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BEIR « PRETUHE - JREUIEES - PR 72 & Otk 2 29 2 R R CEHEED
FRETHD, —H. BEPCRIEICRIERZE RO B2V S B b b TR <
THERBIER Z BT D447 FENv T ) Bd Y| WH 25 W TR AERE
FELMRSIND Z L bbb D, MEMEFMRMIENRIERREL, B D QOL &3 L
ARTEE 52, ARRIREIETD 720, MBI OB I3 AmEIC X
o TIRBEDN ATRETE AN MV PERE IDE AR S e E R CIER BV EME 3 SUS L 72w by
[RVELPEIRE IDE 2 I TR E MR E L 2 36 U 2 I R | BEAF D SR BRI TN R & R S 720,
KWL TIET VAR —RISEMGIT 22772 2 MoPLo 27 I b 7
F U R ERECIMERA SN TWD LD, L0 ERIEREORENLEE N
TWd,

ZIVE TN S D 7 —71% cystathionine-y-lyase (CSE) 72 & DFEFEIZ L -
T L-cysteine 7> HEEA S HNIRPED HoS 28, S pfRIc R ET % Cad.2 T MY
Ca?*F ¥ /L7 ¥ OSREZ TUME S 5 Z & CHRFEEMEAE Y, (A 29, e
i 4D RGN 0D e EONIBRORIEIC TG THZ EEFILMNIL TS, F
7o, FVEMEREE 2 & Bl L 7= dEdk 2 7~ 7" cyclophosphamide (CPA) #it It 4¢ €
T 7 ARV, BEMERRN T CSE ORBIFFENL Z V| ZIUlfEo THE
A XD HaS 12K 5 Cavd.2 DSRETLE DS R O FRIEICB 595 Z & 2k L
TW5 8, ZDZ L LY, CSE/M2S/ICa3.2 7N MV PEREIESS 72 & ONC B s i {6

FEDIGHRARI 3 IR D ATREMEN B 2 B D,



— 7. FRMRICEEIZEIL T\ D Cald2 X T Ca¥* I ¢ /LD 3 2D
7' %47 (Ca3.l,Ca3.2, Ca3.3) OHFTZn*, CU¥*BLUNI*D L 972 i@
A AN T DR ER R E <. ZOREICIT Cad2 D R A A > 1, HfESEE
TN—NAFET DN KNS 191 FHO v ATV U5k (His™®™) 2535
ZEDBH LM EINTVWD 010, KN THENE Cad.2 D His IZHEAT 2 2 &
TF ¥ R/ERE A TR BIIZHNHI LTI Y0 | HoS 13 Z ORIl & fghr+25 Z & T
T v FEREZRIET D5 B2 DTV, IS O 7 Vv—7 1%, #gnit ok
ThHhoHRNT T LT 7 3 CPAFRIEN RIS R A2 MK+ 22 & W, B X
QHigh ¥ L — & —Th 5 NN,N’,N’-Tetrakis(2-pyridylmethyl)-ethylenediamine
(TPEN) # L < (FZHEN IS D EFPEDE VI HS K —"Td 5 NaHS % fit 5N &%
59% 2 & T CaB 2 KRR AR E 5 Z a2 MELTVWD B, ZoZ Lk
D AR O HEERIREE DMK R 23, VB MEREME R IS DORIE GERERE TR O D5
ORI BE L TV D ARBENE 2 b s, BEmLSNC S, &FE D425
Tokkx 720 R HEAR ZIZ Ko THESND 2 ERHE SN TV DR, Zh
5O E Cad.2 DEEMEIL X 7ZFEH STy,

VPRI DE 26 F8E CIIB AR Hh o AR AR E 23 89N L Cds 0 1), JRHICI
JEFGHIEE Sk ) 72— B onn@Bb o O EARESNRTWD, B
AR D BRERLIZ & - TRl MC i s s B ) 72 —EIX . GPCR D 1 > Th 5
proteinase-activated receptor-2 (PAR2) ZiGMELT 2 Z LA b TR 1N KU
74 —EIPAR2 ZNHREICEE 5T D AIREME B E X bivd, 72, IS X, CPA
FEEE R~ 7 2 OEEEARAE CIX COX-2 ODREFENLZ > TB v, WK
prostaglandin Ez (PGEy) 12 L5710 A% /A R EP1 AR DOIGMEL DS BERLTRE D78
JEICRET 52 L 2MEL TS B, 51T, PGEIZ LV iFk S 2 IR
WU, EP4 ZAIRICAMPIPKA #8213 % Cad.2 D U U IE(kIc K 5 F v x
IVBSRED TUEA B 535 2 L 2GR LT % 19,

2T, ARBFETIE. BV DR IS DR E R B 2 38T 2 B L2 k9
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BHRMBIAIRI A IATES B T ORI T % ST 72, CPA HBEt A~ v
REF N A O TS 5 HSICad2 RO%ED & AR ZMT L, &

512 PAR2 JEMEALIZ X D BT DFIE A 1 = X L& et LT,



¥ 1E Cyclophosphamide FBiZEBtJIZ4#E S BhtEH &
U cystathionine-y-lyase M RIRFER/IZF 1T 5 substance
PINK1 RBARE LU NF-kB ZOBEEIZDINT

B
uji

Bifb/KSE (H2S) 13 —MRAb =R —MRILERFR IR SER 3 O ZIRIFHRISEWE
&L THEREL THE D, L-cysteine 7> 5 cystathionine-y-lyase (CSE) & % WX
cystathionine-B-synthase (Z & - THAplk S 4L S fifh, cysteine amino transferase &
3-mercaptopyruvate sulfur-transferase (2 &2 > T & PEA S 415 2023)) H,S [T FLEAD
AR TABR SR R QIR B AR BRI RR % e K E 2R 2 LB TV 5 25,
ZO 1 D& LTEERSIEAZET 6D 2, JISIE, CSE 2k EASND
H2S 73 Cav3.2 T Ca®* T /L L OV L < I transient receptor potential ankyrin-1
(TRPAL) F ¥ /L 232220 % /) U CHi o DIE IR EE A RAE L, PR E MR Y
DA, FElRE 49, #0078 & O WNIBIE ORI ST 5 2 LA LML T
BY. ZRDOBIERO N —T I L BRI E > TS T 5 %620,

bt OREMEREMAR AL L7 iER &2 2295 cyclophosphamide (CPA) &Lz
B~ 7 ATk, Bt CSE OREBFEITH: O HaS/Cav3.2 R DFERE LD
FEMERE DFIEICREG-972 2 L BBEICIA S ST D 928 CPAIC L - TED
£ D IC CSE OREBMIMNBFAL SN D0, TORMHRA T =X LT EIZH L)
Tl —J7, FVEMEREDE BE O AR Tl — K MmE R OIS EYE &
L CTHIH L5 substance P (SP) O IKTH 5 NK 22RO mRNA &350 L
T 2 SP 7 W MERE WA MR e (B O i BB 12 B -3 5 mIRBPEA i S 41
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TW5, &bz, v7 77 —IIZBWT, lipopolysaccharide (LPS) #%i#t CSE
DFBIFFEIC NF-xB 28592 Z EBFEH ST g 2,

Z 2T, ARFETIE CPAFEEMER « B~ 7 A1ZF81F % CSE/H,S/Cay3.2 54
OIEFAER 31 & L COARBME A MET L, £ D Bty 7 ) /v & LT SPINKL 5245

KR N NF-kB RN G- 2 Bzt LT,
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Il. SRERAX

1. REBEM

FBRITIIMER ddY ~ 07 2 (RCASREREMBIZERT. Fndkil) Z2 M L7z, 2B
PN @R (MF A ) = ZOVBERE T 3E, BOR) K UVKIEKZ B BICER S
B, K24 COER L 12 OB Y1 7 VN EH S E TFHE L,

2. Cyclophosphamide SFEERXETILOER

Cyclophosphamide #FEEMEIE 7 /L OIERIZ, BEER 18303DITE - TIT o 72,
Cyclophosphamide monohydrate (CPA) (Sigma-Aldrich, St Louis, MO, USA) (% 0.9 %
A FRAHEKICERAE L. 400 mglkg DR T~ 7 A JERENICE 545 = & THEE %
s LTz,

3. CPAFZEBEMARTEORE

CPA FHE NIRRT TEY DM E 1L, BE B3 U T o7, v U A B ERA
BRI 25 em FEEE T E 2 5 mm W oo Ric@E S ZHOT T AF v s
Jr—A (23.5cm x 16.6 cm x 12.4 cm) % /5t T 1 REE FEBRER B ICIE) S S 72,
CPA JEIEN ¢ 5 3 IRfE =20 B 4 RER T4 D 30 43[R, JRIE O JEI BH A RE R w2 x4 %
RO KOG ST VITEEZREZFTHE LTIV L,

4. CPA Fi2 Bt &R KA ol

3 ot B EL g R s O FEAM 1 BEFRIZYE U TYT o 72 183132, CPA ¢ 5- 4 IRl 1%
0.008, 0.07, 0.4 B LV 1.0g DIRED 2 4 FEEHD von Frey filament (2 L Y JR
B BATMME DR ERR 298NS ON LS ODIEICHEIE L, %7 «
7 A v M7=V 5-10 B OHRE T 10 [ERM AT o 72, B 0E 5 R EZ BRI
LIFIRLIZ@Y ic A a7 b L, MR 10 FOFKIC K> TH LA T O

11



AFHE TR LT,

04 @ 7z L

1r.  AMRIE AJEA~DOFRD & D WIEE > & | K OFiE, K224, fir
BaERD, MzlXl-onts

255 TRA

5. BHREESDRE
JE IDE B B DM E R . ~ U A B LRIESEo &, LA R Lz, MM
L7zEltiE, ATKRD 2B ST . B RETHRIE L7,

6. Western blot EZRUW-BERERICETE5E5EF NI RBEEDAE

~ U ADREBERARE 2 oK L TR U IR EFR THR Lz, £971130.1
mg/mL phenylmethylsulfonyl fluoride, 0.15 U/mL aprotinin, 1 mM sodium
orthovanadate % & #» RIPA buffer [phosphate buffered saline (PBS). 1 % Igepal
CA-630, 0.5 % sodium deoxycholate, 0.1 % sodium dodecyl sulfate (SDS) ] 150 pL
PTCREVR— ML, TORBERLIH A LT, 10,000 G, 4CDZMHT 10 43 fH
O, BIEEERILL ., Brad ford (B L0 # »oxy &EMIE LZ, 7L 100
UL |Z-2> = 2-mercaptethanol (Ft#fiZE, KPR)% 2 pL. bromophenol blue (% > %1t
=, KBK). grycerol, 10 % SDS % & ¢e 1 M Tris-HCI (pH 6.7) & %811 %, 95-100°C
TS5 MBI LT, Bon/-P 7% CSE. U U R{k NF-kB p65 35 L O
GAPDH DA% 12.5 % SDS-polyacrylamide gel (FiyGHiise, KFK) (2@ LER
PKENCZ L0 B L7=, B 7=~ > )27 1%, polyvinylidene difluoride membrane
(Immobilon-P, Millipore, Billerica, MA, USA) ZHRE: L 7=, BAEH51E 5 % skim milk,
137 mM NaCl, 0.1 % Tween 20, 20 mM Tris-HCI (pH 7.6) Z & AR C7 1 v &
v AVE L7z % . 1000 £ A7 R L 7z anti-CSE rabbit polyclonal antibody
(Sigma-Aldrich Japan, £1%F) & 5\ i 250 f% 48R L 7= anti-phospho-p65 (Ser536)
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rabbit monoclonal antibody (Cell Signaling Technology, Beverly, MA, USA) ¥ L
5000 {471 L 7= anti-GAPDH rabbit polyclonal antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) TEZENEN4C, —BpUn S ¥z, —IRPURZ P LBl L
7=1%. 5000 A7) L 7= horseradish peroxidase-conjugated anti-rabbit 1gG antibody
(Cell Signaling Technology) % FVNT=i C 90 /it & 872, £2THOX X7
'H.1Z enhanced chemiluminescence detection reagent (77 7 A4 7 A7 | 1) Z H W
TERT 1 RS SEROITELZ IO AN RERH L, LA
> RO E&IZIE densitometric software (Imagel 1.44p, http:imagej.nih.gov/ij) z H >

