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Interleukin-la and Interleukin-6 Act Additively to Inhibit Growth of MCF-7 Breast
Cancer Cells in Vitro1
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ABSTRACT

We studied the effects of interleukin-1Â» ill -h and interleukin-6 (IL-6)
on MCF-7 breast cancer cells to determine whether these cytokines act

additively/synergistically to alter cell growth and metabolism. We found
that 11.-I alone (1000 units/ml) inhibited cell growth to a greater degree
(83.8%) than IL-6 alone (29.2%, P < 0.001). The combination of IL-1 +
IL-6 caused greater inhibition of growth (92.9%, P < 0.02) than either
cytokine alone. The additive effect was dose dependent for both IL-1 and
IL-6. IL-1 and IL-6 also antagonized estradici ( Kl1' M)stimulated growth.

Antagonism by the combination was greater than for either cytokine alone
i /' < 0.001 ). IL-1 or IL-6 alone each down-regulated the estrogen receptor

(36.7%, P < 0.01. and 23.2%, P < 0.05, respectively), but the combination
IL-1 ' IL-6 did not cause a significantly greater effect than IL-1 alone.
Neither IL-1 or IL-6 blocked estradici stimulation of progesterone recep
tor (PR) synthesis; however, the combination IL-1 - IL-6 increased PR

content by 28.4% (P < 0.01). IL-1, but not IL-6, increased secretion of
transforming growth factor-ÃŸ(TGF-ÃŸ)by 2.45-fold over 72 h (P < 0.01).

The increase was time dependent (detectable at 24 h) and dose dependent
(maximum increase of 5.3-fold, 10,000 units/ml, P < 0.02). IL-1-induced
TGF-ÃŸsecretion was blocked by estradici (IO"1*M). Neither cytokine al

tered secretion of insulin-like growth lac lor-1. These findings indicate that
IL-1 and IL-6 act additively to inhibit growth in the absence or presence

of estradici and modulate the estrogen receptor and progesterone receptor
content of these cells. TGF-ÃŸmay mediate the effects of IL-1; however,

other pathways appear to be required for the additive effects of these
cytokines.

INTRODUCTION
IL-1 ' and IL-6 are cytokines which individually have been found to

inhibit the growth of human breast cancer cells in vitro (1-4). These

cytokines have many overlapping biological activities, not only on
lymphoid cells but also on hematopoietic stem cells and tumor cells.
IL-1 is an M, 17,500 protein produced by nonmalignant cells |fibro-
blasts. renal mesangial cells and B-lymphocytes (5)] as well as tumor
cells [Hodgkin's lymphoma cells (6). melanoma (7), and myeloid
leukemia cells (8)]. Plasma levels of 0.6-2.3 x 10~l(>M have been

observed in normal subjects (9). Previous studies of IL-1 from this

laboratory indicate an important interaction between the immune and
endocrine systems. IL-1 inhibits the growth of hormone-dependent
(ER + : MCF-7, ZR-75-1) breast cancer cells in a cytostatic manner

and arrests cell growth at the Gâ€žG|phase of the cell cycle (10, 11).
IL-1 down-regulates the ER in MCF-7 cells (12) and antagonizes
estradiol-stimulated growth and estradiol progression of the cell cycle.
IL-1, however, does not block estradiol stimulation of progesterone

receptor synthesis, indicating that this cytokine may be an important
agent for studying the proliferative versus the metabolic effect of
estradiol.
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IL-6 is an Mr 26.000 protein produced by nonmalignant cells
[T-cells, fibroblasts, and monocytes (13)], as well as malignant cells

[glioblastoma (14), ovarian cancer (15), lymphoma (16), and prostate
carcinoma (17)]. IL-6 acts as an autocrine growth factor for human
multiple myeloma (18). IL-6 is cytostatic for human breast cancer
cells and decreases cell-cell association, increases motility (1), and

prolongs the interval between mitosis and readherence of daughter
cells to their neighbors and substratum (2). IL-6. like IL-1, interacts
with the endocrine system. IL-6 increases the enzyme-reductive es

tradiol oxidoreductase. which converts estrone to the more active
17ÃŸ-estradiolin MCF-7 cells ( 19). IL-6 down-regulates the glucocor-
ticoid receptor in rat hepatoma cells (20), while glueocorticoids up-
regulate IL-6 receptors in human epithelial cells (21). Whether IL-6

modulates estradiol response of breast cancer cells, however, is not
known.

IL-1 in combination with IL-6 acts in an additive or synergistic
manner to inhibit growth of myeloid leukemic cells (U937. Ml, Ml-
36-N) in a dose-dependent manner (8) and to regulate synergistically
0,-acid glycoprotein and albumin mRNA in rat hepatoma cells (22).
These two cytokines in combination totally abrogate the glucocorti-
coid-mediated antiproliferative effect in peripheral blood mononu-
clear cells (23). and they synergize to induce an early (30-60 min)

adrenocorticotropic hormone response in mice (24). The additive/
synergistic action of IL-1 and IL-6 thus occurs at the cellular (prolif

erative) as well as the molecular level (transcription). These findings
also indicate that these cytokines in combination regulate endocrine
processes in normal and malignant cells.

In view of the individual effects of IL-1 and IL-6 on breast cancer

cells, and the many overlapping biological actions on other cell types,
it becomes important to determine whether IL-1 in combination with
IL-6 acts additively/synergistically to inhibit breast cancer cell growth

and regulate cellular metabolism. The interaction between these cyto
kines and steroid hormones in other cell types raises the possibility
that IL-1 and IL-6 may alter estrogen responsiveness as well as steroid

receptor content in breast cancer cells. To clarify these relationships,
we examined the effect of IL-1 and IL-6 alone and in combination on

growth, ER and PR metabolism, and secretion of the growth factors
TGF-ÃŸand IGF-1 in human breast cancer cells in vitro.

