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Abstract : Chios gum mastic (CGM) is aresinous exudate obtained from the stem and the main leaves of Pistacia lenti-
culus tree native to Mediterranean areas. Recently it reported that CGM induced apoptosisin afew cancer cellsin vitro.
It has been reported that the synthetic chenodeoxycholic acid (CDCA) derivatives showed apoptosis-inducing activity
on various cancer cellsin vitro. This study was undertaken to investigate the synergistic apoptotic effect of co-treatment
with anatural product, CGM and a CDCA derivative, HS-1200 on human osteosarcoma(HOS) cells.

To investigate whether the co-treatment of CGM and HS-1200 compared with each single treatment efficiently
reduced the viability of HOS cells, MTT assay was conducted. Induction and augmentation of apoptosis were
confirmed by DNA electrophoresis, Hoechst staining and DNA hypoploidy, Westen blot analysis and immuno-
fluorescent staining were performed to study the alterations of the expression level and translocation of apoptosis-re-
lated proteins in co-treatment. Furthermore, proteasome activity and mitochondrial membrane potential (MMP) change
were aso assayed.

In this study, HOS cells co-treated with CGM and HS-1200 showed several lines of apoptotic manifestation whereas
each single treated HOS cells did not.

Although the single treatment of 40 ug/mL CGM or 25uM HS-1200 for 24 h did not induce apoptosis, the co-
treatment of them induced prominently apoptosis. Therefore our data provide the possibility that combination therapy
of CGM and HS-1200 could be considered as a novel therapeutic strategy for human osteosarcoma.

Key words : Chios Gum Mastic, Synthetic Chenodeoxycholic Acid (CDCA) Derivatives, HS-1200, Apoptosis, Human
Osteosarcoma cells
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Chio gum mastic (CGM). It is obtained from the stem
and leaves of Pistacia lentiscus trees and have been
extensively used for centuries in Mediterranean and
Middle Eastern countries, both as a dietary supple-
ment and herbal remedy (Balan et al. 2007, He et al.
2007).

Bile acids are polar derivatives of cholesterol essen-
tial for the absorption of dietary lipids and regulate the
transcription of genes that control cholesterol home-
ostasis. Different bile acids exhibit distinct biological
effects. Importantly, natural bile salts were reported to
inhibit cell proliferation and induce apoptosis in vari-
ous cells(Blake et al. 1988, Martinez et al. 1998). Im
et al. (1999, 2001) developed severa ursodeoxycholic
acid (UDCA) and chenodeoxycholic acid (CDCA)
derivatives, and it have been reported that they had
apoptosis-inducing effect in various cancer cells (Choi
et a. 2003, Jeong et al. 2003, Seo et al. 2003, Park et
al. 2004, Im et a. 2005, Kim et al. 2006).

Cells undergoing apoptosis usually develop chara-
cteristic changes, including nuclear condensation and
degradation of DNA into oligonucleosomal fragments
(Williams 1991). Apoptotic cell death is thought to
result ultimately from the proteolytic actions of cas-
pase (Yuan 1996). and alterations in mitochondrial
function play a key part in the regulation of apoptosis
(Susin et a. 1999). Moreover, the proteasome system
has been shown to be implicated as a negative or posi-
tive mediator of apoptosis. The proteasome pathway is
mostly known to work upstream of mitochondrial al-
terations and caspase activation (Orlowski 1999).

Osteosarcoma is one of the most common primay
malignant tumors of bone. Treatment of this tumor
with systemic chemotherapy dramatically improves
the prognosis. Numerous studies depicted that the
therapeutic effect of a variety of chemotherapeutic
agents on osteosarcoma depended on the induction of
apoptosis (Lu and Yagi 1999, Fellenberg et al. 2000,
Seki et al. 2000).

