
Because intratissue levels of estrogens may be more important for the 
understanding of the endocrine status of an organ than are peripheral 
plasma levels, the concentrations of estrone and estradiol have been 
measured in normal and pathological breast and uterine specimens. Some 
breast tumors were collected in countries with differences in inciden- 
ce and natural history of the disease. In other samples the subcel- 
lular distribution of the steroids was studied. Estrone levels did 
show much less variation than estradiol levels. Not related to estro- 
gen receptors, estradiol levels were higher in uterine than in breast 
tissues. Also, the subcellular distribution observed could not be 
explained by changes in receptors. Malignant breast tumors of premeno- 
pausal and postmenopausal women contained similar amounts of estra- 
diol. Unexplained large differences were found in the intratissue 
e&radio1 levels obtained in different countries. 

INTRODUCTION 

Steroid hormones, 

in the etiology of 

ment has not been 

in plasma hormone 

(Z-6). 

particularly estrogens, are thought to be involved 

breast and endometrial cancers (1). This involve- 

supported by observations of consistent differences 

levels in patients with and without these diseases 

Several other observations suggest the possibility that the intra- 

tissue concentration of steroid hormones may be more important with 

respect to the definition of the endocrine status of an organ than the 

peripheral blood levels of these hormones. This possibility is based 

on : 
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(a) Higher steroid concentrations exist in tissues than in blood (7- 

10). 

(b) No linear relations exist between tissue and plasma levels of 

estrogens (10,ll). 

(c) The steroid content of the nuclei, the site where the hormonal 

effects ultimately are generated, is not simply related to the 

steroid and the receptor concentrations in tissues (11-E). 

(d) Metabolic conversion of less active estrogens into more active 

forms occurs within the cells (16). 

As several investigators have demonstrated by in vitro studies (17- -- 

22) that human breast tumors can produce estrogens, a study was done 

to measure the actual products of the aromatase enzyme activity, by 

measuring the estrogens in mammary tumors. These steroids exert their 

biological activity by binding to the estrogen receptor followed by 

tight binding of the steroid-receptor complex to the chromatin within 

the nucleus of the cells (23,24). Therefore, an attempt was made not 

only to measure total concentrations but also to obtain information 

about the subcellular distribution of the estrogens. In comparison, 

the results obtained with similar techniques in uterine tissues will 

be presented. 

If local factors are related to the incidence or the course of the 

disease in women, attention must be given to the large variations in 

the incidence of breast tumors in different countries. Therefore 

preliminary data will be presented based on studies of tissues from 

patients in countries with different incidence and natural history of 

breast cancer. 
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MATERIALS AND METHODS 

Malignant breast tumors were obtained from 52 patients in Utrecht, The 
Netherlands, 40 in Edinburgh, Scotland, and 15 in Wroclaw, Poland. All 
specimens were chilled immediately after operation, freed from fat and 
connective tissue, and stored at -SO0 C or lower temperatures until 
analysis. All determinations were carried out in Utrecht by identical 
techniques, as described previously (25). The comparative study was 
done on concentrations in total tissue only. 
In the Utrecht samples, subcellular distributions of estrogens were 

studied using the techniques as previously described (25). In addi- 
tion, the homogeneity of the subcellular fractions was tested by 
measuring DNA, protein content, and lactic acid dehydrogenase (LDH) 
activity in the so-called cytosol and nuclear fractions. It was demon- 
strated that the nuclear fractions contained more than 95% of total 
DNA and less than 3% of total LDH-activity of the tissues, whereas the 
cytosol contained more than 85% of extractable protein and more than 
95% of the activity of the enzyme. Therefore, the crude fractions sre 
reasonable representatives of the subcellular compartments. 
Comparisons of the steroid concentrations in malignant samples could 

be made with 28 specimens of normal breast tissue obtained in Utrecht 
as well as with 27 samples of tissues with benign lesions. Additional- 
ly, from the Polish women 15 samples of non-breast adipose tissue were 
obtained. Normal specimens of uterine tissues were obtained from 20 
premenopausal women during various periods of the menstrual cycle and 
from 53 postmenopausal women, as described previously (9.10). 
The estrogens were extracted from the tissues using acetone-ethanol; 

estrone and estradiol were separated and purified by Sephadex LH20 
chromatography, and the amounts were measured using highly specific 
antisera. All results were corrected for losses during purification; 
the results were recalculated to concentrations in pg/g wet weight of 
the tissue. Because the results obtained were not normally distrib- 
uted, differences between groups were tested statistically by the two- 
tailed Wilcoxon rank-sum test or by Student's t-test after logarithmic 
transformations. 
Mean values, when given, were obtained after log transformation of 

the data and conversion back to untransformed figures. These mean 
levels were in very good agreement with median values of the same 
group. 

