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Induction of G,/M arrest by pseudolaric acid B is mediated by acti-
vation of the ATM signaling pathway
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Aim: The aim of this study was to investigate the mechanism of pseudolaric acid B (PLAB)-induced cell cycle arrest in
human melanoma SK-28 cells.

Methods: Cell growth inhibition was detected by MTT assay, the cell cycle was analyzed by flow cytometry, and protein
expression was examined by Western blot analysis.

Results: PLAB inhibited the growth of human melanoma cells and induced G,/M arrest in SK-28 cells, accompanied by
an up-regulation of Cdc2 phosphorylation and a subsequent down-regulation of Cdc2 expression. Furthermore, PLAB
decreased the expression of Cdc25C phosphatase and increased the expression of Weel kinase. Meanwhile, a reduction
in Cdc2 activity was partly due to induction of the expression of p21*/#" in a p53-dependent manner. In addition, PLAB
activated the checkpoint kinase, Chk2, and increased the expression of p53, two major targets of ATM kinase. These effects
were inhibited by caffeine, an ATM kinase inhibitor. We also found that PLAB significantly enhanced ATM kinase activity.
Conclusion: Taken together, these results suggest that PLAB induced G,/M arrest in human melanoma cells via a
mechanism involving the activation of ATM, and the effect of PLAB on Cdc2 activity was mediated via interactions with
the Chk2-Cdc25C and p53 signalling pathways, two distinct downstream pathways of ATM. PLAB may be a promising
chemopreventive agent for treating human melanoma.
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Introduction and caspase-3 in HeLa cells, through p53 and Bax/Bcl-2
pathways in human melanoma A375-S2 cells and through
activation of JNK and inactivation of ERK in PLAB-treated
human breast cancer MCF-7 cells!"*"'?). A recent study
reported that PLAB induced G,/M arrest in AGS human

gastric cancer cells via down-regulation of cdc2!™ but the

Pseudolaric acid B (PLAB), a natural diterpenoid com-
pound, is isolated from the root bark of pseudolarix kaempferi
Gordon'), a traditional Chinese medicine. It displays a wide

spectrum of biological activities, including antifungal, anti-

. . . . . [2-7] . .
tertile, and antl—angloge.nlc properties - .P?e.vmus studies molecular mechanism has not yet been elucidated.
have shown that PLAB induces growth inhibition, cell cycle Malignant melanoma is one of the most virulent forms of

arrest and apoptosis in a variety of cancer cell lines, including cancer, and advanced melanoma has a very poor prognosis.
Therefore, the discovery of better anti-cancer agents against

melanoma is an urgent goal. In contrast to many other

breast cancer, colon cancer, hepatocellular carcinoma and
melanoma cells®* ',

The underlying molecular mechanisms of apoptosis
induction and G,/M cell cycle arrest induced by PLAB have

been the focus of extensive research. PLAB was shown to

aggressive and chemoresistant cancers, pS3 mutations are
rarely observed in melanoma. In this study, we evaluated the
growth inhibition effect of PLAB on human melanoma cell
lines including A372, SK-28 and 624 mel and further inves-
tigated PLAB’s mechanism of action using SK-28 as a repre-

induce apoptosis via activation of c-Jun N-terminal kinase

* Correspondence to Prof Ling-ling JIANG. sentative cell line model. In addition, we assayed the levels
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and phosphorylation status of proteins that are strongly asso-
ciated with cell cycle progression. In particular, we highlight
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the ability of PLAB to modulate Cdc2 activity by interacting
with the Chk2-Cdc25C and pS3 signaling pathways, two
distinct downstream pathways of the related kinase, ataxia
telangiectasia mutated kinase (ATM). We show that PLAB
modulates Weel and p21"Y"/“*' expression and Cdc25C
phosphorylation status.

Materials and methods

Chemicals Dimethyl sulfoxide (DMSO), ribonu-
clease A (RNase A), propidium iodide (PI), Triton X-100,
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenylterazolium
bromide (MTT), protein A-Sepharose, and other chemi-
cals and cell culture medium RPMI-1640 were purchased
from Sigma Chemical Co(USA). Horseradish peroxidase-
conjugated secondary antibodies and antibodies against
P33, p33-p, p21*¥7%!, Chk2, Cdc25C, Cdc25C-P, Cdc2,
Cdc2-P, Cycling B1 and p-actin were purchased from Santa
Cruz (CA, USA). Anti-ATM antibody was purchased from
Oncogene Research Products. PLAB (C,;H,;05 FW432,
Figure 1) was obtained by isolation from the raw herb by
the Chinese Academy of Medical Science. All reagents were
dissolved in DMSO at 10 mmol/L as a stock solution. The
final concentration of DMSO in the culture medium did
not exceed 0.1%. All stock solutions were stored at -70°C
and were further diluted to appropriate concentrations with
medium before use.
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Figure 1. Chemical structure of pseudolaric acid B (PLAB).

