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Abstract
Context: Breast cancer is the most current malignancy in women all around the world. Considering 
the presence of the androgen receptor as a possible prognostic marker, attention has been given to its 
association with other molecular markers such as estrogen receptor (ER), progesterone receptor (PR), 
human epidermal growth factor receptor 2  (Her 2)/neu, and clinicopathological characteristics 
and the target of cancer therapy. Aims: This study aimed to assess the level of androgen 
receptor  (AR) and its association with other clinicopathological factors in patients with breast 
cancer. Settings and Design: Samples from 100 breast cancer patients were studied to evaluate the 
expression of AR using immunohistochemistry. Subjects and Methods: The association of AR was 
evaluated with ER, PR, and Her2 levels; age; tumor size; tumor grade; histological grade; nuclear 
grade; vascular invasion; perineural invasion; and lymph node involvement. The correlation between 
the expression of AR and other factors was assessed using t, Mann–Whitney, and Chi‑square 
tests using SPSS. Results: Among 100  patients, 50  (50%) cases were AR positive. There was a 
significant correlation between AR expression and triple‑negative breast cancer and the expressions 
of ER, PR, and Her2. However, there was no significant association between AR expression and 
other clinicopathological markers such as age, tumor size, type of tumor, and histological grade. 
Conclusion: Owning to the expanded expression of AR in 50% of patients with breast cancer in 
this study as well as the significant association between AR expression and triple‑negative breast 
carcinoma, AR ER, PR, and Her 2, could be considered as a promising prognostic factor.
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Introduction
Breast cancer is a common malignancy 
with the incidence of one million cases a 
year.[1,2] It is the second common leading 
reason behind death following lung 
cancer in females aged 20–59  years.[3,4] 
It is also the leading cause of 16% of all 
cancers in women and 18.2% of deaths 
worldwide.[5] It is a probability of 1:8 for 
a woman to develop breast cancer until the 
age of 90  years.[6] The incidence of breast 
cancer increased in developed countries, 
which seems to be due to the lifestyle and 
different regimens in women.[5] However, 
because of the early recognition and 
favorable treatment of breast carcinoma, the 
incidence is decreasing.

The diagnosis of breast cancer is done 
through breast examination, routine 
mammography, fine‑needle aspiration 

biopsy, and core‑needle biopsy.[7] Aspiration 
cytology is a simple, fast, precise, 
cheap, and nonaggressive method, 
which should be evaluated by an expert 
cytopathologist.[8,9] Furthermore, aspiration 
cytology seems to be the best way to 
diagnose and assess breast lesions.[1,10,11]

Breast cancer has several risk factors 
including age, first relatives with breast 
cancer, atypical hyperplasia, race, estrogen 
therapy, radiation, cancer in the cross 
breast and endometriosis, geographical 
distribution, food regimen, obesity, 
sports, and lactation.[11,12] The prognosis 
of breast carcinoma is related to several 
characteristics such as patient’s age, early 
detection, pregnancy, necrosis, tumor size, 
BRCA1, Her2, p53, estrogen receptor  (ER) 
and progesterone receptor  (PR) expression, 
tumoral emboli to lymphatics, microvessel 
density, and metastasis to lymph node under 
the armpit. Several prognostic factors, such 
as the status of tumor markers at the time 
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of diagnosis, are considered to determine the severity of the 
disease and choose a treatment modality. These factors can 
help assess the potential of invasion and the effectiveness 
of cotreatments such as chemotherapy.[13,14] Detection of 
ER, PR, and Her2 as a predictor and prognostic markers 
in breast cancer can result in advance of targeted therapies 
such as using tamoxifen, aromatase inhibitors, and 
trastuzumab. In this line, the detection of novel promising 
markers such as androgen receptor (AR) seems to be useful 
in the progress of innovative therapies in breast cancer.[15]

