91 pBs) «@)les d)Ladd @Iy 0)9) el (b)) eolc alBills (ke alas

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

4 patsn Lolgs 31 ST b b e loyd St dwel Gl paiir <
Ol (Fod 05 oy )d Omigy] Mgy 38

f bl ks S ot ol E s g gz 33303 oy Ty (Shge Ao
IS B) wesSubjunls axSu)s el ) egsS (1
OIS i i oS esSubly 23S Sy comlih a9y 9)S (2
OIS sl Medh oS, ogle oSl oSy 23Sl SangBon < iy jSye (3
o0) Sy ogle oSO s Subiy 835l ey csnubon 098 (4

:&;leJé.clJu Jﬁ%@)b

oS>

B Gloygy 9 eless o glo 5l (ol ] o e 4 pludl Spe Jelse (tane | by
2 4SS L sl (oo g llshe o 69y 2 (Sl IS Ll g 039 Slbp sl Jobe 69y 0 (S Conolais]
b @b (Bl g b bl pla wae Gl Gy o b Glope Jsle gk 0gou I pludl o5l Sy
sl oFsn b RNA T Sass cllad glue p slo @plimal «Sos8 JsSge slo5)lee (JUslS 535
o5 (Sy) (ol S gy 9 Sy Slelshe (colaid] (SaiiS Cuols L Sk g b (g | Brie
woang Jl Job (olaidl (gyg05 10 (gl Ol (0 oS e e 08 Mg 5 (b (SdpSil cols L
TTV T S, o5, Brevinin-2R R (Vpr) EL1A Apoptin E4ORF4 Lls 55 S5 l»
[Chicken anemia virus LSl Ssie S5 o5 Lwgpg .cul @poOptosis-inducing protein (TAIP)
A5 e WSl o)bs sla a5 eyl ,y YUasa lwy (CAV)]
S5 DNA 5 o34 GYrovirus oslgls 9 Circoviridae s sleto 35 4 yaxio g pglie (wgpg CAV
sla Jsho 295 (o (ol s hnd g Gl okin 05 Jlen Sel ugpy b Cogie )b (el (o) )
I wses T Gl Joho (bajluciy g dvg olginl 20 ,> (Hematopoietic stem cells) jlugs (ol
P ) SasS ABon rans ol VP L sl aBisn Bl (oo oo ol b Cogie Lol b Gaa
e & ) (ol (6l 03,55 § Slongh i ol 255 o 8 VP35 dlws 4 a5 0393 (13/6 kDa JsSse
wobaid] o gl el aS Lxe pas Gl 00)8 Cls 098 4 Sl sla ol ale inolaid] osaly o
015 (Jsho 005 (532 sl Sy0) gl (6)5 (ke g eyl 39 o oy g 4Bl e slo Jobo
Gyl Wlis oyl )l Ban o 05 dgdune Ll BCI-2 alausly & g 0393 P53 1 Jitws a3 ) pansiSo
538l oo Gloyu Joho oS olais] ole plgie 4 gl (g 5l odlitul 13 (g slo Cptin g )8
e s e Sl b Bun Coles 53 0,5 alsd lae (nSgn ol 3)Nes sl & S |y e i
8L o (Sle) wang) Rl sl g 5 1o gy 2 45 L cilisee (gla oo lod

s9o55 oS ol 59 (gl {CAV) (LSl S G55 o5 Lons « Sbyo Jsbo 15l s 034

Ol oty (S pals 0aSEils ¢ pwlid ol 05,5 1 Sons 8k 57

@

Email: MM.Ranjbar.phd@gmail.com


https://sjimu.medilam.ac.ir/article-1-939-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

OhEas § 1ad) (5383888 — ... @ panis Uolgd )y ST ) plbpw gle)s Ubdy syel jiail eis

Oszen g (Bl Sl b glop ol ol Jas
o olbyes gl 5l (S ooy )3 gl sl L
g s Ji 53 b Jobo glgl ples Ll 15 2L
ol 590 0 IS e e 1y Ll sl 5 Slae
S Jsho (a8 (Sl I B N9l o ool
o 2 ade Caa jgpel il anslhy Sy e
dox o 51 S o1 @yl g sle ploy da ills
As) Anti-angiogenesis « sley o 4 oly o0
Syl b Sy L,S) Hyperthermia ()5 <,
5 S0y25) Soiglgigerl b (So5dlon oy { Sloy
JUglS g0 sla ol (1 15 (o] i g
OLS (Ll (yg,050] 5 (5)9055 2o sl (o2bgl
TeylSaly a5l (g Sl i )b
il mie by (Bgp 6365 58 49 Sloyd gy
o oy sl Jsho 2 polaisl 1B Ly g
Y Lol (gl oS s siilo S5 01 (2) 2L
ol b sl o b lbye dbuly 4y 5 Sye
P ol g ol Gles s Glpl Cares &S cglas
S d Ml e Sle 0l carge Dlge (S
ol g & Wb xS pdr Rl b e
o JBS )5S g pliws (o 4 Ml ()3 9590
Mol (pSSls 5l Jlo 03 45758 0daliie z92g 2
@ g b o e jlcwl 5ok gl
& ohlen oul lolie g ooy Gloys YL aija
0325 SUlSel 5 b aass il dagyls da S0
wasdi b g (635 Gy Sl WS oo b
Sl glop & drg 5 iz b b jw plSin 395
(3) oy (oo k5 42 (50908 50l oo g >

olid oy Sl > o g yg ) edlitl
ol g

5 05 OIFl Cutd 0diS IS gy pl
A haie ddsen SE cpl & Cul 25 )low
B9 9 B 9y 5l ol Slallas )3 0] e
sl b ol 8l can ol g oxigd o) sla
030zl by loyd St g o Sz 5 Al
Flmel d2ly b gy Jgene sk 4 Casl o
Il s cun (oot 5 iyl b
il Al b At 365 (bjse Jobo (sl i

dosdo

395 y9pcde QS (lpl S5 mSe Lo
cdlaly )b pss Gl el 3 9B Glye b
sl 23 (g (oS5 Sag)h s welr (o
4 ol Gl car jlas Sl L) golew
jopel 4 B ples o 5wl Al Ggse g
SIS el @l Jlis 4 olores (g pdy (b
Sy Jelos ot 515 28k (o by oy
(1) 28k o oy e lizpen Gl 5

