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ABSTRACT

We have determined that the primary reason for the frequently en
countered poor survival of human scirrhous breast carcinomas in short-

term (4 days) organ culture is mechanical injury to the tumor tissue
during expiant preparation. It was possible to minimize this injury by
preparing 0.5-mm-thick slices using very sharp blades. This resulted in

much improved preservation of tissue structure and function, as assessed
by histology, DNA content, and enzyme synthesis and secretion. With
the exception of insulin, which was always present in the culture medium,
exogenous hormones, including estrogen, or serum did not further im
prove expiant preservation.

In rodent mammary tumors, growth in vivo and production of the
serine protease plasminogen activator (PA) in organ culture are coordi-
nately regulated by hormones, suggesting that PA may be a valuable
indicator of tumor hormone responsiveness. We have now tested the
effect of estrogen and other hormones on PA secretion in organ cultures
of primary human breast carcinomas. We found that: (a) modulation of
PA by 17-/8-estradiol (10~* \i) occurred only in carcinomas which were

positive for both estrogen and progesterone receptors; of 21 such tumors,
11 (52%) were responsive. Plasminogen activator was not modulated by
estradici in any of the 22 tumors which were negative for one or both
receptors; (b) hydrocortisone (IO M) effectively inhibited, and 3.5,3'-i -
triiodothyronine (Id " M) and adenylate cyclase activators effectively

stimulated PA in most breast tumors, regardless of their estrogen and
progesterone receptor status. Prolactin (5 Mji/nil) had no effect when
tested alone; (c) urokinase-type PA was found to be the principal PA
produced by human breast tumors. Changes in its rate of synthesis and
secretion and not in the content of PA inhibitors appeared to be the
prevailing mechanism of enzyme regulation by hormones.

In summary, short-term organ culture coupled with the use of PA as

an index of response appears to be a promising approach to the study of
hormone sensitivity of primary human breast carcinomas.

INTRODUCTION

Numerous authors have attempted to study the hormone
responsiveness of human breast carcinomas maintained in or
gan culture with the goal of developing an in vitro system
capable of predicting the response of individual tumors to
endocrine therapy. However, the generally poor survival of
scirrhous breast carcinoma expiants in organ culture (1-5) and
the lack of a reliable criterion for evaluation of hormonal
responses (6) have limited this approach. Nevertheless, organ
culture remains an attractive method affording the flexibility of
an in vitro environment in which all cell types normally found
in breast cancers are retained in their natural proportions. Thus,
a successful organ culture protocol would offer an experimental
model in which important epithelio-mesenchymal interactions
and other cellular or cell-matrix interactions would be ex
pressed. Coupled with a reliable criterion of hormone respon
siveness, such a model would then be a valuable tool in eluci
dating the endocrine control of individual breast tumors.
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Encouraged by this prospect, we reinvestigated the organ
culture of human scirrhous breast carcinomas and established
a procedure yielding good preservation of scirrhous tissue. We
then explored the value of PA3 as a criterion for tumor hormone

responsiveness. This approach was based in part on the finding
of a positive correlation between PA and ER and PR content
in cytosols of human breast cancers (7-9). This correlation,
which was strongest between PA and PR content, suggested
that PA was regulated by steroid hormone in some breast
cancers (7). The choice of PA as an indicator of response was
also supported by the observations that: (a) PA production in
explants of normal rodent mammary gland (10) and rodent
mammary tumors (11, 12) was regulated by glucocorticoids,
prolactin, estrogen, and other hormones; (b) in addition to
constitutive expression of high rates of enzyme production,
tumors differed from the normal gland in their pattern of PA
regulation by hormones (11,12); (c) in tumors, this pattern was
well correlated with the pattern of hormonal regulation of
tumor growth in vivo (11, 12), suggesting that tumor growth
and PA production are coordinately regulated. Several studies
with isolated mammary tumor cell lines (13-16) also showed
that hormonal regulation of PA is a correlate of hormonal
regulation of tumor growth.

