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Abstract

Mitochondria are closely connected to breast cancer and its progression. Obesity influences breast
cancer cells by the production of hormones and proinflammatory cytokines. Here, we analyzed gene
expression of different biomarkers associated to mitochondria response, epithelial-mesenchymal
transition and stemness and evaluated estrogen receptor ratio (ERa/ERR) in human breast cancer cell
lines (T47D, MCF7 and MDA-MB-231), with a great variety in this ratio, after ELIT (17B-estradiol, leptin,
IL-6 and TNFa) treatment. This treatment mimics the hormonal situation and the obesity-related
inflammation state of a postmenopausal obese woman. Furthermore, breast cancer stem cells (BCSCs),
which have a role in stemness, tumor growth and metastasis, can be studied in detail using 3D cultures.
To analyze the effect of ELIT in BCSCs subpopulations, mammospheres cultures were performed. We
observed that in T47D cells mitochondria response to ELIT was to enhance autophagy which could be
as a quality control to promote stemness and self-renewal, that was stimulated in this cell line, as well
as an increase in the ERa/ERSS ratio. An insufficient or absent mitochondria response was linked to an
activation of the epithelial-mesenchymal transition mechanisms in MCF7 cell line, which also suffered
a reduction in ERa/ERR ratio, and in MDA-MB-231 cells, while were not induced in T47D cell line.
Moreover, ELIT increased mammosphere forming efficiency (MFE) in T47D and MCF7 cell lines,
especially in T47D cells. Thus, our results propose a relationship between mitochondrial state and
migration or stemness activity in breast cancer cell lines with differences in the expression of the

estrogen receptor subtypes, especially ERa and ERR, in an obesity-related inflammation condition.

1. Introduction

Breast cancer is the most commonly tumor and with the highest mortality among women according
to GLOBOCAN 2020 (https://gco.iarc.fr/) 1. For this reason, it is important to understand the biological
processes which are involved in this pathology to improve prevention, diagnosis, and therapy. Breast
cancer is a multifactorial disease and obesity is the major risk factor, especially in postmenopausal
women 274, Moreover, obese women have a worse prognosis and more difficulties associated to the
efficacy of surgery or chemotherapy °. In fact, some hormones, such as estrogen and leptin, and
inflammatory cytokines are postulated to have a role in the relationship between breast cancer and
obesity °. ELIT treatment is a cocktail, composed by 17B-estradiol (10 nM), leptin (100 ng/mL), IL-6 (50
ng/mL) and TNFa (10 ng/mL), which has been used to imitate the hormonal and inflammatory

conditions of a postmenopausal obese woman in cell cultures 7.



It has been postulated an important role of estrogen receptor (ER) in breast cancer 8°. Different
subtypes of the ER, alpha and beta vary in the affinity for the ligand, 17B-estradiol. It has been reported
that ERa (also known as ESR1) could be related to the proliferation of breast cancer cells, whereas ERR
(or ESR2) could have a protective effect against proliferation or migration and invasion 219,
Nonetheless, in some cases contradictory results have been observed with an involvement of ERR in
cancer progression, and this receptor has been considered as a possible therapeutic target 1%12. T47D,
MCF7 and MDA-MB-231 human breast cancer cell lines have a different ERa/ERR ratio. T47D present
a higher expression of ERR, while in MCF7 cells dominate the other receptor. MDA-MB-231 it is a triple
negative cell line, but with a poor expression of ERB 713, G protein-coupled estrogen receptor 1 (GPER1)
is also an estrogen receptor with some implications in breast cancer as maintaining stemness
properties, inducing migration and invasion or hormone therapy resistance !47°, Progesterone
receptor (PGR) is another receptor implicated in breast cancer and it has described that can regulate

ERa activity V7.

