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The Role and Proposed Mechanism by
Which Oestradiol 17f-Hydroxysteroid
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Synthesis of the biologically active oestrogen, oestradiol, within breast tumours makes an important
contribution to the high concentrations of oestrogens which are present in malignant breast tissues.
In breast tumours, oestrone is preferentially converted to oestradiol by the Type I oestradiol
17f-hydroxysteroid dehydrogenase (E2DH). Several growth factors, such as insulin-like growth
factor Type I, and cytokines, such as Tumour Necrosis Factor « (TNFa«), have been shown to stimulate
E2DH activity in MCF-7 breast cancer cells. As little is known about the regulation of Type I E2DH
expression and activity in other breast cancer cell lines, the expression and activity of this enzyme
was examined in other oestrogen receptor positive and also oestrogen receptor negative breast
cancer cell lines. As it is possible that E2DH activity may be limited by co-factor availability, the
effects of exogenous co-factors on enzyme activity in these cell lines was also investigated. For T47D
and BT20 breast cancer cells, the addition of exogenous co-factors was found to enhance enzyme
activity. TNFa, in addition to stimulating E2DH activity in MCF-7 cells, also increased activity in
T47D and MDA-MB-231 cells, although to a lesser extent than in MCF-7 cells. An investigation of
signalling pathways involved in the regulation of E2DH activity revealed that stimulation of both
the protein kinase C (PKC) and PKA pathways may be involved in regulation of E2DH activity. As
several growth factors and cytokines have now been found to be involved in regulating E2DH activity,
the role that macrophages and lymphocytes have in supplying these factors and the mechanism by
which these factors may stimulate tumour growth, is also reviewed.
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INTRODUCTION The finding that tumour oestradiol concentrations are
some 40-50-fold greater than in blood prompted inves-
tigation to examine the origins of tumour oestradiol. It
is now generally accepted that while uptake from the
circulation and binding to the oestrogen receptor (ER)
makes a contribution to tumour oestrogen content,
much of the oestrogen which is present in tumours is
derived from in situ synthesis [6, 7].

The aromatase enzyme complex, which converts
androstenedione to oestrone, and oestrone sulphatase,
which hydrolyses oestrone sulphate to oestrone, are the
main sources of tumour oestrone. Oestradiol 17f-
hydroxysteroid dehydrogenase (E2DH) then converts
Proceedings of the Workshop on the Molecular and Cell Biology of  gestrone to oestradiol. It was originally demonstrated,
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April 1995. using an isotopic infusion technique, that the reductive
*Correspondence to M. J. Reed. direction of oestrogen metabolism predominates in

Oestradiol is the most important mitogen which sup-
ports the growth of breast tumours and insight into the
regulation of its synthesis in breast cancer and normal
cells should help in the development of new therapies
to inhibit its formation [1]. While initial investigations,
in which plasma oestrogen concentrations were
measured in women with or without breast cancer,
revealed no consistent abnormality, there is now con-
vincing evidence that oestradiol concentrations are
significantly increased in malignant breast tissues [2~5].
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breast tumours [8], and it is now apparent that this
reductive activity is associated with the Type I E2DH
[9, 10].

After detecting increased tumour oestradiol concen-
trations, it was found that E2DH activity was increased
in tumour tissue compared with samples of normal
tissue for which there was no histological evidence for
the presence of malignant cells [3, 11]). This finding
initially suggested that breast tumours may produce
factors which could stimulate oestradiol synthesis and
thus provide a favourable oestrogenic environment to
support tumour growth. Support for this concept was
obtained when it was found that there was a correlation
between E2DH activity in tumours and non-involved
tissues away from the tumour [12]. Another important
finding, made by Beranek ez al. [13], was that E2DH
activity in tissues adjacent to tumours was related to
tumour size. While these results provided the impetus
to search for stimulatory factors produced by, or con-
tained within, tumours which were able to regulate
E2DH activity, the mechanism(s) responsible for these
observations is only now being resolved.

The search to identify tumour-derived E2DH
regulatory factors has involved a number of different
strategies. These have included the culture of tumour-
derived fibroblasts and an examination of the effect of
conditioned medium (CM) collected from these cells on
E2DH activity in MCF-7 cells [14], the preparation
and bioassay of cytosol from normal and malignant
breast tissues [15] and the assay of CM and cytosol for
growth factors and cytokines [16].

