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Abstract
Staurosporine is a potent apoptosis inducer, but its
mechanism remains to be clarified. We investigated the
involvement of PTEN in staurosporine-induced apoptosis.
Ishikawa cells, from an endometrial carcinoma cell line,
expressed a high amount of PTEN mRNA but did not express
the PTEN protein because of protein truncations. We isolated
clones expressing the steady-state level of the PTEN protein
from PTEN-null Ishikawa cells by transfection. The obtained
clones showed reduced proliferative activity and reduced
anchorage-independent cell growth with the augmented
p27Kip1. These cell lines were sensitized to apoptosis by
staurosporine. A low concentration of UCN-01 did not affect
apoptosis, but a high concentration augmented apoptosis in
the PTEN-expressing clone. Alpha-sphingosine and H-7 did
not affect apoptosis in these cell lines. PI3K inhibition
augmented staurosporine-induced apoptosis in the parental
cell line, but not in the PTEN-expressing clone. In the clone,
phosho-Akt/PKB and phospho-Bad (Ser-136) were down-
regulated. Staurosporine reduced the levels of phospho-Akt/
PKB and phospho-Bad (Ser-136) in all the cell lines, but the
reduction was most significant in the PTEN-expressing clone.
These results suggest that inhibition of the PI3K/Akt/PKB
signaling pathway might be associated with staurosporine-
induced apoptosis in Ishikawa cells.
Cell Death and Differentiation (2002) 9, 414 ± 420. DOI: 10.1038/
sj/cdd/4400982
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Introduction

PTEN (or MMAC1) is a tumor suppressor located at
chromosome 10q23.3.1,2 The gene is frequently mutated or
heterozygously deleted in certain carcinomas. The PTEN
protein can function as a protein phosphatase as well as a
lipid phosphatase, but its major function as a tumor
suppressor is considered to regulate the intracellular con-
centration of phosphatidylinositol-3,4,5-triphosphate (PIP3)
by dephosphorylating its D3 position as a lipid phosphatase.3

A deficiency of the PTEN protein increases the PIP3 level in
cells and causes recruitment of cytosolic proteins such as Akt/
PKB protein on the plasma membrane.4 The translocated Akt/
PKB protein undergoes a conformational change, resulting in
the exposure of an activation loop that is then phosphorylated
by PI3K-dependent serine/threonine kinase (PDK1).5 Acti-
vated Akt/PKB phosphorylates proteins on serine/threonine
residues to potentiate cell survival proteins such as Bad,
caspase 9, GSK3, p70S6K, 4E-BP1/PHAS-1, IKKa and
members of the Forkhead transcription family.

PDK1 can mediate activation of atypical PKC (PKC zeta,
PKC lambda).6,7 Thus, deficiency of the PTEN protein can
activate both Akt/PKB and some PKC signaling pathways.
Furthermore, in mitochondria, a cooperative protection
between Akt/PKB and PKC signaling pathways from
apoptosis onset has been suggested.8

Staurosporine is a non-selective protein kinase inhibitor
as well as a potent apoptosis inducer in a broad spectrum
of cells. A variety of staurosporine analogs with less toxicity
(e.g. UCN-01, 7-hydroxy-staurosporine) have been devel-
oped. The property of this kind of agent to induce apoptosis
is thought to be deeply associated with its anticancer
activity. It has been reported that the PKC signaling
pathway is likely associated with staurosporine-induced
apoptosis in HT-29 colon carcinoma cells9 and in human
embryonic lung fibroblast (HEL) cells,10 whereas in rat
thymocytes it is probably indirectly involved.11 Thus, the
involvement of PKC in staurosporine-induced apoptosis is
still controversial.

Because the PTEN protein is a key enzyme in the Akt/
PKB-associated signaling and in the PKC signaling path-
ways, we analyzed a possible involvement of the PTEN
protein in staurosporine-induced apoptosis.

