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SUMMARY 

It is now known that a very crucial role in breast cancer development, prognosis and occurrence is 

played by the estrogen receptor (ER). The steroid hormone estradiol (E2) acts via two nuclear 

receptors, estrogen receptor-α (ERα) and estrogen receptor-β (ERβ). E2 was shown previously to 

increase breast cancer cell proliferation in a dose-dependent manner and also induce apoptosis in 

long term estrogen deprived breast cancer cells. Studies have also shown that the degree of 

subculturing affects cell line property including gene expression. The aim of this study was to 

investigate the effect of E2 concentration on cell proliferation, morphology and ER expression and 

to investigate the effect of subculturing on the expression of ER. Our results have shown that an 

increase in E2 concentration was found to increase MCF-7 cell proliferation, but extreme 

concentrations caused significantly low cell proliferation and induced apoptosis. Moreover, ERα 

expression was significantly upregulated with an increase in E2 concentration, whereas ERβ2 

expression was found to be unchanged at low E2 concentration and significantly upregulated at 

higher E2 concentration. ERα expression at passage 3 ([E2]=1nM) was significantly 

downregulated compared to the cells at passage 0, in addition to the significant downregulation of 

the same at E2 concentrations of 1nM and 10µM compared to the untreated control sample. 

Overall, our data suggests that high concentration of E2 can reduce proliferation and induce 

apoptosis in the breast cancer cells. Increased E2 exposure and subculturing also appear to change 

the ERα expression significantly in the breast cancer cell line. 
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INTRODUCTION:  

Breast cancer: 

Breast cancer is the leading type of cancer in women accounting for approximately 25% of all 

cases of cancer resulting in 1.68 million cases and 522,000 deaths worldwide in 2012 (Stewart and 

Wild, 2014). Breast cancer is the most frequently diagnosed cancer among women and was first 

shown to be estrogen-dependent by Beatson (1896) who subsequently showed the beneficial 

effects of oophorectomy in pre-menopausal patients.  

Invasive breast cancers are often classified based on the presence or absence of hormone receptors 

and the presence or lack of HER2, an epidermal growth factor receptor family protein. Hormone 

positive breast cancer cells contain either estrogen receptors (ER) or progesterone receptors (PR) 

or both. Approximately 67% of breast cancers have been shown to contain either ER or PR, the 

percentage has been shown to be higher for older women (Lund et al., 2010). Hormone therapy 

drugs that either lower estrogen levels or block ER have been shown to be effective against 

estrogen-dependent breast cancer but are not helpful for hormone receptor negative breast cancer 

cells which have been shown to grow faster than the hormone receptor-positive cells. On the other 

hand, breast cancers with high epidermal growth factor receptor family protein HER2/neu 

expression, which account for about 20% of all breast cancer cases, are termed as HER2 positive 

whereas those without high expression of HER2 as HER2 negative. Lastly, triple positive breast 

cancers with ER, PR and high expression of HER2, grow and spread faster than most of the other 

types and are more frequent in younger women (Lund et al., 2010).  

Estrogen receptors: 

The estrogen family of steroids play vital roles in the development and maintenance of sexual and 

reproductive function. Moreover, they exert various biological effects on the central nervous, 

musculoskeletal, cardiovascular and immune system in both sexes (Gustafsson, 2003). 17β-

Estradiol (E2), the most potent estrogen, acts by binding to two ER subtypes: ERα and ERβ which 

possess distinct and essential roles. The two types of ERs are encoded by the genes Estrogen 

receptor 1 (ESR1) and Estrogen receptor 2 (ESR2) respectively on the fifth and fourteenth human 

chromosomes. Hormone activated ER form dimers with each other: ERα (αα), ERβ (ββ) 

homodimers or ERαβ (αβ) heterodimers (Tremblay et al., 1997). Although these ERs bind to 
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identical DNA response elements, different effects, by transcriptional regulation of the target 

genes, are exerted on the morphology, motility and proliferation of cells (Lazennec et al. 2001).  

