~

ORIGIIAL ARTICLE )

Effect of Cold Atmospheric Plasma on Gene Expression and
Methylation of Genes Involved in Colorectal Cancer

Parisa Zafaril,
Zahra Yazdani?,
Haleh Akhavan-Niaki?,
Alireza Rafiei®

1 PhD Student in Immunology, Molecular and Cell Biology Research Center, Student Research Committee, Mazandaran University
of Medical Sciences, Sari, Iran
2 professor, Department of Genetics, Faculty of Medicine, Babol University of Medical Sciences, Babol, Iran
3 Professor, Department of Immunology, Molecular and Cell Biology Research Center, Mazandaran University of Medical
Sciences, Sari, Iran

(Received May 31, 2021 ; Accepted October 18, 2021)

Abstract

Background and purpose: Colorectal cancer (CRC) is ranked as the second most common
cancer in men and the third most common cancer in women worldwide. Routine treatments have many
side effects and little efficiency. The aim of this study was to investigate the effects of Cold Atmospheric
Plasma (CAP) on epigenetic changes of some genes involved in CRC progression.

Materials and methods: Proliferation rate of cells after 40 s treatment was analyzed using
MTT assay. Gene expressions of Beclin-1, Runx3, and AIM2 were measured using Real time PCR and
methylation alternations of mentioned genes were evaluated with quantitative Methylation-Specific PCR
(Q-MSP).

Results: The viability of CAP-treated C26 cells significantly decreased compared to that of the
L929 cells. The viability of C26 cell line decreased t075%, 52.2%, and 34% following 12, 24, and 48
hours of CAP therapy for 4+ seconds. CAP therapy decreased the AIM2 expression (fold change=0.12)
and increased the Runx3 gene expression (fold change=2.66) in C26 cell line. Also, treatment with CAP
decreased the methylation level of Runx3 gene in CAP-treated cells compared with untreated cells
(33.45% vs 63.24%).

Conclusion: This study confirmed the selective effect of CAP on cancer cells which is an
ultimate goal of cancer therapy approach. Also, CAP treatment was found to affect gene expression and

methylation level of critical players of CRC.

Keywords: cold atmospheric plasma, colorectal cancer, methylation, epigenetics

J Mazandaran Univ Med Sci 2022; 31 (204): 26-39 (Persian).

* Corresponding Author: Alireza Rafiei - Faculty of Medicine, Babol University of Medical Sciences, Babol, Iran
(E-mail: rafieil710@gmail.com)

26



o)l s (S B) 3 gL colS il L as
(PY-1Q) 11e0 Jlw (53 PolE o)ladd @539 (W 0)93

Loy Ugrwilio g glu ljre pajpw (g paunil glaw!ly 4l
JUiS )9S gle pw jijgily ja Jaaa

'8 L
eIy
" SW olssl da
") Lo pole
d3uS>
Lis ol 53 0L 5o Guo&ﬂw},ﬂ,obﬂﬁduougﬂwpdtf,;; Ol w1 B2 9 dilu
ol gaalllas G Codn Syl ol olHLS g anils (ol Sl OIS 598 5y Ol s 3 sd o e
13 OSSO e 38 ken 52 45T el (a0 KBS g Dk 3 e 8 el LoDy Sl (s
b e e 5l 03y 93 8 gl T S 4 MTT i, 5l eslizal L ad s 2S5 0l e sl g 9 Slge
Ol e momes i mlos Real-time PCR 35, ¢SS LAIM2 5 Runx3 Beclin-1 glaoss ol b))l 5 s el
AT s 4 (Q-MSP)Quantitative methylation specific PCR ¢SGiSG U o3 el (glads 5 & sewdize
4 S (6 ,15Las O 54 (Cold atmospheric Plasma) CAP L jLas 51 ey C26 slad sl (sla laadly
Loslu FA 5YF OY b o s TF 5 i3 OY/Y (do,3V0 4 C26 slad s (gli 2oL 2alS 1929 (glad shor
Shes 05,5 4 S RUNX3 05 0Ls 5 (ol 2 /NY) 2alS AIM2 05 0l O jee 3L 2alS” CAP (glasl Fr les
ol et Sl shos 4 i 1 RUNXB 05 0 30Dt Ol 3o CAP L e cpizron 015 0L (ol W/99) ) 531 0
(A3 F¥IYE Llis 53 Ao 3 YYIFD) sls LialS
A6 1y il n Ol o Olays 53 ol a6 S slad e 3 CAP L jles sl 1 andllas o) szbiscionl
O ;s (150 5kams 53 J5 a0 O gedhie 5 05 Ol Ol s s CAP L jlas 457 il 00ls LA i . AST o
sl I IS, 58

¢S5 o) 0 Nze (IS ) IS Ol s 03 (6 phunadl (slawDy 15 3IS (5l 2519

dodo

g BOb o o Fo i iS5 S s 33 3 gty O s (e s (IS5 48 O
ngj}séhdbjajéﬂ@ﬁ@‘cjyjaﬁ@ Q‘ﬂ\)ﬂjb.(\)sﬁ@gngjbi?fw
By glelis O g 5 ol 51 Sher oSN o S Solo 2V 51 65 S s
5ok 35856 55 s oS glulid o) 5065 55 Ol ol Al O (sl Ol a0 o3yl 55
Gl oo g 5 0T (8 s 5 ol oL (DB o Lo y3 ¥4 5 FO 5 5 4 Ol e
E-mail: rafieil710@gmail.com SSsn 5 ok 5w Slidos 5 e O3l S ool o il 1)l — orad ) U pale s gamne oo

1l sl 3le (S oo oails o g gmmiils Sliiond a8 ¢ IS0 g0 5 Ik (553505 DUt 570 (55955 gl (515573 (il )
Ol e il el (S psbe otils (S 0aSCils 55 05,8 el ¥

