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Abstract: It's now clearly established that the tumor microenvironment participates to tumor development. Among
the different actors contributing to these processes, ion channels, located at the cancer cell surface, play a major
role. We recently demonstrated that the association of Kv10.1, Orail and SPCA2 is crucial to promote the collagen-
induced survival of MCF-7 breast cancer cells. By using siRNA directed against SPCA2, we shown that this protein
is involved in the regulation of the activity, the expression and the sub-cellular localization of Kv10.1. In addition,
it has been demonstrated that SPCA2 is involved in SICE in MCF-7 cells and that the N- and the C-terminal parts
of this protein are necessary to interact and to produce Ca?* entry. However, no information is available about the
necessary SPCA2’s important region to regulate Kv10.1. The aim of our work is to evaluate how SPCA2 could inter-
act with Kv10.1 channel to induce survival promotion. By using different SPCA2 mutants, we evaluate the role of
the N- and C-terminal sections on the expression and the activity of Kv10.1 channels. In addition, we analyzed the
impact of these deletions on the collagen 1-induced cell survival. Our results bring out new information about the
regulation of Kv10.1 channel through SPCA2. More specifically how the N- and C-terminus of this Ca?* transporter
regulate Kv10.1 expression, trafficking, and function suggesting new opportunities to target Kv10.1 channels in
cancer progression.
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Introduction cells [5] while this ion channels complex regu-

lates the survival of the less aggressive MCF-7

Involvement of ion channels is now clearly
established in tumor progression by using in
vitro and preclinical mouse models. Since two
decades, their roles in the cell proliferation,
migration/invasion or therapy resistance have
been well documented [1, 2]. In addition, more
and more studies demonstrated that ion chan-
nels could act in cancer development in the
form of complex. For instance, works from our
laboratory demonstrated that BKCa channel
interacts with the IP3R, or that TRPC1 could
provide the Ca?* entry mediated by the KCa3.1
channel to promote breast cancer cell prolifera-
tion [3, 4]. Association of Kv10.1 and Orail has
also been highlight in breast cancer cells. In the
high invasive model of MDA-MB-231 cells, this
association regulates migration ability of the

model [6]. Based on this accumulation of data,
pharmacology of ion channels could thus offer
new therapeutic options to cancer patients.
However, a better comprehension of the under-
lying mechanisms is necessary to specifically
target and modulate their function in cancer
development in order to obtain the best bene-
fits in combination with the actual therapeutic
tools.

In addition to the ion channels, other trans-
porters undergo expression or activity modifica-
tions over tumor progression. SPCA2, Secretory
Pathway Ca?*-ATPase type 2, has initially been
described in the brain and involved in the lacta-
tion process in normal breast cells [7, 8]. More
recently, this Ca2* pump, especially localized in
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the trans-golgi network, has been shown to
participate to a Store-Independent Ca?* Entry
(SICE) through Orail channel in breast cancer
cells that promote tumor progression [9].
Authors also demonstrated that N- and
C-termini of SPCA2 cooperate to induce this
Ca?" influx. More precisely, the N-terminus is
important to the binding to Orail while the
C-terminus is necessary to the activation of
Orail. In addition, we recently demonstrated
that SPCA2 participate to breast cancer cell
survival in serum starvation condition [10].

Numerous information about the involvement
of the tumor microenvironment (TME) are em-
erging. Indeed, modifications of the elements
surrounding the tumor cells (stromal cells, im-
mune cells, pH, hypoxia, extracellular matrix...)
could participate to proliferation and aggres-
siveness regulation or to therapy resistance
[11]. For example, it has been previously shown
that collagen 1 expression is increased in more
aggressive breast cancer phenotype [12]. We
recently demonstrated that Kv10.1 potassium
channel could interact with Orail calcium chan-
nel to promote survival properties of MCF-7 in
presence of collagen 1 through a signaling
pathway involving DDR-1 [6]. In addition, it has
been demonstrated that Kv10.1 channels
could interact with different proteins like epsin,
14-3-30 protein, PIST, which are able to modu-
late the expression and the activity of Kv10.1
channels in the brain [13]. Another work from
our team deepened the role of this ion chan-
nels complex in the breast cancer cell survival
process [10]. We demonstrated that Kv10.1
cooperates with Orail and SPCA2 promoting
the survival capacity of MCF-7 cells in serum-
starved condition and in presence of collagen
1. After the analysis of the Kv10.1, Orail and
SPCA2 overexpression in 29 samples of breast
cancer, we demonstrated that the 3 partners,
by regulating SICE, are included in an auto-sus-
taining loop promoting the membrane expres-
sion of Kv10.1 and Orail that results in the sur-
vival stimulation. In addition, we showed that
SPCA2 is co-immunoprecipitated with Kv10.1
and Orail and this Ca?-pump is co-localized
with these two ion channels.

