
Abstract. Background: Chondrosarcoma is refractory to
conventional chemotherapy. BH-3 mimetics ABT-737 and ABT-
263 are synthetic small-molecule inhibitors of anti-apoptotic
proteins B-cell lymphoma-2 (Bcl2) and Bcl-xL, which play a
critical role in survival of chondrosarcoma cells. Materials and
Methods: Chondrosarcoma cell lines SW-1353 and CS-1 were
used as the disease model. We used immunoblotting to assess
the expression of target molecules Bcl2 and Bcl-xL, and the
apoptotic inducers Bcl2-associated X (Bax) and Bcl2-
antagonist/killer (Bak). In vitro growth inhibition by BH-3
mimetics was confirmed by photomicroscopic cell counting and
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium, inner salt (MTS) assay. Apoptotic
induction was confirmed by Enzyme-Linked ImmunoSorbent
Assay (ELISA). In vivo growth inhibition was assessed in a
non-obese diabetic/severe combined immunodeficient
(NOD/SCID) mouse model. Results: Expression of the target
and effector molecules was confirmed in chondrosarcoma cell
lines. BH3 mimetics significantly inhibited cell growth and
induced apoptosis in vitro. Administration of ABT-263 inhibited
chondrosarcoma growth and improved survival in a mouse
model. Conclusion: BH3 mimetics represent a novel treatment
modality for chondrosarcoma.

Chondrosarcoma is the second most common primary
malignant bone tumor characterized by cartilage formation.
It is refractory to conventional chemotherapy and
radiotherapy, and the only way to control disease progression
is through surgical resection with adequate margins (1).
Cases with systemic dissemination or with tumors located

adjacent to unresectable vital organs are clinically-
challenging and there is a great need for novel therapeutic
modalities to control disease progression. 

Apoptosis is a mechanism of controlled cell deletion,
which plays a complementary but opposite role to mitosis in
the regulation of animal cell populations (2). In several cell
types, including cancer, apoptosis is regulated by interactions
between members of the B-cell lymphoma-2 (Bcl2) protein
family, which represents α-helical proteins that carry
conserved Bcl2 homology (BH) domains and can function as
pro-survival or pro-apoptotic molecules (3). Pro-survival
molecules Bcl2, Bcl-xL, and myeloid cell leukemia 1 (Mcl1)
regulate apoptosis in cancer cells (4). The pro-apoptotic
members of the family can be sub-divided into two
functionally and structurally distinct classes; Bcl2-associated
X (Bax)/Bcl2-antagonist/killer (Bak) and the BH3-only
proteins. The latter, including Bcl2 interacting mediator of
cell death (Bim), p53 up-regulated modulator of apoptosis
(Puma), BH3 interacting domain death agonist (Bid), Bcl2-
associated agonist of cell death (Bad), Bcl2-interacting killer
(Bik), Bcl2 modifying factor (Bmf), harakiri (Hrk), and
Noxa, share only the BH3 region of homology and serve as
upstream sentinels, becoming activated in response to
various forms of cellular stress, whereas the former contain
several BH domains (BH1, BH2 and BH3) and are required
downstream of BH3-only proteins to induce apoptosis (3).

