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ACh: acetylcholine

Aza: 5-aza-2’-deoxycytidine

Cx: connexin

GAPDH: glyceraldehyde-3-phosphate dehydrogenase
HIF: hypoxia-inducible factor

L-NNA: NG-nitro-L-arginine

M3G: morphine-3-glucuronide

M6G: morphine-6-glucuronide

MDR: multidrug resistance

NANC: non-adrenergic non-cholinergic
NO: nitric oxide

NOS: NO synthase

nor-BNI: nor-binaltorphimine

PBS: phosphate buffered saline

PCR: polymerase chain reaction

PG: prostaglandin

P-gp: P-glycoprotein

PVDF: polyvinylidene difluoride

RCC: renal cell carcinoma

RPL: ribosomal protein large

RT: reverse transcription

TBS: tris buffered saline

TTX: tetrodotoxin

VBL: vinblastin

VEGF: vascular endothelial growth factor
VHL: von Hippel-Lindau

VIP: vasoactive intestinal polypeptide
XAF1: X-linked inhibitor of apoptosis protein (XIAP)-associated factor 1
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REFL, FADORSIZIE LT, NSAIDs 7 b7 /) 7= b WolzdEd B4 A
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ITERDHEND DN, ZOXRE ZH S ONKEEDOEENES TH 5, = L THE
[FAPRREE IS, 2 OIFENEE 2 I 2 MR ™D TWnd &E2x b TVDS (K
1, BWis EEENONEDIZ L > TERBET L, te b=l h, /B
AT O AR & Il U R E A TR T 5, 975 &, [REESOREZ O e
Ml~Mu 2 5 EATE = U AFE MR 1S, B MEE B PR 2 fil# L T acetylcholine
(ACh) R°%7 A& U AP &JH L, Wikl &2 I S5, —FILPMEI<Cix, Tk
= U AEEMERR R O FIFIT &0 Sl E B AR ) & nitric oxide (NO) .| vasoactive
intestinal polypeptide (VIP). ATP 7 23 4L, @R Aiz 45, Z OfG
R APER & TP O FE AR X o TEWIIILME~ & BT L T < (27, 28),

ZIE TITHERMREICA S A FBEERBPFELTNDLZ e, EALEY B
T v NOGE THREGROIEIZIZ VEID LT E (29, 30), EXRNIZIT 7
TV REAINT 4 E VS TENRMF EA A RRXTF IRSMHLTHT,
B3 LS B 2 MEIICHIE L TWAh EB 2 b, A4 A RZRET V2 2=
A NDFuFxY e k5T 5 L iGENREERITET 5B, FIEfH Eicb A A A R
SEEBFET HPCONTIE, BETH2WMEBDEAHEET HHMEB)ENH D,
Flo, BREMRZEIR L7720 o WSS BB A KRB LI $2 LErERDNG
EEBIMHIEANEAEEND Z 006 ERMERICITFRZ I Lok S —5EE 5
LTWaEEZEZBILH(34),

SANRPEDE L B R T, FICHEMRRRICOMT DA A B EET LT, B
B OWEENEE) O MH NP O Bk T, + B TORKOSWME T &%
FIZEI LT, BREZFERERLCNDEEZLNTNASB), L, TOFEMAD T
AT = R AFFERITITM S Tunian,
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PEEFFOZ G S TLRA5), AR TR TE 2, B ERTIX
M6G DOE#ERRIEMIZE /L & RITHART, FRICMENEL (lew) TiX52~92 %, H
BE< HETERE L (Lt) TIX49~678 M &G ST 5(16,17), EHIC
M6G ITE/L R LV bR IEMRR 2R <10, 15, 16), E/L b RO FEHGNED $HFE
ERIZHFFIZFHE L TWD Z ERRB SNz, M6G 13E/LE RITH A TIREMENMK
W2 DN TIERME WV & STV D8, M6G O #SFEERIZMICEAT Lz &0
M6G IZHkT 5 Z L B3#E ST 5(35),

p. 0 MOk AL A RZHEED I B, M6G & E/LE R ERER BRI
DEMENR LA, HELEAE R ERET D L OB (1.9
~3.65D 1) EENTWV5(9,10), LiL, cAMP AN (36)° KHEFHEIN(37)
E Vo TR RIKOBEREMAT TIX. M6G DIEMTREENT /L b R & [FIFRE NI
ZEDB, M6G O N R LIEO KIS & FHE T D2 IR 2 & BRI X iz,
F O, M6G D § ZHRE~OBFMMEITEL X Lo (1.7T~7.3(%) . k%
BR~OFFMEIZE L B RITHARTIEFITEY (42~60 0D 1) Z ERRE SN
T 5(9, 10),

AKRFFETIL, B/ XDNEEENEENC S D L ) B A 5 T, ERAFELTY
D DOMERT D70, In vivo ETITHHGE 2 AW TERE 217 o7, 8 1 #i T,
TE R ERBYONGEE~DOEEE LT 5720, O/ Gimsshe & HHEHEEIC
X 2EM. @QBEXHIFEIGEOIHIEM . @OIBENHMEMN & W9 3 DDOBLED G K
MNEIToT-, TOHRTELNT-ELE ROBENMEIERICOWT, F 2/ i, B
B2 EA A RZFEZ A T ORI OZEOIUHEHT ORG24 1T > 72,
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FH1HI T e xR EZD 6-glucuronide & U 3-glucuronide X34 O 1H{L & EE)|Z
AE A

FEAA ROBERGFERIEHOEEICLSHWLND DL LT, /MMEmkE s H
PEHRERN H D . B/ ERXNZOME 2T 2 2 LN RITVA(11, 38-40), %
1 §iCliX, B/ b X E FITEERHM O M6G O LE ~DIER &2 i+ 5729
FTE LHETIEmE O~ 7 2/ ke, BHEHB~OEELZ R LI, 250\ T
fHIBE 2 VT, 6 2 HTITESHE T CTOEM. &4 3 HTITFFRE T TO/EM
ERRET LT, 2BE 3TETIIM3G L AW THEH EIT- 7=,

IR RNVl BeS B eI 2 JHEH ISV T

1. Fik
1) HEHEY

5~6 #iin D ddY Rt~ 7 2 (HA SLC) # vz, 1EiE (24+1°C) . 1HiZ (60
+5%) OBEWEFEETERH E THE LI,

2) MR

Morphine hydrochloride KA ALK

Morphine-6-glucuronide (M6G) ESE (S
FREOFEY I E KT IR LTz,

NaOH Wako

Phenol red Wako

B IR BA Ak

TIET LR SIGMA

Phenol red (0.5 mg/ml), ‘& xA(BO mg/ml), 77 7 2 A5K000 mg/mlEiRE
L TR /KIZEE®E L. charcoal meal & L7-,

3) ERTFIE
[/~ g o= He D ) E ]
~YUAL~6 LA 1HEE Lz, —BiftR S Eio~D 2% 9BEIZT. 5 1 BRI
control & L C saline %, & 2~% 5 FEIZIXE/LE R 0.67, 2. 6 LN 18 mg/kg%f
55 6~%5 9 FEIZIX M6G 0.67, 2. 6 X118 mglkg # TNENK FHE LTz, £D
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30 57412 charcoal meal Z 1 lLH 72V 0.2 ml EAE L Lz, 51230 0k, v~V
AEFEMEBE LT, B &/ E (WPAH2ORIEHMET) MLz, 22 ThED
5 & charcoal meal ®EIME O OB ENEREZE L, ZOBEIHEH A~ 2K T
bR U C/ ik 6E (%) & B L7z,

[ B HEHBEDOWE]

FROFBETHE LEZE 2, ZEAK 5 ml DA R EE AN TS 2 THIY]
Lz, ZABAKZSHIZ10ml AT, BNEDDERICBAT TS L 0ICAvT v 7
ATELSHE L, £D% 3,000 rpm, 4°C T 5 il LT, B 0.8ml 2 1.5 ml
~A7uF2—7ZFBL, 0.1NNaOHO0.4ml ZMx CEL<HEHE L, TLTEN
FNOH T LORNE (450 nm) Z~A 7 v L— kY —%— Multiskan JX

(Thermo Labsystems) TiHlE L. fE2EVE L phenol red DFRGFENZ L, T
7B HPEHRE MR &I L7,

4) wEHLE

fi RN AR ERRZE (S E.) TR L7z, AEZEMEICIL Dunnett’s test £ 72
I% Student’s ttest & 7o, F£ 7= EDsofElL. f#HT Y 7 I GraphPad Prism4 (2 &
S>TRD=,

S S

NGEIEREIT, BV B RXBE, M6G BEE bICHERAMICHEI 4L, 0.67 XY 6
mg/kg TIL M6G A€ EXLD b, FEICESIH L7z, (Fig. 1-1), 7=
control BEDHIXAEE 50% M T2 DICMER A E EDso 2Rk A, E
Lt 1% 2.46 mg/kg, M6G 1% 0.61 mg/kg L 720 . TDEIX 4.03(FTH -7,

HYEHBEDRIE &L L CTHW = 450 nm TOWEE L, £/ 3B, M6G Bt L b
IZ 18 mg/kg T control BRI THER LA NA BT (Fig. 1-2), WEEREOE
MR I I A DR o T,
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Fig. 1-1 Effects of morphine and M6G on small intestinal transit in mice. Each
value represents the mean + S.E. (7=6). **p<0.01 and ***p<0.001, significantly
different from control by Dunnett’s test. #p<0.05, significantly different by
Student’s £ test.
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Fig. 1-2  Effects of morphine and M6G on gastric emptying in mice.

Concentration of phenol red was used as the index of remaining gastric contents.

Each value represents the mean + S.E. (n=5-6). *p<0.05, significantly different

from control by Dunnett’s test.



552 T 4 RGO B SRITEUIRE L 263 2 # R IS DWW T

FEFA FEAORIRICIT., ZNENDZEERT A THREEITHM L TV DI
BABIRL, p MOk ZREOFMITE LT Y FEG., § ZRKOFEMICIT~ Y
ZEEE N L HWSLN D, EAEy MNElRG CIERBEESAINE 52 5 &, BIZ K
PRERDSAIITE S L CTHIRRKER 226 ACh 2NERE S 4L, IUHERS DB S D, £ O
RRERIZTET A RZREPFELTEBY, 7TIA=X MBFEET 5L ACh FHE%
PRES 5720, EXMIENGHEIZIH S b, £ 2 TAREITIE, B4 32X M6G 1
p ZBEERASOBIMEDR SN LD BTy FEBEHWTZOTEA A FEM
DR % g L7z,

7B, H1LEIZBWNTONMNEGERERE - BHEEL VA TRFLIZZ &G, 24
lE~ v ARG A2 W T BB KR SR 2 S A To s | SRR 2 22 2 THALE L T2 I
NESNRMho -T2, BTy MEIGTHETT D Z Ll Lz,

1. Fik

1) fEHE

5~6 Jfin D> Hartley ZMEMEE/LE Y b (HA SLC) ZH W=, fHIR (24+1C),
fEHE (60£5%) OEWEE = THEBRHA E THE LI,

2) KA

Krebs-Henseleit solution (mM)
NaCl : 112.08 NaH2PO4 - 2H20 : 1.22
KC1 : 5.90 NaHCOs : 25.00
MgCls - 6H20 : 1.18 Glucose : 11.49

CaCls - 2H20 : 1.97

3) HEAEY (FRUAOLDITE 1 =FE 1EF LAICEST)

Naloxone hydrochloride dehydrate SIGMA
FRED T TR KR LT,
R T B — VSR R H AL

15



4) EERFIE

[tEAELR]

FELE Y MR T H—LIEER (50 mglkg, i.p.) CTHREEZ 2T 721%. BHIE. &
MU EEHEY 5em ZBRWTEIGZRMH L, RITY T 2570 2T,
STCIZIRIR LT KRB A ENIZHEAL, BONEDZHEH S ETz, Z2D%, K&
WA 72 L. 95% O2. 5% CO2 Z B L7 B — U —IZ 15 /3 IE EHEE L7z,

ZL T, BOTHMOLESIK 15 mm OHEEMIEARZ/ER L, A4 needlering
EIICED 72, ZOEAREZ, KBRS ml Z ANTHER L, 3STCIZRIE LA
— TN ZANITIER L., 1.0 g DIRNZAR LTz, ZOIRE TR 1 KL ELS
e, BRI, Wb 217 o7,

(R - TEE]

FlFCEE (SEN-2201, HAYEE) 2 H T, voltage : 110 V., duration : 0.1 ms,
frequency : 0.2 Hz OS5 THITI L, IUHESS T isometric (%8 RM%) transducer
(TB-611T, TB-612T. HAN®E). & bR (AP-621G., HAGE) 2/ LT
Ny ba—F— Tk LT,

[ 5]

FEXURITHINE 23 238 L 7ok, B/L B X £ 721 M6G O R& G (1X10 10~
1X10 * M) #1T7-7-, =D, naloxone OEFEKLE (1X10 *~1X10 * M)
AT T,

5) MuatALEE
i Rl BRI ONHEIZ RT3 2 If R %2 % TR L., FHHE EERZE (S.E.)
TR L7z, £72 ICs fEIL. fEHT Y 7 b GraphPad Prism4 (2 X > TRd7-,

2. FER

F/LE R LD M6G OBEFEIC LV EXRITINAE X mH < 2v. Z OANHliE naloxone
DI & > TEE L7z (Fig. 1-3, 1-4), ICs fEIXE/L E % :8.9X10"° M, M6G :
11X10°° M 220, WEOIERBEICAEREITAO NIRRT,
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(a)

Morphine 8 7

“ | L | I -II Nal L] L | {]g 1\

Fig. 1-3 Typical recordings of inhibitory effects of (a) morphine and (b) M6G on
electrically stimulated contraction in longitudinal muscle of the guinea pig
ileum.

