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Abstract

Introduction: The worldwide incidence rate for cancer has been rising.
However, the molecular mechanisms involved in tumor growth and
metastasis are unclear. Autophagy is a cellular pathway that leads to cell
death or survival depending on the specific condition of the tumor cells. The
aim of this study was to evaluate the effects of activation or inhibition of the
autophagy pathway using tunicamycin or N-acetylcysteine on cell viability
in the MDA-MB-231 breast cancer cell line.

Materials and Methods: MDA-MB-231 cells were cultured in the presence
of different doses of tunicamycin or N-acetylcysteine. Then, a 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay
was performed for the evaluation of tumor cell viability. Real-time PCR was
carried out to evaluate the expression of the genes encoding for Becline-1
and the mammalian target of rapamycin (mTOR) (as autophagy markers) in
the MDA-MB-231 cell line. The LC3-II to LC3-I ratio and p62 were
measured with western blotting.

Results: Tunicamycin significantly increased autophagy markers and
inhibited cell viability in a time- and dose-dependent manner. A negative
significant correlation was observed between the expression of autophagy
markers and cell viability. However, N-acetylcysteine resulted in decreased
autophagy and increased cell viability just at a concentration of 2mM.

Conclusion: Tunicamycin leads to activation of the autophagy pathway,
resulting in a decrease in cell viability in breast cancer cells (MDA-MB-231);
and N-acetylcysteine, at a low concentration, can inhibit autophagy and
increase cell viability. Thus, the autophagy pathway can be considered a
target in cancer treatment.
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Introduction
The worldwide incidence rate of cancer has

been rising. However, the molecular
mechanisms involved in tumor growth and
metastasis are unclear [1]. Diagnosis and
targeted therapy of cancer through the
evaluation of intracellular molecular
pathways have fascinated scientists in
recent decades. Autophagy is a cellular
pathway that may lead to cell death or
survival depending on the specific
condition of the tumor cells [2]. The aim of
this study was to evaluate the correlation
between activation or inhibition of the
autophagy pathway using tunicamycin or
N-acetylcysteine and cell viability in MDA-
MB-231 breast cancer cells

Materials and Methods

This study was granted by Abadan
University of Medical Sciences (Grant No.
96U-1165). Also, all procedures and
methods were approved by the Ethic
Committee of Abadan University of
Medical Science (Ethics Code:
ABADANUMS.REC.1395.189). MDA-
MB-231 cells were cultured in the presence
of different doses of tunicamycin (2, 5, and
10 mg/L) or N-acetylcysteine (2mM, SmM,
and 10mM) for 24 or 48 h. Then, a 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay was
performed for the evaluation of tumor cell
viability. Real-time PCR was carried out for
evaluation of the expression of genes
encoding Becline-1 and the mammalian
target of rapamycin (mTOR) (as autophagy
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markers) and HPRT (as a housekeeping
gene) in the MDA-MB-231 cell line. The
LC3-II:LC3-I ratio and p62 were measured
by western blotting. A one-way ANOVA
followed by Tukey’s test was used to
compare gene expression between treated
and untreated cells. The significance level
was considered at 0.05.

Results

Tunicamycin inhibited cell viability in a
time- and dose-dependent manner. While
treatment with 2 and 5 mg/L of tunicamycin
for 24 h had little effect, treatment with 10
mg/L. for 24 h and 2, 5, and 10 mg/L of
tunicamycin for 48 h significantly inhibited
cell viability (42%, 89%, 93%, and 93%,
respectively; P <0.05) (Figures 1A and
1B). N-acetylcysteine had no significant
effect on the viability of MDA-MB-231
cells at various concentrations for 24 h.
Although treatment with 2mM of N-
acetylcysteine for 48 h increased cell
viability, treatment with 10nM or 20mM of
N-acetylcysteine for 48 h decreased cell
viability compared with the controls (30%,
and 36% decrease; P <0.05) (Figures 1C
and 1D).

Tunicamycin  significantly  increased
autophagy markers in a time- and dose-
dependent manner (Figure 2); however, N-
acetylcysteine decreased autophagy and
increased cell wviability only at a
concentration of 2mM (Figure 3). There
was a negative significant correlation
between the expression of autophagy
markers and cell viability.
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Figure 1: The effect of tunicamycin or N-acetylcysteine on cell viability using the MTT assay
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Figure 2: The effect of tunicamycin on autophagy markers in MDA-MB-231 cells
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Figure 3: The effect of N-acetylcysteine on autophagy markers in MDA-MB-231 cells

Discussion

Our data showed that tunicamycin had an
inhibitory effect on the viability of MDA-
MB-231
dependent Moreover,  N-
acetylcysteine led to greater proliferation of
the cells at low concentration (2mM) over a
longer time (48 h). In addition, the
expression of autophagy markers was
examined in MDA-MB-231 cells in the
presence of tunicamycin as an autophagy
inducer and N-acetylcysteine as an

cells in a time- and dose-

manncr.

autophagy inhibitor. Data indicated up-
regulation of Becline-1 and downregulation
of mTOR
tunicamycin in a time- and dose-dependent
which means autophagy was
activated in the cells. Moreover, an increase
in the LC3-II:LC3-I ratio and a decrease in
p62 were shown in MDA-MB-231 cells

in the cells treated with

manner,

treated with 2 pg/ml of tunicamycin for 48
h. In this regard, Yu et al. indicated that
tunicamycin can promote autophagy and
apoptosis and inhibit chemoresistance in
lung cancer cell lines [3]. Therefore,
tunicamycin led to cell death, upregulation
of  autophagy-inducing factors, and
downregulation of the autophagy inhibitory
factor. Evaluation of autophagy markers
expression in MDA-MB-231 cells in the
presence of N-acetylcysteine (2mM) as
an autophagy inhibitor showed
downregulation in the Becline-1 gene and
upregulation in the mTOR gene in a time-
dependent manner. Plus, a decrease in the
LC3-II:LC3-I ratio and an increase in p62
were shown in MDA-MB-231 cells treated
with 2mM of N-acetylcysteine for 48 h.
Mubashshir et al. reported similar results
about the effect of N-acetylcysteine on the
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autophagy pathway in cancer cells. They
showed that N-acetylcysteine can inhibit
mitochondrial autophagy and results in a
decrease in cerebral ischemia-reperfusion
injury in rats [4]. These data showed that a
low concentration of N-acetylcysteine

could result in cell survival and
upregulation of autophagy inhibitory
factors. Then, N-acetylcysteine would

decrease the autophagy process, which is
the reason for cell survival.

