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Abstract

Purpose Chondrosarcoma is a soft tissue sarcoma with a
poor prognosis that is unresponsive to conventional che-
motherapy. The regulatory mechanisms for the rapid pro-
liferation of chondrosarcoma cells and the particular
aggressiveness of this sarcoma remain poorly understood.
In this study, we investigate the effect of epigallocatechin-
3-gallate (EGCG) on growth and apoptosis of chondro-
sarcoma cells.

Methods The chondrosarcoma cell lines, SW1353 and
CRL-7891, were cultured with and without EGCG. The
MTT assay was used to test the cytotoxicity of EGCG.
Flow cytometry and DAPI staining were used to observe
cell apoptosis caused by EGCG. To explore the effect of
EGCG on the Indian Hedgehog signaling pathway and
apoptosis-related proteins, RT-PCR and Western blotting
were used to detect the expression of PTCH and Gli-1 in
the Indian Hedgehog signaling pathway. Meanwhile,
expression of Bcl-2, Bax, and caspase-3 were also evalu-
ated by Western blot analysis.

Results EGCG effectively inhibited cellular proliferation
and induced apoptosis of SW1353 and CRL-7891. EGCG
inhibited the human Indian Hedgehog pathway, down-
regulated PTCH and Gli-1 levels, and induced apoptosis as
confirmed by DAPI staining followed by flow cytometry.

G.-Q. Tang - T.-Q. Yan (<)) - W. Guo - T.-T. Ren -

C.-L. Peng - H. Zhao - X.-C. Lu - F.-L. Zhao

Musculoskeletal Tumor Center, Peking University People’s
Hospital, No. 11 Xizhimen South Street, 100044 Beijing, China
e-mail: yantqzh@163.com; tgq2002.4@163.com

X. Han
Department of Orthopaedic, Peking University Third Hospital,
100044 Beijing, China

Protein expression levels of caspase-3 were unchanged in
response to EGCG treatment in chondrosarcoma cells;
however, the expression levels of Bcl-2 were significantly
decreased and the levels of Bax were significantly
increased.

Conclusions Our findings demonstrate that EGCG is
effective for growth inhibition of a chondrosarcoma cell
lines in vitro, and suggest that EGCG may be a new ther-
apeutic option for patients with chondrosarcoma.
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Introduction

Over the past several decades, long-term survival of
malignant primary bone tumors such as osteosarcoma and
Ewing’s sarcoma has dramatically increased with the
advent of systemic chemotherapy (Riedel et al. 2009),
whereas chondrosarcoma, the second most frequent
malignant primary bone tumor in humans, continues to
have a poor prognosis because it is resistant to both ion-
izing radiation and chemotherapy (Katoh and Katoh 2006).
To date, the only curative therapy is surgical resection at an
early stage of the tumor, before the tumor has metastasized
(Lee et al. 1999; Fiorenza et al. 2002).

Recently, evidence has accumulated that the human
Indian Hedgehog (hIHH) pathway may be a promising
target for cancer therapy. The hIHH pathway is associated
with tumor development and progression (Benoist-Lasselin
et al. 2006). The mammalian hedgehog family of genes, the
transmembrane protein Patched (PTCH), and the GLI
transcription factors are overexpressed in chondrosarco-
mas, and are hypothesized to contribute to the malignant
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potential of this tumor (Ruiz i Altaba et al. 2002). Since the
hIHH pathway is over-expressed in the majority of patients
with chondrosarcomas, treatment with hIHH pathway
inhibitors may represent an appropriate alternate therapy
for these patients.