Results

Status of PTEN in the cells

We analyzed the status of PTEN in Ishikawa cells (from an
endometrial carcinoma cell line). In Western blot analysis, we
could not detect the PTEN protein, but PTEN mRNA was
abundantly expressed in Northern blot analysis (Figure 1). To
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search for the reason, we studied the copy number of the
PTEN transcript and possible mutations of each copy. To
screen for possible mutations, PCR ± SSCP analysis from
genomic DNA was performed. In the SSCP analysis, shifted
bands from the control were found only in exon 8. Next, the
region spanning exon 8 in the PTEN transcript was amplified
by RT ± PCR, and the amplified DNA fragment was subcloned
into pCR2.1, a TA cloning vector, to analyze copy number and
mutations of the transcript. We found that there were two
copies of PTEN transcript. One copy lacked 4-nucleotides
(TTAC) from codon 318 to codon 319, and the other lacked A
in codon 289 (Figure 2). These sequence alterations were
compatible with the results of the sequence analyses on the
genomic DNA. Either mutation would produce a stop codon
adjacent to the mutation site.

Stable transfection of PTEN and characterization

After plasmid transfection and G418 selection, a number of
clones resistant to G418 had appeared. We screened 27
clones and obtained four clones expressing the steady-state
level of the PTEN protein (PTEN-IK5, PTEN-IK14, PTEN-
IK18, and PTEN-IK23). In the clones, the expression level of
p27Kip1 was increased as compared to that of the parental
Ishikawa cells (Figure 3).

Among the clones expressing the PTEN protein, the
malignant phenotype including proliferation activity and
anchorage-independent cell growth was evaluated. All the
clones showed significantly reduced cell growth potential

and significantly reduced anchorage-independent cell
growth activity as shown in Figure 4.

Apoptosis induction by staurosporine

The involvement of PTEN in staurosporine-induced apop-
tosis was analyzed. After 48 h exposure to 1 mM of
staurosporine, the percentage of apoptotic cells was
calculated. It was 23.4% (SD, 4.9) in parental Ishikawa
cells, while it was 56.7% (SD, 8.7) in PTEN-IK5, 54.9%

Figure 1 Expressions of PTEN protein and PTEN mRNA in AN3CA, JAR and
Ishikawa cells. AN3CA cells and JAR cells express PTEN protein and mRNA,
whereas Ishikawa cells do not express PTEN protein in spite of abundant
expression of PTEN mRNA

Figure 2 (A) SSCP analysis of PTEN exon 8 of Ishikawa cells. As a control,
normal endometrium was used. Exon 8 of the PTEN gene (225 nucleotides
long) was divided into 2 parts (8-1, 8-2) for the analyses. N, normal
endometrium; IK, Ishikawa cells. (B) Sequence analysis of the PTEN
transcript. Five hundred and sixty nucleotides spanning exon 8 were amplified
by RT ± PCR. PCR products were subcloned into pCR2.1, a TA cloning vector.
The sequence of the insert was analyzed in 10 clones. One copy deletes A in
codon 289; subsequently the expected amino acid sequence from the mutation
site is changed into `K and a stop signal'. The other copy deletes TTAC from
codon 318 to codon 319; therefore the expected amino acid sequence is
changed into `L and a stop signal'
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(SD, 7.4) in PTEN-IK14, 52.7% (SD, 5.1) in PTEN-IK18,
and 47.8% (SD, 5.9) in PTEN-IK23. Apoptotic cells were
scarcely observed in all the respective untreated cell lines
(Figure 5).

Next, we analyzed a possible mechanism by which
staurosporine augmented apoptosis in the PTEN-expres-
sing clones. In preliminary experiments, we determined
the IC50 of UCN-01 against PKC activity. It was 47 nM
in Ishikawa cells and 45 nM in PTEN-IK5. A concentra-
tion of 50 nM of UCN-01, at which PKC was preferen-
tially inhibited, caused apoptosis in the parental cells
and in PTEN-IK5, and the percentage of apoptotic cells
was equivalent between them. A 20-fold higher con-
centration of UCN-01 (1 mM), at which a number of
protein kinases would be inhibited, augmented apoptosis
in the PTEN-expressing clone. At this concentration, the
percentage of apoptotic cells in PTEN-IK5 increased
significantly compared with the percentage in the
parental Ishikawa cells and in the vector control cells
(P50.01) (Figure 6). Alpha-sphingosine (1 ± 50 mM) and
H-7 (1 ± 50 mM), PKC inhibitors, scarcely caused apop-
tosis in either cells (data not shown). Next we analyzed
the effects of wortmannin, a PI3K inhibitor, on staur-
osporine-induced apoptosis. Pre-treatment with 1 mM of
wortmannin significantly augmented staurosporine-in-
duced apoptosis in the parental cells (from 23.4% to
53.7%), but not in PTEN-IK5 (Figure 7).

