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Abstract
AIMS: To
 investigate the effect of sulfated cholecystokinin-8 (CCK-8S) on calcium mobilization in cultured murine gastric antral interstitial cells of Cajal (ICC) and its possible mechanisms. 
METHODS
: (1) ICC were isolated from the gastric antrum of mice and cultured. (2)  Immunofluorescence staining with monoclonal antibody of c-Kit was used to identify ICC. (3) The responsiveness of ICC to CCK-8S was measured using Fluo-3/AM based digital microfluorimetric measurement of intracellular Ca2+ concentration ([Ca2+]i) and confocal laser scanning microscope was used to monitor [Ca2+]i changes. (4) Selective CCK1 receptor antagonist lorglumide, intracellular Ca2+-ATPase inhibitor thapsigargin, type III inositol 1,4,5-triphosphate (InsP3) receptor blocker xestospongin C and L-type voltage-operated Ca2+ channel inhibitor nifedipine were employed to examine the mechanisms of [Ca2+]i elevation caused by CCK-8S. (5) Immunoprecipitation and Western blot were used to determine the regulatory effect of PKC on phosphorylation of type III InsP3 receptor (InsP3R3) in ICC. (6) PKC activater PMA and inhibitor chelerythrine were used to assess the role of PKC in the CCK-8S-evoked [Ca2+]i increment of ICC.
RESULTS
: (1) ICC were successfully isolated from the gastric antrum of mice and cultured in the present study. Cultured ICC were identified by immunofluorescence stain. (2) When given 80nM or more than 80nM CCK-8S, the [Ca2+]i in ICC increased and 100nM CCK-8S significantly increased the mean [Ca2+]i by 59.30 ± 4.85% (P<0.01). (3) Pretreatment of ICC with 5 μM lorglumide inhibited 100 nM CCK-8S-induced [Ca2+]i increment from 59.30 ± 4.85% to 14.97 ± 9.05% (P＜0.01), suggesting a CCK1R-mediated event. Emptying of intracellular calcium stores by thapsigargin (5μM) prevented CCK-8S (100 nM) to induce a [Ca2+]i increase. Moreover, pretreatment with xestospongin C (1μM) could also abolish the CCK-8S-induced effect, indicating that Ca2+ release from InsP3R-operated stores appeared to be a major mechanism responsible for CCK-8S-induced calcium mobilization in ICC. On the contrary, by removal of extracellular calcium or blocking L-type voltage-operated calcium channel with nifedipine, a smaller but significant rise in the [Ca2+]i could be still elicited by CCK-8S. These data suggest that the [Ca2+]i release is not stimulated or activated by the influx of extracellular Ca2+ in ICC, but the influx of extracellular Ca2+ can facilitate the [Ca2+]i increase evoked by CCK-8S. (4) CCK-8S increased the phosphorylation of InsP3R3, which could be prevented by chelerythrine. Pretreatment with lorglumide (5μM) could significantly reduce the CCK-8S intensified phosphorylation of InsP3R3. In the positive control group, treatment of cells with PMA also resulted in an enhanced phosphorylation of InsP3R3.  (5) Pretreatment with various concentrations of PMA (10nM~10μM) apparently inhibited the effect of CCK-8S and the effect of 100nM PMA was most obvious. Likewise, the effect of CCK-8S was augmented by the pretreatment with chelerythrine (10nM~10μM) and 100nM chelerythrine exhibited the maximum effect.
CONCLUSION
: CCK-8S increases [Ca2+]i in ICC via CCK1 receptor. This effect depends on the release of InsP3R-operated Ca2+ stores, which is negatively regulated by PKC-mediated phosphorylation of InsP3R3. 
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INTRODUCTION

In gastrointestinal (GI) tract, phasic contractions are caused by electrical activity termed slow waves, which are generated and propagated by interstitial cells of Cajal (ICC) }
 ADDIN EN.CITE 
[1-2]