25 5 S5 by e 4 S L o
ol ()t s e it
b Jolo sbapd 5l (Bp Ol b ol
= S5 Solew ooy gy cpl g sl olen
5 ol ol JSU (gy5e8 Jobo o3 b
o 9 A b b Jshe b oslite 5 Sles
g el ctwnl 05) o i S5 4 W5
oo by ) pa b (K00 skl 4 2l pae
b (low Spo o Coleg 3 g jliwlie Cubls
Ll ke plope Gan 3 JBd geie Jelse
)5S aqlgo o Ghal3El 5alas o aoes Jolge(call
S i dlge lolsy (ame sla Sog
e gy (Bp S5 g My G5 g bgn (S
9 (ol SlsSem il ) b o8 il
lge 2oyd 19 dbml )3 wepmnS Ml a5 Ll
Sy alex 1S3 Jelge (o0 5yl i ol s
OB gy @3l Sud5 lael o by dbls
S o g o (ST s o)) S
pilSa ol lon Sojglgionl Jelge {y9055
(o b sl alye 5 cladlor

pL 9 (Gl b ooy ploys @l (2laedy)
Slhyw o35 Cdby g (2l ) ale g 18L (o
2 Sl ans Uy Sloppgin o Jbd @ s
Jlosisl Gloyw glo Jsho obledl o5 cug
e sl gy b2l Jole ) N9 (o0
Syge P oleyd chind (AT G b Slle
gl VU (slays 5l oslial 1S5 s 418,55
sl oo sl P Coolaid] 86 & olesd
Al o ( Transformated cells) asl s


https://sjimu.medilam.ac.ir/article-1-939-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

91 pBs) «@)les d)Ladd @Iy 0)9)

el (b)) eolc alBills (ke alas

PSS o Mg Glign g Sl jeeg oS
e Jols Jolo 53550 alux ol
S S i silul g ols  DNA ey
5l sl 5 P53 el Jdd jesml g o Jole
o W g Jise (93Sdee Sl sl Glb
929 S 5Sgn ol 3 ol Jia (5 6) 298
s Adenovirus E1A  wlerdS' S5 ol e
PBR 4, a5 human papilloma virus (HPV) E7
48 o Jlow B2F L o (iSilo g 00 Juate
P53 lie sl (ogpy 5l ale cnign opMe
Adenovirus s ey o )8 Bus 590
oans T Sp cwoy - HPV E6 5 E1B55K
The Simian Virus 40 (SV40) ) ;jsese SV40
©9d 2 4 cul B alsll (Large T protein

byt |, bl 5 Juate P53 5 PBR sla )5 ordiis
Cuwl Jolo 05ily dojgiunily Jole Sy gy ool 58
Ol rang sl WS ole aalllas g, 0l 51.(7)
053 b ok (sl A5 51 amog 0yinS )5
Caligy dawly 4 & igunl Sl plye 4l
T9 et @y musilSo 398 (o0 Wl (g9 sl
ol ol gy Sl Cogl 5 o9y
S8 o ] 2 e Sle b ey
G Vb g w8 Wl jenel 6B ol
Joko 32 o (2Bl job & clld ol 3o pogas
S o Jos e gl sl

sab (Siryaely Sye b (ADOPLOSIS ;52|
(ke

Sy dadle s Sy ol Sl
ok oy w3l lgis ) (Gsuglloss 5346
ad cUié o, B9 Gengl by S e ol
sk aslad 4 e )] Jobo pudligion
Sl dlugay Sy a4 &5 S9d e Jolo (0D
03y b I g 00,58 (ki) lpalse
Spoaelpy Spo oo dbojl Ll (3 e o
9o Joo M 9 358 o0 lacdly Jlou el o
2 Foe e Jele 9o Sy slaole Wy
oy gt dagygoy0m Ao 1l A5 ke joug
WS (S dgraSiugpy Cogiede)S gy

