Acta Pharmacologica Sinica (2014) 35: 1311-1322
© 2014 CPS and SIMM Al rights reserved 1671-4083/14 $32.00
www.nature.com/aps

®

Original Article

Telekin suppresses human hepatocellular carcinoma
cells in vitro by inducing G,/M phase arrest via the
p38 MAPK signhaling pathway
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Aim: Telekin, isolated from the Chinese herb Carpesium divaricatum, has shown anti-proliferation effects against various cancer
cells, including hepatocellular carcinoma cells. In this study, we investigated the anti-proliferation mechanisms of telekin in human
hepatocellular carcinoma HepG2 cells in vitro.

Methods: HepG2 cells were treated with telekin. Cell viability was evaluated using MTT assay. Flow cytometry was used to measure
cell cycle profiles, ROS level and apoptosis. The protein expression levels were analyzed with Western blotting.

Results: Telekin (3.75-30 pmol/L) dose-dependently inhibited the viability of HepG2 cells and induced | apoptosis. Furthermore, the
treatment induced cell cycle arrest at G,/M phase, accompanied by significantly increased the phosphorylation of Cdc25A and Cdc2,
and decreased Cyclin B1 level. Moreover, the treatment significantly stimulated ROS production, and increased the phosphorylation

of p38 and MAPKAPK-2 in the cells. Pretreatment with the antioxidant NAC (2.5, 5, and 10 mmol/L), or the p38 MAPK inhibitor
SB203580 (2.5 and 5 ymol/L) dose-dependently attenuated these telekin-induced effects in the cells.
Conclusion: Telekin suppresses hepatocellular carcinoma cells in vitro by inducing G,/M phase arrest via activating the p38 MAPK

pathway.
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Introduction

Cell division of eukaryotic cells is a highly regulated process.
Cell cycle progression is regulated by a group of proteins that
are expressed at cyclical levels during the cell cycle. These
proteins, known as cyclin-dependent kinase complexes, are
composed of cyclin-dependent kinases (CDKs) and cofactors
such as cyclins™. Cdc2, also called maturation-promoting fac-
tor, is one of these factors™. Cdc2 can be activated by binding
with Cyclin Bl to initiate the M phase of the cell cycle®’. In
some tumor cells, mutation of Cdc2 can eliminate the depen-
dence of mitosis on the completion of DNA replication™.
These findings suggest that Cdc2 is an important player in cell
cycle regulation. Cdc2 can also in turn be inactivated by phos-
phorylation at Tyr15 and Thr14 by Weel/Myt, leading to cell
cycle arrest™. However, this phosphorylation status can be
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regulated by Cdc25, which has been demonstrated to play an
essential role in cell proliferation, apoptosis and tumorigenesis®® ‘!,

To ensure the appropriate level of CDK-cyclin activation,
Cdc25 phosphatase activities are tightly regulated by multiple
mechanisms, including phosphorylation status and subcellular
localization (binding to 14-3-3 proteins)”. Many researchers
have demonstrated that cell cycle arrest at the G,/M-phase
is usually accompanied by the phosphorylation of Cdc25.
Phosphorylation of Cdc25A on S123 or S75, Cdc25B on S309
or 5323, and Cdc25C on S216 creates a 14-3-3 binding site that
specifically inhibits the ability of Cdc25 to interact with CDK1-
cylin B and leads to its loss of phosphatase activity or ubiqui-
tin-mediated destruction'®.

Mitogen-activated protein kinases( MAPKSs) are serine-thre-
onine kinases activated by various mitogens, that induce the
transition of cells from a quiescent status into cell cycle divi-
sion”. MAPKs are composed of three principal family mem-
bers: extracellular signal-regulated kinase (ERK), p38 MAPK,
and c-Jun amino-terminal or stress-activated protein kinase
(JNK or SAPK)". Previous works have suggested that p38
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MAPK participates not only in inflammatory responses but
also in stress-induced signaling, cell proliferation, cell-cycle
arrest, and apoptosis™*?. It has been reported that p38 kinase
plays a critical role in the initiation of a G,/M phase delay
after ultraviolet radiation or treatment with cycloheximide!".
The activation of the p38 kinase results in the activation of
MAPKAPK-2, which binds to and phosphorylates Cdc25!"* ",
In vitro, inhibition of p38 prevents both phosphorylation of
Cdc25 and binding of 14-3-31".