77:,
—o

7. [BEBLAERICE T D HoS ARLEER. CSE DEMREIE

FEFIEMEORIE 1ZBEH 33390208 TT o7, U AMBHLY H L 72 ek ik
Lok L7z 100 mM potassium phosphate buffer (pH 7.4) % Y E1 % THE VX%
— h L7z, %\ T, CSE PHLEHKTH 5 DL-propargylglycine (PPG) % Fx#& I 2.5
MM (2725 KoM L7eH 7 b LA KEZRIN L 2Y > 7oy
FTHh5 15 K CA v F 2 X— F L7z, Z£D%IT L-cysteine 2 10 mM,
pyridoxal-5’-phosphate 2= 2 mM (2725 L 512z, 37°CT 90 431 > F 2X— |
L7ce KEIZB LTS E D77, 10 % trichloroacetic acid & 1 % zinc acetate
Z 11 TIRALEZLDZMZ, &IZ 20 mM N,N-dimethyl-p-phenylenediamine
sulphate Z ¥ L CTE 512 30 mM FeCls /il x 7=, #XFC20 /04 v F 2
— h L7212 4°C., 15,000 rpm DOZHC 10 sy filiE O Uiz, BEE L 72 B ATt
R 670 nm THWOLEEMIE U7z, HaS IREEIT, EHEWE & LT NaeS & W7ok &
R (15-240 pM) B EH L, CSE &1 PPG 1#(E F OMIEM %2 TN EN D HAE
EFOREMNHELGIWEE LTER LT,
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8. ERAEMBLIURERTFSa—)L

CSE DA HIfEHI# B-cyano-L-alanine (Sigma-Aldrich) i 0.9 %/EF Atk CTIA
fi£ L. 50 mgl/kg O HE T CPA 5 30 ZrRilcEEN®& 5 L=, CP-96,345
(Sigma-Aldrich) % 1 % Tween 80, 1.5 % dimethyl sulfoxide (DMSO: Sigma-Aldrich)
ZEde 0.9 % AFAEKICHEAE L. 5mglkg O & T CPA #4530 2y IEHEN
5.1 7=, Pyrrolidine dithiocarbamate (Sigma-Aldrich) 3/EEE R KIZEAE L. 30
& 5N 100 mglkg DHET CPA 5 30 RN IERENE G- L7z, Curcumin
(Sigma-Aldrich) 1% 05% % F/Ltk/Lm—Z CREE S, 3, 30, 100 & 5\ T 300

mg/kg O H #:C CPA Bt 5 1 REEIRTICRR M5 LT,

9. #EEHNE

BONERMIL, FME £ ERE TR L, AEEOREICIE. Hoo
T = ZNZOWNWT 2 BEH O IR 085413 Student’s t-FE & VY, 3 BELL EDLRERIC
1T Tukey #EZ W2, RESEBT — 21250 Tk, 3 BEU Lo ikic
Kruskal-Wallis-H-f & 217 > 72 1% LSD B B ikl L W i L7z, P<0.05 T

AEEZDY & LT,
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. SEERKER

1. CPA FEEAEKTE. EEERARE S UBEREESEEMCHI S CSE

DOFRAHEREDOHR

~ 7 AT CPA % 400 mg/kg DM & THEENI G L7, 54 3 Kpf 0
5 4 WP CREMmARITE, BERE RIS OB DR B & OA BRI AR—D &
noZ L, T LT CPAFRIENZ « BRI HoS G Rki#E D 1 > TH % CSE D
AAFHLEIRTH D PPG I L o THEFESND Z E W REHIC L > THESH
TW5 8, 22C, SENX LV ERMEDOE W CSE OFEGHHEHIETH D
B-cyano-L-alanine (BCA) % W CRIBEDFERNE SN DI NENERFT LIz, =D
fiti . BCA 1% 50 mg/kg & T CPA #5- 30 Al IEEN & G595 Z LI kY
DR BRA T Bh 3 K OVBEm Tl il 4 9 < i L7z (Fig. 1A, B), £72. CPA 5
4 FFR#ICEE D B AV 2 5 DA xR B BN 2 5853 IS Tl d % 73 (DL
7= (Fig. 1C).

(A) (C)
(]
2 .£20 D25
SE *% 2 ok
So4s 5£20
o ® (] T
25 $E£15
<10 it 5D
55 210
255 8205
E2 -
z vV oV < . ~ v v
. 2 (i.p.) e (i-p.)
V. CPA (i.p) V. CPA (i.p)
® 0.008 g 0.07g 049 109
Filament Filament Filament Filament
® 20 '’
315 =
° Tt
210 1
Q.
8
2
0 vV v Vg \% V < vV v o
(&) O o (i.p.)
__ o @ ___©
V CPA 'V CPA V. CPA (i.p.)

Fig. 1 B-cyano-L-alanine (BCA) at 50 mg/kg or vehicle (V) was administered i.p. to mice 30 min before i.p.
administration of cyclophosphamide (CPA) at 400 mg/kg or V. (A) The nociceptive behavior was observed from 3.5
to 4 h after the administration. (B) The nociception test was performed 4 h after the administration. (C) The mice
were killed 4 h after the administration and bladder weight was measured. Data show the mean with S.E.M. from 5-8
mice. "P<0.01 vs V + V. P<0.05, "P<0.01 vs V + CPA.
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2. CPAREBERKR TV ADERERICEITHCSEZ VNI REREIUVER
EEDRIE

2 1T CPATREIENE R ~ ¥ 2 TIE AR I F51 VT H2S G kli%% T d> % CSE
DOFRBFENELDLZLEZHWELTND Y, 22T, SREIOY T AIZBNTHIH
BRIZHRGS L 72T, CPA 400 mg/kg % JEENFE 5 L TG 4 itk D~ 7 A D5
FARIZ BT CSE DA RER Y X7 BELEHIMPR® bl (Fig. 2A), Z0
CSE D& /37 3 HiFEEIL, CSE O AMEFE TH 2 BCA ITITE I e h
72 (Fig. 2A), & 61T, CPA 15 L7z~ U X DFEMNEHERE CTix. CSE %8l 1
HITHE- T, BREENREZE LS LR LTWEZ ERHLMNE 257 (Fig. 2B),

A e ®

GAPDH |y = ==

L 800+ 1.2-
< 000 =€ 0.8
93 400- 52 0.6
w o L 0.4—
(=) - COE )

8@ 200 0L 2
0- 0

vV v g (ip) V 400  (mg/kg)

- CPA (i.p.)

V. CPA (i.p.)

Fig. 2 B-cyano-L-alanine (BCA) at 50 mg/kg or vehicle (V) was administered i.p. to mice 30 min before i.p.
administration of cyclophosphamide (CPA) at 400 mg/kg or V. (A) Typical photographs of Western blotting and
quantified data by densitometry are shown. (B) CSE activity in the bladder is shown as the difference in H2S
formation in the presence and absence of 2.5 mM PPG (DL-propargylglycine). Data show the mean with S.E.M. from
(A) 5 mice, (B) 5 samples (6 bladders per sample). "P<0.01 vs V or V + V.

3. CPA FEEBME#{TEH. BEERENS L UBHRIEEREMICHT S NK:
SEHRRMWEEEDNZR

WIZ, CPAFEIELEIMES - BRI 1 substance P (SP)/NKy 52 AR 23R 53 % 7
7% NKL Z SR B EIE T o 5 CP-96,345 (CP) # AW THasf L7z, CP
% 5 mg/kg O & T CPA 400 mg/kg £ 5- 30 Zr A REREN & G- L7-Fr. BEbtm sk

16



1780 ) OB a2 5 B I i) L 7= (Fig. 3A, B), £ 7-. CPA #5- 4 Kyt
(R B A D B AR %HE B B N1E CP 5 mg/kg DRI H-(2 X 0 #pf] < 7= (Fig.

3C),

(A) (©)
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‘%E 30 = g 3.0
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o5 O D

5S 10 2210

oo T s Z

E® m o

J O 0 0 0 .

z V. VCP (i.p) V_ VCP (ip)

V. CPA (ip) vV CPA  (i.p)
(B)
0.008g 0.07g 049 109
Filament Filament Filament Filament
20 7 7 7
ok skk
15 ok = - -
T 1

Nociceptive score
—
o

o o,

1]

v
Vv

CP V VCP (ip)

Y
CPA V CPA (ip)

<|<

Fig. 3 CP-96,345 (CP) at 5 mg/kg or vehicle (V) was administered i.p. to mice 30 min before i.p. administration of
cyclophosphamide (CPA) at 400 mg/kg or V. (A) The nociceptive behavior was observed from 3.5 to 4 h after the
administration. (B) The nociception test was performed 4 h after the administration. (C) The mice were killed 4 h
after the administration and bladder weight was measured. Data show the mean with S.E.M. from 5-8 mice. *P<0.01
vsV + V. 1P<0.05, ¥'P<0.01 vs V + CPA.

4. CPA BEIZ& YRS HEHMABIND CSE RBEFRICRIFT NKL BE
FRRWEAEXEOHR

CPA FH LS - BEEIR D FAEIZ 35\ T SPINKy 52 R R 2 CSE/HLS/T A Ca?*
F ¥ FND EFE T 7V Th D REME MR 5 72, CPA 400 mg/kg £ 5-12 &
D RBIE S 2 BN T 0> CSE JEBLREHIC MIT T NKy A ARSRIRIBEE S CP

DNFERF LIz, TORER, CPAICL D CSE & /37 BBIHHEN CPIZ LY
ARSI ST (Fig. 4),
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Fig. 4 Typical photographs of Western blotting and quantified data by densitometry are shown. CP-96,345 at 5 mg/kg
or vehicle (V) was administered i.p. to mice 30 min before i.p. administration of cyclophosphamide (CPA) at 400
mg/kg or V. The mice were killed 4 h after the administration. Data show the mean with S.E.M. for 6-11 mice.
"P<0.05 vs V + V. 1P<0.05 vs V + CPA.

5. CPA BEBFERERTEH. BEFRRLAERS I UVBERTZEREMICNT S
NF-«xB FHEZEDHE

WIZ, CPAFEILIEESE - BEMEIR IZ NF-xB RSB 57 % 07% NF-«xB [HEHK TH
% pyrrolidine dithiocarbamate (PDTC) # W\ CTHeEt L7z, ZDfE%. PDTC % 30
& 5T 100 mglkg O T CPA #¢5- 30 4y RiflC IEEN# 5925 = & T, CPA %
LB R AR TED, RO W E 2 B I B S U (Fig. 5A, B), BEbtim 85 &3 in
DI A = v7z (Fig. 5C),
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Fig. 5 Pyrrolidine dithiocarbamate (PDTC) at 30 or 100 mg/kg or vehicle (V) was administered i.p. to mice 30 min
before i.p. administration of cyclophosphamide (CPA) at 400 mg/kg or V. (A) The nociceptive behavior was observed
from 3.5 to 4 h after the administration. (B) The nociception test was performed 4 h after the administration. (C) The
mice were killed 4 h after the administration and bladder weight was measured. Data show the mean with S.E.M. for
5-8 mice. ""P<0.01 vs V + V. 'P<0.05, "tP<0.01 vs V + CPA.

6. CPAICKYFBEEINISB NF«B p65D Y VEILE XU CSE 4 VNI RBE
micxd4 3 NF«B BEEOHE

CPA 400 mg/kg #¢5- 1 Bl % i H U 72 BEIE#RAR 12 35\ T NF-xB DIEHE LD
R To D NF-xB p65 D U U igft (U U EE{k p65) 233 L <ML, Z DO
NF-xB BHL5E3 T3 5 PDTC 30 mg/kg % 30 70 pif&% 5925 Z L2 L v szl &
iz (Fig. 6A), —77. CPA400 mg/kg % iEEN 4 G- L T 4 IRl B2 (2 L 72 i
FEARIZ I CTHEIN L 7= CSE OFBLE L, PDTC % 30 & 2\ % 100 mglkg O H &

T CPA #5- 30 /0 AilcEEN& G35 Z L iIc X v AEICHH <7z (Fig. 6B),
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Fig. 6 Typical photographs of Western blotting and quantified data by densitometry are shown. Pyrrolidine
dithiocarbamate (PDTC) at 30, 100 mg/kg or vehicle (V) was administered i.p. to mice 30 min before i.p.
administration of cyclophosphamide (CPA) at 400 mg/kg or V. The mice were killed 1 or 4 h after the administration.
Data show the mean with S.E.M. for 6-8 mice. ""P<0.01 vs V + V. P<0.05 vs V + CPA.

7. CPA BBEBBtAE#HITE. BERRENS S UVBERIEERBMICHT SV
ALV

I N T 3 NTEEN DI TERIREBEE AR T D
NTEY . NFkB HEOHEZZHEEO A D =X L2 L TIRRIERME 2 7R
FTZENREINTNDE B, o T, 707 I X E MBS B bR A R
DBFITISHER D AR Z 2 bivd, £ 2T, AENEZ V7 I DIRE
DOFEIZOWTHR L2, TORE, 7/v7 2 % 3-300 mglkg @ & T CPA
Bl 1 BERIRMICRR OG- Lz & 2 A, CPA BRI TE R X OV 7
S I BARAFRI 23R < BHAE S (Fig. 7A, B), CPA IC & D IBEIMEIR BB INAS 27 L
7 X 100 mglkg DO A2 L0 ERIZ TIdd 2 03 A EICHd S vz (Fig.