Recent studies have demonstrated that the co-treat-
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ment of anatural product with antitumor effect and an
antitumor agent could be one of the potential thera-
peutic strategy reducing the extent and severity of
cancer treatment-related toxicity (Adhami et al. 2007,
Mai et al. 2007, Song et a. 2007, Vinal et a. 2007,
Lee et al. 2008). To date, there is no report about the
synergistic apoptotic effects of co-treatment with CGM
and HS-1200 on human osteosarcoma cells. There-
fore, this study was undertaken to investigate the sy-
nergistic apoptotic effect of co-treatment with a natu-
ral product, CGM, and a representative of CDCA deri-
vative, HS-1200, on human osteosarcoma(HOS) cells.

Materials and Methods

1. Reagents

Chios gum mastic (CGM) was obtained from mastic
Korea (Seoul, Kored). The synthetic bile acid deriva-
tive, HS-1200 was kindly provided by Professor Y ou-
ng-Hyun Y oo (Department of Anatomy, College of
Medicine, Dong-A University, Busan, Korea). The
structure and methods of the synthesis of the synthetic
bile acid derivatives were described (Im EO et al.
2001). HS-1200 is a conjugate form of CDCA with -
alanine benzyl ester (N-[(3c, 58, 70)-3,7-dihydroxyl-
24-oxocholan -yl] B-alanine benzyl ester). The struc-
tures of CDCA and its conjugate form (HS-1200) are
showninFig. 1.

The following reagents were obtained commerci-
ally: Mouse monoclonal anti-human caspase-3, cas-
pase-7, poly(ADP-ribose) polymerase (PARP), cyto-
chrome ¢, apoptosis-inducing factor (AlF) antibodies,
and rabbit polyclonal anti-human DFF40 (CAD),
DFF45 (ICAD), B-actin antibodies, and FITC-con-
jugated goat anti-mouse and anti-rabbit 1gGs were
from Santa Cruz Biotechnology (Santa Cruz, CA,
USA); HRP-conjugated sheep anti-mouse and anti-ra-
bbit 1gGs were from Amersham GE Healthcare (Little
Chalfront, UK). 5,5,6,6’-tetrachloro-1,1’,3,3’-tetra-
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Fig. 1. Chemical structures of CDCA and its derivative, HS-
1200.

ethylbenzimidazol carbocyanine iodide (JC-1) was
from Molecular Probes (Eugene, USA). Suc-LLVY -
AMC was from Calbiochem (EMD Biosciences, Ger-
many). Dulbecco’s modified Eagle’s medium (DM-
EM) and FBS were from Gibco (Gaithersburg, MD,
USA). Dimethyl sulfoxide (DMSO), Hoechst 33342,
RNase A, proteinase K, aprotinin, leupeptin, PMSF,
thiazolyl blue tetrazolium bromide and propidium io-
dide (PI) were from Sigma(St. Louis, MO, USA); Su-
perSignal West Pico enhanced chemiluminescence
Western blotting detection reagent was from Pierce
(Rockford, IL, USA).

2. Cdl culture

The HOS human osteosarcoma cell line was pur-
chased from ATCC (Rockville, USA). Cells were ma-
intained at 37°C with 5% CO, in air atmosphere in
Dulbecco’s modified Eagle’s medium (DMEM) with 4
mM L-glutamine, 1.5g/L sodium bicarbonate, 4.5 g/L
glucose and 1.0 mM sodium pyruvate supplemented
with 10% FBS.

3. CGM and HS-1200 tr eatment

The stock solutions of CGM (100 mg/mL) made by
dissolving the drug in DM SO and HS-1200 (100 mM)
made by dissolving the drug in ethanol were kept fro-
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zen at —20°C until use. Twenty four hours after HOS
cells were subcultured, the original medium was re-
moved. The cells were washed with phosphate-buffer-
ed sdline (PBS) and then incubated in the same fresh
medium. Since single treatment of 40 ug/mL CGM or
25uM HS-1200 for 24 h showed slight induction of
cell death, these single concentrations were utilized
for further assessment of apoptosis. The concentra-
tions of DM SO (0.04% [vol/vol]) and ethanol (0.025%
[vol/vol]) used in this study, both as a vehicle for
CGM or HS-1200, and as a control, had no effect on
HOS cells proliferation in our preliminary studies.

