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Selenium nanoparticles, Aims: Nanoparticles due to their wide applications in medicine,industry,and

Colon Caleey biotechnology, have attracted many scientists’ attentions. Recently, nanoparticles

:E;E;%sc'; especially selenium nanoparticles are widely used to diagnosis and cancer treatment.

L ' The aim of this study was to evaluate the cytotoxic and anticancer effects of selenium
oxicity.

nanoparticles on colon cancer cell line and analysis of CAD (Caspase Activated DNase)
gene expression.

Material and methods: In this study, colon cancer HT29 and normal HEK293 cell
lines were purchased from the Pasteur Institute Cell Bank of Tehran and treated with
selenium nanoparticles overnight. The cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) (Gibco, Scotland) medium with 10% FBS serum and 1%
streptomycin antibiotic (Gibco, Scotland). The cells were then stored at 37 ° C. In this
study, cytotoxic effect of Selenium NPs was evaluated on HT29 and HEK?293 cells
using MTT (3-(4, 5-Dimethyltetrazollium Bromide) assay. Subsequently, they were
treated with selenium nanoparticles in different concentrations (0, 7.81, 15.62, 31.25,
62.5, 125, 250 and 500 pg/mL) for 24 hours. To solubilize the viable cells formazan
crystals production, we added 100 pl/well of dimethyl sulfoxide (DMSO) to them. After
treatment of HT29 cells with 1Cso concentration, the total RNA was extracted and
cDNA synthesized. Moreover, CAD gene expression was evaluated using Real Time
PCR method. The data was evaluated by ABI StepOne utilizing the Applied Biosystems
gRT-PCR (ABI 7300 system, Applied Biosystems). The quantification of the mode of
Selenium NPs -induced cell death in the HT29 cells were ascertained using flow
cytometry followed by staining with fluorescein isothiocyanate (FITC)-Annexin V and
propidium iodide (PI) staining. Finally, the study of apoptosis and necrosis of Selenium
NPs was evaluated using flow cytometry method. Data analysis was statistically
determined by using One-way analysis of variance (ANOVA) with SPSS/22 software
followed by a Tukey test.
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Results: The result showed that the treatment of Selenium NPs at 31.25 to 500 pg/mL
concentration had maximum cytotoxic effect, revealed statistically significant
(P<0.001). The ICso value for Selenium NPs were measured at 75 pg/mL after 24 hours.
In order to determine the effect of Selenium NPs on cancerous cells, alterations in the
mRNA expression levels of CAD gene in HT29 cells were done by qRT-PCR technique
followed by the exposure to nanoparticle. The CAD gene expression comparing to
reference gene was up-regulated 4.04+0.125 fold. To determine the mechanism of cell
death in the cancer cells, annexin V/PI flow cytometry was carried out. In the treatment
of HT29 cells by 1Cso of selenium NPs, 10.43%, and, 24.28% of early and late stages’
apoptosis were observed, respectively

Conclusion: Our results suggest that selenium NPs can display some promising
cytotoxic properties through inducing apoptosis pathway. Based on the results, up-
regulated gene expression involved in apoptosis (CAD) and activating apoptosis, it can
be concluded that the selenium NPs can be used as drug candidate in colon cancer
treatment, but more studies are needed regarding the medicinal importance of
nanoparticles.

Journal of Cell and Tissue 15(3) , Autumn(2024) 190-202







Yo¥ B8 lrino 16eY Jlo o olo I 088 bl g Jolu

v‘s"’f. u.éb 9 JS‘L’*’

TEFO-TOSY 1 oSy il LS

ra.

S 035 (595 2 pgaibw ©ly3950 (cam 5o 921 9 (I oo I
(HT29) 0¥ ol sw
¥ 39050 o5l F T il wislw Al Uas vuw ¢ (S 1yl o0

sarahasani7733@gmail.com .l ! )l 5 « Dol 15T olKtils ¢35 po 3] o5 Ay o cmlids o3 09,5 eyl wlis )15
Atashandiz@yah00.Com .l ! )l 5 < oDl sl5T olKtils (635 s (3l o5 dxrly ¢ oalids Con; 09,5 Lokl ¥
b-Pakpour@yah00.Com .l .l )l 5 ¢ codsl sl5T olKtils (635 s (3l dxrly ¢ oalidh Con 3 09,5 Lokl ¥

oS Gols 5l

ol 3l Gan wiles S lag ol leys 5 awid o 1) oYU (60,5 sl 1,350 039 el iBB pouidw Oly3456
T ot ‘ ol s o b

5615 0glsS Ol (Joko 08, 59, 2 pomiles D396 (Sl 0o 5 S igl Ol 5T Sl anlllan 0fs o =

Caos Sl Bl Il canllas ol 5o (o sy y 9 Slge .0l ~Caspase-activated Dnase CAD 5 Lo ORIFRS

by s HT-29 (g5 by Jsho 00) (555 5 el Y (loj e 50 pontls il Jslos
0+ bl b sk Jlas 5l Gy o] Jlost 285 518 )z 9,00 MTT g, Loy HEK293

