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Abstract

Purpose: To demonstrate the role of chloroquinone (CQ) in inducing apoptosis in HONE-1 and HNE-1,
nasopharyngeal carcinoma (NPC) cell lines.

Methods: Water-soluble tetrazolium salt (WST)-1 assay was used for the determination of cell
proliferation while an inverted microscope was employed for the analysis of alterations in the
morphology of the cells.

Results: CQ treatment led to a significant reduction in the rate of cell proliferation in NPC cells after 48
h. In HONE-1 and HNE-1 cell lines viability was reduced to 89 and 82 %, respectively on treatment with
10 uM concentration of CQ without affecting normal human skin keratinocyte cell line, K38. The
expression of Ki67, a marker for proliferation as well as proliferating cell nuclear antigen (PCNA),
decreased in the CQ-treated NPC cells. Morphological examination of NPC cells revealed cell apoptosis
on treatment with CQ after 48 h. Treatment of NPC cells with CQ induced activation of caspases and
DNA was damaged which further confirmed CQ-mediated induction of apoptosis. The level of apoptotic
cells in CQ-treated and untreated control HONE-1 cell cultures was 53.67 and 3.78 %, respectively (p <
0.05). In addition, CQ treatment decreased reactive oxygen species (ROS) generation in NPC cells.
Conclusion: CQ inhibits cell proliferation of NPC cells by inducing apoptosis via DNA damage, and
may be of therapeutic use for the treatment of NPC. However, this requires clinical investigation to
ascertain its therapeutic potential.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) develops in
the epithelial layer or mucosal coating of the oral
cavity, pharynx and larynx. NPC has been
reported frequently in people belonging to
Southern China and North Africa [1,2]. Use of
chemo- and radiotherapy has shown efficient
results to restrict the growth of tumors locally in
addition to increase in the rate of survival for
patients with NPC [3]. However, chemo- and
radiotherapy for longer periods is accompanied
by spreading of mucositis over larger areas

making the consumption of medicines difficult.
This necessitates reduction in dosage or even
stopping radiotherapy [4]. Clinicians all over the
globe have made efforts to develop treatment
strategies for nasopharyngeal carcinoma but no
satisfactory results have been obtained so far [5-
7]. The present study was aimed to investigate
the effect of chloroquinone, a natural isolate on
HK1 and C666-1 nasopharyngeal carcinoma cell
lines.

Chloroquine (CQ) or N'-(7- chloroquinolin-4-yl)-
N,N-diethyl-pentane-1,4-diamine, acts as an
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inhibitor of autophagy being administered orally
to patients [8]. It is used as an anti-malarial drug
and was developed by Bayer Laboratories in the
year 1934. Clinically this drug was approved by
FDA in 1947 for the treatment of patients with
malaria [9]. Some of the uses of CQ and its
modified analog, hydrated chloroquinone include
as anti-inflammatory candidate for rheumatoid
arthritis treatment, lupus erythematosus and
amoebic hepatitis. Now-a-days CQ is widely
investigated for the inhibition of various types of
tumors as well as antagonist against chemokine
receptor CXCR4 in pancreatic tumors [9,10].

EXPERIMENTAL
Chemicals and reagents

Chloroquinone was purchased from Sigma-
Aldrich (St. Louis, MO, USA). The solvents and
reagents were obtained from Sigma-Aldrich (St.
Louis, MO, USA).

Cell cultures

HONE-1 and HNE-1 NPC cell lines were
obtained from Shanghai Cell Bank of the
Chinese Academy of Sciences (Shanghai,
China). The normal human keratinocyte cell line,
K38 was purchased from Sigma-Aldrich (St.
Louis, MO, USA). The cells were maintained in
RPMI-1640 medium (Gibco Life Technologies,
Carlsbad, CA, USA) supplemented with 10 %
heat inactivated fetal bovine serum (FBS) (FCS;
Gibco Life Technologies), 10 U/mL penicillin
(Gibco Life Technologies) and 10 pg/mL
streptomycin (Gibco Life Technologies) at 37 °C
in a5 % CO, humidified atmosphere.

Cell viability

The viability of HONE-1 cells after treatment with
CQ was investigated using a water-soluble
tetrazolium salt (WST)-1 assay (EZ-CyTox
Enhanced Cell Viability Assay kit; DaeiLab
Service, Seoul, Korea) according to the manual
protocol. For this purpose 2.5 x 10° cells were
treated with a range of CQ concentrations
followed by the addition of WST-1 solution.
Incubation of the cells for 5 h was followed by
measurement of absorbance at 465 nm to
determine the cell viability using BIO-TEL™ (EL-
800). All the experiments were performed in
triplicates.