Hepatocellular carcinoma (HCC) is a type of cancer with
increasing incidence and poor prognosis. However, no signifi-
cant progress has been made in the development of effective
therapeutic approaches. Screening and developing chemical
compounds that can effectively inhibit HCC cell growth will
have significant public health benefits. Natural products are
the major source of pharmacology in general and in cancer
therapy!'®
lactone compound that is isolated from the plant Carpesium

I, Telekin is an active eudesmane-type sesquiterpene

divaricatum, which has long been used as a Chinese folk medi-
cine due to its antipyretic, analgesic, vermifugic, and anti-

inflammatory properties!”.

Telekin has been reported to
inhibit the proliferation of various cancer cells"*'”. Our previ-
ous work demonstrated that telekin activates the mitochon-
dria-mediated apoptotic pathway in HCC cells and exhibits
the strongest cytotoxicity in HepG2 cells. Moreover, telekin
can induce the accumulation of ROS, Ca** overload, release of
cytochrome c into the cytosol, and the activation of caspases 9
and 3. In this present study, we found that telekin treatment
induced an arrest in the G,/M phase in HepG2 cells. Further
investigation revealed that this arrest is mediated by the p38
MAPK-mediated pathway.

Materials and methods

Chemical reagent

Telekin was isolated from C divaricatum by Prof Weidong
XIE as described previously®. The purified telekin (>98%)
was dissolved in dimethylsulfoxide (DMSO) at 10 mmol/L
as a stock solution. MTT and 4',6-diamidino-2-phenylindole
(DAPI) were purchased from Sigma, USA. DCFDH-DA
(2,7’-dichlorofluorescein diacetate) and NAC (N-acetyl-L-cys-
tein), SB203580 were purchased from the Beyotime Institute of
Biotechnology, China. Annexin V-FITC Apoptosis Detection
Kit was bought from BD Biosciences, USA. Antibodies against
ERK, phospho-ERK (T202), JNK, phospho-JNK (T183), phos-
pho-p38 (Y182), p38, phospho-MAPKAPK-2 (T222), Cdc25A,
phospho-Cdc25A (S75), and Cyclin B1 were purchased from
ImmunoWay. Antibodies against Cdc2 and phospho-Cdc2
(Y15) were purchased from Bioworld Technology, USA. All
phospho-antibodies specifically recognize proteins phos-
phorylated at activation or inhibition sites. The RNeasy kit
and primers for Cdc25A, Cdc2, and Cyclin B1 were brought
from Sangon Biotech Co Ltd, China. All chemicals used in this
study were commercial products and reagent grade.

Cell culture
HepG2 cells were purchased from the Shanghai Institute
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for Biological Sciences (SIBS), Chinese Academy of Sciences
(Shanghai, China). HepG2 cells were cultured in RPMI-1640
Medium (Hyclone) containing 10% fetal bovine serum supple-
mented with 100 units/mL of penicillin and 100 pg/mL of
streptomycin in a humidified atmosphere of 5% CO, at 37°C.

