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Abstract: Persistent challenges complicating the treatment of breast cancer remain, despite some
recent undeniable successes. Sufficient evidence currently exists demonstrating the crucial role
of inflammation, characterized by the enhanced activation of Toll-like receptor 4 (TLR4) and the
COX-2/PGE2 pathway, in the migration and proliferation of breast cancer cells. Interestingly, the
store-operated calcium entry (SOCE) pathway was shown to be essential for the TLR4 activity and
COX-2 expression in immune cells such as macrophages and microglia. However, whether SOCE
influences inflammatory signaling and the inflammation-induced proliferation and migration of
breast cancer cells is still unknown. Thus, the current study intended to delineate the role of SOCE
in the TLR4-induced inflammation, migration, and proliferation of breast cancer cells. To this end,
MDA-MB-231 breast cancer cells were treated with lipopolysaccharide (LPS) to activate TLR4, BTP2
to inhibit SOCE, and Thapsigargin to induce SOCE. Following these treatments, several experiments
were conducted to evaluate the proliferation and migration rates of the MDA-MB-231 cells and the
expression of several inflammatory and oncogenic genes, including COX-2, PGE2, IL-6, IL-8, and
VEGF. Different techniques were used to achieve the aims of this study, including qRT-PCR, Western
blotting, ELISA, MTT, and wound healing assays. This study shows that SOCE inhibition using
BTP2 suppressed the LPS-induced migration and proliferation of breast cancer cells. Additionally,
treatment with LPS caused approximately six- and three-fold increases in COX-2 mRNA and protein
expression, respectively, compared to the controls. The LPS-induced elevations in the COX-2 mRNA
and protein levels were suppressed by BTP2 to the control levels. In addition to its effect on COX-2,
BTP2 also suppressed the LPS-induced productions of PGE2, IL-6, IL-8, and VEGF. Conversely, SOCE
induction using Thapsigargin enhanced the LPS-induced inflammation, migration, and proliferation
of breast cancer cells. Collectively, these results provide evidence for the potentially important role of
SOCE in inflammation-induced breast cancer progression processes. Thus, we argue that the current
study may provide novel targets for designing new therapeutic approaches for the treatment of
breast cancer.
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1. Introduction

Breast cancer is a major healthcare burden that affects women worldwide due to
its high incidence and mortality rates [1]. Other factors, including metastasis and drug
resistance, often add to the complexities and challenges of managing and treating breast
cancer. Therefore, there is a necessity to find novel approaches that aid in combating
this disease.
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Cancer cell invasion is a crucial step in the progression of breast cancer, which is
characterized by the ability of cancer cells to invade the surrounding tissues, ultimately
leading to the metastasis of breast cancer to different organs in the body [2]. This indeed
worsens the prognosis of breast cancer and complicates the therapeutic approaches to
treating the disease. The invasion process is regulated by several cellular mechanisms
and proteins that dictate the rate of this process. One of these proteins is the Vascular
Endothelial Growth Factor (VEGF), which has been previously reported to enhance the
migration and invasion of breast cancer [3]. Inflammation is another factor that influences
the progression of breast cancer, adding to the complexity of breast cancer therapy [4,5].

Copious evidence has emerged linking inflammatory signaling to the pathophysiology
and progression of different types of cancers, including breast cancer [6]. An essential
component of the inflammatory signaling apparatus is the Toll-like receptor (TLR) family.
Toll-like receptor 4 (TLR4) is one member of this family that plays a crucial role in the
innate immune system by activating various inflammatory signaling pathways, leading
to the production of proinflammatory mediators [7]. The most recognized activator of
TLR4 is lipopolysaccharide (LPS), which is a component of the outer membranes of Gram-
negative bacteria [8]. The activation of TLR4 by LPS initiates different molecular signaling
pathways, which include NF-κB, PI3K/AKT, and MAPKs, ultimately resulting in the
production of proinflammatory cytokines, for example, IL-6 and IL-8 [8]. In breast cancer
cells, TLR4 activation promotes the migration of these cells and induces the production of
inflammatory cytokines and oncogenes such as IL-6 and VEGF [9]. Additionally, the siRNA-
mediated knockdown of TLR4 suppresses the proliferation and release of the inflammatory
cytokines, IL-6 and IL-8, in breast cancer cells [10]. Furthermore, TLR4 has been found to
be overexpressed in breast cancer tissue and is the most highly expressed member of the
TLR family in MDA-MB-231 breast cancer cells [9,10].

Another crucial inflammatory pathway that is strongly activated by TLR4 is the
Cyclooxygenase-2 (COX-2)/Prostaglandin E2 (PGE2) pathway [11]. COX-2 expression is
usually upregulated in multiple cancers and is often associated with poor prognoses [12–14].
Like TLR4, the activation of the COX-2/PGE2 pathway has been shown to enhance the
migration of breast cancer cells [15]. These data demonstrate the important role of inflam-
mation, particularly TLR4 and COX-2, in the pathophysiology of breast cancer.

Intracellular calcium is an essential regulator of many key processes in cancer pro-
gression, including proliferation and migration [16]. The activation of Gq-protein-coupled
receptors (GqPCRs) promotes the phospholipase C (PLC)–inositol 1,4,5-trisphosphate (IP3)
signaling pathway, leading to the release of calcium from the endoplasmic reticulum (ER)
to the cytoplasm [17]. The depletion of calcium stores in the ER is sensed by the stromal
interaction molecules (STIMs) STIM1 and STIM2, which are ER-resident proteins that
mainly act as calcium sensors, resulting in their activation [18]. The activated STIM proteins
directly interact with and activate calcium release-activated calcium channels (CRACs),
thereby increasing calcium entry into the cells to replenish the depleted calcium stores of
the ER, in a process known as store-operated calcium entry (SOCE) [18].

Previous studies have illustrated the vital role of SOCE in immune signaling [19]. The
inhibition of the SOCE pathway results in impaired TLR4-mediated immune responses
in the microglia [20] and astrocytes [21]. However, it is not known how SOCE affects the
TLR4 signaling in breast cancer cells. The main objective of the current study is to delineate
the role of the SOCE pathway in regulating the immune signaling in breast cancer cells and
further examine whether this pathway influences the inflammation-induced proliferation
and migration of breast cancer cells.

2. Materials and Methods
2.1. Cell Culture and Reagents

MDA-MB-231 and MCF-7 were utilized as models of human breast cancer and were
obtained from the American Type Culture Collection (Manassas, VA, USA). The cells were
cultured in a 25 cm2 flask with Dulbecco’s Modified Eagle’s Medium (Gibco, Thermo
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Fisher Scientific, Waltham, MA, USA), containing 10% fetal bovine serum (Gibco, Thermo
Fisher Scientific, Waltham, MA, USA) and a 1% penicillin–streptomycin solution (Gibco,
Thermo Fisher Scientific, Waltham, MA, USA). Additionally, the cells were maintained
under optimal conditions at 37 ◦C and 5% CO2. The BTP2, lipopolysaccharide, and
Thapsigargin were bought from MedChemExpress (Monmouth Junction, NJ, USA). Unless
stated otherwise, the cells were treated with the following drug concentrations: BTP2
(1 µM), LPS (10 µg/mL), Thapsigargin (100 nM), and serum-free medium (control).

