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Abstract

Background and Aim: Despite the advancements made in various fields of lung cancer treatment, surgery is
still recognized as the most effective method for treating this type of cancer, often in conjunction with
radiotherapy, with or without chemotherapy. Drug resistance, side effects, and the lack of selectivity of these
methods have led researchers to continually seek novel and targeted approaches for lung cancer treatment. Among
these innovative methods is the use of oncolytic viruses. Various studies have shown that the Newcastle disease
virus (NDV) has oncolytic activity, as it selectively replicates in tumor cells due to their inadequate antiviral
response. The aim of the present study is to enhance the anticancer potential of the NDV using electrical pulses
(EP) in lung cancer cell lines.

Methods: In this study, after culturing A549 cells, the effective dose of the NDV was determined. Then, the
levels of cell viability, apoptosis percent, production of reactive oxygen species (ROS), and lactate dehydrogenase
(LDH) release were measured in cancer groups treated with the NDV, with or without EP.

Results: The results of the present study showed that the apoptosis rate (69.00 + 7.54%), production of ROS
(2.08 £ 0.037-fold change), and LDH (73.87 £ 2.07%) in the group treated with the NDV along with EP increased
compared to other treatment groups and the control group, while cell viability (45.80 + 2.70%) significantly
decreased.

Conclusion: Based on the results of the current study, it appears that EP lead to an increase in the anticancer
potential of the NDV in lung cancer cell lines.

Keywords: Lung Cancer, Oncolytic Virus, Newcastle Diseases Virus, Electrical Pulses.

*Corresponding author: Hadi Esmaeili Gouvarchin Ghaleh, Email: h.smaili69@yahoo.com


https://doi.org/10.30491/jmm.2024.1006722.1215
mailto:h.smaili69@yahoo.com

ol b dloxo

V¥ UT g s <F 2 lowd Y5 0,90

YEYe-YPYA oloniao
10.30491/jmm.2024.1006722.1215 id

I 83 55 (S NI L b Juwl908 (55low Wy g (Sl pw b Jpuilly 39!
@) ol yw

Panll 455 (hamows! (530 ¢ Sk > Al g ¢ 92 il 3 dgee T 0 a5 (g (Sl e e

Il Ol ) A 4 (K pole oKl o Sy s slacsyslid oaSCingy )l oulid g g i (S !
el sl o)l s Sy ple olKeiil coline ple lii 15y ®
e O o) ) 4y (K ple olSiih o Ky 0dSiib o Ky S 5 il ied 095

DS

D49 P se Olge 4 plizman (2l )y gl jw (o) Cilie glroje 3 0ud Jolb (slacd iy d92g b 1AM g dine
O s (5l 5 05)lse (9> acaglin 095 oo Bl (Sloyd (cowd (y9 b L el Sy olyen 4 oy g9 cal oy
o9 by Ao 51l 4y (loyw o)y diedin g (ngh S hg) JWd o)lgen Gl & Cunl 0ad sl j5de sy,
s gyl (NDV) LulS 5 (6 5lons pagpzs 45 163, ol caliseo colalllas 13 oo St oS3l clb g g 5l o3lital ol s 3lod
il pols adllhae | Gan )y Sl piSS ] wgpg Mo caslio gl pae > 4 (g)geg (sla Sl yd 4 039 S oSGl
il dy by (Jobo 035 13 (BP) (S0 580 lagpdly b JulSss (sjlom oy Glboyw 22 Jriliy

(Sl 05 rans (330 s 3,5 e Sl (S)lor w99 1C50 ABAY (sl Jobo Sl amy aalllas ] )5 Hd g
O b b JolSsd olow s b sless o8 (s loog)S 53 U590 SSY (gl Sl 5 (et b slaaisS a5
b ot (S Sl ol

35T g (oply YoM £ [¥Y) 58] b (sladisS adgi (75 V/OY) jg00)] o y> a8 sl lis pols asdlas ol aaidly
2o & Cd (K0S glall oo @ JulS 95 ilo Gugig b slesd o5 09,5 ) (AVVIAY £ ¥/-V) 55 05 SLSY (g5l
8l (5 blne S (AFOIA VIV ) Slo 0k ol Gizpan 5 (RIS U358 09,5 5 (Sloyd (slaog S

Solost gy oy 15 Jouily Gl cage (S8l sl gy sy o 5 4y 5l alllas gl 4 a2 g L 35 5 A2l
235 oy by Jobo 03) )5 JulSss

S Gl (oS58 (olonr g g «SedsS g ety by 1031905

h.smaili69@yah00.com : g pSIl cay cA=lE yu 165  Jamow! (53 : Jomuns oy g*
Vo[ BIY e callie (hydy  VFeYTAONY dlie cdlyd


