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Abstract-In a study of the origin of estrogens inpatients with breast cancer, the concentrations of 
estrogenr and their androgen precursors, and aromatase and 1 JP-hydroxysteroid dehydrogenase 
(E2DH) activities were determined in normal glandular and cancerous breast tissue. The 
correlation between tissue estrogens, precursor concentrations, enzyme activities and plasma levels 
andor receptor status were calculated. In both normal glandular and carcinomatous breast tissue, 
the concentrations of androstenedione (A), dehydroepiandrosterone (DHEA), 5 androstene- 
3p, 1 ‘Ip-diol ( 5-Adiol), estrone (E,), estradiol (ET) and progesterone (P) were sigmjìcant~y 
higher than plasma concentrations. While testosterone (T) concentrations were similar, dehyd- 
roefiiandrosterone (DHCA) and estrone sulphate (EIS’) concentrations were lower in tissue than in 
plasma. In carcinomatous tissue androgen concentrations were lower, but estrogen concentrations 
were higher than in glandular breast tissue. Estradiol (Ez) concentration was positively correlated 
with the receptor concentration with the mean E2 concentration corresponding to an estimated 
receptor occupancy of about 25%, probably sufjcient ,for a submaximal biological response. 
Aromatase and E,DH (E2 + E,) activities were observed in al1 breast cancer and glandular 
breast tissues, activities being higher in carcinoma than in glandular breast tissues; nevertheless, 
aromatase activity accounts probabb only for a smal1 fraction of tissue estrogen concentration. 
E,DH, but not aromatase activip, was signiJicantb higher in estrogen receptor positive than in 
estrogen receptor negative tissues and was negatively correlated with tissue dehydroepiandrosterone 
(DHEA) and its sulphate (DHEAS) concentration; the latter two steroids are non competitive 
inhibitors of E,DH which inactivates Es to E,. This effect of DHEA (S) may constitute a 
mechanism by which these androgene stimulate cancergrowth and a rationale (besides suppression of 
estrogen precursors) for medical OT surgical adrenalectomy in hormone sensitive metastatic mamma!) 
cancer. E2DH activity might constitute an additional marker of hormone dependenfy of mamma!) 
cancer. 

INTRODUCTION 
IT IS WELL documented that sex steroids play a rolc 
in thc devclopment of mammary cancer and expo- 

surc to cstrogcns is considered to bc an important 
factor in progrcssion of thc diseasc (for review sec 

Thomas, 1984) [ 11. 
It has been suggested that plasma-free cstradiol 

levcls are higher in postmenopausal women with 
mammary carcinoma than in controls [2, 31, 
whereas othcrs [4--61 rcported higher sex hormonc 
binding globulin (TcBG) levels in estrogcn reccp- 
tor positive (ER+) than in estrogcn rcccptor nega- 
tive (ER-) brcast canccr paticnts and suggested 
that paticnts with high TcBG levels, znd thcrcforc 
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low fret estradiol concentrations, may have a lon- 
gcr disease-free interval [6]. 

Intraccllular cstradiol can bc taken up from thc 
plasma or may bc synthetized in situ. A numbcr of 
studies have shown estrogen uptakc and accumula- 
tion by human mammary carcinoma aftcr in- 

travenous injcction of labellcd estradiol [7-91 and 
Duvivier el al. [lO] have shown that cstradiol 
conccntration in efferent venous blood is lower 
than in affcrent arterial blood of thc cancerous 
brcast. Van Landeghcm et al. [ 111, on thc othcr 
hand, did not confirm this obscrvation. Thus, in 
vicw of these conflicting rcsults, and since it has 
been rcpeatedly dcmonstratcd that estrogcn con- 
ccntration in mammary tissuc is an order of magni- 
tude highcr than in plasma [12-141, thc origin of 
intratumoral cstrogcns rcmains unclear. It is prob- 
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able that cstrogen uptake is not the only source of 
estrogens in breast tissues and that a large part 
might be formed in situ. 

The present work is a contribution to thc study 
of thc origin of estrogens in mammary cancer 
tissues and of the factors that determine their 
concentrations. We therefore assayed sex hormone 
concentrations as wel1 as thc two main enzyme 
activities which contribute to local estrogcn con- 
centration, i.e. aromatase and 17B hydroxysteroid- 
dehydrogenase (E2DH) in mammary cancer as 
wel1 as in normal glandular breast tissue. Aroma- 
tase converts androgens (androstenedione and tes- 
tosterone) into estrogens (estrone - El - and 
estradiol - E2 - respectively), while EPDH con- 
verts E2 into the less active metabolite Et [ 15, 161. 
Among other factors that might affect estrogen 
levels in mammary tissues, we studied the correla- 
tions existing between plasma steroid levels, tissue 
precursor androgen conccntration and estrogcn 
receptor status. In addition we calculated the 
correlations of enzyme activity with receptor status 
andlor steroid concentrations in tissues. 

