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Abstract: Breast cancer (BC) hormonal receptors status is assessed by immunohistochemistry (IHC), a specific, sen-
sitive, and accessible method that guide breast cancer treatment. In this study, we evaluated progesterone receptor
(PR) expression in 53 BC cases using 3 anti-PgR antibodies (AB): monoclonal (SP42 and PgR636) and polyclonal
ab62621. Primary BC cases (with signed informed consent) were used to generate tissue microarray platforms,
where PR expression was accessed by IHC and evaluated by the Allred score. Categorical and quantitative data
are shown in percentage and mean, respectively. Concordance (CON) and correlation among ABs were analyzed
by Kappa factor (K), Spearman’s correlation coefficient (p) or intraclass correlation coefficient. Staining patterns
of each AB were compared by paired T-Test. We noted poor CON and K between ab62621 vs SP42 (CON=64.1%;
K=0.247), and ab62621 vs PgR636 (CON=62.3%; K=0.204), but higher CON between SP42 vs PgrR636 (CON
90.6%; K=0.738). Data were corroborated by Mc Nemar statistical test (p=0.019, p=0.014 and p>0.05, respective-
ly). Regarding staining intensity (SI) among PgR+ samples, we found higher proportion of weak staining and lower
Sl for ab62621 (48.3%; mean 1S=1.6), when compared to SP42 (20.0%, mean 1S=2.1, T-test p<0.01) and PgR636
(2.3, 21.9%, T-test p<0.01). Within the entire sample, similar results were observed following p: SP42 vs PgR636
(p=0.8103); ab62621 vs SP42 (p=0.3524); ab62621 vs PgR636 (p=0.4075). As for proportion of stained cells and
proportion score (PS), among PgR+ samples, the mean values for ab62621 (75.4%; 4.8) were significantly higher
than those of SP42 (56.3%, 4.3; T-test p<0.01) and RPG636 (60.1%; 4.2; T-test p<0.01). Similar data were found
after analyzing PS for the entire sample: SP42 vs PgR636 (p=0.8588); SP42 vs abh62621 (p=0.4832); RPG636 vs
ab62621 (p=0.4050). Our data indicate that anti-PgR monoclonal ABs, PER636 and SP42, are, unlike ab62621,
equally suitable to test BC PgR status by IHC due to their higher accuracy. Therefore, we suggest their clinical use
during BC diagnosis; thus, enabling more precise therapeutic decisions to treat BC.
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Introduction

Breast cancer (BC) therapeutic decision is cur-
rently guided by patients’ clinical information,
histomorphological features of the tumor tis-
sue, and, importantly, by the determination of
the expression of hormonal receptors (HR)
(estrogen alpha and progesterone receptors;
ERa and PR, respectively) and of the oncopro-
tein HER2 by tumor cells [1]. Whereas the
expression of ER by tumor cells confers better

prognosis to the patient that can be treated
with endocrine therapy, which is based on
selective estrogen receptor modulators (SER-
Ms) such as tamoxifen and raloxifene, or aro-
matase inhibitors as anastrozole and letrozole
[2, 3], HER2+ BC cases are eligible for HER2-
targeted therapy either with anti-HER2 mono-
clonal antibodies, as trastuzumab, or tyrosine
kinase inhibitors, as lapatinib [4, 5]. Ultimately,
then, BC accurate diagnosis is crucial for the
prediction of patient’s clinical outcome.
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PR is a target molecule of ER« signaling path-
way in several cell types, including breast malig-
nant epithelial cells; therefore, PR+ BC cases
are considered to be ER-dependent, and to
have functional ERa pathway. Whereas ER+,
PR+, HER2- BCs are considered better progno-
sis disease [6], PR- or HER2- tumors are more
likely to be aggressive [7, 8]. Therefore, the pre-
cise evaluation of PR status during BC diagno-
sis is of clinical interest because it provides an
auxiliary tool to direct patients to endocrine
therapy regardless of the disease ER status fol-
lowing immunohistochemistry (IHC) analysis
[9]. In this context, patients with ER-/PR+ and
ER+/PR+ tumors are generally considered as
candidates for endocrine therapy; on the other
hand, clinically, ER-/PR+ cases seem to benefit
less from adjuvant tamoxifen than ER+/PR+
[10].

