
J. steroid Biochem. Vol. 22, No. 1, pp. 39-45, 1985 0022-4731/85 $3.00 + 0.00 
Printed in Great Britain. All rights reserved Copyright c 1985 Pergamon Press Ltd 

PITFALLS IN THE DEXTRAN-COATED CHARCOAL 
ASSAY OF ESTROGEN RECEPTORS IN 

BREAST CANCER TISSUE 

KIM S. I. PETTERSSON?, RIITTA M. VANHARANTA* 

and JUANITA R.-M. S~DERHOLM 
Wallac Biochemical Laboratory in Co-operation with the University of Turku, P.O. Box 10, SF-20101 
Turku and *Department of Pathology, Turku University Central Hospital, SF-20520 Turku, Finland 

(Received 14 March 1984) 

Summary-This study investigated the influence of the degree of concentration of breast tumor cytosols 
on the apparent estrogen receptor content as measured by the Dextran-charcoal assay. It was found that 
the dilution of cytosols to l-2 mg protein/ml frequently but not always causes highly underestimated 
receptor concentrations. This could not be explained by the protein loss through adsorption to the 
charcoal. The effect was also studied in the presence of gelatin, sodium molybdate or with limited 
trypsinization of the incubation mixture. Addition of 1 mg/ml gelatin in the Dextran-charcoal suspension 
was very useful in most cases in preventing dilution induced losses in receptor sites. Both trypsinization 
and addition of sodium molybdate produced increases in receptor concentrations that were not as 
susceptible to inactivation through dilution of the cytosol. These data suggest that the observed high 
variability in the dilution induced receptor losses can be explained by receptor heterogeneity: some 
receptor form(s) are either readily absorbed to or “stripped” by the charcoal particles. As a conclusion 
we recommend that in order to optimize the estrogen receptor assay as regards both binding sites and 
affinities the cytosol concentrations should be maintained as high as possible and a protein expander be 
included in the Dextran-charcoal suspension. Though sodium molybdate frequently gives considerable 
increases in estrogen binding sites it occasionally has an opposite effect. For this reason we hesitate to 
recommend its use in routine assays of estrogen receptors. 

INTRODUCTION 

About one third of patients with recurring metasta- 
sizing breast cancer responds with some degree of 
regression of the tumor when treated with hormonal 
therapy [l, 2,3]. With the availability of assay meth- 
ods for detection of intracellular estrogen receptors 
it has become possible to select the patients whose 
tumors are more likely to respond favourably to 
hormonal manipulations. Within the receptor posi- 
tive group higher amounts of estrogen receptor en- 
hances the likelihood that the hormone therapy will 
be successful [3,4, 51. Instead of a mere division of 
tumors in positive and negative specimens it has been 
recommended that graded categories should be 
used [S]. Arbitrary threshold levels, usually 3 fmol/mg 
protein, have been used to exclude a category for 
which the likelihood of a hormonal response is low. 
But even among these patients about 10% profit from 

tTo whom correspondence should be addressed. 
Abbreviations: TEDG-buffer. 40 mM Tris-HCl-2 mM 

EDTA-1 mM dithiothreitol-10% (w/v) glycerol pH 7.4 
(25°C); DES, diethylstilbestrol; ODU, optical density 
unit for the amount of protein in cytosol determined as 
the difference between the absorbances measured at 280 
and 310nm; SSD, single saturating method; MRM, 
modified routine method; DM 1, dilution method 1; 
DM 2, dilution method 2. 

