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EORTC since 1973 (8â€”10)and is still considered the golden standard
(minutes of the meeting of EORTC Receptor Group, MUnchen, 1994).
In the 1980s, several monoclonal antibodies were raised against the
receptor proteins (1 1, 12). They were used to devise immunometric
methods to detect both estrogen and progesterone receptors. Of par
ticular clinical interest is the enzyme immunoassay developed by
Abbott Diagnostic (ER-EIA; Ref. 13), which became an interesting
possible alternative to the classical, more cumbersome, and time
consuming RBA method. Indeed, the EIA method is fully standard
ized, easier to perform, and less time consuming than the classical
RBA assay. Moreover, no radioactive material is necessary. These
facts prompted several laboratories to use the EIA method instead of
RBA.

Several clinical studies compared the results obtained with RBA
and ER-EIA in breast cancer (14â€”27).In general, an excellent cone
lation was found between the two methods. However, ER-EIA tended
to detect higher ER concentrations(14â€”18,22â€”27),althoughthese
findings were not confirmed by all of the investigators. These findings
could possibly be in agreement with the capability of the ER-EIA to
recognize both free and occupied ER (14, 15), whereas RBA probably
recognizes only the unfilled receptor (7).

The capability of the ER-EIA to measure both free and bound ER
was first questioned by Raam and Vrabel (28) and Raam (29). The
authors suggested that the ER-EIA method detects higher ER levels
than the RBA (28, 29), probably due to the immunological recognition
of low affinity receptor sites or proteolytic fragments, possibly mac
tive, of the receptor (28). Nevertheless, in conflict with the latter
hypothesis, Hyder et a!. (30) reported that limited trypinization of ER,
which did not affect ligand binding site, abolished EIA-measurable
ER. The problem of what exactly the ER-EIA measures is becoming
a critical point in clinical oncology, with reference to the choice of the
optimal positive/negative cutoff point, which almost certainly is not
superimposable to that of RBA (25, 31).

Moreover, in the last few years, the EIA method showed a drift
toward a progressive tendency to overestimate ER concentrations in
comparison to RBA (32). These findings prompted the manufacturer
of the commercial ER-EIA to carry out a re-standardization of the
method, which is claimed to measure ER values closer to RBA results
(minutes of the meeting of EORTC Receptor Group, Ferrara, 1991).
The aim of the present investigation was, therefore, to evaluate the
new version of the Abbott enzyme immunoassay for ER determina
tion in comparison with the RBA. Furthermore, we intended to
evaluate if ER-EIA detects only ER occupied by endogenous estro
gens when using an estrogen-free, low-salt buffer to prepare and dilute
cytosol samples.

MATERIALS AND METHODS

Fifty-seven samples with measurable ER amounts by RBA collected from
patients with untreated primary breast cancer were evaluated. Tissue was
collected fresh from the operating room and immediately chilled on crushed
ice. Fat and necrotic tissue was dissected away, and the tumors were minced,
frozen, and stored in liquid nitrogen until assayed. Menopausal status was
classified as follows: premenopausal, patients with regular menstrual cycles;
perimenopausal and posimenopausal, those whose last regular menses oc
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ABSTRACT

Estrogen receptors (ER) are routinely measured in tissue extracts from
breast cancer using a radioligand binding assay (RBA) and an enzyme
immunoassay (EIA). Although good correlation was found between the
two methods, they are expected to measure, at least in part, different ER
amounts in individual samples, because the RBA should detect unfilled ER
only, whereas EIA should recognize both unfilled receptors and those
filled by endogenous estrogens.

The purpose of the present investigation was to evaluate if ER-EIA
mainly detects ER filled by endogenous estrogens when using an estrogen
free buffer to dilute cytosol samples. Indeed, the commerciaHy available
EIA assay kit (ER-EIA; Abbott) is equipped with a sample dilution buffer
containing a high concentration of 17@3.estradiolwhich should allow for
the saturationof all the ERa.