https://doi.org/10.30491/jmm.2024.1006722.1215
mailto:h.smaili69@yahoo.com

ooang 3l oSy W g (b 4 omie a5 )l (5L e il
SegSl o Shy wimen Cusl 0dd g po gl 00 pnid
Jole o S lsise a4 ol ealital 5 S0 (5lon o909
@ Jullos Slow (ang sl 035 Jups |y (Sloyw 22
5 Coghe (S S G (6y9098 Sk (19,3 (Bl b
o Jols Byl 5l s & o] ol 39,9 (A) 29500 S5
ol sy isislSlan 5 Jobo cloosi S o sy oSLlS
b ladshe 4 (wang 3909 ralsi cpl (39 (LBl &5 o
ot S (SaiSly 5 ol gaw (39 Ggliste S (0 (e
S dshs & Cund (5y905 (sladsbo > Jlss s)lom oo
55 S)low g g 29800 (5] JLail sl el clles
S99 Jsho 9 8L 4 bles g Sl jlas jle3y18 sk &
I8 adlae 3590 (ilad (o5 (2L (b Jsho b anolio
sbadobe e glgil (13 G 5l g Cogias 4 2B g cunl ais S
o 95 Slow 0929 «S)9095 Sl Jok 3 (A) Conl Glbp
NS (o S5 ey ey BB yob 4 el S5l &) Cos
b el gladsbo 3Sdos g S (o0 JUb 1) j5095 25 Jelge
S gl by sladgho 1> (oo cnl A oe S5
sladshe i g bl guls (silusll Gl 4 oxie 5 03,8
5l oolatwl colee 51 (SO L(V0) dab o (59055 bruo Ay el
Sy ool (S5 omb ides SidsSl sl g
b el sl GEHISen 5 (95 VAVY Jlo )3 (W) 2l
OOIF ) Jsk s e Gal33l ) (So sl Gl 2Ll
sl gl S S sla JUIS gk Lt 5 Il ol a8
g o g Bg Ao JgS909)Sle 39)9 st o & S oo
bl odlitl b (oS 5 Sloys &5 2l59eS9 xSl (12,
09 B9y e 4 al bt gy )5 9 (oSl
2 (F) cwl lod BB sole g (raw sbyygegs oy 5
Voo sligg b b A (SlS g 0kl ol 5gaS'y pSUI 29,
g Weo JIVeve o ad g 52 Y LuilS)8 ailiy Koo
48> i Sode g« Slopd (o (5915 B0y Jl g plesiils
2985 ol cely & 298 0 Jlos y9055 2 (mdge ©yg0 4 g
MiSuse gty etz psb 4y lopd e35k 5 0ad gl
olyon 4y 5 |y (snlee 393 SLlje JUS )3 (g B9y cnl (VYY)
e (BLal g oad floyd bl o (Kidgw ool a5 5,0
LB L e Wl a3 5 (S8l sla gl Jlesl (g
WJSite 95 ol ole i byl alos e loyd cos o ylow 5
Conl (Jlosl slagpdl b (w1653 5 Vb (S0l e 00
Slopd (o slagyls rddei Gl Vb Wl
polbs ddllas 5l G L(VY) cunl oids dlpiddy piioee Lawes
ool b Julss ilon pogng Glopw 35 Sl ial3Hl

Adlien ) Gy (Jolo 03 ) (S0 Sl

o

oo
9 4Bl drwgi qoloz > Sye (ol Jalge | (S ol
2 oliedle ol Ab)y 4 gy Loy b Cawl a8l drwg oS
Ol 5l (86 yro 9 S o aljl ciBly dngs yioS (glayguiS
gl glgl 0 5lS po 5l (o gl 4 a5 4y o jw ooy
2 5oy ol g5 ol ol BT 3,90 sl 005 azs it
Sl 23,5 o 09)5 53 41 ey sl Sl ojlul ol
Olop> (1) (32,3 AD) Sar 8 8 sl Jgho 9 (30,3 10) So o8
o Slaw 2l 1) ool 595 2l b Vgana 4y ol o
Oy gloys lagdy) oy oo (s iad pley Jolyo 4 el
Wb loyd iy (Slopd ewd (Al Jold @)
55l 5 (SeS lagleyd wile sl yien slagley 5 (JsSse
hlow ;5 Wled S ol caliste lalllas (Y) wbl o (suSiud)
Jos Joov o g Wil cudly LB ol j5b 4 j9eg5 oS
S ad aalgs Bly Sgo (2l () Ml aih |y (2
4y ol clagley Culbge pic cage o5 Lol LY
o patd iy Jolye 53 9 olon ol PS5 (2l 09 00
& Cooglin ¢ puizmad g o yloyd 3l ialS Cogo &S Cunl
Slg oo g0 Sl Sghey K3 g Sloyd (oo slapley
Algi o 35 (6,500 Jolse (V) 25,8 Slojd cuddge pic cely
clagylon 3539 W5l aBlS el CutBge yloyd 45 g Caw
coasds 3 g b yw 3y90 53 B SleMbl pis (o jon
it olyon (e (2)lee b Vgane ) by glagle)
Elyiial g gord D3y ( Siud Jold pld (2)lee jl (S
(555l cdl ((b)leS Mo di pab )3 o dpil Lials
9 Oeje SaCigis (ages Lind ga g Cuvgy ) Olpdd
o) Kaly glul joSie dlse ay dangs b (F) aiil o (g3,055
S 00 55 4 (65908 oSl 1Bl g g e Sloyd
2 SedgSl oy g 5l edlitl i Sloy slagby,
O 3 G 3 leany ) g cpl sl by ey
2 oloy > Sllllae glis g Cunl 00 Bly i 42453 )90
oMo (8) Canl 0k b)) saelcsiign albyes glyl
sl by 0S5 (sl gy b " St sSl (gl g9
095> 5l g e yob 4 & 39y 0 ) 4 olaeg
5 dloiie 59 |y gl g o3gas iS5 Gloy (sl gl
OSen g9 () 815 (b o sl dile (5 a8 Corons
dawly 4 b asl asl Sl yao a1y SUlg cpl cwl
sl Glo gy (Byme 9 ol bl )3 K wige
Gl md glaygeg glopd 5 Al lp e byl
Sl sSl sl g g I edlitul sblze il Gl 23 0
Gl e 3 ge cilisie glyl & S ghlewr sl
oy (i 1y loyd By g iy slojgags dox I ecs)lon:
L)l yo 55 (g BB sk & Sl o s)los g V) ol