Despite the specificity, sensitivity and accessi-
bility of the evaluation of BC HR status following
IHC assays, different ER and PR antibodies
have been correlated to discrepant results [11-
13]. This clearly demonstrates the need to sys-
tematically compare the results obtained with
different ER and PR antibodies, thus providing
evidences of the most accurate reagent to be
used in BC clinical routine. Our group has
recently proved that the evaluation of BC ER«
status is more precise with the SP1 than with
the 1D5 ER monoclonal antibody [10]. Indeed,
we have observed higher intensity scores,
therefore higher Allred scores, with SP1 than
with  1D5 ER monoclonal antibody, thus
decreasing the possibility of ERx status misin-
terpretation and, consequently, inappropriate
BC treatment that would compromise the
patients’ quality of life and overall survival [14].

Although very useful in clinical routine, there is
no conclusive recommendation in the literature
about which antibodies would be more specific
and sensitive for evaluating PR in BC samples
by IHC [15]. The most frequently used antibod-
ies for HR evaluation are mouse monoclonal
antibodies. Recently, a generation of rabbit
monoclonal antibodies has been developed
[16]. The technology to prepare these antibod-
ies from a single hybridoma allows the produc-
tion of antibodies with high sensitivity and
specificity according to the manufacturers.
These characteristics allow higher working dilu-
tions and, consequently, a lower cost per test
[17, 18].
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Altogether, there is a strong body of evidences
to support that the precise evaluation of HR
status in BC biopsies following IHC assays is
imperative in defining the therapeutic strate-
gies to combat the disease, as well as the clini-
cal outcome of patients. Taking into consider-
ation that the antibody used in IHC analysis of
BC samples influences the ultimate patholo-
gist’s interpretation of the tumor cells HR sta-
tus, in the present study, we assessed PR
expression in 53 BC cases, by IHC, using the
anti-PR antibodies Sp42 (rabbit monoclonal),
ab62621 (rabbit polyclonal), and PgR636
(mouse monoclonal). The expression of PR
within the studied BC population was compared
by assessing the percentage of cells stained
within the analyzed sample, as well as their
staining intensity by applying the Allred score
system.

Materials and methods
Samples and cohort definition

Fifty three BC samples were obtained from the
two public oncology reference hospitals in the
state of Espirito Santo (Brazil), Cassiano
Antonio de Moraes Hospital and Santa Rita de
Cassia Hospital. All cases were revised by a
pathologist, and the BC diagnosis was con-
firmed. All living patients gave written informed
consent before enrollment in the study. This
work was approved by the Human Research
Ethics Committee of the Federal University of
Espirito Santo.

Tissue array platforms and progesterone re-
ceptor immunohistochemistry assays

Hematoxylin and eosin stained sections from
each breast sample were reviewed by a pathol-
ogist to confirm the primary BC diagnosis, and
to select one representative 2 mm area of the
tumor embedded in a paraffin block for immu-
nohistochemical analysis. Each 2 mm sample
was further transferred to a transient tissue
array platform, generating our customized BC
tissue array platforms [14, 19-21]. The immu-
nohistochemistry assay followed a protocol
optimized by our group in 5 ym sample sections
of the generated BC tissue array platforms [20-
22]. Briefly, after removal of paraffin, sections
were immersed in preheated antigen-retrieval
solution (Tris/EDTA 1X, pH=9), incubated at 95
°C- 99 °C for 30 minutes, and then allowed to
cool down to room temperature for 30 minutes.
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Table 1. Primary breast cancer cohort classified according to the
tumor histological type

Histologic Type N° (Percentage of tumors)

Invasive ductal carcinoma 40 (75.5%)

Invasive lobular carcinoma 4 (7.5%)
Mucinous carcinoma 1 (1.9%)
Microinvasion ductal carcinoma 1 (1.9%)
In situ ductal carcinoma 6 (11.3%)
Medullary carcinoma 1 (1.9%)

Table 2. Stratification of the PR+ breast cancer cases population
by the proportion of stained cells, staining intensity and A-score

Rmab (SP42) Mmab (636) Rpab (62621)