Cell culture The human melanoma cell lines, A372,
SK-28 and 624 mel, were obtained from the Cancer Research
Center, Peking University. All cells were cultured in RPMI-
1640 medium supplemented with 10% fetal calf serum
(FCS), 100 U/mL penicillin G and 100 pg/mL streptomycin
(North China Pharmaceutical Group Corporation, China).

Cell proliferation assay The effect of PLAB on cell
proliferation was measured by a modified MTT assay. A372,
SK-28 and 624 mel cells (1.5x10* cells/well) were seeded on

96-well cell culture plates in a volume of 100 pL. On the fol-
lowing day, experimental medium containing different PLAB
concentrations (0.01, 0.1, 1.0, and 10 pmol/L) was added
and incubated for various times. MTT solution was added
to each well and incubated for 4 h. After careful removal of
the medium, 150 pL of DMSO was added to each well; after
careful shaking, the absorbance was read at 570 nm using an
ELISA microplate reader (Molecular Devices, Sunnyvale,
USA).

Flow cytometry analysis SK-28 cells were seeded in
6-well plates and cultured with 0.1% DMSO or various con-
centrations of PLAB (0.1, 1.0, and 10.0 pmol/L) for 24 h.
Following incubation, the cells were collected and fixed with
70% ethanol. These samples were treated with RNase A (10
pg/mL), stained with PI (50 pg/mL) and analyzed with the
FACS Calibur flow cytometer (Becton Dickinson, Heidel-
berg, Germany). All results were obtained from three inde-
pendent experiments.

Western blot analysis Cytosolic extracts were prepared
by suspending 1.0x10" cells in 1 mL of ice-cold lysis buffer
[50 mmol/L Tris-HCI, pH 7.4, 0.25 mol/L NaCl, 0.1% Non-
idet P-40, S mmol/L EDTA, 50 mmol/L NaF, 1xcocktail of
protease inhibitors (Sigma), 1 mmol/L phenylmethylsulfo-
nyl fluoride, and 1 mg/L aprotinin] and incubated on ice for
30 min. After centrifugation at 8000xg for 20 min at 4 °C,
the protein in the supernatant was quantified using a protein
assay kit from Bio-Rad Laboratories; samples (60 pg) were
electrophoresed on 12% SDS—polyacrylamide gels and then
transferred to nitrocellulose membranes. The membranes
were blocked for 90 min at room temperature in PBS plus
0.5% Tween-20 containing 5% fat-free powdered milk, then
incubated for 2 h at room temperature with rabbit polyclonal
antibodies against human Chk2, Cdc2, Cdc2-P, Cdc25C-P,
p21, p-actin, or mouse monoclonal anti-human p53 and
pS3-p antibodies at concentrations suggested by the manu-
facturers. After being washed, the membranes were incu-
bated for 90 min at 25 °C with the appropriate horseradish
peroxidase-labeled secondary antibody, and bound antibody
was visualized and quantified by chemiluminescence detec-
tion. P-actin was used as the internal control. The amount of
the protein of interest, expressed as arbitrary densitometric
units, was normalized to the densitometric units of p-actin.
The density of the band was expressed relative to the density
in untreated cells (control, taken as 100%).

ATM Kkinase assay ATM kinase assays were performed
as described previously!'*. Briefly, extracts from 1.0x10’
cells were prepared by the addition of S00 mL of lysis buf-
fer for 10 min, followed by centrifugation for 15 min at
1500xg at 4 °C. The protein content of the supernatant was
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estimated by the Bio-Rad method. Samples (100 mg) were
incubated for 3 h at 4 °C with 2 mg of monoclonal anti-ATM
in a volume of 200 mL; then, 200 mL of protein A-Sepharose
was added and the sample was mixed for 2 h at 4 °C on a
rotator. The ATM kinase assay was performed for 30 min at
30 °C on the protein A-Sepharose-bound immune complexes
resuspended in 500 mL of 10 mmol/L HEPES, pH 7.5, 50
mmol/L B-glycerophosphate, 50 mmol/L NaCl, 10 mmol/L
MgCl,, 10 mmol/L MnCl,, 1 mmol/L dithiothreitol, §
mmol/L ATP, 1 pg of PHAS-1, and 10 mCi [y-P]ATP. The
products were analyzed by SDS-PAGE, followed by autora-
diography.