MATERIALS AND METHODS 
1. Materials 

(1,Z3H) Testosterone (T) (TRK 162 s.a. 51 
Ci/mmol); (2,4,6,73H) E2 (TRK 322 s.a. 114 Ci/ 
mmol); (2,4,6,73H) Et (TRK 321 s.a. 88 Ci/ 
mmol); (6,73H) E2 (TRK 125 s.a. 54 Ci/mmol); 
( 1,23H) 5-androstene-3B,17B-diol (5-Adiol) (NET 
501, s.a. 46 Ci/mmol); (7 3H) dehydroepiandros- 
terone (DHEA) (TRK 163 s.a. 22 Ci/mmol); (7 
3H) androstenedione (NET 181 s.a. 45 Ci/mmol); 
(7 3H) dehydroepiandrosterone sulphate 
(DHEAS) (NET 121 s.a. 22.1 Ci/mmol); (6,7 3H) 
estrone sulphate (EIS) (NET 203 s.a. 52 Ci/mmol); 
(1,23H) progesterone (P) (TRK 341 s.a. 50 Ci/ 
mmol) (lB,2B3H) androstenedione (NET 181 48.5 
Ci/mmol) and (4-14C)/E1 (CFA 321 s.a. 55 mCi/ 
mmol) were obtained either (TRK and CFA) from 
the Radiochemical Center (Amersham, U.K.) or 
(NET) from New England Nuclear (Boston, MA). 
Reference steroids were obtained from Steraloids 
Inc. (Wilton NH). Sodium azide (Merck art. 
SSSS), MgCls (Merck art 5833); EDTA (Titriplex- 
RIII Merck) , nicotinamide (Sigma), NADPH 
(Boehringer); NAD (Boehringer); dithiothreitol 
(BDH); Triton X- 100 (Fluka) and other reagents 
used were analytical grade. 

For homogenisation of the tissues, a dismembra- 
nator (Braun Melsungen F.R.G.) was used. 

2. Patients 
Mammary tissue was obtaincd at mastectomy 

for mammary canccr. None of the patients showed 
evidente of distant metastatic disease on clinical 

examination, echography or radiography and al1 
were in good health. None had receivcd any hor- 
monal preparation for the last year. Al1 were 
postmenopausal, that is at least 1 yr had clapsed 
since their last menstrual period. Plasma samples 
were taken just before surgery between 8 and 11 
a.m. Body mass index (BMI) was calculated as 
body weight in kilograms divided by the square of 
the height in meters. 

3. Tissue preparation 
Immediately after surgical removal, normal 

glandular and carcinomatous mammary tissue 
were carefully dissected free from fat or other tissuc 
(skin, muscle) and remaining blood was removed 
by repeated rinsing with phosphate buffer (pH 7.3, 
0.066 M) followed by blotting with filter paper, the 
nature of tissue bcing verified by the pathologist. 
After dissection, tissues were kept at -60°C until 
analysed. 

Estrogen (EsR) and progesterone (PgR) receptor 
concentrations were determined in the cancerous 
tissues, following thc recommendations of the 
European Organisation for Research and Treat- 
ment of Cancer (EORTC) [ 171 and expressed as 
fmol/mg protein, thc latter being determined by 
the method of Lowry. The limit of sensitivity was 
set at 5 and 10 fmol/mg protein for EsR and PgR 
respectivcly. 

4. Tissue steroid concentrations 
Testosterone (T); androstenedione (A); dehyd- 

roepiandrosteronc (DHEA) and its sulphate 
(DHEAS); 5-androstene-3B, 17B-diol (5 Adiol); 
estrone (Et), estradiol (Ep) and progesterone (P) 
were determined as prcviously described [18]. In 
brief, + 500 mg of tissue, chilled in liquid nitrogen 
at -196”C, was pulverized with a dismembrana- 
tor. The powder obtaincd was homogenized in 5 ml 
of phosphate buffer, 0.066 M, pH 7.3 and 
appropriate tritiated steroid tracers were added as 
internal standards. Aftcr brief equilibration, ex- 
traction was pcrformed with methanol-acetone 
(l/l; v/v). The supernatant was evaporated under 
a stream of nitrogen, the residuc was defatted 
overnight with 70% methanol and after evapora- 
tion of the methanol, the watery residue was 
extracted with ether. One fifth of the ether extract 
was purified on paper (Bush A) for scparation of A, 
DHEA and P, whcreas the rcmaining 4/5 were 
further purified on paper (Bush B3), separating EZ 
from 5 Adiol and from Et plus T. The latter two 
steroids were separated on TLC (cyclohexanc- 
ethylacetatc 1 : 1, v/v). Finally thc Ez and the Et 
fractions wcrc each purificd on a Sephadex LH 20 
column. 

DHEAS and Ets, in thc watery rcsidue rcmain- 
ing aftcr ether extraction, were solvolysed ovcr- 
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night at pH 1 [ 191 and 37”C, subsequcntly ex- 
tractcd with ethyl acrtate and purified by paper 

chromatography (Bush A2 system on Whatman 
n040 paper) which scparatcs DHEA from Ei. After 
clution DHEA was quantificd by RIA, thc Et 
fraction bcing furthcr purificd on a LH20 column 

and finally quantifîed by RIA. 