VEYNY/-0 :edl s o ,b

VEY/ O 6,555 g,
5 eolazwl L CAD (45 olo lime o Jias CDONA & 5 oo 21,5l Joo RNA( SoisS as o

. ’ _ ) ) ) AREAVERJAR Oy F,b
S roginlogld (g, SeS b 59,5 § mjog] adlllas woles ;8. 0b adlllas Real Time PCR s,

U YVHO/MLYD slackile ,o pguile 0,390 a5 ols ylis gl rgld .cé,8 135 Jbs,l 9,90
Oliee (P<O.001) ol 034y Jlo sime (s Lol Ll 5 aS arils |, Jglhor 1S5 o oy HQ/MLA- -
@ o CAD 5 oylo 0 alne YO HO/ML el Y by oo 10 pouiles &l 3936 (51, 1Cs0
Al FLFENYO e celoV b pgaile l3gb b sas jles HT29 Jshos 00, 10 a0 (35
2 iganl Se 630, VIV lieeas (2l Sks (5 5tegmalusld (slaools (rimon 8l 238l
sl 395550 (55 Ol Gl sleesls 4 azgi b g S At g (dsS Glosm (Joke oo,
Ol ooy 50 (29,00 Gl plyiear psails S0 51 Bl o0 mistan o9 Jld 5 (CAD)

Syl Oly3gil pg,ls Conl pgas 10 (6 i Dllllas 4 LS 4S wged colaiul yelsS

doddio —)

e feyloz JUS 55058 Gl o (V) sl lez 50 S e tde (rogo g ook J S BB ye 355 g 0y Jeol> Gl ps
8 909 @b £95 g Guized (V) Cul (5195 ol pud o 5 lew (el 5 e yo by 5l (L6 S

ham) 0B 50 @l plbyw eegs 5 (e @ld Gl (rege Dl g ) by jlam g Sl Glez pul e )0

SYVEES e Yoo S8 e VIFES e VTP il ¢ Jgtne oiays
Atashandiz@yah00.com 1 Sg xSl oy o y0]



mailto:Ata.sadatshandiz@iauctb.ac.ir
mailto:Ata.sadatshandiz@iauctb.ac.ir

o . . AF
(HT29) 5995 by (Jogko 035 (595 2 pguids O53636 (o 5o 31T 9 (Jobw Canoms Ol 1

) (SH) S 5 (SOl able w6 m @ Gl olom onl @ Dl Lol Jalse 51T a8l oo (Ol by
AT g Sty (F) 0,5 o)Lal (Wi (6 Rty LB &S (55 Lol 5 Ll i 5,0 IS 0l ) Brae apiS
Slejl 5 (995mgail g 9KgadgeSn (9KmgiglyS la hg) sl Cueal Pl s loys Cuz laplb pw @isens
(loy o (Pl Damen Hide slals,y Sl espel (B) wiies gilen (nl 65,2 slagty, alex I e
AT olea! Jle (bl B)lse 5 (o conl (185 (V) 098 (oo ooliitul by loys Cuz il Sgisel 9 (Slejesin
(7Y axiloy oo ool 5 orb slasle @ Sl slashe 505 il 2 ogdle o el onl (Slayd e (slagls
Ol sl 900 5 5268 (Ll Bl b pleys g slaigs 4 gl S lb s leys (ol Blaal ISl by
Golowr Oloyd 5 LAy St 5l Sli3sil a5 ol ] 5l (S 3] slacd iy (V) ol @l sla sl 4
Pl D350 35 enl 51 (S5 (V) 33l oxl sla gl 2 (592 ol (90 (Sl sl Jglr Bi> g Lo s
b ol ] Slalllas b el oid U155 by ey 5 68ty 5 oAl lpiiael S 5 Sy lpiear a5 sl
(pguids D3 (Vo) ol Sliwg g as, (JUS ,9deS lagylb ps ply jo 1y 31 g siion aS Csl oaid ools Lis Q] S
S poile slap 8 plo a4 Cons plote olard 5 (S5 Sl SRy LI (oml a2 @ gl S 5 ol cleay
Ol g5y 50 ol Jalse 51 So lyiear 4 gilanasT ol ol 50 cdiblone b pgatl o5 sl ol (3155 (A)
ot (5 alanslgas 5 @51, 555 olls yes 0> LB pgiles () am0 so L | 055 il yas > 31 el o azs L
S e iyl il o ol S5 5 J5Ssm sl 53 5 58 45 o6 500 ilihe (slopansilSie Lamgs aSLy ST ]
5 p2ls (roge Jlee comigun] (Joko a3z By Wl DNA e S 0 5] ol & jlie ol o0l alox S

