<&

(FEY-¥VY ) AY Olies) F o,k 4 0,90 R Al

Cand S 1 WS35 ST Yausgi HL-60 S gbus 03, 33 j5iaatT S 1
MRNA zdaw 38 Bax 4 Bcl-2 4l

r"’b‘f{,‘;ﬁ"jaj/ ‘DQJJ"JL&.’ f//é' ‘fé.fjj)}f J/JJ‘M ‘rf.l& ‘,lﬁ d’/‘L{‘riﬂi"&"‘“ "Lf“:‘“’) }J@M

Oduiy

S g 4w

e.k_i': e.>|.> C:L’;J bé.b}’u 6ub&f"‘ J" ‘5‘6.3):»'5/ bé.:b 6}) (ASzog})J.leS‘d; &éyﬂ)i ‘;;Lk,w -La? CJ‘;
LS:.'._.A)T J‘—‘;‘\fu.—‘ s> ‘Sg%nﬂjl-yjﬁ W}] ‘\-‘\w‘:ﬁ o‘;l».:.: BL) u&.:.'\mji ;;"L‘ﬁ wj)ls C)if:‘:"&'f R |
%&5}})}—2&&4—3#‘? 4—’.“.2.#)) .J_:S;;ddﬁﬁdwﬂ 6ud"‘-ajé jﬁxi ;}:5"*'” A|JL'$%M
Bel-2 5 Bax sbdj ol sy p ST (5 Syl 56 A0; b s G500l W IS NCS
HAS w2 P53 _9}}7.;}9}‘ ‘_;LJ| L;LM.X;.'SV.:.B;J

) bogig; 59190

Sad sl at ) Sl 535 2 AS0s 1 sz S MTT (e Koy G151 ot ailllan 5 o
3 Ad S o3Ikl Real-time PCR %4, 4 p53 5 Bcl-2 « Bax sldj MRNA Ol 5 .S o3l HL-60
A oslitul SEMbI o 5 4325 (51 SPSS VA LIj3le 5 s ANOVA ct-student (s,Ll (il

bt

¥ HM C.EL.QJ" .JJ\S‘-;GJL&A ‘J HL-60 6\'&‘)‘,'\“ J«.\:IJ g}jé 4.34:—..3‘} A;J)‘,né 4 csls VY ‘;bJéASZOg;
z Al s 4 VP UM 5505 1CB0 ltie 5 a5 sdalie Jghe sl 3 (JAS £ 7¥) (g lskme jials
Bax Oly Olym a5 Jl> 5 sfs SLi5 Real-time PCR @ A gl HL-60 Jghw ;5 P53 43 51 Sl
)‘.}b.uﬂ QJ}J “ Bcl-2/Bax \L.:.wa' ‘:JSJ J‘..'.'."J 6)‘.5\-'&.4 CJJJ'J 4\.3 ol JLQv.; HL-60 LSLQJ}LJ BL mRNA
L3l SalS 50 4 Al

) S Al

aé)Jb BCI'Z/BaX h;-'\—v\d. uﬁ.a\J Jﬁ_}b j‘j}ﬁﬁ‘ 6@‘ L.t |) .)_95- ‘5)_9‘4_9: v\nb .;.:dejl ‘;\::.QA3203

bel-2 (a3 « BaX s p «laSTs 5 Ky 2suuls lals

VTSl Al
YINE ik fl

Olnl 0L = 0L (S pole o2l ol glad b L5 5 (5555500 05 Slisdows S50 - 055 L 5 5540 5o PRD -
VRIOO-YTY & ey G — Ol = Ol o s S5 o5 (K 0aK2ils SLaliad = (6550 5les PAD 105 5e i) 50 Y

Ol = 0L - 0L (S ke otlls (o3l sbad sl iz 5 (835550 05 Dl S 50 2wl - (551 5 055 s G5 Y
Ol 2 0L = osde a5 o8l (Sogy 0803l skl - S5 K5 PhD -f

Ol = Ol = O (S ol o3l ol slad sl sy 5 (5595500 05 Dligios S 50— (5350 5ilen PAD (5 il -0

ey



OLer 5 ooty 5L g5

Bax « Bcl-2 oly 5 1lSlg 5 S

e 3l sl GLA g s 5 Bel-2 0ad aly i
slaasllls 53 55 b an (DASL o 2l S s
Sy am Ul e ASH03 ol el G i lisa
S5 se slasslmal Glyls & lad sha olazs]
425 LAS03 e 5ldas 13 CGua ) Lo ol
sl 3 S AMLUMDSUEVIL Sl 55,
Sy b o 3l 1(3521)(0265022) 095505 S
L Sl etis s ol ediSol slad sl ol
Sl Eel AS05 5 b can (V0 ) das s 3 ok
BCRIABL s s3Lis s 4yl 5 O 4 S o5y
I

