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Ara-C
BK
CNS
COX
ENS
GFAP
IBD
IL-1ra
IL-1B
IP3
LPS
NGF
NF-xB
NSCC
PCR
PFA
PGE:
PGP9.5
PKC
PLA:
PLC
TLR-4
TNF-a
Triton-PBS
VDCC
[Caz*]i

A[Ca?'];

cytosine p -D-arabinofranoside
bradykinin

central nervous system:
cyclooxygenase

enteric nervous system:

glial fibrillary acidic protein:
inflammatory bowel disease:
interleukin-1 receptor antagonist
interleukin-1p

inositol 1,4,5-trisphosphate
lipopolysaccharide:

nerve growth factor

nuclear factor- xB

non-selective cation channel:
polymerase chain reaction
paraformaldehyde
prostaglandin E2

protein gene product 9.5

protein kinase C

phospholipase Az

phospholipase C

toll-like receptor 4

tumor necrosis factor-a

0.3  Triton X-100 0.01 M
voltage-dependent Ca?* channel:
intercellular Ca?* concentration:

[Caz*]i

C a2+

C a2+



enteric nervous system:

ENS
Auerbach’s plexus 2

ENS

ENS

Meissner’s plexus

central nervous system: CNS

Goyal & Hirano, 1996; Furness,

1) 2)

Hu et al.,, 2003; Furness, 2006a  Dogiel

CNS
2006b

ENS

3)
Dogiel type |
Dogiel type Il

calbindin
Dogiel type | calbindin
ENS
2006a

2
4 20 1
3
Dogiel type Il Ca%
8 2
3
Furness,

Brehmer et al., 1999, Peters et al,



1991, Furness, 2006a
ENS
ENS ENS

ENS CNS

Cabarrocas et al., 2003; Ruhl et al., 2004; Ruhl, 2005

glial fibllial acids protein: GFAP

ENS Hoehner et al., 1996; Bar et

al., 1997; Janigro et al., 1997; Hanani et al., 2000; Walz, 2000; Wu et al., 2004; von

Boyen et al., 2004; 2006

Bush et al., 1998; Cornet et al., 2001

Nasser et al., 2006 ENS

Bradykinin BK

BK

BK

Bl B2



B2 Bl
Prado et al., 2002
Bl B2
36 G
Gyu
phospholipase C PLC inositol 1,4,5-trisphosphate 1P3
Ca% B2
phospholipase A2 PLA: cyclooxygenase COX
Prado et al., 2002
inflammatory bowel
disease: IBD Stadinicki
etal,2003 IBD
Stadnicki et al., 1996; 1997 IBD ENS
Wood, 2007; Villanacci et
al., 2008 BK Regoli & Barabe, 1980; Kachur et al.,
1987 Kachur et al., 1987; Beltinger et al., 1999
acetylcholine Goldstein et al.,
1983; Yau et al., 1986 IBD BK ENS
ENS BK
- Hu et
al., 2003; 2004a; 2004b BK
COX prostaglandins PGs
PGs

ENS BK



IBD interleukin-1 1L-1p tumor necrosis
factor-o TNF-a Ligumsky et al.,
1990; MacDonald et al., 1990; Reinecker et al., 1993; Schreiber et al., 1999

lipopolysaccharide: LPS
Caradonna et al., 2000 in vitro
GFAP
von Boyen et al., 2004
Cornet et al., 2001,

von Boyen et al., 2004 ENS IBD

Bush, 2002; Lomax et al., 2005; Vasina et al., 2006; Neunlist et al., 2008;

Villanacci et al., 2008

Cabarrocas et al., 2003; Ruhl et al., 2004; Ruhl, 2005

ENS IBD Bl

ENS BK

Stadnicki et al., 2005; Hara et al., 2008; Marceau & Regoli; 2008

IBD LPS ENS
Caz [Ca?]i
Caz* VDCC Caz*
Ca2+ Ca2+



C a2+ C a2+

Kennedy, 1989; Berridge, 1998

[Ca?*]i
Ohta et al., 2005

[Ca?*]i
B1 n
vivo Zhang et al.,

2007 LPS

in vitro ENS
BK Caz
[Ca?*]i
RT-PCR real-time PCR

Murakami et al., 2007;

2008; in press



08-0185

Association for Assessment and

Accreditation of Laboratory Animal Care International

Laboratory Animals;

A.
2005
2x 2mm
collagenase type 1 mg/ml
1
15
collagenase type 1 mg/ml

Guide for the Care and Use of

NRC 1996

Wistar 1-5 Ohta
1ml
DNase 0.5 mg/ml 37 5 CO2
DNase 0.5 mg/ml 1 ml



37 5 CO2 30

1ml 30

200x g 4 2

1ml
2ml ¢ 100 um
poly-D-lysine
80 pl 37 5 CO2
1
5
1000 80 pl
1
3 ml 37 5 CO2 48
24

cytosine B-D-arabinofranoside Ara-C 10 uM
LPS

24 LPS IL-1B TNF-a



24

C. Cazt

Caz [Ca?*]i
fura-2

cremophor EL 0.004

C a2+

fura-2

fura-2 acetoxymethyl ester 10 uM

15 Fura-2 [CaZ];
Aqua Cosmos, Hamamatsu Photonics, Japan Diaphoto
300, Nicon, Japan
1 ml/min
CCD
150 W
340nm 380 nm 2 0.354
340 nm 380nm 2 500 nm
1.5 CCD F340/ F380
Grynkiewicz 1985 [Caz*]i=KdB(R Rmin)/ (Rmax R) [Ca?*]i
R 340nm 380 nm fura-2
F340/F380 Rmin Ca? Rmax  Ca?*
Kdp Rmin  Rmax
15 Poenie et al., 1986



Rmin=0.153 Rmax=3.66 Kdp=1.265

[Caz];

D.
Hamill et al.,, 1981
GD-15, 1.5x 90 mm, Narishige Scientific Instrument
Lab., Japan 3-5 MQ
Diaphoto 300, Nicon
AXOPATCH200B, Axon, USA 5 kHz AD
PowerLab System, AD instruments, Australia
Scope 6.1, AD instruments
E.
Alexa Flour 456 goat
anti-mouse 1gG  Alexa Flour 488 goat anti-rabbit 1gG 10 pg/ml Molcular

10



Probes USA Alexa Flour 456
donkey anti-mouse Ig  Alexa Flour 488 donkey anti-goat 19G 10 pg/ml

Molcular Probes

PGP9.5 rabbit antiserum to PGP9.5 (1 1000) Chemicon International, USA
mouse monoclonal anti-PGP9.5 (1 50) Abcam, UK
S100 rabbit antiserum to S100 (1 2000) Sigma, USA
mouse monoclonal anti-S100 (1 100) Chemicon International
calbindin mouse monoclonal anti-calbindin (1 200) Sigma
B1 receptor | goat antiserum to B1 receptor (1 50) Santa Cruz Biotechnology,USA
B2 receptor | mouse monoclonal anti-B2 receptor (1 200) BD Transduction Laboratories, USA
COX-2 rabbit antiserum to COX-2 (1 500) NeoMarkers, USA
4  paraformaldehyde PFA 0.1 M
4 12
0.3  Triton X-100 0.01 M Triton-PBS
5
1 3
10 10
1
1.5
2 Triton-PBS
Triton-PBS 5 4
1

