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Abstract
Background: The widely expressed protein chorein fosters activation of the phosphoinositide 
3 kinase (PI3K) pathway thus supporting cell survival. Loss of function mutations of the 
chorein encoding gene VPS13A (vacuolar protein sorting-associated protein 13A) causes 
chorea-acanthocytosis (ChAc), a neurodegenerative disorder paralleled by deformations of 
erythrocytes. In mice, genetic knockout of chorein leads to enhanced neuronal apoptosis. PI3K 
dependent signalling upregulates Orai1, a pore forming channel protein accomplishing store 
operated Ca2+ entry (SOCE). Increased Orai1 expression and SOCE have been shown to confer 
survival of tumor cells. SOCE could be up-regulated by lithium. The present study explored, 

lithium treatment. Methods: Fibroblasts were isolated from ChAc patients and age-matched 
healthy volunteers. Cytosolic Ca2+ activity ([Ca2+]i
SOCE from increase of [Ca2+]i following Ca2+ re-addition after Ca2+-store depletion with 
sarcoendoplasmatic Ca2+-ATPase (SERCA) inhibitor thapsigargin (1 µM), and apoptosis 
from annexin-V/ Results: SOCE was 
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2-Aminoethoxydiphenyl Borate (2-APB, 50 µM, 
 and propidium iodide staining 

of 2-APB. Conclusions: 

can be reversed by lithium treatment.

IntroductionChorein supports the activation of phosphoinositide-3-kinase (PI3K)-p85-subunit with subsequent activation of ras-related C3 botulinum toxin substrate 1 (Rac1) and p21 protein-activated kinase 1 (PAK), thus fostering actin polymerization and cell survival [1-4]. Loss-of-function mutations of the chorein encoding gene VPS13A (vacuolar protein sorting-associated protein 13A) cause chorea-acanthocytosis (CA) [5-9], characterized by progressive hyperkinetic movement disorder, cognitive dysfunction, behavioural abnormalities, epilepsy, increased plasma creatine kinase concentration, and erythrocyte acanthocytosis [5, 10]. Gene targeted mice lacking functional chorein display erythrocyte shape changes [11], neuronal apoptosis [12] and altered behaviour [12].Chorein is widely expressed [13-15] and contributes to regulation of platelet activation [15], endothelial cell stiffness [14] and tumor cell survival [4]. Chorein is particularly important for function and survival of neurons and skeletal muscle cells [5, 10]. In platelets, 
cytoskeletal architecture is severely distorted [17]. In rhabdomyosarcoma cells, chorein has been shown to up-regulate store operated Ca2+ entry [18] which is accomplished by the pore-forming Ca2+ channel subunits Orai1, Orai2 and/or Orai3 [19-23] as well as their regulators STIM1 and/or STIM2 [24-28]. Increases of cytosolic Ca2+ activity ([Ca2+]i) are powerful regulators of cell survival and cell death [29-33]. the course of neurodegenerative disease [35-42]. 
sensitive to lithium treatment.

Materials and Methods

CellsThe study has been approved by the Institutional Review Board of the Technische Universität Dresden (EK45022009). Fibroblasts from patients (n=5) and healthy volunteers (n=5) were isolated from human skin biopsy after written consent by the patients and controls. Skin biopsies were minced using sterile techniques and washed twice in phosphate buffered saline (PBS) supplemented with antibiotics (100 U/ml penicillin and 100 mg/ml streptomycin). Explants were placed into 25 cm2
2

subcultured with the same medium. Cell cultures between the third and twelfth passages were used in this study [17]. 

© 2017 The Author(s)
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Western Blotting

was determined using the Bradford assay (BioRad, München, Germany). Fifty - hundred µg of protein Glycine-Tris buffer and electro-transferred into Nitrocellulose membranes for 70 min. After blocking with 
washing (TBST), the blots were incubated with secondary anti-rabbit (1:2000, Cell Signaling) antibody for 1 h at room temperature. Protein bands were detected after additional washes (TBST) with an ECL detection Germany). To assign the right protein size we used Protein-Marker VI (Peqlab, Erlangen, Germany).