Since the objective of this study was to examine the role of SOCE in the LPS-induced
signaling and actions in breast cancer cells, we needed a cell line that responds strongly
to LPS to be able to detect the changes that would be induced by the SOCE-modulating
agents such as BTP2 and Thapsigargin. Based on our initial assessment and testing, we
concluded that the MDA-MB-231 cell line was suitable for our study, due to its clear and
strong response to LPS treatment.

2.2. Real-Time Quantitative Reverse Transcription Polymerase Chain Reaction

Total RNA was extracted using the TRIzol-based technique (Invitrogen, Thermo Fisher
Scientific, Waltham, MA, USA), following the manufacturer’s protocol. The total RNA
(1 µg) was reverse transcribed into cDNA, utilizing Reverse Transcription Master Mix for a
qPCR (MedChemExpress, Monmouth Junction, NJ, USA). Low ROX SYBR Green qPCR
Master Mix (MedChemExpress, Monmouth Junction, NJ, USA) was used to perform the
quantitative real-time polymerase chain reaction. The human primers for the studied genes
were purchased from Integrated DNA Technologies (Leven, Belgium) and their forward
and reverse sequences are shown in Table 1. GAPDH, a housekeeping gene, was used
to normalize the gene expression of each studied gene. The 2−∆∆CT method was used to
perform the analyses and the data were presented as fold changes in the gene expressions,
relative to the untreated group.

Table 1. Forward and reverse sequences of primers.

Gene Name Forward Sequence Reverse Sequence

COX-2 5′-CCCTTGGGTGTCAAAGGTAA-3′ 5′-GCCCTCGCTTATGATCTGTC-3′

IL-6 5′-CCAGCTATGAACTCCTTCTC-3′ 5′-GCTTGTTCCTCACATCTCTC-3′

IL-8 5′-AGCCTTCCTGATTTCTGCAG-3′ 5′-GTCCACTCTCAATCACTCTCAG-3′

VEGF 5′-GAGGAGCAGTTACGGTCTGT-3′ 5′-GTAGCTCGTGCTGGTGTT CA-3′

STIM1 5′-GCGGGAGGGTACTGAG-3′ 5′-TCCATGTCATCCACGTCGTCA-3′

STIM2 5′-CCCTCACCACCCGCAACA-3′ 5′-GATGTGTGGCGAGGTTAAGGC-3′

GAPDH 5′-GCCAAGGTCATCCATGACAACT-3′ 5′-GAGGGGCCATCCACAGTCTT-3′

2.3. Wound Healing Assay

A scratch assay was used to assess the migration rates in the different experimental
groups. The cells were grown in 6-well plates, in which a single straight-line scratch
was created in each well on 80% confluent cells using a sterile 200 µL pipette tip. The
cell debris and floating cells were removed via rinsing with phosphate-buffered saline
and the cells were then fed with a fresh complete medium, followed by the treatment
with the designated agents. At the time zero post-scratch, images were acquired and
the cells were then incubated under optimal conditions. Following incubation for 24 h,
images were taken again to assess the impact of the treatment on the cell migration. All
the images were captured at 4X objective using an EVOS XL Core microscope (Thermo
Fisher Scientific, Waltham, MA, USA). ImageJ software (Version 1.50i) (National Institutes
of Health, Bethesda, MD, USA) was used to count the number of migrated cells in the
scratched area.
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2.4. Cell Proliferation Assay

The cell proliferation was assessed using a 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenylt
etrazolium Bromide (MTT) assay. In this experiment, 2.5 × 104 cells were seeded on a
96-well plate and each well contained 100 µL of cell culture medium. The cells were then
treated with the indicated time for each treatment, before MTT was added for 3 h at 37 ◦C
and 5% CO2 in darkness. Dimethyl sulfoxide (100 µL) was subsequently added to dissolve
the formed purple formazan crystals. A microplate reader (BioTek, Elx-800, Taunton, MA,
USA) was used to measure the absorbance of the samples at 570 nm.

2.5. Western Blotting

A radioimmunoprecipitation assay lysis buffer supplemented with a protease inhibitor
cocktail (Santa Cruz Biotechnology, Dallas, TX, USA) was used to extract the whole-cell
lysate proteins. The protein concentration for each protein extract was quantified using a
Pierce bicinchoninic acid protein assay kit (Thermo Scientific, Waltham, MA, USA). The
whole-cell lysate protein (20 g) was run and separated on a 10% SDS-polyacrylamide
gel (10% SDS-PAGE) using gel electrophoresis. The proteins were then transferred into
a polyvinylidene difluoride (PVDF) membrane (Merck Millipore, Darmstadt, Germany)
using electrophoresis. Nonspecific protein bindings were reduced using two hours of
incubation with bovine serum albumin dissolved in 1X Tween Tris-buffered saline (TBST),
then the membrane was washed several times with TBST. Following this, the membrane
was incubated overnight with rabbit polyclonal antibodies against human COX-2 protein
(ABclonal, Woburn, MA, USA) at a concentration of 1:4000 in the refrigerator (4 ◦C) under
constant shaking. The membrane was then incubated for one hour with horseradish
peroxidase goat anti-rabbit IgG antibody (1:10,000). Western blotting luminal reagent
(Santa Cruz Biotechnology, Dallas, TX, USA) was utilized to locate the protein bands over
the membrane using incubation for five minutes in darkness. The Odyssey Imaging System
(LI-COR, Lincoln, NE, USA) was used to capture the images and Image Studio Lite (LI-COR,
USA) was used to quantify the protein expressions. The GAPDH protein (36 kDa) was
utilized as a housekeeping protein.

2.6. Enzyme-Linked Immunosorbent Assay

A prostaglandin E2 enzyme-linked immunosorbent assay kit (Abcam, Cambridge,
UK) was used to quantify the amount of PGE2 in the cell culture medium. The cell
culture medium was collected from each experimental group following the treatment
for an appropriate time. The collected cell culture medium was then centrifuged for
10 min at 1500 rpm and 4 ◦C. The rest of the assay steps were performed according to the
manufacturer’s protocol.

2.7. Statistical Analysis

All the statistical analyses were performed using GraphPad Prism 9 Software (San
Diego, CA, USA). The differences between the two groups were analyzed using Student’s
two-tailed unpaired t-tests, whereas one-way ANOVA tests followed by post hoc Tukey’s
tests were used to compare more than two experimental groups. A p-value of less than 0.05
was considered to be statistically significant.

