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Although there are significant advancements in human health 
prevention and treatment, breast cancer is still the most frequently 
diagnosed form of cancer and is the second leading cause of death 
for women [1], particularly in western countries. About 75% of breast 
cancers are positive for the estrogen receptor (ER) and/or progesterone 
receptor (PR) [2,3]. Estrogen, which acts through the estrogen receptor 
alpha (ERα), is the major stimulus in both pre- and postmenopausal 
patients who exhibit hormone-dependent breast cancer [3,4]. 

Generally speaking, estrogen is synthesized from cholesterol in a 
multiple-step biosynthetic process [5,6]. This process is regulated by 
aromatase, a key enzyme involved in aromatization of C19 androgen 
precursors such as androstenedione and testosterone into estrogens 
[7,8]. As shown in Figure 1, aromatase first converts the androgenic 
substrates androstenedione and testosterone to estrogens: estrone 
and estradiol (E2), respectively. and then these produced fat-soluble 
estrogens diffuse through the plasma membrane and bind to the 
ERα; hence,leading to the dissociation of heat shock proteins and 
dimerization of the receptor [3]. This conformation change allows ERα 
to be phosphorylated at several serine residues within its N-terminal 
domain. The receptor dimer then translocates to the nucleus and 
binds to the estrogen response element (ERE) located upstream of the 
proximal TATA box. ERα then recruits coactivators such as steroid 
receptor coactivator-1 (SRC-1), amplified in breast cancer-1 (AIB-1), 
and cAMP response element bind (CREB) protein (CBP). This allows 
activation of estrogen-responsive genes such as progesterone receptor 
(PgR), pS2, cyclin D1 and c-myc. These events lead to cell cycle entry 
and progression [3,9]. Therefore, deprivation of estrogenic signaling 
pathways has been the main and key therapeutic form of hormonal 
therapy for patients with ER-positive and/or PR-positive disease [10].

There are three main approaches to the deprivation of estrogenic 

signaling pathway. One approach is to affect the supply of estrogen 
to the breast tumor by surgical procedures such as oophorectomy, 
adrenalectomy, and even hypophysectomy. Oophorectomy was first 
suggested by George Beatson for the treatment of metastatic breast 
cancer more than 100 years ago [11]. These surgical procedures have 
demonstrated efficacy and survival benefit for women with advanced 
breast cancer by reducing systemic estrogens. However, because these 
procedures are irreversible and are associated with potential morbidity 
and mortality, pharmacological means of estrogen inhibition remains 
as the primary method of treatment [8]. 

The second approach is to counteract the effects of estrogen by 
blocking the estrogen activity at the receptor level. This is typically 
performed by targeting ER using the selective estrogen receptor 
modulators (SERMs) [12]. The first pioneer of the SERM drugs is 
tamoxifen, which has been used to block the binding of estrogen to 
its receptor by the competitive inhibition of the ER [13]. For the past 
three decades, tamoxifen has been the standard for prevention and for 
adjuvant and first line metastatic therapy in women with hormone-
responsive breast cancer [8]. 

The third approach is to inhibit the production of estrogen. Due 
to key role of aromatase in the biosynthesis of estrogens from the 
androgen precursors (Figure 1), aromatase inhibitors and inactivators 
may represent interesting options in this setting in spite of the fact that 
SERMs are currently being approved for breast cancer prevention in 
several countries [7,14]. There is an increasing interesting on inhibiting 
aromatase enzyme expression or activity to reduce the estrogen 
production to achieve an endocrine response in ER-positive breast 
cancer.

Both experimental and clinical data show that aromatase inhibitors, 
in ER-positive breast cancer, achieve greater response compared with 
the non-steroidal ER antagonist tamoxifen. This difference might 
be related to the partial agonist effects of tamoxifen, which limits its 
clinical effectiveness. Clinical trials have confirmed that aromatase 
inhibitors are more effective and better tolerated than tamoxifen in 
postmenopausal women with early or advanced ER-positive breast 
cancer [15-17]. Hence, aromatase inhibitors are set to replace tamoxifen 
as the standard of care for these patients [7].

