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Abstract

Background: Cellular stress can arise from external and internal stimuli and induce mechanisms that either maintain survival or activate
cell death pathways. Nuclear factor kappa B (NF-kB) is a key transcription factor that mediates a range of responses to cellular stress,
including senescence, DNA repair, and inflammation in breast cancer; however, there are currently limited biomarkers that identify its
activation. CalRexin™, a monoclonal antibody that targets the human calcitonin receptor, was investigated as a novel biomarker for
cell stress associated with NF-«xB activation. Methods: Triple-negative breast cancer cell lines MDA-MB-231 and MDA-MB-468 were
treated with lipopolysaccharide (LPS) to induce NF-kB-mediated cellular stress or treated with the cytotoxin staurosporine to induce
apoptosis as a positive control. CalRexin™ and Annexin V positivity were investigated by flow cytometry and immunofluorescence.
Results: Flow cytometry analysis revealed a dose- and time-dependent increase in the mean fluorescence intensity of CalRexin™ fol-
lowing LPS treatment of breast cancer cells. The mean fluorescence intensity of Annexin V, as a marker of apoptosis was not increased
by LPS treatment and the cells remained viable. Immunofluorescence imaging demonstrated CalRexin™ positivity in LPS-stimulated
cells accompanied by nuclear translocation of NF-kB. Conclusion: Increased expression of calcitonin receptor, identified using the novel
CalRexin™ antibody, has potential use as a biomarker for NF-kB-mediated cellular stress in breast cancer cells.
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1. Introduction Lipopolysaccharide (LPS) is a major surface molecule
of Gram-negative bacteria, and is frequently used in vitro
as a model activator of the NF-kB signalling pathway [9].
LPS has been shown to induce cellular stress responses, in-
cluding autophagy [10] and oxidative stress [11] in multi-
ple cell types. The most well-characterised effects of LPS
on biological processes are mediated through the toll-like
receptor 4 (TLR4)/NF-kB pathway. Binding of LPS to
TLR4 activates myeloid differentiation primary response
88 (MYD88) and TIR-domain-containing adaptor-inducing
interferon-beta (TRIF) leading to NF-«xB activation. Sus-
tained activation of this pathway can promote unresolved
inflammation and cellular stress responses [12]. Tradition-
ally, NF-kB activation is monitored by detecting protein ac-
tivity in its pathway, including degradation of the inhibitor

Cell stress is a state of dysfunction where cells initiate
molecular responses to maintain their survival or undergo
apoptosis [1]. Various stimuli trigger cellular stress, includ-
ing heat shock, radiation, hypoxia, oxidants, tissue injury,
and infection [2]. Cells respond to stress through multiple
mechanisms that determine the cell’s destiny depending on
the nature and duration of the stress as well as the cell type
[3]. Cancer cells can co-opt these mechanisms to overcome
apoptotic signals and increase survival [4].

Nuclear factor kappa B (NF-kB) is a transcription fac-
tor family made up of five protein subunits with diverse
roles in cancer [5]. NF-kB is activated during cellular
stress and regulates a broad range of responses including
inflammation, cell proliferation and apoptosis in a cell and

context-dependent manner [6]. In normal mammary tissue,
NF-«kB activation contributes to the stress responses asso-
ciated with forced weaning, leading to mammary gland in-
volution [7]. In breast cancer, NF-kB can become constitu-
tively activated and promote cancer cell “stemness” which
is associated with chemoresistance and enhanced cell sur-
vival [8].

of'kappa B (IKB) protein and phosphorylation of IKB alpha
and IKB beta [13]. However, a limitation of these mark-
ers is their requirement for cell fixation or invasive protein
extraction. This prevents the tracking of NF-kB-mediated
stress dynamics responses in living cells.