Nal: Naloxone
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Fig. 1-4 Inhibitory effects of morphine and M6G on electrically stimulated
contraction in longitudinal muscle of the guinea pig ileum. Each value

represents the mean + S.E. (n=5).
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3 FEHEIEBICBT AUIHEERICOWT

1. ik
1) fEHEY

5~8 D ddY Rt~ 7 2 (HA SLC) # vz, 1EiE (24+1°C) . 1EiZ (60
+5%) OBEWEFEETERH E THE L=,

¥

2) KB
F1ESE 1EE 2HEIIE -T2,

%

3) EHEY (FTRUSIObDIFH1IEE 1HFE 1, 2HIWE-T)
Acetylcholine chloride (ACh) SIGMA
Morphine hydrochloride KA AELEE 3 3R
Morphine-3-glucuronide (M3G)
MANATBOE NENRBEREAEE S At v 2 — 10 58
RO TR KT L CTHW,

St
KB

4) FEBRFIE

[FEAEER]

~ U ZAOSHENRZ YN L CIEMmg, S L, FEHLY 5 cm 2RV T
BIG A Lz, RIZY T 2464107200 VT, 3STCITRIE LI REBR 2 IHEN
WZHEAL, BONEDEZ P S T-, £D%, KEREZHMIZ L, 95% Oz, 5% COq
AWK LI — T —IC 15 DI EHE LT,

Z L TCEGO T b, BGHEER (&S 8mm) & EIEHEKA (IFK 5 mm)
DEERZER LT, ZOBEARZ, KBRS ml # A THER L, 3TCIZRIR LA
— T R ANIZRRZE L, HEERMIZIX 0.5 g EWIRAFIZIZ 0.2g DN EZAR LT, £

OARRETH 1 R R ElL S E =%, MG 21T 7,

[HE ]

IHE SO X, HEERT 1L isotonic (559RME) transducer (TD-111T, HAYE), &
Oz MER (AD-632d, HAYEE) 241 LT ik A 13 isometric (% R ) transducer
(TB-611T, TB-612T. AAN®E). & bR+ (AP-621G. HASLE) %4
Ny ba—F— Tk LT,
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3£ 5]
ACh1X10 °* M#% 153 & 2~3[El# 5 L TIHE O UM Z 22 EL S & 7214,
T E R, M6G LU M3G ORFERE (1X10 10~1X10 * M) 247- 7=, T D,
naloxone @ BfEHK L (1X10 *~1X10* M) #11r-7-,

5) #HRHLE

MEAEMH CTOREIL, ACh 1X10 ° M OUAE%EZ 100% & L THEIULHEZ % TH L,
BRI CORERIE, IR & SR ORI () & LTHE L, FHIME I HE#E (S.E)
T L7z, £, AEZEMEIZIE Student’s ¢ test F 721X Aspin-Welch ¢ test = A
AV

2. MR

[BIGHEER IR L TEA e RERE LIZBE, 47 flF 21 I TR A bz, 7=
720, B U EORERTIINHER 6T, IO DNTAEARTHZDRE S
ACh 1X107° MIZ L DUHED 10%LL FTH-7- (data not shown),

EIGEIRA Ik L TR E R 25T 5 &, I base line 28 BH L. Fifie
W72 R TER A& vtz (Fig. 1-5a), M6G (2 &> T, [FEED FRe A 72 ISUHE S
WA BT (Fig. 1-5b), M#EH ONAMERE 2 i3 25 &, 3X10 7, 1X10 °, 3X
10 KN 3X10 ° M 12T, M6G DFBEALE R LD BEBICHHEN K E otz

(Fig. 1-6), —J5. M3G 1% 1X10 * M TOAHFFWILHEIEH 27~ L7z (Fig. 1-5¢),
F7- 26 OWHEILZ T T, naloxone |Z X » Tl &7 (Fig. 1-5),
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(a)

”%nmmm i

Morphine 987 6 5 4 Nal 6 (-logM)

Ny \1

i {1117 111 M

M6eG 987 6 4 Nal 6 5 (-logM)

th —»
—

5 4 Nal 6 (-log M)

Fig. 1-5 Typical recordings of contractile effects of (a) morphine, (b) M6G, and
(c) M3G in circular muscles of the mouse ileum.

Nal: Naloxone
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g
€ 0.04
(@)
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Fig. 1-6 Contractile effects of morphine, M6G, and M3G in circular muscles of
the mouse ileum. Each value represents the mean + S.E. (n=4-15). *p<0.05,
**p<0.01, and ***p<0.001, significantly different from morphine by Student’s ¢
test or the Aspin-Welch ¢ test.
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H 1T, M6G 12 &> T~ v AR/NG#mERe» H BRI IH S iz 2 &
5. O M6G 3E/LE RFREMICHLE L TWD Z LIRS, £2i
HlEH D EDso 28 M6G Ol RNENAER LD b 4.03 5/ NEhofzZ &b M6G O
FEERE A s < PHl L, Bz 2 LT W EHER Sz, - FHEHiE oGt
IZB W T, charcoal meal 71 phenol red IZH KT DWW NKENE/L R LT M6G
& H1IT 18 mg/kg 12T control BEICHENTHEIC EH L, BHEHBES IS S 545
Rileotz, T7hbb, M6G HE/NLE X EFERIC, BHEHBEMGERZFF>Z &
MRS T,

B2HTIX, EAEXKPMEG & HICHERFIIT, [BIRGHEA T O B <RI
Mgz il 5 2 L BlE S, o, Ml SNTCNGEN A A A RZRIEKT o2 =
= A F® naloxone ([ZX->TEIELZ, 2O b, M6G A VA A RZRIKE
St LT, ACh iEBEMHIER 277 L7 2 & DR S To, BIZIEAF R ORI L - T
MEEMMBUMET D & BEONEWINFAM~EBITT DL EEZBND, Lo T,
ELE R M6G (2 & 5 & fIGE O ER X, EROFRIC—HTFEL THD
EHERI S NS,

93T, 2 HOEKMBSMT & 1T R0 | FERETICE T H1EM % /Gt
L7z, ZOREE., BIFBRIRGICHE VT, £ %, M6G LT M3G 12 X » THi#H
RGOS DB E R Z END Z EBPH LN E o 7=, £7-, naloxone |Z & - TULHE
BEIfl SN2 Lnb, IO DOIUERINA A A FZEKRZTLTWDH e
RN, THNETICHMEBERNELE XL T L2 E WO HEIX, 7> b
it e 2 7 (41, 42)°FVE v FEGERIR 5 (43, 44), F/F v MBI (45)72
ETRENTWD, v U AGETIX., FMBHEERN CO®REUS)LH 523, hofEAR
IZOWNWTIEELE 2,

Z 2T, BV ERIT K D E R 5 O U UG & BRI A & DBREMEIZ OV T
BRHEAT O, HALE OWEBEIESNINAEY L0 O/ ok 2N ILAE L (ascending
contraction) , ALFIIO#EmIRFH235#% 3 % (descending relaxation) Z £I1Z& - T
Bne 9 %, Ivancheva HIXZ Z O TATHMELPNRMEAEST A R TH D
Met-enkephalin (2 L o Tl S 17z & s LT\ 547, Lo T, £/ X bR
IZAEHA RZFEEZI LT LMok 2 00 S 5. 3720 Bk & #iil
TLZETIFENEIRAHE L, a5 S L TWDAREERE . bz, £/,
HiR i O FFEE I 72 M I ZVELE ORZEE 726 L, T ORER. WAV OWEIEZ 1T
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TWd &bl ST,

ABEIOKRFTIE, M6G O AENLE XL LERAHHERANARICRE W
EREI, ZOEN, M6G 1T L D/ EREMHIER 23TV B R L D I E
HED 0000 o 7R F Th D Al REMERN R S L7,

E/LERE M6G T, [EGEIRFIGHEIEH OBEIZEZR N E U RKRO—> & L
T, uZBEOY T2 A4 TORRGREZ LN, nZBEERICIFT 1L ns Y7 HA
TREENTEBY, A4 A RZRIET % =2 b® naloxonazine THEiHL I
DR E u, LSRRV EDE uy EXRFILTWD, ZTNETOHRET, 11
IFERL Y BN COSRIC, wo (3B COHIFE I Z BRI H < FREH I B b
STWNWHEENTWNDEMA85B0), EBLLDYT XA FITHLTEH, BALERDGTN
M6G X0 & BIFPEIL 1.9~5.4 (FRWV E Wbl TV A(16, 51),

INFETIZENLE R E M6G OIEFAREE OEWIZOW T, BEBREOHE DL <
RENTWS, EAERXMEET L~ 2T M6G 215 L7 & = AEEEM
Nz &nb, BEAERE MG ORICARZMMEITER SN TV RN 222D,
WMENEET D uZRETY T E2 A TOL L TRR D ZERHENENT-(52), &
BENC p 1 ZEERKB LTS CXBK ~ 7 22 & 2 8 iEE OB TlE, wild
type D~ U R LI LT, EAEXOEREMITIRE <IN D23, M6G OFF
FNZIEZIE R R SN2 - 72(52), Z D720 M6G I3 u 1 Z BIKUS DOZFEZ N L
TERIEMLZHEB L T el ST, 70, uZHREITITDRE S 15
DATFA AN TV IR HILTNS(B3), ZAUTEH LTS, exon 1 23K LT
W5 ETNLE FOBERMNIHEI L, —J exon 2 KB L TW5DH E M6G D #EIE A Hil
S5 LEHMEENTEHY(B2,54), ULV ENLE X E MG DIEMAT 2R IEY 7 4
ATNERDZ PR SN, EORTITALANRIT U bB 1. w2l T 5
DIXETZHS N TRV, — B CTIIFED 468 H LTV 5 (55),

Paul 5 OWETIX, FICp 1 ZBEERPBELG T OWMENESE (lev) OBEE. u
s RN ET HFM b THENKRE (L) O%A & TEIRERZ T 5 &,
TV RIAWHE TIEMERRRRE R OICK LT, M6G Tl .. 50350 5 550\ $155H
EZRLT-(16), ZOfERNG, M6G Tl u o ZFEEN T HIEHREN LV i
WZ EBRHERIS Nz, £ L CHAEEEHICEICEGELTWL2DITn XBETH D
e, M6G OF B IHEEENC LV R AEHZ KX LI REENE 2 b,

—J7. AEOKEFTT M3G IZ X 28R OUGHEIL, SREMTORBESH, £
72 OWMEIRIE /NS Do Tz, L7z -> T, A E R M6G 125 & M3G (%
HILE ~OERANNZ AR I T,
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F2H TV e RORMHNEE 2T DU o fEAT

AL W, B EEARE ORI X 0 IGHE L, AR R ORI X v stz 5
LEB2 BTV, LaL, BEEHOESIAMIC L 2008E» /v x 7
WEEEHI R OFE T THLRO N2 b (B6), MfiltEDIET KLF U v IkEal
VEEhM: (non-adrenergic non-cholinergic; NANC) ##RDFEENE 2z bz, &
HIZE OMFZE T, il NANC iR OmEWE & LT, NO, VIP 83X ATP 7
ENRFEESNGT), FTH NOIFRLBEERBEMED —DEZEX LTINS,

NO |E L-arginine # J&'E & L C NO &k (NO synthase; NOS) (2 X > To
< BiL, ZOFE Lecitrulline 4 U %, HLE OfEMMREEICB O T, MiReH
IR AR HE 212 NOS (neuronal NOS; nNOS) BNEEICHFEL TWH I &
IS S 41(58-60), ~ v A H TIXESMIEIC X 55hf%2 NOS JHEFIZ L » T
HET D Z L0, ARMED NO ITX - THIENEL 2 2 L AlESN6D, Z0D
iR SOS TIE. £, NANC MR OB IC L0 iEME(L S 72 nNOS 728 NO Z 5 /%
L., TR ERNDIERES N D, £ LT, ViliMiaiksiEim Lz NO 2l
NORIEEMWE T 7 =gy 7 7 —B2iEH b L, cGMP 2S5 Z &I X - TH
AR 5, B Pelfas O Bk A2 RIS T2 72 DI, DU R LM FE R
PNZIEIE S DN LB L 72 ) NO 72 E 2 EEWE &35 NANC R IXEE 7
X2 H-> T3,

Flho, TR 7Ty (PG) bHLE BT 2EHEZ L > TnD,
PG 13 DI X > TERN R Y . PGE2 X° PGFo 13 I5E Ve 7 2 I ¥ 5
TEDRMBENTWD(62), ZDULHEN . tetrodotoxin (TTX) 0L A B U 25 FAAKHE
WrsIZ Ko TRAZIEIH SN holc 2 e b PG OIUHEIEMRIZIZ= U AFHE)
PR EN L&, PBHEZEERICE2LORH D Z ENRB Sz, —JF
T, PGL 300 B EEB) 2 M3 2 2 & A ST 5(63),

— 5T, Fox LiIA X/NGEIRED 2 W= c, fFibRiETixEre xic k-
TG Z 0, BLKAECIMEEZRE Z L T DIREETIXE/L E R X > TE DI
MESMH END Z EE2RL TRV (64), E/LEXOBEICKT DIEMARBEIL, %
TEIHHFTETERADDHDL LEZOND,

W Zxd DTN e ROIUREIEHA O IZ, ZRETICHRHLNATEY, ko
k= OWFEEEHE(41, 42, 65, 66)° NO OUFHEHEMUNICEI D E VI RERDH D,
% 7= atropine (66, 67)X° indomethacin (46)|Z & > TE/L b RUMFEA I S, 7
RUT U USRS SEIC I E L Z T ol b WO RENRH H(46), Lo L,
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atropine (41, 42, 46)°t 1 h = 2 X MAGERT3(46) 23 E /L b RUHEIZ L 72 2>
STtV OH MELHY ., H— LIEABIIHELA TR,

Fo. BEMRRICBIT 24 A A RZEERO ST ZEZOFEN MBI TR
D RIEREER, 30) LIS, ENENDZREL A TR 7 A=A, T
VH A=A NEHAWEFETHXLNTWS, £0—>2& LT, fMHEEOESM]
I IC X927 =X NOMHIER Z i35 HERH Y, ~ T ATIE6 & k.,
EFNLEY FTlEp & k@68, 7> FTldu & § GNZHEENLI AL TND L#
HEINTWDE, e —FHTHrERLE LT, BTy NOLE, IEEHESN(70)°0/)
FFHEREB) N u D W k ZBFRT I =2 FTIHIMFI SN DN, § /KT I=
A N TIEIH SN E NI RERDH D,

5 1HI 3 T, /b RIS XD~ AWGEIRA OUHEIEMN 2R L, % 2
HiTIXE T, ~ U ZHEMOREE G & Otk 5 (2695 E0 b 2 OEM &2/ L,
ZZTHLNZENLE ROBEIMEERIZOWT, 5 1HETIX, A4 4 FZFR
S A TR T 2 A= b DT, IWHEERICES L TW DR K Y A 7%
MLz, £ L CH 2HTIX, B/ ROINMEKF 2 53 5729, tetrodotoxin,
NOS [H#E# » 1L-NNA. atropine }% 0" indomethacin %\ CEBR #2175 7=,
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W1E AL RRAKR S A TR O

1. ik
1) fEHEY

5~8 it > ddY RN~ 7 2 (A SLC) Z M7z, 18R (24+1°C) . 1EIZ (60
+5%) OEMEEECTHEBRH £ THE L,

2) KEMR
B1EFE 1EE 2T,

3) fEHEEY (FRELS Db OITHE 1 HE 1B 2, 3HIINWE-T)

Morphine hydrochloride B H K A
Cyprodime hydrobromide (pu %K T & T =2 |) SIGMA
Naltrindole hydrochloride (6 &K T % T=Z ) SIGMA
nor-Binaltorphimine (nor-BNI) (k ZBIKT X T =AZ ) SIGMA

Cyprodime | DMSO |Z{fER, 2K K THIRNL 72,
= DML D F I ZE AR LT,

4) FEBRFIE

(AR

~ 7 ADOSHENR A YK L T, ECICBE L T, BEHLY 5 cm RV
THEGZMH L, EOICEBOEICH /G LR Lz, WIS T 2072
VT, 3TCICRIB LR B EBENICEAL, BONEYZHEH ST, 20
%, KBEHEMIZ L, 95% 02, 5% COz ZiBRK L7 —H—IT 15 /T EEE L
776

Z LT, EIGO Fomn b EGmR AR (EA) 5 mm) OEARZFER LI, S HITH
D9 B BB < OFIL TV D AR— R A — 7 — g L 0 &AL distal colon @
W, FEBHGER (B3 8 mm) & &GN (IEF 5 mm) OFEA % E
Liz, THDHDOERE, KBRS ml Z A TiEA L, STCICRIE L 7=A—H A
APNICRRZE L. MEEMITIX 0.5 g, fIRAHICIZ0.2g DIESZAR LT-, ZDIRKET
KRR Z B ST, G 21T-o7-,
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[HIEE]
51ES 1S 3 IS~ T