7C),
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Fig. 7 Curcumin at 3, 30, 100 or 300 mg/kg or vehicle (V) was administered p.o. to mice 1 h before i.p.
administration of cyclophosphamide (CPA) at 400 mg/kg or V. (A) The nociceptive behavior was observed from 3.5
to 4 h after the administration. (B) The nociception test was performed 4 h after the administration. (C) The mice
were Killed 4 h after the administration and bladder weight was measured. Data show the mean with S.E.M. from 5-9
(treatment with curcumin) or 16-17 (control) mice. "*P<0.01 vs V + V. 'P<0.05, "P<0.01 vs V + CPA.

8. CPAICKYEBESNS) VEE p65 & CSE 2 v/ B ERMIZ*
TERILIIODOME
7 v X 2100 mglkg @ 1 RefERTHEG-1%. CPA 400 mg/kg O 51 L 0 #EhnL

72U Rk p65 K TN CSE D & > /37 FBLE 2 FWITHNH| L 72 (Fig. 8A, B),
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Fig. 8 Typical photographs of Western blotting and quantified data by densitometry are shown. Curcumin (Cur) at
100 mg/kg or vehicle (V) was administered p.o. to mice 1 h before i.p. administration of cyclophosphamide (CPA) at
400 mg/kg or V. The mice were killed 1 or 4 h after the administration. Data show the mean with S.E.M. for 5-12
mice. "P<0.05, *P<0.01 vs V + V. P<0.05, ¥'P<0.01 vs V + CPA.
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v. #E&

REIZHBT DR LY. b N OREMEREDESR L L7 ER &2~ 7 CPA
IR~ 7 2 DFENGHERRIC I T SPINKy 52 54 % M O NF-kB R 23 & MEAL
ENDHZ L THS FEAEREFED 1 DT % CSE DRBLNFHFE S, 2D CSE Difd
FIFEELD IR CEE R OFEIICB 555 Z LR S T,

ZHETIS, CPARHEIEMERICHE 5 MR 25 R ARy CSE BLEHL TH 5 PPG
ICE o THEFESND ZEBHALNTR-TEY O Zhid CSE HiA MK
BCA Z W4 RIDfER L —E L CTW5 (Fig. 1A,B), 2 HDHF LY, CSE

TR o TREEASIUIZ HaS 28 CPA BRI D MR ICHF G L TWnoH 2 L%
MERET 2 2 & N TE 7z, CPATHEMENIREIX. TR Ca®*F v RV PLER KL O Ca3.2
D7 E AT DI &5 8302 L AREICHE ST Y . CPA FEIEBE
%« BEEIR OFIEIZ IV T CSE/MLS/Ca3.2 RIZH LA B 2 R LT D b
DEHEEIND,

RIZ, SPAZ X DIEM LS D NKi BRI TH S CP ORI 525, CPA
LI DR AR TED & BT RSB & R IR < FHIE L7z (Fig. 3A,B)Z & LD
SPINK1 2 7558 5 CPA I E BN ICBI 5975 Z & AR S v7z, BT, Western
blot {512 X V|, CPA 52 X Wikl &5 CSE HEGHEIZ KT T CP O R %
BF L7z 2 A, AREAMEIZIENED bz (Fig. 4)Z & LY. CPA B
R BEEIE~ 7 AT CSE UL EIX SPINKy ZBFRO T TR E TS Z &R

R I,

RIZ, NF-xB [HEZHETH 2 PDTC DOHi# 525, CPA i IR 2 2 B 2 PR
L (Fig.5A, B). VU “fl p65 & OF CSE # /X7 K E 25 < Il L 7= (Fig.
6A,B)Z & LD, NFxB RILCPAIZ LV FFEL D CSE DFBLFHHE L | £l
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PED IR ORIEICH S L CWD Z R En, ZOEIT, 7> FEE
[T~ 7 AT CPA FRFEMELICE N T NFkB ZREET D &0 5 i 3799 <
a7 7 —IIZET D LPS it CSE ORI EIZNF-kB RBMLETH D L1 )
Wi 2 L ONCSE D7 1 & — 4% — LIAFAET D NF-kB 5 &AL 23 e PR 2
BT 5 LPS il CSE BB HICEE THDH L VIO RE DL L FIE LR,

B2, NFxB ROMEZSLERRAEEEEZH T2 717 1 349004,
FIZOWTHF LI E Z A, 707 X 21X CPA I Mm A1 78 K OB/ 5
WA H BRI ENHE L (Fig. 7A, B). U »E&{k p65 M (N CSE & /37 385
EAELUBHIE L7z (Fig. 8A, B), ML ORERIT, 7 v 7 I U BRI E
VT CPA #Hif2 NF-xB JEMEAL X OY CSE FEFEZFALET 5 2 & THEDLE 2 8
THIEHERLTEY, MEMEBRR R EOIBFEKRE LTI/ NV IVBRHAT
o5 REMEZ RIE L TV D,

—77. BCA, CP, PDTC KO V7 2 0%, BRI Z T, R ERED
HINZ B Cldd 2 A EICHE L7 (Fig. 1C, 3C, 5C, 7C), T 5 DOFEE X
V. CSE. SP/NKi S K%< NF-kB 52 1% CPA IZ X 2 BEMEARERIC H B S- L T
HZENRENT, ZNHIERIOIN—TOWE L —H L TEY 192 CSE X
ZO LY 7 VA ET D HEYIIENRE O 278 5 TIEIE K B ROTRRIC bk
MOZ ERHRFEND,

INETORELARETHONTMIEMA L E L DL L, CPA OIFREHIW T
LT v LA CPEEMNICERE SIVTHIE ER 2 55T 5 & KRN OFE
FRER SRR S 40T SP 23 S 4, ZAUZ K o T NKL Z A RIKAFHIIC NF-«B %
MEMAE ST CSE ORBIFENAL Z 1 | Z AUt - TEMMRRIC IS D HeS
DFEANHEMT 5 Z & T Cald.2 TA Ca?'F v RV OFSREN ISR L, FFAffE D
BLAEMEDWE & 7 0 R S X 2O TR eSS (Fig. 9), €5 T,
A% 1% CSE PHFIKE, T Ca?* T v RV E I L O NKy Z A RBREF 3K 7 ANk
R ORI IE S U TR D FIREER H D LB X bitd, £7-. NF«B
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RENETHIZ LT I REIXINETICHL N E o 2RhREDMIZ . BT
i I 2% 15 e Jia S e B R D BB I« EERTRIEIE & L CONBE A FIH 3 5 Al EE
PEEFOTWNWHEEZDHTEA I,

Mucosal layer

Bladder
pithelial cells

Lumen

Fig. 9 A working hypothesis for the mechanisms of CPA-induced bladder pain in this study.
ATP: adenosine triphosphate, CPA: cyclophosphamide, CSE: cystathionine-y-lyase, H2S: hydrogen sulfide,
SP: substance P
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V. IME

. CSE Bi RS HIIE Tdh 5 BCA 13 CPA FHE G 2 30l L. [ IDE 25 480
Z i L7,

. CPA 400 mg/kg D #:5-1% CSE D% > /37 BB E AL L, in vitro IZ81F 5
HoS DA B ZIERE & Lo BESRIRME A R S H T,

. NKy ZFRAEZ ToH 5 CP 1% CPA Tk E N A OVRE It B 4800 2 #1i L |
fEERR AR 31 D CSE FBIFFE A PRIE L 7=,

. NF-xB PLEHRTH D PDTC KON NFkB R &Ml 5 Z L nmbnTn5 7
V7 X 1% CPA B ELIE DM M OV G B2 S HE N 2 #7H) L  NF-kB DTEMEAL D
KR L 72 % p65 U Uk X v /37 R DN CSE & 2 /8 7 FEBLFHE A il L 7=,

PLE XV SPINKy S5 M TN NF-xB % OTEMAL %2 4 L 7~ CSE/ H.S/ Cay3.2

T A Ca?*F ¥ R /L2701 CPA IZ X V3Bl S 2 et 2% « B by itk oo i 48 S

HLTWD Z &R Eng,
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28 BWIPRZIIRTOHcyclophosphamide FHi2 BB
RIZHES BEREIZHITS Cal3.2TH#H Ca*FrRILD
BEEIEE S RRIBIMORE

B
uji

IRFBALIEMEALTL T Ca?*F v LD 3 >DOH 7 % 4 7 (Ca3.1l ~ Ca3.3) D1
DTH D Cad.2 [T WA EFITHBL L, A ORBUS EE oA E & Ff
DZERALNENTND OB, IS D7 v—7 1%, Z#E TIC Cald.2 3
AR BE E MR Vi KON &7 - ENRR 40l R 84 5 e PR |2 BE 5
L2LEWMELTEY, ZNODMABDIRFIERN D F LD T L amBLTE
7o

— 5 VSR ITAEMTEENC B W CHEEREH 25 WAME TR DO 1O TH Y |
PR SOMRL T DGR B AR, AERARERE . BASTERL. AR RE S ~ D B2
2B BN STV D 0, Bilkd 5 2 L2, ARV THESE
Ca3.2 DFIESE KA A NZFET D 191 FHOE AT VUL (His'™) 125 E
L. T F/UERE 2 PIHIAOICHIE L T 5 1099 L-cysteine <° HoS 1%, HEER~D
BZMEAE L. MM T IR DA OREN LR L. — kMR
MREICREBLT D Cad.2 @ His® IZHEG L2 HiERIC K D T v 1 /LB RE N 23 D85S
L. T R EERTIE L, REZEF = a2 —n  OBEND LH3 5 23910, I
JH 5=° Nelson & D 7 /L— 71 3#iENF L — FFI2Y Cavd.2 D RSN INEIZ Rk L, &
PEJR M OE G A B 92 & & 2t LT 2 1M JIE S 0 7 )V — 7 (T #fidh
BHIETHDHRT T LU 703 CPA FHEEILR 35 K OB IR & ikl 3~ 5 F
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EWEL TN W,

512, Cad2 DF XY FEBLEITHREFEIK 1 Td 5 early growth response 1
(Egr-1) {2 & W (=M, repressor element-1 silencing transcription factor (REST)
(C RV MEIRICIHE STV D 2 EAHRE STV D YO Cav3.2 DB
ubiquitin-specific protease 5 (USP5) (2 X A= X F bz 457 vn7 7V —
LOROIHI 72 LI KV HIE S TG D2 ERWALNCENTND, ok
T, FNRARRE N BLEE 45 Z & C neuronal activity-dependent (2 USP5 03§ B % A3
/BT, Cad2 OIRFEBNEIINT 25 2 & 3| Shiz %,

Z ZTARETIE, REHIRS L<ITHEF L —F I XV iR ZIRAEIC L
Te~ 7 ZIZHBWVT CPA IC KV EFE S5 IR ORREE NS 2 80 & Fst
L. Ca3.2 DREGIZOWTHETT 5 L HEic, w7 A OHFHRARMHEET (dorsal root
ganglion: DRG) (Z381F % Ca3.2, Egr-1, USP5 35 L OV REST DR BLEIZ DOV Tz

AL L TIND DR M LT,
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. RERAE

1. REREY
18-25 g MM ddY SR~ 7 R (fiFnFEEREM) &M LTz,

2. BHEICLDIERRZTIVADER

Fil B IIBER SVHE» THT o T, 1 77— T LT 4 JELINIZ 43 1) 7= CHligh 48.9
mo/kg ZEde = b r—/ LR (Zn+if) & 2 W THEER 0.6 mglkg & TR R Z B
(Zn-Ff) KOVKEAKEZ B BICERE W, 2 BEGHEE L,

3. BIPFL—F—ICKHERRZ T IV RDER
WHEITE I ELHERKICB IR o, BHFL—¥¥—Th 5
N, N,N’,N’-tetrakis(2-pyridylmethyl)-ethylenediamine (TPEN) IZEE# 52594 £5E1C 5

mg/kg O & T CPA $¢5- 30 Z3HilE ~ 7 AEREN~F 5- L 7=,

4. BBRtEERTBORE
H1EEFRROGIETIT o7,

5. von Frey filaments [Z & % [B5 bt B8E 75 5@ 5 o) SE

1 L [FERD FIETIT o712,

6. BREEEDRE

%1 EL RO TIETIT o7,
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7. ICP-MS (Inductively Coupled Plasma-Mass Spectrometry) k(& 41
3% - BEbiAREs: o B 80 R B OD B E

U LA T EEREIR &L D B2 TV BEEESI O BRI T~ Y 2 0.03
mL LIRE &=, TDH%ELD (4°C, 1,800 G 10 min) L., EiEOMmAFET 1 mL @
60 WRHMRIZIRE S ETH 7 v e Ui, BEMHERITEEZME L. 2mL @ 60 %
BEIR VAR S W7z, MR OMERE S > 77 L id, IZERT A 12 90°C C 2 IFf# A 3%
2= M EATV IES I 3 mLiT, BEDEY T E 5 mL ISR T A

