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Hormones and growth
factors in breast cancer
W. R. Bezwoda, L. Seymour, R. Dansey, D. Dajee,
N. Mansoor
Hormonal treatment of cancer began in 1896 when Beatson
described the use of oophorectomy for treatment of
inoperable breast cancer.' Ablative endocrine therapy,
removing sources of oestrogenic hormones, either by
oophorectomy or by ablation of extra-ovarian sites of
oestrogenic hormone production, became the major
therapeutic modality for patients with advanced breast
cancer prior to the introduction of chemotherapy (Table I).
In the 1940s, Huggins and co-workers' demonstrated that
castration could achieve a response rate of around 30% in
metastatic prostate cancer. These studies led to the theory
that certain hormones were somehow necessary for the
growth of specific cancers.
Table I. Endocrine treatment for advanced breast cancer

Response rate
(%)

Ablative therapy
Oophorectomy
Adrenalectomy
Hypophysectomy
Ad6itive therapy
Androgens
Oestrogens
Progestogens
Glucocorticoids

29

28
33

Response duration
(mths)

33
25
25

18

26

36

29

32
19

30
19
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Additive hormonal treatment (Table I) became available
during the 1950s with the commercial production of steroid
hormones. Since involution of the embryological breast bud
which develops in all early, sexually undifferentiated
embryos3 was known to occur under the influence of
androgens it was perhaps not surprising that androgens
could cause regression of female breast cancer. More
surprising perhaps was the finding that oestrogens;" which
appeared to be necessary for the maintenance and growth
of breast cancer in younger women, could also be
beneficial, albeit usually in older, postmenopausal women.
Other steroid hormones such as the gestagens and modified
androgens such as danazol are also active.
The term 'changing the hormonal milieu' was coined to
indicate a hypothetical alteration between growthstimulatory and as yet (undefined) growth-inhibitory
hormonal influences.
During the 1960s much effort went into attempts to define
levels of plasma hormones or of total hormone production
as measured by urinary excretion of sex steroids; this was
intended to provide an index of hormone responsiveness
and prognosis in breast cancer." Ultimately none of these
tests achieved any real measure of success since these
investigations focused on patient determinants rather than
the nature of the tumour. However, several clinical features
were defined which provided some guidelines for hormone
treatment of breast cancer (Table 11). In the absence of more
specific information, these clinical guidelines remain useful.
Table 11. Clinical features and response to hormone treatment in
advanced breast cancer

Favourable

Unfavourable

Age> 60
Postmenopausal
Long disease-free interval
Bone, skin, node

Age < 45
Premenopausal
Rapid development of metastases
Visceral metastases

Hormone receptors and the
response of breast cancer to
hormonal manipulation
Of course breast cancer is not the only tissue responsive to
oestrogens. Normal breast and uterine tissue responds to
oestrogens while at the same time oestrogenic hormones
have no apparent effect on the growth of other organs. Early
studies using both animal and human models helped to
define oestrogen-'responsive tissues and to demonstrate the
association of a targeting mechanism with specific
accumulation against a concentration gradient of oestrogen
in responsive tissues.'
The first successful methods of measuring potential
hormone responsiveness were based on the phenomenon of
binding of oestrogen, and involved the use of a specific
cellular receptor with high affinity' for oestrogen that was
able to recognise and competitively bind it.· A specific
oestrogeA receptor (ER) was subsequently found in
oestrogen-responsive tissues and in a proportion of breast
tumours that were excised and kept fresh enough for the
phenomenon to be demonstrated by a number of 'ligandbinding' methods.·'"
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These methods were the first to offer a rational
explanation for hormonal effects on breast cancer. The early
model of steroid hormone action suggested that oestrogen
would penetrate the cell membrane, bind to a cytoplasmic
receptor and that the complex would then be translated to
the cell nucleus where the hormone-receptor complex would
interact with the genome to induce changes in cell function
and growth. Among the recognisable changes induced by
oestrogens is the induction of mRNA followed by synthesis
of the progesterone receptor (PR) protein.
Both early and subsequent studies showed that only
some breast cancers are ER-positive. There is an inverse
relationship between the age of the patient in whom the
tumour develops and the likelihood of ER expression. This
relationship parallels the previously observed rate of
hormonal responsiveness of about 30% for breast cancer in
premenopausal women, to some 50 - 60% for breast
cancers in postmenopausal women in the sixth and seventh
decades of life.
In South Africa, with its varied population and varied
distribution of cancer, not only breast cancer incidence but
also ER expression have been found to be different in different
racial groups. The frequency of breast cancer in black women
is about one-quarter of that in whites (Table 111),12 although
there is evidence that the frequency of breast cancer in the
black population is rising. In addition the pattern of breast
cancer, including age distribution, stage at presentation (Table
IV), hormonal receptor status and overall prognosis, appears
to be different in the different ethnic groups."'" The lower
frequency of receptor-positive tumours in black women with
breast cancer cannot, however, be explained by the age
distribution alone, since this difference is present even when
ER expression is analysed by decile (Table V).
Table Ill. Breast cancer incidence in various female ethnic groups
in South Africa, 198812

