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Summary. Novel derivatives of K-252a, (§R*,9S#*,115%)-
(=)-9-hydroxy-9-methoxycarbonyl-8-methyl-2,3,9,10-tet-
rahydro-8,11-epoxy-1H,8H,11H-2,7b,11a-triazadibenzo
[a,g]-cycloocta[cde]trinden-1-one, an inhibitor of protein
kinases and calmodulin-dependent phosphodiesterase,
were synthesized and evaluated for their antitumor activity
in vitro and in vivo. Of ten derivatives tested, four were
active against the P388 murine lenkemia i.p.-i.p. system,
although K-252a was inactive. Among these derivatives,
KT6124 was selected for further biological evaluation
studies because its efficacy was the highest. KT6124 was
also active against sarcoma 180 and B16 melanoma. It
exerted a relatively broad spectrum of antiproliferative ac-
tivity against 20 human tumor cell lines in vitro. To deter-
mine the mechanism(s) of action underlying the antitumor
activity of KT6124, we tested the drug for inhibition of
protein kinases, including Ca2+- and phospholipid-depen-
dent protein kinase (PKC), in intact A431 human epider-
moid carcinoma cells in comparison with the PKC-inhibi-
tory activity of K-252a. KT6124 did not antagonize the
action of phorbol 12-myristate 13-acetate (PMA) in A431
cells, whereas K-252a did, suggesting that KT6124 may
not act on protein kinases in the cells. The interaction of
KT6124 with DNA in living cells was examined by the
alkaline elution method. KT6124 apparantly exhibited
DNA scission both dose- and time-dependently in the tar-
get cells. The DNA breakage was dependent on proteinase
K treatment, suggesting its possible interaction with DNA-
related enzyme(s). These results indicate that KT6124 ex-
erts antiturnor activity by acting on DNA or on DNA-relat-
ed enzyme(s) in tumor cells rather than via the inhibition of
protein kinases.

Offprint requests to: S. Akinaga, Pharmaceutical Research Laboratories,
Kyowa Hakko Kogyo Co., Ltd., Shimotogari 1188, Nagaizumi-cho,
Sunto-gun, Shizuoka-ken 411, Japan

Introduction

K-252a  (8R#,95%,118%)-(~)-9-hydroxy-9-methoxycar-
bonyl-8-methyl-2,3,9,10-tetrahydro-8,11-epoxy-1H,8H,
11H-2,7b,11a-triazadibenzo[a,g]-cyclooctalcde]trinden-1-
one (Fig. 1), isolated from a culture broth of Nocardiopsis
sp., has been found to inhibit Ca?t- and phospholipid-de-
pendent protein kinase (PKC) [9, 10], cyclic AMP-depen-
dent protein kinase (PKA) [10], cyclic GMP-dependent
protein kinase [10], myosin light-chain kinase [16], and
calmodulin-dependent phosphodiesterase {12]. The com-
pound has also shown antiallergic and anti-inflammatory
effects in vitro and in vivo in additional studies [18].

Recently, several compounds that, like K-252a, contain
the indolocarbazole chromophore have been reported to
possess antitumor activity in vitro and in vivo [1, 2, 11, 13,
21, 23]. Among these compounds, the staurosporine
derivatives CGP 41 251 [13] and UCN-01 [1, 21] were
found to exhibit their antitumor activity through the possi-
ble inhibition of protein kinases, including PKC [1, 13, 21].
However, rebeccamycin [2] and AT2433 [11] exert their
antitumor activity via interaction with DNA but demon-
strate little inhibition of PKC [22].

Although K-252a exhibited apparent antiproliferative
activity against HeLa S3 human cervical carcinoma cells in
vitro, it failed to show any antitumor activity against
murine P388 leukemia in vivo (see Table 1). Since K-252a
displays a unique chermical structure and a strong tendency
to inhibit PKC, which is believed to participate in the
growth of tumor cells and the promotion of tumor develop-
ment [5, 17, 19], we synthesized a series of K-252a deriva-
tives and examined their antitumor activity using in vitro
and in vivo screening models. Among the ten derivatives,
KT6124 was selected because its antitumor activity against
P388 leukemia was the highest. The spectrum of antitumor
activity exerted by KT6124 in vitro and in vivo and its
mode of action are described in this report.



