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A Novel Combretastatin A-4 Derivative, AC-7700, Shows Marked Antitumor 
Activity against Advanced Solid Tumors and Orthotopically Transplanted 
Tumors
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AC-7700, a novel combretastatin A-4 derivative, suppresses the growth of solid tumors by inhibit-
ing tumor perfusion. We evaluated the antitumor activity of AC-7700 on solid tumors in two exper-
imental models, an advanced tumor model (murine colon 26 (c26) adenocarcinoma, colon 38 (c38)
adenocarcinoma, MethA fibrosarcoma, Sarcoma 180 (S180), Lewis lung carcinoma (3LL), human
LS180 adenocarcinoma) and an orthotopically transplanted tumor model (c26), compared with
that of cisplatin (CDDP). The maximum tolerable dose (MTD) of CDDP suppressed early-stage c26
and c38 tumor growth when treatment was started after the tumor volume (TV) reached 0.2–0.5
cm3, but it showed reduced activity against the same tumors at an advanced growth stage when TV
exceeded 2 cm3. At its MTD, AC-7700 was active against all tumors tested except 3LL in both early
and advanced growth stages, reducing the tumor mass and having a curative effect in advanced
c38 tumors. AC-7700 was also effective on orthotopically transplanted c26 tumors, showing a
comparable activity to that on subcutaneous tumors. Unlike flavon acetic acid, which damages
tumor vasculature by inducing endogenous tumor necrosis factor-αααα production, AC-7700 potently
suppressed the growth of advanced c26 tumors in athymic as well as euthymic mice. These results
suggest that AC-7700 is a novel antivascular agent that may have potent activity against advanced-
stage cancer in the clinical setting.

Key words:    Combretastatin — Tubulin-binding agent — Advanced solid tumor — Orthotopic trans-
plantation — Host immune status

Despite the potent, direct suppressive effect chemother-
apeutic agents have against solid tumor growth in experi-
mental murine tumor models, their clinical application
remains marginal, partly due to the progressive growth
stage at which human tumors must often be treated. It has
been reported that, as tumors grow, low- or no-flow areas
are generated in malignant tissue and interstitial fluid pres-
sure also increases.1–3) Clinical tumors at advanced stage
often grow slowly, and their tumor cell population in the
growth phase decreases compared with that in subcutane-
ous (s.c.) rodent tumors. These factors markedly reduce
drug accessibility to malignant tissue and tumor cell sensi-
tivity to chemotherapeutic agents whose effectiveness
depends on the cell cycle.4, 5)

Unlike chemotherapeutic agents directly affecting tumor
cells, the efficacy of agents targeting tumor vasculature
may not be affected by these factors in advanced tumors.
Agents targeting tumor vasculature that were developed in

the last decade can be divided into (a) vascular damaging
agents, e.g., tumor necrosis factor (TNF)-α,6) flavon acetic
acid (FAA),7, 8) lipid A derivatives,9) interferon (IFN),10)

and interleukin (IL)-1β,11) and (b) angiogenesis inhibitors,
e.g., TNP-470,12–14) 2-methoxyestradiol,15) endostatin,16)

and angiostatin.17, 18) Many of these agents exhibit potent
antitumor activity against murine and human s.c. solid
tumors even at an advanced growth stage. However, most
of the agents that have finished clinical trials, particularly
the vascular damaging agents, have failed to achieve clini-
cal responses of the same magnitude as chemotherapeutic
agents directly acting on tumor cells.19–26) This reduced
response to vascular targeting agents may be partly caused
by the differences of tumor vascular architecture, vascular
response, and host responses to immunological stimulation
between experimental s.c. tumors and primary human
tumors.

