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The in vivo combination effect of AC-7700, a novel combretasta-
tin A-4 derivative, and cisplatin (CDDP) was examined. The combi-
nation of AC-7700 and CDDP increased antitumor activity against
murine colon 26 tumor in mice and cured the mice. This combina-
tion effect was found over wide dosage ranges of AC-7700 (20—
80 mg/kg) and CDDP (2.5-5 mg/kg). Moreover, this combination
augmented antitumor activity against murine $180 and M109 tu-
mors, and human LX-1 and LS180 tumor xenografts in mice. The
effect was the strongest when AC-7700 and CDDP were adminis-
tered simultaneously. To study this combination effect, we mea-
sured the concentrations of CDDP in tumors, plasma and kidneys
of the mice with colon 26 tumor. In the combination with AC-
7700, the concentration of CDDP in the tumors increased from 0.5
to 96 h after administration, but did not change or decrease in
plasma or kidneys. Against human LS180 xenografts in mice, the
combination similarly increased the concentration of CDDP in the
tumors. These results suggest that AC-7700 may specifically aug-
ment the accumulation of CDDP in tumors, and thus has the po-
tential to be useful in combination chemotherapy with CDDP.
(Cancer Sci 2003; 94: 200-204)

Combretastatin A-4 (CS A-4) is one of a class of com-
pounds, the combretastatins, isolated by Pettit er al.” from
the African shrub Combretum caffrum. CS A-4 is a strong tubu-
lin polymerization inhibitor and has strong cytotoxicity in
vitro.? In vivo, CS A-4 has produced hemorrhagic necrosis in
experimental tumors.

AC-7700, (Z)-N-[2-methoxy-5-[2-(3,4,5-trimethoxyphenyl)-
vinyl]phenyl]-L-serinamide hydrochloride, is a novel soluble
derivative® of CS A-4. AC-7700 showed potent antitumor ac-
tivities against murine tumor and human tumor xenografts in
mouse? and rat tumor models.” It has been suggested that AC-
7700 exerts antitumor activity by decreasing tumor blood
flow.>9

In clinical cancer chemotherapy, anticancer drugs are often
used in combination. Discovery of useful combination chemo-
therapy is expected to increase the response rate and the fre-
quency of long-term survival. In treatment with AC-7700, it
will be an important issue to determine which drug is most use-
ful for combination chemotherapy.

Cisplatin (CDDP) is one of the most useful clinical antican-
cer drugs. Therefore, combination chemotherapy of CDDP with
other or new anticancer drugs has often been tried. Combina-
tion of CDDP with vindesine (VP),” etoposide (EP)® and
cyclophosphamide+adriamycin (CAP)® has been investigated
in many tumors. Combination with recently developed drugs
(taxol,'® navelbine,'? CPT-11'?) has also been studied.

In the present study, we investigated the in vivo combination
effect of AC-7700 and CDDP on antitumor activity against mu-
rine tumor models. In addition, we examined the mechanism of
the combination effect by measuring the concentration of
CDDP in the tumors.
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Materials and Methods

Compounds. AC-7700 was synthesized as described previously.”
CDDP was purchased from Nippon Kayaku Co., Ltd. (Tokyo).
They were dissolved in and diluted with physiological saline on
the day of administration.

Animals and tumors. Female CDF1, ICR and ICR-nu/nu mice
were purchased from Charles River Japan, Inc. (Yokohama).
They were supplied food (CRF-1, Clea Japan, Tokyo) and wa-
ter ad libitum. ICR-nu/nu mice were maintained under sterile
conditions.

