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A B S T R A C T   

INPP5K (inositol polyphosphate 5-phosphatase K) is an endoplasmic reticulum (ER)-resident enzyme that acts as 
a phosphoinositide (PI) 5-phosphatase, capable of dephosphorylating various PIs including PI 4,5-bisphosphate 
(PI(4,5)P2), a key phosphoinositide found in the plasma membrane. Given its ER localization and substrate 
specificity, INPP5K may play a role in ER-plasma membrane contact sites. Furthermore, PI(4,5)P2 serves as a 
substrate for phospholipase C, an enzyme activated downstream of extracellular agonists acting on Gq-coupled 
receptors or tyrosine-kinase receptors, leading to IP3 production and subsequent release of Ca2+ from the ER, the 
primary intracellular Ca2+ storage organelle. In this study, we investigated the impact of INPP5K on ER Ca2+

dynamics using a previously established INPP5K-knockdown U-251 MG glioblastoma cell model. We here 
describe that loss of INPP5K impairs agonist-induced, IP3 receptor (IP3R)-mediated Ca2+ mobilization in intact 
cells, while the ER Ca2+ content and store-operated Ca2+ influx remain unaffected. To further elucidate the 
underlying mechanisms, we examined Ca2+ release in permeabilized cells stimulated with exogenous IP3. 
Interestingly, the absence of INPP5K also disrupted IP3-induced Ca2+ release events. These results suggest that 
INPP5K may directly influence IP3R activity through mechanisms yet to be resolved. The findings from this study 
point towards role of INPP5K in modulating ER calcium dynamics, particularly in relation to IP3-mediated 
signaling pathways. However, further work is needed to establish the general nature of our findings and to 
unravel the exact molecular mechanisms underlying the interplay between INNP5K function and Ca2+ signaling.   

1. Introduction 

Phosphoinositide (PI) 5-phosphatases are a group of enzymes that 
dephosphorylate the 5-phosphate position of PIs, i.e. PI(3,5) bisphos-
phate (P2), PI(4,5)P2 and PI(3,4,5)P3. Members include Lowe oculo-
cerebrorenal syndrome protein (OCRL), inositol polyphosphate 5- 
phosphatase B (INPP5B), SH2-containing inositol 5-phosphatase1/2 
(SHIP1/2), synaptojanin1/2 (SYNJ1/2), inositol polyphosphate 5-phos-
phatase E (INPP5E), proline rich inositol polyphosphate 5-phosphatase 
(INPP5J) and inositol polyphosphate 5-phosphatase K (INPP5K) [1]. 
INPP5K can use two lipid substrates PI(4,5)P2 and PI(3,4,5)P3 to 
generate PI4P and PI(3,4)P2, respectively [2]. The human INPP5K is a 
448 amino acid protein with an N-terminal catalytic domain and a 
INPP5K carboxy homology C-terminal domain responsible for 
protein-protein interactions as well as subcellular distribution of the 
phosphatase [2]. Most recent studies have concluded PI(4,5)P2 to be the 
preferred substrate of the phosphatase [3–7]. With PI(4,5)P2 as a 

