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Mefloquine inhibits chondrocytic proliferation by
arresting cell cycle in G2/M phase
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Abstract: Mefloquine (MQ), an analog of chloroquine, exhibits a promising cytotoxic activity against carcinoma cell
lines and for the treatment of glioblastoma patients. The present study demonstrates the effect of mefloquine on
proliferation and cell cycle in chondrocytes. MTT assay and propidium iodide staining were used for the analysis
of proliferation and cell cycle distribution, respectively. Western blot analysis was used to examine the expression
levels of cyclin B1/cdc2, cdc25c¢, p21WAF1/CIP1 and p53. The results revealed that mefloquine inhibited the pro-
liferation of chondrocytes and caused cell cycle arrests in the G2/M phase. The proliferation of chondrocytes was
reduced to 27% at 40 uM concentration of mefloquine after 48 h. The population of chondrocytes in G2/M phase
was found to be 15.7 and 48.4%, respectively at 10 and 40 uM concentration of mefloquine at 48 h following treat-
ment. The expression of the cell cycle regulatory proteins including, cyclin B1/cdc2 and cdc25c¢ was inhibited. On
the other hand, mefloquine treatment promoted the expression of p21WAF1/CIP1 and p53 at 40 uM concentration

after 48 h. Therefore, mefloquine inhibits proliferation and induces cell cycle arrest in chondrocytes.
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Introduction

Osteoarthritis (OA), characterized by severe
pain and decomposition of articular cartilage is
the most frequently observed disorder of joints
in adults [1, 2]. Currently used treatment strat-
egy for early stage OA is aimed to reduce inflam-
mation, pain and cartilage decomposition by
using glucocorticosteroids [3-6]. It has been
observed that use of glucocorticosteroids for
long periods and also in higher concentrations
induces chondrocyte apoptosis through mito-
chondrial pathway [7, 8]. Chondrocytes play a
vital role in the formation of extracellular matrix
(ECM) required for maintenance of cartilage
homeostasis. Thus, the factors involved in sup-
pression of chondrocyte proliferation inhibit
formation of cartilage and reduce the strength
of matrix.

Chloroquine exhibits broad spectrum of activi-
ties including, anti-malarial and use against
glioblastoma multiforme [9]. Latter it was found
that mefloquine (MQ) an analog of chloroquine
exhibits more promising cytotoxic activity

against carcinoma cell lines and for the treat-
ment of glioblastoma multiforme patients [9].
Studies have revealed that MQ exhibits promis-
ing results for the treatment of malarial patients
[10]. It has also been shown that tolerance of
children and males to MQ is much better than
those of adults and females [11]. However, the
present study revealed that MQ treatment
induces various side effects.

Several factors are reported to induce arrest of
cell cycle in different phases thereby inhibiting
the proliferation of cells [12]. In the progress of
cell cycle proteins belonging to the cdc family as
well as complexes formed by cyclins play a
prominent role. Some of the factors involved in
regulation of the cell cycle include, Cyclin-
dependent kinases (CDKs), cyclins and inhibi-
tors of CDK (CDKIs) [13]. One of the CDKI pro-
tein, p21WAF1/CIP1 has major role in the
cellular proliferation, differentiation and apop-
tosis of the cells [14]. Thus, induction of apopto-
sis and arrest of cell cycle in chondrocytes can
be of therapeutic importance for the prevention
of uncontrolled cell proliferation. The present
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Figure 1. Inhibition of chondrocyte proliferation by mefloquine treatment
using MTT assay. The cells were incubated with various concentrations of
mefloquine from 10 to 50 uM for indicated time followed by MTT analysis.

study demonstrated that mefloquine treatment
caused arrest of cell cycle in chondrocyte
through enhancement in p21WAF1/CIP1 and
p53 expression.

Materials and methods
Cell culture

Male neonatal Wistar rats were obtained from
the Department of Laboratory Animal Science,
The First Affiliated Hospital of Harbin Medical
University, China. The cartilage of neonatal
Wistar rats after washing with PBS containing
antibiotics was then digested for a period of 45
min in trypsin (2.5 mg/ml) at 37°C. The cells
obtained from cartilage were treated with col-
lagenase type Il (Gibco-BRL, Carlsbad, CA, USA)
for 24 h at 37°C. The cartilage cells were
passed through a cell strainer (70 mm) in order
to prepare cell suspension. The chondrocytes
were distributed at a density of 2 x 10° cells
per ml onto the culture flasks containing 10%
FBS and antibiotics at 37°C in an atmosphere
of 5% CO,. The adhered cells were passaged
following two days of culture.

Reagents and treatment

Mefloquine and dimethyl sulphoxide were
obtained from Sigma Aldrich (St. Louis, MO,
USA). The cells after 5 days culture were
exposed to mefloquine or dimethyl sulphoxide
alone as the control. The approval for the pres-
ent study was obtained from the ethics commit-
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tee of Kongju National Uni-
versity, Gongju, Republic of
Korea.

