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The aromatase enzyme, which converts andro-
tenedione to oestrone, regulates the availability of
estrogen to support the growth of hormone-
ependent breast tumours. Cytokines, such as inter-

eukin 6 (IL-6) and tumour necrosis factor a (TNFa) or
rostaglandin E2 (PGE2), can stimulate aromatase ac-
ivity. These factors may originate from cells of the
mmune system that infiltrate breast tumours. Pacli-
axel, which is used in the treatment of breast cancer,
tabilizes microtubules and has previously been
hown to rapidly down-regulate TNF-receptors on hu-
an macrophages. The endogenous oestrogen metab-

lite, 2-methoxyestradiol (2-meOE2), also acts to sta-
ilize microtubules. In this study, we have examined
he ability of paclitaxel or 2-meOE2 to antagonise
NFa-stimulated aromatase activity in stromal fibro-
lasts derived from normal or malignant breast tis-
ues. Paclitaxel inhibited basal and TNFa-stimulated
romatase activities by 88% and 91% respectively.
-MeOE2 also reduced basal and TNFa-stimulated aro-
atase activities by 46% and 56% respectively. Both

aclitaxel and 2-meOE2 also inhibited stimulation of
romatase activity by IL-6 plus its soluble receptor
nd PGE2. The 16a-hydroxylated derivative of
-meoE2 and 2-meOE3, which does not bind to micro-
ubules, was less effective at inhibiting TNFa-
timulated aromatase activity. Increased 2-hydroxy-
ation of oestrogens, and subsequent formation of
heir 2-methoxy derivatives, may be associated with a
educed risk of breast cancer. It is possible that the
athway of oestrogen metabolism may influence the
bility of stromal cells to respond to cytokine
timulation. © 1999 Academic Press

Abbreviations used: IL-6, interleukin 6; TNFa, tumour necrosis
actor a; PGE2, prostaglandin E2; 2-meOE2, 2-methoxyestradiol;
-meOE3, 2-methoxyoestriol; Pax, Paclitaxel; CM, conditioned me-
ium; FCS, foetal calf serum; PPARg, peroxisome proliferator acti-
ated receptor g.
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Synthesis of oestrone from androstenedione, by the
romatase enzyme complex, is an important source of
estrogen available to support the growth of hormone-
ependent tumours (1). Cytokines, such as IL-6 and
NFa and PGE2, can all stimulate aromatase activity

2–4). Many breast tumours are infiltrated by macro-
hages and lymphocytes and there is evidence that
hese cells may be an important source of the factors
hat can stimulate aromatase activity (5–6).

The role that the immune system has in the devel-
pment of cancers remains controversial (7). In women
eceiving long-term immune suppressive therapy, how-
ver, the incidence of breast cancer is reduced (8). This
uggests that the immune system may have an immu-
ostimulatory role in the development of breast cancer.
upport for such a role, possibly acting via cytokine
timulation of oestrogen synthesis, was obtained by
omparing the abilities of conditioned medium (CM)
ollected from white blood cells of an immunosup-
ressed subject or woman with breast cancer to stim-
late aromatase (9). Stimulation of the activity of this
nzyme was greatly reduced by CM collected from cells
f the immunosuppressed subject. Furthermore, con-
entrations of TNFa were barely detectable in CM from
ells of the immunosuppressed subject in contrast to
he high levels present in CM from cells of a woman
ith breast cancer. It is likely, therefore, that TNFa
as an important role in regulating aromatase activity.
TNFa, like other cytokines, acts by interacting with

ell-surface receptors (10). Using human macrophages,
aclitaxel, a compound that stabilizes microtubules,
as found to rapidly down-regulate TNFa receptors

11). The endogenous oestrogen metabolite, 2-methoxy-
stradiol (2-meOE2), was recently shown to have a
imilar effect to that of paclitaxel on microtubule sta-
ility (12, 13). In the present investigation we have
xamined the ability of paclitaxel and 2-meOE2 to
ntagonise TNFa stimulated activity in cultured fibro-
lasts derived from breast tissues.
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ATERIALS AND METHODS