. The initiation of pacemaker activity in ICC is caused by rhythmic cytoplasmic Ca2+ oscillation 
 ADDIN EN.CITE 
[3-4]
. ICC can regulate slow-wave-driven peristaltic activity as well as mediate motor inputs from the GI nervous system 
 ADDIN EN.CITE 
[5-6]
. ICC abnormalities are associated with many GI motility disorders such as achalasia of cardia, slow transit constipation and irritable bowel syndrome 
 ADDIN EN.CITE 
[7-8]
. Therefore, understanding the mechanisms that underlying pacemaker activity and excitability of ICC is of crucial importance [9]. Although neurohumoral regulation of GI function has been studied in some detail, less is known about the mechanisms how neurohumoral factors regulate pacemaker activities in ICC. 
Cholecystokinin (CCK) is a bioactive peptide that regulates a variety of physiological functions acting as both hormone and neurotransmitter in the GI tract 
 ADDIN EN.CITE 
[10-11]
. Sulfated CCK-8 (CCK-8S), which has frequently been used in research studies, is one of the main biologically active forms of CCK 
 ADDIN EN.CITE 
[12]
. The regulatory actions of CCK are mediated by two receptor subtypes, CCK1 and CCK2 receptors. CCK receptors are distributed in enteric nerves and smooth muscles [13]. In addition, CCK1 receptors are also found in ICC, suggesting a role for ICC in the mediation of CCK effects 
 ADDIN EN.CITE 
[14]
. 
It is well known that CCK could inhibit gastric emptying by relaxing the proximal part of stomach and increasing pyloric pressure 
 ADDIN EN.CITE 
[10, 12]
. However, the mechanisms of the regulatory effects of CCK on gastrointestinal motility have not been totally revealed. Previous studies have shown that CCK can activate phospholipase C (PLC) through binding to its distinct receptors [15]. This activation leads to the production of diacylglycerol (DAG) and inositol 1,4,5- triphosphate (InsP3), which in turn activates protein kinase C (PKC) and mobilizes intracellular calcium ([Ca2+]i) 
 ADDIN EN.CITE 
[16]
. Through this signaling pathway, CCK may participate in various physiological responses, such as secretion, neurotransmission and muscle contraction [17]. However, the cross-talk of the CCK-8S triggered PKC and Ca2+ signaling pathways has not been well understood. The aims of this study were to investigate the effect of CCK-8S on [Ca2+]i in ICC and the respective contributions of InsP3R-sensitive intracellular Ca2+ stores and extracellular Ca2+ sources in the responses. Additionally, the role of PKC in regulation of CCK-8S-triggered calcium signaling pathway was also studied.

MATERIALS AND METHODS
Preparation of cells and cell culture

All experiments were performed according to the guiding principles for the care and use of animals approved by Institutional Animal Use and Care Committee of the First Affiliated Hospital of Nanjing Medical University. Every effort was made to minimize both the number of animals used and their suffering.

Balb/c mice (5-6 weeks) of either sex were purchased from the laboratory of the First Affiliated Hospital of Nanjing Medical University. The animals were anesthetized by chloroform inhalation and killed by cervical dislocation. The stomach was excised and the contents were washed away with ice-cold Krebs-Ringer bicarbonate (KRB). The mucosa was removed by peeling. In Sylgard dishes filled with Krebs solution, the tissues were washed three times and then cut into about 0.5cm segments. The segments were transferred into a centrifuge tube and dispersed with an enzyme solution containing collagenase 1.3 mg/mL
, trypsin inhibitor 2mg/mL and ATP 0.27 mg/mL. The centrifuge tube was incubated at 37°C for 30 min and the tissue segments were blown for 30s with pipette every 5 min during incubation. Equal volume Medium 199 containing 10% fetal bovine serum was added to stop digestion. The tube was centrifuged at 1,000 rpm for 3 min and then the supernatant was removed. The sediment was suspended with Medium 199 and cells were collected by pouring the suspension through a 200-mesh sieve. After centrifugation at 1000 rpm for 3 min, the cells were dispersed with Medium 199 and then plated onto 35mm glass-bottom culture dishes (NEST Biotechnology Co., Ltd, China) coated with rat-tail tendon collagen 5 mg/mL. The cells were then cultured at 37°C in a 95% O2-5% CO2 incubator in Medium 199 supplemented with 2% Penicillin-Streptomycin liquid and murine stem cell factor 5 ng/mL.
Labeling of cultured ICC by c-Kit immunofluorescence