At the best of our knowledge, there is no infor-
mation about the precise mechanism of
Kv10.1's regulation through SPCA2. Based on
the previously enounced data, we hypothesize
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that some SPCA2 regions could interact with
Kv10.1, as it was demonstrated for Orail. Thus,
the aim of the present study is to decipher more
precisely how SPCA2 could interact with Kv10.1
channel and consequently inducing survival
promotion. By using SPCA2 mutants, present-
ing cleaved N- or C-extremities, we analyzed
the impact of these constructions on expres-
sion, activities, localization and physiological
effects. Our study is the first to look at the inter-
actions between Kv10.1 and SPCA2 in order to
open new avenues of research to develop inno-
vative therapeutic tools to fight against the pro-
gression of breast cancer depending of Kv10.1.

Methods
Cell culture

MCEF-7 cells (HTB-22; ATCC-LGC, Molsheim, Fr-
ance) were cultured in Eagle’s Minimum
Essential Medium (EMEM, Life Technologies,
Saint-Aubin, France) supplemented with 5%
fetal bovine serum (FBS, Life Technologies), 2
mM Glutamax and 0.06% HEPES (Life Tech-
nologies). Cells were maintained at 37°C in a
humidified 5% CO,-cotaining atmosphere. Ab-
sence of mycoplasma was routinely checked by
using MycoAlert™ Mycoplasma Detection Kit
(Lonza, Colmar, France). All experiments were
conducted in the presence of collagen 1 coat-
ing (2.5 pg/cm?) prepared has previously
described [10]. The different assays were car-
ried out according to the following sequence:
transfected cells were seeded in complete
medium supplemented with 5% FBS and the
starvation was induced 24 h later by replacing
it with a serum-free medium; analysis were
finally conducted 48 h after the starvation.

Plasmid transfection

Transfection of cells was performed using
nucleofection technology (Amaxa Biosystems,
Lonza) according to the protocol previously
described [10]. Cells were transiently transfect-
ed with plasmids encoding the different SPCA2
forms (Wild Type and N57, N101 and C927
mutants), a generous gift from the Professor
Vangheluwe’s group (Leuven), and used 72 h
after transfection. For some experiments, cells
were transfected simultaneously with siRNA
directed against Kv10.1 (Dharmacon Research,
Chicago, IL) or against Orail (Dharmacon Re-
search).
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qRT-PCR

Real Time PCR were conducted according to
the protocol previously described [6]. Briefly,
total RNA were extracted by using the standard
Trizol-Phenol-Chloroform protocol and then
quantified with a spectrophotometer (Nano-
drop 2000, Wilmington, USA). cDNA was syn-
thesized from 1 pg of total RNA with Mul-
tiScribe0 Reverse Transcriptase (Applied Bio-
systems Carlsbad, USA). Primers used to the
real time PCR presented the following se-
quences: Kv10.1 (forward 5-CGCATGAACTA-
CCTGAAGAC-3’ and reverse 5-TCTGTGGATG-
GGGCGATGTTC-3’), Orail (forward 5-AGGTG-
ATCAGCCTCAACGAC-3' and reverse 5-CGTA-
TCATGAGCGCAAACAG-3’) and B-actin (for-
ward 5-CAGAGCAAGAGAGGCATCCT-3’ and re-
verse 5-ACGTACATGGCTGGGGTG-3’). Exper-
iments were conducted on a LightCycler System
(Roche, Basel, Switzerland) using a mix con-
taining SYBRgreen.