11



10 pg/ml Hoechst33542 Triton-PBS

5 3
4 PFA 0.1 M
24
1 15
24
6 IX70,
Olympus Ar/lUvV He/Ne
F. RT-PCR real-time PCR
RNA RNase 0.1
RNA ISOGEN™
Nippongene, Japan RNA 20 mM Tris- HCI

pH84 2mM MgCl. 50 MM KCI 1 mM DTT 0.02 unit DNase Promega, USA
0.2 unit RNase inhibitor Promega 37 30 DNase
300x g 10

5N 5 80

12



2000x g 10 4 75
RNA RNA

260 nm RNA oligo dT

cDNA RNA 5 ug oligo dT 12-18 25 ng

70 10 dNTP 0.5mM DDT 10
mM  RNase inhibitor 0.5 unit Tris-HClI pH 8.3, 50 mM KCI 75 mM
MgClz: 3 mM 200 unit, Invitrogen 42 55
70 15 RNA 1 DNA cDNA

Bl B2 PCR Bl Gene bank

accession No. NM030851, forward: 5-TCACCTGGCTAACTTGGCGGC-3’; reverse:

5-CGTTCAACTCTCCACCATCCTT-3 B2

No. M59967, forward:

5-TGAGATCTACCTGGGCAACC-3; reverse: 5-CATCTCGTTTTCCTCAGC-3’

B-actin No. J00691, forward:

5-AGCCATGTACGTAGCCATCC-3’; reverse: 5-GCCATCTCTTGCTCGAAGTC-3’

RT-PCR cDNA

Promega MgCl: 15 mM dNTP

25 pM Gene Amp

PCR 94 30
72 30 30
bromide 2
Germany PCR
DNA

USA

13

Tag DNA polymerase 2.5 unit,

0.2 mM forward  reverse
Applied Biosystems, USA
55 30
PCR ethidium
Vilber Lourmat,
T-vector Promega

CEQ8000, Beckman Coulter,



Real-time PCR

SYBR® Green PCR Master Mix Applied Biosystems, USA

B2 B-actin

System Applied Biosystems

60
40
B-actin

2-44ct method

G. Prostaglandin Ez

10

BK

prostaglandin E2

15

Bl

ABI7300 Real-time PCR

PCR 95
72 30

Bl B2
250 pl
BK BK

250 ul 10

2000x g 5
PGE:

R&D system, Switzerland

14

10



H. Interleukin-13

LPS 0.1
ug/mi 10 pg/ml 250 pl
37 5 CO2 6
2000x g 5
IL-1p interleukin-13 Invitrogen
l.
Dulbecco’s Modified Eagle’s Medium 900 ml
NaHCOs 3.7¢g NaOH pH7.3 1000 ml
penicillin 100 unit/ml streptomycin
100 pg/ml
M199 56 30 fetal bovine serum 10

penicillin 100 unit/ml streptomycin 100 pg/ml

15



C a2+
Cazt mM

pH NaOH 7.3

NaCl | CaCl: | MgCl. | KCI | HEPES | gulcose | EGTA

137 25 1.2 6 10 11 0
K* 103 25 1.2 40 10 11 0
Ca?*-free 3 o0 12 6 10 | 11 | 05

KCI; 140 MgClz; 1.2 ATP; 1 EGTA; 10 mM

pH KOH 7.3

PB NaHPOs 12HO0 NaH:POs 2H0 77 23

PB 0.2M 2
PBS PB 0.2M 2 1000
ml 9.0g NacCl PBS 0.1 M
10 PBS 0.01 M

A23187 BK fragment1-8 Dulbecco’s modified Eagle’'s Medium DMEM HOE140
M199 SC19220 Lys-des-Arg®-BK Lys-des-Arg®-HOE140 U73122 aristolochic acid
bradykinin cremophor EL cytosine B-D-arabinofranoside Ara-C indomethacin
interleukin-1p IL-1p interleukin-1 receptor antagonist IL-1ra
lipopolysaccharides from Escherichia coli026:B6 LPS nimesulide poly-D-lysine

prostaglandin Ez PGE: prostaglandin Iz PGIl2 sulprostone Sigma

16



Tumor necrosis factor-o  TNF-a DNase adenosine 5-triphoshate ATP
Boeringer Ingelheim GmbH, Germany
N-2-hydroxyethyl-piperazine-2-ethanonesulfonic acid HEPES ethylene glycol bis

2-amino-ethyl-ester tetraacetic acid EGTA Dojindo Japan

Thapsigargin  Wako Pure Chemical Industories Japan fura-2
acetoxymethyl ester  Molucular probes fetal bovine serum FBS
Invitrogen USA collagenase type Il Worthington USA nicotine
bitartrate  Nacalai tesque Japan streptomycin  Banyu Japan

penicillin  Meiji Seika Japan

I+

mean+S.E.M. n=

student ¢ one-way ANOVA Tukey-Kramer

17



Goyal & Hirano, 1996; Furness, 2006b

protein gene product 9.5 PGP9.5

Ca?* S100 Hoechst33342
1 2
PGP9.5
Hoechst33342 =388 30
PGP9.5
S100 68

PGP9.5 S100

1 PGP9.5 S100

18



PGP9.5 S100 merge

PGP9.5 S100
Hoechst33342

19



B. Ca% bradykinin

1. Calbindin
Calbindin Cazt
Liu et al., 1998
BK
BK calbindin
PGP9.5 calbindin
2A calbindin
PGP9.5 PGP9.5 calbindin
108 7 7.4
calbindin BK 100
nM 60 [Caz]; 2B Calbindin
BK [Ca?*]i [Ca?*]i
BK 2C -
PGP9.5 calbindin
PGP9.5
calbindin 106 3

20



PGP9.5 PGP9.5
calbindin
[Caz*)i

calbindin

PGP9.5 (+) PGP9.5 (+)
calbindin (-) calbindin (+)
140 140
115 115 |-
s s
£ £
— 90 = 90
t\clu N
S, S
65 65 [~
| |
40 BK 100nM 4= BK 100 nM
PGP9.5 calbindin
calbindin

BK 100 nM 60
BK [Caz];
PGP9.5 calbindin

21



2. Bradykinin

PGP9.5
PGP9.5 nicotine
BK
3A B
BK [Ca*]i
3C 100 nM BK
BK [Caz*]i

Ohta et al., 2005

[Caz*]i

nicotine

BK 100 pM~10 uM

[Ca?*]i 1 uM

[Ca?*]i

ECso 3.0+ 0.9 nM

BK

[Caz*]i

[Caz]i 482 +05nM =322

Gainetdinov et al., 2004

[Ca?*]i
BK
90

nM BK

BK

BK 100 nM 15

[Caz*]i

22

BK

31.3

PGP9.5

60

[Caz*]i

100



150

s

£ 110

:?rs 70

30 - - - - - L
BK 100 pM 1nM 10 nM 100 nM 1uM 10 uM
B C
(2]
c

100 i S o

g i : 2

T 50 } ? =2

& £ 50

O 25 'g

< ¥ o ‘

0%y 1 1 1 1 1 o | |
01 1 10 100 1000 10000 3 01 1 10 100 1000 10000
BK concentration (nM) N BK concentration (nM)
3. bradykinin [Caz*]i
A 100 pM 10 uM BK 60 [Caz*]i
B BK [Caz]; AlCaz]li C BK
[Caz*]i 100 pM; n=65 1nM; n=51 10 nM; n=45

100 nM; =50 1 pM; n=54 10 uM; n=43 mean + S.E.M.

