creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[ UCI ] 1 804; 24011- 200000264563

2015 2E
2 5

Effects of Protein Kinases on the
Spontaneous Activity in

Gastrointestinal Tract

FIEERER KBRS
BRER
& X H



Effects of Protein Kinases on the
Spontaneous Activity in

Gastrointestinal Tract

20154 28 25¢

IR KREE
BER
> X H

Collection @ chosun



Effects of Protein Kinases on the
Spontaneous Activity in

Gastrointestinal Tract

Advisor: Prof. Jae Yeoul Jun

A thesis submitted to the Graduate School of
Chosun University in partial fulfillment of the
requirements for the degree of Doctor of

Philosophy in Medicine
20144 10¥

N N
BRELRY
2 % H

Collection @ chosun



% % Ho| MEBMHTS B

RHE HRERER % 3 EH= (eh
%z H HRERER % d 2 (eh
%z H HRERER % o T = (eh
%z H ERRER % % & 48 (eh
%z H HRERER % HAE (eh

20144 129

z My

Jof

b CH

19
[0

Collection @ chosun



CONTENTS

CONTENTS

TABLE OF CONTENTS -cmmmmmemmmm oo

i

ABSTRACT v
INTRODUCTION 1
MATERIALS AND METHODS 4
RESULTS 7
DISCUSSION 27
REFERENCE 31

Collection @ chosun



LIST OF FIGURES

Figure 1. Typical traces of pacemaker potentials in current clamping
mode in colonic ICCs and small intestinal ICCs

Figure 2. Summarized data of the control pacemaker potentials in colonic
and small intestinal ICCs.

Figure 3. Effects of tyrosine kinase inhibitors on the spontaneous
pacemaker potentials in colonic ICCs.

Figure 4. Summarized data of the tyrosine kinase inhibitors on pacemaker
potentials in colonic ICCs.

Figure 5. Effects of MAPK inhibitors on the spontaneous pacemaker
potentials in colonic ICCs.

Figure 6. Summarized data of the MAPK kinase inhibitors on pacemaker
potentials in colonic ICCs.

Figure 7. Effects of PKA and PKG inhibitors on the spontaneous
pacemaker potentials in colonic ICCs.

Figure 8. Summarized data of the PKA and PKG inhibitors on pacemaker

potentials in colonic ICCs.

Collection @ chosun



Figure 9. Effects of PKC inhibitors on the spontaneous pacemaker
potentials in colonic ICCs.

Figure 10. Summarized data of the PKC inhibitors on pacemaker
potentials in colonic ICCs.

Figure 11. Effects of tyrosine kinase inhibitors on the spontaneous
pacemaker potentials in small intestinal ICCs.

Figure 12. Effects of MAPK inhibitors on the spontaneous pacemaker
potentials in small intestinal ICCs.

Figure 13. Effects of PKA, PKG, and PKC inhibitors on the spontaneous

pacemaker potentials in colonic ICCs.

Collection @ chosun



=!

3]

Mo

Effects of Protein Kinases on the Spontaneous Activity in
Gastrointestinal Tract

Q| Zhat XA = 0f CHSE protein kinases &1t

Protein kinasest= M|ZEL{| Z=HEOIXIZ AN CHAot 2| S HEfME
X MEY BSES xS0 ARBUIME BEIS 31

ol Hosto] 25d= =Eoh=H #O| &ojotd UL FHd

ALO| & M|EE (Interstitial Cells of Cajal; ICCs)= |22t H=H0| A

— o= L-

>

b

1A
+
At
o

= Zefste FEHO| MEz=M 2T 28 ZEO
2% 92 St UCL 2 AF= YT Fh AO[E M=
oM 2ME= XA SFEZR0| MY (pacemaking potentials)Of|

