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The c-myc Expression on the Opioid Tolerance in Human Neuroblastoma SH-SYSY Cells.
Soo-kyung Kim, Chang-kyo Park, Gee-youn Kwon, and Sung-il Suh' Department of Pharmacology, 'Department
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The mechanisms underlying opiate tolerance and dependence are not fully understood. We used human
neuroblastoma SH-SY5Y cells as a model system for studying effects of morphine tolerance and withdrawal
on c-myc induction and cAMP levels. It has been reported that regulation of c-fos by acute and chronic morphine
withdrawal is mediated through alterations in CREB transcription factor.

In this study, we examined the effects of morphine tolerance on c-myc expression and cCAMP concentrations.
The activation of opiate receptors by an acute morphine administration resulted in an increase in c-myc mRNA
and a decrease in cAMP concentrations in a dose-dependent manner (5, 10, 15, and 20 yM). On the other hand,
the chronic treatment of morphine (10 M for six days) did not induce the elevated expression of c-myc mRNA.
The c-myc expression was slightly inhibited in comparison with that of the acute morphine response. However,
cAMP concentrations were increased with regard to morphine withdrawal response.

These results suggest that the alterations in c-myc expression might imply a significant opiate regulation relating
to morphine tolerance. This observation differs from increased expression of c-fos via regulation of cAMP pathway.
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Opioid WA Aol oidt BAAESH A7} gol
o]FojA T glot ofF 1 y|FHL WA gt
Opioid *&x= IA 1,6,¢ 9 3 FFZ UrolA£u)
(Loh & Smith, 1990) o] =8-AHE2] EX7} Hog +
5ol A g, opioid?] el A2 37kA] Fg-Adl
oJ3t B3 el Z-go]7] ulfitoll £A opioid 48-4|9]
75 AA FLAEFE] £3] o] &H 2 YUk F 6
T84 Aol NG 108-15 C neuroblastoma X glioma
hybrid A)|ZF71 2 o] &5 1, y -84 o Foll= mouse
7315 C tumor H|EF7} o] 852 v} Z1#1} morphine
Qo] wAlel] Belahs £ 2A1E B2 A o]

AYAZ : A7, @ 100712 hFHA FT FAE 194, A
et o\stehe oelshad
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o] 7] ufjEol] H o F-ol| A= A neuroblastoma SH-SY5Y
RAEFE o]-83)91ct Ag} neuroblastoma SH-SYSY A3
F9 ust 5 &A= B3 Ao v} ug} ¢ 849
v|-go] kAl 54ES vehich v)E3 e AE
A= ust & FEA\9 nl-gol 2:10] 7 (Kazmi & Mishra,
1987) E3}1% A Eol A= 5:12 4], 3y} =y -84
9| Hl-go] EolAE AR ¥HA Yor(Yu et al,
1990) « FLAE ZA3ctn gH(Cheng et al, 1995).

19701 tol] endogenous opiate =-E4|7} HHAS o| F 2
opiate W4} ukA9] 7|42 opiate +&A|9] Ao W3}
EE XA Wt 7|dEts Bt go] $eH
2| Zoll & opiateE B Z3 A AA FE 55 71 A o
slod A ZHA|] A Hoh= 84 A3 o] 39 A
I Ulg) Ao F2 RAo] RopA 3 it )3}
A717¢ morphine 52| opioid EEHA|0)] =Fo] FHH
cAMP 3teko] 744w, opicid A¥AE FoistAt
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morphineo| 7Z}z}7] A|AZH cAMP7} 958 Z7lsl=
¥ Al7b(Sharma et al, 1975; Yu et al, 1990; Carter &
Medzihradsky, 1992; Zadina et al, 1993) opioid <=-§-%))2)
down-regulation 3 opioid =-&-4|2] AEH ] 74 Fol
vehdels Bav) 9lrh(Tao et al, 1987; Prather et al,
1994). ¥k Opioidol] 2]sl¢] GTPase?] desensitizationo|
Yol 22 G protein?}t =§-4]2] Aj}o] o] FAXA] &
7] Wi golm, o] = ¥ 23|(Tao et al, 1987)0l| 4] ¥ 7+ o}
2} A)E wlokAl(Prather et al, 1994)0l| 4 = F2HE| ¢} 3
#H, A7 A E7} hormone, oJ8] 7}A 9 A7 A2 B4, A
Fako] A AZFQ &S, 7 F AR A3 QAE
st TS wkom o] AFEL st A HIL Hol
A AZAA MERZ AL 22K A73A 9] 7144, long
term potentiation, 7+3, & HI-& 59 o7 71A] 7|55
UehiiAl & ¢33 AAdoldh wat AlEat 42840
7HeliA ol AEI}F AE oA od §FRHY EFE
A== FACNA A5 27] F & ol HAHE
Z7} 2 7] 8- A (immediate early genes: IEGs) & 4173 Al
E AYPLE B8 2719 Whe-E dotEed e &
23 71Fe] H ¥ JF A7 F238 o] "t
(Sagar et al, 1988).