ER subtypes: 

Of the proteins expressed, ERα is the main protein expressed by the breast cancer cells, a 

cytoplasmic/nuclear receptor that activates upon ligand binding or phosphorylation and regulates 

the transcription of its targeted genes by binding to the estrogen response element (ERE) or 

interacting with other transcription factors upstream of the targeted genes (Heldring et al., 2007). 

ERα expression and breast cancer biology is shown to have a high level of correlation, with the 

breast carcinomas lacking ERα expression often showing more aggressive phenotypes. As a 

pathological diagnostic criterion in breast cancer, immunohistochemical staining has shown that 

positive staining of ERα protein expression in the nucleus act as a good prognostic indication. It 

is also being found to be localized in the cytoplasm and/or membrane.  

ERβ was identified in 1996 (Kuiper et al., 1996) and has also been shown to be expressed in 

various cancer cells including breast cancer cells (Omoto et al., 2002). Studies have shown that 

ERβ can antagonize ERα dependent transcription, with recruitment of c-Fos to AP-1 regulated 

promoters (Matthews and Gustafsson 2003; Matthews et al., 2006). Furthermore, ERα proteolytic 

degradation is increased by the expression of ERβ and its variant ERβ2 suggesting that ERβ 

mediated inhibition of cell proliferation is accomplished by the combination of key transcription 

factor recruitment and ERα degradation (Matthews et al., 2006). ERβ is found to be expressed in 

ERα positive breast cancers and immunohistochemical studies have also shown the presence of 

both these receptors in human breast cancer cells (Leygue et al., 1999). ERβ expression is usually 

higher than that of ERα in the breast cancer cells, but much lower when compared to healthy tissue. 

ERβ subtypes can only transactivate transcription when heterodimer has been formed with ERβ1, 

but ERβ2 (with significantly reduced E2 binding and ERE binding ability) preferentially forms a 

dimer with ERα thus inhibiting its DNA binding (Iwase et al. 2003). Studies suggest that a balance 

between ERα and ERβ signaling dictates the overall response of proliferation induced by E2. ERβ1 

and ERβ2/ERβcx specifically suppress the function of ERα, particularly proliferation, through 

various pathways and thus a change in the ERα: ERβ ratio may lead to the progression and 

development of tumours (Leygue et al. 1999).  
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Cell proliferation and subculturing: 

Cell division in the body is highly regulated by several signaling pathways, but when these signals 

are faulty or missing, cells start to proliferate leading to tumour formation. Underlying this 

outcome is the accumulated change in genes controlling the cell division by the means of gene 

duplication or alterations by substitution, deletion or addition of nucleotide bases in DNA leading 

to uncontrolled cell proliferation. To combat this, cells have repair mechanisms, but the balance 

between mutations and repair gradually shifts with time allowing the mutations to accumulate prior 

to the cells becoming cancerous. 

Similarly, growing evidence from studies have shown that the passage number, degree of 

subculturing or the number of times the cells being transferred into new vessel with confluence of 

≈80%, affects it characteristics with time (Esquenet et al., 1997; Briske-Anderson et al. 1997; 

Chang-Liu et al. 1997). Likewise, cancer cell lines experience changes in response to stimuli, protein 

expression, transfection efficiency, morphology and growth rates at higher passage number. Also, 

cells in a culture are under environmental and manipulative stress leading to the subject of 

evolutionary process of competition and natural selection. As such, most cell cultures represent 

heterogeneous mix of cells competing for resources such as growth factors, nucleic acids and salts. 

These cells when given an advantage (e.g faster growth factor) outcompete other types of cells giving 

rise to a different population set. Culturing of primary tumour cells is sometimes difficult, so 

transformed cell lines with well characterized cytogenetics and biochemical markers available 

commercially are used in the laboratories. The transformed and diseased cell lines are of special 

concern because in the abnormal starting population evolutionary changes take place at a faster 

rate in both the genotypic and phenotypic levels. Moreover, one or all of the cellular check point 

genes (such as p53, pRB) in these cell lines are altered in parallel to other mutations and are thus 

prone to increased genetic instability with continuous subculturing. 