All groups
Asian
Black
Coloured
White

No.

%

Per
100000

ASIR

Risk
(1 in x no.)

3324
104
998
317
1834

15,6
23,3
11,74
17,56
18,15

18,62
22,53
7,57
19,97
69,13

27,6
26,45
14,35
29,13
58,76

31,95
37,96
56,37
30,62
15,96

ASIR = Age-specific incidence rate.

Table IV. Distribution of breast cancer stage by ethnic group"
Blacks

Whites

Stage

No.

%

No.

%

1
2
3
4

6
138
408
311

0,7
16,0
47,3
36,0

183
531
319
233

14,4
42,0
25,2
18,4

863

100

1266

100

Total

Even when stage and race are taken into account, breast
cancer in black women appears to be a more aggressive
disease (Table VI) and if the increasing incidence and this
pattern of tumour behaviour continue, breast cancer will
indeed be a major health problem in South Africa in the
future.
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Table V. ER status analysed by ethnic group and age (deciles)"
Black
Decile

ER status

20 - 29

%

No.

%

ER+
ER-

9
11
20

45
55

3
5
8

38
62

ER+
ER-

44
50
94

47
53

17
24
41

41
59

59

51
49

67
44
111

60
. AO

85

63
37

Total
30 - 39
Total
40 - 49

ER+
ER-

- 56

Total
50 - 59

115
ER+
ER-

44
48
92

42
58

ER+
ER-

47
48
95

49
51

ER+
ER-

18
-8
26

69
31

112
45
157

71
29

ER+
ER-

6
2

75
25

29
-9
38

76
24

Total
60 - 69
Total
70 -79
Total
80+

White

No.

-

Total

-50

135

8

141
-58
199

...:..
:.'

:.

71
29

<

Difference significant for deciles 40 - 49 and 50 -59 years.

Table VI. Multivariate analysis of breast cancer survival including
age, ethnic group, T, N and OR"
Variable
T
N
ER
Race
Age

Co-efficient

SE

P-value

0,4529
0,4448
0,4582
0,3708
- 0,0098

0,0958
0,0824
0,1475
0,1664
0,0056

< 0,0001
< 0,0001
< 0,00-1
= 0,007
= 0,78

AnalysiS based on 1 139 patients with breast cancer seen at the Breast Clinic,
Johannesburg and Hillbrow hospitals, University of the Wrtwatersrand.

Oestrogen-receptor blocking
agents and hormone treatment
of breast cancer
The introduction of tamoxifen, the first of the nonsteroidal,
OR blocking agents, into the therapeutic armamentarium
against breast cancer had some major therapeutic
advantages,'· not because tamoxifen works more frequently
than other hormone manipulations but because of the
relative lack of side-effects. The initial theory was that
tamoxifen exerted its effects through a specific block of the
hormone/receptor interaction within the cytoplasm of the
tumour cell.
There is a clear relationship between response to
tamoxifen therapy and the hormone receptor status of the
tumour, and between the level of receptor expression and
both response rate (Fig. 1) and response duration."·l7
King and Greene'· were the first to demonstrate, by using
immunocytochemical techniques with a monoclonal
antibody directed against the isolated and purified ER, that
specific ER localised to the nucleus rather than the
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Table VII. Defined growth factors, source and target cell population

PERCENTAGE RESPONDING
100-. All

80-

60

El

Other

('SI

Liver

-!Cl

40 -

20-

o-

Lungs &

D

Bone

E:J

Soft Tissue

..ibI f1l

~=z=I.<rfllCJJ ~
<3

3-10

10.1- 30

30.1 -300

>300

Name

Source

Target cell

Platelet-derived
growth factor
(PDGF)

Human
platelets

Fibroblasts
Glial cells
Smooth-muscle cells

Epidermal
growth factor
(EGF)

Mouse
submaxillary
gland

Fibroblasts
Epithelial cells
Epidermal cells

Nerve
growth factor
(NGF)

Mouse
submaxillary
gland

Sympathetic nerve
Endothelial cells
Chondrocytes .