@

Obe Sl Qi 4 ogase (1nTgn ol ey
holizg s g plishie (o1 (o puslSe 25
s Fll ol ol ST Jugms 1) ol
ol s b Jshw > (Saadl el wgpg
plo Jobo a3 2 &5 398 (o0 ooy b (1T
0L 2gd o s |y gl g Sl |y Jolo o
Sl g byl asy 15 SOk J5 e
A (qwgpg Cogis b bagye (wlid cow )b
O peslSe g9y 3 Solemr Slllhs o) ol 51(4)
Cusl 0 S yote wgpg Slo (S9n 5 b w99
oany SB il ol jl olg e ssar &Sl
Lladye e g biye lo (N5 p» 4l can o
O o og g poi) Caanb )5 edlatul b g g
Loy gl gy dgamme D b &S cuwl &g
L oS 586 ¢ (g b (uSihe o5 o 4
Sl Sp> BB IS Jlasl Gljae 3)Sas 595 52
05 bli )3 (wgpy b g Il ol Iz &
Jobo lo o5y 2SiLa 51 (Nodal points) sl
Bl (oo 3yite (HSThe G S8l WS o Jos
Fobo 2es 59y 3 g > o8l Iyt
Jobo (eal (Sl 3blie )5 a5 ol il aush
U555 33 sl o) bl cpl §) 6yl 5yl g
Sl s Gl slo adty I 6Ky Uy
b (g g bawg 0ad Wdgi by (nign adllas o) (nl
2508 o slo (B At g il ST Gl
ol g )55l (izmen g sl dude 9095
ooy Oy o @lie 0 (oS el
b5 4 ok s 5,58 oo 5115 olbyes csla
Jole b biye e Gl lo gl b (g3,Skes
Sp e Sy Sk 5l (S ey
sb pasebe o5 5 1990 Jlo 13 j5055 (sla S e
L2y o og g DNA I gyl (05,8 jobo & o8
5 P93 Jslge 93 2 4 &5 M ol 4Ty
S ol S o e |y Ll g 0k Late PBR
S99 S)lke 93 nl LB (0D (pdyy el Al
2 by odiiS @il (gulS (gla e I 93l LD
e 53 PO3 lues llsliey sla Jobe



https://sjimu.medilam.ac.ir/article-1-939-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

OhEas § 1ad) (5383888 — ... @ panis Uolgd )y ST ) plbpw gle)s Ubdy syel jiail eis

amls oanl b uBgn ol cols b ys
& oy el Gy gl lp e by
MR b cow Gy Joho 3 1) (Sslite Slal
3 ossl oaBion o Bsn cnl 3 S e e
(14) sl (CAV) (ISl Sgie 55 S ugns

Chicken anemia ) WSl S oS Lwops
oxos] CxSigp o (Virus (CAV)

o2l s b Cumdy Soal 058
5 0F B 4 el ol el 4 e oS
Gy 98 oo b (ghlon & Cowluo il
5 Fsis Jelos |l oS 4 yab b A5 e
4 b Ol el g 258 (o oxie (Jgie pé
S 05 Lars R Ol 2 358 o yebo slo A8
Jul oo Gl 4 pol ol e Y3 51 (S oS
3 enls 21979 Jlo 3 5k gl CAV g g (15
il CAV 0155 oanlio 5 i o391 slo cyuiST
ol coge 09y S5 SPE (o a4 oud
CAV j b (oobaidl @l .39 o iDL
ajp g phaiel g o8 L) e 9 Spe laljal JolS
Lo y58 ST 51 g g coah ol gy (51 B s
b ple o 5l g Canl 01,8 LIS 5 ot s
o Jitto 039 sl STy 5l o3lisol b 30 g dogs
Sl 4 o] Sy alod 55 ol 5o 093
386 ol pgi3 2929 PCR - [tlojl aluwsg 4 g 0310,
5 S Jelse ply o ele ol (16) ol or
g 033 polie sl (ogpg oS Jlb e olewd
Shlor 2l (oo JSde e Sl ) Gugpy Bl
Cov g (S5 JSE g0 4 egpy ol 5l (8L
3L oolaidl sloy s 4 dagi b g canl (Sl
ain 4 =2 o b ol avgn > Coghe o 4 &S
e 358 (g it ol 51 Ol oo S (o Slx
sl 8l By 5T 5 Szl St o8 Jols (glony
4) ol 08 b ply (wgess g 4) hdsid
4) Plyalzie (Boyl (T Comsild (12l o
259 bbw p eaalia LB 5y o (o) ops
o5 b 2 &Sl amale sy g o bl
Pl cdBo b &S 0ad 0 oler WAl S

@

bS] St s Jole 31 madS clale sbaj)
(s QA5 018 (S Rydeliny Sye Mgl )3 0 cpdix
3y50 3 45) P53 Bel-2 tales j a5 o Sl I
® ]) w9 Bad ¢B|m ‘BCI'XL ‘(qu W U’l
@y cwo Bel-2 Sy op pb s
e &S dgd o g 1S g ;I Cytochrome C
S 290 3 Sl o 9 9 Slwls” ud b &
2 Bgn b ol Jsbe 55055 b plril
Syo jl Catlon > o2 5 :li > m» Mly 0 Bel
8.9) x5 53l i Jgho 0 (524l

s Jobo 4 b oy polaisl lS
(Viral Oncotropism) sl .

Sl il 4S5 Ll ey 3 55l
Sl sl gy b (Sl (iSly o Bae e
P9 Gl erd (Sloypgin plas ol wbpdy
S35 ] o dde (o)lSaly a5 4wl 4l
9 45 b pugpy Slop el Sl ol 2 6 sl
o o B ilow play o )l plgie 4 Ll )
o wgpg Sy 45 b oanlie 1920 am> 3 .45y
Gl oo 3 olan] iS5 el cusl (Sas
;500 Sldlbe o Cdlee bl awsly 1y doyghusl 5
5 bl ) Gl b Joho & b ogpy il S
(P Ur929 )] le XY D)A) Lu.w) i W um
) Mtn j3055 & bles colasl (slo culls a2l
ooy e Jue «ly (10 Ring, 2002
vesicular 5 human reovirus Jarvoviruses
Ol ywgpg opl oy pL stomatitis virus (VSV)
ol doypiuily sla Joho 3 65 I Hluw b
elSe 5 (Jsge LY 0590l andl anly o S5
ogMe (11 12 13) conl oy asctio MolS” yal o
colld bl wgpy JIBp Sl
DS9p 3l Sy s ONCOlytic 4 oncotropic
e o wlhoad <8l 55 b oy My gl
Lg.b.lw 9 UAOLA*)] U.Jlas d])].) .)95 J.Jyo Ur99
Sloli s 008 4o st glo Jolw 4 Cons
e [l nSgp ool ABla le g (J9Sse
calis 5 S a4 @Sl sy Obj Cley
L & wad gep Joho (polaitl (siglgjd


https://sjimu.medilam.ac.ir/article-1-939-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