Basis of present investigation: 

A study analyzing the effect of the four estrogens: estrone (E1), E2, estriol (E3) and estetrol (E4) 

on the proliferation and ERα/ERβ expression of breast cancer cell line ZR 75-1 showed that E1 

and E4 have low stimulation of cell proliferation at lower concentration; all the estrogens (E2, E3 

and E4) except E1 had significantly lower proliferative action at high concentration. Although 

ERα expression was significantly increased by all the estrogens (with significant difference 
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between each of them), none of the estrogens could significantly change the ERβ expression 

compared to the control (Li et al. 2015). It has been shown previously that E2 promotes MCF-7 

cell proliferation in a dose-dependent manner where the highest concentration used was 100nM 

(Pattarozzi et al., 2008). In contrast, a study by Altiok et al. (2006) showed that E2 induced 

apoptosis (IC50=2µM) in dose-dependent manner under low growth condition. E2 was not 

however, cytotoxic in the range of E2 concentration used at higher level of FBS, though the data 

supporting this was not presented (Altiok et al., 2006). However, several studies have shown that 

even low concentration of E2 can induce apoptosis in long term estrogen deprived breast cancer 

cells (Jordan et al., 2005; Song et al., 2001). It has also been shown that E2 enhanced proliferation 

with increasing concentration from 1nM to 1µM, however, at higher concentration (10µM) 

proliferation was found to decrease (Ma et al., 2013). But no studies have yet analyzed the effect 

of varied E2 doses and the passage number of the cell lines on their receptor expression. In this 

study, we consider the impact on cell proliferation and receptor expression of high E2 exposure. 

Additionally, the effect of subculturing was also be investigated with high concentration of E2 so 

as to investigate the effect of E2 on the targeted receptor expression ERα and ERβ at different 

passage number. 
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MATERIALS AND METHODS: 

Preparation of media: 

Media was prepared by adding 50mL FBS, 5mL penicillin/streptomycin mix and 5mL Fungizone 

Amphotericin into each of the 500mL phenol red free and phenol red DMEM containing 4.5g/L 

D-glucose, L-glutamine and pyruvate. 

Preparation of E2 stock: 

E2 stock of 10mM was prepared in 1mL DMSO which was then serially diluted to give stocks of 

0.1mM and 1µM and stored at -20˚C. 

Preparation of reagents and cell staining: 

Paraformaldehyde, 4% w/v, was prepared by dissolving 4g of paraformaldehyde in 100mL of 

DPBS at 60˚C. Sodium hydroxide solution of 1M concentration was then prepared by dissolving 

0.4g in 10mL which was then added dropwise into the paraformaldehyde solution until the pH was 

7.4. Triton X-100, 0.2% v/v, was prepared by adding 100µL of Triton X-100 into 50mL double 

distilled water. DAPI stock was prepared by dissolving 1mg of DAPI in 1mL DMSO. It was then 

further diluted by 100 fold in glycerol. 

Cells were rinsed three times with 1mL DPBS. After incubating in 1mL 4% paraformaldehyde for 

10min cells were then rinsed again in 1mL DPBS for three times each lasting 5min. Following 

this, cells were permeabilized by immersing in 1mL 0.2% Triton X-100 for 5min and rinsed twice 

with 1mL DPBS. Three glass slides were prepared with a drop of DAPI solution for each sample 

and the cover slip was then placed over the drop upside down using forceps. The slides were kept 

in the dark overnight and viewed under the fluorescence microscope Olympus IX71 at a 

magnification of X20 and images taken using Olympus DP70. 

Cell Cultures: 

MCF-7 cell line was maintained in T-75 flasks with phenol red DMEM containing 10% heat 

inactivated FBS, 1% Fungizone and 1% penicillin/streptomycin at 37˚C in a humidified 5% CO2 

atmosphere. For subculturing, on reaching a confluence of ≈80%, the media was removed from 

the flask and 2mL DPBS was added. After discarding the DPBS, 2mL trypsin was added and the 

flask was kept in the incubator for 2min at 37˚C in a humidified 5% CO2 atmosphere after which 
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3mL phenol red free DMEM was added and mixed thoroughly. The cell suspension was then 

placed in a fresh tube and centrifuged at 1200rpm for 5min. The pellet was then re-suspended in 

1mL of phenol red free DMEM and seeded into two new T-75 flask containing 15mL phenol red 

DMEM, each with splitting ratio of 1:2 by adding 500µL of the cell suspension. The flasks were 

then incubated at 37˚C in a humidified 5% CO2 atmosphere. 