5. Plasma steroids 
Plasma steroids were determined by specific RIA 

methods as previous describcd [20-231. 

EIS was determincd after solvolysis according to 
the mcthod of Hawkins and Oakcy [24]. 

TeBG binding capacity was calculated from the 
frcc T fraction obtained by dialysis [22] assuming 
an association constant, K = 1.6 X 10gM-‘. 

6. Aromatase actiui(y 
Aromatase in tissue homogenatcs was dcter- 

mined according to thc mcthod of Thompson and 
Siiteri 1251, as modified by Weisz et al. [26], in 
which tritium liberated during the aromatization of 
lp-“H androstenedionc is used as a parameter of 

aromatization. 

1 P-“H androstenedione was prepared by alkaline 
cnolization to rcmove the (2-3H) from (lP,2P-‘H) 
androstenedione (NET 181) [26]. 

This method has been validatcd for breast can- 
eer tissu? by Tilson-Mallett [27]. 

In brief, 0.2 g of homogenized tissue (Dismem- 
branator Braun-Melsungen) was suspended in 0.5 

ml of 0.066 M phosphate buffer pH 7.3, containing 
Triton X-100 1 p,l/ml; sodium azide, 1 mg/ml; 
dithiothreitol 1.5 mg/ml; EDTA 0.38 mg/ml; 
MgCl? 1 mg/ml and nicotinamide 1,2 mg/ml (10 
mM). After shaking for 1 hr at 4”C, 200 pl of thc 
supernatant was incubated with 1 uCi lp-“H 
androstcnedionc, 0.69 p.M cold androstcncdione 
and 0.64 mM NADPH at 37°C for 1 hr. Thc 
rcaction was trrminated in an ice bath. 400 ~1 of a 
charcoal dcxtran solution was added to the incu- 
bate and aftcr equilibrium at 4°C for 10 min, the 
tubr was ccntrifugcd at 800 g for 15 min and thr 

supcrnatant was brought onto a charcoal/ 
Scphadcx column (1 = 15 cm; i.d. = 0.8 cm) and 
elutcd with phosphatc buffer [26, 281. 

On anothcr aliquot of the tissue homogenatc, 
protcin content was dctcrmincd by thc mcthod of 

Lowry, with albumin as thc standard. Buffer 
blanks, trcatcd likc thc tissuc supernatants, were 
run in cach assay and thc radioactivity in thcsc, 

which avcragcd 140 f. 30 (S.D.) dpm, subtractcd 
from thr counts obtaincd in thc tissuc incubation. 
Counts 2-fold highcr than thosc dctectcd in thc 
buffer blanks wcrc considercd significant, yiclding 
a limit of dctcction of 5 fmol E, formcd/mg protein/ 

hr. Number of molcs of estrogen formed were 
calculated from thc corrcctcd disintcgrations per 

minute, using the specific activity of lp-“H andro- 

stenedione in the incubate. 

Results are expressed as fmol E,/mg prot./h. Al1 
determinations were performed in triplicatc. 

Formation of El from ,4 was lincar for the 
duration of the cxperimcnts (120 min) and thc 
amount of product formed was a linear function of 
the amount of enzyme (tissue) incubatcd. 

Thc apparent Michaelis Mentcn constant, dcter- 
mined by the method of Lineweaver and Burk [ 301 
using triplicatc measurements of the initial vclocity 
of El production by breast glandular tissue at 37°C 
and pH 7.3 over a range of substrate conccntra- 
tions bctwern 0.01 and 2.8 FM of A, at a single 

point (60 min), was 0.25 FM and thc V ,,,<,, 7.4 + 
3.7 (S.D.) fmol E,/mg prot/hr (n = 20). 

Routine dctcrminations of aromatasc activity 
were performed at a substratc concentration of 0.69 
/_&~ A (2.7 x K,,). 

7. 17@-hydroxysteroid dehydrogenase (EZDH) activio 
The conversion of E2 into E, was uscd as para- 

meter of the 17P-dehydrogcnasc activity, using thc 
method of Folkcrd and James [29]. 

Thc homogenate of 1 g tissue (dismembranator) 
was suspcnded in 5.5 ml phosphate buffer pH 7.3, 
0.066 hI, containing Triton X-100, 1 $/ml buffer; 

sodium azide 1 bg/ml; MgC 1 2 1 mg/ml and nicoti- 
namidc 1.2 mg/ml (10 mM). 

After shaking for 1 hr at 4”C, 1 ml was taken for 
determination of protein content (Lowry) < whercas 

1 ml was used for 17P-hydroxystcroid dchyd- 
rogenase activity measurement. Thc lattcr was 
incubated for 1 hr at 37°C with 0.2 pCi (6,7”H) Eu 

(purified by paper chromatography), 3.6 PM of 
cold E’ and 7.5 mM NAD. Immcdiately aftcr 

incubation, 1000 dpm of 4-“C-E1 wcrc addcd as 
intcrnal standard, thr incubation mixturc cx- 
tractcd with ether and purified by paper chroma- 

tography in the Bush B3 system; after clution of thc 
El zone, thc lattcr was further purifìed by TLC on 
silica gel in thc system bcnzcnc-ethyl acctatr 85: 15 
(v/v). 