ER was measuredin 57 cytosolsamplesfrom prisnarybreastcancer
with RBA and ER-EIA. In the latter case, samples were diluted using both
the estradlol-richdilutionbufferof the kit and an estrogen-freelow salt
phosphate buffer. RBA and ER-EIA showed tightly correlated results.
However,ER-EIAdetectedhigherERleveisthanRBAin themajorityof
cases. Results obtained by low salt ER-EIA were also correlated to both
RBA and ER-EIA, showing, however, lower ER concentrations. ER levels
measured by ER-EIA were not significantly different from the sum of ER
concentrations found by RBA and low salt ER-EIA. These findings sug
gest that ER-EIA detects ER only In the canformational status that is
achieved after saturation by estrogens. These findings were confirmed by
sedimentation shift experiments, which showed that the monoclonal anti
body D547 used in the kit binds ER in the occupied form only. This leads
to the conclusion that ER-EIA detects functioning (in terms of binding
with estradiol) ERa. From the present investigation, we suggest that it is
possible and probably worthwhile to optimize the EIA method by using
different buffers to measure: (a) the total number of ERa capable of
binding estradiol; (b) the ER filled by endogenous estrogens; and (c) by
difference, the unfilled ER concentrations.

INTRODUCTION

Estrogen and progesterone receptors are currently measured in
breast cancer tissue. Although their actual prognostic role concerning
relapse-free survival is limited (1 , 2), they still have an established
clinical usefulness both as indicators of survival after relapse (3) and
in predicting the hormonal responsiveness of the tumor (4â€”6).

The most widely used method for ER3 and progesterone receptor
determination is the RBA in which the free receptor is recognized
through its specific binding to a radiolabeled hormone (7). The RBA
procedure has been standardized by the Receptor Group of the
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DIFFERENT ER FORMS ASSAY BY ER-EtA

curred less than and more than 2 years before, respectively. When studying
differences related to menopausal status, the perimenopausal patient was

excluded from the evaluation.

Cytosol Preparation

Tissue samples were powdered using a microdismembrator (Braun, Mel
sungen, Germany). The powdered tissue was homogenized with 10 volumes of
cold 10 mM phosphate buffer (pH 7.4, containing 1.5 m@tEDTA, 1 mM
dithiothreitol, 10 mM sodium molybdate, 10% v/v glycerol, and 3 mi@iNaN3)
by aspiration in a Pasteur pipette. Low-salt extract (cytosol) was prepared by
centrifugation at 100,000 X g for 1 h at 4Â°C.

Radioligand Binding Assay

[2,4,6,7-3H]Estradiol was purchased from Amersham International (Cardiff,

United Kingdom). Other chemicals were purchased from Sigma Chemical Co.
ER was measuredin the low-saltextractusingthe DCC methodrecommended
by the EORTC, which has been described in detail elsewhere (33). Both SSD
techniques and the Scatchard plot were used. The latter approach was used
when the tissue amount was sufficient. Results determined by SSD, which
were available for all cases, were used for ER-EIA versus RBA comparisons,
considering that Scatchard plot and SSD give results closely correlated (34), as
also confirmed in the present study (data not shown). For SSD, three replicate
aliquots of cytosol were incubated for 18â€”20h at 4Â°Cwith a final concentra
tion of 4 BM[3Hjestradiol,with and without a 100-foldexcess concentration of
diethylstilbestrol to correct for nonspecific binding. Scatchard plot was carried
out using six serial concentrations of [3H]estradiol(4, 2, 1,0.5, 0.25, and 0.125
nM). The low Kds (from 0.11 to 0.73 fmol/ml) found in the 15 samples in which
Scatchard plot were also performed suggest that only type I, low capacity, high
affinity receptor sites were recognized. Unbound steroid was removed by DCC
(activated charcoal, 0.5% w/v; dextran 70, 0.05% w/v).

ER-EIA

ER was determinedby a commerciallyavailableimmunoassaykit (Abbott
Diagnostic, North Chicago, IL) according to the manufacturer's instructions,
with the exception of the use of phosphate buffer for the tissue preparation,
which had been previously shown not to affect the results obtained by the EIA
(16). Briefly, aliquots of cytosol and control standard were incubated in
duplicate with polystyrene beads coated with the monoclonal antibody D547
for 18 h at 4Â°C.After the incubation, the beads were washed twice with
distilled water, and a second antibody (H222) conjugated with peroxidase was
incubated with the receptor-bead complex for 1 h at 37Â°C.Beads were washed
twice with distilled water and transferred to polyethylene tubes. A solution of
o-phenylenediamine diluted in citrate-phosphate buffer containing 0.02% hy
drogen peroxide was added to each tube, and after a 30-mm incubation at room
temperature, the reaction was stopped by 1 mol/liter sulfuric acid, and the
adsorbance was read at 492 nm.

