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¥ R EF CREB #i& /+ S A3 MR # SK-N-SH A f nNOS & fosB
HF iR H

FER RKRER K EHR0E MEE HTWA (T b B B A L B S O, 1 050017)

BOE: HM BT MERH ) SK-N-SH 40 i 2 154 25 08— U6 L5 15 (neuronal nitrie oxide synthase, nNOS) & fosB
KER R L ik 1% zl@iﬂrfkirﬁv&r&l*ﬁéll TSRS (RS0 F5 % AMP LR JCIF (cAMP response element, CRE) 741
1 SEAZ AT 1R .,lﬁﬁﬁ?*é‘iaitﬂé‘ i, ﬁ: hr L SERZAT IR ( CRE-transeription factor decoy oligodeoxynucleotide, CRE-decoy ODN)., 43
BIF TH L KT R e 2E 4347 (elec hnp]]ulw-us mobility shift assay, EMSA) } RT-PCR 4% A&  #&] CRE-decoy ODN Ff I [ {4 i Kz
AT PETROBT I 19 CREB F) DNA 55 53751k .oNOS B fosB mBRNA 635 M RE IR, 55 Ml B 294 445 P 20 O i
SK-N-SH Al [ CREB (¥) DNA 45575 75 .aNOS J2 fosB mRNA W] 4 7155 , CRE-decoy ODN nl #5524t b g brrt i . &hig
CREB (935 71 1 WA SK-N-SH 419 nNOS & fosB mRNA % ik L.

KEEIA : W SK-N-SH 4l il ; CREB; — S (LB 73 il ; fosB

FEESES : R345.44; R394-33; R394.3 SCREFRIRAS : A

Activation of transcription factor CREB mediates the upregulation of nNOS and fosB

genes in morphine-dependent SK-N-SH cells
SU Yan-jun, CONG Bin, ZHANG Guo-zhong, ZHANG Jin, LI Shu-jin, YAO Yu-xia, FU Li-hong ( Department of Forensic Sci-
ence, Hebei Medical University, Shijiazhuang 050017, Hebei Province, China)

Abstract: Objectivé To investigate the mechanisms of morphine-dependent SK-N-SH cells in the regulation of
the expressions of neuronal nitric oxide synthase (nNOS) and fosB genes. Methods Morphine-dependent and nal-
oxone-precipitated cellular model systems were established. A synthetic single-stranded phosphorothioate oligodeoxy-
nucleotide composed of the ¢cAMP response element (CRE) sequence was used as CHE-[ranscrip[ioﬁ"factor decoy oli-
godeoxynucleotide ( CRE-decoy ODN) and was added to the culture medium. The effects of CRE-decoy ODN on the
DNA-binding activity of CREB and the expressions of nNOS and fosB genes in morphine-dependent and naloxone-pre-
cipitated SK-N-SH cells were detected by electrophoresis mobility shift assay ( EMSA) and RT-PCR, respectively.
Results  Morphine dependence and naloxone-precipitated withdrawal significantly activated the DNA-binding activity
of CREB and the expressions of nNOS and fosB genes. CRE-decoy ODN could penetrate into cells and specifically
and stably downregulate these indexes. Conclusion The activation of transcription factor CREB can mediate the up-
regulation of the expressions of nNOS and fosB genes in morphine-dependent SK-N-SH cells.
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5%, M0 WARGE . ABFFELL CREB S0 (A SP 5 R
5 5L 4% 11 1% ( CRE-transcription factor decoy oligodeoxynu-
cleotide, CRE-decoy ODN) , ‘7 A A Ff1 25 BE 4 i8] SK-N-
SH A A , K0 FExT M HEAR 1% 1) CREB 119 DNA &
TG YE nNOS B fosB HE R 33K MR, 4 165 T KF-
4 BT A ) B PR R ALk 3 T A
SEHR AR A o