Mitochondria are highly dynamic organelles responsible for cell energy production. They are linked to
breast cancer development and aggressiveness and are affected by its hormonal, as estrogen
stimulation, and inflammatory environment 7818, ERa and ERR activated receptors are involved in the
regulation of the mitochondrial function and can be located in the mitochondria modulating cell
mechanisms such as mitochondrial respiration, apoptosis or therapy resistance **-2!, Mitochondrial
dynamics control the number of mitochondria that are present in a cell, through their division or
combination, which are called as fission and fusion, respectively. It has been reported that alterations
in mitochondrial dynamics are associated to cancer progression and metastasis 22724, The major fission
regulator is dynamin-related protein 1 (DRP1) which can be recruited by other proteins as FIS1. OPA1
drives the inner mitochondrial membrane (IMM) fusion, while Mitofusin (MFN) 1 and 2 are the main
proteins responsible for the outer mitochondrial membrane (OMM) fusion 2225, Mitochondrial
dynamics are also related to the mitochondria degradation, a mechanism based in macroautophagy,
known as mitophagy. PTEN-induced putative kinase 1 (PINK1) initiated this process with the

recruitment of other necessary proteins for the autophagosome generation 2.

Epithelial-mesenchymal transition (EMT) consist of the passage from epithelial cells to mesenchymal
and is common in tumors as breast cancer, especially in triple-negative cells, and associated to
metastasis. Inhibition of e-cadherin, by some repressors as ZEB1, Snail 1 and 2; is required to carry out

this transition 1426, A connection between mitochondrial metabolism and EMT has been suggested 4.

Traditionally, most cancer studies were conducted using monolayers of cell cultures. Nevertheless,

new methods based in three-dimensional (3D) cultures are being established as a better model to



study the biological basis of cancer. Mammospheres are 3D cultures that allow the cancer stem cells
(CSCs) enrichment 2728, CSCs are implicated in tumor generation and there are a correlation between
stemness or self-renewal genes; such as Sry-related HMG box 2 (SOX2), NANOG or octamer-binding
transcription factor 4 (OCT4), and epithelial-mesenchymal transition (EMT) genes as matrix
metallopeptidase 9 (MMP9) 2. Some hormones as estradiol and leptin can regulate breast cancer stem

cell (BCSCs) proliferation and activity 3931,

As shown in Figure 1, this master’s thesis aimed to determine the effect of ELIT treatment on gene
expression levels of different hormone receptors and genes involved in mitochondrial function, EMT
and stemness in breast cancer cell lines (T47D, MCF7 and MDA-MB-231) with different estrogen
receptor ratio. Likewise, the influence of obesity-related inflammation in the mammosphere forming

efficiency (MFE) of 3D breast cancer cell cultures has been analyzed.
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Figure 1. ELIT, a cocktail which imitate the inflammatory and hormonal conditions of a postmenopausal obese woman, has been used to
evaluate the influence of obesity-related inflammation on gene expression levels of hormone receptors and mitochondria, epithelial-
mesenchymal transition (EMT) and stemness markers in adherent cell cultures, with different estrogen receptor ratio, via real-time

quantitative PCR. Mammosphere forming efficiency of ELIT or vehicle-treated mammospheres were also studied. Created with Biorender.com

2. Materials and methods

2.1. Reagents

Dulbecco’s Modified Eagle’s medium (DMEM) high glucose without phenol red was purchased from

GIBCO (Paisley, UK). 17B-estradiol, leptin, interleukin-6 (IL-6), and TNF-a were supplied by Sigma-



Aldrich (St. Louis, MO, USA). Fetal bovine serum (FBS) was obtained from Biological Industries (Kibbutz
Beit Haemek, Israel). Phenol red-free 3D Tumorsphere Medium XF (3DTM) was purchased from
Promocell (Heidelberg, Germany). Routine chemicals used were procured from Sigma—Aldrich (St

Louis, MO, USA) and Bio-Rad Laboratories (Hercules, CA, USA).

