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ABSTRACT
We synthesized a novel anticancer agent MS-247 (2-[[N-[1-methyl-2-[5[N-[4-[N,N-bis(2-chloroethyl) amino] phenyl]] carbamoyl]-1H-benzimidazol-2-yl] pyrrol-4-yl] carbamoyl] ethyldimethylsulfonium di-p-toluenesulfonate) that has a netropsin-like moiety and an alkylating residue in the
structure. We evaluated antitumor activity of MS-247 using a human
cancer cell line panel coupled with a drug sensitivity database and subsequently using human cancer xenografts. The average MS-247 concentration required for 50% growth inhibition against a panel of 39 cell lines
was 0.71 mM. The COMPARE analysis revealed that the differential
growth inhibition pattern of MS-247 significantly correlated with those of
camptothecin analogues and anthracyclins, indicating that MS-247 and
the two drug groups might have similar modes of action. MS-247 exhibited
remarkable antitumor activity against various xenografts. A single i.v.
injection of MS-247 significantly inhibited the growth of all 17 xenografts
tested, which included lung, colon, stomach, breast, and ovarian cancers.
In many cases, MS-247 was more efficacious than cisplatin, Adriamycin,
5-fluorouracil, cyclophosphamide, VP-16, and vincristine and was almost
comparable with paclitaxel and CPT-11; these are the most clinically
promising drugs at present. MS-247 was noticeably more effective than
paclitaxel (in HCT-15) and CPT-11 (in A549, HBC-4, and SK-OV-3). The
toxicity of MS-247, indicated by body weight loss, was reversible within 10
days after administration. The MS-247 mode of action showed DNA
binding activity at the site where Hoechst 33342 bound, inhibited topoisomerases I and II (as expected by the COMPARE analysis) blocked the
cell cycle at the G2-M phase, and induced apoptosis. These results indicate
that MS-247 is a promising new anticancer drug candidate to be developed further toward clinical trials.

INTRODUCTION
DNA minor groove binders are an attractive source of novel antitumor agents. As a whole, they induce a huge range of mutations from
simple base sequence changes to deletions and ploidy changes (reviewed in Ref. 1). The recent increased interest in this group of
compounds stems from their ability to interact in a sequence-selective
fashion at quite long DNA binding sites, suggesting the possibility of
targeting specific DNA sequences within the genome (2– 6). Several
DNA minor groove binders proved to have potent antitumor activity
in preclinical studies and are now under clinical phase studies. They
include duocarmycin derivatives adozelesin (7–9), carzelesin (10, 11),
bizelesin (12, 13) and KW-2189 (14), and a distamycin A-derivative
tallimustine (15). However, their clinical efficacies have not been
established yet (16 –19).
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We attempted to develop a new DNA minor groove binder that has
the more promising antitumor activity. We synthesized compounds
that have two moieties in the structure. One is a netropsin-like moiety
(Fig. 1) to acquire DNA minor groove binding activity, and another is
an N,N-bis(2-chloroethyl) amino residue for DNA alkylation. Netropsin is one of the polypyrrolecarboxamides, like distamycin A, and
binds to DNA minor grooves at the A-T-rich region (20). After
screening a number of synthetic compounds, we selected MS-2473
(Fig. 1). It had shown significant cytotoxicity in several murine tumor
cell lines and strong in vivo antitumor activity against murine tumor
models in our preliminary study.
The present study was designed to evaluate the antitumor activity of
MS-247 against various human cancers in vitro and in vivo and to
elucidate its mode of action. We report here that MS-247 indicated
potent antitumor activity against all 17 human xenografts tested, and
that MS-247 bound to the DNA minor groove, inhibited topoisomerases I and II, blocked the cell cycle at G2-M phase, and induced
apoptosis.

