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A comparison with the dextran coated charcoal method 
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Abstract 
Progesterone receptor was measured in 97 breast cancer biop- 

sy samples with two methods, the multiple point dextran coated 
charcoal method with Scatchard analysis and enzyme immunoas- 
say. The measurable amount of progesterone receptor w a s  usual- 
ly higher with enzyme immunoassay (mean increase 30%). When 
comparing the two techniques quantitatively a high correlation 
coefficient was obtained (r,=0.88; p<O.O01). A concordance in 
terms of progesterone receptor positivity and negativity was 
obtained in 81 of the samples (84%) when using 10 fmoVml as the 
borderline value. If instead the cut-off value used for clinical 
evaluations at our laboratory (30 fmol PgWmg protein) was ap- 
plied, the concordance increased to 94%. The lack of concord- 
ance in the remaining samples may be due to difficulties in the 
interpretation of the Scatchard plots, especially at low receptor 
concentration levels and to differences in specificity between the 
two methods in certain samples. One obvious advantage with 
enzyme immunoassay compared to the dextran coated charcoal 
method is that significantly less tissue is needed. 
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Estrogen (ER) and progesterone receptors (PgR) are 
usually measured routinely in breast cancer samples, 
mainly due to their importance in the selection of systemic 
treatment (cytotoxic or endocrine) for metastatic breast 
cancer. Hitherto, the receptor measurements have usually 
been performed with techniques attempting to measure 
the binding of radio-labelled ligands to their specific re- 
ceptors. Examples of such techniques are the multiple 
point dextran coated charcoal method with Scatchard 
analysis (DCC), sucrose density gradient centrifugation 
and isoelectric focusing. In addition, an enzyme immuno- 
assay (EIA) for ER measurement has shown good con- 
cordance with the radioligand methods. As EIA is a rapid 
and simple technique and requires only small amounts of 

tissue, EIA has been suggested to be a practical method 
for ER measurement in surgical biopsies (1) and fine 
needle aspirates (2) from breast cancers. Recently a simi- 
lar method for PgR has been developed (PgR-EIA;4), 
presumably having the same advantages as ER-EIA. In 
the present investigation EIA was therefore compared 
with DCC (our routine technique) for PgR measurement in 
breast cancer biopsy samples. 

Material and Methods 

Tissue material. The comparison between DCC and 
EIA for the measurement of PgR was carried out in 97 
consecutive breast cancer biopsy samples. Twenty sam- 
ples derived from premenopausal patients (less than one 
year after the last regular menstrual bleeding) and 77 from 
postmenopausal patients (more than one year after the 
last regular menstrual bleeding). The biopsy samples were 
obtained at operation and then kept for not more than 2 
weeks at either -70°C or in liquid nitrogen until analysis. 

Chemicals and ligands. All chemicals were of analytical 
grade. 'H-promegestone (3H-R5020, 3.2 TBg/mmol) and 
unlabelled promegestone were purchased from New Eng- 
land Nuclear (Boston MA, USA). The PgR-EIA kits were 
kindly supplied by Abbott Laboratories, Diagnostic Divi- 
sion, North Chicago, Ill., USA. 

Analytical procedure. Tumour tissues were homo- 
genized at 0°C with an all-glass Potter-Elvehjelm homo- 
genizer in TE buffer (Xis-HCl 10 mmoyl, EDTA 1.5 
mmoVI, pH 7.4 at 20"C), whereafter the samples were 
centrifuged at 20000 X g for 10 min at 0°C. The protein 
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concentration in the supernatant was adjusted to 1-3 
mg/ml (ODzsG3lo), whereafter the PgR concentration was 
determined with our routine DCC method and EIA as 
described below. 

To the aliquots for DCC assay, mercaptoethanol and 
glycerol were added to final concentrations of 10 mmoM 
and 10% (v/v) respectively. The PgR measurement was 
then performed as described previously with an incuba- 
tion time of 2 h. The level of senstivity was 10 fmoVml 
supernatant (3). Values above or equal to this level were 
considered to be PgR positive (PgR+) and those below as 
PgR negative (PgR-). To the aliquots for EIA, mono- 
thioglycerol and sodium molybdate were added to final 
concentrations of 1 .O mmoVl and 5.0 mmoM respectively. 
The assay was thereafter performed according to kit 
instructions with an incubation time of 18 h (Abbott Labo- 
ratories, USA). The level of sensitivity for PgR-EIA is 
approximately 1 .O fmoYm1, but to get a more comparable 
cut-off point with DCC the same border-line value (10 
fmol/ml) was chosen to distinguish between PgR+ and 
PgR- . As a comparison the cut-off value used for clinical 
evaluations at our laboratory was applied for both meth- 
ods (30 fmoYmg protein). 