2.2. Cell Culture and Treatments

T47D, MCF7 and MDA-MB-231 human breast cancer cell lines were obtained from American Type
Culture Collection ATCC (Manassas, VA, USA) and cultured in DMEM supplemented with 10% FBS at
37 °C with 5% CO,. Cells were seeded (6 x 10° cells/well for T47D cell line, 4 x 10° cells/well for MCF7
cell line and 3 x 10° cells/well for MDA-MB-231 cell line) in 6-well plates in DMEM w/o phenol red
containing 10% FBS. The next day, to obtain 2D-3DTM cell cultures, DMEM was replaced by 3DTM, and
cells, that reached about 70-80% confluence, were treated with vehicle (0.1% DMSO) or ELIT
treatment (10 nM 17B-estradiol, 100 ng/mL leptin, 50 ng/mL IL-6 and 10 ng/mL TNFa) for 48 h.

2.3. RNA isolation and Real-time quantitative PCR (RT-qPCR)

Total RNA from 2D-3DTM cell cultures was isolated using TRl Reagent (Sigma-Aldrich, St. Louis, MO,
USA), according to the manufacturer’s protocol. RNA was quantified using a BioSpec-nano
spectrophotometer (Shimadzu Biotech, Kyoto, Japan) set at 260 nm. 260/280 nm and 260/230 nm
ratios were measured to assess RNA purity. Samples (700 ng of RNA) were denaturalized (at 90°C for
1 min), were reverse transcribed to cDNA, at 37°C for 50 min, and again, suffered another denaturation
step (at 70°C for 15 min). The transcription reaction mixture was composed by random hexamers 50
puM, dNTP 10 mM, RNAse inhibitor 20 U/uL, DTT, Buffer 5x, and M-Mlv 200 U/uL. Then, cDNA obtained
was diluted 1/10 in free-RNAse water. Quantitative real-time PCR (gqRT-PCR) was carried out on
LightCycler480 System Il Rapid Thermal cycler (Roche Diagnostics, Basel, Switzerland) with SYBR Green
Premix ExTaq (TAKARA, RR420A). Final reaction volume was 10 pl, containing 7.5 pl SYBR GreenMaster
MixI (with 0.5 uM forward and reverse specific primers) and 2.5 ul of the cDNA template. Quantitative
real-time PCR is based on one cycle of denaturation of cDNA template (5 min at 95 °C), 50 cycles of
amplification and a cooling period. The cycles of amplifications were composed by three steps:
denaturation; 10 s at 95 °C, annealing; 10 s at a certain temperature (depending on primers; showed
in Table 1) and elongation; 12 s at 72 °C. Ct values of qRT-PCR were normalized with control and
relativized using GenEx Standard Software (Multi-DAnalises, Sweden). The genes, primers, and
temperatures for the annealing step are indicated in Table 1. 18S was used as a housekeeping gene

and a free-cDNA template negative control was added in each run.



Table 1. Primers sequences and conditions used for Real-time quantitative PCR.

Forward primer (5'-3')

Forward primer (5'-3')

