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ABSTRACT

Through the extensive investigation of new mitomycin C (MMC)
derivatives, several compounds with disulfide at N-7 were found to show

activities superior to MMC against murine Sarcoma 180 solid tumor.
Among them, 7-Ar-{|2-||2-(7-i.-glutamylamino)ethyl]dithiojethyl))-
mitomycin C (KW-2149) was selected for further evaluation of antitumor
activity and toxicity in mice. KW-2149 exhibited activity superior to
MMC in increasing survival of i.p. inoculated P388 leukemia-, M5076
sarcoma-, and B16 melanoma-bearing mice. KYY-2149 administered i.v.

also exhibited superior activity in inhibiting the growth of s.c. inoculated
P388 leukemia, M5076 sarcoma, and colon 26 adenocarcinoma and in
increasing survival of i.v. inoculated P388 leukemia- and M5076 sarcoma-
bearing mice. Furthermore, KW-2149 remarkably increased the life span
of MMC-resistant P388 leukemia- and LI 210 leukemia-bearing mice.
KW-2149 and MMC inhibited the growth of human tumors inoculated
into nude mice. The activity of KW-2149 was prominent in human lung
carcinoma Lu-65 and Lu-99, bladder carcinoma T24, and epidermoid
carcinoma A431. KW-2149 was comparable to MMC in decreasing the

number of WBC in the peripheral blood, and the thrombopenia induced
by KW-2149 was mild and recovery was rapid. The in vitro anticellular
spectrum of KW-2149 against 23 human tumor cell lines was similar to
that of MMC. However, KW-2149 inhibited the growth of the cell lines
at concentrations of 10- to 100-fold lower than MMC and showed efficient
cytotoxicity against MMC-insensitive tumor cell lines. These included
lung epidermoid carcinoma Calu-1, stomach carcinoma MKN-28, colon
adenocarcinoma DLD-1, colon adenocarcinoma LoVo, bladder carcinoma
HT-1197, sarcoma G-292, and melanoma SK-MEL-28 cells. These
results indicate that KW-2149 bears interesting characteristics as a new

anticancer drug and warrants further development.

INTRODUCTION

Mitomycin C is a significant antitumor chemotherapeutic
drug with a broad spectrum and strong activity against experi
mental tumors and human neoplastic disease (1, 2). However,
its clinical usefulness has been limited primarily by myelo-
suppression, classified as leukopenia or thrombopenia. There
fore, new analogues of MMC2 have been extensively investi

gated for many years, including the analogues with substituents
at the 7-N position (3-6), because N-7 has a strong association
with the reduction of the quinone ring. Another analogue, p-
hydroxyphenylmitomycin C (KW-2083), showed significant an-
titumor activity against rodent tumors (7), and its clinical
evaluation was examined. However its insolubility and delayed
thrombopenia urged us to find new candidates for study.
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A recent report indicated that once the quinone ring was
reduced, the activated MMC cross-linked with DNA (8). Be
cause the reduction of the MMC quinone was easily induced
by a thiol (9), the intramolecular reductive activation of MMC
could be caused by a substituent at N-7. Thus, we synthesized
various MMC derivatives with symmetrical and unsymmetrical
disulfide at N-7, one of which was 7-/V-||2-|[2-(7-glutamylam-
ino)ethyl]dithio|ethyl|(mitomycin C (KW-2149) (9). KW-2149
was highly water soluble and was easy to formulate for further
development.

In this report, the antitumor activities of KW-2149 against
murine and human tumors and some toxicity test results are
described.

