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Background: Resveratrol, a natural polyphenolic phytoalexin, has potent anti-tumor activity. 

Recently, it was found to induce autophagy in cancer cells. However, the effects of resveratrol on 

autophagy in non-small-cell lung cancer (NSCLC) cells have not yet been clearly elucidated. 

Materials and methods: A549 and H1299 cells were treated with different concentrations 

of resveratrol. Cell growth and apoptosis were measured by CCK-8 assay and flow cytometry, 

respectively. A549 cells were then treated with 200 μM resveratrol or SRT1720. Cell autophagy 

was detected by western blot and immunofluorescence. 

Results: In this study, we found that resveratrol exerted the anti-tumor effect through inhibiting 

cell proliferation and promoting cell apoptosis in NSCLC cells dose-dependently. Resveratrol 

has also increased the relative expression of Beclin1 and LC3 II/I while decreased p62 expres-

sion, suggesting that resveratrol induced autophagy in NSCLC cells. In addition, resveratrol 

increased SIRT1 expression and SIRT1 activator SRT1720-induced autophagy of NSCLC 

cells. SIRT1 knockdown reduced resveratrol-induced autophagy significantly. These results 

indicated that resveratrol might induce autophagy through upregulating SIRT1 expression. 

Moreover, inhibiting autophagy by autophagy inhibitor 3-methyladenine or SIRT1 inhibitor 

nicotinamide significantly suppressed proliferation while promoted apoptosis compared with 

the resveratrol 200 μM group, suggesting that resveratrol-induced autophagy might act as a 

protective mechanism to promote NSCLC cell survival and inhibiting autophagy can enhance 

the anti-tumor effect of resveratrol. Besides that, resveratrol treatment inhibited Akt/mTOR 

while p38-MAPK was activated in NSCLC cells in a dose-dependent manner. Activating Akt/

mTOR pathway by IGF-1 or inhibiting p-38-MAPK pathway by doramapimod significantly 

inhibited cell proliferation while increased cell apoptosis of NSCLC cells compared with the 

resveratrol 200 μM group. 

Conclusion: Taken together, our findings suggest that resveratrol inhibited proliferation but induced 

apoptosis and autophagy via inhibiting Akt/mTOR and activating p38-MAPK pathway. Resveratrol-

induced autophagy might act as a protective mechanism to promote NSCLC cell survival. Therefore, 

inhibition of autophagy may enhance the anti-tumor activity of resveratrol in NSCLC.
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Introduction
Non-small-cell lung cancer (NSCLC), which includes adenocarcinoma, squamous cell 

carcinoma, large cell carcinoma, and several other types, is a significant global health 

problem presently.1 As one of the most common malignancies, NSCLC remains the 

leading cause of cancer-related death worldwide.2 Although great improvements have 

been achieved in early detection and the treatments for NSCLC, the prognosis for 
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NSCLC is still poor, with an estimated survival rate of only 

15% at 5 years.3 Therefore, searching for new and effective 

treatment is an urgent need for NSCLC patients.

Resveratrol (trans-3,4′,5-trihydroxystilbene) is a natural 

polyphenolic phytoalexin, which is found in red grape skins, 

red wine, and peanuts.4 Accumulating evidence indicated 

that resveratrol exerted various biological effects including 

anti-oxidation, inhibition of tumorigenesis, and inhibition of 

angiogenesis.5,6 It was reported that the effects of resveratrol 

appeared to be related to its ability to induce silent information 

regulator (Sir2α, also known as SIRT1) activity.7 SIRT1 is a 

member of the class III histone deacetylase (HDAC) family 

and is a redox-sensitive enzyme that needs cellular NAD as 

a cofactor for its deacetylation reactivity.8 Previous studies 

elucidated that SIRT1 exerts its tumor suppressive activity 

through suppressing proliferation, inflammation, and angio-

genesis by inducing apoptosis and autophagy.9–11 However, 

studies on whether resveratrol could activate SIRT1 and exert 

anti-tumor effects in NSCLC are still few and need further 

investigations. 