Figure 3 Western blot analyses of PTEN protein and p27kip1 protein
expression. VC, vector control

Figure 4 (A) Cell growth of the PTEN-expressing clones. 56104 cells were
seeded in culture dishes and cell number was monitored for 7 days. The cell
growth of the clones is significantly reduced on the 7th day. (B) Colony
formation of the PTEN-expressing clones in soft agar. One thousand cells
were seeded in soft agar and the formed colonies were counted on the 20th
day. Experiments were performed in triplicate. VC, vector control

Figure 5 Staurosporine-induced apoptosis in the clones. The cells were
exposed to 1 mM of staurosporine for 48 h and then stained with Hoechst
33258. Upper: this multinucleated cell is considered to be an apoptotic cell
(arrow). Lower: the percentage of apoptotic cells is shown. Experiments were
performed in triplicate. STS, staurosporine; Control, without exposure to
staurosporine; VC, vector control
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To study whether the PI3K/Akt/PKB signaling pathway is
associated with staurosporine-induced apoptosis, we
analyzed the phosphorylation status of the Bad protein
and Akt/PKB. The levels of Bad and Akt/PKB were
constant in all the cell lines, but phospho-Bad (Ser-136)
and phospho-Akt/PKB in the PTEN-expressing clone were
downregulated (Figure 8).

Staurosporine reduced the expression levels of phos-
pho-Bad (Ser-136) and phospho-Akt/PKB in all the cell
lines, regardless of constant levels of Bad and Akt/PKB
proteins. The reduction of the phosphoproteins was most
significant in PTEN-IK5 (Figure 8).

The other clones showed similar results.

Discussion

We demonstrated that Ishikawa cells have two copies of the
PTEN transcript and that the expression level of PTEN mRNA

is very high. However, one copy lacked A in codon 289,
resulting in the formation of a stop codon one codon
downstream, and the other copy lacked 4-nucleotides from
codon 318 to 319, resulting in the formation of a stop codon
two codons downstream from the mutation site. The PTEN
protein consists of 403 amino acids, and the core phospha-
tase motif of this protein exists in the middle portion of the
peptide. The expected PTEN proteins of Ishikawa cells would
possess the core phosphatase motif, but would lack the C-
terminal. The antibody we used for the PTEN protein
detection recognizes an epitope located at the C-terminal of
this protein (388 ± 400 amino acid residues). This is why we
could not detect the PTEN protein by Western blot analysis. It
has been shown that C-terminal truncation of the PTEN
protein deprives it of its stability and phosphatase activity.12

Therefore, we may conclude that Ishikawa cells do not
possess functional PTEN protein.

The successful transduction of wild-type PTEN gene
decreased cell growth potential and colony formation in soft
agar in Ishikawa cells, and induced upregulation of p27Kip1.
These data agree with reports by others.13 ± 16 We found
that the level of phospho-Akt/PKB protein was clearly
reduced in the PTEN-expressing clone. This implies that
exogenous PTEN would function well in the cells.

We found that PTEN could sensitize the Ishikawa cells to
staurosporine-induced apoptosis. Staurosporine was origin-
ally isolated from Streptomyces as a potent antifungal
agent.17 Thereafter, its broad spectrum of inhibitory activity
against protein kinases has been found. Currently stauros-
porine analogs such as UCN-01 and CGP 41251 are being
evaluated as anticancer drugs in clinical phase I trials.18

UCN-01 was originally identified as a selective inhibitor of
PKC.19 Recent studies have demonstrated that it interacts
with cyclin-dependent kinase 220,21 and Chk1, a DNA
damage checkpoint kinase.22,23 At a higher concentration
of UCN-01, however, a number of protein kinases are
inhibited.24 In the present study, at a concentration of