Green tea is one of the most widely consumed beverages
in the world (Graham 1992). The beneficial effects of green
tea are well-known, including cancer preventive activity
and other medical applications (Lambert and Yang 2003;
Fujiki 2005). (-)-Epigallocatechin-3-gallate (EGCG), a
major polyphenolic component in green tea, has shown
numerous health-promoting effects including a decrease in
the risk of developing various cancers and cardiovascular
diseases. It is also reported that it inhibits multiple com-
ponents of several downstream signaling pathways
(Shimizu and Weinstein 2005; Hou et al. 2004). Islam
reported that EGCG inhibited the growth of the chondro-
sarcoma cells (Islam et al. 2000). However, the antitumor
effect of EGCG on chondrosarcoma cells has not been well
investigated, which impelled us to investigate whether
EGCG could target the hI[HH pathway and inhibit cell
growth. In this study, we report our findings on the ability
of EGCG to inhibit cell growth and the hIHH pathway in
SW1353 and CRL-7891 cell lines in vitro.

Materials and methods
Cell and reagents

Two chondrosarcoma cell lines was used. SW1353 and
CRL-7891 were obtained from American Type Cell Col-
lection (Manassas, VA, USA). The SW1353 cells were
cultured in L-15 medium containing 10% fetal bovine
serum and 1% antibiotics—antimycotics (Invitrogen), and
incubated in a non-CO, humidified atmosphere at 37°C.
The CRL-7891 cells were cultured in Dulbecco’s modified
Eagle medium (DMEM) supplemented with 10% FBS, and
incubated in a 5% CO, humidified atmosphere at 37°C.
Anti-PTCH, anti-Gli-1, anti-BAX, anti-BCL-2, anti-cas-
pase-3, and anti-actin antibodies were purchased from
Santa Cruz Biotechnology. EGCG (more than 98% purity)
was purchased from Sigma. Chemicals were dissolved in
dimethyl sulfoxide (DMSO) and kept at —20°C until just
before use.

Cytotoxicity test

The cytotoxicity of EGCG was investigated using a 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyl-2H-tetrazolium bro-
mide (MTT) assay. The cells were suspended in 0.2 ml of
medium at a concentration of 1 x 10° ml™" in 96-well
plates. After 24 h incubation, 0.2 ml of medium containing
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different concentrations of EGCG was added to the cells,
followed by another 24 h incubation. To evaluate the cell
viability, 20 ul MTT solution (5 mg/ml in medium) was
added to the cultured cells, which were further incubated
for 4 h at 37°C. After removing the remaining medium,
150 Wl DMSO was added to each well to solubilize the
precipitate. The resulting color intensity, which is propor-
tional to the number of viable cells, was measured at
490 nm using a microplate reader (Versa Max, Molecular
Devices Co., CA, USA).

Apoptosis assay

Cells with morphological changes indicative of cell death
by apoptosis were identified and quantified by fluores-
cence microscopy after staining with 4,6-diamidino-2-
phenylindole (DAPI). Fluorescence was visualized using a
Nikon Eclipse TE300 inverted fluorescence microscope
(Nikon Corp., Tokyo, Japan). Apoptotic nuclei were identified
by condensed chromatin as well as nuclear fragmentation.

Apoptosis analysis by flow cytometer

Apoptotic cells were measured with annexin V/FITC kit
(BD Biosciences, USA) according to the manufacturer’s
instructions and analyzed by flow cytometry after com-
pound treatment. Briefly, 1 x 10° cells were collected,
washed three times with 4°C pre-cooled PBS, then the cells
were resuspended in 300 pl of binding buffer. Five
microliters of annexin V-FITC solution and PI (1 pg/ml)
were added to these cells at 37°C for 15 min in the dark.
Then, 200 pl binding buffer was added again. Using flow
cytometry (FACS) to detect apoptosis through channels
two and three, 10,000 cells were evaluated.