4. MTT assay

Cells were placed in a 96-well plate and incubated
24h. Then cells treated with 40 ug/mL of CGM and/or
25uM of HS-1200 for 24 h. And then cells were
treated with 500 pg/mL of thiazolyl blue tetrazolium
bromide (MTT solution). Cells were incubated at 37°C
with 5% CO, for 4 h. And then the medium was
aspirated and formed formazan crystals were dissolv-
ed in the mixture solution of 75uL DMSO and 75 uL
absolute ethanol. Cell viability was measured by an
ELISA reader (Sunrise Remote Control, Tecan, Aust-
ria) at 570 nm excitatory emission wavelength.

5. Hoechst staining

Cells were harvested and cell suspension was cen-
trifuged onto a clean, fat-free glass slide with a cyto-
centrifuge. The samples were stained in 4 ug/mL Hoe-
chst 33342 for 30 min at 37°C and fixed for 10 minin
4% paraformaldehyde.

6. DNA electrophoresis

2% 10° cells were resuspended in 1.5 mL of lysis
buffer [10 mM Tris(pH 7.5), 10 mM EDTA (pH 8.0),
10mM NaCl and 0.5% SDS] into which proteinase K
(200 pg/mL) was added. After samples were incubat-
ed overnight at 48°C, 200 uL of ice cold 5M NaCl
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was added and the supernatant containing fragmented
DNA was collected after centrifugation. The DNA
was then precipitated overnight at —20°C in 50% iso-
propanol and Rnase A-treated for 1 h at 37°C. The
DNA from 10° cells (15 uL) was equally loaded on
each lane of 2% agarose gels in Tris-acetic acid/ED-
TA buffer containing 0.5 pg/mL ethidium bromide at
50 mA for 1.5 h.

7. Proteasome activity

After treatment with CGM and/or HS-1200 for 24
h, cells were lysed in proteasome buffer [10 mM Tris-
HCI, pH 7.5, 1mM EDTA, 2mM ATP, 20% glyceral,
and 4 mM dithiothreitol (DTT)], sonicated, and then
centrifuged at 13,000 g at 4°C for 10 min. The super-
natant (20 ug of protein) were incubated with protea-
some activity buffer [0.05 M Tris-HCI, pH 8.0, 0.5 mM
EDTA, 50uM Suc-LLVY-AMC] for 1h at 37 °C. The
intensity of fluorescence of each solution was measur-
ed by a modular fluorimetric system (Spex Edison,
USA) at 380 nm excitatory and 460 nm emission
wavelengths. All readings were standardized using the
fluorescence intensity of an equal volume of free
AMC solution (50 uM).

8. Western blot analysis

Cells (2 x 10%) treated with CGM and/or HS-1200
were washed twice with ice-cold PBS, resuspended in
200 uL ice-cold solubilizing buffer [300 mM NaCl, 50
mM Tris-Cl (pH 7.6), 0.5% Triton X-100, 2 mM
PMSF, 2uL/mL aprotinin and 2uL/mL leupeptin] and
incubated at 4°C for 30 min. The lysates were centri-
fuged at 14,000 revolutions per min for 15min at 4°C.
Protein concentrations of cell lysates were determined
with Bradford protein assay (Bio-Rad, USA) and 50 ug
of proteins were loaded onto 7.5~ 15% SDS/ PAGE.
The gels were transferred to Nitrocellulose membrane
(Amersham Pharmacia Biotech, UK) and reacted with
each antibody. Immunostaining with antibodies was
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performed using SuperSignal West Pico enhanced
chemiluminescence substrate and detected with Alpha
Imager HP (Alpha Innotech, USA).