Collection @ chosun



CHoh protein kinases?| &5 A7et HES2 2 ChZot €2 4

oot

Zats

o

&AL

1. Tyrosine kinase AX|H| Q! genisteind} herbymicin A= CHZE
7t AOIE MZOM T = XEHQ FEFO| MY
2HS AHCHSHRC

2. Mitogen activating protein kinase (MAPK) A X|X| =0 A PD

98059 (p42/p44 MAPK AHA)= CHE 7t AFO|ZE MZ2

ALl SO0l Hdo| Cish ofF 2 FeE HO|X|
obe HHH, SB203580 (p38 MAPK 2} &|X|)T} JNK inhibitor II

(c-jun NH)-terminal kinase X|X|)E AHEE Ol SFEZTHO|

dF
=

0z

= KHEHSHRACE.

3. Protein kinase A XX @l KT5720, protein kinase G K}THA||
Ol KT5823 1t protein kinase C AX|X| Q| chelerythrinext
bisindolylmaleimide &5 CHZ 7}& AFO|& M ZEQ| X}tA

ol SF=FO| THo Ciof ofFEH S EOIX| ERALCE

Collection @ chosun



300

Xt
(=]

M=ol XHEH

PN |
=

AHO]
4ol Ao 2 7|Ho| &

s

[=)
=

)

7

F

N
o

LIPS

¥

Z2E2H L2l tyrosine kinase?2t MAPKZ} C{
g

HOJ| CHSH tyrosine kinase A X|A|, MAPK XX, protein
HO[X| gFRALL.

o

HEA
kinase A A X| |, protein kinase G A X|X| ! protein kinase C
3

7t ALOIR MIZZOf M X}

o3
oR
e
ol
ojnu
ol
o<
e
i

, tyrosine Kkinase,

=
10

Vi

Collection @ chosun



INTRODUCTION

The smooth muscles of gastrointestinal (GI) tract represent spontaneous
mechanical contractions by electrical cyclic depolarization of the
membrane, which are termed as slow waves. Slow waves control the
frequency and timing of smooth muscle contraction'. The cause of slow
waves are due to interstitial cells of Cajal (ICCs) located within the GI
wall. ICCs generate spontaneous pacemaker potentials and transmitted
into smooth muscles via gap junctions, thereby recorded with slow waves
in smooth muscle cells®. ICCs are connected with each other through gap
junctions and formed network in GI tract”*. When pacemaker potentials
were reached at the threshold in smooth muscle cells, external Ca’"
entered cells through the opened voltage-dependent Ca®" channels and
triggers a muscle to contract’. Together with ICCs are closely associated
with varicosities of the enteric nerves, which mediate inhibitory and
excitatory nerve signal to smooth muscles”’. ICCs also serve as stretch
receptor’. These mean that ICCs play an important role as a basic
determinant to regulating GI motility. Many articles reported that GI
motility disorders are closely related with the disruptions of ICCs™ '°,

Protein kinases are important regulators of cell function. Diverse
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substances represent their cellular actions through protein kinas A (PKA),
protein kinase G (PKG), and protein kinase C (PKC) that are activated by
intracellular cAMP, c¢GMP, and diacylglycerol second messenger,
respectively in GI tract''. Especially tyrosine kinase and/ or mitogen-
activated protein kinase (MAPK) pathways are intracellular signaling
cascade that play an important role in the mediation of diverse
physiological and  pathological cellular  responses including

gastrointestinal (GI) smooth muscle contractions'*

. Protein tyrosine
kinases are classified into two groups: receptor tyrosine kinases, such as
epidermal growth factor receptor or platelet-derived growth factor
receptor (PDGFR), and non-receptor tyrosine kinases, such as the Src

family kinases' " '®

. The MAPK family consists of three main forms in
cells: p42/p44 MAPK, p38 MAPK, and c-Jun N-terminal kinase (JNK)".
The tyrosine kinase and MAPK pathways are activated by various
extracellular and intracellular stimuli, such as G-protein coupled receptor,
cytokines, growth factors, lipopolysaccharides, and intracellular another