Throughout the years, a large numbers of aromatase inhibitors have 
been developed and have been available for clinical and preclinical 
therapy, specifically for ER-positive breast cancer patients. Currently, 
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Figure 1: Estrogen signaling and aromatase as a major target for endocrine 
therapy.
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in the United States, there are three-generation aromatase inhibitors 
including type I steroidal aromatase inactivators and type II non-steroidal 
inhibitors, which have been approved by the FDA for the treatment of 
ER-positive breast cancer [7,8,18,19] (Figure 2). Aminoglutetimide, a 
first-generation aromatase inhibitor, was first introduced in the 1970s 
for the second-line treatment of advanced breast cancer; however, its 
use was limited due to its toxicity and its lack of selectivity towards 
the aromatase enzyme. The second- (formestane and fadrozole) and 
third-generation (exemestane, anastrozole, letrozole) aromatase 
inhibitors have a lower overall toxicity and higher degree of selectivity 
towards the aromatase enzyme. Unlike the first- and second-generation 
aromatase inhibitors, the third-generation inhibitors have a greater oral 
bioavailability and are available as one dose per day [8,18].

Recently, a phase III trial showed that exemestane reduced the 
risk of developing breast cancer in high-risk, postmenopausal women 
[20]. This is the first evidence that an aromatase inhibitor reduces the 
risk of a breast cancer, and it leads to exemestane becoming an option 
for high-risk, postmenopausal women [21]. In addition, exemestane 
exhibits weak agonistic activity towardsERα; thus, this eliminates some 
side effects associated with aromatase inhibition such as the loss in 
bone mineral density (BMD) and increase in bone fracture rates [22]. 

Besides the developed synthetic aromatase inhibitors [18,19], 
natural aromatase inhibitors is an attracting option for many people 
and also researchers alike [23,24]. Currently, many natural products 
have been found to possess aromatase inhibitory activity. Typically, 
flavonoid compounds such as flavones, flavanols, flavanones, flavonols 
and isoflavones exhibit a steroidal structure and they are the most 
common natural aromatase inhibitors [23,24]. Other natural aromatase 
inhibitors include: coumarins, lignans, stilbenoid, anthraquinones, 
diterpenoids, steroids, triterpenoids, alkaloids and peptides [23,24]. 

Despite these synthetic and natural aromatase inhibitors improved 
preclinical and clinical outcome, in both the adjuvant and metastatic 
setting for postmenopausal women with breast cancer [8], their 
inefficient systemic delivery, poor solubility and bioavailability have 
severely limited their use. In addition, these drug candidates undergo 
fast oxidation under basic conditions and first pass metabolism before 
reaching to systemic circulation. Thus, novel strategies are needed to 
enhance the bioavailability and reduced perceive toxicity associated 
with the long-term use [25]. 

In the last few decades, nanotechnology had an enormous impact on 
medical technology, significantly improving the performance of drugs 
in terms of efficacy, safety and patient compliance. Nanotechnology 
manifests wide range of materials which can be smartly designed with 
chemically modifiable surfaces to tag variety of chemical, molecular 
and biological entities. Modulation of surface properties offers 
advantageous properties like increased solubility and biocompatibility. 
Nanoscale materials and devices with unique therapeutic properties 
can be engineered to deeply infiltrate tumors with a high level of 
specificity [26]. Drug-loaded polymer nanoparticles or micelles are 
promising drug delivery systems for the treatment of severe diseases 
including cancer. Attaching polymers such as polyethyleneglycol 
(PEG), polyvinylpryrrolione and ployvinylaclcohol increase the 
solubility and provide protection to the degradation of proteins during 
in vivo applications. Encapsulation in nanoparticles allows the drug to 
be protected from destabilization and/or rapid clearance from the body, 
while protecting healthy tissues from the drug’s inherent cytotoxicity. 
Another strategies, derived from the prodrug concept, also wide use to 
alleviate some of drabakcs witnessed with polymeric nanoparticulate 
systems. Drugs have been covalently linked to preformed amphiphilic 
copolymers, leading to a sustained anticancer drug release from the 
nanoparticles by hydrolysis [27].

For instance, PLGA nanopartcles in enhancing the tumor uptake 
of letrozole [28], hyaluronic acid-bound letrozole nanoparticles restore 
sensitivity to letrozole-resistant xenograft tumors in mice [29]. Targeted 
delivery [30] and combination therapy [31] can drastically improve the 
intracellular retention and transcytosis of drugs across the epithelial 
and endothelial barriers.

References 

1. Siegel R, Ward E, Brawley O, Jemal A (2011) Cancer statistics, 2011: the 
impact of eliminating socioeconomic and racial disparities on premature cancer 
deaths. CA Cancer J Clin 61: 212-236.