Breast tumour cytosol was originally found to stimu-
late E2DH reductive activity, whilst cytosol from non-
malignant tissue was without effect [15]. Insulin-like
growth factors types I and II were identified in tumour
cvtosol and shown to preferentially stimulate E2DH
reductive activity in breast cancer cells [17]. An albu-
min-like molecule was also isolated from tumour
cvtosol and some preparations of albumin were sub-
sequently found to, not only stimulate E2DH activity,
but also to greatly potentiate the ability of cytokines,
such as interleukin-1§ (I1.-18}, to stimulate enzyme
activity [18, 19]. It still remains to be resolved whether
it is the albumin molecule itself, or a cytokine/growth
factor/lipid bound to albumin which is responsible for
its E2DH stimulatory effect. It is clear, however, that
several other similar albumin-like molecules have now
been isolated from endocrine tissues and that they all
possess the ability to stimulate steroidogenesis [20].

CM collected from tumour-derived fibroblasts also
markedly stimulated E2DH reductive activity in MCF-
7 breast cancer cells. Preliminary purification of CM
suggested that the stimulatory factor had a molecular
weight in the 50 kDa region [14]. It was apparent from
these early studies that while the partially purified
factor could stimulate E2DH reductive activity, the
stimulatory effect was associated with a marked inhi-
bition of cell growth. It was postulated that this might
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have arisen from the co-purification of a growth inhibi-
tory factor. I1.-6 was subsequently identified in CM
from tumour-derived fibroblasts and purported to be
the E2DH stimulatory factor present in CM [21].
While there is no doubt that high IL-6 concentrations
are present in CM, in at least two molecular forms, the
E2DH stimulatory effect of I1.-6 was not confirmed by
others, using several different sources of this cytokine
[19,22]. So far the most potent E2DH stimulatory
cytokine identified is Tumour Necrosis Factor «
(TNFa), but as found for partially purified factors
from tumour-derived fibroblast CM, this cytokine also
inhibits cell proliferation [22]. In all these investi-
gations the ability of the different factors to regulate
E2DH oxidative activity was also examined, but no
evidence for this was detected.

To examine the ability of some of the known E2DH
reductive stimulatory factors to regulate Type [ E2DH
mRNA expression, RNA was isolated from T47D cells
[23]. While an increase in expression of the Type I
E2DH 1.3kb mRNA was detected after these cells
were treated with IL-1, TNFa or IGF-I, the most
potent inducer of gene expression was found to be
retinoic acid (RA). In parallel studies, RA was also
shown to increase E2DH reductive activity, whilst
having no effect on oxidative activity in T47D cells. As
it had previously been reported that concentrations of
co-factors may limit E2DH oxidative activity in these
cells [24], the effect of adding exogenous co-factors on
enzyme activity was also investigated. These results
showed that while the addition of NAD™* increased
oxidative activity in RA treated cells, NADH did not
further increase E2DH reductive activity. As an in-
crease in E2DH reductive activity could, in the pres-
ence of its substrate oestrone, result in the synthesis of
the potent mitogen oestradiol, the finding that RA
stimulated E2DH reductive activity was surprising. [t
is well documented that RA has a marked inhibitory
effect on breast cancer cell proliferation [25,26]. As
noted previously for the partially purified factor from
CM and TNFu, the ability of RA to increase Type I
E2DH 1.3kb mRNA expression and its ability to
increase enzyme activity, is again associated with a
factor which inhibits cell proliferation. Thus a consist-
ent trend is emerging, that any reduction in the pro-
liferation of these breast cancer cells is associated with
an increase in E2DH reductive activity. The only
possible exception, so far, to this finding, is for IGF-
I/II which, whilst both increasing E2DH activity, have
variable stimulatory effects on cell proliferation [17].

To gain further insight into the regulation of E2DH
we have compared the expression and activity of this
enzyme in a number of different cell lines. The ability
of TNFu to stimulate E2DH activity in cells other than
MCF-7 was also examined, as well as the effects of
exogenous co-factors on enzyme activity. The sig-
nalling pathways which may mediate cytokine stimu-
lation of E2DH activity are also currently being
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investigated. Lastly, as several growth factors, cyto-
kines and proteins have now been identified, an
hypothesis has been developed as to the likely origin of
some of the stimulatory factors and how they may act
in a concerted manner to regulate the conversion of
oestrone to oestradiol, and thus tumour growth.

