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Suramin Inhibits Growth and Transforming
Growth Factor-$1 (TGF-B1) Binding in
Osteosarcoma Cell Lines
P. Kloen, C.L. Jennings, M.C. Gebhardt, D.S. Springfield and H.J. Mankin

Autocrine production of growth factors has been shown to be involved in the multistep process of tumorigenesis.
The ability of suramin, a polyanionic anti-parasitic drug, to block growth factor-induced cell proliferation makes
it a potential antineoplastic drug. We studied the effects of suramin on seven osteosarcoma cell lines. Using
clinically achievable concentrations of suramin (50400 p.g/ml), we found a time- and dose-dependent inhibition
of [*H]thymidine incorporation. We also showed that suramin is able, dose-dependently, to prevent binding of
transforming growth factor (TGF)-B1 to its receptors. DNA synthesis inhibition by suramin was attenuated by
TGF-B1 in some cell lines. Two cell lines that were inhibited by TGF-B1 were affected similarly by suramin as
cell lines that were stimulated by TGF-B1. In conclusion, in five out of seven osteosarcoma cell lines, we showed
a correlation between inhibition of growth factor-stimulated mitogenesis and binding of TGF-B1 to its receptor.
Similar effects in TGF-B1-inhibited osteosarcoma cell lines suggest involvement of other mechanisms and/or
growth factors. However, suramin proves to be a potent inhibitor of osteosarcoma cell proliferation in vitro.
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INTRODUCTION fibroblasts [1-3]. Subsequently, TGF-B has been shown to

THE GROWTH of normal cells and tissues is a delicately balanced
system in which a key role is played by multiple polypeptide
growth factors. One of these factors is transforming growth
factor-B (TGF-B) a 25-kDa homodimer, originally described as
being able to induce phenotypic transformation of normal rat

be multifunctional, and to be expressed ubiquituously, being
important for cell growth and differentiation as well as wound
healing. In contrast to its well characterised inhibitory effects
on epithelial derived cells, TGF-B stimulates proliferation of
mesenchymal cells {1-4]. Although the pathways of TGF-B are
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still unclear, they are mediated through three different cell
surface receptors: type I (53 kDa) and type II (70-100 kDa),
both proteoglycans, and type IIT (280-330 kDa), a betaglycan
[5].

In 19/8, lodaro and Del.arco suggested that endogenous
production of growth factors may be involved in tumorigenesis
[6] Sporn and Todaro modified this concept in the so-called

“autocrine hypothesis”, which postulates that production of
growth factors by cells themselves might contribute to tumour
formation {7]. Overexpression of growth factors and/or their
receptors has since been reported in many neoplastic cell types
[8-10].

Although TGF-B is produced by almost all cells, on a tissue/
mass basis, bone is both the largest producer and storage site
[11], and it has become clear that TGF-B plays an important role
in the metabolism of bone [12]. We became interested in the
possibility that an autocrine loop involving TGF-B may be
involved in the aetiology and proliferation of osteosarcomas. We
have previously demonstrated in vitro that the prerequisites
needed for an autocrine loop involving TGF-8 exist for human
osteosarcoma cells, i.e. TGF-B receptors, productlon of TGF-8
by the cells and effects on DNA synthesis by exogenously added
TGF-B {13]. If an autocrine loop involving TGF- is crucial for
the growth of osteosarcoma cells, then having the ability to
interfere with such an autocrine loop may represent a potential
avenue for therapeutic intervention. This could theoretically be
done by inhibiting expression of growth factors and/or growth
factor receptors, or by preventing binding of the growth factor
to its receptor. One of the prototypes of drugs currently being
investigated in this respect is suramin, a polysulphonated com-
pound originally developed nearly 75 years ago for use as an
antitrypanocidal agent [14-16]. Suramin was found not only to
inhibit a variety of key enzymes, such as DNA polymerase [17]
and reverse transcriptase [18], but also to prevent mitogenic
effects of growth factors [14-16]. Either of these effects elicited
by suramin could explain the inhibition of in witro growth of a
number of cell lines by suramin. We set out to study the effect

of suramin on DNA synthesis in seven different osteosarcoma
cell lines, and its interference with TGF-8 effects on these cells.

