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Abstract

MGI-114 (6-hydroxymethylacylfulvene, HMAF) is a semi-synthetic analogue of the cytotoxic sesquiterpenoid illudins. In the
present study, the in vivo antitumour efficacy of MGI-114 was examined in a panel of human tumour xenograft models consisting

mainly of human lung and gastric tumours, and compared with that of other antitumour drugs such as irinotecan, paclitaxel, cis-
platin, doxorubicin, vindesine, etoposide and 5-fluorouracil (5-FU). When different administration schedules were compared, daily
administration of MGI-114 was found to be more effective than intermittent administrations. In human tumour xenograft models

of nasopharyngeal, breast and colon carcinoma and melanoma, MGI-114 exerted a strong antitumour activity with complete
tumour regression being observed. Moreover, in four human lung and three gastric tumour xenograft models, MGI-114 showed a
strong antitumour activity with complete tumour regression being observed in some of the models. The antitumour efficacy of
MGI-114 was generally higher than or equivalent to that of other antitumour drugs such as irinotecan and paclitaxel. These results

support the potential utility of MGI-114 in the treatment of a variety of human solid tumours. # 2001 Elsevier Science Ltd. All
rights reserved.
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1. Introduction

Acylfulvene is an analogue of the illudins which are
cytotoxic sesquiterpenoids isolated from the fungi
Omphalotus illudens or the closely related Lampter-
omyces japonicus. Acylfulvene has been reported to
inhibit xenograft primary tumour growth and to pro-
long the life span of tumour-bearing animals [1]. Fur-
thermore, acylfulvene has shown in vitro cytotoxicity
against various multidrug-resistant tumour cells and
was suggested to induce DNA damage in a unique
manner that appears to require a functional DNA heli-
case for efficient repair [1,2].

MGI-114 (6-hydroxymethylacylfulvene, HMAF) is a
semi-synthetic analogue of illudins with an improved
therapeutic index [3]. In human MV522 lung adeno-
carcinoma xenograft models, in which the tumour

metastasises from local sites to the lung, spleen and
lymph node, MGI-114 was shown to inhibit tumour
growth and to prolong the life-span of tumour-bearing
mice with an efficacy exceeding that of mitomycin C,
cisplatin or paclitaxel [4,5]. MGI-114 also exhibited a
remarkable in vivo antitumour activity against other
human tumours, i.e. human MX-1 breast carcinoma
and human HT-29 colon carcinoma with partial or
complete tumour shrinkage [5]. Although the mechan-
ism of the cytotoxic action of MGI-114 is unknown, it
has recently been reported that MGI-114 possibly forms
DNA monoadducts after being taken up by cells, indu-
ces secondary lesions in cellular DNA, which are prob-
ably apoptotic DNA strand breakage, and blocks the
cell cycle in S phase [6].

Carcinoma of the lung is one of the leading causes of
cancer deaths in the United States [7], and stomach and
lung cancers are the leading types of cancer in Japan [8].

In this study, we examined the spectrum of in vivo
antitumour activity of MGI-114 in a panel of human
tumour xenograft models consisting mainly of human
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lung and stomach cancers and compared its efficacy
with that of other conventional antitumour drugs.

2. Materials and methods

2.1. Animals

Female nude mice with BALB/c background (BALB/c
nu/nu) were purchased from Charles River Japan, Inc.
(Tokyo, Japan) and Clea Japan, Inc. (Tokyo, Japan).
They were maintained under specific-pathogen-free
conditions, and provided with sterile food and water ad
libitum. Five- to 13-week-old BALB/c nude mice were
used in the present study. All experiments were per-
formed in compliance with the regulations of the Ani-
mal Experimentation Committee of Dainippon
Pharmaceutical Co., Ltd.

2.2. Tumour cells and implantation

NCI-H460 (HTB-177), Calu-6 (HTB-56), NCI-H69
(HTB-119) and A-427 (HTB-53) lung carcinoma cells,
Hs746T gastric carcinoma cells (HTB-135), KB naso-
pharyngeal epidermoid carcinoma cells (CCL-17) and
WiDr colon adenocarcinoma cells (CCL-218) were
obtained from the American Type Culture Collection
(ATCC, Rockville, MD, USA). GT3TKB gastric
adenocarcinoma cells (RCB0885) and HGC-27 gastric
cancer cells (RCB0500) were obtained from Riken Gene
Bank (Ibaragi, Japan). LX-1 lung carcinoma cells and
MX-1 breast carcinoma cells were obtained from the
Japanese Foundation for Cancer Research (Tokyo,
Japan). MKN-45 gastric adenocarcinoma cells and
HMV-2 melanoma cells were obtained from the Insti-
tute of Medical Sciences, University of Tokyo (Tokyo,
Japan).

