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The ability of breast tumors to synthesize sex steroid hor-
mones is well recognized and their local production is thought
to play a role in breast cancer development and growth. The
aim of this study was to estimate local intra-tumoral and
circulating levels of Estrone (E1), Estrone Sulfate (E1S),
Estradiol (E2), Estriol (E3), and Testosterone (T) in 33
pre- and postmenopausal women with primary breast can-
cer in comparison to 12 pre- and postmenopausal women
with benign breast tumors. The mean levels of the stud-
ied sex hormones were higher in serum and tumor tissue
of breast cancer women than those with benign breast tu-
mors apart from Testosterone which showed a significant de-
crease in pre- and postmenopausal women with breast can-
cer (P < 0.001 for follicular phase, P < 0.05 for luteal
phase, and P < 0.005 for postmenopausal). The levels
of the five hormones were significantly higher intra-tumoral
than in serum of both benign and malignant breast tumor
women with E1S as the predominant estrogen. There was
only a positive significant correlation between serum and tu-
mor tissue levels of E1 (rs = 0.52, P < 0.05 for follicular;
rs = 0.63, P < 0.05 for luteal and rs = 0.58, P < 0.05
for postmenopausal) and a significant correlation between
serum and tumor tissue of T (rs = 0.64, P < 0.05
for follicular; rs = −0.51, P < 0.05 for luteal and
rs = −0.81, P < 0.04 for postmenopausal).
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1. Introduction

Tumors derived from a hormonal target organ are
assumed to be stimulated by the same hormone that
stimulates the normal target tissue [1]. Sex steroid hor-
mones play a major role in the etiology of several of the
commonest cancers worldwide, including cancers of
the endometrium, breast and ovary in women [2]. Adi-
pose tissue is the site of uptake, storage and metabolism
of sex steroids. After menopause, aromatization of an-
drogens to estrogens in adipose tissue is one of the most
important sources of estrogens in the circulation and
for peripheral tissue [3,4].

Clinical and experimental observations of breast can-
cer are indicative of a disease with a complex biol-
ogy and a clinical outcome that varies greatly, even in
patients with similar pathologic features [5]. In vivo
proliferation of normal breast epithelial cells is higher
during the luteal phase in the vast majority of women.
From a hormonal point of view,several previous studies
suggested that some benign breast diseases and breast
cancer may share common epidemiological facts or
even represent different stages of one process. Normal
breast tissue can convert estrone sulfate to estradiol. A
negative correlation between the levels of circulating
estradiol and the enzyme converting estrone to estra-
diol suggests a local regulatory mechanism of tissue
estradiol formation [6]. Grattorola et al. [7] were the
first to suggest a possible role of androgens in the de-
velopment of breast cancer in postmenopausal women.
Androgens may act directly, by stimulating breast cell
proliferation through binding to androgen receptors or
by stimulating the synthesis of growth factors inside
the breast epithelium [8,9]. Androgens may also act
indirectly through their conversion to estrogens, which
are known to stimulate breast cell proliferation [10,11].
Aromatization of testosterone and androstenedione via
aromatase in the peripheral tissue may have a great
quantitative contribution to the formation of estrogens.
In addition, it is well established that testosterone binds
to sex hormone-binding globulin (SHBG) with great
affinity than estradiol. Testosterone may thus indirectly
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increase the risk of breast cancer by decreasing the
fraction of estradiol bound to SHBG and thereby in-
creasing the unbound fraction, which is thought to be
the fraction available to breast cancer [12–14]. How-
ever, it is not clear at present what is the quantitative
contribution of androgens via aromatase to the forma-
tion of estrogens, because more recently it was found
that estradiol in breast cancer tissues originates mainly
via sulfatase using estrone sulfate as precursor. Also,
it has been suggested that testosterone inhibits hepatic
secretion of SHBG which could result in a decreased
fraction of estradiol bound to SHBG [15]. Dorgan
et al. [16] lend considerable support to the hypothesis
that serum concentrations of estrogens and androgens
are related to the subsequent diagnosis of breast can-
cer in postmenopausal women. However, it was sug-
gested that increased levels of testosterone might have
a modest but indirect association with breast cancer
through its conversion to estradiol [17]. Estrone sul-
fate is the most abundant circulating estrogen in post-
menopausal women and a major component of some
postmenopausal hormone preparation and it has been
hypothesized to be an important source of estradiol in
normal breast tissues and breast cancer cells [18,19].
Cauly et al. [20] suggested that estradiol and testos-
terone levels may play important roles in the develop-
ment of breast cancer in older women. A single mea-
surement of bioavailable estradiol and free testosterone
may be used to estimate a woman’s risk for breast can-
cer. Berrino et al. [21] supported the positive associ-
ation between elevated estrogen level and breast can-
cer and they additionally suggested that raised serum
testosterone levels precede breast cancer occurrence.