3. Results
3.1. LPS Treatment Upregulated the Gene Expression of COX-2 and IL-6 in MDA-MB-231 but
Not in MCF-7 Cells

To determine the degree to which the breast cancer cell lines MCF-7 and MDA-MB-
231 responded to the LPS treatment, we treated these cells with LPS and measured the
expressions of the COX-2 and IL-6 genes in both cell lines. The LPS treatment had an
evident effect on the MDA-MB-231 cells, as it significantly enhanced the production of both
IL-6 and COX-2 mRNAs (Figure 1A,C). However, unlike the MDA-MB-231 cells, MCF-7
did not similarly respond to the LPS, as the results showed a lack of response of these
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inflammatory genes to the LPS treatment (Figure 1B,D). Therefore, MDA-MB-231 was
chosen as an appropriate model to conduct this study.
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Figure 1. The effect of LPS treatment on the mRNA expressions of COX-2 and IL-6 in MDA-MB-231
and MCF-7 cells. MDA-MB-231 (A) and MCF-7 (B) cells were either untreated (control) or treated
with LPS (10 µg/mL) for 48 h and COX-2 mRNA expression in both cell lines was assessed using
RT-qPCR. MDA-MB-231 (C) and MCF-7 (D) cells were either untreated (control) or treated with
LPS for 4 h and IL-6 mRNA expression in both cell lines was assessed using RT-qPCR. Expression
of both COX-2 and IL-6 mRNAs was normalized to the housekeeping gene GAPDH, and relative
expression was calculated using the 2−∆∆Ct method. Data are presented as mean ± SEM. Student’s
two-tailed unpaired t-test was used to determine statistical differences, where ** indicates a statistical
significance relative to control. ** p < 0.01.

3.2. SOCE Inhibition Blocked LPS-Induced Activation of the COX-2/PGE2 Pathway

To evaluate the effect of SOCE inhibition on the LPS-induced activation of the COX-
2/PGE2 pathway, we measured the mRNA expression of COX-2, as well as the protein
expressions of both COX-2 and PGE2 in the MDA-MB-231 cells, following the treatment
with LPS alone or in combination with the SOCE inhibitor, BTP2. An RT-qPCR, Western
blotting, and an enzyme-linked immunosorbent assay (ELISA) were used to measure
the mRNA levels of COX-2, the protein expression of COX-2, and the PGE2 production,
respectively. Our results indicate that LPS significantly enhanced the protein and mRNA
levels of COX-2 in MDA-MB-231 (Figure 2A–C). More importantly, the BTP2 treatment
suppressed the LPS-induced gene production of COX-2 (Figure 2B). Similar results were
observed at the protein level, as BTP2 inhibited the LPS-induced production of the COX-2
protein (Figure 2A,B). Additionally, the amount of PGE2 protein released from the cells
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treated with a combination of LPS and BTP2 was lower than the amount of PGE2 released
from the cells treated with the LPS alone (Figure 2D), indicating that BTP2 also suppressed
the LPS-induced PGE2 production in the MDA-MB-231 cells.
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Figure 2. Assessing the LPS-induced activation of the COX-2/PGE2 pathway following SOCE
inhibition. MDA-MB-231 cells were either untreated (control), treated with LPS alone (10 µg/mL),
or treated with both LPS (10 µg/mL) and BTP2 (1 µM) for 24 h and COX-2 protein expression
was measured using Western blotting. GAPDH was used as a loading control. Representative
immunoblot images of COX-2 and GAPDH (A) are displayed. (B) Densitometry quantification of
the band intensities in which the values of band intensities for the protein of interest (COX-2) were
normalized to the values of band intensities for corresponding loading control (GAPDH). (C) MDA-
MB-231 cells were either untreated (control), treated with LPS alone, or treated with both LPS and
BTP2 for 48 h and COX-2 mRNA expression was measured using RT-qPCR. COX-2 mRNA was
normalized to the housekeeping gene control GAPDH and relative expression was calculated using
the 2−∆∆Ct method. (D) MDA-MB-231 cells were either untreated (control), treated with LPS alone, or
treated with both LPS and BTP2 for 24 h before the cell culture medium was collected and PGE2 levels
were measured using ELISA assay. Conversion of raw absorbance values to picograms per milliliter
concentration was conducted using a standard curve, following the manufacturer’s protocol. Data
are presented as mean ± SEM. A one-way ANOVA test followed by post hoc Tukey’s test was used
to compare different experimental groups, where * and # indicate a statistical significance relative to
control and LPS, respectively. # or * p < 0.05 and ## or ** p< 0.01.



Biomedicines 2023, 11, 1637 7 of 15

3.3. SOCE Inhibition Suppressed LPS-Induced Inflammatory Gene Production in
MDA-MB-231 Cells

To further assess the anti-inflammatory effect of BTP2 on the breast cancer cells, we
examined whether the LPS-induced upregulation of the inflammatory cytokines IL-6 and
IL-8 in the MDA-MB-231 cells would be affected by the BTP2 treatment. To this end,
the MDA-MB-231 cells were treated with LPS with and without BTP2. Following these
treatments, an RT-qPCR was conducted to measure the mRNA levels of IL-6 and IL-8 in
the MDA-MB-231 cells. The data showed that the LPS treatment upregulated the mRNA
expressions of both IL-6 and IL-8, and this upregulation was significantly inhibited by the
BTP2 treatment (Figure 3A,B).
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Figure 3. The effect of SOCE inhibition on LPS-induced gene production of IL-6 and IL-8. (A) MDA-
MB-231 cells were either untreated (control), treated with LPS alone (10 µg/mL), or treated with both
LPS (10 µg/mL) and BTP2 (1 µM) for 4 h, and IL-6 mRNA expression was measured using RT-qPCR.
(B) MDA-MB-231 cells were either untreated (control), treated with LPS alone, or treated with both
LPS and BTP2 for 48 h, and IL-8 mRNA expression was measured using RT-qPCR. Expression of both
IL-6 and IL-8 mRNAs was normalized to the housekeeping gene GAPDH and relative expression was
calculated using the 2−∆∆Ct method. Data are presented as mean ± SEM. A one-way ANOVA test
followed by post hoc Tukey’s test was used to compare different experimental groups, where * and #
indicate a statistical significance relative to control and LPS, respectively. # p < 0.05, ** p < 0.01, and
*** p < 0.001.