MATERIALS AND METHODS

Animals and Tumors. Sarcoma 180 cells were passaged and used for
the experiment in adult male ddY mice that weighed 20-25 g. Murine
lymphocytic leukemia P388, MMC-resistant P388 (P388/MMC),
lymphoid leukemia L1210, and MMC-resistant L1210 (L1210/MMC)
cells were passaged in adult male DBA/2 mice and were used for the
experiment in adult male BALB/c x DBA/2 F, mice weighing 20-25
g. M5076 reticulum cell sarcoma, B16 melanoma, and Lewis lung
carcinoma cells were passaged and used in adult male C57BL/6 mice
weighing 20-25 g. Colon adenocarcinoma 26 cells were passaged and
used in adult male BALB/c mice weighing 20-25 g. The animals were
obtained from Shizuoka Agricultural Cooperative Association for Lab
oratory Animals, Shizuoka, Japan. Human xenografts were passaged
and used in adult male BALB/c-nw/nÂ«mice weighing 20-25 g (Nihon
Clea Co., Tokyo, Japan). Sarcoma 180 was kindly supplied by National
Cancer Center, Tokyo, Japan. P388 leukemia, LI 210 leukemia, M5076
reticulum cell sarcoma, BI6 melanoma, colon adenocarcinoma 26,
Lewis lung carcinoma, and human mammary carcinoma MX-1 were
kindly supplied by the National Cancer Institute, Bethesda, MD. P388/
MMC (10) leukemia was kindly supplied by Dr. M. Inaba, Japanese
Foundation for Cancer Research. Tokyo, Japan; L1210/MMC leuke
mia was kindly supplied by Dr. S. Fujimoto, Chiba Cancer Center,
Chiba, Japan; L-27 (poorly differentiated carcinoma of lung) and LC-
06 (poorly differentiated squamous cell carcinoma of lung) was supplied
by Dr. K. Maruo, Central Institute of Experimental Animals, Kana-
gawa, Japan; Lu-65 and Lu-99 (poorly differentiated large cell carci
noma of lung) was supplied by Dr. S. Hirohashi, National Cancer
Center, Tokyo; and St-4 (poorly differentiated gastric adenocarcinoma)
and Co-3 (well-differentiated adenocarcinoma of colon) was supplied
by Dr. T. Kubota, Keio University, Tokyo. Human bladder carcinoma
T24 (11) and human epidermoid carcinoma A431 (12) were obtained
from Dr. T. Hirai, Tokyo University and the American Type Culture
Collection, Rockville, MD, respectively, and their xenografts were
established by inoculating cultured cells into nude mice.

All animal experiments were composed of 5 mice in a group, except
for that of xenograft L-27, which was composed of 6 mice in a group.

Cell Lines. The origins of A-549, PC-10, COLO 205, HT-1197, G-
292, SK-MEL-28, ACHN, and HeLa S3 cells have been described
previously (13). PC-12, MKN-28, and MKN-45 cells (14), PC-13 (15),
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and MCF-7 cells (16) were obtained from Immunological Laboratories,
Saitama, Japan. Calu-1 cells (17) were kindly supplied by Dr. M.
Akiyama, Radiation Effects Research Foundation. Hiroshima. Japan,
and NU-GC-3 cells (18) were supplied by Dr. T. Watanabe, Nagoya
University, Nagoya, Japan. COLO 320DM, DLD-1, LoVo, WiDr,
HCT 116, and HT 1080 cells were obtained from the American Type
Culture Collection through Dainihon Pharmaceutical Co., Osaka, Ja
pan.

Evaluation of Antitumor Activity. Sarcoma 180 cells were inoculated
s.c. into the axillary region of ddY mice. Other solid tumors were
inoculated s.c. into the flank. Lewis lung carcinoma cells were prepared
for i.v. inoculation by the treatment of tumor fragments with 0.25%
trypsin (Grand Island Biological Co.. Grand Island, NY) at 37Â°Cfor

30 min. To evaluate the antitumor activity of the compound against
s.c. inoculated tumors, the tumor was measured (length and width) and
volume was calculated by using the following formula according to the
method of the National Cancer Institute (19):

Fig. I. Structure of M MC derivatives.

Tumor volume (mm')
Length (mm) x [width (mm)|2

2

Drug efficacy against human tumors inoculated into nude mice was
expressed as the percentage of the mean V/Va value against that of the
control group, where V is the tumor volume at the day of evaluation
and I',, is the tumor volume at the day of initial administration of drug.

The criteria for effectiveness were the percentage of treated versus
control value with SO and less and statistical significance determined
by Mann-Whitney U test (P < 0.01, one sided).

The antiturnor activity against i.p. or i.v. inoculated tumors was
evaluated by calculating the percentage of increase in life span.