Calcitonin receptor is a seven-transmembrane G-
protein coupled receptor broadly expressed throughout
mammalian development and adulthood [14]. It plays a piv-
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otal role in calcium homeostasis through its interaction with
the hormone calcitonin, inhibiting bone resorption through
regulating the activity of osteoclasts [15], and also con-
tributes to cell growth, differentiation and tissue develop-
ment [15]. Increasing evidence indicates that the calcitonin
receptor is linked to pre-apoptotic cellular stress responses
[16]. In response to stressors, calcitonin receptor signalling
can promote either cell survival or apoptosis in a context-
dependent manner [17,18]. Upon activation, the calcitonin
receptor upregulates adenylate cyclase activity and down-
stream cyclic AMP signalling pathways inducing protein
kinase A [15]. These signalling events can modulate key
molecular programs in directing cell fate decisions between
apoptosis or survival [19].

The role of the calcitonin receptor in breast cancer de-
velopment and progression remains unclear. /n vitro studies
demonstrate that interaction between calcitonin and its re-
ceptor reduces breast cancer cell invasion and promotes sur-
vival under cellular stress [20]. On the other hand, knock-
down of the calcitonin receptor has been shown to suppress
cell proliferation by inducing apoptosis in various cancer
cell lines, including those from prostate cancer and non-
small-cell lung cancer [21,22]. Interestingly, mRNA en-
coding the calcitonin receptor is downregulated in more ag-
gressive human breast cancers, suggesting its role as a po-
tential biomarker of tumour behaviour and stress adapta-
tion [23,24]. The cell-surface expression of the calcitonin
receptor offers distinct advantages compared with quantify-
ing intracellular proteins that are subject to rapid degrada-
tion, phosphorylation, or subcellular translocation as a po-
tential indicator of NF-kB-mediated stress response. Here,
we use the novel calcitonin receptor antibody CalRexin™,
which binds an extracellular epitope on live cells, to inves-
tigate the calcitonin receptor as a novel marker associated
with NF-kB-mediated cellular stress in the context of breast
cancer.

2. Materials and Methods
2.1 Reagents and Breast Cancer Cell Lines

Human malignant mammary epithelial cell lines
MDA-MB-231 and MDA-MB-468 were obtained from the
American Type Culture Collection (ATCC, Manassas, VA,
USA) validated by STR profiling. All cell lines were rou-
tinely screened for mycoplasma contamination employing
established qPCR protocol and specific primers [25]. These
cell lines were selected for this research as NF-xB activa-
tion has been well-characterised [26]. These studies used
staurosporine (Sigma-Aldrich; Saint Louis, MO, USA;
Cat#S5921) and lipopolysaccharide (LPS) isolated from
Escherichia Coli O111:B4 (Sigma-Aldrich; Cat# L2630).

2.2 Cell Culture and Experimental Treatments

Breast cancer cell lines were cultured in Dul-
becco’s Modified Eagle’s Medium (DMEM) with high
glucose (Thermo Fisher Scientific, Waltham, MA, USA;

Cat#D5796), supplemented with 10% Fetal Bovine Serum
(FBS; Thermo Fisher Scientific; Cat#A5670701), 1%
penicillin/streptomycin (Life Technologies, Carlsbad, CA,
USA,; Cat#15240062). Cells were then maintained at 37 °C
in a humidified incubator with 5% COx.

At 80-90% confluency, cells were seeded into sterile,
flat-bottom 24-well plates (Greiner Bio-One, Kremsmiin-
ster, Austria; Cat#662160). MDA-MB-231 cells were
seeded at 0.1 x 108 cells per well, MDA-MB-468 cells at
0.5 x 10° per well, in 500 pL of complete medium. Af-
ter 24 h to allow cell attachment, media were replaced with
fresh DMEM containing LPS at final concentrations of 0,
5, 10, 25, or 50 pg/mL. Untreated wells served as nega-
tive controls, while wells treated with 1uM staurosporine
served as positive controls. Staurosporine induces cellular
stress and programmed cell death by blocking the activity
of protein kinases [27], with calcitonin receptor expression
previously demonstrated as an early biomarker of this pro-
cess [16]. For dose-response experiments, cells were har-
vested 19 h after treatment according to previous studies
using CalRexin™ antibody [16]. For time-course experi-
ments, cells were treated with 10 pg/mL LPS and collected
after 6, 24, or 48 h. For NF-«kB nuclear translocation exper-
iments, cells were treated with10 pg/mL LPS and collected
after 4 h, according to previous studies on NF-kB activation
[28]. Cells were washed twice with Dulbecco’s Phosphate-
Buffered Saline (DPBS; Gibco, Thermo Fisher Scientific;
Cat#14190144) and detached using 0.25% trypsin-EDTA
(Thermo Fisher Scientific; Cat#25200056) prior to flow cy-
tometry procedure. All groups were treated identically, and
trypsin exposure was minimised.