Cultured ICC were fixed in acetone (4°C, 8 min). Following fixation, preparations were washed for 40 min in phosphate buffered saline (PBS; 0.01M, pH 7.4) and then incubated in 10% goat serum for 1 h to reduce nonspecific antibody binding. To examine the ICC, we incubated cultured ICC overnight at 4°C with a rabbit anti-mouse monoclonal c-Kit antibody (1:300 in PBS). Immunoreactivity was detected using Alexa Fluor 488 (1: 1000 in PBS, 60 min, room temperature), and nuclei were stained with Hoechst 33258. Cells were examined under a confocal laser scanning microscope (LSM710, Zeiss, German) at an excitation wavelength appropriate for Alexa Fluor 488 (488 nm). 
Measurement of intracellular Ca2+ concentration

Changes in [Ca2+]i were monitored by using Fluo-3/AM, which was initially dissolved in dimethyl sulfoxide (DMSO) and stored at -20°C. The cultured ICC grown on glass-bottom dishes were rinsed twice with PBS and then incubated in Medium 199 containing 5μM Fluo-3/AM in the 95% O2-5% CO2 incubator for 40 min. Following rinsing two more times, the dishes were scanned every 2 seconds with the confocal laser scanning microscope. Fluorescence was excited at a wavelength of 488 nm and emitted light was observed at 515 nm. The variations of [Ca2+]i fluorescence emission intensity were expressed as F/F0, where F0 is the intensity of the first imaging. 
Immunoprecipitation, electrophoresis and immunoblotting

Prepared from gastric ICC using equal volumes of a cell suspension, isolated cells were assayed for protein concentration. Following appropriate treatments, cells were pelleted and resuspended in 0.5 mL of ice-cold lysis buffer. Cell samples were sonicated and left on ice for 30 min to solubilize. Immunoprecipitation of InsP3R was performed using a 1:100 dilution of InsP3R3-specific monoclonal antibody. Following 2 h of incubation with the InsP3R3 antibody at 4℃, immobilized protein A beads were added to each sample for 1 h at 4°C. As a control, samples were also prepared without immunoprecipitating antibody. Following immunoprecipitation of InsP3R3, proteins were separated by SDS-polyacrylamide gel electrophoresis and transferred to nitrocellulose. Membranes were probed with a 1: 1000 dilution of phospho-(Ser/Thr) substrate antibody that specifically detected phosphorylated Ser/Thr residues with Arg at the -2 or -3 position within the PKC substrate sequence. Immunoreactivity was visualized using a 1: 1000 dilution of peroxidase-conjugated secondary antibody. Where indicated, the nitrocellulose membrane was stripped of primary and secondary antibodies at 50°C for 30 min.
Drugs and solutions 

CCK-8S, collagenase, trypsin inhibitor, ATP, thapsigargin, chelerythrine, phorbol 12-myristate 13-acetate (PMA), nifedipine, Hoechst 33258, DMSO, HEPES were purchased from Sigma (USA). SCF was purchased from Peprotech (USA). Rat-tail tendon collagen was purchased from Shengyou Biotechnology Co., Ltd (Hangzhou, China). C-Kit monoclonal antibody and phospho-(Ser/Thr) substrate antibody were from Cell Signaling Technology (USA). Type III InsP3R-specific monoclonal antibody, protein A beads were from BD Biosciences Transduction Laboratories (USA). Alexa Fluor 488 (goat anti-rabbit secondary antibody) and Fluo-3/AM were from Invitrogen (USA). Lorglumide was purchased from Santa Cruz (USA). Xestospongin C was from Calbiochem (German). Medium 199, fetal bovine serum and Penicillin-Streptomycin liquid were purchased from Gibco (USA).

