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ABSTRACT

Toshima-ku, Tokyo 170, Japan

have lower toxicity but have antitumor activity superior to that

INTRODUCTION
ADM' is one of the most widely used chemotherapeutic
agents against various human neoplasias (1). It is most effective
in the treatment of acute leukemia and malignant lymphoma.
Although ADM has impressive antitumor activities, the effec
tiveness is often limited. Tumor-bearing mice treated with
ADM are not necessarily cured even at an optimal dosage. One
of the major reasons for the treatment failure is supposed to be
the emergence of drug-resistant tumor cell subpopulations.
Strong side effects of ADM such as leukopenia, thrombocytopenia, anemia, and myelosuppression are major dose-limiting
factors in clinical application, which allow the regrowth of
remaining tumor cells (2, 3). In the last decade, great efforts
have been made to synthesize or to isolate ADM analogues that
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Drugs. ME2303 (A/, 704.7) was provided by Meiji Seika Kaisha,
Ltd., Tokyo, Japan. Other drugs were obtained from the following
sources: ADM, from Kyowa Hakko Kogyo Co., Ltd., Tokyo, Japan;
VCR, from Shionogi Co., Ltd., Osaka, Japan.
Animals and Tumor Cells. Adult female BALB/c x DBA/2Cr F,
(hereafter called CD2F,) mice and C57BL/6 x DBA/2Cr F, (hereafter
called B6D2F,) mice weighing 20 to 23 g were obtained from Charles
River Japan, Inc., Tokyo, Japan. LI210 leukemia, P388 leukemia,
Lewis lung carcinoma. B16 melanoma, colon adenocarcinomas 26 and
38, and M5076 sarcoma were supplied by the National Cancer Institute
(Bethesda, MD). The human myelogenous leukemia K562 cell line was
provided by Dr. K. Ezaki of this center, and the K562/ADM cell line
was established in our laboratory (9). The acute lymphoblastic leukemia
cell line (CCRF-CEM) and its vinblastine-resistant subline (CEM/
VLB1UO)
were provided by Dr. W. T. Beck, St. Jude Children's Hospital
(Memphis, TN) (10). Human ovarian cancer A2780 and its ADMresistant variant 2780AD were kind gifts of Dr. R. F. Ozols and Dr. T.
C. Hamilton, National Cancer Institute (11). Human KB carcinoma
cell line KB3-1 and its colchicine-resistant variant KBC-4 were gener
ously provided by Dr. I. Pastan, National Cancer Institute (12).
Cell Culture and Drug Treatment. Tumor cells were maintained in
culture in RPMI 1640 supplemented with 5% fetal bovine serum and
kanamycin (100 Mg/ml) (growth medium) (13). For the drug treatment
experiments, tumor cells (2 x IO4for murine cell lines and 4 x IO4for
human cell lines in 2 ml of the growth medium) were incubated for 72
h in the presence of graded concentrations and counted, as described
previously (13). Three samples were used for each drug concentration.
ICjo was determined by plotting the logarithm of the drug concentration
versus the growth rate (percentage of control) of the treated cells (13).
Evaluation of Antitumor Activity. One-tenth ml of cell suspension in
HBSS containing 10" P388, P388/VCR, P388/ ADM, or IO5 L1210
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of ADM (4).
A new fluorine-containing anthracycline derivative, ME2303, showed
It is known that 2-fluoroglycosides are resistant to chemical
excellent antitumor activity against various experimental tumor models.
hydrolysis
because of the presence of the electron-withdrawing
The i.p. or i.v. administrations of ME2303 on Day 1 or on Days 1, 5, and
fluorine atom at the C'-2 position. On the other hand, it has
9 against i.p.-implanted LI 210 leukemia cells rendered more than 50%
been reported that the replacement of the C'-3 amino group of
of mice tumor free at wide ranges of nontoxic doses, whereas the incidence
of cure obtained with Adriamycin (ADM) was less than that obtained
daunorubicin and ADM with a hydroxyl group gave strong
with ME2303. ME2303 given Â¡.p.or i.v. on Day 1 or Days 1, 5, and 9 antitumor activity with weak cardiotoxicity (5-7). Taking these
was also effective against i.p.-implanted P388 leukemia cells, and higher
points into account, several derivatives have been synthesized
incidences of cure were obtained than with ADM. ME2303 administered
by Takeuchi and Umezawa (8). ME2303 (Fig. 1) is a fluorinei.v. on Days 1, 8, 15, and 22 showed prominent antitumor activity against
containing (C'-2) anthracycline derivative with modification at
s.c.-implanted colon adenocarcinomas 26 and 38, Lewis lung carcinoma,
the C-14 position, pimelate residue and a hydroxyl group
B16 melanoma, and M5076 sarcoma. Against colon adenocarcinoma 26, replacing the C'-3 amino group. The pimelate residue is known
ME2303 induced cure in 16 of 20 mice at doses of 35 to 71 Â¿Â¿mol/kg,
to increase the solubility (8).
whereas no cure was observed with ADM. Significant growth inhibition
In this paper, we show evidence that ME2303 has impressive
of colon adenocarcinoma 38, Lewis lung carcinoma, B16 melanoma, and
M5076 sarcoma cell lines was also observed at a dose of 18 to 106 //mol
antitumor activities against a variety of tumor models. ME2303
increased the survival time of LI210- and P388-bearing mice
kg.
ME2303 was effective against human and murine multidrug-resistant
over a wide dosage range with marginal body weight loss, and
cells in vitro. For example, human myelogenous leukemia R562 resistant
many mice were cured. ME2303 also showed strong tumorto ADM (K562/ADM) was only 2.8-fold more resistant to ME2303,
inhibiting activity against colon adenocarcinomas 26 and 38,
while the cells were 200-fold more resistant to ADM when the values for
Lewis lung carcinoma, B16 melanoma, and M5076 sarcoma.
the concentration of drug required for 50% inhibition of cell growth were
Interestingly, the compound was effective against human and
compared. ME2303 was also more effective than ADM against human
murine multidrug-resistant tumor cells in vitro and in vivo.
leukemia CCRF-CEM resistant to vinblastine, human ovarian carcinoma
ME2303 is a notable new antitumor agent that warrants further
A2780 resistant to ADM, human epidermoid carcinoma KB cells resistant
examination.
to colchicine, and mouse leukemia P388 resistant to ADM and vincristine.
Therapeutic effects were obtained in vivo against ADM- and, especially,
vincristine-resistant P388 leukemia. ME2303 is one of the most inter
MATERIALS AND METHODS
esting potential antitumor agents to be studied further.