9. Immunof luorescent staining

Cells were cytocentrifuged and fixed for 10 min in
4% paraformaldehyde, incubated with each primary
antibody for 1 h, washed 3 each for 5min, and then
incubated with FITC-conjugated secondary antibody
for 1 h at room temperature. Cells were mounted with
PBS. Fluorescent images were observed and analyzed
under Zeiss LSM 510 laser-scanning confocal micro-
scope (GOettingen, Germany).

10. Assay of mitochondrial membrane potential
(MMP)

JC-1 was added directly to the cell culture medium
(1 uM fina concentration) and incubated for 15 min.
The medium was then replaced with PBS. Flow cyto-
metry to measure MMP was performed on a CYTO-
MICS FC500 flow cytometry (Beckman Coulter, FL,
CA, USA). Data were acquired and analyzed using
CXP software version 2.2.

11. Quantification of DNA hypoploidy and cell
cycle phase by flow cytometry

After treatment for 24 h, cells were harvested by
trypsinization and ice cold 95% ethanol with 0.5%
Tween 20 was added to the cell suspensions to a final
concentration of 70% ethanol. Fixed cells were pellet-
ed, and washed in 1% BSA-PBS solution. Cells were
resuspended in 1mL PBS containing 20 ug/mL RNase
A, incubated at 4°C for 30 min, washed once with
BSA-PBS, and resuspended in Pl solution (10 ug/mL).
After cells were incubated at 4°C for 5 min in the
dark, DNA content were measured on a CY TOMICS
FC500 flow cytometry system (Beckman Coulter, FL,
CA, USA) and data was analyzed using the Multicycle
software which alowed a simultaneous estimation of
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cell-cycle parameters and apoptosis.

12. Statistical analysis

Three independent experiments were performed for
each experimental group and each experiment was
performed in triplicate. The results of the experimen-
tal and control groups were compared for statistical
significance (p< 0.001, 0.01 and 0.05) using paired T-
test statistical method by SPSS for Win 12.0 for sum-
mary data.

Results

1. Co-treatment of CGM and HS-1200
augmented thereduction in viability of HOS
cells

To investigate co-treatment of CGM and HS-1200
reduced the viability of HOS cells, MTT assy was
conducted. Single treatment of CGM at 40 pg/mL or
HS-1200 at 25uM for 24 h reduced viability of HOS
cells, slightly (CGM, 85.3%; HS-1200, 89.9%). Co-
treatment of CGM and HS-1200 significantly reduced
cell viability compared to the effect of each single
treatment (co-treatment, 49.6%) (Fig. 2).

2. Co-treatment of CGM and HS-1200
augmented the nuclear condensation and
fragmentation in HOS cells

To explore whether nuclear condensation and frag-
mentation were induced, Hoechst staining which is a
hallmark of apoptosis, was conducted. The co-treat-
ment of CGM and HS-1200 showed a variety of con-
densed and fragmented nuclei compared to the single
treatment (Fig. 3).

3. Co-treatment of CGM and HS-1200 showed
the DNA fragmentation in HOS cells

To explore whether DNA fragmentation was in-
duced, DNA electrophoresis was conducted. DNA
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Fig. 2. Co-treatment of CGM and HS-1200 significantly reduced
cell viability in HOS cells. Cell viability was determined
by MTT assay (CGM, p<0.05; CGM +H, p<0.001).
Three independent assays were performed. Values are
means= SD of triplicates of each experiment (CGM, cells
treated with 40 ug/mL Chios gum mastic for 24 h; H, cells
treated with 25 UM HS-1200 for 24 h; CGM+H, cells
treated with 40 ug/mL Chios gum mastic plus 25uM HS-
1200 for 24 h).

Control

electrophoresis did not show a ladder pattern of DNA
fragments in the single treatment of CGM or HS-1200
whereas showed aladder pattern of DNA fragmentsin
the co-treatment (Fig. 4).

