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Abstract:

Background: Bystander effect is defined as biological responses observed in cells that are
not exposed to radiation directly but these radiation effects are induced through messages
from irradiated cells. One of the non-invasive methods for cancer treatment is ultrasound
waves. The therapeutic efficacy of ultrasound waveslike treatment with ionizing radiation
can be altered by the bystander effect, so it is necessary to evaluate the bystander effect after
ultrasound exposure. In this study, the effect of ultrasound exposure on the expression of
P53 gene in neighboring cells has been investigated.

Materials and Methods: The cells were divided into three groups: control (without
treatment), target (under direct ultrasound exposure) and the bystander (no radiation, only
receiving target cells culture media). In the target group, the cells were exposed to the
ultrasound and after one hour their culture medium were transferred to the bystander group.
Cell viability and the expression of P53 gene by using the MTT assay and Real-time PCR
was analyzed.

Results: The percentage of cell survival in the target group was reduced compared to the
control group, but in the bystander group, this difference was not significant. The expression
of P53 gene in the bystander group was statistically increased compared to the control group.
Conclusion: The bystander effect is induced after ultrasound exposure and it can increase
the level of P53 gene expression in bystander cells.

Keywords: Ultrasound waves, Bystander effect, MTT assay, Real-time PCR, P53 gene

*Corresponding Author:
Email: A.shaneil397@gmail.com
Tel: 0098 98 313 792 9080

Fax: 0098 98 313 792 9032 Conflict of Interests: No
Feyz, Journal of Kashan University of Medical Sciences, August, 2019; Vol. 23, No 4, Pages 344-351

Please cite this article as: Rezaei M, Kamran-Samani R, Shanei A, Kazemi M, Hejazi SH. Investigation of the expression of P53 gene in
bystander cells after therapeutic ultrasound exposure. Feyz 2019; 23(4): 344-51.

ey



http://feyz.kaums.ac.ir/article-1-3785-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-01-01 ]

3 *y Y \

o
WS

Ay 4148 K )5 5 b Lo s bty S Sl 2l sk 53 (Si3sdm T S5 8 Solees ST B0 g il
o3l Ol Olays ol b o bs) 51 (S 3 pdipn WILOT 3 eis b slad shu 51 0ol slapls Go b 5 s LUT
il 45 S i (Kolees 31 Sheos Wi O slasig b0l wles g ol Gy s33 AS s Dol glsel )
05 0y Gleys ol glael GG ST e cal o il 1y sl glael S 2 Kolean ST 055 e
el B I ) 2 2590 dilear glad gl 55 P53

SLdse) Gler 5 (S gl glaal Gl G2 yme 55 sad ghe) S (Olys 8) JRS 055 4w 4 sk BS99 Mg0
ot 3 55 15 Sl p AU o Sa 3 8 sladshe Rad e (Sda S SIS Lo 0diS 3L 55 5 skl AU
54 P53 05 0l Oy prizmed 5 S sl Olype A Jite laas 03 8 sl & 0T 08 bowe cole K
43w, » Real-time PCR s MTT cus i salizally

05 Ol Oljmn 355 slslian Sgli opl ayloed 038 55 Lol (3l L2alS U8 05,8 b amglin 53 Bus 03 8 Jske 5l Aoy i
15 OLES gl Ll J =S 05 8 b aglis 53 loen 058 s P53

A3 il arleas slad g 55 15 P53 05 0l Ol K155 pa 01 5 A sbowl &gl b b JLisay SKoloan 31 16 " douid

