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Abstract : Chios gum mastic (CGM) is obtained from the stem and leavestacia lentiscusrees and has been ex-
tensively used for centuries in Mediterranean and Middle Eastern countries, both as a dietary supplement and herbal re-
medy. This study was undertaken to exaniimeitro effects of cytotoxicity and growth inhibition, and the molecular
mechanism underlying modulation of cell cycle and induction of apoptosis in YD9 human oral squamous carcinoma
cell line treated with CGM.

The viability of YD9 cells and human normal keratinocyes (HaCaT cells), and the growth inhibition of YD9 cells
were assessed by the MTT assay and clonogenic assay respectively. The hoechst staining and DNA electrophoresis
were conducted to observe the YD9 cells undergoing apoptosis. YD9 cells were treated with CGM, and Western
blotting, immunocytochemistry, confocal microscopy and FACScan flow cytometry were conducted. Mitochondrial
membrane potential change and proteasome activity were measured.

CGM treatment on YD9 cells resulted in a ddependent inhibition of cell growth and induced apoptotic cell death.

And tested YD9 cells showed several lines of apoptotic manifestation. Flow cytometric analysis revealed that CGM
resulted in G1 arrest in cell cycle progression which was associated with decrease in the protein expression of cyclin
D1, cyclin D3, Cdk2 and Cdk4, and increase in the protein expression'$f2f and p53.

These results demonstrate that CGM induces G1 the cell cycle arrest via the modulation of eellatgdigroteins,
and apoptosis via mitochondria and caspase pathway in YD9 cells, suggesting that CGM can be considered as a novel thera-
peutic strategy for human oral squamous cell carcinoma from its strong cell cycle arrest and apdptisisactivity.

Key words : Chios gum mastic (CGM), Apoptosis, Human oral squamous carcinoma cell line, Cell cycle arrest

particularly and almost exculsively in the South region
Introduction of Chios Island, Greece, and produces a resin, known
as Chios gum mastic (CGM). It is obtained from the
The plantPistiacia lentiscus L. var. Chiagrows stem and leavesf Pistacia lentiscusrees and has
been extensively used for centuries in Mediterranean
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Apoptosis or programmed cell death, is an essentiaeminein vitro effects of cytotoxicity and growth inhi-
physiological process that is required for the normalbition in YD9 human oral squamous carcinoma cell
development and maintenance of tissue homeostasidine treated with CGM, and the molecular mechanism
However, apoptosis is also implicated in a wide rangeunderlying modulation of cell cycle and induction of
of pathological conditions, including immunological apoptosis in CGMreated YD9 cells.
diseases, allergy and cancer (Carson and Ribeiro 1993,
Ohta and Yamashita 1999). During apoptosis, cells
undergo spe.cmc morph(.JIog|caI and blochemlcal cha- Materials and Methods
nges, including cell shrinkage, chromatin condensa-
tion, and internucleosomal cleavage of genomic DNA
(Wyllie et al. 1980, Williams 1991). Multiple lines of
evidence indicate that apoptosis can be triggered by Chios mastic gum was obtained from mastic korea
the activation of caspase (Thornbeatyal. 1997). In (Seoul, Korea). The following reagents were obtained
addition, mitochondria are known to be central deathcommercially: Mouse monoclonal affitiman p53 was
regulators in response to several apoptotic stimulifrom BD biosciences (San Diego, CA, USA); Rabbit
(Green and Reed 1998). polyclonal anthuman cytochrome c, caspesend

Carcinoma of the oral cavity, especially oral squa- apoptosisnducing factor (AIF) antibodies were from
mous cell carcinoma (OSCC), are one of the mostUpstate (NY, USA); Mouse monoclonal ahtiman