1 #RSFE

1.1 E&XA

SK-N-SH 11 il ¥k 1 1 v [ H*LFFJI 7 R L 5 A
(10 mg/ml, 1t5-:020909) W [ Pk F5E— il 25 ) ; £ A5 44 245 il 11
MEM i [ Sigma; Gel-shift Assay System,AMV-RT /% Tug DNA
e T Pmmeg,u‘ CRE-decoy ODN, mismalch ODN, nonsense
ODN .nNOS, fosB J% B-actin 5|9 1 Ei Sangon {5 il ; Trizol I F
GIBCO BRL; v-[ 2 P ATP W [ b 5% 7 4 i 4= 49 L f2 4% Al bt
CREB £ P e {4 [ Santa Cruz Biotechs P A8 2 N-[1-(2,
3-dioleoyloxy ) propyl [-N, N, N-trimethylammonium methylsulfate
(DOTAP) 5 Roche.,

A ACHERR L& 1 () ODN 1551 ° : (D CRE-decoy ODN:5'-
TGACGTCA TGACGTCA TGACGTCA-3", W] [ B 4432 JE W & Je &
¥ s @ mismatch ODN: 5'-TGTGGTCA TGTGGTCA TGTGGTCA-3';
@ nonsense ODN: 5'-CTAGCTAG CTAGCTAG CTAGCTAG-3', Al nf
Fl B A I I A e 45 . $UEWT3 4% ODN 5 DOTAP R 5 .

fosB'" [ 51 49 : 5'-GCTATTTATCCCTTTICCTG-3; T ?ﬁ*u‘l
1) :5'-TGCTCACACTCTCACACTC-3" s 47 4 - 18 461 bp.

aNOS®! | 78] 4 : 5’-CCTCCCGCCCTGCACCATCTT-3' 5 F iff
7% :5'-CTTGCCCCATTTCCATTCCTCGTA-3 5 1488 AW 263 bp.,

Bractin” L5149 :5'- TACCACTGGCATCGTGATGGACT-3' ;
5149 :5'-TCCTTCTGCATCCTGTCGGCAAT-3" 3 471 F i 506 bp.
1.2 Fk
1,21 4 8s 3 5 o 24 4k 6T 2 mmol/L, L-75 2 Wk .
0.1 mmol/ L AF @55 S AR 10% Jif 4 0L H5 0 MEM B5 93, 1
37 CH 5% CO, W AP SR 2 NS 3R S8 48 12 41 4k AR
TR IRZE (C) M MEARHRAL (M) G HE + Z4 25 M 2H (M + N) L
&l CRE-decoy ODN 41(D) M4 + CRE-decoy ODN 20 (M + D) .1t
ME + mismatch ODN 2 (M + mis) . HE + nonsense ODN £ (M +
non) JEHE + DOTAP 20 (M + DOTAP) U + 4425 i + CRE-decoy
ODN £ (M + N+ D) JE + 4425 B + mismatch ODN 41 (M + N +
mis) JEHE + 4425 + nonsense ODN 2 (M + N + non) FIEHE + 44
Z51 + DOTAP Z1L(M + N + DOTAP) . #0 Jid i 75 51 £ 60% ), il
AT | 257 5 2 100 pamol/L, 5 20 MHF 77 48 h )5, AR 2 il

YOI R 10 pmol/L, FEH] 15 mine DOTAP % ODN 5 DOTAP [1)
TR A4 A MERE TR 1 b A L T 2 150 nmol/L. ]
FFH) 8 40 Tl XL 25 & L 400 M S 2 M st
1.2.2 {EBmMZERE fkOCHR6 R
1.2.3 *P{ric CREB 2575 AR FE 2 CRE-decoy ODN  fif
T4 SRR 2 B T 5 - AR IS . R LS 6500 M A
P HUL (Beckman, USA) 72 F 2 A9 O T8 1. CREB

