
Abstract. Three antitumor antibiotics, mitomycin C,
bleomycin sulfate and peplomycin sulfate, were compared for
their tumor-specific cytotoxicity, using human oral squamous
cell lines (HSC-2, HSC-3, HSC-4, Ca9-22 and NA), human
promyelocytic leukemic cell line HL-60 and human normal
oral cell types (gingival fibroblast HGF, pulp cell HPC and
periodontal ligament fibroblast HPLF). Among these three
compounds, mitomycin C showed the highest tumor-specificity,
due to its higher cytotoxic activity against human oral tumor
cell lines than bleomycin and peplomycin. However, there was
considerable variation of drug sensitivity among the six tumor
cell lines. Mitomycin C induced internucleosomal DNA
fragmentation and caspase-3, -8 and -9 activation in HL-60
cells only after 24 h. On the other hand, mitomycin C induced
no clear-cut DNA fragmentation in HCS-2 cells, although it
activated caspase-3, -8 and -9 to a slightly higher extent.
Western blot analysis demonstrated that mitomycin C did not
induce any apparent change in the intracellular concentration
of anti-apoptotic protein (Bcl-2) and pro-apoptotic proteins
(Bax, Bad). Electron microscopy of mitomycin C-treated HL-
60 cells showed intact mitochondria (as regards to integrity and
size) and cell surface microvilli, without production of an
apoptotic body or autophagosome, at an early stage after
treatment. The present study suggests the incomplete induction
of apoptosis or the induction of another type of cell death by
mitomycin C treatment. 

The ideal anticancer agents are those having higher
cytotoxicity against tumor cell lines than against normal cells,
regardless of the types of cell death. There has been no
systematic study of the screening of a variety of natural and
synthetic compounds for their tumor-specific cytotoxicity. A
total of 500 compounds have been randomly screened for
their tumor-specific cytotoxic activity, using several human
normal and tumor cell lines as targets (1). Among them,
doxorubicin, an anthracylin antibiotic, displayed the highest
level of tumor specific cytotoxicity (evaluated by the tumor-
specificity index (TS)=255) (2), followed by cyclic ·,‚-
unsaturated ketones (TS>229) (3) and nocobactines
(TS=44-80) (4). On the other hand, flavones, flavonols (3-
hydroxyflavones) and isoprenoid-substituted flavonoids,
benzophenones, xanthones, anthraquinones, phenylbutanone
glucoside, stilbene glucoside, isoflavones, isoflavanones and
stilbenes (TS=0.3-31.7), coumarin derivatives (TS=1.0-
>11.0), procyanidines and flavonoids (TS=1.0->7.4),
hydrolysable tannins (TS=1.0-8.2), triterpene aglycones and
glycosides (TS=0.65->2.8), cycloartane glycosides and
chromones (TS=0.7-1.4), furostaol glycosides (TS=0.4-
>17.0), ·,‚-unsaturated ketones (TS=0.6-1.9), hydroxy-
ketones (TS=1.0->17.6), ‚-diketones (TS=0.3-6.3),
styrylchromones (TS=1.4-27.3), dihydroisoxazole and
isoxazole derivatives (TS=0.9-1.6) showed much lower
tumor-specificity (1). These findings urged us to investigate
other classes of antitumor antibiotics for their antitumor
potency against oral carcinoma.

Mitomycin C, bleomycin and peplomycin (Figure 1) are
three frequently used antitumor antibiotics for the
treatment of breast, lung, stomach, intestinal, testicular,
cholioepithelial, seminal and oral carcinoma (5-7). In this
study, the tumor-specific cytotoxic activity of these three
compounds was compared, using three human normal oral
cell types (gingival fibrobast HGF, pulp cell HPC and
periodontal ligament fibroblast HPLF), human oral
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squamous cell carcinoma (HSC-2, HSC-3, HSC-4, Ca9-22
and NA) and human promyelocytic leukemia HL-60 cells.