N (%) N (%) N (%)
Negative 13 (24.5) 12 (22.6) 24 (45.3)
Positive 40 (75.5) 41 (77.4) 29 (54.7)
Proportion of stained cells
1-25% 7 (17.5) 6 (14.6) 0 (0.0)
26-50% 10 (25.0) 8 (19.5) 4 (13.7)
51-75% 15 (37.5) 12 (29.3) 7(24.1)
>75% 8 (20.0) 15 (36.6) 18 (62.1)
Staining Intensity
Weak 8 (20.0) 9 (21.9) 14 (48.3)
Moderate 18 (45.0) 12 (29.3) 7(24.1)
Strong 14 (35.0) 20 (48.8) 8 (27.6)
A-Score
3 3(7.5) 2(4.9) 0 (0.0)
4 5 (12.5) 5(12.2) 1(3.5)
5 3(7.5) 3(7.3) 3(10.3)
6 6 (15.0) 3(7.3) 12 (41.4)
7 10 (25.0) 10 (24.4) 11 (37.9)
8 13 (32.5) 18 (43.9) 2 (6.9)

substrate. The sections were
incubated with streptavidin
conjugated to peroxidase
(LSAB+ System-HRP, Dako
Cytomation, Carpinteria CA)
for 30 minutes and, then, with
DAB (Liquid DAB+ Substrat
Chromogen System, Dako
Cytomation, Dako Cytomation,
Carpinteria CA) for 5 minutes.
Slides were counterstained
with hematoxylin and
immersed in 5% (p/v) ammo-
nium hydroxide. Positive con-
trols were included in the BC
tissue array platform in oppo-
site positions of the chip in
order to assure technical
accuracy of PR expression in
breast tissue. Negative con-
trol experiments were con-
ducted in the absence of the
primary antibodies listed ab-
ove, in parallel of all assays.
Cases with less than 1%
nuclear staining in tumor cells
were considered negative for
the expression of the protein
of interest. Subcellular local-
ization was also noted.

The scoring system proposed
for the analysis of the 4 tissue
array platforms was the Allred
score. This method categoriz-
es the samples based on a
proportion score (PS) that
classifies the cases into 6

Then, sections were incubated for 3 hours with
the primary antibodies of interest: rabbit mono-
clonal anti-human PgR, clone SP42 (Spring
Bioscience, Pleasanton, CA), dilution 1:100,
mouse monoclonal anti-human PgR, clone
PgR636 (Dako Cytomation, Carpinteria CA)
dilution 1:100, or rabbit polyclonal polyclonal
anti-human PgR, clone ab62621 (Abcam
Cambridge, MA, USA) diluition 1:100. Sections
were incubated with biotinylated universal sec-
ondary antibody (Dako Cytomation LSAB+
System-HRP, Dako Cytomation, Carpinteria CA)
for 30 minutes. Endogenous peroxidase activi-
ty was blocked by a 5 minutes incubation of the
slides in 3% (v/v) hydrogen peroxide. Antigen-
antibody complexes were detected by the
avidin-biotin-peroxidase method, using 3,3-
diaminobenzidine (DAB) as the chromogenic
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groups according to the percentage of stained
cells, and on an intensity score (IS) that divides
them into 4 classes according to staining inten-
sity. The PS groups are as follows: Score O:
negative; Score 1: <1%; Score 2: 1%-10%; Score
3: 10%-33.3%; Score 4: 33.3%-66.6%; and
Score 5: >66.6%. The IS classes are, in turn:
Score 0: negative; Score 1: weak; Score 2:
intermediate; and Score 3: strong. Finally, the
two scores are combined, and the total score
(TS) is given, considering an A-Score of O or 2-8
[19]. The IHC reactions were interpreted by the
same pathologist with notorious expertise in
breast pathology.