We report here the relationship between serum and
tissue levels of estrone, estrone sulfate, estradiol, estriol
and testosterone in pre- and postmenopausal patients
with benign and malignant breast tumors. A specific
objective of this study was to examine the differen-
tial distribution levels of these five hormones between
serum and tumor tissues.

2. Materials and methods

2.1. Subjects

This study was carried out on 33 women with pri-
mary localized breast cancer and 12 women with be-
nign breast tumors. All the patients were admitted to
the Department of Surgery, Ain Shams University Hos-
pitals and the National Cancer Institute, Cairo Univer-

sity during the period from May 1997 to March 1998.
The age, menopausal status and clinical data of all pa-
tients included in this study are shown in Tables 1 and
2.

Women were defined as postmenopausal if they re-
ported having a natural menopause or a bilateral oo-
pherectomy. Women who had received hormonal treat-
ment in the 6 months prior to enrollment, who had bi-
lateral ovariectomy or who had a history of cancer or
liver disease were not recruited.

2.2. Blood sampling

Preoperative fasting blood samples were drawn from
all patients. After centrifugation, serum samples were
separated, aliquoted and immediately stored at −80◦C
for subsequent biochemical analyses.

2.3. Tissue collection and cytosol preparation

Breast tumor tissue samples were obtained at the op-
erating theatre directly after removal of the tumor mass.
Tissue samples were transported to the laboratory in
liquid nitrogen, dissected away from necrotic tissues,
then washed with cold saline, cut into small pieces
and frozen immediately in liquid nitrogen and stored
at −120◦C until processed for preparation of cytosol
fractions.

Cytosolic fractions were prepared from tumor tis-
sue samples according to the method of Grimaux et
al. [22]. Briefly, tissues were minced and homogenized
in (10 ml/g tissue) ice-cold homogenization buffer
(10 ml Tris HCl, 10 ml sodium molybdate, 0.4 M KCl,
10% w/v glycerol and dithiotreitol, PH 7.6). The ho-
mogenate was then centrifuged for 1 hour at 105000
x g at 2◦C. the resultant supernatant which represents
the cytosolic fraction was subdivided into aliquots and
stored at −120◦C till the hormonal assays.

2.4. Laboratory analyses

Serum samples and cytosolic fractions of all benign
and malignant breast tumor patients were saved for the
assay of Estrone (E1), Estrone Sulfate (E1S), Estradiol
(E2), Estriol (E3), and Testosterone (T).

Estrone (E1) was determined using radio-immunoassay
(RIA) kit DSL8700 supplied by Diagnostic System
Laboratories, USA; Estrone Sulfate (E1S) was deter-
mined using a radio-immunoassay (RIA) kit DSL5500
supplied by Diagnostic System Laboratories, USA:
Estradiol (E2) was determined using ELIZA Fertigenix
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Table 1
Age and menopausal status of benign and malignant breast tumor
patients

Variable Benign group Malignant group
(N = 12) (N = 33)

N Mean ± SE N Mean ± SE

Age
Premenopuasal 6 29.5 ± 5 16 37 ± 0.9
Follicular phase 3 33 ± 2.4 9 39 ± 0.5
Luteal phase 3 26 ± 0.8 7 36 ± 1.3
Postmenopausal 6 49 ± 0.8 17 57 ± 0.4

Table 2
Clinical data of patients with benign and malignant breast tumors

Variable No.

