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ABSTRACT

The aim of this study was to further elucidate the quercetin- induced anticancer effects on the Human
cervix adenocarcinoma HeLa cell line derived from cervical cancer cells.

HelLa cells were exposed to different concentrations of quercetin and apoptotic
changes were recorded with confocal microscopy and transmission electron microscopy. Also Annexin-V
analysis and ROS measurement were analyzed. Cytotoxicity was tested on quercetin exposed HelLa cells

with hyperthermia.

Quercetin have good anticancerous activities in vitro by inhibiting the proliferation of HeLa cells.
The recorded ICsq value of quercetin was 114 uM for 48 hours. Hyperthermia didnot influence significantly
on the growth inhibition of HeLa cells applied with quercetin.

Our results demonstrated that quercetin could induce apoptosis in a time and concentration-

dependent manner in HelLa cervical cancer cells.
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INTRODUCTION

Cancer is the leading cause of death in the
World (1). Cervical cancer is the fourth most
frequently occurring malignancy in women
worldwide (2). Approximately 85% of deaths
from cervical cancer occur in underdeveloped or
developing  countries, probably due to
inadequate screening programs . Infection with
high-risk oncogenic human papillomavirus
(HPV) is defined as the main cause of the
disease (3). The viral proteins E6 and E7 play
the critical role by inducing proliferation and
malignant transformation of cells. Both pRB and
p53 proteins have the crucial role in cell cycle
control, and found to be mutated in many human
cancers (4). p53 causes apoptosis in cells with
unscheduled S-phase; however, E6 protein
counteracts this function. Binding of E7 to pRB
ends up with the expression of proteins
necessary for DNA replication. Therefore, the
research of antitumour drugs based on the
principal of reactivation of p53 in wild-type p53
retaining tumor cells (5).

Surgery, chemotherapy and radiotherapy are the
treatment modalities of cervical cancer but

surgical choice is convenient only to patients
with early stage and fertile-age women
Radiotherapy and chemotherapy are proved to
be effective but have significant toxicity to
normal cells because they are not specific to
cancer cells (6,7).

Various natural phytochemicals in plants have
proved to have selective cytotoxicity to human
cancer cells with minimal toxicity to normal
cells (8,9). Phytochemicals like caretonoids,
flavonoids, isoflavones and terpenes, represent
an alternative method for developing new
therapeutics. Although complete anticancer
mechanisms of them have not been clearly
defined, flavonoids were showed to have diverse
range of biological activities including
inhibition of phosphoinositide-3-kinase, reactive
oxygen species (ROS) generation, DNA damage,
cell cycle arrest and apoptosis, as well as p53
restoration (10). Quercetin is one of the
flavonoids abundantly found in fruits,
vegetables, red wine, tea and olive oil (11). It
was proven to that it inhibited the cell
proliferation through cell cycle arrest, apoptosis
and DNA fragmentation, together with an
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increase of the total p53 protein and p53
phosphorylation (12,13).

In the light of promising effects of flavonoids,
the aim of this study was to further elucidate the
quercetin - induced anticancer effects on the

HelLa cell line derived from cervical cancer cells.

MATERIALS AND METHODS

Human  cervix  adenocarcinoma  Hela
(ATCC® CCL-2™) cells were obtained from the
American Type Culture Collection (Manassas,
USA). Quercetin (Pure) was purchased from
Akcan Kimya (Turkey), fetal bovine serum,
penicillin/streptomycin, dimethyl sulfoxide and
3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl-2H-
tetrazolium bromide (MTT) were obtained from
Sigma-Aldrich  (St.  Louis, USA). Eagle's
Minimum Essential Medium (EMEM) was from
Sigma-Aldrich (St. Louis, USA). Oxidative
Stress and Annexin-V Kits were from (Merck,
Millipore, USA).

HelLa cells were grown in EMEM medium
containing penicillin—streptomycin (100
units/mL-100 pg/mL) and fetal bovine serum
(10%) at 37°C and 5% CO; in humidified
incubator. Cell plates with confluency of 85%
were used as test cell lines.

Stock solution of quercetin (in distilled water)
was prepared and further diluted in fresh
complete culture medium. Quercetin
concentrations ranging from of 6,25-200 puM
were applied to test cell (5x10%well) and
incubated for 24 and 48 hours at 37°C and 5%
CO, in humidified incubator. After the
incubation 20 puL of MTT solution (5 mg/mL)
was added to each well then plates were
incubated for 4 hours in the same incubator
conditions. At the end of this incubation
formazan crystals were dissolved with adding
DMSO (200 pL/well) and plates were read on
an ELISA reader (HTX Synergy, BioTek, USA)
at a wavelength of 564 nm (n = 3). Viability
percentages were calculated from the obtained
absorbances with the accordance of untreated
cell absorbances. 1Cs, values were calculated
from the viability percentages and used for other
experimentations.