Samples of breast adipose or tumour tissue were obtained from
omen undergoing reduction mammoplasty or lumpectomy after
btaining their informed consent. The study was approved by the
ospital Ethics Committee.
Fibroblasts were cultured as previously described (2). Briefly, they
ere cultured in Eagles’ modified minimal essential medium con-

aining Hepes buffer (20 mmol/l), 10% foetal calf serum (FCS) and
upplements. Cells were routinely passaged 2–3 times after which
eplicate 25 cm2 flasks were seeded with fibroblasts and grown to
onfluency. For experiments, cells were cultured in phenol red-free
edium containing 2% stripped FCS for 24 h in the presence of

aclitaxel or 2-meOE2 before the addition of TNFa, IL-6 plus IL-6
oluble receptor (IL-6sR) or PGE2 and cultured for a further 48 h in
his medium. TNFa, IL-6 and IL-6sR (R&D Systems Ltd, Abingdon,
xford, UK) or PGE2 (Sigma, Poole, Dorset, UK) were used in the
resence of dexamethasone (100 nmol/l, Sigma). Paclitaxel,
-meOE2 and other chemicals were also obtained from Sigma.
At the end of the treatment period aromatase activity was mea-

ured in intact monolayers using [1b-3H] androstenedione (15–30
i/mmol, NEN-Du Pont, and Stevenage, Herts, UK) over a 3–20 h
eriod (2, 3). The number of cells was measured by counting cell
uclei using a Coulter counter. Experiments were carried out in
riplicate and results shown are representative of 2–3 investigations.

Statistics. Student’s t test was used to assess the significance of
ifferences in mean values of treated and control cells.

ESULTS

The ability of paclitaxel to inhibit TNFa stimulated
romatase activity was initially examined using fibro-
lasts derived from reduction mammoplasty tissue
Fig. 1). In these cells, TNFa, in the presence of dexa-

FIG. 1. Inhibition of basal and TNFa-stimulated aromatase ac-
ivity by paclitaxel (Pax) in breast tissue fibroblasts. Paclitaxel was
dded to cells which were cultured for 24 h in 2% stripped foetal calf
erum. TNFa was added, in the presence of dexamethasone (100
mol/l) and cells cultured for a further 48 h in the same medium.
ontrols and cells with paclitaxel, but not TNFa, were also cultured

n the presence of dexamethasone for a 48 h period. Aromatase
ctivity was measured in intact monolayers after washing cells with
hosphate buffered saline (means 6 SD, n 5 3; a, p , 0.001 versus
ontrols; b, p , 0.001 versus TNFa-stimulated aromatase activity).
215
ethasone, stimulated aromatase activity by 375%.
oth paclitaxel and 2-meOE2 inhibited basal aro-
atase activity by 88% and 46% respectively. In addi-

ion, TNFa stimulated aromatase was also signifi-
antly reduced by these compounds by 91% and 56%
espectively. This ability appears to be specific to
gents that stabilize microtubules. Colchicine, which
nhibits microtubule polymerization, or Cytocholasin
, which binds to microfilaments, were without effect

data not shown).
As other factors, such as IL-6 and PGE2, also act via

nteraction with cell surface receptors, the ability of
aclitaxel and 2-meOE2 to antagonise aromatase stim-
lation by these factors and TNFa was also examined
Fig. 2). TNFa, IL-6 plus IL-6sR or PGE2 all signifi-
antly enhanced aromatase activity in tumour-derived
broblasts. Both paclitaxel and 2-meOE2 inhibited
asal aromatase activity and TNFa stimulated activ-
ty. In addition, however, they were also found to an-
agonise stimulation of aromatase activity by IL-6 plus
L-6sR or PGE2.

The relative potencies of paclitaxel and 2-meOE2 to
ntagonise TNFa stimulated aromatase activity were
ompared in a dose-response study (Fig. 3). In addition,
he ability of the 16a-hydroxy derivative of 2-meOE2,
-meOE3, which does not appear to bind to microtu-
ules (14), to inhibit TNFa stimulated aromatase ac-
ivity was also examined.

While both paclitaxel and 2-meOE2 inhibited TNFa
timulated aromatase, it was evident that paclitaxel is
more potent antagonist. At 0.1 mM paclitaxel inhib-

FIG. 2. Inhibition of TNFa (20 ng/ml), IL-6 plus IL-6sR (50 ng 1
00 ng/ml) or PGE2 (10 mM) stimulated aromatase activity in fibro-
lasts by paclitaxel (Pax, 10 mM) or 2-methoxyestradiol (2-meOE2,
0 mM) (means 6 SD, n 5 3). The experimental protocol used was as
escribed in the legend to Fig. 1. Aromatase activity in cells treated
or 48h with TNFa, IL-6 plus IL-6sR or PGE2 was significantly
igher (p , 0.01–p , 0.001) than in control cells. All inhibitions were
ignificant (p , 0.001) compared with aromatase activity in TNFa-
timulated cells in the absence of paclitaxel or 2-methoxyestradiol.
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ted stimulation by 90% whereas 2-meOE2 at this con-
entration only reduced the stimulation by 51%.
-MeOE3, while showing some inhibitory effect at the
ighest concentration tested did not significantly re-
uce TNFa stimulation of aromatase activity at 5 mM.

