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Puerarin induces cell apoptosis in human chondrosarcoma cell
line SW1353 via inhibition of the PI3K/Akt signaling pathway
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Abstract. Chondrosarcoma is a malignant soft tissue sarcoma
with poor prognosis. Puerarin has been demonstrated to
possess anticancer properties; however, the effects of puerarin
in human chondrosarcoma cells remain unknown. The present
study aimed to investigate the anticancer effects of puerarin
in SW1353 human chondrosarcoma cells. SW1353 cells were
treated with increasing concentrations of puerarin for different
durations. Cell viability was evaluated using MTT assays.
Cell apoptosis rates were determined by flow cytometry.
The activities of caspase-3 and caspase-9 were measured by
enzymatic assay. The expression of RAC-alpha serine/threo-
nine-protein kinase (Akt), phosphorylated-Akt, caspase-3 and
apoptosis-associated proteins, including B-cell lymphoma 2
(Bcl-2) and Bcl-2-associated X protein (Bax) were detected
by western blotting. Puerarin significantly decreased cell
viability and significantly induced apoptosis of SW1353 cells.
In addition, puerarin significantly increased the enzymatic
activities of caspase-3 and caspase-9. Puerarin treatment
suppressed the expression of p-Akt and Bcl-2 but promoted
the expression of Bax and cleaved caspase-3 in SW1353 cells.
Notably, the phosphatidylinositol 3-kinase (PI3K) inhibitor
LY294002 abrogated the decreased phosphorylation of Akt,
suggesting that the PI3K/Akt signaling pathway is involved in
mediating the anticancer effects of puerarin. The data from
the present study indicated that puerarin exhibits anticancer
effects in SW1353 cells and may be a potential therapeutic
drug for patients with chondrosarcoma.

Introduction

Chondrosarcoma is a malignant soft tissue sarcoma with
poor prognosis, and it is the second most common primary
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bone tumor among all malignant bone tumors (1). At present,
surgical resection remains the primary treatment option for
chondrosarcoma (2). Due to its poor response to conventional
chemotherapy and radiation therapy, chondrosarcoma is chal-
lenging to manage (3). Therefore, novel and effective therapeutic
approaches are required for patients with chondrosarcoma.

Puerarin, the major active ingredient extracted from
Radix puerariae, exhibits beneficial effects for cardiovascular
diseases, neurological dysfunction, diabetes, osteoporosis, liver
injury and inflammation (4). Previous studies have indicated
that puerarin exhibits anticancer effects and induces tumor
cell apoptosis in a number of cancer cell types, including colon
cancer HT-29 cells, human mantle Z138 cells, human glioblas-
toma cells, stomach cancer cells and breast cancer cells (5-9).
Furthermore, increasing evidence has indicated the mecha-
nisms involved in the biological effect of puerarin. In hFBO1.19
cells, puerarin attenuated the dexamethasone (DEX)-induced
release of cytochrome ¢ and cleavage of caspase-3, which
was associated with inhibition of the c-Jun N-terminal kinase
(JNK) pathway and activation of the phosphoinositide 3-kinase
(PI3K)/threonine-protein kinase (Akt) signaling pathway (10).
Puerarin increases proliferation and differentiation and
opposes cisplatin-induced apoptosis in human osteoblastic
MG-63 cells. At least partially, puerarin functions via activa-
tion of MEK /extraellular signal-regulated kinase and PI3K/Akt
signaling pathways (11). However, the effects of puerarin on the
human chondrosarcoma cell line SW1353 and the molecular
mechanisms underlying these effects remain unclear.

In the present study, puerarin decreased cell viability
and induced apoptosis in SW1353 cells via inhibition of the
P13K/RAC-alpha serine/Akt signaling pathway. These results
elucidated the potential molecular mechanisms underlying
the anticancer effect of puerarin in SW1353 cells, which may
provide an insight into novel therapeutic options for patients
with chondrosarcoma.

Materials and methods

Materials. The human chondrosarcoma cell line SW1353 was
purchased from the Cell Bank of Type Culture Collection of
Chinese Academy of Sciences (Shanghai, China). Puerarin,
LY294002, PD98059, SP600125 and SB203580 were purchased
from Sigma-Aldrich (Merk KGaA, Darmstadt, Germany).
Rabbit anti-human antibodies against Bax (cat no. 2774), Bcl-2
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(catno. 2872), Caspase-3 (cat no. 9664), Akt (cat no. 9272), p-Akt
(Ser473; cat no. 9271) and GAPDH (cat no. 2118) were obtained
from Cell Signaling Technology, Inc. (Danvers, MA, USA).

