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Quercetin induces cell death in cervical cancer
by reducing O-GlcNAcylation of adenosine
monophosphate-activated protein kinase
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Department of Anatomy and Convergence Medical Science, Institute of Health Sciences, Gyeongsang National University School of Medicine, Jinju, Korea

Abstract: Hyper-O-GlcNAcylation is a general feature of cancer which contributes to various cancer phenotypes, including
cell proliferation and cell growth. Quercetin, a naturally occurring dietary flavonoid, has been reported to reduce the
proliferation and growth of cancer. Several reports of the anticancer effect of quercetin have been published, but there is no
study regarding its effect on O-GlcNAcylation. The aim of this study was to investigate the anticancer effect of quercetin on
HelLa cells and compare this with its effect on HaCaT cells. Cell viability and cell death were determined by MTT and terminal
deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labelling assays. O-GlcNAcylation of AMP-
activated protein kinase (AMPK) was examined by succinylated wheat germ agglutinin pulldown and immunoprecipitation.
Immunofluorescence staining was used to detect the immunoreactivitiy of O-linked N-acetylglucosamine transferase (OGT)
and sterol regulatory element binding protein 1 (SREBP-1). Quercetin decreased cell proliferation and induced cell death,
but its effect on HaCaT cells was lower than that on HeLa cells. O-GlcNAcylation level was higher in HeLa cells than in
HaCaT cells. Quercetin decreased the expression of global O-GlcNAcylation and increased AMPK activation by reducing
the O-GlcNAcylation of AMPK. AMPK activation due to reduced O-GlcNAcylation of AMPK was confirmed by treatment
with 6-diazo-5-oxo-L-norleucine. Our results also demonstrated that quercetin regulated SREBP-1 and its transcriptional
targets. Furthermore, immunofluorescence staining showed that quercetin treatment decreased the immunoreactivities of
OGT and SREBP-1 in HeLa cells. Our findings demonstrate that quercetin exhibited its anticancer effect by decreasing the
O-GlcNAcylation of AMPK. Further studies are needed to explore how quercetin regulates O-GlcNAcylation in cancer.
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Introduction consisting of the addition of O-linked N-acetylglucosamine
(O-GIcNAg) to serine/threonine residues on proteins [1, 2].

O-GlcNAcylation is a post-translational modification  Increased O-GIcNAcylation has been observed in several
cancers, and this contributes to cell proliferation, survival, in-

vasion, and metastasis, whereas decreasing O-GlcNAcylation

reduces cancer progression [3-7]. The identification of phar-
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macological compounds from natural products that decrease
tially attractive approach to developing more effective thera-
Quercetin, a naturally occurring dietary flavonoid found
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Effects of quercetin in cervical cancer

in various fruits and vegetables, has been reported to decrease
the progression of several cancers, including cervical cancer
[8-10]. Several possible mechanisms of the anticancer effect
of quercetin have been proposed [11, 12], but no study has
reported on the effect of quercetin on O-GlcNAcylation. Uri-
dine diphospho-GlcNAc (UDP-GIcNAc), a substrate for O-
linked N-acetylglucosamine transferase (OGT) in the process
of O-GlcNAcylation, is synthesised from glucose through
the hexosamine pathway (HBP). The increase in glucose up-
take in cancer cells elevates UDP-GIcNAc through HBP and
thus drives cellular hyper-O-GlcNAcylation [1]. Quercetin
decreases glucose uptake, which in turn may inhibit the hex-
osamine pathway, thereby potentially causing decreased O-
GlcNAcylation [13, 14].

AMP-activated protein kinase (AMPK), a central energy
sensor, is known as a crucial factor in the interaction between
metabolism and cancer. AMPK activation is associated with
cellular stressors, including low glucose and decreased ATP
levels [15-19]. Recently, it has been reported that decreased
O-GlcNAcylation can activate AMPK and could therefore
decrease cancer progression [20, 21]. Once activated, AMPK
regulates various proteins involved in metabolism, which sup-
press energy consumption and cellular growth, such as sterol
regulatory element binding protein 1 (SREBP-1), a protein
involved in lipogenesis, which regulates enzymes involved in
the synthesis of lipids, such as fatty acid synthase (FAS) and
acetyl-CoA carboxylase (ACC) [22-24].

