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Abstract

Estrogen deprivation is an effective approach for treatment of hormone sensitive breast cancer. While much is known about
plasma estrogen levels with respect to castration in premenopausal women and use of aromatase inhibitors in postmenopausal
women, currently there is increasing interest in intra-tumour estrogen production. However, knowledge about alterations in
intra-tumour estrogen levels is limited, mainly due to methodological problems with measurements of estrogen fractions in tissue
samples. Here we describe a new method for simultaneous measurement of the three main estrogen fractions, estrone (E;),
estradiol (E,) and estrone sulphate (E;S) in breast tumour tissue. Following incubation with [*H]-labelled estrogen standards,
crude fractions were separated by ether extraction. The E;S fraction was hydrolysed with sulphatase followed by eluation on a
Sephadex column. High pressure liquid chromatography (HPLC) was used to purify the individual estrogen fractions prior to
RIA analysis. Estrone and E;S were converted into E,, and all three estrogen fractions were finally measured by the same highly
sensitive and specific radioimmunoassay using estradiol-6-(O-carboxymethyl)-oximino-2-(2-['>’I]-iodo-histamine) as a ligand.
Although several purification steps were used, the internal recovery values for tritiated estrogens were found to be 25-50% for
E, and E, and 15-30% for E;S. The detection limit of this method was 4.3 fmol/g tissue for E,, 19.8 fmol/g tissue for E; and
11.9 fmol/g E;S, respectively. Using tissue from locally advanced breast cancers (n = 14), we found median levels of E;, E, and
E;S to be 283.8 fmol/g tissue (range 19.8-547.5), 554.1 fmol/g (9.5-3024.2) and 209.4 fmol/g (11.9-753.4), respectively. The
method described here is a promising tool to study intra-tumour estrogen fractions in breast tissue biopsies. © 2000 Elsevier
Science Ltd. All rights reserved.

1. Introduction cells [2] as well as connective tissue cells within
tumours [3] express the aromatase enzyme, responsible
for the final step in estrogen synthesis, and current evi-
dence suggests local estrogen production to be a major
pathway contributing to intra-tumour estrogen levels
[4]. Moreover, while the aromatase gene in tumour
cells and peripheral tissues is similar, local aromatase
could be stimulated by growth factors and interleukins
locally expressed in tumour tissue [5,6]. Finally, results
from animal studies suggest concentration-dependent
uptake of circulating estrogens to the tissue [7]. Thus,
it is highly important to evaluate not only alterations
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Estrogens are known to stimulate growth of neo-
plasia in hormone sensitive tissues like the breast and
the endometrium [1]. Thus, for many years scientific
studies have measured plasma estrogen levels to evalu-
ate the biochemical effects of different treatment
options like aromatase inhibitors. However, plasma es-
trogen levels do not necessarily reflect tissue estrogen
concentrations. It is well-established that breast cancer
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aromatase inhibitors to inhibit total body aromatiza-
tion by 97-98% [8—10] and to suppress plasma estro-
gen levels by more than 90%. While several studies
have evaluated estrogen concentrations in normal and
malignant breast tissue of postmenopausal women
[11-23], only a few studies have determined tissue es-
trogen levels in patients during treatment with aroma-
tase inhibitors [24,25] due to technical problems in
measuring tissue estrogens in the low range.

Here, we describe a sensitive method for the simul-
tanecous measurement of the main estrogen fractions,
estrone (E;), estradiol (E,) and estrone sulphate (E;S),
in malignant breast tissue. The method described here
involves HPLC purification of estrogen fractions and
conversion of E; and E;S to E, followed by radio-
immunoassay (RIA) analysis using an iodinated tracer.