2.3 Flow Cytometry

At each time point and LPS concentration, 0.3 x 106
cells were harvested and washed once with ice-cold DPBS,
and once with freshly prepared FACS buffer (DPBS con-
taining 1% FBS and 0.05% sodium azide; Sigma-Aldrich;
Cat#S8032). Cells were incubated with Human BD Fc
Block (1:50 dilution; BD Pharmingen, San Jose, CA, USA;
Cat# 564220) for 15 min at room temperature, washed with
FACS buffer, and centrifuged at 300 x g for 5 min at 4 °C.

Viability staining was performed using propidium io-
dide (PI; 1.3 ug/mL; BioLegend, San Diego, CA, USA;
Cat# 421301) for 5 min at room temperature, followed
by washing with FACS buffer. Calcitonin receptor was
detected using CalRexin™:647 (Apop Biosciences, Mel-
bourne, Victoria, Australia, 1 mg/mL) at a 1:50 dilution,
with incubation for 30 min at 37 °C, according to the man-
ufacturer’s instructions. As CalRexin™ binds an extra-
cellular epitope of calcitonin receptor and is accumulated
into live cells, CalRexin™ positivity may be a combination
of cell surface expression and intracellular accumulation.
Cells were then washed in FACS buffer and stained with
APC/Fire™ 750 Annexin V (BioLegend; Cat# 640953) at
a 1:100 dilution in Annexin V binding buffer (BioLegend;
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Cat# 422201) for 15 min at room temperature. Cells were
resuspended in 200 pL Annexin V binding buffer and trans-
ferred to FACS tubes.

Flow cytometry was performed using a Cytek Aurora
spectral flow cytometer (Cytek Biosciences, Fremont, CA,
USA), with acquisition of a minimum of 30,000 events per
sample. Unstained cells were used to assess autofluores-
cence. Heat-killed breast cancer cells (60 °C for 5 min)
served positive control for PI staining. Single-stained con-
trols were generated using cells treated with 1 pM stau-
rosporine and stained individually with each fluorophore to
enable spectral unmixing and background correction. Data
were analysed using FlowJo v10.10.0 (FlowJo LLC, Ash-
land, OR, USA). Marker expression was quantified as ge-
ometric mean fluorescence intensity (GMFI). Debris was
excluded using forward scatter (FSC-A), and doublets were
excluded using FSC-H versus FSC-A gating.

2.4 Immunofluorescence Staining

Breast cancer cells were seeded at 0.5 x 105 cells per
chamber onto 8-chamber slides (Sarstedt, Niimbrecht, Ger-
many; Cat# 6170.802) and incubated overnightat37 °Cina
humidified incubator with 5% CO5. Cells were treated with
10 pg/mL LPS or 1 uM staurosporine for 19 h, then were
fixed with fresh 4% paraformaldehyde for 20 min at room
temperature. Cells were permeabilised with 0.1% Triton X-
100 for 10 min at room temperature. Each step is followed
by gentle washed twice with PBS.

Blocking was performed using 10% goat serum
(Sigma-Aldrich; Cat# G9023) in PBS for 1 h at room
temperature.  Slides were gently washed, then incu-
bated overnight at 4 °C with a primary polyclonal anti-
body against NF-kB p65 (Abcam, Cambridge, UK; Cat#
ab16502; 1:300 dilution) in PBS containing 1% bovine
serum albumin (BSA; Sigma-Aldrich, Cat# A5611). Fol-
lowing washing, slides were incubated with Alexa Fluor
568-conjugated goat anti-rabbit IgG (H+L) secondary an-
tibody (Invitrogen, Carlsbad, CA, USA; Cat# A-11036;
1:500 dilution) for 1 h at room temperature. Slides were
then incubated overnight at 4 °C with CalRexin™:488
(Apop Biosciences, Australia, 1 mg/mL; diluted 1:200). All
slide incubations were performed in a humidified chamber
unless otherwise stated.

