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COpinion

Adrenal androgens and human breast cancer: A new appraisal

.. . they are ill discoverers that think there is no land when they can see nothing but sea.
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Summary

A clearer picture of the role of adrenal androgens in the etiology of breast cancer is beginning to emerge.
Women who develop breast cancer in premenopausal years tend to have subnormal scrum levels of adrenal
androgens, while subjects who develop the disease in postmenopausal years have supranormal levels of these
hormones. Androgens, by acting via the androgen receptor, oppose estrogen-stimulated cell growth in preme-
nopausal years. In postmenopausal women, elevated adrenal androgen levels stimulate cell growth by the
action ol the unique adrenal androgen 5-androstene-3B,173-diol, also termed hermaphrodiol, viaits combina-
tion with the estrogen receptor in a hormone milieu lacking, or having low concentrations of, the classical

estrogen 17p-estradiol.

Introduction

Within the broad field of hormones and breast can-
cer, perhaps no other area has had such a chequered
and stormy history as that of the role of the so-called
adrenal androgens in the etiology of the disease.
The adrenal androgens are comprised of a group of
Csteroids:  dehydroepiandrosterone sultate
(DHEAS), dchydrocpiandrostcrone (DHEA), 5-
androstene-3f.17p-diol (ANDROSTENEDIOL),
and 4-androstencdionc (ADIONE). Despite the
finding that DHEAS was secreted by the human
adrenal by Beaulieu et al. in 1965 [1], and quantita-
lively ts the most important steroid in human blood,
the exact role of this hormone remains an enigma.

Studies aimed at establishing a possible link be-
tween adrenal androgens and human breast cancer
first appeared in 1957 | 2] when measurements of 11-
deoxy-17-ketosteroids in urine were made; these
being chicfly derived from mctabolism of adrenal
androgens. Many studies were reported over the
subscquent decade, Some were aimed at determin-
ing a discriminant, based on the ratio of il-de-
oxy-17-ketosteroids to 17-hydroxycorticosteroids in
the urine of breast cancer subjects, as a guide Lo pre-
dicting results of hormone ablative procedures such
as adrenalectomy and hypophysectomy, The results
of these studies were discussed as part of an excel-
lent review on hormone profiles and the epidemiol-
ogy of brecast cancer by Zumotf [3]. Suffice it to say
the data on urinary steroid hormone metabolites
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were very controversial and could probably be ex-
plained by distortions due to the non-specific effect
ot illness, or operative stress. As an example, oper-
ative stress, such as mastectomy prior to urine col-
lection, was shown 1o alter the pattern of adrenal
androgen metabolites. 16-hydroxylated-5-andros-
tenes were formed in relatively large amounts, and,
as these do not react with the Zimmerman rcagent
normally used in the assay of 17-ketosteroids at the
lime, incorrect interpretations of adrenal androgen
production were made [4].

Problems such as those described above do not
apply to prospective studies based o hotione as-
sessment of urine collected from healthy subjects.
Three such prospective studies, cach involving
5.000 healthy women on the island of Guernsey,
were carried out in a remarkable study by Bulbrook
and his colleagues between 1961 and 1986 [5]. Urine,
and later blood, samples were collected, stored fro-
zen, and when breast cancer occurrcd in subscquent
years, they were subjected to endocrine analysis
and comparison madc with a number of controls
suitably matched for age, weight, parity, ete. In the
first study, the main urinary mectabolites of
PHEAS, ie. etiocholanolone and androsterone,
were assayed in 110 women who subscquently de-
veloped hreast cancer and 13335 women who did not.
Results from women who developed the discase in
the first 9 years of the study, and were mainly pre-
menopausal, showed they had significantly lower
levels of urinary androgen metabolites than age-
matched controls. Howcver, as the follow-up con-
tinued over 25 years, the results became less clear
cut. Women with androgen meiabolites al the lower
end of the normal range generally had a diagnosis of
their discasc in the lale-premenopausal period;
those with higher levels developed breast cancer at
older ages [3]. In analysing their overall data, Bul-
brook and Thomas |6] concluded that low blood
lcvels of androgens. as reflected in subnormal ex-
cretion of their metabolites, arc markers for rapid
tumor growth. Androgens may be acting to inhibit
tumor growth and therefore time of onset of the ac-
tual appearance of a tumor, the hormone cnviron-
ment influencing the growth rate of a clone of ne-
oplastic cells initiated by previous carcinogenic
events.