o] 17 oll A& morphine A ¥4 A]el] opioid =&
9] AxAZAl gsle] ok c-mye HHX FH 9
¥ 3lE A2} neuroblastoma SH-SYS5Y A ZFol| A =A}3
B3z siqick. 2 A3, opioid WA IAA] YehG
cAMP 3¢ W E3 c-myc mRNA E -2 A2 4t 3HA|
ol gl Ao Uekon, o]23t AT A cAMP F
Z# c-myc mRNA 39| JAE AA AH#A] B¢
% $lout morphine W4 AA, o]AI7tA EHiH
cfos®t= ThE c-myc mRNAS] A FHPFL v
g AIE ] "iolund H3ste ulo|rh
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A2 neuroblastoma SH-SYSYAEXFE Aol AL}
o o] ujekel-2- 10% fetal bovine serum(Gibco BRL), 100
units/ml penicillin(Sigma), 100 pg/ml streptomycin(Sigma)
o] 3% RPMI 16402 A&t vl o2+
5% CO29} 95% 02, 37°C = 3k<5o] SAHEE sl A
retinoic acid(10 yM)E 1 FY E<t B3 A FH )l A E2
£ trypan blue dye exclusion ¥l o 2 AR 3lo] A&
AEG7 5x10° o] S ES ZAAZ = Aol o] &a}

et

=

100 mm petri dish%} retinoic acid(Sigma) 10 yMZ A&
neuroblastoma SH-SY5Y Al L9 £3}1& §-531+= <910
iM 58] morphine(Al Aok ol sl 124174
w3 A7 224 19, 42 o 697b8] morphine 4TS
FEsigie). @7 Fod 2 %E Fof ¥ 10, 20,40 2 60
Boz o] AA ST Hlmegch AR A7 2
o] 4% ¥ morphine o] Eoi gl wdHS AAH
9J3led D-PBSE 38 Mo Wi total RNAE FE33t)

RNA &2

t}4 44 % Chomczynski & Sacchi(1987)8] W o2
total RNAS- ejslsic}. okl A|EE D-PBSE 3¢ 4
o} ¥ % 100 mm petri dish% RNAzol™B(Biotecx Labora-
tories) 1 mlZ Y}l AELaY 1 ml & 0.1 ml&] chlo-
roform& Wi 1527 & E3sla 4°Coll 587 F3ch
7}, 4°ColA 12,000 pmo 2 15 27+ A4 F JZalg
Zsto] 2}71-$ isopropanol-& Wi —70°Cell 44|17k o] &
a2k thA] 12,000 pm o2 15 27+ Adste] 22
RNA pelletg 75%2] x}7}-& ethanolZ A|Hs}3 Speed
Vac(Savant Instrument, U.S.A)S o]-&3s}o] ZA=ZA|Zt).