The Bcl2 family of proteins function in the establishment
and progression of chondrosarcoma. In contrast to
osteochondroma, a benign counterpart of chondrosarcoma,
Bcl2 is overexpressed and the expression level increases with
progression of histological grade in chondrosarcoma (5, 6).
Altered expression of Bcl-xL and Mcl1 is closely associated
with growth inhibition of chondrosarcoma cell lines via
down-regulation of phospho-mitogen-activated protein
kinase/extracellular signal-regulated kinase kinase (MEK)
and phospho-extracellular signal-regulated kinase (ERK) (7).
Thus, the Bcl2 family might be promising therapeutic targets
in chondrosarcoma. 
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ABT-737 is a synthetic small-molecule inhibitor produced
by Nuclear Magnetic Resonance-guided, structure-based drug
design; it binds to Bcl2, Bcl-xL, and Bcl-W with high affinity
but binds weakly to other anti-apoptotic Bcl2 family
members, including Mcl1 and Bcl-2 fetal liver (Bfl)1 (8).
This small molecule disrupts Bcl2–Bax heterodimerization
and induces a conformational change in Bax, thereby
inducing apoptosis and enhancing chemotherapeutic efficacy
in many kinds of cancer cells (9, 10). ABT-263, a second-
generation orally-bioavailable BH3 mimetic, is similar to
ABT-737 in its capacity to inhibit cancer progression (4). In
a previous study, the possibility for enhancement of
conventional chemotherapy effect by ABT-737 on
chondrosarcoma was shown (11) but ABT-263 has not been
explored in this context. In addition, no in vivo model of
chondrosarcoma as a target of BH3 mimetics has been
studied. In the present study, we demonstrated the in vitro and
in vivo effects of ABT-737 and ABT-263 on chondrosarcoma
cell growth in order to develop a novel treatment model of
adjuvant therapy targeting the Bcl2 family.

Materials and Methods 

Cell lines and reagents. The chondrosarcoma cell line CS-1 was
derived from a 62-year-old male with metastatic chondrosarcoma
(12). The patient had no previous exposure to radiation or
chemotherapy. mRNA for type II collagen and annual cytogenetic
analysis was performed. The cells were cultured in RPMI-1640 with
10% fetal bovine serum (FBS) in a humidified atmosphere of 5%
CO2. The human chondrosarcoma cell line SW 1353 was obtained
from the American type culture collection (ATCC) (Manassas, VA,
USA) and cultured in Dulbecco’s modified Eagle’s medium
(DMEM) with 10% FBS in a humidified atmosphere of 5% CO2.
ABT-263 and ABT-737 were purchased from SelleckBio (Houston,
TX, USA).

Growth curve. Cells (1×104/well) were seeded into 6-well plates.
After overnight incubation, the BH-3 mimetics (0-30 μM) were
added and cell proliferation was evaluated on culture days 1-4 by
photomicroscopic cell counting in a low-power field.

Cell proliferation. Cell proliferation was monitored by 3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium, inner salt (MTS) assay as described in
a previous study, with modifications (13). Cells were seeded in 96-
well plates at 3,000 cells/well and treated with test reagents after
24-h incubation. After 72 h, the viable cells were detected by
spectrophotometric CellTiter 96 aqueous cell proliferation assay
(Promega, Madison, WI, USA).

Immunoblotting. Cell lysates (10 μg protein/sample) were resolved
by 5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and transferred to a polyvinylidene difluoride membrane.
Immunoblotting was performed with an affinity-purified monoclonal
antibody against Bcl2 (sc-7382) and Bcl-xL (sc-8392; Santa Cruz
Biotechnology, Santa Cruz, CA, USA); Mcl-1 (#4572), Bax
(#5023), Bak (#3814), Bad (#9239), Bim (#2933), and Bid (#2002;

Cell Signaling Technology, Danvers, MA, USA), and beta-actin
(M177-3; Medical & Biological Laboratories, Nagoya, Japan). The
blot was incubated with horseradish peroxidase (HRP)-conjugated
immunoglobulin G (IgG) and HRP-linked secondary antibody (Cell
Signaling Technology), and fluorescence detection was performed
using LumiGLO peroxidase chemiluminescent substrate kit (KPL,
Gaithersburg, MD, USA).

Detection of apoptosis by Enzyme-Linked ImmunoSorbent Assay
(ELISA). ELISA was used for apoptosis detection as described
previously (13). In brief, cells were seeded in 96-well plates at 3,000
cells/well and incubated for 24 h. After washing twice with
phosphate-buffered saline (PBS), medium containing test agents was
added. After 48 h incubation, apoptosis was detected by
ApoStrand™ ELISA Apoptosis Detection (Enzo Life Sciences
International, Inc., Plymouth Meeting, PA, USA).

