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1. Abstract

Effective treatment of Triple-Negative Breast Cancer (TNBC) is lacking due to the absence of Es-

trogen Receptor (ER), Progesterone Receptor (PR) and human epidermal growth factor receptor 

2 (HER2). The recent study showed that inactivation of ER is associated with hypermethylation 

of the ER promoter, MAPK signaling pathways, estrogen withdrawal, and hypoxia. Therefore, 

simultaneous inhibition of MAPK, NF-κB/RhoC signaling pathways may reverse the status of 

ER and regain the sensitivity to anti-estrogen drugs such as tamoxifen. In addition, our research 

indicated that lovastatin, a natural 3-hydroxy-3-methyl glutaryl coenzyme A (HMG-CoA) re-

ductase inhibitor, induced the reexpression of HER2 and possibly ER, although the localization 

of these reexpressed HER2 is different from the prototype HER2 in HER2-positive cells. Here, 

we discuss about the possibility of reversing hormone receptors and HER2 receptor and regain-

ing sensitivity to receptor-targeting drugs. This possibility provides a valuable opportunity and a 

novel strategy for the precision therapy of the difficult-to-treat disease of TNBC.
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3. Introduction

Breast cancer is the most common female malignancy and is 

responsible for about 14% of cancer-related deaths in women 

[1]. Triple-negative breast cancer (TNBC), characterized by the 

absence of expression of Estrogen Receptor (ER), Progesterone 

Receptor (PR), and human epidermal growth factor receptor 2 

(HER2), is the most aggressive and deadly subtype of breast can-

cer [2-4]. TNBCs preferably strike young patients and constitute 

12-24% of all diagnosed breast cancer cases. Tumor character-

istics of TNBCs include rare histologies, high grade, elevated 

mitotic count, tumor necrosis, pushing margins of invasion, 

larger tumor size and axillary node involvement [5]. Because of 

the absence of these receptors, currently, TNBC patients can-

not be treated with endocrine or HER2-targeting therapies used 

for non-TNBC patients [6]. For many years, chemotherapy has 

been the mainstay of treatment for TNBC. Unfortunately, al-

though some of TNBCs are initially chemosensitive, prognosis 
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remains poor in TNBCs because these patients relapse more fre-

quently and more aggressively than hormone receptor-positive 

breast tumors [5]. Therefore, understanding of the biology of 

these receptors, e.g., the mechanisms by which their expressions 

get lost, the possibilities of reactivation of their expressions and 

regaining sensitivity to receptor-targeting therapies, becomes 

extremely crucial both on the bench and in the clinic. 

4. Mechanisms of ER Gene Inactivation and Reactiva-

tion 

It has been well established that a subset of breast cancer cells 

exhibit hypermethylation of the ER promoter, which results in 

repression of the transcription of the ER gene [7,8]. In addition, 

ER-negative breast cancer cells are subject to hyperactivation 

of mitogen-activated protein kinase (MAPK) signaling due to 

overexpression of epidermal growth factor receptor (EGFR) or 

c-erbB-2 (the gene coding for HER2) [9], estrogen withdrawal 

[10], and hypoxia [11]. These events all contribute to the lack 
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of ER expression in ER-negative breast tumors. In those cells 

in which the ER promoter has been silenced by DNA methyla-

tion, inhibition of DNA methylation by 5-aza-2’-deoxycytidine 

[12] and/or inhibition of histone deacetylation by panobinostat 

[13] may lead to reactivation of the ER promoter and thus re-

expression of the ER gene. Correspondingly, repression of ER 

expression by MAPK hyperactivation can be reversed via direct 

inhibition of MAPK by small molecule inhibitors such as U0126. 

Inhibition of the signaling events upstream of MAPK such as the 

EGFR and HER2 pathways by Iressa and Herceptin, respectively, 

may also lead to reversal of ER negativity [9]. 

4.1. ER reexpression restores sensitivity to antiestrogens

Importantly, it should be noted that the reversal of ER expression 

restores responses of the breast cancer cells to antiestrogens such 

as tamoxifen and fulvestrant (trade name: Faslodex, also called 

ICI 182,780) in in vitro studies. However, in TNBC cells such as 

SUM 102 and SUM 159, inhibition of MAPK signaling does not 

lead to reexpression of ER. Furthermore, in another TNBC cell 

line, SUM 149, reexpression of ER induced by MAPK inhibition 

does not lead to restoration of responses to antiestrogens. This is 

possibly because of hyperactivation of the NF-κB and RhoC sign-

aling pathways [14]. Thus, although the repression of ER expres-

sion by MAPK hyperactivation is operative in these cells, they 

have additional mechanisms, e.g., activation of NF-κB and RhoC 

signaling pathways that allow them to bypass restored ER sign-

aling and remain resistant to antiestrogen therapies. Therefore, 

three possibilities may exist. First, in some breast cancer cells, 

ER expression can be restored and sensitivity to antiestrogens 

regained. Second, in some TNBC cells, even after ER expres-

sion is restored, sensitivity to antiestrogens cannot be regained. 