BALB/c nude mice were inoculated with 2.5–5�106

cells of KB, Hs746T, Calu-6, NCI-H460, A-427,
GT3TKB, MKN-45, HMV-2 or WiDr cells, or a 2–3
mm square lobes of NCI-H69, HGC-27, MX-1 or LX-1
tumours. KB, MKN-45, HMV-2 and WiDr tumour
cells were inoculated intradermally (i.d.), and the other
tumour cells and tumour lobes were inoculated sub-
cutaneously (s.c.).

2.3. Drugs

MGI-114 (6-hydroxymethylacylfulvene, HMAF)
(Fig. 1) was supplied by MGI Pharma, Inc. (Minne-
tonka, MN, USA). Doxorubicin and 5-fluorouracil
(5-FU) were purchased from Kyowa Hakko Kogyo
Co., Ltd. (Tokyo, Japan). Cisplatin and etoposide were
obtained from Nippon Kayaku Co., Ltd (Tokyo,
Japan). Paclitaxel, irinotecan and vindesine were
obtained from Sigma Co., Ltd (Tokyo, Japan), Yakult

Honsha (Tokyo, Japan) and Shionogi Co., Ltd. (Osaka,
Japan), respectively.

Varying amounts of MGI-114 were first dissolved in a
small volume of absolute ethanol and then diluted either
with distilled water in the case of intraperitoneal (i.p.)
injection, unless otherwise stated, or with 5% (w/v)
glucose solution in the case of intravenous (i.v.) injec-
tion. A final solution contained 1% (v/v) ethanol. MGI-
114 solutions thus prepared were injected i.p. or i.v. into
mice in a volume of 0.1 or 0.125 ml/10 g body weight.
Vehicle solutions were prepared as above without MGI-
114 and injected i.p. or i.v. to mice.

Cisplatin, doxorubicin, 5-FU, vindesine or irinotecan
was dissolved in distilled water and administered i.v. to
mice. Paclitaxel was first dissolved in a mixture of equal
volumes of ethanol and Cremophor EL (Nacalai Tes-
que, Kyoto, Japan), further diluted with distilled water,
and then administered i.v. to mice. All the above drugs
were administered in a volume of 0.1 or 0.15 ml/10 g
body weight.

2.4. In vivo evaluation of drugs

When the transplanted tumours have grown to
approximately 5–12 mm in diameter, animals were
divided according to tumour weight into test groups.
Administration of MGI-114 or other antitumour drugs
started from day 0.

Tumour weight was calculated according to the fol-
lowing formula:

Tumour weight mgð Þ ¼ L�W 2=2

where L and W represent the length (mm) and the width
(mm) of the tumour mass, respectively.

The antitumour activity of MGI-114 and that of other
conventional drugs used in this study was assessed 30–
32 days after drug administration (end of all experi-
ments) by the cured ratio (CR, number of mice cured/
number of mice tested), inhibition rate (IR, %) and
survival ratio (number of mice alive/number of mice
tested).

Fig. 1. Structure of MGI-114.

1420 Y. Sato et al. / European Journal of Cancer 37 (2001) 1419–1428



IR of tumour growth was calculated according to the
following formula:

IR %ð Þ ¼
�
1�average tumour weight in treated group=

average tumour weight in control group
�
�100

The efficacy of a drug was considered to be significant
when its inhibition rate was greater than 58% with no
cytotoxic death of mice.

Generally, when mice lost weight by more than
approximately 30% following drug administration, they
tended to die. However, depending on the dose and
administration schedule of MGI-114, some mice stayed
alive even after body weight loss of more than 40%.

2.5. Statistical analysis

Statistical analysis by the Dunnett’s multiple com-
parison test was performed to compare the means
between the treated groups and the control groups.

Statistically significant differences were identified by the
Statistical Analysis System ver.6.12 (SAS Institute Inc.).
Two-tailed P values <0.05 were considered to be sta-
tistically significant.