Figure 6 UCN-01-induced apoptosis in the cells. The cells were exposed to
UCN-01 (50 nM or 1 mM) for 48 h. The percentage of apoptotic cells is shown.
Experiments were performed in triplicate. A higher concentration of UCN-01
augmented apoptosis in PTEN-IK5, but not in the parental Ishikawa cells or
vector control. VC, vector control

Figure 7 Effects of wortmannin on staurosporine-induced apoptosis. Note
that pre-treatment with wortmannin augments apoptosis in parental Ishikawa
cells and the vector control, but not in PTEN-IK5. The percentage of apoptotic
cells is shown. Experiments were performed in triplicate. STS, staurosporine;
WTN, wortmannin; VC, vector control; N.S., not significant

Figure 8 Effects of staurosporine on the phosphorylation of Akt/PKB and Bad
(Ser-136). The cells were exposed to 1 mM of staurosporine for 24 h and then
Akt/PKB, Bad or the respective phospho-proteins were analyzed by
immunoprecipitation and the subsequent Western blot analyses. The levels
of phospho-Akt/PKB and phospho-Bad (Ser-136) of PTEN-IK5 were down-
regulated, irrespective of constant levels of Bad and Akt/PKB proteins.
Staurosporine reduced the level of the phospho-proteins in all the cell lines.
Note that the level of phospho-Bad (Ser-136) in PTEN-IK5 was markedly lower
than in the parental Ishikawa cells after staurosporine exposure. VC, vector
control
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50 nM of UCN-01, at which the kinases including PKC would
be preferentially inhibited, the percentage of apoptotic cells
was roughly equal between PTEN-null Ishikawa cells and the
PTEN-expressing clone from Figure 6. At the higher
concentration (1 mM), at which a number of protein kinases
would be inhibited, the percentage of apoptotic cells was
significantly higher in the PTEN-expressing clone than in
PTEN-null Ishikawa cells. In addition, PKC inhibitors such as
alpha-sphingosine and H-7 scarcely caused apoptosis in any
of the cell lines regardless of the status of PTEN, suggesting
that the PKC signaling pathway via PTEN is not involved in
apoptosis of Ishikawa cells.

Bad belongs to a proapoptotic member of the bcl-2 family.
Dephosphorylated Bad binds to and inactivates Bcl-XL and
to a lesser extent Bcl-2, resulting in a proapoptotic state. The
phosphorylation of Bad at either of two sites, serine residues
112 and 136, dissociates Bad from Bcl-2 and Bcl-XL, and
renders Bad to interact with 14-3-3, resulting in the liberation
of antiapoptotic proteins such as Bcl-2 and Bcl-XL and the
promotion of cell survival. Serine 136 of the Bad protein can
be phosphorylated by Akt/PKB.25,26 In the present study, we
observed that the expression levels of phospho-Akt/PKB
and phospho-Bad (Ser-136) were reduced in the PTEN-
expressing clone. Staurosporine reduced the expressions of
phospho-Bad (Ser-136) and phospho-Akt/PKB in all the cell
lines, but the reduction was most significant in the PTEN-
expressing clone. This suggests that staurosporine may
exert its apoptosis-induced effect on Ishikawa cells by
downregulation of the PI3K/Akt/PKB signaling pathway.

Wortmannin, a PI3K inhibitor, significantly augmented
staurosporine-induced apoptosis in parental Ishikawa cells.
Wortmannin reduces the PIP3 level by inhibiting PI3K and
subsequently reducing the level of phospho-Akt/PKB
protein, resulting in the inactivation of the downstream
signaling pathway. This physiological situation is quite the
same as that of the PTEN-expressing clone. In fact, we
observed a diminished level of the phospho-Akt/PKB
protein in the parental Ishikawa cells treated with
wortmannin (data not shown). With such a status,
staurosporine would significantly inhibit the Akt/PKB
signaling pathway to augment apoptosis.

We hereby demonstrated that PTEN was deeply
involved in staurosporine-induced apoptosis. PKC modula-
tion by PKC inhibitors scarcely affected apoptosis either in
PTEN-null Ishikawa cells or in the PTEN-expressing clone.
Taken together, we conclude that the augmentation of
staurosporine-induced apoptosis in the PTEN-expressing
clone is independent of the PKC signaling pathway, but is
associated with the PI3K/Akt/PKB signaling pathway.

