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Abstract
Quality of life (QoL) is a vital and often required health 
outcome measure that is relevant to patient care. A 
healthy oral cavity enables person to perform daily acti
vities without any limitations. However, any disturbance 
may result in impaired QoL. The oral health-remains an 
essential element of people’s health and well-being. In 
recent years, the tradition of clinical practice and research 
has been changed by incorporating QoL assessment, as 
it helps in assessment of patients’ needs and monitoring 
treatment responses. Oral potentially malignant disorders 
(OPMDs) are a group of chronic disorders including oral 
leukoplakia (OL), oral lichen planus and oral submucous 
fibrosis (OSF). It is evident that patients with OPMDs 
experience significant health-related symptoms, fun
ctional limitations and psycho-social impairment, com
promising their QoL. Moreover, the worsening of QoL 
has been associated with advanced stages of OPMDs. 
Despite of increasing number of OPMD cases in recent 
decades, limited literature is available regarding QoL in 
this population. Although, there is higher prevalence 
of habit-related OPMDs, particularly OSF and OL in 
Southern Asian countries, only a few studies have been 
performed in these populations. Moreover, these studies 
administered generic QoL instruments, which offer 
less sensitivity to clinical changes. However, condition-
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specific instruments are more sensitive and allows 
better measurement of QoL. As the impacts of different 
conditions on OHRQoL may vary, the development and 
validation of a QoL instrument specific to each clinical 
entity of OPMDs is currently needed.

Key words: Quality of life; Oral potentially malignant 
disorders; Oral submucous fibrosis; Oral lichen planus; 
Oral leukoplakia
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Core tip: The quality of life (QoL) assessment has 
become an essential tool in clinical practice to better 
understand patient reported outcomes in recent years. 
It definitely helps to better understand the impact of 
oral health on the lives of patients with oral potentially 
malignant disorders (OPMDs) and their families and to 
monitor the outcomes of treatments. It is a foremost 
pre-requisite to employ the best available QoL instrument 
when treating OPMDs. In view of the scarcity of research 
on QoL assessments in OPMDs, the development and 
application of condition-specific QoL instruments can 
allow them to become tools to better understand and 
shape the state of clinical practice, dental research and 
dental education.
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INTRODUCTION
The World Health Organization (WHO) has defined 
quality of life (QoL) as “an individual’s perception of his 
position in life in the context of the culture and value 
system in which he lives and in relation to his goals, 
expectations and standards and concerns”[1]. In recent 
years, OHRQoL has become increasingly important in 
patient care and extensively applied as a part of daily 
practice[2]. A healthy oral cavity empowers an individual 
to perform routine daily activities without any physical 
and psycho-social limitations. However, any disturbance 
related with the oral cavity may disturb normal oral 
functions. Persistent discomfort and a functionally 
impaired oral cavity may subsequently result in decrea
sed self-confidence and social communication of the 
individual, compromising his or her QoL. It is well-
known that OHRQoL remains an essential element 
of people’s health and well-being and helps in assess
ment of patients’ needs and to monitor treatment 
responses[3,4]. Even though the impacts of oral diseases 
can be assessed by traditional methods, there is grow
ing trend of availing patients’ perspectives. Therefore, 
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the new era demands QoL assessment using patient 
reported outcomes (PROs) and experiences (PREs) as a 
part of day-to-day practice[5]. Moreover, deciding proper 
treatment protocols and measuring treatment outcomes 
based on PROs and PREs is definitely helpful and has 
changed the tradition of clinical practice, surveys and 
research in recent years.

Oral potentially malignant disorders (OPMDs) are a 
group of chronic disorders with increased morbidity and 
mortality due to cancerous changes[6]. Per recent literature, 
the values of the malignant potential of oral leukopla
kia (OL), oral lichen planus (OLP) and oral submucous 
fibrosis (OSF) are 3.5% (range, 0.13-34.0%)[7], 1.1%[8] 

and 7%-13%[9]
, respectively. Careful monitoring of 

these lesions by an experienced specialist is highly re
commended to identify any malignant changes in the 
early stages to reduce the cancer burden. It has been 
documented that patients with OPMDs experience signi
ficant health-related symptoms affecting their QoL[10]. 
Moreover, OPMD patients shown psychological impairment 
due to their fear of developing cancer[11]. These patients 
also reported to have social and emotional imbalance. 
Although oral cancer (OC) and OPMDs presents relatively 
similar health comorbidities; compromising the QoL[12], 
the available OHRQoL instruments are OC/head and 
neck cancer specific, and thus, the OHRQoL of patients 
suffering from OPMDs is seldom assessed. Moreover, the 
literature on QoL assessment in this population is scanty 
in contrast to the plentiful literature on QoL in OC/head 
and neck cancer patients[13,14].