substrate, INPP5K may control multiple signaling properties linked to a 
key PI, not only a precursor of both phospholipase C and class I PI 3-ki-
nase, but also directly regulating the activity of several membrane 
channels and transporters [8,9]. INPP5K is highly expressed in devel-
oping and adult brain, eye and muscle [10]. Mutations in INPP5K cause 
a congenital muscular dystrophy syndrome with short stature, cataracts, 
and intellectual disability [11,12]. Most genetic mutations of INPP5K 
are missense mutations that occur in the catalytic domain and 
compromise the enzymatic activity [11,12]. Recent studies in skeletal 
muscle specific INPP5K knockout mice have shown a severe and pro-
gressive muscle disease, accompanied by marked lysosome depletion 
and autophagy inhibition due to the absence of PI(4,5)P2 dephosphor-
ylation [4]. INPP5K has been reported to localize in ruffles, in the nu-
cleus but also at the surface of the endoplasmic reticulum (ER), a 
characteristic that is unique amongst the ten mammalian PI 5-phospha-
tases [3,13–15]. The localization of INPP5K at the ER results from an 
interaction with the protein ARL6IP1, a four-transmembrane ER protein 
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[3]. In HeLa cells, Dong et al. reported an increased abundance of ER 
sheets upon the loss of INPP5K by a siRNA-mediated knockdown 
approach [3]. The authors suggested that INPP5K participates in the fine 
control of ER organization. In the glioblastoma cell line, U-251 MG cells, 
the number of ER fragments significantly increased in INPP5K-depleted 
as compared to control cells [14]. This way, INPP5K might functionally 
impact cell homeostasis, as ER structural features and its many func-
tional domains are important for cell survival and function. Particularly 
in the neuronal context, ER morphological changes are linked to an 
increased susceptibility to neurodegeneration [16]. The possibility ex-
ists that ER-anchored INPP5K would act on plasma membrane PI(4,5)P2, 
as suggested in U-251 MG cells under particular conditions i.e. when 
cells were adhered to fibronectin [5]. The concept of a possible trans 
activity for INPP5K is also observed by other ER-attached phosphatases 
such as Sac1, a PI4P specific phosphatase, that acts on plasma membrane 
localized PI4P [17]. ER-plasma membrane contact sites also form 
microdomains for Ca2+ signaling, while Ca2+ signals themselves can 
shape ER-plasma membrane contact sites [18]. At ER-plasma membrane 
contact sites, the molecular key players for store-operated Ca2+ entry 
(SOCE) assemble. SOCE occurs upon interaction of the ER-resident 
protein STIM1 with plasmalemmal Orai1 Ca2+ channels [19,20]. 
These Ca2+ signals also impact several ER-plasmalemmal tethers as well 
as enzymes that influence the local lipid composition and lipid transfer 
between ER and plasma membrane [18]. Both STIM1 and Orai1 are also 
interacting with PIs: PI(4,5)P2 can bind the polybasic region of STIM1 
and PI4P, that is controlled by ER-Sac1 phosphatase, which may affect 
Orai-channel activity [19]. Also, the efficiency of agonist-induced Ca2+

signaling depends on the distance between plasma membrane, where PI 
(4,5)P2, the substrate of PLC to produce inositol 1,4,5-trisphosphate 
(IP3) and the ER, the major intracellular Ca2+ store where the IP3 re-
ceptors (IP3Rs), IP3-gated intracellular Ca2+-release channels, are 
located. Cells in which the distance between plasma membrane and ER 
is increased display reduced rate of IP3R-mediated Ca2+ rises evoked by 
agonists, as has been observed in protein kinase R-like endoplasmic 
reticulum kinase-deficient cells [21,22]. 

Given the preferential presence of INPP5K throughout the tubular ER 
[3], we asked whether INPP5K could have a functional role in ER Ca2+

dynamics. Thus, we examined whether the loss of INPP5K in U-251 MG 
cells could impact IP3R-mediated, ER-originated Ca2+ signals evoked by 
agonists or originating from SOCE, which occurs upon ER Ca2+ deple-
tion. Carbachol-induced Ca2+ responses were consistently lower in 
INPP5K-depleted cells, as compared to control cells and this appears to 
occur independently of modifications in total intracellular Ca2+ content 
between the two types of cells. The data provide a novel possible link 
between INPP5K lipid phosphatase and Ca2+ response to IP3-mobilizing 
agonist(s) in U-251 MG cells. Additionally, we showed that a deficiency 
in INPP5K does not alter the process of SOCE, at least in the context of 
U-251 MG cells. 

2. Materials and methods 

2.1. Cell culture 

U-251 MG shRNA scramble (shCTRL) and U-251 MG shINPP5K cells 
were transduced and selected as described in [5] and cultured in Dul-
becco’s modified Eagle’s medium (DMEM), supplemented with 5% fetal 
bovine serum and 100 IU/mL penicillin and 100 µg/mL streptomycin 
(100x Pen/strep, Gibco/Invitrogen, Merelbeke, Belgium). Cells were 
maintained at 37 ◦C and 5% CO2. 