23



3. Bradykinin

BK Bl B2
RNA
RT-PCR
B-actin 1A B1
B2 PCR
Bl B2
RT-PCR BK
mRNA BK [Ca+];
B1 Lys-des-Arg®-HOE140 1uM 30
60 BK 100 nM B2
HOE140 1 uM BK
[Ca?*]i 4B  [CaZ]; A[Ca%]; 4C
BK Bl B2
B1 des-Arg°-BK 1 uM
[Ca+]; BK [Ca2+];
B2
B2
PGP9.5 B2
5A PGP9.5
B2 PGP9.5 B2
S100 B2

24



BK B1 B1R ago des-Arg®-BK 1uM 60
[Caz*)i [Caz*)i
nicotine Nic 100 uM 30 [Caz*]i C
A[Caz]i BK  ;n=39 B1 =25 B2
;=22 Bl ; =44 mean + S.E.M.

25

B1R

A C
marker BIR B2R B-actin %0
(bp) Z 60
500 —
400 ‘@
300 o %
g
200 " TBK & _~l~ o
(\ fb,o@ fb‘)
Q;S' 2 ST
B
250 250 2501 250
200 200 B1R ant 200 B2R ant 200
s
= 150 150 - 150 1501
&;‘U 100 100 "/\ 100 1001
S,
50 50 (3]0 ,7/ 50F /
™~ ™ ™ o O o
oL BK100nM ol ot Nic 100 pM O_BlRago
4. bradykinin
A RT-PCR BK MmRNA
RNA BK
RT-PCR DNA
B-actin PCR B BK BK
BK 100 nM 60 B1
ant Lys-des®-HOE140 1 uM BK B2 B2R ant HOE140 1 puM

[Caz+]i



B2

B2

B2

B2R

PGP9.5

B2

S100

26

B2R+PGP9.5

PGP9.5

S100



S100 B2
5B
4. Ca?
[Ca?*]i Ca?* Caz
Ca% BK
[Ca*]i 6A B
BK Ca?* Ca?*
BK EGTA 0.5
mM Ca?*-free 30 BK 100 nM 60
BK [Caz*]i
BK [Ca?*]i Caz*
Ca?* Ca?*
Ca?*
BK Caz
EGTA 0.5 mM Ca?*-free Ca?*
thapsigargin 0.5 uM Caz BK
210 thapsigargin BK [Ca?*]i
Ca?*
Thapsigargin Caz
BK [CaZ];
Ca?* Ca?*

27



160 Ca?*-free sol. TG Cd?*
/2'\ ——— I —
E120
?‘3 80 N\_ﬁ\’\
| | | |
BK 100 nM
B
120
- T
22 el
S
T T *%
S®
v O 40~ *%
m < *%
il —— H
control o TG Cd?
I\
&
6. bradykinin Caz+ Caz+
CaZ+
A BK 100 nM 60 [Caz+]i EGTA 0.5 mM
Caz*-free Caz*-free sol. BK Cazt-ATPase
thapsigargin TG 0.5uM 210 BK Caz+
Cd2+ 300 uM BK B BK
[Caz*]i A[Cazt]i BK ; m=52 Caz+-free ;=58 TG
m=64 Cd2+ ;=117 mean + S.E.M.

28



voltage-dependent Ca?* channel: VDCC

BK [Caz*]i VDCC Cd2+ Cd2+
300 uM BK 30 BK BK
[Ca?*]i Caz
BK Ca?* Ca?*
BK Caz VDCC VDCC Caz

5. Cyclooxygenase-prostaglandins

BK COX PGs
Rodgers et al., 2002; Jenkins et al., 2003; Kubota et al.,

2003; Hernanz et al., 2004; Rodriguez et al., 2004

BK [Ca?*]i COX
COX indomethacin 1 uM 30
BK 100 nM 60 BK A[Ca?*]i
BK [Caz*]i COX
BK COX PGE: PGl

Hu et al., 2003; 2004a; 2004b

PGE, 1 uM PGl> 1 uM [Caz*];

PGE: BK [Ca2*] PG>
BK 7A [Caz*];

7B A[Ca*];

29



indo PGE, PGl,
240~ I ]
—~ 190
=
S
= 140
©
O
oo j\
gqob ‘[—.\\\ —_— —_—
BK 100 nm
B
150
s
S
:J{; 100
S,
<
e]
()
‘;’ 50 *%
©
£
x‘ .
m
O_
o \° €1 SOV 20 o
<>°‘\’6 o S S 60'\9% \Qwe\o
,“\060 e
7. bradykinin COX prostaglandins EP
A BK 100 nM 60 COX indomethacin
indo 1uM PGE: 1uM PGl 1uM BK
[Caz*]i B BK =52 indomethacin =54 PGE: =43
PGI: m=96 SC19220 1uM EP: sulprostone 1uM EP3
n=79 BK [Caz*]i A[Caz+]i mean
+S.E.M. ** BK A[Cazt]i p<0.01

30



PGE: EP:1 EPs MRNA
in situ hybridization Northey et al., 2000
BK PGE:
EP
EP3 sulprostone 1 uM EP: SC19220
1uM 30 BK 100 nM 60
sulprostone BK SC19220 BK [Ca?]i
7B PGE: BK EP:
C. Bradykinin prostaglandin E:
BK COX EP:
PGE:
BK PGE:
BK
BK 10 nM 100 nM 10
PGE: ELISA PGE: BK
COX BK 100 nM indomethacin 1 uM
PGE: 8
PGE: BK
indomethacin indomethacin PGE:
BK COX PGE:

31



800

~ **
= T
2
g 600}
(]
@
o
(O]
=, 100} b
L
[©)
[a
oL []
BK (nM) - 10 100 - 100
indo (uM) - - - 1 1
8. bradykinin prostaglandin Ez
BK 10 nM 100 nM indomethacin indo 1 uM
BK indomethacin 10
PGE:2 mean + S.E.M. =4 ** BK-, indo-
PGE: p<0.01

32



1. Bradykinin
BK [Caz*]i PGE:
BK PGE:
BK
[Ca*]i BK PGE>
BK PGE: BK
BK
high density low density
9A 2
4
high density low density BK 100
nM 60 [Ca?*]i High density low
density BK [Ca?*]i A[Ca?'];
BK PGE:
indomethacin BK A[Ca?]i
9B indomethacin high density BK
low density BK
K+ A[Ca?'];

A[Ca?*]i[nM]: low density; 218.5+49.2, =34 high density; 248.8 + 12.5,

33



control

p<0.01

34

low density high density
s ':P':\
@ 4 Q%
I, -,
B
3120
S
:’{T_ ##
§. 8 *%*
<
]
()
o 40
>
©
£ -
¥
m control indo control indo
low density high density
9. bradykinin
A 4 low density high density
Nictoine
B BK control 100 nM 60
indomethacin indo 1 uM BK [Cazt]i A[Caz+]i mean
+S.E.M. Low density: control; =119 indo; n=146 high density: control
indo; =17 ** high density control p<0.01 #  low density