2. Materials and methods

Radiolabelled estrogens, [2.4,6,7,-°’HJE; (101 Ci/
mmol), [2,4,6,7,16,17-*H]E, (170 Ci/mmol) and [6,7.-
SHJE;S (60 Ci/mmol) for recovery determinations were
obtained from DuPont NEN (Boston, MA) and estra-
diol-6-(O-carboxymethyl)-oximino-2-(2-['**I]-iodo-his-
tamine) (2000 Ci/mmol) from Amersham International
(Little Chalfont, U.K.). Sephadex LH-20 was obtained
from Pharmacia (Uppsala, Sweden), sulphatase (S-
9754) from Sigma Chemical Co. (London, U.K.), and
the E, antibody (ER 150, Sorin Biomedica S.p.A,
Saluggia, Italy) from Sodiag SA (Losone, Switzerland).
Methanol, acetonitrile, dichloromethane and chloro-
form were obtained from J.T. Baker (Deventer, The
Netherlands) and ethyl acetate from Fisher Scientific
(Loughborough, U.K.). All these reagents were of
HPLC grade. Ethanol was obtained from Arcus AS
(Oslo, Norway). Lipidex-5000 lipophilic, hydrophobic
gel for liquid chromatography was obtained from
Packard Instrument Corp. (Meriden, CT), sodium bor-
ohydride was from Fluka Chemie AG (Buchs, Switzer-
land) and sodiumdihydrogenphosphatmonohydrat
from Merck (Darmstadt, Germany). The HPLC col-
umn (250 mm x 4.6 mm) and the pre-column as well
as the packing material (Hypersil-5u-ODS for both),
was obtained from Hypersil Ltd. (Chesire, U.K.).

Breast cancer tissue samples were obtained from
patients undergoing mastectomy at the Department of
Surgery at the Haukeland University Hospital. All spe-
cimens were immediately trimmed for fat or connective
tissue, dried for blood and stored in liquid nitrogen
until analysis. The wet weight of every tumour sample
was measured. For determination of tissue estrogen
concentrations before and during therapy with an
aromatase inhibitor, pre- and on-treatment samples
corresponding to at least 150 mg of tissue were
obtained.

To determine intra-assay coefficients of variation of
this method, several grams of tissue from large breast
tumours were homogenized as described below and
thereafter separated into different aliquots, each corre-
sponding to approximately 150 mg of tissue, before
freezing.

The method is summarized in Fig. 1. Except where
indicated, all procedures were carried out at tempera-
tures of approximately 4°C. Tumour tissue (about 150
mg) was homogenized in 2.5 ml Mcllvaine’s citric
acid-phosphate buffer (pH 2.75) using an Ultra Turrax
T 25 (Janke and Kunkel, IKA-Labortechnik, 79219
Staufen, Germany) at 24000 rpm for 1 min. [*H]Es-
]Estrone, [*H]E,, and [*H]JE;S (about 2000 cpm each)
for internal (recovery) standards were evaporated to
dryness in a vial, the homogenized sample added, and
the resulting suspension was incubated for 24 h at 4°C.
To enhance equilibrium, samples were treated with
ultrasound (35 kHz) for 10 min at 37°C following
shaking.

Unconjugated estrogens were extracted with ether (3
x 5 ml) followed by chromatography on Lipidex-5000
columns using chloroform : H,O : methanol (9 : 1 : 2
v/v) as described by Hadméldinen [26]. The individual
unconjugated estrogen fractions were subsequently sep-
arated by a high pressure liquid chromatography
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Fig. 1. Method: flow schedule of procedures.
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(HPLC) system. HPLC was performed isocratically at
a flow rate of 1.0 ml/min using a mixture (7 : 13 v/v)
of acetonitrile and phosphate-buffer (15 mM, pH 3.5)
as eluent as previously reported [27,28]. The HPLC-
column was stored at room temperature. A program-
mable gradient mixer (Isco Model 2360, Lincoln,
Nebraska) was used to de-gass the solvents used in the
HPLC-system connected to a tenary HPLC pump
(Model SP8800, Spectra Physics, San Jose, CA). The
samples were injected using a programmable sample
injector (Model 234, Gilson Medical Electronics, S.A.,
Villiers le Bel, France) equipped with a Rheodyne
Model 7010 injector valve (Cotati, CA) and a 200-ul
sample loop together with a quaternary solvent deliv-
ery system. The retention times for the different estro-
gen fractions were determined by injecting non-labelled
estrogen standards into the HPLC system and detec-
tion by a spectrophotometric UV-detector routinely
adjusted at 280 nm. The different sample fractions
were collected using a Gilson Fraction Collector
Model FC 204 (Gilson Medical Electronics, S.A., Vil-
liers le Bel, France). Radiotracer labelled estrogens
(PHJE, and [*H]E,) were used to adjust the fraction
collector. The retention times for labelled and un-
labelled estrogens were found to be equal.

