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Abstract

Estrogen-related receptors (ERRs) are a group of nuclear receptors that share sequence homology with ER whereas do not bind to

Estrogen. In this article, studies were conducted with ERRf, which is considered to have antiproliferative capabilities, to summarize

its effects upon overexpression and knockdown. Clonogenic assay, and vivo zebra fish model tumour xenograft assay was used to

detect the tumour growth and suppression. Wound healing and trans well migration as well as invasion assays were used to detect

the metastasis in breast cancer. In this study, we established ERRf as a possible tumour suppressor. Furthermore, epithelial-mes-

enchymal transition (EMT) pathway was checked with respective markers and it was observed that ERR3 overexpression in MCF7

and MDAMB -231 cells reduced the expression of mesenchymal markers where in promoting an upregulation of epithelial markers.

Using triple negative MDAMB 231 cell lines, the zebra fish model was also utilized to check for tumor growth and migration. It was

discovered that overexpression of the ERRf resulted in a considerable reduction in the size of the tumor and its metastasis. Overall,

our research showed that ERRf interferes with breast cancer cell ability to proliferate and metastasize. Therefore, emphasizing on

the function of ERRf and, in turn, the process of EMT, may prevent the oncogenesis and metastasis in breast cancer cells.
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Introduction
Breast cancer is the most common malignancy affecting women
worldwide and as per 2020 GLOBOCON data the reported number

of new cases is around 2.3 million world-wide. It is the most preva-

lently diagnosed cancer and taking the 5" position for cancer relat-
ed deaths [22]. Based on the expression of Estrogen, Progesterone
and Human Epidermal growth factor breast cancer is categorized
into 4 major molecular subtypes such as luminal A (ER+/HER"),
luminal B (ER+/HER2-or HER2+), triple negative/basal type and
HER2 type. Among the subtypes luminal subtype comprise of 60-
70% having high potential towards endocrine therapy. But as of
now treatment for ER negative breast cancer is yet to be explored
and this demands intensive research to unravel potential therapeu-

tic molecular targets.
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BC accounts for the second leading cause of cancer related
deaths in women worldwide [15]. However, due to lack of therapy,
Estrogen receptors (ERs) play an important role in breast cancer
progression and treatment. Estrogen related receptors (ERRs) are
a group of orphan nuclear receptors, which have sequence ho-
mology with ERs and share target genes whereas binding of any
natural ligand to it is yet to be reported. Here, we will be inves-
tigating the possible roles of ERRf in breast cancer. Recent stud-
ies from our group suggest the tumor suppressor role of ERRf in
breast cancer cells. Tamoxifen-resistant ER-negative breast cancer
cell lines as well as ER-positive breast cancer cell lines cannot pro-
liferate because of diethylstilbestrol (DES), an ERR ligand. These
behaviours imply that possible treatment targets for ERR target
genes should be examined [20]. While the expression of ERRa and
ERRY is positively connected [11] with the emergence of steroid
receptor-positive breast cancer and tamoxifen resistance, the
oestrogen-related receptor  controls tumorigenesis differently
(20). Breast tumour cell fraction in S-phase is inversely linked with
ERRB mRNA expression levels, which may indicate that ERRf in-
hibits cellular growth [15]. The ligand binding domain (LBD) and
DNA binding domain (DBD) of estrogen-related receptors (ERRSs)
share a great deal of sequence homology with estrogen receptor.

The SF-1 response element (SFRE/ERRE: TnAAGGTCA), [10]
which is an extended half ERE site, and full oestrogen response ele-
ments (traditional EREs: AGGTCAnnnTGACCT) are two types of re-
sponse elements that ERRf3 binds to as a homodimer (Sengupta D.,
et al.). In prostate cancer cells, ERRf3 may activate the promoter of
p21WAF1/CIP1, which is a universal inhibitor of cyclin dependent
kinases (CDKs), and this receptor may have anti-proliferative char-
acteristics [5] in breast cancer cells. Estrogen-related receptor-
beta (ERRB) may have anti-proliferative properties [1] in breast
cancer cells, and this receptor activate the p21WAf/CP1 promoter
[26] in prostate cancer cells, which is a universal inhibitor of cyclin

dependent kinases.