2.2. Intracellular Ca2+ measurements in intact cells 

U-251 MG shRNA scramble and shINPP5K cells were seeded on 
black, F-bottom 96 well plates (Greiner Bio-One, Vilvoorde, Belgium) 
coated with 5 µg/mL bovine plasma fibronectin (Sigma, Overijse, 
Belgium). Cells were loaded with 1 µM Fura-2-AM (Eurogentec, Seraing, 

Belgium) in modified Krebs solution (150 mM NaCl, 5.9 mM KCl, 1.2 
mM MgCl2, 11.6 mM HEPES, 11.5 mM glucose and 1.5 mM CaCl2, pH 
balanced at 7.3) at room temperature for 30 min. Subsequent de- 
esterification was performed in the absence of extracellular Fura-2-AM 
at room temperature for 30 min. 30 s after initiating acquisitions, 
extracellular Ca2+ was chelated with 3 mM EGTA in modified Krebs 
solution without added CaCl2. To maintain chelating conditions, Ca2+

mobilizing agents were added in a 3 mM EGTA solution. Fluorescence 
was measured using a Flexstation 3 microplate reader (Molecular De-
vices, Sunnyvale, CA, USA) through alternating excitation of Fura-2 at 
340 and 380 nm, while collecting emission at 510 nm. 

2.3. 45Ca2+ measurements in permeabilized cells 

U-251 MG shRNA scramble and shINPP5K cells were seeded on 12- 
well plates coated with 5 µg/mL bovine plasma fibronectin (Sigma, 
Overijse, Belgium) 7 day prior to the 45Ca2+ flux experiment. Cells were 
permeabilized with saponin (20 µg/mL) and non-mitochondrial 
Ca2+stores were loaded with 150 nM 45Ca2+ (28 µCi/mL) (Perki-
nElmer, NEZ013005MC, Waltham, MA, USA) for 45 min at 30 ◦C, in the 
presence of 10 mM NaN3. Cells were washed with efflux medium con-
taining 120 mM KCl, 30 mM imidazole hydrochloride, 1 mM EGTA, 4 
µM thapsigargin and balanced at pH 6.8. 45Ca2+ efflux was followed for 
18 min by replacing the efflux medium every 2 min. After 10 min, 
different concentrations of IP3 were added. Residual 45Ca2+ was released 
by 2% sodium dodecyl sulfate addition for 30 min. Ca2+ release is dis-
played as a fractional loss, obtained by measuring the amount of Ca2+

released in 2 min over the total Ca2+ store content. IP3-releasable Ca2+

was determined by subtracting the fractional loss after IP3 addition with 
the fractional loss before IP3 addition. 

2.4. Western blotting 

Cells were seeded on fibronectin coated (5 µg/mL) 6 well plates and 
grown until confluent. Cells were washed with phosphate-buffered sa-
line and lysed with lysis buffer (50 mM Tris, 100 mM NaCl, 2 mM EDTA, 
1% 3-[(3-cholamidopropyl)dimethylammonio]− 1-propanesulfonate, 50 
mM NaF, 1 mM Na3VO4, Pierce protease inhibitor tablets (Roche, Basel, 
Switzerland) at pH 7.4 for 30 min. Lysates were centrifuged at 5000 x g 
for 5 min and analyzed by Western blotting as described in [23]. 10 µg of 
protein lysate was loaded for all samples. Volumetric immunoblot 
quantification was performed using the ImageJ software [24]. The used 
antibodies were: rabbit homemade pan anti-IP3R Rbt 475 [25] (1:1000) 
and mouse anti-actin (1:10 000) (Sigma, A5441, St Louis, MO, USA). 

2.5. Results processing & statistical analysis 

All statistical analyses were performed using the R software [26]. 
Anova fitting and assessment of normality and variance assumptions and 
Tukey-corrected post-hoc tests were performed using base R and the 
Anova function of the car package [27]. Plots displayed in this report 
were made with the ggplot2 package for R [28]. Dose-response curves 
were fitted using the drm function of the drc package for R [29]. 

Flexstation 3 data was pre-processed using custom-made Python 
scripts [30], making use of the NumPy [31] and Pandas [32] packages. 