Autophagy is a cellular process in which intracellular 

contents including large protein complexes and dysfunctional 

organelles are transported to lysosomes for degradation and 

reuse.12 Through degrading and recycling unnecessary or dys-

functional cellular components, autophagy maintains intracel-

lular homeostasis and prevents cellular damage under multiple 

stresses.13 Autophagy is reported to act as a double-edged sword 

in cancer survival.14 On the one hand, autophagy supported 

cancer cell survival through recycling cellular components 

and promoting energy production to meet the high metabolic 

demands of cancer cells. On the other hand, autophagy reduces 

cell instability and damage to prevent tumorigenesis.15 

In this study, we explored the autophagy induction effect 

of resveratrol on NSCLC cells and examined the underlying 

molecular mechanisms. Our findings indicated that resveratrol 

activated SIRT1 to induce protective autophagy in NSCLC 

cells via inhibiting Akt/mTOR and activating p38-MAPK 

pathway. Therefore, inhibition of protective autophagy may 

enhance anti-tumor activity of resveratrol in NSCLC.

Materials and methods
cell culture
NSCLC cell lines A549 and H1299 cells were purchased 

from American Type Culture Collection (Manassas, VA, 

USA). Cells were cultured in RPMI-1640 complete culture 

medium (Thermo Fisher Scientific, Waltham, MA, USA) 

supplemented with 10% fetal bovine serum (FBS, HyClone; 

GE Healthcare Life Science, Logan, UT, USA) in a humidi-

fied atmosphere of 5% CO
2
 at 37°C.

reagents and antibodies
Resveratrol, 3-methyladenine (3-MA), and nicotinamide 

were obtained from Sigma-Aldrich Co. (St Louis, MO, USA) 

and dissolved in dimethyl sulfoxide. SRT1720 was obtained 

from Calbiochem-Novabiochem Co. (La Jolla, CA, USA). 

Annexin V-fluorescein isothiocyanate (FITC)/propidium 

iodide (PI) apoptosis detection kit was purchased from 

Multisciences (Shanghai, China). Insulin-like growth factor-1 

(IGF-1) was purchased from PeproTech, Inc. (Rocky Hill, 

NJ, USA). Doramapimod was obtained from Medichem 

Express (Princeton, NJ, USA). Antibodies against Beclin1 

(No 3738), LC3 I/II (No 12741), p62 (No 88588), SIRT1 (No 

8469), p-Akt (No 4060), Akt (No 4685), p-mTOR (No 5536), 

mTOR (No 2983), p-p70S6K (No 9204), p70S6K (No 2708), 

p-p38 (No 4511), p-38 (No 8690), and GAPDH (No 5174) as 

well as horseradish peroxidase (HRP)-conjugated secondary 

anti-rabbit and anti-mouse antibodies were obtained from 

Cell Signaling Technology (Boston, MA, USA).

cell proliferation assay
Cell proliferation was determined by cell counting kit-8 

(CCK-8) assay. Cells were seeded in 96-well plates at 

5×103 per well and incubated with different concentrations 

of resveratrol (25, 100, and 200 μM) for indicated time 

spans. Then, 10 μL of CCK-8 solution (Beyotime Institute 

of Biotechnology, Shanghai, China) was added to the cul-

tures and incubated at 37°C for 2 hours. The absorbance was 

measured at 450 nm using a microplate spectrophotometer 

(Molecular Devices LLC, Sunnyvale, CA, USA). Triplicate 

wells were used in each group.

cell apoptosis assay
Cells were washed twice with cold PBS and resuspended at 

1×106 cells/mL in 400 μL binding buffer. After adding 5 μL 

of Annexin V-FITC, the cells were incubated for 15 minutes 

at 4°C in the dark. Then, 10 μL of PI was added, and the cells 

were incubated for another 5 minutes at 4°C in the dark. Cell 

apoptosis was analyzed in a flow cytometer (BD Biosciences, 

San Jose, CA, USA).

Western blot assay
A549 cells were lysed with RIPA lysis buffer (Beyotime 

Institute of Biotechnology) according to the manufacturer’s 

protocol. Same amount of proteins of each sample was 

separated by 10% SDS-PAGE gel and then transferred 

into polyvinylidene fluoride membranes (EMD Millipore, 

Billerica, MA, USA). After blocking with 5% bovine serum 

albumin, the membrane was incubated with specific primary 

antibodies overnight at 4°C followed by incubation with 
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HRP-conjugated secondary antibodies for 1 hour at room 

temperature, and signals were detected by electrochemical 

luminescence. 

