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Abstract. It is unclear how estrogen receptor beta (ER) affects prognosis in breast cancer that is in the 
early stages. To determine the predictive value of ER in patients with early-stage breast cancer, we 
conducted a systematic review and meta-analysis. We looked for studies that evaluated the ER status 
in breast cancer patients article between 2010 and 2018 by searching Medline, Embase, and the Web 
of Science. 1700 participants from 18 studies total who met our inclusion and exclusion criteria were 
included. A Technical Expert Panel (TEP) of 3 medical specialist and expertise of disorder the 
abnormally cell cycle and cancer  performed the review using the PRISMA-ScR (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews) model. The TEP 
planned a research on PubMed selecting “cancer” and “Breast Cancer” as MeSH (Medical Subject 
Headings) term adding to PubMed Search Builder the terms “Estrogen” and “Estrogen receptor”. 
TEP is considered for eligibility articles published within the last 13 years, including original 
research, in particular in vitro studies, and animal and clinical studies in English. Results: Of the 90 
identified studies, TEP included 15 studies, 8 Systematical Review, and 4 clinical studies and 3 
Review report. Our scoping review describes and summarizes the important develop highly 
selective anti-ERβ antibodies that are applied to large well characterized human breast cancer samples 
to validate their diagnostic potential and to explore ERβ-selective agonists in animal models of breast 
cancer to validate their therapeutic potential 
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1 Introduction 

It has been demonstrated that the estrogen receptor (ER) is a strong predictor of breast cancer patients' 

responsiveness to endocrine therapy. The standard-of-care pathological evaluation used to direct 

adjuvant endocrine therapy following surgery is immunohistochemical (IHC) testing of ER status. In 

ER+ patients, anti-estrogen methods are advised. The role of estrogen in the normal development of the 

mammary gland, breast carcinogenesis, and tumor progression has been reevaluated as a result of the 
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identification of a second ER, ER. Although ER has been studied for more than 15 years, its clinical 

significance is still unknown. The relevance of ER in predicting long-term clinical outcomes (such as 

disease-free survival) in breast cancer patients was initially reported by Mann et al. [1], and this finding 

was later supported by further investigations [2-4].  

Contradictory data, however, imply that ER status is not related to survival [5, 6]. The current 

systematic review and meta-analysis set out to look into the relationship between breast cancer patients' 

long-term clinical outcomes, such as disease-free survival and overall survival, and their ER status 

(positive vs. negative). 

2. Material and Methods 

This scoping review was carried out following PRISMA-ScR (Preferred Reporting Items for Systematic 

Review and Meta-Analysis Extension for Scope Overview). The first step is creation of a technical 

expert panel (TEP) consisting of 3 specialist and expertise with expertise in the field of cancer. All TEP 

components are confident with scoping review methodology. As a search strategy, TEP planned 

research on PubMed (Public MedLine, run by .) National Center for Biotechnology Information, NCBI, 

of the Bethesda National Library of Medicine, Bethesda, MD, USA), chose the term “Breast cancer” as 

MeSH (Medical Subject Headings); follower terms added to run PubMed Search Builder: "Cancer", 

"Estrogen receptor" ("Cell cycle"; “abnormal” and and  “Hormone”. According to the purpose of the 

review, TEP defines the characteristics of sources of evidence, considering the feasibility of every study 

published in the scientific literature in the last 13 years (last update in June 2018), including original 

articles, review in particular in vitro, in silico and animal studies and clinical studies in English and 

Indonesian 

 

3. Results and Discussion 

From the 90 identified studies, 60 articles were screened for eligibility after removing duplicates 

and 30 articles irrelevant to the purpose of the scoping review. This, 15 were excluded for different 

reasons because based on the study there was still not much discussion about the relationship of exercise 

with uric acid and specific transporters. Of these, only 15 studies were included (Figure 1). We divided 

our results in preclinical and clinical studies (Table 1). 