MATERIALS AND METHODS

Chemicals. Hydrocortisone. 17ÃŸ-estradiol.sodium molybdate. leupeptin.

aprotinin. monothioglycerol, and putrescine were obtained from Sigma Corp..
Chicago. IL. Phosphate-buffered saline and glutamine were obtained from
Biotluids. Rockville. MD. Purified recombinant human interleukin-1 a (spe
cific activity, 2.5 x IO9 units/mg; one unit = the amount yielding half-

maximal stimulation in the murine thymocyte proliferation assay) was kindly
provided by Hoffmann LaRoche Inc., Nutley, NJ. Recombinant human inter
leukin-6 (specific activity, 1.6 X If/1 units/mg; one unit = the quantity giving

halt-maximal stimulation in the plasmacytoma proliferation assay) was kindly
provided by Genetics Institute. Boston. MA. Purified human TGF-ÃŸi and
purified rabbit anti-human TGF-ÃŸ-neutrali/.ing antibody were obtained from R
& D Systems, Minneapolis, MN. '"I-TGF-ÃŸ, (specific activity. 2000-4500

Ci/mmol) was obtained from New England Nuclear. Boston. MA. Recombi
nant human (3-| '-^Iliodotyrosyll insulin-like growth factor-1 (specific activity.

2000 Ci/mmol I was obtained from Amersham Corp. Potassium chloride and
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EDTA were purchased from Fisher Scientific, Pittsburgh, PA. Tris was ob
tained from Bethesda Research Laboratories, Rockville, MD.

Cell Culture. MCF-7 cells were kindly provided by Dr. Marvin Rich,
Michigan Cancer Foundation. Detroit. MI. T47D and MDA-MB-231 breast

cancer cells, and A549 human lung adenocarcinoma cells were obtained from
American Type Culture Collection, Rockville, MD. MDA-MB-435 breast can

cer cells were kindly provided by Dr. Janet Price, M. D. Anderson Hospital,
Houston, TX. All cell lines were passaged and maintained in IMEM (Biofluids
Inc., Rockville. MD) containing phenol red ( 10 mg/ml) and supplemented with
glutamine (2 m.M). gentamicin (40 mg/liter), insulin (15 IU/liter: Eli Lilly.
Indianapolis, IN), and 5% fetal calf serum (Biofluids). Cultures were main
tained at 37Â°Cin a humidified atmosphere of 5% CO2/95% air.

Cell Growth Studies. MCF-7 cells were detached with trypsin (0.05%)/

EDTA (0.53 iTiM),Gibco Laboratories, Grand Island, NY, and plated in Costar
T25 flasks at an initial density of 80.000 cells/flask in phenol red- free IMEM

supplemented with glutamine (2 ITIM),gentamicin (40 mg/liter). insulin (15
IU/liter), and 5% dextran-coated charcoal-stripped heat-inactivated fetal calf

serum (25). After 24 h, the media was replaced with fresh media containing test
substances indicated in the figures. Steroids were added directly from a 10,000-

fold concentrated stock solution in ethanol: the final ethanol concentration was
<0.1%. Media was replaced with fresh media of the same composition every
3 days. On day 7 (unless otherwise indicated) the cells were harvested in
trypsin/EDTA, and an aliquot was counted in a Coulter Counter (Coulter
Electronics. Hialeah, FL). Growth curves for T47D, MDA-MB-231, and

MDA-MB-435 cells were performed in a similar manner except that cells were

grown in IMEM phenol red media supplemented with 5% fetal calf serum as
described above.

ER and PR Immunoreactivity Determinations. MCF-7 cells were plated
in T75 Costar flasks in supplemented phenol red-free IMEM as described
above for cell growth studies. Twenty-four h later, the media was replaced with

fresh media containing test substances, and the incubation was continued for
48 h. The monolayer was then washed, harvested in 0.04% EDTA. and ho
mogenized in buffer [10 ITIMTris-1.5 imi EDTA-5.0 HIMNaMoOj-1.0 m.M
monothioglycerol-4.0 imi KC1, pH 7.4, 4Â°C(26)) in a Dounce homogenizer.

The homogenate was separated at 100,000 X g for 60 min, and cytosolic
estrogen and progesterone receptor content were determined by the Abbott
(Chicago, IL) ER and PR monoclonal enzyme immunoassay as described
previously (12).

TGF-ÃŸDeterminations. A monolayer of MCF-7 cells was plated in Cos-
tar T25 flasks at a density of 1.5 x IO5 cells/flask in supplemented phenol

red-free IMEM. After 24 h. the monolayer was washed twice with phenol-free
IMEM and incubated with serum-free IMEM consisting of 2 ug/ml transferrin

(Sigma)-I ug/ml human fibronectin (Collaborative Research), trace element
mix (Gibco)-lO rmi HEPES buffer (Gibco)-2 ITIMglutamine (Biofluids) (27) to

which test substances were added at concentrations specified in the figures.
The incubation was continued at 37Â°Cfor 72 h. The media was then collected

and centrifuged at 800 X g, and aprotinin (0.2 units/ml trypsin inhibitor),
leupeptin (3 ug/ml), and bovine serum albumin (1 mg/ml) were added to the
supernatant. Samples were either assayed at that time or frozen at -70Â°C for

subsequent assay.
The extraction and assay of TGF-ÃŸwere performed according to the method

of Danielpour et al. (28) with slight modification. Briefly. 1.5 ml of media was
acidified to pH < 2.0 with 6 s HC1 for 15 min and then neutralized to pH 7.0
with 6 NNaOH-1.0 MHEPES ( 1/1, v/v). The media was then concentrated 20-
to 30-fold with a Centricon-10 concentrator (Amicon Corp., Danvers. MA) at