MATERIALS AND METHODS
Chemicals. MS-247 was synthesized in the Life Sciences Laboratory Mitsui Chemicals, Inc. (Chiba, Japan). MS-247 was dissolved in N,N-dimethylformamide (Tokyo Kasei Kogyo, Tokyo, Japan) before use. CPT-11 was
kindly supplied by Yakult Honsha (Tokyo, Japan). Other anticancer drugs and
chemicals were purchased as follows: ADM and 5-FU, Kyowa Hakko Kogyo
(Tokyo, Japan); cisplatin and VP-16, Nippon Kayaku (Tokyo, Japan); CPM,
Shionogi Pharmaceuticals (Osaka, Japan); VCR, Eli Lilly Japan (Kobe, Japan);
paclitaxel, camptothecin, calf thymus DNA, RNase A, and propidium iodide,
Sigma (St. Louis, MO.); Hoechst 33342, Molecular Probes (Eugene, OR);
Proteinase K, Boehringer Mannheim (Mannheim, Germany); and fX174/
HaeIII, Toyobo (Tokyo, Japan).
Cell Lines. Human breast cancer MDA-MB-231 and leukemia HL-60 were
purchased from American Type Culture Collection (Rockville, MD). Murine
leukemia L1210, P388, and the following human cancer cell lines (21) were
generously distributed by the National Cancer Institute (Frederick, MD): lung
cancer, NCI-H23, NCI-H226, NCI-H522, NCI-H460, DMS273 and DMS114;
colon cancer, HCC-2998, KM-12, HT-29, WiDr, HCT-15, and HCT-116;
ovarian cancer, OVCAR-3, OVCAR-4, OVCAR-5, OVCAR-8, and SK-OV-3;
breast cancer, MCF-7; renal cancer, RXF-631 L and ACHN; melanoma,
LOX-IMVI; and brain tumor, U251, SF-295, SF-539, SF-268, SNB-75, and
SNB-78. Human stomach cancer, MKN-1, MKN-7, MKN-28, MKN-45,
MKN-74, and St-4, and human breast cancer BSY-1, HBC-4, and HBC-5 were
described elsewhere (22, 23). The cells were cultured in RPMI 1640 supplemented with 5% fetal bovine serum, penicillin (100 units/ml), and streptomycin (100 mg/ml) at 37°C in humidified air containing 5% CO2.
A Human Cancer Cell Line Panel and the Database. To evaluate drugs
for the cell growth inhibition profile, we established a human cancer cell line
3
The abbreviations used are: MS-247, 2-[[N-[1-methyl-2-[5-[N-[4-[N,N-bis(2-chloroethyl) amino] phenyl]] carbamoyl]-1H-benzimidazol-2-yl] pyrrol-4-yl] carbamoyl] ethyldimethylsulfonium di-p-toluenesulfonate; ADM, Adriamycin; 5-FU, 5-fluorouracil; CPM,
cyclophosphamide; VCR, vincristine; VP-16, etoposide; GI50, concentration required for
50% growth inhibition; PBS(2), calcium- and magnesium-free PBS.
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Fig. 1. Chemical structure of netropsin and MS-247. MS-247 has a netropsin-like
moiety and an alkylating residue in the structure.