MATERIALS AND METHODS

Cell culture methods used for the maintenance of
MCF-7 and T47D cells have been described previously
[18, 22]. BT20 and MDA-MB-231 cells were routinely
cultured in RPM1 1640 medium with 20 mM Hepes
buffer (BT20) or medium 199 modified with Earle’s
salts and 20mM Hepes buffer (MDA-MB-231).
Medium was supplemented with non-essential amino
acids, 2mM L-glutamine, 10 mM sodium hydrogen
carbonate and 5°9%, (v/v) foetal calf serum (FCS) for
MDA-MB-231 cells or 109, (v/v) for BT20 cells. Cells
were grown to 50-759%, confluence when the above
medium was replaced with phenol red-free medium
(MEM-AUTOPOW, buffered with 20mM Hepes,
pH 7.4) containing stripped FCS. TNFx was obtained
from Bachem Ltd (Saffron Walden, U.K.) and added
to cells in phenol red-free medium. Co-factors, and
regulators of protein kinase C (PKC) and PKA activity
were obtained from Sigma (Poole, U.K.) and included
the phorbol ester, 12-O-tetradecanoylphorbol-13-ace-
tate (TPA), staurosporine, calphostin C and forskolin.

E2DH mRNA expression

Analysis of E2DH mRNA expression in four differ-
ent cell lines was compared in cells cultured under basal
conditions or in the presence of RA (1 uM, Sigma).
Cellular RNA was extracted from cells and used for
Northern analysis as previously described [23]. A
1.2kb E2DH Type I cDNA (obtained from Professor
F. Labrie) was labelled using [«-*P]deoxy-CTP
(Amersham International, U.K.) and used as a probe to
detect mRNA expression.
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E2DH activity

E2DH reductive and oxidative activities in MCF-7
and T47D cells were measured as previously described
[18, 22]. Activity in MDA-MB-231 cells was measured
over a 4h period after demonstrating that enzyme
activity was linear with respect to time for up to 5h.
For BT20 cells, as previously found with T47D cells,
the high level of activity in these cells required activity
to be measured by carrying out a time-course assay for
up to 20 min.

RESULTS AND DISCUSSION

Analysis of E2DH mRNA levels by different breast
cancer cells revealed considerable differences in mRNA
expression (Fig. 1). As previously observed, in T47D
cells two main mRNA transcripts of 2.2 and 1.3 kb
were detected with expression of the 1.3 kb mRNA
being increased in cells treated with RA. In contrast, in
MCF-7 and ZR-75-1 cells, these transcripts were not
detectable under basal or RA stimulated conditions. In
all cells an additional 0.6 kb mRNA transcript was
detectable and in T47D cells under basal condition,
and ZR-75-1 cells after treatment with RA, an ad-
ditional 0.9kb transcript was detected. The highest
level of E2DH mRNA expression was detected in
mRNA obtained from BT20 cells, confirming previous
observations [27]. This transcript appeared to be about
1.3 kb in size, although it was difficult to obtain a more
precise estimation of its size due to the intensity of
expression. The addition of RA to BT20 cells did not
appear to further enhance E2DH expression in these
cells.

As found from the analysis of E2DH mRNA ex-
pression, marked differences in the reductive and oxi-
dative activities were also detected in different breast
cancer cell lines (Fig. 2). Differences in E2DH activity
in MCF-7 and T47D cells, with the latter cells having
greater reductive activity, reflect differences in mRNA

A + - +
ZR751 BT-20 MDA MB 361

Fig. 1. Northern blot analysis of oestradiol 17f-hydroxysteroid dehydrogenase (178-HSD) Type I mRNA
expression in oestrogen receptor positive or negative breast cancer cell lines, in the absence (—) or presence
(+) of all -trans -retinoic acid (RA, 1 gM).
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Fig. 2. Oestradiol 178 -hydroxysteroid dehydrogenase activity in oestrogen receptor positive or negative breast
cancer cell lines. Activity was measured in both the reductive and oxidative directions.

expression. Similarly for BT20 cells, in which the
highest E2ZDH Type I mRNA expression was detected,
the high level of reductive activity resulted in activity
being measured over a short period of time. However,
in these cells, reductive activity predominated, reflect-
ing the detection of a transcript in the 1.3 kb region
with an E2DH Type I probe. For MDA cells, although
so far, different sublines have been used for expression
and activity studies, the failure to detect the Type [
(1.3 kb transcript) in RNA isolated from these cells is
consistent with the finding that the very high E2DH
activity detected in these cells is mainly oxidative.