Ol gl el cOsbi3le (S oo o5l ¢ J i ge 5 Ik (5500 DM S m (55 pml 05,5 sbul X

\’F--/A/Y?:%,;_,a:'c:)l; \\‘n/\‘/w:;»l,-wh;{?dg-)\'@)u \Fn/\"/\-:ub_):'@)l:”@

PV 1€oo (53« Pol€ o)ladd (@S § ¢, 0)9s ohdjle (Al ek oGRSl das



JG5)0305 oloyw )3 Jads islo 0 1 3w (s)aumadl sLowlly )31

93 ol o adaly 45T i A (rD el
U ST la e mal Gl sdiiat Ll o5
Lol O smdhite ol 3l o o ST SIS, )
0555 A5 O pmdize Al 5 g0 5 GoliS O sS
Calises a8l dal yd OB 5 (RT3 58 o0
(Pt S b 5 05 0Ly s Ly 51 g4 5o
) Dl 5 O S ) sy (o8 Dlalllas
Loy sST6 o e 5 N oS Dsedite Jin (S5
Ol 4 g Sl g0 g5 sl 3 s
2 DWWl 2SO K55 g wn) 5> ol )
SLal5 55 5090 Oaemdhieymle 2L LU 28
DNA 0 gdlize LBl S 503 ) g0 55 (oS S
Jos 05 g;_gw@;&\r,m:,mpe s o
La0JsNIL sy g5 SaediS 58 0T (b &S 03 S
Osedin S2alS L O geadhize 1380 Hlrs 5 5
Saer L (YL b oy g Sloul (g4t 10 5o
Sl S350 5 5858 5 oy o Sla o
Jolse bl ol ogn 0055 O o aha 5l Lay po 5
N Lacails s golew cpl 5554 5o 1, Al
oS S e S RUNX (6513 pades 555
b e ST OT Oy 5 ol alte e oS ol 5 5
S5 ) (oS (Sl Se 8 ol olislgiiy
3 L5 = ROS 51 s el Wl O sndze 51 50
S AIM2 (A sb asls zi RUNX3 Ol ials
085S Ol 53 0T Ol & ol g lay 5586 51 Ko
S 5 5SB l 6S ey o i 4 Sl 4Bl alS
SES 550 oler Gk SO e (g9 0 5o 1, 35
Hlge 0T JLis am 5 (DNA-PK) DNA 4z ax il
Dl p ol e gdle (1)U o plosil AL (g 5Ladld
oddim ae O ;o 53 (5B 51 A 550 53 ()b
el ot 4 S s 0T (ol o sl s 2
S Cmibos ¢ g)ls e glie il 81 5 b 51 (656 551
Sl o 53 Sy 5n 5 Slad b (Wi 2l 5 J g 50

oo 3 b 5l gy e sl 3 (SGST JEE (el

e 1S5l 1 6345 o 28 Olays 8L

&G Ulgea Ol b Slss K5 b jla sk o
3 50 68 sl e 534555 G 3 3e Ol
sla Sl s bdgle 1) Sl ep50S Gsns Go e
3,8 Sl g Sl send (ML azils JL ;
3033 A Ll b et £l 51 Oleys 53 3L
s odhe a8 plahen 3l 0y et Sl 1]
Sladsle & o o Sl e Slad g 032 0 5|
e O o2 (N s e ety S3L OIS
Sl L) 4 g okl pslis Oleys ol 4 O
Slesliul S35 4 Ga)das s aslsl 5y 5
¢S Ol o4 (CAP) cold  atmospheric  plasma
ol i) S Ciades a0 3 o Sl Olays
ol o&ns ¢S g st CAP (V-1 )l
esle_wl U 4 (jets or dielectric barrier discharges)
i $laensSe G b 51O L e slaE S
Sl G e e S S T
s U s cnslie @ b L0V )3 50 0
S clemady SLisl Syl 5 Sld ek b oK
05 O S U157 cmlin L adsd sl B 50
Jej gladshe i Jl- e 3 5 Sl o slad sl
23 S e Slatd g 05SL5LOFON,1s |,
Oleys 530N VIVO 50N Vitro &) spas CAP 1 esleca
(900) i (1) dim O o Jals Calides gla0b
e 3TDO I 6S (Y odms (DA Lo 52Dl g5 5 (WV)AS
N Y| H P PO GO PR 31
"5 25 5 (ROS) (*Oz2 02 H202)
o b jet o&aws 3 = Law 5 (RNS) (ONOO™ (NO)
S s ediad 5 Ol glad g 55 5l )
035 Gl b Lol 5o IS (GoiSTp 0
5ROS gl (21551 (M) 5 s o 5ees CAP

1. Reactive oxygen species
2. Reactive nitrogen species

1100 (53 « PoIE o)Laids (@5 g ¢, 5)93

ohjle (Al ek sEibily alas PA



ul)lSas g 5508 buy

A3 5 0l Olse s CAP I g 1 41 5l (sanlllae 55
Ol w69 -0 9 3550 53 33 a0 O sewdlite
el C26 Jslw (o5, 3l oslazal L 05l S

59, 5 dlge

03,5 33 A isle3T )y &S aallan o
3 sl DLl (S pske oKl (50 5 s
OVl (4S5l fardl) gws Gl IS o1 o (gadS”
AS) el sdsplowil 055 5le (S ke oS5
(IRMAZUMS..REC.1398.883 :(5=!

ol i
Jlesi 5035 5 (e 055 O v Jsho (03,
51929 5C26 Jals s 5 4 (i go Sl g b
CiS Lo 5o 5 Al gulo 5 Ol ol ) sl 2]
Sae,3) 5 (FBS) 38 oo p e Ao ys Vo (51>
S e g el 5 by LSS 5T
5 ogmde a3V oLes Lol 5 45 5 ed Besls
613455 (CO2) wnSTIss o S 58 5l s y5 0 Hlis
SHOLabl 5 (BLS 5l 4 lad shos Oy 51 g A
e 31 oslizal Uy ad sho (o9 S (5o T pe
L;)}T@? 5 bl ¢S oS IEDTA- (s 5
Al S aats Sl 42ds Vv Ol 45000 93 55 5 0dd
Seslital U oled (gl edeTouwsa Sl gm)

W25 8 518 eslizals s se g5 oY

MTT plons il obizeol b S sl Conos s
Slres; S5 = CAP oo S ) 5 5 skaies
o= 53035 a3l d gk Vov e slass 1929 5 C26
SlacSals s ea Salr ¥ O goa 25 Sa Y
s o 3 obasls S B4 o S
LSS CO2 L 5L oSSl ys Selw FA 5 YF Y Sk
el 15 s CAP Ll 03, 2 (sl 2 L
4 CAP (05 Loy, 8 5 0leys Osduog S s

spdows s DNA T J2alS (5 sls 5K
O oo 5 e glad sk i 55 Clgdl 05 57
(F)s,ls i
C,J';Lé,:t S a5 650 5, Beclin-l
ol aS iy o b w56 5 W&‘Jgﬁ
Slad s Siwlie 5 b)) 53 cagr B 59
Conilon o b 5l 55 OT (2l 5 2505 05557 S
Lal ()30 Ohlas ol 53 b ST i S5l )l
SOT 0Ly (oS e o Julge 5 OT ik 058G
i e S5 s ol S
(K5 Dk SN sl 0k gLl yoa
e S s p 1o i LI (S5 ) O e
M ) (K85 (ol Gl 7 555 00
OF 3148”557 pal 3 o Sloys slas o9, 6l
bl gl 0355000k g1 S5 ) Ol s
N JEDNA & sdlize Ol e )8 s L Ol 5
Oleys a4 gealy el 31 ezl Slays glaans 5 65,5
A a5 L. YU Calises Jloys sl gy 53 0,
LS o 5 CAP &8 0581 515T s dKosly W
OT JLs 4 5 03 O padhte 5o 55 Jolo pl 1B
NS sl D 45 ey 4 0T O )
A3 oleys pl o35 pedlSs G O o L8O
Ol s okiplonil Slalllae 3 (FOXFYD)3 4 ab &
35S 15T G dKsl ) &8 Canl ool 55 Ol
CPG (155 0o )3 (51085 CAP I Lol
S slad o sl 5 slale 53 8 ) slads
e 5 a0 nl Ol SRalS Ll 503 S sl
Sl slresy 5o Sliwlie alS 5 55m T il
Ay gy A A B LR e S
oS Sles sla o) a e 5L s pel g o O e
(sl sl ol en 4 Hlew (51 1y (oSl Sl Bl
Sl by Garm s 5 mly Sl L;Lams& als
AT 5 b Ol (g 4 Ok 5 shatens 5ot