Hloys & geol S glgal Gl 5wy walevar gladshes 53 PS3 05 Ol 0320 sip

P53 05 Real-time PCR MTT cus « Koluas S1 (g0l 3 7l g0l 1607 067519

YEE-YO0) Silxie QA QLIJ S b oo)led paw 9 S 0595 (23 B9 s — code aslobe 4o

s a1y addsbml el sz il slad g 4S5, 5ba
s B sadghe 55 BT 5 Sl 5 a8 e Jime adha
ol 4 015 0 wleen s g 53 BT ol dha 510555 0
‘SLA‘S)\QL'.AU Q‘-A"-Lwl 5S/Jd Ld".\.ﬂ .}ﬂa& J° ﬂ"‘? LDNA
Sl 5 LSy p CIW b mh o5 Gl (955095
BXY] ‘53\9‘} Sladlas 6‘.&‘“’ BH .[Ogig\'] b; e)L.fJ eJC..:sr._.'.E'J
WKlos S S 1) Olse by b Jsa Klews 5
el Olmig b Sl gip Kolear 13,00 5 Sl S
Tl N et (Kleer 1 )y @b Cwldd
e )3 Ceslodiluy O 4 1y adidy cpl 3lds ) Olge g
“4 38 Ol S lp ) Solean 1 Nl U155 0
23l Ol b ol 5185 (oblin (a5 mla 53 0 18
BY »fjo sl oMo 4 o eslimul Dby gl y S8
e (alan 1 il gebliin 356 (g5l lad sk
adllas [V] spd 0 3L ol LU sladshe 3 S e Wl
25 b oy sddalonl e sl als 0L O, Ken 5 Girotti
dLhJ}L.« BE (mljs&,a\_:l;_,:.») Go5 odS plus gl o
NO Jsl, aher 51 ola,S6 b 5l Sy y Ol
T ssdr e hiphl gadshe 53 (K550 S8 55 o
}:_.'v K) MJ el Bt e.}j’..f Jjb“f Q}J‘Ji C‘jﬂ
Loosls hed o b 2l de 5 Gloys sl 2y,

4o
S5 T 55, s (3L 4 Uliie slag NG
T 550 Sl Klosgy 55 puitns b Cow 45 pad s 3
o) 4 S asdie wlees s A6 sdshe 5 (S5
2 S58smals (o 50 Y] S (Kleas JI ol
Do K 55 65 ool sbul w3¥ (Bus 5,5 sl
sl R UDNA L 5 s b b ol 3,55
9 55 Obe daly das o 0L 3 Oldlas Jy sl 0 Jslu
A dse b g 5,5 45 el OF 3 ooy oJ gk
3™

pole alSiil (oS 3y IS 1o 3y S 9,5 13l gulis IS (9omitil .|
Ol Olgiol (Olginol (S 3
S5 pole plEEIs (S 5y 0SS (S iy ST b 89,5 (55> (emils ¥

Ol ! Olgaal (Olganl

Olgaol (Kb 3y pole sEELS (oS 3y DSl (Kb iy S id 09,5 il ¥
Ol Oledeol

Wledaol Oleiuol (S 3y pole sELILD ¢ S 3y 02 Sy f 09,5 )l Shinsl F
ol !

WOlgiol (S pole alELls (S iy 2352l (mlidz LS 29,8 sliwl .0
Olul leaol

sJobuss osiungs ¢tk *

S 3y 59 5B 09,5 ¢ S 3y 0SSN Sy pole 28l (Oledual
B I A LA o VTN TSN <) FVAre-A. 1bl3
A.shaneil397@gmail.com :S3ig)iS) caungy

TFAA/F/1 ) sled gy AnG 1FAV/) - /P sblyys AnG

Yvio


http://feyz.kaums.ac.ir/article-1-3785-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-01-01 ]

b oS SaS Jolge Ol JialS 5 P53 05 ok LhI
Celodd sdalin gleor gladle j3 Jgu o b0
bog slees gladgle 5o sddobul (K355 6T 4 gl
P SE5 Sl sbul prmer 5 W] Ol slasy
Sl gl B o ks [ sbay oS Saa slad s
23 S Ol sbwl Jlesl Olg e V] Llas S 15
ot b Glos el plal AU Ol glaes glad gl
eddplul Oldlas 4 ax gl g 5okt (pl 4 Ode) Sl 3 5eS
SLOAd hug chss 53 35T G, sbul e
53 wlewr ad g 53 P53 05 Oly Oy gy p 4 0 S5
A aglin J 28 gad g b s 5 a3l il gl

by 595 9 g0
S Ll ke,

5 A5 ol S Ol sy el 5 Hela J g s,
(GIBCO, RPMI-1640 =2 fama ;5 by sl Kbl 0355
3 %o,3 \+ (Fetal Bovine Serum) FBS 51~ Germany)
(' mg/ml) (Biosera, France) s s sl s g 51
554K 3 (Vv units/ml) (Biosera, France) s s 5
b s S aeSlgs Aoy 0 5 B S Fle s YV
Ldghe o8 55, ¥=£ 5 day AS 0ls 25 5 ciS (ogb s
5 B KAl g | S S VS O o
Ethylenediaminetetraacetic EDTA U ¢l jon Az s +/Y0
G 4 oked 51w s ek I Kuts iS5l (acid)
plsil g (Sals 2 I3l 4 ke 0x1+F slaws) Kalx \Y

