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The role of androgen and androgen receptor pathway in breast cancer development, prognosis and treatment
has gained enormous attentions in recent years, largely because of the effort to identify new markers for targeted
treatment of triple (ER/PR/Her2) negative breast carcinomas. This mini-review will discuss AR and breast
cancer from the perspectives of normal/benign breast luminal epithelium.
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Breast carcinogenesis is regarded as a hormone driven
malignant transformation processit). Estrogen and Estrogen
Receptor (ER) pathway has been studied extensively and has
been applied in breast cancer prognosis and treatment for
decades. In comparison, the role of androgen and androgen
receptor pathway in breast cancer is less clear. Androgen is a
normal circulating hormone in females, with a relatively
stable serum level during the menstrual cycle and
menopause, compared with estrogent?. Epidemiologic
studies on the association of serum androgen levels and
breast cancer risk have produced inconsistent, sometimes
contradictory results®1%, although there seems to be a
positive association in postmenopausal women. Failure to
distinguish between different subtypes of breast carcinomas,
such as AR positive versus AR negative carcinomas may
have at least partially contributed to the inconsistent results
in these studies.

Nevertheless, AR is strongly and diffusely expressed in
the majority of breast carcinomas. Depending on the
methodology and study population, AR positivity in breast
carcinomas has been reported ranging from 50% to 90%,

with the similar staining intensity as ERI-1%1, While most of
the ER-positive breast carcinomas are also positive for
ARMI AR is also positive in some of the triple negative and
high grade breast carcinomas, even though the reported
percentage is considerably variable among different studies
(ranging from 0-53%)[ 1214171 Fyrthermore, studies have
shown that the AR expression in breast carcinomas is
clinically relevant. It has been reported that AR positivity is
associated with favorable tumor differentiation (such as
lower Bloom-Richardson grade, lower Ki67 labeling index,
etc) and lower tumor burdenl 15 181 |n addition, AR
expression has been shown to correlate with a better clinical
outcome in ER-positive tumorslt® 18201 although this
correlation may not always be obvious in ER negative
tumors?*29in part because of the insensitivity of
AR-positive only tumors to routine chemotherapy compared
to triple-negative and AR-negative tumors. Moreover, Yu et
al. B% and Gonzales et al. B compared the AR status in
ductal carcinoma in-situ (DCIS) with adjacent invasive
ductal carcinoma (IDC) and pure DCIS, and concluded that
AR may play a role in the progression of DCIS to IDC.
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These clinical-pathological findings, together with in-vitro
studies on breast cancer cell lines, have led to diverse
hypotheses regarding the role of androgen-AR pathway in
breast carcinogenesis. One of the limitations of these studies
is that they mostly focused on tumors and tumor cells,
without  reference to the AR status of the
precursor/progenitor cells. A better knowledge of the biology
of the normal/benign breast luminal cells needs to be
emphasized when we are trying to understand the steps in
breast cancer initiation and progression.

It is well recognized that terminal ductal lobular unit
(TDLU) is the primary site where the breast carcinogenesis
initiates. Normally, the epithelium of the TDLU is composed
of two main cellular lineages: luminal cells surrounding the
central lumen and myoepithelial cells located basally
adjacent to the basement membrane. However, even inside
the luminal epithelium, not all the cells are phenotypically
the same. The prevailing concept is that there might be
distinct subtypes of luminal cells in normal human breast
which may serve as the cell of origin of different subtypes of
breast cancers. Studies have shown that the expression of ER
and PR in luminal epithelium is present in a scattered or
clustered pattern in a minority of cell population [32 3, We
demonstrated that there is a similar distribution pattern of AR
expression in the luminal cells of TDLUs as well 4. We
then used regular and dual-labeling immunohistochemical
staining for ER and AR on consecutive sections of
normal/benign breast tissue and showed that most hormone
receptor-positive luminal cells were simultaneously positive
for ER and AR; about 10% of the cells were AR-positive
only, while AR-negative/ER-positive cells were rare. This
distribution pattern of hormone receptor expression is similar
to that reported in invasive breast carcinomas(l.Similarly,
Santagara et al.[*® systematically analyzed the expression of
a large set of breast epithelial markers and hormone receptors
in normal human breast epithelium and identified 11
differentiation states in the luminal cells. They further
observed that 95% of human breast carcinomas were
phenotypically identical to one of these normal luminal
breast cell subtypes. Visvader et al. proposed a model of
human breast epithelial hierarchy, based on the similarity of
gene signatures by gene expression analysis, suggesting
that the different subtypes of breast cancer may arise from
their normal counterparts within the luminal sub-lineages!®l.
In fact, ER/PR-positive luminal cells have been shown to
hold progenitor/stem cell features (7 3, One would
speculate that this would also hold for AR-positive luminal
cells. Distinct oncogenic events may target different
progenitor cells, including AR-positive only cells, in breast
luminal epithelium to give rise to distinct breast cancer
subtypes.