\fe¥ Ubig}v‘f b)w id 8,93 UALEJMLM



YEVY [ JolS'555 (65lons g9 Sl 1 Sy (o381

4B Yl e b @l laSaly ols 4 (PBS ;> EB
2 Jobo sgml 943 B gy le Ul slod )3 yoelisS]
(VW) 48 (g2 ity old g8 Sn

(LDH) jUjg 03 OUSY (g5Ludljl oliwe e
3 g oo ol @900 53 205 3929 Sistam )3 gl s 4
@ Uiy SlsY plewd lis o)l o8y om
oilPl ol Joke )b aw g oad Sl Joho cuiS laee
e Jslo ) Jsle LDH (g3loljl Jtoxs ol bboo
g3l S5 adlllae 3 g A5 (5pglaen b e g sles g
L (her anls) @b e Jodhgios 5 e
il Gl 9 45 4980l g bolie CuS 13 39290 sl Jghone
o0uled y2ogil Y+ zao Jobo jd juuy 15 W1 olSiwd oS 4y (45
(VA) 48 dpslne &S Jgo)8 (3o 5 03

(ROS) ¢y5amST 3131 s ISy Wi (yl3me ot

Sl an ool 099 ROS w5 (e iomis (sl
oo b ol sleg & pladl &b VE coly 1> AS49 (cla Job
Sl YA Go dy (S0 8l ol 9 b b JulSg ()low
ojle Joddlygiws Gl g @b (29 bame e 35
oibnygl coles 3 9 8 (S0l (o] plses wunjls)
5 oolazel b el EX/EM = ¥AQ/OYA > jLizil 9 G50 L
(V) 15 (b s ptep9ls —Cubg S S

Loty g lo] Juloxi g 4y 3o

505 LT VA asews SPSSl53le 5 5 eolisl b laesls
Sham s ol jlee Bldl 2 Ske Ope & SleMbl
09o]) 3l o3lisl b (o glopite @5 352 Jloy 3l (lisale!
09031 3 oMbl o 5 43525 (<l B9 ol —Bg S 5alsS
oled 3 1 oolitl s S g bl Ky Luilly U]
A5 4S5 (g holine paws lsie 4 P<+/+0 b b))

=W

1Csp il

Hlow 3 e Caol oad 0l Hlis Y Hlaged j3 a5 jslailen
dilisee (MOIS) cla S3g)l Copo by Gloyw sla gl
Sl oo welw FA a4 JulSes (gylow wopg
o (1Cs0) ST o 008 )loe clale e 4 V/YAY
L35

Pl

g0 4z dl.a:oj)f L;oLoS &S b ul.M.U u.‘sLao.\.?)' CJLJ
S e b dunlio 55 Sl o oo (Jlooy nls
L awlio 1> NDV 05,5 15 Sleods ialS oliee bilosss
oslawl 48 sy olis C"L"’ Ot Al oy EP 09,5

J Mil Med 2024, Volume 26, Issue 4

Loy,

adlae &b

(Ohr! =55l dunge) ASAY plusl ) Gy Jsho 03,
FBS 7\- L (Gibco, USA) DMEM cuis e
031> oS ppuamlogiy il —aleas s 7V 4 (BiO-idea, Iran)
b b i 55683 15 Jsbo 13, (sl s Ly 505
025 CO2 70 clale §78A cogby ol 3 olo 45 3 YV (glod
(V) (Y+VF) o, 5 (irowol dslllas 3ubo oS jobo 4 .0
Sloshe Jol35 Slon oy 1Co0 Sl s g
Ot yskate 4y A Hled Gl FA Cdo 4 (5 5 ¥ Y o) /0
(S SI ln ol a8 &y gy i syl il
L JulSss ylem oosms 1050 b lbyu cslo sk
) 52 o (EP) 5280 sl ol 3 b (NDV-+EP)
Mg lp (prabline 958U G o)b) (e 290 098155 So
4bidee ¥ gloj oo > g ¥ev Uy b (So sl by S
5 oMl gyt e ¥y g9 S gsS” JB1>

A549 s Jokw Slooni; oylsae Cymrd

sl o153 & (mnSS) gy G Sl adsbe oo
S5 o iS5 b 55 5 0055 slaJsle bwg MTT o3l
(sl Jsbo i ) amy 15 plol 33,5 o ol y5b (sl Nt 5
Golow wgpg b gl Jlas 4 pldl s 45 ey > AB49
20,5 el YA G 4 (SO S sl b as b b JuolS o
ko 25 o 10 aleg Sl LMTT Jybos
VY gl o celn ¥ Oae 4 g b sl b Saly oles
S5 o flaggh (sl Jlwn,S Calis > 55 a3 215
15 > (DMSO) sS gilgus Juito (63 yidgySan Voo )0 o
&9 @l e Lab 4SSl Al Ve Gde 4 (SO0 0
Fogl OY+ zao Jobo 13 juu) 151 olSiws oS oy lacSals
Canddy 5 Jgo,8 3l ool b Jolw (Jlooss) duo yd .0 oilg>
(VY) Lol