AT o Lic, FNEFNOY T IVOHERE L, ICP-MS EIC X v HIE LT,

8. Antisense EZERLM=Cal32/vI 8y

Cad2 THl Ca?*F v x D/ v X 2 FFEO antisense (AS) & 5 U i
scramble (SC) oligodeoxy nucleotide (ODN) % iE& L. .5 UL OHE T~ 7 ADFHE
7R TIENIZ 1B 1A 3 HHREREENTE S L7z, Cad.2 D AS-ODN B Lt
SC-ODN DELSNILL T D@ Y Th %,
+ SC-ODN-Ca3.2 (No. 1, TAA GTG GTG GTA TGA GGG TGT TTG GGA; No. 2,
GGG AAA GAC CAC GGG TAATGG TAG GAC)
+ AS-ODN-Cay3.2 (No. 1, TGA AGT GGT AAT GGT GGT GAT GGT GGT; No. 2,
GAG TGATGATGG ACAGGAACG AGACCG)

Cal32 D/ v 7 X OMERIE LL 1D L6 L-UL ORISR (dorsal
root ganglion: DRG) 23517 % Ca3.2 & 737 3§81 & % Western blot 1% F Tl

ETDHIETIToT,

9. Western blot Ak 2 &ES >/ D

Yo TV RS O Western blot 15135 1 & & RIRRD 1A TITo 72, o
T~ T AD L1-L6 L~L?D DRG & 5V MIEMEZ Y L TIEE L, Cal.2,
Egr-1. USP5, REST B3 L TINCSE D& /37 EHEA R Lz, —&kHiikE LT
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A L7ZPuRIZLL T 0@ Th 5, —kHLIARIE the rabbit polyclonal antibodies
against Cay3.2 (1:1000, Sigma-Genosys/Sigma-Aldrich), Egr-1 (1:500, Santa Cruz
Biotechnology Inc., Santa Cruz, CA), USP5 (1:1000, Proteintech, Rosemont, IL), REST
(1:500, Abcam, Cambridge, UK), CSE (1:1000, Sigma-Aldrich Japan, £4F) X
GAPDH (1:5000, Santa Cruz Biotechnology) % f\ 7=, Wk FLIAIL horseradish
peroxidase-conjugated anti-rabbit 1gG antibody (1:5000, Cell Signaling Technology,

Beverly, MA, USA)Z i i L 7=,

10. ERAEMEIVERERTFSa—

CPA (Sigma-Aldrich, St Louis, MO, USA) 1% 0.9 % AFEEHE /K CIEME L. 200 &
Z UM 400 mglkg O FHE T~ U AZEIENSE G- L=, T Ca®* I v 2 LBHLEIK T
& % RQ-00311651 (7 7 # U 7 HIZE 4 &) 5 L UYNNC 55-0396 (Sigma-Aldrich)
(X, 05% AF /b — XA TREISLON09% APAHE/KTEML, 10 £/
1% 20 mg/kg O FE T CPA #5- 3 e[l 20 4314 45 KO8 3 BRI & ICRERE NI 5 % 7=
1% 3. 10 F£721% 20 mg/kg D H £ T CPA % 5- 3 KM ICRE 0 &5 L7, TH Ca?*
FXRNDIODT A YT 4 —LDON Cad2 #ERMIZIHET L2 Z L nmbi
% zinc chloride (> #1{b5%, KBR) 13 0.9 % AFRHEK TR L. 340 pglkg O
FH B CCPA# 5 3HERI &I HEMEN S 5- L 7=, TPEN X6 mM HCI TiAf# L .5 mg/kg
D & C CPA $¢5- 30 43R AEEN & 5- L 7=, Transient receptor potential
vanilloid-1 (TRPV1) BRFEIKTH % SB366791 (Sigma-Aldrich) 1%, 2 % DMSO ¥ X
Y1 % cremophol %79 0.9 % AHFREIE /K CTIAME L, CPA 5 3 FERiI 4 (AN
#hH- L7-, TRPAL [LE3KCT&H % AP18 (Enzo Life Sciences, Farmingdale, NY, USA)
I%. 7.5% DMSO 35 L 1* 0.5 % Tween 80 % 7 Zp PBS (Z{fi# L, CPA #£45- 3 IR¢ft]

(ZHERENF B LTz, NMDA AR ESK ThHH MDL 105,519 13 0.9 % AHAE
WK TR L, CPA #1453 Rtk ICHEENIE - LT, fetkiZ. CSE OBiAHIRa
EH T D B-cyano-L-alanine (Sigma-Aldrich) 1% 0.9 % EFE A /K TIAME L .
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50 mg/kg @ F & C CPA #5- 30 /3 Al IEEN G- L 7=,

11. #HEtane

H 1B LA TIETIT o T,
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. SEERKER

1. CPA FBEBEBtEKITE. BERTRMES K UBEREERIEMICHT H5BR
B9 T B Ca?*F + R JLBHEZE NNC 55-0396 BRI 5D FR

CPAFE MR T X9~ 2 LR 12 36 1T 2 BIRAY T L Ca?* F v 1 /LB EZE NNC
55-0396 (NNC) D@ % k&t L7-. NNC % 20 mg/kg O & T CPA #¢ 5. 3 i¥#l 14
(ZHEERNE G LT L 2 A CPA BN ARTTEI R KL OB IR A B
Il <72 (Fig. 10A, B), 7=, NNC 20 mg/kg IZ4 BIO$5- A /Y 22— )L T CPA

5 LR i S N L 2r h o 72 (Fig. 10C),

(A) (C)
£c20 20
@ E £ *
co15 215
o™ z E
C = ()
£210 5% 1.0
° 5 2=
> 5 © 205
=2 @3
Eg o S0
=4 VvV 20 (mg/kg) = vV Vv 20 (mglkg)
NNC (i.p.) NNC  (i.p.)
v CPA (i.p) vV CPA  (i.p)

(B)

0.008 g 0079 049 1.0g

Filament Filament Filament Filament
o 20
S
@ 15
2
£ 10
8
(=]
Z 0

v 20 VvV V20 V Vv 20 (mg/kg)
NNC NNC NNC ____NNC (ip.)
vV CPA Vv CPA vV cPa VvV CPA (i.p.)

Fig. 10 NNC 55-0396 (NNC) at 20 mg/kg or vehicle (V) was administered i.p. to mice 3 h after i.p. administration of
cyclophosphamide (CPA) or V. (A) The nociceptive behavior was observed from 3.5 to 4 h after the administration.
(B) The nociception test was performed 4 h after the administration. (C) The mice were killed 4 h after the
administration and bladder weight was measured. Data show the mean with S.E.M. from 4-5 mice. "P<0.05,
"P<0.01 vs V + V. 1P<0.05, "P<0.01 vs V + CPA.

2. CPA BEEEEbtEs1TE. BEREBNS L UBEREEREMICHY 5RR
BT & Ca>*F v JLBAESE RQ-00311651 RIS DR

AIEALIRFED T v R VT HRVRIRME: % 3 % state-dependent T 2 Ca?* v /L
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Fig. 11 RQ-00311651 at 10 or 20 mg/kg or vehicle (V) was administered i.p. to mice after i.p. administration of
cyclophosphamide (CPA) or V. (A) The nociceptive behavior was observed from 3.5 to 4 h after the administration.
(B) The nociception test was performed 4 h after the administration. (C) The mice were killed 4 h after the
administration and bladder weight was measured. Data show the mean with S.E.M. from 5-6 mice. "*P<0.01 vs V + V.
P<0.05, T"P<0.01 vs V + CPA.
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w2, RQ 2t NG LT B DR ME Lz, £ OMIR, RQIE 10 £/
20 mg/lkg D HE TR OG- T 5 Z L1210 BEPREARATE) & O RS i 2 A7
BCHNE L7= (Fig. 12A, B), F7-. RQ 10 F X O 20 mg/kg IX4 [H D5 A /r

2 —/LCCPAIC L VFF SN D MR EEOH NN E L2 - 7= (Fig. 12C),
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Fig. 12 RQ-00311651 at 3, 10 or 20 mg/kg or vehicle (V) was administered p.o. to mice after i.p administration of
cyclophosphamide (CPA) or V. (A) The nociceptive behavior was observed from 3.5 to 4 h after the administration.
(B) The nociception test was performed 4 h after the administration. (C) The mice were killed 4 h after the
administration and bladder weight was measured. Data show the mean with S.E.M. from 4-7 mice. “P<0.01 vs V + V.
P<0.05, "1P<0.01 vs V + CPA.
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IR HIREZER ST~ T 2|

DRIE
U B 8% K OVBE bE AR fik b il gh & A&

ICP-MS {EIZ LV HIE LTz, TORESE, M

FEIZBWTE LKL FLTWE (Fig. 13A),

FER RSN L Zn(+)BE & bl LT Zn(-)
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Fig. 13 Mice were fed the control [48.9 mg zinc/kg, Zn (+) ] diet or zinc-deficient [0.6 mg zinc/kg, Zn (-) ] diet for 14
days. Data show the mean with S.E.M. for 10 mice. Zinc content was measured by ICP-MS (Inductively Coupled
Plasma-Mass Spectrometry), "P<0.05 vs. Zn (+).
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SN D EMERERITE & BIER TR BT R 72 > 72 (Fig. 14A, B)23, CPA
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X Zn(HRE & LR LT Zn(-) Bt~ 7 AZBWTAREIZHEI L Tuw = (Fig. 14A, B),
—J7. CPA (2 X 2N HEHINOFLEIZIE Zn(H)REE Zn(-)BEDRI TEIZA D
n72h-7- (Fig. 14C),

(A) (C)
4 —_—
%5 20 D30
gE *E £g
2215 =2
8 c q;)E 2.0
£210 -2
] 82 1.0
3= 5 f-Bet
& ® 05
£S5 m o
5o -3l ] L
= TTETET T IZEZICT
ANSSSS SESESESESES
“V_ 200 400 (mgrkg) _V_ 200 400(mgrkg)
vV CPA (i-p.) vV CPA  (ip)
()]
0.008 g 0.07g 0.4g 10g
Filament Filament Filament Filament
o 20
Q
% 15 . * *
[}]
2 10
(=%
3
[=]
Z 0
ITTETET ETETET ITETET ETETET
NUSNSN SNSSSN ANSSSN SSSSSS
"V 200400 v 200400 vV 200400 _V 200400 (mg/kg)
V  CPA V.  CPA V  CPA V. CPA (i.p.)

Fig. 14 Cyclophosphamide (CPA) at 200 or 400 mg/kg, or vehicle (V) was administered i.p. to mice. (A) The
nociceptive behavior was observed from 3.5 to 4 h after the administration. (B) The nociception test was performed 4
h after the administration. (C) The mice were killed 4 h after the administration and bladder weight was measured.
Data show the mean with S.E.M. for 4 mice. " P<0.05, " P<0.01 vs respective Zn (+) group.

6. EEHRHFIBEBEIMTYRICHITS CPA FIEEEMAERTE. BESK BRI
TEHTECa»FrRIVHEXEDOHR

2. Zn(H)BEIZIE CPA % 400 mg/kg. Zn(-)A£IZ1E CPA % 200 mg/kg O H & T
JEENI 592 2 & TRl S5 BENUR AR TE) - BEiEUR Rl 0 - x4~ 5 T A Ca?t
F ¥ RVHEH NNC OFRZHFT LT, £ ORFE. NNC % 10 mg/lkg D& T
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Fig. 15 NNC 55-0396 (NNC) at 10 mg/kg or vehicle (V) was administered i.p. to mice 3 h after i.p. administration of
cyclophosphamide (CPA) at 200 or 400 mg/kg or V.(A) The nociceptive behavior was observed from 3.5 to 4 h after
the administration. (B) The nociception test was performed 4 h after the administration. Data show the mean with
S.E.M. for 4 mice. " P<0.05, ™ P<0.01 vs V + V. 'P<0.05, ¥'P<0.01 vs V + CPA 200 or 400.

7. HRKIREBENRTVRICEITS CPA FEEDAEKRTE. BERRE BB
¥ % zinc chloride D%IE

WA, AP D RS DB G5 728 zinc chloride (ZnCly) % v CTHas
AT o7, ZDORER, ZnCl2 340 pglkg OIEFEN 51X Zn(+)BE & Zn(-)RE TR S
U2 I PV ARA T 8 S O B a8 & AT LS L 72 (Fig. 16A, B).
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Fig. 16 Zinc chloride (ZnClz) at 340 ug/kg or vehicle (V) was administered i.p. to mice 3 h after i.p. administration of
cyclophosphamide (CPA) at 200 or 400 mg/kg or V. (A) The nociceptive behavior was observed from 3.5 to 4 h after
the administration. (B) The nociception test was performed 4 h after the administration. Data show the mean with
S.E.M. for 6-10 mice. " P<0.05, ™ P<0.01 vs V + V. ¥1P<0.01 vs VV + CPA 200 or 400.