In Vitro Anticellular Activity. The cells were precultured for 24 h in
96-well microplates (Nunc, Roskilde, Denmark) containing 0.1 ml of
the culture medium at 37Â°Cin a humidified atmosphere containing 5%

CO2 in air. Then cells were treated with drugs for 1 h, washed, and
further incubated for 71 h in drug-free culture medium. The anticellular
activity of the drug was evaluated by the inhibition of neutral red dye
uptake into the cells. Briefly, after the above-described incubation, the
culture medium was discarded, and 0.1 ml of 0.02% (w/v) neutral red-
containing medium was added to each well. After incubation for 1 h,
the solution was discarded and each well was washed with 0.1 ml of
0.9% (w/v) NaCl solution. The neutral red dye was extracted by O.I ml
of 30% (v/v) ethanol solution with 0.001 N HC1, and the absorbance at
550 nm was measured on a Microplate Reader (Corona Electric Co.,
Ibaragi, Japan). The anticellular activity of drugs was expressed by IC50
values.

Toxicity Testing. The LD50and LD,0 values were determined in ddY
mice after an observation period of 30 days and were calculated by
probit analysis. The hematological toxicity was examined by measuring
the number of WBC and platelets in the peripheral blood that was
collected from the retroorbital sinus of ddY mice.

RESULTS

Antiturnor Activity of Derivatives with Disulfide at N-7. In the
primary screening of M MC derivatives with disulfide at N-7,
some were found to have the antiturnor activity superior to that
of MMC against Sarcoma 180 solid tumor and P388 ascitic
tumor. The structure and activity of typical derivatives were
shown in Fig. 1 and Table 1, respectively. The LD50 values of
the derivatives were relatively higher than that of MMC. The
therapeutic index of the derivatives in Sarcoma 180-bearing
mice was superior or comparable to that of MMC, showing
their effective dose range to be broader than that of MMC.

Among the derivatives, KW-2149 and compound 4 promi
nently inhibited the growth of Sarcoma 180 solid tumor, and
KW-2149 had a higher therapeutic index than compound 4.
KW-2149 also exhibited significant antitumor activity against
P388 ascitic leukemia. Thus KW-2149 was selected for the

H,C

Substituent

CompoundsMMC'KW-214912345MMD6XNH2(7-L-Glu-NH(CH2)2S)S(CH2)2NH(D.L-Hcy)S(CH2)2NHÂ°(D-Cys-Gly)S(CH2)2NH(â€¢TL-Glu-L-Cys-Gly-OEt)S(CH2)2NH(-rL-Glu-D-Cys-Gly-OEl)S(CH2)2NH<EtO2CCH2NHCOCH(CH,)S)S<CH2)2NHNH2(7-L-Glu-NH(CH2)2S)S(CH2)2NHYCH,CH,CH,CH,CH,CH,CH,HHZHHHHHHHCH,CH,

1Hey. homocysteine: MMD. mitomyein D.

Table 1 Antiturnor activity of mitomyein derivatives against Sarcoma 180 or
P388

II),, values of i.p. administration were calculated in male ddY mice by Probit
analysis. Sarcoma 180 cells (5 x I0*/mouse) were inoculated s.c. into ddY mice

on day 0. and drugs were injected i.p. on day I. Tumor volume was measured on
day 7, and T/CÂ°values were calculated as described in "Materials and Methods."
P388 cells (106/mouse) were inoculated i.p. on day 0, and drugs were injected i.p.

on day 1.

Sarcoma180CompoundsMMCKW-214912345MMD6LD50(mg/kg)8.423304545383843090T/C(%)25

Â±13*1424382215343119EDÂ»,(mg/kg)3.2Â±0.7*2.75.7116.86.81015018TI2.8Â±0.5*8.55.34.16.65.63.82.95.0P388ILS.â„¢(%)76Â±24C>102NTNT1268311734>151

Â°T/C. treated versus control; ED^, dose that gave 50% inhibition of tumor
growth calculated from the dose-response curve; TI. therapeutic index calculated
as the ratio of II),, to IIÂ»-,,:IIS,,,,., maximal increase in life span; MMD.
mitomyein D; NT, not tested.

* Mean Â±SD of 4 experiments.
' Mean Â±SD of 6 experiments.

further evaluation of its antiturnor activity and toxicity.
Compound 6 was a derivative of mitomyein D with the same

side chain at N-7 as KW-2149 (Fig. 1). The antitumor activity
of compound 6 against Sarcoma 180 solid tumor and P388
ascitic tumor was comparable to that of KW-2149, suggesting
that the addition of this side chain contributed to improved
therapeutic effect. Since this compound required higher doses
than KW-2149 to achieve the antiturnor activity, further eval
uation of this compound was not performed.