[ # 5]

ACh1X10 ° M#% 15 3B 2 2~3 x5 L THE OIS Z ZEh S &1k,
ELE RORFERG (1X1079~1X10* M), £21TE/NLE XOHEEE 5 21T 7,
EL b X HEERGORE & UL, MIBHEER - MWK TiX 1X107° M, [HEi5
BRAS TIX 1X10 ° M & vz,

TR T=A N EAVDERTIE, IZUDICENLE 22 HEES L TEOUNEZ
HE L. wash LT 20 4312, naloxone, cyprodime, naltrindole % 7=1% nor-BNI
(3X1077,1X10°°,3X10 °F7/=iX1X10°° M) Zmi#S L., 3 0%ZIZE/LE R
b U CUE 2 I E LT

5) #AtALEE

ML, #7002 =2 MEERTOFE/LE RHEE 100% & LT, &5%DEL
bR Z % TR L, FHEEERERZE (S.E) Trll, £/, AEEREICIE
Aspin-Welch ¢ test & Hu 7=,

2. MR

FLEREHEERG L E EOMTF v — & Fig. 1-7T 1R L7z, BIGHEIRG &
[FIERIC ., HIBHEERS . MR T, B/ b RIZ Ko TRHpER 22 I RO &2 78 L
7o. AEREHEER CTld, B 2 5% ACh [UEICEE L2FE R e —27 0 LH
DB HNT=, T D5 DOIUHEIL naloxone (& X » Tl Sz, £/-F/ b 2% B
BHET 5L HEERFIZIGE R L7 (Fig. 1-8),

FEAGHE A5 ClE. naloxone DRI G-IZ L - TE/N B RIAMEIX 83% #iiil S iv7-,
T2, uZEET o HZ T=AZ b cyprodime 10 pM T 49%., § ZFET v X T=A

I~ naltrindole 3 uM C 37%. k &K T % 2 =A | nor-BNI 3 uM T 74% i
7= (Fig. 1-9a),

FE I ERIR A5 TlX. naloxone (2 X o CTE/NE RIUHEIL 86% Ml =, Fi=.
cyprodime 10 uM T 71%. naltrindole 0.3 pM T 38%. nor-BNI 3 uM T 42% ]
Hl & 7= (Fig. 1-9b) . [EGEIR S Tid. naloxone (2 X - TE/NL & RUHMEIL 78% 1
fill =7z, F72. cyprodime 3 uM T 73%. naltrindole 3 uyM T 48%. nor-BNI 3
uM T 74% il <7z (Fig. 1-9¢),
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(a) Longitudinal muscle of distal colon

{min | !

Mor Nal
10°M 105 M

40% of 10°M ACh
response

(b) Circular muscle of distal colon

0.1g

[ min T T

Mor Nal
105M 10-*M

(¢) Circular muscle of ileum

0.05 gw

Mor Nal
10-°M 10-°M
Fig. 1-7 Typical recordings of morphine (Mor)-induced contraction in (a)
longitudinal and (b) circular muscles of the mouse distal colon and (c) circular

muscle of the mouse ileum.
ACh: Acetylcholine, Nal: Naloxone
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(a) Longitudinal muscle of distal colon
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(b) Circular muscle of distal colon
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Fig. 1-8 Contractile effects of morphine in (a) longitudinal and (b) circular
muscles of the mouse distal colon. Each value represents the mean + S.E. (n=6).
Ach: Acetylcholine
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(a) Longitudinal muscle of distal colon

120
g 100 -
= E 80 T ] *%
g 5 . T
g CE) il * KKk T
52 Ty
Z 40 - ? é *x
‘,5 **%* g é -‘V
g % 2 U
S é %
. 7/, B
() Nal 3 10 0.3 3 0.3 3 (uM)

0.3 uM Cyp NTI

nor-BNI

Morphine 1x10° M

Fig. 1-9 (a) Effects of naloxone (Nal), cyprodime (Cyp), naltrindole (NTI), and

nor-BNI on morphine (1x10~° M)-induced contraction in longitudinal muscle of

the mouse distal colon. Each value represents the mean + S.E. (n=4-5). *p<0.05,

**p<0.01, and ***p<0.001, significantly different from control by Aspin-Welch ¢

test.
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(b) Circular muscle of distal colon

120

100 + [

80

60

40 r

* k%
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) Nal 10 0.3 3 0.3 3 (uM)
1uM Cyp NTI nor-BNI

Contraction
(% of 1x10°M morphine response)

NN *

NN

Morphine 1x10° M

Fig. 1-9 (b) Effects of naloxone (Nal), cyprodime (Cyp), naltrindole (NTI), and
nor-BNI on morphine (1x10~° M)-induced contraction in circular muscle of the
mouse distal colon. Each value represents the mean + S.E. (n=4-5). *p<0.05,
**p<0.01, and ***p<0.001, significantly different from control by Aspin-Welch ¢
test.
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(c) Circular muscle of ileum
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Morphine 1x10°® M

Fig. 1-9 (¢) Effects of naloxone (Nal), cyprodime (Cyp), naltrindole (NTI), and
nor-BNI on morphine (1x10~ °® M)-induced contraction in circular muscle of the
mouse ileum. Each value represents the mean + S.E. (z=4-6). *p<0.05, **p<0.01,
and ***p<0.001, significantly different from control by Aspin-Welch ¢ test.

33



FH2IH T/ E RIS K DIUGHTE R DR

1. ik

1) fEHEY

5~8 D ddY Rt~ 7 2 (HA SLC) # vz, 1EiE (24+1°C) . 1EiZ (60
+5%) OBEWEFEETERH E THE L=,

2%%
1

%%%

HICHE- T2,

H

3) MY (PO SO 15 1HIH 3 HIC/E-72)

Morphine hydrochloride B H K A
Tetrodotoxin (TTX) Wako
Atropine sulfate SIGMA
Indomethacin SIGMA
NG-nitro-L-arginine (L-NNA ; NOS [H & #K) SIGMA
L-Arginine hydrochloride (L-Arg) SIGMA
D-Arginine hydrochloride (D-Arg) SIGMA

Indomethacin /3 ethanol (Z{&f#1% . Krebs-Henseleit #Z CA R L 7=,
Z DML D W T AR KRR LT,

4) FEBRFiE
[REAVERL, HEE]
B E 2 HIH 1 HICE- T,

[ ix 5]

EL b R HEBEEGORE & LT, fEHEAED - & BEmRS TiX 1X10° M, =5
RS TIE 1X10 ° M & iz,

ZUOICENEREHEER G L TZONME L HIE L7z, Wash LT 20 7312,
TTX 1X10 ° M. atropine 3X10 " M. indomethacin 2X10 ° M %723 L-NNA
1X10"* M ZHi#% 45 L. TTX & atropine Tl 3 43 t%.indomethacin TlX 20 73 .
L-NNA Tl 5 p#&ICE/L b a2 &5 L CTUGHE 2 HJlE L7,
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Mz T, MEALELIA T 2MmFTE LT, ELrEexEED 20 500l
indomethacin, 5 43AIZ L-NNA Z A5 L7cGa L. £ 0 2 2% T 3 43Hi1IZ
atropine Z Hif¢ 5 L7256 OF /L v R HE 2 7IE L7,

F72. L-Arg & D-Arg Z W 7=MEtE LT, L-Arg £7213 D-Arg 8X10 ° M %
FTHRELT, D5 HH%ICL-NNALIXI0O * M AR5 L, I HIC55%ICELE
At LU 2 IE LT,

5) #AtALEE

fili Rl E B L ER R GATOE /L b R UEZ 100% & LT &5 O F /L b RULHE,
F T ER IR T O 42 % T L, FHE CAR%ERE (S.E) TRL, iz,
HEFZMEIZIE Student’s £ test £ 7213 Aspin-Welch ¢ test Z HV 7=,

2. Wik

FEIGREER ClX, TTX #5795 & base line ® EAB3A L7 (Fig. 1-10a,
Table 1-1), I HIZEALEXEZMR D L, ZRU RIFIFE A EIGHEE T, L E R
ILHE L 94% #ni| 417z (Fig. 1-12a), NOS [HEIKD L-NNA % #5725 & Ak
® base line ® _EH-23% 541 (Fig. 1-10b, Table 1-1) . E/L & RUUHEIE 44 % ] S
7= (Fig. 1-12a), £ 7= indomethacin (2 X » TH A EZIZHIH S+ (48%) | atropine
Tl SN B EHA A A ST (17%; p=0.087) (Fig. 1-12a), Indomethacin &
L-NNA Z0fH3 5 & E/L b RIUHEIX 80% i & 41, & BT atropine H X TH
< & 96% il =7z (Fig. 1-11, 1-12a),

FE GRS & GRS O%A S TTX 3 L OV L-NNA % Hi# 53 % & base line
23 ES- U7z (Table 1-1), #&EMG#EwIRA Tid, TTXIZ XV E/v b R IZIZIETHE L L

(92%) . L-NNA (2 & - T 42% il =47z, F 7= atropine (33%). indomethacin

(50%) 12L& > ThHE/NE RHEIZA EICHSE e (Fig. 1-12b), [BIG#EIR G T
IETTX T K o TEL b UL 22 IH S 40 L-NNAIZ L 0 88% il iz,
F 72 atropine 1T X o> THEIZHH 4L (32%) . indomethacin TN S 415 1H
BN A BT (42%; p=0.082) (Fig. 1-12¢),

FERGREER TlX. NO Ak HE & 725 L-Arg &, £ DO RMEKR D-Arg 2 W T2/
FSH1To77, L-Arg R G5- L TCHE< &, L-NNA Z/12TH base line i EFHEF

(Fig. 1-13a), B/ b RIUHMEH 2L Liehro 7= (Fig. 1-14), —J7. D-Arg Z i
59 % &, L-NNA (2 X »> T base line | kA L (Fig. 1-13b) ., /v & RIAEIL 51%
mifl s nr (Fig. 1-14),
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Table 1-1 Contractile effects of TTX (1x106 M) and L-NNA (1x104 M) in
longitudinal and circular muscles of the mouse distal colon and circular muscle

of the mouse ileum.

TTX L-NNA
Longitudinal muscle
_ 128+ 9 54 + 10 ***
of distal colon
Circular muscle
_ 225 + 25 65 + 4 **
of distal colon
Circular muscle
115+ 14 197 + 48

of ileum

(% of morphine response)

Each value represents the mean + S.E. (n=4-6). **p<0.01 and ***p<0.001,
significantly different from TTX group by Student’s ¢ test or Aspin-Welch ¢ test.
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(a)

2
=
=% “‘L-ﬁm
E\ i~
i —
z

Mor
: ﬂ M| A
‘? - F 3
ot (2I} mm} (20 “"“T
o 1 min
X \Ior V&dﬂh TT‘{ Wash  Mor Wash
= 105 M 106 M

(b)

M
'\_.—.(""‘"J

= e

_ L-NNA Mor Wash
Mor Wash 10 M

40% of 10° M ACh response

Fig. 1-10 Typical recordings of effects of (a) tetrodotoxin (TTX) and (b) L-NNA
on morphine (Mor)-induced contraction in longitudinal muscle of the mouse
distal colon.

ACh: Acetylcholine
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(a)

TIO minT

40% of 10°M ACh response
I
=
=

Mor Wash Indo L-NNA Mor
10°M 2x10°M 104 M
(b)

2 min e

* (20 min)

Mor

40% of 10° M ACh response

Mor Wash Indo L-NNA Atr
105 M 2x10°M 104M 3xX10"M

Fig. 1-11 Typical recordings of effects of (a) indomethacin (Indo) + L-NNA and
(b) Indo + L-NNA + atropine (Atr) on morphine (Mor)-induced contraction in

longitudinal muscle of the mouse distal colon.
ACh: Acetylcholine
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(a) Longitudinal muscle of distal colon

120 -
< 100 r
-
ol
g § 80 r
*5' (o)
SE 60 -
€ 2
Q o
OE 40
IS
N
< 20 | .
0 L
(-) L-NNA  Atr Indo Indo+ Indo+
L-NNA L-NNA
+ Atr

Morphine 1x10° M

Fig. 1-12 (a) Effects of TTX (1x10 6 M), L-NNA (1x10 4 M), atropine (Atr; 3%
10~ 7 M), and indomethacin (Indo; 2x10°5 M) on morphine (1105 M)-induced
contraction in longitudinal muscle of the mouse distal colon. Each value
represents the mean + S.E. (n=4-10). *p<0.05 and ***p<0.001, significantly
different from control by Aspin-Welch ¢ test. #p<0.01, significantly different
from Indo+L-NNA group by Student’s ¢ test.
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(b) Circular muscle of distal colon

120 r

100 |

e

o
_2 80 *
c &
t). qc_, **k*
g g— 60 -
S5

E 4wt

o

<

~ 20 ¢ *k*k

0
) TTX L-NNA Atr Indo

Morphine 1x10° M

Fig. 1-12 (b) Effects of TTX (1106 M), L-NNA (1x10 4 M), atropine (Atr; 3X
10" 7 M), and indomethacin (Indo; 2x10 5 M) on morphine (1x10 5 M)-induced
contraction in circular muscle of the mouse distal colon. Each value represents
the mean + S.E. (1=4-6). *p<0.05 and ***p<0.001, significantly different from
control by Aspin-Welch ¢ test.
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(c) Circular muscle of ileum

120 r
__ 100 |
[¢B}
g *
5 g— 80 -
S 2
S = 60 -
€2
Q o
O
g 40 -
§ **x
20
*k*k
0
(-) TTX L-NNA Atr Indo

Morphine 1x10°® M

Fig. 1-12 (¢) Effects of TTX (1x10 6 M), L-NNA (1x10 4 M), atropine (Atr; 3%
10" 7 M), and indomethacin (Indo; 2x10 5 M) on morphine (1x10 ¢ M)-induced
contraction in circular muscle of the mouse ileum. Each value represents the
mean = S.E. (n=4-9). *p<0.05, **p<0.01, and ***p<0.001, significantly different
from control by Aspin-Welch ¢ test.
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_—
=
o

S TR

Mor Wash L-Arg L-NNA Mor Wash
10°M 8§x103M 104 M

40% of 10 M ACh response

(b)

-
nd

1 min (20 min)

Mor  Wash D-Arg L-NNA Mor Wash
105 M 8§x10°M 10+ M

50% of 10 M ACh response

Fig. 1-13 Typical recordings of effects of (a) L-Arg + L-NNA and (b) D-Arg +
L-NNA on morphine (Mor)-induced contraction in longitudinal muscle of the

mouse distal colon.
ACh: Acetylcholine
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Hi

140
120 -
©
e
o 100 r
73
5 = 80
S g- 60 - *%
O €
S 40 -
)
20
0
() L-NNA L-Arg + D-Arg +

