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ZEH =T MG-63 B REME IEX-1 £F
RIABHE T VIS 5

OB KR RD BR4E? FEH? TV ¥ 450 PHeED
(PR OV RITIIE, K 410011 ST BB ESCK L, Kb 410011)

E =4 fifi(arsenic trioxide, As,Oy)A& " B GE b 25 HLAR 1) 5 BT RSy, St N T M R G IR KR 97, S AT 5T
2R A OGS ARt B AT I 4 3G 5 OF 5 R TR . RUIETUR I, 1.0 wmol/L [ As,O5 W ARSI 31 AR 48 i 3R
MG-63 I T, #2510 cDNA {52047, RT-PCR. RNA ENFFIESC AL T- 5 As,0; TG IEX-1 3K ik T AT 5.

[EX-1 4 AT AR, W5 RAKAET. @9 EM AT, EMSA. EE LSS, KIL AsO; T-1E A
AR MG-63 JGREVE T p53 | AIFRIE Fi, BN ps3 BB S IEX-1 E3h 7454, Fsifil IEX-1 #s, 3
[EX-1 R LRIE TR, #—PIESE T EX-1 585 WRMEZCR, FAHEH As,0; 5 [EX-1 £ KR IE T 7 s i i

Bl

KR As, 05, IEX-1, ‘B WB, p53, #HatifE
ZR9%ES R4, RT3

— 44k —ffi(arsenic trioxide, As,Os) AfELEH 2
THEAR 0 = B RO sy, B T4 M i 1 1 i s
(CML)IVAIT™, Bl J5 R0 R I As,05 XA TT B
SR A0 L 1 L5 (APL) A R I 7 2023 S5 I F
REEREIR, As,0 X 8. BESHitk
RGN W WS AER, X E S NS
T I e S A PR A B R G R, LA RN S FLR I
AU Z s S A S A AR L AT o A s B 5
JHTZER®. GH5RY, R As,0, %% B itk
L4 fu bk MBC-1 P T2, p53 & 13k FH 2%
2.3%38 B 32.9% ;175 S NI g 40 MO T,
p53 Rk .

RGN FIATF ORI, As,O5 W52 A
SR R MG-63 40 ik BB W IMPE T, 1.0 wmol/L
] As,0; T 11 MG-63 4l 48 h, HLBE M %A K I
LR TRRAEE T, 201 cDNA BRAIITFL K
B, FLWIN L IEX-1 7F As,0; 11 T MG-63
A, R E N, U051 AR A
KB IEX-1 A U BE DR, 7 40 M A2 4 25 RN
A O, AT E e R A e
TEFIAN RS, R, TEX-1 i ik n] #0410

MosEK, RAEgRE T, JF IEX-1 B SR TAE
L, aTPndIam e . mR, IEX-1 JERAER 2 b
AN R mRIA. R IEX-1 SRR LE. Kk
JEHHEVIRA. AN As,05 AN Tl PR 41
i R MG-63 7% 5 IEX-1 & [KIRIE T U (154 % 4%
HUBIHEATIISY, AiE— BT IEX-1 BRI 7E - IR
HH R AR FH B A

1 M#R57E

1.1 ##

MG-63 40 [l 5 A AL S AR A7 p53 H vl DT
K A BD /A &), IEX-1 £ 55 B Hiikl @ Santa
Cruz A#]; As,O; W H Sigma A FREIPEAN VIR
4 TaKaRa 7~ @ /= #f;  Lipofectamine 2000 I H
Invitrogen /A #; Hotstar i Tip100 J50ky il 3 1 51l
I H Qiagen 2~ ] s XU G 7 Mg A I3 ) 4
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EMSA X7 & H Promega 23 &]; Luminometer 5.
HTFRIMALA Promega A H] 7= i A% 8 IR
&I H Active Motif 23],

1.2 A%

1201 FAME. 1EX-1 J8 30 79¢ 6 ZBHR 5 Tk
F i LUIE R N gDNA Sk, i PCR J5 k41
PAFHI B PCR W SEE Xho T F1 Kpn 1

WUEEY) 7 3% N pGL3-Basic JFikil. RAMKFKIHES
PCR(Over-lap PCR)ECAR,  DLEFA Y pGL3-279 Jiiki
R, F DI NGEAR I 5 | Py T P %e PCR 473,
MIMAS 258 RSB BL H Xho T FT Kpn T XU
YIJE %N pGL3-Basic ik, 15358748 Joki pGL3-
mNF-kb 1 pGL3-mP53. ZMFY) . Wl Firse, A
Tip100 fliFE kL5 &, Fra s I 1.

