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Abstract
AIM: To investigate lipopolysaccharide (LPS) related 
signal transduction in interstitial cells of Cajal (ICCs) 
from mouse small intestine.

METHODS: For this study, primary culture of ICCs 
was prepared from the small intestine of the mouse. 
LPS was treated to the cells prior to measurement 
of the membrane currents by using whole-cell patch 
clamp technique. Immunocytochemistry was used to 
examine the expression of the proteins in ICCs.

RESULTS: LPS suppressed the pacemaker currents 

of ICCs and this could be blocked by AH6809, a pros-
taglandin E2-EP2 receptor antagonist or NG-Nitro-L-
arginine Methyl Ester, an inhibitor of nitric oxide (NO) 
synthase. Toll-like receptor 4, inducible NO synthase 
or cyclooxygenase-2 immunoreactivity by specific an-
tibodies was detected on ICCs. Catalase (antioxidant 
agent) had no action on LPS-induced action in ICCs. 
LPS actions were blocked by nuclear factor κB (NF-κB) 
inhibitor, actinomycin D (a gene transcription inhibitor), 
PD 98059 (a p42/44 mitogen-activated protein kinases 
inhibitor) or SB 203580 [a p38 mitogen-activated pro-
tein kinases (MAPK) inhibitor]. SB 203580 also blocked 
the prostaglandin E2-induced action on pacemaker 
currents in ICCs but not NO. 

CONCLUSION: LPS inhibit the pacemaker currents in 
ICCs via  prostaglandin E2- and NO-dependent mecha-
nism through toll-like receptor 4 and suggest that 
MAPK and NF-κB are implicated in these actions.

© 2013 Baishideng. All rights reserved.

Key words: Interstitial cells of Cajal; Lipopolysaccharide; 
Mitogen-activated protein kinases; Nuclear factor κB; 
Small intestine

Zuo DC, Choi S, Shahi PK, Kim MY, Park CG, Kim YD, Lee 
J, Chang IY, So I, Jun JY. Inhibition of pacemaker activity in 
interstitial cells of Cajal by LPS via NF-kB and MAP kinase. 
World J Gastroenterol 2013; 19(8): 1210-1218  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v19/i8/1210.htm  
DOI: http://dx.doi.org/10.3748/wjg.v19.i8.1210

INTRODUCTION
Many morphological or functional studies have disclosed 
the roles of  interstitial cells of  Cajal (ICCs) in many organs 
including gastrointestinal (GI) tract. An accumulation of  
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evidence from these studies has revealed ICCs has the 
distinct role in pacemaker activity[1-3] and as mediators of  
enteric motor neurotransmission in GI tract[4-6]. For devel-
opment and maintenance, the ICCs express the receptor 
tyrosine kinase Kit[1,3,7]. And, it is well known that c-Kit 
or ANO1 can be a selective molecular marker for re-
searching the distribution and function of  ICCs[8].

GI inflammation can be cause by inflammatory cyto-
kines such as interleukins, chemical inflammatory media-
tors etc and lipopolysaccharide (LPS) from gram-negative 
bacteria is a major causative factor of  GI inflammation[9]. 
Various vivo and vitro experiments showed LPS could 
play a major role in GI motility disorders[10-13]. Also, there 
are several reports that the morphological and functional 
changes of  ICCs are involved in inflammation-induced 
GI motility[14-16]. These indicate ICCs may be impor-
tant target for inflammation-induced motility disorders. 
Recently we reported that LPS inhibited the pacemaker 
currents in cultured ICCs from mouse small intestine. 
LPS-action was blocked by cyclooxygenase (COX)-2 
inhibitor or nitric oxide (NO) synthase inhibitor, su
ggesting prostaglandins (PGs) and NO are involve in 
these actions[17], can verify this.