Cell counting: 

On reaching a confluence of ≈80%, cells from the flask were placed in a fresh tube and 1mL of 

cell suspension made following the procedure described above. The cell suspension of 10µL was 

added to 20µL trypan blue solution in a separate tube and mixed thoroughly, placed under the glass 

slide on the haemocytometer and cells counted under light microscope to determine the cell 

concentration. 

Cell proliferation study: 

Six well plates were set up with MCF-7 cell concentrations of 1X105 cells/mL/well in 4mL phenol 

red free DMEM with E2 concentrations of 1nM, 10nM, 100nM, 1µM, 10µM, 100µM and control 

in duplicate. Cells were allowed to adhere for 24h before being exposed to E2. After 4 days of 

incubation at 37˚C in a humidified 5% CO2 atmosphere, media from the wells was removed and 

600µL trypsin added for 2min followed by 1mL phenol red free DMEM and mixed thoroughly. 

The cell suspension was placed in a new tube and centrifuged at 1200rpm for 5min. The pellet was 

then re-suspended in 1mL media from which 10µL of the cell suspension was added to 20µL 

trypan blue solution in a separate tube and cell count determined following the procedure described 

above. 

Sub culturing: 

Six well plates with MCF-7 cells at concentration of 105cells/mL/well were set up in duplicate 

with E2 concentrations of 1nM, 10µM and untreated control sample. The plates were kept in the 

incubator at 37˚C in a humidified 5% CO2 atmosphere and sub cultured every 4days to a new six 

well plate with an initial seeding concentration of 1X105cells/mL/well. 
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RNA extraction: 

From the 1mL cell suspension in the 5mL tube 5X105 cells were transferred into a new 1.5mL tube 

and 1mL TRIzol® Reagent was added after which the cells were lysed and total RNA extracted 

following the protocol provided by the manufacturer. Consequently, RNA quantity and quality 

was assessed using a NanoDrop ND-1000 UV-Vis Spectrophotometer.  

cDNA synthesis and qRT-PCR 

Using the QuantiTect Reverse Transcription Kit total RNA was converted to cDNA after the 

elimination of any genomic DNA following the manufacture’s instruction. cDNA sample was 

diluted (50%) by adding 20µL of RNase free water and mixed thoroughly. 

Real-time PCR with SYBR Green fluorescent marker and specific primers (Table 1) were carried 

out. Frozen cDNA samples were thawed, vortexed and centrifuged before setting up duplication 

of each reaction in 96-well reaction plate with 0.2µL of each primer (0.1µL each of forward and 

reverse), 2µL of cDNA, 6µl of Fast SYBR® Green Master Mix and 3.8µL of RNase free water to 

make up a total reaction volume of 12µL. The plate was then covered tightly with a cover slip 

followed by PCR in StepOnePlus™ Real-Time PCR System with the incubation times as follows: 

95˚C for 10min followed by 40 cycles of 95˚C for 15s and 60˚C for 1min.  

Statistical analysis 

The quantitative data were presented as mean ± standard error of mean (SEM). Statistical analysis 

was performed by means of analysis of variance (ANOVA) followed by Student t-test with 

differences considered significant at a p‑value of <0.05. 
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RESULTS AND DISCUSSION: 

High E2 concentration increases cell proliferation only during initial incubation: 