Table 1 Primer sequence and EMSA probe

Primers Sequence(5’'—3")
[EX-rev TCA GTT CTC GAG AAG GCC AAG TGA GGG TCG GCT GC
—1419IEX-f CT GGT ACC TCT CAC TAT GTT GCC CAG GCT CCT
-575IEX-f CTGGT ACC CTA CTA GAA GAA GGA CGG AGG GAG
—279IEX-f CTGGT ACC TAA AGT GAG CCC CTC TCC AGG TGC CAC

mp53(Sal 1 )-f
mp53(Sdl 1 )-r
mNF-kB(Sal I )-f
mNF-kB(Sal [ )-r
p53 consensus
pS3/1IEX-1
mpS3/1IEX-1

CCT CTC CAG GTG CCA gtc gac TCG ACA TGT GCC TGC AGC

GCT GCA GGC ACA TGT CGA gtc gac TGG CAC CTG GAG AGG
CCTTTG TTT AAT CGT CGG gtc gac CAG CCC GCT GCT GCC AAC
GTT GGC AGC AGC GGG CTG gtc gac CCG ACG ATT AAA CAA AGG
TAC AGA ACA TGT CTA AGC ATG CTG GGG

CAG GTG CCA CAT GCC TCG ACA TGT GCC

CAG GTG CCA gtc gac TCG ACA TGT GCC

IEX-rev, —1419IEX-f, -575IEX-f and —-279IEX-f are primers using for construction of luciferase
reporter plasmids of IEX-1 promoter. mp53 (Sal 1 )-f and mp53 (Sal I )-f are primers using for

constructing of luciferase reporter plasmids of p53 mutant. mNF-kB (Sal I )-f and mNF-kB (Sal | )-fare

primers using for constructing of luciferase reporter plasmids of p53 mutant. The mutated sites are

marked with lower case, and restrict enzyme sites was marked by bars drawn below the diagram. p53
consensus, p53/IEX-1 and mp53/IEX-1 was probes for EMSA assay.

122 ANMIEETR. RN e G KX 25 Mg 0 P 4
M. MG-63 41 MUBRAE & 10% K 3% /N2 I35 1 e b
DMEM R 784, 37°C, 5% CO, FHIiE it FE 11 41
o 5% % A0 AR ACES 9% . R I EE G SR T IR T A
Lipofectamine 2000, FAR¥E 4752 BUH B W] 1F
7. SO 24 FLIR, BEASEESFE 2 N 1L.
FEYLPK A0 R Lipofectamine 2000 fi§ /& 1.5 ul,
A5 Ky B0 R FORE 600 ng,  phRL-SVA0 JFEKE(A ) )
4.0 ng, DMEM R F£90 100 wl. BFA4NJ50k: 55 /b #ph
B 3 k. ARSI N N 1.0 wmol/L
As,0; T, #9%32h J5, WM, IR0 &
B AE T AT XU WIS o B, S FL 2
. BALGH 2 [ 2 G 2R T sk Py i B P AT
RAE. P IR R 5 R, 23 ol ik 22 B P
XoF HE T S Af,  BRUABH XS B bRy (e, 519 3
HFE i AH N 16 B pGL3-Basic [ 4H % 3% 4 (Basic
FHRNETEAE R 1).

1.2.3 EAFREERIN As0; %S5 p53 il IEX-1
PRIk, MG-63 4 AR T — REF! T 6 cm i F%

1L, AIAHKEE K 1.0 pmol/L ¥ As,O, T-7i4NJI, 48h
JEOGRA M, RhERAN M R A s,  JRE R A
W BE (F BCA WG & 3 W A7), W10 pg ik
F11T 12% SDS-PAGE Jf- ¥4 4 11 5t #% %2 PVDF Ji,
M5 IEX-1 —HL(AEX-1: 1: 500, PB-actin: 1:
2 500)F1 —HT (CEHIH IgG, 1 5000) &4 =EWE N
WE 1 h, p53 —Pi(p53: 1:500, PB-actin: 1 :
2 500)F1 —HT CEPLR IgG, 1 5000) &4 EW K
J¥H 1h, ECLIAAGE TR, SLREL 3 X

