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Abstract

In the present study, effects of floroquinone on anaplastic thyroid cancer cell
lines and mouse tumor xenografts were investigated. Increase in the
concentration of floroquinone from 10 to 100 uM reduced the cell growth
from 98 to 17% after 48 hours in HOTHC cells. Similarly, in FRO cells growth
rate was found to be 96 and 21%, respectively at 10 and 100 pM concentra-
tions of floroquinone. Western blot analysis showed a marked reduction in
Bcl-2 expression and increased in Bax, caspase-3 and cleaved PARP expre-
ssion in HOTHC cell lines on treatment with floroquinone. Floroquinone
treatment of the HOTHC cells led to inhibition of the cobalt chloride-induced
increase in the hypoxia-inducible factor 1a (HIF-1a) and vascular endothelial
growth factor expression. In HOTHC cells, floroquinone treatment inhibited
the tube formation and migration potential significantly compared to control
cells. Treatment of the mouse bearing HOTHC tumor xenograft with 50 and
100 mg/kg doses of floroquinone alternatively for one month reduced the
tumor volume to 48 and 17%, respectively compared to the control. Thus,
floroquinone effectively inhibits growth of thyroid cancer and can be used for
its treatment.

Introduction

Thyroid cancer, malignant tumor of the endocrine
gland, is commonly detected cancer in head and neck
with behaviors ranging from occult differentiated to
uniformly aggressive and lethal type (Sipos and Mazza-
ferri, 2010). Studies have revealed an increase in the rate
of detection of thyroid cancer especially in radiologists
who are frequently exposed to radiations and work
stress (Enewold et al., 2009). Thyroid cancer rate has
been estimated to be around 1.5% at present. Among
thyroid cancers, anaplastic thyroid cancer (ATC) is the
most lethal with median survival time of 6 months
following diagnosis (Catalano et al., 2010; Fassnacht et
al., 2009). At the time of diagnosis, ATC is in the well
advanced stage and reached to a size of around 8 cm. In
the formation and progression of thyroid cancer gene-

tic, environmental as well as several other factors are
involved (Kim et al., 2003). For the treatment of differ-
entiated thyroid cancers surgery and radioiodine
therapy are used, however, undifferentiated thyroid
cancers are resistant to drugs (Urciuoli et al., 2003;
Pulcrano et al., 2007; Rajhbeharry singh et al., 2014;
Nguyen et al., 2015). Therefore, the development of
novel and efficient treatment therapies are highly
needed for these tumors.

The characteristic features of cancer cells include,
higher rate of proliferation, escape from apoptosis and
markedly higher rate of replication, higher invasion
and migration potential (Hanahan and Weinberg, 2011).
The tendency of cells to escape the process of apoptosis
makes them malignant bestows tumor forming ability
(Johnstone et al., 2002). Induction of apoptosis in cancer
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cells by treatment with various chemotherapeutic
agents is commonly used strategy for cancer treatment
(O'Connor et al., 2000). The factors involved in the
induction of apoptosis in cancer cells are caspases
including caspase-3. Expression of the caspase-3 cataly-
zes the breakdown of components responsible for
various cellular processes like DNA maintain and
repairing (Riedl and Shi, 2004).

Natural products obtained from diverse sources play a
vital role in arresting cancer cell growth by inducing
apoptosis through increase in the expression level of
caspases (Deep et al., 2010). Among the various classes
of natural products, quinones possess promising anti-
cancer activity and very low toxicity (Hua et al., 2006).
The mechanism of action of quinones involve produc-
tion of radical oxygen species, methylation of the bio-
molecules involved in vital cellular processes, chelation
to DNA, etc (Wang et al., 2003). The present study was
aimed to investigate the effect of floroquinone on the
ATC in vivo and in vitro. It results demonstrated that
floroquinone inhibited ATC cell viability through
induction of apoptosis and inhibited angiogenesis.