AMPK activation has been found to reduce cervical cancer
progression [25, 26]; however, AMPK activation as a result of
O-GlcNAcylation in cervical cancer has not been established
and needs to be elucidated. Here, we examined the effect
of quercetin on global O-GlcNAcylation and activation of
AMPK through O-GlcNAcylation in cervical cancer, with the
aim of developing novel agents for cancer therapy.

Materials and Methods

Dulbeccos modified Eagle medium (DMEM), penicillin-
streptomycin, and fetal bovine serum (FBS) were obtained
from Gibco (Invitrogen, Carlsbad, CA, USA). Dimethyl sulf-
oxide, 6-diazo-5-oxo-norleucineis (DON), and Thiamet G
were purchased from Sigma (St. Louis, MO, USA). Quercetin
was purchased from Cayman Chemical (Ann Arbor, MI,
USA). Mouse anti-GlcNAc (MA1-072-RL2) was purchased
from Thermo Fisher Scientific (Rockford, IL, USA). Antibod-
ies against AMPK-a (#2532), phospho-AMPK-q, (#2535),
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Fas (#3180), ACC (#3662), caspase 3 (#9662), cleaved caspase
3 (#9661), poly(ADP ribose) polymerase (PARP) (#9532),
and cleaved PARP (#5625) were obtained from Cell Signal-
ing Technology (Danvers, MA, USA). Antibodies against
OGT (sc-74546) and SREBP-1 (sc-8984) were purchased
from Santa Cruz Biotechnology (Dallas, TX, USA). Antibody
against B-actin (A5441) was obtained from Sigma. Second-
ary horseradish peroxidase-conjugated goat anti-mouse IgG
(#31430) and goat anti-rabbit IgG (#31460) were obtained
from Thermo Fisher Scientific.

Cell lines

Human immortalised keratinocyte cells (HaCaT) and cer-
vical cancer cells (HeLa) were obtained from American Type
Culture Collection (Manassas, VA, USA). HeLa and HaCaT
cells were maintained in high-glucose DMEM with 10% FBS,
100 ug/mL streptomycin, and 100 units/mL penicillin (Invit-
rogen). Cells were cultured in 5% CO, at 37°C.

MTT assay

HaCaT and HeLa cells were seeded at a density of 2,000
cells per well in a 96-well plate and incubated for 24 hours.
The cells were then treated with quercetin at different con-
centrations for 24 hours and subjected to the 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
MTT solution was added to each well and the plates were
incubated at 37°C for 2 hours. The formazan crystals formed
were dissolved in dimethyl sulphoxide and the absorbance
of the solution was measured at 570 nm using a microplate
reader (Tecan, Maennedorf, Switzerland).

Western blotting

Cells were lysed in RIPA lysis buffer (25 mM Tris HCI pH
7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1%
sodium dodecyl sulfate [SDS]) with protease inhibitor cocktail
(Sigma Aldrich). The protein concentration was determined
using the bicinchoninic acid protein assay kit (Thermo Scien-
tific). Total protein lysates were separated by sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to nitrocellulose membranes (Millipore, Billerica,
MA, USA). The target proteins were detected by western
blotting with selected antibodies. Chemiluminescence (ECL,
Amersham Biosciences, Piscataway, NJ, USA) was used to de-
tect protein bands. Blot images were captured on a RAS-4000
image reader (Fujifilm, Tokyo, Japan).
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Succinylated wheat germ agglutinin affinity
purification

Cells were homogenised in RIPA lysis buffer (25 mM Tris
HCI pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycho-
late, 0.1% SDS) with protease inhibitor cocktail. Lysates con-
taining 200 ug of protein were incubated with agarose-bound
succinylated wheat germ agglutinin (sSWGA) beads (Vector
Laboratories, Burlingame, CA, USA) overnight at 4°C. On
the following day, the samples were centrifuged at 2,000 xg
for 2 minutes. Free GIcNAc was added during sWGA lectin-
affinity purification to determine the specificity of the sWGA
beads. Precipitates were washed three times with RIPA buffer,
and proteins were eluted by boiling in SDS sample buffer. Ly-
sates were then analysed by western blot.