The test was realized in order to test the
influence of temperature on the viability of cells
exposed to quercetin. For this manner, to imitate
the Hyperthermic Intraperitoneal Chemotherapy

(HIPEC) clinical conditions HelLa cells were
incubated at hyperthermia with different
concentrations (6,25-200 uM) of quercetin for 1
hour. After the incubation period media were
aspirated and standard culture media for each
cell line were added to the plates (200 pL/well)
and plates were further incubated at 37°C and
5% CO, in humidified incubator for 24 and 48
hours. At the end of incubation periods MTT
procedure was applied and viability percentages
were calculated and recorded.

The morphological changes caused by quercetin
on Hela cells were imaged under a Leica ICS-
SP5 11 confocal microscope supplemented with
an adequate software (Leica Confocal Software
Version 2.00, Leica, Germany). Briefly, HelLa
cells were plated on cover slips (5x10°
cells/well) and  incubated with  1Cs
concentrations of quercetin at 37 °C in a
incubator for 48 hours. Untreated cells were
used as control group. After the incubation all
cell samples were fixed in 2% glutaraldehyde
for 10 minutes at room temperature and washed
in PBS (1x). Washed cell samples were stained
in Alexa fluor-488 phalloidin and acridine
orange then imaged under confocal microscope.

In this manner, HelLa cells were treated with
ICso concentration of quercetin 48 hours.
Untreated and quercetin treated HeLa cells were
fixed in glutaraldehyde (2.0%) and post-fixed in
osmium tetroxide (2%). Then, samples were
dehydrated in ethanol and embedded in Epon
812 epoxy. After their polymerization for 48
hours, the obtained blocks were thin sectioned
(100 nm) in ultramicrotome (Leica EMUCS).
The thin sections were taken in copper grids and
stained with uranyl acetate and lead citrate and
imaged under a TEM (FEI Tecnai BioTWIN).

Cell death mode of quercetin treated Hela cells
was analyzed by using annexin V technique by a
flow cytometer. Fort his manner, cells were
seeded (5x10°cells/well) in six-well culture
plates and exposed to ICsy concentration of
quercetin for 48 hours at 37 °C. Untreated cells
were used as control cells. At the end of
incubation period, cells were trypsinized and
washed with PBS. Washed cells were treated
with 100uL of annexin-V reagent and for 15
minutes at dark at room temperature (Muse®
Annexin-V and Dead Cell Assay Kit). All cell
samples were read on Muse™ Cell Analyzer
(Merck, Millipore, Hayward, California, USA).
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ROS Measurement

For analysis of reactive oxygen species HelLa
cells after the incubation with quercetin for 48
hours were harvested and suspensed in 1X
Assay Buffer. Cell suspensions were incubated
with Muse® Oxidative Stress working solution
at 37°C for 30 minutes according to the user
manuals of Oxidative Stress Kit and Cell Cycle
Kit (Merck, Millipore, USA). At the end of
RESULTS
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incubation all samples were analysed by using
Muse™ Cell Analyzer (Merck, Millipore,
Hayward, California, USA).

Statistical Analysis

The statistical evaluations of test results were
done by using one way variance analysis for
multiple comparisons of GraphPad Prism 6.0 for
Windows.
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Figurel. Viability percentages of HeLa cells after exposure to different quercetin concentrations for 24 hours
(A) and 48 hours (B) at standard culture conditions. (*: p<0,5) ICsq value of quercetin for 48 hours was

detected to be 114 uM.

Figure 1 shows viability percentages of Hela
cells after exposure to different quercetin
concentrations.

Cytotoxicity findings obtained by MTT assay
showed that quercetin have dose and time-
dependent antiproliferative activity on HelLa
cells. The ICso value of quercetin was detected
to be 114 uM for 48 hours on HeLa cells. The
highest inhibition was recorded at the highest
applied concentration (200 uM) of quercetin
after 48 hours of incubation. Significant growth
inhibition was detected at 200, 100, 50 and 25
UM concentrations of quercetin after 48 hours of
application. Our MTT finding imply to the
cytotoxic and antiproliferative activities of
guercetin on HelLa cells in dose and time-
dependent manner.

Hyperthermia Findings

Figure 2 shows viability percentages of HelLa
cells after exposure to different concentrations
of quercetin.