Materials and Methods
Cell lines and culture

HOTHC and FRO ATC cell lines were purchased from
the Shanghai Institute of Biochemistry and Cellular
Biology Chinese Academy of Sciences (China). The cells
were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco Life Technologies, USA) supplemented
with 10% fetal bovine serum, 100 U/mL penicillin and
100 U/mL streptomycin in a humidified atmosphere of
5% COz and 95% air at 37°C.

Animals

Thirty C57BL/6 mice (age, 5 week old) were obtained
from the Shanghai Laboratory Animal Center (China).
The mice were housed in the animal facility center
under specific pathogen-free conditions.

MTT assay

The growth of HOTHC and FRO ATC cell lines was
analyzed using MTT assay. The cells were seeded at a
density of 5 x 10¢ cells per well into the 96-well culture
plate and incubated for 24 hours in an incubator with
5% COz at 37°C. Subsequently, the cells were treated
with various concentrations of floroquinone and
incubated for 48 hours. Following incubation, 20 pL of
MTT (5 mg/mL) solution was added to each well of the
plate and incubation was continued for 4 hours more at
37°C. The supernatant was decanted followed by the
addition of 150 uL dimethyl sulfoxide to each of the
well. Absorbance for each of the well was measured
three times at 490 nm.

Western blot analysis

HOTHC and FRO ATC cell lines at a density of 2 x 10¢
cells per dish were plated in 6 cm dishes and cultured
for 24 hours. The cells were then incubated with floro-
quinone for 48 hours, washed with PBS and subse-
quently lysed using mammalian tissue lysis/extraction
reagent containing a protease inhibitor. The proteins
were isolated using BCA protein assay kit and separa-
ted on 10% sodium dodecyl sulfate-polyacrylamide gel
by electrophoresis. The proteins were transferred to
nitrocellulose membranes and immune blotted with
antibodies against caspase-3, cleaved caspase-3, Bcl-2,
Bax and cleaved PARP for overnight. After incubation
and washing with PBS the membranes were incubated
with antirabbit or anti-mouse-conjugated alkaline phos-
phatase secondary antibodies for 1 hour at room
temperature. The membranes were developed using an
AP-Conjugated Development kit (Bio-Rad Laborato-
ries). Quantification of the developed protein bands
was performed using the Multi Guage V 2.2 program.

DAPI staining

HOTHC cells seeded onto the 18 mm cover glasses in
DMEM medium were allowed to attain ~70% conflu-
ence over a period of 24 hours. The cells were incubated
with floroquinone for 48 hours, fixed in ice-cold para-
formaldehyde, rinsed in PBS and subsequently stained
with 4,6-diamidino-2-phenylindole (DAPI) for 30 min at
37°C. A fluorescent microscope was used for the
analysis of the nuclear fragmentation in DAPI-stained
cells (Lin et al., 2015). TUNEL kit (Chemic on, USA) was
used for performing TUNEL assay according to the
manufacturer's instructions.

Tube formation assay

HUVEC tube formation assay was used for the analysis
of tube forming tendency of HOTHC cells. Briefly, in
conditioned medium obtained from HOTHC cells
without treatment or after treatment with floroquinone,
HUVEC cells were cultured using 96-well tissue culture
plate which were coated with matrigel (BD Biosci-
ences, USA) for a period of 24 hours at 37°C in an
incubator with 5% CO» atmosphere.

Migration assay (Video Clip)

The wound-healing motility assay was used for the
determination of HOTHC cell migration. The cells at a
concentration of 2 x 105 were seeded onto 6-well plates
treated with floroquinone and incubated for 48 hours.
The cells were scratched using plastic cell scraper
followed by PBS washing of the cell monolayer 3 times
for removal of the detached cells. The cells adhered to
the plates were incubated at 37°C in an incubator with
humidified atmosphere of 5% CO,. The reduction in
width of the scraped zone of cells was used for the
determination of cell migration.
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Immunofluorescent staining

After attaining confluence, HOTHC cells were seeded
onto cover slips, exposed to CoCl» for 1 hour and then
treated with floroquinone for 48 hours. Following
incubation, the cells were washed thrice in PBS and
then fixed in 1:1 acetone/methanol for 10 min. The cells
were subsequently incubated with primary antibodies
for overnight (1:100) at 4°C, washed with PBS and
finally incubated with FITC-conjugated secondary
antibodies or with RITC-conjugated secondary antibo-
dies (1:100) for 1 hour. The laser scanning confocal
microscope was used for capturing the images.