GENE - Ann.T2(2C)  GENE - Ann. T2 (2C)
Reverse primer (5'-3') Reverse primer (5’-3')
GGACACGGACAGGATTGACA GTCACTGACACCAACGATAATCCT
185 60 CDH1 61
ACCCACGGAATCGAGAAAGA TTTCAGTGTGGTGATTACGACGTTA
CGGGAAAAGCAATCTGAAGAGGG AATTCAGATAATCGACGCCAG
ALDH 60 ESR1 61
GATGCGGCTATACAACACTGGC GTGTTTCAACATTCTCCCTCCTG
TGAAGAACATGTGAGAGGTTTGAC TAGTGGTCCATCGCCAGTTAT
D24 60 ESR2 60
GAAAACTGAATCTCCATTCCACAA GGGAGCCACACTTCACCAT
CACACCCTCCCCTCATTCAC CATCATCGGCCTGTGCTACT
(D44 60 GPER1 61
TGGATGGCTGGTATGAGCTG GATGAAGACGTTCTCCGGCA
GTTCACGGCATGACC CGCAGACATCGTCATCCAGT
DRP1 51 MMP3 59
AAGAACCAACCACAGGCAAC AAACCGAGTTGGAACCACGA
GCTGAAGGACGAATCTCA CAGCTACAAACAGGTGAAGAC
FIs1 55 NANOG 61
CTTGCTGTGTCCAAGTCCAA TGGTGGTAGGAAGAGTAAAGG
TTCGATCAAGTTCCGGATTC CTTGAATCCCGAATGGAAAGGG
MFN1 52 ocr4 60
TTGGAGCGGAGACTTAGCAT GTGTATATCCCAGGGTGATCCTC
GCAGAACTTTGTCCCAGAGC ACCCCAATCGGAAGCCTAAC
MFN2 56 SNAI1 60
AGAGGCATCAGTGAGGTGCT TCCCAGATGAGCATTGGCAG
TTGGATTGCTCTTTGTGGTG ACGCCTCCAAAAAGCCAAAC
OMA1 51 SNAI2 60
GGTATCGGGCATCTTTCTCA ACTCACTCGCCCCAAAGATG
ACAATGTCAGGCACAATCCA GCCGAGTGGAAACTTTTGTCG
OPA1 51 S0X2 60
GGCCAGCAAGATTAGCTACG GGCAGCGTGTACTTATCCTTCT
GTCCAGCTCCACAAGGATGTT CTCAGCTGCCACCACACTAA
PINK1 60 PGR 60
CATGCCTACATTGCCCCAGA GACAGAAGCCTCCAGCACAT
CTGCTGGGAGGATGACACAG
ZEB1 61
ATGACCACTGGCTTCTGGTG

2.4. Mamosphere formation

T47D, MCF7 and MDA-MB-231 cell lines were seeded (6 x 10° cells/well, 4 x 10° cells/well and 3 x 10°
cells/well, respectively) in 6-well plates in phenol-red free DMEM containing 10% FBS 24 h prior to
treatment. Cells were treated, with vehicle or ELIT treatment for 48 h, as it explained in 2D-3DTM
culture, but maintaining DMEM. Then, to perform mammospheres generation, cells (1 x 103 cells/well)
were cultured in an ultra-low attachment (ULA) 96-well plates (Promocell, Heidelberg, Germany) in

3DTM phenol free supplemented with 10% FBS (v/v) for 4 days (37°C with 5% CO,).

2.5. Mammosphere forming efficiency and size determination

After mammospheres formation, spheres > 40 um were counted using an inverted microscope at 100x

magnification. Size and area determination were measured with Imagel software. Mammospheres

forming efficiency (MFE) was calculated using the following equation:

MFE (%) =

(number of mammospheres generated per well)

(number of cells seeded per well)

x 100



2.6. Statistical analysis

The statistical analyses were conducted with the Statistical Programme for the Social Sciences software
for Macintosh (SPSS, version 25.0; SPSS Inc, Chicago, IL, USA). All data in this study are presented as
means * their respective standard error of the mean (SEM). Equality of variances between control and
ELIT-treated cells were evaluated via Levene test and statistical differences were determined using a
Student’s t-test. Differences with p < 0.1, p < 0.05, p < 0.01 and p < 0.001 were considered as

statistically significant and were indicated in results as #, *, ** and ***; respectively.

3. Results

3.1. Obesity-related inflammation altered Estrogen Receptor Ratio in breast cancer cell lines

Estrogen receptor alpha (ESR1), estrogen receptor beta (ESR2) and G protein-coupled estrogen
receptor 1 (GPER1) mRNA expression levels were assessed (Table 2). ERa mRNA levels presented a
significant reduction in cell lines that normally express these receptors, with a huge difference in MCF7
cells. However, ERf3 expression was modified differently in breast cancer cell lines, with a statistically
significant decrease in ELIT-treated T47D cells (p < 0.1) and a higher expression in MCF7 cells, whereas
no changes were observed in MDA-MB-231. So, ERa/ERSS ratio was affected inversely in T47D (1.63
0.23 vs 1.00 + 0.09) and MCF7 cells (0.05 + 0.01 vs 1.00 + 0.23), triggered by changes in estrogen
receptor beta. Moreover, GPER1 suffered a significant reduction in all cell lines analyzed, while PGR

expression was only decreased in MCF7 cell line.