Materials and Methods

Cell lines and chemicals

Ishikawa and AN3CA cells, from endometrial carcinoma cell lines, and
JAR, from a choriocarcinoma cell line, were used in this study. The
cells were maintained in minimum essential medium (MEM)
supplemented with 10% fetal bovine serum in a humidified atmosphere
containing 5% CO2 at 378C. UCN-01 was gifted from Kyowa-Hakko

Kogyo, Inc. (Tokyo, Japan). Staurosporine, H-7, alpha-sphingosine
and wortmannin were purchased from Sigma Chemical Co. (St Louis,
MO, USA).

PTEN status of the cells

Genomic DNA was extracted from the cells, and PTEN exons 1 ± 9
were amplified by PCR as previously described.27 The PCR
products were further analyzed by the technique of single-strand
conformational polymorphism (SSCP) using a GeneGel Excel
(Pharmacia Biotech, Inc., Uppsala, Sweden). PCR products were
loaded onto gel and electrophoresed at 30 W for 90 min at 158C.
After silver staining by a Hoefer Automated Gelstainer (Pharmacia
Biotech, Inc.), the bands showing aberrant mobility shift were
excised from the gel, and re-amplified by PCR under the same
conditions. Sequencing analysis was performed on the PCR
products with an ALFexpressTM DNA Sequencer (Pharmacia
Biotech, Inc.).

Mutational analysis of PTEN transcript of
Ishikawa cells

Messenger RNA was isolated from Ishikawa cells using a
Quickprep Micro mRNA Purification Kit (Pharmacia Biotech, Inc.)
following the manufacturer's instructions, and then reverse-
transcribed using a First-Strand cDNA Synthesis Kit (Amersham
Pharmacia Biotech, Inc, Piscataway, NJ, USA). The region
spanning exon 8 was amplified with the following set of primers:
5'-ATCCTCAGTTTGTGGTCTGC-3' and 5'-GTGTATGCTGATCTT-
CATCAAA-3'. Amplified DNA was subcloned into pCR2.1 plasmid
(Invitrogen Corp., San Diego, CA, USA), a TA cloning vector. In 10
arbitrarily chosen clones, the sequence of the insert was
determined by the sequence analyses described earlier.

Production of wild-type PTEN cDNA

Messenger RNA extraction and cDNA synthesis were performed on
the normal endometrium as described earlier. PCR amplification of the
PTEN full-length coding region was performed with a set of PCR
primers: 5'-ATGACAGCCATCATCAAAGAG-3' and 5'-TATTTT-
CATGGTGTTTTATCCCTC-3' under the conditions of 948C for
1 min, 558C for 1 min, and 728C for 2 min for 25 cycles. PCR products
(1252 base pairs) were subcloned into the pCR2.1 cloning vector. The
insert was analyzed by the sequence reaction to obtain wPTEN/
pCR2.1. Wild-type PTEN cDNA was excised with HindIII/XhoI
restriction enzymes from the wPTEN/pCR2.1. The extracted fragment
was subcloned into the HindIII/XhoI sites of pcDNA3 vector (Invitrogen
Corp.). The resulting vector was designated `PTEN/pcDNA3'.

Transfection and isolation of clones

Ishikawa cells were transfected with PTEN/pcDNA3. As a vector
control, pcDNA3 plasmid was used. Transfection was performed using
20 ml of Lipofectin reagent (GIBCOBRL Life Technologies) conjugated
with 1 mg of plasmid DNA against approximately 56104 cells. The
transfected cells were grown in medium containing 1 mg/ml of G418
for 4 weeks.

Northern blot analysis

Total RNA was isolated using Isogen reagent (Nippongene Corp.,
Tokyo, Japan). Twenty mg of total RNA was electrophoresed in 0.66 M
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formaldehyde-1.2% agarose gel and then transferred to a nitrocellu-
lose membrane. Subsequent hybridization was performed with 32P-
labeled PTEN cDNA corresponding to the full-length coding region as
described above. Blots were exposed to X-ray film at 7808C.