Murine colon carcinoma colon 26 and human lung carcinoma

LX-1 were supplied from the Japanese Foundation for Cancer
Research (Tokyo). Murine sarcoma S180 and lung carcinoma
M109 were supplied from the National Cancer Center Research
Institute (Tokyo). Human colon carcinoma LS180 was obtained
from American Tissue Culture Collections (ATCC, Rockville,
MD). Colon 26 and M109 tumors were maintained in CDF1
mice subcutaneously. S180 tumor was maintained in ICR mice
intraperitoneally. LX-1 tumors were maintained in ICR-nu/nu
mice subcutaneously. LS180 tumor cells were cultured with
RPMI 1640 medium (Gibco, Grand Island, NY) supplemented
with 10% fetal bovine serum (FBS) (Gibco) in an atmosphere
of 5% CO, in a highly humidified incubator at 37°C.
Evaluation of antitumor activity. Tumor fragments, approximately
10-20 mg (colon 26, M109 and LX-1), or tumor cell suspen-
sions, approximately 3x10°-1x107 cells (S180 and LS180),
were inoculated subcutaneously into the back of mice (6-week-
old CDF1 mice for colon 26 and M109, 6-week-old ICR mice
for S180, and 5-week-old ICR-nu/nu mice for LX-1 and
LS180) (day 0). On the first day of drug administration, the
mice were divided into groups (n=6-8) on the basis of tumor
volume and body weight. All compounds were administered in-
travenously.

Tumor volume on day 21 was evaluated as antitumor activity.

Tumor volume was calculated according to the following
equation.

Tumor volume (mm?)=[length (mm)xwidth (mm)?]/2
T/C was calculated according to the following equation.

T/C (%)={mean tumor volume (mm?) of treated mice/
mean tumor volume (mm?) of control mice}x100

Body weight change was calculated according to the follow-
ing equation.
Body weight change (g)=mean body weight on day 21 -mean
body weight on the first day of drug administration

Mice without any tumor detectable by palpation were re-
garded as tumor-free (cured) mice.
Measurement of CDDP in tumors, plasma and kidneys. Mice with a
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tumor (approximately 100—500 mm?®) were administered CDDP
(5 mg/kg) or CDDP and AC-7700 (20 mg/kg) simultaneously.
Following administration as described in “Results,” blood, tu-
mors and kidneys were collected from mice under ethylether
anesthesia. The plasma and tissues were stored at —80°C.

The concentrations of CDDP in the tissues were measured as
the concentrations of platinum (Pt). Pt was measured by graph-
ite furnance atomic absorption spectrometry (GFAAS).'® The
atomic absorption spectrometry system used was a Hitachi Z-
9000 spectrometer with a graphite furnace module equipped
with a Zeeman effect background corrector and an autosampler.
Pyrolytic graphite tubes were employed for all measurements.
Operating conditions were as follows: wavelength, 265.9 nm;
lamp current, 10 mA; argon gas flow-rate, 200 ml/min (except
during atomization when 0); sample injection volume, 20 ul.
The temperature program is shown in Table 1.

Platinum contents were quantitated by running a calibration

curve (0, 0.025, 0.05, 0.1, and 0.2 yug/ml) immediately before
the sample analysis. The concentrations of CDDP were calcu-
lated from the concentration of Pt according to molecular
weight.
Statistics. The differences in the tumor volumes of treated mice
vs. control mice on day 21 and the concentrations of CDDP in
tumors, plasma, and kidneys of AC-7700 and CDDP-treated
mice vs. CDDP-treated mice were statistically analyzed by us-
ing the Student’s ¢ test.

Results

Antitumor activity of a combination of AC-7700 and CDDP against
murine colon 26 tumor in mice. Antitumor activities of AC-7700,
CDDP and a combination of AC-7700 and CDDP against mu-
rine colon 26 tumor in mice were studied (Table 2).

AC-7700 at 10, 20, 40 and 80 mg/kg dose-dependently de-
creased colon 26 tumor volumes on day 21 (T/C=78, 67, 46
and 28%, respectively). In this study, one mouse (1/6) was
dead by day 21 at 80 mg/kg of AC-7700, but in other studies,
no death occurred at the same dose and all mice died at 160
mg/kg (data not shown). Therefore, the MTD (maximum toler-
able dose) of AC-7700 was regarded as near 80 mg/kg.

CDDP at 2.5 and 5 mg/kg dose-dependently decreased the
tumor volumes on day 21 (T/C=52% and 26%, respectively).

