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Goniothalamin (GTN),  a plant bioactive styryl-lactone, is  a natural product with potent anti- tumorigenesis effects for several types of cancer. Nonetheless, the anticancer effect of GTN has not been examined in oral cancer. The present study was designed to evaluate its potential anticancer effects in an oral squamous cell carcinoma (OSCC) model and to determine the possible  mechanisms with respect  to apoptosis, DNA damage, reactive oxygen  species (ROS) induction, and mitochondrial membrane poten- tial.  Our data demonstrated that  cell  proliferation was signiﬁcantly inhibited by GTN in  Ca9-22  OSCC cancer cells in concentration- and time-dependent manners (p < 0.05). For cell cycle and apoptotic effects of GTN-treated Ca9-22 cancer cells, the sub-G1 population and annexin V-intensity signiﬁcantly increased in a concentration-dependent manner (p < 0.001). For the analysis  of DNA double strand breaks, γH2AX intensity signiﬁcantly increased in GTN-treated Ca9-22 cancer cells in concentration–response relation- ship  (p < 0.05).  Moreover, GTN signiﬁcantly induced intracellular ROS levels  in  Ca9-22  cancer  cells  in a concentration- and  time-dependent manner (p < 0.05).  For membrane depolarization of mitochon-
dria, the DiOC2 (3) (3,3/ -diethyloxacarbocyanine iodide) intensity of GTN-treated Ca9-22 cancer cells was
signiﬁcantly decreased in concentration- and time-dependent relationships (p < 0.001). Taken together, these results suggest that  the anticancer effect of GTN against oral cancer cells is valid  and GTN-induced growth inhibition and apoptosis inﬂuence the downstream cascade including ROS induction, DNA dam- age, and mitochondria  membrane depolarization. Therefore, GTN has potential as a chemotherapeutic
agent against oral cancer.






1.  Introduction

Oral squamous cell carcinoma  (OSCC) is one of the most com- mon head and neck cancers. The main risk factors of OSCC are environment and life  style  such as alcohol  use, betel  quid  chew- ing, and tobacco  smoking [1].  The high  morbidity and mortality associated  with OSCC  are largely  due  to  its  poor  prognosis  [2] and lack of effective molecular markers  to predict oral precancer [3]. Therefore,  the challenge  of drug  discovery for more  effective chemotherapy of OSCC persists.
Recently, natural products have become one of the main sources in modern drug  discovery,  especially  for  anticancer drugs. More than 50% anticancer drugs are produced from natural products and their  derivatives [4] and some of them are approved  by the United States Food and Drug Administration [5].  Many  anticancer drugs for OSCC were developed  from  natural products,  such as genistein from soybeans [2,6], honokiol from Magnolia species [7], extracts of deep-water Marion Island sponges [8], essential oil from Levisticum ofﬁcinale [9],  cytotoxic limonoid from  Chisocheton erythrocarpus
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[10], and others. Because OSCC therapy is not satisfactory with use of a single natural product, other  natural products with anti-oral cancer activity are worthy of discovery.
Goniothalamin (GTN) is a plant  bioactive styryl-lactone, which is mainly restricted to the  genus Goniothalamus [11].  Many  bio- logical  effects  of GTN are reported, including antimicrobial [12], insecticidal [13], and antifertility effects [14]. Indeed, it is reported that  GTN inhibited cell proliferation and induced  cytotoxicity in a variety of cancer cell lines derived  from  cervical  [15], gastric, kid- ney [16], breast [17], leukemia [18], ovarian, melanoma, colon [19], liver  [20,21],  and lung  [22]  cancers. Nonetheless,  the  anticancer effect on oral cancer was seldom investigated.
Therefore, we chose an OSCC cell line on which to examine  the in  vitro  biological effects  of GTN and explore  its  possible  mech- anisms  of  action.  Goniothalamus amuyon-derived GTN [23]  was used to investigate the  compound’s anticancer potential against human  OSCC cancer cells, Ca9-22, based on cell survival,  changes induced in the cell cycle, apoptosis, DNA double strand breaks, reac- tive oxygen species (ROS) induction, and mitochondrial membrane potential.

2.   Materials and methods

2.1.    Cell cultures and drug information

A human OSCC cell line,  Ca9-22  [24,25], obtained from Health Science Research Resources Bank (Osaka, Japan) was cultured in DMEM medium (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum, 100 U/ml penicillin, 100 μg/ml streptomycin, 0.03% glutamine and 1 mM sodium pyruvate. The cells were incubated
at 37 ◦ C in a humidiﬁed atmosphere containing 5% CO2 . GTN was prepared from G.
amuyon as described [23] and  freshly dissolved in dimethyl sulfoxide before drug treatment. Our rationale for concentration selection (0, 0.5, 1, 2, or 5 μg/ml GTN) is based on our previous studies for lung cancer cells [22], which have shown that GTN at these concentrations is bioavailable, as well as the generation of apoptosis.

2.2.    Assessment of growth proliferation

Cell  proliferation was  determined by  the  trypan blue  dye  exclusion assay as previously described [26,27]. Cells were seeded at a density of 1 × 105  cells/3 ml cell
culture medium into a 6-well plate. After 24 h of incubation, the cells were treated with the indicated treatments, cells were mixed with 0.2% trypan blue and the viable cells  were determined using the  Countess® Automated  Cell  Counter (Invitrogen, Diego,  CA, USA).