In order to detect the effect of temperature and
applied quercetin together different
concentrations of quercetin were applied to
HeLa cells at different temperatures following
that MTT assay was performed to record the
cytotoxicity. From hyperthermia test results it
was seen that temperature does not influence
significantly on the growth inhibition of HelLa
cells applied with quercetin. No effect of
temperature was recorded for HelLa cells at
38°C degree but viability percentages found to
be decreased at 40°C to 80% after incubation for
24 hours. Similarly at 42°C the viability of
HelLa cells were found to be decreased to 79%
and 80% for 24 and 48 hours, respectively. The
highest decrease of viability was found at 44°C
at 200uM for 24 ( to 59%) and 48 (to 47%)
hours of exposure to quercetin concentrations.
These finding underline the effect of quercetin
on HelLa cells in dose and time dependent
manner as well as the slight role of temperature
on these effects of quercetin at the applied
higher concentrations.
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Figure2. Viability percentages of HeLa cells after exposure to different concentrations of quercetin for 24 and
48 hours at different incubation temperatures (A-38°C, 24 Hours and B-38°C, 48 Hours; C-40°C, 24 Hours and
D-40°C, 48 Hours; E-42°C, 24 Hours and F-42°C, 48 Hours; G-44°C, 24 Hours and H-44°C, 48 Hours).

Figure3. Confocal microscopic images of HeLa control cells (A; Arrowhead-Compact nucleus, Arrow-
Undamaged cell morphology, Circle-Fusiform cell shape) and HeLa cells exposed to 1Cs, value of quercetin for
48 hours (B and C; Arrow-Hole formation on cytoskeleton, Asterisk- Fragmented and condensed nuclei,
Arrowhead- Shrinkge (ondulation) on nucleus and Circle-Shrunken circular shaped cell).

Figure 3 shows confocal microscopic images of
HelLa control cells and HelLa cells exposed to
ICs value of quercetin.

Morphological analysis recorded with confocal
microscopy indicated to the changes at the
morphology of HeLa cells that were fusiform
and compact prior to the quercetin exposure
(Figure 3A). The morphology of HelLa cell
exposed to quercetin was found to be
disintegrated and holes were found in the
cytoskeleton and fragmentations and chromatin
condensations were seen at confocal images of

quercetin treated HelLa cells along with cell
shrinkage, ondulations on nucleus and circular
cell shape (Figure 3B and C). All these
morphological changes were evaluated as
structural signs of programmed cell death in
HeLa cells exposed to quercetin ICsg
concentration for 48 hours.

Figure 4 shows ultrastructure of HelLa control
cells and HelLa cells treated with ICs
concentration of quercetin.
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Untreated HeLa cell’s ultrastructure found to be
with ~ compact nucleus, organels like
mitochondria and undamaged cell membrane
(Figure 4 A). Ultrastructural changes recorded
on quercetin applied HelLa cells were swollen

mitochondria, loss of cristae, shinkage and
condensation of nucleus typically to apoptotic
nuclei (Figure 4B and C). Typical apoptotic
finding were recorded on quercetin applied
HelLa cells for 48 hours.

Figure4 Ultrastructure of HelLa control cells (A; Arrow-cell membrane, Asterisk-compact cytoskeleton;
Arrowhead-nucleus) and HelLa cells treated with 1Csoconcentration of quercetin for 48 hours (B and C; Arrow
condensed nucleus, Arrowhead-Loss of cristae, Asterisk-swollen mitochondria).

Anexin V Analysis Results
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Figure5. Apototic profiles of untreated HelLa cells (A) and HeLa cells exposed to ICsy concentration of

guercetin for 48 hours (B).
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Figure 5 shows apototic profiles of untreated
HeLa cells and HelLa cells exposed to ICs
concentration of quercetin.

Analysis of the apoptotic profiles of untreated
HelLa cells showed that 93.52%, 2.88%, 1.15%
and 2.45% of cell population were live, Early
apoptotic, Late apoptotic and dead, respectively.
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In the treated group the percentage of viable
cells was decreased to 77 and early apoptotic,
late apoptotic and dead cell percentages were
arised to 19.6%, 2.75% and 0.40%, respectively.
With annexin V test results the apoptosis
trigering activity of quercetin on HelLa cells
after incubation period of 48 hours was showed.
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Figure6. Oxidative stress finding of HeLa control cells (A) and HeLa cells exposed to ICsq dose of quercetin for

48 hours (B). M1-ROS (-) cells and M2-ROS (+) cells.