= = sladle 5 &S awy slaasdlas (._:«)UL:—
MK»)')_;A wdd ol AS;05 5 Shas (...ML(» S9s
i et ie pgt dn Ol (s A 5 Shes 333
S50 5 S ) adle ol 5l G el
ade L AS0; GHpes Lo cdld s S s 6\.;&(,_\..?}\.{;
05 35 Ol Sl i [ kite sl 4 35 HL60 Jsho s,
Jsb s s Bax y Bcl-2 ;f.“'i)):‘iﬁi)’ S5 ol
S 03, .23 S S5 3550 PB3 05 Oy Olge
Olsme amy Jsbo ey cul 4 ST 5 4 Sl HL-60
Sy b S rshoes g (Jh o3, SO
Js—ame SUI5AT) o5 505,5 oloraslr 136 s
Shasib o PMLIRARA 3Ll 0 m OF 51 Jol-
S 03, S aSNBA e, OO b
PML/RARA 3Lsl 05 slols sl o shias y oomns)
Ol 136 HL-60 L3l s P53 05 Ola sl sb a5
(VY)ed P53 03

Rgug) § 3lee
o wHL60 slafole ) (555 0 AS05 T o)
SMTT

Dol 3 Gl (sLacs,y o oo aallias ol 53
g FBS 156 RPMI 25 ases 55 (5,15 Luw) As,0;
RPMI-1640 S b we 55 HL-60 (clad sl 0
IS CO, LS YD 5TV OC slas 53 FBS )+ gl

Mj)\)&:ﬁﬁﬁb@\ﬁugﬁ)f‘)jhﬁb.\JJ.\:JGJ\)

Yrf

Aoy
3 Syl sl SUS 5 o sme 53 pese 3513
25 5 s Sy el O S50 G b
Sl o gl Ml o (1531 L glad > 5 20
23 Sl P s 5 S il S ) (D sy o
ol OS5 as el ez g L (Ve BLS )
53 o Ol Olays 55 Jlw sl (gl (S|
bl o e b 3 a5 o sl S
s e as i b sladle 5o () M
o) A e Oy Ol 5l e (5 St
o35 5 0l @ NLE» @3S 356 (APL)sl> sk
(A$;03) LSl 5 5 Syl oo 5 0 03l Laids
D o 5 2y gm adms )l cpl S eslinal edd 518
Cle o5 Sl e Lgl.a(..m:}lia (=)ol wjf
533l s o) Slad sk (YL ol
ol ol Ol oy s g ge 5 AL glalaes
53 PML/IRARA 3Ll 05 5525 0l 5158 alex
$hols aSNB4 Jo oy 55 55b a5 APL Olhles
S ol e S S sl 055 el o
Ot S BLS s b ea ()L e ol
Sl iy el 5 b (GSH) 556 S Ol e
HL- Jsl ;3 GSH VL Ol a5 g5k a4 5505 54
ol xS sl e Olge 4 (NB-4 4 o 60
Lok 55 (Vo sdd Oy Sousl 4 ad sl
Sl 53l laaallas odis Sl g e 5 AL
3 s SLae e Gas ool l S0 e
i B Sl il o el el (sla g0 g5 2
3B 5 55,5 Gl e 51 Sk S e g1l W
Sl a el an STead ey b et ol 3
BT P e Fi S I N B LIS T RIS [N
S (ROS) U 5uuS| Jlad lacs 58 .0V ¥ Al ¢5Y APL
DUE Il s s 55 e U 55 AS,05 adauls 4
oy sladd il 53 S5 nlsn Sla e
L Sl oS O o slad s 53 ()5 S e
P38 O Jled by (O3St Jlad slaas sl 31 sl
sBax s Jlad Of 4t 45 555 0 INK 5 MAPK



Q) QLLMA)gf DJL&.:A A 093

>

:Real-time PCR

3 (s 52) Step One Plus olKws | b onl o
Ll Ol Ol (oS s ()2 SYBR Green s,
HPRT (sl asls 0 0lej aa A eslinl i 5 40
Sl Gl Al 5 o5 sm s 523l 55 8155 seln)
e Sl eslial 5y 50 La0S 0l 035 ol 5
A eslil La S5LT 1 b (sl AllelelD )31,
(O Jse)

—>we Ladi 5o (55, 5 Real-time PCR rl;,u'\ S e
5leslacwl LHPRT 5 Bel-2 « Bax slaos sl s |tk
oS sles HL-60 J b CDNA & 505 31 45 55, Jb e
A 0 35 G.LATCM)‘\-.!

