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In vivo Anti-tumor Activity of a Novel Indolocarbazole Compound, J-107088, on 
Murine and Human Tumors Transplanted into Mice
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Hajime Morishima and Susumu Nishimura
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J-107088 (6-N-(1-hydroxymethyl-2-hydroxy)ethylamino-12,13-dihydro-2,10-dihydroxy-13-(ββββ-D-glu-
copyranosyl)-5H-indolo[2,3-a]-pyrrolo [3,4-c]carbazole-5,7(6H)-dione) is a derivative of NB-506, an
indolocarbazole compound previously reported as an anti-tumor agent targeting topoisomerase I.
The optimal administration schedule of J-107088 was found to be intermittent injections. The
GID75 (75% growth inhibiting total dose) values of J-107088 against LX-1 lung cancer and PC-3
prostate cancer when given by intermittent injection (twice a week for 2 consecutive weeks) were
200 and 15 mg/m2, respectively, whereas the 10% lethal dose (LD10) values of J-107088 against LX-
1- and PC-3-bearing mice were 578 and 1200 mg/m2. The ratio of LD10/GID75 indicates the thera-
peutic window of an anti-tumor agent. Although the ratios of doxorubicin, paclitaxel and cisplatin
against PC-3 were <<<<0.3, <<<<0.5 and <<<<0.2, J-107088 showed the widest therapeutic window among the
anti-tumor drugs tested. J-107088 was also effective on cells that had acquired resistance related to
P-glycoprotein. Furthermore, J-107088 was found to be highly effective in inhibiting proliferation
of micro-metastases of tumors to the liver in mice. Therefore, J-107088 is considered to be a prom-
ising candidate as an anti-tumor drug for treatment of solid tumors in humans.
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The indolocarbazole compound NB-506 (Fig. 1A) was
previously reported as a new selective topoisomerase I
inhibitor.1, 2) NB-506 has strong anti-tumor effects and less
cumulative toxicity than presently available anti-tumor
drugs in terms of lethality. NB-506 was effective at doses
of 90 to 300 mg/m2/day for 10 consecutive days against
the human colon tumor LS180 xenografted into nude
mice, and at 30 to 300 mg/m2/day for 10 consecutive days
against xenografted human lung tumor PC-13. But
although it shows good anti-tumor activity, its effective
dosage is higher than those of other anti-tumor drugs.

Therefore, many derivatives of NB-506 have been syn-
thesized in attempts to obtain more effective and less toxic
compounds than NB-506. Of these derivatives of NB-506,
J-107088 (6-N-(1-hydroxymethyl-2-hydroxy)ethylamino-
12,13-dihydro-2,10-dihydroxy-13-(β-D-glucopyranosyl)-
5H-indolo[2,3-a]-pyrrolo[3,4-c]carbazole-5,7(6H)-dione)
(Fig. 1B) was found to be the most potent inhibitor of
topoisomerase I.3)

This paper reports studies on the anti-tumor efficacy of
J-107088 against various human xenografts and murine
tumors, including a P-glycoprotein-mediated multi-drug-
resistant tumor, and its lethal toxicity in mice. In addition,
the anti-metastatic effect of J-107088 is described. Bio-

chemical studies on J-107088 have been reported by
Yoshinari et al.3)

MATERIALS AND METHODS

Mice  Female CDF1 mice were purchased from Charles
River Japan (Kanagawa), and Balb/c nu/nu mice from
Japan CLEA (Tokyo). All mice were 5 or 6 weeks old at
the start of experiments.
Tumors  Murine P388/ADM leukemia cells were pro-
vided by Dr. T. Tsuruo of the Institute of Molecular and
Cellular Biosciences, University of Tokyo. Murine liver
metastatic tumor cells, IMC-HM cells, were established in
our institute.4) Human lung tumor LX-1 cells were pro-
vided by Dr. K. Komiyama of Kitasato Institute, Tokyo.
Human stomach tumor MKN-45 cells were purchased
from Immuno Biological Laboratories (Gunma). Human
bladder tumor UM-UC-3 cells, human cervix tumor
HeLaS3 cells, human melanoma C32 cells and human
prostate tumor PC-3 cells were purchased from the Ameri-
can Type Culture Collection (Rockville, MD). Human
colon tumor LS180 cells were provided by Dr. H. Fuka-
zawa of the National Institute of Health, Tokyo. Human
breast tumor MX-1 cells were provided by Dr. T. Tashiro
of the Japanese Foundation for Cancer Research, Tokyo.