MATERIALS AND METHODS

Cell lines

The human osteosarcoma cell lines KHOS-312H, KHOS-
2408, HOS, U-20S, SAOS-2 and MG-63 were a gift from S.H.
Friend (MGH Cancer Center, Charlestown, Massachusetts,
U.S.A.). A mouse osteosarcoma cell line MGH-OSA was estab-
lished earlier in our laboratory. Cells were routinely cultured
in DMEM containing 10% fetal caif serum (FCS), 100 U/ml
penicillin, 100 pg/mi streptomycin. Suramin was obtained from
FBA Pharmaceutical (New Haven, Connecticut, U.S.A.), TGF-

N1 wae ahtain e
B1 was obtained from R&D Systems (Minneapolis, Minnesota,

U.S.A.) and '#I-labelled TGF-B1 was a gift from M.B. Sporn
(NTH, Bethesda, Maryland, U.S.A))

Effects of suramin and/or TGF-B1 on DNA synthesis
The effect of different doses of suramin was tested on seven
osteosarcoma cell lines. We used suramin concentrations of 0,
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50, 200 and 400 pg/ml, which have been shown to be clinically
achievable [14-16]. Cells were plated at 1x 10* cells/well in 96-
well plates in DMEM +10% FCS. After 24 h, wells were washed
extensively and serum-free DMEM was added. Cells remained
in serum-free medium for 48 h, after which different concen-
trations of suramin in serum-free medium were added. [3H]Thy-
midine was added (1.6 pCi/well) after 20 h. After a 24-h incu-
bation, DNA synthesis was measured by washing the cell layers
with phosphate buffered saline (PBS), precipitation of DNA
with 10% trichloroacetic acid (TCA), and dissdlving in sodium
hydroxide. Aliquots were counted using a liquid scintillation
counter. Experiments were performed in triplicate. Since our
main interest was in a possible autocrine loop in osteosarcoma
cells involving TGF-B, we investigated the effects of suramin on
DNA synthesis in these cells in the presence: and absence of
TGF-B1. Two representative human osteosarcoma cell lines
were studied: KHOS-2408S, for which DNA synthesis was shown
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DNA synthesis was shown to be inhibited down to 60% by TGF-
B1[13]. The kinetics of [*H]thymidine incorporation into DNA
in MG-63 and KHOS-240S cells that were treated with TGF-1
and/or suramin were measured. Cells were plated at 1x 10* cells/
well in 96-well plates in DMEM +10% FCS for 24 h. Cells were
then washed extensively and left in serum-free medium for 48 h.
Suramin (200 pm/ml) and/or TGF-B1 (1 ng/ml) was added in
serum-free medium. Then 4-h pulses of [*H]thymidine were
added after 6-h intervais for a period of 44 h. DNA synthesis
was measured as described above. Experiments were performed

im trimlicata
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Effects of suramin on TGF-B1 binding

TGF-B receptors were affinity-labelled as described by Mas-
sague [19]. Briefly, confluent cells in six wells were washed with
bicarbonate-free MEM, 25 mM Hepes pH 7.4, and 1 mg/ml
bovine serum albumin (BSA). '*I-labelled TGF-g1 (100 pM)
was added in the presence or absence of different amounts of
suramin (25, 600 pwg/ml). The plate was put on a rotating
platform for 2.5 h at 4°C. To show specificity of the binding, we
incubated a control with '?’I-labelled TGF-B1 and 100-fold

avecace nf 1inlabellad TGFRE.R1 Celle wara wachad and disuccini-

excess of unlabelled TGF-B1. Cells were washed and disuccini-
mydil suberate (cross-linking agent) was added. After 1 h, the
cells were solubilised using a mixture of Triton-X, Tris and
EDTA. The supernatant was centrifuged and stored at ~70°C
until use. The solubilised proteins were separated using
SDS-polyacrylamide gel electrophoresis under reduced con-
ditions on a precast 4-15% linear gradient gel (BioRad, New
York, U.S.A.). Gels were dried and X-ray exposed for 14 days
—70°C using an intensifying screen.

RESULTS

Effects of suramin on DNA synthesis

Suramin markedly inhibited DNA synthesis in a dose-depen-
dent manner in all seven osteosarcoma cell lines:tested, as shown
in Figure 1. Even at the low concentration of 50 pg/mli, there
was a significant inhibitory effect. Effects were shown to be
cytostatic rather than cytotoxic, as evaluated by direct micro-
scopic evaluation of cell viability using methyléne blue staining
(data not shown).