91 pBs) «@)les d)Ladd @Iy 0)9)

el (b)) eolc alBills (ke alas

(15)..(1 Js) 505

N

Sy,

progenitor

'@—K\:‘){

Myeloid Hemacytoblosts

o Colg (2B L (LSl gy sleisae

/@ Erythrocytes

N

—{ .) Heterophils

\~<® Thrombocytes

T Jghw sjlw i 9 b Cundligialuwgon CAV .Cundligislugod 9 (sawishd b Jobw (59, 2 CAV O 511 UG
S JgudS ials @y yoxie ol iy 9 390 (0 LS 30 41 e B Johuw ol Cuighs S 0 03901 (lgBiunl 500 5
(Adair, 2000) 39 (oo T (sledghowg W Cumwgne 5 clodidg e 50,5

iogny o gy Ngd (o de2y (omgiy)
KDa)VP2 S o559y (51 KDQ)VPL ol
0l olS 13,6 55 4 VP3 fpaege land(24
plal » Jy casl (gie ledghs dtun L olyen
R Han g 2 g ek (eSS wgny
ol dw pa el (o g Sl 2l Slebl
piY oang (Seie SN B Glp b wSen

(15.47) 2 ) el

CAV (pong 595y
5/26-25 i busio L gay 20CAV

s g (55l el azs) S5 DNA szly 5 jzegl
b oslgs B aw g CAV pgij cusl i
(functional open reading frames ) (¢5,Skos
Cggy S ) kil den o (203) wsl e
aluwgy (polycistronic and polyadenylated )

Eord 4l CandVl ) ouilBl o yigegy ol


https://sjimu.medilam.ac.ir/article-1-939-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

OhEas § 1ad) (5383888 — ... @ panis Uolgd )y ST ) plbpw gle)s Ubdy syel jiail eis

&) @iy ST DNA 0935 ol,5Us o1 (A) .(Chicken Anemia Virus (CAV)) Wb (ggie 9> o5 (wopg .2 JSW
390 g0 £95w NONCOING Region cuws owily 43 (DP354) (l5me (sl a5l mnrgig,y .92 0 Ui 1) CAV (goils
Oigy dur U add (o0 &y (3Nl £950 5 (4935 5l der 47 .S 0 POlyCistronic, polyadenylated c MRNA uJgi 4
Ao i 33l iled CIB S 319 0,10 41,8 VP2 49,0 VP3 0unilS 1o, ailin . digws wJg5 VP3 4 VP2 VPL (CAV
nuclear export signal ) auw 5l zg3 JUKsw S (Jgi Jalod VP3 (iaiig g s (1a09d Silowd prgaai (B) .ol 2l
&G L Cowl 0wd 8315 HUis NES 5lRen 38195 5590 3,aibins] Jg5 .S oo 51851 N (legs! caoms j 1, 19,0 ((NES)
AL (o0 A &2 39,9 Jaged W03, Sos Yloin! C slogl 53 (ol (51

spel S5y (18) 3 USs cwl b
i 2 oanlia o3l (sl ol olosdgiumpgiser]
o ol )5 L g ode awa > VP3 sy
goizme (lie S5 la ddgd yso 4y (nTgp
9 (Y995 38 Sgm b (59,5 youilge g0 &) 0
oBen (1T A9) 93 o jougl ol o
sla Jsho 5 ol el polasl b 4 gl
28 Jo 53 098 oo (o1 dnyghuasl ) 4Bl puis
U caolas] pl icwl U o b b Joo
3 il Jolw jd bygas Jore awo 4y ¢l o3l
2 Ll casl awsdygis sl b sllsles
A D pBgn (ol Al dojsiudly gla Jolo
& dln ) gl 0 03 95 (e 035y
o S ol b abjiad bug gl 03,18 b
Ak 90 A owogl b Gua sl adl g
O] ey (od 5l 4 B eugl W cae
@l e sy olaBl Casw dbml
S oo B o)l 50 (6,500 sdiad LSSl (oS i
Ju Sy gl Joho 3 1) pogasy (25 ply
Mok yol il Sl 36 b Jsge ) ol S

IS warg VP35 alsy & gl oo

s Wlgho Sy sl 688 Se Ko g 298 (o
s Gl e g Mg Mighel (Jolw sla 03y 5 pogers
g g eas JSis anel awl 121 51 e
ofon bl aasMe LB (giggen ] uilse
C ool Coond )5 Joho ord amslis (gla
ol (Jg) iS00 Jols gl
bipartite  sequence (NLS)) sl dtus owdgd
NLSL osgame .u3L o (nuclear localization
ol Aol NLS2 odga5t0 ¢ 88- 82 aiel saol |
Danen-Van ) cuwl 121-111 oxledl b
S aely guuel lBlae (Oorschot, 2003
export sequence sy dwd il zgp il
aipel Juwl 035l > putative nuclear (NES)
S o ol il ol 8l o 105-75
o ek Sl G g 090 4 sl sl 5 8,
oSS adas Sy gl izmen (3US8)05
il ol 1) 3, Sogboyten g i Sa S
4 Jlasl 5 5 B 295 bl sl o5 (46— 33
Ol iSly (B0 g oy Stmglogyy (19


https://sjimu.medilam.ac.ir/article-1-939-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