In vivo animal experiment

The animals were subcutaneously inoculated into the
dorsal area with 2.5 x 105HOTHC cells per mouse.
Following day 7 when the tumor diameter reached >5
mm, the animals were divided into three groups, which
included the control, high-dose floroquinone (100 mg/
kg) and low-dose floroquinone (50 mg/kg) groups. The
animals in the low and high dose groups were
administered intra-gastrically 50 and 100 mg/kg,
respectively doses of floroquinone. The animals in the
control group received normal saline. On the day 30
following treatment, the animals were sacrificed by
cervical dislocation to extract the tumor. The tumor
weight was measured for the determination of inhibi-
tion of cancer growth.

Statistical analysis

All the data presented are the mean + SD. Statistical
analysis of the data was carried out using ANOVA and
Student's t-test. A statistically significant difference was
considered at p<0.05. The SPSS software for Windows
operating system (version 10.0; SPSS, USA) was used
for the statistical calculations.

Results
Growth of HOTHC and FRO cell lines

The results from MTT assay showed a significant
decrease in the growth of HOTHC and FRO ATC cell
lines on treatment with floroquinone for 48 hours. The
reduction in growth of HOTHC and FRO cell lines by
floroquinone was found to be concentration dependent.
Increase in the concentration of floroquinone from 10 to
100 uM reduced the cell growth from 98 to 17% after 48
hours in HOTHC cells (Figure 1). Similarly, in FRO cells
growth rate was found to be 96 and 21%, respectively at
10 and 100 uM concentrations of floroquinone.

Apoptotic death in HOTHC cells

Western blot analysis revealed a marked reduction in
the expression of Bcl-2 in HOTHC cell line on treatment
with floroquinone. The expression of Bax, caspase-3
and cleaved PARP was increased on treatment of the

cells with floroquinone for 48 hours (Figure 2A).
Morphological examination of the floroquinone treated
cells showed rounded shape and shrinking of the cell
membrane. The results from DAPI staining revealed
fragmentation of DNA and presence of perinuclear
apoptotic bodies in floroquinone treated HOTHC cells
(Figure 2B).

Floroquinoneon angiogenesis

HOTHC cells were exposed to CoClawhich led to a
significant (p<0.005) increase in the expression of tumor
angiogenic factors including, HIF-la and VEGF. The
cells exposed to CoClywere incubated with floroqui-
none and the expression of HIF-la and VEGF was
examined. Floroquinone treatment of the HOTHC cells
led to inhibition of the CoCl;-induced increase in the
HIF-1a and VEGF expression (Figure 3). The inhibi-tion
in the expression of CoCly-induced HIF-1 was further
confirmed by immunofluorescence using a confocal
microscope.

Floroquinone treatment of HOTHC cells inhibited the
tube formation potential significantly compared to con-
trol cells (Figure 4A). The migration potential of
HOTHC cells was also inhibited on treatment with
floroquinone (Figure 4B).

Tumor growth in mouse xenograft model

The effect of floroquinone on the nude mouse tumor
xenograft was also analyzed. The results revealed a
significant decrease in the tumor volume in floroqui-
none treated mouse compared to the control group
(Figure 5A). Treatment of the mouse bearing HOTHC
tumor xenograft with 50 and 100 mg/kg doses of
floroquinone alternately for one month reduced the
tumor volume to 48 and 17 %, respectively compared to
the control animals. Similarly, the tumor weight in
floroquinone treated mouse was decreased by 57 and
86% compared to control group by 50 and 100 mg/kg,
respectively doses of floroquinone treatment for one
month (Figure 5B, p<0.05).