Figure 2 shows a time course of the effects of suramin (200 pg/
ml) and/or TGF-B1 (1 ng/ml) in two osteosarcoma cell lines.
These cell lines were representatives of cell lines with different
responses to TGF-B1. They were chosen after previous investi-

gations had shown that MG-63 was inhibited by TGF-B1,
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Figure 1. Dose-dependent effect of suramin on seven osteosarcoma

cell lines as determined by [*H]thymidine incorporation. Control

(untreated cells) is 100%. % of control=cpm (treated cells)/cpm

(untreated cells). Results represent mean of triplicate experiments
with a S.E.M. less than 5%.

180 —

_—
~
N
-

160 |-
140 -

% ot control growth

—_—
=
~

IZOI-—

o

% of control growth

Time (h)

Figure 2. (a) Time-course on effect of suramin (200 pg/ml) and/or

TGF-1 (1 ng/ml) on DNA synthesis in KHOS-240S osteosarcoma

cells as measured by [°’H]thymidine incorporation. Control (untreated

cells) is 100%. % of control=cpm (treated cells)/cpm (untreated cells).

Results represent mean of triplicate experiments with a S.E.M. less

than 5%. [ll TGF-B1; A suramin; O) TGF-B1 and suramin. (b) Same
for MG-63 osteosarcoma cells.
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whereas KHOS-240S was stimulated by TGF-g1 [13]. The
maximum DNA inhibitory effect of suramin on KHOS-240S
cells occurred after 30 h incubation, at which time the DNA
synthesis was only 10% of the untreated cells. After 30 h
incubation, we saw a gradual increase in DNA synthesis to a
value of 30% of its control value after 44 h. The inhibitory
effects of suramin were clearly attenuated by the presence of
TGF-B1 (1 ng/ml). TGF-B1 by itself showed a delayed kinetics
response with a peak after about 30 h, at which time the DNA
synthesis was 1.6 times that of its control value. This was
followed by a decline in mitogenic activity to 1.25 times that of
its control at 36 h, followed by an increase to 1.75 times of its
control.

Addition of suramin to MG-63 showed a gradual inhibition of
DNA synthesis over time. After 44 h of incubation with suramin
(200 pg/ml), DNA synthesis was only 10% of its value in the
untreated cells. The inhibitory effect of 1 ng/ml TGF-B1 alone
on MG-63 cells was maximum (40% inhibition) at 30 h after
addition, after which a gradual increase was seen. There was
virtually no difference between DNA synthesis inhibition in
MG-63 by treatment with suramin (200 wg/ml) alone or in
combination with TGF-B1 (1 ng/ml).

Effect of suramin on binding of TGF-B1 to iis receptor

In earlier experiments, we showed the presence of TGF-B1
binding receptors on the osteosarcoma cells tested [13]. We
sought to provide evidence that the inhibitory effects of suramin
on DNA synthesis were caused by inhibition of TGF-$ binding
to its receptor. We cross-linked !*I-labelled TGF-B1 to its
receptors, in the presence and absence of different concen-
trations of suramin. Figure 3 shows that suramin is able, dose-
dependently to prevent binding of TGF-B1 to its receptor on
MGH-OSA cells. Of interest is the fact that DNA synthesis in
MGH-OSA is inhibited by TGF-B1. Similar results were seen in
cell lines that were stimulated by TGF-B1 such as SAOS-2 (data

Type Il —p

Type H—»
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Figure 3. Affinity cross-linking of [1>I]JTGF-81 to MGH-OSA cells.

Lane 1=['I]TGF-B1 + 600 pg/ml suramin; lane 2=[>’IITGF-

B1 + 25 pg/ml suramin; lane 3=['IJTGF-B1 +excess unlabelled

TGF-B1; lane 4=["I)TGF-B1. The different TGF-B receptors
(types I, Il and III) are marked.
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not shown). As is shown in Figure 3, excess unlabelled TGF-
Bl prevented binding of #I-labelled TGF-B1 to its receptor
showing specificity of the binding.