Tubulin-binding agents are reported to reduce perfusion
in s.c. murine tumors independently of TNF-α induc-
tion.27, 28) However, these agents also exert an antimitotic
effect and are highly toxic to normal tissue at doses which
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inhibit tumor perfusion. We have synthesized AC-7700, a
combretastatin A-4 (CS A-4) derivative, which inhibits
tubulin polymerization and potently suppresses solid
murine tumor growth by reducing tumor perfusion rather
than by mitotically arresting tumor cells in the tolerable
dose range.29–31)

In the present study, we evaluated the antitumor activity
of AC-7700 against two different tumor models, an
advanced tumor model and an orthotopically transplanted
tumor model which reflected human malignancy in growth
stage and growth site. In the advanced tumor model,
murine and human tumors were inoculated s.c. into mice
and treatment was started after the tumor volume reached
2 cm3. The antitumor activity of AC-7700 was compared
to that of cisplatin (CDDP), which acts directly on tumor
cells and is widely used clinically. The other experiment
employed an orthotopically transplanted tumor model, in
which colon 26 (c26) was inoculated into mice in the
cecum, the primary site of this cell line. We also investi-
gated the relationship between antitumor activity of AC-
7700 and host immune status using athymic and euthymic
mice bearing c26 tumors, and  compared the results with
those of FAA. A preliminary study has been published as
an abstract.32)

MATERIALS AND METHODS

Drugs  AC-7700 and FAA were synthesized by Ajino-
moto Co., Inc. (Central Research Laboratories, Kawasaki).
The chemical structures of AC-7739 and AC-7700 are
shown in Fig. 1. AC-7700 is a serine prodrug of AC-7739
and is cleaved by aminopeptidase, releasing the active
form in vitro as well as in vivo.

AC-7700 and CDDP (Nippon Kayaku Co., Inc., Tokyo)
were dissolved in and diluted with saline. FAA was dis-
solved in and diluted with 5% NaHCO3. AC-7700 was
administered intravenously (i.v.) or s.c., CDDP was
administered i.v., and FAA was administered intraperito-
neally (i.p.).

Animals  Female BALB/c×DBA/ 2F1 (CD2F1), C57BL/
6×DBA/2F1 (BD2F1), Balb/c mice, Balb/c nu/nu, and
ICR nu/nu athymic nude mice were obtained from Charles
River Japan, Inc. (Yokohama). CD2F1, BD2F1, and Balb/
c mice were given access to food (CRF1; Charles River
Japan, Inc.) and water ad libitum. The athymic nude mice
diet consisted of autoclaved food and water ad libitum.
Each strain was maintained under specific pathogen-free
conditions at 23±2°C and 50±10% relative humidity.
Lighting was automatic on a 12-h light/dark cycle.
Tumor cells  Murine colon 26 (c26) adenocarcinoma was
supplied by Simonsen Laboratories (Gilroy, CA) under the
auspices of the National Cancer Institute, NIH (Bethesda,
MD), and was maintained by the Japanese Foundation for
Cancer Research (Tokyo). Murine colon 38 (c38) adeno-
carcinoma, MethA fibrosarcoma, and Lewis lung carci-
noma (3LL) were supplied by the Japanese Foundation for
Cancer Research (Tokyo). Murine Sarcoma 180 (S180)
and p388 leukemia were purchased from Dainihon Phar-
maceutical Co., Inc. (Osaka). Human colon adenocarci-
noma LS180 was purchased from the American Type
Culture Collection (Rockville, MD).
Antitumor effects on solid tumor models in vivo  Tumor
fragments consisting of 5 mg of c26, c38, LS180, and 3LL
or 3×106 cells of MethA and S180 were inoculated s.c.
into 5- to 6-week-old CD2F1 (c26, MethA), BD2F1 (c38,
3LL), ICR (S180) and ICR nu/nu (LS180) mice on day 0.
In early tumor models, drugs were administered on day 7,
11, and 15 when the tumor volume (TV) was 0.2–0.5 cm3.
In advanced tumor models, drugs were administered 3
times at 3-day intervals (q4d×3) after the TV exceeded
2 cm3.