Western blotting

Proteins were extracted, quantified and sepa-
rated as previously described [6]. The primary
antibodies used were: anti-Kv10.1 (1:200, San-
ta Cruz Biotechnology, Inc., Heidelberg, Ger-
many), anti-Orail (1:200, Sigma Aldrich, Saint-
Quentin-Fallavier, France), anti-SPCA2 (1:250,
Santa Cruz Biotechnology, Inc.), anti-PARP
(1:1500, Santa Cruz Biotechnology). GAPDH
(1:3,000, Cell Signaling Tech.) antibody was
used for loading control experiments. Detection
and quantification were realized as previously
described [6].

Biotinylation assays

To evaluate the distribution of Kv10.1 channels
at the membrane level, biotinylation assays
were conducted according to the following pro-
tocol. 8%10° transfected cells were seeded in
60 mm petri dishes. After washing with cold
PBS, cells were incubated with 2 mg of Sulfo-
NHS-SS-biotin (Thermo Fisher Scientific, Rock-
ford, IL) for 45-60 minutes at 4° with slight
shaking. Addition of cold PBS containing 10
mM glycine allows the blocking of the reaction.
Cells are then scraped in RIPA buffer. AlImost
10 percent of the extract are stored to analyze
the total protein fraction and the rest is incu-
bated overnight at 4° with streptavidine aga-
rose beads (Thermo Fisher Scientific) pre-wa-

253

shed with RIPA. After incubation, beads are
washed 4-6 times with RIPA buffer. Proteins are
eluted with 50 pl of Laemmli 2% and heating
60° for 30'. Denaturing SDS-PAGE has been
used to separate proteins, which are then
transferred onto nitrocellulose membranes and
incubated with specifics antibodies for western
blot.

Patch clamp experiments

The electrophysiological analysis was conduct-
ed has previously described [6]. Solutions used
for the K* current recordings presented the fol-
lowing compositions (in mM): external: NaCl
140, KCI 5, CaCl, 2, MgCl, 2, glucose 5 and
HEPES 10 at pH 7.4 (NaOH); internal: KCI 150,
MgCl, 2, HEPES 10, EGTA 0.1, at pH 7.2 (KOH).
For the store-independent calcium currents,
the composition was (in mM): external: Na-
gluconate 142, CsCl 10, MgSO, 1.2, CaCl, 2,
glucose 10 and HEPES 10 at pH 7.4 (NaOH);
internal: Cs-methanesulfonate 115, EGTA 10,
CaCl, 5 (pCa 3.5), MgCl, 8, HEPES 10, at pH 7.2
(CsOH).

Immunofluorescence

Cells were fixed and permeabilized with iced-
methanol for 20-30 minutes and blocked for
45-60 min with BSA 5%. The cells are then
incubated for 90 min at room temperature in
presence of the primary antibodies (Kv10.1,
1/200, Alomone Labs, Jerusalem, Israel; TGN-
46 1/150, Invitrogen, Cergy-Pontoise, France).
Cells are washed three times with PBS and
incubated for 60 min with secondary antibod-
ies conjugated to fluorophore (Alexa 550 for
Kv10.1 staining 1/500, Invitrogen; Alexa 488
for TGN46 staining 1/500, ThermoFisher Sci-
entific). After wash, cells were blocked again
with BSA 5% for 45-60 min. Cells were then
incubated overnight at 4°C with the second pri-
mary antibody. On the following day, cells were
washed, incubated with the corresponding sec-
ondary antibody and counterstained with DAPI
to visualize the nuclei. Fluorescence acquisi-
tions were performed by using Axio Observer
Z1 (Carl Zeiss Microlmaging, LLC, Oberkochen,
Germany) and analyze with Fiji [14].

Statistical analysis

Data are presented as mean + SEM (standard
error of mean), n refers to the number of cells
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or replicates, and N refers to the number of cell
line passages. All the experiments were per-
formed in at least 3 different cell lines passage
number. Mean values of more than two groups
were tested using one-way analysis of variance
(ANOVA) followed by adequate post hoc tests,
using GraphPad Prism version 5 (GraphPad
Software, La Jolla, California, USA). Differences
between the values were considered significant
when P<0.05.