=265 PGE: BK

2. bradykinin
30
68 BK
PGE: Ishimoto et al., 1996
BK PGE:
Ara-C
10 pM
control culture Ara-C
Ara-C culture B2
S100 10A

B2
Ara-C culture
control culture; 0.55 + 103 /mm?2 Ara-C culture;

0.51+10% /mm2 n=6 Control culture Ara-C culture

indometacin 1 uM BK 100 nM
A[Ca%]; 10B Control culture A[Ca?]i
Ara-C culture control culture
BK indomethacin Ara-C culture
indomethacin indomethacin control
culture BK Ara-C culture BK

35



control culture Ara-C culture

B C
*k 150
— *k % %
90 -

z = T

= 2 1001

< o *

° o 50|

S 30 m

>

: ¢ 0Ul ol

¥ oL L

m 0%

control indo control indo ir|13c5<o ) *_' I ) *_' I
control culture  Ara-C culture control culture Ara-C culture
10. bradykinin
A Ara-C 10uM a control culture b Ara-C culture
S100 B2

B control culture Ara-C culture BK control

100 nM 60 indomethacin indo 1 uM BK [Caz*]i
A[Ca2); mean + S.E.M. Control culture: control; /=57 indo; 7/=30
Ara-C culture: control; n=178 indo; n=121 ** p<0.01 C control culture
Ara-C culture BK 100 nM BK indomethacin 1 uM
10 PGE: mean + S.E.M.
=4 BK-, indo- PGE2

**  p<0.01 *  p<0.05

36



control culture BK indomethacin

BK
PGE: PGE: indomethacin
10C PGE:
BK control culture PGE: Ara-C culture
BK PGE:
PGE: BK [Caz*]i
E. bradykinin
1.
BK
non-selective cation channel: NSCC
Hu et al., 2004a
Cdz?* BK [Caz]i
BK
Nat
Ohta et al., 2005
-80 mV 0 mVv
50 ms Nat
-445+0.5mV =63 BK 100 nM
30 BK

37



=38 BK

=9 11A
Indomethacin 1 uM BK BK
11B =25
BK
indomethacin
Indomethacin
11C BK
COX PGs
2.
BK 100 nM 0.5 2 pA
12A
BK 46 pA
BK BK
26 pA BK
12B
BK 12C
BK
BK BK B2

38



BK 100 nm

B C indo 1 uM J 10mv

H
o
T

H

o
T

BK-induced
depolarization (AmV)

control indo

BK 100 nM

11. bradykinin

A BK 100nM 30
n=38
m~=9 B BK
control indomethacin indo 1uM BK mean + S.E.M.
Control; n=25 indo; =38 * control p<0.05 C

BK indomethacin

Indomethacin BK

39



a b

< 60 BK (100 nM)

S

= 401

8

S 20+

g

o ol

o

(]

| e -

g 20

o}

l
g ..uullJlH“H ,
E -60- A odoa oAl LA Ao
10 20 30 40 50 (pA) 10 20 30 40 50 (pA)

B/\ 30 ~

T <

~ £ T

__ 40 O control =

S ® BK S 20|

g [ 5 *

O 0F _(;

Q- —

) | ) 10 |-

= <

© 7

a-40r @

e
§ L S ol
E (I) I 2|0 I 4|0 I GIO control BK

12.

BK
control o
C BK

current (pA)

bradykinin

BK 100 nM a
2 pA

BK °

control

mean + S.E.M. Control & BK; n=10 *

40

BK
BK

p<0.05



BK

B2 PGE: PGE:
EP: BK BK
F. [Ca?]i bradykinin
B2 5
BK PGE:
BK B2
[Caz*]i BK
BK 10 nM 120
[Ca?*]i [Ca?*]i BK
[Ca?]i 54.1+05nM n=271 BK
BK 10 nM 60 15
2 2 BK BK
36.9 =65 BK
BK
BK BK 100 pM~10 uM 150
[Ca>]i BK 1 uM BK
13A B ECso 3.0+£0.7
nM BK BK [Ca+];
BK 13C  BK [Caz*]i

41



500~

[CaZ]; (nM)
; s S 3
j
t

500 1.0~ -
g‘ ? J
[y 0.8 f [ ] ©
400} O 0.81 .
= (79) (61 3] . il © o
© ) o
<300 68) =osf o X K o & 10uM
:*T_ g ’. O 1pM
8 200l E K] A 100nM
< E x 10nM
- >
100 3 ® 1nM
O 100 pM
oL &3
i EEETTTT B EETTTT BRI EEWETIT R TITT I |
01 1 10 100 1000 10000 0 05 1.0 15 20 25
BK (nm) time-to-peak (min)
Ca?*omM
400 £
& 300
| ©
% 300 3
= <1 200}
T 200 3
8 o
= | 2 100
100 N 2
] ] ¥I
O—BK 100 nM BK 100 nM o 9 e e
n n 1 10 100 1000
time of preload with Ca?*-free sol.

(sec)
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13. bradykinin [Caz];

A 100pM 10pM BK 150 [Caz*];

B BK [Caz*)i A[Ca2); mean + S.E.M.

° C B BK BK [Caz*]i
cumulative fraction 100 pM; =53
1nM; n=75 10nM; n=78 100 nM; n=58 1 uM,; n=79 10 uM; n=61 D BK 100 nM
120 [Caz*]i EGTA0.5 mM Caz+-free 5
BK [Caz*]i E Caz*-free BK
time of preload with Caz+-free sol. BK
A[Ca2); mean + S.E.M. 5 sec; r=69 30 sec; =57

60 sec; =73 120 sec; =67 900 sec; n=48
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BK

cumulative fraction

BK [Ca?*]i Caz+
Ca?* EGTA 05 mM Ca?*-free
5 BK 100nM 120 BK
[Ca?*]i A[Ca%]i Caz
13D BK Ca?*-free
[Ca?*]i 13E  Ca?* BK
Ca?*-free BK A[Ca?]i
BK Ca?*-free
R2=0.99 Ca% Ca%
BK [Ca?*]i thapsigargin 0.5 uM
Ca% PLC U73122 300 nM

A[Ca?*]i; control: 352.0 + 5.3 nM, =55, thapsigargin: 0.6 £ 0.1 nM,

=56, p<0.01, U73122; 4.4 £ 0.3 nM, n=71, p<0.01

BK [Caz*]i PLC Caz+
Ca?
G.
1. LPS
IBD Caradonna et al., 2000

Ligumsky et al.,
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1990; MacDonald et al., 1990; Reinecker et al., 1993; Schreiber et al., 1999

IBD

2008

IL-18 10 ng/ml

120

TNF-a

Villanacci et al.,

24 LPS 100 ng/ml
TNF-a 10 ng/ml 24
untreated BK 10nM
[Cazt];
BK [Ca?*]i 14A B A[Ca%)i 14C
BK LPS IL-1B
LPS IL-1p

Ogawa et al.,

2003; Sartor, 2006; Bhattacharyya, 2007; Dambacher et al., 2007, Mizutani et al.,