hormonal therapy [2,4]. For these reasons it is very 
important that the estrogen receptor proteins be 
accurately quantified. This task demands careful 
handling of the tumour specimens from the time of 
excision to the final assaying of the receptor content 
in the cytosol made from it. The most widely used 
estrogen receptor assay technique, the Dextran- 
charcoal assay, is based on a multipoint saturation 
analysis where a fixed amount of the tumor cytosol 
is incubated with increasing concentrations of 
labelled hormone. Dextran-coated charcoal (DCC) is 
used to separate bound from free hormone. Yet, 
results obtained with this assay principle show high 
interlaboratory variations [ 161. There are remarkable 
differences of the reported conditions for the applica- 
tion of DCC: Both the amount of charcoal and 
Dextran as well as the ratio of these two have varied 
from one study to another over a IO-fold range or 
more [7]. Low protein concentrations of cytosols have 
been reported to cause underestimations of estrogen 
receptor content [7,8,9]. Inclusion of sodium molyb- 
date in the cytosol of various tissues has been shown 
to increase the apparent concentration of most 
steroid receptors [lo, 11, 121. 

It was the objective of this study to more system- 
atically investigate the influence of protein content of 
cytosol on estrogen receptor concentrations as mea- 
sured by the DCC method and to compare it to the 
stabilizing effect of sodium molybdate in the cytosol. 
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EXPERIMENTAL 

Materials 

[3H]2,4,6,7-Estradiol (115.0 Ci/mmol) was pur- 
chased from New England Nuclear. Trypsin (bovine 
pancreas, type III) was obtained from Sigma, sodium 
molybdate from Merck and gelatin from Difco. 
Other reagents used were of analytical purity grade. 

Sample preparation 

Tissue samples from breast cancer tumors were 
frozen in liquid nitrogen immediately after excision. 
The samples were stored at - 70°C for a few days up 
to 2 weeks. Both primary and metastatic tumors were 
included in the study. 

The cancer tissues were thawed at +4”C and 
homogenized in cold TEDG-buffer with 2-5 ten 
second bursts with an Ultra-Turrax lS/lO Shaft 10N. 
The ratio of homogenization buffer to tissue weight 
varied from lAml/g in order to obtain as concen- 
trated cytosols as possible. 

In the experiments where sodium molybdate was 
used the homogenate was centrifuged for 5 min at 
10,OOOg in a Beckman model JA-20 centrifuge at 
&4C. Part of the supernatant was made 20mM 
sodium molybdate by addition of a 200mM stock 
solution in TEDG-buffer. The cytosol were obtained 
after centrifugation at 40,OOOg at 04°C for 1 h. The 
dilution of cytosols used in some experiments is 
described in detail in the figure legends. All sub- 
sequent procedures were performed in an ice-water 
bath. 

Quantitation of estrogen -binding 

Routine method. Aliquots of cytosol (0.1 ml) were 
incubated overnight (1620 h) at 0°C with six 
different concentrations of tritiated estradiol 
(5-0.16 nM) in 0.1 ml of TEDG-buffer with or with- 
out a 200-fold excess of unlabelled diethylstilbestrol 
(DES). Bound and free hormone were separated by 
incubation with 0.5 ml of a charcoal (0.5%)-Dextran 
(0.05%) suspension (DCC) in TEDG-buffer for 
30 min. After centrifugation 0.5 ml of the supernatant 
was used for measurement of the radioactivity. 

Single saturating dose-method (SSD). 0.1 ml of the 
cytosol was incubated with 0.1 ml of 5 nM 
[3H]estradiol in TEDG-buffer overnight at 0°C in 
triplicate. The non-specific binding was assessed by 
parallel incubations with a 200-fold excess of DES 
over radioactive hormone. The methods for removal 
of unbound [)H]estradiol and the counting of the 
bound [3H]estradiol were identical to those used in 
the routine method. 

Based on the results from experiments described in 
the text we decided to compare estrogen receptor 
concentrations in 21 tumor specimens using three 
different modifications of the routine DCC assay. 

Modjied routine method (MRM). The cytosols 
were assayed from estrogen receptor content as in the 

routine method except that gelatin (1 mg/ml) was 
added to the DCC suspension. 

