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ABSTRACf 

Staurosporine, which is a potent inhibitor of protein kinases, such as 
protein kinase C, inhibited both inductions of adhesion of human pro­
myelocytic leukemia cells (50% effective dose = 9.0 nM) and Epstein­
Barr virus early antigen in Raji cells (50% effective dose = 3.4 nM) by 
teleocidin. However, staurosporine induced irritation on mouse ear and 
histidine decarboxylase activity in mouse skin. It did not induce ornithine 
decarboxylase activity in mouse epidermis. The two-stage carcinogenesis 
experiments of staurosporine were carried out at two different doses. 
Experiment I revealed that the group treatment with a single application 
of 100 11g of 7,12-dimethylbenz(a)anthracene, followed by repeated ap­
plications of 50 11g of staurosporine, resulted in 85 .7% of tumor-bearing 
mice at Wk 30, whereas group treatment with staurosporine alone or 
7, 12-d imethylbenz(a)anthracene alone gave 6 .7% and 0%, respectivel y. 
Experiment 2 showed that group treatment with 7,12-dimethyl­
benz(a)anthracene followed by applications of 10 JLg of staurosporine 
resulted in 33 % of tumor-bearing mice at Wk 30. In addition, stauro­
sporine treatment reduced the percentages of tumor-bearing mice treated 
with teleocidin from 100% to 67% in Wk 15. These results demonstrated 
that staurosporine is a weak tumor promoter of mouse skin compared 
with teleocidin, but staurosporine has some potency to inhibit tumor 
promotion by teleocidin. 

INTRODUCfiON 

TPA3-type tumor promoters, such as TPA, teleocidin , and 
aplysiatoxin, activate calcium-activated, phospholipid-depend­
ent protein kinase (protein kinase C) and, thus, induce many 
biological activities and tumor promotion (1, 2). If inhibitors 
of protein kinase C block this phosphorylation , they should 
also inhibit the tumor promotion induced by TPA-type tumor 
promoters. In fact , palmitoylcarnithine, a protein kinase C 
inhibitor, has this effect (3, 4). 

A potent protein kinase inhibitor, staurosporine (Fig. I) , was 
isolated from Streptomyces spp. by Tamaoki eta/. (5). Stauros­
porine inhibited protein kinase C activity within a nM range of 
concentration , as well as the activity of cyclic AMP-dependent 
protein kinase, cyclic GMP-dependent protein kinase, and the 
p6o··-src tyrosine kin ase (5, 6). Although staurosporine did not 
selectively inhibit protein kinase C, the effects of s taurosporine 
on various biological activities induced by phorbol esters had 
been reported. Staurosporine enhanced differentiation of HL-
60 cells (7) and inhibited induction of EB virus EA in Raji cells 
(8) and NADPH-oxidase activation in human neutrophils (9). 
Two research groups independently found that staurosporine 
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inhibited tumor promotion of TPA in two-stage carcinogenesis 
experiments o n mouse skin ( I 0. II ). Staurosporine induced 
morphological changes of primary mouse epidermal cells sim­
ilar to phorbol 12, 13-d ibutyra te (9). Thus, the study with tau­
rosporine suggested the presence of dual effects on tumor 
promotion. 

Here, we report that staurosporin e induced irritation on 
mouse skin and HDC activity in mouse skin and had a weak 
tumor-promoting activity on mouse skin initia ted with DMBA, 
although staurosporine showed inhibition of biological activity 
of tel eocidin in HL-60 cells and Raj i ce lls. Staurosporine is a 
unique tumor promoter possess ing dual effects: tumor-promot­
ing activity and antipromoting activity on mouse ski n. 