After treatment started, tumor size (long and short
diameter) and body weight were measured two or three
times a week. TV was calculated by use of the following
formula

TV (cm3) = (DL ×DS2) ×1/2 × 1/1000

where DL is the tumor’s long diameter and DS the short
diameter. The inhibition ratio (IR, %) of TV was calcu-
lated by use of the following formula

IR (%) = (1 − T/C) ×100

where T is the TV in treated mice and C that in controls.
Antitumor effects were evaluated on the day when IR
peaked after the treatment was completed. Body weight
change (BWC) was calculated by means of the following
formula

BWC (%) = (Wdx /Wds−1) ×100

where Wdx is body weight on the day when the antitumor
effect was evaluated and Wds is body weight on the day
treatment was started.
Antitumor effects on ascitic tumor model in vivo p388

Fig. 1.  Chemical structures of  AC-7739 and AC-7700. AC-
7739: (Z)-2-methoxy-5-[2-(3,4,5-trimethoxyphenyl)vinyl]phenyl-
amine hydrochloride. AC-7700: (Z)-N-[2-methoxy-5-[2-(3,4,5-
trimethoxyphenyl)vinyl]phenyl]-L-serinamide hydrochloride. AC-
7739: R=H. AC-7700: R=COCHNH2CH2OH.
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leukemia (3×106 cells) was inoculated i.p. into 6-week-old
female CD2F1 mice on day 0. Drugs were administered
on day 1, 5, and 9 and antitumor activity was evaluated in
terms of increased life span in mice, calculated by using
the following formula

%T /C = LT × 1/Ln ×100

where Ln is the mean survival days of nontreated and LT
is that of drug-treated mice.
Antitumor effects on orthotopically transplanted
tumors  c26 cells (5×105) were inoculated  intracecumly
(i.c.) into 6-week-old female CD2F1 mice on day 0. Drugs
were administered on day 9, 13, and 17. Mice were killed
by cervical dislocation on day 19. Local i.c. tumor size
was measured and TV was calculated as described above.
Antitumor activity of AC-7700 in immune-deficient
mice  Tumor fragments of c26 were inoculated s.c. into 7-
week-old Balb/c or Balb/c nu /nu mice on day 0. FAA and
AC-7700 were administered on day 8 and 15. After treat-
ment started, tumor size and body weight were measured
two or three times a week. Antitumor activity was calcu-
lated as described above.

RESULTS

Antitumor activity against advanced solid murine
tumor models
Colon 26 adenocarcinoma: AC-7700 and CDDP were
tested using an intermittent schedule (q4d×3) in early- and
advanced-stage s.c. c26 (Table I). I.v. and s.c. injection of
AC-7700 exerts strong antitumor activity against early-

Table I. Antitumor Activity of AC-7700 and CDDP against Colon 26 Adenocarcinomaa)

Drugs
Dose 

(mg/kg/day)
q4d×3b)

Route
Early tumor model Advanced tumor model

IRc) (%) BWCd) (%) Dead/total Commente) IRc) (%) BWCd) (%) Dead/total Commente)

AC-7700 40 i.v. 70.4 −3.2 0/6 Active 57.9 −6.4 0/6 Active
80 i.v. 78.7 −7.6 0/6 MTD,f) active 84.1 −4.6 0/6 MTD,f) highly active

AC-7700 5 s.c. 17.2 −1.3 0/5 Inactive 2.4 −6.6 0/5 Inactive
10 s.c. 38.0 3.3 0/5 Inactive 25.8 −12.4 0/5 Inactive
20 s.c. 67.8 −0.2 0/5 Active 31.8 −5.3 0/5 Inactive
40 s.c. 77.4 −4.0 0/5 MTD,f) active 75.7 −1.9 0/5 MTD,f) active

CDDP 2.5 i.v. 24.1 −6.0 0/5 Inactive 29.9 −6.6 0/5 Inactive
5 i.v. 63.7 −6.4 0/5 MTD,f) active 34.5 −14.3 0/5 MTD,f) inactive

FAA 150 i.p. 52.1 −2.5 0/5 Active 68.4 −7.2 0/6 Active
200 i.p. 65.6 −5.2 0/5 MTD,f) active 95.7 4.0 0/6 MTD,f) highly active

a) Colon 26 adenocarcinoma was inoculated s.c. into female CD2F1 mice on day 0.
b) Treated on day 7, 11 and 15 in early tumor model, and on day 14, 18 and 22 in advanced tumor model.
c) IR, inhibition ratio of tumor volume.
d) BWC, body weight change.
e) Activity rating is indicated in Table VI.
f) MTD, maximum tolerable dose.