ER-EIA Performance Characteristics

Sensitivity. The analytical sensitivity of the method, calculated as the ER
concentrations corresponding to the mean plus 3 SDs of the absorbance of 10

â€œzeroâ€•standard replicates of the calibration set, was 1.2 fmol/ml.
Precision. Both interassay and intraassay precision was evaluated using

cytosol samples from human breast cancer at different concentration levels.

The reproducibility was very good above 10 fmol/ml; the percentage of
coefficient of variation (CV%) was lower than 10% intraassay and 10.8%
interassay. However, below the 10 fmol/ml value, precision was not satisfac
tory (CV%, 29%) in spite of the good analytical sensitivity of the method.

Accuracy. Dilution tests were performed using the phosphate buffer alone,
as used for cytosol preparations, and with the addition of BSA 3 mg/nil to
evaluate the effect of the protein concentration of the diluent. By using
phosphate buffer, recovery ranged between 90 and 110% only when using a
low dilution factor (up to 1:6), whereas it dropped to values ranging from 80
to 56% when the dilution range was extended. On the contrary, using phos
phate buffer with the addition of BSA, recovery was very good, ranging from
98 to 120%, in a wide dilution range (up to 1:48).

Sedimentation Shift Studies

MCF-7 cell cytosol was diluted 1:10 with 10 mM Tris buffer (pH 7.4)
containing 1.5 mM EDTA, 5.0 mM monothioglycerol, 20 mM sodium molyb
date, and 10mMKC1.Incubations with 10nr@itritiated E@alone, antibody D547
(50 ,.@g/100p.l) alone, or tritiated E@followed by D547 were for 2 h each in the
cold. For sedimentation studies, a 100-@laliquot of each mixture was layered
on 4.2 ml of a 10â€”30%sucrose gradient containing 10 mMEDTA and 10 mM
KCI.Centrifugationwascarriedoutat253,000 X g for 15h at4Â°C,afterwhich
lOO-pi fractions were collected from the bottom (tube puncture) for scintilla
tion counting. For postlabeling experiments, each 100-@xlgradient fraction was
treated with 2 pA of 1.5 pi@itritiated E@and incubated in the cold for 2 h, after
which 10 @tlof a 0.5% suspension of DCC in Tris buffer was added, and the
mixture was allowed to stand for 5 mm. The DCC was then removed by
centrifugation at 10,000 X g, and a l0-pi aliquot of the supernatant solution
was taken for counting.

17@i-EstradiolRIA

17f3-Estradiol was measured using a commercially available, competitive
coated tube RIA (Coat-a-Count; Diagnostic Products Corporation, Los Ange
les, CA). The method was carried out according to the manufacturer's instruc
tions.

Statistical Evaluation

Data were analyzed with the Fisher exact test, Mann-Whitney U test,
Wilcoxon signed-rank test, and linear regression analysis. Correlation coeffi
cients were estimated from least-squares best fit. SSD results of RBA were

treated as the independent variable.

RESULTS

In 1986, Raam and Vrabel reported that the dilution buffer provided
by the commercial Abbott kit contains E2 in large amounts (28).
Indeed, using a specific RIA, we found 16.5 ng/ml of 17f3-estradiol in
the assay kit diluent. The dilution of the assay kit buffer paralleled the
standard curve of the 17(3-estradiolRIA (data not shown). A displace
ment test was carried out in human breast cancer cytosol using both
the ER-EIA diluent and the phosphate buffer with the addition of E@.
The results, shown in Fig. 1, demonstrated that the displacing curves
are supenmposable, confirming that the diluent buffer of the Abbott
kit shows the same binding characteristics as E@toward estrogen
receptor.

ER-EIA: Effect of Low-Salt, ER-free Buffer. Considering that
the Abbott kit buffer may theoretically allow for E@to occupy all of
the native receptors, we measured ER cytosol content using both the
unmodified ER-EIA and a modified version of the kit in which the
dilution buffer was substituted with E@-free 10 miii phosphate buffer,
added with 3 mg/mi BSA.