L-NNA L-NNA

Morphine 1x10° M

Fig. 1-14 Effects of L-NNA (1x10 ¢ M), L-Arg (8x10 3 M), and D-Arg (8x10 3
M) on morphine (1x10~ 3 M)-induced contraction in longitudinal muscle of the
mouse distal colon. Each value represents the mean + S.E. (n=3-5). *p<0.05 and
**p<0.01, significantly different from control by Aspin-Welch ¢ test. #p<0.01,
significantly different by Student’s ¢ test.
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[ 5t 7 & [RIRR . A IBREE AT . REIGEIRAD ISRV TH, E/LE RIZ K - THE
W72 IHEE I DS B DT, BIGHEER & 1X 8720 | FEIBHEGED CIEmditE L <EL
ERICKEDNAEER DA BT, T OREER OWHEN R 72 b D Th o772
fai & LT OEEZHE L. AR OEN. 7720 BERIC-272703 2 AlHefk
NEZ BT,

B 1HETIE, £, 3HEOEAIZBWT, E/LE RIUHES naloxone DR 512
FoTREMBl SN &S, ZOWMBISHNA EAA FZEKREZT LIZb D
THDIEPHRENTZ, D3N T, B ROIHEIERN EDOA A A RZEK
AATH#NLTRBELTWDDONE, uSHET % A=A F® cyprodime, 65
NIRT &2 A=A F® naltrindole, k KT % =2 F® nor-BNI % H\T
MatLic, B, TV X A=A MU ZONNICEN DL Z LR TFRIN,
Shahbazian ©(70)<° Matsumoto & (TDIXA A A RZRIKZ A4 7 % Hetd D5,
naltrindole & nor-BNI (% 30 nM THWTWADIZ% L T, cyprodime |£ 1 uM X°
10 M W o mEETHWTWS, SRIORFHIBWTY, cyprodime [Tk
10 uM £ CIREZ EIFTHW -,

FEABHEA 7 TI1Z. nor-BNI <° cyprodime (2 X 2 #1728 naltrindole £ ¥V & K& />
o121 ZOFNE FPGEICIE c ZEER L u ZBEEROBEGERRE N LEDURR S
L7z, Fontaine HlE, ¥ U AFEGHEEMICB N TZREERL A TR T T =X |
CEO TN Z D2 Z L2 ELTEY, £DI L §XART A=A MR R bIK
BECIEZEZ L, v & e xBET I =X NOEAERBELE 7L LTS
(46), ZDZ b, FEBHEEMIZIX 0 XBEN LI 0/ LTV D EHERISND,
L, B/VERD § ZEEASOFEEBINED p ZHEE LD SR 2012, SO
ELE RSO 0 ZREROEGIT/NS o lz EHERI ST,

A G R A% CIE. cyprodime 10 uM TR EZ < Il SN CTE Y, EL B RUMEIZIT
UZREOEENRKEWEHER S/, L2 L. naltrindole <° nor-BNI (2 X - T
tEL B RIHE K 40% 0 4L, 6 Mk XBEROBR S bR ST,

[E1 A% fk 75 Tl cyprodime 0.3 uM TREIZ naloxone & [RIFLE F THifil ST
D, BN RIGEICIEFEIS p ZRERPELE L TWDL Z ENRB I, v~ 7 AEE
TIXERFTAED p ZHET T =2 M THfl SR Te s, p ZHEB DI L
WO IRED D o 1253(68), A DE /L b R OUHEEMICIT p ZAEPBEE LTV D
ZENRBEINT, 720 KDk ZFEOBEE R S,
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FILE ROZHEBBRMED . 6 0k KAWL & p ZRMFITH LT 20~90
EEN9, 100 WD Z EnD, u ZHRIKT ¥ A=A F® cyprodime % Hi$E 5 L7z
EEDHENE RFERIHI SIS Z e TSI, LOUERELTIE, 6 &
Ok ZBEET 2 T=A ML TH -l SN, Ziud e xOEHN
EDFEFA REZFEEEN L TODNE, BB ROZHEEBFMEL . 2 ORI
BIDIZREGHD 2 OOBERIZL > TIRESNDTZOTH D EBbiLT,

52T, BV X DOUGHEIEH ORET 2 MEt LT,

THALE V8 75 O Ff 1R iR ) 1 T B Mk & H PR DT U A TIRESN D, &
[l TN T A IEAE A g . Wi IR i M O al G stk i 0 3 L OAEAR TIL, TTX 12Xk - T
base line 7% EA- L7z, X o T & OFEAR TIPSR D J7 23 Rk ) 2 B A0
FIEIL TWA Z DRI T, & 612, NOS BHEZKD L-NNA IZ L > THILHE L
e, MEIEOMBMREDE DO —>2 L LTNO BB bz, I 2 T
R & R A TUix, TTX (Z X D UEAS L-NNA OUGE L D b A EICKRE o7z
Z 06 NO LSO MGIMEIR =D E O ERHERI S iz, 2 o & L TiX, VIP
<° calcitonin gene related peptide (CGRP) 72 EREz 515(60), —J5. [HGTH
R TIE, LLNNAIC K DUHED T 3te LA TTX O L D b REWZETh -7
DT, MHIHEARRIERE DO R 2I1EINO TH D Z LRI T,

BB, D 3TEDOIEA &I BAYIZ | EIGHEE R Tk TTX 2012 T % base line
WAL L7/~ > 72 (data not shown), -DF V., [BIGHEE ) CIXBUE M., BNl
MRS HoTWnDH b0 b s,

Z LT, MIBHEE R . & MamIRk i & OB ki 261 2 /0 b RIHED . TTX
DRETEGIZE > TURIFHEER L2 Z 0D, 2O IXFHET~OBEEIEA TIER <,
B M 73S M O MR ED E Oz T L7 b DO TH 5 Z LSRR ST,

ZZTET, AIRDO LI 2D 3 FOEARTITIHIPEAEA BTN TV D
ZEBBEXOLNTDOT, T/VE XOGEEFICBIT 5 NO OB Zaf L7, 15
& L'NNA [Z ko TEAE RENABICHH S22 &b, /4 b R I3MHNE
FREEDN D O NO OUFHEZ 42 Z & TIEZE Z L TWD Z &R Eni, &
OIZHEIGHEAE T TOMFIClE, NO & O-E & 725 L-Arg % L-NNA I[20fH7 %
EENE RIEAAEICEE L, AR O D-Arg OOFH TIREIE Lavw 2 & LR
SN7z, Lenard 513, E/E v MalFiReh ToE/L b R IUHED NO WHEEE D 11
LD ERELTEYUA3), SRV RAGEIZEBNTY, [AEOEFRE 2
STz, [EIRGCHE G OEEENEENZ DUV COWE T, NAEW X 0 ALFE O fig ki o i
%% (descending relaxation) 7S NO IZ X > THEZ > T 5 & Wbl TV 5(28, 72),
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& 512 Met-enkephalin & & > T Z O NGRS B < 40(47), [FRFIC NO FEA
DY NTRENTND(73), Lo TEAE RLFEBRIC, NO B2 3H L < Tk
sig 2 Jdl 35 2 & T, IRENEE 2 HE L TW D AR E . b,

[R5 IR A5 T L-NNA 2 X 28025 88% 2 0 | IHEHE D K& 77 53 NO R
MK LD Z ENHERI STy, FEIBREER - Bk Tid L-NNA (2 X 240 2349
50% CToh > 772, MOYUHEMF & LT, ACh =° PG OB IZH>WTHRE LT-, £
DGR, T/ RPUHEDS . LAY SBT3 atropine (2 &> T 17~33%.
vrugxv s —E (COX) PHEIKD indomethacin (2 X > T 42~50% | =
N e, 2 U AFEMEMRS PG b IHEHT ICBE G L TnWD Z EBNRI S
770 ETFEGHEEMICB W T, L-NNA, atropine X% UNindomethacin @ 3 F& % {f H
L7z Z A, TTX O L & LIZIFFRRE F TEA v XPHERIIH SN2 &b,
NO & ACh, PG @ 3 DDIRF T, E/N b RIKEHEFENRATE 5 2 LI S
7=

Giuliani HIEE/NLE Y MEGEKRH TO 6 THIET T =2 M X 2 UHE»
atropine THIfl S N7=Z L ZRLTWDHN67)., T OMIZIZE /N B R IUHE X
atropine TZ L L7\ & W 9 AENZUN41, 42, 46), S E | FEIGHEE R TORET
THEHEKLE SFOFH L7254, atropine LIAAND 2 FEO AL DEGA LV X HITE/NLE
RULHEAHNH] STt sd, T 2 U AFEMMEMRE AL L T o EHEl ST,
Fontaine 5 (3~ 7 R f5 Rt E 5 TOE /L b RIHED indomethacin (2 X - THIfHI &
Nl LTBY ., PG IZREINSFERHICEZIEMN L T L <Tn5 46, 74),
L LAEOKRETiE, B/ RNHEN TTX IZ X > TUIIFHEE LI b, PG
IO TG L TWa b o & b,

ARG ok A & G R A TUE . BV B RUUHE O atropine (2 L B #l R &
indomethacin O [EFRE ThH > 7272, indomethacin @ FiilZ atropine
DIERENFET HEEZDHZENARTH D, PG 12U AEEIMEMREZ LT
IHEZ R Z T 2 ERHE SN TND Z &0 H(62), E/AE XM HNOEFTI O
PG ODER ZHR L T\ 5 2 L2 HERI S iz,

— )7 THRERGHEE AR TlX. atropine (2 X 5 #1323 indomethacin OHIFIR L v ¢
INEDy o 72728, indomethacin @ FiiZ atropine DYEA M FEET D L 1XE 2T
<V, ZZTPGOHOIERKFE LT, NO EOBENRE 2 v, ZHVETIZ
RIEE T /L TIEARWREFEE ) S i L2 BE 2BV T NO IZ& - T PG EAN
o TWBHEWIHREND D (75, 76), - AMFHIC T, IEHEEDIC
indomethacin Z i 5 L72ERIZ. 14 it 7 5] T base line N EH L TEY
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PG 23tz 7 i@y Tz AREtE b B2 bz, Ko T—oonEEtEs LT, M
HPERRRE D> B U HE S 2072 NO 2N EREEIE 7 & ik S & 5 & [RIRFIS ., S Il HY
i< PG OAMRETLESETEY, T 3B MEMEMRERET 2 2 & T,
DO—HEOEMZMHEH L TV Z & RE R b,

-
—

—JF. BRIt b= 0lFEREAEE L, 2 ) AEEMERRR &2 A L CULHE &
EZLTWEEW I MENRH 5(66), FEBHEERIZHB W TE/L B RHEA atropine

TR SO, Z0EE =2 a2 LB SR Th B AT
PENE Z BT,

2L, b0z ) AR PG 2 I L7 E /L b X OIUHER T IZHERNIZ

KON RENWTD, Bu b= ZRERT UV T=RARRT B RS ) A FEZRE
TyAA=A MR EERNT, EOICREFMRRET 21T O BENRH D L Bbh 5,
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/NFE

« M6G |2 & - T~ A/NGHEGE « BHHEHRENIIH S v, M6G 2AE/L b RiF%

ERICHFG L TWD Z RSNz, 205 b/ EimEEE, M6G 12k~ T
FAERID B0 M S Tz,

© M6G (2 &> TE/AE » b EIGHEE T OB KR LHE 2N H S 2v, € O R

TENLE RERBRETHH- 7,

« = ZERSEIRGIZEB VLT, B E R, MBG KO M3G 12 X - THEif ) 72 IUAE

KIS TR E T, MG OIKEERIZTE L X L b FEZICkXx< . —F. M3G
DOUIETER T EREM TORBE SNz, Z OGO R0 2 00X, Mk
B ORZECEINEB OMLELZ L7206 L, BB RICHEEG LTSI & 0NHEH X
7

[ AR AN A RERBHEER « ik IC BV TH T/ b R OIGHEIEN 3R &
Nice ZOEMIZ, EAreROBEMERE W u ZHRTZIT TR § MU %
BERLELELTWD Z LRI NI,

« FERGHEER - WAk R ORI G ERIRAICB T A E L e ROWNHEER L, MiiniE

WE DOWEEZ T L CWD I ENRIE ST, FOMFE LT, MM NANC #
BB D NO WEEZ I L TWA Z ERIBEN., 523 ) AEEhERRES
TRRET T Vb L TWAZ E BRI ST,
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FowE E)Lb RO AR A IER O

FEAA N2 RERITIEMRAR T H 2 i R IR SR L TV D
TN TEY, TOZREKDO—2L LT, uZREOFRY 7447 THD
p3ZBEBREINTWD(TT), 2D usZHKEEI L TOD 0I5 TRV,
EFENLERPMRIEEHZRT Z (T80, v 7 v 77— V(79X M E N Bl i (80)
DT RN =Y RAEFEETHZERFEINLTND

£72. NAMIKICEWT S, M MCF-7 72 & Tld u ZEER § AR D3
BNH R BE L)L THERINTED(81), E/t RxOMNAMIBIZE 2 % 7EIC
DNT, ZNETIHEESMEN R INTWD, in vitro DFRTiX, MiEE<CwHL
EEARND . B, AR SIC BV T, EL B RIT K o TR O B A
MIEN, 7R P =Y 2ARFEINTZ &V HEDHKRNTNSH(81-84), = DREFF
E LT, pb3 T AR b — T AFHEN T Fas D3 EL EH(81), INK REEOIEMAL L T
RN R = ZMEIAF Bel-2 ORA(82) 72 EAURENT WD, 72720, ZnbDIEA
ﬁﬁ8ﬁ4F§§¢7V&ﬁ:xF@fn%yyﬁﬁféﬂéﬁ’ ARG ES S

SDITEY L ROEANAEA A FFEREIT Lt%@T%éﬁi%%
T2, —J, v~ U AOEEBHE T L COMF T, ERHAEICITVELE R
DEF G L - T, BEEEENIE Sz v o #iE®L, 85) &, WITHMm I
7ol 586, 8D 5,

LW EESERD L, BEBS TELE XA THRABEICES L
A, EAE RIFEBERICED L I REREEHEZ THD00, L0 ) BRENA
Ub, &I CARIFETIE, BEor PBAMBKIZH LT, E/LE R1B3ZDOHFHIC
WEEHEZDINEI LI, TOE, EAEROREL 2 DOREKIZS T T
BEt L7z, McQuay HiC &k 5 E /L RARFAESE 151 ATk 288 Tk, £V
EROARE M FEEEORICIEDMBNHRE Sz, £ KE0oBE il
BEED 500 nM LT (JfKi1X 2 nM) THo7n, mARRAL TV EE Tk
BMT35uM Tho7e, AllE, ZhodmHEL & IRREER (1 nM~100 uM)
EENEY L EBEER (0.5 mM~4 mM) ([ZTHRHZ21T-72,
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1. Jik
1) A
b MR - Panc-1
bt hATEME - A549, PCP
b AR - DU-145, PC3
b MELEMIAL - MCF-7

Panc-1, A549, PCP., DU-145 K O PC3 I3 A R FAMELFH REFAEH %
K VEE% Lo, MCF-T 138 AL KR Nl = 2 A FE AT b g B2 Ml & i & o 7 — &

DAF LT,

A549 & PCP |Z DMEM (10% FBS. 1% Penicillin-Streptomycin) ., % DA
X RPMI (10% FBS. 1% Penicillin-Streptomycin) = H\ T, 37C. 5% COsq

TloTHe#&E LT,

2) EHEY

Dulbecco’s Modified Eagle’s Medium (DMEM) (high glucose)