ANTITUMOR

ACTIVITY OF MF.2.W

(tumor-free survivors were excluded from these calculations) or (Â¿>)
tumor mass growth inhibition where tumor diameters were measured
in two directions with calipers and the tumor volume was calculated as
follows: volume = Vi ab2; a is long diameter and b is short diameter.

â€¢¿C-CHX3CO(CH,),COOH
'â€¢OH

RESULTS
Fig. 1. Structure of M E2303.

leukemia cells was inoculated i.p. into CD2F, mice (13, 14). Cell
suspensions in HBSS (20%, w/v) of Lewis lung carcinoma, B16 mela
noma, colon adenocarcinomas 26 and 38, and M5076 sarcoma were
prepared from surgically removed tumors. The cells were passed
through 40 mesh sieves, counted for viability by trypan blue dye
exclusion, and inoculated s.c. with a volume (0.2 ml) of 1 x IO5viable
cells of Lewis lung carcinoma and colon adenocarcinoma 26 and of 1
x 10" cells of M5076 sarcoma into the Hank of B6D2F,, CD2F,, and

control groups (C) and expressing it as an increase in life span
ILS

-(H

x 100

Table I Antitumor effect of ME2ÃŒOÃŒ
and ADM administered i.p. against
LI2IO leukemia
L1210 leukemia cells (lOYmouse) were implanted i.p. into CD2F, mice (6
mice/group) on Day 0, and the drugs were administered i.p. on Day I or on Days
1,5, and 9.