In in vivo anti-tumor tests, mice received transplants of
these cells propagated in vivo.
J-107088 and other chemicals  J-107088 was synthesized
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in our institute by a procedure to be reported elsewhere.
NB-506 was synthesized by a published method.5) Doxo-
rubicin was purchased from Kyowa Hakko Kogyo Co.
(Tokyo), and etoposide and cisplatin from Nippon Kayaku
Co. (Tokyo). Paclitaxel was purchased from Sigma Chem-
ical Co. (St. Louis, MO).
In vivo anti-tumor evaluation  Growth-inhibitory effects
on P388/ADM cells implanted into the peritoneal cavity
of CDF1 mice (control, n=10; test, n=5) at 1×106 cells/
mouse on day 0 were evaluated by determination of sur-
vival days after tumor implantation. Effects on human
tumors were examined by tumor regression assay as fol-
lows. A human tumor grown s.c. in nude mice was cut

into 3 mm cubes and transplanted s.c. into the flank of
mice. The i.v. injections of various concentrations of J-
107088 were started when the tumor nodules reached 0.2
cm3 or more according to the schedule for each experiment
(control, n=12; test, n=6). The most frequently used
administration schedule was injections twice a week for 2
consecutive weeks. In the case of NB-506, cisplatin, doxo-
rubicin and paclitaxel were administered at their optimum
schedules. Tumor volumes and body weights were
recorded periodically. Tumor volumes were calculated
according to the formula (L×W2)/2, where L is the length
(longer diameter) and W is the width (shorter diameter) of
the tumor.6) In anti-metastatic assays, CDF1 mice with a
s.c. transplant of IMC-HM cells (5×104 cells/mouse) were
treated with various doses of J-107088 from 4 days after
the implantation. Anti-metastatic effects were evaluated by
monitoring survival periods.

The doses of drugs are expressed in mg/m2; a dose of 1
mg/kg approximately corresponds to that of 3 mg/m2 in
mice.7) J-107088 and doxorubicin were dissolved in 5%
glucose. Cisplatin and etoposide were diluted with 5%
glucose when necessary.  Paclitaxel dissolved in 50% eth-
anol-50% Cremophor EL was diluted 10-fold with saline.
Efficacy and lethality  In human tumor xenograft experi-
ments, values for GID75 (75% tumor growth inhibiting
total dose) and LD10 (10% lethal dose in xenograft experi-
ments) were calculated. Ratios of LD10 to GID75 were also
calculated as an indicator of therapeutic windows.
Statistical analysis  Statistical analysis by the Mann-

Fig. 1. Structures of indolocarbazole compounds.

Table I. Anti-tumor Effects and Toxicities of J-107088 on Various Administration Sched-
ules in Mice with a Human LX-1 Lung Tumor

Total dose
(mg/m2)

Treatment schedule

1/w×2 2/w×2 5/w×2

Anti-tumor
(Inh.%)

BWCa)

(g)
Anti-tumor

(Inh.%)
BWC

(g)
Anti-tumor

(Inh.%)
BWC

(g)

0 0 +0.6 0 −0.4 0 −0.7
6.4 1 +0.3

16 16 −0.3 23 −0.6
32 18 +1.2
80 52* −0.4 25 −0.8

160 80** +0.7
400 77** −0.6 Toxic death
800 70* +1.7

2000 89*** −1.1

a) Body weight change in the period from day 26 to 39.
∗ , ∗∗  and ∗∗∗ : P<0.05, 0.01 and 0.001 by the U-test.
LX-1 cells were transplanted s.c. into nude mice on day 0. Tumor volumes were measured
on day 43. J-107088 was injected i.v. according to the indicated schedules. 1/w×2 means
once a week for 2 consecutive weeks (days 26 and 33). 2/w×2 means twice a week for 2
consecutive weeks (days 26, 29, 33 and 36), and 5/w×2 means five times a week for 2 con-
secutive weeks (days 26–30 and 33–37).
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Whitney U-test was performed to compare each treatment
group with the corresponding control group.