Benign cases
Isolated cysts 2
Fibrocystic diseases 3
Fibroadenoma 4
Lobular hyperplasia 2
Increased nodularity of both breast 1

Malignant cases
Histologic type
Invasive ductal carcinoma 25
Infiltrative ductal carcinoma 6
Lobular carcinoma 2

Grade
II 29
III 4

Stage
II 19
III 14

kit supplied by Biosource, Europe SA; Estriol (E3)
was determined using ELIZA kit DSL10-4000 supplied
by Diagnostic System Laboratories, USA; and Testos-
terone (T) was determined using ELIZA kit supplied
by Diagnostic System Laboratories, USA.

Before assaying the particular hormone in cytosolic
samples, each kit was subjected to a systematic reliabil-
ity protocol including linearity, recovery, reproducibil-
ity, inter-assay, and intra-assay ( data not shown).

The results obtained were statistically analyzed using
SPSS package (Echo Soft Corp., USA, 1993).

3. Results

As shown in Table 1, this study was carried out on
33 women with primary breast cancer. 16 were pre-
menopausal 9 were in the follicular phase and 7 in
the luteal phase of the menstrual cycle at the time of
sampling, and 17 were postmenopausal.

They were 25 cases with invasive ductal carcinoma,
6 with infilterative ductal carcinoma and 2 with lob-

ular carcinoma (Table 2). This group of cancer pa-
tients was studied in comparison to a control group of
12 women (6 premenopausal and 6 postmenopausal)
suffering from different benign breast lesions.

Regarding the serum levels of E1, it was signifi-
cantly increased in both phases (follicular and luteal) of
premenopausal women with malignant breast tumors
compared to their corresponding controls (P < 0.05).
However, the increase in E1 levels in serum of post-
menopausal breast tumor women compared to those
with benign disease was non- significant (Table 3).

The same pattern was noted in the serum levels of E2

as it was significantly increased in both subgroups of
premenopausal women with malignant breast tumors
compared to those with benign breast disease (P <
0.05) but there was no significant difference between
the postmenopausal groups.

The behavior of E1S in serum was exactly oppo-
site to that of both E1 and E2. The only signifi-
cant difference was between the two groups of post-
menopausal women. Serum E1S showed a decrease
in postmenopausal women with malignant breast tu-
mors compared to those with benign breast tumors
(P < 0.02) without any significant difference was
found among the premenopausal groups.

Estriol (E3) was only significantly increased during
the luteal phase in women with malignant breast tumors
than their corresponding women with benign breast
tumors (P < 0.05).

Remarkably, over all the three different populations,
Testosterone (T) showed a highly significant decrease
in women with malignant breast tumors (P < 0.001
for follicular; P < 0.05 for luteal and P < 0.005 for
postmenopausal respectively) (Table 3).

Regarding the cytosolic levels of all the five stud-
ied hormones, they showed non-significant differences
among premenopausal women with benign and malig-
nant breast tumors apart from the highly significant in-
crease in both E1 and T among postmenopausal women
with malignant breast tumors (P < 0.005). Cytosolic
E3 was the only hormone that showed a significant de-
crease in postmenopausal women with malignant breast
tumors (P < 0.05) (Table 4).

The differential expression of both E1 and E2 in
serum of benign and malignant patients was highly pos-
itively correlated as the Pearson correlation coefficient
was 0.78 (P < 0.04) in follicular; 0.72 (P < 0.04) in
luteal and 0.67 (P < 0.05) in postmenopausal women
respectively. Additionally, this linear positive correla-
tion between E1 and E2 was negatively correlated with
the levels of T in serum of premenopausal women as
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the Pearson correlation coefficient for T with E1 and
E2 were −0.65 (P < 0.05) and −0.72 (P < 0.04)
for follicular phase and −0.88 (P < 0.004) and
−0.79 (P < 0.04) for luteal phase respectively.