Statistical analysis

Categorical data are shown in percentage,
while quantitative data are shown as mean.
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Table 3. Mean proportion of stained cells, proportion score, intensity score, and A-Score for the entire

sample, and the two main histological types

p-value
Rmab (SP42) Mmab (636) Rpab (62621) 5 -
All cases (n=53)
Positive staining 40 41 29
Mean proportion of stained cells (%) 56.3 60.1 75.4 ns <0.01 <0.01
Mean proportion score 4.2 4.3 4.8 ns <0.01 <0.05
Mean intensity score 2.1 2.3 1.6 ns <0.01 <0.001
Mean A-Score 6.3 6.6 6.3 ns ns ns
IDC (n=40)
Positive staining 31 32 22
Mean proportion of stained cells (%) 53 58.3 71.3 ns <0.05 0.077¢°
Mean proportion score 4.1 4.2 4.7 ns <0.05 0.056¢
Mean intensity 2.1 2.2 1.5 ns <0.05 <0.01
Mean A-Score 6.2 6.5 6.2 ns ns ns
ISDC (N=6)
Positive staining 5 5 4
Mean proportion of stained cells (%) 66.4 66.8 78.8 e e e
Mean proportion score 4.6 4.6 5.0 e e e
Mean intensity score 2.6 2.6 1.7 e e e
Mean A-Score 7.2 7.2 6.8 e e e

aT-test comparing RmabSP42 and Mmab636. "T-test comparing RmabSP42 and Rpab62621. °T-test comparing Mmab636 and
Rpab62621. ‘Limitrophe p-value. ®No statistical test was applied due to small N.

Concordance and correlation among antibod-
ies were accessed by calculating Kappa factor,
Spearman’s correlation coefficient or intraclass
correlation coefficient. Staining patterns for
each antibody were compared by paired T-Test.

Results and discussion

In the present study, fifty three paraffin embed-
ded primary BC biopsies (75.5%, 11.3% and
7.5% of the cases were invasive ductal, in situ
ductal and invasive lobular carcinomas, respec-
tively - Table 1) were collected, and PR expres-
sion was assessed by IHC using three different
anti-PR antibodies: a rabbit polyclonal antibody
(62621), a rabbit monoclonal antibody (SP42)
and a mouse monoclonal antibody (636).

While analyzing the IHC results for PR expres-
sion amongst the BC biopsies, we observed
lower tendency of positive results when the
slides were probed with the anti-PR rabbit poly-
clonal antibody 62621, when compared with
the monoclonal antibodies (both rabbit, SP42,
and mouse, 636). In fact, we obtained 54.7%
(29/53), 75.5% (40/53) and 77.4% (41/53) of
PR+ BC cases following IHC assays using the
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anti-PR antibodies 62621, SP42 and 636,
respectively. As a consequence, there were
poor concordance (CON) and kappa factor (k)
between 62621 and SP42 (19 discordant
results - CON=64.1%; k=0.247), as well as
between 62621 and 636 (20 discordant results
- CON=62.3%; k=0.204). On the other hand,
the two monoclonal antibodies, SP42 and 636,
described higher concordance (5 discordant
results - CON 90.6%; k=0.738). Mc Nemar sta-
tistical test supported the discordance between
62621 and SP42 (p=0.019), and between
62621 and 636 (p=0.014). Similarly, the test
provided no statistically differences among
SP42 and 636 (p>0.05). Data is shown in Table
2.

Similar results were obtained by Chebil and col-
laborators [12], in which study the inter-observ-
er reproducibility of IHC assessments of ER and
PR was analyzed in more than 120 cases of
primary BC. It is important to address that, as a
consequence of the authors’ work, anti-PR
polyclonal antibodies are no longer used in the
diagnosis routine of the collaborator laborato-
ries. It is remarkable to inform that the present
study has also lead to the exclusive use of anti-
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PR monoclonal antibodies in the hospitals we
collaborate; therefore, improving the accuracy
of BC diagnosis and patients’ overall quality of
life.