Results
SPCA2 mutants affect Kv10.1 expression

First, we evaluated the impact of the expres-
sion of two SPCA2 mutants presenting cleaved
N-terminal extremity named N57 and N101,
with the 57 or 101 first amino-acids cleaved,
respectively, and one owning short C-terminal
section (named C927), which does not possess
the last 19 amino-acids, on the expression of
both Kv10.1 and Orail (Figure S1). The differ-
ent constructs are conjugated to mCherry.
Transfections have been routinely checked by
using western blot (Figure S1) and by fluores-
cence (data not shown).

Regarding Orail expression at the transcription
or the translation level, no effect has been
observed regardless of the transfected vector
(Orail mRNA expression levels: N101: 0.98 +
0.09; N57: 1.06 + 0.15; C927: 0.89 * 0.07;
Orail protein expression levels: N101: 1.04 +
0.09; N57: 0.82 + 0.09; C927: 0.79 + 0.28,
Figure 1B, 1D and 1F). However, the analysis of
the Kv10.1 expression presents major differ-
ences compared to Orail. Kv10.1 mRNA is sig-
nificantly reduced by 25% in the N57 transfect-
ed cells (P<0.05) and by 40% in the C927
transfected cells (P<0.001; Figure 1A). N101
transfection has no impact on the Kv10.1
MRNA level (0.88 + 0.12). In addition, these
observations were confirmed at the protein
level (Figure 1C and 1E). Indeed, we noted no
effect of the N101 construction on the Kv10.1
total expression but a significant decrease with
the N57 plasmid (almost 50% decrease,
P<0.05) and a major reduction by 80% with the
C927 construct (P<0.001, Figure 1C and 1E).

All together, these results showed that only
N57 and C927 constructs affect the mRNA and
the protein expression of the Kv10.1 channel in
the MCF-7 cells.
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SPCA2 mutants alter potassium current
through Kv10.1 channel and modify its cellular
localization

Due to the alteration of the expression of the
Kv10.1 mRNA and protein with the use of
SPCA2 mutants, we then evaluated the impact
of the construct transfections on the activity of
the channels. Previously, we demonstrated that
in our experimental condition, the largest con-
tribution of the potassium conductance record-
ed in MCF-7 cells is due to Kv10.1 channel
activity [6].

In MCF-7 cells transfected with the Wild type
SPCA2 construct, the mean current density
amplitude recorded at +60 mV is around 47.4 +
10.5 pA/pF (Figure 2A). In the mutant trans-
fected cells we observed a significant drastic
decrease of the amplitude to 18.7 + 1.5
(P<0.05), 18.9 + 4.1 (P<0.05) and 12.4 + 5.0
(P<0.01) pA/pF for the N101, N57 and C927
conditions respectively (Figure 2A, right panel).

In addition to the expression alteration, a modi-
fication of channel localization could be also
responsible for the decreased Kv10.1 activity.
We previously noted that silencing of SPCA2
could reduce the membrane enrichment of
Kv10.1 in presence of collagen and starved
condition [10]. We also observed that this chan-
nel has been stack in the Golgi apparatus when
we used siRNA directed against SPCA2. We
thus analyze the impact of the SPCA2 extremi-
ties’ cleavages on the Kv10.1 localization by
using immunofluorescence assays. Knowing
that SPCA2 is localized in the trans Golgi net-
work, the Golgi apparatus has been stained
with anti-TGN-46 antibody [10]. In Figure 2B,
we present staining for TGN-46 (green), Kv10.1
(red) and counterstaining of nuclei using DAPI
(blue). In the WT condition, we observed that
Kv10.1 channel is diffusedly marked through-
out the cell with some membrane reinforce-
ments and few yellow colorized points corre-
sponding to co-localization of Kv10.1 and Golgi
apparatus in the presence of collagen 1 as pre-
viously described [10]. However, in the pres-
ence of the different mutants (N57, N101 and
C927), cells show increased similarity between
the staining of Kv10.1 and of Golgi apparatus
and the diffuse signal of the Kv10.1 staining is
almost absent of the cells compared to the WT
condition. We thus decided to conduct a com-
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Figure 1. SPCA2’s extremities are important in the regulation of Kv10.1 expression without affecting Orail. Histo-
grams representing the mRNA expression of Kv10.1 (A) and Orail (B) normalized to actin obtained by gPCR. mRNA
have been extracted from MCF-7 cells, seeded on collagen 1, starved for 48 h, and transfected with plasmid contain-
ing the indicated vector (WT, N101, N57 and C927). Results are the average + S.E.M of N=4, *P<0.05, ***P<0.001
(Anova followed by Dunnett’s Multiple Comparison to the control Test). Representative western blots of Kv10.1 (C)
and Orail (D) proteins levels in the similar conditions evaluated previously. Histograms present the densitometry
analysis of the Kv10.1 (E) and Orail (F) protein expression. Results correspond to the average + S.E.M of density
analysis from N=5, *P<0.05, ***P<0.001 (Anova followed by Dunnett’'s Multiple Comparison to the control Test).