wt
change'
(g)+0.6+0.5+0.5-0.1-0.7-0.3-0.5-2.4-3.4-4.200-1.1-1.3-2.2-2.9-0.1+0.30-0.1+0.3-1.2-2.0-1.3+0.7+0.80+0.6-0.8-1.2
Table 2 Antitumor effect ofME2303 anil ADM administered i.v. against
L12IO leukemia
L1210 leukemia cells (lO'/mouse) were implanted i.p. into CD2F, mice (6
DayME2303ADM2.24.48.91835711061422131.73.46.91428559.0
schedule:
only1/63/64/66/66/66/62/61/64/65, mice/group) on Day 0, and drugs were administered i.v. on Day 1 or Days 1, 5,
2.411.4Â±
Â±
and 9.
2.517.3
Â±5.416.3
No. of cured
wt
0.66.8
Â±
mice"Body change^ (g)
DrugDose(Ã-imol/kg/
injection)MST (days)ILS (%)
DrugControlDose(fitnol/kg/
injection)0MST(days)7.7
O.S"ILS(%)Treatment
Â±

of cured
mice*1
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B6D2F, mice, respectively (14). Tumor cell suspensions (0.25 ml) of
B16 melanoma were inoculated s.c. into the flank of B6D2F, mice.
Two-tenths ml of tumor brei of colon adenocarcinoma 38 diluted in
HBSS (33%, w/v) were inoculated s.c. into the flanks of B6D2F, mice
(14).
Mice were given ADM, VCR, and ME2303 at a constant rate of
0.01 ml/g of body weight. Antitumor activity was determined by (a)
comparing the mean survival time of treated group (7") with that of

Chemotherapeutic Effects against 1.1210 and P388 Leukemias. For the comparison of in vivo effects of ME2303 and
ADM, the doses of the drugs were expressed on a molar basis
(Â¿imol/kg). The antitumor activities of ME2303 and ADM
administered i.p. or i.v. on Day 1 or Days 1, 5, and 9 were
examined against i.p.-inoculated LI 210 leukemia (Tables 1 and
2). When the drugs were given i.p., ME2303 showed superior
effects than did ADM in both treatment schedules (Table 1).
All six mice were cured with ME2303 when given between 71
and 142 Â¿Â¿mol/kg
for a single injection and at 35 Â¿tmol/kgfor
triple injections. A single injection of ME2303 had a better
therapeutic effect than the triple injections (Table 1). ADM
also showed good therapeutic effect in these experiments; how
ever, the effects were not as good as those obtained with
ME2303. Four of six mice were cured with a single injection
of ADM at 28 Â¿imol/kg,which was the best treatment protocol.
When the drugs were given i.v., ME2303 again showed a
superior effect than did ADM in both single and triple injections
(Table 2). More than 50% of the mice were cured with ME2303
between 71 and 213 Â¿imol/kgfor a single injection and between
35 and 71 Â¿imol/kgfor triple injections. ADM showed maximal
effect at 14 Â¿Â¿mol/kg
for triple injections, and two of six mice
were tumor free on Day 61. These observations clearly dem
onstrate the superiority of ME2303 over ADM in therapeutic
efficacy against LI210 leukemia.