Recently, various chemotherapeutic agents have been
reported to induce at least three types of cell death:
apoptosis (type I programmed cell death), autophagy (type
II programmed cell death) and necrosis (8). Therefore,
whether or not mitomycin C, which was found to be the
most cytotoxic among three compounds tested, can induce
various apoptosis-associated characteristics in highly
sensitive HL-60 and HSC-2 cells was also investigated.

Materials and Methods

Materials. The following chemicals and reagents were obtained
from the indicated companies : Dulbecco’s modified Eagle medium
(DMEM) (GIBCO BRL, Gland Island, NY, USA); fetal bovine
serum (FBS) (JRH, Bioscience, Lenexa, KS, USA); RPMI1640, 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),

bleomycin sulfate and phenylmethylsulfonyl fluoride (PMSF)
(Sigma Chem Co., St Louis, MO, USA); dimethyl sulfoxide
(DMSO) (Wako Pure Chem Ind, Osaka, Japan); mitomycin C
(Merck KGaA, Darmstadt, Germany); peplomycin sulfate (Nippon
Kayaku Co., Ltd., Tokyo, Japan); RNase A and proteinase K
(Boehringer Ingelheim GmbH, Ingelheim, Germany).

Cell culture. HL-60 cells were obtained from Prof. K. Nakaya,
Showa University. HSC-2, HSC-4 and NA cells were obtained from
Prof M Nagumo, Showa University, Japan, and HSC-3 and Ca9-22
cells were obtained from Prof. Y. Ohmori, Meikai University,
Japan. Normal oral cells (HGF, HPC, HPLF) were prepared from
the periodontal tissues, according to the guideline of Meikai
University Ethic Committee (No. 0206), after obtaining the
informed consent from the patients. Since normal oral cells have
limited lifespan, all of them ceasing proliferation at the 20
population doubling level (PDL) (9), these cells were used at 5-9
PDL in the present study. HL-60 cells were cultured in RPMI 1640
medium supplemented with 10% heat-inactivated FBS in a
humidified 5% CO2 atmosphere. The other eight adherent cells
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Figure 1. Structure of mitomycin C, bleomycin and peplomycin.



(three normal cells and five tumor cells) were cultured in DMEM
medium supplemented with 10% heat-inactivated FBS. Normal cells
were prepared by detaching with 0.25% trypsin-0.025% EDTA-2Na
in phosphate-buffered saline without Mg and Ca (PBS(-)) and
subcultured at the 1:4 split ratio once a week, with one medium
change in between. Five adherent tumor cell lines were similarly
trypsinized and subcultured twice a week. 

Assay for cytotoxic activity. Near-confluent cells were treated for 24 h
with various concentrations of test samples. The relative viable cell
number of adherent cells was then determined by the MTT

method. In brief, the cells were washed once with PBS(–), and
incubated for 4 h with 0.2 mg/mL of MTT in the culture medium.
After removing the medium, the cells were lysed with 
100 ÌL DMSO and the absorbance at 540 nm of the cell lysate (the
relative viable number) was measured by a microplate reader
(Multiskan Biochromatic, Labsystem, Osaka, Japan) with
Star/DOT Matrix printer JL-10. The viable cell number of HL-60
cells in suspension culture was determined by cell count with a
hemocytometer after staining with 0.15% trypan blue. The 50%
cytotoxic concentration (CC50) was determined from the dose-
response curve, and the mean value of CC50 against each cell was
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Figure 2. Tumor-specific cytotoxic activity of antitumor antibiotics. Cells were incubated for 24 hours without (control) or with the indicated
concentrations of mitomycin C (■), bleomycin (◆◆) or peplomycin (▲▲). The viable cell number was then determined by MTT method, and expressed as
% of control. Each value represents mean±S.D. was from 3 independent experiments.



calculated from 3-6 independent experiments. Tumor-specificity
index (TS) was measured by the following equation: TS= [CC50
(HGF) + CC50 (HPC) + CC50 (HPLF)] / [CC50 (HSC-2) + CC50
(HSC-3) + CC50 (HSC-4) + CC50 (NA) + CC50 (Ca9-22)+ CC50
(HL-60)] x (6/3).