Vo 440 9C a0 ST ol ey s
¥0 O 3l 5 Hot start T slwdlas gl adds
4 50 0C w0 D 4 A0 °C Lol Lles 4 o
Yo oo 53 PCR Lo STy s plonil 4d3s | ke
Vepl 5 La STV uM clale SIFpL L 5 )5 S
S ged a3l e atlu CDNA 510 UL 5 (Y X) Sea
A el

Sl osd sles v (55 sla S sl s
et s 35 pdee 5 03 olantl 5l Oluabl
S stS sz Sl AACE JE 5 LS ey ol
OY)s esliwl Bel-2 5 Bax slad oly Olpee oo
oo am sl 93 5 2L Do 4 b ISy aen

S Uy PR

o iS5 ankid Jgb g b ST g0\ Jpue

E™
S A5l
(bp)
Y TGGACAGGACTGAACGTCTTG HPRT (F)
CCAGCAGGTCAGCAAAGAATTTA | HPRT (R)
q» GGGGAGGATTGTGGCCTTC Bcl-2 (F)
CAGGGCGATGTTGTCCACC Bcl-2 (R)
V50 GATGCGTCCACCAAGAAGC Bax-F
CCAGTTGAAGTTGCCGTCAG Bax-R
v AGACCTATGGAAACTACTTC P53 (F)
GGACAGCATCAAATCATC P53 (R)

Y#O

0 x V0" gl O grmdbw s 2l Koo Voo (MTT iy,
A A sy dy el 5L s a S plad gl
el TF 51 i i Jime gl 4% oy 5l Sals
SYY UM glacs, 5l ol s o Ol ST
P WRCESWIP UG PRVY KUK SPEH W BN WP W 1
Goos 8 &

a3 Jghe BB CES e gl g 4 Salx
Lol s eslanal S0, 1Y ol&aus SO Ol g
CO, /0 ,Lis 5V °C slas L 5 oSSl s ol eslel
5 RAd e Slo ol cele YF 5l o a1 3
A S 00 503 e )y S Yoo Saalr a0
Yo ods a4 Sy 031 OIS 31 ey 5 0393 MTT J glos
593 3 e 3 A S Sl Sy e A 4SOl sl
FeSe Y b a8 s o mbe
53 LaSals g5 s Calg s s S «3lsl DMSO
o3 sl sk s S e SOV e Ik
aJS s esla ol o5 s b 5l el slad o
25,5 S5 e il

= J a8 Jdo 4 S ol glad g Ao s

2 Lk Cow slad b sl gaSals 558l (ke

ol sled O3 Sdsbe Gl Kol (555 ol Sl X V0
;CDNA sl yDNase Ll «RNA ~/ 5z

s S Yo 500 O (0 glackls L ad sl
O S 03l S (6 el YO glacsludls 5 g 50s
RNA sl 6l s 55 Sl ad s Coll XY
QIAZOl =S 3l eslizal LRNA ol suiul s o3 5 1S
A pll szl oS 8 feally s bl 5 (O3LS)
DNA S5, 01 a5 8 a G- g ol ) 5l RNA
=S Il sl | Real-time PCR a> s 55 Ll 55 0 45
Colg 3 .ob 8 515 (Glie 3) DNase eu 51l ol
RNA 51V pg 5ol oLs,) AS 5 =S L 5IRNA
Gl od S 51,5 esle ol 5530 CDNA Cxlu (¢l
OligodT S;Lel 5cDNA L. oS «cDNA oL
03, 0 & el S8 el ies Galid s (Gl 3)
A



OLer 5 ooty 5L g5

Bax « Bcl-2 oly 5 1lSlg 5 S

o 2 A 03 Cilosis (slaclilé Gl 5 P53 Olo o)y
:Bcl-2 s Bax ols O/
HL- cilsee slacble 2S5 51 a8 (oo lbial oo
wdi oy HPRT 5 Bax sla Sl 5l eslizwl L 60
SY/Y 250 55 5 OLSG Ly owte o ot OLES
s 05 93 2 Gl w34V 550> 3 PCR 1K
Ced w5 Bel-2 (la SHLET 5l eslizal b glie st
Sl molast] L iST edmsOlis (pd sie Al
e 53 odi eslizal (gla ST 5l eslinal L a5 50

Ld g Sy <l J zS
—

As,03 (LM)

HL- Joho 035 gl 555 2 HLST 55 ST 136 0) s g
osls 0L lacdile bl cod col Y s 4 ad shu 60
o2 MTT Sy, & bdda gl 5 a5 515 5ol 51 end
0dd 03,51 Jaites b3l 4w SDE Kile &5 4 mlS S

s

Melt Curve

‘54_,

4
aia, 2 SRESSESEEES
»o ™ “

emgerature (°C)

Intget: C© Slog

olol foloei 5 4 i

5l s 5 a5 (sl Excel 5 SPSSIA il 5
Al alle S A e 1 LS Lasls ged
bl lad s 69y — AS0; el glac ble
o Cod LS Ol Olje L3 et 5 A, (S5I550
O3l 31 AS05 O3y lar e Ly sl las slad sk
a5 Slsbee p<+/00 s eslizul ANOVA 5 t (gLl
A an S
Rl
slod sl (55 bS] (67 Sty [ Aty 0l lge
:HL-60