1.24  HIKIZFZ 5T (EMSA). MG-63 41 il #k Al
—REFT 6 cm HrFRIL, MAMKSE A 1.0 wmol/L
(1) As,O; T-TRANMI, 48 h Wk 4NME, el it
B, W R TR B (B BCA 77 6 i B
FREAT). T4 2 1% H R WO A T200 B S K f- p53
SEG IRE S AR T IR I B (R 1) EEAT [y-PP]ATP K
bR, EMAARICIEREN AT, B 5 x 45 & iR
3.0 wl, MG-63 40l il #% R LY 15 pe (40 3~
5u)iRE, IR E KA AR 15.0 wl. X
TR SN, AR FR IR AR I R 56 S
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5PV T 30 ng, S5 PERET S bR 0 5
TN B E SR EL 4 100 & 1. FE S 4 4% PAGE
(40 : 1, 0.5x TBE, 350 V HLJk 45 min), T/
E-70°C R B2 72 h, B3, Ei¥.

1.2.5 AT Koy, % BORLI AR 980 2 il i
PEMITESL: (S50 Be G R S 1 / LB (1)
P BB YE ) (pGL3-Basic %¢ 't & WG M / SLak g
(PR DO ZEMEVE M), AH N 2 2R P 2 LA
x * 5 RN, Gk 7R One-way ANOVA Jy %
SRATEL

2 & R

2.1 EHRMNMMERLEE

YL F M A FURR H PCR J7ikEy 1Y 15 H%
AT, SR A ORI AL 2 DU A2 1 pGL3-279
FURE A BOE s I NSRRI S 1), 1931 T 5 5T
$i pGL3-mSpl A1 pGL3-mP53. Fi H £ Xho 1 Al

Kpn T XUV, BRTERHEEES ook il , kW] R iy
BHHKA B8, WIS E MR LA

g 5 IN(E 1).
2.2 As,0; T IEX-1 BEIFE
ST

1.0 wmol/L ¥ % ¥ As,0, T-Tii)5, IEX-1 JH3)
f pGL3/-1 419, pGL3/-575. pGL3/-279 F1 pGL3/
-mNF-kb 25 B s PR %A T+ 4L #8A AS R R 2
1)~ B¢, pGL3/-mP53 %¢)'t 2 Wi i M T iH 2 ooz
As,O; TG, pGL3/-1419 %6 % il ik 1 (58.3 +

LA TR T HA67.1+1.2) 86.8%, P<0.05,

RERR N R

-1419 +1
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Fig. 1 The electrophoretic assay using agrose
I: Lamda DNA-Hind lll marker; 2: pGL3/-1419 Kpn I and Xho I double
digestion; 3: pGL3/-575 Kpn 1 and Xho 1 double digestion;
4: pGL3/-279 Kpn I and Xho I double digestion; 5: pGL3/-mP53 Kpn |
and Xho | double digestion; 6: pGL3/-mP53 Kpn | and Xho I double
digestion; 7: DL2000 marker.

pGL3/-575 %6 W6 5 (49.8 = 1.3)AH 4 TR T 1
Z(65.4 £ 1.4)[1) 76.1%, P<0.05, pGL3/-279 %6
FIEIEPE(52.3 £ 1L.2)AH Y TR T T41(74.0 £ 1.2) 1)
70.6%, P<0.05. p53 fZa&h oA A )5, AR
1R 9 e ZBEIE T (116.8 + 1.8)AH 24 T8 4= 54 (74.0 +
1.2) 160.2%, P<0.05, As,O, T4l 5K T T4l
TCMH AR, NF-kb AZ OS5 BT RAR G, 58484k
PG FE M (105.3 + 1.5) A 24 T B £ 7Y(74.0 £ 1.2)
1) 142.3%, P<0.05, As,0; T-TRZ(55.2+1.4)HX4
TART (1053 £1.5)1 52.4%, P <0.05(/4 2).
[EX-1 JHBI T -279/+1 X [i] ) = B s A 1 45 64
ST WL 3.
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Fig. 2 Dual-luciferase assay
Relative luciferase activity in cells transfected with fragments pGL3/-1 419, pGL3/-575, pGL3/-279 and pGL3/-mNF-kB was
lower than after the addition of 1.0 wmol/L As,O;, while the transcriptional activity of pGL3/-mP353 is not, "P <0.05. Mutation of
the p53 site resulted in a dramatic increase of the luciferase activity (160.2% of the wild type control), *P <0.05; mutations of the