RESULTS AND DISCUSSION 

Estrogen Levels in Various Tissues ---- 

In Table 1, the mean total concentrations of estrone and estradiol in 

tissue have been presented. Only mean levels have been given. The 

large variations observed in the levels have been described in the 

original publications, given under the references in the table. They 

will not be discussed in detail in this contribution. 
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Table 1: Mean Endogenous Estrogen Levels in Human Uterine and Breast 
Tissues 

TISSUES 

UTERINE 

a 
n ESTRONE ESTRADIOL REFERENCE 

pg/g tissue pg/g tissue 

Premenopausal 

endometrium foll.phase 10 390 2,950 9 

secr.phase 10 260 630 9 
myometrium foll.phase 10 300 1,400 9 

secr.phase 10 200 550 9 

Postmenopausal 

endometrium 53 270 420 10 
myometrium 11 220 210 10 
endometrial cancer 13 180 350 26 

BREAST TISSUES 

Premenopausal 

normal tissues 22 305 120 
benign disease 14 270 120 
malignant 19 255 220 

Postmenopausal 

normal tissues 6 105 
benign disease 13 215 
malignant 34 165 

85 
85 

11 

11 

11 

11 

11 
11 

a 
n , number of samples studied. 

From the results given, it is obvious that the intratissue estrone 

levels do show relatively little differences between various tissues. 

Because from a number of women endometrium as well as myometrium could 

be studied, the estrone levels in endometrium were found to be statis- 

tically significantly higher than in myometrium, based on paired 

observations. Furthermore, the estrone levels in breast tissues from 

premenopausal women were significantly higher than in tissues from 
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postmenopausal women. 

In contrast to the small variations observed for estrone, estradiol 

concentrations show much larger variations. The pre-ovulatory levels 

in both endometrium and myometrium are significantly higher than those 

during the secretory phase of the menstrual cycle. This difference 

been attributed to the influence of progesterone on the behavior 

the estradiol-receptor complex in uterine tissue (9). The levels 

postmenopausal endometrial tissue are lower than those obtained in 

follicular phase of women during the menstrual cycle. The tissue 

plasma gradients for endometrium and myometrium, in the absence 

progesterone, remain fairly constant with age. 

has 

of 

in 

the 

to 

of 

Results for estradiol in breast tissue are completely different. 

Although plasma estradiol concentrations are much lower in postmeno- 

pausal women, the breast tissues contain very similar estradiol levels 

in both age groups. This shows that simple uptake of estradiol from 

the peripheral circulation can hardly explain the discrepancy between 

changes in plasma and tissue concentrations. It is more likely that 

local factors in the breast are responsible for the divergencies; 

local production of estradiol could well be involved. 

The estrogen receptor level is not the main factor responsible for 

the tissue/plasma gradients of estradiol because no relation exists 

between estradiol and the receptor concentrations. Furthermore, es- 

trone levels are higher than those of estradiol in many of the breast 

tissue specimens, regardless of the receptor status of the tissue. 

Independent measurements of local intratissue concentrations 

possible precursor steroids for aromatization of androstenedione 

testosterone are not available, and therefore it is not possible 

predict the influence of these substrates on the local formation 
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products. Another explanation for the results in breast tissues could 

be the existence of proteins with a lower binding affinity and a 

higher capacity for estrogens, the so-called nonspecific binding pro- 

teins, which could play a role in the uptake and concentrating mecha- 

nism in these tissues. 

Subcellular Distribution of Estrogens - 

In addition to the total tissue concentrations, an attempt was made to 

study the subcellular distribution of both estrogens. Using the tech- 

nique as described, the percentage of tissue estrone present in the 

nuclear fractions of endometrium and myometrium amounted to 45 + 3 

(SEM; n = 20). in the breast tissues only approx. 25 + 3% (SEM; n = 

105) of estrone was found in the nuclei, regardless of the histology 

of the sample and of the receptor concentration. 