Immunoprecipitation

The recommended antibodies were mixed with protein A/
G PLUS-Agarose beads (Santa Cruz Biotechnology) and then
incubated overnight with rotation at 4°C. The following day,
the sample was centrifuged at 12,000 xg, and the antibody-
bead complex was washed and collected by centrifugation.
The antibody-bead complex was then mixed with pre-cleared
cell lysates and incubated overnight with rotation at 4°C. The
lysate-bead/antibody conjugate mixture was then washed
and collected by centrifugation. Samples were boiled in load-
ing buffer to remove the agarose beads, and the proteins
were then separated by SDS-PAGE on 10% acrylamide gels.
Proteins were then transferred to membranes, probed with
antibodies against the interacting protein of interest, and pro-
cessed for western blotting as described above.

Immunofluorescence staining

Cells were grown on glass cover slips in 24-well culture
plates at 2x10" cells per well for 24 hours. Then, the cells were
treated with 50 uM of quercetin for 24 hours. Next, cells were
washed with phosphate buffered saline (PBS), fixed for 15
minutes at room temperature with 4% paraformaldehyde, and
permeabilised for 15 minutes with 0.3% Triton X-100 in PBS
for 10 minutes. Then, the cells were blocked with 5% normal
donkey serum in PBS for 1 hour. Subsequently, the cells were
incubated at 4°C with the desired primary antibody in 5%
normal donkey serum overnight, followed by incubation with
a specific fluorescence-conjugated secondary IgG (Invitrogen)
for 1 hour in the dark. Finally, cells were washed with PBS and
mounted using ProLong Gold antifade mountant with 4',6-di-
amidino-2-phenylindole dichloride (DAPI) (Invitrogen) for
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nuclear staining. All images were taken using a fluorescence
microscope (BX51- DSU, Olympus, Tokyo, Japan).

Terminal deoxynucleotidyl transferase-mediated
deoxyuridine triphosphate nick-end labelling staining

Terminal deoxynucleotidyl transferase-mediated deoxyuri-
dine triphosphate nick-end labelling (TUNEL) staining was
performed to detect cells death using the In Situ Cell Death
Detection Kit, TMR Red (Roche Molecular Biochemicals,
Mannheim, Germany). Cells were grown on glass coverslips
in 24-well culture plates at 2x10" cells per well for 24 hours.
Next, the cells were treated with 50 uM of quercetin for 24
hours. Cells were washed with PBS, fixed with 4% parafor-
maldehyde for 15 minutes, and permeabilised for 2 minutes
with 0.5% Triton X-100 in PBS on ice. Cells were then washed
in PBS and incubated with TUNEL reaction mixture con-
taining terminal deoxynucleotidyl transferase (TdT), and the
reaction buffer containing fluorescein-dUTP (Roche Applied
Sciences, Mannheim, Germany) for 60 minutes at 37°C. Fi-
nally, cells were washed with PBS and mounted using Pro-
Long Gold antifade mountant with DAPI for nuclear staining.
All images were taken using a fluorescence microscope (BX51-
DSU, Olympus).

Statistical analysis

Data are representative of three independent values and
presented as meanststandard error of mean). Statistical
analysis was performed by ANOVA using software GraphPad
Prism 5.1. (GraphPad Software, San Diego, CA, USA). P-
values <0.05 were considered statistically significant.

Results

Quercetin decreases cell viability and induces cell death
in immortalised human keratinocytes (HaCaT) and
cervical cancer cells (HeLa)