plementary analysis of the presence of the mutants (Western blot representing from N=4;
Kv10.1 channel at the membrane level by using Figure 2C). It is interesting to note that N57 and
biotinylation assays. This approach confirmed C927 expressing cells showed an almost total
that Kv10.1 is less present at the membrane absence of the channels at the membrane in
fraction when cells express the different correlation with the functional and the immu-
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Figure 2. SPCA2 mutants affect Kv10.1 activity and cell localization. Kv10.1 activity recorded using whole cell
configuration in WT-, N101-, N57- and C927-MCF-7 transfected cells seeded on collagen 1 and starved for 48 h. A.
Graph present the current recorded after the application of a ramp protocol (500 msec from -100 to +100 mV, from
a holding potential of -40 mV, left panel) and histograms represent the average + SEM current densities at +60
mV (n=5-6 cells/condition), *P<0.05, **P<0.01 (Anova followed by Dunnett’s Multiple Comparison to the control
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marker) and anti-Kv10.1 antibodies in the different tested conditions. Yellow coloring in the merge column indicates
the stacking of the Kv10.1 channels in the Golgi apparatus. Scale bar represents 10 um. C. Representative western
blot of 4 experiments showing the membrane fraction of Kv10.1 after biotinylation assay.

nostaining assays previously described. Our da-
ta suggest that the different SPCA2 mutants
regulate Kv10.1 channel activity by regulating
its expression and its plasma membrane tra-
fficking.

Cooperation of Kv10.1 and SPCA2 to regulate
calcium entry

It is well established that SPCA2 interacts with
Orail and participates to the regulation of the
Ca?* signal in MCF-7 cells [9, 10]. In addition,
we previously demonstrated that Kv10.1 also
regulates the calcium entry through Orail in
MCEF-7 cells [15, 16]. We thus investigated the
impact of the different SPCA2 constructs on
the basal Ca?* current and the contribution of
Orail or Kv10.1. By using patch clamp, we
observed a slight inhibition trend when the
cells were transfected with N101 and C927
cleaved forms but not for the N57 mutant
(Figure 3A and 3B). In these conditions, the
average Ca?*-current density values at -120 mV
are: WT: -3.2 + 0.3 pA/pF, N101:-2.6 + 0.2 pA/
pF, N57:-3.9 + 0.2 pA/pF and C927:-3.0+ 0.4
pA/pF (Figure 3B).

In order to complete the analysis of the calcium
current, we used the Mn?* quench approach.
Illustrative traces of the results obtained in
tested conditions are presented in panels C
and E of the Figure 3. In the N57 and N101
expressing cells, we observed no variations of
the Ca?* influx compared to the WT condition
(WT: -0.82 £ 0.05 A.U.; N101: -79 + 0.10 A.U,;
N57: -0.82 + 0.09 A.U.; Figure 3C and 3D).
However, in accordance with the literature that
indicated the necessity of the SPCA2 C-term
extremity to activate Orail, we observed a sig-
nificant decrease of the Ca?* influx from -0.82 +
0.05 A.U. to -0.49 + 0.04 A.U, in the WT and
C927 conditions respectively (Figure 3D, Anova
P=0.016, WT vs C927 P<0.05).