3. Results

3.1. Comparison of antitumour activity of MGI-114
according to various administration schedules and routes

In the first series of experiments, we examined the in
vivo antitumour activity of MGI-114 in KB human
nasopharyngeal carcinoma xenograft models and
compared its efficacy according to the various admini-
stration schedules. KB tumour-transplanted nude mice
were injected i.p. with MGI-114 (2.5, 5.0, 7.5 and 10
mg/kg) either daily for 5 consecutive days (Q1d�5) or
five times at 7-day intervals (Q7d�5). The time course
of MGI-114 antitumour activity is shown in Fig. 2.

Fig. 2. Growth curves of the human KB nasopharyngeal carcinoma treated with MGI-114, intraperitoneally (i.p.) (no symbol, vehicle control;

&, 2.5 mg/kg; &, 5.0 mg/kg; *, 7.5 mg/kg; *, 10.0 mg/kg) (mean �standard error of the mean, S.E.M.) and the change in body weight relative to

body weight at day 0 (mean �S.E.M.). Q1d�5=daily for 5 consecutive days and Q7d�5=five times at 7 day-intervals (see arrows).
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MGI-114 (5.0, 7.5 mg/kg, i.p.) administered daily for 5
consecutive days demonstrated a strong antitumour
activity evidenced by complete tumour regression. Ani-
mals lost weight for a few days after each MGI-114
injection, but rapidly recovered thereafter.

Next, we compared the efficacy of MGI-114 adminis-
tered i.p. according to various schedules in KB tumour
xenograft models. Results are shown in Table 1. When
time intervals between each MGI-114 administration
were compared, five injections of MGI-114 (7.5, 10 mg/

Table 2

In vivo antitumour activity of MGI-114 in KB nasopharyngeal carcinoma xenograft models: Comparison of administration routes

Schedulea Routeb Dose/injection
(mg/kg)

Inhibition rate
(IR)c (%)

Cured ratio
(CR)c

Survival
ratioc,d

Q1d�5 Intravenous (i.v.) 7.5 100* 6/6 6/6
5.0 96* 4/6 6/6
2.5 54* 0/6 6/6

Q1d�5 Intraperitoneal (i.p.) 7.5 100* 6/6 6/6
5.0 82* 2/6 6/6
2.5 38* 0/6 6/6

a Q1d�5 indicates daily injection for 5 consecutive days.
b In this experiment, MGI-114 was prepared as follows: MGI-114 was dissolved in absolute ethanol and further diluted with 5% (w/v) glucose

solution in both cases of intravenous (i.v.) and intraperitoneal (i.p.) injections.
c Inhibition rate, cured ratio and survival ratio were determined 31 days after the start of the administration of MGI-114.
d Number of mice alive/number of mice tested.
*P<0.001, significantly different from the control group value.

Table 1

In vivo antitumour activity of MGI-114 in KB nasopharyngeal xenograft models: comparison of administration schedules

Schedulea Dose/injection
(mg/kg)b

Total dose
(mg/kg)

Inhibition rate
(IR)c (%)

Cured ratio
(CR)c

Survival
ratioc,d

Q1d�5 10.0 50.0 –e – 0/6
7.5 37.5 100** 6/6 6/6
5.0 25.0 88** 2/6 6/6
2.5 12.5 46** 0/6 6/6

(Q8h�2)�5 5.0 50.0 100** 6/6 6/6
3.75 37.5 100** 6/6 6/6
2.5 25.0 74** 0/6 6/6
1.25 12.5 38** 0/6 6/6

Q3d�5 10.0 50.0 100** 6/6 6/6
7.5 37.5 92** 1/6 6/6
5.0 25.0 64** 0/6 6/6
2.5 12.5 28** 0/6 6/6

Q7d�5 10.0 50.0 94** 0/6 6/6
7.5 37.5 83** 0/6 6/6
5.0 25.0 70** 0/6 6/6
2.5 12.5 45** 0/6 6/6

Q1d�3 12.5 37.5 – – 0/6
10 30.0 100** 4/4 4/6
8.33 25.0 98** 4/6 6/6
7.5 22.5 99** 5/6 6/6
5.0 15.0 61** 0/6 6/6
4.17 12.5 55** 0/6 6/6
2.5 7.5 33* 0/6 6/6