O Jobo 535 hoasd 5 2l ) 895 2l

ey Bl oo by (558 S (GutisymD) sk 0ad 30y aliyy S o 5l 6T slr po Glb o sladsl Uls3
bss Geps] G el (Sl sladsbo 1o Gutissml il s oo Jlis Gl loys o a5 Bl 51 (S S
S g s by (IS e 3 Lol (5 Lol 1 (S 955 o0 plmil Sl (7)1 5 B (ol e 90
29ise s G el Yills slooaiss” Jlb 5 C o Sn oo galanlsas a5 col (5,085 5700« sy
S8 5wl onl o ¥ s PVA Slaslwls al Jld b calgs po 45 9500 LT She gloosi S b () e
Caspase Activated ) CAD 51 Lawgs a5 cool DNA o asdad ankad o jgu] Lol slaalis 5.1V )) oS e
CAD ax.s 30 g sy |, CAD 008 )l ¥ 5LlS a5 el Jladyf b g0 M)'ﬂ Ol s o 7y (DNase

pomils LS 5 4 o0ls i ] lalllae (1Y) S axkad axked |, DNA w55 DNASE copols L b 555 o o, e
o Gl s Jslo g5 ool 2 olits Sl Boyb 5l Slbyms S5l 55 pmigms] Wl 4 0B
oy ol Jols wilgi o a5 il oot alids Jol j5boas j5i0 g 0091 oy Slomms i 5 ok 452 5 pgeil
ol 55 0wl ROS) Jud (5081 sloaisS 5 PO3 ey (ygemsdlyjsnd daslels s Jlab dlajliS’ (059
oyl cilise glackale b HEK293 Jloy ol 03, 3 (HT-29) 115lsS ooy Jskoo 03, o 5T o alne
Sl oy 5 oiss] Jobo Spe p pseibe S35 13U (c) aalllae al bl 5l B 5 0l 3y poiil

il o CAD 5 ol

Y o5loss [V 6595 110 ol [ 1F¥ Jlu /el g Jobuw



" 195G 5k ¢ 2 ild sl Al Uae duuw ¢ o Tyl s0oan

L W9y g dlge Y

0351 L el ! Slgagils el 5 15 51 (salS Jolona )90 (5125 poaibs D355 Jogailes y9ili liastiiso

A (55l 00,0 AUAD ol g Ve v - PPM cdile gl FO LY -

sk Sl 5 HEK293 Jlos sk 05, 5 HT29 1518’ Sl sk (508, iflopi s b (Jphoo 00y S
SN 63 ez p 20y3 Ve 55l>) DMEM(H.G Lisxe ;s addllas 5590 slo Jsbo 08 angs o)1l sl g
Cugby 5 CO2 55 woys gy (sl 31,5 il a2 30 YV (slos b (6,55L9Sl 13 9 o 5928 <5lo GIDCO & 15 5 ous

A oold culS ws o A

Sdgl Jobo G gy sslatods MTT cond jf ooldiw] b pguibe 339l ol Cocons im0 iy p2
5 <855 plail Jsboo (yled 5l 55y 50 e Gl plnl sl 0F) 285 bl MTT (i S5y s sl
Jobo Voo oo ssl> a5 FBS wo o 00 ctS b 12ds Ko Ve v Al j2 50 a5 0l 5By (5y5k (Jshos (ygemailungos
B0 glackle wad 4S8l Cels YT Saedy 5SSl )0 lacedy ook (ol plngs loy 4 azgi b (s (2857 )18
i8S L iy S P 18 5 0l angs powibes 36l 5l s ealp S5 Se VAV VOSY YN, YA SY,00 ) YO Y-
Sl rdssSen Voo g 0d alsy CiS lauos s 5 S 5 00y 53l5)See) s o0 oz 4 DMSO 12dg S -
095 a9 i (hedlp)Sg e O Cile ol polaiBl J7uS 095 S (pizres cad aBlol oud wiSle slaclile
e (W3loo D3l L lass W36 J 7S 09)5) wd ad Sl LSS LA Sjgea acdile Al ol K08 S
LMTT 5, 52ds)See) o o Salz 04 (pgms 53)) Sl T 0B85l oy 12855 13 1550l 50 cel¥ ¥ oay oy
s adlal So,b s s (as > PBS 2 L) e o MTT (55, 0,5 e 8) yidg,Se) « /a5 oo +/+ 0 clale
o (CwlPBS (g5l ass g MTT S5, 08l SO0 09,5) o a3 5,550 SO 09,5 31 s,y g0 lalé 0,5 ,o 50
Jbsnon! ydgSee Voo als sadond adgs (lile )98 (sl Sl ;S (3ges S Sz 53ksSSl )0 les Celu s Do
b Odz am il )3 090 Jo 293 Loy U 28 S 3 GBI les jo aide Ve deay ol g w48l