91 pBs) «@)les d)Ladd @Iy 0)9)

el (b)) eolc alBills (ke alas

(20) wize

Gl an el ol sy (oo Jlai 4y g Ml o
e O sy woladl S ggnle L

PML association CRM1
& multimerization [SHQ bindmg:l [binding]
domain domain domain
NH2 { ] < +B)-Thr-108_cooH
[ Ters] [ nst [ [ Nes [ [ns2])
1 33 46 82 88 97 105 111 121

Weak apoptosis-inducing domain

Strong apoptosis inducing domain
L |

APC/C1 binding domain

1 MNALQEDTPP GPSTVFRPPT SSRPLETPHC REERIGIAGE
41 [PITESLCGCA NARAPTLRSA TADNSESTGF KNVPDLRTDQ

81 PKPPSKKRSC DPSEYRUSEE] RESEETTTPS RPRIARRCIRIE 121

Iy g (il SWS (il 53 3l o 0313 (LS oo (51 (puilluw 9 (SIS (51 (oangd - iy 2] gl ;i L 3USS
Cr09d 83 Ui Wi (1 g jaw S Sy L oS g Laww! il . (UNiProtkKB/Swiss-Prot entry P54094). s (o

S e (e 41 lg (0 Ol B (812 ML (o0 JSWG (SVL

opde ol (ADAF-1,da) b, 0iSstee e (sla
55 o 025 1) C pgySgtaw by sl <l 2
O 3y90 3 39 0 9 SLulS b Sl sl
@55 e b ko Sy 3 Bel2 (g0l 1o
Spo e pam Ol dgg lai OS] yg)]
5 b ol 51 Jats |y gl (6 8o0be b Jbo
Sligos (20) 4 S5 w5l o Sge 1y ol eam
sl 03) (sy905 slo Jobo 13 Spe 02 s

slogSylogtinl Jolo o Slashiusgiodgad Jobo

o3 55 B2 Sl dlsgs g Jitws P53 1 ylus
O D98 (o @ yed BCIO L Jg a5 &) vl
ol o Ll 5l (o g Jsko 3 5luls’ eyl
boodd ohy webp Jobo Sye plol (glp (s>
S ok cwl b (20) cwl y9p8 s
ROUS sarcoma g yg lawss o Wl jaeq o>
05y w290 Ossl osegs S ol 28l oo
(21) 39 oo y309

Ozl ok Sy 6 (ke ansilSis
2 olly ol e S kS gl
s sl 3,90 Ll a8 ab Jlosl 1) gl
3 Gages o Jho polal Gl ) gl
9 22 gl 95 ol 1l P53 I s (s
L iy JS5 L sin P53 W86 & (dla Jolo
(16) ol pgo 55 1S o ol |y of L e
09 SBiBgy ot Ay 4 loges jengl
8ae ol 09d o 5 Sasbe (lajlpwls) Jsho
3l JUb ol el anlp Slal g S5l Lisy
Pl oxind S Sl plo (ol yrwe 93 L o SLlS
(20) (sl ol ytiS gtie yme g (2)5 Sy ol
il JUb 4 e ol Ole 05 o Sige
gl 5)5le b oo Sy 93 o o jluls
CD9S i Sye slo oy | Jatws Jbo 2 &
Jlo y» «wwl FADD 4 (8 ;Lwls) Lnjluls 5
oS o | Slio b 4 gyl el b gl


https://sjimu.medilam.ac.ir/article-1-939-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

OhEas § 1ad) (5383888 — ... @ panis Uolgd )y ST ) plbpw gle)s Ubdy syel jiail eis

. IS ’
XXX X X X X X X ) ...........-....%..
@B o~
3 (TR0 G

| ]

[}

2 [}

O Nmi | [ ]
Accumulation g Ny H
‘ \\ (‘pm ) H
[“apc) [}

SR Y [}
Chromatin) ([ DEDAF) 0
binding | 0
[}

[}

[}

[}

[}

Nucleus '

Ol phod 4y 250 iy o] IS 55 . (SUb g g gk 13 (a1 2,5 2955 (512 845 Dol ame S0 4 IS
25 JgS90 51 ol yeats L BCI-2 (95 (13,5 welidd Casly NUITT oMy s 53 2905 (o0 i 31 5] 95 9 NUIT7
g 0 Si9k0] it JoNge 4 Sl gy

S Sy o 55 4 sl NES gl oS and
di olais] gazs TH108 )5 ymudly g
Gk 3l gy sla gk |y el
(20) 15 o colan NES (g3l Jlub
(40X y5b 4) 1,5 b,
4 425 L) CAV ooy glulis 5 (silul]
(o3l & yg0
sl Phb g eang pes Slsme gl
Aaidyg0 ashd (gl cunlie
PCR (29 L osagal 00F 0135 9 g3
PCR Jgame palss 5 J5 55) 55895014
(Ligation) ;555 (g5, 2 k5 3,90 askad (0 1,35
(Transformation) E.coli (¢St 4,8 Jlissl6
b s Lo b
S 59 203y Sl dtins (sledglas gl g 0T
01 Mg oS g By Ll 8
9 2 oo S Fgle iy (g)p
s 2l gy b lsliel Sy (¥ o Jobo
v g Sl ygligigel CoSiwgSue g owdgianngigenl
S5 4l g Sy