OSF is an OPMD that is highly prevalent in Indian 
subcontinents and South-East Asia, affecting 5 million 
people in India alone[9]. Its etiology is multifactorial 
but arecoline in the areca nut is the main causative 
agent in initiating the disease process. OSF is clinically 
characterized by a early sign and a symptoms of burning 
sensation, vesiculation and ulceration in the oral cavity 
and lately followed by blanching of the oral mucosa. 
This results in to increasing stiffeness and marked 
rigidity of the tissues leading to reduced mouth opening, 
significantly compromising the patient’s QoL. It is 
evident that OSF have detrimental effects on OHRQoL 
and the worsening of QoL has been associated with 
advanced stages of OSF[15].

OLP is a chronic inflammatory disorder with etiopa­
thogenesis that is still poorly understood. OLP affects 
approximately 1%-2% of the population worldwide[16] 

and is more prevalent in middle-aged females. It is 
characterized by outbreaks or flares of different types 
of clinical presentations, which has been categorized 
by Eisen[17] into three subtypes: (1) reticular form; (2) 
erosive/atrophic form; and (3) ulcerative form. Even 
though the reticular form is asymptomatic, erosive and 
ulcerative forms are often painful and disabling and are 
variants with burning sensations of the oral mucosa. 
The persistent painful symptoms can have a significant 
negative impact on daily life activities including eating, 
swallowing or speaking. Moreover, OLP has been linked 
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with impaired psychosocial morbidity and QoL[4,18].
The prevalence of OL is approximately 1%, with a 

greater number of cases seen in adults. The etiology of 
OL includes chewing or smoking of tobacco and related 
products. Clinically, OL can be classified into homogen­
ous and non-homogenous subtypes, with the highest 
malignant potential reported in proliferative verrucous 
leukoplakia and speckled leukoplakia. OHRQoL of patients 
with OL was evaluated in a few past studies[19,20].

Our recent systematic review demonstrated that 
the QoL of patients affected by different OPMDs has 
been studied and successfully assessed by various 
authors using different QoL instruments in European 
countries. However, most of these studies have focused 
on QoL in patients with OLP, which is not at all applicable 
to all OPMDs[21]. Despite the fact that habit-related 
OPMDs, such as OSF and OL are highly prevalent in 
Southern Asian countries[22], surprisingly, only a few 
studies have assessed QoL in patients with OSF and 
OL in this population to our knowledge. Moreover, all 
these studies administered QoL instruments, namely 
the Oral Health Impact Profile (OHIP), University of 
Washington Quality of Life Questionnaire (UW-QOL), 
Chronic Oral Mucosal Disease Questionnaire (COMDQ) 
and Oral Health Related Quality of Life-UK (OHQoL-UK). 
However, these instruments are generic to a range of 
chronic oral mucosal diseases and are not condition-
specific. The generic questionnaires offer less sensitivity 
to clinical changes than disease-specific tools[23], as they 
are applicable to a wide variety of population and disea
se states. In contrast, it is well-known that condition-
specific instruments allow for better measurement of 
QoL than generic questionnaires, as they evaluates 
the effects of a concerned disease on life quality of 
an individual. A condition specific QoL tool for OPMD, 
i.e., the OPMDQoL questionnaire study, observed a 
significant impact of OLP and OSF compared to OL on 
the QoL of affected patients especially in the subscales 
of “physical impairment and functional limitations”[24]. 
Recently, we developed and validated a condition-specific 
instrument for OSF patients. This was found reliable in 
QoL evaluation tool in an Indian population[25].

We believe that QoL assessment has become a 
necessity to determine the feelings and perceptions of 
patients as well as to increase effective communication 
between health care professionals and patients. This 
definitely provides clues not only to better understand the 
influence of oral diseases on the patients and their famil­
ies but also to monitor the outcomes of the treatments 
provided. Currently, increased incidence of OPMDs 
specifically OSF and OL in South Asian countries, is an 
alarming situation as far as oral cancer is concerned. This 
might be due to the increased popularity of commercially 
available areca nut and tobacco preparations, especially 
in India. In addition, an increasing number of young 
people are becoming addicted to this ancient, socially 
acceptable habit due to easy access, effective price 
changes and marketing strategies. In view of the scarcity 