DISCUSSION

The importance of autocrine growth control of malignant
cells, as popularised by Sporn and Todaro [7], is clearly recog-
nised as one of the promoters or initiators in certain tumours
[8-10]. Interference at the level of growth factor production or
growth factor stimulation could be a very attractive approach
in these tumours. Currently, however, treatments based on
interference of specific growth factor-mediated pathways are
practically unavailable. A prototype of a potentially useful drug
is suramin, an old anti-parasitic drug, which has been shown not
only to block the activity of enzymes that are critical for cell
growth and proliferation, such as DNA polymerase [17] and
reverse transcriptase [18], but more importantly, to inhibit
growth factor binding [14-16]. Among the growth factors it has
been shown to inhibit are epidermal growth factor (EGF) [20],
fibroblast growth factor (FGF) [20], platelet-derived growth
factor (PDGF) [21], TGF-B [20,22] and insulin-like growth
factor (IGF-I) [23-26]. Multiple studies have been published on
the inhibitory effects of suramin in vitro on DNA synthesis in
many different cell lines, all of which revealed similar results, in
that suramin had reversible inhibitory effects, most probably
due to interference of growth factor binding [20-27]. A few
studies have investigated the effects of suramin in vivo, results
of which were generally modest, although warranting further
investigation [14,15,28-30].

With bone being a large producer and storage site for TGF-
[12], and the known ability for auto-induction [2], we felt that
this growth factor was a logical candidate for autocrine growth
control in bone. Derangement of normal growth control by
abberant expression of TGF-B and/or receptors could lead to
tumorigenesis of bone cells, e.g. osteosarcoma. Previously we
have shown all the prerequisites for a TGF- involving autocrine
loop to be present in osteosarcoma cells {13]. The involvement
of autocrine processes is furthermore suggested by the ability of
the osteosarcoma cells to grow in a defined serum-free medium
containing no added growth factors.

If autocrine control has a role in the growth of osteosarcoma,
interference with binding of the key growth factor could be a
hypothetical therapeutic approach. Therefore, we investigated
the effects of suramin on seven different osteosarcoma cell lines.
Our results showed that suramin has a dose-dependent inhibitory
effect on all osteosarcoma cell lines tested. Qur experiments
clearly showed that the cell lines tested express specific cell
surface binding sites for TGF-B, to which binding of radioac-
tively labelled TGF-B1 was inhibited in the presence of suramin.
Whether this is caused by interference at the receptor level or by
binding of the growth factor in solution was not addressed. The
concentrations needed to prevent binding of TGF-B1 to its
receptor were in the same range as those inhibiting DNA
synthesis. These findings suggest that the DNA synthesis inhibi-
tory activity of suramin could be related to interference of
binding of TGF-B in osteosarcoma cell lines that are stimulated
by TGF-B (four of seven cell lines tested [13]). However, in
osteosarcoma cell lines that are inhibited by TGF-B1, such as
MG-63 and MGH-OSA, the inhibitory effect of suramin and its
relationship to TGF-B is not as easy to explain. If TGF-B1is the
only autocrine factor controlling MG-63 and MGH-OSA cell
growth, inhibition of TGF-B1 binding by suramin should theor-
etically lead to growth stimulation. In our experiments, this was
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not the case, since suramin resulted in growth inhibition of
MG-63 and MGH-OSA. This may be explained by suramin’s
“overruling” effect on cellular enzymes, such as DNA poly-
merase, thereby diminishing the effect of TGF-B blockage.
There might be other autocrine growth factors (in addition to
the inhibitory TGF-B) important for growth of these cell lines,
which is also suggested by the ability of MG-63 and MGH-OSA
to reach confluence under serum-free conditions (data not
shown). Recently authors have reported on suramin’s ability to
interrupt autocrine loops; Pollak reported that suramin blocks
the IGF-I-stimulated proliferation of MG-63 cells by inter-
ference with the interaction of IGF-I and its receptor [23];
Morocz speculated on suramin’s growth factor interference in
lung cell lines [26]; Minniti attributes suramin’s inhibitory
effects on rhabdomyosarcoma cells to interruption of IGF-II
autocrine growth loop [25]; and Ravera suggested a possible
therapeutic role for suramin in human breast tumours by
interruption of IGF-I binding [24]. Our current findings and
theirs are not contradictory, but emphasise that, tn vitro and even
more so in vivo, a very complex system of growth stimulating and
growth inhibiting factors is present, and binding of most of these
growth factors will be influenced by suramin. Moteover, suramin
also has multiple other effects on important enzyme systems,
which makes it hard to attribute effects of this drug to a specific
cellular location. To our knowledge, this is the first report on
the interaction of suramin and TGF-B1 on osteosarcoma cell
lines. We would like to emphasise that, although suramin can
have a potential role in management of autocrine controlled
tumorigenesis, its precise effects need further elucidation. How-
ever, at this time, suramin is a useful tool in cytokine and growth
factor research.