RESULTS

Treatment schedule-dependent anti-tumor effect of J-
107088 in vivo  J-107088 was injected i.v. into female
nude mice with LX-1 human lung tumor once a week,
twice a week or 5 times a week for 2 consecutive weeks to
determine the appropriate administration schedule. As
shown in Table I, injections once a week or twice a week
significantly inhibited tumor growth, while consecutive
injections caused toxic death at high doses and failed to
inhibit tumor growth at sub-toxic doses.

The optimal administration schedule for J-107088 may
vary with the tumor tested, depending upon the growth
rate of the tumor and other factors, but the recommended
administration schedule for J-107088 is probably once or
twice a week because J-107088 is tightly bound to a
DNA-protein complex in the cells.3)

Regressive effects on human solid tumor xenografts
The anti-tumor effects of doxorubicin (5 times a week
for 2 consecutive weeks), paclitaxel (5 times a week for
2 consecutive weeks) and cisplatin (twice a week for 2

Table II. Comparison of Anti-tumor Activities of J-107088, Cisplatin, Doxorubicin and
Paclitaxel in Mice with Xenografts of LX-1 Human Lung Tumor

Compound Dose
(mg/m2/day) Schedule

Tumor volume Body weight
change (g)a)

cm3±SE Inh.%

Control 2/w×2 1.32±0.23 0 −0.4
J-107088 4 2/w×2 1.11±0.22 16 −0.3

20 2/w×2 0.64±0.15* 52 −0.4
100 2/w×2 0.30±0.07** 77 −0.6
500 2/w×2 0.15±0.06*** 89 −1.1

Cisplatin 1.2 2/w×2 1.16±0.10 11 −1.2
6 2/w×2 0.75±0.16* 43 −3.0

30 2/w×2 Toxic death —

Control 5/w×2 1.34±0.31 0 −0.7
Doxorubicin 1.2 5/w×2 1.02±0.20 24 −1.0

6 5/w×2 1.17±0.29 13 −1.1
30 5/w×2 Toxic death —

Control 5/w×2 1.38±0.13 0 +0.3
Paclitaxel 5 5/w×2 1.26±0.34 9 −1.7

15 5/w×2 1.50±0.12 −9 −1.1
45 5/w×2 0.71±0.16** 49 −3.4

a) Body weight change in the period from day 26 to 39.
∗ , ∗∗  and ∗∗∗ : P<0.05, 0.01 and 0.001 by the U-test.
LX-1 cells were transplanted s.c. into nude mice on day 0. Tumor volumes were measured
on day 43. J-107088 was injected i.v. according to the indicated schedules. 1/w×2 means
injections on days 26 and 33.  2/w×2 means injections on days 26, 29, 33 and 36.  5/w×2
means injections on days 26–30 and 33–37.

Fig. 2. Regressive effect of J-107088 on LX-1 human lung
tumor in nude mice.  LX-1 cells were transplanted s.c. into nude
mice on day 0. J-107088 was administered i.v. twice a week for
2 consecutive weeks in the period shown by arrows in the figure.
Control ( ), J-107088 at 4 mg/m2 ( ), J-107088 at 20 mg/m2

( ), J-107088 at 100 mg/m2 ( ), J-107088 at 500 mg/m2 ( ).
Bars, SE.
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consecutive weeks) on an LX-1 xenograft model were
compared with that of J-107088. Treatments were started
when the tumor reached 0.59 cm3 (day 26). J-107088 sup-
pressed tumor growth at 20 mg/m2/day and caused regres-
sion of tumors at 100 mg/m2/day or more (Fig. 2). Cisplatin
and paclitaxel also suppressed tumor growth, but did not
cause tumor regression at their maximal tolerated doses
(Table II).