Third, in some other TNBCs, it’s difficult to restore ER expres-

sion and regain sensitivity to antiestrogens. We need to keep in 

mind that in order for these TNBC cells to regain sensitivity to 

antiestrogens, it might be necessary to simultaneously apply dual 

and/or multiple suppression of signaling pathways important for 

cell growth and/or survival, such as AMPK signaling and NF-κB/

RhoC signaling.

Estrogen-related receptor α (ERRα) is a structural homolog of 

ER. However, ERRα is functionally distinct from ER [15]. ERRα 

is a master regulator of cellular energy metabolism and a criti-

cal regulator of cancer development because it can accommo-

date energy demands of proliferating cancer cells [16-18]. The 

expression of ERRα tends to be inversely correlated with ER/

PR expression in breast cancer and is essential for the growth of 

TNBC [16,19]. In these cells, ERRα negatively regulates the ex-

pression of S6K1, a key enzyme responsible for the global protein 
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synthesis, and downregulation of ERRα sensitizes TNBC cells to 

mTORC1/S6K1 inhibitors [20]. These observations suggest that 

dual inhibition of ERRα and mTORC1/S6K1 signaling may have 

clinical utility in the treatment of TNBC.

4.2. Lovastatin: a novel reverser of the ER/HER2 negative phe-

notype in TNBC? 

Lovastatin (LV), a natural compound, is one of the most com-

mon lipid-lowing drugs in clinic [21]. Over the recent decades, 

it has been shown that LV can inhibit proliferation and induce 

the differentiation or apoptosis of breast cancer cells [22]. Our 

previous studies have indicated that LV can inhibit the stemness 

characteristics of TNBC in vivo and in vitro [23,24]. Further-

more, we found LV induced the reexpression of ER and HER2 

in a nude mouse model of orthotopic tumor growth of TNBC 

MDA-MB-231 Cancer Stem Cells (CSCs) in the mammary fat 

pad (Figure 1). Moreover, in cultured TNBC CSCs, LV-induced 

expression of HER2 was confirmed by laser scanning confocal 

microscopy. There was no increase of HER2 expression in the 

HER2-positive MDA-MB-453 CSCs (Figure 2). However, un-

like the membranous distribution on non-TNBC cells, the reex-

pressed HER2 in TNBC cells has diffuse cytoplasmic distribu-

tion. This suggests that LV-induced HER2 in TNBC cells might 

be different from the prototype HER2 in HER2-positive cells. 

Whether this induced HER2 could sensitize the TNBC CSCs to 

HER2-targeting drugs such as Herceptin is currently not known 

and is worthy of further investigation. 

Figure 1: Lovastatin reverses the HER2/ER negative phenotype in orthotopic 

tumor growth of TNBC cancer stem cells in vivo. Representative images show-

ing immunohistochemical staining of HER2 and ER in the nude mouse model 

of orthotopic tumor growth of MDA-MB-231 cancer stem cells. LV-induced 

HER2 and ER showed membranous and nuclear staining, respectively. *: P < 

0.05. Original magnification: 400 ×. TIS: total intensity score.



5. Perspectives 

Although not so evident, pieces of evidence suggest that the re-

ceptor-negative phenotype can be reversed in TNBC. It is hoped 

that reappearance of these missing receptors will have a great 

impact on the clinical treatment of TNBC. For example, the re-

expressed ER can be targeted by antiestrogen therapies as men-

tioned above. In addition, pegvisomant (trade name: Somavert), 

a growth hormone antagonist, may also be able to inhibit ER-

positive breast cancers [25]. In a similar way, TNBC tumors re-

expressing HER2 can be treated by targeted therapies such as 

receptor kinase inhibitors such as Herceptin (Trastuzumab) and 

Lapatinib [26,27].

In despite of the possibility of reversing receptor negativity and 

regaining chemosensitivity, we should not be too optimistic 

about its clinical implications. Two important issues should be 

kept in mind. First, reversal of receptor negativity is only part of 

the story. The completeness of whole story depends on another 

critical parameter, i.e., whether reappearance of the receptor 

sensitizes the cells to the targeted therapies. The latter is largely 

influenced by the existence of other growth and/or survival-

promoting signaling pathways, such as the NF-κB and RhoC 

pathways. In an ideal scenario, dual or even multiple inhibitions 

of the complex intracellular signaling events, e.g., simultaneous 

targeting of the receptor pathway, the NF-κB pathway, as well as 

other growth- and/or survival-related signal pathways, might be 

beneficial. Second, although reexpressed receptors might confer 

enhanced sensitivity to receptor-targeting therapies, the impact 

of these reappeared receptors on cell proliferation and/or sur-

vival is not known. Since HER2 and ER, per se, are components 

of intracellular signaling pathways, which are related to cell pro-

liferation and/or survival. Therefore, we have to investigate the 

impact of the reversal of receptor negativity on cell behavior in 

the long run. We are far away from a clear view of the whole 

picture of the reversal of receptor negativity. Nevertheless, this 

possibility provides a valuable opportunity for us to fight against 

the difficult-to-treat disease of TNBC.
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croscopy. DAPI was used to stain the nucleus (blue). Scale bar = 8 μm. Original 

magnification: 630 ×.
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