. . 20-22
protein kinases

. In addition, the MAPK pathways are activated by
down-stream regulators of receptor tyrosine kinase and non-receptor

tyrosine kinase®. Tyrosine kinase and/or MAPK signaling pathways play
yr yr g

an important role in the contractile response not only of normal intestinal
2
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smooth muscle but also of inflamed intestinal smooth muscle. Thus,
recently it has been suggested the possibility that MAPKs signaling
pathways represent ideal targets for generation of novel therapeutics for
patients with GI motility disorders®*. The pacemaking mechanism of
ICCs is closely associated with between intracellular Ca®" and
pacemaking ion channels. Transient receptor potential (TRP) channels or
Ca®-activated CI' channels are candidate as pacemaker channels™ .
Both channels are also influenced by tyrosine kinase and MAPKs in

27, 28
several cells™”

. Recently, it was reported hyperpolarization-activated
cyclic nucleotide gated (HCN) channels were participated in generating
pacemaker potentials in colonic ICCs and suggested as a possible
pacemaker channels in colonic ICCs*. However, there is no report on the
role of tyrosine kinase and MAPK in modulation of pacemaker activity in
ICCs until now. Thus, in the present study, I studied the role of MAPK
and tyrosine kinases in generating of pacemaker potentials of colonic

ICCs using MAPK inhibitors and tyrosine kinase inhibitors and

compared the effects to small intestinal ICCs.
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MATERIALS AND METHODS

Preparation of cells

The protocols and animal care used in these experiments were in
accordance with the guiding principles approved by the ethics committee
of the Chosun University and the National Institutes of Health Guide,
South Korea for the Care and Use of Laboratory Animals. Mice had free
access to water and a standard mouse diet until the day of
experimentation. Balb/C mice (5-8 days old) of either sex were
anesthetized with ether and killed by cervical dislocation. The colon from
below the cecum to the rectum was removed, and the middle portion of
the colon was used. The small intestine from ileum to jejunem was used.
The colon and small intestine were opened along the mesenteric border.
The luminal contents were washed 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 the colonic and
small intestinal muscle were equilibrated in Ca®*-free Hank’s solution for
30 min, and the cells were dispersed with an enzyme solution containing

1.3 mg/mL collagenase (Worthington Biochemical Co, Lakewood, NJ,
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USA), 2 mg/mL bovine serum albumin (Sigma, St. Louis, MO, USA), 2
mg/mL trypsin inhibitor (Sigma), and 0.27 mg/mL ATP. Cells were plated
onto sterile glass coverslips coated with murine collagen (2.5 pg/mL
Falcon/BD) in 35-mm culture dishes. The cells were then cultured at
37°C in a 95% 0,/5% CO, incubator in smooth muscle growth medium
(SMGM; Clonetics Corp., San Diego, CA, USA) supplemented with 2%
antibiotics/antimycotics (Gibco, Grand Island, NY, USA) and 5 ng/mL

urine stem cell factor (SCF, Sigma).

Patch-clamp experiments

The whole-cell configuration of the patch-clamp technique was used to
record pacemaker potentials in ICCs that showed the network-like
structures in culture (2-3 days). Pacemaker potentials were amplified
using Axopatch 200B (Axon Instruments, Foster, CA, USA). The data
were filtered at 5 kHz and displayed on a computer monitor. The results
were analyzed using pClamp and GraphPad Prism software (version 5.0,
GraphPad Software Inc., San Diego, CA, USA). All experiments were

performed at 30°C.
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Reagents

The cells were bathed in a solution containing 5 mM KCIl, 135 mM NaCl,
2 mM CaCl,, 10 mM glucose, 1.2 mM MgCl,, and 10 mM HEPES,
adjusted to pH 7.2 using Tris. The pipette solution contained 20 mM
potassium aspartate, 120 mM KCI, 5 mM MgCl,, 2.7 mM K,ATP, 0.1
mM Na,GTP, 2.5 mM creatine phosphate disodium, 5 mM HEPES, and
0.1 mM EGTA, adjusted to pH 7.2 using Tris.

