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ABSTRACT. DNA-damaging agents such as cisplatin arrest cell cycle progression at either the G, S, or G,
phase, although the G, arrest is seen only in cells expressing the wild-type p53 tumor suppressor protein. Caffeine
has been shown to abrogate the S and G, arrest in p53-defective cells and to enhance cytotoxicity, but at
concentrations too toxic to administer to humans. We have reported that 7-hydroxystaurosporine (UCN-01)
also overcomes S and G, phase arrest and enhances the cytotoxicity of cisplatin. We show here that UCN-01
at non-cytotoxic concentrations abrogated S and G, arrest induced by cisplatin in two p53-defective human
breast cancer cell lines. UCN-01 pushed the cells through S phase and mitosis, with subsequent apoptosis.
Inhibition of mitosis with nocodazole reduced the apoptosis induced by UCN-01 plus cisplatin. Seven
staurosporine analogs were compared for their ability to abrogate cell cycle arrest. Staurosporine was as effective
as UCN-01 at abrogating S and G, arrest, but the concentrations required were cytotoxic. K252a abrogated S
phase arrest but failed to abrogate G, arrest because alone it induced G, arrest. Hence, K252a did not enhance
cisplatin-induced cytotoxicity because it failed to push the cells through a lethal mitosis. None of the other
analogs influenced cell cycle progression at the concentrations tested. Accordingly, UCN-01 was the only analog
that overcame cell cycle arrest and enhanced the cytotoxicity of cisplatin while exhibiting no cytotoxicity of its
own. Hence, UCN-01 remains the most promising candidate for testing clinically in combination with cisplatin.
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It has been known for almost 30 years that caffeine and
other methylxanthines can enhance the cytotoxicity of
DNA-damaging anticancer agents [1]. In 1982, Lau and
Pardee [2] showed that caffeine abrogates the G, arrest
elicited by DNA damage, thereby limiting the time avail-
able for DNA repair. Many subsequent papers, including
our own [3], have confirmed this observation. With the
discovery that the p53 tumor suppressor gene regulates the
G, checkpoint in damaged cells [4, 5], a strong justification
was provided for further investigating the effects of caffeine.
It seemed that normal cells, when damaged, would arrest in
G,, whereas tumor cells that had lost this checkpoint
control would progress to G,, where caffeine could kill
them preferentially. This strategy was given further impetus
by the recent observation that p53 also influences the G,
checkpoint, such that caffeine preferentially abrogates G,
arrest and enhances cytotoxicity only in the absence of
functional p53 [6—8]. Considering that more than 50% of
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tumors are defective in p53 [9, 10], caffeine seems like an
excellent therapy for these tumors, as all of its desired
actions appear to occur preferentially in the absence of p53.
Unfortunately, the concentration of caffeine required to
achieve these effects in cell culture (5 mM) exceeds by
more than 50-fold that tolerated by a patient.

Caffeine has many known actions including the ability to
inhibit protein kinases. Accordingly, we have asked
whether other protein kinase inhibitors might mimic this
effect. We recently established that 7-hydroxystaurosporine
(UCN-01) dramatically enhances the cytotoxicity of cis-
platin in CHOT cells, and that this occurs at exactly the
same concentrations that bypass the S and G, checkpoint
[11, 12]. We have also shown that UCN-01 enhances the
activity of cisplatin in human cell lines, and, furthermore,
that this occurs preferentially in cells with disrupted p53
function [13]. Abrogation of S and G, arrest occurs at
25—-100 nM UCN-01, a concentration that can be achieved
readily in animal studies. A single intravenous injection

+ Abbreviations: CDK, cyclin-dependent kinase; CHO, Chinese hamster
ovary cells; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; and PKC, protein kinase C.
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into mice at 10 mg/kg led to a peak plasma concentration
in excess of 5 WM, and concentrations above 100 nM were
maintained for at least 6 hr [14]. Toxicology experiments
have shown that this dose is well tolerated in both mice and
dogs [15]. Accordingly, UCN-01 would appear to have
great potential to be used effectively in combination with
DNA-damaging agents to enhance cell killing specifically
in the tumor.