As TNFa has been found to be a potent stimulator
of E2DH reductive activity in MCF-7 cells, its effect
on the activity of this enzyme in other cell lines is
currently under investigation. As shown in Fig. 3,
while TNF« did increase E2ZDH reductive activity in
T47D and MDA-MB-231 cells, its effect was much
less than in MCF-7 cells. Whereas TNFa at the
concentration tested had little effect on the growth of
3 of the cell lines over the 48 h treatment periods, it
markedly reduced the growth (>50%,) of BT20 cells
making it difficult to interpret its effects on E2DH
activity in these cells.

Malet and her colleagues originally demonstrated
that the oxidative activity of T47D cells could be
influenced by concentrations of co-factor [24], a finding
which was confirmed in a recent investigation [23]. In
the present study the increase in oxidative activity in
T47D cells resulting from the addition of NAD" or
NADP™* was confirmed (Fig. 4). A similar effect was
noted for BT 20 cells, in both reductive and oxidative
directions, whereas the addition of exogenous

co-factors was without effect in MCF-7 or MDA-MB-
231 cells.

Cytokines, such as [L-1§ and TNFa, are known to
act by binding to cell surface receptors [28] and to
transduce their effects, at least in part, via the PKC and
PKA signalling pathways [29,30]. The effects of
specific stimulators of these pathways on E2DH reduc-
tive activity was therefore examined in MCF-7 cells. In
addition, as it was postulated that the effects of TNF«
might be mediated via the PKC pathway, it was

300 -
7—|—
/ (mean +/- s.d., n=3)
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MCF-7 T47D MDA-MB-231
TNFa (50ng/mi)

Fig. 3. Effect of Tumour Necrosis Factor a (TNFa) (50 ng/ml)
on oestradiol 178 -hydroxysteroid dehydrogenase (reductive)
activity in breast cancer cells.
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Fig. 4. Effect of co-factors on oestradiol 178-hydroxysteroid dehydrogenase activities in MCF-7 breast cancer
cells. NADH/NADPH (1 mM) were added to cells during the assay of reductive activity while NAD*/NADP*
(1 mM) were added to cells during the assay of oxidative activity.

intended to examine the effects of PKC inhibitors on
the ability of TNFx to increase E2DH reductive
activity. Both TPA and forskolin increased E2DH
reductive activity after treatment for a 48 h period in a

dose-dependent manner (Fig. 5). As previously noted,
however, TPA markedly inhibited MCF-7 cell growth
[31]. No significant effects of TPA on enzyme activity
were observed after treatment of cells for 4 or 16 h. It
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Fig. 5. Effect of 12-O -tetradecanoylphorbol-13-acetate (TPA), calphostin C (Cal C) or forskolin (FSK) on
oestradiol 178-hydroxysteroid dehydrogenase (reductive) activity in MCF-7 breast cancer cells.
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is known that treatment of cells with TPA for 48 h
down regulates, rather than stimulates, the activity of
the PKC pathway [31]. In view of this finding it was
not unexpected that the two inhibitors of PKC activity
tested, staurosporine and calphostin C, also increased
E2DH reductive activity (Fig. 5). However, this find-
ing precluded attempts to examine the role of the PKC
signalling pathway in mediating the stimulatory effects
of TNFa on E2DH reductive activity. Both the PKC
and PKA transduction pathways have previously been
implicated in the regulation of E2DH Type I mRNA
expression in the choriocarcinoma cell line JEG-3 [32].