L HL-60 slad s 55, = AS05 iy slge S
sld S (Gu s ode LSy MTT g5 5l el
sl cidees gl kile Lol 5o bd e 8 LaSals
I8 glasals o0 ol b s el Lo
dgls (Ao 00,50 Lo 050l Slesd men Ladshe)
) 1503005 5 dnloes o3 glad gl s 5 A2

3IAS0; ol 03ls OLES ) i3 gas 53 45 (5 5b Oles
Gl 2alS Eel (g lsline Jlicie 4 ¥ pL ol
ey B Zals (P /00 Wad b g3
35 Sl 5 g 50 4 atly S sl YY s
sladd 5o w0 dd) Jlee gl = ol 5l 5L

Aol Cews 45 V8 UL 350> 3 HL-60

| Zal
4 |
| 'S
. ®
- 2
-
3402 Yo -‘.‘.‘":." " 099% £y 96748

G s gl ol sl ST 51 esliul b HL-60 Johuw o3, Ve 4V slacd, 2S5 5 Joolr 3 Ikl o (I 0) S5
andllas ol 55 oslizul 5550 sla 5T L ol iS5 PCR J geaes g3 s (o « HPRT 4 Bax



Q) um)‘f nJL«.-: A 093

\/Y
c
2
4] |
1.
o
x
[«5)
3 VA
)
©
@
N E
i)
@ /¥
£
(%)
[<5)
g
S "
<
O

J s O UM

Ve

M

ASzOs C«-E-L'F

Bcl-2 Expression

M Bax Expression

'O pM

Y« uM

Y¥ J| o= Bcl-2 K Bax 6‘.&05 mMRNA QLS U:..MS . HL-60 ‘_;',9'\"" 63 3 Bcl-2 K Bax 6‘.&03 mRNA ")Lx S 2 ASzOg ):SU R J‘}J.u'
As;05 31 el eals Ol slackle L s colu

KQESIEPVN) N NS gURt VRN vy Eg PO
e Bel-2 05 Oy a5 s edalie 4 ool
oalS (golslims Ol 4 5 55 am als D50
Bax 03 Ol Ol et Dl gad men 53 (p< +/00) L
Job i OLSS laclle s ol ol 63,51 50
sl O 51 sdalis Bax 05 Ol Ol 55 g 59
PS8 Ol ok sl BOI-2-BaX o 315 5 &S
S dsbe Cds sl s (oleS 4 LS
33 ml Sl s 5 Goes Sl )ls 4
ol 03551 Y Jls5ad 534S (osb Olen A )y p e
oAl G a4 anauly & g 4 Bel-2-Bax ol (]
Sl s o (p< 2 /0 0)das o OLES 1) (olsbas
oyl 34 > 5 HL-60 J5 Lo ;5 p53 Oly 5,50 534S
S e 5 s e sk 53 50 05 ol Ol
A5 plalis Ik sy opl 53 P53 05 MRNA I L

v
W}J‘j&}l”’“’)éﬁ)ﬂ ASzo3J;U4;JL]aJdﬁ_‘)J

Yey

1.2
o
R —
@ 0.8 -
806 1
N 0.4 - ~+ Bcl-
@ 0.2 - 2/Bax
0 ——— ratio
T=2===
< 3 3 3 =3
59928
O
As,0O; concentration
Yo uM VO uM \v uM O UM As,0; cLls
Lo xSk
Bel- oo
VY | BV Y0 [ VeEYE | AY 20 > 2/Bax
IS alis
SD+

sechle b ks 3l da Bax « Bel-2 35 MRNA ¥ s 403
cslw YY 5 mASZO3 i
JLss o Bel-2 o3 4 by s MRNA Ol Ol s
JJA)J&:AT' 9 VO Y (O LEL&AL]QLQML&J}L«)L%}




OLer 5 ooty 5L g5

Bax « Bcl-2 oly 5 1lSlg 5 S

(04 YD )5S AS0 L sk ol 5les &
sl 53 P53 03 Ol bl aallas 53 s o
L, Sales Real-time PCR 42w .Ai s » MRNA
5 EalS aalllae GOy 5 el plosl (glaaslllas S|
slad sl 53P53 Ol pds ods0lis il Sen
.3 3 HL-60