ISCUSSION

Results from this investigation have revealed that
wo agents that alter microtubule stability, paclitaxel
nd 2-meOE2, not only inhibit basal aromatase activ-
ty but greatly reduce TNFa stimulated activity. Pac-
itaxel is used in the treatment of breast cancer but, as
ar as we are aware, this is the first report demonstrat-
ng its ability to inhibit basal and cytokine stimulated
romatase activity. This property is restricted micro-
ubule stabilizing agents as colchicine or cytocholasin
, which have different effects on the microskeleton,
ere unable to inhibit TNFa stimulated aromatase
ctivity.
TNFa, IL-6 plus IL6sR and PGE2 are the three main

actors identified so far that can regulate aromatase
ctivity in fibroblasts derived from subcutaneous adi-
ose or breast tissues. Microtubules may be required
or the synthesis of cytokine receptors or for their
ranslocation to the plasma membrane (15). It is likely,
herefore, that the effect that paclitaxel and 2-meOE2
ave on the ability of TNFa, IL-6 or PGE2 to stimulate
romatase activity may also result from an effect on
he synthesis/translocation of the receptors involved in
heir signalling. The ability of paclitaxel and 2-meOE2
o reduce basal (i.e. unstimulated) aromatase activity
ay result from blocking the autocrine/ paracrine ac-

FIG. 3. Dose response for inhibition of TNFa-stimulated aro-
atase activity (expressed as % of TNFa-stimulated activity) by

aclitaxel (Pax), 2-methoxyestradiol (2-meOE2) or 2-methoxyoestriol
2-meOE3) in fibroblasts (means 6 SD, n 5 3). The experimental
rotocol used was as described in the legend to Fig. 1. All compounds
ignificantly inhibited TNFa stimulation of aromatase activity (p ,
.001) with the exception of 2-methoxyoestriol at 5 mM (NS).
216
ion of cytokines and PGE2, which are known to be
roduced by these fibroblasts, on aromatase activity
6, 16).

Paclitaxel is used for the treatment of breast cancer
ut its toxicity precludes its long-term use. The finding
hat 2-meOE2, an endogenous oestrogen metabolite,
ay have similar properties to paclitaxel suggests it
ay have considerable therapeutic potential (17). Oral

dministration of 2-meOE2 to mice inoculated with
16 melanoma, Meth A sarcoma or MDA-MB-435
reast cancer cells significantly reduced tumour
rowth (18, 19).
The results from this investigation also suggest a

ossible mechanism by which the immune system
ould develop an immunostimulatory role. In the pres-
nce of adequate production of 2-meOE2, cytokine re-
eptors in breast tissues would be down-regulated and
hus cytokine stimulation of aromatase activity inhib-
ted. Reduced production of 2-meOE2 would enable
ytokines to stimulate oestrogen synthesis in breast
issues. Bradlow and his colleagues have obtained con-
incing evidence that a reduction in the formation of
-hydroxyoestrogens and an increase in synthesis of
6a-hydroxy metabolites is associated with an in-
reased risk of breast cancer (20, 21). The observation
n the present study that the 16a-hydroxy derivative of
-meOE2 had only a limited ability to suppress TNFa
timulated aromatase activity would appear to support
radlow’s findings.
Stromal fibroblasts cultured from adipose tissue

ave the ability to differentiate into adipocytes. TNFa,
hile stimulating aromatase activity in fibroblasts, in-
ibits their differentiation into adipocytes. High con-
entrations of oestradiol (10–100 mM) can inhibit
NFa stimulated aromatase activity in adipose stro-
al cells and it has been postulated that a feed-back

oop may exist to prevent excessive oestrogen synthesis
n these cells (22). PPARg ligands, such as thiozo-
idinedione, can also stimulate adipocyte differentia-
ion and also inhibit TNFa stimulated aromatase ac-
ivity. As high concentrations of oestradiol were
equired to inhibit TNFa stimulated aromatase activ-
ty in human adipose stromal cells it is tempting to
peculate that oestradiol may act after conversion to
-meOE2.
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