AR is steroid hormone receptors  (ligand‑activated nuclear 
transcription factor) that have a similar structure to 
receptors of progesterone, estrogen, thyroid hormone, 
glucocorticoid, retinoid, and mineralocorticoid.[16] Three 
functional parts of AR include the DNA‑binding domain 
and the ligand‑binding domain and N‑terminal transcription 
factor.[17] Similar to testosterone and dihydrotestosterone, the 
activity of androgen is regulated by AR as a member of the 
nuclear receptor family of steroid hormone. Owning to the 
expression of AR in a large number of cells and tissues, it 
plays several functions such as development and protection 
of reproduction, immune, hematopoietic,muscular skeleton, 
and cardiovascular systems. The role of androgen is 
mediated by the pathway dependent on interaction 
with DNA to regulate transcription of target genes and 
independent on DNA interaction for the onset of cellular 
events.[18,19] The signaling pathways from AR seem to be 
involved in tumors of prostate, bladder, breast, liver, and 
kidney.[20] It has been shown that AR is expressed in more 
than 70% of breast carcinoma, and the AR positivity is 
considerably high compared with other markers such as 
ER and PR.[21‑23] Nuclear ARs have different expressions 
from 80% to 85% in early breast cancer and 60%–75% in 
metastatic cases. In triple‑negative breast cancer  (TNBC), 
the expression of AR is about 53%. Recent clinical studies 
have shown that some antiandrogenic therapies, including 
enzalutamide and abiraterone acetate alone and together 
with other medicines, are useful in treating breast cancer, 
especially those with focal invasion, or with metastasis, 
and also in TNBC.[24] The expression of AR is measured 
using immunohistochemistry. Specimens with 10% or more 
nuclear staining are considered as AR positive.[25,26]

AR and its ligand androgens may play a vital role in breast 
cancer, but the clinical impact of the expression of AR was 
not well identified. This study aimed to evaluate the level 
of AR in samples of breast carcinoma and its association 
with other clinicopathological factors in patients with 
breast cancer.

Subjects and Methods
Materials

AR, PR, ER, Her2, liquid 3, 3ʹ‑diaminobenzidine 
tetrahydrochloride  (DAB)+ Substrate Chromogen System, 
Envision, Biotin Blocking System, Dual Link System 

DakoK3468, Denmark); Target Retrieval Solution (DAKO 
S2367, Denmark); Hematoxylin (Panreac, Spain); Primary 
and secondary antibody (Master Diagnosis, Spain); 
Hydrogen peroxide, Methyl alcohol, Entelan glue, Ethyl 
alcohol 99.6%, NaCl, ethylenediaminetetraacetic acid and 
Tris (hydroxymethyl) aminomethane (All from Merk, 
Germany); Ethyl alcohol 96–70% and Xylene (Shiminab, 
Iran); Pepsin (Sigma, Germany). During the test, all test 
apparatuses were standard and calibrated.

Patients’ samples

Retrospectively, 100 formalin‑fixed paraffin‑embedded 
tissues were selected from the patients who had been 
referred to Imam Reza Hospital, Kermanshah city, Iran. 
Excision less than total mastectomy includes specimens 
designated excision, segmental resection, lumpectomy, 
quadrantectomy, and segmental or partial mastectomy with 
axillary content. Slides were ready from paraffin blocks 
of the specimens and stained with the quality standard 
hematoxylin and eosin (H and E) method. All the specimens 
were analyzed, and two freelance pathologists confirmed 
the original diagnoses. The sample size was  calculated by 
the available sampling method and   subsequent formula:
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The inclusion criteria for the samples were selecting 
tissue samples of primary breast carcinoma. The exclusion 
criteria were patients with metastatic breast carcinoma 
and men with breast cancer. The Ethics Committee of 
Kermanshah University of Medical Sciences approved the 
study (code number: KUMS. REC.1394.47) in 2014.

Hematoxylin and eosin staining

4‑μm sections of paraffin‑embedded tissues were stained 
with H  and  E method. The subsequent step is to incubate 
the glass slides containing tissue sections  (70°C for 2 h). 
Then, the slides were washed in several jars full of xylene, a 
series of ethanol solutions, hematoxylin, lithium carbonate, 
and eosin. Two pathologists independently assessed the 
stained sections.