2007 LPS

LPS

200 ng/ml

IL-1B

IL-1P BK
LPS IL-1P
IL-1 IL-1ra 14 IL-1ra
LPS 24
BK
nicotine [Ca?*]i LPS
TNF-a
LPS interleukin-1p
LPS IL-1P
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450 untreated LPS IL-1B TNF-a IL-1ra+LPS
g 350
£
HEN NN
‘©
O, 150
50 | | | | |
BK 10 nM
B
150~ Untreated LPS IL-1B TNF-a IL-1ra+LPS
s
£ 110
:\;‘U 70 ‘J‘(\v\ ‘J\ \}L ‘f\w ﬁ\,\‘\
2
30 [ [ ] [ | | |
BK 10 nM
C D
< 400 *x S 100
c Kok £ **
= 300 T " %' s *T* MW untreated
3 S . HLPS
T ool < ol
g 200 S % IL-1B
9 S B TNF-
&) o
S 1001 3 251
2 k= W IL-1ra+LPS
5 o- 5 o-
14. Lipopolysaccharide 24
bradykinin
A B untreated LPS 100ng/ml IL-1 10ng/ml TNF-o 10 ng/ml
24 IL-1ra 200 ng/ml 1 LPS
24 IL-1ra LPS BK 10nM 120
A B [Caz*]i CcC D
C: untreated; =53 LPS; n=50
IL-1B; m=56 TNF-a; n=56 IL-lra+LPS; n=60 D: untreated; n=26 LPS; n=40
IL-1B; /=34 TNF-a; r7=29 IL-1ra+LPS; =32 BK [Caz*]i A[Cazt]i
mean + S.E.M. ** untreated BK p<0.01
#  LPS BK p<0.01
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LPS

LPS

Hoechst33342
S100
15B
3.
14
LPS
Ara-C

Ara-C culture

3 1

16A B

16C

IL-1P

IL-1B

BK
S100
Hoechst33342 98
15A
LPS 100 ng/ml IL-18 10 ng/ml
BK [Caz*]i
IL-1ra 200 ng/ml
LPS interleukin-1

LPS IL-1P BK

IL-18  BK

Ara-C culture control culture

LPS 100 ng/ml IL-18 10 ng/ml
BK 10nM [Caz*]i
Ara-C culture BK LPS
16D
LPS IL-1B

a7



500

= W untreated
< 400} WLPS
& IL-1PB
O 300}
F B IL-lra+LPS
]
8 200
>
©
£ 100
%
S100 + Hoechst33342 ol
15. bradykinin lipopolysaccharide
interleukin-13
A S100 Hoechst33342
S100 B untreated, /=63
LPS 100ng/ml, n=63 IL-1 10 ng/ml, n=62 LPS 1
IL-1ra 200 ng/ml LPS IL-1ra+LPS, n=70
BK 10 nM [Caz*]i A[Caz+]i mean
+S.E.M. ** untreated BK p<0.01 # LPS

BK p<0.01
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control culture

500

BK-induced A[Ca?*]i (nM)

Ara-C culture
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1
|
Q
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o 8 ¢
I I
»@;
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*% *k
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4
N
5 o
o) @)
& 2"
o I
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»
\© 9
«° o
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100~
= *%
s ;
= 75 i
N
o
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< 50
©
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o
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S 25| T
£
v
o
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Q 4
S 0\\\) \\\)
» <O
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16. lipopolysaccharide interleukin-1f

A Ara-C 10uM a control culture b Ara-C culture
B
mean + S.E.M.
=5 ** p<0.01 C LPS 100 ng/ml IL-1B
10 ng/ml BK 10nM [Caz*]i
A[Ca2); untreated BK mean + S.E.M.
Control culture; 7=62-68 Ara-C culture; n=64-74 **
untreated BK p<0.01 D LPS IL-13
BK A[Cazt]i BK mean
+S.E.M. Control cultur; n=70-78 Ara-C culture; nr=69-74 **
untreated BK p<0.01
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H. LPS interleukin-13
IL-1ra LPS
15
LPS 100 ng/ml 10 pg/ml 6
ELISA
17B LPS
IL-1B
BK
l. bradykinin
1. Interleukin-1p
IL-13 10 ng/ml
BK
18A B IL-1B BK
4
BK 100 pM 10 nM [Ca?*]i

18C D

51

LPS

IL-1B

IL-1B
LPS IL-1B

17A S100

IL-1P

0~24

IL-1P 24

1 uM BK



A B
1000— O co-culture  1om

= g -

3 M pure-culture *x L £

s X

g Hk » S

5 R

% 500{— S o5k

o o

S 5

& g

> L [ :

- 0.1 10 2 " T o
untreated - \\& \,&&
LPS (ug/ml) o o
00 \)‘0
Q
17.  Lipopolysaccharide interleukin-1
A co-culture
pure-culture LPS 0.1 ug/ml 10 pg/ml 6
IL-1B mean + S.E.M. =4 **
co-culture untreated IL-1B p<0.01 #  pure-culture
untreated IL-1B p<0.01 B co-culture pure-culture
mean + S.E.M. n=12
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Q
[EnY
N
>
(on
N
o
o
*
*

[CaZ']i (nM)
SN
I 7 =
| —
I‘?
A[Ca?i (nM)
]

24h o

0
0 1 2 3 46 1224

BK 10 nM (hour)
B
a b
0h 4h 12h 24h 100
150 g fr*
~—~ [ *%
> ~ - T
£ 1o = 50 iy
‘s 70 j\\\ = I —
<
O | /M .
80 wm— — — — 012 3 4 61224
BK 10 nM (hour)
C D
E 5001 %\100 - ® untreated
% _ 400" *% % 80 ¢IL-1p
S S
Z 300 Z 601 *%*
g 200 g w0+
E 1001 % é 20k
MI o+ L 1 1 ; 0~ 1 |
- 01 10 . 1000 @ 01 10 1000
BK concentration BK concentration
18. bradykinin interleukin-1
A B BK IL-1B
A B 0~24
IL-18 10 ng/ml BK 10nM 120
[Caz+]i a [Caz*)i AlCaz]i b mean + S.E.M.
Ab; n=63-84 Bb; n=60-85 C D IL-1B BK [Caz*)i
untreated IL-1B 10 ng/ml 24
BK 100 pM~1 uM C untreated;
n=53-59 IL-1B; n=47-56 D untreated; n=20-26 IL-1B; n=31-34
A[Ca?*]i mean +S.E.M. ** untreated BK

p<0.01
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BK B2 Bl

Marceau et al., 1998; Souza et al., 2004

RT-PCR Bl B2 4A  IL-1B
BK
IL-18 10 ng/ml
B1 Lys-des-Arg®-HOE140 1uM 30
BK 10 nM 120 B2

HOE140 1 uM BK

A B control

BK [Ca?*]i 19a b A[Ca?]i 19c

BK Bl
B2 IL-1B
BK Bl B2
BK
BK IL-1B
BK Bl

[Caz*]i B1 B1

des-Arg®-BK BK fragment 1-8 1uM 210

[Caz*]i IL-1B
[Ca?*]i 20Aa Ba B1
20Ab Bb IL-1B
B1 [Caz*]i B1
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A

a

M untreated
IL-1B

C
untreated
450 BIR B2R
s antagonist antagonist x f o
£ 400 -
= 250 = T
8 £
o =300
50 ‘J?u
BK 10nM O,
<1200 [
IL-1B §
450 S L
E 100
¥
m

[Ca?]; (nM)

50
BK 10 nM
Cc
untreated
270 M untreated
= IL-1
= 240 B1R B2R =107 P
o
; =z antagonist antagonist E
% 90 =
o st , rk
O, 60 _J’\ a *k ko
5
30 = 3 T
BK 10nMm Nic b 50 -
[&]
IL-1B S T
£ 25
270 v
S 240 l\ @
(= (0
~ A - & &
= ° Q'g‘;o“\% ‘bmqo“\
+ 2 2

%0 ——— [= = = ] 00(\
60 j\.\ _J\’\
I I I

30 =
BK 10nM Nic
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19. Interleukin-1p
bradykinin

a untreated
B BK
B2
A[Ca2*);
Nic 100 uM 30

IL-1B b 10 ng/mi
10nM 120 Bl
HOE140 1uM BK
c mean + S.E.M.