Current hypothesis of E2DH regulation

It is now apparent that the regulation of E2DH
reductive activity is under multifactorial control.
Cytokines are emerging as having a major role in
regulating the activity of this enzyme, and it is there-
fore important to consider the possible origins of
cytokines in relation to tumour development. In ad-
dition to examining the regulation of E2DH activity,
similar studies have revealed that cytokines are also
involved in the control of the two other enzymes which
are involved in oestrogen synthesis in breast tumours,
1.e. the aromatase and oestrone sulphatase [33, 34].
Some indication as to the possible origin of the
stimulatory cytokines has been provided by results
which have been obtained from clinical investigations.
In the first of these, iz vitro tumour aromatase activity
was measured in samples obtained from patients before
and after treatment with the aromatase inhibitor, 4-
hydroxyandrostenedione (4-OHA) [35]). Whereas
peripheral aromatase, as measured by an isotopic infu-
sion technique, was almost completely suppressed by
4-OHA, tumour aromatase, as measured in virro,
increased markedly in 2/7 samples examined. This
increase in tumour aromatase activity, in the presence
of 4-OHA was associated with an increase in DNA
polymerase activity, a marker of cell proliferation. This
finding suggested, therefore, that the increase in
aromatase activity in these two tumour samples re-
sulted in the synthesis of sufficient oestrogen to exert
a biological effect. In a second study, aromatase activity
was measured in reduction mammoplasty tissue, ob-
tained from a woman who had previously had breast
augmentation involving a silicone injection which was
not contained within a capsule. Aromatase activity
in this tissue was considerably higher than any pre-
viously detected, and histological examination of the
tissue revealed the presence of numerous infiltrating
macrophages.

Macrophages, and other cells of the immune system
such as lymphocytes, are known to produce many
different cytokines. In view of the evidence indicating
that up to 509, of the volume of breast tumours can be
composed of macrophages [36], it seems likely that
these cells may be the major source of E2DH stimu-
latory factors. It has been postulated that tumours may

Lorna J. Duncan and M. ]J. Reed

Table 1. A comparison of the effects that factors which stimulate
E2DH reductive activity have on cell growth

Factor E2DH Cell growth Reference
IGF-I/I1 + + + [17]

TNFx +++ -— = [22]

TDF-CM ++ + -—- [14]

IL-1 + + - - [19]

TPA + + - — = [31, This paper]
aFGF + - [38]

bFGF + - [38]

HSA + + + - == [18]

RA + + - — [23]

TDF-CM, tumour-derived fibroblast conditioned medium; TPA,
12-O -tetradecanoylphorbol-13-acetate; HSA, human serum
albumin; RA, retinoic acid.

resemble wounds in their ability to attract cells of the
immune system [37], but whereas upon healing wound
tissue ceases to attract such cells, tumours continue to
secrete chemo-attractant factors. This may result in the
continued infiltration of macrophages and lymphocytes
into tumours and the continued production of cytoki-
nes. If macrophages are responsible for the production
of cytokines in tumours and adjacent tissues, then this
could provide an explanation for the increased aroma-
tase activity in biopsy samples obtained from women
treated with 4-OHA. In these subjects the wound
healing process would be in progress following removal
of the initial biopsy sample. The ability of tumours to
attract macrophages to tumours, and subsequent pro-
duction of cytokines, could also account for one of the
original observations which prompted the current re-
search, i.e. the correlation between tumour size and
E2DH activity in adjacent tissues [13].

Although it is now established that tumour cells do
produce chemo-attractant factors which are responsible
for recruiting macrophages and lymphocytes, it is
difficult to understand why this leads to an increase in
oestrogen synthesis, rather than to the elimination of
tumour cells. A possible reason for this is suggested
from an analysis of the effects that factors which have
been identified as being able to stimulate E2DH reduc-
tive activity have on cell growth (Table 1). Apart from
IGF-1 and IGF-II, all the other E2DH stimulatory
factors, markedly inhibit cell growth. These somewhat
paradoxical findings have been difficult to understand,
but it now appears possible that the increase in E2DH
reductive activity caused by these factors, may result
from some intracellular signalling mechanism that is
stimulated when tumour cell proliferation is inhibited.
Such a mechanism could provide sufficient oestradiol
to overcome any anti-proliferative effects of cytokines
or other factors. Given the molecular techniques which
are now available, the identification of such a signal(s)
should not prove too difficult and could lead to the
development of novel forms of therapy to regulate
oestrogen synthesis in women with breast cancer. Sup-
port for this concept, that cells of the immune system
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Fig. 6. Summary of an hypothesis for the regulation of oestradiol synthesis in breast cancer cells by cytokines

and growth factors. Tumour cells secrete cytokines and chemo-attractant factors which attract lymphocytes

and macrophages to the tumour site. In response to the secretion of cytokines by tumour cells, stromal cells

and adipocytes may secrete cytokines, such as IL-6 and TNFa, which are known to stimulate aromatase,

oestrone sulphatase and oestradiol dehydrogenase activities in breast cancer cells. Secretion of cytokines by
lymphocytes and macrophages may also stimulate tumour oestrogen synthesis.