HaCaT and HeLa cells were treated with various concen-
trations of quercetin (10 uM, 20 uM, 50 uM, 100 uM, or
200 uM) for 24 hours, and cell viability was determined by
the MTT assay. Quercetin decreased cell viability in a dose-
dependent manner (Fig. 1A, B). Quercetin was less effective
on HaCaT than on HeLa cells at the same concentration (Fig.
1C). The IC;, value of quercetin for HeLa cells was estimated
to be 50 uM. Based on these data, we chose to treat the cells
with 50 uM of quercetin to study its effect on cervical cancer.
Next, we determined the effects of quercetin on the expres-
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Fig. 1. Quercetin decreases cell viability and induces cell death in HaCdT and HeLa cells. (A-C) MTT assay of HaCaT and HeLa cells after
treatment with quercetin (0-200 uM) for 24 hours. Bar graph representing the viability of HaCdT (A) and HeLa (B) cells. (C) Line graph
representing the comparison of cell viability between HaCaT and HeLa cells. (D) Representative western blot analysis and relative bar graph
quantification of PARP, cleaved PARP, caspase 3, and cleaved caspase 3 in HeLa and HaCaT cells after treatment with 50 pM quercetin for 24
hours. Band intensity was normalised to B-actin. Each experiment was performed three times. PARP, poly (ADP ribose) polymerase; SEM,
standard error of mean. Data represent the mean+SEM of three independent experiments. **£<0.005, ***P<0.001.

sion levels of apoptotic markers such as caspase 3, cleaved
caspase 3, PARP, and cleaved PARP by western blot analysis.
Results showed that quercetin increased the expression levels
of both cleaved caspase 3 and cleaved PARP, with two-fold
higher effects on HeLa cells than on HaCaT cells (Fig. 1D).

Quercetin decreases the expression of OGT and
exhibits the decreased levels of global O-GIcNAc and
O-GIcNAcylated AMPK

We examined OGT and O-GlcNAc expression levels and
found that the levels of OGT and O-GlcNAcylation were
higher in HeLa cells than in HaCaT cells (Fig. 2A, B). The
effect of quercetin on OGT and O-GlcNAc levels was also
higher in HeLa cells than in HaCaT cells (Fig. 2A, B). Activa-

tion of AMPK has been linked to O-GlcNAcylation, and sev-
eral studies have reported that a decrease in O-GlcNAcylation
activates AMPK [20, 21]. Therefore, we checked the effect of
quercetin on O-GlcNAcylation of AMPK. O-GlcNAcylated
proteins were pulled down by sWGA-lectin-affinity, and
the proteins were analysed by western blotting against O-
GlcNAc and AMPK. We found that HeLa cells have elevated
O-GlcNAcylated AMPK levels compared to HaCaT cells (Fig.
2C). However, quercetin decreased the O-GlcNAcylation of
AMPK extensively in HeLa cells, compared to HaCaT cells
(Fig. 2C). Immunoprecipitation analysis also showed that O-
GlcNAcylated AMPK was considerably higher in HeLa cells
than in HaCaT cells, and that quercetin treatment decreased
the O-GlcNAcylation of AMPK (Fig. 2D). Taken together,
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Fig. 2. Quercetin decreases the expression of OGT, O-GlcNAc, and O-GlcNAcylated AMPK. Representative western blot analysis and relative
bar graph quantification of OGT (A) and O-GlcNAc (B) in HeLa and HaCaT cells after treatment with 50 pM quercetin for 24 hours. (C) Upper
panel: western blots using anti-O-GlcNAc and AMPK antibodies, of O-GlcNAcylated proteins precipitated by agarose-bound succinylated WGA
beads, from HaCdT and HelLa cells treated with or without 50 uM quercetin for 24 hours. The specificity of WGA binding was confirmed by
adding GlcNAc. Lower panel: relative bar graph quantification of relative O-GlcNAc levels. (D) Upper panel: western blots, using anti-O-GlcNAc
and AMPK antibodies, of AMPK immunoprecipitated from cell lysates of HaCaT and HeLa cells treated with or without 50 uM quercetin for
24 hours. Lower panel: relative bar graph quantification of relative O-GlcNAc levels. Densitometry of immunoprecipitated AMPK to O-GlcNAc
was normalised to IgG. OGT, O-linked N-acetylglucosamine transferase; O-GlcNAc, O-linked N-acetylglucosamine; AMPK, AMP-activated
protein kinase; WGA, wheat germ agglutinin; SEM, standard error of mean; CTL, control; Quer, quercetin; IB, immunoblot. Each experiment
was performed three times. Data represent the mean+SEM of three independent experiments. *P<0.05, **P<0.005, ***P<0.001.