RPMI-1640
Fetal bovine serum (FBS)
Penicillin-Streptomycin
Dulbecco’s PBS (—)
0.25% Trypsin-EDTA solution
0.4% Trypan blue solution
EVe RERREARTY T4 7 %] FEER
50 mM (272 % & 5 ZRIKICEEAR L, Bt TR L7z,
Naloxone hydrochloride dihydrate
10 mM (272 % K O 7R KICH i L. Bih THIRRAIR L7,

SIGMA. Wako
SIGMA
EQUITECH-BIO
GIBCO
H 7K B4
SIGMA
SIGMA
Sy 7 K

SIGMA

3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT)

DOJINDO

5mg/ml 2725 & 9 PBS I[ZfE L, M {ELESH (1% Penicillin-Streptomycin)

T 0.25 mg/ml IZ HRFAIR L 7=,
Dimethyl sulfoxide (DMSO)
99.5% Ethanol
Sodium azide (NaNs)
CH3COONa
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Staining medium (3% FBS/PBS)
3% FBS. 0.01% NaN3 % PBS I L. 7 4 VX —JE LTz,

Propidium iodide (PI) Wako
1mg/mliZ72% X5 PBSIZHML., 7 4 V& —RiE LT,
Ribonuclease A from bovine pancreas (RNase A) SIGMA

10 mg/ml 12725 £ 9 10 mM CH3COONa /KiEiE (pH 5.2) I fi# L7-%.100°C
T15 MER L., 7 4 VH —IE LTz,

Flow-Check (CtH#liFHEH O v — X) Beckman Coulter
3) FEEFIE
[ AL ]

M 2 FERE L C 24 IFfHI#% ., 45 well OFfiZRE L, EArexE i b ek Y
OB, & D2 VIEWE ORI AT o 72, T2 FEHIRER AT v B A 21707,

[#HIaEfF R OGS ~MTT assay~]

D 2 4X103 cells/well £ 722 X 5 96 well plate ([Z#EFE L (100 pl/well) . EFE
DIEANEE 21T - T,

@% well Oz ZFRZE L, 0.25 mg/ml MTT %##K % 100 pl/well @0 L, 60 45l A
V¥ aX— kL7, £DO% MTT HiK%ZFRZE L TDMSO 100 ul/well ZiimL, 7
L— F B e nwW Tk E ¥ —Ilc Lictk, v 7 n 7 L— k J —%— Multiskan
JX (Thermo Labsystems) (ZCW e (540 nm, XK & LT 650 nm) %l
E LTz,

[ e & 81 D 5t~ Flow cytometry~]
Ol 2 2X 105 cells/dish & 725 & 9 60 mm dish (ZFFFE L (4 ml/dish) . EFEO
AL 21T - 7=,
@4 dish ORFMAZELEICEN L, ) 7o TRlaZIIR Lk, B LI
Z2ml R LUCTRE L7, BEK2Z2HOWEIEE 2K LT 1,000 rpm, 4°CT 3 4yl
LTz,
@<=/ —/VEE> EIEZRWT, % PBS500 ul 212 THEEE L, 2z 1.5 ml
~A 7 8F2—7Z% LT 1,000 rpm T 5 4rfiiEc L7z, PBS 23 50~100 pl 7% %
FolChifaRE, 2y 7 L, 2L T80%~%/—/L%&1mlizx<T, 3<
IZ 10 PRIA LT v 7 AL, —20CT (&IEKTH 1REH) RIFL 72
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@<PI Yeta >4 B, fMt% 3% FBS/PBS 500 ul T 2 [mIPEV, EiGZE RV T
TF PI & RNase A OIRAHK 500 ul # Mz CTME L7-, 0%, #X L T37C
T30 A vFa~x—hFLT7,

3% FBS/PBS 465 pl (B &R BE)

1 mg/ml PI 25ul — 50 pg/ml

10 mg/ml RNase A 10 ul  — 200 pg/ml
500 ul

O WEIE T A e Ay =2 |ZiB L7=%. MoFlo cell sorter (Dako Cytomation)
TR 24T 2 T2

4) wEHLE

MTT assay DO H1% control D KEIZRT D ELDER (%) TEL., FHMEE
#fFA= (S.D.) TrL7, £ ICsofEIL. fHTY 7 b GraphPad Prism4 (2 X > T
K7z, Flow cytometry DfE FIL EHIE %2~ LTz,

2. MR

F9. EREE (1 nM~100 pM) DOE/L b X DOIEM % A549 & MCF-7 (2 TH
L7 Z A, MREEICIZE AL EREERL LN oT- (Fig. 2-1), KIZ, &iE
ik (0.56~4mM) OENLEXOEME 6 O M AMBKKEZ O TRE LT
&AL TRT O CRERFNS A AEFE N IH S (Fig. 2-2), ICso
MEHEHLIZLEZ A, 1.47~2.65 mM OfE & 72 > 7= (Table 2-1),

6 FEEE DAL D T T ICs0 ED /N E 3o 7= Panc-1 & Ab49 IZB W T uaFk Vv
OEMIEM ZREI LT & T A, B RFARR, IR 2/ IE A 7R O I 25 7
bit7e (Fig. 2-3), 209 BLHMIEHOGFHWRE L L THeXx Y2 10 pM ZiEiR
LT, E/AEXRB00uM &OFH SH72, ZOME., T8 XOBEAMEIRITT =
FY N K oTEEAERELZ T o7 (Fig. 2-4),

AB49 [T THIR B 2 fRAT L= & 2 A, B E R X - TREKREMIC, TH k
— Y ADIEEE L 72D subGl HIOEIEHEM L, 4 mM Tix 38.0%2#E L7 (Fig.
2-5),
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Fig. 2-1 Effects of morphine on the proliferation of A549 and MCF-7 cells.
Cells were treated with the indicated concentrations of morphine for 72 h and
cell viability was determined by MTT assay. Each value represents the mean of

5 replicate wells.
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Fig. 2-2 Effects of morphine on the proliferation of Panc-1, A549, PCP, DU-145,
PC3, and MCF-7 cells. Cells were treated with the indicated concentrations of
morphine for 72 h and cell viability was determined by MTT assay. Each value

represents the mean = S.D. of 5 replicate wells.

Table 2-1 1Cso values of morphine on the cell proliferation.

Cell lines IC50 (mM)

Panc-1 1.47
A549 1.61
PCP 2.19
DU-145 2.60
PC3 2.65
MCF-7 1.90

Cells were treated with morphine (0.5-4 mM) for 72 h and cell viability was
determined by MTT assay.
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Fig. 2-3 Effects of naloxone on the proliferation of Panc-1 and A549 cells. Cells
were treated with the indicated concentrations of naloxone for 72 h and cell
viability was determined by MTT assay. Each value represents the mean =

S.D. of 5 replicate wells.
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Panc-1 Ab49

Fig. 2-4 Effects of morphine and naloxone on the proliferation of Panc-1 and
A549 cells. Cells were treated with morphine (500 uM), naloxone (10 pM), or the
combination of morphine and naloxone for 72 h. Cell viability was determined

by MTT assay. Each value represents the mean of 5 replicate wells.
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Fig. 2-5 Effects of morphine on A549 cell cycle distribution. Cells were treated
with the indicated concentrations of morphine for 72 h. After treatment, cell
cycle analysis was performed by flow cytometry. Each value represents the

mean (n=3).
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F9°. 1nM~100 pM DE/LE Tt b BAAMIEOBEGEICIE E A B E 5 2 7
Mole, DABETOENE RMPIEREN 2nM~35uM EHESN TS Z L
5(88), #IFHEDE /N E RIZ K - TiE, MEEOHEITMHE HHES SN2 &
)T ENIRIBE T,

— . FOEEED 0.5~4 mM OFNLE X EERSES L. B MR
FESENHI S AL, TR =3 ANFEE I N, Fo, HEIEIMEER O ICs 1E1X 1.47
~M%mM&&oto%wtz@#@ﬁ¢%_omf . —HERIZIE 10 nM OF L
EXTROONTZEVIHEDL H 2389, 90), £ <X mM A — % —TOIEHII
%ﬁ%tr&m;%%mﬁwm@mmm%avmﬁmM&ﬁofmé@&&awk
LoT, R RICE T HHRIT. BEORELIFHTILHDTH T,

F7-. AL ROBBEMHEERN e % Y TR SN o T2, EIRER
TOENE RXOERIZTAEA A RZEERZNLTWRNZ EPRRBRINT, ZE
TOWEDOFTIX, AFA RZREUSNAOELEXOEMAE LT, Yo b AK
FUZRERNEFTOEN TS, Y~ MAXF U3 cEES NS R LE LT
B AT A REEE RIZEDE LR LVE L DR 2 LET 28X 235 5(91),
ZDY< hNAZF U DZRIRNA549 & MCF-7 &0 EE D v b3S AR 3
HLTWDZEN PCR ICTHEREINTVNASO2), LT, Y~ hAZF LT )
T NEFEIEER 2R L, B XN Y~ hAXFUZFRICHEMMEE R LI &
2 5H(91), BB RN YV NRAXF U FEREI U CHIGEMEGIEN 2~ L7z "TRe
NEZ BT,

AEID in vitro TOMF T, SR A RO E/L b RIS AL OB B

T EL B 2 7202 EDRREI T, 7272 L. in vivo TEILE RIT X - THEBHEFE N
i S 7z & D WG T, v 7 A F e 2 Gl L 727200 T b I O B2 11
AN, 2O LMD, B RPEEDAMBRIZEN Lo TR, £k
FIZE S THRADBEENERESI, T AD R b L AR S LT AEE L
ToAER. BNARNIHI Sz EHERI L TV 5(85), £/, JEEAHEL- L v ) His
T, B/ ERICE o TIMEFHEDELE 720 (86), FEMEENMH] S 417-(87)
RTHLELBREINTWVD, ZOXHIT, F/LVERITERNTIE, o772
& — %A L CHEE O B G| \—?/i.ﬁ%’%‘kzéj EMLH D, 5H%IT In vivo 2T, EE
HREIZ T 2B e ROEHEZRETT 2 0E H L L Ebh b,
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/NFE

C SR REOE LR, b PEAMIBO R B E 5o T

- BRHE LD bEIREOE/LE XTI, & b2 A3 2 Al S

TR b= AFEER DR S T,
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FBT PLA T ALEIC K B BB O HUAS A SIS R BRI O R

BHEIE DA RIEOK) 2% & DD NAFETH D (93), D 85%LL LA HHDTWD
DONEHMALSE (renal cell carcinoma: RCC) TH 5(94), HARIZEIT 5 2006 HF0D
BRI I K DR CEE 8,767 N (BB 2,498 A, &ME 1,269 A) THV ., BAIC
EDHHED 1.1%% HEHTN(95), ZHIEELVNAFETIZRWA, HARTOIE
X 2000 4% T 25 4 THI 4 51272 > THE 0 (95). 4% LILTROH M T
BENTWD, REFITEM: &ME=2:1Th v (96), fEKRIA T & L TR AL
mIMLE7R ENZEF TN S(94), S HICENTBEE TRAEFEREG WV & HA DI
TW5%(95), £72. RCC D 2~3%IIFHEMEDBISHIRERFRKETH D L sh, £
Di&fn+ & LT von Hippel-Lindau (VHL) <° fumarate hydratase, c-Met 72 &/
4300 TN 5(94),

2?05 b VHL O RIL, FHEMETIE R WD (sporadic) RCCIZHWT
EBREEICBIZE S (97), RCCEITO FERFRRBELEFLEZX DN TWD, EFIX
Eé' H:O THRIZZ O FLE TIHERR R IREE (hypoxia) 278> T 5 75>(98)\
AR TR K1 Cd 51K FEFHEK T (hypoxia-inducible factor; HIF) 723%
B, MEFAEMEERF (vascular endothelial growth factor; VEGF) <°7 /L =
— A F 7 AR—4%—GLUT1 fik@%@%ﬁLﬁ“é & T hypoxia (23 bt L T
%, HIF Y7 2=y h®O—>Th 5 HIF-a %, BHFEZESEFTII2EXFF
fbicke 7m 77 Y — L0 as 7T, VHL 12202 FF AMEICHZEH RN
FTH5H(99), L->7T, RCC TIXVHL NER L TW5H 7=, HIF-o 230 iR % 5 )
FUITHEFAICRBELL . MEFEREDMEEINLTND

RCC OIEHEDIERITIFITIETH 0 | UIRARRE D D VWITHEITHED RCC IZITEY)
WL TS, LML, BED3 5D 1 T%%EH# CBEICHER LT, 72 40%

TIEE M M Z IR 233 /L S 4 5 (100), (2. RCC 1ML A R~
729(96), £ DTFRIZIEFITHELS, 5 E@Uﬁ 15~10% &b TWns(101), =
NETIHE A v Z =Tz aof v F—uAF-22 K505 EEN RCC DIE
HERY 72 FEMIFIE T > 7203, £ DZREHIT 10~20% & KD 72(101), L > LI,
VEGF ZFR2 LT v LrTTFur o3 h—EHFERDOY 772 =7(102) &
A =F=7(103), & 5|Z mammalian target of rapamycin (mTOR) FLEIKD =~
7Y AZQ104) & T A m U AZ(Q05)AFHKVT RCC IR & L TRRB I 11,
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RCC BB DB IRIEIIRE LS IENR 722 02D, ZTHH Doy THEMSEK OB IL, RCC
TiX VEGF > 7 F AL L T 5D Z X, mTOR NtkAx Gy 7 F 1<
HIF-o OFFRICBD DR TH D Z L (106, 10DIZEKESNTWD, —FT, Y77
I:f%x:%:ﬁfm\mmWM&%\%Ehﬁﬁ%%é%wﬁ%%g%t_#
FREBRIG EORIERN, FFICHAANTRBEEICEZ A Z ERHRESL TN
(108,109), L7223 o> T, TN O TAERSKITEEICK G T A0ERH D L L HIC
RCC IZxtT 2 L VLA TH N RIEWRIEN KD LA TND

— PR AFNRIROW 2 HRIESED—>2 L LT, NADERIMMERET S5,
MPERERE & L Cid, P X > )7 & (P-gp) X° multidrug resistance protein (MRP)
7 EDFEFPEL b T AR =2 — DRI B, DNA E1E#E O LHEQ10), H17
R E—=VRAZ R EOBFEFEAID R ENETOND, ZOF TR LR
ENTEEZDONP-gplc OV TTH 5, P-gp IF multidrug resistance 1 (MDR-1) &
mFica— R/, 170kDa @ 12 BB @M & X7 ETH Y . ATP {KAFHIIC
HeA e sk~ LT 2, T ORER, FEAIOMIGP R MR T LT, AN 2
AT, REVILED R MRV R, BEVTTRAF U BT VRF NI X
XN, FeEZXELRE, Z< OIEREEORENTIBAHFIN P-gp DEE LD 5
o —HTUVATTF I P-gp ODEEIZITRDIZ< W E VDAL TV AH(112, 113),
FANM TR AR D 7= 6D  P-gp PLES L LT 27 1 2R U > A X valspodar (PSC-833)