RNA extraction and RT-PCR analysis

SW1353 and CRL-7891 cells were cultured in medium
containing different concentrations of EGCG (0, 1, 2, or
4 uM). After 24 h, total RNA was isolated from cells using
TRIZOL reagent (Invitrogen, US) according to the manu-
facturer’s instructions. The cDNA was amplified from 1 pg
of total RNA using SuperScript one-step RT-PCR with the
platinum Tag system (Invitrogen). The primers used for
amplification of PTCH, Gli-1, and GAPDH transcripts
were as follows: PTCH forward, 5'-CCC AAG CAA ATG
TAC GAG CAC-3'; PTCH reverse, 5-TGC GAC ACT
CTG ATG AAC CAC-3; Gli-1 forward, 5-GAA CCC
TTG GAA GGT GAT ATG TC-3'; and Gli-1 reverse,
5-GGC AGT CAG TTT CAT ACA CAG AT-3'; GAPDH
forward, 5-GAA GGT CGG AGT CAA CGG ATT T-3/;
and GAPDH reverse 5-ATG GGT GGA ATC ATA TTG
GAA C-3'. The reactions were performed in a 96-well
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optical plate (Applied Biosystems) at 94°C for 2 min,
followed by 38 cycles of 94°C for 45 s, 56°C for 45 s, and
72°C for 40 s.

Western blotting analysis

The procedure for Western blotting analysis is briefly
described below. After treating with different concentra-
tions of EGCG (0, 1, 2, or 4 uM) for 24 h, Chondrosar-
coma cells were washed twice with ice-cold PBS, collected
in RIPA lysis buffer (20 mM Tris—HCI, 150 mM NaCl, 1%
NP-40, 5 mM EDTA, and 1 mM NazVO,, pH 7.5) sup-
plemented with a protease inhibitor mixture (Sigma-
Aldrich, St. Louis, MO), and incubated on ice for 30 min.
Afterward, the cell lysate was centrifuged at 12,000 rpm
for 15 min, and the supernatant was recovered. The protein
concentration was determined with BCA Protein Assay
Reagents (Pierce, Rockford, IL). Equal amounts of total
protein were subjected to SDS-PAGE, transferred to PVDF
membranes (BioRad, Richmond, CA), then probed with the
appropriate antibodies.

Statistical analysis

Data are shown as mean £ SD. Student’s test or one-way
analysis of variance (ANOVA) was used for statistical
analyses. A value of P < 0.05 was considered statistically
significant.

Results

Affects of EGCG on SW1353 and CRL-7891 cell
growth and proliferation

The growth suppressive effect of EGCG on the human
chondrosarcoma cell lines, SW1353 and CRL-7891 were
evaluated using the MTT assay. After 24 h exposure to
different concentrations of EGCG, the proliferation of
SW1353 and CRL-7891 was dramatically decreased in a
dose-dependent manner, as shown in Fig. 1. The concen-
tration required to inhibit growth of SW1353 and cells by
50% (IC50) was 1.8 and 2.4 uM after 24 h of incubation.

Induction of apoptosis by EGCG in SW1353
and CRL-7891

To determine whether EGCG can induce apoptosis of
human chondrosarcoma cells, we examined EGCG-
induced nuclear fragmentation. Cells were treated with O,
1, 2, or 4 uM EGCG for 24 h then nuclei of the cells were
stained with DAPI. Control cells exhibited intact nuclei,
but EGCG-treated cells showed significant nuclear
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Fig. 1 Growth suppression effect of EGCG in chondrosarcoma cell
lines. Cells were incubated with O, 1, 2 and 4 uM of EGCG for 24 h.
The experiments were performed at least three times and data are
presented as mean £+ SD (*¥*P < 0.05 and **P < 0.01)

fragmentation (Fig. 2), which is a typical marker of
apoptosis. The induction of apoptotic cell death was
accompanied by characteristic morphological and struc-
tural changes, including a condensed and fragmented
nuclear structure and decreased cell size.

To further confirm whether EGCG could induce apop-
tosis of chondrosarcoma cells, apoptotic death assays were
done by employing annexin V/PI staining followed by
FACS analysis. As shown in Fig. 3, EGCG can induce
apoptosis of human chondrosarcomas in a dose-dependent
manner. It is important to mention here that in this assay,
double-negative (unstained) cells show uniform viability
(marked as LL in Fig. 3), annexin V-positive and PI-neg-
ative stained cells show early apoptosis (marked as LR in
Fig. 3), annexin V/PI double-stained cells show late apop-
tosis (marked as UR in Fig. 3), and finally, PI-positive and
annexin V-negative stained cells account for apoptosis
(marked as UL in Fig. 3). As evidenced in representative
FACS analysis scatter-grams, annexin V/PI staining of
control cells showed a large viable cell population with
some staining for early apoptotic, late apoptotic, and dead
cells (Fig. 3). However, treatment of cells with EGCG at
4 uM doses for 24 h resulted in a strong shift from live cells
to a selectively early and late apoptotic cell population,
without a considerable change in the dead cell population.

