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(57) ABSTRACT 

This invention provides methods for screening a modulating 
agent Which When combined With antitumor therapeutic 
agent increases apoptosis in tumor cells. This invention also 
provides methods for screening antitumor therapeutic agents 
suitable for combination therapy With a protein kinase C 
inhibitors capable of potentiating apoptosis in tumor cells. 
This invention further provides different combination thera 
pies comprising the speci?c protein kinase C inhibitors and 
the antitumor therapeutic agents. 
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COMBINATIONS OF PKC INHIBITORS AND 
THERAPEUTIC AGENTS FOR TREATING 

CANCERS 

[0001] This application is a continuation-in-part applica 
tion of US. Ser. No. 08/619,304, ?led Mar. 21, 1996 Which 
is a continuation-in-part application U.S. Ser. No. 08/603, 
814, ?led Feb. 20, 1996, the contents of Which are hereby 
incorporated by reference into the present application. 

[0002] Throughout this application, various references are 
referred to Within parentheses. Disclosures of these publi 
cations in their entireties are hereby incorporated by refer 
ence into this application to more fully describe the state of 
the art to Which this invention pertains. Full bibliographic 
citation for these references may be found at the end of each 
series of experiments in this application, preceding the 
claims. 

BACKGROUND OF THE INVENTION 

[0003] Protein kinase C (PKC) functions in processes 
relevant to carcinogenesis, tumor cell metastasis, and apo 
ptosis. Sa?ngol, an optical isomer (the L-threo enantiomer) 
of dihydrosphingosine, is a speci?c inhibitor of PKC and 
may represent a novel target for anti-cancer therapy. Pre 
clinical animal studies shoW that sa?ngol alone has minimal 
effects on tumor cell groWth, but combination of this com 
pound With conventional chemotherapy agents dramatically 
potentiates their anti-tumor effects. It has been suggested 
that many chemotherapeutic agents exert their anti-tumor 
effects by inducing apoptosis. 

[0004] A large body of evidence indicates a fundamental 
role for the involvement of protein kinase C (PKC), family 
members of serine/threonine protein kinases, in processes 
relevant to neoplastic transformation, carcinogenesis, and 
tumor cell invasion of surrounding tissues (1-3). Conse 
quently, PKC may represent a novel target for anti-cancer 
therapy. Sa?ngol, the L-threo enantiomer of dihydrosphin 
gosine, is a speci?c inhibitor of PKC Preclinical animal 
studies shoW that sa?ngol is non-toXic at doses that achieve 

serum levels suf?cient to inhibit PKC enZyme activity While sa?ngol has negligible impact on tumor cell groWth in 

vivo, the combination of sa?ngol With conventional chemo 
therapeutic agents such as doXorubicin and cisplatin signi? 
cantly potentiates the anti-tumor effects of these drugs 

[0005] Based on these observations, sa?ngol, used in 
combination With doXorubicin, has become the ?rst PKC 
speci?c inhibitor to enter clinical trials. The mechanism by 
Which sa?ngol potentiates the activity of chemotherapeutic 
agents is unclear, although inhibition of P-glycoprotein 
phosphorylation and reversal of the multidrug resistant 
(mdr) phenotype have been suggested (7,8). While this 
hypothesis can explain the synergism achieved With com 
binations of sa?ngol and doXorubicin, it does not eXplain the 
synergism reported for combinations of sa?ngol With drugs 
that are not believed to produce resistance by the mdr 
mechanism (e.g., cisplatin) (6), nor does it eXplain sa?ngol 
induced effects that occur in tumor cell lines that do not 
express the P-glycoprotein Therefore, pathWays other 
than P-glycoprotein inhibition are likely to be involved in 
the sa?ngol-mediated enhancement of chemotherapy. 

[0006] It has been suggested that the anti-tumor activity of 
many chemotherapeutic agents (e.g., cisplatin and etopo 
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side) is a consequence of their induction of apoptosis In 
this conteXt it has been proposed that activation of PKC acts 
as an antagonist to apoptosis, Whereas inhibition of PKC 
promotes apoptosis (10-12). Thus, sa?ngol-nediated poten 
tiation of chemotherapy might be attributed to its PKC 
inhibitory effect, subsequently leading to increased apopto 
sis after drug-induced damage. 

[0007] The present studies sought to determine the eXtent 
to Which Whether sa?ngol by itself, or in combination With 
a speci?c chemotherapeutic drug (e.g. mitomycin-C, 
MMC), Would promote apoptosis in gastric cancer cells. 
Furthermore, applicants investigated Whether the p53 status 
of these cells in?uences the development of apoptosis after 
treatment With sa?ngol and MMC. 

SUMMARY OF THE INVENTION 

[0008] This invention provides a method for screening 
protein kinase C inhibitors capable of potentiating apoptosis 
in tumor cells comprising steps of (a) contacting an amount 
of a protein kinase C inhibitors With tumor cells effective to 
potentiate apoptosis of tumor cells; (b) contacting the poten 
tiated tumor cells of step (a) With an antitumor therapeutic 
agent; (c) determining the apoptosis of tumur cells; and (d) 
comparing the apoptosis determined in step (c) With apop 
tosis of same tumor cells Which are only treated With the 
antitumor therapeutic agent, an increase in apoptosis indi 
cating that the protein kinase C inhibitor is capable of 
potentiating apoptosis in tumor cells. This invention also 
provide the above method, Wherein step (a) is carried out in 
the presence of the antitumor therapeutic agent. 

[0009] This invention also provides the protein kinase C 
inhibitor capable of potentiating apoptosis in tumor cells as 
determined by the above-described methods. 

[0010] This invention further provides a pharmaceutical 
composition comprising the protein kinase C inhibitor 
capable of potentiating apoptosis in tumor cells as deter 
mined by the above-described methods and a pharmaceuti 
cally acceptable carrier. 