o=l 3ty o K 69,0 S e sadsle

PQ  1K€oo (53« PolE o)lauds (@5 g ¢, 5)93

ohsjle Al ek oGRSl alas



JG5)0305 oloyw )3 Jads islo 0 1 3w (s)aumadl sLowlly )31

oslazul b o Hlos (DNA Clale 4285 YWVO Sdseas

i o5 “sSDNA” Ol 5 e 5385 2l

CDNA i sRNA [ uzaf
gl Al &S 5 eslinal b b 5as RNA ] 5l
S S5 bl s e LSS S A RNA
Seslit wl LLRNA iS5 a8 i plonll
35 gl des3) ST U5 5 e g g Sl
5 remo BSG CnS 3 eslizal b 55 CDNA i als
p_f,;,n e s plonil EoS7 ol gz olae
Lo ol 3l o3linl U pads Sa Yo o 55 RNA
Ol =8 eslar_ulsy 4s Random  hexamer soligodT
&) a5 Y los 3 sdeTiwsa CDNA .25 S

R ng:a\ij L:auiiL»J'T Saslsl

Real-time PCR 24, « 0ol oL/
NT 155l 5 Sl eslial L 05 Ol sla ol 5
Jsb sl el a5 I b Oligoanalyzer 4 Oigocalc
sddosls DL Y oylai Jsds ;3 PCR &Y 5 omes
ol g Sl oslizal L ls oy Covoliatstl 5 Coms ol
National Center for Biotechnology Information
4 5 oS > (NCBI)
.(http:/Amw.nchi.nlm.nih.gov/tools/primer-blast/)
A Sen ¥ Jald ads Sa V0 - 4 05 Ol LT
Reverse 4 forward sl o, ;10.5mM cDNA
Sybergreen (sl > Ss s 3l s S VIO
pl=il H20 —2J5 S F/0 samplicon =52
oK ws jlesli—wl L PCR i STy.0 i

s Applied Biosystems 7500 Fast Real-Time PCR
Jols K Fr 04 10 S 4, 40°C) sles Loyl 2
YY°C) casl ¥ e 4 #0°C (a5l 30 e 4 40°C
e 0°C O 5ot 93 Ll el 5 BT Dd g
Sds 4 A0°C 5 4l VO D 4 #0°C 5 sl b s

Y gLl 5 S VF/0 5L L (b )4t Fr ke
S5 el e oy (U sasles (e gl
ot e 13 Sl by a8 8 8
Ola Ods (6w 5 d shw Hlas 31 s (FVF9)5 5
Yoiabg e Sl slaesl 51 eSS a5 0 al SO
3-(4,5-Dimethylthiazol- JMTT Jslows 51 235 Ko
L [ 2-yl)-2,5-Diphenyltetrazolium  Bromide
6Lol beSaly o1y S Laswe 4 5mg/ml cLils
Gzl 3l g S 0SSl Cele F Sde w5 ol
DMSO 2y e 10+ eSale 2 4 (EiS Lo
e MTT &K, 51 30 Ol3ley b (slaysh b asablsl
5 FsL OV maadsb 53 ()55 Dl e 050
Y1 o Sl eslizal b e gl #Y i 3 7 e b
Ao y3 gty s S ol b (PALs 313
Sbes Jshw )5 o o) 1 Jool Sl sl
ole Tzt e 0 s J A8 (5o il p odd
Sy 30t CAP Cam Ao ys i duloes (Voo s
s 1S Jslw li s 1Y sie Ot
1929 5 C26 sladsbu -~ CAP il bl ks
| T N WP O PR FA WP S W

A g lie ot Hlos S ol Hles

Codlpr o slai sDNA /el
Sleslaul L Salting out 55, 4 DNA C\;;:.wl
oS s el el ol iy Sl o)l e
J5 5lealiial b s 5 ag odd| 52wl DNA oS
Slie s Ll e gy iS5 dwys ) 58T
O+ +=#++ nQ) axlllassy g0 05 8 a3 DNA LSS
g EpiTect i g o S Jaadl) s ol
IS g0 5 o Sl eslinl b ol gy o yles
ez sla byl .28 8 )5 eslizuls y 5 Eppndorf
Gl LY 40°C (ol J','.) QJ_,.,&‘\J )Lo._; g}'.'.‘ Cbu\ 6‘}.
@2 d de 4, 0°C ads Yo Do 4 70°C ards O

74°C 942850 s 45 40°C adds Ad Sl 4, 7°C

11€00 (53 « PolC o)lauds (@S § (W 5)9s

ohsjls (S eolc oGSl dlas Wo



ul)lSas g 5508 buy

dw yd @L:J Sawslio gl R sl Jghos 93
(ANOVa) ab eSS b ylg 56T 3 ga3T 1 Calies 3la
L Lals e Colgs 5o s eslizul OT (gamslis gl

05 0l 4 Cd 9 (M) s acwloes Livak dze 3 oslaza

LMRNA . 0L .4s g 5ledb s house keeping

A& o 5 Graphpadprism 8 51 sl 5 1 eslizal T s & (2728CY) Jga 3 51 eslizal

sl - N
- «(Q-MSP) Quantitative methylation specific PCR

5C26 e slod sl o CAP Connw J1 b/
L929 s i slo) sl

s 2SS s 05057 S eCaliinn Gl blie s
o313 QLS Y oyleds Hlogad 53 &S sbOlen i el

b ¢l Sybergreen S sl ealial U
Runx3 g Beclin-1 lap) alis o 9 ake (gl sl
A o1,k MethPrimer o, 5T i jle 5 5l eslizul L
http:/Amww.urogene.org/egibin/ ) (Y o lai J gd>)
Real-time PCR _,::Sl5 .(methprimer/methprimer.cgi

.‘;M‘OM o&_w:j‘abu;'_w\l_:‘}_lzjjjgf \O df.l—é';r—?""J"
s Applied Biosystems 7500 Fast Real-Time PCR
100+ _
. C2% alze reverse s forward (gla sl 51 Y0 pmol |l
80 I — = L8929 )
g " B a.x_.iJJL‘..:SDNA)‘|a~—\~~ngJ\.\_U34_1::.«J_:.'93
2 " 3 51 ool Ly Lad§ 0 peBlites Ol 5n ok plo
* 404
# Ct CtTG 0T 43 S Vo o /[V+VCTGCCOX]y 00,
20+
5 Jol> Ct CCG 5 akos sloa ool 51 Jool>
o= T T _
12h 24n 48h ol Cawsds ((FVFo)s 5 ale sl sl