Sl BV )3 0 Jlow sledslo 5)95 Sl (e

Joko Gloodij aoyy = - X Ne
Fegl BV« 53 Jlass (9t sledghe ()98 e (e

sl Ol s
8515y 3l Gl s (sl s Sstgl lise e sokito 4
llas 3l (EBI) slogy paasl 5 (AO) @yl s
oo iS5} aay o dlial (Y¥F) o, Kan 5 &lagd
oo s b b Slog 4 pll il Y ol 5 A549
4355 Gl A o 4y (S0l sl gl (9 b b ol o5
YO+ ub aiwd PBS L )b g0 ol)] 4 acSaly e
5 pg/ml 55 pg/ml AO) AO/ELBr Jslowe I yitg,See



100+

80—
70 -
60— ; 5
50 »
40 =
30+
20
10+

Viability (%)

1Cs: 2.293 MO

NDV

T
4 6 8

MO1

iy Gy G dshe 59y p JolS o5 lon wong (1C50) STas o 0atiS o clale .- o905

LEE
o
1
LR
L
LR
LT 2] LT 2]
~ 90- e
e
£ 60 —=
=
=~
= 304
0 T
> A .
§ S & &
S 5
<

2 (5 bl odimd L s ((P<+/+0) mdaw )3 (g loline siind L #) adlllas Calises (sloog)S 15 Hlass 5l in ) (Slbpw (slo Jobu (Slo 055 a0 Y- y5g0d
b b JulSas (shlow (wgps) ((P<e/+++)) gdaw 3 ()bl osimd Lis s o (P<e/e ) mdaw j5 (gloline oaima i s (P<e/)) prdas

sl oanlito LB lojan loyd 09)5 10 sl (5

LDH (g3t o5

SLSY (gilo A5l Ll Bl Coge adlae (slaog)S  ole
S 098 b aulie 3 Sloyw sbsho I 5U5g)amd
P NDV 05,5 5 U59,0m5 GlSY (gilodlil aoyd 13,5
ookl a5 ol i ol yiomed D i EP 09,8 L dusldo
dulio P NDV ()38 3 i iol38l g EP I lojon
&3l lie oyt 23,5 o NDV 095 g ]S 095 L
Lol odnlie b6 lojen yloyd 0,5 3 LDH

ROS aJgi

33 ] 3l sl JISasly g5 lime 48 Sl i ol
(5o Gl S 03,5 b i adlan shasy 5 ol

{(EP) (oS0 sla ol 9 L (NDVHEP) (S,

S el 8 o (EP) (S50 sloll J plojen
(Y J15503) 35,5 o NDV 095 g S 05,5 s duslie ;5 NDV
s9a9]
Syl (il S5y 5l el oy (wyp sdlaie 4
~Joke djie 4 S3) o sladshe & sk 4 3,5 oolizal
sladshe i & S5y 1o)8 /(2006 sladshe 5 ol b
Conl oad 031y LS ¥ lages 50 S johailen g 63 ol
slasho sl 2oy Gl carge adlan (liog S (poles
09,5 1 s506] Juoyd ilods 3 S 09,5 b dunlie > by
oL gl iopen Al oo yin EP 055 L anslie ;s NDV
SIS e Gialdl cage EP 5l lojen oalil 45 sl
Oy 33,5 2 NDV 05,5 ¢ ]S 09,5 b duslio ,> NDV

VPt LT g ;0 <F 0lowd Y5 590 ol b dlw



YEVO [ JolS'555 6ylons g9 (Sl 1 Sy (o381

WO K

100+

804
&
-3

2 604
&
-

204

0-

63. &
Q
& <

()

LR 2
1
»
LR R
LR S
¢ 8

oy
£

5 oo sl dasitio ciy 4 5y (25, 5 S5 s sla gl adlls Gl cloog)S )3 slog | am 4y Sy sl Sssl lie F-lag0
g (P</+23) maw 1> (g)bline oximdylis s (P<-/+V) maw 1 (gbolins otimd Ui st (P<+/+0) pdaw ;5 (5 blize osimdyLis #) w3b so (g5900)]

((EP) (Sl slogdly 5 b (NDVAHEP) (o550 (sl ply b ulS 5 s lost opses) (P ++1) e 15 (5ol cinsolis s

LT T

LT

o
T

LDH Cytotoxixity(%)
wh

=
|

~
§
(-_S.-"

MR K

MO O

s (P<e/+0) paw ,d (g boline osimdlis ) aulllas caliseo (claog,S )5 Jlosi jl dw dy (Jlbyu sloJsber 51 659 mmd SSY (3ludlj] ol F—ylo900
Golowr woyg) ((P<e/v+Y) gaw 1 (5 blime sdimd i st o (P<e/o v V) o )3 (g,laline oaimd L s o(P<o/+ V) o )3 (gloline oimd )Lt

33 9 395 g0 sl Hlod DNA ( Slb s cla ol )3 .ol
S (slo sk 1055 4 oo 9 395 05 e i sl (2] ]
Golor (=5 4y olopw )85 g3l gl 4 &S 3550
Db 4y 3l gy 4 Slislie pb & (641,85 Wl e ol
(V4) dp o slael b b GlLbL slacdl 4 5 uS g
by Jolye )3 (5 o ol 4 Mise 31331 51 6l liwlio

J Mil Med 2024, Volume 26, Issue 4

(EP) (S iUl slogpdly (90 b (NDVHEP) (S 58U (slagully b JuslS 58

EP 0,5 L awslis ;> NDV 05,8 13 oi ()l3e sl aisly
EP 51 o jan o3lisial &5 5l i golis (piomes 8l o i
JrS 05,5 b awslie 3 NDV ()35 51 i (ial8] g
05,5 » ROS Wy e cpyiin 33,5 0 NDV 045 4