Dilution method 1 (DM 1). Cytosol obtained as 
described above were diluted to 2 ODU/ml with 
TEDG-buffer. Aliquots (0.1 ml) of the diluted cytosol 
were incubated overnight at 0°C with three different 
concentrations of [3H]estradiol (5.0, 2.5, 1.25 nM 
hormone in 0.1 ml TEDG-buffer). The measurement 
of the non-specific binding and the separation of the 
bound and free estradiol were made in the same way 
as in the routine method. 

Dilution method 2 (DM 2). Cytosol containing 
20mM sodium molybdate were diluted as in DM 1 
but with 20 mM sodium molybdate in the dilution 
buffer. Incubation with radioactive hormone was 
done as in DM 1. For separation of bound and free 
hormone the DCC suspension of the routine method 
was modified by addition of 1 mg/ml gelatin and 
5 mM sodium molybdate. 

Calculation of the binding sites and dissociation 
constants were done according to the method of 
Scatchard[l3]. Protein content was assayed by the 
method of Bradford[l4]. The receptor content was 
expressed as fmol/mg protein. A receptor content 
lower than 3 fmol/mg protein was defined as nega- 
tive, 3-10 fmol/mg protein as borderline and over 
10 fmol/mg protein as positive. Trypsin treatment 
was performed as described earlier [ 151. 

RESULTS 

The estrogen content of a number of cytosols at 
different dilutions were measured using our routine 
method. Figure 1 illustrates some typical cases. In all 
samples dilution decreased the estrogen binding 
capacity of the breast cancer cytosol. Yet, the 
decrease varied significantly from one cytosol to 
another (Fig. 1). In some cytosols 8-fold dilutions 
(protein concentration 0.5 to 1 mg/ml) caused inac- 
tivation of S&90% of the receptors. On the other 
hand, in some cytosols only 30% of the binding sites 
were inactivated by even a 16-fold dilution (~0.5 mg 
protein/ml). 

In agreement with our previous results [15] limited 
proteolysis with trypsin significantly increased the 
estrogen binding capacity in undiluted cytosol (Fig. 
2). Furthermore, it counteracted to a considerable 
extent the dilution induced loss in estrogen binding 
sites. 

The addition of 0.5 ml Dextran-charcoal sus- 
pension introduced a substantial dilution of the 
protein content of the incubation mixture (0.2ml). 
We therefore decided to study the effect of 
1 mg/ml gelatin in the DCC suspension. This caused 
a clear increase in the binding capacity. The range of 
augmentation of binding sites was very wide 
(14308%), with the most dramatic increases seen in 
cytosols with low protein content (h 3 mg/ml). Mean 
values from 6 cytosols were 76.2 f 117.1 (SD) 
fmol/mg (-gelatin) and 102.9 f 135.7 (SD) fmol/mg 
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Fig. 1. Effect of dilution of breast cancer cytosols on the 
amount of [)H]estradiol binding sites. 0.1 ml aliquots of 
undiluted or diluted cytosol were incubated overnight with 
a single saturating dose @SD) of 5 nM [3H]estradiol (0.1 ml) 
or 6 different concentrations (SXl6nM) of [‘Hlestradiol 
(0.1 ml) k 200DES at 0°C. 0.5 ml of a Dextran 
(O.O5%)+zharcoal (0.5%) suspension in TEDG-buffer was 
used to separate free and bound hormone. The values in the 
figure represent the means of triplicates *SD (0, A) for 
the [3H]estradiol binding measured with SSD or binding 
capacities calculated from Scatchard plots (0). All values 
are corrected for non-specific binding. Protein contents of 
undiluted cytosols were 4.8 mg/ml (A), 6.6 mg/ml (0) and 

9.0 mg/ml (V), respectively. 
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Fig. 2. Effect of trypsin on the quantitation of estrogen Fig. 3. The effect of sodium molybdate and/or gelatin on the 
receptors in dilutions of breast cancer cytosols. Cytosols 
were obtained as described in the Experimental Section. 

