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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 viability 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 cells in a time- and dose-
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
autophagy inhibitor. Data indicated up-
regulation of Becline-1 and downregulation
of mTOR in the cells treated with
tunicamycin in a time- and dose-dependent
manner, 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

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.
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