
Purpose: To investigate whether there is a difference in pa-
tient and tumor characteristics in cases with single receptor 
positive (SRP) (ER-/PR+ and ER+/PR-) breast carcinoma in 
comparison with the double receptor positive (DRP) (ER+/
PR+) and double receptor negative (DRN) (ER-/PR-) tumors.

Methods: A total of 255 breast cancer patients were cat-
egorized on the basis of their tumor hormonal receptor 
phenotype, age, grade, and HER2 amplification status. The 
study focused on the  SRP phenotype (ER+/PR- and ER-/
PR+) and compared it with the DRP (ER+/PR+) and DRN 
(ER-/PR-) tumors.

Results: There were 103 (40.3%) DRP tumors, 98 (38.4%) 
DRN tumors and 54 (21%) SRP tumors, 41 (16.1%) 
of which were ER+/PR- and 13 (5.1%) were ER-/PR+. 
Compared to DRP tumors, the SRP group was more likely 

to be associated with grade 3 tumors and higher frequency 
of HER2 amplification status. ER-/PR+ tumors were more 
likely to be associated with younger age at diagnosis com-
pared to ER+/PR- tumors. HER2 amplification, age, and 
grade were not significantly different between ER-/PR+ and 
DRN groups. Compared to the DRN group, the ER+/PR- 
group had lower grade.

Conclusions:  Our findings demonstrated that SRP pheno-
type including ER+/PR- and ER-/PR+ tumors is different 
from DRP group with regard to age, grade, and HER2 am-
plification status. Moreover, our data showed that ER-/PR+ 
tumors are associated with younger age.
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Prognosis and survival rates of breast carci-
noma vary and are correlated with a large number 
of characteristics such as age, tumor stage, and 
the inherent properties of the tumor [1].  Histo-
logical grade and histological type are two of the 
morphologic findings on which the classification 
of breast carcinomas is based [2].

Estrogen receptor (ER), progesterone receptor 
(PR), and HER2 are the three markers used in rou-
tine clinical practice for their predictive signifi-
cance on the response or resistance to treatment 
and the potential use of new drugs [3-6].

Compared to HER2- tumors, which are typi-
cally connected with ER+ tumors, HER2+ tumors 

may be more aggressive and have a worse prog-
nosis [7]. HER2 positivity has also been shown to 
contribute to a worse response to hormone block-
ade [8,9]. Moreover, a negative correlation has 
been shown between HER2 positivity and hor-
mone receptor positivity [10].

ER status is associated with response to hor-
monal blockade, such as tamoxifen [11,12]. Al-
though the prognostic value of PR expression 
does not depend on ER status [13], and immuno-
histochemistry (IHC) determination of PR expres-
sion has been clinically validated, PR is reported 
together with ER [14]. It has also been shown that 
tamoxifen is less effective in ER+/PR-tumors than 
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in ER+/PR+ tumors [9,15].
The significance of ER+/PR- tumors as a dis-

tinct subset of breast cancer has been well docu-
mented [13,14,16,17]. However, there is still a de-
bate over the significance of ER-/PR+ tumors as a 
clinically and biologically distinct group of breast 
cancer.  Some authors reported that there are no 
true ER-/PR+ breast tumors in the sense that they 
are technical artifacts [18,19] or very rare to be in 
clinical use [20] while some others claimed that 
they are clinically and biologically distinct tum-
ors [15,21].

The aim of this study was to investigate wheth-
er there is a difference in patient and tumor char-
acteristics of the single receptor positive (SRP) 
(ER-/PR+, ER+/PR-) breast carcinoma phenotype 
in comparison with DRP and DRN groups.

Methods

Patients selection

Primary invasive ductal type breast carcinoma 
cases (N=255) referred to the Department of Pathology, 
Tepecik Training and Research Hospital, Izmir, Turkey 
between 2011 and 2014 were investigated in this study. 
HER2, IHC, and fluorescent in situ hybridization (FISH) 
analyses were performed successfully for each case 
as part of the routine diagnostic workup. Histological 
features of each tumor were obtained from pathology 
reports. The following variables were assessed: tumor 
hormonal receptor phenotype, age, grade, and HER2 
amplification status.