4. Augmentation of apoptosis by co-treatment
of CGM and HS-1200 was demonstr ated
by proteasome activity in HOS cells

Single treatment of CGM sdlightly reduced protea-
some activity compared to the control group. The co-
treatment of CGM and HS-1200 significantly reduced
proteasome activity compared to the single treatment

(Fig. 5).

5. Augmentation of apoptosis by co-treatment
of CGM and HS-1200 was demonstr ated
by reduction of mitochondrial membrane
potential MMP) in HOS cells

The single treatment of CGM and HS-1200 did not
show the loss of MM P compared to control group. But
the co-treatment of CGM and HS-1200 remarkably
reduced MMP compared to the single treatment (Fig.
6).
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Fig. 3. Co-treatment of CGM and HS-1200 showed numerous
condensed and fragmented nuclei in HOS cells compared
to the single treatment (CGM, cells treated with 40 ug/mL
Chios gum mastic for 24 h; H, cells treated with 25 uM
HS-1200 for 24 h; CGM +H, cells treated with 40 ug/mL
Chios gum mastic plus 25 uM HS-1200 for 24 h). (A)
Immunofluorescent micrographs showing nuclear mor-
phology after Hoechst staining. Scale bar, 10pum. (B) The
values below micrographs are the mean+ SD of the means
of apoptotic cells as determined by Hoechst staining. The
results presented are representative of three independent
experiments(CGM +H, p< 0.001).

6. Augmentation of apoptosis by co-treatment
of CGM and HS-1200 was demonstrated
by the decrease of DNA content in G361 cells

The flow cytometry showed that co-treatment of
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Fig. 4. Co-treatment of CGM and HS-1200 efficiently showed
DNA fragmentation in HOS cells. DNA fragmentation
analysis was determined by the agarose gel electropho-
resis. Whereas single treated cells showed no DNA frag-
mentation, co-treated cells showed DNA degradation
characteristic of apoptosis with a ladder pattern of DNA
fragments (CGM, cells treated with 40 ug/mL Chios gum
mastic for 24 h; H, cells treated with 25 uM HS-1200 for
24 h; CGM+H, cells treated with 40 ug/mL Chios gum
mastic plus 25uM HS-1200 for 24 h).

CGM and HS-1200 remarkably increased apoptotic
cells with DNA hypoploidy compared to the single
treatment (Fig. 7).

7. Co-treatment of CGM and HS-1200 showed
tolead to thetrandocation of AIF
from mitochondria onto the nuclei

The confocal microscopy showed that AIF was
located at mitochondria in the single treatment of
CGM or HS-1200 whereas AlF was evidently trans-
located onto nuclei in the co-treatment (Fig. 8).
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Fig. 5. Co-treatment of CGM and HS-1200 significantly showed
the reduction of proteasome activity in HOS cells com-
pared to the single treatment (CGM, p< 0.05; CGM +H,
p<0.001). Three independent assays were performed.
Values are means=+ SD of triplicates of each experiment.
(CGM, cellstreated with 40 ng/mL Chios gum mastic for
24 h; H, cells treated with 25 uM HS-1200 for 24 h;
CGM +H, cells treated with 40 pg/mL Chios gum mastic
plus 25uM HS-1200 for 24 h).
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Fig. 6. Co-treatment of CGM and HS-1200 remarkably showed
the loss of MMP (Aym) compared to the single treat-
memt (CGM +H, p<0.001). MMP was measured by JC-1
with flow cytometry (CGM, cells treated with 40 pg/mL
Chios gum mastic for 24 h; H, cells treated with 25 uM
HS-1200 for 24 h; CGM +H, cells treated with 40 pg/mL
Chios gum mastic plus 25 pM HS-1200 for 24 h).
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Fig. 7. The kinetic analysis of the effect of co-treatment on HOS
cell cycle progression and induction of apoptosis. Co-
treatment remarkably showed the increase of apoptotic
cells with DNA hypoplpoidy compared to the single tre-
atment (CGM +H, p<0.001), (CGM, cells treated with
40 pg/mL Chios gum mastic for 24 h; H, cells treated
with 25 uM HS-1200 for 24 h; CGM+H, cells treated
with 40 ug/mL Chios gum mastic plus 25 uM HS-1200
for 24h).