Materials and methods

Drugs. K-252a was produced in our laboratories by fermentation as
previously described [9]. Mitomycin C (MMC) and Adriamycin (ADM)
were obtained from Kyowa Hakko Kogyo Co., Ltd. (Tokyo). Derivatives
of K-252a, inctuding KT6124, were prepared from K-252a as follows [4,
15]. Compound ! was obtained by the reduction of K-252a with LiATH4
and was converted into compound 3 in four steps: (1) TsCl, EtsN, DMAP
in THF; (2) NaH in THF; (3) NaN3 in DMF; and (4) LiAlH4 in THFE.
Conversion of compound 3 into compound 9 was achieved in three steps:
(1) CICO;Bn, NaHCO3 in THF-H20; (2) CrOs3 in pyridine; and (3) Ho,
Pd-C in DMF. Compound 2 was obtained by the hydrolysis of K-252a
with 3 N NaOH in dimethylformamide and was converted into com-
pound 4 in four steps: (1) Ac:O in pyridine; (2) SOCly;
{3) NH20H - HCl, EtsN in CHCl3; and (4) 1 ¥V NaOH in MeOH. Conver-
sion of compound 4 into compound 7 was achieved in three steps:
(1) Ac20 in pyridine, (2) CrOz in pyridine, and (3) 28% NH:OH in
DMF. Compound 5 was prepared by Sarett’s oxidation of K-252a fol-
lowed by reduction with NaBH4. Treatment of compounds 5 and 9 with
NHoNH» - H20 in dioxane at 100° C yielded compounds 6 and 8, respec-
tively. Compound 10 was obtained from compound 1 in six steps:
(1) MeC(OMe)3,CSA in CHCls; (2) CrOs in pyridine; (3) NaH,CICO:Et
in THF; (4) SiO2; (5) NH>OH -HCl, EtsN in DMF; and (6) 2 N NaOH in
THE-MeOH.

Cell culture. The origins of all human tumor cell lines used in this study
except for myelogenous leukemia HL-60 cells have been described else-
where [14]. HL-60 cells were obtained from the American Type Culture
Collection through Dainihon Pharmaceutical Co. {Osaka).

Animals and tumors. Murine P388 lymphocytic leukemia cells were
passaged in adult male DBA/2 mice and used for the experiments in adult
male BALB/c x DBA/2 F; (CDF;) mice weighing 20--25 g. Sarcoma
180 cells were passaged and used for the experiments in adult male ddY
mice weighing 20-25 g. B16 melanoma cells were passaged in adult
male C57BL/6 mice weighing 20-25 g. These animals were obtained
from SLC (Shizuoka, Japan). P388 leukemia and B16 melanoma were
supplied by the National Cancer Institute (Bethesda, Md.) through the
Cancer Chemotherapy Center of the Japanese Foundation for Cancer
Research (Tokyo). Sarcoma 180 was kindly supplied by the National
Cancer Center (Tokyo).

Evaiuation of antitumor activity. Sarcoma 180 cells were inoculated s. c.
in the axillary region of ddY mice. For evaluation of antitumor activity
against s. ¢.-inoculated tumors, the tumor volume was calculated by the
following formula according to the method of the National Cancer Insti-
tute [3] after the length and width of the tumors had been measured:

Length (mm) x [width (mm)]?
> .

The criteria for effectiveness included a treated vs control (T/C)
value of =0.5%, and statistical significance was determined using
Mann-Whitney’s U-test. The antitumor activity against i. p.-inoculated
tumors was evaluated after calculation of the percentage of increase in
life span [ILS(%)] derived from 60-day observation of the duration of
survival (in days) of tumor-bearing mice.