The drugs used were PD98059, SB203580, JNK inhibitor II, genistein,
herbimycin A, daidzein, KT 5720, KT 5823, chelerythrine, and

bisindolylmaleimide. All drugs were purchased from Sigma Chemical.

Statistical analysis

Data are expressed as the means * standard errors. Differences in the data
were evaluated using the Student’s ¢ test. A P-value < 0.05 was
considered to indicate a statistically significant difference. The n values
reported in the text refer to the number of cells used in the patch-clamp

experiments.
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RESULTS

Pacemaker Potentials in Colonic and small intestinal ICCs

The patch clamp technique was tested with ICCs that had network-like
structures in culture (2-3 days). Under a current clamp, ICCs generated
pacemaker potentials in colonic and small intestinal ICCs (Figure 1 A and
B). In colonic ICCs, the resting membrane potential, amplitude, and
frequency were —47.2 + 3.8 mV, 382 + 6.8 mV, and 11.3 £ 24
cycles/5min, respectively (n=24). In small intestinal ICCs, the resting
membrane potential, amplitude, and frequency were —51.4 £ 2.8 mV, 28.2
+ 2.4 mV, and 14 + 2 cycles/min, respectively (n=18) (Figure 2A, B, and

Q).
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Figure 1. Typical traces of pacemaker potentials in current clamping

mode in colonic ICCs (A) and small intestinal ICCs (B) from mouse.
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Figure 2. Summarized data of the control pacemaker potentials in
colonic and small intestinal ICCs. The values in the resting membrane
potential are summarized in (A). (B) and (C) are the summarized data of

amplitude and frequency, respectively in control colonic and small

itestinal ICCs.
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Effects of tyrosine kinase inhibitors on pacemaker potentials in colonic

ICCs

To investigate whether tyrosine kinase involves in generating pacemaker
potentials or not, genistein and herbimycin A, tyrosine kinase inhibitors,
were tested. Both genistein (100 pM) and herbimycin A (10 uM)
decreased the pacemaker potential frequency of colonic ICCs and
hyperpolarized the membrane (Figure 3A and B). However, daidzein (10
uM, n=5), an inactive form of genistein, had no effects on pacemaker
potentials (Figure 3C). The values of the pacemaker potential frequency
induced by genistein (n=7) and herbimycin A (n=6) were significantly
different from control values. However, the values of the resting
membrane potential induced by genistein and herbimycin A were not
significantly different from control values even though they
hyperpolarized the membrane (Figure 4A and B). These results suggest
that endogenous tyrosine kinase involves in generating pacemaker

potential in colonic ICCs.

10
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Figure 3. Effects of tyrosine kinase inhibitors on the spontaneous

pacemaker potentials in colonic ICCs. Under current clamping mode,

addition of 100 uM genistein (A) and 10 uM herbimycin A (B) decreased

the frequency of the pacemaker potentials. However, 10 uM daidzein, an

inactive form of genistein, had no influence on the pacemaker potentials

(C).
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Figure 4. Summarized data of the tyrosine kinase inhibitors on
pacemaker potentials in colonic ICCs. The values in the resting
membrane potential by 100 uM genistein, 10 uM herbimycin A, and 10
uM daidzein are summarized in (A). (B) is the summarized data of

frequency by genistein, herbimycin A, and daidzein.
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Effects of MAPK inhibitors on pacemaker potentials in colonic ICCs

To investigate whether MAPK involves in generating pacemaker
potentials or not, specific MAPK inhibitors were tested. When the
pretreatments of ICCs with PD 98059 (a selective p42/44 inhibitor), SB
203580 (a selective p38 inhibitor) or JNK inhibitor II (a selective JNK
inhibitor), the generation of spontaneous pacemaker potential was
blocked and decreased the pacemaker potential frequency by SB 203580
(10 uM) and JNK inhibitor II (10 uM) but not by PD 98059 (10 uM,
n=8) (Figure 5A, B and C). The values of the pacemaker potential
frequency induced by SB 203580 (n=8) and JNK inhibitor II (n=9) were
significantly different from control values. However, the resting
membrane potential induced by SB 203580 and JNK inhibitor II was not
changed (Figure 6A and B). These results suggest that endogenous p38
and JNK MAPKSs involve in generating pacemaker potential in colonic

ICCs.