Q1d�10 5.0 50.0 100** 6/6 6/6
3.75 37.5 94** 2/6 6/6
2.5 25.0 60** 0/6 6/6
1.25 12.5 38* 0/6 6/6

a Q1d�3, Q1d�5 or Q1d�10 indicates daily injection for 3, 5 or 10 consecutive days. Q3d�5 or Q7d�5 indicates five injections at 3 or 7 day-
intervals. (Q8h�2)�5 indicates injection twice a day at 8 h-intervals for 5 consecutive days.

b MGI-114 was injected intraperitoneally (i.p.).
c Inhibition rate, cured ratio and survival ratio were determined 31 days after the start of the administration of MGI-114.
d Number of mice alive/number of mice tested.
e Cytotoxic death.
*P<0.05, **P<0.001, significantly different from the control group value.
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kg) at 3 day-intervals (Q3d�5) were more effective than
5 injections at 7 day-intervals (Q7d�5), but less effective
than daily administration of MGI-114 (2.5, 5.0 and 7.5
mg/kg) for 5 consecutive days (Q1d�5) (Table 1). When
administration periods were compared, and in terms of
dose per single injection, daily administration of MGI-
114 for 10 consecutive days (Q1d�10) showed a higher
antitumour efficacy than daily administration for 5
consecutive days (Q1d�5). However, in terms of the
total amount of MGI-114 administered, daily adminis-
tration for 10 days (Q1d�10) was less effective than the
daily administration for 5 consecutive days (Q1d�5)
(Table 1). As MGI-114 has a short half-life, i.e.
approximately 5 min in mice, we examined its anti-
tumour efficacy administered twice a day at 8 h-intervals
for 5 consecutive days [(Q8h�2)�5]. In terms of the
total amount of drug injected, MGI-114 administered
twice a day for 5 consecutive days showed almost the
same antitumour efficacy as daily administration for 5
consecutive days (Q1d�5) (Table 1).

These results demonstrate that MGI-114 has a marked
antitumour effect in KB tumour xenograft models and
that daily administration of MGI-114 is more effective
than intermittent administrations such as Q7d�5.

In the next experiment, we compared the antitumour
activity of MGI-114 in KB tumour xenograft models
according to the different administration routes. As
shown in Table 2, MGI-114 administered both i.v. and
i.p. produced approximately the same level of anti-
tumour activity.

3.2. Antitumour activity of MGI-114 in three human
tumour xenograft models

The in vivo antitumour activity of MGI-114 was eval-
uated in three additional human tumour xenograft
models, the MX-1 breast carcinoma, HMV-2 melanoma
and WiDr colon adenocarcinoma. MGI-114 (2.5, 5.0

and 7.5 mg/kg, i.p.) was administered once a day for 5
consecutive days (Q1d�5). As shown in Table 3, MGI-
114 produced a marked antitumour activity with com-
plete tumour regression observed in some mice against
all three tumours.

3.3. Antitumour activity of MGI-114 against human
lung tumours

The in vivo antitumour activity of MGI-114 was also
evaluated against five human lung tumour xenograft
models and its efficacy was compared with that of other
conventional antitumour drugs. Among the lung
tumours tested in this experiment were the non-small
cell lung cancers (NSCLC) NCI-H460, Calu-6 and
A-427 and the small-cell lung cancers (SCLC) NCI-H69
and LX-1. Conventional antitumour drugs used in
this experiment were irinotecan, paclitaxel, cisplatin,
doxorubicin, vindesine and etoposide. These drugs are
clinically used for chemotherapy of lung cancers. MGI-
114 was administered i.v. or i.p. Q1d�5 at a dose of
2.5–7.5 mg/kg. Doses and administration schedules for
conventional antitumour drugs were determined
according to data from the literature [9–14] so as to
have a maximum antitumour response for each drug.
Results are shown in Table 4. MGI-114 showed a sig-
nificant antitumour activity (i.e. inhibition rate greater
than 58% with no cytotoxic death of mice) against four
lung tumours (i.e. NCI-H460, Calu-6, NCI-H69 and A-
427) with complete tumour regression being observed in
some mice in all four tumour xenograft models. How-
ever, MGI-114 antitumour activity against the LX-1
lung tumour was not significant. Paclitaxel showed a
high antitumour activity against two out of three
tumours with complete tumour regression in NCI-H69
xenograft models. Irinotecan also showed a high anti-
tumour activity against two out of three tumours, how-
ever, no complete tumour regression was observed