Generally, the stimulation of  LPS rouses regulatory 
pathways such as the nuclear factor κB (NF-κB) path-
way, as well as reactive oxygen species (ROS) signaling 
cascades via a toll like receptor-4-mediated signaling 
pathway[18]. Furthermore, the stimulation of  LPS results 
in the activation of  kinases including extracellular signal-
regulated kinases, c-Jun N-terminal kinase (JNK) and 
p38 mitogen-activated protein kinases (MAPKs) critical 
for growth and cytokine production that induces in-
flammatory-related substances, such as interleukin, PGs, 
inducible NO synthase (iNOS) etc[19-21]. Our previous 
report suggested production of  inflammatory-related 
substances, such as prostaglandin E2 (PGE2) or NO are 
involved in LPS-induced action on ICCs[17]. However, 
the details of  the PGs or iNOS induction in ICCs by LPS 
stimulation remain unclear.

In the present study, we aimed to clarify the involve-
ment of  NF-κB, ROS and MAPKs that contribute to 
PGs or iNOS induction in ICCs and changing of  pace-
maker activity in LPS-treated ICCs.

Materials and methods
Solutions and drugs
The cells were bathed in a solution containing 5 mmol/L 
KCl, 135 mmol/L NaCl, 2 mmol/L CaCl2, 10 mmol/L 
glucose, 1.2 mmol/L MgCl2, and 10 mmol/L HEPES, 
adjusted to pH 7.2 with Tris. NaCl was replaced with 
equimolar N-methyl-D-glucamine for making Na+-free 
solution, and CaCl2 was omitted in the bath solution 
for Ca2+-free solution. The pipette solution contained 
20 mmol/L K-aspartate, 120 mmol/L KCl, 5 mmol/L 
MgCl2, 2.7 mmol/L K2ATP, 0.1 mmol/L Na2GTP, 
2.5 mmol/L creatine phosphate disodium, 5 mmol/L 

4-(2-Hydroxyethyl) piperazine-1-ethanesulfonic acid 
(HEPES), and 0.1 mmol/L EGTA, adjusted to pH 7.2 
with Tris.

The drugs used were LPS (salmonella enteric sero-
type typhimurium), JNK inhibitor Ⅱ, SN-50 (NF-κB in-
hibitor) and catalase from Calbiochem, (San Diego, CA, 
United States) and the other compounds were purchased 
from Sigma.

Preparation of cells and tissues
Balb/C mice (3-8 d old) of  either sex were anesthetized 
with ether and were sacrificed by cervical dislocation. 
The small intestines from 1 cm below the pyloric ring 
to the cecum were removed and opened along the mes-
enteric border. The luminal contents were washed away 
with Krebs-Ringer bicarbonate solution. The tissues were 
pinned to the base of  a Sylgard dish and the mucosa was 
removed by sharp dissection. Small strips of  intestinal 
muscle were equilibrated in Ca2+-free Hank’s solution 
containing 5.36 mmol/L KCl, 125 mmol/L NaCl, 0.34 
mmol/L NaOH, 0.44 mmol/L Na2HCO3, 10 mmol/L 
glucose, 2.9 mmol/L sucrose, and 11 mmol/L HEPES 
for 30 min, and the cells were dispersed with an enzyme 
solution containing 1.3 mg/mL collagenase (Worthing-
ton Biochemical Co, Lakewood, NJ, United States), 2 
mg/mL bovine serum albumin (Sigma Chemical Co., 
St. Louis, MO, United States), 2 mg/mL trypsin inhibi-
tor (Sigma) and 0.27 mg/mL ATP. Cells were plated 
onto sterile glass coverslips coated with poly L-lysine 
(2.5 µg/mL, Sigma) in 35 mm culture dishes. The cells 
were then cultured at 37 ℃ in a 5% CO2 incubator in 
SMGM (smooth muscle growth medium) (Clonetics 
Co., Walkersville, MD, United States) supplemented with 
2% antibiotics/antimycotics (Gibco, Grand Island, NY, 
United States) and murine stem cell factor (SCF, 5 ng/
mL, Sigma). ICCs were identified immunologically with 
the use of  a monoclonal antibody for kit protein (ACK2) 
labeled with Alexa Fluor 488 (Molecular Probes, Eugene, 
OR, United States).