Tumor volume (mm?) =

Invitro antiproliferative activity. The various types of cells were precul-
tured for 24 h in 96-well microplates (Nunc, Roskilde, Denmark) con-
taining 0.1 ml culture mediuvm at 37°C in a humidified atmosphere
comprising 5% COz in air. The drug was added to the plates in serial
3-fold dilution (n = 3) and the plates were incubated for another 72 h. For
1-h puise experiments, the cells were exposed to drugs for 1 h, trans-
ferred to fresh medium, and incubated for another 71 h. The anti-
proliferative activity of the drug was evaluated according to the inhibi-
tion of uptake of neutral red dye into the cells. Briefly, after the above
incubation, the culture medium was discarded and 0.1 ml 0.02% (w/v)
neutral red-containing medium was added to each well. Following the
1-h incubation, the solution was discarded and each well was washed
with 0.1 ml 0.9% (w/v) NaCl solution. The neutral red dye was extracted
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using 0.1 ml 30% (v/v) ethanol solution with 0.001 N HCl, and the
absorbance at 550 nm was measured by a Microplate Reader (Corona
Electric Co., Ibaragi, Japan). The antiproliferative activity of the drug
was expressed as the ICsp value (the concentration required for 50%
inhibition of dye uptake).

EGF-binding assay. A431 cells were seeded at an initial density of
8 x 10* cells/cm? in Nunclon 24-well multidishes (Nunc) containing 1 ml
culture medium. After 48 h preincubation at 37° C, the cells were treated
with various concentrations of the drug for 1 h at 37° C. Next, phorbol
12-myristate 13-acetate (PMA) was added directly to the culture medium
at a final concentration of 100 nM, and the cells were incubated for 2 h at
37°C; this step was omitted for control celts. After the cells had cooled to
4°C, they were incubated with (3-[1%1]-iodotyrosyl) human epidermal
growth factor (EGF; 1,675 Ci/mmol; Amersham Japan) at 0°C for 3 h.
Unbound [125]-EGF was removed by washing the cells twice with 2 ml
phosphate-buffered saline (PBS), and cell-associated radioactivity was
determined using a y-auto-well counter (Packard, Meriden, Conn.) fol-
lowing solubilization with an aqueous solution of 1% (w/v) sodium
dodecyl sulfate (SDS).

Effect on macromolecular synthesis. After 20 h preculture of 3 x 10*
HeLa S3 cells in Nunclon 24-well multidishes (Nunc), the cells were
incubated with the drug for 1 h at 37°C and the culture medium was
supplemented at 0.5 pCi/ml with [6-3H]-thymidine (81 Ci/mmol),
[5-3H]-uridine (26 Ci/mmol), or L-[4,5-3H]-leucine (58 Ci/mmol), re-
spectively, and incubated for 1 h additional at 37° C. All of the precursors
wege obtained from Amersham Japan. The radioactivity incorporated
into the 0.5% (w/v) trichloroacetic acid (TCA)-insoluble fraction was
counted in a liquid scintillation counter (Packard) following solubiliza-
tion with 1 N NaOH.

Alkaline elution method. Alkaline elution was performed according to
the method of Kaneko et al. [8]. After 20 h preculture of 4 x 104 HelLa S3
cells on 35-mm dishes (Nunc), the cells were labeled with 0.1 pCi
[14C]-thymidine/m! (60 mCi/mmol; New England Nuclear) for 24 h and
then cultured in fresh medium for t day until they leached subcon-
fluently. The cells were exposed to the drug at 37°C for either 1 hor a
period indicated in Fig. 6 and were then washed once with PBS and
transferred to fresh medium.

After all cells had been collected on a polycarbonate filter (pore size,
2 um; diameter, 25 mm; Nuclepore Corp., Pleasanton, Calif.), they were
reated with proteinase K (0.5 mg/ml; E. Merk, Darmstadt, FRG) in the
presence of 2% SDS (Wako Pure Chemical Industries Ltd.,
Osaka)/25 mm ethylenediaminetetraacetic acid disodium salt (EDTA-
2Na; Nakarai Chemical Industries Ltd., Osaka; pH 9.6) for 1 h at room
temperature in a dark environment for the digestion of DNA-bound
proteins. The filter was washed twice with 3 ml 20 mM EDTA solution
(pH 10) and then eluted with a solution of tetrapropylammonium hy-
droxide (Eastman Kodak, Rochester, N. Y.) and 20 mM EDTA
(pH 11.9) at a rate of 0.05 mi/min. Fractions were collected directly into
scintillation vials at 90-min intervals. The radioactivity of each fraction
was expressed as a proportion of the total radioactivity.