The anti-tumor activity of J-107088 against PC-3
human prostate tumor cell xenografts in male nude mice
was also investigated (Table III). The efficacy of J-107088
was compared with those of NB-506, paclitaxel, doxorubi-
cin and cisplatin. The effective dose range of J-107088
was 4 to 500 mg/m2/day. NB-506 also significantly inhib-

ited the growth of PC-3 at 30 to 300 mg/m2/day. Pacli-
taxel inhibited the growth of prostate tumor only at 45
mg/m2/day. Its effective dose range was narrower than
that of J-107088 (Table III). Doxorubicin and cisplatin did
not inhibit the growth of prostate tumor PC-3 at their max-
imum tolerated doses of 6 mg/m2/day. Therefore, the
effective dose range and efficacy of J-107088 against the
PC-3 human prostate tumor were superior to those of NB-
506, paclitaxel, doxorubicin and cisplatin.
Therapeutic windows of J-107088 on various tumor
cells in vivo  To evaluate efficacy and toxicity, we calcu-
lated the GID75 and LD10 values. The GID75 value was
defined as the dose that reduced the volume of solid
tumors by 75% relative to that of control tumors. The LD10

value indicates the dose that killed 10% of the mice on the
treatment schedule. The LD10 to GID75 ratio is a measure
of the therapeutic window of a drug. If the ratio is less
than 1.0, a drug cannot inhibit the growth of a solid tumor
without causing severe toxicity. We thought that GID75

represents a sufficient dose for growth-inhibiting activity
against solid tumors. On the other hand, LD10 on the treat-
ment schedule is a good parameter for evaluating the tox-
icity of the tested compounds. Therefore, the LD10/GID75

ratio represents the therapeutic window of a test com-
pound.

The therapeutic window of J-107088 against PC-3 pros-
tate cancer was 38.5, while those of NB-506, paclitaxel,
doxorubicin and cisplatin were 1.3, less than 0.3, less than
0.5 and less than 0.2, respectively (Table IV and Fig. 3).

Table III. Growth-inhibitory Effects of Various Anti-tumor Drugs on PC-3 Human Pros-
tate Tumor in Nude Mice

Compound Dose
(mg/m2/day) Schedule

Tumor volume Body weight
change (g)a)

cm3±SE Inh.%

Control 2/w×2 2.40±0.36 0 −0.6
J-107088 0.8 2/w×2 1.89±0.35 21 −0.6

4 2/w×2 0.54±0.24** 78 −1.3
20 2/w×2 0.31±0.08*** 87 −1.6

100 2/w×2 0.30±0.08*** 88 −1.5
500 2/w×2 0.16±0.07** 93 −2.9

NB-506 30 5/w×2 0.96±0.31* 60 −1.1
90 5/w×2 0.23±0.08*** 90 −1.7

300 5/w×2 0.16±0.06** 93 −4.4
Paclitaxel 15 5/w×2 1.22±0.40 49 −2.3

45 5/w×2 0.70±0.23* 71 −4.0
Doxorubicin 1.2 5/w×2 2.21±0.48 8 −1.3

6 5/w×2 2.71±0.70 −13 −2.1
Cisplatin 1.2 2/w×2 2.93±1.04 −22 −1.5

6 2/w×2 1.46±0.60 39 −3.6

∗ , ∗∗  and ∗∗∗ : P<0.05, 0.01 and 0.001 by the U-test.
PC-3 cells were transplanted s.c. on day 0. Tumor volumes were measured on day 73. Body
weight change from day 48 to 60 is shown.

Table IV. Comparison of Therapeutic Windows of J-107088,
NB-506, Paclitaxel, Doxorubicin and Cisplatin in Mice with
Xenografts of PC-3 Human Prostate Tumor

Compound
(mg/m2, total dose) Ratio

(LD10/GID75)LD10
a) GID75

b)