Reffrences
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL,
Torre LA, Jemal A. Global cancer statistics
2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. 2018;68(6):394-
424.

doi: 10.3322/caac.21492.

2. He C, Klionsky DJ. Regulation mechanisms
and signaling pathways of autophagy. Annu
Rev Genet. 2009;43:67-93.
doi: 10.1146/annurev-genet-102808-114910.

3. Yu XS, Du J, Fan Y]J, Liu FJ, Cao LL, Liang
N, et al. Activation of endoplasmic reticulum
stress promotes autophagy and apoptosis and

Conclusion

Tunicamycin leads to activation of the
autophagy pathway, which can decrease the
viability of breast cancer cell lines (MDA-
MB-231), and N-acetylcysteine, at a low
concentration, can lead to autophagy
inhibition and an increase in cell viability.
So, the autophagy pathway
considered a target in cancer therapy.

can be

reverses chemoresistance of human small cell
lung cancer cells by inhibiting the
PI3K/AKT/mTOR signaling pathway.
Oncotarget. 2016;7(47):76827-39.

doi: 10.18632/oncotarget.12718.

4. Ali M, Tabassum H, Alam MM, Parvez S. N-
acetyl-L-cysteine ameliorates mitochondrial
dysfunction in ischemia/reperfusion injury via
attenuating Drp-1 mediated mitochondrial
autophagy. Life Sci. 2022;293:120338.

doi: 10.1016/j.1fs.2022.120338.


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

ARG Ol i S0 6y Al
g o 0 g U 3 o i —N 3 el s
G5B pwo 5 JSILLS e (91 w0 g MDA-MB-231 (509

E509) = (53550 o1 ySIne (6 ST ST Hitdl 5 T ygy Gl St g0 JONE 02 50
#6’3{5

Olrl leal Gloal jelis (i (Sijy pole olStils o b5y 0aSLadls o gorlgns 055"
Sl ehobl eiylolsl (Sig pale olKiils o Siis 00Siils s4,355 09,57

Olnl ed B (S5 pole olSasls T

Ol el e Iobl (S pole olStils ¢ (K35 00823l (s olsiganl 09,5

Ol st nl el ol (S psle olails (il (gorms 05,57

OlRleOILT bl (Sigy psle olfils « Sy oaSiils (o5 b 05,5

VRN sl e
o>

$7 VENAY i pdy E,6

Gaiod Bud o)l oS S8l sob; o )lse Ly Gl leys (sl sleys cends tdoudo .
] ) . iJgne ouium 95
Sl i 05 silaSt jLid sl aslis 5 s 1555 Silee i b pwyp ol s.golabi@abadanums.ac.ir

D93 Cymg y9aS 90 b Lo yo Co Sl

¥ 055 4 Balb/C esle e Y2 il s a0y 5 ol g9 ) 2l ko i gm 2 Gh9s
9 Jle (Ommng))9m50) Jloss 5 o Glow plla 095 i @y (Bolal Djg04 05 Vo
gz N el (G550 (03 g JoS g e g Lo 9 JoSe g lard g Lo (0 ped 5 jlend
510 S50ty (gt y3aS 93 s 48,5 Gl sy i) SITTE (oo 00, )l o S
S3lso (r o D ol g3 Dllge 4y (rasS )5S 9 0D 5,5 YA 5 VY ATV lag, (Slas
A P Goe dy Al 40 g, gl (e e Alndn s ,0 Te-Fe Gal b paggo addo Ve el
Sl ity arBo 10 VA @ Colipo g ardo jo e VT G b gl aan jo Sl yed 0y
oolitl 4, bogd uilyly 5T 5l e gy 9550 Slo0S Ol 2 edoSe 5 el Bl 51 (2
0,5

<IVE0) SOD «(P =+/-0%) GSH 5 5o 2 65192 cp 05 9 cpmogS 595 Pl )1 ildasdly
b ged o gime o)l L5l P =+/-AY) MDA (P =Y/ - +) CAT (P =

WS Hadlone Sl yragS 55 olyam 4 (5lom (2 e ool a5 s o a5 456 S and
Oldlas 4 5ls dwy ol 0 a5 Wiz o 0Bl ailas g)ls 51 AU gilannST oyl by o
Gy Gy cgilensT jLid lagasli (nesS )5S wsild (nped GualS laojly

Oy oS 93

VOCF): 0V-FA


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

VO(F): 01-5A

e B gl Gy i Juiwl-N g s LolSigi 31

Sl ol Jsb 3 03 (o i el sl (slaalass
Lo aladsoss b bSulal 5 Josem sl poain
plesl pojil b a5 Wigh oo ablal ()595518) Vs slac
ln J5Sgas SLe plasl o Uil 53 5 (ogipsals) 555
1,8 eoliiul 8,90 0,Lg0 lagyT 5l Jol> jolic g oas 420
2 Sliyges o g5l i (V-T) (V JS8) 0,5 oo
Sibsl .l 455 15 adllas o0 3l sla Lo
el Wil oo Johw bl o 4y i adgd 35 G (lgreay
A=Y ws cdadloe o 5l L5 0d Jshe Sye
wilgiee wyls GLE silgl el o a5 ale sl
e gy igd eolital (36l glo Sl olsiea,
S3Bsl & wly 3098 oS e 05 o 5 Beclind
Eord 5 S5 50 15,0 3Bl oo pate Sy el
S 285 Geign (V) Sl ol jlailing 5o 5Ly
e (asls S olsie (LC3) Y Jsigig S 4 anly

e 285 s py5sSligl S

.~

doulo

oj5> ;> Sl Slegdse (n it 5l o Ol
ol S e el cde a0l Lo 4 el Sy
g o g Oy Eond il o525 25T 50 (SILw Ve
o o 13 ol g ol 4ty gl 41838 (gloams 4o
Ol Ol s () G 535 5 2ls Lol BYs oS
hol ade g cslls 0l5 lee 5o 1) Eoed a3y (o
Solom S by gl by S50 Sy
@ Pl a5 conl Dglice S3lan o S b s
(V) 098 oo gonail cubiscdl Ll ol g4 \Y
5 oaetrid dy ook addle lasaisly (2 sle Jlu o
e lomae 2L Gob 5l Gl Sloys oo
el SO 3BT alesls Gl Jeke Sl
5 Sulal ai jo oS cwl Johe SGjsls b

@y lagl g ol idi Jale odydcal (slapasisy

A

| ssisaga |

e 4

e

>

Beclin-1 Qs_xny

3l S 5a s SLa il S5 .6

R

\

e85 Jsis 4

| e s IS5 5

0ol yob 4 6545 ymo ‘A.u:l Jolyo 5o Becline 9 mTOR s g bod .y yluibiong sl ek 50 (65 aH1 pmuno 1) JSC&