Patch clamp experiments
The whole-cell configuration of  the patch clamp tech-
nique was used to record membrane currents (voltage 
clamp) and membrane potentials (current clamp) from 
cultured ICC after 2-3 d in culture. We recorded from 
small clusters of  ICC, as spontaneous inward currents 
from small groups of  cells are more robust and regular 
than from single cells. Currents or potentials were ampli-
fied by Axopatch 200B (Axon Instruments, Foster, CA, 
United States). A command pulse was applied using an 
IBM compatible personal computer and pClamp soft-
ware (version 9.2; Axon Instruments). The data were 
filtered at 5 kHz, and the recorded data were displayed 
on a computer monitor saved for data analysis and future 
references. Results were analyzed using the Clampfit pro-
gram (Axon Instruments) and Graph Pad Prism (version 
2.01) software. All experiments were performed at 30 ℃.
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Immunocytochemistry
Cultured cells were fixed in acetone (20 ℃/5 min). Fol-
lowing fixation, preparations were washed for 60 min 
in phosphate buffered saline (PBS; 0.01 mol, pH 7.4). 
Cultured cells were then incubated in 10% goat serum 
containing 1% bovine serum albumin for 1 h at RT to 
reduce nonspecific antibody binding. For double im-
munostaining, cells were incubated overnight at 4 ℃ in 
a mixture of  two primary antibodies raised in different 
species (a rat monoclonal c-Kit antibody, 1:200, Gibco-
BRL, Gaithersburg, MD, United States; a goat polyclonal 
TLR4 antibody, 1:100, Santa Cruz Biotechnology, CA, 
United States; a goat polyclonal iNOS antibody, 1:100, 
Santa Cruz Biotechnology; a goat polyclonal COX-2 an-
tibody, 1:100, Santa Cruz Biotechnology). The secondary 
antibodies were fluorescein isothiocyanate (FITC) for 
c-Kit and Texas Red for anti-TLR4, iNOS or COX-2, 
diluted 1:100 (all reagents from Vector Laboratories, 
Burlingame, CA). Immunoreactivity was detected using 
FITC-conjugated secondary antibody (FITC-anti-rat; 
Vector Laboratories, 1:100 in PBS, 1 h, room tempera-
ture). Control cultured ICCs were prepared in a similar 
manner, but, omitting ACK2 from the incubation me-
dium. After washing with PBS, the mixture of  labeled 
secondary antibodies was treated with FITC-conjugated 
donkey anti-rabbit IgG (1:100, Chemicon, Temecula, 
CA, United States) and Texas red-conjugated donkey 
anti-goat IgG (1:100, Jackson Immunoresearch Labora-
tories, Baltimore, PA, United States). The incubation of  
labeled secondary antibodies was performed for 1 h at 
room temperature. Cells were examined with a FV300 
confocal microscope (Olympus, Tokyo, Japan) with an 
excitation wavelength appropriate for FITC (488 nm) 
and Texas Red (568 nm). Final images were constructed 
with Flow View Software Program (Olympus, Tokyo, 
Japan).

Ethics
All experiments were performed according to the Guid-
ing Principles for the Care and Use of  Animals approved 
by the Ethics Committee of  Chosun University and the 

National Institute of  Health Guide for the Care and Use 
of  Laboratory Animals. Every effort was made to mini-
mize both the number of  animals used and the suffering 
of  the animals.

Statistical analysis 
Data are expressed as the mean ± SE. Differences in the 
data were evaluated by use of  the Student’s t test. P val-
ues less than 0.05 are considered a statistically significant 
difference. The n values reported in the text refer to the 
number of  cells used in the patch clamp experiments.

RESULTS
Confirmation of prostaglandin or NO production 
involvement on LPS-induced action in ICCs
First, we verified inhibitory action of  LPS on ICCs and 
the involvement of  PG or NO production on LPS-
induced action. Recordings were made from cells within 
networks that had morphologies similar to the cells that 
were immunopositive for c-Kit. Under voltage clamp 
mode at a holding potential of  -70 mV, ICCs showed 
spontaneous inward pacemaker currents (Figure 1A) and 
this inhibited by 200 µg/mL LPS incubation for 12 h 
(Figure 1B). And inhibitory action of  LPS on pacemaker 
activity in ICCs was blocked by 10 µmol/L AH6809 
(a PGE2-EP2 receptor antagonist) or 10 µmol/L NG-
Nitro-L-arginine Methyl Ester (L-NAME) (an inhibitor 
of  NO synthase) (n = 5, Figure 1C and D, bar graph not 
shown). These could make sure the involvement of  PG 
or NO production on LPS-induced action in ICCs. 