We tested the value of PA as an indicator of response by
scoring primary human breast carcinomas in organ culture for
the effect of estrogen on PA production. Our goal was to
determine whether PA modulation by estrogen correlates with
tumor ER and PR content and with sensitivity to antiestrogen
therapy. Here we report the preliminary results of this study
and in addition present evidence for modulation of breast tumor
PA by several other hormones or hormone-like agents.

MATERIALS AND METHODS

Materials. All culture media were obtained from GIBCO (Grand
Island, NY). Dulbecco's modified Eagle's medium and Ham's Fl 2 were

combined at a 1:1 volume ratio (DME:F12). All media were supple
mented with penicillin (500 units/ml), streptomycin (200 Â¿ig/ml),bo
vine serum albumin (Sigma A7511, 500 Mg/ml), and insulin (5 fig/ml)
and were then referred to as basal media. Insulin was included in basal
media because it is required for maintenance of human mammary
tumors (17). Insulin, steroid hormones, all-trans-retinoic acid, 3,5,3'-
L-triiodothyronine and 4-(2-hydroxyethyl)-1 -piperazineethanesulfonic
acid were obtained from Sigma (St. Louis, MO); cholera toxin from
Schwarz/Mann (Cleveland, OH), and forskolin from Calbiochem (San
Diego, CA). Human prolactin was a gift from the National Hormone
and Pituitary Program (University of Maryland School of Medicine)
and the National Institute of Arthritis, Diabetes, and Digestive and
Kidney Diseases of NIH. Hormone stock solutions were prepared as
described (11). Fetal bovine serum was obtained from Hazleton (Den
ver, PA) and was heat inactivated at 56Â°Cfor 30 min. Rabbit antibodies

to uPA were from this laboratory and antibodies to Bowes melanoma
tPA were a gift from Dr. E. L. Wilson (University of Cape Town).

3The abbreviations used are: PA, plasminogen activator, uPA, urokinase-type
PA; tPA, tissue-type PA; DME:F12, a 1:1 mixture of Dulbecco's modified Eagle's
medium and Ham's Fl 2 medium; ER+, estrogen receptor positive; ER-, estrogen
receptor negative; PR+, progesterone receptor positive; PR-, progesterone recep
tor negative; T3, 3,5,3'-L-triiodothyronine; cAMP, cyclic AMP.
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EFFECT OF HORMONES ON BREAST TUMORS MEASURED BY PA

Tumor Procurement. Fresh tumor specimens from patients undergo
ing mastectomy for primary or recurrent growths were obtained through
the Tumor Procurement Service of the Memorial Sloan-Kettering
Cancer Center. Whenever possible, the tumor sample was obtained
from tissue submitted for frozen section in an effort to shorten the
interval between surgery and culture. The tissue was placed in 10 ml of
DME:F12 basal medium and quickly transported to our laboratory
(located across the street).

Steroid Receptor. Tumor steroid receptor analysis was carried out at
Memorial Sloan-Kettering as part of a routine work-up and the data
were made available to us by the Tumor Procurement Service; positive
estrogen and progesterone receptor content is defined as >6 f'niol

receptor per mg of cytosol protein.
Organ Culture. All procedures were carried out aseptic-ally at room

temperature. Tumors were trimmed of obvious fat and necrotic tissue.
In procedure A, the tumor was first cut into blocks (4x4x4 mm) with
the aid of disposable scalpels and then minced with sharp curved
scissors in ~0.5 ml medium. The minced tissue was washed with fresh
medium and ~ 1 mm3 expiants were then selected manually or, to speed
up preparation, with a Cellector tissue sieve (E-C Apparatus, St. Pe
tersburg, FL); expiants passing through a 10-mesh sieve and retained
by a 30-mesh sieve were used. In procedure B, ~0.5-mm-thick tumor
slices were cut using very sharp blades and a Staddie-Riggs slicing
apparatus (both from Thomas, Philadelphia, PA). The blades were
wiped with sterile gauze pads wetted with 70% ethanol and were
operated with a seesaw motion to minimize tearing; for each tumor, 1
or 3 blades were used and then discarded. Each slice was placed in a
drop of medium on a soft, inert bed of charcoal-blackened "Sylgard
186" silicone elastomer (Dow Corning, Midland, MI) cast in a Petri

dish, and carefully cut with disposable scalpels into smaller slices
measuring from 2 x 2 to 4 x 4 mm.