2. Yager JD, Davidson NE (2006) Estrogen carcinogenesis in breast cancer. N 
Engl J Med 354: 270-282.

3. Thomas C, Gustafsson JÅ (2011) The different roles of ER subtypes in cancer 
biology and therapy. Nat Rev Cancer 11: 597-608.

4. Nilsson S, Gustafsson JÅ (2011) Estrogen receptors: therapies targeted to 
receptor subtypes. ClinPharmacolTher 89: 44-55.

5. Simpson ER (2003) Sources of estrogen and their importance. J Steroid 
BiochemMolBiol 86: 225-230.

6. Tsuchiya Y, Nakajima M, Yokoi T (2005) Cytochrome P450-mediated metabolism 
of estrogens and its regulation in human. Cancer Lett 227: 115-124.

7. Johnston SR, Dowsett M (2003) Aromatase inhibitors for breast cancer: lessons 
from the laboratory. Nat Rev Cancer 3: 821-831.

8. Osborne C, Tripathy D (2005) Aromatase inhibitors: rationale and use in breast 
cancer. Annu Rev Med 56: 103-116.

9. Brodie A, Sabnis G (2011) Adaptive changes result in activation of alternate 
signaling pathways and acquisition of resistance to aromatase inhibitors. Clin 
Cancer Res 17: 4208-4213.

10. Lin SX, Chen J, Mazumdar M, Poirier D, Wang C, et al. (2010) Molecular 
therapy of breast cancer: progress and future directions. Nat Rev Endocrinol 
6: 485-493.

11. Beatson G (1896) On the Treatment of Inoperable Cases of Carcinoma of The 
Mamma: Suggestions for a new Method of Treatment, With Illustrative cases. 
The Lancet 148: 162-165.

12. Riggs BL, Hartmann LC (2003) Selective estrogen-receptor modulators -- 
mechanisms of action and application to clinical practice. N Engl J Med 348: 
618-629.

13. Jordan VC (2003) Tamoxifen: a most unlikely pioneering medicine. Nat Rev 
Drug Discov 2: 205-213.

Figure 2: Reprehensive aromatase inhibitors: the first (1), second (2), and 
the third-generation aromatase inhibitors (3).  Among the listed aromatase 
inhibitors, formestane and exemestane (circled) are irreversible steroidal 
aromatase inhibitors (Steroidal inactivators), whereas the others are non-
steroidal reversible aromatase inhibitors (Non-steroidal inhibitor). 

1

2

3

Aminoglutethimide

N
H

NH2

O O

Formestane
O

O

H

H

H

OH

Fadrozole

N
N

N

ExemestaneO

O

H

H

H

Anastrozole

N
N

N
N

N

Letrozole

N
N

N

N N

http://www.ncbi.nlm.nih.gov/pubmed/21685461
http://www.ncbi.nlm.nih.gov/pubmed/21685461
http://www.ncbi.nlm.nih.gov/pubmed/21685461
http://www.ncbi.nlm.nih.gov/pubmed/16421368
http://www.ncbi.nlm.nih.gov/pubmed/16421368
http://www.ncbi.nlm.nih.gov/pubmed/21779010
http://www.ncbi.nlm.nih.gov/pubmed/21779010
http://www.ncbi.nlm.nih.gov/pubmed/21124311
http://www.ncbi.nlm.nih.gov/pubmed/21124311
http://www.ncbi.nlm.nih.gov/pubmed/14623515
http://www.ncbi.nlm.nih.gov/pubmed/14623515
http://www.ncbi.nlm.nih.gov/pubmed/16112414
http://www.ncbi.nlm.nih.gov/pubmed/16112414
http://www.ncbi.nlm.nih.gov/pubmed/14668813
http://www.ncbi.nlm.nih.gov/pubmed/14668813
http://www.ncbi.nlm.nih.gov/pubmed/15660504
http://www.ncbi.nlm.nih.gov/pubmed/15660504
http://www.ncbi.nlm.nih.gov/pubmed/21415222
http://www.ncbi.nlm.nih.gov/pubmed/21415222
http://www.ncbi.nlm.nih.gov/pubmed/21415222
http://www.ncbi.nlm.nih.gov/pubmed/20644568
http://www.ncbi.nlm.nih.gov/pubmed/20644568
http://www.ncbi.nlm.nih.gov/pubmed/20644568
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2801%2972384-7/fulltext
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2801%2972384-7/fulltext
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2801%2972384-7/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/12584371
http://www.ncbi.nlm.nih.gov/pubmed/12584371
http://www.ncbi.nlm.nih.gov/pubmed/12584371
http://www.ncbi.nlm.nih.gov/pubmed/12612646
http://www.ncbi.nlm.nih.gov/pubmed/12612646