Table 3

In vivo antitumour activity of MGI-114 in human tumour xenograft models

Cell lines Schedulea Dose/injection
(mg/kg)b

Inhibition rate
(IR)c (%)

Cured ratio
(CR)c

Survival
ratioc,d

MX-1 breast carcinoma Q1d�5 7.5 100** 7/7 7/7
5.0 95** 2/7 7/7
2.5 53** 0/7 7/7

HMV-2 melanoma Q1d�5 7.5 100** 7/7 7/7
5.0 100** 7/7 7/7
2.5 50* 1/7 7/7

WiDr colon carcinoma Q1d�5 7.5 99** 3/7 7/7
5.0 66* 0/7 7/7
2.5 21 0/7 7/7

a Q1d�5 indicates daily injection for 5 consecutive days.
b MGI-114 was injected intraperitoneally (i.p.).
c Inhibition rate, cured ratio and survival ratio were determined 31–32 days after the start of the administration of MGI-114.
d Number of mice alive/number of mice tested.
*P<0.05; **P<0.001, significantly different from the control group value.
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except in one mouse in the Calu-6 xenograft models.
Cisplatin, in contrast, showed a high activity against
one out of three tumours tested, i.e. against Calu-6
tumours where complete tumour regression was
observed in some mice, but cytotoxic death was also
noted. Doxorubicin showed a significant activity against
two tumours tested, with no complete tumour regres-
sion. Vindesine showed a significant antitumour activity
against two tumours tested with complete tumour

regression in the Calu-6 xenograft models. Etoposide
did not show any antitumour activity against the NCI-
H69 tumours. The antitumour activity of MGI-114 was
then compared with that of other conventional anti-
tumour drugs used in the present study. Results of this
comparison are summarised in Table 5. Overall, MGI-
114 generally had an antitumour efficacy higher than
that of other antitumour drugs in the human lung
xenograft models examined.

Table 4

In vivo antitumour activity of MGI-114 and other conventional antitumour drugs in human lung tumours

Cell lines Antitumour
drugs

Schedulea Dose/injection
(mg/kg)b

Inhibition rate
(IR)c (%)

Cured ratio
(CR)c

Survival
ratioc,d

NCI-H460 MGI-114 Q1d�5 7.5 100** 7/7 7/7
5.0 100** 5/7 7/7
2.5 67** 0/7 7/7

Irinotecan Q4d�4 60 55** 0/7 7/7
30 50** 0/7 7/7

Paclitaxel Q4d�3 22 41** 0/7 7/7
11 26* 0/7 7/7

Cisplatin Q1d 12 49** 0/7 7/7
Q1d� 5 2.5 47** 0/7 7/7

Doxorubicin Q1d 16 71** 0/3 3/7
Q4d� 3 7.5 65** 0/7 7/7

5 42** 0/7 7/7
Vindesine Q7d� 4 3 61** 0/7 7/7

Calu-6 MGI-114 Q1d� 5 7.5 100** 4/7 7/7
5.0 93** 0/7 7/7
2.5 70** 0/7 7/7

Irinotecan Q4d� 4 60 94** 0/7 7/7
30 93** 1/7 7/7

Paclitaxel Q4d� 3 22 89** 0/7 7/7
11 41* 0/7 7/7

Cisplatin Q1d 12 88** 0/6 6/7
8 74** 0/7 7/7

Q1d� 5 5 99** 3/5 5/7
2.5 84** 0/7 7/7

Doxorubicin Q1d 16 85* 0/4 4/7
12 47* 0/7 7/7

Q4d�3 7.5 80** 0/7 7/7
5 75** 0/7 7/7

Vindesine Q7d� 4 3 100** 6/7 7/7

NCI-H69 MGI-114 Q1d�5 7.5 90** 1/7 7/7
5.0 80** 0/7 7/7
2.5 58* 0/7 7/7

Irinotecan Q4d� 4 100 94** 0/6 6/6
60 86** 0/6 6/6

Paclitaxel Q4d�3 33 100** 5/6 6/6
22 92** 2/7 7/7

Cisplatin Q1d 12 51 0/6 6/6
Etoposide Q1d�5 12.5 0 0/6 6/6

A-427 MGI-114 Q1d�5 7.5 85* 2/6 6/6

LX-1 MGI-114 Q1d�5 7.5 22 0/6 6/7
5.0 15 0/7 7/7
2.5 15 0/7 7/7

a Q1d indicates a single injection. Q1d�5 indicates daily injection for 5 consecutive days. Q4d�3 or Q4d�4 indicates three or four injections at 4
day-intervals. Q7d�4 or Q7d�7 indicates four injections at 7 day-intervals.