Lol odnlie BB lojon loyd

- -
Sl @algn (oM EMEe ()85 5l (o ooy



O
Lk
W
***I*

LR L2 T
257
E(.
2 2.01
=
£ 1.5 —
g
£ 1.0
g -
ol
e

0.0 . . :
> Ja
§ S & £
§ < )
¢ $

wi (P<o/+0) pdaw > (g)boline sdimd i #) dalllae Ciliste (sloog)S ) Hlows 5l a4y Sl slo sk 5| 5] Jl)"l JSooly adgi e B 4l5900
Golow o ys) ((P<efeev)) o )3 (5 )olime oimd i s o (P<e/v o)) prdaws 55 (gloline osimdylis st ((P<o/+)) plaws )5 (g laline oimd )lis

oS sl QBN g pageSiall o Sl a8 silow g
2 s BB SadsSl cdl glls 4l o o3l oLt
el (09 licslen 4 g b sl ot oy plp
IRl S glyis 4 Glae lagegng (Sl slagisl
5 JlSss ilowr (wang 0l 9 2B8) 58 (y 0 390
b 3485 (Y0) sl 0 01538 g el StdoSl ale S5 &
9 L;slfwu.s (\\cYF) Cawl c;gv.u.bg.sl u.sLo).) U¥9x29 ULol
Ll 5 oS 10,8 bl i 395 adllas 3 (Y-IA) ), Kon
Iy lie J5 b & 3585 culbld a8 (g0lg0 Conl U Sloyd (sla ybs,
5 Phb ot ed Jole 2l losjinS pobo 4 )l
P > (6 pdded Hlalfl cage &5 (alagby) 4 (obcwsd
Gildiie sl (gygpi bays g ciliiee (slagls 5l oozl
S Cwl ngp (o) (oSl silodite) b Jsho (Sl
Jloel b 229800 b Joho (S0 s8Il (p0dideis (Al ey
olgiss sl glid loly aliwl Gy (S SUl slajls
S5 ey ol 25 dbml Jshe p plis sbaiate
gt S5 & 358 JBye sl JgSIge 3959 5> (Jlite
Sloyd eud slag )b bl b pl 13,5 ol jor aS 5 ly  Jolus
S Gloyd (cord 4 &S 5 s g Cpmanlogh Lo
ol Gy 15 Gdp)l5 (npiere (s 4 el By e
Ol psl adllas )l Gam oyl YY) 59 e s lis 3,
SN ol b JolSs (gilons gy Sl 3 ruasly
b syl ddlllas gl bl o 4y by Jokw 03y 4
d)"*" Jlﬂ 9 O}",,mf\ JL@ L;Lmt.}; J.Jy Cous OI)’,,A 4
Jolss (goloms gy b slas o095 )3 JUjg umd lSY
5 oy gloeg S plo 4 Cond (S8l ol ol jen 4,

{(EP) SosU slagudly (90 b (NDVHEP) (S0 80 sl b JuslSgs

Wlg5 oo st Sl ls 42T 9 Wgd oo 03l paseis (b pw
Iy Wit e ) Ghlew (nl J (SoS slaasgene )
L By oM (ool olass 5 ol delual IS sla
Sly il lagby) gy Wbl paseis | oo
5 &9 4 dagl Pl y sl oolitul 9 W)l dg2g by o
Sl 15 slag s 1 aslaiol (YY) b5y (S o)l y s
oS Sleyd Ban g (lSgsel gl 5 gey9n (2l9eS Jolis
L5 gl i oo JSi5 1) Glbp (Sleyd sais) wlas]
@9 42 w2y b 2o S jge 4l (e Sy
o 43 By gy 505 calie Slls B g 5025
Sl ol plsie & 39 AdlgS i ind o 2 (oS 5
435 ool Gglite Joo muilSo b byl 1 g oo iy
Wil Golate b b bS5 50 0468 dgaote Cuyews &S (gysb
o b glize @l 3l s (slag,ls cuS 5 b Jlows] yobo 4 (YY)
Joo5 BB e (o8l Sl o gl 9 A 2 50 95> 2
55 299 lamy Ban (plplo 28 (0 )3 e3ltal 390
OBl 3303 (e 059 pal - Canl o BN 5 (2 ol
Bl yshie 4 (b SlaS 5 p 4SS L Rk clagty,
Al o Wag)ls Bpaa 55 Gials g (Jloyd (o slag)ls y2)les
S 5l Hhasastie Claalin JUs 4 VA« + dad Lawlgl 51.(YY)
(b Scigis @ Mol Clliie 9055 4 Mo ) jloy @3N
Slaesns oy sy Uaywgrs 5 s yiSh 5l adlizal o)
olys 4 gy SedsSl Gagugng 5l )5 )8 Sl
S5 L a5k gy ng clapley by ey S
(S99 1 sl o5 JEsl Cubld (59095 o gl 5> 5]
w9 Sygeg MO el B 9 Sigigenl ol Sye S
(VF) Sgdo Sloyw Sloy slagby, 2l Gl cage