Further stratification of our cohort to evaluate
exclusively the PR+ BC cases revealed a higher
proportion of weakly stained samples (48.3%)
following the use of the rabbit polyclonal anti-
body 62621 when compared to the two mono-
clonal antibodies, mouse 636 (21.9%) and rab-
bit SP42 (20.0%) (Table 2). The determination
of the mean intensity score (IS) supported the
findings. IHC experiments run with the rabbit
polyclonal PR antibody 62621 provided mean
IS value of 1.6, which is significantly lower than
the mean IS values observed with the monoclo-
nal antibodies rabbit SP42 (2.1, T-test p<0.01)
and mouse 636 (2.3, T-test p<0.01) (Table 3).
There was relatively good correlation between
the two monoclonal anti-PR antibodies, rabbit
SP42 and mouse 636, as shown by the
Spearman’s correlation coefficient p
(p=0.8103). Nonetheless, there was poor cor-
relation between the rabbit polyclonal anti-PR
antibody 2621 and the rabbit monoclonal anti-
PR antibody SP42 (p=0.3524), and between
62621 and the mouse monoclonal anti-PR anti-
body 636 (p=0.4075) (Table 3).

Still evaluating the PR+ BC cases, but focusing
on the mean proportion of stained cells within
the biopsy core, a higher number of positive
cells was obtained when the slides where
probed with the polyclonal anti-PR 62621 anti-
body (75.4%) than with the monoclonal anti-PR
antibodies rabbit SP42 (56.3%, T-test p<0.01)
and mouse 636 (60.1%, T-test p<0.01) (Table
3). There was no statistical differences between
the two monoclonal antibodies tested (Table
3). Accordingly, we observed that 62.1% of the
PR+ BC samples had more than 75% of stained
cells when the rabbit polyclonal antibody
62621 was used, while for the monoclonal anti-
bodies tested, no more than 37% of the cells
within PR+ BC samples were stained (Table 2).
In agreement, the mean proportion score,
which is use to rank from 1 to 5 the proportion
of stained cells in samples throughout the stud-
ied population, obtained with the rabbit poly-
clonal antibody 62621 (4.8) was higher than
with the two monoclonal antibodies, rabbit
SP42 (4.2; p<0.01) and mouse 636 (4.3;
p<0.05) (Table 3). On the other hand, there was
no statistical difference between the mean pro-
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portion scores calculated for the two monoclo-
nal antibodies (Table 3), a result corroborated
by those of Rossi and colleagues [11].
Nevertheless, there are evidences pointing to
higher sensitivity of the rabbit monoclonal anti-
bodies, when compared to the mouse ones, in
accessing PR in BC specimens [5, 23]. As afore-
mentioned, we again noticed relatively good
concordance between the two ant-PR monoclo-
nal antibodies, rabbit SP42 and mouse 636
(p=0.8588), but poor concordance between
SP42 and the rabbit polyclonal antibody 62621
(p=0.4832) as well as between 636 and 62621
(p=0.4050) (Table 3). Our data is in agreement
with that of Press and colleagues [22], who
tested 14 different antibodies for the detection
of PR in BC and observed that of all the anti-
bodies tested PgR636 and PgR1294 stained
the highest percentage of breast carcinomas
known to be positive by the biochemical assay
(95-98%).

The Allred score (A-score), which ranges from 2
1o 8, is calculated based on both the proportion
of stained cells and the staining intensity of
positive cases. As previously pointed out, the
anti-PR monoclonal antibodies, rabbit 636 and
mouse SP42, provided higher staining intensity
in PR+ BC biopsies than the rabbit polyclonal
antibody 62621; nonetheless, when the sam-
ples were probed with the latter the proportion
of stained cells was higher than with the two
monoclonal antibodies tested. Thereafter, the
A-score of the three anti-PR antibodies evalu-
ated in the present study were statistically simi-
lar (6.3 for SP42 and 62621, 6.6 for 636 - Table
3). It is worthwhile to point that the mean
A-score for the three tested antibodies was sta-
tistically similar due to the compensatory effect
of the high mean of proportion stained cells
observed with 62621 on its low mean staining
intensity. However, the apparent concordance
among the three antibodies if only the mean
A-score of the PR+ BC samples is taken into
consideration is not in agreement with the
other findings of the present work, neither is
confirmed when we analyze the A-scores of
each sample of the entire BC population stud-
ied (Data shown in Table 2). Indeed, when we
expressed numerically the evaluation of the
A-score obtained for each BC sample within the
entire population evaluated, there was a lack of
concordance between 62621 and SP42
(Spearman’s correlation coefficient of 0.4365)
and between 62621 and 636 (Spearman’s cor-
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Figure 2. Discordance between proportion scores obtained with each antibody.

relation coefficient of 0.4062), but there was
concordance between SP42 and 636
(Spearman’s correlation coefficient of 0.8068).