With the advent of radioimmunoassay tech-
nigucs, serum concentrations of adrenal androgens
were able to be determined in breast cancer sub-
jects and controls. Although no general conclusions
were reached, the trend was towards a lower con-
centration of these hormones in breast cancer cases,
but again stress of operation was not considered,
nor was menopausal status recorded, in many cases
13]. In one carcfully controlled study, DHEA and
DHEAS were measurced in pooled 24 hr scrum
samples, collcction being made every 20 min. Sub-
jects were 11 women with primary operable breast
cancver aged 31 (0 78 years und controls were 37 nor-
mal women aged 21 to 75 years. In contrast to the
marked decline in adrenal androgens with age in
the blood of normal women, the concentrations of
both stcroids were age invariant in the cancer pa-
tients: the premenopausal patients had subnormal
while the postmenopausal patients had supranor-
mal levels of cach steroid hormone [7].

More recently, the results of two prospective
studies have been published wherein analyses were
determined on serum samples stored in blood
banks. Inthe first of these, serum was ebtained from
the Washington County, Maryland, serum bank,
which holds spccimens rom 25,620 volunteers col-
lected in 1974, Such hanks are unique and the policy
is lo allow analyses ol 30 cascs and appropriate con-
trols; if statistically significant rcsults arc achicved,
the study stops. Gordon et al. [8] measured serum
levels of DHEA and DHEAS in 30 postmenopau-
sal women who subsequently, at least 9 years later,
developed breast cancer, and in 59 matched con-
trols. Signilicantly clevaled serum DHEA levels
were found among cases prior to diagnosis com-
parcd 1o controls. DHEAS Icvels were slightly in-
creased among cases. In a parallel investigation in-
volving 15 women who developed breast cancer
while still in their premenopausal vears, the risk ra-
tio lor women in the highest tertile, compared to the
lowest tertile of serum DHEA, was (0.4 with a sug-
gestion of a dose-response trend with increasing
levels. No consistenl associalion between serum
DHEAS and risk of premenopausal breast cancer
was evident [9].

In a very recent study, Dorgan et al. [10] mea-
sured DHEAS, DHEA, and ANDROSTENE-
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Figure /. The decrease in serum levels of adrenal androgens with
advancing age in normal women is contrasted with the age invar-
iant behaviour scen in women with breast cancer, or at higher
risk of developing the diseasc.

DIOL in serum samples from the Columbia Mis-
souri Breast Cancer Serum Bank. Scventy one
healthy postmenopausal volunteers, not taking re-
placement estrogen when they donated blood, sub-
scquently developed breast cancer up to 10 ycars
later. Two randomly sclected controls, who were al-
so postmenopausal and not taking estrogen, were
matched to each casc on cxact age {date £ 1 year)
and time (+ 2 hours) of bload collection. Significant
gradients of incrcascd risk of breast cancer were ob-
served for increasing concentrations ofl DHEA and
ANDROSTENEDIOL. Women whose serum [ev-
els of these hormones were in the highest quartiles
were at significantly clevaled risk compared to
thosc in the lowest. The relationship of DHEAS Lo
breast cancer was less consistent, but women with
levels in the highest quartile also exhibited a signif-
icantly elevated risk ratio.

All of the above prospective studics arc then in
peneral agrecement; lowered levels of adrenal an-
drogens being associated with risk of breast cancer
in premcnopausal years and elevated levels with
risk of developing breast cancer in postmenopausal
vears (Figure 1),

Both DHEA and ANDROSTENEDIOL arc
mainly derived by peripheral conversion from
DHEAS [11] secreted by cells of the zona reticularis
of the human adrenal [4]. Although ANDROSTE-
NEDIOI. is a memher of the adrenal androgen
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[amily, it was shown to possess unique estrogenic
propertics by Huggins et al. in 1954 [12]. At physio-
logical concentrations, it is cstrogenic in a wide va-
ricly ol experimental systems, including the stim-
ulation of growth ol human mammary cancer cells
in culture, This action occurs by combination with
the estrogen receptor (ER) and withoul prior con

version to estradiol [13-16]. There are some other
remarkable similarities between ANDROSTENE-
DIOL and estradiol which nced to be mentioned.
These involve the transtormations which the two
hormones undergo when ¢xposcd to human mam-
mary cancer cells in culture. Firstly, both steroids
are converted to biologically inactive csters by com-
bination with a variety of long-chained fatty acids,
These esters, which arc rctained within the cell,
then undergo a slow transformation to release the
biologically active {ree hormone. In this manner,
occupancy of the ER can be maintained — a process
thought to be necessary for hormone-stimulated
DNA synthesis and cell replication, Secondly, ¢him-
ination of hormonc from the cell, necessary for sig-
nal termination, occurs mainly by formation of wa-
ter-soluble sulfate csters catalvsed by two separate
sulfolransferase enzymes. One is specific for phe-
nolic estrogens such as cstradiol, and the other for
hydroxysteroids such as ANDROSTENEDIOL.
Both enzymes arc under estrogen control, have a
very high affinity for their respective steroid sub-
strates, and show cooperativity in their binding.
These enzymes may serve to eliminate the hormone
trom the cell after processing of the ligand-charged
receplor [17].