To evaluate the effect of time dependent E2 exposure, cells were incubated for 4, 7 and 10 days at 

an E2 concentration of 1µM (cells treated at this [E2] gave highest proliferation in a study by Ma 

et al. (2013)). It was found that the cell count at the end of 4 days incubation was significantly 

higher (*p <0.05 vs. unstimulated control sample; Fig. 1) than the control. The rate of proliferation 

was found to continue beyond the 7th day resulting in both the control and E2 treated wells 

containing almost equal number of cells after 10 days (Fig. 1). The results also showed that the 

cell proliferation increased in a time dependent manner up to the 7th day. Though the cells in the 

E2 treated wells was equal to that of the control on the 10th day, the space available in the wells 

was found to be a limiting factor as the cells in both the wells had 100% confluence. Incubation 

time of 4 days was therefore considered as the optimum time for the proliferation to have taken 

place so as to provide enough cells for the RNA extraction as well as allowing further sub culturing 

of cells to be undertaken. 

MCF-7 cell line with higher passage number shows increased cell proliferation: 

The effect of increasing concentration of E2 on ER positive MCF-7 cell line of different passage 

number was then evaluated using trypan blue exclusion assay where the transparent cells under 

the microscope were counted as viable. MCF-7 cell lines of different passage numbers were used, 

one of which was recently purchased at passage number of around 150 and the other with passage 

number of around 500 was in use in the lab for at least one year. 

It was observed that an increase in E2 concentration from 1nM to 10nM resulted in an increased 

cell proliferation in a concentration-dependent manner at 4th day of incubation by approximately 

55% and 60% in the old (passage number of ~500) and new cell line (passage ~150) compared to 

the untreated control (Fig. 2). Interestingly, further increase in E2 concentration decreased cell 

proliferation by approximately 88% and 74% in both the old and new cell lines at 100µM E2 

concentration. Moreover, the cell proliferation rate in the old cell line was higher than the new cell 

line in each of the samples except at 100µM.  

As previously discussed, cells accumulate mutation with time and proliferate at a high rate, a main 

characteristic of cancer cells. Concordant to the theory, the old cell line could be assumed to have 

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted February 13, 2019. ; https://doi.org/10.1101/548271doi: bioRxiv preprint 

https://doi.org/10.1101/548271
http://creativecommons.org/licenses/by-nc-nd/4.0/


11 
 

had a considerable higher proliferation rate compared to the new cell line with both the cell lines 

having the highest rate of cell proliferation at E2 concentration of 0.01µM. Due to the change in 

protocol, we then repeated the experiment with the new cell line and two more E2 concentrations 

of 0.1µM and 1µM compared to the above experiment. Cells were therefore incubated in duplicate 

for 24h before being exposed to E2 thus allowing them to adhere to the surface of the wells. Similar 

to the previous finding, it was found that the increase in E2 concentration increased cell 

proliferation in a dose-dependent manner, but this time the peak of cell growth was at 1µM (Fig. 

2). E2 bound to ERα increases the gene expression required for cell proliferation and with the 

increase in E2 concentration more ERαs are present in the complex form (E2-ERα) thus increasing 

the downstream signaling. Similar to Figure 2, further increase in E2 concentration decreased cell 

proliferation and inhibited cell growth. Cell growth at 1µM was significantly increased and at 

100µM was significantly reduced compared to the untreated control sample (*p < 0.05 vs. 

unstimulated control sample; Fig. 3). In addition, cell growth at 100µM was also significant 

reduced compared to the 1µM treated sample (+p < 0.05 vs. 100µM sample; Figure 3). 

E2 promotes mammary gland cell proliferation by changing hormone responsive gene expression 

involved in the cell cycle and/or cell death. It has been discussed previously how ERα receptor 

signaling increases cell proliferation by regulating gene expression. More importantly, E2 has also 

been shown as a potent apoptotic inhibitor in MCF-7, ZR-75-1 and T47-D breast cancer cells 

where it regulates the apoptotic gene expression including Bcl-2 (Gompel et al., 2000). Moreover, 

the above data shows that extremely high concentration of E2 significantly inhibits the cell 

proliferation contradicting its proliferative role. 

