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Quercetin Regulates Sestrin 2-AMPK-mTOR Signaling 
Pathway and Induces Apoptosis via Increased 
Intracellular ROS in HCT116 Colon Cancer Cells
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Background: The suppression of abnormal cell proliferation is therapeutic strategies for the treatment of cancer. In this study, 
we investigated the regulatory mechanism of quercetin-induced apoptosis through regulation of Sestrin 2 and AMPK signaling 
pathway.
Methods: After treatment of quercetin to colon cancer cells, intracellular ROS was detected using by DCFH-DA. To examine how quercetin 
and H2O2 induced apoptosis, we analyzed the change of Sestrin 2, p53 expression and p-AMPKα1, p-mTOR levels by Western blotting. 
To evaluate the effect of intracellular ROS generated by quercetin on colon cancer cells, NAC, anti-oxidative agent, was co-treated. 
Results: Quercetin increased apoptotic cell death though generating intracellular reactive oxygen species (ROS), and it was responsible 
for Sestrin 2 expression. Increased Sestrin 2 expression was accompanied by AMPK activation. Interestingly, mTOR activity by Sestirn 2 
expression was dependent on AMPK phosphorylation. On the other hand, the expression of Sestrin 2 by quercetin-generated 
intracellular ROS was independent of p53. 
Conclusions: We suggested that quercetin-induced apoptosis involved Sestrin 2/AMPK/mTOR pathway, which was regulated by 

increased intracellular ROS by quercetin. (J Cancer Prev 2013;18:264-270)

Key Words: Quercetin, ROS, Sestrin2, AMPK, p53

Received August 30, 2013, Revised September 9, 2013, Accepted September 9, 2013

Correspondence to: Young Min Kim
Department of Biological Sciences, College of Life Science and Nano Technology, Hannam University, 1646 Yuseong-dero, Yuseong-gu, Daejeon 
305-811, Korea
Tel: +82-42-629-8760, Fax: +82-42-629-8873, E-mail: kym@hnu.kr

Copyright © 2013 Korean Society of Cancer Prevention
cc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons. 
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

  Since 1983, cancer has been regarded to one of the reason 

of death and the incidence to 180,000 new patients dia-

gnose each of year in South Korea. Particularly colorectal 

cancer incidence is increase steadily since 1999, and 

especially the elderly ages, the incidence highest follow by 

gastric cancer.1 In this reason, it increased that interest to 

alternative medicine for treatment of colorectal cancer and 

the cancer prevention study on the effect of plants extract 

is in progress. Among plant extracts, quercetin has been 

reported as representing the number of carcinoma and 

anti-inflammatory effect.2 Especially in tumor cells, quer-

cetin exerts a directly pro-apoptotic effect by regulated 

caspase -3, -6, -8 and AMPKα1/ASK1 pathway, and it can 

indeed block the growth of cancer cells at different phases 

of cell cycle by controlled transcription factors such as 

p53.3-5

　p53, the tumor suppressor protein, plays a central role in 

cancer prevention. p53 could be regulated cell cycle arrest 

and pro-apoptotic effect by controlled downstream mole-

cules in cancer cells. The major downstream effectors of 

p53 include p21Waf1, which participate in cell cycle arrest, 

and Bax as well as PUMA, which trigger apoptosis.6 Recent 

report has suggested that the activated p53 by cell stress 

lead to suppressed mTOR C1 through AMPKα1/TSC2 
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pathway.7

  Sestrin 2 is first revealed by the downstream effector of 

p53, and it involved in regulation of cell viability in variety 

cellular stress. Sestrin 2 expression is induced upon DNA 

damages such as UV-irradiation and doxorubicin, depen-

dent on p53, and oxidative stress like a hypoxia, indepen-

dent on p53. In addition, it leaded to apoptosis in cancer.8 

Previous study has shown that Sestrin 2 expression in 

cancer cell suppressed cell growth and proliferation by 

lead to negative control of mTOR through AMPKα1 

phosphorylaton.9,10

  AMPK, serine/threonine protein kinase, participates in an 

energy sensing cascade that response to deletion of ATP. 