Discussion

The compounds isolated from natural sources are
investigated against various diseases either as single
constituents or in the form of extracts (Yin et al., 1999).
Quinones exhibit promising antitumor activity through
different mechanisms which involve production of
reactive oxygen species, DNA intercalation, alkylation
of biomolecules, etc (Wang et al, 2003). The most
important feature of quinones is that they act as potent
anticancer agents with negligible toxicity (Hua et al.,
2006). The present study demonstrates the effect of
floroquinone on the growth of thyroid cancer cells both
in vitro and in vivo. The current study demonstrated
that floroquinone treatment of breast cancer cells signi-
ficantly inhibited cell growth. The migration potential
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Figure 1: Floroquinone treatment for 48 hours inhibits growth of HOTHC and FRO ATC cell lines in concentration based manner.
The cells were incubated for 48 hours with floroquinone followed by analysis using MTT assay. The data presented are the mean
of three experiments performed independently
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Figure 2: Floroquinone treatment of HOTHC cell lines induces apoptosis. (A) The cells were incubated with floroquinone for 48
hours and then analyzed by western blot assay for expression of apoptosis factors. (B) The cells after treatment with floroquinone
were subjected to DAPI staining for analysis of apoptotic changes (magnification, x400)
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of the breast cancer cells was inhibited on treatment
with floroquinone. The inhibition of migration potential
by floroquinone in breast cancer cells was associated
with the suppression of HIF-1a and VEGF expression.

Induction of apoptosis in cancer cells by treatment with
various chemotherapeutic agents is commonly used
strategy for cancer treatment (O'Connor et al., 2000).
The factors involved in the induction of apoptosis in
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Figure 3: Floroquinone treatment of HOTHC cell lines inhibits
angiogenesis. The cells after exposure to CoClowere incubated
with floroquinone for 48 hours and then analyzed for HIF-1a
and VEGF expression using Western blot assay and immuno-
fluorescence

cancer cells caspases including, caspase-3. Expression of
the caspase-3 catalyzes the breakdown of components
responsible for various cellular processes like DNA
maintain and repairing (Riedl and Shi, 2004).

709

In the current study treatment of breast cancer cells
with floroquinone increased the expression of caspase-3
and cleaved PARP. On the other hand, expression of Bcl
-2 was decreased and that of Bax increased. Thus,
floroquinone induces apoptosis in the breast cancer
cells by increasing the expression of pro-apoptotic
factors and decrease in the expression of anti-apoptotic
factors. The cancer metastasis to other adjacent as well
as distant organs and blood vessels is facilitated by the
expression of VEGF (Folkman, 1990; Hanahan and
Folkman, 1996). The expression of VEGF is controlled
by other factors like, HIF-1a (Bolat et al., 2010). The
current study demonstrated that floroquinone treat-
ment of the breast cancer cells inhibited the expression
of VEGF and HIF-1a.

Conclusion

Floroquinone exhibits promising inhibitory effect on the
growth and metastasis of thyroid cancer cells. Thus
floroquinone can be a potent molecule for the treatment
of thyroid cancer.
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Figure 4: Floroquinone treatment of HUVECs cells inhibits angiogenesis. (A) The cells in matrigel were treated with floroquinone
and then analyzed for tube formation potential. (B) The cells treated with floroquinone were analyzed for migration potential
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Figure 5: Floroquinone treatment inhibits tumor growth in vivo in the mouse xenograft model. HOTHC cells were administered
in the mouse followed by treatment with 50 and 100 mg/kg doses of floroquinone for one month alternatively. After one month
the mouse were sacrificed to extract the tumor for determination of (A) tumor volume and (B) tumor weight
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Ethical Issue

The animal treatment procedures were performed in
accordance with the Principle of Laboratory Animal Care. All
the experimental procedures approved by the Committee of
Experimental Animal Administration of the Second Military
Medical University Laboratory, Shanghai, China.
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