In vivo anti-chondrosarcoma activity of BH3 mimetics. Animal
studies were performed according to the guidelines of the
Institutional Review Board for Animal Studies of Kyorin University.
To generate a murine tumor model, 5×106 SW1353 cells in 0.2 ml
50% Matrigel (BD Biosciences, Bedford, MA, USA) were injected
subcutaneously into the right limb of 10 4-week-old male non-obese
diabetic/severe combined immunodeficient (NOD/SCID) mice (The
Jackson Laboratory, Bar Harbor, ME, USA). The mice were ear-
tagged and individually monitored as described elsewhere (4,14),
with modification. One week after injection, the subcutaneous tumor
size had reached a diameter of approximately 4 mm, and five mice
were treated with two 5-day courses of intraperitoneal (i.p.)
injections of 50 mg/kg ABT-263 (i.e. injections on days 8-12 and
18-22). The 5-day interval was established to permit platelet
recovery (15, 16). The five remaining mice received 200 μl/day PBS
via i.p. injection. The tumor mass was measured weekly, with
volumes calculated as follows: length × width2 × π/6 (14). Mice
were sacrificed when they became moribund, unable to obtain food
or water, lost >20% of their body weight, or tumor volume reached
more than 4000 mm3.

Statistical analysis. All data are expressed as the mean±SD. Inter-
group differences were analyzed by Mann–Whitney U-test. Survival
curves were drawn using the Kaplan–Meier method and compared
with the log-rank test. A value of p<0.05 was considered
statistically significant.

Results

To understand the potential therapeutic efficacy of BH3
mimetics in chondrosarcoma, we studied the protein
expression of the Bcl2 family, including anti-apoptotic BH3
targets Bcl2 and Bcl-xL and pro-apoptotic BH3 effectors
Bax and Bak (9, 17). As shown in Figure 1, expression of
Bcl2, Bcl-xL, Mcl1, Bax, Bak, Bim, and Bid was confirmed
(Figure 1), but expression of Bad was not detected (data not
shown). These data suggest that the anti-apoptotic proteins
Bcl2 and Bcl-xL may play a role in the survival of these
chondrosarcoma cell lines.

Based on the findings regarding the balanced expression
of Bcl2 proteins and apoptosis regulators, we speculated that
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BH3 mimetics might regulate chondrosarcoma cell growth,
and the effect of BH3 mimetics on in vitro cell growth was
analyzed. Indeed in both photomicroscopic cell counting
analysis and MTS assays, treatment with different
concentrations of ABT-263 and ABT-737 inhibited
chondrosarcoma cell growth in a dose- and a time-dependent
manner (Figure 2, and Figure 3 A-D).

The effects of BH3 mimetics were reported to be through
induction of apoptosis (9, 10). Next we confirmed such
apoptosis induction by the BH3 mimetics in the cell lines.
As expected, enhancement of apoptosis induction by the
treatment with BH3 mimetics was confirmed in ELISA for
apoptosis detection (Figure 3E-H).

Finally, to test chondrosarcoma sensitivity to BH3
mimetics in vivo, tumor growth of SW1353 chondrosarcoma
xenografts in NOD/SCID mice treated with ABT-263 was
analyzed. Beginning at day 7, mice were treated with the
indicated volume of ABT-263 (4,15). ABT-263 treatment
significantly inhibited chondrosarcoma growth (p=0.02 on
days 35 and 42, Figure 4A-C) and significantly extended
survival (p=0.002, Figure 4D). There was no significant
body weight loss neither in the control nor in the ABT-263-
treated group (data not shown).

Discussion

Bcl2 protein expression is associated with tumor progression
and chondrosarcoma tumorigenesis. Bcl2 and parathyroid
hormone-related protein are up-regulated during malignant
transformation of osteochondroma (the most frequent primary
benign bone tumor and counterpart of chondrosarcoma) into
low-grade chondrosarcoma (peripheral chondrosarcoma) (5,
18, 19). Bcl2 is expressed in peripheral and high-grade central
chondrosarcoma; it inhibits apoptosis and the downstream
effector of the Indian hedgehog pathway (5, 20). Universal
expression of Bcl2 including Bcl2 (7, 21, 22), Bcl-xL (7, 21,
23), Mcl1 (7). and Bax (7, 22, 23) in chondrosarcoma was
also confirmed. Extracellular stimulation of tumor growth
inhibition induces apoptosis via up-regulation of Bax and
down-regulation of Bcl2 in chondrosarcoma cell lines (7, 22,
23). Resistance to conventional chemotherapeutic agents has
been reported in response to the anti-apoptotic activity of
Bcl2 (11). Thus, the Bcl2 family proteins are promising
therapeutic targets in chondrosarcoma.