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

68 owi> pre RPMIT DMEM' cuiS Lo
A3 ags S ] Gibeo eS8 5l wlawd 3L (FBST)
Oezer 5 maleghl —okee gy S
~ N ags ol Bio-Idea 8 2 5 EDTA- sy 5
Sigma- 5,5 5l GraalelSgs 5 et Joi
b o Jo jhaie of o 5 s 4y IS ] Aldrich
@ e Sdee Vg Yoo (e B0 slacdile
5l 55 DMSO g MTT slo ol .ol s a0 oo 5
CoS s a4y el Sigma-Aldrich oS,
Gene 5,5 5l cDNA 5w oS 5 RNA gl 5
Real- oSwo e a5l 3 o5 o5 All
b i S Jladls ys85ekesl <5 45 5l Time PCR
ko cois

S (MDA-MB-231) iy Sy Jsbo (09,
Fole adllae o 0l gl ol sl sl
5 Vel FBS L sas e RPMI Lme o loJske
)b g0 clS lame aiad ools cultS Y s login il
o> §loly o Jolo 5 05 Lngas o3 apmo b atin o
s b ske den aimp TA 236 4 b was
Gaz 3 TV o S eSles 70 sl sk e lee
A osle w;y ol I il

Jebw yailo 003 (o) 2

spbar o oy MTT Lwg asle il oni;
ctS slacel ;> MDA-MB-231 (slo Jsbo casdls
L oonds & RPMI et Lo jo Sals VY Jslo
(Sal> 2,5 Jolu¥evees ) W eals 25 Y7 FBS
PSS V50V ey it lackile
0 V) e SN (izee o (Lg/MD) i Lo
i @l abgy o sloSals 4 (MM) Yoo Lo+ s
wad bl el FA 5 YE loy Jolsd 5o b ials;]
WD G gas 06 e b o Johe et Lanzmo plondl sl

SLol Sl o & ok st MTT 25 Sa Yo

3fetal bovine serum

Ol Ol s (5 5lous dolidad | ()5S0 5 593 Jole (v 30

LC3I & Lo Atgd lauwg LC3 25y, s58s1 b
5 9900 w55 Cwel Joll hiodled LS 050
LC3I JoSke ()39 4> 51 wsd oo Jos LC3II o
b 4 SDS-PAGE s .ol LC3T 5 oy

CeSan S g0 S8 > e O GV Sshy e
odeli sequestomel L SQSTMI - oxon aS) p62
Jate LC3 a pedins jsbay p3555U551 (b (3550
Ol s (nlnbe sdse 325 po355ad5l )0 5 058 o0
LU 53858 o JUab b agSnn joloty P62 (n553
e o il 0aisS Jiowd fpaiz b (65el e 3 )lo
93 oot i o8 )l 00iiS plas G lgeas mTOR
Ol omlBl Galple o)ls AE 3BT s i
ey o 2alS g mTOR Ly eS| Beclin 1
SVY) eSe g ail 5Bl cudled Sily wilgs 0 p62
QN

sadsl GoosS Ll ylgieas glanST oyl a5 oLl
N Jio colapnsT 5T Jelge ccanl oo ()55 556451
S35 008 e G plgeay wilgi oo i i
Sy aF a e Jlb 1, edlpal aSld ey
adlhs ,o (Y- N) cl o541 (gogdlly gousll
et N 5 (636531 gooisSTall) cpmllSeigs il (il
Oile 0diy Bliae 53 (S3UT (So0isS o) et
1> MDA-MB-231 03, ot by slosho
N5 GonlelSsg 30> 55 Joko Haile 0s; )0 (5518651
s MTOR loy; ol 5ol b et Ji
sle Silis leeas LC3 5 P62 (slo s » 9 Beclin

S o) 2 38

Ly 9ulge
b g0 g B y20

"Dulbecco’s- modified Eagle’s Medium
2Roswell Park Memorial Institute medium

VOCF): 0V-FA


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

VO(F): 01-5A

v B ok Gl 1 cpisinns Juw-N g o LolSoigi i1

s sl 80 1+ Sitn 4 95 420 VY e
9 35tle 4z )0 A B 7 plos sl jleogd (pomis
Glogys Ol pass ol ooliiwl dids S§ e gl 4 il
w5 Jsesd 5l eslaiwl L b ok ,o mTOR 4 Beclin

o dliee

Delta Ct = Ct gene — Ct HPRT
Delta Delta Ct = ACt treated — ACt control
RQ = Relative Quantitation = 2 ~(ACT treated —ACT

control)
4 g lize (173) Gges aw o PCR (sl STy ana
Somd 03 Gl Sl i 9 o plal JS5 )L T & )50
b 5 S Glyea HPRT (5 o

bJshw ;3 P62 s LC3 slacnsisy yle

3Ll sle Silis lgiea; 62 5 LC3 (slagysiyy ol
N (5520 )5 S MDA-MB-231 sl Jsh ;o
P95 V) el 5 (Yoo e V) i
ool b caslis FA 5l omy cingy 48,518 (ol Lo 5o
L osbine cnl gl ol poms SO 0 g ST
b gl b ol 5l loensig n RIPA - 3L 51 ool
L oeSgn 5l stbine lade (oneyp e o 5l o
S9) 2 00D 33 el jl (L2Su 9 0D 33, diges L
Bgad o b 1>l 5 0l )35 ,L SDS-PAGE sl 5
L locntisn way al>pe )3 0l 5)lI5)L Saly S s
4 miniPROTEAN II (Bio-Rad) +Kiws 3 solazul
ImmobilonP PVDF membrane (Millipore, L:ic
slaols oSl 5l oe wals Jiae Bed ford, MA)
2 OgebeSl g slid 5y, polaislpe Ll
5V 28y L adsl ol T wiad sgh il S5Ol
L 3 LC3 (ab51520, abcam, USA) ale, Y---
P62 (88588, adey adgl gob il 5l Ve e o) @,
L lee (o o aslsl cell signaling, USA)
Tris Buffered Saline with Tween ;I oolax.l
dxy gdd> e j0 al eoly gaad b aw (TBST)
bt Wlid e 0l 4550l gl ool T b balas

o) o 0 p S oo ¥ 0T oles il oS g5k 0
sl ol 5 il saz,0 YV o cele ¥ le ol 09
Voo ad Bis MTT (g5l e o)1 5l dm i
@ ooleyg? sleysk pab J> sl DMSO ods See
S ool J1E S g9, 4B VO Soe a9 ol a8l ]
OY+ o Qs ldl oliws 5l eolanl b owculys o
22,0 Ojgoty ile 0 Ol e 5 9 (6 S 0jlul il
o b logialesl b ole S5 sladsle 4 o
ol pll S5k aw &jpod g e sk (saises
& Jolw o Beclin g mTOR Lo