LEL TR I L TR 2 9.25 % 107 Bg/mmol , ™ P ARIE CRE-de-
coy ODN [ HIG 1 4 8,22 % 10" Bg/mmol., :
1.2.4 HUPKEERE A S BT (EMSA) ¥ k6], 95
WAL (D 2 P 451 CREB 45 45 S £l S CREB Hﬁéﬁ%
R SRR Z P AIA Ll (17.5% 107" mol) FRic AUEEFES
ML A A B aS &, BIFER BA R ’H}llim)\ I ,JJ
(1.75 x 107" mol) K45 i CREB 45 {5 BLUHE 4R £, CRE-decoy
ODN; lL’-h?rI‘MH‘ 44, B 2E R R R A 2 S 1 pd (1,75
x 1077 pmol) ABRic AP-2 555 AUER S  mismatch ODN K non-
sense ODN. (D CREB $LRLE 75 M0l 5 50 ROV AR F A 2 pg
Fi CREB £ iReiiA , @ %) BREE5 O B B BH P08 Bt A i 40
HAZ AR ) AP E AT B (I Hela 40 R 32 H0H ) . G HLIK
S I P 42 6% |75 P B P A I A 0B R e K L FL M 350V, B[]
45 min. HUIKES A A BRI T 0, — 70 CHRCA A 85 48 he R
BRI PR 40T 250 (Gel-Pro Analyzer Version 3.0, Media Cybernet-
ies) X R K T MEAT 20 5 B AMT , UK ARG B (RDU) R
/i CREB [ DNA #5516 .

1.2.5 4L CRE-decoy ODN [ 5 #46: ) 22 % 10° 41
JH/FLASE AN 3 P 3 24 FLAR, BEAL A 3 ng ™ P #R3C CRE-decoy
ODN 5 18 ng DOTAP (1Y 7+ %), CRE-decoy ODN #£ 3 i g 150
nmol/Lo 1 h J& , B AL I A 23 1 4 100 pmol/L (¥ 5 M, 1
CRE-decoy ODN 54 IAE T 24 b, 48 hJ5 438 ] isp e 2 FLAN
i, T 32 B 3 (75 mmol/L NaCl, 24 mmal/L EDTA)20 ul, J
i : S HR L DNA'S . 4RI DNA & A 3 % ODN 22 10 bp
DNA step marker 75 [i] bl 2096 ) A5 4 28 74 4 1ok 1 156 B L [i] i
PEFFHL PR, HUE 150 v, IE) 2.5 he  EAERS SR DNA S5 A
T4 ODN 2 (6] %04 EREfL. RRER 51 P P ARid
CRE~decoy ODN 3 ng, $it B DNA 10 pl, B Rl ODN 24 50 ng,
Marker 3 1 gl HLIKZS BT, HUGE R AN 6] B AL DT , 4 S 3 DNA
MEIEE T, — 70 I A 58 48 h, & Marker & 3 fit ODN ff)
B e £

1.2.6 RT-PCR mm nNOS K fosB mRNA 535 FH Trizol $2HY
AR RNAL (D S2RE 5 - RT3 O 25 gl 3 i) 3 158 1 15 45
YE. @PCR I L4l cDNA, 23 51IIA 50 x 107 mol (] fosB 5X
aNOS iR R 75 141,25 x 10 mol (Y ractin b AT ES 1490,
2.5 U Tag DNA B4, 4LAE S0 ol BOVAIK R . fosB 87 WK1 R
04 °C 3 min, $RJG FAMGHF 94 C 45 5,56 C 45 5,72 C 45 s, It
IGFF 35 U 72 °C HEMH S min, nNOS 138 KRR 60 ¢, HiAs
KA fosB., GRI-PCR P24 i 40T L 1S pd PCR SR
W% 1 8% BN EIREE S L bk . AL IR 100 VL I i) 40 min, R JH ]
P E IS PR AT T FR 400 %0 v A a2 A7 2 52 kA3 #T, 0 HE

fosB .nNOS 5 Bractin fWE 6 HE FLAF, A6/ mRNA FRAS Fk i

1.3 it F a4
FELL % + s FoR, RS SPSS 1.0 BRPFEAT AN R Iy 2201
B, P L AT S-N-K Tk

2 H#R

2.1 e AEAHE
{51 TR LA b R R, A — B, W RE R RS
TR A LB I . A5 140 R4 T (1,01 ~ 1.03)
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R FE T CREB 875 A S-S MEK #1 SK-N-SH 4 IEAY nNOS & fosB it B 3 1k ) I 2 LI 397