1. Reagents

leading causes of cancer related death and affect neap21VA"YCP1 caspas@®, Bax, Bct2, DNA fragmentati-
ly 500,000 patients annually worldide. And OSCC  on factor (DFF45), poly (ADRibose) polymerase
is one of the most malignancies that remain incurable(PARP), cyclin D1, cyclin D3 Cdk2 and Cdk4 antibo-
with current therapies (Shen al. 2007). dies, and goat polyclonal aftiouse and FIT&on-
Recent studies have been demonstrated that the hejugated goat antnouse and antiabbit 1gGs were
bal medicine, which had been being used for treatmenfrom Santa Cruz Biotechnology (Santa Cruz, CA,
of allergic diseases in oriental countries, induced apo-USA); Rabbit polyclonal anfiuman DFF40 was from
ptosis and cell growth inhibition in cancer cells (Park Stressgen (San Diego, USA); Mouse monoclonat anti
et al. 2001, Kimet al. 2003, Parlet al. 2005, Yooet human cyclin D3 was from Cell Signaling (Danvers,
al. 2005, Pisanet al. 2007). Numerous studies have MA, USA); HRP-conjugated sheep antiouse and
focused on the targeted induction of apoptosis in orderantirabbit IgGs were from Amershan GE Healthcare
to control the unlimited growth of cells. Moreover, in- (Little Chalfont, UK); SueLLVY -AMC was from
duction of apoptosis in the activated cell may promoteCalbiochem (EMD Biosciences, Germany); ' ®%®-
therapeutic efficiency in a certain case. Therefore,tetrachlorel,1’,3,3-tetraethylbenzimidazol carbo-
inducing apoptosis of oral sugamous carcinoma cellscyanine iodide (J€) was from Molecular Probes (Eu-
could be used therapeutically for oral squamous cellgene, OR, USA); Dulbecco’s modified Eagle’s medi-
carcinoma patients and understanding the mechanisnam (DMEM) and fetal bovine serum (FBS) were from
is important. Gibco (Gaithersburg, MD, USA). Dimethyl sulfoxide
To date, reports on apoptotic effects of CGM are (DMSO), Hoechst 33342, RNase A, proteinase K, ap-
few. Especially there is no report about the apoptoticrotinin, leupeptin, PMSF, thiazolyl blue tetrazolium
effect of CGM on human oral sqauamous carcinomabromide, crystal violet and propidium iodide (PI) were
cell lines. Therefore this study was undertaken to ex-from Sigma (St. Louis, MO, USA). SuperSignal West
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Pico enhanced chemiluminescence Western blottingof thiazolyl blue tetrazolium bromide (MTT solution).
detection reagent was from Pierce (Rockford, IL, Cells were incubated at 37 with 5% CQ for 4 h.

USA). And then the medium was aspirated and formed for-
mazan crystals were dissolved in the mixture solution
2. Cell culture of 75uL DMSO and 754L absolute ethanol. Cell

Human keratinocytes (HaCaT cells) were purchasedviability was measured by an ELISA reader (Sunrise
from the ATCC (Rockville, MD, USA). Human oral Remote Control, Tecan, Austria) at 570 nm excitatory
squamous carcinoma cells (YD9 cells) kindly provi- €mission wavelength. Since viability and proliferation
ded by Professor Jin Kim (Department of Oral Patho-Ssays demonstrated evident induction of YD9 cell
logy, College of Dentistry, Yonsei University, Seoul, death at 5ag/mL CGM, this concentration was utiliz-
Korea) and HaCat cells were maintained &C3®ith ed for further assessment of apoptosis induced by
5% CQ, in air atmosphere in Dulbecco’s modified CGM-

Eagle’s medium (DMEM) with 4 mM iglutamine, 2) Hoechst staining for assessing nuclear apoptosis

1.5pg/L sodium bicarbonate, 4.5 g/L glucose and 1.0 ~q|1s were observed and photographed under an
mM sodium pyruvate supplemented with 10%

bovine serum (FBS).

fetal |\7-2 inverted microscope (Olympus, Japan). Then
cells were harvested for 24 h, and the cell suspension
] ) was centrifuged onto a clean,-feée glass slide with
3. Chios gum mastic (CGM) treatment a cytocentrifuge. Cells were stained ipgfmL Hoe-
Twenty four hours after HaCaT and YD9 cells were chst 33342 for 30 min at 3Z and fixed for 10 min in
subcultured, the original medium was removed. The4% paraformaldehyde. The samples were observed
cells were washed with phosphdiaffered saline and photographed under an epifluorescence micro-
(PBS) and then incubated in the same fresh mediumscope (Carl Zeiss, German). The number of cells that
CGM from a stock solution was added to the mediumshowed condensed or fragmented nuclei was deter-
to obtain 5, 10, 25, 50, 1Q@/mL concentrations of ~mined by a blinded observer from a random sampling
the drug. Stock solutions of CGM (100 mg/mL) made of 250~ 300 cells per experiment. Three independent
by dissolving the drug in DMSO were kept frozen at experiments were conducted.
—20°C until use. The concentrations of DMSO, 0.002
-0.1% (vol/vol) used in this study, both as a vehicle for
CGM and as a control, had no effect on HaCaT and
YD cells proliferation in our preliminary studies.

