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Abstract Cordycepin (3’-deoxyadenosine), a pure
compound of Cordyceps sinensis, has been illustrated
with anti-tumor effects. In the present study, the apopto-
tic effect of cordycepin on OEC-M1, a human oral
squamous cancer cell line, was investigated by morpho-
logical observations, cell viability assay, annexin V-FITC
analysis and flow cytometry methods. Results demon-
strated that the number of rounded-up cell increased as
treatment duration of cordycepin (100 uM) increased
from 3 to 48 h, and the plasma membrane blebbing
could be observed after 12 h treatment. In cell viability
assay, cell surviving rate significantly decreased as the
dosage and duration of cordycepin treatment increased
(P < 0.05). Moreover, phosphatidylserine flipping on
cell membrane could be detected with 3, 6 and 12 h
cordycepin treatment, which indicated an early apop-
totic phenomenon. Furthermore, cell cycle studies
illustrated that the percentage of G1 phase cell
declined as the dosages of cordycepin increased
(10 uM to 5 mM), while the percentages of G2M and
subG1 phase cell increased (P < 0.05) in 12,24 and 48 h
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cordycepin treatment. These results further confirmed
the apoptotic event. In conclusion, cordycepin signifi-
cantly induced cell apoptotsis in OEC-M1 human oral
squamous cancer cells.
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Introduction

Cordycepin (3'-deoxyadenosine) is a pure substance
extracted from Cordyceps sinensis, and was considered
as an active component (Cunningham et al. 1950). It
has been illustrated that cordycepin has effects altering
cytokines secretion (Zhou et al. 2002), improving lung
function, increasing energy levels and sex drive (Cui
1999), and having antitumor effect on mouse mela-
noma and lung carcinoma cells (Nakamura et al. 2006).
It has also been demonstrated that cordycepin could
inhibit polyadenylate polymerase (PAP; Thomadaki
etal. 2005) or inactivate mRNA polyadenylation
(Lallas et al. 2004) to induce tumor cell apoptosis,
which is characterized by the cellular rounding-up,
cytoplasmic contraction, plasma membrane blebbing,
chromatin condensation, DNA fragmentation and
many biochemical characteristics, including the activa-
tion of death receptor pathway, mitochondrial pathway
and/or caspases cascades, etc. (Gupta 2001; Daniel
et al. 2006; Feldmann 2006). Apoptosis in early stage is
also accompanied by a loss of membrane phospholipid
asymmetry, resulting in the exposure of phosphatidyl-
serine at cell surface (Fadok et al. 2000).

Betel quid-related oral cavity cancer is a unique type
of squamous cell carcinoma of the head and neck
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(HNSCC), which is endemic in certain areas, including
Taiwan, with areca nut chewing habit (Gupta and
Warnakulasuriya 2002). It has been suggested that the
cause of HNSCC might be induced by mechanical irri-
tation and/or carcinogenic components from betel quid
(Jin et al. 1996, 2001). Noteworthy, the incidence rate
of intra-oral cancers, mostly betel quid-related, is still
increasing in Taiwan (Ho et al. 2002).

Oral cavity cancer not only takes out lives but also
injures the appearance of patient face. The main treat-
ment of early-staged HNSCC is surgery and/or radio-
therapy. For late-staged HNSCC patients, chemotherapy
is often used in various combinations with surgery and
radiotherapy to improve the poorer survival rate (For-
astiere et al. 2003; Psyrri et al. 2004). Thus, the explora-
tion of cordycepin-induced cell death will be valuable
to design more effective chemotherapy agents against
HNSCC. In this study, human HNSCC cell line, OEC-
M1, was used to investigate whether cordycepin has
apoptotic effect.

Materials and methods
Chemicals

Cordycepin, penicillin-streptomycin, 3-3-[4,5-dim-
ethylthiazol]-2,5-dyphenylatetrazolium bromide (meth-
ylthiazoletetrazolium or MTT), dimethyltetrazolium
bromide (DMSO), RNase A, propidium iodine (PI),
Annexin V-FITC (apoptosis detection kit) were pur-
chased from Sigma-Aldrich Co. (St. Louis, MO, USA).
Fetal bovine serum and RPMI 1640 medium were pur-
chased from Gibco Co. (Grand Island, NY, USA).
Sodium hydroxide was purchased from Merck Co.
(Dermstadt, Germany). HEPES was purchased from
Mallinckrodt Baker, Inc. (Philipsburg, NJ, USA).
Sodium bicarbonate, sodium carbonate and sodium
chloride were purchased from Riedel deHaen (Seelze,
Germany).