To gain further knowledge on the mechanism by which
UCN-01 abrogates cell cycle arrest, we have compared the
activity of other staurosporine analogs. These studies used
two breast cancer cell lines that are defective for p53 and
that are shown here to be responsive to the effect of
UCN-01. Only two other staurosporine analogs were found
that overcame S phase arrest, and only one of these
overcame G, arrest. However, UCN-01 was the only
analog that abrogated both S and G, arrest at concentra-
tions that were not cytotoxic. Hence, UCN-01 remains the
best candidate for therapeutic trials in combination with
cisplatin or other DNA-damaging agents.

MATERIALS AND METHODS

The breast cancer cell lines MDA-MB-231 and T-47D were
obtained from the American Type Culture Collection. The
cells were maintained in Dulbecco’s modified Eagle’s Me-
dium supplemented with 10% fetal bovine serum, penicillin
(100 U/mL), streptomycin (100 pg/mL), and fungizone
(0.25 pg/mL).

Cisplatin, in the form of Platinol (which contains saline
and mannitol), was obtained from Bristol-Myers Squibb,
and redissolved in water. UCN-01 was provided by Dr.
Edward Sausville (National Cancer Institute). N-Benzoyl-
staurosporine (CGP 41251) was provided by Novartis
Pharma AG. Staurosporine and caffeine were purchased
from the Sigma Chemical Co. The other staurosporine
analogs were purchased from Biomol Research Laborato-
ries, Inc. All analogs were dissolved in DMSO. Incubations
of cells with cisplatin were for 2 hr, and incubations with
the staurosporine analogs were for 6-24 hr.

Cell cycle analysis was performed according to a previ-
ously described procedure in which both adherent and
detached cells are harvested, fixed in ethanol, incubated
with ribonuclease, and stained with propidium iodide [3].
Then DNA content was determined on a Becton Dickin-
son FACScan flow cytometer.

For growth inhibition assays, 500-1000 cells were added
to each well of a 96-well plate. After 12 hr for attachment,
a range of cisplatin concentrations were added for 2 hr;
then the cells were washed and incubated in fresh medium
for 4 days. In the case of staurosporine analogs, the drugs
were added for 24 hr, and the cells were incubated in fresh
medium for 7 days. The medium was removed, and 100 L
of 1 mg/mL of MTT in medium was added to each well.
After a 3-hr incubation at 37°, 100 wL of DMSO was added
to each well to solubilize the dye. Absorbance was read at
550 nm on a microtiter plate reader.
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For colony forming assays, 1000 cells were plated into
60-mm culture dishes and allowed to attach for 12 hr. A
range of drug concentrations were added for 24 hr; then the
cells were washed and incubated in fresh medium for 9 days.
Cells were fixed in methanol and stained with Giemsa, and
colonies were counted. The plating efficiency of undam-
aged cells was 15-20%.