3) Clonogenic (colony-forming) assay

YD9 cells were plated into-&ell culture plate (250
cells/well) and allowed to adhere for 8 h before tre-
atment. Culture medium containing CGM ranging
from 5 to 251g/mL or without CGM was added to ce-
lls and incubated for 7 days. After this time, cells were
then rinsed with PBS, fixed with 100% methanol and

1) MTT assay stained with a filtrated solution of 0.5% (w/v) crystal

Cells were placed in a 98ell plate and incubated violet for 10 min. The wells were then washed with
for 24 h. Then cells were treated with various concen-tap water and dried at room temperature. The coloni-
tration of CGM (5, 10, 25, 50, 1Qfy/mL) for 24 h es, defined as groups af50 cells, were scored manu-
and 50ug/mL CGM for various time points (8, 16, 24, ally and photographed under an INZTinverted mic-
48, 72 h). And then cells were treated with R@mL roscope (Olympus, Japan). Clonogenic survival was

4. Determination of viability and proliferation,
and morphological assessment of apoptosis
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expressed as the percentage of colonies formed irv.6), 0.5% Triton X100, 2mM PMSF, 1L/mL apro-
CGM-treated cells with respect to control cells. Three tinin and 2uL/mL leupeptin] and incubated at@ for
independent experiments were conducted. 30 min. The lysates were centrifuged at 14,000 revolu-
tions per min for 15 min at’€. Protein concentrations
5. DNA electrophoresis of cell lysates were determined with Bradford protein
2x 10° cells were resuspended in 1.5 mL of lysis assay (BieRad, Richmond, CA, USA) and equivalent
buffer [10 mM Tris (pH 7.5), 10 mM EDTA (pH 8.0), amounts were loaded ont(? #85% SDS/PAGE. The
10 mM NaCl and 0.5% SDS] into which proteinase K gels were transfer.red Fo N|trocgllulose membrane (Am-
(200pg/mL) was added. After samples were incu- ersham Pharmacia Biotech, Piscataway, UK) and re-

bated overnight at 48, 200uL of ice cold 5M NaCl

was added and the supernatant containing fragmentegOdles was performed using SuperSignal West Pico

. . enhanced chemiluminescence substrate and detected
DNA was collected after centrifugation. The DNA was

then precipitated overnight at20°C in 50% isopro-
panol and RNase A-treated for 1 h at@7The DNA
from 1 cells (15uL) was equally loaded on each
lane of 2% agarose gels in TFeasetic acid/EDTA bu-
ffer containing 0.ug/mL ethidium bromide at 50 mA

acted with each antibody. Immunostaining with anti-

with Alpha Imager HP (Alpha Innotech, San Leandro,
USA). Equivalent protein loading was confirmed by
Ponceau S staining.

8. Assessment of mitochondrial event

for 1.5h. 1) Assay of mitochondrial membrane potential
(MMP)
6. Proteasome activity JG1 was added directly to the cell culture medium

After treated with 5Qg/mL CGM for various time (1 uM final concentration) and incubated for 15 min.

points, cells were lysed in proteasome buffer [10 mM
Tris-HCI, pH 7.5, 1 mM EDTA, 2mM ATP, 20% gly-
cerol, and 4 mM dithiothreitol (DTT)], sonicated, and
then centrifuged at 13,000 g atC4 for 10 min. The
supernatant (2Qlg of protein) were incubated with

The medium was then replaced with PBS, and cells
were resuspended in u@/mL of methanol and incu-
bated at 3T for 30 min. Flow cytometry to meare
MMP was performed on a Epics XL (Beckman Coulter,
FL, USA). Data were acquired and analyzed using
EXPO32 ADC XL 4 color software. The analyzer th-

proteasome activity buffer [0.05 M T+#4Cl, pH 8.0, hold g q he ESG ch | ud
0.5 mM EDTA, 50uM SucLLVY -AMC] for 1 h at o510\ Was adjusted on the FSC channel o exclude
noise and most of the subcellular debris.