Assay of PKC activity. The PKC enzyme activity in P388 cells was
measured by the method of Ido et al. [7] except that EGF-receptor
peptide, Arg-Lys-Arg-Thr-Leu-Arg-Arg-Leu (Amersham Japan) was
used instead of histone III S as an exogenous substrate. Briefly, P388
cells (1.5 x 107 cells/tube) in growth medium were treated with drug for
1 h at 37°C. The cells were washed once with ice-cold PBS and then
homogenized using a Dounce homogenizer in ice-cold exiraction buffer
consisting of 25 mm TRIS-HC] (pH 7), 2 mm ethylenedioxy-bis(ethyl-
amine)-tetraacetic acid (EGTA), 50 mm mercaptoethanol, and 0.01%
leupeptin (Sigma, St. Louis, Mo.). The homogenates were centrifuged at
100,600 g for 60 min at 4° C. The PKC activity in the cytosol fraction
prepared as described above was assayed in the presence or absence of
Ca? and PMA using the PKC-detection system (Amersham Japan)
according to the manufacture’s directions.
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Fig. 1, Structure of K-252a derivatives:

Compounds Substitutions
X Y VA
K-252a H H COOCH3
1 H H> CH,OH
2(K-252b) H H: COOH
3 H H2 CHzNH»
4 H H> CONHOH
5 H = CH,;0H
6(KT6124) NH: =0 CH.0OH
7 H = CONHOH
8 NH:z = CH:NH;
9 H = CH>NH2
10 OH = CH,O0H
Results

Antiproliferative activity against HeLa S3 cells

The antiproliferative activity of the K-252a derivatives
(Fig. 1) was compared with that of K-252a. As shown in
Table 1, seven of the ten derivatives tested were more
active than K-252a against HeLa S3 cells in vitro, whereas
the other three compounds were less active than the parent
drug.

Antitumor activity against P388 cells

All ten derivatives of K-252a were examined for their
antitumor activity against P388 ascitic tumor by primary
screening. As shown in Table 1, four derivatives (com-
pounds 1, 6, 7, and 10) were found to be active (ILS,
>30%) against P388 tumor, although the parent drug was
inactive in this model. Compound 6 (KT6124) was the
most active of these, its activity being comparable with that
of mitomycin C (MMC). Thus, KT6124 was selected for
the further evaluation of antitumor activity in vitro and in
vivo.

Antitumor activity against muvine tumors

The antitumor activity of KT6124 against murine ascitic
tumors, P388 leukemia, sarcoma 180, and B16 melanoma
is shown in Table 2. KT6124 was found to exhibit statisti-
cally significant antitumor activity against these tumors. It
produced a marked increase in the survival of mice bearing

Table 1. Antiproliferative and antitumor activity of K-252a derivatives
against HeLa S3 human cervix carcinoma and murine P388 leukemia

Compounds Hela S3 P388
ICso
(um) Optimal dose ILS
(mg/kg) (%)
K-252a 042 20 7
1 0.15 50 33
2(K-252b) >2 50 0
3 0.034 12.5 20
4 03 6.25 23
5 0.14 50 9
6{KT6124) 0.32 100 61
7 0.83 12.5 40
8 >2 100 29
9 0.069 12.5 14
10 0.35 100 42

HelLa S3 cells were cultured in 96-well plates on day 0, treated with the
compounds on day 1, and then cultured for 72 h. The antiproliferative
activity was determined as described in Materials and methods. P3388
cells (1 x 10%/mouse) were inoculated i.p. on day 0, and drugs were
injected i.p. on day 1

sarcoma 180, which was comparable with that of MMC.
The activity of KT6124 against B16 melanoma was lower
than that of MMC. Against solid Sarcoma 180, KT6124
exhibited statistically significant antitumor activity (Table
3) that was also comparable with that of MMC.

Spectrum of the antiproliferative activity of KI16124

The antiproliferative activity of KT6124 against 20 human
tumor cell lines is shown in Table 4. KT6124 exerted
strong antiproliferative activity against all human tumor
cell lines, giving a mean ICsg value of 0.49 um. The sensi-
tivity of HI.-60, Calu-1, and COLO205 to KT6124 was
slightly higher than that of the other cell lines.

