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INTRODUCTION 
 

Ovarian cancer is the second most common cancer of 

the female reproductive system and has the highest 

mortality rate in female reproductive disease [1]. 

Although improvements have been achieved in surgery 

[2], chemotherapy [3, 4], and immunotherapy [5, 6], the 

prognosis of ovarian cancer still remains poor [7]. 

Therefore, it is urgent to develop novel therapies for 

ovarian cancer patients.  
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ABSTRACT 
 

The 5-year survival rate of ovarian cancer patients is only 47%, and developing novel drugs for ovarian cancer is 
needed. Herein, we evaluated if and how SRT2183, a sirtuin-1 activator, impairs the ovarian cancer cells. OVCAR-3 
and A2780 cells were treated with SRT2183. Cell viability was measured by cell counting kit-8 assay and clonogenic 
assay. Apoptosis was determined by flow cytometry with Annexin V and propidium iodide. The level of autophagy 
was evaluated by western blot and immunofluorescence. The activities of AKT/mTOR/70s6k and MAPK signaling 
pathway were measured by immunoblot. SRT2183 inhibited the growth of ovarian cancer cells, increased the 
accumulation of BAX, cleaved-caspase 3 and cleaved-PARP, and decreased the level of anti-apoptotic Bcl-2 and 
Mcl-1. SRT2183 increased the LC3II level, and enhanced the degradation of p62/SQSTM1. SRT2183 increased the 
formation of GFP-LC3 puncta and induced the maturation of autophagosome. Interestingly, knockdown of 
autophagy related 5 and 7 significantly impaired the anti-carcinoma activity of SRT2183, implying that SRT2183 
impaired the ovarian cancer cells by inducing autophagy. SRT2183 decreased the accumulation of p-Akt, p-mTOR 
and p-70s6k, and activated the p38 MAPK signaling pathway. This indicated that Akt/mTOR/70s6k and p38 MAPK 
signaling pathway might be involved in the SRT2183-mediated autophagy and apoptosis. 
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SRT2183 has been demonstrated to inhibit cell growth 

and induce cellular demise of malignant lymphoid, 

glioblastoma and malignant bone tumor [8–10]. 

However, it remains unclear whether SRT2183 impairs 

the ovarian cancer cells. 

 

Autophagy can degrade dysfunctional organelles and 

damaged proteins, and plays a critical role in 

maintaining the survival of cells [11, 12]. Previous 

studies proved that autophagy was involved in cell 

apoptosis [13–15]. For example, Wang et al. 

demonstrated that inhibition of autophagy could 

promote apoptosis [14]. However, Yu et al. suggested 

that inhibition of autophagy could reduce the level of 

apoptosis [16]. This suggests an ambivalent function of 

autophagy in apoptosis. In addition, previous studies 

reported that the autophagy could be regulated by 

Akt/mTOR/70s6k signaling or MAPK signaling 

pathway [17–20]. Thus, in this study, we evaluated 

whether SRT2183 was a promising chemotherapy for 

ovarian cancer cells. In addition, we investigated if and 

how the toxicity effect of SRT2183 was regulated by 

autophagy. Moreover, we determined if the traditional 

autophagic signaling pathway (Akt/mTOR/70s6k 

signaling pathway and the MAPK pathway) were 

involved in the SRT2183 mediated autophagy. 

 

RESULTS 
 

SRT2183 inhibits proliferation of ovarian cancer 

cells and induces apoptosis 

 

In order to evaluate if SRT2183 impairs ovarian cancer 

cells, CCK8 assay was performed. We observed that 

SRT2183 decreased the cell viability when compared to 

vehicle-treated cells in a dose- and time- dependent 

manner (Figure 1A). In addition, the colon assay 

demonstrated that 1 μM SRT2183 inhibited the growth 

of A2780, OVCAR-3, Caov-3, SW626, and SK-OV-3 

cells (Figure 1B). To evaluate if and how SRT2183 

regulates apoptosis, the OVCAR-3 and A2780 cells 

were incubated with 1 μM SRT2183 for 24 and 48 h, 

and the apoptosis was determined by FACS with the 

help of Annexin V and propidium iodide staining. We 

observed that compared to vehicle-treated cells, 

SRT2183 significantly increased the apoptosis of 

OVCAR-3 and A2780 cells after these cells were 

incubated with SRT2183 for 24 h or 48 h (Figure 1C). 