RESULTS
Impact of UCN-01 on Cisplatin-Mediated Cell
Cycle Arrest

Our previous experiments on the effects of UCN-01 in-
volved analysis of cell cycle progression in CHO cells [11,
12]. We established that cisplatin caused both an S and a
G, phase arrest, depending upon time and concentration,
and that 50 nM UCN-01 rapidly overcame this arrest and
enhanced apoptosis. In the current experiments, we per-
formed similar experiments in two breast cancer cell lines,
both of which are mutant for p53. The initial experiments
investigated the impact of cisplatin alone on cell cycle
perturbation. The cells were incubated with cisplatin for 2
hr; then the drug was removed, and the cells were incu-
bated in fresh medium for up to 72 hr. Next the cells were
fixed and analyzed by flow cytometry for cell cycle phase.
Results for incubation with 10 pg/mL of cisplatin are
shown, as this concentration caused pronounced cell cycle
perturbation (Fig. 1). Eighteen hours following cisplatin, a
large number of cells were seen emerging from the G
phase. By 24 hr, there was a marked accumulation of cells
in S phase, and these cells accumulated in G, at 48 hr. At
72 hr, the majority of cells remained viable but arrested in
the G, phase. Both cell lines showed very similar cell cycle
perturbations in response to cisplatin. However, when
assayed for cytotoxicity using the MTT assay 4 days after
treatment, it appeared that MDA-MB-231 cells were more
sensitive than T-47D cells (2 vs 20 wg/mL). Considering
the lack of cell death observed as sub-G; cells by flow
cytometry or by microscopic assessment of cell detachment,
this probably reflects differences in mitochondrial response
to cisplatin rather than a marked difference in cytotoxicity.

Considering the above results, it was decided to investi-
gate the impact of UCN-01 on cell cycle progression when
added 24 hr after 10 pg/mL of cisplatin. In the absence of
UCN-01, there was little movement of cells through S
phase between 24 and 30 hr (Fig. 2). The addition of
UCN-01 during this time period caused a concentration-
dependent shift of the cells to G;; concentrations of
50-200 nM caused most of the S phase cells to progress to
G,, whereas concentrations as low as 12.5 nM clearly
showed partial abrogation of S phase arrest.

Cells were also harvested 24 hr after the addition of
UCN-01 (48 hr after cisplatin). In this case, concentrations
of 50-200 nM UCN-01 abrogated the G, arrest, although
the consequences were slightly different for the two cell
lines (Fig. 2). In MDA-MB-231 cells, there was a signifi-
cant population of cells with sub-G; DNA content, indic-
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FIG. 1. Cell cycle perturbation in two human breast cancer cell lines following incubation with cisplatin. The MDA-MB-231 and
T-47D cell lines were incubated with 10 pg/mL of cisplatin for 2 hr. The drug was removed, and cells were incubated for up to 72
hr prior to analysis of cell cycle phase by flow cytometry. Similar profiles were obtained in at least three separate experiments.

ative of dead cells, at concentrations as low as 25-50 nM
UCN-01. There was only a slight increase in the G, peak,
suggesting that most of the cells passed from G, into
apoptosis; evidence will be presented below that these cells
did pass through mitosis. In the case of T-47D cells,
abrogation of the G, arrest appeared to be incomplete, and
most of the cells that did undergo mitosis had a G, rather
than a sub-G; DNA content. Hence, whereas MDA-MB-
231 cells appeared to pass from G, to apoptosis as judged by
the sub-G; population, the T-47D cells appeared to enter
G, and higher concentrations of UCN-01 were required
before cells were observed with sub-G; DNA content.

We further investigated the ability of UCN-01 to abro-
gate G, arrest in T-47D cells by adding UCN-01 48 hr after
cisplatin treatment, a time at which the majority of cells
had already accumulated in G, (Fig. 3). By 72 hr, cells
again appeared with G; DNA content, but the higher
concentrations of UCN-01 were more effective at abrogat-
ing G, arrest, and a larger number of cells with sub-G,
DNA content were observed.

In all these experiments, the combination of cisplatin
and UCN-01 induced apoptosis in up to 20% of the cells as

judged by the sub-G, population. However, the experi-
ments with T-47D cells suggest that the calculation of
sub-G, population may underestimate the level of cytotox-
icity. For example, the computer fit of the profiles in Fig. 3
suggests that UCN-01 also caused an increase of up to 40%
in S phase cells. Some of this population, as well as some of
those in G;, may represent apoptosis of G,/M cells. Al-
though these results may not show the absolute level of
cytotoxicity, they clearly showed an enhanced cytotoxicity
when UCN-01 was combined with cisplatin.