A e ("ﬂ s b))

O gl ol
Slss Dol o&as K 5 ekl &gl § gl el
EMS S8 5 00,8 copg Kby whige oS5 :A215)
V el L g e s (OIS Berkshire (Reading
rosedlp b e Sl g Sl Y D Sl 5l
b kgl bl & el Voshie sl s
92 gy Doy oddicioal O Do 4 53 ol O gl IS
Slopls amio K (T OFee 53 A plowl Jases b Loz
3y S 2 b 1) Dol Sy Sl B S (Sl
O gl & S 15 5L85 g e 51 (BL 5,8 Llg o oS 5l

S ) ekl sdd O 640 gl xS J-a:ﬁ 3 gd 0 3,y

AEA

:)b&oﬁjdb)

2 S BT San [V] ssdie el sk & 03
Sl a Gl Spelp el 6 1 dn b glacdl
53 1 Ll WOk a4 GBE Sl e p el ol [A] Cesloden
T 500 o 5 A 5l walseS e Bl 5 me
oki 38 gt 5L 5 LS Nsd e il dhex G SSIG
wdd dls 75 o (05wl gS) Lae i o 55 Joua 5o
[A] 258 DammlislS ab 5o pLISSl, S5 4 s
S8 Bl 2ls s exauds OH 5 H o5l sl
S8y Il s eaa o lad g b KK L S 5L
o 534S ol dglo 53 sl5T SISl Ay s e
BB S I pas phe b el sl AU
peilSe Ol glagi b Slllas o Vo] caslodd 25155
o9 W] Poleom Vlail Gb 5l (Kleea 1 Js
Jola ods b sladghe 51 dglome (sl sSB o (g5Luslsl
ols NO 5 HyO; «(ROS) 05mSt g5l 5151 sladiSsal,
5 o3 Ol el 5 Rl s wlel jsba a5 Culedd
e [\WAY] dies 108 5T alees slad gh 55 Lty
Wk S5 sylee poegde YA Jl s s e s
L& JEl Jole Ol goas 55 ROH) JouS 5,00 IS0,
bl B e amgl V] celedd G (Siles
ot (Sleer LK JUl aul 5 s 35T ladisl,
2% 9 OgelaglS sbml Joa Sy gl pleel 25d 0
JemS 55 IS0l sloml 5 [V0] 5T adiSsl, a5 womes
wils 1) abees sd g 53 (K3 BT slwl bl [4]
Cpolp glol (K58sm BT 55y 2 ot Slllas sl
2 Sl p gl S Sl pl S Conlodd plowil Sbiss
Coslodiluny ST & 1y 2l Cow glad s 55 05 Ol Ol e
XS o s OF 0y DNA ol b aS pla05 51 S [V
35 sl 3wl 51w P53 B0 S w05 .l P53 03
5 P S g ady By el plaeslSe b 5 DNA
Velculescu adlas )3 .58 0 (Jghow by I 25 s 553 501
2 (o505 adse DNA 6 ol 51y dd stalis
sbml 35 5 oprs sladse e A3, Cob 05 ol Ok
L3 ladhe cpl 55 Glysgn g Sl plp 53 aylis
03) S5 Dol p (Solar S1 gy 5l adllae nl 55 VY]
Sl Jlisa Klewr ik W 45 Hela Jghu
35 ] 4o eslil (Caloday ST 4 0T 43 O3 sa g5
ez 5 V4] OLKea 5 Hamada 5,5, oY
Lol )3 45 Cawlodd o)Lal (g3b 5 ©ldlas 4 [Y+] Chaudhry

£ ol V¥ 0,55 [\YAA[OLT 5 jgo | s asliolegs


http://feyz.kaums.ac.ir/article-1-3785-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-01-01 ]

S N Al V]