Proliferation inhibition assay
(MTT assay)

Onto the 96-well plates chon-

drocytes were seeded at a

density of 3 x 10° cells per

well.  Following incubation,

mefloquine was added at indi-

. cated doses to each well con-

50 (uM) taining chondrocytes and incu-

bated for 48 h. DMSO was

added to the wells containing

control cells. Following incuba-

tion, 50 yL MTT (3 mg/mL in

PBS) solution was put into

each well and incubated for 4 h more. 200 pL

SDS-HCI solution (SDS 10% w/v, 0.01 M HCI)

was added to each well of the plate and incuba-

tion was performed for 12 h. Absorbance for

each well of the plate was recorded at 565 nm

using an Infinite M200 pro reader (Tecan
Austria GmbH, 333 Salzburg, Austria).

Western blot analysis

The cells after treatment with mefloquine for
48 h were washed with PBS prior to treatment
with lysis buffer (Beyotime). The concentration
of proteins in the cell lysates was determined
using Bradford method. The cell lysates were
resolved onto the 10% SDS-polyacrylamide
gels by electrophoresis and transferred to PVDF
membranes (Millipore, Bedford, MA, USA).
Incubation of the membrane was performed at
room temperature for 2 h in 5% skim milk in
TBS-T. The membrane was then incubated with
primary antibodies against cdc2, cyclin B,
cdc25¢, pb3 and p21 (Santa Cruz Biotech-
nology, Inc.) for 4 h at 4°C overnight. B-actin
was used as the internal control. The mem-
brane was washed with TBS-T and then incu-
bated again for 1 h with secondary antibody
(Santa Cruz Biotechnology, Inc.) at room tem-
perature. Enhanced chemiluminescence kit
(Pierce Biotechnology Inc., Rockford, IL, USA)
was used for the visualization of immunoreac-
tive bands.

Analysis of cell cycle

Propidium iodide staining of the cellular DNA
was used for the analysis of cell cycle. For this
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Figure 2. Mefloquine causes cell cycle arrest in the G2/M phase of cell cycle. Chondrocytes were treated with 10,
20, 30 and 40 uM concentrations of mefloquine or left untreated as control. The cells were subjected to flow cytom-
etry after 48 h to analyze the changes in cell cycle distribution.

Mefloquine
0 10 20 30 40 (uUM)
CyclinB1 S —
cdc2 - e —
cdc2

B-actin N SN A — —

Figure 3. Inhibitory effect of mefloquine on the ex-
pression of cell cycle regulatory proteins in chondro-
cytes. Chondrocytes were treated with 10, 20, 30 and
40 uM concentration of mefloquine or DMSO alone
for 48 h and subjected to western blot analysis. The
data expressed are the mean of three experiments
performed independently. *P < 0.05, compared with
untreated cells.

purpose, the chondrocytes were dispersed
at a density of 2.5 x 10° cells per cm? onto
96-well plates. The cells were treated with
mefloquine and the cultures incubated for 48
h. After incubation, chondrocytes were collect-
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ed and fixed by treatment with 70% ethyl alco-
hol for overnight. The chondrocytes were treat-
ed for 30 min with RNase A (50 pg/ml) followed
by propidium iodide (50 pg/ml) staining. Flow
cytometry (Partec GmbH, Minster, Germany)
was used for the examination of DNA content of
the chondrocytes. FloMax analysis software
(Partec GmbH) was used for the quantification
of the distinct cell cycle phases.

Analysis of apoptosis by flow cytometry

Chondrocytes at a density of 2.5 x 10° cells per
well were distributed onto 6 well plates. After
incubation for 48 h with mefloquine the cells
were treated with trypsin (2.5 mg/ml). The cells
were washed three times with PBS, suspended
in 200 pl of binding buffer followed by addition
of 3 ul Annexin V and 5 pl propidium iodine
(Baosai, Biotechnology, Beijing, China). FACS-
Calibur flow cytometer (Becton-Dickinson, San
Jose, CA, USA) was used for the analysis of
apoptosis to get the ratio of apoptosis.
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Figure 4. Mefloquine enhanced the expression of
p53 and p21WAF1/CIP1 in chondrocytes in concen-
tration dependent manner. Chondrocytes were incu-
bated with 10, 20, 30 and 40 uM concentration of
mefloquine or DMSO alone for 48 h and subjected to
western blot analysis. Expression of 3-actin was used
as internal control. The data expressed are the mean
of three experiments performed independently. *P <
0.05, compared with untreated cells.

Statistical analysis

The statistical analysis of the data was per-
formed by using Student’s t-test. The experi-
ments were carried out three times indepen-
dently. The statistically significant differences
were considered at P < 0.05.

Results

Effect of mefloquine on proliferation of articu-
lar chondrocytes

Chondrocytes were treated with various con-
centrations of mefloquine for different periods
of time. It was observed that mefloquine exhib-
ited concentration and time dependent inhibi-
tory effect on the proliferation of chondrocytes
(Figure 1). The inhibition in proliferation of
chondrocytes was significant at all the concen-
trations of mefloquine from 10 to 40 uM after
48 h except 10 uM. At 40 uyM concentration of
mefloquine, the proliferation of chondrocytes
was reduced to 27% compared to the control
cells (Figure 1).