Table 1 summarizes the obtained results. In 41 of 43 cases using
LSEIA, we measured ER concentrations lower than those detected
with the unmodified ER-EIA. A possible interpretation of this behav
ior is that the monoclonal antibodies used for ER-EIA can recognize
epitopes of the ER hetero-oligomer that are exposed to the immuno
logical detection only in the confonnational status that the receptors
assume after binding E@and activation, as shown for ERs from fetal
guinea pig uterus by Giambiagi and Pasqualini (35) and suggested
also for human ER by Hyder et a!. (30). If this were true, using low
salt buffer the ER-EIA should detect only ERs occupied by endoge
nous estrogens. Therefore, the total concentration of ERs, detected by
the ER-EIA, should correspond to the free receptor, as measured by
RBA, plus the amount of ER occupied by native estrogen, measured
by LSEIA. As a matter of fact, the ER values obtained by ER-EIA are
not significantly different from those resulting from the sum of RBA
and LSEIA (paired Wilcoxon test P = 0.138). This pattern was
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bufferPatient

codeAgeMenopausal statusâ€•ER-EIAkit bufferRBAER-EIA
low

saltbufferRA/l813468.4366.5113.8RA/28532910.02900.0728.0RA/37233318.01549.6812.0RA/4583358.2234.481.2RA/56831046.0566.0449.0RA/6331554.0375.4150.2RAP78374.666.015.3RA/8451111.360.142.5RA/9713400.9203.1113.0RA/lO50122.217.419.3RA@733818.0172.8289.0R.A/l2753276.7286.543.7RA/13763630.0477.9289.0RAI1470370.742.130.0RAIlS543281.7157.8100.9RA/16451561.6340.1137.1RA/17743866.0479.6246.0RA/l88631130.0967.5305.0RA/l9663154.6116.338.5RA/20733976.0691.2316.0RAI21663394.6242.4207.7RA/2242192.536.868.7RA/23683454.2371.3128.8RA/2451123.513.811.8RA/25451374.9241.7159.1RA/2656398.866.451.9RA/2770347.831.524.8RA/28441283.1166.9106.7RA/29663192.6169.348.8RA/30461138.4110.330.0RA/31823162.0132.434.4RA/325331275.01171.0218.0RA/33583313.8236.492.8RA/345631237.01000.0191.0RAJ35683579.0587.7149.0RA/36361308.6223.4104.0RA/37733769.0732.8201.0RA/38773280.2172.4110.2RA/39603156.91

14.450.2RA/40793491.0330.6125.6RA/41431569.0368.5272.2RA/425127.317.43.4RA/436732118.01634.4641.0

DIFFERENT ER FORMS ASSAY BY ER-EtA

only at high salt concentrations (36), we verified the effect of 0.4 M
KCI buffer, both E2 free and added with 100 nM of E2, on ER-EJA
results in 8 tumor samples. The same samples were also assayed with:
(a) the ER-EIA assay kit buffer; (b) an E2 free ER-EIA assay kit

buffer kindly provided by Abbott Diagnostics; and (c) the low-salt,
E2-free phosphate buffer.

Results are summarized in Table 3. ER concentrations were not
significantly different using the kit buffer and the 0.4 M KC1 buffer
added with 100 n?4@E@.Both the 0.4 M KCI buffer and the E@free kit
buffer showed similar results, which were slightly but significantly
lower (in all cases) than those obtainedwith buffercontainingE@.

Using a low-salt, E2-free buffer, ER concentration is significantly
lower in all of the samples. The values obtained by E@-free,high-salt
buffer are, however,higher than those obtainedby low-saltbuffer.
This is possibly due to the presence of limited amounts of endogenous
E2 (37, 38), which in the presence of high-salt buffer is suitable for
occupying and possibly activating ERs.

ERa in the Incubation Mixture after Binding with Solid-phase
Monoclonal Antibody. Six samples diluted with low ionic strength
buffer were incubated overnight with the monoclonal antibody-coated
beads at 4Â°Caccording to the manufacturer's instructions. A fraction
of each sample was pipetted in plastic wells, stored in the same
conditions, and used as control set. At the end of incubation, the
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Fig. 1. Rate of displacement of I3Hlestradiol (4 nsi) from its receptor (human breast

cancer preparation) by cold E@(â€¢).Comparison with serial dilution of ER-EIA dilution
buffer (A; maximum theoretical E@level, 60 nM).

confirmedwhen consideringmenopausalstatus; whereasER mess
ured by RBA tended to be lower in premenopausal patients, the results
obtained by ER-EIA and those resulting from the sum of RBA and
LSEIA were superimposable independently of the menopausal status
of the patient.