8. Co-treatment of CGM and HS-1200 showed
tolead to therelease of cytochromec
from mitochondria into the cytosol

The confocal microscopy showed that cytochrome ¢
was located at mitochondria in the single treatment of
CGM or HS-1200 whereas cytochrome ¢ was evident-
ly released into the cytosol in the co-treatment (Fig.
9).

9. Co-treatment of CGM and HS-1200 results
in DFF45 activation (Western blot assay) and
translocation of DFF40

Western blot assay and confocal microscopy were
conducted to examine whether DNA fragmentation
factor (DFF) degrading chromosomal DNA, is involv-
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Control

Fig. 8. The confocal microscopy showed that AlF was evidently
translocated onto nuclei in HOS cells co-treated with
CGM and HS-1200. Scale bar, 10 um (CGM, cells treat-
ed with 40 ug/mL Chios gum mastic for 24 h; H, cells
treated with 25 uM HS-1200 for 24 h; CGM+H, cells
treated with 40 ug/mL Chios gum mastic plus 25uM HS-
1200 for 24 h).

ed with the co-treatment. The co-treatment of CGM
and HS-1200 induced the degradation of DFF45 (IC-
AD) and produced DFF45 30kDa and 11 kDa cleaved
products. And confocal microscopy showed that the
co-treatment led to the trand ocation of DFF40 (CAD)
from cytosol onto nuclei (Fig. 10).

10. Efficient apoptotic effect of co-treatment
of CGM and HS-1200 was demonstr ated
by Western blot assay

The co-treatment of CGM and HS-1200 induced the
degradation of caspase-7, caspase-3 and PARP, and
produced the processed caspase-7 20 kDa, caspase-3
17 kDa and PARP 85 kDa cleaved products whereas
the single treatment did not (Fig. 11).
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Fig. 9. The confocal microscopy showed that cytochrome ¢ was
evidently released to the cytosol in HOS cells co-treated
with CGM and HS-1200. Scale bar, 10 um (CGM, cells
treated with 40 ug/mL Chios gum mastic for 24 h; H,
cells treated with 25 uM HS-1200 for 24 h; CGM+H,
cells treated with 40 pg/mL Chios gum mastic plus 25
UM HS-1200 for 24 h).

Discussion

Chios gum mastic (CGM) is a resinous exudate ob-
tained from the stem and the main leaves of Pistacia
lenticulus tree native to Mediterranean areas. Previous
studies have demonstrated that CGM is effective in
the treatment of benign gastric and duodenal ulcers
and it have definite antibacterial activity against Heli-
cobacter pylori (Al-Habbal et al. 1984, Huwez and Al-
Habbal 1986, Al-Said et al. 1986, Hawez et a. 1998).
It has also been shown to have antimicrobial pro-
perties (Aksoy et al. 2006). Recently it was reported
that CGM induces cell cycle arrest and apoptosis in
human prostate and colon cancer cells (Balan et al.
2007, He et al. 2007). We also demonstrated that
CGM induces G1 the cell cycle arrest via the modu-



— Apoptotic Effect of Co-Treatment with CGM and HS-1200 —

(A) Control CGM H CGM+H
DFF45 -4— 45kDa
(ICAD)

4 40kDa

S e 4— 30kDa

+#— 1l1kDa

B_a:tin _q_ 43 kDa

(B)

Fig. 10. Western blot analysis and confocal microscopy showing the efficient apoptotic effects in HOS cells co-treated with CGM and
HS-1200 (CGM, cells treated with 40 pg/mL Chios gum mastic for 24 h; H, cells treated with 25 uM HS-1200 for 24 h;
CGM+H, cells treated with 40 ug/mL Chios gum mastic plus 25 uM HS-1200 for 24 h). (A) The co-treatment remarkably
induced DFF45 (ICAD) degradation and produced the processed DFF45 30 kDa and 11 kDa cleaved product. -actin, a loading
control. (B) The confocal microscopy showed that DFF40 (CAD) was translocated onto the nuclei in the co-treatment of CGM

and HS-1200. Scale bar, 10um.

lation of cell cycle-related proteins, and apoptosis via
mitochondria and caspase pathway in oral squamous
carcinoma cells(Park et al. 2008).