2 65l sl Silas olgeas Beclin g mTOR Ly
ek N pyze 5o a5 MDA-MB-231 le Jsbo
9 VF Slam oy a3 )5 )18 naalelSisss 5 Cntnns

» bys solas! mMRNA s o el FA

oKiws yo Real-Time PCR 3 oolatul L ook
S5 6 pSoslal IS ] Roche s o Light-Cycler
oSl eslital b Sale o 5l JS RNA «jslase ool (sl 2
ookl (esiz 0,8 Grnr All eo5) RNA #l el
Sheslatunl b el Zlhzeal euS oaisle )50 o,
5 (Estonia Solis BioDyne =.5) cDNA ;. oS
b 3w CDNA oS odijls LIS Lds, by
5 Beclin mTOR sy slp colas slo sy
Sl sl el b (s JyaS oleea) HPRT
olis ) Jgar o Lol g oS ws sk CLC
oal s Jlail slod g o sl cdale ol .ol oadionls
Sl STy e glos 5 SlE b G 9 0D e
Real- olsews ;5 (555,500 0.2 slocsds Soe 5o J5
s Sen ¥ bty STy bsle .0 aloxil Time PCR
s Sen B poalpy 52 5l JgosSy B ol 3.3, CDNA
by S yidy S Vo (2l 2> ;5 PCR (uSes e
d>yo 9 pj Sjgon Gilesl ol sl PCR L
al> o @adBo 10 Dow 4 ol 5 le 4z 0 plal
U 55 4l 1D Jalt S o 5 S o s
al> o gl Kl az 0 Fe 0 adds ) 5ol ,Kle az o


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

YA Gl GomalelSosgs 2 (dhoe jo 59,500 Ve 5 0 Y
ols Jials (g loline jobas | Jokw yaile a5 il celus
Jss) (P<0.05 s 5 4 ke 78 5 /. AYL FYY)
(kY

ok 035 aile 0855 3 crrkimas Jras-N i1
MDA-MB-231

5l e Ot Sl N a8 8l lis MTT s s
MDA-MB-231 Jsks 03, oyoile 03) (53, s lsline
S Jo s o) cell YF ol Soline slacbale
FA 6l ot S N Vo Lo ¥ clale U Los
gy 55 s alin 3 1y Johoo ooile o0 el
el N Ygo oo Ve 5 0 clale wms oo Liul3dl
b oavalio po 1) Jokw ile oniy caslas FA (gl (i
o2lS UYE g Y ) aes e ielS S dges
(oY JS) (P<0.05

S3B syl by 9y 2 ormbldy 5
MDA-MB-231

ooy, ol eslaul b Beclin 1 g mTOR slacys ols
& ySojlail 55gil sl S L leeay Real-time PCR
5 bJeks o Beclin I Ly a5 wisls olis als .asuls
@ daly Ojgon g)lolae jebay Gy sl
Beclin s by yess b oo lol3dl clale 4 oo
L osd Loy MDA-MB-231 Jsls o5, ,s 1/HPRT
TF ol 5o GrmmtllSiss 1 il o 5 055,500 O ¥
S abgye 55 digel 4 S plp VY 5 Vol
Comd Ola jdd 0gdleay (AHY USS) (p<0.05)
Jlei MDA-MB-231 _Jsks o3, ,s Beclin 1/HPRT
3 OebelSg 5l e )0 )55 S0 O LY L ons
A dged 4 Sod pln Ty VY wcels A oL
(GIY JS5) (P<0.05) g abogs o

» &85l Gl S S plseay mTOR (5 ole
a dlly Ojgot GrlelSg booad Lo slo sl
VE 5lae mTOR oF by cdl pals clale 5 ol

OeallSogs i e o 055 S0 0 clale o cels

Ol Ol s (5 5lous dolidad | ()5S0 5 593 Jole (v 30

50 L Wlid s 50 obled ECL S 51 ooliciu
S olsiear S gl solnl 5 Sa il
3heolaial b laaily Ll o wasuls 4SSl puS iy
s amlie Sy sus polie 4 Image T 1530 5

bl 5T
450 SPSSl38la 5 51 oalizadd b ledlol canlllan ol 5o
Kolmogorov-Smirnov s, g3 .asos 3JUT V¢

Qj.n)‘] ()T Jws 4 3 One Way ANOVA Lg)Lo]
5 ks Gule onsy ol awslio gl Tukey’s
oS jlod g 0 led slagsle 5o lagyy olo eizeen
s i N g s Lol g5 calizro slacdale |
Student's t- s3] 51 o eoliiwl calizes lagle; ,o
Sbes sladshe (o9 Ol Ol ee dulie (61 test
L.fjb)) LS‘)" O 9y Q}A}T A oolawl sanis )Lo...) 9 03
g ol sslaul o5 le g Jebw (aibe 0as (e LS
RCIPCEI RN TS ICOR P NN

LT (a5 psle olfidls b colem b adllae ol
SaeS Lawgs g ou plsl (Grant No. 95U-1165)
s 2330 OoLT (Kb ple olStils (tmgsy yo B
S 08 el sdew, ol o4 5 a S 13
(ABADANUMS.REC.1395.189

@:al:\l

03y bdsbw (uibe oniy @ mmbliy i
:MDA-MB-231

gy odlitul b Joko aile 0ui; (59, GummllSSss S
l Jobe gaile 08 rnlolSigs ol s MTT
Pk 2 pSe S B 9 VLl &5 (Jpo
Vo b gloyo ccdils o085 Sleelu YF 6l p o lSsss

slecdale b jled g el VY (6l 2d s j0p 59,5

VOCF): 0V-FA


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

VO(F): 01-5A

v B ok Gl 1 cpisinns Juw-N g o LolSoigi i1

e ¥ L oo s sla sk 4 cos celu FA

obe Ol mzen (WY JSL) (P<0.05) o
oo jlod glo sk jo P-actin & Cows pO2 (i35

Do & oo j0 059,500 ¥ Clale b e LSS5 L
oo, VO Lo o0td e slaskor 4 cons cacls FA

(Bl =0 JS5) casls rals

150 4

100 4

cell viability (%)

odledy (p<0.05 l s +IA) il 2ol (s loline jsboay
aily jsboar cslo FA 5l as ool mTOR (5 ()L
MTOR/HPRT Lo cad poss .8l rals clale o
O LY L ond e MD-MB-231 _Jsbo o3, ,
00 g IVecelo FA Glog Soe o yid e )3 0,55 e
(oY JS3) (P<0.05) 35 abogy o J 508 a4y S ol
b ool e sloske ;o LC3I/LC3I oty oo
Do ay Jdghee 50 0,550 ¥ ockale b e LSSy