Rochcfort and Garcia [18] demonstrated that
high concentrations of potent androgens such as
So-dihydrotestosicrone (12H L), could act as estro-
gens via combination with ER, The concentrations
required to inducce cstrogenic effects were far high-
er than those required to saturate the androgen re-
ceptor (AR). Such results were of paramount im-
portance in acceptance of the proposal thatl the
specificity of response to steroid hormong, in a de-
fined Larget tissue, is determined by interaction of
charged receptor with nuclear components, and not
by the nature of the hormone complexed 1o this re-
ccptor. Estrogenic and antiestrogenic activities of
androgensin female target tisses were the subject of
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Figure 2. Diagrammatic presentation of binding of sex hormones 1o ER and AR in transformed mammary epithelial cells, In premeno-
pausal women, high concentrations of estradiol {E) bind with high affinity to ER resulting in a stimulation of cell growth. ANDROSTE-
NEDIOL, also known as hermaphrodiol (H), has a lower affinity for binding 1o ER compared to E, and 18 shown binding to AR. In
postmenopausal women, when secretion of E from the ovaries ceases, [is able to bind to ER for which it has higher alfinity compared 1o
AR. More potent androgens such as DHT, though present at lower cencentration, can bind with high alfinity 1o AR (insct) but with

negligible allinity to ER at these physiological concentrations.

a masterly review by these workers [19]. They em-
phasisc that several lines of evidence show that anti-
estrogenic effects of androgens are mediated via
the AR. The dosages of androgen which antagonise
estrogen action are tower than those generally re-
quired for interaction with ER, but are in the rangc
required to occupy AR. Furthcrmore, the antiestro-
genelicets of androgens are inhibited by antiandro-
gens, again supporting the concept that AR is in-
volved in this antagonism of estrogen response.
They concluded that the major difficulty in under-
standing the mechanism of action of androgens in
hormone-regulated tumors, is that androgens can
inhibit or stimulatc tumor growth through different
rceeptor mechanisms depending on the nature of
the androgens, their concentration and metabo-
lism, the concentration and nature of the different
cellular receptors in the tumors, and on the endo-
crine status of the patient.

If we turn to human breast cancer, it has been es-
tablished that growth of some human breast cancer
celllines in culture is inhibited by physiological con

centrations of DHT via action on the AR [20, 21].
Bocouzzi et al. [22] found that although ANDROS
TENEDIOL stimulated growth of the human
mammary cancer ¢ell ling MCE-7 at physiological
concenirations, at ihiese same concentrations it in-
hibited cell growth if estradiol was present. The ful-
ly active androgen DHT also inhibited estrogen-
stimulated cell growth at physiological concentra-
tions, but only stimulated ccll growth at pharmac-
ological concentrations in the absence of estradiol.
They suggested that this data has clinical relevance
to breast cancer; in premenopausal women, AN-
DROSTENEDIOL may partially counteract estra-
diol-stimulated growth by effects mediated through
the AR, bul upon withdrawal of estradiol at meno-
pausc, then ANDROSTENEDIOL is able to acti-
vate growth via combination with the ER,

So, after some 40 years, a picture is starling Lo
emerge concerning the role of adrenal androgens in
the development of breast cancer. The key compo-
nent appears to bc ANDROSTENEDIOL which,

alonc among the group of adrenal androgens, can



act as an estrogen at the concentration found in the
blood of Western women. [n postmenopausal wom-
en, when production of estradiol from the ovaries
ceases, elevated scrum ANDROSTENEDIOL ley
els could stimulate growth of a clone of neoplastic,
or preneoplastic, cells transformed by carcinogenic
cvents occurring some years carlicr., High seruin
concentrations of ANDROSTENEDIOL derived
from IXHEAS, and other adrenal androgens de-
rived trom ADIONE, would opposc estradiol-stim-
ulated cell growth in premenopausal subjects; sub-
normal lcvels of these androgens being manifested
in the appearance of tumors at an early age. AN-
DROSTENEDIOL is then a novel hormone pos-
scssing both estrogenic and androgenic action at
physiological concentrations. The name ‘Hermaph-
rodiol’ conferred on it is appropriate to describe its
unique leatures (Figure 2),

The lower incidence of breast cancer in postme-
nopausal Japanese women in Japan compared to
Western women, and the rise of incidence in migra-
tory Japanese populations, run parallel to serum
DHEAS levels measured in these groups of women
[23]. These data are then in harmony with the above
interpretation of the role of adrenal androgens in
the etiology of the diseasc.
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