[Cazt)i

n=38-60 B: untreated; n=38-60 IL-1pB; n=69-97

56

bradykinin
A
Lys-des®-HOE140 1 uM
[Cazt)i [Cazt)i

nicotine
A: untreated; n=48-66 IL-1p;



a
400 Untreated IL-1B
S 300
£
—= 200
&
©
O, 100
okt 1 [ 1
des-Arg®-BK
a _
4001 untreated IL-1B
S 300F
£
= 200~
N
©
O, 100 k
—_— T
ol L :
BK fragment 1-8
a
400 ~ untreated IL-1B
<3001
£
—=200
&
©
O 100
oL = I 1 @

des-Arg®-BK Nic

b C
c
— ®untreated S0
= 400 @IL-1B S R ¢
& © « AAD ¢
— E AAA:F %X 3uM
@ 200 S 05 A*::p & A 1pM
O, b A S A100nm
3 = 4 o 10nM
o ©° 2 e ¢ 1nM
0 € o
111 3 L 1 1 [
0.001 Oél 10 0 05 10 15 20
des-Arg®-BK (um) time-to-peak (min)
b C S
210 2
~ 400 3] X ;2 iﬂ ¢
2 S| St 8
Y— X r'y
~ (O] %My‘ ugpp >
= 200 > 05F [/ 4
& = R £
S < A o
—_— > 4
I o oo M’
L1 1 1 3 05 1 | 1
0.001 0.1 10 0 10 20 30
BK fragment 1-8 (um) time-to-peak (min)
b C
100 100
= ¢ untreated s
£ ®|-18 £
T 50 T 50
o b
S o
< < ® .,‘
oo ¢ —© i 0
1 11 (T S T
0.001 0.1 10 0.001 0.1 10

des-Arg®BK (uMm)
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20. Interleukin-1p B1

A B a untreated IL-1B 10 ng/ml
B1 A des-Arg®-BK 1uM B BKfragment1-8 1uM 120
[Caz*]; b IL-1B B1
[Caz*)i A[Ca2); mean + S.E.M. A
untreated; n=60-88 IL-1p3; n=81-96 B: untreated; 7=30-47 IL-1B;n=53-65 ¢ b
IL-1B B1 [Ca2+]
cumulative fraction C a IL-1B
B1 des-Arg®-BK 1 uM 120 nicotine 100 uM 30
[Caz*]i b c IL-1B
Bl b des-Arg®-BK ¢ BK fragment 1-8 A[Cazt]i
mean + S.E.M. des-Arg?-BK: untreated; n=56-93 IL-1p3; nr=62-93 BK fragment 1-8:

untreated; n=36-54 IL-1p; n=30-45
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20Ac Bc IL-1B
B1 [Ca*]i 20C
2. LPS
IL-1B BK Bl
IL-1B LPS
LPS BK 10 nM 120 LPS 100 ng/ml
24 BK B1 Lys-des-Arg®-HOE140 1 uM
B2 HOE140 1uM BK [Caz*]i
21A BK LPS Bl
B2
[Ca?*]i LPS IL-1ra LPS
BK A[Ca?*]i 21B LPS IL-1ra
BK Bl B2
LPS 10 ng~10 pg/ml Bl
Bl
des-Arg®-BK 100 nM 240 [Ca?*]i
22A  B1 [Ca+];
LPS cumulative fraction
22B B1 [Ca2+];
LPS
Bl 10 nM~1 uM

A[Ca®*]i  22C

LPS Bl



untreated LPS
BIR . B2R

400 antaﬂonlst antagonlst
<300
<
:?_200—
©
o

100}

O_ I | | |

BK 10 nM

21. Lipopolysaccharide

A untreated BK
[Caz*]i LPS 100 ng/ml 24
Lys-des®-HOE140 1 puM B2
BK [Caz*]; B LPS
LPS IL-1ra+LPS
B2 BK [Ca2+];

o8]

B
o
(=]

BK-induced A[Ca?]; (nM)

w

[=}

(=]
T

N

o

(=}
T

=

(=}

(=}
T

o
I

##

** ##
T

**k

T

untreated
LPS
IL-1ra+LPS

T I

»
\‘0

<
& e’\go(\
< [
D

bradykinin

10 nM

120
BK

$

N N
%0"85 &
\’bq
N

Bl

HOE140 1 uM
IL-1ra 200 ng/ml

A[Ca2);

BK

Untreated rn=57-67 LPS; n=52-58 IL-1ra+LPS; n=56-70
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mean + S.E.M.



A

untreated LPS 10 ng/ml LPS 100 ng/ml

300 300
200 200

100 100

des-Arg?-BK 100 nM

LPS 1 pg/ml

)
w
o
o

300 300

N
o
o

200 200

=
o
o

100 100

[Ca?*]; (nM

o
o

B C
5 1.0 2001 .
g s o0 untreated
— (=
O, = OO LPS 10ng/ml
20 & 100p ® O | PS 100 ng/ml
= 8] *E LPS 1pg/ml
> —_ Al
£ g T LPS 10 pg/mi
8 ok . . . . Am IL-1ra
o 1 2 3 4 “onM 100nM  1pM *+LPS 100 ng/ml
time-to-peak des-Arg9-BK
22. B1 lipopolysaccharide
A untreated LPS 10ng~10 ug/ml IL-1ra 200 ng/ml
1 LPS 100 ng/ml IL-1ra+LPS
des-Arg®-BK 100 nM 240 [Caz*]i
Untreated: n=51 LPS 10 ng/ml: =58 LPS 100 ng/ml: =60 LPS 1 pg/ml: =56 LPS 10
ug/ml: =60 IL-1ra+LPS: n=54 B des-Arge-BK [Caz*]i
cumulative fraction C
des-Arg®-BK 10 nM~1 uM [Caz*]i
A[Ca?*]i mean+S.E.M. 100 nM A A[Caz*];

10 nM; n=48-56 1 uM,; n=40-57
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IL-1ra

IL-1B LPS BK Bl
3. RT-PCR real-time PCR
IL-1B BK Bl
IL-1B Bl RT-PCR
IL-1B 10 ng/ml 24
Bl B2 B-actin mMRNA
PCR 25 Bl MRNA IL-1B
B2 IL-1B
23A IL-1B
Bl B2 real-time PCR
23B pB-actin Bl 23C
IL-1p B-actin
IL-1B Bl MRNA
B2 MRNA
4.
IL-1B Bl MRNA
Bl Bl
S100 24 Bl