 

Table 1. Features ofinduced studies 
Author, Year Article Parameters marker oncologi 

Chang et al, 2017 Oncology 
Letters 

Correlated to small tumor size, node negativity and low 
histological grad 

Madeira et al , 2013 Research 
Article 

Correlated to ERa expression. Inversely correlated to HER2 
expression 
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Oueslati  et al, 2017 Oncology 

Letters 
Inversely correlated to HER2 expression 

Mirza et al., 2012 Clinical study No correlation to clinicopathological parameters 

Guo  et al.,  2014 Clinical study Correlated to smaller size and lower grade in infiltrating 
apocrine carcinoma 

Yan  et al., 2011 Clnical study Correlated to ERa expression. Inversely correlated to HER2 
expression. The absence of ERβ1 was associated with larger 
tumors, node positivity and higher histological grade 

Austin  et al., 2018 Clinical study Nuclear ERβ2 correlated to ERa expression and inversely 
correlated to metastasis and vascular invasio 

Wisinski  et al., 
2016 

Clinical study Correlated to ERa expression and low histological grade 

Shanle  et al., 2015 Clinical study No correlation to clinicopathological parameters 

Guo  et al., 2015 Research 
Article 

Correlated to increased OS only at high percentage cutoff 
(65% positive nuclei 

Hamilion  et al., 
2015 

Research 
Article 

Correlated to response to preoperative systemic therapy 

Wang  et al., 2015 Clinical study Expression not correlated to response to preoperative systemic 
therapy 

Wu  et al., 2011 Research 
Article 

Correlated to increased DFS and OS. Predicted response to 
endocrine therapy. Cytoplasmic localization correlated to 
decreased OS 

Pons  et al., 2015 Research 
Article 

Correlated to increased DFS in node negative LA and to 
decreased DFS in node positive LB 

Wu  et al., 2011 Clinical study Correlated to increased DFS and OS in postmenopausal 
women but not in premenopausal women and to increased 
DFS and OS in TNB 

 

Roles of ERβ inBreast cancer Theraphy according article review  

Questions with respect to the relationship between the part of ERβ and the treatment of breast 

cancer have provoked considers around ERβ and drugs. TAM could be a standard select ive estrogen 

receptor modulator (SERM) that can be utilized as an adjuvant treatment for breast cancer repeat in 

patients whose essential tumors are ERα positive. The part of ERβ in TAM treatment has been 

examined [7]. In TAM-treated cells, ERβ overexpression driven to an inwrinkle in autophagy, which 

diminished cell reasonability [8]. ERβ moreover expanded TAM-induced cell passing and actuated the 

expression of the proapoptotic quality BIK in cooperation with TAM [9]. TAM locked in mitochondrial 

Erβ as an enemy, expanding responsive oxygen species (ROS) concentrations from the mitochondria 

that were required for cytotoxicity [10]. By enlisting ERβ, cJun, cFos, authoritative protein (CBP), and 

RNA polymerase II to and expelling NCoR from the atomic respiratory figure 1 (NRF-1) promoter, 

TAM expanded NRF-1 expression.  
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In spite of this, TAM-induced NRF-1 translation was likely intervened by ERβ [64]. Also, ERβ 

upgraded the affectability of breast cancer cells to TAM [11]. Erβ re-expression was thought to sensitize 

MCF-7/TAM R cells to the development inhibitory and proapoptotic impacts of TAM, subsequently 

demonstrating that ERβ re-expression was dir- ectly connected to reestablishing TAM affectability 

[12].Numerous medicate medicines have been appeared to be medi- ated by ERβ and its isoforms [13]. 

ERβ can upgrade the antiproliferative impacts of raloxifene [14, 15] and the affectability to anti-

androgens in TNBC [16]. After treating MCF-7 cells with cisplatin, the overexpression of ERβ 

contributed to the lower rates of apoptosis, autophagy and ROS generation, driving to expanded cell 

survival. The inverse comes about were found by quieting Erβ in T47D cells [17]. 

Instruments of ERβ smothering breast cancer movement 

Over the a long time, analysts have found numerous mechanisms of ERβ in restraining tumor 

movement, particularly in breast cancer. ERβ signaling is known to be complex and multifaceted and 

not fair a component of a straight signaling pathway. By and large, the instruments related with ERβ in 

vivo and in vitro models show that Erβ may act as a tumor silencer. The structures of the two ERs are 

compared in (Figure 1) include ERβ 

 
 

 
 

 
 

 

 

 

 

Figure 1. Comparison of the basic organization of human Time, human ERβ1, human ERβ2 and human 

ERβ5 proteins[43] 

 

Mechanism of Estrogen receptors activation (Erα/Erβ) 

Estrogens can act through diverse instruments and pathways to cause their organic impacts. There's a 

normal atomic receptor superfamily component to tweak the expression of a few qualities. Estrogen 

actuates ER by ligand authoritative to the receptor, but this solidarity can happen in to shapes. The 

primary can occur when E2-ER complex has shaped within the cytoplasm and after that is transported to 
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the core through cytoskeleton controlled components [18]. The moment form has the same last item, but 

happens by a coordinate E2 official to the ER within the core, with this union permitting for possible ER 

separation of the chaperon proteins and the rebuilding of the ER to the dormant state. After this 

separation, ER can frame either heterodimers or homodimers and tie straightforwardly to estrogen 

reaction component (ERE) through the DNA-binding space as well as by affiliation with distinctive 

quality control co activators[19].  