Time
oleT LT

Sl odaT sy S 025 Jle i 51 Ol 51 g

035 3C26 b sk (5035 2 CAP Cova 36 21 o5loid 390
SCAP L g glib Fr L 51wy 1929 2udug b Loy
OY,Y VO o Uiy deoys cad shr (6 el FA 5 YF Y 0 5oy S 3 A 5 Jd (Gt lie (sl Paired-t test o537

W8l Rl 4 o2 YT =S Samlio (sl TteSt O 5e5T 5 Lad skt treatment

050l gbil ys eslazalsyge sla asl I oY osled Joua

PCR product size Reverse primer Forward primer o5
V90 GGATCAGCCTAGATACAATAGC GAGGACTTGATTCAGGAGAC AIM2
(0 ATAACGGCAACTCCTTAGAT CAATAAGATGGGTCTGAAGTTT Beclinl
¥ TTGGTCTGGTCTTCTATCTTCT AGTTTCACGCTCACAATCAC Runx3
WF TTACTGGCAACATCAACAGG GGGATTTGAATCACGTTTGTG HPRT

05 O sede Ol 2l 51 (61 0alitnls y go (sla pasl 3 ¥ ooled Joua

PCR product size

Y F: GAGAAAATTGTTTTGGGTGTTATT
R: AATTTCCAACCTCCTAACTACAAC

Demethylated primer Methylated primer 35
F: AGAAAATCGTTTTGGGTGTTATC Runx3

R: AATTTCCAACCTCCTAACTACGAC

\0A F: GTGGGATGATATTAAGAGGATTTGT F: GAGTGGGATGATATTAAGAGGATTC Beclin-1
R: AACTCCTAAAATAAAAAACATCAAA R: AACTCCTAAAATAAAAAACGTCGAA

w) 1100 (53 ¢ PolC a)Laids (@33 § ¢, 5)93 ohsjle Al ek oGRSl alas



JG5)0305 oloyw )3 Jads islo 0 1 3w (s)aumadl sLowlly )31

AlM2

1.5+
E B Treated
-E . B3 Unireated
r ] 1.0
s
&
-
s 0.5
e
=
=
=]
T go- : 8

L9929 c26

51 ey L9295 C26 (slad slw 55 AIM2 03 0Ly ¥ o5lad s gas
5 C26 sadshu 531, AIM2 5L CAP U ,Las CAP L jlus

;L_w)‘u;,._.a 6Lhd}L~ BE) u’_b v\.&hbw U';’MS J—J)b\Y Q‘J,:a

23 g 05 0y 3 CAP L axl g0 5l s (6 5l3lae &5l LO29 Jbe 5

Beclin-1

= 1.59
4 Bl Troated
E = Unireated
‘s 104
]
(]
&
H

0.5+
-
]
]
]
- 0.0

La29 C2e

s 1929 5C26 (slad gl ;5 Beclin-1 o5 Ol o o leds sloges
C26 slad s 53 1, Beclin-1 ol CAP L ,Les CAP L ,Ls I
L aslin 53 0T oed Ol Ll dts ad a5 lskims Oy guots

3403 g guns u.ialf odd Hlas 1929 slad sl

Runx3

E I m Treated
L] s ah = Unbreatod
g I
-
-
L]
g i z
Nl '
E o= T T

L9289 C26

3 ey L929 5C26 (glad she 53 RUNX3 05 Oy oF o5lods slaged
4 C26 W slw 3 1, RUNX3 5Ly CAP L ;L5 CAP L ,Lus
s G O Ol Cpizmon s o ol 580 0l 5 2.66 Ol e

305 0y ATl YA Olin & Jla s Sl b slad e

€26 sad s 15 CAP S e bl oyl
S CAP 25 51 celw VY 51 s Ao ys VO
s CoLw FA 5 YF 51 ey Ao s VP 5 sy OY/Y
23 a5 45T (Jle 5o 8L a8 LS g
Shes sloosl 51 S 551929 lad v sl
Ol 905 Ol (s S aslsl j5lis ol
B3 S Sl ey el YF Ole 0 Do
(wsas S

Beclin-1 Runx3 (sl ) olo Ol CAP T L)/
AIM2

s Cad 03,00L (05 Oy Ol jas ¢ gy 1 00 52
house keeping 05 Ol o4 HPRT 5 0l Ol -
S sxe Shals 5 ST L;)LAT@&; Al gsledle g
355 CAP 2l 51 ey C26 (go5, 53 AIM2 Ol
Cgl et (P =+/+ ¥ Fold change =+/\Y)
L929 (slad gl b anslie 53 05 () Ol o 0155
AIM2 1 6 ;YU 0Ly L929 (glad sl 5 A stalice
Fold change =#/64) 4xils C26 sbad sl 4 Cd
LY oyles 15 503) (P =2/ \F

slbd s ys Beclin-1 03 ols AIM2 M
SIS 0L )l 2ae o slis CAP 5l 51 s C26
C26 slad shw 55 0T 0Ly a5 > 55 (P =+/444)
«Fold change =+/v#) L929 slad g w4 i
53 0T Ol als Ol (6513 sxe 0Ly L2alS (P =2/ YA
L1929 (slad s 4 Cmd 0l 5les C26 slad shn
oleT L 51 Ll 550 amdl 2alS 505 edid Hlas
A oyled HIss0s) (P =2/0Y) 545 Hls s

Ol T sl sy RUNX3 O Ol 559 53
CAP U5 5l s C26 (clad gl 53 0T 0L a7 515
L awslis 45 g (P =+/+++¢ Fold change =Y/#%)
(P =+/+++0 Fold change =Y/#A L929) slaJ s

(? GJLQ-«: J‘J}o.;) .J)\b QL:: &‘f‘

11€00 (53 « PolC o)lauds (@S § (W 5)9s

ohjle (Al ok il das wp



ul)lSas g 5508 buy

Iy RUNX3 05 O sewdze Ol 50 CAP L jles CAP L L5 1 g
Jlai 1929 sl g 5 odii 5las C26 (slad sbw b anslan s

Ans o el s

o030 5SS (CAP) s o (6 | Slawdl

Il slaas 8 sl IS 1 e S ST
Gl 5 bline s S sla g,y o 2 D)3
Al DSl 53 55 50 oo D gmime SR 3
(PNl 0l et IN VIVO 5N Vitro 55 0T (5550 5
) Ol i 15 e CAP 4 Coul ol i it
eSS ) PSS sloul Lads 5o alies oS35
S il 05 3 i Ly S Sl dles )
AalS 1y ab g e 05 0l DNA I 55 ks Os
S o el O geDhite |31 A e il 31
Lol 0us Jlsd 50 OT 2alS 5 Lals Ol
3 ok 53 O gDlite (6 SN i (PP 45 o
Rl s LS e 5 das e 25 a0
a5 L (R0 b e (iS5l 0] Sl (6l
3Ol o gl F5e Oleys glulid & 5l )5 b0
LS el O poa a8 Sleys s pde
ol el 31 Ooda 0,13 1 S w lad sl
@05 (S5 o) Sk 5 0k 2 CAP I oL
A5l 650L A 0P Ol 58l s aS Sl
35 gl SUCAP 48 us jasetie andlas ol s
Sadshe 4 Cod G lad e sl 5 A5 Sl
Loagrlsn b Fr 5l Gy a5 o5k g o)l5 by
FA 51 oy Ao paYY 4 Lo 55V0 i ad b (slis CCAP
Gbdsbe gl &8 J 55 de) Hles Ol 5l sl
Goiasolis 4S5, Sy Gl i Jla
Glad g L aslse 53 CAP (YL (¢ s lsas!
Oljde [l 3L &S Conl 4 g Il .l S