Statistical analysis The results were expressed as the
mean+SD and statistically compared with the control group
or compared between different drugs using one-way ANOVA
and multiple comparison of SAS Base 6.12 software (SAS
Inc, USA). Statistically significant differences were reported
when P<0.05.

Results

Antiproliferative effect of PLAB on A372, SK-28 and
624 mel cells To study the effect of PLAB on human mela-
noma cells, A372, SK-28 and 624 mel cells were treated with
various concentrations of PLAB for 48 h and cell viability
was determined by MTT reduction methods. The results
indicated that PLAB possessed potent anticancer activity;
the concentrations (umol/L) of 50% cytotoxicity (ICs,)
against the various human melanoma cell lines were SK-28
(1.12)<A372 (1.93)<624 mel (2.86). The SK-28 cells were
chosen for further study and the results demonstrated that
treatment with PLAB (0.01-10 pmol/L) resulted in a dose-
and time-dependent inhibition of SK-28 cell proliferation.
This effect was more pronounced at 24, 48, and 72 h post-
treatment compared with that pre-treatment (Figure 2). The
inhibition of cell growth might be a result of the induction
of cell cycle arrest. Therefore, the mechanism of PLAB-
mediated cell cycle perturbation was further evaluated.

PLAB induces cell cycle arrest at the G, phase in
human melanoma cells Treatment of SK-28 cells with
PLAB resulted in a dose- and time-dependent inhibition of
cell growth compared with untreated controls at all observed
time points. This growth inhibition may involve an arrest of
cells at specific checkpoints in the cell cycle. After treatment
with PLAB (0.1, 1.0, and 10 pmol/L) for 24 h, an appre-
ciable arrest of cells in G,/M was observed, accompanied by
decreased cell numbers in the G,/G, and S phases (Figure
3).

PLAB modulates the expression of G,/M cell cycle
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Figure 2. Effect of PLAB on the viability of SK-28 cells. The cells
were treated with 0.19% DMSO as a control or various concentrations
of PLAB for 24, 48, and 72 h, and cell viability was determined by MTT
assay. The data represent the mean+SD of three experiments and each
conducted in triplicate. "P<0.05 compared with control group.
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Figure 3. PLAB arrests SK-28 cells at G,/M phase. The cells (1.5x10*)
were treated with 0.19% DMSO as a control or various concentrations
of PLAB (0.1, 1.0, and 10 pmol/L) for 24 h, and then the cell cycle
distribution was determined by flow cytometry. The data represent
the mean£SD of three experiments and each conducted in triplicate.
"P<0.05 compared with control group.

regulatory proteins Cdc2, Cyclin B1, Cdc25C and Weel
Having established that PLAB induced cell cycle arrest, we
attempted to characterize the mechanism at the molecular
level. To this end, we investigated the effects of PLAB on
expression of key regulators of the G, to M transition, Cdc2
(Cdkl, p34) and CyclinB1, in SK-28 cells using Western blot
analysis. Treatment with PLAB for 4 h had no effect on Cdc2
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or Cyclin B1 protein levels. At 24 h after treatment, PLAB
(1.0 and 10 pmol/L) inhibited Cdc2 expression in a dose-
dependent manner (Figure 4A). Interestingly, PLAB slightly
upregulated Cyclin B1 protein levels (Figure 4B), which
is consistent with Cyclin B1 expression in PLAB-treated
human breast cancer MCE-7 cells®. Because cell cycle entry
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into the mitotic phase is initiated by dephosphorylation of
the inhibitory residues Thr14 and TyrlS on Cdc2, we exam-
ined the Cdc2 phosphorylation status by Western blotting.
We found that Thr14 and TyrlS phosphorylation increased
in a dose-dependent manner after 4 h of PLAB treatment
(Figure 4C), but at 24 h Cdc2 phosphorylation decreased
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Figure 4. PLAB induces Cdc2,
Cyclin B1, p-Cdc2, Wee 1,
Cdc25C protein expression
in SK-28 cells. The cells (1.0x
10°) were treated with 0.1%
DMSO as a control or various
concentrations of PLAB (0.1,
1.0, and 10 pmol/L) for 24 h (A,
B, D) or 4 h (C, E, F), then the
protein levels of Cdc2, Cyclin
B1, p-Cdc2, Wee 1, Cdc25C

PLAB (umol/L)
C 0.1 1.0 10

b were evaluated by Western
blotting. The data represent the
meant SD of three experiments.