Localization of toll like receptor-4, inducible NO 
synthase and COX-2 in ICCs
For searching the ability that can interact with TLR4 
and produce NO or PGs in ICCs, we tried immuno-
cytochemistry with specific antibody for TLR4, iNOS 
and COX-2 proteins. Double staining with anti-c-Kit 
and anti-TLR4, anti-iNOS or anti-COX-2 antibodies 
revealed TLR4, iNOS and COX-2 immunoreactivity in 
c-Kit immune-positive ICCs (Figure 2A-C).
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Figure 1  Effects of AH6809 or NG-Nitro-L-arginine Methyl Ester on lipopolysaccharide-induced action in interstitial cells of Cajal. A: Pacemaker currents of 
interstitial cells of Cajal (ICCs) at a holding potential of -70 mV in control condition; B: Pacemaker currents of ICCs incubated at 37 ℃ with 200 mg/mL of lipopolysac-
charide (LPS) for 12 h; C: Pacemaker currents in ICCs pretreated with AH6809 (10 mmol/L) for 2 h prior to LPS incubation; D: Pacemaker currents in ICCs pretreated 
with NG-Nitro-L-arginine Methyl Ester (10 mmol/L) for 2 h prior to LPS incubation. LPS: Lipopolysaccharide; L-NAME: NG-Nitro-L-arginine Methyl Ester.
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Effects of catalase on LPS-induced action in ICCs
For finding the involvement of  ROS production on 
LPS-induced action, we used the antioxidant reagent, 
catalase. To investigate the effect of  LPS, ICCs were in-
cubated with 200 µg/mL LPS for 12 h and we could re-
confirm the disappearance of  pacemaker currents (Figure 
3A). Pretreatment with catalase (3000 unit/mL) for 2 h 
prior to 200 µg/mL LPS incubation could not show any 
difference compared with LPS alone (Figure 3B). The 
frequency and amplitude values of  pacemaker currents 
in catalase treatment with LPS were not significantly dif-
ferent compared with LPS alone (n = 4, Figure 3C and D).

Effects of SN-50 or actinomycin D on lipopolysacchardie-
induced action in ICCs
For detecting the role for NF-κB or involvement of  gene 
transcriptions on LPS-induced action, we used SN-50, 

the NF-κB inhibitor and actinomycin D, the gene tran-
scription inhibitor. The incubation with LPS 200 µg/mL 
alone, the pacemaker currents were completely inhibited 
(Figure 4A). But when SN-50 (10 µmol/L) was treated 
for 2 h prior to LPS incubation, LPS-induced action on 
pacemaker currents in ICCs was blocked (Figure 4B). 
Also, we could find that actinomycin D (10 µmol/L) 
blocked the LPS-induced pacemaker currents suppres-
sion (Figure 4C). The values of  frequency and amplitude 
induced by LPS in the presence of  SN-50 or actinomy-
cin D were significantly different from those obtained in 
the absence of  NF-κB inhibitor (n = 5, Figure 4D and E).

Effects of MAPK inhibitors on LPS-induced action in ICCs
For understanding the involvement of  MAPKs on LPS-
induced action, specific MAPKs inhibitors were used. 
When the pretreatments of  ICCs with PD 98059 (a 
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Figure 2  Expression of TLR4, iNOS and COX-2 in c-Kit positive cells. A: Double labeling of TLR4- and c-Kit-like immunoreactivity in cultured interstitial cells of 
Cajal (ICCs). Green (c-Kit) and red (TLR4) result in the mixed color yellow, indicating the colocalization of both peptides; B: Double labeling of iNOS and c-Kit-like im-
munoreactivity in ICCs. Green (c-Kit) and red (iNOS) result in the mixed color yellow, indicating the colocalization of both peptides; C: Double labeling of COX-2 and 
c-Kit-like immunoreactivity in ICCs. Green (c-Kit) and red (COX-2) result in the mixed color yellow, indicating the colocalization of both peptides (bar = 20 mm).