Assay for DNA fragmentation. HSC-2 cells, collected by scraping with
a rubber policeman, and HL-60 cells in suspension, were pelleted
and washed once with PBS(–). They were lysed with 50 ÌL lysis
buffer (50 mM Tris-HCl, pH 7.8, 10 mM EDTA, 0.5% (w/v) sodium
N-lauroylsarcosinate), and incubated for 2 h at 50ÆC with 
0.4 mg/mL RNase A and 0.8 mg/mL proteinase K. DNA was
extracted with 50 ÌL NaI solution [7.6 M NaI, 2 mM EDTA-2Na, 
40 mM Tris-HCl, pH 8.0], and precipitated with 1 mL of 70%
ethanol. DNA was dissolved in TE buffer (10 mM Tris-HCl, 1 mM
EDTA, pH 7.5) and applied to 2% agarose gel electrophoresis in
TBE buffer (89 mM Tris-HCl, 89 mM boric acid, 2 mM EDTA, pH
8.0). A DNA molecular marker (Bayou Biolabs, Harahan, LA,
USA) and DNA from apoptotic cells induced by UV irradiation (6
J/m2/min, 1 min), followed by 6 h incubation in regular culture
medium, was run in parallel as a positive control (10). After staining
with ethidium bromide, DNA was visualized by UV irradiation, and
photographed by CCD camera (Bio Doc Inc, UVP).

Assay for caspase activation. Cells were washed with PBS– and lysed
in lysis solution (MBL, Nagoya, Japan). After standing for 10 min
on ice and centrifugation for 20 min at 15,000 xg, the supernatant
was collected. Lysate (50 ÌL, equivalent to 100 Ìg protein) was
mixed with 50 ÌL 2x reaction buffer (MBL) containing substrates
for caspase-3 (DEVD-pNA (p-nitroanilide)), caspase-8 (IETD-
pNA) or caspase-9 (LEHD-pNA). After incubation for 4 h at 37ÆC,
the absorbance at 405 nm of the liberated chromophore pNA was
measured by microplate reader (11). 

Western blot analysis. The cell pellets were lysed with 100 ÌL of lysis
buffer (10 mM Tris-HCl, pH 7.6, 1 % Triton X-100, 150 mM NaCl,
5 mM EDTA and 2 mM PMSF) for 10 min in ice water, and then
incubated for 55 min at 4ÆC with RT-5 ROTATOR (Titec,
Saitama, Japan). Cell lysates were centrifuged at 16,000 xg for 
20 min at 4ÆC to remove insoluble materials and the supernatant
was collected. The protein concentration of the supernatant was
determined by Protein Assay Kit (Bio-Rad, Hercules, CA, USA).
Cell lysates (containing 15 Ìg protein) were mixed with 2 x sodium
dodecyl sulfate (SDS)-sample buffer (0.1 M Tris-HCl, pH 6.8, 20%
glycerol, 4% SDS, 0.01% bromphenol blue, 1.2% 2-mercapto-
ethanol), boiled at 99ÆC for 5 min, and applied to SDS-12%
polyacrylamide gel electrophoresis, and then transferred to
polyvinylidene difluoride (PVDF) membrane (Immobilon P,
Millipore Corp, Bedford, MA, USA). The membranes were then
blocked with 5% skim milk in PBS(–) plus 0.05% Tween 20
overnight at 4ÆC and incubated with anti-Bcl-2 antibody (1:1,000),
anti-Bax antibody (1:1,000), anti-Bad antibody (1:1,000) (Santa
Cruz Biotechnology, Delaware, CA, USA) or anti-actin antibody
(1:1,000) (Novus Biologicals, Inc. Litteleton, CO, USA) for 90 min
at room temperature, and then incubated with horseradish
peroxidase-conjugated anti-rabbit IgG for 1 h at room temperature.
Immunoblots were developed by Western Lightningì Chemi-
luminescence Reagent Plus (Perkin Elmer Life Sciences, Boston,
MA, USA) and analyzed on a Power Macintosh 7600/120, using the
public domains NIH Image program.