After thorough washing, slides were counterstained
with DAPI (Sigma-Aldrich; Cat# MBDO0015) for 5 min,
followed by coverslipping with fluorescence mounting
medium (Agilent, Santa Clara, CA, USA; Cat# S3023). Im-
ages were acquired using a confocal laser scanning micro-
scope (Carl Zeiss LSM 900, Oberkochen, Germany) oper-
ated with Zen Blue software 3.3 (Carl Zeiss, Oberkochen,
Germany).

2.5 Image Analysis

Confocal images acquired using a 20 x objective were
imported into Fiji, and channels were split prior to analy-
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sis. Identical threshold settings were applied across all con-
trol, treated, and positive samples within each experiment.
Fields for analysis were chosen randomly from multiple re-
gions of each slide, including corners and central areas.

CalRexin™:488 intensity was quantified by measur-
ing the percentage of pixel intensity above threshold in the
green channel. NF-«kB nuclear translocation was assessed
by colocalisation analysis using JACoP (Just Another Colo-
calization Plugin) in Fiji. Colocalisation was evaluated be-
tween the DAPI (nuclear) and Alexa Fluor-568 (NF-«B
p65) channels. Pearson’s correlation coefficient was used
to quantify spatial colocalisation [29].

Data were obtained from two independent experi-
ments, with eight randomly selected fields per experiment,
mean values were calculated for each condition. All results
were exported for subsequent statistical analysis and data
visualisation.

2.6 Statistical Analysis

All statistical analyses were performed using Prism
v10.10 (GraphPad Software, San Diego, CA, USA). Differ-
ences between the control and treated groups were assessed
using ordinary one-way analysis of variance (ANOVA) fol-
lowed by Dunnett’s post hoc test. A p-value < 0.05, which
is indicated by an asterisk, was considered statistically sig-
nificant. All statistical tests were two-tailed. Data are pre-
sented as mean £+ SEM.

3. Results

3.1 Dose-Dependent Effects of LPS on Calcitonin
Receptor Positivity in Breast Cancer Cells

To determine whether LPS alters calcitonin receptor
positivity (detected using CalRexin™ antibody) in breast
cancer cells, MDA-MB-231 and MDA-MB-468 cells were
treated with increasing concentrations of LPS for 19 h and
analysed by flow cytometry.

In MDA-MB-231 cells, calcitonin receptor positivity,
quantified as CalRexin™ GMFI, was increased following
treatment with 10 pg/mL and 25 pg/mL compared to un-
treated controls (Fig. 1A,C; p < 0.0001). No significant
change was observed at 5 pg/mL and 50 pg/mL LPS. This
is consistent with previous studies showing low, intermedi-
ate and high concentrations of LPS can have different bio-
logical effects. For example, low concentrations of LPS fail
to activate NF-«B, high concentrations may lead to a toler-
ance response, and intermediate concentrations are required
to maximally activate NF-kB [30,31]. In contrast, Annexin
V GMFI remained unchanged across all LPS concentra-
tions tested, indicating that LPS did not induce apoptotic
signalling in these conditions (Fig. 1B,D). Treatment with
the cytotoxin staurosporine resulted in marked increases in
fluorescence intensity of both CalRexin™ and Annexin V,
consistent with previous findings in other cell lines [16].

In MDA-MB-468 cells, treatment with 10, 25, and
50 pg/mL LPS (p = 0.002, 0.007, and 0.001 respec-
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Fig. 1. Dose-dependent effect of LPS on calcitonin receptor fluorescence in MDA-MB-231 cells. (A) Calcitonin receptor and (B)
Annexin V GMFI quantifying on cells treated with 5, 10, 25, 50 ng/mL LPS and 1 pM staurosporine (STA) after 19 h, or untreated
Controls. Representative flow cytometry-based plots showing the fluorescence cell count following treatment with 10 pg/mL LPS and
1 uM staurosporine (STA) for (C) CalRexin™:647 and (D) APC-Fire-750 Annexin V, when compared to untreated control cells. Data

are from two independent experiments conducted in triplicate, mean + SEM,

tively) resulted in an increase in fluorescence intensity of
CalRexin™ relative to untreated controls (Fig. 2A,C). As
observed in MDA-MB-231 cells, Annexin V GMFI did
not differ from control levels at any LPS concentration
(Fig. 2B,D). Staurosporine treatment resulted in increased
fluorescence intensity of both CalRexin™ and Annexin V.
Together, these findings indicate that LPS increases cal-
citonin receptor availability in a concentration-dependent
manner without triggering apoptosis in either breast cancer
cell line.