of research on QoL assessment in OPMDs, there is a dire 
need for more studies to better understand this situation. 
It is evident that researchers have been continuously 
focusing on improving the QoL of affected individuals. 
Therefore, it is a foremost pre-requisite to employ the 
best available QoL instrument in OPMDs. Furthermore, 
due to differences in their pathogenesis and clinical 
presentations and thus, differing impacts on OHRQoL, the 
development and validation of a QoL instrument specific 
to each clinical entity of OPMD separately is needed. Such 
condition-specific instruments can become tools of choice 
in future researches and help to improve QoL of affected 
individuals.
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Abstract
Estrogen receptor alpha (ERα) is detected in more than 
70% of the cases of breast cancer. Nuclear activity of ERα, 
a transcriptional regulator, is linked to the development 
of mammary tumors, whereas the extranuclear activity 
of ERα is related to endocrine therapy resistance. ERα 
polyubiquitination is induced by the estradiol hormone, 
and also by selective estrogen receptor degraders, 
resulting in ERα degradation via the ubiquitin proteasome 
system. Moreover, polyubiquitination is related to the ERα 
transcription cycle, and some E3-ubiquitin ligases also 
function as coactivators for ERα. Several studies have 
demonstrated that ERα polyubiquitination is inhibited 
by multiple mechanisms that include posttranslational 
modifica­tions, interactions with coregulators, and formation 
of specific protein complexes with ERα. These events 
are responsible for an increase in ERα protein levels and 
deregulation of its signaling in breast cancers. Thus, ERα 
polyubiquitination inhibition may be a key factor in the 
progression of breast cancer and resistance to endocrine 
therapy. 

Key words: Estrogen receptor alpha polyubiquitination; 
Breast cancer; Estrogen receptor alpha

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The inhibition of the estrogen receptor alpha 
polyubiquitination and degradation by several molecular 
mechanisms is related to the progression of breast 
cancer and resistance to endocrine therapy.

Angeles C Tecalco-Cruz, Josué O Ramírez-Jarquín

MINIREVIEWS

60 August 13, 2018|Volume 9|Issue 4|WJCO|www.wjgnet.com

Polyubiquitination inhibition of estrogen receptor alpha and 
its implications in breast cancer

Angeles C Tecalco-Cruz, Programa de Investigación de Cáncer 
de Mama (PICM), Departamento de Biología Molecular y Biotec­
nología, Instituto de Investigaciones Biomédicas, Universidad 
Nacional Autónoma de México, México 04510, México

Josué O Ramírez-Jarquín, Instituto de Fisiología Celular, 
Universidad Nacional Autónoma de México, México 04510, 
México

ORCID number: Angeles C Tecalco–Cruz (0000-0001-9199-3834); 
Josué O Ramírez-Jarquín (0000-0001-7574-8724).

Author contributions: Tecalco-Cruz AC participated in the 
research, organization of this article and wrote the manuscript; 
Ramírez-Jarquín JO participated in the research, and improvement 
of this article and all figures of this article. 

Supported by the DGAPA-UNAM, Nos. PAPIIT–IA200916 
and PAPIIT–IA201618.

Conflict-of-interest statement: The authors declare that they 
have no conflict of interest.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Angeles C Tecalco–Cruz, PhD, Full 
Professor, Programa de Investigación de Cáncer de Mama (PICM), 
Departamento de Biología Moleculary Biotecnología, Instituto de 
Investigaciones Biomédicas, Universidad Nacional Autónoma de 
México, Ciudad Universitaria, México 04510, 
México. 12anget@gmail. com
Telephone: +52-55-56229208

Received: April 27, 2018
Peer-review started: April 27, 2018

World Journal of
Clinical OncologyW J C O

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.5306/wjco.v9.i4.60

World J Clin Oncol 2018 August 13; 9(4): 60-70

ISSN 2218-4333 (online)



Tecalco-Cruz AC, Ramírez-Jarquín JO. Polyubiquitination inhibition 
of estrogen receptor alpha and its implications in breast cancer. 
World J Clin Oncol 2018; 9(4): 60-70  Available from: URL: 
http://www.wjgnet.com/2218-4333/full/v9/i4/60.htm  DOI: 
http://dx.doi.org/10.5306/wjco.v9.i4.60

INTRODUCTION 
Estrogen receptor alpha (ERα) protein, also known 
as nuclear receptor subfamily3 group A member 1 
(NR3A1), comprises of 595 amino acids, organized in 
two activation function domains (AF-1 and AF-2), a DNA-
binding domain (DBD), a ligand-binding domain (LBD) 
that recognize the 17beta-estradiol hormone (E2), and 
a hinge region that connects the DBD and the LBD[1-3] 
(Figure 1). Many nuclear functions of ERα are triggered 
by the binding of E2 to the receptor[4,5], inducing ERα 
homodimers to bind to estrogen responsive elements 
(ERE) within the enhancer and promoter regions of E2-
target genes[6,7]. In these events, pioneer factors expose 
chromatin sections, facilitating the association of ERα 
with EREs[8]. Moreover, transcriptional coregulators are 
recruited by the AF-1 and AF-2 domains of the receptor 
for the remodeling of the chromatin structure[9,10] 
and promotion of chromatin loops that modulate E2-
responsive gene expression[11,12]. In addition, there is 
crosstalk between ERα and other signaling pathways: 
ERα acts as a coregulator by interacting with other 
transcription factors, such as activator protein 1 (AP-1), 
specificity protein 1 (Sp1), and nuclear factor-κB (NF-
κB)[3,5,13-17]. Additionally, ERα is phosphorylated and 
transcriptionally activated in response to growth factors 
such as the epidermal growth factor (EGF) and insulin-
like growth factor (IGF)[13,14,18-20]. Recently, progesterone 
receptor (PR) was shown as an ERα interacting protein 
that modulates and re–directs the binding of ERα to the 
chromatin and the expression of specific genes in breast 
cancer cells [21] (Figure 2).