Ca2+ measurements 2+ measurements [43]. Cells were loaded with Fura-2/AM (2 µM, Invitrogen, Goettingen, Germany) for 20 min at 37°C. Cells were excited alternatively 
Cytosolic Ca2+ activity was estimated from the 340 nm/380 nm ratio. SOCE was determined by extracellular Ca2+ removal and subsequent Ca2+ re-addition in the presence of thapsigargin (1 µM, Invitrogen). For 2+ entry, the slope (delta ratio/s) and peak (delta ratio) were calculated following re-addition of Ca2+.Experiments were performed with Ringer solution containing (in mM): 125 NaCl, 5 KCl, 1.2 MgSO4, 2 CaCl2, 2 Na2 4 2+-free conditions, experiments were performed using Ca2+-free Ringer solution containing (in mM): 125 NaCl, 5 KCl, 1.2 MgSO4, 2 Na2 4, 32 

Analysis of apoptosisAfter incubation, the cells were centrifuged at 1,000 r.p.m. for 5 minutes. Then, cells were co-stained with annexin V-FITC (Immunotools, Friesoythe, Germany) to assess phosphatidylserine exposure and propidium iodide (PI, Sigma-Aldrich) to estimate cell membrane integrity. To this end cells were incubated in 100 µl Ringer solution containing 5 mM Ca2+ and 1 µl annexin V-FITC (Immunotools, Friesoythe, Germany), and 0.075 µl PI stock solution (25 mg/ml PI in PBS) for 15 min at 37°C. Then, 100 µl of Ringer solution 
StatisticsData are expressed as arithmetic means ± SEM. Statistical analysis was made by unpaired t-test or Mann-were performed in at least 4 independent replications.
Results

expression and Ca2+
both, ChAc patients and healthy volunteers expressed Orai1. The expression was, however, volunteers. 
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F 2+ activity ([Ca2+]i). In order 2+ release and store-operated Ca2+ entry (SOCE), intracellular Ca2+ stores were depleted by exposure of the cells to Ca2+-free solutions containing the sarco-/endoplasmic reticulum Ca2+-ATPase (SERCA) inhibitor thapsigargin (1 µM) followed by re-addition of extracellular Ca2+ in the continued presence 

Fig. 1. and healthy volunteers. Representative Western blot (upper panel) and arithmetic means (± SEM, n = 5 patients and 5 healthy vol-
-

t-test).

Fig. 2. Intra-cellular Ca2+ re-lease and store-operated Ca2+ entry (SOCE) isolated from ChAc patients and healthy volunteers. A. R e p r e s e n t a -tive tracings of -cence-ratio in spectrometry before and fol-lowing extra-cellular Ca2+ removal and addition of t h a p s i ga rg i n (1 µM), as well as re-addition of extracellular Ca2+ -blasts isolated from healthy volunteers (white squares) and from chorea-acanthocytosis (ChAc) patients. B,C. Arithmetic means (± SEM, n = 48-61 cells from 4-5 individuals) of peak (B) and slope (C) increase 
following re-addition of extracellular Ca2+
from healthy individuals (two-tailed unpaired t-test). 
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2+ removal was slightly, ChAc  (0.54 ± 0.02, n = 5). As illustrated in Fig. 2, the addition of thapsigargin triggered Ca2+ release from intracellular stores, leading to a rapid, transient increase in [Ca2+]i. The increase of intracellular Ca2+ activity following thapsigargin treatment was similar in control (Fig. 2). The addition of extracellular Ca2+ in the continued 
2+ entry (SOCE). The  than in control  (Fig. 1).A further series of experiments explored whether SOCE could be restored by lithium treatment (2 mM, 24 hours). Again, intracellular Ca2+ stores were depleted by exposure of the cells to Ca2+-free solutions containing the sarco-/endoplasmic reticulum Ca2+/ATPase (SERCA) inhibitor thapsigargin (1 µM) followed by re-addition of extracellular Ca2+ in the continued presence of thapsigargin. As shown in Fig. 3, the increase of intracellular Ca2+ 