*p < 0.05 compared to untreated Control.

3.2 Immunofluorescence Reveals Stress-Associated
Calcitonin Receptor Localisation Following LPS and
Staurosporine Treatment

To visualise calcitonin receptor subcellular distribu-
tion, immunofluorescence staining was performed follow-
ing LPS or staurosporine treatment. Minimal CalRexin™
staining was detected in untreated control cells (Fig. 3A—C).
Staurosporine treatment for 19 h resulted in markedly in-
creased calcitonin receptor staining in MDA-MB-231 cells
(Fig. 3G-I), consistent with previous findings in HeLa hu-
man cervical adenocarcinoma cells [32] and MG63 os-
teosarcoma cells [16]. CalRexin™ fluorescence signal
was predominantly localised to cytoplasmic and perinu-
clear regions, with punctate staining patterns evident fol-
lowing staurosporine treatment. In contrast, LPS-treated
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Fig. 2. Dose-dependent effect of LPS on calcitonin receptor fluorescence in the MDA-MB-468 cell. (A) Calcitonin receptor and
(B) Annexin V GMFI quantifying on cells treated with 5, 10, 25, 50 pg/mL LPS and 1 uM staurosporine (STA) after 19 h, or untreated
Controls. Representative flow cytometry-based plots showing the fluorescent cell count following treatment with 10 pg/mL LPS and 1
uM staurosporine (STA) for (C) CalRexin™:647 and (D) APC-Fire-750 Annexin V, when compared to untreated control cells. Data are
from two independent experiments conducted in triplicate, mean &= SEM, *p < 0.05 compared to untreated Control.

cells displayed moderate CalRexin™ fluorescence signal
with fewer puncta (Fig. 3D-F).

3.3 Time-Dependent Effects of LPS and Staurosporine on
Calcitonin Receptor Positivity in Breast Cancer Cells

To examine the temporal dynamics of calcitonin re-
ceptor positivity, MDA-MB-231 and MDA-MB-468 cells
were treated with 10 pg/mL LPS and analysed after 6, 24,
and 48 h.

In MDA-MB-231 cells, a modest increase in
CalRexin™ GMFI was observed after 6 h of LPS treat-
ment (p = 0.03), with no changes detected at later time
points (Fig. 4A). The majority of cells remained negative
for both CalRexin™ and Annexin V (Fig. 4B). In com-
parison, GMFI for CalRexin™ was increased when cells
were treated with staurosporine for 48 h (Fig. 4C; p <
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0.0001). The Annexin V single positive population was
a small percentage of the total cells, while CalRexin™
single positive cells were high at 6 h, with double positive
cells increasing at 24 and 48 h (Fig. 4D,E).

In MDA-MB-468 cells, CalRexin™ fluorescent sig-
nal was not significantly altered at early time points; how-
ever, an increase was observed at 48 h of LPS treatment
(Fig. 5A; p=0.01). Similar to MDA-MB-231, most of the
cells treated with LPS do not express CalRexin™ nor An-
nexin V (Fig. 5B). Staurosporine treatment resulted in in-
creased CalRexin™ GMFI at 24 and 48 h (Fig. 5C; p <
0.0001). CalRexin™ single-positive cells began to appear
after 24 h of treatment while the Annexin V single-positive
population appeared after 6 h (Fig. 5D,E). Cells positive for
both markers accounted for the majority of the population
after 48 h.
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CalRexin™

STA

Fig. 3. CalRexin™ immunofluorescence staining of breast cancer cells following LPS or staurosporine (STA) treatment. (A—
C) Representative immunofluorescence images of MDA-MB-231 cells untreated, or (D—F) treated with 10 ug/mL LPS or (G-I) 1 uM
staurosporine for 19 h. Cells were stained with DAPI (A,D,G; blue) to visualise nuclei and CalRexin™ antibody (B,E,H; green) to detect

calcitonin receptor. Merged images are shown (C,E,I). All images were acquired using identical confocal settings. Scale bar = 20 um.