ERα also exhibits extranuclear activity by associating 
with the cell membrane via palmitoylation, and with the 
help of protein complexes, linked to the cell membrane 
or cytoplasm[22] (Figure 2). Thereafter, ERα transduces 
rapid extranuclear signaling that can trigger second 
messengers such as calcium and cAMP, and activate 
kinases such as ERK/MAPK, PI3K/AKT, PKC and Src 
kinase[13,23,24]. Both nuclear and extranuclear signaling 
of ERα are connected and are critical in about 70% 
of breast cancer cases (ERα+ breast cancer)[13,24,25]. 
Consequently, ERα is a target for endocrine therapy 
via the use of selective estrogen receptor modulators 
(SERMs), such as tamoxifen (Tam), which competes with 
E2 by binding to ERα to inhibit its transcriptional activity, 
as well as, via the use of selective estrogen receptor 
degraders (SERDs) such as fulvestrant that decreases 
the ERα stability[8,14,26,27]. The acquisition of resistance 
to these treatments commonly occurs in ERα+ breast 
cancer, and although the mechanisms are unclear, the 
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extranuclear signaling of ERα is strongly activated under 
this condition[19,20,26,28-31].

The activation or inhibition of ERα activity is modulated 
by its transcriptional coregulators, by phosphorylation 
induced by E2 hormones and growth factors, and by other 
posttranslational modifications such as ubiquitination. 
Remarkably, several studies have emerged to demonstrate 
that multiple mechanisms are activated in ERα+ breast 
cancers to inhibit ERα polyubiquitination, increasing 
its signaling pathways (Figure 2), which have crucial 
implications in the progression of this cancer type, as we 
will describe in the following sections.

GENERALITIES OF THE 
POSTTRANSLATIONAL MODIFICATION 
“UBIQUITINATION” FOR ERα IN BREAST 
CANCER CELLS
ERα is a monoubiquitination and polyubiquitination-target. 
However, fewer reports are available to demonstrate 
monoubiquitination of ERα, in comparison to those that 
exhibit polyubiquitination of this receptor. Nevertheless, 
these studies clearly show that ERα monoubiquitination 
is decreased by E2, and that, this modification is 
important, both for stability and for the transcriptional 
activity of this receptor in breast cancer. In contrast, 
polyubiquitination is induced by E2, resulting in a signal 
to direct ERα degradation via the UPS[14,32,33], facilitated 
by the concerted action of the enzymes E1 (ubiquitin 
activating enzyme), E2 (ubiquitin conjugating enzyme), 
and E3 (ubiquitin ligase)[32,33]. The specific covalent 
binding of ubiquitin to ERα lysine residues is mediated by 
several E3 ubiquitin ligases for ERα, that include CHIP[34], 
E6AP[35], BRCA1[36], BARD1[37], SKP2[38], MDM2[39], 
and Hbo1[40]. Importantly, E2 treatment induces ERα 
polyubiquitination, followed by its degradation by the 
UPS[14,17,33,41-43].

Although polyubiquitination leads to ERα downre
gulation through its degradation by the 26S proteasome, 
it is important to note that, this modification and 
the proteasome activity, have also been reported as 
elements required for the transcriptional cycle of ERα. 
Likewise, it has been evidenced that ERα bound to ERE 
can recruit coactivators, some of which possess E3-
ubiquitin ligase activity, such as SKP2[17], E6AP, and 
RNF8. As coactivators enhance the activity of ERα, 
and the activity of E3-ubiquitin ligases mediate the 
downregulation of this receptor, the recruitment of these 
proteins with dual function may maintain a balance in 
the level and activity of ERα[17,44,45].