Expiants prepared according to either procedure were then trans
ferred to siliconized (18) lens paper rafts (2x2 cm) floated over 1 ml
of culture medium in a 35-mm dish. Each dish contained either 20-30
1-mm3 expiants (procedure A) or four to eight small slices (procedure
B) for a total of 8-30 mg of tissue depending on the size of the tumor
and the number of dishes prepared. All cultures were incubated at 37 Â°C

in a humidified atmosphere of 95% air/5% CO2. Less than 2 h were
usually required to set up the cultures. Medium containing 15 HIM4-
(2-hydroxyethyl)-l-piperazineethanesulfonic acid (HEPES) was used
during expiant preparation and the tissue was frequently transferred to
fresh medium. Cultures were randomly assigned to control or test
groups of three dishes each. All groups were maintained in basal
medium during culture days 1 and 2 and, subsequently (culture days 3
and 4), in either basal medium (control) or medium supplemented with
the hormone(s) of interest. Culture medium was replaced daily with
fresh prewarmed, pregassed medium to which hormones had been
added just prior to use; aliquots of the conditioned medium were kept
frozen at -20Â°Cuntil assayed for PA.

Histology. Expiants were fixed in neutral buffered formalin, em
bedded in TissuePrep (Fisher, Fair Lawn, NJ) and 4-/Â¿msections were

stained with hematoxylin and eosin.
PA Assays. Tumor conditioned media were assayed for PA using the

125I-fibrinplate method exactly as described (19) or, in approximately

one fourth of the tumors, using the S2251 chromogenic substrate for
plasmin (KabiVimini, Stockholm, Sweden). This assay was carried out
using 96-well plates and a microplate reader. Ten n\ of conditioned
medium were added to 130 /Â¿Iof 0.1 M Tris-HCl, pH 8.1, containing
0.1% Triton X-100 and 24 Mg/ml human plasminogen (20); after 2 h
at 37Â°C,30 til of 500 Mg/ml S2251 in Tris/Triton X-100 buffer were

added and AÂ»|0readings taken immediately and at several intervals
following incubation at 37Â°C.All assays were run in duplicate and

included appropriate controls (no conditioned medium or no plasmin
ogen). A uPA standard curve was included in every assay (uPA from
Leo Pharmaceuticals, Copenhagen, Denmark, was used); \4W was an
essentially linear function of the uPA concentration up to an A^o of
0.20 (at a reaction time of l h this reading corresponded to 5 Ploug
mUofuPA).

DNA Assay. DNA was extracted and assayed fluorimetrically ac
cording to Downs and Wilfinger (21).

Data Analysis. For each culture, the PA activity was expressed as a
percentage of the activity preceding treatment. This served to minimize
the impact of qualitative and quantitative differences in cellularity
among replicate cultures. Because of the low number of replicates (A
= 3) and high group variances, standard statistical treatment of the

data had very low power, necessitating the introduction of the following
empirical scoring procedure: if the test mean was at least 50% greater
than the control mean, the hormone was stimulatory; conversely, if the
control mean was at least 50% greater than the test mean (i.e., test
mean was at least 33% less than the control mean), the hormone was
inhibitory. In each case, however, an apparent effect was considered
significant only if comparisons of individual control and test values of
same rank (lowest control value compared with lowest test value, etc.)
revealed the same trend in at least two of the three replicate culture
pairs. To estimate the validity of this procedure, two control groups of
three cultures each were included in 12 experiments (12 tumors) and
their level of PA secretion compared using the above criteria; with one
exception, no differences between control pairs were scored. Therefore,
the probability of type I error associated with this procedure is <10%
(P < 0.10). Maximal hormonal effects (usually corresponding to the
second day of treatment) are given in the text as mean Â±standard
error.