8. HRFIRBEMIIRIZEITSCal32THCa*FrRIL/ vITI D%
F

Ca3d.2 IZx¥ 2 AS OKEREENE G2 LY, DRG IZBIT 5 Cald.2 # /3
HEENZRHIZHHI SN TWD Z & &R L7 (Fig 17A), £ Z T, Cad2 % /
v 7 X L~ 7 AZ CPA % 200 mglkg DFHETHE G- Lzt 2 A, Zn(-)EEC
BV TR R TE 3 L OB il i 23 58 I fLE Sz (Fig. 17B, C), — 5.
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Fig. 17 Antisense-ODN-Cav3.2 (AS) or scramble-ODN (SC) at a dose of 10 pg/mouse in a volume of 5 pl was
administrated i.t. repeatedly once a day for 3 days. On the 4th day, vehicle (V) or cyclophosphamide (CPA) at 200
mg/kg was administered i.p. to mice. (A) Typical photographs of Western blotting and quantified data by
densitometry are shown. (B) The nociceptive behavior was observed from 3.5 to 4 h after the administration. (C) The
nociception test was performed 4 h after the administration. Data show the mean with S.E.M. for 4-5 mice. *P<0.05,
"P<0.01 vs Zn(+) + SC or Zn(+) + SC + V. P<0.05, T'P<0.01 vs Zn(-) + SC or Zn(-) + SC + CPA.
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Fig. 18 N,N,N’,N’-Tetrakis(2-pyridylmethyl)-ethylenediamine (TPEN) at 5 mg/kg or vehicle (V) was administered
i.p. to mice 30 min before i.p. administration of cyclophosphamide (CPA) at 200 mg/kg or V. (A) The nociceptive
behavior was observed for 30 min 3.5 h after the administration. (B) The nociception test was performed 4 h after the
administration. (C) The mice were Killed 4 h after the administration and bladder weight was measured. Data show
the mean with S.E.M. for 4 mice. “P<0.01 vs V + V.
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Fig. 19 N,N,N’,N’-Tetrakis(2-pyridylmethyl)-ethylenediamine (TPEN) at 5 mg/kg or vehicle (V) was administered
i.p. to mice 30 min before i.p. administration of cyclophosphamide (CPA) at 200 mg/kg or V. NNC 55-0396 (NNC) at
10 mg/kg or V was administered i.p. to mice 3 h after i.p. administration of CPA or V. (A) The nociceptive behavior
was observed for 30 min 3.5 h after the administration. (B) The nociception test was performed 4 h after the
administration. (C) The mice were killed 4 h after the administration and bladder weight was measured. Data show
the mean with S.E.M. for 5 mice. ™ P<0.01 vs V + V + V. P<0.05, 1P<0.01 vs VV + CPA + TPEN.
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DFEL AR T RTD B4 (Fig. 20B, C). B E &N A BEICIH Shiz
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Fig. 20 Antisense-ODN-Ca3.2 (AS) or scramble-ODN (SC) at a dose of 10 pg/mouse in a volume of 5 pl was
administrated i.t. repeatedly once a day for 3 days. On the 4th day, N,N,N’,N’-Tetrakis
(2-pyridylmethyl)-ethylenediamine (TPEN) at 5 mg/kg or vehicle (V) was administered i.p. to mice 30 min before i.p.
administration of cyclophosphamide (CPA) at 200 mg/kg or V. (A) Typical photographs of Western blotting and
quantified data by densitometry are shown. (B) The nociceptive behavior was observed for 30 min 3.5 h after the
administration. (C) The nociception test was performed 4 h after the administration. (D) The mice were killed 4 h
after the administration and bladder weight was measured. Data show the mean with S.E.M. for 8 mice. " P<0.05,
"P<0.01 vs SC +V + V. 1P<0.05, 'P<0.01 vs SC + TPEN + CPA.
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Fig. 21 N,N,N’,N’-Tetrakis(2-pyridylmethyl)-ethylenediamine (TPEN) at 5 mg/kg or vehicle (V) was administered
i.p. to mice 30 min before i.p. administration of cyclophosphamide (CPA) at 200 mg/kg or V. MDL105,519 (MDL) at
1 mg/kg or V was administered i.p. to mice 3 h after i.p. administration of CPA or V. (A) The nociceptive behavior
was observed for 30 min 3.5 h after the administration. (B) The nociception test was performed 4 h after the
administration. (C) The mice were killed 4 h after the administration and bladder weight was measured. Data show
the mean with S.E.M. for 6 mice. “"P<0.01vsV +V + V.
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Fig. 22 N,N,N’,N’-Tetrakis(2-pyridylmethyl)-ethylenediamine (TPEN) at 5 mg/kg or vehicle (V) was administered
i.p. to mice 30 min before i.p. administration of cyclophosphamide (CPA) at 200 mg/kg or V. AP18 at 10 mg/kg or V
was administered i.p. to mice 3 h after i.p. administration of CPA or V. (A) The nociceptive behavior was observed
for 30 min 3.5 h after the administration. (B) The nociception test was performed 4 h after the administration. (C) The
mice were killed 4 h after the administration and bladder weight was measured. Data show the mean with S.E.M. for

8 mice. " P<0.01vsV +V + V.
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Fig. 23 N,N,N’,N’-Tetrakis(2-pyridylmethyl)-ethylenediamine (TPEN) at 5 mg/kg or vehicle (V) was administered
i.p. to mice 30 min before i.p. administration of cyclophosphamide (CPA) at 200 mg/kg or V. SB366791 (SB) at 0.5
mg/kg or V was administered i.p. to mice 3 h after i.p. administration of CPA or V. (A) The nociceptive behavior was
observed for 30 min 3.5 h after the administration. (B) The nociception test was performed 4 h after the
administration. (C) The mice were killed 4 h after the administration and bladder weight was measured. Data show
the mean with S.E.M. for 8 mice. " P<0.01vsV +V + V.
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15. CPA#ETHRIZEI+S Cal3.2, Egr-1, USP5 RU REST D4 > /39 53]
B

FAFE 513 CPA 300 mg/kg % $¢5- L7~ A @ DRG 28T, Cad.2 DH /X
JRBLBHIERICH DL L ERELTWD, £ T, 4FIX CPA % 200 H %
UM 400 mg/kg O A& CREENIR G- L C 4 BRI ISR L2~ 7 2D DRG 125
I} % Ca3.2, Egr-1, USP5 }x () REST D % > /X7 3581 & % Western blot {412 X 0 &
LT, TOREHE. CPA200 mg/kg DL TIZENEINDZ 37 FEB&EIZEb
(X727 o 7225, 400 mg/kg DFEH-Tlid Ca3.2, Egr-1, USP5 D % L /X7 FEHL BN 3
LML TW/= (Fig. 24A,B,C), L22L72235, REST OB EICITAERE
LR L2 v- 7= (Fig. 24D),
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Fig. 24 Typical photographs of Western blotting and quantified data by densitometry are shown. Cyclophosphamide

(CPA) at 200 or 400 mg/kg, or vehicle (V)

was administered i.p. to mice. The mice were killed 4 h after the

administration of CPA. Data show the mean with S.E.M. for 5 mice. *P<0.05, **P<0.01 vs V.

16. HAXL—F—EIVXIZEITSH Cad.2, Egr-1, USP5 8 & U REST D

2N RBE
TPEN % 5 & %% 20 mg/kg

DOHETHEPENE G L TH 6 4 K¢ 30 7512 14

tH L72 DRG IZ¥1F % Cav3.2, Egr-1, USP5 35 L TN REST O & /™37 38w & 5t &

FIEED FIETREI L, WO X o837 BB A B2 b0 W H SR 7

Mot= (Fig. 25).
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Fig. 25 Typical photographs of Western blotting and quantified data by densitometry are shown. N,N,N’,N’-Tetrakis
(2-pyridylmethyl)-ethylenediamine (TPEN) at 5 or 20 mg/kg, or vehicle (V) was administered i.p. to mice. The mice
were killed 4.5 h after the administration of TPEN. Data show the mean with S.E.M. for 5 mice.
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17. BRFL—42—RU CPA 200 mg/kg #HtAKBRELE=THORIZEITS
Cav3.2, Egr-1, USP5 B U REST D4 U\ B E

TPEN & CPA 200 mg/kg %P5 Lz~ A0 BHiH L7= DRG 12815
Cav3.2, Egr-1, USP5 } (NREST O X L X7 B ELZHTE LTI- & 2 A, TNETNH
MG LTSGR BERB TR oo 72hy, mFEZHFH LISE1
Ca3.2, Egr-1 X TN USP5 O B FEBUE NN FE O b v/ (Fig 26 A, B, C),

REST O EIZA B R LT D bivze -7 (Fig. 26D),
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Fig. 26 Typical photographs of Western blotting and quantified data by densitometry are shown. N,N,N’ N’-Tetrakis
(2-pyridylmethyl)-ethylenediamine (TPEN) at 5 mg/kg or vehicle (V) was administered i.p. to mice 30 min before i.p.
administration of cyclophosphamide (CPA) at 200 mg/kg. The mice were killed 4 h after the administration of CPA.
Data show the mean with S.E.M. for 5 mice. "P<0.05, ""P<0.01 vs VV + V.

18. BERFL—E—ERU/H L<IX CPA BETHRADEHMGIZEHITS CSE
RBEEDHIE
TPEN &Y% L < % CPA 200 mg/kg Z $¢5- L7z~ 7 A B A U 72 Bk
2B D CSE # o3y 3 BiE % Western blot JRIC K WHIE LT E 2 A 1 ET
7~k L7= CPA 400 mg/kg B 5 CTRE s 2 KE72 CSE FEEH MM H S ze )

-7z (Fig. 27),
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Fig. 27 Typical photographs of Western blotting and quantified data by densitometry are shown. N,N,N’,N’-Tetrakis
(2-pyridylmethyl)-ethylenediamine (TPEN) at 5 mg/kg or vehicle (V) was administered i.p. to mice 30 min before i.p.
administration of cyclophosphamide (CPA) at 200 mg/kg or V. The mice were killed 4 h after the administration of
CPA. Data show the mean with S.E.M. for 4 mice.

19. WRF L—4—BEIHRIZHE TS CPA FHiEEBHRTE). BELEEE B
EUBREEEDEMICHT S CSE BFENHE

TPEN & CPA 200 mg/kg O OFH TiEiEbtEAkH > CSE O & /<7 FBLEHEE I
R SR> 7o 3, CSE IT L o THIRIPEIZEEA D HeS 23, IR OFIE
WZHFEF 20380 % CSE DRt Th 2 BCA Z W THFET L7z, €D
fE 5. BCASB0 mg/kg OR#H12 LV, TPEN L{EAE CPAIC LV HilL S bl
WA ARAT B K ONBE R R s A B S 7z (Fig 28A, B), —J7 T, BEEIE

HEH NI E L MF X2 - 72 (Fig. 28C),
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Fig. 28 N,N,N’,N’-Tetrakis(2-pyridylmethyl)-ethylenediamine (TPEN) at 5 mg/kg and B-cyano-L-alanine (BCA) at
50 mg/kg or vehicle (V) was administered i.p. to mice 30 min before i.p. administration of cyclophosphamide (CPA)
at 200 mg/kg or V. (A) The nociceptive behavior was observed for 30 min 3.5 h after the administration. (B) The
nociception test was performed 4 h after the administration. (C) The mice were killed 4 h after the administration and
bladder weight was measured. Data show the mean with S.E.M. for 6-8 mice. P<0.01 vs V + V + V. TP<0.05,
f1P<0.01 vs V + TPEN + CPA.

20. EERFL—4—RKRU CPA 200 mg/kyg #HRABELI=-IHRIZEITS
Cav3.2, Egr-1, USP5 B U REST DA /N RBEIZxT 5 CSEFRBEEDHER

TPEN & CPA 200 mg/kg OOFF# G L0 B S5 i ikic s 5 Ca3.2
DFEBLFHEIZ CSE IC KV NKRMEIZEA SN D HS DEGT L 0E0h %,
CSE [HEITH 5 BCA A HWVTHFT L7z, ZDOfE%. BCA O 5%, TPEN
& CPA 200 mg/kg = OF #5795 Z & Tt S5 Cad.2, Egr-1 2 N USP5 @ #
LR SEHL RSN 2 A B L2 (Fig. 29A, B, C), L2 L72A3 5, REST D%
BLEICA BB I k2o 7= (Fig. 29D),

48



(A) (B)

cas2[wm | Egr-1 [ wew o8]

*
- 1.2 * 1o 0.8
ac c
3z 08 g2 0°
=g 98 04 +
Nz -
;2 04 w5
T t L2 02
o~ w~=
0 0
V- v <
. Q (p) g (ip.)
_V_ TPEN (i-p.) V_ TPEN (i-p.)
v CPA (i-p.) v CPA (ip)
©) 200 (mg/kg) ©) 200 (mgl/kg)

*x 1.2

5= 5=

g5 12 %508

GZ 08 oF

= ==

£35 04 0804

B U<

o 0 0
vV v £ vV v < .
L g (ip) . g @p)
V_ TPEN  (i.p.) V. TPEN (i.p.)
v CPA (ip) v CPA (ip.)