Table 2. mRNA relative expression levels of ESR1, ESR2, GPER1, PGR and ESR1/ESR2 ratio

mRNA relative expression

ESR1/ESR2 ratio
ESR1 ESR2 GPER1 PGR

Cell line
Control ELIT Control ELIT Control ELIT Control ELIT Control ELIT

1479 100£0.09 0.81+005* 1.00£0.07 0.68+0.32#% 100£007 079+005* 1004009 106+005 1.00+009 1634023**
mcp7  100+0.03 0.120.02*** 1.00£027 1.90+058* 1.00£003 0.110.02*** 1.00+0.05 0.23£0.03*** 1.00+0.23 0.0540.01***

voamg231 VD ub 1.00£0.09 095014 1.00£006 0.55%0.03*** 1.00£0.28 1.28+0.26 up up

Data are presented as means + SEM (n = 6). Statistically significant difference among vehicle and treated cells are represented as # (p < 0.1),

*(p<0.05), ** (p < 0.01) and *** (p < 0.001). UD means undetected mRNA expression levels.



3.2. mRNA expression of mitochondria response gene markers was considerably reduced in

MCF7 ELIT-treated cells

The effect of obesity-related inflammation to mitochondria response was evaluated (Figure 2). A
reduction was observed in mRNA expression of a mitochondrial fusion-related gene; OPA1 in ELIT-
treated T47D cells, nevertheless, higher mRNA expression levels were found in DRP1 and PINK1,
especially in this mitophagy-related gene (Figure 2a). In all mitochondrial dynamics (DRP1, FIS1, MFN1,
MFN2, OMA1 and OPA1), and mitophagy genes (PINK) assessed, mRNA expression presented a
significant reduction in MCF7 breast cancer cell line (Figure 2b). Only a modest increase in the

mitophagy gene, PINK1 (p < 0.1), and a reduction in DRP1 were seen in MDA-MB-231 cells (Figure 2c).
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Figure 2. mRNA relative expression of mitochondrial dynamics and mitophagy gene markers in T47D (a), MCF7 (b) and MDA-MB-231 (c) ELIT-
treated cells compared to control cells. mRNA relative expressions were normalized using 18S as housekeeping gene and relativized respect
to control cells. Data are expressed as means + SEM (n = 6). Statistically significant difference between treated and control cells (Student’s t-

test) are represented as # (p < 0.1), * (p < 0.05) and *** (p < 0.001).

3.3. ELIT treatment increased the expression of epithelial-mesenchymal transition-related genes

in MCF7 and MDA-MB-231 cell lines

MRNA expression of epithelial-mesenchymal transition (EMT) markers was analyzed in vehicle (DMSO)
and ELIT-treated cells (Figure 3 and Table 3). T47D cells only presented a higher SNAI1 relative

expression after ELIT treatment (Figure 3a). A modest reduction in SNA/2 expression and a quite

10



significant decrease in e-cadherin (CDH1) were found in MCF7 treated cells (Figure 3b). MDA-MB-231
experienced changes in all EMT markers analyzed. ELIT significantly decreased e-cadherin, SNA/1 and

ZEB1 gene expression and induced an overexpression of SNAI2 (Figure 3c).
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Figure 3. Epithelial-mesenchymal transition-related genes and their mRNA relative expression in T47D (a), MCF7 (b) and MDA-MB-231 (c)
ELIT-treated cells compared to vehicle cells. mRNA relative expressions were normalized using 18S as housekeeping gene and relativized
respect to control cells. Data are expressed as means + SEM (n = 6). Statistically significant difference between both experimental groups

(Student’s t-test) are represented as # (p < 0.1), * (p < 0.05), ** (p <0.01) and *** (p < 0.001)

As shown in Table 3, MCF7 and MDA-MB-231 cells suffered a substantial increase (significant in both
cell lines with p < 0.001), near to 10-fold, in MMP9 gene expression after ELIT treatment, whereas in

T47D cell line these changes were not observed.