8.3 Â±1.2"

Control
1.09.7
Â±

ME2303

1.811.3Â±
Â±
1.210.7
1.222.0
Â±
11.07.2
Â±

8.9
18
35
71
106
142
213

+0.4

Treatment schedule: Day I only
14.7 Â±9.5
77
13.0 Â±1.5
57
18.4Â± 3.0
122
1/6
4/6
5/6
6/6
4/6

1.8TreatmentÂ±
ADM
schedule:ME2303ADM2.24.48.91835711061420.40.91.73.46.91411.5Â±
1,49110123304353264547525175No.
and91/64/66/63/62/61/6Body
2.316.2
Â±6.317.2
Â±5.810.0

1.21748125112-12264739186-6Days
" MST, mean survival time of deceased mice.
* Cure incidence was determined on Day 61.
' Difference in body weight (g) between Days 5 and 1.
Mean Â±SD. Cured mice were excluded from the calculations. When more
than 50% of the mice were cured, the mean survival time was not calculated.

10.5 Â±2.1
14.2 Â±5.8
22.5 Â±9.5
16.2+ 12.0

27
71
171

0

-0.3
-1.9
-3.7
-4.0
-4.8
-0.4
-1.9
-1.7

â€¢¿
Days
.186312317125178605,
I. and
schedule.ME2303ADM4.48.91835711063.46.914289.8
Treatment
96/66/63/62/6-4.2+0.2-0.1+0.2-0.2-0.9-3.4+0
1.613.5
Â±
1.618.5
Â±
2.39.7
+

3.011.0
1.211.8
2.89.7
0.811.2
2.111.3
2.911.7
1.211.6
1.313.5

6.9
14
28
55

-0.4

0.69.3
Â±
2.212.5
Â±
7.314.8
Â±
3.113.3
Â±
Â±0.895
Â°MST, mean survival time of deceased mice.
* Cure incidence was determined on day 61.
c Difference in body weight (g) between Days 5 and 1.
d Mean Â±SD. Cured mice were excluded from the calculations. When more
than 50% of the mice were cured, the mean survival time was not calculated.
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Table 3 Antitumor effect of'ME2303 and ADM administered i.p. against

inoculation at doses 35 and 71 ^mol/kg resulted in 99
to 100% inhibition of tumor growth on Day 29, and 16 of 20
mice at these doses were tumor free on Day 61. ADM, at a
dose of 17 /Â¿mol/kg,showed 87% growth inhibition on Day
29,and
thisgroup
the survival advantage of 83% ILS was obtained in
wt
of cured
of mice, but no cured mice were observed. In comparison
mice*/
change'
(g)+0.7-0.40+0.2-1.0-0.4-1.2
with ADM, a 35-umol/kg dose of ME2303 given i.v. induced
aslight
adose decrease (â€”0.3g) in body weight; however, ADM at
weight.ME2303
of 34 /Â¿mol/kgcaused a 2.3-g decrease in body
only2/53/5-V5
colonadenocarcinoma
also showed strong tumor inhibition against
melanoma,and
38, Lewis lung carcinoma, B16
tofourM5076 sarcoma compared with ADM (Table 5). Two
whengiven
mice of six were cured of colon adenocarcinoma 38
35 to 71 /Â¿mol/kg,and at those doses 85 to 97%
-3.4-2.6+0.8+ tumorgrowth
4/54/52/55.
WhenME2303
inhibition was observed in tumor-bearing mice.
8,15,
was given i.v. at a dose of 35 /^mol/kg on Days 1,
resultedin
and 22 to mice bearing Lewis lung carcinoma, cure
1.2+0.1-0.8
nocured
all mice, whereas ADM at the same schedule produced
i.v.also
-2.0-2.8+0.4+0.4+0.2 mouse at doses of 8.9 to 34 //mol/kg. The drug given
induced remarkable growth inhibition against B16 mela
noma, and 52 to 92% inhibition was observed at 18 to 71
Â¿Â¿mol/kg.
I, and91/5
atdoses
ME2303 was also effective against M5076 sarcoma, and
inhibitionwas
of 35 to 100 ^mol/kg, more than 90% growth
obtained.Growth-inhibitory
-0.2-0.6-2.0-2.6-1.4+0.80+0.2+0.8+0.40tumor
4/55/51/51/5Body
Multi-drug-resistant Effect of ME2303 on Sensitive and
haveTable Tumor Cell Lines. ADM and its derivatives