Histological examination

Histological assessment of tumor type and grade 
were performed routinely on formalin-fixed and paraf-
fin embedded specimens according to the 2010 WHO 
classification [22].

Assay methods

IHC

The following antibodies (ER dilution: 1/800: clone 
1D5, Dako, Denmark; PR dilution 1/1000: clone PgR 
636,  Dako, Denmark; clone: A0485,  dilution 1/300, 
Dako, Denmark) were used to determine the ER and 
PR status of each case according to the manufacturer’s 
instructions. All single-receptor positive cases were 
reevaluated for ER and PR stains. Repeat ER and PR 
stains were reviewed by a pathologist blinded to clini-
cal characteristics and tumor histology. Nuclear stain-
ing of any intensity was considered positive in all PR 
and ER IHC staining cases.

FISH

FISH analysis was carried out on tissue mi-

croassays using the IQ FISH pharmDxKit (Dako, Den-
mark) as previously described [23]. After incubation at 
60ºC for 60 min, the paraffin sections were deparaffin-
ized in two series of xylol, and rehydrated with eth-
anol series. Pretreatment of the slides with EnVision 
Flex (20x) solution (Dako, Denmark) in a water bath at 
99ºC for 10 min was followed by enzymatic digestion 
with ready-to-use pepsin for 4 min at 37ºC on hybrid-
izer (Dako, Denmark). Then ,the slides were dehydrated 
and 10 μl of HER2/cen17 probe was incubated to each 
tissue sections.

 Before the hybridization period for 120 min at 
45ºC, the slides and probe were denatured at 66ºC for10 
min. Then, the slides were washed with stringent wash 
buffer at 63ºC for 10 min in a water bath. After dehydra-
tion, tissue sections were counterstained with 10μl of 
fluorescence mounting medium containing 4,6-diami-
no-2-phenylindole (DAPI).

Scoring method of FISH

The samples were classified after counting 20 tu-
mor cell nuclei with a fluorescence microscope (Olym-
pus BX51, Japan) equipped with a DAPI/Spectrum Red/
Spectrum Green filter set using a ×100 oil immersion 
objective lens. A sample was considered to be amplified 
when the ratio of HER2/cen17 was ≥ 2 [24].

Statistics

Clinicopathologic features of each group were 
statistically analyzed by Pearson’s chi-square test and 
Mann-Whitney U test. A p value <0.05 was considered 
statistically significant. Statistical tests were carried 
out using the SPSS version 15.0 for Windows (SPSS 
Inc., Chicago, Ill, USA).

Results

There were 103 (40.3%) DRP tumors, 98 
(38.4%) DRN tumors and 54 (21%) SRP tumors, 
41 (16%) of which were ER+/PR- and 13 (5%) were 
ER-/PR+. Table 1 presents the clinicopathological 
characteristics of the 4 groups.

Compared to the DRP group, both ER+/PR- 
and ER-/PR+ tumors were likely to have higher 
HER2 amplification (10.7 vs 29.3%, p<0.01 and 
10.7 vs 38.5%, p<0.05).  However, compared to the 
DRN group, neither ER+/PR- group nor ER-/PR+ 
group was significantly different in relation to 
HER2 amplification (44.9 vs 29.3%, p=0.0893 and 
44.9 vs 38.5%, p=0.6612). There was no significant 
difference between ER+/PR- and ER-/PR+ groups 
in relation to HER2 amplification status (29.3 vs 
38.5%, p=0.5354).

ER+/PR- group was shown to have higher 
grade than DRP tumors (36.6 vs 20.4%, p<0.05) 
and lower grade than DRN tumors (36.6 vs 81.6%, 
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p<0.001). ER-/PR+ group had also significantly 
higher grade than DRP group (69.2 vs 20.4 %, 
p<0.001). ER-/PR+ tumors had non-significantly 
higher grade than DRN tumors (69.2% vs 81.6%, 
p=0.298 and 69.2 vs 59.1%, p=0.4891). Moreover, 
ER-/PR+ tumors were shown to have higher grade 
than ER+/PR- tumors (69.2% vs 36.6%, p<0.05).

