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Effects of Bauhinia championii (Benth.) Benth. polysaccharides
on the proliferation and cell cycle of chondrocytes
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Abstract. It has been recently shown that polysaccharides
isolated from plants exhibit a number of beneficial therapeutic
properties. Bauhinia championii (Benth.) Benth. has been
widely used for the clinical treatment of knee osteoarthritis (OA)
in China. However, the underlying molecular mechanisms of
knee OA treatment have yet to be elucidated. In the present
study, we investigated the effects of Bauhinia championii
(Benth.) Benth. polysaccharides (BCBPs) on the proliferation
and cell cycle of chondrocytes on 4-week-old male Sprague
Dawley rats. Immunohistochemical staining was used to
identify chondrocytes and an MTT assay was used to evaluate
cell viability. Flow cytometry was used for cell cycle analysis.
The mRNA and protein expression levels of cyclin D1, CDK4
and CDKG6 in chondrocytes were detected using reverse tran-
scription polymerase chain reaction (RT-PCR) and western
blot analysis, respectively. The data demonstrate that BCBP
treatment increased the viability of chondrocytes. In addi-
tion, BCBP treatment reduced the cell population in the G0/
Gl phase, whereas the cell population was increased in the
S phase. Furthermore, BCBP treatment enhanced the expres-
sion of cyclin D1, CDK4 and CDKG6. These results indicate that
BCBP treatment promotes cell proliferation by accelerating the
G1/S transition.

Introduction

Osteoarthritis (OA) is a joint disease, characterized by the
degeneration of articular cartilage and bone remodeling
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that clinically results in pain and joint stiffness, which
involves mechanical and biological factors (1,2). Adult
articular cartilage consists of a relatively sparse population
of non-proliferating chondrocytes which produce a large
amount of extracellular matrix (ECM), mainly composed of
two major types of macromolecules, collagens (types II, IX
and XI) and proteoglycans. Chondrocytes are responsible for
tissue homeostasis, including the synthesis and degradation of
ECM components (3). Therefore, chondrocyte proliferation is
important in maintaining cellular function.

The cell cycle represents a highly regulated series of
events that leads to eukaryotic cell reproduction. During
the early stages of the cell cycle, DNA is replicated and the
chromosomes are duplicated during the transition through to
the S phase. This process begins at specific DNA sites known
as replication origins. At these sites, the DNA replication
licensing machinery opens the DNA double helix, exposing
it to enzymes that conduct DNA synthesis (4). The S phase
is followed by chromosomal segregation and nuclear and
cell division, which is collectively termed the M phase. The
majority of cell cycles contain additional gap phases between
the G1 and S phase, which provide more time for growth and
also serve as important regulatory transitions, during which
progression to the next cell cycle stage is controlled by intra-
cellular and extracellular signals (5,6). Gl is a particularly
important regulatory period, since it is during this phase that
most cells either become committed to continued division or
exit from the cell cycle (7,8).

The destiny of a cell is strictly controlled by a set of cell
cycle factors. In particular, the Ser/Thr protein kinases CDK4
and CDK®6 are important for cell cycle progression at the
G1 phase. Cyclin D1 is also a positive regulator of the G1/S
transition and functions as one of the key restriction points
in the cell cycle by binding to CDK4 or CDK®6 to control cell
cycle progression from the G1 to the S phase (9).

Bauhinia championii (Benth.) Benth. polysaccharide
(BCBP) treatment promotes chondrocyte proliferation and
may be associated with the upregulation of cyclin D1, CDK4
and CDKG6 levels, which are important targets in the G1/S
transition of the cell cycle.

Natural products have been considered as alternative medi-
cine for several years. Numerous plants and their constituents
have been shown to possess beneficial therapeutic effects for
various diseases (10). Polysaccharides isolated from plants
have attracted a large amount of research attention due to
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their broad spectrum of therapeutic properties and their
relatively low toxicity (11-13). In modern pharmacological
studies, polysaccharides isolated from plants have been shown
to carry out anti-inflammatory, anti-oxidant and antitumor
activities (14-16). However, to the best of our knowledge, no
previous studies have been conducted on the effects of BCBP
on chondrocytes.