5900 rpm for 50 min. The concentrate was analyzed by radioreceptor assay as
follows: A549 human lung carcinoma cells were plated in 24-well plates
(Costar) at a density of 1.5 x IO5 cells/well in IMEM supplemented with 5%

fetal calf serum and glutamine (2 ITIM).After 24 h. the media was replaced with
200 |jl of binding buffer (Dulbecco's modified Eagle's medium-25 ITIMHEPES-

0.10% bovine serum albumin) containing 25-ul aliquots of the concentrated
conditioned media test samples and 100 PM i:'I-TGF-ÃŸ. A parallel standard

curve using recombinant human TGF-ÃŸat concentrations of 0.01-10 ng/ml
was performed. After a 2-h incubation at room temperature, the wells were
washed with ice-cold Hanks' balanced salt solution, and the cells were col

lected in solubilizing buffer ( 1.0% Triton-X, 10% glycerol, 20 ITIMHEPES. pH

7.4). Cells were counted in an LKB gamma counter (Wallac, Inc.. Rockville,
MD). Values were expressed as ng TGF-ÃŸ/106cells. Untreated serum-free

media was run as a control; treated samples were corrected for this value.

Neutralizing antibody studies were performed in 24-well plates. Cells
(2000/well) were plated in supplemented phenol-free media as described above

for growth studies. After 24 h, media was replaced with fresh media containing
vehicle, IL-1 (1000 units/ml), and/or TGF-ÃŸ-neutralizing antibody (R & D
Systems). This antibody neutralizes human isomerie TGF-ÃŸ,,TGF-ÃŸ,2. TGF-
ÃŸ2.TGF-ÃŸ,, and TGF-ÃŸv A concentration was selected (30 ng/well) which,
based on the manufacturer's studies, completely neutralized 0.25 ng/ml

TGF-ÃŸ.Normal rabbit IgG (R & D Systems) was used as a control. Media was

replaced every 3 days, and cell counts/well were determined on day 7.
IGF-1 Determination. A monolayer of cells was plated in Costar flasks in

supplemented phenol red-free media. After 24 h, the media was replaced with
serum-free IMEM (see "TGF-ÃŸDeterminations" above) containing vehicle,
IL-1 (1000 units/ml), IL-6 (1000 units/ml), and/or estradiol (10~9 M). The

incubation was continued for 72 h. The media was centrifuged at 800 x g for

5 min, the supernatant was collected, and aprotinin (0.2 inhibitory units/ml
trypsin) was added. An aliquot (250 ul) was collected, and IGF-1 was extracted

with 1 ml of acid/ethanol (12.5/87.5%, v/v) at room temperature for 30 min
according to the method of Daughaday el al. (29). The mixture was centrifuged
at 2500 rpm for 30 min, and 625 ul of the supernatant were collected and
neutralized with 250 ul of 0.855 M Tris. The mixture was lyophilized and
resuspended in 250 ul of assay buffer (Amersham Corp., Arlington Heights. IL)
for IGF-1 determination.

The IGF-1 content of the resuspended aliquot was assayed with the IGF-

l/somatomedin C reagent Pack (Amersham Corp.). Briefly, 100 (jl of either
sample or standard were incubated with 100 ul of l25I-IGFand lOOul of rabbit
antisera to IGF-1 for 48 h, 4Â°C.Amerlex M donkey anti-rabbit reagent (500 ul)

was added for 10 min at room temperature. The reagent mix was separated
using an Amerlex M magnetic separator plate (Amersham Corp.), the super
natant was discarded, and the radioactivity of the pellet was counted in an LKB
gamma counter (Bromma). A parallel standard curve was performed using
recombinant human IGF-1 (R & D Systems). The antisera used for the assay
had <0.05% cross-reactivity with IGF-2.

Statistical Determinations. Statistical comparisons were analyzed by
nonpaired Student's / test (30) or by analysis of variance using either a

one-factor design (30) or two-factor experiments with repeated measures on

one factor (31).

RESULTS

Effect of IL-1 and IL-6 on Cell Growth. We first studied the
effect of IL-1 and IL-6 alone and in combination on MCF-7 cell
growth during a 9-day period (Fig. 1). A dose of 1000 units/ml was

selected because this was found previously to cause maximum inhi
bition of these cells by IL-1 (12). In the present experiment, on day 9
IL-1 alone inhibited growth by 83.8%, and IL-6 alone inhibited
growth by 29.2%. The inhibitory effect of IL-1 was significantly
greater than that for IL-6 (P < 0.01). In combination these two

cytokines had an additive effect, inhibiting growth by 92.9%, which
was significantly greater than that for IL-1 alone (P < 0.02). This
additive effect was present at day 6 (IL-1. 73.3%; IL-6, 26.0%; IL-1
+ IL-6, 83.7%; P < 0.05) and persisted through day 9.

The additive effect of IL-1 and IL-6 was dose dependent for both
IL-1 and IL-6. When the IL-6 concentration was held constant at 1000
units/ml and the dose of IL-1 varied from 0.01 to 1000 units/ml, a

significantly greater inhibition was seen for the combination, with
IL-1 doses as low as 10 units/ml, than that for IL-6 alone (Fig. 2; P <
0.001). Similarly, when the dose of IL-1 was held constant and IL-6
was varied (0.01-1000 units/ml), a significant additive effect was seen
with the addition of IL-6 beginning at concentrations of 0.10 units/ml

(Fig. 3; P < 0.001) and reaching a maximum at 10 units/ml. These
findings indicate that MCF-7 cells are sensitive to these cytokines in

combination and that each cytokine is capable of inhibiting cell
growth in the presence of the other cytokine.