Cell culcuture

OEC-M1 is a cell line derived from gingival epidermal
carcinoma, an indigenous oral cancer cell line in
Taiwan, which is a generous gift from Prof. Kuo-Wei
Chang (National Yang-Ming University, Taipei, Tai-
wan). OEC-M1 cells were maintained in RPMI 1640
medium supplemented with 24 mM NaHCO;, 25 mM
HEPES, 10,000 U penicillin, 10,000 pg streptomycin
and 10% heat-inactivated fetal bovine serum, pH 7.4,
incubated in a humidified atmosphere containing 95%
air, 5% CO, at 37°C (Shneyvays et al. 2000).
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Morphology study

OEC-M1 cell line was seeded in 6 cm dish with 2 ml
serum medium, which contained 6 x 10° cells. After
cells reached 70-80% confluence, cells were treated
with serum free medium contained 100 pM cordycepin
for various time points (3, 6, 12, 24, 48 h). Cell mor-
phology was then observed and recorded under light
microscopy (Olympus, CK 40). Apoptosis is character-
ized by the loss of cellular contact with the matrix and
the appearance of plasma membrane blebbing (Gupta
2001).

MTT assay

Methylthiazoletetrazolium assay was used to deter-
mine cell viability (Denizot and Lang 1986). OEC-M1
cells were seeded in 96-well plate containing 1 x
10* cells with 100 pl serum medium. After cells
reached 70-80% confluence, cells were treated with
serum free medium containing 10 pM, 100 uM, 1 mM,
2 mM and 5 mM cordycepin for 3, 6, 12, 24 and 48 h.
MTT were added at different time points with the final
concentration of 0.5 mg/ml and then incubated for 4 h
at 37°C. The medium was removed and DMSO (50 ul)
was added into each well to dissolve the crystals by
shaking the plate weakly for 20 min in dark. The O.D.
values in each treatment were then determined at
590 nm by an ELISA reader (Opsy MR, Dynex, USA).

Annexin V-FITC assay

To detect whether cordycepin could induce the flipping
of phosphatidylserine at the cell surface, treated cells
were double stained with annexin V-FITC and PI
and under the examination of FL1 (530 nm for ann-
exin V-FITC) and FL2 (585 nm for PI; Nicoletti et al.
1991; Koopman et al. 1994). OEC-M1 cell line was
seeded in 6 cm dish with 2 ml serum medium, which
contained 6 x 10° cells. After cells reached 70-80%
confluence, cells were treated with free medium con-
taining 100 uM cordycepin for 3, 6 and 12 h. The distri-
bution of cells was analyzed with CellQuest™" software
(Becton-Dickinson, Mountain View, CA, USA).

Flow cytometric analysis

In order to investigate whether cordycepin could
induce cell apoptosis, DNA fragmentation and the
redistribution of cell cycle, flow cytometric analysis was
used with propidium iodine stain (Nicoletti et al. 1991;
Wang et al. 2005). OEC-M1 cell line was seeded in
6 cm dish with 2 ml serum medium, which contained
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6 x 10° cells. After cells reached 70-80% confluence,
cells were treated with free medium containing 10 pM,
100 uM, 1 mM, 2 mM or 5 mM cordycepin for 12 h; and
500 nM, 1 pM, 10 pM, 100 uM, 1 mM, 2 mM or S mM
cordycepin for 24 and 48 h, respectively. Cordycepin-
treated cells were harvested with trypsin, washed with
PBS, and fixed in 75% ethanol for at least 2h at
—20°C. After fixation, cells were washed in cold PBS
and then collected by centrifugation and stained with PI
solution containing 40 pg/ml in PBS, 100 pg/ml RNase.
The stained cells were analyzed using a fluorescence-
activated cell sorter (FACScan, Becton-Dickinson,
Moutain View, CA, USA) at L =488 nm using Cell-
Quest" software (Becton-Dickinson, Moutain View,
CA, USA). The DNA content distribution of normal
growing cells is characterized by two peaks—G1/G0
and G2/M phase. G1/GO0 phase possesses normal func-
tioning and resting state of cell cycle with most diploid
DNA content, while the DNA content in G2/M phase
are more than diploid. Cells in sub G1 phase have least
DNA content in cell cycle distribution, called hypodip-
loid. The hypoploid DNA contents represent the DNA
fragmentation (Wang et al. 2005).