We have shown previously that passage through mitosis
is required for apoptosis following incubation of CHO cells
with cisplatin plus caffeine [3]. To extend those studies, we
determined whether passage through mitosis was required
for apoptosis following abrogation of G, arrest by UCN-01.
At 24 hr following cisplatin, UCN-01 and nocodazole were
added simultaneously to the cells, the latter drug to prevent
completion of mitosis (Fig. 4). Analysis of cell cycle
distribution at 48 hr showed that nocodazole effectively
retained most of the cells in G,/M and prevented the
appearance of sub-G; cells. Hence, passage through mitosis
appeared to be necessary for the induction of apoptosis.
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FIG. 2. Abrogation of cell cycle arrest by UCN-01 in two human breast cancer cell lines following incubation with cisplatin. (A)
MDA-MB-231 and (B) T-47D cells were incubated with 10 pg/mL of cisplatin for 2 hr. The drug was removed, and cells were
incubated for an additional 24 hr (top row). At that time, UCN-01 was added at the indicated concentrations, and the cells were
incubated for an additional 6 hr (middle row) or 24 hr (bottom row) prior to analysis of cell cycle phase by flow cytometry. Similar

profiles were obtained in at least three separate experiments.

Abrogation of Cell Cycle Arrest by
Staurosporine Analogs

Parallel experiments were performed with a range of con-
centrations of seven analogs of UCN-01. These analogs
were added at 24 hr, and S phase abrogation was scored
after 6 hr (Table 1). Results are expressed relative to 25 nM
UCN-01, which caused partial abrogation of S phase arrest
(considered to be about 50% abrogation of S phase arrest as
shown in Fig. 2). Staurosporine was as effective as UCN-01
at abrogating arrest. The only other analog that abrogated

S phase arrest was K252a, but at a much higher concentra-
tion. All of the other analogs were tested up to 1 uM, but
failed to have any impact on S phase arrest in either cell
line. Caffeine also was tested and found to abrogate S phase
arrest at 625 wM. The effective concentrations for each
analog were similar in both cell lines.

Staurosporine and caffeine were similar to UCN-01 in
their ability to abrogate G, arrest when assayed 24 hr after
the addition (i.e. 48 hr after cisplatin; data not shown).
However, K252a did not abrogate G, arrest. This led to the
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FIG 2. (Continued)

concern that if some analogs could only abrogate S phase
arrest, others might only abrogate G, arrest. Accordingly,
we retested the analogs in T-47D cells that first had been
allowed to accumulate in G, by a 48-hr incubation follow-
ing cisplatin (as in Fig. 3). The results are expressed relative
to 50 nM UCN-01, which caused about 50% abrogation of
G, arrest (Table 1). Again, staurosporine was as effective as
UCN-01 at abrogating the G, arrest, whereas K252a and all
the other analogs failed to abrogate the arrest. Caffeine also
abrogated G, arrest, although at a higher concentration
than those required to bypass the S phase arrest.

The inability of K252a to abrogate G, arrest led us to
investigate the ability of each of these analogs to cause G,
andfor G, arrest, a property well known for staurosporine

[16, 17]. Cells were incubated with each analog for 24 hr
prior to analysis of cell cycle distribution. Staurosporine
(100-200 nM), CGP 41251 (250-500 nM), and K252a
(250-500 nM) caused G, accumulation in both cell lines.
None of the other analogs caused G, arrest. Furthermore,
none of the analogs caused G, arrest consistent with the
cell lines being defective in p53. Hence, K252a failed to
overcome G, arrest because the concentration required, as
judged from that required to abrogate S phase arrest, would
itself cause a G, arrest. We also found that 1 pM K252a
prevented UCN-01-mediated abrogation of G, arrest and
apoptosis (data not shown), suggesting that K252a inhibits
cell cycle progression at a point downstream from the
action of UCN-01.
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FIG. 3. Abrogation of G, arrest by UCN-01 in the human breast cancer cell line T-47D following incubation with cisplatin. The
T-47D cells were incubated with 10 pg/mL of cisplatin for 2 hr. The drug was removed, and cells were incubated for an additional
48 hr (top row). At that time, UCN-01 was added at the indicated concentrations, and the cells were incubated for an additional 24
hr prior to analysis of cell cycle phase by flow cytometry (bottom row). Similar profiles were obtained in two separate experiments.