Indeed, studies have shown that the cell-autonomous
factor of the cell of origin and the distinct oncogenic process
initiated in these cells may have contributed to breast cancer
heterogeneity. Ince et al. B transformed two cell
populations with the same set of genetic elements and
demonstrated that the normal cell phenotype strongly
influenced the phenotype of tumors derived in terms of
histopathology, tumorigenicity and metastasis behavior. On
the other hand, Elenbaas et al. [ showed that transformation
of different cell types may involve different oncogenic
pathways. Comprehensive molecular studies across breast
cancer subtypes showed that certain genes, such as GATA3
and PIK3CA, were mutated mostly in hormone
receptor-positive breast carcinomas, including
AR-positive/triple-negative carcinomas, while p53 mutation
was more common in hormone receptor-negative basal-like
tumors(#4,

However, the steroid hormone receptor-positive luminal
cells in normal/benign breast tissue appear to be
proliferatively inactive. The dissociation between ER/PR
expression and Ki67 labeling in normal breast luminal cells
has been reported in human and animal models by many
different groupsf®342. A similar staining pattern has been
reported for AR expression and Ki67 labeling 3. Another
way to assess the activeness of the hormone receptor positive
cells could be to exam the expression of their downstream
proteins. Studies at different levels indicated that PSA and
GCDFP are the AR downstream proteins and are
co-expressed with AR in breast carcinomas [“3-46l. However,
using immunohistochemical staining on consecutive sections,
we observed no immunohistochemically identifiable PSA
expression in AR-positive luminal cells and no association
between GCDFP and AR expression in luminal cells 34, Our
findings suggest that although the AR is strongly expressed
in luminal cells in normal/benign breast tissue it may not be
functionally active. Further carcinogenic events will be
needed for the initiation and progression of carcinogenesis in
these AR-positive luminal cells.

The molecular sub-classification based on gene expression
profiling using immunohistochemical surrogates has
subdivided breast carcinomas into luminal A (ER/PR+,
Her2-); luminal B (ER/PR/Her2+); Her2 overexpression
(ER/PR -, Her2+, any CK5/6 and EGFR); basal-like
(ER/PR/Her2 -, CK5/6 and/or EGFR +); and triple-negative,
non-basal (ER/PR/Her2 -, CK5/6 and EGFR -) types. Based
on this classification, AR-positive only breast tumors would
be classified as a triple-negative, non-basal subtype, with a
notoriously poor prognosis. Santagara et al. [*® proposed a
normal-cell type-based ontological classification system,
which is phenotype-oriented to better reflect the
pathophysiology of breast cancer. In this system, AR
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positive-tumors are considered to be one of the luminal types
of breast cancer and associated with a better prognosis
compared to ER/PR/AR and VDR (vitamin D
receptor)-negative tumors.

In summary, AR-positive breast carcinomas may arise
from AR-positive progenitor cells in normal/benign breast
luminal epithelium. The presence of diverse sub-lineage
breast luminal cells, together with their distinct carcinogenic
events, could explain breast cancer as a heterogeneous group
of diseases. However, like ER-positive progenitor cells,
AR-positive progenitor cells may be functionally inactive.