[0011] This invention provides a method for screening 
antitumor therapeutic agents suitable for combination 
therapy With a protein kinase C inhibitors capable of poten 
tiating apoptosis in tumor cells comprising steps of: (a) 
contacting an amount of a protein kinase C inhibitor With 
tumor cells effective to potentiate apoptosis of tumor cells; 
(b) contacting the potentiated tumor cells of step (a) With an 
antitumor therapeutic agent; (c) determining the apoptosis of 
tumor cells; and (d) comparing the apoptosis determined in 
step (c) With apoptosis of same tumor cells Which are only 
treated With the protein kinase C inhibitor, an increase in 
apoptosis indicating that the antitumor therapeutic agent is 
suitable for combination therapy With a protein kinase C 
inhibitor capable of potentiating apoptosis in tumor cells. In 
an embodiment, step (a) is carried out in the presence of the 
protein kinase C inhibitor. In another embodiment, the 
antitumor therapeutic agent is not previously knoWn. 

[0012] This invention also provides an antitumor thera 
peutic agent suitable for combination therapy With a protein 
kinase C inhibitors capable of potentiating apoptosis in 
tumor cells determined by the above-described methods. 

[0013] This invention also provides a pharmaceutical 
composition comprising an effective amount of the antitu 
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mor therapeutic agent determined by the above-described 
methods, a protein kinase C inhibitor capable of potentiating 
apoptosis in tumor cells and a pharmaceutically acceptable 
carrier. 

[0014] This invention provides a method for enhancing 
therapy in a tumor bearing subject comprising administering 
to the subject an effective amount of a speci?c protein kinase 
C inhibitor capable of potentiating apoptosis in tumor cells 
during or prior to the treatment of an antitumor therapeutic 
agent. This invention provides the above method, Wherein 
the speci?c protein kinase C inhibitor is Sa?ngol (L-threo 
dihydrosphingosine), R032-0432 (Bisindolylmaleimide ter 
tiary amine), UCN-01 (7-OH-staurosporine), Flavopiridol 
(L86-8275), Bryostatin 1 (Macrocyclic lactone) or antisense 
nucleotides capable of inhibiting the expression of the 
protein kinase C. 

[0015] In an embodiment, the antitumor therapeutic agent 
is a chemotherapeutic agent. In a further embodiment, the 
chemotherapeutic agent is selected from a group consisting 
of Mitomycin C, Carboplatin, Taxol and Doxorubicin. In a 
still further embodiment, the antitumor therapeutic agent is 
a radiotherapeutic agent 

[0016] In an embodiment of the above-described methods, 
the tumor is a gastrointestinal cancer. In a further embodi 
ment, the gastrointestinal cancer is gastric cancer, small 
boWel cancer, colon cancer or rectal cancer. 

[0017] In a separate embodiment of the above-described 
methods, the tumor is a breast cancer. In another embodi 
ment, the tumor is a ovarian cancer. In a still another 

embodiment, the tumor is of prostate cancer, lung cancer, 
melanoma, cervical carcinoma, pancreatic cancer, sarcoma, 
hepatoma, gallbladder cancer, leukemia or Zlymphoma. 

[0018] Finally, this invention provides a method for poten 
tiating apoptosis in tumor cells comprising contacting the 
cancerous cells With an effective amount of a speci?c protein 
kinase C inhibitor capable of potentiating apoptosis during 
or prior to the treatment of an antitumor therapeutic agent. 

BRIEF DESCRIPTION OF THE FIGURES 

[0019] FIG. 1. Photomicrographs of representative ?elds 
of SK-GT-5 cells (mutant for p53) stained With bibenZimide 
trihydrochloride (Hoescht-33258) to evaluate nuclear chro 
matin condensation (i.e., apopotosis) after treatment for 24 
hours With no drug (panel A), sa?ngol alone (50 pM, panel 
B), MMC alone (5 pig/ml, panel C), or the combination of 
sa?ngol (50 pM) and MMC (5 pig/ml) (panel D). 

[0020] FIG. 2. Induction of apoptosis in MKN-74 cells (a 
Wild-type for p53) With sa?ngol alone (50 MM), MMC alone 
(5 pig/ml), or sa?ngol (50 pM) in combination With MMC (5 
pig/ml) Cells Were counted and scored for apoptotic chro 
matin condensation by the QFM method described in the 
“Material and Methods” section. Bars represent mean num 
ber of cells counted that undergo apoptosis as a percentage 
of 500 total cells randomly counted in duplicate samples, 
:SD. 

[0021] FIG. 33. Contour plots are shoWn for the frequency 
of MKN-74 cells exhibiting increased green ?uorescence 
emitted from digoxigenin-dUTP:?uorescein isothyiocyan 
ate-labeled antibody complexes [dUTP Incorp. (FITC ?uo 
rescence)], Which identi?es subpopulations of cells under 
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going apoptosis by the TdT assay, versus cellular DNA 
content (PI ?uorescence), as described in the “Material and 
Methods” section. MKN-74 cells Were incubated for 24 
hours With no drug (panel A), sa?ngol alone (50 pM, panel 
B), MMC alone (5 pig/ml, panel C), or the combination of 
sa?ngol (50 pM) and MMC (5 pig/ml) (panel D). Apoptotic 
cells are identi?ed as those sorting above the R, region of the 
contour plots. The GO/Gy S, and G2/M regions of the cell 
cycle are indicated in Panel A. 