We examined the effect of IL-1 and IL-6 alone, and in combination,

on three other human breast cancer cell lines: one ER+ (T47D) and
two ER- (MDA-MB-231 and MDA-MB-435). The ER+ T47D cells,
in contrast to ER+ MCF-7 cells, constitutively produce progesterone
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Fig. 1. Effect of IL-1 and IL-6 on MCF-7 cell growth. A monolayer of cells was
incubated with vehicle, IL-1 (1000 units/ml), and/or IL-6 (1000 units/ml), and total cell
count/flask was determined at the indicated times. Point, mean for 3 experiments. * versus
VEH. P < 0.01; # versus VEH. P < 0.001: -t- versus IL-1, P < 0.02.
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Fig. 2. Effect of IL-1 concentration on IL-6 inhibition of MCF-7 cell growth. A
monolayer of cells was incubated with vehicle or IL-6 (1000 units/ml) alone or in
combination with the indicated concentralions of IL-1 (expressed as units/ml). Total cell
counts/flask were determined on day 9. Painr (bar), mean (Â±SEM) for 3 experiments in
duplicate. * versus IL-6 alone. P < 0.001.

receptor. Cells were exposed to IL-1 (1000 units/ml) and/or IL-6
( 1000 units/ml) for 7 days. As noted in Fig. 4. IL-1 inhibited T47D cell
growth by 33.2% (P < 0.01 ). IL-6 alone had no effect on cell growth:
however, the combination of IL-1 + IL-6 caused significantly greater
inhibition (59.4%, P < 0.02) than noted for IL-1 alone. The additive
effect of IL-1 + IL-6 noted for MCF-7 cells was, therefore, also

present in this ER+ cell line. These studies were conducted in phenol
red-containing media supplemented with fetal calf serum, and thus
IL-1 as well as the combination IL-1 + IL-6 may also antagonize the

effects of other mitogenic substances, including estrogen. Comparable
findings were noted when T47D cells were tested in phenol red-free

media supplemented with 5% fetal calf serum stripped of endogenous
steroid with dextran-coated charcoal (data not shown), and thus the
lack of IL-6 inhibition alone does not appear to be simply antagonism

by estrogenic substances in the serum.
When tested against the ER- cell line MDA-MB-231, IL-1 (1000

units/ml) and IL-6 (1000 units/ml) had no effect, either alone or in

combination, on cell growth during 7 days in culture (data not shown).
Against a second ER- cell line, MDA-MB-435, IL-1 (1000 units/ml)
had no effect. IL-6 alone (1000 units/ml) inhibited growth 49.3%
(P < 0.001), and IL-1 + IL-6 inhibited growth 54.1%, which was not
different from IL-6 alone, and thus no additive effect was present (day
7 growth: vehicle, 8.49 Â±0.2; IL-1, 9.04 Â±0.2; IL-6,4.30 Â±0.2; IL-1
+ IL-6, 3.89 Â±0.1 X IO6 cells/flask).

Effect of IL-1 and IL-6 on Estradici Stimulation of Growth. It
is known that MCF-7 cells are growth regulated by estradiol. In view
of the finding that IL-1 and IL-6 were additive in MCF-7 cell growth

inhibition in the absence of estradiol. it was important to determine the
effect of the two cytokines on estradiol stimulation of growth. We
found that IL-1 alone (1000 units/ml) and IL-6 alone (1000 units/ml)
each antagonized estradiol-stimulated growth and to a comparable

degree (64.5%, P < 0.01. and 47.4%. P < 0.05, respectively; Fig. 5).
It is also noted in Fig. 5 that the total cell count for each cytokine was
greater in the presence of than in the absence of estradiol. Therefore,
estradiol antagonizes the inhibitory effects of each of these two cyto
kines. We have previously reported this effect for IL-1 (12), and in the
present study we demonstrate a similar phenomenon for IL-6. In
addition, the IL-1 action is dose dependent for estradiol, with greater
antagonism at 10~8 than 10~" M(12).

IL-1 in combination with IL-6 acts additively to antagonize estra
diol stimulation of growth (Fig. 5). The degree of antagonism of IL-1
+ IL-6/estradiol (120.3%. P < 0.001 versus estradiol) was greater
than for either IL-1/estradici or IL-6/estradiol alone. The additive

effect was partially dose dependent for estradiol. Comparable effects
were noted at estradiol concentrations of 10~x to 10~'" M but were

2800 -

IL-1 (1000 U/ml)
IL-6 (U/ml)

Treatment Group
Fig. 3. Effect of IL-6 concentration on IL-1 inhibition of MCF-7 cell growth. A

monolayer of cells was incubated with vehicle and IL-l (KMX) units/mil alone or in
combination with the indicated concentrations of IL-6 (expressed as units/ml). Total cell
counts/flask were determined on day 9. Paint (htir). mean ( Â±SEM) for 3 experiments in
duplicate. * versus IL-l alone. P < 0.001.

oxf-CO

O3OÃ¼â€”CDÃ¼"5otâ€”175-150-125-100-75-50-25-0-

VEH IL-1 IL-6

Treatment Group

IL-1
IL-6

Fig. 4. Effect of IL-1 and IL-6 on T47D cell growth. A monolayer of T47D human
breast cancer cells was incubated with vehicle. IL-l ( I(MX)units/mil and/or IL-6 ( KKXÃ•
units/ml), and total cell counts/tlask were determined on day 7. Paini (bar), mean
(Â±SEM>for 3 experiments. * versus VEH. P < 0.01; if versus IL-l. P < 0.02.
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Fig. 5. Effect of estradici on IL-1 and IL-6 inhibition of MCF-7 cell growth. A
monolayer of MCF-7 cells was incubated with IL-1 (1000 units/ml) or IL-6 (1000

units/ml) and the indicated molar concentration of estradici (E). Total cell count/flask was
determined on day 9. Point (bar), mean (Â±SEM) for 4 experiments in duplicate. * versus
vehicle + estradiol. P < 0.01; + versus vehicle -I- estradiol. P < 0.05; A versus
IL-l/IL-6/estradiol-lO-"M, P < 0.01.