Western blot analysis

Cells were lysed with RIPA buffer (10 mM Tris-HCl, pH 7.5, 150 mM
NaCl, 2 mM EDTA, 1% Nonidet P-40, 1% sodium deoxycholate, 0.1%
SDS) containing aprotinin (30 ml/ml, Sigma Chemical Co.). The protein
concentration was determined with a Bio-Rad Protein Assay Kit (Bio-
Rad Laboratories, Hercules, CA, USA). Protein (20 mg) was loaded on
8% SDS ± PAGE gel for electrophoresis and transferred to a
nitrocellulose membrane by electroblotting. The membrane was
incubated with a primary antibody. The primary antibodies used were
anti-PTEN (PTEN A2B1, Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA) or anti-p27kip1 (Santa Cruz Biotechnology, Inc.). After
extensive washes, the membrane was incubated with horseradish
peroxidase-linked sheep antimouse-IgG (Amersham Pharmacia
Biotoch Ltd., Tokyo, Japan) for both the PTEN and p27kip1 detections,
and then rinsed with PBS. The membrane was stained using the
Enhanced Chemiluminescence Western Blot Detection Kit (Amersham
Pharmacia Biotoch Ltd.).

Cell growth

Approximately 56104 cells were seeded onto a culture plate. The total
cell number was monitored at various incubation times (3 ± 7 days),
and the cells were harvested by trypsinization. The viability of cells
was evaluated by the trypan-blue exclusion test.

One thousand cells were suspended in tissue culture medium
containing 0.7% agar and layered onto 1% agar in 90-mm tissue
culture dishes. Cultures were incubated in a humidified atmosphere
containing 5% CO2 at 378C. Colony growth was assessed at 20
days.

Apoptosis assay

Approximately 16104 cells were seeded onto a culture plate. Two
days later, they were exposed to various agents for a further 48 h. For
the study on the effects of wortmannin on staurosporine-induced
apoptosis, 1 mM of wortmannin was added to the medium 3 h prior to
the drug exposure. All cells were collected and centrifuged at 4006g
for 5 min. One percent of glutaraldehyde solution was added to the cell
pellet. Cells were rinsed with PBS and finally stained with Hoechst
33258 and observed under a fluorescence microscope.

Multi-nucleated cells were considered to be apoptotic cells. Two
hundred arbitrarily chosen cells were evaluated. The apoptosis
induction activity of the agent was expressed as the percent of
apoptotic cells. Experiments were performed in triplicate.

Phosphorylation of Bad and Akt/PKB
Approximately 56106 cells were treated with 1 mM of staurosporine
for 24 h, washed once in Tris-buffered saline (TBS: 20 mM Tris,
140 mM NaCl, pH 7.4) and lysed with RIPA buffer. The cell lysates
were immunoprecipitated with Bad antibody (New England Biolabs,
Beverly, MA, USA) or Akt/PKB antibody (New England Biolabs) for 2 h
before addition of 30 mL of protein A-sepharose beads (Sigma
Chemical Co.). The mixture was then agitated for 1 h. Immunopreci-
pitates were washed, separated by SDS ± PAGE and then Western
blotted with anti-phospho-Bad (Ser-136) (New England Biolabs), anti-

Bad, anti-phospho Akt/PKB (New England Biolabs) and anti-Akt/PKB
antibodies, as described above.

Statistics

The Student's t-test was used for statistical analyses.

Acknowledgements
The authors wish to thank Mr. John Cole for proofreading the English of
this manuscript.

References

1. Li J, Yen C, Liaw D, Podsypanina K, Bose S, Wang SI, Puc J, Miliaresis C,

Rodgers L, McCombie R, Bigner SH, Giovanella BC, Ittmann M, Tycko B,

Hibshoosh H, Wigler MH and Parsons R (1997) PTEN, a putative protein tyrosine
phosphatase gene mutated in humanbrain,breast, and prostatecancer. Science

275: 1943 ± 1947

2. Steck PA, Pershouse MA, Jasser SA, Yung WK, Lin H, Ligon AH, Langford LA,

Baumgard ML, Hattier T, Davis T, Frye C, Hu R, Swedlund B, Teng DH and

Tavtigian SV (1997) Identification of a candidate tumour suppressor gene,

MMAC1, at chromosome 10q23.3 that is mutated in multiple advanced cancers.

