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1213, TOREWIZETAIET Y 2O ABETH 5. KIFFETIE, T 3B EOMEEEKICHEL KT
LTWBDONREINERLMITS720, b b BAMIEKICIHT 2 EL b 2B KUZOREOMER % MG L 7.
t P COMAEEIZHEY 35 1ovn ~ 100pm DEL b 3T, 2O AMIEKO S K OHHALZY Y 75 25
VOMBICHBAS L ko — T, EIRER (05 ~4mM) OFEILE RIZE 5T, 6 MDD AMITLKKO B A
Pl &4, subGl HHOMIFEA ML 72, T & X ORHI D morphine-6-glucuronide &, EIL & & [6]F D HEHH N
THER AR L7, B xOBGEIETERIL, FuFy vy clEEhar -7 DEXD, MhEEOELE 3
e b AAMBERR OB RN I L W2k, SREDOTL L x TIRMMIEERAAS NS Z EAUR X

nr-.
F—TJ—K:®NLLI, BAMIE TR

o1

FL R L, WHO AN ABRREHEIZ B W THLE
BB ERETAEA FEREOVEDTHS. HAHE
TE, 7z VAZAREF ARV EEDEEMBKED
HHRIZFE LML T35, fhoEEIzERS e, %
DFHEIZIEF DB VORBIRTH Y. ZDFEK DO
EDELTE, B EEMHT 2 L RMIERREIC LD
DTRE D, FEHE S 2D TIZ NN E 05 23 fF7s
RN Z AT 557, EE & RICH e X s
BRIEHIZ AT 27 V7 — PRI WT Y, DAERE
D10 AT 1 AD [EEFERBKEE SR MR 25 e 2 7
LW EFOE LICHHAZRHET DB LEA T
27, B OM 2 LD R X5 7-0121F, 20
BT AT Y 2D RETH 5. EBEZ
T, K FTELE X 2H L 2583k 23 e
KENKWZ LD, ZOWTFEED TR Eh s,

birbiud, AWEIZENT, BPABEITRE XN 51
SBRLVELE Y, JEHAKRICEEE KIETLTHE07
BENZHEH U

TAEIDBHEAT A A4 FRAERZ, e T
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M  EEESE T 260-8675 T-HEirh X Z & 1-8-1 T3k
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i 55 : JNK: c-Jun N-terminal kinase, PVDF: polyvinyli-

dene difluoride, PCR: polymerase chain reaction.

B 5 IR N MIIC  RBLLCTH DY, Ere x
PHSIERREZRT Z &7, vz u 77— OYRMEN
FeAia” D7 H b= 2 EHET B T EARE T h T
5. ZLT, BAMIICHENTY, b b FUEHINE MCF-7
BETE, pnAEH A FZERRL A EA 4 FZEERDT
BB A VS B L N THERI T3,

ELE XDORAMICEZ 2B ONTIE, ThET
I WMENE INT WS, in vitro DR TIE, MirdAMa
RIS AR, AEHE, R A E 2 n T,
BRI K > THlBORIERIE < h, 7R =2 2H
FEX N L VS HESHRNTWE Y, ZolFEE L
T, p53 T H b — ¥ ZFEER T Fas OFH EHY, INK
BRSO MELE I b2y FY ZHIZBIT 27K F—2 2§
HIK T Bel-2 DMWY £ EARERT WS, 72751, ZTh
SOEMMAFaRy v TR E NS 22O TIHR L5
PRTHD, TLEIOERNAEFA FREKREN L2
LDTH 3T AN, —Jf, <7 2D T
FIOLTOME T, #HARISEVELE 2O
Ko T, WHEBEAIHR X N S WY B Wi
WXL WS WEDY 21p 5.