\fe¥ UbiS}Q“f b)w id 8,93 UALBJMLM



VIV ] JulS g Slow gy (Sl 48 Jomiliy il

OBer 5 LBuS ClalS b (WY) dpdce nddsd
18y GialS 3 Yl Ll 5 b b slalise i (¥4OY)
> Gl Ul )3 1) s B 9 8515 (63L5 5L y9e58
U1y B 9o w538 Il g Bl Ll 509
ORIl g )oline yob ) j5055 e il 53 (S SUl sl
ol s g8 i lallas (gl 45 5 Lo adllas gl (¥V) L
b 3 b ol Olise ©ad olen 4 (Sloyd o9y &
o sks Slooks; (ials g jsnal 5 cnddell Sl cage
Slllas ploxl wioils (2les 3536 sl 45 93,5 oo ) Sy

)l JoSge gaw 53 sy Glagwyp g Slo

8 25 o

o con &S Jloyd 69,5 1> aS 2> L dalllae pl ol
MBSl ol olen @ Julss s)low g b
s3lodlil g 3amS] Jlnb ladisS A5 o ojee A28
J5iS 09,5 5 Sloyd 150 slrog )5 a4 s 3U5g 000 LSY
Sy o duoy o aiay onlpl 8l (Rl g ybline yobo &
Sl gy Sy 2o Sy (il el (S0l
e 4 Mg g 39800 ) olopw laohs > Jules
lwang 2D GRIB! Can ) Sl np cila) S
235 31,8 edlaiol 550 S5

ol @elga gl (632,85 (AL SIS
L;Lmdln)b )‘\ odlanwl gl> « Ry dl.mdla)b )‘] odlawl
) ooy 4 Mo olesd olilil>
9 SeidsSSl lawgng) (w55 slagley I ool
ol wldl Lmdi Al G;.Loﬂ)lf oS (b)l.b'b..»l slaloys
Sy slasslon g (olowd Jolge b 15 ) bellss

b (ge) bl 4y (S pole olKtily gy p> ST ateS
ilye S aiys A3l o IR.BMSU.REC.1400.084 .5
b s ol pbil o &8 SluS 4S5l 55 St g a5

iole o pMel (inged

2Ly &S gud 45 AS o pu pad 5N 5 1@l LAT
D0 0959 pols ddllas o ABlie

&l

-

1. Farhood B, Geraily G, Alizadeh A. Incidence and

J Mil Med 2024, Volume 26, Issue 4

(VM) ohlan 5 gSizys )l g)blise (Raljil JyuS 09)S
Bl gk @ Llgi e JulSss )l o9y oS 200> (LS
150 Wl sl obo (686 &Sl g |y e sla ok
oo ooy Vgpl FF (Sidgsil 3l adllaa oyl )3 2350 (e 5
Sigt 3 Sl glite Sladl (Jobu 03) ¥ > JulSes
W5, )5 Loy 390 (MCF7 AB49 Hela HCT116)
Slawn S sla Jolw o Gl cladgw (gyld o ol
Solost gy 45 30 (L @l 43 0L (b (a5
sl Slo oj alS cage bl b 4 JulSos
Slatan S b sk 59 32 O 0 bl 0 coutin Sl puo
23,5 )l (VeVe) ghlen 93035 (6ydlae (VA) ol 28
iloolil Gsngl (Bl cage Julsi e ugng oS
e Sl g 3T b sladisS g5 35g ke lSY
@(V) 2,5 (o (ko cuiS Ll ) Gl pw (Jobo (Sloo;
Slow poany Sl 2 Sl (aie Clllae S b
L (F+Y0) S35 436 Lo adlas gl clil 55 1y JulS'ss
Pl cilisee wlillas )3 48 (63hj (SuB) slags)\Siwd 925
9 ol pl 05 S pdy 398 Codgioe Glimen Lol o
398 5 Sk wooans JUS dee sln bl e
2 G el Eol (Bl g pugng il SRRl geg
@il slie ) ldle pus (VVEYF) caol 5L 2)50 5095
e S 5 ully sligg Guslio el b il gl slowy
Al dy S S e Jla! plos ) s Ui sl S 18I
CutS y (S Sl lediin g oS (Jb )3 S 295 (anb
Al sl (gd 5l b sl b s (31l o slst ol
5 o) Lt 5 35 1y 595 (oole clls 4y Sy Ul sy
Silodite ©ygo (nl 3 & 3950 (AL 395 aom
ol il s 40 () casl odld &) bl cuiS (S5l
Ce o o (S SUl (gilodiio (hyy cnl (o9 4n e oS 5 YL
o )5055 oy (sond 5 SIS (slaesol 5l s of Sl o
15 sy ol 51 ooliel Ltal33) 18l 0jgpel sl il 3,18
st (b 9 (JoSge (STl somdon Sladd Ll 5l (g by
oy o b1y pdy ctSl (S Sl (g jlodite jloslil )51
Oloy 3 (S ysIl (Gloys (cond pU &) g0 (oBg) 42 waiS ol o
5 (639,523 5L L(VY) il puled cuvd Sy (sloygess
ool L b sl lie sl as" ol las (Y- VY) o), e
sladshs )3 (Sloosj pials cage Joho cutS Lalyd > Y
S 098 b awlie ) & dgd e Slusl dipw Slbojw
P YL Gl L el slelue s &S WS jasuie
olBl g W alS cage Slopd cend o> b (alyen

mortality of various cancers in Iran and compare to



other countries: a review article. Iranian Journal of
Public Health. 2018;47(3):3009.