Table 3. mRNA relative expression levels of MMP3 in breast cancer cell lines

mRNA relative expression of MMP9

Cell line
Control ELIT
T47D 1.00£0.25 0.86+0.21
MCF7 1.00+0.11 9.29 + 2,92 **
MDA-MB-231 1.00 £ 0.06 9.12 + 0,83 ***

Data are presented as means + SEM (n = 6). Statistically significant difference between ELIT-treated cells and control cells area represented

as **(p <0.01) and *** (p < 0.001)
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3.4. Expression of stemness-related genes were modified after ELIT treatment in breast cancer

cell lines

Gene expression of stemness markers was analyzed in all control or ELIT-treated cells (Figure 4). After
ELIT treatment, CD24, CD44 and SOX2 experimented a marked increase in T47D cell line, while mRNA
expression of OCT4 suffered a modest decrease (Figure 4a). ELIT-treated cells presented higher ALDH
MRNA expression and a significant reduction in the mRNA levels of CD24, OCT4 and SOX2 (Figure 4b).
Some stemness markers (CD24, NANOG, OCT4 and SOX2) presented lower levels in MDA-MB-231 after
ELIT treatment (Figure 4c). ELIT enhanced the CD44/CD24 ratio in MCF7 and MDA-MB-231 cells,
especially in MCF7 (Figure 4d).
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Figure 4. mRNA relative expression of stemness-related genes in T47D (a), MCF7 (b) and MDA-MB-231 (c) ELIT-treated cells compared to
vehicle cells. mRNA relative expressions were normalized using 18S as housekeeping gene and relativized respect to control cells. CD44/CD24
ratio was measured (d). Data are expressed as means + SEM (n = 6). Statistically significant difference between both experimental groups

(Student’s t-test) are represented as # (p < 0.1), * (p < 0.05), ** (p <0.01) and *** (p < 0.001).

3.5. ELIT treatment induced an enrichment in cancer stem cells in T47D and MCF7 cell lines

In T47D, MCF7 and MDA-MB-231 vehicle and ELIT-treated cells mammosphere forming efficiency
(MFE) and size of spheres were analyzed (Figure 5). On all cell lines examined, area of mammospheres
was clearly reduced (Figure 5a). However, ELIT affected differently to the MFE (Figure 5b). The number
of spheres was significantly higher in ELIT-treated T47D cells compared to control (32 + 2 vs 20 + 3
spheres and 2.68 £ 0.18 vs 1.68 + 0.24 in MFE). A modest increase (with p-value < 0.1) of spheres was
observed in MCF7 cells with ELIT treatment (16 + 4 vs 9 + 1 spheres and 1.33 £ 0.30 vs 0.75 £ 0.10 in

12



MFE). No significant differences were found in the number of mammospheres in MDA-MB-231 cells
(28 £ 2 vs 24 = 2 spheres and 2.33 + 0.14 vs 2.00 £ 0.21 in MFE). In summary, ELIT generated
mammospheres with a lower size, and in T47D and MCF7 cell lines increased their number, as shown

in the representative images in Figure 5c.
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Figure 5. Size determination (a) and mammospheres counting in breast cancer cell lines treated with vehicle (DMSQ) and ELIT cells. Cells were
incubated for 48 h with control or ELIT. Mammosphere forming efficiencies (b) were calculated as (number of mammospheres/ number of
seeded cells) * 100. Spheres over 40 um were counted at 4 days after been cultured. Area analysis was performed with ImageJ software
Representative images (c) (100x magnification and scale bar = 100 um) were taken using an inverted microscope. Data are presented as
means + SEM (n = 6). Statistically significant difference between both experimental groups (Student’s t-test) are represented as # (p < 0.1), **

(p<0.01) and *** (p < 0.001).