Figure 6 shows oxidative stress finding of HeLa
control cells and HelLa cells exposed to 1Csy
dose of quercetin.

The ROS profile of untreated and quercetin
treated HelLa cells was evaluated flow
cytometrically. With this results it was shown
that the total population of tested HelLa control
cells do not contain reactive oxygen species that
means they are ROS (-). ROS level of quercetin
treated HelLa cells was recorded to be 5.97%.
This slight increase of ROS level may indicate
cell death mode with ROS generation but further
analysis are needed to reveal the cell death
mechanism of quercetin on HelLa cells.

Our findings all together underline the
cytotoxic, antiproliferative and proapoptotic
efficacies of quercetin on HeLa cells in dose and
time depended manner. This agent may be used
as additional therapy agent for cancer treatment
but after deeper molecular and pharmacological
investigations.

DISCUSSION

In the light of potential side effects of anti-
neoplastic drugs, searching for natural products
with minimum side effects may also be a great
strategy for cervical cancer treatment. Quercetin
has been proved to be a sufficient growth
suppressor in a number of cell lines (14).

Various studies demostrated the mechanisms of
action of quercetin on HelLa cells. The present
study proved that quercetin have good

anticancerous activities in a dose and time-
dependent manner in vitro by inhibiting the
proliferation of HelLa cells. The recorded 1Csq
value of quercetin was 114 uM for 48 hours.
Wang et al. showed the quercetin induced
inhibition of proliferation of HelLa cells with
increasing dose-dependent manner (15). The
study demostrated that the autophagy increased
with the increase of quercetin concentration, and
maximized at 50 uM/1. Also TEM examinations
revealed the autophagic vacuoles as in our study.

Bishayee et al. determined cell viability
by MTT assay and 50% cell viability was
achieved at 110.38 + 0.66 um of quercetin at
18 h.(16).

Mitochondria acts as a regulator of promoting or
inhibiting programmed cell death . The loss of
the mitochondrial membrane leads to an
increased generation of ROS and apoptosis (17).
So ROS generation is one of the important
mechanisms for induction of apoptosis. It blocks
the migration of cancer cells and induces cell
cycle arrest (20). But in our study, ROS level of
quercetin treated HelLa cells was recorded to be
5.97%. As a result it showed slight increased
levels of intracellular ROS formation.

In contrast Metodiewa et al. revealed the action
of quercetin as a prooxidant molecule causing
DNA damage and cell cycle arrest with
mitochondrial apoptosis (18). The study
conducted by Vidya et al, showed the induction
of caspases 3/7 activity by quercetin associated
with apoptosis in HeLa cervical cancer cells (19).
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Quercetin usage on cancer cells varied most
widely. Yang et al. examined its effect on HT-
29 colon cancer cells.(21) Treatment with 50,
100 or 200 pM quercetin, caused chromatin
condensation, nuclear collapse and apoptotic
body formation in cells observed by TEM.
Apoptotic cell death was also quantified by
Annexin-V, results revealed an increase in the
percentage of apoptotic cells in quercetin
treatment groups in a dose-dependent manner.
In our study, morphological changes were also
recorded by TEM in HelLa cells exposed to
guercetin 1Csy concentration for 48 hours. The
morphology of HelLa cell exposed to quercetin
was found to be disintegrated ang holes were
found in the sytoskeleton and fragmentations
and chromatin condensations were seen at
confocal images of quercetin treated HelLa cells
along with cell shrinkage, ondulations on
nucleus and circular cell shape. With Annexin-V
test results the apoptosis trigering activity of
quercetin on Hela cells after incubation period
of 48 hours was also showed.

In order to detect the effect of temperature with
quercetin application, different concentrations of
guercetin were applied to HeLa cells at different
temperatures. the test results put forth that
temperature does not influence significantly on
the growth inhibition of HelLa cells applied with
guercetin. In accordance with our study, Li et al
found out that the effects of hyperthermia were
much more stronger  on cell viability and
apoptosis in a HPV-negative cell line compared
to HPV-positive cell lines (22). Also Sukovas et
al, scrutinized the effect of hyperthermia on
OVCAR-3 cells and found out that at 42°C did
not significantly increase the effect of cisplatin
on the viability and apoptosis (23). Moreover,
an antagonistic effect of hyperthermia and
cisplatin was observed.

CONCLUSION

Our results demonstrated that quercetin could
induce apoptosis in a time- and concentration-
dependent manner in Hela cervical cancer cells.
So it could have a promising role as an effective
chemotherapeutic agent against human cervical
cancer.
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