[0022] FIG. 4. Effect of PKC activation With PMA on the 
induction of apoptosis in the presence of the PKC inhibitor 
sa?ngol. SK-GT-5 cells Were treated, as described in “Mate 
rials and Methods,” according to the folloWing protocols: 
sa?ngol alone (50 pM) for 1 hour folloWed by no drug for 
24 hours; MMC alone (5 pig/ml) for 24 hours; sa?ngol alone 
(50 pM) for 1 hour folloWed MMC (5 pig/ml) alone for 24 
hours; PMA alone (1 ng/ml) for 1 hour, folloWed by no drug 
for 24 hours; and the combination of sa?ngol (50 pM) and 
PMA (1 ng/ml) for 1 hour, folloWed by MMC alone (5 
pig/ml) for 24 hours. Induction of apoptosis Was then deter 
mined With the QFM staining of condensed nuclear chro 
matin. Bars represent mean number of cells counted that 
undergo apoptosis as a percentage of 500 total cells ran 
domly counted in duplicate samples, :SD. 

[0023] FIG. 5. Treatment With sa?ngol alone did not 
induce signi?cant levels of apoptosis (2%:1) When com 
pared With untreated controls (<1%). 

[0024] FIG. 6. UCN-01 enhances MMC-induced apopto 
sis: SK-GT-2 cells, Which have a mutation in p53, Were 
treated With increasing concentrations of UCN-01 in the 
presence or absence of a ?xed dose of MMC for 24 hours. 
The results for the QFM analysis are shoWn in FIG. 6. 

[0025] FIG. 7. Apoptosis Was again measured by QFM 
staining. The results applicants’ shoWn in shoWn in FIG. 7. 

[0026] Applicants’ studies indicate that ?avopiridol 
increased the induction of apoptosis from 711% With MMC 
alone to 73%:1% With MMC and ?avopiridol in combina 
tion. Flavopiridol alone induced a slight degree of apoptosis 
(17%:2%), but not nearly to the degree observed With the 
combination therapy. 

[0027] FIG. 8. Each lane represents the folloWing: lane A, 
the IgG control; lane B, no drug therapy for 24 hours; lane 
C, MMC alone (5.0 pig/ml) for 24 hours; lane D, sa?ngol 
alone (50 pM) for 24 hours; lane E, the combination of 
sa?ngol (50 pM) and MMC (5.0 pig/ml) for 24 hours. The 
results indicate that untreated gastric cancer cells (lane B) 
have increased cdl<2 activity and that both MMC (lane C) 
and sa?ngol (lane D) have decreased cdk2. HoWever, the 
combination of MMC and sa?ngol increased cdk2 activity 
back to basal levels. 

[0028] FIG. 9. MMC alone at the concentrations of 2.5 
pig/ml and 5.0 pig/ml induced apoptosis in 4:2 and 6%:1 of 
the MDA-MB-468 cells, respectively. HoWever, the combi 
nation of saf ingol (SPC) and MMC signi?cantly increased 
the percentage of cells undergoing apoptosis from 11%:1 
With sa?ngol alone to 23%:2 With sa?ngol and 2.5 pig/ml 
MMC and to 33%:10 With sa?ngol and 5.0 pig/ml MMC 
(p<0.001). 
[0029] FIG. 10. The combination of UCN-01 and MMC 
together increased the induction of apoptosis of the MDA 
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MB-468 cells from 20%:4 With UCN-Ol alone to 41%:3 
With UCN-Ol and 2.5 pig/ml MMC and to 58%:1 With 
UCN-Ol and 5.0 pig/ml MMC. 

[0030] FIG. 11. Effect on MMC-induced apoptosis by 
Ro32-0432 and 2241. 

[0031] FIG. 12. Effect of Ro32-2241 on proliferation of 
MMC-treated MKN-74 cells. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] This invention provides a method for screening for 
a modulating agent Which When combined With an antitumor 
therapeutic agent increases apoptosis in tumor cells com 
prising the steps of: (a) contacting tumor cells With an 
amount of the modulating agent and With an antitumor 
therapeutic agent knoWn to cause apoptosis When used in 
combination With an appropriate modulating agent in an 
amount effective to increases apoptosis in tumor cells; (b) 
determining the degree of apoptosis of tumor cells from step 
(a); and (c) comparing the degree of apoptosis determined in 
step (b) With the degree of apoptosis of tumor cells Which are 
treated With only the antitumor therapeutic agent or only the 
modulating agent, an increase in apoptosis indicating that 
the modulating agent in combination With the antitumor 
therapeutic agent is capable of increasing apoptosis in tumor 
cells. 

[0033] This invention also provides a method for screen 
ing for a modulating agent Which When combined With an 
antitumor therapeutic agent increases apoptosis in tumor 
cells comprising the steps of:(a) contacting tumor cells With 
an amount of the modulating agent for a period of time; (b) 
contacting the tumor cells from step (a) With an antitumor 
therapeutic agent knoWn to increase apoptosis When used in 
combination With a modulating agent in an amount effective 
to increase apoptosis; (c) determining the degree of apop 
tosis of tumor cells from step (b); and (d) comparing the 
degree of apoptosis determined in step (b) With the degree of 
apoptosis of tumor cells Which are treated With only the 
modulating agent, or only the antitumor therapeutic agent, 
an increase in apoptosis indicating that the modulating agent 
in combination With the antitumor therapeutic agent is 
capable of increasing apoptosis in tumor cells. 

[0034] This invention provides a method for screening for 
a modulating agent Which When combined With an antitumor 
therapeutic agent increases apoptosis in tumor cells com 
prising the steps of: (a) contacting tumor cells With an 
antitumor therapeutic agent knoWn to increases apoptosis in 
tumor cells When used in combination With an appropriate 
modulating agent in an amount effective to increase apop 
tosis for a period of time; (b) contacting the tumor cells from 
step (a) With an amount of the modulating agent; (c) deter 
mining the degree of apoptosis of tumor cells from step (b); 
and (d) comparing the degree of apoptosis determined in 
step (b) With the degree of apoptosis of tumor cells Which are 
treated With only the antitumor therapeutic agent or only the 
modulating agent, an increase in apoptosis indicating that 
the modulating agent in combination With the antitumor 
therapeutic agent is capable of increasing apoptosis in tumor 
cells. 