Apoptosis at high E2 concentration: 

It has been shown above that at high concentration E2 inhibited cell proliferation and to further 

evaluate any morphological change, cells were viewed under light microscope before and after E2 

exposure and images taken (Fig. 4A). There was no change observed in the morphology of the 

control sample cells but there was clear difference between the cells in the 100µM sample before 

and after 24h of E2 exposure. The image after 24h of incubation at 100µM indicated apoptosis as 

circular bodies were clearly seen. As a main characteristic of apoptosis, cells break up into 

apoptotic bodies containing fragmented DNA and organelles (Kerr et al., 1972). To support the 

occurrence of apoptosis, cells were stained with DAPI and visualized under fluorescent 
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microscope. Untreated cells and cells exposed to E2 (10nM and 1µM) were found to possess 

normal morphology with intact nuclei whereas the cells at higher E2 concentrations (10µM and 

100µM) exhibited the characteristics of apoptosis with condensed and fragmented nuclei (Figure 

4B, C). The proportion of apoptotic cells were found to be higher at 100µM than 10µM thus 

supporting the above cell proliferation data.       

Another property of E2 action exist, i.e. inducing apoptosis, which contrasts its ability to promote 

cell proliferation and therefore inhibit apoptosis, revealed once again by the observed data. It has 

been shown previously by several studies that E2 is also capable of inducing apoptosis in LTED 

or exhaustibly anti-estrogens treated breast cancer cells (Jordan et al., 2005; Song et al., 2001), 

bone-derived cells (Saintier et al., 2006), prostate cancer cells (Robertson et al., 1996), neuronal 

cells (Nilsen et al., 2000) and ER-transfected cells (Jiang and Jordan, 1992; Levenson and Jordan, 

1994). LTED MCF-7 cells are very sensitive to E2 as such they are stimulated by E2 concentration 

thousand times lower than the normal MCF-7 cells. This high sensitivity was shown to be the result 

of upregulation of ERα and MAPK, PI3K, and mammalian target of rapamycin (mTOR) growth 

factor pathways (Santen et al., 2008).  

Though the mechanism of tumour regression was unknown previously, recent studies suggest that 

E2 induces apoptosis in LTED cells through the activation of the Fas death receptor/Fas ligand 

(FasL) complex (Song et al., 2001), as well as alterations in Bcl-2 and the release of cytochrome-

c from the mitochondria (Lewis et al., 2005; Song et al., 2005). But our study has gone further to 

show for the first time that even high E2 concentration can induce apoptosis in MCF-7 cells as 

shown in Figure 4B and 4C. The observed data showed that the most potent estrogen in female, 

E2 causes apoptosis at high concentration even in the MCF-7 cells which is completely a new 

property of this naturally occurring hormone in vertebrates. 

Variable expression of ERs: 

Real-time PCR was carried out with the cell line (passage number of around 500) to determine the 

estrogen receptors ERα, ERβ1 and ERβ2 expression (Figure 5). Gene expression in the samples 

treated with 0.001µM E2 were compared with the relative gene expression in the untreated control 

sample to evaluate the effect of increased E2 concentration on ER gene expression. It was observed 

that ERα and ERβ2 expression increased, whereas the ERβ1 expression was downregulated 

compared to the control sample (Figure 5). ERα expression was the highest among all the three 
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receptors which showed its importance in the signal transductions involving increased cell 

proliferation marked by the 0.001µM E2 treatment. A study by Green et al. (2009) also showed 

similar results to the above three ER expression in lobular carcinoma in situ (LCIS) of the breast. 

The steroid hormone E2 with its central role in the regulation of cell differentiation, growth and 

functioning in the mammary gland, has also a very crucial role in breast cancer progression, 

invasion and metastasis. It was shown previously (Figure 2 and 3) that 0.001µM E2 treatment 

increased cell proliferation compared to the untreated control cells and with our current knowledge 

on the role of ERα in MCF-7 cell proliferation, the observations were consistent with the findings 

in previous studies (Green et al., 2009).  

ERβ1 gene was found to be downregulated in the E2 treated cells to the normal untreated cells 

which supports the findings in the previous studies showing decreased ERβ expression in 

neoplastic breast cells (Lazennec et al., 2001 and Roger et al., 2001). Although it is supported that 

ERβ is expressed throughout the pathogenesis of breast cancer, the actual role is still controversial. 