MTT assays

Cytotoxicities of telekin were assessed with the MTT assay. In
our study, we used a p38 MAPK inhibitor SB203580, which
is widely used as a specific pharmacological tool to dissect
the role of p38 MAPK in various physiological processes.
SB203580 is a representative pyridinylimidazole inhibitor
that can highly selectively block the catalytic activity of p38
MAPK by virtue of the ability to bind to the inactive enzyme
and has no inhibitory effect on JNK/SAPK and ERK*. The
concentrations of SB203580 used here inhibited the p38 MAPK
pathway specifically, which is consistent with many research

studies!® 2

. HepG2 cells were seeded in 96-well plates at
a density of 5x10° cells/well. After 24-h culture, cells were
treated with or without SB203580 at given concentrations (2.5
and 5 pmol/L) for 1 h, and telekin was added at various con-
centrations (3.75, 7.5, 15, and 30 pmol/L). After 24-48 h of
continuous culture, 15 uL MTT (5 g/L) was added to each well
and incubated for another 4 h. IC;, values were calculated
from plotted results using untreated cells as 100%. Triplicate

experiments were conducted in each test.

Flow cytometry analysis of apoptosis

Annexin V-FITC Apoptosis Detection Kit was used to evalu-
ate telekin-induced apoptosis according to the manufacturer's
instructions. In summary, cells were seeded at a density of
5x10*/mL into 6-well plates. After 24-h culture, cells were
pretreated with or without SB203580 (2.5 pmol/L) and then
treated with various concentrations of telekin (5, 10, and
15 pmol/L) for 24 h. At the indicated timepoint, the cells were
washed twice with ice-cold PBS and suspended in 400 pL of
Annexin V-FITC binding buffer. The cells were then incu-
bated with 5 pL Annexin V-FITC and 5 pL Propidium lodide
(PI) for 20 min at room temperature in the dark. The apop-
totic ratio was analyzed by flow cytometry (Becton Dickinson,
USA) and Win MDI 2.9 analysis software. Annexin V-positive
and Annexin V/PI-positive cells were considered apoptotic.

DAPI staining

To observe the morphological changes of the nuclei, HepG2
cells were seeded on 12-mm round glass cover slips in 24-well
plates at a density of 5x10*/mL. After 24-h incubation, the
cells were treated with telekin (5, 10, and 15 pumol/L) for 24 h.
After the cells were washed with cold PBS, cold-methyl alco-
hol/acetone (1:1 v/v) was used to fix cells. The cells were sub-
sequently washed with PBS and stained with DAPI (4 pg/mL)
for 10 min at room temperature. Cover slips containing the
cells were then washed by PBS-TX (10 mL PBS+10 pL 10% Tri-
tonx-100) three times and mounted using mounting medium
(PBS: Glycerol=1:1 v/v) and analyzed by fluorescence micros-
copy (Leica DM IRB).
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Measurement of ROS generation

Oxidative stimuli found in the cytoplasm may be transmitted
through cellular signal transduction pathways to the nucleus
to direct cell division and survival. We evaluated the changes
in intracellular ROS levels using DCFH-DA. DCFH-DA can
change into fluorescent dichlorofluorescein (DCF) when intra-
cellular DCFH reacts with ROS. HepG2 cells were grown in
6-well plates, pretreated with or without NAC (2.5, 5, and 10
mmol/L), and then treated with 15 pmol/L telekin for 6-24 h.
After incubation, the culture medium was removed, and the
cells were washed three times with PBS. The cells were incu-
bated with DCFH-DA (3 pmol/L) at 37°C for 20 min. Cellular
fluorescence was measured by flow cytometry with a FACS-
SCAN apparatus. Increased values relative to the control were
considered to represent an increase in the intracellular ROS
level.