L& Ol CAP L 5lass 1 g o sl 0 5ol 5SS

1. Cold Atmospheric Plasma

sl dpmedlae wCAP LU 10l e o)
Beclin-1 ,Runx3

Ol 2l 6l Sl s (2 b 0ks L DNA
3y ke 8 5 adie Gl el ol O grelite
CAP 25 o8 sls 0L b o551 .23 5 )13 eslizal
C26 ladsw yaBeclin-1 o5 O sewdits Ol s
Lol 5,15 w guen 1 odis Hlad slad s 4y S
5bes 1929 (slad s 4y Cored OT 0 smdhize O 0
Loy OV/FY lie 55 Ao ys #0/2) ol YL o
0 oylad Sl s P=2/v0Y) chm s

Qx_w)&::ﬁo\j_:ﬁd:\:ol_.idé)l_ﬁ@l_:}
CAP 2l 31 ey C26 slad v ;5 RUNX3 O
Jolie 5 YY/FO Cbl talS (g ls e Oy sy
slin 55 alS ol cimeen (P <0 /000 ) SY/YE
S3TFIYE) Ws edalie 50 od 5l L929 clad gl L
(7 oslads Hlogas) (P <o/ o) VF/Or Lilia

Beclin-1
Bl=
W Traabed

#, -
T 60 B Untraatsd
=
2
5 404
- 40
L.
£
T 20+
=

LiE T T

Laze C26

3 C26 CSLAJ}L»' BE Beclinl Qj Qrﬂ)&;‘.& U‘j:‘ M G)M }'55&5
odi H)Lai 1929 slad sl L aslis 15 C26 sladslw jsi,

e e Aol 8l
Runx3 gena
B0 =
—— . e Troalod
® = Untreatad
'g 60
E 40
%‘ 20
F
n_

T T
La29 cie

1929 5C26 (slad sl 53 RUNKBY &) gDt Ol oo 3 05k 9

W 110 (53 ¢ PolE a)laild (@33 § (W 3)9d

ohsjle Al ek oGRSl alas



JG5)0305 oloyw )3 Jads islo 0 1 3w (s)aumadl sLowlly )31

aS Ul eie andlbs cpl 55 (PGl LS ey ey
S 5 Jlo g sl she 53 goline s 0L AIM2
OT Ol (s g 5 sbas CAP 205 51ty Lel 0315
Jbas slad w55 alS (nlaS b o falS
Ols st SICAP &S das o0 0L 9 550 4= 55 |
L laailles 0 S5 15,15 C26 slad sl 55 AIM2
sl 0 iiplonl AIM2 0Ly CAP 1 oL 50 Couts
Olays b odia) s L ROS &5 wwy oo b 4 L
52 50pIL S AIM2 0Ly o sSae SICAP
Sl ollds e ion O, Ken s DaN Liu ganllas >
CART (s 5m5 5T I SIAIM2 03 8 lge &S
4S dwy oo B ol PNAS 0 o s | cell
S o i) e g Sl s 18 55 Lis AIM2
S35 53 G5 0 olie 51 S Beclin-1
.wt;g;,y(,,j,fu}:\sﬁfdg & p S
Sdsw jsaS Coulosls ol alises Slallls
30l il CpG 155 )5 05 ol Ssesn S
05 o Ol oalS™ aS AL oo 2als” 0T Ol
L Gl glad sl 25 5 5651 b L5 s
A edia jo ol gandles H3  PFEMAS Hlee
sadslw 31, Beclin-1 oLy Ll g o CAP L Hlos o
Juy sladshe )5 2als ol aS aas Jials Sb
CAP 51 oLl 8l iomasd 4als) 53 i 0y
Ol 2alS 4™ ds jaseie 05 ol O pmdhite O
AP buhyes G slad sl s Beclin-1
S5 8 e 015 o cpl Al il 05 ! 05D
05 0 5edhita O30 53 ok Gk 51 Ll 55 s CAP &S
Ll 5 o055 opl &S s 2alS 1, 0T ol Beclin-1
el s i an s pd (A e Sloys g4 8
S35 oS lge &S Ul yrean RUNX3 05 0Ly
=l s aS ol Ol Oladss (PP AS oL
codore dhox 3l Ol pkizr (5505 (SA4 30 53 O
OT Ol 5o alie Lola e gy Dbty » (IS oIS

05 2 Ol o el 5Nl VFOLL 0 2l

CAP (6505 A Dl 1l o SialS i LOT
Gtr Al 658 b slagls e Lawlis
o3 e SLe ST ol s (63 (s
BERLSI N N P W e SR L P (TN I U
~CAP gy a s L Sl 55 G JS Slalllas
OVIVI) ol 0 5 )1 (5 30 55 Caiben (laos,
3o XY Jla s 4 § &) go ganlllas o
MCF-7 Oy O s ABAY a5 Ol v (slaesy Lo
sl 2L S a7 As esein CAP LB16 L gD 4
W sk gl 436 F+ L ¥+ 5ICAP L axl 4o Olejoike
Jle i Gadshe 1 o Jl gt S il o0 20
5 sl 53 oler T ol (M3 b sod oalie LO29
Il s 0L 5 e ganllls asle s Slallas
= (FF) YN0 w3 01,LSa s Park s (0Y) Y4\ $
Ol,LSen 5 Kim gaalles (MCF-7 S 035 695
33 01L,LSes s Huang gaalllas 5 0r) Y218 Jlw 55
s L e AB49 (o3, 1 (0F) Y+ 1) JLw
AU Slalin ol aiz op jogs 29 ol senlllas
sbdsbe & Cowi J i glad b 5 CAP 52Ul
M;)}Jdv\;{q\)o'r&j@‘\f@ld}&ﬁ
e S5 4 Sl glad sl &7 ol tal s
Jle s sladsbo 4 S (65 5 ROS mhaws 53
@ulwl 4 ;5355 CAPL agarlgo 53 opl b 5 disls
31OFDONO)L o5 s S5 9T s 5 ooy ROS e
052! S T GLadUlS slaws 03 VL s (3 b
o S bad sl (ol ¢ G S s LS o
S DR 5 A 5 005545 Jbe i slad s
Dsbieds dalsl )3 (OABVO0)s 5 o Wad sk 5,19 ROS
#5403 s slbads 0l m CAP ) ()
OT 51 b (S5 o) Olais slul 5 048 O
Lol w3 AIM2 05,055 &g olaom)
0313 QL5 LOVLS o L) Jsline (gla i Calies
SalS 0 S Ol 53 AIM2 Ol 48 sl ks