Antiturnor Activity against Murine Tumors. The antitumor
activity of KW-2149 against murine ascitic tumors was com
pared with that of MMC, and their maximal activity is shown
in Table 2. Both MMC and KW-2149 exhibited statistically
significant antitumor activity against all tumors examined in
this experiment. The activity of KW-2149 was stronger than
that of MMC against P388 leukemia, M5076 sarcoma, and
B16 melanoma, and long-term (over 60 days) survivors were
detected mainly among KW-2149-treated tumor-bearing mice.
Against LI210 leukemia and colon 26 adenocarcinoma, the
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Table 2 Antitumor activity of KW-2149 and MMC against murine ascÃ¬tictumors
P388 and M5076 (1 x lO'/mouse), L12IO (1 x 10'/rnouse), B16 (0.5 ml/

mouse of 10% homogenate), and colon 26 (0.1 ml/mouse of 20% homogenate)
cells were inoculated i.p. on day 0. Drugs were injected i.p. on day 1.

TumorsP388L1210M5076BI6Colon

26DrugsKW-2149MMCKW-2149MMCKW-2149MMCKW-2149MMCKW-2149MMCDose(mg/kg)0254.003.14.00136.00134.00134.0Mean

survival
days Â±SD10.1

Â±0.3>20.4Â±
10.4*14.6
Â±2.1*9.8

Â±0.415.2
Â±4.9*14.4Â±
1.5*19.2

Â±0.7>52.2Â±
10.7*''29.0

Â±7.7*14.0

Â±1.1>52.8
Â±8.8*>40.4Â±

12.8*15.4

Â±1.932.2
Â±4.2*28.6
Â±4.3*IL(!:rÂ°0>10245055470>172510>277>189010986>60

days
survivors0/52/50/50/50/50/50/53/30/50/53/51/50/50/50/5

" Ils,,,... maximal increase in life span.
* P < 0.05 by Mann-Whitney U test, as compared with the control group.
' P < 0.05 by Mann-Whitney t' test, as compared with MMC-treated group.

Table 3 Antitumor activity of KW-2149 and M\1C against murine u.c.
inoculated tumors

Sarcoma 180 (5 x I0'/mouse), P388 and M5076 (I x 10'/rnouse). BI6 (0.5

ml/mouse of 10% homogenate). and colon 26 (0.1 ml/mouse of 20% homogenate)
cells were inoculated s.c. on day 0. Drugs were injected i.v. on day 1.

leukemia, M5076 sarcoma, and B16 melanoma. The activity of
KW-2149 was stronger than that of MMC against M5076
sarcoma and was comparable to that of MMC against P388
leukemia and B16 melanoma. KW-2149 and MMC did not
show antitumor activity against Lewis lung carcinoma.

Antitumor Activity of KW-2149 against MMC-resistant Cells.
One of the remarkable features of the antitumor activity of
KW-2149 was its effectiveness against MMC-resistant murine
leukemias (Table 5). KW-2149 increased the survival of both
MMC-resistant P388 and L1210 leukemia-bearing mice. This
effect of KW-2149 against MMC-resistant leukemias was al
most equal to that against MMC-sensitive P388 and LI210
leukemias, suggesting that KW-2149 did not show cross-resist
ance to MMC-resistant murine leukemias.

Antitumor Activity of KW-2149 against Human Tumors. The
antitumor activity of KW-2149 was further evaluated against
human tumors inoculated into nude mice (Table 6). The effect
of KW-2149 and MMC was compared by single i.v. adminis
tration at their LD10. At this dose, the decrease of body weight
in mice given KW-2149 was almost the same as that in mice
given MMC (data not shown), suggesting that the dose of KW-
2149 and MMC were reasonable for this comparative study.
Both KW-2149 and MMC had a wide antitumor spectrum

Table 4 Antitumor activity of KW-2149 and MMC against murine i.v. inoculated
tumors