Using the linear regression analysis, ER-EIA and RBA were closely
associated, ER-EIA showing, however, a roughly 20% higher ER
concentration than ER-EIA (Fig. 2), in agreement with the majority of
published studies (14â€”18,22â€”27).ER values obtained by ER-EIA and
those resultingfrom the sum of RBA and LSEIA were still closely
associated; however, the slope value was in this case close to 1 (Fig.
3). As expected, a highly significant linear correlation was also found
between ER-EIA and LSEIA (n = 43; r = 0.956; P < 0.0001).

The regression analysis between the RBA:ER-EIA and LSEIA:ER
EIA ratios also confirms the above data. Indeed, a significant negative
association was found between LSEIA:ER-EIA and RBA:ER-EIA
ratios (Fig. 4). These findings indicate that when the concentrations of
ERs occupied by endogenous estrogens increases, the free form of ER
decreases with reference to the total ER level, as indicated by ER
EIA.

The above findings show that ER levels measured by ER-EIA and
RBA cannot be assumed to be superimposable. The distribution figure
of the resultsobtainedby the two methodsreportedin Table2 shows
that all values are higher with ER-EIA than with RBA. The 10
fmol/mg of cytosol protein cutoff point currently used with RBA
cannot be evaluated in the present study because we chose tumor
samples that were positive according to RBA. Moreover, data are
evaluated and presented in fmol/m.l. However, data shown in Table 2
indicate that different cutoff points should be calculated for the two
methods, being higher in the case of ER-EIA, as we showed in a
previous study (25).

ER-EIA: Effect of High-Salt E2-rich Buffer. Considering that
ER activation by E2 at 4Â°Cin presence of molybdic acid takes place

Table I ER levels (fmol/ml)found with ER-EIA, RBA,and ER-EiA using low-salt

a@ premenopausal@ 2, perimenopausal; 3, postmenopausal. Premenopausal, patients
with regular menstrual cycles;,perimenopausal and postmenopausal, patients whose last
regular menses occurred less than and more than 2 years before, respectively.
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DIFFERENT ER FORMS ASSAY BY ER-EtA

incubation mixture was recovered from the wells and assayed using 1
RBA method, as well as the control set of samples. Results are
reported in Table 4. The values obtained by RBA in the buffer
collected from wells after the incubation with the coated monoclonal
antibody (D547) are superimposable to those of the control set. These 0.8
findingssuggestthat by using a low-saltbuffer, the unoccupiedER
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does not bind to the monoclonal antibody-coated beads, which are
recovered and assayable by RBA in the incubation mixture.

Sedimentation Shift Studies. Giambiagi and Pasqualini (35)
showed that the monoclonal antibody D547 is unable to bind the
nonactivated guinea pig ER. Data by Hyder et a!. (30) had already
suggested that D547 was also able to bind only the 4.55 form in
human breast cancer. To verify these findings, sedimentation shift
analysis was carried out in sucrose gradient by using ER from MCF7
cells. Three combinations were studied: receptor plus tritiated E@
(occupied receptor), receptor plus E2 followed by D547 (occupied
receptor with antibody), and receptor plus D547; each mixture was
then centrifuged in a sucrose gradient. In the third case (unoccupied
receptorwithantibody),tritiatedE@was addedto each fractionof the
gradient, and the excess unbound E@was removed to determine which
fractions contain the receptor. The results, showed in Fig. 5, confirm
that the antibody reacts completely with the occupied receptor.4 On
the otherhand,the unoccupiedreceptorreactsonly to a smallextent,
for most of the latter has not shifted.

4 This experiment was carried out by E. V. Jensen and A. Hedden (institute for

Hormone and Fertility Research, University of Hamburg, Grandweg 64, 22529 Hamburg,
Germany) and is included here with their permission.
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Table3 Effect of different buffers on ER-EJAresultsSampleER-EIA

(fmol/mI)KitE@-free0.4

MKCI E2 0.4 MKCILow-saltcodebufferkit
buffer100 n@ibuffer E,-freebufferbufferRA/4411309151161

940753RA/45385344356
364204RA/46196173192
167105RA/47186153168
15266RA/48338314334
311251RA/49126117127
11792RA/50665863
6344RA/51180153162

130100

Table 4 Determination of ERs not bound to solid-phase D547 monoclonalantibodySix
samples diluted with low ionic strength buffer were incubated overnightwithmonoclonal

antibody-coated beads at 4Â°C,according to the manufacturer's instructions.Afraction
of each sample was pipetted in plastic wells, stored in the same conditions,andused

as a control set. At the end of incubation, the incubation mixture was recoveredfromthe
wells and assayed using the RBA method as well as the control set ofsamples.RBA

in the RBA inthePatient
Code incubation mixtureâ€• controlsetâ€•RA/52

5044RA/53

4550RA/54
6877RA/55

2822RA156

2726RA/57
6464a

Results are expressed in fmol/ml.