Zo0 k312, B XODBAMIBNDEEIZONWTIE,
Wi— LR BAE s gy, 22T, AR TiE, #
BDOv b RAHIBIKRIZH LT, FIL b o237 OBEGHEIC B
#5220 ES5h, KOFEMICKREIT 2 ZEAHMEL
7z.
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P, FHZERZ EDOFE ORI DA S M. ELE
F oIt ds & ORI EE L, =L 2 ORBOBSE, S
EZTHIZN,

McQuay 5 DIk 5 L, B X OG5 HE & Mih
WL ORIZIZIEOMB PR ER TS, F72, Kifn
DOEFHETIEMAPERE S 5000 LT (RIKIE 2nn) ThH -
727, BHERHAL TWAIEETIEIRET35m TH -
7z,

— /T, T RMTEEZEEDOERNERREORE L
ZF 5. BRI, TELUFMTO LY o vigias s
2, 2FDO 7L 7 a R A K morphine-3-glucuronide
(M3G) # & OF morphine-6-glucuronide (M6G) 12 #t &
Nhb. 22D, FRMEDIIEA A TIEIFIIZ 2T LT
WAEBAENZN2D, T FHANELL L T, Il
WE—=2 &2 5 FIC EREAE RT I 2nH %Y. &5
12, MK, MK, A E EADEL TOhBRLAIE, OAE
RS L 2 BE I I TERIEBALIC R B R S EE L v &
WIZEEFEINTNEY,

MAT, Lk xOMERPREIZDWTE, A AR
20, BEIREDEL R EFTEAR Y 7 THRESh D
75RO OIS AR E ORBURH ORER A WE S h Tk
DY T b ORI, 6T BT
i, B2\, BOBOKA mg/L &) FHETx
WEEE 2SR X ISR S R NA < SR ISR T
L= EhIREINS. £/, BN L0 VG
HINBZ N5, Duflou 513, BIFIEBRICK 3 &M%
JEfL T,

AFZETIE, ZhoEHERL, SUEHE%E2FOEKROIMm
HERURIE & B L 72 KRS (Inv ~ 100pv) & 5O
DK RIS £ E L 2 SRS (0.5mM ~ 4mv)
DELL FUZDNWT, BIEANOFE R X UERIBERE OB
Eiro7m. 77, fREO M3G B L UTM6G 1220\ T g
Bat U7z, —J1, P ABRGEHICRERIERE & 5200 258
t, FEONABHFETIREINS. 22T, £ D1A
JEICH S e {bpiihdie v 795 27V 28D L, %
O REFEINHIHRIZE L & 200 & 2 OEE KITTh, b
bHHTHEFL 72,

;] &
1. FREDY

BL b IEERE (REPFRESE (KR), KBR), M3G LU
M6G (BT HAHEZE (BR), #n0) 1, 50mmiZk % k5 7%H
AKIZIER L 7=, Fuafy VEEEE (Sigma, St. Louis, MO,
USA) i, 10mMIZZ 2 K5 KICEMRLZ, €T T
A F VHEE (REAESE T3 (), KPR 13, 1mmiZZk

% X 9 dimethyl sulfoxide (DMSO) Z{&f#L72. Zh 7
NOFEPNIREHTHEA R U 72, 3-(4,5-dimethylthiazol-

2-y1)-2,5-diphenyltetrazolium bromide (MTT : FIYA{i%E 1.
¥ (#k)) &, S5mg/ml 27 % & 5 phosphate-buffered sa-
line (PBS) Z¥Af# L, 1% penicillin-streptomycin (Gibeo,
Gaithersburg, MD, USA) @ A % & & H ML %5 &5 T
0.25 mg/ml IZ AR L 7=
2. Rz HE

NAMilEe LT, b MiliAdAMIE A549, & b EizHEA
A M DU-145 B K UV PC3, & b IE2 A MiIe PANC-1,
b E 2 AR 786-0, b FLos AL MCF-7 % Fv 7z,
F7-, EWMIlaE LT, b b HEHRAIAE Met-5A % F»
72. A549 ¥ X U 786-0 (& Dulbecco’s modified Eagle’s me-
dium (DMEM) (10% fetal bovine serum (FBS), 1% penicil-
lin-streptomyein) , Met-5A i RPMI-1640 Glutamax (GIB-
CO) (10% FBS, 1% penicillin-streptomycin, 10mm HEPES),
Z DAt OHIIE RPMI (10% FBS, 1% penicillin-strepto-
mycin) & MW, 37C, 5% CO, FIZTHIEL /2.
3. HRLEFEROAE