Fluorescence microscopy
A549 cells were transfected with GFP-LC3 plasmid by Lipo-

fectamine 3000™ (Thermo Fisher Scientific). After A549 

cells were treated with or without resveratrol or SRT1720, 

the number of puncta formation of GFP-LC3 was determined 

under fluorescent microscopy. Cells with .5 puncta were 

considered to have accumulated autophagosomes.

cell transfection
A549 cells were seeded into 96-well plates at 5×103 cells per 

well and cultured in complete medium for transfection. Small 

interfering RNA against SIRT1 (SIRT1 siRNA) was synthe-

sized by GenePharma (Shanghai, China) and was transfected 

into A549 cells using Lipofectamine 2000 reagent (Thermo 

Fisher Scientific) according to manufacturer’s protocol.

statistical analysis
All data are represented as mean ± standard deviation (SD). 

Statistical software SPSS 19.0 was used for the assessment. 

Student’s t-test was used to compare the mean values of two 

groups, and one-way analysis of variance was used for com-

paring the mean values values of multiple samples. Values 

of P,0.05 were considered statistically significant. 

Results
resveratrol inhibits proliferation while 
induces apoptosis of nsclc cells
In order to evaluate the potential therapeutic effect of res-

veratrol for NSCLC, NSCLC cell lines A549 and H1299 

cells were used in our experiments. The CCK-8 assay 

was performed to detect cell proliferation of NSCLC 

cells treated with different concentrations of resveratrol. 

As shown in Figure 1A and B, resveratrol treatment 

inhibited cell proliferation of A549 and H1299 cells in a 

dose-dependent manner compared with the control group 

(*P,0.05, **P,0.01). To define whether resveratrol-

induced cell death is associated with apoptosis, Annexin 

V/PI double staining and flow cytometry were used to 

detect apoptosis. As shown in Figure 1C and D, the resvera-

trol treatment promoted cell apoptosis of both A549 and 

H1299 cells dose-dependently compared with the control 

group (*P,0.05, **P,0.01). These results indicated that 

resveratrol inhibited cell proliferation while induced apop-

tosis in NSCLC cells. The A549 cells were chosen for our 

following experiments.

resveratrol induces autophagy through 
increasing sirT1 expression in nsclc 
cells
We also observed that resveratrol treatment dose-dependently 

increased relative protein level of Beclin1 and LC3 II/I 

which were two well-validated biomarkers of autophagy 

while decreased relative protein level of p62 which can 

clear autophagosome, suggesting that resveratrol treatment 

induced autophagy in A549 cells (Figure 2A and B, *P,0.05, 

**P,0.01). We further examined the molecular mechanism 

underlying the resveratrol-induced autophagy. Our results from 

Western blot showed that resveratrol treatment upregulated 

the expression of SIRT1 significantly. We then examined the 

localization of LC3 to autophagosome formation as assessed 

through GFP-LC3 expression. LC3+ puncta formation observed 

as punctate dots of green fluorescence was significantly 

increased in the resveratrol 200 μM group compared with the 

control group. Therefore, we hypothesized that resveratrol 

might induce autophagy through upregulating SIRT1 expres-

sion. To verify our hypothesis, an SIRT1 activator SRT1720 

(3 μM) was used to treat A549 cells for the induction of SIRT1 

expression (Figure 2C and D, **P,0.01). SRT1720 treatment 

increased LC3+ puncta in cells remarkably compared with the 

control group (Figure 2E and F, *P,0.05, **P,0.01). Then, 

we transfected A549 cells with SIRT1 siRNA to decrease the 

expression of SIRT1 (Figure 2G and H, *P,0.05, #P,0.05). 

We observed that SIRT1 siRNA could counteract the increased 

Beclin1 expression induced by resveratrol significantly (Figure 

2I and J, *P,0.05, #P,0.05). The abovementioned results 

verified our hypothesis that resveratrol induced autophagy by 

increasing SIRT1 expression in NSCLC cells.