Fig. 3. Intracellular Ca2+ release and store-operated Ca2+ -
2+ removal and addition of thapsigargin (1 µM), as well as re-addition of extracellular Ca2+patients in the continued presence of thapsigargin and absence of drugs (white circles), in the presence of lithium (black circles) and in the presence of 2-APB (grey circles). B,C. Arithmetic means (± SEM, n = 

absence of drugs (white bars), in the presence of lithium (black bars) and in the presence of 2-APB (grey bars). D,E. Arithmetic means (± SEM, n = 23-73 cells from 4-5 individuals) of peak (D) and slope (E) increase 2+acanthocytosis (ChAc) patients in the absence of drugs (white bars), in the presence of lithium (black bars) 
of 2-APB, (ANOVA). 
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in untreated (Fig. 3). The addition of extracellular Ca2+ in the continued th peak and slope of SOCE in 2-APB (50 µM) (Fig. 3).In order to test whether the differences in Ca2+ signalling are paralleled by differences  and control hosphatidylserine exposing 
4, the percentage annexin-V-binding than the percentage annexin-V-binding . Moreover, the percentage of propidium iodide than in . Again, additional experiments explored whether phosphatidylserine translocation could be decreased by lithium treatment (2 mM, 24 hours). As shown in Fig. 5, lithium treatment markedly decreased the annexin-V-binding and propidium iodide staining in ChAc Orai1 blocker 2-APB (50 µM) was followed by a  staining. In the presence of 2-APB lithium was without   (Fig. 5). 

DiscussionThe present study reveals a novel pathophysiological element in chorea-acanthocytosis, i.e. deranged regulation of store operated Ca2+

Fig. 4. -tients and healthy volunteers. A,B. Representative dot blots of propidium iodide staining versus annexin-V-
from healthy volunteers (white bars) and from ChAc patients (black bars), both expressed in percent of the value in healthy volunteers. D. Arithmetic means (± SEM, n = 4-5 individuals) of the percentage of propidium -cant difference from healthy individuals (two-tailed unpaired t-test).
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2+ activity ([Ca2+]i) [44]. The oscillations of [Ca2+]i result from rapid Ca2+ entry due to activation of SOCE followed by similarly rapid Ca2+ extrusion. The repetitive short pulses of [Ca2+]i increase activate Ca2+without triggering the detrimental consequences of sustained increases of [Ca2+]i [45]. The Ca2+ oscillations participate in the regulation of diverse cellular functions [46-50] including entry into the S and the M phase of the cell cycle [51, 52] and cell survival [53, 54]. In contrast to Ca2+ oscillations, sustained increases of cytosolic Ca2+ activity trigger apoptosis [48, 55-63]. Along those lines, Orai1, 2, or 3 [19-22], and their regulators STIM 1 or 2 [25, 26, 28] are part of the machinery regulating survival, proliferation, and migration of tumor cells [64-77].The signalling may well involve PI3K which confers survival of a wide variety of cells including cancer cells [78-92] and neurons [93-96]. PI3K dependent signalling includes the kinases Akt and SGK1 [97], which are both known to up-regulate Orai1 [98, 99].The present observations further uncover an anti-apoptotic effect of lithium in chorea-acanthocytosis patients. The effect of lithium is at least in part due to up-regulation of SOCE. Lithium has previously been shown to counteract neurodegeneration [35-42]. In view of the present observations, it is tempting to speculate that lithium may 

Fig. 5. -teers and from ChAc patients without and with treatment with lithium and/or 2-APB. A-E. Representative -teers (A) and from chorea-acanthocytosis (ChAc) patients (B-E) without treatment (B) and with treatment with lithium (2 mM) alone (C) with 50 µM 2-APB alone (D) and with lithium and 2-APB (E).  F. Arithmetic (white bars) and from ChAc patients without (black bars) or with (grey bars) 2 mM lithium treatment with-out (left bars) and with (right bars) presence of 50 µM 2-APB (2-APB). Values are expressed in percent of -out (black bars) or with (grey bars) 2 mM lithium treatment without (left bars) and with (right bars) pres-
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modify the course of neurodegeneration in part by up-regulating neuronal Orai1 expression and SOCE. As a matter of fact, similar observations on Orai1 expression and SOCE have been In conclusion, the pathophysiology of chorea-acanthocytosis includes downregulation of the store operated Ca2+ entry leading to compromised cell survival. Lithium up-regulates store operated Ca2+ entry and attenuates apoptosis. 
AcknowledgementsThis study was supported by the Brigitte-Schlieben-Lange-Programm (L.P.), DAAD (I.S.) and the Open Access Publishing Fund of Tuebingen University. Work of R.B. is supported by the Institutional Strategy of the University of Tübingen (Deutsche Forschungsgemeinschaft, ZUK63). The work was supported in part by the Advocacy for Neuroacanthocytosis FKZ: 01GM1303) under the frame of E-Rare-2, the ERA-Net for Research on Rare Diseases manuscript by Lejla Subasic.
Disclosure StatementNone.
References

http://www.ebi.ac.uk/intact/pages/interactions/interactions.xhtml?conversationContext=1]. EMBL EBI database 2011.
domain-mediated human protein-protein interactions by peptide array target screening. Proteomics 2007;7:1775-1785.