P388. M5076, and Lewis lung carcinoma (1 x 10'/mouse) and B16 (3 x IO'/

TumorsSarcoma

180P388M

5076BI6Colon

26DrugsKW-2149MMCKW-2149MMCKW-2149MMCKW-2149MMCKW-2149MMCDose(mg/kg)0106.00136.006.34.006.36.0136.0Tumor

volume (mm3)T/C*(mean

Â±SD)2010Â±

218651
Â±242*578
Â±104*I879Â±

263115Â±66*'f661

Â±159*1293

Â±318145Â±86*'c331

Â±128*1028

Â±265108
Â±76*66
Â±33*301

+ 108*''509
Â±97*(%)10032291006351001126100116i

iinl\nl2746On

day7771010101919191010101111mouse)
cells were inoculatedi.TumorsP388M5076B16Lewis

lung car
cinomaDrugsKW-2149MMCKW-2149MMCKW-2149MMCKW-2149MMCÂ°

ILSmâ€ž,maximalincrease*
P < 0.05bye
P <;(i (15hvv.

ondayDose(mg/kg)0136.00136.006.31.506.36.00.Drugs were injectedi.v.Mean

survivaldays
Â±SD10.0

Â±0.617.2Â±
1.3*16.4Â±
1.2*13.2

Â±0.422.0+
1.4*-'17.6

Â±1.0*18.6

+0.829.2
Â±1.7*27.4
Â±5.5*20.4

Â±2.519.0+
1.722.4

+ 3.4ILSmâ€žÂ°(%)0726406733057470-710on

day1.>60

dayssurvivors0/50/50/50/50/50/50/50/50/50/50/50/5in

lifespan.Mann-Whitney
Utest.Mann-Whitnpv
// tpÂ«t.as

compared with the controlgroup.a<;
pnmnarpH with Vt YIC-trpatpH orniin

* P< 0.05 by Mann-Whitney t' test, as compared with the control group.
c P < 0.05 by Mann-Whitney U test, as compared with MMC-treated group.

activity of KW-2149 was comparable to that of MMC.
The antitumor activity of KW-2149 against murine solid

tumors was compared with that of MMC, and their maximal
tumor growth-inhibitory activities at the maximal tolerable
doses is shown in Table 3. Both KW-2149 and MMC exhibited
statistically significant antitumor activity against all tumors
examined in this experiment. The activity of KW-2149 was
stronger than that of MMC against P388 leukemia, M5076
sarcoma, and colon 26 adenocarcinoma. Against Sarcoma 180
and B16 melanoma, the activity of KW-2149 was comparable
to that of MMC. These results suggest that KW-2149 is effec
tive not only by local administration (the i.p.-i.p. system) but
also by systemic administration (the s.c.-i.v. system).

The antitumor activity of KW-2149 against i.v. inoculated
tumors was compared with that of MMC, and their maximal
activity is shown in Table 4. Both KW-2149 and MMC exhib
ited statistically significant antitumor activity against P388

Table 5 Antitumor effect of KW-2149 and MMC against murine leukemia
resistant to MMC

P388 (1 x lO'/mouse) and LI210 (1 x lO'/mouse) cells were inoculated i.p.

on day 0. Drugs were injected i.p. on day 1.

TumorsP388P388/MMCL12IOL1210/MMCDrugsKW-2149MMCKW-2149MMCKW-2149MMCKW-2149MMCDose(mg/kg)0254.006.34.003.14.00134.0Mean
survival

days Â±SD10.1

Â±0.3>20.4
Â±0.4*14.6

Â±2.1*12.2

Â±1.5>27.6
Â±2.0*''11.4

Â±0.59.8

Â±0.415.2
Â±4.9*I4.4Â±
1.5*9.0

Â±0.615.2Â±
1.9*-'9.4

Â±1.4ILSâ€žâ€žÂ°(%)0>102450>126-7055470694>60

days
survivors0/52/50/50/52/50/50/50/50/50/50/50/5

0 ILSmâ€ž,maximal increase in life span.
* P < 0.05 by Mann-Whitney V test, as compared with the control group.
c P < 0.05 by Mann-Whitney U test, as compared with MMC-treated group.
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Table 6 Antitumor activity of KW-2149 and MMC against human tumors
inoculated into nude mice

Tumors (8-mm3 fragment) were inoculated s.c. into male BALB/c-nu/nu mice
(5-6 mice/group). When tumor volume was between 100 and 300 mm3. LD,0 of
KW-2149 (16.6 mg/kg) or MMC (4.2 mg/kg) was injected i.v. Tumor volume
was measured twice a week, and minimal T/C" (%) values were obtained.