AMPK, which was activated by various up-stream factors 

such as LKB1 or CaMKK, inhibited mTOR for lead to 

apoptosis by activation of TSC2.11 Previous research has 

shown that AMPK activation through quercetin-generated 

ROS is induced apoptosis via ASK1/p38 MAPK pathway in 

MCF-7 breast cancer cells.4

　mTOR is representative protein that regulate cell growth 

and proliferation, and depending on the role and com-

ponent, separated mTOR Complex 1 (C1) and mTOR Com-

plex 2 (C2). mTOR C1 is known that very important factor 

for cell growth and proliferation in cancer cells.12 mTOR 

C1 is activated by various growth factors such as Akt or 

IGF-1, especially Akt-mTOR C1 pathway is over activation 

in cancer cells. That pathway, which activated mTOR C1 

by Akt, is reported that one of the important mechanism for 

tumorigenesis.13 In previously study, be inhibited mTOR 

C1 by AMPK activation leaded to decrease of cancer cell 

growth and proliferation.7

  In this study, we investigated the anti-proliferation and 

induced apoptosis effects by Quercetin via increased intra-

cellular ROS in HCT 116 colon cancer cells. And invol-

vement of Sestrin 2 in the apoptotic process of cancer cells 

treated with a quercetin. Previously report has that quer-

cetin-induced apoptosis through the generation of ROS, 

which was responsible for the activation of AMPKα1.4 

Here, we demonstrated that quercetin-generated ROS 

induced apoptosis were involved to expression of Sestrin 2 

and it accompanied by AMPK phosphorylation. And 

expression of Sestrin 2 is p53 independently on ROS. 

MATERIALS AND METHODS

1. Reagent

  Quercetin and hydrogen peroxide, NAC (N-acetyl cys-

tein), MTT [(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetra-

zolium bromide], DCFH-DA are purchased from Sigma 

Aldrich (Sigma Aldrich, St. Luice, MO, USA). Compound C 

are purchased from Calbiochem (Calbiochem, San Diego, 

CA, USA). FITC-Annexin V apoptosis detection kit is 

obtained from BD Pharmingen (BD Pharmingen, San 

Diego, CA, USA). Specific anti-bodies that recognized 

p-AMPKα1, p-mTOR, p53, β-actin are obtained from 

Cell Signaling technology (Cell Signaling Technology, 

Beverly, MA, USA) and Sestrin 2 are purchased from 

Proteintech (Proteintech, Chicago, IL, USA). 

2. Cell culture

  HCT116 and HT-29 cells were obtained from the Ameri-

can Type Culture Collection (ATCC, Rockville, MD, USA). 

Cells were grown in RPMI 1640 medium (HyClone, Wal-

tham, MA, USA) containing 10% fetal bovine serum (Hy-

Clone, Waltham, MA, USA) and 1% antibiotics (100 mg/L 

streptomycin, 100 U/ml penicillin) at 37oC in a 5% CO2 

atmosphere. Cells were suspended by Trypsin-EDTA (Hy-

Clone, Waltham, MA, USA) and separated 1.5×105/ml at 

each plates, every 48 h.

3. Measurement of intracellular ROS levels

  Cells were seeded 1×106/ml in 100 mm plate and incu-

bated for 24 h. After incubation, cells treated with test 

compound for 6 h at 37oC in a 5% CO2 atmosphere. Cells 

were incubated with 40 μM of DCFH-DA for 30 min and 

harvested by trypsinization, collected by centrifugation, 

washed with PBS twice, and resuspended in PBS. Fluore-

scence intensity were analyzed by using flow cytometer 

(Becton-Dickinson Biosciences, Drive Frankline Lages, NJ, 

USA).

4. Determination of apoptosis by Annexin V/PI stain-

ing analysis

  Cells were seeded at 1×106/ml in 100 mm plate and 

incubated for 24 h. After incubation, cells treated with test 

compound for 24 h at 37oC in a 5% CO2 atmosphere. Total 
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Fig. 1. Quercetin increased intracellular ROS. Cells were treated with indicate concentration of quercetin for 6 h (left panel), and
pre-treated with 5 mM NAC for 30 min and then exposed to quercetin (right panel). After 6 h, Cells were treated with 40 μM 
DCFH-DA for 30 min, and fluorescence intensity was measured by flow cytometer. Dashed line, quercetin 25 μM; dotted line,
quercetin 50 μM.

cells were harvested by trypsinization, collected by centri-

fugation, washed with PBS, and resuspended in binding 

buffer. Cells were stained with Annexin V and PI for 15 min. 

Fluorescence intensity were analyzed by using flow cyto-

meter (Becton-Dickinson Biosciences, Drive Frankline 

Lages, NJ, USA).

5. Cell proliferation assay (MTT)

  Cell viability was measured by MTT assay. Cells were 

seeded at 4,000/ml each well in 96 well plate, and 

incubated 24 h. After the incubation, treated with test 

compound and incubate at 37oC in a 5% CO2 atmosphere. 

After 24 h, cells were incubated with 30 μl MTT (5 mg/ml 

with PBS) solution for 1 hr. Optical densities of solution, in 

each well, were determined by Microplate reader (BIO- 

RAD Laboratories, Inc., Tokyo, Japan) at 595 nm. 