RESULTS

Preparation of Viable Slices of Scirrhous Breast Tumors

In our initial studies we prepared minces of breast tumors
and cultured 1-mm3 expiants in Waymouth MB 752/1 medium

supplemented with insulin and bovine serum albumin for 4
days. This method had proven successful for the culture of the
"soft" mammary tumors of rodents (11) but led to poor survival

of human scirrhous tumors (Fig. IA-D). Modifications of the

culture medium, including supplementation with serum or a
combination of mammotrophic hormones and growth factors,
had no influence on survival. However, protein synthesis in the
small surviving cell population was approximately 2-fold
greater in DME:F12 medium which, for this reason, was always
used in subsequent experiments.

To avoid the trauma of mincing as illustrated in Fig. IB,
scirrhous tissue was carefully sliced (0.5 mm) with sharp blades.
The appearance of these slices before cultivation (Fig. IE) was
much improved and after 4 days in culture good preservation
was achieved even in densely fibrous areas (Fig. 1, F and G).
The presence in the culture medium of serum or hormones,
including estrogen (Fig. I//), did not lead to additional im
provement in expiant morphology. Such expiants retained 79%
of their original, total DNA content during the 4 days of culture,
a value similar to that for minced "soft" tumor fragments (75%).

In contrast, minced scirrhous tumor fragments retained only
29% of their original DNA content (Table 1). In addition,
scirrhous tumor slice cultures were functional, as evidenced by
their sustained ability to secrete PA at a 10-fold greater rate

than mince cultures (Fig. 2), and by their sensitivity to hor
mones (below). The mean rate of enzyme secretion in human
tumor slices of 2 uPa units/day/100 Â¿tgof DNA (data from Fig.
2 and Table 1) is within the range of enzyme secretion in rodent
mammary tumors (0.1-40 uPa units/day/100 ^g DNA; Ref.

11). As shown in Table 2, cycloheximide, an inhibitor of protein
synthesis, completely blocked PA secretion by slices of a human
scirrhous tumor. This effect was reversed by removal of the
inhibitor. These findings demonstrate that human tumor PA
secretion in organ culture is an active process and not the mere
result of enzyme leakage from intracellular stores.
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EFFECT OF HORMONES ON BREAST TUMORS MEASURED BY PA

Fig. 1. HistolÃ³gica! appearance of scirrhous human breast
carcinoma explants. A-D, aspects of a tumor cultured according
to procedure A (minced fragments): . (. appearance of tumor
before mincing; I!, appearance of tumor after mincing but before
culture. (Note severely pyknotic cells.) C, appearance after cul
ture for 4 days in basal medium. (Note complete death of the
expiant.) /'. occasionally, a cultured expiant revealed a smallarea of preserved ducts as seen in this field. /â€¢.'//,aspects of a

tumor cultured according to procedure B (slices): Â£,precultureappearance, with well-preserved ducts and stroma; /'. after cul

ture in basal medium, appearance is indistinguishable from that
before culture; 6". same as in F. (Note well preserved nests of

tumor cells.) //. after culture for 2 days in basal medium and 2
days in medium containing 1(1* \i 17-/3-estradiol, expiant ap

pearance is the same as after culture in basal medium alone
(compare with /I. Plasminogen activator secretion in this tumor
was enhanced 2.6-fold by estradici treatment. Magnifications:
A-Fand H. 250 x; G, 400 X.