P388 leukemia
P388 leukemia cells (lO'/mouse) were implanted i.p. into CD2F, mice (5
mice/group)
1,5,
on Day 0. and the drugs were administered i.p. on Day 1 or Days
and 9.Dose(Â»Â¿mol/kg/

(%)Control
Drug

MST
injection)
(days)
0 1.8JTreatment
11.2 Â±

DayME2303
254.4
2.2
5918
8.9
883571

ILS

schedule:
14.0+1.9
14.2 Â±3.1
27
17.8 Â±3.9
21.0 Â±1.0

106142ADM
12.4 Â±3.4
16.0 Â±4.0
19.2 Â±5.1
16.4 Â±7.4
28
6155
18.0 Â±1.0
13Treatment
12.6 Â±6.0
ME2303

394.4
2.2
508.9

schedule: Days
15.6 Â±3.7
16.8 Â±5.3
20.8 Â±5.7
86

183571
34106
-5142
5ADM

46

15.0 Â±2.2
10.6 Â±2.9
11.8 Â±1.3

140.8
0.4
251.7
323.4
346.9
9214

12.8 Â±1.1
14.0 Â±2.3
14.8 Â±3.0
16.4 Â±4.0
23.4 -Â«6.2
39"
15.6 Â±4.4
mice.*
MST, mean survival time of deceased
Cure incidence was determined on Day 61.No.
c Difference in body weight (g) between Days 5 and 1.
" Mean Â±SD. Cured mice were excluded from the calculations. When more
than 50% of the mice were cured, the mean survival time was not calculated.

ME2303 also showed good therapeutic activity against i.p.inoculated P388 leukemia (Tables 3 and 4). When ME2303
was given i.p. on Day 1, more than 50% of the mice were cured
when doses between 35 and 142 Â¿Â¿mol/kg
were used, and all of
the mice were cured at 71 ^mol/kg (Table 3). When ADM was
given at the same schedule, two of five mice survived tumor
free only at the most effective dose, 28 ^mol/kg. ME2303 given
i.p. on Days 1, 5, and 9 also induced a cure in more than 50%
of the mice at doses of 18 and 35 ^mol/kg, whereas ADM at
the same schedule produced one tumor-free survivor of five
mice at a 6.9-Aimol/kg dose. Compared with ADM, a better
therapeutic effect was observed for ME2303 over a wider dosage
range.
When the drugs were given i.v., ME2303 showed a superior
effect against i.p.-inoculated P388 leukemia than did ADM in
both single and triple injections (Table 4). A single injection of
ME2303 produced tumor-free survivors in two or three mice
of five at doses between 71 and 213 ^mol/kg, whereas a single
14- to 55-Â¿imol/kginjection of ADM produced one tumor-free
survivor of five mice (Table 4). Triple injections induced a cure
in mice given doses between 35 and 142 Â¿Â¿mol/kg
of ME2303,
but no cure was obtained with ADM.
Chemotherapeutic Effect of ME2303 against Colon Adenocarcinomas 26 and 38, Lewis Lung Carcinoma, B16 Melanoma, and
M5076 Sarcoma. The antitumor activity of ME2303 against
colon adenocarcinoma 26 was compared with that of ADM
(Table 5). ME2303 given i.v. on Days 1,8, 15, and 22 after