our results suggest that quercetin decreases O-GlcNAcylation,  O-GIcNAcylation regulates activation of AMPK
which then decreases O-GlcNAcylation of AMPK. To elucidate the effect of O-GlcNAcylation on the ac-

tivation of AMPK, we examined the expression levels of
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phosphorylated AMPK in the presence or absence of DON  sion levels of phospho-AMPK, whereas Thiamet G increased
(6-diazo-5-oxo-norleucineis), which is a glutamine fructose-  O-GlcNAcylation and decreased the expression levels of
6-phosphate aminotransferase inhibitor, and Thiamet G,  phospho-AMPK (Fig. 3A). We also checked the effect of
which is an O-GlcNAcase inhibitor. The results showed that DON and Thiamet G on O-GlcNAcylation of AMPK using
DON decreased O-GlcNAcylation and increased the expres-  the SWGA assay. We found that the reduction of O-GIcNAc-
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Fig. 3. O-GlcNAcylation regulates activation of AMPK. (A) Representative western blot analysis and relative bar graph quantification of
O-GleNAc, AMPK, and p-AMPK in HeLa and HaCaT cells after treatment with 100 uM DON or 10 uM TMG for 24 hours. B-actin was used
as a loading control. (B) Upper panel: western blots, using anti-O-GlcNAc and AMPK antibodies, of O-GlcNAcylated proteins precipitated
by agarose-bound succinylated WGA beads, from cell lysates of HaCaT and HeLa cells after treatment with 100 uM DON or 10 uM TMG
for 24 hours. Specificity of WGA binding was confirmed by adding GIcNAc. Lower panel: quantitative analysis of relative O-GlecNAc level.
(C) Upper panel: western blots, using anti-O-GlcNAc and AMPK antibodies, of AMPK immunoprecipitated from the cell lysates of HaCaT
and HeLa cells treated with 100 uM DON or 10 pM TMG for 24 hours. Lower panel: quantitative analysis of relative O-GlcNAc levels.
Densitometry of immunoprecipitated AMPK to O-GlcNAc was normalised to IgG. AMPK, AMP-activated protein kinase; O-GlcNAc, O-linked
N-acetylglucosamine; DON, 6-diazo-5-oxo-norleucineis; TMG, Thiamet G; WGA, wheat germ agglutinin; CTL, control. Each experiment was
performed three times. Data represent the mean+SEM of three independent experiments. *P<0.05, **P<0.005, ***P<0.001.
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Fig. 4. Quercetin regulates SREBP-1 and its target proteins by activating AMPK via regulating O-GlcNAcylation. (A) Quercetin treatment
causes decreased O-GlcNAcylation, increased p-AMPK levels, and decreased levels of SREBP-1 and its target proteins. Representative western
blot analysis and relative bar graph quantification of O-GlcNAc, AMPK, pAMPk, SREBP-1, ACC, and FAS in the cell lysates of HeLa and
HaCaT cells treated with or without 50 uM quercetin. (B) O-GlcNAcylation regulates expression of p-AMPK, SREBP-1, and SREBP-1 target
proteins. Representative western blot analysis and relative bar graph quantification of O-GlcNAc, AMPK, pAMPk, SREBP-1, ACC, and FAS in
the cell lysates of HeLa and HaCaT cells treated with 100 uM DON or 10 uM TMG. Band intensity was normalised to B-actin. SREBP-1, sterol
regulatory element binding protein 1; AMPK, AMP-activated protein kinase; O-GlcNAc, O-linked N-acetylglucosamine; ACC, acetyl-CoA
carboxylase; FAS, fatty acid synthase; DON, 6-diazo-5-oxo-norleucineis; SEM, standard error of mean; TMG, Thiamet G; CTL, control; Quer,
quercetin. Each experiment was performed three times. Data represent the mean+SEM of three independent experiments. *P<0.05, **P<0.005,
***P<0.001.
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ylation by DON resulted in decreased O-GlcNAcylation of
AMPK, and the hyper-O-GlcNAcylation induced by Thiamet
G resulted in increased O-GlcNAcylation of AMPK (Fig. 3B).
Immunoprecipitation assays showed that the inhibition of
O-GlcNAcylation leads to decreased interaction between O-
GIcNAc and AMPK, while hyper O-GlcNAcylation increases
the interaction between O-GlcNAc and AMPK (Fig. 3C),
indicating that inhibition of O-GlcNAcylation decreased O-
GlcNAcylated AMPK. These data suggest that alteration of O-
GlcNAcylation regulates the activation of AMPK.