[0035] In an embodiment of the above described methods, 
the modulating agent is a chemical compound that inhibits 
cellular apoptotic signalling. 
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[0036] In another embodiment, the modulating agent is a 
protein kinase C inhibitor. 

[0037] In a still another embodiment, the modulating 
agent is not previously knoWn. 

[0038] This invention also provides the modulating agent 
capable of increasing apoptosis in tumor cells as determined 
by the above-described methods. 

[0039] This invention also provides a pharmaceutical 
composition comprising the modulating agent capable of 
causing apoptosis in tumor cells as determined by the above 
methods and a pharmaceutically acceptable carrier. 

[0040] This invention provides a method for screening for 
an antitumor therapeutic agent Which When combined With 
a modulating agent increases apoptosis in tumor cells com 
prising the steps of:(a) contacting tumor cells With a modu 
lating agent knoWn to increase apoptosis in tumor cells When 
used in combination With an appropriate antitumor thera 
peutic agent in an amount effective to increases apoptosis in 
tumor cells and With an amount of the antitumor therapeutic 
agent; (b) determining the degree of apoptosis of tumor cells 
from step (a); and (c) determining the degree of apoptosis of 
Lumor cells from step (b); and (d) comparing the degree of 
apoptosis determined in step (c) With the degree of apoptosis 
of tumor cells Which are treated With only the modulating 
agent or only the antitumor therapeutic agent, an increase in 
apoptosis indicating that the antitumor therapeutic agent in 
combination With the modulating agent is capable of 
increasing apoptosis in tumor cells. 

[0041] This invention provides a method for screening for 
an antitumor therapeutic agent Which When combined With 
a modulating agent increases apoptosis in tumor cells com 
prising the steps of: (a) contacting tumor cells With a 
modulating agent knoWn to increase apoptosis in tumor cells 
When used in combination With an appropriate antitumor 
therapeutic agent in an amount effective to increases apop 
tosis in tumor cells for a period of time; (b) contacting the 
tumor cells from step (a) With an amount of the antitumor 
therapeutic agent; (c) determining the degree of apoptosis of 
tumor cells from step (b); and (d) comparing the degree of 
apoptosis determined in step (c) With the degree of apoptosis 
of tumor cells Which are treated With only the modulating 
agent or only the antitumor therapeutic agent, an increase in 
apoptosis indicating that the antitumor therapeutic agent in 
combination With the modulating agent is capable of 
increasing apoptosis in tumor cells. 

[0042] This invention provides a method for screening for 
an antitumor therapeutic agent Which When combined With 
a modulating agent increases apoptosis in tumor cells com 
prising the steps of: (a) contacting tumor cells With an 
amount of the antitumor therapeutic agent for a period time; 
(b) contacting the tumor cells from step (a) With a modu 
lating agent knoWn to increase apoptosis in tumor cells When 
used in combination With an appropriate antitumor thera 
peutic agent in an amount effective to increases apoptosis in 
tumor cells; (c) determining the degree of apoptosis of tumor 
cells from step (b); and (d) comparing the degree of apop 
tosis determined in step (c) With the degree of apoptosis of 
tumor cells Which are treated With only the modulating agent 
or only the antitumor therapeutic agent, an increase in 
apoptosis indicating that the antitumor therapeutic agent in 
combination With the modulating agent is capable of 
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increasing apoptosis in tumor cells. In an embodiment, the 
antitumor therapeutic agent is not previously knoWn. 

[0043] This invention also provides the antitumor thera 
peutic agent suitable for combination therapy With a modu 
lating agent capable of increasing apoptosis in tumor cells 
by the above methods. 

[0044] This invention also provides a pharmaceutical 
composition comprising an effective amount of at least one 
antitumor therapeutic agent determined by one of the above 
methods, at least one modulating agent capable of increasing 
apoptosis in tumor cells, and a pharmaceutically acceptable 
carrier. 

[0045] This invention provides a method for treating can 
cer in a subject comprising administering to the subject an 
effective amount of at least one antitumor therapeutic agent, 
and at least one modulating agent, sequentially or concomi 
tantly. 

[0046] In an embodiment of the method for treating cancer 
in a subject, the tumor bearing subject is administered at 
least one antitumor therapeutic agent and subsequently 
administered at least one modulating agent. 

[0047] In another embodiment, the antitumor therapeutic 
agent is paclitaXel and the modulating agent is ?avopiridol. 
In a separate embodiment, the antitumor therapeutic agent is 
mitomycin C and the modulating agent is Ro32-0432. 

[0048] In an embodiment the tumor bearing subject is 
administered at least one modulating agent and subsequently 
administered at least one antitumor therapeutic agent. In a 
further embodiment, the modulating agent is sa?ngol and 
the antitumor therapeutic agent is mitomycin C or doXoru 
bicin. 

[0049] In another embodiment, the tumor bearing subject 
is administered at least one modulating agent concomitantly 
With at least one antitumor agent. In a further embodiment, 
the modulating agent is ?avopiridol and the antitumor 
therapeutic agent is mitomycin C. 

[0050] In an embodiment of the above methods, the modu 
lating agents are sa?ngol and UCN-Ol, and antitumor thera 
peutic agent is mitomycin C. In another embodiment, the 
modulating agent is UCN-Ol and the antitumor therapeutic 
agent is mitomycin C. In a still another embodiment, the 
modulating agent is Ro-l and the antitumor therapeutic 
agent is mitomycin C. In a separate embodiment, the modu 
lating agent is sa?ngol and the antitumor therapeutics agents 
are paclitaXel and mitomycin C. 

