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Abstract
Background/Aims: Naked mole rats (NMRs) survive and thrive in dark, dank environments 
with low levels of oxygen and poor quality nutrition. Their long lifespan is attributed to 
sustained good health and pronounced resistance to cancer. Physiological and biochemical 
processes, such as autophagy, may contribute to the successful aging of this exceptionally 
long-lived species. We demonstrated that NMRs have higher levels of autophagy than short-
lived C57BL/6 mice, and this may play an important role in the maintenance of cellular protein 
quality and the defense of cells against intracellular and extracellular aggressors in NMRs. The 

changes (H2O2 treatment and a shortage of nutrients). Methods: Primary NMR HSCs were 
isolated from liver and treated with serum-free medium. Cells in the experimental group were 
incubated with different concentrations of hydrogen peroxide (H2O2) in the presence and / 
or absence of 3-MA (5 mM).The LC3-II/LC3-I ratio was determined by western blot analysis. 
Western blotting was performed to analyze the expression level of Beclin 1 protein. Apoptosis 

Results: Our data reveal that 
both poor quality nutrition and H2O2 treatment induces apoptosis and autophagy in NMR 
hepatic stellate cells(HSCs). Conclusion: NMR cells have the capacity to induce cell death 
through apoptosis and downregulate the energy consuming processes through inhibition of 

http://dx.doi.org/10.1159%2F000363015


Cell Physiol Biochem 2014;34:463-473
DOI: 10.1159/000363015
Published online: July 30, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 464

Zhao et al.: The Protective Role of Autophagy Exposed to Environmental Changes 

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

Introduction

Naked mole rats (NMRs; Heterocephalus glaber) are the longest-living rodents known, 

1]. NMRs can survive and thrive, maintaining normal function and reproduction, 
in dark, dank environments in the arid and semiarid regions of northeast Africa. NMRs have 

1, 
2]. -

environmental stress such as oxidative stress and hypoxia. An understanding of the cellular 
and molecular mechanisms underlying the health of NMRs may provide insights into human 
disease.

-
lular homeostasis and adaption to environmental stress, such as oxidative stress, starvation, 

3

4, 5]. We demon-
6]. 

The purpose of this study was to determine whether H2O2 treatment and serum starvation 
can induce programmed cell death in NMR hepatic stellate cells (HSCs) to determine the 

starvation and H2O2

Materials and Methods

Cell culture and culture conditions
7]. 

-

2 2 2. 3-Methyladenine (3-MA) was purchased from Sigma Aldrich. All cell lines were 

Cell culture treatments

2O2) in the presence and / or 

2O2 exposure. Cells were harvested 
at 12, 24 and 48-h intervals, respectively.

Cell cycle analysis and apoptosis assay 
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Staining dye protocols for detecting autophagy

8, 9]

Western blot analysis 

Small interfering RNA transfection 

5 

2 2, 

2

RT-PCR to assess gene expression

Ct 

Statistical analysis

P values of <0.05 were 
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Results

Autophagy is involved in nutritional stress response 

Compared to full culture medium, 

reaching the S and G2 stages (P

starvation.

Oxidative stress following exposure to H2O2 induces apoptosis and autophagy in NMR HSCs
Accumulation of reactive oxygen species (ROS), such as H2O2, is an oxidative stress 

research shows that H2O2

2O2 for 12 h and 
2O2 increased the extent of 

cell apoptosis in a time-dependent manner. Our results showed that administration of H2O2 
signi
that H2O2 p < 0.05). 

2O2 compared with the 

3-MA has a dual role in modulation of autophagy

elevated compared with the controls or the starvation condition (P

following exposure to 3-MA compared with the other groups (P < 0.05). More autophagic 
vesicles were formed in the cells treated with 3-MA than in cells treated with H2O2

2O2
than with H2O2 or 3-MA alone (P < 0.05). These results demonstrate that prolonged treatment 

H2O2. 3-MA has different roles in the modulation of autophagy under different conditions.

siRNA inhibition of Beclin 1 expression

siRNA group, less Beclin 1 mRNA were detected in the Beclin 1-siRNA transfected NMR HSCs 

Beclin 1-siRNA3
was detected in the Beclin 1-siRNA3 
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Fig. 1. Autophagy is involved in the tolerance of hepatic stellate cells to nutrient deprivation. (A) LC-3 

±SD of at least three experiments. *P

different groups. *P

*P
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3 transduced NMR HSCs compared with the NC-