panel combined with a database. The system as a whole was developed
according to the method of the National Cancer Institute (24 –26), with
modification. The cell line panel consisted of 38 human cancer cell lines,
described above, and 1 murine leukemia (P388). With this system, we have
examined the antiproliferative effect of more than 200 standard compounds,
including various anticancer drugs, and established a new database, as described below.
Measurements of Cell Growth Inhibition and Data Analysis. The details of measuring cell growth inhibition are described elsewhere (26, 27).
Briefly, the cells were plated at proper density in 96-well plates in RPMI 1640
with 5% fetal bovine serum and allowed to attach overnight. The cells were
exposed to drugs for 48 h. Then, the cell growth was determined according to
the sulforhodamine B assay, described by Skehan et al. (28). Data calculations
were made according to the method described previously (26). Absorbance for
the control well (C) and the tests well (T) were measured at 525 nm. Moreover,
at time 0 (addition of drugs), absorbance for the test well (T0) was also
measured. Using these measurements, cell growth inhibition (percentage of
growth) by each concentration of drug was calculated as: %
growth 5 100 3 [(T 2 T0)/(C 2 T0)], when T . T0 and %
growth 5 100 3 [(T 2 T0)/T], when T , T0. By using the computer to process
% growth values, the 50% growth inhibition parameter (GI50) was determined.
The GI50 was calculated as 100 3 [(T 2 T0)/(C 2 T0)] 5 50. The mean graph,
which shows the differential growth inhibition of the drug in the cell line panel,
was drawn based on a calculation using a set of GI50 (24, 25). To analyze the
correlation between the mean graphs of drug A and drug B, the COMPARE
computer algorithm was developed according to the method described by Paull
et al. (25). Peason correlation coefficients were calculated using the following
formula: r 5 (S(xi 2 xm)(yi 2 ym))/(S(xi 2 xm)2S(yi 2 ym)2)1/2, where xi and
yi are log GI50 of drug A and drug B, respectively, against each cell line, and
xm and ym are the mean values of xi and yi, respectively.
Animals. Female nude mice with BALB/c genetic backgrounds were purchased from Charles River Japan, Inc. (Kanagawa, Japan). They were maintained under specific pathogen-free conditions and provided with sterile food
and water ad libitum. Seven-week-old mice weighing 16 –22 g were used for
this study.
Drugs and Administration. Drug administration was done i.v. We selected an administration schedule of single shot for MS-247, according to the
results in animal tumor models.4 We first determined the maximum tolerable
dose of MS-247 in the schedule, which was 30 mg/kg. To evaluate the
4

Unpublished results.