HHE 2 96 well plate |ZHEFE L, 24 BFff#%, EL b X,
FuFyrELBE YT I AF Y ORMIRMN, b5k
WA L7z, ELe 2 OHMRMNBLOFaFy v &
OIBINO RN 72 ENEEETR, F/-ELEIEE YT
7 2F v OIIRIMOFEENL, 48 WM £ ICHE L 7.
Rl & B2 LT 0.25mg/ml MTT A% % 100 pl/well 71
L, 607314 v F 2= L7 &5612, MTT &%k
LT DMSO 100 ul/well ZIRMMUL 728, 477 L —
} V) — & — Multiskan JX (Thermo Labsystems, Cheshire,
UK) (2T (540nm, DR & LT 650nm) %l
E L7 AR, SEYRINEEOIRIGE % control D
WIS T 5 E53 (%) TRLUZ.
4. HREEAOER

% 60mm dish [ZHRFE L, 24 BERZICEL B X 2R
mu7z. 72 BefbEdE%, MlesmIL T80% =4 / —b
TEE L2 @4 H, 50pg/ml aofb7wadvw s (R
FEAEFE T2 (BR)) & 200 ng/ml RNase A (Sigma) % &
PBS Tififla# & L, 37C T30 M4 v F 2 xX—=1F L
7z, LT, MBS EZ A vy Xy Y 2 ZHl L 721,
MoFlo cell sorter (Dako Cytomation, HL#F) (2 CHEMT %
1o 7.
5. ZLINUERIBOBEN

AN A 60 mm dish (2R L, 24 BB IZT LB X &2
U7z, 72 B§[AUEFES, lysis buffer [50 mm Tris-HCI (pH
6.5), 10% glycerol, 2% SDS, 10% [ -mercaptoethanol, 0.5mm
PMSF, 1 mM NasVO,, 0.5% protease inhibitor cocktail] %
FIW A Z YL L, DC protein assay kit (Bio-Rad, #
H) ko TH YIS ERET 72 20pg DL VIS0 E
SDSAKV T2 ULT I F X VEKIKEN THHEL,
PVDF ENGEE L 72, 5% AF LA INTZIZE>T—)|T
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Oy %V 7 &0, 1RVl K02 kbtke Theh=E
WMT1IRMFORIR S8 208, ECLRHEEHWT
NV R EBER L. HRALZPURIE, ITOMD Th 3 -
Anti-Bax (1/1,000) (Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA), anti-Bel-2 (1/400) (BD Biosci-
ences, San Jose, CA, USA), anti-f-actin (1/2,000)
(Sigma) .
6. mRNA HIFDOE

FAERDMNEA &, RNeasy Mini Kit (Qiagen, Valencia,
CA, USA) %\ RNA Z ity L 72. PrimeScript RT
Reagent Kit (TaKaRa Bio, Inc., ¥%) % TG K
& % 17V, ¢cDNA 2 A& U 72, Premix Ex Tag Hot Start
Version (TaKaRa) % 2T PCR %475 7=, PCR W
3% 7 AH— AT VERKENZCHHEL, = FV LT
OvA FTHEREAL TNV FPEBBR L 794 v -0
B, ATo#@ED Thd pA 44 FRZAENK:
5-TCTGGCTCCAAAGAAAAGGA-3" (forward),
5-CAATGCAGAAGTGCCAAGAA-3 (reverse). % 7z,
PCR {13, 94C 557 D%, 94C 30%, 60C 14k &
VT72C 1% 409 A7), EHI2T72C53E& L7
7. WETEEM

R, T E 723 RS (S.D) TR L
7z, AREEMEIZIE 1-way ANOVA test (2 & 5 7500t
D%, Dunnett's test IZ& % ZHEILIK AT\, p <0.05 %
MRS HE R E AR L. &7z, IC, ElE, My 7 b
GraphPad Prism4 (GraphPad Software, Inc., CA, USA)
IZ& > TRD 7=,