6. Western blotting

  Cells were seeded at 1×105/ml in 6-well plate and 

incubated for 24 h. After the incubation, treated with test 

compound for 6 h at 37oC in a 5% CO2 atmosphere. Cells 

were rinsed twice with ice-cold PBS and scraped with lysis 

buffer [50 mM Tris-HCl (pH 8.0, 150 mM NaCl, 1% NP40, 

0.5% sodium deoxycholate, 1 mM PMSF)] and subjected to 

the Western blot analysis. 1st anti-body reacted for over- 

night at 4oC and 2nd anti-body reacted for 75 min at 

room-temperature with agitation slowly. 

7. Statistical analysis

  Cell viability was statistically analyzed using ANOVA test 

(SPSS, Chicago, IL, USA). P＜0.05 was considered statisti-

cally significant.

RESULT

1. Quercetin-generated ROS in HCT116 colon cancer 

cells

  To examine whether quercetin generates ROS in HCT116 

colon cancer cells, we measured the intracellular ROS 

levels after treatment of quercetin (25 μM, 50 μM) for 6 h. 

As shown in Fig. 1, quercetin increased ROS levels at the 

indicate concentration (left panel). These effects were 

completely blocked by combined treatment with NAC, a 

ROS scavenger (right panel).

2. Quercetin and H2O2 induce apoptosis 

  We investigated the apoptotic effect by quercetin via 

increase intracellular ROS. In this reason, we treated with 

quercetin (25 μM, 50 μM) and H2O2 (500 μM, 1,000 μM) 

for 24 h. Cells were stained with Annexin V/PI and 

measured apoptotic cells by flow cytometer. As we shown 

in Fig. 2A, be treated with quercetin groups increased 

annexin-V positive cell population on treated groups, too. 
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Fig. 3. (A) Cells were pre-treated with 5 mM NAC and treatment of quercetin 25 μM for 6 h. The expression of Sestein 2, p53
and activate of AMPKα1, mTOR were analyzed by Western blotting. (B) Cells were treated with 20 μM quercetin for 24 h after
pre-treated with 5 mM NAC and cells were stained with Annexin-V/PI and fluorescence intensity was measured by flow cytometer.

Fig. 2. Quercetin-generated ROS strongly induced apoptosis and expressed Sestrin 2, p53 as well as activated AMPKα1. (A) Cells
were treated with indicated concentration of H2O2 and quercetin for 24 h. Cells were stained with Annexin V/PI and fluorescence 
intensity was measured by flow cytometer. (B) Cells were treated with indicate concentration of H2O2 and quercetin for 6 h. Next,
expression of Sestein 2, p53 and activate of AMPKα1, mTOR were analyzed by Western blotting. 

3. Quercetin and H2O2 regulate expression of Sestrin 2, 

p53 and AMPKα1, mTOR activation

  To examine how quercetin and H2O2 induced apoptosis, 

we first examined quercetin expresses Sestrin 2, p53 and 

activate AMPKα1, whereas inhibited mTOR. We analyzed 

the change of Sestrin 2, p53 expression and p-AMPKα1, 

p-mTOR levels after treatment of quercetin (25-50 μM) 

and H2O2 (500-1,000 μM) in different concentration by 

Western blotting. Our results showed that quercetin 

strongly expressed Sestin 2, p53 and activated AMPK, 

whereas inhibited mTOR in dose dependently. In addition, 

H2O2 treated groups were induced that expression of 

Sestrin 2, p53 and AMPK phosphorylation, but mTOR 

activity was decreased (Fig. 2B).

4. Quercetin modulates expression of Sestrin 2, p53 

and AMPK, mTOR activation through generation of 

intracellular ROS

  For make sure that quercetin regulated signal proteins and 
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Fig. 4. (A) Querctin-generated ROS reduced cell viability though activation of AMPKα1. Cells were pre-treated with 10 μM 
Compound C for 30 min, and then treated with H2O2 500 μM and quercetin 25 μM. Cell viability were measured by MTT assay.
a-dP＜0.05 (each experiment’s n=3). (B) The expression of Sestrin 2, p53 and activation of AMPKα1, mTOR were analyzed by 
Western blotting.

Fig. 5. Quercetin-generated ROS induced apoptosis and regulated proteins in p53 mutant cells. (A) Cells were treated with indicate
concentration of H2O2 and quercetin for 24 h. And then stained with Annexin-V/PI and fluorescence intensity was measured by 
flow cytometer. (B) Cells were treated with indicate concentration of H2O2 and quercetin for 6 h. The expression of Sestrin 2 and
activation of AMPKα1, mTOR were analyzed by Western blotting.

induced apoptosis were involved with increased intra-

cellular ROS levels, we co-treated with NAC, anti-oxi-

dative agent, and analyzed proteins level and Annexin 

V-positive cells. The group co-treated quercetin decrea-

sed Sestrin 2, p53 expression level and AMPK phos-

phorylation, whereas induced mTOR activity (Fig. 3A). And 

unlikely quercetin treatment group, Annexin V-positive 

cells were decreased in NAC co-treatment group (Fig. 3B).