Effect of EGCG on the levels of the pro-apoptotic
protein Bax, anti-apoptotic protein Bcl-2,

and apoptosis-related protein Caspase-3

The anti-apoptotic proteins are associated with the inhibi-
tion of apoptosis and cell survival mechanisms. Bax is a
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Fig. 2 Nuclear fragmentation was induced by EGCG treatment in
SW1353 and CRL-7891 cell lines. Cells were treated with 0, 1, 2
and 4 pM of EGCG for 24 h and stained with 4,6-diamidino-2-

pro-apoptotic protein, and the increased expression of this
protein is often associated with increased apoptosis in
target cells (Yip and Reed 2008). Because cell death
decisions are tightly regulated by the balance between
proapoptotic (e.g., Bax) and antiapoptotic (e.g., Bcl-2)
proteins, attempts were made to determine what effects
exposure to EGCG might have on such proteins. As shown
in Fig. 4, EGCG treatment of chondrosarcoma cells for
24 h had little or no effect on the expression of Caspase-3.
However, treatment of SW1353 cells with EGCG resulted
in a significant down-regulation of Bcl-2 and a significant
up-regulation of Bax.

EGCG inhibits the hIHH pathway in SW1353
and CRL-7891 cells

The hIHH pathway has an important role in cancer cell
proliferation. Therefore, we evaluated the effect of EGCG
on proteins in the hIHH pathway by RT-PCR and Western
blotting (Fig. 5). We compared these genes and proteins in
cells treated with various concentrations of EGCG for 24 h.
The results of RT-PCR showed that EGCG treatment
inhibited Ptch and Gli-1 mRNA expression in chondro-
sarcoma cells in a dose-dependent manner. The pattern of
protein expression of PTCH and Gli-1 correlated well with
their respective mRNA levels. These results were consis-
tent with growth suppression caused by EGCG-treatment.

Discussion

Chondrosarcomas represent a heterogeneous group of
neoplasms ranging from indolent, low-grade tumors to
aggressive, high-grade forms. Although surgery and radia-
tion therapy have achieved excellent local control, the
treatment of advanced, metastatic disease is still ineffective.
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phenylindole (DAPI). Cellular morphological changes were observed
using a fluorescence microscope at the magnitude of x600 (arrows
indicate apoptotic cells)

These tumors are largely unaffected by systemic chemo-
therapy. Thus, there is universal agreement that novel
approaches are desperately needed (Damron et al. 2007).

The hIHH pathway is overexpressed in chondrosarco-
mas. During bone development, the IHH pathway plays an
important role in chondrocyte proliferation, differentiation,
and normal longitudinal bone development (Machold et al.
2003; Ingham and McMahon 2001). Hedgehog (HH)
activates GLI-mediated transcription through the trans-
membrane proteins patched (PTCH) and smoothened
(SMO). Activation of GLI transcription factors results in
transcriptional repression. GLI-mediated transcriptional
activation results in the up-regulation of target genes
including the transmembrane protein PTCH-1 and the
transcription factor GLI-1 (Lum and Beachy 2004). It has
been reported that over-expression of this pathway is
highly associated with tumor development and progression
in several types of human cancers including lung (Ruiz i
Altaba et al. 2002), human glioma (Kinzler et al. 1981),
biliary (Lauth and Toftgard 2007), and breast cancers
(Zhao et al. 2010). In addition, high expression of the
Hedgehog target genes PTCH-1 and GLI-1 has been
reported in chondrosarcoma cells (Tiet et al. 2006).
Treatment of chondrosarcoma organ cultures with
Hedgehog protein increased the cell proliferation rate,
whereas the addition of chemical inhibitors of Hedgehog
signaling decreased the proliferation rate (Kronenberg
et al. 1997; Tiet et al. 2006). Therefore, targeting the
hIHH pathway is a promising strategy for the treatment of
chondrosarcomas.