0 0.1 1.0 10 °P<0.05 compared with control

PLAB (pmol/L) group. C, control.
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(Figure 4D). The reduced expression of Cdc2 at 24 h and
the increased phosphorylation of Cdc2 at 4 h suggest that
Cdc2 is a mediator of the G,/M arrest induced by PLAB.

The Thr14 and TyrlS residues in the ATP-binding
domain of Cdc2 are phosphorylated by Weel* '’ and
dephosphorylated by the dual specificity phosphatase
Cdc25C"7). Western blotting showed that Weel protein
levels were increased in a dose-dependent manner after 4 h
of PLAB (1.0 pmol/L) treatment of SK-28 cells (Figure
4E). In contrast, 24 h after exposure to PLAB Weel expres-
sion was unchanged, coincident with the downregulation
in Cdc2 phosphorylation. Because Weel expression was
enhanced by PLAB at 4 h, we investigated the effect of PLAB
on Cdc25C levels and phosphorylation by Western blotting.
As shown in Figure 4F, PLAB reduced Cdc25C expression
in a dose-dependent manner after exposure of SK-28 cells
to PLAB (0.1, 1.0, and 10 pmol/L) for 4 h, whereas only 10
pmol/L of PLAB resulted in increased Cdc25C phosphoryla-
tion on Ser216. It is likely that Cdc25C inactivation was due
not only to increased phosphorylation but also to decreased
nuclear export of active Cdc25C. These data suggest that
both increased Weel protein expression and decreased
Cdc25C levels contribute to the increased Cdc2 phosphory-
lation seen following PLAB treatment.

PLAB increases pS3 expression and the effect is inhib-

ited by caffeine, an ATM kinase inhibitor The rapid phos-
phorylation of Cdc2 following treatment with PLAB, which
is a typical response of cells to DNA damaging agents[ls], led
us to speculate that PLAB might cause DNA damage. The
tumor suppressor protein, pS3, plays a critical role in regulat-
ing cell cycle progression after DNA damage!'”.. Because
SK-28 cells express wild-type pS3, we examined possible
changes in protein expression induced by PLAB treatment.
Indeed, the level of pS3 expression increased after a 24-h
incubation with PLAB in a dose-dependent manner (0.1,
1.0, and 10 pmol/L, Figure SA). Phosphorylation of pS3
at residue Serl$ plays a role in stabilizing pS3 and enhanc-
ing its trans-activation capacitym]
with PLAB for 4 h resulted in a concentration-dependent
elevation in the phosphorylation of p53 at SerlS, whereas no

. Accordingly, treatment

phosphorylation was detected in control cells (Figure SB).
Phosphorylation of p53 at Serl$ is usually catalyzed by
the protein kinases ataxia telangiectasia mutated (ATM) and
ataxia telangiectasia-Rad3-related (ATR) (2021~ Caffeine has
been demonstrated to inhibit the activity of these kinases™.,
Thus, in order to gain preliminary data concerning the pos-
sible connection between the observed PLAB-induced p53
phosphorylation and activation of the kinases ATM/ATR
in SK-28 cells, we treated the cells with caffeine (0, 3, and §
mmol/L) prior to PLAB treatment. Caffeine-treated cells
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Figure S. PLAB increases the protein expression of pS3 and p-pS3 in SK-28 cells and the effect on p-pS3 protein is blocked by caffeine. The cells
(1.0x10°) were treated with 0.1% DMSO as a control or various concentrations of PLAB (0.1, 1.0, and 10 pmol/L) (A and B) or with PLAB (1.0
pmol/L) and 0, 3, or S mmol/L caffeine (C), then pS3 and p-pS3 protein levels were evaluated by Western blotting. The amount of the protein of
interest, expressed as arbitrary densitometric units, was normalized to the densitometric units of B-actin, then the density of the band was expressed
as the relative density compared to that in untreated cells (control), taken as 100%. The data represent the mean+SD of three experiments. °P<0.05

compared with control group. C, control.
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exhibited a significant decrease in Ser1S phosphorylation
(Figure 5C), suggesting that ATM/ATR may be involved in
activation of pS3 by PLAB.