Lo aSepl 51 G A eslinn MTT cos 5l glocen 9 San
Sl Ol A i alees slacah 4 Sus slac oS
sldse sl Ol poimer 5 AS ) Sda glad s
S sladle S s Cdls G e cole YE wlaen
bowe ads 51 g 098 93 p 50 LI JIF ey 35
Yo s pals RPMI ly S ¥ov o Sals o lsl 4 oS
4Ll duo s 0 (Sigma, USA) USA MTT Jaloes 25 K
Sl 4 5 4 MTT Jgows (0l oSSl Csli £ 51 g A2
DMSO aSsilpm Jings oS 100 Salr
05 4R35 V0 Sdedy g S 4, Lails s (Sigma, USA)
SLSalr 51 S pp 0958 dglowe o XS IF 5SS
A e Sl 1S bl & Salr VY o
(USA Stat Fax 2100) ;e g 5 28Kl 51 oalazall coulg )2
i g Sl gl OVe mas dgb o LSalr )8 oS15
(Optical Density) ,5 J&Ks Ol 03,50 Comwss 51 m
Ao SR des ) dal) el Cilse gbSal:
A5 aloes
628 S Nl + JRS w g 555 S (Sl) x Ve
b 5 20,570 g051 5,50 4 g
Real-time PCR 3 RNA jlulas
Sl oS5 oS Sy 3 RNA £ 5
s BioFACT™ Total RNA Prep Kit (Biofact, Korea)
A sl sl 10XV eF slaws 5l ekisle oS8 S5y, b
RNA 51 p 85,80 0 ke g 5 Spdy Sope 055 25
(2X cSonb oS 5 CDNA 3w oo 5l aslizally sdkig] sl
50 eslzwlt 5 Onestep RT PCR Master Mix kit)
Sl edd >l b e el 5 43 a5 CDNA & oligodT el
Caslodel \ oyleds Jgd> 53 GAPDH 4 P53 a0y o) p
Real-time polymerase chain jl,eds (glo,eu) J2S1s
2X Real-time <38 pb oS 8 oS 3l esliwlly (reaction)
(Biofact, Korea) SYBR  jsls a5 (PCR Master Mix)
GAPDH o3 as byl st Green

Ol gs4 (Glyceraldehyde-3-phosphate dehydrogenase)

—AAct
sl Y daly 5 A e Skl 05 L J RS 03

A esliinl M55, 40 5805 Ol o
(StepOne Plus™ Real-ﬁu Joo oas plos— Sl asli
Iyl dom o ol GBS 5 ) sty e s s time PCR)
o il 0aadls 5 S DNA Oude, 5bs 4 pwie oS

rb'dl 42> 10 Sde g a5 Sl a4 40 les d wpd e

£ ol [Y¥ 0,55 [VYRA[SLT 5 jgo | s aslioloys

S5 oSle 5 b S SN P F G Jo ) i
Babp JAS Sl p Ol 4 anio g5, ehddles!
Hela slad o 4 &gl b 2l

2 P8 sba 1 Sl S dad e Sl 51
SN S G Ao s /Y0 ChaE b e 5 ) eslially (s S
o3y CiS Sl VY glacds 04,0 (pioled ) day ol s
b Sam 0y S glacd (Salx o ol3l 4 b 0xV+F) Was
bl 4 by ey Sp) S LA s 0y 505 @y
Bilos ;5 3l s oL a4 SRS 0y 8 ) 1S ,Le Sua
V0 Sdi g AR N S 5L sl aliced oy S Y
b 0y £ Y wids N Ol ys 5w e Sle Ol
ErieEle g Olg ) Dad g F AR ) LS L ol b
Vel L sl bess oy -8 adds ) Ol s
=0 5 aids \ Olej 53w Bl Dl V0 Ddd 5 plKe
Sy Y a5 AR S5 L el p e 0 S
el 4 by 0g S p) g 4kEs V0L 5o s el
Slacd by 8 5 S fass 0S5l oS4 wlees
bds glacdy oS bases 23 0 5y, 53 Bl Sda
Pl 51 eslinall Lol OSIbl 5 Lose o3l cuiS lasw
Sl e 055 Lok opl 3PS A G S 0kli s
(Near field) a3 Olam eagdzee 3\ o)led JK3 Gola
3 o iy e (3G 5 S5 F I gl elKins
SR R R B P 1 P CS PR R XU A
sl oS how (sl el 6 0L 5 cele
S A 3l 50 5 5 i K 3l sl S
Sa glad sh I 51 (6,8 s ) shiegy By Koo /Y e b
A plol 28 lases U] cleen slacol