A 65 o5l yiegil OV g £V slo zge Jobo ;o Elisa Reader 5 sl 3 olsws

Sleodiy a0 =l 09,5 o i 1Sl | S 09,8 Qi 1Sl X Ve

o3, 3 RNA zl,zeul « CAD 5 ol 655 o5l jslaeas Real Time PCR iy, Lwsi CAD 5 by (o
ool L CDNA s .28 5 & y00 CDNA s § 0 plil pgaibs &l,3956 [Cs0 cale b ooy lows HT29 Jolu
@ oad gl RNA AL (g4l> 2STy bglsee o1 jo a5 wi plwil )BIOFACT, Korea( cSigl o 5 oS
aiBo Yo S ol 5 il 4z 0 00 O jg0ar Sboj — oles aslip 09 AT 6Xsl palp V A g Master mix v A ol o
AB Applied ol5ews jIReal time PCR ploul cga .cd 3 plol aids & S o5 olo 4> 30 A0 sled 10 Lusnw g
A ol iSTy balsee o) j0 a5 cas ooliiwl 0,5 j9iS Clu wip &S0 oS 9 10l ,9a8 csle Biosystem
Doy VoA 4 oles o U o adlol Jol> bl 4 o YAg CONA Y L ol waas ool Y A sMaster Mix Y-

Fo lod 1o Lo 5 4BV OOy 0l T il 4z )0 A0 d4aBo) - Doy o )5 ile 4z 0 A0 O g0 Sloy  oles 4l

Y oylod /¥ 0593 110 alar [ VF¥ Jlo [l 5 Jobew



a5

(HT29) (48358 ooy (Jokw 655 595 2 pauidin 135836 (oomm 393 3T 9 (Jabw Cooms 151

Glyceraldehyde 3-(:y5 5 Gua o olsie 4 CAD o5 LisSTy cpl jo 28,3 abil aido) Soeds ol 5 sole a0
3 odds aid 5 IS4 glajeuly g dad axd S s a0 o5 olsieas GAPDH )phosphate dehydrogenase

R PR W )a.‘>L..M.a \de? o ’.....»5 ‘5 u.!‘

d,._n:;u 5o sslazul 3,90 ‘_gl.b )..o.l‘).’ Y J3A>

Gene Primer PCR Product
CAD F 5-TGGCAGAGATCGGAGAGCAT-3'
232bp
R 5-TCCTTCCATCCCTTCAGAGACTT-3'
GAPDH F 5-CCCACTCCTCCACCTTTGAC-3'
75bp

R 5-CATACCAGGAAATGAGCTTGACAA-3'

5 omigns] Ole i) sskieds (s ptogislusls gy KaS b gl olyS5il s 955 5 ot s34 T o 50
ApOoptosis ANNEXiN oS |5 jgiws 5l ooliiwl b wlog T pangp g O maSihSllawgigpl (K Caols 51 59,55
chale b ool Sl slaJsle .cé 5 sl ()V/Propidium iodide(Pl) detection kit, Roch, Germany
Lo Jskoo 39,50 o] oy iads dalllas S48 plgiedy oais Jlad sl Jsho 5 0ad Lo porils 1,356 1Cs0
2855 )18 Skl 3550 5 tegialugld olSiiws leslitul L

Sobol 3ILT ¥

L omlo b a8 Lais s gxe P<0.054 as alosl SPSS 16 1581 o5 5l eolanwl b Liagh ol P Value aculxe

Real Time PCR @ ;U1 .65 )13 Lo g 45505 5,50 (0N WAY ANOVA) 18 LS, il g 5T 51 eolicel
dpdy alsl CTAA Jgo 3 5l ooliiul b oo

b -¥

MTT assay g, b ol 5l 03y ol s pauidus y35il0 Solor Conoms s lojT s Lii

Oygods dlize gbcdalé o HT-29 S Jsbo 00, (59, in vitro Loyl o pailes Olydgil  Jalu Corous &l il
5o pogaide Oly3gil aS olo lad gl al pwyp cele YT e b MTT coss bawg clale o olp 1,5 LA

Gl 0353 I cne (5 L] Lo 5l a8 il aals | Jsbos 135 oo 5 i o hoolp T, 500 B0+ BYVYO slaclale

Y o5loss [V 6595 110 ol [ 1F¥ Jlu /el g Jobuw



\ay 395G o)l il Wlolw dl lae o « (Gows |5l ouuw

Al dwle ) Lelp 59,500 VO el YT loy Sow ;o poaides I)3550 (6l I1Cs0 Ol OV USSE) < 24 ))
D, 390 4y dlily Coows Sl Dl340 (plaS ol las pels 1346 L HT29 Sl 05 Jla

Sde b alize glackile 0 HEK293 JL 5 Jsko 03, (59,0 INVILFO Loyl ,s o sl olidgil Jglo coons ol 5l

Dol 35 Lo o yiin O+ HO/MI clale Jo pguiles )30l aS amo o oylis gulis (Y JSo) od o)y p el YF
Celw YE lej S 50 pgaidbe 01346 51, ICB0 (yl5e (P<e o+ 1) sl 004yl sima (ko] Ll 5l a8 sl axils |1
A alw P pg/ml

140

120

100

80

60

40

m -
A ﬁ

A Vo,7Y0 V,AYYS Control

Relative Cell Viability%

Concentrations (ug/ml)

boaslio ;o iy aoye Ojgod gl emwlsSh celwY T 5l G pocd 0,350 alises slacdale il o HT29 sla oo sl soye ) IS
( ***:p<0.001 ¢ **:p<0.01 ‘*:p<0.05) Qs oo s JyaS 09,8 b (gl pme Dglar () ol sl oo 5158 J S slodigel