RNA extraction and relative quantification by real-time PCR
HepG2 cells were grown in 6-well plates, pretreated with or
without SB203580 (2.5 and 5 pmol/L), and treated with telekin
(5, 10, and 15 pmol/L) for 12 h. An RNeasy kit was used to
extract total RNA according to the manufacturer’s instruc-
tions. The purity of RNA was checked by the OD.,5 of the
RNA samples (>1.8). Then, DNA was synthesized through
reverse transcription using M-MLV Reverse Transcriptase and
Oligo (dT) primers. Real-time PCR assay was used to detect
the expression of the Cdc25A, Cdc2, and Cyclin Bl genes.
PCR amplification was performed in an 8-tube strip format
(Axygen, Union City, CA) in triplicate. Each reaction con-
tained 1xSYBR Green PCR Master mix, 1 pL forward primer
and reverse primer and 1 pL template cDNA in a final volume
of 20 pL using a Mastercycler eprealplex apparatus (Eppen-
dorf, Germany). Primers were designed for the Cdc25 A gene
(sense: 5'-ACAGCTCCTCTCGTCATGAGAAC-3" and anti-
sense: 5'-GGTCTCTTCAACACTGACCGAGT-3'), Cdc2 gene
(sense: 5'-TACATTTCCCAAATGGAAACCAG-3' and anti-
sense: 5-AAT TCGTTTGGCTGGATCATAGA-3'), and Cyclin
B1 gene (sense: 5'-AGGAAGAGCAAGCAGTCAGAC-3/,
and antisense: 5'-GCAGCATCTTCTTGGGCACAC-3'). The
GAPDH gene (sense: 5-CCATGGAGAAGGCTGGGG-3' and
antisense: 5-CAAAGTTGTCATGGATGACC-3') was used as a
control of the RNA amount. Amplification was performed for
45 cycles of sequential denaturation (95°C, 2 min), annealing
(60°C, 15 s), and extension (72°C, 20 s). Data acquisition and
the analysis of real-time PCR assays were performed using
the Mastercyclerep realplex. Each fluorescent reporter signal
was measured against the internal reference dye signal to
normalize for non-PCR-related fluorescence fluctuations
between wells. All samples were measured in triplicate inde-
pendent experiments.

Cell cycle distribution

To evaluate the role of ROS, NAC (N-acetyl-L-cysteine) was
used in our experiments. NAC is a widely used thiol-con-
taining antioxidant that is a precursor of reduced glutathione
(GSH). GSH scavenges ROS in cells by interacting with OH"

[25]

nd H,O,, thus affecting ROS-mediated signaling pathways
HepG2 cells were seeded into 6-well plates and pretreated
with or without SB203580 (2.5 and 5 pmol/L) or NAC (2.5, 5,
and 10 mmol/L) for 1 h, then treated with various concentra-
tions of telekin at 37°C for 24 h. The cells were washed twice
with ice-cold PBS and fixed with 70% alcohol. After incubat-
ing for 10 h at 4°C, cells were treated with RNase (150 pg/mL)
for 30 min at 37°C and were subsequently stained with prop-
idium iodide (50 pg/mL) for 1 h at 4°C. The cell cycle distri-
bution was examined by flow cytometry, and the data were
analyzed using the Modfit program (Becton Dickinson, USA).

Western blotting analysis

Cells were treated with or without SB203580 (2.5 and 5
pmol/L) and NAC (2.5, 5, and 10 mmol/L) and were incu-
bated with indicated concentrations of telekin for 24 h. Whole
cell lysates were denatured by boiling with 1xLaemmli buffer,
separated with 10% SDS-polyacrylamide gel electrophoresis
and were transferred to a nitrocellulose membrane. The mem-
brane was washed with distilled water and then blocked with
8% non-fat milk in TBST buffer (10 mmol/L Tris-HCI, 150
mmol/L NaCl, and 0.05% v/v Tween-20, pH 7.8) for at least 1 h
at room temperature. After a brief wash in TBST buffer, the
membrane was probed with monoclonal antibodies specific
against phospho-p38, p38, ERK, phospho-ERK, JNK, phospho-
JNK, phospho-MAPKAPK-2, Cdc25A, phospho-Cdc25A,
Cyclin B1, Cdc2, phospho-Cdc2, and GAPDH (diluted 1:800)
overnight at 4°C. After washing with TBST buffer, the mem-
branes were incubated with secondary HRP-conjugated goat
anti-mouse IgG or anti-rabbit IgG. Proteins on the membranes
were visualized using the enhanced chemiluminescence detec-
tion system (ECL®, Amersham Biosciences). Protein expres-
sion density values were quantified by densitometry using the
Image ] and Java software.