o R

1. EMPAHRRICHT ZERBREROE/IIE XOFE
MCUE I (Inv ~ 100 um) D E L b 3 OIEH % A549
BLUOMCF-7IZThHETL72&Z 4, fifadiizize Al
WERALNE)» 57 (Fig. 1). £72, {L¥@kdEe v
T35 2AFVOEHIIRT 3L X DMEAERT 5 -
W, BWRTE YT I 2F MRS E Uil <5l
PED & % BN AKK 786-0 & HWT, Z DIl sErigeg
R L 72 100w OPREICEE L, HMEMRZRE L0
100pm DEIL L X EPHH L 72, ZOFEE, v 7525
VORI RIS L TELE J M EAE 5 L o 72
(Fig. 2).
2. bEMPAMRICHT I2EREZBOE/IIEXOFE
ERER (0.5 ~4mm) OELL FOEHE 6 FHO L
N S AKIIERR A TN TREI L7282 4, T XTOMIakkT
TR ARAF IR EfF R ) S 7z (Fig. 3). £ 7=,
ERMatkE LTz e b bz Rk 0 Met-5A
3, AL D IKRERTHEFROIEK TAAL T
2, 2mm F T T0% OEFREEMERFL, K0 EREN

T, PAMIEED S EOWEFRERTHREL 2. ZhZFho
[CofiZBM L2 A, 147 ~281mM DI & 75 5 7=
(Table 1). —F, AEARNIZEDAZFhZELE 1T, F
& U T &N TG < h, 20 & <3 nray
fEfatike %, b bR, 3RAKBILE IS M3G &
6 i AL X b M6G 2RISR TEHD, #55% 5
M3G 12, #910% 25 M6G IZ7 5%, )L & 3 O REF I ]
TEFH 2R < A S N7z A549 Z3#IR L, M6G DIEH % MES
L7285, M6G iEE L & 3 & I RIFLRE o 84 5 0 b 7 1
AR DT EARINTH, MIGIZIFEAEERBALN
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Fig. 1 A549 & MCF-7 O¥HHIZxd % L b 1 ORE, Kz
RU 72 IREDE L 4 &M 72 RERIERS L 728, MTT 7 v
AT AR A WE L 72, #5135 T 2 LD P %R L
7=.

120

100

80 |

60

40

Cell viability (% of control)

20

0

Vinblastine -
Morphine -

Fig. 2 A786-012k3B¥ Y7 F 2 F ¥ ORI FIZH 5
ELLADOWE YT I ZAF Y (10nm) & FEILE X (100 um)
A M BRI & 72k BRI L, 48 %I MTT 7 v & A4
IOl A E U 7z, K5SIE 2 MO RO - &R L 7.
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120 -
=0~ Met-5A

—>-DU-145
=& Panc-1
—0-786-0
& MCF-7
——A549

100 -

80

60 1

40 -

20 A

Cell viability (% of control)

Cont. 0.5 1 2 3 4
Morphine (mM)

Fig. 3 A549, DU-145, MCF-7, PANK-1, PC3, 786-0 ¥ &
O Met-5A OBFEIZ 52 BIL L x DOBE, [KIHIZgR L7
DEIL L 2 FMIEIC 72 BEREFE U728, MTT 7 v 2 A4 12Tl
N FR A WE L7z, A9 3 ~ 4 Bl F2ER D -4 + fus ok
L7z

Table 1 ICy, values of morphine on
the cell proliferation

Cell lines 1Cs5p (mm)
786-0 2.678
A549 1.600
DU145 2.601
MCF-7 1.895
PANK-1 1.466
PC3 2.649
Met-5A 2.814

Cells were treated with morphine (0.5-
4mm) for 72h and cell viability was
determined by MTT assay.

-7 (Fig. 4).

FIL b ORGEPIRIEF 23587 5 72 A549 % Flv THfille
A ARt L7722 2 A, B L X:OEEIRANIZ, 78
b= ZDIEEEE 7 5 subGl WO BIG2EMIL, 4mm T
1$38.0% 1%L 7 (Fig. 5). 72, TLeRiZk->TT
Kb =2 ZPEHEK T Bax DRBEBRRML, 7K —
¥ Z A A Bel-2 DR BEZ WA L THE D (Fig. 6A),
Bel-2/Bax A ERICHIE <7z (Fig. 6B).

3. ENEROMRBENFHERAICEIZIFTESFA NS
BAEDOESE

HRDIEREIHIVE R 2 78 U 72 AS49 36 K O MCF-7 12T,
nA A A FZEARDO mRNA BEAZRET L2 25, W
Wi e &z ORBEAER N (Fig. 7TA). £ 72, Ab49
2BV, EALEX500um &F T FY Y 10um & PFH &
¥l Z A, ELEIXOMEINHEEIRIE e Vicko
TIEEA L ELEZ T -7z (Fig. 7TB).