120
< 100
B
Y
s
T 60
o
S 40
=
c
0
-9 3 \ B K \ K \ ‘t *é
O ,\\ & N * . ?\- oP{ A‘P (’OQ
N0 e

Concentrations (ug/ml)

aslin ;3 Ly o5 & o gl yebisSl Sl V¥ 1 G powibes SS9l calizes slacdale i s HEK293 (sl Jobo (slis auoyo ¥ JS5
**p<0.001 . **p<0.01 *p<0.05) wins oo Lis S8 05,5 b g lobina cglis () boo b ool o (3155 J S slodigos b

Y oylas 1Y 0,90 110 Al [ 1F+Y Sl [l g Joko



R T . 1A
(HT29) (19055 oy Jgkaw 03 (535 52 gk 135956 (omnt s95393T 9 (Jobow Conps 1 1

HT29 sto Jslr;0 CAD (45 ylo w posil 0,350 b ) g L

el pgaiks &l 3556 1Cs0 ke b oot los HT29 Jshos 05, ;0 CAD 5 olo jis (5 550510l jglateds cns !
09,5 4 G pouth 0,34656 1Cs0390 sasS cdl,s 05,5 ,o Relative quantification(RQ) ¥ J<a illas .o
P<eTe V) sl ails g ol iolidl ol FeF 2 NYO ey GAPDH (5 s

%k %k k
5
4.041805786
4
3
e}
o
2
1
1 —
0
CONTROL TREATMENT
GROUPS

U 08,5 &1 Cord (6, 0line Lials3l Sl GAPDH 8 o5 b aslie o HT29 sl ;5 CAD 5 by 1 powihs ol 3586 j31:¥ S
(P<+/+- R

e J9P 9 s st g oy o s U

olsd SaS L paeiles Sly35 L oo Lo (55058 o glasho 50 00 Il 55,55 5 massasy] doyd (i (om0
239555 9 5] (595 2 ol D3l a8 ol (LS (5 yegialgld (cu) o 5l ol (slaosls it (o5, (6 yregilugld
Gl oo gy 59,55 Q1YL Gz o 50 w035 sla sl Qu (o o 0 § S Billae il o s
Ghlie o sl 0oys aiil oo (653U rajsml eains (Lis Q2 Vb ey o o v adsl Gusnsn! Qo ol
AV XD s s 366 L jlews am a5 09 9 duoys YA« AF/PF VY ¢ o /50 ol i sa Q4 5 Q3 . Q2. Q1

Al jess 2oy Vo/FY 5 OY/AF YF/TA

Y oylods [V 6595 110 ol [ VF+¥ Jlu [l g Jolw



395G o)l il Wlolw dl lae o « (Gows |5l ouuw

134

120

100

80

60

Cells%

40

20

iy (ol o) o5 o 555 9 HT29) Sl s 03, 53, 3 s s o 5 npibagl U1 s I
( ***:p<0.001 ‘ **:p<0.01 > p<005) RVEX o Ol JyaS 05,5 b (g loline Dol ()o,liw (G o) Sly3g6 b Lo s

Treatment
(1C50)

Viable

TP/ ST PR k]

* %%
' I
ﬁ —E— . - - e

Early Apoptotic Late Apoptotice

Control

Necrotic

Y oylod /¥ 0593 110 aler [ VF¥ Jlw [l 3 Jolew

B Treatment
m Control

E—g 1 Q2 E—Em Q2

1 12.35% 24.28% 10.45% 0.12%
& 3
2 &

Q3 Q4 " Q3
10.43% E%' 2.80%
—_—— S

Annexin V-FITC 1om Annexin V-FITC mm



s - . Yoo
(HT29) 5995 by (Jogko 035 (595 2 pguids O53636 (o 5o 31T 9 (Jobw Canoms Ol 1

sladshe & Glbyw sladshe 02 o 5l G2 5o &5 Sl (Gloys oole I (Sle Bpan ol loys 5o ol altns
BB loys o Glyiedr gl cwiign bawgs Gl slagleys a5 cunl ] 5 (S 23 glacd iy aile 5 ol (and
055 5 Slining az 81 (V) sl o a5l xees (slo sk 45 0% ommsl 350 (il s sloJskos i gl oS
5 )05l ol Caros 5550 53 539050 SN Lol ansl 4l (g0l LS i gla Sl 1o 5 (o555 35k
csslannST 6T Lolgs Jdods a5 canl (308 4 0,346 SO pguihs D13gE (VD) 0,10 3929 bl oo o laT &l 36
e el 51 (S poriles (VF) Canl 00,5 Gl 095 a1y ()l Az g (hoal s (SOUS Cusl 5 (29,5000
poatle a5 oo (LA 53 aslllae .l 0ad ASLD slacnSTy bl e <52 9 wilios G Sl SS9 5)902
Ol Sl gl oo jo sty Lid Collw 5 mhaw lags il hass )3 conl 0B Gl aie SO s
olsear rassml wiliee yses8 sladsle 1o Gmisnsn] GW(Gloys Glapaile 5l (S 05 @ly Srie S5
IS et iS5 Gl (ol (Sg il )3 45 09,00 Lot (Sl sla ol b abilis slapunilSe 51 (S
2 slagnSn Gl e 5l it Slapusile jl s> Coyig 9wl polaied Sl slasbe o)l 18
as Slalllas o jsns] Caz e WS o 5lee |y asssl omisnnl G Gaoptisn R 5 s