Fig. 2. 2O2 
on autophagy in he-
patic stellate cells. (A) 
The effect of various 
concentrations of H2O2 
on cell apoptosis.(B) 
Graph indicates the 
percentage of annexin 

cells. *P< 0.05. (C) One 
representative wes-

(D) Quantitative de-

staining to detect the 
accumulation of au-
tophagic vacuoles (all 

-

microscopy was per-

morphology following 
-
-

tion).
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Discussion

10]. 

autophagy are important in human health and disease. NMRs are the longest-living rodents 

1]
-

ty rate, even though they survive and thrive in dark, dank environments with low levels of 

-
-

monstrated that NMRs have higher levels of autophagy than short-lived C57BL/6 mice, this 

cells against intracellular and extracellular aggressors in NMRs. The present study assessed 

oxygen species. The hepatic stellate cells comprise approximately one-third of the nonpar-

11].
against H2O2 treatment and shortage in nutrient supply using naked mole rat HSCs.

-

12-15
LC3 modi 16-18]. Con-

Fig. 3. Detection of Beclin 1 expression 
in Beclin 1-siRNA transfected HSCs.
(A) Beclin 1 mRNA expression analysis 

with Beclin 1-siRNA and NC-siRNA for 

loading. Beclin-siRNA3

P < 0.05 vs. 
NC-siRNA group. (B) LC3 and Beclin 1 

expression in HSCs transfected with 
Beclin 1-siRNA and NC-siRNA for 48 
h. *P< 0.05 vs. NC-siRNA group. (D) 

ratio in HSCs transfected with Beclin 
1-siRNA and NC-siRNA for 48 h.
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19]

-
-

gic activity of mammalian cells 19-21]
starvation through a mechanism that involves autophagy, which modulates cell cycle arrest 

compared with their respective controls, indicating starvation induced autophagy. Rodri-
2

-
-

22]. Apoptosis and autophagy are genetically-
23]. There are many 

The same regulators can sometimes control 
24 -

25
some experiments have shown that increased autophagy in nutrient-deprived or growth 

26, 27]. Autophagy also 
protects cells from various other apoptotic stimuli. Autophagic processes can also induce 
apoptotic cell death 27]. We detected apoptosis after starvation when assessing the relati-

increased level of apoptosis compared with the control group. Accumulation of ROS such as 
H2O2 -
med cell death (PCD). Our study showed that H2O2 also induces apoptosis and autophagy 

2O2 led to a time-dependent con-

28
mouse vessels at the same concentrations of H2O2, indicating that NMR vessels are resis-
tant to the proapoptotic effects of H2O2. NMRs are extremely tolerant to oxidative and other 
types of damage as they may possess very effective repair mechanisms. Autophagy might 
degrade cellular components in NMR cells eventually leading to activation of the apoptosis 

maintain their functionality. Some experiments have proved that autophagy can retard cell 
cycles at the G0/G1phase 29, 30]

-

downregulating the energy consuming processes, such as proliferation 15]. Autophagy may 
have anti-proliferative roles in HSCs. Triggering autophagy in response to nutrient scarcity 

-
31, 32]. These data demonstrate that NMR cells have the capacity 

to induce cell death through apoptosis and downregulate the energy consuming processes 

Beclin 1 is implicated in tumorigenesis, and plays a role in  autophagy and cellular pro-
33 -

33-36
37]. Beclin 1 over-

33, 37 -
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ies, Beclin 1 expression in NMR tissues was lower than that in tissues from C57BL/6 mice 
6]. 

Li 
33

the formation of autophagosomes in Miapaca2 cells. These results demonstrated that Beclin 
1 plays a role in the regulation of autophagosome formation in HSCs. Beclin 1 is involved in 
the formation of pre-autophagosomal structures, and following downregulation of Beclin 1 

condition. 
3-MA compared with the controls and H2O2

2O2 2O2 or 3-MA alo-
ne. These results demonstrate that prolonged treatment with 3-MA in full medium leads to 

2O2. These data indicate 
that 3-MA promotes autophagy when the treatment period is prolonged in NMR HSCs, and is 

38]. These authors showed that prolonged treatment with 3-MA (up to 9 h) in full 
-

38]. When HSCs were treated with 3-MA, 

with the control group 6]
3-MA. These results demonstrate that 3-MA has different roles in the modulation of autopha-

2O2 treatment. Beclin 1 downregula-

though it plays a role in the regulation of autophagosome formation.
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