In the present study, polysaccharides from Bauhinia cham-
pionii (Benth.) Benth. were obtained using water extraction
and ethanol precipitation. To investigate the effects of BCBP
on the proliferation and cell cycle of chondrocytes, an MTT
assay was used to evaluate the proliferative activity of BCBP.
In addition, the cell cycle distribution was detected by flow
cytometry. Furthermore, the mRNA and protein expression
levels of cyclin D1, CDK4 and CDK6 were determined using
reverse transcription polymerase chain reaction (RT-PCR) and
western blot analysis, respectively.

Materials and methods

Drug preparation. Bauhinia championii (Benth.) Benth. was
ground and dried and the powder (100 g) was extracted with
pure water (1:15, w/v) at 85°C for 6 h, followed by centrifugation
at 3,000 r/min for 15 min. Water extracts were collected and
the dregs extracted. The combined extracts were pooled and
condensed to ~100 ml under a reduced pressure. Subsequently,
400 ml of 95% alcohol by volume was slowly added by stir-
ring to precipitate the polysaccharides. This polysaccharide
sediment was further refined by repeated dissolution and
precipitation 3 times, followed by a wash with ethanol, acetone
and ether (17).

Animals. Healthy and clean 4-week-old male Sprague-Dawley
rats (n=30; weight, 90-110 g) were purchased from the
Shanghai Laboratory Animal Commission (SLAC, Shanghai,
China). The animal license number for the rats was SCXK
(Shanghai) 2008-0005. Experiments involving the animals
complied with the Guidance Suggestions for the Care and Use
of Laboratory Animals 2006 administered by the Ministry
of Science and Technology of the People's Republic of
China (18).

Reagents. Fetal bovine serum (FBS), Dulbecco's modified
Eagle's medium (DMEM) and Trypsin-EDTA were obtained
from HyClone (Logan, UT, USA). Type II collagenase
and 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) were obtained from Sigma-Aldrich (St.
Louis, MO, USA). The TRIzol reagent was obtained from
Invitrogen (Carlsbad, CA, USA). A reverse transcription test
kit was obtained from Promega (Madison, WI, USA) and
the cell cycle test kit was purchased from Becton-Dickinson
(San Jose, CA, USA). A total protein extraction kit was
purchased from Nanjing KeyGen Biotech Co., Ltd. (Nanjing,
China). Polyvinylidene fluoride (PVDF) membranes were
purchased from Millipore (Billerica, MA, USA). Rabbit anti-
cyclin D1, -CDK4, -CDK6 and -fB-actin and HRP secondary
goat anti-rabbit antibodies were purchased from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA). Any additional
chemicals, unless otherwise stated, were obtained from
Sigma-Aldrich.
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Isolation and culture of rat chondrocytes. Articular cartilage
obtained from rat knee joints was rinsed in PBS and DMEM
three times. The cartilage was sectioned into 1-mm? slices,
digested with 0.2% type II collagenase and then transferred to
a 37°C incubator to isolate the chondrocytes. The supernatant
was collected every 2 h and centrifuged at 1,000 r/min for
5 min to obtain the cell pellet. The cells were then filtered
through 200 mesh stainless steel filters, seeded (5x10° cells/
ml) in 6-well plates in DMEM containing 10% FBS and culti-
vated in a CO, incubator (5% CO, at 37°C) (19). The primary
cultured cells were observed under an inverted microscope
and passaged upon reaching 80% confluence.

Identification of chondrocytes using immunohistochemical
staining. The second generation chondrocytes were seeded
onto cover slips and cultured for 72 h. The cells were washed
with PBS and fixed in 4% neutral formalin for 30 min.
Subsequent steps were performed according to the manufac-
turer's instructions. The expression of type II collagen was
observed using immunohistochemical staining. Images were
captured at a magnification of x40.