â€¢JTI * râ€¢** â€¢41-''ir "2
%*vr ' â€¢-<% %'T; -i^;*% itf^ i **! i ^i >iS-'>JS;v?vV.j'-^c -^-^

.\i>V<^'Â«1.A * L--
Table 1 DNA recovery as an index of cell viability

Expiants were prepared according to procedure A (minced fragments) or B
(slices) and cultured in DME:F12 basal medium. Before and after culture, dupli
cate samples of 20 mg of tissue were frozen at -20'C for assay of DNA content

(each sample assayed in duplicate) as described (21). Each percentage of recovery
value shown for scirrhous tumors corresponds to a different human breast
carcinoma; two of the "soft" tumors were murine mammary carcinomas. The

mean initial DNA content of the scirrhous human tumors was 13 Mg/20 mg
tissue.

Type of
tumorScirrhous

Scirrhous
"Soft"Type

of
explantA

B
ADNA

content after 4 days
in culture (% of

initial DNAcontent)14,

23, 28, 36, 45 (29f
64, 72, 100 (79)
65, 73, 87 (75)

" Numbers in parentheses, mean percentage of recovery.

Hormonal Regulation of PA Secretion in Slice Cultures of Hu
man Breast Carcinomas

Effect of Estradiol and Progesterone. The data pertaining to
the effect of estradici is summarized in Table 3. In 43 tumors
studied to date using slice organ cultures, response to estradiol
occurred with a frequency of 26% (11 responsive tumors). In
nine of these tumors, estradiol stimulated PA secretion to 235
Â±25% of control; in the remaining two tumors, it inhibited PA
secretion by 40 and 50%. The stimulatory effect of estradiol
was evident at 24 h (Fig. 3/1) and maximal after 48 h of
treatment.

All of the responses to estrogen were observed in ER+PR+
tumors (response rate of 11/21 or 52%). Within this group, the
response rate of tumors from patients older than 50 years of
age (post menopausal) was higher (9/15 or 60%) than that of
tumors from patients younger than 50 years of age (2/6 or
33%). Receptor levels in responsive tumors (ER 58.5 Â±13.5,
PR 70.9 Â±17.1) were not significantly different from the levels
in nonresponsive tumors (ER 60.9 Â±19.7, PR 48.4 Â±12.9).

The effect of 10~7M progesterone was tested in six tumors.

This hormone stimulated PA secretion to 195% of control in
one ER+PR+ tumor and caused a 48% inhibition of PA in one
ERâ€”PR+ tumor. In the remaining four tumors (three of which

lacked PR), progesterone had no effect.
Effect of Hydrocortisone. This hormone strongly inhibited

enzyme secretion in 12 out of 14 (86%) tumors tested, including
four out of five (80%) ER+PR+ and eight out of eight (100%)
ER-PR- tumors. The mean percentage of inhibition for all 12

responsive tumors was 73 Â±4% (73 Â±5% for ER+PR+ and
74 Â±5% for ER-PR- carcinomas) and the kinetics of this

effect is illustrated in Fig. 3B. This high frequency of response
to hydrocortisone is analogous to that exhibited by organ cul
tures of rat (11) and mouse (12) mammary tumors, and is
consistent with the widespread distribution of glucocorticoid
receptors in both rodent (22) and human (23,24) breast tumors.

Effect of Other Hormones and Regulatory Molecules. We
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Fig. 2. Comparison of plasminogen activator secretion in minced tumor
fragments versus tumor slices. Scirrhous tumor expiants were prepared according
to procedure A (total of 28 tumors) or B (total of 27 tumors) and cultured in
Waymouth MB 752/1 (15 tumors in procedure A) or DME:F12 medium (all
other tumors). The mean daily level of enzyme secretion is shown as Ploug mU
of uPA/ni I of conditioned medium (â€¢,procedure A; O, procedure B): bars, mean
Â±SE. Data was not corrected for wet weight of expiants since this was not always
determined; however, the mean wet weight per dish was similar in the two kinds
of cultures: 21 mg (N = 10) and 16 mg; (N = 21) for procedures A and B,
respectively. The high level of PA "secretion" during the first day of culture in
expiants prepared according to procedure A was most likely due to carry-over of
enzyme released during mincing, since this activity was not blocked by culture
conditions (0% O, and low glucose medium) that fully blocked enzyme secretion
during subsequent days in culture.