Table 1. Temperature program used for the determination of plati-
num concentration by GFAAS

Temperature (°C)

Step Start End Time (5)
Dry 50 200 30
Ash 1 200 1000 30
Ash 2 1500 1500 30
Atomization 3000 3000 10
Clean 3000 3000 5

In other studies, all mice were dead at 10 mg/kg of CDDP. The
MTD of CDDP was regarded as near 5 mg/kg.

Combinations of AC-7700 and CDDP remarkably decreased
the tumor volumes on day 21. In the combination with CDDP
at 2.5 mg/kg, AC-7700 at 10 mg/kg decreased T/C (3%) and
at 20-80 mg/kg the tumors disappeared (T/C=0%). In the
combination with CDDP at 5 mg/kg, the tumors disappeared at
10-80 mg/kg of AC-7700. Body weight changes of mice on
day 21 in the combination treatment were not severe. On day
78, all mice were tumor-free in the combination treatment of
AC-7700 (20-80 mg/kg) and CDDP (2.5-5 mg/kg).
Antitumor activity of a combination of AC-7700 and CDDP against
murine S180 and M109 tumors and human LX-1 and LS180 tumor xe-
nografts in mice. Antitumor activities of AC-7700, CDDP and a
combination of AC-7700 and CDDP against murine S180 and
M109 tumors and human LX-1 and LS180 tumor xenografts in
mice were studied (Table 3). Against murine S180 and M109
tumors, the combination of AC-7700 (20 and 80 mg/kg) and
CDDP (5 mg/kg) remarkably decreased the tumor volumes.
One mouse (1/6) was tumor-free on day 119 in the combina-
tion of AC-7700 (20 or 80 mg/kg) and CDDP (5 mg/kg)
against S180 tumor. Against human LX-1 and LS180 tumor xe-
nografts, the combination of AC-7700 (20 mg/kg) and CDDP
(5 mg/kg) decreased the tumor volumes. Body weight changes
of mice with these tumors on day 21 in the combination treat-
ment were not severe.

Effect of administration schedule on antitumor activity of a combi-
nation of AC-7700 and CDDP. AC-7700 (20 mg/kg) and CDDP (5
mg/kg) were administered simultaneously or in the order of
CDDP following AC-7700 at a 6 or 24 h interval or AC-7700

Table 2. Antitumor activity of a combination of AC-7700 and cisplatin against murine colon 26 tumor model

Day 21 Day 78
Compounds (mg/kg) Mice (n) Toxic death Tumor vo.lume3 TIC (%)  Body weigh'_c change L e e
(mean+SD; mm3) (mean; g)
Control 6 0/6 5294+1179 100 3.7 0/6
AC-7700 (10) 6 0/6 41491811 78 2.5 0/6
AC-7700 (20) 6 0/6 35741542 67 2.6 0/6
AC-7700 (40) 6 0/6 2440+412™ 46 2.3 0/6
AC-7700 (80) 6 1/6 1491+£543™ 28 1.1 0/6
CDDP (2.5) 6 0/6 2761+£326™ 52 2.9 0/6
CDDP (5) 6 0/6 1359+325" 26 -1.2 0/6
AC-7700 (10)+CDDP (2.5) 6 0/6 138+165™ 3 0.5 3/6
AC-7700 (20)+CDDP (2.5) 6 0/6 0+0* 0 0.8 6/6
AC-7700 (40)+CDDP (2.5) 6 0/6 0+0™ 0 0.6 6/6
AC-7700 (80)+CDDP (2.5) 6 0/6 0+0™ 0 0 6/6
AC-7700 (10)+CDDP (5) 6 0/6 0+0™ 0 -0.9 5/6
AC-7700 (20)+CDDP (5) 6 0/6 0+0™ 0 -0.4 6/6
AC-7700 (40)+CDDP (5) 6 0/6 0+0* 0 -0.7 6/6
AC-7700 (80)+CDDP (5) 6 0/6 0+0™ 0 -1.3 6/6

Compounds were administered individually on days 7, 11 and 15, as well as simultaneously in combination.