Electron microscopy. Cells were harvested by trypsin-EDTA, and
pelleted by centrifugation at 1,000 rpm for 5 min. The cells were
fixed for 1 h with 2% glutaraldehyde in 0.1 M cacodylate buffer
(pH 7.4) at 4ÆC, postfixed for 1 h with 1% osmium tetraoxide-0.1
M cacodylate buffer (pH 7.4) at 4ÆC, dehydrated, then embedded
in Araldite 502 (CIBA-GEIGY, Base, Swiss; NISSHIN EN Co.,
Ltd., Tokyo, Japan). Fine sections were stained with uranyl acetate
and lead citrate, and then observed under a JEM-1210 transmission
electron microscope (JEOL) at an accelerating voltage of 100 KV
(12). The mitochondrial area (S) was calculated by the following
equation: S=ab, where a and b lengths are the shorter and longer
radiuses of the mitochondria, respectively.

Calculation. The most stable structure of test compounds was
calculated by CONFLEX (Confluex Co, Ltd, Tokyo). The optimization
of the structure was carried out by the semiempirical molecular-orbital
method (PM3), using CAChe Worksystem 4.9 (Fijitsu Co, Ltd, Tokyo).
Octanol-water distribution coefficient (log P) was calculated by ACD-
Log P (Fijitsu) (13). 

Statistical treatment. Student’s t-test was used to assess the statistical
significance between the two groups. 

Results

Tumor-specificity. Mitomycin C, bleomycin sulfate and
peplopmycin sulfate dose-dependently reduced the viable cell
number of 6 tumor lines (HSC-2, HSC-3, HSC-4, Ca9-22, NA
and HL-60) (Figure 2). On the other hand, three normal
cells (HGF, HPC and HPLF) were much more resistant.
Mitomycin C reproducibly showed much higher cytotoxicity
against tumor cell lines except NA cells, as compared with
bleomycin sulfate and peplomycin sulfate. The TS of
mitomycin C (TS>22.7) exceeded that of bleomycin
(TS>3.7) and peplomycin (TS>4.0) (Table I).
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Table I. Tumor-specific cytotoxic activity of three antitumor antibiotics.

CC50 (ÌM)

Mitomycin C Bleomycin Peplomycin

Normal cells
HGF >308.0 >185.6 >400.0
HPC >323.3 >200.0 >400.0
HPLF >342.6 >200.0 >400.0

Tumor cells
HSC-2 3.5±0.9 4.6±4.6 9. 9±7.0
HSC-3 9.7±9.7 6.3±1.7 25.2±25.5
HSC-4 18.0±6.2 77.4±43.3 175.8±134.7
NA 37.8±5.4 91.6±50.4 143.2±111.0
Ca9-22 16.4±7.6 111.6±72.2 216.9±178.4
HL-60 1.2±0.3 23.5±6.9 33.3±20.5

TS >22.7 >3.7 >4.0

Each value represents mean±S.D. from 3~6 independent experiments.



Variation of sensitivity among tumor cell lines. There was a
considerable variation of drug-sensitivity among tumor cell
lines (Table I). The sensitivity to mitomycin C was in the
following order (from sensitive to resistant): HL-60
(CC50=1.2 ÌM) (the most sensitive) > HSC-2 > HSC-3 >
Ca9-22 > HSC-4 > NA (CC50=37.8 ÌM) (the most
resistant) (31.5-fold difference between HL-60 and NA). The
sensitivity to bleomycin was in the following order: HSC-2
(CC50=4.6 ÌM) (the most sensitive) > HSC-3 > HL-60 >
HSC-4 > NA > Ca9-22 (CC50=111.6 ÌM) (the most
resistant) (24.3-fold difference between HSC-2 and Ca9-22).
The sensitivity to peplomycin was in the following order:
HSC-2 (CC50=9.9 ÌM) (the most sensitive)> HSC-3 > HL-
60 > NA > HSC-4 > Ca9-22 (CC50=216.9 ÌM) the most
resistant) (21.9-fold difference between HSC-2 and Ca9-22).