In addition, the immunology analysis demonstrated that 

1 μM SRT2183 increased the level of two transactional 

apoptotic proteins: cleaved-Caspase3 (cleaved-Cas3) 

and cleaved-PARP (Figure 1D). In order to evaluate 

how SRT2183 induces apoptosis, the level of pro-

apoptotic proteins such as BAX and Bak, and anti-

apoptotic proteins such as Mcl-1 and Bcl-2, was 

determined. The immunology assay proved that 

SRT2183 increased the level of BAX, whereas it failed 

to regulate the level of Bak (Figure 1E). Meanwhile, 

SRT2183 decreased the level of MCl-1 and Bcl-2 

(Figure 1E). Taken together, these results suggested that 

SRT2183 inhibited the proliferation and induced the 

apoptosis of ovarian cancer cells. 

 

SRT2183 induces autophagy  

 

In order to evaluate if and how SRT2183 regulates the 

level of autophagy, the OVCAR-3 and A2780 cells 

were incubated by 1 μM SRT2183 and the 

autophagosome was evaluated by transmission electron 

microscopy. We observed that SRT2183 decreased the 

level of autophagosomes, when compared to the cells 

treated by vehicle (Figure 2A). In addition, the level of 

autophagy was evaluated by LC3 and p62/SQSTM1 

western blot. We found that SRT2183 increased the 

level of LC3II, however, it decreased the accumulation 

of p62/SQSTM1 (Figure 2B). In addition, the 

SRT2183-treated cells induced a significant increase in 

microscopy-based GFP-LC3 puncta, when compared to 

vehicle cells (Figure 2C). Moreover, compared to 

vehicle-treated cells, 1 μM SRT2183-treated cells had 

more red dots (autolysosomes, Figure 2D). As expected, 

adding 5 μM chloroquine (CQ), a traditional inhibitor of 

autophagy, increased the number of yellow dots 

(autophagosomes, Figure 2D) in OVCAR-3 and A2780 

cells. Taken together, these results indicated that 

SRT2183 induced autophagy in ovarian cancer cells.  

 

Autophagy is involved in the SRT2183-mediated 

anti-carcinoma effect 

 

In order to evaluate if autophagy contributed to the 

SRT2183-mediated anti-carcinoma effect, the 

autophagy was blocked by 5μM CQ. We observed that 

compared to SRT2183, the combinational therapy of 

CQ plus SRT2183 increased the level of LC3II (Figure 

3A), p62/SQSTM1 (Figure 3A) and autophagosomes 

(Figure 2D), and decreased the accumulation of 

autolysosomes (Figure 2D). This suggested that CQ 

successfully inhibited the SRT2183-mediated 

autophagy flux. In addition, we found that compared to 

the cells treated by SRT2183, the combinational therapy 

of CQ plus SRT2183 significantly decreased the level 

of pro-apoptotic protein, such as cleaved-Cas3 and 

cleaved-PARP. However, it increased the accumulation 

of anti- apoptotic protein, Bcl-2 (Figure 3A). This 

suggested that blocking autophagy reduced the 

SRT2183-mediated apoptosis. The CCK8 assay 

demonstrated that SRT2183 significantly decreased the 

viability of OVCAR-3 cells and A2780 cells when 

compared to the vehicle-treated cells (Figure 3B), 

whereas CQ did not significantly influence the cell 

viability (Figure 3B). Interestingly, we observed that 
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CQ in combination with SRT2183 significantly 

enhanced the cell viability, when compared to SRT2183 

treated cells (Figure 3B). These results implied that 

autophagy might be involved in the SRT2183-mediated 

apoptosis of OVCAR-3 cells and A2780 cells. 