INETICHBINTE 2N, 2 03EAITE ML LZBRICEHECHEKYMH
AAEM %R LTc, £ 2 CTHAETIER, EMM AR OD 7207278 P-gp BLEIED
KB P ©dh 5 (112, 113),

ng@@b@EMﬁ%’%%ﬁbfﬁb ERNBE)CmY OPERICE S LT
W5(113), B CITIEAL R ICHFEE L, YV IF v E0RY & R ~HEH 4
HEENRH L, Z LT RCCHEED 76% T P-gp OBFIFREIN A 55 2 &(114),
RCC HHA% HA >k oD A0 I IE B LA B SR O fAIC Ee_ T P-gp #EENE W Z L (115)
NG SN TEBY RCCOEAFNMMEIZ P-gp N EE L TWAZ ERHH SN TVD
L7 - T, P-gp ®DFEBL - HBEZ AT T 5 Z & 23 RCC DI EAIMMESZEIZHHTH
HEEBEZOND,

W, B2 e N ARRICB W T, B0 7 v —X —f@ilnm A F b S, ig
ERMHI SN TWND Z ERHLNI 2> TETCWD, RCCIZEBWTH, VHL (100)
X° E-cadherin (116, 117). Ras-association domain family (RASSF) 1A (118)7¢z &
DR AIFEIEFIZONT, AF LI L > THRIADBE T L TWHDEZ ER 1o T
W5, £72. RCC BAFEIZBWT, AT/ ENEWIEZ ETEHEREN &V D A
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LRI NTNDH(119, 120), L-> T, BAFILETINLBIE T ORI L EH
$5Z & T, RCC DR Z M T& 5 vl ReMEAHER S D,

BUED D /S PETE Tl BB OB AR OPFRFIE TS Z LRy, B
ROBTIIENR LN T LV, DANZOHEEN 3 LTl b3 2 fTREME S &
<7ed, =T, EREFOR DA ZUHT 5 2 & CTRRROGUIESL )R 115
Hiv, MO HEEZ T 50N ENTE 50121, BiAFAALHED
S BRI 6 U CHAITIIENZ L & W ) BRERRBROFE R H 5 23(26),
In vitro X O In vivo D3R T, i A FALIK L OB A2 OF 3 5 & EIRIEEREIC
LR R A2 RT 2 ERME I N TV 5(122-124), Z DA, Bl A F (b3 TR
ERIHI SN TN L BEFORBZEEIEL 2 & TRMEDOIEMZ#HiR L T
WD EHERIEN T A(123), LaL, RCC ITxT DML A F ALIK L D HL s ALF
DU RICONTITIF E A EHE SN TR,

FriZonE o, B Caki-l IZBW\W T 77 2F 2 (VBL) O
Jazh B, B A F LI 5-aza-2’-deoxycytidine (Aza) OHFHIZ L » THEB I LD
xR LIZ(125), VBL IFUNEERGEZET LI AT Ve A RERDBA
HTHY, RCCIZH L TREEZRLIZE INDEDIVFINRAFID—>TH 5(96),
F T2 O TIL, Aza & VBL OOF 2 F 1213 connexin (Cx) 32 D il £ F /v
2L BFEBLEE & P-gp OFBMBEINTFEH L TWDH 2 &R s 7-(125), Cx32
XX Y v TV 7 v a OERZ R ETHY . RCC T AMEIELE T &
LTHEREL TV D Z ENR 0o TWVWAH(126), & Z TABFFETIE, Caki-1 (2% 5%
Aza & VBL OGFHZI RN In vivo THREO LD e L. F 724 o B ek ¢
b RGN RD B2 D3 ket U BTG~ D Aza O MM Z BREE LTz,
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B1HE EEBEETBETT L~ ACBITARATF U ELE LT T 2F D0
I F 3 X O OE AT oME

1. ik
1) fEHEY

Balb/c An-nu/nu athymic mice, ZEM:, 5 i, 18-22 g (HAF ¥ —/L A /3—)
Rz, EREE (CE-2, AAZ V7)) BIXOWEKE B BHERS W, &k
(6:00~18:00) FTHIH L7,

2) A A e

b BRI - Caki-1 ATCC LV gEA
McCoy’s 5A medium modified (10% FBS. 1% Penicillin-Streptomycin) %
MW, 37C. 5% CO2 FIZTH#E LT,

3) MHEY (TRELAO b DT 2 HIZHE-72)

McCoy’s 5A medium modified GIBCO
Matrigel BD Biosciences
5-Aza-2’-deoxycytidine (Aza) SIGMA
Vinblastin sulfate (VBL) Wako

Aza & VBL (332, v~ 7 A& GT 55813 PBS ICfE LT-,
RNeasy Mini Kit QIAGEN
2-Mercaptoethanol Wako
TE (pH 8.0) =R —
PrimeScript RT reagent Kit (Perfect Real Time) TaKaRa
SYBR Premix Ex Taq (Perfect Real Time) TaKaRa
UltraPure Tris Invitrogen
HCl Wako
NaCl Wako
Polyoxyethylene (10) octylphenyl ether (Triton-X) Wako
B-glycerophosphate SIGMA
Sodium orthovanadate (NasVO.) SIGMA
Ethylenediamine tetraacetic acid disodium salt (EDTA) DOJINDO
Protease inhibitor cocktail SIGMA
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Phenylmethane sulfonyl fluoride (PMSF)
100 mM (2725 K 5 99.5% ethanol IZ#fiE L7z,
DC Protein Assay Kit
2 mg/ml Bovine serum albumin (BSA)
Bovine serum albumin (BSA, %)
Sucrose
Sodium dodecyl sulfate (SDS)
Bromophenol blue (BPB)
30% Acrylamide solution
Ammonium peroxodisulfate (APS)
N,N,N’,N*Tetramethylethylenediamine (TEMED)
Prestained protein ladder
Glycine
Methanol
Polyoxyethylene sorbitan monolaurate (Tween 20)
AXLINT
AL TN —
Immobilon Western (ECL 33%)
Monoclonal anti-P-glycoprotein (MDR)
Monoclonal anti-p21WAF1/Cipl
Anti-cyclin B1 (GNS1)
Anti-Bax (N-20)
Purified mouse anti-Bcl-2
Anti-XAF1 (L-16)
Monoclonal anti-B-actin
Horse anti-mouse IgG, HRP-linked antibody
Donkey anti-rabbit IgG, HRP-conjugate
Rabbit anti-goat IgG-HRP

SIGMA

Bio-Rad
PIERCE
SIGMA
Wako
Wako
Wako
Wako
Wako
Wako
Fermentas
MP Biomedicals
Wako
FTHTAT AT
EEl
Wako
Millipore
SIGMA (P7965)
SIGMA (P1484)
Santa Cruz (sc-245)
Santa Cruz (sc-493)
BD Biosciences (610538)
Santa Cruz (sc-19193)
SIGMA (A5441)
Cell Signaling (7076)
Beckman Coulter (732986)
Santa Cruz (sc2768)

Lysis buffer : 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1% Triton-X, 10 mM
B-glycerophosphate, 1 mM NasVO4, 1 mM EDTA, 1 mM PMSF, 1% Protease

inhibitor cocktail

7272 L. PMSF ¢ protease inhibitor cocktail I f# f ERIZIEA L 7=,
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Sample buffer : 62.5 mM TrissHCl (pH 6.8), 10 % Sucrose, 5%
2-Mercaptoethanol, 2% SDS, BPB (i &)

Running buffer : 25 mM Tris, 192 mM Glycine, 0.1% SDS

Transfer buffer : 25 mM Tris, 192 mM Glycine, 20% Methanol

TBS-T : 25 mM Tris, 13.7 mM NaCl, 0.05% Tween 20

Stripping buffer : 25 mM Glycine, 1% SDS (pH 2.0)

Y7V DRI Running .
-~ 20 Stacking

AR K 9.6ml | 6.6ml | 5.8ml
1.5 M Tris (pH 8.8) 5.0 5.0 —
0.5 M Tris (pH 6.8) — — 2.5
30% Acrylamide 5.0 8.0 1.5
10% SDS 0.2 0.2 0.1
10% APS 0.2 0.2 0.1
TEMED 20 Wl 20 Wl 20 pl

4) RERFIL

(5 R F A€ 7 V]

DCaki-1 # 1X107 cells/0.1 ml £72%5 X 5 PBSIZI#E L., S HICFED~ MU S
NWEIRE LTz, TOWRERZ~ U ADOLERBEOAMTTRIZ0.2ml L TFBME L (1 7
Frél=V 1X107 cells) (Day 0), MEEBf%ZIL 2, 3 H Z LITHREL X OEGE L
BIE L, ESEAREE 314,/ 6 X (R X A2 ICTHE L,
@Day 7 DEEEIEEZ S LI, BKEOIXLOEBHEMTHINIL R LIICvT R E
4 Bf (control #f, Aza HUREE, VBL HIWEE, OFHEE) 291072, % LT Day 9.
16. 23 %0830 12 Aza 1.5 mg/kg % . Day 12. 19. 26 &0 33 |2 VBL 1.5 mg/kg
EREVENH G LTz, BGAREITARE 10 g¢b72V 0.1 ml & L7z, F£7 control Bt
L OHMBE CHA 2 B E LW AICIE PBS 25 LT, -8 5B %1%,
THRIOAESLE X N8> TR0 EORET- L BIZ LT,
@Day 34 |2~ U AZFAMERLH L7=%., EEEMH L7z, v — 1 ETPBS T
L7enn, FECIENZBBRE, FL22 40 ETRYERWZHE, EEEE %2
ELTZ, BEIXZ2E S LT 744 F 2—7IC AN, —80CTRAF LT,

TG ARFEE b FE % (Day 34 DR, (Day 9 DR (2 TR L7z,
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[E% N mRNA 8L O 5 ~Real-time PCR~]
DO—80°C THFEIRFE L TBWEIHE O — A28 0 H L, ¥4 40 ETKYERR
Wiztk, 1.5 ml v~ 70 F =2 —7IZ ANTH 15~35 mg [T L oTc, £~
Buffer RLT (2-mercaptoethanol % 10 ul/ml &) % 600 Wl Jx T, =y ~XUH
REVHFA Y —THEBER % LT V2517, 15,000 rpm, 20°CT 3 i L

=%, &R L7,

@RNA #h} # RNeasy Mini Kit # W\ Ti7- 7=,

F 5172 EIEIZ 70% ethanol % 600 pl Il x2 T L <% L. Z1v%a RNeasy Mini
Spin Column (Z 2 [B[{Z53 17 T7 7*Z A L, 10,000 rpm T 15 #fil.0s L 7=, Buffer
RW1, Buffer RPE (X2 [0]) TIEEE, 17 LD AT L2 iS4 RNase-free
water 50 ul T RNA Z#EH L7-, RNA &K% TE TAHMR L., RNA IR %2 WO EFT
Smart Spec 3000 (Bio-Rad) ZH W TEE L 7=,

@RT S i> % PrimeScript RT reagent Kit (Perfect Real Time) % W CT{T- 7z,

5 X PrimeScript Buffer (for Real Time) 2 ul
PrimeScript RT Enzyme Mix I 0.5 ul
Oligo dT Primer 0.5 ul
Random 6 mers 0.5 ul
RNA template 0.25 pug
RNase Free dH20

Total 10 ul

AL
37C 15 min
85C 5 sec

@Real-time PCR % SYBR Premix Ex Taq (Perfect Real Time) % H\»T1T7 > 7=,
W=7 7 A4 ~—0fdS % Table 3-1 I~ Lz, £7-. KiEIEFD 1 ng/ml ® DNA

Wi 2 D Ca GRS &2 4 SR L TRER 2 ER L7z,

Cx32 Z DAt
SYBR Premix Ex Taq (2 %) 10 ul 10 ul
QuantiTect Primer Assay (10 X) 2 ul —
Primer Mix (4 10 uM) — 0.4 pl
ROX Reference Dye (50 %) 0.4 ul 0.4l
D.W. 5.6 ul 7.2 ul
cDNA template 2 ul 2 ul
Total 20 ul 20 ul
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Table 3-1 Primer sequences for real-time PCR

Gene NCBI reference Primer sequences (5-3’) Product (bp)

MDR-1 NM_000927 F: GCTCCGATACATGGTTTTCC 146
R: TTACAGCAAGCCTGGAACCT

p21 NM_000389 F: GGAAGACCATGTGGACCTGT 146
R: GGCGTTTGGAGTGGTAGAAA

XAF1 NM_017523 F: CTCGGTGTGCAGGAACTGTAAA 79
R: CAGGAACCGCAGGCAGTAA

E-cadherin NM_004360 F: TTTTCCCTCGACACCCGATT 165
R: GTGGTGGTGCCCCACTGTAT

VEGF NM_001171623 F: AACTTTCTGCTGTCTTGG 395
R: TTTGGTCTGCATTCACAT

RPL32 NM_000994 F: CATCTCCTTCTCGGCATCA 153

R:AACCCTGTTGTCAATGCCTC
GAPDH NM_002046 F: CCAACGTGTCAGTGGTGGAC 180
R: CAGCGTCAAAGGTGGAGGAG

F: forward primer, R: reverse primer
Cx32 D7 T A = —IZIL Fit® 10X QuantiTect Primer Assay (QIAGEN) %
W72t Hs_GJB1_1_SG QuantiTect Primer Assay (200) (Product : 121 bp)

[JEIZN & o 7 B3 BLO Fiit ~Western blotting~]
O—80°C THAEMRAF L TBWIZIEEF O— a0 H L, 444V ETKYZEBR
Wet%, 1.5 ml v A4 7 2 F a2 —T7IZ ANLTHR 60~85 mg (JHEEH /NI WIGEITH
20~45 mg) 130 & olz, ZIANEEEED 5 5ED lysis buffer Z Mz T, V/
==& —T)KEIZT 30 ML, b~ 7 ueFa—THREI T A —
TSGR 29025 Lz, 15 77RK EICHE L 721, 15,000 rpm, 4°CT 20 53 [H
oL, REEEI LT,
@ % X7 EHE % DC Protein Assay Kit # HW\WTIT-o72, KEMRIT BSA (2.0
mg/ml) Z AW THER L, %o 7 id 3~10 %I L T, duplicate TERE L 7=,
RBHRICIIAREKE ], 20 L0 SEE I lysis buffer DA%z 7=
blank OWEETHIE L7z,

66



@FVt I NEH T EEDN 20 ugliwell, 777 A &) 20 ul/well 12725 £ 9 1Z
lysis buffer & 4 Xsample buffer & &5 L. 95°CT 3 7JMA&EW L7z,

@P-gp HIZ 7.5%., ZOfthd & 37 EHIZ 12% D SDS-polyacrylamide gel % 1f
®WLCH T NET 774 L., stacking gel # 50V, running gel % 120~150V T
) A D

@vkEh 2 & T L7= 5 PVDF i (ATTO) ~®D#55 % 200 mA T 60 /»ffr-72 (4
FBDOKZ V) P-gp DA 90 45D,

©A 7 L% TBS-T TEEL Welfth., 5% AF L I/L7/TBS-T ik T 4°C Tt
TuayX T EITom (p21 & XAF1 OH 0.5% I V7)),

(MTBS-T T 5 77 X3 [EPEHE ., 1 IREUKEIE 2 1A T =il T TR < I3 LTz,
@TBS-T T 10 43 X 3 [mI¥EH 2. 2 KPR Z A T, S|IR T 1 RHEA<IZA L
776