sile s Job Slale SRl aalS g ol al

11€00 (53 « PolC o)ladd (@S § ¢, 5)9s

ohdjle (Al eoke slEibily alas Wwic



ul)lSas g 5508 buy

sblee adlas iman (19)5 55 o0 ()50 5 Slad ke
O ghite s E oL CAP &S 5 S jasei 0 Sen
o=l olge aamns s MIR-198 5 5a 5, CPG (155 5o
adox 3l 0T O (sLa0; 0Ly sl 531 s 0ncomiR
slad s ;3 25 5L talS s PTEN 5 ABCAL
(D)3 55 o S
CAP 0loys ol j1 sl gandlas SIS, jba
A5 e slad s & S ) Gl sadshe
R CAP (Ll oslSs ) & 0TS S o
el 0l jaia oS ) gbay Sl w lad sl
5SS A iy el a anlllas ol glaasl ol
F 8l r S sadshe » CAP 1 (slapuslS
sl G b S1OT 5356 55 Jos 603 0L Ol

sl (S5l Ol s

SISl

Coglee Sl ST Als e p3Y s 08w,

iy Ol jle (S phe ol (655 5 Slido

AS) dnles S m b ol Jle sl [
(IR.MAZUMS..REC.1398.883 : 3|

References

1. WHO, Int Agency Res Cancer. Colorectal
Cancer Awareness Month 2021. Available at:
https://www.iarc.who.int/featured-news/
ccam2021/.

2. basi M, Asgari S, Pirdehghan A, Sedighi
Pashaki AA, Esna-Ashari F. Survival Rate of
Colorectal Cancer and Its Effective Factors
in Iran. Acta Medica Iranica 2021; 59(5):
290-297.

3. Yazdani Z, Mehrabanjoubani P, Biparva P, Rafiei
A. Cytotoxicity Effect of Cold Atmospheric
Plasma on Melanoma (B16-F10), Breast
(MCF-7) and Lung (A549) Cancer Cell Lines

JLe s sbw 4 Cad LS CAP L Oleys 51 ey
e glad sl 0 s 48U 5,57 I Ol Sl
o) a8 sy g5 b il 531 55 C26 (gedis
OT O gdlite Ol e 2 CAP JIL pos 0L 13
05 0 swze S2alS” 3o b SICAP L 0lays .3 sy
O geMiza il 5305l 2l 5801, 0T ol Runx3
o 0313 0L O 158 O 5> RUNXS 05 5 5505
5 Tt Sole Ol Ul 5 oo (2 &5
pen .(vw~>zj_:§f D8 esliiulsy 9o 58 emiS
Calidee fol e 5o RUNX3 Ol 457 Sl okds 0305 LS
ol o 2alS ol S Gl al tals 048 S Ol
Nl olow b ST o b
aria O, LSea 5 Bo Ram Kim galbs s
4 S Sy S 3 RUNXS &S sl ol
S350 5315 0Ly EalS ol en Jle 5 sla L
o555 Sad sl jlmbe 2ol el 0T 0Ly
eSS ) ek CAP 5T om0 55 0
ol o p adlllan iz 55 80 O s Miie dla- ]
Lo asine O1)Sea 5 Park adlas s ales I .ol
SLad) Fsen 53 Qo Ol oid ZeL CAP &
2 0T 0Ly 2als Lslate 5 Slinie 5 i 4 Ly e

Compared with Normal Cells. J Mazandaran
Univ Med Sci 2020; 30(187): 38-48 (Persian).

4. Volotskova O, Hawley TS, Stepp MA, Keidar
M. Targeting the cancer cell cycle by cold
atmospheric plasma. Sci Rep 2012; 2(1): 1-10.

5. Daeschlein G, Scholz S, Lutze S, Arnold A,
Podewils S, Kiefer T, et al. Comparison
between cold plasma, electrochemotherapy
and combined therapy in a melanoma mouse
model. Exp Dermatol 2013; 22(9): 582-586.

6. Fogarty GB, Hong A. Radiation therapy for
advanced and metastatic melanoma. J Surg
Oncol 2014; 109(4): 370-375.

WO 11€e0 (53 « PolE p)laild (@33 § (W 3)9d

ohsjle Al ek oGRSl alas



JG5)0305 oloyw )3 Jads islo 0 1 3w (s)aumadl sLowlly )31

10.

11.

12.

13.

14.

15.

16.

. Yan D, Sherman JH, Keidar M. The application

of the cold atmospheric plasma-activated
solutions in cancer treatment. Anticancer
Agents Med Chem 2018; 18(6): 769-775.

. Dubuc A, Monsarrat P, Virard F, Merbahi N,

Sarrette J-P, Laurencin-Dalicieux S, et al.
Use of cold-atmospheric plasma in oncology:
A concise systematic review. Ther Adv Med
Oncol 2018; 10: 1758835918786475.

. Yan D, Malyavko A, Wang Q, Lin L, Sherman

JH, Keidar M. Cold Atmospheric Plasma
Cancer Treatment, a Critical Review. Applied
Sciences 2021; 11(16): 7757.

Graves DB. Reactive species from cold
atmospheric plasma: implications for cancer
therapy. Plasma Process Polymer 2014; 11(12):
1120-1127.

Yan D, Sherman JH, Keidar M. Cold
atmospheric plasma, a novel promising anti-
cancer treatment modality. Oncotarget 2017;
8(9): 15977.

Wang M, Holmes B, Cheng X, Zhu W, Keidar
M, Zhang LG. Cold atmospheric plasma for
selectively ablating metastatic breast cancer
cells. PloS one 2013; 8(9): e73741.
Volotskova O, Hawley TS, Stepp MA, Keidar
M. Targeting the cancer cell cycle by cold
atmospheric plasma. Sci Rep 2012; 2(636).
Keidar M. Plasma for cancer treatment. Plasma
Sources Sci Technol 2015; 24(3): 033001.
Keidar M, Walk R, Shashurin A, Srinivasan
P, Sandler A, Dasgupta S, et al. Cold plasma
selectivity and the possibility of a paradigm
shift in cancer therapy. Br J Cancer 2011;
105(9): 1295-1301.

Li W, Yu H, Ding D, Chen Z, Wang Y,
Wang S, et al. Cold atmospheric plasma and
iron oxide-based magnetic nanoparticles for
synergetic lung cancer therapy. Free Radic
Biol Med 2019; 130: 71-81.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Zhang X, Li M, Zhou R, Feng K, Yang S.
Ablation of liver cancer cells in vitro by a
plasma needle. Appl Phys Lett 2008; 93(2):
021502.

Walk RM, Snyder JA, Srinivasan P, Kirsch J,
Diaz SO, Blanco FC, et al. Cold atmospheric
plasma for the ablative treatment of
neuroblastoma. J Pediatr Surg 2013; 48(1):
67-73.