In order to deepen the relationship of SPCA2’s
C-terminal extremity and the relation with the
calcium signal, we transfected MCF-7 with spe-
cific Kv10.1 and Orail siRNAs to analyze impact
of these co-transfection. As expected, sikv10.1
and siOrail induced drastic reduction of the

257

calcium entry compared to the WT condition
(respectively -0.39 + 0.02 and -0.34 + 0.04
A.U; Figure 3E and 3F, Anova P=0.001, WT vs
sikv10.1 P<0.001, WT vs siOrail P<0.001).
C927 mutant expression induced similar re-
duction (-0.37 £ 0.09; WT vs C927 P<0.001).
Interestingly, no additive effects have been
observed in the co-transfected cells compared
to the siRNA alone (C927 + siKv10.1: -0.29 +
0.10; C927 + siOrail: -0.29 + 0.04). These
results suggest a closed cooperation of the 3
partners in the regulation of Ca?* homeostasis
in MCF-7 cells, which is based more on the
C-terminal extremity of SPCA2.

SPCA2 mutants affect the TME-induced MCF-7
survival

Finally, we evaluate the impact of the mutants’
transfection on the TME-induced survival in-
volving the trio Kv10.1-Orail-SPCA2. Using flow
cytometry, we evaluated the apoptosis rate
after starvation in presence of collagen. We
previously demonstrated that collagen promote
cell survival after starvation. In addition, silenc-
ing of SPCA2 induce an increase in apoptosis
rate [10]. Here, we observed that cells trans-
fected with WT form present approximately
10% of apoptosis (Figure 4A and 4B). No signifi-
cant effect is observed in the N101 transfected
cells. However, the N57 and C927 cells present
significant increases of apoptosis to 20 and
25% respectively (Figure 4B, WT vs N57 P<
0.05, WT vs C927 P<0.01). A confirmation of
this result has been obtained through the west-
ern blot analysis of PARP, a well-known protein
involved in the programmed cell death [17]. We
measured the evolution of the PARP status
(full-length vs cleaved), in the different condi-
tions. As shown in Figure 4C and 4D, we
observed that N101 failed to affect the expres-
sion of both the total PARP and cleaved propor-
tion. At the opposite, N57 and C927 transfect-
ed cells present a significant reduction of the
complete fraction (Anova P=0.0002, WT vs
N57 P<0.01, WT vs C927 P<0.001, Figure 4D)
associated to an increase of the cleaved pro-
portion of PARP. In our experimental conditions,
we observed major variations of the cleaved-
PARP form inducing the lack of significance.
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Figure 3. SPCA2’s C-terminal extremity is involved in the Ca?* entry. A. Basal calcium currents’ patch clamp record-
ings. Whole cell currents recorded with specific bath solutions to record basal calcium currents in MCF-7 cells
transfected with the different SPCA2 constructs. Cells were exposed to a 250 msec ramp protocol from -120 mV to
+50 mV from a holding potential of -40 mV (left panel). B. The average current densities (+ SEM) at-120 mV are pre-
sented by the histogram (right panel; n=6-10 cells/condition). C. Representative traces of Manganese quench imag-
ing of cells transfected with the different mutants of SPCA2. D. Histograms representing the quantification of the
basal calcium entry using Manganese quench imaging in MCF-7. (WT: n=140 cells, N101: n=96; N57: n=113; C927:
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n=106; n=3). *P<0.05 (Anova followed by Dunnett’s Multiple Comparison to the control Test). E. Representative
traces of Manganese quench imaging of cells co-transfected with the C927 construct and siRNA directed against
Kv10.1 and Orail. F. Histograms representing the quantification of the basal calcium entry using Manganese
quench imaging in MCF-7 cells transfected with C927 mutant in addition to siKv10.1 or siOrail. (WT: n=140 cells,
siKv10.1: n=115; siOrail: n=61; C927: n=95; C927 + siKv10.1: n=84, C927 + siOrail: n=72, n=3). ***P<0.001
(Anova followed by Dunnett’s Multiple Comparison to the control Test).
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Figure 4. SPCA2 mutants interfere with the collagen 1-induced survival of MCF-7. After 48 h starvation, cell apop-
tosis assays are carried out by using annexin V/PI staining. A. Representative dot blots from one experiment. B.
Histogram showing the mean proportion (+ SEM) of apoptotic cells (n=4). *P<0.05, **P<0.01 (Anova followed by
Dunnett’s Multiple Comparison to the control Test). C. Representative western blot of full-length PARP and cleaved
PARP protein levels in MCF-7 seeded on collagen after transfection with SPCA2 constructs and starvation for 48
h. D. Histograms representing the mean values + SEM of the full-length or cleaved PARP expression levels normal-
ized to GAPDH and compared to the WT condition. **P<0.01, ***P<0.001 (Anova followed by Dunnett’s Multiple
Comparison to the control Test).
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Figure 5. Schematic involvement of SPCA2 extremities in the regulation of
Kv10.1, consequences on the collagen 1-induced MCF-7 cell survival. N-ter-
minal extremity regulates Kv10.1 expression, function and subcellular local-
ization. C-terminus is also involved in the control of the Kv10.1 expression,
function and cell location and this extremity is additionally implicated in the
regulation of Ca?* entry. Kv10.1-Orail-SPCA2 association is a major regulat-
ing complex of the collagen 1-induced MCF-7 survival after starvation.