62



B1R B2R

B-actin

(bp) marker untreated IL-1B untreated

600
500

400
300

200

e +0.02
e+0.01
e +0.00
c
¥ e-0.01
T e-0.02
e-0.03

e-0.04

e-0.05
1

23. Interleukin-1p

g
R

5

e ——

B-actin 7 - giR

\/. //

s ’
e T T S

/ ."". .'"
Ag s/

9 13 17 21 25 29 33 37
cycle number

untreated IL-1B 10 ng/ml
RNA Bl
B-actin
B1 B-actin
IL-1B B1
mean +S.E.M. n=3
p<0.05
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expressio
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untreated IL-1pB
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W untreated

-*|— IL-1p
) B1R B2R
bradykinin MRNA
RT-PCR 25
IL-1B
real-time PCR
B-actin MRNA



A

untreated

transmit

24.  Interleukin-1p

A, untreated
S100
S100
Bl

B1R

IL-1B

IL-18
transmit B1R

S100

Bl

B, 10 ng/ml Bl
transmit Bl
IL-1B S100
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IL-1P S100
B1 IL-1B S100
B1 IL-1B

Bl Bl

J.  Bradykinin prostaglandin Ez

1. Interleukin-1p

PGE: EP;
BK
BK IL-1P
B1 IL-1B
BK PGE
IL-1P
BK 10nM 120 EP1 SC19220 1 uM
IL-1B SC19220 BK
[Ca?*]i 25A IL-1P BK
A[Ca?>]i  25B SC19220 BK
IL-1B BK
IL-1B BK PGE>
BK 10 nM PGE
26 PGE: IL-1B
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**

S 6o ® (ntreated
A SC19220 g _IL IL-1p
= %
z )
—= 60 § 30~ T
L I I -E
% BK 10 nM o
m 0—
control ~ SC19220
25. Interleukin-1B bradykinin EP:1
A IL-13 10 ng/ml BK 10nM 60 SC19220
1uM BK [Caz*]i B untreated IL-1B
BK control SC19220 BK [Caz*]i
A[Ca2); mean + S.E.M. Untreated: control; /=48 SC19220
m=41 IL-1B: control; =38 SC19220 n=36 ** p<0.01
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200

100~

PGE, release (pg/well)

oLk
BK

indomethacin
des-Arg®-BK

26. Interleukin-1fB

untreated IL-1B
BK 10nM indomethacin 1 uM

1 uM 10
+S.E.M. n=3-4  **
p<0.01

**

O untreated

67

O IL-18
1L s
*%
- + - + -
- - + + -
- - - - +
prostaglandin Ez
10 ng/ml
BK indomethacin Bl des-Arg®-BK
PGE: mean
BK-, indo- PGE2



BK PGE:

BK PGE: indomethacin
B1 des-Arg®-BK 1 uM
IL-1B PGE>
Bl BK PGE:
2. [Ca?*]i
PGs PLA:
IL-1B B1
BK [Ca*]i PLA: Caz+
[Caz*]i PGE:
27 BK PGE: Ca%
EGTA 0.5 mM Ca?*-free thapsigargin 0.5 uM
Caz+ BK [Caz*]i
BK 100 nM PGE:
[Caz*]i PGE
Ca?* ionophore A23187 100 nM PGE:
PLA: aristolochic acid 1 uM
A23187 100 nM BK 10nM
PGE: Ca% PLA:
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1uM

IL-1P

COX

A[Ca?'];



250

=

o

[=]
T

PGE, release (pg/well)
g
T

BK (nM) -

27.

A BK 10 100nM
PGE:2
05uM 10
Caz*-free
A23187 100 nM
10

+S.E.M.

10

n=4

**

**

**

] (0] ﬁﬁ

10 100 - 100  A23187 + +
TG+0mMCa2  arist -+
prostaglandin Ez Caz+
10
B EGTA 0.5mM Caz+-free thapsigargin TG
Caz*-free BK 100 nM
PGE: C
A23187 aristolochic acid arist 1 uM
PGE: mean
BK- PGE: p<0.01
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K. Interleukin-1 cyclooxygenase-prostaglandins

1. Phospholipese A2 cyclooxygenase
BK PGE: PLA:
IL-1B BK BK
PGE: PLA:
IL-1B PLA:
aristolochic acid 1 uM Avristolochic acid
BK IL-1B BK
28A B BK IL-1B PGE:
aristolochic acid PGE: 28C
PGE: PLA: COX COX
COX-1 COX-2
COX-2
IL-1B BK COX-2
BK [Ca?*]i COX
indomethacin 1 uM COX-2 nimesulide 1 uM
IL-1B COX-2
BK COX
BK 28A B BK PGE:
COX BK PGE:
COX COX-2
IL-1B BK PGE: COX
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28. Interleukin-1p bradykinin [Caz];

PGE: PLA2 COX
A 1L-13 10 ng/ml BK 10nM 120 aristolochic
acid arist 1uM indomethacin indo 1 uM nimesulide nime 1uM
BK [Caz*]i B untreated IL-1B
BK aristolochic acid indomethacin nimesulide
BK [Caz*)i A[Ca2); mean + S.E.M. Untreated; n=51-64
IL-1B; n=55-68 untreated BK **  p<0.01
*  p<0.05 C IL-1B BK
aristolochic acid 1 uM indomethacin 1 M nimesulide 1 uM
BK 10nM PGE: PGE:
mean +S.E.M. n=3-4 ** untreated BK PGE:
p<0.01 # untreated BK p<0.01
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28C
2.
IL-1P PGE:
COX-2
S100 PGP9.5
COX-2
COX-2 S100
COX-2

BK

73

COX-2

COX-2

IL-1P

IL-1P

PGE:

29

COX-2

COX-2

PGP9.5



A B
untreated IL-1B
COX-2 COX-2 + PGP9.5 COX-2 COX-2 + PGP9.5

COX-2 COX-2 + S100 COX-2 COX-2 + S100

29. Interleukin-1fB COX-2
A, untreated IL-1B B, 10 ng/ml a COX-2
PGP9.5 b COX-2 S100 IL-1B
S100 COX-2
PGP9.5
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30 31
[Caz*]i
PGE:
BK
IL-1B
BK B2
[Caz*]i
PGE:
IBD
30
Bassotti 2007

BK

LPS
BK
BK B2
B2
Ca?*
PGE:
LPS
Bl
Bl
PLA:
68
ENS

75

IBD

IL-1B

[Ca?*]i

[Ca?*]i
PLA2 COX
EP:
IL-1B
COX-2

COX-2



A.