Transforming
growth factors

Transformed cells
Solid neoplasms
Human placenta
Human platelets

Transformed cells
Fibroblasts
Epithelial cells

ER Concentration fmol/mg Protein
Fig. 1. Relationship between level of tumour ER and response to
therapy with tamoxifen. The response at all metastatic sites is
related to tumour ER level."

cytoplasm of the malignant cell. One spin-off of this work
was that ER can now be determined either by measuring the
protein itself by immunoassay or by demonstrating its
presence in the malignant cells by immunocytochemical
methods rather than measurement of the oestrogen (Iigand)binding capacity of cytosol preparations which may contain
variable mixtures of tumour and non-malignant stromal
cells.'9-21 Antibody-based methods of ER estimation have
generally begun to replace ligand-binding methods.
The change of localisation of the receptor can be
accommodated reasonably easily in the outline of hormone
action referred to earlier. What had previously been measured
in the cytoplasm was nuclear receptor leaking out as cells
were disrupted during the process of preparation for analysis.

Hormone growth factor
interactions
Based on studies with the MCF 7 breast cancer cell line, a
cell line which displays hormone receptors and which is
responsive both to growth stimulation by oestrogens and to
growth inhibition by tamoxifen, Lippman and co-workers
first showed a relationship between hormones and growth
factors in breast cancer. 2223
Growth factors are small peptides of between 10 000 and
20 000 daltons produced by a range of cells and tissues
which serve to regulate growth and differentiation!·-2' A
number of these factors (Table VII) have been isolated and
purified; more recently, genes coding for these factors have
been cloned. Aberrant expression of growth factors or
insertion of genes for growth factors into cells in an
unregulated fashion was, from the inception of this field of
research, considered to be a possible mechanism for
stimulation of tumour growth.
Growth factors were also shown to have specific cellular
receptors. 29 The interaction of growth factor and receptor
serves as a signal for cellular responses, most prominent
among these being cell growth. Aberrant receptor
expression or receptor-like function could also conceivably
be a cause of tumour growth.

Indeed, several growth factors or their receptors have
been identified as products of oncogenes - those genes
thought initially to be specifically involved in the genesis of
cancer, but now increasingly recognised as important
cellular control genes in normal cells.
Not just stimulation of growth of pre-existing tumours but
indeed tumour-like behaviour in normal or at least otherwise
fairly normal cells can be demonstrated as a result of the
action of certain growth factors.= This property leads to
the definition of so-called transforming growth factors.
Growth factors (including transforming growth factors)
may also exert negative effects and inhibit growth of specific
types of cell. The functional expression of growth factor
effects is influenced both by the type of receptor and the
cell or tissue under consideration."
The model proposed by Lippman and co-workers was that
hormonal effects on growth of MCF 7 cells were indirect, Le.
they entailed stimulating the elaboration and release of either
growth-stimulatory or growth-inhibitory factors. In the MCF 7
cell line, TGFu (induced by oestrogens) acts as a positive
growth signal while TGFf3 (upregulated by tamoxifen) appears
to act as a negative growth factor (Fig. 2).34.35 This model is an
example of the wider field of autoregulatory phenomena and
autocrine growth stimulation. 36 .37
Estrogens

Tamoxifen
?TamR

_+---t-?ER

Estrogen

Autocrine
Inhibition

Fig. 2. Hormone/growth factor interactions in breast cancer
based on MCF 7 cell line model. Oestrogenic stimulation results
in production of a positive growth factor TGFa while tamoxifen
administration results in elaboration of an inhibitory growth
factor TGFI3.