Purity of thc E, fraction was verified by constan- 

cy of “H/“C ratio upon repeated cristallization, 
and thc amount of E, found was cxprcsscd in pmol 

EI /mg protein/hr. 
Thc formation of El from EY was found to be a 

lincar function of thc duration of the cxperimcnt 
(up to 150 min) and thc amount of cnzymc (tissur). 
Thc rate of formation of E, increascd lincarly with 
substratc conccntration up to + 2.5 PM. Optimal 
convcrsion was obtaincd at an NAD cofactor con- 
crntration of 7.5 mM. 

Thc apparent Michaelis-Mentcn constant (K,,) 
for thc conversion of E2 to E,, dctcrmincd by thc 
mcthod of Lincwcavcr-Burk using triplicatc 
mcasurcmcnts aftcr incubation for 60 min at 37”C, 
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pH 7.3, 0.066 M, over a range of substrate concen- 
trations betwecn 0.02 and 5.2 PM E2, was 1.2 PM. 

and in cancerous and normal glandular brcast 
tissue are givcn in Table 1. DHEA, 5Adiol and 
DHEAS concentrations were significantly 
(P < 0.05) and P concentration marginally (P < 
0.1) lower in the cancerous tissue than in the 
glandular tissue (paired obscrvations). 

Cancerous and glandular tissue concentrations 
(paired observations) were al1 positively corre- 
lated, but statistical significante was reached only 
for T, El, EIS and DHEA (P < 0.01) (Tablc 2). 

Plasma E2 concentrations were positively corrc- 
lated with BMI (r = 0.38; P < 0.02) but for El and 

Statistics 
Non-paramctric statistics were used: Wilcoxon 

signed rank test, Mann-Whitney U test, Spearman 
rank correlation coefficient as indicated. 

RESULTS 
Honone concentration 

Mean sex hormone concentrations in plasma, 

Table 1. Steroid concentrations in plasma and in tumorous and glandular breast tissue as wel1 as ratios of 
tissue to plasma concentration 

Plasma steroid Tumorous Glandular Tissue/plasma ratio 
concentr. tissue tissue (ng/g/ng/ml t ) 
Wml) (pghg Prot.) bxhg Prot.) Tumour Xo.Gland 
n = 35 n = 50 ?l= 14 n = 37 n = 10 

m + S.D. m + S.D. m + S.D. m f S.D. m + S.D. 

T 0.26 f 0.14 
(0.11-0.57): 

A 1.66 + 1.10 
(0.48-4.67) 

DHEA 4.28 + 3.37 
(0.68-14.43) 

DHEAS 406 f 225 
(103-906) 

5-Adiol 1.40 + 0.94 
(0.26-3.80) 

El 0.029 + 0.017 
(O.Ol&O.OSS) 

EIS 0.32 f 0.28 
(0.02-1.05) 

EP 0.019 + 0.008 
(0.010-0.041) 

P 0.47 + 0.27 
(0.04-0.21) 

TeBC 3.64 = 1.82 
10-?M (1.4G8.46) 

E,R 
fmol/mg Prot. 

PgR 
fmol/mg Prot. 

17.4 + 20.6 
(0.1-110) 

13.1 1 12.4 
(0.3-44.2) 

1.28 + 1.19 
(0.05-5.07) 

1.34 + 1.27 
(O.Os3.42) 

263 Z!I 322 
(10-1685) 

198 z!c 100 
(18-412) 

2.10 + 1.57 
(0.73-7.57) 

5.43 f 4.17 
(1.02-14.65) 

661 + 723 
(81-3464) 

4054 f 5368* 
(274-16200) 

7.68 tr 8.64 
(0.51-30.16) 

35.63 f 42.33** 
(7.13-15065) 

2954 + 2878 
(98-12600) 

17808 tr 19510* 
(2997-61600) 

0.42 + 0.45 
(0.02-2.01) 

2.43 + 3.12** 
(0.26-8.93) 

91 f 84 
(2-356) 

195 + 185* 
(26-607) 

3.95 + 3.12 
(0.42-11.18) 

4.35 f 3.85 
(l.Sf~11.87) 

6.8 zk 13.8 
(0.1-67.0) 

3.9 k 5.2 
(0.1-20.0) 

0.6 1: 1.5* 
(0.1-1.2) 

3.92 z!z 3.51 
(0.13-13.31) 

3.54 zk 4.07 
(0.01-13.72) 

0.64 + 0.85 
(0.05-2.73) 

X.D. 5.1 f 6.9 
(0.1-34.1) 

8.9 + 10.3 
(0.4-49.1) 

5.7 f 4.9 
(o.a-15.0) 

21.49 f 36.39 

(1.4Lh173.00) 
27.51 f 39.34 
(0.57-120.00) 

73 + 97 
(9-585) 

138 f 152 
(41-475) 

8.07 + 8.76 
(0.5g26.09) 

X.1). 