2. Herbst RS, Morgensztern D, Boshoff C. The
biology and management of non-small cell lung
cancer. Nature. 2018;553(7689):446-54. doi:10.10
38/nature25183

3. Montagne F, Guisier F, Venissac N, Baste JM.
The Role of Surgery in Lung Cancer Treatment:
Present Indications and Future Perspectives-State of
the Art. Cancers. 2021;13(15):3711. doi:10.3390/
cancers13153711

4. Anggondowati T, Ganti AK, Islam KMM. Impact
of time-to-treatment on overall survival of non-small
cell lung cancer patients-an analysis of the national
cancer database. Translational Lung Cancer
Research. 2020;9(4):1202-1211. doi:10.21037/tlcr-
19-675

5.Yan Z, Zhang Z, Chen Y, Xu J, Wang J, Wang Z.
Enhancing cancer therapy: the integration of
oncolytic virus therapy with diverse treatments.
Cancer  Cell International.  2024;24(1):242.
d0i:10.1186/512935-024-03424-z

6. Wan PK, Fernandes RA, Seymour LW. Oncolytic
viruses and antibodies: are they more successful
when delivered separately or when engineered as a
single agent? J Immunother Cancer. 2023;11(8):
€006518. doi:10.1136/jitc-2022-006518

7. Li Q, Oduro PK, Guo R, Li R, Leng L, Kong X,
et al. Oncolytic Viruses: Immunotherapy Drugs for
Gastrointestinal Malignant Tumors. Frontiers in
Cellular and Infection Microbiology. 2022;12:
921534. doi:10.3389/fcimb.2022.921534

8. Naz D, ur Rahman S, Aslam MA, Muhammad F.
Newcastle disease virus in poultry with an interface
as a human vector. Veterinary Vaccine. 2022;
1(1):100003. doi:10.1016/j.vetvac.2022.100003

9. Yang H, Tian J, Zhao J, Zhao Y, Zhang G. The
Application of Newcastle Disease Virus (NDV):
Vaccine Vectors and Tumor Therapy. Viruses.
2024,16(6):886. doi:10.3390/v16060886

10. Huang F, Dai C, Zhang Y, Zhao Y, Wang Y, Ru
G. Development of Molecular Mechanisms and
Their Application on Oncolytic Newcastle Disease
Virus in Cancer Therapy. Frontiers in Molecular
Biosciences. 2022;9:889403. doi:10.3389/fmolb.
2022.889403

11. Zheng M, Huang J, Tong A, Yang H. Oncolytic
Viruses for Cancer Therapy: Barriers and Recent
Advances. Molecular Therapy - Oncolytics. 2019;
15:234-47. doi:10.1016/j.omt0.2019.10.007

12. Yadegari-Dehkordi S, Firoozabadi SM,
Forouzandeh Moghadam M, Shankayi Z. Role of
Endocytosis Pathways in Electropermeablization of
MCF7 Cells Using Low Voltage and High
Frequency Electrochemotherapy. Cell Journal.
2021;23(4):445-50. doi:10.22074/cellj.2021.7203
13. Sersa G, Miklavcic D, Cemazar M, Rudolf Z,
Pucihar G, Snoj M. Electrochemotherapy in
treatment of tumours. European Journal of Surgical
Oncology. 2008;34(2):232-40. doi:10.1016/j.ejso.
2007.05.016

14. Mofid B, Shankayi Z, Novin K, Dehghani S,
Shankayi M, Haghighatkhah H, et al. Effective

treatment of cervical lymph node metastasis of
breast cancer by low voltage high-frequency
electrochemotherapy. Acta Medica Iranica. 2017:
268-71.

15. Shankayi Z, Firoozabadi SM, Hassan ZS.
Optimization of electric pulse amplitude and
frequency in vitro for low voltage and high frequency
electrochemotherapy. Journal of Membrane Biology.
2014;247(2):147-54. doi:10.1007/s00232-013-
9617-9

16. Gouvarchinghaleh HE, Jalili C, Nasta MZ,
Mokhles F, Afrasiab E, Babaei F. Synergistic effects
of Bacillus coagulans and Newcastle disease virus
on human colorectal adenocarcinoma cell
proliferation. lranian Journal of Microbiology.
2024;16(1):97-103. d0i:10.18502/ijm.v16i1.14878
17. Dodangeh F, Sadeghi Z, Maleki P, Raheb J.
Long non-coding RNA SOX2-OT enhances cancer
biological traits via sponging to tumor suppressor
miR-122-3p and miR-194-5p in non-small cell lung
carcinoma. Scientific Reports. 2023;13(1):12371.
d0i:10.1038/s41598-023-39000-0

18. Ghadaksaz A, Imani Fooladi AA,
Mahmoodzadeh Hosseini H, Nejad Satari T, Amin
M. ARA-linker-TGFaL3: a novel chimera protein to
target breast cancer cells. Medical Oncology.
2021;38(8):96. doi:10.1007/s12032-021-01546-2
19. Miri A, Esmaeili Gouvarchinghaleh H, Ghorbani
Alvanegh A, Jajarmi V. Investigating the Effects of
Peiminine and Hyperthermia Therapy on the
Induction of Apoptosis in MCF-7 Cell Line. Journal
of Mazandaran University of Medical Sciences.
2023;33(225):84-93.