<10/L, G FERARE(F=0.333, P=0.729),
2.2 CRE-decoy ODN #*f CREB #) DNA BAHER TN
el A s 2L A E + 494 245 R 40 40D CREB ) DNA 4545 77
PR 8 T AR R K G BB ZH ( F = 2753.627, P =0.000), H44%%
T T 261 185 T N AR 4L ( P < 0.01) 3 CRE-decoy ODN B & 41) il
i e 4 45 i e RO 40 M CREB /9 DNA 45 & 18 ¥E T+
(P<0.01), IHIFHE 42 1K 46.65% 1 45.92% ; % A 505 nif
0 205 0 0 3 0 40 L, AR VE R (P < 0.01) B2/, 490 | JEE A
4 15.24% ; mismatch ODN . nonsense ODN F1 DOTAP 3 125 M 4% i
Ko 245 ) 0T BT 38 5 1 B R SR bR TH R T RIAE (P >
0.05) 4 "PAric CREB %5 3 XUHE#R £ ¥ BE 100 45 ) K 45T
CREB %4 WS 5%t & CRE-decoy ODN 43 545 S4M i CRE-#
HEWIEIN, A E CRE 751 A A [A) e B R 4712 mismatch ODN,
nonsense ODN K¢ AP-2 &5 {7 XUHEHR FH 3 LMl fE . $1 CREB
RS CRE-R FE S0 supershift(B 1.5 1),

123456 Y8 910 1112131415 1617 1819 20

CREB—

1,2: Negative and positive controls; 3 — 8: Binding site specificity was
tested with the  P-labeled double-stranded CREB consensus oligonucleotide
and in the presence of 100-fold excess unlabeled cold competitors as CREB
consensus double-stranded oligonucleotide, CRE-decoy ODN, mismatch
ODN, nonsense ODN, 2 pg polyclonal antibody against CREB, and unla-
beled AP-2 double-stranded consensus oligonueleotide,  correspondingly;
9~ 11; saline-treated control cells, naloxone-precipitated cells, and mor-
phine-dependent cells, respectively; 12, 13: Naloxone-precipitated and
morphine-dependent cells treated with mismatched ODN, respectively;
14,15: Naloxone- precipitated and morphine-dependent cells treated with
nonsense ODN, respectively; 16,17: Naloxone-precipitated and morphine-
dependent cells treated with DOTAP, respectively; 18 —20: Saline-treated
control, naloxone-precipitated, and morphine-dependent cells treated with
CRE-decoy ODN, respectively
1 CRE-decoy ODN 5 CREB & &M% 5 B3 CREB ) DNA
FaEEnmEER
Fig 1 Binding site specificity and inhibitory effects of CRE-decoy
ODN on the DNA-binding activity of CREB in morphine-de-
pendent SK-N-SH cells

2.3 @A CRE-decoy ODN A {E &9 4& & 14
B Y /R mismatch ODN HLIK 47 2 1 30 bp, CRE-decoy
ODN 5 nonsense ODN ik i ¥ T 18 bp, HUHT A B#E45HR

a5, P HRICH CRE-decoy ODN 3 A AT , i vk 3 i T
18 bp, 24355 40 M £ 1 24,48 h J5 , M4 P9 $R IO DNA 7E 18
bp Ab A HLPK AT SRR 2P FRICH CRE-decoy ODN HE7E4H Ml 14
FoEfFE(E 2),

#F1 CRE-decoy ODN 3115 HEHR#i SK-N-SH 4/} CREB f] DNA &5
EEMR fosB .nNOS mRNA FikfOMEBIER (n=5, xx5)
Tab 1 Inhibitory effect of CRE-decoy ODN on the DNA-binding ac-
tivity of CREB, fosB, and nNOS mRNA in morphine-depen-

dent SK-N-SH cells (n =5, ¥ +5)