b MGI-114 was injected either intravenously (i.v.) (NCI-H460, NCI-H69, A-427) or intraperitoneally (i.p.) (Calu-6, LX-1). Other antitumour
drugs were injected i.v.

c Inhibition rate, cured ratio and survival ratio were determined 30–32 days after the start of the administration ofMGI-114 or other antitumour drugs.
d Number of mice alive/number of mice tested.
*P<0.05; **P<0.001, significantly different from the control group value.
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3.4. Antitumour activity of MGI-114 against human
gastric tumours

The in vivo antitumour activity of MGI-114 was also
evaluated against four human gastric tumour xenografts
and its efficacy was compared with that of the other
reference antitumour drugs. MGI-114 was administered
i.v. or i.p. Q1d�5 at a dose of 2.5–7.5 mg/kg. Doses and
administration schedules for the reference antitumour
drugs were determined according to data from the lit-
erature [9–14] so as to have the maximum antitumour
response for each drug. Results are shown in Table 6.
MGI-114 showed a significant antitumour activity
against three gastric tumours, i.e. Hs746T, GT3TKB
and HGC-27 with complete tumour regression being
observed for some mice in Hs746T and GT3TKB
tumour xenograft models. However, MGI-114 did not
show a significant antitumour activity against the MKN-
45 tumours. In Hs746T tumour xenograft models,
MGI-114 and the other antitumour drugs tested, except
5-FU, showed a marked antitumour activity and pro-
duced a complete tumour regression in some mice. In
GT3TKB tumour xenograft models, MGI-114, irino-
tecan and paclitaxel showed a significant antitumour
activity. In HGC-27 tumour xenograft models, MGI-
114, irinotecan and paclitaxel showed a significant anti-
tumour activity with no complete tumour regression. A
comparison of MGI-114 antitumour activity with that
of other conventional antitumour drugs is listed in

Table 5. Overall, the efficacy of MGI-114 was higher
than or almost equivalent to that of other conventional
antitumour drugs in the human gastric xenograft mod-
els GT3TKB and Hs746T. It showed a lower activity in
the HGC-27 tumours.

4. Discussion

In this study, we demonstrated that MGI-114 has a
strong in vivo antitumour activity against a wide spec-
trum of human tumours. The in vivo efficacy of MGI-
114 has previously been reported in human xenograft
models of MX-1, HT-29 and MV-522 tumours [4,5]. In
particular, MGI-114 has been reported to have a strong
antitumour activity against MV-522 tumours against
which many conventional antitumour drugs, except
mitomycin C and paclitaxel, have failed to show sig-
nificant efficacy [4,5]. Moreover, MGI-114 has recently
been shown to induce tumour regression, including
complete regression, in MV522/mdr1 xenograft models
[15]. MV522/mdr1 cells are an mdr1/gp170-positive
clone of MV522 generated by transfecting an expression
vector containing the cDNA encoding for the human
gp170 protein, which has been shown to be resistant to
mitomycin C and paclitaxel in vivo [15]. In the present
study, we have confirmed and extended previous obser-
vations on the in vivo antitumour efficacy of MGI-114
using various human xenograft models. In human lung

Table 5

Comparison of the in vivo antitumour activity of MGI-114 with that of conventional antitumour drugs in lung and gastric tumour xenograft models