Tavares-da-Silva E, Pereira E, Pires AS,
Neves AR, Braz-Guilherme C, Marques IA,
et al. Cold atmospheric plasma, a novel
approach against bladder cancer, with higher
sensitivity for the high-grade cell line.
Biology (Basel) 2021; 10(1): 41.

Chen Z, Lin L, Cheng X, Gjika E, Keidar M.
Treatment of gastric cancer cells with
nonthermal atmospheric plasma generated in
water. Biointerphases 2016; 11(3): 031010.
Schneider C, Arndt S, Zimmermann JL, Li Y,
Karrer S, Bosserhoff AK. Cold atmospheric
plasma treatment inhibits growth in colorectal
cancer cells. Biol Chem 2019; 400(1): 111-
122.

Ratovitski EA, Cheng X, Yan D, Sherman
JH, Canady J, Trink B, et al. Anti-cancer
therapies of 21st century: novel approach to
treat human cancers using cold atmospheric
plasma. Plasma Process Polym 2014; 11(12):
1128-1137.

Prasad S, Gupta SC, Tyagi AK. Reactive
oxygen species (ROS) and cancer: Role of
antioxidative nutraceuticals. Cancer Lett 2017;
387: 95-105.

Franco R, Schoneveld O, Georgakilas AG,
DNA
methylation and carcinogenesis. Cancer Lett
2008; 266(1): 6-11.

Wu Q, Ni X. ROS-mediated DNA methylation

pattern alterations in carcinogenesis. Curr

Panayiotidis MI. Oxidative stress,

11€00 (53 « PolC o)ladd (@S § ¢, 5)9s

ohdjle (Al ok slEibily dlas Wy



ul)lSas g 5508 buy

26.

217.

28.

29.

30.

3L

32.

33.

drug Targets 2015; 16(1): 13-19.

Jones PA, Baylin SB. The epigenomics of
cancer. Cell 2007; 128(4): 683-692.

Shree A,

ameliorates reactive oxygen species generation,

Islam J, Sultana S. Quercetin

inflammation, mucus depletion, goblet

disintegration, and tumor multiplicity in
colon cancer: Probable role of adenomatous
polyposis coli, p-catenin. Phytother Res
2021; 35(4): 2171-2184.

Kang KA, Zhang R, Kim GY, Bae SC, Hyun
JW. Epigenetic changes induced by oxidative
stress in colorectal cancer cells: methylation
of tumor suppressor RUNX3. Tumor Biol
2012; 33(2): 403-412.

Wilson JE, Petrucelli AS, Chen L, Koblansky
AA, Truax AD, Oyama Y, et al
Inflammasome-independent role of AIM2 in
suppressing colon tumorigenesis via DNA-
PK and Akt. Nature Med 2015; 21(8): 906-913.
Burada F, Nicoli ER, Ciurea ME, Uscatu DC,
loana M, Gheonea DI. Autophagy in colorectal
cancer: An important switch from physiology
to pathology. World J Gastrointest Oncol
2015; 7(11): 271-284.

Koukourakis M, Giatromanolaki A, Sivridis
E, Pitiakoudis M, Gatter K, Harris A. Beclin 1
over-and underexpression in colorectal cancer:
distinct patterns relate to prognosis and
tumour hypoxia. Br J Cancer 2010; 103(8):
1209-1214.

Saleem M, Abbas K, Manan M, ljaz H,
Ahmed B, Ali M, Hanif M, et al. Epigenetic
therapy for cancer. Pak J Pharm Sci 2015;
28(3): 1023-1032.

Heerboth S, Lapinska K, Snyder N, Leary M,
Rollinson S, Sarkar S. Use of epigenetic drugs
in disease: an overview. Genet Epigenet
2014; 6: 9-19.

34.

35.

36.

37.

38.

39.

40.

41.

Park S-B, Kim B, Bae H, Lee H, Lee S, Choi
EH, et al. Differential epigenetic effects of
atmospheric cold plasma on MCF-7 and
MDA-MB-231 breast cancer cells. PloS one
2015; 10(6): €0129931.

Lee S, Lee H, Bae H, Choi EH, Kim SJ.
Epigenetic silencing of miR-19a-3p by
cold atmospheric plasma contributes to
proliferation inhibition of the MCF-7 breast
cancer cell. Sci Rep 2016; 6(1): 1-10.
Alimohammadi M, Golpur M, Sohbatzadeh
F, Hadavi S, Bekeschus S, Niaki HA, et al.
Cold Atmospheric Plasma Is a Potent Tool to
Improve Chemotherapy in Melanoma In
Vitro and In Vivo. Biomolecules 2020; 10(7):
1011.

Rafiei A, Sohbatzadeh F, Hadavi S, Bekeschus
S, Alimohammadi M, Valadan R. Inhibition
of murine melanoma tumor growth in vitro
and in vivo using an argon-based plasma jet.
Clin Plasma Med 2020; 19-20(11): 100102.
Kardan M, Yazdani
Ebrahimzadeh MA, Rafiei A. Cytotoxic effect

of methanolic extracts of Fritillaria imperialis

Z, Morsaljahan Z,

bulbs and Eryngium caucasicum leaves on
hepatoma and colon cancer cells. Asian
Pacific J Trop Biomed 2019; 9(8): 353-538.
Schmittgen TD, Livak KJ. Analyzing real-
time PCR data by the comparative C(T)
method. Nat Protoc 2008; 3(6): 1101-1108.
Cottrell S, Jung K, Kristiansen G, Eltze E,
Semjonow A, Ittmann M, et al. Discovery
and validation of 3 novel DNA methylation
markers of prostate cancer prognosis. J Urol
2007; 177(5): 1753-1758.

dav M, Louvet C, Davini D, Gardner JM,
Martinez-Llordella M, Bailey-Bucktrout S, et
al. Neuropilin-1 distinguishes natural and

inducible regulatory T cells among regulatory

wyv

1100 (53 ¢ PolC a)Laids (@33 § ¢, 5)93

ohsjle Al ek oGRSl alas



JG5)0305 oloyw )3 Jads islo 0 1 3w (s)aumadl sLowlly )31

42,

43.

44,

45,

46.

47.

48.

49,

50.

T cell subsets in vivo. J Exp Med 2012;
209(10): 1713-1722.

Yan D, Xu W, Yao X, Lin L, Sherman JH,
Keidar M. The Cell Activation Phenomena in
the Cold Atmospheric
Treatment. Sci Rep 2018; 8(1): 15418.

Park J, Suh D, Tang T, Lee HJ, Roe J-S, Kim

GC, et al. Non-thermal atmospheric pressure

Plasma Cancer

plasma induces epigenetic modifications that
activate the expression of various cytokines
and growth factors in human mesoderm-
derived stem cells. Free Radic Biol Med
2020; 148: 108-122.

Morgan A, Davies TJ, Mc Auley MT. The
role of DNA methylation in ageing and
cancer. Proc Nutr Soc 2018; 77(4): 412-422.
Ghavifekr Fakhr M, Farshdousti Hagh M,
Shanehbandi D, DNA

methylation pattern as important epigenetic

Baradaran B.

criterion in cancer. Genet Res Int 2013; 2013.
Akhavan-Niaki H, Samadani AA. DNA
methylation and cancer development: molecular
mechanism. Cell Biochem Biophys 2013;
67(2): 501-513.