3. Results 

In all the experiments, stable INPP5K depleted and control U-251 MG 
cells were used. The cells were generated via lentiviral transduction 
containing shRNA scramble (shCTRL) or a shRNA directed against 
INPP5K (shINPP5K) as previously described in [5,14]. Previously, 
Ramos et al. showed that in shINPP5K U-251 MG cells adhering to 
fibronectin, cell migration was decreased [5]. Because of the unique 
ER-localization of INPP5K among PI 5-phosphatases, we asked whether 
INPP5K could influence ER-originating Ca2+ signals. Additionally, the 
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implication of PIs in ER-PM contact and Stim/Orai regulation raised the 
question whether or not INPP5K could be involved in SOCE. 

3.1. Loss of INPP5K leads to reduced IP3R-mediated ER Ca2+ release 
without altering Ca2+ store content 

To investigate IP3R function, a selection of agonists was screened in 
FURA-2 loaded U-251 MG cells. We found that U-251 MG cells did not 
respond to either ATP, histamine, bradykinin or trypsin, suggesting 
these cells do not express purinergic, histamine, bradykinin or protease 

activated-receptors, respectively. However, the cells did respond to 
carbachol, an agonist of the acetylcholine receptors, which are coupled 
to G-proteins and stimulate phospholipase C-mediated IP3 generation, in 
turn activating IP3Rs [33]. A carbachol dose-response experiment in 
FURA-2 loaded cells was performed in the absence of extracellular Ca2+

to determine IP3R-mediated Ca2+ release from intracellular stores 
without Ca2+ influx. Averaged traces of all experiments are displayed in 
Fig. 1A. Responses to different concentrations of carbachol were 
consistently lowered in shINPP5K cells (half maximal effective concen-
tration (EC50): 12.8 µM) compared to shCTRL cells (EC50: 7.2 µM) 

Fig. 1. IP3R-mediated ER Ca2+ release is attenuated in shINPP5K cells. A: Averaged FURA-2 traces (thick lines) and individual N traces (thin lines) of shCTRL and 
shINPP5K U215 MG cell populations responding to different concentrations of carbachol, in the presence of 3 mM EGTA (N = 6). Black arrows indicate the time of 
carbachol addition. shCTRL and shINPP5K traces who were recorded simultaneously have the same line dash pattern. B: Dose response curve of area under curve 
(AUC) of carbachol reponses, normalized to response of shCTRL cells at 30 µM carbachol in the presence of 3 mM EGTA. The response to 10 µM carbachol is 
significantly decreased in shINPP5K cells (p < 0.0001), as assessed through a full factorial one-way ANOVA and subsequent Tukey-corrected pairwise post-hoc testing 
(N = 6). Error bars indicate mean +- standard error of mean. C: averaged FURA-2 traces (thick lines) with 95% confidence intervals (opaque ribbons) of cells treated 
with 2 µM thapsigargin in the presence of 3 mM EGTA (N = 6). D: averaged FURA-2 traces (thick lines) with 95% confidence intervals (opaque ribbons) of cells 
treated with 10 µM ionomycin in the presence of 3 mM EGTA (N = 6). E & F AUC of thapsigargin E and ionomycin (F) responses. Responses to ionomycin (p = 0.017) 
is significantly upregulated in shINPP5K cells, as assessed via an independent samples T-test (N = 6). Significant differences are annotated with asterisks (* p < 0.05, 
** p < 0.01, *** p < 0.001). 
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(Fig. 1B). The representation of area under the curves in Fig. 1B was 
scaled to the average 30 µM carbachol response of shCTRL cells. The 
difference between EC50’s was not significant (Mann-Whitney U test w 
= 5, p-value = 0.1508), however a full-factorial two-way Anova and 
Tukey-corrected post-hoc pairwise comparisons indicated a significantly 
lower response for shINPP5K cells when responding to 10 µM carbachol 
(adjusted p-value = 0.0002966). To determine ER Ca2+ store content we 
inhibited the sarco/endoplasmic reticulum Ca2+ATPase (SERCA) 
through the addition of 2 µM thapsigargin in Ca2+ free conditions, 
visualized in Fig. 1C. Thapsigargin-releasable Ca2+ did not differ be-
tween shCTRL and shINPP5K cells (Fig. 1E), suggesting that decreased 
IP3R-mediated Ca2+ release in INPP5K-deficient cells is not due to a 
lower ER Ca2+ store content. Similarly, total Ca2+ content was deter-
mined through addition of ionomycin in Ca2+ free conditions (Fig. 1D). 
shINPP5K cells had a significantly higher total Ca2+ content compared 
to shCTRL cells (independent samples T-test: t = -2.9692, p-value =
0.01703). 