3.4. LPS-Induced Migration and Proliferation of MDA-MB-231 Cells Were Suppressed by
SOCE Inhibition

We then intended to determine whether BTP2 would also inhibit the LPS-induced
migration and proliferation of the MDA-MB-231 cells. A scratch assay was conducted to
monitor the migration of the MDA-MB-231 cells following the treatments with LPS alone or
in combination with the BTP2 treatment. The results indicated an increase in the migration
of the MDA-MB-231 cells following the LPS treatment, but the BTP2 treatment blocked
the LPS-induced migration of the MDA-MB-231 cells (Figure 4A,B). Next, we sought to
determine the effects of the LPS and BTP2 treatments on the gene expression of VEGF using
an RT-qPCR. The data showed that the LPS treatment increased the expression of the VEGF
mRNA in the MDA-MB-231 cells and the LPS-induced upregulation of VEGF was inhibited
by the BTP2 treatment (Figure 4C). Additionally, we measured the effect of LPS and BTP2
on the proliferation of the MDA-MB-231 cells using an MTT assay. The results indicated
that the LPS treatment enhanced the proliferation of the MDA-MB-231 cells and the BTP2
treatment blocked the LPS-induced proliferation (Figure 4D).
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Figure 4. The effect of SOCE inhibition on LPS-induced migration, VEGF production, and prolif-
eration. A wound healing assay was performed on MDA-MB-231 cells that were either untreated
(control), treated with LPS alone (10 µg/mL), or treated with both LPS (10 µg/mL) and BTP2 (1 µM)
for 24 h. Representative images of the scratch (A) and a graph representing the migration rate (%)
(B) are displayed at time zero and 24 h post-treatment. (C) MDA-MB-231 cells were either untreated
(control), treated with LPS alone, or treated with both LPS and BTP2 for 4 h before the mRNA ex-
pression of VEGF was measured using RT-qPCR. VEGF mRNA was normalized to the housekeeping
gene GAPDH and relative expression was calculated using the 2−∆∆Ct method. (D) MTT assay was
performed to measure cell proliferation after MDA-MB-231 cells were either untreated (control),
treated with LPS alone, or treated with both LPS and BTP2 for 48 h. Data are presented as mean
± SEM. A one-way ANOVA test followed by post hoc Tukey’s test was used to compare different
experimental groups, where * and # indicate a statistical significance relative to control and LPS,
respectively. ## or ** p < 0.01, *** p < 0.001, and #### or **** p < 0.0001.

3.5. Thapsigargin Treatment Potentiated LPS-Induced Production of Inflammatory Genes

The Sarco/endoplasmic reticulum calcium ATPase (SERCA) pump inhibitor Thap-
sigargin is a well-established activator of SOCE in cells and has been used extensively
to trigger calcium entry via the SOCE mechanism, making it a suitable tool for studying
various aspects of SOCE [22]. In our study, we intended to determine whether Thapsigargin
would produce the opposite effects of BTP2 on the actions of LPS in breast cancer cells.
Therefore, the MDA-MB-231 cells were treated with either LPS alone or in combination with
Thapsigargin. Following the treatments, the mRNA expressions of IL-6, IL-8, and COX-2
were measured using an RT-qPCR, and an ELISA was used to measure the PGE2 produc-
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tion in the MDA-MB-231 cells. The results demonstrated that the Thapsigargin treatment
significantly elevated the LPS-induced production of the COX-2 gene, as well as the PGE2
protein, in the MDA-MB-231 cells (Figure 5A,B). In addition, the LPS-induced production
of the IL-6 and IL-8 genes was enhanced by the Thapsigargin treatment (Figure 5C,D).
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Figure 5. Thapsigargin effect on LPS-induced inflammation in MDA-MB-231 cells. MDA-MB-231
cells were either untreated (control), treated with LPS alone (10 µg/mL), or treated with both LPS
(10 µg/mL) and Thapsigargin (100 nM) for 24 h before the mRNA expressions of COX-2 (A), IL-6 (C),
and IL-8 (D) were measured using RT-qPCR. COX-2, IL-6, and IL-8 mRNAs were normalized to
the housekeeping gene GAPDH and relative expression was calculated using the 2−∆∆Ct method.
(B) MDA-MB-231 cells were either untreated (control), treated with LPS alone, or treated with both
LPS and Thapsigargin for 24 h before the cell culture medium was collected and PGE2 levels were
measured using ELISA assay. Conversion of raw absorbance values to picograms per milliliter
concentration was conducted using a standard curve following the manufacturer’s protocol. Data are
presented as mean ± SEM. A one-way ANOVA test followed by post hoc Tukey’s test was used to
compare different experimental groups. * and # indicate a statistical significance relative to control
and LPS, respectively. # or * p < 0.05, ** p < 0.01, ### p < 0.001, and #### or **** p < 0.0001.

3.6. Thapsigargin Enhanced the LPS-Induced Migration and Proliferation of MDA-MB-231 Cells

We next intended to determine whether the effect of the Thapsigargin on the LPS-
induced production of inflammatory genes was accompanied by an impact on the LPS-
induced migration and proliferation of breast cancer cells. To achieve this aim, we repeated
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the scratch assay by treating the cells with Thapsigargin instead of BTP2. The results
indicated that, contrary to BTP2, the Thapsigargin treatment promoted the LPS-induced mi-
gration of the MDA-MB-231 cells (Figure 6A,B). In addition, the LPS-induced proliferation
of the MDA-MB-231 cells was enhanced by the Thapsigargin treatment (Figure 6C).
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Figure 6. Assessment of the LPS-induced migration and proliferation of MDA-MB-231 cells following
LPS and Thapsigargin treatment. A wound healing assay was performed on MDA-MB-231 cells
that were either untreated (control), treated with LPS alone (10 µg/mL), or treated with both LPS
(10 µg/mL) and Thapsigargin (100 nM) for 24 h. Representative images of the scratch (A) and a graph
representing the migration rate (%) (B) are displayed at time zero and 24 post-treatment. (C) MTT
assay was performed to measure cell proliferation after MDA-MB-231 cells were either untreated
(control), treated with LPS alone, or treated with both LPS and Thapsigargin for 24 h. Data are
presented as mean ± SEM. A one-way ANOVA test followed by post hoc Tukey’s test was used to
compare different experimental groups, where * and # indicate a statistical significance relative to
control and LPS, respectively. # or * p < 0.05 and ## or ** p < 0.01.

3.7. LPS Treatment Increased the Gene Expression of STIM2

Throughout the study, we examined the effect of SOCE on the LPS-induced production
of inflammatory genes and the cancer cell migration and proliferation. Here, we sought
to determine the effect of the LPS on the expression of the SOCE-related genes STIM1
and STIM2. The changes in the mRNA expressions of these genes were analyzed via
an RT-qPCR following the LPS treatment of the MDA-MB-231 cells. The LPS treatment
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enhanced the expression of STIM2 in the MDA-MB-231 cells (Figure 7B). However, the LPS
had no significant effect on the STIM1 gene expression (Figure 7A).
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Figure 7. Measurement of LPS-induced changes in the gene expressions of STIM1 and STIM2. MDA-
MB-231 cells were either untreated (control) or treated with LPS (10 µg/mL) for 48 h before the
mRNA expressions of STIM1 (A) and STIM2 (B) were measured using RT-qPCR. STIM1 and STIM2
mRNAs were normalized to the housekeeping gene GAPDH and relative expression was calculated
using the 2−∆∆Ct method. Data are presented as mean ± SEM. Student’s two-tailed unpaired t-test
was used to determine statistical differences, where * indicates a statistical significance relative to
control. * p < 0.05.