Testosterone level showed a significantly positive
correlation with E1S in serum of postmenopausal
women where the Pearson correlation coefficient was
0.93(P < 0.03).

The correlation between serum and tissue levels of
the five studied hormones has also been calculated.
Significant correlations were found between serum and
tissue level of E1 (rs = 0.52, P < 0.05) for follicular;
(rs = 0.63, P < 0.05) for luteal and (rs = 0.58, P <
0.05) for postmenopausal and a significant correlation
between serum and tissue level of T in postmenopausal
women (rs = 0.64, P < 0.05) for follicular; (rs =
−0.51, P < 0.05) for luteal and (rs = −0.81, P <
0.04) for postmenopausal respectively.

The present study did not reveal any significant dif-
ferences in the levels of all the five studied hormones
in relation to either the stage or the grade of the tumor.

4. Discussion

The results of the present study reveal that there is
a remarkable increase in the levels of the four hor-
mones E1, E1S, E2, and E3 in serum of pre- and post-
menopausal women with malignant breast tumors com-
pared to those with benign breast tumors except for the
significant decrease in E1S in postmenopausal women.
E1S also showed the highest level among the four hor-
mones, particularly in premenopausal women with be-
nign and malignant breast tumors. These findings are
strongly supported by several previous studies [18,19,
23–29], that reported similar results and accordingly
suggested that E1S is the most abundant circulating es-
trogen in postmenopausal women. E1S could be con-
verted to E1via sulfatase enzyme and E1 also could be
converted to E2. This is supported by the high signifi-
cant levels of both E1 and E2 and may lead to the sug-
gestion that sulfatase enzyme activity might be more
pronounced in postmenopausal women as the level of
E1S was significantly decreased in this population.

The increased level of E2 could be also explained ac-
cording to the paracrine influence of human breast can-
cer cells as studied by Mehta and Graves [30] who sug-
gested that in breast cancer patients factors produced by
malignant tumor mass may have paracrine influence on
surrounding non malignant breast tissue, and thereby,
may influence estrogen availability to the tumor mass.

The most striking observation is the significant de-
crease in serum levels of testosterone in pre- and post-
menopausal women with malignant breast disease with
a corresponding significant increase in estrogens. As
testosterone could be converted to estrogens through
the enzymatic activity of aromatase, it may have an in-
direct effect on breast cancer development [10,13,31–
34]. Our findings concerning the low detected levels
of testosterone are not in accordance with other studies
which reported high levels of T in breast cancer pa-
tients [13,20,21,26]. We could explain this disagree-
ment on the basis that in some of the reported studies
breast cancer cases were diagnosed some years after
blood sampling, leading to the suggestion that elevated
serum levels of T may precede breast cancer occur-
rence.

It was previously reported that estrogens and some
androgens levels in normal breast tissues are much
higher than their levels in serum, and their levels in
malignant tissues are higher than those in normal breast
tissues. This difference may be due to enzymatic activ-
ities in normal and malignant breast cells that result in
the local conversion of androgens to estrogens, estrone
sulfate to estrone and estrone to estradiol [31,35–38].
These data could support the results in the present study,
as the five studied hormones were significantly higher
in tumor tissue than serum in both benign and malignant
breast tumor women with E1S as a predominant estro-
gen. However, there was no significant difference be-
tween benign and malignant tissues for premenopausal
women while the only significant difference appeared
among the postmenopausal populations.

The highly significant decrease in cytosolic level of
E3 in malignant tissue from postmenopausal women
coincided with its significant increased level in serum
for this population of patients.

Although several reports [29,35,36,39,40] have in-
dicated that there is a little if any, correlation between
serum and tissue steroid levels, these studies contained
small case numbers and correlation data were not pro-
vided. Given our findings and those of other studies
described above, it seems unlikely that they are entirely
uncorrelated.

This lack of clear correlation may be explained, in
part, by the different pathways of conversions between
the different steroid hormones and the disturbance that
may occur in the transport system between the tumor
tissue and the circulation.