#%P<0.01 vs. control.
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Table 3. Antitumor activity of a combination of AC-7700 and cisplatin against murine S180 and M109 tumor models, and human LX-

1 and LS180 tumor xenografts

Day 21
Tumors Compounds (mg/kg)  Mice (n) Toxic death (Tumor vcvllume3 T/C (%) Body weighF change [ o e
mean+SD; mm3) (mean; g)
S180" Control 6 0/6 583243318 100 5.9 0/6%
AC-7700 (20) 6 0/6 670142527 115 6.3 0/6%
AC-7700 (80) 6 0/6 32241819 55 3.7 0/6%
CDDP (5) 6 0/6 3517+1707 60 3.7 0/6%
AC-7700 (20)+CDDP (5) 6 0/6 492+348* 8 1.5 1/69
AC-7700 (80)+CDDP (5) 6 0/6 2691162 5 -0.2 1/69
M109" Control 6 0/6 10523+2657 100 4.7 0/6
AC-7700 (20) 6 0/6 50994959 48 -2.1 0/6%
AC-7700 (80) 6 0/6 21474569 20 -1.4 0/6%
CDDP (5) 6 0/6 62314829 59 -2.2 0/6%
AC-7700 (20)+CDDP (5) 6 0/6 222+75" 2 -3.5 0/6%
AC-7700 (80)+CDDP (5) 6 0/6 110£110* 1 -2.6 0/6%
LX-12 Control 6 0/6 12551477 100 -1.2 0/69
AC-7700 (20) 6 0/6 705+195" 57 0 0/69
CDDP (5) 6 0/6 652+276° 51 -29 0/69
AC-7700 (20)+CDDP (5) 6 0/6 4234175 33 -1.9 0/6%
LS180®  Control 8 0/6 19294558 100 1.3 0/6”
AC-7700 (20) 8 0/6 1041+505* 54 -0.3 0/6”
CDDP (5) 8 0/6 1482+575 77 -1.2 0/6”
AC-7700 (20)+CDDP (5) 8 0/6 835+280™ 43 -1.9 0/6”
1) Compounds were administered individually on days 7, 11 and 15, as well as simultaneously in combination.
2) Compounds were administered individually on days 11, 15 and 19, as well as simultaneously in combination.
3) Compounds were administered individually on days 10, 14 and 18, as well as simultaneously in combination.
#*P<0.05, **P<0.01 vs. control.
Tumor-free mice were evaluated on day 4) 119, 5) 55, 6) 154, or 7) 38.
Table 4. Effect of administration schedule on antitumor activity of a 0 ) 0 9
combination of AC-7700 and cisplatin against murine colon 26 tumor =
model £ " *
Day 78 z e
Compounds (mg/kg) Interval (h) - o0 - *
Tumor free ER 0 10 *
AC-7700 (20)+CDDP (5)” 0 5/5 I
AC-7700 (20)—CDDP (5)? 6 2/5 S
AC-7700 (20)—CDDP (5)? 24 1/5
CDDP (5)—AC-7700 (20)? 6 1/5 e 10 10
0 24 48 72 9% 0 24 48 72 96 0 24 48 72 9
CDDP (5)—AC-7700 (20)? 24 1/5

1) Compounds were administered simultaneously on days 7, 11 and 15.
2) The first compound was administered on days 7, 11 and 15, and
the second compound was administered following the first com-
pound after an interval.

following CDDP at a 6 or 24 h interval to mice with colon 26
tumor (Table 4). When AC-7700 and CDDP were administered
simultaneously, all of the mice were cured (tumor-free 5/5),
but the numbers of tumor-free mice decreased (2/5 and 1/5)
when AC-7700 and CDDP were administered separately at
intervals.

Body weight change of normal mice treated with a combination of
AC-7700 and CDDP. Body weight change following administra-
tion of AC-7700, CDDP, and a combination of AC-7700 (20
mg/kg) and CDDP (5 mg/kg) was studied in normal mice.
AC-7700 did not decrease body weight. CDDP and AC-
7700+CDDP tended to decrease body weight slightly, but not
significantly, on day 2, and the values recovered by day 4. The
combination of AC-7700 and CDDP did not cause severe de-
crease in body weight in normal mice.