Types Cell lines Antitumour activity of MGI-114

Lower than Slightly lower than

or equivalent to

Slightly higher than

or equivalent to

Higher than

Lung tumour Calu-6 Vindesine Irinotecan

Paclitaxel

Cisplatin

Doxorubicin

NCI-H460 Irinotecan

Paclitaxel

Cisplatin

Doxorubicin

Vindesine

NCI-H69 Paclitaxel Irinotecan Cisplatin

Etoposide

Gastric tumour GT3TKB Paclitaxel Irinotecan

Cisplatin

Doxorubicin

5-Fluorouracil

Hs746T Irinotecan Paclitaxel

Doxorubicin Cisplatin

5-Fluorouracil

HGC-27 Irinotecan

Paclitaxel
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tumour xenograft models, we have shown that MGI-
114 has a strong antitumour efficacy with complete
tumour regression being observed (Table 4). It is known
that NSCLC are highly resistant to the available anti-
tumour agents. However, in the panel of five human
lung tumours examined this study, three tumours were
NSCLC and MGI-114 showed significant antitumour
activity, including complete tumour regression, against
these NSCLC. It has previously been reported that in a
panel of six human lung tumour xenografts, paclitaxel
was more effective and had a wider spectrum of anti-

tumour activity than cisplatin [16]. In agreement with
this finding, we have found that in most of the human
lung tumour xenografts, paclitaxel and irinotecan
exhibited a strong antitumour activity higher than or
almost equivalent to that of cisplatin or doxorubicin
(Table 4). Moreover, we have demonstrated that the
overall efficacy of MGI-114 is generally higher than that
of all other conventional antitumour drugs used in the
present study (Table 5). We have also shown that MGI-
114 has a strong antitumour activity against gastric
tumours with complete regression in some human gastric

Table 6

In vivo antitumour activity of MGI-114 and other conventional antitumour drugs in human gastric tumours

Cell lines Antitumour drugs Schedulea Dose/injection

(mg/kg)b
Inhibition rate

(IR)c (%)

Cured ratio

(CR)c
Survival

ratioc,d

Hs746T MGI-114 Q1d�5 7.5 100y 7/7 7/7

5.0 100y 7/7 7/7

2.5 96y 3/7 7/7

Irinotecan Q4d�4 60 100y 7/7 7/7

30 99y 5/7 7/7

Paclitaxel Q4d� 3 22 81y 2/7 7/7

11 73* 2/7 7/7

Cisplatin Q1d 12 58* 1/7 7/7

Q1d� 5 2.5 81* 0/7 7/7

Doxorubicin Q1d 16 98y 1/6 6/7

12 95y 2/7 7/7

Q4d�3 7.5 100y 7/7 7/7

5 95y 3/7 7/7

5-Fluorouracil Q1d� 5 40 –e – 0/7

20 2 0/7 7/7

GT3TKB MGI-114 Q1d�5 7.5 89y 1/7 7/7

5.0 60* 0/7 7/7

2.5 45 0/7 7/7

Irinotecan Q4d� 4 60 58* 0/6 6/7

30 29 0/7 7/7

Paclitaxel Q4d�3 22 76* 1/7 7/7

11 16 0/7 7/7

Cisplatin Q1d 12 �2 0/7 7/7

Q1d� 5 2.5 53 0/7 7/7

Doxorubicin Q1d 16 55 0/7 7/7

5-Fluorouracil Q1d�5 20 42 0/6 6/6

HGC-27 MGI-114 Q1d�5 7.5 68* 0/7 7/7

5.0 52* 0/7 7/7

2.5 57* 0/7 7/7

Irinotecan Q4d�4 120 93* 0/2 2/6

60 87* 0/7 7/7

Paclitaxel Q4d�3 55 97y 0/4 4/6

44 98y 0/5 5/6

22 92* 1/7 7/7

MKN-45 MGI-114 Q1d�5 7.5 38 0/6 6/6

5.0 18 0/7 7/7

2.5 38 1/7 7/7

a Q1d indicates a single injection. Q1d�5 indicates daily injection for 5 consecutive days. Q4d�3 or Q4d�4 indicates three or four injections at 4

day-intervals.
b MGI-114 was injected either intravenously (i.v.) (Hs746T, GT3TKB, HGC-27) or intraperitoneally (i.p.) (MKN-45). Other antitumour drugs

were injected i.v.
c Inhibition rate, cured ratio and survival ratio were determined 30–32 days after the start of the administration ofMGI-114 or other antitumour drugs.
d Number of mice alive/number of mice tested.
e Cytotoxic death.