Evaluation of cell viability using the MTT assay. The viability
of chondrocytes was assessed using the MTT colorimetric
assay. The second passage chondrocytes were seeded in 96-well
plates at a density of 1.0x10* cells/well in 0.1 ml of 10% FBS/
DMEM. The chondrocytes were treated with various concen-
trations of BCBP for 24, 48 or 72 h. The medium was then
removed and 20 pl of 0.5% MTT solution was added to each
well, followed by incubation at 37°C for 4 h. The purple-blue
MTT formazan precipitate was dissolved in 100 ul dimethyl
sulfoxide (DMSO). The absorbance was measured at 490 nm
using an ELISA reader (ELx800™; BioTek Instruments, Inc.,
Winooski, VT, USA).

Cell cycle analysis using flow cytometry with PI staining.
Chondrocytes were seeded in 35-mm petri dishes at a density
of 5x10* cells/ml. The chondrocytes were treated with various
concentrations of BCBP for 48 h. The cells were then digested,
collected and resuspended in PBS. The cell concentration
was adjusted to 1x10° cells/ml following centrifugation.
Solutions A, B and C were added according to the manufac-
turer's instructions. ModFit software was used to analyze the
DNA content and to count the cell numbers in the GO/G1,
S and G2/M phases.

RNA extraction and RT-PCR analysis. Chondrocytes (1x10°)
were seeded in 6-well plates in 2 ml of medium and treated
with various concentrations of BCBP for 48 h. Total RNA
was isolated with TRIzol reagent. RNA (1 pg) was reverse
transcribed into cDNA. The obtained cDNA was used to
determine the mRNA levels of cyclin D1, CDK4 and CDK6.
[-actin was used as an internal control. The sequences of the
primers used for amplification of cyclin D1, CDK4 and CDK6
were as follows: Cyclin D1 forward, 5'-AAT GCC AGA GGC
GGA TGA GA-3' and reverse, 5'-GCT TGT GCG GTA GCA
GGA GA-3', 189 bp; CDK4 forward, 5'-GAA GAC GAC TGG
CCT CGA GA-3' and reverse, 5'-ACT GCG CTC CAG ATT
CCT CC-3', 109 bp; CDK6 forward, 5-TTG TGA CAG ACA
TCG ACG AG-3' and reverse, 5-GAC AGG TGA GAA TGC
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Figure 1. Effect of BCBP on the morphological changes of chondrocytes. (A) Untreated control chondrocytes; (B-D) chondrocytes treated with 50, 100 and
200 pg/ml BCBP, respectively, for 48 h. The morphological changes of chondrocytes were observed using phase contrast microscopy. Images were captured
at a magnification of x100. BCBP, Bauhinia championii (Benth.) Benth. polysaccharide.

Figure 2. Identification of chondrocytes. Immunohistochemical staining demonstrated that (A) the cytoplasm of the negative group of chondrocytes was
unstained, whereas (B) the cytoplasm of chondrocytes was stained. Images were captured at a magnification of x40.

AGG TT-3', 151 bp; and p-actin forward, 5'-CGT TGA CAT
CCG TAA AGA CC-3' and reverse, 5-GGA GCC AGG GCA
GTA ATC T-3', 108 bp.

Western blot analysis. Chondrocytes were seeded in culture
flasks and treated with or without BCBP at 37°C for 48 h. Cells
were scraped from the culture, washed twice with PBS and then
suspended in 30 ul western blotting lysis buffer. The protein
concentration was determined using a bicinchoninic acid
(BCA) protein assay. Samples were loaded with 20 ug protein
and separated by electrophoresis on 12% SDS-polyacrylamide
gels. Following electrophoresis, protein blots were transferred
to PVDF membranes. The membranes were blocked with
5% skimmed milk in TBST solution and incubated overnight
with the primary antibodies at 4°C. The membranes were then
washed in TBST and exposed to secondary antibodies. The
membranes were developed by ECL Plus Western Blotting
Detection Reagents (Molecular Imager ChemiDoc XRS
System; Bio-Rad, Hercules, CA, USA)

Statistical analysis. Data were presented as the mean =+ stan-
dard deviation (SD) when appropriate. All the experiments

were repeated at least three times and the representative results
are shown. Results were analyzed by one-way ANOVA (control
vs. treatments) followed by Student's t-test using SPSS 16.0
software. P<0.05 was considered to indicate a statistically
significant difference.