Diethyl pyrocarbonate(DEPC) X 2] ¥l ZH& Jo] pellet
£ x9] & spectrophotometer® 5% 9 58 FA3A

o —20°Cel] Hisle] A&314ict
Northem blot hybridization

Balgl 20 pge] RNAo) formamide, formaldehyde 3!
10X MOPSE- 713} 3L 65°Coll 4] 1087} 7123 & o1 2
o] 59l t}. Formaldehyde®} 10X MOPS7} So] Q& 0.9%
agarose gel-& ©]-§-3}o] F17]°d-E3F th5 nylon membrane
(Amersham) 2.2 A olA|Zx}l. 5X SSPE, 5X Denhardt’s
solution, 0.5%(w/v) SDS & 5% salmon sperm DNAE- 3}
B3 gl o 2 65°Col|A] 4 14]7F prehybridizations}- 31
100°CollA] 537} 7}d3}o denatureX]Z] labelled probeE-
2d7}ste] 65°CollA] HA 1247 o)A hybridization 3}
t}. Labelled probel= [@*P] dCTP(Amersham)Z nick
translation X|AA] Fu|s}glth. —70°CellA membrane-g
X-ray filmol] 397k =& A7 3 A43}31v}h. mRNA A
€ Gel documentation system(Bio-Rad, Molecular Analyst
Gel Doc 1000y o] 8-sko] A3t

cAMP &X
cyclic AMP 3F2F-& cyclic AMP[*’TJRIA-kit(Dupont Co.)

g Aol 2333
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Fig. 1. c-myc mRNA expression and cAMP concentrations
in human neuroblastoma SH-SY3Y cells. A, Induction of
c-myc mRNA upon acute morphine administration. Shown
is a representative Northern blot analysis of total RNA from
control solvent or morphine-treated(5, 10, 15, & 20 uM for
10 min) SH-SYS5Y cells. Blots were hybridized with a probe
to c-myc. The GAPDH levels are shown to control for
differences in sample loading. B, Effect of acute morphine
administration on cAMP concentration. Cells were incubated
with morphine at various concentration, as indicated, for assay
of intracellular cAMP concentration. cAMP data are from
analogous incubations corresponding to those for c-myc
mRNA analysis, and represent the mean = standard deviation
of replicate culture dishes.
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Fig. 2. c-myc mRNA expression and cAMP concentrations
in human neuroblastoma SH-SYSY cells. A, Time course of
the expression of c-myc mRNA. Cells treated with control
solvent or with 20 yM of morphine for the indicated times
were analyzed for the expression of c-myc. The levels of
GAPDH are shown to control for differences in sample
loading. B, Time course of cAMP concentration. Cells were
incubated with 20 yM of morphine at various time periods,
as indicated, for assay of intracellular cAMP concentration.
cAMP data are from analogous incubations cotresponding to
those for c-myc mRNA analysis, and represent the mean =
standard deviation of replicate culture dishes.
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Opiate Lol E cAMP &2kl uig}

Morphine-- 5, 10, 15 B3 20 yM& £oi3} 108 34|
% cAMPE| 32 15 uMT} 20 iM 9] FEol|A] ZHAE
© A%E K om(Fig. 1), 20 yMe] morphineg §-of 3t
10, 20, 40 B 60 %2] cAMPQ] ¥eke v X A Ax|9iu)
(Fig. 2). Morphine 10 yM2- 1, 4 3 6¥Y F<¢l A7 £of
stehzt X7h-E D-PBSE 4o} 4] morphines A|A st}
naloxone 10 Mg Foi3} 224 morphineS A| A% 64
9] cAMP $tek2 211.5+17.3 pg/mg protein . 24, 1Y
(143.6+18.7 pg/mg protein)? 4%(197.0+252 pg/mg
protein)ol] v]3le] Z7lE&= S Hod =% 2359+
20.0 pg/mg protein)2} 78] ¥]=8 FFLE FUHES W
AckFig. 3).

Opiate WMo tE c-myec FEA E8Q His}

ot
e

Morphine$- 5, 10, 15 2 20 uM Foi ¢ 108 Fol
g cmye AR Y AEE FE vt F7bE0

9] c-myc AR 8L FUHEU o A7k wE 2
Aol FEa3}A] ¢kotrh(Fig. 2). Morphine 10 gMS 1, 4
% 69 5 A7) Fo stebh A7he DPBSE AolA
morphineg AA 371} naloxone 10 uM-E Fojsl =24
morphineg- AAZ 62 $9 c-myc FA2 FHE th&
Zase %S EldkFg. 3).