3.2. Reduced IP3R-mediated ER Ca2+ release in INPP5K-deficient cells 
appears to be independent of IP3R expression and IP3 generation 

We examined IP3R protein expression levels through Western blot-
ting and immunodetection using a pan-antibody against IP3R recog-
nizing all three isoforms (Fig. 2A). Volumetric quantification of IP3R 

signal loading-corrected by В-actin staining (Fig. 2B) indicated that IP3R 
expression levels were similar between shINPP5K and shCTRL cells. 
Thus, the aforementioned decreased IP3R-mediated Ca2+ release is not 
manifested through decreased IP3R expression. Next, we studied 
whether INPP5K could directly regulate IP3R-mediated Ca2+ release, 
irrespective of IP3 generation in permeabilized U-251 MG cells. We 
induced unidirectional 45Ca2+ with either 1 µM IP3, 10 µM IP3 or the 
ionophore A23187 as a stimulus at the indicated time points (Fig. 2C). 
We quantified fractional loss normalized to Ca2+ released after iono-
phore stimulation (Fig. 2D), whereby a significantly lowered release 
with 1 µM IP3 was visible for shINPP5K cells (Mann-Whitney U test: w =
3.6582, p-value = 0.007). Responses to ionophore were comparable 
between shINPP5K and shCTRL cells (Fig. 2E). 

3.3. SOCE is unaffected by loss of INPP5K 

We studied the process of SOCE by depleting FURA-2 loaded U-251 
MG cells of Ca2+ by thapsigargin addition in Ca2+ free circumstances 
and a subsequent replenishment of intracellular Ca2+ by administration 
of excess extracellular Ca2+, to overcome Ca2+-chelating conditions 
(Fig. 3A). The supramaximal extracellular Ca2+ concentration of 50 mM 
used in the SOCE experiments is larger than physiological Ca2+ con-
centrations, though ensured maximal Ca2+ entry after store depletion 
and overcoming Ca2+-chelating conditions. Both the magnitude of Ca2+

Fig. 2. Attenuated IP3R-mediated ER Ca2+ release in shINPP5K cells is not attributable to decreased IP3R protein expression, but likely in part attributable to 
decreased IP3R sensitivity to IP3. A: Immunoblot of lysates of shCTRL / shINPP5K U-251 MG stained with a pan-IP3R and β-actin antibody. B: Volumetric quanti-
fication of immunoblot in A. IP3R densities are displayed relative to actin densities (N = 3). C: Average fractional loss of 45Ca2+as a function of time in permeabilized 
shCTRL / shINPP5K U-251 MG cells with 95% confidence intervals (opaque ribbons). Time of addition of IP3 or A23187 is indicated by an arrow. Fractional loss at 
the time of addition of stimuli, indicated by a black arrow, is set at 15. Differences in fractional loss were quantified over two sampling points, as indicated by the 
black dashed line. D: Quantification of difference in fractional loss of 45Ca2+ upon 1 and 10 µM IP3 addition, normalized to A23187 ionophore and displayed relative 
to the shCTRL response to 10 µM IP3

, which was set to 1. Shapes of points correspond to different biological replicates (N = 7). E: Quantification of difference in 
fractional loss of 45Ca2+ upon 10 µM A23187 addition. Shapes of points correspond to different biological replicates (N = 7). 
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reuptake (Fig. 3B) and the rate of rise (Fig. 3C) was similar between 
shINPP5K and shCTRL cells, suggesting that INPP5K is not involved in 
the process of SOCE at ER-PM contact sites. 

4. Discussion 

In this small, descriptive study, we provide evidence that INPP5K, 
which resides preferentially at the tubular ER, intersects with physio-
logical Ca2+ signaling, thereby enhancing IP3R-mediated Ca2+ release in 
the cellular context of a glioblastoma cell line, i.e. U-251 MG cells. 
Moreover, the decrease in IP3R-mediated Ca2+ release upon loss of 
INPP5K is neither due to a reduction in intracellular Ca2+ store content, 
nor to a decrease in IP3R-protein levels. When stimulating IP3R directly 
with IP3 in permeabilized cells, thus circumventing the need for the 
induction of signaling cascades leading to IP3 generation, there was also 
a decreased IP3R activity in INPP5K-deficient cells. Consequently, these 
results point towards a stimulatory role for INPP5K on IP3R-mediated 
Ca2+ release, irrespective of Ca2+ store content. Finally, we found no 
evidence to support that INPP5K might be involved in SOCE. 