Bcl2 and Bcl-xL form heterodimers with a number of pro-
apoptotic proteins such as Bak, Bad, and Bax; they are thus
anti-apoptotic (3, 24). Inhibitory compounds dock with the
BH3 domain of Bcl2 or Bcl-xL, thus re-activating the pro-
apoptotic proteins Bax/Bak; such compounds have been the
subject of intense study (9). ABT-737 is a synthetic small-
molecule inhibitor with high affinity for Bcl2 and Bcl-xL,
produced by nuclear magnetic resonance-based screening,
parallel synthesis, and structure-based design (8). ABT-737

binds with high affinity to Bcl-xL, Bcl2, and Bcl-W 
(Ki≤1nM), but not to the less homologous proteins Bcl-B,
Mcl1, and A1; it antagonizes Bcl2 protection at
concentrations greater than 10 nM. Nanomolar activity was
retained in the presence of 10% human serum (8). Presence
of Bax or Bak proved sufficient to mediate the effects of
ABT-737. Indeed anti-tumor effects by this compound in
vitro and in vivo have been reported in acute myeloid
leukemia (9), chronic myeloid leukemia (15), lung cancer
(25), breast cancer (26), renal cell carcinoma (27), and head
and neck cancer (26). However, for chondrosarcoma, only
one in vitro report has been published so far (11).

ABT-263 is a second-generation orally-bioavailable BH3
mimetic with selective in vitro cytotoxicity in Bcl2/Bcl-xL-
dependent cells (4). It induces Bax translocation and cytochrome
c release, thus inducing apoptosis. Oral administration of ABT-
263 alone induces complete tumor regressions in xenograft
models of small-cell lung cancer and acute lymphoblastic
leukemia (4). This agent is currently undergoing phase I study
(28). No study has yet been published regarding the effects of
this compound on chondrosarcoma.

These agents may also enhance the effect of conventional
chemotherapeutic agents. Van Oosterwijk et al. reported the
in vitro effect of ABT-737 in chondrosarcoma and concluded
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Figure 1. Basal protein expression of the B-cell lymphoma (Bcl2) family
in CS-1 (C) and SW1353 (S) cells by western blotting. Mcl1; Myeloid
cell leukemia 1, Bax; Bcl2-associated X, Bak; Bcl2-antagonist/killer,
Bim; Bcl2 interacting mediator of cell death, Bid; BH3 interacting
domain death agonist.
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Figure 3. CS-1 (A and C) and SW1353 (B and D) cells were treated with the indicated concentration of ABT-263 (A and B) or ABT-737 (C and D)
for 72 h. The signal intensities by 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2- (4-sulfophenyl)-2H-tetrazolium, inner salt (MTS)
assay, indicating cell viability, were normalized using the intensity of the untreated cells. CS-1 (E and G) and SW1353 (F and H) cells were treated
with the indicated concentration of ABT-263 (E and F) or ABT-737 (G and H) for 48 h. The intensities indicating the apoptosis rate by ELISA were
normalized using the intensity for the untreated cells.
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Figure 4. In vivo effect of ABT-263 on chondrosarcoma cell growth. Macroscopic findings in a chondrosarcoma mouse model 6 weeks after
subcutaneous inoculation of SW1353 cells into the right hind leg with (A) and without (B) ABT-263 treatment. C: Tumor volumes of animals treated
or not with ABT-263. Significant growth inhibition by ABT-263 was confirmed 5 and 6 weeks after tumor injection. D: Kaplan–Meier curves show
significantly prolonged survival in the treated group (p=0.002, log-rank test).