DIFFERENT ER FORMS ASSAY BY ER-EtA

good correlation between the two methods, underestimating the prob
lem of discrepancies. On the other hand, other researchers, seeking an
interpretation of higher ER concentrations found by ER-EIA, hypoth
esized that the latter method could also detect nonfunctioning frag
ments of the receptor protein (29). This hypothesis was also supported
by molecular biology studies that showed that the monoclonal anti
bodies were indeed capable of detecting ER fragments (12). However,
a third hypothesis, possibly closer to the physiology of ER, may be
postulated on the basis of data by Giambiagi and Pasqualini (35) on
fetal guinea pig uterus ER. The authors, when testing the interaction
of several monoclonal antibodies with nonactivated and activated
forms of the ER, showed that the two monoclonal antibodies used in
the Abbott ER-EIA recognize heterooligomer receptors differently.
Namely, the H222 epitope is accessible in both nonactivated and
activated ER, whereas D547 epitope is exposed in the activated form
only. These findings are confirmed by Hyder et al. (30) on human
breast cancer cytosol and also by our group in this study.

Indeed, free ERs are not detected by ER-EIA in the experimental
conditions used in the present study, because quantitative amounts of
saturable ER are still measurable by RBA after incubation with D547
monoclonal antibody-coated beads when the sample is incubated with
low-salt, E2-free buffer (Table 4). Using a different approach, Raam
and Vrabel (28) detected similar findings concerning hormone-free
ER that is not captured by solid phase-bound D547 monoclonal
antibody in three human breast cancer and one calf uterus samples.
Our sedimentation shift data are in agreement with these findings.
Nevertheless, they should be considered as preliminary, trying to
establish conditions under which the occupied receptor will react

a.
C)
4)
C

DISCUSSION

The availability of monoclonal antibodies to ERs allowed for the
development of new diagnostic tools. Both immunohistochemical
methods and EIA based on monoclonal antibodies were devised (12).
The ER-EIA commercial assay kit set up by Abbott using two differ
ent monoclonal antibodies was considered from the very beginning as
a possible alternative method to the classical RBA. A general agree
ment was soon reached on the practical advantages of ER-EIA: less
tissue is required, no radioactive material is necessary, and the method
presents good performance characteristics. The opinions differ, in
pa.rt, regarding the clinical comparison between the two methods. The
majority of published studies reported a very good correlation be
tween the two methods. Results were mainly evaluated using the
regression analysis. Indeed, in spite of excellent regression coeffi
cients, ranging from 0.887, as reported by Holmes el a!. (23) on 91
cases, to 1.0, as reported by Leclercq et a!. (19) on 557 cases, the
slopes of the regression lines were scattered in a wider range. Some
authors showed lower ER values by ER-EIA than by RBA in the
overall casistry (21) or in subgroups of patients (20); others obtained
very similar results by both methods (19). However, in most of the
studies, significantly high values were found by ER-EIA rather than
by RBA (14â€”18, 22â€”27).The latter behavior was confirmed also
when patients were subdivided according to menopausal status (25).
As well, ER-EIA provided higher ER values than RBA also when
cases were subdivided according to ER concentration and subsets
were separately evaluated (25). Therefore, in spite of an acceptable
80â€”90%overall agreement in patient classification, the risk of mis
classification of cases with ER ranging in the low and intermediate
receptor concentration remains consistent.