Nat. Genet. 15: 356 ± 362

3. StambolicV, SuzukiA, de laPompa JL, Brothers GM, Mirtsos C,SasakiT, Ruland

J, Penninger JM, Siderovski DP and Mak TW (1998) Negative regulation of PKB/

Akt-dependent cell survival by the tumor suppressor PTEN. Cell 95: 29 ± 39

4. Vazquez F and Sellers WR (2000) The PTEN tumor suppressor protein: an

antagonist of phosphoinositide 3-kinase signaling. Biochim. Biophys. Acta.

1470: M21 ± 35

5. Pullen N, Dennis PB, Andjelkovic M, Dufner A, Kozma SC, Hemmings BA and

Thomas G (1998) Phosphorylation and activation of p70s6k by PDK1. Science

279: 707 ± 710

6. Balendran A, Biondi RM, Cheung PC, Casamayor A, Deak M and Alessi DR

(2000) A 3-phosphoinositide-dependent protein kinase-1 (PDK1) docking site is
required for the phosphorylation of protein kinase Czeta (PKCzeta) and PKC-

related kinase 2 by PDK1. J. Biol. Chem. 275: 20806 ± 20813

7. Balendran A, Hare GR, Kieloch A, Williams MR and Alessi DR (2000) Further

evidence that 3-phosphoinositide-dependent protein kinase-1 (PDK1) is

required for the stability and phosphorylation of protein kinase C (PKC) isoforms.

FEBS. Lett. 484: 217 ± 223

8. Cross TG, Scheel-Toellner D, Henriquez NV, Deacon E, Salmon M and Lord JM

(2000) Serine/threonine protein kinases and apoptosis. Exp. Cell Res. 256: 34 ±

41

9. Qiao L, Koutsos M, Tsai LL, Kozoni V, Guzman J, Shiff SJ and Rigas B (1996)

Staurosporine inhibits the proliferation, alters the cell cycle distribution and

induces apoptosis in HT-29 human colon adenocarcinoma cells. Cancer Lett.

107: 83 ± 89

10. Kobayashi D, Watanabe N, Yamauchi N, Tsuji N, Sato T, Sasaki H, Okamoto T

and Niitsu Y (1997) Protein kinase C inhibitors augment tumor-necrosis-factor-

induced apoptosis in normal human diploid cells. Chemotherapy 43: 415 ± 423

11. Harkin ST, Cohen GM and Gescher A (1998) Modulation of apoptosis in rat

thymocytes by analogs of staurosporine: lack of direct association with inhibition

of protein kinase C. Mol. Pharmacol. 54: 663 ± 670
12. Vazquez F, Ramaswamy S, Nakamura N and Sellers WR (2000) Phosphoryla-

tion of the PTEN tail regulates protein stability and function. Mol. Cell Biol. 20:

5010 ± 5018

13. Weng LP, Smith WM,Dahia PL,Ziebold U,Gil E, Lees JA and Eng C(1999)PTEN

suppresses breast cancer cell growth by phosphatase activity-dependent G1

arrest followed by cell death. Cancer Res. 59: 5808 ± 5814

14. Adachi J, Ohbayashi K, Suzuki T and Sasaki T (1999) Cell cycle arrest and

astrocytic differentiation resulting from PTEN expression in glioma cells. J.

Neurosurg. 91: 822 ± 830

Cell Death and Differentiation

PTEN augments staurosporine-induced apoptosis
X Wan et al

419



15. Cheney IW, Neuteboom ST, Vaillancourt MT, Ramachandra M and Bookstein R

(1999) Adenovirus-mediated gene transfer of MMAC1/PTEN to glioblastoma

cells inhibits S phase entry by the recruitment of p27Kip1 into cyclin E/CDK2

complexes. Cancer Res. 59: 2318 ± 2323

16. Gottschalk AR, Basila D, Wong M, Dean NM, Brandts CH, Stokoe D and Haas-

Kogan DA (2001) p27Kip1 is required for PTEN-induced G1 growth arrest.