antitumor effect, MS-247 was given to tumor-bearing nude mice at doses of
30, 25, and 21 mg/kg for lung cancer xenografts and at a dose of 25 mg/kg for
other xenografts. The reference drugs chosen were CPT-11, paclitaxel, cisplatin, ADM, 5-FU, CPM, VP-16, and VCR. Each reference drug was given at the
maximum tolerable dose in the optimal schedule.
Antitumor Activity against Xenografts. Six lung cancers (NCI-H23,
NCI-H226, NCI-H460, A549, DMS114, and DMS273), four stomach cancers
(MKN-1, MKN-7, MKN-74, and St-4), three colon cancers (HCC-2998, HCT116, and HCT-15), two breast cancers (HBC-4 and MDA-MB-231), and two
ovarian cancers (SK-OV-3 and OVCAR-8) were used to evaluate antitumor
activity of MS-247. They were grown as s.c. tumors in nude mice. Nude mice
were inoculated s.c. with a 3 3 3 3 3-mm tumor fragment. When the tumor
reached 100 –300 mm3 in volume, animals were divided randomly into test
groups consisting of six mice per group (day 0). Drugs were administered from
day 0 according to the dose schedules indicated. The mice were weighed twice
each week up to days 24 –31 to monitor the toxic effects. The length (L) and
width (W) of the tumor mass were measured twice a week up to days 24 –31,
and the tumor volume (TV) was calculated as: TV 5 (L 3 W2)/2. The tumor
volume at day n was expressed as relative tumor volume (RTV), according to
the following formula: RTV 5 TVn/TV0, where TVn is the tumor volume at day
n, and TV0 is the tumor volume at day 0. Tumor regression (T/C%) on day 14
was determined by calculating RTV as: T/C% 5 100 3 (mean RTV of treated
group)/(mean RTV of control group). Statistical evaluations of RTV were
performed using the Mann-Whitney U test.
Measurement of Fluorescence of DNA-bound Hoechst 33342. In the cell
free system, 1 mg of calf thymus DNA and 0.8 mg of Hoechst 33342 were
mixed in 0.2 ml of PBS(2) and preincubated for 10 min at room temperature
in a 96-well plate. Then, MS-247 was added at final concentrations of 0.01–30
mg/ml. After another 10-min incubation, the fluorescence derived from the
Hoechst 33342 bound to DNA was measured with a fluorometer (excitation
wavelength, 355 nm; and emission wavelength, 460 nm). In the cellular
system, L1210 cells (4 3 105 cells in 1 ml of culture medium) were preincubated with Hoechst 33342 (4 mg/ml) at 37°C for 20 min. Then, MS-247 was
added at final concentrations of 0.01–100 mg/ml. After another 20-min incubation, the cells were washed once with ice-cold PBS(2), resuspended in
ice-cold PBS(2), and transferred into a 96-well plate. Fluorescence was
measured as described above.
Cell Cycle Analysis. Cell cycle analysis was performed using flow cytometry, as described previously (29). The L1210 cells were exposed to MS-247
for 3– 48 h. The cells were harvested, washed with ice-cold PBS(2), and fixed
in 70% ethanol. The cells were washed twice with ice-cold PBS(2) again,
treated with RNase (0.25 mg/ml) at 37°C for 1 h, and stained with propidium
iodide (50 mg/ml). The DNA content of the cells was analyzed using an EPICS
ELITE flow cytometer (Coulter, Hialeah, FL).
Topoisomerase Activity Assays. Topoisomerase I enzyme activity was
measured by DNA relaxation assay using the Topoisomerase I Drug Screening
kit (TopoGEN, Columbus, OH). Briefly, supercoiled DNA (0.25 mg) was
suspended in a standard reaction mixture [10 mM Tris-HCl (pH 7.9), 1 mM
EDTA, 150 mM NaCl, 0.1% BSA, 0.1 mM spermidine, and 5% glycerol].
MS-247 was added to the mixture before the reaction was started by topoisomerase I enzyme addition. After a 30-min incubation at 37°C, the reaction
was stopped by adding 0.1 volume of 10% SDS. The DNA-bound protein
(topoisomerase I) was digested by proteinase K (41.7 mg/ml) at 37°C for 30
min. The proteinase K was removed by chloroform:isoamylalcohol (24:1, v/v)
treatment. DNA samples were then analyzed by 1% agarose gel electrophoresis.
DNA Fragmentation Assay. DNA fragmentation was analyzed by agarose
gel electrophoresis. The HL-60 cells (5 3 105) were treated with 0.2 or 2 mM
MS-247 or 20 nM camptothecin at 37°C for 20 h. The drug-treated cells were
harvested and then suspended in TNE buffer [10 mM Tris-HCl (pH 7.6), 140
mM NaCl, and 1 mM EDTA]. Subsequently, it was lysed by incubation at 37°C
for 30 min in the TNE buffer containing 0.2 mg/ml of RNase A, 0.2 mg/ml of
Proteinase K, and 0.83% SDS. DNA extraction was performed as described
previously (30), and extracted DNA was resuspended in TNE buffer, then
treated with RNase A (0.2 mg/ml) at 37°C for 30 min, after Proteinase K (0.2
mg/ml) digestion at 37°C for 30 min. The purified DNA was resolved by
electrophoresis in 2% agarose gels, stained with ethidium bromide, and visualized under UV light.

4043

Downloaded from cancerres.aacrjournals.org on November 12, 2019. © 1999 American Association for Cancer
Research.

ANTITUMOR ACTIVITY OF MS-247 AGAINST XENOGRAFTS

Fig. 2. Growth inhibition against a panel of 38 human cancer cell
lines. The mean graph was produced by computer processing of the
GI50s as described in “Materials and Methods.” The log GI50 for each
cell line is indicated. Columns extending to the right, sensitivity to
MS-247; columns extending to the left, resistance to MS-247. One
scale represents one logarithm difference. MG-MID, the mean of log
GI50 values for 39 cell lines. Delta, the logarithm of difference
between the MG-MID and the log GI50 of the most sensitive cell line.
Range, the logarithm of difference between the log GI50 of the most
resistant cell line and the log GI50 of the most sensitive one.