PLAB increases p21"¥"/“*' expression One of the
target genes of p33 is p21"Y"/*#", a cyclin-dependent kinase
inhibitor (CDKI) that inhibits the activity of Cdc2-Cyclin
B1 complexes®. In order to verify the transactivation activ-
ity of pS3 following treatment with PLAB and to determine
whether p21*Y"/! was involved in the PLAB-induced reduc-
tion in Cdc2 activity, p21"¥"*' protein expression was ana-
lyzed. Western blots of extracts of cells treated for 24 h with
PLAB (0.1, 1.0, and 10 pmol/L) showed a marked increase
in p21*e/er!
with Cdc2 activity (Figure 6). These results suggest that

protein levels, which was negatively correlated

PLAB induces p53-dependent p21’”"ﬂ/“ipl expression, and
induction of p21"¥"/*"' expression might account for a large
part of the reduction in Cdc2 activity, leading to the observed
early accumulation of cells in G,/M phase.
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Figure 6. PLAB increases p21"7"“" protein expression. The cells
(1.0x10°) were treated with 0.1% DMSO as a control or various
concentrations of PLAB (0.1, 1.0, and 10 pmol/L) for 24 h, and then
p21"Y"#" protein levels were evaluated by Western blotting. The data
represent the mean=SD of three experiments. "P<0.05 compared with
control group. C, control.

PLAB increases Chk2 expression and the effect is
inhibited by caffeine, an ATM kinase inhibitor Check-
point kinases can phosphorylate Cdc25C on Ser216 by an
ATM-dependent pathway®* !, To determine whether the
inactivation of Cdc25C is due to ATM-dependent Chk2 acti-

vation, we examined the effect of PLAB on the expression of
Chk2, the major target of ATM kinase!'*, and the effect of
caffeine, an ATM kinase inhibitor?> >, When SK-28 cells
were exposed to PLAB (0.1-10 pmol/L) for 4 h, Chk2 levels
showed a dose-dependent increase (Figure 7A), which was
blocked by pre-treatment of cells with caffeine (0, 3, and
S mmol/L, Figure 7B). These results suggest that PLAB
induced ATM-mediated Chk2 expression in SK-28 cells.

PLAB enhances ATM kinase activity SK-28 cells were
treated with PLAB (0.1, 1.0, and 10 pmol/L) for 4 h and
ATM kinase activity was assayed using the specific substrate,
PHAS-1. ATM kinase activity was significantly increased
after 4 h treatment with PLAB (10 umol/L, Figure 8).

Discussion

In this study, we demonstrated that PLAB had a broad
spectrum of activity against human melanoma cells, and we
further investigated PLAB’s mechanism of action using the
human SK-28 cell line as a representative model. We found
that PLAB caused a dramatic accumulation of cells in G,
phase of the cell cycle in SK-28 cells, accompanied by up-reg-
ulation of Cdc2 phosphorylation and subsequent down-reg-
ulation of Cdc2 expression. Furthermore, PLAB decreased
the expression of Cdc25C phosphatase and increased the
expression of Weel kinase. Meanwhile, reduction in Cdc2
expression was partly due to induction of the expression
of p21"¥"/“?" In addition, PLAB activated the checkpoint
kinase Chk2 and increased the expression of pS3, two major
targets of ATM kinase. These effects were inhibited by caf-
feine, an ATM kinase inhibitor. We also found that PLAB
significantly enhanced ATM kinase activity. Although activa-
tion of Cdc2 by PLAB has been shown in AGS human gas-
tric cancer cells"™®), ours is the first study to demonstrate that
PLAB induced G,/M arrest in human melanoma cells via
a mechanism involving the activation of ATM. We further
showed that the effect of PLAB on Cdc2 activity is mediated
by interactions with the Chk2-Cdc25C and pS3 signaling
pathways, two distinct downstream pathways of ATM.