V) ol @28 5 )15 laizes 51 (6l a2 55 550 Gl s

Bas g od a3l pgatle Gl gl calises glacdale L (HT-29) 95 b pr Joloo 03, jlows 5JUT a5 anllas ol 5o
CAD 5 olar S5 (oot o5 51 oy ol sl 5 (Jsboo <550 pgaibes Sly358 55 (g 0 anllnn el plos
5o el ooly lis Gglate Jobo saos, plpo 1) peide &l)3gl gl pwas ol jl alise Oldlas 5SL ail o0
Slydgil Gl yuds Sl s yrognluglt s QRT-PCRMTT (sla g, SKaS'L (VA) o)) 5o g LiBO, G a5 (g axlllas
Colon-LNCaPale> I Sy Jsko o0, coin adeiogl AAAR gojlail Sl b ood jiiw poutho
Oty (ol 00, (59) » Jadd pgatls D35l (Sl ywand Sl polo adlllas jo cidls Slivgy (Jlojw sl Job 2l
poeids 3550 oo 14T wisls ol aalllae ol o pol> addllas b & plie [0 cyuizmad ol owyp (HT-29) )5S
605 53 » adlllas (5 4z 50 Sglas (pl 45 sl a8l 3] (Slb w00 4 o Sling . Jlo i sla S5k 555
Slhdgilk B yae a5 0l Hlo (VA) o), Ken g oliedelB] 5l oo jicie allie 1o .ol ods] dggas glize Sy Jobos
W8S a9 bl axdls ool slabge (limy Hyegi 0 b ablis 10 Ko e 13U WlgS oo (29lS (2 ye5 ol peady pgeils
l5del] anlllas b .ol geq cdlb 0 LC3 9 BCI-2 (sloyys oylo jo &l i 51 b g0 b Y| ol 56 ol a5
0955 by oo 03,4 CAD 55 e ialidl 5 omisien] S oy 31 6,65 pmibs 05 ol aalllao o
uus) )l oolarul lJ U] Couw )." X9 la}u.l.m u‘)byla i Ls ).u (Y’) u‘)ls.o.b 9 Ramamurthy CH W) ‘571.5))‘
0% Oy Sl sladsbos 0 e a1 o8 poiiles Sly35iL a5 a8l )5 by Sl sl sk 503, 59, » MTT
S, 5T (s as anlg) cdale & S o ok (55, p pgath 346 SosaS 3l as ols olis s pols anlllas gl
stalis as Jole G ylgicds pgaidi JoSe 0 pan a5 0 o0ls oyLis (YY) o, 5en g Chen YC vy 6,50 sanllas ,o
Slealllan 5l 5 4 1y iy by Stialis (2l 5 5 p2led Sl slo sl 2l o oy g5 o
5 2bySbas elss JJoar pade 135k 51 g o a5 ab eols lis (YY) Ko 5 Geoffrion LD Lwg

Y o5loss [V 6595 110 ol [ 1F¥ Jlu /el g Jobuw



» 195G 5k ¢ 2 ild sl Al Uae duuw ¢ o Tyl s0oan

oo ploil anlllas ;o ol o ol addllas i ool Coawsas LS L s a5 05 00 o5 b glocdale o JSlbwas
anlllas o a5 o olgiian by Glb w0 pouile &l3gL Slb pwas Caols (YY) o], Sen 3 Wadhwani SA Ly
s L (YY) o, e s Othman MS .o v g sliiion 95 Glb o 48 paaides 3550 Sl yusidds Gl 51>
|y il F5alS SBCL2 ol olien 5 5385 By 5| sl 558 45 0i38ly s ol (] & pyaides 35
M) o1, 5en 5 Spyridopoulou K ;5 CAD )5 ol oliee polo anllla y0 5 035 o Jbb (559085 sloJsbos s
Lacticaseibacillus s :SU jl eois 0dg pgids &l,3550 a5 065,5 blozwl 5 egnlugls zls 5,k 5l glasllas ;o
sHuang G .(A) wigs ()5S Sl slo sk 10 usjgug! sl cel ROS odgs sl 5 ,b 5l wilgs o L.casei
o SLaS 45 il osls Lid Sslite slajes b g el VY5 FANE 5l ans 6 masmslogld g, 3l oslizsl b (8) ol (San
03, ;0 |y (653l 550 4y atusly & jgody willey oo (PTR-SeNPs) pociles &l)3550 b oo sols yidgs (i oo, Sl
O Azl )0 g e o gl (pl jo osaal 4 e Col e oS anS S s (HCTT16) (olss Sy Jokw
()9S o 63 b s 0