Statistics

All data are expressed as mean & SEM of at least three
independent experiments. Statistically significant
differences between control and treatments were deter-
mined by one-way analysis of variance (ANOVA) and
then the least significance difference (LSD). Statistical
significance was set at P < 0.05.

Results

Effects of cordycepin on morphological changes
in OEC-M1 cell line

OEC-M1 cells were treated without or with cordycepin
(100 uM) for 3, 6, 12, 24 and 48 h, respectively, and
morphological changes were examined under light
microscopy.

Cells without cordycepin treatment showed polygo-
nal shape with healthy appearances, blurred outline
and firm attachment, which is normal cell growth phe-
nomenon (Fig. 1a, c, e, g, i). After 3 h cordycepin treat-
ment, cells appeared rounded-up phenomenon but still
adherent to the ground matrix (Fig. 1b). Cordycepin
treatment for 6 h caused more cells rounded-up plus
some floated cells (Fig. 1d). After 12 h treatment, the
adherent cells appeared black-dotted outline, and
some cells expressed plasma membrane blebbings with

more floated cells (Fig. 1f). After 24 and 48 h, more
adherent cells appeared membrane blebbings, and
there were more floating cells (Fig. 1h, j). These phe-
nomena suggest that cordycepin might induce apopto-
tic cell death in OEC-M1 human head and neck cancer
cell line.

Effects of cordycepin on OEC-M1 cell viability

The morphological changes suggested the involvement
of cell death induced by cordycepin in OEC-M1. Thus,
MTT assay was used to investigate the effect of cord-
ycepin on cell viability in OEC-M1 cells. OEC-M1 cells
were treated with 10 uM, 100 uM, 1 mM, 2 mM or
5mM cordycepin for 6 and 12 h, respectively; and
500 nM, 1 pM, 10 pM, 100 pM, 1 mM, 2 mM or 5 mM
cordycepin for 3, 24 and 48 h, respectively. Results
showed that cordycepin had significantly negative
effect on cell viability in OEC-M1 cells with time- and
dose-dependent manners (Fig. 2).

Figure 2a illustrates that cell viability significantly
decreased 18-40% by 3 h cordycepin treatment at
100 uM or higher dosages (P < 0.05) in OEC-M1 cells.
Interestingly, cordycepin at 1 mM or higher dosages
after 6 and 12 h treatments had significantly negative
effects on cell viability from 40 to 60% on OEC-M1
cells (Fig. 2b, c; P < 0.05). After 24 h cordycepin treat-
ment, 1 pM or higher dosages treatments had signifi-
cantly negative effects from 18 to 62% on OEC-M1 cell
viability (Fig. 2d; P < 0.05). Cordycepin at 500 nM with
48 h treatment would have significantly negative effects
from 10 to 65% on OEC-MI1 cell viability (Fig. 2e;
P <0.05).

Effect of cordycepin on phosphatidyserine membrane
translocation in OEC-M1 cell line

To determine whether the inhibition of cell growth by
cordycepin resulted from the induction of apoptosis,
the early translocation of phosphatidyserine (PS) from
the internal to external leaflet, a hallmark of early
apoptosis, was demonstrated by incubating OEC-M1
cells with 100 uM cordycepin for 3, 6 and 12 h, respec-
tively (Fig. 3).

The annexin V-FITC staining cell distribution
regarding the normal cell (82.33%) and apoptotic
trend cell (17.67%) without cordycepin treatment, or
the normal cell (79.52%) and apoptotic trend cell
(20.48%) with cordycepin treatment for 3 h are dem-
onstrated in Fig. 3a and b, respectively. Figure 3c illus-
trates the distribution of normal cell (78.02%) and
apoptotic trend cell (21.98%) without cordycepin
treatment for 6 h, and Fig. 3d demonstrates the distri-
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Fig. 1 Effects of cordycepin
on morphological changes in
OEC-M1 cells. Cells were cul-
tured in 24-well plates until
70-80% confluence and then
treated without or with

100 uM cordycepin for 3 h
(a,b),6h (¢, d), 12 h (e, f),
24h (g, h) and 48 h (i, j). Mor-
phological changes of cells
were examined under light
microscopy (bar 0.1 mm, ar-
row heads membrane-blebbed
cells)

bution of normal cell (56.93%) and apoptotic trend cell
(43.07%) with cordycepin treatment for 6 h. Figure 3e
illustrates the distribution of normal cell (64.83%) and
apoptotic trend cell (35.18%) without cordycepin
treatment for 12 h, and Fig. 3f demonstrates the distri-
bution of normal cell (31.97%) and apoptotic trend cell
(68.03%) with cordycepin treatment for 12 h.