4 Antitumor effect ofME2303
againstP388
and ADM administered i.r.
leukemiaP388
(5mice/group)
leukemia cells (lO'/mouse) were implanted i.p. into CD2Fi mice
1,5,
on Day 0, and the drugs were administered i.v. on Day I or Days
or 9.Dose(jimol/kg/
wtDrug
MST
ILS No. of cured
Body wt
injection)
(g)+0.6Treatment
(days)
(%)
mice*
mice*Body
change' (g)
DrugControlDose(fimol/kg/
injection)0MST
(days)10.8+
1.8"ILS(%)No.
onlyME2303ADM4.48.91835711061422132483.46.9142855839.8
schedule: Day 1
0.813.0
Â±
2.515.8
+
Â±2.517.0
2.123.0
Â±
2.621.7
Â±
0.618.0
Â±
10.56.2
Â±
0.4I1.2Â±
Â±
1.913.2
3.317.5
+
3.121.5
+
0.618.5
Â±
9.76.0
Â±
0.0TreatmentÂ±
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113.4
1.7
436.9
7114

schedule:ME2303ADM2.24.48.9183553711061421.73.46.914289.8
1,-95301001626422-1341128202/52/53/52/51/51/51/55,
and
91/54/55/51/51/5-0.4-1.0-1.0-0.8-0.6-2.4-2.80.811.4Â±
Â±
1.0+0.90+0.200-0.8-2.2-3.2+0
2.614.0
2.321.6
+
4.328.3
+
2.911.5
Â±
3.19.0
+
1.211.0
Â±
Â±3.29.4
0.515.2
Â±
1.40-0.2-1.6
Â±3.324.6
4.313.0
Â±
Â±1.2-920465711310167-42-422629971-44Days
" MST, mean survival time of deceased mice.
* Cure incidence was determined on Day 61.
' Difference in body weight (g) between Days 5 and 1.
d Mean Â±SD. Cured mice were excluded from the calculations. When more
than 50% of the mice were cured, the mean survival time was not calculated.
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Table 5 Effect ofME2303 on murine tumors
Tumors were implanted as described in "Materials and Methods," and the drug was given i.v. on Days 1.8. 15. and 22.

growth
of
wt
change'(g)+0.4-0.2-0.3-0.3-3.3-2.7
inhibition(%)23'769910045873tf48X5972288\9>431001003774sy4892
cured
mice*1/108/108/103/102/64/61/63/61/61/66/64/62/

DrugColonTumor
9.0''32.1
Â±
11.538.2
Â±
8.07.7
Â±

ControlME2303ADMColon
adenocarcinoma 26

0.536.9
Â±
8.848.1
Â±
5.521.0
Â±
Â±3.228.0
ControlME2303ControlADMLewis
adenocarcinoma 38

4.244.3
Â±
6.66".0
Â±
029.8Â±
4.238.4
Â±
5.742.2
Â±
3.827.3
Â±
9.233.8
Â±
ControlME2303ControlADMM
melanoma

5076 sarcoma

9.332.2
Â±
10.241.7
Â±
Â±9.242.3
20.214.0
Â±
7.828.0
Â±
6.028.6
Â±
2.337.8
Â±
5.624.6
Â±
Â±3.140.9

1.0+
1.0+
1.0+0.9+

Downloaded from http://aacrjournals.org/cancerres/article-pdf/2438002/cr0490205537.pdf by guest on 18 August 2022

3.4'34.6
Â±

ControlME2303ControlADMB16
lung carcinoma

7.254.3
Â±
1.3+0.70-0.5-0.5-0.3-0.3-0.8-1.5
ControlME2303ADMDose(MHlol/kg/injection)08.91835711068.6173408.918357106.9142808.918357110608.91734018357110608.6173408.9183571
2.941.7
Â±

7.946.2
Â±
2.833.8
Â±
Â±12ILS(%)2346-714083-192458-792942-8-52325-59-1235233213-17Tumor
" MST, mean survival time of deceased mice.
* Cure incidence was evaluated on Day 61.
r Difference in body weight (g) between Days 8 and 1.
**Mean Â±SD. Survivors were excluded from the calculations of the mean and SD. When more than 50% of the mice were cured, the mean survival time was not
calculated.
' Tumor growth inhibition on Day 29.
f Tumor growth inhibition on Day 27.
* Tumor growth inhibition on Day 28.