Effect on the down-modulation of the EGF receptor
caused by PMA

KT6124 and K-252a were tested for their effect on the
PMA -induced reduction in the binding of [125I]-EGF to the
EGF receptor on intact A431 epidermoid carcinoma cells,
since the receptor on these cells has been reported to be
phosphorylated at the Thr654 position by PKC following
PMA treatment, resulting in down-modulation of the re-
ceptor [6]. As shown in Fig. 2, K-252a but not KT6124
inhibited the PMA-induced reduction in [1251]-EGF bind-
ing to A431 cells concentration-dependently. These results
suggest that K-252a may inhibit protein kinases, including
PKC, in intact cells, whereas KT6124 does not.

Effect on the PKC activity in P388 cells

To exclude the possibility that PKC inhibition may have
contributed to the cytotoxicity of KT6124, the PKC activi-



Table 2. Antitumor activity of KT6124 against murine ascitic tumors
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Tumors Drugs Dose Mean survival ILS >60-day
(mg/kg) (days) (%) survivers
P388 - 0 102+ 04 0 0/5
KT6124 100 164+ 0.5* 61 0/5
50 15 + 0.9% 47 075
25 14 =+ 1.3* 37 0/5
MMC 4.0 162+ 04* 59 075
Sarcoma 180 - 0 153+ 6.3 0 0/5
KT6124 100 >41.2+15.6* >269 2/5
50 >32.8x14.4* >214 /5
25 >36.619.1* >239 2/5
MMC 4.0 >37.24£20.2%%* >243 2/5
Bl6 - 0 137 1.5 0 0/5
KT6124 100 19 + 1.1* 39 0/5
50 156+ 0.8** 14 0/5
25 142+ 1.2 4 0/5
MMC 4.0 30.6+ 2.5* 123 0/5

P388 (1 x 109), sarcoma 180 (5 x 106), and B16 (0.5 ml 10% homogenate/mouse) cells were inoculated i. p. on day 0. Drugs were injected i. p. on day 1

* P <0.01, #* P <0.05 vs control values (Mann-Whitney’s U-test)

Table 3. Antitumor activity of KT6124 against murine sarcoma 180 solid
tumors

Table 4. Spectrum of the antiproliferative activity of KT6124 against
human tumor cell lines

Drugs Dose Mean tumor volume T/C
(mg/kg) (mm?) (%)

- 0 1,748 +226 100
KT6124 200 574 £347* 33
100 1,434+310 82

50 1,683 £281 96

MMC 6 547 +206* 31

Sarcoma 180 cells (5 x 10%mouse) were inoculated s.c. on day 0, and
the drugs were injected i.p. on day 1. Tumor volume was measured on
day 7 as described in Materials and methods, and T/C (treated vs control)
values were calculated

* P <0.01 vs control values (Mann-Whitney’s U-test)

ty inintact KT6124-treated P388 cells was assayed directly
using Amersham’s PKC-detection system. The PKC
enzyme activity in P388 cells was 10.6 pmol min-! 10-6
cells. Following treatment of the cells with KT6124 at a
concentration of as much as 10 puMm, the PKC activity in the
cells was not inhibited at all (data not shown).

Effect on macromolecular synthesis in HeLa S3 cells

Macromolecular synthesis in HeLa S3 cells was examined
using the radiolabeled-precursor uptake method after 2 h
treatment with KT6124 or K-252a. Although both drugs
markedly inhibited the uptake of thymidine and uridine
into these cells, they hardly affected that of leucine
(Fig. 3).