(<)

m

48

o

T
0- T T |~. T
Q Vv ) O

Tunicamycin (pg/ml)

200+

1504

cell viability (%)

(<)

* K 1

—s

: 24
48

4

*
100- L
T
504
0‘ T T T T
N v % KN

N-acetyl cystein (mM)

MITT (g 51 ooliil b Jybes 5l 53 o i N U opmnglalSaigs 1Y IS
Sl 5y e Jeob N =0 onis o lasho b alin o iliee glacdile 5 baplo; 5o Jsho by 5 CmalelSigs i1 -
s MITT i, 3 ool b il slapley 5 ol o oo ol oo o sloJobo b sl 15 il slapley 5 lociki o Jobe
£ Sl & oty ol 50 demlie sk e (sba s b et Ji N 5 sl b o o sl ol salimons gkt s
IS b awolie jo jlolie LS lgicas a5 el P<0.05 ovumolis * cuadle aiod (5,155 )15 )b dw O jgods diged a5l jlore Byl
5 A F L s il slaeg T e loline B! laieds 45 el PLO.0T gomimonlis * condle b 45 5 L5 o


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

(i)
: L] | —— . 48
£4 . . -
i T
<31
E -
321
g
Nl
"ol . T T
) T h
Tunicamyein (pg/ml)
(@)
25

Febd chargs of rftilA BoclinHPRT
==
[=]

Uls -l i . I
= o
0.0- T T T
= i L]

M-acetyl cystein (mM)

Ol Ol s (5 5lous dolidad | ()5S0 5 593 Jole (v 30

- (<)

a5
af

—_ -,
104 »
&
05 T
ool r y
I " &

Tunicamyein (pg/ml)

Fold change of A mIORHPRT
m

5 ()

o I

39 |_'ﬂ 48
E .
z . oh -
-]

%2
-
T
B
i ;
2
[ E T T T
L] " oy

M-acety| cystein (mM)

3 ot olSigi il GBS jgudo 3 MDA-MB-231 Jablus 03, ;0 MRNA zhans 55 (6381 slo,5 o b ¥ JScis
FRVLSIWORR WOV )\ |
»Beclin 1 5 ol =7 commlblSsss jea> 0 b sk o MTOR &5 lo =@ (rmmlblSiss jea ;0 sl o Beclin 1 o5 oLy -l
s bedile ;s MRNA gl 5 lag) ol e Jeiwb N g2 )5 sl 9 MTOR (5 0le =9 soetin Sk N g2 0 o J5lo
b oo s sl sk 5l odalimoas guls .o solial I3l 08 olgieas HPRT o5 ols o s Q-PCR 1 sslinal b ciglice sloglo;
a o Yoo oo ¥ dile )5 s il N gl ol bl 50 dglio 00 Jlons sl gl b cpnsims b N b g cppmelSiiss
sels s Beclin 1 by (iol5dl 4 o ek Juib N Voo Lo 0 clale a5 J 0 0550 MTOR )Ly )58 5 Beclin 1 oLy als
a5 el P<O.05 ovsmopylias * cuodle o (5,55 51,85 )b aw b diges a3l Lo Gl ol £ (Kl & jg0a gl 00,5 o MTOR Ly
Calizeo glaog 5 o jlobine LS lgieas a5 cel P<O.01 goscmoylis ** codle ol axd )§ Las o o8 b aslio [0 jloliae S lgieas

A VA el il casise jeba cels FA
N Yoo koo ¥ clile opdleay (z-T J55) (P<0.05
az S b e MTOR (s (il 3l 4 et S
Jeb N Yoo e 0 clile o2 s mTOR

MTOR/HPRT ol yeris -2edls by (20 s
Y loclale b ous log MDA-MB-231 (sls Jsko ;o
welos YF 6l G JuiobN 5l Yoo L O L
2£) IO el FA 5l sy 5 (P<0.05) col YID 5 Y/
15 oad g pSoilul Jlake (P<0.05) <V 5 (lolize

IKIPULIC NI

3891 sl 5Lo sl (59 (i Juiwl-N 51

MDA-MB-231
Ot Joob N Voo (oo ¥ clile b o5 oo ol
Beclin Lo els slej 4 ausly & a0 45 cdbads e
5 Beclin 1/HPRT ol coms isls olis |, 1
e ¥ Clale b ows Loy MDA-MB-231 slo sk
VE Sham oIV 5 10 ol 5 e SN Y
sl 0 il ax Sl 5gy J S b anglie o cusls A
Beclin 1 5 oo psd 4 it Juwh-N 5l Vs

5law Beelin 1 oo o)lje cadd yonie ceels YF 5l oy

VOCF): 0V-FA


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

e B gl Gy i Juiwl-N g s LolSigi 31

2.5+
5 2.0 L
(g_ﬂ\) LC3 1 - 14KD % ™
LC3II 16 KD §§
=" 1.0
Control Tun B
2 pg/ml ~ 0.5
(48h) -
Control Tun
Group
1.5-
£
3 1.0
LC3 I g - - - Bs
(<) 60§
. LC3|| 16 KD @ 0.54
Control NAC 3
2mM -
(48h) " Control NAC
Group

it Juans=N g cyanns i g3 jgua> ;0 MDA-MB-231 Jslw 00 ;0 55leil 155l oyleieas LC3 Lo :F JsCis
CSile &yt ol ol 4Bl 2ol s kN jpis 0 -0y ol easlalKsgs jga 0 LC3I/LC3I e -l
b anglio )0 lolie LS flgreas a5 conl P<O.05 sonsmoyylas * cudle .asod (5,155 5,55 50 dw b dige5 a3l Lo Bl il

REPR S INES
2.5- Tun
2.0 2 pg/ml (J\)
rm Control  (48h)
% 1.0 p62
" A "
0.0- Bactin 45 KD
Control Tun
Group
4
NAC
e 37 == 2mM (g_\)
B Control 48h)
g