108 + 179 
(0-910) 

52 f 120 
(0-609) 

* P < 0.05 gland VS tumour. (Wilcoxon for paired obs.) 
** P -=z 0.01 gland VS tumour. (Wilcoxon Tor paired obs.) 
t Al1 values significantly > 1.00 (P < 0.01) except Tor DHEAS and E,S (significantly < 1 .OO (P < 0.05) and 

T) 
1 Range. 
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EIS, corrclation with BMI (r = 0.22) failcd to 
reach statistical significancc. El and E2 plasma 
levels were positivcly corrclated, (Y = 0.48, 
P < O.Ol), with a mean plasma EJE] ratio of 0.40 
f 0.30 (S.D.), ‘g ‘fi si m cantly lower (P < 0.01, paircd 
Wilcoxon) than in either carcinomatous (1.10 f 
1.06 S.D.) or glandular breast tissue. WC obscrved 
no correlations between plasma and tissue estrogcn 
concentrations in cither the canccrous or thc 
glandular breast tissue but there was a positivc 
correlation between plasma and tissue levels of A 
and 5-Adiol (P < 0.01) (Table 2). 

Out of 50 cancerous breast tissues from post- 
menopausal women, 33 were EPR positive (> 5 
fmol/mg protein) and 17 (34%) PgR positive (only 
one in the absente of dctectable EPR). PgR concen- 
tration was highly significantly correlatcd with EPR 
and weakly with tissue E2 but not with P concen- 
tration (Table 2). 

E2 concentration in breast cancer tissue was 
positively correlated with E2R concentration, but 
this relationship did not hold for El or EIS concen- 
trations (Table 2). 

Plasma TeBG binding capacity finally was simi- 
lar in women with E,R+ or EZR- breast cancers, 
as were plasma E2 levels. 

When expressed in ng/g, al1 hormone concentra- 
tions in either cancerous or normal glandular tissue 
were significantly higher than plasma concentra- 
tions expressed in ng/ml, except for DHEAS, EIS 
and T (Table l), with the highest mean ratio for 
EY. 

Enzyme activities 
Aromatase activity was found in al1 glandular 

and carcinomatous brcast tissues examined. 
Mean aromatase activity in glandular brcast 

tissue [8.6 + 2.9 (S.D.) fmol/mg prot/hr, n = 1 l] 
was significantly lower than in carcinomatous tis- 
sue [lg.6 ? 10.3 (S.D.) fmol/mg prot/hr; n = 231; 
no correlation was found betwcen aromatasc activ- 
ity in either normal glandular breast or carcinoma- 
tous tissue and steroid concentration, BMI or agc 
respectively. In carcinomatous tissue, aromatasc 
activity was similar whether tissue was cithcr E2R 
+ or E2R - (22.1 + 16.0 S.D. fmol/mg/hr vs. 17.7 
-I 4 fmol/mg prot-hr). 

E2DH (E2 + E,) was observcd in al1 tissues 
examined. In glandular breast tissue mean EPDH 
activity measured routinely at a substratc conccn- 

tration of 3.6 pM Eg was 187 * 118 (S.D.) 
pmol/mg protein/hr (n = lg), whereas in tumorous 
tissue, mean EPDH activity was 359 + 261 (S.D.) 
pmol/mg prot/hr (n = 23) (P < 0.01). 

E2DH activity in tumorous (P < 0.01) as wcll as 
in glandular tissue (P < 0.05) was inversely corre- 
lated with the logarithm of the tissue DHEA 
concentration (Fig. 1). In tumorous tissue EYDH 
activity also correlated inverscly with DHEA-S 
concentration (P < 0.05) (Fig. 2). Lincwear-Burk 
plots of data obtained from incubation studies in 
the prcsence of 2 PM of either DHEA or DHEAS 
indicated that the inhibition of the EPDH activity 
was of the non-competitivc type (Fig. 3). Mcan 
EPDH activity was significantly higher (P < 0.02) 

Table 2. Correlations (Spearman rank) 

Cancerous vs. Plasma levels vs. E2R E,DH activity 
g1and.breas.t tissue cancer tissue conc. (P0stM.P.) 

concentration \‘S vs. 
n = 14 (paired) n = 37 cancer tissue conc. cancer tissue conr. 

R = 50 n = 23 

T 
DHEA 
DHEAS 
A 
5-Adiol 

E, 
EIS 
Eu 
P 

T = oJ35** 0.02 
0.66** 0.05 
0.40 0.21 
0.30 0.44** 
0.45 0.31* 
0.86** 0.03 
1 .oo** 0.18 
0.27 0.12 
0.29 0.06 

PgR 0.52*** In DHEA-0.78” 
E? 0.47** In DHEAS-0.44* 
EI -0.19 a,qe 0.10 
EIS 0.05 BMI -0.03 
DHEA 0.02 E2Rt 0.21 
P 0.10 
&DH 0.21 

* P < 0.05. 
** P < 0.01. 
*** P < 0.001. 
t Correlation of E,DH with E,R concentration in E?Rt goup. 