200 (mglkg) 200 (mg/kg)

Fig. 29 Typical photographs of Western blotting and quantified data by densitometry are shown. B-cyano-L-alanine
(BCA) at 50 mg/kg, N,N,N’,N’-Tetrakis(2-pyridylmethyl)-ethylenediamine (TPEN) at 5 mg/kg or vehicle (V) was
administered i.p. to mice 30 min before i.p. administration of cyclophosphamide (CPA) at 200 mg/kg. The mice were
killed 4 h after the administration of CPA. Data show the mean with S.E.M. for 5 mice. " P<0.05, "P<0.01 vs V + V +
V. 1P<0.05, TP<0.01 vs V + TPEN + CPA.
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v, EE

KEICBIT AR LY 1) <7 Z2BWCHENEHIREBEIC X 5 18
TRESRRZ B D WITHESHF L —F — 2 K D AR e il R Z 12 L > T, CPA &
REREMER B R AN LS EN D 2 &, 2) ZOHFRRZIZED CPA &
L ESR O BRI IT A AR BT 5 Cad.2 OF v X AMERED TTHEIZ N Z T
& N BRI E-35 2 & 8) MRMRIZKIT S Cald.2 DF /3T &l
ANZiE, Egr-1 FBUEMIC X 855 L~ COIEEIN L . USP5 JEELHNIC &
%5 Cad2 D7 aT T Y — L fOMBINEET 528, EHIZ4CSEIZLDIN
IR EA S D HoS 13, 5 < Cald2 DF v FUEREZ B LS5 2 &
THIRARROBEMEZ B, ZHUC Ko TRIEEMIZ Cald.2 DX /37 FBLED
HMz et LTS AletE s R S vz,

R RZ % 2 BB S W72~ U R O MK O R i gnie B 2 1 E
U727, ARt BRI 1 Zn(H)BE & Zn()RE TIZIERIS 7S o 7228 (Fig. 13B),
MAE P RESNTE 1T Zn(HREIZLE R T Zn(-)EF THE LK F L T2 (Fig. 13A), =
DFERNE . AFEIOFEM T T, MENIEERIZIEEAEET L2 &<, M
JaghaESR 23 A LT D 2 EDURES LD, MIBANOHEEIE TRPAL ZiH ML &
®5 ®olzxt L, Cald.2 OIEMEITITEE L v, —JF., Mlastoifigald Cas.2
OIS KA A NAFHET D 191 FHOE AF D UERERIEAETHZETF v
TROVEERE A IS LCR b 109 INIRIME HoS SR HRENC K D T v kLl
Bl & b9 5 & CREREIR SO R 5 o0 BRSO R RS AR S D 2 & 28,
JIH S X > TREICHS STl v 23910 SEIOFER & FJE L,

FDETHIRARTZL 91T, CPAFHEBENRITHE O MR IZ CSE/H2S/Ca3.2 &
PBEET 5 Z EIEBRICHE ST % 9, A ENEHEEAHIR AR X 5 18 7
HiEh R Z & 2 WITHEER F L — & — |2 L 2 SR R IR R 212 L - T CPA #hiE i
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e L < & (Fig. 14A, B, 18A, B)., THUH 3 T Al Ca?* F ¥ /LK
(Fig. 15A, B, 19A, B) X°Ca,3.2 ®» / v 7 X 7> (Fig. 17B, C, 20B, C) (Z & v #)iil
SNDHZ LA LT,

— 75, HEHIE NMDA D NR2A ¥ 7 2= MIH DfEA I AT 5
Z & T NMDA ZHFEOTEMEZIHIT 25 2 & SN HE S TR Y | i A ORER
BICBWTIHERICEETHL ZERHLNISNTND YW, ZZTARIFKETDH
NMDA = ZBR DB G- Z it L7y, MR ORI ZE Lo 7o (Fig. 21A,
B), F7-. AlaNHSA N IEME(LIZEE 59 % TRPAL F /v (Fig. 22A, B) KO
TRPV1 F ¥ /b (Fig. 23A, B) OEAG- & [RARITHGET L7223, Wi BERE O
FBICHBERZELZ LTS Rhole, TNUHORERIY ., Cald.2 NHlighRZIZ
£ 2 MR ORI EEREE 2 KT LT\ D 2 &R S LT,

BLBRRNZ Lo, dSnHIR BRI L gh 2 B ENIcRZ s~ X
B (400 mg/kg) @ CPA 2% 5. L7~ 7 AKX TPEN &K & (200 mg/kg)
® CPA Z ¥ 5 L=~ 2® DRG (28T Ca3.2, Egr-1 & (X USP5 DA E
PRI BN FRD BTz (Fig. 17A, Fig. 24A, B, C, 26A, B, C), 26D~ 7 AT
BIF D Cal3.2 DX LR 7 B EHINTIX Egr-1 12 X 25 KL TVUSP5 12 X 5
Cad2 FuT7 7 Y —L0foOMEIAEE L T DAREMENRS 2 Hih A, M
HEHEERIREE DR FX° CSE \Z L 0 EEA S D IR HoS 12 & 5 Cad.2 DF v RV
PERETUHE L1 5 FnTEARR O RIBLE B KA, Cad.2 DX /X7 BHINZEH S L
TWDLDOTIERWNEHRIND, MEFRAIICIWN T, #hRR BRI FRIC
Ca,3.2 DIEFEBLAHINN L, Z i USP5 OFFIEMANBE 5425 Z & IFBEICH A &
T3 %0, REFFRIZEBNT, #Highdx L—F —I2 X 22k R ZIRED~
U AIZEBNT, CPA #4445 L TV RRETIE Cad.2, Egr-1 KUY USP5 D F8EL
BICHEBREBIIRD SR> 72H DO (Fig. 25A, B, C). High IR A RIS
Lo TEMEMICHIHZ R Z SEIREO~ T 2B W TIEL, CPA #4572 L Th
High /R Z DFH T Cad.2 DIBLEIEIN L BTz (Fig. 17A), Z O HIZOWTIX
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ML BRI OZENEBR LTV EEX b, 6 < 2 Hf &V K
MicH1T 5 Cald.2 DIEMHAL N EFE 2T ORE L5 S Z L, Cal2 ®
FEEINC AT E LI EHR L TV D, —J7, RS RZIRRED 7 Tl Ca3.2
DOFEBLEN R A2 LT TIE L OMRIE TGO b2y, (R & CPA &5
E o THIRME HeS 72 EIZ X D HRA N 5 Z & CHRTAFRE O B 23 TTHE L
Ca3.2 DRIEINMNE Z 2D TRV EBZ BD,

FRIZEE ~& Z L%, TPEN & CPA 200 mg/kg Z DF ¥ 5 L7~ o A B
L 72 R I 35 T CSE ORBLFHEIXFRD Lo 72 (Fig. 27) 126 B0
59, CSE OB ARSI T 5 BCA ORI G2 L 0 BEE O E 723l 2338
DB AU (Fig. 28A, B), DRG (28T % Ca3.2. Egr-1 & TN USP5 DIEH &N AN A
X7z (Fig. 29A,B,C) Z L THD, ZNHOREE LV, CSEIZX W IEFIIZ
PEAR Z 0D NIRIME HaS 13 Cav3.2 DYEMEFS L OVEN T #iiek B A8 1 2 (IR EE R L R £
THY . Egr-1, USP5 KT Cavd.2 DFBFHEZZIL L TV DO TIEARW ) E
EZbND,

fliam & LT, m/HED CPA 5 L7c~ 7 ATl CSE DRIBFHE LI L T
BANHEIN U 7= N IR HoS 12 & 5 Cav3.2 DFERE SR & Z41i2ie < activity-dependent
72 Egr-1, USP5 & Ca3.2 DFBUEMAENRICEAG T2 352 6d, —H,

FEFH /R ZIRHE Tl Cavd.2 DIEMENBEIZ EH- L TR Y, IKHED CPA ZH 575
Z & THIRIME HoS (KFFE9IZ Cav3.2 DIEMEN S BIZ EH- L, 1T X % neuronal
activity-dependent 72 Egr-1, USP5 & Cav3.2 OISEIE NN EELRE 2 #5845 = &
MR S 72 (Fig. 30), 1> T, ARFTOMFZEIELHAIE MRS LI D m e i o
&9 REEEYER B O HIIRIERE & U CHENHTRE 238 i ok D Al REME 2 7R"ie L T
BY . BEWEOREICHEA N EELRZREZRZ LTI 2R THDOTH D,
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High dose CPA
(400 mgfkg}

Low dose CPA
(200 mag/kg)

CSE f
expressmn

Fig. 30 A working hypothesis for the mechanisms by which zinc deficiency enhances CPA-induced bladder pain in
mice. A high dose of CPA causes CSE upregulation in the bladder and then Hz2S-dependent increased Cav3.2 activity
followed by excitation of nociceptors, which in turn triggers Cav3.2 overexpression via Egr-1/USP5 upregulation and
further increases Cav3.2 activity and bladder pain. A subeffective (low) dose of CPA and zinc deficiency
synergistically enhance the activity and expression of Cay3.2 and nociceptor excitability in a similar fashion, leading

to bladder pain.

Synergistically enhance the activity and expression of Cav3.2 and nociceptor excitability in a similar fashion, leading

to bladder pain.

CSE: cystathionine-y-lyase, CPA: cyclophosphamide, Egr-1: early growth response 1, HzS: hydrogen sulfide, TPEN:

» Dietary Zn?*
deficiency

» TPEN

Y

[Zn**]extra %

Ca,3.2 f
EKDTESSIOH

Egr-1/USP5 f
expressmn

N,N,N’,N’-Tetrakis (2-pyridylmethyl)-ethylenediamine, USP5: ubiquitin-specific protease 5
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V. IME

T Ca®*F v /L ESR CTH 5 NNC OIEEN 1 513 CPA ¥ il e k1 TH)
& BESHR R A i L7,
state-dependent T %! Ca2*F v % /L EIK TH 5 RQ D IENENH 5 KON O £ 5-
(3 CPA F5 LI Dt ARATE) & B T s & ekl L 72,
H SO PR A 2 BT S B 7=~ 7 2T 31T 2 e Ak o i 60 e P 13 ey
ST, MRS L Zn(+)BE & B LT Zn(BHCB W TE LK T L
Tuie,

I BR A 2 B S W72~ 7 ATV T CPA i LI s A1 T8 ) OVBE
AREAHETR L, ZOMEn T A Ca?*F v x/LILESKTH S NNC, Cald.2
FIERICIHET 2 2 R MLNTWD ZnCl, XX Ca32 D/ v 7 X7 /1L
K VIR ST,

Fgh L — 2 —% &5 Lic~ 7 A2V T CPA iR AR TE) & OB
TR L, TR Ca®*F v R APLEKTH S NNC L Cad2 D/ v
72T ATE Y S Tz,
K& CPA IX Cav3.2, Egr-1 2 TN USP5 D & L /X7 L& % 28k S| 727
ST, EHAED CPA TIIHEMm L7,
TPEN BB 5Tl Ca3.2, Egr-1 L TNUSPS @ % /37 FELE AL L 72 />
5773, TPEN & KA E CPA OO G- CldaEIc8m L7,
fighx L — & —& G~ T 2 (281F 5 CPA LBtk TE) & BaEm Rl ik
DR K (N DRG (281F 5 Cavd.2, Egr-1 & (XN USP5 D % > /X7 3 HL BN

Al CSE PHEER T 5 BCA IZ L 0 Hiffl & 7=,

PLEX D EHED CPA TlX CSE O ELFEEIZ - THIM L 7=NKRME HS &%+
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AUTHES Egr-1 LTV USP5 & Cav3.2 DFEBIE M EMEICRE G252 &, —F T
HHER R ZIRRETIL Ca3.2 DIEVENH HFEE FH L TRV IRHECPAKGIZ L D
PRI HoS R /A1 Cavd.2 DRERES T I HERR 2 = & TR BLEE (K772 Egr-1
OV USPS OFBUHMN & Z AU fE D Cad.2 OFRBUEMAEIF 2 #H3 95 2 &
DR ST,
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%€ 3E Proteinase-activated receptor-2 JFHEIZ& o T
BESNEIIIVADERBEIZETSH
cyclooxygenase-2/prostaglandin E2 8 & U T & Caz*F ¥
FILDOEE

B
uji

TurT—RBIlLo TR bEND G EAME 7 FEEBAS AL TH D
proteinase-activated receptors (PARs) iZ, PARL1 7»% PAR4 £ CHFELTEY ., H -
I SV SR IDE 7 & AR RN CIAREZRIBALICHEBL L T\ D, —IRENFEARRS b
BRI S B IR L TV D PAR2 1X, MU 7o IBwMiao b U 72 —E
EDvY 7T T =B L ZEEOMES N REDFEE OEL TUIWT S 4L,
Ficic@ M S N RO 7 X/ iEBLS TSLIGKV----] 75 tethered V) 7> K& L
TZRROE 2 V=T AT H Z L CRRENTESEAT S Y, Ty h-~D
A D PAR2 D2 FKRIEMEACE I 2 EIZ ANLIHICAR ST ~~TF R
SLIGRL-amide (%, Z&IKDHE 2 L —FIZEBEREA L, FEFEFEIIIC PAR2 215
s ks,