that ABT-737 alone could not control chondrosarcoma
growth in vitro (11). They reported an half maximal
inhibitory concentration (IC50) of 20-135 μM in 2-5×104

cells per well in 96-well plates. We do not know why our
result, which suggests the possibility of growth inhibition by
a single BH3 mimetic, differs from that of van Oosterwijk et
al. The studies differed in the cell lines used, cell density,
and agent concentrations. Van Oosterwijk et al. used more
cells in vitro. Cell density seemed to have a large effect on
the biological efficacy of the tested chemical agents. In fact,
they used about 10-times more cells than were used in our
study. We found diminished effect of BH3 mimetics on cell
growth with increased cell numbers in the MTS assay (data
not shown). Their intent may have been to confirm the
cytotoxic effect on established chondrosarcoma rather than
on tumor growth inhibition. In the clinical setting, these
agents could be used continuously for more prolonged
duration such as two to three weeks; thus, these in vitro
studies provide only a modest portrayal of the effect of the
agent on growth inhibition. Thus if they used the parameters
we did, the IC50 of the BH3 mimetics might have been
smaller in their study.

More importantly, we used an in vivo chondrosarcoma
animal model for the first time, suggesting the possibility of
growth inhibition and significant improvement of survival
with the administration of a clinically-available concentration
of BH3 mimetic ABT-263 alone in vivo. Hence we believe
that at least for growth inhibition in vitro and in vivo, but not
for cytotoxic effect of the established lesion, a single BH3
mimetic could have some effect.

We were unable to demonstrate the relative efficacy of
ABT-737 and ABT-263 in controlling the growth of
chondrosarcoma. Although the IC50 of ABT-263 was found
to be significantly lower compared to that of ABT-737,
macroscopic analysis revealed no striking difference in
growth inhibition. Only ABT-263 can be administered per
os, which is an advantage; however, the biological properties
and administration schedules should be determined for these
promising agents.

In conclusion, BH3 mimetics inhibited growth of
chondrosarcoma by inducing apoptosis and are promising
candidates for adjuvant therapy.

Conflicts of Interests

The Authors declare that they have no conflicts of interest.

Acknowledgements

We are grateful to Ms. Mizuho Kosuge and Ms. Miyuki Murayama
for their skilful technical assistance. This study was supported in
part by the Health and Labour Sciences Research Expenses for
Commission, Applied Research for Innovative Treatment of
Cancer from the Ministry of Health, Labor and Welfare�H26-084)

and by a Research Encouragement Award by Kyorin University
School of Medicine.

References

1 Fletcher CDM, Bridge JA, Hogendoorn P and Mertens F: WHO
Classification of Tumours of Soft Tissue and Bone. Fourth
Edition IARC. Lyon: IARC, 2013.

2 Kerr JF, Wyllie AH and Currie AR: Apoptosis: a basic biological
phenomenon with wide-ranging implications in tissue kinetics.
Br J Cancer 26: 239-257, 1972.  

3 van Delft MF and Huang DC: How the Bcl2 family of proteins
interact to regulate apoptosis. Cell Res 16: 203-213, 2006.

4 Tse C, Shoemaker AR, Adickes J, Anderson MG, Chen J, Jin S,
Johnson EF, Marsh KC, Mitten MJ, Nimmer P, Roberts L, Tahir
SK, Xiao Y, Yang X, Zhang H, Fesik S, Rosenberg SH and
Elmore SW: ABT-263: a potent and orally bioavailable Bcl2
family inhibitor. Cancer Res 68: 3421-3428, 2008.  

5 Bovee JV, van den Broek LJ, Cleton Jansen AM and
Hogendoorn PC: Up-regulation of PTHrP and Bcl2 expression
characterizes the progression of osteochondroma towards
peripheral chondrosarcoma and is a late event in central
chondrosarcoma. Lab Invest 80: 1925-1934, 2000.

6 Soderstrom M, Palokangas T, Vahlberg T, Bohling T, Aro H and
Carpen O: Expression of ezrin, Bcl2, and Ki-67 in
chondrosarcomas. APMIS 118: 769-776, 2010.  