4. Discussion

Breast cancer remains a challenging healthcare issue despite continuous advances in
the diagnosis, prevention, and treatment of this disease. Inflammation plays several roles
in the pathophysiology of breast cancer and is one of the factors that leads to cancer pro-
gression and the failure of its treatment [6]. Therefore, novel approaches designed to target
specific cellular pathways to suppress the inflammatory signaling in breast cancer have the
potential to become valuable tools in breast cancer therapy. Our study focused on deter-
mining whether targeting SOCE would be a successful strategy for inhibiting inflammation
and the inflammation-induced proliferation and migration of breast cancer cells.

TLR4 is a pattern recognition receptor and its activation initiates several signaling
cascades that ultimately lead to the production of several pro-inflammatory mediators [7].
This receptor is potently activated by Lipopolysaccharides (LPS), which are outer membrane
components of Gram-negative bacteria [8]. TLR4 activation promotes the migration and
proliferation of breast cancer cells [9,10]. Previous studies have reported that some actions
of TLR4 are enhanced by SOCE in other cells, such as microglia and astrocytes [20,21].
Our study herein was designed to evaluate whether the SOCE pathway can influence the
TLR4 signaling in breast cancer cells and ultimately affect inflammation-induced cancer
progression processes. Collectively, the findings of our study indicated that inhibiting the
SOCE pathway suppressed the TLR4-induced inflammation, migration, and proliferation
of breast cancer cells. Conversely, SOCE activation enhanced the TLR4 induction of these
cancer processes. Thus, and to the best of our knowledge, our study is the first to report that
targeting SOCE can influence the TLR4-induced migration and proliferation of breast cancer
cells, as well as the production of inflammatory and cancer-related genes in these cells.

The LPS induction of inflammatory cytokines in immune cells is well documented, as
these cells highly express TLR4 and respond strongly to LPS treatment [8]. In breast cancer
cells, however, there are conflicting reports regarding the degree of response of breast
cancer cell lines to LPS or other inflammatory stimulants in vitro. For MDA-MB-231 cells, it
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has been reported that these cells display a clear inflammatory response [23,24]. However,
conflicting data exist regarding the response of MCF-7 cells to inflammatory stimulants, as
some studies have reported that LPS induces inflammatory responses in these cells [9,25],
whereas other reports have indicated that LPS treatment or other inflammatory stimulants
provoke little or no inflammatory response in MCF-7 cells compared to MDA-MB-231
cells [26–28]. Furthermore, there is limited information in the literature to confirm whether
LPS increases the production of the inflammatory enzyme COX-2 in both the MCF-7 and
MDA-MB-231 cell lines. Our data showed that LPS increased the production of COX-2
and IL-6 in the MDA-MB-231 cells but not in the MCF-7 cells, thereby supporting the
reports that have demonstrated a poor response of MCF-7 cells to LPS treatment. This is
consistent with previous findings indicating that the TLR4 expression is significantly higher
in MDA-MB-231 cells in comparison to MCF-7 cells, which may explain the differences
observed in the LPS responses between the two cell lines [26,29]. Due to the data reported
here, LPS-treated MDA-MB-231 cells were chosen to be the model used to aid in testing the
hypothesis of this research.

In MDA-MB-231 cells, the results of our study indicated that LPS stimulated the
production of IL-6, IL-8, and COX-2 mRNAs, as well as COX-2 and PGE2 proteins. Notably,
the LPS-induced production of these pro-inflammatory markers was suppressed by the
treatment with BTP2. These data complement previously published findings indicating that
SOCE inhibition decreases the LPS-induced production of some inflammatory mediators
in microglia [20] and macrophages [30], which are immune cells known for their strong
responses to LPS. Additionally, it has been shown that the SOCE inhibitors, SKF-96365 and
2-APB, or the genetic knockdown of STIM1 and ORAI1 suppress the LPS-induced COX-2
production in gastric cancer cells [31]. Nonetheless, our findings showed, for the first time,
that inhibiting SOCE using BTP2 can successfully suppress the TLR4-induced production
of several inflammatory genes in breast cancer cells.

The LPS treatment and TLR4 activation induced other actions in the breast cancer cells,
in addition to an increase in the production of inflammatory mediators. For example, LPS
promoted the migration of the MDA-MB-231 cells and increased the production of VEGF [9].
Additionally, the genetic knockdown of TLR4 inhibited the proliferation of the breast cancer
cells [10]. This prompted us to investigate whether SOCE inhibition would also suppress the
LPS-induced production of VEGF and the migration and proliferation of breast cancer cells.
The results showed that the SOCE inhibitor BTP2 suppressed the LPS-induced migration
and proliferation of breast cancer cells, as well as the LPS-induced VEGF production. These
results further indicated that SOCE inhibition would not only suppress the TLR4-induced
inflammatory signaling in breast cancer cells, but also inhibit TLR4-induced breast cancer
progression processes. The data obtained in this study provide additional evidence linking
SOCE to the pathophysiology of several types of cancer, including colorectal, thyroid,
and breast cancers [32–34]. It should be noted that many other studies have focused
on the role of SOCE solely in other types of cancer, whereas our study investigated the
role of SOCE in the interplay between inflammation and breast cancer. Therefore, an
interesting future research direction would be to expand upon the results of this study and
investigate whether targeting SOCE can affect inflammation-induced cancer progression in
other types of cancer, where it has been established that inflammation plays a role in their
pathophysiology.

Thapsigargin is a compound that increases SOCE by inhibiting Sarco/endoplasmic
reticulum calcium ATPase (SERCA), thereby causing a calcium depletion in the endo-
plasmic reticulum [22]. A significant number of studies have investigated the role of
Thapsigargrin in several physiological and pathophysiological conditions, including can-
cer [35]. In immune cells, it has been shown that Thapsigargin enhances the LPS-induced
production of COX-2 and other inflammatory mediators [20]. After we observed the effects
of inhibiting SOCE using BTP2 on LPS-induced actions, we investigated whether SOCE
activation using Thapsigargin would produce opposite effects in LPS-treated breast cancer
cells. The data indicate that Thapsigargin potently enhanced the LPS-induced production
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of inflammatory genes in breast cancer cells, which is consistent with observations of its
effects in immune cells. Thapsigargin also stimulated the LPS-induced migration and
proliferation of breast cancer cells, which appears to be the opposite response to what was
observed for BTP2. This result provides further evidence indicating that targeting SOCE,
either by activation or inhibition, influences the TLR4-induced inflammation, proliferation,
and migration of breast cancer cells. The fact that the SOCE inhibitor BTP2 suppressed the
TLR4 signaling in breast cancer cells, whereas the SOCE activator Thapsigargin enhanced
this signaling pathway further, suggested that the effect observed on the TLR4 signaling
was mainly due to their actions on SOCE, rather than any unique non-specific actions of
either drug.