Group CREB fosB( %) aNOS (%)
G 191.60 + 13.52 20.2+1.4 21.9+1.0
M 538.00+ 11.51* 98.4+0.5* 39.4+0.5%
M+N 710.00+ 11.60* #*  28.3+0.6"#* 88.5+0.5% 44
D 162.40+7.83"" 15.9+0.8* 19.7+0.9%
M+D 287.00£4.53%#* 48,00, 74# 26.2+0.8%#*
M+N+D 384,00+ 12,5198 20,9+ 1.0°" 34740654
M + mis 542,00+ 6.01 98.2+1.0" 38.8+1.0%
M+ non 544.00+£7.91" 98.1+0.8" 38.9:0.9%
M+ DOTAP  544.00+5.61 " 98.0+1.0" 38.9:£0.7%
M+N+mis  716.80+4.92*"## 27.9+1.0"" 88.4£0.5%"¥
M+N+nn  715.60+6.73"%% 27.8+1.0"# 88.4+0.6% 4

M+ N+ DOTAP 715.60+4.56"" ¥ 27.7£0.8*## 88.0+0.7"#*

C: Saline-treated control; M: Morphine; N: Naloxone; D: CRE-decoy
ODN; mis: mismaich ODN; non: nonsense ODN; ¥ : P <0.01, #s C;
##: P<0.01, s M; &5 P<0.01, vs M+ N

1 2 3 4 5 6 7

100 bp
90 bp
80 bp
70 bp
60 bp
«=50 bp
«—40 bp
«30 bp

«20 bp

10 bp

1: ¥P-labeled CRE-decoy ODN; 2,3: cell-incorporated * P-labeled CRE-

decoy ODN over 24 h, 48 h; 4 - 6: mismatch, CRE-decoy and nonsense

ODN; 7: 10 bp DNA step marker

H2 20%FEERFEEBMEREK A BMRREERD
M e i SK-N-SH 41 B 79 48 A\ i) CRE-decoy ODN HE3EHE

Fig 2 The stability of cell-incorporated CRE-decoy ODN in morphine-
dependent SK-N-SH cells by 20% nondenaturing polyacrylamide
gel electrophoresis, antoradiography and silver staining

2.4 CRE-decoy ODN % nNOS & fosB mRNA FiA 69 %)
RT-PCR 2% 53 0, 4 B /K f I 41 40 Jif 3% 8 /0 Bk NOS K¢
fosB mRNA , W5 I 45 s 1 498 265 il 2o P 7 i ol B 3% ok B I 5
(nNOS: F = 7 836.793, P = 0.000; fosB: F = 8 185.222,
P=0.000)., CRE-decoy ODN & 3 1] ifil e o K i K 40 4% ] T B
s 516 nNOS K fosB FHES (P < 0.01) , ifi X 4 32 05 Wil 1 4 4%
Pl 40 984 1) SK-N-SH 41 i £t 3 ot 2 4255 ( P < 0.01) ; CRE-decoy
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a2 2 4 927 %

ODN X nNOS %) 37 1fill 5 FE 4K 2 b 33.729% .60.83% #1 10.13% ,

Mt fosB A4 6 FL 24K 9 51.249% .26.24% 1 16.86% . Mi-

smatch ODN . nonsense ODN F1 DOTAP X WS MEAK #8175 51 aNOS
fosB mRNA BIEIHIEH (P >0.05) (B 3.%1),

7 8 9 10

11 12

1 000 bp— -
800 bp— e
500 bp—+
400 bp—+
300 bp—|
200 bp—+

1 2 3 4 5 6 7 8 9 10 11 12 13

000 bp—
800 bp—

— ——— —— — — —

I: Marker; 2: Saline-treated control; 3: Morphine(M); 4: M+ Naloxone
(N)3 5: M+ mismatch ODN; 6: M+ N + mismatch ODN; 7: M + non-
sense ODN; 8: M+ N+ nonsense ODN; 9: M+ DOTAP; 10: M+ N +
DOTAP; 11: CRE-decoy ODN(D); 12: M+ D; 13: M+ N+ D
Bl 3 CRE-decoy ODN X} W34 8 SK-N-SH 40 ff % i% nNOS/p-ac-
tin (A) B fosB/B-actin (B) BB 3474 i ik 25 R
Fig3 Electrophoretic results of CRE-decoy ODN on the expression
for nNOS/B-actin (A) and fosB/B-actin (B) in morphine-de-
pendent SK-N-SH cells