 
In order to verify if the anti-cancer effect of SRT2183 is 

dependent on the autophagy, we knocked down 

autophagy related 5 (ATG5) and autophagy related 7 

(ATG7), two master regulators of autophagy, by 

shRNA-lentivirus. Indeed, the shRNA-lentivirus 

decreased the level of ATG5 in OVCAR-3 cells and 

A2780 cells (Figure 3C). Knocking down ATG5 in 

combination with SRT2183 significantly increased the 

cell viability when compared to SRT2183 treated cells 

(Figure 3D). Similar results were observed when the 

ATG7 was knocked down (Figure 3E, 3F). This 

suggested that SRT2183 inhibited cell growth by 

inducing autophagy. In order to justify if the induce of 

autophagy enhances the anti-proliferation effect of 

SRT2183, we treated OVCAR-3 and A2780 cells with 

1 μM SRT2183, or the autophagy inducers (0.1 μM 

rapamycin or 0.05 μM torin 1), or the combinational 

therapy as indicated in Figure 3E, 3F. We observed that 

0.1 μM rapamycin or 0.05 μM torin 1 did not 

significantly reduce the cell viability (Figure 3G, 3H). 

 

 
 

Figure 1. SRT2183 suppresses cell proliferation and triggers apoptosis in ovarian cancer cells. (A) A2780, OVCAR-3, Caov-3, 

SW626, and SK-OV-3 cells were treated with vehicle or SRT2183 (0.2, 1, 5, and 25 μM) for 24, 48, and 72 h, the cell proliferation was detected 
by CCK8 assay. (B) A2780, OVCAR-3, Caov-3, SW626, and SK-OV-3 cells were treated with vehicle or 1 μM SRT2183 for 14 days, the cell 
growth was determined by colony formation analysis. (C) OVCAR-3 and A2780 cells were treated with vehicle or 1 μM SRT2183 for 24 and 48 
h, cell apoptosis was detected with the help of Annexin V, propidium iodide staining and flow cytometry. (D) OVCAR-3 and A2780 cells were 
treated by the same procedures described in (C), the expression of cleaved-Caspase-3 (cleaved-Cas3), and cleaved-PARP was detected by 
immunoblot analysis. (E) OVCAR-3 and A2780 cells were treated by the same procedures described in (C), the expression of BAX, Mcl-1, Bcl-2 
and Bak was detected by western blot. N=3 for (A), (B), (D) and (E); N=5 for (C); *** indicates P < 0.001. 



 

www.aging-us.com 24211 AGING 

However, rapamycin or torin 1 in combination with 

SRT2183 significantly promoted the anti-proliferation 

effect of SRT2183, when compared to SRT2183 treated 

cells (Figure 3G, 3H). Taken together, these results 

suggested that the anti-carcinoma effect of SRT2183 

was dependent on the autophagy. 

 

Akt/mTOR/70s6k pathway and p38 MAPK signaling 

pathway might be involved in SRT2183-induced 

autophagy 
 

In order to reveal the mechanism of how SRT2183 

induces autophagy, we evaluated the Akt/mTOR/70s6k 

pathway and p38 MAPK signaling pathway, two 

traditional pathways of autophagy. A significant 

decrease in the phosphorylation of Akt, mTOR and 

p70S6K in both OVCAR-3 and A2780 cells was 

observed after these cells were treated by SRT2183 for 

12 h, 24 h, or 48 h (Figure 4A). However, no significant 

decrease in Akt, mTOR, and p70S6K (Figure 4A) was 

observed. These results suggested that Akt/mTOR/ 

70s6k pathway, a traditional signaling pathway of 

autophagy, was activated by SRT2183. To investigate if 

the MAPK signaling pathway is involved in the 

SRT2183-mediated autophagy, the expression level of 

p-p38, p-ERK and p-JNK was evaluated. SRT2183

 

 
 

Figure 2. SRT2183 induces autophagy in ovarian cancer cells. (A) OVCAR-3 and A2780 cells were treated with vehicle or 1 μM 