To assess cell viability in response to treatment with
10 ug/mL LPS or 1 uM staurosporine, MDA-MB-231 and
MDA-MB-468 cells were stained with propidium iodide
(PI), analysed by flow cytometry, and the percentage of
non-viable cells was quantified by gating the Pl-positive
population. For this study, both live and heat-killed cells
were used to define the boundary of the PI-positive pop-
ulation which represented dead cells. LPS treatment did
not increase the proportion of PI-positive MDA-MB-231
(Fig. 6A,C) or MDA-MB-468 (Fig. 6B,D) cells, indicating
that LPS did not adversely affect cell viability under these

conditions. In contrast, staurosporine treatment reduced vi-
ability to below 90% in MDA-MB-231 and approximately
70% in MDA-MB-468 cells, consistent with induction of
cell death.

3.4 LPS Induces NF-kB Activation Alongside Calcitonin
Receptor Positivity

To investigate whether LPS-induced calcitonin re-
ceptor positivity was associated with NF-kB activation,
immunofluorescent co-staining for CalRexin™ and NF-

kB was performed in MDA-MB-231 cells. Minimal
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Fig. 4. Time-dependent effects of LPS and staurosporine (STA) on CalRexin™ and Annexin V staining in MDA-MB-231 cells.
(A) CalRexin™ GMFI and (B) CalRexin™/Annexin V positivity in cells treated with 10 pg/mL LPS at the 6, 24 and 48-h time points.
(C) CalRexin™ GMFTI and (D) CalRexin™/Annexin V positivity in cells treated with 1 uM staurosporine at the 6, 24 and 48-h time

points. Stacked bar charts represent the percentage of total live cell expressing CalRexin™", CalRexin™" Annexin V*, Annexin V1,

and CalRexin™" Annexin V~. (E) Representative flow cytometry plot of the cells treated with 1 pM staurosporine at the 6, 24 and 48-h
time points; Q1 quadrant; Annexin V', Q2; CalRexin™" Annexin V™, Q3; CalRexin™" Annexin V', and Q4 CalRexin™" populations.
Cells were stained with CalRexin™ —AF647 for CalRexin™ and APC—Fire750 antibodies for Annexin V detection. Data are from two

independent experiments conducted in triplicate, mean + SEM, *p < 0.05 compared to 0 h untreated Control.

CalRexin™ staining was observed in untreated controls,
with NF-«B staining localised to the cytoplasm (Fig. 7A—
D). Following 4 h of LPS treatment, CalRexin™ positive
cells were increased and NF-kB was detected (Fig. 7E—
H). In staurosporine-treated cells, CalRexin™ staining was
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evident and NF-kB staining remained predominantly cy-
toplasmic (Fig. 7I-L). Quantitative analysis demonstrated
that CalRexin™ fluorescence signal was increased by
LPS and staurosporine treatment compared with controls
(Fig. 7M; LPS p = 0.003, STA p = 0.001), and there was
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Fig. 5. Time-dependent effects of LPS and staurosporine (STA) on CalRexin™ and Annexin V staining in MDA-MB-468 cells.
(A) CalRexin™ GMFI and (B) CalRexin™/Annexin V positivity in cells treated with 10 ug/mL LPS at the 6, 24 and 48-h time points.
(C) CalRexin™ GMFI and (D) CalRexin™/Annexin V positivity in cells treated with 1 uM staurosporine at the 6, 24 and 48-h time
points. Stacked bar charts represent the percentage of total live cell expressing CalRexin™", CalRexin™" Annexin V*, Annexin V1,
and CalRexin™" Annexin V™. (E) Representative flow cytometry plot of the cells treated with 1 pM staurosporine at the 6, 24 and 48-h
time points; Q1 quadrant; Annexin VT, Q2; CalRexin™" Annexin V~, Q3; CalRexin™" Annexin V', and Q4 CalRexin™" populations.
Cells were stained with CalRexin™: AF647 for CalRexin™ and APC—Fire750 antibodies for Annexin V detection. Data are from two

independent experiments conducted in triplicate, mean = SEM, *p < 0.05 compared to 0 h untreated Control.

increased colocalisation between NF-kB and nuclei DAPI
staining when cells were treated with LPS (Fig. 7N; p =
0.001). These findings indicate that NF-kB activation oc-
curs alongside increased CalRexin™ fluorescence signal
in LPS-treated breast cancer cells but not in staurosporine-
treated cells.