It has been reported the antiproliferative efficacy of
synthetic CDCA derivatives in various cancer cells by
inducing apoptosis. Those studies demonstrated the
decrease of proteasome activity, mitochondrial events,
and nuclear condensation (Choi et al. 2001, Yoon et
al. 2001, Choi et al. 2003, Jeong et al. 2003, Seo et al.
2003) in synthetic CDCA derivatives-induced apopto-
sis. In addition, it has been demonstrated that a sy-
nthetic CDCA derivative, HS-1200 shows the strong-
est apoptosis-inducing effect among the synthetic
CDCA derivatives (Choi et a. 2003, Seo et al. 2003,
Kim et al. 2004, Baek et al. 2007).

Proteasome is a fundamental non-lysosomal tool
that cells use to process or degrade a variety of short-
lived proteins. Proteolysis mediated by the ubiquitin-
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proteasome system has been reported to be implicated
in the regulation of apoptosis (Drexler et al. 2000).
The proteasome pathway is mostly known to work
upstream of the mitochondrial alterations and caspase
activation (Orlowski 1999). In this study, the co-treat-
ment with CGM and HS-1200 in HOS cells causes the
significant reduction of proteasome acitivity compared
to the single treatment.

Mitochondria plays an important role in apoptosis.
And induction of the mitochondrial permeability tran-
sition play a key part in the regulation of apoptosis
(Kroemer et al. 1997, Green and Reed 1998, Susin et
al. 1999). Outer mitochondrial membrane becomes
permeable to intermembrane space proteins such as
cytochrome ¢ and AlF (apoptosis inducing factor)
during apoptosis(Golab et al. 2000). Cytochrome c re-
lease and disruption of mitochondrial membrane po-
tential (MMP) are in fact known features in apoptosis
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Fig. 11. Western blot analysis showing that the co-treatment of
CGM and HS-1200 in HOS cells remarkably induced
caspase-7, caspase-3 and PARP degradations and pro-
duced the processed caspase-7 20 kDa, caspase-3 17
kDa, and PARP 85 kDa cleaved products. B-actin, a
loading control (CGM, cells treated with 40 pg/mL Chi-
0s gum mastic for 24 h; H, cells treated with 25uM HS-
1200 for 24 h; CGM+H, cells treated with 40 ug/mL
Chios gum mastic plus 25uM HS-1200 for 24 h).

triggered by proteasome inhibition (Wagenknecht et
al. 2000, Marshansky et al. 2001). On induction of
apoptosis, AlF trandocates to the nucleus, resulting in
chromatin condensation and large-scale DNA frag-
mentation (Daugas et a. 2000). This study evidently
showed that co-treatment with CGM and HS-1200 in
HOS cells results in remarkable decrease of MMP, the
release of cytochrome c into cytosol and the translo-
cation of AIF onto nuclel whereas the single treatment
does not.
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A common final event of apoptosis is nuclear con-
densation, which is controlled by caspases, DFF, and
PARP. Caspases, the cysteinyl aspartate-specific in-
tracellular proteinase, play an essential role during
apoptotic death (Acehan et al. 2002). Once activated,
the effector caspases (caspase-3, caspase-6 or caspase-
7) are responsible for the proteolytic cleavage of a
broad spectrum of cellular targets, leading ultimately
to cell death. The known cellular substrates include
structural components (such as actin and nuclear
lamin), inhibitors of deoxyribonuclease (such as DFF45
or ICAD) and DNA repair proteins (such as PARP)
(Gross et a. 1999, Porter 1999). In apoptotic cells,
activation of DFF40 (CAD), also a substrate of cas-
pase-3, occurs with the cleavage of DFF45 (ICAD).
Once DFF40 is activated and released from the com-
plex of DFF45 and DFF40, it can translocate to the
nucleus and then degrade chromosomal DNA and pro-
duce DNA fragmentation (Cheng 2007). This study
demonstrated that co-treatment with CGM and HS-
1200 in HOS cells results in the degradation and the
cleavage of caspase-3, caspase-7, PARP and DFF45
(ICAD), and the translocation of DFF40 (CAD) onto
nuclei whereas the single treatment does not.