Induction of DNA single-strand breakage in Hela S3 cells

The DNA single-strand breakage induced by KT6124 in
Hela S3 cells was measured by the alkaline elution meth-

Origin Cell line ICs0 (um)
Lung A549 0.58
Calu-1 0.1
PC-10 0.95
PC-12 0.45
PC-13 0.47
Stomach KATO III 0.69
MKN-28 1.48
MKN-45 0.32
NU-GC-3 1.02
Colon COLO205 0.15
COLO320DM 0.79
DLD-1 1.2
WiDr 0.58
Bladder T24 0.49
Sarcoma HT1080 1.15
Kidney ACHN 0.58
Breast MCF-7 0.51
Uterine Hela S3 0.32
Vulva A431 0.79
Leukemia HL-60 0.037

Cells were cultured in 96-well plates on day 0, treated with KT6124 on
day 1, and then cultured for 72 h. The antiproliferative activity was
determined as described in Materials and methods

od. KT-6124 decreased the retention of [14C]-DNA on the
filter in a dose- (Fig. 4) and time-dependent manner
(Fig. 5), suggesting the occurrence of DNA single-strand
breakage in these cells. As shown in Fig. 5, DNA single-
strand breaks caused by KT6124 became apparent at a drug
concentration that lay below the ICsq value for 1-h expo-
sure (4.7 um). Moreover, DNA single-strand breakage was
detected as early as at 1 or 3 min after the addition of
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Fig. 2 A, B. Effects of KT6124 and K-252a on PMA-induced down-
modulation of the EGF receptor in A431 human epidermoid carcinoma
cells. A431 cells pretreated for 1 h with given concentrations of
A KT6124 and B K-252a at 37° C were further incubated in the presence
(O) or absence (@) of 100 nm PMA for 2 h at 37° C. After the cells had
cooled to 0° C on ice, the binding of [125T]-EGF to the cells was tested as
described in Materials and methods

KT6124, and the degree of DNA breakage increased with
the duration of treatment.

Proteinase K dependence of DNA single-strand breakage

To elucidate the mechanism underlying KT6124-induced
DNA single-strand breakage, we investigated the protein-
ase K dependence of DNA single-strand breakage and
compared the findings with those obtained for ADM as a
positive control, which has been reported to cause protein-
ase K-dependent DNA scission [20]. As shown in Fig. 6,
the proteinase K-dependent DNA scission induced by
KT6124 was similar to that caused by ADM, although the
extent of proteinase K dependence was more pronounced
for KT6124 than for ADM.
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Fig. 3 A, B. Effects of KT6124 and K-252a on macromolecular synthesis
in HelLa S3 cells. The cells were exposed for 1 h to A KT6124 or
B K-252a at various concentrations at 37°C. [6-*H]-Thymidine (@),
[5-*H]J-uridine (M), or -{4,5-3H]-leucine ( A ) was added to the culture,
which was further incubated for 1 h at 37° C. The incorporation of pre-
cursors into the cells is expressed as a percentage of control values

Discussion

In the present study, we synthesized several derivatives of
K-252a and examined their antitumor activity in vivo. Of
these ten derivatives, compounds 1, 6, 7, and 10 exhibited
apparent antitumor activity against P388 murine leukemia,
which was insensitive to the parent drug (Table 1). Al-
though compounds 1, 6, and 10 showed stronger anti-
proliferative activity against Hel.a S3 cells in vitro than did
the parent drug, compound 7 was less active than K-252a
(Table 1). In contrast, compounds 3, 4, 5, and 9, which
were inactive against P388 leukemia, exhibited higher an-
tiproliferative activity than did K-252a. These results sug-
gest that antiproliferative activity in vitro does not correlate
with that in vivo, at least for this series of compounds.
Among the four active compounds, KT6124 was select-
ed for further evaluation since it showed the highest activ-
ity (Table 1), which was comparable with that of MMC
(Table 2). KT6124 was found to exhibit antitumor activity
against sarcoma 180 and B 16 melanoma ascitic tumors, its
activity being comparable with that of MMC against sarco-
ma 180 but lower than that of MMC against B16 melano-
ma (Table 2). In addition, KT6124 exerted antitumor activ-
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Fig. 4. DNA single-strand breakage in HeLa S cells treated with various
concentrations of KT6124. The cells were exposed to the drug at the
indicated concentrations for 1 h at 37°C and were lysed with proteinase
K-containing solution. Alkaline elution was then performed over 15 h as
described in Materials and methods
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Fig. 5. DNA single-strand breakage in Hel a S3 cells treated with 4.7 {im
KT6124 for various periods. The cells were exposed to the drug for the
indicated periods at 37° C and were lysed with proteinase K-containing
solution. Alkaline elution was then performed over 15 h as described in
Materials and methods

ity against sarcoma 180 solid tumors that was also compa-
rable with that of MMC (Table 3).