37°C. The intensity of fluorescence of each solution

was measured by a modular fluorimetric system (Spex 2) Immunofluorescent staining

Edison, USA) at 380 nm excitatory and 460 nm emi- Cells were cytocentrifuged and fixed for 10 min in
ssion wavelengths. All readings were standardized us4% paraformaldehyde, incubated with each primary
ing the fluorescence intensity of an equal volume of antibody for 1 h, washed 3 each for 5 min, and then

free AMC solution (5QM). incubated with FITGonjugated secondary antibody
for 1 hr at room temperature. Cells were mounted with
7. Western blot analysis PBS. Fluorescent images were observed and analyzed

Cells (2x 10°) treated with CGM were washed twice under Zeiss LSM 510 lasscanning confocal micro-
with ice-cold PBS, resuspended in 3@0ice-cold so- scope (Goettingen, Germany).
lubilizing buffer [300 MM NaCl, 50 mM Tri<Cl (pH
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9. Quantification of DNA hypoploidy and cell prominently induced cell death in a tirdependent
cycle phases by flow cytometry manner (Fig. 1A). The viability of YD9 cells treated

with CGM 50ug/mL for 24 h significantly reduced

whereas the viability of HaCaT cells treated with

time points up to 72 h. At each time point, cells were . .
harvested by trypsinization and ice cold 95% ethanoICGNI S0ng/mL for 24 h slightly reduced (Fig. 1B).
Since the dose required for hatfaximal inhibition of

with 0.5% Tween 20 was added to the cell suspen- . . . .
. . . . viability in YD9 cells was~CGM 50ug/mL, this
sions to a final concentration of 70% ethanol. Fixed . . .
. single concentration was utilized for further assessme-

cells were pelleted, and washed in 1% BBBS solu- .

. . .. ntof apoptosis.
tion. Cells were resuspended in 1 mL PBS containing
11 Kunitz U/mL RNase, incubated &4 for 30 min,
washed once with BSRBS, and resuspended in PI (A)
solution (50ug/mL). After cells were incubated aiG4 120y
for 30 min in the dark, washed with PBS, and filtered 100}
through a 2@m nylon mesh. DNA content were mea-
sured on a cytomics FC500 flow cytometry (Beckman
Coulter, Fla., USA) and data was analyzed using the
Multicycle software which allowed a simultaneous

Cell cycle progression was determined at multiple

©
o

N
o

% of cell viability
[«2]
o

N
o

estimation of cefcycle parameters and apoptosis.

0 8 16 24 48 72 (t
10. Statistical analysis

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

mary data.

[ YD-9 [HaCaT

25 50 100

(ug/mL)

ity

iabil

% of cell v

5 10

Fig. 1.Effect of CGM treatment on viability of YD9 and HaCat
Results cells as determined by MTT assay. (A) After treatment
with 50pug/mL CGM, viability was undertaken at various
time points. CGM at 5Qg/mL reduced viability of YD9
1. CGM reduced viability and inhibited the cells in a timedependent manner (16-h72 h, p<
growth in YD9 cells 0.001). Three indepepdent assays were pgrformed. Values
are means SD of triplicates of each experiment (B) 24 h
after CGM treatment (8 100pug/mL), the viability of YD9

To investigate whether CGM reduced the viability .
and HaCaT cells was measured. CGM produced a signi-

of YD9 cells and HaCaT cells, MTT assay was con- ficant doesdependent decrease in viability of YD9 cells
ducted. CGM produced a significant tirdependent but not HaCaT cellsp(<0.001 at 5qug/mL and 10Qug/

. . L d with HaCat cells). Three independent ass-
decrease in the viability of YD9 cells over a period of mi. compared with HaCat cells). Three independent ass

ays were performed. Values are mea®D of triplicates
72 h. Treatment of YD9 cells with 3@/mL CGM of each experiment.
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Fig. 2.YD9 cells were cultured in the presence of the indicated ctratiens (0~25ug/mL) of CGM for 7 days. (A) The photograph
showing colony formation in YD9 cells. (B) The growth of CGidated groups is expressed as percentage of control. Note that
CGM at low concentrations significantly inhibited the growth of YD9 cells §Qug/mL, p<0.001; 5-20pg/mL, p<0.01).
Three independent assays were performed. Values are tn88nef triplicates of each experiment.