Immunohistochemistry

Immunohistological staining was carried out on 
formalin‑fixed paraffin‑embedded tissue sections using 
antibodies against AR, PR, ER, and human epidermal 
growth factor receptor 2 (Her 2). as described previously.[27] 
For this, 4‑μm tissue sections were deparaffinized for 24 
h at 60°C–65°C. Afterward, the slides were rehydrated for 
approximately 45  min in xylene and a graded sequence 
of ethanol solutions. The slides were immersed in the jar 
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Results
All the participants in this sample are people with early 
breast cancer. In this study, all the patients were women 
with early breast carcinoma. One hundred patients in 
this study had invasive ductal carcinoma, and one case 
had invasive lobular carcinoma. Table  1 summarizes 
the clinicopathological characteristics of the patients. 
The minimum age of the patients was 19  years, and the 
maximum period was 78  years, with the mean age of 
49 years. The tumor size range was 5–100 mm, an average 
of 31 mm. Fifty percent of the patients were AR positive, 
and 50% were AR negative. No significant association was 
found between the expression of AR and age  (P  =  0.343). 
According to the Mann–Whitney and Chi‑square tests, there 
was no significant association between the tumor type, 
tumor size, microscopic grade, and nuclear grade of the 
tumor with the level of AR expression  (P  =  0.568, 0.109, 
0.854, and 0.216, respectively). Furthermore, the Chi‑square 
test indicated that there was no vascular invasion, neural 
invasion, and lymph node involvement  (P  =  0.509, 0.229, 
and 0.838, respectively). Evaluation of the expression of 
AR in TNBC indicated that 29.42% of TNBC were AR 
positive, and there was a significant association between the 
level of AR and TNBC [P = 0.003, Table 2]. Furthermore, 
the results of Chi‑square test showed that there was a 
significant relationship between the level of AR expression 
and the level of ER  (P = 0.001), PR  (P = 0.027), and Her 
2  (P  =  0.029). AR expression was observed in 56%  (28 
of 50) of PR‑positive and 64%  (32 of 50) of ER‑positive 
cancers and 24%  (12 of 50) of Her 2‑positive cancer 
patients. AR expression was observed in 44%  (22 of 50) 
of PR‑negative and 36%  (18 of 50) of ER‑negative and 
76% (38 of 50) of Her2‑positive cancer patients.

Discussion
Breast cancer has a worldwide distribution and is the 
most common malignancy as one out of eight women is 
affected by the disease.[1,2] However, given that several 
novel therapeutic strategies and diagnostic methods have 
been developed to detect tumors in early stages  (<2 cm), 
the incidence of death from breast carcinoma has decreased 
in recent decades.[1,2] Breast cancer has been suggested 
to be a common and heterogeneous disorder. In this line, 
some clinical factors are considered to be important in the 
determination of prognosis and even treatment, including 
age, lymph node involvement, tumor size, tumor type, 
grade, and neural invasion.[28] There is also a wide range 
of growth and development of breast cancer cells, which 
affects the clinical period of the disease and is the most 
critical factor in prognosis.[29]

It is well established that androgen promotes the growth 
of prostate cancer and estrogen promotes the growth of 
breast cancer. The effectiveness of androgen for breast 
cancer therapy, however, has not been well characterized. 

containing Tris buffer  (pH  =  9) and warmed for 20  min 
in the autoclave at 121°C followed by washing in PBS 
solution to retrieve antigens. Then, the slides were soaked 
for 15  min in a solution of 3% hydrogen peroxide in 
methanol, washed with phosphate‑buffered saline  (PBS), 
to quench peroxidase intracellular activity. Biotin was then 
applied to improve staining specificity.

After washing with PBS, the slides were incubated by 
primary and secondary antibodies at 60 and 45  min, 
respectively, in a humid and dark place at room 
temperature. The slides were washed in PBS and stained 
with the substrate–chromogen solution known as DAB 
for 5  min. The counterstaining was carried out for 
30–60 s with hematoxylin then lithium carbonate  (5 min) 
and washed in water. The stained slides were immersed 
in a graded ethanol series and then xylene to tissue 
transparency and dehydration. Then, the slides were 
mounted under a microscope to the test. Negative controls 
were applied to antibody diluents to remove the primary 
antibody.