5. Sestrin 2 down-regulated proliferation and mTOR 

activity through AMPK phosphorylation

  We investigated quercetin and H2O2 decreased mTOR 
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phosphorylation by Sestrin 2 were involved AMPK activa-

tion. In order to do, we co-treated quercetin and H2O2 with 

Compound C, AMPK inhibitor, and analyzed cell viability 

by MTT assay and proteins level by Western blotting. As we 

shown that, despite the co-treated with AMPK inhibitor 

group were not changed cell viability, quercetin and H2O2 

treated group were reduced cell viability (Fig. 4A). More-

over, quercetin and H2O2 induced expression of Sestrin 2 

without AMPK inhibition, whereas mTOR acitivity was not 

decreased with AMPK inhibition (Fig. 4B). 

6. Sestrin 2 is expressed and induced apoptosis in p53 

negative cells

  To examine the expression of Sestrin 2 is p53-indepen-

dent manner. We treated quercetin and H2O2 in HT-29 

colon cancer cells, which were p53 mutant. Typically, 

Sestrin 2 is known that p53-dependent manner except 

hypoxia condition. Our result shown that Sestrin 2 expres-

sed as well as AMPK phosphorylation levels were induces 

in HT-29 cells. Moreover, quercetin induced apoptotic cell 

death in HT-29 cells (Fig. 5).

DISCUSSION

  Pathological cell proliferation and division is involved in 

various diseases such as abnormal angiogenesis, tumor 

formation. Thus, suppression of this abnormal cell proli-

feration may provide therapeutic strategies for the treat-

ment of those diseases. That come to the fore in the field of 

cancer treatment, particularly alternative medicine such as 

treatment through plant extracted compound newly atten-

tion. These plant extracts compound induced apoptosis 

and cell cycle arrest through regulated intracellular protein 

signals in cancer cells.14 A various plant extracts compound 

are used in the experiment for chemotheraphy, above all 

thing, quercetin, which was polyphenolic compound 

extracted from red onion and green tea, is known to have 

diverse pharmacological activities, including anti-cancer, 

anti-inflammation, and anti-proliferation.2 Recently study 

has shown that quercetin generats intracellular ROS and 

induces apoptosis through controlled AMPK/ASK1 path-

way in MCF-7 breast cancer cells.4 Moreover, it induced 

apoptosis that treated with quercetin in HT-29 colon 

cancer cells via regulated AMPK/COX-2 pathway.15 Quer-

cetin induced apoptosis through the activation of AMPK, 

however, AMPK activity by any pathway is not clear. 

According to some studies, the transcription of p53 in-

duced AMPK phosphorylation, but these results could not 

explain that phosphorylation of AMPK in p53 mutant 

cells.7 In recent study, however, a specific stress such as 

oxygen stress or DNA damage stimulates Sestrin 2 trans-

cription in cancer cells, and it induced the phosphorylation 

of AMPK through interaction with AMPK.9 According to 

this paper, cell does not inhibit mTOR activity and cell 

cycle arrest through AMPK phosphorylation when it 

suppressed Sestrin 2 transcription. Thus, we hypothesized 

that quercetin-generated intracellular ROS induced apop-

tosis through the inhibition of mTOR via Sestrin 2 trans-

cription, and it accompanied by AMPK phosphorylation. 

Our result shown that quercetin suppressed proliferation 

by expression of Sestrin 2 and AMPK phosphorylation, 

whereas inhibited mTOR activity. Moreover, quercetin by 

increasing intracellular ROS can transcript Sestrin 2 direc-

tly, and it was confirmed that the upstream function in the 

AMPK signaling pathway.

  Importantly, a known of the cancer cells in approxi-

mately 50% are p53 mutant.16 Thus, p53-independent 

manner to induce apoptosis is very important. Our results 

shown that not only quercetin inhibited mTOR through 

Sestrin 2 transcription and AMPK phosphorylation, but it 

induced apoptosis in HT-29 colon cancer cells, which 

were p53 mutant cells. 

  In conclusion, we demonstrate that Sestrin 2 is co-factor 

for AMPK/mTOR pathway, and the signaling pathway of 

Sestrin 2/AMPK/mTOR is responsible for cancer cells to 

undergo apoptosis initiated by ROS when the cancer cells 

were treated with quercetin. Furthermore, quercetin-ge-

nerated intracellular ROS induces apoptosis and regulates 

Sestrin 2/AMPK/mTOR pathway in p53 mutant cells.
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