Table 2 Inhibition of plasminogen activator secretion by cycloheximide
Replicate slice cultures of a scirrhous breast carcinoma were cultured in

DME:F12 basal medium, which was renewed daily; conditioned media were saved
and assayed for PA. Cycloheximide was added to the culture medium at 48 h and
removed (without washing) at 96 h. Note the complete inhibition of enzyme
secretion followed by partial recovery, demonstrating that treatment was not
cytotoxic.

Plasminogen activator activity (mU/ml)
time in culture (hours)

Control
Cycloheximide (2 MR/ml)2449a454858527286+

79662+ 11208321448932
" -, cycloheximide absent; +, cycloheximide present.

Table 3 Frequency and magnitude of response to estradiol
Primary human breast carcinomas were scored for responsiveness to 17-0-

estradiol (IO8 M) in organ culture using PA secretion as an index.

Tumor group
(receptor

status)All

tumors
ER+PR+
ER+PR-
ER-PR-Responders/total11/43(26%)

11/21 (52%)
0/10 (0%)
0/12(0%)PA

stimulation
(% ofcontrol)235

Â±25Â°
235 Â±25Â°

0
0

" Magnitude of PA stimulation among nine of the responders is shown (in the

other two responders, PA secretion was inhibited).

tested the effect of 5 fig/ml prolactin in a sample of six tumors
(three were ER+PR+ and three were ER-PR-) and found no

evidence of PA modulation by this hormone. However, in three
out of four additional tumors, all of which were ER+, a potent
stimulation of PA secretion (740 Â±170% of control) was
obtained in response to combined treatment with prolactin, 1
ng/ml cholera toxin (an activator of adenylate cyclase) and 10~7

M retinoic acid. This same combination was found to elicit an
equally potent increase in enzyme secretion in nitrosomethyl-
urea-induced rat mammary tumors, and this response was
shown to require all three components (11). In the human
tumors, we found that activators of adenylate cyclase (cholera
toxin and forskolin) alone yielded large increases in enzyme

200

100

2012 012

Treatment Day

Fig. 3. Kinetics of plasminogen activator modulation by hormones. Replicate
slice cultures were maintained for 2 days in DME:F12 basal medium and then
for 2 additional days in basal medium (â€¢,control), or in medium supplemented
with hormones (O). Effect of treatment on PA secretion is expressed as the mean
percentage of change of the pretreatment level; bars, mean Â±SE. A, data from 9tumors (10~* M 17-/3-estradiol); B, data from 12 tumors (10~7M hydrocortisone);
C, data from 6 tumors (10"' M T3).

secretion (380 Â±80% of control) in six out of eight carcinomas
tested. However, these increases were only one half of those
seen when cholera toxin, prolactin and retinoic acid were added
together, suggesting that prolactin and/or retinoic acid were in
part responsible for the potent effect of combined treatment. It
is of interest to note that all three ERâ€”PRâ€”tumors tested were
responsive to activators of adenylate cyclase. The fact that
forskolin elicited the same effect as cholera toxin suggests that
the elevation of PA secretion was indeed mediated by cAMP.

We explored the response of tumors to thyroid hormone (25-
26) and found that seven out of 10 tumors tested were respon
sive to T3. The effect of T3 was to increase enzyme secretion
to 243 Â±14% of control (Fig. 3Q. Data from one tumor
showing a drastic increase (1406% of control) was not included.
The high frequency of response to T3 is consistent with the
finding that T3 receptor is present in all human breast cancers
but in highly variable concentrations (27). As seen with hydro-
cortisone and adenylate cyclase modulators, sensitivity to T3
was not restricted to ER+ and/or PR+ tumors since two of the
responsive tumors were ERâ€”PRâ€”.