J-107088 578 15 38.5
NB-506 641 505 1.3
Paclitaxel <150 >450 <0.3
Doxorubicin 32 >60 <0.5
Cisplatin <4.8 >24 <0.2

a) LD10: 10% killing dose on the treatment schedule.
b) GID75: 75% growth inhibiting dose.
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The therapeutic windows of J-107088 against various
other tumor cells were also investigated. The ranges of
therapeutic windows of J-107088 were 6 to 103, depend-
ing on the type of tumor (Fig. 4). J-107088 consistently
showed a much wider therapeutic window than NB-506.
The therapeutic window of J-107088 was more than 100
with UM-UC-3. This enormous safety margin has not been
observed previously with other anti-tumor agents. These
results show that J-107088 has much wider safety margins
than other agents against various human tumors grown in
mice.
Anti-tumor effect on multi drug-resistant leukemia
The anti-tumor effects of J-107088 on the murine P388
multi drug-resistant leukemia cell line P388/ADM and the
drug-sensitive line P388 were examined. It was expected
that J-107088 would be highly effective against both drug-
sensitive and drug-resistant leukemia cells, because there
was no cross-resistance to J-107088 in multi drug-resistant
MCF-7 AdrR cells in vitro.3) As shown in Table V, doxo-
rubicin, which is highly effective against P388 leukemia,
was not effective against the resistant cells P388/ADM,
even at a nearly toxic level. Paclitaxel was also found to
be ineffective against the drug-resistant cells. Cisplatin
was effective at a dose of 3 mg/m2, but killed 3 of 5 mice
at this dose due to its delayed-type toxicity. On the other
hand, J-107088 at doses of 1 to 100 mg/m2 overcame the
multi drug-resistance and increased the survival time of
mice implanted with the resistant cells. Therefore, it was
concluded that J-107088 is effective on multi drug-resis-
tant cells in vivo.
Anti-metastatic effect of J-107088  We also examined
the anti-metastatic effect of J-107088 on IMC-HM liver
metastases.4) IMC-HM murine carcinoma cells metastasize
to the liver within 3 days after their implantation into the

flank of CDF1 mice, and the tumor cells proliferate very
rapidly in the liver and kill all mice by day 18 due to
metastases to multiple organs. J-107088 was administered
i.v. twice a week for 2 consecutive weeks from day 4 after
tumor implantation, either with or without resection of the
primary tumor. As shown in Table VI, J-107088 markedly

Fig. 3. Comparison of therapeutic windows in mice with xenografts of PC-3 human prostate cancer. Right and left edges of the open
column indicate the LD10 and GID75, respectively. The right and left edges of the closed column indicate the GID75 and LD10, respec-
tively. GID75: dose that inhibited tumor growth by 75%. LD10: dose on the treatment schedule that killed 10% of tumor-bearing mice. J-
107088 and cisplatin were administered i.v. twice a week for 2 consecutive weeks and NB-506, paclitaxel and doxorubicin were admin-
istered i.v. 5 times a week for 2 consecutive weeks.

Fig. 4. Therapeutic windows of J-107088 and NB-506 against
various tumor cell lines.
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inhibited proliferation of micro-metastases in the liver. A
synergistic effect of J-107088 and surgical resection of
transplanted tumors was observed at doses of 2.25 and 7.5
mg/m2. A dose of 22.5 mg/m2 or 75 mg/m2 of J-107088
had a dramatic anti-tumor effect on both primary tumors
and micrometastases. Administration of 75 mg/m2 of J-
107088 resulted in survival of all the mice even 90 days
after tumor transplantation. Thus J-107088 markedly

inhibited proliferation of micrometastases of tumor cells in
the liver and other organs.

DISCUSSION

Currently available anti-tumor agents are in general not
very effective for treatment of solid tumors, and show
adverse effects at doses near their maximum therapeutic
doses. Furthermore, anti-tumor agents used in first che-
motherapeutic treatments are no longer effective subse-
quently, because of the rapid development of drug resis-
tance. Thus, more effective anti-tumor drugs are required
for treatment of solid tumors.

We previously developed the anti-tumor agents BE-
13793C,8) ED-1109, 10) and NB-506.1, 2) NB-506 is an
indolocarbazole compound targeting topoisomerase I. Dur-
ing a phase I clinical trial on NB-506, we obtained a more
potent agent than NB-506 by synthesizing and testing sev-
eral hundred of its derivatives.