On the contrary, ERβ2 was found to be significantly upregulated like ERα compared to the 

untreated control samples. This is consistent with the findings showing upregulation of ERβ2 in 

invasive breast cancer cells compared to the normal cells, with dominant inhibition on the 

transactivation of ERα dependent genes therefore slowing its mitogenic effects. Furthermore, 

another study by Kietz et al. (2004) has shown a relationship between upregulation of ERα and 

ERβ2 and which supports our observations.  

Effect of E2 on the expression of ERs: 

The expression of the three ERs was then evaluated in the new MCF-7 cell line of passage number 

149 at two E2 concentration of 0.001µM and 10µM (Fig. 6). Only ERα and ERβ2 were expressed 

compared to the expression of all three ERs being determined in the old cell line. It was observed 

that ERs expression increased with the increase in E2 concentration for both ERα and ERβ2. ERα 

expression was significantly higher in both the E2 concentrations (*p < 0.05 vs. control sample; 

Fig. 6) compared to the control, with the expression at 10µM E2 concentration found to be 

significantly higher (+p < 0.05 vs. 1nM sample; Fig. 6) to that at 0.001µM. Similarly, the ERβ2 

expression increased with the increase in E2 concentration, but the expression at 1nM was almost 

same in contrast to the upregulation of expression at 10µM compared to the control. Moreover, 

the expression at 10µM was significantly higher (#p < 0.05 vs. 0.001µM sample; Fig. 6) to that of 
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0.001µM E2 treated sample. This increase in both ERα and ERβ2 expression with increasing E2 

concentration is concordant with the previous finding as discussed previously. Similar results were 

reported by Li et al. (2015), where E1, E2, E3 and E4 were found to significantly upregulate the 

ERα expression and downregulate the ERβ expression (not expressed in the new cell line; Fig. 6) 

in a different breast cancer cell line (ZR 75-1) at 1nM concentration compared to the control (Li 

et al., 2015).  

Effect of subculturing on ERα expression: 

The ERs expression were considered at different passage number and incubation time with two E2 

concentrations. ERβ1 and ERβ2 expression were undetermined in the cells from the sample that 

was subcultured and incubated with two different E2 concentrations for 16 days (Fig. 7). 

Interestingly, the only ER subtype expression being determined, ERα, was significantly 

downregulated (#p < 0.05 vs. control sample at passage 3=1; Fig. 7) at both the E2 concentrations 

1nM and 10µM compared to the control. Similarly, ERα expression was significantly 

downregulated (*p < 0.05 vs. 1nM sample at passage 3; Fig. 7) with 1nM E2 at passage 3 compared 

to passage 0. These results suggest that with increased sub culturing and E2 exposure for longer 

duration, MCF-7 cells adopt to increased E2 environment by downregulating the ERα expression. 

This regulation is a classic example of negative feedback in the cells having enough E2 signaling 

thus trying to balance the intracellular environment by decreasing the amount of ERα present. 

CONCLUSION AND FUTURE DIRECTION: 

It has been previously demonstrated that a very crucial role in breast cancer development, 

prognosis and occurrence is played by the ER. In addition to the proliferative potential of E2, it 

was also shown previously to induce apoptosis in LTED or exhaustively anti-estrogens treated 

breast cancer cells. In conclusion, this study has shown that high concentration of E2 can induce 

apoptosis in the breast cancer cell line MCF-7, which is a new property of E2 to be uncovered 

showing its potential application as therapeutics in the treatment of breast carcinoma. This should 

be an important issue for further research evaluating the clinical benefit of high concentration of 

E2, as it remains unclear whether this effect can be manifested in vivo. Moreover, ERα expression 

was significantly increased with the increase in E2 concentration, whereas ERβ expression was 

unchanged at low E2 concentration but upregulated at high E2 concentration compared to the 

untreated control. MCF-7 cells at passage 3 with continuous E2 exposure for 16 days had 
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significantly downregulated ERα expression compared to both control and cells at passage 0. This 

study was limited to investigate the effect of both the long term E2 exposure and sub culturing on 

the receptor expression rather than the effect of sub culturing alone. However, future studies should 

try to evaluate the effect at high passage number with or without E2 exposure in the breast cancer 

cells. 
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FIGURE LEGENDS: 