RESULTS
Growth Inhibition against a Panel of 38 Human Cancer Cell
Lines. We have established a new human cancer cell line panel
coupled with a drug sensitivity database, which is similar to the one
developed by the National Cancer Institute (24 –26). This panel consists of 38 human cancer cell lines and murine leukemia P388. Thus
far, we have used this panel to evaluate more than 200 standard
agents, most of which are anticancer drugs and various types of
inhibitors. We have also added the growth-inhibitory parameters to
the database. We compared standard drugs with each other for the
mean graph pattern using COMPARE analysis and confirmed that
drugs sharing a certain mode of action clustered together, as described

previously (24, 25). The patterns in the mean graphs of drugs with
common modes of action resembled one another.
Using the human cancer cell line panel, we investigated the cell
growth inhibition profile of MS-247. Fig. 2 shows the mean graph of
MS-247 based on the growth inhibition parameter of GI50. MS-247
showed differential growth inhibition, and it seemed to be more
effective against lung cancer cell lines. The mean log GI50 of MS-247
was 26.15 (0.71 mM), which fell in the middle of the range of
presently used anticancer drugs in the panel (Fig. 3). The COMPARE
analysis of the mean graph revealed that MS-247 significantly correlated with two main groups of anticancer agents (Table 1). The first
was a camptothecin analogue group, including CPT-11, SN-38 (active
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Fig. 3. Comparison of MS-247 with clinically active anticancer agents for the mean log GI50 against 39 cell lines. The GI50 of each drug to 39 cell lines was determined as described
in “Materials and Methods.” F, mean log GI50 of each drug.

metabolite of CPT-11), and camptothecin. The second was an anthracyclin group, including epirubicin, ADM, mitoxantrone, KW-2170,
and daunorubicin. These results indicate that MS-247 may share some
modes of action with both groups.
Antitumor Activity of MS-247 against Human Cancer Xenografts. To evaluate the antitumor activity of MS-247, we developed various human cancer xenografts by s.c. injecting 17 cell lines of
the panel into nude mice. We examined the antitumor activity and the
toxicity of MS-247 using six lung cancer xenografts (Fig. 4). The four
lung cancer cell lines, NCI-H23, NCI-H226, NCI-H460, and A549,
were originally non-small cell lung cancers, and others, DMS273 and
DMS114, were small cell lung cancers. A single i.v. administration of
MS-247 on day 0 significantly inhibited tumor growth at all of the
dosages, 30, 25, and 21 mg/kg (Fig. 4, upper panels). There were not
major differences in the efficacy within a dose range, indicating that
MS-247 was effective in a rather wide dose range. It is remarkable
that MS-247 induced tumor regression during a certain period in
NCI-H23, NCI-H226, DMS273, and DMS114. As for toxicity, the
body weight of the tumor-bearing mice decreased by day 10 after the
administration, but it was recovered afterward (Fig. 4, lower panels).
These results demonstrated the therapeutic efficacy of MS-247 in the
nude mice bearing lung cancer xenografts.
Then, we examined MS-247 for activity against 10 other xenografts including colon, stomach, breast, and ovarian cancers, and
we compared MS-247 with eight major anticancer drugs, paclitaxel, CPT-11, cisplatin, ADM, 5-FU, CPM, VP-16, and VCR
(Table 2). A single injection of 25 mg/kg MS-247 showed significant antitumor activity against all 17 xenografts tested. MS-247
was more effective in most xenografts than cisplatin, ADM, 5-FU,
CPM, VP-16, or VCR. MS-247 was comparable to paclitaxel and
CPT-11, presently the most promising drugs. Noticeably, MS-247
was more effective than paclitaxel in HCT-15 and than CPT-11 in
A549, HBC-4, and SK-OV-3; therefore, it showed a higher response rate than paclitaxel and CPT-11.
DNA Binding of MS-247. Hoechst 33342 is a fluorochrome that
binds to the DNA minor groove and generates specific fluorescence