20. Dede Z, Tumer K, Kan T, Yucel B. Current
Advances and Future Prospects in Cancer
Immunotherapeutics. Medeniyet Medical Journal.
2023;38(1):88-94. doi:10.4274/MMJ.galenos.2023.
29599

21. Mikhail Lette MN, Paez D, Shulman LN,
Guckenberger M, Douillard JY, Oyen WJG, et al.
Toward Improved Outcomes for Patients With Lung
Cancer Globally: The Essential Role of Radiology
and Nuclear Medicine. JCO Global Oncology.
2022;8:¢2100100. doi:10.1200/G0.21.00100

22. Anand U, Dey A, Chandel AKS, Sanyal R,
Mishra A, Pandey DK, et al. Cancer chemotherapy
and beyond: Current status, drug candidates,
associated risks and progress in targeted
therapeutics. Genes & Diseases. 2022;10(4):1367-
401. doi:10.1016/j.gendis.2022.02.007

23. Correia AS, Gartner F, Vale N. Drug
combination and repurposing for cancer therapy: the
example of breast cancer. Heliyon. 2021;7(1):
€05948. doi:10.1016/j.heliyon.2021.e05948

24. Krzykawski MP. Combined bacterial and viral
treatment: a novel anticancer strategy. Central
European Journal of Immunology. 2015;40(3):366-
72. doi:10.5114/ceji.2015.54601

25. Javaheri A, Bykov Y, Mena I, Garcia-Sastre A,
Cuadrado-Castano S. Avian Paramyxovirus 4
Antitumor Activity Leads to Complete Remissions
and Long-term Protective Memory in Preclinical
Melanoma and Colon Carcinoma Models. Cancer

\fe¥ Ubig}v‘f b)w id 8,93 UALEJMLM



YEYA ) JolS'555 6ylons 099 Sl 1 Sy (ol

Research Communications. 2022;2(7):602-615.
doi:10.1158/2767-9764.crc-22-0025

26. Guedan S, Rojas JJ, Gros A, Mercade E,
Cascallo M, Alemany R. Hyaluronidase expression
by an oncolytic adenovirus enhances its intratumoral
spread and suppresses tumor growth. Molecular
Therapy. 2010;18(7):1275-83.  doi:10.1038/mt.
2010.79

27. Shankaii Z, Firoozabadi S. Electroporation of
Cells Using Electric and Magnetic Fields with
Approach of Cancer Treatment: A Review Article.
JMBS. 2018;9(2):247-58.

28. Yurchenko KS, Zhou P, Kovner AV, Zavjalov
EL, Shestopalova LV, Shestopalov AM. Oncolytic
effect of wild-type Newcastle disease virus isolates
in cancer cell lines in vitro and in vivo on xenograft
model. PLoS One. 2018;13(4):e0195425. doi:10.13
71/journal.pone.0195425

29. Mozaffari Nejad AS, Fotouhi F, Mehrbod P,
Keshavarz M, Alikhani MY, Ghaemi A. Oncolytic
effects of Hitchner B1 strain of newcastle disease
virus against cervical cancer cell proliferation is
mediated by the increased expression of cytochrome
C, autophagy and apoptotic pathways. Microbial
Pathogenesis.  2020;147:104438.  doi:10.1016/j.
micpath.2020.104438

30. Wu Q, JinY, LiS, Guo X, Sun W, Liu J, et al.
Oncolytic Newcastle disease virus carrying the 1L24
gene exerts antitumor effects by inhibiting tumor
growth and vascular sprouting. In. International
Immunopharmacology. 2024;136:112305. doi:10.10
16/j.intimp.2024.112305

31. Zaher KA, Alrahimi JS, Basingab FS, Aldahlawi
AM. Newcastle Disease Virus Virotherapy:
Unveiling Oncolytic Efficacy and Immunomodulation.

J Mil Med 2024, Volume 26, Issue 4

Biomedicines.  2024;12(7):1497.  doi:10.3390/
biomedicines12071497

32.SunY, Tang L, Kan X, Tan L, Song C, Qiu X, et
al. Oncolytic Newecastle disease virus induced
degradation of YAP through E3 ubiquitin ligase
PRKN to exacerbate ferroptosis in tumor cells.
Journal of  Virology. 2024;98(3):0189723.
d0i:10.1128/jvi.01897-23

33. Rossmeisl JH, King JN, Robertson JL, Weger-
Lucarelli J, Elankumaran S. Phase I/l Trial of
Urokinase Plasminogen Activator-Targeted
Oncolytic Newcastle Disease Virus for Canine
Intracranial Tumors. Cancers. 2024;16(3):564.
doi:10.3390/cancers16030564

34. Sharifi N, Bouzari M, Keyvani H, Mehdi
Ranjbar M. The effects of the LaSota strain of
oncolytic Newcastle disease virus vaccine on
cervical intraepithelial neoplasia Patients-Clinical
cohort study. International Immunopharmacology.
2024;126:111296.  doi:10.1016/j.intimp.2023.111
296

35.Liao T, Chen Y, Guo L, Zhu S, Zhan T, Lu X, et
al. The NP protein of Newecastle disease virus
dictates its oncolytic activity by regulating viral
mRNA translation efficiency. PLOS Pathogens.
2024;20(2):€1012027. doi:10.1371/journal.ppat.10
12027

36. Aurelian L. Oncolytic virotherapy: the questions
and the promise. Oncolytic Virotherapy. 2013;2:19-
29. doi:10.2147/0V.S39609

37. Shankaei Z, Firoozabadi M, SarafHasan Z.
Comparison  of low voltage amplitude
electrochemotherapy with 1 Hz and 5 kHz frequency
in volume reduction of mouse mammary tumor in
Balb/c Mice. Koomesh. 2012;13(4):e152540.