LJC 22/4-5 
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in EIR + (n = 10) than in EPR - (n = 11) tumor- 
ous tissues, i.e. 510 + 108 (S.E.) pmol/mg protcin/ 
hr vs. 238 AI 19 (SE.) pmol/mg protein/hr. Within 
the ETR + group, we did not howcver, obscrvc any 
significant correlation between EPDH activity and 
EIR concentration (Table 2). 

DISCUSSION 
Plasma steroid hormone concentrations in thc 

patients with breast cancer (Table 1) are compara- 
ble to those reported in the literature [31, 321, 
taking into account that our group of postmcno- 
pausal women included patients in the immediate 
postmenopausal years and that plasma levels were 
not taken under basal conditions [33]: this explains 
the relatively broad range of values as wel1 as the 
relatively high estradiol levels. The latter were 
similar in patients with either EPR + or EZR - 
breast tumors and plasma E2 levels were, as ex- 
pected [31], positively correlated with BMI. We 
could not confirm however the data of Murayama 
et al. [4-61, showing higher TeBG levels in patients 
with E2R + than in patients with EZR - tumors. 

Sex hormone concentrations in breast tissue 
cover a wide concentration range for each steroid 

In DHEA 

c 8 EZDH ‘Oo (pmol/mg protlh) 

Fig. 1. Correlation between E,DH (Eg + E,) actiui& and intratissu- 
lar DHEA concentration in mammary cancer tissue. (Speannan rank) 

as_! ,. 

6.5 

6 

0 200 400 6CO 800 

Fig. 2. Correlation between E,DH (E? + E,) actiu$v and intratissu- 
Iar DHEAS concentration in mammay cancer tissue. (Spearman rank) 

(Table 1). This is in accordance with al1 data in the 
literature [ 12-14, 341. Breast tissue conccntrations 
(ng/g) of sex hormones are significantly highcr 
than plasma (ng/ml) concentrations, cxcept for 
DHEAS, EIS and T (Table 1). 

It may be assumed that uptake from plasma is 
probably the major factor in this gradient for the 
androgens. This is also suggestcd by the positive 
significant correlation between plasma and tissuc 
A and Adiol levels. As far as T is concerncd, thc 
absente of a tissue plasma gradicnt is probably thc 
consequente of its specific binding in plasma to 
TeBG, whereas the absente of a positive gradicnt 
for DHEAS and EIS is probably the consequente 
of the strong ionic and polar character of these 
steroids, rendering permeation through the cellular 
membrane very difficult [41, 421. Vignon et al. [43] 
observed EIS to be taken up by MCF7 cells, but 
the uptake was 7-fold lower than that of unconju- 
gated estrogen. Similarly Verheugen et al. [41] 
observed that uterine capillary permeability was 
much lower for EIS than for either Er or EP. Our 
data are in agreement with these observations. 

Concentrations of al1 A 5 steroids studied 
(DHEA, 5 Adiol and DHEAS) are significantly 
lower in carcinomatous than in normal glandular 
tissue (Table 1). Van Landeghem et al. [39], found 
similar concentrations in mammary cancer tissue 
and in normal breast tissue from 6 postmenopausal 
women, whercas Bonney et al. [34] observed higher 
concentrations in tumors than in normal brcast 
tissue. However, it seems that the data of the latter 
workers refcr to conccntrations in a mixture of fat 
and glandular tissue, rathcr than in almost pure 
glandular tissue as in this study. 

This lower concentration might indicatc a morc 
active A’-dehydrogenasc-isomcrase activity in car- 
cinomatous breast tissue or a defect in thc uptake 
of these steroids in the carcinomatous cells. 

Bonney et al. [35] as wel1 as Vanlandcghem et al. 
[36] found estradiol concentrtaions in cancer tissue 
to be significantly higher than in normal glandular 
tissue of the same breast; our results confirm these 
data, although due to the wide range of values, a 
statistical significant differente was only found for 
EIS concentration. Our data confirm the higher E2 
concentration in receptor positive than in receptor 
negative tumors [ 12, 14, 36-381. Moreover, in 
distinction with Van Landeghem et al. [36], we 
found a significant positivc correlation between E2 
and EPR concentrations (P< 0.01) (Table 2), with a 
mean Ez concentration of 10.8 & 2.1 pg/mg protein 
in EPR positive against 5.3 f 1.0 pg/mg protein in 
EPR negative tumors (P < 0.05). As expected we 
observed significant corrclation between PgR con- 
centration and EPR concentration (Table 2): in- 
deed, PgR concentration is considered to be a 
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Fig. 3. Non-competitive inhibition of &BH actin’_ ba enogenous DHfC.4 und DHlC4S (2p.113, 