[0051] The modulating agent includes, but is not limited to 
Sa?ngol (L-threo-dihydrosphingosine), Ro-l (Bisindolyl 
maleimide), Ro32-0432 (Bisindolylmaleimide tertiary 
amine), UCN-O1(7-OH-staurosporine), Flavopiridol (L86 
8275), Bryostatin 1 (macrocyclic lactone), and antisense 
nucleotides capable of inhibiting the eXpression of protein 
kinase C. In a preferred embodiment, the antisense nucle 
otide capable of inhibiting the eXpression of protein kinase 
C is protein kinase C a antisense. 

[0052] In another preferred embodiment, the antitumor 
therapeutic agents is a chemotherapeutic agent. The chemo 
therapeutic agent includes but is not limited to mitomycin C, 
carboplatin, cisplatin, paclitaXel, etoposide, and doXorubi 
c1n. 
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[0053] In a separate embodiment, the antitumor therapeu 
tic agents is a radiotherapeutic agent. 

[0054] In an embodiment of the above method, the cancer 
is a gastrointestinal cancer, breast cancer or an ovarian 

cancer. In a further embodiment, the gastrointestinal cancer 
includes gastric cancer, small boWel cancer, colon cancer, 
and rectal cancer. The cancer can further includes lym 

phoma, adenocarcinoma, glioblastoma, leukemia, esoph 
ageal carcinoma, head and neck cancer, prostate cancer, lung 
cancer, melanoma, cervical carcinoma, pancreatic cancer, 
sarcoma, hepatoma, and gallbladder cancer. 

[0055] This invention provides a method for increasing 
apoptosis in tumor cells comprising contacting tumor cells 
With an effective amount of a modulating agent during, prior 
to, or after treatment With one or more antitumor therapeutic 
agents. 

[0056] This invention provides a method for screening 
protein kinase C inhibitors capable of potentiating apoptosis 
in tumor cells comprising steps of (a) contacting an amount 
of a protein kinase C inhibitor With tumor cells effective to 
potentiate apoptosis of tumor cells; (b) contacting the poten 
tiated tumor cells of step (a) With an antitumor therapeutic 
agent; (c) determining the apoptosis of tumor cells; and (d) 
comparing the apoptosis determined in step (c) With apop 
tosis of same tumor cells Which are only treated With the 
antitumor therapeutic agent, an increase in apoptosis indi 
cating that the protein kinase C inhibitor is capable of 
potentiating apoptosis in tumor cells. 

[0057] This invention also provide the above method, 
Wherein step (a) is carried out in the presence of the 
antitumor therapeutic agent. In an embodiment, the protein 
kinase C inhibitor is not previously knoWn. 

[0058] This invention also provides the protein kinase C 
inhibitor capable of potentiating apoptosis in tumor cells as 
determined by the above-described methods. 

[0059] This invention further provides a pharmaceutical 
composition comprising the protein kinase C inhibitor 
capable of potentiating apoptosis in tumor cells as deter 
mined by the above-described methods and a pharmaceuti 
cally acceptable carrier. 

[0060] This invention provides a method for screening 
antitumor therapeutic agents suitable for combination 
therapy With a protein kinase C inhibitors capable of poten 
tiating apoptosis in tumor cells comprising steps of: (a) 
contacting an amount of a protein kinase C inhibitor With 
tumor cells effective to potentiate apoptosis of tumor cells; 
(b) contacting the potentiated tumor cells of step (a) With an 
antitumor therapeutic agent; (c) determining the apoptosis of 
tumor cells; and (d) comparing the apoptosis determined in 
step (c) With apoptosis of same tumor cells Which are only 
treated With the protein kinase C inhibitor, an increase in 
apoptosis indicating that the antitumor therapeutic agent is 
suitable for combination therapy With a protein kinase C 
inhibitor capable of potentiating apoptosis in tumor cells. In 
an embodiment, step (a) is carried out in the presence of the 
protein kinase C inhibitor. In another embodiment, the 
antitumor therapeutic agent is not previously knoWn. 

[0061] This invention also provides an antitumor thera 
peutic agent suitable for combination therapy With a protein 
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kinase C inhibitors capable of potentiating apoptosis in 
tumor cells determined by the above-described methods. 

[0062] This invention also provides a pharmaceutical 
composition comprising an effective amount of the antitu 
mor therapeutic agent determined by the above-described 
methods, a protein kinase C inhibitor capable of potentiating 
apoptosis in tumor cells and a pharmaceutically acceptable 
carrier. 

[0063] This invention provides a method for enhancing 
therapy in a tumor bearing subject comprising administering 
to the subject an effective amount of a speci?c protein kinase 
C inhibitor capable of potentiating apoptosis in tumor cells 
during or prior to the treatment of an antitumor therapeutic 
agent. This invention provides the above method, Wherein 
the speci?c protein kinase C inhibitor is selected from a 
group consisting of Sa?ngol (L-threo-dihydrosphingosine), 
Ro-1, Ro32-0432 (Bisindolylmaleimide tertiary amine), 
UCN-01 (7-OH-staurosporine) , Flavopiridol (L86-8275), 
Bryostatin 1 (Macrocyclic lactone) and antisense nucle 
otides capable of inhibiting the expression of the protein 
kinase C. The above speci?c protein kinase C inhibitors are 
simply described for illustrative purposes of this invention. 
As it Will be appreciated by a person of ordinary skill in the 
art that other speci?c protein kinase inhibitors may be used 
in this invention. Applicants have provided as methodology 
to determine Whether a protein kinase C inhibitor may be 
useful for the claimed combination therapy. 