can produce factors which regulate E2DH reductive
activity has already been obtained by showing that CM
from macrophages and lymphocytes can markedly
stimulate E2DH reductive activity [38)]. Further stud-
ies are currently in progress to isolate macrophages and
lymphocytes from breast tumours in order to confirm
their ability to produce E2DH stimulatory factors.

The finding of a strong association between oncogene
amplification and dense lymphocyte infiltration of tu-
mours lends additional support to an important role of
such cells in regulating tumour growth {39].

Having some years ago obtained evidence to suggest
that breast tumours are producing or contain factors
which are able to stimulate not only E2DH reductive
activity, but also the activities of the aromatase and
oestrone sulphatase enzymes, it is now possible to
develop an hypothesis to suggest how such co-ordi-
nated regulation might occur (Fig. 6). Tumour cells, by
secreting chemo-attractant factors, attract cells of the
immune system, including macrophages and lympho-
cytes. One of the functions of such cells is to produce
cytokines which would normally be expected to inhibit
or eliminate the proliferation of tumour cells. However,
the cytokines produced, either directly or indirectly,
increase oestrogen synthesis by the three enzyme
complexes involved in tumour oestrogen synthesis and
in the presence of the appropriate substrates, i.e.
androstenedione, and oestrone sulphate, sufficient

oestrone is produced for conversion to oestradiol. Pro-
duction of a sufficient concentration of oestradiol would
overcome any cytokine mediated inhibition of tumour
cell growth. The high concentrations of oestradiol
which have been detected in tumours would appear to
support this potential mechanism.

REFERENCES

1. James V. H. T. and Reed M. ].: Steroid hormones and human
cancer. Prog. Cancer Res. Ther. 14 (1980) 471-487.

2. Reed M. J.,, Cheng R. W., Dudley H. A. F. and James V. H. T.:
Plasma concentrations of oestrone, oestrone sulphate and oestra-
diol and percentage of unbound oestradiol in postmenopausal
women with and without breast disease. Cancer Res. 43 (1983)
3940-3943.

3. Bonney R. C.,, Reed M. J., Davidson K., Beranek P. A. and
James V. H. T.: The relationship between 17f-hydroxysteroid
dehydrogenase activity and oestrogen concentrations in human
breast tumours and in normal breast tissue. Clin. Endocr. 19
(1983) 727-739.

4. Van Landeghem A. A. O., Poortman J., Nabuurs M. and
Thijssen J. H. H.: Endogenous concentrations and subcellular
distribution of androgens in normal and malignant breast tissues.
Cancer Res. 45 (1985) 2907-2912.

. Vermeulen A., Deslypere J. P., Pavidaens R., Leclevg G., Roy
F. and Henson J. C.: Aromatase, 178-hydroxysteroid dehydro-
genase and intratisslar sex hormone concentrations in cancerous
and normal glandular breast tissue in post-menopausal women.
Eur. ¥. Cancer Clin. Oncol. 32 (1986) 515-522.

6. Fishman J., Nisselbuum S. S., Mendez-Botet C. S. and
Schwartz M. K.: Estrone and estradiol content in human breast
tumours: relationship to estradiol receptor. ¥. Steroid Biochem. 8
(1977) 893-896.

wn



572

7.

10.

11.

12.

13.

14.

15

16.

17

18

19

20

21.

Reed M. J., Owen A. M., Lai L.. C., Coldham N. G., Ghilchik
M. W., Shaikh N. A. and James V. H. T.. In situ oestrone
synthesis in normal breast and breast tumour tissues: effect of
treatment with 4-hydroxyandrostenedione. Int. ¥. Cancer 44
(1989) 233-237.

. McNeill J. M., Reed M. J., Beranek P. A., Bonney R. C.,

Ghilchik M. W., Robinson D. ]J. and James V. H. T.: A
comparison of the  vivo uptake and metabolism of H-oestrone
and *H-oestradiol by normal breast and breast tumour tissue in
postmenopausal women. Inz. §. Cancer 38 (1986) 193-196.
Peltoketo H., Isomaa V., Mientansta O., and Vikko R.:
Complete amino acid sequence of human placental 17f-hydroxy-
steroid dehydrogenase deduced from cDNA. FEBS Lert. 239
(1988) 73-77.