Another instrument incorporates the inclusion of the SP1 protein within the arrangement of the 

bridge between the actuated estrogen receptor dimer and ERE. This component shapes an backhanded 

activation/inhibition of E2 directed qualities and a few creators have found contrasts dependant on the 

ERα and ERβ union to ERE[20]. Another activity of ERs, in a non-genomic prepare, includes the 

interaction of actuated ERs with auxiliary flag-bearer proteins (SM) with quick, concomitant impacts in 

numerous tissues, in spite of the fact that this prepare is still not well caught on[21]. Moreover, ERs 

have a ligand-independent enactment component, including kinases that phosphorylate and enact ERs 

and this instrument might clarify the hormone free development of a few tumors. Other components 

have an imperative part within the enactment components of ERs and serve as corregulators (or 

cofactors) selected by the ERs to actuate (coactivator) or to quell (corepressor) the transcriptional 

movement of ERs. These corregulators can adjust the partiality of the ERs to EREs and can be within 

the shape of acetylases/deacetylases, kinases/phosphatases and methylases/demethylases[22,23,24]. It 

must be emphasized, in any case, that the pool of corregulators can vary concurring to the sort of tissue, 

and it is the reality that has been proposed as an clarification for the differential tissue impacts of 

estrogen and particular estrogen receptor modulator (SERMS)[25]. In addition, not as it were do 

corregulators vary according to tissue, the conveyance of ERα and ERβ has too been detailed to differ. 

Within the tissues when both ERα and ERβ coexist, their impacts appear to check each other. In this 

way, within the uterus, mammary organs and the resistant frameworks, ERα advances cell expansion 

whereas ERβ has proapoptotic and cell separation capacities (Figure 2) 
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Figure 2. ER Mechanism and activation [41] 

The interaction of ERα and ERβ in breast cancer 

A few analysts accept that the changes in ERα and ERβ expression within the ordinary breast 

back a coordinate relationship between the atomic expression of ERs and the proliferative nature of the 

breast [28]. The relative levels of ERβ and ERα in breast cancer are related to the exercises of numerous 

signaling pathways mindful for cell multiplication and endocrine treatment reaction [26,27]. A ponder 

appears that beneath the condition of coexpression of ERα and ERβ, HER2 expression is as often as 

possible found to be negative, while the Ki-67 record is upregulated, demonstrating an affiliation 

between this extraordinary combination of biomarkers and breast cancer forcefulness[29]. Moreover, 

lifted ERβ can influence ERα expression at the transcriptional level through downregulation of basal 

ERα promoter action. This down control of ERα happens through ERβ-Sp1 protein- protein intuitive 

inside the ERα promoter locale and enrollment of a corepressor complex containing the atomic receptor 

corepressor NCoR, hypoacetylation of histone H4 and relocation of RNA-polymerase II [30].  

The utilize of an ERβ-specific agonist essentially diminishes the expression and utilitarian 

movement of Erα in MCF-7 breast cancer cells, went with by diminished translation of a downstream 

effector, breast cancer related quality 2 (BCA2) [23].Extra prove appears that tumors with a moo 
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ERα/ERβ proportion have expanded oxidative harm, antioxidant chemical protein levels and uncoupling 

protein (UCP) and sirtuin 3 (SIRT3) protein levels. Glutathione peroxidase, complex V, complex III, 

complex II, complex IV, protein kinase B (AKT), stress-activated protein family- ase (SAPK), and ERα 

are emphatically related with the ERα/ERβ proportion, whereas carbonyl bunches, catalase, CuZn- 

superoxide dismutase, UCP5, SIRT3, and ERβ are nega- tively connected with the ERα/ERβ proportion 

[31]. It is rea- sonable to recommend that the awkwardness of two estrogen receptors may lead to the 

event of breast cancer [32].  