SRT2183, then observed by transmission electron micrograph (TEM). (B) After incubation with 1 μM SRT2183, the expression of LC3 and p62/ 
SQSTM1 was detected by western blot. (C) OVCAR-3 and A2780 cells were pre-transfected with GFP-LC3, after 24 h the cells were treated 
with vehicle or 1 μM SRT2183 for 24 h. The LC3 was observed by confocal microscope. (D) OVCAR-3 and A2780 cells were transfected with 
GFP- RFP-LC3 for 24 h and pre-treated with chloroquine (CQ) for 6 h, then the cells were treated with vehicle or 1 μM SRT2183 for 24 h. 
Images were obtained by a confocal microscope. Red dot (GFP−, RFP+): autolysosomes; yellow dot (GFP+, RFP+): autophagosome. N=3 for 
(A), (B) and (D). N=6 for (C), *** indicates P < 0.001. 
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Figure 3. The anti-carcinoma activity of SRT2183 is dependent on autophagy. (A) OVCAR-3 and A2780 cells were pre-treated with 
chloroquine (CQ) for 6 h, then treated with vehicle or 1 μM SRT2183. The expression of LC3, p62/SQSTM1, Caspase3, PARP and Bcl-2 was 
detected by western blot. (B) OVCAR-3 and A2780 cells were treated by the same procedure described in (A) for 24 and 48 h, the viability of 
OVCAR-3 and A2780 cells were detected by CCK8 assay. (C) The expression of autophagy related 5 (ATG5) was knocked down by shRNA-
lentivirus (shATG5-1 and shATG5-2) and the protein was determined by western blot. (D) OVCAR-3 and A2780 cells were treated by vehicle, 
shATG5-1, 1 μM SRT218 or the combination of shATG5-1 and SRT218 for 24 and 48 h. The viability of the cells was evaluated by CCK8 assay. 
(E) The expression of autophagy related 5 (ATG5) was detected by western blot and (F) The cell viability was determined after the cells were 
treated by 1 μM SRT2183 for 24 and 48 h. (G, H) OVCAR-3 and A2780 cells were pre-treated with 0.1 μM Rapamycin (Rapa) or 0.05 μM Trion 
1 for 6 h, then the cells were treated with vehicle or 1 μM SRT2183 for 24 and 48 h. The cell viability was detected by CCK8 assay. N=3 for (A) 
and (C); N=5 for (B), N=6 for (D), (E) and (F). * indicates P < 0.05; ** indicates P <0.01; *** indicates P < 0.001. 
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increased the level of p-p38, whereas it did not 

influence the level of p-ERK and p-JNK (Figure 4B). In 

addition, the OVCAR-3 cells and A2780 cells were 

treated by 5 μM SB203580, a traditional inhibitor of 

p38 MAPK signaling pathway. We observed that 

compared to SRT2183, SB203580 in combination with 

SRT2183 inhibited the activity of p38 and theSRT2183-

mediated autophagy (Figure 4C). This suggested that 

p38 MAPK signaling pathway might also be involved in 

the SRT2183- mediated autophagy. 

 

DISCUSSION 
 

In this study, we observed that SRT2183 induced the 

apoptosis of ovarian cancer cells. This was supported by 

the observation that SRT2183 decreased the 

accumulation of anti-apoptotic protein Mcl-1 and Bcl-2 

[21], and increased the level of BAX, a pro-apoptotic 

protein [22]. Previous study demonstrated that Bak was 

a master promoter of cell apoptosis [23]. The clustering 

of Bak on the mitochondrial outer membrane could lead 

to the transfer of pro-apoptotic proteins from 

mitochondria into cytosol and thus the induction of cell 

apoptosis [24]. However, no evidence showed that 

SRT2183 could regulate the level of Bak (Figure 1E). 

This suggested that the SRT2183-induced autophagy 

was independent of Bak.  