1_

T
Control NAC

Group

i N g (pa LlSigi y9a2 58 MDA=MB-231 Joluw 03, 53 35Ul 55l plgiear P62 oyl :0 S
S ygeods gl el axdly ol s LN jpas 0 -0 g alS CeslolSSsi jaa 40 a8 Ly 4y Sas PO2 (g e — ]
IS b aslio o lobime BB ylgreay a5 ol P<0.05 gossmolis * coodle aias (5,155 1,85 ,b dw b diges a5 Lo Bl il £ 1 Slo

ol axd 8 ko

VO(F): 01-5A


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

e sl FA Soe 4 o bolSs g8 calize slacdale
syt ChIE 4wy Oypot Jobo ST e 4
(YY)

s Joiw N cadlllae ol s (olal 3 yuioren
33 (Yoo (e V) o8 lale jo Lo Joho jiiny 2350 el
YLl a5 s s wed s (el FA) iy oo
8 Shge puS S5 & e e e N
3 O Jiwb N o Sl gosimoplis wilgi oo
iee oyt 2l (Vs ko 10 5 5) 5YL laclale
oo 035 655 » G SN (ol S
5 JURKOWSKA Loy ol glogiadls,s
Weo b & cdale a5 ols las sl jo oladl ) Sen
30 22,0 YY) Sgas Cems A pie s Joiiw-N
(YY) 0gd o0 ok 05, o

MDA- sladshe o 3Usl sloySile ol wgdle
oSl laeds slalSig jsa> 0 MB-231
GoniS e Ol et SNy (530051
P GrealalSsgs a5 ol lid gl ol (o) p 53051
ool e loJslw jo Beclin 1 ol aoliél 4
Godsolis 4 0gl o cidalé g o 4y alinls Oy g0y
MTOR &5 Ji> 5 .cosl b Jshos ;5 36531 s Jlab
5 Olej 4 inly Oyp0t (550951 (6 ke LSS Blgreas
035 G o (5lo Jshos (rizman iy ol s il
3 e 3 0 )55,See ¥ jsi> o MDA-MB-231
& LC3-T oo Ghal 8l el FA 51 o ol
15 isls s 1) p62 cdale alS aizmas o LC3II
Ol Rl38l g Jobo S pe 4 i (e LlSg <8 oo
Sl Sl Ol 28 5 53581 (goaiiS Jlsd slo S Le
Sy Syn il il 5 P62 Bpas 5 (s3lis
Wy oo a5 0S5 o0 Jb ) 538951 e (e blSS 5
508 @I MTT (59, b a8 20 Johoo S 0 2y 2
Jlsd a8 wisls Lt glaalllan o o Ken 5 YU dissly ol
5 3Bl S Ll (oD gl ASh il
1 Spbom 40, S5 Jsho ol slo ks 5 53]

Ol Ol s (5 5lous dolidad | ()5S0 5 593 Jole (v 30

L oads jlows slosbw ;o LC3II/LC3I (g Canns
FA Cow 4 Voo o 2 cdale b i SN
aoys 00 Loy sats [l slodske 4 cos clo
Ol Omizmes (- JS2) (P<0.05) cuils als
sbord sladske jo B-actin a; cows P62 (g ole
Soedy WVae Jo2 cdale b s LN L oot
A ¥ L s Jles slashe & cos sl A
(o =0 &) culs aolsél

@ bgryo 0 ol 3 Jokw uile 00y o bl
389!

G lale L ond Loy glashs 45 Uk cyile 0 1
S9zg el FA 5 VY slogle; 1o oSy aliee
obe o bl umes (1=-0.6, P<0.05) culs
b oad Jles slodshe ;5 Jsko ouile oui; s MTOR
52.1=0.34, P<0.05) 5 ciin 5 ylobne s lalSi g5
Codo bl )| s SN L oo Lo sl Jols
A odgd Jekw aile 0uiy s MTOR Ly (o lobize
oo o bl )l b ok opl o 4> 5 .(1=0.27, P<0.05)
D9 lolize b Jokws yaile oi; g Beclin 1

S
&

&.AA..S
£9595 5 g Sl G0 el «(53lg5]
Lalys 4 iy &5 sl (55085 slash jo anl 3 S
2 A) dgdio e Joho Spe b i 4 Joho o>
GouSWl G plsiear bl S adlas ol
GoaS oo plored ettan JuEN 5 (553l
A8 sy MDA-MB-231 Jslus 05, 55, » (556s5]
iy 5ol S SIS GrmalelSGigr a5 ol las Lo s
MDA-MB-231 slaJsh sl 5, <dilé 5 oo &
o wslhs olii oL es 5 Hou L, cpl o .o
ok sloos; 255 ke el Wl o by
ot addllae (nl 5l Jol glaaidly 358 0 poien IS

LooS po)5 (ol loos, Jlod a5 wmo o0

VOCF): 0V-FA


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

VO(F): 01-5A

v B ok Gl 1 cpisinns Juw-N g o LolSoigi i1

G9) 3 e N S ccpizman (YF) 0l 00ls
Rat) &, Joo S jo o))Sen g Li by 65855 e
aS wd ool ol lagl ad ey p 8 LSl s
Yo Lid b ond Wl e oy sl i 4o (o3ls]
30 G5Bl a4y ansly slo Silas )l a5 g sy ol s
Juiok N cilonsT sl g canls aoldl Jow ol
Al e ol 5l Gl e e b et
ol oK 9 Guha wdleay .(B) 0iS oo (5,5 o>
oMy giil A o sl Sl 4y e elSigs a5 il
JW L) Sliwg Gl Joho S pe a5 09800 i
Jled eNOS-RagC o 5 ,b ;| mMTORCI o5
odeS a5 wsls olis )8 5 GUO ogdledy .S o
(Uete fooa V) o] V-l W (2851 59 e
Gk 3l Gy Jshes S o 4y Wl g0 Sy [ s2e]
O s N g 098 1200 ROS oy anily (o5451
Sgmms |y 36551 e lgia ROS Koyl (fsices
0 egSae |y Gl sl sho 53, 550 crl AT 5005
o8ee 3 Underwood (slasllas j5 o pimen  (YO)
Jio cilapST T else a5 wisls las Yoo Lo 4o
& w8 Jlon |y 3lsil algin ot JtubN
b bas e a8l porss slagey n goban RI3l 4 e
S addllae cnl 1o (VA 295 oo 53 53595,55 Slos jLoce
L axlllas L a5 59 Lai o Lo Jobow (sliy (2l 31 L 53651
Solost Joe g5 )0 Dol Sl @y Wilgi oo 45 35y gunonls
A S lgi oo oglay ol s jo ol adllac 590
e 9 STl $5Bs1 Al whaw 7 (S50 5
Sy el Wlgioo &5 39800 Jobo liwgen pas 4
el nlple 09t Joho a2 Gl ey 2S5 Ly Jshe
slodsle gloys Glp Sus G plsie 4 G5B e
b gl o ady) e @ g b sl P s
oRIFl S gipeys &S sluSa veh sl 5l
Ol sl cons P el (636531 ymo aly 05l e
g 05 S Jobo Ll sogme 4 Wlgioe s
Slaal gy @ iBsl e et 55 opdledy uSe