(31, 32). To confirm MS-247 binding to DNA, we observed the effect
of MS-247 on the fluorescence generated by DNA-bound Hoechst
33342. In a cell free system, the fluorescence of DNA-bound Hoechst
33342 was quenched after MS-247 was added in a dose-dependent
manner (Fig. 5A). Similar results were obtained when fluorescence
was measured in the cellular system where MS-247 was exogenously
added to L1210 cells that had been preincubated with Hoechst 33342
(Fig. 5B). These results indicated that MS-247 may have displaced the
DNA-bound Hoechst 33342 on the DNA.
Inhibition of Topoisomerase I by MS-247. Some of the DNA
minor groove binders reportedly inhibit topoisomerases (1). In addition, the COMPARE analysis of the mean graph of MS-247 suggested
that the mode of action of MS-247 was similar to camptothecin
analogues and anthracyclins, which inhibit topoisomerases I and II,
respectively. Therefore, we examined whether MS-247 inhibited topoisomerases (Fig. 6). Topoisomerase I converted supercoiled DNA
to nicked and relaxed DNA. MS-247 inhibited the process in a
dose-dependent manner. These results demonstrated that MS-247 had
topoisomerase I inhibitory activity at concentrations of 50 –100 mg/
ml. MS-247 also inhibited topoisomerase II activity at the same
concentration range (data not shown).

Table 1 The COMPARE analysis of MS-247
The mean graph of MS-247 was compared with those of 200 standard compounds
using the COMPARE analysis. Drugs were ordered according to the correlation coefficient. Drugs with correlation coefficients higher than 0.5 (P , 0.001) were included.

a

Ranking order

Drug

ra

1
2
3
4
5
6
7
8
9
10

SN-38
CPT-11
Epirubicin
ADM
Mitoxantrone
KW2170
Melphalan
DMDC
Camptothecin
Daunorubicin

0.688
0.683
0.636
0.602
0.596
0.588
0.579
0.575
0.557
0.516

Peason correlation coefficient.
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Fig. 4. Effect of MS-247 on the tumor growth
and the body weight change in nude mice bearing
human lung cancer xenografts. Tumor inoculation
was carried out as described in “Materials and
Methods.” MS-247 was administered on day 0 at
doses of 30 (‚), 25 (E), 21 (M), and 0 mg/kg (F,
control). Each curve represents the average of six
mice.

centration, indicating that MS-247 blocked the cell cycle at the G2-M
phase.
Apoptosis Induced by MS-247. We tested the apoptosis-inducing
ability of MS-247 in HL-60 cells by DNA fragmentation assay. As

Effects of MS-247 on the Cell Cycle. We investigated the effect
of MS-247 on cell cycle progression in L1210 cells (Fig. 7). The cells
were exposed to 10, 30, and 100 ng/ml of MS-247 for 3– 48 h. The cell
population in G2-M phase increased time dependently at each con-

Table 2 Antitumor activity of MS-247 against human cancer xenografts
Nude mice were each inoculated s.c. with a 3 3 3 3 3-mm tumor fragment. When tumors reached 100 –300 mm3 in volume, animals were divided randomly into test groups of
six each (day 0). Drugs were administered from day 0 according to the dose schedules indicated. Tumor regression (T/C %) on day 14 was determined.
T/C (%)
Drug dose
(mg/kg)a scheduleb
Lung cancer
NCI-H23
NCI-H226
NCI-H460
A 549
DMS 114
DMS 273
Stomach cancer
MKN-1
MKN-7
MKN-74
St-4
Colon cancer
HCC-2998
HCT-1116
HCT-15
Breast cancer
HBC-4
MDA-MB-231
Ovarian cancer
SK-OV-3
OVCR-8
Positive rate
a
b
c