T/C (%)

OriginLungBreastStomachColonBladderVulvaHistologyAdenocarcinomaSquamous

cellcarcinomaLarge
cellcarcinomaLarge
cellcarcinomaAdenocarcinomaAdenocarcinomaAdenocarcinomaCarcinomaEpidermoid

carcinomaTumorsL-27LC-06Lu-65Lu-99MX-1St-4Co-3T24A431KW-214937

<2/6)*-'Aoc,
a2\'-d18e-''6e56

(2/5)5233'4T-

"MMC43(l/6)c17eSI550e65

(2/5)545160

" T/C, treated versus control.
* Number of dead mice on the day when minimal T/C (%) values were obtained.
c T/C (%) Â«50.and P< 0.01 (one sided) by Mann-Whitney U test, as compared

with the control group.
d P < 0.05 by Mann-Whitney U test, as compared with MMC-treated group.

200

150

100 -

150

100

50

(B)

(D)

10

(mg/kg/day) MMC (mg/kg/day)

Fig. 2. Schedule dependency of antitumor activity of KW-2149 and MMC
against murine P388 leukemia. P388 cells (1 x 10*/mouse) were inoculated Â¡.p.
(A, B) or i.v. (C, D) on day 0. KW-2149 (A, C) or MMC (B, D) was injected i.p.
(A, B) or i.v. (C, D) on day 1 (O). day I, 4. 7 (â€¢).or day 1-5 (â€¢).a, P< 0.05 by
Mann-Whitney U test, as compared with the maximal percentage of increase in
life span of the single treatment group.

against various human tumors with different origins and his
tologies. The activity of KW-2149 was more significant than
that of MMC against human lung carcinoma Lu-65 and Lu-
99, bladder carcinoma T24, and epidermoid carcinoma A431,
and was comparable to that of MMC against lung carcinoma
L-27 and breast carcinoma MX-1. Against lung carcinoma LC-
06, the antitumor effect of KW-2149 was not as significant as
that of MMC.

Schedule Dependency of Antitumor Activity. The schedule
dependency of antitumor activity of KW-2149 was examined
in murine P388-bearing mice (Fig. 2) and human lung carci
noma-bearing mice (Table 7). KW-2149 exhibited more signif
icant antitumor activity against P388 leukemia by intermittent
and consecutive treatment than single treatment in both i.p.-
i.p. (Fig. 2, A and B) and i.v.-i.v. (Fig. 2, C and D) systems,
although the schedule dependency of the antitumor activity of
MMC was insignificant. Under all treatment schedules and
systems, the percentage of increase in life span values of mice
given KW-2149 were more than those of mice given MMC. On

the other hand, KW-2149 and MMC did not show significant
schedule dependency in their antitumor activity against mice
bearing human lung carcinoma L-27 and LC-06, at least in the
administration schedule of one-third of LD,0 of KW-2149 or
MMC on days 0, 4, and 8 (Table 7). The single administration
was suggested to be adequate for the comparative study of
antitumor activity of KW-2149 and MMC, since the body
weight change induced by KW-2149 was nearly equal to that
by MMC on each treatment schedule.

Hematological Toxicity of KW-2149. Since the clinical use
fulness of MMC was limited by myelosuppression, classified as
leukopenia or thrombopenia, the hematological toxicity of KW-
2149 was compared with that of MMC at LD,0 in ddY mice
(Fig. 3). The number of WBC and platelets in the peripheral
blood was measured periodically after i.v. administration. KW-
2149 caused a decrease in WBC to 34% that of control mice,
and its nadir was observed 3 days after the administration (Fig.
3A). This decrease in WBC by KW-2149 was almost the same
level observed with MMC. In mice given MMC, WBC rebound
was detected on days 5 and 7. This rebound phenomenon was
slightly delayed in mice given KW-2149. MMC caused a statis
tically significant decrease in the number of platelets to 50%
that of control mice, and its nadir was observed 7 days after
administration (Fig. 3Ã„).The KW-2149-caused decrease in the
number of platelets was not significant compared with MMC-
caused decrease, and the recovery appeared to occur more
rapidly.