(A)

Ctrl 24 48 72(h)
(B) ©
100 ¢
80 | ki
60 |

40+

% of cell death

20}

o

Control CGM

Fig. 3. Demonstration of apoptosis in YD9 cells treated witlu@®L CGM. (A) Immunofluorescent micrographs after Hoechst staining.
Control cells showing typical round nuclei (left panel). Cells treated with CGM for 24 h show the production of nuclear conden-
sation or fragmentation (right panel). Scale bayrh0(B) The values below micrographs are the rae@b of the means of apopto-
tic cells as determined by Hoechst staining. The results presented are representatives of three independent expgriments. **,
0.01. (C) DNA electrophoresis. The control group (ctrl) which did not have any treatment, showed no DNA fragmentation. Cells
treated for 24, 48, 72 h clearly showed DNA degradation characteristic of apoptosis with a ladder pattern of DNA fragments.
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To investigate whether CGM inhibited the growth 48 h and 72 h showed DNA degradation characteristic
of YD9 cells, clonogenic assay was performed. After of apoptosis, with a ladder pattern of DNA fragments
exposure to CGM for 7 days, the inhibition of colony (Fig. 3C). Caspas®, caspas&, PARP and DFF45
formation was determined and was shown in Fig. 2.(ICAD) activation were also demonstrated. The Wes-
The CGM dosealependently inhibited colony forma- tern blotting study showed that CGM treatment at var-
tion. The values on colony formation were 100% (con- ious time points induced degradations of cas{®ase
trol cells), 58.7% (ug/mL CGM treated cells), 27.9% caspase3, PARP and DFF45 (ICAD), and produced
(10pg/mL CGM treated cells), 9.1% (4y/mL CGM caspased 34 kDd and 17 kDa, caspa8el7 kDa,
treated cells), 1.4% (30g/mL CGM treated cells) and PARP 85kDa, and DFF45 34 kDa and 11 kDa cleaved

0.5% (25ug/mL CGM treated cells). products (Figs. 4, 5A). And confocal microscopy sho-
wed that CGM led to the translocation of DFF40
2. CGM induced apoptosis in YD9 cells (CAD) from cytosol onto the nuclei (Fig. 5B).

The incubation of YD9 cells with 50g/mL CGM
resulted in morphological and biochemical changes
associated with apoptosis. Hoechst stain demonstrated
that CGM induced a change in nuclear morphology. To dissect the molecular mechanism underlying
Compared with the typical round nuclei of the control CGM-inducing apoptosis in YD9 cells, alteration of
cells, YD9 cells treated with 5/mL CGM for 24 h
displayed condensed and fragmented nuclei (Fig. 3A,
B). DNA fragmentation was demonstrated by DNA (A)
electrophoresis. YD9 cells treated with CGM at 24 h,

3. Mitochondrial events were involved in
CGM-induced apoptosis of YD9 cells

0 8 16 24 48 72
amw === < 45kDa

— e === (= 40kDa
DFF45 —— = 34kDa
24 48 (ICAD)
_a' ~ L 6kpa
" 34kDa
+-11kDa
Caspase-
N 17 kDa Control
Caspase- DEF40
(CAD)
s g o 1 17kDa
. ' . = 116 kDa
PARP oy B = = 85kDa
Fig. 5.(A) Western blotting analyses of DFF45 (ICAD). CGM
Fig. 4. Western blotting analyses of casp&ecaspas8, and treatment induced DFF45 degradation, and produced the
PARP. CGM treatment induced casp@seaspas8 and processed DFF45 34 kDa and 11 kDa cleaved products
PARP degradation, and produced the processed ca@pase (B) Confocal microscopy showing the translocation of
34 kDa and 17 kDa, caspa8€el7 kDa, and PARP 85 kDa DFF40 (CAD) from cytosol onto the nuclei. Scale bar, 10
cleaved products. pm.
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BAX | m— S N N - +— 21kDa

BC-2| o . - - — . |+ 28kDa

Control

(B) 24h
: -

Fig. 6.Bax, Bcl2, and cytochrome c involve apoptosis in YD9

cells treated with CGM at 503/mL. (A) Western blotting

analyses of Bax and B@l Expression level of Bax signifi-

cantly increased compared to the control in a-ifepen-

the expression level of apoptotic factor, Bax and
antiapoptotic factor, Be2 was assayed by Western blott-
ing. Whereas the expression level of Bax increased,
Bcl-2 decreased after CGM treatment in a tiepen-

dent manner. This data showed the remarkable change
of Bax/Bck2 ratio (Fig. 6A). And confocal micro-
scopy showed that CGM led to the release of cytochrome
¢ from mitochondria into the cytosol (Fig. 6B).