AbiS gl and 8,55 sla Cé iy 4 S
g Ll cwl cd5 G gl gl
O 5l B oMb dgaoe el kel oM,

clld ly 9p0 ~omgl ) Jliz!
Ol 8 Soug]

dol g cdy oS amd o Ui 055 o ool
Condgd yb gy opingl (cowMygis =l
Cygo s g (0 posl NES N sl o NLS
oiidlad Lol cuol Jld Jolw g9 90 2 3 NLS oS
S ol e 1 039y 1265l (b Jsho )
503 o 5 (BUSE) 395 oo dian 3l gl 1
» ks CRM1-regulated NES a5 o jasuie
3 uwyl Lqﬂ P cwl J e gl Jole
S a2y man gl Slo o (Bl Myt
PML (595 b pisSTly (gl o ol g 5l 8
S 2 e Cwl g9pe S0 gl gy o
Lgd (oo el b 448 (oo b6 s |y g5 (]
sl PML plual b by gl cdld &
sl Jolo o el ¢ At zexd ppizen
(200395 Jleo (59055

5oel S5 ol G5 g gl (gDl i

widd o 8 GBua |y diwn &S b plo can
P Syo slo S Gl )5 gl oamedljhud
aih 4 (2l Ll gygps Slbyw gla Jobo
Jome )0 opingl 45 ol (et cugl onBgn
(Thr-108) 108 gy s 5> (el icd


https://sjimu.medilam.ac.ir/article-1-939-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

91 pBs) «@)les d)Ladd @Iy 0)9)

el (b)) eolc alBills (ke alas

G o gl 48 cal ool lis ol

ol jl Guie Jobo by 03y 5 ol S
bgle  degde Ll bl b
ooy 9lsS poiw,S” cholangiocarcinoma
G U aBly .l odd b ol plo 5 4y 9 diw
@ &S onb ool L lusl jd Jghe 03, 70 59,0l
Ogl ol Ao 4S5 a8l o elue gl
S5 B L ol sla Jobo ) Sstsl G
sl Jsbo 5 o Coglon JUssil slo Joho s
@ ol plple 090 (o jle s ool
dopsindly o b ladye Sl 4 aly syl
Sl cer ol Ulp (18) cud Jolo o0d
0355 (sl s Caz i g PB3 I Jius jegyl
) e Sluogas opl 25 o o] Sjglsslol
sl olllbe 2y ) 4 by lop ly oly (o0
L pKer SUNVIVIN (430 pulais &S Canl o0l L
sl oo olie sl pobo 4 gl ol
4 kol 5l Pl pa 80 L awlie 1) Sosnyl
ol b il o) (24 25) sl o3l Ll e
9 ol )l olitel oS5 eplwl 4 amy e
2 Slg o SUNVIVIN s casd (8L 8 pudas S
dedo (Floyd (gond 4 polie slajgag Ay S
L oSy ol a8 55 sl ;50 adllas 0l
2 ThL wad gl cel 18 Syl oyl
9 34 oo Lewis lung carcinomas ;b Jilie
ol sl Jobe a8y ) (xe Jlee 4 oxie pol
Ol Cdld) (25 yan & (20) ol 01d y905
o ol sl & S 59 ugng 93 b S5
S (e 45 o) o4) Ectoposide L 5,8
ol sl Joho 03y 55) » ) islae Cuow
4 IS yeb 4 g 0b i osteosarcoma U20S
Sope & @l slo oy plo b oigl 65 8
oxsinte (2) 35 Jlis & giange Sl a5
Cap by amws sl o) 2 Olaios ile
sl ()99 ool 42U > gl WS o
&S WS i |y oplyel GlKen o Noteborn
Sy 03,8 0ozl qugyggisl slayeSy Sl ol

Oy o glge ol 3l oad Sloy sla gl
7 S il dawly p1d ol ol (1
b b Coglie amwg(2 lgleyd cpl polazs]
Sul b (4 pujougl @ baygeg caglia il (3
obler (S9j bis cage SuuSggule slagl
el a8 Sl (sl il (o Ll i (o (loyos
Al SUylas by WS (o JB 9 Joo b g
S (Fl g b cdglie (ol oS dlsdl Jalge
ik Jgere Hlus (slagyls Adriamycin b
@l Jobo g cuz » PS3 3Sles 4l p &S
ol 2 o (ot 4 LS (o Joo Goig]
39y oo Cawd 5 PO3 5 Shae (Sl gl by
o1 polie Jolge ol 31 A1y b loys 4 Lol I
sl by a5 klus cpl o aS cul sy Ll
o5 dojginilys Sl Joho (sl (s yiin (oolais]
Sy Sl Caz PI3 5 Sles p (Sio &5 Wik (o
Jlonl job 4 (22) wisls Jobo oad (532 4ol
Wl hlyd saly cunl o glopw 2o Jle S
s sle Jobo 1S b (1o sl 26 b
Joho By (b ot i ) S b
bl 5 gla g bss A5 3ge |y 1l ok ool
(2 ;(checkpoint mutations ) Jsbe  ow)3b o]
Sy pxie U A8 dgdee |y Joho &2 55k
Jske S po el pamio (3 1393 jongl b Jsho
2 S8l 30 b b 30 286 5 358 Sy (o
poade a B (4 5asl b b Jole )
GMan 5l S dly jeuml 4 plie o ol
220 (0105 oo ot ol (gl )3 &S
Gy sl i 5 Jite Jsho Sy o 51
sl plop plo o5 By (6050 P53yl Jgene
o)y ol Clsis & Wlgn Ny o CuSS (ol
Vg grlae by 4 pslie sl Jobo (loyd Cug
IS5 4 Jolo gy b w590 Gl s 4 (74
3 ol 21y el Nied mdy b gl
4 ol 5 orgl b edlitl jlul pie
s9o5 Sl Job 5 jgtanl sl o)l ol lgie


https://sjimu.medilam.ac.ir/article-1-939-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