[‘Hlestradiol binding of a breast cancer cytosol. Cytosols 
with and without 20 mM sodium molybdate were obtained 

Binding capacities of undiluted and diluted cytosols were 
determined in two parallel sets with the saturation analysis 

as described in the Experimental Section. Binding of 
[3H]estradiol was measured with SSD analysis as described 

described in the legend of Fig. 1. After overnight incubation in the legend of Fig. 1 with or without 5mM sodium 
at 0°C 5~1 TEDG-buffer with (A) or without (0) 5pg 
trypsin/ODU was added to the tubes and incubation at 

molybdate and 1 mg/ml gelatin in the DCC suspension 
(indexes below). The values in the figure represent the means 

0°C was continued for 3 h prior to DCC-treatment. The of triplicates & SD and have been corrected for non-specific 
undiluted cytosols contained 9.0 mg protein/ml. binding. The cytosol contained 3.0 mg/ml protein. 
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(+ gelatin). The results obtained with gelatin were 
significantly higher (P = 0.025) than those obtained 
without gelatin in the DCC suspension using Wil- 
coxon’s test for paired differences. The affinity re- 
mained unaltered or was somewhat increased; mean 
values for Kd: 0.12 + 0.07 (SD) nM without gelatin, 
0.05 f 0.04 (SD) nM with gelatin. Mean protein con- 
centration was 6.0 f 3.2 (SD) mg/ml. Gelatin itself 
did not possess any saturable estrogen binding sites 
of high affinity (data not shown). 

We also studied the effect of gelatin and/or sodium 
molybdate in the DCC suspension on cytosols with 
or without sodium molybdate (Fig. 3). The 1Zfold 
increase in the estrogen binding of the cytosol with- 
out molybdate by the mere inclusion of gelatin in the 
DCC suspension confirms our findings above. Inclu- 
sion of molybdate shortly after homogenization, 
however, still gives a further increase (70%) in es- 
trogen binding. 

The apparent additivity of the effects of gelatin in 
the DCC suspension and sodium molybdate in the 
cytosol led us to investigate the effects of these two 
additives separately and together on the dilution 
induced decrease in apparent receptor concentration 
of several cytosols. Figure 4 illustrates the results for 
one cytosol representative for four similar experi- 
ments performed on cytosols from different tumors. 

Inclusion of gelatin to the DCC suspension re- 
tained the estrogen binding capacity in the diluted 
cytosol at the same level as in the undiluted cytosol. 
Addition of 20 mM sodium molybdate to the cytosols 
increased the estrogen binding capacity with an equal 
amount in both diluted and undiluted cytosol, but it 
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Fig. 4. Effect of dilution of the cytosol on estrogen binding 
capacity in the presence or absence of 20mM sodium 
molybdate in cytosols and/or gelatin (1 mg/ml) in the 
Dextran-coated charcoal suspension. The binding capacities 
were calculated from Scatchard plots. Protein content in the 
undiluted cytosol was 6.0 mg/ml and in the diluted cytosol 

0.9 mg/ml. 

did not abolish the decrease in estrogen receptor 
content caused by dilution of the cytosol. The loss of 

estrogen binding sites was thus roughly equal both in 
the presence and absence of sodium molybdate. 

A protein concentration between 1 and 2 mg/ml, as 
recommended by McGuire et a1.[16] for the quan- 
titation of estrogen receptors in cytosol by the DCC 

assay, seemed to us fairly low considering the exten- 
sive loss in estrogen binding sites following dilution 
of some cytosols. We therefore decided to determine 

estrogen receptor content simultaneously with our 

modified routine method (MRM) where 1 mg/ml 
gelatin [16] was added to the DCC suspension and 
with two further modifications of the routine method 

involving dilution of the cytosols to contain 
l-2mg/ml protein. In all other respects dilution 
method 1 (DM 1) was performed as our routine 
method. In dilution method 2 (DM) 20 mM sodium 
molybdate was included in the cytosol and the dilu- 
tion buffer and 5 mM sodium molybdate and 1 mg/ml 
gelatin in the DCC suspension. Figure 5 shows the 

estrogen binding capacities of the cytosols from 
twenty-one different tumor specimens obtained by 
these three assay methods. Mean values for the 
protein concentrations of the diluted and undiluted 
cytosols were 1.6 + 0.4 (SD) mg/ml and 