22 As05 iy Jlge oS s S a L
e 55 33 Ol oS Ole (HLA60 (sLad sl
o Bax 5Bel2 50l obodS e e 5 S
b o (505 o sSae Slac Sl s RS )
oS 2lals sl sl sl Jlite ;306 s & )}.JJJ
Syt IS Kaen 5l @i b S s e
i 51 LES (8 vl ¢ B2 o3l il sl
ol asl bt pl (Y V) diies Ly ol ool slaodes
i gLzl 5 Bel-XI «Bel-2 (g5 50 ] 5T glasl
33 Lo ges Bax (YY)uil e Bad 5 Bax dile (5355 51
5eded Jed Sl Wy b s s S gl Ui s
255 5 0 pila s sh (SONS Sm ol SLEE
Celas was e JSis Lis s oldll s S s
LadUlS ul 558 g0 (558 yun Lis 55 F) g sl
C o3 s L5lo 50l SlasySB 5 laiSis ol
DLl Alosll S (6, gn slid oy sl s oS
) 53 S e ol B 1) IS s 4 O SLS]
5 bllS s L G b Sl 5l gl
Ly Bel-XI 5 Bel-2 (Ye Y))s 3 e Jlad Wi 5
S 1 O Sossl Sl Bax b peulss e (S5
s 3 Bax-Bel-2 coudeas 55158 s
Ui 3 Spge cSismnl S 25 4 ad o ol
o=l o el Glgs a a5 galJSﬁ ol
e (Solslae Ol 4y Bax Oly a5 ol b 55 asdlas
4 Bel-2/Bax s 5 Bel-2 0Ly o310l Iy il
Bl alS As05 L sl Jlis 4 (g lsbas o 310)

J—ee BaX 0 eVl el S o Lo Ol se 453
05 osSsm 0 4elas sn g SsS p O opl S oo
ol Ol 5381 i3 el Lol 5 00 Juato Bax

g L LS Bax 5550 0530 Sigunl S O3

Y&A

sladsdw o oo dd) les 4 508 AsO5 5l OLL
i (IC50) a3 00 (5 5lge il Oljpe .ol HL-60
VO UM ssu > Cola VY s aallas ol s okl s
As;05 5l ke 51 iy s Jlade cpl Al el
S slmes; ()a)03 3,8 b e 55 S o
sl Ll 5yl 4 o Sslite Cpulom o
P53 s e 0L 55 5l WlSle 5 Sl by
Lol gl o ot LI Sl 55 e L
AU 2alS L op53 o 0gmilize 5 350 sy e
LoasS osb « (VP o en Sloys and slagyls
Comolam (Sl lad sl 4 P53 i 5 i
ol il Sl et slasls an sk ol
05 o3 & shils Jsbo slaes, le\ 55 .(V0)eew
P53 Sy Olpee 03l il 53l b LlaSTls 5 Sl ¢ 53
Ly aS Gladlas 53 (V)35 0 550l Wl Esl
sleys Sl 55 pE3 i sy o LS 5
P33/ e e St s b i plonil S
Colu YY Cde 4 Jgey Ko =Y ke )5 p53+/+
P53 (5 4wt Sslite S35u ] ol NS Sl
2V L8 Ol Ll S (o5 4 s stal s
ol b B e 55 0Ly i 5 P53 slad s
sladdw o3 Jolo S sdiS 5 sla03 5 DNA
el Sea e (W) e p53+/+
rodslae) A pg/mL e ble L |, HL-60 slad o
3 s 5 02,5 Hlad Sl YY e 4 5 (U505 S
= A S ey 2 VS s JLx.éjj):.éﬁ_fjlé_}
Sl (LDB0) siiS 593 Lo yie caslllae ol ol ol
Glad e Ao s 5 el Cos 4 #/F pg/mL adshee oyl
OLLS Saalidl 550 4 ainly g0 4 Sue V5L
(YA)sls
HL-60 Jolu o3, ,5Pp53 O sdns isu L o
P53 0l 10 Iyl 3, S Ol 40 5 ok Sl
b Tt oS laallan 53 (s imal ol = o
Ol 33 A0; L3l sy = Sl SKen 5 cols
saeyclin D1 cyclink A « RARE. c-fos « p53 slas;
Fly 53 P53 Ol (Rl s plal HL60 5l o,



Q) QLLMA)gf DJL&.:A A 093

>

abg e oS Ol Ol S5 2 ol 50 s 2
J.«.::L OJV.S(_% 3 p53 QL:! v\;b ‘-;j.l.w dl.ﬁcbj

il yai § yuluiad

Lo 5 P50 Slids S e 5l abey s
Sl Cj_b as g el b4 goly slad sl
'J>J§L5°

References :

1- Miller WH Jr, Schipper HM, Lee JS, Singer J,
Waxman S. Mechanisms of action of arsenic trioxide.
Cancer Res 2002; 62(14): 3893-903.

2- Evens AM, Tallman MS, Gartenhaus RB. The potential
of arsenic trioxide in the treatment of malignant
disease: past, present and future. Leuk Res 2004; 28(9):
891-900.

3- Lengfelder E, Hofmann WK, Nowak D. Impact of
arsenic trioxide in the treatment of acute promyelocytic
leukemia. Leukemia 2012; 26(3): 433-42.