Zuo DC et al . NF-kB, MAPKs roles on LPS action



selective p42/44 inhibitor), SB 203580 (a selective p38 
inhibitor) or JNK inhibitor Ⅱ for 2 h prior to 200 
µg/mL LPS incubation, the LPS-induced inhibitory ac-
tion on pacemaker currents were blocked by PD 98059 
(10 µmol/L), SB 203580 (10 µmol/L) but not by JNK 
inhibitor Ⅱ (10 µmol/L) (Figure 5B-D). The values of  
frequency, amplitude and resting currents induced by 
LPS in the presence of  PD 98059 or SB 203580 were 
significantly different from those obtained in the absence 
of  these (n = 7, Figure 5E and F).

Effects of MAPK inhibitors on Prostaglandin E2-induced 
action in ICCs
For examining the involvement of  MAPKs on PGE2 pro-

duction by LPS stimulation in ICCs, we used p42/44 in-
hibitor and p38 inhibitor with PGE2. Because JNK inhibi-
tor Ⅱ did not show any influence on LPS-induced action 
in ICCs, we did not test with JNK inhibitor Ⅱ in here. At 
first, we could see PGE2 (5 µmol/L) itself  has the inhibi-
tory effect on pacemaker currents in ICCs (Figure 6A). 
Then, we examined the effects of  PGE2 on pacemaker 
currents in presence of  PD 98059 or SB203580. The pre-
treatments of  ICCs with PD 98059 (10 µmol/L) blocked 
the 5 µmol/L PGE2-induced inhibitory action on pace-
maker currents but not SB 203580 (10 µmol/L) (Figure 
6B and C). The values of  frequency and amplitude cur-
rents induced by PGE2 in the presence of  PD 98059 were 
significantly different from those obtained in the absence 
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Figure 3  Effects of catalase on lipopolysaccharide-induced action in interstitial cells of Cajal. A: Pacemaker currents of interstitial cells of Cajal (ICCs) incu-
bated at 37 ℃ with 200 mg/mL of lipopolysaccharide (LPS) for 12 h; B: Pacemaker currents in ICCs pretreated with catalase (3000 unit/mL) for 2 h prior to LPS incu-
bation. The effects of catalase on the LPS-induced action in ICCs are summarized in C and D. Bars represent mean ± SE values (n = 4 per group).
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of  PD 98059 (n = 4, Figure 6D and E).

Effects of MAPK inhibitors on NO-induced action in 
ICCs
For examing the role of  MAPKs on NO production by 
LPS stimulation in ICCs, we also used p42/44 inhibitor 
and p38 inhibitor with (±)-S-nitroso-N-acetylpenicilla-
mine (SNAP), a NO donor. In our previous report[22], 
we already showed SNAP has inhibitory action on pace-
maker currents in ICCs like as PGE2. In here, we also 
could see the inhibitory action of  100 µmol/L SNAP 
on pacemaker currents (Figure 7A). We examined the 
effects of  SNAP on pacemaker currents in presence of  
PD 98059 or SB 203580. The pretreatments of  ICCs 
with PD 98059 (10 µmol/L) or SB 203580 (10 µmol/L) 
did not show any influence on 5 µmol/L SNAP-induced 
inhibitory action on pacemaker currents (Figure 7B and 
C). The values of  frequency and amplitude induced by 
SNAP in the presence of  PD 98059 or SB 203580 were 
not significantly different from those obtained in the 
absence of  PD 98059 or SB 203580 (n = 5, Figure 7E 
and F). Furthermore, we checked the reciprocal rela-
tion between PG and NO with PGE2 and L-NAME. In 
presence of  10 µmol/L L-NAME, 5 µmol/L PGE2 still 
inhibited the pacemaker current (n = 4, Figure 7D, bar 
graph not shown).

Discussion
PGE2 and NO are inhibitory mediators on intestinal 
motility and produced by COX (COX-1 or 2) and NOS 

(nNOS/eNOS/iNOS), respectively. We have shown that 
LPS inhibited pacemaker currents of  intestinal ICCs by 
activating ATP-sensitive K+ channels through the release 
of  PGE2 and NO[17]. In this experiment, we further 
found that MAPKs are involving in LPS-induced inhibi-
tion of  pacemaker currents through NF-κB-dependent 
mechanisms in ICCs.