Following HPLC-purification, the fractions contain-
ing E; or E, were pooled, respectively, and the uncon-
jugated steroid extracted from the HPLC-buffer using
ether as described above. The E, fraction was eluted
on a LH-20 column using dichloromethane : ethyl
acetate : methanol (97 : 5 : 1 by vol.) as solvent, fol-
lowed by RIA as reported elsewhere [29,30]. Briefly,
the fraction was reconstituted in 1 ml of methanol.
Three hundred pl were obtained for recovery measure-
ments, and aliquots of 150-200 ul used in duplicate
for the RIA. Final values were corrected for recovery
and for the amount of [*H]-labelled hormone added as
an internal standard.

The E;-fraction was converted into E, using a
method described previously [31]. Briefly, sodium bor-
ohydride dissolved in 0.01 M NaOH to a final concen-
tration of 1 mg/ml in NaOH : methanol (1 : 10 by
vol.) was added. The samples were incubated at 37°C
for 15 min. After the evaporation of methanol, boro-
hydride was neutralized by adding 0.5 ml of sodium-
acetate buffer (0.2 M, pH 3), the E, fraction was
extracted by ether (3 x 5 ml), purified on a LH-20 col-
umn and subjected to RIA as outlined above.

To determine the tissue concentration of E;S, etha-
nol (10 ml) was added to the water fraction following
extraction of the unconjugated estrogens. The sample
was vortexed and centrifuged for 15 min at 1500 rpm.
The ethanol fraction was removed, dried, and the resi-
due reconstituted in 2 ml sodium-acetate buffer (0.2
M, pH 5) containing sulphatase (S-9754) to a final
concentration of 2 mg/ml. Hydrolysis was performed

for 48 h at 37°C followed by ether extraction of free
E, as outlined above. Following ether extraction, the
E, fraction was purified using LH-20 columns (dichlor-
omethane : ethyl acetate : methanol, 97 : 5 : 1 by vol.),
converted to E,, re-purified and analyzed by RIA as
given above.

Samples from a tumour-pool were used as internal
standards. Briefly, we collected T, (2-5 cm) breast
tumours and performed all tissue homogenization
steps as outlined above. Finally, aliquots (n = 40-50),
each corresponding to about 150 mg of tumour tissue
diluted in tissue buffer were stored at —18°C until pro-

cessing.
To estimate the detection limits (x;) of the method
we used repeated (n = 22) blank measurements and

the equation [32]:
X1 = Xpl + kspl

where xy, is the mean of the blank measurements, sy is
the standard deviation of the blank measurements, and
k is a numerical factor chosen based on the confidence
level desired. We used k = 3, corresponding to a prob-
ability of 99%. All estrogen values are given as their
geometric means with 95% confidence intervals of the
mean.

3. Results

The dectection limits of this method are 4.3 fmol/g
tissue for E,, 19.8 fmol/g tissue for E; and 11.9 fmol/g
tissue for E;S, respectively. The overall recovery
through all purification steps was about 25-50% for
[*HIE, and [*H]E, and 15-30% for [’H]E;S. A typical
eluation curve for radiolabelled estrogens following
separation with HPLC is shown in Fig. 2.

The intra-assay coefficient of variation (CV) was
determined by repeated analysis of 8-10 parallel
samples obtained from a single primary breast cancer.

2500 - -
—eo—cpm 3H

2000 E,
1500 E,

1000 4

500

0 - . T . ’
0 10 20 30 40 50 time (min.)
Fig. 2. Retention times for tritiated E; and E, determined in minutes
after injection into the HPLC-column.
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Fig. 3. Recovery of known amounts of unlabeled E, standards
added to parallel tumour samples (compared to calculated values).
Abscissa: different samples covering the range from about 15 to 1000
pmol/L.