Effect of the combination of AC-7700 and CDDP on the concentra-
tion of CDDP in murine colon 26 tumor in mice. The concentrations

202

Time after administration (h)

Fig. 1. Effect of a combination of AC-7700 and CDDP on accumulation
of CDDP in a) tumors, b) plasma, and c) kidneys of mice with colon 26
tumor. AC-7700 (20 mg/kg) and CDDP (5 mg/kg) were administered in-
dividually on day 10, as well as simultaneously in combination. Tumors,
plasma, and kidneys were collected at the indicated time after admin-
istration, and CDDP was measured as described in “Materials and
Methods.” The values for the concentration of CDDP are given as the
mean*SD (n=5). * P<0.05, ** P<0.01. O CDDP alone, @ combination
(AC-7700+CDDP).

of CDDP in colon 26 tumors, plasma, and kidneys after admin-
istration were measured (Fig. 1).

In the tumors (Fig. 1a), CDDP in the combination treatment
increased at 0.5 h after administration (CDDP: 2.21+0.36 ug/g
vs. AC-7700+CDDP: 2.98+0.64 ug/g; P<0.05). This increase
was greatest at 4 h (CDDP: 1.82+0.24 ug/g vs. AC-7700+
CDDP: 3.44+0.72 ug/g; P<0.01) and continued through 96 h
(CDDP: 0.57£0.21 ug/g vs. AC-7700+CDDP: 1.75£0.46 ug/g;
P<0.01) after administration.

In the plasma (Fig. 1b), CDDP in the combination treatment
decreased at 0.5 h after administration (CDDP: 2.38+0.14 ug/
ml vs. AC-7700+CDDP: 1.82+0.29 ug/ml; P<0.05). This de-
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Fig. 2. Effect of a combination of AC-7700 and CDDP on accumulation
of CDDP in tumors of nude mice with human LS180 tumor. AC-7700 (20
mg/kg) and CDDP (5 mg/kg) were administered individually on day 10,
as well as simultaneously in combination. Tumors were collected at 24
h after administration, and CDDP in the tumors was measured as de-
scribed in “Materials and Methods.” The values for the concentration
of CDDP are given as the mean+SD (n=5). * P<0.05.

crease was not evident at 4 and 26 h. CDDP was not detectable
at 96 h.

In the kidneys (Fig. 1c), CDDP in the combination treatment
decreased at 0.5 h after administration (CDDP: 8.28+1.32 ug/g
vs. AC-7700+CDDP: 6.371£0.89 ug/g; P<0.05). The decrease
continued through 96 h (CDDP: 2.34+0.23 ug/g vs. AC-
7700+CDDP: 1.69£0.10 ug/g; P<0.01) after administration.
Effect of the combination of AC-7700 and CDDP on the concentra-
tion of CDDP in human LS180 tumor in mice. The concentration of
CDDP in human LS180 tumors at 24 h after administration was
measured (Fig. 2). The combination of AC-7700 and CDDP in-
creased CDDP in the tumor (CDDP: 0.59+0.13 ug/g vs. AC-
7700+CDDP: 0.85+0.14 ug/g; P<0.05).

Discussion

The combination of AC-7700 and CDDP augmented antitumor
activity in vivo against murine and human tumors in mice. In
particular, the combination cured mice with colon 26 tumor.
The MTD of AC-7700 or CDDP in mice with colon 26 tumor
was near 80 mg/kg or 5 mg/kg, respectively. Each compound
alone at the MTD did not cure the mice. In the combination
with CDDP, AC-7700 at 1/8—1 MTD cured the mice. There-
fore, this combination effect was considered a strong synergis-
tic effect. Moreover, the combination did not cause toxic death
in spite of combining the compounds at their respective MTDs.
These results suggest that the combination of AC-7700 and
CDDP is a chemotherapy with a high therapeutic index. The
combination of AC-7700 and CDDP did not severely decrease
body weight in mice with or without tumors. It is possible that
this combination augments antitumor activity without augment-
ing side effects.