*P<0.05, yP<0.001, significantly different from the control group value.
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tumour xenograft models (Table 6). Moreover, the effi-
cacy of MGI-114 against gastric tumours was compar-
able to that of the other antitumour drugs used in the
present study (Table 5). However, the in vivo anti-
tumour activity of MGI-114 against LX-1 and MKN-45
was low (Tables 4 and 6). To our knowledge, there is no
report on the mechanism of tumour resistance to MGI-
114, the reason for the low efficacy of MGI-114 against
LX-1 and MKN-45 is not clear. However, according to
Woynarowska and colleagues [17], tumour cell lines
with a low sensitivity to MGI-114 have a low ability to
uptake MGI-114 into the cells compared with tumour
cell lines with a high sensitivity to MGI-114. It may
therefore be interesting to examine the ability of LX-1
and MKN-45 cells to uptake MGI-114.

Administration schedules of MGI-114 were also
examined in detail in this study (Table 1). We have
found that daily administration of MGI-114 for 5 con-
secutive days (Q1d�5) was more effective than inter-
mittent administrations (Q3d�5 or Q7d�5). Moreover,
in terms of the total amount of MGI-114 injected,
administration of MGI-114 twice a day at 8 h-interval
for 5 consecutive days [(Q8h�2)�5] had a similar effi-
cacy as the administration of MGI-114 once a day for 5
consecutive days (Q1d�5). This last observation may be
associated with the in vivo antitumour effect of MGI-
114. Pharmacokinetic study of MGI-114 was carried
out and the following results were obtained (data not
shown): (a) the plasma half-life of MGI-114 is short, i.e.
approximately 5 min, (b) plasma concentration of MGI-
114 after i.v. injection of MGI-114 is dependent on the
dose injected, i.e. C5min (concentrations of MGI-114 5
min after its i.v. injection). This plasma concentration is
448 and 7867 ng/ml for administration doses of 1 and
12.9 mg/kg, respectively. (c) AUC0�1 (area under the
plasma concentration–time) after i.v. injection of MGI-
114 is dependent on the dose of MGI-114, i.e. 8924 and
136,420 ng min/ml for administration doses of 1 and
12.9 mg/kg, respectively. From these parameters, it can
be suggested that, the total dose of MGI-114 injected
per day (or over 5 days) is the same, C5min in the group
treated twice a day is approximately half of that in the
group treated once a day, whereas AUC in the group
treated twice a day is almost the same as that in the
group treated once a day for 5 days. This indicates that
the in vivo antitumour activity of MGI-114 is likely to
be dependent on the AUC, but not on the concentration
of MGI-114 in the blood-circulation. AUC-dependency
of MGI-114 antitumour activity is further suggested by
an in vitro cytotoxic study. Nakai and colleagues [18]
showed that various conventional antitumour drugs can
be grouped into two types with respect to cytotoxic
action in vitro. These types are cell cycle phase non-spe-
cific (type I) and specific (type II). The cytotoxic activity
of type I drugs which includes alkylating agents and
antitumour antibiotics is AUC-dependent. However,

the cytotoxic activity of type II drugs which includes
antimetabolites and vinca alkaloids is time-dependent.
Our results show that the cytotoxic action of MGI-114
is AUC-dependent and that MGI-114 belongs to the
type I group (data not shown). Covalent binding of
radiolabelled equivalents of illudin S and acylfulvene to
DNA in tumour cell lines has been previously published
[2,19] and covalent binding of radiolabelled equivalents
of MGI-114 to DNA, RNA and proteins in tumour cells
has recently been demonstrated [20]. These findings indi-
cate that molecules of this class have alkylating activity.

In the present study, we compared the efficacy of
MGI-114 given either i.p. or i.v. in the KB xenograft
model and found that there were no major differences in
efficacy between these two routes of administration,
although more complete tumour regressions were
observed at the 5 mg/kg dose level with the i.v. admini-
stration (Table 2). This result is comparable to a pre-
vious report [5] utilising MX-1 xenograft models in
which a somewhat greater efficacy was observed with
i.v. versus i.p. administration.

In conclusion, the present study clearly demonstrates
a high antitumour activity of MGI-114 in several
human tumour xenograft models including lung, gas-
tric, breast, colon and nasopharyngeal tumours and
melanoma. MGI-114 is currently in phase II clinical
trials in the United States and represent a promising
new chemotherapy for the treatment of a wide spectrum
of human cancers, including lung and gastric tumours.
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