Also, the estradiol distribution shows differences between uterine 

and breast tissues. In all uterine samples, nuclear estradiol levels 

were higher than those in the cytosol, whereas in breast specimens the 

cytosol contained higher levels of estradiol. In the nuclei of endome- 

trium and myometrium 68 + 4% (SEM; n = 26) of estradiol was localized. 

The nuclear fractions of breast tissues contained 38 + 4% (SEM; n = 

108) of total estradiol, again regardless of histology of the sample. 

Receptor positive malignant specimens had higher percentages of estra- 

diol in nuclear fractions than did receptor negative samples; however, 

no correlation between receptor levels and nuclear estradiol concen- 

trations was calculated. 

Therefore, the handling of estradiol seems to be different in ute- 

rine and breast tissues. Clearly the observed discrepancies cannot 

simply be explained by accumulation of estradiol in breast tissue 

because of binding to its receptor in the cells. In addition, local 
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factors must be involved in the causation of the tissue concentra- 

tiona; again, a difference in low affinity binding proteins in both 

tissues might be involved. No data are available on relations between 

the steroid levels in subcellular fractions and the activity of the 

local aromatase in breast cells. 

Estrogen Levels in Malignant Samples from Various Origins -- -- 

In a preliminary study, estrogen levels have been determined in speci- 

mens obtained from three hospitals. The mean concentrations of estrone 

and estradiol in malignant breast tumors obtained in the three loca- 

Table 2: Mean Endogenous Concentrations of Estrone and Estradiol in 
Human Breast Tissues Collected in Countries with Different Incidence. 

ORIGIN HISTOLOGY 
a 

n ESTRONE 
pgfa log pg./g tissue 

UTRECHT, normal 28 245 2.39 + 0.28 
The Netherlands benign 27 245 2.39 7 0.27 

malignant 52 195 2.29 + 0.40 

EDINBURGH, malignant 40 165 2.22 + 0.33 
Scotland 

WROCLAW, 
Poland 

malignant 15 80 1.90 + 0.20 

ESTRADIOL 
pgln log pg/g tissue 

UTRECHT normal 28 115 2.05 + 0.21 
benign 26 100 2.01 T 0.22 
malignant 55 210 2.32 + 0.34 

EDINBURGH malignant 25 385 2.58 2 0.25 

WRGCLAW malignant 15 85 1.92 + 0.49 

a 
n, number of samples studied. 
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tions, which have differences in incidence and natural history of the 

disease, are given in Table 2. As the menopausal status was not avai- 

lable in all individual subjects, data for all patients, premenopausal 

as well as postmenopausal, have been combined. In the population of 

Utrecht, no differences in estradiol levels had been found between the 

two age groups; since the levels were very similar (see Table 1). 

Although an appreciable variation was seen in each of the three 

groups with a malignant tumor, the differences in the estradiol con- 

centrations were statistically highly significant. Scottish women had 

the highest intratissue estradiol concentrations, the Dutch population 

was lower, whereas the Polish women had clearly the lowest levels. In 

the last group estrone levels also were lower, the two other groups 

had comparable estrone concentrations. Plasma levels were not avail- 

able in all individual women; however, Polish postmenopausal women 

showed estrogen plasma concentrations similar to those of Dutch women. 

These preliminary data suggest differences in the intratissue levels 

of estrogens in breast tumors that are related to the natural history 

of the disease. It is completely unclear at present why these differ- 

ences were observed. 

Analysis of both estrogens in non-breast fat tissue in Polish women 

showed estrone levels similar to those in breast tumors (mean value 

170 pg/g tissue) and a very low estradiol concentration (mean level 45 

pg/g tissue). This finding points to the fact that local estradiol 

production in breast tissues must play a role, possibly independent of 

aromatase activity. 

For a better understanding of the meaning of our preliminary obser- 

vations, a number of studies remain to be done. Estrogen levels in 

normal breast tissue obtained from different countries and their 
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relation to receptors have to be studied. Although the intratissue 

eetrogen concentrations suggest a relation with the incidence of the 

disease in that country, a relation with the course of the disease in 

any individual is still unknown. 

Because the absolute concentrations of estrogens seem to differ 

between countries and the ratio between estrone and estradiol is not 

constant, aromatase activity alone is unlikely to be able to explain 

the differences observed. Additional factors, such aa activity of the 

17..hydroxysteroid dehydrogenase and/or more or less specific binding 

proteins, must be taken into account. Their roles remain to be estab- 

lished. 
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