Cancer Res. 61: 2105 ± 2111

17. Tamaoki T, Nomoto H, Takahashi I, Kato Y, Morimoto M and Tomita F (1986)
Staurosporine, a potent inhibitor of phospholipid/Ca++dependent protein

kinase. Biochem. Biophys. Res. Commun. 135: 397 ± 402

18. Gescher A (1998) Analogs of staurosporine: potential anticancer drugs? Gen.

Pharmacol. 31: 721 ± 728

19. Takahashi I, Asano K, Kawamoto I, Tamaoki T and Nakano H (1989) UCN-01 and

UCN-02, new selective inhibitors of protein kinase C. I. Screening, producing

organism and fermentation. J. Antibiot. 42: 564 ± 570

20. Akiyama T, Sugiyama K, Shimizu M, Tamaoki T and Akinaga S (1999) G1-

checkpoint function including a cyclin-dependent kinase 2 regulatory pathway as

potential determinant of 7-hydroxystaurosporine (UCN-01)-induced apoptosis

and G1-phase accumulation. Jpn. J. Cancer Res. 90: 1364 ± 1372

21. Sugiyama K, Akiyama T, Shimizu M, Tamaoki T, Courage C, Gescher A and

Akinaga S (1999) Decrease in susceptibility toward induction of apoptosis and

alteration in G1 checkpoint function as determinants of resistance of human lung

cancer cells against the antisignaling drug UCN-01 (7-Hydroxystaurosporine).

Cancer Res. 59: 4406 ± 4412

22. Graves PR, Yu L, Schwarz JK, Gales J, Sausville EA, O'Connor PM and Piwnica-

Worms H (2000) The Chk1 protein kinase and the Cdc25C regulatory pathways

are targets of the anticancer agent UCN-01. J. Biol Chem. 275: 5600 ± 5605

23. Busby EC, Leistritz DF, Abraham RT, Karnitz LM and Sarkaria JN (2000) The

radiosensitizing agent 7-hydroxystaurosporine (UCN-01) inhibits the DNA

damage checkpoint kinase hChk1. Cancer Res. 60: 2108 ± 2112

24. Tamaoki T (1991) Use and specificity of staurosporine, UCN-01, and calphostin

C as protein kinase inhibitors. Methods Enzymol. 201: 340 ± 347.
25. Hayakawa J, Ohmichi M, Kurachi H, Kanda Y, Hisamoto K, Nishio Y, Adachi K,

Tasaka K, Kanzaki T and Murata Y (2000) Inhibition of BAD phosphorylation

either at serine 112 via extracellular signal-regulated protein kinase cascade or

at serine 136 via Akt cascade sensitizes human ovarian cancer cells to cisplatin.

Cancer Res. 60: 5988 ± 5994

26. Maiti D, Bhattacharyya A and Basu J (2001) Lipoarabinomannan from

Mycobacterium tuberculosis promotes macrophage survival by phosphorylating

Bad through a phosphatidylinisitol 3-kinase/Akt pathway. J. Biol. Chem. 276:

329 ± 333

27. Maxwell GL, Risinger JI, Tong B, Shaw H, Barrett JC, Berchuck A and Futreal PA

(1998) Mutation of the PTEN tumor suppressor gene is not a feature of ovarian

cancers. Gynecol. Oncol. 70: 13 ± 16

Cell Death and Differentiation

PTEN augments staurosporine-induced apoptosis
X Wan et al

420


	PTEN augments staurosporine-induced apoptosis in PTEN-null Ishikawa cells by downregulating PI3K/Akt signaling pathway
	Introduction
	Results
	Status of PTEN in the cells
	Stable transfection of PTEN and characterization
	Apoptosis induction by staurosporine

	Discussion
	Materials and Methods
	Cell lines and chemicals
	PTEN status of the cells
	Mutational analysis of PTEN transcript of Ishikawa cells
	Production of wild-type PTEN cDNA
	Transfection and isolation of clones
	Northern blot analysis
	Western blot analysis
	Cell growth
	Apoptosis assay

	Phosphorylation of Bad and Akt/PKB
	Statistics

	Acknowledgements
	Note
	References