Fig. 2. Growth curves of c26 tumors in early (a, c) and
advanced (b, d) growth stage treated with AC-7700 (40 mg/kg,
s.c.) and CDDP (5 mg/kg, i.v.). c26 was inoculated s.c. into
CD2F1 mice on day 0. Drugs were administered on day 7, 11
and 15 in the early tumor model and on day 14, 18 and 22 in the
advanced tumor model. Solid line, mean TV of nontreated mice.
Open circles, TV of treated mice. Bars, mean±SD (n=5).



Antivascular Mechanism Independent of Host Immune Status

1019

stage c26 tumors at half the MTD (maximum tolerable
dose) and at the MTD. AC-7700 also suppressed
advanced-stage c26 tumor growth, reducing the tumor
mass (Fig. 2). AC-7700 did not induce body weight loss
due to drug toxicity, with a BWC of −4.6% (80 mg/kg/
day, i.v.) (BWC of nontreated mice bearing advanced c26
tumors: −15.3%). AC-7700 was also highly effective
against advanced c26 tumors in s.c. administration.

Although MTD (5 mg/kg/day) of CDDP suppressed
early-stage c26 tumor growth (IR: 63.7%), it showed
reduced activity in the advanced tumor model (IR: 34.5%).
MTD of CDDP did not suppress the body weight reduction
caused by tumor bearing, producing a BWC of −14.3%.
Colon 38 adenocarcinoma: Early- and advanced-stage s.c.
c38 tumors were highly sensitive to AC-7700 (Table II). In
the advanced tumor model, a potent antitumor activity was
observed even at one-fourth of the MTD and s.c. injection
of 20 or 40 mg/kg/day AC-7700 produced a curative
effect (2/5) and markedly increased the life span of
mice with %T/C values of 194% and 187%, respectively
(Fig. 3).

The CDDP dose tested (5 mg/kg/day) was active
against early-stage tumors with an IR of 57.2%, but had
no effect against advanced-stage tumors, causing loss of
body weight due to drug toxicity.
MethA fibrosarcoma: AC-7700 at the tested doses moder-
ately inhibited early-stage MethA tumor growth (IR: 52.9–
64.7%) (Table III). In the advanced tumor model, one-
fourth the MTD (5.5 mg/kg/day) produced suppressive
activity on tumor growth comparable to the MTD (43.6
mg/kg/day) in the early tumor model, and higher AC-
7700 doses strongly suppressed advanced tumor growth.

CDDP administration of 5 mg/kg/day was ineffective
in early- and advanced-stage MethA tumors (IR: <50%).
The effect was marginal and equivalent to that of AC-7700
at a dose of less than one-fourth the MTD in each model.
Sarcoma 180: In advanced-stage S180 tumors (Table IV),
AC-7700 suppressed tumor growth moderately with an IR

of 64.7% (43.6 mg/kg/day, s.c.). CDDP was also effective
against advanced S180 tumors.
Lewis lung carcinoma: AC-7700 and CDDP were margin-
ally effective against advanced 3LL tumors (Table IV). In
this tumor model, mice died of tumor growth and metasta-
sis during drug treatment.
Antitumor activity against advanced-stage human
tumor xenograft
Human colon carcinoma LS180: AC-7700 was highly
effective against advanced-stage human colon adenocarci-
noma LS180 in two types of intermittent schedule (q4d×3,
q2d×6) (Table V). The MTD of CDDP was not effective
in either early- or advanced-stage tumors.