Cell culture. SW1353 cells were cultured in L-15 medium
(Hyclone; GE Healthcare Life Sciences Logan, UT, USA)
supplemented with 10% fetal bovine serum (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and incubated at
37°C in a humidified atmosphere of 5% CO,.

MTT assay. SW1353 cells (1x10* cells/well) were treated with
puerarin in 96-well plates (Costar; Corning Incorporated,
Corning, NY, USA) for 48 h. Then, cultures were washed
with PBS. MTT (Sigma-Aldrich; Merk KGaA) was added
to each well and the mixture was incubated at 37°C for 2 h.
To dissolve the formazan crystals, culture medium was then
replaced with an equal volume of dimethyl sulphoxide (Merck
KGaA). Following agitation at room temperature for 10 min,
the absorbance of each well was determined at 570 nm using
a microplate reader (Bio-Tek Instruments, Inc., Winooski,
VT, USA). The inhibitory rate (%)=(optical density (OD).nro1
group_ODlesl group) X lOO%/ODcomrol group*

Cell apoptosis by flow cytometry analysis. Apoptotic cells
were measured with the Annexin V/fluorescein isothiocya-
nate (FITC) kit (BD Biosciences, Franklin Lakes, NJ, USA)
according to the manufacturer's protocol. Briefly, 1x10° cells
were collected, washed three times with PBS and were
resuspended in 300 ul of binding buffer. A total of 5 ul of
Annexin V-FITC solution and 5 ul of propidium iodide (PI)
were added and incubated in the dark at 37°C for 15 min.
Then, the cytofluorimetric analyses were performed on a BD
FACSVerse (BD Biosciences) and data were analyzed using
FACSuite software version 1.0 (BD Biosciences).

Enzymatic assay for caspase-3 and caspase-9 activity.
Caspase activity was detected using caspase-3 and caspase-9
activity assay kits (Beyotime Institute of Biotechnology,
Haimen, China) according to the manufacturer's protocol.
Cells were lysed and total cellular protein extracts were quan-
tified using a Protein-assay kit (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). An equal amount of total protein extract
was incubated at 37°C overnight with either Ac-DEVD-pNA
for the caspase-3 assay or Ac-LEHD-pNA for the caspase-9
assay. The release of pNA was estimated by determining the
absorbance at 405 nm on a microplate ELISA reader (Bio-Rad
Laboratories, Inc.). Results are presented with the fold change
in activity compared with the untreated control.

Western blot analysis. Cells were collected, washed and
lysed with radioimmunoprecipitation assay buffer, including
50 mM Tris-HCI (pH=7.4), 150 mM NacCl, 1% Nonidet P-40,
0.25% NaNj;, | mM EDTA, 1 mM PMSF, 1 pg/ml aprotinin,
1 ug/ml leupeptin, 1 ug/ml pepstatin A, 1 mM sodium
orthovanadate and 1 mM NaF. Then, the protein concentra-
tion was determined using a BCA Protein Assay kit (Thermo
Fisher Scientific, Inc.). The proteins (20 ug) were resolved
on a 10% SDS-PAGE gel and transferred to polyvinylidene
fluoride membranes. The blots were blocked with 5% BSA
(Sigma-Aldrich; Merck KGaA) for 1 h at room temperature,

HUANG et al: PUERARIN INDUCES CELL APOPTOSIS IN HUMAN CHONDROSARCOMA

Table I. Inhibitory rate of puerarin on the proliferation of cells.

Puerarin Optical density (570 nm) Inhibitory
M) (mean + standard deviation) rate (%)

0 0.995+0.004 0

50 0.886+£0.012 10.254+0.671
100 0.724+0.013 26.536+0.582
150 0.618+0.018 37.089+0.622
200 0.475£0.014 51.461+0.706
250 0.362+0.016 62.718+0.654
300 0.254+£0.012 73.672+0.636