13
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Effects of PKA and PKG inhibitors on pacemaker potentials in colonic

ICCs

To investigate whether protein kinase A (PKA) or protein kinase G
(PKG) involves in generating pacemaker potentials or not, specific PKA
and PKG inhibitors were tested. When the pretreatments of ICCs with
KT5720 (a selective PKA inhibitor) and KT5823 (a selective PKG
inhibitor), both KT5720 (10 uM) and KT5823 (10 uM) did not show any
influence on spontaneous pacemaker potentials (Figure 7A and B). The
values of the resting membrane potential and the pacemaker potential
frequency and induced by KT5720 (n=8) and KT5823 (n=9) were not

significantly different from control values (Figure 8A and B).

14

Collection @ chosun



46! I
(mV)

PD98059 10 uM 2min

471
(mV)

SB203580 10 uM 2 min

49
(mV)

JNKII inhibitor 10 uM 2 min

Figure 5. Effects of MAPK inhibitors on the spontaneous pacemaker
potentials in colonic ICCs. Under current clamping mode, addition of 10
uM PD98059 (A) had no influence on the pacemaker potentials.
However, addition of 10 uM SB203580 (B) and 10 uM JNK inhibitor II

(C) decreased the frequency of the pacemaker potentials.
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Figure 6. Summarized data of the MAPK kinase inhibitors on pacemaker
potentials in colonic ICCs. The values in the resting membrane potential
by 10 uM PD98059 (A), 10 uM SB203580 (B), and 10 uM JNK
inhibitor II are summarized in (A). (B) is the summarized data of

frequency by PD98059, SB203580, and JNK inhibitor II.
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Figure 7. Effects of PKA and PKG inhibitors on the spontaneous
pacemaker potentials in colonic ICCs. Under current clamping mode,
addition of 10 uM KT5720 (A) and 10 uM KT5823 (B) had no influence

on the pacemaker potentials.
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Figure 8. Summarized data of the PKA and PKG inhibitors on
pacemaker potentials in colonic ICCs. The values in the resting
membrane potential by 10 uM KT5720 and 10 uM KT5823 (B) are

summarized in (A). (B) is the summarized data of frequency by KT5720

and KT5823.
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Effects of PKC inhibitors on pacemaker potentials in colonic ICCs

To investigate whether protein kinase C (PKC) involves in generating
pacemaker potentials or not, specific PKC inhibitors were tested. When
the pretreatments of ICCs with chelerythrine and bisindolylmaleimide
(PKC inhibitors), both chelerythrine (1 uM) and bisindolylmaleimide (1
puM) did not show any influence on spontaneous pacemaker potentials
(Figure 9A and B). The values of the resting membrane potential and the
pacemaker potential frequency and induced by chelerythrine (n=7) and
bisindolylmaleimide (n=6) were not significantly different from control

values (Figure 10A and B).

19
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Figure 9. Effects of PKC inhibitors on the spontaneous pacemaker
potentials in colonic ICCs. Under current clamping mode, addition of 1
uM chelerythrine (A) and 1 uM bisindolylmaleimide (B) had no

influence on the pacemaker potentials. BIM: bisindolylmaleimide.
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Figure 10. Summarized data of the PKC inhibitors on pacemaker
potentials in colonic ICCs. The values in the resting membrane potential
by 1 uM chelerythrine and 1 pM bisindolylmaleimide (B) are
summarized in (A). (B) is the summarized data of frequency by

chelerythrine and bisindolylmaleimide. BIM: bisindolylmaleimide.
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Effects of tyrosine kinase inhibitors in small intestinal ICCs

To investigate whether endogenous tyrosine kinase also involves in
generating pacemaker potentials of small intestinal ICCs, genistein and
herbimycin A were treated. However, in contrast with colonic ICCs,
genistein (100 uM, n=6) and herbimycin A (10 uM, n=7) had no effects
on spontaneous pacemaker potentials of small intestinal ICCs (Figure 11

A and B).