AC-7700 induced hemorrhagic necrosis in a tumor mass
6 h after injection and peak tumor growth suppression was

Table II. Antitumor Activity of AC-7700 and CDDP against Colon 38 Adenocarcinomaa)

Drugs
Dose 

(mg/kg/day)
q4d×3b)

Route
Early tumor model Advanced tumor model

IR (%) BWC (%) Dead/total Comment IR (%) BWC (%) Dead/total Comment

AC-7700 5 s.c. 31.0 2.4 0/5 Inactive 31.0 −14.7 1/5 Inactive
10 s.c. 51.3 4.8 0/5 Active 69.1 3.2 0/5 Active
20 s.c. 82.1 11.4 0/5 Highly active 84.2 3.2 0/5 Highly active
40 s.c. NDc) NDc) NDc) 92.8 1.7 0/5 MTD, highly active

CDDP 2.5 i.v. 46.4 −10.3 2/5 Inactive 46.3 −10.6 3/5 Inactive
5 i.v. 57.2 −9.9 0/5 MTD, active 14.5 −22.2 4/5 MTD, inactive

a) Colon 38 adenocarcinoma was inoculated s.c. into female BD2F1 mice on day 0.
b) Treated on day 7, 11 and 15 in early tumor model, and on day 14, 18 and 22 in advanced tumor model.
c) ND, not determined.

Fig. 3. Increase of life span in mice bearing advanced colon 38
adenocarcinoma by AC-7700. A tumor fragment of colon 38 was
inoculated s.c. on day 0 and drugs were administered on day 14,
18 and 22. Solid line, nontreated mice; open circles, AC-7700 20
mg/kg/day, s.c.; closed circles, AC-7700 40 mg/kg/day, s.c.;
triangles, CDDP 5 mg/kg/day, i.v. ∗  P<0.05 or ∗∗  P<0.01,
significantly different from the control group (generalized
Wilcoxon test).
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attained a few days after drug treatment in all tumors
tested above.
Antitumor activity against murine ascitic tumor mod-
els  AC-7700 and CDDP activity against the p388 leuke-
mia ascitic tumor model was evaluated using an
intermittent schedule (q4d×3) (Fig. 4). The MTD of AC-
7700 was marginally effective with a %T/C of 119%,
while the MTD of CDDP potently increased the mouse

life span with a %T/C of 333%. A vascular damaging
agent, FAA was inactive on the ascitic tumor model with a
%T/C of 88%.

The antitumor activities of AC-7700 and CDDP are
summarized in Table VI, together with the criteria of
activity.
Antitumor activity against orthotopically transplanted
tumors  Antitumor activity of AC-7700 against c26

Table III. Antitumor Activity of AC-7700 and CDDP against MethA Fibrosarcomaa)

Drugs
Dose 

(mg/kg/day)
q4d×3b)

Route
Early tumor model Advanced tumor model

IR (%) BWC (%) Dead/total Comment IR (%) BWC (%) Dead/total Comment

AC-7700 5.5 s.c. ND ND ND ND 56.3 −1.9 0/6 Active
10.9 s.c. 52.9 −0.9 0/6 Active 74.8 4.3 0/6 Active
21.8 s.c. 56.3 −3.8 0/6 Active 88.7 3.0 0/6 MTD, highly active
43.6 s.c. 64.7 −7.2 0/6 MTD, active 93.0 2.9 2/6 Toxic

CDDP 2.5 i.v. ND ND ND ND 27.9 −9.5 0/6 MTD, inactive
5 i.v. 45.9 −0.6 0/6 MTD, inactive 47.0 −8.3 2/6 Toxic

a) MethA fibrosarcoma was inoculated s.c. into female CD2F1 mice on day 0.
b) Treated on day 11, 15 and 19 in early tumor model, and on day 17, 21 and 25 in advanced tumor model.

Table IV. Antitumor Activity of AC-7700 and CDDP against Sarcoma 180  and Lewis Lung Carcinoma at Advanced Growth Stagea)

Drugs
Dose 

(mg/kg/day)
q4d×3b)

Route
S180 3LL

IR (%) BWC (%) Dead/total Comment IR (%) BWC (%) Dead/total Comment

AC-7700 5.5 s.c. 28.0 −2.8 0/6 Inactive 13.9 −5.9 0/6 Inactive
10.9 s.c. 50.9 −0.4 0/6 Active 35.9 −3.1 1/6 Inactive
21.8 s.c. 40.5 −4.5 0/6 Inactive 24.3 −6.8 2/6 MTD, inactive
43.6 s.c. 64.7 −9.0 0/6 MTD, active Toxic Toxic 6/6 Toxic