Mechanism of PA Regulation in Human Breast Carcinomas

Recent reports have demonstrated that regulators of PA
activity may act either directly (28, 29), at the level of PA gene
transcription, PA mRNA processing and translation, or indi
rectly (30), via induction of the specific PA inhibitors PA-I (31)
and PA-II (32). To define the mechanism of hormonal modu
lation of PA in breast tumors, we first determined the type of
PA present in tumor conditioned medium. We found that seven
of the nine tumors tested secreted uPA only (Table 4). This
observation is in agreement with a report in the literature (33).
In the remaining two tumors (tumors 3 and 7 of Table 4), uPA
accounted for most of the extracellular fibrinolytic activity, with
a minor contribution by tPA. Urokinase-type PA was the target
of modulation by hormones in most tumors. In one tumor that
produced both uPA and tPA, estrogen stimulated production
of both enzymes to a similar extent (Table 4).

To test for the presence of PA inhibitors in tumor conditioned
medium, we sought for evidence of stable high molecular weight
complexes formed by association of inhibitor with M, 33,000
[125I]uPA (34). In two out of three tumors tested (Fig. 4), two

such complexes were detected in trace amounts; complex for
mation in the third tumor was undetectable. The molecular
weights of the uPA inhibitors, -40,000 and -52,000, were
similar to those reported in the literature for PA-II (32) and
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EFFECT OF HORMONES ON BREAST TUMORS MEASURED BY PA

Table 4 Type of plasminogen activator secreted by human breast carcinomas
Control and test tumor conditioned media (collected during the fourth day of

culture) were mixed with 0.1 volume of either normal, anti-uPA or anti-tPA
rabbit immunoglobulin at 1 mg/ml and incubated at 4Â°Cfor 1 h. Duplicate 25 /<!
aliquols were then assayed for PA with the 125I-fibrinplate method. The fibrino-

lytic activity in presence of normal immunoglobulin is shown as mU/ml; the
percentage of inhibition of this activity by specific inhibitory antibodies to uPA
and tPA derme the relative contribution of each enzyme to the total fibrinolytic
activity.

Tumor
no.123456789TreatmentControlControlControlControlControlControl10-'

MEControlIO''

MEControl10-7MHCControlIO"'

M T3PA

activity
in TCM"

(mU/ml)6138301371138428060388145745222%

Inhibition by
antibodiestouPA100100799599100995666991009994tPA0018000034360000

' TCM, tumor-conditioned media; tPA, tissue-type PA; E, 17-/3-estradiol; HC,

hydrocortisone.

94 K-

67K-

-85K
-73K

-33K

Fig. 4. Plasminogen activator inhibitors in breast tumor conditioned medium.
Fifteen pi of tumor conditioned medium and 2 pi (~3 mU) of M, 33,000 [I25I]-

uPA (for source of M, 33,000 uPA and iodination procedure see Ref. 34) were
combined and incubated at 4'C for 1 h. Six pi of 4 x strength sample buffer were
then added and the mixture was separated by SDS-PAGE. Shown is an autora
diograph of the resulting gel. Bottom, unbound M, 33,000 [12*I]uPA; bands at
-73,000 and ~85,000, ['"I]uPA complexes with putative inhibitors; lanes I and
2, conditioned medium from control and IO"' M 17-/3-estradiol-treated cultures

(same tumor as tumor 6 of Table 4); lanes 3 and 4, conditioned medium from
control and IO"7 M hydrocortisone-treated cultures (from a tumor in which

hydrocortisone treatment caused an 82% inhibition in PA secretion); lanes S and
6, conditioned medium from control and 10"* M T3-treated cultures (same tumor

as tumor 9 of Table 4); lane 7, conditioned medium from HEp3 cells, a known
source of PA inhibitors (28); lane 8, control (no conditioned medium).