Spectrum of Anticellular Activity. The anticellular activity of
KW-2149 was compared with that of MMC against 23 human

Table 7 Schedule dependency of antitumor activity of KW-2149 and MMC
against human lung carcinomas

Tumors (8-mm3 fragment) were inoculated s.c. into male BALB/c-nw/nÂ«mice
(5 mice/group). When tumor volume was between 100 and 300 mm3, LD10 of
KW-2149 (16.6 mg/kg) or MMC (4.2 mg/kg) was injected i.v. once or 3 times
(divided into 3 equal parts). Tumor volume was measured twice a week, and
minimal T/C" (%) values were obtained.

KW-2149TumorsL-27

LC-06ScheduleDay

0
Day0.Day

0
Day 0.4,84,8Dose

(mg/kg/day)16.6

5.516.65.5T/C(%)37*31*48*55B.W.(g)-5.1-2.4-2.1

-0.9MMCDose

(mg/kg/day)4.2

1.84.21.4T/C(%)43*46Â»17*53B.W.(g)-5.20-2.0

-0.9
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* T/C (%) <50. and P< 0.01 (one sided) by Mann-Whitney f/test, as compared

with the control group.
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Fig. 3. Effect of KW-2149 and MMC on number of peripheral WBC and

platelets in male ddY mice. LD,0 of KW-2149 (16.6 mg/kg) (â€¢)or MMC (4.2
mg/kg) (O) were injected i.v. on day 0. and the counts of WBC (A) and platelets
(B) were measured on the indicated days. a, P < 0.05 by Mann-Whitney U test,
as compared with the control group, b. P < 0.05 by Mann-Whitney V test, as
compared with MMC-treated group.
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tumor cell lines at the exposure time of l h by the dye uptake
method (Fig. 4). KW-2149 inhibited the growth of all cell lines
at a lower concentration than that of MMC. (IC50 values were
10- 100-fold lower for KW-2149). The difference of IC50values
between KW-2149 and MMC was most significant in sarcoma
G-292 cells. The significant difference was not detected in the
spectrum of anticellular activity between KW-2149 and MMC.
However KW-2149 exhibited anticellular activity even against
such cell lines as lung epidermoid-carcinoma Calu-1, stomach
carcinoma MKN-28, colon adenocarcinoma DLD-1, colon ad-
enocarcinoma LoVo, bladder carcinoma HT-1197, sarcoma G-
292, and melanoma SK-MEL-28 cells, which were insensitive
to MMC.

Effect of Exposure Time on Anticellular Activity. The expo
sure time dependency of the anticellular activity of KW-2149
was compared with that of MMC in T24 bladder carcinoma
(Fig. 5). The IC50 value of KW-2149 was about 50-fold lower
than that of MMC at the exposure time of 1 h. The difference
of IC.,0 values between KW-2149 and MMC was slightly de
creased at the longer exposure time; however, even at the
exposure of 24 h, the IC50value of KW-2149 was about 10-fold
lower than that of MMC.

DISCUSSION

In this study, the antitumor activity and toxicity of KW-2149,
a derivative of MMC with disulfide at N-7, was evaluated in
vivo and in vitro. KW-2149 was selected because of its superior
antitumor activities against murine Sarcoma 180 solid tumor
and P388 ascitic leukemia, and its broad therapeutic index
against Sarcoma 180-bearing mice (Table 1). The antitumor
activity of KW-2149 was superior to MMC in increasing the
survival of i.p. inoculated P388 leukemia-, M5076 sarcoma-,
and B16 melanoma-bearing mice, and many mice were cured
(Table 2). KW-2149 was also superior to MMC against s.c. and

10
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Fig. 4. Spectrum of anticellular activity of KW-2149 and MMC against human
tumor cell lines. The cells were cultured in 96-well plates on day 0 and treated
with KW-2149 (â€¢)or MMC (O) for 1 h on day 1. The anticellular activity was
determined as described in "Materials and Methods." a. IC50>30 ><M;h, IC50 <