[0064] As it can be easily appreciated by an ordinary 
skilled artisan that other modi?cation of the Bisindolylma 
leimide tertiary amine may be possible to produce useful 
speci?c protein kinase C inhibitor for the combination 
therapy. As provided beloW, the method to synthesiZe such 
compounds are knoWn. 

[0065] In an embodiment, the antitumor therapeutic agent 
is a chemotherapeutic agent. In a further embodiment, the 
chemotherapeutic agent is Mitomycin C, Carboplatin, Taxol 
or Doxorubicin. In a still further embodiment, the antitumor 
therapeutic ageilt is a radiotherapeutic agent 

[0066] In an embodiment of the above-described methods, 
the tumor is a gastrointestinal cancer. In a further embodi 
ment, the gastrointestinal cancer is gastric cancer, small 
boWel cancer, colon cancer or rectal cancer, leukemia or 
lymphoma. 

[0067] In a separate embodiment of the above-described 
methods, the tumor is a breast cancer. In another embodi 
ment, the tumor is a ovarian cancer. In a still another 
embodiment, the tumor is selected from a group consisting 
of prostate cancer, lung cancer, melanoma, cervical carci 
noma, pancreatic cancer,, sarcoma, hepatoma and gallblad 
der cancer. 

[0068] Finally, this invention provides a method for poten 
tiating apoptosis in tumor cells comprising contacting the 
cancerous cells With an effective amount of a speci?c protein 
kinase C inhibitor capable of potentiating apoptosis during 
or prior to the treatment of an antitumor therapeutic agent. 

[0069] This invention Will be better understood from the 
Experimental Details Which folloW. HoWever, one skilled in 
the art Will readily appreciate that the speci?c methods and 
results discussed are merely illustrative of the invention as 
described more fully in the claims Which folloW thereafter. 
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EXPERIMENTAL DETAILS 

[0070] First Series of the ExDeriments 

[0071] Materials and Methods 

[0072] Cell culture 

[0073] Early passage human gastric cancer cell lines SK 
GT-5 and MKN-74 Were established and characteriZed as 
described previously (13,14). All cultures Were maintained 
at 37° C. in Eagles minimum essential media (MEM) 
supplemented With 20% fetal calf serum in an humidi?ed 
5% CO2 atmosphere; the cultures tested negative for Myco 
plasma species. 

[0074] Determination of Apoptosis 

[0075] Apoptosis Was measured by tWo different methods: 
(i) Quantitative ?uorescent microscopy (QFM) of nuclear 
changes induced by apoptosis, as determined by bisbenZim 
ide trihydrochloride (Hoescht-33258) staining of nuclear 
chromatin (15), and (ii) a terminal deoxynucleotidyl trans 
ferase (TdT) assay that labels the 3‘-OH ends of DNA 
fragments produced in apoptotic cells (16). Cells Were 
treated according to one of several protocols: no drug 
(control) for 24 hours; (ii) sa?ngol alone for 24 hours at 50 
pM, a concentration representing the highest non-toxic dose 
for SK-GT cells (as determined by cell proliferation studies 
With [3H]-thymidine and slightly exceeding the concen 
tration (i.e., 30 pM) Which inhibits PKC enZyme activity by 
50% in vitro; (iii) Mitomycin-C alone at 5 pig/ml for 24 
hours; (iv) a combination of sa?ngol (50 ,uM) and Mitomy 
cin-C (5 pig/ml) for 24 hours; (v) sa?ngol (50 pM) alone for 
1 hour, folloWed by an immediate Wash out of the drug With 
fresh MEM, and then an additional 24 hours of MMC (5 
pig/ml) exposure; (vi) sa?ngol (50 pM) With 1 ng/ml 3-phor 
bol 12-myristate 13-acetate (PMA) for 1 hour, folloWed by 
an immediate Wash out of the drug With MEM and 24 hours 
of MMC (5 pig/ml) exposure; and (vii) either sa?ngol (50 
pM) alone or PMA (1 ng/ml) alone for 1 hour, folloWed by 
drug Washout With MEM and 24 hours of exposure to media 
Without drug. The dose of MMC used Was based on prolif 
erating studies With [3H]-thymidine (14, and unpublished 
data) indicating 20% inhibition of cell proliferation. MMC 
Was diluted in Water. A stock sa?ngol solution Was consti 
tuted in DMSO and Was subsequently diluted at least 1:100 
in media for all experiments. This dilute concentration of 
DMSO does not induce apoptosis or inhibit cell proliferation 
in these cell lines (unpublished data). For QFM determina 
tions, the cells Were ?xed in 3k paraformaldehyde and 
incubated at room temperature for 10 minutes. The ?xative 
Was removed and the cells Were Washed With 1X PBS, 
resuspended in 20 pl 1X PBS containing only 8 pig/ml of 
bisbenZimide trihydrochloride (Hoechst #33258), and incu 
bated at room temperature for 15 minutes. Aliquots of the 
cells (10 pl) Were placed on glass slides coated With 
3-amino-propyl-triethoxysilane, and duplicate samples of 
500 cells each Were counted and scored for the incidence of 
apoptotic chromatin condensation using an Olympus BH-2 
?uorescence microscope equipped With a BH2-DM2U2UV 
Dich. Mirror Cube ?lter (Olympus, Lake Success, For 
the TdT assays, the ApopTag Kit (Oncor, Gaithersburg, Md.) 
Was used. This method employs a ?uoresceinated anti 
digoxigenin antibody directed against nucleotides of digoxi 
genin-11-dUTP (d-dUTP) Which are catalytically added to 
the 3-ends fragmented DNA by TdT. Brie?y, 1—2><106 cells 
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Were Washed and ?xed With 1% paraformaldehyde. The 
?xed cells Were incubated in a reaction mixture containing 
TdT and d-dUTP for 30 minutes at 37° C. Stop/Wash buffer 
Was added, and the cells Were resuspended in 100 pl of 
?uorescinated anti-digoxigenin antibody for 30 minutes at 
room temperature. The cells Were then Washed With 0.1% 
Triton X-100 and counterstained With propidium iodide (PI) 
solution. Green (d-dUTP labeled DNA strand breaks) and 
red (PI staining for total DNA content) ?uorescence of 
individual cells Were measured on a FACScan ?oW cytom 