We then inquired if the staining pattern and
scoring were comparable among the whole BC
population studied and each disease histologi-
cal subtype. Unfortunately, due to the histologi-
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cal type distribution of our sample (Table 1),
with high predominance of CDI cases, these
were the only histological subtype in which we
were able to perform statistics analyses. A con-
sistent staining pattern and scoring was
observed between the CDI cases and the entire
BC population studied, that is, higher propor-
tion of stained cells and PS, but lower intensity
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score were obtained when the slides were
probed with 62621 in comparison with SP42
and 636 (Table 3). Meaningful pointing out that
although we did not have enough ISDC cases to
get conclusive statistical analysis (n=6), a simi-
lar pattern tends to occur within the referred
histological subtype (Table 3).

In order to better understand the inconsisten-
cies among the studied antibodies, we realized
a detailed analysis of the discordant results.
Regarding the intensity score, in only 14 of the
53 tumor samples total concordance among
the three antibodies was observed (7 negative,
2 weak, 3 moderate and 2 strong). Relatively
low discordance (17 discordant cases) between
the monoclonal antibodies 636 and SP42 was
observed, while higher discordance was
observed between SP42 and 62621, and
between 636 and 62621 with 34 and 38 dis-
cordant cases, respectively (Figure 1). As for
proportion score, total concordance was only
observed within the RP-negative samples (7
cases) and samples with the highest score (12
cases), totalizing 19 concordant results. Once
more, 636 and SP42 showed better concor-
dance (13 discordant results) when compared
to SP42/62621 and to 636/62621 (27 and 30
discordant cases, respectively - Figure 2). At
last, only 10 samples were absolutely concor-
dant for A-score, including 7 negative results.
Again, as expected, better concordance was
observed for 636 and SP42 (19 discordant
results), while 39 discordant samples were
observed when comparing the results obtained
with SP42 and 62621, and 40 for those
obtained with 636 and 62621.

Recently, scientists have explored to shed light
on ER regulated genomic events in primary BC
with divergent clinical outcome and in distant
ERa+ metastases. Mapping of genome-wide
ER binding events by chromatin immunoprecip-
itation followed by high-throughput sequencing
revealed differential ERa-chromatin binding
programming that results in predictive gene
signatures exclusive for ERa+ breast cancer
clinical outcome, and is characterized by
remarkable intensification of ERa binding sig-
nal in tumors that progress toward a poor prog-
nosis [24]. Furthermore, ERa-chromatin inter-
actions occur regardless of tumor endocrine
therapy sensitivity. Nevertheless, there is dif-
ferentially stronger ERa binding signal in tamox-
ifen resistant in comparison with tamoxifen
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sensitive lineages [24]. Although the mecha-
nisms underlying ERa binding plasticity in
breast cancer remain to be elucidated, the
influence of specific stimuli, as those triggered
by growth factors pathways, may result in dif-
ferential ERa binding patterns that regulate
gene expression programs, sensitivity to endo-
crine therapy and overall clinical outcome in
ERa+ breast tumors. The role of PR signaling
pathways in the aforementioned events remain
to be determined, however, there is a possibility
that they might contribute to BC overall clinical
outcome. This is reinforced by previous findings
that have pointed PR- BCs as an aggressive
form of the disease, partially due to increased
expression of growth factors receptors and
associated tamoxifen resistance [8].

In conclusion, the anti-PR monoclonal antibod-
ies (636 and SP42) are, unlike the polyclonal
antibody ab62621, highly sensitive and equally
suitable for immunohistochemical evaluation
of PR status in BC specimens. Therefore, we
strongly suggest their clinical use during BC
diagnosis; thus, enabling more precise thera-
peutic decisions to treat BC.

Acknowledgements

We acknowledge FAPES for Renata Dalmaschio
Daltoe and Klesia Pirola Madeira doctorate
scholarships. Assistance provided by Dr Curtis
J. Henry was greatly appreciated.

Disclosure of conflict of interest
None.