Western blot assay and confocal microscopy were
conducted to examine whether another mitochondrial
apoptotic factor, AlF, is involved or not. Expression
level of this protein increased till 24 h after treatment
of CGM. AIF was shown to release from mitochon-
dria, and translocation onto nuclei was evident in YD9
cells (Fig. 7).

Loss of mitochondrial membrane potentisi{m) is

dent manner. Compared with Bax expression, expressionknown to be common event in many pathways of
level of Bcl2 decreased compared to the control in a-time

dependent manner. (B) Confocal microscopy showing the

apoptosis induction. Also in this study, mitochondrial

release of cytochrome ¢ from mitochondria into the cyto- membrane potentiab®m) remarkably decreased aft-

sol. cyto ¢, cytochrome c. Scale bar phd.

(A) 0 8 16 24 48 72(h)
AlF — ,-_ ‘ ' - -.. 65kDa
(B) Control 24h

AlF

er treatment of CGM in a timdependent manner
(Fig. 8).

Proteasome activity assay showed that CGM did not
abolish proteasome activity (data not shown).

These data strongly support the hypothesis that the

120r

100

[er]
o

AWm-losg% of ctrl)
r O
o o

N
o

0 8 16 24 48 72 (h)

Fig. 7.AIF involves apoptosis in YD9 cells treated CGM at 50 Fig. 8. Mitochondrial membrane potentidi¢m) at various time
ng/mL. (A) Western blotting analysis of AlF. Expression

level of AIF increased compared to the control over a peri-

od of 24 h. (B) Confocal microscopy showing that AlF

was released from mitochondria, and that translocation

onto nuclei was evident in YD9 cells. Scale band0

62

points after 5Qug/mL CGM treatment. Mitochondrial mem-
brane potential remarkably decreased in a-tilegendent
manner (0 h-72 h, p<0.001). Three independent assays
were performed. Values are meah$D of triplicates of
each experiment.
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(A) 0 8 16 24 48 72(h)
100p
—-G0/G1 —4S -x-G2/M PS3(full)| e = - - . 53 kDa
80r - |
o p21 = — i- 21 kDa
[S]
>
= 60r k2 M . 344Da
o
- S ————
40t Cdk4 T —— — =~ 34 kDa
20r cyclin D1 o —— = = 36 kDa
0 ' cyclin D3| i - — - * 31 kDa
(B) Fig. 10.Western blotting analyses of cell cycldated proteins.
- _ The expression level of Cdk2, Cdk4, cyclin D1 and
| Oh 8h cyclin D3 decreased time dependently. The expression
level of p2#/AFLCIPL and p53 increased time dependent-
ly. Note the remarkable increase of §21°'""*and p53
i = at 24h.
f‘#@é‘ég%—"' F“mms—%— CGM induce apoptosis via mitochondrial pathway in
L n L 4 YD cells.
{ 16h 24h
4. CGM-inducing apoptosis was related to G1
{ cell cycle arrest on YD9 cells
! Analysis via a flow cytometric method, which allow-
e Apoptosis 10.49% ApOptosis 27.62% ed the simultaneous estimation of cell cycle parame-
| ters and apoptosis, elucidated not only the rate at
48H 1 el which CGM altered cell cycle progression but also the
correlation between cell cycle progression and cell
I_' i death (Fig. 9A, B). Tim&ourse analysis of cetiycle
| | distribution after CGM treatment revealed the increase
w— in the percentage of GO/G1 phase cells, while produc-
Apoptosis 39.00% Apoptosis 52.93%

ing a concomitant fall in the percentage of S phase

Fig. 9. The kinetic analysis of the effect of f§/mL CGM on cells. The increase in the GO/G1 phase cell percentage

YD9 cell cycle progression and induction of apoptosis. gnd concomitant fall in the percentage of S phase cells
These data were analyzed on a FACScan flow cytometry

which allows the simultaneous estimation of cgitle paralleled an increase in apoptotic cell portions.

parameter and apoptosis. (A) The percentages of GO/G1, To investigate the alternation of cell cyckdated

S and G2/M are depicted. Data shown are representative . -
. ; . proteins, Westen blotting assay was conducted. West-

of three independent experiments. (B) Representative i )

DNA histograms are shown. Tirmurse analysis of cell ~ €rn blotting data showed that expression level of cyc-

cycle dl.strlbutlon after CGM treatment reyealed an in- in D1, cyclin D3, Cdk2 and Cdk4 regulating GO/G1

crease in the percentage of DNA hypoploidy (1@, . .