P21 expression decreases with estrogen treatment and the
development of anti-estrogen resistance [16], which supports
the importance of ERRP as a therapeutic agent in breast cancer.
Previous report from our laboratory demonstrated the abrogated
expression of ERRP in breast cancer cells. Ectopic expression of
ERR( inhibits cell proliferation through Breast cancer amplified
sequence 2 (BCAS2) and Follistatin (FST) and also induces apopto-
sis in breast cancer cells [20]. Further, studies demonstrated that
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ERa regulates the expression of ERRf through estrogen in breast
cancer. There were elevated levels of ERR in normal breast tissues
and ER+ve breast tumors compared to breast carcinoma and ER-
ve breast tumors respectively [20]. Keeping in view the possible
role of ERR as tumor suppressor gene, or a negative regulator of
cell cycle and cancer cell proliferation, our study aims [15] to in-
vestigate the function of ERR in various pathways which leads to

cancer progression.

Materials and Methods
Human cancer cell lines and Cell culture treatments

MCF7 and MDA-MB-231 cells were procured from cell reposi-
tory of National Centre for Cell Sciences (NCCS, Pune, India). The
cells were cultured and maintained in DMEM supplemented with
10% foetal bovine serum (FBS) along with 1% penicillin/strepto-
mycin antibiotic solution (Sigma-Aldrich, P4333). Cell lines were
maintained for 48hrs with changing of media in every 12 hours fol-

lowed by transfection.

Plasmids and transfection

All the plasmids were purchased from Add gene and transient
transfections were performed using Takara Bio’s Xfect Polymer
transfection reagent (21112359A), as recommended by the manu-
facturer. Plasmid-driven protein expression was allowed to pro-

ceed for 48hrs before further experimental procedures.

Transfection

MCF 7 and MDAMB 231 cells were grown in 6 well plates con-
taining DMEM supplemented with 10% (v/v) foetal bovine serum.
24 hours post plating, cells were transfected with ERR YFP plas-
mid and YFP plasmid (Addgene) using Xfect Polymer transfection
reagent (Takara bio, 21112359A) according to manufacture proto-
col. Similarly, shRNA of respective samples was also used for knock-
down using lipofectamine RNAIMAX reagent (Invitrogen) and were
maintained for 48 hours. 48 hours post transfection, the cells were

taken for whole cell lysate prea\paration.

Preparation of whole cell extracts and Western blotting

Whole cell lysates were isolated from breast cancer cells us-
ing 1X RIPA buffer supplemented with 1X Protease inhibitor and
were separated in 10% and 8% SDS-PAGE gel, transferred onto
PVDF membrane (Merck- Millipore, BMOMA5648A). Blots were
incubated with blocking buffer (5% nonfat dry milk in TBST) for
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1 hour and were further incubated with 1 pg each of primary an-
tibodies i.e. , Anti-ERR( (Novus), Anti-GAPDH (Sc-47724, Santa
Cruz), EMT markers antibodies (CST) followed by respective HRP
conjugated secondary antibodies (HRP conjugated anti-rabbit and
anti- mouse). The blots were further incubated with enhanced che-
miluminescence solution (ECL, Takara bio) and were visualized in
Chemi Doc XRS+ imager (Bio-Rad, Hercules, CA, USA). GAPDH lev-
els were considered as a loading control for each whole cell extract
and images were quantified using Image] software (NIH, Bethesda,
MD, USA).

Colony-forming assay (Clonogenic assay)

Around 1000 cells in 2ml culture medium (control and ERRf
over expressed stable cells) were seeded in triplicates on 6 - well
plates and allowed to grow for 2 weeks until colonies were ob-
served. Cells were fixed in 1% methanol for 15 minutes at room
temperature and stained with 0.5% crystal violet for 15 minutes
and washed with PBS. Images were viewed in gel doc and also cap-
tured using a digital camera, colonies were counted manually and

the graph was plotted.