Thijssen et al. [41] previously tested the hypothesis
of increased activity of aromatase enzyme in breast tu-
mor tissues and found that the tumor enzymatic activity
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(expressed per gram of tissue) was high which could
result in accumulation of some estrogen hormones in
the malignant tissue. These findings may also explain
the obtained increased tumor tissue estrogen levels.

In conclusion, it seems that there is a complicated
system of pathways and interconversions between the
sex steroid hormones within the breast tumor tissue that
might be reflected in an increased or decreased level
of one or more of them, at the expense of the others.
Accordingly, if there exists an efficient system of trans-
port, the changes may be reflected in the circulation
of the patient. More information concerning this sys-
tem of interconversion and its controlling conditions
is needed to have a clear understanding of the role of
these steroid hormones in breast cancer.
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Table 3
Serum levels of Estrone (E1), Estrone Sulfate (E1S), Estradiol (E2), Estriol (E3), and Testosterone (T) in patients with benign and malignant breast tumors

Variable E1 (Pmole/ml) E1S (Pmole/ml) E2 (Pmole/ml) E3 (Pmole/ml) T (Pmole/ml)
(Mean ± SE) (Mean ± SE) (Mean ± SE) (Mean ± SE) (Mean ± SE)

Benign Malignant P∗ Benign Malignant P Benign Malignant P Benign Malignant P Benign Malignant P

Premenopausal
Follicular phase 0.118 ± 0.01 0.311 ± 0.04 0.05 3.4 ± 1.1 4.8 ± 0.57 0.57 0.136 ± 0.01 0.29 ± 0.02 0.05 2.6 ± 0.03 2.88 ± 0.07 0.15 8.33 ± 0.7 2.15 ± 0.34 0.001
Luteal phase 0.133 ± 0.03 0.303 ± 0.03 0.05 3.4 ± 0.6 5.4 ± 0.57 0.29 0.117 ± 0.01 0.228 ± 0.02 0.04 2.56 ± 0.1 3.26 ± 0.1 0.04 5.2 ± 0.1 0.67 ± 0.14 0.05
Postmenopausal 0.137 ± 0.02 0.167 ± 0.02 0.33 2.6 ± 0.6 0.91 ± 0.05 0.02 0.132 ± 0.01 0.143 ± 0.01 0.49 2.95 ± 0.1 3.02 ± 0.03 0.78 5.89 ± 0.5 1.77 ± 0.14 0.005
∗P > 0.05 is non-significant.

Table 4
Cytosol levels of Estrone (E1), Estrone Sulfate (E1S), Estradiol (E2), Estriol (E3), and Testosterone (T) in patients with benign and malignant breast tumors

Variable E1 (Pmole/g) E1S (Pmole/g) E2 (Pmole/g) E3 (Pmole/g) T (Pmole/g)
(Mean ± SE) (Mean ± SE) (Mean ± SE) (Mean ± SE) (Mean ± SE)

Benign Malignant P∗ Benign Malignant P Benign Malignant P Benign Malignant P Benign Malignant P

Premenopausal
Follicular phase 18.9 ± 0.09 20.1 ± 0.8 0.56 37.1 ± 0.6 36.8 ± 0.3 0.67 5.23 ± 0.01 5.3 ± 0.23 0.29 27.7 ± 0.7 25.3 ± 0.38 0.29 13.8 ± 1.0 10.3 ± 1.0 0.4
Luteal phase 15.1 ± 0.69 17.6 ± 0.7 0.25 36.8 ± 0.6 35.7 ± 1.4 0.52 4.53 ± 0.11 4.63 ± 0.26 0.36 26.6 ± 0.6 25.6 ± 0.69 0.63 7.89 ± 0.24 9.02 ± 0.69 0.1
Postmenopausal 12.4 ± 0.49 18.6 ± 0.4 0.003 36.8 ± 0.3 37.4 ± 0.1 0.42 3.99 ± 0.17 4.6 ± 0.09 0.21 29.4 ± 0.3 26 ± 0.18 0.004 6.94 ± 1.0 11.4 ± 1.0 0.005
∗P > 0.05 is non-significant.