ERα residues, K302 and K303, have been suggested 
as the lysine targets for ubiquitination and degradation, 
in response to E2 and fulvestrant, but the same residues 
are also important for ERα stability in untreated breast 
cancer cells[46]. Against this background, it maybe envi
saged that, several factors delicately modulate the 
stability and degradation of ERα, which may be altered 
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in breast cancer.
Additionally, the ubiquitination of ERα is also rela

ted to its phosphorylation state. Several kinases, such 
as CDK11p58[47], cyclin E-CDK2[17], Src[35], PKC[42], 
p38MAPK[38], and ERK7[48] have been reported as modifiers 
of ERα in breast cancer. The main residues of ERα that are 
phosphorylated in E2-response, and have been associated 
with its polyubiquitination and degradation, are S118[49], 
S294[38], S341[17], and Y537[35]. A key example is the 
sequential modification of ERα, where, first, the ERα Y537 
residue is phosphorylated by Src kinase in E2-treated 
cells, followed by E6AP, an E3-ubiquitin ligase, which 
induces ERα polyubiquitination and its degradation[35]. 
Thus, phosphorylation and ubiquitination of ERα are 
interconnected in order to control both, the abundance 
and the functions of this receptor.

IS ERα IN BREAST CANCER CELLS 
POLYUBIQUITINATED AND DEGRADED?
In recent years, several studies have emerged to de
monstrate the inhibition of polyubiquitination of ERα 
and consequently, a decrease in its degradation via the 
UPS, increasing its protein stability in breast cancer 
cells, through several mechanisms and ERα-associated 
proteins. Here, we describe these evidences.

ERα  polyubiquitination inhibitor proteins in breast 
cancer cells
ERα polyubiquitination inhibitor proteins (EPIP). There 
has been a progressive increase in the number of ERα 
polyubiquitination inhibitor proteins that have been 

discovered in breast cancer cells, which we have grouped 
and identified as EPIP. So far, it has been reported that 
proteins such as Mucin 1 (MUC1), PIN1, GSK3, LMTK3, 
RNF8, RNF31, RB, ABL, SHARPIN, and SMURF1 have 
the ability to interact with ERα, conferring it protection 
against polyubiquitination and degradation. Interestingly, 
not all of these proteins have related sequences and 
structures, but some of them are functionally similar. 

MUC1 and Protein interacting with Never in mitosis 
A (PIN1), for example, induce the formation of stable 
transcription complexes on the DNA[49,50]. MUC1 interacts 
with ERα to inhibit its polyubiquitination and degradation, 
and recruits coactivators such as SRC1 and GRIP on 
E2-regulated promoters to enhance gene transcription 
linked to cellular proliferation, migration, tumorigenicity, 
and endocrine resistance[50-54]. Likewise, PIN1 interacts 
with ERα phosphorylated at S118, inducing its cis/trans 
isomerization. Moreover, PIN1 blocks the polyubiquitina
tion and degradation of ERα by preventing its interaction 
with the E6AP E3 ligase, hence enhancing its stability, 
binding to EREs, and the subsequent transcriptional 
activity of ERα[10,49,55-57]. High levels of PIN1 and ERα, and 
low levels of E6AP are observed in endocrine resistance[49].

Other examples are GSK3, LMTK3, and ABL1 kinases 
that phosphorylate ERα to inhibit its polyubiquitination[58,59]. 
First, the glycogen synthase kinase-3 (GSK3) isoforms 
interact with and phosphorylate ERα at S102, S104, 
S106, and S118. GSK3 depletion decreases phos
phorylation and E2-induced transcriptional activity by 
increasing polyubiquitination and degradation of this re
ceptor[59-61]. Thereafter, LMTK3 (lemur tyrosine kinase 3) 
interacts with and phosphorylates ERα to protect it from 
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Figure 1  Estrogen receptor α in breast cancer cells. ERα is organized in functional domains. The transactivation domains AF-1 and AF-2 recruit both coactivators 
and corepressors. The DNA-binding domain (DBD) recognizes and binds to estrogen response elements in enhancers or promoters. The ligand-binding domain (LBD) 
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polyubiquitination and degradation via the UPS in breast 
cancer cells[58]. Similarly, ABL (ABL proto-oncogene 
1, non-receptor tyrosine kinase) interacts with and 
phosphorylates ERα at Y52 and Y219, increasing the 
ERα stability and resistance to Tam; both proteins are 
increased in breast tumor tissue samples[62,63].

On the other hand, RB induces the assembly of ERα 
with chaperone proteins[64]. Hence, retinoblastoma (RB) 
interacts with ERα, HSP90, and p23 in the cytoplasm 
to protect ERα from polyubiquitination and degradation 
by the UPS. ERα is highly ubiquitinated and degraded 
in RB-knockdown cells; however, its levels are restored 
with MG132 (a proteasome inhibitor) treatment in breast 
cancer[64].