Matrigel invasion assay

Trypsinized cells were washed with PBS and resuspended in
serum- free medium. For the assay, inserts were coated with 100
microlitre Matrigel (BD Biosciences) a day prior plating cell. Con-
trol and ERRp overexpressed cells were plated in the inserts (Co-
star, 8.0 um) placed in 24 well plates containing 500 microlitre
DMEM with FBS (chemoattractant). After 24 hours of incubation,
the cells inside the inserts were removed by wiping with a cotton
bud, and the insert base were fixed with 1% methanol followed by
crystal violet staining. Invasion was quantified manually by count-

ing using microscope.

In vitro scratch assay

YFP and ERR( YFP overexpressed stable cells were grown in
6-well plates with 70% confluency and were subjected to a uni-
form scratch with 10-pL pipette tip across the well. Leica invert-
ed fluorescence microscope was used for photomicrograph and
checking the cell migration at regular intervals of 24 hrs (0,24, and

48 hrs). Quantification was done using Image ] software.

MTT assay
YFP and ERRB YFP overexpressed stable MCF7 cells (1 x
103 cells/well) were grown in 96-well plates in DMEM, supplement-
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ed with 5-10% heat inactivated FBS at 37°C for 72 hours. After 72
hours of incubation, 3-(4, 5-dimethylthiazol-2-y1)-2, 5-diphenyl-
tetrazolium bromide (MTT) assay was performed by adding 10 pL.
MTT and further dissolving the crystals with 100pL DMSO followed
by incubation in rocker for 15-20 minutes. Using a Varioskan Flash
Multimode Reader, absorbance was measured at 570 and 630 nm
(Thermo Scientific, Waltham, MA, USA). Each experiment was run

in duplicate at least three times.

Zebrafish xenograft

The International Animal Care and Use Committee, ILS, ap-
proved the protocol that was used for the animal study. In Zebraf-
ish, a tumour was created utilising control (YFP) and ERRf YFP
stable overexpressed MCF 7 cells (Danio rerio). The detailed proce-

dure is mentioned in the results section.

Statistical analysis

One-way analysis of variance with Tukey’s multiple comparison
test were used with GraphPad Prism 6.0 to evaluate statistical dif-
ferences. Differences were seemed statistically significant for all

experiments when p values were < 0.05.

Results and Discussion
ERR( is downregulated in ER positive and negative breast can-
cer cells

TCGA samples suggest low expression of ERRf in ER positive
and negative breast cancer patients as compared to the normal
ones. (Figure 1 A and B). Further, western blot analysis also shown
similar results, that is low expression of ERRB in MCF 7 and MD-

AMB-231 cells as compared to normal breast cell lines. (Figure C).

Figure 1: Figure 1 (A) and(B) is the TCGA data base analysis
showing lower ESRRB(ERR[) expression in Breast Cancer tumor
samples as compared to the normal tissue samples. Figure 1 (c)
depicts lower expression of ERRf in triple negative and positive

samples as compared to normal ones.
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ERRf plays significant role in epithelial to mesenchymal
transition in triple negative cells as well as estrogen positive
breast cancer cell line. (MDAMB-231 and MCF-7)

We observed that the expression of mesenchymal markers such
as N Cadherin, Vimentin, Snail etc.is decreased in ERR3 overex-
pressed MCF-7 and MDA-MB-231 cells. Epithelial markers like E
cadherin are upregulated in ERR3 overexpressed MCF-7 and MDA-
MB-231 breast cancer cell lines (Figure 2 A 1, and 2 BI). Similarly,
the mesenchymal markers are upregulated and epithelial markers
are downregulated upon ERR knockdown (Figure 2 C 1). This in-
dicates ERR might play role in EMT.

Figure 2: Figure 2 (AI) and (B I) shows the downregulation of mes-
enchymal markers (N Cadherin, Vimentin etc.) and upregulation of
Epithelial markers (E Cadherin) in MDAMB-231 and MCF-7 cells
respectively upon ERR overexpression. Figure 2 (C I) confirms the
upregulated mesenchymal markers and downregulated epithelial

markers upon ERRf knock down.

