
Introduction

A variety of patient (age and menopausal status)
and tumor characteristics (lymph node status, histo-
logical size, type and grade) can provide prognostic
information useful in the management of patients with
breast cancer (1). In addition to the above »classical«
prognostic factors, it has been generally accepted
today that determinations of receptors for estrogen
(ER) and progesterone (PR) in breast cancer tissue are
an important task in the management of breast can-
cer (2). The importance of the knowledge of ER and
PR status in breast cancer has especially arisen with
the introduction of chemotherapy in oncological prac-
tice as a more aggressive therapy. Thus, some means
are needed to distinguish the patients with hormone-
dependent, as well as hormone-sensitive carcinomas,

who are favorable candidates for endocrine therapy,
from majority of patients, whose tumors are unre-
sponsive to hormonal therapy and who should direct-
ly receive chemotherapy. Although very useful, the
knowledge of ER and PR status in combination with
patient and tumor characteristics does not always pro-
vide sufficient information for accurate prediction of
response/survival for any individual patient. For this
reason, several new biomarkers have been proposed.
These biomarkers are related directly or indirectly to
the differentiation, proliferation and apoptosis within
growth rate of tumor, as well as to invasive and meta-
static potential of cancer cells. Among the most tho-
roughly studied of so called »new-generation« bio-
markers are estrogen-regulated proteins: pS2 as a
biomarker of endocrine growth control (3), receptor
for epidermal growth factor as a biomarker of autocri-
ne/paracrine growth control (4) and cath-D as a bio-
marker of malignant cell invasion and metastasis (5).

It is important to point out that limitations in the
amount of tumor material available from breast carci-
noma can preclude determination of the estrogen-
regulated proteins together with ER and PR. Our aim
in this study was to assess the possibility of  ER and
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dingly, the results clearly demonstrate the validity of intralaboratory quality control and give a possibility for the
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PR determination by a single-point instead of five-
point biochemical method and, therefore, to enable
determination of the other molecular biomarkers from
the same breast carcinoma cytosolic fraction.

Material and methods

Tumors

Excised tumors were obtained from breast can-
cer patients treated by ablative breast surgery at the
Institute of Oncology and Radiology of Serbia. None
of the patients have received preoperative radiothera-
py, chemotherapy or endocrine therapy. At the time of
surgery, tumor specimens were divided into two rep-
resentative parts by the pathologists. One part of the
specimen was proceeded for histology and the other
was immediately placed into liquid nitrogen for bio-
chemical receptor assays. ER and PR contents were
obtained by the single-point and five-point biochemi-
cal method using 49 and 36 breast carcinoma sam-
ples, respectively. Quality control of the single-point
biochemical assay was performed  using 500 consec-
utive breast carcinoma samples.

Standard biochemical assay: 

five-point assay

Storage of tumors specimens, homogenization
of the tissue, cytosol preparation, incubation of
cytosol with radiolabeled steroid hormone and sepa-
ration of receptor-bound steroid hormone from ex-
cess of free steroid hormone, were performed exactly
according to procedures recommended by the
EORTC (6’12). The saturation kinetics of ER and PR
breast carcinoma was analyzed using five concentra-
tions of each 3H-estradiol (2, 4, 8, 16 and 32 nmol/L)
and 3H-ORG 2058 (4, 8, 16, 32 and 64 nmol/L).

Binding observed in the presence of  excess of
unlabeled steroid hormone is related to nonreceptor
or nonspecific (low affinity, high capacity) binding of
the ligand. Specific binding was estimated as the dif-
ference between total and nonspecific binding (Figure
1A). The saturation kinetics data from Figure 1A.
were used (13) for determination of the dissociation
constant (Kd) and the number of specific binding sites
(Bmax) of the ER and PR (Figure 1B). Usually, the
number of specific binding sites is expressed in fmol
of labeled steroid hormone bound per mg cytosol pro-
tein. Cytosol protein concentration was determined by
the method of Lowry at al. (14).

Single-point assay

To verify precise quantification of the number of
specific binding sites of the ER and PR , it is necessary
to use the highest, saturable hormone concentration
from five-point assay. The number of specific binding

sites of ER and PR is estimated as the difference bet-
ween total and nonspecific binding. Standardization of
single-point assay was performed in accordance with
recommendations of EORTC (15).

Statistical methods

A linear regression analysis was used to compare
five-point and single-point assays for  ER and PR con-
tent determination.

Non-parametric statistic methods were used to
analyze the obtained results within single-point bio-
chemical assay. Chi-square test was performed to
examine distribution of phenotypes of steroid receptor
status among the whole group and each subgroup, or
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Figure 1.   The saturation kinetics analysis of ER and PR
in breast carcinoma.  (A) Specific binding was estimated
as the difference between total and nonspecific binding.
(B) The saturation kinetics data from (A) were plotted

according to the method of Scatchard, where Kd 
represents dissociation constant of estrogen receptor- 

and progesterone receptor-hormone complex and Bmax
the maximum number of receptor sites.
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among subgroups. Mann-Whitney U-test was per-
formed to examine the distribution of characteristic
quantitative receptor contents or the distribution of all
receptor individual contents.

Results

Comparison of five-point 
and single-point assays

Results of comparison of five-point and single-
point assays for estrogen receptor (A) and proges-
terone receptor (B) contents are shown in Figure 2.

There were 49 and 36 samples analyzed for estrogen
and progesterone receptor contents, respectively.
Measurements were done on the same breast carci-
noma cytosols. Our results demonstrated that single-
point assay can be correlated with five-point assay.
The correlation between measurements of estrogen
receptor and progesterone receptor contents obtai-
ned by five-point assay and single-point assay in the
total population was very high (r = 0.996 and r =
0.990, respectively). 