Through dephosphorylation of PIs, PI 5-phosphatases exert their 
catalytic function on important second messengers in key cellular 
signaling pathways. PI 5-phosphatases are often enriched in membranes 
distal to the ER, in close proximity of their PI substrates [3]. A unique 
characteristic of INPP5K is that it is the sole member of the PI 5-phospha-
tase family that, at least partly, localized at the ER tubules [3]. Previ-
ously, it was shown that ER-anchored INPP5K could act in trans on 
plasma membrane PI(4,5)P2, but solely under specific conditions, i.e. in 
U-251 MG cells adhered to fibronectin [5]. In the absence of fibronectin 

coating, no significant change in PI(4,5)P2 between in U-251 shINPP5K 
and shCTRL cells was observed, in agreement with studies in HeLa cells 
[4,15]. At sites of ER-PM contact, a process termed SOCE occurs [34]. 
Upon depletion of ER Ca2+, ER-localized STIM1 associates with PM 
Orai1 Ca2+ permeable channels to enable Ca2+ entry [34]. Of note, PI(4, 
5)P2 binds the polybasic region of STIM1 [19]. Because of INPP5K 
localization and potential role in controlling PI(4,5)P2 levels, we hy-
pothesized that INPP5K could be involved in SOCE. By decreasing 
INPP5K expression in U-251 MG cells, adhered to fibronectin, we could 
not detect an effect on SOCE. This suggests the PI 5-phosphatase may not 
be a major regulator of SOCE. 

We also measured IP3R-mediated Ca2+ releases in U-251 MG cells 
adhered to fibronectin. By screening different agonists for IP3R stimu-
lation, we found that U-251 MG cells responded to carbachol, but not to 
other known agonists of the IP3R. This suggests that U-251 cells mainly 
activate IP3Rs through acetylcholine receptor-mediated signaling. By 
evaluating carbachol responses in INPP5K-deficient cells, we found that 
particularly around the EC50, INPP5K-deficient cells have a markedly 
decreased IP3R-mediated Ca2+ release. Importantly, this was not due to 
a lower ER Ca2+ store content or an overall decreased Ca2+ store con-
tent. In fact, the response to ionomycin, an indicator for total Ca2+ store 
content, was even higher in shINPP5K cells compared to control cells. 
The decreased IP3R mediated Ca2+ release was also not attributable to 
changed IP3R protein levels or activity. This finding was somewhat 
surprising, since the absence of INPP5K is thought, in theory, to increase 
PI(4,5)P2 levels, thus possibly increasing the pool of available substrate 
for phospholipase C to generate IP3. In an attempt to elucidate whether 
somehow, an impaired IP3 generation is introduced by depleting cells of 

Fig. 3. Store-operated Ca2+ entry (SOCE) is unaffected by loss of INPP5K. A: Averaged FURA-2 traces (thick lines) with 95% confidence intervals (opaque ribbons) of 
cells treated with 2 µM thapsigargin followed by 50 mM Ca2+ in the presence of 3 mM EGTA (N = 3). B: Quantification of area under curve (AUC) and C: rate of rise 
after replenishment of Ca2+ after Ca2+ depletion. 
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INPP5K, we directly stimulated IP3Rs with IP3 in permeabilized cells. A 
significantly decreased Ca2+ response to 1 µM IP3 was observed, while 
also a non-significant trend was found using 10 μM IP3. Therefore, 
INPP5K might have a direct effect on IP3R-mediated Ca2+ fluxes, for 
instance by binding to the IP3R, alone or as a part of a larger macro-
complex, as has been reported for various other regulators of the IP3R, 
such as Neuronal Ca2+ Sensor 1 [35–37]. However, we cannot exclude 
that in intact cells loss of INPP5K also impairs the function of G-protein 
coupled receptors and downstream events such as IP3 generation or IP3 
diffusion times, e.g. due to increased distances between ER and plasma 
membrane. 