Treatment with autophagy inhibitor 3-Ma 
or sirT1 inhibitor nicotinamide enhances 
the anti-tumor effect of resveratrol
Since autophagy has dual roles in cancer cell survival and 

cell death, we then explored the effect of autophagy on the 

anti-tumor effect of resveratrol in A549 cells. We inhibited 

resveratrol-induced autophagy through treating A549 cell 

with autophagy inhibitor 3-MA (10 mmol/L) or SIRT1 

inhibitor nicotinamide (5 mmol/L). Cell proliferation abil-

ity was determined by CCK-8 assay. The data showed that 

3-MA or nicotinamide co-treatment both inhibited cell 

proliferation and promoted apoptosis compared with the 

resveratrol 200 μM group (Figure 3A and B, **P,0.01, 
#P,0.05, ##P,0.01). Our results demonstrated that inhibition 

of resveratrol-induced protective autophagy enhanced the 

anti-tumor effect of resveratrol in NSCLC cells.
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Figure 1 resveratrol inhibits proliferation while induces apoptosis of nsclc cells.
Notes: a549 and h1299 cells were treated with different concentrations of resveratrol. (A, B) cell proliferation was detected through ccK-8 assay. (C, D) cell apoptosis 
was detected through Annexin V-FITC/PI double staining and flow cytometry. All data are represented as mean ± sD from three independent experiments. *P,0.05, 
**P,0.01 compared with the control group.
Abbreviations: NSCLC, non-small-cell lung cancer; CCK-8, cell counting kit-8; FITC, fluorescein isothiocyanate; PI, propidium iodide; Res, Resveratol; SD, standard 
deviation.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

7781

resveratrol induces protective autophagy in nsclc

Figure 2 (Continued)
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Figure 3 Treatment with autophagy inhibitor 3-Ma or sirT1 inhibitor nicotinamide enhances the anti-tumor effect of resveratrol.
Notes: a549 cells treated with 200 μM resveratrol received 3-Ma or nicotinamide treatment, respectively, with untreated a549 cells as control. (A) cell proliferation was 
detected through ccK-8 assay. (B) Cell apoptosis was detected through Annexin V-FITC/PI double staining and flow cytometry. All data are represented as mean ± sD from 
three independent experiments. **P,0.01 compared with the control group, #P,0.05, ##P,0.01 compared with the 200 μM resveratrol group. 
Abbreviations: 3-MA, 3-methyladenine; CCK-8, cell counting kit-8; FITC, fluorescein isothiocyanate; PI, propidium iodide; SD, standard deviation.

resveratrol induces autophagy via 
inhibiting akt/mTOr and activating 
p38-MaPK pathway
Previous study indicated that resveratrol induced apoptosis 

and autophagy in T-cell acute lymphoblastic leukemia 

cells by inhibiting Akt/mTOR and activating p38-MAPK.16 

To investigate whether these signaling pathways were also 

involved in resveratrol-induced apoptosis and autophagy 

in NSCLC cells, Western blot was performed to detect the 

activated state of associated proteins in A549 cells treated 

with different concentrations of resveratrol. Our results 

showed that resveratrol inhibited the phosphorylation of Akt, 

mTOR, and p-70S6K while increased the phosphorylation 

of p-38, thus resulted in the decreased ratio of p-Akt/Akt, 

p-mTOR/mTOR, p-p-70S6K/p-70S6K and increased ratio 

of p-p-38/p-38 in a dose-dependent manner (Figure 4A–E, 

*P,0.05, **P,0.01). As an Akt/mTOR activator, IGF-1 

increased the phosphorylation of Akt and doramapimod 

decreased the phosphorylation of p-38 as a p-38-MAPK 

pathway inhibitor (Figure 4F–I, *P,0.05, **P,0.01, 
#P,0.05, ##P,0.01). Activating Akt/mTOR pathway by 