been shown to be ineffective against multidrug-resistant tumor
cells. The effectiveness of ME2303 against various multidrug-resistant tumor cells was examined (Table 6). Human
multidrug-resistant
tumor cells K562/ADM, CEM/VLB100,
2780AD, and KBC-4 showed 200-, 3.8-, 392-, and 65-fold
resistance to ADM when the IC50 values of these tumor lines
and the parental cells were compared (Table 6). These same
cells showed only 2.8-, 0.9-, 22-, and 2.9-fold resistance to
ME2303.
Murine multidrug-resistant
tumor cells P388/ADM and
P388/VCR were 11- and 1.3-fold more resistant to ME2303
than were the parental P388 cells, whereas they were 153- and
11-fold more resistant to ADM than the parental cells. These
results clearly indicate that ME2303 had a greater effect on
multidrug-resistant tumor cells than ADM.

Chemotherapeutic Effect of ME2303 in VCR- and ADMresistant Tumor-bearing Mice. The in vivo effect of ME2303
against a murine drug-resistant tumor was examined (Tables 7
and 8). ME2303, given on Day 1 against parental P388 leuke
mia, showed almost equal activity to that obtained by repeated
(Days 1, 5, and 9) administration (Table 3). Therefore, the
therapeutic effect of ME2303 by single i.p. injection was ex
amined against P388/VCR and P388/ADM.
Superior chemotherapeutic
effects were obtained with
ME2303 in P388/VCR-bearing mice (Table 7). VCR at 2.4
Â¿Â¿mol/kg
given i.p. on Day 1 showed 78% ILS in mice bearing
P388 tumors; however, VCR at 1.4 to 5.4 ^mol/kg and ADM
at 8.6 to 35 ^mol/kg given i.p. on Day 1 showed a marginal
chemotherapeutic effect (maximum ILS = 8% and 24%, re
spectively) in mice bearing P388/VCR tumors. On the other
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Table 6 Growth-inhibitory effect ofME2303 and ADM in drug-resistant murine
and human tumor lines
Tumor cells (2 to 4 X IO4) were seeded in plastic dishes containing 2 ml of
growth medium, and graded concentrations of drugs were added as described in
"Materials and Methods." After 72 h of continuous drug exposure, the tumor

Table 8 Antitumor activity of ME1ÃŒOÃŒ
and ADM on P388/ADM
P388/ADM cells (106/mouse) were implanted i.p. into CD2F, mice (6 mice/
group) on Day 0. and drugs were administered i.p. on Day 1.
wt
change*
(g)+
DrugControlME2303ADMDose(/jmol/kg)08.913182536507112172434MST
(days10.5

cells were counted.

Â±12.0Â±11.2
lineK562
Cell
1 Â±0.4"
1.4(2.8)*22
Â±
K562/ADMCCRF-CEM 31

1.00-0.2-1.4-2.5-2.5-3.7-3.7+0.1

Â±12.5
Â±12.7Â±13.5

Â±0.4
5400
(200)17
Â±2.0

GEM/VLB,Â«,A2780

Â±2.1
(0.9)3.4
20 Â±1.1

Â±0.4
1.4(3.8)2.4
65 Â±

Â±14.2
Â±9.5
Â±(10.2

2780ADKB3

Â±0.2
75
(22)18
Â±3.8

Â±0.2
940
(392)8.8
Â±44

(10.3 Â±

1
KBC-4P388

Â±0.052
(2.9)13
Â±3.7

Â±0.7
570
(65)15
+ 0.1

Â±10.0Â±7.2

Â±.B).4'.6.0.8LI.4.9>.61.4.9.31.6ILS(%)1461920283
" MST, mean survival time of deceased mice.
* Difference in body weight (g) between Days 5 and 1.
c Mean Â±SD.