Induction of apoptosis markers. The apoptosis-inducing
activity of mitomycin C against highly sensitive HL-60 and
HSC-2 cells was investigated. Mitomycin C (1~4 ÌM), as
well as UV irradiation induced internucleosomal DNA
fragmentation only after 24 h in HL-60 cells (Figure 3A). In
contrast, mitomycin C (2~8 ÌM), and even UV irradiation,
produced large DNA fragments, without induction of
internucleosomal DNA fragmentation after 24 h in HSC-2
cells (Figure 3B).

Figure 4 shows that mitomycin C induced the activation
of caspase-3, -8 and -9 in both HL-60 (A) and HSC-2 cells
(B). The effect of mitomycin C was both time- and
concentration-dependent. The most dramatic activation of
caspases was observed after 24 h. Treatment of HL-60
cells for 24 h with mitomycin C (1~4 ÌM) activated
caspase-3, -8 and -9, 16~33-, 3.0~3.7- and 5.0~7.6-fold,
respectively (Figure 4A). Treatment of HSC-2 cells for 24 h
with mitomycin C (2~8 ÌM) activated caspase-3, -8 and -9,
14~23-, 4~6- and 3- fold, respectively (Figure 4B). 

Western blot analysis demonstrated that mitomycin C did
not significantly change the intracellular concentration of
anti-apoptotic protein (Bcl-2) and pro-apoptotic proteins
(Bax, Bad) (Figure 5). 

Electron microscopy of mitomycin C-treated HL-60 cells
showed intact mitochondria (as regards to the integrity and
size) (Table II) and cell surface microvilli, without production
of an apoptotic body or autophagosome (Figure 6).

Discussion

The present study demonstrated that mitomycin C induced
tumor-specific cytotoxicity against human oral tumor cell
lines, in comparison with human normal oral cells. This
provides evidence for the antitumor potential of mitomycin
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Figure 3. Induction of DNA fragmentation by mitomycin C. HL-60 (A) and HSC-2 (B) cells were incubated for 6, 12 or 24 hours with the indicated
concentrations of mitomycin C (1, 2 or 4 ÌM for HL-60 cells, 2, 4, or 8 ÌM for HSC-2 cells), and DNA was then extracted and applied to agarose gel
electrophoresis. M=DNA marker; UV=DNA from apoptotic HL-60 cells induced by UV-irradiation; C=Control HL-60 cells harvested before mitomycin
C treatment. 



C against oral carcinoma cell lines. However, oral carcinoma
cell lines showed considerable variation in sensitivity to
mitomycin C. It remains to be investigated whether this
variation related to variable expression of 
P-glycoprotein or/and MDR1 polymorphisms (14). It was
found that mitomycin C did not induce any apoptosis
markers (i.e., internucleosomal DNA fragmentation, caspase
activation, production of an apoptotic body, loss of cell
surface microvilli, increased expression of pro-apoptotic
proteins (Bax, Bad), decreased expression of anti-apoptotic
protein (Bcl-2)) at early stage (6 h after treatmen with
mitomycin C). This suggests that apoptotis may not be
involved in the early onset of cell death induced by
mitomycin C. It has recently been shown that malignant
glioma cells are susceptible to autophagy (15), and that the
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Figure 4. Activation of caspase-3, -8 and -9 by mitomycin C. HL-60 (A) and HSC-2 (B) cells were incubated for 4, 8 or 24 hours with the indicated
concentrations of mitomycin C (1, 2, or 4 ÌM for HL-60 cells, 2, 4, or 8 ÌM for HSC-2 cells), and the activities of caspase-3, -8 and -9 were assayed by
substrate cleavage activity. The absorbance at 405 nm of cleaved product pNA from the substrate of caspase-3, -8 and -9 in control cells was 0.0063, 0.004,
0.001 (HL-60) and 0.014, 0.011, 0.0080 (HSC-2), respectively. Control=HL-60 cells harvested before mitomycin C treatment. UV=HL-60 cells that
were exposed to UV irradiation and cultured for 6 hours. ap>0.10, bp<0.05, cp<0.02, dp<0.01, ep<0.001