and probed with rabbit anti-human antibodies against Bax,
Bcl-2, Caspas-3, Akt, p-Akt (Ser473) or GAPDH (1:1,000
dilution) for 1 h at room temperature. After washing three
times with PBS, the blots were incubated with a horseradish
peroxidase-conjugated donkey anti-rabbit secondary antibody
(1:1,000 dilution; cat no. sc2313; Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA) for 1 h at room temperature. The
signals were visualized by enhanced chemiluminescence
(Pierce; Thermo Fisher Scientific, Inc.). Images were captured
using a scanner (GE Healthcare, Chicago, IL, USA) and
proteins were quantified using Image J software version 1.42
(National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. Data were analyzed using SPSS statis-
tical software version 13.0 (SPSS, Inc., Chicago, IL, USA)
and the data were reported as the mean + standard deviation.
Statistical analysis between two samples was evaluated using
a Student's t-test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Puerarin inhibits the viability of human chondrosarcoma
SWI353 cells. In order to investigate the effect of puerarin
on cell viability, human chondrosarcoma SW1353 cells were
treated with various concentrations of puerarin (0-300 M)
for 48 h. Puerarin significantly reduced cell viability in
a dose-dependent manner (P<0.05, P<0.01 and P<0.001
compared with untreated control for 200, 250 and 300 uM,
respectively; Fig. 1A and Table I). After 48 h incubation,
the half-maximal inhibitory concentration value of puerarin
against SW1353 cells was 180.738 M. Treatment of SW1353
cells for different durations indicated that puerarin treatment
significantly decreases cell viability in a time-dependent
manner (P<0.05,P<0.01 and P<0.001 compared with untreated
control for 48, 60 and 72 h, respectively; Fig. 1B).

Puerarin induces apoptosis in SWI1353 cells. To observe the
effect of puerarin on cell apoptosis, flow cytometric analysis was
conducted. Puerarin treatment (48 h) significantly increased the
rate of apoptosis of SW1353 cells in a dose-dependent manner
(P<0.05, P<0.01 and P<0.001 compared with the untreated
control for 150, 200 and 250 uM, respectively; Fig. 2A and B).
Puerarin exposure increased the apoptosis rate of SW1353 cells
to 38.28% with a dose of 200 M.
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Figure 1. Anti-proliferative effect of puerarin on human chondrosarcoma SW1353 cells in vitro. (A) SW1353 cells were treated with various concentrations
of puerarin (0-300 yM) for 48 h. (B) SW1353 cells were incubated with the indicated concentration of puerarin (200 ¢M) for various periods of time. Cell
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viability was determined by MTT assay. Data are presented as the mean + standard deviation from four separate experiments. 'P<0.05, “P<0.01 and ““P<0.001,

comparison with the untreated control.

A a 5 b 5 c 5 B
- 3.50%) - 6.25% - 12.52%
] [ L]
<1 <1 27
2 law | Bl _lg | @ -
| - 3 ) N AT - _
g =] i A 5.22% ‘o_ 1 =] { s 50 4
2|8 5 =Rt : = € 40 -
- - - n
E 10°10" 107 10°10* 10°10' 102 10% 10¢ 10°10' 102 10° 10° §
g d ° f . o 304 - .
-'g_ = 3 9.39%) = 21.36% - 38.65%| ‘g_
2| e B ] S ] g 207 e
o = = - < d
& h s = ] &S 10 4 c
219 . -ﬁ L= = r-'-‘[a b
B 6%, = 3 S ] 0 T T T T T T
-1 - e 0 50 100 150 200 250
:&_, L ?;_, & i’g Concentration (uM)
10°10'10210° 10¢ 10°10'10%10* 104

10°10" 102 10° 10°

Annexin V-FITC

Figure 2. Flow cytometric analysis of apoptosis in SW1353 cells following puerarin treatment. (A) SW1353 cells were treated with different concentrations of
puerarin [(a) 0 xM, (b) 50 M, (c) 100 uM, (d) 150 uM, (e) 200 uM, (f) 250 uM) for 48 h. A flow cytometry assay was performed to determine the apoptosis rate,
and apoptotic cells (Annexin V*PI" and Annexin V*PI*) are presented. (B) Percentage of apoptotic cells. Data are presented as the mean + standard deviation
(n=4). "P<0.05, “P<0.01 and "“P<0.001, compared with the untreated control. PI, propidium iodide; FITC, fluorescein isothiocyanate.

Puerarin accelerates enzymatic activity of caspase-3 and
caspase-9. Next, the effect of puerarin on the enzymatic
activity of caspase-3 and -9 was investigated. The enzymatic
activity of caspase-3, an important marker of apoptosis (12),
was significantly increased in SW1353 cells following
puerarin stimulation in a dose-dependent manner (P<0.05,
P<0.01 and P<0.001 compared with the untreated control for
150, 200 and 250 uM, respectively; Fig. 3A). Additionally, the
enzymatic activity of caspase-9 in was significantly increased
in a dose-dependent manner (P<0.05, P<0.05 and P<0.01
compared with the untreated control for 150, 200 and 250 M,
respectively; Fig. 3B).