CDDP 2.5 i.v. 25.4 −11.5 0/6 Inactive −11.1 −4.7 2/6 Inactive
5 i.v. 55.3 −6.1 0/6 MTD, active 18.1 −9.4 1/6 MTD, inactive

a) Sarcoma 180 was inoculated s.c. into female ICR mice on day 0. Lewis lung carcinoma was inoculated s.c. into female BD2F1 mice
on day 0.
b) Treated on day 17, 21 and 25 in Sarcoma 180, and on day 14, 18 and 22 in Lewis lung carcinoma.

Table V. Antitumor Activity of AC-7700 and CDDP against Human Colon Adenocarcinoma LS180a)

Drugs Dose 
(mg/kg/day) Route

Early tumor model Advanced tumor model

IR (%) BWC (%) Dead/total Comment IR (%) BWC (%) Dead/total Comment

AC-7700 60×3 (q4d)b) i.v. 60.4 −6.0 0/8 MTD, active 67.8 −9.4 0/7 MTD, active

AC-7700 30×6 (q2d)c) i.v. ND ND ND 70.5 −2.1 0/7 Active
60×6 (q2d)c) i.v. 74.5 −4.0 0/8 MTD, active 81.4 0.4 0/7 MTD, highly active

CDDP 5×3 (q4d)b) i.v. 29.7 0.4 0/8 MTD, inactive 40.7 −17.6 0/7 MTD, inactive

a) Colon adenocarcinoma LS180 was inoculated s.c. into female ICR nu/nu  mice on day 0.
b) Treated on day 10, 14 and 18 in early tumor model, and on day 27, 31 and 35 in advanced tumor model.
c) Treated on day 10, 12, 14, 17, 19 and 21 in early tumor model, and on day 27, 29, 31, 34, 36 and 38 in advanced tumor model.
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tumors inoculated orthotopically into murine cecum was
evaluated using an intermittent schedule (q4d×3) (Fig. 5).
The MTD of AC-7700 strongly suppressed the growth of
i.c. c26 tumors with an IR of TV of 76%, comparable to
that in s.c. c26 tumors.
Comparison with antivascular agents
Advanced colon 26 tumors: FAA is a TNF-α inducer
reported to be effective against advanced-stage solid
murine tumors.8) The MTD (200 mg/kg/day) of FAA
suppressed tumor growth to the same extent as AC-7700
at the MTD in early- and advanced-stage c26 tumors
(Table I).
Colon 26 tumors in immune-deficient mice: Euthymic and
athymic mice bearing c26 tumors were treated with drugs
2 times at 7-day intervals, on day 8 and 15. The MTD of

AC-7700 was effective against c26 tumors in both euthy-
mic balb/c mice and nude balb/c mice without a signifi-
cant difference (Fig. 6). Although the MTD of FAA
suppressed c26 tumor growth in the euthymic host compa-
rably to AC-7700, it was ineffective in a nude mouse host.

DISCUSSION

Chemotherapeutic agents directly affecting tumor cells
have only limited clinical value for solid tumor treatment.
This is due in part to the difficulties related to progression
of tumor growth, e.g., reduction of tumor cell population
in the growth stage, drug delivery depression, cachexia
induction, and generation of mutant tumor cells exhibiting
multidrug resistance.

Fig. 4. Survival curves of mice bearing murine p388 leukemia ascitic tumor. p388 cells (3×106) were inoculated i.p. into CD2F1 mice
on day 0 (n=6). (a) AC-7700 (80 mg/kg/day, i.v.), (b) CDDP (5 mg/kg/day, i.v.), and (c) FAA (200 mg/kg/day, i.p.) were adminis-
tered on day 1, 5, 9. Solid line, nontreated mice; open circles, treated mice.