Effects of MAPK inhibitors on pacemaker potentials in small intestinal

ICCs

To investigate whether endogenous MAPK also involves in generating
pacemaker potentials of small intestinal ICCs, PD 98059 (10 uM), SB
203580 (10 uM) and JNK inhibitor II (10 uM) were treated. However, all
drugs had no effects on spontaneous pacemaker potentials of small
intestinal ICCs (Figure 12A, B and C). These results suggest that
endogenous MAPK do not involve in generating pacemaker potentials in

small intestinal ICCs.

22
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Effects of PKA, PKG and PKC inhibitors on pacemaker potentials in

small intestinal ICCs

To investigate whether PKA or PKG or PKC involves in generating
pacemaker potentials of small intestinal ICCs, KT 5720 (10 uM, n=7),
KT 5823 (10 uM, n=6), chelerythrine (1 uM, n=6) and
bisindolylmaleimide (1 uM, n=7) were treated. However, all drugs also

had no effects on spontaneous pacemaker potentials of small intestinal

ICCs (Figure 13A, B, C and D).

23
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Figure 11. Effects of tyrosine kinase inhibitors on the spontaneous
pacemaker potentials in small intestinal ICCs. Under current clamping

mode, addition of 100 uM genistein (A) and 10 uM herbimycin A (B) as

well as 10 uM daidzein had no influence on the pacemaker potentials.
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Figure 12. Effects of MAPK inhibitors on the spontaneous pacemaker
potentials in small intestinal ICC. Under current clamping mode, addition

of 10 uM PD98059 (A), 10 uM SB203580 (B), and 10 uM JNK inhibitor

IT (C) had no influence on the pacemaker potentials.
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Figure 13. Effects of PKA, PKG, and PKC inhibitors on the spontaneous
pacemaker potentials in colonic ICCs. Under current clamping mode,
addition of 10 uM KT5720 (A), 10 uM KT5823 (B), 1 uM chelerythrine

and 1 puM bisindolylmaleimide had no influence on the pacemaker

potentials. BIM: bisindolylmaleimide.
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DISCUSSION

The peristaltic GI motility is done by smooth muscle contraction and
relaxation. The spontaneous contractions of GI smooth muscle are
coupled to periodic activation of pacemaker channels in interstitial cells
of Cajal (ICCs). In the present study, I found that endogenous MAPK and
tyrosine kinase participate in generating pacemaker potentials in colonic
ICCs but not in small intestinal ICCs.

MAPKSs and tyrosine kinases are important modulators of GI smooth
muscle contractions. Muscarinic activation was coupled to Src tyrosine
kinase and subsequent activation of p42/p44 MAPK in cultured canine
colonic smooth muscle cells’. Bombesin contracted cat esophageal
circular smooth muscle cells via tyrosine kinase pathway or p42/p44
MAPK pathway’'. Both p42/p44 and p38 MAPK pathways contribute to
hypercontractility in experimental colitis'®. LPS influence intestinal
contractility via INK MAPK pathway’”. In small intestinal ICCs, H,0,
inhibited the generation of pacemaker activity by activating ATP-
sensitive K channels through p38 MAPK, JNK MAPK, and tyrosine
kinase and sphingosine-1-phospate depolarized the pacemaker potentials