The role of the G,/M checkpoint is to allow cells to
repair DNA damage before entering mitosis so the number
of DNA lesions passed on to the daughter cells is minimized.
Therefore, the G,/M checkpoint plays a key role in the main-
tenance of chromosomal integrity. A key regulator of the cell
cycle at this checkpoint is Cdc2 kinase®”. Cdc25C phos-
phatase and Weel kinase are responsible for the dephospho-
rylation and phosphorylation of Cdc2, respectively; without
functional Cdc25C, Cdc2 remains phosphorylated and
unable to form an active complex with Cyclin B1, resulting

447



Meng AG et al www.nature.com/aps
A PLAB (pmol/L) PLAB (umol/L)
C 0.1 1.0 10 C 0.1 1.0 10
i —
oW - - e
fractin | —_— — — ATM kinase activity
200 - 2007 b
b — b
- N =
£ > £ 150
] i g 1 b
§ 150 b %
: g
< = 1004
= 100 - B
£ ;
g %
£ 50
g 50 =
o} >}
9 <
5 0
0- 0 0.1 Lo 10
0 0.1 1.0 10
PLAB 1/L
PLAB (pmol/L) (gmol/L)
Figure 8. PLAB increases ATM kinase activity in SK-28 cells. The
B Caffeine (mmol/L) 0 0 3 5 cells (1.0x10°) were treated with 0.1% DMSO as a control or various
PLAB (gmol/L) 0 1.0 1.0 1.0 concentrations of PLAB (0.1, 1.0, and 10 pymol/L) for 4 h, then ATM
= : was immunoprecipitated and kinase activity assayed using PHAS-1
Chk2 - — . as substrate, followed by SDS-PAGE and autoradiography. The data
represent the mean+SD of three experiments and each conducted in
-acti —
Bractin | triplicate. "P<0.05 compared with control group. C, control.
b
200

Chk2 expression (% of control)

[1] 3
Caffeine (mmol/L)

Figure 7. PLAB increases Chk2 protein expression in SK-28 cells and
the expression is blocked by caffeine. The cells (1.0x10°) were treated
with 0.1% DMSO as a control or various concentrations of PLAB (0.1,
1.0, and 10 pmol/L) (A) or with PLAB (1.0 ymol/L) and 0, 3, or S
mmol/L caffeine (B) for 4 h, then Chk2 protein levels were evaluated
by Western blotting. The amount of the protein of interest, expressed
as arbitrary densitometric units, was normalized to the densitometric
units of B-actin, then the density of the band was expressed as the
relative density compared to that in untreated cells (control), taken as
100%. The data represent the mean+SD of three experiments, "P<0.05
compared with control group. C, control.

in cell cycle arrest in the G, phase. In this study, we moni-
tored Cdc2 status 4 h and 24 h after treatment with PLAB.
No change was found in Cdc2 levels at 4 h, but a decrease in
Cdc2 levels in a PLAB dose-dependent manner was seen at
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24 h. We also examined Cdc2 phosphorylation status and
found an elevation in the phosphorylation of Cdc2 (p-Cdc2)
after 4 h of PLAB treatment. Interestingly, at 24 h a decrease
in Cdc2 phosphorylation was observed, probably due to
decreased expression or increased degradation of Cdc2
itself. Moreover, we found that Cdc2 phosphorylation was
mediated by PLAB-mediated decreased Cdc25C levels and
increased Weel levels. Additionally, Cdc25C inactivation
was due not only to increased phosphorylation but also to
decreased nuclear export of active Cdc25C. In summary, our
observations of increased Cdc2 phosphorylation followed
by reduction in Cdc2 expression suggest that PLAB-induced
G,/M phase arrest in SK-28 melanoma cells is mediated by
inhibition of Cdc2 activity.