4, Discussion

In this study, the relative expression of estrogen receptors and mitochondria response, EMT and
stemness gene markers were assessed in ELIT or vehicle-treated human breast cancer cell lines. We
found that ELIT promoted a shift in the ERa/ERS ratio in T47D and MCF7 cells, with an increase in cell
lines with a major expression of ERR and a lower ratio in cell lines that ERa predominates, caused by
an important reduction in gene expression of the main expressed estrogen receptor of each cell line.
Also, in MCF7 cells ELIT overexpressed ERfS, which is known to increase its expression in breast cancer
stem cells 1. However previous studies did not observe this higher ratio in T47D cells and greater ERf8
expression in MCF7 cell line 7. Additionally, we observed a clear reduction in all cell lines of GPER1
expression by ELIT and a decrease in progesterone receptor only in MCF7, which showed that obesity-
related inflammation diminishes hormone receptor expression except ERf[, whose enhance its

importance, in MCF7 cell line.

Referring to mitochondria response, estradiol alone has been described as stimulant for mitochondrial
fusion and as inhibitor for mitochondrial fission in the MCF7 cell line 32. Nevertheless, later studies
evaluated the role of ELIT in mitochondrial function and observed a lower expression of the different
mitochondrial dynamics markers that reflected mitochondrial disfunction and oxidative stress, as well
as an association with a higher invasion and a need to scape. On the other hand, T47D could maintain
mitochondrial network and with a better quality ”. This reduction in mitochondria markers in MCF7
cells after ELIT treatment was also found in this work. Otherwise, in T47D cell line mitochondrial fusion
markers were conserved their gene expression levels, but with an overexpression in fission and,
specially, in mitophagy. This could be due to a possible mechanism to remove damaged mitochondria
and promoting cell survival in these cells, since a role of mitophagy in cell death protection has been
described 3. No marked differences were seen respect to mitochondrial dynamics in MDA-MB-231

which suggest that these cells did not modify their mitochondria response to ELIT.

Moreover, EMT markers gene expression correlated with the above. T47D ELIT-treated cells did not

undergo great changes compared to the other cell lines. However, MCF7 experimented a high
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induction of EMT, specially observed with a significant downexpression of e-cadherin and a dramatic
increase in MMP9 gene expression. Considering the desire of MCF7 cells to scape and develop EMT,
possibly due to the appearance of mitochondrial dysfunction, as well as the suitable mitochondrial
profile of T47D against ELIT stress, mentioned before, these results could be explained. In MDA-MB-
231 there was also a stimulation of EMT due to ELIT treatment similar than in MCF7 cells. In this case
it was expected that a triple-negative cell line could incline to activate the migration mechanisms under
stress generated by ELIT. Noteworthy, other authors described that leptin promoted MMP9
expression in MCF7 and it has observed that in MDA-MB-231 this adipokine increased the gene
expression of EMT markers 343>, Also, TNF-a induced EMT by the activation of Snail and ZEB1 proteins
and could decrease e-cadherin expression in breast cancer cells 36, Thus, these compounds present in

ELIT could be especially implicated with the promotion of EMT in MCF7 and MDA-MB-231 cells.

Breast cancer stem cells (BCSCs) are an important subpopulation present in tumor with a role in its
growth maintaining and progression 3. BCSCs are characterized by a certain expression of some
markers; CD44, CD24 and ALDH. Estrogen decreased the expression of CD24 in ER-a* breast cancer cell
lines and it has been observed as an inductor of CSC phenotype 373, In other case, IL-6 induce more
CD44* T47D cells due to EMT activation, but ELIT did not replicate this scenario 3°. Some studies
described that CD44 high was associated to self-renewal, cell proliferation and migration and ALDH
high was linked to stemness, migration, invasion, and metastasis. However, CD24 low was mainly
associated to cell migration and metastases 130, Our results correlated with these phenomena,
because CD24 was only reduced in MCF7 and MDA-MB-231 cell lines, the possible two cell lines that
ELIT enhanced EMT expression, while in T47D cells was substantial increased after ELIT treatment. In
fact, breast cancer cell subpopulations with CD24- (low) and CD44* (high) were presented a higher
expression of EMT-related genes as MMP9 “°, This is connected to that we observed, because we only
found a greater CD44/CD24 ratio in cell lines with an increase in EMT gene expression, MCF7 and MDA-
MB-231. Furthermore, ALDH was significant overexpressed in MCF7 by ELIT and could promote