information is available about
their trafficking and their re-
gulation linked to transporter
interactions. SPCA2-Orai in-
teraction and regulation have
already been described in nor-
mal and cancerous breast ce-
lIs [9, 19]. In the present work,
we demonstrated, for the first
time, the important sections
of SPCA2 involved in the regu-
lation of the Kv10.1 channelin
the context of breast cancer
cells. SPCA2 N- and C-termini
are differentially crucial to the
regulation of the expression,
the plasma membrane local-
ization and therefore the activ-
ity of Kv10.1 (Figure 5).

We demonstrated that the
lack of the amino-terminus
extremity of SPCA2 affect the
expression of Kv10.1 (Figure
1). In addition, we observed a
drastic Kv10.1 activity de-
crease coupled to a rise of
apoptotic cell number (Figures
2 and 4). Based on immuno-
fluorescence assay results,
we observed that the expres-
sion of N-terminus truncated
SPCA forms provokes a partial
stacking of Kv10.1 in the Golgi
network (Figure 2). Together,

In correlation to the expression and the func-
tion previously assayed, we demonstrated here
that the SPCA2 N- and C-termini are important
in the collagen-induced survival of MCF-7 cells.

Discussion

lon channels are now classically described in
the cancer cell biology to participate to tumor
progression. Otherwise, breast cancer stays a
major health issue requiring new way of medi-
cal management [18]. We recently demonstrat-
ed the role of the trio composed of Kv10.1,
Orail and SPCA2 in the collagen 1-induced sur-
vival to starvation of breast cancer cells [10]. In
this context, SPCA2 regulates the localization
and the activity of the Kv10.1 and Orail chan-
nels to promote cell survival. Currently, little
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these results suggest that
the N-terminus extremity of
SPCA2 is important in the expression, and the
translocation of the Kv10.1 to the plasma
membrane. In accordance with the work from
other groups, we did not observe major effect
on the Ca?* signal. This result is consistent with
the fact that SICE through Orail is dependent
on the C-terminus of SPCA2 [9]. Consequently,
the cleavage of the N-terminus extremity
impacts at least partially the role of the trio in
the collagen 1-induced survival of MCF-7 cells.
In addition, it has been shown by Fenech and
collaborators that a pancreas-specific form of
SPCA2 presents a related structure to the
N101 and N57 constructs used in our study
[20, 21]. This pancreas-specific form presents
a cleavage of the amino extremity. In their
model, SPCA2 is localized in the endoplasmic
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reticulum and not as classically in the Golgi
apparatus. This observation is consistent with
our results demonstrating that Kv10.1 is not
exported to the cell membrane in absence of
the SPCA2 N-terminus in MCF-7 cells express-
ing the N57 and N101 constructs. We noted
discrepancies about the observed effects with
the N57 and the N101 constructs on Kv10.1
channel. The N57 mutant induced a significant
alteration of the localization, a reduction of the
expression leading to reduction of K* flux that
counteracted the pro-survival effect of the trio.
While, the N101 construct, we only observed a
reduction of the K* current associated to an
alteration of the cellular location of the Kv10.1.
From these results, we can suggest that the
N-terminal extremity of SPCA2 possesses dif-
ferent functional domains may regulating the
export and/or the function (location between
the 57 and the 101 amino acids) and/or the
expression of Kv10.1 (located in the 57 first
amino acids). Smaardjik and colleagues also
suggested that the conformational state is
important to control Orail-dependent SICE
through the modification of intramolecular
interactions between SPCA2 and Orail [22]. A
similar concept could be responsive to the
observed differences between the N57 and the
N101 expressing cells.

