greater than in Tumor 5. In spite of the limited sample size, the
overall pattern of these findings implies that tumor growth rate
and PA production in vivo are well correlated.

As a second test for coordinate regulation of tumor growth
and PA production in vivo, we compared the hydrocortisone
dose dependence of the 2 parameters. Here, PA production in
vivo was assessed by measuring the PA content of the tumors
immediately after excision rather than by monitoring the initial
rates of secretion by cultured expiants. As shown in Chart 3,
growth and enzyme production showed a similar hormone dose
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COORDINATE REGULATION OF TUMOR GROWTH AND PA

Table 3
Inhibition of tumor growth and PA secretion by hydrocortisone in vivo

Female CD8F, mice bearing spontaneous mammary carcinomas initially 0.2 to
0.5 g were given injections i.p. every other day for 26 days with 0.9% NaCI solution
(saline) (controls, n = 21 ) or with 1 mg of hydrocortisone acetate in 0.2 ml saline (n
= 22). On Day 26, the tumors were excised and weighed to calculate the -fold
increase in tumor mass; mean values of 8.2 (control) and 3.3 (hydrocortisone) were
obtained. Two control and 6 hormone-treated tumors (selected to include repre
sentation of a large group which was growth arrested (Tumors 3, 4, and 5) and a
small group which grew nearly as fast as controls (Tumors 6, 7, and 8)] were organ
cultured in basal medium to assess the effect of treatment on PA secretion (4
replicate cultures of 25 expiants each were prepared from each tumor and PA
assayed in conditioned-medium samples collected after 24 h; figures show the
mean). See "Materials and Methods" for details.

TreatmentControlHydrocortisoneTumor12345678Tumor

wt (-fold in
crease)8.39.80.21.92.06.46.57.5PA

secretion (milli-
units urokinase/hr x

mg)33961291186221466318266

dependence, with progressive inhibition as a function of increas
ing hormone dose in the range of 0.125 to 0.5 mg/day for PA
and 0.25 to 1.0 mg/day for growth [although in this experiment
no mean growth inhibition was obtained with a dose of 0.125
mg/day, it is evident from other experiments in which larger
numbers of tumors were studied (Chart 2) that growth, like PA,
is also inhibited by this low hormone dose]. The reduction of
tumor PA levels in vivo by higher levels of hydrocortisone was
also observed in another experiment (Table 2).

Type of PA Present in Tumors: Effect of Hydrocortisone.
We have used purified antibodies directed specifically against
urokinase or tissue type PA to determine the ratio of these
enzymes in CD8F, tumors and the effect of hormone treatment
on this ratio. Three actively growing primary tumors from sham-
operated mice and 3 growth-arrested tumors from mice treated

with hydrocortisone (pellet, 0.5 mg/day) were excised on the
eighth day of treatment; the PA content of lysates prepared from
tumor tissue before and after 4 days of organ culture was then
determined. Mean values of 184 milliunits urokinase/mg (control)
and 72 munits urokinase/mg (hormone treated) were found when
lysates obtained before culture were compared. The predomi
nant enzyme form in both control and treated tumors was of the
urokinase type, with 64% of the total fibrinolytic activity inhibited
by anti-urokinase antibody in both tumor groups; the remaining
activity was inhibited by anti-tissue PA antibody. Thus, hydro-

cortisone inhibits urokinase and tissue PA to the same extent,
so that the ratio of these enzymes remains the same. (Since it
is well known that the vascular endothelium produces tissue
type PA, it is possible that vascular tissue accounts for this type
of activity in fresh tumor extracts. If such is the case, the equal
urokinaseitissue PA ratios show that differences in the extent of
tumor vascularization cannot account for the higher PA levels of
control tumors). In the postculture tumor lysates, all of the
fibrinolytic activity was inhibited by anti-urokinase PA antibody.

The activity of conditioned medium samples from tumor organ
cultures was also completely suppressed by this antibody; these
results suggest that tissue PA is not synthesized in culture.

Absence of a PA Inhibitor. In some cells (8), hydrocortisone

induces the synthesis of a protein that acts as a PA inhibitor. In
CD8F, mammary carcinoma, no evidence of such an inhibitor
was obtained from experiments in which lysates of hormone-
treated and control expiants were mixed in different proportions
(the resulting PA activities were always additive). Further, zy-

mographic enzyme detection following electrophoresis of condi
tioned medium samples from such cultures (Fig. 1) showed no
sign of enzyme-inhibitor complexes (usually displaying lower

mobility and weaker activity) or of enhanced PA activity (as might
have resulted if preexisting enzyme-inhibitor complexes were

dissociated by sodium dodecyl sulfate).

DISCUSSION

Our results provide a body of data which indicates that in
CDSFi mammary carcinoma PA production is closely associated
and probably coordinately regulated with tumor growth in re
sponse to hydrocortisone. The evidence that supports these
conclusions is as follows.

In the absence of added hydrocortisone, tumor growth is rapid
(Charts 1/\, 2, and 3; Table 2), tumor PA content is high (Chart
3; Table 2), and PA production by tumor expiants is also high
(TableS).