The tumor suppressor proteins Chkl and Chk2 play
important roles in regulating the G,/M checkpoint and are
closely related to serine/threonine protein kinases that are
capable of phosphorylating a number of proteins in response
to DNA damage. At 24 h after PLAB treatment, a dose-de-
pendent increase of Chk2 expression was observed. Because
Chk2 has been linked to G, cell cycle arrest through its abil-
ity to inhibit Cdc25C"*, it is likely that the phosphorylation
of Cdc25C phosphatase occurs as a result of upstream activa-
tion of Chk2 by PLAB. Indeed, we observed that 10 ymol/L
PLAB resulted in increased Cdc25C phosphorylation,
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suggesting that exposure of SK-28 human melanoma cells
to PLAB may cause activation of Chk2 and subsequent phos-
phorylation of Cdc25C phosphatase. Cdc25C phospho-
rylation, in turn, results in the phosphorylation/inhibition
of Cdc2, a critical event for the correct functioning of the
Cdc2-cyclin B1 complex. Because ATM phosphorylation of
N-terminal sites in Chk2"*”) is important for signaling DNA
damage to cell cycle checkpoints, we examined the effect of
caffeine, an ATM kinase inhibitor, on the above effect. Our
finding is that the above effect was blocked by caffeine. The
effect of caffeine is due to inhibition of the protein kinase
activities of ATM and the ATM- and Rad3-related kinase
(ART)PY. In addition, we showed that PLAB increased
ATM activity, which was also abrogated by caffeine. There-
fore, we propose that the PLAB-induced cell cycle arrest at
G,/M phase in SK-28 cells may require activation of Chk2 in
an ATM-dependent manner.

ATM, the gene mutated in ataxia-telangiectasia, encodes
a 370-kDa protein that is a member of a family of proteins
related to PI3-K and is known to phosphorylate pS3 at SerlS

in response to DNA damage[m

. The tumor suppressor
protein p53 negatively regulates Cdc2 activity and inhibits
the transcription of Cyclin B1/Cdc2"**. We found that p53
expression increased after a 24 h incubation with PLAB in a
dose-dependent manner. Furthermore, phosphorylation of
pS3 showed a clear concentration-dependent elevation. The
increased phosphorylation of pS3 at Serl$ following treat-
ment with PLAB became almost undetectable in cells pre-
treated with caffeine. The findings presented here suggest
that ATM and/or ATR might be involved in the signaling
pathway initiated by PLAB in melanoma cells. One of the
transcription targets of pS3 is the tumor suppressor protein
p21w“ﬂ/ “!, which acts as an inhibitor of cell cycle progres-
sion via its ability to inhibit Cdc2!**. Therefore, in addition
to higher levels of p21"¥"/**' in PLAB-treated SK-28 cells
compared with untreated cells, PLAB may also inhibit Cdc2
due to its action on p53 and downstream p21"¥"*', More-
over, the PLAB-induced pS3 accumulation and increased
pZIW“f Veipl expression were attenuated by caffeine, suggesting
that p53-dependent p21"¥"/*' expression might occur in
PLAB-treated SK-28 cells.

As discussed above, we suggest that PLAB-induced arrest
in the G, phase of the cell cycle was due to activation of
Chk2 and p53 in an ATM-dependent manner. Moreover, we
showed that PLAB increased ATM activity, but ART activity
was not examined, so it is possible that protein kinases other
than Chk2 are also activated by PLAB treatment.

Based on the outcome of this study and the available lit-
erature, we suggest multiple pathways by which PLAB results

in cell cycle arrest. This may involve (1) inhibition of Cdc2
activation/dephosphorylation by PLAB-induced decreases
in Cdc25C levels and increases in Weel levels, (2) down-
regulation of Cdc2 activity by PLAB-mediated induction of
p21"9"/%! expression in a pS3-dependent manner, (3) reduc-
tion of Cdc25 expression by ATM-dependent Chk2 activa-
tion, and/or (4) PLAB-induced up-regulation of pS3 in an
ATM-dependent manner (Figure 9). We demonstrated that
PLAB may be a promising chemopreventive agent for treat-
ing human melanoma.

l

DNA damage

v
ATM

Caffeine

Caffeine 4'

N

ps3 ‘|‘
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|p21 T| | Cdc2s ”

L

# Cdc2/Cyclin B1

|

G,/M arrest

pcdz f|

Figure 9. Putative mechanism of PLAB-induced cell cycle G,/M arrest
in human melanoma cells. PLAB might cause DNA damage which
activates ATM kinase. This activation possibly increases the expression
of pS3 and Chk2. An increment of p53 in cells causes transactivate
p21"¥" and an increment of Chk2 phosphorylates/inactivates Cdc25C.
Caffeine, an ATM kinase inhibitor, blocks the effects of PLAB on Chk2
and p53. PLAB might result in up-regulation of Weel. An increment of
Weel, a decrement of Cdc25C, and an elevation of p21*¥' might cause
inhibition of Cdc2, which contributes to G,/M arrest. (1) increased;
(1) decreased; (1) abolished.
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