eter (Becton Dickinson, San Jose, Calif). The resulting 
bivariate plots enabled the detection of apoptotic events 
Within the cell cycle. The RI cursor Was set using the control 
specimen to de?ne normal levels of green ?uorescence (i.e., 
basal levels of apoptosis). Cells With ?uorescence above the 
R1 cursor Were considered apoptotic. The data from 10,000 
cells Were collected and analyZed using CellFit and LYSYS 
softWare (Becton Dickinson). 
[0076] Statistical analysis 

[0077] All experiments Were done in duplicate and Were 
repeated at least three times unless otherWise indicated. The 
is statistical signi?cance of the experimental results Was 
determined by the tWo-sided Student’s t test. 

Experimental Results 

[0078] Effect of sa?ngol and MMC on inducing apoptosis 
in SK-GT-S and MKN-74 cells. 

[0079] SK-GT-S cells, Which have a mutated p53 gene 
(14) and have de?cient p53 function (unpublished data), 
Were treated With sa?ngol in the presence or absence of 
MMC for 24 hours. Cells Were counted and scored for 
condensed nuclear chromatin, and representative photomi 
crographs are shoWn in FIG. 1. Treatment With sa?ngol 
alone (Panel B) did not induce signi?cant levels of apoptosis 
(2%:1) When compared With untreated controls (<1%, Panel 
A). HoWever, the combination of sa?ngol and MMC (Panel 
D) signi?cantly increased the percentage of cells undergoing 
apoptosis from 18%:1 With MMC alone (Panel C) to 39%:1 
With the drug combination (p<0.001). Treatment of SK 
GT-S cells With sa?ngol for only 1 hour prior to 24 hours of 
treatment With MMC resulted in an increase in apoptosis 
(44%:4% of exposed cells) that Was essentially equivalent 
to that Which Was observed With concomitant exposure of 
the cells to the tWo drugs for the entire 24 hour interval (data 
not shoWn). MKN-74 cells, Which are a Wild- type for p53, 
Were subjected to the same treatments. As shoWn in FIG. 2, 
cell counts of MKN-74 cells folloWing treatment With 
sa?ngol alone indicated no signi?cant induction of apoptosis 
(8%:3) When compared to untreated controls (<1%). HoW 
ever, the combination of sa?ngol and MMC signi?cantly 
increased the percentage of cells undergoing apoptosis from 
40%:4 With MMC alone to 83%:4 With sa?ngol and MMC 
together (p< 0.005). 
[0080] Identifying gastric cancer cells undergoing apop 
tosis by the TdT assay. 

[0081] MKN-74 cells’ Were treated in the same manner 
and analyZed by combining the TdT assay and ?oW cytom 
etry. With this approach, apoptotic cells Were identi?ed as 
those shifting above the R1 region of the contour plot. FIG. 
3 shoWs that MKN-74 cells incubated With sa?ngol alone for 
24 hours (Panel B) had the same levels of green ?uorescence 
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as the control cells (Panel A), i.e., essentially no apoptosis. 
Treatment With MMC alone for 24 hours (Panel C) resulted 
in the cells exhibiting increased green ?uorescence (sorted 
above the R1 region), indicating development of apoptosis. 
The results in Panel C indicate that the apoptotic cells, after 
MMC treatment, alone are derived from those that Were in 
the GO/G1 ard S phases of the cell cycle. HoWever, exposure 
of the MKN-74 cells to the combination of MMC and 
sa?ngol for 24 hours (Panel D) resulted in an even greater 
increase in cells exhibiting elevated green ?uorescence. In 
the presence of sa?ngol and MMC, apoptotic cells appear to 
arise out of all phases of the cell cycle. Similar results Were 
also observed for SK-GT-S cells (data not shoWn). 

[0082] Effect of PMA on apoptosis induced by sa?ngol 
and MMC. PMA 

[0083] activates PKC by binding to its regulatory site (17). 
Sa?ngol, as a sphingosine, inhibits PKC activity by inter 
fering With the function of PKC’s regulatory domain (18). 
Therefore, applicants hypothesiZed that if the potentiation of 
MMC-induced apoptosis by sa?ngol is mediated by inhibi 
tion of PKC, then PMA should abrogate this effect. As 
shoWn in FIG. 4, treatment of SK-GT-S cells With either 
sa?ngol or PMA alone had essentially no effect on inducing 
apoptosis. Preexposure of the cells to sa?ngol alone for one 
hour folloWed by MMC for an additional 24 hours induced 
a signi?cant increase in apoptosis from 36%:4 With a 24 
hour exposure of MMC alone to 55%:1 With the combina 
tion (p< 0.01). HoWever, under the conditions in Which cells 
Were preexposed to PMA and sa?ngol together for one hour 
before MMC, the induction of apoptosis Was inhibited to the 
level observed for MMC alone. 

[0084] Experimental Conclusion 

[0085] The present studies shoW that sa?ngol potentiates 
the cytotoxic effect of MMC in tWo human gastric cancer 
cell lines Which differ in their baseline sensitivity to MMC 
and in their p53 status. Neither cell line expresses P-glyco 
protein (unpublished data). As shoWn by bisbenZimide tri 
hydrochloride staining and the TdT assay, sa?ngol alone did 
not dramatically induce apoptosis in either the MMC-sen 
sitive MKN-74 cells, Which have a Wild-type p53 function, 
or the MMC-resistant SK-GT-S cells, Which are de?cient for 
p53. In addition, the typical oligonucleosomal base pair 
fragments (DNA “ladders”) Were not induced by sa?ngol 
under the conditions tested (data not shoWn). When exposed 
to MMC alone, apoptosis Was induced in both cell lines 
although to different degrees. Addition of sa?ngol potenti 
ated this apoptotic response approximately 2-fold in both 
cell lines. Applicants have observed a similar potentiation of 
apoptosis by sa?ngol With other chemotherapeutic agents, 
including doxorubicin. 