Compared to the patients with DRP and ER+/
PR- tumors, those with ER-/PR+ tumors were 
significantly younger (less than 40 years) (31 vs 
61.5%, p<0.05; 29.3 vs 61.5%, p<0.05, respective-
ly). Yet, age was not significantly different be-
tween ER-/PR+ and DRN groups (61.5 vs 55.1%, 
p=0.478).

In summary, SRP phenotype had higher HER2 
amplification status and higher grade compared 
to the DRP group. Patients with ER-/PR+ were sig-
nificantly younger and were more likely to have 
higher tumor grade than those with ER+/PR- tum-
ors. There were no significant differences between 
ER-/PR+ and DRN groups in relation to HER2 am-
plification, age, and grade. Compared to the DRN 
group, ER+/PR- group had lower tumor grade.

Discussion

Determining ER and PR status of breast carci-
nomas has been a standard practice because of the 
significant positive correlation of ER and PR with 

tumor differentiation [25].
The American Society of Clinical Oncology 

and the College of American Pathologists advo-
cated that both ER and PR should be examined 
on all newly diagnosed cases of invasive breast 
cancer [26].

Although there has been an established con-
sensus over the prognostic and predictive signif-
icance of testing ER expression, the additional 
benefit from the assessment of PR receptor re-
mains controversial [15,20,27-29].

In 2004, Olivotto et al. reported the percent-
age of ER-/PR+ cases as 0.1%, suggesting that PR 
testing in breast cancer should be stopped [20].  In 
2005, Colomer et al. claimed that PR assessment 
is useful in identifying a distinct breast cancer 
subtype which is likely to respond positively to 
adjuvant hormonal therapy [29].

Basing their research on large and well-char-
acterized series of breast cancers, in 2007 Rakha 
et al. showed that ER+/PR- and ER-PR+ tumors are 
distinct breast cancer groups compared to the DRP 
and DRN breast cancers.  The authors demonstrat-
ed also that SRP breast tumors appear independ-
ent of age, with high grades and HER2 positivity, 
leading to worse patient outcomes compared to 
DRP tumors [15].

SRP group is comprised predominantly of 
ER+/PR- tumors, which accounts for 10-16% of all 
breast cancers [15,18,21,29].  The significance of 

Table 1. Clinicopathological characteristics of the four groups. HER2 estimation by FISH

Variables Total 
N (%)

DRP 
N (%)

ER+/PR- 
N (%)

ER-/PR+ 
N (%)

DRN 
N (%)

Amplified* 72 (28.2) 11 (10.7) 12 (29.3) 5 (38.5) 44 (44.9)

Non-amplified 183 (71.8) 92 (89.3) 29 (70.7) 8 (61.5) 54 (55.1)

Grade

Low (I -II) 130 (51) 82 (79.6%) 26 (63.4) 4 (30.8) 18 (18.4)

High** (III) 125 (49) 21 (20.4) 15 (36.6) 9 (69.2) 80 (81.6)

Age, years

<40*** 102 (40) 32 (31) 12 (29.3) 8 (61.5) 50 (51)

≥40 153 (60) 71 (69) 29 (70.7) 5 (38.5) 48 (49)

Total 255 (100) 103 (40.4) 41 (16.1) 13 (5.1) 98 (38.4)

*DRP vs ER+/PR-, p<0.01; DRP vs ER-/PR+, p<0.05; ER+/PR- vs ER-/PR+, p=0.5354; 
DRN vs ER+/PR-, p=0.0893; DRN vs ER-/PR+, p=0.6612 
**ER+/PR- vs DRP, p<0.05; ER-/PR+ vs DRP, p<0.05; ER-/PR+ vs ER+/PR-, p<0.05; 
DRN vs ER+/PR-, p<0.001; ER-/PR+ vs DRN, p=0.298 
***ER+/PR- vs DRP, p=0.1149; ER-/PR+ vs DRP, p<0.05; ER-/PR+ vs ER+/PR-, p<0.05; 
ER-/PR+ vs DRN, p=0.478; DRN vs ER+/PR-, p=0.205. 
ER: estrogen receptor, PR: progesterone receptor, DRP: double receptor positive, DRN: double receptor negative
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ER+/PR- tumors as a distinct disease subtype is 
well-established. [13,14,16,17].  On the other hand, 
ER-PR+ group, which accounts for only 2-8% of 
all breast cancers, is uncommon, and its natural 
history and responsiveness to hormone therapy 
remains uncertain [13,15,29-33]. While some re-
ports claimed that ER-/PR+   tumors represent a 
distinct biologic entity [15,21,34,35], some others 
suggest that ER-PR+ group is a technical artifact 
or very rare to be of clinical use [18,19,36].