greatest at IQ-" M [P < 0.01 versus IL-l/IL-6/estradiol (10~8 M)]. It

is also of interest that, whereas each cytokine alone partially antago
nized estradiol stimulation, the combination resulted in a net reduction
in cell number below that for control (vehicle only) cells (P < 0.01).
Cell growth in the presence of IL-1 + IL-6/estradiol was equivalent to
that for IL-6 alone, indicating the magnitude of the additive effect of
IL-1 + IL-6 on estrogen stimulation of these cells.

Effect of IL-1 and IL-6 on MCF-7 ER and PR Content. The
finding that IL-1 and IL-6 in combination had an additive inhibitory
effect on estradiol-stimulated growth prompted us to study the effects

of these cytokines on the ER and PR content of these cells. We have
previously shown that IL-1 down-regulates the ER in MCF-7 cells in
a time-dependent manner, with a maximum effect at 12 h which

persisted through at least 48 h of incubation (12). For the present
study, we therefore analyzed the effects of IL-1 and/or IL-6 at 48 h.
Cells were incubated with vehicle, IL-1 (1000 units/ml), and/or IL-6
(1000 units/ml), and receptor content was measured by enzyme im-
munoassay. IL-1 decreased cellular ER content by 31.9% (Fig. 6;
P < 0.001), confirming previous findings. IL-6 alone also down-

regulated the ER but to a lesser degree (18.0%, P < 0.01). The
addition of either cytokine to an untreated cytosol preparation at 4Â°C

did not alter ER content. The combination of IL-1 + IL-6 down-

regulated the ER by 40.4% (P < 0.02); however, this was not signif
icantly different from IL-1 alone, and hence, there was no additive

effect.
In view of the effects of IL-1 and IL-6 alone and in combination on

estradiol-stimulated growth, we studied the effects of these cytokines
on estradiol down-regulation of the ER. Estradiol (10~9 M) alone

down-regulated ER content by 65.4% (Fig. 6). This action of estradiol
was not blocked by IL-1 alone, IL-6 alone, or the combination. The
combination IL-1/estradiol and IL-1 + IL-6/estradiol caused an ad

ditional small decrease in ER compared with estradiol alone (6.0%,
P < 0.04, and 7.0%, P < 0.02, respectively).

We next examined the effect of IL-1 and IL-6 on PR immunoreac-

tivity. Cells were exposed to cytokine(s) in the presence of estradiol
(10~9 M) for 48 h. IL-1 alone had no effect on PR content, neither

down-regulating the PR nor blocking estradiol stimulation of PR
synthesis (vehicle, 358.6 Â±7.4; IL-1/estradiol, 374.1 Â±23.0; IL-6/
estradiol, 417.4 Â±11.0; IL-1 + IL-6/estradiol, 460.4 Â±17.0 fmol/mg
protein). IL-6, on the other hand, caused a mild up-regulation of PR
content (16.4%, P < 0.01). The combination IL-1 and IL-6 also

up-regulated the PR by 28.4% (P < 0.001 versus vehicle). This effect
was not significantly greater than that noted for IL-6 alone, indicating

that the two cytokines are not additive in regulating PR content. As in
the case of the ER, the addition of IL-1 or IL-6 to untreated cytosol did

not alter PR content, indicating that this is not a direct effect of the
cytokine.

Effect of IL-1 or IL-6 on Transforming Growth Factor-ÃŸSe
cretion. The above findings indicate that IL-1 or IL-6 alone inhibit
MCF-7 cell growth and down-regulate the ER content. We have
previously shown that IL-1 down-regulation of the ER is by an indi
rect mechanism (12), raising the possibility that IL-1 is stimulating

production/secretion of a mediator substance. It is of particular inter
est in this regard that many of the actions of IL-1 and IL-6 are shared
by a growth factor which is secreted by MCF-7 cells, TGF-ÃŸ.This is

a negative growth factor which acts in an autocrine manner on these
cells and also inhibits cell proliferation and down-regulates the ER
(32, 33). This suggested that IL-1 and/or IL-6 may be acting to
promote TGF-ÃŸsecretion.

We first studied the effects of IL-1 (1000 units/ml) and IL-6 (1000
units/ml) alone or in combination on TGF-ÃŸsecretion. The media was
acid-activated prior to all determinations (28), and therefore, the quan
tity measured represents total media content. Untreated MCF-7 cells
were found to secrete 2.03 ng/106 cells of TGF-ÃŸduring 72 h (Fig. 7).

This value is consistent with that reported by others (34, 35). IL-1
alone (1000 units/ml) increased TGF-ÃŸsecretion 2.9-fold during this
time. These values are expressed as ng/106 cells. When expressed as

ng/4 ml media in each flask, it was found that TGF-ÃŸcontent for IL-1

(2.85 Â±0.62 ng/4 ml) was also significantly greater than that for
vehicle (1.08 Â±0.36 ng/4 ml, P < 0.04). This indicates that IL-1 is

acting to increase the net media content of this growth factor and that
the increase does not simply reflect standardization for cell count. The
assay for TGF-ÃŸis a competitive binding radioreceptor assay. The
addition of IL-1 to the assay media did not alter l25I-TGF-ÃŸbinding,

and hence, the results are not antagonism by IL-1 of receptor binding.
IL-6 ( 1000 units/ml) had no effect on TGF-ÃŸsecretion (Fig. 7). The

combination of IL-1 and IL-6 increased TGF-ÃŸsecretion 2.5-fold

(P < 0.05 versus vehicle). This was not significantly different from
that noted for IL-1 alone, indicating that these two cytokines do not
have an additive effect on TGF-ÃŸsecretion and, further, that the
presence of IL-6 does not alter the action of IL-1 on secretion of this

growth factor.