F

Cigeal i o8 s

er\.wa Ja.wjﬁ L&J}l.w ‘;AJUL.U a}>d &,“JL&.J:—\ e)wg}gﬁi

MTT assay
‘SL&AJ; BE Hela 6‘35’31—»‘ ‘5‘.3.3 b‘}:‘ e on &5‘}3

Yev


http://feyz.kaums.ac.ir/article-1-3785-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-01-01 ]

S e Sl e LCdl welsl adds \ Sden of B sl

.Mclqd‘yjswlg&ﬁwm;

:)b&oﬁjdb)

L:»JJS_\«f,' ,» DNA ‘_;):&ﬂb;(h‘g:‘\bf)a ;..9,?
axyn Vgl 5 Al Y Sdesy 38 Sle am s 40 gles

GAPDH JP53 J) 93 61‘,: (a)y LSLAJA.;'J{—\ o)l.».:d J)v\>

05 b Transcript ID

$ob s,

GAPDH NM_001256799.2

forward primer 5- TGGTATCGTGGAAGGACTC- 3
reverse primer 5- AGTAGAGGCAGGGATGATG- 3

P53 NM_000546.5

forward primer 5- TCTGACTGTACCACCATCCACTA- 3
reverse primer 5- CAAA ACGCACCTCAA AGC- 3

JFS 098 b alie 52 &5 ol Ao s At b il 0 0 S
Sly V oad s W Ol (P<e/00)) Wil lsbine SN
Sl 10 s (P<e /o)) doys Ve bl e pe Sl
Y oud s g (P<o/o)) doys YL Ly mpe e il »
& sl o (P<o/0V) 4o )3 0 L plp s e Sl Sl
3B Jhe S5l S e e 4 A A
gles S eslizall B sbos (gwl b Zlaal abe S oS
ade 4 b dlasl 51 3 45 &) g s S (5 S 0100
3o 53 D gl o plax 3 (LISl g5 gl ol S
GLOAE b ot s ddedls I F s Ko Ol
35 eles S G L Olejes (S35 15 eds S5 sl b
shisbul ales Ol eis 4 s B8 15 Sl plem )3
2O Y Oad L Sl gl B L sl 0L I,
sdalie oS Sle 4z £ spde U Ls SRl e e e Sl
S L OAd ol b Sl el 6 aSenl s 5 A
P53 05 0l i oy andllas ol 53 Lo a5 53 ol e Lo
ol slakiged 5l S cnl g aemluslS slml s
b Saa ladshe )3 L O avslis A Bl 05 Oy (o) 2
» Sl glal oas Gl 6 sl IS ey 8

Al S S

YEA

Laosls fodous

Sy Baesls 5 a3 1S L ¥ BT Jol e eles
One sample gkl 951 didel sty Hlns Sl puitt Kl
b g 3l kel &JS sls oL kolmogorov-smirnov
W sy e by eon Gln lals Aol
olols FUT O a5 51 assamma o 3 oy S 05 Ol ls e
om ol Ol Oge3l cpl w45 Glo) A eslizel 45,bSS
amslie gl p (P<e/00) 5,05 5955 (g labme SN Laoy £ 55
(Dunnett's test) cusls Sga3 31 8 058 b baey 805
YY ilns SPSS sslinals,se bl Ll5bles Ad eslizl
.s (IL Chicago SPSS Inc)

@bﬁ

Sl il gbaodd Hs Gue glad e s Ol
[y iy
glodd s Gaa gladshe 5o Jobe (i Ol o
SLoad b sl plgel b bl MTT s b it
bdghe 5 adds ou;;cf}adsuﬂ Sly Y 5 V/0 N v/0
Dt A e LS Y ojled K& oS 4 S0ka Al sl
el 03 BB pp e Bl p Dl ¥ DA 53 S pe Ol

x CJ‘} LV BT R WA BL U‘t b‘}:ﬂ Y B)LQ-:‘ JS...‘:. 4.'1 4?}.‘;\?