4- Mathews V, Chendamarai E, George B, Viswabandya
A, Srivastava A. Treatment of acute promyelocytic
leukemia with single-agent arsenic trioxide. Mediterr J
Hematol Infect Dis 2011; 3(1): e2011056.

5- Ghavamzadeh A, Alimoghaddam K, Rostami S,
Ghaffari SH, Jahani M, Iravani M, et al. Phase |1 Study
of Single-Agent Arsenic Trioxide for the Front-Line
Therapy of Acute Promyelocytic Leukemia. J Clin
Oncol 2011; 29(20): 2753-7.

6- Li L, Wang J, Ye RD, Shi G, Jin H, Tang X, et al.
PML/RARalpha fusion protein mediates the unique
sensitivity to arsenic  cytotoxicity in  acute
promyelocytic leukemia cells: Mechanisms involve the
impairment of cAMP signaling and the aberrant
regulation of NADPH oxidase. J Cell Physiol 2008;
217(2): 486-93.

7- Dai J, Weinberg RS, Waxman S, Jing Y. Malignant
cells can be sensitized to undergo growth inhibition
and apoptosis by arsenic trioxide through modulation
of the glutathione redox system. Blood 1999; 93(1):
268-77.

8- Chiu HW, Ho YS, Wang YJ. Arsenic trioxide induces
autophagy and apoptosis in human glioma cells in vitro
and in vivo through downregulation of survivin. J Mol
Med (Berl) 2011; 89(9): 927-41.

9- Kang YH, Lee SJ. The role of p38 MAPK and JNK in

Arsenic trioxide-induced mitochondrial cell death in

human cervical cancer cells.J Cell Physiol 2008;

217(1): 23-33.

Shackelford D, Kenific C, Blusztajn A, Waxman S,

Ren R. Targeted degradation of the AML1/ MDS1/

EVI1 oncoprotein by arsenic trioxide. Cancer Res

2006; 66(23): 11360-9.

10

3}

12

13

14

15

20

4 525 e b (PB3 a4l Oplige 4 5 A
bli)l Wlg e Bax Ol 5 P53 Oy Olyee o I3 e
53 Bax Ol (hll ede cpl by (YY)ABL anils 3 g
5 BaX Oly o BLE (e s 0 L3 J o3,
AL p53
o P 035 53 s ol s bl
A$;03 « el P53 03 0Ly 1L 45 HL-60 sl (05 5k
LA 35 osg Ab Sl 5l s Bl
Jlesl Bel-2-Bax s il S G b 5l 5 5505l
55 Lad5 ol Ol Olme 35 5 ol anlllas LS

11- Zhang QY, Mao JH, Liu P, Huang QH, Lu J, Xie YY,

et al. A systems biology understanding of the
synergistic effects of arsenic sulfide and Imatinib in
BCR/ABL-associated leukemia. Proc Natl Acad Sci U
S A 2009; 106(9): 3378-83.

Gallagher R, Collins S, Trujillo J, McCredie K, Ahearn
M, Tsai S, et al. Characterization of the continuous,
differentiating myeloid cell line (HL-60) from a patient
with acute promyelocytic leukemia. Blood 1979; 54(3):
713-33.

Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and
the 2(-Delta DeltaC(T)) Method. Methods 2001; 25(4):
402-8.

Farnebo M, Bykov VJ, Wiman KG. The 653 tumor
suppressor: master regulator of diverse cellular process
es and therapeutic target in cancer. Biochem Biophys
Res Commun 2010; 396(1): 85-9.

Wiman KG. Restoration of wild-type p53 function in
human tumors: strategies for efficient cancer therapy.
Adv Cancer Res 2007; 97: 321-38.

16- Wang Y, Wei Y, Zhang H, Shi Y, Li Y, Li R. Arsenic

trioxide induces apoptosis of p53 null osteosarcoma
MG63 cells through the inhibition of catalase. Med
Oncol 2012; 29(2): 1328-34.

17- Yu X, Robinson JF, Gribble E, Hong SW, Sidhu

JS, Faustman EM . Gene expression profiling analysis
reveals arsenic-induced cell cycle arrest and apoptosis
in p53-proficient and p53-deficient cells through
differential  gene  pathways.  Toxicol  Appl
Pharmacol 2008; 233(3): 389-403.

18- Yedjou C, Tchounwou P, Jenkins J, McMurray R.

Basic mechanisms of arsenic trioxide (ATO)-induced
apoptosis in human leukemia (HL-60) cells. J Hematol
Oncol 2010; 3: 28.

19- Wolf D, Rotter V. Major deletions in the gene

encoding the p53 tumor antigen cause lack of p53
expression in HL-60 cells. Proc Natl Acad Sci U S A
1985; 82(3): 790-4.