300-1

IL-1
IL-6

Treatment Group

Fig. 6. Effect of IL-1 and IL-6 on estrogen receptor content of MCF-7 cells. A
monolayer of MCF-7 cells was incubated with IL-1 (1000 units/ml). IL-6 ( 1000 units/ml),
and/or estradiol ( I0~9 M) for 48 h. and cytosolic ER immunoreactivity was determined as
described in "Materials and Methods." Point (bar), mean (Â±SEM) for 4 experiments in

duplicate. * versus V. P < 0.001; # versus V, P < 0.01.
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Fig. 7. Effect of IL-1 and IL-6 on MCF-7 secretion of transforming growth factor-ÃŸ.

A monolayer of cells was incubated with serum-free media containing IL-1 <IOOOunits/
ml). IL-6 ( KXM)units/ml), and/or estradiol ( IO"1'M) for 72 h, and the transforming growth

factor-ÃŸ(TGF-ÃŸ)content of the media was determined by TGF-ÃŸradioreceptor assay as
described in "Materials and Methods." Point (harl. mean (Â±SEM) for 3 experiments in

duplicate. * versiÂ«V. P < 0.01: + versus IL-1. P < 0.01; # versus V. P < 0.05.

We then studied the effect of IL-1 and/or IL-6 on TGF-ÃŸsecretion
in the presence of estradiol. Estradiol antagonized IL-1 stimulation of
TGF-ÃŸsecretion, reducing the growth factor secretion to control (un
treated) levels by 72 h (Fig. 7). IL-6. as noted, did not alter TGF-ÃŸ

secretion, and this did not change with the addition of estradiol.
Whereas the effect of IL-1 was antagonized by estradiol, interestingly,
the combination of IL-1 + IL-6 on TGF-ÃŸwas not altered by the

presence of estradiol. and these secretory levels remained greater
(2.0-fold, P < 0.05) than those of untreated cells.

The time course of TGF-ÃŸsecretion was examined next. The media
of vehicle-treated control cells contained detectible levels of TGF-ÃŸ
within 6-12 h (Fig. 8). The secreted TGF-ÃŸconcentration/IO6 cells

increased gradually to reach a maximum at 48 h. The addition of IL-1
(1000 units/ml) increased TGF-ÃŸ secretion significantly by 12 h
(1.71-fold, P < 0.01). This stimulation continued, with a maximum
increase at 72 h (2.18-fold). Whereas secretion/10'1 cells in the vehi

cle-treated cells reached a plateau at 48 h. in agreement with others
(32), the secretion in the IL-1-treated cells continued to increase over

time and was greater at 72 h compared with 48 h (P < 0.02).
Stimulation of TGF-ÃŸby IL-1 was dose dependent, with a signif

icant increase noted at 1000 units/ml (Fig. 9; 2.47-fold, P < 0.01 ) and
10,000 units/ml (5.33-fold, P < 0.02) but not at lower concentrations.
Estradiol, as noted in Fig. 7. antagonized IL-1 stimulation of TGF-ÃŸ.

It was found that antagonism occurred at estradiol concentrations of
10~8 to 10~'Â°Mbut not 10~" M and was. therefore, dose dependent

(Fig. 10).
To clarify the significance of TGF-ÃŸsecretion, we examined the

effect of neutralizing antibody to TGF-ÃŸon 7-day cell growth of
vehicle- or IL-1-treated cells. We used an antibody which neutralized
human isomerie forms TGF-ÃŸ,, TGF-ÃŸ,2. TGF-ÃŸ2.TGF-ÃŸ,, and
TGF-ÃŸ-iat a concentration of 4 X Neutralizing DoserÃ² for recombi
nant TGF-ÃŸ.Antibody treatment increased growth among vehicle-
treated cells by 50.0% and in IL-1-treated cells by 69.7% (Fig. 11).

Treatment with control antibody had no effect on growth of either
vehicle- or IL-1-treated cells, confirming the specificity of the neu
tralizing antibody. This indicates that TGF-ÃŸsecretion by these cells
partially mediates growth in untreated and IL-1-treated cells and con
tributes prominently to IL-1 inhibition of growth.

Effect of IL-1 on Insulin-like Growth Factor-1 Secretion. To
determine whether IL-1 stimulation of TGF-ÃŸwas specific for this

growth factor or whether secretion of other growth factors might also
be altered, we examined the effect of IL-1 and IL-6 on secretion of
IGF-1. Untreated cells secreted 310.6 Â±29.8 ng/10" cells during 48

h. Treatment with IL-1 (1000 units/ml) or IL-6 ( 1000 units/ml) alone
or in combination did not alter IGF-1 secretion (Fig. 12). Estradiol
alone (IO'9 M) increased IGF-1 secretion 36.9% (P < 0.02). The

stimulatory effect of estradiol on IGF-1 secretion was not blocked by
IL-1 alone, IL-6 alone, or the combination.