£ ol V¥ 0,55 [\YAA[OLT 5 jgo | s asliolegs


http://feyz.kaums.ac.ir/article-1-3785-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-01-01 ]

gl gl (Silen S

JM&\A(}J;J{}J:L&J}L‘: HAile o) heo o

Yoo
A+
e
e
Y.

control

a

]

I |
.0 \ 1,0

L)

ol b sl il glaciad 53 s slees S 5 o d ke Odleedis Ao s =Y o jled IS

sl e Bl itk Kl error bary J xS oy 8 b lstms sl 5 g g ekl s

ou;,@fﬁ,ﬁu,’u,\ CAd 53 Ao )3 0 ol adds )
3 Er Sl 2 Dl V0 Db 3 g do s AF byl aids )
SMolne Sslis 3 gy s ABl e A3 AV Lyl s ) 0L
Al IS 05 f 5 dleer Gadshe g Joho o 05 52
S Gl o Sua gl S L & ol oyl

el oS i leen sad gl 55 J ke

le.be")fﬁ_}):ud_,lﬂb.uha-\ij“)b

4 laor

Yoo
A+
T
§e
Y.

il gboad s wleer gbde 5o ke Gla Oy
ol B Al

sldghe 53 Johe Sl Ol ¥ ojled IS5 4 4 5L

gl p b Cow 4 Sun sbd e ciS ks b ot jles

I glsbae Sl JS 0s w4 Camd Ll I3

DLAJ' K) cja}&&'ﬂm B CJ‘} LV JRGSR VTN \.3.3 d‘}y .(P>'/'°)

control

',0

\ \,0

k)

| )L::u u‘Jml:tJi;L:: error bar Qy\f C'J.A' alises 6[.&&.,\.2 BE) AJ“W LSUMJ;J‘,J BE) Lﬁdjl.ﬂ Q.,\.:Lda.,\;) Loy -Y A)L».J J.i.l
wlawr sl sl ;3 P53 05 0L Ol

\vo &r Jh‘;ﬁbﬁ QI"\ [RIEWA J:Jﬁ‘ﬂ Ay G}GJ;“;JLA
sd‘&'\s bJJf)é b} blﬁlﬁ%&)}ﬁ:w O.;'}C_.M‘ d#ﬁ‘ﬂ

Al e 4 g B

£ oyl V¥ 0,55 NYAA[SLT 5 ,go |y asliologs

wleer gladgle ;3 P53 05 0L O3 £ o )led K3 4 a2 51
(P<t/00) ans o 0L (g,lskan Sal3l J RS 055 4 S
V0r b plp s asile p Sly 1/0 Codd )3 05 cnl Ol Ol e
2 Sy 0 Sad 3 O Hldie oS Jl s kil e J RS 4l

Y44


http://feyz.kaums.ac.ir/article-1-3785-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-01-01 ]

Fold change

:)b&@jwu)

P53 a

.
oo
A
a
e
$
Yo

Control

v /0

\ V/0

(cf,"w ‘;‘C\Lnﬂob) O gl B C“"‘ [RER WA

L olsbine sl 355 030U o Csdle oyl bl ol ilises (Glacsdld b gl (slaos S 25 53 P53 05 0Ly Olpse —8 o jled IS

el s Sl ot Sl error bar 5 J xS 65 8

.\33}3) MKA 3979 skasOlis Aiw a‘,; BL P53
555 Hlee s Ylasl o Wi e e s G151 LIS,

S o il ) e 6505 S g 25

& 5 domS
S s 3 K Olgs & ol p plael 5l sslisl
9 dml ged gdie AT BOL s SIS gl Gl
4 Ll Dol p G Olde 53 s sdshe 53 o
LS Jl)l (K5 g SIS 35 Ols ol 51 g, slad sk
53 P53 05 0l o5, YU alex3l 6,67 5o o dlas pl &S
9 Ay B F o Klg e P53 05 548 0 aleen glad sl
Wy Sl ol ed Ssal G prmer 5 o 25
GG Ole 3 2l sladshe 5 5 a3, J3S o Yleao
Ol 53 & Gops sladghe 53 Dswl p U Blys s
Gross 45 asuis PR e Shd 53 g Aod 8
Sl @sldE I 58 Lsd g8 &5 Tumor Volume (GTV)
3pbp ol Al cpl sd e LOT 4 K85 Ol s
53 AL Al G Ol 5 585 Sl (K5 s ke
i Ol B Blays a3l 5,0 JURH s ol S9 Oy ee
Sl 4 e algSa g e al )y S adlas ol LS Ty
plml 4 5l el S emd sl 5 2 pdi Sl LR S
Sk Lresy gy Al b ) opl o e, Ol