The KRB solution contains (mM): NaCl 117, KCl 4.7, MgSO4 1.2, NaHCO3 25, KH2PO4 1.2, Glucose 11 and CaCl2 2.6; pH was 7.4. Lysis buffer contains (mmol/l): NaCl 150, NaF 100, Tris 50, EDTA 10, Triton X-100 1%, and 1 complete EDTA-free protease inhibitor mixture tablet; pH was 7.4
Statistical analysis
Data were expressed as mean ± standard error of the mean (SEM). Differences in the data were evaluated by ANOVA or Student’s t test. Zeiss Zen 9.0 was used to analyze the calcium intensity data and GraphPad Prism 5.0 for charting. Differences between control and test values were considered significant when P<0.05. 
RESULTS

Identification of cultured ICC 
After the cells were isolated and plated onto culture dishes, it was hard to identify the ICC at the beginning. Prolonging the culture to 4-7 days, the cultured ICC that identified by c-Kit immunofluorescence had distinctive shapes such as spindle, triangular or stellar-like with two to five long processes (Figure 1A to 1C). 
Effects of CCK-8S on intracellular Ca2+ intensity in cultured ICC
Addition of CCK-8S produced substantial, dose-dependent elevations of Fluo-3/AM fluorescence in ICC cytoplasm and nucleus, indicating that free calcium level increased compared with the control (Figure 2A1-6). When given 50nM or less than 50nM CCK-8S, the [Ca2+]i didn’t increase (Figure 2B). As shown in Figure 2D, CCK-8S (100nM) significantly increased the mean [Ca2+]i by 59.30 ± 4.85% (P＜0.01, n=6) and CCK-8S (80nM and 500nM) also evoked [Ca2+]i increases in percentage of cells responding (20.22 ± 5.48% and 39.32 ± 2.51%, respectively, Figure 2C, 2E, 2F). Group data for the [Ca2+]i changes in response to CCK-8S with different concentrations are shown in Figure 2F. 
CCK-8S increases [Ca2+]i in cultured ICC via CCK1 receptor
CCK1 receptor (CCK1R) has been reported to be expressed in GI ICC 
 ADDIN EN.CITE 
[14]
. To identify the subtype of CCK receptor involved in the CCK-8S-induced increase in [Ca2+]i, CCK1R selective antagonist lorglumide was employed. Pretreatment of ICC with 5 μM lorglumide for 2 min inhibited 100 nM CCK-8S-induced [Ca2+]i increment from 59.30 ± 4.85% to 14.97 ± 9.05% (P＜0.01, n=6) (Figure 3), suggesting a CCK1R-mediated event.
CCK-8S-induced calcium mobilization in cultured ICC 
To determine the source of CCK-8S-induced calcium mobilization, intracellular calcium release and extracellular calcium influx were investigated respectively. Firstly, ICC were exposed to CCK-8S in a medium without extracellular calcium and subsequently to specific intracellular Ca2+-ATPase inhibitor thapsigargin. Compared with control, emptying of intracellular calcium stores by thapsigargin (5μM) prevented CCK-8S (100 nM) to induce a [Ca2+]i increase (Figure 4A), indicating that Ca2+ release from intracellular stores appeared to be a major mechanism responsible for CCK-8S-induced calcium mobilization in ICC. This result was similar with what CCK-8S did in murine gastric smooth muscle cells [18], but unlike in murine myenteric neurons 
 ADDIN EN.CITE 
[19]
. To further understand the mechanisms of CCK-8S-induced intracellular calcium release, specific InsP3R inhibitor xestospongin C was used. Xestospongin C (1μM) completely abolished [Ca2+]i increases triggered by CCK-8S (Figure 4B).  
Removing extracellular Ca2+ or blocking L-type voltage-operated calcium channel by nifedipine partly decreased the effect of CCK-8S (Figure 4C-E). These data indicate that the [Ca2+ ] i release is not stimulated or activated by the influx of extracellular Ca2+ in gastric antrum ICC, while the influx of extracellular Ca2+ can facilitate the [Ca2+] i increase evoked by CCK-8S.
CCK-8S stimulation results in PKC-dependent phosphorylation of InsP3R3