Figure 2: Figure 2.1 (A1), (B II) and (C II) depicts the relative den-
sitometry analysis with respect to Figure 2 (A1), (BI) and (CI) using

Image ] and Graph Pad Prism Software.
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ERR leads to suppression of cancer cell growth, invasion and
migration

To understand the cellular functional regulation of ERR(, ERRf3
YFP overexpressed MCF 7 and MDAMB 231 cell lines were taken for
clonogenic, migration and invasion assays. We tested the growth of
cells and it was found that transient overexpression of ERR{ in both
MCF 7 and MDAMB 231 cell lines resulted in decreased cell growth
and considerably decreased capability to form colonies in clono-
genic assays (Figure 3 C and 3 D). Further wound healing assays
(scratch assays) were performed to evaluate the migration capac-
ity of ERRp overexpressed cells. Both MCF 7 and MDAMB 231 cells
with overexpressed ERRf3showed a reduction in migration capabil-
ity and wound closure as compared to the control cells (Figure 3 A
and 3 B). In migration and trans well Matrigel invasion assays and,
significant reduction of migration and invasion and was observed
in ERRp over expressed cells as compared to control YFP cells, and
further increased migration in ERRf knockdown cells (Figure 3 E
and 3 F). MTT assay also depicted decrease in cell viability in ERR3
overexpressed MCF 7 cells (Figure 4 B). Taken together, these re-
sults indicate that ERR suppresses cancer cell growth, invasion

and migration and cell viability.

Figure 3: Wound healing/ Scratch assay was performed in both
MCF 7 (A) and MDAMB 231 (B) cell lines in a duration of 0, 24, and
48 hours and respective closure area was measured using Image |
software. Figure 3 (A I) and (B I) shows the relative expression of
wound closure in both cell lines as mentioned. Figure 3 (C) and (D)
shows clonogenic assay in ERRP overexpressed and knockdown
cells respectively. Figure 3 (E) represents migration assay in con-
trol, ERR{ overexpressed and knockdown cells .Figure 3 (F) shows

the Matrigel Invasion assay for control and ERRf overexpression.
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Figure 3: Wound healing/ Scratch assay was performed in both
MCF 7 (A) and MDAMB 231 (B) cell lines in a duration of 0, 24, and
48 hours and respective closure area was measured using Image |
software. Figure 3 (A I) and (B I) shows the relative expression of
wound closure in both cell lines as mentioned. Figure 3 (C) and (D)
shows clonogenic assay in ERRB overexpressed and knockdown
cells respectively. Figure 3 (E) represents migration assay in con-
trol, ERRf overexpressed and knockdown cells .Figure 3 (F) shows

the Matrigel Invasion assay for control and ERRf overexpression.

ERRf suppresses tumor growth and metastasis in zebrafish
To validate the tumor regression properties of ERR(, we used
Zebrafish (Danio rerio) tumor xenograft model to further justify
the results. An equal number of control and ERRJ over expressed
MDAMB-231cells were stained with tracker CM-Dil dye (1,1’- di-
otadecyl-b3,3,3’3’- tetramethyl indocarbocyanine perchlorate)
and these were injected in to perivitelline space of 48 - hours post
fertilized embryos. Tumor growth and metastasis was measured
as fluorescence intensity at 2 hours, 24 hours, and 48 hours post
injection. Tumor growth and metastasis decreased 24 hours post
injection in the ERRp overexpressed zebrafish. Further it was also
found that 48 hours post injection, there was a reduction in tumor
size and minimal migration in ERR overexpressed cells injected

Zebrafish as compared to the control (Figure 4 Al and A II).

Conclusion

Our work intends to look into how ERR functions in numerous
pathways that contribute to the development of cancer, keeping in
mind that ERR may serve as a tumour suppressor gene or a nega-
tive regulator of cell cycle and cancer cell proliferation. We exam-
ined a number of factors in relation to our earlier research in order
to clarify this and identify the molecular mechanism involving the

apoptotic activity of ERR in breast cancer cells, as well as the func-
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tion of ERR in the epithelial to mesenchymal transition. Additional-
ly, we verified the regression characteristics of the zebrafish model.
Since breast cancer cells express ERR less than non-cancerous im-
mortalized cells, it is important to examine how down-regulated
ERR expression in cancer cells relates to many characteristics of
cancer. Its role in EMT is well marked. Different molecules associ-
ated to ERR BETA through various pathways are yet to be studied.
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