Comparison of the Cytotoxicity of Staurosporine Analogs

One important characteristic of UCN-01 is that it abro-
gates S and G, arrest at concentrations that alone are not
cytotoxic. We initially analyzed colony formation following
a 24-hr incubation with each analog; the results are shown
in Table 1 for T-47D cells, but MDA-MB-231 cells pro-
duced diffuse colonies that were not countable. Subse-
quently, we analyzed cytotoxicity in both cell lines using
the MTT assay. Cells were incubated with each analog for
24 hr, and then were incubated for an additional 7 days
before assay (Table 1). The ics, for staurosporine was very
close to the concentration that abrogated cell cycle arrest.
In contrast, much higher concentrations of UCN-01 were
required for cytotoxicity than for abrogating arrest. Of the
other analogs, only CGP 41251 exhibited cytotoxicity
below 1 wM. K252a caused transient inhibition of cell
growth consistent with its ability to cause G, arrest, but this
arrest was reversible after removal of the analog; accord-
ingly, the values in Table 1 do not reflect any cytotoxicity
of this analog. Caffeine was also non-toxic up to 10 mM.
Hence, UCN-01 and caffeine were the only two drugs that,

at non-cytotoxic concentrations, abrogated cell cycle arrest
and enhanced apoptosis induced by cisplatin.

DISCUSSION

Pharmacological agents that abrogate cell cycle arrest and
enhance cytotoxicity of DNA-damaging agents have been
known for many years. The prototype drug in this regard is
caffeine [2, 18]. Unfortunately, patients cannot tolerate the
levels of caffeine required for this effect. We have reported
that UCN-01 is 100,000 times more potent than caffeine at
abrogating cell cycle arrest [11, 12]. Both caffeine and
UCN-01 have been shown to abrogate G, arrest preferen-
tially in cells defective for the p53 tumor suppressor protein
[6-8, 13]. This is an interesting observation, as p53 is not
required for arrest of cells in S or G,. The mechanism for
this differential effect of mutant versus wild-type p53 is not
known, although it is possible that the p53-mediated
increase in p21“*! may inhibit cyclin-dependent kinases
that are required for abrogating cell cycle arrest. To
compare the action of other analogs, we have focused on
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FIG. 4. Role of mitosis in the induction of apoptosis by cisplatin plus UCN-01. (A) MDA-MB-231 and (B) T-47D cells were incubated
with 10 pg/mL of cisplatin for 2 hr. The drug was removed, and cells were incubated for an additional 24 hr (top row). At that time,
0 or 200 nM UCN-01 was added, and the cells were incubated for an additional 24 hr prior to analysis of cell cycle phase by flow
cytometry (bottom row). In one sample, 0.4 pg/mL of nocodazole was added simultaneously with UCN-01 to arrest cells in mitosis;
this prevented the appearance of sub-G,/apoptotic cells (bottom right panel). Similar profiles were obtained in two separate

experiments.

two breast cancer cell lines that are defective for p53. These
cells accumulated in S phase 24 hr after cisplatin, and then
in G, after 48 hr. The addition of 25-50 nM UCN-01
overcame arrest and drove the cells rapidly through S
phase, and then through mitosis, which was lethal as judged
by the appearance of apoptotic cells. One important prop-
erty of UCN-01 is that it appears to be completely non-
cytotoxic at the concentrations that overcome cell cycle
arrest and enhance apoptosis. This property makes
UCN-01 a promising candidate for testing in combination
chemotherapy.