Secretion of IL-1 and IL-6 by MCF-7 Cells. IL-1 has been
shown to induce secretion of IL-6 in several cell types (endothelial
(36), chondrocytes (37), glioblastomas (38)]. The finding that IL-1
and IL-6 each inhibited growth and that they acted additively to

further reduce breast cancer cell proliferation raised the possibility
that one or both might be mediating the action of the other. We
examined the media of untreated cells for the presence of IL-1 and
IL-6 using an enzyme-linked immunosorbent assay (Quantikine; R &

D Systems), which is sensitive to 10 pg/ml. Cells were incubated for
72 h, and media were examined in the concentrated (20-fold) as well

ŵC*-â€¢B

oO)
-eO
C\Jor--CO
Â«â„¢
"0)Q)

O-Ã›
(O9.0

-7.5

-6.0

-4.5

-o

n _O

VEHâ€¢
IL-1

O
3.0 -

1.5 -

0.0
O 6 12 18 24 30 36 42 48 54 60 66 72 78

Time of Incubation (hours)

Fig. 8. Time-course analysis of the effect of IL-1 on TGF-ÃŸsecretion. A monolayer of
cells was incubated with serum-free media containing vehicle or IL-1 ( I(XX)units/ml) tor
the indicated times, and the TGF-ÃŸcontent of the media was determined by TGF-ÃŸ
radioreceptor assay as described in "Materials and Methods." Paint, mean {Â±SEM) for 3

experiments in duplicate. * versus VEH, P < 0.01; # versus IL-1 incubated for 48 h. P

< 0.02.
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Fig. 9. Effect of IL-1 concentration on TGF-ÃŸsecretion. A monolayer of cells was
incubated with serum-free media containing vehicle or IL-1 at the indicated concentrations
(expressed as units/ml ) for 72 h, and the TGF-ÃŸcontent was determined as in Fig. 7. Point
(bar), mean (Â±SEM) for 3 experiments in duplicate. * versus V, P < 0.01.
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Fig. 10. Effect of estradiol concentration on IL-1 stimulation of TGF-ÃŸsecretion. A

monolayer of cells was incubated with scrum-free media containing vehicle or IL-1 ( KKX)
units/ml) with or without the indicated molar concentrations of estradiol for 12 h. and the
TGF-ÃŸcontent was determined as in Fig. 7. Point (bar), mean (Â±SEM)for3 experiments
in duplicate. * versus IL-1. P < 0.03, A versus IL-1. P > 0.05.
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Fig. II. Effect of neutralizing antibody to TGF-ÃŸon IL-1 inhibition of cell growth. A

monolayer of MCF-7 cells was incubated with vehicle (V) or IL-1 (KKX) units/ml) and
either neutrali/.ing antibody to TGF-ÃŸ(NA) or control rabbit antibody (CA). Media was
replaced each 3 days, and total cell count per well was determined on day 7. Point lhar).
mean (Â±SEM) for 3 experiments in duplicate, a versus V, P < 0.001; b versus V, P <
0.(X)I: c \-ersus IL-1. P < 0.02; d versus V. P < 0.02.

as unconcentrated condition. We did not detect any evidence of se
cretion of either cytokine by these cells. The effects of IL-1 at con
centrations ranging from 0.01 to 1000 units/ml on IL-6 secretion were
studied, and no evidence of secretion was noted. Conversely, IL-6
(1000 units/ml) did not induce IL-1 secretion. Finally, IL-1 (1000
units/ml) + IL-6 (0.1 units/ml, which inhibited growth; Fig. 3) did not
induce IL-6 secretion.

We also studied the effect of the polyamine precursor putrescine on
IL-1 and IL-6 inhibition of MCF-7 cells to determine whether orni-

thine decarboxylase activity played a role in cytokine action (39).
Cells were incubated with IL-1 and/or IL-6 ( 1000 units/ml each) with
or without 1 mM putrescine for 96 h. and ['Hjthymidine uptake was

measured during the last 4 h. IL-1 alone and in combination with IL-6

reduced DNA synthesis by 80.0 Â±8.0 and 73.3 Â±0.05%, respec
tively, consistent with results from cell growth studies. Putrescine

alone had no effect and did not reverse the inhibition of IL-1 (73.3 Â±
8.3%) or IL-1 + IL-6 (57.7 Â±5.9% versus IL-1 + IL-6 alone, P >

0.05 for three experiments). This confirms the findings of Endo et al.
(39) and indicates that the inhibitory effect of IL-1 is not mediated

through ornithine decarboxylase.

DISCUSSION

In the present study, we show that the endogenous cytokines, IL-1
and IL-6, act additively, both in the absence and in the presence of
estradiol to inhibit growth of MCF-7 breast cancer cells in vitro. Both

cytokines are thought to act in a cytostatic manner (3, 10), and are
additive against ER+ but not ER- cell lines. The inhibitory effect of
IL-1 against MCF-7 as well as T47D cells is greater than that for IL-6
at comparable protein concentrations. The inhibitory effects of IL-6

alone were modest and slow to develop (not significant until day 9,
29.2% inhibition). Morinaga et al. (4) reported greater inhibition by
IL-1 than IL-6 against ER+ MDA-MB-415 breast cancer cells. These
differences in the sensitivity to IL-1 and IL-6 may relate to the number
of cellular receptors. The number of receptors on the MCF-7 cell
surface for IL-1 [2500 sites/cell (10)] is greater than that for IL-6 [770

sites/cell (3)]. Cell density may also play a role. It has been shown that
growth inhibition of T47D breast cancer cells by IL-6 is inversely

proportional to the density of cells (3). At higher density (5000 cells/
cm2), inhibition was 33% at day 15 versus 87% when cells were plated
at a density of 50 cells/cm-. Our plating density for MCF-7 cells was
800 cells/cm2 and for T47D, 3200 cells/cm2. Revel et al. (3) demon

strated that T47D breast cancer cells produce an antagonist to IL-6 and
that production is cell density dependent. It is possible that MCF-7
cells also produce an IL-6 antagonist. We previously showed, how
ever, that MCF-7 cells do not produce an antagonist to IL-1 (12).