Glia'

30. Bradykinin

bradykinin
\\Q/D//CéuszR
NSCC\\A
> [Ca*T];
EP,R  increase
Neuron
.. [Ca2+], '°<—."_xbradyk|n|n
|ncr$ase B2R—=
| PLA, COX =V
_ ll | VDCC
\s 3% [Ca?7];
EP,R Increase
enhancement
Neuron
BK B. BK
PGE:2

BK
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31
A. LPS
COX-2

Glia

PLA:

BK

Neuron

bradykinin

® epR l
[Ca®];
Increase
lipopolysaccharide
IL-1B IL-1pB
B. BK [Caz*];
COX-2 PGE2
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1 3-4
S100
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To identify the action of BK in the enteric nervous system (ENS), the effects of
bradykinin (BK) on the enteric neuron and glial cells were examined by focusing on
the interaction between them, using primary culture of myenteric plexus cells from
the rat intestine. Furthermore, the impacts of lipopolysaccharide (LPS) or
inflammatory cytokines, elevated in serum of inflammatory bowel disease (IBD)

patients, on the interaction were investigated.

1. The immunocytochemical analysis using anti-protein gene product (PGP9.5)
and anti-S100 antibodies showed that cells in primary culture of myenteric
plexus were composed of neurons (30%) and enteric glial cells (68%). The
processes of these neurons connected with other neurons and formed neural
networks.

2. In both primary cultured myenteric plexus and whole mount preparation of

myenteric plexus, less than 10% of neurons showed an immunoreactive (IR)
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positive to calbindin, a marker of intrinsic primary afferent neuron. BK
increased [Ca?*]i to the same extent in both calbindin IR-positive or -negative
neurons.

BK evoked [Ca?*]i rise in neurons in a dose-dependent manner. The number of
neurons responded to BK were increased by increasing concentrations of BK.
Both B1 and B2 receptor mRNAs were detected in cultured myenteric plexus
cells. The neural [Ca?*]i increase by BK was abolished by a B2 receptor
antagonist HOE140, but not affected by a B1 receptor antagonist
Lys-des-Ag°-HOE140. A B1 receptor agonist des-Arg®-BK failed to cause a
[Ca?*]i response.

Double immunostaining using antibodies against B2 receptors together with
PGP9.5 or S100 indicated that B2 receptors were expressed in both enteric
neurons and glial cells.

The neural [Ca?*]i response to BK was attenuated by removal of external Ca?* or
by Cd?*, a blocking agent of voltage dependent Ca?* channels. In the neurons
depleted of Ca?* from internal stores by thapsigargin, [Ca?'] response to BK
became smaller.

Indomethacin, a non-selective cyclooxygenase (COX) inhibitor, significantly
suppressed the neural [Ca?*]iresponse to BK. Pretreatment with prostaglandin
E2 (PGE>2), but not PGlI_, significantly potentiated the [Ca2*]i response to BK.
Neither PGE: nor PGI: affected the resting [Ca?*]i level. An EP1 receptor
antagonist SC19220 suppressed the neural response to BK. Unlike PGEz, an
EPs receptor agonist sulprostone did not potentiate the neural response to BK.

The release of PGE: from cultured myenteric plexus cells was increased by BK
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11.

12.

in a dose-dependent manner, which was inhibited by indomethacin.

The [Ca?*]i response to BK in neurons cultured at the high density was
significantly larger than that at the low density. The response to BK in neurons
was greatly diminished by reducing the number of enteric glial cells in culture.
Indomethacin inhibited the response to BK in neurons cultured at the high
density, but not the low density. Under the culture conditions of lowering the
number of enteric glial cells, indomethacin failed to inhibit the neural response
to BK.

In cultured myenteric neurons, BK evoked a slow and sustained depolarization
and action potential discharges superimposed on it in some neurons.
BK-induced depolarization and action potentials were suppressed by
indomethacin. The current intensity required for evoking action potentials was
decreased by BK, without changing membrane potential threshold of evoking
action potentials.

BK evoked dose-dependent increases of [Ca?*]i in enteric glial cells, which were
hardly diminished by the removal of external Ca?*. In glial cells depleted Ca?*
from internal stores by thapsigargin, BK failed to evoke [Ca?*]i increase.
BK-induced glial [Ca?*]i increase was abolished by a phospholipase C inhibitor
U73122.

[Ca?*]i responses to BK in enteric neurons and glial cells were potentiated by
treatment with LPS or IL-1p, but not with TNF-a. Similar potentiation was
induced by LPS or IL-18 in the pure culture of glial cells. These augmenting
effects of LPS on responses to BK were suppressed by pretreatment with an

interleukin-1 receptor antagonist IL-1ra.
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In cultured myenteric plexus cells, the augmenting effects of LPS and IL-1f on
neural [Ca?*]i responses to BK were suppressed by reducing the number of
enteric glial cells in culture.

LPS increased IL-1p secretion either from cultured myenteric plexus cells
containing neurons and glial cells or from pure culture of glial cells.

IL-1B augmented BK-induced [Ca?*]i increases in both enteric neurons and glial
cells in exposure time-dependent manner. In untreated neurons and glial cells,
BK-induced [Ca?*]i increase was not affected by a B1 receptor antagonist
des-Arg°-HOE140, but abolished by a B2 receptor antagonist HOE140. After
cultured with IL-18, the augmented [Ca?*]i response to BK in both cell types
were partly inhibited by the B1 receptor antagonist. The B2 receptor antagonist
completely abolished the responses to BK in neurons but not in enteric glial
cells.

In glial cells cultured without IL-13, two different B1 receptor agonists,
Lys-des-Arg®-BK and BK fragment 1-8, evoked tiny changes in [Ca?*]i. After
culture with IL-1B, substantial [Ca?*]i increase occurred with both B1 receptor
agonists in enteric glial cells but not neurons.

IL-1p potentiated the expression level of mMRNA of B1 receptor but not B2
receptor in cultured myenteric plexus cells. The signal intensity of B1 receptor
IR increased in enteric glial cells immunoreactive to S100.

The EP: receptor antagonist SC19220 suppressed the IL-1p-enhancing neural
response to BK. The amount of PGE: release by BK from myenteric plexus cells
was increased by IL-1p. The B1 receptor agonist produced a significant release

of PGE: from IL-1p-treated myenteric plexus cells but not from untreated cells.
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19. Under the conditions of depletion of Ca?* from internal stores by thapsigargin
and the removal of external Ca?*, BK failed to evoke PGE: release from cultured
myenteric plexus cells. A23187, a Ca?* ionophore, significantly increased PGE:
release, which was suppressed by a non-selective phospholipase Az inhibitor
aristolochic acid.

20. After cultured with IL-18, either aristolichic acid or indomethacin suppressed
the neural [Ca?*]i response to BK and BK-induced PGE:release from myenteric
plexus cells. A selective COX-2 inhibitor, nimesulide, significantly, but not
completely, abolished the augmented [Ca?*]i responses to BK. This drug
inhibited partly the BK-induced PGE: release from myenteric plexus cells
cultured with IL-1p but not without IL-1p.

21. IL-1pB increased the intensity of COX-2 IR in all positive to S100 IR-positive, but

not PGP9.5 IR-positive cells.

These results shows that BK causes a [Ca?*]i increase and depolarization in rat
myenteric neurons through the activation of B2 receptors, which was partly
associated with PGE: released from glial cells in response to BK. Furthermore,
these results also indicate that LPS up-regulates B1 receptors and COX-2 in enteric
glial cells via secretion of IL-1p in an autocrine fashion. The enhancement of PGE:2
production results in the alteration of cross-talk of the neuron-glial interaction.
Such functional changes of enteric glial cells may cause dysfunction in the gut of

IBD patients.
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