Although the focus of our research was to investigate the influence of SOCE on the
LPS-mediated signaling in breast cancer cells, we also examined the effect of LPS on the
expression of the SOCE-related genes STIM1 and STIM2. This question was previously
proposed in a few studies on immune cells and lung endothelial cells. The data obtained
from these studies indicated that, in lung endothelial cells, LPS enhanced the mRNA
expression of STIM1 but not that of STIM2 [36]. On the other hand, in microglia, LPS
enhanced the protein expression of STIM2 [20]. This is interesting, since it has been
suggested previously that STIM2, and not STIM1, may play a more prominent role in
mediating the LPS-induced production of inflammatory mediators in macrophages [30].
The data we obtained in our study were similar to what has been observed for immune
cells, as we reported that LPS induced the mRNA expression of STIM2 but not STIM1.
Certainly, these results are preliminary and further investigation is warranted to delineate
the specific roles that each protein in the SOCE pathway play in mediating the TLR4-
induced inflammation and cancer progression of breast cancer cells. This can be achieved
by future studies utilizing techniques including siRNA to perform a specific knockdown
of STIM1 and STIM2, which will enable researchers to identify the specific roles of these
proteins in the TLR4-induced signaling of breast cancer cells.

In addition to promoting migration and proliferation, inflammation is also involved in
mediating the chemoresistance of several types of cancers, including breast cancer [37]. In-
terestingly, our previous study provided evidence indicating that targeting SOCE enhances
cell death and suppresses inflammation following chemotherapeutic treatment in breast
cancer cells [38]. This indicates that targeting SOCE may have broader applications in
influencing the variety of cancer-promoting effects of the inflammatory signaling in breast
cancer, such as migration, proliferation, and chemoresistance.

In conclusion, although additional investigative work is needed to further establish the
specificity and efficacy of targeting SOCE in breast cancer, as well as other types of cancer,
the results obtained in this study provide evidence indicating that targeting the SOCE
pathway can be a potentially valuable therapeutic approach for inhibiting inflammation-
induced breast cancer progression processes.

Author Contributions: Conceptualization, M.A. and A.S.A.; Methodology, M.A., A.S.A., H.O.A.,
M.M., H.N.A. and K.A.; Software, M.A., A.S.A., M.M.A. and A.Z.A.; Validation, M.A., A.S.A.,
H.O.A. and A.F.A.; Formal analysis, M.A., A.S.A., H.O.A., M.M.A., Y.A.A. and H.N.A.; Investigation,
M.A., A.S.A., H.O.A., M.M.A., A.M.A., M.M. and Y.A.A.; Resources, M.A., A.S.A. and A.M.B.; Data
curation, M.A., A.S.A., H.O.A. and M.M.A.; Writing—original draft, M.A.; writing—review & editing,
M.A., A.S.A., M.M.A. and O.A.A.; Visualization, A.M.B., A.F.A., H.N.A., K.A., A.Z.A. and O.A.A.;
Supervision, M.A. and A.M.B.; Project administration, M.A.; Funding acquisition, M.A. and A.S.A.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Deputyship for Research & Innovation, Ministry of
Education in Saudi Arabia, project number IFKSUDR_H199.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Biomedicines 2023, 11, 1637 14 of 15

Data Availability Statement: All data that support the findings of this study are available within
the article.

Acknowledgments: The authors extend their appreciation to the Deputyship for Research & Inno-
vation, Ministry of Education in Saudi Arabia for funding this research work through the project
number IFKSUDR_H199.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics, 2022. CA. Cancer J. Clin. 2022, 72, 7–33. [CrossRef]
2. Hanahan, D.; Weinberg, R.A. Hallmarks of Cancer: The Next Generation. Cell 2011, 144, 646–674. [CrossRef]
3. Perrot-Applanat, M.; Di Benedetto, M. Autocrine Functions of VEGF in Breast Tumor Cells. Cell Adh. Migr. 2012, 6, 547–553.

[CrossRef] [PubMed]
4. Takeuchi, Y.; Gotoh, N. Inflammatory cytokine-enriched microenvironment plays key roles in the development of breast cancers.

Cancer Sci. 2023, 114, 1792–1799. [CrossRef] [PubMed]
5. Huang, A.; Cao, S.; Tang, L. The Tumor Microenvironment and Inflammatory Breast Cancer. J. Cancer 2017, 8, 1884–1891.

[CrossRef]
6. Zhao, H.; Wu, L.; Yan, G.; Chen, Y.; Zhou, M.; Wu, Y.; Li, Y. Inflammation and Tumor Progression: Signaling Pathways and

Targeted Intervention. Signal Transduct. Target. Ther. 2021, 6, 263. [CrossRef]
7. Bell, E. TLR4 Signalling. Nat. Rev. Immunol. 2008, 8, 241. [CrossRef]
8. Lu, Y.-C.; Yeh, W.-C.; Ohashi, P.S. LPS/TLR4 Signal Transduction Pathway. Cytokine 2008, 42, 145–151. [CrossRef]
9. Yang, H.; Wang, B.; Wang, T.; Xu, L.; He, C.; Wen, H.; Yan, J.; Su, H.; Zhu, X. Toll-Like Receptor 4 Prompts Human Breast Cancer

Cells Invasiveness via Lipopolysaccharide Stimulation and Is Overexpressed in Patients with Lymph Node Metastasis. PLoS
ONE 2014, 9, e109980. [CrossRef]

10. Yang, H.; Zhou, H.; Feng, P.; Zhou, X.; Wen, H.; Xie, X.; Shen, H.; Zhu, X. Reduced Expression of Toll-like Receptor 4 Inhibits
Human Breast Cancer Cells Proliferation and Inflammatory Cytokines Secretion. J. Exp. Clin. Cancer Res. 2010, 29, 92. [CrossRef]
[PubMed]

11. Lin, A.; Wang, G.; Zhao, H.; Zhang, Y.; Han, Q.; Zhang, C.; Tian, Z.; Zhang, J. TLR4 Signaling Promotes a COX-2/PGE 2 /STAT3
Positive Feedback Loop in Hepatocellular Carcinoma (HCC) Cells. Oncoimmunology 2016, 5, e1074376. [CrossRef] [PubMed]