Quantitative real-time polymerase chain
reaction (RT-PCR)

The cells after reaching subconfluence were
treated with 10 uM of CQ or DMSO for 48 h.

TRIzol® reagent (Invitrogen, Carlsbad, CA, USA)
was used for the isolation of total-RNA which
was then transcribed into cDNA using Advantage
cDNA PCR kit® (Invitrogen). TagMan universal
(50 pL) PCR master with ABI prism 7000
Sequence Detection System (Applied
Biosystems, Foster City, CA, USA) was used for
the quantitative RT-PCR according to the manual
protocol.

The primer set and TagMan probe employed for
the experiments were purchased from TagMan
gene expression assay systems. The data were
normalized using real time (RT)-PCR
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) primers (Applied Biosystems).

Western blotting

CQ treated and control cells after 48 h were
washed with PBS and Ilysed using radio
immunoprecipitation assay (RIPA) at 4 °C. The
cell lysates were centrifuged at 12000 g for 15
min to clear the insoluble material. Bradford
reagent and BSA standard curve (Pierce,
Rockford, IL, USA) was wused for the
guantification and SDS-PAGE for the resolution
of Protein.

The proteins were then transferred to the
Immobilon-P Transfer Membranes (Millipore,
Bedford, MA, USA) and blocked with 5 % fat.
The membrane was incubated overnight with
monoclonal mouse anti-glyceraldehyde  3-
phosphate dehydrogenase (GAPDH),
monoclonal mouse anti-proliferating cell nuclear
antigen (PCNA) and rabbit anti phospho-histone
H2AX (Ser139) (Cell Signaling Technology, Inc.,
Danvers, MA, USA) antibodies at 4 °C.
Amersham ECL Plus western blotting detection
reagents (GE Healthcare, USA) was used for the
detection of bound secondary antibody. Stripping
of the membranes for 45 min at 37 °C using
stripping buffer (Pierce), reblocking, and probing
for either GAPDH or the non-phosphorylated
protein was performed as the loading control.

Morphological observation

Onto 96-well microtiter plates the cells were
distributed at a density of 2.5 x 10° cells per well.
The cells were then allowed to attain confluence
in an incubator under 5 % CO, atmosphere at 37
°C. To each well of the plate CQ at a
concentration of 10 pM was added and
incubated for 48 h. Leica DM IRB (Leica
Microsystems, Wetzlar, Germany) inverted
microscope was used for the analysis of
alterations in the morphology of the cells.
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Caspase-3/7 activation assay

The Apo ONE Homogenous Caspase 3/7 assay
kit (Promega, Madison, WI, USA) was used to
measure the activation of caspase 3/7 in the
HONE-1 cells. The cells were distributed at a
density of 2.5 x 10° cells per 96 well plastic plate
in DMEM supplemented with 10 % FBS. CQ was
added to each well of the plate at a concentration
of 10 yM along with 10 % FBS for 48 h.
Caspase 3/7 reagent was added to each well of
the plate followed by agitation of the plates for 45
min in the dark. The fluorescent plate reader
(Wallac Oy, Turku, Finland) was used for the
measurement of fluorescence intensity at 365
nm.

Apoptosis assay

HONE-1 cells at a density of 2.5 x 10° were
seeded onto culture plates and allowed to reach
confluence. The cells were then treated with 10
MM of CQ or equal volume of DMSO as the
control for 48 h. The cells in all the plates were
labelled with FITC-conjugated Annexin V anti-
body and propidium iodide using Annexin V-FITC
apoptosis detection kit | (BD Biosciences, San
Jose, USA), according to the manual procedure.
Fluorescence-activated cell sorting was used for
the detection of positive cells.

Inhibition of reactive oxygen species assay

For the investigation of the effect of CQ
treatment on scavenging reactive oxygen
species the procedure developed by Rao was
used (18). In this method the scavenging
capacity of CQ was compared with curcumin
taken as the standard. The concentration of CQ
at which half of the generated reactive oxygen
species was scavenged was obtained from the
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Statistical analysis

The data are expressed as mean = SD. For
analysis of differences in the data, one-way
ANOVA was used. Student's unpaired t-test and
SPSS 11.5 statistical software were used for
comparison between groups. P < 0.05 was
considered as the statistically significant
difference.