" Mor
120 1
OM6G
= ] T
5 100 . OM3G
5
c
S 80 - ]
-
o
5 60 p
2
8 40 -
>
S 20
o B
Cont. 1 2 4

Concentration (mM)

Data are mean % S.D. (n=3)

Fig. 4 ®lt 3 & 20RO PIESEED . MR L
EmEOELE X EZIEELE XRB (M3G, M6G) %
A549 M 72 BEREBERR L /2%, MTT 7 v & A (2 CHillaE A7
AT L, KT 3 Y L O+ MRS A R L 7=,

100

%

80

G2/M
Os

GO/Gf1
B subGt

60

40

Cell population (%)

20

Morphine concentration (mM)

Fig. 5 A549 Offifafdicxtd 2 €L e 2 O iR L
TR D EIL Y 3 A M 72 KRR L 225, Ta—H A b
AN =S THINSE I A AT L 2=, RESRIEEYS (n=3) &8
L7

Z 5

9, Inm~100pn DELE 21, b FAAHIEE &
CIEHMIOBIIIZ L AL BE I NI AR
2. DABEZETOENLL XMPEED 2nm ~ 3.5 &
HrhTnwsZens”, ERMBEOELLE XIZX 5T
i, B OBRIIIIHI S BED S hhnEnwd Z AR
SNz, 77, BV TIAFVEOHFIMNMZ K ZBE» 5
3, FRFHCEG SR TR B ARIDOMHRIZE, Erex
IZRE L 2 &Rl X 7z,

—77, XDEBRED 0S5 ~4mMDELL X EAEH XY
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A Morphine (mM)

Bax

Bcl-2

B-actin

8

®
o

8

Bcl-2/Bax ratio (% of control)
S 3

o

X3
%%
wx
I i i :
i 1 1 i—/
1 2 3 4
Morphine concentration (mM)

Fig. 6 A549 128175 7K b — ¥ ZHIHRK OB T 5 E
Le XD KPR L7ZREDOEL b 1 & Mic 72 R
H?J%ﬁrébf:fi}’:, Y ALY Ty MITHNI L, B7oF U %

MU IC VW72, (A) 3Bl BRELHI AR L 7~
(B) Bel-2/Bax FZ 3 2 8, S0 T4 £ HEIRZE (n = 3)
L 7z, Tp<0.01, "*"p<0.001; v.s. control (Dunnett’s
test).

%L, b AAMBLOBETEAIH S 7z, AB49 T, 7
K=Y 2OFEBMER SN, I b3y Y 7IEENEH
B3 Bel-2 77 I — R U BEORBENEKRL7-Z &
o, TOWFEELT, I FIYVEFY7EGLERBIR
X iz, 7z, FEHEIIHIERO 1Cs, i 1.47 ~ 2.68 mu
Ll o7, B IXOHEEERIZDOWTIE, —i#fic
1mm®%»tiT%®Ehtanvﬁ%éﬁéﬂnﬂ
L Emu At — & —CTOEMBBRERE L T3P,
&oT, RFERIZH T BRI, BEOWMEE LHT SR
DTho7z 2720, WEIHEERBROMSR LD, IEET
TdH 5 Met-5AI2HBNWTE, 3mm L EDEL B 3 ITHRWN
BRPIRIER A A S, ZhDL EoREgEE, IEFHRC
BT mMRB AR THEE S A 5N

Tk FMENZOWTIE, M6G 23TEILE X & [AfLE,

A

Ab549

MCF-7

200 bp

100 bp

120

100 -

80

60 -

40

Cell viability (% of control)

20

0
Morphine -

Naloxone -

Fig. 7 Tt 1 OEIHER-ICHS T 2 n A EA A F

ZEAED
BE 5. (A) AP A549 & MCF-7 126535 n A A K32

FRFBLO PCRIZ K 251, (B) A549 OB § 2% €L
txbkUFudy rvops ki (500um) EFuaFV
Vo (10nM)  Z MR BRI & 22 ik R L, 72 R
MTT 7 v 2 A 1S TR AE PR 2 JE L7z, FSRIE5 7 2 Lo
T RN L 7.