Luu-The V., Labrie C., Simard J., Lachance Y., Zhao H.-F.,
Couet J., Leblanc G. and Labrie F.: Characterization of cDNAs
for human estradiol 178-dehydrogenase and assignment of the
gene to chromosome 17: evidence for two mRNA species with
distinct 5'-termini in human placenta. Molec. Endocr. 3 (1989)
1301-1309.

James V. H. T., McNeill J. M., Lai I.. C., Newton C. J.,
Ghilchik M. W. and Reed M. J.: Aromatase activity in normal
breast and breast tumour tissue: iz vive and in virre studies.
Steroids 50 (1987) 269-279.

James V. H. T, McNeill J. M., Beranek P. A, Bonney R. C. and
Reed M. J.: The role of tissue steroids in regulating aromatase
and oestradiol 17f-hydroxysteroid dehydrogenase action in
breast and endometrial cancer. ¥. Steroid Biochem. 25 (1986)
787-790.

Beranek P. A, Folkerd E., Newton C. J., Reed M. J., Ghilchik
M. W. and James V. H. T.: The relationship between 17f-
hydroxysteroid dehydrogenase and breast tumour site and size.
Int. §. Cancer 36 (1985) 685-687.

Adams E. F., Newton C. J., Tait G. H., Braunsberg H., Reed
M. ]. and James V. H. T.: Paracrine influence of human breast
stromal fibroblasts on breast epithelial cells: secretion of a
polypeptide which stimulates reductive 17 -oestradiol dehydro-
genase activity. Int. J. Cancer 42 (1988) 119-122.

Singh A., Reed M. J., Ghilchik M. W. and James V. H. T.: The
effect of breast tumour and normal breast tissue cytosols on
oestradiol 178-hydroxysteroid dehydrogenase activity. Cancer
Lett. 44 (1989) 45-48.

Reed M. J., Singh A., Ghilchik M. W., Coldham N. G.
and Purohit A.: Regulation of oestradiol 17f-hydroxysteroid
dehydrogenase in breast tissues: the role of growth factors.
J. Steroid Biochem. Molec. Biol. 39 (1991) 791-798.

Singh A. and Reed M. J.: Insulin-like growth factor I and
insulin-like growth factor II stimulate oestradiol 17f-hydroxy-
steroid dehydrogenase activity in breast cancer cells. ¥. Endocr.
129 (1991) R5-R8.

Singh A., Ghilchik M. W, Patel S. R., Blench 1., Morris H. R.
and Reed M. J.: Identification of albumin in breast tumour
cytosol as a factor involved in the stimulation of oestradiol-178-
hydroxysteroid (reductive) activity. Molec. Cell. Endocr. 83
(1992) 85-92.

Singh A, Blench 1., Morris H. R., Savoy 1..-A. and Reed M. J.:
Synergistic interaction of growth factors and albumin in regulat-
ing estradiol synthesis in breast cancer cells. Molec. Cell. Endocr.
85 (1992) 165-173.

Khan S. A, Hallin P., Bartlett J., DeGeyter Ch. and Nieschlag
E.: Characterization of a factor from human ovarian follicular
which stimulates Leydig cell testosterone production. Acta
Endocr. (Copenh.) 118 (1988) 283-293.

Adams E. F., Rafferty B. and White M. C.: Interleukin 6 is
secreted by breast fibroblasts and stimulates 17f-oestradiol
oxidoreductase activity in MCF-7 cells: possible paracrine regu-
lation of breast oestradiol levels. In:. J. Cancer 49 (1991)
118-121.

22.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

36.

39.

Lorna J. Duncan and M. ]J. Reed

Duncan L. J., Coldham N. G. and Reed M. J.: The interaction
of cytokines in regulating oestradiol 178-hydroxysteroid
dehydrogenase activity in MCF-7 cells. . Steroid Biochem.
Molec. Biol. 49 (1994) 63-68.