ALY glacble o by a5 wsls ol
sl sk ke oy 2815 el 2l )3 0,53 e
s aalllae ol 55 isdise y SzsS Joho b
2 eSS A B slecdile 3 iUl e (o8
p62 5 Beclin 1 LC3 (sla,S Lo 5l osliceasl by yd oo
ATY) al ooy olas

MDA-MB- sl Joblo ;5 5385 slo S Lo 0l (2b5)
e olea et SN jeas 0 231
ol sl s Beclin 1 oLy (als” 56931 gouiss e
aily O g0 (Yoo (Lo V) ol cdale ;o |, mTOR
clale jsa> s Beclinl ols wgdleas ol plas ey 4
5 <8l Gl (Yge (hee B) it Jotwb N 5YL
Gk N @l by cdl ials mTOR b,
$3B51 ke 2l (Vgo (oo 1) o5 wale o ot
b (Vso oo ) SV Sl o o Jlo s 550
Sl cde 4 wlgie a5 ol o 555l yomno Lil33l
sl W gleckle 5 e SN e
1> MDA-MB-231 o5, by slasbo (ppizman
R e R R D
5 LC3II o LC3-1 Jus Lials cels FA ol
ol el isls olad 1) P62 el il opizmen
cble o et ook N a5 wiols olas Sledbl
Sl ole Gl L ol e Jobo (ile o0y 4 2o ol
oSl ol pels 5 MTOR) 3Ll (s ke
Bpae pas g (Beclin 1, LC3II) (55641 (gouss Jlad
Iy 5Wasl o T8 et N ¢ s 2355 0 P62
ol Jokw aile 0aiy Jdo a5 s oo ralS

2l et Jb N e Ol Sladlae b
adllae wlol 5 e gly ilools i (g3l o
L wlgs oo et N ] )Ses g Mubashshir
] et 41 e 60 e 3l RalS b
Sl 25 (2IRLe3T S )5 (g0 50 (b SraSans]
ok 02l L it kN sbicos o3y
ok p62 ilisl g LC3II 4 Beclin 1 gl iy y


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

2 &;91"’ &‘5 gs’L“)r’L'-’ LSU"],';M SS9y » Lbj)b ),.JL
2 bgT moe Gl 4 Wl o b she ylie ¢lgl
~S &Jl&‘s)[‘,.ﬁ QL°)~>

S oSdasis
o3l 3BT o & bgrpo sl Silo ol 4 4z gi L
Wlg oo mmmlalSiss p62 5 Beclin mTOR [LC3
Casi ploj 5 il 4y anly ©json | 3lesT b
Ol by (Jobos 03 )3 Johor S e al33l 4 5 015
Jewk N oS J>jo 098 ;2w MDA-MB-231
4 g ools ol ) (o3lgsl (il bl )3 Lk ot
ol 395 o e MDA-MB-231 (sla Jobs sl
e 5o Slgie 4 Wlgige oS Cel (ponilSa (3Lg51
Sk 03, 3 Jobo sl folS a4 e Jobo S e
SG g 59008 (Jokw ciS Lz )3 ol Gl
Joeal b0y )18 azg 0)50 by (loys jo San

0l sl Slsem sl oo 5 olSilesl o iy Slalllas

el 5L30 550 Joko i 5 0 o (55g1 ks

SIS g yaad

pode oiils Gliw p yw 5 O Ses Gaen I 0 s
Coles anlllas cpl jo oSl Jdo @ olobl B3
bngs asdllas ol (Jlo cols 05 s oo 50l 1) 555 Sl 08
Grant No.95U-) o plail lobl (s pole oSl
(1165

pilise ol
Sl 392y grlie sl

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL,
Torre LA, Jemal A. Global cancer statistics
2018: GLOBOCAN estimates of incidence and

Ol Ol s (5 5lous dolidad | ()5S0 5 593 Jole (v 30

Dl @8 e (nl et (09 Jolae b g (o Sl (Sloyo
S Srpeye &5 Sl (game aoy (l 0gd B S o
s il o P! sl e (5585 s 5 e
Lol 0,5 18 Sloys SBloal aws ;o Wlgh oo o opl
25 S Jslao 558851 jmn 0 st 45 J )50
Wd S Sygo Joho bwgs 9290 Lulid dee S
bolyd pud S 4l ghe S & s (ol polas

Sl o
Jud sl Sl o (e LU aslllas (ol oo
St L iz 3 Johos (e 005 5 530651 00
ols 55 1 Jsho e 0055 5 53851 e 5 Lo o
L Gl sldshe e I aid,e &S, sba
Ok oI L et b N g s LS g5
osile 005y oyl s (538551 (5 lge S, & MTOR
Ok Om L)l (oSep 5 WS (o0 o 31 Lo sl
Loond o sl sbe uile oy ol5ee 9 Beclin 1
ORI L a5 Sl L (nl @ a5 39 (s el s
sl (65865] pnn y 50 Sl SG aS Beclin 1 )L
O Jal b Se g il oo 205 L gk (yaibe 005
L oo e lo ko onils ousy g Beclin 1 5 oLy
S as oags g boline bLi) st il -N
ek N Gilises slacbalé cglice 13 cle 4 il oo
el 0l 3651 Sl b oot Jbd (et
ole 0asy 4o (g5gil aE g S0 glp bazdl ol
3> & MDA-MB-131 o5, sy S slo ol
2L e Wl oo et 5515 S 5 b Sl 00
S s 5l eslatl 4 lei oo asdlas ol slacgsgame
oo slnes, S linal pae 5 ollop oo e,

et lp aly Sldllas Joall oS o )Lal Gl d

mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. 2018; 68(6):394-
424,

VOCF): 0V-FA


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

VO(F): 01-5A

e B gl Gy i Juiwl-N g s LolSigi 31

10.

11.

12.

doi: 10.3322/caac.21492.

Weigelt B, Reis-Filho JS. Histological and
molecular types of breast cancer: is there a
unifying taxonomy? Nat Rev Clin Oncol. 2009;
6(12):718-30.

doi: 10.1038/nrclinonc.2009.166.

Guo WJ, Ye SS, Cao N, Huang J, Gao J, Chen
QY. ROS-mediated autophagy was involved in
cancer cell death induced by novel copper(Il)
complex. Exp Toxicol Pathol. 2010; 62(5):577-
82.

doi: 10.1016/j.etp.2009.08.001.