marker of estrogen action. 
Whereas El concentration was higher than E2 

concentrations in plasma, the mean E2 concentra- 
tion in either glandular brcast or cancer tissuc was 
higher than El concentration (although in 11 out of 
50 cancer tissues, E, was highcr than Ez). Exprcss- 
cd in pg/g tissue, the mean E2 concentration in 
both glandular and carcinomatous breast tissur 
was about 20 times the mean plasma conccntra- 
tion, whereas for El the ratio was about 4, com- 
pared to 0.6 for EIS (Tablc 1). In normal post- 
menopausal cndometrium, Vermculcn-Mcincrt el 
al. [44] as wel1 as Wicgerinck et al. [45] observcd 
similar tissue/plasma ratios, whercas Van Land- 
eghem et al. [36] rcportcd a rathcr similar gradicnt 
in malignant brcast tissuc from postmcnopausal 
(but not from prcmcnopausal) womcn. This highcr 
Es concentration in thc cel1 is probably relatcd to 
its binding to thc receptor and cvcntually the 
presencc of non spccific binding protcins with low 

affinity but high capacity [36]. 
If we consider only receptor positive tissues, thc 

mcan E2 conccntration was 0.28 ng/g or + 10-!‘M. 
At a mean receptor concentration of 100 fmol/mg 
protein, or + 3 X lO-“M and taking a dissociation 
constant of 10”M [46], this EP, if frccly availablc, 
could saturatc cstradiol rcccptor sitcs to 25%, 
probably sufficicnt to obtain near maxima1 biolo- 
gical responsc [47]. 

Our data show thc prcsencc of an active aroma- 
tasc in normal glandular and in carcinomatous 
tissue: thc activity in thc latter was significantly 
highcr than in thc normal tissues. 

D’Agata e/ al. 1481, failing to find evidcncc that 
mammary tumor cc11 lincs aromatizc androgcns, 
suggcstcd that aromatization by mammary tumors 
reflects aromatization by fat cells or normal brcast 
tissue. Howcvcr, as WC obscrvcd aromatasc activity 
to be much highcr in brcast canccr tissuc than in 
eithcr normal parcnchymatous tissuc or brcast fat, 
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therc is littlc doubt that human breast cancer tissuc 
has an active aromatasc. This is in accordance with 
recent data of scveral authors [49-551. 

In contrast with thc data of Abu1 Hajj [50, 511, 
who observed aromatase activity (convcrsion of 
DHEA and T, respcctively, to cstrogens) mainly in 
receptor ncgative tumors and only in 15% of 
receptor positive tumors, neither Varcla and Dao 
[49], Li and Adams [56], Tilson-Mallett et al. [27] 
nor ourselves found any correlation between aro- 
matase activity and either estrogen or progesteronc 
receptor status. This strongly suggests that aroma- 
tase activity is not a biochemical characteristic of 
hormone independent tumors. Neither did we 
observe any correlation betwcen aromatase activity 
and tissue steroid concentration. Moreovcr neither 
age nor BMI appeared to influence aromatase 
activity, at variante with the increasing aromatiza- 
tion rate with age in human adipose cells reported 
by Cleland et al. [57]. 

Aromatization of A at V,,,,, in breast tissue 
homogenates under our experimental in uitro condi- 
tions, yielded + 20 fmol Et/mg prot/hr or f 5 
pg/Er/mg/prot/hr, compared to an estrogen (E2 + 
Et) concentration of It 20 pg/mg Prot. As the 
concentrations of A and T in breast tissue are at 
least one order of magnitude lower than the con- 
centration at V,,,, it would seem that, in as far as 
in vitro activity could be extrapolated to the in vivo 
situation (which is not evident), the contribution of 
the aromatase to breast tissue estrogen levels is 
negligible. 

Bradlow [58] and Tilson-Mallett et al. [27] 
arrived at a similar conclusion, even taking into 
account DHEA as a possible precursor. Hence 
uptake from plasma, as suggcsted by the work of 
Duvivier [lol, and/or local synthesis from othcr 
sources, arc probably the major determinants of 
tissue estrogen concentration. 

It has recently been suggested that the major 
sourcc of estrogens in breast tumors might be 
estronc sulphate [59, 601, the steroid sulphatasc 
being much more active than thc aromatase. 
Estrone sulphate concentration in plasma in post- 
menopausal womcn is indeed much higher than Ei 
concentration, hut in order to postulatc intracellu- 
lar hydrolysis of EIS as a major sourcc of in- 
tracellular estrogens, one must cstablish whcthcr it 
can cross targct tissue cel1 mcmbranes in vivo. 
Whereas for the nonesterified steroids the tissuc/ 
plasma concentration gradicnt is significantly 
abovc unity, this is not the case for the sulphatc 
esters and the tissue/plasma gradicnt of EIS is 
below unity. This is possibly related to thc polarity 
of thc sulphate, rendering diffusion through thc 
plasma membranc difficult. This is confirmcd by 
the observation of Holinka and Gurpidc [61] that, 
whereas rabbit uterus tissue can convert E,S to Ei 
and E2, the perfuscd uterus is unablc to do so [61]. 