MATERIALS AND METHODS 

Materials 

Staurosporine was kindly provided by Dr. H. Na kano, Tokyo Re­
search Laboratories, Kyowa H a kko Kogyo, Tokyo, Japan. Teleocidin 
was isolated from Streptomyces mediocidicus ( 12). DMBA was pur­
chased fr om S igma Chemical Co., S t. Loui , MO, and TPA was from 
LC Services Corporation, Woburn, MA. Sodium n-butyrate wa ob­
tained from Wako Pure C hemica l Industries. L td ., 0 aka, Japan. (y -
32P]ATP was from Amersham, United Kingdom, and (20-31-I]TPA, DL­

[ I- 14C]o rnithine monohydroc hl oride, and L-[ carboxyl- 14C]hi tidine 
were fro m New England Nuclear, Boston, MA . Antiserum against EB 
virus EA (1 : 160) was a ge nero us gift from Dr. N. Yamamoto of 
Yamaguchi U nivers it y, J apan. Anti-human lgG co njugated with fluo­
rescei n isothiocya nate was obtained from Dakopatts a/ s, G lostrup, 
Denmark. 

Animals 

Female C D- I mice were purchased from the Japanese Charles River 
Co., Ltd., Kanagawa, Japan, and kept as reported previou ly ( 13). 

Assay of Inhibition of Activation of Protein Kinase C in Vitro 

T he effec t of staurospo rine on protei n kinase C activated by 2.3 11M 
teleocidin was examined as described previo usly ( 14). Protein kinase C 
was purifi ed fro m mo use brain by DEAE-ce ll u lose column chromatog­
raph y ( 15). 

Assay of Inhibition of Induction of HL-60 Cell Adhesion 

Adhesion of HL-60 cells cultured in RPMI - 1640 medium wi th 10% 
fetal calf serum was induced by incubation with 4.5 nM teleocidin for 
48 h ( 16). The inhibitory effect of va rio us co ncentra tions of stauros­
po rine on ce ll adhesion wa examined in the presence of teleoc idin . 

Assay of Inhibition of Induction of EB Virus EA 

Raji ce lls (3 x 105 per ml) were incubated in I ml of RPMI - 1640 
medium conta ining 10% feta l calf serum with 2.3 nM teleoc idin , 4 m M 
sodium n-butyrate, and 0.21 nM to 2.1 11M staurosporine. Afte r 48-h 
incubatio n, EA -positivc ce ll s s tai ned by the indirec t immunofluores­
cence method were counted (17). Cell numbers were co unted after 
sta ining with trypan blue. 
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Irritant Test on Mouse Ear 

Various amounts of staurosporine in I 0 J.LI of acetone were applied 
to the ears of 8-wk-old CD-I mice. The extent of irritation was ex­
pressed as the minimum dose of the compound causing irritation , as 
described previously ( 18). 

Induction of HDC in Mouse Skin 

Staurosporine in 0.1 ml of acetone was applied to the skin of the 
backs of CD-I mice, and a crude enzyme extract was obtained from the 
skin 18 h later as described previously ( 19). HOC activity was expressed 
as pmol of C02 released per mg of protein per I h of incubation. 

Induction of ODC in Mouse Skin 

Staurosporine in 0.2 ml of acetone was applied to the skin of the 
backs of CD-1 mice. After 4 h, a crude enzyme extract was prepared 
from the epidermis, and its ODC activity was measured as described 
previously (16). Enzyme activity was expressed as nmol of C02 per mg 
of protein per 30 min of incubation. 

Two-Stage Carcinogenesis Experiments 

Experiment l. Initiation was achieved by a single application of I 00 
J.Lg of DMBA dissolved in I 00 ll·l of acetone to the skin of the backs of 
8-wk-old female CD-I mice ( 13). From 1 wk after initiation. 50 J.Lg (I 07 
nmol) of staurosporine dissolved in I 00 J.Ll of acetone were applied to 
the initiated skin parts of the mice, twice a wk, until Wk 30. Control 
groups were treated with DMBA alone or staurosporine alone. The 
percentages of tumor-bearing mice and the average numbers of tumors 
per mouse were determined weekly as described previously (20) . 