Figure 5. Effect of mitomycin C on the intracellular concentration of Bcl-2,
Bad and Bax proteins in HL-60 and HSC-2 cells. Near confluent cells were
incubated for 4, 8, or 24 h with the indicated concentrations (Ìª) of
mitomycin C. Cell lysate was applied to SDS-polyacrylamide gel
electrophoresis and processed for western blot analysis for the expression of
Bcl-2, Bax, Bad and Actin proteins. An example representative of three
independent experiments is shown.

Table II. Effect of mitomycin C on the mitochondrial volume of HL-60
cells.

Mitomycin C (ÌM) Mitochondrial area (Ìm2)

0 0.34±0.15 (n=20)
2 0.36±0.16 (n=20)

HL-60 cells were treated for 6 hours without (control) or with 2 ÌM
mitomycin C, and then subjected to electron microscopy.



forced expression of Bcl-2 or BcL-XL, that produces
unbalanced expression of Bcl-2/Bax-XL and Bax/Bak,
induces autophagy in mouse fibroblasts (16). Therefore, the
possibility of incomplete induction of apoptosis or the
induction of another type of cell death by mitomycin C
should be investigated. In the present study the density of
nucleoli in the mitomycin C-treated HL-60 cells found to be
slightly lower than that of control untreated cells (Figure 6).
The biological significance of this phenomenon is unclear at
present, and therefore a subject for future research.

Mitomycin C was not found to induce internucleosomal
DNA fragmentation, although it activated the caspase activity
in HSC-2 cells at a late stage of cell death induction (24 h
after treatment). However, mitomycin C-treated HSC-2 cells
were found to cleave the substrate for caspases more
efficiently (absorbance at 405 nm of pNA (cleavage
product)=0.31) than mitomycin C-treated HL-60 cells
(absorbance at 405 nm of pNA=0.23) (Figure 4). This
indicates that the extent of caspase activation itself is not a
determinant of DNA fragmentation. The possibility should be
considered that the lack of DNA fragmentation in mitomycin
C-treated HSC-2 cells may be due to the lower expression of
caspase-activated DNase (17), or the lower susceptibility of
the chromatin structure to attack by DNase(s) (18), as
compared with mitomycin C-treated HL-60 cells. 

The cytotoxic activity of mitomycin was found to exceed
that of bleomycin and peplomycin, but was one order less

than that of anthracyclin antibiotics such as doxorubicin
(2) and daunorubucin, idarubicin, mitoxantrone in a
previous study (19). This may be explained by the
difference in their log P values. We have previously
reported that the optimal log P value for the expression of
the maximum cytotoxicity was around 2~4 in eugenol
(20), isoflavone (21), vitamin K1, K2 and K3 (22)-related
compounds. As expected, the log P value of the most
cytotoxic anthracyclines (doxorubicin, daunorubucin,
idarubicin, mitoxantrone) was very close to 3.0 (3.1, 3.2,
3.0 and 3.4, respectively) (19). The log P value of
mitomycin C, bleomycin and peplomycin was much less (-
0.49, -3.62 and -1.32 respectively). This further confirms
the usefulness of the log P value for the estimation of the
cytotoxic activity of structurally-related compounds. 