 

In addition, we proved that SRT2183 enhanced 

apoptosis by inducing autophagy. This suggested that 

inducing autophagy might be a promising strategy for 

ovarian cancer treatment. However, several previous 

studies demonstrated that the inhibition of autophagy 

could also successfully inhibit the tumor growth  

[25, 26]. These contradictory results implied that 

autophagy might play dual role in different contexts 

[27]. Thus, the benefit of the treatments by inducing or 

inhibiting autophagy for ovarian cancer needs to be 

further investigated before clinical application. One 

promising strategy for evaluating the benefit of 

treatments that targeting autophagy is to use patient-

derived xenograft (PDX) models [28]. Increasing

 

 
 

Figure 4. SRT2183 inhibits AKT/mTOR/p70S6K pathway and actives p38 MAPK signaling pathway. OVCAR-3 and A2780 cells 
were treated by 1 μM SRT218 for 12 h, 24 h, or 48 h. (A) The activities of AKT/mTOR/p70S6K pathway and (B) MAPK pathway were evaluated 
by western blot. (C) In order to evaluate if SRT2183 induce the autophagy by p38 signaling pathway, the cells were treated by SB203580, a 
traditional inhibitor of p38 MAPK signaling pathway. All experiments were repeated for three times. 
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evidence has shown that with the help of PDX, 

clinicians could accurately predict the benefit of the 

treatments [29]. 

 
In order to verify if SRT2183 regulates autophagy, we 

performed LC3/p62/SQSTM1 western blot, 

microscopy-based GFP-LC3 puncta, and the tandem 

fluorescent-tagged LC3 (mRFP-EGFP-LC3) assay, 

according to the guidelines for the use and interpretation 

of assays for monitoring autophagy [30]. Although all 

these experimental results suggested that SRT2183 

induced autophagy, there were still some technical 

limitations [30]. For example, LC3 is not a specific 

protein, which is also involved in the non-autophagy 

structures [31]. Despite the minor limitations, all these 

analyses showed that SRT2183 increased the level of 

autophagy in OVCAR-3 and A2780 cells. In addition, 

we followed the suggestion of the guideline [24] and 

applied CQ, rapamycin, torin 1 to modify the SRT2183-

induced autophagy. We observed that the inhibition of 

autophagy by CQ could significantly impair the 

SRT2183-mediated apoptosis. However, the increase of 

the autophagy by rapamycin and torin 1 could 

significantly increase the SRT2183-mediated apoptosis. 

This indicated that the pro-apoptotic effect of SRT2183 

was dependent on autophagy. This hypothesis was 

supported by the experiments shown in Figure 3C, 3D, 

in which the ATG5 was knocked down.  

 
To investigate how SRT2183 regulates autophagy, we 

performed western blot and evaluated the activity of two 

traditional signaling pathways of autophagy: 

Akt/mTOR/70s6k [17, 18] and MAPK signaling pathway 

[19]. We observed that SRT2183 inhibited the level of p-

mTOR. Previous studies suggested that inhibiting of the 

mTOR activity could significantly decrease the level of 

autophagy [32, 33]. Thus, we speculated that SRT2183 

induced the autophagy by inhibiting the activity of p-

mTOR in ovarian cancer cells. This hypothesis has been 

evaluated in osteoclasts [9]. For example, Gurt et al. 

observed that SRT2183 could activate MAPK and down-

regulate the activity of mTOR, and thus promote 

autophagy in osteoclasts [9]. In addition, this suggested 

that p38 MAPK signaling pathway might also be 

involved in the SRT2183-mediated autophagy. This was 

supported by the observation that SRT2183 increased the 

level of p-p38 (Figure 4B). However, the mechanism of 

how Akt/mTOR/70s6k and MAPK signaling pathway 

regulate the SRT2183-mediated autophagy needs to be 

further verified and evaluated. 

 
In conclusion, in this study we found that SRT2183 

significantly inhibited the proliferation of ovarian cancer 

cells and induced apoptosis. SRT2183 was observed to 

induce autophagy and blocking of autophagy could 

significantly inhibit the anti-carcinoma effect of 

SRT2183. This suggested that the anti-cancerous effect 

of SRT2183 was dependent on autophagy. 