NF-kB sites had little effect on the promoter activity (142.3% of the wild type control), ™

P <0.05. Data are given as x + s (n = 6).
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CTAAA GTGAG CCCCT CTCCA GGTGC CACATGCCTC GACAT GTGCC TGCAG -251
pS3
CCCGG GATCT CACCC ACCCC CACTC ACGAC TCACA CACTC ACAAC GTGCA -201
NF-kB
GTTGG GCGCC TAGGA TTGTG CATGT CAAGT CTCCA CCCAC TCCCT TTGTT -151
TAATC GTCGG AATTT CCAGC CCGCT GCTGC CAACC GCTCC CCAGC TGCGG -101
GAGGA GGAGT TAGAA GGACC CGCCC AATTT TCAGG AGCAC ATAAA TTACC -51
Sp-1

TCTGC CGGCA GCCGA CCCTC ACTTG GCCTT ACACT CCGCT CGGCT CACCUATG -2

Fig. 3 The bioinformatics analysis in promoter region of IEX-1

The binding consensus sequence of transcriptional factor was marked by bars drawn below the diagram. The position is relative to

the first nucleotide of the translation initiation codon.

2.3 ERARELEER

RANEEFR I MG-63 1 AR AEIUINA 1.0 wmol/L
WREN) As,O; T 48 h Ji7, p53 8 FFRIKE AT Tl
AR, TEX-1 8 F R IKEOR T T4 B 5 I
(H 4).

-) As,0;

p53

IEX-1

B-Actin

Fig. 4 Western blot assay
The protein level of p53 was significantly increased while the protein
level of IEX-1 was dramatically decreased after the addition of

1.0 wmol/L As,O;, which was related to the protein level of B-actin.

24 EMSA %

[FAr ZbRIC IR “pS53 2557417 FIA% R 32X
Vi J5 RS B, PRI et p 1 5 4F
FRICEREr SE4+, R AERR G AR IRE 04, K
B p53 nf LIRS & T A “pS3 RAF41” .
AN p53 B EGUAR, AT LW £ B A, R
pS3 WLV SRS AT “ps3 IRAFE AT (K 5).
1.0 pmol/L K Y] As,O; T3 48 h Ji5 1) MG-63 4
W AZ 4L 5 R F bR G “pS3 &5 & P47 i
B, p53 MGk W bR T4 5.

v-?P-p53 consensus - + - - - — -—
yPp53 + -+ o+ o+ o+ 4+
As,O;nuclear extracts - - - - - 4+ -
(-) nuclear extracts - + + + + - +
Anti-p53 - - - - - - 4
1 2 4 5 6 7
-
Super shift—
Shift band—> ' ' . '
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Fig. 5 EMSA assay

Electrophoretic mobility shift assay using the putative p53 binding site
sequence of IEX-1 promoter; *P-labeled p53 consensus probe (Lane 2)
and p53 wild type probe based on IEX-1 promoter sequence (lanes 3~ 7)
were incubated with MG-63 nuclear extracts. For competition assays, a
100-fold molar excess of unlabeled competition oligonucleotides,
including p53 wt (Lane 4), p53-mut (Lane 3) were incubated with
MG-63 nuclear extracts prior to incubation with #P-labeled Spl wt
probe. Lane ], labeled p53 wt probe without nuclear extract. The binding
affinity of labeled p53 wt probe incubated with MG-63 nuclear extracts
(lane 6) after inducing of As,O, was dramatically higher than that
without inducing of As,0; (lane 5).
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AR RRAZSG, AsO; TG PG H MG P LR
3 W iR T AL W) R AE, 2 10 2R 11 % 13 i 5

B RR R LI Sl DA W . H
W, FUHERERHTF ARG LAY, HWUS A A
G, IR YU YA 2 ks, . BEE
= UG S, W R . T
HUGEBE AL, AT RAERBIE K, IR
KON 2, W SETRRAE. Bk,
SROBTRR T AR S U (AT 259002 B IR IR R VR 9T
HAT A R LI i

1638 IR T ORI (AT 2900, AT
RARIE T As,05 W] 551 AR 40 i 52 MG-63 41 Jifd
RKAWEHIET, 1.0 pmol/L ] As,05 5 MG-63
g ML L0 F 48 h, AT LA %2 £ 41 g 4 i R A
(23.15+3.60)%, HEBE AL EE A I HE AL B I8 1) 4 i O
TORHIE. S R JEDL0 i, B S 3 25 L A
[EX-1 7E As,0; 1E T IR 4 il MG-63 )5, FE[RIR
KW R, JF 8% RT-PCR M1 RNA E 75 52 5 4iF
SE, IR UARIE IEX-1 JER 58 RRAR S, 1
[EX-1 BT Re S 55 WML KRE.