MS247
25
qd 3 1

Cisplatin
10
qd 3 1

Paclitaxel
28
qd 3 5

CPT-11
100
q4d 3 3

ADM
12
qd 3 1

5-Fu
50
q4d 3 3

CPM
260
qd 3 1

VP-16
12
qd 3 5

VCR
1.6
qd 3 1

4c
29c
32c
50c
19c
2c

10c
71
45c
78
69
33c

4c
6c
22c
29c
27c
1c

8c
14c
35c
75
20c
5c

43c
40c
45c
78
52
71

63
70
41
111
63
70

21c
89
60
88
9c
43c

67
78
66
76
61
137

67
24c
81
73
20c
27c

42c
32c
35c
24c

63
60
78
62

46c
11c
16c
22c

49c
41c
28c
42c

41
58
78
66

55
75
76
55

74
79
69
95

103
68
134
86

88
66
82
87

28c
30c
46c

52
78
54

1c
5c
78

16c
11c
10c

72
60
73

42
48c
61

71
53
53

76
64
66

73
57
104

24c
18c

56
28c

37c
13c

54
50c

46c
86

49c
83

41c
25c

86
56

46c
32c

39c
36c

72
69

45c
17c

80
18c

53
58

75
76

105
78

100
74

85
80

17/17

4/17

16/17

14/17

4/17

2/17

5/17

0/17

5/17

Each drug was administered at MTD in the schedule indicated.
The administration schedules were abbreviated as: qd 3 1, a single injection; qd 3 5, five daily injections; q4d 3 3, 3 injections with a 4-day interval.
P , 0.01 by Mann Whitney U test as compared with respective control.
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Fig. 5. Quenching of the fluorescence of DNA-bound Hoechst 33342
by MS-247. The fluorescence of DNA-bound Hoechst 33342 was measured under the following conditions: A, calf thymus DNA was preincubated with Hoechst 33342 and then incubated with MS-247; B, L1210
cells were preincubated with Hoechst 33342 and then incubated with
MS-247. The fluorescence derived from DNA-bound Hoechst 33342
decayed when MS-247 was added to the two systems.

shown in Fig. 8, MS-247 at concentrations around IC50 induced a
DNA ladder in HL-60 cells. These results demonstrated that MS-247
induced apoptosis.
DISCUSSION
MS-247 is a synthetic compound with a netropsin-like moiety and
an alkylating residue in its structure. We found MS-247 by screening
about 300 similar compounds, based primarily on the activity of tumor
cell growth inhibition, and selected MS-247 for extensive evaluation
because of its significant antitumor activity against murine tumors,
L1210 and colon 26, and its higher stability.4
In the present study, we evaluated the antitumor activity of MS-247
by an in vitro and in vivo human cancer cell line panel. The mean log
GI50 of MS-247 was 26.15 (0.71 mM), which fell in the middle of the
range of anticancer drugs presently in use. The COMPARE analysis
indicated that the differential growth inhibition pattern of MS-247 (the
mean graph) significantly correlated with those of camptothecin analogues and anthracyclins, suggesting that the modes of action are
similar. The most remarkable feature of MS-247 was its efficacy

Fig. 6. Inhibition of topoisomerase I by MS-247. Supercoiled DNA was mixed with an
indicated concentration of MS-247 or camptothecin before topoisomerase I was added.
After a 30-min incubation at 37°C, the reaction mixture was treated as described in
“Materials and Methods,” and the DNA was analyzed by 1% agarose gel electrophoresis.
MS-247 inhibited the topoisomerase I-induced DNA relaxation at concentrations of 50
and 100 mM. Camptothecin was used as a positive control.