Experiment 2. The experiment was carried out by the same procedure. 
From 1 wk after initiation with 100 J.Lg of DMBA, 10 !Lg (21 nmol) of 
staurosporine were applied, twice a wk. In addition, this experiment 
included a group treated with DMBA and staurosporine plus 2.5 J.Lg 
(5 .7 nmol) of teleocidin , which was applied 15 min after each applica­
tion of staurosporine. Control groups treated with DMBA and teleo­
cidin or DMBA alone were also observed . In both Experiments I and 
2, each group consisted of 15 mice, because of the limited availability 
of staurosporine. 

RESULTS 

Inhibitory Effects of Staurosporine on Biological Activities 
Induced by Teleocidin. Based on our evidence that staurosporine 
inhibited the activation of protein kinase C by 2.3 ,uM teleocidin, 
and that the effective dose for 50% inhibition was 2.6 nM, 
comparable to the results ofTamaoki eta!. (4), we then studied 
whether it inhibited the other biological activities induced by 
teleocidin. Treatment with 4.5 nM teleocidin for 48 h induced 
adhesion of HL-60 cells, and this induction was inhibited by 
staurosporine dose dependently at concentrations of 6 to 30 nM 
(Fig. 2). The EDso value was 9.0 nM. In this experiment, the 
treatment with teleocidin and staurosporine did not show any 
toxicity to HL-60 cells at concentrations of staurosporine up 
to 30 nM, determined by trypan blue staining. Incubation of 
Raji cells with 2.3 nM teleocidin for 48 h induced expression of 
EB virus EA in 55 % of the cells, whereas in the absence of 
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Fig. I. Structure o f staurospo rine, isola ted from Streptomyces spp. (4) . 
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Fig. 2. Inhibitory effect of s taurosporine on H L-60 cell adhes ion of tcleocidin . 

H L-60 cells were incubated with 4.5 nM teleocidin in th e presence of va rious 
concentrations of staurosporine for 48 h. After incubation , adherent cells and 
unadherent ce lls were counted, and the percentage o f adherent cell s was calculated. 
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Fig. 3. Inhibitory effect of staurosporine on induction o f EB virus Ei\ by 

teleocidin. Raji cells were cultured with 2.3 nM te lcocidin and 4 mM sodium n­
butyrate in the presence of various concentrations of staurosporine. After 48-h 
incubation, cells were stained by an indirect immunofluorescence method, and 
the percentages of Ei\ -positive ce ll s were estimated aft e r at leas t 500 ce ll s were 
count ed. 

teleocidin , less than I % of the cells expressed EB virus EA. As 
Fig. 3 shows, incubation of the cells with staurosporine at 
concentrations of 0.21 nM to 2. 1 ,uM together with 2.3 nM 
teleocidin and 4 mM sodium n-butyrate resulted in a dose­
dependent decrease in the percentage of EA-positive cells, the 
EDso value of staurosporine being 3.4 nM. The viability of Raji 
cells was more than 80% at concentrations of up to I ,uM 
staurosporine in the presence of 2.3 nM teleocidin and 4 mM 
sodium n-butyrate. These two experiments showed that stau­
rosporine strongly inhibited two of the biological activities 
induced by teleocidin . However, a single application of 10 nmol 
of staurosporine clearly enhanced the effects of teleocidin on 
ODC activity (Table 1 ). 

Biological Activities of Staurosporine. Staurosporine induced 
irritation of mouse ear, the dose causing redness of the ear 24 
h after its application being 200 ng (0.43 nmol) . Since that of 
teleocidin was 0.008 nmol ( 12), the potency of staurosporine 
for irritation on mouse ear was about 50 times weaker than 
that of teleocidin. In addition, applications of 170 nmol and 
340 nmol of staurosporine induced HDC activity at levels of 
196 and 173 pmol of COd mg of protein per 60 min, respec­
tively, which was about 10 times weaker than that of teleocidin 
(Table 2). 