OhEas § 1ad) (5383888 — ... @ panis Uolgd )y ST ) plbpw gle)s Ubdy syel jiail eis

o 5 A sl o3 Sl 35l il
s 3 Gl o Jslo 59y 52 o (g
o B ey ol sl 0ad lolis (gl 03,58

wwony Oofan TRAIL plfgule & (g
L, (adenovirus open reading frame 4) E4orf4

TTV  ofign cons] b alie b pudlss
#9935l apoptosis-inducing protein (TAIP)
HAMLET .55, « Torque teno virus (TTV)
(human a-lactalouminmade lethal to tumor

g 4l gl aud (65,Slas (gl ojll b oS cells)
.(20) 3,5 oLl el oas las Ll yus |
wobail oS 59 sl WSapple 5 g
E) Cogo & &S 2l oy 9 Siges Mo
s Ol loyd 3 joy & joy Sl ol qwdiges
Al S g ard gl bl & il Wgd o g lae
Wl (oo oen sl ol 5885 5 (25 by Sojoan
L sle bl 4 e Lles S o] > asly

933 Ll v g plie sla b slp Sleyd
3O ]) OLQ)J )] L.s‘“’l" sl Sy f\” Gygo (g
CwlSanlss olloy

References

1-The Canon of Medicine" (work by
Avicenna)".  Encyclopadia  Britannica.
2008. Retrieved 2008-06-11.

2-Kinzler KW, Vogelstein B, editors.
Genetic Basis of Human Cancer. 2nd
edition. McGraw-Hill; 2002. pp. 1-20.

3-Smith RA, Brooks D, Cokkinides V,
Saslow D, Brawley OW. Cancer screening
in the United States, 2013: A review of
current american cancer society guidelines,
current issues in cancer screening, and new
guidance on cervical cancer screening and
lung cancer screening. CA Cancer J Clin.
2013; 63(2):87-105.

4-Butel JS. Viral carcinogenesis: revelation
of molecular mechanisms and etiology of
human disease. Carcinogenesis 2000; 21:
405-26.

5-Harris CC. Structure and function of the
p53 tumor suppressor gene: Clues for
rational cancer therapeutic strategies. J Natl
Cancer Inst 1996; 88:1442-55.

ol b osasl oaBion 4 (wgngpdl 4blie o)
D H9egi Ady )Y (GpSeude ;3 4 oxie 05 o0
OSon Calle pisu il Gl il can blas
390 38 1) R wla egpy Slllae Sl (S
ot gl adlla sl ¢ Jlte sl 0 0005 51,5 a0
5 S5 ol 286 & oo Al yug g b Cigie ol
sl O me Sl & s 039 gyl o Jol>
xS S8 @ gemen g Legla sl Jolo
OP9e > 25 g9 D) Sl xS el 4 e
Ol oo a8y 5 4 K0 sla il el onds

O ns Sl 0iply A b Sgns
ligand conjugates of the asialoglycoprotein )
b pegs b &S el olizie 4 (receptor
aS 5y pb HIV-Tat plas il onds caas cpiSlawsl s
(20) Wl axsls JWid & e colsy buwd gols

b Jsbo poladl oS (o S5 n plo
S99

Lo polaidl gl gy ommgl SIS
958 Gl a8 Gl edds olwlid 35 (6,503 jee98
aald by Lo slagyhy oanl Jus Sk s

6-Vogelstein B, Kinzler KW. Cancer genes
and the pathways they control. Nat Med
2004; 10:789-99.

7-Gatza ML, Chandhasin C, Ducu RI,
Marriott SJ. Impact of transforming viruses

on cellular mutagenesis, genome stability,
and cellular transformation. Environ Mol
Mutagen 2005; 5: 304-25.

8-Zhou GP, Doctor K. Subcellular location
prediction of apoptosis proteins. Protein
Struc Func Gen 2003; 50: 44-48.

9-Fesik SW, Shi Y. Controlling the
Caspases.Science 2001; 294: 1477-8.
10-Ring CJ. Cytolytic viruses as potential
anti-cancer agents. J General Virol 2002;
83:491-502.

11-BarberGN. VSV-tumor
replication and  protein
Oncogene 2005; 24:7710-9.
12-Geletneky K., Herrero YCM,
Rommelaere J, Schlehofer JR. Oncolytic
potential of rodent parvoviruses for cancer
therapy in humans: a brief review. J Veterin

selective
translation.


https://sjimu.medilam.ac.ir/article-1-939-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

91 pBs) «@)les d)Ladd @Iy 0)9)

el (i) eolc alEiSls (a)c alas

Med B Infect Dis Vet Public Health 2005;
52: 327-30.

13-Wollmann G, Tattersall P, van den Pol
AN. Targeting human glioblastoma cells:
comparison of nine viruses with oncolytic
potential. J Virol 2005; 79: 6005-22.

14-Peters MA, Jackson DC, Crabb BS,
Browning GF. Mutation of chicken anemia
virus VP2 differentially affects
serine/threonine and  tyrosine  protein
phosphatase activities. J General Virol
2005; 86: 623-30.