Based on the data issued from our work,
C-terminus extremity appears to be an impor-
tant regulator of the Kv10.1 channel function in
MCF-7 cells. Indeed, MCF-7 cells expressing
the C927 construct present: i) a reduced
expression of the channel (Figure 1), ii) a major
decreased of Kv10.1 activity (Figure 2) due to
iii) a localization in the golgi apparatus (Figure
2) associated to a reduction of the calcium
entry (Figure 3). Consequently to the alteration
of Kv10.1 function, the collagen 1-induced sur-
vival is largely affected (Figure 4). Our results
thus suggest two possibilities to explain the
relationship between the C-terminus extremity
of SPCA2 and Kv10.1. In the first hand, the
C-ter extremity of SPCA2 could directly interact
with Kv10.1 to promote its function at the cell
membrane level similarly to the relation ob-
served with Orail. In the second hand, Ca?*
could be in charge of the modification of Kv10.1
expression, localization and therefore function.
Indeed, we previously demonstrated that the
trafficking of Kv10.1 channel is Ca?*-dependent
[10] and it has been determined that the
C-terminus extremity of SPCA2 is crucial to reg-
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ulate Ca?* entry [9]. Results obtained in the
Figure 3 support this concept.

An overview of the results obtained through
this work explains at least partially the com-
plexity of the Kv10.1-SPCA2-Orail partnership
in the MCF-7 cells. It is interesting to note that
the results previously observed by using siRNA
directed against SPCA2 conducting to the
reduction of the survival capacity [10] corre-
spond to the accumulation of an alteration of
the expression and function of Kv10.1 (causing
by the lack of C- or N-termini) and a modifica-
tion of the trafficking (due to at least in part by
the N-terminus section of SPCA2). Results pre-
sented here are focused about the regulation
of Kv10.1, which is an important trigger of the
complex in the breast cancer cell survival pro-
cess. However, it should be interesting to evalu-
ate the role of this potassium channel associ-
ated to Orail and SPCA2 and the underlying
regulatory mechanism in other cancer cell func-
tions like migration, invasion or epithelial-to-
mesenchymal transition (EMT). Indeed, the dif-
ferent actors implied in the complex are already
known to be implicated in these different phe-
nomena. For example, it has been recently
shown that SPCA2 promotes the epithelial sta-
tus of breast cancer cell by regulating the
E-cadherin biogenesis [23].

Conclusion

Current studies reported the important role of
the microenvironment in the tumor progression
by, for example, influencing therapeutic res-
ponse [24] or hijacking normal cells to promote
the development [25]. In addition, ion channels
are now clearly involved in the tumor adapta-
tion to microenvironment evolution [26-28].
Our work highlights a new mechanism for regu-
lating Kv10.1 channel in breast cancer cells.
Indeed, SPCA2, by regulating the expression,
the trafficking and the function of Kv10.1, regu-
lates the collagen 1-induced survival in MCF-7
cells. Our results show a putative new approach
to target mechanism influencing the breast
cancer response to microenvironment or to
characterize the status of breast cancer cell.
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Figure S1. Schematic representation of constructs used in the study and transfection’s validation by using west-
ern blot. A. SPCA2 wild type form has a complete sequence of 946 amino acids. Mutants present N-terminal or
C-terminal extremities cleaved i.e. N57, the first 57 amino acids, N101, the first 101 amino acids, and C927, the
last 19 amino acids. Every constructs are conjugated to M-cherry. Generous gift from the Professor Vangheluwe’s
group (Leuven). B. Representative western blot showing the endogenous and the exogenous expression of SPCA2.
Exogenous SPCA2 constructs present higher molecular weight due to the presence of the conjugated M-cherry.