Staurosporine, at concentrations of up to 500 nmol , did not 
induce ODC activity in mouse epidermis 4 h after application, 
whereas teleocidin induced it as usual (Table 1). Furthermore, 
staurosporine did not induce HL-60 cell adhesion at a concen­
tration of 50 nM. In Raji cells, staurosporine itself, at concen­
trations of up to 2.1 ,uM, did not induce EB virus EA in the 
presence of 4 mM sodium n-butyrate. Table 3 summarizes the 
effects of staurosporine. 

Tumor-promoting Activity ofStaurosporine. Since staurospor-
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Table I Effect of staurosporine on induction of ODC in mouse epidermi.1 

Compou nd a 

Staurosporine 
I nmol 
10 nmol 
SO nmol 
100 nmol 
250 nmol 
500 nmol 

Teleocidin 
10 nmol 
I 0 nmol + tauro pori ned I 0 nmol 
I 0 nmol + ~ta urosporine I 00 nmol 

Ace lone 

OOC activit~ b 

(nmol of 
CO,/mg of 

protein / 30 min) 

0 . 12 ± o.osc 
0.18 ± 0.04 
0 . 14 ± 0 .05 
0.18 ± 0.05 
0. 15 ± 0.02 
0.12 ± 0.12 

2.56 ± 0 .50 
5.83 ± 1.16 
3.74 ± 0.37 

0.19 ± 0 .10 

a Compounds were applied to th e s kins of backs of mice, and mo use epidermis 
wa scraped 4 h a fter the applicatio n of co mpound. 

b ODC ac ti vi ly was determined by th e method dc~cribed previously ( 16) and 
ex pre sed as nmol of CO, per mg of pro tein per 30 min . 

c Mean± SO. 
d tauro porine wa applied I 5 min prior to tc leoc idin . 

Table 2 Induction of HDC activity in mouse skin 

Compo unds" 

S ta urospo rine 
1. 7 nm ol 
17 nmol 
170 nmol 
340 nmol 

Tclcocidin 
17 nm ol 

Acetone (vehicle) 

HOC activity 
(pmol of 

CO,jmg o f 
protein / 60 min) 

0 
0 

196 
173 

211 

0 

a Compounds dissolved in 0.1 ml of acetone were applied 10 the skins of backs 
of mice, and a crude enzyme fracti o n was obt a ined by the procedure de cribed 
previously ( 19). 

Irritatio n" 

+ 

Table 3 Biological acth•ities of swurosporine 

HL-60 
ce ll adhe­

sio nb 

EB viru 
EA indue-

tio n< 
OOC in ­
ductiond 

a S taurosporine (0.43 nmol) induced irritation on mouse ear. 

HDC in­
ductio n 

+ 

6 S ta urosporine at concentration up to 50 nmo l did not induce H L-60 cell 
ad hesion. 

c Staurosporine at concentrations up to 2.1 !'mol in the pre ence of 4 m"l 
sodium n-but yrate did not induce EB virus EA in Raji ce lls. 

d OOC activity was not induced in mo use epidermis 4 h a fter application of 
compound . 

ine showed posJttve response in the irritation of mouse ear, 
induction of HOC on mouse skin, and stimulation of prosta­
glandin £ 2 production in rat macrophages,4

· 5 a tumor-promot­
ing activity of staurosporine was examined in two-stage carci­
nogenesis experiments on mouse skin. In Experiment I, the 
repeated applications of 50 11g of staurosporine to the skin of 
the backs of mice initiated with DMBA, twice a wk, produced 
the first tumor at Wk 11 and gradually increased the percent­
ages of tumor-bearing mice (Fig. 4). At Wk 30, the percentages 
of tumor-bearing mice in the groups treated with DM BA and 
staurosporine, or with staurosporine alone, were 85.7 % and 
6.7%, respectively. The average numbers of tumors per mouse 
in these two groups were 1.9 and 0 .1, respectively. The group 
treated with OM BA alone did not produce any tumors through­
out this experiment. A weak tumor-promoting activity of stau-

4 K. Ohuchi eta/., manuscript in preparatio n. 
' L. Levine ef a/., manuscript in preparation . 

rosporine was statistically significant in both tumor-bearing 
mice (x 2 test) and papillomas per mouse (F test). 