Exposure to exogenous hydrocortisone in vivo usually arrests
tumor growth (Charts 1B, 2, and 3; Table 2) and lowers both
tumor PA content (Chart 3; Table 2) and the rate of enzyme
production by expiants in subsequent culture (Table 3). More
over, inhibition of growth appears invariably to be associated
with inhibition of PA; thus, in each of 31 tumors whose growth

1 2

48 â€”

Fig. 1. Electrophoretic-zymographic analysis of plasminogen activator in tumor
conditioned medium. Organ cultures were prepared from a primary mammary
carcinoma and treated as in the experiment of Table 1. Conditioned medium
samples from a control (Lane 1) or 100 nw hydrocortisone-treated culture (Lane 2)
were electrophoresed in a sodium dodecyl sulfate-polyacrylamide gel which was
then applied to a casein-agar indicator gel for the visualization of bands of PA
activity (13, 17). A single lytic band of M, 48,000 (48) corresponding to urokinase-
type PA (17) was obtained; in the presence of hydrocortisone, less urokinase PA
is secreted as is evidenced by the smaller lytic zone. The photograph was taken
after 5 h at 37Â°C; no additional lytic bands were seen upon incubation for up to

24 h.
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was inhibited by hydrocortisone and in which PA production was
subsequently measured, enzyme production was reduced rela
tive to control rates either as a direct result of the in vivo
treatment which caused growth inhibition (23 tumors, data from
Tables 2 and 3 and Chart 3) or of hormone addition to the
medium in which tumor expiants were cultured (8 tumors, data
not shown).

The dose dependence of hydrocortisone inhibition of tumor
growth and of PA production in vivo is similar (Chart 3).

Although the total sample size was limited (8 tumors), it
appears that there is generally a positive correlation between the
hydrocortisone inhibition of growth in vivo and of initial rates of
PA production in subsequent culture (Table 3).

The incidence of hydrocortisone suppression of growth ob
tained in the experiment of Chart 1 (18 of 20, or 90%) agrees
well with the previously reported incidence (17) of hydrocortisone
inhibition of PA production in culture (26 of 30, or 87%).6

Both hormone responses (inhibition of growth and of PA
synthesis) are conserved upon transplantation (Chart 3).

Assuming that PA production and tumor growth are in fact
coordinately regulated by at least one hormone, what might the
significance of this association be? If hormones regulate the
expression of genetic programs consisting of numerous func
tions, rather than merely of single genes, we may accept that
cell proliferation, under particular sets of conditions, requires the
coordinate expression of an ensemble of genes that comprise a
specific "growth program." Hormones that stimulate (or inhibit)

growth might do so by influencing the level of expression of the
growth program as such. Based on the data in this paper and
on previous observations summarized above ("Introduction"), we

suggest that in tumors the expression of the PA genes is either
regulated as an integral part of the in vivo growth program or
responds coordinately to the same factors that enhance the level
of expression of the growth program. Since an association
between PA and growth has never been reported for normal
cells or tissues, including the mammary gland (19), we presently
assume that the incorporation of PA into the growth program is
a regulatory property characteristic of tumors. This working
hypothesis appears so far to be consistent with all of the relevant
available data, but it is recognized that the body of evidence is
small and that further work is required to define the scope both
of the association between PA production and tumor growth and
of their coordinate regulation by hormones.

Several additional aspects of the present work deserve com
ment. The most noteworthy of these concerns the change in the
primary tumor incidence following pretreatment of mice with 0.5
mg hydrocortisone/day. While this treatment caused simply a
delay in the appearance of tumors after transplantation (Chart
2), it had a lasting effect on primary tumor incidence, causing an
absolute reduction in tumor appearance which persisted during
a drug-free period of observation that was much longer than the

preceding time of treatment (see Chart 4, including legend).
Under these conditions, it appears that the hormone treatment
"permanently" suppressed the development of incipient tumors

in a significant fraction of exposed animals.
An additional observation relates to the mechanism of hydro-

cortisone inhibition of tumor growth. While we lack rigorous
supporting data, a number of considerations suggest that the
glucocorticoid effect on growth results from an action of the
hormone directly on the tumor. It is known that growth of MMTV-

determined mammary tumors is independent both of sex and of
pituitary hormones (16), which excludes a secondary mechanism
involving these hormones. It is also established that the tumors
are capable of responding directly to glucocorticoids since these
steroids modulate the transcription of MMTV sequences in tumor
cells (23, 24). Furthermore, the growth of GR cells (a line derived
from a spontaneous mammary tumor in GR mice) is inhibited by
dexamethasone in vitro (11). A number of reports have shown
that glucocorticoids are antiproliferative and growth inhibitory to
mammary tumors in C3H/HeJ mice (2, 3).

Finally, it is worthwhile to note the contrast between the
glucocorticoid inhibition of in vivo tumor growth demonstrated
here and the glucocorticoid stimulation of MMTV sequence
transcription (23, 24). It is probable that under the conditions in
which we demonstrated growth inhibition of CD8Fi tumors by
hydrocortisone, MMTV transcription is increased. If so, then the
possibility that factors other than enhanced MMTV expression
are necessary for maintenance of the neoplastic phenotype in
established tumors must be considered. Such a possibility is
also suggested by the observation that MMTV-determined mam

mary tumors in BALB/cfRIII mice grow during pregnancy and
regress during parturition and lactation, a cycling growth pattern
which is not paralleled by changes in MMTV replication (25).
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