We also need to look at the problem the other way
around. Loss of hormone responsiveness may sometimes
be due to loss of receptor as clinical tumour progresses or
in tissue culture as hormone resistance is induced. 38 This is,
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however, not always so. Oestrogen receptor may still be
present when hormone treatment has failed, while some
tumours may still respond to hormone manipulation with
another type of hormone treatment. In a previous study from
this institution'· it was demonstrated that response to a
second course of hormone treatment is significantly related
to tumour cell ploidy (a measure of the quantity of DNA per
cell), with diploid tumours tending to respond to a second
round of hormone treatment while aneuploid tumours usually
fail to respond. These studies suggest that loss of hormone
responsiveness is a phenomenon which occurs in tumour
cell populations that have undergone considerable mutation.
Another issue arises from receptor expression and may be
related to the concept of continuing cell mutation. This is the
problem of the hormone receptor-positive tumour not
responsive to hormonal treatment. The predictive value of
positive ER is less than absolute. In fact, the overall
probability of response to hormone treatment even in
patients with ER-positive tumours is about 50%. Are the
receptors mutated in these instances? Different domains or
regions of the receptor molecule, including both a DNAbinding domain and a hormone-binding domain, can be
defined."" Receptor measurement by methods dependent on
demonstration of the hormone-binding site, either its
capacity to bind oestrogen or by means of an antibody
directed specifically against the portion of the recertor that
binds oestrogen, may fail to give information on the entire
receptor molecule and its functional capacity. The portion
that binds to DNA may be mutated or abnormal and either
cause or fail to induce gene activation, irrespective of
whether hormone binding occurs. Receptor mutations have
indeed been identified but the frequency of such mutations
and the definition of specific types of mutations require
further investigation.

The involvement of growth
factors other than TGFs in
clinical breast cancer
How representative are the results with the MCF 7 cell line,
and are the two growth factors which seem to be of prime
importance for stimulating or suppressing growth of these
cells the only ones of major importance in clinical breast
cancer?"
Evidence shows the in vivo situation to be more complex.
Other growth-promoting factors may also be involved in
clinical breast cancer. One such factor of current interest is
the cERB2-HER2Ineu oncogene product. This cellular gene,
which was first described in a carcinogen-induced rat
neuroglioblastoma42 and which is homologous with a gene
(v-ERB) isolated from cells infected with the avian
erythroblastosis virus, has been the subject of extensive
investigation.'" Overexpression of the cERB2 gene as
determined by molecular biological techniques involving
quantitative mRNA analysis using PGR appears to be an
adverse prognostic factor in breast cancer.""" The protein
encoded by the cERB2-HER2Ineu gene has recently been
identified, and structurally appears to belong to the group of
growth factor receptors.
cERB2 expression can now be demonstrated by
immunochemical techniques, using antibodies directed
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against the gene prodUCt." The cERB2 protein on the cell
membrane may, when overexpressed by cancer cells, be
stimulated by other growth factors such as epidermal
growth factor, which can cross-react with this receptor.
There may also be a specific ligand for this receptor
produced by the tumour cells themselves. This ligand (itself
a membrane protein) appears to require proteolytic cleavage
from the cell membrane before it can activate the receptor
and act as a growth factor.
While cERB2 mRNA overexpression appears to be an
adverse prognostic factor in breast cancer, the relationship
between cERB2 protein expression and progression of.
breast cancer is more complex. An apparently paradoxical
finding is that membrane staining for cERB2 protein appears
to be most intense in intraduct carcinomas which have not
.as yet penetrated the basement membrane and which are
thought to represent the earliest and least aggressivl3- forms
of breast cancer. The development of micro-invasion is
usually associated with a decrease in the intensity of cERB2
staining.
Soluble cERB2 protein, possibly derived from the cell
membrane by proteolytic cleavage or produced by the cells
as a truncated receptor molecule, has also been found in
the serum of approximately 14 - 30% of patients with breast
carcinoma.·7 A recent study undertaken at the University of
the Witwatersrand showed that there was no correlation
between tissue expression of cERB2 protein (as detected by
immunostaining) and the presence of soluble cERB2 protein
in serum." Furthermore, while tissue expression of cERB2
protein had no influence on prognosis of patients with
advanced breast cancer, patients who had soluble cERB2
protein in the serum had a significantly poorer prognosis
(Fig. 3). It is possible that soluble cERB2 protein acts as a
binding protein for other growth factors, resulting in
preferential delivery of as yet unknown growth-stimulatory
factors to the tumour cells. In this regard, the function of
soluble cERB2 protein may be similar to that of the soluble
interleukin-6 (IL-6) receptor which appears to be necessary
for IL6 binding to the myeloma cells for which it is a growth
factor.
1.0