Conflicting interests

The authors have declared that no competing interests
exist.

References

1. Henderson BE, Feigelson HS. Hormonal
Carcinogenesis 2000; 21: 427-433.

2. Rothman MS, Carlson NE, Xu M, Wang C, Swerdloff R, Lee P, et
al. Reexamination of testosterone, dihydrotestosterone, estradiol
and estrone levels across the menstrual cycle and in
postmenopausal women measured by liquid
chromatography-tandem mass spectrometry. Steroids 2011; 76:
177-182.

3. Kaaks R, Rinaldi S, Key TJ, Berrino F, Peeters PH, Biessy C, et
al. Postmenopausal serum androgens, oestrogens and breast cancer
risk: the European prospective investigation into cancer and
nutrition. Endocr Relat Cancer 2005; 12: 1071-1082.

4. Dorgan JF, Longcope C, Stephenson HE, Jr., Falk RT, Miller R,
Franz C, et al. Serum sex hormone levels are related to breast
cancer risk in postmenopausal women. Environ Health Perspect
1997; 105 (Suppl 3): 583-585.

5. Wang DY, Allen DS, De Stavola BL, Fentiman IS, Brussen J,
Bulbrook RD, et al. Urinary androgens and breast cancer risk:
results from a long-term prospective study based in Guernsey. Br J
Cancer 2000; 82: 1577-1584.

6. Kahan Z, Gardi J, Nyari T, Foldesi I, Hajnal-Papp R, Ormandi
K,et al. Elevated levels of circulating insulin-like growth factor-I,
IGF-binding globulin-3 and testosterone predict
hormone-dependent breast cancer in postmenopausal women: a
case-control study. Int J Oncol 2006; 29: 193-200.

7. Helzlsouer KJ, Gordon GB, Alberg AJ, Bush TL, Comstock GW.
Relationship of prediagnostic serum levels of
dehydroepiandrosterone and dehydroepiandrosterone sulfate to the
risk of developing premenopausal breast cancer. Cancer Res 1992;
52:1-4.

carcinogenesis.

8. Missmer SA, Eliassen AH, Barbieri RL, Hankinson SE.
Endogenous estrogen, androgen, and progesterone concentrations
and breast cancer risk among postmenopausal women. J Natl
Cancer Inst 2004; 96: 1856-1865.

9.  Wysowski DK, Comstock GW, Helsing KJ, Lau HL. Sex hormone
levels in serum in relation to the development of breast cancer.

Page 3 of 4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

American journal of epidemiology 1987; 125: 791-799.

Thomas HV, Key TJ, Allen DS, Moore JW, Dowsett M, Fentiman
IS, et al. A prospective study of endogenous serum hormone
concentrations and breast cancer risk in premenopausal women on
the island of Guernsey. British journal of cancer 1997; 75:
1075-1079.

Moinfar F, Okcu M, Tsybrovskyy O, Regitnig P, Lax SF,
Weybora W, et al. Androgen receptors frequently are expressed in
breast carcinomas: potential relevance to new therapeutic
strategies. Cancer 2003; 98: 703-711.

Ogawa Y, Hai E, Matsumoto K, Ikeda K, Tokunaga S, Nagahara
H, et al. Androgen receptor expression in breast cancer:
relationship with clinicopathological factors and biomarkers.
International journal of clinical oncology 2008; 13: 431-435.

Hu R, Dawood S, Holmes MD, Collins LC, Schnitt SJ, Cole K, et
al. Androgen receptor expression and breast cancer survival in
postmenopausal women. Clinical cancer research: an official
journal of the American Association for Cancer Research 2011;
17.1867-1874.

Niemeier LA, Dabbs DJ, Beriwal S, Striebel JM, Bhargava R.
Androgen receptor in breast cancer: expression in estrogen
receptor-positive tumors and in estrogen receptor-negative tumors
with apocrine differentiation. Modern pathology : an official
journal of the United States and Canadian Academy of Pathology,
Inc 2010; 23: 205-212.