Figure 1: Effect of incubation time on cell proliferation. Cell proliferation at 1µM E2 

concentration is significantly higher after 4 days incubation, but then show similar proliferation 

after 7 and 10 days of incubation. The error bars indicate standard error of mean, and two-tailed 

Student’s t-tests were used to determine the statistical significance: *p < 0.05 (n=3). 

Figure 2:  Effect of E2 on two different MCF-7 cell line proliferation with varied passage numbers. 

Data showing increasing E2 concentration effect on two different MCF-7 cell line proliferation 

after 4 days. The error bars indicate standard deviation, and two-tailed Student’s t-tests were used 

to determine the statistical significance: **p < 0.01 (n=2). 

Figure 3: High E2 concentration is detrimental for the cancerous cells. Data showing increased 

proliferation of MCF-7 cells with increase in concentration of E2 and then decrease in the total 

cell number at high concentration of 100µM. The error bars indicate standard error of mean, and 

two-tailed Student’s t-tests were used to determine the statistical significance: (*p < 0.05 vs. 

unstimulated control sample; +p < 0.05 vs. 100µM sample, n=2). 

Figure 4: Cells undergo apoptosis at E2 concentration of 100µM. A) Cells under light 

microscope(X40) before and after E2 exposure. Showing the cell progression status at 0 and 24hrs 

for both untreated and treated cells with 100µM E2. B) Morphological assessment of MCF-7 cells 

with DAPI staining at four different E2 concentrations. Representative images for control cells, 

cells exposed to 10nM, 1µM, 10µM and 100µM E2 concentrations. C) Showing apoptosis in 

MCF-7 cells treated with 100µM E2. 

Figure 5: Gene expression of estrogen receptors ERα, ERβ1 and ERβ2 after E2 exposure. Relative 

gene expression of estrogen receptors ERα, ERβ1 and ERβ2 in response to 0.001µM E2 compared 

to unstimulated control sample (control=1; Mean ±SEM; n=3; **p<0.01). 

Figure 6: Expression of estrogen receptors, ERα and ERβ2, at two different E2 concentrations 

1nM and 10µM. (control=1; Mean ± SEM; n=3, *#+p<0.05). 

Figure 7: Analysis of ERα gene expression after varied E2 concentration and passage number. 

Data showing relative ERα gene expression at two different E2 concentrations of 1nM and 10µM 
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at different passage number and incubation time compared to control (control=1; Mean ± SEM; 

n=2, *#+p<0.05). 
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TABLES 

Table 1: List of primers used. 

Gene Target Oligonucleotide primer (5’-3’) 

ERα TGGGCTTACTGACCAACCTG 

CCTGATCATGGAGGGTCAAA 

ERβ1 GTTTGGGTGATTGCCAAGAG 

CACTGGGACCACATTTTTGC 

ERβ2 GTTTGGGTGATTGCCAAGAG 

CCTTTTCTGCCCTCGCAT 

18S rRNA CAACTTTCGATGGTAGTCG 

CCTTCCTTGGATGTGGTA 
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FIGURES 

Figure 1: Effect of incubation time on cell proliferation. 
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Figure 2: Effect of E2 on two different MCF-7 cell line proliferation with varied passage 

numbers. 
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Figure 3: High E2 concentration is detrimental for the cancerous cells.  
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Figure 4: Cells undergo apoptosis at E2 concentration of 100µM. 
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Figure 5: Gene expression of estrogen receptors ERα, ERβ1 and ERβ2 after E2 exposure. 

 

. 
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Figure 6: Expression of estrogen receptors, ERα and ERβ2, at two different E2 concentrations 

1nM and 10µM. 
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Figure 7: Analysis of ERα gene expression after varied E2 concentration and passage number. 
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