CAD 5 )l 45 6 y5bas s o0ls 3Lt puiles Si3gil Lansgs usspmase] il pols axlllas 1o Cypony Slalllas by gunos
Ol B FE YD et HT29 sl 00 0 a2 0 05 & G 5 285 )18 (o 0 9,50 MRNA has o
D5 (8 ogtalasld s By 51 lsS oo o 03, 55 (gmisizn] Sy 500 TEVY il ripan 5
sl s glasl 590 a4 atusly O jseds paide Ol 3gl Sl pwas Cowols 4y 0als ploxil (5iST aST Sldlas o 0l eols
il el S5 ySee 00+ B YVYD laclale 1 parils S35l ams o i 55 pols asllan 1 sel Cewss gl
S (o0 a1y ponibe SS9l Cons (1092 590 4 dily 45 S)lo (Gl slasle plp o ]y (SoraSt ST en i
o Wl Gejssl Ol s s CAD 05 ola 2 01 23U 5 eyl S350 Coons (55, 2 (6] s aslllas (i8S
Loy adlgie B Gl 5 b (JS ol glayel b 4 azgs b oldgl ol sais plwl HT-29 Jsles oo,
sl elonts e LS 5l 55 o 5ol (sloommilSin 3 5 amrgtl 55T alar 51 silisio (sloypumeiS
S 25 5 (830 3l Bl )3 porib SLaS 5 30 5 (el G Sz Sle Sllllas (Jlocnl b (V) wigd

S5 A -F

el L HEK293 Loy Jobo s HT29 (95" b jos Jshos (6l 00,0555 (59,2 pgeibes 13950 S5l canlllas 5o
o) 1 posils Sl3gl FaisS 515 ols olis mls 28,5 15 sy 098 el TE b o MTT Jgbos Copans 52JUT
oigiasl 0 2550 o dlad Gaalidl s QRT PCR 5l oasl cowsty gl a4 azgi b oo () il 4 Sy do ol
Gk 3l s Ole 41 Coons 45 05 g0 bl Glb pes (gla S5k )0 (5 ogialuogld I Lol i (reizeen 5 (CAD)
poribe D35l a5 28,5 Az ety Slalllae 5 Gy cnl @l ool sl 03l £ 55,50 slras Geiens] W
3 @l i ean ] jo Wl e D3GL cnl cnlplo @)ls glsS Gl Joku 00, (Jg8 BB Sl wo ol

oS Lg)’l.g QUo).».u &9_» Q—.’.‘ QLA)Q

10y g Sl -V

Y oylod /¥ 0593 110 alar [ VF¥ Jlo [l 5 Jobew



Y.y

(HT29) (48358 ooy (Jokw 655 595 2 pauidin 135836 (oomm 393 3T 9 (Jabw Cooms 151

50 a8 eoldl oles g (655 e oyl aly skl Sl5T olBiils 5l aliwg cpds el gl odian s asl LL Jeol> allie oy
g go 10,08 il anily (6, e 059, ol plox]

b -A

1. Kim C, Kim B. Anti-cancer natural products and their bioactive compounds inducing ER stress-mediated
apoptosis: A review. Nutrients. 2018 Aug 4;10(8):1021.

2. Keshtvarz AK, Peeri M. The Effect of Aerobic Exercise and Aqueous Extract of Portulaca Oleracea on Gene
Expression of Factors Involved in Apoptosis in Rats With Colon Cancer. Journal of Jiroft University of Medical
Sciences. 2022 May 10;9(1):905-14. ( In Persian)

3. Abrudan R, Abrudan L, Pop O, Zaha DC. A Rare Case of an Occult Primary Tumor With a Profile of Colon
Cancer and Synchronous Metastasis in the Lung, Liver, Bone, and Cerebellum: A Case Report and Literature
Review. Cureus. 2023 Oct 27;15(10).

4.Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC, Cercek A, Smith RA, Jemal A.
Colorectal cancer statistics, 2020. CA: a cancer journal for clinicians. 2020 May;70(3):145-64.

5. Kanth P, Inadomi JM. Screening and prevention of colorectal cancer. Bmj. 2021 Sep 15;374.

6. Huang G, Liu Z, He L, Luk KH, Cheung ST, Wong KH, Chen T. Autophagy is an important action mode for
functionalized selenium nanoparticles to exhibit anti-colorectal cancer activity. Biomaterials science.
2018;6(9):2508-17.

7.Misra R, Acharya S, Sahoo SK. Cancer nanotechnology: application of nanotechnology in cancer therapy. Drug
discovery today. 2010 Oct 1;15(19-20):842-50.

8.Spyridopoulou K, Tryfonopoulou E, Aindelis G, Ypsilantis P, Sarafidis C, Kalogirou O, Chlichlia K. Biogenic
selenium nanoparticles produced by Lactobacillus casei ATCC 393 inhibit colon cancer cell growth in vitro and
in vivo. Nanoscale Advances. 2021;3(9):2516-28.

9.Tan HW, Mo HY, Lau AT, Xu YM. Selenium species: current status and potentials in cancer prevention and
therapy. International journal of molecular sciences. 2018 Dec 25;20(1):75.