Mrklic 1, Pogorelic Z, Capkun V, Tomic S. Expression of
androgen receptors in triple negative breast carcinomas. Acta
histochemica 2013; 115: 344-348.

Meijnen P, Peterse JL, Antonini N, Rutgers EJ, van de Vijver MJ.
Immunohistochemical categorisation of ductal carcinoma in situ of
the breast. British journal of cancer 2008; 98: 137-142.

Chae BJ, Lee A, Bae JS, Song BJ, Jung SS. Expression of nuclear
receptor DAX-1 and androgen receptor in human breast cancer.
Journal of surgical oncology 2011; 103: 768-772.

Park S, Koo JS, Kim MS,Park HS, Lee JS, Lee JS, et al. Androgen
receptor expression is significantly associated with better
outcomes in estrogen receptor-positive breast cancers. Annals of
oncology : official journal of the European Society for Medical
Oncology / ESMO 2011; 22: 1755-1762.

Peters AA, Buchanan G, Ricciardelli C, Bianco-Miotto T,
Centenera MM, Harris JM, et al. Androgen receptor inhibits
estrogen receptor-alpha activity and is prognostic in breast cancer.
Cancer research 2009; 69: 6131-6140.

Castellano I, Allia E, Accortanzo V,Vandone AM, Chiusa L,
Arisio R, et al. Androgen receptor expression is a significant
prognostic factor in estrogen receptor positive breast cancers.
Breast Cancer Res Treat 2010; 124: 607-617.

Agoff SN, Swanson PE, Linden H, Hawes SE, Lawton TJ.
Androgen receptor expression in estrogen receptor-negative breast
cancer.  Immunohistochemical, clinical, and prognostic
associations. American journal of clinical pathology 2003; 120:
725-731.

Shah PD, Gucalp A, Traina TA. The role of the androgen receptor
in triple-negative breast cancer. Women's health 2013; 9: 351-360.

Gucalp A, Traina TA. Triple-negative breast cancer: role of the
androgen receptor. Cancer journal 2010; 16: 62-65.



24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Receptors & Clinical Investigation 2015; 2: €533. doi: 10.14800/rci.533; © 2015 by Xi Wang
http://www.smartscitech.com/index.php/rci

Koo JS, Jung W, Jeong J. The predictive role of E-cadherin and
androgen receptor on in vitro chemosensitivity in triple-negative
breast Cancer. Japanese journal of clinical oncology 2009; 39:
560-568.

Sutton LM, Cao D, Sarode V, Molberg KH, Torgbe K, Haley B, et
al. Decreased androgen receptor expression is associated with
distant metastases in patients with androgen receptor-expressing
triple-negative breast carcinoma. American journal of clinical
pathology 2012; 138: 511-516.

Pistelli M, Caramanti M, Biscotti T, Santinelli A, Pagliacci A, De
Lisa M, et al. Androgen receptor expression in early
triple-negative breast cancer: clinical significance and prognostic
associations. Cancers 2014; 6: 1351-1362.

Tang D, Xu S, Zhang Q, Zhao W. The expression and clinical
significance of the androgen receptor and E-cadherin in
triple-negative breast cancer. Medical oncology 2012; 29:
526-533.

Luo X, Shi YX, Li ZM, Jiang WQ. Expression and clinical
significance of androgen receptor in triple negative breast cancer.
Chinese journal of cancer 2010; 29: 585-590.

Rakha EA, El-Sayed ME, Green AR, Lee AH, Robertson JF, Ellis
10. Prognostic markers in triple-negative breast cancer. Cancer
2007; 109: 25-32.

Yu Q, Niu Y, Liu N, Zhang JZ, Liu TJ, Zhang RJ, et al.
Expression of androgen receptor in breast cancer and its
significance as a prognostic factor. Annals of oncology: official
journal of the European Society for Medical Oncology / ESMO
2011; 22: 1288-1294.