Interestingly, E3 ubiquitin ligases such as RNF8, 
RNF31, SHARPIN, and SMURF1 interact with ERα to block 
its polyubiquitination and to promote the proliferation of 
breast cancer cells. RNF8, RNF31, and SHARPIN inhibit 
ERα polyubiquitination by catalyzing monoubiquitination 
of this receptor, and as a result, ERα protein levels and 
E2-dependent transcriptional activity are enhanced in 

breast cancer cells[65]. SHARPIN could monoubiquitinate 
the ERα K302/303, but whether these residues are also 
modified by RNF8 and/or RNF31 is unclear. Moreover, 
RNF8 also acts as a coactivator for ERα in breast cancer 
cells. Instead, SMURF1 apparently inhibits polyubi
quitination of ERα, but the implicated mechanisms need 
to be studied[65-68]. 

Other proteins and modifications that inhibit ERα  
polyubiquitination 
ERα polyubiquitination indirect inhibitors (EPII), intriguingly, 
the inhibition of ERα polyubiquitination also occurs with 
the help of other proteins that lack the ability to directly 
interact with ERα. For instance, it has been suggested 
that Src-dependent phosphorylation of ERα allows E6AP 
to polyubiquitinate and induce the degradation of this 
receptor. However, PEBP4 (phosphatidyl ethanolamine-
binding protein 4) protein[69,70] interacts with Src, blocking 
the phosphorylation and degradation of ERα induced by 
Src[69].

Furthermore, although the mechanisms are unclear, 
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Figure 2  Nuclear and extranuclear signaling of estrogen receptor α. E2 binds to ERα in the cytoplasm and/or nucleus. Then ERα forms homodimers that 
recognize the ERE sequence (AGGTCAnnnTGACCT) in target enhancers and promoters, recruiting coregulator (CoR) complexes such as coactivators to induce 
gene expression. ERα phosphorylation can be induced by E2 to modulate its activity as a transcription regulator. A and B: Growth factors (epidermal growth factor 
and insulin-like growth factor) also induce ERα phosphorylation in an E2-independent manner to promote ERα activity as a transcription factor or CoR for some 
transcription factors (i.e., AP-1, Sp1, and NF-κB); C: Cell membrane-associated ERα (via palmitoylation) associated with transmembranal receptors (i.e., HER2) 
or with cytoplasmatic proteins as (i.e., MEMO, MTA1 and MNAR). These extranuclear interactions can induce kinase–dependent signaling that could finalize in the 
activation of some transcription factors; D: PR can associate with ERα to coordinate the binding of ERα to the chromatin modulating the expression of specific genes.
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it has been reported that ERα protein levels decrease in 
cells with low levels of REGγ (PA28γ, a nuclear proteasome 
coactivator), but when the proteasome is inhibited by 
MG132 treatment, ERα protein levels are recovered, 
suggesting that downregulation of REGγ promotes ERα 
polyubiquitination and degradation. High levels of REGγ 
and ERα in breast tumors correlated with poor prognosis 
in patients with breast cancer[69].

Additionally, some posttranslational modifications are 
also associated with ERα polyubiquitination inhibition. 
Hence, ERα acetylation induced by trichostatin (a de
acetylase inhibitor) increases the p300 levels and the 
stability of the receptor in breast cancer cells, but 
the mechanisms implicated need to be investigated 
(Figure 1)[71]. Palmitoylation has also been linked to 
ERα polyubiquitination since it has been shown that 
the ERα mutants that cannot be palmitoylated are 
polyubiquitinated and degraded via UPS[72].

Mutations and modifications that affect ERα  
polyubiquitination detected in mammary tumors from 
patients
ERα polyubiquitination has a clinical relevance, since 
mutations and/or posttranslational modifications such as 
phosphorylation in residues of ERα have been identified 
in tumor tissues from samples of patients with breast 
cancer, and these residues have been linked to the 
polyubiquitination and downregulation by degradation of 
this receptor. Thus, the Y537 residue is required for the 
ERα phosphorylation, and this modification subsequently 
promotes polyubiquitination and degradation of the 
receptor[35]. However, mutations in the residues Y537N, 
Y537C, and Y537S are detected in mammary tumors 
of patients with metastasis and endocrine resistance. 
Accordingly, ERα polyubiquitination and degradation is 
prevented by experimentally induced mutations at the 
Y537 residue, and similarly, these mutations have been 
associated with the development of endocrine therapy 
resistance in breast cancer[15,73,74]. In the same way, the 
K303 residue is needed for ERα polyubiquitination and 
degradation, but this residue has been identified to be 
mutated as K303R in tumors of patients who have poor 
survival outcome and prognosis[46,74]. Other residues, such 
as S104, S106, S118, and S294, that seem to be related 
with ERα stability, have been found to be phosphorylated 
in breast tumor samples[15,73].