i &

Opioid =&-AJol] 33k Aol B Aol A-g3 A
neuroblastoma SH-SYSYA|EZEE tlo] o] &3l 9lou],
morphineol] th3t WA morphine(10 uM) & 6~74 7+ 5
ofgh] Yottt gel(Yu et al, 1990; Carter & Medzihrad-
sky, 1992).

o] ATl A% uts opioid &AL Sl A
neuroblastoma SH-SY5Y A|ZFE ©]-8%}o] morphine-g 1
4,49 9 69 ¢ FoJsl 2 24 morphine 2JEE Yo
71 Fol c-myc AR T8 =7} i 747} opioid
WA ATt dte] gleXE Lol¥ 3z} $19ic). Mor-
phine Ao g EAPERH AR o}y 9817
= QA" G proteinol] 2]t adenylyl cyclase 242 ¢4
A Zickar gke}. Adenylyl cyclase 2412 opioid & )<l
2Jate] AAE™ 277t Foslwl adenylyl cyclase < )|
ol tH3t desensitizationo] YoluhA] 24A}7] FEo] Frtx|
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Fig. 3. c-myc mRNA expression and cAMP concentrations
in human neuroblastoma SH-SY5Ycells. A, Effect of chronic
morphine administration on ¢-myc mRNA expression. Cells
were treated with control solvent or 10 uM of morphine for
the indicated durations, after which total RNA was isolated
and analyzed for c-myc mRNA expression. C: control, a: Cells
were washed thoroughly with D-PBS to terminate the mor-
phine administration. b: Cells were treated with 10 uM of
naloxone to terminate the morphine administration. B, Effect
of chronic morphine administration on cAMP concentration.
Cells were treated with 10 yM of morphine at various
durations, as indicated, for assay of intracellular cAMP con-
centration. cCAMP data are from analogous incubations cor-
responding to those for c-myc mRNA analysis, and represent
the mean=standard deviation of replicate culture dishes.

W 2 Feko] F7tE" opioid &A1 A¥H L B4
o} 2 ghcl(Sharma et al, 1975; Traber et al, 1975; Thomas
& Hoffman, 1987; Tao et al, 1987; Yu et al, 1990; Carter
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& Medzihradsky, 1992; Zadina et al, 1993; Prather et al,
1994). wkz}A] opioid EHAE A& Fojslcir} 7127
kE& Bom cAMP ko] Z7b7) F43] dojutEw
o] g 2§23 opioid WA WAe] 7|H o2 HE ANE
o] Slct. cAMPE= U&7 el Zo] FAldll o] 71A] A)
E ] A dAE NS 5 e thEH A 2 A
A F9] 2 A o] 74A AE W iAol Fodsle] A
A E9 53 715 JeMIL. cAMPo)] 9)3} protein
kinase®] #AJ3l, cAMP response element binding pro-
tein(CREB)¥} 7+ transcription factorE2] 24 9 c-fos,
c-jun, zif268, c-myc 9| IEGsE9] F&o| TAIS}
(Roesler et al, 1988; Berkowitz et al, 1989; Andrisani &
Dixon, 1990; Hartig et al, 1991). IEGsS] AL A Fo)
7Vl A= 2 5-0] Aol A Gojube date g A7
Aol Sgkel AL olym, o]u] opioid WA WA
ol O BH& ATEE opioid 45} BN AL
Al 5l CREB, cfos EAIS] 248 F14] ol S0l 9
o cfoss AZE ] AR AYHe BN
£ A ol Aol B S2H ol w, YA H oz
5= EGsF9] vz <A glom cAMPo) 2g
CREB2®] phosphorylationi} 7| opicidA] 2FE 2t} Ao
S7FE k3 31 w(Chang et al, 1988), o]igt A3}= wiok
AELY TEY H=zZ E3) locus ceruleusol] 4] CREBY)
Z7}H(Aghajanian, 1978; Koob, 1992; Nestler, 1992; Guitart
et al, 1992) B c-fos9] Z7HGuitart & Nestler, 1993),
nucleus accumbens®} amygdalaoll A c-fos2] Z7H(Guitart &
Nestler, 1993; Hayward et al, 1990)7} 2. 3% w} ¢t} o}
2+A] opioid WA A3} c-fos mRNAS] Z7}= cAMP &
X 3l CREBY] phosphorylation®} 33t @& o] 9l A
o2 AAHAN B Aol A 2448 c-mye AR E8
L cfosh= 2l cAMP 8 Z719t Y ubA] okt
ot emycE c-fosAE AE7L LR AL Hke 27|
A= F22F F9] stdo| At c-myc?] 750l w3l
AE ol & oreiA 91A g