1. Roberts AB, Sporn MB. Peptide growth factors and their receptors.
In Roberts AB, Sporn MB, eds. Handbook of Experimental Pharma-
cology, Vol 95/1. Heidelberg, Springer-Verlag, 1990, 419-472.

2. Sporn MB, Roberts AB. Transforming growth. factor-f: recent
progresses and challenges. ¥. Cell Biol 1992, 119, 1017-1021.

3. Barnard JA, Lyons RM, Moses HL.. The cell biology of trans-
forming growth factor B. Biochim Biophysica Acta 1990, 1032,
79-87.

4. Battegay EJ, Raines EW, Seifert RA, Bowen-Pape DF, Ross R.
TGF- induces bimodal proliferation of connective tissue cells via
complex control of an autocrine PDGF loop. Cell 1990, 63, 515-524.

5. Massague J. Receptors for the TGF-B family. Cell 1992, 69,
1067-1070.

6. Todaro GJ, Delarco JE. Growth factors produced by sarcoma
virus-transformed cells. Cancer Res 1978, 38, 41474154,

7. Sporn MB, Todaro GJ. Autocrine secretion and - malignant trans-
formation of cells. NEFM 1980, 303, 878-880.

8. Sporn MB, Roberts AB. Autocrine growth factors and cancer.
Nature 1985, 313, 745-747.

9. Cross M, Dexter TM. Growth factors in development, transform-
ation, and tumorigenesis. Cell 1991, 64, 271-280.

10. Roberts AB, Thompson NL, Heine U, Flanders C, Sporn MB.
Transforming growth factor-B: possible roles in carcinogenesis. Br
¥ Cancer 1988, 57, 594-600.

11. Seyedin SM, Thompson AY, Bentz H, e al. Cartilage-inducing
factor-A. Apparent identity to transforming growth factor-3. ¥ Biol
Chem 1986, 261, 5693-5695.

12. Centrella M, McCarthy TL, Canalis E. Current concepts review.
Transforming growth factor-B and remodeling of bone. ¥ Bone Foint
Surg 1991, 73A, 1418-1428.

13. Kloen P, Jennings C, Gebhardt MC, Springfield DS, Mankin HJ.
Transforming growth factor-f receptor profile arid growth pattern
differ among eight human osteosarcoma cell lin¢s. In Novak JF,
McMaster JH, eds. Frontiers in Osteosarcoma Reseaych: Interdisciplin-
ary Survey of Clinical and Research Advances. Seattle/Toronto,
Hogrefe and Huber Publishers, 1993, 519-523.



682

14. Stein CA, LaRocca RV, Thomas R, McAtee N, Myers C.E.
Suramin: an anticancer drug with a unique mechanism of action. ¥
Clin Oncol 1989, 7, 499-508.

15. LaRocca RV, Stein CA, Danesi R, Myers CE. Suramin, a novel
antitumor compound. J Steroid Biochem Molec Biol 1990, 37,
893-898.

16. LaRocca RV, Stein CA, Myers CE. Suramin: prototype of a new
generation of antitumor compounds. Cancer Cells 1990, 2, 106-115.

17. Spigelman Z, Dowers A, Kennedy S, ez al. Antiproliferative effect
of suramin on lymphoid cells. Cancer Res 1987, 47, 4694-4698.

18. DeClerq E. A potent inhibitor to the reverse transcriptase of RNA
tumor viruses. Cancer Lett 1979, 8, 9-22.

19. Massague J. Methods in Enzymology. 1987, 146, 184-187.

20. Coffey R]J, Leof EB, Shipley GD, Moses HL. Suramin inhibition
of growth factor receptor binding and mitogenicity in AKR-2B
cells. ¥ Cell Phys 1987,132, 143-148,

21. Betsholtz C, Johnsson A, Heldin CH, Westermark B. Efficient
reversion of simian sarcoma virus-transformation and inhibition of
growth factor-induced mitogenesis by suramin. Proc Natl Acad Sci
USA 1986, 83, 6440-6444.