4. Discussion

Triple-negative breast cancer is an aggressive breast
cancer subtype, defined by the lack of expression of recep-
tors that enable targeted therapy. This cancer subtype often
develops resistance to apoptotic signals by down-regulating
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Fig. 6. Viability study of breast cancer cells using PI staining with flow cytometry over time. (A) Percentage of live MDA-MB-231
and (B) MDA-MB-468 cells treated with 10 pg/mL LPS and 1 uM staurosporine (STA) at the indicated time points (6, 24, and 48 h). (C)
Representative flow cytometry PI scatter plots displaying the distribution of the MDA-MB-231 and (D) MDA-MB-468 cells population
after 48 h of treatment with 10 pg/mL LPS and 1 uM staurosporine. Data are from two independent experiments conducted in triplicate,

mean + SEM.

pro-apoptotic proteins and upregulating anti-apoptotic pro-
teins to survive [33]. A key transcription factor involved
in this is NF-kB, which interacts with mucin 1 to promote
cell survival through upregulation of BCL2 leading to inhi-
bition of apoptosis [8]. MDA-MB-231 and MDA-MB-468
are well-established models of triple negative breast can-
cer and here we describe a potential biomarker for NF-kB-
activated stress response which is detectable on these cell
lines in the absence of apoptosis.

In humans, the calcitonin receptor gene CALCR en-
codes three transcripts which arise from alternative mRNA
splicing [34,35]. Other isoforms may arise in cancer cells
where alternative splicing in G-protein coupled receptors is
common [36-38]. There are functional differences in cal-
citonin receptor isoforms [39] however our understanding
of their physiological and pathological relevance is limited.
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Calcitonin receptor is consistently detected in both healthy
mammary ductal epithelium and in breast cancer [23,24],
although which isoforms are expressed in these instances
has not been reported and little is known about their func-
tion in breast tissue. CalRexin™ is a novel mouse mono-
clonal anti-human calcitonin receptor antibody which binds
an extracellular epitope on live cells, is accumulated and
provides new opportunities to explore the role of calcitonin
receptor in triple negative breast cancer.

After treating breast cancer cells with LPS or the cy-
totoxin staurosporine, we characterised dose- and time-
dependent CalRexin™ positivity. Increased CalRexin™
positivity following LPS treatment was observed by flow
cytometry and immunofluorescence, while Annexin V was
not increased and the cells remained viable. In contrast,
treatment with staurosporine increased both CalRexin™
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Fig. 7. CalRexin™ and NF-kB immunofluorescence staining of breast cancer cells following LPS or staurosporine (STA) treat-
ment. (A-D) MDA-MB-231 cells were untreated controls, (E-H) treated with 10 pg/mL LPS , or (I-L) treated with 1 uM staurosporine
(STA) for 4 h. Representative images of DAPI in nuclei (A,E,I; blue), CalRexin™ (B,EJ; green) and NF-kB-p65 (C,G,K; red), and
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and Annexin V positivity and reduced cell viability, similar
to results reported for other cell lines [16]. Increased ac-
cumulation of CalRexin™ antibody by breast cancer cells
treated with LPS or a cytotoxin is indicative of increased
calcitonin receptor activity that recycles to the cell surface.
That this occurred whether or not the cells remained viable
or underwent apoptosis suggests that CalRexin™ may be a
marker of cell stress independent of cell fate. Activation of
NF-«xB has diverse consequences in cancer cells, and can
induce senescence, initiate DNA repair, and regulate pro-
liferation, inflammation, angiogenesis, and metastasis [5].
Here, we have used a model NF-«xB activator, LPS, how-
ever many other factors can induce its activation including
hypoxia, carcinogens, and DNA damage, and NF-«B is also
constitutively active in some contexts such as cancer [5,6].
Over 400 genes have been identified as targets for NF-xB
[40]. CALCR has not been reported, however TLRS activa-
tion, which leads to NF-kB activation, has been shown to
increase expression of Calcr mRNA in mouse osteoclasts
[41]. Our study shows that NF-kB activation is associated
with increased CalRexin™ positivity in LPS-treated cells
but whether this is a causal relationship is unclear. Further
studies are required to determine whether CalRexin™ pos-
itivity is dependent on NF-kB activation and this could be
explored using NF-«B inhibitors [42].