EIS conccntration, which is much highcr than Ei 
conccntration in plasma, is comparable to Et con- 
centration in breast tissue. Whether this EIS is 
taken up from plasma and is transformed to Et, or 
whether tissue Et undcrgoes sulphation in thc 
tissue is stil1 unclear, most tumors possessing both 
the sulphokinasc and the sulphatasc. Wilking et al. 
[60] observed formation of E2 from EIS to be 
higher in EPR poor tissue, but as sulphatase activ- 
ity was unaffected by receptor status, they belicve 
reduction of Ei to be the rate limiting step. Further 
studies on the relative activities of sulphokinasc 
and sulphatase wil1 bc required to elucidatc thc 
eventual role of EIS as an estrogen precursor in 
breast cancer tissue. 

17Bdehydrogenase activity (Ez + Ei) was sig- 
nificantly higher in breast tumor than in normal 
glandular tissue. This is in accordance with data of 
Bonney et al. [34], but at variante with thosc of 
Pollow et al. [62]. Furthermore we observed signi- 
ficantly higher EDPH activity in EPR + than in 
EzR - tumors. This is in contradiction with thc 
data of Abu1 Hajj et al. [63] in mammary tumor 
and of Tseng et al. in endometrium [64], whereas 
Lubbert and Pollow [ 151 found no correlation in 
this respect. Recently Fournier et al. [65] reported 
also a higher EsDH activity in E2R + PR + 
tumors. 

Data of Prudhomme et al. [67] suggest that 
EzDH activity can be considered a good marker for 
hormone dependency. Our finding of higher EpDH 
activity in EzR positive tumors is in accordancc 
with this view. 

We did not observe any influcnce of age or BMI 
on EPDH activity (Table 2). In agreement with thc 
non-competitive in vitro inhibition of EPDH 
(Ez + Er) by exogenous DHEA(S) in physiologic- 
al concentration, as reportcd by Bonney et af. [66] 
in endomctrial tissue, we obscrved a significant 
negative correlation bctwecn DHEA(S) conccntra- 
tion in carcinomatous breast tissues and dchyd- 
rogenase activity (Figs. 1 and 2). Tissue DHEA 
and DHEAS conccntrations are however positivcly 
correlated (r = 0.52, P < O.OOl), and study of par- 
tial correlation revcals that thc apparent influcncc 
of DHEAS on EzDH activity can be in fact entircly 
ascribed to DHEA (partial correlation coefficient 
- 0.72, P < 0.001). Surprisingly, with respect to the 
in vitro inhibition, Bonney et al. [34] observed a 
positivc correlation betwecn DHEA(S) conccntra- 
tion and E?DH activity in brcast tumors; thc 
reason for the discrcpancy is not evident. As thc 
conccntration of cxogcnous DHEA(S), rcquircd to 
inhibit significantly thc EYDH activity in uitro is 
within thc concentration rangc observcd in brcast 
canccr tissue (up to 1.35 p,M), thc inverse corrcla- 
tion bctwccn cndogcnous DHEA(S) conccntration 
and EIDH activity rcportcd in this study is not 
uncxpcctcd. 
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In conclusion, our data suggcst that cstrogcns in 
mammary cancer tissue originatc only to a minor 
extent from aromatization of androgen precursors; 
whether uptakc of frce or of sulphate esters of 
cstrogens could reprcscnt a major sourcc rcquircs 
further studies, but we obscrvcd no correlation 
betwecn plasma and tissue estrogcn concentration. 
The latter is highcr in E2R + than in E2R - tissues. 
We found mammary canccr tissue to bc charactc- 
rized by a higher aromatasc and stcroid E2DH 
activity, but lower androgen conccntration than 
normal glandular tissue. Dchydrocpiandrosterone 
and its sulphatc, in physiological tissue concentra- 
tions, are able to modulate E2DH activity, inhibit- 
ing thc conversion of E2 to El. Hence thc lowcr 
DHEA(S1 concentration in cancer tissue in com- 

appear to be characterizcd by highcr E2 and higher 
EgDH activity than E2R -, hormonc inscnsitive 
tumors. As DHEA(S) inhibits the oxidation of E2 to 
the biologically less activc El, it appcars thercfore 
that these androgcns might stimulatc breast canccr 
growth. The latter effect of DHEA(S) may consti- 
tute a mechanism by which (bcsidcs supprcssion of 
estrogen precursors) medical and surgical adre- 
nalectomy might exert, at least in part their thcr- 
apeutic activity in hormonc sensitivc metastatic 
mammary canccr. Moreovcr E2DH activity might 
bc an additional scnsitive markcr of hormonc 
dcpendency of mammary canccrs. 

\ , 
parison to normal breast tissue could perhaps 
contributc to thc higher EPDH (E<pE,) activity, 
favoring the formation of E ,. In as far as E2R is a 
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