Lang F: Chorein addiction in VPS13A overexpressing rhabdomyosarcoma cells. Oncotarget 2015;6:10309-10319.
Gene Rev 1993;updated 2010.

KL, Lang AE, Dotti MT, Federico A, Mohiddin SA, Fananapazir L, Daniels G, Danek A, Monaco AP: Chorein detection for the diagnosis of chorea-acanthocytosis. Ann Neurol 2004;56:299-302.
A: The gene encoding a newly discovered protein, chorein, is mutated in chorea-acanthocytosis. Nat Genet 2001;28:121-122.
Szczudlik A, Penco S, Fujiwara M, Tojo K, Sano A: Novel pathogenic mutations and copy number variations 

D
ow

nloaded from
 http://karger.com

/cpb/article-pdf/42/5/2066/2443483/000479901.pdf by D
eutsches Zentrum

 user on 10 M
ay 2024



Cell Physiol Biochem 2017;42:2066-2077
DOI: 10.1159/000479901
Published online: August 11, 2017 2074
Pelzl et al.: Chorein Sensitive Orai1

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry
© 2017 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

2011;156:620-631.
2007;22:848-852.
2011;192:29-36.

distribution and localization of chorein. Biochem Biophys Res Commun 2007;353:431-435.
TE, Lang F: Chorein sensitivity of actin polymerization, cell shape and mechanical stiffness of vascular endothelial cells. Cell Physiol Biochem 2013;32:728-742.
C, Schaller M, Foller M, Schols L, Gawaz M, Borst O, Storch A, Stournaras C, Lang F: Chorein sensitivity of 
localization and putative role of VPS13A/chorein in dopaminergic neuronal cells. Biochem Biophys Res Commun 2012;419:511-516.
C, Lang F: Chorein Sensitive Dopamine Release from Pheochromocytoma (PC12) Cells. Neurosignals 2015;23:1-10.
Chorein Sensitive Orai1 Expression and Store Operated Ca2+ Entry in Rhabdomyosarcoma Cells. Cell Physiol Biochem 2016;40:1141-1152.
channel. Nature 2006;443:230-233.
2006;312:1220-1223.
altered ion selectivity in a mutant of Orai. Nature 2006;443:226-229.
and -independent modes regulating Ca2+ release-activated Ca2+ channel activity of human Orai1 and 

24 Fahrner M, Muik M, Derler I, Schindl R, Fritsch R, Frischauf I, Romanin C: Mechanistic view on domains mediating STIM1-Orai coupling. Immunol Rev 2009;231:99-112.
tetramer formed by Stim-induced dimerization of Orai dimers. Nature 2008;456:116-120.
sensor that activates CRAC channels and migrates from the Ca2+ store to the plasma membrane. Nature 2005;437:902-905.29 Becchetti A, Arcangeli A: Integrins and ion channels in cell migration: implications for neuronal development, wound healing and metastatic spread. Adv Exp Med Biol 2010;674:107-123.30 Burgoyne RD: Neuronal calcium sensor proteins: generating diversity in neuronal Ca2+ signalling. Nat Rev Neurosci 2007;8:182-193.

D
ow

nloaded from
 http://karger.com

/cpb/article-pdf/42/5/2066/2443483/000479901.pdf by D
eutsches Zentrum

 user on 10 M
ay 2024



Cell Physiol Biochem 2017;42:2066-2077
DOI: 10.1159/000479901
Published online: August 11, 2017 2075
Pelzl et al.: Chorein Sensitive Orai1

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry
© 2017 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