[0086] Recent studies have suggested a link betWeen the 
induction of apoptosis and a p53-dependent pathWay (19). 
Cells Which express Wild-type p53 are capable of undergo 
ing apoptosis after exposure to common chemotherapeutic 
agents or ioniZing radiation; Whereas cells With mutated or 
deleted p53 are resistant, avoiding apoptosis and continuing 
to replicate. In vieW of the prevalence of p53 mutations in 
solid tumors, overcoming this form of resistance should 
greatly enhance the ef?cacy of cancer chemotherapy. Appli 
cants’ studies demonstrate that sa?ngol sensitiZes gastric 
cancer cells, With either Wild-type or mutated p53, to the 
induction of apopotosis by MMC. These results suggest that 
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the effect of sa?ngol on enhancing MMC-induced apoptosis 
may be independent of the p53 status of the cells. The 
existence of a p53- independent pathway for growth arrest 
has been reported (20). Further studies to de?ne the effects 
of sa?ngol, especially as it pertains to PKC and steps 
independent of p53 in the cell cycle, are a subject of ongoing 
investigation. 

[0087] The mechanism of action of sa?ngol may be asso 
ciated With its anti-PKC effect. Sa?ngol is a highly speci?c 
inhibitor of PKC Sa?ngol inhibits PKC activity by 
binding to its amino-terminal regulatory domain (18), Which 
contains PKC’s phorbol ester binding site (17). PKC inhibi 
tors, such as staurosporine, inhibit PKC activity presumably 
by binding to the catalytic domain at the C-terminus of PKC 
(21). The use of staurosporine has been associated With a 
high level of nonspeci?c toxicity due to the fact that the 
catalytic domain of PKC is highly homologous to similar 
domains found in other protein kinases (e.g., pp?ov'm, 
cAMP-dependent protein kinase A, and casein kinase), each 
of Which is critical for normal cellular functions (21,22). In 
contrast, sa?ngol shoWs no toxicity in vivo at concentrations 
that effectively inhibit PKC The fact that PMA, Which 
competes With sa?ngol for the regulatory binding site of 
PKC, effectively abrogated the sa?ngol effect of potentiating 
MMC-induced apoptosis, supports the hypothesis that this 
process is a PKC-dependent event. 

[0088] Sphingosines, including dimethylsphingosine, 
have been reported to induce DNA fragmentation as single 
agents (23). In applicants’ studies, sa?ngol (L-threo-dihy 
drosphingosine) alone did not induce apoptosis When 
administered to gastric cancer cells. This observation Was 
con?rmed by histochemical staining, the TdT assay, and the 
failure to induce DNA “ladders” under identical experimen 
tal conditions. The reason for the different effects of sphin 
goid bases on inducing apoptosis remains unexplained. The 
different results may depend on Which enantiomer of sph 
ingosine is used, since it appears that different sphingosine 
enantiomers induce varying physiological responses. For 
example, D-erythro-sphingosine induces dephosphorylation 
of the retinoblastoma gene product in human T-cells; 
Whereas the racemic mixture of DL-threo-sphingosine does 
not (24). Thus, the actual sphingosine used may be critical 
in evaluating its ability to induce apoptosis. This hypothesis 
is currently being tested. Nevertheless, the inability of 
sa?ngol alone to induce apoptosis supports the in vivo 
observation of the lack of single agent activity against tumor 
xenografts. The anti-cancer effect of sa?ngol in vivo 
depends on concomitant exposure With a standard chemo 
therapeutic agent. 

[0089] Recent investigations into the elements that regu 
late apoptosis have provided evidence for the existence of a 
balance betWeen pro- and anti-apoptotic signaling that deter 
mines the ?nal choice. This balance appears to be recipro 
cally regulated through the sphingomyelin signal transduc 
tion pathWay that mediates the pro-apoptotic signals (15,25) 
and the activation of the phosphoinositide-PKC pathWay 
that mediates the anti-apoptotic signals (26,27). Thus, inhi 
bition of the phosphoinositide-PKC pathWay by the PKC 
speci?c inhibitor sa?ngol in combination With MMC may be 
sufficient to tip the balance in favor of pro-apoptotic signals. 

[0090] The demonstration that sa?ngol potentiates chemo 
therapy-induced apoptosis, presumably via inhibition of 
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PKC, may have important clinical implications in vieW of its 
recent introduction into clinical trials as a speci?c PKC 
inhibitor, in combination With chemotherapy. This agent is 
Well-tolerated, and serum levels of sa?ngol can be achieved 
in patients approximating those that potentiate the effects of 
chemotherapy in tumor-bearing animals (28). 

[0091] While alternative mechanisms for sa?ngol action 
may exist (i.e., inhibition of DNA repair), applicants’ studies 
indicate that sa?ngol may represent a neW class of thera 
peutic agents that potentiate the cytotoxic effects of anti 
cancer chemotherapy through the inhibition of PKC and the 
enhancement of apoptosis. of particular importance is the 
?nding that sa?ngol is effective even in tumor cells that have 
a negative p53 and exhibit relative resistance to chemo 
therapy. Hence, the use of sa?ngol may provide a neW 
approach to overcoming drug resistance in tumors that are 
resistant to chemotherapy by virtue of lacking p53 function. 
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