Address correspondence to: Leticia Batista Azevedo
Rangel, Departamento de Ciéncias Farmacéuticas,
2° Andar, Sala 8, Avenida Marechal Campos, 1468,
Maruipe, Vitéria, Espirito Santo, Brasil, CEP: 2904 3-
900. Tel: +55-27-33357539; E-mail: Ibarangel@
pg.cnpq.br; Ibarangel@yahoo.com

References

[1] Napieralski R, Brinner N, Mengele K, Schmitt
M. Emerging biomarkers in breast cancer care.
Biomark Med 2010 Aug; 4: 505-522.

[2]  Cui X, Schiff R, Arpino G, Osborne CK, Lee AV.
Biology of progesterone receptor loss in breast
cancer and its implications for endocrine ther-
apy. J Clin Oncol 2005 Oct 20; 23: 7721-35.

[3] Lumachi F, Brunello A, Maruzzo M, Basso U,
Basso SM. Treatment of estrogen receptor-
positive breast cancer. Curr Med Chem 2013;
20: 596-604.

Int J Clin Exp Pathol 2014;7(1):331-339



Immunohistochemical analysis of progesterone receptor using three antibodies

(4]

(5]

(6]

[7]

(8]

(9]

(10]

(11]

[12]

338

Mohsin SK, Weiss H, Havighurst T, Clark GM,
Berardo M, Roanh le D, To TV, Qian Z, Love RR,
Allred DC. Progesterone receptor by immuno-
histochemistry and clinical outcome in breast
cancer: a validation study. Mod Pathol 2004
Dec; 17: 1545-54.

Yu KD, Di GH, Wu J, Lu JS, Shen KW, Liu GY,
Shen ZZ, Shao ZM. Breast cancer patients with
estrogen receptor-negative/progesterone re-
ceptor-positive tumors: being younger and get-
ting less benefit from adjuvant tamoxifen treat-
ment. J Cancer Res Clin Oncol 2008 Dec; 134:
1347-54.

Early Breast Cancer Trialists’ Collaborative
Group (EBCTCGQ). Effects of chemotherapy and
hormone therapy for early breast cancer on re-
currence and 15-year survival: an overview of
the randomized trials. Lancet 2005; 365:
1687-717.

Kun'Y, How LC, Hoon TP, Bajic VB, Lam TS, Ag-
garwal A, Sze HG, Bok WS, Yin WC, Tan P. Clas-
sifying the estrogen receptor status of breast
cancers by expression profiles reveals a poor
prognosis subpopulations exhibiting high ex-
pression of the ERBB2 receptor. Hum Mol Gen-
et 2003; 12: 3245-58.

Arpino G, Weiss H, Lee AV, Schiff R, De Placido
S, Osborne CK, Elledge RM. Estrogen receptor-
positive, progesterone-negative breast cancer:
association with growth factor receptor expres-
sion and tamoxifen resistance. J Natl Cancer
Inst 2005; 97: 1254-61.

Madeira KP, Daltoé RD, Sirtoli GM, Rezende
LC, Carvalho AA, Guimaraes Idos S, Silva 1V,
Rangel LB. Comparison of immunohistochemi-
cal analysis with estrogen receptor SP1 and
1D5 monoclonal antibodies in breast cancer.
Pathol Res Pract 2012 Nov 15; 208: 657-61.
Cheang MC, Treaba DO, Speers CH, Olivotto IA,
Bajdik CD, Chia SK, Goldstein LC, Gelmon KA,
Huntsman D, Gilks CB, Nielsen TO, Gown AM.
Immunohistochemical detection using the new
rabbit monoclonal antibody SP1 of estrogen
receptor in breast cancer is superior to mouse
monoclonal antibody 1D5 in predicting surviv-
al. J Clin Oncol 2006 Dec 20; 24: 5637-44.
Rossi S, Laurino L, Furlanetto A, Chinellato S,
Orvieto E, Canal F, Facchetti F, Dei Tos AP. Rab-
bit monoclonal antibodies: a comparative
study between a novel category of immunore-
agents and the corresponding mouse mono-
clonal antibodies. Am J Clin Pathol 2005 Aug;
124: 295-302.