Staurosporine also abrogated both S and G, arrest at
concentrations close to those of UCN-01. However, these

concentrations of staurosporine were cytotoxic, which
would make it a poor analog to combine with cisplatin in a
clinical trial. Staurosporine initially generated considerable
interest when it was characterized as an inhibitor of PKC.
However, it is also active against numerous other protein
kinases, including protein kinase A, protein kinase G, and
myosin light-chain kinase [19]. Recent interest has focused
on the potent activity of staurosporine against CDK2,
including resolution of the crystal structure of a CDK2-
staurosporine complex [20]. This interaction is likely to
explain the ability of staurosporine to cause G, arrest at
200 nM, although the cytotoxicity of staurosporine is
probably attributable to a different target, as cells died at
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TABLE 1. Efficacy of staurosporine analogs to abrogate cisplatin-induced S and G, phase arrest
MDA-MB-231 cells T-47D cells

S phase Toxicity S phase G, bypass* Toxicity Toxicity
Drug bypass (MTT) bypass (MTT) (CFA)
Staurosporine 16 nM 25 nM 16 nM 50 nM 42 nM 42 nM
UCN-01 25 nM 1.55 uM 25 nM 50 nM 1.7 pM >1 pM
CGP 41251 >1 uM 800 nM >1 uM >1 uM 400 nM 350 nM
K252a 500 nM >1 uM 800 nM >1 uM >1 uM >1 pM
K252b >1 pM ND¥ >1 pM ND ND >1 pM
KT5823 >1 uM >1 M >1 M >1 uM >1 M >1 M
KT5926 >1 M >1 M >1 pM >1 M >1 M >1 pM
KT5720 >1 pM >1 uM >1 pM >1 uM >1 uM >1 pM
Caffeine 625 pM >10 mM 625 mM 5 mM >10 mM ND

Cells were incubated with 10 wg/mL of cisplatin for 2 hr. The drug was removed, and the cells were incubated for an additional 24 hr. Then each analog was added for 6 hr, and
S phase bypass was assessed. G, bypass was assessed in T-47D cells by adding each analog 48 hr after cisplatin, and assessing changes in cell cycle arrest after an additional 24
hr. Cytotoxicity was determined by either the MTT assay or the colony formation assay (CFA) following a 24-hr incubation with each analog alone. The majority of points reflect

the mean of duplicate experiments; results with active compounds have been repeated at least three times.
*Note that 200 nM staurosporine, 500 nM CGP 41251, and 500 nM K252a also caused G, arrest (see text).

FND, not determined.

concentrations considerably lower than those that cause
G, arrest.

UCN-01 was discovered during a search for more specific
inhibitors of PKC [21, 22]. This raises the question as to
whether PKC is the critical target for abrogation of cell
cycle arrest. We compared the efficacy of UCN-01 and
CGP 41251, another analog considered selective for inhi-
bition of PKC [23]. The inefficacy of CGP 41251 appears to
rule out the possibility that PKC is critical for abrogation of
cell cycle arrest. CGP 41251 did elicit an effect in the cells,
as judged by its ability to cause G, arrest and cytotoxicity
when used alone. Hence, the inability of CGP 41251 to
abrogate cisplatin-induced cell cycle arrest was not a
consequence of its failing to enter the cells.

The only other analog that was observed to abrogate
cisplatin-induced S phase arrest was K252a, but it failed to
abrogate G, arrest. This is explained by the observation
that K252a when used alone caused G, arrest at concen-
trations lower than those expected to abrogate cisplatin-
induced arrest. K252a is a broad-spectrum kinase inhibitor,
but is somewhat more inhibitory to Ca’*/calmodulin ki-
nase Il [19]. Staurosporine has little inhibitory activity
against this kinase, so this is unlikely to be the mechanism by
which these drugs overcome cisplatin-induced cell cycle arrest.