The growth potential of normal cells cultured in the
presence of any antitumor antibiotics used here did not
decrease to the 50% level of control (Figure 2), making the
calculation of their tumor-specificity index difficult.
Bleomycin and peplomycin were found to show one order
lower cytotoxicity than mitomycin C. This may be overcome,
if a synergistic cytotoxic effect by simultaneous treatment
with other classes of antitumor agents could be produced.
However, it should be considered that the antitumor
potential of antitumor antibiotics may be modified by
various physiological factors such as serum components or
metals (19), when administered in vivo. It should be noted
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Figure 6. Electron microscopy of control and dying HL-60 cells. HL-60
cells were incubated for 6 hours with 0 (A) or 2 (B) ÌM mitomycin C, or
were treated with UV irradiation (C), and then processed for the electron
microscopy. Bar: 2 Ìm.



that the serum we and many other investigators have used is
FBS, heterologous to human origin. It remains to be
investigated whether human serum, either from normal
volunteers or cancer patients, may modify the cytotoxic
action of mitomycin C.

We have provided evidence that three antitumor
antibiotics (mitomycin C, bleomycin, peplomycin) showed
some tumor-specific cytotoxicity, using three human
normal cells and six tumor cell lines derived from different
origins. It is essential to confirm the reproducibility of the
present study in the normal and tumor cells derived from
the same origin.

Acknowledgements

This study was supported in part by a Grant-in-Aid from the
Ministry of Education, Science, Sports and Culture of Japan
(Sakagami, No. 14370607).

References

1 Sakagami H, Chowdhury SA, Suzuki F, Hashimoto K, Hatano
H, Takekawa H, Ishihara M, Kikuchi H, Nishikawa H,
Taniguchi S, Ito H, Hatano T, Yoshida T, Fukai T, Shirataki Y,
Kawase M, Watanabe K, Mimaki Y, Itoh K, Horiuchi A, Chai
W, Horiuchi A and Motohashi N: Tumor-specific cytotoxic
activity of polyphenols, terpenoids, ketones and other synthetic
compounds. In: Functional Polyphenols and Carotenes with
Antioxidative Action. Motohashi N (ed.). Research Signpost,
Lerala, India, pp. 133-176, 2005.

2 Suzuki F, Hashimoto K, Kikuchi H, Nishikawa H, Matsumoto
H, Shimada J, Kawase M, Sunaga K, Tsuda T, Satoh K and
Sakagami H: Induction of tumor-specific cytotoxicity and
apoptosis by doxorubicin. Anticancer Res 25: 887-894, 2005.

3 Dimmock JR, Das U, Gul HI, Kawase M, Sakagami H, Baráth Z,
Ocsovsky I and Molnár J: 3-Arylidene-1-(4-nitrophenylmethylene)-
3,4-dihydro-1H-naphthalen-2-ones and related compounds
displaying selective toxicity and reversal of multidrug resistance in
neoplastic cells. Bioorg Med Chem Lett 15: 1633-1636, 2005.

4 Sakagami H, Ishihara M, Hoshino Y, Ishikawa J, Mikami Y and
Fukai T: Cytotoxicity of nocobactins NA-a, NA-b and their
ferric complexes assessed by semiempirical molecular orbital
methods. In Vivo 19: 277-282, 2005.

5 Kanamori H, Shima T, Morita C and Hata T: Studies on
antitumor activity of mitomycin. J Antibiot (Tokyo) 10: 120-
127, 1957.

6 Umezawa H: Bleomycin. Gan No Rinsho 13: 735, 1967.
7 Okamura H, Morimoto H and Haneji T: Peplomycin-induced

apoptosis in oral squamous carcinoma cells depends on
bleomycin sensitivity. Oral Oncol 37: 379-385, 2001.

8 Broker LE, Kruyt FAE and Giaccone G: Cell death
independent of caspase: A review. Clin Cancer Res 11: 3155-
3162, 2005.