4.4 f 1.9 (SD) mg/ml, respectively. The binding ca- 
pacities for DM 1, DM 2 and MRM were (mean 
values f SD): 43.0 f 54.0, 94.0 f 120 and 110 f 170, 
respectively. In four cases assayed with DM 1 no 
saturable estrogen binding was detected. When as- 
sayed with MRM distinct high affinity binding was 
observed for these cytosols: 1.8, 2.3, 3.6 and 
18.5 fmol/mg. Of five cytosols found negative with 
DM 1, two remained negative, one was borderline 
and two were positive when assayed with MRM. Of 

three borderline cases (DM 1) one was found positive 
with MRM while two remained in the borderline 
region. 

The ratio of binding capacities obtained with the 

two methods (DM I/MRM) was 0.47 k 0.17 (SD); 
n = 17; range 0.18-l. 13. Thus by omitting the dilu- 

tion step and adding 1 mg/ml of gelatin to the DCC 

suspension substantial increases. up to 6-fold, were 
seen in fifteen cases whereas six cases were virtually 

unaltered. The ER values from MRM were 

significantly higher than those obtained with DMI 
(P < 0.001, Wilcoxon’s test for paired differences). 

The results obtained with DM 2 are more complex. 
Of the four cytosols showing no saturable estrogen 
binding with DM 1 only one was found to have 

saturable binding sites (5.9 fmol/mg) of high affinity 
when assayed with DM 2, despite the presence of 

gelatin in the DCC suspension. 
Compared with the results obtained with MRM 

about one third of the cases assayed with DM 2 were 
clearly increased, about one third was unaltered and 

the remaining third was clearly decreased including 
the three cytosols with no detectable high affinity 

DMI MRM DM2 

Fig. 5. Comparison of the estrogen receptor binding 
capacities of 21 breast cancer samples obtained by three 
different modifications of the DCC assay (described in detail 
in the Experimental Section). In dilution method 1 (DM 1) 
cytosols without sodium molybdate were diluted with 
TEDG-buffer to obtain a protein content of -2 ODU/ml. 
In dilution method 2 (DM 2) 20 mM sodium molybdate 
was included in the cytosol and the dilution buffer. Gelatin 
(1 mg/ml) and sodium molybdate (5 mM) were added to 
the DCC suspension. Binding capacities were obtained from 
a 3-point DCC-Scatchard-plot assay. In the modified 
routine method (MRM) cytosols without sodium molybdate 
were used without dilution. Binding capacities were ob- 
tained from a 6-point DCC-Scatchard-plot assay. Gelatin 
(1 mg/ml) was included in the DCC suspensions. The dotted 
lines indicate the cases where no detectable receptor binding 

was seen with the respective assay method. 
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estrogen binding sites. The ratio of binding sites 
obtained with DM 2 and MRM was 1.29 f 0.72; 
n = 18; range 0.45-3.28. No significant difference was 
obtained for the results obtained by DM 2 and MRM 
using Wilcoxon’s test for paired differences. 

The dissociation constants for the three groups 
were [mean values (nM) f SD]: DM 1, 0.41 f 0.42; 
DM2, 0.25f0.19; MRM, 0.14kO.24. The mean 
value of the ratios of &‘s obtained for individual 
cytosols were: DM l/MRM, 9.2 k 11.2 (range 
0.5-37) and DM Z/MRM, 5.6 k 6.0 (range 0.2-24). 
Diluting the cytosol thus generally had a negative 
effect on the affinity of the hormone-receptor inter- 
action. The Kd’s obtained with MRM were 
significantly lower than those obtained with either 
DM 1 or DM 2 (P < 0.001 in both cases using 
Mann-Whitney’s U-test). 