The binding of  TLR4 with LPS activates NF-κB 
through myeloid differentiation primary response gene-88 
(Myd88)-dependent pathway. LPS has been shown to 
induce NF-κB nuclear translocation in intestinal smooth 
muscle and myenteric plexus cells, but not in TLR4 
knockout mice[23]. The activated NF-κB then induces 
various transcriptional genes including COX-2 and iNOS 
in GI tracts. In this study, LPS-induced inhibition of  
pacemaker currents was blocked by COX-2 inhibitor or 
iNOS inhibitor. And a specific NF-κB blocker or actino-
mycin D, a gene transcriptional blocker, suppressed LPS-
induced inhibition of  pacemaker currents. Furthermore, 
double staining with anti-c-Kit and anti-COX-2 antibod-
ies or anti-iNOS antibodies revealed COX-2 or iNOS 
immunoreactivity in c-Kit immunopositive ICCs in cul-
tured ICCs. These results suggest that NF-κB activation 
is essential to induce expression of  COX-2 and iNOS 
exposed to LPS in ICCs.

MAPKs play an important role in the mediation of  
cellular responses, including transcriptional responses. 
Three types of  MAPKs (p42/44 MAPK, p38 MAPK, 
and JNK) are involved in LPS-induced NF-κB or JNK 
activator protein-1 activation in various cells[24-27]. Re-
cently, it was reported that three types of  MAPKs were 
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Figure 5  Effects of Mitogen-activated protein kinases inhibitors on lipopolysaccharide-induced action in interstitial cells of Cajal. A: Pacemaker currents 
of interstitial cells of Cajal (ICCs) incubated at 37  ℃ with 200 mg/mL of lipopolysaccharide (LPS) for 12 h at a holding potential of -70 mV; B: Pacemaker currents 
after pretreatment with PD 98059 (10 mmol/L) for 2 h prior to LPS incubation; C: Pacemaker currents after pretreatment with SB 203580 (10 mmol/L) for 2 h prior to 
LPS incubation; D: Pacemaker currents after pretreatment with c-Jun N-terminal kinase (JNK) inhibitor II (10 mmol/L) for 2 h prior to LPS incubation. The effects of 
mitogen-activated protein kinases inhibitors on the LPS-induced action are summarized in E and F. Bars represent mean ± SE values (n = 7 per group). aP < 0.05 
vs LPS.
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involved in the mechanism of  LPS actions in rabbit 
ileum and the blockade of  p38, JNK or p42/44 path-
ways suppressed the effects of  LPS on the acetylcholine-
induced contractions[28]. In our study, the LPS-induced 
effects in ICCs were blocked by PD98059 or SB20356, 