Yedjou CG, Tchounwou PB. Modulation of p53, c-fos,
RARE, cyclin A, and cyclin D1 expression in human
leukemia (HL-60) cells exposed to arsenic trioxide.
Mol Cell Biochem 2009; 331(1-2): 207-14.


http://www.ncbi.nlm.nih.gov/pubmed?term=Cancer%20Res.%202002%3B62%3A3893-3903.
http://www.ncbi.nlm.nih.gov/pubmed?term=Leuk%20Res.%202004%3B28%3A891-900.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lengfelder%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hofmann%20WK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nowak%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21904379
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mathews%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chendamarai%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22George%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Viswabandya%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Viswabandya%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Srivastava%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/22220253
http://www.ncbi.nlm.nih.gov/pubmed/22220253
http://www.ncbi.nlm.nih.gov/pubmed?term=J%20ClinOncol.2011%3B29(20)%3A2753-7.
http://www.ncbi.nlm.nih.gov/pubmed?term=J%20ClinOncol.2011%3B29(20)%3A2753-7.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ye%20RD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shi%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jin%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tang%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yi%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=J.%20Cell.Physiol.%202008%3B%20217(2)%3A%20486%E2%80%93493.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dai%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weinberg%20RS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Waxman%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jing%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Blood.%201999%20Jan%201%3B93(1)%3A268-77.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chiu%20HW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ho%20YS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20YJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=J%20Mol%20Med%20(Berl).%202011%20Sep%3B89(9)%3A927-41
http://www.ncbi.nlm.nih.gov/pubmed?term=J%20Mol%20Med%20(Berl).%202011%20Sep%3B89(9)%3A927-41
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kang%20YH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=J%20Cell%20Physiol.%202008%20Oct%3B217(1)%3A23-33
http://www.ncbi.nlm.nih.gov/pubmed?term=J%20Cell%20Physiol.%202008%20Oct%3B217(1)%3A23-33
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shackelford%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kenific%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blusztajn%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Waxman%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ren%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Cancer%20Res.%202006%20Dec%201%3B66(23)%3A11360-9.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20QY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mao%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Huang%20QH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lu%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xie%20YY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=ProcNatlAcadSci%20U%20S%20A.%202009%20Mar%203%3B106(9)%3A3378-83
http://www.ncbi.nlm.nih.gov/pubmed?term=ProcNatlAcadSci%20U%20S%20A.%202009%20Mar%203%3B106(9)%3A3378-83
http://www.ncbi.nlm.nih.gov/pubmed?term=ProcNatlAcadSci%20U%20S%20A.%202009%20Mar%203%3B106(9)%3A3378-83
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gallagher%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Collins%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Trujillo%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McCredie%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahearn%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahearn%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsai%20S%22%5BAuthor%5D
http://www.bloodjournal.org/cgi/pmidlookup?view=long&pmid=288488
http://www.bloodjournal.org/cgi/pmidlookup?view=long&pmid=288488
http://www.bloodjournal.org/cgi/pmidlookup?view=long&pmid=288488
http://www.bloodjournal.org/cgi/pmidlookup?view=long&pmid=288488
http://www.ncbi.nlm.nih.gov/pubmed?term=Blood.%201979%20Sep%3B54(3)%3A713-33.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Livak%20KJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schmittgen%20TD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Methods%22%5BJournal%5D%20AND%202001%5BPDAT%5D%20AND%2025%5BVOL%5D%20AND%204%5BISS%5D%20AND%20402-8%5BPAGE%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Methods%22%5BJournal%5D%20AND%202001%5BPDAT%5D%20AND%2025%5BVOL%5D%20AND%204%5BISS%5D%20AND%20402-8%5BPAGE%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Farnebo%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bykov%20VJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wiman%20KG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=The%20p53%20tumor%20suppressor%3A%20A%20master%20regulator%20of%20diverse%20cellular%20processes
http://www.ncbi.nlm.nih.gov/pubmed?term=The%20p53%20tumor%20suppressor%3A%20A%20master%20regulator%20of%20diverse%20cellular%20processes
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wiman%20KG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Adv%20Cancer%20Res.%202007%3B97%3A321-38.
http://www.ncbi.nlm.nih.gov/pubmed?term=Adv%20Cancer%20Res.%202007%3B97%3A321-38.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wei%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shi%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Arsenic%20trioxide%20induces%20apoptosis%20of%20p53%20null%20...%20-%20SpringerLink
http://www.ncbi.nlm.nih.gov/pubmed?term=Arsenic%20trioxide%20induces%20apoptosis%20of%20p53%20null%20...%20-%20SpringerLink
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yu%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Robinson%20JF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gribble%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hong%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sidhu%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sidhu%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Faustman%20EM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Gene%20expression%20pro%EF%AC%81ling%20analysis%20reveals%20arsenic-induced%20cell%20cycle%20arrest%20and%20apoptosis%20in%20p53-pro%EF%AC%81cient%20and%20p53-de%EF%AC%81cient%20cells%20through%20differential%20gene%20pathways
http://www.ncbi.nlm.nih.gov/pubmed?term=Gene%20expression%20pro%EF%AC%81ling%20analysis%20reveals%20arsenic-induced%20cell%20cycle%20arrest%20and%20apoptosis%20in%20p53-pro%EF%AC%81cient%20and%20p53-de%EF%AC%81cient%20cells%20through%20differential%20gene%20pathways
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yedjou%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tchounwou%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jenkins%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McMurray%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Basic%20Mechanisms%20of%20Arsenic%20Trioxide%20(ATO)-Induced%20Apoptosis%20in%20Human%20Leukemia%20(HL-60)%20Cells
http://www.ncbi.nlm.nih.gov/pubmed?term=Basic%20Mechanisms%20of%20Arsenic%20Trioxide%20(ATO)-Induced%20Apoptosis%20in%20Human%20Leukemia%20(HL-60)%20Cells
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wolf%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rotter%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Proc%20Natl%20Acad%20Sci%20U%20S%20A.%201985%20Feb%3B82(3)%3A790-4.
http://www.ncbi.nlm.nih.gov/pubmed?term=Proc%20Natl%20Acad%20Sci%20U%20S%20A.%201985%20Feb%3B82(3)%3A790-4.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yedjou%20CG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tchounwou%20PB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Modulation%20of%20p53%2C%20c-fos%2C%20RARE%2C%20cyclin%20A%2C%20and%20cyclin%20D1