Experiments were undertaken to determine whether or not CCK-8S could evoke PKC to increase phosphorylation of InsP3R3. Samples containing equal protein amounts were stimulated with CCK-8S (100nM) prior to or following administration of chelerythrine. PMA was used as a positive control. All drug/agonist treatments were 5 min in duration. CCK-8S resulted in a markedly increased phosphorylation of InsP3R3 in ICC as compared with unstimulated ICC. When pretreated with chelerythrine for 5 min, CCK-8S-induced InsP3R3 phosphorylation was completely inhibited. Pretreatment with CCK1R lorglumide (5μM) significantly reduced the CCK-8S intensified phosphorylation of InsP3R3. As a positive control, PMA also enhanced phosphorylation of InsP3R3 in ICC (Figure 5).

Effect of PKC on CCK-8S-evoked response in cultured ICC
To investigate functional consequence of InsP3R3 phosphorylation by PKC on [Ca2+]i changes of ICC, we did the following experiments. Followed by CCK-8S (100nM), PMA with various concentrations all could significantly reduce the CCK-8S-evoked [Ca2+]i response (P<0.01, n=6, Figure 6A-6D), and the effect of 100nM PMA was most obvious. Under the same condition, chelerythrine showed an opposite effect of PMA (P<0.01, n=6, Figure 7A-7D), and 100nM chelerythrine exhibited the maximum effect.
DISCUSSION
In recent years, many studies have focused on the effects of CCK receptor ligands on GI motor functions, as the pharmacological characterization of these agents in humans is of potential therapeutic value 
 ADDIN EN.CITE 
[20-21]
. CCK and its related peptides have been implicated in the pathophysiology of functional digestive diseases, such as functional dyspepsia, achalasia of cardia and irritable bowel syndrome 
 ADDIN EN.CITE 
[22-23]
. Previous studies suggested that either an altered release of CCK or abnormal responses to this peptide could contribute to symptoms of GI dysmotility 
 ADDIN EN.CITE 
[24-25]
. However, the mechanisms of CCK on the GI motility are unclear. Previous studies revealed that CCK could evoke calcium signaling in cultured myenteric neurons and activate them 
 ADDIN EN.CITE 
[19, 26]
. Since the GI ICC also express CCK1R and play an important role in regulating the GI motility, it is meaningful and necessary to understand the effect of CCK on ICC in controlling the GI motility. Our study indicates that CCK-evoked gastric contraction is probably mediated through direct action on CCK1R located on ICC. However, with respect to the GI motility, both ICC network and the gastrointestinal nervous system play essential roles in producing highly coordinated peristalsis 
 ADDIN EN.CITE 
[27-28]
. Additional studies are needed to investigate the role of interactions between the enteric neurons and ICC in CCK-evoked effect.
In the GI ICC, the cytoplasmic Ca2+ oscillation is responsible for the pacemaker activity. The pacemaker activity is generated in ICC and then transferred to smooth muscle cells through the gap junctions 
 ADDIN EN.CITE 
[1, 29]