Results

Morphological observation and characterization of chon-
drocytes. The second generation chondrocytes were treated
with various concentrations of BCBP for 48 h. BCBP treat-
ment significantly increased the total number of chondrocytes
compared with the untreated control cells (Fig. 1), indicating
that BCBP promotes chondrocyte proliferation.

To characterize the chondrocytes, the effects of BCBP
on type II collagen expression were evaluated using immu-
nohistochemical staining. Type II collagen matrix is a
chondrocyte-specific protein and may be used as a biomarker
to identify chondrocytes (20,21). The results demonstrated
that the cytoplasm of the negative group of cells was unstained
(Fig. 2A), whereas the cytoplasm of chondrocytes was stained
a brown-yellow color (Fig. 2B).
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Figure 3. Effect of BCBP on the viability of chondrocytes. Chondrocytes were treated with (A) the indicated concentrations of BCBP for 48 h and (B) with
100 pg/ml of BCBP for 24, 48 or 72 h. The viability of chondrocytes was determined using the MTT assay. Data were normalized to the viability of untreated
cells (100%). Data are presented as the average + SD (error bars). "P<0.03, significant vs. untreated cells. BCBP, Bauhinia championii (Benth.) Benth. polysac-

charide; SD, standard deviation.
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Figure 4. Effect of BCBP on the cell cycle progression of chondrocytes. Following treatment with BCBP, chondrocytes were stained with PI and analyzed
using flow cytometry. (A) Untreated control chondrocytes; (B-D) chondrocytes treated with 50, 100 and 200 ug/ml of BCBP, respectively. The percentage
of chondrocytes in the (E) GO/G1 and (F) S phases following BCBP treatment. Data are presented as the average + SD (error bars) from three independent
experiments. "P<0.05 compared with control cells. BCBP, Bauhinia championii (Benth.) Benth. polysaccharide; SD, standard deviation.

Effect of BCBP on the viability of chondrocytes. The cells were
treated with 50-200 g/ml BCBP for 48 h to evaluate the effect
of BCBP on the viability of chondrocytes. As shown in Fig. 3,
the viability of chondrocytes was increased by 18.72+2.61,
30.13+3.24 and 26.87+3.77% when the cells were treated with
50, 100 and 200 pg/ml of BCBP, respectively. Furthermore,
the viability of chondrocytes was increased by 3.24+2.06,
11.57+2.30 and 19.73+2.42% when the cells were treated with

200 pg/ml BCBP for 24, 48 and 72 h, respectively, compared
with untreated cells (P<0.05).

Effect of BCBP on the cell cycle of chondrocytes. Chondrocytes
were treated with 50, 100 and 200 ug/ml of BCBP for 48 h
to explore the effect of BCBP on cell cycle progression. As
shown in Fig. 4, BCBP treatment decreased the percentage of
cells in the GO/G1 phase, while the percentage of cells in the
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Figure 5. Effect of BCBP on the mRNA expression of cyclin DI, CDK4 and CDK®6 in chondrocytes. (A) The mRNA expression levels of cyclin D1, CDK4
and CDK6 were analyzed using RT-PCR. (-actin was used as an internal control. The mRNA expression of (B) cyclin D1, (C) CDK4 and (D) CDK6 in
BCBP-treated and untreated cells. For the quantification of RT-PCR analysis, data are presented as the average + SD (error bars). "P<0.05, significant vs.
untreated cells. BCBP, Bauhinia championii (Benth.) Benth. polysaccharide; RT-PCR, reverse transcription polymerase chain reaction; SD, standard deviation.
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Figure 6. Effect of BCBP treatment on the protein expression levels of cyclin D1, CDK4 and CDKG6 in chondrocytes. (A) The protein expression levels of
cyclin D1, CDK4 and CDK6 were analyzed using western blot analysis. $-actin was used as an internal control. The protein expression levels of (B) cyclin D1,
(C) CDK4 and (D) CDK6 in BCBP-treated and untreated cells. For the quantification of western blot analysis, data are presented as the average + SD (error
bars). "P<0.03, significant vs. untreated cells. BCBP, Bauhinia championii (Benth.) Benth. polysaccharide; SD, standard deviation.