Effect of mefloquine on cell cycle distribution

Analysis of the effect of mefloquine on cell
cycle distribution using flow cytometry revealed
increased cell population in G2/M phase
(Figure 2). The population of chondrocytes
in G2/M phase was found to be 15.7 and
48.4%, respectively at 10 and 40 uM concen-
tration of mefloquine at 48 h following treat-
ment (Figure 2). On the other hand population
of cells in the GO/G1 phase of cell cycle
decreased (Figure 2).
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Mefloquine inhibits expression of cyclin B1/
cdc2 and cdc25¢

The results from western blot analysis demon-
strated that treatment of chondrocytes with
mefloquine reduced the expression level of
cyclin B1, cdc2 and cdc25c¢ (Figure 3). The
reduction in expression of cell cycle regulatory
proteins was found to be concentration and
time dependent. The reduction in expression
level of all the three proteins, cyclin B1, cdc2
and cdc25c¢ was significant at 40 uM concen-
tration after 48 h.

Effect of mefloquine on p21WAF1/CIP1 ex-
pression

Treatment of chondrocytes with mefloquine
significantly increased the expression of
p21WAF1/CIP1 and p53. Mefloquine exhibited
concentration and time dependent effect on
the expression of p21WAF1/CIP1 and p53. The
expression of p21WAF1/CIP1 and p53 was
observed to be significant at 40 uM concentra-
tion after 48 h (Figure 4).

Effect of mefloquine on apoptosis in chondro-
cytes

The results from flow cytometry revealed that
mefloquine treatment induced apoptosis in
chondrocytes in dose dependent manner. The
percentage of apoptotic chondrocytes was
observed to be 4.3 and 69.5%, respectively at
10 and 40 pM concentration of mefloquine
after 48 h (Figure 5).

Discussion

The present study demonstrates the effect of
mefloquine on chondrocyte proliferation, cell
cycle distribution, induction of apoptosis,
expression of p21WAF1/CIP1, p53 and cell
cycle regulatory proteins. It was observed that
mefloquine treatment inhibited the prolifera-
tion rate of chondrocytes significantly com-
pared to the control cells.

Chondrocytes undergo mitosis at a very faster
rate and there are several factors responsible
for the regulation of cell cycle in accordance
with the environmental conditions [15]. The
results from the present study revealed that
mefloquine treatment increased the proportion
of chondrocytes in G2/M phase with subse-
quent reduction in GO/G1 phase of cell cycle.

Int J Clin Exp Pathol 2015;8(10):12583-12588
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Figure 5. Mefloquine treatment induces apoptosis in chondrocytes in concentration dependent manner. Chondro-
cytes were incubated with 20, 30 and 40 yM concentration of mefloquine or DMSO alone for 48 h. The data ex-
pressed are the mean of three experiments performed independently. *P < 0.05, compared with untreated cells.

Thus mefloquine induces cell cycle arrest in
G2/M phase in chondrocytes.

The mitotic division in the chondrocytes is pro-
moted by the activation of cell cycle regulatory
protein, cdc2 [16, 17]. The results from the
present study revealed that mefloquine treat-
ment significantly inhibited the expression of
cdc2 in chondrocytes. In addition, the expres-
sion of cyclin B1 and cdc25c¢ which also play
important role in cell cycle progression is inhib-
ited by mefloquine. Therefore, mefloquine
induced cell cycle arrest in chondrocytes is
mediated by the reduction in expression of cell
cycle regulatory proteins.

Cyclin-dependent kinase inhibitors exhibit vital
effect on the progress of cell cycle by control-
ling the expression of cyclin-dependent kinas-
es. The results from the present study revealed
that mefloquine promoted the expression of
cyclin-dependent kinase inhibitor, p21WAF1/
CIP1 in chondrocytes. It is well established that
p53 gene inhibits tumor by arresting cell cycle
in the G1 phase of cell cycle [18, 19]. It is also
reported that activation of p53 gene promotes
p21WAF1/CIP1 expression thereby inhibits cell
cycle progression. The p21WAF1/CIP1 sup-
presses the expression of cell cycle regulatory
proteins, cyclin B and cdc2 leading to the cell
cycle arrest [20]. The results from the present
study revealed that treatment of chondrocytes
with mefloquine significantly enhanced the
expression of p53 gene.

Apoptosis is the controlled cell death and is
responsible for the removal of unwanted cells
from the body. In case of carcinoma cells the
apoptosis is inhibited resulting in the progres-
sion of carcinoma at an enormous rate. The
results from the present study revealed that
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mefloquine induced apoptosis in the chondro-
cytes.

In summary, mefloquine inhibits chondrocyte
proliferation, arrests cell cycle in G2/M phase,
inhibits expression of cell cycle regulatory pro-
teins, enhances expression of cyclin-depen-
dent kinase inhibitors and induces apoptosis.
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