Quercetin regulates SREBP-1 and its target proteins by
activating AMPK via O-GIcNAcylation

We next determined the effect of quercetin on SREBP-1,
a downstream target of AMPK and a transcriptional factor
involved in lipogenesis. We found that the levels of SREBP-1
were higher in HeLa cells than in HaCaT cells (Fig. 4A), and
that quercetin treatment significantly decreased SREBP-1
levels. Next, we evaluated the effects of quercetin on down-
stream targets of SREBP-1, including FAS and ACC (Fig. 4A).
We found that levels of FAS and ACC were significantly de-
creased in cells treated with quercetin (Fig. 4A). Based on this
observed downregulation of SREBP1 and lipogenic enzymes
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by quercetin, we extrapolated that this effect could be medi-
ated by activation of AMPK. Indeed, we found that treatment
with quercetin activates AMPK by decreasing O-GlcNAcyla-
tion of AMPK and increasing AMPK phosphorylation (Figs.
2D, 4A). To confirm whether quercetin regulates SREBP-1
and lipogenic enzymes in cancer cells by activating AMPK via
decreasing O-GlcNAcylation, we treated HeLa and HaCaT
cells with DON and Thiamet G. The hyper-O-GlcNAcylation
induced by Thiamet G resulted in decreased phosphorylated
AMPK, as well as increased SREBP-1 and its transcriptional
targets; interestingly, reducing O-GlcNAcylation by treatment
with DON reversed these changes (Fig. 4B). Taken together,
our data indicate that quercetin may decrease the expres-
sion of SREBP-1 and its transcriptional targets by activating
AMPK via O-GlcNAcylation.

Quercetin decreases the immunoreactivitiy of OGT and
SREBP-1 and increases the number of TUNEL-positive
cells

Immunofluorescence staining showed that, compared to
HaCaT cells, the majority of HeLa cells were strongly posi-
tive for OGT and SREBP-1. Quercetin treatment decreased
the immunoreactivities of OGT and SREBP-1. In non-treated

Enlarge TUNEL DAPI Merge

CTL

HaCaT

Quer

CTL

Hela

Quer

Fig. 5. Quercetin decreases the immunoreactivity of OGT and SREBP-1, and increases the number ()f"I‘UNEL—p()sitivc cells. Representative

images of double immunofluorescence staining for OGT (green) and SREBP-1 (red) in HaCdT and HeLa cells after treatment with or without

50 uM quercetin for 24 hours. Merged images were generated by overlaying the images of OGT and SREBP-1 staining. The enlarged portion is

indicated by the box. (B) Representative image of TUNEL (red) along with DAPI (blue) staining for nuclear localisation in HaCal  and HeLa

cells after treatment with or without 50 UM quercetin for 24 hours. Merge images were gcncratcd by ()Vu‘laying the images of TUNEL and DAPI

staining. Arrows indicate TUNEL-positive cells. OGT, O-linked N—acctylglucosaminc transferase; SREBP-1, sterol 1'cgulat0ry element binding

protein 1; TUNEL, terminal dct)xynudu()tidy[ transferase-mediated dcoxyuridinu triphosphatc nick-end labu[]ing; CTL, control; Quer, quercetin.

Scale bars=100 um.
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HeLa cells, SREBP-1 immunoreactivity was dominant in the
nucleus, and these cells were also positive for OGT, whereas
quercetin treatment reversed these changes (Fig. 5A). Given
that the decrease in O-GlcNAcylation decreases cell prolifera-
tion and induces cell death, we checked the effect of quercetin
on cell death using the TUNEL assay. In non-treated cells, no
TUNEL-positive cells were detected, whereas among querce-
tin-treated cells, TUNEL-positive cells were detected, as indi-
cated by the arrowhead. Furthermore, cell death was higher
in HeLa cells then in HaCaT cells (Fig. 5B). Taken together,
our data suggest that the effects of quercetin are more severe
on cancer cells than on normal epithelial cells, and quercetin
may induce cell death by regulating global O-GlcNAcylation.