ERα POLYUBIQUITINATION INHIBITION 
IN BREAST CANCER AS A KEY FACTOR 
FOR THERAPEUTIC STRATEGY 
ERα polyubiquitination for its downregulation via the UPS, 
is a central mechanism of some endocrine therapies with 
SERDs, such as fulvestrant[46,75]. Clearly, the induction of 
ERα polyubiquitination for its degradation decreases the 
abundance and pro-tumor activity of ERα, consequently 

novel drugs including AZD9496[76], GDC-0810[77], ba
zedoxifene[78], and RAD1901[79] have been synthetized 
as SERDs, but more studies are required. Despite the 
importance of SERDs in the therapy of breast cancer, 
EPIP are promising targets for the management of this 
disease. Remarkably, the proteins that inhibit the ERα 
polyubiquitination are enhanced in ERα+ breast cancers, 
contributing to disease progression. For this reason, 
EPIP may be useful as a biomarker for breast cancer and 
as a therapeutic target.

PIN1 is overexpressed in breast cancer and is related 
to mammary tumor growth, and epithelial-mesenchymal 
transition, and natural and synthetic inhibitors are being 
probed to control its activity[55,57,80-87]. Similarly, LMTK3 
overexpression stimulates cellular proliferation and tumor 
formation, and correlates with shorter survival times in 
ERα+ breast cancer, and resistance to Tam treatment, 
but these events are reduced when LMTK3 expression is 
decreased[58,88-90]. Moreover, CG0009, is a GSK3 inhibitor 
that decreases proliferation of breast cancer cells[61,73,91-94]. 

Another molecule is RNF31, whose overexpression 
increases ERα protein levels, expression of ERα target 
genes and the growth of breast cancer cells, and these 
events are decreased when RNF31 is abated[65]. Lastly, 
the loss of RB expression seems to be related to the 
loss of ERα stability in ERα negative (ERα–) breast 
cancers and with poor responses to hormonal therapies 
in patients[64,95-98]. Thus, these proteins can be potential 
biomarkers and target for the treatment of ERα+ breast 
cancer.

Among EPIIs, PEBP4 inhibits ERα polyubiquitination 
and enhances its transcriptional activity in breast 
cancer cells. Because PEBP4 is overexpressed in breast 
cancer and competes with ERα for components of 
the UPS, this protein may be an important target for 
breast cancer. Additionally, specific posttranslational 
modifications, such as palmitoylation, acetylation and 
phosphorylation, as well as, mutations of sites linked 
to ERα polyubiquitination and degradation, demands 
more research to find new strategies for detection and 
treatment of breast cancer.

Muc1 is an EPIP in breast cancer
Mucin 1 (MUC1) is a heterodimeric glycoprotein confor
med by MUC1 N-terminal (MUC1-N) and MUC1 C-terminal 
(MUC1-C) subunits[52]. MUC1-N is an extracellular 
glycosylated subunit and MUC1-C is a transmembrane 
subunit with a cytoplasmic domain that interacts with 
diverse proteins[54]. MUC1 is localized on the apical borders 
in normal mammary epithelium, but under breast cancer 
conditions, it also localizes to the nucleus. An aberrant 
expression of MUC1-C is detected in breast cancer cells 
through a regulation loop that implicates Rab31 protein 
inhibits the lysosomal degradation of MUC1-C, and 
Rab31 gene expression is induced by MUC1-C[52-54,99]. 
Furthermore, MUC1 is upregulated in 90% of breast 
cancers, where the expression of Rab31 gene and other 
genes associated with endocrine resistance are modu
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lated by the MUC1-C/ERα complex. For these reasons, 
MUC1 has been suggested as a potential biomarker 
of breast cancer and predictor of resistance to Tam 
treatment[51,100,101] (Figure 3).

Interestingly, MUC1-C subunit interacts with DBD 
of ERα promoting (1) Inhibition of ERα polyubiquitination 
maintaining high levels of this receptor; (2) a stable 
complex between MUC1-C and ERα; and (3) an en
hancement in the pro-tumor transcriptional activity of 
ERα since SRC1 and GRIP coactivators with histone ace
tyltransferase activity are recruited by MUC1[50]. Thus, 
MUC1-C increases the growth and survival induced by 
E2 in breast cancer cells, but also transformation, loss 
of cellular polarity, cellular proliferation and migration, 
anchorage-independent growth , and tumorigenicity in 
transgenic mouse models[51,99,102-104].

Remarkably, MUC1 is an EPIP involved in prolifera
tion and endocrine resistance[50,53,54,100,105], inhibited by 
miR-125b[106], miR-145[104], miR-1226[103], and by specific 
siRNAs, inducing apoptosis, reducing cell proliferation, and 
increasing sensitivity to Tam[100]. Similarly, apigenin[107], 
and the synthetic peptides GO-201[54] and GO-203[100], 
affect localization and dimerization of MUC1, and as a 
result, tumor development is decreased, and sensitivity 
to Tam is increased[54,100,107]. Moreover, MUC1-based 
rBCG (Bacillus Calmette-Guerin) vaccines induce anti-
MUC immune responses inhibiting the growth of tumors 
in mice[108,109]. Interestingly, high levels of Rab31 antigen 
have been associated with a proliferative status, a high 
tumor grade, and with poor 5-year disease-free survival 

in patients with ERα+ breast cancer. Consequently, the 
Rab31 antigen levels in mammary tumors have been 
suggested as a biomarker for ERα+ breast cancers that 
may also to be useful in the selection of patients for 
MUC1-targeted therapeutic strategies[110].