EGCG, a major polyphenolic component in green tea,
has shown numerous health-promoting effects including a
reduction in the risk of developing various cancers, and
inhibits several downstream signaling molecules in multi-
ple signaling pathways. However, the effects of EGCG on
chondrosarcoma have not been clearly elucidated.
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Fig. 3 EGCG caused apoptotic death in SW1353 (a, ¢) and CRL-
7891 (b, d) cells. Following 24 h of cell treatments with EGCG
detailed in “Materials and methods”. In brief, cells were collected
and stained with Annexin V/PI followed by FACS analysis.
Representative FACS analysis scatter-grams of Annexin V/PI stained
0, 1, 2 and 4 uM EGCG treatment showed four different cell

Fig. 4 Changes in the
expression of apoptosis-related
proteins in response to treatment
with EGCG. SW1353 and CRL-
7891 cells were treated with O,
1, 2 and 4 pM of EGCG for
24 h. Cell extracts were
subjected to Western blotting to
determine levels of apoptosis-
related proteins as described in
“Materials and methods”
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populations marked as: double-negative (unstained) cells showing
live cell population (LL, lower left), Annexin V-positive and PI-
negative stained cells showing early apoptosis (LR, lower right),
Annexin V/PI double-stained cells showing late apoptosis (UR, upper
right), and finally PI positive and Annexin V-negative stained cells
showing dead cells (UL, upper left). (*P < 0.05 and **P < 0.01)
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Fig. 5 Changes in the
expression of PTCH and Glil

SW1353 cells

A EGCG (uM)
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EGCG (}lM)

genes expression and proteins
levels in response to treatment
with EGCG. a and b
Expressions of PTCH and Glil
genes were examined by RT-
PCR. PTCH and Glil genes
were decreased in a dose-
dependent manner. ¢ and d
Decrease of PTCH and Glil GAPDH
protein levels were confirmed
by Western blot. The pattern of
protein expression for PTCH

PTCH

Glil

C EGCG (M) D
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and Glil was correlated well
with their respective mRNA

PTCH

In the present study, we first examined the hIHH path-
way in SW1353 cells after EGCG treatment. Interestingly,
EGCG inhibited the hI[HH pathway in a concentration-
dependent fashion in SW1353. The IHH pathway has been
implicated in a wide variety of processes in cancer cells,
including the regulation of cell proliferation and survival.
Therefore, we hypothesized that the inhibition of activation
of the hIHH pathway after exposure to EGCG might lead to
the suppression of tumor cell growth and induce apoptosis.
To test this hypothesis, the effect of EGCG on cell pro-
liferation was measured by MTT (24 h) assay. The result
showed that EGCG inhibited SW1353 cell growth in a
dose-dependent manner. To observe the possible effect of
EGCG on cell apoptosis, we performed experiments to test
for apoptosis using flow cytometry and DAPI staining.
Significant induction of apoptosis was found in SW1353
cell lines.

The Bcl-2 protein family plays a central role in the
control of apoptosis (Merry and Korsmeyer 1997; Adams
and Cory 1998). Bcl-2, a 52 kDa protein, is the prototype
of this family and inhibits the induction of apoptosis,
whereas Bax is pro-apoptotic. High concentrations of Bcl-2
affect the susceptibility of a cell to the induction of
apoptosis by altering the ratio of death promoters to sup-
pressors, providing tumor cells with a survival advantage,
and permitting the expansion of transformed cells harbor-
ing mutations within their genome (Peng et al. 2009). In
our study, we detected the expression of caspase-3, Bax,
and Bcl-2. Islam reported that EGCG could affect caspase-
3 in the chondrosarcoma cell line, HTB-94. In our study,
there was no obvious change in caspase-3. We believe the
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reason was that the concentrations of EGCG we used were
much lower than theirs. However, treatment of chondro-
sarcoma cells with EGCG resulted in a significant down-
regulation of Bcl-2 and a significant up-regulation of Bax.
A higher Bax/Bcl-2 ratio was observed following EGCG
treatment. These results suggest that Bcl-2 and Bax are
crucial proteins in EGCG-induced apoptosis.