RESULTS
Effect of CQ on cell viability

Analysis of the effect of CQ on HONE-1 and
HNE-1 NPC cell growth revealed a significant
decrease in dose and time-dependent manner
(Figure 1). Treatment of HONE-1 and HNE-1 cell
lines with 10 uM of CQ led to 89 and 82 %,
respectively inhibition of cell viability after 48 h.
However, exposure of the normal human skin
keratinocyte cell line, K38 to CQ showed no
inhibitory effect on cell growth at the same
concentration after 48 h.

CQ treatment alters cell morphology

Effect of CQ at a concentration of 10 uM on the
morphology of HONE-1 cells was also examined
after 48 h of treatment. The results showed that
CQ treatment in HONE-1 cells for 48 h led to a
marked decrease in the tendency of adherence
and the cells attained rounded shape. The cells
in the control culture were found to be flattened
as well as adherent after 48 h (Figure 2).
Reduction in the degree of adherence and round
cell shape are the markers for cell apoptosis.
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Figure 1: Effect of CQ on the viability of HONE-1, HNE-1 NPC and K38 cell lines. All the values are expressed

as mean = standard deviation (SD)
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Figure 2: Effect of CQ on the morphology of HONE-1 nasopharyngeal carcinoma (NPC) cells using inverted

microscope after 48 h

Effect of CQ on activation of histone H2AX
and caspase-3/7

Treatment of HONE-1 cells with CQ for 48 h led
to a significant increase in the activation of
histone, H2AX compared to control cells (Figure
3A). Activation of histone protein, H2AX by
phosphorylation is a clear indication of damage
to cell DNA. In addition, CQ treatment also
induced marked increase in the activation of
caspase-3/7 in HONE-1 cells (Figure 3B).
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Effect of CQ on cell apoptosis

The results from flow cytometry showed a
significant increase in the proportion of apoptotic
cells in CQ treated cultures compared to
untreated cells. The percentage of apoptotic cells
in the CQ treated and untreated control HONE-1
cells cultures were 53.67 and 3.78 %,
respectively (Figure 4).
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Figure 3: Effect of CQ on the expression of phosphorylated H2AX proteins in NPC cells and activation of

caspase-3/7 in HONE-1 cells
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Figure 4: Flow cytometry analysis of apoptosis in HONE-1 cells using annexin V-fluorescein isothiocyanate

(FITC)/propidium iodide (PI) double staining
Effect of CQ on generation of nitric oxide

CQ treatment of the cells pretreated with sodium
nitroprusside, which acts as the source of nitric
oxide, exerted a dose-dependent inhibition on
nitric oxide, with generation of nitric oxide in cells
treated with CQ markedly lower than in untreated
cells (approx. 0.6 vs 1.0 mg/mL).

DISCUSSION

The results from the present study demonstrated
that CQ treatment inhibits cell proliferation in
HONE-1 and HNE-1 NPC cell lines. The
inhibition of cell growth was significantly higher in
the nasopharyngeal carcinoma cell lines
compared to normal human skin keratinocytes.
Appearance of the changes in cell morphology
like formation of membrane lesions, cell
shrinking, breakage of DNA and caspase
activation are some of the characteristic features
of cell apoptosis [11]. Breakage of cell DNA on
treatment with anti-tumor molecules induces
phosphorylation of histone protein, H2AX leading
to its activation [12,13]. One of the best
indicators of damage to cell DNA compared to
other methods is the phosphorylation of histone
H2AX [12,14]. The results from the current study
showed that CQ treatment induced a marked
increase in the phosphorylation of H2AX at Ser
139. It has been reported that activation of
caspases plays a vital role in the induction of cell
apoptosis in various types of tumors [15]. Our

results showed that CQ treatment induced
activation of caspases in HONE-1 NPC cells.

It is reported that molecules possessing phenolic
scaffolds inhibit generation of reactive oxygen
species including NO [16,17]. The reactive
oxygen species are involved in inducing damage
to cell membranes by peroxidation of membrane
lipids [18]. The results from our study showed
that CQ treatment led to scavenging of reactive
oxygen species under acellular conditions. Thus
CQ can be a promising agent for prevention of
damage caused by the generation of reactive
oxygen species in various types of disorders.

CONCLUSION

CQ treatment in nasopharyngeal carcinoma cell
lines inhibits cell proliferation and induces
apoptosis. Thus, CQ is a promising agent for the
treatment of nasopharyngeal carcinoma.
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