O 5 oy 5l e Bax « Bcl-2 oly 5 1lSlg 5 S

21- Bedner E, Li X, Kunicki J, Darzynkiewicz Z. translocation is crucial for the sensitivity of leukaemic
Translocation of Bax to mitochondria during apoptosis cells to etoposide-induced apoptosis. Oncogene 2001;
measured by laser scanning cytometry. Cytometry 20(35): 4817-26.

2000; 41(2): 83-8. 23- Wu X, Deng Y. Bax and BH3-domain-only proteins in

22- Jia L, Patwari Y, Srinivasula SM, Newland AC, p53-mediated apoptosis. Front Biosci 2002; 7: d151-6.

Fernandes-Alnemri T, Alnemri ES, et al. Bax

Yv-


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bedner%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kunicki%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Darzynkiewicz%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/11002262
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jia%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Patwari%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Srinivasula%20SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Newland%20AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fernandes-Alnemri%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Alnemri%20ES%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Oncogene%2020%3A%204817%E2%80%934826
http://www.ncbi.nlm.nih.gov/pubmed/11779719
http://www.ncbi.nlm.nih.gov/pubmed/11779719

Sci J Iran Blood Transfus Organ 2013; 9(4): 363-371

Original Article

Arsenic trioxide-induced apoptosis in HL-60 cell
line by decreasing the ratio of Bcl-2 to Bax
MRNA expression

Rostami SH.!, Abroun S.?, Alimoghaddam K.}, Norouz Nia M.?, Chahardouli B.},
Ghavamzadeh A.*

'Hematology-Oncology and Stem Cell Transplantation Research Center, Tehran University of Medical Sciences,
Tehran, Iran
2Fau:ulty of Medical Sciences, Tarbiat Modares University, Tehran, Iran

Abstract

Background and Objectives

Arsenic trioxide (As,0;) has been shown to have anti-cancer effects on a wide range of
cancers. As,O; has proved to be the most efficient in treatment of acute promyelocytic
leukemia (APL) patients. It primarily acts by triggering apoptosis in cancer cells. To better
understand the molecular mechanisms involved in As,Os-induced apoptosis, in the present
study we examined the effects of As,0; both on the expression of Bax and Bcl-2 (the major
regulators of apoptosis), and p53 genes in HL-60 cell line.

Materials and Methods

In this experimental study, the MTT colorimetric assay was used to assess the growth-
inhibitory effect of As,0O; on HL-60 cells. The mRNA levels of p53, Bax and Bcl-2 were
analyzed by using Real-time PCR. Data were analyzed by using SPSS18, t-test and ANOVA
tests.

Results
As,O; inhibits the growth of HL-60 cells in a dose dependent manner at 24h. Significant

decrease (89% + 3%) in cell viability was observed at 4uM and the 1C50 value was about 16
puM. In HL-60 cell, no expression of p53 was detected. Real-time PCR results showed while
Bax mRNA expression was not significantly affected in As,O; treated HL-60, the Bcl-2/Bax
ratio expression level significantly decreased in a dose dependent manner.

Conclusions

As,0; exerts part of its antitumor effect by inducing apoptosis through decreasing Bcl-2/Bax
mMRNA ratio in p53-null leukemic cell line HL-60. More research on the protein level is
required for these results to be reinforced.
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