In most advanced malignancies, cancer cells become
resistant to apoptosis and do not respond to the cytotoxic
of most chemotherapeutic agents currently available
(Molinari 2000). Thus, the development of compounds
such as EGCG that could induce apoptosis in chondrosar-
coma cells could be worthwhile as potential chemothera-
peutic agents. In this study, we demonstrated that EGCG
could inhibit the hIHH pathway, induce apoptosis, and
suppress proliferation of a human chondrosarcoma cell
line. In summary, we demonstrate that EGCG has strong
antitumor activity against SW1353 cells in vitro. Our
results indicate that EGCG may be a promising therapeutic
intervention in the treatment of chondrosarcoma.

Acknowledgments This work Supported by Peking University
People’s Hospital Research and Development Funds (RDN2007-15).

Conflict of interest statement We declare that we have no conflict
of interest.

References

Adams JM, Cory S (1998) The Bcl-2 protein family: arbiters of cell
survival. Science 281:1322-1326



J Cancer Res Clin Oncol (2010) 136:1179-1185

1185

Benoist-Lasselin C, De Margerie E, Gibbs L et al (2006) Defective
chondrocyte proliferation and differentiation in osteochondro-
mas of MHE patients. Bone 39:17-26. doi:10.1016/j.bone.2005.
12.003

Damron TA, Ward WG, Stewart A et al (2007) Osteosarcoma,
chondrosarcoma, and Ewing’s sarcoma: National Cancer Data
Base Report. Clin Orthop Relat Res 459:40-47. doi:10.1097/
BLO.0b013e318059b8c9

Fiorenza F, Abudu A, Grimer RJ et al (2002) Risk factors for survival
and local control in chondrosarcoma of bone. J Bone Joint Surg
Br 84:93-99

Fujiki H (2005) Green tea: Health benefits as cancer preventive for
humans. Chem Rec 5:119-132

Graham HN (1992) Green tea composition, consumption, and
polyphenol chemistry. Prev Med 21:334-350

Hou Z, Lambert JD, Chin KV, Yang CS (2004) Effects of tea
polyphenols on signal transduction pathways related to cancer
chemoprevention. Mutat Res 555:3-19. doi: 10.1016/j.mrfmmm.
2004.06.040

Ingham PW, McMahon AP (2001) Hedgehog signaling in animal
development: paradigms and principles. Genes Dev 15:3059—
3087. doi:10.1101/gad.938601

Islam S, Islam N, Kermode T et al (2000) Involvement of caspase-3 in
epigallocatechin-3-gallate-mediated apoptosis of human chon-
drosarcoma cells. Biochem Biophys Res Commun 21(270):793—
797. doi:10.1006/bbrc.2000.2536

Katoh Y, Katoh M (2006) Hedgehog signaling pathway and
gastrointestinal stem cell signaling network. Int J Mol Med
18:1019-1023

Kinzler KW, Bigner SH, Bigner DD et al (1981) Identification of an
amplified highly expressed gene in a human glioma. Science
236:70-73

Kronenberg HM, Lee K, Lanske B et al (1997) Parathyroid hormone-
related protein and Indian Hedgehog control the pace of cartilage
differentiation. J Endocrinol 154:S39-S45

Lambert JD, Yang CS (2003) Mechanisms of cancer prevention by
tea constituents. J Nutr 133:3262S-3267S

Lauth M, Toftgard R (2007) Non-canonical activation of GLI
transcription factors: implications for targeted anti-cancer ther-
apy. Cell Cycle 6:2458-2463