Citation: Shihua W (2014) Targeting Aromatase and Estrogen Signaling for Breast Cancer. J Nanomedine Biotherapeutic Discov 4: e128. 
doi:10.4172/2155-983X.1000e128

Page 3 of 3

Volume 4 • Issue 1 • 1000e128
J Nanomedine Biotherapeutic Discov
ISSN: 2155-983X JNBD an open access journal 

14. Lønning PE, Kragh LE, Erikstein B, Hagen A, Risberg T, et al. (2001) The
potential for aromatase inhibition in breast cancer prevention. Clin Cancer Res 
7: 4423s-4428s.

15. Huober J, Krainick-Strobel U, Kurek R, Wallwiener D (2004) Neoadjuvant
endocrine therapy in primary breast cancer. Clin Breast Cancer 5: 341-347.

16. Goss PE, Muss HB, Ingle JN, Whelan TJ, Wu M (2008) Extended adjuvant
endocrine therapy in breast cancer: current status and future directions. Clin
Breast Cancer 8: 411-417.

17. Buzdar A, Howell A (2001) Advances in aromatase inhibition: clinical efficacy 
and tolerability in the treatment of breast cancer. Clin Cancer Res 7: 2620-
2635.

18. Kudachadkar R, O’Regan RM (2005) Aromatase inhibitors as adjuvant therapy 
for postmenopausal patients with early stage breast cancer. CA Cancer J Clin
55: 145-163.

19. Smith IE, Dowsett M (2003) Aromatase inhibitors in breast cancer. N Engl J
Med 348: 2431-2442.

20. Goss PE, Ingle JN, Alés-Martínez JE, Cheung AM, Chlebowski RT, et al. (2011) 
Exemestane for breast-cancer prevention in postmenopausal women. N Engl
J Med 364: 2381-2391.

21. Vogelzang NJ, Benowitz SI, Adams S, Aghajanian C, Chang SM, et al. (2011)
Clinical cancer advances: Annual Report on Progress Against Cancer from
the American Society of Clinical Oncology. Journal of clinical oncology: official 
journal of the American Society of Clinical Oncology 30: 88-109.

22. Masri S, Lui K, Phung S, Ye J, Zhou D, et al. (2009) Characterization of the
weak estrogen receptor alpha agonistic activity of exemestane. Breast Cancer
Res Treat 116: 461-470.

23. Balunas MJ, Su B, Brueggemeier RW, Kinghorn AD (2008) Natural products as 

aromatase inhibitors. Anticancer Agents Med Chem 8: 646-682.

24. Adams LS, Chen S (2009) Phytochemicals for breast cancer prevention by
targeting aromatase. Front Biosci (Landmark Ed) 14: 3846-3863.

25. Kumari A, Kumar V,Yadav SK (2012) Nanotechnology: A Tool to Enhance
Therapeutic Values of Natural Plant Products. Trends in Medical Research 7:
34-42.

26. Bharali DJ, Siddiqui IA, Adhami VM, Chamcheu JC, Aldahmash AM, et al.
(2011) Nanoparticle delivery of natural products in the prevention and treatment 
of cancers: current status and future prospects. Cancers (Basel) 3: 4024-4045.

27. Trung Bui D, Maksimenko A, Desmaële D, Harrisson S, Vauthier C, et al. (2013) 
Polymer prodrug nanoparticles based on naturally occurring isoprenoid for
anticancer therapy. Biomacromolecules 14: 2837-2847.

28. Mondal N, Halder KK, Kamila MM, Debnath MC, Pal TK, et al. (2010)
Preparation, characterization, and biodistribution of letrozole loaded PLGA
nanoparticles in Ehrlich Ascites tumor bearing mice. Int J Pharm 397: 194-200.

29. Nair HB, Huffman S, Veerapaneni P, Kirma NB, Binkley P, et al. (2011)
Hyaluronic acid-bound letrozole nanoparticles restore sensitivity to letrozole-
resistant xenografttumors in mice. J Nanosci Nanotechnol 11: 3789-3799.

30. Zheng Y, Yu B, Weecharangsan W, Piao L, Darby M, et al. (2010) Transferrin-
conjugated lipid-coated PLGA nanoparticles for targeted delivery of aromatase 
inhibitor 7 alpha-APTADD to breast cancer cells. Int J of Pharm 390: 234-241.