Molecular Pathway of ERβ-induced apoptosis in tumor cells 

ERβ actuates apoptosis by directing expression of the anti-apoptotic IAP proteins 

The anti-apoptotic proteins inhibitors of apoptosis proteins (IAP) are a lesson of useful proteins that tie 

and hinder caspases to avoid cell passing. A blend of the anticancer drugs mistletoe and triterpene 

restrains IAP expression in osteosarcoma cells and synergistically actuates apoptosis. Diminished 

expression of the IAP family protein X-linked inhibitor of apoptosis (X-IAP) restrains multiplication 

and actuates apoptosis in osteosarcoma cells[33,34,35]. Microarray examination appeared that ERβ 

controls expression of the IAP family protein SURVIVIN in human breast cancer cells. Additionally, 

ERβ controls expression of the IAP family protein cIAP2 in epithelial colorectal cancer cells(Figure 3). 

ERβ actuates apoptosis by directing the NF-kB/BCL-2 pathway 

NF-kB could be a pro-inflammatory calculate that's included in a assortment of cellular forms counting 

multiplication, separation, apoptosis, and inflammation. It has been detailed that estrogen receptors are 

related with NF-kB signaling pathways in tumor cells. In bladder cancer cells, ERβ levels are contrarily 

connected with atomic p65 levels[40]. NF-kB straightforwardly directs translation of the anti-apoptotic 

figure BCL-2; hence, the NF-jB/BCL-2 pathway is thought to play an imperative part in tumorigenesis 

and apoptosis[36,37,38]. Immunohistochemical investigation appeared that the event of endometriosis 

related tumors related with tall BCL-2 expression and diminished expression of estrogen receptors. In 

hormone safe breast cancer cells, ERβ agonists decrease BCL-2 expression and enact autophagy (Figure 

3). 

ERβ regulates expression of proapoptotic factor BAX 

Protein that promotes apoptosis As a pro-apoptotic factor, BAX, a member of the BCL-2 gene family, 

joins forces with BCL-2 to create a heterodimer.  Cytochrome C is released by BAX after it opens the 

mitochondrial voltage-dependent anion channel, which causes cells to start the apoptotic process[39].  

High levels of ERβ2 and BAX expression were positively linked with patient survival in non-small cell 

lung cancer clinical studies.  Additionally, artificially introducing ERβ into prostate cancer cells can 

increase the expression of BAX and cause death in those cells (Figure 3). 
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Figure 3. Apoptosis Pathway and ERβ (Molecular Pathway of ERβ-induced apoptosis in tumor 

cells) [42] 

To start apoptosis, cellular stretch or harm signals [1] unleash pro-apoptotic proteins (BH3-only 
‘activators’ of apoptosis) through their upregulation (BIM or Panther) or cleavage (Offered 
cleaved to make truncated tBID) [2], which can either be bound and sequestered by pro-survival 
proteins such as BCL-2, BCL-XL or MCL1 [3] or, when these pro-survival proteins are 
immersed or truant, can actuate BAX and/or BAK [4]. Enacted BAX or BAK oligomerize and 
frame pores to cause mitochondrial outer membrane permeabilization (MOMP), coming about 
within the discharge of apoptogenic particles counting SMAC, OMI and cytochrome c from the 
mitochondrial intermembrane space. Cytochrome c ties APAF1 within the cytosol to make the 
apoptosome (5), which serves as a stage for the enactment of caspase 9, which at that point goes 
on to actuate the effector caspases 3 and 7 (6) to destroy the cell and plan it for phagocytosis. 
Caspase actuation can be blocked by XIAP (7), which in turn is hindered by the discharged 
SMAC and OMI proteins from mitochondria (7). Upstream harm or push flagging can moreover 
actuate BH3-only ‘sensitizer’ proteins that don’t productively enact BAX and BAK but hinder 
the action of pro-survival BCL-2 family proteins to discharge any sequestered BH3-only 
activators, which trigger MOMP (8). BH3 mimetics are a novel lesson of specialists that are 
able to sensitize cells to apoptosis by blocking the action of pro-survival BCL-2 family proteins 
(9). 

 
 

4. Conclusion 

Our scoping review describes and summarizes the important develop highly selective anti-ERβ 

antibodies that are applied to large well characterized human breast cancer samples to validate their 

diagnostic potential and to explore ERβ-selective agonists in animal models of breast cancer to validate 

their therapeutic potential 
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