@TBS-T T 154 X3 [k, A7 L IC ECLEREAHM T L TREIE, 1 2
— UV A¥ ¥ —LAS-1000 Plus (7T 7 4 /VATH) ICTHRIHL, EEEZITo T,

SeHUR D AR IT 15

—IRPUE ZIRBUE

FRAE R | AR RN A BRI
P-gp 1/500 1% I/v7 Mouse 1/10000 | 0.1% < /v7
p21 1/200 0.5% FBS, 1% BSA | Mouse 1/5000 1% I /v7
Cyclin B1 | 1/200 0.5% FBS, 1% BSA | Mouse 1/5000 1% I /v 7
Bax 1/1000 0.5% FBS, 1% BSA | Rabbit 1/10000 | 1% = /v 7
Bel-2 1/1000 0.5% FBS, 1% BSA | Mouse 1/5000 1% IV
XAF1 1/200 AL Y — | Goat  1/5000 1% I /v
B-actin 1/10000 | 0.5% FBS, 1% BSA | Mouse 1/5000 1% I /v

A L =N =D OHURAT RIS TBS-T (2R L 7=,

5) iuatilE

il RV E AR RERRZE (S.E.) 2 I3EHERA (S.D.) TrLll, AEERE

121X Tukey-Kramer test & FV 7=,

67




2. fER

BHERBRPIZHET L~ 7 R 30 o T, v U AOKE T, VBL BEAlRE L O

OF AT VBL ORI G#%IC 1~3 gl Lz, LaL. 2 EHEKO VBL &5
T, TN EoEERDIIA LN -7 (Fig. 3-1), £/ VBL &5 Lz~
AT, ERMIEZEL TERIKSEZZBFATVDOERTFZ o7, Ll Fri

& 30> TV D ERFITH DRI -T2,

JESERE N ORI EZEH L7 & 2 A, control B TOIEBAFE O LT, Aza
BB O VBL BB TII O E 0 ZRN o T2 h, PEHEE CIEA EICEERE
w7 (Fig. 3-2). RZCR S fFHBETHH S 2 Emn A oni (Fig.
3-3), % OERE &L, OFHEE T control FEX° VBL HMAE XLV & A B I2HH &
ni- (Fig. 3-4),

WIZ, ZOUFHROWT 2 /E L7z, £7 mRNA BEOFER A Fig. 3-5 I
L7 ETT 212X . RCC OB AMGNEsF & L THE S Tn5d Cx32, P-gp
Za— K9 % MDR-1, & FEMERF VEGF Iz, A F AR L 2 =5 4#
PEE STV 2R E IR ER 1 p21 (127, 7H F— v A% BT 5 XAF1

(X-linked inhibitor of apoptosis protein (XIAP)-associated factor 1) (128), K&
HlasE S K1 E-cadherin (116, 117) & #R L 7=, = OfE R, MDR-1, p21 &X' XAF1
® mRNA FEH, OB CHINT 2@ micdH > 72, —J7, Cx32 mRNA [
LS Y . VEGF O E-cadherin @ mRNA R ELUZIZZ(L RN Lo 1=,

DOV T, mRNA BELEIN L 72 K12z, ORI E o7 4 b — 3 R
DOLRAIZONWTH 7 EREB 2t Lz, Fig. 3-6 (21X, &8 3 LT 5D
Western blotting D /N> ROGE K NZ O EE&R R4~ LTz, P-gp %8LIL, MDR-1
mRNA FEH D2 &3z, §FHEET control FEX> VBL ﬁﬁﬂﬁi T ATl E 4
2o P2LIXPFHBE TN 2 MHEICH O . I EEHEITICEI D 5 cyclin B1 B
FOT R b — 2K+ Bel-2 133849 2w ;3?)/)7‘:0 TR h— T A RHER T
D Bax 1323 B H V72 Dy 2 72, XAF1 IZOW TIE mRNA B BLIZHEI L TWL 72238,
L R BTN E R TE o T,
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Fig. 3-1 Effects of 5-aza-2-deoxycytidine (Aza) and vinblastine (VBL) on the
body weight of mice in a xenograft model. Aza (1.5 mg/kg) and VBL (1.5 mg/kg)

was administered by I.p. injection. Each value represents the mean + S.E. (12=6).
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Fig. 3-2 Effects of 5-aza-2-deoxycytidine (Aza) and vinblastine (VBL) on the
development of Caki-1 tumor volume in a xenograft model. Aza (1.5 mg/kg) and
VBL (1.5 mg/kg) was administered by Zp. injection. The tumor volume was
calculated as [n/6 x large diameter X (small diameter)?]. Each value represents
the mean + S.E. (#=6). *p<0.05 and **p<0.01, significantly different from
control, #p<0.05, significantly different from VBL by Tukey—Kramer test.
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Fig. 3-3 Effects of 5-aza-2’-deoxycytidine (Aza) and vinblastine (VBL) on the
relative tumor volume of Caki-1 in a xenograft model. The relative tumor
volume was determined as [(tumor volume on day 34)/(tumor volume on day 9)].

Each value represents the mean + S.E. (2=6).
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Fig. 3-4 Effects of 5-aza-2’-deoxycytidine (Aza) and vinblastine (VBL) on the
tumor weight of Caki-1 in a xenograft model. Tumor weight was measured after
the removal of the tumor on day 34. Each value represents the mean + S.E.

(1=6). *p<0.05, significantly different by Tukey—Kramer test.
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Fig. 3-5 Effects of 5-aza-2-deoxycytidine (Aza) and vinblastine (VBL) on
mRNA expression in Caki-1 xenografts. Total RNA was extracted from
xenografts and the mRNA levels were determined by real-time PCR. The mRNA
level of each gene was normalized to the internal standard RPL32 and
presented as a ratio to the control. Each value represents the mean + S.E.
(7=5-6).
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Fig. 3-6 Effects of 5-aza-2-deoxycytidine (Aza) and vinblastine (VBL) on
protein expression in Caki-1 xenografts. Whole cell lysates isolated from
xenografts were analyzed by western blotting. (a) The bands corresponding to
three samples per group are shown. (b) The intensity of the bands was
normalized to the internal standard B-actin and presented as a ratio to control.

Each value represents the mean = S.D. (n=3).
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INFETOHRE0A29, 13002 SBIC L TERERICET 2 TG 217072 2 A,
Aza 2.5 mg/kg TIZHM TOMEEHEGFEMHEEH2ABEETH Y, VBL 2.0 mg/kg Tl
T HYTABND LW ERR E2EG-, 22 C, SRR EZRET 245 EIX
Aza & VBL O#58% & 412 1.5 mg/kg [ E L7=,

F9. v U R Caki-l ZR TR LI-ET VBV T, TEERFEO IR
BONESEEEN, Aza FIREE L VBL BB CTI3MH Sz o zoickt L, fFH
HCIAEICmHE SN, Ko T, Caki-11Zx3 5 Aza & VBL OfFHZhFIX, E
BT T VBN T LA LND Z BRIz, £7-, VBLEHIZ L > THE
B EBE FRIOIERNALNTZN, BETELHHLOTHoTZ,

RIZ, BN O mRNA °F X7 EEBN G Z OFFRROIERET % et
L7z, LLHI D in vitro DFF T Aza lZ &L - T P-gp BHEZMH S -2 £ 5(125),
A8lD in vivo DRFTTH P-gp BBA~OREEZR T, TOMEE., P-gp BN
RBETHIH STV D Z & D3RR S v, MfEN O VBLIRER L5 L. VBL OfifE
BN R R U2 Al BEME N B 2 Bz, RCC OIAIMMED RN O —> & LT P-gp
OIBFIFHLNE 2 DD 720114, 115), Aza & ZMIRIKONEH X RCC Ot 5 ik

WCHELETHAH I ERRBEINT,

ABIOKFTTIL, P-gp ¥ X7 EREOZE{LH MDR-1 mRNA #HOZE & —
BHLAWER Lo, ZNETORENL, ZOFRE LT P-gp OFIFRILE & |
P-gp O fRFZADILENE 2 Hiz, Yague B, AMFEMICIB N TaLe For
LT T AT U EOHIN AR DRI L > T . MDR-1 mRNA (ZFEE I 115 23,
P-gp I L2022 L 2 HE L TWVWAHA31), LT, ZOMFELEOKT &
LT.mRNAICU R Y —AREAELTHWARNI EEHALMILTWS, 4. Pgp
DoFEREEE L LTE, 28X F Ak 7 u T 7 Y — A TO R &Nk 7w
TT—BILL DN HME SN TVA(132, 133), 205 b7 uT 7 Y —AGfiEIc
BWT, 22X F o fbaniz v/ V8% ATP ase £ Clait 3 2% D &H 5 SHP1

EWVI RT3 Aza lIZ K> TR ATF AL SN TREN EFTDHEVI AR
5(23), T7hbb, Aza llX-oTCTaT 7 Y —L0MRiET 52 EnEZL LN,
FRE, B T VRO JAR2 28, Aza lCL > CTEDORBBWA L, 7077 Y
—AMHEIED MG132 2032 2 & THREANEIE L7z 2 LRI N TN S(23),
Fex ORRFIC, JFARET MDR-1 mRNA OHEMICEE D 5T P-gp ¥ v /N7 EHELN
W UieZ Lli2iX, P-gp OFFRIBRE CORIE E 7T 7 VvV — 22K D P-gp 5 fED
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JUED L L TW D ATREEN B 2 b,

Cyclin B1 (X G2 o #& bV [ZFBL L. cyclin-dependent kinase (CDK) Th %
cde2 AR ZTEA L T, MIlaEH 2 M ~ETI S0 23H 5, p21 1L CDK
OAERFTHY ., G1 HB LV G2 Wl THilE A 1E 1L =5 (arrest) 5] &
2T Z &N TNAH(135, 186), ZiLETIZ, Aza A3, cyclin Bl mRNA @
WAL p21 # X7 EOHEMEZ N L TG2/M arrest #2292 E0RMEINTND
(137), A E O fEFHCIL, PF AL T control #£X° VBL HMAEIZ Hb-< T p21 ® mRNA,
B R ERBENILITOR0 EH Ueyelin Bl Z U X7 BERBENWA LimZ &b,
G1 1 G2 I TD arrest RHFHZRICHF LG L TWDL Z RIS Tz, /2. 7
RN b= 2N A O Bel-2 23 L7 Z &t BFHBECT A b —v AL
TWD I ERRBI NI,

Fox OLRTOMFICTIlX, Aza 2.5 mg/kg OEMES (B 1=, ip.) (ZX-> CTHEE
VATHAN S (T S 72 (129), Z 0 & EEFAN O Cx32 mRNA FEBLOEIE K O
VEGF % > R ERBELOBWPNAH LN TEY, Aza OFUEENRE~D Cx32 X
VEGF OGN HER S 7=, Lo LA RIOKE Tl Aza B, OFHRE L 12 Cx32
mRNA (X7, £7 VEGF mRNA I[Z21biZ7ero7-, TORK E L TIX

ENIMEAED 1.5 mg/kg D Aza ZHAW=Z R EZ b=, ko T, /%\Iﬁl@iﬁﬁjfﬂ
HilPEMIZIE Cx32 X° VEGF (ZB5- L TV a2 L AVRIR S Tz,

E-cadherin (37 AN ORISR IZE 54 2 BN AMHIER - Thd Y L&z Tl
E-cadherin 235 7 F L2l L TW\W5 2 & by Sh72(138), —J7. XAF1
T AN—EBHEKRFTH D XIAP Z#if| L, 7R P = A2 RBET @21 H 5
(139), £ 72, RCC 3 T XAF1 R BL & T OB ¢, 7”18 X 11TV % (140), Ishiguro
SIT KRG MIRICR LT Aza &4V 2 T 2 0FHRML7ZEE, XAF1 mRNA 28
BRI T L EHmE L Tunb(122), L L, AmatoptHETIE
E-cadherin mRNA & XAF1 # X7 ' E ORMEZREMNIMAER TE 3, fFAREIC
THL TRV EHERI Sz,

DDV THE 2HiTliX, Caki-l TALIL- Aza & VBL OB EN, tho e &
MR T H O N2 D RETT 2729, 786-0 Mflakk L A498 Mlifakk b T in
vitro \Z TR LTz,

75



F2E In vitrollB T HWMATF ALK E LT T XAF U OHFHIER L OFDOE
FARE Y D FaET

1. Gk

1) A

b MR © Caki-1, 786-0 J UN A498
Caki-1 X ATCC L VA L7z, 786-0 K TN A498 1Ty RFAEmEN FE REFK
BRI L ViESZ LT,
Caki-1 (Z McCoy’s 5A medium modified (10% FBS. 1% Penicillin
-Streptomycin) . 786-0 K ' A498 (X DMEM (10% FBS. 1% Penicillin
-Streptomycin) Z AW T, 37°C. 5% CO2 FIZTEZE LT,

2) HHEY (FRELSAO b DO 2 B LOH 3 B 1 Hilcit->72)

5-Aza-2’-deoxycytidine (Aza) SIGMA

100 mM (272 % & 9 DMSO ([ZifiE L, Kih THIRRAR L 7=,
Vinblastine Sulfate (VBL) Wako

1 mM 2725 &5 DMSO ([ZifE L, B THEFAR L7,
Anti-cdc2 p34 (17) Santa Cruz (sc-54)
Phospho-cdc2 (Tyr15) antibody Cell Signaling (9111)
QIAamp DNA Blood Mini Kit QIAGEN
Methylamp DNA Modification Kit Epigentek
Premix Ex Taq Hot Start Version TaKaRa
Agarose XP =R —
Acetic acid Wako
Etylenediamine tetraacetic acid disodium salt solution (EDTA) SIGMA
100 bp DNA Ladder Genedirex
6 X Loading buffer TaKaRa
Ethidium bromide Wako

TAE buffer : 40 mM Tris, 40 mM Acetic acid, 1 mM EDTA

3) FEBRFE
[ &AL EE ]
AL A FRFE L C 24 BRI, BsHiAFRE L T Aza RN L 72, MTT assay TiZ
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0.02, 0.1, 0.5, 1 X O'5 uM @ Aza % , & DM ORI Tl Caki-1 & A498121%0.1 uM,
786-0 121X 0.5 pM @ Aza Z Nz 7=, Control (21X, W KIRED Aza ERIEED
DMSO & f &z 7=, 72 Bifft4, Bz FRZ%E L C VBL 10 nM 2% L7,
Control [ZIX[FIIEEE D DMSO & A ANz 7=, S 512 48 FEfilt:, &7 v &A1 %
1T-7,

[#HIa EfF R OGS ~MTT assay~]

A% Caki-1: 2 X103 cells/well, 786-0 K& TF A498: 1.5 X103 cells/well & 725 &
9 96 well plate [ZFEFE L (100 pl/well) . EREOIEFNLIRZ1T > 7,

D% OBEAEILE 2 BEITHE - T2,

[ e & #1 D B 5t~ Flow cytometry~]

A% Caki-1: 8 X104 cells/dish, 786-0 & TF A498: 6 X104 cells/dish & 72 % &
9 60 mm dish (Z#EfE L (4 ml/dish) . EFCOIFIE 51T - 77,