7 Lu X, Tang X, Guo W, Ren T and Zhao H: Sorafenib induces
growth inhibition and apoptosis of human chondrosarcoma cells
by blocking the RAF/ERK/MEK pathway. J Surg Oncol 102:
821-826, 2010.

8 Oltersdorf T, Elmore SW, Shoemaker AR, Armstrong RC, Augeri
DJ, Belli BA, Bruncko M, Deckwerth TL, Dinges J, Hajduk PJ,
Joseph MK, Kitada S, Korsmeyer SJ, Kunzer AR, Letai A, Li C,
Mitten MJ, Nettesheim DG, Ng S, Nimmer PM, O'Connor JM,
Oleksijew A, Petros AM, Reed JC, Shen W, Tahir SK, Thompson
CB, Tomaselli KJ, Wang B, Wendt MD, Zhang H, Fesik SW and
Rosenberg SH: An inhibitor of Bcl2 family proteins induces
regression of solid tumours. Nature 435: 677-681, 2005.

9 Konopleva M, Contractor R, Tsao T, Samudio I, Ruvolo PP,
Kitada S, Deng X, Zhai D, Shi YX, Sneed T, Verhaegen M,
Soengas M, Ruvolo VR, McQueen T, Schober WD, Watt JC,
Jiffar T, Ling X, Marini FC, Harris D, Dietrich M, Estrov Z,
McCubrey J, May WS, Reed JC and Andreeff M: Mechanisms
of apoptosis sensitivity and resistance to the BH3 mimetic ABT-
737 in acute myeloid leukemia. Cancer Cell 10: 375-388, 2006. 

10 Ni Chonghaile T and Letai A: Mimicking the BH3 domain to
kill cancer cells. Oncogene 27(Suppl): S149-157, 2008. 

11 van Oosterwijk JG, Herpers B, Meijer D, Briaire de Bruijn IH,
Cleton Jansen AM, Gelderblom H, van de Water B and Bovee
JV: Restoration of chemosensitivity for doxorubicin and cisplatin
in chondrosarcoma in vitro: BCL2 family members cause
chemoresistance. Ann Oncol 23: 1617-1626, 2012.

12 Morioka H, Weissbach L, Vogel T, Nielsen GP, Faircloth GT,
Shao L and Hornicek FJ: Antiangiogenesis treatment combined
with chemotherapy produces chondrosarcoma necrosis. Clin
Cancer Res 9: 1211-1217, 2003. 

13 Morii T, Ohtsuka K, Ohnishi H, Mochizuki K and Satomi K:
Inhibition of heat-shock protein 27 expression eliminates drug
resistance of osteosarcoma to zoledronic acid Anticancer Res 30:
3565-3571, 2010. 

Morii et al: BH3 Mimetics and Chondrosarcoma

6429



14 Huang J, Ni J, Liu K, Yu Y, Xie M, Kang R, Vernon P, Cao L
and Tang D: HMGB1 promotes drug resistance in osteosarcoma.
Cancer Res 72: 230-238, 2012. 

15 Kuroda J, Kimura S, Andreeff M, Ashihara E, Kamitsuji Y,
Yokota A, Kawata E, Takeuchi M, Tanaka R, Murotani Y,
Matsumoto Y, Tanaka H, Strasser A, Taniwaki M and Maekawa
T: ABT-737 is a useful component of combinatory
chemotherapies for chronic myeloid leukaemias with diverse
drug-resistance mechanisms. Br J Haematol 140: 181-190, 2008. 

16 Mason KD, Carpinelli MR, Fletcher JI, Collinge JE, Hilton AA,
Ellis S, Kelly PN, Ekert PG, Metcalf D, Roberts AW, Huang DC
and Kile BT: Programmed nuclear cell death delimits platelet
life-span. Cell 128: 1173-1186, 2007. 

17 Romani AA, Desenzani S, Morganti MM, Baroni MC, Borghetti
AF and Soliani P: The BH3-mimetic ABT-737 targets the
apoptotic machinery in cholangiocarcinoma cell lines resulting
in synergistic interactions with zoledronic acid. Cancer
Chemother Pharmacol 67: 557-567, 2011. 