Figure 3g demonstrates the statistical analysis regard-
ing the change in normal cell or apoptotic trend cell
between control and cordycepin-treated OEC-M1 cells
after 3, 6 or 12 h treatment, respectively. There was no
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significant change of cell number in percentage
between control and cordycepin-treated groups in nor-
mal cell or in apoptotic trend cell (Fig. 3g). However,
in 6 h treatment, the percentage of apoptotic trend cell
significantly increased between control and cordyce-

pin-treated groups (18.65+3.32% at control vs.
36.31 +1.79% at treatment, P < 0.05), while the per-
centage in normal cells significantly decreased between
control and cordycepin-treated groups (77.70 £ 2.21%
at control vs. 56.36 & 2.52% at treatment, P < 0.05;
Fig. 3g). In 12 h treatment, the percentage of apoptotic



Cancer Chemother Pharmacol (2007) 60:103-111

107

MTT 3hrs A

8
—_

percentage of cell viability
3

control 10pM 100 pM ImM 2mM 5mM
cordycepin dose
MTT 6hrs B
ror 1 1 1
£ 100
=
Z 0 2
8 o0 2 2
S 40
&
= 20
g o
& control 10pyM 100uM 1mM 2mM 5 mM
cordycepin dose
MTT 12hrs
z 1 1 C
= 120
s 100 1
=
=80
o
g 60
% 40
§ 20
2 0

control

1opyM  100pM  1mM 2mM 5mM

cordycepin dose

Fig. 2 Effects of cordycepin on cell viability of OEC-M1 cells.
Cells were cultured in 96-well plates until 70-80% confluence and
various concentrations of cordycepin (10 uM to S mM) were then
added to cells for 3h (a), 6 h (b), 12 h (¢), 24 h (d) and 48 h (e).
Methylthiazoletetrazolium (MTT) assay was used to detect the

trend cell significantly increased (28.37 £ 5.06% at con-
trol vs. 60.54 &+ 10.84% at treatment, P < 0.05), while
the percentage of normal cell significantly decreased
between control and cordycepin-treated groups
(64.68 £1.79% at control vs. 31.58 & 8.59% at treat-
ment, P < 0.05; Fig. 3g).

The apoptotic effects of cordycepin in OEC-M1 cell

Previous results illustrated that cordycepin would
cause cell death with early apoptosis phenomenon in
OEC-M1 cell. Flow cytometry analysis was used to fur-
ther confirm whether DNA fragmentation occurred
and if there was any change in cell cycle progression.
The subG1 phase in cell cycle distribution represents
the occurrence of DNA fragmentation. The distribu-
tion of PI-stained OEC-M1 cells after 12 h cordycepin
(control: 10 uM, 100 uM, 1 mM, 2 mM or 5 mM) treat-
ment (Fig. 4a), 24 h cordycepin (control: 500 nM, 1 uM,
10 uM, 100 pM, 1 mM or 5 mM) treatment (Fig. 4b)
and 48 h cordycepin (500 nM, 1 uM, 10 uM, 100 uM,
1 mM, 2 mM or 5 mM) treatment (Fig. 4c) were illus-
trated, respectively.
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viability of the cells. The O.D. value of control was regarded as
100%. Each data point in the figure represents the mean + SEM
in percentage of cell viability from more than three experiments.
The different number above each bar indicates the significant
difference among each treatment (P < 0.05)

In 12 h treatment, G1 phase slightly decreased as the
cordycepin dosages increased, while subG1l phase
slightly increased in 100 pM and 1 mM cordycepin
treatments as G2/M phase remained constantly
(Fig. 4a). After 24 h treatment, G1 phase decreased as
the cordycepin dosages increased, while subG1 phase
slightly increased in 100 pM cordycepin treatment as
G2/M phase gradually increased (Fig. 4b). After 48 h
treatment, G1 phase decreased as the cordycepin dos-
ages increased with a dramatically drop at 100 uM
cordycepin, while the subG1 phase increased with sig-
nificant elevation by 100 uM cordycepin as G2/M phase
increased from 100 pM to 5 mM cordycepin treatments
(Fig. 4c).