Dehan P, Kustermans G, Guenin S, Horion J,
Boniver J, Delvenne P. DNA methylation
and cancer diagnosis: new methods and
applications. Expert Rev Mol Diagn 2009;
9(7): 651-657.

Barekzi N, Laroussi M. Dose-dependent
killing of leukemia cells by low-temperature
plasma. J Phys D: Appl Phys 2012; 45(42):
422002.

Yan X, Xiong Z, Zou F, Zhao S, Lu X, Yang
G, et al. Plasma-induced death of HepG2
cancer cells: intracellular effects of reactive
species. Plasma Process Polym 2012; 9(1):
59-66.

Stoffels E, Kieft I, Sladek R, Van den Bedem

L, Van der Laan E, Steinbuch M. Plasma

51.

52.

53.

54.

55.

56.

57.

58.

needle for in vivo medical treatment: recent
developments Plasma
Sources Sci Technol 2006; 15(4): S169.

Alimohammadi M, Golpour M, Sohbatzadeh
F, Hadavi S, Bekeschus S, Niaki HA, et al.

Cold atmospheric plasma is a potent tool to

and perspectives.

improve chemotherapy in melanoma in vitro
and in vivo. Biomolecules 2020; 10(7): 1011.
Jalili A, Irani S, Mirfakhraie R. Combination
of cold atmospheric plasma and iron
nanoparticles in breast cancer: Gene expression
and apoptosis study. Onco Targets Ther
2016; 9: 5911-5917.

Kim SJ, Chung T. Cold atmospheric plasma
jet-generated RONS and their selective
effects on normal and carcinoma cells. Sci
Rep 2016; 6(1): 20332.

Huang J, Li H, Chen W, Lv G-H, Wang X-Q,
Zhang G-P, et al. Dielectric barrier discharge
plasma in Ar/O2 promoting apoptosis
behavior in A549 cancer cells. Appl Phys
Lett 2011; 99(25): 253701.

Yan D, Talbot A, Nourmohammadi N,
Sherman JH, Cheng X, Keidar M. Toward
understanding the selective anticancer
capacity of cold atmospheric plasma—A
model based on aquaporins
Biointerphases 2015; 10(4): 040801.

Wang J, Yi J. Cancer cell killing via ROS: to

(Review).

increase or decrease, that is the question.
Cancer Biol Ther 2008; 7(12): 1875-1884.
Almasalmeh A, Krenc D, Wu B, Beitz E.
Structural determinants of the hydrogen
peroxide permeability of aquaporins. FEBS J
2014; 281(3): 647-656.

Miller EW, Dickinson BC, Chang CJ.
Aquaporin-3 mediates hydrogen peroxide
uptake to regulate downstream intracellular
signaling. Proc Natl Acad Sci 2010; 107(36):

15681-1586.

1100 (53 « PolE oylauds (@S g ¢, 0)9s

ohsjls (A eolc oGSl dlas WA



ul)lSas g 5508 buy

59.

60.

61.

62.

63.

64.

65.

66.

Karki R, Man SM, Kanneganti T-D.
Inflammasomes and cancer. Cancer Immunol
Res 2017; 5(2): 94-99.

Xu M, Wang J, Li H, Zhang Z, Cheng Z. AIM2
inhibits colorectal cancer cell proliferation
and migration through suppression of Glil.
Aging (Albany NY) 2020; 13(1): 1017-1031.
Liu D, Xu X, Dai Y, Zhao X, Bao S, Ma W,
Blockade of AlIM2

or al-AR ameliorates IL-1B release and

et al inflammasome

macrophage-mediated  immunosuppression
induced by CAR-T treatment. J Immunother
Cancer 2021; 9(1): e001466.

Li Z, Chen B, Wu Y, Jin F, Xia Y, Liu X.
Genetic and epigenetic silencing of the beclin
1 gene in sporadic breast tumors. BMC
cancer 2010; 10(1): 1-12.

Liu L, Zhao WM, Yang XH, Sun ZQ, Jin
HZ, Lei C, et al. Effect of inhibiting Beclin-1
expression on autophagy, proliferation and
apoptosis in colorectal cancer. Oncol Lett
2017; 14(4): 4319-4324.

Zheng H-c, Zhao S, Xue H, Zhao E-h, Jiang
H-m, Hao C-l. The Roles of Beclin 1
Expression in Gastric Cancer: A Marker for
Carcinogenesis, Aggressive Behaviors and
Favorable Prognosis, and a Target of Gene
Therapy. Front Oncol 2020; 10(2897).

Chen LF. Tumor suppressor function of
RUNXS3 in breast cancer. J Cell Biochem
2012; 113(5): 1470-1477.

Chen F, Wang M, Bai J, Liu Q, Xi Y, Li W,
et al. Role of RUNX3 in suppressing
metastasis and angiogenesis of human prostate
cancer. PLoS one 2014; 9(1):e86917.

67.

68.

69.

70.

71.

72.

73.

Kim EJ, Kim YJ, Jeong P, Ha YS, Bae SC,
Kim WJ. Methylation of the RUNX3 promoter
as a potential prognostic marker for bladder
tumor. J Urol 2008; 180(3): 1141-1145.

Kim TY, Lee HJ, Hwang KS, Lee M, Kim
JW, Bang Y-J, et al. Methylation of RUNX3
in various types of human cancers and
premalignant stages of gastric carcinoma.
Lab Invest 2004; 84(4): 479-484.

Reis RSd, Santos JAd, Abreu PMd, Dettogni
RS, Santos EdVWd, Stur E, et al
Hypermethylation status of DAPK, MGMT
and RUNX3 in HPV negative oral and
oropharyngeal
Genet Mol Biol 2020; 43(3): €20190334.
Nishio M, Sakakura C, Nagata T, Komiyama
S, Miyashita A, Hamada T, et al. RUNX3

promoter methylation in colorectal cancer: its

squamous cell carcinoma.

relationship with microsatellite instability
and its suitability as a novel serum tumor
marker. Anticancer Res 2010; 30(7): 2673-
2682.

Shin EJ, Kim HJ, Son MW, Ahn TS, Lee
HY, Lim DR, et al. Epigenetic inactivation of
RUNX3 in colorectal cancer. Ann Surg Treat
Res 2018; 94(1): 19-25.

Soong R, Shah N, Peh B, Chong P, Ng S,
Zeps N, et al. The expression of RUNX3 in
colorectal cancer is associated with disease
stage and patient outcome. Br J Cancer 2009;
100(5): 676-679.

im BR, Kang MH, Kim JL, Na YJ, Park SH,
Lee SI, et al. RUNX3 inhibits the metastasis
and angiogenesis of colorectal cancer. Oncol
Rep 2016; 36(5): 2601-2608.

wq

1100 (53 ¢ PolC a)Laids (@33 § ¢, 5)93

ohsjle Al ek oGRSl alas