The new drug, J-107088 has several advantages over
NB-506 or camptothecin derivatives. First, J-107088
induced topoisomerase I-mediated DNA cleavage 8-fold
more potently than did camptothecin or NB-506. In addi-
tion, J-107088 increased the formation of DNA-protein
complex in cells in a time-dependent manner and when J-
107088 was removed from the medium, the amount of
protein-linked DNA decreased very slowly. In contrast, the
amount of DNA-protein complex increased rapidly with
the addition of camptothecin and decreased very rapidly
following its withdrawal.3) Thus, the DNA-protein com-
plex induced by J-107088 persisted for a much longer
period of time after washing of the cells in fresh culture
medium than did that formed in the presence of NB-506 or
camptothecin. The much better in vivo anti-tumor efficacy

Table V. Life-span-prolonging Effects of J-107088 in Mice with
Implanted Doxorubicin-resistant P388 (P388/ADM) Murine Leu-
kemia Cells

Compound Dose
(mg/m2)

Survival days Survivorsa)

(day 60)Mean±SD T/C%

Control 12.2±0.8 100 0/10
J-107088 0.1×10 16.8±1.3** 138 0/5

1×10 21.2±2.2** 174 0/5
10×10 25.8±6.5** 211 0/5

100×10 >60.0±0.0** >492 5/5
1000×10 3.2±0.4** 26 0/5

Doxorubicin 5×10 12.2±0.4 100 0/5
50×10 6.8±0.4** 56 0/5

Cisplatin 3×10 >51.2±8.7** >420 2/5
30×10 4.8±0.4** 39 0/5

Control 11.7±0.8 100 0/10
Paclitaxel 5×10 11.8±0.4 101 0/5

50×10 13.2±1.3* 113 0/5

a) No. of mice surviving on day 60/No. after implantation of
P388/ADM cells (1×106 cells/mouse) i.p. on day 0.
∗  and ∗∗ : P<0.05 and 0.01 by the U-test.
Drugs were injected i.p. once daily for 10 consecutive days from
day 1.

Table VI. Life-span-prolonging Effect of J-107088 with and without Resection of 
the Primary Solid IMC-HM Tumor

Drug
(mg/m2×day)

Mean survival days±SD (T/C%) [S/Aa)]

Without resection With resection

Control
17.6±1.4 (100) [0/10] 18.2±1.9 (100) [0/10]

J-107088
0.75×4 18.8±1.9 (107) [0/5] 20.8±3.1 (114) [0/5]
2.25×4 22.4±1.1** (127) [0/5] >42.0±29.0** (>231) [1/5]
7.5×4 58.8±7.6** (334) [0/5] >77.8±16.7** (>427) [3/5]

22.5×4 >69.6±18.7** (>395) [2/5] >68.8±13.1** (>378) [1/5]
75×4 >90.0±0.0** (>511) [5/5] >90.0±0.0** (>495) [5/5]

a) No. of mice surviving on day 90 / No. of mice tested.
∗∗ :  P<0.01 by the U-test.
Surgery was performed on day 3 and the drug was administered i.v. twice a week for 2
consecutive weeks from day 4.
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of J-107088 against nude mice transplanted with various
human cancer cells may be attributed to these unique bio-
logical properties.

Another important attribute related to the efficacy and
safety of J-107088 is that it is more effective when
injected intermittently, e.g. once or twice a week for two
weeks. Intermittent injections of J-107088 had sufficient
therapeutic effects, while daily injections at higher doses
caused weight loss and death due to toxicity. This type of
toxicity was different from that of NB-506, which shows
low cumulative toxicity and has a good therapeutic effect
on consecutive injections.

Because of its lower toxicity and stronger anti-tumor
activity, the therapeutic windows of J-107088 on several
human tumor xenografted models were found to be wide.
The therapeutic window, defined as the ratio of the LD10

on the treatment schedule to the 75% tumor growth inhibi-
tory dose (GID75), was 6 or more. That of UM-UC-3 was
more than 100. We compared the in vivo anti-tumor effi-
cacy of J-107088 with those of some other anti-tumor
drugs in current use. While the therapeutic window of NB-
506 was 1.3, those of paclitaxel, cisplatin and doxorubicin
were less than 1.0 in most experiments, indicating the
superiority of J-107088.