PA-I (31), respectively. The apparent concentration of the
inhibitors was not modified by either estrogen or hydrocorti-
sone treatment but was slightly decreased in response to T3
(Fig. 4). It is not clear, however, whether this effect could
account for the stimulatory effect of T3 on PA. The low levels
of PA inhibitors, even after treatment with hydrocortisone,
suggest that hormones modulate the PA activity of breast tumor
expiants by acting directly on PA production. The finding that
cycloheximide caused a rapid, total and reversible inhibition of
tumor extracellular PA activity (Table 2) indicates that de novo
enzyme synthesis is probably required to sustain enzyme secre
tion. Therefore, the effect of hormones may be expected to
entail the regulation of PA synthesis rather than the regulation
of the secretory process alone.

DISCUSSION
We showed that cultivation of 0.5-mm tumor slices in serum-

free DME:F12 medium supplemented with insulin yielded good

survival of human scirrhous breast tumors throughout 4 days
of culture in an atmosphere of 20% O2. Using this protocol we
successfully cultured 90% of all breast tumors submitted for
study. The lack of requirement for exogenous hormones or
growth factors other than insulin in our culture system makes
possible the study of specific hormonal effects.

Heuson et al. (5) had previously succeeded in cultivating
human scirrhous breast tumor slices. However, in contrast with
our findings (Fig. IE-H, and Fig. 2, Table 1) Heuson et al.
concluded, on the basis of histolÃ³gica! evidence alone, that
exogenous estrogen was essential for good survival of scirrhous
expiants. The greater expiant thickness (1-2 mm), longer cul
ture periods (up to 14 days), and longer duration of estrogen
treatment (4-7 days) in their experiments may account in part
for this discrepancy.

Our preliminary findings showed that estradici is an effective
modulator of PA synthesis and secretion, that its effect is
usually stimulatory, and that it occurs exclusively in ER+PR+
tumors (Table 3). Although the follow-up period of patients
whose tumors we examined is still too short to allow for direct
assessment of the validity of PA as a predictive indicator, the
association of PA response with ER+PR+ carcinomas is en
couraging since this group of carcinomas is the most responsive
to endocrine therapy (35). The frequency of response to estra
dici in this group (11/21 or 52%) was lower than the reported
frequency of objective response to endocrine therapy of 77%
(35). This discrepancy may turn out to reflect a lower rate of
response to antiestrogens for the particular tumor sample we
examined or a failure to detect weaker estrogen responses. The
predictive accuracy of PA will be ultimately established by
comparison of the in vitro estradici response with the disease-
free interval and overall survival rate of antiestrogen-treated
patients with ER+PR+ tumors. Efforts are being made, mean
while, to maximize responsiveness of the cultures to estradici,
including the use of medium devoid of phenol red, which has
been shown to have estrogenic effects (36), and the use of a
pretreatment step with the antiestrogen LY117018 to eliminate
a possible interference by endogenous estrogen (37).

The finding of a positive correlation between tumor PA
modulation by estrogen and the presence of functional estrogen
receptors (Table 3) encouraged us to search for additional
modulators of breast tumor PA. This search identified addi
tional factors with both inhibitory (hydrocortisone) and stimu
latory (T3 and adenylate cyclase activators) effects. Responsive
ness to each of these factors was seen in 70% of the tumors
tested. The ability of these effectors to modulate PA production,
even in carcinomas which did not contain estrogen and proges
terone receptors, suggests that the view that this large subpop-

ulation of tumors is hormone independent requires qualifica
tion. These findings imply that it might be possible to use
alternative forms of endocrine therapy in the management of
estrogen-independent growths. This concept is partially sup
ported by the positive experience with the use of glucocorticoids
in conjunction with chemotherapy in the treatment of advanced
metastatic disease (38), or in conjunction with ovarian ablation
as an adjuvant to surgery (39). The well established but poorly
understood association of thyroid disease and breast cancer (25,
26), and the recent identification of the product of the cellular
protooncogene c-erb-A as a thyroid hormone receptor homol
ogous to steroid hormone receptors (40, 41), encourage further
consideration of the stimulatory effect of T3 on breast carci
noma PA. Finally, the observations that cAMP promotes the
growth of normal human mammary epithelial cells (42) and
that tumor cells have an altered cAMP metabolism (43), sup-
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