Intralaboratory standardization 
of single-point assay

Intralaboratory standardization was performed in
accordance with recommendation of EORTC (9). 

Qualitative manner of standardization related to
examination of distributions of ER and PR phenotypes
within the whole group and each subgroup, as well as
within subgroups is shown in Figure 3. Homogeneity
was striking in distribution of each phenotype among
the whole group and each subgroup, or among sub-
groups.   

Quantitative manner of standardization related
to examination of the distribution of the 5th, 25th,
50th, 75th and 95th percentile values of estrogen re-
ceptor or progesterone receptor contents within the
whole group and each subgroup, as well as within
subgroups, is shown in Figure 4. Homogeneity was
striking in distribution of represented ER and PR con-
tents among the whole group and each subgroup, or
among subgroups. These findings were confirmed by
the analyses of all individual quantitative values of ER
and PR (data not shown).
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Figure 2.   Measurement of estrogen receptors (A) 
and progesterone receptors (B) by five-point assay (R5)
and single-point assay (R1). Linear regression analysis
between receptor contents obtained by five-point assay
and single-point assay in the total population yielded:  

(A) y = 1.009x  (r = 0.996, P < 0.05),  (B) y = 0.974x 
(r = 0.99, P < 0.05).
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Figure 3.   Distribution of ER and PR phenotypes,
obtained by single-point biochemical assay, within the

whole group of 500 carcinomas (N) and five consecutive
subgroups of 100 carcinomas (n1’n5).
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Discussion

The aim of this study was to investigate potential
usefulness of single-point biochemical method for  ER
and PR determination in breast carcinomas. Our
reported method-comparison study generally shows
that single-point assay is equivalent to five-point assay
in relation to the content of both ER and PR. Conse-
quently, we could use single-point assay instead of
five-point assay for  ER and PR determination, thus
making possible determination of  the other molecu-
lar biomarkers from the same breast carcinoma cyto-
sol fraction. 

Our further analysis in this study was aimed at
examining of validity of intralaboratory quality control
of single-point biochemical assay. We analyzed distri-
butions over time of ER and PR status in qualitative
and quantitative manner. No variations have been

observed over time in ER and PR phenotypes, as well
as in ER and PR quantitative values.

It is important to point out that consideration of
interlaboratory variations of ER and PR phenotypes
may not be suitable due to two reasons, so crucial for
the biological nature of breast carcinoma, which are
often ignored (16). Firstly, the ER and PR quantitative
contents have a wide range of values. Secondly, the
threshold quantitative value used to define receptor
positivity, which varies from 3 to 20 fmol/mg, belongs
to the level with the highest frequencies in distribution
of the ER and PR levels. Therefore, the distribution of
ER and PR quantitative values gives a more realistic
view of the interlaboratory comparability.   

Studies of estrogen-regulated proteins may offer
an insight into the molecular pathogenesis of estro-
gen-dependent carcinomas and they may help in
medical decision making, as well. There is a sufficient
number of small pilot studies  for most of the estrogen
regulated biomarkers of  »new generation« (17’19)
and there is a wealth of information on the more
established "classical" biomarkers. It is time for exten-
sive prospective studies in which the majority of the
old and new biomarkers would be assessed together.
Such studies are necessary to fully evaluate and vali-
date significance of each biomarker and to determine
the combinations of biomarkers which can identify
accurately subgroups of patients with different cours-
es of disease. In this way, both under and over treat-
ment can be avoided.
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Figure 4.   Distribution of the 5 ( ), 25 ( ), 50 ( ), 
75 ( ) and 95 ( ) percentile values of ER and PR 

contents, obtained by single-point biochemical assay, 
within the whole group of 500 carcinomas (N) and five 

consecutive subgroups of 100 carcinomas (n1’n5).
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ODRE\IVANJE RECEPTORA ZA ESTROGEN I PROGESTERON 
BIOHEMIJSKOM METODOM ’ JEDNA TA^KA VS. PET TA^AKA
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Kratak sadr`aj: Receptori za estrogen i progesteron su me|unarodnim konsenzusom prihva}eni kao bio-
markeri odgovora karcinoma dojke na endokrinu terapiju. Danas postoje brojne studije usmerene ka sagleda-
vanju va`nosti »nove generacije« estrogenom regulisanih biomarkera u le~enju pacijenata sa rakom dojke.
Istovremeno poznavanje svih ovih biomarkera  mo`e pomo}i pri dono{enju odluke o terapiji. Me|utim, koli~ina
tumorskog materijala, koja je raspolo`iva od karcinoma dojke, mo`e da onemogu}i odre|ivanje estrogenom
regulisanih biomarkera zajedno sa receptorima za estrogen i progesteron. Da bi procenili da li mo`emo bio-
hemijski metod za odre|ivanje receptora za estrogen i progesteron sa pet ta~aka da zamenimo metodom sa jed-
nom ta~kom, uporedili smo istovremena merenja, istih uzoraka karcinoma dojke, dobijena obema metodama.
Linearna regresiona analiza ukazuje da se biohemijski metod sa jednom ta~kom mo`e pouzdano upotrebiti
umesto metode sa pet ta~aka. Uz to, utvr|eno je da nije bilo promena kako u fenotipovima receptora za estro-
gen i progesteron tako ni u sadr`aju receptora za estrogen i progesteron koji su odre|eni pomo}u metode sa
jednom ta~kom. Shodno tome, rezultati jasno pokazuju pouzdanost intralaboratorijske kontrole kvaliteta i daju
mogu}nost da se uvede interlaboratorijska kontrola kvaliteta biohemijske metode sa jednom ta~kom. 

Klju~ne re~i: receptori za estrogen i progesteron, biohemijski metod sa jednom ta~kom, kancer dojke.
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