. Reed M. J., Rea D., Duncan L. J. and Parker M. G.: Regulation

of estradiol 17f-hydroxysteroid dehydrogenase by retinoic acid
in T47D breast cancer cells. Endocrinology 135 (1994) 4-9.
Malet C., Vacca A., Kauttenn F. and Mauvais-Jarvis P.: 17§~
estradiol dehydrogenase (E2DH) activity in T47D cells.
F. Steroid Biochem. Molec. Biol. 39 (1991) 769-775.

Lacroix A. and Lipman M. E.: Binding of retinoids to human
breast cancer cells and their effects on cell growth. ¥. Clin. Invest.
65 (1980) 586-591.

Lotan R.: Different susceptibilities of human melanoma and
breast carcinoma cell lines in retinoic induced growth inhibition.
Cancer Res. 39 (1980) 1014-1019.

Poutanen M., Moncharmont B. and Vikko R.: 17f-hydroxy-
steroid dehydrogenase gene expression in human breast cancer
cells: regulation of expression by a progestin. Cancer Res. 52
(1992) 290-294.

Thie J. N. and Kerr 1. M.: Jaks and Stats in signaling by the
receptor superfamily. Trends Gener. 11 (1995) 69-74.

Zhang Y., Lin J.-X., Yip Y. K. and Vilcek J.: Enhancement of
cAMP levels and of protein kinase activity by tumor necrosis
factor and interleukin-1 in human fibroblasts: role in the induc-
tion of interleukin 6. Proc. Natn. Acad. Sci. U.S.A. 85 (1988)
6802-6805.

Gorospe M., Kumar S. and Baglioni C.: Tumour necrosis factor
increases stability of interleukin-1 mRNA by activating protein
kinase C. ¥. Biol. Chem. 268 (1993) 6214-6220.

Issandou M., Bayard F. and Darbon J. M.: Inhibition of MCF-7
cell growth by 12-O-tetradecanoyl phorbol-12-acetate and 1,2-
dioctanoyl-5n-glycerol: distinct effects on protein kinase activity.
Cancer Res. 48 (1988) 6943—-6950.

Tremblay Y. and Beaudoin C.: Regulation of 3-hydroxysteroid
dehydrogenase and 17f-hydroxysteroid dehydrogenase messen-
ger ribonucleic acid levels by cyclic adenosine 3’,5'-monophos-
phate and phorbol myristate acetate in human choriocarcinoma
cells. Molec. Endocr. 7 (1993) 355-364.

Reed M. J., Topping L., Coldham N. G., Purchit A., Ghilchik
M. W. and James V. H. T.: Control of aromatase activity in
breast cancer cells: the role of cytokines and growth factors.
. Steroid Biochem. Molec. Biol. 44 (1993) 589-596.

Reed M. J., Purohit A., Williams G. J. and Potter B. V. L.:
Regulation and inhibition of steroid sulphatase activity in breast
cancer. Ann. N.Y. Acad. Sci. (In press).

. Reed M. J,, Lai L. C.,, Owen A. M,, Singh A., Coldham N. G.,

Purchit A., Ghilchik M. W., Shaikh N. A. and James V. H. T.:
Effect of treatment with 4-hydroxyandrostenedione on the per-
ipheral conversion of androstenedione to oestrone and in vitro
tumour aromatase activity in postmenopausal breast cancer
patients. Cancer Res. 49 (1989) 1306-1311.

Kelly P. M. A, Davison R. S., Bliss E. and McGee J. O. D.:
Macrophages in human breast disease: a quantitative immuno-
histochemical study. Br. ¥. Cancer 57 (1988) 174-177.

. Whalen G. F.: Solid tumours and wounds: transformed cells

misunderstood as injured tissue. Lancer 336 (1990) 1489-1492.

. Reed M. J., Purohit A., Duncan L. J., Singh A., Roberts C. J.,

Williams G. J. and Potter B. V. L.: The role of cytokines
and sulphatase inhibitors in regulating oestrogen synthesis in
breast tumours. J. Steroid Biochem. Molec. Biol. 53 (1995)
413-420.

Tang R., Kacinski B., Validire P., Beuvon F., Sastre X., Benoit
P., Rocheforeiere A., Mosseri V., Pouillart P. and Schroll S.:
Oncogene amplification correlates with dense lymphocyte
infiltration in human breast cancers: a role of hematopoietic
growth factor release by tumor cells. ¥. Cell. Biochem. 44 (1990)
189-198.