Sratistics. Correlations were estimated according to 
Spearman's rank-correlation (r,) and p-values below 0.05 
were considered as indicating statistical significance. 

Results 
Out of 97 samples, 52 were positive and 29 negative 

with both techniques (Table 1, cut-off value 10 fmoYml). 
This gives a concordance in terms of positivity and nega- 
tivity of 84%. From Tables 1 and 2 can also be seen that 
13 of the 16 samples showing discordance were PgR+ 
with EIA (range 11-180 fmol/ml) but PgR- with DCC and 
all from postmenopausal patients, whereas the remaining 
3 samples were PgR- with EIA but PgR+ with DCC 
(range 22-82 fmol/ml) and all from premenopausal pa- 
tients. When using the clinical cut-off value instead (30 
fmoYmg protein), the concordance increased to 91 out of 
the 97 samples (94%). 

When comparing the 2 techniques quantitatively a r,- 
value of 0.88 (p<O.OOl) was obtained (Figure). As can be 
seen from the figure the correlation was closer at higher 
PgR levels. The r,-value for samples with PgREIa values 
below 100 fmoYml was 0.40 and for samples above or 
equal to 100 fmoVml it was 0.91. The PgR recovery was 
increased by a mean factor (kSD) of 1.3k0.66 for the 52 
samples which were positive by both techniques when 
EIA was used instead of DCC. This factor was 1.2k0.62 
(n=14) for samples from premenopausal patients and 
1.4kO.69 (n=38) for samples from postmentopausals 
(NS). In agreement with this mean increase in the measur- 
able amount of PgR with EIA, most samples (n=48) also 
had higher concentration estimates with EIA than with 
DCC. For 20 samples, however, higher PgR values was 
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Figure. Comparison of PgR recovery (fmoVml) in 97 supernatant 
samples from human breast cancer measured with DCC and EIA. 
The 45°C slope is indicated in the figure. r,=0.88, p<O.OOl. 

Table 1 

PgR status (cut-off value 10 fmollrnl) for 
samples measured with both EIA and 
DCC. The number of samples from pre- 
and postmenopausal (prelpost) patients are 

shown in parenthesis 

DCC 

PgR+ PgR- 

PgR + 52 (14/38) 13 (0/13) 
PgR- 3 (3/0) 29 (3126) 

obtained with the DCC technique. The latter finding was 
most pronounced for samples with PgRErA values below 
100 fmol/ml. 

Discussion 

Enzyme immunoassay is a recently developed tech- 
nique for the measurement of PgR (4). It is based on direct 
antigenic recognition of PgR by monoclonal antibodies. 
Hitherto, the measurement of PgR has been performed in 
our laboratory with the dextran coated charcoal method 
and Scatchard analysis (DCC). The main disadvantages 
with this method according to our experiences (about 
4000 analyses of PgR in breast cancer samples) are inter- 
pretation difficulties of the Scatchard plots, especially at 
low PgR concentrations, and the need for a considerable 
amount of tissue. EIA has been shown to be a practical 
method for ER measurement which only requires small 
amounts of tissue. It was therefore of great interest to 
compare EIA estimation of PgR with our DCC method. 

In agreement with a previous report (4), the present 
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Table 2 
Concentrations (fmollml) of PgR (measured with DCC and EIA) and ER (measured with 
isoelectric focusing (IF)). Kd-value (DCC method), age and menopausal status for the 16 

samples showing disconcordance in PgR negativitylpositivity between DCC and EIA 

Sample Age Menopausal PgRwc PgREIA ERIF Kd 
No status x 10-10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