Statistical analysis

Statistical analysis was conducted by using an analysis of vari-
ance (ANOVA) followed by Turkey's t-test. P-values less than
0.05 were considered statistically significant. All experiments
were repeated at minimum in triplicate.

Results

Telekin arrests cells cycle at the G,/M phase

Telekin, an active eudesmane-type sesquiterpene lactone com-
pound, was isolated from the plant C divaricatum. Its structure
is presented in Figure 1. To investigate the effect of telekin on
cell growth, we examined the cell cycle distribution of HepG2

OH

Figure 1. Chemical structure of telekin.

Acta Pharmacologica Sinica



®

www.nature.com/aps
LiLetal

1314

cells after exposure to telekin at 5, 10, and 15 pmol/L for 24 h.
As shown in Figure 2A, treatment with telekin increased the
proportion of HepG2 cells in the G,/M phase and decreased
the proportion in the G;-phase. This effect was dose- and
time-dependent. The significant increase in the G,/M popula-
tion was observed at the 24 h timepoint after telekin treatment
at a concentration of 15 pmol/L (50.88%).

DAPI (4,6-diamidino-2-phenylindole dihydrochloride) can

combine specifically with DNA, and DNA-DAPI complexes
emit bluish white fluorescence with maximal intensity at 450
nm when excited by ultraviolet light®. This fluorochrome has
been used as a qualitative probe for DNA molecules because of
its high sensitivity. In many previous studies, DAPI staining
was used to observe changes in nucleus morphology®. Here,
DAPI staining was employed to confirm that the effect of tele-

kin on DNA replication and changes in nuclear morphology.
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Figure 2. Telekin-induced cell-cycle arrest at the G,/M phase. HepG2 cells were treated for 24 h with various concentrations of telekin (0-15 pmol/L)
or with 15 ymol/L telekin for various time (0-24 h). (A) The cell cycle distribution was measured using flow cytometry. (B) The histograms indicate the
cell cycle distribution in HepG2 cells treated with telekin. °P<0.05, °P<0.01 vs O ymol/L telekin group. (C) HepG2 cells were stained with DAPI to deter-
mine the morphology of nucleus. Treatment with telekin resulted in nuclei unable to segregate after DNA replication. DAPI: 4',6-diamidino-2-phenylin-
dole.
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In our study, HepG2 cells were treated with telekin (5, 10, and
15 pmol/L) and stained with DAPI to determine the morphol-
ogy of the nuclei. Telekin caused an increase in the number of
large nuclei, which contain increased DNA levels (Figure 2C),
suggesting that HepG2 cells had completed DNA replication.
These data demonstrate that these cells passed the S-phase
and did not enter the M-phase.

Telekin induced regulators of G,/M phase transition

We analyzed the protein levels of the regulators of the G,/M
phase, including Cdc25A, phospho-Cdc25A, Cdc2, phospho-
Cdc2, and Cyclin Bl using Western blotting following tele-
kin treatment. As shown in Figure 3A, telekin significantly
increased the level of phospho-Cdc25A and phospho-Cdc2,
but decreased that of Cdc25A, Cdc2, and Cyclin B1. This effect
was dose-dependent.
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Figure 3. Telekin induced regulators of G,/M phase initiation. (A) Tel-
ekin induced expression changes in some proteins involved in the G,/M
phase. Cells treated with O, 5, 10, and 15 umol/L of telekin for 24 h were
subjected to Western blotting assay. Telekin decreased the expression of
Cdc25A, Cdc2, and Cyclin B1 and increased the expression of phospho-
Cdc25A and phospho-Cdc2 in HepG2 cells. (B) The corresponding his-
tograms quantified by densitometry are presented under the blots. (C)
We performed gRT-PCR analysis to detect the mRNA level of Cyclin B1.
HepG2 cells treated with O, 5, 10, and 15 umol/L of telekin for 12 h were
subjected to qRT-PCR analysis. The results indicate that telekin decreased
the level of Cyclin B1 mRNA. °P<0.05, °P<0.01 vs O umol/L telekin group.