12. Wang, D.; DuBois, R.N. The Role of COX-2 in Intestinal Inflammation and Colorectal Cancer. Oncogene 2010, 29, 781–788.
[CrossRef]

13. Petkova, D.K.; Clelland, C.; Ronan, J.; Pang, L.; Coulson, J.M.; Lewis, S.; Knox, A.J. Overexpression of Cyclooxygenase-2 in
Non-Small Cell Lung Cancer. Respir. Med. 2004, 98, 164–172. [CrossRef] [PubMed]

14. Shim, J.Y.; An, H.J.; Lee, Y.H.; Kim, S.K.; Lee, K.P.; Lee, K.S. Overexpression of Cyclooxygenase-2 Is Associated with Breast
Carcinoma and Its Poor Prognostic Factors. Mod. Pathol. 2003, 16, 1199–1204. [CrossRef]

15. Kim, M.-J.; Kim, H.-S.; Lee, S.-H.; Yang, Y.; Lee, M.-S.; Lim, J.-S. NDRG2 Controls COX-2/PGE2-Mediated Breast Cancer Cell
Migration and Invasion. Mol. Cells 2014, 37, 759–765. [CrossRef]

16. Zheng, S.; Wang, X.; Zhao, D.; Liu, H.; Hu, Y. Calcium Homeostasis and Cancer: Insights from Endoplasmic Reticulum-Centered
Organelle Communications. Trends Cell Biol. 2023, 33, 312–323. [CrossRef]

17. Putney, J.W.; Tomita, T. Phospholipase C Signaling and Calcium Influx. Adv. Biol. Regul. 2012, 52, 152–164. [CrossRef] [PubMed]
18. Nguyen, N.T.; Han, W.; Cao, W.; Wang, Y.; Wen, S.; Huang, Y.; Li, M.; Du, L.; Zhou, Y. Store-Operated Calcium Entry Mediated by

ORAI and STIM. In Comprehensive Physiology; Wiley: Hoboken, NJ, USA, 2018; pp. 981–1002.
19. Shaw, P.J.; Feske, S. Regulation of Lymphocyte Function by ORAI and STIM Proteins in Infection and Autoimmunity. J. Physiol.

2012, 590, 4157–4167. [CrossRef]
20. Wendimu, M.Y.; Alqinyah, M.; Vella, S.; Dean, P.; Almutairi, F.; Davila-Rivera, R.; Rayatpisheh, S.; Wohlschlegel, J.; Moreno, S.;

Hooks, S.B. RGS10 Physically and Functionally Interacts with STIM2 and Requires Store-Operated Calcium Entry to Regulate
pro-Inflammatory Gene Expression in Microglia. Cell. Signal. 2021, 83, 109974. [CrossRef]

21. Birla, H.; Xia, J.; Gao, X.; Zhao, H.; Wang, F.; Patel, S.; Amponsah, A.; Bekker, A.; Tao, Y.-X.; Hu, H. Toll-like Receptor 4 Activation
Enhances Orai1-Mediated Calcium Signal Promoting Cytokine Production in Spinal Astrocytes. Cell Calcium 2022, 105, 102619.
[CrossRef]

22. Bird, G.S.; DeHaven, W.I.; Smyth, J.T.; Putney, J.W. Methods for Studying Store-Operated Calcium Entry. Methods 2008, 46,
204–212. [CrossRef] [PubMed]

23. Al-Rashed, F.; Thomas, R.; Al-Roub, A.; Al-Mulla, F.; Ahmad, R. LPS Induces GM-CSF Production by Breast Cancer MDA-MB-231
Cells via Long-Chain Acyl-CoA Synthetase 1. Molecules 2020, 25, 4709. [CrossRef]

24. Go, J.; Wei, J.; Park, J.; Ahn, K.; Kim, J. Wogonin suppresses the LPS-enhanced invasiveness of MDA-MB-231 breast cancer cells by
inhibiting the 5-LO/BLT2 cascade. Int. J. Mol. Med. 2018, 42, 1899–1908. [CrossRef]

25. Seol, M.-A.; Park, J.-H.; Jeong, J.H.; Lyu, J.; Han, S.Y.; Oh, S.-M. Role of TOPK in Lipopolysaccharide-Induced Breast Cancer Cell
Migration and Invasion. Oncotarget 2017, 8, 40190–40203. [CrossRef]

https://doi.org/10.3322/caac.21708
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.4161/cam.23332
https://www.ncbi.nlm.nih.gov/pubmed/23257828
https://doi.org/10.1111/cas.15734
https://www.ncbi.nlm.nih.gov/pubmed/36704829
https://doi.org/10.7150/jca.17595
https://doi.org/10.1038/s41392-021-00658-5
https://doi.org/10.1038/nri2301
https://doi.org/10.1016/j.cyto.2008.01.006
https://doi.org/10.1371/journal.pone.0109980
https://doi.org/10.1186/1756-9966-29-92
https://www.ncbi.nlm.nih.gov/pubmed/20618976
https://doi.org/10.1080/2162402X.2015.1074376
https://www.ncbi.nlm.nih.gov/pubmed/27057441
https://doi.org/10.1038/onc.2009.421
https://doi.org/10.1016/j.rmed.2003.09.006
https://www.ncbi.nlm.nih.gov/pubmed/14971881
https://doi.org/10.1097/01.MP.0000097372.73582.CB
https://doi.org/10.14348/molcells.2014.0232
https://doi.org/10.1016/j.tcb.2022.07.004
https://doi.org/10.1016/j.advenzreg.2011.09.005
https://www.ncbi.nlm.nih.gov/pubmed/21933679
https://doi.org/10.1113/jphysiol.2012.233221
https://doi.org/10.1016/j.cellsig.2021.109974
https://doi.org/10.1016/j.ceca.2022.102619
https://doi.org/10.1016/j.ymeth.2008.09.009
https://www.ncbi.nlm.nih.gov/pubmed/18929662
https://doi.org/10.3390/molecules25204709
https://doi.org/10.3892/ijmm.2018.3776
https://doi.org/10.18632/oncotarget.15360


Biomedicines 2023, 11, 1637 15 of 15

26. Mehmeti, M.; Allaoui, R.; Bergenfelz, C.; Saal, L.H.; Ethier, S.P.; Johansson, M.E.; Jirström, K.; Leandersson, K. Expression of
Functional Toll like Receptor 4 in Estrogen Receptor/Progesterone Receptor-Negative Breast Cancer. Breast Cancer Res. 2015,
17, 130. [CrossRef] [PubMed]