The difference between the safety margins of NB-506
and J-107088 may be related to their structures. The shift
of OH groups of NB-506 from the 1, 11 to the 2, 10 posi-
tions considerably increased the potency of topoisomerase
I inhibition and cytotoxicity (Ohkubo et al., manuscript in
preparation). The change of the substituent at the 6-N
position of NB-506 from a formylamino moiety to a diol
moiety also increased topoisomerase I inhibition, DNA
binding and cytotoxicity.11, 12) However, toxicity to mice
was almost the same in spite of the shift of the OH groups
and the 6-N substituent. Thus, the increase in the safety
margin of J-107088 is due to the increase in the potency.

J-107088 did not show any cross resistance to multi
drug-resistant P388/ADM in vivo. It prolonged the life of
mice implanted with multi-drug-resistant P388 cells,
whereas doxorubicin and paclitaxel were ineffective in this
model. Thus, J-107088 may inhibit the tumor growth of P-
glycoprotein-mediated multi-drug-resistant cells in the
clinical situation.

J-107088 was also found to be more effective against
tumor metastases in the liver and other organs of mice.
NB-506 completely inhibited the growth of primary solid
IMC-HM tumors at 300 mg/m2 or more, and also inhib-
ited the growth of micro-metastases of tumor cells in the
liver at 30 mg/m2.4) The inhibitory potency of J-107088
was greater than that of NB-506. When treatment was
started 4 days after tumor implantation, it inhibited the
growth of IMC-HM cells in the liver, resulting in an
increase in the life span of tumor-bearing mice. These data
suggested that J-107088 was effective against not only
growth of the primary tumor, but also metastases. More-
over, doses of 75 mg/m2 of J-107088 caused survival of
all the mice. In this model of micro-metastasis, cisplatin,
doxorubicin and paclitaxel did not show any anti-meta-
static effect, even at their maximum tolerated doses.4)

Judging from these data, J-107088 should be a very
good anti-tumor agent, with a wide therapeutic window
and activity against various solid tumors. It may also be
useful as an anti-metastatic agent for adjuvant chemother-
apy after surgery.

ACKNOWLEDGMENTS

The authors thank T. Murai and N. Yoshiuchi for their techni-
cal assistance.

(Received June 14, 1999/Revised July 8, 1999/Accepted July 13,
1999)

REFERENCES

1) Yoshinari, T., Matsumoto, M., Arakawa, H., Okada, H.,
Noguchi, K., Suda, H., Okura, A. and Nishimura, S.  Novel
antitumor indolocarbazole compound 6-N-formylamino-12,
13-dihydro-1,11-dihydroxy-13-(β-D-glucopyranosyl)-5H-indolo-
[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione (NB-506): in-
duction of topoisomerase I-mediated DNA cleavage and
mechanisms of cell line-selective cytotoxicity. Cancer Res.,
55, 1310–1315 (1995).

2) Arakawa, H., Iguchi, T., Morita, M., Yoshinari, T., Kojiri,
K., Suda, H., Okura, A. and Nishimura, S.  Novel indolo-
carbazole compound 6-N-formylamino-2,13-dihydro-1,11-
dihydroxy-13-(β-D-glucopyranosyl)-5H-indolo[2,3-a]pyrrolo-
[3,4-c]carbazole-5,7(6H)-dione (NB-506): its potent antitu-
mor activity in mice.  Cancer Res., 55, 1316–1320 (1995).

3) Yoshinari, T., Ohkubo, M., Fukasawa, K., Egashira, S.,

Hara, Y., Matsumoto, M., Nakai, K., Arakawa, H.,
Morishima, H. and Nishimura, S.  Mode of action of a new
indolocarbazole anticancer agent, J-107088, targeting
topoisomerase I.  Cancer Res., 59, 4271–4275 (1999).