Our studies suggest that the IL-1 inhibitory effect on MCF-7 cells
may be mediated by TGF-ÃŸ.IL-1 but not IL-6 increases secretion of
TGF-ÃŸin a dose- and time-dependent manner. The media concentra
tion of TGF-ÃŸfrom the IL-1-treated cells (0.70 ng/ml) is within the
range of concentrations shown to be inhibitory for MCF-7 cells [TGF-
ÃŸ,,> 0.1 ng/ml; TGF-ÃŸ2,> 0.5 ng/ml (34)]. The inhibitory effect of
IL-1 was partially reversed by neutralizing antibody to TGF-ÃŸ.The
secretion of TGF-ÃŸcan thus be modulated in these cells by IL-1 and
appears to act in an autocrine manner to inhibit growth. IL-1 and
TGF-ÃŸhave, in addition, many common properties. IL-1 and TGF-ÃŸ

600-

Treatment Group

Fig. 12. Effect of IL-1 and IL-6 on IGF-1 secretion. A monolayer of cells was incubated
with vehicle, IL-1 (HMO units/ml), IL-6 (1000 units/ml), and/or estradiol (E; IO'9 M) for
48 h, and the IGF-1 content of the media was determined as described in "Materials and
Methods." Paint (bar\. mean (Â±SEM), for 3 experiments in duplicate. VE, vehicle +

estradiol.
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both down-regulate the ER. both are antagonized by estradici, both

antagonize estradici stimulation of growth, both are cytostatic. and
both block growth at G0G|. The antiestrogen effect of IL-1 is en
hanced by hydroxytamoxifen (12), which also stimulates TGF-ÃŸse
cretion (35). MCF-7 cells express mRNA for 3 isoforms of TGF-ÃŸ-
TGF-ÃŸ,, TGF-ÃŸ2.and TGF-ÃŸ, (35). The major form secreted by
untreated MCF-7 cells is thought to be TGF-ÃŸ2(28). It will be of

particular interest to determine which isoform is being secreted in
response to IL-1 and at what level (transcription/translation) regula

tion occurs.
We found IL-1 to act additively with IL-6 to inhibit growth of two

ER+ cell lines, MCF-7 and T47D. For MCF-7 cells, the additive
effect was dose dependent for IL-1 and for IL-6, which suggests that

each cytokine is acting through a separate pathway. This is supported
by our finding that IL-1 but not IL-6 increases secretion of TGF-ÃŸ.

While each cytokine acts through a cell surface receptor, the mecha
nism of the additive effect is unclear. We have excluded inhibition of
IGF-1 secretion or modulation of the ornithine decarboxylase pathway

as possible mechanisms. It is interesting that, for hematopoietic cells,
the additive/synergistic effect for IL-1 + IL-6 is often stimulatory
(39-41), whereas for malignant cells, our findings and those of

Onazaki et al. (8) indicate that the effect on proliferation is inhibitory.
We found no evidence that either secretion or cross-induction of IL-1
or IL-6 played a role in the additive effect. Onozaki et al. (8) found

similarly, in U937 leukemic cells (which are inhibited by the combi
nation IL-1 + IL-6). that expression of IL-1 mRNA was not aug
mented by IL-6 and the level of IL-6 mRNA was not significantly
influenced by IL-1. They did not detect IL-1 activity in the condi
tioned media of IL-6-treated cells or IL-6 activity in the conditioned
medium of IL-1-treated cells. It has been shown that IL-6 acts to

increase the proportion of breast cancer cells that are deficient in
junction formation, increase local movement and locomotion over
considerable distances, and reduce desmosomal attachments. These
changes develop over the course of several days (42). IL-6 also

markedly prolongs the interval between mitosis and readherence of
daughter cells to their neighbors and substratum (2). It is possible that
the IL-1 -induced TGF-ÃŸ.by blocking cell cycle progression, increases
the number of cells which are responsive to IL-6. IL-6, acting through

an alternate pathway, might then add to this inhibition.
IL-1 and IL-6 regulate the estrogen responsiveness and steroid

receptor metabolism of MCF-7 breast cancer cells. IL-1 and IL-6 each

antagonize estradiol stimulation of growth and in combination they act
additively to block stimulation. Each cytokine down-regulates the ER.
IL-6 alone, and in combination with IL-1. enhances estradiol stimu

lation of PR synthesis. Whether the effects on estrogen responsiveness
are mediated by changes in the ER or whether all of these events are
secondary to some other action of IL-1 and IL-6 is not known. Nev

ertheless, our findings represent additional evidence of an important
interaction between the immune and endocrine systems. IL-1 and IL-6

have been shown to act synergistically to block glucocorticoid medi
ated antiproliferative effects in peripheral blood mononuclear cells. In
B-lymphocytes, IL-1 and II-6 act synergistically to stimulate synthesis
of IgG and IgM in the presence of dexamethasone (43). Both IL-1 and
IL-6 down-regulate the glucocorticoid receptor in Reuber hepatoma
cells (20), and IL-1 inhibits glucocorticoid induction of the gluconeo-

genic enzyme phosphoenolpyruvate carboxykinase (44). Conversely,
glucocorticoids up-regulate the IL-6 receptor protein and mRNA in

epithelial and hepatoma cells (21). Our findings expand this concept
by indicating a potentially important means of regulating the estrogen
responsiveness of human breast cancer cells. Whether regulation is at
the level of the steroid response element, transcription, or the receptor
itself are important areas for future studies.
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