Al G g dibe 3 Sllllas 35 5 Jbo s 5 o908

EIESELE I o)
ol ) i)l 4l DL LIS 51 e e o)

voo

gldshe 5 Real-time PCR cus plsil 51

alies slacad js 85 opl Ol Olyw 457 S sdalin gluws
C‘}A‘ IR WA 4{,& R LR ﬂ‘)j' JJL'S 93; “ C,..«.J
05 Ol ook Oljes ABl iy O 055 ekl ol b
Koturbash aslas ;5 358 0 i alues glad s ;3 P53
P J'| ‘;".«...J' 2 d‘}gﬁ }3)’[ J:“.'U b YerA de BL) b‘)&c&}
50 Soleod Fl e ded b0k 4R Oailiy 5 S
b 3l s P53 05 0l ol 0L ls .3 8 15 )z
B Ll ogedd w38 5 s alees C3b Olgea a5
5 8b Jb 55 P53 ch.a FONL sl Gl b ) s
03 Ol 2 OF SU 5 Oig sbsn Klees Sy 5l
R oWl 5l S [N] Wb P53 S0 e
Sl sl wlesa slad s 3 P53 05 0Ly Luis sdaili
Pl b e s JU gl S 535 2 45 slanllias s Jl
oWl 3l dm wlees sldgh 5 P53 05 0ly Sl s
O, en 5 OISSON cpman i 5,158 WI ofys 51 eslizull
J}Lﬂ 03y 9y g in VitI'O d-\n BL éw J.'a" adlae b
Lks aleed sdgbe 53 P53 05 0l Sl 4> 0 HepG2
wloer g ;3 P53 05 0ly Saulsdl asdlas ol o] [o]
Cov o sladghe drs e 3L dls ol 45 1S o ST 1,
S by g Hles S sl s 3 o (gl 3 il
S8 S lear o 8 sad e 4 LI opl Jol> Laes
qw dud}‘m S 2 3-":'@ JZ.:;.« .L?'ebjﬁ C.\.%Ll)b ‘,:.:L?

05 Ol ol aad 0 P53 05 Ol uii o a3IIE 3

£ ol YV 0,55 [NYAA[OLT 5 jgo |y aslioboss


http://feyz.kaums.ac.ir/article-1-3785-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-01-01 ]

S N Al V]

PR ¢3Y SU m3lIE sl s bba lgae! (K

YN I P FPRT
References:

[1] Calatayud MP, Asin L, Tres A, Goya GF, Ibarra
MR. Cell bystander effect induced by
radiofrequency electromagnetic fields and magnetic
nanoparticles. Curr Nanosci 2016; 12(3): 372-7.

[2] Boyd M, Ross SC, Dorrens J, Fullerton NE, Tan
KW, Zalutsky MR, et al. Radiation-induced
biologic bystander effect elicited in vitro by
targeted radiopharmaceuticals labeled with a-, b-,
and Auger electron—emitting radionuclides. J Nucl
Med 2006; 47(6): 1007-15.

[3] Burdak-Rothkamm S, Rothkamm K. Radiation-
induced bystander and systemic effects serve as a
unifying model system for genotoxic stress
responses. Mutat Res Rev Mutat Res 2018; 42(5):
221-8.

[4] Marin A, Martin M, Linan O, Alvarenga F,
Loépez M, Fernandez L, et al. Bystander effects and
radiotherapy. Rep Pract Oncol Radiother 2015;
20(1): 12-21.

[5] Olsson MG, Nilsson EC, Rutardottir S,
Paczesny J, Pallon J, Akerstrom B. Bystander cell
death and stress response is inhibited by the radical
scavenger al-microglobulin in irradiated cell
cultures. Radiat Res 2010; 174(5): 590-600.