Fig. 5 shows the results of Experiment 2. The repeated 
applications of 10 J-Lg of staurosporine to the DMBA-initiated 
mouse skin induced tumors in 33 % of the mice with an average 
of 0.5 papilloma per mou e in Wk 30. The amount of stauros­
porine (I 0 11g) was not sufficient to induce a significant tumor­
promoting activity, but the results with 50 J-Lg of staurosporine 
were statistically significant, as shown in Fig. 4. 

Antipromoting Activity. Although staurosporine is a tumor 
promoter, it has inhibitory activities for activation of protein 
kinase C and induction of HL-60 cell adhesion and of EB virus 
EA. Therefore, we examined whether staurosporine inhibits the 
tumor promotion on mouse skin. As Fig. 5 shows, the group 
treated with DM BA and teleocidin plus staurosporine resulted 
in 67 % tumor-bearing mice by Wk 15 and in 80 % by Wk 30, 
whereas the group treated with OM BA and te leocidin induced 
tumors in I 00% of the mice by Wk 15 and remained constant 
up to Wk 30. The staurosporine treatment reduced the average 
numbers of tumors per mouse from 6.1 to 3.9 in Wk 30. In the 
group treated with OM BA and teleocidin plus staurosporine, 
mice did not show any significant body weight loss throughout 
the experiment, and the skins of the backs of these mice were 
not irritated, compared with those in the group treated with 
DM BA and te leocidin. The inhibitory effect of staurosporine 
was statistically significant at around Wk I 0 of tumor promo­
tion. Although statistically significant inhibition was not ob­
tained with I 0 J.lg of staurosporine in later weeks of the exper­
iment, a decreasing tendency in the percentages of tumor­
bearing mice and in average numbers of tumors per mouse was 
apparent (Fig. 5). Thus, staurosporine slightly inhibited tumor 
promotion of teleocidin, even at the dose at which staurosporine 
itse lf induced tumo rs. 

DISCUSSION 

Staurosporine is a potent inhibitor of protein kinases, such 
as protein kinase C, cyclic AMP-dependent protein kinase, 
cyclic GMP-dependent protein kinase , and tyrosine kinase (6). 
Since staurosporine inhibited biological activities of tcleocidin 
in cell lines such as HL-60 cells and Raji cells, it was expected 
to inhibit tumor promotion of the TPA-type tumor promoters. 
In fact, sta urosporine slightly inhibited the tumor-promoting 
activity of teleocidin in a two-stage carcinogenesis experiment 
on mouse skin. During the preparation of this paper, two groups 
reported independently that staurosporine inhibited tumor pro­
motion of TPA in two-stage carcinogenesis experiments on 
mouse skin. Although our results with staurosporine were not 
strongly inhibitory, due to limited amounts of the compound, 
our results well meet the results of these two reports (10, 11 ). 

In addition to inhibition of tumor promotion , staurosporine 
itself had a tumor-promoting activity on mouse skin and was 
classified as an additional non-TPA-type tumor promoter, 
which does not bind to phorbol ester receptors (I , 2). Stauros­
porine induced irritation on mouse ear and HOC activity in 
mouse skin like the TPA-type tumor promoters. However, it 
did not significantly induce ODC activity in mouse skin. Re­
cently, in collaboration with K. Ohuchi, we showed that stau ­
rosporine stimulated prostaglandin E2 production in rat mac­
rophages, and with L. Levine, we demonstrated the stimulation 
of 6-kcto-prostaglandin F, .. production in rat liver cells. These 
results were well in agreement with our previous data that 
stimulation of arachidonic acid metabolism is the common 

4976 

TU\.10R-PROI\10Tt:"- G ACT IVI T \ OF S l ,\l RO~I'ORt'\,1- 0 ' 1\IOL~f ~"- 1" 

Fig. 4. Tumor-promoting activ it) of ~tau ­
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iment. A, percentages of tumor-bear ing mice; 
B, average number of tumo r per mouse 
trea ted with OM BA and stau rosporinc (50 I' g) 
(e ), sta urosporinc alone (0 ), a nd OMBA alone 
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effect induced by TPA-type and non-TPA-type tumor pro­
moters ( 1, 2). 