31 Orrenius S, Zhivotovsky B, Nicotera P: Regulation of cell death: the calcium-apoptosis link. Nat Rev Mol Cell Biol 2003;4:552-565.
and survival. Nat Rev Cancer 2008;8:361-375.33 Salter RD, Watkins SC: Dendritic cell altered states: what role for calcium? Immunol Rev 2009;231:278-288.
Entry in the Regulation of FGF23 Release. Neurosignals 2015;23:34-48.
from lithium. Curr Alzheimer Res 2007;4:21-31.
phosphorylation and protection against beta-amyloid-induced neurodegeneration by lithium. Possible implications for Alzheimer's disease. Bipolar Disord 2002;4:153-165.
of the neuroprotective effects of lithium for the treatment of bipolar and neurodegenerative disorders. Pharmacopsychiatry 2003;36 Suppl 3:S250-254.
Front Neurosci 2015;9:403.
intervention in traumatic brain injury. ACS Chem Neurosci 2014;5:422-433.
overlooked? Biol Psychiatry 1999;46:929-940.
9:82-96.
Akt2- and ETS1-dependent IP3 receptor 2 expression in dendritic cell migration. Cell Physiol Biochem 2014;33:222-236.
1991;266:4938-4942.
of cell proliferation and apoptotic cell death. Contrib Nephrol 2006;152:142-160.
Rev Mol Cell Biol 2003;4:517-529.
Biol 2000;1:11-21.
volume regulatory mechanisms. Physiol Rev 1998;78:247-306.
urchin embryo. Nature 1988;332:364-366.
channel-mediated Ca2+-entry and activation of Ca2+/calmodulin-dependent kinase II contribute to G2/M cell cycle arrest and survival of irradiated leukemia cells. Cell Physiol Biochem 2010;26:597-608.

55 Benavides Damm T, Egli M: Calcium's role in mechanotransduction during muscle development. Cell Physiol Biochem 2014;33:249-272.

D
ow

nloaded from
 http://karger.com

/cpb/article-pdf/42/5/2066/2443483/000479901.pdf by D
eutsches Zentrum

 user on 10 M
ay 2024



Cell Physiol Biochem 2017;42:2066-2077
DOI: 10.1159/000479901
Published online: August 11, 2017 2076
Pelzl et al.: Chorein Sensitive Orai1

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry
© 2017 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

2061.
Chem 2005;280:3817-3823.59 Shaik N, Zbidah M, Lang F: Inhibition of Ca(2+) entry and suicidal erythrocyte death by naringin. Cell Physiol Biochem 2012;30:678-686.
Gill DL: Calcium entry mediated by SOCs and TRP channels: variations and enigma. Biochim Biophys Acta 2004;1742:9-20.
ammonia-induced blebbing in the microglial cell line, BV-2. Cell Physiol Biochem 2009;24:53-64.62 Towhid ST, Schmidt EM, Tolios A, Munzer P, Schmid E, Borst O, Gawaz M, Stegmann E, Lang F: Stimulation of platelet death by vancomycin. Cell Physiol Biochem 2013;31:102-112.

64 Baryshnikov SG, Pulina MV, Zulian A, Linde CI, Golovina VA: Orai1, a critical component of store-operated Ca2+ entry, is functionally associated with Na+/Ca2+ exchanger and plasma membrane Ca2+ pump in 
65 Bergmeier W, Weidinger C, Zee I, Feske S: Emerging roles of store-operated Ca(2)(+) entry through STIM and ORAI proteins in immunity, hemostasis and cancer. Channels (Austin) 2013;7:379-391.66 Berra-Romani R, Mazzocco-Spezzia A, Pulina MV, Golovina VA: Ca2+ handling is altered when arterial 

2008;295:C779-790.67 Capiod T: The need for calcium channels in cell proliferation. Recent Pat Anticancer Drug Discov 2013;8:4-17.68 Courjaret R, Machaca K: STIM and Orai in cellular proliferation and division. Front Biosci (Elite Ed) 2012;4:331-341.69 Moccia F, Dragoni S, Lodola F, Bonetti E, Bottino C, Guerra G, Laforenza U, Rosti V, Tanzi F: Store-dependent Ca(2+) entry in endothelial progenitor cells as a perspective tool to enhance cell-based therapy and adverse tumour vascularization. Curr Med Chem 2012;19:5802-5818.
Cancer 2011;11:609-618.
stromal-interaction molecule 1-dependent signaling plays an important role in cervical cancer growth, migration, and angiogenesis. Proc Natl Acad Sci U S A 2011;108:15225-15230.
cell-cycle progression and induces apoptosis in breast cancer cells but not in normal breast epithelial cells. 