migration in this cell line, since is a stronger maker of migration than CD44/CD24 ratio 3042,

Regarding to the other stemness markers, SOX2, which had a marked increase in its gene expression
in T47D and a lower expression in MCF7 and in MDA-MB-231, is known to be involved in the self-
renewal of BCSCs, so SOX2 could contribute to the higher proliferation and stemness of the T47D after
ELIT treatment. Also, NANOG, that can regulate CSCs properties acting together with SOX2 and OCT4
was clearly reduced in MDA-MB-231 2#2, Nonetheless, OCT4 gene expression was reduced in all cell

lines examined. In mammospheres, estrogen treatment produced a lower expression of SOX2, OCT4
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and NANOG, so this could be linked with a decrease in the expression of some of them in adherent

cultures by ELIT 43,

With respect to the mamospheres forming efficiency, our results showed that ELIT enhanced the
appearance of more spheres in T47D and MCF7 cell lines, especially in T47D cells, which means that
these cells have a greater number of cancer stem cells. This is similar than the higher stemness in T47D
observed in 2D cultures. Several studies mentioned that some cytokines and adipokines, as Leptin and
TNF-a, can increase cancer stem cell enrichment 3>44, Additionally, it has been observed that Leptin
increased MFE and a subpopulation with a higher CD44/CD24 ratio 3. Again, these compounds could

influence cancer stem cell subpopulation as affected EMT.

Together these results, suggest that ELIT induced a mitochondria reaction in T47D cells that could
enhance their stemness potential and increased their ERa/ERf ratio. However, in MCF7, which
suffered a shift in estrogen receptor ratio, given importance to ERf, cells did not develop this response,
maybe due to mitochondrial damaged, and cells intends to activate EMT expression and
downexpressed self-renewal markers (Figure 6). Otherwise, MDA-MB-231 response were not linked
to mitochondria. These triple-negative cells maintained the expression of their mitochondria marker
levels, but are cells habituated to experiment EMT. Nonetheless this master’s thesis let future
perspectives to focus on, such as evaluating protein activity, analyze cell migration and invasion with
an obesity-related inflammation and considering new markers to differentiate stemness and

migration.
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Figure 6. Differences in mitochondria response, migration, self-renewal and ERa/ERfS ratio in T47D and MCF7 cell lines after ELIT treatment.
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5. Conclusion

To sum up, the present study was focused on evaluating the mitochondria response to obesity-related
inflammation and to identify a connection with ERa/ERR ratio and the expression of EMT and BCSCs
markers in breast cancer cell lines. Also, the influence of ELIT in cancer stem cell subpopulations was
assessed in mammospheres. Our findings suggest that T47D cell line induced a higher mitophagy and
promoted a self-renewal state instead of cell migration against ELIT stress, while the opposite was
found in the other cell lines, MDA-MB-231 cells, that usually tend to migrate, and MCF7 cells, which
suffered a change in mitochondria response that was not sufficient to promote self-renewal.
Furthermore, ELIT treatment altered differently the estrogen receptor ratio in T47D cells and in MCF7

cells and increased mammosphere formation in both cell lines.

However, further studies are needed to assess the relationship between BCSCs and EMT promotion in
an obesity-related inflammation state and the role of mitochondria to induce these mechanisms, as

well as give more importance to both estrogen receptors, alpha and beta.
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