SRUNPE ISR AE R A R L 3 D TR IERE IR FB T CUd, R MGREL AR A= o b oD B i
AR DOIENNLIR I I 1T D MBI H R N U 72 — B DEEINAEd b b
ERESNTND O, PAR2IZ N 77X —FBICL0iEH st Z &, &51C
PAR2 723 NIIBIR MR IC 5 5- L T D M8 b s il i G HESR 35 & [WE M
BEES AT FE S T AR BT PAR2 235 L TV D ATREMEIZ H B 2 bivd, v~ 7 A
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2B 5 CPA il IEDERICI, ERMEEK U 72 —BI2 X% PAR2 iEME(L
& ZIUTPE D cyclooxygenase-2 (COX-2) FHFFENRE 925 Z LR HESINT
W5 M IS D 70— 1L CPA BRI - BENER IS prostaglandin Ea
(PGE,)/EPL ZAXMERMEEGT 22 L2MEL TV D B, 612, M7 A—7%
PGE2 % EP4 2 {KICAMP/PKA #%i# % /1 L T Ca,3.2 T ! Ca**F v r/L- D AKAP
KD b 2T 52 &6 Ty MBI B RRRE L FHE T 5 2
ELE L TR Y Y PAR2 O iy 7 /I COX-2IPGE2 525 T H Ca?* I~
IVIMEET B RN B 2 b b,

Z 2T, 3 ECIIMMREELCIIT S PAR2 OEEI A iFT L, COX-2/PGE:

2L THI Ca¥F v RO IZOWTHREE LT,
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Il. SRERAX

1. EEREMY

FEBRIZIT 18-25 g DMER ddY ~ 7 A (ReFIEERENVIFFERT, Fnakil) ZfEH L
7o EBREMWIIXERAE (MF 4 ) = ZOVEERF T3, B % HEICERE
B, K 24°C O=EIR L 12 KOS 7 VN EB SN R CEHE L,

2. T24 {ERADIEE

b Mg R 2S A S T2440E % 10 % fetal calf serum (FCS) K ON50 unit/mL
penicillin (Gibco, Carlsbad, CA, USA), 50 ug/mL streptomycin (Gibco) % & A 72
Eagle’s minimal essential medium (E-MEM) (Wako Pure Chemical Co, Ltd, KXFx) %

HiHTC37°C. 5% CO5M: F Tz L7,

3. SLIGRL-amide EEBEPIR S EEEBEDL 2 € TIL D /ER

SLIGRL-amide [t G35 BE L2 € 7 /L OFERUIBER Ol2ft > TIT o 72,
AV TNT BT M~ T ZADOBENICIRED 2D =2 — L&A L, PAR2
ZRIREMALLTF KT D SLIGRL-amide £7/21Z=> b —LX7F K Th
% LRGILS-amide % 20 ¥ 7-1% 60 nmol/mouse (100 uM % L < 1% 300 pM) % i b
~200 uL EA L T30 pEH & ¥z, 0%, BN AP L. EEio )ik
e OV & SLIGRL-amide % F & 200 L 7EA L 30 7 M1EH & H7=,

4. SLIGRL-amide BBt 5550 R E A RIB O RIE
B 1ELFEREOTETIT-72 8, SLIGRL-amide #¢5- 6 Hifi#4 & Of 24 B2
0.008, 0.07. 0.4 %X TX1.0g @ von Frey filaments % T~ 7 ADRIE O 75 L

P 0D B2 & 2 1~ O BAR AR % 2 BSOS 2 BlEg LTz,
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5. Western blot j&IC& % COX-2 & /) DiEH

~ 7 AT SLIGRL-amide 60 nmol/mouse % BEMENEEG- L, 6 IRFfA] 1% 1 SEMEN F
U BERE AR U7, f L2 Deldss 1.2 EE RO TETHRET R — L,
Yo7l L, T24 fifaiE, 6 cm 2% — LT 7.2x10° cellsiwell & 722 X 5 128
i L, FCS 10 %% &1 EMEM 55HIC 24 BEHES 314 . FCS free DEFHIIZ AL L
WIC 24 WEREIEEER L7z, FEBRBHAR 1 FERIATIC O FCS free MRFHIICASHE L
SLIGRL-amide 100 uM THIFL L. 24 & L < i 48 Iff#]#1Z SDS (sodium dodecyl
sulfate) buffer (62.5 mM Tris-HCI, 2% SDS, 10% glycerol pH 6.8) 100 puL Tiifd % ]
WLz, Zu Ry EREToIotk, 51 28 LFIERDJj{ET COX-2 & GAPDH
DB AR LIZ, —RPUAIL. anti-COX-2 goat polyclonal antibody (Santa Cruz
Biotechnology) & TF anti-GAPDH rabbit polyclonal antibody (Santa Cruz
Biotechnology)Z i H L 7z, —¥kHti&i%. horseradish peroxidase-conjugated donkey
anti-goat 1gG-HRP (sc-2020) (Santa Cruz Biotechnology) & T horseradish
peroxidase-conjugated anti-rabbit 1gG antibody (Cell Signaling Technology, Beverly,

MA, USA)Z i L 7,

6. PGE:2flE%
T24 #iiC SLIGRL-amide 100 uM T 24 %7213 48 BEMHIK#E ., 5% Lk 4=
L, EEZEFIN L, 0 PGE, &% EIA kit (Cayman Chemical Company, Ann

Arbor, MI, USA) % FIVCHIE L 7=,

7. EREMELUREXSDa—IL

SLIGRL-amide X% U" LRGILS-amide (3, $kZ8 00 T2 K 0 S RERHE S4.0.9 %
A PRATR KIZERAE L 72, NNC 55-0396 (Sigma-Aldrich, St Louis) 1% 0.9 %/EF &t
AKIZEfE L. 20 mglkg O & T SLIGRL-amide B2 % 5- 5.5 B 14 1 IE e #%
5. L7, Indomethacin (FiyfliZ, KPR)iL, ZZB/K CU¥iE L 7= NaHCOs (sodium
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hydrogen carbonate) (3 > #{k5%, KBk) (C¥f#E L. 5mglkg D HET
SLIGRL-amide Mt 5 30 2y AT AEREN 5 L7z,

8. #EEHLEE

F1FEROHE 25T L RO GIETITo 7,
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. SEERKER

1. PAR2 EEFMEARTF FEEBRNBETHETHESNIBEERR
BEDRR

~ U ZDEEHEPNIZ SLIGRL-amide 20 & % \ M 60 nmol/mouse Z#¢5-L . 6 (Fig.
31A) KON 24 HEFEI#%  (Fig. 31B)IZ von Frey 7 ¢ 7 A >~ CHEM I HIEL 2 5 2 7= 7T,
BTCDT 4T A2 MK L TREZAEISHABEITHEM L B @) 73
» bz (Fig. 31A, B), —JF . SL Z#ELHIC L7 control peptide T&H %
LRGILS-amide 60 nmol/mouse DBt G132 EFEZ A RISITHE LR o7z

(Fig. 31A, B).
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Fig. 31 Referred hyperalgesia 6 or 24 h after intravesical administration of SLIGRL-amide, a PAR2 activating peptide
in mice. SLIGRL-amide (SL: 100 or 300 uM solutions), LRGILS-amide (LR: 300 pM solutions) or vehicle (V) was
administered intravesically to mice twice in a volume of 200 pL [20 (SL) or 60 (SL, LR) nmol/mouse for 30 min x2].
The nociception test was performed 6 h and 24 h after the administration. Data show the mean with S.E.M. for 6-14
mice. "P<0.05, "P<0.01, **P<0.001 vs. V.

61



2. SLIGRL-amide BERtAR S FHERERTBMICHT HFRAT O FIERRE
EDOHMR

SLIGRL-amide JEEPI# G- 6 FFfE]#2 (S AL = 2 B R U S X9~ 2 R T
2 A FHEFIRAESRE indomethacin DR 2 5T L 7=, Indomethacin % 5 mg/kg & H]
5T SL 5 30 Rl HEEN T G- L7z & 2 A SLIGRL-amide % 1 bt BaH e 5
AT < #il &7z (Fig. 32),
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Fig. 32 Effect of indomethacin on referred hyperalgesia 6 h after intravesical administration of SLIGRL-amide, a
PAR?2 activating peptide, in mice. Indomethacin (Indo) at 5 mg/kg or vehicle (4% sodium hydrogen carbonate) was
administered i.p. to mice 30 min before intravesical administration of SLIGRL-amide (SL) at 60 nmol/mouse (300
UM solution for 30 min x2). The nociception test was performed 6 h after the administration. Data show the mean
with S.E.M. for 5-8 mice. ""P<0.01, ™"P<0.001 vs. V + V. 'P<0.05, "fP<0.01 vs. V + SL.

3. SLIGRL-amide BBt S Fi B ERFERIC XY 5 TH Ca?F v 1JLHE
EXEOHR

SLIGRL-amide MK G- 6 RFfE#% 2589 b2 Bdm ik LT T Y
Ca?*F v R /VEHLESK TH 5 NNC 55-0396 (NNC) O FZ Rt Uiz, & OfE %,
NNC % 20 mg/kg O HET SL #45 55 BE#%ICHEIENES T2 LT
SLIGRL-amide & &L/ bt BE e T A3 3 < 40l S 7z (Fig. 33),
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6 h
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Fig. 33 Effect of NNC 55-0396, a T-type Ca?* channel blocker, on referred hyperalgesia 6 h after intravesical
administration of SLIGRL-amide, a PAR2 activating peptide, in mice. NNC 55-0396 (NNC) at 20 mg/kg or vehicle
(V) was administered i.p. to mice 5.5 h after intravesical administration of SLIGRL-amide (SL) at 60 nmol/mouse
(300 uM solution for 30 min x2). The nociception test was performed 6 h after the administration. Data show the
mean with S.E.M. for 8 mice. *P<0.05, *"P<0.01, **P<0.001 vs. V + V. 'P<0.05 vs. V + SL.

4. SLIGRL-amide BBt E 6 RFM&RICHH L=< XBERERICE TS
COX-2 & VY RBEEDAIE

SLIGRL-amide #45- 6 K¢fHl# ICHiH L7~ U 2 ORI 1T 5 COX-2 ¥
237 38 Bl E % Western blot {52 A WCTREHL7-, ZOfEE, COX-2 BT
vehicle #5-8F & i L C SLIGRL-amide #5-REICBWTHEIZHM L= (Fig.

34),

COX-2 —q

GAPDH | o
é 2.0+ o
6 1.5
Z 1.0
(9]
% 0.5
S
0 V 60 (nmol/mouse)
SL (intravesical)
6h

Fig. 34 Typical photographs of Western blotting and quantified data by densitometry are shown. SLIGRL-amide (SL)
at 60 nmol/mouse (300 UM solution for 30 min x2) or vehicle (V) was administered intravesically to mice twice in a
volume of 200 L. Data show the mean with S.E.M. for 7 mice. “P<0.01 vs. V.
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5. T24#RAICE 1T 5 SLIGRL-amide RIFTDH COX-2 REBR UV PGE ELER
DRIE

b ML B RS A 3k T24 #iiE % SLIGRL-amide 100 pM T 24 ¢ L < (% 48 B
MIHIEL L. B0 L 7= /e Y > 7" L C Western blot 247> 7=, SLIGRL-amide i
P 24 I3FH C i vehicle B & OICA R R ZE1TFRD B L7275 7273 SLIGRL-amide
FIL 48 FEM CTIrEE LU COX-2 Z > /87 OEMAKIH S iz (Fig. 35A), £7-.
[F A7 Y 2 —/L TR L, B L7z 13F T PGE2 ® % #IE L 7277, SLIGRL-amide
L 24 W CH B Z{LIZE) - 7223, SLIGRL-amide #i#4 48 5[] Cl% PGE;

% %‘%fifmj]ub)mu&)%ﬂﬁ_ (Flg 358)

(A) (B)
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Fig. 35 Typical photographs of Western blotting and quantified data by densitometry are shown. T24 cells were
treated with SLIGRL-amide at 100 puM or vehicle (V) for 24 or 48 h. Data show the mean with S.E.M. from 4-6
experiments. “P<0.05 vs. V for 48 h.
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v, EE

KRENZBIT DHFERER KD . ~ 0 ZBEMAICIB VT, PAR2 2RIl 5 2 LI
£V COX-2 WFBEE4, ZNIZ L > THEAESILD PGE2 A T Ca** I v /UK
FERIZ I DR 2 35 3 5 AlRetE S R S Tz,