against human xenografts. A single 25 mg/kg injection of MS-247
showed significant antitumor activity against all 17 xenografts tested,
which included lung, colon, stomach, breast, and ovarian cancers. In
comparison with the clinically active drugs, MS-247 was more effective than cisplatin, ADM, 5-FU, CPM, VP-16, and VCR, in most
cases, and moreover, was almost comparable with paclitaxel and
CPT-11, the most clinically promising drugs at the present. These
results demonstrated the broad anticancer spectrum of MS-247. It is
noticeable that MS-247 was more effective than paclitaxel in HCT-15
and than CPT-11 in A549, HBC-4, and SK-OV-3. On the other hand,
the toxicity of MS-247, indicated by the body weight loss, was
reversible within 10 days after the administration. In our preliminary
study, the dose-limiting toxicity of MS-247 was bone marrow suppression. Our results suggest that MS-247 is a promising anticancer
drug candidate for further research and development toward clinical
investigation.
We also investigated the mode of action of MS-247. We confirmed
its binding to DNA by the fact that MS-247 displaced DNA-bound
Hoechst 33342 both in the cell-free system and in the cellular system.
Hoechst 33342 is a fluorochrome that binds to AT-rich sites in the
DNA minor groove and covers four bp, AATT (31, 32). Therefore, it
seems correct to consider MS-247 as a DNA minor groove binder, as
expected, and that it shares sequence specificity at least with Hoechst
33342.
MS-247 proved to have inhibitory activity against topoisomerases I
and II. This was reasonable to expect because several DNA minor
groove binders reportedly inhibit topoisomerases. For example,
Hoechst 33342, Hoechst 33258, distamycin A, berenil, netropsin, and
tallimustine inhibited topoisomerase I (33–35), and distamycin A and
tallimustine inhibited topoisomerase II (34, 36). The inhibitory activity against topoisomerase I and II was also expected because the
results of the COMPARE analysis suggested that the mode of action
of MS-247 was similar to those of camptothecin analogues (topoisomerase I inhibitors) and anthracyclins (topoisomerase II inhibitors).
Therefore, topoisomerases I and II are at least the molecular targets of
MS-247. Moreover, there might be other possible targets, such as
other enzymes, involved in DNA metabolism and/or transcription
factors because their activities were inhibited by some DNA minor
groove binders (34, 37, 38).
MS-247 blocked the cell cycle at the G2-M phase and induced
apoptosis. The G2-M blockage is the common feature of DNA minor
groove binders (1, 39). However, subsequent induction of apoptosis
by this type of drug has not been studied, except for apoptosis induced
by Hoechst 33342 (40, 41). We showed here the induction of apoptosis by MS-247, which possibly contributes to in vivo efficacy, at
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Fig. 7. Effect of MS-247 on cell cycle. L1210 cells were exposed to 0 (A), 10 (B), 30 (C), and 100 ng/ml (D) of MS-247 for 3– 48 h. Then, the DNA content of the cells was analyzed
by a flow cytometer as described in “Materials and Methods.” When exposed to MS-247, the cell population in the G2-M phase significantly increased.

least in part. Recently, the analysis of the apoptotic cascade induced
by anticancer drugs has been studied (42). It seems an important next
step to analyze the mechanism of apoptosis induced by MS-247 and
to compare MS-247 with other antitumor agents.
Tallimustine, a derivative of distamycin A, has the closest structural
relationship to MS-247 of the DNA minor groove binders that were
developed as anticancer drugs. Although tallimustine was subjected to
clinical trials, its efficacy has not yet been demonstrated (17, 18). It
may be important to compare MS-247 and tallimustine in a preclinical
study. In our preliminary study, the sequence specificity of DNA
binding between the two is slightly different, suggesting that MS-247
is different from tallimustine in biological activity.
We report here our synthesis of a novel DNA minor groove binder,
MS-247, and have demonstrated its strong antitumor activity against
several human cancer xenografts. We see that MS-247 binds to DNA,
inhibits topoisomerases and other possible targets around DNA,
blocks the cell cycle at G2-M, and induces apoptosis. MS-247 is a
promising new anticancer drug for further development toward clinical investigation.
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Fig. 8. Apoptosis induced by MS-247. Total DNA was extracted from HL-60 cells
treated with nothing (Lane 1), 2 mM MS-247 (Lane 2), 0.2 mM MS-247 (Lane 3), or 20 nM
camptothecin (Lane 4). Then, DNA fragmentation was measured by electrophoresis, as
described in “Materials and Methods.” Camptothecin was used as a positive control. Lane
M, DNA size markers (fx174/HaeIII).
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