Chebil G, Bendahl PO, Ferné M; South Sweden
Breast Cancer Group; North Sweden Breast
Cancer Group. Estrogen and progesterone re-
ceptor assay in paraffin-embedded breast can-
cer-reproducibility of assessment. Acta Oncol
2003; 42: 43-7.

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Huang Z, Zhu W, Meng Y, Xia H. Development
of new rabbit monoclonal antibody to proges-
terone receptor (Clone SP2): no heat pretreat-
ment but effective for paraffin section immu-
nohistochemistry. Appl Immunohistochem Mol
Morphol 2006 Jun; 14: 229-33.

Spieker-Polet H, Sethupathi P, Yam PC, Knight
KL. Rabbit monoclonal antibodies: generating
a fusion partner to produce rabbit-rabbit hy-
bridomas. Proc Natl Acad Sci U S A 1995 Sep
26; 92: 9348-52.

Rocha R, Nunes C, Rocha G, Oliveira F, Sanch-
es F, Gobbi H. Rabbit monoclonal antibodies
show higher sensitivity than mouse monoclo-
nals for estrogen and progesterone receptor
evaluation in breast cancer by immunohisto-
chemistry. Pathol Res Pract 2008; 204: 655-
62.

Kononen J, Bubendorf L, Kallioniemi A, Bar-
lund M, Schraml P, Leighton S, Torhorst J, Mi-
hatsch MJ, Sauter G, Kallioniemi OP. Tissue
microarrays for high-throughput molecular pro-
filing of tumor specimens. Nat Med 1998 Jul;
4: 844-7.

Rangel LB, Agarwal R, Sherman-Baust CA, Mel-
lo-Coelho Vd, Pizer ES, Ji H, Taub DD, Morin PJ.
Anomalous expression of the HLA-DR alpha
and beta chains in ovarian and other cancers.
Cancer Biol Ther 2004 Oct; 3: 1021-7.

Rangel LB, Agarwal R, D’'Souza T, Pizer ES, Ald
PL, Lancaster WD, Gregoire L, Schwartz DR,
Cho KR, Morin PJ. Tight junction proteins clau-
din-3 and claudin-4 are frequently overex-
pressed in ovarian cancer but not in ovarian
cystadenomas. Clin Cancer Res 2003 Jul; 9:
2567-75.

Allred DC, Harvey JM, Berardo M, Clark GM.
Prognostic and predictive factors in breast
cancer by immunohistochemical analysis. Mod
Pathol 1998 Feb; 11: 155-68.

Barbareschi M, Doglioni C. [The immunohisto-
chemical detection of steroid hormone recep-
tors in breast cancer: open problems and new
perspectives]. Pathologica 2002 Jun; 94: 115-
20.

Cano G, Milanezi F, Leitao D, Ricardo S, Brito
MJ, Schmitt FC. Estimation of hormone recep-
tor status in fine-needle aspirates and paraffin-
embedded sections from breast cancer using
the novel rabbit monoclonal antibodies SP1
and SP2. Diagn Cytopathol 2003 Oct; 29: 207-
11.

Press M, Spaulding B, Groshen S, Kaminsky D,
Hagerty M, Sherman L, Christensen K, Ed-
wards DP. Comparison of different antibodies
for detection of progesterone receptor in
breast cancer. Steroids 2002 Aug; 67: 799-
813.

Rhodes A, Sarson J, Assam EE, Dean SJ, Cribb
EC, Parker A. The reliability of rabbit monoclo-

Int J Clin Exp Pathol 2014;7(1):331-339



Immunohistochemical analysis of progesterone receptor using three antibodies

[24]

339

nal antibodies in the immunohistochemical as-
sessment of estrogen receptors, progesterone
receptors, and HER2 in human breast carcino-
mas. Am J Clin Pathol 2010 Oct; 134: 621-32.
Ross-Innes CS, Stark R, Teschendorff AE,
Holmes KA, Ali HR, Dunning MJ, Brown GD, Go-
jis O, Ellis 10, Green AR, Ali S, Chin SF, Palmieri

C, Caldas C, Carroll JS. Differential oestrogen
receptor binding is associated with clinical out-
come in breast cancer. Nature 2012; 481:
389-93.

Int J Clin Exp Pathol 2014;7(1):331-339