3 itig

S5 S B OR AR PR T 3R 38, 349 RT3 ek 244 4 5
A N F CREB 288 I Ak 3005 , ) 3045 s 6 DR s 57
KR 1A A, DA T 34 o 2 fh 5 I B A s o R

YE R —Bh B 2 2 i JE A, fosB # ik HK ¥ CREB )
WERR AL I 19, H =4 DeltaFosB 5 FE &85 o 18 L5 FH 1]
PR e % 24 P e 56 R 0 5 49 2 3 DeltaFosB 75 AR
P 0 SO0 55 (X 28 TR SR I I, DeltaFosB 2§
S, AT RSB A7 AU, BR300 1) ER i e 0 M2 o) o
XA 22 TG 325 5 M AEAC A i o KL FRY , AT 2 5 25 %
BB T R

EYANAT 3 F NOS, ¥ LA LR 20 A AR A
NO, Hr nNOS 5l -2 25 ¥l F 6 & e b,
CREB il 5 AN+ 2 53 80 F 9 CRE 45 2k 0 5
nNOS HE[F k"' . NO X2 R 40 N —Fh il § 1K
M EAE 50, 2 52 il il Sk | 2 fioh 4% 3o 4 isf R
50 R A AR 0 A, LR 0t A ) 7 A e 2 AR T
FEAAR P L FH NOS 75 470 70 1 sz SCBE 4% I , 10 2 BEL by
NO j™=4= , AT A7 28 5% i 52 36 0 4 oy Ao K2 i 5% , i NO
#IA R 2 5 T R EAK R 32 AT )

SK-N-SH Zufifi 2k B A I KM, B A #2800 + 2 4%
PEL LA 1.5:0 IR TR N o B2 & BT 324k, Siie &

AR 4K ffi SK-N-SH 411 Jfd CREB f¥] DNA 45 45 16 1 W
WIS G I A5 F9 ) CRE-decoy ODN, A
SK-N-SH #fi fifd 48 h J5, {15 LR & 8 A8 e FA e
150 nmol/L. CRE-decoy ODN . & 0 il neh 1HE Kz 49 265 1] i
5 CREB [¥J DNA %55 16 M . nNOS B fosB #3516 P
FHE A CRE J¥ 41 1) nonsense M mismatch ODN | %
I E F L UE 92 CRE-decoy ODN B 410 i 45 FH ELA5 1 31)
sk bt CREB Fiik 5 B i (R EU H Y CREB
K45 G TG, BIAY P dRic i CREB SUEEHR £, TE 1
TP -CRE E &Y, ZE AW 7R &4 W
AR5 CRE-H B E &Y, v 5 3 Ik 3% 47 19 super-
shift , iF 53X CRE-decoy ODN %f CREB ] DNA 4% & 1% |
nNOS K fosB kA i 40 il 15 2 A 25 #9550, CRE-
decoy ODN X A< AZ IR Kz 2026 Bl 40 384 i) SK-N-SH. 41 fifi 1)
CREB [#) DNA 454515 P .nNOS J% fosB HE[H ik thA )
L D (P R s % e A 40 L P 41 o) 1 AT

AN FE KW %L T CRE-decoy ODN X 1) I 4 i
SH-N-SH 4l i CREB ) DNA 454 3% ¥ . nNOS K fosB
BEPRI IR (R4 i 75 H L A B 5% (K -F CREB 30 1 7
T MR SK-N-SH 4 i) nNOS K2 fosB 3 [H #ik
WA, SR TE 235 AR 3 W) e 28 A ) ik R 8 s A o) 2
HET B B BT B

B % 3Lk -
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