S phase was increased (P<0.05). Taken together, the results  Effect of BCBP on the expression of cyclin DI, CDK4 and
suggest that BCBP enhances cell cycle progression of the  CDK®6 in chondrocytes. Following BCBP treatment for 48 h,
chondrocytes by promoting the G1 to S phase transition. the mRNA and protein expression levels of cyclin D1, CDK4
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and CDK6 were determined using RT-PCR and western blot
analysis, respectively. The results of the RT-PCR assay showed
that BCBP treatment significantly increased cyclin D1, CDK4
and CDK6 mRNA expression levels in chondrocytes (P<0.05,
Fig. 5). The protein expression patterns of cyclin D1, CDK4
and CDKG6 were similar to those of their respective mRNA
levels (P<0.05, Fig. 6).

Discussion

OA, the most common age-related cartilage and joint disorder,
is a slow progressing degenerative disease characterized by the
degradation of the ECM and cell death resulting in a gradual
loss of articular cartilage integrity (22-24). The only cell type
present in mature cartilage is chondrocytes, which are respon-
sible for repairing damaged cartilage tissue.

Low proliferative activity in osteoarthritic chondrocytes
has recently been demonstrated; therefore, a treatment that
promotes the proliferative activity of chondrocytes may be
efficient to delay or even cease the progression of OA (25). The
present study mainly focused on exploring drugs that promote
the proliferation of chondrocytes.

Bauhinia championii (Benth.) Benth. is a herbal medicine
demonstrated to be clinically effective in treating OA. It
possesses the functions of expelling wind and removing damp-
ness, in addition to promoting blood circulation and relieving
pain. However, the mode of action of this treatment for OA
remains to be elucidated. Before Bauhinia championii (Benth.)
Benth. is further developed as an agent for treating OA, its
underlying molecular mechanism requires investigation.

The cell cycle is composed of four different stages; the Gl,
S, G2 and M phases. Preparation for DNA synthesis occurs
during the G1 phase, DNA synthesis is carried out during the
S phase, preparation for mitosis occurs in the G2 phase and
mitosis is achieved in the M phase. The amount of DNA in a
cell changes during the cell cycle, allowing the different stages
of the cycle to be identified by analyzing the DNA content.
The DNA content is 2N in the GO and G1 phases. Following
DNA synthesis in the S phase, DNA content becomes 4N
in the G2 and M phases (26,27). Flow cytometric analysis,
which measures the DNA content of cells, is more sensi-
tive to the changes during the cell cycle compared with the
MTT method. In the present study, cell cycle distribution was
carried out using flow cytometry. The results showed that after
BCBP treatment, the GO/G1 ratio was reduced and the S ratio
increased, indicating that BCBP treatment promotes cell
proliferation by enhancing G1 phase entry and accelerating
the G1/S transition.

G1/S and G2/M are two important checkpoints regulating
stage transition and cell cycle progression. Stage transitions
in the cell cycle are controlled by interactions among the
molecules of the cyclin-CDK-CDK inhibitor (CKI) axis. In
this system, cyclins interact with CDKs to positively regulate
their activity (28,29). Cyclin D1, CDK4 and CDKG6 are impor-
tant in the G1/S transition of the cell cycle. The mRNA and
protein expression levels of cyclin D1, CDK4 and CDK®6 in
chondrocytes were detected using RT-PCR and western blot
analysis, respectively. The results showed that BCBP treat-
ment effectively enhanced the mRNA and protein levels of
cyclin D1, CDK4 and CDKG6. In agreement with these results,
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flow cytometric analysis showed that the S ratio increased,
while the Gl ratio decreased with BCBP treatment.

In conclusion, the present study has demonstrated that
BCBP promotes chondrocyte proliferation by accelerating the
G1/S transition and upregulating the expression of cyclin DI,
CDK4 and CDKG6. These results suggest that BCBP is a poten-
tial novel therapeutic agent for the treatment of knee OA.
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