Tubulins in tumor cells are regarded as a target of AC-7700
in vitro.¥ Vindesine is an antitumor drug with antitubulin activ-
ity.'"¥ We compared AC-7700 with vindesine in combination
with CDDP by using A549 human tumor cell and colon 26 cell
in vitro. The in vitro combination effect of AC-7700 and CDDP
was an additive and partially antagonistic effect (data not
shown), which was the same as that of vindesine or other anti-

1. Pettit GR, Singh SB, Hamel E, Lin CM, Alberts DS, Garia-Kandall D.
Isolation and structure of the strong cell growth and tubulin inhibitor com-
bretastatin A4. Experientia 1989; 45: 205-11.

2. El-Zayar AAE, Degen D, Drabek S, Clark GM, Pettit GR, von Hoff DD. In
vitro evaluation of the antineoplastic activity of combretastatin A-4, a natural
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tubulin drugs (vincristine, vinblastine) and CDDP.'® The in vivo
combination effect of AC-7700 and CDDP may be similar to
the in vitro combination effect of vindesine and CDDP. How-
ever, the combination of vindesine and CDDP did not cure
mice with colon 26 tumor in vivo (data not shown). These data
suggest that AC-7700 has different mechanisms from vindesine
in combination with CDDP in vivo.

Tubulin-binding reagents have antivascular activity in animal
tumors,'®!” but they function only at levels close to their
MTDs. We examined whether AC-7700 decreased tumor blood
flow at effective antitumor dosages by using the Evans blue
method on murine tumor models® and by using the hydrogen
clearance method on rat tumor models.” Decrease of tumor
blood flow is considered to decrease the quantity of drug that
arrives at the tumor and to inhibit the excretion of drugs distrib-
uted to the tumor. In this study, we showed that the combina-
tion of AC-7700 and CDDP increased the concentration of
CDDP and kept it at high level in the tumors and that the si-
multaneous administration of AC-7700 and CDDP was most
effective (the combination effect disappeared if there was a 6 h
interval between administration of the two drugs). As the de-
crease of tumor blood flow by AC-7700 appears at 30 min after
administration,” it is suggested that AC-7700 may inhibit the
excretion of CDDP distributed to the tumor by decreasing tu-
mor blood flow. CDDP is a type I anticancer drug and its cyto-
toxicity is dependent on the area under the curve (AUC).'® The
AUC of CDDP in colon 26 tumor increased about 2 times in
the combination of AC-7700 and CDDP (data not shown).
Therefore, we speculate that increased accumulation of CDDP
in the tumor was related to the augmentation of in vivo antitu-
mor activity against tumors in mice and the cures of mice with
the combination of AC-7700 and CDDP.

Recently, a combination treatment of combretastatin A4
phosphate (CA4DP) and CDDP was reported.'*~2) The combi-
nation of CA4DP and CDDP enhanced tumor response activi-
ties (tumor surviving fraction) and the greatest enhancement
was observed when CA4DP was given 15 min-1 h after ad-
ministration of CDDP. We obtained cures of mice with the
combination of AC-7700 and CDDP in the present examina-
tions. Our data indicated a decrease of the combination effect of
AC-7700 and CDDP by a 6 h interval between the two treat-
ments, but we consider that our data do not conflict with the
data for CA4DP and CDDP. We consider that enhancement
might also be observed when AC-7700 is given 15 min—1 h af-
ter administration of CDDP based on our mechanism. The com-
bination treatment with AC-7700 and CDDP may have greater
potential than that with CA4DP and CDDP with regard to the
cure of patients, based on our data.

T/C of CDDP alone at 5 mg/kg against LS180 was 77%.
The LS180 tumor is a CDDP-insensitive tumor. The concentra-
tion of CDDP in LS180 was much lower than that in colon 26
when CDDP alone was administered. However, with the com-
bination of AC-7700 and CDDP, the concentration of CDDP in
the tumor increased and chemotherapy was effective (T/
C=43%). Therefore, this combination is suggested to be useful
against not only CDDP-sensitive tumors, but also CDDP-insen-
sitive tumors, by enhancing the accumulation of CDDP in tu-
mors.

In combination with AC-7700, other anticancer drugs may
also be accumulated in tumors by a decrease of tumor blood
flow. Therefore, AC-7700 may be useful in wide-ranging com-
bination chemotherapy.
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