 

MATERIALS AND METHODS 
 

Cell culture and reagents antibodies 
 

Ovarian cancer cell lines OVCAR-3, Caov-3, SW626, 

and SK-OV-3 cell lines were purchased from American 

Type Culture Collection (Manassas, VA, USA). A2780 

cell line was purchased from ECACC (UK). OVCAR-3 

cells were cultured in RPMI-1640 Medium (ATCC, #30-

2001) with 0.01 mg/ml bovine insulin and 20% fetal 

bovine serum (FBS, HyClone; GE Healthcare Life 

Science, Logan, UT, USA). Caov-3 cells were fostered in 

Dulbecco’s Modified Eagle’s Medium (DMEM, ATCC, 

#30-2001) with 10% FBS. SW626 cells were incubated 

in Leibovitz’s L-15 Medium (ATCC, #30-2008) with 

10% FBS. SK-OV-3 cells were trained in McCoy’s 5a 

Medium (ATCC, #30-2007) with 10% fetal bovine 

serum. A2780 cells were planted in RPMI-1640 Medium 

(ATCC, #30-2001) containing 10% FBS. 100 U/mL 

penicillin and 100 μg/mL streptomycin were added to all 

mediums. A2780, OVCAR-3, Caov-3, and SK-OV-3 

cells were maintained in an incubator at 37° C with 5% 

CO2. SW626 cells were kept in an incubator at 37° C. 

SRT2183 (#HY-19759), SB203580 (#HY-10256), and 

Torin 1 (#HY-13003) were obtained from Med Chem 

Express (USA), chloroquine (#C6628), and rapamycin 

(#V900930) were purchased from Sigma (USA). 

 

Cell counting kit-8, clonogenic assay, and Annexin 

V/propidium iodide staining 
 

In order to evaluate the proliferation of cells, we 

performed cell counting kit-8 (CCK-8) assay. 5×10
3
 per 

well A2780, OVCAR-3, Caov-3, SW626, or SK-OV-3 

cells were cultured in 96-well plates, and these cells 

were allowed to grow for 24 h. After that, these cells 

were incubated with 0.2 μM, 1 μM, 5 μM, or 25 μM 

SRT2183 for 24 h, 48 h, or 72 h. Then, the cells were 

incubated with 10 μL CCK-8 solution (code HY-

K0301, Med Chem Express, USA) for 4 h. The 

absorbance was determined by a microplate 

spectrophotometer (Molecular Devices LLC, 

Sunnyvale, CA, USA) at 450 nm. In order to investigate 

the growth of cells, the clonogenic assay was performed 

as previously described [34]. Briefly, A2780, OVCAR-

3, Caov-3, SW626, or SK-OV-3 cells were plated in 6 

well chambers. After 24h, these cells were incubated 

with 1 μM SRT2183 for 2 weeks. Subsequently, the 

replicate clones (≥ 50 cells) were randomly counted. In 

order to evaluate the apoptosis of ovarian cancer cells, 

6×10
5
 OVCAR-3 and A2780 cells were seeded in 6 cm 

dishes. After 24 h, these cells were treated by vehicle or 

SRT2183 for 24 h and 48 h. The percentage of apoptosis 
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cells was determined by flow cytometric analysis with 

the help of Annexin V and propidium iodide (PI). The 

Annexin V and PI staining kit were obtained from 

KeyGEN BioTECH of China (KGA107). 

 

Transmission electron microscopy 

 

In order to observe the autophagosome, 5×10
6
 OVCAR-

3 or A2780 cells were seeded in 6 cm dishes for 24 h. 

Subsequently, these cells were treated by 1 μM 

SRT2183 for 24 h. The cells were then fixed in 2.5% 

glutaraldehyde and 1% osmium acid solution, and 

dehydrated in an alcohol gradient. Eventually, the cells 

were prepared for flat embedding in Epon 812 and 

observed under JEM-2000EX electron microscope. 