c-mycZ cfost}t c-jundtE ©hE DNA binding domain
(helix-loop-helix motif)S- Z+x 9] ©m AP-1 transcription
factorol] 2-&sb4] ghizch. %3t IEGse] F4S £ 5ol &
2} E714ol 2 YA M 02 Lhehte] A|Zol 7R A2
o) EFol el FRSE A, A7 5 7Hoko] 2ol
7F 98% ¥l BaEo] QlrKGreenberg & Ziff, 1984;
Moratalla et al, 1992; Rusak et al, 1992). & Az} <1z},
Ca”', AErte] GRI59] Fojoll ubel BGse] Eal o
4ro] t}Zc}ar 3k} (Curran & Morgan, 1986; Bartel et al,
1989). m3F A E F4] Aol cfost B Fo|F o g WIS
st HHE, c-myc BolslAl whgahs FARER AE

A 9 B3] 2o fPofsin GAER HY =E
apoptosisA|of] 1.2] T &o] Zr}lElclar sk (Cole, 1986;
Luscher & Eisenman, 1990).

o| Aol A 45 morphine Foiol] wh-E cAMP 3¢
o AT g TS B9} ] Zo}o] opioid A
AR 2} A x| $t9) 01} (Sharma et al, 1975), o|wl c-myc
FA7e] 28 FE-L cAMP & ¥ F3 ks Al el
wch. Morphine- & Fo33t ¥ 108 243 c-myc AR}
F¥2 morphine FE9 Fvloll wel Flsiglow,
cAMP 8take 7+ 4%l 9 th(Fig. 1). 13] 2] morphine(20 uM)
Fof ¥ 108 FAH cAMP §2 4T Kl on
20, 40 gl 60l ¥ ¥ E & 4 YrhFg 2). 5,
c-myc EHA L Akl wE WI= TR gt
(Fig. 2). Morphineg- 14, 4% 3 647 Fo3l9ichrl &
4318& off o]w] K 1% (Sharma et al, 1975) ul9} 7to)
cAMP 332 Z71E £ F o, c-myc EHAE 5
of 7|7to] Aol uigl 238 & aHE d4S
Ueh =224 cAMP & W o) 2E 9l ch(Fig. 3).

o]t c-myc FAAL W o] FFE wW-e B (Guitart
& Nestler, 1993; Hayward et al, 1990)oll 4 v}eld c-fos9)
Ao Aol7t 9t o] dFoll4 P2 opioid WA
A7 JAE o] Frhsle cAMP $E ofos TH] &
7hebe AtE = eomye A2 RS [EGsE9]
8 A Aolgta & F= ik &3t myeloid A)E
H3HAT ol cAMPE| 33} c-myc EHAE e 229
Baro]] osp cAMPE c-myc T8 -& negatived} A 24
strb= B 7K(Williamson et al, 1997) glo.n g2, #xts
cAMP 2| F718t c-myc £ A9 FE AR &
AAsle Ao g A7 5 ok AZM cfos §72
€ c-myc Ho} 2 o] A¥EE IEGE ¥eiA gle
o (Greenberg & Ziff, 1984; Muller et al, 1984), A-7]3} v}
&} 7ol c-myc- cfos®h= vhE A4S IBGRZ, o] A7
oll4] #24 A3 opioide] WAA ol Yhebihe c-myce]
249 2goz HolAl

AEH.22, opioid W4 W43} T CAMP 9 1)
&3 c-myc mRNA 8- A2 Ahibs A Yehdon,
c-myc mRNAS] W-F3 cAMP F7He] 243 el HAS
g 4% Qo cmye mRNAS] 952 morphine U}4
Ao e AE Wl 3028 Bz 42
o},

ZAtel 2

AT 19959 E A 8Y 9] B 34| o )|
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