HErmr £ M, EX-1 5H8E %DM ER,
PR R PRIk B, (HSRET0NLI Y
AR5, RW IEX-1 JEREGN A=) 2 3w
PHEOSCE A (0, N Sy PR B A R B3 IR A 467 R A
SR TP T A, IEX-1 ik IA AT DLk £
M. HeLa 4 /i, JH-40 J AT 293 A 4t fid 1)
T, R I S BT TGF-B 75 5 [k 4t B s 1.
AWEFIRIE, TEX-1 FE AL R vh s R I8 nl 1
hHTE AR FERRDS. IEX-1 (RN T R
S M FEWOE R I R SR GE, T Wbk 40 a0
T2 52 B4 4H] 3 0] R 52 NE-kB 5 1e-18, [EX-1 7F
Mg/ 52 B 2 P s - (1R, LR 31 A&
X H A NF-kB. p53 & 2 Nk I 145 &40
Rl NF-kB. p53 0] DU s i) TEX-1 R 4 519,
B CAWIHRIE As,O; T FlA] LA 3 p53
IE L, it AT As,0; T 1 i IEX-1
BRI, b IEX-1 i NF-kB 15 5 8 B 1 40
KEDN R NF-«B 15 5l B A0 g R 2B R i)
WA, AT E T IEX-1 15 8) 7 X M p53.
NF-«B 45 &7 s AR DGR AE BAk, RN g
MG-63 41, T 1.0 wmol/L ] As,0, L H ,
CERLVRIN, B TR As,Os TG 98 6 ZME TE
LR T AL S AK. pS3 45 E i S RAT G, As)Os
TG 2O C R BREE S5 A& THUCH 242 K. NF-«B

1.0 wmol/L As,O; Tl p53 & A W3, IEX-1
E ARG, [FI EMSA S256IFSE As,0, 15
B2 R T pS3 5 IEX-1 B3 T45 6

ARG I, 1.0 wmol/L As,O5 - Til B I8
MG-63 40, i BRI ps3 R IE T
[EX-1 BEPS () 33k, 1F—HESE [EX-1 51 KR 1)
AR IR B I — ¥ AR IR 1 AR IR 20 -3 R
A IS4 As,O5 1524 B IR I R AL ST 254 B 56 T 5K
5 HEA
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Study on The Mechanism of Transcriptional Regulation of IEX-1
0 &
Gene Induced By As,O; in Human Osteosarcoma MG-63
XIAO Tao™, ZHU Wu, YAO Mao-Jin, FANG Jian-Zhen, LUO Yuan-Ming, ZENG Wei, HU Jin-Xi
(" Department of Osteocarcinoma Institute, The Second Xiangya Hospital, Central South University, Changsha 41001, China;
2) Medical Research Centre of The Second Xiangya Hospital, Central South University, Changsha 410011, China)
Abstract As,O; is a Chinese traditional medicine. In previous study, 1.0 wmol/L As,O; have been found that

could induce MG-63 cell apoptosis in vitro. And then it was identified that IEX-1 gene expression was down
regulated after the addition of 1.0 pmol/L As,O; using cDNA Array, RT-PCR, Northern blot. IEX-1, a recently
discovered early response gene, regulates cell growth and apoptosis. The exact transcriptional mechanism of [EX-1
was found using Dual-luciferase assay, EMSA, Western blot. Transcriptional factor p53 was up-regulated after the
addition of 1.0 pwmol/L As,0Os;, and the increased p53 protein bind the promoter region of IEX-1 gene, which
repress the transcription and result in down-regulation of IEX-1 gene expression. It is further confirmed that IEX-1
gene is associated with osteosarcoma and the exact transcriptional mechanism of IEX-1 after the addition of As,O;

was found.

Key words As,O;, IEX-1, osteosarcoma, p53, transcriptional regulation
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