AR‑positive samples were stained in more than 10% of 
tumoral cells; otherwise, they would be classified in the 
negative group  [Figure 1]. If more than 1% of tumor cells 
had nuclear staining of PR, they were considered positive 
PR cells. Her2/neu is diagnosed with membrane staining 
based on complete or incomplete staining and tumor cell 
staining intensity. Score 0 demonstrates no membrane 
staining or  <10% of the tumor cells, score 1+  reveals mild 
membrane incomplete staining in more than 10% of the 
tumor cells, score 2+ presents a weak or moderate complete 
membrane staining in more than 10% of the tumor cells, 
and score 3+  shows a robust and complete membrane 
staining in more than 30% of the tumor cells.

Statistical analysis

Using (SPSS Inc., Chicago, IL, USA), the data were 
analyzed using t, Mann–Whitney, and Chi‑square measures; 
the association between the expression of AR and other 
variables was tested. All differences were considered 
statistically significant at the level of P < 0.05.

Figure 1: (a) Androgen receptor‑positive breast cancer. Stained androgen 
receptor in breast cancer tissue  (brown color) and  (b) androgen 
receptor‑negative breast cancer. There is no brown color staining in 
androgen receptor‑negative breast cancer tissue

ba
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Conflict findings have been found in research on the role of 
androgen in breast cancer.[29,30]

Fujita demonstrated that, in  vitro, androgen had an 
inhibitory effect on breast cancer at normal plasma 
levels.[31]

Our results showed that half of the studied patients were AR 
positive. McNamara et al. showed that AR was diagnosed in 
85% of early breast cancer patients and 75% of metastatic 
cases.[32] In a study by Collins et  al., the expression of AR 
in 2171 invasive breast cancers and 246 ductal carcinomas 
in situ was 77% and 86%, respectively.[33] Hu et al. showed 
that among 1467 breast cancer cases, 78.7% were AR 
positive. Of the 1164 ER‑positive cases, 88% were AR 
positive, which was associated with a considerable decrease 
in death.[34] In 2010, showed that among 652 breast cancer 
patients with the mean age of 49  years, 72.9% expressed 
AR, which was higher than the expression of ER and PR.[34] 
In a cohort study by Anand et al. in India in 2017, the study 
of AR expression among 116 patients showed no association 
of AR with age and size of tumors that were in line with 
our research.[35] Mohammadizadeh et al. showed that 64.3% 
of breast cancer cases were AR positive that were among 
the younger population with an increased level of tumors 
and smaller size  (<2 cm). However, the grade and stage of 
tumor in cases with negative AR were more than patients 
with positive AR without a substantial difference between 
the two groups.[36]

Two previous studies have suggested the association 
of AR‑positive status with older age at the time of 
diagnosis.[37,38] On the contrary, the research in Iran stated 
that patients with AR‑positive tumors were younger than 
patients with AR negative. Most research, however, has 
declared that age does not seem to impact AR positivity.[39,40]

The present research showed no association between 
tumor size and AR status. Other studies, however, have 
indicated that the smaller tumors are more likely to be 
AR positive.[38,40] Payandeh et  al. reported that there was 
no statistical correlation between AR and the type of 
tumor.[41] In another study, the expression of AR was 
73.7% in different types of ductal carcinoma. The higher 
levels of AR positive were observed in carcinomas of 
tubular  (100%), apocrine  (100%), lobular  (83.3%), and 
papillary  (81%), whereas the higher levels of AR negative 
were found in plastic, medullary, and mucinous types.[42] 
It has been reported that AR is continually expressed in 
several types of breast cancer, such as apocrine and lobular 
carcinoma, whereas it is minimally expressed in some other 
types, including mucinous. However, these studies have 
been conducted in a small population.[37,43] The involvement 
of lymph nodes is one of the important predictive and 
prognostic factors for outcomes of patients suffering from 
breast cancer.[44,45]

Table 1: Clinicopathological characteristics of 
100 patients with breast cancer

Clinicopathological characteristics n
Age (years)