10.Kursvietiené L, Mongirdiené A, Bernatoniené J, Sulinskiené J, Stanevi¢ien¢ I. Selenium anticancer properties
and impact on cellular redox status. Antioxidants. 2020 Jan 17;9(1):80.

11. Pfeffer CM, Singh AT. Apoptosis: a target for anticancer therapy. International journal of molecular sciences.
2018 Feb 2;19(2):448.

12.Takikita S, Takano T, Narita T, Takikita M, Ohno M, Shimada M. Neuronal apoptosis mediated by IL-1p
expression in viral encephalitis caused by a neuroadapted strain of the mumps virus (Kilham Strain) in hamsters.
Experimental neurology. 2001 Nov 1;172(1):47-59.

13.Sanmartin C, Plano D, Sharma AK, Palop JA. Selenium compounds, apoptosis and other types of cell death:
an overview for cancer therapy. International journal of molecular sciences. 2012 Aug 2;13(8):9649-72.

V£, Abdallah LA, Omar G, Khdeer SA, Heeh H, Khateeb D, Salameh N. Screening of anticancer potential of leaf
aqueous extract fromPulicaria incisa growing wild in Palestine. Indian Journal of Natural Products and Resources
(UNPR)[Formerly Natural Product Radiance (NPR)]. 2023 Oct 25;14(3):402-8.

15. Bharali DJ, Khalil M, Gurbuz M, Simone TM, Mousa SA. Nanoparticles and cancer therapy: a concise review
with emphasis on dendrimers. International journal of nanomedicine. 2009 Apr 1:1-7.

Y o5loss [V 6595 110 ol [ 1F¥ Jlu /el g Jobuw



oy 195G 5k ¢ 2 ild sl Al Uae duuw ¢ o Tyl s0oan

16.Shakibaie M, Jafari M, Ameri A, Rahimi HR, Forootanfar H. Biosynthesis and physicochemical
characterization, and cytotoxic evaluation of selenium nanoparticles produced by streptomyces lavendulae FSHJ9
against MCF-7 cell line. Journal of Rafsanjan University of Medical Sciences. 2018 Nov 10;17(7):625-38. (In
Persian)

17. Kheiltash F, Parivar K, Roodbari NH, Sadeghi B, Badiei A. Effects of 8-hydroxyquinoline-coated graphene
oxide on cell death and apoptosis in MCF-7 and MCF-10 breast cell lines. Iranian Journal of Basic Medical
Sciences. 2020 Jul;23(7):871.

18.Liao G, Tang J, Wang D, Zuo H, Zhang Q, Liu Y, Xiong H. Selenium nanoparticles (SeNPs) have potent
antitumor activity against prostate cancer cells through the upregulation of miR-16. World Journal of Surgical
Oncology. 2020 Dec;18:1-1.

19. Agha-Alinejad H, Hashemi Jokar E. Effect of Six Weeks of Interval Exercise Training along with Selenium
Nanoparticle Ingestion on Bcl-2 and LC3 Genes expression in the Tumor Tissue of Breast Tumor—Bearing Mice.
Iranian Journal of Breast Diseases. 2019 Aug 10;12(2):26-37.( In Persian)

20.Ramamurthy CH, Sampath KS, Arunkumar P, Kumar MS, Sujatha V, Premkumar K, Thirunavukkarasu C.
Green synthesis and characterization of selenium nanoparticles and its augmented cytotoxicity with doxorubicin
on cancer cells. Bioprocess and biosystems engineering. 2013 Aug;36:1131-9.

21. Chen YC, Prabhu KS, Das A, Mastro AM. Dietary selenium supplementation modifies breast tumor growth
and metastasis. International journal of cancer. 2013 Nov;133(9):2054-64.

22. Geoffrion LD, Hesabizadeh T, Medina-Cruz D, Kusper M, Taylor P, Vernet-Crua A, Chen J, Ajo A, Webster
TJ, Guisbiers G. Naked selenium nanoparticles for antibacterial and anticancer treatments. ACS omega. 2020 Feb
5;5(6):2660-9.

23. Wadhwani SA, Gorain M, Banerjee P, Shedbalkar UU, Singh R, Kundu GC, Chopade BA. Green synthesis of
selenium nanoparticles using Acinetobacter sp. SW30: Optimization, characterization and its anticancer activity
in breast cancer cells. International journal of nanomedicine. 2017 Sep 13:6841-55.

24.0thman MS, Obeidat ST, Al-Bagawi AH, Fareid MA, Fehaid A, Moneim AE. Green-synthetized selenium
nanoparticles using berberine as a promising anticancer agent. Journal of Integrative Medicine. 2022 Jan
1;20(1):65-72.

25. Francia V, Montizaan D, Salvati A. Interactions at the cell membrane and pathways of internalization of nano-
sized materials for nanomedicine. Beilstein journal of nanotechnology. 2020 Feb 14;11(1):338-53.

Y oylod /¥ 0593 110 alar [ VF¥ Jlo [l 5 Jobew