As to the ODC induction by staurosporine, it was reported 
that staurosporine did not induce OOC activity in primary 
mouse epidermal cells (9), and Verma et a/. (21) also presented 
that staurosporine did not affect OOC activity in T24 cells. 
These result s were in agreement with our data. In one exception, 
Yamamoto eta/. (II) found that 100 nmol of staurosporine 
induced OOC activity in mouse skin 5 h after application . 

Moreover, two research groups (I 0, II) reported that stau­
rosporine itself did not show any tumor-promoting activity in 
a two-stage carcinogenesis experiment. This discrepancy be­
tween our results might be simply due to the doses of DMBA 
and of staurosporine that were used. The results of our experi­
ment indicated that the doses of staurosporine which other 
groups used were not sufficient to induce any tumor-promoting 
activity in two-stage carcinogenesis experiments. 

Recently, evidence has been accumulating that inhibition of 
protein kinase C does not directl y reflect inhibition of tumor 
promotion by the TPA-type tumor promoters. Sako eta/. (9) 
reported that staurosporine did not effectively inhibit the effect 
of phorbol esters on epidermal growth factor binding or induc­
tion of ODC and of epidermal transglutaminase in mouse 
primary epidermal cells, and that staurosporine itself induced 
morphological changes in keratinocytes , resembling those in­
duced by the phorbol esters. 
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252a on mou e ear was 40 times weaker than that of taUJ·os­
porine; the dose causing redness of the ear wa 8 J.lg ( 17 nn10l) . 
These results suggested that K-252a might be a weaker tumor 
promoter than staurosporinc. 

The antiinflammatory teroid, fluocinolone acetonide. is re­
ported to be a very strong inhibitor of tumor promotion induced 
by TPA in mouse skin (23). However, Fukao eta/. (24) recently 
reported that fluocinolone acetonidc has a tumor-promoting 
activity in mouse skin initiated with 3-mcthylcholanthrcne. 
Retinoic acid strongly inhibit kin tumor promotion by phor­
bol e ters (25). However, rctinoic acid it elf induced papillomas 
in mouse skin initiated with DM BA (26). Further study revealed 
that rctinoic acid has the ability to act a a first tage tumor 
promoter as well as a weak complete tumor promoter (27). 
Bryostatin I also shows both effect on tumor promotion in a 
multistage carcinogenesis experiment on mou e skin. Bryo la­
tin I inhibits the tumor-promoting activity ofTPA in SENCAR 
mice (28), and further study revealed that bryostatin 1 inhibits 
the first stage of tumor promotion (29, 30). On the other hand, 
bryostatin I itself is a second stage tumor promoter (30). Thus, 
like staurosporine, fluocinolone acetonide, retinoic acid, and 
bryostatin 1 have dual effects on tumor promotion and inhibi­
tion of tumor promotion. Staurosporine provides important 
new information for under tanding the mechanisms of tumor 
promotion and inhibition of tumor promotion. 

Since staurosporine is a microbial alkaloid produced by Strep- REFERENCES 
tomyces spp. (5), staurosporine was. structurally, from a new 
family of tumor promoters than those already reported, such 
as phorbol este rs , te leocidins, aplysiatoxins. palytoxin, thapsi­
gargin, and okadaic acid. K-252a, which is a structurally re lated 
compound to staurosporine, is also an inhibitor of protein 
kinase C, cyclic AMP-dependent protein kinase, and cyclic 
G M P-dcpendent protein kinase (22). The irritant activity of K-
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