Table VI. Comparison of Antitumor Activity of AC-7700 and CDDP at Optimal IV Treatment Schedule

Tumor system

Model activity rating

Early tumor models Advanced tumor models

AC-7700 CDDP AC-7700 CDDP

i.p. p388 leukemia − +++ ND ND
s.c. colon 26 adenocarcinoma ++ + ++ −
s.c. colon 38 adenocarcinoma +++ + +++ −
s.c. MethA fibrosarcoma + − +++ −
s.c. Sarcoma 180 ND ND + +
s.c. Lewis lung carcinoma ND ND − −
s.c. human colon adenocarcinoma LS180 + − ++ −

Activity rating Rating Leukemias (%T/C) Solid tumors (IR)

Inactive − <120% <50%
Active + 120–160% 50–65%

++ 160–200% 65–80%
Highly active +++ >200% >80%
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We found that CDDP prolonged the life span of mice
bearing p388 ascitic tumors and inhibited early-stage solid
tumor growth but showed reduced activity against an
advanced solid tumor model. The efficacy of other cancer

chemotherapeutic agents, such as 5′-deoxy-5-fluorouridine
(5′DFUR) and E7010, which also exert an effect depen-
dent on tumor cell mitosis, was also decreased against
advanced tumors (data not shown). These results con-
firmed clinical observations that chemotherapeutic agents
directly targeting tumor cells have reduced efficacy
against advanced-stage tumors.

In contrast, although AC-7700 was only marginally
effective against ascitic tumors, it markedly suppressed
growth in almost all early- and advanced-stage solid
tumors in multiple doses. In previous studies, AC-7700
exhibited antitumor activity by inhibiting perfusion within
solid tumors, inducing hemorrhagic necrosis.30) Dark et
al. also reported that CS A-4, a lead compound of AC-
7700, had antivascular activity on solid tumors.29) Indirect
action of AC-7700 on tumor cells may account for the
prominent effect in the advanced tumor model. In fact,
the immunopotentiator FAA, which disrupts tumor vascu-
lature by inducing TNF-α production within the tumor
mass, was also active on advanced-stage c26 tumors
although it was inactive on ascitic tumors. Moreover, it
was reported that an antibody-tissue factor conjugate
which produced thrombosis in malignant tissue vessels is
active against advanced-stage solid tumors,33) and that
inhibiting tumor perfusion by clamping tumor vessels can
delay solid tumor growth.34) These results show that indi-
rect killing of tumor cells has advantages over direct kill-
ing in the treatment of advanced-stage solid tumors.

Hori et al. reported that blood flow in rat s.c. tumor was
greatly slowed or even stopped transiently in large tumors,
and that chemotherapeutic agents had reduced effective-
ness due to poor drug delivery.1, 2) This observation was
consistent with our results described above. However, why
did AC-7700 exhibit antitumor activity in the advanced
tumor model despite poor drug delivery? By means of the
hydrogen gas clearance technique, complete inhibition of
tumor perfusion was observed within 30 min after AC-
7700 injection (Hori et al., unpublished data). Thus, the
drug concentration in malignant tissue may have been suf-
ficient to decrease tumor perfusion immediately after
bolus injection and then the reduced perfusion may have
kept the drug concentration high enough to prolong the
cessation of tumor perfusion even after the plasma drug
level decreased. In fact, our preliminary study showed that
a high concentration of AC-7739, the active form of AC-
7700 was maintained in c26 tumors 24 h after AC-7700
injection.

In many patients, advanced-stage malignant tissue
grows slowly or is static with diminished populations of
endothelial cells as well as tumor cells in the growth
phase. It was reported that the vessel density in rat solid
tumors changed with progression of tumor growth.35) In
high-growth phases just after tumor inoculation, the vessel
density increases in proportion to tumor growth. In slow-

Fig. 5. Antitumor activity of AC-7700 on orthotopically trans-
planted c26 tumors. c26 cells (5×105) were inoculated i.c. into
CD2F1 mice on day 0. AC-7700 was administered i.v. on day 9,
13, 17 and antitumor activity was evaluated on day 19. Non-
treated mice, n=8; AC-7700 40 mg/kg/day, n=6; AC-7700 80
mg/kg/day, n=10. The significance of differences was examined
using the Dunnett two-tailed test.