Four of the analogs failed to have any impact on cell
cycle progression or cytotoxicity. One likely possibility is
that these analogs failed to cross the cytoplasmic membrane
in concentrations adequate to elicit an effect. Most of these
analogs have been compared previously for cytotoxicity in
a CHO-derived cell line [24]. When incubated with stau-
rosporine continuously for 4 days, an 1C5, value in the MTT
assay was reported as 2.5 nM; values for other analogs were
KT5926 = 0.25 uM; K252b = 1.6 uM; KT5720 = 5 pM;
and KT5823 = 6 uM. Considering that our incubations
with each analog were for 24 hr, it is likely that a 10-fold
higher concentration of each analog may be required to
elicit cytotoxicity (i.e. compare 2.5 nM staurosporine in the

4-day assay to 25 nM reported here after a 24-hr treatment).
This would have required testing the other analogs at
concentrations up to 50 wM, which unfortunately was
cost-prohibitive. Hence, it is possible that some of these
other analogs might retain the ability to abrogate cell cycle
arrest at higher concentrations.

Our results have identified three separable consequences
of incubating cells with these analogs: cell cycle arrest,
cytotoxicity, and abrogation of DNA damage-induced cell
cycle arrest. Cell cycle arrest is likely to be due to direct
inhibition of CDKs. Cytotoxicity may be due to inhibition
of PKC or other unidentified targets. As for abrogation of
cell cycle arrest, it can be concluded that neither PKC nor
any CDK is the critical target. Interestingly, it appears that
the simple addition of a hydroxyl at the C7-position of
staurosporine (to give UCN-01) inhibits both the ability to
cause cell cycle arrest at G, and cytotoxicity. Both K252a
and CGP 41251 also lack a hydroxyl at the C7-position,
and both caused G, arrest. Analysis of the crystal structure
of staurosporine binding to the ATP binding site in CDK2
suggests that there is no room to accommodate this hy-
droxyl group [20], thereby providing a reason as to why
UCN-01 does not cause cell cycle arrest. This appears to be
a significant property of UCN-01, as lethal mitosis seems
important for enhancing cisplatin-induced cytotoxicity. In
contrast, the ability of K252a to cause G, arrest prevents
this lethal mitosis, and furthermore, K252a even seems to
protect cells from the combination of cisplatin plus UCN-
01. Accordingly, K252a would not appear to be a promising
candidate to improve the therapeutic index of cisplatin.

Another possible target for UCN-01 may be CHKI, a
protein kinase that is responsible for DNA damage-induced
G, arrest by inhibiting CDK1 activity [25, 26]. However,
we have shown previously that CDK1 is not activated in
CHO cells undergoing abrogation of S phase arrest [12],
suggesting that CHK1 is not the target for UCN-01 in S
phase. Alternately, CHK1 could function in S phase
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through an alternate effector, although this would require
that CDK1 remain suppressed by a different mechanism
when UCN-01 is added. A recent paper has suggested that
S phase arrest in yeast may be mediated by the combination
of two protein kinases, CHK1 and CDSI [27]. However, in
these experiments, S phase arrest was induced by hydroxyurea,
rather than DNA damage, and the resulting lack of deoxyri-
bonucleotides prevented completion of DNA synthesis. We
suspect that abrogation of the S phase arrest in CHK1/CDS1-
defective cells led to premature mitosis rather than progression
to G, as occurs upon incubation with UCN-01.

In summary, the results presented here confirm the
ability of UCN-01 to abrogate cisplatin-induced S and G,
arrest in p53 mutant cell lines and to enhance cytotoxicity.
The enhanced cytotoxicity was dependent upon passage
through mitosis; hence, K252a, which failed to abrogate G,
arrest, did not enhance cytotoxicity. The only other analog
found to abrogate both S and G, arrest is staurosporine, but
it is far too cytotoxic to be considered as a potential
therapeutic agent. Hence, UCN-01 remains the most
promising candidate for testing clinically in combination
with cisplatin.
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