We also tested the recovery of cytosol proteins 
after the DCC treatment without gelatin. The loss of 
protein was 36 k 12 pg (n = 27) from 100 ~1 cytosol 
and was fairly constant despite wide variations in the 
initial protein concentration (range 0.4-9.0 mg/l). For 
the mean protein concentration (1.55 mg/ml) in the 
diluted cytosols this would correspond to a 2&30x 
loss of protein. 

DISCUSSION 

This study confirms and extends previous 
findings [7,8,9] of the importance of protein concen- 
tration in the measurement of estrogen receptor 
content in breast cancer cytosols using the Dextran- 
coated charcoal assay. In order to minimize losses of 
estrogen receptor content in cytosols with low protein 
concentrations the use of a carrier protein has been 
recommended [17]. It has been assumed that ad- 
sorption of protein to the charcoal particles would 
account for the losses of estrogen receptors [7,8,9]. 
This study shows that the loss of protein due to 
adsorption to the charcoal in the absence of a protein 
expander can account for 2&30% decreases in es- 
trogen receptor content when the initial protein 
amount of the cytosol varies between 1 and 2 mg/ml. 
In fact, as this study illustrates, up to S&90% de- 
creases in estrogen binding are frequently seen with 
diluted cytosols in the absence of a protein expander 
compared to binding capacities obtained with un- 
diluted cytosols with 1 mg/ml gelatin added to the 
Dextran-charcoal suspension. Actually, there does 
not seem to exist a common safe protein concen- 
tration within convenient and practical reach of the 
homogenization procedure used, since even in un- 
diluted cytosols with high protein concentrations 
considerable increase in estrogen binding are seen 
when adding 1 mg/ml gelatin to the DCC suspension. 

Furthermore, there is much variability in the dilu- 
tion induced estrogen binding losses between 
different cytosols. The estrogen binding of some 
cytosols despite extensive dilution is decreased only 
to the extent that is expected due to unspecific 
adsorption of proteins to the charcoal. 

Although nonspecific adsorption of proteins from 
the cytosol to the charcoal cannot explain the present 
data it is conceivable that preferential adsorption of 
some receptor form(s) could account for the high 
variability in estrogen receptor losses. It is widely 
known that a variety of receptor forms of widely 
different molecular weights exist in breast cancer 
cytosols where no precautions have been taken to 
inhibit endogenous proteolytic acitivity [18]. 

It is also possible that the radioactive hormone 
is stripped from its receptor through some factor 
present in the Dextran-charcoal suspension, which 
can be neutralized by high protein concentrations 
of the cytosol or addition of a carrier protein to 
the DCC suspension. Again, different receptor 
forms could possibly be more or less prone to this 
stripping mechanism offering an explanation of 
the variability between different cytosols. A stripping 
mechanism by charcoal particles has been described 
by Peck and Clark[l9] for cytoplasmic estrogen 
receptors at KCI concentrations above 100mM. A 
stripping mechanism is also supported by the 
marked protective effect of high protein concen- 
trations on the affinity of the hormone receptor 
interaction. The hormone may be more thoroughly 
stripped from the receptor when total concentration 
of hormone is low making it less likely to bind 
another hormone molecule. 

Although limited proteolysis with trypsin does not 
fully protect the estrogen receptor sites against losses 
upon dilution of the cytosol it gives an increment in 
estrogen binding sites almost constant throughout 
the dilution curve. This could be explained by the 
formation of a meroreceptor [ 181 like molecule which 
either is not adsorbed to the charcoal particles or not 
sensitive to the hypothetical stripping mechanism 
mentioned above. 