15-Saif YM, Barnes HJ, Glisson JR , Fadly
AM , mcdougald LR, Swayne DE. Disease
of poultry. In: Chicken Infectious anemia
and other Cirovirus infections. 12th ed.
Blackwell; 2008.

16-Zhuang SM, Shvarts A, van Ormondt H,
Jochemsen AG, van der Eb AJ, Noteborn
MH. Apoptin, a protein derived from
chicken anemia virus, induces p53-
independent apoptosis in human
osteosarcoma cells. Cancer Res 1995; 55:
486-9.

17-Noteborn HM, van Oorschot D, van der
Eb AJ. Chicken anemia virus: induction of
apoptosis by a single protein of a single-
stranded DNA virus. Semin Virol 1998; 8:
497-504.

18-Backendorf C, Visser AE, de Boer AG,
Zimmerman R, Visser M, Voskamp P, et al.
Apoptin: therapeutic potential of an early
sensor of carcinogenic transformation. Ann
Rev Pharm Toxicol 2008;48: 143-169.
19-Leliveld SR, Zhang YH, Rohn JL,
Noteborn MH, Abrahams JP. Apoptin
induces tumor-specific apoptosis as a
globular multimer. J Biol Chem 2003;278:
9042-51.

®

20-Los M. Apoptin, a tumor-selective
killer. Biochimica et Biophysica Acta 2009.
doi:10.1016/j.bbamcr.04.002.

21-Natesan S, Kataria JM, Dhama K,
Bhardwaj N, Sylvester A. Anti-neoplastic

effect of chicken anemia virus VP3 protein
(apoptin) in Rous sarcoma virus-induced
tumours in chicken. J General Virol 2006;
87. 2933-40.

22-Soussi T, Lozano G. p53 mutation
heterogeneity in cancer. Biochimica et
Biophysica Acta Res Commun 2005; 331:
834-42.

23-Zhao RY, Liang D, Li G, Larrimore
CW, Mirkin BL. Anti-cancer effect of HIV-
1 viral protein R on doxorubicin resistant
neuroblastoma. PLoS ONE 2010;5: e11466.
24-Liu Q, Fu H, Xing R, Tie Y, Zhu J, Sun
Z, et al. Survivin knockdown combined
with apoptin overexpression inhibits cell
growth significantly. Cancer Biol Therapy
2008;7: 1053-60.

25-Panigrahi S, Klonisch T, Los M. The art
of Killing: double stroke with apoptin and
survivinas anovel approachincancer
therapy. Cancer Biol Therapy 2008;
743:71061-2.

26-Lian H, Jin N, Li X, Mi Z, Zhang J, Sun
L, et al. Induction of an effective anti-tumor
immune response and tumor regression by
combined administration of I1L-18 and
Apoptin. Cancer Immunol 2007;56: 181-92.
27-Olijslagers SJ, Zhang YH, Backendorf
C, Noteborn MH. Additive cytotoxic effect
of apoptin and chemotherapeutic agents
paclitaxel and etoposide on human tumour
cells. Basic Clin Pharmacol Toxicol
2007;100: 127-31.


https://sjimu.medilam.ac.ir/article-1-939-fa.html

[ Downloaded from sjimu.medilam.ac.ir on 2025-11-03 ]

OhEas § 1ad) (5383888 — ... @ panis Uolgd )y ST ) plbpw gle)s Ubdy syel jiail eis

. Promising therapeutic approaches for cancer based on
unique features of Apoptin protein from
chicken anemia virus
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Abstract

Cancer considered as the leading causes of
the humans death. The most of chemo- and
radiotherapies have no adequate specificity
on cancerous cells and in adition they have
adverse effects on normal cells. According
to the new kwnowlege on the molecular
pathogenesis of cancer, other therapeutic
strategies such as nanobodies, monoclonal
antibodies, small molecule inhibitors,
mimetic-, antisense-, and small interference
RNA-based molecules could be designed.
Many tumor-specific killer proteins could
be derived from both human and animal
viruses such as EAORF4 and VVP3 (apoptin),
E1A, viral protein R (VpR), Brevinin-2R,
Large T protein, TTV apoptosis-inducing
protein (TAIP). Chicken anemia virus
(CAV) was isolated in 1979 by Yuasa
(Japan), in commercial poultry.

CAYV is a resistant and ubiquitous virus
belongs to the Gyrovirus  genus,
Circoviridae family, and has a circular
single strand DNA. It leads to disease and
immunosuppression in the young chickens
of all birds. Hematopoietic stem cells in the
bone marrow and T-cell precursors in the

Accepted: )

thymus are the major targets for the virus
infection. Apoptin (or VP3) is a small
protein (Mw, 14 kDa) encoded by the VP3
gene of CAV. It has attracted great
attention because of its tumor-selective
toxicity potency. The virus induces cell
death specifically in the human transformed
or tumor cells. In normal cells, Apoptin
remains in the cytoplasm; whereas in
cancerous cells, it translocates into the
nucleus and Kkills the cell. By nuclear
localization of Apoptin, it mediate
apoptosis and this mechanism is p53-
independent and cannot be blocked by Bcl-
2 .This article aims to present a current
applications and novel progresses of using
apoptin as tumor-specific killer agent and
will provide an insight into the possible
mechanism of action. Finally we will
discuss a new direction for the therapeutic
uses of viruses and viral proteins for the
treatment of different kinds of cancers.

Key word: Cancer cell, chicken anemia
virus (CAV), Apoptin, tumor-specific killer
protein
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