27. Faggioli, L.; Costanzo, C.; Merola, M.; Bianchini, E.; Furia, A.; Carsana, A.; Palmieri, M. Nuclear Factor k B (NF-k B), Nuclear
Factor Interleukin-6 (NFIL-6 or C/EBPbeta) and Nuclear Factor Interleukin-6beta (NFIL6-Beta or C/EBPdelta) Are Not Sufficient
to Activate the Endogenous Interleukin-6 Gene in the Human Breast Carcinoma Cell Line MCF-7. Eur. J. Biochem. 1996, 239,
624–631. [CrossRef] [PubMed]

28. Liu, X.; Yao, J.J.; Chen, Z.; Lei, W.; Duan, R.; Yao, Z. Lipopolysaccharide Sensitizes the Therapeutic Response of Breast Cancer to
IAP Antagonist. Front. Immunol. 2022, 13, 906357. [CrossRef]

29. Wu, K.; Zhang, H.; Fu, Y.; Zhu, Y.; Kong, L.; Chen, L.; Zhao, F.; Yu, L.; Chen, X. TLR4/MyD88 Signaling Determines the Metastatic
Potential of Breast Cancer Cells. Mol. Med. Rep. 2018, 18, 3411–3420. [CrossRef]

30. Sogkas, G.; Stegner, D.; Syed, S.N.; Vögtle, T.; Rau, E.; Gewecke, B.; Schmidt, R.E.; Nieswandt, B.; Gessner, J.E. Cooperative and
Alternate Functions for STIM1 and STIM2 in Macrophage Activation and in the Context of Inflammation. Immun. Inflamm. Dis.
2015, 3, 154–170. [CrossRef]

31. Wong, J.-H.; Ho, K.-H.; Nam, S.; Hsu, W.-L.; Lin, C.-H.; Chang, C.-M.; Wang, J.-Y.; Chang, W.-C. Store-Operated Ca2+ Entry
Facilitates the Lipopolysaccharide-Induced Cyclooxygenase-2 Expression in Gastric Cancer Cells. Sci. Rep. 2017, 7, 12813.
[CrossRef]

32. Gu, C.; Zhang, W.; Yang, E.; Gu, C.; Zhang, Z.; Ke, J.; Wang, X.; Wu, S.; Li, S.; Wu, F. Blockage of Orai1-Nucleolin Interaction
Meditated Calcium Influx Attenuates Breast Cancer Cells Growth. Oncogenesis 2022, 11, 55. [CrossRef]

33. Asghar, M.Y.; Lassila, T.; Paatero, I.; Nguyen, V.D.; Kronqvist, P.; Zhang, J.; Slita, A.; Löf, C.; Zhou, Y.; Rosenholm, J.; et al.
Stromal Interaction Molecule 1 (STIM1) Knock down Attenuates Invasion and Proliferation and Enhances the Expression of
Thyroid-Specific Proteins in Human Follicular Thyroid Cancer Cells. Cell. Mol. Life Sci. 2021, 78, 5827–5846. [CrossRef] [PubMed]

34. Wang, J.-Y.; Sun, J.; Huang, M.-Y.; Wang, Y.-S.; Hou, M.-F.; Sun, Y.; He, H.; Krishna, N.; Chiu, S.-J.; Lin, S.; et al. STIM1
Overexpression Promotes Colorectal Cancer Progression, Cell Motility and COX-2 Expression. Oncogene 2015, 34, 4358–4367.
[CrossRef]

35. Jaskulska, A.; Janecka, A.E.; Gach-Janczak, K. Thapsigargin—From Traditional Medicine to Anticancer Drug. Int. J. Mol. Sci. 2020,
22, 4. [CrossRef] [PubMed]

36. DebRoy, A.; Vogel, S.M.; Soni, D.; Sundivakkam, P.C.; Malik, A.B.; Tiruppathi, C. Cooperative Signaling via Transcription Factors
NF-KB and AP1/c-Fos Mediates Endothelial Cell STIM1 Expression and Hyperpermeability in Response to Endotoxin. J. Biol.
Chem. 2014, 289, 24188–24201. [CrossRef] [PubMed]

37. Vyas, D.; Laput, G.; Vyas, A. Chemotherapy-Enhanced Inflammation May Lead to the Failure of Therapy and Metastasis. Onco.
Targets. Ther. 2014, 7, 1015–1023. [CrossRef]

38. Alhamed, A.S.; Alqinyah, M.; Alsufayan, M.A.; Alhaydan, I.A.; Alassmrry, Y.A.; Alnefaie, H.O.; Algahtani, M.M.; Alghaith, A.F.;
Alhamami, H.N.; Albogami, A.M.; et al. Blockade of Store-Operated Calcium Entry Sensitizes Breast Cancer Cells to Cisplatin
Therapy via Modulating Inflammatory Response. Saudi Pharm. J. 2023, 31, 245–254. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13058-015-0640-x
https://www.ncbi.nlm.nih.gov/pubmed/26392082
https://doi.org/10.1111/j.1432-1033.1996.0624u.x
https://www.ncbi.nlm.nih.gov/pubmed/8774705
https://doi.org/10.3389/fimmu.2022.906357
https://doi.org/10.3892/mmr.2018.9326
https://doi.org/10.1002/iid3.56
https://doi.org/10.1038/s41598-017-12648-1
https://doi.org/10.1038/s41389-022-00429-z
https://doi.org/10.1007/s00018-021-03880-0
https://www.ncbi.nlm.nih.gov/pubmed/34155535
https://doi.org/10.1038/onc.2014.366
https://doi.org/10.3390/ijms22010004
https://www.ncbi.nlm.nih.gov/pubmed/33374919
https://doi.org/10.1074/jbc.M114.570051
https://www.ncbi.nlm.nih.gov/pubmed/25016017
https://doi.org/10.2147/OTT.S60114
https://doi.org/10.1016/j.jsps.2022.12.009

	Introduction 
	Materials and Methods 
	Cell Culture and Reagents 
	Real-Time Quantitative Reverse Transcription Polymerase Chain Reaction 
	Wound Healing Assay 
	Cell Proliferation Assay 
	Western Blotting 
	Enzyme-Linked Immunosorbent Assay 
	Statistical Analysis 

	Results 
	LPS Treatment Upregulated the Gene Expression of COX-2 and IL-6 in MDA-MB-231 but Not in MCF-7 Cells 
	SOCE Inhibition Blocked LPS-Induced Activation of the COX-2/PGE2 Pathway 
	SOCE Inhibition Suppressed LPS-Induced Inflammatory Gene Production in MDA-MB-231 Cells 
	LPS-Induced Migration and Proliferation of MDA-MB-231 Cells Were Suppressed by SOCE Inhibition 
	Thapsigargin Treatment Potentiated LPS-Induced Production of Inflammatory Genes 
	Thapsigargin Enhanced the LPS-Induced Migration and Proliferation of MDA-MB-231 Cells 
	LPS Treatment Increased the Gene Expression of STIM2 

	Discussion 
	References