Lee FY, Mankin HJ, Fondren G et al (1999) Chondrosarcoma of
bone: an assessment of outcome. J Bone Joint Surg Am 81:326—
338

Lum L, Beachy PA (2004) The hedgehog response network: sensors,
switches, and routers. Science 304:1755-1759

Machold R, Hayashi S, Rutlin M et al (2003) Sonic hedgehog is
required for progenitor cell maintenance in telencephalic stem
cell niches. Neuron 39:937-950

Merry DE, Korsmeyer SJ (1997) Bcl-2 gene family in the nervous
system. Annu Rev Neurosci 20:245-267

Molinari M (2000) Cell cycle checkpoints and their inactivation in
human cancer. Cell Prolif 33:261-274

Peng CL, Guo W, Ji T et al (2009) Sorafenib induces growth
inhibition and apoptosis in human synovial sarcoma cells via
inhibiting the RAF/MEK/ERK signaling pathway. Cancer Biol
Ther 8:1729-1736

Riedel RF, Larrier N, Dodd L et al (2009) The clinical management of
chondrosarcoma. Curr Treat Options Oncol 10:94-106

Ruiz i Altaba A, Sanchez P, Dahmane N et al (2002) Gli and
hedgehog in cancer: tumours, embryos, and stem cells. Nat Rev
Cancer 2:361-372

Shimizu M, Weinstein IB (2005) Modulation of signal transduction
by tea catechins and related phytochemicals. Mutat Res
591:147-160. doi:10.1016/j.mrfmmm.2005.04.010

Tiet TD, Hopyan S, Nadesan P et al (2006) Constitutive Hedgehog
signaling in chondrosarcoma up-regulates tumor cell prolifera-
tion. Am J Pathol 168:321-330. doi:10.2353/ajpath.2006.050001

Yip KW, Reed JC (2008) Bcl-2 family proteins and cancer. Oncogene
27:6398-6406. doi:10.1038/0nc.2008.307

Zhao JY, Chen G, Cao D et al (2010) Expression of Glil correlates
with the transition of breast cancer cells to estrogen-independent
growth. Breast Cancer Res Treat 119:39-51. doi:10.1007/
$10549-009-0323-3

@ Springer


http://dx.doi.org/10.1016/j.bone.2005.12.003
http://dx.doi.org/10.1016/j.bone.2005.12.003
http://dx.doi.org/10.1097/BLO.0b013e318059b8c9
http://dx.doi.org/10.1097/BLO.0b013e318059b8c9
http://dx.doi.org/10.1016/j.mrfmmm.2004.06.040
http://dx.doi.org/10.1016/j.mrfmmm.2004.06.040
http://dx.doi.org/10.1101/gad.938601
http://dx.doi.org/10.1006/bbrc.2000.2536
http://dx.doi.org/10.1016/j.mrfmmm.2005.04.010
http://dx.doi.org/10.2353/ajpath.2006.050001
http://dx.doi.org/10.1038/onc.2008.307
http://dx.doi.org/10.1007/s10549-009-0323-3
http://dx.doi.org/10.1007/s10549-009-0323-3

	(minus)-Epigallocatechin-3-gallate induces apoptosis and suppresses proliferation by inhibiting the human Indian Hedgehog pathway in human chondrosarcoma cells
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Cell and reagents
	Cytotoxicity test
	Apoptosis assay
	Apoptosis analysis by flow cytometer
	RNA extraction and RT-PCR analysis
	Western blotting analysis
	Statistical analysis

	Results
	Affects of EGCG on SW1353 and CRL-7891 cell growth and proliferation
	Induction of apoptosis by EGCG in SW1353  and CRL-7891
	Effect of EGCG on the levels of the pro-apoptotic protein Bax, anti-apoptotic protein Bcl-2,  and apoptosis-related protein Caspase-3
	EGCG inhibits the hIHH pathway in SW1353  and CRL-7891 cells

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