The tendency and analysis of cell cycle under
cordycepin influence in OEC-M1 cell

Statistical analysis from three independent experi-
ments of Fig. 4 with different concentrations of cord-
ycepin after 12, 24 or 36 h treatments regarding the
change of subG1, G1 and G2/M phases of cell cycle in
percentages was analyzed and illustrated in Fig. 5.
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Fig. 3 Effects of cordycepin on membrane phosphatidyserine
translocation in OEC-M1 cells. Cells were treated without (con-
trol) or with 100 uM cordycepin (treatment) for 3 h (a control,
b treatment), 6 h (¢ control, d treatment) and 12 h (e control,
f treatment) and apoptotic cell distribution by annexin V-FITC
staining was quantitated by flow cytometry. Cell distribution
graph (a—f) represents the observations from one single experi-
ment, which was repeated at least three times. Each data point in

In 12h treatment, subG1l phase significantly
increased at 100 uM cordycepin (2.13 + 0.62% at con-
trol vs. 443 + 0.45% at 100 uM cordycepin treatment,
P <0.05; Fig.5a), while G1 phase significantly
decreased at 100 uM cordycepin (49.86 &+ 1.30% at con-
trol vs. 35.77 £ 4.56% at 100 uM cordycepin treatment,
P <0.05; Fig.5b). There was no difference of G2/M
phase among control and treatments (P > 0.05; Fig. Sc).

Although there was no significant increase of subG1
phase in 24 h treatment, a gradual tendency did occur
with the maximal increase at 100 pM cordycepin (Fig. 5d).
G1 phase significantly decreased by cordycepin at
10 uM, 100 pM, 1mM, 2mM and SmM (P <0.05;
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(g) represents the mean + SEM of cell distribution in percentage
between normal cell and apoptotic trend cell of three experi-
ments. * above the bars in g indicates the significant difference of
normal cell in percentage between control and cordycepin-treated
groups (P < 0.05) in each time point, and ** above the bars in
g indicates the significant difference of apoptotic trend cell in per-
centage between control and cordycepin-treated groups (P < 0.05)
in each time point

Fig. 5e), while the G2/M phase significantly increased
at 10 uM, 100 uM, 1 mM, 2 mM and 5 mM (P < 0.05;
Fig. 5f). The increasing G2/M phase with the decrease
of cell viability in 24 h treatment suggests the possibil-
ity of cordycepin-induced G2/M phase arrest effect on
OEC-M1 cells.

In 48 h treatment, subG1 phase significantly increased
at 100 pM cordycepin (35.77 £ 4.56% at 100 pM cord-
ycepin treatment vs. 49.86 + 1.30% at control, P < 0.05;
Fig. 5g), while G1 phase significantly decreased at
100 uM, 1 mM, 2 mM and 5 mM cordycepin (P < 0.05;
Fig. 5h) and G2/M phase significantly increased at
100 uM, 2 mM and 5 mM cordycepin (P < 0.05; Fig. 5i).
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Fig. 4 The apoptotic effects of cordycepin in OEC-M1 cells. Cells
were cultured in 6 cm dish until 70-80% confluence and treated
with various concentrations of cordycepin (500 nM to 5 mM) for
12 h (a),24 h (b) and 48 h (¢). Cells were then harvested and fixed
by 70% alcohol and stained with propidium iodide for analyzing
the cell cycle progression by flow cytometry, CellQuest"". The 3D
graph of quantification in percentage of cell number in subG1, G1
and G2/M phases under different dosages of cordycepin treat-
ments was illustrated. The graph of flow cytometry analysis rep-
resents the observations from a single experiment, which was
repeated at least three times. Arrow heads indicate the increase of
subG1 phase and arrows represent the increase of G2/M phase

Comparison among subG1, G1 and G2/M cell cycle
phases in percentages at 100 uM cordycepin among 12,
24 and 48 h treatments (Fig. 5j), significant positive
trend of subG1 phase correlated with a significant neg-
ative trend of G1 phase plus a significant increase of
G2/M phase could be observed (P < 0.05; Fig. 5j). This
phenomenon might be postulated a cell cycle shift from
G1 to subGl phase as the duration of cordycepin treat-
ment increased.