Gonzalez LO, Corte MD, Junquera S, Bongera M, Rodriguez JC,
Vizoso FJ. Expression of androgen receptor and two
androgen-induced proteins (apolipoprotein D and pepsinogen C)
in ductal carcinoma in situ of the breast. Histopathology 2007; 50:
866-874.

Woolcott CG, SenGupta SK, Hanna WM, Aronson KJ. Estrogen
and progesterone receptor levels in nonneoplastic breast
epithelium of breast cancer cases versus benign breast biopsy
controls. BMC cancer 2008; 8: 130.

Clarke RB, Howell A, Potten CS, Anderson E. Dissociation
between steroid receptor expression and cell proliferation in the
human breast. Cancer research 1997; 57: 4987-4991.

Wang X, Yarid N, McMahon L, Yang Q, Hicks DG. Expression
of androgen receptor and its association with estrogen receptor and
androgen receptor downstream proteins in normal/benign breast
luminal epithelium. Applied immunohistochemistry & molecular
morphology: AlIMM/official publication of the Society for
Applied Immunohistochemistry 2014; 22: 498-504.

Page 4 of 4

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Santagata S, Thakkar A, Ergonul A, Wang B, Woo T, Hu R, et al.
Taxonomy of breast cancer based on normal cell phenotype
predicts outcome. The Journal of clinical investigation 2014; 124:
859-870.

Van Keymeulen A, Rocha AS, Ousset M,Beck B, Bouvencourt
G,Rock J, et al. Distinct stem cells contribute to mammary gland
development and maintenance. Nature 2011; 479: 189-193.

Booth BW, Smith GH. Estrogen receptor-alpha and progesterone
receptor are expressed in label-retaining mammary epithelial cells
that divide asymmetrically and retain their template DNA strands.
Breast Cancer Res 2006; 8: R49.

Clarke RB, Spence K, Anderson E, Howell A, Okano H, Potten
CS. A putative human breast stem cell population is enriched for
steroid receptor-positive cells. Developmental biology 2005; 277:
443-456.

Ince TA, Richardson AL, Bell GW, Saitoh M, Godar S, Karnoub
AE, et al. Transformation of different human breast epithelial cell
types leads to distinct tumor phenotypes. Cancer cell 2007; 12:
160-170.

Elenbaas B, Spirio L, Koerner F,Fleming MD, Zimonjic DB,
Donaher JL, et al. Human breast cancer cells generated by
oncogenic transformation of primary mammary epithelial cells.
Genes & development 2001; 15: 50-65.

Banerji S, Cibulskis K, Rangel-Escareno C, Brown KK, Carter
SL, Frederick AM, et al. Sequence analysis of mutations and
translocations across breast cancer subtypes. Nature 2012; 486:
405-409.

Russo J, Ao X, Grill C, Russo IH. Pattern of distribution of cells
positive for estrogen receptor alpha and progesterone receptor in
relation to proliferating cells in the mammary gland. Breast cancer
research and treatment 1999; 53: 217-227.

Darb-Esfahani S, von Minckwitz G, Denkert C, Ataseven B,
Hogel B, Mehta K, et al. Gross cystic disease fluid protein 15
(GCDFP-15) expression in breast cancer subtypes. BMC cancer
2014; 14: 546.

Kim J, Coetzee GA. Prostate specific antigen gene regulation by
androgen receptor. Journal of cellular biochemistry 2004; 93:
233-241.

Myal Y, Robinson DB, Iwasiow B, Tsuyuki D, Wong P, Shiu RP.
The prolactin-inducible protein (PIP/GCDFP-15) gene: cloning,
structure and regulation. Molecular and cellular endocrinology
1991, 80: 165-175.

Hall RE, Clements JA, Birrell SN, Tilley WD. Prostate-specific
antigen and gross cystic disease fluid protein-15 are co-expressed
in androgen receptor-positive breast tumours. British journal of
cancer 1998; 78: 360-365.