0.8

0.6

0.4

0.2

o

0.0

o

10

20

30

40

50

60

70

80

Survival (months)
Fig. 3. Influence of the presence (0) or absence (e) of soluble
cERB2 on survival in advanced breast cancer. The difference was
statistically significant - P 0, 002 (log rank), P 0,01 (Wilcoxon)."
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Another growth factor which may be involved in
progression of breast cancer is platelet-derived growth
factor (PDGF).48.4 ' We have found elevated levels thereof in
the serum of patients with more advanced and more bulky
disease. 50 Immunocytochemical studies have also
demonstrated PDGF expression in cytological material from
breast tumours as well as a correlation between PDGF levels
and expression and prognosis in advanced breast cancer
(Fig. 4).0,·52 While these findings suggest involvement of
PDGF in breast cancer progression, the demonstration of
receptors for PDGF, particularly in breast cancer cell lines
and breast tumours, has been more difficult and appears to
be complicated by the presence of apparently activated
intracellular receptors and possible internal autocrine
pathways. We are currently investigating whether clinical
breast tumour specimens express the PDGF receptor.
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Fig. 5. Proposed model of tumour/stromal cell interactions. The
hypothesis is that oestrogenic stimulation of surrounding stromal
or breast epithelial cells results in elaboration of positive growth
signals (paracrine) for tumour cells.
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Fig. 4. Influence of tumour PDGF expression on prognosis in
advanced breast cancer. The survival of patients whose tumours
showed positive immunostaining for PDGF was significantly
shorter than that of patients who have tumours that are PDGF
negative. 57

Another avenue of research is just beginning to open up
- interaction of tumour cells and stroma. It must always be
remembered that cancer occurs against a background of
non-cancerous stromal cells. The two components can, and
evidently do, interact.
Recent studies53.'" have shown that in patients with clinical
breast cancer who are given tamoxifen, it may be the
stromal cells rather than the cancer cells that respond by
showing increased immunostaining for TGFI3. This finding
may offer an explanation for the puzzling finding in clinical
studies that in the adjuvant treatment setting, tamoxifen
appears to be effective, at least to a degree, even in patients
who have ER-negative tumours.
Tamoxifen thus appears to be able to influence the
function of stromal cells such as fibroblasts. Stromal cell
production of growth-suppressive factors may be sufficient
to suppress the growth of a subcritical tumour burden.
We hypothesise that this process may also work the other
way around and that tumour cell production of PDGF may
well induce positive growth signals from stromal fibroblasts
which are known to have PDGF receptors (Fig. 5).
Fibroblasts are able to produce insulin-like growth factor
(IGF) and TGFa in response to PDGF stimulation. 53 The
malignant cells may in turn respond to these positive growth
factors produced by the stromal cells. Such malignant
cell/non-malignant cell interactions may hold the key to our
future understanding of cancer progression.

Another area of the hormone/growth factor axis requires
further investigation. It is believed that oestrogens are not only
involved in the progression of cancer but are of importance in
the genesis of breast cancer. 55.56 Are we to believe that
oestrogenic hormones are only involved in the growth of
hormone receptor-positive tumours? After all, women who
develop ER-negative breast cancers are still women and still
have oestrogens. Various lines of evidence suggest that the
relationship involves not only the tumour cell ER.57.58 Breast
tumours accumulate as well as synthesise oestrogens from
oestrogenic precursors, irrespective of the hormone receptor
status of the tumour. 59 Miller arid O'Neill have shown that the
residual, histologically normal tissue in the quadrant of the
breast in which the tumour arises generally has a higher
content of the enzyme called aromatase, responsible for
converting androgenic precursors to oestrogens. 5O Is such
oestrogen accumulation merely an epiphenomenon of the
malignant phenotype? We have demonstrated a relationship
between the oestrogen content of the tumour-bearing area
and prognosis of breast cancer,. a relationship independent of
tumour hormone receptor content (Fig. 6).·'
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Fig. 6. Influence of tumour hormone content on breast cancer
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Furthermore, in the course of a study based on the
premise that if tumour cells can be induced to proliferate
temporarily by switching them on with a growth signal (in
this case oestrogen) they may be more sensitive to the
effects of chemotherapy, we found that ER-positive as well
as ER-negative tumours showed an increase of the
proliferative index. 62 These findings suggest some nonreceptor-mediated effect of oestrogen on breast cancer cells
themselves or on the surrounding non-malignant stromal
cells, including non-malignant breast epithelial cells, which
might be induced to produce positive growth signals for
ER-negative but growth factor-responsive tumours.
Future studies will need to look at the entire complex of
tumour-plus-stroma and to recognise that clinical breast
cancer is merely part of a more widespread field abnormality
which forms the background for competing hormonal and
growth-factor stimUli. The eventual emergence and
progression of a particular cell that gives rise to clinical
breast cancer is probably determined by the interaction of
these effects and remains influenced by them.
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