73 Flourakis M, Lehen'kyi V, Beck B, Raphael M, Vandenberghe M, Abeele FV, Roudbaraki M, Lepage G, Mauroy 
resistant phenotype in prostate cancer cells. Cell Death Dis 2010;1:e75.74 Motiani RK, Abdullaev IF, Trebak M: A novel native store-operated calcium channel encoded by Orai3: selective requirement of Orai3 versus Orai1 in estrogen receptor-positive versus estrogen receptor-
contributes to cancer hallmarks? Philos Trans R Soc Lond B Biol Sci 2014;369:20130097.
Lang F: SGK3 regulates Ca(2+) entry and migration of dendritic cells. Cell Physiol Biochem 2012;30:1423-1435.
apoptosis and tolerance. Cell Calcium 2011;50:261-269.
Ivanic D, Montalto G, Cervello M, Fitzgerald TL, Demidenko Z, Martelli AM, Cocco L, Steelman LS, McCubrey 

D
ow

nloaded from
 http://karger.com

/cpb/article-pdf/42/5/2066/2443483/000479901.pdf by D
eutsches Zentrum

 user on 10 M
ay 2024



Cell Physiol Biochem 2017;42:2066-2077
DOI: 10.1159/000479901
Published online: August 11, 2017 2077
Pelzl et al.: Chorein Sensitive Orai1

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry
© 2017 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

therapeutic intervention. Oncotarget 2014;
through inhibiting PI3K/Akt and MAPK signaling pathways. Cell Physiol Biochem 2013;32:1751-1760.80 Francipane MG, Lagasse E: mTOR pathway in colorectal cancer: an update. Oncotarget 2014;5:49-66.81 Fruman DA, Rommel C: PI3K and cancer: lessons, challenges and opportunities. Nat Rev Drug Discov 2014;13:140-156.
in soil. Oncogene 2014;33:3083-3090.
hits are better than one: targeting both phosphatidylinositol 3-kinase and mammalian target of rapamycin as a therapeutic strategy for acute leukemia treatment. Oncotarget 2012;3:371-394.
updated review. Ann Med 2014;10.3109/07853890.2014.9128361-12.
GSK-3 as potential target for therapeutic intervention in cancer. Oncotarget 2014;5:2881-2911.
Tafuri A, Chiarini F, Evangelisti C, Cocco L, Martelli AM: Ras/Raf/MEK/ERK and PI3K/PTEN/Akt/mTOR cascade inhibitors: how mutations can result in therapy resistance and how to overcome resistance. Oncotarget 2012;3:1068-1111.
MD, Seruga B, Pandiella A, Amir E: Activation of the PI3K/mTOR/AKT pathway and survival in solid tumors: systematic review and meta-analysis. PLoS One 2014;9:e95219.
clinical trials. Nat Rev Clin Oncol 2013;10:143-153.
cells via the PI3K/Akt/NF-kappaB pathway. Cell Physiol Biochem 2013;32:1587-1599.
integrin-induced cell migration and invasion and promotes apoptosis of breast cancer cells by inducing autophagy and inactivating the PI3K/Akt/mTOR pathway. Cell Physiol Biochem 2014;33:991-1002.92 Zhang L, Zhou F, ten Dijke P: Signaling interplay between transforming growth factor-beta receptor and PI3K/AKT pathways in cancer. Trends Biochem Sci 2013;38:612-620.93 Sedding DG: FoxO transcription factors in oxidative stress response and ageing--a new fork on the way to longevity? Biol Chem 2008;389:279-283.
Regulation of neuronal survival by the serine-threonine protein kinase Akt. Science 1997;275:661-665.
metabolism meets neurodegeneration. Brain Res Rev 2009;59:333-346.

97 Raimondi C, Falasca M: Targeting PDK1 in cancer. Curr Med Chem 2011;18:2763-2769.98 Lang F, Eylenstein A, Shumilina E: Regulation of Orai1/STIM1 by the kinases SGK1 and AMPK. Cell Calcium 2012;52:347-354.
and STIM1 expression as well as store operated Ca2+ entry in therapy resistant ovary carcinoma cells. Oncotarget 2014;5:4799-4810. 
L, Lang F. Lithium Sensitive ORAI1 Expression, Store Operated Ca(2+) Entry and Suicidal Death of Neurons in Chorea-Acanthocytosis. Sci Rep 2017;7:6457.

D
ow

nloaded from
 http://karger.com

/cpb/article-pdf/42/5/2066/2443483/000479901.pdf by D
eutsches Zentrum

 user on 10 M
ay 2024