The effect of sodium molybdate in the cytosol is 
very similar in this respect to that of trypsin, i.e. it 
does not abolish the dilution induced loss in estrogen 
binding sites but gives an increase in estrogen binding 
which in absolute amount is constant in both concen- 
trated and diluted cytosols. It has been suggested that 
the stabilizing effect of sodium molybdate on steroid 
receptor binding is caused by inhibition of 
phosphatases [lo] or by interaction directly with the 
receptor thus making it a less desirable object for 
different inactivating factors [1 11. We have previously 
shown that limited trypsin proteolysis and the use of 
sodium molybdate in quantitations of estrogen recep- 
tor content of breast cancer cytosols using the DCC 
assay produce roughly the same augmentations in 
estrogen binding sites [14]. In that study the maximal 
increase obtained by trypsin or sodium molybdate 
seemed to be roughly 100%. In view of the present 
results this apparent limit was probably a result of the 
particular protein levels used in that study. In this 
work trypsin and sodium molybdate produced in- 
creases in estrogen binding that were substantially 
higher at lower levels of cytosol protein. 
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From the 21 breast cancer specimens assayed for 
estrogen receptor content with the three 
modifications of our routine DCC assay it is evident 
that dilution of cytosols to contain between 1 and 
2 mg/ml cytosol without carrier protein in the DCC 
suspension caused highly underestimated estrogen 
receptor values. It also results in significantly lower 
affinities making it more difficult to detect small 
receptor amounts from the background and other 
possible estrogen binders of low affinity. In this 
admittedly limited material two tumor specimens 
found negative with DM 1 (1.9 and 0 fmol/mg) were 
clearly positive (10.6 and 18.5 fmol/mg) when assayed 
with MRM. Although it must be emphasized that the 
higher estimates resulting from the modifications of 
the method must be reevaluated in terms of clinical 
response to treatment, it is obvious from the high 
variability of the dilution effect in different cytosols 
that there is an apparent chance that some ER- 
positive tumors specimens may escape detection 
when using the dilution method without addition of 
a carrier protein to the DCC suspension. 

When the dilution method was modified with the 
addition of sodium molybdate to the cytosol and 
molybdate and gelatin to the DCC suspension to 
avoid losses of estrogen binding sites, expected in- 
creases in estrogen binding capacities (up to 3-fold) 
were seen in one third of the cases whereas one third 
was more or less unchanged. Surprisingly in seven 
cases the binding capacities were reduced. This may 
be accounted for by two factors. The presence of 
1 mg/ml of gelatin in the DCC suspension may not be 
enough to effectively inhibit the loss in binding sites 
at low protein concentrations of cytosols. This may 
be the case particularly for the three specimens 
without detectable saturable estrogen binding, which 
were also found negative with DM 1. It must also be 
noted that the affinities in DM 2 despite the use of 
gelatin were significantly lower than in MRM, al- 
though higher than in DM 1. The other possibility is 
that the use of 20 mM sodium molybdate for some 
unknown reason reduces the apparent estrogen bind- 
ing capacity a phenomenon occasionally seen in this 
laboratory (unpublished data). 

CONCLUSION 

The protein content of breast tumor cytosols, as 
this study shows, is an important variable for the 
quantitation of estrogen receptors using the Dextran- 
coated charcoal method. Dilution of cytosols to a 
common protein concentration (l-2 mg/ml) can 
cause dramatic losses in apparent estrogen receptor 
content which cannot be explained by a general 
protein adsorption to the charcoal particles. The high 
variability in this dilution induced effect between 
different cytosols is conceivably a consequence of 
receptor heterogeneity. This view is supported by the 
facts that formation of mero-receptors through lim- 
ited trypsin proteolysis and stabilization of a high 

molecular weight receptor form(s) with sodium 
molybdate counteracts the dilution induced loss in 
receptor sites. 

Based on the results from this study we recommend 
that the protein concentration of the cytosol be 
maintained as high as possible together with the use 
of expander protein in the Dextran-charcoal sus- 
pension. 

In this way the ER sites and the affinity of the 
hormone receptor interaction is best preserved and 
artifacts from using low protein cytosols with or 
without protein expander can thus be avoided. Al- 
though the use of sodium molybdate can give 
significantly higher ER content of some cytosols, 
occasionally it has an opposite effect and we therefore 
hesitate to recommend it in the routine estimation of 
ER content of breast cancer cytosols. 
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