He C, Klionsky DJ. Regulation mechanisms
and signaling pathways of autophagy. Annu
Rev Genet. 2009; 43:67-93.

doi: 10.1146/annurev-genet-102808-114910.
Li B, Sun Y, Wang JP, Chi RF, Wang K, Yang
7], et al., Antioxidant N-acetylcysteine inhibits
maladaptive myocyte autophagy in pressure
overload induced cardiac remodeling in rats.
Eur J Pharmacol. 2018; 839:47-56. doi:
10.1016/j.ejphar.2018.08.034.

Qin W, Li C, Zheng W, Guo Q, Zhang Y, Kang
M, et al.,. Inhibition of autophagy promotes
metastasis and glycolysis by inducing ROS in
gastric cancer cells. Oncotarget.
2015;6(37):39839-54.

doi: 10.18632/oncotarget.5674.

Wei P, Zhang L, Lu Y, Man N, Wen L.
C60(Nd) nanoparticles enhance
chemotherapeutic susceptibility of cancer cells
by modulation of autophagy. Nanotechnology.
2010; 21(49):495101.

doi: 10.1088/0957-4484/21/49/495101.
Galluzzi L, Pietrocola F, Bravo-San Pedro JM,
Amaravadi RK, Baehrecke EH, Cecconi F, et
al., Autophagy in malignant transformation and
cancer progression. EMBO J. 2015; 34(7): 856-
80.

doi: 10.15252/embj.201490784.

Levy JMM, Towers CG, Thorburn A.
Targeting autophagy in cancer. Nat Rev
Cancer. 2017;17(9):528-42.

doi: 10.1038/nrc.2017.53.

Rebecca VW, Amaravadi RK. Emerging
strategies to effectively target autophagy in
cancer. Oncogene. 2016; 35(1):1-11.

doi: 10.1038/0nc.2015.99.

Mizushima N, Levine B, Cuervo AM, Klionsky
DJ. Autophagy fights disease through cellular
self-digestion. Nature. 2008; 451(7182): 1069-
75.

doi: 10.1038/nature06639.

Easton JB, Houghton PJ. mTOR and cancer
therapy. Oncogene. 2006; 25(48):6436-46.

13.

15.

16.

17.

18.

19.

20.

21.

22.

doi: 10.1038/sj.onc.1209886.

Jung CH, Ro SH, Cao J, Otto NM, Kim DH.
mTOR regulation of autophagy. FEBS Lett.
2010;584(7):1287-95.

doi: 10.1016/j.febslet.2010.01.017.

Yang Yp, Liang Zq, Gu Zl, Qin zh. Molecular
mechanism and regulation of autophagy. Acta
Pharmacol Sin. 2005; 26: 1421-34.

doi.org/10.1111/j.1745-7254.2005.00235.x

Mizushima N, Yoshimori T, Levine B.
Methods in mammalian autophagy research.
Cell. 2010; 140(3):313-26.

doi: 10.1016/j.cell.2010.01.028.

Filomeni G, De Zio D, Cecconi F. Oxidative
stress and autophagy: the clash between
damage and metabolic needs. Cell Death
Differ. 2015;22(3):377-88.

doi: 10.1038/cdd.2014.150.

Lee J, Giordano S, Zhang J. Autophagy,
mitochondria and oxidative stress: cross-talk
and redox signalling. Biochem J. 2012; 441(2):
523-40.

doi: 10.1042/BJ20111451.

Underwood BR, Imarisio S, Fleming A, Rose
C, Krishna G, Heard P, et al., Antioxidants can
inhibit basal autophagy and enhance
neurodegeneration in models of polyglutamine
disease. Hum Mol Genet. 2010; 19(17): 3413-
29. doi: 10.1093/hmg/ddq253.

Tasdemir E, Maiuri MC, Tajeddine N, Vitale I,
Criollo A, Vicencio JM, et al., Cell cycle-
dependent induction of autophagy, mitophagy
and reticulophagy. Cell Cycle. 2007; 6(18):
2263-7.

doi: 10.4161/cc.6.18.4681.

Wu J, Chen S, Liu H, Zhang Z, Ni Z, Chen J, et
al., Tunicamycin specifically aggravates ER
stress and overcomes chemoresistance in
multidrug-resistant gastric cancer cells by
inhibiting N-glycosylation. J Exp Clin Cancer
Res. 2018; 37(1):272.

doi: 10.1186/s13046-018-0935-8.

Hou H, Ge C, Sun H, Li H, Li J, Tian H.
Tunicamycin inhibits cell proliferation and
migration in hepatocellular carcinoma through
suppression of CD44s and the ERKI/2
pathway. Cancer Sci. 2018;109(4):1088-1100.
doi: 10.1111/cas.13518.

Jurkowska H, Wrobel M. Inhibition of Human
Neuroblastoma Cell Proliferation by N-acetyl-
L-cysteine as a Result of Increased Sulfane
Sulfur Level. Anticancer Res. 2018; 38(9):
5109-5113.

doi: 10.21873/anticanres.12831.


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html

[ Downloaded from ijbd.ir on 2026-02-16 ]

[ DOWNL6aA0AINijhdiB8.4.50 023-01-28 ] [ DOR: 20.1001.1.17359406.1401.15.4.4.4 ]

23.

24.

Yu XS, DuJ, Fan YJ, Liu FJ, Cao LL, Liang N,
et al., Activation of endoplasmic reticulum
stress promotes autophagy and apoptosis and
reverses chemoresistance of human small cell
lung cancer «cells by inhibiting the
PI3K/AKT/mTOR signaling pathway.
Oncotarget. 2016; 7(47):76827-39.

doi: 10.18632/oncotarget.12718.

Ali M, Tabassum H, Alam MM, Parvez S. N-
acetyl-L-cysteine ameliorates mitochondrial

Ol Ol s (5 5lous dolidad | ()5S0 5 593 Jole (v 30

25.

dysfunction in ischemia/reperfusion injury via
attenuating Drp-1 mediated mitochondrial
autophagy. Life Sci. 2022; 293:120338.

doi: 10.1016/j.1f5.2022.120338.

Guha P, Kaptan E, Gade P, Kalvakolanu DV,
Ahmed H. Tunicamycin induced endoplasmic
reticulum stress promotes apoptosis of prostate

cancer cells by activating mTORCI.
Oncotarget. 2017; 8(40):68191-207.

doi: 10.18632/oncotarget.19277.

VO(F): 0)-FA


http://dx.doi.org/10.30699/ijbd.15.4.51
https://dor.isc.ac/dor/20.1001.1.17359406.1401.15.4.4.4
https://ijbd.ir/article-1-960-en.html
http://www.tcpdf.org