Effect of puerarin on the expression of apoptosis-associated
proteinin SW1353 cells.Next, the effect of puerarin on the expres-
sion of apoptosis-associated proteins was investigated. In line
with the Annexin V-FITC/PI staining results, puerarin treatment
significantly increased the ratio of Bax/Bcl-2 compared with the
untreated control (P<0.01, P<0.01, P<0.001 and P<0.001 for 100,

150, 200 and 250 M, respectively; Fig. 4A and B). In addition,
exposure of SW1353 cells to puerarin significantly increased
the expression of cleaved caspase-3 in a dose-dependent manner
compared with the untreated control (P<0.05, P<0.01, P<0.001
and P<0.001 for 100, 150,200 and 250 M, respectively; Fig. 4A
and B). The Bax/Bcl?2 ratio and expression of cleaved caspase-3
increased ~20 and ~4-fold following treatment with 200 xM
puerarin, respectively (Fig. 4B).

Puerarin suppresses the PI3K/Akt signaling pathway in
SWI353 cells. Changes in the P13K/Akt signaling pathway
were analyzed by western blotting in order to determine the
underlying molecular mechanisms of the effect of puerarin
on SW1353 cells. The expression level of p-Akt (Ser473), in
addition to the ratio of p-Akt/Akt was significantly decreased
in response to puerarin treatment compared with the untreated
control (P<0.05, P<0.01, P<0.001 and P<0.001 for 100, 150, 200,
250 uM, respectively; Fig. 5A); however, the P13K inhibitor
LY294002 significantly abrogated this effect (Fig. 5B).
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Figure 3. Effect of puerarin on the enzymatic activity of caspase-3 and caspase-9. SW1353 cells were treated with different concentrations of puerarin
(0-300 M) for 48 h. Enzymatic assay for (A) caspase-3 activity and (B) caspase-9 activity was analyzed. Data are presented as the mean + standard deviation

(n=4). "P<0.05, "P<0.01 and "“P<0.001, comparison with the untreated control.
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Figure 4. Puerarin regulates the expression of apoptosis-associated proteins in SW1353 cells. (A) Protein expression of Bax, Bcl-2 and cleaved caspase-3 in
SW1353 cells treated with different concentrations of puerarin (0-300 xM) for 48 h. (B) The relative protein expression was quantified and assessed. Data are
presented as the mean + standard deviation (n=4). “P<0.05 and “"P<0.001 compared with the untreated control; “P<0.05, #/P<0.01 and **P<0.001, compared
with the untreated control. Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein.

Next, SW1353 cells were treated with different signaling
inhibitors, including LY294002, PD98059, SP600125 and
SB203580 prior to treatment with puerarin. Notably, LY294002
abrogated the enzymatic activity of caspase-3 promoted by
puerarin, but not the extracellular signal-regulated kinase
inhibitor (PD98059), p38 mitogen-activated protein kinase
inhibitor (SB203580) or c-Jun N-terminal kinase inhibitor
(SP600125) (Fig. 6).

Discussion

Puerarin exhibits a variety of biological effects, including
anti-oxidant, anti-inflammatory and anti-apoptotic activi-
ties (13). In the present study, the antitumor activity of puerarin
against human chondrosarcoma was investigated, in addition
to its possible mechanisms of action, using SW1353 cells. The
results indicated that puerarin treatment induced apoptosis
in SW1353 cells via inhibition of the P13K/Akt signaling
pathway.

Previous studies have demonstrated that puerarin exerts
protective biological effects by suppressing cell apoptosis;
puerarin treatment blocked cell apoptosis induced by H,O, in
PC12 cells, which was associated with a reduction in c-Myc
expression, an increase in the Bcl-2/Bax ratio and the inhibi-
tion of caspase-3 activation (14). Another study reported that

puerarin exhibited a protective effect against the lipopolysac-
charide (LPS)-induced apoptosis of H9c2 cardiomyocytes by
reversing LPS-induced downregulation of Bax and upregula-
tion of Bcl-2 (15). In addition, puerarin afforded protection
against beta-amyloid-induced neurotoxicity by inhibiting
apoptosis in PC12 cells, which contributed to activation of the
PI3K-dependent signaling pathway in association with Akt
phosphorylation (16). Although anti-apoptotic mechanisms
have been demonstrated to be involved in the protective effect
of puerarin in the nervous and cardiovascular system (17,18), in
the present study, puerarin demonstrated antitumor effects by
reducing cell viability and inducing cell apoptosis in SW1353
cells, which may be important for the clinical treatment of
patients with cancer.