Discussion

Natural products, particularly flavonoids found in the hu-
man diet, have been reported to exert anticancer effects on
several types of cancer cells [27, 28]. Among them, quercetin
has been reported to show anti-proliferative and apoptosis-
promoting effects, but the molecular mechanism is still un-
clear. In the present study, we found that quercetin decreased
cell viability and induced cell death in cervical cancer cells,
whereas its effect on human normal epithelial cell was limited.
Here, we demonstrated that quercetin decreased cell prolif-
eration and induced cell death in cervical cancer cells through
regulation of O-GlcNAcylation.

O-GlcNAcylation is increased in various cancers; the el-
evated O-GlcNAcylation in cancer cells promotes cell growth
and cell proliferation [3-5]. In agreement with previous stud-
ies, we found elevated levels of O-GlcNAcylation in cervical
cancer cells compared to normal epithelial cells. Interestingly,
quercetin significantly decreased global O-GlcNAcylation in
cervical cancer cells. On the basis of previous reports, this de-
crease in O-GlcNAcylation reduces the growth and prolifera-
tion of several types of cancer cells [3-5]. We suggested that
the anticancer effect of quercetin might be due to a decrease
in O-GlcNAcylation. Recently, amentoflavone, a bioflavonoid
derivative, has been identified to inhibit O-GlcNAcylation
[29]. However, quercetin is the most commonly dietary fla-
vonoid, and hence it could be efficiently used to target O-
GlcNAcylation.

Increase in O-GlcNAcylation plays an important role in
regulating cancer metabolism by modifying key transcription
factors and metabolic enzymes [1, 2]. AMPK, a cellular en-
ergy sensor and major component of nutrient pathway activa-
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tion has been linked with O-GlcNAcylation, and numerous
studies have revealed that inhibition of O-GlcNAcylation in
cancer cells induces metabolic stress and thereby activates the
AMPK pathway [20, 21]. Activation of AMPK reduces cell
proliferation and induces apoptosis by regulating a number of
tumour suppressor and pro-apoptotic proteins [15-17]. Here,
we found that cervical cancer cells have higher levels of O-
GlcNAcylated AMPK and lower levels of phospho-AMPK
than normal epithelial cells. We assume that the increased O-
GlcNAcylation of AMPK in cervical cancer cells could cause
decreased AMPK activation due to O-GlcNAcylation compet-
ing with phosphorylation. As previously reported, O-GlcNAc
and phosphorylation in some cases have a reciprocal relation-
ship where they compete for the same residue or adjacent
sites [30]. However, quercetin decreases the O-GlcNAcylation
of AMPK and increases the level of phosphorylated AMPK.
Our results are supported by a recent study, which found that
induction of O-GlcNAcylation reduces AMPK activation and
promotes the proliferation of colon cancer cells. We further
validated our results by inhibiting O-GlcNAcylation with
DON or increasing O-GlcNAcylation with Thiamet G, result-
ing in the activation and suppression of AMPK, respectively.
Our data suggest that O-GlcNAcylation-dependent reduction
of AMPK signalling could be one of the major effectors of
cancer progression.

We further examine the effect of quercetin on SREBP-1, a
downstream protein target of AMPK that is involved in lipo-
genesis and is known to play a crucial role in cell prolifera-
tion. As speculated, SREBP-1 expression was significantly re-
duced in quercetin-treated cells, suggesting that the decreased
expression of SREBP-1 might be due to AMPK activation.
Likewise, our findings are supported by results from previ-
ous studies that have shown that AMPK activation regulates
SREBP-1 and reduces cancer progression [22].

In conclusion, our findings demonstrate that quercetin ex-
hibits its anticancer effect by decreasing O-GlcNAcylation, an
important regulator of cancer progression. In addition, quer-
cetin restores APMK activation by decreasing the O-GlcNAc-
ylation of AMPK. Further studies are needed to explore the
mechanism by which quercetin regulates O-GlcNAcylation
levels, and to address its utility as a potential therapeutic agent

in cancer.
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