Discussion

In the present study, cordycepin significantly induced
cell apoptotsis in OEC-M1 human oral squamous can-
cer cells. Cordycepin would induce OEC-M1 cells
rounded-up with blebbed membrane. Cordycepin also
induced OEC-M1 cells death in a time- and dose-
dependent manner. In cytometry analysis, the flipping
of phosphatidylserine on cell surface, an early apopto-
tic phenomenon, significantly increased in 6 and 12 h
cordycepin treatments, which correlated with the
increase of subG1 phase, occurrence of DNA fragmen-
tation, in 12, 24 and 48 h with 100 uM cordycepin treat-
ment. Meanwhile, there was a significant decrease of
G1 phase cells with significant increase of G2/M phase
cells. It has been demonstrated that cordycepin could
arrest the dividing cells at the onset of mitosis (Zieve
et al. 1987; Zieve and Roemer 1988). Thus, our obser-
vation is not unprecedented. Indeed, quantitative anal-
ysis of flow cytometric results (Fig.5) showed that
cordycepin-induced G2/M arrest seemed to precede
the onset of apoptosis (G2/M significant increased at
12 h and subGl1 significant increased at 24 h).

It has been demonstrated that hyperphosphoryla-
tion of PAP from p34 cyclin B kinase during mitosis
leads to the inactivation of PAP, which will contribute
to the reduction of mRNA and protein synthesis dur-
ing the M phase of the cell cycle (Colgan et al. 1998).
Besides, PAP activity levels are significantly elevated
at the G1/S phase of the cell cycle, along with the
increased rate of mRNA polyadenylation and accumu-
lation in the cytoplasm (Martincic et al. 1998). In the
present study, treatment of OEC-M1 cells with cord-
ycepin lead to G2/M arrest. It is possible that cordyce-
pin inhibited polyadenylation, which was necessary at
the G1/S phase of the cell cycle in order for all the
required mRNAs to be polyadenylated, transferred to
the cytoplasm and translated, in order for mitosis to
take place. As a result, mitosis will not finish and cells
will arrest at the onset of apoptosis, since not all neces-
sary proteins are translated.

Eventually, a portion of OEC-M1 cells did survive
after cordycepin treatment at different doses or times.
These phenomena highly imply that head and neck
tumor cells have the resistance to cordycepin. It has
been proposed that several mechanisms might be able
to induce drug resistance (Orr et al. 2003). It is also
possible that our cell population was not synchronized,
and no drug treatment kills every single cell at the
same time in a mixed cell population at different phases
of the cell cycle. Thus, synchronized cell population
will be used to further examine the apoptotic effect of
cordycepin on OEC-M1 oral cancer cell line, which will
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Fig. 5 The analysis of cell cycle progression under cordycepin
influence in OEC-M1 cells. Statistical analysis from three inde-
pendent experiments of Fig. 4 with different concentrations of
cordycepin after 12,24 or 48 h treatments regarding the change of
subG1, G1 and G2/M phases of cell cycle in percentages was ana-
lyzed and illustrated (a 12 h of subG1, b 12 h of G1, ¢ 12 h of G2/
M, d 24 h of subGl, e 24 h of G1, f24 h of G2/M, g 48 h of subGl,
h 48 h of G1,i 48 h of G2/M). Comparison of subG1, G1 and G2/

be very helpful to reveal the detail apoptotic pathway
regarding cordycepin-induced cell death and resistance
on head and neck cancers.

It has been shown that cordycepin is an analogue of
adenosine. The possibility of adenosine receptor
involved in apoptotic effect on some types of cancer
cell is also proposed recently (Yoshikawa et al. 2004).
Thus, it is possible that cordycepin might associate with
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adenosine receptor to activate apoptosis in OEC-M1
cells. Future works regarding the investigation on the
mechanism of cordycepin-induced apoptosis and the
relations to adenosine receptor in OEC-M1 cells will
be valuable.

In conclusion, cordycepin could induce G2/M cell
arrest and the increase of subG1 cell number, followed
by significant apoptotic cell death in OEC-M1 oral can-
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cer cell line. This promising observation about the
apoptotic effect of cordycepin on oral cancer cell may
be considered as a good approach in search and devel-
opment of new anti-oral cancer drug.
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