In colon cancer HT-29 cells, puerarin treatment regulated
the expression of apoptosis-associated proteins, including Bax,
Bcl-2 and caspase-3 (5). A previous study demonstrated that
the antitumor activity of puerarin 6'-O-xyloside on the human
lung carcinoma A549 cell line, which was one of the major
isoflavones of Porites lobata. The mechanisms were associ-
ated with increased levels of caspase-3, caspase-7, caspase-9
and Bax, and decreased levels of Bcl-2 (19). Combined with or
without 5-fluorouracil, puerarin induced significant prolifera-
tion suppression and apoptosis in Eca-109 esophageal cancer
cells in vitro and in vivo (20). In addition, puerarin inhibited
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Figure 5. Effect of puerarin on the expression of p-Akt (Ser473) in SW1353 cells. SW1353 cells were treated with different concentrations of puerarin
(0-300 uM) for 48 h. Protein expression of p-Akt and Akt were detected in the (A) presence or (B) absence of the phosphoinositide 3-kinase inhibitor
LY294002. The relative protein expression was quantiﬁed and assessed, respectively. A representative blot is presented for each experiment. Data are presented
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Figure 6. The phosphoinositide 3-kinase inhibitor LY294002 abolishes puerarin-induced apoptosis in SW1353 cells. SW1353 cells were pretreated with
different inhibitors including (A) LY294002, (B) PD98059, (C) SP600125 and (D) SB203580 for 1 h prior to puerarin treatment (200 #M), respectively.
Following 48 h incubation, the enzymatic assay for caspase-3 activity was analyzed. Data are presented as the mean + standard deviation (n=4). "P<0.05,

compared with the puerarin-only-treated group.

proliferation and induced apoptosis in U251 and U87 human
glioblastoma cell lines, and cell cycle arrest and DNA damage
may participate in the anticancer effects of puerarin (7).
In SMMC-7721 hepatocellular carcinoma cells, puerarin
suppressed cell viability and induced cell apoptosis (21). In
human breast cancer cell lines HS578T, MDA-MB-231 and
MCF-7, Puerariae radix isoflavones and their metabolites

reduced cell growth and induced cell apoptosis, suggesting that
puerariae may act as a chemotherapeutic agent against breast
cancer (9). In keeping with previous reports, the present study
demonstrated that puerarin significantly inhibits the prolifera-
tion of SW1353 cells in a time- and dose-dependent manner.
Additionally, the percentage of apoptotic cells and expression
of apoptosis-associated proteins were increased following
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puerarin treatment, suggesting that induction of apoptosis may
be the primary mechanism of the anti-proliferative effect of
puerarin in SW1353 cells.

Apoptosis, also known as programmed cell death, is charac-
terized by two classical pathways: The death receptor pathway
and the mitochondrial pathway (22). Caspase-9 is the initiating
protein in the caspase cascade, and caspase-3, a biomarker for
cell apoptosis, is activated by caspase-9 (23). In addition, Bax
and Bcl-2 are involved in the apoptotic process as pro-apoptotic
protein and anti-apoptotic proteins, respectively (24). The
results of the present study confirmed that apoptosis-associated
mechanisms participated in the suppressive effect of puerarin.
In the present study, puerarin significantly elevated the
enzymatic activity of caspase-3 and caspase-9. Furthermore,
puerarin treatment increased the Bax/Bcl-2 ratio and promoted
the expression of caspase-3 in SW1353 cells.

The molecular mechanisms underlying the effects of
puerarin pharmacological activities are complex, and different
studies led to different conclusions. A previous study demon-
strated that puerarin protected pancreatic f-cell survival via the
P13K/Akt signaling pathway (25). Neuroprotective effects of
puerarin against beta-amyloid-induced neurotoxicity in PC12
cells were associated with activation of the PI3K-dependent
signaling pathway (26). Puerarin retarded the progression of
cardiac hypertrophy and apoptosis, which may be mediated by
blockade of the P13K/Akt and JNK signaling pathways (27).
Conversely, puerarin demonstrated anti-proliferative and
pro-apoptotic effects by inhibiting the P13K/Akt/nuclear factor
k-B cells pathway in human mantle cell lines Z138 (6). In line
with this report, the results from the present study indicated that
puerarin inhibits activation of p-Akt, which was abrogated by
the P13K inhibitor LY294002, suggesting that the P13K/Akt
signaling pathway is involved in the anticancer effect of puerarin.
These differences observed in the effects of puerarin may be
attributed to different doses and treatment times of puerarin
used in different animal and cell models. Another reason may
be that these signaling pathways connect with each other to form
networks (28), therefore they may be influenced by each other.

In conclusion, the present study demonstrated that puerarin
treatment induced apoptosis in SW1353 cells via inhibition of
the P13K/Akt signaling pathway, which resulted in increased
expression of caspase-3 and a decreased Bcl-2/Bax ratio.
These findings suggested that puerarin may be a potential
option as a therapeutic drug for patients with chondrosarcoma.
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