31. Nair HB, Santhamma B, Agyin JK, Perla RP, Rossini G, et al. (2007) Increased 
efficacy and combination therapy: targeted letrozole/estrogen receptor-
beta specific ligand nanoparticles homing to mammary tumors in HER-2/
aromatase double transgenic mice. Breast Cancer Research and Treatment
106: S110-S110. 

http://www.ncbi.nlm.nih.gov/pubmed/11916235
http://www.ncbi.nlm.nih.gov/pubmed/11916235
http://www.ncbi.nlm.nih.gov/pubmed/11916235
http://www.ncbi.nlm.nih.gov/pubmed/15585070
http://www.ncbi.nlm.nih.gov/pubmed/15585070
http://www.ncbi.nlm.nih.gov/pubmed/18952554
http://www.ncbi.nlm.nih.gov/pubmed/18952554
http://www.ncbi.nlm.nih.gov/pubmed/18952554
http://www.ncbi.nlm.nih.gov/pubmed/11555572
http://www.ncbi.nlm.nih.gov/pubmed/11555572
http://www.ncbi.nlm.nih.gov/pubmed/11555572
http://www.ncbi.nlm.nih.gov/pubmed/15890638
http://www.ncbi.nlm.nih.gov/pubmed/15890638
http://www.ncbi.nlm.nih.gov/pubmed/15890638
http://www.ncbi.nlm.nih.gov/pubmed/12802030
http://www.ncbi.nlm.nih.gov/pubmed/12802030
http://www.ncbi.nlm.nih.gov/pubmed/21639806
http://www.ncbi.nlm.nih.gov/pubmed/21639806
http://www.ncbi.nlm.nih.gov/pubmed/21639806
http://www.unboundmedicine.com/medline/citation/22147736/Clinical_cancer_advances_2011:_Annual_Report_on_Progress_Against_Cancer_from_the_American_Society_of_Clinical_Oncology_
http://www.unboundmedicine.com/medline/citation/22147736/Clinical_cancer_advances_2011:_Annual_Report_on_Progress_Against_Cancer_from_the_American_Society_of_Clinical_Oncology_
http://www.unboundmedicine.com/medline/citation/22147736/Clinical_cancer_advances_2011:_Annual_Report_on_Progress_Against_Cancer_from_the_American_Society_of_Clinical_Oncology_
http://www.unboundmedicine.com/medline/citation/22147736/Clinical_cancer_advances_2011:_Annual_Report_on_Progress_Against_Cancer_from_the_American_Society_of_Clinical_Oncology_
http://www.ncbi.nlm.nih.gov/pubmed/18677558
http://www.ncbi.nlm.nih.gov/pubmed/18677558
http://www.ncbi.nlm.nih.gov/pubmed/18677558
http://www.ncbi.nlm.nih.gov/pubmed/18690828
http://www.ncbi.nlm.nih.gov/pubmed/18690828
http://www.ncbi.nlm.nih.gov/pubmed/19273315
http://www.ncbi.nlm.nih.gov/pubmed/19273315
http://scialert.net/abstract/?doi=tmr.2012.34.42
http://scialert.net/abstract/?doi=tmr.2012.34.42
http://scialert.net/abstract/?doi=tmr.2012.34.42
http://www.ncbi.nlm.nih.gov/pubmed/24213123
http://www.ncbi.nlm.nih.gov/pubmed/24213123
http://www.ncbi.nlm.nih.gov/pubmed/24213123
http://www.ncbi.nlm.nih.gov/pubmed/23829862
http://www.ncbi.nlm.nih.gov/pubmed/23829862
http://www.ncbi.nlm.nih.gov/pubmed/23829862
http://www.ncbi.nlm.nih.gov/pubmed/20609382
http://www.ncbi.nlm.nih.gov/pubmed/20609382
http://www.ncbi.nlm.nih.gov/pubmed/20609382
http://www.ncbi.nlm.nih.gov/pubmed/21780370
http://www.ncbi.nlm.nih.gov/pubmed/21780370
http://www.ncbi.nlm.nih.gov/pubmed/21780370
http://www.ncbi.nlm.nih.gov/pubmed/20156537
http://www.ncbi.nlm.nih.gov/pubmed/20156537
http://www.ncbi.nlm.nih.gov/pubmed/20156537

	Title
	Corresponding author
	Figure 1
	Figure 2
	References 