79 
79 
56 
56 
82 
85 
56 
79 
86 
82 
53 
76 
78 
53 
43 
48 

POST 
POST 
POST 
POST 
POST 
POST 
POST 
POST 
POST 
POST 
POST 
POST 
POST 
PRE 
PRE 
PRE 

investigation has shown a highly significant correlation 
between DCC and EIA for PgR measurement in breast 
cancer samples. When comparing the 2 methods in terms 
of PgR positivity and negativity, concordance was ob- 
tained in 84% of the samples. The discrepancy in the 
remaining samples may in part be explained by PgR con- 
centrations near the level of method sensitivity, which at 
least for the DCC method causes interpretation difficulties 
for the Scatchard plots. Thus, 7 of the 13 samples being 
PgR+ with EIA but PgR- with DCC had PgRElA concen- 
trations between 10-20 fmoUml (Table 2). Also 2 of the 3 
samples being PgR+ with DCC but PgR- with EIA gave 
Scatchard plots which were difficult to evaluate. If instead 
the cut-off value used for clinical evaluations at our labo- 
ratory (30 fmol PgWmg protein) was applied the concord- 
ance increased to 91 out of 97 samples (94%). But still 
some samples remained which were negative with one 
technique but clearly positive with the other. This finding 
is in disagreement with the results obtained when EIA and 
isoelectric focusing were compared for ER measurement 
(1). The discordance between EIA and DCC for PgR 
assay may in some cases be due to the choice of radio- 
ligand and differences in binding specificity. 'H-Org-2058 
has been recommended by the EORTC receptor group 
instead of 'H-RS020 (used in this study) for PgR measure- 
ment (5 ) .  In a pilot study at our laboratory an overall good 
agreement between the 2 ligands was obtained (r,=0.91, 
n=19), but in one sample, the PgR concentration was 
considerably higher when measured with 'H-RS020 (850 
fmoUml) than with 'H-Org-2058 (59 fmol/ml). It should 
furthermore be mentioned that all samples which were 
PgR+ with EIA but PgR- with DCC derived from post- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22 
43 
82 

11 
12 
14 
14 
16 
17 
18 
26 
36 
44 
63 
75 

180 
0 
0 
0 

820 - 
280 - 
58 - 

170 - 
14 
0 

92 

- 
- 
- 

210 - 
- 7.6 
- 64 

370 
0 
7. I 5.9 
0 9.8 

29 4.4 

1 300 - 
- 
- 

menopausal patients, whereas the 3 samples showing the 
opposite pattern all derived from premenopausal patients. 
An explanation for this observation has not yet been 
found. When comparing with ER content measured with 
isoelectric focusing in the same samples, the samples 
which were PgREIA+ but PgRDcc- usually (10 out of 13) 
were ER+ (310 fmoYml), whereas 2 out of 3 samples with 
the opposite pattern were ER-. As presence of PgR is 
closely related to presence of ER, these findings suggest 
that the results obtained with EIA are more reliable. 

When the absolute PgR concentration values were com- 
pared 30% higher values were obtained with EIA than 
with DCC. Forty-nine samples had higher values with 
EIA, whereas the opposite occurred in 20 samples. These 
differences could not be explained by menopausal status, 
concentration level or by the dissociation constant (Kd) 
obtained from the Scatchard plot. It should be noted that 
the EIA cytosol contained molybdate, whereas the DCC 
cytosol did not. Molybdate has been reported to stabilize 
receptor and give higher PgR values (6). In control expen- 
ments we were, however, unable to demonstrate any 
significant increase of the measurable amount of PgR with 
DCC when molybdate was added to the buffer (n= 10; 
concentration range &1800 fmoYml; mean increase f SD 
3.4*12%). It should also be mentioned that a shorter 
incubation time was used with DCC than with EIA (2 
versus 18 h). Although an overall satisfactory concord- 
ance between 2 and 18 incubation time previously has 
been obtained with DCC at our laboratory (data not 
shown), one cannot exclude that the discrepancy between 
DDC and EIA in certain samples in the present study may 
have been caused by the difference in incubation time. 
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In conclusion, this investigation showed an overall 
good concordance between DCC and EIA for the meas- 
urement of PgR. This finding, and also the fact that EIA is 
simple, rapid, and needs only small amounts of tissue, 
supports the suggestion that EIA may be a practical meth- 
od for PgR measurements in breast cancer biopsy sam- 
ples. The discrepancies between EIA and DCC in certain 
samples may be due to  interpretation difficulties with the 
Scatchard plots in the DCC method or to differences in 
specificity, which should be further investigated. 
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