 

Lentivirus transfected cell lines 
 

In order to knock down the ATG5 or ATG7 gene, the 

293T cells were transfected with packaging plasmid 

(PSPAX and PMD2G) and ATG5-knockdown plasmid 

or ATG7-knockdown (GE Healthcare Life Science, 

Logan, UT, USA) or noncoding shRNA plasmid (GE 

Healthcare Life Science, Logan, UT, USA) for 48 h. 

Subsequently, the supernatants were collected and the 

OVCAR-3 or A2780 cells were infected by these 

supernatants for 48 h. In order to obtain the cells, which 

were stably knocked down of ATG5 gene, the OVCAR-

3 and A2780 cells were treated by 1 μM puromycin 

(Amresco, USA, #J593).  

 
Evaluation of GFP-LC3 fluorescence and tandem 

RFP-GFP-targeted LC3 fluorescence 

 

In order to evaluate the level of autophagy, 5×10
4 

OVCAR-3 or A2780 cells were seeded in glass bottom 

cell culture dishes (code 801002, NEST, Wuxi, China). 

After 24 h, these cells were transfected with the plasmid 

of GFP-tagged LC3 plasmid (Addgene, #11546) or 

RFP-GFP-targeted LC3 (provided by Yoshimori) using 

Lipofectamine 3000 (Invitrogen, Thermo Fisher 

Scientific, USA) for 24 h. Subsequently, these cells 

were treated by vehicle or 1 μM SRT2183 for 24 h. 

Fluorescence images of live cells were directly taken 

using an inverted confocal microscope (Zeiss, 

Oberkochen, Germany) and 60× oil objective [35]. 

 

Western blots 

 

For western blots, 2 × 10
5
 OVCAR-3 or A2780 cells per 

well were plated in a 6-well plate for 24 h. Subsequently, 

the cells were incubated with the appropriate drug for 
distinct time periods and the western blots were 

performed as previously described [36] using the 

following antibodies: Capsese-3 (Cell Signaling 

Technology, USA, #9661), PARP (Cell Signaling 

Technology, USA, #9542), Microtubule-associated 

protein 1 light chain 3 (LC3) (Sigma, USA, #L7543), 

p62/SQSTM1/SQSTM1 (Cell Signaling Technology, 

USA, #5114), ATG5 (Cell Signaling Technology, USA, 

#9980), ATG7 (Cell Signaling Technology, USA, 

#8558), p-AKT (Cell Signaling Technology, USA, 

#9271), AKT (Cell Signaling Technology, USA, #9272), 

BAX (Proteintech Group, USA, #23931-1-AP), Bcl-2 

(Proteintech Group, USA, #12789-1-AP), and Mcl-1 

(Proteintech Group, USA, #16225-1-AP), p-p70S6K 

(Thr389) (Sigma, USA, #MABS82), p70S6K (Sigma, 

USA, #06-926), p-mTOR (S2448) (Abcam, USA, 

#ab109268), -S6 Ribosomal (Cell Signaling Technology, 

USA, #5364), S6 Ribosomal (Cell Signaling Technology, 

USA, #2317), mTOR (Abcam, USA, #ab2732), and β-

actin (Origene, USA, #TA811000), peroxidase-linked 

anti-rabbit antibody (Cell Signaling Technology, 

Danvers, USA, #7074) or peroxidase-linked anti-mouse 

antibody (Sigma-Aldrich, St. Louis, USA, #A9044).  

 

Statistical analysis 

 

All data were presented as mean ± standard deviation 

(SD) and the student’s t-test was analyzed by statistical 

software SPSS 22.0. P < 0.05 was defined as 

statistically significant. 

 

Abbreviations 
 

AMPK: AMP activated protein kinase; CCK-8: Cell 

counting kit-8; CQ: Chloroquine; DMEM: Dulbecco’s 

Modified Eagle’s Medium; FBS: Fetal bovine serum; 

MAPK: Mitogen-activated protein kinase; p-Akt: 

Phosphorylation levels of Akt; PI: Propidium iodide; 

SD: Standard deviation; TEM: Transmission electron 

microscopy. 
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