Fig. 6. Antitumor activity of AC-7700 in immune-deficient
mice. A tumor fragment of c26 was inoculated s.c. into Balb/c
(open column) or Balb/c nu /nu (solid column) mice on day 0.
AC-7700 (80 mg/kg/day, i.v.) and FAA (200 mg/kg/day, i.p.)
were administered on day 8 and 15. Antitumor activity was eval-
uated on day 17 when the IR of TV peaked after the treatment
was completed. Significant differences were examined using the
Tukey compromise test. Bars, mean±SD (n=5); NS, no signifi-
cant difference.



Antivascular Mechanism Independent of Host Immune Status

1023

growth phases after a large tumor mass has developed, the
vessel density starts to decrease, producing necrosis in
malignant tissue, as in clinical tumors. AC-7700 was
effective against all early- and advanced-stage tumors
tested except 3LL, which has different vessel density and
angiogenic properties.

Field et al. reported that vascular response caused by
hydralazine differed between primary murine skin tumors
and s.c. transplanted tumors.36) It was also reported that
orthotopically transplanted tumors showed much higher
and more physiological expression of tumor progression
and metastatic capability than did s.c. tumors.37, 38) We
observed that AC-7700 inhibited growth of orthotopically
as well as s.c. transplanted c26 tumors, suggesting that
AC-7700 may be active against clinical primary tumors
whose tumor vascular architecture is different from that of
experimental s.c. tumors. The effect of AC-7700 on perfu-
sion of orthotopic c26 tumors is now being assessed.

Vascular damaging agents that disrupt malignant tissue
perfusion are classified into tubulin-binding agents and
agents acting via the host immune system, e.g., TNF-α,
TNF-α inducer (FAA and lipid A derivatives), IFNs and
IL-1β. Lymphocytes partly contribute to the antitumor
activity of these agents acting via the immune system.39, 40)

In normal mice, FAA potently suppresses c26 tumor
growth at an advanced growth stage in a manner compara-
ble to AC-7700, but it shows decreased efficacy in athy-
mic mice, suggesting that its activity is dependent on
lymphocytes.39) AC-7700, however, potently suppressed
tumor growth independently of host immune status. Our
preliminary studies have also indicated that AC-7700 (a)
maintained activity against solid tumor growth when com-
bined with dexamethasone, and (b) did not induce expres-
sion of mRNAs for cytokines with anti-vascular activity

(TNF-α, IL-1β, and IFN-γ) during reduced tumor perfu-
sion (data not shown). Vinblastine and vincristine are also
reported to reduce perfusion of solid murine tumors
through some mechanism other than the induction of TNF-
α.28, 41) These results show that AC-7700 has pharmacolog-
ical properties different from those of immunopotentiators
affecting the tumor vasculature.

Although human recombinant TNF-α and the endoge-
nous TNF-α inducer FAA showed dramatic preclinical
activity, they produced no demonstrable clinical response.
This was because doses could not be escalated to the
effective range due to adverse side effects (hypotension,
fever, and warmth induced by prostaglandin release). In
preliminary studies using rats, we found that AC-7700
induced moderate hypertension rather than hypotension in
the effective dose range (data not shown). The myelotoxic-
ity of AC-7700 was low enough for it to exert a curative
effect against advanced c38 tumors. Dose-limiting toxici-
ties of AC-7700 are diarrhea and pulmonary edema. These
toxicological differences between AC-7700 and TNF-α
have encouraged us to examine the effectiveness of AC-
7700 in clinical trials.

To summarize, we found that AC-7700 is highly effec-
tive against advanced-stage solid murine and human
tumors, and against orthotopically transplanted solid
tumors through an antivascular effect that is independent
of the host immune status. The pharmacological and toxi-
cological properties of AC-7700 are different from those
of vascular damaging agents which have already been
tested in clinical trials, suggesting that AC-7700 may be
useful to treat advanced-stage cancer patients.

(Received April 8, 1999/Revised June 4, 1999/Accepted June 15,
1999)
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