. In this study, we proved that CCK-8S markedly increased [Ca2+]i in cultured gastric antrum ICC, and the biological effects of CCK-8S were mainly mediated via CCK1R located on ICC. It is well known that two major mechanisms are involved in [Ca2+]i increment during the contraction: calcium release of endoplasmic reticulum Ca2+ store, and/or calcium influx from the extracellular space through activation of calcium channels [29]. We have shown that emptying of the intracellular calcium stores by thapsigargin completely blocked the enhancement effect of CCK-8S on the [Ca2+]i level of ICC. Removing extracellular calcium could also inhibit the effect of CCK-8S but not abolish it. Therefore, both of the two mechanisms mediate the CCK-8S action and Ca2+ release from intracellular stores appears to be the major mechanism. The CCK-8S-induced [Ca2+]i increment could be abolished by the blocker of InsP3R, suggesting a predominant role of InsP3R-operated stores in CCK-8S-induced intracellular Ca2+ release. However, the CCK-8S-evoked [Ca2+]i increment was shown to be persistent in the presence of L-type calcium channel blocker nifedipine, indicating that the [Ca2+]i release is not activated by the influx of extracellular calcium, while the influx of extracellular calcium can facilitate the [Ca2+]i increase evoked by CCK-8S.
InsP3Rs are a family of Ca2+ channels of the endoplasmic reticulum (ER) that are widely distributed in different tissues 
 ADDIN EN.CITE 
[30-31]
. InsP3 triggers opening of the InsP3R which can rapidly release Ca2+ stored in the ER into the cytosol, generating a transient increase of [Ca2+]i [32]. The kinetics of [Ca2+]i response depends on the amount of InsP3, but many other signaling pathways participate in modulating the response. Among them, phosphorylation of InsP3R by a series of kinases has been reported 
 ADDIN EN.CITE 
[16, 33-34]
. In the present study, increased phosphorylation of InsP3R3 in gastric ICC induced by CCK-8S was significantly prevented by pretreatment with the PKC specific inhibitor chelerythrine while treatment of cells with the PKC activator PMA alone resulted in an enhanced phosphorylation of InsP3R3, indicating an important regulatory role of PKC activation in this event. In addition, PMA potently reduced the peak of CCK-8S-induced calcium oscillation while chelerythrine exhibited an opposite effect. Thus, we might conclude that the activation of PKC negatively regulates CCK-8S-evoked calcium mobilization by phosphorylation of InsP3R3. It is consistent with our previous study in other cells [18]. The inhibition of Ca2+ release by PKC may be very useful to avoid full ER-Ca2+ emptying after agonist stimulation, which could have deleterious effects for the cell, first because of the waste of energy that would result from having a full ER-Ca2+ emptying after each agonist stimulation and second because of the effects of ER-Ca2+ depletion in terms of triggering the activation of stress signaling pathways 
 ADDIN EN.CITE 
[35-36]
.
In summary, data obtained in our study suggest that: (1) CCK-8S could evoke calcium mobilization in cultured ICC; (2) The biological effects of CCK-8S are probably via CCK1R located on ICC; (3) This process is mainly mediated by the release of InsP3-dependent intracellular Ca2+ release from ER; (4) CCK-8S could activate PKC simultaneously, which increases the phosphorylation of InsP3R3 to negatively regulate the intracellular Ca2+ release in ICC.
COMMENTS