through JNK MAPK-dependent mechanism®®**. These results suggested

27
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that MAPK- and tyrosine kinase pathways are modulate the pacemaker
activity of ICCs indirectly. The inhibitory mediation of INK MAPK by
H,O, and the excitatory mediation of JNK MAPK by sphingosin-1-
phosphate are suggesting that JINK MAPK mediate cellular actions acting
on cellular target indirectly rather than direct modulation of cellular target.
In this study, PD 98058 did not influence on pacemaker potentials of
colonic ICCs, but SB 20356 and JNK inhibitor II suppressed the
generation of pacemaker potentials and decreased the pacemaker
potential frequency in colonic ICCs. In addition, pacemaker potentials
were suppressed by genistein and herbimycin A but not by daidzein in
colonic ICCs. However, tyrosine kinase inhibitors and MAPK inhibitors
did not affect the generation of pacemaker potentials in small intestinal
ICCs. Based on these results mean that endogenous p38 MAPK, JNK
MAPK, and Src-family tyrosine kinase are participating in generation of
pacemaking potentials in colonic ICCs. Whereas MAPKs and tyrosine
kinase are working when external agents are acting only in small
intestinal ICCs. However, from this study, I could not know the cause of
different effects of tyrosine kinase inhibitor and MAPK inhibitors on
pacemaker potentials between colonic ICCs and small intestinal ICCs.

Even though, I think that the one possible cause may be the different
28
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generating mechanism of pacemaker potentials between colonic ICCs
and small intestinal ICCs. The pacemaking mechanism of ICCs is closely
associated with intracellular Ca*" oscillations. IP;-dependent Ca®" release
from endoplasmic reticulum and reuptake Ca®" into mitochondria is
linked to activate pacemaker channels®. Until now transient receptor
potential channels and Ca*"-activated CI” channels have been candidate as

pacemaker channels in ICCs*> %

. However, recently, it was reported that
hyperpolarization activated cyclic nucleotide-gated (HCN) channels
participated in generating spontaneous pacemaker potential in colonic
ICCs but not small intestinal ICCs from mouse™. HCN channels are non-
selective cation channels that maintain or determine the cell excitability
in spontaneous active cells like as neuronal cells and cardiac cells’® >’
HCN channels activated by membrane hyperpolarization or directly by
intracellular cAMP. Many intracellular molecules and protein kinases

modulate HCN channel activities>> *°

. It has been reported that p38-
MAPK modulate HCN channels via the direct phosphorylation of
channel proteins or the indirect alteration of intracellular second
messengers, such as membrane acidic lipids, cAMP and proton or

40, 41

transactivation of other protein kinases . Also, genistein suppressed

HCN channels, thus it was suggested that tyrosine kinase might modulate
29

Collection @ chosun



HCN channels through the direct phosphorylation of channel proteins®’.
Therefore, 1 think that modulation of HCN channels by endogenous
actions of MAPKSs and tyrosine kinases in colonic ICCs may possible
different mechanism between colon and small intestine. However, further
studies are required to clarify the relationship of MAPKSs, tyrosine
kinases and HCN channels. cAMP and cGMP are second messengers that
act as inhibitory mediators in GI tract. Intracellular cAMP and cGMP
activate PKA and PKG, respectively and followed cellular actions. Also,
PKC is activated by diacylglycerol that synthesized by phospholipase C''.
Besides, PKA, PKG, and PKC had been expressed in ICCs™™,
suggesting that these protein kinases can modulate pacemaker activity of
ICCs. However, in this study, KT 5766 and KT 5788, inhibitors of PKA
and PKG, as well as chelerythrine and BIM, inhibitors of PKC, had no
effects on pacemaker potentials in colonic and small intestinal ICCs.
These results suggest that PKA, PKG, and PKC are not involved in
generating pacemaker potential in ICCs.

In conclusion, endogenous tyrosine kinases and p38 and JNK MAPKs
participate in the generation of pacemaker potentials in colonic ICCs but
not small intestinal ICCs. The target of MAPK and tyrosine kinase is

therapeutic strategy for treatment of colonic motility disorders.
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