interesting characteristic of ME2303 is its effects on multidrugresistant tumor cells. It is almost equally effective against
multidrug-resistant human tumor cell lines and their parental
hand, ME2303 given on the same schedule resulted in 57 to cell lines in vitro. In animal experiments using P388/VCR and
96% ILS at 18 to 71 /Â¿mol/kg,and two mice of six were cured P388/ADM, the compound also showed good therapeutic ef
with a 71-^mol/kg dose. Chemotherapeutic effects were ob
fects. P388/VCR was weakly resistant to ADM in vitro (index
tained with ME2303 in P388/ADM tumor-bearing mice (Table of resistance was 11-fold; Table 6) but not resistant to ME2303.
8). ADM doses of 12 to 34 Â¿imol/kgshowed no chemotheraA prominent Chemotherapeutic effect of ME2303 was observed
peutic effect in mice bearing P388/ADM tumors (Table 8). in vivo against P388/VCR (Table 7). P388/ADM was highly
ME2303 given on the same schedule resulted in about 30% ILS resistant to ADM in vitro (index of resistance was 153-fold;
at the dose of 36 to 50 Â¿Â¿mol/kg.
Although these survival Table 6) and showed 11-fold resistance to ME2303. ADM
advantages were smaller than those conferred by ME2303 at showed no therapeutic effect against P388/ADM in vivo, and
similar doses in the parental P388 leukemia-bearing mice, ME2303 showed a partial but significant effect against P388/
ME2303 could be effective against pleiotropic drug-resistant
ADM in vivo (Table 8). These observations suggest that the
drug-resistant index in vitro might correlate with a Chemother
tumor cells in vivo, especially against P388/VCR tumor-bearing
apeutic effect in vivo and might explain the better therapeutic
mice.
effect of ME2303 against P388/VCR tumor-bearing mice in
vivo than that against P388/ADM cells.
DISCUSSION
We have previously reported that combination therapy of
ME2303 showed significant antitumor activity against var
VCR and verapamil rendered P388 leukemia-bearing mice tu
ious murine tumor models over wide dosage ranges. Another
mor free (15). Verapamil is known to increase the effectiveness
of VCR and ADM against multidrug-resistant tumor cells (13).
Table 7 Antitumor activity of ME2ÃŒOÃŒ
and ADM on P388/ VCR
Therefore, a combination of VCR and verapamil should be
P388/VCR or P388 cells ( lO'/rnouse) were implanted i.p. into CD2F, mice (6
effective against a small subpopulation of drug-resistant P388
mice/group) on Day 0. and drugs were administered i.p. on Day 1.
that may exist in parental P388 cells. In this report, ME2303
wt
Dose
MSTÂ°
change*
alone was shown to be effective against drug-resistant human
No. of
(days)P388/VCRDrug
(/jmol/kg)
(%)
mice28
cured
(g)+0.9
and murine tumor cells. This is supposed to be one of the major
1.9Â°
Control
0
reasons that ME2303 treatment resulted in a high incidence of
ME2303
8.9
17.2 Â±3.6
1/6
+0.4
tumor-free survivors.
19.5 Â±5.3
46
+0.2
13
182535SO71VCR
22.8 Â±6.8
1/682
70
+0.2
ME2303 has now entered clinical Phase I study in Japan.
-0.8-1.7-3.7-4.5-1.6-2.5-4.0-3.2-2.4-0.2-0.4-1.5-1.5-2.6NDNDND
24.4 Â±
6.522.4
1/667
According
to the impressive effects of this compound on various
1.926.2
Â±
1/696
animal
tumors
and also on some multidrug-resistant tumors,
2.521.0
Â±
1/657
Â±9.513.3 2/6-1-928-20-822420196978Body this compound holds considerable interest for further evalua
2.112.2
+
1.42.02.73.85.4ADM
tion.
0.81 +
parent cells.

8.612172435P388

Â±2.614.5
3.7
Â±2.110.8
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