IGF-1 (50 ng/mL) or inhibiting p-38-MAPK pathway by 

doramapimod (10 μM) significantly inhibited cell prolifera-

tion while increased cell apoptosis of NSCLC cells com-

pared with the resveratrol 200 μM group (Figure 4J and K, 

**P,0.01, #P,0.05). These results suggested that resvera-

trol induced protective autophagy via inhibiting Akt/mOR 

Figure 2 resveratrol induces autophagy through increasing sirT1 expression in nsclc cells.
Notes: a549 cells were treated with 200 μM resveratrol or srT1720, respectively, with untreated a549 cells as control. sirT1 sirna was transfected into a549 cells. 
(A, B) relative protein level of Beclin1, lc3 ii/i, and p62 was detected through Western blot. (C, D) relative protein level of sirT1 was detected through Western blot. 
(E, F) Immunofluorescence of A549 cells as detected by the accumulation of autophagic vacuoles and quantified by the number of GFP-LC3 dots. Green dots represent 
autophagosomes. (G, J) relative protein levels of sirT1 and Beclin1 were detected through Western blot. all data were represented as mean ± sD from three independent 
experiments. (H) relative expression of sirT1 was analyzed by bar graph. (I) relative protein levels of Beclin1 was measured by Western blot. *P,0.05, **P,0.01 compared 
with the control group. #P,0.05 compared with the 200 μM resveratrol group.
Abbreviations: nsclc, non-small-cell lung cancer; sirna, small interfering rna; res, resveratol; sD, standard deviation.
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Figure 4 resveratrol induces autophagy via inhibiting akt/mTOr and activating p38-MaPK pathway.
Notes: a549 cells were treated with different concentrations of resveratrol or treated with 200 μM resveratrol and igF-1 or doramapimod. (A–E) relative protein level 
of p-akt, akt, p-mTOr, mTOr, p-p70s6K, p70s6K, p-p38, and p-38 was detected through Western blot. (F–I) relative protein level of p-akt, akt, p-p38, and p-38 was 
detected through Western blot. (J) cell proliferation was detected through ccK-8 assay. (K) cell apoptosis was detected through annexin V-FiTc/Pi double staining and 
flow cytometry. All data are represented as mean ± sD from three independent experiments. *P,0.05, **P,0.01 compared with the control group, #P,0.05, ##P,0.01 
compared with the 200 μM resveratrol group. 
Abbreviations: IGF-1, insulin-like growth factor-1; CCK-8, cell counting kit-8; FITC, fluorescein isothiocyanate; PI, propidium iodide; Res, Resveratol; SD, standard deviation.

and activating p-38-MAPK signaling pathway. Therefore, 

activating Akt/mTOR or inhibiting p-38-MAPK signaling 

pathway can enhance the anti-tumor effect of resveratrol in 

NSCLC cells.

Discussion
Resveratrol, a naturally occurring antibiotic plant, has been 

shown to have potent anti-tumor effect through suppressing 

proliferation and inducing apoptosis in multiple cancers.17,18 
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In this study, we also found that resveratrol, as an SIRT1 

activator, can also induce protective autophagy which may 

inhibit the anti-tumor effect of resveratrol via inhibiting Akt/

mTOR and activating p38-MAPK. Therefore, suppressing 

protective autophagy enhanced anti-tumor effect of resvera-

trol, making it an effective reagent against NSCLC.

Recently, natural compounds such as resveratrol have 

gained much attention for preventive and therapeutic strategies 

in cancer treatment including lung cancer.19,37 Previous studies 

have elucidated that resveratrol inhibited proliferation and 

induced apoptosis in various types of cancer cells. For 

instance, Lei et al reported that resveratrol inhibited prolif-

eration and promoted differentiation and melanogenesis in 

HT-144 melanoma cells through inhibition of MEK/ERK 

kinase pathway.20 Research by Kim et al showed that res-

veratrol induced mitochondrial apoptosis and inhibited cell 

invasion and migration by inhibiting epithelial–mesenchymal 

transition in oral squamous cell carcinoma cells.21 Resvera-

trol was also reported to decrease cell viability and prolif-

eration while induced apoptosis in H460 lung cancer cells 

significantly.22 Similarly, we also observed that resveratrol 

suppressed cell proliferation and induced apoptosis in 

NSCLC cells, indicating the anti-tumor effect of resveratrol 

in NSCLC progression.