The decreased Cyclin Bl level was somewhat surprising.
We performed qRT-PCR analysis to clarify this point. Telekin
treatment caused a decrease in the level of Cyclin B1 mRNA
(Figure 3C). Cdc2 was activated by binding Cyclin Bl and
initiating the M phase of the cell cycle. Cyclin B1 is likely the
primary regulator of mammalian mitosis™!. Some chemical
compounds have been reported to induce G,/M phase arrest
by decreasing the intracellular levels of Cyclin B1**, which
is consistent with our work. In this study, telekin induced a
decrease in Cyclin Bl mRNA and protein levels.

Telekin induced protein activation and ROS generation

We employed the Western blotting technique to evaluate
changes in the levels of the major members of the MAPKs sig-
naling pathway, such as ERK, phospho-ERK, JNK, phospho-
JNK, p38, phospho-p38, and phospho-MAPKAPK-2 after the
cells were treated with telekin. As shown in Figure 4A, treat-
ment with telekin significantly increased the level of phospho-
p38 and phospho-MAPKAPK-2. Additionally, this effect was
dose-dependent. However, the level of p38, ERK, phospho-
ERK, JNK, and phospho-JNK did not change significantly.
These results suggested that p38 MAPK may play a role in the
effect of telekin on cell cycle regulation.

Many studies have demonstrated that ROS plays a central
role in the induction of apoptosis via a variety of mechanisms.
ROS generation can activate the MAPK family member cas-
cade, which was involved in cell cycle regulation. To deter-
mine whether telekin can induce the generation of ROS, we
measured the DCF-derived fluorescence by flow cytometric
assay. As shown in Figure 4B, telekin induced ROS accumu-
lation (15 pmol/L for 6-24 h) in HepG2 cells. This effect was
time-dependent. Therefore, telekin likely induced cell cycle
G,/M phase arrest by inducing ROS accumulation followed
by the activation of the MAPK network.

Elimination of ROS blocked telekin-mediated cell cycle arrest

To confirm the involvement of ROS in telekin-induced p38
MAPK-mediated G,/M phase cell cycle arrest, HepG2 cells
were pretreated with NAC, which is a widely used thiol-con-
taining antioxidant that is a precursor of reduced glutathione
(GSH)"", before exposure to telekin. Figure 5 demonstrates
that pretreatment with NAC (2.5-10 mmol/L) resulted in the
inhibition of both the generation of ROS and the ability of
telekin to induce G,/M phase cell cycle arrest. When HepG2
cells were pretreated with NAC (2.5, 5, and 10 mmol/L), the
level of ROS and the percentage of cells in the G,/M phase
decreased significantly compared with the cells treated with
telekin (15 pmol/L) only. Furthermore, the changes in the
levels of phospho-p38, phospho-MAPKAPK-2, Cdc25A, and
Cdc2 were reduced when compared with cells treated with
telekin only (Figure 6). These data confirmed that ROS plays
an important role in telekin-induced cell cycle arrest.

Inhibition of p38 MAPK blocked telekin-mediated cell cycle
arrest
To further confirm the involvement of p38 MAPK in telekin-
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Figure 4. Telekin induced protein activation and ROS generation. (A) Telekin induced the activation of p38 MAPK. Cells treated with O, 5, 10, and 15
pmol/L of telekin for 24 h were subjected to Western blotting assay. Telekin induced an increase in phospho-p38 and phospho-MAPKAPK-2 level in
a dose-dependent manner. However, the levels of ERK, phospho-ERK, JNK, and phospho-JNK did not change notably. The corresponding histograms
quantified by densitometry are presented on the right. °P<0.05, °P<0.01 vs O umol/L telekin group. (B) The representative ROS pattern and the corre-
sponding histograms of HepG2 cells were examined by flow cytometric analysis. The fluorescence intensity of cells without telekin treatment was set as