0.01; 24 h~72 h,p<0.001). Data shown are representa- phase decreased in a time-dependent manner. The ex-

tive of three independent experiments.
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pression ével of p53 and p2¥*F¥“"tincreased in a the Bck2 family of proteins. Antiapoptotic members,

time-dependent manner (p2ATYC'PL till 24 h). such as BeR and BcixL, inhibit protein release,
Especially at 24 h, the expression level of p53 andWhereas prapoptotic members, such as Bax and Bak,
p21WAFLCIPL ramarkably increased (Fig. 10). stimulate this release (Orrenius 2004). This study

showed a shift in the ratio of Bax to Belby CGM.
These results indicate that a shift in the ratio of Bax to
Discussion Bcl-2 may be the molecular mechanisms by which
CMG induces apoptosis of YD9 cells. OMM becomes
Herbal medicine use is on the rise. The greater acceppermeable to intermembrane space proteins such as
tance of herbal medicine by healthcare professionalsytochrome ¢ and AIF (apoptosis inducing factor)
and the public results partly from lively addressing of during apoptosis (Golabt al. 2000). Once released,
their pharmacological mechanism. Numerous studiescytochrome ¢ promotes the activation of -pespase
showed that individual herbal medicines had various9 directly within apoptosome complex (&i al. 1997).
pharmacological activities, e.g. antiallergic, antipyretic, Cytochrome c release and disruption of mitochondrial
analgesic, antinflammatory and anticancer effects. membrane potential (MMP) are known features in
For exploration of their pharmacological mechanism, apoptosis triggered by proteasome inhibition (Wagen-
the total extracts (Kinet al. 1998, Kimet al. 1999, knechtet al. 2000, Marshansket al. 2001). On
Parket al.2001, Naet al. 2002, Kimet al.2003) were induction of apoptosis, AlF translocates to the nucle-
used. Recently it reported that the herbal medicine,us, resulting in chromatin condensation and lage
Chios gum mastic (CGM) obtained from the stem andale DNA fragmentation (Dauglast al. 2000). This
leaves ofPistacia lentiscugrees induces cell cycle study also showed translocation of AIF from mito-
arrest and apoptosis in prostatncer cells (Balaet chondria onto nuclei, the release of cytochrome ¢ from
al. 2007, Heet al. 2007). Irrespdive of numerousn mitochondria into the cytosol, a siginificant reduction
vitro andin vivo studies, action mechanism of most of MMP and product of caspaSecleavages. Protea-
herbal medicines remains elusive. some is a fundamental ndysosomal tool that cells
In MTT assay, CGM produced a significant does use to process or degrade a variety of slivetl pro-
dependent decrease in viability of YD9 cells but not teins. Proteolysis mediated by the ubiquijtirotea-
human keratinocytes, HaCaT cells. And in clonogenicsome system is known to be implicated in the regu-
(colony forming) assay, CGM at low concentrations lation of apoptosis (Drexlegt al. 2000). The protea-
(5, 10, 15, 20, 2hg/mL) significantly inhibited the  some pathway works upstream of the mitochondrial
growth of YD9 cells. These data suggest that CGM alternations and caspase activation (Orlowski 1999).
could have the potential therapeutic possibility as aBut our data did not show the reduction of proteasome
novel herbal medicine for prevention against humanactivity in CGM treated YD9 cells (data not shown).
oral squamous cell carcinoma. Therefore this study has demonstrated that these re-
Mitochondria play an important role in apoptosis, as presentive mitochondrial events are involved in GGM
the induction of mitochondrial permeability transition induced apoptosis of YD9 cells. Conclusively, we
plays in the regulation of apoptosis (Kroenatral. here report for the first time that CGM induces apo-
1997, Green and Reed 1998, Susiral. 1999, Orre-  ptosis of human oral squamous carcinoma cells throu-
nius 2004). Permeabilization of the outer mitochon- gh mitochondrial pathway significantly.
drial membrane (OMM) is modulated by members of A common final event of apoptosis is nuclear con-
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densation, which is controlled by caspase, DFF, andest. Although the upegulated level of p24AFL/ciP?
PARP. DFF triggers both DNA fragmentation and and p53 may represent their role in this G1 cell cycle
chromatin condensation during apoptosis (etual. arrest, further investigation is needed.
1998). In our study, cleavages of caspas®FF45 It is now widely appreciated that agents capable of
(ICAD), and PARP were also shown in C&Mated  inducing apoptosis in cancer cells potentially lead to
YD9 cells. Furthermore our confocal microscopy data the development of mechanidmsed prevention and
demonstrated that CGM led to DFF40 (CAD) from treatment approaches for cancer. Natural products also
cytosol onto translocation of nuclei in YD9 cells. contain a variety of chemopreventive compounds that