AREEIZBW T, PAR2 O FKIEME(L~TF R Tdh % SLIGRL-amide DFEHEN
B 5T X o TR RIRE N <4 (Fig. 31). ZAL2S COX #PHET HIERT
oA RMHIRAEE indomethacin (Fig. 32) DR 512 L 0 FHIE S, H4RAy T AU
Ca**F ¥ RNVEHESK TH S NNC % G2 L 0 HREICHH S vz (Fig. 33), Z
OO LY | BN PAR2 iEMALIC L W COXKTFIC T u A Z 75 v
MMPEE I, ZAUT LT T A Ca®*F v R0 L TR Tk S 415 e
PEDSRIE STz,

F7o, U AEBEN O PAR2 % SLIGRL-amide C 6 FEHINL9 5 &, Btk
D COX-2 # L\ 7 FELEIZH BN b v (Fig. 34), KET /LIRS
% BEEUR TR Z COX-2/PGE R EE AN G- L T\ D Z L AVRIR S ulz, —5. b
MEEIDE b B2 25 AU FR SR T24 MIfaIZ 3BT, PAR2 1EMEAL~ T T Rid 48 Iyl Rf %
(2. COX-2 HFHE L PGE FEAMMNZFHE L, ~ 7 RIZEBIF D in vivo TOHE
REZFFT o ANE LN (Fig. 35), L2rL., T24 MifaZ % in vitro F25
TlX. PAR2 Jfilit4 24 Rl CIXZMERRBH BT, < 7 XIZET 5 invivo TD
AR E OTFENR R O, ZORRIR T VI RFEEIZE D00, 25V
R LIAN DB G X D D)NF, BRI TIIABTH 5,

AWFFERE R, BRI S D Y 72— BT Lo T BRI
2 H BT % PAR2 NEME(L E D 2 & T COX-2 ORBIFFENEL -, FEEX
AUT2 PGE2 1T K o THIRARRIZH BT 5 EP /RN EHE a5 2 L TT A
Ca®* T ¥ /L OMRETTHENEE Z 0 | BEMR AN THE S 2 et 2R3 6 DT, [
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B MERE BEAS IR TR SE R DIRIERFE R 43 - & LT PAR2, COX-2/PGE; AKX YT

Ca*'F ¥ FNAVNDELATH 5 aligthE &~ LT\ % (Fig. 36),

Mucosal layer

Bladder Sensory
neuron

EP
Mast cell receptor
e
&
T-type Ca?*
Tryptase channel
\ SLIGRL-NH, G'a?_* PGE,
J®
PAR2 /
N PGE,
N Bladder
COX-Zf/.' epithelial
cells
Lumen

Fig. 36 A working hypothesis for the mechanisms of PAR2-induced bladder pain in this study.
PARZ2: proteinase-activated receptor-2, COX-2: cyclooxygenase-2, PGE:: prostaglandin E2
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V. IME

1. SLIGRL-amide # BERENE 595 2 & TR EE IR 75 S iz,

2. SLIGRL-amide &M REEm FImEUIIEA T v A FHEFIRAEZEIZ L0 )l
Iz,

3. SLIGRL-amide &Mt BEEm il T A Ca? 7 v /LB HEIT L 0 #iiil
Iz,

4. SLIGRL-amide # [EMENEES-LC 6 FEfZICHIH LY > 7 rdo
COX-2 JEHL &N L 7=,

5. T24 HifiZ33\ T SLIGRL-amide 24 FEfEHIIE TiX COX-2 & L /37 3Bl &
PGE, FE/E EIZH ERENRBD LRy > 72 H3, SLIGRL-amide 48 FE[H Il

TIL COX-2 ¥ /X7 B L PGE, FEA TR DZE L WM RD HiT-,

PLEX O BERE FRCEEIZ B4 5 PAR2 ORIIIIZ L W COX-2 OFEFHE ) i

TV RIS E o THII L7 PGE, 3L S < T M Ca?* F v kL2 A L TR %
LT D AIREMES R ST,
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HetE

ARWFGECTIX, BEBERITE 5 BERER .. FRICEHEMEER B C & 2 RIE MR B2 /65 bt
FEIEGERED R IBICBI BT 50 F A W = RN EMNT L. Bii- IR SRy % 5
T ezHE L TRFZITo 72,

55 1 T TIE, CPA FBREIEMES - BERE~ ¥ A & VT, HoS FEAER D 1 D
Td 5 CSE DFEBFEA N = X LD 21T -7, £ CSE D e HIFEHIHK
T % BCA DR 5-1%. CPA 400 mg/kg IEFENF 512 XL 0 B S 2 MR ke
1TE), BB SR A BELE L R S O S Tl d 2 B EICH
il L7z, CPA L&~ T A DML Tl CSE D & /X7 38l & ks KX OWERTE M
MWT I H A REISHIN LTz, KkIZ, CSEM,S/Ca3.2 T Ca®*F v x /%2 D L
Ty 7 FNERFTT D720, HMEMEREERIBEDORIEGERE L ORG-S T
W5 SPINKy ZBROB G2 et L& 2 A, NKiZREILESEKTH D CP O
Beh0X, CPA SRR, Babtin B Eds K OVsEALRk - > CSE & > /X7 FEHiHY
MZEMHI L7z, & 612, NF-kB @#IRAJFLEIL TH S PDTC & NF-«xB & & 17
LT EMMBNATND 7 VT ORI G1E, CPA FHEFNORRITE), B
RIS KON B E N2 E I H L. NF-«xB &ML OFRIETH 5 p6b
DY gk CSE OFBMNM AL L7z, b0 LY CPA DM
WM THLT 7 LA ALY BN EEAEEF SN D & THREMRE S SP A
S AL, 2T XL o T NKL ZAEEEZ S LT NFkB RAREE(LSNDZ LT
CSE DFRIFALENAEL, IR - IR FE SN D Z RS,

552 BT, Cad.2 T il Ca®*F v /L OERE DS MRS D HEER 1T K - T
FEENTHDEZ EICEB L, ARNOHERE K2 SETHADORELZ R L
7o BRDIZ, T Ca¥*F v XNHEHK THS NNC H L ITRQ 2% &G Lz L
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Z A, CPA FHEBEMIRERTTE X OBER B I W Fh b ARSI S iz,
RIZ, Hifh 48.9 mg/lkg & E ek T~ U 2 & 2 HWREIEE T 5 Zn(H)#E L | #iEh 0.6
mg/kg % & Tefial kTR CHIMAE 5 Zn(-)REZHFE L., ICP-MS % VW CTAERN
fFehEARE Lz e 2 A, BTN EIX Zn(MEEL ZnRETIRIERI U T
HoT=h, MIEPHINEIT Zn(HFEE I LT Zn(-#FTE LK T LTV,
WIZ, Zn(H)REL Zn(-)REIZ, CPA % 200 % 7213 400 mg/kg @ & CHEIEN G- L
7o& 2 A, CPA400 mglkg Z#¢5- L7~ U A TIX Zn(+)#E & Zn(-)#E TIERIZZIX
LB i7e o723, CPA 200 mglkg Z## 5 L7z~ U A TIL Zn(-)BEIZ B W TDH
B & 272 B DR AR T B & BEUR s i H iz, 72, Zn(+)BEIC 400 mg/kg
® CPA % . Zn(-)&EIZ 200 mg/kg @ CPA #5925 Z & Tl S D Bt i v
Thb TR Ca?*F v /LPHES D 5 T zine chloride (2 & 0 58 < ikl S huiz, &
512, Zn(-)#E T CPA 200 mg/kg 2532 Z LIZ X DBEMIE N T o F 1 v Ak
\Z&b Cald2 D/ vy XAy Tralllfilang Z L el L, RIZ, #n
F L —%—T& % TPEN % CPA ¢ 5-30 /3l 59 % 2 & TRMEMICHER R Z
WRIZ LT~ 22 AW THRE L7, Z0fE%., TPEN & CPA 200 mg/kg D fFH
FGAZ K0 B SRR AR TED & B TR A S . T OENTREIE T
A Ca?* F ¥ FVLFEIENNC D HR°Caldl2h / v 7 XU 352 & CERICIH
IbSitz, —FH, HERIC KD EEZIT 52 MBI TV D NMDA SRR
TRPAL F ¥ /L D ESR T, TPEN & CPA 200 mg/kg DO GIC L W EE S
2 PRI AR TE) - PEUR MBI Lo 2 L0, SRR ZICT L D
BEJR OHE5RIZIL, Cad.2 T & Ca¥* F v RV B HLI B 2 R L TnD Z &R
TR E N7, VT, DRG IZHEIT D Cald.2 DZEBNIOWTHENT L7z, Cad2 T
M CaZ*F ¥ RO X X7 BT EEHEN 7 TH 5 Egr-1, B5HH| [N Th
% REST IZ XL Vi STV HML, o B F AbiER TH 5 USPS IC L 571
TT Y= AROMENC L VI S TS, £ 2T, CPAALE~ T XD DRG
2B 5 Cal.2, Egr-1. REST K& (N USP5 M3 Hi &4 T L, L2 &iEd TPEN
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DRI, T DOFER, Cad.2, Egr-1. USP5 @ % X7 3Bl &%, CPA200
mg/kg & 5 WL TPEN Z L2 o Bl 5 TlidZ b L 722~ - 7225, CPA 400 mg/kg
DEEIZXVFELIHEM L, —J7. TPEN & CPA200 mg/kg ZHFH#& 5 L= &
Z A, Cald2, Egr-l, USP5 % /37 BIENEEIZHEM L7, S 52, CSE

CEVEAEIND HS O EZF~R 5728, CSE Dt rIFEHiE Th 5 BCA &
HOTRGET L7z & Z A, BCA O 51%, TPEN & CPA 200 mg/kg OUFHIZ L

i SN D ENORARTE) - BEE R @, DRG 12k % Ca3.2, Egr-1, USP5
DHE R FEHREEMZNTAULIE L, b RE D, 1) CPA 400
mg/kg &5 L7~ 7 A TiE CSE OFRBIFFEIZ - THM L7 HS 1285
Ca,3.2 DIEHENTR & . Zic#Hi< activity-dependent 72 Egr-1. USP5 & Ca3.2 @
FEPEMAENR IR 5T 2 2 &GN ERD . 61T, 2) IR ZIREET
1% Cav3.2 DIFEMEREIC EH- L TR ARHED CPA 5.1 X 5 NIRME HaS K17
HILZ Cav3.2 DIEPEDS X 51241 L. neuronal activity-dependent 7¢ Egr-1, USP5 &
Ca3.2 WRBUIEINT 2 Z &L THMRAFHEIEIN DL Z LR Ihi,

% 3 BT, MR R BICET 5 PAR2 OB H- L 2D Ty 7Tz o TR
Ak L7z, PAR2 {EMHAL~TF KT 5 SLIGRL-amide &~ 7 A IZBEMANE - LT-
&2 A, 6 I K OF 24 B2 BEm 2 i S 7z, 2 @ SLIGRL-amide

o 6L B WA X, COX ZBEET 5 NSAIDs @ 1 ->THh 5 indomethacin i
FeHIZ LV L S A, T Ca**F v R /VELESE NNC D% 5IZ L0 A B
S 72, SLIGRL-amide BEBEN$E G- 6 eI 12~ 7 A0 B HY L 72 ki g <k
COX-2 # v /X7 BBLENAEIHEM L Tz, fil T, b MEEE B2 23 AR
Hi3k T24 ffifa % SLIGRL-amide CHIIK L7z & = A, 24 FERFRIESE CIEZE bIT A
DIV oy, 48 REFOBMIZ LV COX-2 3Bl & & PGE, FEAE B DOENNA #x
SN, ZNHOHENG, BB PAR2 FKIC L W COX-2 ORBFFENF =
D, ZHUT L o THEAIIND PGE 23 T Ca?*F R /URAF A IR 2 7k 3
% AIREMEDS R S T,
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LLb, 1~ 3 THLNIMALY . SPINKL %, NF-«kB/CSE/H,S/Ca,3.2
2% LU PAR2/ICOX-2/PGE2 R MR DFIEIC BB kR 2 R+ L. &5
IZ Cav3.2 DF v R /VHERE A 49~ 2 HEgn L, BEEIR O FIE 2 il 2K+ & L
THEBEL T\ 5 2 LSRR S L7z (Fig. 37), AHFZEIC L0 | FEVELIERE A Mt
TRIEBIEDIRIRIZB VT, NFkB ZfAEF T2 7/ 7 I, Cal2 ZfHET D
$h7e EREH T, ARIFTAC R S NIRRT IAER T 2 32T
& D ATREMED RIR S v, AR OIRFEHB IS T e~ A VA F— &
DT E R LTCU,
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Fig. 37 A summary scheme for the mechanisms of bladder pain in this study.
ATP: adenosine triphosphate, CSE: cystathionine-y-lyase, COX-2: cyclooxygenase-2, CPA:
cyclophosphamide, Egr-1: early growth response 1,H2S: hydrogen sulfide, PAR2: proteinase-activated
receptor-2, PGEz: prostaglandin Ez, SP: substance P, TPEN: N,N,N’,N’-Tetrakis
(2-pyridylmethyl)-ethylenediamine, Ub: ubiquitin, USP5: ubiquitin-specific protease 5
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