22. Wade TP, Kasid A, Stein CA, er al. Suramin interference with
transforming growth factor-B inhibition of human renal cell carci-
noma in culture. ¥ Surg Res 1992, 53, 195-198.

23. Pollak M, Richard M. Suramin blockade of insulin-like growth
factor I-stimulated proliferation of human osteosarcoma cells. ¥
Natl Cancer Inst 1990, 82, 1349-1352.

@ Pergamon

P. Kloen et al.

24. Ravera F, Miglietta L, Pirani P, Ferrini S, Favoni RE. Suramin-
induced growth inhibition and insulin-like growth factor-I binding
blockade in human breast carcinoma cell lines: potentially related
events. Eur ¥ Cancer 1993, 26, 225-230.

25. Minniti CP, Maggi M, Helman L]J. Suramin inhibits the growth of
human rhabdomyosarcoma by interrupting the insulin-like growth
factor II autocrine loop. Cancer Res 1992, 52, 1830-1835.

26. Morocz IA, Lauber B, Schmitter D, Stahel RA. In vitro effect of
suramin on lung tumour cells. Eur ¥ Cancer 1993, 29A, 245-247.

27. Foekens JA, Sieuwerts AM, Stuurman-Smeets EM], Dorssers LCJ,
Berns EM]J], Klijn JGM. Pleiotropic actions of suramin on the
proliferation of human breast-cancer cells in vitro. Int ¥ Cancer 1992,
51, 439444,

28. Walz TA, Abdiu A, Wingren S, Smeds S, Larsson S, Wasteson A.
Suramin inhibits growth of human osteosarcoma xenografts in mice.
Cancer Res 1991, 51, 3585-3589.

29. Motzer R], Nanus DM, O’Moore P, et al. Phase II trial of suramin
in patients with advanced renal cell carcinoma: treatment results,
pharmacokinetics, and tumor growth expression. Cancer Res 1992,
52, 5775-5779.

30. Klijn JGM, Setyono-Han B, Bakker GH, et al. Growth factor-
receptor pathway interfering treatment by somatostatin analogs and
suramin: preclinical and clinical studies. ¥. Steroid Biochem Molec
Biol 1990, 37, 1089-1095.

Acknowledgements—Peter Kloen was supported by the Netherlands
Foundation “Stichting De Drie Lichten”.

European Journal of Cancer Vol. 30A, No. 5, pp. 682-686, 1994
Elsevier Science Ltd
Printed in Great Britain

0959-8049(94)E0030-8

Growth Inhibition of Oestrogen Receptor-positive
Human Ovarian Carcinoma by Anti-oestrogens In
Vitro and in a Xenograft Model
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and W.R. Miller

This paper presents results of the in vitro and in vivo effects of anti-oestrogens on the growth of human ovarian
cancer cells. Tamoxifen and the “pure” anti-oestrogens, ICI 164,384 and ICI 182,780, inhibited the oestrogen-
stimulated growth of the oestrogen receptor (ER)-positive PE04 and PEO1 cell lines grown in culture, the latter
two compounds being more potent than tamoxifen. In the absence of 17B-oestradiol (E,), tamoxifen, but not the
pure anti-oestrogens, produced a small degree of growth stimulation in the PE01 and PE04 lines at concentrations
between 10~7 and 10~° M. In contrast, growth of the ER-negative PE014 line was unaffected by E, and all three
anti-oestrogens. The effects of tamoxifen and ICI 182,780 on PE04 cells grown as xenografts in nude mice were
also studied. Both anti-oestrogens produce significant growth inhibitory effects. These results indicate that
ovarian carcinoma cells may be sensitive to anti-oestrogens in vitro and in vivo, and support the view that anti-
oestrogens merit further clinical studies in patients with ER-positive tumours.
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INTRODUCTION
THE ROLE of anti-oestrogens in the treatment of ovarian cancer
remains controversial. The presence of oestrogen receptors (ER)
in 67% of ovarian adenocarcinomas (reviewed in [1]) suggests
that this disease might be responsive to anti-oestrogen therapy,
and several small clinical trials with tamoxifen have reported

response rates of between 6 and 36% [2-7], although others
have not observed any benefit [8-11]. Many of these studies
concluded that, although the response rate to tamoxifen is low,
there is a group of patients who could benefit from anti-oestrogen
therapy. In this respect, it is interesting that an association
between the presence of ER and tumour response has been