This discrepancy is probably due to a major difference between the
two methods. Indeed, RBA recognizes the function of the receptor,
i.e., its capability to bind its specific hormone, whereas ER-EIA
recognizes the antigenic characteristics related to the molecular struc
ture of the receptor protein. This point influenced both basic and
clinical researchers toward a dichotomic interpretation of clinical
studies. On the one hand, several investigators tried to emphasize the
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Fig. 5. Sedimentation shift study. MCF-7 cells' cytosol was diluted I: 10 with 10 msi

Tns buffer. Incubation with tritiated E@alone (0) and with tritiated E@followed by D547
(â€¢)werefor2 h eachin thecold.A l00-pi aliquotwaslayeredon 4.2 ml of a 10â€”30%
sucrose gradient and centrifuged at 253,000 X g for 15 h; l00-@.tlfractions were collected
from the bottom for scintillation counting. For postlabeling experiments, MCF-7 cells'
cytosol was incubated for 2 h in the cold with D547 (A). After the centrifugation, each
l00-gLlfraction was treated with 2 @lof 30 nsi tritiated E@and incubated in the cold for
2 h. The excess of E2 was removed by DCC suspension.4
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completely, whereas the unoccupied receptor will not react at all. But
we can say without question that the occupied receptor reacts better
with the antibody than does the unoccupied one.

Concerning the RBA method used in the present study, the rela
tively low [3H]l7@3-estradiol saturating dose used in SSD, as well as
the low Kds found by Scatchard plot in a subset of patients, clearly
indicates that we actually measured almost exclusively type I ER (39)
not occupied by endogenous estrogens because no exchange of [3H]f3-
estradiol for nonradioactive E2 bound to receptor occurs under the
assay conditions used (7, 40, 41).

The ER-ELA method should, indeed, detect occupied receptors, as
suggested by the comparability of the results obtained using 0.4 MKC1
buffer added with E2 and the kit buffer. In this incubation medium, the
ER should be almost completely occupied. The addition of E2 in the
buffer could possibly not be critical in all samples because of the
presence of native endogenous E.@.Nevertheless, considering that
endogenous estrogen concentrations are widely scattered (37, 38), the
presence of additional E@allows the occupation of ER completely in
all tumor samples.

The results of the present investigation demonstrate that the ER
EIA detects the total amount of ER which, in the native cytosol
sample, is represented by both an unoccupied form and that occupied
by endogenous estrogen. Different ER concentrations obtained by
ER-EIA using different buffers could possibly be due to different ER
stability in the different experimental conditions. Namely, ER should
be less stable in the low ionic strength buffer, which provided low ER
recovery. However, this possible interpretation is hardly tenable for
two reasons: (a) the low ionic strength buffer used has been demon
strated to guarantee a consistent recovery of the receptor and was,
therefore, chosen as a reference buffer for ER assay (10); and (b) a
more scattered distribution of ER levels was expected in the case of
ER instability because of individual variability of biochemical tissue
components affecting receptor stability, such as endogenous proteases
(40). On the contrary, the three ER forms (total, unoccupied, and
occupied by endogenous estrogens) are closely associated in the 43
clinical samples evaluated, standing for a close biological relationship
among the three moieties. It should be also noted that the different
assay conditions could affect as well the equilibrium binding of the
antibody with the receptor, leading to different ER recoveries with
EIA. Actually, this item should be further investigated to optimize the
assays conditions for the most effective recovery of either unoccupied
or occupied receptor.

Thus far, we may, however, conclude that the ER-EIA method
detects functioning ER, as far as the binding with its specific hormone
is concerned. These findings possibly support the hypothesis that
human ER is also detectable by D547 monoclonal antibody only in the
conformational status achieved after binding with E2, as was shown
for guinea pig ER (35).

The comparison between ER-EIA and RBA should be considered
an obsolete trial, because the two methods recognize different func
tioning statuses of ER. The real clinical goal is the identification of
proper positive/negative cutoff points for ER-EIA, rather than debat
ing on the agreement between the latter method and RBA.

The comparison between EIA and immunohistochemistry methods
is also questionable. Indeed, the immunohistochemical method pro
vided by Abbott (ER ICA) may also measure nonfunctioning ER or
proteolytic fragments of the receptor, because of the fact that the
ER-ICA uses a monoclonal antibody (H222) which is always exposed
for the immunological detection, irrespective of the functional status
of the receptor.

The finding of the present investigation leads to a major practical
conclusion that has a possible impact on the clinical use of ERs. By
using two different buffers, it is possible, and very simple, to evaluate

the broad spectrum of receptor forms in clinical samples, i.e. , the total
functioning ER content, the ER occupied by endogenous estrogens,
and, by difference, the unoccupied ER concentration.

This approach to the determination of different functional statuses
of ERs being performable with routine method could represent a new
area of clinical investigation in breast cancer.
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