9 Satoh R, Kishino K, Morshed SRM, Takayama F, Otsuki S,
Suzuki F, Hashimoto K, Kikuchi H, Nishikawa H, Yasui T and
Sakagami H: Changes in fluoride sensitivity during in vitro
senescence of human normal oral cells. Anticancer Res 25:
2085-2090, 2005.

10 Yanagisawa-Shiota F, Sakagami H, Kuribayashi N, Iida M,
Sakagami T and Takeda M: Endonuclease activity and
induction of DNA fragmentation in human myelogenous
leukemic cell lines. Anticancer Res 15: 259-266, 1995.

11 Okamura M, Hashimoto K, Shimada J and Sakagami H:
Apoptosis-inducing activity of cisplatin (CDDP) against human
hepatoma and oral squamous cell carcinoma cell lines.
Anticancer Res 24: 655-662, 2004.

12 Satoh K, Ida Y, Hosaka M, Arakawa H, Maeda M, Ishihara M,
Kunii S, Kanda Y, Toguchi M and Sakagami H: Induction of
apoptosis by cooperative action of vitamins C and E. Anticancer
Res 18: 4371-4376, 1998.

13 Ishihara M, Sakagami H and Liu W-K: Quantitative structure-
cytotoxicity relationship analysis of betulinic acid and its
derivatives by semiempirical molecular-orbital method.
Anticancer Res 25: 3951-3956, 2005.

14 Hoffmeyer S, Burk O, von Richter O, Arnold HP, Brockmoller
J, Johne A, Cascorbi I, Gerloff T, Roots I, Eichelbaum M and
Brinkmann U: Functional polymorphisms of the human multi-
drug-resistance gene: multiple sequence variations and
correlation of one allele with P-glycoprotein expression and
activity in vivo. PNAS 97: 3273-3478, 2000.

15 Daido S, Yamamoto A, Fujisawa K, Sawaya R, Kondo S and
Kondo Y: Inhibition of the DNA-dependent protein kinase
catalytic subunit radiosensitizes malignant glioma cells by
inducing autophagy. Cancer Res 65: 4368-4375, 2005.

16 Shimizu S and Tsuijimoto Y: Molecular mechanisms of
autophagic cell death. (in Japanese) SAIBO-KOGAKU 24:
581-586, 2005

17 Enari M, Sakahira H, Yokoyama H, Okawa K, Iwamatsu A
and Nagata S: A caspase-activated DNase that degrades DNA
during apoptosis, and its inhibitor ICAD. Nature 391: 43-40,
1998.

18 Kuribayashi N, Sakagami H, Iida M and Takeda M: Chromatin
structure and endonuclease sensitivity in human leukemic cell
lines. Anticancer Res 16: 1225-1230, 1996.

19 Sakagami H, Ishihara M, Ogino M, Itoh Y, Sudoh T, Mineda
M, Suzuki F, Hashimoto K, Sasaki M and Shimada J:
Modulation factors of tumor-specific cytotoxic activity of
anthracylines. J Pharmacol Sci 100(Suppl 1): 179, 2006. 

20 Fujisawa S, Atsumi T, Satoh K, Kadoma Y, Ishihara M,
Okada N, Kashiwagi Y, Yokoe I and Sakagami H: Radical
generation, radical-scavenging activity and cytotoxicity of
eugenol-related compounds. In Vitro & Molecular Toxicology
13: 269-279, 2000.

21 Tashiro M, Suzuki F, Shirataki Y, Yokote Y, Akahane K,
Motohashi N, Ishihara M, Satoh K and Sakagami H: Effects
of isoflavones from Sophora species on growth and activation
of mouse macrophage-like cell line. Anticancer Res 22: 2185-
2192, 2002.

22 Okayasu H, Ishihara M, Satoh K and Sakagami H: Cytotoxic
activity of vitamin K1, K2 and K3 against human oral tumor cell
lines. Anticancer Res 21: 2387-2392, 2001.

Received May 3, 2006
Accepted June 22, 2006

ANTICANCER RESEARCH 26: 3373-3380 (2006)

3380



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