There have been many studies on the relationship ofiave been shown to prevent the development of mali-
cell cycle control mechanisms to apoptosis. Cell deathgnancies (Raet al. 1995, Linet al. 1997) or to inhibit
typically occurs in cells arrested in a postmitotic phaseangiogenesis (Huanet al. 1991, Huanget al. 1994,
of the cell cycle (Uckeet al. 1994). We have demon- Arbiser et al. 1998, Cao and Cao 1999, Beii al.
strated that CGM strongly inhibited YD9 cell growth 2003). Our data obtained from this study also suggest
by G1 cell cycle arrest and apoptosis. Our flow cyto- that CGM may be useful for development for cancer
metry data indicated that the increases in the GO/Glprevention and/or therapy as a novel natural product.
phase cell percentage and concomitant fall in the per- Taken collectively, we demonstrated that CGM str-
centage of S phase cells paralleled an increase in ap@ngly inhibits YD9 cells proliferation via the modula-
ptotic cell portion. In mammalian cells;®pe cyclins  tion of cell cyclerelated proteins and induces apopto-
are synthesized during the G1 phase and regulatejs via mitochondria and caspase pathways in YD9
G1/S transi-tion with their partners, Cdks and Cdk in- cells. Our experimental data contribute new insights to
hibitors regulate cell cycle progression by associationthe role of CGM and support the view that the clinical
with cyclin/Cdk complexes (Chait al. 2005) The G1  effect of CGM may depend on its pharmacological
cell cycle arrest by trichostatin A is thought to be hi- efficacy in regulating human oral squamous carcino-
ghly dependent on increased cell cycle kinase inhibi-ma cells. Furthermore we suggest that CGM can be
tor p21*AFYCP1(Rohet al. 2004). We tested the expre- considered as a novel therapeutic strategy for human
ssion alterations of cell cyclelated proteins after the  oral squamous cell carcinoma from its powerful cell
treatment of CGM. The results showed that the exprecycle arrest and apoptosigducing activity.
ssion level of cyclin D1, cyclin D3, Cdk2 and Cdk4
regulating GO/ G1 phase decreased in a -tii@gen-
dent manner whereas the expression level of p53 in- References
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22l @ A1 E-ql Pistiacia lentiscus L. var. Chize Z2]o|A 7] A9 FRAubol|Aqt x]2)s}, Chios gum
mastic (CGMp.2 =] 9l $A1E whEe] Wt Pistacia lentiscust7-2] 79} dellM &3 HAEAQ
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7] f18lM+= clonogenic ass& AHg-3tdeh Al ZAPEAPE =5 YD Al 25 $H3317] $18iA] hoechstd 4+
3} DNA A71935HS AH8-3tdet 22l YD Al Zef] CGMS M43+ ¥, Western blot-A, A| = o 515k 4],
T4 o] A FAF8n 7 717, FACScan flow cytometry;}3i 22k A 9] 3}, proteasom&t = =3 58 |83}
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CGMe= A2]%l YD Al ZE 43 oj&xel Az Agdalsh AEADA o] 0|3 A E5E-¢ 1T, caspase-
9, caspase-3, PARE.E]| 12 DFF45 (ICAD)| =}¥]¢} 22| A4, DNAS] =7, & -5, ARJA A 92 24,
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o] Zhanel p2IVAFVCIPL p53o) ke Zrle} WAL Ao Belx|: GLAZF7] FAF Bt

ol2jdt A3 CGMe] A 257] I b Ee] Hye =3 GLAEF7|AA 2} A3l ¢} caspased =&
B3 AEAEAE SEFE B FHekT ook olsh e AYY AT AX 9} AEAA} FrS
CGMe| AR ZRFe) A2 Aozl /sye wol Fohu Y7

ol 7| et : chios gum mastic (CGM| ZA}E A}, Al 773 H 3 Abw] Qh2 M| £, A ZZ37])A %

TAAR} 24 (ke st o S g ahe 77 Rt
A9 : parkbs@pusan.ac.kr

68