M3G BIHIERZA L E WS RERTH > 72, M3G DIEH 5
FREWTHBH, FEFA FRERANOBANEIZEL,
EEEIERD 5Tk, —JF, M6GIE, Tk X
KD EBOERRER RS %5 & Xh, T 3 OnERE
ThHDBIEHIARENTEZD, L1 OREIEIIHIEZ
FEAA PZEERENLEZBDEVI WEA L INTND
T EAbETEZS L, SHOMRIE, FEF 1 FZ
FARDFIAIE & MBI E I IEOMHBEA & 5 Z &
MRIE X7,

FIT, ELEXDIZIAEDERANA YA AL FZERE
LT EPITDOOVTHRET L, ELeRE, nt
T4 PRBRNOBAMED, 6k A A4 FREKIZI
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RT20~90fEENI EAMEXNTVE"?, 22T
¥, BEPHIER O 5 72 A549 5 KUY MCF-7 12T
BEfL72&Z A, n A+ 4 FZBEKRD mRNA BB
Xz,

LA L, A549 TOEIL & 3 OBFEIIEIERIZ, JaF
VYT SN e 572 Z00, EREKTOELE
2OFEMIE, FEF A FRERETL TR LATRIE
Ehiz. ZThETOREDHTIE, F L4 FZERS
DELEFDOEMRE LT, Vv AXFVREERIET
HbNTW5. U b 2&F 3R cREE S, A
F A F B RAEEWE R LT v DS & B4 5 @)
ENhEMNY, ZOZHEERDOIBAN A549 & MCF-7 % &
DHEBOE P BAMEKRIC VT EMRINTNEY -
¥, EL L3 ORFEIHIEHANOR G259 % St &
3.

72720, SHOKRETIE, BREOELE RIIHLTH
TV U PFRICHEMTE T ALY E L 5N, 1
SHEREE ) v Y VT BFIGEREEEHNT, 61K
ST ARMENDH B EEDNS.

AWk, #ERHBEOELE 2L, NAMIEO R
I EL B2 W LRI £/, 1AID
ADKETiE b 228, (LAY v T F 25 v OB
HERICH IS B A RIFX B 522 805, ARET
i, BLeERICK o TOABBDSHE XN S —Hd v
SNkt ZhiE, SHROLD2» DY TRt h b
MWERB B, 727U, BLERIERATIE, 0EHED
RGISHRE e E DD T 7 & & — &S LT, SO R
ICHE A5 252G Eh w5, 585, inwvive I
BWC, SIS T2 E L X OB T5 2 &
BRETH 3.

E | 3

M3G # LU M6G DEEAIZEEL, ZTHIEWz72 07z 28
FERZERZ 8K I EICEH OB AR T 5. Ao —
R, HARSAIHR LSRR (RERIiToE S 52 E), SOk
Bl & RHTE (“For SPECT” #riiiEak 7 o — 7 OB %
2 BEEEA ) R=v 3 YORIE) S TITbhi.
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Abstract: Morphine is one of the opioid analgesics used for relief of cancer-related pain, and more evidence
about the safety of opioids has been necessary to diffuse their clinical use. In this study, we investigated the effect
of morphine on the proliferation of human carcinoma cell lines in order to clarify whether morphine could affect the
tumor in patients. The proliferation of two carcinoma cell lines was not affected by 1 nm-100 um of morphine, which
is equivalent to its plasma concentration in humans. In addition, morphine caused no effect on the cytotoxic effect
of a chemotherapeutic agent, vinblastine, when morphine and vinblastine were co-treated in the cell line. On the
other hand, 0.5-4 mm of morphine inhibited the proliferation of six cancer cell lines accompanied by the increase of
cell population of subG1l phase. The only noncancerous cell line, Met-5A, was also affected by a high concentration
of morphine although its cell viability was higher than that of cancer cell lines. Morhine-6-glucuronide, one of
the metabolites of morphine, also inhibited the cell growth. ICs, value of the anti-proliferation effect of morphine
ranged from 1.47 to 2.81 mm. However, this effect was not antagonized by naloxone. In conclusion, we showed that
the plasma concentration of morphine could not directly affect the proliferation of human carcinoma cell lines although
a higher concentration of morphine inhibited their proliferation.
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