2.3.    Assessment of cell cycle  distribution and sub-G1 population

Propidium iodide (PI, Sigma, St. Louis, MO, USA) staining was performed to mea- sure  the  cells’  DNA content as described previously [22]. Brieﬂy, a total of 1 × 106
cells per 100-mm petri-dish were treated with solvent vehicle or 0.5, 1, 2, and 5 μM of GTN for 24 and 48 h. After trypsinization, the cells were collected, washed twice with PBS, and ﬁxed overnight with 70% ethanol. After centrifugation, the cell pellets were stained with 10 μg/ml PI and 10 μg/ml RNase A in PBS for 15 min at room tem- perature in the dark.  Cell cycle distribution data were analyzed using a FACSCalibur ﬂow cytometer (Becton-Dickinson, Mansﬁeld, MA, USA) and Win-MDI software, ver- sion  2.9 (developed by Joe Trotter, Scripps Research Institute, La Jolla, CA, USA and available as a free download from http://facs.scripps.edu/wm29w98.exe).

2.4.    Assessment of apoptosis and annexin V/PI double staining

To conﬁrm apoptosis in GTN-treated Ca9-22 oral cancer cells, annexin V/PI dou- ble  staining (Pharmingen, San Diego,  CA) was  performed as previously described
[22]. Brieﬂy, a total of 1 × 106  cells per 100-mm petri-dish were treated with vehicle
or  GTN for  24  and  48 h. Finally, cells  were stained with 10 μg/ml of  annexin V- ﬂuorescein isothiocyanate (FITC) and 5 μg/ml of PI for measurement of apoptotic and necrotic cells  using the  FACSCalibur ﬂow cytometer (Becton-Dickinson) and  ana- lyzed with Win-MDI software, version 2.9 (http://facs.scripps.edu/wm29w98.exe).

2.5.    Assessment of DNA damage and γ H2AX staining

Cells were seeded  at a density of 1 × 105  cells/3 ml cell  culture medium into a
6-well plate. After 24 h of incubation, the cells were treated with the indicated treat- ments. After ﬁxation in 70% ethanol overnight, the  GTN-treated cells were washed twice in BSA-T-PBS solution (1% bovine serum albumin (BSA) and  0.2% Triton X-



Fig. 1.  Proliferation of Ca9-22  oral  cancer  cells  was  inhibited by  GTN. Cells were incubated with various concentrations of GTN (0, 1, and 5 μg/ml) for 24 h (triangle) and 48 h (square). The proliferation was determined using the trypan blue assay. The
data are expressed as means ± SDs (n = 3). *p < 0.05 and **p < 0.0005 against vehicle.


with BSA-T-PBS. Cells were suspended in Alexa  Fluor 488-tagged secondary anti- body (Jackson  Laboratory, Bar Harbor, ME, USA) at a 1:100 dilution for  1 h. After washing twice with BSA-T-PBS, cells  were resuspended in PBS, and  analyzed in a FACSCalibur ﬂow cytometer (Becton-Dickinson) and Win-MDI software, version 2.9 (http://facs.scripps.edu/wm29w98.exe).

2.6.    Assessment of ﬂuorescence of intracellular ROS

The level of  intracellular ROS was  determined by  ﬂuorescence with cell- permeative and   ROS-sensitive probe  2/ ,7/ -dichlorodihydroﬂuorescein  diacetate (DCFH-DA) [28] with slight modiﬁcation. Cells were seeded  at a density of 1 × 105
cells/3 ml cell culture medium. After 24 h of incubation, then the cells were treated with the  indicated treatments (2 and 4 h). Then, cells were washed with PBS twice
and  then incubated with 100 nM  H2DCF-DA in PBS for  30 min at 37 ◦ C. Cells were
harvested by  trypsinization after washing twice with  PBS. After centrifugation, cells  were resuspended in PBS and  immediately forwarded to  analysis by  FAC- SCalibur ﬂow cytometer (Becton-Dickinson) and  Win-MDI  software, version 2.9 (http://facs.scripps.edu/wm29w98.exe). Fluorescence was  measured with  excita- tion and emission settings of 480 and 525 nm,  respectively.

2.7.    Assessment of mitochondrial membrane potential

Mitochondrial  membrane potential  (L1ψ m ;  MMP) was   measured  using  a MitoProbeTM  DiOC2 (3)  assay kit for  ﬂow cytometry (Invitrogen), as described by the manufacturer. Brieﬂy, after GTN treatment, Ca9-22 cells were suspended in 1 ml
of warm PBS at approximately 1 × 106  cells/ml, loaded with 5 μl of 10 μM DiOC2 (3), and incubated at 37 ◦ C, 5% CO2 , for 20–30 min. For the control tube, cells were added
with 1 μl of 50 mM carbonyl cyanide m-chlorophenylhydrazone (CCCP) and  incu- bated at 37 ◦ C for 5 min. Cells were then harvested, washed, and resuspended in PBS and  analyzed immediately using ﬂow cytometry, at the  excitation wavelength of
488 nm and the emission wavelength of 525 nm. Data were analyzed using Win-MDI
software, version 2.9 (http://facs.scripps.edu/wm29w98.exe).

2.8.    Statistical analysis

All  data  are  presented as means ± SDs. Student’s t-test was  used  to  test  the signiﬁcance of differences between the two groups.


3.  Results

3.1.  Growth inhibition in GTN-treated Ca9-22 oral cancer cells

In  the  trypan blue  assay (Fig. 1), the  relative cell  prolifera- tion  at  the  various  concentrations of  GTN (0,  1, and  5 μg/ml)
was 100.0 ± 14.2, 79.1 ± 8.1, and 44.3 ± 5.4 (n = 4) after  24 h and
100.0 ± 17.1,  70.8 ± 11.9,  and  21.9 ± 9.0  (n = 4)  after   48 h.  The
cell  proliferation of  GTN-treated   Ca9-22  oral  cells  signiﬁcantly
decreased  in  concentration–response and  time-dependent rela- tionships (p < 0.05 at a concentration of 1 μg/ml and p < 0.0005 at concentrations of 5 μg/ml for GTN treatment vs. the control). The
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