Dong et al. reported that depletion of INPP5K in HeLa cells resulted 
in an increase of ER sheets indicating a role of INPP5K in the fine control 
of ER organization (3). This was confirmed in our hands in U-251-MG 
cells adhered to fibronectin (5). Recent data reported in neurons of 
C. elegans, showed that the inositol PI 5-phosphatase, CIL-1 (ortholog of 
human INPP5K), functioned at the ER, regulated the cortical ER 
network, and maintained the distribution of ER-PM contacts in neurons 
[15]. In the absence of CIL-1, cortical ER sheets expanded with a 
concomitant reduction in ER tubules. The authors identified cil-1 mu-
tants with an early stop codon in the CIL-1 open reading frame or a 
mutation in the catalytic domain that exhibited abnormal distribution of 
the ER-PM contacts. No changes in the distribution PI(4,5)P2 had been 
detected in those cil-1 mutants (using the pH domain derived from 
phospholipase C δ1 as probe), suggesting that the PI 5-phosphatase is 
capable of removing PI(4,5)P2 in the ER without affecting PI(4,5)P2 of 
the plasma membrane, thus acting primarily in cis. The minimal inter-
pretation of the study is that CIL-1 is not acting through a detectable 
change in PI(4,5)P2 [15]. Together the data suggest that the balance 
between ER sheets and tubules, which is INPP5K dependent, may 
determine where ER-PM contacts are distributed in neurons and perhaps 
other cells. Membrane contact sites are thus controlled by the PI 5-phos-
phatase expression that is targeted to the ER. Our data highlight a new 
role of INPP5K in the control of Ca2+ homeostasis i.e. deficiency in 
INPP5K leads to reduced IP3R-mediated ER Ca2+ release. Given the 
function of INPP5K in human pathology i.e. muscular dystrophy and 
intellectual impairments [11,12], our observations, that need to be 
generalized to other cells, may therefore also play a role in proper axon 
regeneration. Indeed, alterations of structural features of the ER and ER 
Ca2+ homeostasis are intimately linked with neurodegeneration [16, 
38], and our findings suggest INPP5K impacts both. Clearly, further 
work is needed to decipher the exact molecular mechanisms by which 
INPP5K controls IP3R-mediated Ca2+ signaling and to understand the 
cell physiological consequences of the INPP5K/IP3R interplay. 

Finally, we wish to recognize that this short report is only descrip-
tive, has several limitations and does not provide mechanistic insights in 
how INPP5K intersects with physiological Ca2+ signaling. However, we 
hope the results provide a stepping stone for others in the field for 
further investigations. Firstly, this report only focused on one cell model, 
namely U251-MG cells, in which INPP5K loss-of-function was previously 
studied [5]. Thus, it remains to be established on how generalizable 
these findings are towards other cellular and physiological systems. 
Secondly, the mechanisms by which INPP5K promotes IP3R function 
remain unresolved and may be direct by forming a complex with IP3Rs 
or indirect by impacting IP3 signaling, lipid-dependent regulation of 
IP3Rs, ER shape or properties of Ca2+ stores. Yet, the latter might be less 
likely given our findings in permeabilized cells using exogenously added 
IP3. Hence, further work should examine whether IP3Rs and INPP5K can 
form a molecular and functional complex. Thirdly, in this study, the cell 
physiological/biological consequences of INPP5K/IP3R crosstalk and 
pathophysiological outcomes of deranged IP3R function upon loss of 
INPP5K have not been addressed. In fact, PI 5-phosphatases including 
INPP5K control several cancer cell properties, such as cell migration, 
adhesion, polarity and cell invasion [39]. Moreover, loss of INPP5K 
deranged tip cell specification and impaired embryonic angiogenesis 
[40]. Loss-of-function mutations in INPP5K also cause congenital 

dystrophy [11]. However, the contribution of deranged IP3R function in 
such cell systems and models remains to be established. Despite these 
limitations, the authors hope these results form a good basis for others to 
explore how INPP5K may impact cell function possibly through con-
trolling IP3R properties in future work. Given the retirement of Dr. 
Erneux, the authors wished to expose these results to the research 
community so others can build on and develop these findings. 
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