18 de Andrea CE, Reijnders CM, Kroon HM, de Jong D, Hogendoorn
PC, Szuhai K and Bovee JV: Secondary peripheral chondro-
sarcoma evolving from osteochondroma as a result of outgrowth
of cells with functional EXT. Oncogene 31: 1095-1104, 2012. 

19 Hameetman L, Kok P, Eilers PH, Cleton Jansen AM,
Hogendoorn PC and Bovee JV: The use of BCL2 and PTHLH
immunohistochemistry in the diagnosis of peripheral
chondrosarcoma in a clinicopathological setting. Virchows Arch
446: 430-437, 2005.

20 Daugaard S, Christensen LH and Hogdall E: Markers aiding the
diagnosis of chondroid tumors: an immunohistochemical study
including osteonectin, BCL2, COX2, actin, calponin, D2-40
(podoplanin), MDM-, CD117 (c-KIT), and YKL-40. APMIS
117: 518-525, 2009.

21 Kim DW, Kim KO, Shin MJ, Ha JH, Seo SW, Yang J and Lee
FY: siRNA-based targeting of antiapoptotic genes can reverse
chemoresistance in P-glycoprotein expressing chondrosarcoma
cells. Mol Cancer 8: 28, 2009. 

22 Tan ML, Choong PF and Dass CR: Anti-chondrosarcoma effects
of PEDF mediated via molecules important to apoptosis, cell
cycling, adhesion and invasion. Biochem Biophys Res Commun
398: 613-618, 2010. 

23 Shen ZN, Nishida K, Doi H, Oohashi T, Hirohata S, Ozaki T,
Yoshida A, Ninomiya Y and Inoue H: Suppression of
chondrosarcoma cells by 15-deoxy-delta 12,14-prostaglandin J2
is associated with altered expression of Bax/Bcl-xL and p21.
Biochem Biophys Res Commun 328: 375-382, 2005. 

24 Enyedy IJ, Ling Y, Nacro K, Tomita Y, Wu X, Cao Y, Guo R, Li
B, Zhu X, Huang Y, Long YQ, Roller PP, Yang D and Wang S:
Discovery of small-molecule inhibitors of Bcl2 through
structure-based computer screening. J Med Chem 44: 4313-
4324, 2001. 

25 Hann CL, Daniel VC, Sugar EA, Dobromilskaya I, Murphy SC,
Cope L, Lin X, Hierman JS, Wilburn DL, Watkins DN and
Rudin CM: Therapeutic efficacy of ABT-737, a selective
inhibitor of BCL2, in small cell lung cancer. Cancer Res 68:
2321-2328, 2008. 

26 Oakes SR, Vaillant F, Lim E, Lee L, Breslin K, Feleppa F, Deb
S, Ritchie ME, Takano E, Ward T, Fox SB, Generali D, Smyth
GK, Strasser A, Huang DC, Visvader JE and Lindeman GJ:
Sensitization of BCL2-expressing breast tumors to chemotherapy
by the BH3 mimetic ABT-737. Proc Natl Acad Sci USA 109:
2766-2771, 2012.

27 Zall H, Weber A, Besch R, Zantl N and Hacker G:
Chemotherapeutic drugs sensitize human renal cell carcinoma
cells to ABT-737 by a mechanism involving the NOXA-
dependent inactivation of MCL1 or A1. Mol Cancer 9: 164,
2010. 

28 Wilson WH, O'Connor OA, Czuczman MS, LaCasce AS,
Gerecitano JF, Leonard JP, Tulpule A, Dunleavy K, Xiong H,
Chiu YL, Cui Y, Busman T, Elmore SW, Rosenberg SH,
Krivoshik AP, Enschede SH and Humerickhouse RA:
Navitoclax, a targeted high-affinity inhibitor of BCL2, in
lymphoid malignancies: a phase I dose-escalation study of
safety, pharmacokinetics, pharmacodynamics, and antitumour
activity. Lancet Oncol 11: 1149-1159, 2010.

Received August 12, 2014
Revised August 21, 2014

Accepted August 25, 2014

ANTICANCER RESEARCH 34: 6423-6430 (2014)

6430