<40 24
40-50 29
50-60 28
>60 19

Tumor type
Ductal 97
Lobular 1
Mixed 2

AR
Positive 50
Negative 50

TNBC
Positive 24
Negative 10

Microscopic grade
1 24
2 60
3 16

Nuclear grade
1 9
2 63
3 28

Vascular invasion
Negative 29
Positive 71

Perineural invasion
Negative 54
Positive 46

Lymph node involvement
Negative 61
Positive 39

Tumor size (mm)
<20 41
20-50 40
>50 19

ER
Negative 52
Positive 48

PR
Negative 52
Positive 48

Her 2
Negative 84
Positive 16

Her 2 score
0 22
1 13
2 49
3 16

TNBC: Triple‑negative breast cancer, ER: Estrogen 
receptor, PR: Progesterone receptor, AR: Androgen receptor
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We found no statistically significant association between 
AR expression and involvement of the lymph nodes. Two 
studies have also verified the lack of significant relationship 
between expression of AR and involving lymph nodes.[46,47] 
Other studies showed a significant association between 
AR expression and lymph node involvement.[48‑53] The 
intranuclear receptors, ER and PR, and the membrane 
receptor Her2 regulate breast cancer growth. ER‑positive 

and PR‑positive breast cancers are known to be less 
aggressive and as sensitive to endocrine care as well. 
Her2‑positive tumors have been identified as aggressive 
and responsive to trastuzumab and anthracycline therapy.

We found a significant correlation between the expression 
of AR, ER, PR, and Her 2. Other studies reported that 
AR was significantly expressed in ER positive and PR 
positive.[47,54]

Secreto et  al. evaluated ER and AR and they found that 
90% of ER‑positive tumors were AR positive and also 55% 
of ER‑negative tumors were AR positive.[55]

In another study, 89% of ER‑positive breast cancers were 
AR positive, although only 49% of ER‑negative cancers 
were AR positive.[48]

In this study, we noted that 66% of ER‑positive patients 
and 36% of ER‑negative patients expressed AR. We 
concluded, as with other research, that ER‑positive tumors 
express AR‑ more than ER‑negative tumors.[56]

There were 24% of AR‑positive cancers that were HER2 
positive and 76% of AR‑positive cancers were HER2 
negative. We found a significant correlation between 
HER 2 and AR. Other studies reported that there was no 
significant association between AR and HER2.[47,54] Naderi 
et  al. reported a cross action between AR and HER2 in 
androgen‑sensitive tumors.[57]

AR has been found to be expressed in some proportion of 
TNBC and may play a role in this subgroup as a prognostic 
marker and a therapeutic target.[23,58,59]

In two recent review articles, the AR expression levels in 
TNBC ranged from 0% to 53%.[37,51] In this study, 29.42% 
of TNBC were AR positive, and there was a significant 
association between the level of AR and TNBC (P = 0.003).

Conclusion
Given the well‑known prognostic functions of ER, PR, and 
Her2/neu, detecting the novel, reliable markers is required 
for effective breast cancer diagnosis and evaluating 
therapeutic targets. AR could be used as a clinical target 
due to the presence of AR in 50% of breast cancer patients 
in this study and its strong interaction with TNBC.
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Table 2: The association between clinicopathological 
characteristics and androgen receptor expression

Variable AR expression P
Positive Negative

Age
<40 10 14 0.343
40-50 15 14
50-60 14 14
>60 11 8

Tumor size (cm)
<2 23 18 0.109
2<×≤5 21 19
>5 6 13

Vascular invasion
Present 34 37 0.509
Absent 16 13

Tumoral type
Ductal 49 48 0.568
lobular 0 1
Lobular and ductal 1 1

Microscopic grade
1 12 12 0.854
2 29 31
3 9 7

Nuclear grade
1 2 7 0.216
2 33 30
3 15 13

Lymph node involvement
Present 19 20 0.838
Absent 31 30

Perineural invasion
Present 20 26 0.229
Absent 30 24

TNBC 10 24 0.003
ER

Positive 32 34 0.001
Negative 18 32

PR
Positive 28 17 0.027
Negative 33 28

Her 2
Positive 12 4 0.029
Negative 46 38

TNBC: Triple‑negative breast cancer, ER: Estrogen receptor, 
PR: Progesterone receptor, AR: Androgen receptor
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