We found a mean intra-assay CV of 6.0%, 6.7% and
6.4% for E,, E; and E;S, respectively. The inter-assay
CV was determined by analysing parallel tissue
samples on several occasions (n = 4), providing values
of 19.0%, 16.0% and 20.1% for E,, E; and E;S, re-
spectively.

For further testing of the reliability of this method,
large tumour samples were homogenized as described
above and separated into aliquots. Estradiol in differ-
ent amounts (0—1000 pmol/l) was added, and the total
concentration determined. The results of these recovery
measurements for cold standard E, revealed a linear
increase with a CV of 8.7% (Fig. 3).

Finally, we used this method to measure the concen-
trations of E;, E> and E;S in breast tumour samples
obtained from postmenopausal women (n = 14) suf-
fering from advanced breast cancer (ER and/or PGR
positive). We found median levels of E;, E; and E;S to
be 283.8 fmol/g tissue (range 19.8-547.5), 554.1 fmol/g
(9.5-3024.2) and 209.4 fmol/g (11.9-753.4), respect-
ively. In one of these patients, neoadjuvant treatment
with anastrozole (Arimidexr™) given as 1 mg once
daily for 15 weeks was found to suppress intra-tumour
levels of E;, E; and E;S levels by 90.1%, 90.1% and
81.9%, respectively compared to pretreatment levels
(Fig. 4).

4. Discussion

Homogenization of breast tumour tissue may be dif-
ficult due to its varying consistency, sometimes con-
taining a high proportion of connective tissue.
Following evaluation of several methods, we found the
combined use of ultra-turrax and ultrasound to be the
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Fig. 4. Influence of neoadjuvant treatment with anastrozole (Arimi-
dex™) on intra-tumour estrogen levels in a postmenopausal woman
with advanced breast cancer (‘baseline’ = prior to initiation of treat-
ment; ‘Anastrozole’ = after 15 weeks on anastrozole therapy).

most effective procedure obtaining the highest recovery
of internal [*HJ-labelled estrogen standards. The ad-
dition of other steps, like ultracentrifugation followed
by resuspension, did not increase the percentage of
recovery. This finding indicates that all major cellular
compartments harbouring estrogens are reached by
this homogenization method [33]. The extraction of
unconjugated estrogens was performed with pure ether
and, in our hands, found to be superior compared to a
mixture of ethanol and acetone, although some publi-
cations have recommended the latter procedure [20].

While tumour samples of about 150 mg were used
to establish this method, the method works well with
samples down to a size of 100 mg.

A major problem concerning breast cancer samples
is the varying amount of fat in the samples, disturbing
some of the purification steps used in this method.
However, as suggested in the literature [34], the appli-
cation of Lipidex-5000 columns made it possible to
remove excessive amounts of fat from the tumour
samples with negligible influence on the hormone
recovery values.

One of the main reasons to develop a new method
for the detection of tissue estrogens was the variability
of tissue estrogen levels published previously
suggesting method difficulties [11-23]. Moreover, it is
particularly difficult to determine low estrogen levels,
as may be expected during treatment with the new
aromatase inhibitors. Our goal was to develop a
method with a high degree of sensitivity combined
with high specificity. This goal was reached by the use
of a highly-specific and sensitive RIA in combination
with HPLC purification of the tissue samples. The
combined use of a ['*I]-based RIA and sample purifi-
cation has previously been shown [31] to reduce poss-
ible interactions by other compounds in our RIA. The
HPLC eluation profile revealed a good separation of
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E, and E, (Fig. 2) without any sign of interfering
peaks (as determined by UV-detection).

The method described above has been shown to pro-
duce reliable results for intra-tissue estrogen levels and
is applicable for the measurement of estrogen fractions
in breast cancer tissue of pre- and postmenopausal
women. Moreover, the low detection limits for E;, E,
and E;S allow to detect changes in estrogen tissue
levels in the lower range. Currently, we use the pre-
sented methodology to study alterations in tissue estro-
gen levels in patients receiving treatment with
aromatase inhibitors.
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