[6] Bazak J, Fahey JM, Wawak K, Korytowski W,
Girotti AW. Bystander effects of nitric oxide in
anti-tumor photodynamic therapy. Cancer Cell
Microenviron 2017; 4(1).

[7] Chen Z, Xie MX, Wang XF, Lu Q. Different
effects of therapeutic ultrasound parameters and
culture conditions on gene transfection efficiency.
Chinese. J Cancer Res 2008; 20(4): 249-54.

[8] Miller DL, Smith NB, Bailey MR, Czarnota GJ,
Hynynen K, Makin IRS, et al. Overview of
therapeutic ultrasound applications and safety
considerations. J Ultrasound Med 2012; 31(4):
623-34.

[9] Sazgarnia A, Shanei A. Evaluation of acoustic
cavitation in terephthalic acid solutions containing
gold nanoparticles by the spectrofluorometry
method. Int J Photoenergy 2012; 37(6): 105-10.
[10] Kaufman GE. Mutagenicity of ultrasound in
cultured mammalian cells. Ultrasound Med Biol
1985; 11(3): 497-501.

[11] Hei TK. Cyclooxygenase-2 as a signaling

£ ol [Y¥ 0,55 [VYRA[SLT 5 jgo | s aslioloys

Slgiel (Sap r}lﬁ &sls SR p gl H &S
ek oBls (535 o o KL5T pimen 5 Jbo Colex bl

molecule in radiation-induced bystander effect. Mol
Carcinog 2006; 45(6): 455-60.

[12] Han W, Chen S, Yu K, Wu L. Nitric oxide
mediated DNA double strand breaks induced in
proliferating bystander cells after o-particle
irradiation. Mutat Res 2010; 684(1): 81-9.

[13] Yakovlev VA. Role of nitric oxide in the
radiation-induced bystander effect. Redox Biol
2015; 6: 396-400.

[14] Yahyapour R, Motevaseli E, Rezaeyan A,
Abdollahi H, Farhood B, Cheki M, et al
Mechanisms of Radiation Bystander and Non-
Targeted Effects: Implications to Radiation
Carcinogenesis and Radiotherapy. Curr
Radiopharm 2018; 11(1): 34-45

[15] Barati AH, Mokhtari -Dizaji M, Mozdarani H,
Bathaei SZ, Hassan ZM. Free hydroxyl radical
dosimetry by using 1 MHz low level ultrasound
waves. Iran J Radiat Res 2006; 3(4): 163-9.

[16] Furusawa Y, Hassan MA, Zhao QL, Ogawa R,
Tabuchi Y, Kondo T. Effects of therapeutic
ultrasound on the nucleus and genomic DNA.
Ultrason Sonochem 2014; 21(6): 2061-8.

[17] Velculescu VE, El-Deiry WS. Biological and
clinical importance of the P53 tumor suppressor
gene. Clin Chem 1996; 42(6): 858-68.

[18] Souza RP, Bonfim-Mendonca PS, Ratti BA,
Kaplum V, Bruschi ML, Nakamura CV, et al.
Oxidative Stress Triggered by Apigenin Induces
Apoptosis in a Comprehensive Panel of Human
Cervical Cancer-Derived Cell Lines. Oxid Med Cell
Longev 2017; 15(1): 18-25.

[19] Hamada N, Matsumoto H, Hara T, Kobayashi
Y. Intercellular and intracellular signaling pathways
mediating ionizing radiation-induced bystander
effects. J Radiat Res 2007; 48(2): 87-95.

[20] Chaudhry MA. Bystander effect: biological
endpoints and microarray analysis. Mutat Res 2006;
597(1): 98-112.

[21] Koturbash I, Loree J, Kutanzi K, Koganow C,
Pogribny I, Kovalchuk O. In vivo bystander effect:
cranial X-irradiation leads to elevated DNA
damage, altered cellular proliferation and apoptosis,
and increased P53 levels in shielded spleen. Int J
Rad Oncol Biol Phys 2008; 70(2): 554-62.

Yo\


http://feyz.kaums.ac.ir/article-1-3785-fa.html
http://www.tcpdf.org