4) Arakawa, H., Matsumoto, H., Morita, M., Sasaki, M.,
Taguchi, K., Okura, A. and Nishimura, S.  Antimetastatic
effect of a novel indolocarbazole (NB-506) on IMC-HM
murine tumor cells metastasized to the liver.  Jpn. J. Cancer
Res., 87, 518–523 (1996).

5) Ohkubo, M., Nishimura, T., Jona, H., Honma, T. and
Morishima, H.  Practical synthesis of indolopyrrolocarba-
zoles.  Tetrahedron, 52, 8099–8112 (1996).

6) Dexter, D. L., Hesson, D. P., Ardecky, R. J., Rao, G. V.,
Tippett, D. L., Dusak, B. A., Paull, K. D., Plowman, J.,
DeLarco, B. M., Narayanan, V. L. and Forbes, M.  Activity

query?uid=7882328&form=6&db=m&Dopt=b     
query?uid=7882329&form=6&db=m&Dopt=b     
query?uid=10485471&form=6&db=m&Dopt=b     
query?uid=10485471&form=6&db=m&Dopt=b     
query?uid=8641990&form=6&db=m&Dopt=b     
query?uid=4053030&form=6&db=m&Dopt=b     


Jpn. J. Cancer Res. 90, October 1999

1170

of a novel 4-quinolinecarboxylic acid, NSC 3688390 [6-flu-
oro-2-(2′-fluoro-1,1′-biphenyl-4-yl)-3-methyl-4-quinolinecar-
boxylic acid sodium salt], against experimental tumors.
Cancer Res., 45, 5563–5568 (1985).

7) Freireich, E. J., Gehan, E. A., Rall, D. P., Schmidt, L. H.
and Skipper, H. E.  Quantitative comparison of toxicity of
anticancer agents in mouse, rat, hamster, dog, monkey, and
man.  Cancer Chemother. Rep., 50, 219–244 (1966).

8) Kojiri, K., Kondo, H., Yoshinari, T., Arakawa, H.,
Nakajima, S., Satoh, F., Kawamura, K., Okura, A., Suda, H.
and Okanishi, M.  A new antitumor substance, BE-
13793C, produced by a streptomycete. Taxonomy, fermen-
tation, isolation, structure determination and biological
activity.  J. Antibiot. (Tokyo), 44, 723–728 (1991).

9) Arakawa, H., Iguchi, T., Yoshinari, T., Kojiri, K., Suda, H.
and Okura, A.  ED-110, a novel indolocarbazole, prevents
the growth of experimental tumors in mice.  Jpn. J. Cancer
Res., 84, 574–581 (1993).

10) Yoshinari, T., Yamada, A., Uemura, D., Nomura, K.,
Arakawa, H., Kojiri, K., Yoshida, E., Suda, H. and Okura,
A.  Induction of topoisomerase I-mediated DNA cleavage
by a new indolocarbazole, ED-110.  Cancer Res., 53, 490–
494 (1993).

11) Ohkubo, M., Kojiri, K., Kondo, H., Tanaka, S., Kawamoto,
H., Nishimura, T., Nishimura, I., Yoshinari, T., Arakawa,
H., Suda, H., Morishima, H. and Nishimura, S.  Synthesis
and biological activities of topoisomerase I inhibitors, 6-N-
amino analogues of NB-506.  Bioorg. Med. Chem. Lett., 9,
1219–1224 (1999).

12) Bailly, C., Qu, X., Chaires, J. B., Colson, P., Houssier, C.,
Ohkubo, M., Nishimura, S. and Yoshinari, T.  Substitution
at the F-ring N-imide of the indolocarbazole antitumor drug
NB-506 increases the cytotoxicity, DNA binding, and topo-
isomerase I inhibition activities.  J. Med. Chem., 42, 2927–
2935 (1999).

query?uid=4053030&form=6&db=m&Dopt=b     
query?uid=4957125&form=6&db=m&Dopt=b     
query?uid=1652582&form=6&db=m&Dopt=b     
query?uid=8320174&form=6&db=m&Dopt=b     
query?uid=8381047&form=6&db=m&Dopt=b     
query?uid=10340602&form=6&db=m&Dopt=b     
query?uid=10425102&form=6&db=m&Dopt=b     