100% (O h telekin group). °P<0.05, °P<0.01 vs O h telekin group.

induced G,/M phase cell cycle arrest, HepG2 cells were
pretreated with the p38 MAPK signaling pathway inhibitor,
SB203580, before being exposed to telekin®. The results
revealed that pretreatment with SB203580 (2.5 pmol/L)
resulted in the inhibition of the ability of telekin to induce
G,/M phase cell cycle arrest and decreased the percentage of
cells in G,/M phase (Figure 7). These data confirmed that p38
MAPK is involved in telekin-induced cell cycle arrest.

Inhibition of p38 reversed the expression of G,/M phase
regulators

To further test the role of p38 MAPK in telekin-induced G,/M
phase cell cycle arrest, we used western blotting to evaluate
the expression of G,/M phase regulators in cells pretreated
with SB203580. As shown in Figure 8A, when cells were
pretreated with 2.5 or 5 pmol/L SB203580, the expression
of phospho-p38 and phospho-MAPKAPK-2 decreased, and
Cdc25A and Cdc2 increased when compared with the cells
treated with telekin only. These results further confirmed the
involvement of p38 MAPK in telekin-induced G,/M phase cell
cycle arrest.

Using qRT-PCR analysis, we found that the mRNA levels of
Cdc25A and Cdc2 were markedly downregulated after 12-h
telekin (5 or 15 pmol/L) treatment (Figure 8C). Furthermore,
SB203580 could reverse the changes in mRNA levels.

Furthermore, we also tested the effect of NAC and SB203580
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on the expression p38, phospho-p38, phospho-MAPKAPK-2,
Cdc25A, and Cdc2 by Western blotting. The inhibitors (NAC
and SB203580) exhibited little influence on the expression level
of the regulators (Figure 9A).

Inhibition of p38 MAPK decreased the cytotoxicity of telekin

As described above, we observed that the effect of telekin-
induced cell cycle arrest was mediated by the p38 MAPK path-
way. Next, we determined whether p38 MAPK mediated the
cytotoxic effect of telekin. To achieve this goal, we performed
MTT assays to determine and assess the cytotoxic effect of
telekin on HepG2 cells. As shown in Figure 9B, after treating
the cells with 15 pmol/L telekin, the percentage of viable cells
(48 h) increased from 31.7% to 48.4% and 61.8% when the cells
were pretreated with 2.5 and 5 pmol/L SB203580, respectively.
Furthermore, we also detected the toxicity of SB203580 alone;
the IG5, of SB203580 in HepG2 cells was 100 pmol/L. More-
over, SB203580 at 2.5 or 5 pmol/L concentrations did not
exhibit any toxicity toward HepG2 cells.

Inhibition of p38 MAPK decreased the apoptotic effect of telekin
To determine the possible inhibition effect of SB203580 on
telekin-induced apoptosis, we quantitatively analyzed the
apoptosis induced by telekin through flow cytometry using
the Annexin V-FITC and propidium iodide double-staining
method. When the cells were pretreated with 2.5 pmol/L
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SB203580, the fraction of apoptotic cells (early apoptotic and
late apoptotic) decreased from 49.45% to 31.8% when treated
with 15 pmol/L telekin for 24 h. Annexin V-positive cells
were considered early apoptotic cells, and Annexin V/PI-
positive cells were considered late apoptotic/necrotic cells.
Representative cell apoptosis patterns observed in our flow
cytometric analysis are presented in Figure 10A. These results
demonstrate that p38 MAPK mediated the cytotoxic and apop-
tosis-inducing effect of telekin. Therefore, we can conclude
that the inhibitory effect of telekin on cancer proliferation is at
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least partially mediated through the p38 MAPK pathway.