0.023 MM.

.01

.001
12 16 20 24

Exposure time (h)
Fig. 5. Exposure time dependency of anlicellular activity of KW-2149. T24

cells (2 x 104/ml) were cultured on day 0 and treated with various concentrations
of KW-2149 (â€¢)or MMC (O) for the indicated time on day 1. Then the plates
were replaced with drug-free medium, and the cells were incubated further. On
day 4. the 1C50values were calculated based on the inhibition of neutral red dye
uptake, a. P < 0.05 by Mann-Whitney U test, as compared with MMC-treated
group.

i.v. inoculated tumors, including P388 leukemia and M5076
sarcoma (Tables 3 and 4), suggesting that KW-2149 was effec
tive not only against ascitic tumors, when administered locally,
but also systemic tumors, when administered systemically.

One of the remarkable features of the antitumor activity of
KW-2149 was its effectiveness against MMC-resistant murine
leukemias (Table 5). Statistically, KW-2149 significantly in
creased the survival of MMC-resistant P388 leukemia- and
LI210 leukemia-bearing mice, indicating that KW-2149 did
not show cross-resistance to MMC in murine MMC-resistant

leukemias. These results also suggest that the action mecha
nisms of KW-2149 are somewhat different from those of MMC.

The recent evidence indicated the existence of the activation
process of MMC triggered by the reduction of the quinone ring
and the subsequent formation of its cross-linking to DNA (8).
Although the mechanisms of the resistance of these tumor cells
to MMC are still unknown, one possibility is the deficiency of
the activation process of MMC in these cells (described above),
and another possibility is the decrease of the drug transport in
MMC-resistant cells. KW-2149 may be a useful compound for
the further investigation of the mechanisms of MMC resistance.
The in vitro anticellular spectrum of KW-2149 was similar to
that of MMC (Fig. 4). However KW-2149 inhibited the growth
of MMC-insensitive tumor cells, including human lung epider-
moid carcinoma Calu-1, stomach carcinoma MKN-28, colon
adenocarcinoma DLD-1, colon adenocarcinoma LoVo, bladder
carcinoma HT-1197, sarcoma G-292, and melanoma SK-MEL-
28 cells. These MMC-insensitive tumor cells may possess sim
ilar resistant mechanism to that contained in P388/MMC or
L1210/MMC cells. Further investigations are needed to deter
mine this.

KW-2149 and MMC inhibited the growth of human tumors
inoculated into nude mice (Table 6). The activity of KW-2149
was greater in human lung carcinoma Lu-65 and Lu-99, bladder
carcinoma T24, and epidermoid carcinoma A431. Although
KW-2149 exhibited more significant antitumor activity by in
termittent and consecutive treatment than by single treatment
against P388 leukemia (Fig. 2), the clear schedule dependency
was not detected in human tumor-bearing nude mice (Table 7).
However, the body weight change induced by KW-2149 or
MMC was less in the intermittent treatment as compared with
that in the single treatment, suggesting that the dose in the
intermittent schedule may be increased. Further extensive study
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may be necessary to know the best treatment schedule of KW-

2149.
KW-2149 inhibited the growth of the human tumor cell lines

at 10- to 100-fold lower concentrations than MMC in vitro
(Fig. 4). On the other hand, the LD10 value of KW-2149 in ddY
mice was about 4 times higher than that of MMC. This dis
crepancy may be related to the difference of the in vivo metab
olism of both compounds. The lower toxicity of KW-2149 in
in vivo murine experiments and its high anticellular activity in
in vitro experiments suggest that its superior antitumor activity
of KW-2149 over MMC may be enhanced by local application
in the clinical therapy. Tumor cells in the thoracic or ascitic
cavities are difficult to remove completely, even after the orig
inal lung, stomach, colon, or ovary carcinomas have been sur
gically removed. MMC has been used for local therapy of these
tumor cells (20-22), but because of its superior activity KW-

2149 may be more effective against these tumor cells. MMC
has also been widely used for the therapy of superficial bladder
carcinoma by the intravesical instillation through the urethra
(23, 24). KW-2149 inhibited the growth of human bladder
carcinoma T24 cells at considerably lower concentrations than
MMC (exposure of 1-24 h) (Fig. 5), and, therefore, we expected
to use it in that setting. KW-2149 is an interesting candidate
for further evaluation as a new antitumor agent.
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