As indicated in Table 4 KT6124 showed a relatively
broad spectrum of antiproliferative activity against human
tumor cell lines. This finding together with the antitumor
activity against experimental murine tumors described
above (Tables 1-3) suggests that KT6124 could become a
new candidate for use in anticancer therapy. The antitumor
activity of KT6124 against human tumors in the nude
mouse system is currently being investigated.

Several indolocarbazole compounds have recently been
reported to show antitumor activity against experimental
tumors in vivo [1, 2, 11, 13]1. Among these, 4’-benzoyl
staurosporine (CGP 41 251) was reported to exert its anti-
tumor activity via the possible inhibition of protein ki-
pases, including PKC [13]. 7-Hydroxy-staurosporine
(UCN-01) was also postulated to act similarly [1]. In this
regard, K-252a and KT6124 were found to inhibit the
activity of PKC in a cell-free system, yielding ICso values
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Fig. 6. Effects of proteinase K treatment on DNA single-strand breakage
induced by KT6124 and ADM. The cells were exposed to the drugs at the
indicated concentrations for 1 h at 37° C and were lysed in the presence
(closed symbols) or absence (open symbols) of proteinase K-containing
solution. Alkaline elution was then performed over 15 h as described in
Materials and methods

of 0.016 and 0.47 um, respectively [4, 9, 10, 15]. There-
fore, the inhibition of the PMA-induced down-modulation
of the EGF receptor by these compounds was determined
in intact cells in the present study. As shown in Fig. 2,
K-252a (but not KT6124) antagonized the action of PMA
in intact A431 cells, suggesting that K-252a inhibits the
activity of protein kinases, including PKC, in these cells,
whereas KT6124 does not. In this assay system, UCN-01
has also caused concentration-dependent inhibition of the
PMA-induced down-modulation of the EGF receptor [1].
To exclude a possible contribution by PKC inhibition to
the antiproliferative activity of KT6124, we measured the
PKC enzyme activity in cells following their treatment
with KT6124. However, KT6124 did not inhibit the PKC
activity of the cells at a concentration of as much as 10 pm.
These findings suggest that the antiproliferative activity of
KT6124 may result from other mechanism(s).

Two other indolocarbazoles that exhibit antitumor ac-
tivity, namely, rebeccamycin [2] and AT2433 [11], have
been reported to possess a reduced potential for the inhibi-
tion of PKC in a cell-free system [22]. Rebeccamycin also
selectively inhibits the uptake of [3H]-thymidine into
tumor cells and induces DNA single-strand breakage in
intact cells [2]. The effect of KT6124 on macromolecular
synthesis, including DNA synthesis, in HeLa S3 cells was
determined by the precursor uptake method (Fig. 3).
KT6124 was found to inhibit both DNA and RNA synthe-
sis in the cells in a manner similar to that shown by
K-252a. DNA single-~strand breakage induced by KT6124
was examined in intact cells by the alkaline elution method
in a further assessment of the action of KT6124 on DNA.
As shown in Figs. 4 and 5, KT6124 induced apparent DNA
single-strand breaks in the target cells in a manner similar
to that previously observed for rebeccamycin [2].
Moreover, this DNA single-strand breakage was ap-
parently protein-concealed, as is that caused by ADM [20]
(Fig. 6). This suggests that KT6124 may act on DNA-relat-
ed enzyme(s) in the nuclei of tumor cells and induce DNA
fragmentation. The mechanism underlying the possible ac-
tion of KT6124 on DNA-related enzyme(s) remains to be
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elucidated. However, these results suggest that KT6124
exerts cytotoxic activity through its action on DNA but not
via the inhibition of protein kinases, including PKC.

On the basis of the overall results of our experiments,
KT6124 will be evaluated as a new anticancer drug exhib-
iting a unique chemical structure and a unique mode of
action. Further studies on the spectrum of its antitumor
activity and the precise mechanism(s) of action involved
are under way.
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