Z D% OBIEILE 2 BT - T,

[mRNA B DO Fiit~Real-time PCR~]
O % Caki-1: 4X 104 cells/well, 786-0 }xTF A498: 3104 cells/well & 725 X
9 6 well plate (ZFEFE L (2 ml/well) . EECOIANEE 21T - 7=,
@4 well O ZFREL TH PBS 1 ml T 1 H¥ - 7%, Buffer RLT
(2-mercaptoethanol # 10 ul/ml &) % 350 ul/well 1% T, MifdZ B L7z,
@RNA #hiH % RNeasy Mini Kit &\ TiT- 7=,

AAE lysate & 1ml > U > IZHLY 41T 72 21G VESSHC 10E@E L7z, Z 212 70%
ethanol % 350 ul 71 L. Z 4% RNeasy Mini Spin Column {27 77 1 L.10,000
rpm T 15 B0 L7z, Buffer RW1, Buffer RPE (X2 [F]) TEHEH%. 17 LD
A LT L kL X4 RNase-free water C© RNA #¥AH L7=, RNA &K% TE T
7R L. RNA I 2 W 2 Smart Spec 3000 (Bio-Rad) # W TERE L=,

RT BOGLARE OEREILE 3 B 1 HilCiE - 7o,

[ 7 o 7 3B DO Kiit~Western blotting~]
OMEfE % Caki-1: 6 X 104 cells/well, 786-0O K TN A498: 4.5X 104 cells/well & 725 &
9 6 well plate (ZFEFE L (2 ml/well) . EECOIRANEE 21T - 7=,
@4 well DI ZFREL TH PBS 1 ml T 1 [EFE- 7%k, WEERTRAEBH (3
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) LEIE TR & & 3[RV IR L7z, Lysis buffer 2 150 pl/well /12T, &/ A
JL—R—ThER->T15ml~A 7 aFa—TB L, kET10 REESE%
Tz, & L OKEIZ 15 /3 #E L%, 15,000 rpm, 4°CT 20 pfH=ELo L. k
H 2RI L7,

LR EEVFEOBEITSE 3 EFH 1§72, 7272 L., cde2 & p-cde2 DR
OB, 8% AFXFALAINZICL D7 ry X 7 AZEIRT 1 KM, —KRIUERIG
ZACTRIZENEFNEE LT,

PAETINNE Y NI BT

BRR/SIREN ZIRBUE

R | AR NGRS A BRI
cdc2 1/200 0.5% FBS, 1% BSA | Mouse 1/5000 1% IV
p-cde2 | 1/2000 0.5% FBS, 1% BSA | Rabbit 1/10000 | 1% /v 7

PUART BRI 1T TBS-T (23 iE L 72,

[p21 F&I5 T D A F ALIREE D FF~Methylation-specific PCR~]
(DCaki-1 % 1X105cells/well & 725 X 9 6 well plate ([Z#FE L (2 ml/well) . 24 KF
Mg, iz REL CTAza 1l £7201X5 uM 2RI L7z, Control (21X 5 uM Aza &
Rl > DMSO & AR 2 N 2 7=,
@72 FERMERE%L, N U T THIREZIES L%, Bz iz TEE L., BB E
1.5ml~A 70 F2—7IZBLT300g THoflELLE, TLTT AL —X—
TEEZZERIIFRE LR,
XpB., FARICHEZE LcMilez VT, p21 mRNA %34 Bl J5ik%E v T
Rt L7,
@DNA filii # QIAamp DNA Blood Mini Kit # H\\T{T- 7=,

ML~ 1 > b % PBS 200 ul T L. QIAGEN Protease 2 20 ul iz 7=, = Z
IZ Buffer AL % 200 pl N2 T, 15 BEALT v 7 A L%, 56°CT 10 4771
FaX—hL7, EHI1299.5%TH /—/L% 200 pl Mz T, 15 PEARLT v 7 R
L7=%. IBEK % QIAamp Spin Column {27 77 4 L T 8,000 rpm., 20C T 1%y
[0 L7z, Buffer AW1, Buffer AW2 THiFH%, W7 LDA LT L il
Buffer AE 100 ul T DNA Z&H L7z, DNA B % TE THRN L., DNAREE LK
Y6 E Smart Spec 3000 (Bio-Rad) ZHWTEE L7,
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@O/ A W7 74 MNLEEE Methylamp DNA Modification Kit Z I\ CTiT o 7=,

DNA 200 ng # & DNARK EWEKE G 24 pl 12725 K9 1.5 ml~4 7 1
Fa—TICAN, EHICRIZ1 WMz TESRAL, 37TCT10 A v F =
— kL7, ZZ~RI/R2R3Mix % 125 pl M2 THRNLT v 7 AL, 65CT 90 4[]
A FaX— kLT,

DWW T R4 % 300 pl MR TELIBA LI, Spin Column (27 7714 LT
12,000 rpm. 20°C C 15 #=.0 L7z, R5 200 pl THEE L7-%. R1 &4 90% T
X =% 50 Wl iz, 8 rfMEkE L7z, 12,000 rpm T 15 FPLEL L2, 90%
T X ) —)LC 2 mPE %, R6 18 ul T modified DNA Z¥&8H L 7=,

B®PCR % Premix Ex Taqg Hot Start Version # FHH\\T{To>72, W=7 F7 4 ~—D
BB LT =— U » JiEE % Table 3-2 IZ/R L 7=,

BB ]
Premix Ex Taq Hot Start Version 10 pl 94°C 5 min
Primer Mix (4% 10 uM) 0.8 ul 94°C 30 sec
D.W. 8.2 ul _C 1min »38cycle
Modified DNA 1ul 72C 1 min
Total 20 ul 72°C 5 min

Table 3-2 Primer sequences for methylation-specific PCR

Gene Location to Annealing
/' NCBI Primer sequences (5-3’) transcription temperature
reference start / Product
p21 (M) F: TGTAGTACGCGAGGTTTCG —196~+5 55C
NG_009364 R: TCAACTAACGCAACTCAACG 202 bp
(U) F: TTTTTGTAGTATGTGAGGTTTTGG —200~—1 60°C
R: AACACAACTCAACACAACCCTA 200 bp

M: methylated sequence, U: unmethylated sequence

F: forward primer, R: reverse primer

®3% 7 Hu—A7 V& HWTESKE (100 V) 217V, HEEED 2 08t L2,
Ethidium bromide {2 XV %t0%, UV h TV AA NI R —F — 2L VN RE
BLT-, B, BXKIKEIOPEIL 1 XTAE buffer 2\, HEEDOD~—H—& LT
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100 bp DNA Ladder % Hv 7=,

[£/0 & R IRMOEZEO B ~MTT assay~]

786-0 % 1.5X 103 cells/well & 7225 X 9 96 well plate [Z#FE L (100 pl/well) .
24 FFfEl#%, B2 FREL CTAza 0.5 uM & E/LE % 1, 10 X T 100 uM % [RIRFESN
L7z, Control (21X Aza 0.5 uM+E/L b (=) & [FIEE D DMSO & A 5%z
7oo T2 W%, B2 FRELCTVBL10nM &E/LE R 1, 10 TN 100 pM % [F] s
WL 7=, Control IZ1X VBL 10 nM+ &/l t x(—) L FEE D DMSO & A i1 %
Mz7z, & 512 48 K%, MTT assay #17->72, MTT assay O#{EILE 2 FEIZ
o7,

4) wEHLE

MTT assay O fE F1% control DWEIEEIZRTT 2 EHAR (%) THEHL., EHE 4=
#fF 7 (S.D.) T/r L7, Flow cytometry O R IL F¥ME % 7~ L 72, Real-time PCR
Dt RATEE FEHER 2= (S.D.) TrL7z, AEZEMBREICIE Tukey-Kramer test
F 721% Dunnett’s test & V7=,

2. MR

W OMIEE TS, Aza BIIZ X > CTHEKRGFVISHAREE A IH S -, £
L T VBL 10 nM O HII/EA 2N, Aza ORi#EGIC L v S~ (Fig. 3-7), =
DL TR REZ & 726 Lz Aza O L LT, Caki-1 ¥ A498 Tl 0.1
uM, 786-0O TI% 0.5 uM IR L T, T DEH OB 21T - 72, M E L~ 8 %
BEtL7ce 2A, EOMBEKICEN TS, EYIRINZE > T subGl HOBAZE 724
IMRFED BT (Fig. 3-8), FFiZ 786-0 & A498 Tix. OFHIRINIC X - THIMGSM
L0 H X512 subGl BIHEI L 7=,

ZOPUFHBROWF ORI E LT, £9. MDR-1 & p21 ® mRNA 8% MFT L
72 72, 786-0 & A498 Tl RPL32 O3B Aza IZ L » TORLE LI=7-0,
NEBIE#E 2 GAPDH (22 ¥ L7=, MDR-1 {IZ>W\W i, Caki-1 TIZ VBLIZXk > T
FEPME T L, —F T 786-0 TIXHENHEIL, Aza fFHIC X 2 EIT R o T,
A498 T, control (2t~ T Aza IsINC, & 72 VBL RN LT HF AT T MDR-1
FENIEI 7= (Fig. 3-9), p2l IZOWTiE, W OHIK T Aza BT 2.1
~6.2 fFIZHM L, PEATINC K - TH RO R ELH MM A 5 L7z (Fig. 3-10),
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Wiz, P-gp. Bax KO Bel-2 D% 7Bl A2 L7 (Fig. 3-11a), 786-0
L A498 TlE. VBL IZ L 5T P-gp OFBIARLR L5 L, ZH7 Aza BHHIC L 0 40
fil Sz, £72, Bel-2 B Aza HA L OPFHRINMC L0 RELS B LIz, — 7,
Caki-1 CTl&, VBL IZ X > T control £V & P-gp ®IFINHEM L7225, Aza EHIC
K DEIT A D25 T2, Bel-2 BEUZ S 2T A LN o7, S HIT, Caki-1
IZOWTIEMaE B 2K b ME L7e (Fig. 3-11b), = OfER. p21 OFEHL
DEIRIZ K> THEM L7, £72. cyclin Bl & cde2 ORIEMHLIKTH 5
phosphorelated-cdc2 (p-cdc2) D¥EHLIX. VBL BTN TIFIEIHEL L. Aza FH
TIEHZNL OFBNHERF STV, ede2 ITIFZRITA BTz,

ZZETO invivo (BB 1) KO invitro (OKRHi) OS5 ELZ, VBL H
MEE L e L= OFABECO & X7 BERBLOZENZ OV T, Fig. 3-1212F & 7T,

E BT, Aza DIEMBEFARET D720, Caki-1IZHB1T D Azall kb p21 #
VR OFRE EHICER Lz, Caki-11Z Azal XOV5 uM % 72 FEEER ¥ 7=
EZ A, p21 ® mRNA BB LA EICHEIM L7 (Fig. 3-13a), WIZ, p2l #\E 1D
7R E— X — IR D A F ALK EEIZ DWW T A FU LR PCR 2 AW Tall~ 7o,
Z DOFE R control DAL TILIE A F /L DNA O3> R &, A F 11k DNA
DRy RITHER SN2 -T2, £72, Aza ZEASE-MITYH . control & [FIEE
DFEFR L 72> 7= (Fig. 3-13b),

%I, Aza & VBL O HZIERNERHNEDO T/ E X DEEEZ 2T 5 T
L7, 786-0 12T Aza £7-1X VBL L B b X ZRBRM L, ZOREE, £/
E % 100 pM Z R L 7284 TH. control, Aza Bffi, VBL HEM & OWFH RN O
MATFRIZIZE A EREBITE 20~ T (Fig. 3-14),
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Fig. 3-7 Effects of the combined treatment with 5-aza-2’-deoxycytidine (Aza)
and vinblastine (VBL) on (a) Caki-1, (b) 786-0, and (c) A498 cell proliferation.
Cells were treated with the indicated concentrations of Aza for 72 h followed by
10 nM of VBL for 48 h. Cell viability was determined by the MTT assay. Each

value represents the mean + S.D. (n2=3).
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Fig. 3-8 Effects of the combined treatment with 5-aza-2’-deoxycytidine (Aza)
and vinblastine (VBL) on (a) Caki-1, (b) 786-O, and (c) A498 cell cycle
distribution. Cells were treated with 0.1 pM (Caki-1 and A498) or 0.5 pM
(786-0) of Aza for 72 h followed by 10 nM of VBL for 48 h. After treatment, cell
cycle analysis was performed by flow cytometry. Each value represents the

mean (n=3). A+V, Aza followed by VBL.
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Fig. 3-9 Effects of the combined treatment with 5-aza-2’-deoxycytidine (Aza)
and vinblastine (VBL) on MDR-1 mRNA expression in (a) Caki-1, (b) 786-0, and
(c) A498 cells. Cells were treated as described in the legend to Fig. 3-8. The
mRNA levels were determined by real-time PCR, normalized to the internal
standard RPL32 or GAPDH, and presented as a ratio to the control. Each value
represents the mean + S.D. (z=3). *p<0.05 and **p<0.01, significantly different
from control, #p<0.01, significantly different by Tukey-Kramer test. A+V, Aza
followed by VBL.
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Fig. 3-10 Effects of the combined treatment with 5-aza-2’-deoxycytidine (Aza)
and vinblastine (VBL) on p21 mRNA expression in (a) Caki-1, (b) 786-0, and (c)
A498 cells. Cells were treated as described in the legend to Fig. 3-8. The mRNA
levels were determined by real-time PCR, normalized to the internal standard
RPL32 or GAPDH, and presented as a ratio to the control. Each value
represents the mean + S.D. (n=3). *p<0.05, **p<0.01, and ***p<0.001,
significantly different from control, #p<0.05, significantly different by
Tukey-Kramer test. A+V, Aza followed by VBL.
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Fig. 3-11 Effects of the combined treatment with 5-aza-2’-deoxycytidine (Aza)
and vinblastine (VBL) on the protein expression in Caki-1, 786-O, and A498
cells. Cells were treated as described in the legend to Fig. 3-8. Whole cell lysates
were analyzed by western blotting. f-Actin was used as an internal control. The
data shown are representative of three independent experiments.

C, control; A, Aza alone; V, VBL alone; A+V, Aza followed by VBL.
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Fig. 3-12 Summary of the changes in protein expression in the co-treatment
group with 5-aza-2’-deoxycytidine and vinblastine, compared to vinblastine

alone. Data were obtained from the in vivo and in vitro assays.
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Fig. 3-13 (a) Effects of 5-aza-2’-deoxycytidine (Aza) on the expression of p21
mRNA in Caki-1 cells. Cells were treated with 1 and 5 uM Aza for 72 h. p21
mRNA levels were determined by real-time PCR, normalized to the internal
standard RPL32, and presented as a ratio to the control. Each value represents
the mean = S.D. (n=3). **p < 0.01 and ***p < 0.001, significantly different
from control by Dunnett’s test. (b) Analysis of the methylation status of the p21
gene promoter in Caki-1 cells. Cells were treated with 1 and 5 uM Aza for 72 h.
After the treatment, methylation-specific PCR analysis was performed using
bisulfite-modified DNA. M, methylated DNA; U, unmethylated DNA.
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Fig. 3-14 Effects of the combined treatment with 5-aza-2’-deoxycytidine (Aza),
vinblastine (VBL), and morphine on 786-0O cell proliferation. Cells were treated
with 0.5 uM of Aza for 72 h followed by 10 nM of VBL for 48 h in the presence of
morphine (1, 10, or 100 uM). Cell viability was determined by the MTT assay.

Each value represents the mean (2=2).
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