Cell surface expression of calcitonin receptor is
known to be regulated by a process of recycling [32,43]. In
the absence of ligand binding, calcitonin receptor can un-
dergo tonic endocytosis, maintaining a pool of intracellu-
lar receptors and regulating cell surface expression, a pro-
cess requiring actin-binding filamin [44]. The mechanism
inducing increased CalRexin™ positivity remains unclear.
However, we propose a model wherein cellular stress trig-
gers calcitonin interaction with calcitonin receptor to induce
a temporary state of quiescence while the cell undergoes
fate decisions that determine survival or apoptosis [45].
CalRexin™ positivity may therefore be a marker of breast
cancer cell stress, and that cells with increased CalRexin™
accumulation may undergo apoptosis or maintain survival
depending on the nature of the stressor. Further research is
required to explore other stress pathways and other breast
cancer cell lines and non-neoplastic cell lines that may show
CalRexin™ positivity.

This research provides new possibilities for the trans-
lational potential of calcitonin receptor in breast cancer de-
tection and treatment. Calcitonin inhibits cell growth in
T47D breast cancer cells [46,47] and reduces invasiveness
in MDA-MB-231 cancer cells [20], suggesting that calci-
tonin or a ligand such as CalRexin™ could be used in breast
cancer treatment. In hepatocellular carcinoma, higher ex-
pression of CALCR is associated with poorer overall sur-
vival, where blocking CALCR was demonstrated to pro-
mote apoptosis while inhibiting cell proliferation and mi-
gration [48]. Cancer cells may progressively become more
resistant to calcitonin receptor-mediated growth inhibition,

&% IMR Press

as lymph node metastasis and lymphatic invasion is associ-
ated with reduced expression of CALCR mRNA in primary
breast cancers [23], suggesting CalRexin™ may be inves-
tigated as a prognostic biomarker. Furthermore, calcitonin
receptor is co-expressed with heat shock protein (Hsp70) in
extracellular vesicles extracted from patients with glioblas-
toma, suggesting a potential role for CalRexin™ in liquid
biopsies for cancer detection [49]. However, further inves-
tigation is required to explore these possibilities, and it’s
important to consider that calcitonin receptor has multiple
isoforms with different functions and binds to other ligands
in addition to calcitonin [50].

5. Limitations of Study

Study findings are limited to the two triple negative
breast cancer cell lines used to generate these results, and it
is not known if calcitonin receptor positivity is a biomarker
for NF-«B activation in other breast cancer cell lines or pri-
mary breast cancer cells. Furthermore, the findings are lim-
ited to in vitro culture studies and it is not known whether
this reflects calcitonin receptor positivity in breast cancer
in vivo. These results indicate calcitonin receptor positiv-
ity is increased when breast cancer cells are treated with
an agonist that induces NF-«xB activation, but it is not clear
whether calcitonin receptor positivity is dependent on NF-
kB activation.

6. Conclusion

CalRexin™ is a potential biomarker associated with
cell stress in the two triple negative breast cancer cell
lines which were investigated. We observed increased
CalRexin™ positivity was induced by a cytotoxic agent
and also by LPS treatment that induced NF-«xB activation.
However, while the cytotoxin induced Annexin V as well as
CalRexin™ positivity, LPS induced only CalRexin™, and
the cells remained viable. This suggests CalRexin™ posi-
tivity is a potential biomarker for cellular stress independent
of whether the cell subsequently undergoes apoptosis. Fur-
ther research is required to explore the significance of calci-
tonin receptor in regulating biological responses to cellular
stress in breast cancer.
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