Background

Interstitial cells of Cajal (ICC) are pacemaker cells in the gastrointestinal (GI) tract; its pacemaker activity is mediated by rhythmic intracellular Ca2+ oscillation. It is well known that cholecystokinin (CCK) contributes to the regulation of GI motility. To date, the mechanisms of the regulatory effects of CCK have not been totally revealed. The finding that ICC express CCK1 receptor (also known as CCK-AR) suggests a role for ICC in the mediation of CCK effects. It is worth investigating the direct effect of CCK on intracellular Ca2+ concentration ([Ca2+]i) in ICC. 
Research frontiers
Many neurotransmitters including circulating hormones have been found to modulate ICC pacemaker activity. However, the effect of CCK on GI ICC remains unclear.
Related publications

Patterson LM, et al reported that ICC in rat gastric pylorus express CCK-AR to a high degree. Xu D, et al proved that both the existence of CCK-AR on the guinea pig gallbladder ICC and CCK evoked contraction are mediated through direct action on CCK-AR on the gallbladder ICC.

Innovations and breakthroughs

In the present study, we found that CCK evoked the calcium signaling in ICC mainly via the Ca2+ release of InsP3R-operated stores and CCK activated protein kinase C simultaneously to negatively regulate the release of Ca2+ stores. Our findings provide a novel insight into the mechanisms of the regulatory effects of CCK on GI motility.
Applications

Our findings may provide mechanisms of CCK and its analogs in the treatment of GI motility disorders to some extent.
Peer review
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Figure 1 Identification of cultured ICC. ICC were fixated with acetone and identified immunologically using a monoclonal c-Kit antibody and Alexa Fluor 488-conjugated secondary fluorescent antibody, and nuclei were stained with Hoechst 33258 dye (B, blue). C shows a merged image of A and B. D is a light microscopic image of ICC.
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Figure 2 The regulation of CCK-8S on [Ca2+]i in cultured ICC from the murine gastric antrum. A1: Fluorescent intensity image of Fluo-3/AM loaded cultured ICC under normal conditions. A2-A6: Fluorescent intensity gradually increased in the presence of CCK-8S (100 nM). B-E: Effects of different concentrations of CCK-8S on mean [Ca2+]i. In each case, cells from at least 5 different cell cultures. F: Effects of CCK-8S were estimated as percentage of ΔF/F0, where F0 was derived from the averaged intensity of the first 10-30 frames minus the background in the cell-free region and ΔF is fluorescent intensity of the response minus F0. aP<0.05, bP<0.01 relative to control.
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Figure 3 CCK-8S activates ICC through the CCK1 receptor. Compared with the control (A), lorglumide significantly inhibited CCK-8S-induced increase in [Ca2+]i of ICC (B). C: Quantification of [Ca2+]i changes shown in A and B. Each experiment was repeated at least three times. bP<0.01 versus control.
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Figure 4 CCK-8S induced calcium mobilization in cultured ICC. Pretreatment with 5μM thapsigargin (A) or 1μM xestospongin C (B) completely abolished CCK-8S-induced [Ca2+]i increases. C: Addition of nifedipine resulted in a smaller peak of [Ca2+]i in comparison with normal conditions. D: The CCK-8S-elicited [Ca2+] i increase in the calcium-free medium was lower than that in the calcium-containing buffer. E: Quantification of [Ca2+]i changes following addition of nifedipine or removing extracellular Ca2+. The fluorescence was normalized as F1/F0 (F1, maximal fluorescence after drug addition; F0, basal fluorescence before drug addition). bP<0.01 versus control. 
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Figure 5 CCK-8S stimulation of ICC resulted in the PKC-dependent phosphorylation of InsP3R3. A: Western blots of proteins were immunoprecipitated with InsP3R3-specific antibody. The immunoprecipitated proteins were probed with antibody specific for phosphorylated Ser/Thr PKC substrate sequences. The CCK-8S-induced phosphorylation of InsP3R3 was apparently inhibited by pretreatment with chelerythine. Pretreatment with lorglumide (5μM) could significantly reduce the CCK-8S intensified phosphorylation of InsP3R3. In the positive control group, treatment of cells with PMA also resulted in an enhanced phosphorylation of InsP3R3. B: The nitrocellulose membrane in A was stripped and reprobed with InsP3R3 (1:1000) to determine the levels of InsP3R3 immunoprecipitated. Each cell sample contained nearly equal InsP3R3.
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Figure 6 Effects of PMA on CCK-8S-evoked Ca2+ signaling in ICC. Fluo-3-loaded ICC were pretreated with various concentrations of PMA (A: 10nM, B: 100 nM, C: 1μM and D: 10μM) for 4 min before addition of CCK-8S (100nM). All could significantly reduce the CCK-8S-evoked [Ca2+]i response. E: Quantification of [Ca2+]i changes shown in A-D. Each experiment was repeated at least three times. bP<0.01 relative to control.
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Figure 7 Effects of chelerythrine on CCK-8S-evoked Ca2+ signaling in ICC. Fluo-3-loaded ICC were pretreated with various concentrations of chelerythrine (A: 10nM, B: 100nM, C: 1μM and D: 10μM) for 2 min before administration of CCK-8S (100nM). All could significantly increase the CCK-8S-evoked [Ca2+]i response. E: Quantification of [Ca2+]i changes shown in A-D. Each experiment was repeated at least three times. bP<0.01 relative to control.
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