Autophagy is a cellular process that long-lived proteins 

and damaged organelles are transported to lysosomes 

for degradation and reuse.12 Besides inducing apoptosis, 

resveratrol can also induce autophagy in cancer cells.16,23 

Beclin1 is a specific marker of autophagy and is strongly 

involved in the autophagic process, especially in its early 

stages.24 The conversion of LC3I to LC3II contributes to the 

formation of autophagosome, and LC3II is often considered 

as an autophagosomal marker.25 P62 protein can clear the 

autophagosome in order to keep hemostasis.26 In this study, 

resveratrol treatment increased the expression of Beclin1 

and LC3 II/I while decreased the expression of p62, indi-

cating that resveratrol induced autophagy in NSCLC cells 

dose-dependently. 

Resveratrol is reported to induce autophagy through 

activating SIRT1-mediated pathway in multiple types of 

cells.27–29 SIRT1 is an NAD+-dependent HDAC which is 

involved in multiple disease processes including cancer, vas-

cular disease, and neurodegenerative disorders.30–32 SIRT1 can 

induce autophagy through deacetylation of Beclin1 and other 

autophagy mediators.33 Similarly, in this study, we observed 

that resveratrol treatment upregulated the expression of 

SIRT1 and induced autophagy significantly, indicating that 

resveratrol induced autophagy through activating SIRT1 in 

NSCLC cells. Adding SIRT1 activator SRT1720 further 

verified our hypothesis that increased expression of SIRT1 

induced autophagy remarkably. In addition, knockdown of 

SIRT1 reduced resveratrol-induced autophagy significantly. 

These results elucidated that resveratrol acted as an SIRT1 

activator to induce autophagy in NSCLC cells.

Autophagy can promote or suppress tumor cell survival. 

Autophagy enables cancer cells to survive under hostile stress 

while continuous stress and excessive autophagy could lead 

to autophagic cell death.34 A great number of research studies 

have demonstrated that autophagy played a cytoprotective 

role in cancer cells.15,35,36 Autophagy and apoptosis have a 

complex mutual relationship. In some cases, autophagy may 

act as an initiating factor for apoptosis-induction while in 

other cases autophagy can antagonize apoptosis. Here, we 

observed that inhibiting autophagy by autophagy inhibitor 

3-MA or SIRT1 inhibitor nicotinamide significantly sup-

pressed proliferation while promoted apoptosis compared 

with the resveratrol 200 μM group. These results elucidated 

that resveratrol-induced autophagy might act as a protec-

tive mechanism to promote NSCLC survival and inhibiting 

autophagy can enhance the anti-tumor effect of resveratrol.

Pathways of Akt/mTOR and p38-MAPK are also linked 

to resveratrol-induced apoptosis and autophagy. When nutri-

ents are sufficient, the PI3K/Akt pathway activates mTOR 

to inhibit autophagy. During nutrient starvation and stress, 

the activity of mTOR is inhibited, leading to autophagy 

induction. Autophagy is one of the main mechanisms regu-

lated by AMPK.15 Ge et al reported that resveratrol induced 

apoptosis and autophagy via inhibiting Akt/mTOR and acti-

vating p38-MAPK in T-cell acute lymphoblastic leukemia 

cells.16 Our present data also went in line with this study that 

resveratrol treatment inhibited Akt/mTOR while activated 

p38-MAPK in NSCLC cells in a dose-dependent manner. 

Moreover, activating Akt/mTOR pathway by IGF-1 or inhib-

iting p-38-MAPK pathway by doramapimod significantly 

inhibited cell proliferation but increased cell apoptosis of 

NSCLC cells compared with the resveratrol 200 μM group. 

Our results indicated that activating Akt/mTOR or inhibiting 

p-38-MAPK signaling pathway can enhance the anti-tumor 

effect of resveratrol in NSCLC cells.

Taken together, this study provides evidence that resvera-

trol exerted anti-tumor effect through inhibiting cell prolifera-

tion and enhancing cell apoptosis of NSCLC cells. However, 

resveratrol, acted as a SIRT1 activator, also induced protec-

tive autophagy to promote NSCLC survival via inhibiting 

Akt/mTOR and activating p38-MAPK. Therefore, acti-

vating Akt/mTOR or inhibiting p38-MAPK can suppress 
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resveratrol-induced protective autophagy, which may 

enhance anti-tumor effects of resveratrol in NSCLC. 
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