but not by JNK inhibitor Ⅱ, indicating that activation of  
p42/44 and p38 MAPKs are involved in LPS-induced 
activation of  NF-κB in ICCs. These results are consis-
tent with those of  others showing that p42/44 and p38 
MAPKs are involved in COX-2 and iNOS induction by 
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98059 (10 mmol/L) prior to PGE2 treatment; C: Pacemaker currents after pretreatment with SB 203580 (10 mmol/L) prior to PGE2 treatment. The effects of mitogen-
activated protein kinases inhibitors on the PGE2-induced action are summarized in D and E. Bars represent mean ± SE values (n = 4 per group). aP < 0.05 vs PGE2. 
Con: Control, PD: PD 98059, SB: SB203580.
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Figure 7  Effects of mitogen-activated protein kinases inhibitors on (±)-S-nitroso-N-acetylpenicillamine-induced action in interstitial cells of Cajal. A: Pace-
maker currents of interstitial cells of Cajal (ICCs) treated with 100 mmol/L SNAP at a holding potential of -70 mV; B: Pacemaker currents after pretreatment with PD 
98059 (10 mmol/L) prior to SNAP treatment; C: Pacemaker currents after pretreatment with SB 203580 (10 mmol/L) prior to SNAP treatment; D: Pacemaker currents 
after pretreatment with L-NAME (10 mmol/L) prior to prostaglandin E2 (PGE2) (5 mmol/L) treatment. The effects of mitogen-activated protein kinases inhibitors on the 
(±)-S-nitroso-N-acetylpenicillamine-induced action are summarized in E and F. Bars represent mean ± SE values (n = 5 per group). Con: Control, PD: PD 98059, SB: 
SB203580; SNAP: S-nitroso-N-acetylpenicillamine; L-NAME: NG-Nitro-L-arginine Methyl Ester.
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LPS in tracheal smooth muscle cells[26]. However, this 
study showed PGE2-induced inhibition of  pacemaker 
currents is blocked by p42/44 MAPK inhibitor, but not 
by p38 MAPK inhibitor in intestinal ICCs and NO-in-
duced inhibition of  pacemaker currents was not blocked 
by both p42/44 MAPK inhibitor and p38 MAPK in-
hibitor. These results suggest that p42/44 MAPK and 
p38 MAPK play differential role in regulation of  LPS-
induced actions in ICCs. Thus, it seems that p38 MAPK 
may be involved in LPS-induced NF-κB activation to 
express COX-2 and iNOS, whereas p42/44 MAPK as 
a downstream pathway of  NF-κB may be involved in 
PGE2-induced effects in ICCs not NO signaling. Our 
previous study could explains the possibility that NO-
induced action on pacemaker currents is via activating 
ATP-sensitive K+ channels through cGMP-dependent 
mechanism in ICCs but not involvement of  MAPKs[22].

LPS action was also mediated by ROS production 
through a nicotinamide adenine dinucleotide phosphate 
oxidase pathway. In rat aortic smooth muscles, LPS 
could induce the hydrogen peroxide signaling[29]. Also, 
we found that H2O2 inhibited pacemaker currents by 
activating ATP-sensitive K+ channels in ICCs, which 
was mediated through COX-2-dependent PGE2 produc-
tion[30]. Therefore, in order to investigate whether H2O2 

is involved in LPS-induced PGE2 production, we treated 
catalase, a hydrogen peroxide scavenger. However, cata-
lase did not block the LPS-induced inhibition of  pace-
maker currents. This result suggests that hydrogen per-
oxide do not involve in LPS-induced actions in intestinal 
ICCs.

Many reports are arguing the relation between the 
production of  COX and NOS. NO production by NOS 
enzyme could stimulate or inhibit the COX enzyme in-
duction[31,32]. And some reports suggested products by 
COX enzyme stimulate the NOS pathway[33,34]. In our 
opinion, the cross talk between NOS and COX may de-
pend on the cell type or enzyme type. In here, we need 
to check whether inhibitory effect of  PGE2 on pace-
maker activity is through induction of  NO synthesis in 
ICCs. However, the proofs that PGE2 alone could inhib-
it the pacemaker activity in ICCs in our previous study 
and L-NAME could not show any influence on PGE2-
induced action in here could establish no-interaction be-
tween the products of  COX and NOS by LPS stimula-
tion in ICCs.

In summary, the current study provides evidence that 
LPS inhibited pacemaker currents in cultured ICCs via 
PGE2 and NO-dependent pathways. NF-κB and MAP 
kinases are involved in this inhibitory action.

COMMENTS
Background
Interstitial cells of Cajal (ICCs) are the pacemaker cells present in the 
gastrointestinal tract (GI) that generate the pacemaker currents that regulate 
the GI motility. Lipopolysaccharides (LPS) are endotoxins and pro-inflammatory 
agents present in the cell wall of the Gram-negative bacteria responsible for 
various alterations of gastrointestinal functions including intestinal dysmotility.
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LPS altered GI motility through release of prostaglandins or nitric oxide (NO) 
by nuclear factor κB (NF-κB) dependent gene transcription. This study showed 
LPS inhibited pacemaker currents of ICC. Prostaglandin E2 and NO contributed 
to the inhibitory effects of LPS together with mitogen-activated protein kinases 
and NF-κB. 
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LPS-induced inhibitory actions on pacemaker activities of ICC may be one pos-
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