CONCLUSION
Several mechanisms seem to cooperate to inhibit ERα 
polyubiquitination, decreasing its degradation in ERα+ 
breast cancer cells. These cells become resistant to 
ERα polyubiquitination due to the evident upregulation 
of proteins, modifications, and mutations that protect 
it from ubiquitination. There is no pattern of the cha
racteristics of the inhibitor or protector proteins for 
ERα polyubiquitination. Some of the reported EPIPs are 
MUC1, GSK3, LMTK3, RNF8, RNF31, SHARPIN, SMURF1, 
RB, and PIN1. All of them inhibit ERα polyubiquitination 
and its degradation in a dissimilar manner, via subce
llular compartments or mechanisms. Some of them can 
be grouped as coactivators for ERα (MUC1, PIN1, and 
RNF8), kinases for ERα (GSK3, LMTK3, and ABL1), E3 
ubiquitin ligase (RNF8, RNF31, SHARPIN, and SMURF1), 
and scaffold protein (RB). Amongst these different 
mechanisms, the participation of E3-ubiquitin ligases, 
such as RNF8, RNF31, and SHARPIN, are interesting, 
since they catalyze ERα monoubiquitination, suggesting 
a possible competition between monoubiquitination and 
polyubiquitination of this receptor.

Considering the findings described above, inhibition 

Figure 3  Mucin 1 is an estrogen receptor α polyubiquitination inhibitor protein in breast cancer cells.
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of ERα polyubiquitination, increases its abundance, 
and the expression of E2-dependent genes linked 
to proliferation and tumor development. In addition, 
inhibition of ERα polyubiquitination may have other ser
ious implications, since it has been reported that this 
modification and proteasome activity are coupled to the 
transcriptional cycle of this receptor[45]. Moreover, it has 
been proposed that high ERα protein levels are related 
to ERα binding to other DNA regulatory regions of genes 
that are atypically activated under this condition[111]. 
Thus, inhibition of ERα polyubiquitination and its de
gradation increases the stability of this receptor, but also 
affects ERα/E2 signaling and its transcriptional activity, 
involved with the development of tumor and endocrine 
resistance[111,112] (Figure 4).

Importantly, there is an interplay between inhibition 
of ERα polyubiquitination and endocrine therapy re
sistance in ERα+ breast cancer, promoted by EPIP 
and EPII [49,50,58,65]. In contrast, in luminal B breast can
cers or ERα– breast cancers, RB is commonly lost or 
dysfunctional, leading to high levels of polyubiquitina
tion and degradation of ERα, with a poor prognosis 

for patients. Therefore, EPIP, EPII, and mutations 
and modifications that inhibit ERα polyubiquitination 
and degradation may act in a cooperative manner to 
enhance the stability of the receptor in the progression 
of breast cancer. Consequently, the mechanisms invol
ved in the inhibition of ERα polyubiquitination represent 
useful biomarkers, therapeutic targets, and prognostic 
indicators of endocrine therapy in breast cancer.

In conclusion, EPIP, EPII, and mutations and modifi
cations associated to ERα polyubiquitination inhibition, 
enhance the signaling pathways of this receptor. These 
findings represent a new field in breast cancer, for the 
establishment of potential biomarkers, as well as, in 
the design of effective therapeutic targets to control the 
progression of this disease. Integration between the 
molecular basis of ERα inhibition and its correlation with 
the progression of breast tumors remains to be elicited.
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Figure 4  Mechanisms implicated in the estrogen receptor α polyubiquitination inhibition. Half-life of estrogen receptor α protein oscillates between 3-5 h under 
basal condition. E2 treatment induces ERα polyubiquitination, and as result: (1) Degradation of this receptor is promoted, decreasing its protein levels starting from 1h 
after treatment; (2) the ERα transcriptional cycle is activated. ERα polyubiquitination inhibitor proteins (EPIP) and ERα polyubiquitination indirect inhibitors (EPII) and 
other modifications increased in breast cancer cells can inhibit the basal and E2-induced polyubiquitination of ERα; resulting in (3) the inhibition of its degradation and 
an enhancement in the ERα protein levels; (4) alterations in the transcription cycle of this receptor and the expression of its targets genes; and (5) these events seem 
to be associated with endocrine resistance and progression of breast cancer.
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