ER-/PR+ tumors could represent false-nega-
tive ER assay resulting from methodological prob-
lems with ER detection analysis.  The presence of 
ER could also be at such a low level to be detect-
ed by the assay.  Alternatively, ER-/PR+ tumors 
could reflect false-positive PR due to cross-reac-
tion of monoclonal antibodies with other antigens 
[37,38]. Thus, in order to rule out a false result, 
ER testing of patients  with ER-/PR+ classification 
has been recommended to be repeated [26].

This paper analyzed in detail the clinoco-
pathological characteristics of SRP phenotype in 
terms of HER2 amplification status, grade, and age 
through comparison with DRP and DRN groups. 
In our cohort, 16.1% of the cases were ER+/PR- 
and 5.1% were ER/-PR+. These figures are consist-
ent with previous studies.

Receptor - HER2

Women with HER2 positive breast cancer have 
lower hormone receptors due to the negative rela-
tionship between hormone receptors and HER2 [39]. 
It is postulated that in these cases tamoxifen func-
tions as an estrogen agonist to stimulate growth of 
breast cancer cells, which express an increased level 
of HER2 and ER co-activation resulting in de novo 
resistance for endocrine therapies [40,41]. HER2 
positivity is thought to   contribute to relative re-
sistance to endocrine therapies [10].

Previous studies showed that SRP tumors ex-
hibit higher expression in HER2 than DRP tumors 
[9,15].  In our study, similar to the findings in the 
literature, SRP breast carcinoma showed higher 
amplification of HER2 than DRP tumors.

Receptor - Age

In 2005, Huang et al. reported that the pres-
ence of a negative relationship between HER2 

and PR was confirmed only in women older than 
45, which might explain the sensitivity of breast 
cancers to anti-oestrogens in young women com-
pared to those beyond 45 years [42].

Prior studies showed that ER-/PR+ breast can-
cer occurs more commonly in younger patients 
compared to other phenotypes [18,21,34,35]. Sim-
ilarly, significant dominance of older age in ER+/
PR- group compared to the ER-/PR+ group has 
been shown [15].

Our findings confirmed the findings of previ-
ous studies on the association between ER-/PR+ 
tumors and younger age at diagnosis by demon-
strating that ER-/PR+ group was likely to occur 
more commonly in patients younger than 40 
years.

Receptor-Grade

Compared to the DRP group, SRP breast can-
cers are more likely to be high grade, large-sized 
and aneuploid, and show higher expression of 
proliferation-related genes [15,18,44].

In our study, SRP phenotype also exhibited 
higher grade compared to DRP. Compared to DRN 
tumors, the SRP phenotype showed non-signifi-
cantly lower grade.

Limitations

The limitations of this study include the 
small sample size and the limited number of ER-/
PR+ cases. Insignificant differences between ER-/
PR+ and DRN groups might result from these lim-
itations. Yet, to the best of our knowledge, this is 
the first case study in Turkish patients that scru-
tinized clinical and biological differences of SRP 
phenotype compared to other groups of breast 
carcinoma, in which all SRP cases were reviewed 
by a pathologist blinded to clinical characteristics 
and tumor histology, and HER2 amplification was 
confirmed by FISH analysis.

In conclusion, our findings demonstrated that 
SRP phenotype including ER+/PR- and ER-/PR+ 
tumors is different from DRP group with regard to 
age, grade, and HER2 amplification status. More-
over, our data showed that ER-/PR+ tumors are 
associated with younger age. Further work with 
larger sample size is clearly needed to confirm 
and extend the present findings.
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