In the study of co-treatment with a natural product,
CGM and an antitumor agent, HS-1200, HOS cells
co-treated with CGM and HS-1200 showed several
lines of apoptotic manifestation such as nuclear con-
densations, DNA fragmentation, reduction of pro-
teasome activity and MMP, the decrease of DNA con-
tent, the release of cytochrome c into cytosol, the
trandocation of AIF and DFF 40 (CAD) onto nucle,
degradation and activation of caspase-7, caspase-3,
PARP and DFF45 (ICAD) whereas each single treated
HOS cells did not.

In conclusion, combination therapy of CGM and
HS-1200 could be considered, in the future, as an
alternative therapeutic strategy for human osteosar-
coma (HOS). Its clinical application awaits further
extensive studies.
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Aol EZ Chios gum masticZ} ¥4 chenodeoxycholic acid
=2 HS-12009] WA 27F AFRFEFFAIEA v A=
A ZAE AL & ool gk A

= =1 = 5 2 1
alxs ABF, 2, o5, U, ARH, 4,
=2 =] =3 4 5
NAEL AWES Hopgh MBAS HEs
A 77

ZkF2! : Chios gum mastic(CGM)2 18] o] 2 A Hel| A7t A48l Pistacia lenticulus H7-2] £7]9F Yol &
3k A Ae] Al FZEo)t). A chenodeoxycholic acid (CDCA) §-=471 38 717 M| Ze §-=3F M ZzA1d

AFEo] RuHeld et B g3 HAE8Aql CGMF} &4 CDCA §-=x¢l HS12009] ¥W-8-xj=]7} Aret
FEFA T mAHQ S AZAEA 2371 EAE 27 $EA FAE A

CGM3} HS-12009] ®-8-x12]7} 5 2ol vlaiA &b el MZYEE ot deA Fds] $six MTT
e At T, Al ZAEAR] freek 2718 2l8t7] $18iA Hoechst 42t DNA 47|35 S A3kt
Wgxg] of, Al ZzApdAbel] A s o] ke watel Aol A 9] o5& urE 7] $1siA] Western bot &
A3} R A $a819lch o vhelrbA proteasome 4 =9} AFIA Y A 9] wWskE 243kl

HaAe 2 ARZSRAEe 954 F AR A Ao 32 S+ ¢ 2 ¥ $5 DNA =
Zhd, A A 9]¢} proteasome B4 2] ZH4-, DNA oF¢] 7h4, cytochrome ce] Al =4z 2] 4], AIFg} DFF40
(CAD)9] | o29| o]F, caspase 7, caspase-3 712] a1 PARPS] 2h43he} 22 AlZ2A=AL $7F Rale

2427+ E<} 40pg/mL CGM =} 25uM HS-12008 77) ©5xE] 3 A= A ZAEAE 4= 230},
a2 Aol o} ©dd A zAdAle fE22 By o d WexE] AT ARITEF A2 A
24 Agow 349 4 o A4sH.

FolE 7| &gt : Chios Gum Mastic (CGM), &A1 chenodeoxycholic acid(CDCA) =4, HS-1200, Al £x}2 A}, Al
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