Discussion

In recent years, compounds derived from plants are becom-
ing increasingly important sources for the development of
anticancer drugs. Chinese herbs are composed of active com-
ponents that are able to regulate cell activities. Telekin is one
of these compounds, and isolation from C divaricatum by our
laboratory was described in a previous report'.

It has been reported that an increase in oxidative stress
is associated with an apoptotic response induced by several
anticancer agents. ROS can cause cell apoptosis via a variety
of mechanisms. One of these mechanisms is the activation of
MAPKs™. MAPKSs are activated by the dual phosphorylation
of threonine and tyrosine residues by upstream kinases. For
example, p38 MAPK is activated by dual phosphorylation on
Thr180 and Tyr182 in a Thr-Gly-Tyr activation loop™ *. Pre-
vious work has demonstrated that an accumulation of ROS
can induce p38 MAPK phosphorylation. This process can be
inhibited by rotenone, thenoyltrifluoroacetone, myxothiazol,
and inhibitors of mitochondrial complexes I, II, and III. These
data suggest that ROS leads to p38 phosphorylation through a
mechanism that requires electron flux in the proximal region
of the mitochondrial electron transport chain®!. Moreover,
some reports demonstrated that NAC is able to attenuate
the activity of p38 MAPK against oxidative stress-induced
cell death. In this mechanism, pretreatment with NAC sig-
nificantly inhibited the levels of phosphorylated p38 MAPK,
but the levels of nonphosphorylated p38 MAPK were unaf-
fected®. Our studies demonstrates that telekin-induced ROS
generation occurs in a time- and dose-dependent manner, and
ROS affects the activation of p38 MAPK and cell cycle arrest.
It is worth exploring the involvement of p38 MAPK in the
effect of telekin.

P38 MAPK is involved in the stress response that is con-
served in eukaryotic cells from yeast to mammals. Some
studies indicate that the p38 MAPK cascade is involved in the
apoptotic pathway of human hepatoma cell lines. The activ-
ity levels of p38 MAPK and MKK6 (which is upstream of p38
MAPK) in human HCC cells are significantly lower compared
with that of non-tumorous liver tissue, suggesting that the
attenuation of the p38 MAPK activities may account for the
resistance to apoptosis. This resistance can in turn cause unre-
stricted cell growth™. P38 kinase has been shown to be an
essential factor for sustained G,/M arrest induced by irradia-
tion, oxidant stresses, decitabine, vanadate, and chemicals®™.
The activation of the p38 kinase results in the activation of
MAPKAPK -2, which phosphorylates Cdc25, thereby reducing
the activity of Cdc25 and leading to a subsequent increase in
Cdc2 phosphorylation”*,

In the present study, we found that activation of p38 was
involved in the accumulation of inactive phospho-Cdc2, which
may be due to the decrease in Cdc25 activation by phosphory-
lation, causing the subsequent G,/M arrest. Cdc25 is reported
to be highly regulated by multiple post-translational modifica-
tions within its N-terminal regulatory domain and site-specific
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protein interactions!*?

. Phosphorylation of one inhibitory site
targeted by multiple kinases determines Cdc25 activation.
During interphase, Cdc25 activity is suppressed by both phos-
phorylation and subsequent binding with a small acidic pro-
tein®. As a result, Cdc2/Cyclin B1 complexes remain phos-
phorylated and inactive, and thus the cells become arrested
at the G,/M phase. In our study, we found that telekin effec-
tively inhibited cell proliferation and induced apoptosis and
G,/M phase arrest.

In conclusion, treating cells with telekin induces ROS gener-
ation and increases the level of phospho-p38, phospho-MAP-
KAPK-2, phospho-Cdc25A, and phospho-Cdc2; furthermore,
telekin decreases the level of Cdc25A, Cdc2, and Cyclin B1.
These results suggest that the p38 pathway may be involved
in the cell cycle arrest at the G,/M phase induced by telekin.
Our findings in the present study provide a mechanism for
the cytotoxic properties of telekin in hepatocellular carcinoma
cells.
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